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BBEJAEHHUE

['eodusrueckre METOAbI UCCIIEOBAHUI — 3TO HAYYHO-TIPUKIIATHOW pa3zien reodusu-
KU, MIpeJHA3HAUYCHHBIHN 1JI1 U3y4eHUs] BEPXHHUX CJI0EB 3€MJIH, TOMCKOB U Pa3BEIKU MOJIE3HBIX
HCKOMAEMBIX, WHKXCHEPHO-TCOJIOTUIECKUX, THJIPOTEOJIOTHIECKUX, MEpP3JI0THO-
[ISIMOJIOTHYECKUX U APYTUX M3bICKAHUI M OCHOBaHHBIA HA U3YYEHUU ECTECTBEHHBIX M HC-
KYCCTBEHHBIX moiiell 3emun. ['eopu3nka, HAXOIACh Ha CTBIKE HECKOJBKUX HayK (TEOJIOTHH,
(GU3UKHA, XUMHUW, MAaTEMAaTHKH, aCTPOHOMHUHM W Teorpaduu), M3ydaeT NPOUCXOXKICHUE H
CTPOEHUE PA3NUYHBIX (PUZNYECKUX MOJICH 3EMIIH U MPOTEKAIOIIUX B HEH U OJIMKHEM KOCMOCE
dbuzmveckux mporeccoB. Ee moapasnenstoT Ha Gpu3nKy 3eMiTd, BKIIOYAIONIYIO CEHCMOJIOTHIO,
36MHON MarHeTu3M, TITYOHMHHYIO T€O3JIEKTPHKY, T€OJE3NYECKYI0 TPAaBUMETPHIO, T€OTEPMHUIO;
reopusuky ruapochepsl (husuky mops); reodpusnky armocdepsl U KocMoca U reopuzude-
CKHE METOJbI UCCIICJIOBAHUS, Ha3bIBAEMbIC TaKKe PETHOHAIBHOM, Pa3BEIOYHON M CKBa)KUH-
HOM reodusukoil. [IpenmeTom uccienoBanus HayYHO-MIPUKIIAIHBIX Pa3AesioB re0OpU3UKU sB-
JISIETCSI OCAIOYHBIN YeXO0J, KPUCTAILTMYECKH (DYHIaMEHT, 3eMHasi KOpa U BEPXHssI MaHTHS C
obmelt rryounoi 10 100 kM.

O6miee ynciio reopu3nIecKux METoA0B Wi Moaudukanuii nmpessimaet 100 u cymect-
BYIOT pasiuuHble WX Kiaccuukaiuu. 1o ncnoiabp3yeMbiM (QU3HMUECKUM MOJSAM 3eMIIH UX
MOJIPa3JeNAI0T Ha TPaBHPA3BEIKy, MarHUTOPAa3BEAKY, IJIEKTPOPa3BEAKY, CEHCMOpPa3BEIKY,
AEPHYI0 TEOPU3UKY U TEPMOPA3BEIKY, Ha3bIBaEMbIe TAK)KE I'PAaBUMETPUUYECKUMHU, MAarHUT-
HBIMH, AJIEKTPOMArHUTHBIMU, CEICMUUECKUMH, SACPHO-(PU3NUECKUMH U TEPMUUYECKUMHU I'€0-
($U3NUECKUMU METOAAMHU UCCIICOBAaHHM. B MepBbIX IBYX HCHOJIB3YIOT €CTECTBEHHBIE, @ B OC-
TaJdbHBIX — E€CTECTBEHHbIE U HCKYCCTBEHHbIe (pusmueckue mois 3emiu. K ecrecTBeHHBIM
(maccuBHBIM) (PU3UYECKUM TOJSAM 3eMJIM OTHOCSAT T'PaBUTALMOHHOE (I10JIe TATOTEHHMS), Te0-
MarHuTHOE, JJICKTPOMArHUTHOE (pa3HOM MPHUPOJIBI), ceiicMUYecKoe (Moje YIpyrux Kosebda-
HUH B pe3yJIbTaTe 3€MIIETPSICEHUI), paJUOaKTUBHOE U TepMuueckoe. K UCKyCcCTBEHHBIM (ak-
TUBHBIM) OTHOCST CJIEIyIOIINe (PU3NYECKUE MOJIS: IIEKTPHUECKOe, IIEKTPOMarHuTHOe, ceiic-
Mu4eckoe (mose ympyrux KojeOaHWid, BBI3BAHHBIX MCKYCCTBEHHBIM IIYyTE€M), BTOPHUYHBIX
SIEPHBIX U3JIYYCHHH, TepMUUYEcKoe (TI0JIe TeMIiepaTyp).

Kaxnoe ¢usmueckoe nose onpezensercs cBoMMH napamerpamu. Hampumep, rpaBura-
IIIOHHOE I10JIE XapaKTePU3YyIOT YCKOPEHUEM CBOOOJHOIO MajeHuss § U BTOPbIMU IPOU3BOA-
HeiMu nioteHimana (Wxz, Wyz, Wzz u nip.), reOMarHuTHOE 1oJie — IOJIHBIM BEKTOPOM Harpsi-
KEHHOCTH T M pa3MYHBIMU €r0 3J€MEHTaMHU (BEPTHUKAIbHBIM — Z, TOPU30HTAIBHBIM — H U
Ip.), DIEKTPOMArHUTHOE — BEKTOPAaMU MarHUTHOM /H U 3JEKTpUUECKON £ KOMIIOHEHT, yIpy-
roe — BpPEMEHEM U CKOPOCTSMHU PACHpPOCTPAaHEHUS Pa3IUYHBIX YIOPYTHMX BOJH, SIAEPHO-
(usHUecKne — MHTEHCHBHOCTSIMH ecTecTBeHHOrO |, i nekycerenHo BbzBaHHBIX (I, |, 1
Jp.) U3IYYEHHUH, TEPMUUECKOE — PACIPECIIEHUEM TEMIIEPATYpP U TEIIJIOBBIX IOTOKOB.

[TpuHIMIUATBEHAS BO3MOKHOCTE MTPOBEICHUS TEOJIOTUIECKON pa3BeIKH HA OCHOBE H3Y-
YeHUs PA3JINYHBIX (QU3NYECKUX TOJIeH 3eMIIH OTpENeNsieTCsl TeM, YTO paclpe/ieiieHue mapa-
METPOB TOJIEH Ha MOBEPXHOCTH WM B TIyOMHE 3eMIIM, B MOpE, OKEaHE HJIM B BO3AYIIHOU
000JI0YKe 3aBHCUT HE TOJIBKO OT OOIIETro CTPOCHHS 3€MIIM M OKOJIO3EMHOTO MPOCTPAHCTBA, a
TaK)Ke MPOUCXOKIACHUS HITU CII0C00a CO3JaHus TIOJIEH, T. €. OT HOPMANbHO20 NOJIA, HO TAKXKE
¥ OT HEOJHOPOJHOCTEH T€0JIOTUIECKOM CPeJibl, CO3/IAIONINX AHOMAIbHbLE nosA. IHbIMU Cllo-
BaMH, Teo(U3nKa CIYKHUT I BBIABICHUS aHOMAIUN (PU3NYECKUX MOJIeH, 00yCIOBICHHBIX
HEOJJHOPOJAHOCTSIMUA T€OJOTHYECKOTO CTPOCHHS, CBS3aHHBIX C W3MEHEHHEeM (DH3HUecKux
CBOICTB U TCOMCTPHUYCCKUX MAaPaMCTPOB CJIIOCB, I'COJIOTUYCCKUX WM TCXHOI'CHHBIX O6’I>CKTOB.
I'eouznueckass nHGOpMANHS OTpakaeT (PU3UKO-TEOIOTHUYECKHUE HEOTHOPOIHOCTH CPEIbl B
IUIaHe, 10 TIyOuHe U Bo BpeMeHH. IIpu 3ToM BO3HHMKHOBEHHE aHOMAJIUN CBSI3aHO C TEM, UTO
O00BEKT IMOMCKOB, HA3bIBAEMBI BO3MYIIAIOIIAM, JINOO CaM CO3JAET IOJIsI B CHITY €CTECTBEH-

3



HBIX MPUYUH, HApUMEp, MOBBIIIEHHOW HAMAarHUYEHHOCTH, JTMOO HMCKaXaeT MCKYCCTBEHHOE
T0JI€ BCIICACTBUE PA3TUUUil (U3NUECKUX CBOMCTB, HAIIPUMED, OTPAsKEHUE YIPYTUX MITH DJICK-
TPOMAarHUTHBIX BOJIH OT KOHTAKTOB Pa3HbIX TOJIILI.

Ecnu reonorndeckne M TeOXMMUYECKUE METOJIBI SBIISIFOTCS MPSIMBIMHU, METOJIaMU OJIH3-
KOTO JIeHiCTBHS, OCHOBAHHBIMU Ha HEMOCPEJCTBEHHOM, TOYEUYHOM HJIM JIOKAIBHOM H3YUEHHH
MHHEPAIBHOTO, METPOrpadMuecKoro WM reOXMMHYECKOTO COCTaBa BCKPBITHIX BBIPAOOTKAMHU
MOpO/JI, TO Tre0(hU3NUECKHE METO/IBI SIBISIOTCS KOCBEHHBIMH, JaJIbHOACHCTBYIONIMMHU, obecIie-
YHUBAIOIIMMH PaBHOMEPHOCTh, OOBEMHBIM XapakTep MoydaeMol HWHGOPMAIMK U MpaKTHye-
CKM HEOTPAaHWYECHHYIO INTyOMHHOCTH. [IpHu 3TOM NMpOM3BOAUTENBHOCTh T€OPHU3NUECKUX padoT
3HAQUUTENHHO BBIIIE, & CTOMMOCTh B HECKOJBKO pa3 MEHBIIE IO CPAaBHEHHUIO C Pa3BEIKON C
nomMoInpko Heriryookux (10 100 M) 1 B COTHH pa3 MeHblIe pu OypeHun riryookux (cBbime 1
KM) CKBaXHH. [0OBBIIIIAs T€0IOTNYECKYI0 U SKOHOMUUYECKYIO AP PEKTUBHOCTD NU3YUCHHUS HEIp,
reo(u3nYecKre METO bl HCCIICIOBAHNUS SIBIISIOTCS BaKHEHIITMM HalpaBIEHUEM COBPEMEHHOM
T'€OJIOTHH.

BeusiBenue reou3nueckux aHOMalMi — CIIOXHAs TeXHHYECKas U MaTeMaTHuyecKas
npobiema, MOCKOJIbKY OHO MPOBOAMTCS Ha (hOHE He BCeraa OJHOPOAHOTO U CIIOKOWHOTO
HOPMAJIBHOTO TIOJIsI, @ CPEAM Pa3sHOOOPA3HBIX MOMEX IeOJOrMYECKOro, MPUPOJHOTO, TEXHO-
TE€HHOI'0 XapakTepa (HEOJHOPOIHOCTH BEPXHEHM YacTH I'eO0JOrMYECKON Cpenibl, HEPOBHOCTU
penbeda, KocMUUECKue, aTMoc(hepHble, KIMMaTUYECKHE, TPOMBIIIICHHBIE U JPYTUE TIOMEXH).
W3mepuB Te wiM uHble (pU3MYECKHE MapaMeTphbl MO CUCTeMaM OOBIYHO MapajuIeNbHBIX Mpo-
¢uiell UM MapIIpyTOB U BBIIBUB aHOMAJIMU, MOXKHO CYIAUTh O CBOMCTBAX MOPOJ U O T'€0JIO-
THYECKOM CTPOEHUHU palloHa UCCIICJOBaHUN.

[losnyyaeMble aHOMAUMU OIPENEISAIOTCS TNPEKAE BCETO UIMEHEHUeM hu3uueckux
C60IICME 20PHBIX NOPOO TIO TUIOLIAAN U 0 TyouHe. Hampumep, rpaBUTallMOHHOE TIOJIE 3aBU-
CHUT OT U3MEHEHUS INIOTHOCTU IOPOJ 0; MATHUTHOE I10JI€ — MAarHUTHOM BOCIIPUMMYHUBOCTH )
¥ OCTaTOYHON HAMATHHYEHHOCTH |p; SNIEKTPUYECKOE M 3IEKTPOMATHUTHOE TOJISt — OT Y/ENb-
HOTO 3JIEKTPUUECKOTO COMPOTUBIECHUS MOPOJ O, TUINEKTPUUECKON U MarHUTHON MpOHHIIAae-
MOCTH, 3JIEKTPOXUMHUYECKOW aKTUBHOCTH U MOJISIPU3YEMOCTH; YIPYroe Mojie — OT CKOPOCTU
pacnpocTpaHeHUs! pa3IMYHbIX THUIIOB BOJIH, a IOCIEAHNE, B CBOIO OY€pelb, — OT IJIOTHOCTH
U ynpyrux KoHCTaHT (Moxynb FOura u koagduuuent Ilyaccona u ap.); simepHble — OT ecTe-
CTBEHHOM paJIMOAKTUBHOCTH, TaMMa- U HEUTPOHHBIX CBOMCTB; TEPMUYECKOE MOJIE — OT TEIl-
JIOTIPOBOJTHOCTH TEIUIOEMKOCTH U AP.

Ou3nyecKkue CBOKWCTBA PAa3HBIX TOPHBIX MOPOJ MEHSIOTCS WHOTIA B HEOOIBIIUX (Ha-
npuMep, MIOTHOCTh — OT 1 110 6 F/CMS), a MHOTJIa B OYEHb IMIUPOKUX Tpenenax (Harmpumep,
yaenbHoe 3JiekTpuueckoe conporusienne—ot 0,001 mo 10% Owm-Mm). B 3aBucumoctu ot 11e-
JI0T0 psAfa GU3NKO-Te0JOTHIEeCKUX (PAKTOPOB OJIHA U Ta K€ MOPOJa MOXKET XapaKTepHU30BaTh-
Csl pa3HBIMU CBOMCTBAMHU U, HA00OPOT, pa3HbIe IOPOJIBI MOTYT HE Pa3INYaThCS MO HEKOTOPHIM
cBoiicTBaM. M3yueHue pu3MUecKrX CBOWCTB FOPHBIX MOPOJ U MX CBSI3U C MUHEPAJIBHBIM U
MeTpo(U3NIECKUM COCTAaBOM, a TaKkKe BOAO-HEPTETra30HACBHIIICHHOCTHIIO SIBIISETCS MpEaMe-
TOM HCCJIeI0BaHUMN NETPOPUIUKHU.

N3BecTHBI pa3inuvHbIe MPUKIATHBIC (1IeeBble) Kiaccuukanuu reopu3nIecKux MeTo-
noB. PernonanpHbie reou3nuecKre METO/IbI MIPETHA3HAUCHBI TSI BHEMACINTAOHBIX TITyOUH-
HBIX HCclenoBaHni Ha TriayomHax g0 100 km (rnyOwHHas reodu3uKa), MEIKO-
CpeaHeMacIITaOHbIX CTPYKTYPHBIX MCCIIEOBaHUN Ha TiayOnHax okoino 10 kM (CTpyKTypHas
reousnKa) U KPyImHOMACHITaOHBIX KapTHPOBOYHO-TTOMCKOBBIX CHEMOK Ha TIIyOMHAX 10 2 KM
(kapTupoBOYHO-TIOMCKOBasi Teodusuka). K pa3BenoyHoil OTHOCAT HE(TErasoBylo, pyIHYIO,
HEPYAHYIO M YroJIbHYIO reopU3uKy, IPUMEHIEMYIO JIJIsl MOMCKOB U Pa3BEIKH MECTOPOXKIE-
HUW COOTBETCTBYIOIIMX IOJIC3HBIX MCKOMAaeMbIX. MIHOT/Ia perrnoHanbHYI0 U HEPTEra3oBYIO
reopu3nKy oOBEIUHSAIOT B CTPYKTYPHYIO. IH)KEHEpHO-THIpOoreoiornieckas reodusnka 00b-
€IWHSET METOJNbl, TMpeIHa3HAUeHHBbIC I WHKXCHEPHO-TC€OJOTHYECKUX, MEpP3JIIOTHO-
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MISIUUOJIOTMYECKUX, THAPOTEOJIOTHYECKUX, MOYBEHHO-METUOPATUBHBIX M TEXHOTE€HHBIX HC-
cnenoBanuii. [Toxg TexHOreHHON TeO()U3UKON MOHUMAIOT METObI MOHUTOPHHTA, T. €. CHCTE-
MBI M3Y4YE€HUS, CICKEHUS U KOHTPOJIS 3a U3MEHEHUEM COCTOSIHUS CpEeIbl B PEe3yJbTare Jesi-
TEJTBHOCTH Y€JIOBEKa (B TOM YMCIIE KOHTPOJISL 3arpsi3HEHHS] U SKOJOTUYECKOW OXpaHbl MOJA-
3eMHBIX BOJ] M TeojiorTnuecko cpeabl). Crofa ke MOKHO OTHECTH METO/Ibl U3yUEHHUS YCIOBHUI
nepesay YHEPruu, KOPPO3UH METATUTHUECKUX KOHCTPYKIIHMH, TOMCKOB MOTPEOCHHBIX 00BEK-
TOB, HAIPUMEP, APXEOJIOTHUECKUX | JIp. Takum 00pa3om, BOZHUKHYB KakK IMPUKIIATHBIE T€0JI0-
ropasBe/IouHbIe, Teo(hU3NIEeCKHe METObI UCCIICIOBAaHUS HAXOMAT NMPUMEHEHHE U B JIPYTHX
001aCTIX YEIOBEUECKOM NEATEIHHOCTH.

[To mecTy npoBeaeHus padboT reodr3nuecKre MEeTOIbl UCCIEA0BaHUS MOAPA3IEISIIOT Ha
CIIEIYIOINE MEXHO102UYeCKUEe KOMNIEKChl: a3POKOCMUYECKUE (JUCTAHIIMOHHBIE), I10JIEBBIE
(Ha3eMHBIE), aKBAaTOpHUAJbHBIE (OKCAHHMYECKHUE, MOPCKHE, PEYHbIC), MOJ3eMHBIC (IIaXTHO-
pynHuuHbIe) U reodusndeckue uccnenoanus ckBaxud (['MC) wnmm xaporax. Muorna muc-
TaHIIMOHHBIE METOJIbl U3yUYEHUs MIOBEPXHOCTH U IIyOUH 3eMJIHM C MOMOIIBIO CaMOJIETOB, BEP-
TOJIETOB, MICKYCCTBEHHBIX CITYTHHUKOB, MUJIOTHPYEMBIX KOCMUYECKHX KopaOiiei u opOuTaib-
HBIX CTaHIMHA HE CUYUTAIOT re0PpU3NYECKUMH, MOCKOIbKY MpHU ITHX paboTax MpeobiagaroT
ChEMKH B BHJIMMOM JIMAIla30HE CIEKTPa JIEKTPOMATrHUTHBIX BOJH ((POTO- M TeIEeBU3HOHHAS
cbeMkH). OJIHaKO, KpOME TaKMX BU3YaJbHBIX HAOIOJCHUMN, BCE Yallle MCIONb3YIOT AUCTaH-
[MOHHBIE METOJbI HEBUIUMOTO AHMAla30HA 3JIEKTPOMATrHUTHBIX BOJIH: MHQpPAKpacHbIEC, pa-
JTUOJIOKAIIMOHHBIE (pajapHasl U paauoTerioBasi), paJllOBOJIHOBBIC, Si€pHbIE, MATHUTHBIE U
JIpYTHE, KOTOPbIE SBIAIOTCS Cyry0o reodusudeckumu. Ocoboe MECTO 3aHUMAIOT Teodu3nye-
CKHE€ MCCIIEIOBaHUSI CKBAXHH, OTIMYAIOIIMECS OT MPOYUX Ieo(U3HUECKUX METOAOB CIICLU-
QJIBHOM anmapaTypoi U TEXHUKOW HaOIIOJCHUN U UMEIoIue O0NbIIOe IPUKIIAJHOE 3HAUYCHHE
[P TOKYMEHTAIUU Pa3pe30B CKBAKUH.

Bepxuue 06010uky 3emiu SBISIOTCS MIPEIMETOM HCCIEA0BaHUS HE TOJIBKO reodusnye-
CKUX METOJIOB, HO U JAPYrHMX HayK: T'€0JIOTUH CO BCEMH pazJieliaMH, [€OXHUMHUH, reorpadpuu u
np. I'eodusnueckne MeToibl Hccae0BaHus, Oa3UPYICh HA 3TUX HAYKax, SIBJSIOTCS, MPEXKe
BCEro, Ie0JIOTHYECKUMU. BmecTe ¢ Tem, gaBast IpyruM HaykaMm O 3eMile BCEBO3MOXKHYIO HMH-
dbopMalnio, OHU U3MEHSIOT CaM XapaKTep reoJIoropa3Bea0YHbIX padoT.

Teopus zeoguzuueckux memooos ucciedoeanuii — pu3nKo-MareMarnueckas. Mare-
MaTHUYE€CKOe MOJICITUPOBAHNUE, T. €. pElICHHe re0PU3NISCKUX 3a1a4 C MOMOIIBI0 MATEMAaTUKH,
HACTOJIBKO CJIOXHO, YTO 3[€Ch MCIOJB3YIOT MEPEJ0BbIe €€ JOCTUKEHHUS U CaMblil BBICOKUI
ypOBEHb KOMITbIoTepU3alinu. Ha reopusnyeckux 3agadax B HEMAJIOH CTETIEHU COBEPIIEHCT-
ByeTCsI MaTeMaTH4eCKHil anmapar. MaTemaTuueckoe pelieHue npamoil 3a0auu reopusnuki, T.
€. Oolpe/esieHHe MapaMeTpoB MOJis MO M3BECTHBIM CBOWMCTBAM U pa3MepaM Te0JIOrMYeCKUX
TE€J, XOTs UHOT/Aa OYEHb CII0’KHO, HO €AMHCTBEHHO. BMecTe ¢ TeM, 0JTHO U TO K€ pacrpezelie-
HUE MapaMeTpoB (PU3MUECKOTO IOJsI MOXKET COOTBETCTBOBATh Pa3jIMYHBIM COOTHOLIEHUSM
(U3HYECKUX CBOMCTB M Pa3MEPOB I'€OJIOTHUECKUX 00BEeKTOB. IHBIMU cllOBaMU, MaTeMaTH4e-
CKOE pelIeHUe 00pamHuoil 3adayu reoPU3uKU, T. €. ONpeleTeHIe Pa3MEpPOB T'€OJIOIHYECKUX
00BEKTOB U CBOWCTB CIIATalOIIUX WX MOPOJ MO HAOIIOACHHOMY MO0, HE TOIBKO 3HAYUTEIb-
HO CJIO’KHEE, HO U, KaK MPaBUJIO, HE €IMHCTBEHHO.

Pemenne oOpaTHON 3a4a4n—3TO OCHOBHOE COJAEpKAHHE MHTEPIPETAlMK JaHHBIX pa3-
Be0uHOM reodu3uku. OHO ¢ JOCTATOUHON TOYHOCTHIO MOXKET OBITh BBIITOJIHEHO JIUIIH TOT/IA,
KOrJla KpoMe HaOJI0ICHHOTO MO U3 JOMOJHUTEIbHBIX UCTOYHUKOB MOJIYYEHbI CBEICHUS O
CBOWCTBAaX IMOPOJ, 3aJ€ralolliuX Ha rIyOuHe (HampuMmep, Mo JaHHBIM Ieo(U3NYECKUX H3Me-
peHUl B CKBaXXMHAX WM Ha oOpasnax). bosbiiei oqHO3HAYHOCTH MHTEPIIPETAIMN B OTIpee-
JICHHBIX YCJIOBUAX MOXKHO I[06I/ITBC}I KOMIIJICKCHBIM U3YYCHHUECM HCCKOJIbKUX OJIEH.

Memoouxka u annapamypa 2eoguzuueckux mMemooo8 Uccied08aHus OCHOBAHBI Ha
WCTIOJIb30BaHUU MEXAHHKH, SJICKTPOHUKH, aBTOMATHKH, BBIYACITUTEIBHON TEXHHUKH, T. €. CIIO-



coObI m3MepeHuit — Qu3nKo-TexHudeckue. [Ipu 3ToM cOBpeMeHHBIN ypOBEHb TPEOOBaHMI K
anmnapaTrype O4eHb BBICOKHIA.

Ippexkmusnocmn pazeedounoii 2eogpuzuku NpU PelICHUNA TON WM UHOM 3aJa4yM Ofl-
penensieTcsl MpaBUIbHBIM BEIOOPOM MeTo/1a (MM KOMIUIEKCa METOJIOB), pallMOHAILHON U BbI-
COKOKa4eCTBEHHOH METOIMKOW M TEXHUKOH MpoBeIeHHs paboT, KauecTBOM reou3nyeckon
MHTEPIPETAMH U T€0JIOTUYECKOT0 UCTOJIKOBAHUS Pe3yabTaToB. CI0KHOCTh reo(u3ndeckoi
WHTEpPIIpETANH O00BICHACTCS KaK HEOAHO3HAYHOCTHIO PEIICHUs 0OpaTHOW 3ajavu, TaK WHO-
r7a u NpuOIMKEHHOCThIO caMoro peieHus. [103ToMy U3 HeCKOIbKUX BO3MOXHBIX BapHAHTOB
WHTEpIpeTai HeoOX0IUMO BBIOMpATh HanboJiee JHOCTOBEPHBINA, YTO MOXKHO CAENaTh MpU
HCIIOIb30BaHUH BCEX CBEACHHWI O (PM3MUECKHX CBOMCTBAX IMOPOJ pailoHa MCCIIEIOBAHUMA, UX
JIUTOJIOTUU, TEKTOHUYECKOM CTPOEHUH, TUAPOreOJOTHYECKUX YCiaoBusix. VHbIMU clioBaMH,
JIUIIb IPU XOPOIIEM 3HAHUU I'eOJIOTUHU pailoHa MOXHO MOJTYYUTh Haubosee JOCTOBEPHOE HUC-
TOJIKOBAaHUE PE3YNHTATOB re0PU3NICCKUX METOJIOB UCCIIEIOBAHM, UTO TpeOyeT COBMECTHOM
paboThl reo(pU3UKOB U T€0JI0rOB MpU UHTepIperauuu. [locneaHee, 0ueBUIHO, HEBBITTOIHUMO,
ecyii reopU3UKHU HE UMEIOT MPOYHBIX 3HAHHA 110 T€OJIOTUYECKUM AUCIHUILTUHAM U c1ab0 3Ha-
KOMBI C M3y4aeMbIM pailoHOM, a Fe0JIOTH He pa30uparoTCs B CYIIHOCTH U BO3MOXKHOCTSIX TeX
WJIM UHBIX METOJIOB T€O(U3UKH.

Bospacranue ponu reou3uKy B CBSI3U C YBEIMUEHHEM IIIYOUH U CIOKHOCTU Pa3BEIKU
MECTOPOKJEHUI BEAET HE K 3aMEHE T'€0JIOTMYECKUX METOJ0B Te0(U3HUecKUMH, a K paluo-
HaJIbHOMY HX COUYCTAHHIO, ITUPOKOMY HCIIOJB30BAHUIO BCEMHU T'€OJIOTaMH HAHHBIX FGO(I)I/ISI/I-
ku. EMMHCTBO M B3amMoeicTBUE TeOPU3NUECKON U Te0JIOTHYecKOoi nHpopManum — pyKo-
BOJSIINANA METOMOJIOTHYSCKHUIA MPUHITUT KOMIUIEKCUPOBaHUs HayK 0 3emiie. OOBIICHIETCS 3TO
TE€M, YTO BO3MOXKHOCTH Ka)KJOTO YaCTHOTO METOJla Te0JIOropa3BelKu (CbeMKH, OypeHus,
MIPOXOJKH BBIPAOOTOK, Fe0(U3UKH, TCOXUMHHU U JIP.) OTPAaHHYCHBI.

Pa3Benounas reousuka siBISETCS CPABHUTEIBHO MOJIOA0N HayKo, chopMUpoBaBILIEHi-
cs B 20-e roapl XX Beka. OmHaKo ee (PU3MKO-MAaTeMaTHYeCKUE OCHOBBI 3aJI0’KEHBI 3HAYH-
TENBbHO paHblIe. Tak ’k€ JaBHO HAYal0Ch UCIOJIb30BAHUE ITOJIEH 3€MJIM B MIPAKTUYECKUX Iie-
nsx. Panee apyrux MeToloB BO3HMKIIA MarHutopassenaka. [lepBeie cBeeHUS O MPUMEHEHUH
KOMIIaca Juisl pa3BeKu MarHuTHeIX pyn B LlIBenuu otHocsTcs k 1640 r. Teopus rpaBuTanu-
OHHOTO T 3emMi Oepet cBoe Hadaso ¢ 1687 r., korga M. HeroToH chopmynupoBan 3aKoH
BcemupHoOro tsroteHus. B 1753 r. M.B. JloMmoHOCOB BbICKa3ajl MbICIIb O CBSI3U CHJIBI TSXKECTH
Ha 36MHOM MMOBEPXHOCTU C BHYTPEHHUM CTPOCHHEM 3eMJIM U pa3padoTai uaeu ra3oBoro rpa-
BuMeTpa. Ero ke paboTsl B 061acT aTMOC(EPHOTO AIIEKTPUYECTBA MOYKHO CUUTATh MEPBbI-
MH, OTHOCSAUIMMHUCS K AJIEKTPOMAarHUTHBIM HcciefoBaHusM 3emiu. [lepBoiMu pabotamu 1o
aeKTpopa3Beake ABIstoTCs Habmonenus P. ®okca (BenmukoOputanus) B 1830 r. ecTecTBeH-
HOMW momsipu3auuu cynbpuuueix 3anexeid u E.M. Porosuna, kotopsiit B 1903 1. gan nepsoe
n3yoxeHue ocHoB 3toro meroga. B 1913 r. K. lmombepxe (Ppanmms) pazpaboTan METO
AJIEKTPOPA3BEAKH MOCTOSHHBIM TOKOM, a B 1918 1. K. 3yn6epr u H. Jlyn6epr (IlIBerus)
MIPEITIOKUITH IEKTPOPA3BEAKY TEPEMEHHBIM TOKOM.

Co Bpemenu yctanoBieHUs1 KylloHOM 3akoHa B3aMMOJICHCTBHUS MarHUTHBIX Mace (1785
I.) HAUMHAET Pa3BUBATHCS TEOPHsl 3€MHOTO MarHetusMma. llepBbiMH MarHUTOpa3BEIOUYHBIMU
paboramu B Poccum 6bumn cheMku Kypcekoit marautHoM anomanuu (KMA) npodeccopa MI'Y
D.E. Jleiicta B 1894 r., a B koHI1e |X Beka - pabotel Ha Ypane .M. Menneneesa u B paiione
Kpusoro Pora WU.T. ITaccanbckoro. Teoperndyeckue padotsl D. Buxepra (I'epmanus) u b.b.
l'onuupiza B Havasie XX Beka B 00JIACTH CEMCMOJIOTHH UMENIM CaMO€ HETOCPEICTBEHHOE OT-
HOIIICHUE K CO37aHuI0 cericMopa3Benku. B 1919 r. Obpuin HauaThl MarHUTHBIC UCCIIEIOBAHUS
Ha KMA. D11 paboThl MO’KHO CUMTATh HA4aJIOM Pa3BUTHUS HE TOJIBKO OT€YECTBEHHOMN, HO MU-
pOBOIi pazBenouHol reodusukn. Cpeld 0TEUeCTBEHHBIX YUEHBIX, 3aJI0KHBIITUX OCHOBBI I'€O-
(Gu3NYeCKUX METOJIOB HCCIIe0BaHus, cieayeT Ha3BaTh JI.M. Anbnuna, B.W. bapanosa, B.1.
baymana, B.P. Bypcuana, B.H. [laxnosa, I'.A. 'amOypuea, A.l1. 3a6opoBckoro, A.H. Kpae-



Ba, [LII. JIazapeBa, A.A. JloraueBa, A.A. Muxaiinosa, JI.5. Hecreposa, I1.I1. Hukudoposra,
A.A. Ilerposckoro, M.K. Ilonmkosa, E.®. CaBapenckoro, A.C. Cemenona, JI.B. Copokuna,
10.B. Puznnuenko, JI.A. Psounkuna, A.I'. Tapxosa, B.B. ®easiackoro, O.1O. [lImuara, 5.M.
SHOBCKOTO.

B HacTosiiiee Bpems IO YPOBHIO TEOPUU U MPAKTHUYECKOMY HCIIOJIb30BAHUIO OTEYECT-
BEHHAas reo(r3uKa 3aHUMAET MEePeIOBbIC MO3UITMU B Mupe. JlanpHEHil pocT MUHEPAIBHO-
CBIPHEBOM 0a3bl CTpaHbl, TPEOYIOIINI pa3BeIKU IOJIE3HBIX HMCKOMAEMBIX Ha BCE OOJIBIINX
ryOMHaX ¥ B TPYAHOJOCTYIHBIX paiiOHaX, a TakKe pacIIMpeHHe 00beMOB TOpPHOTEXHHUYE-
CKUX, HHXCHEPHO-THAPOTCONIOTUYECKUX,  MEp3JIOTHO-TIISAIMOIOIUYECKHX,  IOYBEHHO-
MEITMOPAaTHBHBIX, TEXHOTCHHBIX U3BICKAaHUH NMPUBEAYT K AaJbHEHIIEMY PACIINPEHUIO TPUMe-
HEHHSI TeO(PHU3MUECKUX METO/I0B HCCIEIOBAaHUM, UX IUPOKOMY KOMIUIEKCHPOBAHHIO C JIPY-
TMMHU METOJIaMH, a 3HAYHUT, HEOOXOIUMOCTH MX M3YUCHHS PA3THIHBIMH CIICIUATHICTAMH.

JlanHoe ydeOHOe mocoOue TMOJATOTOBJICHO Ha OCHOBE M3JAHHBIX paHee YYCOHHKOB H
yueOHBIX MOcOoOUi 0 Te0(hU3UIECKUM METOJAM HCCIICIOBAHUN, IPUBEICHHBIX B CITUCKE HC-
MIOJIb30BAHHOM JIUTEPATYPhI, ¢ HEOOXOAMMBIMH H3MEHEHUSIMH M JIOTIOJTHEHUSIMH ¥ COOTBETCT-
BYET Mporpamme o0IIero Kypca reopu3nuecKux METOI0B UCCIICIOBAHUM JJIsI CTYJACHTOB I'eo-
JIOTHYECKUX CHEIHUATBHOCTEH BY30B.



I'nmaBal. CEVMCMOPA3BEJIKA

CeiicMopa3Beika — reopU3NIECKUil METOI U3YUYCHUS T€OJOTHYECKHX OOBEKTOB C TIO-
MOIIBIO YIPYTUX KOJIEOAHUN - CEHCMUYECKHX BOJH. DTOT METOJ OCHOBAaH Ha TOM, YTO CKO-
POCTb pacipoOCTpPaHEHUsI U APYTHe XapaKTEPUCTUKNA CEMCMUYECKUX BOJIH 3aBUCAT OT CBOMCTB
re0JIOTUYECKON Cpeflbl, B KOTOPO OHM PacHpOCTPaHSIOTCA: OT COCTaBa TOPHBIX MOPOJ, MX
MOPUCTOCTH, TPCIIUHOBATOCTH, (bJIIOI/IIIOHaCBIH_IeHHOCTI/I, HaIpsPKCHHOT'O COCTOSAHUSA U TCMIIC-
paTypHBIX yCIOBHH 3aneranus. ['eojormyeckas cpelna XapakTepHU3yeTCsi HEpaBHOMEPHBIM
pacmpeiefieHHeM 3TUX CBOMCTB, T.€. HEOJHOPOIAHOCTHIO, UYTO MPOSBISIETCS B OTPAXKEHUHU,
MpesoMIIeHUH, pedpakuuu, JUPPaKIUU U MOTJIOMIEHUN CeHCMUYECKUX BOJH. M3yueHue ot-
pPaKEHHBIX, MPETOMIICHHBIX, pe()parupoOBaHHbIX U APYIHX TUIOB BOJH C LIEIHIO BBIABICHHS
MIPOCTPAHCTBEHHOTO paclpe/eNIeHUH U KOJIMYECTBEHHOW OLIEHKH YIPYTUX U APYTUX CBOMCTB
re0JIOTMYECKOM Cpellbl - COCTaBIIAET COJAEPNKAHUE METOJIOB CEMCMOpa3BEIKU U OMpEaesieT
WX pazHooOpasue.

Meroanka ceiicMOpa3BEeIKM OCHOBAaHA HAa M3YYEHUM KUHEMATHKH BOJH WM BPEMEHU
npobera pa3IMYHbIX BOJH OT MyHKTA MX BO30YXICHHS JI0 CEHCMONPHUEMHUKOB, YJIaBIHBAO-
IIUX CKOPOCTH CMEILEHHUs MOYBBI, U MX JTMHAMHUKHU WM WHTEHCHUBHOCTH BOJIH. B crenmans-
HBIX JIOCTaTOYHO CJOXHBIX YCTAaHOBKaxX (CEHCMOCTaHIMAX) 3JIEKTpUUECKUE KoyebaHus, Co3-
JaHHbIE B CEHCMOIMPHUEMHHUKAX OYEHb CIa0bIMHU KOJICOAHUSIMH MOYBBI, YCUIMBAIOTCS U aBTO-
MaTUYECKH PETUCTPUPYIOTCS HA CEMCMOrpaMmax M MAarHUTOrpaMMmax. B pesynbrare ux UH-
TEepHpeTalid MOXXHO ONpPENeNUTh TTTyOMHBI 3ajJeraHusi CeMCMOIeOoJOrMUeCKUX TpaHMll, HX
MajieHue, MPOCTUPAHUE, CKOPOCTH BOJIH, 4 HUCIIOJb3YS T'€OJIOTMYECKHUE JaHHBIE, YCTAHOBUTH
re0JIOTHYECKYIO IPUPOAY BBISBIICHHBIX TPaHULL.

B ceilicMopasBenke paznu4alOT J1Ba OCHOBHBIE METOJA: METOJ OTPA)KEHHBIX BOJH
(MOB) u meroa npenomieHHbix BosiH (MIIB). MeHbliiee npuMeHEHUE HAXOASAT METO/IbI, UC-
MOJIB3YIOIUE JAPYTue BOJIHBL. PelieHue cloXHEWIIUX 3a7ad, CBA3aHHBIX C BBICOKOTOYHBIM
OTIpe/ieIiecHueM TeOMETPUU T'eoJIOTHYecKoro paspe3a (omubOku meHee 1 %), cramo BO3MOXK-
HBIM Oarofapsi IPUMEHEHUIO TPYIOEMKHX CUCTEM BO30YKIeHHUs U HaOI01eHus, oOecreun-
BaIOIUX OJTHOBPEMEHHBII, MHOT]Ja MHOTOKPATHBIN CheM HH(POpMAINH ¢ OONBIINX TUIOIIA e
u ee udpoByro 06padoTky Ha DBM. D10 obecrnieunBaeT BBICICHUE MOJE3HBIX, Yallle OJHO-
KpPaTHO OTPaXCHHBIX UJIU MPETOMIICHHBIX BOJH CPEIU MHOKECTBA BOJH-TIOMEX.

[To pemaeMbiM 3aadaM pa3iHyaloT TTyOWHHYIO, CTPYKTYpHYIO, HepTerazoBywo, py-
HYIO, THKEHEPHYIO cericMopa3Benky. [lo MecTy mpoBeneHus ceiicMopa3BeaKa noapa3aeisier-
Csl Ha Ha3eMHYIO (II0JIEBYIO), aKBaTOPHAJIBHYIO (MOPCKYI0), CKBAXKMHHYIO U ITOJI3EMHYIO, a 110
yacToTaM KojeOaHUN MCIONb3yEeMbIX YIPYTHX BOJH MOXHO BBIIEIUTH BBICOKOYACTOTHYIO
(uacrotsl cBbiie 100 rir), cpeaHEYACTOTHYIO (4aCTOTHI B HECKOJIBKO JIECATKOB Tepll) U HU3-
KOYacTOTHYIO (dacTtoThl MeHee 10 rir) cericMopa3Benky. Uem BbIlle 4acTOTa YIPYrux BOJIH,
TeM OOJIbIIe UX 3aTYXaHHE U MEHBIIIE TITyOUHHOCTH Pa3BEIIKH.

Ceiicmopa3Be/ika - OU€Hb BaKHBIM U BO MHOTHX CIIy4asiX CaMblid TOUHBIN (XOTS U CaMbli
JIOPOTOM M TPYMOEMKHIT) METOA Teo(PU3NIeCKOr pa3BEIKH, MPUMEHSIOIIMICS IS pelIeHUs
Pa3IMYHBIX T€OJOTMYECKUX 3a/1a4 C TIIYOMHHOCTBIO OT HECKOJIBKUX METPOB (M3yueHue Gpusu-
KO-MEXaHUYECKUX CBOICTB IMOPOJ) O HECKOJIbKUX NECATKOB M JaKe COTEH KHIIOMETPOB
(u3yueHue 3eMHOM KOpbl U BepXHel MaHTuM). OHO 13 BaXHEHIINX HAa3HAYeHUH ceiicmopas-
BEJIKU - IOMCK U pa3BeaKa HEPTH U rasa.

CeiicmopasBeka Bo3Hukia B Hadase 20-x rogoB XX croynerus. B cBoem nepBoHadasb-
HOM Pa3BUTUU OHA ObLIa TECHO CBsI3aHA C CEHCMOJIOTUEH — HAyKOUW O 3€MJIETPSICEHUSX, TI0-
JyYWBIICH 3HAYUTEIIBHOE Pa3BUTHE B Hadajie XX B. DTOMY B OOJIBIION Mepe CITOCOOCTBOBAIIN
paboThI BBIIAIOLIETOCS PYCCKOro ydeHoro akaznemuka b.b. T'omuimbiHa, co3nmaBiiero cosep-
IICHHBIE METOJBl PETHCTPAIMH CEHCMUYECKUX KOJICOaHWH M O0OOTaTHBIIETO CEHCMOJIOTHUIO
MHOTHMH OCHOBOTIOJIATAIOIIUMHU TEOPETHUECKUMU PabOTaMH.



[TepBbie celicMopa3BeOoYHbIE PaOOTHI METOJOM MPEIOMIICHHBIX BOJIH (B MPOCTEHIIIEM
BapHaHTE «IIE€PBHIX BCTYIUICHHI») ObUTH MpoBeaeHkl noj pykoBoacTBoM I1.M. Hukudoposa,
yuennka b.b. I'onmumeiaa, B 1927 rogy. B 1923 rony B.C. Boronikomy ObLT BbIJJaH MAaTEHT Ha
n300peTeHne Metoaa oTpakeHHbIX BOH (MOB). OgHako mpakThueckas peaiu3amnusi 3TOro
METO/A CTOJIKHYJIACh CO 3HAYUTEIbHBIMM TEXHUYECKHMMH M METOAUYECKUMH TPYIHOCTIMHU.
[TorpeGoBanich MHOTOJIETHUE YCUIIHS OOJIBILION TPYIIBI CIEHHUATUCTOB, YTOOBI CO3/1aTh He-
00X0JIMMBIE amnmapaTypHble CpPe/ICTBAa U BbIPA0OTaTh METOAMYECKHE PEKOMEHAAIMU NS pe-
TUCTpAIlMU OTPAKCHHBIX BOJH. JTa paboTa ObLIa YCIENIHO BBIMOIHEHA MO PYKOBOJICTBOM
akamemuka ['.A. ['amOyprieBa, ChHITPABIIETO BBIIAIONIIYIOCS POJb B CO3JAaHWUU M Pa3BUTHHU
ceiicmMopazBenku. B 1935 ronga Obutn HauaTs! nosesbie pabotsl MOB, pa3zpaborans! u cepuii-
HO W3TOTOBJIEHBI IIEPBBIE TUIIBI OTEUECTBEHHBIX CEMCMOPA3BEAOYHBIX CTAaHIMH, 3HAYUTEIBHO
YKpeIUIeHa POU3BOJCTBEHHAs M UCCIIEIOBATENIbCKasl 6a3a pa3BeI0YHON re0(U3NKY.

Kopennomy mepecmotrpy, HaumHas ¢ 1939 roma, momBeprcst MeToj MpeIOMIICHHBIX
BosH. [lox pykoBoacTBoMm akamemuka ['.A. 'amOyprieBa ObL1 CO3/1aH KOPPEISIIIMOHHBINA Me-
tox npesnoMiaeHHBIX BOJH (KMIIB), oTKpBIBIIMIT HOBbIE BOBMOXHOCTH ISl PEIIEHUS] MHOTHUX
CJIOKHBIX F€0JIOTUYECKUX 3a/ad.

B roasr Benukoii OTedecTBEHHOM BOMHBI C TOMOIIBIO CEHCMOPAa3BEIKH ObLTA OTKPBITHI
HOBBIC MECTOPOXKICHUS HEPTH U rasa, ChITPABIINE BAKHYIO POJIb B YKPEIUICHUH 00OPOHHOMN
MoIIM cTpaHbl. BriepBrie, BOmM3u baky Obuti HadaThl pabOTHI IO MPUMEHEHHUIO celicMopas-
BEIIKM B Mope; Obula pazpaboTaHa METOJIMKA MPOBECHHS CEHCMUYECKHX pabOT B MYCTHIHAX
Y B pailOHaX BEYHOI MEP3JIOTHI.

[Tocne okoHuaHUSI BOMHBI B KOPOTKOE BpeMsi ObLIO OCYIIECTBIEHO TEXHUYECKOE Mepe-
BOOpYKEHHUE ceiicMopa3Beki. HoBble MHOTOKaHANIbHBIE CEHCMUYECKUE CTAHIIUU, CHAOKCH-
HBIE MOJIyaBTOMAaTHYECKUMH U aBTOMATHYECKUMHU PETYISTOPAMU YCUJICHHS, CMECUTENIAMU U
JPYTMMH YCTPOMCTBaMH, MO3BOJWIM 3HAUYUTENBHO MOBBICUTH KAUECTBO U MPOU3BOJUTENb-
HOCTb MOJIEBBIX Pa0OT. bbulM pa3BUTHI HOBBIE MPHUEMBI UHTEPIPETALMU U CO3JaHbl HOBBIE
MoauduKauu ceiicMopasBenku. Cpenu MOCIeHUX, BAXKHOE 3HaYeHHE MpUoOpesno riryOuH-
Hoe ceiicmuueckoe 3oHaupoBaHue (I'C3), mo3BonuBIEe pacHIMPUTH O0JACTh MPUMEHEHUS
celficMopa3BeIKH Ha BCIO TOJIILY 36MHOM KOpBI.

B cBsi3u ¢ HEOOXOAMMOCTBIO COBEPIICHCTBOBAHUS (PYHJAaMEHTAIBHBIX TEOPETUUECKUX
OCHOB celicMopa3BenkH, HaunHas ¢ 1954 ronma, B Hamieil cTpaHe MPOBOASTCS TIIYOOKHE HC-
CJICAOBAaHUs 110 TCOPUU CEeCMHUYECKNX BOJIH. 3HAUUTEILHOE BHUMAHUE YACTIACTCA CUCTCMA-
THUYECKOMY HUCCIEIOBAHUIO CEMCMHUYECKHUX CBOWMCTB pEaJbHbIX I'€OJIOTMYEeCKHX cpen. B pe-
3YJIbTAaTC MPOBCACHHBIX I/ICCJIC,HOBaHI/Iﬁ GBIHO BBIABJICHO CYHICCTBCHHOC BJIMSIHHUC Ha oco0eH-
HOCTH PaCIpPOCTPAHEHUS CEUCMUYECKUX BOJH TaKUX (DAKTOPOB, KAK TOHKAS CIIOMCTOCThH OCa-
JIOYHBIX TOJIIII, HIEPOXOBATOCTh CEHCMHUECKUX I'PAaHUL], HATUYHE BEPTUKAIBHOTO IpaJleHTa
CKOPOCTH.

C 1959 roga npouCcXOAUT MOCTENEHHOE NEPEBOOPYKEHNE CEHCMOPA3BEIKH anmaparTy-
pOM ¢ perucrpanueil Ha MarHUTHYIO JIEHTY. BO3HHKIIa BO3MOXHOCTh YCIEIIHOTO MCIOIb30-
BaHUS JUIsl pa3BEIKU HE TOJIBKO IIPOJOJIBHBIX, HO U IONEpeUHbIX BOIH. Ha ocHOBE MarHUTHOM
perucTpanuy noxy4usiv pa3BUTUE METO/bl TPYIIIUPOBAHNUS HCTOYHUKOB Ha OOJBIINX 0a3ax U
Meton obrret riryonaaoi Touku (OI'T).

C 70-x romoB XX cToJIeTHsI HAYaJCs HOBBIM 3Tall TEXHUYECKOTO IEPEBOOPYKEHUS
ceificMopa3BeKu — BHeApeHue MudpoBOr MOJIeBO 1 oOpabaThiBatomeil TeXHUKH. bbuT Ha-
YyaT BBIMYCK OTEYECTBEHHBIX LUMPOBBIX CEHCMHUYECKHX CTAHLHUNA, OPraHW30BaHO OOJIbIIOE
YHCIIO BBIYUCIUTENBHBIX IEHTPOB, 3aHUMAIOIIUXCS 00pabOTKOM TaHHBIX ceificMopa3Benku. B
00JBIIMHCTBE HE(TAHBIX MPOBUHIIUNA BO BCEM MHUpPE C TIOMOIIIbIO CEIICMOpa3BEIKU OTKPBITO U
pa3BeqaHO OIPOMHOE YMCIIO MECTOPOXKIACHUH. bonblryro posb ceicMoOpa3BeKa Chirpala B
MOMCKAX W pa3BeliKe MecTopoXkaeHuit B 3amanunoit Cubupu, Cpenneit A3uu, Ha MaHTbIIIIaKe,
B parnionax [loBomxss, IIpenkaBkasbs, /[JHenpoBcko-J{oHENKON BIIaAWHbI, Y XTI U JP.
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1.1 ®duszuyeckue 0CHOBBI celicMOpa3BeaKH

11.1. Ocnosvt meopuu ynpyzocmu

Teopust pactipocTpaHeHHs] YOPYTrux (CeHCMHUYECKUX) BOJIH Oa3upyercss Ha TEOpUU YII-
PYTOCTH, TaK KaK T'€0JIOTHYECKHE CPEebl B IEPBOM IPUOJIMKEHUN MOYKHO CUMTATh YIPYTUMHU.
[To3TOMy HaIOMHMM OCHOBHBIE OIIPEAEICHUS U 3aKOHBI TEOPUH YIPYTOCTH IPUMEHUTENIBHO K
OTHOPOJHBIM U30TPOIHBIM CpeJaM.

Y CTaHOBJIEHO, YTO IO/ JCWCTBHEM BHEITHUX HArPY30K XKUIKHWE W ra3000pa3HbIC Teja
U3MEHSIOT CBOM 00BbeM U (opmy, nedopmupyrores. [lpu nedopmanun yacTuibl Tena cMe-
IIAFOTCSI OTHOCUTEIIBHO JPYT JPYyra U UCXOAHOTO MOJIOKeHUs. BemnyrHa 1 HampaBJIeHUE I1e-
PEMEILEHUIN OMNpPEIEAIOTC BEIUYMHOW M XapaKTEPOM BHEIIHUX CHJI U CBOMCTBAMH TEIIA.
[TomoskeHre YacTHI] Tena mocie aehopMalid MOXHO HAWTH, €CITU U3BECTCH BEKTOP IMepeMe-
wennit U (x, y, Z), OTHECEHHBIH K HCXOIHOMY TIOJIOKEHHIO JACTHIL.

[Tocne npuiokeHusl BHEIIHUX Harpy30K MaJlblil MapajuleenuIes], MbICJIEHHO BblJE/ICH-
HBI BHYTpPU Teja 70 ero AegopManuu, U3MEHUT CBOil 00beM uiau (GopMy, WK U TO, U JIpYy-
roe. [Ipu aTOM M3MeHUTCS JyIMHA ero pedep, a MpeXxae NpsAMbIe YIIIbl MEXIYy COOTBETCTBYIO-
IIUMHU pebpaMu CTaHyT TYIBIMU MIH ocTpbIMU. KonnuyecTBeHHOU Mepoii nedopmariu sBis-
IOTCSl OTHOCHUTENbHBIE YAJUHEHUs pedep Majloro mnapajuienenureaa U adbCoaTHOe U3MEHe-
HUe yriaoB oTHocutenbHO 90°. Takum oOpaszom, nedopmanys MOJTHOCTHIO ONMUCHIBACTCS Iie-
CTbIO KOMIIOHEHTaMHU. TpH MepBbleé KOMIIOHEHThI Ha3bIBAIOTCS MPOJOJIbHBIMU (HOPMaJbHbI-
MH) AepopMausaMH, TpU OCIETHIE — CIIBUTOBBIMU.

IIpu cHATUM HArpy3KH 4YacCTHULbI T€Ja MOT'YT BEPHYTHCS UM HE BEPHYTHCA B UCXOMHOE
noyiokeHue. B mepBom cirydae roBopsIT 00 00paTUMBIX, @ BO BTOPOM O HEOOpaTUMBIX aedop-
Marusix. Tena, B KOTOPBIX pa3BUBAIOTCS TOJBKO OOpaTuMble nedopmanuu, Ha3bIBAIOT YIIPY-
rumu. Tena, B KOTOPBIX Pa3BUBAIOTCS TOJBKO HeoOpaTuMebie NnedopMarui,—IUIaCTHIYHBIMH,
Heynpyrumu. Benmnunna nedopmariuii 3aBUCUT OT BEIMYUHBI M XapaKTepa BHEIIHUX HArps-
KCHUH—CHII, IEHCTBYIONIMX HA €IWHUILY IUIOmand. [ OpHbIE MOPOAbI BEAyT ce0sl KaK yIpy-
Tue TCjIa TOJIBKO IMPpU MaJIbIX I[e(bOpMaLII/ISIX, KOorga BC€ ICCTh KOMIIOHCHT ne(l)opMauHH HE
MIPEBBIIAIOT 103,

[Tpu gepopmaruu B ynpyromM Tejae BOZHUKAIOT BHYTPEHHUE HAIPSKEHUs, 00yCIOBIIEH-
HbI€ YIPYTMM B3aUMOJEHCTBHUEM MEXKIYy yacTHLaMM Tena. Ha Kakayro miIomajgky Majloro
pa3Mepa, MBICIICHHO BBIIETSIEMYIO B TeJle, ACUCTBYIOT HAIPSKEHUsI, UMEIOIINE B OOIIEM CIIy-
4yae COCTABJIAIOILYIO, NEPIEHIUKYIAPHYIO K IJIOLIAJKE,— HOPMAJIbHOE HaNpsKEHUE, U JIBE,
HaIlpaBJICHHbIE BJOJIb IUIONIAJKH, HAa3bIBAEMbIE CIBUTOBBIMU HANPSKEHUSAMU. TpU KOMIIO-
HEHTBl HAIpsDKEHUS 3a/1al0TCsS C MOMOIIBIO IIECTH KOMIIOHEHT TEH30pa HamlpsyKeHUs. JTU
[IeCTh KOMIIOHEHT CBSI3aHBI C IIECTHI0 KOMIIOHEHTaMU MaibIX AedopmMannii 3akoHoM ['yka.

[Tpu onHOOCHOM CKaTUM (PACTSXKEHUU) MPU3MBI U3 TBEPIOTO Tella OTHOCUTEIBHOE U3-
MEHEHHE €€ JIMHBI BJOJIb HAMpaBJICHUS JECUCTBYIOIIETO HAIPSIKEHUS BBIPAKAETCS COOTHO-
[ICHUEM:

-2 (1.1)
l
rae (Q—senvuuna BHemHel Harpysku; E—womynb FOnra; ¢ — nnuna npusmsr; A ¢
— M3MEHEHHE JJIUHBIL.
OMNBIT MOKA3hIBAET, YTO yIMHEHHUE TIPU3MBI BCETIa COMPOBOXKIAETC COKPALIEHUEM €€
nornepeunbix pasmepos d u D wa Aan Ab. Nna nsorponnsix ten A/l/l, Aaja, Ab/b u
(Aa/a)/(Ab/p)= 5 ocTatoTcs HEM3MEHHBIMH, HE3aBHCHMO OT TOTO, KakuM 06pa3oM Gbima

OpHMEHTHPOBaHa Npu3Ma B Topoze. Moxyns IOura En kosddumment ITyaccona O moiHo-
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CTBIO ONPENEIISAIOT YIPYrue CBOMCTBA TaKUX TeJ. [ aHM30TPONHBIX Cpel MPH HEM3MEHHON
OCEBOM Harpy3ke OTHOCUTENbHBIC YIUIMHEHUs peOep Mpu3Mbl OyAyT 3aBUCETh OT TOTO, Kak
Obl1a OPUEHTHPOBAHA OCh MPU3MBI B ITOPOJIE, MHBIMH CIIOBaMH, YIPYTHe€ CBONCTBA 3aBHUCST OT
HaIlpaBJICHUsl BHEUIHUX HArpy3ok. M30TpomHble Tella MOXKHO ONKCATHh C IOMOIIBIO YIIPYTUX

KOHCTaHT JlaM? — MomyIist CkaTust Awu Moayis casura . OTH MOIYJIM OJHO3HA4YHO CBsI3a-

HbI ¢ MogyneM FOHra E n koaddumentom [Tyaccona O :

_ u(3A +2p) w2
A+U
A
o= 3
200 + ) 3

ITpn BcecTOpOHHEM CKAaTHM YNPYTHX TeJl, HAlpUMEp, ITyTeM MOBBIIICHUS MAaBICHUS
KHUJIKOCTH, B KOTOPOH pacmojioxkeH oOpasel, o0beM Ten yMmeHblnaercs. OTHOCHTENbHOE H3-
MeHenue o0bema AV /V Ipr 3TOM JIMHEHHO CBA3AHO C JaBJICHUEM:

p=k) (14

Kosduuuent K; Ha3pIBalOT MOIy/eM BCECTOPOHHErO CKaTus. Jjisi M30TPONHBIX Tel
cBsa3b Mexkny Ko, 4 u u numeer Bu:

2
k =A+=5 1.5
c 3“ (15

B skuakoctsix urazax £ =0u K, = 4

Ecau ynpyrue cBolicTBa Tel HE U3MEHSIOTCS MIPU MEPEXO0Je OT TOUKHU K TOYKE TeJla, TO
TaKHE TeJa HAa3bIBAIOT OJHOPOJHBIMH. B IPOTUBHOM cCilydae Teno Ha3bIBalOT HEOJHOPOIHBIM.

B HEO/IHOPOIHBIX H30TPONHBIX Tenax A , 4 u K — pyHKimm koopauHar.

[Ipu nedopmanuu ynpyroro Tejia moja ASHCTBHEM BHEIIHEH HArpy3KH pa3Mephbl Tela
U3MEHSIOTCS, HAIIPUMED CTEPKEHDb C:KUMaeTcs. Eciu pu CHATUM BHEIIHEW HAarpy3KH BCs I110-
TEHI[MAJIbHAs SHEPTUsl NEPEXOJUT B KMHETUYECKYIO, TO TEJIO Ha3bIBAIOT UOEANbHO-YRPYUM.
Ecnu e yacTb HEpruM yXOJUT Ha HEOOpaTUMBbIE NMPOLIECCH, HAIIPUMEp MPEeBpaILacTCs B Te-
IJI0, TO TEJIO HA3bIBAIOT 8A3KO-YHPY2UM, HEUOCATIbHO-YRPYZUM.

CrniocoOHOCTh Tenl Ae(OpMUPOBATHCS SIBIAETCS MPUYUHONW TOTO, YTO HAIPSDKEHHE OT
30HBI JCWCTBUS BHEIIHEH HArpy3KH PacIpOCTpaHIETCsl Ha Bce 00JacTh Tesla ¢ KOHEYHOU CKO-
POCTBIO, OIIPENEIIEMON YIIPYTHMHA MOAYJISIMU U IJIOTHOCTBIO. PacpocTpanstomeecs B ynpy-
rOM Telle HampspKeHHEe MOpoXkaaeT AedopMany — IMEepeMEelIeHNs YacTUIl Tella, KOTOpbIe
MOKHO M3MepuTh. HabmoneHus 3a mepeMelieHueM 4YacTULl Tella MO3BOJISIFOT SKCIEepPUMEH-
TaJIbHO U3MEPATH CKOPOCTH PACIPOCTPAHEHUSI YIPYTUX BOJIH M BBIABIATH pasiuyus B (GU3u-
YECKUX CBOMCTBAX F'OPHBIX MOPOJ WK UX COCTOSHUU.

1.1.2. ¥Ynpyeue 6onnvt ¢ uzomponnuix cpeoax

BonHbl 1 BBI3bIBAIONIME WX BOJHOBBIE MPOLIECCHI SBISIOTCS OCOOBIM BUAOM JIBHIKEHUS,
Ipru KOTOPOM U3MCHCHUC KaKOﬁ-HHGO BCJIMYMHBI WX COCTOSAHHA CPCABI NICPCHAACTCA OT OHHOﬁ
TOYKH Cpe/bl K APYrol ¢ KOHEUHOH CKOPOCTHIO. OTINYUTEIHHOW 0COOCHHOCTHIO BOJTHOBBIX
MIPOLIECCOB SIBIISIETCS TO, YTO COOBITUE, TPOUCXOAIIECE B OAHON TOYKE CPEIbI, Yepe3 HEKOTO-
poe BpeMs MPOUCXOAUT B IPYrOi MOYTH B HEU3MEHHOM BHU/IE.

3aMeuaTelIbHbIM CBOMCTBOM BOJIHOBBIX IIPOLIECCOB SIBJISIETCS TO, YTO, OYy4u MOPOXKIe-
Hbl ICTOYHUKOM, OHU HAaUYMHAIOT CYIIECTBOBAaTh ABTOHOMHO, COBEpPIIEHHO OT HETO HE3aBUCH-
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MO, W TIPOTEKAIOT U TOT/Ia, KOT/1a JEHCTBUE MCTOYHHMKA MpeKpariaercs. biarogaps stomy 1o
HAacC JOXOAMT CBET 3B€3/bl, MOTYXIIIEH MUJTMOHBI JIET TOMY Ha3a/l.

BonHbl B ynpyrux cpenax BO3HHKAIOT BCSKUE pas, KOTJa Ha KaKyro-TuOo, 4acTh Teja
JeMCcTBYeT H3MEHsIoIasics BO BpeMeHU cuia. Jlepopmanuu u HanpskeHus BOIM3M UCTOYHU-
Ka IIEPEeA0TCs 3aTEM BCEM 4YacTsAM YIPYIoOro Teja 3a CYET YIPYIMX CBA3EH MEXKIy 4acTULa-
mu Tena. llepenada BO3MyIIEHHOTO COCTOSIHUS — JBMKECHUS YaCTHILL CPEABI — IIPOUCXOIUT B
npolecce HEMpPEephIBHOTO MpeoOpa3oBaHUs MOTCHLIUAIBHOM 3HEPruu, HaKalIMBaeMoil mpu
nepopManny, B KHHETHUECKYIO SHEPTHIO JBMDKYIUXCA YaCTHUL] Cpellbl. DTOT MPOLECC UMEET
OJTHOCTOPOHHUH XapakTep — JHEprus 3abupaercs OT MCTOYHUKA M IEpeNaeTcs yInpyromy
Tely, B KOTOPOM OHA HAYMHAET HE3aBHUCUMOE OT UCTOYHHKA CYIIECTBOBAHME, PACIIPOCTPAHS-
SCh C KOHEYHOM CKOPOCTHIO BO BCeM 00beMe ATOro Teia. [TockonbKy noTeHIraabHast SHEPTHst
J1e(OPMHUPOBAHHOTO 3JIEMEHTA TEJa 3aBHCUT TOJBKO OT BEIMYMHBI AeopManuii U ynpyrux
MOAYJIEH, a KHHETUYECKAsi DQHEPIUs—OT MaCChl 2JIEMEHTA U CKOPOCTH, C KOTOPON ABUKETCS
3TOT JJIEMEHT, PACIPOCTPAaHEHUE YIPYIMX BO3MYLICHUN JTOJKHO 3aBHCETh OT YIIPYTUX MOJIY-
JIe! ¥ TUIOTHOCTH TeJIa.

IIpy KOHEYHOU CKOPOCTH PacCIpOCTPaHEHUs SHEPIUU B KAKIbII MOMEHT BPEMEHHU BO3-
MYILIEHHE 3aXBaTbhIBaeT 00JacTh KOHEYHOro pasmepa. [loaromy B 110001 MOMEHT BpeMeHHU
CYIIECTBYET IMOBEPXHOCTh, pa3/eysiomias BOSMYILEHHYIO M HEBO3MYIIEHHYIO 0o0nacTu. OTy
MOBEPXHOCTb HA3BIBAIOT (YPOHMOM B603MYyU|eHUA UAU Ppornmom 60.nbl. Clie0BATEIBHO,
pacrpocTpaHeHHE BO3MYILEHUSI MOXKHO OIUCATh KaK pa3zpacTaHue MOBepXHOCTH (poHTa. Ec-
nu B MOMeHT 1=1; moBepXHOCTh (PpOHTA 3a/1a€TCs TIOBEPXHOCTRIO S|, a Yepe3 OUCHb MaIblii
uHTEepBan BpeMeHu At B MoMeHT to=1;+Af — moBepXHOCTBIO S, TO 3TO O3HAYAET, YTO BO3-
MYIIEHHE C MOBEPXHOCTH S PacmpOCTPaHUIOCh Ha MOBEPXHOCTh S, T. €. MPOILIO B CPeie
HEKOTOpbIH nyTh. Eciin B npousBosibHON Touke Ag(Xy, Y1, Z1) MOBEPXHOCTH S MOCTPOMTH

o
HOpMaJTb K 9TOH OBEPXHOCTH N (A) TO OHa MEPECeUeT MOBEPXHOCTh S B HEKOTOPO# TOYKE

Ax(X2, Yo, 20) (puc. 1.1). Otpezok AjAr=An —5T0 NyTh, NPONIEHHBIA BOJHOM 3a Bpems Af .

Hanpasnenue pacnpocTpaHeHust BOJHBI B TOUKE Al(Xl, Y1, Zl) YKa3BIBACTCsA BEKTOPOM n(A)
EcTecTBEHHO MIPUHATH, YTO CKOPOCTH PACIPOCTPAHEHMSI BOSMYILEHHS (BOJHBL) v( 4) = An/At .
B 006miem ciiyyae oHa MOKET 3aBUCETh OT ToJiokeHus Touku Aq(Xq, Y1, Zy). Eciun cpena oano-
pOJIHA, TO HET OCHOBAHHUH CUUTATh, YTO CKOPOCTh OT TOYKU K TOYKE Teja U3MeHseTca. B He-
OJHOPOJHOM Cpelie, KOTa U3MEHSIOTCA yIPYTMe MOAYJIN U INIOTHOCTb, CKOPOCTh TAKKE MO-
XKET cTaTh PyHKIUEN KOOpAUHAT, T. €. V=V(X,Y,2).

Puc.1.1 IlocTpoeHue iyueBoil TpacKkTOpUH IO
W3BECTHOMY IOJIOKEHHIO (PPOHTOB.

+.
B momenT Bpemenu l3=t,+A¢ GpoHT coBmamaer ¢ MOBEPXHOCTHIO 3, MPOMIS YT

A Az, 1 Bo3mytiieHure u3 Touku Aq foiinet 1o Touku Ag. TIpu mocTpoeHnH HOpMAaei st 1o-
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CIEIYIOIIMX MOMEHTOB BPEMEHH MBI HaiifieM TOUKy A,, B KOTOPYIO BO3MYIIEHHE HPHILIO B
MoMmeHT =1, +ndt. Jlunus Aq,A;,.......A, JaeT npeacTaBieHre O IMyTH, IPOMIEHHOM BOJIHOM
[P PaclpoCcTpaHeHun U3 Touku A; B Touky Ay,

]

Puc.1.2 ITpunnun ['roiirenca: o6pazoBanne (PUKTHUBHBIX HCTOYHUKOB
B OJIHOPOJIHO¥ (a) 1 HeoJHOPOHOH (0) cpene.

TpaexTopuio IBIKCHUSI BO3MYIICHHS U3 TOUKU A B Touky Ay, a B 001IeM ciiydae — ot
UCcTOYHMKA P K 3alaHHON TOYKe — HAa3bIBaIOT JIydoM. Kak cliienyer U3 paccCMOTPEHHOTO I10-
CTPOEHHUS, JIyd — 3TO JINHUS, BCIOJY HOPMaJIbHasl K TIOBEPXHOCTSAM (POHTOB B TOUKAX MX Ie-
peceuenus. Takum 00pa3oMm, 3Has MOCIIEIOBATEIBHOE MMOJI0KEHNE (HPOHTOB, MOKHO HOCTPO-
UTh JIyYd U HA0OOPOT.

ITocTpoenue s1ydel mpu U3BECTHOM PACIpPEIEIEHUN CKOPOCTH B CPENE U 3aJaHHOM I10-
JI0’KEHUHU UCTOYHHUKA OCYIIECTBIISIOT HA OCHOBE npuHnyuna Pepma. JIns oTHOPOAHBIX Cpell U
Cpell C IUIABHO M3MEHSAIOIIMMHUCA cKopocTsaMU npuHuun depma yTBepkKaaeT, 4To BO3MYILE-
HUE OT MCTOYHMKA K 33/JIaHHOI TOYKE Cpeibl PachpOCTpaHSIETCs MO TaKOMY IyTH, KOTOPBIN
obecrieynBaeT MUHUMAaIbHOE Bpems mpobera. [ oqHOPOAHBIX CpeJl MUHHUMAJIbHOE BpeMs
npoGera JocTuraercs Mpu MUHUMAaJIbHOH AnuHe myTu. Ho MUHUMaIbHBINA TyTh OT UCTOYHUKA
710 TOYKH HAOIO/IEHUS B 3TOM CiIydae— MpsMasi U, CJIeI0BaTeIbHO, IyYl B OJHOPOAHOM cpe-
JIe—)TO NPSMBbIE JINHUH, BBIXOJSIINE U3 UCTOYHHKA.

Jlst cpen ¢ TIaBHBIM M3MEHEHHEM YIPYTUX CBOMCTB OmpezesieHre (HOpMBbI JTyden Tpe-
OyeT CI0XKHBIX MaTeMAaTUYECKUX pacueToB. KauecTBeHHO 3Ty 3a/1auy MOXHO PELIUTh, OMHUpa-
sch Ha npunyun I'toticenca.

[punnun IrolireHca yTBepKIaeT cienyrolee: pacupocTpaHeHne BOJH JII00OH MpHUpo-
IIbl IPOMCXOAUT TaK, Kak OyATO MPH KaKJIOM IMOJIOKEHUU (POHTA HA €ro MOBEPXHOCTH OKa-
3bIBAlOTCA TOUYEYHBIE MCTOUYHUKH, TE€HEPUPYIOIIME BOJIHBI, UAYLIME TOJIbKO Brepen. McTun-
HBIM UCTOYHHK KaK Obl IEPEHOCUTCS B «pa3MazaHHOMY» 10 (PpOHTY BHIe HA PPOHT BO3MYILIE-
HUS. DTO 03HAYAET, YTO, €CJIU MOJIOKeHHe ppoHTa B MOMEHT t; u3BectHO (puc. 1.2), To B co-
cemHuii MOMEHT Bpemenu tr,=1,+ Af nonoxenne GpoHTa MOKHO MOJYYUTh IYTEM MOCTPOE-
HUSl DIIEMEHTAPHBIX (PPOHTOB OT (PUKTUBHBIX HCTOYHHMKOB, BO3ZHUKAIOIIMX HA HCXOJHOM
¢ponte. Ecnu ckopocTh M3MEHSIETCS TIJIaBHO, TO MOXHO BBIOpaTh TaKOH Masiblii WHTEPBaJ
BpeMeHH Af, 4TO Ha PACCTOSHUH OT Ka)IOT0 M3 3JICMEHTAPHBIX UCTOYHUKOB MPUMEPHO AfV
CKOPOCTh V MOXKHO CUHTaTh Hem3MeHHOU. Torma B MOMEHT {+/¢ BO3MYIICHHE OT KaXI0TO
3JIEMEHTAPHOTO UCTOYHUKA 00pasyeT (GpoHT B BHae Maioii cdepsl ¢ paauycom R=V(A)-At.
[ToBepxHOCTB, Orudaroias Bce 3JeMeHTapHble PPOHTHI, U SABISETCA (PPOHTOM BO3MYIICHUS B
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MoMmeHT t;+A¢. Teneps GUKTUBHBIC HCTOYHUKH PACIIPEICIICHBI TI0 3TOH HOBOI MOBEPXHOCTH
S ¥ MOKHO TIPOJOJDKUTE TIOCTPOEHHS, OIPEIEIINB TIOJI0KEHHE PpoHTa B MOMEHT 13= {r+A¢.

Ecnu ckopocTh B cpesie MOCTOsSIHHA, TO PaHyChl 3JE€MEHTapHBIX BOJIHOBBIX (DPOHTOB
OJIMHAKOBBI JJISl BCEX TOUEK, U (PPOHT pacCIpOCTpaHsETCs Kak Obl MapaysiebHbIM IIEPEHOCOM,
He McKaxasch. Eciu jke cpeaa HeoJHOpPOJHA, TO B PA3JIMYHBIX TOUKax (poHTa B MOMEHT {3
pamuycel R (A) = V(A)-At snementapubix chepuueckux GpoHTOB OYyAyT PasIMYHBIMH, U HO-
Basi popma OyzeT MCKakeHa OTHOCHUTENBbHO UcXoaHoi (puc. 1.2 6). I[TockonbKy yun Bceraa
JIOJDKHBI OBITh HAalpaBJIEHBI 10 HOPMaIH K ()POHTY B KaXKJJOU €ro Touke, a GpOHTHI HE MTOBTO-
pSItOT GopMy IpyT Ipyra, JIydd CTAHOBATCS KPUBOJIMHCHHBIMU: BO3MYIIEHHUE U3 TOUYKH A 10-
crynaet B ToUKy Ag o mytu AjAAs.

SIBneHue pacnpocTpaHEHHsI BOZMYILEHUS 110 KPUBOJUHEHHBIM TPAEKTOPHSIM Ha3bIBAIOT
pedpakuueii ¢onn. Ecnu Ha TUHAM «IpsiIMOi» BuAUMOCTH oTpe3ka PAg pacnonoxen skpaH
3 (HenpoHHIaeMast JIsl BOJIH MEPErOPOJIKa), TO ITOT IKPaH HE MELIaeT BOJHAM OT UCTOYHHKA
JOCTUTHYTh TOUKH HabmoaeHus Ag. B omHopoaHoit cpene otpe3ok PAg — 310 sy, mo koto-
poMy BoOJIHa HAET OT TOYKU P Kk Touke Ag u ncrounuk P kak Obl «He BUICH». B onruke ped-
paKIysi BOJH OOBSCHSET MOSIBIICHHNE MUPAXKEH, KOTrJla CTAHOBSTCS BUIHBI OOBEKTHI, HAXOIs-
mMecs 3a ropu3oHTOM. B ceiicmopasBenke pedpakiust o0ecrieynBaeT BHIXO/ Jydel K 3eMHOU
MOBEPXHOCTU M TOT/a, KOI'/la MCTOUYHUK BO30YXKAEHUS PACIOI0KEH Ha TOM e MOBEPXHOCTH
win BOmM3M Hee (puc. 1.3), U TeM cambIM CO3/1aeT YCIOBHS Uil M3Y4YCHHUs pacrpeaeeHus
CKOpPOCTH B TOJILIE OPO/I.

RS =g

Puc.1.3 Beixon nmyueit kK 3eMHOW MOBEPXHO-
CTH 3a CUeT pedpaKiIuu.

ZY

Jlyun u ppoHTHI AAIOT MpEeACTaBIEHUE O KHHEMAaTHKE BOJIHOBOIO MPOIECCa—O TOM, KaK
pacmpocTpaHsieTCsl BO3MYIIIEHHE OT UCTOYHHKA K JII000H TOUKe B ynpyrom tejie. Ecnu B kaxk-
JIOH TOYKE Ha JIyde U3BECTHA CKOPOCTh PACIPOCTpaHeHus BoJIHbI V(A), HasbIBaeMas IyueBOH,
TO MO’XHO HalTH BpeMsi, KOTOPOE BOJIHA 3aTPauuBaET MPU PACIPOCTPAHEHUU OT UCTOYHUKA K
M000# TOUKe Cpelibl, — PEIIUTh KHHEMAaTUYeCcKyto 3a1ady. Kunemaruueckue 3aia4uu 1momo0-
HOTO THIIA HA3bIBAIOT MPSMBIMHU 33Jja4aMU: 110 U3BECTHOMY PACIPEACICHUIO CKOPOCTU B Cpe-
JIe HAXOJIAT BpeMsl MPUX0/1a BOJIHBI B 3a/IaHHYIO TOUKY CPEJIbI.

[Ipu pemieHMM KMHEMAaTHYECKUX 3a/1a4 COBEPIIECHHO HECYIIECTBEHHO, KAKOB XapPaKTEp
BO3MYILIEHUS, PaCIIPOCTPAHSIOLIETOCS B U3Y4aeMOH cpelie, T. €. KaK JBUXKYTCs dacTulpl. Ju-
HaMH4eCKasl TEOpUsl YNPYTUX BOJH YCTAHABIMBAET, YTO B OAHOPOJAHOW HM30TPONHOM cpene
BO3MOYKHBI BOJIHBI JIBYX THIOB. BOJIHBI MepBOro THIa BBI3BIBAIOT TAaKWE KOJIEOAHMS YaCTHIL
cpenbl, TP KOTOPBIX HAIpPaBJICHUE MEPEMENICHUSI YaCTULl COBMA/NAET C HAIpaBJICHUEM pac-
NPOCTPaHEeHUs BOJIHBI. Takue BOJHBI Ha3bIBAIOT MPOAONIbHBIME (P-801namu). BoHbl BTOpo-
IO THUIIA BBI3BIBAIOT KOJIEOAHUS, MPU KOTOPBIX YACTHUIIBI CMEIIAIOTCS B HAIIPaBJICHUH, MTEPICH-
JUKYJIIPHOM K HaIPaBJIEHUIO PAaCIpPOCTPAaHEHUs BOJH. BOJHBEI 3TOro Tuna Ha3bIBalOT IOIE-
peunbiMu (S-¢otnamu). B monepedHbIX BOJIHAX BEKTOP MEPEMEIICHUS HOPMAJICH K HalpaB-
JICHUIO PAcIpOCTPaHEHHs, T. €. K Jydy, a JIyd HOpMaJIeH K IMOBEPXHOCTH (POHTA, ClIeI0Ba-
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TEJbHO, BEKTOP CMEILEHHUS JICKHUT B MIIOCKOCTH (poHTa. B skuakux u razoo0pa3HbIX Tenax
pacIpoCTPaHAIOTCS TOJIBKO MPOJA0JIbHBIE BOJIHBI, HA3bIBAEMbIE 3BYKOBBIMU, aKyCTUUECKHUMHU.

IIponospHEIE ¥ TTIONEPEYHBIE BOTHBI PACIPOCTPAHAIOTCS € PA3IMYHBIMU CKOPOCTAMH (V
1 Vg COOTBETCTBEHHO). VX 3HaUeHUS ONpeaensioT o Gopmynam:

IA+2
" O_u’ Vs:\/g (1.6)

TAcC O - IINIOTHOCTG.
HOCKOJ’IBK}’ A u IJ MOJIOKHUTECIIbHBI, CKOPOCTH IMPOAOJBbHBIX BOJH BCET A BBIIIC CKOPO-

CTH MMOIICPCYHBIX. OTtHomeHne VP/VS

A
VP/VS = H +2 (1.7)

- T.e. SABNISETCS MAapaMeTPOM, 3aBUCAIIEM Tobko oT A 1 (U, mpu sToM kodddurment [Tyac-
COHa:

_(vvg) =2
5= Vr/Vs (1.8)
2(v,/vs)’ =2

[Tonepeunsie BOIHBI OBIBAIOT JBYX BHUJAOB: Y OJHUX BEKTOP NEPEMEUICHHUS] HUMEET TOJIb-
KO KOMITOHEHTHI, JIKAIME B BEPTUKAIBHOU TNIOCKOCTH, U TAaKHE BOJHBI HA3BIBAIOT GOTHAMU
eepmuKanbHoil noaapuzayuu (SV-eonnamu); y Npyrux—TrOJIbKO OJIHY KOMIIOHEHTY, JIeKa-
LIY}0 B FOPU30HTAIBHOM IUIOCKOCTH. DTHU BOJIHBI HA3bIBAIOT 60JIHAMU C 20PU3OHMAIbHOIL
noaapuzayuei (SH-eonnamu).

BosHOBOI mpoliecc €cTh SABJIEHUE, pa3BUBAIOLIEECS B MPOCTpaHCTBE M BpeMeHu. Ha-
Omroast 32 HEKOTOPOM YaCTULIEH CPefibl, MOXKHO YBHJIETh, YTO B MOMEHT NPUXO0/a K HEl BOJI-
Hbl YaCTUIa HAYWHAET JABUIaThCS, CMEIIAThCA U3 MOJIOKEHUs NOKOos. [[BH)KeHue ee MoiaHo-
CTBIO OIpEAEIAeTCS BEKTOpOM mepeMenieHus. Ho Tak kak Mbl paccMaTpUBaeM TOJIBKO OAHY
qacTuiy, TO U cienyeT OTHECTH K X=X, Y=VY1, Z—7;, XapaKTepHU3ylOIIUM HadaJIbHOE IOJIO-
YKEHUE YaCTHIIbI, TIOCTIE YEeTO €€ JBMKEHUE MOXKHO M300pa3uTh rpadudecku. s aToro Heoo-
XOJIMUMO OTJIOKHUTb II0 TOPU30HTAIBLHOM OCU BpEMsl, a 110 BEPTUKAIbHON—IIyTh, IIPOUICHHBIN
B HAalpaBJIECHUM PACIPOCTPAHEHUs, WK JIIOOYIO MPOEKIHIO | J (x, Y, z,t) Ha OJHY U3 OCEH

NPSIMOYTOJIBHON CHUCTEMBI KOOPAMHAT. DTOT rpaduk orpenenser pa3BUTHE KojeOaHHUH dac-
THIIBI BO BDEMEHH U Ha3bIBACTCS BPEMEHHBIM UMITYJIbCOM cMeteHus (puc. 1.4 a).

Pasmax kojeGaHuil 4acTHUIIBI ONPENCIIACTCA aMIUINTYI0M UMIYJIbca CMEIeHHs Angy, a
MPOJOJKUTENEHOCT KOJICOAaHUI—IITUTEILHOCTRIO MMITYJIbCA T,. KaXablii UCTOYHUK YIIpy-
IUX BOJIH Xapakrepusyercs cBoei popmoit ummyssca U (t).

K MOMEHTY OKOHYaHHs UMITyJIbca cMereHus B Touke (Xq, Y1, Zy) GPOHT BOJNHBI yiiaeT
Ha pacctostHue A R=V(X, Y, ) [T. oT 3Toi Touku. CienoBaTelbHO, B OAUH U TOT XKE MO-

MEHT BPEMEHH KOJICOAHUS 3aHUMAIOT HEKOTOPYIO 00JIaCTh CPe/ibl, OTPAHUYCHHYIO ABYMS I10-
BEPXHOCTSIMH, PACCTOSIHUE MEXIy KoTopeiMu (. = V( X1, 1, z: ) [T, Tae (X4, Y1, Z1) — cko-
pocTh BOJH B Touke (Xp, Y1, Z1). Benmnunny fu Ha3bIBalOT IPOCTPAHCTBEHHOMN IJIUTEIBHO-
CTBIO UMITyJIbCa cMelleHus. [IpocTpaHCcTBEHHAs U BpeMEHHAs NIUTEIbHOCTH UMITYJIbCa CMe-
LIEHUs1 OJHO3HAYHO CBSI3aHbl MEKAY COOOH COOTHOLIEHUEM fu =VI[T..

Kaxxnpiii pa3, korga GpoHT BO3MYIIEHUS JOCTUTAET HOBOM 00JIaCTH Cpelibl, YaCTHIIBI Ha
(poHTE HAYMHAIOT JBH)KEHUE, MOBTOPSIOIIEE KOMUPYIOIIee IBUKEHUE YaCTHUIl, Yepe3 KOTO-
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pble PPOHT MPOXOIWI paHblle. IMIMynbchl CMEIIEHUS! B HOBBIX TOYKaX, OXBAaYEHHBIX BO3MY-
LIEHUEM, OTJIMYAIOTCS APYT OT JIpyra TOJIbKO pa3MaxoMm, aMriuTynou. [loatomy rosopsr, 4ro
MMITYJIbC CMEILEHHS B BOJIHAX, PACIPOCTPAHAIOLINXCS B UI€ATBHO-YIPYTOil cpelie, HE U3Me-
HSIET CBOIO (pOpMY. DTy 3aKOHOMEPHOCTh MOKHO OITMCATh MaTeMaTHUECKU:

Ux Yy, z )=AX Y, 2)f]t-t(x, v, z)] (1.9
Tae A(X, Y, Z) —Q)yHKLU/I;I, onpenaeAromas N3MEHEHNE aMIIJIUTYbl KOoJICOaHMIi;
f(t-1) —bynkuus, onpenensromas GopMy UMITYIIbCA CMELIEHHUS;
7(X, Y, Z) — Bpemst mpolera BOJHBI OT MCTOYHHUKA JI0 TOUKH ¢ KoopauHatamu (X, Y, Z),
npuueM f(2-1)=0 npu t-7<0;
t —Bpems1, oTcunTHIBAEMOE OT MOMEHTA BO30YKACHUS.

Oyukmus A(X, Y, Z) yYUThIBa€T U3MEHEHHE aMILTUTY bl HMITYJIbCA CMEIIECHUS TP y1a-
JICHUH TOYKHU HAOIIOACHUS OT UICTOYHUKA — ¢hghexm 2eomempuueckozo pacxoxcoenus. Tak
KaK BCS 3HEPIHs, OTJaBacMas HCTOUYHUKOM B IIPOLIECCE PACHpPOCTPAHEHUS, paclpeacsaeTcs
1o Bce Ooubllell MOBEpXHOCTU (PpOHTA, SHEPTHUs, MPUXOAIIA’ICT HA €AUHULY TTOBEPXHOCTH
(dbpoHTa, yMEHBIIAETCsI, O0YCIOBIMBAsT U CIaJ aMIUTMTYABl KoJeOaHui dacTull cpenbl. Bos-
pacTaHue TOBEPXHOCTH (PpOHTA 3aBUCHUT TOJBKO OT (popmbl ¢poHTa. Eciam moBepXHOCTH
(GpoHTa—IIIOCKOCTH, TO A(X, Y, Z): Ap=const. Takyro BOIHY Ha3BIBAIOT MI0CKOU. VIcTOUHM-
KM OYCHb MaJIOTO pa3Mepa (B Uaeare—TOUYEHHbIE) CO3aI0T BOJIHY, PPOHT KOTOPOii ecTh ce-
pa ¢ paamycoM, BO3pacTaloIMM B OJHOPOAHOM M30TPONHOM cpene mo 3akony R(t)=V-t.
DHeprus, NPUXOAIIascs Ha €AWHHILY MTOBEPXHOCTH (POHTA, B 3TOM ciydae yOBIBaeT IMpo-
HNOPLUOHAIBEHO ]/(471'R2), a aMIuITyjia cMeleHui—io 3akony A, ~1/R. Bomny ¢ Takum
(GbpOHTOM Ha3BIBAIOT cghepuueckoil.

BrisiBuTh 0011M€ CBOMCTBA pa3HOOOpA3HBIX UMITYJIBCOB WM 3BYKOB ITOMOTAeT CIEK-

| " BHA
_...!_ =
i

Puc.1.4 BpemeHHO# UMITYJIbC CMEIIEHUS (2) ¥ €70 aMIUTUTYIHBINA ciekTp (0).

TpanbHbIH Moaxo. M3 Kypca (pU3HKK H3BECTHO, YTO OENbIN IIBET BUAMMOTO CBETa 00pasyeTcs
IIpU HAJTOKCHUU IIPOCTBIX IBCTOB. HpOCTOI\/’I IBCT COOTBCTCTBYCT JJICKTPOMArnuMTHBIM BOJI-
HaM, U3MEHSIOIMMCs Bo BpeMenn 1o 3akony A(t)=A-sin(wt+¢), rne o=27/T — xpyrosas
vacrora; f=1/T — wactora; T, A — nepuon u aMIIMTyIa CHHYCOMAATBHBIX KOJIEeOaHuii co-

orBeTcTBEHHO. OLIYIIEHNE IBETA M3MEHSETCS IPU M3MEHEHHH JUTHHBI BOJIHBI A MJIM 9acTOTHI,
CBSI3aHHBIX MEX]Ty COOOM COOTHOIIICHUEM:

A=< (1.10)
f

A€ ¢ — CKOPOCTH CBETA.

HaGop gacToT onpezenser YacTOTHBIM CHEKTP BHAUMOTO CBETa. AMIUTUTYABI COOTBET-
CTBYIOIIUX TAPMOHUYECKUX COCTABIISIIOIINX 00Pa3yloT aMIUTUTYIHBIA CIEKTP.
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AHaJIOTUYHBIM CBOMCTBOM 00JIaat0T U ceiicMuyeckue Konebanus. Ecnu peructpupyror
VIMITYJIEC KaKOW-THOO BOJHBEI IPHM HAONIONEHHAX B OrPaHHYECHHOM HHTEpBaje BPEMEHH Iy
(HampuMep, HECKOJIBKO CEKYHH), TO 3apETHCTPHUPOBAHHBIM UMITYJIbC MOXHO NPEICTaBUTH B
BUJIE Cynepno3uyuu 2apmonuyeckux koaeodanuii. Kaxnoe xonebaHue MMEET CBOIO aMIUIU-
Tyny, ¢a3y u yactory. Habop ammiautyn u ¢a3 Ha3bplBalOT aMILUTUTYAHBIM U ()a30BBIM CIIEK-
TPOM COOTBETCTBEHHO. [ paHUIIbI, YaCTOTHOTO AMAara3oHa MpPU STOM 3aJal0TCA BEpXHEH u
HIDKHEH TPaHUYHBIMHM YaCTOTaMH, 3HAYEHUSI KOTOPBIX 3aBUCAT TOJBKO OT (hOPMBI UMITYJIbCA.
(cm. puc.1.4 6). Ilpu criekTpasbHOM MOIXO0/€ CPAaBHECHHE UMITYJIHCOB Pa3IHYHBIX (POPM CBO-
JUTCS K CPAaBHEHMIO MX YaCTOTHBIX JMANa30HOB, 337aBAEMBIX 3HAYCHUSMU — BEpXHEH H
HUKHEH TpaHUYHBIMH 4YacTOoTaMu. VIMITyJIbChl C OJUHAKOBBIMHM YAaCTOTHBIMH JHMAana3oHaMu
HKBUBAJICHTHBI HE3aBUCHMO OT OCOOCHHOCTEH UX (POPMBI.

1.1.3  Vnpyzue 601nbl 6 u30mMpOnHLIX HEOOHOPOOHBIX CPedax

[Ipocreiimmm ciiydyaem HEOAHOPOIHOM SIBISIETCS Cpeaa, COCTOSIIAs U3 IBYX Pa3IMYHbBIX
OJTHOPOJHBIX YIPYTHX IMOJYIPOCTPAHCTB, Pa3AelieHHBIX IJIOCKOW MOBEpPXHOCThIO. O003HA-
YUM CKOPOCTH U IJIOTHOCTH B BEPXHEW U HIKHEH cpellax COOTBETCTBEHHO uepe3 Vpi, Vs, P1,
U Vpp, Vg, p2. [IpuMeM, 4TO MOBEPXHOCTH pa3fiena — FOPU30HTANIbHAS TUIOCKOCTh. TOYeuHbIN
MCTOYHUK BO30YKIECHUS PACIIONIOKUM B BEPXHEH cpele Ha BhicoTe Ny OT TpaHuibl pasiena
IBYX MoJynpocTpaHcTB. [I0CKONBbKY MPOJOJIbHBIE U MONEPEYHbIE BOJIHBI PACIPOCTPAHSIIOTCS
C pa3JIMuHbIMU CKOPOCTAMHU, MOKHO PCIIATHL 3aJ4avy IJII OJHOI'0 THUIIA BOJIH, UCIIOJIB3Yysd PC-
3yNbTaThl, HE3aBUCUMBIE OT THUIIa BO3MYILEHHUS, AJISl APYroro Tura BoyH. J{Jis onpeaeneHHo-
CTHU MPUMEM, YTO UCTOUYHHUK 13036y>1<;[aeT TOJIBKO MMPOAOJBbHBIC BOJIHBIL.

&
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ﬁrl
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’ﬁl\
1 J:j
Z

Puc.1.5 OOpa3oBaHune OTpa)KeHHBIX, MPOXOAALIMX M OOMEHHBIX
BOJIH Ha TPAHUIE JBYX TBEPIBIX CPEl

B cuity oceBoii CHMMETpHH 3a/lauil OTHOCUTENBHO BepTHKanbHO# muaun PP’ (puc. 1.5)
OrPaHUYIUMCST PACCMOTPEHHEM TONBKO B TIOCKOCTH XOZ. Pacmonokum TOUKY HaOII0ACHHs
A na Beicote Ny ot rpanuikl nonynpocrpancTBa. KoOpAMHATE HCTOYHUKA TIPU 3TOM OyIyT
Xy=0, Z;=hy, Toukn npuema — X=X, Z7=hy. 3a Hagano orcuera Bpemenu OyneM NMPUHU-
MaTh MOMEHT BO30YkAeHUs. Tak Kak KaxJ10€ U3 MOJIYIPOCTPAHCTB OJHOPOIHO, BO3MYILICHHE
OT UCTOYHMKA (TOukH P) 10 Touku A OymeT pacrpoCTpaHAThCS MPAMOIHHEWHO, 10 yTH PA.
BoJHa, pacipoCTpaHsIOLIascst ITUM MyTeM, HUKAaK HE «IyBCTBYET» IPAHUILy pasieia, BeaeT
ce0sl Tak, Kak eclii Obl BCE MOJYIPOCTPAHCTBO ObLIO HEOTPAaHUYCHHBIM U CHU3Y. JIyd P4 Ha-
3BIBAIOT JIYYOM HPAMOIL 60JiHbl. B TOuKy rpanupl pasaena C BO3ZMYIICHHE TAKXKE MTOJXOJUT
no npsimoi, otpe3ky PC. JIyu PC uaswiBator iyuom nadarowien éonnwl. Hanpasienue pac-
POCTPAHEHHUS MAAIOIIeH BOJIHBI B TOUKe C OTHO3HAYHO OMPEICISCTCS YIIIOM MEXKIY JIydeM
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PC u nopmaibio 7 k rpanuie B Touke C — yriom nagerus 01, [L10CKOCTh, B KOTOPOH JIEKUT
JyY NMaJarolel BOJHBI U HOpMaJb K TPaHMIIE, HAa3bIBAIOT IUNIOCKOCTBIO MAICHUS BOJIHBI.

OmbIT MOKa3bIBACT, YTO 3BYK OT UCTOYHUKA B Touke P ciblmieH aBaxasl. Bropoii 3ByK,
MPUXOJAIIUN TI03XKE IEPBOro, — 3TO 3HAKOMOE BceM 3X0. llosBiaeHue 3xa o3Hadaer, 4ro,
JIOW A0 TPaHUIBI, BOJIHA U3MEHSET HANpaBICHUE pacnpocTpaHeHus. Ho Tak kak U B HUXK-
HEU Cpele CIBIIIEH 3BYK, TO, CJIEI0OBAaTEIbHO, YaCTh DHEPIUH, 3aKIIOYCHHOW B IAJArOLICH
BOJIHE, IPOXOJUT B HIXKHIOIO Cpelly IOJ TPaHUILy, a Apyras 4acTb oTpaxkaercs. OTpakeHue u
POHUKHOBEHHE BOJHBI IPOUCXOAUT B Touke C, KOTOPYIO HA3bIBAIOT MMOITOMY TOUKOM OTpa-
JKEHUs JUIsl OTPaKCHHOW BOJIHBI M TOYKOM IPEIOMIICHHs Ul IPOXOIALIEl BOIHBL. Bonny,
IIPOXOSAIIYIO B HUKHEE MOJIYIIPOCTPAHCTBO, HAa3bIBAIOT MIPEIOMIIEHHOM, TPOXOIALICH.

PacnpocTpaHeHre OBYX HOBBIX BOJH TMOJUYUHSIETCS BCEM 3aKOHOMEPHOCTSIM, CBOWCT-
BEHHBIM BOJIHaM B Oe3rpaHuuHoi cpexe. [Ipexxae Bcero, KMHeMaTHKa MX JIOJDKHA OIpene-
JATHCSA JydyaMu (HampaBJICHUSMHU PAacTpOoCTpaHeHus) u Gopmoit GppoHTOB. McTOUHHKOM K€
BOJIH, PaCIpPOCTPAHSIONIMUXCS BBEPX OT TPAHUIl M BHU3, MOXKHO CUHTATh T€ (DUKTHBHBIC HC-
TOYHHKH, KOTOPbIE, COTJIAacHO MpuHLuUMY [1oiirenca, o0pa3yroTcsi Ha rpaHHIle B MOMEHT JI0C-
THXKEHHS ee Taaronieil BOTHOH. [l Toro, 4ToObl ONpeAeTuTh, KAKUM ITyTEM HAYT OTPaKEeH-
Hasl ¥ IPOXOJIIasi BOJHBI OT HICTOYHMKA K IPaHUIIE U Jaliee K TOUKe HaOII0ACHHs B BEpPXHEM
WJIM HUKHEM MOIYIPOCTPAHCTBE, TOCTATOYHO BOCIOJIb30BaThecs npuHuunoM depma. [Ipun-
nun depma B IaHHOHN CUTyallMH NMPUBOAUT K 3akonam Chennuyca, yCTaHOBICHHBIM IMEPBO-
HavyaJbHO ISl cBeTa. 3akoH CHeiuinyca yTBEP)KIAET, YTO JIyd OTPaKEHHOU BOJIHBI JICKHUT B
IJIOCKOCTH MaJI€HNs, HAITPABJIEH BBEPX OT MPAHMIIBL, M YTON §1 MEXIy STUM JIy4OM U HOpMa-
bI0 (YroJt OTpajkeHust) BCEra paBeH yriy maiaenus, T. . 81 =0 (puc. 1.5, a). Jlyu xe mpo-
XOZSIMIeH BOJHBI UCXOAUT M3 TOYKH C (TOYKH MAfCHUS) U JICKHUT B IUIOCKOCTH MAICHUS, U
YTOJI MEX/y HOPMAJIBIO M 3TUM YTIIOM (yTOJI TIPETIOMICHUS) & TIOTUNHSIETCS COOTHOICHHUIO:

. = Ve2ra
sin@,=""2EngQ, (1.11)
VPl
JIya PC niput po1o/KeHUH €r0 B HUKHIOKO CPejly MPETOMEJICS, CKAYKOM H3MEHHUIT CBOE
HAIPaBIICHUE.

B >xuIKocTsIX ¥ ra3zax 4acTUIBl MOTYT CBOOOIHO MEepEeMENIaThCsl BAOIb TPAHUIILI pa3ie-
J1a IBYX IIOJIYIIPOCTPAHCTB. J[Ba TBEPABIX IOJYIPOCTPAHCTBA KOHTAKTUPYIOT IPYT C APYIOM
TaK, 4TO MPU MAJIBIX AehOopMaIUAX CKOJBKEHHE YaCTHUIl OJHOTO MOJIYIPOCTPAHCTBA MO T'pa-
HHUILIC L[pYFOFO HEBO3MOXHO, YaCTHUIIBI HA FpaHI/II_Ie HaXoIATCA B CLHCIIJICHUN J:Ipyr C prrOM.
D10 00CTOSTENBLCTBO OOYCIOBAMBACT MoOsiBicHHE B Touke C HE TOJBKO OTPAXKEHHOW MPO-
JIOJIBHOM BOJIHBI, OJHOMMEHHOM C MaJarolieil, HO U HOepeuHoi SV-BOJIHBL, KOTOPYIO B 3TOM
Cllyuae Ha3bIBAIOT 0OMeHHOI ompaxcenHol gonnoi. Ilonepeunas PS-sonHa obpasyercs u B
HIDKHEM TIOJIYITPOCTPAHCTBE, €€ HA3BIBAIOT 0OMEHHOU npoxodauienl 60nnoi. Takum o0pa-
30M, OJIHA MAJArolIas pOoAOJIbHAs BOJIHA IIPU BCTPEYE HA CBOEM IIyTHU I'PAHUIIBI, HA KOTOPOU
CKa4KOM HM3MEHSETCSI CKOPOCTh MPOJOJBHBIX BOJIH, TOPOXKIAET YEThIPE BOJHBI — ABE MPO-
JOJIBHBIC U IBC HOHepe‘-IHLIe. HonepeqHaﬂ Imagaroingass BOJIHA B 06H.[€M cnyqae TAKXCEC HOpOI[I/IT
YETHIPE BOJHBI — JIBE TOMEPEYHBIC U JBE OOMEHHBIE MPOJIOJIbHBIC. DTUM 3BYKOBBIC BOJHBI
CYLIECTBEHHO OTIMYAIOTCS OT YHPYIMX — B JKHUIKOCTAX M ra3ax I'paHHLA pasiena ABYX Cpel
MOPOKIAET TOJBKO JABE MPOAOJbHBIE BOJIHBI—OTPAXKEHHYIO U MPOXOISIIYIO.

Kunematnka 0OMEHHBIX BOJH TAaKXe BBITEKAeT M3 MpUHIMNA DepMa U MOTIMHSASTCS
0000wennomy 3axkony Cuennuyca njisi ynpyrux BOJIH: Jy4d 3THX BOJIH JIEKAT B MJIOCKOCTH
NaJIeHus], a YIibl OTPAXKEHHS Y1 U MIPEJIOMIICHUS Y2 OOMEHHBIX TIONEPEYHBIX BOJH (YIJIbI MEX-
Iy JTy9OM Ka)KJ0W M3 3TUX BOJH M HOPMAJbIO K TPAHUIIC B TOYKE MAICHUS WA OTPAKCHUS)
IIOJYUHAKOTCA COOTHOILICHUAM
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sny =Yasng,, sy =Vdng, (1.12)
VPl VPl
C yuetrom dopmyiisl (1.12) MokHO 3amucaTh 00001IeHHBIH 3aKoH CHeJTyca B BUJIC
Sinelzsmezzsmylzsmyz (1_13)

VPl VP 2 VSl VSZ

rae 61 —yrou majaeHust MpoI0IbHON BOJHBI, J —yTOI ee MPEOMIIEHHST; Y1 U Y—YTJIbI
OTpaXeHUSI M MPEIOMIIEHUSI OOMEHHBIX BOJIH COOTBETCTBEHHO. DaKTHUECKH XKE Y1 U Y2 —ITO
Yrijibl, IOA KOTOPBIMU M3 TOYKH OTPAXKCHUSA BBIXOHAAT JIYYUM HOBBIX BOJIH, 06pa3y10mnxcs1
3/1eCh K€ Ha I'paHulle.

[Tpununer @epma, ['roiireHca U BhITEKAIOMIUE U3 HUX 3aKOHBI CHEJUIMyca SBISIOTCS
3aKOHAMH 2eoMempuiecKoll celicmuku. VIX Ucnoap30BaHKe MO3BOJIAET peliaTh pazHooOpas-
Hble KHUHEMAaTUYECKUE 3a]aui CeiiCMOpa3BEIKH.

B Touke HabmoneHus A 10KHO HaOIIOIaThCs TOSBJICHHE TPEX BOJIH: TPSIMOM, HAyIIEH
no nyru PA; npomonsHoil oTpaxkenHoi, uaymei no nyru PCA, tak, uto6sl 61=0; , u 06-
MeHHOM oTpakeHHOM (puc. 1.5, 6). OHa MoXeT monacte B TOUKy A, ecim 0OMEHHas BOJIHA
o6pasyercs He B Touke C, a B Touke Cy, rie yroi y; cBsi3ad ¢ yriiom o, 3akonom CHesunyca:

siny = Vs (1.14)
Ve

B touke B mox rpanmiieii MOKHO HaOIIOAATh ABE BOJHBI — TMPOJOJIBHYIO M MOMEPEY-
Hytw (puc.1l.5, B). [IpomonpHast BoyiHA HIET OT UCTOYHMKA 10 yTH PEB, a oOMeHHas BoJHA
— o iyt PE1B tak, uro yrist 01, 05, y1, 7, ynosieTBopsitot 3akony CHesutiyca:

sinyzzﬁsinal; sinazzﬁsinal- (1.15)
VPl VPl

Oébpaszosanue 2ono6nvix eonn. Kax cinenyer us Beipakenus (1.11), ecnu Vppy>Vpy, TO
Jy4 MPETOMICHHOW BOJIHBI MO0 Mepe YBEIUUYCHHS YIJia MaJCHHs MaJarolieil BOJHBI OyaeT
NpHOIMKATHCS K TPaHMIIE pasjena, T. €. Sin 6, > sin 6. Korapa (Vpy -sin 07) [ Vp= 1, 6,= 90°,
Jyd TIPEJIOMIIEHHON BOJIHBI HAIIpaBJICH CTPOTO BJIOJIb MPaHUIIBI pa3jaena aByx cpen (puc. 1.6).
@DpOHT MPETOMIICHHOM BOJHBI B TOYKAX TPAHUIIBI OKA3bIBACTCS HANPABICHHBIM MEPIICHIUKY-
JSIPHO K TPaHUIIEC, OH OMUPACTCS HA HEC M B TAKOM IOJIOKCHHUH CKOJIB3HUT BIOJb TPAHUIIBIL.
CretoBaTeIbHO, SHEPTHs K TOYKAM TPAHMIIBI, PACIIONOKEHHBIM mpaBee Toukn K; u neBee

AAAA P A A4 A

Z

Puc.1.6. O6pa3oBaHue roJ0BHBIX BOJIH
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toukn Ky, mocrymaer aByMs mytsaMu: HermocpeacTBenHo mo npsMbeiM PC (cum. puc. 1.6) u or
ucrounrka 10 touek Ky, K>, a 3arem ot atux Todek mo npsMbiM KC. ITockonbKy Vpy™>Vpy,
BoutHa, uaymas o nytu PK;Cy (PK,C5), onepexaer sonny, uayuiyio no myru PC. Cornac-
HO TpuHITMITY [toiirenca, ToUku (PpoHTa MPEIOMIICHHON BOJIHBI, PACIOJIOKEHHBIC HA CaMOM
TpaHUIIe, SBISIFOTCS UCTOYHUKAMU, BO3OYKIAIOIIMMH BOJHY WHBIM CIIOCOOOM, Y€M 3TO IPO-
UCXOUIIO TIpH oTpakeHun. OTpakeHHast BojiHa B Touke C 00pa3yeTcs JHIb TOTAa, KOTaa 10
Hee TOMIET najaaromas, T. €. no3xe. C nomomnisio npuHiuna Gepma vwim npuHumna [ roireHca
yCTaHaBJIMBACTCS, UTO 0Opa3zyeMasi HOBBIM CIIOCOOOM BOJIHA PACIIPOCTPAHSETCS TOJIBKO B 00-
JIacTH, JIeKamel npasee kpuruueckoro Jyda K (eBee Ky), myun 3T0i BOJIHBI TapajieIbHBI
APYr OPYTY ¥ HANpaBJIEHbl TOJ KPUMUYECKUM YoM | K HOPMaaM K TPaHHULE TakK, 4TO
SINi = Vey/ Ve,
HoByro BOIHY Ha3bIBalOT TOJIOBHOW, U OHA
pacrpoCTpaHsIeTCs O CIIOKHOW TPaeKTOPUHU
T — OT WCTOYHHUKA 0 TPaHUIlBI IO JIydy, Ha-
NPaBJICHHOMY TIOJ] KPUTHYECKUM YIIIOM, CO
CKOPOCTBIO Vp1, Jlaliee BIOJIbh TPAHMIIBI CO CKO-
POCTBIO Vpp, U OT KKIOH TOYKH TPAHHUIIBI T10
Jy4y, HAIpaBJICHHOMY TIOJ] TE€M JK€ KpUTHYe-
CKHM YTJIOM, CO CKOPOCTBIO Vp; OHA BBIXOIUT
K ToukaM HaOmogenus. Eciau Vo>Vpy, TO 00-

S )
e asyercss ¥ oOMEHHas TOJIOBHAs BOJHA, MIY-
a0’ 60 g0 erpan P > W1y
0 — : - : Wast 10 JIy'y, HANIPAB/ICHHOMY TIOJL YTIIOM is B
BEpXHEM cpeae Kak  IpoaojbHas SN
0,2 I IS Vp1/Vep, 3aTeM BIOIbL IpaHULBI KAaK IOIE-
peYHas W OT TPaHMILI KaK MOIEPEYHAas Ke
oy BBEPX, 10 JIydy, HAIPABICHHOMY II0J TEM K€

YIIIOM Ig

Junamuka ompasxcennvix u 20108HBIX
n. Ilpn mageHMM Ha TIJIOCK rpaHu

Puc.1.7 3aBucumocts ko3(dumenta orpa- 6on p fe . o¢ y}Ov PaHHIy
KEHWsS TPOIOTBHBIX BOXH oT yrma — Pa3AeTa  MPOJOIbHON chepudeckoil BOJHBI
IaTeHusL. YacTh HSHEPTUM MPOXOJUT B HIKHIOIO Cpeny,
| — BomHa magaer w3 cpeapl ¢ mapamerpamu  4ACThb  —OTpPAXKACTCA. B TBEPABIX Cpclaax
V=2400 m/c, Vs =1440 m/c, p =2,2 r/em’ Ha rpa- SHEPrUsl MajJarolleid BOJIHBI PacXoayeTcs Ha
HiIHy COZCZGJI/OWS 12— V\r} :2378801“/ ‘/’ \\;s :iggg 00pa3oBaHME JBYX OTPAKEHHBIX M JBYX IIPO-
MG, p =% TIEM e == Vp = Mie, Vs = XOIAIIMX MPEIIOMIICHHBIX BOJH. Bcenencreue

m/c, p =2,62 t/em®, 3 — V, =3600 m/c, V, =2160 .
wle, p =2,72 t/em®; 4— V;=4300 m/c, V=2580 OTOr0 aMIUIMTYJa KoJIe0aHUH B OTpPa)KEHHBIX

M/c, p=2,78 F/CMS; Il — BoyiHa mamaeT Ha cpeny ¢ BOJIHAX JOOJIKHA M3MCHATHCI OTHOCHUTCIIBHO
napameTpamu Vp =2400 m/c, Vs =1440 m/c, p =  aMIUIMTYABI Majgaromie BosHbL JuHamunue-
2,2r/em” 3 cpen 1—4 CKasl TeOopHUsl YIPYruxX BOJIH MOKa3bIBAET, YTO

OpU OTPAKEHUM YIPYTUX BOJH (opMma HM-
NyJbCca OTPAKECHHON BOJIHBI COBIMAAaeT ¢ (OpMON MMITyJbca MaJaoUIe A0 TeX Mop, Moka
yroJI MaJeHusl He JTOCTUTHET KPUTHYECKOro 3HadeHus. [Ipu nanpHelnieM yBeIWYEHHH YIiia
najsieHus: GopMa UMIYJIbCa OTPAKEHHON BOJIHBI HAYMHAET 3aBUCETh OT YIJIa MaCHHS.

AMIUIATY/Ia OTPaKEHHON BOJIHBI ONPEIEIsSeTcs IBYMS (DaKTOpaMH — DPACCTOSHHEM,
KOTOpPOE BOJIHA TIPOXOAUT OT MCTOYHMKA JIO TPAHUIIBI M Jajiee J0 TOYKH HaOJIONAEHUs, U KO-
sppuuuenmom ompasrcenusn k(6) — BenuuNHOM, He TPEBBINIAOIIECH €INHUIBI M 3aBUCSIICH
OT yIJIa MaJEHHs M YIPYIHX CBOMCTB KOHTAKTHPYIOLIMX CPEJI:
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Ao
AMAXOTPZiw(lz 9
R*R. (©)

(1.16)

rae Ry — paccrosaue oT MCTOUHMKA 10 TOUKHM oTpaxkenus; R, — paccrosaue or Touku oTpa-
KEHMs JI0 TOYKH HaOIroAeHns; Ag— KOHCTAHTa, ONpEIEIIAIONas HHTEHCUBHOCTh HCTOYHMKA,;
6 — yron nagenus. Ipunsaro, uro Ry, Ry >> Ay, rne Ay — MakcumanbHas IIMHA BOJIHBI B

CIICKTPE UMITYJIbCa CMCIUICHUS.

I[Ipu HOpManbHOM najgeHun, koraa 0=0, Beipaskenue st K > IpUHIMAaET MPOCTOM BH:

klZ

_0.0mow
0. to,\v,

Puc.1.8 3aBucumocTs koddduIueHTa or-
pakeHrs1 OOMEHHBIX BOJIH OT yTIJia
najeHus (yCciaoBHBIE 0003HAUCHUS
U mapaMeTpsl cpefl cM. puc.1.7)

o I;\H.-!u
|

it} o L 7
]

|

|

|

N _
franlt) | | t

|

|

o
Puc.1.9 MHWmnynecel cMmemeHus nagaronen
() u ronoBHOI (0) BOTH
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0.%.-0.Vv. (1.17)
o.Mt o,V

Bennunny Z=o0'v Ha3bpIBalOT aKycTHYE-
CKOM YKE€CTKOCTBIO ISl TIPOJIOJIBHBIX WITU TIOTIe-
PEUHBIX BOJH COOTBETCTBEHHO. Kak BUAHO W3
BeipaxeHuit  (1.17), orpaxarenpHas CHOCO0-
HOCTh TPaHUIIBl 3aBHCHUT TOJILKO OT Tepemnana
AKYCTHUYECKHX JKECTKOCTEH, a He MPOCTO CKOPO-
creit. Ilpu Z;<Z, xk03)GUIHUCHT OTpaXKeHUsI
CTaHOBUTCS OTPHULATEIFHBIM. JTO O3HAYaer,
YTO MUMIYJIbCHI MMATAKOLIENH U OTPAXKEHHON BOJIH
COOTHOCSITCS MEXAy cOo0O0W Kak 3epKalibHO Tie-
pPEBEpHYTBIE OTHOCHTEIHLHO OCH BpeMmeHH. Ta-
Ko 3 (eKT HA3BIBAIOT 0OpauieHueM NONAPHO-
cMmu — UMITyJIEC OTPAKEHHON BOJHBI IPHOOpE-
TaeT OTPUIATEIBHYIO MOJSPHOCTh OTHOCHTEIh-
HO MMIYJIbCa Maaaromeid. 3aBUCUMOCTh KOd(-
¢GuIMeHTa OTpaXCHUSI OT yIiia TaJeHHs IpH
pa3IMYHBIX MapaMeTpax YIPYTuX Cpell MpHBeE-
neHa Ha puc. 1.7. [lpu yrinax mamenwusi, He mpe-
BBIMIAIOIIAX KPUTUYCCKOTO 3HAUCHHMSI, UMITYJIb-
Cbl OOMEHHBIX BOJIH UMEIOT TY ke (opMy, 4TO U
UMIYIbCHI Tafarommx. OOMEHHbBIE BOJHBI MPH
HOpPMaJILHOM YTJIe TIaJIeHus] He o0pa3yroTcs. 3a-
BUCUMOCTh KO3((uImenTa orpakeHus oOMeH-
HBIX BOJIH THIIa PS 0T yria nagenus npuseneHa
Ha puc.1.8.

dopma uMIyJIbCa T'OJIOBHOM BOJIHBI Cy-
[IECTBEHHO OTJIMYaeTcss OT (OpMBbI HMIYJIbca
nagaromien. [Ipu OONBIIUX PACCTOSHUSIX MEKITY
TOYKO#M HaOromeHuit U ucrounukom (puc.l1.8)
MMITYJIbC CMEIICHUSI TOJIOBHOM BOJIHBI CBSI3aH C
MMITYJIbCOM I1a/1af0IEeH BOJHBI COOTHOILIEHUEM:

fror()= ‘!’ f(r)at, (1.18)

rae f(t)—aMIynbe CMEICHUs Tajaroneii Bo-

Hbl. [0 3TOI MpUYMHE CIEKTP TOJTOBHOW BOJHBI
UMEET MEHBIIYIO ITUPUHY, OOJIBIIHIA BUIUMBIH
nepuo 1 MeHbime 3Hadenus Ty, fg u, T



['onoBHast BojHA CTAHOBUTCA OOJiee HU3KOYACTOTHOHM IO CpaBHEHHUIO ¢ majaromei. Korma
paCCTOSIHI/Ie, HpOXOI[I/IMOC BOJIHOI>'I BOOJIb HpeHOMH}IIOH_IGfI FpaHI/II_II:I, CTAHOBUTCA CpaBHI/IMBIM
¢ paccrossHeM R Mexay MCTOYHMKOM M TOYKOW HAOIIOJECHUS, aMIIUTY/1a TOJTOBHON BOJIHBI
yOBIBaeT MPONOPUUOHANLHO 1/ R.

Jugppaxkyus ynpyzux éonn. SInenve nudpakimu, U3BECTHOE U3 ONTHKHA, CBOMCTBEHHO
BCEM BOJIHOBBIM IporieccaM. OHO BbIpakaeTcsi B TOM, YTO BO3MYIIEHUE B OJHOPOJHON cpefie
JIOCTUTAET T€X TOUYEK MPOCTPAHCTBA, KOTOPHIE PACIIONOKEHBI 3a MPEMATCTBUEM, HE MPOIyC-
KaroImuM BoJHBL. CTporoe pelieHue 3aqaqu O 1MoJjie BOJIH B Cpelie ¢ 00bEKTOM CIIOKHOM (op-
MBI BO3MOKHO TOJIBKO JJIsS BECbMa MPOCTHIX cUTyaluil. OHAKO JyuyeBble TOCTPOEHUS 103BO-
JSIOT TMOHSATh MPUYUHY BO3SHUKHOBEHUS MU(MPAKIMU W PEIIUTh 3a7ady O KHHEMAaTHUKE JTHX
BOJIH MTPAKTHYECKH BO BCEX MHTEPECHBIX ISl MPAKTUYECKOTO UCIIOJIb30BAHUS CITydasiX.

PaccmoTrpuMm  ogHOpoOnHOE — Tpo-
CTPaHCTBO, B KOTOPOM HaXOAWUTCS HEOM-
HOPOJHOCTh C MaKCHUMaJbHBIMU JIMHEH-
HeiMu  pazmepamu € (puc.1.10). ITycrs
paccTosiHue OT TOYEYHOTO MCTOYHMKA JI0
BKIIFOUCHUSI 3HAYUTEIILHO TPEBHINIACT JIH-
HEeWHbIe pa3mepsl ero ceuenus. Ecnu yn-
pyrue CBOWCTBA BKIIIOUEHUS OTIUYAIOTCS
OT CBOWCTB OKpYXKAalollel cpeasl, TO B
KOKIOW TOYKE IMAageHUs BOJIHBI Ha ITOT
00BEKT JOJDKHBI 00pa3OBBIBATHCS OTpa-
JKEHHas U TPeJOMJICHHAs BOJHBI, a JIY4H
UX JIOJDKHBI UATH TaK, 4TOObI YAOBIETBO-
psaTh 3akony CHemnuyca. [Ipu manom rme-
pEMEIlIeHNH TOYKM NaJeHUs MO MOBEpX-
HOCTH HEOJHOPOAHOCTH /S HampaBieHue
HOpMalld K Hell ObicTpo m3mensercs. Ta-
KUM 00pa3oM, IpU MaJIoM pa3inyuuu JIBYX
Puc.1.10 OO6pazoBanue ,Z[I/I(l)pjll"I/IpOBaHHLIX Nydell mafaromiel BOJHBI UCXOAALIUE U3

BOJIH Ha JIOKaJIbHOU HEONHOPOA- TOYEK MOBEPXHOCTH AS nyun «OTpaskeH-

HOCTH. HBIX» U «IPEIOMJICHHBIX» BOJH OYyIyT
HaIpaBIJIEHbI BO BCE CTOPOHBI. BkitoueHue
CTAaHOBHUTCS «BUAMMBIM» BO BCEX TOYKAX
MIPOCTPAHCTBA.

1—3 — nyuu magaromieit BOJIHBL,

1'—3' — Jy4m «OTpaskeHHbIX» BOJH

[Ipu manom paznuunn 6 u 6 £ A6 npakTUYecK «OAMH» Jyd MAJAOIIEH BOJHBI 1a€T
HaYajo jydYaM, BBEIXOISLIMM BO BCEX HANpaBjie€HHMAX. BECiu pasMepsl BKIIOYEHHS Majbl 110
CPaBHEHMIO C MMHHMAJILHOM JUIMHOM BOJHBI CIIEKTPa MMITYJIbCA MaJArOMIel BOJHBIL, TO OHA
JIOCTUTAET BCEX TOYEK MOBEPXHOCTH 3TOT0 00BEKTA MOYTH OJHOBPEMEHHO, U OTH TOYKM CTa-
HOBSITCS, [0 NPUHIMIY ['foHreHca, HCTOYHMKaMKM BTOPHYHBIX BOJH. CJI€I0BAaTENBHO, K JIHO-
0Ol TOYKE Cpelbl BOJIHEI, MOPOKAaeMble (DMKTUBHBIMU DJIEMEHTAPHBIMUA UCTOYHHUKAMH, OY-
JYT MPUXOJUTH TAKXKE OJHOBpeMeHHO. Ho 3TO 03HayaeT, 4To, ¢ TOUKU 3peHHs HAOIIOAaTeNs,
BKIIIOYEHHE €CTh «TOYKa». «YBUAETH» OTHCIbHBIE YACTU TAKOTO BKIIIOUEHMS OKAKETCS He-
BO3MO>KHBIM.

HpI/IBeI[eHHBIe pacCy’xaACHUs MO3BOJIAIIOT Ha KAYCCTBCHHOM YPOBHC YTBCPKAATb, YTO
mudpakus BO3HUKAET TOrna, KOrja pa3Mep JIOKaIbHONH HEOAHOPOJHOCTH CPAaBHUM C Hau-
MEHBIIEH HHHHOﬁ BOJIHBI B CIICKTPC Ha;[afomeﬁ BOJIHBI, WJIA MMOBCPXHOCTH, OTACIIAIONIAA HC-
OJIHOPOAHOCThH OT OKpY)Karolllel cpenibl, UMEET TaKhe y4acTKH, Ha KOTOPHIX HOpMaib K Hel
OBICTPO U B IIUPOKUX MpEeIax H3MEHSIET CBOE HAIIPaBJIICHHUE, KOTJa TOYKAa OTPAXKEHUS CMe-
IIaeTCs Ha PacCTOSTHUE, CPABHIUMOE ¢ HAUMEHBIIICH TJIMHON BOHBL. B 000MX ciyuasx B cpene
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MOSIBIISIFOTCS KaK OBl J]Ba HCTOYHHUKA: OJJMH UCTHHHBIA M BTOPOH, pacIpeesieHHbIN 10 qudpa-
THpyIoUIeMy 00beMy, KOTOPBI BO3HHKAET TOJIBKO B MOMEHT IPUXOAa K HEMY BOJIHBI OT HC-
TUHHOTO MUCTOYHMKA. OTCIOZAa CTAaHOBUTCS SICEH MYTh PEUICHHS KUHEMAaTHYECKUX 3ajad -
¢pakumu: ucnonb3ys npuHuun depma, HEOOXOAUMO HAUTH TOT MYTh OT UCTOYHUKA JIO TH-
(dbparupyromniero 00beKTa U OT ITOT0 00BEKTa A0 TOYKH HAOIIOEHHUS, KOTOPBIA 00eCTICUrBAET
MUHUMYM BpeMeHH mpobera. Eciu okpyxaromiasi cpefia OHOPOIHA, TO KK/l M3 Y4aCTKOB
ITyTH €CTh OTPE30K MPSIMOH JINHHH.

Ilosepxnocmuule 6onnbl. VICTOUHUK YIPYruX BOJIH OOBIYHO pacrojaraioT Ha JTHEBHOM
MMOBEPXHOCTH WJIM HECKOJBKO HUXKE €€, B MEJKOH CkBakmHe. Tak Kak IMJIOTHOCTh BO3/IyXa
MHOTO MEHbIIIE MIJIOTHOCTU MOPOJ, BIMSIHUEM BO3yXa Ha JBM)KEHHE YaCTUIl HAa STOW rpaHULIe
(Ha3pIBaeMOU CBOOOIHOI) MOKHO TpeHeOpeub. TeopeTuueckoe pelieHue, HaIeHHOE BIEp-
BbIe Paseem, mokassiBaeT, 4To Ha CBOOOJHOM TPAaHMIIC Pa3BUBAIOTCS KoJeOaHUsI 0COOOTO TH-
na, HaIOMHUHAIOIINE KOJICOAHUsI MOBEPXHOCTH BOJBL. DTHU KOJeOaHUs MPEACTABISAIOT cO00i
BOJIHY C UWIMHAPUYECKUM (ppoHTOM. OCh HUIUHAPUYECKOTO0 (PpOHTA MPOXOIUT uepe3 HcC-
TOYHUK W TEPNEHAMKYISIpHA K MOBepXHOCTU. BomHa, Ha3wpiBaeMasi eo.tnou Pines, pacrpo-
CTpaHseTCsl paAualbHO BJOJIb CBOOOIHOM IpaHUIlbl. YacTUIbl Cpebl MPU 3TOM JBUKYTCS 110
AJUTUTNITUIECKUM TPACKTOPHUSM B BEPTUKAIBHOW MI0CKOCTH. OHAKO pa3Max KoJieOaHwid Jac-
TUIl Ha (POHTE OBICTPO YOBIBAaET C yAaJICHHMEM OT CBOOOJHOM moBepxHOCTH. Ha rimyOuHax,
cpaBHUMBIX ¢ V/f,,9, BOJIHA 3TOTO TUIA MPAKTHYECKH TIOJHOCTBIO 3aTyXaeET.

IToBepXHOCTHBIE BOJHBI MOT'YT 00pa30BaThCsl U Ha IPaHUIAX TBEPAOTO U >KUIKOTO IO-
aynpoctpancTB (BoaHbl CtoyHnm). [1o ykazaHHO# BbIlIe crienMduke pacrpeeieHus: SHepruu
UX Ha3bIBAIOT MOBEPXHOCTHBIMU BOJIHAMU. CKOpOCTh BOJH Panes 3aBucHUT OT kKoapuumeHTa
[TyaccoHa u CKOpOCTH TMOINEPEYHBbIX BOJIH (OHA, KaK mpaBwio, He mpepbimaer 0,9 Vg). [pu
BO30YKJIEHUH YIPYIHX BOJH UCTOYHHUKAMH, PACIOJIOKEHHBIMH Ha CBOOOIHON MOBEPXHOCTH,
6omnee 60 % dHEpPruMm MCTOYHUKA YXOAMT Ha oOpa3oBaHUE BOJH Pares, oOycimoBiuBas ux
Ype3BbIUAiHO BBICOKYIO MHTEHCHUBHOCTb. [lo Mepe ynaneHus MCTOYHMKA YHPYTHX BOJH OT
CBOOOJHOW T'paHHIIbI MHTEHCUBHOCTH BOJH Pajest pe3ko majnaer, W, eciiu TiyOMHa pacrosio-
KeHus ucTounuka npesbimaet VI, (toe f,,0 — BumuMas gacrora cnexrpa ummynsca Bo30y-
’KJ1aeMbIX BOJIH), TO HHTEHCUBHOCTb ITUX BOJIH CTAHOBHUTCS BeCbMa HE3HAUUTEIbHOU. MHTEH-
CHUBHOCTH TOBEPXHOCTHBIX BOJH CTOYHJIM Take ObICTPO MaJaeT, KOT/la UCTOYHHUK MPHUIOA-
HUMAETCs HaJl TPAHULCH TBEPAOIO U KHUIKOTO MOIYIPOCTPAHCTB TaK, YTO PACCTOSHUE OT He-
0 10 JIHA CTAHOBUTCS CPAaBHUMBIM C V/f,,.

Ompadsicenue om HepogHbIX Zpanuy. I'paHnLbl pa3iesia BHYTPH I'€0JIOTHYECKON Cpebl
BO MHOTHX CITy4asX 3aBEeJIOMO He SBJSIOTCS OECKOHEUHBIMU IIOCKOCTSIMHM, JUIsl KOTOPBIX I10-

JY4EeHbl OCHOBHBIE pE3YJIbTaThl MPEIbl-

¥ OymMX pas3aenoB. IIpuMeHMMOCTh 3THX

b - pe3yNbTaTOB K peabHbIM, HE MJIOCKUM U
OTPaHUYECHHBIM TIO0 pa3MepaM IOBEPXHO-
CTSIM BBITEKAeT U3 CTPOTOrO peIlIeHUs 3a-
Jadl 00 oTpakeHWH C(HEepUYECKUX BOIH
OT TUIOCKOM TpaHullbl. CoriacHo 3ToMy
pELICHHUIO, OTPaXEHHE OT OECKOHEUHOM

¥ IUIOCKOW TpaHMLbl (POPMUPYETCS HE TOY-

Z KOW OTPayKE€HHs U HE BCEH IUIOCKOCTBIO, a
Puc.1.11 K ompenenenuto okaiapHo wiockoir ~ TOJIBKO OKPECTHOCTHIO I'DAHHMIIBI BOJIM3H

TPAHHMIIBI. TOYKHA OTPAKECHUsL, KUHEMATHUYECKH SB-
1 — BepTHKaJbHOE CEUeHHE DIUINIICA, OrPaHUYH- JSIOIENCS TOYKOM 3€PKalIbHOIO OTpake-
BAIOIIETO TIONIAb, HOPMUPYIOIIYIO OTPAKECHHE HUYsL. I[HSI CHUrHajia ¢ y3KUM CIICKTPOM 3Ta

OKPECTHOCTh MPAKTUYECKH COOTBETCTBYET
nepBoil 30He DpeHens mpeodIIamaroIei
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TaPMOHHYECKOM COCTABIISAIONICH U MMeeT (OpMY DIUIUTICA, OOJIbINAsE OCh KOTOPOTO @ BHITSHY-
Ta B INIOCKOCTH MajieHus, a Majas b—nopmanbna k neii. Benmuunnsl a u b onpenensrores co-

OTHOLICHUSIMU.
o= L oy cRR o) RR (1.19)
cosd |"" R+ R. R*R.

rae 6 — yron magenust; Ry, Ry — paccrosiaust oT TOYKH 3epKaTbHOTO OTPAKEHUS 10
MCTOYHUKA U OT STOM TOUKHU [0 TOUKM HAOIIOAEHHS COOTBETCTBEHHO; Ag = V/f 4 V, f0 —
CKOPOCTb U BHJIMMAsl 4YacTOTa CIEKTpa NaJarollel BOJIHbI COOTBETCTBEHHO. OTCIO1a CleyeT,
YTO KPUBOJMHEHWHYIO TpaHMIly MOXHO paccMaTpuBaTh Kak JIOKAJIbHO IUIOCKYIO B
OKPECTHOCTH KaXXIOW TOYKH OTPaKCHHs, €CIM OHa He Ooiee ueM Ha Ag OTIIMYaeTcs OT
IUIOCKOCTH IO KpasM 3JUIMIICA, OIPaHMYMBAIOIIErO IJIOHIA[b, (POPMHUPYIOLIYIO OTpa’KeHHE
(puc.1.11). Ilpu sTOM KMHEMaTHUKa OTPAKECHHBIX BOJIH OYAET MOJHOCTBIO OINpPENeNiAThCs
dopmoii oTpakaromiel rpaHullbl U 3akoHamu CHeuinyca, a JMHAMUKa—TOJIBKO TEpenagoM
aKyCTUYECKOH JKECTKOCTH U T€OMETPUUECKUM PACXOKIECHUEM.

Ecnu Ha oTpaxaromieil rpaHuie CIOXHONH (OPMBI UMEIOTCS JIOKAJIBHO TUIOCKHE IJI0-
IIaJIK1, TaKKE, YTO Ha HUX 00Pa3yIOTCs TOUKH 3€PKAIbHOTO OTPasKEHHsI OTHOCUTENHFHO TOUKU
HaOJII0ACHUS, TO OHU OYyAyT HOPOXAATh HOKOGble 60IHbI, AHATIOTH ONTHYECKUX OJMKOB Ha
IOBEPXHOCTHU BOJBI. [IpMepoM GOKOBBIX BOJIH SIBJISI€TCS ABOMHOE 9X0, CIBIIIMMOE B YILENbE
C KPYTBIMH OOpTaMu, — OTpa)K€HHE OT MPABOr0 M JIEBOro OopToB. s rpaHMIBI OYECHb
CJIO)KHOHM (hOpPMBI B KaXJIOW TOYKE HAOIIOJEHUs Oy/IeT PEruCTPUPOBATHCS MHOXECTBO OTpa-
’KEHHBIX BOJIH. I'paHuIla CTAHOBUTCA LIEPOXOBATOM, HEPETYIAPHOM, U MPUMEHATh (POpMyTy
(1.17) nns pacuera ko3¢ PUIEHTA OTPAKEHUS CTAHOBUTCS HEBO3MOXKHO.

Iloznouwienue ynpyzux 601n 6 2opuwvix nopodax. Ha 1uHaMMKy CEICMHUYECKHX BOJIH B
pealibHBIX cpeniax OOoJIbIIOE BIUSHUE OKA3bIBA€T CTENEHb MOTJIOUICHHS CECMUYECKON Hep-
run. [Tornomenue BbI3bIBACTCS MOTEPSMHU YIPYTOil SHEPrUuM 3a cUeT HeOOpaTUMBIX Mpolec-
COB B CpeJie BCIENICTBUE €€ HeuieadbHOU ynpyroctu. [1o 3Toil npuyrHe aMIUIUTYa, HallpHU-
Mep, TUIOCKOH rapMOHHYECKOH BOJIHBI A 3KCIIOHEHIIMAILHO YOBIBACT C PACCTOSIHUEM X, T.€.

A=Aye™ (1.20)
rae Ap— HavanbHast aMIUTUTY/IQ; 0. — AMIUTUTYTHbIH KOI(PPHUIIHESHT MOTTOIICHUSL.

AMIUIATYIHBINA KO3()(PHUIMEHT MOTJIOMIeHNUs, pa3aryueH A pa3Helx nopoa OH Bo3pac-
TaeT C POCTOM IOPUCTOCTH, TPELIIMHOBATOCTH MOPOA, C YMECHBIICHHEM TINTyOMHBI UX 3aJiera-
HUS U BOJIOHACBIIICHHOCTU. B cpeqHeM y M3Bep:KEHHBIX, METaMOP(OUIECKUX U CIIEMEHTUPO-
BAHHBIX 0Can04HBIX opog o = 10 - 107 (1/m), y peixisix ocagoussix o = 102 - 0,5 (1/m).
Kpome Toro, ammiautyaubiii K03 GUIIMEHT MOTIOmEeHNsT 3aBUCUT OT YacTOTHI CHTHANA: OH
BO3PACTAET C YBEIMUYCHHEM YaCTOThI, MPUOIM3UTENBHO C TUHEHHOM 3aBHCUMOCTHIO. [1oaTOMY
JUISL OLIEHKH MOTJIOUIAIONIMX CBOWCTB CPEJbl YacTO HCIONB3YIOT MOHATHE JEKPEMEHT IOTJIO0-
ICHUS

b= a/l, (1.21)

OTIpeNIeISIIOIIUI OcnabiieHNe aMIUTUTY/bl TAPMOHUYECKOT0 KojeOaHHsl MPH €ro pacrpocTpa-
HEHWH Ha PACCTOSIHUE, PABHOE JUTHHE BOJIHBI A.

114  Oéocnosanue celicmuueckux memoooe pazeeoxKu

B TunuuyHOM U1 CeMCMOpa3BEAKU CUTyallMM HM3ydaeMas cpefa 3aHUMaeT IOJIyIpoO-
CTPaHCTBO, CBOOOHOM TrpaHUIIE KOTOPOTO SBJSIETCS 3€MHasl MOBEPXHOCTh. B030ykmaeMbie
Ha 3TOI MOBEPXHOCTH WM BOJIM3M HEE BOJIHBI B IPOLIECCE CBOETO PACTIPOCTPAHEHHS OXBAThI-
BalOT OJIHY 00JIacTh 3a JIPyroil, MpOHMUKasi BO BCE TOYKH M3ydaeMoil cpembl. Korma pacmpo-
CTPaHAIOIIAsACA OT UCTOYHHKA BOJIHA BCTPEYAET HA CBOEM IIYTH IIEPBYIO IPAHUILY, HA KOTOPOI
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CKa4K00Opa3HO U3MEHSIOTCS YIPYTue CBOMCTBA cpesibl, 00pa3yloTCsl OTpakKEHHbIE UM OTpa-
YKEHHBIC U MPEJIOMJICHHBIE (TOJIOBHBIE) U MPOXOJALIUE BOJHBI. OTpaXX€HHbIE U MPEIOMIICH-
HbIE BOJIHBI BO3BPAILAIOTCS K 36MHOM MOBEPXHOCTH, MPOXOIAIINEe—OECHPENATCTBEHHO UAYT
BHM3 JI0 TE€X IO, IIOKA HA UX IIyTH HE BCTPETUTCS BTOpas rpanuna. Ha 3Toi rpanuie cHOBa
00pa3yloTCsl OTpa)KEHHbIE U NPHU OMNPEAEICHHBIX YCIOBHSX NPEIOMJICHHBIE BOJIHBI, HAYM-
HAIOILME CBOM IyTh K 36MHOI NOBEpXHOCTU. ONMCAHHBIN NpolecC MOBTOPSAETCS HA KaXA0u
I'PaHULIE BHYTPH U3y4a€MOU TOJIIIH, B PE3YJIBTATE YEro K 36MHON OBEPXHOCTU IIPUXOIAT BCE
HOBBIE U HOBBIE BOJHBI: OTPa)KCHHbIE, OOMEHHBIE, PEIIOMIICHHBIE, a IIPH COOTBETCTBYIOIUX
YCIOBMSIX M U ParupoBaHHBIE.

OTpakeHHbIE oT
KaXJOW TpaHULBl BOJHBI
MIPOXOAAT MyTh oT
HUCTOYHHMKA JO TOYKH OT-
paXXE€HHUSI U OT ATOM TOUKH
K 3E€MHOH IIOBEpXHOCTH,
T.e. JBaXAbl MpoOErarT

TOJIILY, 3aKJIFOUYECHHYIO
MEXY 3eMHOH
MOBEPXHOCTHIO u

OTpaXkaromeun rpaHuLei
(puc.1.12). Kaxnomy nyuy
najaloned Ha TpaHuIly
BOJIHBI COOTBETCTBYIOT
CBOM JIyd  OTpaKCHHOU
BOJIHBI U CBOSI JIJTUHA 3TOTO
nytu. Eciu  oTpakeHHBbIE
OT OJHOM W TOM K€

IPaHMLBI BOJIHBI
IIPUHUMAThL Ha Pa3IMYHbBIX
Puc.1.12 O0mas cxema npoBeJieHus CEHCMOPa3BEIOUHBIX PAOOT.  paccTOSHUSIX OT

HCTOYHUKA, TO BpeMA
npuxoaa 3THUX BOJIH 6yz[eT, OYCBHUAHO, 3aBUCECTH OT IIOJIOKCHHA I'paHHUIIbI B TOJIIEC ITOPOI,
CKOPOCTH B 3THUX NOPOJAAX U paCCTOAHUA MCKAY UCTOYHHUKOM U ITPUCMHHUKOM.

I'paduk 3aBUCUMOCTH BpEMEHH MPHUXO0Ja OTPAKEHHOH BOJHBI OT PACCTOSHUS UCTOY-
HUK — TPUEMHUK Ha3bIBAIOT 20002paAghom Ompai);ceHHoll 0 1Hbl 151 COOTBETCTBYIOIIEN OT-
pakaromield rpaHunbl. ['omorpad MOKHO MOCTPOUTH, IKCIIEPUMEHTAIBHO H3ydash BpeMeHa
NPUX0/ia OTPAKEHHBIX BOJH HA Pa3IMYHBIX PAaCCTOSHUIX OT MCTOYHUKA. Eciam orpaxkaromnias
TpaHUIIA JIOKAJIBHO IJIOCKAs, TO Toxorpad oTpakeHHOH BOJHBI MPUOOpPETAECT MPOCTOM BHUI H
M0 HEMY JIETKO OMPEACIUTh CKOPOCTh BOJIH B IMOKPBIBAIOIICH TPAHUILY TOJIIE U TOJI0KECHHE
rpanuisl B paspese. B uactnoctu, npu X=0, t(X)=1(X) M0xkHO B Kak10l TOYKE 3€MHOIA 110~
BEPXHOCTH, TJIe BO3OYKIAIUCh KOJIeOaH!sl, HAUTH 9XO0 MIYOHMHY — PAaCcCTOSHUE MEXKIY COOT-
BETCTBYIOIIEH TOYKOW 3€MHOW MOBEPXHOCTH U OTPAKAIOLIEH TPaHUIEH 110 HOPMaJIM K TPaHU-
1e:

h= L (1.22)
2
rae h — sxo riyOuHa; V— CKOpPOCTh B TOJIIE, MOKPBIBAIOLICH TpaHUIly. 3Hast h s

Pa3IMYHBIX TOYKAX 3€MHOM MOBEPXHOCTH, MOYKHO HAWTH U TOJIOKEHHE OTPaXKarollell TpaHu-
ubl. /{151 3TOro 40CTaTOYHO HAWTH T€OMETPUUYECKOE MECTO TOYEK, COOTBETCTBYIOIIMX MOCTO-
STHHOMY 3HaU€HUIO 7XO0 TIyOuHbl. O4eBUIHO, YTO FTEOMETPUUECKHUM MECTOM TOUYEK OTPaKEHUS
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ssastercs cepa ¢ paguycom R = h. TToBepxHoCTh, orubarommas cucreMy Takux cep, JaeT
HOJIO)KEHHE OTPaKAIOMIEH IPaHUIIbL.

['omorpad BOJHBI, OTPaXXEHHOM OT KPOBIM IUIACTA MJIM IAuKU CJIOEB, COACPKUT HH-
dopmarmo 0 CKOPOCTH B TOJIIIE, 3aJerarolleil Bolle KpoBiu. I'ogorpad BOIHBI, OTpaKEHHON
OT IOJIOLIBBI IJIACTA WJIM MAYKU CJIOEB, COAEPKUT MH(POPMALIUIO O TOH K€ TOMIIE U JOMOJIHU-
TEIbHO O CKOPOCTH B ILIACTE WM Nadke ciaoeB. COBMECTHOE MCCIEAOBAHUE COCEAHHUX Map
roforpaoB MOXET, CII€ZJOBAaTENIbHO, 1aTh CBEJCHHUS O CKOPOCTU B IJIACTE WJIU MAadKe CJIOEB.
Ha s3ToM U OCHOBBIBaeTCSl H3y4eHHE PACIpEIesICHHIs] CKOPOCTH IO TIIyOMHE U B IJIAHE.

['omorpad oOTpakeHHBIX BOJH HE
COJIEPXHUT UH(MOPMAIMH O CKOPOCTH BOJIH B
1opoJiax, 3aJerallIuX HUKE OTPaKaoIICH
rpaHulpl. JuHaAMUYeCKHe XapaKTEePUCTHKU
OTPaKEHHBIX BOJIH — aMIUIMTY I, (hopma
UMITYJIbCa — JAI0T BO3MOXXHOCTh OLICHHUTH
JIMIIb aKyCTHYECKYI KOHTPACTHOCTh Ipa-
HUIB! (pa3iniyue B aKyCTHUECKUX IKECTKO-
CTSIX KOHTAKTUPYIOIIUX MOPOJa) W B IPHUH-
S [UTE MOTJIOIIAIOIIUE CBOMCTBA TOM Cpebl,
B C I 1% KOTOPYIO MpolIa OTpPaKEHHas BOJIHA.

[TpenomiieHHBIE BOJTHBI, TPOXOISAIINE YaCTh
CBOETr0 NyTH BAOJb MpeToOMIISIONIeH Tpa-
HUIBl CO CKOPOCTBIO BOJIH B TOJCTHJIAIO-
IIMX 3Ty TPaHMILy MOPOJAAx, BOCHOJIHSIOT
3TOT HEJOCTAaTOK OTpakeHHBIX BOJH (cM. puc.1l.13). [IpuHumas mpenomiieHHbIC BOJHBI Ha
3€MHOM MOBEPXHOCTU W HU3Mepss BpeMs MX NMPHUXOAa B 3aBUCUMOCTH OT PACCTOSIHHS OT HC-
TOYHHKA 0 NMPUEMHMKA, MOYKHO IOJIYYUTh 20002pagh npenomneHnvix 6onn. Kak BUIHO U3
puc.1.13, romorpad mpesoOMIICHHBIX BOJIH HECET MH(OPMAIUIO TOJBKO O CKOPOCTH BOJH B
MOPOJaX MOJ MPEJOMIISIONIEH TpaHulen. Eciin B u3y4aeMol TOJIIE UMEIOTCS T'PaHMIIbI, Ha
KOTOPBIX CKOPOCTh BOJIH CKAYKOOOpPa3HO BO3pacTaeT, MpeBbILIas KaXa0€ U3 MPEeIIecTBYIO-
[IMX 3HAYCHUH, TO HA TAKUX TPaHUIAX OYAyT 0Opa30BHIBATHCS MPETOMIICHHBIE BOJIHBI, HECY-
e UHPOPMAIMI0 O CKOPOCTSIX B MOPOJAaX, MOACTHIAIOUIMX COOTBETCTBYIOUIYIO MPEIOM-
JSTOLTYIO TPAHHUILY.

OTpakeHHBIC U TPETOMIICHHBIE BOJIHBI IIPH MX COBMECTHOM HCIOJIb30BAHUU B PsJIe
CIIy4aeB 3HAUUTEIHHO PACIIUPSIOT BO3MOXKHOCTH celicMopa3Beaku. OIHAKO pa3inuyus B KU-
HEMATHYECKHX U TUHAMUYECKUX XapaKTEPUCTUKAX ITUX BOJH MPHUBEIH K TOMY, YTO METOIBI,
OCHOBaHHbIE HAa MX HCIIOJIb30BAHUU, C CAMOT0 Hayajla CBOET0 CYIECTBOBAaHHUS Pa3BUBAIUCH
pa3nenbHo. VMcnonap30BaHNE OTPaKEHHBIX BOJIH JIEKUT B OCHOBE METO/A OTPAaKEHHBIX BOJIH
(MOB), roI0BHBIX MPEITOMIICHHBIX — B OCHOBE METO/1a IpeomieHHbIX BotH (MIIB).

Puc. 1.13 TpaexTopuu ny4eil oTpaxeH-
HBIX ¥ NIPEJIOMJICHHBIX BOJIH.

O — HUCTOYHUK; A — TPUEMHUK

1.2 Ceiicmopa3Beno4Has anmaparypa

B TexHMYECKOM OTHOIIEHUHM CEWCMOpa3BeIKa SIBISIETCS HAauOOJee CIOKHBIM BHIIOM
reopU3U4YecKNX HCCIEJOBAHUMU. JTO CBSI3aHO, B OCHOBHOM, C JIByMSl OOCTOSITENIbCTBAMU: B
KOKIOW TOYKE HAOMIOACHHUS Ha mpoduiie HEOOXOAMMO BO30YKIATh JTOCTATOYHO HWHTEHCHB-
HbIe Kosie0aHus, oOecreunBaronre TTyOuHHOCTh Pa3BEIKU B HECKOJIBKO KUJIOMETPOB, U MPHU
KQKIOM TOJIOKCHUH IMyHKTa BO30YXKJEHUsS HEOOXOIMMO BECTH MPHEM YIPYTHX BOJH, Kak
MpaBUJI0, OJHOBPEMEHHO BO MHOTHX ITyHKTax HaOmroaeHus (0T 24 10 96 u 6onee).

COOCTBEHHO celicMuueckas annapamypa BKIIOYaeT B ceOs ucmouHuk (MCTOUYHUKH)
VIOPYTUX BOJH; YCTPOWCTBA, BOCIPUHUMAIOIINE YIPYTrHe KoueOaHus U mpeodpasyromiye ux B
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ANEKTPUYECKUE, — CeHCMONPUEMHUKU B HA3eMHON CEHCMOpa3BElKe U Mbe30NPUEMHUKU
(ruapodoHBI) B MOPCKOI; cellcMocmanyuio, TpeICTaBISIONIYI0 cOO0H MHOTOKaHAIBHBIN pe-
TUCTPATOp, YIPABIAIOMINUNA BKIIOYEHHEM HCTOYHMKAa M OOECHeuMBAIOIIMNA TOYHBIM OTCUET
BpPEMEHHU OT MOMEHTA BKJIIOUEHHS UCTOYHMKA JI0 KOHIIA 3amucu ynpyrux konedanuii. Cospe-
MEHHBIE CEIICMOCTAaHIIMU UMEIOT B CBOEM COCTaBE MUHUKOMIBIOTEPHI U NepudepuifHbIe yCT-
poiicTBa 0ObEAMHEHHBIC B €AUHBIHN anmapaTypHbIil KOMIUIEKC.

1.2.1 Hcmounuku ynpy2ux 6011

HcTouHnKOM yIIpyruxX BOJH MOXET SIBISTHCS JFO00€ YCTPOMCTBO, TO3BOJISAIOINIEE B 3a-
JAHHBIII MOMEHT BPEMEHHM OCYIIECTBUTh MEXAaHMYECKOE BO3JCHCTBHE HA HE3AMKHYTYIO WIIU
3aMKHYTYIO0 TTOBEPXHOCTb YIpyrou cpenbl. IIpocTeduM BUIOM HMCTOYHHMKA YIPYTHUX BOJIH
SIBIISIETCS. MOJIOT, KOTOPBIM YAAPSIOT IO MOBEPXHOCTH 3€MJIM HIIM CTEHKE TOPHOUW BBIPAOOTKH.
HcTounuk ynpyrux BOJIH B O0IIEM ClIydae COCTOUT U3 TPEX 3JIEMEHTOB: HaKOMUTEI SHEPTUU
(MexaHMYECKOM, XMMUUYECKOU, INEKTPUUECKOM, TEIIOBOM); yCTPOMCTBA, MO3BOJSIOLIETO B
3aJlaHHBIii MOMEHT BpPEMEHH MpeoO0pa30oBaTh HAKOIUICHHYIO DHEPIHMI0 B MEXaHHYECKOE BO3-
JEHCTBHE Ha yIIPYroe Telo; padbouero opraHa, ¢ MOMOIIbI0 KOTOPOTO OCYIIECTBIISIOT 3TO Me-
XaHUYECKOE BO3JECTBHE. PeanbHble HCTOYHUKN BO3JEHCTBYIOT Ha IUIOMIAJKH YIPYroro Te-
71a, pa3Mepbl KOTOPBIX HE MPEBHIMAIOT B OOJIBIIMHCTBE CTy4aeB 1—2 M2,

[To xapakTepy MOBEPXHOCTH, HA KOTOPYIO BO3JIEHCTBYIOT MEXaHUYECKHE CUIIBI, BCE HC-
TOYHUKH MOXXHO pPa3feliuTh Ha JIB€ TPYMIbL: HOZPYHCHble VICTOYHUKH, JCUCTBYIOIINE Ha
3aMKHYTYIO TIOBEPXHOCTh BHYTPH CPENbl; HOGEPXHOCHIHbIE, NCVCTBYIONINE HA PA30OMKHYTYIO
MMOBEPXHOCTh (Ha CBOOOJHYIO TMOBEPXHOCTH 3€MJIM, CTEHKY TOPHOW BBIpaOOTKH, IIypda,
CKBaKUHBI). IlorpyXHble MCTOYHUKU T'€HEPUPYIOT MPEUMYIIECTBEHHO INPOJOJIbHBIE BOJHBI,
MOBEPXHOCTHbIE HCTOYHUKH — OJIHOBPEMEHHO MPOI0JIbHBIE U TIoNepeuHble BOJIHBIL. [1o Benu-
YiHE HaKaIIMBaeMOU SHCPTHUU UCTOYHUKHU NOAPA3ZACIAIOT HA MAJIOMOIIHBIC—OHCPIUA U3MC-
HSIETCS OT JECATKOB JI0 10% JIx, cpenHeil MOITHOCTH—OT 10* o 10° J>x 1 MOIIHBIE—OT 108
0 10° JIx u 6onee. [To mpoOMKUTENBHOCTH BO3ICHCTBHS Ha YIIPYroe TEIO0 BCe MCTOUHUKU
TaK)Ke pa3fesiaioT Ha UMHYAbCHblE, BPEMS BO3JCUCTBUS KOTOPBIX HA CPEAy HM3MEHSIETCS OT
0,1-10° 110 0,1 ¢, U Keasunenpepviguble, BPeMs BO3ICHCTBHS KOTOPHIX H3MEHSETCS OT 2—3
1o 20 ¢ u Ooitee.

KoHcTpykuug v TeXHUYECKUE MapaMeTpbl OMPENEsIOT TOJIBKO MOTEHIHAIbHYIO 3(¢-
(EeKTUBHOCTH TOT'O WM MHOTO UCTOYHMKA. IHTEHCUBHOCTH, (hopMa UMITYJIbCA, COCTaB BO30Y-
IaeMbIX BOJIH (J0JIs1 MPOJOJIBHBIX U MOMEPEYHbIX) 3aBUCIT OT YCIOBUM BO3OYKIeHUS. YcC-
JIOBHS BO30OYXKACHHUS ONPEEIAIOTCS KaueCTBOM KOHTAKTa pabovero opraHa ¢ HopoJon U ym-
PYTUMHU CBOMCTBaMH cpenbl BOJIM3U MCTOYHHKA. B 3aBUCMMOCTH OT YCIOBUN BO30YXKIECHUS
MHTEHCUBHOCTH BO30Y)KIaeMbIX UCTOYHHKOM BOJH MOKET M3MEHATHCS B THICSUU pa3. B Ha-
3eMHOH ceficMopa3BelIke B HACTOsIIEe BpeMsl HauboJjee MHUPOKO MPUMEHSIOT TpU BUAA HC-
TOYHUKOB: KOHJEHCUPOBaHHbIE B3pbIBUaThie BellecTa (BB); ycTaHOBKY ra30Boi JeTOHALUN;
BuOpoceiicMudeckre iargopMbl. MeHblllee MPUMEHEHUE UMEIOT YCTPOWCTBA, HCIOJIB3YIO-
I[1e CBOOOTHO MAJAIOIIHIA TPY3.

Hcmounuku na ocnoee BB vcnionb3ylOT B OCHOBHOM B IMOTPY>KHOM BapuaHTe. 3apsi
Maccoi oT 100 T 10 HECKOIBKUX KUJIOIPaMMOB (LMIMHAPUYECKUE WM MPU3MATHUECKHUE 3a-
pAIbl) MOMEIIAIOT B CKBAXKUHY, HAMOJIHEHHYIO BOAOH. 3aps cHaOXaloT 3JIEKTPOJETOHATO-
POM, MOAPBIB KOTOPOT'O MO KOMaHJIEe C CEHCMOCTAaHLIMU B 33JaHHBIE MOMEHT BpeMEeHH obec-
MeYrBaeT B3pbIB Beero 3apsaa. OOpa3yromuiics npy B3pbIBE ra3 UMEET BHICOKYIO TEMIIEpaTy-
Py U JaBJIEHUE B COTHU U ThICSuM Meranackaneu. Ilog neiicTBueM 3TOro 1aBieHUS CTEHKH
MOJIOCTH, 00pa3yroleicss Mpy B3pbIBE, CMEIIAIOTCS, BO3JACHCTBYSI Ha OKPY)KAIOIIYIO CPELy.
Hcnons3oBanne BB mpu B3priBe Ha cBOOOAHON MOBEPXHOCTH PE3KO CHUXKAET 3P (EeKTHB-
HOCTb BO3OYXKJIEHHUS U IPUMEHSETCS B UCKIIOUUTEIBHBIX CITydasx.
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Yemanoeku 2azoeoit 0oemonayuu (YI/]) ncnionb3yroT A1 BO3OYXACHUS YIPYTHUX BOJH
ra3oB3PBIBHYIO CMECH, 3AMOJIHSIOIIYIO WIMHAP ¢ MOABUKHOW HUKHEN CTEHKOU — ITOPIIHEM
nnu auadparmMor. Takod NUIUHADP MPUKUMAIOT K TMMOBEPXHOCTH aBTOMAIIIMHOM, HA KOTOPOM
CMOHTHPOBAaH MCTOYHHK. B 3a1aHHBIII MOMEHT BPEMEHU MO KOMAHAE C CEMCMOCTAHLMHU Ta3
MOJKUTAIOT U MPOUCXOIUT €ro B3PhIBOOOpA3HOE CropaHue, Ipyu KOTOPOM 00bEM rasza pe3ko
Bo3pacraer. ['a3 moa OONBIIMM JaBICHHEM PE3KO JaBUT HA MOPIIEHb WK MeMOpaHy u, Mo-
CKOJIbKY JBMKEHHE LIMJIMHApPA BBEPX 3aTPyIHEHO MHEPTHOW Maccoil aBTOMOOWIIS, AaBlieHUE
nepesacTcsi Ha TPYHT B MECTO €r0 KOHTaKTa ¢ pa00YUM OPTaHOM Tra30B3PBIBHOTO HCTOYHHUKA.

Hcemounuku muna «eudpoceiicy Bo30yXIal0T KBa3UHENPEpbIBHbIE Kosebanus. [ 'ene-
pauus BOJIH 00€CIeurBaeTCsl 3a CYET 3HAKOIEPEMEHHBIX CHJI, AEUCTBYIOLIMX [0 HOPMaIH K
MOBEPXHOCTH KOHTaKTa. BuOpocelcMUUECKUi MCTOYHUK IPEACTaBIISET COOOW MeTayuinye-
CKyI0 MIaTGopMy, MPHKUMAIOIIYIOCS K TOBEPXHOCTH 3€MJIM aBTOMOOMIIEM, Ha KOTOPOM
CMOHTHpOBaHA BCSl yCTAaHOBKA. Macca Takod yCTaHOBKM JOCTHraer 17 T, uTo oOecrieyuBaeT
XOpOUIMHA KOHTAKT MIaTGOpMbI ¢ TPYHTOM. C MOMOIIBIO THIPABIMYECKOro MPUBOAA B pado-
YUH UITMHAP IIaTGOPMBI HAPHETAIOT MACJIO TaK K€, KaK 3TO MPOUCXOANUT B THAPABIMYECKOM
JIOMKpaTe, U ITOK LWIMHJPA 3aCTaBiIAeT CMEIAThCs MPUKPEIJICHHYIO K HEMY IIaTQopMmy.
O6bem macna B paboueM IWIMHAPE TO YBEIMYUBAIOT, TO YMEHBIIAIOT, IPH 3TOM IUIaTdopma
a100 aBUT Ha TPYHT, INOO OTXKUMAETCs Je(OPMHUPOBAHHBIM IPYHTOM BBEPX, U Harpyska Ha
TPYHT U3MEHSETCS OTHOCHUTEIIBHO CTATUYECKOM, BOSHUKAIOIIEH I10J] IEUCTBUEM MacCChl aBTO-
MooOwist. [Tpu aTom mepuoa cxatue — pa3pekeHue (IBHKEHHUE BHU3-BBEPX) IUIABHO H3MeE-
HSIOT—OT BBICOKOM YacTOThl K HU3KOW MM Hao0OpoT. Bpems neicTBUS MCTOUYHMKA THUMA
«BUOpOCeic» (MHTEpBAJI BPEMEHU OT Havdaia Kojaebanuii miaThopMbl 10 OKOHYAHHS) COCTaB-
asier 10—20 ¢, a 4yacToTy, ¢ KOTOpOil ABMXKeTcs miaardopma, U3MEHSIOT OT HECKOJIbKUX 10
100 T'm.

Hcmounuk muna naoarowiezo zpy3a UCTOIb3YIOT B OCHOBHOM TIPH pa3BeIKe, HE Tpe-
Oyromieit OOJBIION TTyOMHHOCTH, Yallle BCEro MPHU PEIICHUH WH)XEHEPHO-T€OJIOTMYECKHX 3a-
nad. Takol MCTOYHUK TPENCTaBIsACT COOOM MOIBEMHUK, KOTOPHIN MOJHUMAET TPy3 MacCcou
HECKOJIBKO COTEH KUJIOTPaMMOB Ha BbICOTY B 6—8 M. [1o komaHe ¢ celicMOCTaHLIUM JepKa-
TEJb TPy3a PaCKPBIBAETCS M TPYy3 HAUMHAET IMajgaTh. MOMEHT €ro KacaHus 3eMJIM OTMEUYaeTCs
CIEIMAILHBIM YCTPOHCTBOM M IEpelaeTcsi Kak OTMETKa MOMEHTa BO30YKIIEHHUs Ha CeHCMO-
CTaHIHIO.

[Tpu ceiicMuueckux paboTax Ha aKBaTOPHSIX HanboJiee MHUPOKO MPUMEHSIOT THEBMATH-
YECKUE U AIEKTPOUCKPOBBIE HCTOUHHKHU.

ITneemamuyeckue ucmoyHuKuU TIPEICTABISIOT OO0 TOJCTOCTEHHBIE KaMmephl, B KO-
Topble o nasineHueMm B 10—15 Mlla 3akaunBaroT Bo3ayx. HakammBaemasi TakuM oOpa3om
SHEPTHUSI OTIPECISIETCS JaBICHUEM BO3yXa 1 00beMoM kamepsl (00braHO 0.5 — 30 ). C mo-
MOIIbIO CHEIHANBHBIX KJIAMAHOB M0 KOMaH/JI€ C CECMOCTaHIIMU KaMepa BCKPBIBAETCSI, U BO3-
JyX ¢ OOJBIION CKOPOCTHIO BHITAJIKUBAETCS U3 Hee B Boay. OOpa3yercs BO3AYIIHAS MOJOCTbD,
CTEHKH KOTOPOH JABMIKYTCSI C OOJBIION CKOPOCTHIO, CO3AaBas M30BITOUYHOE (OTHOCHUTEIHHO
TUAPOCTATUYECKOT0) JaBJIEHHUE B MPUMBIKAIOMIEM K Hel ciioe xuakocTu. [IHeBMaTHueckue
VCTOYHUKN (ITHEBMOITYIIKH) OTHOCATCA K MCTOYHMKAaM CpeIHEH MOIIHOCTH. 3amacaemasl B
HUX 3Heprus He npesbimaeT 200—300 k/[x.

B anekmpouckpoevix ucmounukax vCronb3ylOT SJIEKTPUUYECKYIO SHEPIrUio, 3amacae-
MyI0 Ha KoHAeHcaTopaX. COOCTBEHHO MCTOYHHMKOM CIIY)KaT JBa JJEKTPOJa, KOTOPHIE B 3a-
JTAHHBIE MOMEHT BPEMEHHU TMOJKIIOYAIOT K BBICOKOBOJILTHBIM (10-15 ThIC. BOJIBT) KOH/ICHCA-
TOpaM, U B BOJE ITPOUCXOIUT BBICOKOBOJIBTHBIN JIEKTPUUECKUMN paspsil, TAKOHM XKe, Kak Ipu
rpo3e MpoucXoauT B Bozayxe. [Ipumbikaronias K 3JeKTpoaaM >KUAKOCTh MPEBPAIAETCs B Ie-
perpeTsiii map, o0pasyeTcsi mapora3oBas MOJIOCTh, JaBICHUE BHYTPU KOTOPOUM JOCTUTAET CO-
TEH U ThICSY MeTramnackajieil py TEMIIEpAType B HECKOJBKO ThICAY T'paaycoB. JIBUKeHHE CTe-
HOK 9TOM MOJIOCTH Jajiee MPOUCXOIUT B OOIIMX YepTaX TaK XkKe, KaK U B BO3AYIITHOW MOJIOCTH
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IIPU UCIOJIb30BAHUU MTHEBMOIYIIKH. DJIEKTPOMCKPOBBIE UCTOYHUKU OTHOCATCS K MajOMOLI-
HBIM. 3arnacaeMasl B HUX dHEpIHus, Kak NpaBuiio, He npeBocxoaut 100 xJx.

st 3 PeKTUBHOTO MCIIOIB30BAHUS TEX WM JPYTUX UCTOYHUKOB MX HEOOXOIMMO MO-
IPY’XaTh B BOJHYIO TOJIIY Ha TIIyOUHY MOPSIKA Y4 JJIMHBI BOJHBI [IEHTPAIBHON YacTOTHI B
CIIeKTpe BO30yKAaeMoro curaaia. B cuimy Toro, 9To mpu paboTe Ha aKBaTOPHUSIX MCTOYHHK
MOTPY’KAIOT B BOJIHYIO TOJILY, SIBJISIONIYIOCS [0 CPAaBHEHHUIO C ITOPOJIaMH BEpXHEW yacTu pas-
pe3a MpakTUYEeCKU UICATbHO-YIPYTOM U UEadbHO-OAHOPOIHON CPENOi, HACHTUYHOCTh BO3-
OyXIaeMbIX KoJeOaHUI OKa3bIBACTCsA 3HAUUTENLHO 00Jiee BHICOKOM, YeM Yy Ha3eMHBIX UCTOY-
HUKOB.

[Torpy>Hble 1 TOBEPXHOCTHbIE UICTOYHUKN HUMEIOT CBOM IIPEUMYILECTBA U HEAOCTATKHU.
[IpenmyIecTBOM MOTPYKHBIX SBISETCS TO, YTO OHH MPAKTUYECKU HE BO30YXKIAIOT MOBEPX-
HOCTHBIE BOJHBI U 00Ja/laloT BBICOKMM Kod(duunenTom monesHoro aeiictBus. [ns takux
MCTOYHUKOB MOXXHO 00€CHEUUTh JOCTATOYHO XOPOIIHNE YCIOBHUS BO30YXIEHUS, TOMENIas UX
B CKBOKMHAX Ha HY)XHOU IIyOMHE B KOHCOJIMIWPOBAHHBIX Moponax. HegocraTkom sBisercs
TO, YTO TIPU HCIIOIH30BAHUH TIOTPYKHBIX HCTOYHHKOB HEOOXOIMMO BeCTH OypeHue, 4To YI0-
pO’KaeT pa3BelKy, YBEIMUMBAET BpEeMs €€ MPOBEACHUSA U BO3MOXKHO Janeko He Bcerna. [pe-
HMMYIIECTBOM MOBEPXHOCTHBIX HCTOYHUKOB SIBJISIETCS TO, YTO MPHU UX MCIOJb30BaHUU OTHaAa-
€T HaIOOHOCTh B OypeHUU CKBa)KUH, HATPY3KU HA IPYHT HPU UX JEHCTBHUM OTHOCUTEIHHO HE-
BEITMKU M TIOOTOMY X MOXKHO HCIIOJIb30BaTh MPU paboTax BOJM3HM HACENECHHBIX IMYHKTOB U
MIPOMBIIIJIEHHBIX 00BEKTOB, BKIIIOYasl Topojckue tepputopun. Henocratkom ssinsercs Oonee
HU3KUH, 9eM y MOTPYKHBIX, KOIPPUIIMESHT MOJIE3HOTO JACUCTBUS, 3aBUCUMOCTh HHTEHCUBHO-
CTH 1 QOpMBI BO30Y>KIaeMbIX BOJH OT YCIOBUI BO30YX/IE€HUS — CTPOEHUS U CBOICTB IpyHTa
y TMIOBEPXHOCTH 3€MJIH, BHICOKHI YPOBEHb BO30YKIAEMBIX TAKUMU MCTOYHUKAMHU TOBEPXHO-
CTHBIX BOJIH.

1.2.2 Ilpuemnuku ynpyzux 60/

B nazeMHoi1 celficMopasBenike HaOMIOIEHUSI BEAYT B OOJBIIMHCTBE CIIy4aeB Ha CBOOO-
HOM MOBEPXHOCTH 3eMiH. [Ipuxon ynpyrux BOJH K MOBEPXHOCTH BBI3BIBAECT €€ JBHKECHHE, U
9TO JBIKEHUE HEOOXOIUMO BOCIIPUHSATH U MPEOOPa30BaTh B U3MEHEHHE IIIEKTPUIECKOTO Ha-
npsbkenus. [IpeoOpa3oBaHre MexaHMUECKUX KOJIEOaHUM B 3JIEKTPUUECKOE HANpSIKEHUE OCY-
IIECTBIISIOT C TIOMOIIBIO 3JIEKTPOJIUHAMUYECKOTO YCTPOMCTBA, MPEICTABISIIONIETO COOOM
MHEPTHYIO Maccy (SKOpb), MOJBEHICHHYIO Ha MpPYXXHHE, KOTOpas, B CBOIO Ouepelib, KECTKO

Puc. 1.14 Bremnuit BUA U yCTPOICTBO CECMONPUEMHUKOB

a — BEPTUKAJIBHOT0; O — TOPH30HTAIFHOTO;
B - YCTPOWCTBO BEPTUKAIBLHOTO CECMOIIPUEMHHUKA:
1 — kopryc; 2 — 3JEKTPOMArHuT; 3 — KaTymka; 4 — MTHIPb; 5 — KIIEMMBI.
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CBs3aHa C KOpIycOoM mnpueMHuka. [Ipu nBuxkeHHH Kopilyca MHEpTHas Macca CTPEMHTCS OC-
TaTbCA B MOJIOKCHUU MOKOA, YTO BBI3BIBACT PACTAKCHHUC UJIU CKATUC NPYKUHBI. B xauectBe
MHEPTHON Macchl UCHOIB3YIOT HMWJIMHIPUYECKYIO KAaTYIIKy UHIYKTUBHOCTH, BUTKH KOTOPOM
MPOHU3LIBAKOTCA IMOJIEM IOCTOSAHHOI'O MarHuTa, BMOHTHUPOBAHHOI'0O B KOPITYC IMPHUCMHHUKA.
OOmuit BUI ¥ YCTPOMCTBO CEMCMONIPUEMHHUKOB TIPUBEACHBI HA puc.1.14.

YcTaHOBIIEHHBIN HA TPYHT CEMCMOIPUEMHHK COBEpPIIAET KOJeOaHUsl B TaKT ¢ KoJjieha-
HUSMH TPYHTA, KOPITYC CMEIIAETCS OTHOCUTEIBHO KATYIIKH, U 32 CYET 3TOr0 U3MEHSETCS
MAarHUTHBIN MOTOK, MPOXOMASIINK yepe3 ee BUTKU. Ha 3axxumax karymku HaBoautcs DJ1C,
MPONOPLUOHANbHAS MO 3aKOHY MHIYKIUUA CKOPOCTH CMEILIEHHUS KOpPIyca CeMCMONpPUEMHHKA
OTHOCHUTENIBHO KaTymKH. [I0CKONBKY MepeMeleHne MOBEPXHOCTH €CTh BEKTOP, MOYKHO pas3-
JIeJIbHO PETUCTPUPOBATH BEPTUKAIBHYIO U TOPU30HTAIBHYIO €ro cocTaBiisitomue. s 3Toro
CEHCMONPUEMHHUKN KOHCTPYUPYIOT TaK, YTOOBI KaTyIlIKa MOTJIa CMEUIAThCS TOJIBKO MO BEPTU-
KaJId WM TOJIBKO IO FOPU3OHTANU. I ylIydlIeHUsI KOHTAKTa CEHCMOIPUEMHHUKA C II0YBOMN
Ha HIKHEM €ro TOpIe YCTaHABJIMBAIOT 3a0CTPEHHBIN CTEPKEHb, 3arTy0IIeMblil B TPYHT.

CBoiicTBa celicMONIPHUEMHHUKA KaK JIEKTPOMEXaHMYECKOTO ITpeodpa3oBatTessi omnpeie-
JISIFOTCSL €r0 YaCTOTHOM XapaKTEPUCTUKON U YyBCTBUTEIBHOCTBIO. Hacmomnuaa xapakmepu-
cmuKa TOKa3bIBaeT, KaK M3MEHSETCS HaIpsHKEHHE Ha BBIXOJE CeWCMONpPUEMHUKA B 3aBUCHU-
MOCTH OT YaCTOThI KOHGGaHI/Iﬁ MO4YBbI, €CJIM CKOPOCTb CMCHICHHUA 3a4acTCA B BHUAC
U(t)=Ugsin2xft, rne f — uacrora; Ug—ammuryna ckopoctu cmeruenus (puc.1.15). 3naue-

HHUE HWKHEW TPAaHMYHOM YaCTOThI CEHCMOIPUEM-

nuka f, 3aBMCHT OT COOCTBEHHOM YaCTOTHI KOJIE-

olF) OaTenbHOM CHCTEMBbI MHEpPTHAs macca- — TMpy-

i xuHa fo. Ilo 3mauenmam fy celicmonpuemuukm

paznensitoT Ha HuszkovactotHelie (5—10 I'm) u

cpennedactotHeie (15—30 I'm). YyBcTBUTENB-

HOCTh cericMornipueMHukoB coctasisieT (0,3—0,7)

B/cm. Kak mpaBuno, celicMONPHEMHUKH HWMEIOT

WIMHAPUYECKYI0 (OpMY C ITUAMETPOM OKOJIO 3
cM, BbIcOTOM npuMmepHo 10 cM u mMaccoit 150 T.

i

|

!

I
o ' r
% F
Puc.1.15 YactoTHast xapakTepHCTHKA CelicMONPHEMHHUKH MPEAHA3HAYAIOTCS [JIs
CelCMOIIPHeMHHUKa perucTpaiyy yrnpyriux BOJIH, HAOIIOJAEMbIX OJ1-
HOBPEMEHHO HA Pa3JINYHBIX YJAJICHHUAX OT ITyHK-
Ta BO30OYxaeHusd. i1 TOro 4ToOBl MOXHO OBUIO TOYHO OMNPEAETHTh UCTUHHYIO Pa3HOCTD
BPEMEH NPUXO0/a OJHHUX M TeX K€ BOJH K PA3IMYHBIM ITYHKTaM HaOIIOAEHUS, HEOOXOIUMO,
4TOOBI BCE CEHCMOINPHEMHUKHU TNEpeaaBaiu KoieOaHus 3eMiin 0e3 MCKaXeHUs UX (HOopMbl U
0e3 BpEeMEHHBIX CIBHTOB (3amepkek). OTcrofa BO3HUKAIOT BBHICOKHE TPEOOBAHUS K MIACHTHY-
HOCTH CEMCMONPHUEMHUKOB, COBIIAJCHUIO WX YAaCTOTHBIX XapakTepucTHK. OT KaxkIoro ycra-
HOBJICHHOTO Ha Ipo(duie ceicMOITPUEMHHKA IEKTPUIECKOE HAIPSHKEHUE TTOABOIAT K BXOIY
CEMCMOCTAaHIIMK C TOMOIUIBIO JIBYX MPOBOOB, MOACOCIUHIEMbIX K ABYM KJIeMMaM CeicMo-

Puc.1.16 Bremnuii Bua nbe30M1pHEMHUKOB

a — mpe3onpuemunk [1J1C-21, pearupyromue Ha cKaTHe Mbe30KEPaMUIECKUX HIIHHAPOB;
6 — nmee3onpuemunk [1J]]C-7, pearupyromiie Ha H3TH0 MbE30KEPAMHUUCCKUX TTACTHH
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npueMHuka.  OOpa3yrONIUIiCsS PH UCIIOIL30BAHUH CEHMCMOIIPUEMHUKOB JKT'YT TTPOBOJIOB —
MHOTOIIPOBOIHOM KaOellb — Ha3bIBAIOT CeHCMOKOCOH. JIinHa CEICMOKOCHI MOXET JIOCTHTaTh
3 kM u Oosiee. YacTOTHBIE XapaKTEPUCTUKH CEHCMONPUEMHUKOB OMPEEISAIOT JIUIIb UX T10-
TEHIMaJIbHbIE BO3MOXKHOCTHU. PeanpHblil poriecc mpeoOpa3oBaHus 3aBUCUT OT yCJIOBUH ycTa-
HOBKH, OT CHJIbI CLUEIIJICHUS CEHCMOIIPUEMHHUKA C TPYHTOM M YIIPYTHUX CBOMCTB IPYHTA.

[Ipu celicMuueckoil pa3BeIke Ha aKBAaTOPHUAX CIOKHO WIIM (PU3NUECKH HEBO3MOXKHO yC-
TAHOBHUTH CEMCMONPUEMHHUKH Ha THO. YTIpyrue KoneOaHus B )KUIKOCTH CO3JAIOT B Hell N30bI-
TOYHOE OTHOCUTEJIBHO THAPOCTATUYECKOTO JaBjieHuEe. EciM mMOMeCTUTh B BOJI€ MyCTOTENbIN
TepPMETUYHBIN IUIMHAP WIH IIap, TO MPUXO0] BOJTHBI OyIET OTMEUAThCS CKATHEM WIIH PACTS-
JKEHUEM, YBEIMYCHUEM WJIM YMCHBIIICHUEM JaBJCHUS HA €ro CTeHkH. M3 kypca dusukm us3-
BECTHO, YTO CYIIECTBYET TPYIIIa BEMIECTB, B KOTOPHIX MOJ JEHCTBHUEM AaBIICHUS 00pa3ylOTCs
3apsael. Takue BemecTBa Ha3bIBAIOTCS nbezodnekmpurkamu. Eciv nbe303JeKTPUK MTOMECTUTD
MEXIY IBYMSI METaUIMYECKUMHU TOBEPXHOCTSIMH, 00pa3oBaB KOHJEHCATOP, TO MPU CHKATUU
WU U3ru0e TaKoro 3JeMEHTa Ha OOKJIaJKax KOHJEHCATOpa BO3HUKAET HAIMPSDKEHHUE. DTOT
3¢ (}HEKT U UCTIONB3YIOT IPU PETUCTPALIMU YIIPYTUX BOJH B )KUJIKOCTSIX U Ta3ax.

VYerpoiicTBa 11 IpreMa yIpyrux BOJH B MOPCKOM CEHCMOpPa3BEIKe HA3bIBAIOT I1bE30-
MpUEMHUKaMU Wi TuaApodoHamMu. ['uapodoHbl MpencTaBiIsiOT cO00M, KaK MPaBWIIO, JBOM-
HBIC IMJIMHAPHYECKUE MbE30KEPAMUUYECKUE KOHIEHCATOPHI, PearupyroniX Ha BCECTOPOHHEE
cxarue (puc.1.16, a), unu cucremy nbe3okepaMuueckux TuractuH (puc.1.16, 6), pearupyro-
IMX Ha M3TUO NMPU M3MEHEHUH TUIAPOCTATHUECKOro namieHus. Kak u ceficMonmpueMHHKH,
rUAPOQOHBI UMEIOT IBE BHIXOJHBIE KJIEMMbI, COOTBETCTBYIOIIME IBYM OOKJIa/JKaM KOHJIEHCAa-
Topa. J{st TOro 4ToOBI 3TH KJIEMMBI HE OKA3aJIUCh NEKTPHUECKU COCTUHEHHBIMU MEXIY CO-
00l B MOpPCKO# BOJie, TUAPO(OHBI MOMEIIAIOT B IJIACTMACCOBBIE IIJIAHTH U 3aJIUBAIOT M30JIU-
pyromiei kuakocTeio. CUCTEMy, COCTOSIYIO M3 IIJIaHra, HAMOJHEHHOIO MAaclioM WU JH-
3eJIbHBIM TOIJIMBOM, C MOMEIIEHHBIMUA BHYTPbh HEro ruApooHaMM, Ha3bIBAIOT MbE30KOCOM.
JlnuHa mbe30KOCHI, KaK U CeHICMOKOCHI, MOXKET JOCTHraTh 3 KM Ipu Macce 110 6 T. [Ibe30kocy
coOMparOT U3 CEKIUN, YUCIIO KOTOPHIX PaBHO YUCITY MYHKTOB HaOIIOJeHUs (YHCITy KaHAJIOB)
— oT 24 no 60. IIpu mpoBeaeHNU MOPCKUX CEHCMOpa3BeJOYHBIX PadOT MbE30KOCa BMECTE C
HMCTOYHUKOM OYKCHPYIOTCS 3a Cy[THOM Ha 3aJlaHHOU riyOuHe. OnTumanbHas riyOuHa norpy-
KEHUS UCTOUYHUKA M MBE30KOCHI COCTaBIACT 1/4 MIIMHBI BOJHBI MpeoOiagaoneil rapMOHUKH
cericMuueckoro curaiga. CKopocTh OYKCUPOBKH COCTaBIIsIeT, 00BIYHO, 5-8 KM/Jac.

123  Humepgepenyuonnsie cucmemsl npuema u 030y3HcoeHus ynpyzux 60JiH

Ilpu HKCMONB30BAHUK HECKOJIBKHUX MPHUEMHHUKOB (CEHCMONMPUEMHUKOB WM THAPO(OHOB)
MOYKHO CO3JIaTh IPHEMHBIE CHCTEMBI, 00JIAIaf0IIKe HAIPABICHHBIM JE€HCTBUEM, T. €. IPUHU-
MAroIKe BOJHBI, MIYIIME B OJHOM HAIpaBICHHH JIydIlle, YeM B APyroM. Takue CHCTEMBI,
CIIIOBATENILHO, MOTYT MOABJISATh BOJHBI, pACIPOCTPAHSAIONINECS B TOM WJIM HHOM HarpaBJjie-
Huu. TIpUHINI, WUCIIONB3yEMBIA TIPH CO3JIaHHM HAIPABICHHBIX IPHEMHBIX CHCTEM, BECHMA
A e A M Asah IPOCT: JUISE 3TOTO CYMMHPYIOT HANpSOKEHHS C
B BBIXOZIOB IIPUEMHHUKOB, PACIIOIOXKEHHBIX B pa3-

"'Ht.l.f."l‘-'-‘-'}ﬁf JIMYHBIX TOYKAX MOBEPXHOCTHU 1O OJTHOU JIMHUHU

§ g %

(i (TMHEHOE TPYNIUPOBAHUE) WU 1O TUIOIIAJN
it 248 (myIomagHOE rpyNIUpPOBaHUE).
- L Jlns moHMMaHHWS TOTO, KakKuM oOpa3oMm

2 JOCTUTAETCs HAIPaBICHHOE JCHCTBHE TPYIIIBI
NPUEMHHUKOB, PAacCMOTPUM JIMHEHHYIO TPYIILY
U3 1 IPUEMHHKOB, PACIIOJI0XEHHBIX BJOJb MPO-
Guias ¢ paccrosHHeM Mexny HuaMH AX
(puc.1.17). Ecnn anuna rpynnsl (6a3a rpynmnu-
poBanusi) L HeBenuka u B ee mpemenax (GpoHT

Puc.1.17 IlocnemoBaTelIbHOCTL IOAXOOA
(hpoHTa BOJHBI K IPUEMHHUKAM
JIMHEHHOM TPYIIIBL.
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BOJIHBI MOXKHO CUMTAaTh MJIOCKOCTHIO, TO UMITYJIbC Ha BBIXOJE COCAMHEHHBIX MOCIIEI0BATENb-
HO MPHEMHUKOB OyIeT MpeACTaBIsATh cO0O0M MOCiIea0BaTENbHOCTh UMITYJIBCOB, MOCTYIA0-
IIMX C BBIXOJA KaX/J0TO M3 NPHUEMHHKOB. BpeMeHHbIE CABUTU MEXAY 3TUMH HMITYJIbCAMHU
3aBUCAT (cM. puc.1.17) TOIBKO OT paccTOSTHUS MEXAy NPUEMHHUKAMHU, yIJla MaJeHUsI BOJIHbBI U
ckopoctu BosiH. Koraa yros nmajeHust paBeH HyJIH0, BOJHA MOAXOAUT KO BCEM NPUEMHHUKAM
OJIHOBPEMEHHO, M HAlpsKEHUE Ha BBIXOJIE IPYIIbI CTAHOBUTCS B 71 pa3 OOJIblIe, YeM Ha BbI-
X0Jle KaKJI0ro M3 NpUeMHHUKOB. Ecin ke 3a1epkka IpeBbIIAET JIUTEIbHOCTh UMIyJbCa B
PETUCTPUPYEMOI BOJIHE, TO aMIUIMTY/la CUTHAJIA HA BBIXOJE IPyMIIbl Oy1eT paBHA aMIUIUTY/E
UMITYJIbCa Ha BBIXOJE KaXKI0TO U3 MPUEMHUKOB, HO OOIIask JUIUTENIbHOCTh CUTHAJIA HAa BBIXOIE
rpymnmnsl Oyzner 60blIe ATUTEILHOCTH UMITYJIbCA B pErUCTpUpyeMoit BosHe. Takum o6pasom,
amIIuTyAa, opMa M JUIMTEIbHOCTh CUTHAJAa Ha BBIXOJIE TPYIIBI 3aBUCAT OT yIJia MOJIXOa
BOJIHBI K IPUEMHHKaAM U ()OpMBI UMITYJIbCA B NAJAIONIEH Ha IOBEPXHOCTh BOJIHE.

OTOT ke NPUHIUI UCHOJIB3YIOT U JJIS CO3/IaHMs HAIPABJICHHBIX MCTOYHHUKOB YIPYTHUX
BOJIH U3 MHOTMX TOYEYHBIX UCTOYHUKOB. J[JIs1 3TOr0 CO3/ar0T rpymiy, B KOTOPOM # UCTOYHHU-
KOB C IIaroM MEXIY HUMHU / X pacrojiararoT 1o JIMHUK WK 10 1iommaan. [Ipu oqHOBpeMeH-
HOM cpabaTbIBaHUM BCEX HMCTOYHUKOB TIPYMIMbl MaKCHMajbHash MHTEHCHUBHOCTh BO30YXKaae-
MBIX BOJIH OyneT HaOII0JaThCsl B T€X TOYKAX CPEbl, K KOTOPHIM BOJIHBI MMOAXOMAST OJHOBpE-
MEHHO WU YCHJIMBAIOT ApYr Apyra. Ui TMHEHHON IpyIIbI 3TO MPOUCXOAUT B HAIpaBICHUHU
HOPMAJIH K IEHTPY JIMHUH TPYIIHPOBaHUS. J{1s TOTO 4TOOBI MaKCUMYM H3Ty4aeMOU SHEPTUU
HAIPaBUTh B MHOM HaIlpaBJIEHUH, HEOOXOIMMO, YTOOBI HCTOYHUKU CpadaThIBaI MOCIEA0Ba-
TEJIBHO C MOCTOSHHOM 3aJIEPKKOU IPYT OTHOCHUTEIIBHO ApyTa.

1.2.4 Ceiicmocmanyuu.

CwmenieHrs NoYBbl B TOUKaX YCTAHOBKHM CEHCMONPUEMHHUKOB U JaBJIEHUS B BOJE, BbI3bI-
BaeMbl€ YIPYTUMHU BOJIHAMH, Ou€Hb Malibl. COOTBETCTBEHHO Majbl U HAMPSKEHUs, BO3HU-
KAIOIIUEe Ha BBIXOJE NMPUEMHBIX YCTPOMCTB. ECTECTBEHHBIE NMOMEXU NPHU MaJOM HUX YpPOBHE
CO3/IAI0T HAMPSIKEHUE B HECKOJIBKO MUKPOBOJIBT, P OOJBIIOM — JI0 I€CATKOB MUKPOBOJIBT.
3aperucTpupoBaTh Takue KoyieOaHus B (opMe, MOIXOMAMEH Ui JaIbHEHIIEr0 WU3Yy4YeHHS,
HanpuMep Ha ocuuuiorpade, HeBO3MOXXKHO. Kpome Toro, eCTeCTBEHHBIE TOMEXU UMEIOT pa3-
HYI0 MHTEHCUBHOCTb B Pa3JWYHBIX YaCTAX YACTOTHOIO JUAIA30HA, YACTO CUJIbHBIE MTOMEXH
BO3ZHHMKAIOT M3-3a 3JIEKTPUUYECKUX HABOJOK OT JIMHUH 3yiekTporepeaad ¢ yactorou 50 I'u. Otu
Kosie0aHusl 3aTPYIHSIOT BBIJEICHUE MOJE3HBIX BOJH, M OT HUX HAJ0 U30aBISATHCS 0 PErucT-
panuu BOJH.

CeiicMOCTaHIIMS TIPEACTABISIET COOOM MHOTOKAHAIBHBIM YCHUIIUTENb, CHAOKCHHBIN
buIbTpaMu, K BBIXOAY KOTOPOTO MOJCOCAUHSIOT MHOTOKAHAIBHOE PETUCTPHUPYIOIIEE YCT-
POICTBO, MO3BOJISIONIEE 3alIOMHUThH KOJIEOaHUsI, BOCIIPUHATHIE KaXKIbIM U3 MPHUEMHHUKOB, U
MIPOKOHTPOIMPOBATH MPOIECC 3aMMCH BOJIH HETIOCPEICTBEHHO B X0J€ MOJeBBIX padoT. Ceiic-
MOCTaHILIUU XapaKTepU3YIOT KAaHAJTbHOCTbIO — YHCIIOM PETUCTPUPYEMBIX KaHAJIOB; COOCTBEH-
HBIM YPOBHEM IIIYMOB, T. €. IIIyMaMH, KOTOpPbIE CO3J]aeT CaMa yCUIIUTEIbHAs anmnaparypa; mno-
JIOCOW MPOMYCKaHUs, 3aJaBAEMOM, KAK U B TEXHUKE 3BYKO3alUCH U 3BYKOBOCIPOU3BEICHUS,
HIDKHEH ¥ BepXHEH rpaHMuHbiMu uactortamu f,, f,; numamuyeckum muanasonom, ompee-
JSIOLUIUM MaKCUMaJIbHO BO3MOJKHBIE aMIUIUTYbl CUTHAJIOB, IPU KOTOPBIX peructpanus Oyaer
BECTHUCH 0€3 MCKaXKECHUS;, BXOJHBIM COMPOTUBICHUEM YCHIIUTENICH, MaKCUMaIbHBIM KO3 du-
LIIEHTOM YCWJICHHSI YCUIIUTENEN U X UIEHTUYHOCTBIO. B 3aBUCMMOCTH OT BUAA perucTpanun
BCE CEHCMOCTAHIINH Pa3/IeISIFOT Ha JIBa KJlacca — aHAJIOTOBbIE U IU(POBBHIE.

Ananozoswvle ceiicmocmanyuu ObUTA €UTHCTBEHHBIM KJIACCOM CEHCMOCTAHIIMH Ha Tep-
BOM d3Tarle pa3BUTHUS CEHICMOPa3BEIKU U B HACTOSIIIEE BPeMsl BBIXOAAT U3 ynorpedienus. OHu
YCWJIMBAIOT CUTHAJ, IPOBOJSAT MPEIBAPUTEIBbHYIO YaCTOTHYIO CEJIEKIMIO U 3allUCh CUTHAJA B
BUJIC HEMPEPHIBHOW (DYHKIIMU HAMPSIKEHHUS WM TOKa HAa MAarHUTHYIO JICHTY WU BUAMMBIN
HOCHTENb 3alKMCH, HanpuMmep Ha (poTobymary, B Buze rpaduxa U(t).
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B yugposwix ceiicmocmanyuax curnanpl 3anuchIBalOTCS B IUPPOBOM BHUIE, T. €. U3-
MEPSIOT HEMPEPHIBHO M3MEHSIFOIIMICSA CUTHAII ¢ MHTEepBajioM BpeMeHu At (mmarom mTuckpeTH-
3allMK) W 3alHCHIBAIOT MOJIYYCHHOE 3HAYCHHE JBOMYHBIM KOJOM. [lo B3aTHs HU(POBBIX OT-
CUYETOB CUTHAJ MOJIBEPTal0T MUHUMAIBHO BO3MOKHBIM 00paboTkaM. J(pamazoH 4acToT orpa-
HuuuBaetcst nojocon (5—10)—(125— 250) I'u. [Ipu gurenbHOCTH 3anucu 1 4KCIO OTCUe-
T0B coctaBnser 1/4t. Oco6eHHOCTEIO IM(PPOBOI 3aIKCH ABISETCA TO, YTO 3HAYECHHUE BEPXHEH
IPAaHUYHOM YaCTOTHI MOJOCHI MPOIYCKAHMUS KECTKO CBSI3aHO C IIaroM muckperusanuu At co-
ornomenneM f,=1/4At. Jlumb B 5TOM ciydae TUCKPETHOE NPEACTABICHUE HE MCKAKAET HC-
XOJIHBIN CUTHAJ. B OOJBIIMHCTBE COBPEMEHHBIX OTEUECTBEHHBIX ITU(POBBIX CEHCMOCTAHITUN
At=2-10%¢ u f,=125 I'u. [udposbie celicMOCTaHIIMK TTO3BOJISIOT 3alMCHIBATh CUTHANBI, aM-

IUIATYAbl KOTOPBIX U3MEHSIOTCS B 10" —108 pa3 (muHamuyeckuit nuanazon — 140-160 neuwu-
oen).

HenpeprsiBHOMY cUTHaiy mociie JUCKpeTH3aluH (TMpEeBpalleHusi ero B Mocie10BaTelNb-
HOCTh TUCKPETHBIX OTCUYETOB) COOTBETCTBYET HAOOp YMCEN, 3alMCAHHBIX JABOMYHBIM KOJIOM
Ha MarHUTHYIO JICHTY. DTy HH(pOpMaIHIO B najabHenmeM BBoaaT B OBM st o6pabotku. Bee
CeiCMOCTaHIIMM CHAOXEHBI YCTPOWCTBAMH, MO3BOJISIONIMMHU BhIpaOaThIBaTh KOMAHIBI (3JIEK-
TPUUECKHUE CUTHAJIBI), YIPABIAIOININE MOMEHTOM CpabaThIBaHUsI UCTOYHHUKA, U YCTPOICTBOM,
C TIOMOIIBI0 KOTOPOT'O0 MOMEHT IMOJa4i KOMaH/bl K UCTOYHHKY (PUKCUPYIOT Ha MarHUTHYIO
JICHTY WX Ha HOCUTEJIb BUJUMOM 3allMCU B BUJE OTMETKHM MOMEHTa BO30OYKIEHHS (B3pbIBA).
C 3TOr0 MOMEHTa 3alMCh CUTHAJIOB, NOCTYMAIOIIUX OT IPUEMHHUKOB Ha BXOJ CEHCMOCTAHILINM,
BEJIETCA NapaJJIEIbHO C 3aIIMChI0 MAPOK BPEMEHU—IIEPUOANYECKOTO CUTHAIA C TOYHOM 4Yac-
toToi. IIpu 1QpPOBOI 3amucH CUTHAI CTaOMIBHOW YacTOTHI YNPaBIISET YCTPOHCTBOM JUC-
KpETHU3aluU CEHCMHUYECKOr0 CUTHAaJa.

JU1 BU3yanbHOIO aHAJIM3a MOJYyYaeMBbIX JaHHBIX 3aIIMCH Ka)KOr0 M3 MPUEMHBIX KaHa-
JIOB TIPEACTABIISIOT B TpadudeckoM Buie. 3aperHCTPUPOBAHHBIA B KaXKIOHW TOYKE NMpHeMa
curran U(t) —osTo Hanpsokenne, u3MeHsommeecs BO BpeMeHU. BU3yann3upoBarh CUTHAN KakK
(GYHKIUIO BPEMEHH MOXKHO Pa3IMYHBIMU crioco0amu. OCHOBHBIMU SIBIISIIOTCS TPU — CIIOCO-
Obl OTKJIOHEHMH, NMEPEeMEHHOW IIMPHHBI U MEPEMEHHOM IUIOTHOCTH. MHOTra NMpUMEHSIOT U
cMernaHHbie crmocoos! (puc.1.18).

a. Puc.1.18 Crioco0Ob1 n300paXkeHus ceric-
MUYECKOTO CUTHAJIA.

0. . - ‘ . a— cmoco0 OTKIOHCHUIA;
6 — crrocod nepeMeHHON MINPUHEI,

B — CI0CO0 MEPEMEHHO TIIOTHOCTH;

a8 I8 o mmmeresen

Jlnst BU3yanu3anuu 1o crnoco0y OTKIOHEHHH CHrHall H300paxkaioT B BUJE Tpaduka B mpsi-
MOYTOJIbHOM cHCTeMe KOOpAMHAT, [0 OCH a0CIMCC KOTOPOH OTKJIaAbIBAIOT BPEMs, a MO OCU
OpAMHAT—BENUYMHY HanpskeHus. B cnoco0Oe mepeMeHHON MMPHHBI CUTHAN U300paXkaeTcs
OJTHOTIOJISIPHBIM C 3JIMBKOM OTHOCHTENIBHO HYJIEBOU JIMHUH. B crioco0e rnepeMeHHO# MI0THO-
CTH BEJIMYMHA HANPSUKEHUS YIPABISET IUIOTHOCTBIO NOTEMHEHHUs BJOJb OCU BPEMEHHU Tak,
KaK 3TO jenaeTcs npu (pOpMUPOBAHUU TEJIEBU3MOHHOTO M300pa)KeHMs: OHO COCTaBJICHO W3
CTpOK, B MpeJesiax KOTOPBIX U3MEHSETCA SIPKOCTh, IIEpPEiaBasl paclpeelIeHUE OCBELIEHHOCTH

34



00BbeKTa BJIOJIb TOPU3OHTAIBHBIX JIMHUMA. B cMemmanHOM crioco0e curHai nu3olpaxkaeTcs ¢ 3a-
JIMBKOW 3HAYEHUU OJHOTO 3HaKa.

Cursan, nocTynarwmuil OT KaKJIO0TO U3 MPUEMHHMKOB, 3alKMCHIBAECTCS, HAUYMHAS C MO-
MeHTa BO30yXJeHusl. DTOT MOMEHT MPUHUMAIOT 32 Hayajo OoTcYeTa JaHHOW 3amucu (yCiaoB-
HBI HYJb HAa OCH BPEMEHH). 3allMCh OJTHOTO KaHaJa JIUTEILHOCTRIO 1 HA3bIBAIOT cellcMont-
paccoit. J1jis Toro 4T0OBI BOJHBI, OTPAXEHHbIE OT OJHON U TOM K€ TPaHUIIbl WK MPETOMIICH-
HbIE Ha OJHOW U TOM ke rpaHHuIIe, CO3aBaId KapTUHY, YAOOHYIO JJIsl BBISIBJICHUS PETYISPHO-
CTH B U3MEHEHUU MHTEHCUBHOCTU M BPEMEH IPHUXOJa B 3aBUCMMOCTH OT TOJIOKEHHS IPUEM-
HUKAa OTHOCHUTEIHHO HMCTOYHMKA, CEHCMOTpacchl pacloiaraloT clelnuaibHbIM 00pa3oM: B
wiockocT OXZ npsAMOYronbHOM CHCTEMBI KOOPIMHAT TakK, 4TOOBI HA4ajlo OTCYETa BCEX
ceiicMoTpace Haxoauiaoch Ha ocu OX, HampaBlICHHOW TOPU3OHTAIBHO B0 NpOduiIs Ha-
OJIFO/ICHUI, a CEHCMOTpacChl — BEPTUKAIBHO BHU3. [loj0)keHHEe HAYAIBHOW TOYKH KaXKIOU
ceiicmoTpaccel Ha ocu OX B 3a1aHHOM MacinTabe J0KHO COBIAIATh C MOJ0KEHHEM IIPUEM-
HuKa Ha npoduie. COBOKYIHOCTh PacHOJIOKEHHBIX YKa3aHHBIM 00pa3oM celicMOoTpacc Ha3bl-
BAIOT CEUCMOZPAMMOU. Y CTPOMCTBA, OCYLIECTBIISIOIINE BU3YAIU3ALUIO 3aIUCEN, HA3bIBAKOT
peructparopamu (rpadoroCTPOUTENSIMH, TUIOTTEPAMH ).

[TudppoBbie U aHATIOrOBbIE MHOIOKAaHAJIbHbIE CTAHLUU — 3TO CJIOXKHBIE 3JIEKTPOHHBIE
npuOOpPHI, TPAHCTIOPTHPOBKY KOTOPBIX OCYIIECTBIISIOT C MOMOIIBIO aBTOMaIIMH. MckitoueHne
COCTaBJIAIOT MOPTATUBHBIE CEHCMOCTAHLMU Ul Pa3BelKU Ha Maiblx riiyoumHax. L{ugpposeie
CTaHLUU TPEOYIOT JUIsl CBOEH pabOThl OMpEeNIeHHBIX TeMIIepaTypHbIX pexuMoB. [lomere-
HUS, B KOTOPBIX OHM YCTAaHOBJIEHBI, CHAOXaroT KOHAUIMOHepaMu. [IuTtanue celicMocTaHuMu
OCYILECTBIISICTCSI C TIOMOIIBIO OaTapeil akkymynsaTtopoB. Lludposrie ceiicMocTanium ycra-
HaBJIMBAIOT B CIIEMAJIBHBIX Ky30BaX Ha MOIIHBIX aBTOMOOWIAX WJIM TArayax M Be3AE€XOax.

CelicMOCTaHIIMY, TPUMEHSIEMBIE MIPU CEMCMUYECKOI pa3BelIKe Ha aKBaATOPUSX, OTINYA-
FOTCSL OT CTAaHUMK JJI1 HA3EMHOM CEMCMOPA3BEIKU TOJIBKO TEM, YTO OHU XOPOILIO 3aIUILICHBI
OT BJIard.

CoBpemeHHbIE TUPPOBbIE CEHCMOCTAHIIMM — 3TO MO CYILIECTBY CIELUATU3UPOBAHHbBIE
KOMIIBIOTCPEI C 60JIBIJ_II/IM YUCIIOM BXOOOB. IlosiBiieHUE SJICKTPOHHO-BBIYUCIIUTCIbHBIX MAallIUH
1 IU(POBBIX CEHCMOCTAHIIUNA MMPOU3BEIIO B CEHCMOPa3BEIKE HACTOSIIUN TIEPEBOPOT, KOTOPHII
94acTO HA3BIBAIOT «IIH(PPOBOI» PEBOIIONKEH. DTOT MEPEBOPOT OTKPHUI COBEPIICHHO HOBBIE
BO3MOXXHOCTH O0pabOTKH M MHTEPIPETAlUd CEHMCMUYECKUX TaHHBIX, MPUHLUIUAIBHO HE-
BO3MOXHBIC UJIN KpaﬁHe 3aTPYAHUTCIIbHBIC aHAJIOTOBBIMU CPCACTBAMMU.

CocTaB BCIIOMOTATEIBHOTO 00OPYIOBaHUS, UCIIOJIB3YEMOTO B CEHCMOpa3Be/IKe, U3Me-
HSETCS B IIMPOKHUX MpeJieiax B 3aBUCHUMOCTH OT pailoHa paboT M CrtocoO0B BO3OYXKACHUS YII-
pyrux BojH. B OONBIIMHCTBE ciydaeB B HETO BXOIAT OypOBBIE YCTAHOBKH JJisi OypeHUs Ha
rryounsl 10 50—100 M; aBTOMOOUITN-BOAOBO3BI, CHaOX aromue OypoBYIO YCTaHOBKY MPOMBI-
BOYHOH KUAKOCTBIO; TPAKTOPBI UJIN aBTOTATaA4YH, CCJIU CCfICMOCTaHHHH CMOHTHUpPOBAaHa Ha HEC-
CaMOXOHOM IIIaCCH; B3PBIB-IIYHKT, PAJMOCTAHIINS JUIS CBSI3M C B3PBIB-ITYHKTOM M 0a30ii dKC-
MEJULMY; aBTOMAIIMHA ISl TPAHCIIOPTUPOBKHU IIPUEMHON YCTAaHOBKH, JJIMHA KOTOPOH MOYKET
JOCTUTATh TPEX KUIIOMETPOB; TIEPEIBIKHBIC YCTPOMCTBA ISl pa3MEIICHUsT 00CITY)KUBAIOIIETO
nepconana. [Ipu mpoBeaeHnn padoT HA aKBATOPUSX BCIIOMOTraTelIbHOE 000PYAOBaHUE BKIIIO-
YaeT B ce0sl CreUabHYI0 JICOCIKY JUIsi HAMOTKH M CMOTKHM MBE30KOCHI M MOJABEMHBIE YCT-
pOMCTBaA /7151 ONyCKaHMA 32 OOPT UCTOUYHUKOB YIPYTUX BOJIH U TaKenaxka, 00ecreqnBaroIIero
OYKCUPOBKY ITbE€30KOCHI H UCTOYHHUKOB B BOJIE.

1.3 MeToauka ¥ CHCTEMBI HAOJIIOACHU

COBOKYITHOCTh MPHUEMOB, OOCCIICUMBAIONINX ONTHUMAIBHBIC YCIOBHS ISl pealu3aIliu
BO3MOXXHOCTEH TOTO WJIM MHOTO METOAA CEMCMHUYECKOM pPa3BEAKH, HA3bIBAIOT METOIAUKOM.
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Pacnionokenre HCTOYHUKA OTHOCUTEIIBHO TPUEMHOM pacCTaHOBKH (CEHCMOKOCHI, TThe30KOCHI)
U CIIocoObI TIepEeMEIICHHS €€ M TyHKTa BO30YX/IEHUS Ha MOBEPXHOCTH HAOIIONEHU orpee-
JITFOTCS. CUCTEMOM HAOIIOIEHUIA.

B HazeMHO# 1 MOpPCKOW ceiicMopa3Beike HHPOPMAIIMIO O PACIIPEICIICHHH CKOPOCTH B
U3Y4aeMOM Cpelie MOYKHO MOIY4YUTh TOJIBKO ITyTEM U3yUYEHUS 3aBUCUMOCTH BPEMEHU IIPUX0/1a
BOJIH OT PAaCCTOSIHUSI MEXIYy UCTOUHUKOM M PAcoJ0KEHHBIMU Ha MOBEPXHOCTU IMPUEMHHUKA-
MU. BO3MOXKHOCTH, KOTOPBIE OTKPBIBAIOTCS MpU HAOIIOICHUU HA 3€MHOW MOBEPXHOCTHU, BbI-
SBIISIFOTCA MIPU PELICHUN MPSIMBIX KHHEMATHUYECKUX 33/1a4 COOTBETCTBYIOIINX METO/IOB.

1.3.1 Memoo ompasicenHbIX 80IH

Ilpsamvie KunemamuuecKue 3a0auu Memooa OMPA3CeHHbIX 607IH RPU 00ULeM NYHKMme
6030yacoenusn (OIIB). [IpocTeiimeii siBisieTcst 3amayda o rogorpade s MI0CKoTapaieIbHO-
ro ciost. Beibepem crcremMy KoopauHaT Tak, uTo0bl mrockocts OXY coBmanana ¢ mOBEpXHO-
cThi0 3emin, ock OX Obita HampasieHa Baojb npoduis, a ocb OZ — sau3. O603HAYNM CKO-
POCTh POIOJIEHBIX BOJH B CJIO€ U MOJCTUJIAIONIEM TOIYIPOCTPAHCTBE V1 U Vo COOTBETCTBEH-
HO, a MomHOCTh ciosg — h (puc. 1.19). PacnionokuM TOYEUHBI MCTOYHHMK BO30YXKICHUS B
Hayvaje KOOpAWHAT, IPUEMHHK—HA PACCTOSHUM X OT UCTOYHMKA. Halimem Bpems mpuxoja
OTPa)KEHHOH OT MOJIOIIBHI CJI0S1 BOJIHBI B TOUKY PACTIOI0KCHHUS TIPUEMHHKA.

Cornacuo 3akony Cuemmyca, yronst OBA; u A;BA pasnsl, T.¢. Tpeyronsuuk OBA
paBHOOEIPEHHBII, TaK KaK HOPMaJlb K TPaHUIIe B TOUKE B COBMasaeT ¢ HanpaBieHHEM BEpTHU-
kaau. CnenoBarenbHo, A14=0A1 n nnuna nytu OBA

[=2K+x/4 =|an+x (1.23)

Bpems npobera BOJIHBI 110 3TOMY ITyTH

t(x)="L [+ an (1-249)

v

Kaxk cnenyer u3 Beipaxkenus (1.24), rogorpad oTpakeHHOW BOJIHBI B paCCMaTPUBACMOM

Puc.1.19 I'oporpad) orpaskeHHOM BOJIHBI AJS
TOPU30HTAIILHOMN OTpaXkarolen

Puc.1.20 T'omorpad oTpakeHHOH BOJI-

HBI I UCTOU bl
TPaHULBL. AL CJIOUCTOM CpeJ

tomp — TOZOTPa( OTPAXKEHHON BOJIHEI;
t=Xx/v— rogorpa¢ mpsmMoit BOIHBIL.
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ciyyae—Trunep0oia, MUHUMYM KOTOPO# pacronoxeHn B Touke x=(). [IpaBas u neBas (npu
x<0) BetBu rogorpada cummerpudHbl oTHOCHTENBHO ocu OZ. Tlpu yBemuuenun x - {(X)
CTPEMHTCS K acuMmIToTHdeckoMy 3Hauenuto (X)=X/V. Tomorpad t(X) pacnosnoxken BHyTpH
yria, 00pa3yeMoro AByMs BeTBAMU t=X/V.

PaccmorpuM Temepb ciydal, KOrja paspe3 IHMpeACTaBIeH TOPU30HTAIbHO-CIOUCTOU
Ia4KOM CIIOEB, 4 CKOPOCTH B CIOSX M UX MOLIHOCTH V1, Va,...... , Vo u hy, hy,.., hy cooterer-
BeHHO. [IOCTPOMM B TEPBOM CJIO€ JTyd, BBIXOISAIINI U3 HCTOYHMKA TIOJT YIJIOM &1 K BEpPTHKAIH,
U OTpEeNIUM, B KaKyI0 TOUYKY MPOQWIIS BBIAJET JIyd BOJHBI, OTPAXKCHHOH, HAPUMED, OT 4eT-
BEpTOM rpaHuIlel. TpaekTopus ayda ajis 3Toi BOJHBI puBenaeHa Ha puc. 1.20. CormacHo 3a-
koHy CHemmnyca, UMeeM

sing, = &Sinaj; sin@; = &Sinaz; sin@, = &Sil’la;
Vi %) Vs

[MocnemoBarenbHO BeIpaxas Sin 0, sin Os, sin 04 yepes sin 61, monyyaem

sin@, _sin@, _sin@; _ sin@,

V] VZ Vj’ V4
B cuily cCHMMETpHY 3a/1a91 OTHOCHTENBHO BEPTUKAIBHON OCH SCHO, uTO {,(X) — ueTHas
ynxnus, T. €. t(X)=1t(-x).
[Ipu HEGOIBIINX yNATEHUAX MPHEMHHMKA OT MCTOUHKKa t(X) MOkKHO anmpoKcMMHUpPOBaTH
saBHCHMOCTBIO  12(X) = tonZ(X)+3C /Vzad, WIH

=L s, (1.25)

e (1.26)

Ho ypasuenue (1.25) nmomHocTheio coBmagaeT ¢ rogorpadom (1.24) nus oTHOPOIHOTO
CJ105 ¢ MOIIHOCTBIO H,g ¥ CKOPOCTBIO V.. Benuumna V4, npocThiM 06pa3om CBA3aHa ¢ MOII-
HOCTSAMMU U INIACTOBBIMU CKOPOCTAMU peaHLHOﬁ TOJIIHN:

At =, u=Zmi (1.27)

2
13 dopmyn (1.26) cremyer, 4To \/,;, paBHA CyMME B3BELICHHBIX KBAJPATOB ILIACTOBHIX
ckopocTeii. BecoBble MHOMHUTENM At;/t, IPHAAIOT GONBIIYI0 3HAYUMOCTH TEM CKOPOCTSM,
KOTOpBIE€ BHOCSAT OOJIBIINI BKJIaJl B 0011I€€ BpeMs mpooera.

Jns BeisicEenns cmeicna H,y 1 V,4 paccMoTpuM BemWuMHY cpeiHeil ckopocTu V, B
cioucroit mauke. Kak cienyer u3 Beipakenus (1.24), npu x=0 mo romorpady oTpakeHHOM
BOJIHBI MOXXHO OIIPCACIINTDH HBOﬁHOG BpeMA Hp06era BOJIHBI IO HOPMAJIX OT MCTOYHHKA K
COOTBETCTBYIOIIEH rpaHUIe U 00PAaTHO

n h| Ha
t,, =25 - =27 (1.28)
1= \/I Va(f)
CpeI[HSIH CKOPOCTB paCIIpOCTPAHCHHUA BOJIHBI B OTOM HaIllpaBJIICHUH
h1+h2+...+hn n & (129)

vV, = =Sv
hl/V1+h2/V2+~~~+hn/Vn 'Z ton
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CpaBauBas Belpaxkenus (1.27) u (1.29)
2 Jil fm MOJKXHO 3aKJIYUTh, UTO V94,>ch U CTPEMUTCS K
Vcp, KOTZIa CKOPOCTH B IIaCTax Majo OTJIM4Ya-
I0TCsI IPYT OT Apyra. MoutHocTh 3¢ (HEKTHBHOTO
cnost H, 4, cormacHo BeIpaxkenuio (1.28)

1 ,
Has = 5 Vo G=HO? (1.30)
Vq)

~ Emin
- T—-—"
Ho, mockonbky V,g.>V,, H,p>H — uc-
{ TUHHOM TITYOMHBI IO OTpakKaromiel TpaHUILIbI.
] | 0 A Taxum obpazoM, aghghekmuenwiit cnoii —
— —— el — o “
. 3TO OJHOPOAHBIN CIIOM C MOIIHOCTBIO U CKOPO-
- g+ CTBIO, MPEBBIIIAIOIMMIA HUCTUHHYIO MOIIHOCTb
N g AN v CJIOMCTOM TOJIIIU U CPETHIOK CKOPOCTh B HEM.
L 7 . .
i Haiinem Tteneps romorpad oTpa’keHHOH

BOJIHBI JJISI CJIOS C HAKJIOHHOW IIOJOIIBOM
/P Pl T (puc.1.21). CxopocTh BOJH B cli0€ 0003HAYUM
Vi, a IpOGHIb MPOBEIEM BKPECT MPOCTHPAHUS
J ¥ €ro MnoAoIBbl. TOYEUHBIN HCTOYHUK CHOBA pac-
0% w7 TIOJNIOKMM B Hayaje KOOPAMHAT TaK, 9ToOblI OCh
Puc.1.21 onorpa) otpaskenHoi BOMHbI OZ Obina Hanpasnena Buu3, a ock OX coBme-
AIIA HAKJIOHHOH OTPAKAIOIICH meHa ¢ npodunaem. PaccMoTpuM nyu nafaromnieit
Tpatiiibt: BOJIHBI, cocTapisronuii yroa 6 ¢ ocero OZ. To-
I yroJl maJicHus Jiyya Ha rpaHuily oyner 0+¢,
TZIe () — YroJI HaKJIOHa TpaHuibl. [IpoBenem u3
toukr O HOPMaJIb K TPAHHMIIEC U OTIIOKUM Ha Hel
orpe3ok 20B. Tpeyroapuuku OBP u 0*BP upsimoyroibhbie U KOHTpysHTHbIE. CiiemoBa-
tensHo, OP=0%*P u yron O* PO=180"—2(0+¢), a yron OPA=2(0+¢).

Vron 0*PA smnsiercs cymmoit Beranciennsix yriaos O*PA=180°, a touku O* P, A
Jexar Ha ofHo# npsimoi, nmyte 0*P+PA=0%A. Kunemaruka BOJH OKa3bIBAcTCs TAKOM, Ka-
KO OHa OblTa OBbI, €CJIM BMECTO PEaTbHOr0 MCTOYHHUKA, PACIONIONKEHHOTo B Touke O, pac-
CMaTpuBaTh 0E3rPaHUYHYIO CPEIy CO CKOPOCTBHIO Vi, B KOTOPOW HCTOYHHK PACIOOKEH B
touke O Taxkoll MCTOYHHK HA3bIBAIOT MHUMBIM. Ero HMCIIOJIB30BaHHE YaCTO 3HAYUTEIIHLHO
YIIPOIIAeT pelieHrne KHHEMAaTHUeCKuX 3a1ad. [Ipu MCIoIb30BaHUM MHAMOTO MCTOYHHKA Ha-
XOJIUM MTyTh

O* — N0I0KEHHE MHUMOI'0 HCTOYHHUKA,
tin — MHUHIMaJIbHOE BpEMs

0* A=./(0* D) +(DA)

Ho OD = O*0-sin p=20B sin ¢, 0*D= =20B cos ¢, AD=x+0D. Ocraercs BbIpa-
3uth BO 4epe3 UCTHHHOE 3HAYCHUE TIYOUHBI Zg IO OTPAXKAIOMIEH TPAHUIIBI 0] HICTOYHUKOM,
HOJIyYeHHOM 1o JanHbM Oyperus: Zo=BO/Cos ¢.

B neiicTBUTENBLHOCTH LiENIECOO0pa3HEE UCIIONB30BATh HE TIIYOUHY 110 BEPTHKAIH, 8 MU-
HUMAJILHOE PACCTOHUE OT UcTouHMKa 10 rpanunsl OB — sxornybuny h, u npu uszsecTHOM
CKOPOCTH Vi €€ MOXHO IMOyYUTh, €CJH MPUEMHHK OYIET PAacIOOKEH B HEMOCPEICTBEHHON
Gnu3ocTH OT ucTounuKka. Mmes B Buay, uro BO = h, okonvarensno Haxomum

O* A=./4h’ bos'd +(x£ 2N (sing)" =[x £ 4hx[Sing + 4h’

t(X) :\1/Jx2 + 4hx&ing +4h’ (1.31)
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[Tockonbky BTOpOE ciaraemoe B (opMyJie €CTh KBajpaT NECHCTBUTEIbHONW BEITUYHHBI,
t(X) nocrturaer MuruMabHoro 3Hadenus, korna X+ 2h[$ing =0 r.e.

min

X =F2h0Sing, t :Z—hcosd) =t,cos¢, t, _2h (1.32)
v v

Kak Bugno u3 Beipaxenuil (1.31), t(X) — a10 rumep6ona, HO ee MUHUMYM CMENIEH
BJIOJIb TIPOGUJISI 10 BOCCTAHHUIO TPAHHUIIBI HA paccTossHue 2/A-Sin . ITO CMEIIeHHEe HAa3bIBAIOT
CEHMCMHMYECKUM CHOCOM.

Hcnonps3zoBanne 3¢(HEKTUBHBIX CKOPOCTH M MOIIHOCTH TO3BOJISIET Tomorpad BOIHBL,
OTpa)KeHHOfI OT I'paHUIIbI B TOJIIIC, COCTOSIH_IGI\/’I N3 HAKJIOHHBIX IJIACTOB, NPCACTABUTH B BUJC

1
t(x)= "X £4H xBing +4H (1.33)
o
rae H,; — ¢ dexTuBHas sxormyOouna noj myHKTOM BO30Y:KJIEHNS;

V,¢ — 20 (EKTUBHAS CKOPOCTH; () — YIOJ HAaKJIOHA IIIACTOB.

1.3.2 Kunemamuka Kpamuoix Ompax;ceHHslx 60JIH.

B cioucroii Tomme kaxaas U3 OTpaXKaroLUX I'PaHUIl IOPOXKAAET OTPAKEHHYIO BOJIHY,
KOTOpas MPOXOIMT MyTh OT UCTOYHUKA K TPAHULIC U Jajiee OT IPAaHUIIBI K TOUKE HAOIIOICHUS
Ha MOBEPXHOCTH. DTU BOJHBI HA3bIBAIOT OJHOKpaTHbIMHU. Ho mpu pacnpocTpaHeHUH BOJIH B
CJIOMCTOM TOJIIIIE OTpaskeHUe 0Opa3yeTcsl BCSIKUI pa3, KOTAa BOJIHA MaJaeT Ha TPaHHUIly pas-
Jiena AByX cpell, U HEBaKHO, KAKMM 00pa3oM BO3HMKJIA BOJIHA: HEMOCPEJICTBEHHO B UCTOYHU-
K€ MJIU TI0CTie OTPaKEHUsI OT HEKOTOPOW TPaHMIIBI BHYTPU TOJIIHM WIM OT CBOOOIHOM rpaHu-
1pl. OHOKpATHBIE BOJIHBI JOCTUTAIOT CBOOOJHON MOBEPXHOCTU U OTPAXKAIOTCS OT HEE, JaBas
HA4aJIo BOJIHE, CHOBA PAacIpOCTpaHSIOUIEiics BHYTph Toimu. Ha cBoeM nmyTu BHU3 3Ta BOJIHA
OyzmeT oTpakaThCsl OT KaKIOM M3 TPaHHUL, MOPOXkAas BOJHBI, CHOBa uaymue BBepx. Cpean
3THUX BOJH (puc.1.22) cymecTBYIOT U Takue, KOTOPbIe HECKOJIBKO pa3 OTPA3HIUCh OT OJHOW U
TOM K€ TPaHULIbI.

L

5
MW T T

VW

Puc.1.22 Cxema oOpa3oBaHus MOJTHOKPATHRIX (@) W HEMOJIHOKPATHBIX (0) BOJIH

Bonnel, npomennye Tony, TOKPHIBAIOIIYI0 HEKOTOPYIO OTPa)Karollyl0 IPaHUILy, He-
CKOJIBKO Pa3, Ha3bIBAIOTCS MOJHOKPAaTHBIMU - JBYX-, TPEXKpaTHBIMU U T. 1. Ho, Kak cienyer
u3 puc. 1.22, K MOBEPXHOCTH BBIXOAAT M BOJHBI, MPETEPIEBIINE OTPAXKEHUS OT Pa3IUIHBIX
CpaHul] BHYTPU TONIIU. Takue BOJHBI HA3bIBAIOT HETIOJHOKPATHBIMU, YACTUYHOKPATHBIMH.

['ogorpad moaHOKpaTHOM BOJIHBI IS TIOCKOMAPAIUIETLHOTO CJIOS, JISKAIIET0 Ha TOJy-
MIPOCTPAHCTBE, JIETKO MOTYy4nTh, oOpariasce kK puc. 1.22:

t = \1/4/x2 +(2mh)? (1.34)
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J1st TOPU30HTAIBHO-CIIOMCTOM TONIIM rofgorpad M - KpaTHOH BOJIHBI 3a7aeTcst hopmy-
01

1 2 2
t = /X" +(2mH,,) (1.35)
apn
e V,p — 30 dexrusnas ckopocts; H,y — 3¢ dexTiBHas MOIHOCTL OAHOPOIHOTO -
(heKTUBHOTO CJI0s HaJT KpaTHOOOpa3yrolel TpaHuIICH.

B kaxnyro Touky HabmoaeHuss Ha mpoduie IPUXOIUT OTPOMHOE YUCIO OTPaKEHHBIX
BOJIH, CPEIH KOTOPBIX TOJBKO OJHOKPATHBIE SBISIOTCS MOJe3HbIMU. OOMEHHBIE, TOJIOBHBIC,
MOTIEpEeYHbIE U KPaTHbIE BOJIHBI, PErUCTPUPYEMbIE KaKIbIM M3 MPUEMHBIX KaHAJIOB, TaK K€
KaK ¥ BOJIHBI Pajes, SIBISIFOTCS PEeryIspHBIMHA BOJTHAMH-IIOMEXaMU, 3aTPYIHSIOMIUMU BBIJC-
JIEHUE TI0JIE3HBIX BOJIH.

1.3.3 Ilpamvie kKunemamuyeckue 3a0a4u memooa oouieil 21yOuHHOU mouKu.

[TonydeHHbIe BBINIE BBIPAKECHHUS I TOAOTPadOB OTPAKEHHBIX BOJH BBIBEICHBI B
MPENIONIOKEHUH, YTO UCTOYHHUK 3a(QUKCUPOBAaH HA Mpoduiie, a MOJO0KEHUE MPUEMHHUKA W3-
MeHsiercs. TOUHO Takue e BBIPaXEHHUS MOXKHO MOJYYMTh M JUISL CiIydasi, Korjaa 3aduKkcupo-
BaH MPUEMHUK, a TyHKT BO30YXJCHUS IepeMeniaeTcs BAOIb Mpoduiis (MeTo ] 00Imero myHK-
ta mpuema, OIIII). B nocinenneM ciaydae B BeIpaxeHUs AJis rogorpadoB OyneT BXOIUTh IXOT-
myOuHa MO/ MyHKTOM IpHUeMa.

B nacrosimee BpeMs metona obmiero mynkrta Bo30oyxaenus (OI1B) mpakTudecku BoITEC-
HEH METOA0M 00I11el rTyOMHHOW TOYKHM MM MHOTOKPAaTHBIX MEPEeKphITUil. B oTinune ot me-
tonoB OIIB u OIIII B metone obmieit rmyouaHoi Touku (OI'T) HCTOYHHUK W IPUEMHUK pa3-
HOCAT BAOJb NPOGUIL CAMMETPHUYHO OTHOCUTEIIEHO HEKOTOPOH (puKcHpoBaHHOW Ha npoduie
Touku X (puc. 1.23). Ilpu ynaneHuu NpueMHHKA M MCTOYHMKA Ha paccTosuue | or cpenneit
TOUKM Xx PAcCTOSHHE UCTOYHUK — IPHEMHUK cocTabisieT 21=L, a sxormy6una noa myHKrom
Bo30yxaenus h (£l, X() roe X¢ — xoopaunara cpenneit Touku Ha npoduie. [pu MWIOCKOMI
HAKJIOHHOM TpaHuIle, Korjaa npoduis HampaBieH BKpPEeCT MPOCTUPAHUS €€, 3XO0-TNIyOuHa MoJ
nynkToM Bo30yxkaenus N(-1) mpocteim 06pasom ceszana ¢ sxormyounoit Ny B Touke Xy

h(-1)=hg £ | :sin ¢. loxncrasnss B BeIpaxkenus s rogorpados OIIB BMecTo X Benuuuny 2l
u Bmecto h Bemmuuny h(xl) = hg £ I-Sin ¢ , nonyuaem ypasuenne romorpada OI'T. Ilpu ro-
PU30HTAILHOMN TIOCKOM IPAHHMIIE, B CHITy CHMMETPHIHOCTH MOJIOKEHHUSI HCTOYHUKA M [IPHEM-
HHUKa OTHOCHTENIbHO cpeiHedl Touku (), TOYKa OTPAKEHHWs VIS BCEX MO3MIMN MCTOYHHK—
MIPUEMHUK HE CIIBUTAETCS M0 OTpakaroliel rpaHuiie. B aToM cMbicie oHa U sIBIIsieTCS OOIIeH.
[1py HAKJIOHHOW rPaHMIe TOYKA OTPAKEHHS CMELIACTCS [0 BOCCTAHHIO HA BEJIMYHHY

s(l):::'ﬁkinqb Btosqb:;;:ﬁkinm (1.36)

Kak Buano u3 puc. 1.23, cmemienue ee oka3piBaeTcss MeHbIM, deM 11t OIIB.

[Tocne yka3aHHOHW BBIIIE MOJICTAHOBKHU IMOJY4YaeM BBIPAKECHHS I TOAOrpadoB OTHO-
KpaTHBIX U M-kpaTHbIX BOJH a1 MOI'T:

t(I):\IZlecosz¢+Hf¢ = (1.37)

o

t™ (1) :\/(t:)z +‘”2°\‘I’fzm¢ (1.38)
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rae V,p, — 3QQeKTuBHasS CKOPOCTh Ul CIOMCTOM TOJILM MJIM UCTHHHAS CKOPOCTh VIS
OJIHOPOJHOT'O CJIOSI; () — YroJl HAKJIIOHA COOTBETCTBYIOLIEH IpaHUIlbl; M —KpaTHOCTh OTpa-
JKEHHOH BOJIHBL.

Kak BugHo u3 Beipaxkenuii (1.38) u (1.37), ronorpadsr OI' T— runep6oiibl, MUHUMYM
KOTOPBIX BCETA PACIOI0XKEH B TOUKE MPOMUIst Xk HE3aBUCUMO OT TOTr'0, HAKIIOHHOM WM TO-

Puc.1.23 Xon nydeii oTpakeHHBIX BOJIH Ipu HabmoaeHusx MOI'T.

a—TOpH30HTAJIbHAS IPaHHLa; O—HAKIOHHAS TPaHUIIA;
1—mpueMHUK; 2 — UCTOYHUK; 3— 00mIast ITyOWHHAs TOYKa;
4—o0mas oTpakaromias IuIoImaIKa

PU30HTAIBLHON SIBISIETCS OTpakaromlas TpaHuia. Yuciao Mmo3UlMil OTHOCHUTEIBHO TOUKH X,
3aHMMaeMbIX Ha NMpo(duiIe pacCTaHOBKON MCTOYHUK— MPUEMHHK, Ha3bIBAIOT KPATHOCTHIO T1e-
PEKPBITHII, 1 OHO OMPENEIIAET, CKOJIBKO pa3 MOJYyYalOT OTPaKEHUE OT OJHOM U TOU Ke TIIy-
OMHHOH TOYKH.

Memoouka u cucmemvl HaOIIOOEHUTL 6 MeMOOe OMPar)xceHHvlX 6071H. B meTone orpa-
’KEHHBIX BOJIH OCHOBHYIO MH()OpMANNIO M3BJIEKAIOT U3 Tojxorpada oTpakeHHbIX BOH. [Tomy-
yeHue rojporpada BO3MOXKHO TOJIBKO TOT/Ia, KOTAAa HA ceicMOrpaMMe HaJeKHO BbIIEISIOTCS
BOJIHBI, OTPAYKCHHBIE OT COOTBETCTBYIONIECH IpaHuIlbl. /s 3TOro He0OX0AMMO Cieyromee:

a) HWHTCHCUBHOCTHh MCTOYHHKA JOJI?KHA OBITh TaKOfI, YTOOBI OTpa’XCHHBIC OT BCEX MHTC-
peCyromux rpaHuil, BOJIHbI 3HAYUTCIILHO MMPEBBIIIAJIN YPOBCHL CCTCCTBCHHBIX ITOMCX

0) paccTrosiHMe MEXAy NMPUEMHUKAMU HE JOJDKHO MPEBBIIATh BEIUUMHY, P KOTOPOU
MO’KHO PacIO3HaBaTh BOJIHBI, OTPAXKCHHBIE OT OJHOW U TOM )K€ TPaHMIIBI;

B) JUIMHA TIPUEMHON paccTaHOBKH (JyMHA roporpada) A0JKHA IO3BOJIATh YBEPEHHO
OIIpeACIATD Vadj;

r) mar HaOJIroAeHU (paccTosiHUE, HAa KOTOPOE CMEIIAI0T BCIO M3MEPUTEIBHYIO yCTa-
HOBKY BJOJb MPOGUiIs) M0JDKEH O0ecrnedrnBaTh HEMPEPHIBHOCTH MPOCIICKUBAHUS IICIIEBBIX
TOPU30HTOB Ha BCEU U3y4acMOM IUJIOIIAIN;

1) COOJIOJICHUE BCEX YCIOBUMA, PEIBIBISIEMBIX K CECMUYECKUM JIaHHBIM B IpoIiecce
ux o0paboOTKH.

Br16op Tuma uctoyHuka (MOBEPXHOCTHBIN WM MOTPYXKHOM) ONpeeNsseTcss YCIOBUSIMU
npoBeeHus: padboT. JlocTnyb HEOOXOMMON MHTEHCHUBHOCTH IPH 3TOM MOXXHO IIyTeM IpyI-
MUPOBAHUS OJHOTUITHBIX UCTOYHUKOB. [lorpykHble HCTOUHUKH, UCTIONB3YIomKe BB, 3army0-
JSIFOT TIOJ] KPOBJIO PBIXJIBIX OTJIOKEHUHM Ha TaKylo TTyOMHY, YTOObI 3HAUUTENBHO OCIaOUThH
MOBEPXHOCTHBIE BOHBL. OOBIYHO TIIyOMHA 3alI0KeHUs 3apsna coctaBiser 10—I15 m. Benu-
YHMHY 3apsi/ia BBIOUPAIOT B MPOLIECCE OMBITHBIX PaloT.

Jliis mpuema ynpyrux BOJIH MCIOJIB3YIOT BEpTHKalbHBIE celicMonpueMHuku it MOB
Ha TPOJIOJIbHBIX BOJIHAX W FOPU30HTAIbHBIC—HA TOMEPEYHBIX SV-BONHAX. ITO 0OYCIOBIH-

BaeTCsl TeM, YTO B OOJIBIIMHCTBE CIy4aeB BEPXHsS 4acTh pa3pes3a MpeAcTaBlieHa PBIXJIBIMU
OTJIOKEHUSIMUA MOIITHOCTBIO OT HECKONBKHX A0 30—50 M. DTH OTIOXKEHHsS] 00pa3yloT 30HY
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Maieix ckopocteit (3MC). CkopocTh NMPOAOIBHBIX BOJH B 3TOM 30HE M3MeHsiercs oT 300 mo
800 m/c. JIyun oTpa)keHHBIX BOJH IpHU MpesnomiieHHH Ha nojpomse 3MC uayT mouTH BepTH-
KaJabHO. [109TOMY BEKTOpP CMEIEHUs IPOAOJIBHBIX BOJIH TaK)Ke HAIPaBJIeH IMOYTH BEPTUKAIIb-
HO, @ TOMEePEeYHbIX SV-BOIH—TOPHU30HTAIBHO BIOJb npoduis. TakuM 06pa3om, BEpTHKAIb-
HbIE CEHCMONPUEMHUKH OYyIyT pearupoBaTh MPEUMYIIECTBEHHO Ha MPOJOJbHBIC BOJHBI, a
TOPH30HTAIbHBIC — Ha MONepevHble SV-BOIHBL

Paccrosiare Mexay myHKTaMu mpruema AX BRIOMpaiOT paBHBIM 6—12 M TIpH AeTaIbHOM
M3YyYEHUH BEepXHEH yacTu paspesa no riayoun He 6onee 500 M u 25—50 M npu pa3Benke Ha
riryounax 6onee 500 M. [Ipu Takom miare HaOMIOACHU Pa3HOCTh BPEMEH MPUXOAa OTPAKEH-
HBIX OT OJHOT'O M TOT'0 € FOPU30HTA BOJH U3MEHSETCA OT JI0JIEM MUJUIMCEKYHIbI TPU MaJIbIX
ylaJeHUsIX MPUEMHHUKA OT UCTOYHUKA IO HECKOIBKUX MIUIMCEKYH] AJis HauOoliee yaalieH-
HbIX nap. [IppyHuMaeTcs, 4To JOMyCTUMBIN CIBUT HE JTOJKEH MPEBBINIATh TOJOBUHBI BUJIUMO-
IO TIEPHO/Ia PETUCTPUPYEMBIX UMITYJILCOB, CIIEN0BATENLHO, AXSV T, 4./2.

Jlnuny npuemHOU pacctanoBku B Meronae OIIB ompenpensior kak Xym= (n—1) AX (rae
N—YUCIIO KaHAJIOB) U BHIOMPAIOT U3 YCIOBUS, YTO JUId HanboJiee Tiy0OKOro 1ejIeBoro ropu-
30nTa pasHocThb t(Xy)-t(0) nomxkna cocrasnsars He Menee 30—50 mc. ITo npodumo uzmepu-
TENIbHYI0 YCTAaHOBKY 00bI4HO TiepeaBuraroT ¢ marom (0,3 - 0,5) Xy, Paccrosaus mexmy npo-
¢wiAMu Ha HMccIeayeMOol TUIOIAAN BBIOMPAIOT, UCXOMs M3 MaciiTadba cheMKd. OHHU MOTYT
M3MEHATHCS OT HECKOJBKHUX JECSITKOB METPOB IpH JeTanbHBIX padoTax a0 500—1000 m u
Oouee.

HaGmionenus BeoyT Mo cxeme LEeHTPalIbHOM Min (IaHroBOM paccTaHoOBKU. B mepBom
cllydae MyHKT BO30Y>KICHHS BCErJa pacloyiaraloT B LEHTPE NMPUEMHONW PacCCTaHOBKH — II0O-
Jy4aroT JBe BeTBU roporpada. Bo BTopoM — myHKT BO30YXIEHHs yIAIAIOT OT Havaja Ipu-
€MHOI pacCTaHOBKHU U PAcCIoyiaratoT Ha (pyiaHre, JJI€BOM WIJIM MPABOM OTHOCUTEIHHO JBUKECHUS
B0 npoduis. JnuHa rogorpada mpu 3TOM COCTABISET Xy PaccrosHue Mexny Hayaiom
MMPUEMHON PaCCTAaHOBKU M ITYHKTOM BO30Y>KJI€HHUS (BBIHOC) BEIOMPAIOT OMBITHBIM ITyTeM. OHO
U3MEHSIETCA OT JAECATKOB JI0 HECKOJBKHUX COTEH MeTpoB. IIpu 3TOM mosy4yaroT OJHOCTOPOH-
Hue roxorpadsol.

B Mmetone OI'T B kaxaoil TOUKe
HaOroeHus: Ha npoduie HeoOXoau-
MO TIOJy4YUTh HECKOJBKO 3amucei
pU CUMMETPUYHOM DPa3HOCE IpUEM-
HUKAa M HWCTOYHUKA OTHOCHUTEIHHO
9TOU TOYKH. UHCIIO TAaKUX MO3HUIUN
omnpezenseT KpaTHOCTh NEPEKPHITHS U
3¢ (deKTHBHOCTh JanbHEHIIel o00pa-
OOTKH TMOJy4aeMblX CEHCMHUYECKHX
MaHHBIX. HaOmioneHwst BemyT ciie-
nyronuM obpazoM. Touku HabmrOMIE-
HUS PACIONIaraloT 1O JIHHEHHOMY
npoduIro ¢ marom X, paBHBIM IIary
npueMHONW  yctaHoBkH  (puc.1.24).
IIpn xaXno¥ MNO3ULUM IIPUEMHOU
9 3 . - — PpPacCTaHOBKM IYHKT BO30YXIEHUs

345 6788 10 pacrioyiaraioT B OJJHOM M3 TOYEK Ipo-

¢buiIs 0KOJIO MEepBOTrO MpPUEMHUKA —
¢manroBas paccraHoBKa 0e3 BBIHOCA
WIM HA PAcCTOSHUHU, KPaTHOM IIary
HaOmoneHus, — (IIaHroBasl paccra-
HOBKa ¢ BbIHOcOM. [locne B0o3OYyxkze-

e

Puc.1.24 Cucrema uabOmoneuuii B MOI'T.

1— 11 — HOMepa rTyOMHHBIX TOYEK
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HUS U PETHCTpaIK YIIPYTUX BOJH BCIO PACCTAHOBKY HCTOYHUK — MPUEMHHK MEPEMEIAIOT
Ha OJMH mar BAOJbL mpodumns. Takum 0O6pa3oM, UCTOYHUK M MPUEMHHUKH TOCIIEI0BATEIEHO
pacmoiaraloTcs Ha BCEX TOYKAaX HAONIOACHUS X1, Xp,........, Xn BIOJb mpodwist. B kaxmon
TOYKe HAOJIOJEHUS MPHU COOTBETCTBYIOILIEM IOJIOKEHUH U3MEPUTEIHbHOW YCTAaHOBKH B CBOE
BpEMs OKAKETCA U UCTOYHUK.

Ha puc.1.24 npuBeeHO HECKOIBKO MOJ0KEHUI U3MEPUTENBHON YCTaHOBKU Ha mpodu-
Jie TIPU HYJIEBOM BBIHOCE M IIECTH MPUEMHBIX KaHaiax. Kak ciemgyetr u3 puc.l.24, yxe npu
M0JI0KEHHH UCTOYHHUKA B IIYHKTE X3 MPOGHISA OT TIIyOMHHON TOYKH O MOJYYEHBI OTPAKCHHUS
npu pasHoce 44X, COOTBETCTBYIOIIEM MOJI0KEHHIO HCTOYHUKA B MyHKTE X1 U IPUEMHUKA — B
IIYHKTE X5 IIPH TICPBOI MO3UITMKA HU3MEPHUTEIBHON YCTAHOBKH, MPHU pasHoce 24X — IpH MyHK-
Te BO30YXICHUS B TOUKE Xp M MYHKTE MpPUEMa B TOUYKE X4 IPHU HYJIEBOM pa3HOCE, KOTJa HC-
TOYHHK W IPUEMHUK HAXOJATCS B MyHKTE X3. OT TIIyOMHHON TOYKH D, TaKMM 00pa3oMm, Mmojy-
YEHBI OTPAKEHUS MPHU TPEX CUMMETPUYHBIX yIAICHUSIX UCTOUHUK—IpueMHuK. Ho 3To o3Ha-
YaeT, 4To B TOuke mpoduist X3, moiayden rogorpad OI'T, oOpasyemslil mpu Tpex pasHoOcax
[=0; A4X; 24X v ipu L=0; 24X; 44X cOOTBETCTBEHHO.

Kak BugHO u3 puc.1.24, takoii xe rogorpad OI'T Oyaer moiaydeH u s MOCIETYIOIUX
Touek npoduis. MckitoueHue cocTaBisIoT ABE NEPBbIE U JABE MOCIEAHNE TOUKU Ha Tpodue.
Eciu npu kaxaoM Bo30YKIEHHH UCI0JIb30BaTh 2N IPUEMHBIX KaHaJIO0B, TO Ha KaKIOM TOUKE
npoduns 6yaer nonyden rogorpad OI'T uz N Touek, T. e. kaxmas riyOHMHHAs TOYKa OyaeT
nepekpeita N pas. [lng Beioca ncrounuka KAX rogorpadg OI'T GyneT nonydeH 1S yaaaeHus
I=k-Ax; (k+1)-4X,..., (k+ N)-4x.

OcHoBHoe npeumytiectBo Meroaa OI'T nepen meronom OIIB 3akntovaercst B TOM, 4TO
OH TO3BOJISIET ITYyTEM COOTBETCTBYIOIIEH 00paOOTKH MEPBUYHBIX JaHHBIX HAa DBM ocnabuth
MHTEHCUBHOCTb PETYJISIPHBIX BOJH-TIOMEX, B MEPBYIO OYEPE/b MOJHOKPATHBIX OTPaKEHHBIX
BosiH. Kak cnenyeT u3 BeIpakeHUN Ui rogorpaoB OAHOKPATHBIX U MHOTOKPATHBIX BOJH B
meroae OI'T, mpu oHOM U TOM XK€ WM ONMM3KKMX 3Ha4eHUsX {g romorpadbl oTHOKpATHON U
IOJHOKPATHBIX BOJIH MOTYT Pa3jIn4aThCs TOIBKO 3HAYEHUEM V.

Paznnuuus BO BpeMeHaxX MPHXOJa JTHX BOJH B 3aBUCUMOCTH OT | mpu ycioBum
L=2I<H,, onpenemnsiorcst GpyHKIMeii 3ama3AbIBAHUS T:

ry=C 11 (1.39)
2 229qb V]iqb

Kak crenyer u3 gopmynet (1.39), ecnu V,,, =V, nin L mano, To ¢hyHKIHs 3amna3b-

2a¢
BaHUs OJM3KA K HYJIO, U MPUHIUITHAIBHO HEBO3MOXKHO pa3fiesieHue MOJIE3HBIX U MOJIHOKPAT-
HBIX BOJIH [0 UX KMHEMaTHKe. Takas BO3MOKHOCTb IOSIBJISIETCSI TOJIBKO TOIZA, KOTJA CKO-
POCTh BO3pACTaeT C INIyOMHOM, U MOATOMY MOJHOKPATHBIE BOJIHBI, 00pa3ylolnecss B BEpXHen
4acTH paspesa, MMEIOT MEHBUIYIO V., , Y€M OJHOKPATHBIE, PACIPOCTPAHAIOIIMECS YACTh MYTH
B OTJIOKEHHUSAX C BBICOKUMH CKOPOCTSIMHU YIPYTHX BOJH MPH OJIM3KHUX 3HaUeHUIX 1o.

1.3.4 Memoo npenomieHnvIx (20108HbIX) 80JIH

Ilpamele Kunemamuueckue 3a0auu mMemooa nNPenoMaeHHbIX 601H. PaccMoTpuM of-
HOPOJHBIM CIIOM C HAKJIIOHHOW IUIOCKOM NOAOIIBOM, JIEKAIUUA HAa OJHOPOJHOM IOJYNpPO-
crpancTBe. CBOOOIHYIO IOBEPXHOCTD CJIOS COBMECTHM ¢ IutockocThio OXY nexapToBoii cuc-
TEMbI KOOP/IMHAT, HAPaBUB 0Ch Z BHU3. Pa3MECTUM TOUYCUYHBIIH MCTOYHHMK B Ha4yajae KOOP.IH-
HatT U ock OX HampaBUM BKPECT MPOCTHPAHHs MOAOUIBHI ciiosi (puc. 1.25). O603HaYMM CKO-
POCTB MIPOJOJIBHBIX BOJIH B CJIO€ U YIIPYTOM IOJIYIPOCTPAHCTBE V1 U Vo COOTBETCTBEHHO. Kak
cnenyer u3 puc. 1.25, 3xornyOuHbI o MyHKTOM Bo30yxkaenus Ny u mpuema hy caszansr me-
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XKy co0oi cootHomenneM Ny=hg+X -sin ¢, rae ¢ — yron HakiIOHa MOAOIIBHI CJ10s. Bpems
IPUX0/1a TOJIOBHOM BOJIHBI B TOUKY P, 0ueBHIHO,

t(x) = (OB+AC)/ v;+ (AD-4B-CD)/ Vs,
o OB = hp/cosi; AC=hy/cosi; AD =X: cos ¢, AB= hg-tgi; CD= hy-tgi.
C yuerom storo s t(X) nonyuaem
f(x)= 2h, +xsi.n¢ N xcos¢ —2h, lgi— xigiB3ing _
Vv, cosi v, (1.40)
_ 2h, [os i +xE+in(i+¢)

Y, \¢

Ecnu npenomiisiromasi paHUIa MajgaeT B MPOTUBOIIOJIOKHOM HAlpaBieHUU (OT IyHKTa
npreMa K HCTOUHMKY), To N1=hg- X:sin ¢ u

t(x) = h° cosi + XB‘”\E' ¢) (1.41)
®opmysl (1.40) u (1.41) MOX)HO OOBEAMHUTE:
t(x,h) = 2 cosi + X . Xsin(i £ ¢) (1.42)

l 1
7€ 3HaK «IUIIOC» OepyT MPHU TaJeHUH TPAHUIIBI B CTOPOHY NPUEMHHKA, a 3HAK «MHU-
HyCc»—B cTOpoHy McTounuKa; t(X, Ng) o3Hauaer, uTo 3X0rIyOMHA MO MYHKTOM BO30YKICHUS
hg. Takum o6paszom, rogorpad MPeTOMIEHHON BOJNHBI Ul HAKJIOHHON IIOCKOM I'DaHMIBI B
IPSMOYTOJIBLHBIX KoopauHatax (X, t) — 5To mosynpsMas, BHIXOAANIAsA U3 TOUYKU C KOOPAMHA-
tamu (X, t,,), mox yriom @ x ocu OX (cm. puc.1.25). Yroxn 6 onpenensercss u3 cOOTHOIEHHS

dt(x) _sin(i +¢)

dx A

tgl =

c I yi

Puc. 1.25 Cxema pemenust npsiMmon KuHe-
MaTHYEeCKOH 3aJa4d MeToja
MPETOMIICHHBIX BOJIH.

Puc. 1.26. CooTHolienue Mexy rogorpadamu
MpsIMOM, OTPaXKEHHOM M TOJOBHOM
BOJIH.

ty — mpsMoii rogorpad;

t, — BeTpeuHsIi rogorpad;

t,,— romorpacd mpsMoi BOJIHEI;
t
t1, t, — HaroHsroIMe TOAOTPadHI t
t

10s — Toorpad MOBEPXHOCTHON BOJIHBI;
.on — TOJ0Tpad TOJOBHOHN BOJHBI
omp —TOIOTPad OTPAXKEHHOH BOIIHBI.



dt(X)\ 4 .
Bennuuny (d()) HA3bIBAIOT KAXKYIIEHUCS CKOPOCTHIO:
X

Vi =v [&in(ix¢)
C yuerom Toro, 4to SiN i=Vy/V,, nonydaem
sini
=V, ——————
sn(ix@)
Kak BunHO u3 BhIpaxkeHus (1.43), Kaxymascs CKOPOCTb MOXET OBITh OOJbILE HIIH
MEHBIIIe CKOPOCTH B HI)KHEH cpee:
. sini . sini
=V, ——— <V, Vo=V, 2V,
sn(i +¢) sin(i —¢)
[pu =0 V*,=V* =V, ipu =i V* =0 mnpu ¢>i V*<O0.

3nauenus X, u {, gerxo onpenenurs u3 yciaosus BC=0 (cm. puc.1.25):

(1.43)

x:cos ¢ = 2hotgi-Xxtgi sin ¢ = BC = 0. Pemas 510 ypaBHEHHE, HAXOAUM
X, =2h 0 S
cos(i +¢)
_2h,  cos¢
= — :
v, cos(ixg¢)

1

t (1.44)

[Ipu 9=0 umeem X,=2hgtgi; t, = 2hy/Vv,-COS|. IIpu nmpomomkenuu rogorpada mpe-
JIOMJICHHOM BOJIHBI JI0 TIEPECEUSHHS €0 ¢ OChio [ Ha 3TOi ocH oTcekaeTcst OTpe3oK:

to= (2ho/v,)-cosi.

Ecnu BMecTo cnost paccMaTpuBaTh TOJIY HAKJIOHHBIX IJIACTOB, TO, UCIIONb3Ys MOHATHE
3¢ HEKTUBHON CKOPOCTH A rojorpada BOJHBI, MPEJIOMICHHOW Ha IMOJOIIBE 3TOW TOJIIH,
noJiy4yaeM
2H xBin(i£¢) v
t(x)ziad’ﬂtosi+—¢, sini =", (1.45)

V., V., v,

B nauvanpHO# TOUKe TOmOTpada MpPEeIOMICHHON BOJHBI JIYYH OTPAKECHHOMW MO KPHUTH-
YEeCKUM YTJIOM BOJIHBI M TIEPBBIN JTy4 FOJIOBHOM BOJHBI COBIAAAIOT MEXIy co0oii. CooTHoIIE-
HUE MEXIy rogorpadaMu OTpaKCHHOW M TIPEIOMIICHHOM BOJIH JIJIsI OJTHOM M TOM YK€ TPaHUIIBI
npuBezieHo Ha puc.1.26.

Kak cnenyer u3 ¢hopmynst (1.44), HabnoieHHE TPEIOMIICHHBIX BOJIH BO3MOYHO JIMIIb
IpU OIpeAeICHHOM YAaJeHUH NPUEMHHUKOB OT IyHKTa BO30OYXKIEHHS, a UMEHHO, INpHU
x>2hotg i. DTO NPUHIMIMAILHO OTIMYAET METOAUKY MPOBEACHUS CEHCMOPA3BEIKH IO Me-
TOY HPETOMJICHHBIX BOJIH OT METOAMKH JJI1 METO/1a OTpakeHHbIX BoJH. [llar Mmexnay nmpuem-
arkamu B MIIB BeiOuparor u3 ycnosus AX<V* T, /2, rne T,,;—BUIAMBIA NEPUOI PETUCT-
PHPYEMBIX UMITYJIbCOB. Bemuurna 4X u3MeHSIeTCst OT 2—3 M MPH ICTaIbHBIX HCCIICIOBAHUAX
BepxHel yacTu paszpesa 10 100 m u 6omnee npu u3ydeHnn Ooabmux riryouH. [Tockonbky mpe-
JIOMJICHHBIC BOJIHBI BCETJa OTJIMYAIOTCS 00Jiee HU3KOYACTOTHBIM CIIEKTPOM, Y€M OTPaKeH-
HBIE, T. €. UMEIOT OOJBIIYIO JTUTEIbHOCTh PETUCTPUPYEMBIX UMITYJIBLCOB, B METOJI€ TIPETIOM-
JICHHBIX BOJIH YaCTO MCIOIB3YIOT CHEIMAIbHBIE HU3KOYACTOTHBIE CECMONTPUEMHUKH. J{TuHYy
MIPUEMHON PAacCTaHOBKHM BBIOMPAIOT TaKOH, YTOOBI HAIEKHO YCTAaHOBUTH (opmy romorpada
MPETIOMIICHHBIX BOJIH. B 3aBUCUMOCTH OT pelraeMbIxX 3aad OHa MOXKET U3MEHSTHCS OT JECAT-
KOB METPOB 10 3—6 KM.



[Ipu npoBeaeHun paboOT MO METONY MPEIOMIICHHBIX BOJH HCIONb3YIOT CUCTEMbI Ha-
OmozieHni, oOecrieunBarole HaJe)KHOE PAcliO3HABAaHKUE BOJIH U UX MPOCIIEKUBAHUE MO BCEH
UCCIIeTyeMOH IUIOMIA/IA, YTO JOCTHTaeTcsl MpU HAONIOACHUAX MO CHUCTEME BCTPEYHBIX HIIU
Harousromux rogorpados. [Ipu momyuyeHHH BCTPEUHBIX rof0rpadoB B KaXKAOH MO3ULIUHU TPHU-
€MHOW pacCTaHOBKHU BO30Y)KJI€HHE MPOBOJAT C MPAaBOro U JIEBOro (IaHrOB, U 3aTEM BCIO U3-
MEpPUTENIbHYIO YCTAaHOBKY MEPEMENIAIOT M0 NMPO(UIII0 ¢ HEKOTOPBHIM marom. Ilpu nonyueHun
HaroHsIOMUX roxorpadoB Bo30yKaIeHUE MPOBOAAT TOIBKO ¢ OJHOTO (IaHTa, MOCIe Yero 13-
MEPUTEIBHYIO YCTAaHOBKY TaKKe MEepEeMeNaroT B0k npoduis (cM. puc.1.25).

3amevarenbHOIl 0COOCHHOCTBIO METO/a MPEIIOMICHHBIX BOJH SBISETCS BO3MOXHOCTb
IPU 3aJleTaHUuM CIOUCTOW TOJIIM Ha MOJIYHNPOCTPAHCTBE WJIM OJAHOPOJHOM CJIO€ OOJBILION
MOIITHOCTH MPETOMJICHHYIO OT MOJOIIBBI 3TOW TOJIIM BOJHY HAOJII0JaTh HA TAKOM pPaccTos-
HUU OT UCTOYHMKA, IIPH KOTOPOM OHA IMPHUXOAWUT K ITOBEPXHOCTH PAHBIIE BCEX APYTHX BOJH
(MeTox NepBBIX BCTYIIEHH). DTO CBOWCTBO MIPETOMIIEHHBIX BOJH HIMPOKO MCIOJIB3YIOT IIPU
PELICHNN MH)KEHEPHO-TEOJIOTHYECKUX U THAPOTEOJIOTHYECKUX 3aJad, KOorja, HalpuMep, He-
00X0MMO HAWTH MOJOXKEHUE T'PAaHUIIBI, PA3JENAIONICH PHIXJble U KOHCOJUIAUPOBAHHBIE OT-
JIO’KEHUS WIHA CyXU€ U BOJOHACHIIICHHBIE.

1.4 OOpabGoTka U MHTepHpeTALMSs JAHHBIX celicCMOpa3BeaKHU

ITox 06paboOTKOI CeCMUYECKUX TAaHHBIX MOHUMAIOT COBOKYITHOCTH OIEpallyii, poBo-
JTIMMBIX B OMPEACTICHHON MOCIEA0BATEIBHOCTH MO KAXIO0W CEHCMOTpAcce WIM TPYIIE cec-
MOTpAacc € UENbI0 MAKCUMAIBHOTO MOJABICHUS PETYIISIPHBIX M HEPETYJISIPHBIX MMOMEX U Hau-
0oJiee TIOJIHOTO BBISIBJICHUS KUHEMATHYECKUX M JUHAMHYECKUX XapaKTEPUCTHUK H3ydaeMbIX
BOJIH.

B mpouecce celicMU4ECKON MHTEPIPETALMU U3 MHOXKECTBA 3apETUCTPUPOBAHHBIX HA
celicMorpaMMax BOJIH BBLAEIISIOT OJHOKPATHBIE OTPAXKEHHBIE WM MpesIoMIICHHbIE (pedparu-
POBaHHBIE) BOJIHBI, U 110 KHHEMATUKE M JUHAMUKE ITHX BOJIH U3Yy4alOT paclpeesIeHue CKo-
POCTH M HEKOTOPBIX YIPYTUX MapaMeTpoB B TOJILE NOPOJ Kak Mo INyOuHe, Tak U B IUIaHe. B
IIPOLIECCE T€OJOTUYECKON UHTEPIPETALMH PE3YJIBTATHI CECMCMUYECKON UHTEPIIPETALUU T10JTY-
Yal0T T€0JIOTUYECKOE UCTOJIKOBAHUE — MPUBA3KY K JTAaHHBIM OypeHHMs, T€0JOTHYECKOro Kap-
TUPOBAHUs, TCKTOHUYECKUM YCIIOBUSM PallOHa UCCIENOBaHUs. BbINEICHHbIE 110 Pa3IuduIo B
CKOPOCTSIX PACIPOCTPAHEHHs YNPYTUX BOJH MHTEPBAJIBI BHYTPU HMCCIEAYEMOM TOJIIU OTO-
KIECTBIIAIOT ¢ IOPOAAMH TOT'O MJIM MHOTO COCTaBa U BO3PACTA, a TAKKE C TEMU WIIU UHBIMU
W3MEHEHHSMH B CBOMCTBAX MOPOJ OAHOTO COCTaBa WM BO3pacTa.

B HacTosimee Bpemsi, Koraa ceicCMHUYECKrUe MaTepHallbl Yarie 00padaThIBalOT ¢ HCIIOIb-
3oBaHreM DBM, coOcTBeHHO 00paboTka M ceicMUYecKas HHTEPIPETalds MeperieTaloTcs
HACTOJIBKO TECHO, YTO pa3JielICHHE ITHX TAIOB B PSJIE CIyYaeB TEPSET CMBICIT.

141  Humepnpemayuonnvie mooenu 6 ceucmopazeeoke

[TonoxxeHne OTpakaroIUX U MPEIOMIISIONINX IPAaHUIl U PacIpeiesieHHe CKOPOCTEeH Tex
WIM MHBIX BOJH B U3y4aeMOH TOJNIIE MO CEHCMMUYECKUM JAaHHBIM H3Y4YarOT IyTEM PELICHMS
00pammuoill Kunemamuyeckoi 3aoauu ceiicmopazeeoku. Kax u ams oOpaTHbIX 3a1a4 reodu-
3MKH BOOOIIE, peleHre 0OpaTHOM 3a7auu celicMOpa3BeKU BO3MOKHO JIMILb B paMKaxX HEKO-
TOPBIX ANPHOPHBIX MPEINOJI0KEHUNH OTHOCUTEIBHO CTPOSHHSI M CBOMCTB HCCIEIyeMOM cpe-
abl. CucTeMy TakuMX MPEINOIOXKEHUH, BKIIIOYAIOILYI0 B ce0sl SMIUPUYECKHUE JaHHBIC U M3-
BECTHbIC (hU3MUYECKHE 3aKOHOMEPHOCTH, KOHTPOJIMPYIOIIHE 00pa3oBaHUe OTIOKEHUN U (pop-
MHPOBAHUE UX CBOMCTB, UCIOJIB3YIOT IIPU CO3/IAHUU CEUCMOT€0JIOTHUYECKON MOJIENH cpebl. B
TaKOW MOJENIM BMECTO PEATbHBIX I'€OJIOTUYECKUX OOBEKTOB MPUCYTCTBYIOT CPEIbl, OMHCHI-
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BaeéMble TOJBKO HaOOpOM YIPYTUX MapamMeTpoB U 3aKOHOM WX HW3MEHEHHS B MPOCTPAHCTBE
MOJIeJI — T10 TTyOWHE U B IIJIaHE.

B ceiicmopazeenke MOB Hanboubiiiee pacpoCTpaHEHUE TMONIYYHUIIa MOOENb CPedbl ¢
6EPMUKAIbHOI USMEHYUBOCHbIO YRAPY2UX CEOUCHME, T. €. TIO TITYOWHE, TIPU TIOCTOSTHCTBE €€ B
IJIaHe. MO[[GJII/I OTOro TUIla NOAPA3ACIAIOT Ha ABa KJlacCa: ¢ HCHUPCPBIBHBIM HN3MCHCHUCM
CKOPOCTH TI0 TIIyOMHE M CO CKa4KooOpa3HbIM. [Ipn 3TOM TpaHMIIBI pa3ziena MEeKIY CIOSIMH C
pPa3IMYHBIMU YIPYTUMU CBOMCTBAMH IIPUHUMAIOTCS JIOKAJIBHO IUIOCKUMHM. IIpuMeHMMOCTb
MOJIENIA CJIIOMCTOM TOJIIIM C JIOKATHHO TUIOCKHMHU OTPAKAIONIMMHU TPaHHUIIAMU OCHOBBIBACTCS
Ha CJIICAYIOIIUX IMOJIOKCHUAX.

1. InuHa npueMHON pacCTaHOBKU B METOAAX OTPaKEHHBIX BOJIH OOBIYHO HE MPEBHIIIA-
et 3000 m. CnenoBaresbHO, MPEANOI0KEHNE O HEU3MEHHOCTH YIPYTHX CBOMCTB B TOPU30H-
TAJIbHOM HAIIPpaBJICHUHU HOCHUT JIOKAJIbHBIN XapaKTCep U HOJLDKHO BBIIIOJHATBCA HA Y4YaCTKax
npoduts, pazMepsl KOTOpbIX He mpebimaioT 3000 M. 3a peAKUM UCKITIOUEHUEM TaKoe Tpe.l-
MOJIOKCHHUEC COrJIaCyCTCd € pCaJIbHbBIMU I'COJIOTUYCCKUMU YCIIOBHUAMMU.

2. B merone OIIB Touka OTpa’keHuUs MEepEMEIIAETCS 110 OTPAKAIOLIEH IPaHULIE HA pac-
CTOSIHME, HE MPEBBIIIAIONIEE MOJOBUHY JUTMHBI IPUEMHOM paccTaHOBKH, a B metoae OI'T —
7100 OCTaeTCst Ha OJJTHOM M TOM € MECTe TPaHUIlbl, INOO IepeMeniaeTcsi Ha He3HaYUTEIbHbIC
pPacCTOSIHUS, €CIIM TpaHula uMeeT HakJIoOH. CiaeaoBarebHO, B KHHEMATHYECKOM OTHOLIECHUHN
TPAHULY MOKHO CUMTATh IUIOCKOH, €CJIM OHA MaJIO OTJINYAeTCs OT IUIOCKOCTH Ha JIOKAJIbHBIX
Y4aCTKaXx, pa3Mepbl KOTOPHIX HE MPEBBIIIAIOT MTOJIOBUHY JUIMHBI paccTaHoBKHU uis OI1B.

3. C TOYKM 3peHMs TMHAMUKH OTPAXCHHBIX BOJH PEAJbHYIO I'DAHUIy MOXKHO CUUTATh
IIJIOCKOM, €CIIM OHA SIBJIACTCS IUIOCKOW B OKPECTHOCTH TOYKHU 3€PKaJIbHOIO OTpakeHus. Pas-
MEp 9TON OKPECTHOCTH OmpeersieTcss nepBoi 30HON DpeHens mpeoOianarmeid 4acToTh
CEMCMUYECKOT0 CUTHajIa, T.€. 3aBUCHUT OT CIIEKTPAJILHOI'O COCTaBa CUTHAIA U TIIyOMHBI 3aje-
raHWs TPaHMLIBL.

4. CJIOMCTBIN XapaKTep TeOJOTHUECKUX OTIIOKEHUH MpernoiaracT CKaukooopa3Hoe u3-
MEHEHHE YIIPYTUX CBOWCTB Ha IPAHMULIAX MEXKAY CIOSIMU, U IIPU MOIIHOCTAX CJIOEB OKOJIO Jie-
CSATKOB METPOB M MEHbILIE BIIOJIHE OMPABJAHO MPEINOJOKEHHE O HEHM3MEHHOCTU YIPYTUX
CBOMCTB B IpeJenax KaxkJI0ro 13 MmiacToB.

Mooensv ¢ nenpepvieHbIM U3MEHEHUEM YRPY2UX CEOUCHME NO 21yOuHe OKA3bIBACTCS
HEOOXOIMMOM /T ONTMCAHUsI MOIIIHBIX TOJIII] OJTHOPOJIHOTO COCTaBa, Korjaa He0OX0auMO yUu-
THIBaTh BO3PACTaHHME TOPHOTO JIABJICHUS WJIM 3aKOHOMEPHOE W3MEHEHHUE JIMTOJOTHYECKHX
cBoiicTB. K 3T0H k€ MOIenn MpUXoaUTCsi 00paIaThCs M TOT/a, KOTIa OTJIOXKCHHS MPECTaB-
JICHBI CUCTEMOW TOHKHX CJIO€B, YIPYTHUE CBOWCTBA KOTOPHIX MEIJICHHO U3MEHSIIOTCS C IIyOu-
HOoU. He3HauuTenpHOE pa3inyre B CBOMCTBAX COCEAHUX CIIOEB U UX Majas, [0 CPABHEHUIO C
HCIIOJIb3YEMBIMU B CEMCMOpPa3BEAKE IJIMHAMHU BOJIH, MOIIHOCTh HE MO3BOJISIIOT OTJIWYUTH Ta-
KYIO TOJIILY OT CPEbl C HEMIPEPHIBHBIM U3MEHEHUEM YIIPYTUX CBOMCTB.

B meTone mpenoMIIEHHBIX BOJIH B OTJIMYUE OT METO/Ia OTPa’KEHHBIX U3y4aeMble BOJIHBI
OCHOBHOM IyTh INPOXOJAT MO HAIPABICHUAM, OJM3KUM K TOPU30HTAJIM, BJIOJb MPEIOMIISIO-
e rpaHuubl. [Ipennonoxenue o TOM, 4TO MpeIOMIISIONIAasl TpaHHUIlA Ha BCEM HHTEpBaJe
MPUEMHON pacCTAaHOBKM SIBJISIETCS TUIOCKOM, CIIPaBEIJIMBO Jajeko He Bcernaa. [lockonbky B
MIIB wu3y4aercsi CKOPOCTh PacIpOCTPAHEHUS BOJH BJOJIb TOM MJIM WHOW TPaHMIbI, @ HE 3(]-
(eKTUBHAsI CKOPOCTh, MEHEE UyBCTBUTENIbHAS K U3MEHUMBOCTU CKOPOCTH B OTJIENBHBIX ILIa-
CTax, MHTEpIpeTalMoHHble Mojenu Aias1 MIIB noymxkHBI yunThIBaTh Kak BO3MOXHYIO KPHBO-
JUHEMHOCTH NMPENOMIISIONIMX TPaHMI, TaK M U3MEHUYMBOCTb CKOPOCTH B MOPOAAX IOJ Ipe-
JIOMIISFOLIEH TPAHULIEH 110 TOPU3OHTAIIH.

142  Oépabomka ceiicmozpamm

B nporecce 06paboTku anamoroBeix 3amuceit manasix MOB u MIIB ux nepesanucs-
BAIOT Ha BUJAMMBIA HOCUTEIb C Pa3HBIMH MapaMeTpaMu (GUIBTPOB BOCIPOU3BEACHUS (YaCTOT-
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Hasl CeNIEKLMsA) U PA3IMYHBIMU CIOcO0aMU BhIpaBHUBAHUS aMILTUTY/] BOJH B Ipeenax ceic-
Motpacchl. [locnennee HeoOXOAUMO M3-3a TOTO, YTO AUHAMUYECKUI TUATIa30H PETUCTPHUPYE-
MBIX BOJH B THICAYM pa3 MPEBBIIIACT JMHAMUYECKUN TUANa30H PETUCTPATOpa, OCYIIECTB-
JISIOIIETO BU3YAIU3alUI0 CUTHAJIOB.

YacTOTHBIN 1HANa30H PETUCTPUPYEMBIX B CEMCMOPA3BEAKE CUTHAIOB IIPOCTUPAETCS OT
10—25 mo 120—150 ', a B MHYKEHEPHO-TE€OJIOTUIECKUX MOJIU(PHUKAIIUIX — A0 COTEH U Tep-
BBIX ThICSY repil. M3 3Toro Anama3oHa ¢ moMoIIbio (GUIETPOB MOKHO BRIOMpATH MOAIUAMNa30-
HbI, Hanpumep, 15—60; 25—80 I'u u 1. A.
IIpn kaxnoW 1oJioce MPOIyCKaHUs BOC-
MIPOU3BOSAIIETO  YCTPOMCTBA  MOJYYArOT
ceiicmorpammy. HabGop Takux ceiicmo-
rpaMM CpaBHUBAIOT MEXTY COOOW U BBHIOU-
paloT TaKyl IOJIOCY MPOIYCKaHUs, MpHU
KOTOPOM HAaWTy4IIUM 0Opa3oM MPOCIEKHU-
BalOTCA HMHTEPECYIOIME HHTEpPIpETaTopa
BOJIHBL. BEIOOpOM MmapaMeTpoB yCTPOMCTRA,
CIUIQKMBAIOIIETO AMHAMUYECKUM HAma3oH
3aperuCTPUPOBAHHBIX CHUTHAJOB, J100MBa-
IOTCSI TOTO, YTOOBI 3alKCH Ha ceiicMorpam-
M€ COXpaHsJIM OCOOEHHOCTH (GOPMBI UM-
MyJIbCOB OT/EJIbHBIX BOJH M JaBajiu Mpe.l-
CTaBJICHHE 00 WX CpaBHUTENIbHON HWHTEH-
CUBHOCTHU. AHaNu3upys Mepe3anucu ¢ pas-
JUYHBIMHM ITapaMETPaMH BOCIIPOU3BEIICHNUS,
WHTEPIIPETATOP BHIOMPACT HAWITYYIIHUNA Ba-
PHAHT IS TajabHenei o0paboTKH.

..'i” BET et

Puc.1.27 Ilpumep koppemsiuu BOJH IO pa3ind-
HbIM (azaM WM XapaKTEPHBIM 3KC-
TpeMyMam

CeiicMorpamMMbl, TIOJYYE€HHBIE TIPU KaXJI0M MO3UIIMA TPUEMHOM PACCTAHOBKU Ha MPO-
¢ue, pacmonararTcs MOCIEAOBATeIBLHO APYT 3a APYroM TaK, 4TO 0Opa3yeTcss MOHTaX, IO-
3BOJISIOLIUI MPOCIIeKUBATh BOJHBI Ha BceM npodure. [IpocnexunBaHue NpenioMIeHHbBIX, OT-
pakeHHBIX, pedparupoBaHHBIX WK AU(PparupoBaHHBIX BOJIH, CBSI3aHHBIX C OJHOM U TOH e
rpaHuLel, ToNnel, AupparupyonmmM 00beKTOM, Ha3bIBaIOT Koppenayuei. Koppensuus oc-
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Puc.1.28 Xapakrep Biusaua 3MC Ha KuHEeMa- Puc.1.29 Ilpumep mocTpoeHHs HENPEPHIBHOTO
TUKY OTPa’KEHHBIX BOJIH. rogorpada - 7(X) Mo dKCHEPUMEHTAIIb-
1 — nmomomBa 3MC; 2 — HCTOYHHK;, 3 — TOBEPX- HBIM JaHHBIM.
HOCTb MPUBE/ICHNs; 4 — TIPHEMHHK; 13 — Bpems 1 — >KcnepUMeHTaNbHbIE 3HAUCHUS BPEMEH;

mpobera OT UCTOYHMKA IO BepTHKANH; Ah — TpPEBHI-

2— HCHPABJICHHBIC 3HAUYCHUSA
IMEHUE NCTOYHUKA HaJl MOBEPXHOCTHIO MPUBCIACHUA



HOBBIBAETCS HA TOM, 4TO B 1iockocTH (I, X) Kakmol celicMOrpaMMbl BpeMEHa BCTYILIEHHUS,
¢dbopMa U MHTEHCUBHOCTh COOTBETCTBYIOIIUX BOJH MAJIO M3MEHSIOTCS, €CIIM PACCTOSIHHE Me-
Ay MYHKTaMU IpUE€Ma Majlo. DTO MO3BOJISET HE TOJIBKO BBIAECINUTH BOJHBI OAHON HPUPOJBL,
HO M ONpEICIUTh BPEMEHHBIC CABHTH MEXIY BOJHAMH, 3apPETHCTPHPOBAHHBIMU Ha pa3iiny-
HBIX KaHaJIaX, ITyTEM U3MCPCHUS BPCMCHHBIX CABHUIOB MCXKIAY OAHUMU U TCMU KC XapaKTCp-
HBIMH TOYKAMH HMITYJIECOB M3JTy4aeMbIX BOJH — ITOJIOKUTECIBHBIMU WIIM OTPHUIIATEIBHBIMA
JKCTpEMyMaMu, MEePEeXOJaMU 4epe3 Hyiab U T. 1. VICTUHHBIE BpeMeHa MpUX0Ja ONPEACIISIOT
IpY BBEJCHUH TONPaBOK 3a BerymuieHue Atgor (puc.1.27).

ITo xaxxmoii celicMorpaMme MOKET OBITh TOCTPOSHO HECKOJIBKO ro1orpadoB oTpakeH-
HBIX WJIM TIPEJIOMJICHHBIX BOJIH, COOTBETCTBYIOLIUX PA3JIMUHBIM IT'PAHULIAM BHYTPH CIOUCTOMN
Tosuy. B OonbIIMHCTBE ciiyyaeB Takue TroAorpadbl OKa3pIBatOTCS HCKaXKEHHBIMU 32 CUET 30-
HBI MaJIbIX cKkopocTel (puc.1.28).

Jist Toro, uro Obl mpUBeCTH roforpadsl K TOMY BUIY, KOTOPBIH OHU UMeNH ObI U OT-

cyrctBun 3MC, HeoOxomumo BBecTH monpaBku 3a 3MC. Mcnpasnennsie rogorpadsl OyayT
OTHOCHUTBCS YK€ HE K IOBEPXHOCTH 3€MJIU, a K [IOBEPXHOCTH NpUBeAcHUS (CcM. puc.1.28).

Brinecennble Ha 0ckocTh (i, X) Tomorpadml, MoCcTpoeHHbIe It Beero npodmuis, o0pa-
3YIOT CBOJIHBIE TOI0TpadBbl, MO KOTOPHIM HU3Y4YalOT MPOCIIEKHUBAEMOCTb BOJH BJIOJb MPO(UIIs
Y TIPOBEPSIOT HAICKHOCTH OTOXKACCTBIICHHUS BOJIH 110 BBITIOJTHCHUIO HPUHYUNGA 63AUMHOCHIU.
OTOT NPUHIMIT YTBEPKAAET, YTO €CIIU MOMEHITh MECTAMU MCTOYHHUK M MPUEMHHK, TO BpeMs
npoOera OJHOTUITHBIX BOJH HE U3MEHHTCS HE3aBHCHUMO OT TOTO, SIBJISIETCS JIM BOJIHA OTpa-
KEHHOH M mpenomienHoi. [lepen TeM kak MpUCTYNUTh K 00paboTke roaorpados, MpoBo-
JAT WX CIIaKUBAHUE: JUCKPETHOM mocnenosatensHoctu orcuetos t(kAx) craesr B coorser-

CTBUE HEIPEPHIBHYIO (DYHKIHUIO T(X), YCPEIHSIOIIYI0 3KCICPHMEHTAIbHBIC OTCYETHI (pPHC.
1.29).
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[Tpenmonoxum, 4yTo Ha celicMorpaMMe, MOJYYCHHOHN MPH MOJOKEHUH MYHKTa BO30YX-
nenust B Touke npodmnst X (k=1, 2,...,n), momydeHs! ronorpadbl HECKOIBKAX OTPaXKEHHBIX
BOJIH JUISA TUIOCKUX OTPAKAIOIIMX Tpanuil. ['omorpad I-it 0TpakeHHON BOJIHBI UMEET BH/I

f =05 sl Ring+aH] =

1

Vii
(1.46)
22t (x, )X Bing
—_ | X 0il M ki 2
YT + t1, (Xk )
Vii Vi
rae Vki — 3¢ ¢dexTuBHast CKOPOCTh B TOJIIE 70 |-if TPAHULIBL; @ — YroJ HaKJIOHA ATON

IPaHMIBI B OKPECTHOCTH TOYKH Tpoduiist X, Hy — sddexruBHas sxornyOuHa 1Mo IMyHKTOM
BO30YyKIeHUS; 1| (Xk): 2H,; /Vk i
[Tocne Bo3BeaeHus: o0enx vacTei BeipaxkeHus (1.46) B kBaapaT mnosyyaem

2

2 —_ X toi('xk) . 2
2 (Xk’x)_7+27558'1n¢ki +toi(‘xk) (1'47)
ki vki
N3BectabiMu B Gopmyne (1.47) ABISIIOTCS PacCTOSHHUS X M BPEMEHA NMPUX0/a BOIHBI

ti(X, x), nemsBectabiMu — Hyi , ki, Vi -
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Benuunna t,; (X) Moxer ObiTh u3BecTHa, ecu x=0, Wi HeusBecTHa, ecnd x>0 (s
(anroBoii paccTaHoBKHU ¢ BIHOCOM). [Ipeamomnoxum, uto t, i (X nssectno. Mcnons3ys us-
BecTHbIe X 1 ti (X, X), Haitzem HoByr0 dyrKumio Wi(Xe, X)=[ 12X, X) — to] /.

Cornacno Beipaxkenuto (1.47)

t .
Wl.(xk,x)ZfiZO’(wB“indJki (1.48)
v,

ki

Ompenenum W, i1s1 KaXk1oro 3HaYCHUS X, PE3y/IbTaThl BHIYMUCICHUN HAHECEM Ha IUTOC-
kocth (W, x) 1 yepenuum npsamoii nmuauneii (puc. 1.30). Torma s Vi, mostydaem

1
V., = |—=,
ki tge

(1.49)

rae O—yron mexay ockio OX u nakionnon mpsmoit W(X). OTpe3ok, oTcekaemblil Ha
ocu OW, Gyner

2t0i IE‘ln¢kl
W(()) =_° @ %

ki

(1.50)

[MockonbKy toj 1 Vij U3BECTHBI, TO MOXKHO ONIPEACTHTh Hyi 1 ¢ :

—_ Zloi('xk)lj)ki

Hki_ 2

b

_W(0)3,

ng, .
¢kl Zt

oi

[Ipenmnonoxum Teneps, 4TO TOUHOE 3HAUeHUE 1, Hem3BecTHO. Mcmonb3ys B KadyecTBe
nepBoro npubmmkenus tyj,, mocrpoum cemeiictBo rpapuxos Wy (X) npu pasnnuHbix 3Have-
Husx o . Kak cnegyer u3 popmynst (1.48), ecnu cpean ucnonb30BaHHBIX 3HaYeHHH {y; nme-
eTCcsl BEpHOE, TO cooTBeTcTBYIomas emy Gpynkuus Wi (X) Gyzer npsMo nponopruoHaibHa X,
1.€. B ockoctu (W, X) eit Gyer coOTBETCTBOBATh HAaKJIOHHAs mpsimast. [Ipomomkum ee 10
nepeceuenus ¢ ocbto OW n Haiimem Vi, Hyi # ¢k, ciocobom, n3mokeHHBIM Bbiie, Koraa t;
U3BECTHO.

O06pabaTbIBasi IOCIEOBATENBHO BCe ToAorpadbl JAHHOW pacCTaHOBKH, MOJIyYUM HAOOp

Wis,t)

r

|

[ )

a Xy X

Puc.1.30 I'paduueckuii criocod pemieHus

50

00paTHO# KMHEMaTU4YeCKOH 3a-
naan MOB

3HayeHul Ihghexmuenvix ckopocmeii. AHanu3
Xapakrepa u3MeHeHus V,g, oT l mossonser yc-
TaHOBUTH, Kakue roaorpadbl OTHOCITCS K OJ-
HOKPATHBIM BOJHAM, €CIId 10 JAaHHBIM CKBa-
KUHHBIX HAOMIOEHUN WM TeO0JOrHYeCKUM
JAaHHBIM HW3BECTHO, KaK CPEIHSS CKOPOCTh B
M3y4aeMoOM TOJIIIE BO3pacTaeT ¢ TiyomHoi. B
3TOM CJIy4a€ U3 MOCIEN0BATENBHOCTH V,g | BbI-
OMparoT TONBLKO T€ 3HAYEHHS, KOTOPHIE COTJa-
cyiotest ¢ m3BecTHbIME V,,(1,). K kpatHbIM BOII-
HAM OTHOCSATCS TOJOTpadbl, KOTOPHIE MaOT
3HAa4YEHUs V,gp, HE COTNIACYIOUIMECS C MOHOTOH-
HBIM BO3pacTanueM V., Kak Gynkuun o Ompe-
JeNsisl CKOPOCTU TI0 rojorpadam, MOTyYeHHBIM
Ha BCEX IMO3ULUAX MPUEMHON paCCTaHOBKH,
MOKHO YCTAQHOBHMTh M IUIABHBIE M3MEHEHHS Vg
BJIOJIb TIPODUIIS.



IIpu M3BECTHBIX 3HAYEHHAX V4 i H o MOXKHO ONPENENUTh U MONOKEHHE OTPaXKaro-

IMX IPAaHHUIL. 3HAYEHHE DXO-TIIYOMHBI MO/ KaXKIbIM ITYHKTOM BO30YKIEHHUS CBA3AHO C V,g CO-
OTHOIIEHUEM

[IpoBoAs OKPYKHOCTB € LIEHTPOM B IIYHKTE BO30YXI€HUA W paaumycoMm [, Haiinem
reOMETPUYECKOE MECTO BO3MOXKHBIX TOUEK OTPAXKEHUS, COOTBETCTBYIOIINX HANJCHHOMY 3Ha-
4EHUIO V,4. OTpe30K, KacaTenbHbIH K OKPYKHOCTAM, IIOCTPOECHHBIM MO COCEIHUMHU IYHKTa-
MH BO30YXIICHHSA, AT MOJOXKECHUE ompajcarouieli zpanuysl Ha WHTEPBAIC MEXIY dTHMHU
nyHktamu. [locienoBartenbHOE HCIIOIB30BaHUE TAKOTO CIIoco0a Ui MHOTUX IYHKTOB BO30Y-
KJICHNS TPUBOJNUT K OCTPOCHHIO CEUYEHHsI KPUBOJIMHEHHOW I'PaHHUIIBI, allIPOKCUMHUPOBAHHON
oTpe3kamu jomaHoi. Ecnu HaOnroneHust BeAyT ¢ OONBIIUM HEPEeKpBITHEM BAOJIb Mpoduis,
KOT/1a ITyHKTHI BO30YKACHHS pacIioyaraloTcsi Ha MajoM pacCTOSIHUH JIPYT OT ApYra, TO JoMa-
Hasi KpUBas MOXKET OBITh YCpEJHEHA IJIaBHOHM, JOCTATOUYHO XOPOIIO COTJacyroleics ¢ ceue-
HHUEM OTPAKAIOUIEH TPAHUIIBI.

3nadeHns V,p(lo) Dal0T MOIHOE MpeacTaBieHHEe 06 M3MEHEHHH CPEIHEH CKOPOCTH C
ry6unoii. [peanonoxkum, uto rogorpadsr t(X) u tyy1 (X) moaydeHsl OT KPOBIM M MOIOIIBEI
HEKOTOPOTO IUIACTA, BHYTPU KOTOPOrO CKOPOCTh HEU3MEHHA. TOr/1a, HCIIOJIb3ys OIPEIeICHHE
3¢ PEeKTUBHON CKOPOCTH, B COOTBETCTBHUH C BhIpakeHHeM (1.27) umeem

Vvi(t,, )= Zv EIA—

o k+1

k+1 Q
0k+1 ) Z V
ok+l

rac
_2h, &2 _ I 2h
Atl - 4 tok - Z 4 t0k+1 Z
Vl i=1 Vi i=1 Vl
Torna

k
Vz(tnk)ljnk = szz |mti’

LAz

k+1 k+1°

vt ), = Zv (A, +v;

BrrauTas u3 HIKHETO PaBCHCTBA BECPXHEC, HAXOAUM

2 Vz(tokﬂ) Bok+1 _Vz(tok) Bok
Visr = / .

(1.51)

ok+1 ok

Eciu MOIHOCTB IJ1acTa, ONpEENeHHas 0 H3BECTHOMY 3HaueHHIO to i H V,4 i, JocTa-
TOYHO BEJIHKA (COCTABJISICT JECSATKU UM COTHU METPOB) M HE COTIACYETCS C T€OJIOTHUECKUMU
JAHHBIMH HMJTH TI0 CEHCMUYECKHM MaTepualiaM BUIHO, YTO B HHTEpBaie 1y k1 — o k peructpu-
PYIOTCS BOJIHBI, HE MOIAIONIUECS HACKHONW KOPPEISAIIUU, TO TOBOPST 00 UHMEPBANbHOIL, A
HE IJIACTOBOM CKOpocTU. VHTepBanbHAas CKOPOCTh TOTJA JOCTATOYHO HAJIEKHO OTpaKaeT
CPEIHIOI0 UISl ATOT0 MHTEpBaJla CKOPOCTh. M3yueHre M3MEHEHHs WHTEPBAIBHOW CKOPOCTH
BI0JIb Tipoduns gaet naopmanuo 00 U3MEHUYNBOCTH CBOWMCTB MOPOJ] B YKa3aHHOM UHTEpPBa-
Jie BpEMEH PETUCTPAIMU WU TITyOHH.
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ITo pe3ynbTaTaM npoBeaeHus cercmopasBenku metogoM OIIB Ha n3ydaemoil miomaau
CTPOAT CUCTEMY CEMCMHMUYECKUX Pa3pe30B: Ha HUX MPEACTABJICHBI OTPAXAIOLIUE T'PAHULIBI B
CEYCHUH HUX BEPTHKAIBHOM IJIOCKOCTBIO, TIPOBEICHHON Yepe3 COOTBETCTBYIONIUHN MPOQUITH.
Cetka mpoduieid, MOKPHIBAIONINX IUIONMAb, TTO3BOJSET MOCTPOUTHh CTPYKTYpPHBIE KapThl IO
OTPa)KarIIUM I'PAHULIAM M KaXKJIbIil U3 UHTEPBAJIOB MEXKYy MapOH I'PaHUI] 0XapaKTepU30BaATh
CKOPOCTBIO MPOJOJIBHBIX WM IIONEPEYHBIX BOJH WIM TOM M APYyrod oxHoBpemeHHO. Ilo-
CKOJIBKY CKOPOCTH OIPEAETSIOT I KaKI0T0 MOJI0XKEHUS MPUEMHOM YCTaHOBKH Ha mpoduie,
TO BHYTPH BBIJICJICHHBIX HMHTEPBAJIOB IITyOMH MOXKHO MPOCIEIUTh U W3MEHEHHE CKOPOCTH
BIIOJTH PODUIIS U MEXKAY MPOPUISIMU, T. €. BOOOIIE B TIJIaHE.

144  Humepnpemayusa 0aHHBIX MEMOOA NPEIOMIEHHBIX 6OIH

Jnist II0CKO# mpesoMIISIoNIeii TpaHuIbl Togorpad MpeJIoMICHHOW BOJIHBI 3a/1aeTCs CO-
OTHOIIICHUEM:

2H,
\4

R’osi+£D‘in(z’i¢), x> 0.

1 2

t(x)=

rae Vi — 3¢ QeKTuBHas CKOPOCTh B MOKphIBarorieil Tonme; Hy — sddexruBuas riayou-
Ha TI0JT MyHKTOM BO30Y)KIEHUs B TOYKE MPOGHIsS 1; ¢ — yron HakjIoOHa TpaHMIsl; Vo—CKo-
POCTh B MOPOJIAX, 3aJETAI0IINX HUXKE MpeoMsiiomeii rpanuisl (cMm. puc.1.25). bynem cun-
TaTh, YTO HUKE MPEIOMIISIONIEH TPaHUIIBI OHOPOAHBIE OTJIOKEHUS 3aHUMAIOT BCE MOIYIPO-
cTpaHcTBO. Kaxymiasics CKopocTh, onpeaesnsemMas o Takomy rojgorpady,

t =1
v
e el v
Cdx [ sin(ix¢g)
[ToCKOIBKY yroyl HaKJIOHA () HEeM3BECTEH, MO HalJICHHOMY 3HA4YCHUIO V¥ HalTh V, He-
BO3MOkHO. HeoOxoaumo umeTs eme oguH roporpad. s 3Toro npyu HEM3MEHHOM IOJIOXKe-

HUM NIPUEMHOM PacCTAaHOBKU HAOJIOACHUS BeIyT NpU BO3OYKICHHUHU C BYX (IIAHTOB, MOTY-
qasi CHCTEMY BCTPEYHBIX TOA0TpadoB.

JI1s IpsAIMOTO U BCTPEYHOTO rog0rpad)oB IPH PACCTOSHUU MEXKIY ITyHKTaMH HaOI0/Ie-
uus | MmoxxHO 3anmucarth

) . L
t(x)ZZHI B?osz_'_xBLm(z_dJ)’
v] v]

2H, E?osi+(l—x)Din(iw_L¢)

(152)

(153)

t(x)=
v] v]
rae Hy, Hy —sxornyOuHs! mo mepBbiM ¥ BTOPBIM IIYHKTaMU BO30Y)KICHHS COOTBETCT-

BeHHO. Mcnone3ys Beipakenus (1.52) u (1.53), Haiigem kaxyiuecs: ckopoctu V* 4 u V¥ _:

- Vi
= sin(i+¢)’ (1.54)
* = Vi
vk =Y
sin(i—¢ )

IMockonbky V* 1, V¥ _ 1 Vi U3BECTHBI,

v . v .
L=sin(i+¢), —=sin(i—¢).
v vE

+

JIBa ypaBHEHHSI C IBYMSI HEU3BECTHBIMU TO3BOJIIOT HATH @ U t:
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. LV ) Y
i+¢ =arcsin—, i—¢ =arcsin—-—,
y* *

+ Vo
i= ! arcsin Vi aresin V! 7, (1.55)
2 v v
¢ = ! Uarcsin Vio _ aresin V! /. (1.56)
2 v v*

+ -

Toraa ckopocts Vo=Vy / Sini. Tlpu Majisix yriax HakioHa, korna ¢<<I, cos ¢ = I,
MEEM:

v . -
; =sini[dos @ +cosiBin@,
’

+

Vi =sinildos @ —cosiSin@

v¥
1 U]
sinildos¢ = sini = 7%\%}_‘_ Vi 0
2 % viQ
OTKy/1a
2
v, = . (1.57)
Ijv* +1/v*
DXOrayOuHBI 10/ IyHKTaMu Bo30yxaeHus 1, 2, Oyayr
H, —LB(”, H —% (1.58)

- . 2= .
2cosi 2cosi

rae 1o 1, o 2 — BpeMeHa, oTcekaemble Ha OCH BPEMEH IpPU MPOAOKEHUU COOTBETCT-
BYIOIIMX TojorpadoB 10 mepeceueHus: ¢ dTUMH ocsiMu. [lo u3BectHbIM {g 1 V; B uHTEpBase
MEXy IMYHKTaMU BO30Y>KICHHS YCTaHABIUBAIOT MOJI0KEHUE MPETOMIISIIOIIECH IPaHULIBI.

Ecnn noBepxHOCTh, paziensronias OJHOPOAHOE IMOJIYIPOCTPAHCTBO U CIIOH, HE IUIO-
CKasi, HO U3 Ie€OJIOTMYECKUX JAHHBIX JIMOO CKBAXKUHHBIX HAOJIOJIEHUNA M3BECTHO, YTO CKOPO-
CTH BOJIH B OTJIOKEHMSIX MaJIO U3MEHSIOTCS, roforpad mpeaoMIeHHbIX BOJH He Oyner mps-
MOJIMHEWHBIM. YTOJ HakJIOHa Troxorpada B MPOU3BOJILHOW €ro TOYKE OMpeAessiercs, Kak U
npexne, cootnomenneM (1.43). 3HaueHue Vi pU CAETAHHBIX TPEINOI0KEHUSIX OTHOCUTEIb-
HO TOCTOSIHCTBA CKOPOCTH B OTJIOKEHHSX HEOOXOAMMO CUMTATh MOCTOSIHHBIM, a YrOJI HaKJIO-
Ha ¢ Oyzner ¢ynkuuei ot x. [IpoBosas HaOMIOACHUS IO CUCTEME, HAIPUMEp, BCTPEUHBIX TO/10-
rpa¢oB, IpU TAaKOH AJMHE MPUEMHON pacCTAaHOBKM, KOT/Ia B €€ IpeJiesiax I'PAaHHUIly MOXKHO
CUMTATh TIOCKOH, JJIS1 KaX/I0T0 MyHKTa BO30YXIeHHs OyleT onpeeneHa 3XoriayonHa, u, Ta-
KM 00pa3oM, IMOJIOKEHHE MPETOMIISIONICH TpaHUIlbl OyJeT HalWIEeHO BIOJIb BCETO MPOQHUIsS
HaOII01eHUS.

Ecin U3 reosornueckux JaHHBIX M3BECTHO, YTO NMPENIOMIISIIONIAs IPAHULA IUIOCKas U
CKOPOCThb B CJIO€ HE HM3MEHSIETCS, TO HEMPsIMOJIUHEHHOCTh rogorpada MpeloMICHHbBIX BOJIH
Oyzer yka3bplBaTh Ha M3MEHEHHE CKOPOCTH B HMKENEKAIIMX OTIOXKEeHUsX. Takas curyanus
MO>ET BO3HUKHYTbh, €CIIM, HAIIPUMEP, KOPEHHBIE TTOPObL, 3aJErAIOIIUE MO CIIOEM MOJIOABIX
OTJIOKCHUH, U3MEHEHBI 1O/ IeHCTBUEM KaKUX-THO0O0 (haKTOpOB (TPEIIMHOBATOCTh, KABEPHO3-
HOCTb, BEILIECTBEHHBIN cocTaB). M3yuas 3HaueHus Vo, MOXKHO BBIJEIUTH 30HBI C PA3INYHBIMU
3HAYEHUSIMU CKOPOCTH U 3aTE€M CBSI3aTh UX C ONPEAEIICHHBIM COCTOSHUEM KOPEHHBIX MOPO/I.
[Tpu 3TOM paKTHUECKH KapTHPYIOT KOPEHHbIE TOPO/IbI, 3aJIeTAIOIINE M0/ CIOEM PBIXJIBIX OT-
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noxxeHui. TOYHO Tak e MOKHO MPOCIEIUTh CMEHY COCTaBa Mopoj Ha OOJIbIINUX INTyOUHAX B
3eMHOH KOpe, BBIICTUTH 00JIACTH PAa3BUTHS IPAHUTOB WM 0A3aJIBTOB U T. 11

145  Oépadomka u unmepnpemayun oannvix memooa OI'T

Ipu nposeneruu pabot no meroxy OI'T Ha Kax0il Touke HabmromeHUs moxy4daor N
cericmoTpacc — ceiicmorpammy OI'T. O6paboTka manHbIXx MeToga OI'T — 3TO CIOXKHBIN 1
MHOTOCTYIIEHUYAThI mporecc, B pesyiasTare Kotoporo N ceticmorpace ceiicmorpammbr OI'T
3aMEHSIOT OJTHOM HOBOM CEHCMOTpAccoi, Ha KOTOPOH OJHOKpATHBIC BOJHBI MIPEOOIaIat0T 10
WHTEHCUBHOCTH HAJl MHOTOKPATHBIMUA U BCEMH JIPYTUMU BUAAMHU HEPETYISIPHBIX U PETYIISp-
HBIX BOJIH-TIOMeX. /{7151 Toro 4yToObl MOHSTH, KAK CUHTE3UPYIOT TaKyl0 HOBYIO ceiicMOTpaccy,
KaKoB ee (pM3u4ecKuii CMBICI U 4eM omnpenensiercs YQPeKTUBHOCTD MOAABICHUS BOJH-TTOMEX,
pPaccMOTPUM CIIEAYIOIIUHN CIy4daid.

[MpenmnonoxuM, 9To B psije Touek HaOmomeHus A;, Ao, Az Ha mpoduie MoTydeHbI
ceiicmotpaccel pu x=(0 — ceiicmorpaccel {g. O6o3Haunm ux Sy(t). OrpakeHHbIE BOJHBI,
perucTpupyembie Ha celicMorpaccax Sy(t), ormmuarorcs ot ceficMoTpace, MoaydaeMbIX TIPU X
# (), TeM, 9TO TPACKTOPHH JIydel OJJHOKPATHO OTPAKEHHBIX BOJIH COBIAIAIOT C TPACKTOPUSIMHU
Jyded MaJarollluX BOJH, T. €. JIy4, BBIXOJSIIWNA W3 MCTOYHMKA, BO3BPAIIAECTCSI K HEMY XK€,
MPOXO/IS OJTHUM M TEM K€ IyTeM OT UCTOYHHMKA JI0 TPAHMIIBI M 0OpaTHO. DTO O3HAYAET, YTO
BCE OJHOKpATHBIE BOJHBI 00pa3yroTCs MPH HOPMAJIbHOM MaJCHHUU BOJH HAa OTPAKAIOIIYIO
TpaHMUILY.

Ecmu no ceiicmorpamme Sy(t) yaanock Obl BHIIEINTH OAHOKPATHBIE OTPAKEHHBIE BOJI-

HBI U OTIPEJICNIUTh BpeMeHa UX BCTYIUIeHHs {1y, tok, -vovvnn.. , tik, TO PXOTITYOMHBI 1O COOT-
BETCTBYIOIIMX TPAHUI] MOXKHO OBIJIO OBbI ONIPEACIUTD 10 (hOpMyIIe
H — ch k |:‘ﬂi k
kK — )
2

rie V. k— CPEIHSS CKOPOCTH B TOJIIE, TTOKPBIBAOIICi K-10 OTpaxarolyio rpaHuiLy.
AMIUTUTYABl UMIYIBCOB OTPAKEHHBIX
o BOJIH MIPU 3TOM YKa3blBaJid Obl Ha OTHOCH-
5 ( {1 TEJIbHBIE BEIMYUHBI KO3(duuumeHToB orpa-
-Lﬂ'ﬂgﬁ‘M’WﬂoﬂU&%%‘d‘nqﬁﬂr f  keHus B Tomme mox K-t Toukoil HaGmrome-
5 Hus. V3MeHeHue aMmIuuTyJ BOJHBI, OTpa-
Fc,t'i} AAan JKEHHOM OT OJHOM M TOH K€ TPaHMIIbI, TIPU
— U i I M""f JBIDKEHUH 10 Mpoduiio ykaspiBasio Obl Ha
n3MeHeHne KOX(P(PUIIMEHTa OTPaXEHUS WIH
HA W3MEHUYUBOCTH CBOWCTB BBINIEICIKAIINX
MOpOoJ1 B IUIaHE, HAPUMEpP Ha U3MEHEHHUE HX
norsiouaromux cBoicts. CelicMorpamma, Ha
KOTOPOM B MPSIMOYTOJIbHBIX KOOpPAMHATAX I10
TOPU30HTAILHON OCH HAHOCST TOYKH HAOJIIOCHHMS, a TI0 BEPTUKAIBHON — CEHCMOTpacchl Sk
(t), naBana GBI HEMOCPEACTBEHHOE MPEICTABIEHHE O TOJOKEHHH OTPAKAIONIMX TPAHUIL, HX
YHCclie U 0COOCHHOCTSIX (POPMBI B CEUEHUU pa3pe3a BEPTHKAIbHOMN INIOCKOCTHIO, TPOBEACHHON

yepe3 npodmib. B 3ToM cmbicie ceficMorpammy top MOXHO Ha3BaTh CEHCMUYECKMM HM300pa-
YKEHHEM M3y4aeMOU TOJIIIIH.

Puc.1.31 Ceiicmorpamma OI'T S(t) (a) u celic-
Morpamma ogHokpaTHbIX BosH Fo(t) (6)

Onnaxo Ha ceficMoTpaccax i (t) u celicmorpamme 1o, KpoMe OTHOCHTENBHO HEGOIb-
[IOr0 YHUCJIa OJHOKPATHBIX BOJIH, NMPHUCYTCTBYET OTPOMHOE YHMCIO MHOTOKpAaTHBIX. Yucio
MHOTOKPaTHBIX BOJH JIABUHOOOPA3HO BO3pACTAET MO MEPE YBETUYCHUS YUCIA OTPAKAIOIINX
rpanui. VIMEHHO 1O 3TOW NMPUYMHE OJHOKPATHBIC BOJHBI, MPUXOASIINE OT TIIyOOKHX OTpa-
KAIOMIMX TPAHMII, OKA3BIBAIOTCS B 0CO00 HEONATONMPUATHBIX YCIOBHSIX: YeM OOJbIle Bpems
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peructpanuu, TeM OoJblliee YUCIO MHOTOKPATHBIX BOJIH ycHeBaeT chopMmupoBaThCs. DTU
BOJIHBI MACKHUPYIOT OJIHOKPATHBIC BOJIHBI B psAJie ClydaeB HACTOJIbKO, YTO MX BOOOIIE HE yJa-
€TCs BBIJCIINTD.

[IpencraBum cebe, uTO KakMM-TubO myreM ¢ ceiicmorpace S ¢ (f) ynanenst Bce wmm
OOJIBIITMHCTBO MHOTOKPATHBIX BOJH. Torma HOBoe celicMUYecKOoe M300paKeHHE TaBajio Obl
MOJIHOE TIPEJICTABICHHE 00 M3y4aeMOM pa3pe3e — M BpeMeHa BCTYIUICHUS OJHOKPATHBIX
BonH, ¥ ux ammmtyasl. Celicmorpaccy Fo(t), Ha kKoTOpOl BpeMeHa BCTYIUIEHUS OJXHOKpAT-
HBIX BOJIH M UX MHTEHCHBHOCTh OCTAIOTCS TAKMMHM K€, KaK Ha peajbHol ceficmorpacce St),
a KpaTHbIE BOJHBI YACTUYHO WJIU MMOJTHOCTBIO TIOJIaBICHBI, MOXKHO TOTYYUTh ITyTEM COOTBET-
cTBytomel 0opadoTku cericmorpamm OI'T.

k=01

i

1,0 1,04 1,08 7,12 116 L
i au ] . I -_ I 11._
.f'l.._l_ _ ﬁ,. -
— B . S — S 5. 8
- . 1"-.“ - - _ __.r"_".ﬁ,___
. N — - o —
O A
— — .l"""l,,_r — S — -"ﬂ:'bg— -
— " I
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Puc.1.32 [Toctpoenue cymmotrpaccsr OI'T.

a — HCXOJHBIE ceifcMoTpacehl & (t), 6 — BcroMoraresbHbIe CEHCMOTPAcChl, MOTYYCHHbBIC MPU H3-
BecTHOH (McTHHHOW) ckopocTr V=3000 M/c; B — pe3ynbTaT CyMMHPOBaHUI

Ha puc.1.31 npuBenen pparMeHT celicMUUECKOro u3obpaxenus, celicMorpammbl S(t)
¥ TOT ke (PParMeHT MOCJIEe YCTPAHEHHs U3 Hee KPaTHhIX BOJH — celicMorpamma Fo(t). One-
pauuio npeodpazoBanus ceiicmorpammbl OI'T B celicmorpaccy FO(t) paccmorpum Ha He-
CKOJIBKHX mpuMepax. ITycTs Ha HekoTopoi Touke npoduist moayudeHo N ceficmorpace OI' T—
Si(t), S(1), ..., S\(t), cooTBeTCTBYIOIMMX PACCTOSHMAM UCTOYHUK — MPHEMHHK X1<Xo< ...
Xy, mpuaeMm x1 # O, T.e. ceficmorpacesl (t) orcyrersyror (puc.1.32, a). [peamnonoxum, uyro
Ha ceficMorpaMMe UMEETCs BCero OJiHa OTpa)keHHasi BoJiHAa. BpeMeHa BCTyIuieHHs BOJIH B 3a-
BHCHMOCTH OT X: B COOTBETCTBUH ¢ BhipakeHueM (1.37) onpenensitores romporpadgom OI'T:

2
2 X
t”(X) = t()] +v72 = t()] +Atk(x)1
1

rae to; — Bpems npuxoa 51oit ke Boaubl npu X = 0, T. €. BpeMs, B KOTOpoe BoJjiHa Obl-
na Obl 3aperucTprpoBana Ha ceiicMorpacce Sy(t); Vi — KOHCTaHTa, MMEIoIas pa3MEPHOCTD
CKOpOCTH.

OnpenenuM BpeMms BCTYIUIEHHSI BOJHBI Ha celicMorpacce Spq(t), o6osnaums ero ty;.
BpeMst BCTyIIeHHs 9TOi JKe BOJIHBI Ha celicMoTpacce Syy(t) 6b110 Obl
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Cuurast V; M3BECTHOH, HaiineM to; u nMmyibe ¢ cefiemorpacel S (t) mepenecem Ha
BCIIOMOTATENILHYIO celicMOoTpaccy S (t), momecTuB ero tak, 4TOOBI BpEMs €r0 BCTYIUIEHHS HA
3TOH ceiicMoTpacce O6bu10 paBHO o1 OdueBUIHO, UTO BpeMs {p; MOKHO OnpenenuTh 1o 1000
u3 N ceiicmorpacc Ha ceiicmorpamme OI'T u Ha BeroMorareibHbIE CEHCMOTPACChl BHIHECTH
HMITYJIBCBI C COOTBETCTBYIOMUX cericmorpacce OI'T,— Bce 3T UMMYIbCHI OyAyT UMETh OJIN-
HAKOBOE BpEMsI BCTYIUICHHUS, HO, MOXET OBITh, Pa3IMYHYI0 aMIUTUTy1y. Takum oOpazom,
Moo noyants N Benomorarensasix (1), (), ...y (1) ceiicmorpace (puc.1.32,
0), KakJaasi U3 KOTOPBIX 10 BPEMEHH BCTYIUICHUS M (POpPME HMMITYJIbCa BOJHBI COBMANACT C
ceiicmorpaccoit (1), HO 10 aMILUTUTY/IE UMITYJIBCA MOYKET TaK WIIM WHAYE OTIIMYATHCS OT pe-
anpHOM ceticMoTpacesl Sy(t).

O6pasyem u3 N BcromoratensHbIX celicMoTpace cymmorpacey Fo (t) cnenyrommm 06-

d 4] ]
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Puc.1.33 [Tpumep nocrpoenust cymmorpace OI'T npu pazinuyHbIX CKOPOCTSIX (MCXOTHBIE celic-
MoTpaccel — cM. pucl.32).

a—BCIIOMOTaTeIbHBIe ceficMoTpacchl pu Vi1 = 2500 M/c; 6—BcroMoOraTeNbHBIe CeHiCMOTpacchl TpU

Vi1 = 3500 m/c; 6—pe3ynbTaTthl cymmupoBanus: I — Vi3 = 3000 m/c, II — V1 = 2500 m/c; I — Vi1 =

2750 m/c, IV— V1 = 3250 m/c, V — V11 = 3500 m/c

pa3oM: CIIOKUM BCE BCIIOMOTATENIbHBIE CEHCMOTPACChl B Pe3yIbTaT CYMMHUPOBAHUS TIOICITHM
na N. IIpu Takom curaznom cymmupoBanuu hopma ummynbsca Ha cymmorpacce Fo (t) Gymer
TaKOH e, KaK U Ha UCXOJHBIX ceiicMoTpaccax OI'T, a ammiuTtyna ero OyaeT paBHa cpenHein
amrmutyne (puc.1.32, B). DTa cymMMoOTpacca 1Mo BPEMEHH BCTYIUICHHS BOJIHBI U (OpMe UM-
myJbca CoBnaja Obl ¢ PeabHOM ceiicMoTpaccolt ) (1), ecu ObI 3amuch GbLIa IPOBEIEHA IIPH
x=0, ¥ MOXHO OKHJIATh, YTO B PE3YJILTATE YCPEAHEHHS UMITYJIHCOB aMIUIMTY/1a HMITYJIbCa Ha
cymmoTpacce Oyzer 611M3Ka K aMIUIUTYIE UMITyJIbca Ha peanbHoii ceiicmoTrpacce S (t).
[Ipenmnonoxum Tenepp, 4T0 CKOPOCTh V4 U3BECTHA, U BMECTO V1 BO3BMEM CKOPOCTH Vg

(V11<V1). Ucnonms3ys ceicmorpaccy Si(t), naiimem npeanonaraeMoe BpeMs BCTYIUIEHHS 3TOM
BOJIHBI Ha celicMoTpacce ) (t):

2
X 1 1

_ A 2 2 _
toz(v11’x1) - t11 2 to1 +x1 2 2

11 1 v]]

[Tepenecem umnynbe ¢ ceiicmorpacesl S(t) ma ceiicmorpaccy Fg (t) tak, uro6br on
Berynan B MOMeHT toy(Vi1, X1). Bosemem ceiicmorpaccy S(t) u maiizem npeanonaraemoe
BpeMs BCTYIIEHHS 3TOM BOJHBI Ha celicmoTpacce Fo(t):
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t()Z(vH’xZ): t(f[ +x22 ]2 _IZE
1 11

[Tepenecem nmmyibe ¢ ceiicmorpaccesl S(t) Ha celicmorpaccy Fq (t), momectus ero Tak,
4TOOBI OH BCTyHal B MOMEHT top(V11, X). AHAIOTMYHBIM 0Opa3oM ONpeenuM BpeMeHa Ly 1mo
npyrum cericmorpaccam OI'T u uMIyJibC ¢ KaKJI0M U3 CEMCMOTPACcC CHECEM Ha CEMCMOTpaccy
Fo (t), MOMECTUB €ro Hayajio Ha BpeMsi, HaJEHHOE MO COOTBETCTBYIOILIEH ceilicMoTpacce
OI'T.

Cl10KUM UMITYJIbChI, CYMMHUPYSl UX 3HAY€HUs B OAUH U TOT K€ MOMEHT BPEMEHH, U TO-
nenuM pesynbrupyronmii umyibe Ha N. ITTockonbky Vi1<Vi, TO Bce toi(vll, X) OynyTt pas-
JMYHBL U He paBHbI tg;. Omubka B onpenenennu to; Ha ceficmorpacce Fo (t) 3aBucut ot x u

Vii

1

1
— - 2 2
Al‘(V”,xk) _t()](vu’xk) _toz - toz +xk 2 _T _Z(H

1 11

(1.59)

Kak BunmHO u3 Beipakenus (1.59), At Bo3pacraer npu yBeIMYCHUU KaK X, TaK M pa3-

noctu (Vi — Vi1). Ha puc.1.33 npuBenensl npuMepbl octpoenus ceiicmorpace OI'T. Beskuii
pas, Korja CKOpocTh Vi1 HE COBIANAET C V1, UMIYJIbCHl CYMMHPYIOTCS HE B «(haze», racs Apyr
npyra. Onepanus, pu koropoil ummyiaschl ¢ N ceiicmorpace OI'T moMemaroT Ha ceiicMo-
rpammy Fo(t) ¢ BpeMeHaMu BCTyIUIEHMS, BHIMUCIEHHBIMHA 110 U3BECTHBIM X U BBHIODAHHOMY
3HAYCHUIO V11, 3aTEM CYMMUPYIOT U JIEIAT Ha 4yucio ceiicmorpace B ceiicMorpamme OI'T, Ha-
3BIBAIOT CyMMHpOBaHHEM 110 criocody OI'T.

Kax BumHo u3 mpumepa, mpuBeaeHHoro Ha puc.1.33, cymmupoBanue mo crnocody OI'T
JlaeT UHTEPIIPETATOPY JBE BO3MOXXHOCTH: BBIIBUTH BpeMs BCTyruieHus {p u popmy nummnynsca
WHTEPECYIOIICH BOJIHBI, COXpPaHSsl €ro MHTCHCHUBHOCTh TaKOW Jke, Kakod oHa Obuta ObI Ha
ceiicmorpacce SH(t), mm, Ha06OPOT, OCIAOUTH HHTEHCUBHOCTH HEKOTOPOW BOJHBI OTHOCH-
TEJILHO TOM, KOTOPYIO OHAa MMeeT Ha Kaxaoil u3 ceiicmorpacc OI'T u umena Ob1 Ha celCMOT-
pacce S(t). Tlonapnenne BOIHBI IPH 3TOM HE CBOAUTCS K IPOCTOMY YMEHBILEHHIO €€ aMILIH-
Tymel: Ha cymmoTpacce Fo(t) mosieisercs Boana uHOM, ueM ucxoaHast, GOPMBI M ¢ MEHBIIEH,
[0 CPaBHEHUIO C MCXOJHOW BOJIHOM, aMIUTUTYIOH. B 3TOM cocTouT crenuduka mnoaapieHus
BOJIH, OCYIIIECTBIIIEMOTO MPU CYMMHUpPOBaHUH 110 criocody OI'T.

Mepoii TOro, HaACKOJIBKO CHUJIBHO IOJAaBJI€HA BOJIHA, MOKHO NPHHATH OTHOIIEHHE aM-
IUIMTY/ABl BOJHBI HAa OJMHOYHOM ceficMoTpacce K aMIUIMTYZAE BOJHBI, MOJIYYEHHOW IOcCie
cymmupoBaHus. O4eBUAHO, YTO HAUMEHBIIECH aMILIMTY/1a MMITYJIbCA MOCIE CyMMHUPOBAHUS
Oyzer Toraa, Korjaa CABUTY MEXY KaXIbIM U3 UMITYJIbCOB, YUYAaCTBYIOUIMX B CYMMHUPOBaHUU
Ha ceticmorpacce Fo(t), cranyr cpasaumer ¢ T,/ 2, rae T,y — BUIMMBIN TIEPHO UMITYJIECA
BOJIHBI Ha MCXOAHBIX ceiicMoTpaccax OI'T. Ho 310 03Hauaer, 4To moaaBieHHE MOXKET OBITh
3¢ HEKTUBHBIM JUIIb TOT/IA, KOT/IAa XN YAOBJIETBOPSET YCIOBHUIO

2

toz +)‘i1;/ —1, >> Tguo’ Xy 2>V El/ 27—;110 m0' (1.60)

[IpuBeaeHHBIN BbIIIE TPUMEP MO3BOJIAET CENIATh €I1€ OAWH BaKHBIM BhIBOJA. Paccmar-
puBas pe3ynbTaThl CYMMHUPOBAHUS C PA3IMUYHBIMU 3HAYEHUSMU Vi, BUJIUM, YTO KOTJa CKO-
pOCTh BBIOpaHa MPABUIBHO, UMITYJILC cymMoTpacchl Fq (t) uMeer Hanbonbuiyro amMruuTymy.
DTO JaeT BO3MOKHOCTh OINPEACIUTh CKOPOCTH, OMUPAsSCh Ha TUHAMUYECKHUE IMapaMeTphl pe-
3yNBTUPYIOIMIUX UMITYJIbCOB ceficmorpacchl Fo(t). Takol moaxom IeKUT B OCHOBE BCEX CIIO-
co00B ckopocmnozo ananusza no oauuvim OI'T.
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Ecam O6b1 ogHOKpaTHBIE U MHOTOKpaTHBIC BOJHBEI Ha ceficMorpamme OI'T peructpupo-
BAJINCh, HE MHTEP(EPUPYS APYT C APYroM, T. €. Ha celicMoTpacce Sp(t) onu BeTymamu Obl B
MoMeHTHI {g, T, ...... , tok Takme uto g — tox >7,, TO OoMHMCaHHBIM BHIIIE CTIOCOOOM TTHOOYIO
U3 3THX BOJIH MOYKHO OBLIO OBl MOJABHMTH MJIM COXpaHuTh Ha cymmotpacce Fo(t). TlogaButs
OJIHU BOJIHBI I COXPAHUTh JIPYTrUe MOXKHO JIUIIb TOT1a, KOTJ[a UX roorpadbl pa3IudaroTcs 1Mo
BEJIMYMHAM I1apaMeTpa CKopocTH Vorr. Ecinu napamerpst Vi, Vo, ...., Vi A1 pa3IMYHbIX TOH0-
rpadoB OJM3KH MEXITy cOOOM, TO HE3aBHCHUMO OT pas3lInyus WU COBIAJeHUs 3HadeHuH [y,
topeeeee- , Tok cymmupoBanue o cnoco0y OI'T nmub0 paBHOMEpPHO MOJABUT BCE BOJHBI, JIHOO
COXPaHMT UX TAKUMH K€, KAKUMH OHU ObLM Obl Ha celicMoTpacce (t).

[Ipenmnonoxum, 4TO U3BECTHA 3aBUCUMOCThH CpeIHEN CKOpOCTH OT g — BpemeHH mpu-
X0a BOJIHBI Ha ceiicmorpacce Sp(t). Takue cBemeHUS MOXKHO TOJYYHUTH TIPU MPOBEIECHUH
celicmokapomasica cxeéascun. OIHAKO B BRIpaKeHHe [Tt rogorpada BXomuT He V(1) u He
Vo, @ MO0 Vs, [cOS ¢ (ecnu BomHAa  OHOKpaTHAs), GO V,y /COS m@ (ecnmu KpaTHOCTH
BONHBI M), I7ie ¢ — YToll HaKJIOHA TPAaHULbL; V,g — 3P (eKTHBHAS CKOPOCTh B TOJLIE, MO~
KpbIBarolieu rpanuily. [1o 3Toil mpuymHe CKOPOCTh, KOTOPYIO MCIOJIB3YIOT P CYMMHUPOBA-
Huu 110 crioco0y OI'T, Ha3pBatOT HEe A(HPEKTUBHOM, a CKOPOCTHIO Vo7 WM CKOPOCTHIO MPHU
CYMMHUPOBaHHH, U Bceraa Vory > V. IIpu Manbix yrnax HakloHa, Korja cos ¢ = I, rpapux
V(t,) MOXHO HCIIOIB30BATH JIHIIIH B KAYECTBE [EPBOrO NPHOMIKEHHS K rpaduKy V,q(to). IIpu
00JBIINX yTIIax HakioHa, HanpuMmep npu @ =30°, Vo7 4711 OAHOKpPATHBIX BOJIH Oynet Ha 13,5
% BBILLE V, g, & U BOJIHBI BTOPOM KPaTHOCTU Vorr Oyzer B 2 paza BbIlIe Vsgp-

Ecnu omHOKpaTHas BojHA Ha ceiicMoTpacce Sp(t) umeer Bpems Beryruienus to, To aBy-
KpaTHas BOJIHA, 00pa3yloIIascs Ha TOW XK€ TpaHMIe, OyJeT UMETh BpeMs BCTYIUJICHUS INPH-
mepHoO 2tp. Ho 5Ta BosHa ABaK bl MpoIILIa ToIILy, (G QeKTHBHAs CKOPOCTH B KOTOPOH V(L)
Ortcrona ciemyer, 4TO €CIIM OJJHOKpATHas BOJIHA C BPEMEHEM BCTyIUIeHHS {y xapakTepusyercs
3¢ dexTnBHOI CKOPOCTHIO V,4(l5), TO ABYKpaTHas BojiHA, 0Opa30BABIIAACS HA TOH JKE TPAHH-
e U BCTynaromas B MOMeHT 20y, JomkHa Xapakrepu3oBaThes 3()(EKTUBHONW CKOPOCTBHIO
V,p(to). Ecm V,(to) BO3pacTaeT ¢ riyOMHOI M COOTBETCTBEHHO C yBenmdeHneM o, To mpu
CYMMHUPOBaHHMHU JIBYKPAaTHOW BOJIHBI, BCTYMAIOIIEH HAa BpeMeHH iy 1 MMerolIei, cienoBaTesb-
HO, Vorr = Vsy(to/2) npn 3uauennu Vorr = V,4(to), ona Gymer mogapmsitecs. OXHOKpaTHas ke
BOJIHA, C TEM )K€ 3HAUEHHEM BPEMEHHU BCTYyIUICHUS {g OyaeT cyMMHpOBAaThCS C NMPAaBUIBHBIM
3naueHneM V u Ha ceiicmorpacce Fo(t) ocramercs Takoit e, kakoit oHa ObLia ObI Ha celic-
motpacce S(t). OueBuaHo, 9T TIPU GONBIINX YIJIAX HAKJIOHA KPAaTHOOOPA3yromUX rpa-
Hun V'orr = V,p(to/2)-COS mg mosker crath cpasuuMoii ¢ V(to) 15 OHOKPATHBIX BOIH H 110~
JaBUTh TaKWe KpaTHBIE BOJIHBI OyaeT HeBO3MOKHO. Hamnbonee COXHBIM SIBISETCS CITydaid,
KOTJla OJTHOKpAaTHasi M JBYKpaTHasl BOJIHBI UMEIOT Onm3koe 3Hayenue to. Ha puc.1.34 npuse-
JIEH MpUMEP, MOKA3bIBAIOIINN, KaK BBITVISLAUT MIpU 3ToM ceiicMorpamma OI'T u yTo nmonyyaer-
csl ociie ee 00padOTKH.

Ha peanpubix celicmorpaccax OI'T BBIIEIUTH OTAEIBHO UMITYJIBC KaKOH-THOO BOJIHBI,
HaiiTi Bpems ero Berymienus tyy Ha ceiicmorpacce S(t) u 3arem Bech HMITYJIbC IOMECTUTH Ha
ceiicmotpaccy Fo(t) HeBO3MOKHO, TTIOCKONBKY B KaKIblii MOMEHT BPEMEHHU HA 3TOH CEHCMOT-
pacce perucTpupyercsi pe3yibTaT HHTepdepeHunn MHOrux BojH. [loaTomy omepupoBaTh
MOKHO TOJIBKO C OTCYETaMH, IIPOBOAMMBIMHE C HEKOTOPBIM marom At. [Ipu aTom [uis kakaoro
orcuera S() HEOOXOAUMO HANTH KHHEMATHYECKYIO TOMPABKY M 9TOT OTCYET MOMECTUTH Ha
ceiicmorpaccy Fo(t) B Touke to,= t, — Aty(X,N). s cnenyromero orcuera th+At naxomsr
CBOIO ITOTIPAaBKY, M ATOT *OTCYET IMOMEIIAIOT Ha COOTBETCTBYIOIIEM BPEMEHH Ha CelicMOTpac-
cy Fo(t). 3nauenne V npu sToM BEIGHPaIOT 110 KprBOiA V,y(lo). ITockombKy V,g(to) H3Mensercs
MeieHHO, a Aty << tgn, TO MOXHO IPHHATB, 9TO V,4(tn) = V,4(to). C mrarom At neobxomumo
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npoiitu Bero ceiicmorpaccy Sy(t) u 3aTeM MOBTOPHUTHL BCe OIEpaluy UIst CIAEAYIOIIEH celic-
MOTPACCHI.

OTOT Mpouecc NPOUCXOAUT B aBTOMATHYECKOM pexnme Ha IBM. Uuciio mpoBoAUMBIX
npu 00paboTKe ornepanuii MOKHO OIICHHUTh U3 CICAYIONIUX COOOPaKEHUN: NITUTEILHOCTD 3a-
UCH OOBIYHO 6 ¢, IU(POBBIC 3aMMKMCH MTPOBOIAT ¢ Iarom auckperusamuu At = 2 mc. Cueno-
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Puc.1.34 Tlpumep mosiaBiieHNsI KPATHBIX BOJIH IyTeM cymmupoBanus mo OI'T.

a — ucxoauele ceiicmorpacehl (t), Ha KOTOPHIX MPHCYTCTBYIOT JIBE BOJIHBI: Vog1 = 3000 m/c,
Vg2 =2500 M/c; 6 — pesynbTatel cymmuposanus: I — Vq = 3000 m/c, II — V> =2500 m/c.

BaTEJIbHO, HA KAXKJIOW ceiicMoTpacce Halo onpeaeauTs okoso 3000 KkuHeMaTUYeCKuX Momnpa-
BOoK. Yucno ceiicmorpacc OI'T paBHO KpaTHOCTH NMEPEKPBHITUN U M3MeHseTcs oT 12 1o 48 u
6onee. Takum oOpa3om, Ha OAHOW TOYKE HAOIIOACHUS HEOOX0auMO BRIUUCTUTE 48:3000 ku-
HEMATHUYECKHUX TOIMPABOK, 3aTEM MPOBECTH CTOJBKO K€ CIOXKEHHUI M MOCie 3TOro OyaeT mo-
nydena oaHa ceficmorpacca Fo(t) mms oxsoro BapuanTa 3aBucumoctu V,y(to). Touku Hadumro-
JIEHUs Ha Mpo¢uIe pacloararT, Kak IpaBuio, ¢ marom 50 M, T. €. Ha 1 kM npoduiis npuxo-
murest 20 Touek HaOJIIOIEHNUS.

OpnHako yka3zaHHBIEC OINEpAIiK JAJIeKO HEe MCUEPIIBIBAIOT BCEX JCUCTBUIA, KOTOPHIE MPO-
BOJIAT B mporiecce 00padoTku manHbix Meroaa OI'T. [Ipexae yem npucTyUTh K CYMMHUPOBA-
Huto 1o cioco0y OI'T, HeoOX0AMMO BBECTH TOMPABKU 32 30HY MAJILIX CKOPOCTEH U MPUBECTU
Bce HAOMIOEHMS K OJHOM TIOCKOCTH. Tonpko B 3TOM citydae rogorpad OI'T Oynmer mmeTh
TOT BUJ, KOTOPBIA HCIONB3YIOT MPU BBEICHWN KHHEMAaTUYECKUX MOIMpPaBOK. HempaBuibHBIN
yaet mornpaBok 3a 3MC — cTraTuueckux MonpaBoOK — HE MO3BOJIUT CIOKHUTH B «(paze» UM-
MyJbCHI osIe3HBIX BoMH OI'T, kak Obl XOpOIIO He ObUIM YYTEHBI KHHEMAaTHIECKUE TTOMTPABKHY.

Jlanee, MOCKOJIBKY UCXOHBIE JaHHBIE O MOBEACHUHU YPPEKTUBHON CKOPOCTU KaK (PyHK-
uu tp moaydarT 1Mo KpuBOi ch(to), JaKe MPOBOJIsI HAOTIOICHUS HAJl TOW CKBAaKUHOM, B KO-
TOpO# ompezemsiack Kpusast Vep(lo), IUI TOYHOTO BEIYMCICHHSI KHHEMATHICCKHX OIPABOK
npuxoaurcs Bectu nepedop Vorr (fo) s psga MHTEPBATIOB 3aMKCH, YTO IIO3BOJISET YTOYHUTH
KpHUBYIO V,(to). Ecii ske HaOMOACHNs BEIyT BAAIM OT OMOPHOI CKBAKHHBI, TO V,(lo) Mo-
JKET BeCTU ceOs 3aBeIoOMO MHAaYe, YeM IMPEeroiaraioch. B 3ToM ciydae CKOpOCTHOM aHamm3
MPOCTO HEOOXOAHM.

Kak yka3bIBajoch paHee, aMILUTUTY Ibl HMITYJIbCOB OTPa)KEHHBIX BOJIH Ha ceicMoTpacce
Fo(t) mecyr nundopmanuro o koddduimentax orpaxenus. OaHako >ta MHGOPMALUS MACKH-
pyercsi (aKTOpOM T€OMETPHUUECKOTO PACXOKICHHS: aMILTUTYIbl OTPAKCHHBIX BOJH YMEHb-
HIAIOTCSl IO MEpe YBETUYEHHUS TIIyOMH A0 OTpaxaromux rpaHuill. OcoO0eHHOCTH TpaeKTOpUil
Jqydell OIHOKPaTHBIX BOJH Ha cericMorpacce Fo(t) mossomsior mpocteiM 06pasom yuecThb
TEOMETPUUECKOE PACXOXKJIEHUE, YCTPAHUTh €0 BIUSHUE HA JUHAMUKY OTPa)KEHHBIX BOJH Ha
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ceiicmorpacce Fo(t). s sroro mocrarouno cericmorpaccy Fo(t) ymuo)uTh Ha dyHkuuo
t-V, (o). Ceitemorpacesr Dg(t) = t-v,, -Fo(t) mepenaror nctnnHble 3HAYCHUS AMILIATYX OT-
PaKEHHBIX BOJIH M TIO3BOJIIIOT ONPEIEIUTH COOTHOIIEHHE MEXTY KOO()(PUIIMEHTAMH OTpaKe-
HUSI Ha Pa3JIMYHBIX TPAHMIIAX.

Jlnst Toro 4ro6s! ceficmorpacehl P (t) MOKHO OBLIO HCIIONB30BATH IPU U3YYEHUH M3-
MEHEHUH JMHAMHUKHU OTPa)XCHHBIX BOJH IO IIyOMHE U B IUIaHE, HEOOXOJUMO Y4YeCTh pasiiu-
qyusi B (pOpME ¥ MHTEHCHUBHOCTH BO30Y)KIaeMbIX UMITYJIBCOB Ha KaXKIIOM ITYHKTE BO30YXIe-
HUS, IPUBECTH BCE CEHCMOTPACCHI K CTAaHAAPTHOMY €IMHOMY BUAY MMITYJIbCa BO30YXKIECHUS.
Taxoe BeIpaBHUBaHUE TPeOYET JOMOTHUTEIBHON 00pabOTKH.

Yacro pemiarorniee 3HAYCHHE MMEET CTENEeHb JETAILHOCTH PAcuICHEHHs pa3pes3a Io
rryouHe. B aTom cirydae celicMOTpacchl oiBepraloT o0paboTKe, IPH KOTOPOW pacIIupseTcs
CIEKTpP MMITYJIbCa BO3OYKIIEHUSI U YMEHBIIIACTCS €r0 JUTUTETLHOCTh. TaKkylo Oomneparuio Ha3bl-
BalOT 0Opamuoil punvmpayuen.

Monrax u3 ceficmorpace @g i (t) nma Fo i (t), momoOmmlii ceficmorpamme to, HazbiBarOT
celicmuyeckum epemeHnvim paspe3om. Ha Takom paspe3e BHAHBI OCHOBHBIE OTpa)arollue
IpaHuLbl, UX KOHQUTYpalKs, CTeIeHb KOHTPACTHOCTH YHPYTHUX CBOMCTB KOHTAKTHPYIOIIMX
cioeB. OJIHaKO ceCMUYECKUN BPEMEHHOUN pa3pe3 He COBNALACT C IYOUHHBIM, HA KOTOPOM
paccTosiHue 0 TPaHUI] U3MEPSIOT MO BEPTHKAIU MEXIY TOUKOM HaONIOIEHUS U TPaHHIICH.
Ha celicMuueckoMm pa3pe3e 0TOOpa)KaroTCs TOJIBKO JXOTTYOHWHBI, a HE TUIyOMHBI HCTUHHBIC.
Ha mocnenneit craqun o6paboTKH BPEMEHHBIX CEHCMUYECKHUX Pa3pe30B MPOBOIST OTIEPAITHIO
Muzpayuu— CIOXHYIO U TPYIOEMKYI0 MAaTEeMAaTUYECKyI0 00paboTKy, B pe3yabTaTe KOTOPOit
MOJTy4aroT TIyOWHHBIN celicMuYecKuil paspes. Ha aTom paspese oTpakeHHbIC BOJIHBI C UH]IU-
BUIyaJIbHBIMH JUHAMUUYECKUMU XapaKTEPUCTUKAMH OKa3bIBAIOTCS MOMELIEHHBIMU Ha UCTUH-
HBIX TJIyOMHAX U B UCTUHHBIX TOYKAX OTPa)KaroIlel rpaHuIlbI.

B pesynbraTe momHo#t 06paboTku manHbIX MeToaa OI'T B pacnopspkeHHH MHTEpIIpeTa-
TOpa-ceicMOpa3BeIurKa 1 reoiora OKa3bIBalOTCs CIEAYIOUIUE TaHHbIE.

1. Cucrema TiIyOMHHBIX pa3pe30B MO Bcel M3y4aeMOU IUIOIIATU, Ha KaXKIOM M3 KOTO-
PBIX IPEACTABICHO HECKOJIBKO OTpaKarolMX rPpaHULlI—TOpPU30HTHI 1, 2, 3,..., M.

2. OnpeneneHHbIe MO pe3yIbTaTaM CKOPOCTHOTO aHaM3a 3Ha4eHHS () (PEKTUBHBIX CKO-
pocTeil B Kax10i Touke HaOII0ACHUS Ha TPODUIIAX.

3. Beruucnennsie no ¢popmyse (1.51) 3HaueHUs HHTEPBATBHBIX CKOPOCTEH JJIS KaXKI0TO
MHTEpBaJIa MEKIY OTPAXKAIOILIUMU I'PAHULIAMH.

4. BoruricrieHHbIE U1 HEKOTOPBIX MHTEPBAJIOB 3HAUE€HUS KOA((UILIMEHTA MOTJIOIIEHHUS.

5. 3HaueHUs aMIUTUTY/] OTPAKEHHBIX BOJIH (B YCII. €11.) WIH YCIOBHBIC KOA(DPHUITUESHTHI
OTpaKCHHUS.

Hcnonb3ys 3TH AaHHBIE, MOYKHO ONPEACTUTh, KaK U3MEHSIOTCS 3(pPEeKTUBHbIE U UHTEP-
BaJIbHBIE CKOPOCTH B 3aBUCHUMOCTH OT INIYOMHBI 1O OTpakarollel I'paHUIbl U IJIAHOBOIO MO-
JIOKEHHS TOYKU HAOMIONEHUS Ha U3ydyaeMol miomaau. M3ydenue pacnpeneneHus yka3aHHbIX
celicCMMUYeCKHUX MapamMeTpoB MO TNyOWHE U B IJIaHE U CONOCTaBJICHHE MX C JAaHHBIMU CKBa-
KUHHBIX UCCIICOBAaHUI U T€OJOrMYECKUMH MPEACTABICHUSAMHU U (paKTaMH COCTABIISICT OCHO-
BY npozHo3uposanusa zeonozuueckozo paspeza (UI'P). B mporecce Takoro KOMIUIEKCHOTO
aHasiin3a marepuasioB MOI'T u pe3ynabTaToB Ipyrux HCCIEIOBaHUI CEMCMMUYECKHE XapaKTe-
PUCTHKHM HCIIOJB3YIOT JUISl ONPENESICHUs COCTaBa, CTPOEHHUs, YCIOBUM OCaJKOHAKOIUICHHUS,
TUIIA UCTIBITAHHBIX OTJIOKEHUSIMU U3MEHEHUI, BO3pacTa U, B KOHEYHOM CUETE, UCTOPUU pa3-
BUTHUA paiioHa. [Ipu mouckax HeTH U Ta3a 3TOT MOAXOJ COCTABIISET OCHOBY METO/1a MPSIMBIX
MIOMCKOB, IIPU KOTOPOM HEMIOCPEICTBEHHO YKa3bIBACTCS, B KAKOM MHTEpBaje INIyOuH U Tlie Ha
TJIOUIAIU UMEIOTCS CKOIUICHHUS YTIIEBOJOPOIOB, 1 OKOHTYPHUBAIOTCS OOHAPYKEHHbBIE 3aJI€KH.
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I'maBa 2 I'PABUPA3BE/IKA

I'paBuMeTpuuecKas WIM TpaBUTALIMOHHAs pa3BeAka (COKpAIlEHHO IpaBUpa3BeaKa) —
3TO reo(PU3NUYECKU METOJ UCCIEIO0BaHMs CTPOEHUS JUTOCQEPHI, IOUCKOB U pa3BEAKH IO-
JIe3HBIX MCKOMAEeMBbIX, 0a3MPYIOMIUNACS Ha W3YUYEHUHU TPaBUTAMOHHOTO NoJs 3emun. OCHOB-
HBIM U3MEPSAEMBIM IAPaMETPOM 3TOT0 METO/Ia ABJISAETCS] YyCKOPEHHE CBOOOJHOTO MaI€HHSL.

XOTs o€ CHJIbI TSHKECTH YYEHBIE M3y4daroT JaBHO, Hampumep, ['. [Nammeit B 1590 r.
HEPBBIN MOIYYnIT YCKOPEHHE CBOOOIHOTO MaeHHs, Habmoaas 3a najgeHuemM tei, a M. B. Jlo-
MOHOCOB pa3paboTall /Ui €ro U3MEPEHUs UJeH NPYKUHHOTO U Ia30BOr0 IPaBUMETPOB, OJIHA-
Ko Juiib B 30—40-x rogax XX cToneruss HeoOXoumasi TOUHOCTh U3MEPEHUH Obljla TEXHUYE-
CKU pealn30BaHa B I'PaBUMETpaX, MasTHUKOBBIX MPUOOpax, a TAK)KE BapUOMETPAX M Ipaju-
eHToMeTpax. DTH MpUOOPHI IPEIHAZHAYCHBI JIs1 U3MEPEHHSI YCKOPEHHSI CBOOOIHOTO MaACHUS
Y €T0 IPaJIuCHTOB.

[Tpu n3MepeHnn mapaMeTpoB IPABUTAIIIOHHOTO TOJIST B BO3yX€, HAa 3eMHOW MOBEPXHO-
CTH, aKBATOPUAX MOpCfI 1 OKCAaHOB HaGJIIOI[aIOT HUX U3MCHCHMUA, O6YCJIOBJI€HHLIC B OCHOBHOM
JIBYMsI TIpUYMHAMHU. BO-TIepBBIX, TUIAHETAPHBIMU OCOOCHHOCTSIMHU 3eMIIM (CKOPOCTh Bpallle-
HUS, Macca, GopMa MOBEPXHOCTH, BHYTPEHHEE CTPOCHUE), CO3/AAIOUIMMH TJIABHO M3MEHSIO-
nieecs 1MoJie, Ha3bIBAEMOE HOPMANbHbIM. BO-BTOPBIX, pa3NTU4MeM MIOTHOCTH TOPHBIX MOPOJ
U Py, CBSI3aHHBIM C TUIOTHOCTHBIMH HEOJHOPOJIHOCTSMH CpPEIbl, 00pa3yloUNMUA aHOMAIbHOE
noJne cuibl TSDKecTU. B 3alavu IrpaBUPA3BCAKU BXOOAT USMCPCHUA 3HA4YCHUHU nmapaMeTpoOB I10-
JS1 CUJIBI TSDKECTH, BBIICJICHWE aHOMAIBHBIX COCTABISIONIMX TPABUTAIMOHHOTO TMOJST M MX
TCOJIOrMUCCKast MHTCPIPCTAl .

OT npyrux reopu3MUecKuX METOJOB IPaBUPA3BEIKa OTIMYAETCS CPAaBHUTEIHHO 0OJIb-
I0¥ MTPOU3BOAUTEIEHOCTHIO TIOJIEBBIX HAOIIOJCHUH U YCIICITHO MPUMEHSETCS IIPH PEIICHUN
CaMbIX Pa3JIMYHBIX T'COJIOTMYCCKHUX 3adayd C I‘HyGI/IHHOCTBIO I/ICCJICILOBaHI/Iﬁ OT HECKOJBbKHUX
METpOB (IPH Pa3BEIIKE OKPECTHOCTEH TOPHBIX BBHIPAOOTOK) JO JECATKOB KHUJIOMETPOB (TpH
OTIpe/IeJICHNU MOIIIHOCTH 36éMHOU KOPBI U JINTOC(HEPHI).

[To n3ydaeMbiM 00BEKTaM (T€OJIOTUYECKUM CTPYKTYypaM) FpaBHpa3Be/ika TECHO CBsS3aHa
C TEOJIOTUEH M IPYTUMHU TeO(PU3NICCKIMU METOJaMH, a UCIIOJIb3YeMble U3MEPUTEIILHBIC TTPH-
OOpbI, METOABI BHIACTICHHS U MHTEPIPETAMN aHOMAJIUH OMUPAIOTCS Ha JOCTHXKEHUH (PU3HKO-
MaTeMaTHYECKUX HayK.

2.1 OCHOBBI TEOPUHU ¥ TPABUPA3BEAKH

211  Cuna maxcecmu u yckopenue c60000H020 NAOCHUA

CoryacHO 3aKOHY BCEMHPHOTO TATOTEHUS BCE Teja NPUTATUBAIOTCA IPYr K IPYTy C CH-
JIOH, TPOMOPLUOHATBHON MX Macce W OOpaTHO MPOMOPLUOHATIBHON KBaJpaTy pacCTOSHUS
MEXJy HUMH. I TOUEUHBIX Macc, T.e. sl MacC, COCPEJOTOUYCHHBIX B OECKOHEYHO MaJlOM
o0beMe, 3aKOH BCEMUPHOTO TATOTeHHS HpI0TOHA MOXKHO 3amucaTh B BUJIE

F-gfnim (2.1)

r.2

rae F—cuna nputsokenust; My, Mp — B3aMMOAEHCTBYIONIME MACChI; [ — pacCcTOSHUE
Mexay ux nentpamu; G — KOG PUIHMEHT MPOMOPIHOHATBHOCTH, HA3bIBAEMBIN TPaBUTAIIM-
oHHo# nocrosiHHoii; B CU G = 6,67 10 M3 krt ¢ Benu CUJTy TIPUTSDKCHHSI OTHECTH K €U~
HUYHON Macce mp =1, To TodeuHas macca my = M OyIeT NPUTATUBATE Ty SIUHUIHYIO MacCy
C CUIIOH
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PaBHOU YCKOpeHUIo cubl RPUMANCEHUSL.

B cnyyae npuTssKeHMsT €IMHUYHOM MacChl MAaCCOM, COCTOALIEN U3 N OTACIBbHBIX TOYEK,
YCKOPEHHUE CHJIBI IPUTSHKCHUH TPUHUMAET BHJ

9,=G DZ ?1 (2.3)

[Ipu HempepbIBHOM pachpe/ieIeHUd MacC CyMMa JOJKHA ObITh 3aMEHEHa MHTErpajioM
10 BCEMY 3aHMMaeMoMy mMaccamu oobemy V

dm

B teopun nmputskeHus I0Ka3aHO, YTO OAHOPOJHAs cepuyeckas macca NPUTITUBACT
IPYI'yI0 Maccy ¢ CWIOH, paBHOW CHUJIE, pa3BUBA€MOM TOYEYHOM MAacCOM, paBHON Macce BCEro
mapa U CoOCpeIoTOYEHHOMU B ero neHtpe. [loatomy, mpeacTtasiss 3eMito B BUJE 11apa, B Mep-
BOM IMPHOIMKEHUH YCKOPEHUE CUJIBI IPUTSDKEHUS 3eMIIn

rae M — macca 3emin; R — cpennuii pagnyc 3eMid, eciiy NPUTATHBAEMAs TOUKA HAXOJUTCS
Ha ee moBepxHocTu (puc.2.1).

Kpome cuibl npUTsDKEHHsT Ha Maccy 7 IEHCTBYET LEHTpoOeKHask cuila, BO3HUKAIOIIAs
BCJICICTBME CYTOYHOTO BpalleHUs 3€MJIM BOKPYT CBOEW OCH. JTa cujia MPONOpPIMOHAIbHA
paanycy BpalleHUs p U KBaJpaTy YriIoBOW CKOPOCTH @:

P = p?[n (2.6)

OTHOCS ee K eNMHUYHON Macce, MoJIydyaeM yCKope-
HUE LEHTPOOCKHOHN CHWIIBI, HANpaBICHHOE MO PaINyCy
BpallleHUs OT OCH BpaICHUS,

p=pls (2.7)

OTHOIIEHHE MaKCUMAaJIbHOT'O 3HAYCHUS YCKOPEHUS
LIEHTPOOEKHON CHJIBI (HAa SKBAaTOpE) K MHUHUMAJIBLHOMY
3HAYEHUIO YCKOPEHUs NPUTSLKEHUs coctasisier 1/288,
T.€. OCHOBHOH BKJIaJ] B CTPYKTYpPY IPaBUTAI[MIOHHOTO IO-
a8 3eMiIM BHOCHT YCKOPEHHE MPUTSIKECHHUS, IMO3TOMY
MOKHO cuuTarh §=('.

Takum 00pa3oMm, paBHOACUCTBYIOIIAS YCKOPEHUM
npuTsHKeHus ' ¥ IEHTPOOEKHON CHITBI P €CTh YCKOPEHHE
CBOOOHOTO Ma/ICHUS B JAHHOW TOYKE 36MHOW MOBEPXHO-
cti §. Enqunnneit yckopenust ceobogHoro naaenus B CU
SIBJISIETCSL METP Ha CEKYHIY B KBajzipaTe. B rpaBupasBenke

HCIIONIB3YIOT Golee Menkyro eaunuiy — 107 m/c? = 107
cm/c? = Imla, KOTOpas TMOJy4rJia CBOE Ha3BaHHUE B
YECTh 3HAMEHHUTOI'0 UTAJIBSHCKOTO yueHoro ['anuneo ['a-
aunes. Y moBepxHocTH 3emiu  u3menserca ot 9,780
M/c? Ha sKkBaTope 110 9,825 M/c? Ha moIocax pu cpeaHeM 3HadeHuu 9,810 w/c?. HaGmoxnae-
MO€ YMEHBIIICHHE { OT MOJOCOB K IKBATOPY OOBSCHSIOT, C OJHON CTOPOHBI, BO3pacTaHUEM
YCKOPEHUS IEHTPOOESIKHON CHUJIBI, a C IPYroi, — yBEITWYCHUEM paJryca 3eMJId MPUMEPHO Ha
21 KM, T. €. CIUTIOIIEHHOCTBIO 3€MJIM IO OCH BpalllCHHUS.

Puc.2.1 Cuna TsKecTd U ee

COCTAaBJISIOLIHE
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21.2 Iomenyuan c60600H020 nadeHus u e2o RPOU3BOOHbBLE

FpaBI/ITaHI/IOHHOG roje 3eMIi OTHOCUTCS K KJIaCCy MOTCHIHUAJIbHBIX HOHCﬁ, T. €. TAKUX,
KOTJ]a KaXKIIOW TOYKE MPOCTPAHCTBA BOKPYr 3eMJIH (BHE MPHUTATHBACMBIX MAacC) MOXHO IO-
CTaBUTb B COOTBCTCTBHUC HCKOTOPYIO HCIIPCPBIBHYIO WU MMCIOLIYIO HCIIPCPBIBHBIC ITPOU3BO/-
Hble QyHKIUIO. [Ipon3BogHbIe 3TOW (HYHKIMH MO HANPABICHUSM, KPOME TOTO, PABHSIOTCS
IPOCKIUAM CHJIBI TSDKECTH Ha ATH HarpasiieHUs. Takyro (QyHKIMIO HA3bIBAIOT 2pagumauu-
onnvim nomenyuanom \W. YtoOst 31a QyHKIUS YIOBICTBOPSIIA ONPEICICHUIO MOTCHIHATA 1
BhIpakeHMsM (2.4) u (2.7), ee IPUHUMAIOT CIIETYIOIEH:

2
W:qum+“’pz_ 2.8)
v I 2

3 OIPCACIICHHUA IMOTCHIIMAJIa BBITCKACT, UTO
oW
5 - 9eos(g,9) =g, (29)

Crnieq10BaTeIbHO, MATEMATUYECKH BBEIEHHOE TOHATHE MOTEHIHAIa IpHodpeTaeT husu-
YECKYIO CYIIHOCTh, Tak Kak mpupanienne norennuanra AW—ot1o paboTa 10 nepeMerneHuo
MaTepHaibLHON TOUKHK Ha paccrosuue OS. [Ipu nepeMenieHny TOUKH B HAPABICHHUH, IEPIIEH-
JUKYJISIPHOM K HAIpaBlIeHHIo CHiIbl TshkecTH, COS (g, S)=0 u dW=0. [Tociie unrerpuposanvs
0JTy4aem

W = const. (2.10)

Tak kak W siBsiercst QpyHKIuel KOOpAMHAT X, Y U [, MONy4EHHOE PABEHCTBO €CTh
ypaBHEHHE HEKOTOPOW MOBEPXHOCTH, OOJIaalomel CIIEIYIONUM CBOMCTBOM: B JII0OOOH ee
TOYKE CHJIa TSHKECTH HampaBlieHa MEePIEHAUKYISIPHO K Hel. Takas MOBEpXHOCTh HA3BIBACTCS
YPOBEHHOU VI IKGUNOMEHUUATIbHOU NOGEPXHOCMbI0. Pa3nunble 3HaUeHus CONSt B ypas-
HeHuM (2.10) cOOTBETCTBYIOT pa3iMYHbIM YPOBEHHBIM IIOBEPXHOCTSM. Y POBEHHYIO NOBEPX-
HOCTb, COBIAJAIONIYI0 CO CBOOOJHON HEBO3MYIIEHHON MOBEPXHOCTHIO BOJbI 3€MHBIX OKea-
HOB, Ha3bIBAIOT reonioM. I'eons o popme oueHb OIU30K K SJUIMIICOMAY BPALICHUS C BECbMa
MaieiM (1/297 — 1/298,8) koadurnmentom cxarus. [Ipencrasnss Gpopmy 3emin B BUIE -
JIMIICOM/Ia BPAIICHUSI MaJIOTO CXKaTHsl, o TeopeMe Kiiepo onpenensior TeopeTHieckoe, Hop-
ManbHoe 3HaueHue YCKOPEHUsl CUJIbl TSXKECTH Yo, KOTOPOE B 3aBUCHUMOCTH OT IIHUPOTHI Ha-
OJI0JIEHUS () IPUHSTO BhIpaxath (popmymnoi

V, = 8, = &,(1+0,005302Bin’ ¢ —0,000007 Bin’ 2¢ ) (2.12)

rae g, — cpeaHee 3HaueHue MoJisd Ha SKBATOPE 3eMIIH.

3T0 BBIpa)KE€HHE MO3BOJISIET PACCUUTATh Py Ha MOBEPXHOCTH Ieoua JJIs 000N TOUKU
HaAOJIO/IEHUsI ¢ U3BECTHOM IIUPOTON B MPEANOIOKEHUH OJHOPOJHOCTH BHYTPEHHEIO CTpoOe-
HUS 3eMJIH ¥ OTCYTCTBHSI KaKOTO-TMOO HapylleHus uaeadbHou (cdepudeckoii) Gpopmbl mo-
BEPXHOCTH 3€MJIH.

W3 Beipakenus (2.9) cneayer, 9To MPOU3BOIHAS TTOTCHIMAIA IO OTBECHOM JIMHUU €CTh
MOJIHASI COCTABJISIONIAS] CHIIBI TSIKECTH:

W g =g (2.12)
0z
Eciu BeIOpaTh IPsAMOYTONIBHYIO CHCTEMY KOOPAWHAT, PH KOTOPOH OCh Z HampaBiicHa
BEePTHKAIBHO BHU3, a 0Ch X MO Mepuauany, 1o, nuddepeHuupys Beipaxenue (2.12) mo Ha-
MpaBJICHUSAM X, Y U Z, oJiydaeM
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679_62\N_ aj_aw_ aj_aw_
ox o0xdz oy oyoz ' o0z 0z2% @ *F
Dtumu GopMyIaMHu OTPEICISIOTCS CKOPOCTH U3MEHCHUS WK 2paduennmst { BIOJb OIl-

peneneHHbIX HanpasieHui X, ¥ U Z. CylecTBYIOT TaKXKe U APYTHe BTOPbIE IPOU3BOIHBIE T10-
TEHLHAJIA:

(2.13)

o'W o'W o'W
WXX = 2! WYY = 2 ! WXY = "
0X oy 0x dy
C moMoIIpi0 BTOPBIX MPOU3BOIHBIX (2.14) MOXKHO yCcTaHOBHUTH ()OpPMY YPOBEHHOM I0-
BEPXHOCTH (r€0oM1a), U3y4aeMou B reoie3nYeCKOr IpaBUMETPHH.

(2.14)

Pa3zMepHOCTh BTOPBIX MPOU3BOAHBIX MOTEHIMATA CUJIbI TSXKECTH OMPENESETCS OTHO-
IIEHUEM TPUPALICHUS CUJIBI TSKECTH K PACCTOSHUIO, T. €. [M-C ZM '1]=[c '2]. B kauecrtBe
MPAKTUYECKOW €IUHUIIBI U3MEPEHUSI BTOPHIX MPOU3BOJHBIX B I'PaBUpA3BEAKE MPHUHATA BEJIU-
apna 10 9 ¢ 2, MOJTYYHBITIas Ha3BaHue dTBema (D) U COOTBETCTBYIONIAs] MU3MEHEHUIO CHIIBI
msoxectr 0,1-10 ° mec  wmm 0,1 Ml ma 1 kv, s YCPEAHEHHBIX I1apaMEeTPOB 3€MJIU B 3aBU-
CUMOCTHU OT LIIMPOTHI TOUYKHU HAONIONECHHUS MO CIeNUaIbHBIM (OpPMYyJIaM pacCUMTHIBAIOT HOP-
MaJibHbIE 3HaYEHUsI BTOPBIX IPOU3BOJAHBIX MOTEHIIMAIA CUJIBbI TSXKECTH.

213  Anomanuu u pedykyuu cuivl maxcecmu

OTkoHeHNe HaOII0A€HHOTO 3HaYeHUA (46, OT HOPMAJIBHOTO MOJIsI, TEOPETUYECKH pac-
CUMTAHHOTO JJIS 3TOM K€ TOUKH, Harpumep, 1o ¢opmyse (2.11), Ha3pIBaIOT aHOMATUEH CUIIBI
TSOKECTH WINM aHOMaJIMel YCKOPEHHs CBOOOJHOTO MaJieHus (AaHOMAJIbHBIM MOJIEM CHJIBI TSXKe-
ctn) Ag:

Ag =4, Ve (2.15)

st coOroieHust KOPPEKTHOCTH 3TOM Oreparui HeoOX0IuMO, YTOOBI HOPMAJILHOE T10-
Jie COOTBETCTBOBAJIO YPOBHIO (BBICOTE) U yCIOBUSIM HaOmoneHus. [loaTomy B HaOI0IeHHBIC
3HAUEHUS CUJIBI TSKECTH BBOJAAT HONPAGKU UIU PEOYKYUU, CHUMAIOILINE ITH PACXOKICHUS U
IIPUBOASIINE HAOIIOIEHHBIE M TEOPETUUECKUE 3HAUEHUS K OHOM nmoBepxHocTH. CyliecTByer
TPU OCHOBHBIE penykiuu. [lonmpaBka 3a cBOOOJHBIN BO3yX (3a BBICOTY MM mompaBka Dast)
YUUTBIBAET Pa3HUIy B YPOBHE HAOJIOJACHUS U YPOBHE I'€0M1a U PACCUUTBIBACTCS 110 (opMyIie
(B mI"am)

8 Gy pop = 0,3086h, (2.16)

rae h —BricoTa Touku HAGMIONEHUS HAl YPOBHEM MODS, M.

[TompaBky 3a cBOOOMHBIN BO3AYX BBOIST B O,,5, CO 3HAKOM ILTIOC, €CITH HAOIIOICHHUS
MPOBOJAT HAJl YPOBHEM MOPs, U CO 3HAKOM MHUHYC, €ciu Huke. [Ipu morpemHocTu oTHOCHU-
TENBbHBIX rpaBUMeTpudeckux n3mepenuit £0,01 mI'anm pa3Huma B BhICOTaX JTOJDKHA OBITH U3-
BECTHA C TIOTIPEMIHOCThIO He Oonee 4 cM. AHoManuio 4@y, NOTy4EHHYIO C y4ETOM PasIuyus
BBICOT TOYCK HAOJIIOACHHUS, HA3bIBAIOT aHOMaKei Das:

qu) =0us Vot 0 Ocs.5031 (2.17)

Ee B OCHOBHOM HCIIONB3YIOT B T€OJIC3UYECKON TPAaBUMETPHH, a TAKXKE MPH OIIEHKE Te0-
JTUHAMHYECKOTO COCTOSIHUS 36MHOM KOPBI U JINTOC(EPHI.

[Ipn Ha3eMHBIX ChEMKax Ha ydacTKax, MPUIOAHITHIX MO OTHOILIEHHUIO K YPOBHIO Teo-
naa, MCXKAy IMOBCPXHOCTLIO H8.6HIO,H€HI/I$I " TCOUJIOM pacCrojaratoTca MacCcChbl rOPpHLIX MMOPOI,
KOTOpbIE NIPY BBEJCHUM TONPABKH 3a CBOOOJHBIN BO3IYX CMEINAIOTCS Ha BenuduHy N u Ha-
KJIAJIBIBAIOTCSI HAa HUKEJIEKAIME MAcCChl, co3/7aBas Kak Obl TBOWHOW TUIOTHOCTHOU 3 (DEKT.
I[HSI HUCKIIIOYCHHUA BJIMAHUA MACC, PACIOJIOKCHHBIX MCKIAY MOBCPXHOCTBHIO H8.6HIOI[€HI/ISI n
T€OUIOM, BBOJIAT IOIPABKY 3a MPOMEKYTOUYHBIN CIIOH - nonpaeky Byze — Q. Jlyis BBIpOB-
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HEHHOT'O CIIOKOHMHOTO penbeda MOBEpXHOCTH HAOIIOACHUS, KOIJla Macchl MPOMEXYTOUYHOIO
CJI0S1 MOKHO MPEACTABUTh B BUJIE IUNIOCKONIAPAUIEILHOTO TOPU30HTAIBHOTO CJIOSI MOLIIHOCTBIO
h, sty monpasky Beraucisior no gpopmyse (B MI'a)

0 g, =-0,04180 h, (2.18)

TAC 0 — CPCAHMAA IMIIOTHOCTD IMOPOA MPOMEIKYTOUHOT'O CJIOA.

[Ipy TpEeBBIICHUSX BHICOTHI TOYKH HAOJIOJEHHS HaJ YPOBHEM MOpS MOMpPaBKY O0Qg
BBOJIST B HAOTIOACHHBIC 3HAYCHUS CUJIBI TSHKECTH CO 3HAKOM MUHYC.

Ecnu oTknoneHus penbeda MECTHOCTH B pailoHe HAOMIOJNCHUS 3HAYUTENbHBI (TOPHBIC
palioHBI, TIEpPEeXOAHBIE U PU(TOBBIE 30HBI U JZIp.), TO TMOMpPABKAa 32 MPOMEKYTOUHBIN CIIOM
JOJDKHA YYMTBHIBATh BIIMSIHHE Macc peibeda, OKPYKaIoLIero TOUKy HaOMIoIeHus, T. €. Macc,
3aKJIIOYEHHBIX MEXKIY YPOBEHHOH MOBEPXHOCTHIO, MPOXOAIIEH uepe3 TOUKy HaOmoaeHus (B
ee ONMMKANIINX OKPECTHOCTSAX ITa MOBEPXHOCTh TOPU3OHTAIBHA), U (PU3MUYECKON TOBEPXHO-
cThi0. Maccel penbeda, 3ajeraromniue HajJ 3TON TOPU3OHTAIBHOW IMOBEPXHOCTHIO, CO3MIAIOT
BCPTUKAJIbBHYIO COCTABJIAIOLIYIO CHUJIbI TSIPKCCTHU, HAIIPABJICHHYIO BBCPX, T. €. YMCHBIIAIOIIYIO
HaOmoieHHOE 3HavYeHue. [Ipu omyckanuu (pU3MUECKO MOBEPXHOCTH HUKE TOPU3OHTATHHOU
CO3/aeTCsl HeIOCTaTOK Macc peibeda (BMECTO TOPHBIX MOPOJ HOPMATbHON IIOTHOCTH HAXO0-
JUTCS BO3YX), YTO TAK)K€ BEJIET K 3aHM)KCHUIO HAOIOJEHHBIX 3HaYeHHUM CUiibl TsbkecTH. [1o-
3TOMY TIOIPABKY 3a penbed 0Jp Bceraa BBOIAT B 0,45, CO 3HAKOM ILIIOC. [ToHas 1monpaBKa 3a
MIPOMEKYTOUHBIN CIION

5g, =-004180h+dg,. (2.19)

B 3aBHCHMOCTH OT TOYHOCTH HAOJIFOJICHUN MCIOJB3YIOT TONorpaguueckue KapThl pas-
JUYHOTO MaciiTaba, ¢ MOMOIIBI0 KOTOPBIX OMPEIENAIOT BIHMSHHE Macc penbeda B 00IacTu
paaumycoM oT Touku HaOmoaeHus 10 200 km u 6omee. [Ipuuem a1 67IM3KO0 paCIIONOKEHHBIX K
TOYKE HAOIOICHHS YYACTKOB HEOOXOUMBI 0OJIEe TOUHBIE KAPThHI peibed)a MECTHOCTH.

Anomanun Byze AQy npencrasisier co00i pa3HOCTh HAOIIOACHHOTO H TEOPETHICCKOTO
MoJIeH CHJIBI TSDKECTH MPU BBEJICHUH COOTBETCTBYIOLIUX MOMPABOK:

AgE = gHAEﬂ - yO + 5 gCB.BOf)’ﬂ + 5 gE’ (220)

tae Yo, Agcs o, Ags onpenenstor o Gopmynam (2.11), (2.16) u (2.19).
OOBIYHO B KAyeCTBE HAYAIBHOTO 3HAYCHHS IIOTHOCTH MPOMEXYTOUYHOTO CJIOS TPH

pacuere aHoManuii byre BeIOMparoT 3HaueHUE 2,67 r/em® — CPEIHION TIJIOTHOCTh TOPHBIX
MOPOJI 3eMHOM KOpHI. 111 ocaiouHbIX 0acCeifHOB OHA MOYKET COCTaBIATh 2,3 r/em’.

[Tpr BBICOKOTOUYHBIX TPAaBUMETPUUYECKUX ChEMKaX HEOOXOAMMO BBOJUTH IMOMPABKHU 3a
JYHHO-COJIHEYHBIE BO3MYILCHUS CHIIBI TSKECTH, CBSI3AHHBIE C PA3IMYHBIM PACIOJI0KEHUEM
Connia u JIyHbI IO OTHOIIEHUIO K TOYKH HaOmoaeHus u gocturatomue 0,3 mIan.

Anomanus byre npezcraisier co00i OCHOBHOW NMEPBUYHBIA IPaBUMETPUYECKUIA MaTe-
pHaJl pU reoIOTHYECKOM MCTOJIKOBAHUH TOJISL CUIIBI TSHKECTU 3eMJIHM, OTpaXkas TJIaBHBIM 00-
pa3oM BIUSHUE MIOTHOCTHBIX HEOAHOpOIHOCTEH muTocdeprl. Hamo oTMeTHTh, 4TO B aHOMA-
auto byre BXoAAT M aHOMaluU OT TMIYOMHHBIX IUIOTHOCTHBIX TPaHMII, BIUIOTH /10 BHELIHEH
TpaHUIBI siipa 3eMIId.

214  ITnomnocmu 20pHbIX HOPOO

JIJ1s UICTOJIKOBAHUS pe3ybTaTOB IPaBUPa3BEAKH HEOOXOUMO 3HATh IJIOTHOCTh TOPHBIX
HOPOJ| 0, MOCKOJBbKY 3TO €AMHCTBEHHBIN (U3MYECKUH NapaMeTp, Ha KOTOpoM Oasupyercs
rpaBupasBeka. [IOTHOCTBIO MOPO/IbI HA3hIBAIOT MACCy €AUHUIIBI 0ObeMa mopoasl: o = MYV.

[Tnotaocts B CU mMeeT pa3MepHOCTh KWJIOTpaMM Ha KyOMYECKUi METp, HO 4acTo HUC-

MOJIb3YIOT 00Jiee MPUBBIYHYIO EIUHUILY — IpaMM Ha KyOudeckuil canHtumerp. OObIYHO U3Me-
PSIOT MJIOTHOCTH OOPA3IIOB, B3SATHIX U3 €CTECTBEHHBIX OOHAXKEHUH, CKBKUH U TOPHBIX BHIpa-
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6otok. Camblii TPOCTOH CcIOCOO OompeneneHrs TUIOTHOCTH 00pa3iia COCTOUT B €T0 B3BEIIIMBA-
HUU B BO3yX€ U B BojJie. Ha 3TOM mpuHIMIIE TOCTPOEH ACHCUTOMETP — MPHUOOP, TTO3BOJISIO-
ui onpenensate o ¢ norpemnocteio 0,01 r/em®. Ho Hambonee HafeKHBIC U MPaBUJIbHBIE
JaHHBIE O TIOTHOCTH TOPHBIX MOPOJ MOJYYaIOT MPU U3MEPEHUSX B €CTECTBEHHBIX YCIOBUSAX
3aJieraHus, JJIs 9ero MCHOJB3YIOT raMMa-raMMa- WU MIOOHHBINM Meronabl. [lpu m3mepeHuun
IUIOTHOCTU Ha o0pa3iax HeoOXoAuMa JOCTaTOYHO MPEACTaBUTENIbHAS KOJUIEKIUS, COAepKa-
mas He MeHee 50 00pa3ioB KaxkI0ro JUTOJIOTHYECKOr0 KOMILIeKca. DTo TpeboBaHue obecme-
YUBACT MCKIIOUYCHUE CITyJalHBIX OIMMOOK, CBSA3aHHBIX C OTOOPOM 00Opa3IloB M3 OOHAKECHHS
i KepHa. [1o MHOTOKpaTHBIM U3MEPEHHSIM IUIOTHOCTH 00pa3I0B OJHOTO U TOTO K€ JUTOJIO-
THYECKOro KOMIUIEKCa CTPOSIT BAPUAIIMOHHYIO KPUBYIO WX rpavK 3aBUCHMOCTH 3HAUYE€HUHN O
OT 4ncia 00pasioB, 00JIaAaOMUX JAHHOM MIIOTHOCThI0. MakCHUMyM 3TOM KPUBOHM XapaKTepH-
3yeT HauboJiee BEPOSATHOE 3HAUCHUE TNIOTHOCTH JJISl JAaHHOM MOPO/IBL.

[110THOCTH TOPHBIX TOPOJ M Pyl TJIABHBIM 00pa30M 3aBUCHUT OT XUMUKO-MUHEPAIHLHOTO
COCTaBa M MOPUCTOCTH. [IITOTHOCTH U3BEPIKEHHBIX U METAMOP(PHUUECKUX MOPOJT OTIPEIEISIETCS
B OCHOBHOM MMHEPAJIBHBIM COCTABOM M YBEJIMYUBAETCS IPH MEPEXOJE OT MOPOJ KUCIBIX K
OCHOBHBIM M YJIBTPAOCHOBHBIM B COOTBETCTBUH C YBEJIMYEHHEM JKEJIE30COAECPKAIIUX MUHE-
panoB. [[ns ocago4HBIX MOPOJ IJIOTHOCTh ONPENESAETCS MPEXIE BCEr0 MOPUCTOCTBIO, BO-
JIOHACBIILIEHHOCTBIO U B MEHBIIEH CTENEHM MHHEPAJIOIMUECKUM cocTaBoM. Hekoropble 3Ha-
YeHHsl IJIOTHOCTH MPUBEACHBI B Ta0. 1.

Ta6amnna 1. II10THOCTH HEKOTOPBIX BellecTB, 0CHOBHBIX MOPOJ, MUHEPATIOB M 000104eK 3eMJIH

Bewecmeo, nopooa, o, 2/em’ Bewecmeo, nopooa, o, 2/em®
MuHepan MuHepan

Hedts 0,8—1,0 I'a66po 2,86—3,1
Bona 1,0 BazaneT 2,7—3,2
Yrons 1,114 [lepunorur 2,8—34
ITousa 1,13—2,0 DKJIOTUT 3,35—4,2
ITecox 14—1,7 MenHeiil Komyenan 4,1—4,3
I'muna 2,0—22 MarseTur, reMaTuT 49—5.2
[Tecuanux 1,8—2,8 BepxHsis 9acTh 3eMHOM 2,67
UsBecTHAK 2,3—3,0 KOPBI (CpeITHSI)
I'panut 2,4—3,0 3emirst (CpeaHsis) 5,52
I'meiic 2,6—28 Snpo 3emnu 12,0

W3 Teopun aHOMaNLHOTO TPABUTAIMOHHOTO TOJISI CJIEYET, YTO U3MEHEHUE (aHOMAIIHS)
CHJIBI TSDKECTH OOYCJIOBJICHO pa3MepamMu U (OpMON BO3MYIIAIOIIETO T€OJOTHIECKOTO 00BEK-
Ta, €ro TTyOWHOM 3aJieraHus U BEIMYMHON TaK Ha3bIBaeMOU M30bITOUHON WiH 3 (HEKTUBHON
IUIOTHOCTH /0, TpeacTaBistoniel co00i pa3HOCTh IUIOTHOCTH MOPOJ AHOMAJIO00Pa3yoIIero
00BbeKTa (CTPYKTYPBI) H BMEIIAIOIHUX MOPOJ: AT =0y — Oy .-

B 3aBUCHMOCTH OT r'eOJIOTHUECKON OOCTAHOBKM HM30BITOYHAS IUIOTHOCTH A0 OOBIYHO
MU3MEHSIETCA B MPElelaxX HEeCKOJIbKUX JECATHIX rpaMMa Ha KyOWYECKUU CAaHTUMETP U UMEET
pa3nuuHbIi 3HaK. Hampumep, pa3HuIla 3HaYCHUH MJIOTHOCTH MEXKIy KPHCTALTHIeCKUM (yH-
JTAMEHTOM M 0CaJJ0OYHBIM KOMILIEKCOM M COOTBETCTBYIOIIMIA TIeperna MIIOTHOCTH Ha TPaHuUIle
noBepxHocTu dyHaamenTa coctasisier 0,1—0,3 r/em’. [IpumepHO Takue ke 3HaA4YCHUs N30bI-
TOYHOM TMJIOTHOCTH HAOINIONAIOTCA U MPU BHEAPEHUH HHTPY3WH OCHOBHOTO COCTaBa B Oca-
NOYHBIN yexon. OHa U3 CaMbIX PE3KUX IUIOTHOCTHBIX TPAHUI] HAXOIUTCS MEXKIY 36MHOH KO-
poit u ManTHei (rpanunia MoxopoBuunya), rae ¢pukcupyercs nepenan miornoctu 0,3 — 0,6
r/cm. M36BITOYHAS ITOTHOCTB COJICHOCHBIX MOPOJ IO OTHOLICHHIO K BMEIIAIOIINM 0CaI04-
HBIM [IOPOIAM COCTAaBIISIET OKOJIO - 0,2 T/CM, 4TO IPeIONpe/Ie/sieT BOSHUKHOBEHHE HaJl COIIS-
HBIMHU KYIIOJIAMH OTPUIATEITLHBIX aHOMAIHIA CHITBI TSDKECTH.
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TeopeTHuecku 1 NPAKTHICCKH HHTEHCUBHOCTh AaHOMAITHI CHJIBI TshKeCTH AJp OT TeoIio-
FMYECKUX OOBEKTOB COCTABIISAET OT JOJEH 10 MEPBBIX JECATKOB MUJUIUIAl, YTO COCTaBIISET
10°—10 7 or cusl nputsbkeHus 3emin. Iloatomy B rpaBupasBenKe ISl BBISIBICHMS TaKUX
TOHKHMX I'DaBUTALIMOHHBIX 3(P(PEKTOB OT reoOrnYecKux CTPYKTYp pa3padoTaHa crienuanbHas
BBICOKOUYBCTBUTEIIbHAS alIaparypa ¥ METOMKA MOJIEBBIX PadoT.

2.2 Amnmapartypa Uil rpaBHpa3BeIKu

221  IIpunyunst uzmepenusn cuivl maxcecmu

Jnst u3MepeHusi CUIIbl TSDKECTH MOJKHO HCIIOJIB30BaTh JItOOBIE (DU3WUecKue sBICHUS,
KOTOPBIE 3aBUCAT OT HEE: KaUaHUE MASTHUKA, PACTSIKEHHE MPYKUH C TPY30M, MaJCHUE TEN B
nycrtoTe. MeTolibl U3MEPEHHS CHIIbl TSHKECTH MOJPA3ACNSIOT Ha TUHAMUYECKUE, B KOTOPBIX
HAOII0IAI0T JABMKEHUE TPY3a B TOJIE TSHKECTH, U CTATUYECKUE, B KOTOPHIX U3MEPSIOT pacTsi-
KEHUE YIPYroro sjeMeHTa ¢ rpy3oM. OnpeneneHus MOTyT ObITh aOCOMIOMHBIMU VI OHIHO-
cumensvHoimu. K aOCOTIOTHBIM OTHOCSITCSI TAKUE METOMBI, B KOTOPBIX HAa KaXKJIOM TOYKE TO-
JTy4aroT abCOII0THOE, MOJIHOE 3HAYeHUE J,46, - K OTHOCUTENBHBIM METOJaM OTHOCSIT METO/IbI,
B KOTOPBIX Ha KaXKJIOM TOYKE ONPEACIAIOT NPUPAIICHUS WU Pa3HOCTU IO OTHOLIEHHIO K He-
KOTOPO#t UCXOHOM TOUKE A4, . B TpaBupasBesike st aOCOMOTHBIX H3MEPEHUI HCIIONB3Y-
0T MasiITHUKOBBIE TIPHOOPHI, a JJIT OTHOCUTEIIBHBIX — MAasSTHHKOBBIC TPUOOPHI U TPaBUMET-

pBL
2.2.2 Maamnukoevie npudopul

MasTHUKOBBIE METOBI OCHOBAHBI HAa U3MEPEHHUH Meproaa KojebaHust MasiTHuka. dop-
MyJia JUIs pacyeTa MoJylnepuoia, T. €. BpeMeHu 1, HeOOXOJMMOTro /ISl TIPOXOXKIACHUS MasiT-
HHUKa OT OJIHOTO KPAaHETO MOJ0KEHUS 10 APYroro, MUMEET BUJT

- [ .2 a L4 a U
T=m g§+%ﬁsm 2+%E}ﬁsm Z+ ......... E (2.21)

rae | —nanuna masTHuKa; o—yron otknonenus. Usmepus 7T, | u a, MoxHO paccuurats J.
Hpu mamsix o (<30°) 7 0Om.l/g .

Cno’XHOCTh M TPOMO3KOCTh a0COJIOTHBIX OMPEIEIICHNU {§ 3aKITI09aeTcs B TOM, 4TO Te-
puoa Konebanuii He0OXO0AMMO H3MEPSTh C TIOTPEITHOCTHIO JI0 1077 C, a JUIMHY MasiTHUKa — C
norpemrHocThio 10 0,001 MM. AGCONMIOTHBIE U3MEPEHHS OOBIYHO MPOBOAT JIMIIL Ha 0OcepBa-
TOPHSAX U HEKOTOPBIX OTIOPHBIX MTYHKTAX BBHICIIETO Kjlacca.

Heckonpko mpole ¢ NOMOIIBI0 MasTHUKOBBIX MPUOOPOB NPOBOJUTH OTHOCHUTENIBHBIE
U3MEpeHusi CHIbl TsokecTd. [lpu 3TOM M3MepsIoT monynepuoj KojeOaHuil MasTHHKa Ha

OIOPHOM TIIyHKTE 7, DITA/I/ g,, @ 3aTeM Ha BCEX OCTAIbHBIX IYHKTaX HaOIIOJCHHN

T Om./l/g, . Danee no dopmyne gi=0o(To/ Ti)? paccunTHIBAIOT G BO BCeX IyHKTax, €ciIH

U3BECTHO a0CONIIOTHOE 3HAaYeHHE {p HAa OMOPHOM IyHKTE. [Ipu OTHOCHUTENBHBIX U3MEPEHUIX
HET HGOGXOIII/IMOCTI/I OIpeaAciATh JJIMHY MassTHHUKA, YTO OGHGF‘I&CT mnponecc Ha6JHOI[eHI/I$I. B
MasITHUKOBBIX MpHOOpax 4acTo Ha OJHOM INTAaTHBE YCTAHABIMBAIOT HECKOJIbKO (IBa —
H.IGCTI:) MAasATHUKOB, YTO IMO3BOJIAACT YMCHBIIWUTL MNOTIPCIIHOCTL U3MCPCHUSA, a TNIABHOC, IIPU
pEerucTpaly pa3HOCTHBIX KOJI€OaHUM Ka)KJoW Hapbl MAasTHUKOB MOSBISIETCS BO3MOKHOCTH
HaOJIOZCHNST HA JBMKYILEMCS OCHOBAaHHMHM, HallpUMep, Ha Kopabje Mmpu rpaBUMETPUUYECKHX
ChEMKax aKBaTOpPUH MOPEN U OKEaHOB.

Ha nmorpemHocTs u3MepeHuss MasiTHUKOBBIX MPUOOPOB BIMSIOT paziIu4HbIE (PAKTOPHI:
TEeMIIEpaTypa, MIOTHOCTh M BIAKHOCTh BO3AyXa, KOJEOAHNUE TATHBA, JIEKTPUYECKHUE U Mar-
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HUTHBIE MOJIsI, I3MEHEHHUE JJIMHBI MasiTHUKA U JIP., 9PPEKThl OT KOTOPBIX YYUTHIBAIOT JIHOO C
MIOMOIIIBIO BBEJCHHSI COOTBETCTBYIOIIMX TOMPABOK, JINOO MyTEM MPUMEHEHHUs CHEeIHaIbHBIX
METOJIMYECKUX MPUEMOB HaOmoaeHuid. Hanpumep, ¢ TeueHneM BpeMEHU M3MEHSIIOTCSI BHYT-
pEHHUE XapaKTePUCTHKU MAaSTHUKOBBIX IPUOOPOB, YTO MPUBOINT K Apeidy UM CMEIICHUIO
HYyJIS puOOpa, T.e. U3SMEHEHUIO MOKa3aHUK co BpeMeHeM. OTIMYUTEIbHOW YepTOd MasTHU-
KOBBIX ITPUOOPOB SBJISIETCS OTHOCUTEIBHO Majioe U IUIABHOE CIIOJI3aHUE HYJIS, JOCTHUTAIoIIee
HECKOJIbKUX MWLIUran B Mecsil. [loaromy, HecMOTpsi Ha TPOMO3JIKOCTh KOHCTPYKIIUU U JUIH-
TENHHOCTh HAOJIOICHUS B KaXJIOH TOYKE (HECKOJIHKO YacOB), MAsSTHUKOBBIC MPUOOPHI TPHU-
MEHSIOT MPHU TPAaBUMETPUUYECKUX ChEMKAX IJIs CO3JaHHs OMOPHBIX MOPCKUX IpaBUMETpUYE-
CKUX CeTel, OpPraHU3aIMH MOJIMTOHOB /ISl ATATIOHUPOBAHUS TPABUMETPOB H T. .

[TorpentHocTh aOCOMIOTHBIX M3MEPEHHH CHJIBI TSHKECTH C MOMOIIBIO MAasTHHUKOBBIX
pUOOPOB Ha 0OCEPBATOPHUAX MOXKET OBITh JoBeaeHa 10 1—3 Ml an, nmpu Ha3eMHBIX OTHOCH-
TEJIbHBIX HccaenoBanusax — 1o 0,1 mlan, npu paborax Ha MOABOIHBIX JoAKaX — 10 1—3
Ml an, mpu cheMKax Ha MOBEpXHOCTU Mops — 10 5S—10 ml"an.

223 Ipaeumempol

B mpakTtuke rpaBupa3BeiKH IHPOKOE MPUMEHEHHE MOJYYHSI OTHOCUTEIBHBIN CIIOCcOo0
W3MEPEHUs CUIIBI TSKECTH, T. €. U3MEPEHHUs MPHUPAIIEHUH B IByX TOUKaX C MOMOIIBIO I'paBH-
METPOB — MPUOOPOB, B KOTOPHIX CHJIA TSHKECTH CPABHUBACTCS C CHIIOW JeQopMaluu ynpy-
I'MX MaTepHajoB. BOJIBIIMHCTBO rPaBUMETPOB MOCTPOEHO 10 MPUHIIMITY NPYKHUHHBIX BECOB,
rZle B KayeCTBE YpPaBHOBEIIMBAIOIICH CHIIBI MCIOJIB3YIOT CHIIy KPYYEHHUS TOPU30HTAIBHOU
HUTH, Ha KOTOPOW YKPEIJICH pbluar - MasTHUK ¢ Maccoil m (puc. 2.2). B Touke HabOmoneHus
MOMEHT CHJIBI TSKECTH YPABHOBEIINBAETCSI MOMEHTOM CUJI KPYUEHUS!, pplyar OTKJIOHSAETCS OT
TOPHU30HTA Ha YTOJd ¢ ¥ IPU ONPECCHHBIX YCIOBHIX OCHOBHOE YpaBHEHUE PAaBHOBECHS YII-
pyroii cucremsl Oyaer uMeTh BUj (0e3 yueTa nmpykuH 5 u 6)

mLg D [¢os¢ =1(a, +¢)—k [t [eos(B — @), (2.22)

rae | — mmna peuara; 7 — KpyTHIbHAs KECTKOCTH €I0 HUTEN IOJBECA; 0l — HAYaIbHBIA
YOIl 3aKpydnBaHus HUTEH; K — K03 QUIMEHT NTMHENHOM KECTKOCTH TTIaBHOM TPYKUHBL;, [
— JIMHA phlYara KperyIeH s TIaBHOMN MPYKUHBL; f — YroJl MEX/y phluaraMu.

W3 sToro YpaBHCHHA MOJTYYaCTCA 3aBUCUMOCTD MCXKAY U3MCHCHUCM YIJla HAKJIOHA PbI-
vara ¢ W MpONOPIHOHATBHBIX U3MEHEHUH OTCYETOB IO IIKAJIE MHKPOMETPUYECKOTO BHHTA
rpaBuMeTpa An u npupanieHuem 4g:

Ag=C"Adp = CAdn (2.23)
rae C', C —1ieHBI JeTIeHUs TPaBUMETPA.

JI71st TIOBBIMICHUS] TyBCTBUTEIBHOCTH TPABUMETPA IPH MAaJbIX U3MECHEHUX Ag UCTIOIb-
3yIOT acmasuposéanue, T. €. IPUMEHEHUE YIPYTro-BO30YKAEHHON CHCTEMBI, COCTOSIICH M3
JIOMIOJTHUTEIBHOTO phluara M TJIaBHOW MPYXHUHBI 4, KOTOpbIe MPUBOJAT K YBETUUEHHUIO yIIia
HAaKJIOHA () 33 CUET HEYCTOMUMBOIO paBHOBecUs (CM. puc.2.2).

[Ipu u3MepeHun CUiIbl TSHKECTU MCTONB3YIOT KOMIIEHCAIIMOHHBIN METOJl, OTCUeTa, Mpu
KOTOPOM MHKPOMETPHUYECKUM BHHTOM MEHSIOT HaTSDKEHHE U3MEPHUTENBbHOW MPYXHHBI 5 Ta-
KM 00pa3oM, 4TOObI MPUBECTH phlYar-MasTHUK 3 B TOPU3OHTAIBHOE MOJIoKeHue. Yucio
000pOTOB MUKPOMETPHYECKOTO BUHTA A7 ONMPEACNSIOT MO CHENUATbHON MIKaJIe C TOMOIIBIO
ontudeckoil cucremsl. C MOMOIIBIO UAMa30HHOTO BUHTA M COOTBETCTBYIOIIEH MPYKUHBI 6
MepecTPanBalOT JMANa3oH MpHOOpa, YTO MO3BOJISET PACIIUPUTH MHTEpBAI M3MepeHus B 10
pa3 u Ooee.

UyBcTBUTEIbHAS CUCTEMA OCHOBHBIX oTeuecTBeHHbIX rpaBumeTpoB 'HYK-A, B, C,
I'HILIK -A, B, C u apyrux BBINOJHEHA W3 MJIABJIIEHOTO KBapla, XOTSd HEKOTOPhIE, B OCHOBHOM
3apyOeKHbIe, TPABUMETPHI UMEIOT METAINTMYECKYIO MPYKUHY.
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Martepuan npyXuH oAOUPaAIOT TAKUM, YTOOBI KoJIeOaHUsI TEeMITepaTyphl U Ipyrue dax-
TOPLI CKAa3bIBAJIMCb HAMMCHBIIUM 06p3.30M Ha BCJIMYHUHEC OTCUECTA. HCCMOTpH Ha CII€COHuaJIbHO

Puc. 2.2 TlpuHnunuanbHash cxeMa YyBCTBHTEILHOU

CHUCTCMBI I'paBUMETPA.

MIPUHUMAaeMbIe MephI TI0 TePMOCTATHU-
POBaHHUIO YYBCTBUTEIBHON CHUCTEMBI
(momemienue ee B cocyn Jroapa, uzo-
JAUMST OT BHEIIHEH cpelpl U T. 1.),
BJIUSIHUE BHEHIHUX (DaKTOPOB, KaK U
BHYTPEHHUE TIPOLIECCHl B YNPYIHX
AJIEMEHTaX CHUCTEMbI, IPUBOAUT K W3-
MEHEHUIO TMOKa3aHWii mpudopa BO
BpemeHH. [loaToMy Bce rpaBUMETpPHI
XapakTepusyroTcs — apeidom, wim
CMEILIEHHEM HYJIb-MIyHKTa mpudopa,
KOTOPBIA ~ JOCTHTaeT  HECKOJIbKHUX
MUJUIATAIT B CYyTKH.

Bpems ycraHOBKH U M3MepeHUs
C MIOMOIIbIO TPaBUMETpa MPHU HAZEM-
HOM CBEMKE COCTaBIsI€T 2—5 MHUH.
[MorpemHocTh U3MepeHuit Ag pas-

1 — pamka; 2 — ynpyrast HUTb; 3 — pbIUar ¢ rpy3ukom; 4—
TJIaBHAs TPYXWHA; 5 — HM3MEpHUTENbHAs NpYyXHHA;, 6 —
JIarna3oHHas PYXXHUHA; 7—IIMHUS TOPU30HTA

HBIMU TUIIAMU T'PABUMETPOB COCTAB-
et 0,01—0,5 mIam.

,Z[J'Iﬂ HU3YUYCHUS CHIIBI TAXKCECTU

Ha MOpe NPUMEHSIOT CHIIBHO3aTy-
IIEHHBI MOpPCKOW HaOOPTHBIN rpaBuMeTp (Hampumep, T MH), B koTopom KBapIeByro actazu-
POBaHHYIO CUCTCMY NOMCIIAIOT B JXUJKOCTH C MHOBBIIIIEHHON BI3KOCTHIO. BEICOKOYACTOTHEIE
u3MeHeHust Ag, CBA3aHHBIC C KaYaHUEM IMOJBHKHOTO OCHOBaHHS, OTQHIHTPOBBIBAIOT MTyTEM
B3SITHSI CPEIHEr0 OTcueTa 3a MHTepBai BpeMeHH . CylecTByIOT Takke rpaBUMETPHI LIS ad-
porpaBupa3BCAKU U H3MCp€HPII>i CHJIBI TAKECTHU 110 CTBOJTY CKBAXKUHBI.

224  Bapuomempul u zpaouenmomempol

Jlnst i3MEpeHusT BTOPBIX MPOU3BOAHBIX TPABUTAMOHHOIO TMOTEHIMANA CIIYKaT Zpaeu-
mayuounsle sapuomempunt 1 pona, perucrpupyrormme W, u Wy, 11 pona (sz, Wiz, W, Wiy)

U 2paduenmomempsl, NO3BOJSIOIKE onpenensath Wiz u
VVYz. OCHOBHBIM YYBCTBUTCIIbHBIM 3JICMCHTOM BapUOMCT-
POB ¥ TPaJMEHTOMETPOB CIYXKaT KPYTHIIbHBIC BECHI, TIPEI-
CTaBJISIFOIIME COOOM KOPOMBICIIO C PaBHBIMH Tpy3aMU Ha
KOHIIaX, MojBenieHHoe Ha ympyroit Hutu (puc.2.3). Ilon
BO3/ICUCTBUEM HEPABHOMEPHOIO IIOJNSl TATOTEHUs, 00Y-
CJIOBJICHHOTO HAJIMYHEM OJIM3KO pPaCIOJIOKEHHBIX aHO-
MaJbHBIX II0 IINIOTHOCTH T'€OJIOTHUUYCCKUX 06’b€KTOB, Ha HUX
JNEHCTBYIOT PAa3IMYHbBIC 110 BEITMYNHE COCTABIISIOIINE TIOJIS
CHUJIBbI TAXKECTH. BCHCZ[CTBI/IC 9TOr0 KOPOMBICJIO MMOBOpAavU-
BaeTCs Ha yroJj, MPONOPIHOHATBLHBINA CTENICHH W3MEHEHHS
CUJIBI TSOKCCTHU BJOJIb HAIIPABJIICHUSA 3TUX COCTABJIAIOMIUX.
s ompeneneHus pa3MYHBIX BTOPBIX NMPOU3BOAHBIX Ipa-
BUTAIIMOHHOTI'O IMMOTCHIIMAJIa YYBCTBUTCIIbHYIO CUCTCMY YC-
TAHABJIMBAIOT 11O HECKOIBKUM (TPEM — TISITH) a3UMyTaM.

B rpaguentomeTpax OTCUeThl MPOBOISAT BU3YaJbHO,
U OHU UIATCI HA KaXI0il Touke He Oonee 15 muH. B Ba-
pHUOMETpPaX OTKJIOHEHHWE KOPOMBICIAa aBTOMAaTHYECKH (DUK-

- {

4

Puc.2.3. UyscTBUTENBHAsA CHC-
TeéMa BapuoOMeTpa.

1 — kopmyc mpubopa; 2 — ympy-

ras HUTb;

TPY3UKH

3 — kopowmsbicio: 4 —
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cupyercs I JalbHeWIe o0padoTKH, a 3aMephbl B Pa3HbIX a3UMYTax BBIMOJHSIIOTCS B TEUe-
gue 30— 60 MUH Ha KaXXII0H TOUYKE.

2.3 MeTtoauka rpaBUpa3BeIKu

[Ton MeToauKoO# TpaBUpa3BEKH MOHUMAIOT BHIOOp METO/a U ammaparypbl, OCYIIECTB-
JICHHE KOMILJIEKCa Mep U OTepaIiid Il H3yYCHUs TIOJsI CHITBI TSDKECTU C TaKOM KOHAMIINEH,
KoTOpas o0ecrieumiia Obl BBISIBICHUE 0)KUJACMbIX aHOMAJIUK M pelIeHHE MOCTaBICHHOW Teo-
noruyueckoi 3agaun. OCHOBHBIM B METOJUKE T'PAaBUPA3BEIKH SIBISETCS BHIOOp METOAA W aml-
napaTypbl; XapakTepa, BHJ1a CheMKH M CUCTEMbl HaOJIIOACHUH; MOTPEIIHOCTH CheMKH U TIpa-
BrJIa 00X0/1a TOYEK HAOJIOICHUIA; TIEPBUYHON 00pabOTKH MaTepuaia U GopM ero mpeacTas-
JICHUA.

[To TexHONOTMU PabOT M TUITY HOCUTEIIS annapaTypbl TPaBUPA3BEKY MMOAPA3ACIIIOT Ha
NoJIeBble (HAa3eMHBbIE), MOPCKHUE, BO3/YIIHbIE, TIOJ3€MHbIE U CKBAXXMHHbBIE IPaBUMETPOBBIE, a
TaKKe BapHOMETPHUUECKUE HAOIIOICHHSL.

[To pemraeMbIM TeOJIOTUYSCKUM 3a/ladaM M MAacIITa0y ChbeMOK pa3lUYal0T pPEerHOHANb-
HYIO TpaBUpPa3BEAKY, IPOBOIUMYIO Ha cyiie U Mope B macmrtabax 1:200000 u menbue, npea-
HA3HAUYEHHYIO /IS MOJIyYeHHsI CBEACHUH O INIyOMHHOM CTPOEHHH KPYIHBIX TEPPUTOPUH, U
JETANBHYIO (MTOMCKOBO-Pa3BeI0YHYI0), BRIMOIHsAeMYI0 B MaciiTabax ot 1:100000 mo 1:10000,
HAITpaBJICHHYIO Ha BBIABJICHUC CTPYKTYP, NCPCICKTUBHLIX HA TC WJIM WHBIC MOJIC3HLIC HCKO-
raeMble, IOUCK U Pa3BEIKy MECTOPOKACHUM.

2.3.1 Ilonesasa cpasumempuueckasn cbemka

OCHOBHBIM METOJIOM T'PaBUPA3BEIKH SBIISIECTCS IMOJieBast (Ha3eMHasi, CyXOIyTHas) rpa-
BHMETPOBasi CheMKa, MPOBOAUMAs C TTOMOIIBIO Pa3HOTO poja rpaBuMeTpoB (cMm. 1. 2.2). Ilo-
JIeBbIC TPABUMETPOBBIE ChEMKH OBIBAIOT IIEIIIe-
XOIHBIMM WU aBTOMOOWJILHBIMHU, HU3peaKa HC-
II0JIB3YETCs a3poTpaHcHopT. B 3aBucumMoctu ot
MacmiTaba CbeMKH U CIocoda TPaHCIIOPTHPOB-
KU TPaBUMETPOB HAOJIOJCHUS BBIMOJHSIOT B
HECKOJIbKUX JIECSITKaX MyHKTOB 32 CMEHY.

Buvioop xapaxmepa, euda cvemku u
cucmemul Haoawoenuil. 11o xapakrepy pacno-
JIO’)KEHUSI TOYeK HaONIOICHUs Ha HcCIenyeMon
IUIOINAAN TpaBHUMETPUYECKas ChEMKa MOXKET
OBITh TTPOGMIHHOM (MapIIPYTHOW) U TIIOIIA]-
HOM. MapupyTHyI0 CBEMKY BBIIOJHAIOT I10
OTEIBbHBIM MPOGUIIAM (MapIIpyTaM), KOTOPHIS
3aJal0T BKPECT IPEAINOJIaraéMoro MpoCTHpa-
HUSL CTPYKTYp. Ee mpUMEHSIOT Mpu peKorHoc-
[IUPOBOYHBIX, MOUCKOBBIX paboOTax W MpU OT-
paboTKe MHTEPIPETANMOHHBIX MPOUIICH.

OCHOBHBIM BUJIOM TI'PaBUMETPUUCCKHUX
CbCMOK BJIACTCA IJIoHIaHass CbCMKa, IIpU
KOTOPOH BECh palilOH MCCIICIOBAHUMA 00JIee UiTh

1 npodum: 24 — paossie, onop- MEHEe PAaBHOMEPHO MOKPBIBAIOT IPAaBUMETPO-
HbIe H KOHTDOTbHbIE TOUKH HABMONCHNT; 5 — BBIMM HAOJMIOAEHUSIMU. TOYKH HAOIIOIEHUS
NpeToNaraeMoe IPOCTHPAHHE HCKOMOTo reono-  IPH 9TOM 3aJal0T OOBIYHO IO CHCTEME npodu-
TMYECKOro o0beKkTa: 6—m3oanomasl 4g. Jeil, KOoTopble, KaK MPaBUIIO, JTOJKHBI OBITH

IPSAMOJIMHEHHBIMH, OPUEHTUPOBAHHBIMHU

Puc. 2.4 Cxema pacrnoyio)keHHsI TOYEK
HaAOJIOIEHNS] M KapTa aHOMAJIMW TIPU TPaBH-
METPHUYECKOU CHEMKE.
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BKPECT MPEAIOIaraeMoro MpOCTUPAHUS U3y4aeMbIX CTPYKTYp, UMETh MPOTSHKEHHOCTh, B 5—
10 pa3 MmpeBBIMAIONIYI0 TOMEPEYHbIE pa3Mepbl UCKOMBIX 00BeKTOB (puc.2.4). PaccTosHus
Mesxy npoduismMu 0 10/KHBI OBITE, 10 KpaiiHel Mepe, B 3 pa3a MEHbIIE MPOJOJIbHBIX Pas-
mepos L passensiBaembix crpykTyp n 06bektoB (0<0,3L) mus Toro, 9ro6sl aHOMaMs rpaBu-
TAI[MOHHOT'O MOJISt OT HUX (PUKCHpOBAJIach Ha TpeX U 0ojee coceTHUX MPOoduiIsix. TO MO3BO-
JSIeT B AajbHEUIIEM M0 aHOMAaJIHSIM B TUTAHE YCTAHOBUTH IMPOCTUPAHUE MCKOMBIX OOBEKTOB.
lIar mo npoduno Ax, T. €. pacCTOSHHE MEXKIY COCEIHHMMH TOYKAMHU HAOIOJCHUS, 3a1af0T,
WCXOJIs M3 MOTIEPEYHBIX Pa3MEPOB PA3BEIBIBAEMBIX 00BEKTOB U CTPYKTYP |, ¥ OH joimKeH co-

craiath 4x<0,3l, 4To HEOOXOAMMO IS TIONYYEHHUs YETKOTO aHOMAIBHOro >(eKra He Me-
HEee YeM Ha TPeX TOYKaX Ka)JI0ro MpoduIIs.

[TnomanHas cheMKa MOXKET OBITh PaBHOMEPHOM (PAcCTOSHUS MEXKIY NMPOPUIIMH H
NyHKTaMH HaOJI0AEHUS MO MPO(UII0 TPUMEPHO OJMHAKOBBI), €CIIM W3Yy4aeMble CTPYKTYpHI
WM 00bEKTH H30METPUYHBI B IJIaHE, UJIM HEPAaBHOMEPHOM, €CII OHU BBITSHYTHI (IBYMEPHBI).
MacmTab rpaBUMETpUYECKON ChEMKH ONpEeAeseTcs Mpexkie BCero ryCTOTOW TOYeK HaOIIo-
JEHUS U TPENCIbHBIMU PACCTOSHUSAMU MEXIy HUMHU. MaKCHUMalbHOE PACCTOSHHUE MEXIY
INyHKTaMH HAOIIOJICHNS, COOTBETCTBYIOIIEE PACCTOSHUIO MEXAYy MPOQWIAMHU, HE JOJKHO
MPEBBINIATh | CM pe3ydbTUPYIOMIEH KapThl, 4TO M 3a7aeT macmrad chemMku. Hampumep, npu
cbeMke Macirada 1:100000 paccTosHus MeXTy NPOPUIIMHE HAa MECTHOCTU JOJDKHBI COCTAB-
JATh TPUMEPHO | KM.

IHozpewinocme cvemku. [IpOEKTHYIO TOTPEIIHOCTh CHEMKHU (CpPEIHIOI KBajpaTuye-
CKYIO MOTPEIIHOCTh Onpe/ecHust 4g) BHIOUPAIOT B 3aBUCHMOCTH OT MacIiTada ChbeMKH U HH-
TEHCHBHOCTH TPE/IIOIAraeMbIX aHOMaNNit Ag Ha/l ICKOMBIMHU T€OJIOTHYSCKUMU CTPYKTYpaMU
win o0bekTamu. [IpoekTHas MOrpemHocTs IpU MOKMCKOBO-PA3BEIOUHON ChEeMKE HE JOJIKHA
npeBbath 1/5, a mpu pernoHanbHOW — 1/3 MUHUMAJIBHOTO 3HAYEHUS UHTCHCHUBHOCTH (aM-
IUTUTY/IbI) JIOKAJTBHBIX aHoManuii Ag. Ha uHTepnpeTamoHHbIX TpoduiIsx, rae mpeamnosiara-
eTcs JeTaIbHOE U3YyUCHHE MapaMeTPOB aHOMAIO00Pa3yIOIUX 00BEKTOB, IOTPEITHOCTh PadOT
JOJIKHa OBITH elle MeHblue. Mcxoast U3 BeTU4MHBI MOTPEIIHOCTeH CheMOK, BBHIOUPAIOT Ipa-
BUMETPUYECKYIO amlMapaTypy, ONpeNessioT MOrPEIIHOCTh TOMOT€0Ae3MUECKON MPHUBSI3KH, T.
€. TIOJTyYeHUs BBICOTHBIX OTMETOK TOYEK HaOtoieHus (1711 BBeIeHUsI pEeAYKLIN) U BhIYHCIIE-
HUS KOOpIUHAT (A1 y4eTa HOPMAaJIbHOI'O 3HAYeHUs YCKOPEHHs CBOOOIHOTO IMaJieHHs); CTe-
MEHb y4eTa CMEIIeHUs HyIb-MIyHKTa. COOTHOIIEHNE MEXKy NepeYrCIIEHHbBIMH MapamMeTpamMu
CHCTEMBbI HaOJIIOACHUH TPH TOJIEBBIX TPABUMETPUYECKUX ChbEMKaX MPUBEICHBI B Ta0I. 2.

Ta6auna 2. CooTHOLIEHHS MeKIY MAacIITA00M rPaBUMETPHYECKOIl CheMKH,
TryCTOTOIi CeTH U MOTPEIHOCTHI0 TPABUMETPHYECKUX HADTIOIeHU T

= 2 = .
Macwma6 om- | § 3 T'ycmoma cemu g S g 3 v § &
uemmnbix Ka, S & - g £ $ 3 8
pmu| § S B § § S
epauxos S Yucno nyhm-2 Paccmosinue me- | 3 S 3 E 5 T 5 3 5
¥ & moe na I km” | ooy nynkmamu | & 8 = 8 5. O 8 s &
& 3 SIS '3 N \g 3 = 23
S § o S5F S 2
s © =
S
=
S
1:500 000 5 0,04-0,1 2-5 +15 +0,5 5
1:200 000 2,5 0,1-0,25 1-2 +0,8 0,4 2
1:100 000 +1,2 0,25-0,1 0,5-1 +0,4 +0,3 1
1:50000 0,7 2-30 0,1-0,5 +0,2 +0,15 0,5
1:25000 +0,35 12-60 0,05-0,25 +0,1 +0,06 0,25
1:10000 0,2 20-100 0,02-0,1 +0,08 +0,05 0,2
1:5000 +0,05 50-250 0,01-0,05 +0,04 +0,03 0,1
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Cucmema 06xo0a mouexk naoaodenui. Ilocne MPOSKTUPOBAHUS CUCTEMBI HaOIIO/IE-
HUH Ha McCcielyeMOoH MIIoMaan U BEIOOpa rpaBUMETPOB C COOTBETCTBYIOIIECH MOTPEIIHOCTHIO
MOXHO TIPUCTYIATh K caMoi cbeMke. O0s3aTeIbHBIM TPpEOOBaHUEM MPU PabOTE ¢ TPaBUMET-
pamu SIBJISIETCS TO, YTO MCXOJIHOE U 3aKIIIOUUTEIbHOE HAOMIOACHHS KaKOTO TPaBUMETpUYIC-
CKOTO peiica, T. €. COBOKYIHOCTb MOCJEI0BaTEIbHBIX 3aMEPOB, BBIMOIHIEMbIX, KaK IIPABUIIO,
B TeueHUEe 2—~8 4, IOHKHBI POBOJAUTHCS WM HA OJTHOM U TOM € MYHKTE, UM Ha MYHKTaX C
W3BECTHBIMU 3HaYeHUsMU (. BbIBUBIIMECS IPU 3TOM U3MEHEHHUS! OTCUETOB I'PaBUMETpPA OT-
HOCSIT 32 CUET CMEIICHUSI HYIb-IIyHKTa nmpudopa. CuuTaercs, 4To XapakTep CMEIICHUs HYb-
MyHKTa JTUHECH BO BPEMEHHU M €ro Pa30pachIBaOT MPOMOPIIMOHATHHO BPEMEHHU HAOII0ICHUN
M0 BCEM IMyHKTaM JaHHOro peiica. Heo6XxoauMoO MOMHUTH, YTO TpaBUMETP — 3TO Hpubop,
MO3BOJISIONINN BBIMTOJIHATH HAOIIOJCHUS TOJBKO 32 KOPOTKOE BPEMSs, i I03TOMY HEOOXOTUMBI
TOYKH ISl IOCTOSIHHON KOPPEKIMH ero MoKa3aHuil. Takue TOYKM Ha3bIBAlOT OMOPHBIMH, a UX
CUCTEMY—ONOpHOH ceTbio (cM. puc.2.4). Kpome Toro, oHu ciyxkaT Ijsi NPUBSI3KA OTHOCH-
TENbHBIX HAOMIOACHUN K aOCOIIOTHOMY YPOBHIO IOJISI CUITBI TSXKECTH.

Takum oOpa3om, MpU CheMKE C IpaBUMETpPaMH H3MEPSIIOT OTHOCUTENIbHbIE 3HAUYEHUS
CHJIbI TSPKCCTHU IMOCJIICAOBATCIIBHO BO BCCX IMTYHKTAX IO OTHOUICHUIO K OI[HOI71 HCXO,Z[HOP’I 501050
OTIOPHOM TOUYKE pailoHa MCCiIeN0BaHM. B MCX0aHOM TOUKe, KaK MPaBUIIO, ONPEILISIIOT abco-
JIFOTHOC 3HAUCHUC CHUJIBI TSAKCCTH ITYTEM MEPCHOCA C TOMOIIBIO BHICOKOTOYHBIX I'PABUMCTPOB
CHJIBI TSDKECTU ¢ OMKalImnx oOcepBaTOpUN M OMOPHBIX MYHKTOB PErHOHAIbHOW ChEMKH
cTpaHbl. AOCOJIIOTHBIC 3HAUEHHS CHIIBI TSDKECTH B KaXKIOH TOYKE MOTYT OBITh MOJYYEHBI IMy-
TEM anredpanvdeckoro CIoKeHUs: aOCOTIOTHOTO 3HAYEHUSI CUJIBI TSDKECTH B UCXOJTHOM TOYKE C
OTHOCUTCIIBHBIM 3HAYCHHUEM CUJIIBI TAXKCCTHU B HaHHOﬁ TOYKE.

[IpakTUyecku Mpu rpaBUMETPUYECKON CheMKe OOJBIIMX IJIOIAAeH cHavyana pa3OuBa-
10T CETh TOJIEBBIX OMOPHBIX TOUEK JJISi CO3/aHUS KECTKOM CUCTEMbI 3HAUEHUHN CUIIBI TSDKECTH,
MPUBSI3aHHON K OMOPHBIM TOYKAM PETHOHAIBHOW ChEMKH CTPaHbl. 3aT€M BBIMOJHSIOT PsJiO-
Bble HAOJIOJIEHUS BO BCEX MYHKTaX M3ydyaeMoro paiioHa. OnopHble TOUKH pa3MeIiaiT B Mec-
TaX, YIOOHBIX JJIsl OTIO3HABAHMSI, U 0OJiee WIIM MEHEee PaBHOMEPHO IO U3y4aeMoi TUIOIaIu, a
WX YHUCJIO JOJDKHO OBITh B 5—10 pa3 MeHbIe, 4eM YHCIIO PSAJOBBIX ITYHKTOB HAOJIOACHUI.
OrnopHast ceTh AOKHA OTINYATHCS MOHUKEHHON MOTPEIIHOCThIO U3MEPEHUM 3HAYEHUHN CUJIbI
TSKECTH, YTO JOCTUTAIOT MPOBEACHUEM OJHOBPEMEHHBIX 3aMEPOB HECKOJIBKUMHU BBICOKOTOY-
HBIMH TPaBUMETPAMU, YBEIHMUYEHUEM OBICTPOTHI CheMKHU (IIPUMEHEHUE IS TEPEBHIKCHUS
BEpPTOJICTOB W aBTOMOOWIEH). BrimomHenne paboT B ckaThle CPOKU CIOCOOCTBYET MaJIOMY
CMEILEHUIO HYJIb-ITyHKTa rpaBUMeTpoB. [Ipu co3nanun onopnoii cetn ot 50 1o 100 % Beex
HaOII0JIEHUH COCTaBIISIIOT KOHTPOJIbHBIE M3MepeHusi. HaOmoneHnst Ha OMOpHOW CeTH Hayu-
HaIOT U 3aKaHYMBAIOT B MCXOJHOM TOYKE, [0 OTHOIICHUIO K KOTOPOM PacCUMUTHIBAIOT MpHUpa-
IIeHHe CUJIbl TshkecTH. [lociie 3aMbIkaHus MOJMIOHA MOTYYal0T HEBSI3KY, KOTOPYIO pa30pachl-
BAIOT TaK e, KaKk U MPU HUBEIUPOBKE.

[orpemHocTh HAOMIOACHUIN TIO OMOPHON CETH XapaKTEPU3YETCsl CpelHEeH KBajapaTHye-
CKOM OIIMOKOM, KOTOPYIO PACCUUTHIBAIOT 110 (hopMyIIie

(2.24)

rJie Jj —IIOTPEHUIHOCTh CHIIBI TSDKECTH 110 KOHTPOJIBHBIM HAOIIOICHUSIM (Pa3HOCTh MEK-
Jy OCHOBHBIM U KOHTPOJIBHBIM 3amMepamHu); M —o0b1iee Yucio BceX HaOMoAeHUN (BKIIOYast
KOHTPOJIbHBIE); /I —YUCJIO KOHTPOJIbHBIX TOUYEK. PsoBble HaOIIOAEHUS BBIIOIHSIOT OOBIY-
HBIMU TPaBUMETPaMU JIUOO MO METOJMKE OAHOKPATHBIX HAONIOJEHHM, MO0 C MOBTOPECHUEM
YacTU TOYEK IpU 00paTHOM Xoze. i OLIEHKH pealbHOM TOYHOCTH ChEMKH B T€UEHHUE IoJie-
BOTO CE30HA CHCTEMAaTHYeCKH BEIYT KOHTPOJIbHBIE U MOBTOpHbIe HabmoxeHus Ha 5—10%
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pAnOBBIX TOYEK (cM. puc. 2.4). CpeHIO KBaJpaTHYECKyIO OIIMOKY PSIOBOH CETH &, pac-
CUMTHIBAIOT I10 3HAYCHHSM IOTPELIHOCTEH O 1o hopmyie (2.24).

OO11y!0 MOTrpeIHOCTh BBINOJHEHHBIX T'PABUMETPUYECKUX HAOJIIOJCHUN OLCHUBAIOT
CpeaHel KBaJpaTHUeCKO ommnoOKon pacuera anomanuii byre e nmo gpopmyie

E=x[g), +e ve, vE +E, (2.25)

rl€ £p — MOTPEIHOCTh BBEAECHUS IONPABOK 3a CBOOOJHBIM BO3IyX (3aBUCHT OT IIO-
IPEIHOCTH 3aJaHus BHICOTHI MyHKTa Habmroaenus N); &5 —I0rpemnocTs BBEAEHUS MTONPAB-
ki byre (BKIHOYAET MOrPEIIHOCTD ONPEAEIECHUS BEICOTHI M CPEIHEH IIOTHOCTH OPOL); &, —
MOTPEIIHOCTh pacyeTa HOPMaJIbHOTO TPABUTAIMOHHOTO MOJIs (CBSI3aHA C MOTPEIIHOCTHIO BbI-
YUCIIEHUS Yo ¥ ONIPEJEIEHUS KOOPJMHAT TOYEK HAOJIOAEHNS); £,—TIOTPEMHOCTh Y4€ETa BIIMs-
HUs Macc penbeda. Ecin 3HadeHHe & He NMPEeBBINIAET 3HAYEHUS MPOEKTHOM MOTPEIIHOCTH
CHEMKH, TO pabOThI MPU3HAIOTCS BHITOJIHEHHBIMUA U KOHJAULIMOHHBIMHU.

Ilpeocmasnenue pesynomamos zpasumempuieckoii cbemku. B pe3ynbraTte chbeMKH ¢
rpaBUMETPaMHU CTPOST MPEKE Beero rpaduku (KpuBbie) aHoManuii byre AQs: mo ropu3oHTa-
U B MacmTabe CheMKH OTKJIAJbIBAIOT MyHKTHI HAONIOJACHUS, a 110 BEPTHUKAIH — 3HAYCHUS
Agg [em. hopmyiy (2.20)] B Takom maciitade, 4ToObl | MM IPUMEPHO COCTABISLI 3€ [CM. BbI-
paxenue (2.25)]. Uspenka ctpost kapTel rpagukoB AQs: BHOJIb Mpoduicii HaOMOACHUR B
MacmTade CbeMKH MPOCTaBISAIOT TOUYKH HAOMIOJCHUSA, a MEPIEHANKYIIPHO K MPOQUISIM OT-
Ki1aapiBaioT Agy (B Macmradbe 1 MM = 3¢). OqHaKO OCHOBHBIM Pe3yJIbTaTOM IpaBUMETpUYE-
CKOM CHEMKH SIBJISIFOTCSI TPABUTAI[MOHHBIE KapThl: HA KapTe PACIOJIOKEHUSI TOUEK HaOIro/Ie-
HUsE (B MacmITabe CheMKH) MPOCTABISIOT 3HaUeHHs AJg U MPOBOIAT U30JUHUN PABHBIX 3HA-
YeHuil Agp WM W30aHOMAJIbl [CCUCHHE M30aHOMAN TOJDKHO coOoTBeTCTBOBaTh (2—3)¢]. Ta-
KM 00pa3oM, MacmTad MOJeBOH IpaBUMETPHUECKON ChEMKH, €€ TOYHOCTh U CEUeHHE H30-
aHOMaJI JKECTKO CBsi3aHBI (cM. Ta0;.2). Hampumep, mpu yKpYIHEHHH TPaBHMETPHUECKOU
ceemkn oT Mmacmradba 1:500000 no macmraba 1:5000 morpemrHocTs ompeseneHus AQg
yMenbmaercsa ot +1,5 no 0,04 mI"an, a ceuenune nzoanoman — ot 5 1o 0,1 mI"am.

2.3.2  JIpyzue 6uovt cpasumempuueckux cbemokK

Kpome moneBbIX rpaBUMETPHUYECKHX ChEMOK B TPaBHUPa3BEIKE MIMPOKO HCIIONB3YIOT
M3MEPEHHS Ha aKBaTOPHUAX (MOpCKas rpaBUpa3Belika), B MEHBIINX 00beMaxX MPOBOISAT a’po-
IrPaBUMETPUYECKHE, TTOI3EMHBIC ¥ CKBKHHHBIE, 2 TAK)KE BAPUOMETPUICCKUE CHEMKH.

Mopckue zpasumempuyeckue cvemku. ['paBUMETprUUECKre U3MEPEHHsI HA MOpe B 3a-
BUCHUMOCTH OT HOCHUTEJNSI U IIyOMH MOPSI MOAPA3AesSioT Ha HAJABOJIHBIC, MTOJBOJHBIC U JOH-
Hele. [Ipu HamBOAHBIX paboTax perucTpupyromas ammnaparypa (3aTylieHHbIe TPaBUMETPHl U
MasiTHUKOBbIE MPHUOOPHI) yCTaHABIMBAIOT Ha HAIBOJIHBIX KOpaOisx. CheMKy C MOMOILbIO
IPaBUMETPOB BEAYT B JBM)KEHUH, @ PETHCTPALIUIO CUJIBI TSKECTH BIOJIb MPOQHMIEH OCyIecT-
BJISIIOT B aBTOMAaTU4YeCKOM pekuMe. [Ipu 3ToM HeoOX0IMMO MOCTOSTHHOE OIpeeNieHuE KOop-
AUHAT TOYCK Ha6HIOIl€HI/I$I, 4YTO BAXXHO HC TOJIBKO IJId UX MNPUBA3KH, HO U JJIA BBOAA IIOIIpa-
BOK B HaOJIIO/ICHHBIE 3HA4YCHUS O,,5,, B TOM YHCIIE 32 HANIPABICHUE U CKOPOCTh ABMKECHUS KO-
pabiis. Mopckue TpaBUMETPpUUYECKHE PEHCHI (TaJIChl), TaK K€ KaK W Ha CyIle, JODKHBI Hauu-
HATbhCA W 3aKAHYMUBATHLCA Ha OINOPHBIX T'PABUMCTPUYUCCKHUX IMYHKTAX, B KAa4YCCTBC KOTOPBIX
CIIy’Kat MO0 crenraabHble ONOPHBIE MYHKTHI B OPTaxX 3axoja Kopadsiei, 1100 TOUKH, B KO-
TOPBIX BBIITOJHEHBI HAOMIONEHHS C MaSTHUKOBBIMH MpuOopamu. Ilorpemnocts MOpCKUX Haf-
BOJHBIX W3MEPEHUIl CHUJIBI TSKECTH COCTaBISET NMpHU OJArompusTHBIX ycioBusx *+ (1—2)
Ml an.

[TogBonHBIE TpaBHUMETpUUYECKHE PaOOTHI MPOBOAAT C IOMOUIBIO MOABOJHBIX JIOJOK.
OHHU OTIMYAIOTCS OT HAJABOJHBIX 0OJiee CIIOKOWHBIMHU YCIOBUSAMH PaOOT (MEHBIIIE Kauka), a
3HA4YUT, 60HBHI€I>'I TOYHOCTBIO, B TOM YHCJIC U NPU MMPOBCACHUNU OINOPHBIX MAaATHUKOBBIX Ha-

73



omonenuil. JloHHble U3MEPEHUS MPOBOJAT C MOMOIIBIO KBAPIEBBIX acTa3MpPOBAaHHBIX TPaBU-
METPOB, 3aKJIOYCHHBIX B CIEIMalIbHbIE BOJOHEIIPOHUIIAEMbIE KOHTEeItHEephl. B Touke Habr0-
JeHus ¢ 6opTa Kopabiist Ha JHO MOPSI OMYCKAIOT JOHHBIN IPaBUMETP, YyBCTBUTENIbHAS CHCTE-
Ma KOTOPOTrO aBTOMAaTHYECKU YCTaHABIMBAETCS TOPHU3OHTAIBHO C MOMOINBIO mozaBeca Kapma-
Ha, a C MIOMOIIBIO AIEKTPOUIMEPHUTEIBHOW CUCTEMBI Ha OOPTY Kopaldisi GUKCHPYIOT MOKa3a-
Hus rpaBuMetpa. IIpenenbHble TTyOUHBI MOpS TIPU TakoW cbheMKe cocTaBisaoT 150—200 M,
BpeMs OTpabOTKH TOYKH HAOIOACHUS Ha MpEACNbHBIX TiyonHax cocraBiser 1—1,5 4. Ilo-
IPEIIHOCTh TOHHBIX I'PAaBUMETPHUECKUX PaOOT HEBEJIMKA U HAXOIHUTCS Ha YPOBHE IOJIEBBIX
CHEMOK.

Iloozemnvie epasumempuyeckue HaoarwoenHuna. K ocoOEHHOCTIM TOA3EMHBIX T'PaBH-
METPUYECKUX HAOIIOJICHHUH, MPOBOJUMBIX B TOPHBIX BBIPAOOTKAaX C IMOMOIIBIO OOBIYHBIX
KBapLEBbIX aCTa3WPOBAHHBIX I'PAaBUMETPOB, BAPUOMETPOB WIH I'PaTUCHTOMETPOB, OTHOCSTCS
HEOO0XOAMMOCTh y4eTa MPUTSHKCHHUS 3AJIETAIONICH BBIIIE TOJIIN TOPHBIX MOPOJ U U3MEHEHUS
o0bema BbIpaOoTku. [log3emMHas rpaBHpaszBenka MO3BOJISIET PEllaTh 33Jadd MO YTOUHEHHUIO
KOH(UTypalyy MOJCEYCHHBIX BBHIPAOOTKOM Ie0JOTHUeCKUX 00pa3oBaHUM M M3YyYCHHIO MPO-
CTPAHCTBA OKOJIO BEIPAOOTKH.

A3dpozpasumempuueckue cvemku. A3pOrpaBUMETPUYECKHE CHEMKU MPOBOIAT C IO-
MOIIBIO CHCHHUAIIBHBIX a3pOrpaBUMCETPOB. Ilone cumnel TsDKECTH HU3MCPAIOT B ABHUIKXCHUH CO
ckopocthio 100—200 xkm/u Ha BeIcoTe 70—150 M. B KadecTBe OMOPHBIX UCIOJB3YIOT He-
CKOJIBKO Mpo¢uIieH, mepeceueHrue KOTOPBIX PSIOBBIMU MPO(UISIMUA TO3BOJISIET YYECTh CIIOJI-
3aHHe HYJIb-IIYHKTa TpaBUMETPOB. [lorpentHocts onpenencuus AQy Benuka u gocturaet + 10
Ml ai.

CkeasxcunHble zpasumempuueckue Hadaooenusn. Ilpu CKBOXMHHBIX TPaBHUMETpUYC-
CKHUXx Ha6JHOI[eHI/ISIX HU3MCPCHUSA CUJIbI TAKECTU BCAYT BAOJb CTBOJIA CKBAXKWUHBI, JJI1 YCTO HC-
00X0IMMO 3HATh €€ MPOCTPAHCTBEHHOE TOJIOKEHUE (HAKJIOH, a3UMYT 3a00€B Ha pa3HbIX TITy-
OWHAX) 7S y4eTa BIUSHUS Macc, 3aJIeTAIONINX HaJl TOUKOM HabmoaeHus. XOTS MOTPEeIIHOCTh
Takux paboT Benuka (10 mI'am), oHM OKa3BIBAIOT CYIIECTBEHHYIO MOMOIIL MPU 00paboTKe
JAaHHBIX HAa3CMHBIX IT'PABUMCTPUICCKUX CHCMOK.

Bapuomempuueckue cvemku. Jlid 1eTanbHON pa3sBEIKU PYIHBIX TEII, COJSHBIX KYIIO-
JIOB ¥ JPYIUX JIOKAJBHBIX HEOJHOPOAHOCTEW MPUMEHSIOT BAPUOMETPUUYECKYIO ChEMKY, T. €.
OIpeZIe/IEHUE BTOPBIX MPOU3BOIHBIX ITOTEHIIMAIA CUIIBI TSKECTHU C IIOMOILBIO BADMOMETPOB U
rpaJlueHTOMETpOB. BapuomeTrpudueckas cbeMka ObIBaeT, Kak IpaBuiio, miomaaHon. OHa Tpe-
Oyer OoJiee TIIATEIBbHOM, BHICOKOTOYHONH HHCTPYMEHTAIBHON TOMOTE01e3UYECKOM MOITOTOB-
KM U MPeXk/Ie BCEro HUBEIMPOBKHU y4acTKa BOKPYT IMyHKTa HaOmoaeHuil B paauyce 10 50 M.
I'ycroTa ToueKk 3aBUCUT OT MacuITaba CheMKU U pa3MEpOB Pa3BeIbIBAEMBIX TENl U U3MEHSIETCS
ot 5 1o 100 m. ITpon3BOANTENBHOCTh BAPHOMETPUUYECKON ChEMKH 3aBUCUT OT THITA pubopa,
T'YCTOTBI TOYEK, pesbeha MECTHOCTH U MOXKET M3MEHSTHCS OT ABYX 1O JECSTH MyHKTOB Ha-
OJIFOZICHUI B CMEHY.

B HaGmroeHHbIe 3HAYCHHS BTOPBIX MPOU3BOAHBIX MOTEHIHATIOB CHbl TsoKecTH Wz,
Wy u apyrux BBOAAT MOMpaBKH 3a penbed), 3a HOpMAaIbHOE MoJIe 3eMHOTO ceponsia u BbI-
YHUCISIOT aHOMalIbHbIE 3HaueHHs. Pe3ynbTaThl BapHOMETPUYECKOH CHEMKH H300pa)kaloT B
BUJIE KapT U IpaMKOB BTOPHIX MPOM3BOJIHBIX MOTEHIMANA, BEKTOPOB I'PaJiueHTa, KapT KpH-
BU3HBI YPOBEHHOM IIOBEPXHOCTH.

24 HuTepnperanus rpaBUTALMOHHBIX AHOMAJIUIA

B pesynbpraTe rpaBUMETpUYECKONM CBHEMKH PACCUUTHIBAIOT AHOMAJIMU CHJIBI TAKECTH
(yckopeHwust cBOOOTHOTO MaJeHHs) B peayKuuu byre, 00ycioBiIeHHbIE TNIOTHOCTHBIMUA HEO/-
HOPOJHOCTSIMU CpE€Ibl, U BEAYT MX TE€OJOTMYECKyr HHTepnperanuto. lIpu sTom BiusHue
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3eMJIi KCKIIIOYAIOT BBEJACHHEM HOPMAJILHOTO MOJS U peAykuuid. MHTepmperanus JaHHBIX
rpaBupa3Belku (Kak ¥ JPYyruX reopU3NYecKuX METOJO0B) OCHOBaHA Ha (U3HKO-
MaTEeMaTHYeCKOM U T€O0JIOTHYECKOM MOJEIUPOBAHUH, BKIIIOYAIOLIEM aHAJIW3 TPaBUTAIOH-
HBIX aHOMAIUN C 00s3aTENBHBIM HCIOJIB30BAHUEM AlPHOPHOM Te0JIOro-reopn3nvyeckoil u
nerpoduznueckor (MIOTHOCTHON) MH(popMaluu 00 n3ydyaeMoMm paiioHe. B 3aBucumoctr ot
KadecTBa (KOHI[I/H_[I/IOHHOCTI/I) MOJIYYCHHBIX MAaTCPUaloB, CTCIICHU 6JIaFOHpI/I$ITHOCTI/I T€oJIoTO-
reopU3n4EeCcKUX yCcIOBHil, KOJIMYECTBA U KaueCTBa allpHOpHON HH(OPMALIUY, YPOBHS UCIOJIb-
30BaHUSI HOBEUIIIHNX MNPpUCMOB MHTCPIPETAIUU U MATCMATUUCCKOTO MOJACIHMPOBAHUA C MPH-
BiieueHreM DBM pe3ynbpTarhl MOJy4aroT ¢ TOM WKW MHOW TOYHOCTBIO, T. €. IaHHBIE MHTEP-
nperannuu HOCAT YCHOBHO-BepOHTHOCTHblf/’I CMBICJI, JaBasd OAHO U3 BO3MOXHBIX peIHeHI/Iﬁ BO-
poca O Te0JI0rMYecKOM CTPOSHHUH paiioHa.

241 [Ilpamvie u oopamusie 3a0auu 2pagupazéeoKu

OCHOBOI MHTEpHpEeTalMy JTaHHBIX I'PABUPA3BEIKU SBISIETCS PEIICHUE MPSIMBIX U 00-
patHbIX 3am1a4. [IpsiMast 3a1a4a TpaBUpPa3BEIKA COCTOUT B ONPEACICHHH 3JIEMEHTOB TIOJS CH-
el TsokectH (42, Wiz, WAz 1 T. 1.) 110 3a1aHHOMY pacIpeie]ieHHI0 €r0 UCTOYHUKOB, KOT/Ia
U3BeCTHBI (hopMa, pa3Mepsl, TIyOMHa 3aJleTaHus] M BEJIMYMHA W30BITOUHON MioTHOCTH. O0-
paTHas 3aJa4a rpaBUPa3BEeIKA CTABUT MPOTHUBOTIOIOKHYIO 1e]Tb — HaX0XKJICHHE TTapaMeTPOB
o0wekTa (hopMbl, pa3MepoB, IIYOHHBI 3aJeraHus, W30BITOYHON TUIOTHOCTH) TIO M3BECTHOMY
pacnpeneneHuto (Ha npoduse WA Ha TJI0MIA N ) SJIEMEHTOB CUJTBI TSDKECTH.

Pewienue npamoii 3a0auu 6 oduwgem eude. AHOMAIUM CUJIBI TSDKECTH, BhI3BAHHBIE MPU-
TSOKEHUEM TeNl M3BECTHON (QopMBbI, pazMepa U U3OBITOYHON IUIOTHOCTH, PACCUMTHIBAIOT HA
OCHOBE 3aKOHAa BCEMHUPHOTO TSTOTeHHs (3a-
koHa Herotona). Jlyis 3TOro rpaBUTHpYIOLIEE n ¥
TEI0 pa30MBAIOT Ha 3JIEMEHTapHbIE MAacChl
dm; paccyMTHIBAIOT AHOMAIUIO TAKOW TOYEY-
HOI Macchl Ag1, KOTOpasi paBHa BEPTHUKAIIb-
HOU COCTaB/IAIOIIEH CHJIbl HBIOTOHOBCKOI'O
nputshkeHust 1 atoit Maccoii maccer 1 T, Ha-
XOSIIeHcs: B Touke HaOmoaeHus 4, 1. e. 6e-
PYT COCTaBJISIONIYIO CHJIBI MPUTSHKEHUS IO
HaIPaBJICHUIO JACHCTBUSA CHJIbI TSXKECTU 3€M-
U (§; HaKOHeIl, UCIOJb3YS MPUHLHUII CyIep-
MO3ULUH, ONPEACIAI0T aHOMAJIMIO 3a CYET
NPUTSDKEHUsT BceM TelaoM gy, Kak cymmy
IPUTSDKCHHH BCEX DIIEMEHTAPHBIX TOoYewHbix — PuC.2.5. Cxema ompeneneHus: aHOMalui CH-
MacC, KOTOPBIMU MOXHO HPEICTaBUTH aHO- JIbI TSHKECTH OT 9JICMEHTApHO# Mac-
MasiooOpasyroiee Teio (puc.2.5). csl dMu rpasuTupyrouero tena 7’

-
-

MatemMaTHuyecKku CKa3aHHOE MOXKHO 3a-
nucath Tak. CoriacHo BeIpakeHHO (2.1)

F=GUWm/r’, Ag, =F osa=Gldm{z—z)/r,

e cosa=(z—z)/r, r =\/(}—x)2 +(y=y) +(z=2z) - paccrosmue mexay
Toukoit Habmonenus A (X, y, Z) u Toukoin M ( ;)72 ), B KOTOPOM HaXxOAMUTCS dJIEMEHTapHast

TOYe4Has Macca. B IMPHPOIHBIX YCIOBUAX aHOMAIBHBIE BKIIOUEHHS C IUIOTHOCTBIO 0 HAXO-
JATCS BO BMELIAIONIEN CPEJIE C IUIOTHOCTBIO 0, IO3TOMY O Maccoi M Hago moHUMAaTh u3-
osrTounyo maccy dm=(oc — og)dV =40 dV, rae dV—onemenrapubiii 00beM TOYEUHOM
Macchl; A6 — W30BITOYHAS TUIOTHOCTH. 1103TOMY OKOHYATENbHBIE BHIPAXKEHUS IS pacyeTa
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AHOMAJIMH CUJIbI TSHKECTH TOYEYHOM MAcChl U Teja, UCIOJb3YEMbIE B TEOPUU TPABUPA3BEIKH,
HMEIOT BHUJI

A0 (z-z)dV
Vo P er 21T
V[(x=x)"H(y=y) +(z=z)"]
Nurerpan B mocieanei popmyse 6epyr mo Bcemy oowvemy Tena V. Ipu 0 > o9 Agt
MMEET TOJOKUTENBHBIN 3HaK, T. €. HAOIONAI0TCSA YBEIIMUECHUE TPUTSHKEHUS U TTOJTOXKUTEIb-

Hble aHoMauu. [lpu ¢ < 09 4gr uMeeT OTpHUIATENIbHBIN 3HAK, T. €. HAOIIOIAIOTCS YMCHB-
IICHHUE MPUTSHKCHUS U OTPUIIATENIbHBIC aHOMAIUH.

Ag, =Gbo(z-z)av /v, Ag, =

T

(2.26)

AHaIUTHYECKUE PELICHHUS C MOMOUIbIO ypaBHEHHUs (2.26) MOTy4yaroTcs JIMMIb JJIS Tel
MPOCTON T€OMETPHUECKOM (opMBI (I1ap, MUIUHIP U AP.) C TOCTOSHHOW M30BITOYHOM TUIOT-
HocThI0. 115t Ten Gonee cioKHOU (pOpMBI, @ OCOOEHHO € MEPEeMEHHOH MIIOTHOCTHIO, BO3MOXK-
HBI JIMITh YMCIICHHBIE pelieHus uuTerpana (2.26) ¢ momompio OBM. AHanu3 pemeHuid mpsi-
MBIX 3314 CIYKHT OCHOBOH IpH pa3paboTKe MPUEMOB PEIICHUsI 0OpaTHBIX 33/1a4 IpaBUpa3-
BEJIKU JUISI TUTIOBBIX T€0JIOTUYECKUX CTPYKTYP U 00BEKTOB. PacCMOTpUM HECKOJBKO MpHUMeE-
POB pelLIeHHs MPSIMbIX U 00paTHBIX 3ajay JIJIsl TeJ MPABUIBHON TeOMETPUUYECKON (POPMBI.

Ipamasn u oo6pamnaa 3a0auu oaa wapa. Iycts 0qHOPOIHEIN map paguycoMm R, 00be-
MoM V, ¢ U30BITOYHOM TIIOTHOCTELIO A0 pacmonoxen Ha ocu Z Ha rayoune h (puc.2.6, a). Pe-
UIMM OPAMYIO 33J1a4y, T. €. OIPeIeIUM IPaBUTALIMOHHBIN 3 (eKT BIoIb Ha3eMHOTO Mpodus
OX, npoxojsuiero yepe3 MPOEKIMIO IEHTpa IIapa C HadajloM KOOpAMHAT HaJ HHUM (CM.
puc.2.6). ITockoapKy MO 3aKOHY BCEMHUPHOTO TATOTEHUS IIap MPUTITUBACTCS ¢ TaKOH K€ CH-
JIOHM, KaK TOYeYHasi Macca, COCPEA0TOUYCHHAs B €ro IIEHTPE, aHOMANUIO Haj mapom AQ,, MOX-
HO TIOJIYYUTh 0e3 perieHus naTerpaia (2.26), cuutas, YT0 aHOMAIIUS CHJIbI TSHKECTH HaJl Ia-
POM U aHOMAJTUSI TOYEUHOM Macchl, MOMEIIEHHO B €ro LIEHTPEe, COBMAIAI0T:

Ag, =0g, =GIAC h/r =GIM th/(x* + 1) 2.27)

rne M= Ao V —u36erTounas macca mapa. I'paduk A4Q,, Oymaer uMeTh MaKCHMyM Haj ICH-
TpoM mapa Agma=GM/ h? (mpu x=0) ¥ aCUMITOTHYECKU CTPEMHUTHCS K HYJIIO MIpH X — * 00
(cm. puc.2.6, a). 3uak Ag,, onpenensercs 3HakoMm Ag. @opmyna Ui BTOPOH MPOU3BOIHOIM
MOTEHIMAJIa UM TOPHU30HTAIBHOTO TPaMEHTa CHITBI TSHKECTH TI0TYYaeT BH]T

w =6(Ag”’):GMhD¢(g/r3):—3Gth. (2.28)

XZ
Ox X r’

I'padux Wyz umeer nepen mapom makcumym (x<0), a 3a miapom — muaAMyM (X>0).
Han nenrpom mapa Wyz=0 (cm. puc.2.6, a). Eciu npoBectr pacuersi, Hanpumep, 49, 10
psiay npoduiieii, TO OYeBUAHO, YTO KapTa aHoManuii Ag,, Oyaer uMeTh BHI KOHICHTPHUYE-
CKHX OKPY>KHOCTEH C IIEHTPOM HaJ| IIapOM.

N3 ananu3za ypaBuenus (2.27) u rpadukoB Ha puc.2.6, a, MOXKHO PEIIUTh OOpaTHYIO 3a-
nauy. Hanpumep, Haiigem abcrmccy Xy/o, B KoTopoit 4Q,, T0CTUraeT MOJIOBHHBI MAaKCHMYyMa:

_ GMh _GM
(xi,+h2)" 20

Ag,,
otkya (X1o+h?)¥?=(U2)h>. Pewus 510 ypasHenue, notydum
[X1o] =0,76 h wmn h= 1,31 |Xy|. (2.29)

Takum o6paszom, onpenenus o rpaduky Ag,, 3HadeHust AQmax, U2 Agmax U abcrmccy
TOYKH KPUBOH Xy/2, Trie Ag,,= U2 Agax, 1 YMHOKHUB €€ Ha ko3 dunueHt 1,31, MoxHO ompe-
JENUTh TIyOMHY 3aJleTaHus LEHTpa IapoodpasHoii 3anexu h. Jlanee MOKHO paccUMTaTh U3-
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ObITOUHYI0 Maccy M = Agmth/G, a 3nas Ao — oobem mapa V=MAo, paguyc. R, a Taxke
rnyounsl 3aneranns Bepxuei Np=h - Ru mmxueit hy=h + R xpomoxk.

d

Puc.2.6. llpsamas u oOpaTHas 3a1a4n TpaBUPA3BEIKHA HAJl MIAPOM (@) U JUTMHHBIM KPYTOBBIM
TOPU30HTAIBHBIM IIHIUHAPOM (0)

Ilpamasa u oopamnasn 3a0auu 011 20pU30HMATILHO20 KPY208020 yuaunopa. 11ycts ro-
PHU30HTAIBHBIN OECKOHEYHO UTHHHBIN KPYroBO# mUIUHAp paanyca R, ceuenus S, ¢ u36sTOU-
HOM IUIOTHOCTBIO A0 pacnonokeH Baojib ock Y Ha riryoune h (puc.2.6, 6). Pemnm npsmyro
3agady, T. e. onpenenum AQr; 1 Wz Boms ocu X, HalpaBlIeHHOH BKPECT MPOCTHPAHHS IIU-
JUHJpA ¢ HayaJloM KOOpAMHAT Haj ero HeHTpoM. [IpuTsxeHune uumHapoM OyaeT TaKUM Ke,
Kak MPUTKECHUE BELIECTBEHHON JIMHUM, PACIIOJIOKEHHON BIOJIb €M0 OCH C MAaCCOW €IMHULbI
mmEbel dm = nRZAUdy. [TosTomy myist Touek Habmogenus Baoib ocu X (Yy=2=0) ¢ yuerom,
uro x=0, - 00< Y < 00 (UMIMHAP CUMTAETCA OECKOHEYHO JUIMHHBIM), Z=h, ananurudeckoe
BBIPKCHUE MOYKHO TTOJIYYUTh U3 ypaBHEeHUs (2.26):

" dy _ 2GM,h
(R R

Ag,, =GAO R’ (2.30)

rie My=nRAo — w36bITouHAs Macca ¢AMHHLB UTHHBI LIIHHAPA.

I'paduk A9y, Oyner umers MakcuMyM Agmax= 2GMi/h (mpu x=0) u, xak u 4g,,
ACHMIITOTHYECKU CTPEMHUTHCSI K HYIIO mpu X — * 00, OuYeBHAHO, YTO B IUIAHE M30JMHHU
Agry GynyT IPEACTaBIATE CHCTEMY MapalleNbHBIX OCH IMIMHApPA JHHUA. B nienom rpaduk
Agryu Wyz Bnomns ocu X OyzieT IpEMEPHO TaKUM e, KaK M HaJl ITapoM.

Pemrum oOpaTHyIo 3a1a4y 711 TOPU30HTAIBEHOTO OECKOHEYHO JITTMHHOTO KPYTrOBOTO ITH-
JUHIpPA TEM K€ IPUEMOM, UTO U JIJIS 1Iapa:

Ag,,(x,,)=2GM h/(x,,+h’)=GM,/h,
2h’ =x;,+h’, h=lx

12
Taxum obpasom, onpezenus 1o rpaduxy Agry 3HaueHnE AGmax, Y2 AGmax B abcmuccy
X1/2, MOXKHO TIOJyYUTh TIYOMHY 3aJ€ranus oCcH LWIMHApa N, nanee paccuumTarsh eIMHUYHYIO

(2.31)

12 |
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u30bITouHyI0 Maccy My = A2, /2G, a 3nas Ao, onpenenurs miomais MONepeyHoro ceve-
Hus wmHApa s=tR*=M;/4s, ero pamnye R, a Takke riy6uny saneranns sepxueit h,= h-R
u mwknei h,=h+R kpomok.

Ilpamasa u obpamnas 3a0auu 011 eepmuKanbHo2o ycmyna. 1lon BepTHUKaIbHBIM yC-
TYIOM B TEOPHHM MHTEPHPETALUH T'PABUTAIMOHHBIX AHOMAINH MOHUMAIOT TOPU30HTAIBHBIN
HOJTYIUIACT, OTPAHUYCHHBIH BEPTHKAIBHOW TPaHbi0, OECKOHEYHOTO MPOCTHUpaHHs 1Mo ocu Y
(puc.2.7). [InoTHOCTH OPOJ yCTyIIa ¥ BMEUIAIOIIMX MTOPOJ pa3jInyHa U COCTABISAET IOCTOSH-
HYIO U OTJIMYHYIO OT HYJs BenumunHy Ao. Ecnu riyOuHy BepXHEiH TOpH30HTAIBHOM MIIOCKO-
CTH, OTPaHUYMBAIONIEH MOMyIUIacT, 0603HaunTh Ny, HwKHEH — hp, a GokoByro BepTHKAIL-
HYIO I'PaHb COBMECTUTH C OCbI0 Z, TO TpaBUTALMOHHOE 110N AJ,.,, B TOUKax X (B1o1Ib ocu X
npu Z=0 u Y=0) coorBeTcTBYeT BBIpaXkeHuto (2.26) MpU ONMpPEIEICHHBIX MPE/eiaX WHTETPH-
POBaHMS:

o el zdxdyd:z

Ag . (x)=GAom — e =
'ur-[e{[(x—x)2+y2+22]% (2.32)
L x*+h O
= GAU[pclnxzi-lrhz2 +1(h,—h,) +2h2arctg£ —Zhlarctgim
|:| X +h1 hZ h] |:|

Bun xpusoit A9, (npu ¢ > 0o) npusenen Ha puc.2.7. [Ipu x — * oo 3Hauenus Ag Bbl-
XOJAT HA TOPU3OHTAIBHBIE ACMMIITOTHI ¢ MAKCUMaJbHOM aHoManued Agma=21GAoAN. Han
caMUM BepTHKaIbHBIM cOpocoM (mpu x=0) monydaem Ag = (U/2) Agmax= nGAoAh. Oue-
BUHO, Ha KapTe AQ,., OyayT HabIIONaThCs HapaiiebHbe M30JMHUM C MaKCHMAJbHBIM
CTYIIIEHHEM M30JIMHUM HaJl BEPTUKAIbHOU rpaHbio. M3 BeipakeHus (2.32) MOXHO TOJYYUTH
1St aBCIMCC TOYEK C Xy/a U Xg/4, B KOTOPHIX AQ,, cocTaBnser 1/4 u 3/4 o1 Agyax, BEIpaxe-
HUE U151 OTIPE/ICIICHUsI CPEHEH MTyOHHBI 3aJeTaHusl BEPTUKAIBHOTO YCTyTIa

he,= (hith2)/ 2= Xys = X34
Ecnu n3BecTHa M30BITOYHAS TIOTHOCTD /0, TO MOKHO ONPEAETUTH MOIIHOCTh cOpoca

Ah= Agmax/2nGAo n paccunrats rnybuHy 3aneranus Bepxueit = Ny - 4h /2 u amxaeit hy
= hep+ 4h /2 xpomok.

Ag

1:'-||II1I:I.|\.

1/

: 3| ;,I: I.| b ._1 '-:I.r

&

L= 8

Puc.2.7 T'paButanmonnoe mone Ham Bepth- Puc.2.8. Ilanerka I'amOyprieBa njsi BbIYHCICHUS
KaJbHBIM yCTYIOM (cOpocom) NPUTSKEHUST JABYMEPHBIMH TelaMH C
KOHTYpPOM CEeUeHHs ABYMEPHOIO Tela S

Ilanemounwiit cnocod pewtenua npamvlx 3a0ay 2pagupazéedxu. [ BBITIHYTBIX Tel
CIIO)KHOTO CEUCHHUSI M TOCTOSIHHOM M30BITOYHON IUIOTHOCTH pacdeT Ag MOXHO MPOBOIUTH C
nomoIpio manetku ['amOypueBa. [lanetka npuBenena Ha puc.2.8. 3neck u3 Touku O yepes
OJIMH | TOT ke yroin /¢ MpoBeIeHbI PAANYCHI, & YePe3 PaBHbIC PacCTOSIHUS AZ — mapasuielib-
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Hble TuHUA. OKa3bIBACTCs, YTO 3HAYCHUsI CHITBI TsDKecTH Ag B Touke O 3a CUeT MPUTSHKCHUSI
OJHOM OeckoHeYHOM Mo ocH Y TOPU3OHTAIBHOM MPU3MOi cedenneM B Buje Tpanerun ABCD
OJIMHAKOBO JUIsl J1t000# u3 takux npusm u Ag,=2GA0,4pAz. Ecnu Ha nonepedHoe ceyeHue
UCCIIEIYEMOr0 Tejla TPUXOMUTCA /M TaKMX OSJEMEHTapHBIX Tpanenuid MaaeTKh, TO
Ag(0)=m:AQg,. Iapamerp AQ, npeacTaBisieT co0o0i IeHy ICICHUS MaJeTKH U ONpPeIessIeTCs
3apaHee 10 3aJlaHHBIM MapaMeTpam paspesa, npuieM A u AZ noxduparoT Tak, 4ToObl IIeHa
JICJICHUST UMejia Kakoe-Tubo ymo0HOe Ul pacdyera MOCTOSHHOE 3HauyeHue, Hampumep, 0,1
ml an.

[Tpu mepexone ¢ OAHOTO pa3pesa Ha APYrod MOT'YT U3MEHUThCS MacmTad (U, cienoBa-
TENbHO, AZ Ha majeTKke) U 3HaYeHHe U30BITOYHON IIOTHOCTH. UTOOB!I BOCITONB30BATHCS STOM
e TAJIETKOM, HEOOX0IMMO BBECTH MACIITA0OHBIN KO3 HUITMEHT

I = Ao » E&
Ao, M
P
rae Ao,, M,—n30b1TOuHAas IUIOTHOCTE U MacIuTad MmajieTKy, a Aap, M,, — wn36bITOYHAs TIIOT-
HOCTh M MacmTab paspes3a. TakuM 00pa3oM, aHOMAJIMIO HaJl IBYMEPHBIM TEJIOM C TIOMOIILIO
najeTku ['amOypIieBa pacCUUTHIBAIOT IO popMmyiie

Ag =m4ag,k (2.33)

TouHOCTh pacuera Ag MaNeTOYHBIM METOAOM 3aBHCHT OT TOYHOCTH aIlPOKCHMAIMU
MONIEPEYHOI0 CEYEHUsl IUIOTHOCTHBIX MacC 3JIEMEHTApHbIMM SYEHKaMU MajJeTKH U MOXKET
OBbITH TIOBBIIICHA ITyTEM YMEHBIICHUS LIEHBI JeneHus naietku. CymecTByoT U Apyrue naie-
TOYHBIE CIIOCOOBI PEIICHUS MPSAMBIX 3a/1a4 IPaBUPA3BEKH, B TOM UUCIIE U TPEXMEPHBIX.

Yucnennvle Memoowvl peuteHus nPAMbIX 3a0au zpasupazeeoku J1jis 60ee CI0XKHBIX
(dopM aHOMANBHBIX OOBEKTOB C M3MEHSIOLICHCS M30BITOYHON IUIOTHOCTBIO MpPU PEIICHUHU
OpsAMOM 3aauM rpaBUpa3BEAKH NMPUMEHSAIOT UYKMCICHHBIE METOJbl PEIIEHUs NPAMBIX 3a1ad
rpaBupasBenku. s 3TOro 1o 3ajaHHOMY pacIpeleiIeHUI0 MACC MOJy4YaroT 3HAYEHUs dile-
MEHTOB I'PaBUTALMOHHOIO MOJIs, HAIIPUMEpP, C MOMOILBIO CIIOCOO0B MEXAaHUYECKUX KyOaryp.
CyTh TaKoOTO MOAX0Ja — B 3aMEHE PEaIbHOr0 00BbEeKTa CyMMO# N 0OBEKTOB MPOCTOH Treo-
METPUYECKO# (POPMBI U MOCTOSHHOW IIOTHOCTH. | paBUTAlIOHHBIN 3P deKT Agj 0T KaxI0ro
I-T0 3JIEMEHTapHOrO 00beMa pacCUUTHIBAIOT 1o Gopmyiie (2.30), a 3Hauenue Ag(X) B Kak10M
TOYKE OIPEJEIIAIOT KaK UX CYMMY

Ag(x)= Z Ag.

Metoxa TpebyeT pa3dueHus 00beKTa Ha JOCTATOYHO OOJIBIIIOE YHUCIIO SIYEEK, UCIIOIB30-
BaHUs CIIOKHBIX, HO TIOBTOPSIIOIIUXCS B pacueTax CHENU(PUYSCKUX BBIPAKCHHA U MOITOMY
OTHOCHUTEJIBHO MPOCTO PEATU3YETCS ¢ MOMONIBI0 coBpeMeHHbIXx DBM. IlorpemHocts yuc-
JIEHHOI'0 ME€TO0J1a peleHus cocTtasiser 1—5 %.

Ocnoenble 8616006l U3 AHANU3A PEUIEHUTI NPAMBIX 340aY 2pasupazéeoku. AHanus pe-
HIEHUsI IPSAMBIX 3aJ]a4 TPaBUPa3BEIKU MTO3BOJISET CACNIATh CIEAYIOIIUE BBIBOIBI.

1. 3nak aHomanuu Ag ompenenseTcs 3HaKOM M30BITOYHOM TJIOTHOCTH U HAJ OTHOCH-
tenpHO «rerkumu» (4o < 0) oObekTaMu (PUKCHPYIOTCS OTpPHUIATENILHBIC AHOMAIMH, a Hal
oonee mioTHbIME (Ao > 0 ) — MOIOKHUTETBHBIE.

2. DKcTpeMalbHble 3HAUYCHUS Agmay HAOTIOMAIOTCS HAMl IICHTPAMH TSKECTH 3THX 00b-
€KTOB, 2 UX UHTCHCHBHOCThH MPSMO MPOMOPIHOHAIbHA U30BITOYHON MJIOTHOCTH U OOpPaTHO

MPOIMOPIIMOHANIbHA JIJIS BRITSHYTHIX TEJ MIYOWHE, a JIUI H30METPUYHBIX TENl - KBaJpary riy-
OWHBI.
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3. ®opma anomanuii byre ( 4gp ) Ha KapTax u rpaduKax TECHO CBsI3aHA C MPOCTPAHCT-
BEHHBIM II0JIO)KEHUEM HM30BITOYHBIX MACC: IOJ BBITSHYTBIMU (ABYMEPHBIMU) aHOMAIMSIMHU
3aJIETal0T BBITSHYTHIE CTPYKTYPbI UM I€0JIOTHYECKUE Tea, IO U30METPUYHBIMU — OKpYT-
JIbl€ B IJIaHE OOBEKTHI.

4. CymiecTByeT aHAJIMTHYCCKAs WM CTAaTHCTHYCCKAs CBSA3b MEXIy aOCIMccCaMM Xapak-
TEPHBIX TOYEK Ha KPUBBIX A(Jp ¥ TIyOMHAMM 3aJIeTaHus TPAaBUTHPYIOIINX TEI, YTO MO3BOJISIET,
ANPOKCUMHUPYS WX TEJIAMHU MPOCTHIX TCOMETPHUSCKUX (HOPM, pelraTth 0OpaTHYIO 3a1ady rpa-
BUpa3Beaku. [Ipy DTOM HEKOTOpBIE MapaMeTphl, HAmpuMmep N, pacCYMTHIBAIOT IOCTATOYHO
oJHO3HayHO. [y onpeeseHus Ipyrux mapaMeTpoB, Hampumep V, S, TpeOyercs mpuBieye-
HUE JOTIOJHUTEIBHBIX JaHHBIX (M30BITOYHOMN TIOTHOCTH).

5. Uem riyGoke 3aieraet TOT WJIM WHON TPaBUTUPYIOMIUNA 0OBEKT, TEM 00JIee ITHUPOKYIO
Y pacIUTBIBYATYIO (PETHOHAIBHYIO) aHOMAIHMIO CO37]aeT OH Ha 3eMHOU moBepxHOCTH (3ddexT
TATbHOICUCTBUSA).

242  Teonozuueckas unmepnpemayus OAHHBIX 2PACUPA3EEOKU

B mpakTHKe reosiormyecKoil MHTEPHpPETAIMU Pe3yIbTaTOB TpaBUpa3BeaKu (KapT, rpa-
¢dukoB Ag, Wyz, WAz 1 ip.) pasinuyaror 1Be CTajuu aHaIn3a — Ka4eCTBEHHYIO U KOJIHYECT-
BeHHYH0. [Ipy KauecTBEHHON MHTEPIPETAINH JAAHHBIX /g BBIICISIOT IPABUTAIIMOHHBIC AHO-
Maiuy, T. €. oTkiIoHeHus Ag ot ¢ona. ITo hopme m3onmuuuii Ag (u30anoman) u rpaduxos Ag
MOKHO CYJIHTh O MECTOMOJIOKEHHUH, IPHMEPHBIX pa3Mepax u (HopMe TeX MM WHBIX T€OIOTH-
yeckux Tell. KomuyecTBeHHAs HHTEPIIPETAIHs 3aKIF0UAeTCsl B ONpeIeieHd (hopMbl, pa3me-
POB, TITyOUHBI 3aJICTAHUS TEN M UX U30BITOYHON IJIOTHOCTH.

KonnuecTBennas uHTepnperanus, Uil pelieHne oopaTHOW 3ajaun TpaBUpa3BeIKU, CO-
MPsDKEHA CO 3HAUMTEBHBIMU TPYIHOCTSIMH U HE BCET/Ia MOXKET OBITh MPOBEICHA OJTHO3HAYHO.

Kauecmeennan unmepnpemayus. I1lepBbIM 3TarioM MHTEPIPETALUN PE3YIbTATOB Ipa-
BUPA3BEIKH (2 B HEKOTOPBIX CIOXHBIX YCIOBHSX M MPU OTCYTCTBUHU CBEJICHHH O TUIOTHOCTSIX
pa3pe3a — eJMHCTBEHHBIM) SIBJISICTCS] KaUeCTBEHHAs UHTepIpeTanus. [Ipu kauecTBeHHOH UH-
TepHpPETALUH JAI0T BU3yalbHOE ONHMCAHHUE XapaKTepa aHOMAINK CHIIBI TSHKECTH TI0 KapTaM U
npodmisam. [Ipu 3ToM oTMedaroT GopMy aHOMaIMA, UX MPOCTUPAHKUE, IPUMEPHBIE pa3Mephl,
aMIUTMTYy. Y CTaHABIMBAIOT CBSI3b IPABUTALMOHHBIX aHOMAIHMH C T€OJIOTHYECKUM CTPOCHHU-
€M, BBIJICJIAIOT PETHOHAIBHBIE aHOMAJIMHU, CBA3aHHBIE CO CTPOCHUEM 3€MHOI KOpPBI, permo-
HAJBHBIMH CTPYKTYypaMH M TEKTOHHYECKMMH 30HAMHM, M JOKAIbHBIC aHOMAJINH, YacTO Mpea-
CTaBISIOIINE OOJIBIION pa3BeAOYHbIM MHTEPEC, TaK KaK OHU CBS3aHBI CO CTPOCHHUEM 0CaI0y-
HOW TOJIIM M YKA3bIBAalOT HA MECTOMNOJO0XEHHE OTICIBHBIX CTPYKTYP, MECTOPOXKICHHUH IT0-
JIe3HBIX UCcKonaeMbIX. OTeNeHre pernoHaIbHBIX aHOMAINH (TIJIaBHBIX W3MEHEHHW aHOMaIUi
/g Ha 3HAYUTETBHBIX PACCTOSHUSXK) OT JIOKAJTbHBIX HA3bIBAIOT CHSTHEM PETHOHATIBHOTO (DOHA.
HaGmroieHHBIe aHOMAIMK TPABUTAL[IOHHOTO IOJIS SIBIISIOTCS, KaK MPABUIIO, CIOKHBIMU WH-
TephepeHInOHHBIMU TONIMHU. OHU MPEACTABIAIOT cO00M CyMMY TpaBUTALMOHHBIX YPPEKTOB
OT psiZia TEOCTPYKTYPHBIX ATaXKEH U TeOJIOTHUECKUX TEJl ¢ Pa3IWYHBIMU 3aKOHAMU pacipese-
JICHUS TUIOTHOCTH, (JOPMOM U TIIyOMHOM 3ajeraHus. B 3THX ycloBHSX He BCerja BU3yalbHO
yZIaeTcsl YCTAaHOBUTH aHOMAIIMIO B «YHCTOMY BHJE, HE OCIOKHEHHYIO COCEAHUMH aHOMAJIHS-
Mmu. [TosToMy pa3zpaboTanbl pazianyHbIE METOBI MPEOOPa30BaHUN WM TpaHCPOpMaLUil uc-
XOIHOTO (HAOJIOACHHOTO) aHOMAJBLHOTO TOJISI, KOTOPBIE «OOOCTPSIIOT» (BBISIBISIOT B BU3Y-
aJIbHO YeTKO# (hopMme) b0 pernoHanbHble, 100 JOoKanbHble aHoManuu. Ha puc.2.9 mpuse-
JIeH TpuMep rpaUuecKoro CriIakKWBaHHUs HAOIIONEHHOTO IOJIS M BBIICICHHS IUIABHO M3Me-
HAIOIIEr0Cs PErMOHAIBLHOTO MO U TOKaNbHOH aHOMANNH AQ0= Aua61~ AGpeo-

B Gonee cOXHBIX CllydasiX MCHOJIB3YIOT METOIBI TpaHCHOpMaIuu ¢ nmomoIpio IBM.
Haubosnee pacnpocTpaHeHbl aHATUTHYECKHUE TPOAOIKEHHS HAOJII0IEHHOT O TI0JIsl B BEPXHEE U
HIJKHEE IOJIYIIPOCTPAHCTBA, IMO3BOJIAIOIIME BBIICIUTh T€ WM HHBIE COCTaBIIOIIME TIpa-
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BUTaIMOHHOTO moisA.  [lepecuetsr
BBEpX, T. €. Ha YPOBHHU BBIIIE IIO-
BEPXHOCTH HAONIOJACHUN, TPUBOJST K
pPE3KOMY  YMEHBIICHUIO aMIUIUTY]
JIOKAJbHBIX AHOMAJIUM W HECYLIECT-
BEHHOMY M3MEHEHUIO PETHOHAIIbHBIX.
OTO MO3BOJISIET NIEPECUYETHI BBEPX MPHU
ONTUMATBFHO BHIOPAHHOW BBHICOTE TIe-
pecdyera OTOXKAECTBISTH C PETHO-
a HaJIbHBIM doHOM. Ilepecuer
HaOJIIOIGHHOTO TOJIi BHM3, HUXKE
Puc.2.9 Ha6mo;1eHHa51 (1), peruoHajibHaA (2) " J10- IIJIOCKOCTHU Ha6HIOZ[eHPII>’I, TakK Xe KakK
KaJIbHBIC (3) AHOMAJINHN CHJIIBI TAXKECTHU U BBIUUCJICHUE BBICHIUX l'IpOI/I3BO,I[-
HBIX MOJIsl MOTEHIMaja CUJIbl TSHKECTH
(W, , W, 1 T. 1.) IPUBOAUT K NMOAYEPKUBAHMIO JIOKAIBHBIX aHOMaui nost. HeoGxoaumo
OTMETHUTH, YTO TPH JFOOOM TpeoOdpa3zoBaHUU HAOIIOIEHHOTO TOJIs O0Iee KOJUYECTBO WH-
dbopMmain 00 UCTOYHHMKAX TOJISI HE BO3PACTACT, a CKOpee TepsieTcsl, XOTs AeNaeTcsi oHa 0o-
nee HarnaaHol. ITo kapram u rpadukam AQ,.q, WK Ag 0 1 Agpe., TONB3YSACH BHIBOJAMH U3
pelieHuil NpsAMbIX 3a/a4 TPaBUPA3BEAKH, MOXKHO ClI€JIaTh KaYECTBEHHbIE 3aKJIIOUEHHS O T€0-
JIOTHYECKNX 00BEKTaX, CO3AAIOIINX 3TH aHOManuu. Hampumep, 1ieHTpsl aHOMalIMi pacrosna-
TaroTCs HaJ IEHTPaMH BO3MYILAIOIINX MAacCC, HAIPaBIIEHHE H30aHOMAN U BX (GopMa MmpuMep-
HO COOTBETCTBYIOT IIPOCTHPAHUIO U (popme aHoManbHBIX Tell. [llupuna anomanmii B 2—6 pas
Oounblie TIYOMHBI 3aJleraHUs] BEpXHEH KPOMKH 3ajiekeil, a MHTEHCHMBHOCTh aHOMAJIMK IPO-
MOpLHOHANIbHA U30BITOYHON Macce U ri1yOnHe ux 3ayneranus. [1ogokuTenbHble aHOMaJINH CO-
OTBETCTBYIOT MECTOIOJIOKEHHUIO 00Jiee TIOTHBIX TOPOJI 0 CPABHEHUIO C BMEIIAOIIUMHU, OT-
pULaTeNbHble — MEHEee IUIOTHBIX I MOAHSTHUIO M OIMYCKaHUIO KaKoW-1100 CyOTrOpH30H-
TaJbHOW TpaHMIIbI, HA KOTOPOM CYHIECTBYET CKauyOK IUIOTHOCTEH IOPHBIX MOPOA. 30HBI IO-
BBIIIEHHBIX TOPU30HTAIBHBIX IPAJUEHTOB COOTBETCTBYIOT KPYThIM KOHTAaKTaM IOPOJ pa3HOU
MJIOTHOCTH.

Konuuecmeennaa unmepnpemayun. KonuuecTBeHHas (pacueTHas) MHTEpIIpETaLUs
JIAHHBIX TPaBHPa3BEIKA OCHOBAaHA Ha PEIICHUH OOpATHBIX 3a7a4 U CBOJUTCS K OINPEACIICHUIO
MECTOMOJIOXKEHHUS, OLECHKE TIyOWHBI 3aJeraHus LEHTpPa TSDKECTH, Pa3MepoB, MHOTIA H30bI-
TOYHOM ITIOTHOCTH aHOMaJIoo0pa3yronmx macc. Pemenne oOpaTHOM 3a7a4il HEOTHO3HAYHO,
TaK KaK OAMHAKOBBIC aHOMAJIMHU CUJIBI TAXKCCTHU MOFyT GBITL CO3aHbI I'€OJOTUYCCKUMU 06’5-
eKTaMH pa3Hoi (POpMBI, pa3MepOB U IJIOTHOCTU. TeM He MeHee, Tocie TPOBEJACHHS KauecT-
BEHHOW HWHTEpIpPETallMd M W3YYEHHUs OOIIEr0 Te0JIOro-reo(pu3nuecKoro M IUIOTHOCTHOTO
CTPOCHHMSI paliOHa OT/IEITLHBIE AHOMAJIMH MOYKHO IMMPOMHTEPIIPETUPOBATH KOJTMYECTBEHHO.

Cy1iecTBYIOT pHEMbl KOJIMYECTBEHHOW MHTEPIPETAH MPSMbIE, B KOTOPBIX 3JIEMEH-
ThI 3aJIeTaHUsI TPABUTHPYIOIIUX MACC OTPEEINISIIOT HEMOCPEACTBEHHO MO KapTaMm U rpadukam
Ag (wmu Wyz , WAz 1 1p.), ¥ KOCBEHHBIC, OCHOBAHHbIC HA CPABHEHHU HAOIIOICHHBIX H TEOPE-
TUYECKNX KpUBBIX. [Ipu mocTtaTouHo 0O0OCHOBAaHHOM MPEANOJIOKEHHH O (opme oOBeKTa U
YBEPEHHOM BBIJICIICHUH OT/ICIBHBIX aHOMAIUH Ag MPUMEHSIOT aHATUTHYCCKUIT METO peliie-
HUsl 00paTHOW 3a/1ayM, MPU KOTOPOM MapaMeTpbl aHOMAaTneoOpa3yIoIIUX Macc ONPEIENIIiOT
10 XapaKTEePHBIM TOYKaM KpHuBoit Ag. Takue COOTHOIICHUS ISt MOJICIICH MPOCTOM reOMETpH-
4ecKkoil (hOpMBI B MPEAMOIOKEHUHN MOCTOSHCTBA U30BITOYHON IIOTHOCTH TOTYYEHBI BBIIIE
[cM. BeIpakeHus (2.27)—(2.32)]. CyiecTBYIOT aHAJIOTUYHBIE MMOAXO0IbI U (POpMYJIBI pacyeTa
TIyOWH JUJISL APYTUX TeNl MPOCTOM reoMeTpUdecKold OpMBbI, U3BECTHBIE B TEOPUU T'PaBHPa3-
BeJKU. [lorpemrHoCcTh KOMTMYECTBEHHOTO ONpeAesieHusl TIIyOruH JaXke M0 HECKOJIbKUM Xapak-
TEPHBIM TOYKaM KPHUBOM Y| g (X2, Xy4 ,X3/4 ¥ T.11.) HEBEJIUKA U COCTABIISCT B ONMaronmpuUsITHBIX
ycnoBusix +(20— 30) %,.
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B Teopun rpaBupasBesiku CyLIECTBYIOT TaKXKe MajleTOYHbIE MPUEMbl HHTEPIIPETALIUH, C
MOMOIIBIO KOTOPBIX BCIO HAOJIOICHHYIO KPUBYIO Ag CpaBHUBAIOT C 3apaHee pacCYUTAaHHBIMU
TEOPETUYECKMMHU (TIAJIETOUYHBIMH) KPUBBIMU AQ,00, AN MOJENEH ONMpENeTeHHOro Kiuacca u
Pa3IUYHBIX MapaMeTpoB. 3a/iaya KOJUYECTBEHHON MHTEPIPETALMU B 3TOM ClIydae 3aKjIroya-
eTCsl B OTBICKAHUH M CPABHEHUHU TAKOH TEOPETHYCCKOU KPHBOH A, , KOTOPAS HAMIYUIIUM
croco0oM coBmagaeT (WM MPUOIMKAETCS) ¢ HaOIIOICHHOH, U TOT/Ia TTapaMeTphl MOJICIIH Tie-
PEHOCST Ha MapaMeTpbl 0ObEKTA.

[Ipu crnoxkxuoM UHTEP(DHEPEHIIMOHHOM XapaKTepe aHOMAJIBHOTO TOJIS JUIsl pelIeHus 00-
paTHOM 3a/la4¥l TPaBUPA3BEAKU MPUMEHSIOT MeToA noaoopa. CyTh 3TOr0 METOJa COCTOUT B
MOCJIeIOBATEILHOM TIepe0ope pa3InyHbIX MOJENICH TIIOTHOCTHOTO cTpoeHus paspesa (I, I u
T. 1. IPUOIIDKEHHSI K peaJIbHOW CUTYyalluu), pacueTa ¢ nmomoinbio 9BM mpsiMoro rpaBuTanu-
OHHOTO 3(dexTa oT 3TUX MOAENEH C MOMOIIBI0 TeX WM UHBIX METOJOB PELICHUs MPSMOM
3a/1aud, COIMOCTABJIICHUU IOJyYCHHBIX 3HA4YeHHH g OT MOjeNeil pa3HOro MPHOIMKCHUS
(AGmeop 10 Ameop 11 ¥ T. 11.) ¢ HAOMIOAEHHBIM TI0NIEM Ag,,45, - [Ipoliecc mondopa u conocras-
JIEHUS TIPOBOJAT JO TeX MOp, MOKa He OyJeT HaiiieHa MOJIeNb, KOTOopas co3aaBasia Obl ToJie
AZe0p HANOOIEE TIONHO TIPHONIKEHHOE K Ag)106, . HecMOTps Ha onpeneneHHble TPyAHOCTH U
OoJplie 3aTpaThl BpeMeHH Ha DBM, 3TOT MeTon yCHENIHO NMPUMEHSIOT TIPH pacueTe mapa-
METPOB TUIOTHOCTHBIX HEOAHOPOJAHOCTEN U TOCTPOEHUHU IPABUMETPUUECKUX PA3PE30B.

T'eonozuueckoe ucmonkoeanue OAHHbIX 2pasupazeedku. BaxxHbIM 3TanioM KaueCTBEH-
HOW M KOJIMYECTBEHHOW HWHTEPIIPETAIIMU JAHHBIX TPABUPA3BEIAKU SBIISETCS T€OJIOTHYECKOE
HUCTOJIKOBAHUC, KOTOpOC CBOAUTCSA K COITIOCTABJICHUIO BBIJACIICHHBIX aHOMaHI/Iﬁ U COOTBECTCT-
BYIOIIUX TUIOTHOCTHBIX HEOJHOPOIHOCTEH C ONPEETICHHON Te0JoTHYecKor nHpopmaIen u
JaHHBIMU O TUIOTHOCTHBIX OCOOEHHOCTSIX TOPHBIX MOPOJ U PyI M3ydaemoro paiiona. Takoe
COTIOCTaBJICHHE OOBIYHO MIPOBOJIAT HA STAJOHHBIX YJaCTKax, IJ€ €CTh JaHHBIC U T€OJIOTHH, U
reou3uky. 3aTeM MOTydeHHBbIC 3aKOHOMEPHOCTH M BBIBOJBI O T€OJIOTUYECKON MPUPOJE CO-
CTaBJISIOIINX aHOMAJIBLHOTO TPABUTAIIMOHHOTO TIOJISI PACIIPOCTPAHSIOT HAa BECH PAOH.

243  Oénacmu npumeHneHusn zpasupazéeoKu

I'paBupasBeaKa HAXOJUT MIUPOKOE NMPUMEHEHHUE MPU TITyOMHHBIX UCCIEIOBAaHUAX 3eM-
JI¥, CTPYKTYPHO-T€OJIOTHYECKOM HM3YyYEHUH 3€MHON KOPBI, PEKOTHOCIIMPOBOYHO-IIOMCKOBBIX
paboTax, MOMCKE U pa3BelIKe pa3IMUHBIX MOJIE3HBIX HUCKOMAaeMbIX (He(TH, ra3a, pyJIHbIX, He-
PYAHBIX ), IPH HHKEHEPHO-T€OJOrMUECKUX U3bICKAHUSAX.

Ycnoeua r¢ppexkmusnozo npumenenua cpasupazeedxku. bnaronpusTHEIMUA YCIOBUSIMH
it 3 PEKTUBHOTO MPUMEHEHHS TPAaBUPA3BEAKU NIPHU PEIICHUU TEX WM WHBIX TMPUKIATHBIX
reoJIOTHYECKHX 3314 SBIIAIOTCS CIEAYIOUIHE.

1. KoHueHTpanusi aHOMaJbHBIX IUIOTHOCTHBIX MacC B 00BbEME, OTIMYAIOIEMCS OT
IJIOCKONAPAJIJIENIbHOW TOJIIM, T. €. HAJIMYUE BEPTUKAJIBHBIX, IICEBIOBEPTUKAIBHBIX U JAXKE
MOJIOTUX IUIOTHOCTHBIX HEOJHOPOJHOCTEH MM 3aMKHYTBIX TE€Jl, HATOMMHAIOUIMX MO Gopme
reoMeTpHUECcKUe Tena (CTONOBI, Maphl, MINHAPHI, YCTYIBI, TUIACTHI U T. II.).

2. Pasnuuust W30BITOYHOM IIOTHOCTH aHOMaooOpasyromux 00bekToB (A(O) Tem
OoJIbIIIe, YeM TTY0)Ke OHU 3aJIeTaloT.

3. JlocTtaTouHas cTeneHb OOOCHOBAHHOCTH (TEOPETHYECKON WM AKCIIEPUMEHTAILHOM )
BO3MOYXHOCTH PEIICHUSI KOHKPETHOW Ie0JIOTUYECKON 3a/1a4i B M3y4aeMOM pailOHe Ha OCHOBE
anpUOPHBIX JAHHBIX, UMEIOUICHCS anmapaTypsl U ONTUMAIbHONW CHCTEMBI HAOIIOICHUH.

4. IlpeBplieHue B 3—35 pa3 aMIUIMTYyAbl aHOMAaJMil HaJ YpPOBHEM ammnaparypHo-
METOIUYECKUX MTOTPEIIHOCTEMN.

5. Hanuume nomoimHUTENBHON reosioro-reousndeckord nHPopMaluu 0 CTPOCHHUH pas-
HBIX CTPYKTYPHBIX 3TaK€¥, KOTOPbIE BHOCAT BKJIaJ B CyMMapHOE, IIOJIy4CHHOE B PE3YJIbTATE
CYIEpHO3UIMH aHOMAJIbHOE TPaBUTALIMOHHOE TOJIE.
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Pezuonanvuvie zpagumempuueckue cvemku cywiu u akeamopuii. O01EH peruoHanb-
HOW CHEMKOH MOKPHIBAIOT TEPPUTOPHIO BCEH CyIIM U OKeaHa B Maciirtadbax mensue 1:200 000.
OCHOBHBIMHU 337layaMH PETHOHAIBHOM CBEMKH SBISIOTCS: M3Y4E€HUE JUTOCHEpPbl U 3eMHOU
KOPBI; OLICHKA UX MOIIHOCTH M CTPOEHUS; TEKTOHUUYECKOE palilOHUPOBAHUE; BBISIBJICHUE KPYII-
HBIX CTPYKTYp; U3ydEHHE CTPOCHUS (PYyHAAMEHTA; BBIBICHUE MEPCIEKTUBHBIX TUIOIAACH 1JIs
IIOMCKA MOJIE3HBIX UCKOMAEMBbIX.

Wurepnperaiys KapT aHOMaIui B peaykiuu byre 4Qy KkadyecTBeHHas!, a IPU HATUYUH
OTIOPHBIX TeoNIOTO-reou3ndeckux mpoduneil (kak mpaBuiio, CEHCMUYECKIX) MOKET OBITh U
KOJMYECTBEHHOM. B pe3ynbrare rpaBUMETPUUYECKUX M CEHCMHUUYECKUX MCCIIeIOBAaHUM 00mIunp-
HBIX TEPPUTOPUI KOHTMHEHTOB M OKEAHOB YCTAHABIIMBAIOT MPSIMYIO0 3aBUCHUMOCTb MEXIY
MOIIIHOCTBIO 3eMHO# KOpBI U Agy . YCTaHOBICHO, YTO B FEOCHMHKIMHAIBHBIX 00JACTAX OTMe-
qaloTcsi UHTEHCUBHBIE (10 -400 mI'an) oTpunaTenbHble aHOMAINHU, IIATHOPMBI XapaKTepH-
3YIOTCS HEOOJBUIMMHI aHOMAJUSMU PA3HOTO 3HAaKa, a HAa aKBATOPHUSAX HAOIIOJAIOTCS MHTEH-
cuBHBbIC ToJoXKuTeNbHbIE (10 400 mI['anm) anomanuu, mpudeM TeM OOJBIIME, YE€M MEHBIIE
MOIIHOCTh 36MHOM KOpbl. OOBACHSIETCS 3TO TEM, YTO MOJOIIBA 3eMHOM KOpHI (Tpanuiia Mo-
XOpOBUYMYA, HA3BAaHHAS B YECTh IOTOCIABCKOTO YUEHOTO, BIIEPBBIE OOHAPYKUBILIETO €€) OT-
JIeTIIeT TOPOJIbl pa3HOM MIOTHOCTHU: 2,8—3,0 r/em® cBepxy u 3,1—3,3 r/em® cauzy. [losromy
kpuBasi 4Qz oTpakaet GopMy rpaHuilbl MOXOpOBHYHYA, T. €. MOIIIHOCTH 3€MHOM KOPBI.

[To rpaBUMETPUYECKMM W CEHCMHYECKUM JAaHHBIM YCTAaHOBJIEHO, YTO MpPHU CPEIHEH
MOIITHOCTH KOHTHHEHTAIBHOM 3eMHOM KOpHI Ha maTdopmax npumepHo 30 kM 1noj ropamu (B
TEOCUHKJIMHAIAX) OoHa mocTuraer 70 KM, a B OKeaHaX yMEHbIIaeTcs A0 5 kM. B memom mo-
BEPXHOCTh MOXOpOBHYMYA 3€pKAIBbHO MOBTOPSET (popMy MOBEpXHOCTH penbeda 3emiu, B
YaCTHOCTH, CYILIECTBYIOT KOPHU rop. ITOT (aKkT 0OBIACHAIOT TUIIOTE30M U30CTa3UH, CYIIIHOCTh
KOTOPOHM CBOJAWTCS K IPEJCTABICHUIO 36MHOW KOPBI B BHUJE OTICIBHBIX OJIOKOB, «IUIAaBaIO-
HIMX» B TUJIACTUYHOM MOJAKOPOBOM BellecTBe (BepxHel MaHTun). [lomunHsscy 3akoHy Apxu-
Mesna — d4eM OoJbllie HarpyeH OJIOK (Hampumep, ropamu), TeM IIIy0)kKe OH MOrpyxKaercs
CBOEH HIKHEH 4YacThlo, OJIOKM 36MHOM KOpBI KaK OBl «IJIaBalOT», W M30BITOK Macc Ha II0-
BEPXHOCTH KOMIICHCUPYETCS HEJOCTATKOM BHU3Y.

[To pernoHaNBHBIM TPABUMETPUYCCKUM AHOMAIHUSM THUIA TPABUTAIMOHHON CTYIECHH
BBIJICJISIOT TIATGOPMEHHBIC U T€OCHHKIMHAIBHBIC 00JIACTH, TTyOWHHBIE Pa3JIOMBI C BEPTH-
KaJbHBIMH TIEPEMEIICHUSIME coceqHuX O0yiokoB. Ha mumatdopmax ¢ OONBIION MOIIHOCTHIO
ocaikoB (cBbiiie 2—3 kM) KpuBas 4Jg XapakTepu3yeT MOBeICHUE KPOBIH KPUCTATITUYECKO-
ro (gyHzameHTa: MakCUMyMaM COOTBETCTBYIOT IMOAHATUS B (yHAAMEHTE, MUHUMyMaM —
nporuObl. Ha yyactkax HeOonmbioil riryounsl GpyHaamenTa (10 2 kM) kpuBas AJp XxapakTepu-
3yeT U JIMTOJOTUYECKHUI cocTaB (PyHIaMEHTa, U €ro peibed.

Iloucku, u pazeeoka none3nvix uckonaemvlx. BaxxHoIM HanpaBlieHUEM TPaBUPA3BEIKU
SIBJISIIOTCSI IOMCKH U pa3Be/iKa He(TEra30BbIX CTPYKTYP: COJISHBIX KYIOJIOB, aHTUKIMHAIBHBIX
CKJIaJIOK, pU(OBBIX MaCCHBOB, KYIOJIOBUIHBIX MIaTGOpMEHHBIX cTPYKTYyp. Hanbonee Gmaro-
NPUATHBI 711 pa3BEAKH COJITHBIE KYIOJIA, MOCKOJIBKY COJIb OTIMYACTCS HU3KOH MJIOTHOCTHIO
(6=2,1 T/cM>) 10 CPaBHEHMIO ¢ OKPY/KAIOIIMMH [OPOJAMH M PE3KHMHU KPYTHIMH CKIOHAMH.
CounsiHbIe KyTIOJIa, HaXoAsIMecs B Ypaino-OMOeHCKoM paiione, J{HenpoBcko-JloHenkoii Bna-
JIUHE U JPYTUX pailOHax, BBIICISIOTCS M30METPUUYECKMMH MHTEHCUBHBIMHU OTPUIIATEIIbHBIMU
AQHOMAJIUSIMH, 110 KOTOPBIM MOXHO CYIUThH HE TOJBKO O UX MECTOIOJIOKEHUU U (popme, HO U O
rTyOuHe 3ajieraHusl.

AHTUKIIMHAIBHBIC CKIIAJKU BBIJICISIOTCS BBITIHYTHIMUA H30JUHUSMU aHoManuid Ag mo-
JIOKUTEIBHOTO U OTPHULIATENIBHOTO 3HAKA B 3aBUCUMOCTH OT IJIOTHOCTH MOPO/I, 3aJIETal0LINX B
a1pe ckianok. HTepnperanus pe3yinbTaToB KayeCTBEHHAS, U3PEKa KOJIMUECTBEHHAS.

MHorue MecTopoXXIeHHsI He(TH U ra3a NPHYpOYEHbl K pu(OBBIM MacCUBaM, HO UX pa3-
BEJIKa TPaBUMETPUUYECKUM METOJIOM SIBJIAETCS 3ajnadeil Henmerkou. [y pa3Benku puQOBBIX
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W3BECTHSIKOB CPEIM OCAZOYHBIX TEPPUTEHHBIX MOPOJ MCHONB3YIOT aHAJINW3 KaK perhuoHallb-
HBIX, TaK U JIJOKAaJIBbHBIX aHOMaJIHfI, npu4yeMm pI/I(bOBI:Ie HU3BCCTHAKHU BBIACIIAOTCA, KaK IMPaBUJIO,
MOJIOKUTEIBHBIMU aHOManusiMU. KyrmonoBujHbele miaaTgopMeHHbIE MOMHATHSA, K KOTOPHIM
TaKKe HEepeIKO MPUYpPOUYCHBI MECTOPOXKIEHHUS He(PTH U raza, OTIIMYAIOTCA MAJIOH aMILTUTY-
JI0¥ 1 OOJIBIIION TTyOMHOM 3aneranus. VX TpynHO u3ydaTh MeTOaMu TpaBupasBenku. OaHa-
KO NPUMEHEHNE BBICOKOTOYHBIX I'PaBUMETPOB IO3BOJIIET BECTH Pa3BEAKY U DTUX CIPYKTYp,
BBIICTISIOLIUXCSI CTAa0BIMU OTPUIATENIbHBIMA aHOMAJIMSMU 33 CUET Pa3yIUIOTHEHUS TOPOJI Hal
IIOAHATUAMU.

B cBs3u ¢ pa3BelKOW yroyIbHbIX MECTOPOXKICHHUM I'PABUMETPUIO MPUMEHSIOT KaK UL
oTpeziesieHus] TPaHUIl YTOJIbHOTrO OacceiiHa, Tau U JAJIsl HEMOCPEACTBEHHBIX MOUCKOB OT/AEIb-
HBIX MECTOPOXACHHUH M IUIACTOB yrisd. B kauecTBe mpumepa MOKHO INPUBECTH Pa3BEIKY
JHonbacca. Kak u3BecTHo, nuibs 4acth JloHOacca sIBIASETCS OTKPBITHIM OacceiiHOM, a 3HAYH-
TEJIbHBIE YTJIEHOCHBIE TUIOIIAH MTOKPHITH MOIIHOM ToIIel 0o1ee MOJIOABIX OTJIOKEHUH. DTa
00J1aCTh, KaK BBISICHEHO TEIeph, pacnoiokeHa Mexny Kypcko-BopoHekckuM u Y KpanHCKUM
LIUTaMU U TAHETCS BIUIOTH A0 Kacnuiickoro Mopsi. B HEKOTOpBIX Cilydasx MOILHBIE, HETITY-
OOKO 3aJIeraroIne YrojibHbIC IUTACTHI BRACIAIOTCA MUHUMYMaMu AQg 3a cuet manoi (0=1,1
F/CM3) IJIOTHOCTHU YTJIEH.

I'paBupa3BeaKy NPUMEHSIOT B KOMIUIEKCE C APYTMMHU IeO(PU3UUECKUMH METOIaMH U
UL pa3sBEOKU PYIHBIX U HEPYAHBIX MCKOIAEMBIX, IPUYEM €€ IIPUBJIEKAIOT KaK I KPYIIHO-
MacIITaOHOTO KapTUPOBAHUS U BBISBIECHUS TEKTOHUYECKHUX 30H U CTPYKTYp, OJIaronpusiTHBIX
IJIg 3aJICTaHus TCX WJIM UHBIX MCKOIIACMBIX, TaK W IJIsI HCIMOCPCACTBCHHBLIX IMOUCKOB U pa3-
BEJIKH MecTOpokaeHni. CylecTBEeHHOE OTJIMUNE PYIHOW IPaBUMETPUH OT HEPTSIHON COCTO-
HUT B MCHBIIIEH FHyGI/IHHOCTI/I, 60JII>LLI€I>'I ACTAJIBHOCTHU U TOUHOCTHU pa3BCAKU.

Kiaccuueckum npuMepoM HMPUMEHEHMsI TPaBUMETPUHN SBIIIOTCS IOUCKUA U pa3BelKa
KENe30PYIHBIX MecTopoXkaeHui (ocobenno Kypckas marautHas anomanusi u Kpusoit Por),
IZie TPaBUPA3BEIKy MPUMEHSIOT /Ul U3YYECHUsI CTPYKTYpHl OacceliHa, KapTUPOBAHUS JKeJle30-
PYIHOM TOJIIM U MMOUCKOB OoraThix pyaA. Ha jkene30pyqHbIX MECTOPOXKAECHUSIX HAOII0JAt0TCs
JIOKQJIbHBIE TOJIO)KUTEIbHBIE AaHOMAJIMU 3a CYET BBICOKOM IUIOTHOCTH JKEJIE30COAEPIKAIIUX
pya. PaboTsl MpOBOIAT COBMECTHO C MAarHUTOPA3BEAKOM, YTO MO3BOJISET ONPENEINUTh pa3Mme-
pbl, TIIyOWHBI 3aJIeTaHusl, MOIIHOCTU PYIHBIX 3ajexeil. B pynHoil pa3Benke 4acTo mpuMeHs-
10T BADHOMETPUYECKYIO ChEMKY. [3-3a BBICOKOH IJIOTHOCTH XPOMMTOB I'PaBUPA3BEAKA IIPaK-
TUYECKH SBJISETCS €AMHCTBEHHBIM METOJIOM ITIOMCKOB U pa3BeIKH XpOMUTOBBIX pyA. Hecmor-
psl Ha HEOOJIbILINE pa3MepPbl PYIHBIX Tel, IPU AETANbHOM pa3BeKe ¢ TPaBUMETPAMHU U BapHO-
METPaMH MO>KHO Pa3BEAaTh Jake OTIEIbHBIC )KUIIBL.

Ha pyasbIx KOMYeTaHHBIX U MOJUMETANIMYECKUX MECTOPOXKACHHUSIX OCHOBHBIM METO-
JIOM SIBJISIETCSl AiieKTpopasBeaka. OAHAKO TpaBUpa3BeIKa SIBISETCS XOPOUIMM METOIOM [T
OTJICTICHUST PYIHBIX OT OE3PYAHBIX JJEKTpUYecKuX aHoManuid. C 3anexaMu KOTYSTaHHBIX
Py CBA3aHbl MHTEHCUBHBIE MTOJIOKUTEIFHBIE AaHOMAJIMHY 32 CUET WX MOBBIIIEHHOHN MIOTHOCTH.
[IpuMeHSIOT Kak rpaBUMETPUUECKYIO, TAK U BAPUOMETPUUECKYIO ChEMKH, C IIOMOIIBI0 KOTO-
PBIX OLIEHHMBAIOT pa3Mephl U IIIyONHY 3ajeraHus pyJHBIX Tell.

Iupokoe npuMeHEeHNEe HaXOAUT I'PaBUMETPHSI U MPH pa3Be/IKe HEPYIHBIX UCKOTAeMBbIX.
VHTEHCUBHBIMH TOJIOKUTETBHBIMU JTOKAIBHBIMA aHOMAIUSMH YacTO BBIICTSIOTCS MErMaTu-
TOBBIE, KBaplIEBbIE, KOPYHIOBbIE, OAPUTOBBIE JKUJIbI, KHMOEPIUTOBbIE alIMa3HbIEe TPYOKHU, Me-
CTOPOKICHHUS CIIO/, MapraHia, 00KCUTa © MHOTUX JPYTUX HCKOMAaeMbIX. MUHUMyMaMH BbI-
JEJIAIOTCS. MECTOPOXKICHUSI MUHEPATbHBIX COJEH.

I'paBupa3BenKy HMCIONB3YIOT TAKKE MPU PELICHUH psAla WHKEHEPHO-TE€OJIOTHYECKUX
3a/1a4: MHKEHEPHO-TEOJOTUYECKOM KapTUPOBAHUU; U3YYEHHH KapCTOBBIX U TPEIIMHOBATHIX
30H; ONpeAeIEHUN MOLTHOCTH JIEJOBBIX IOKPOBOB.
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244  Kocmuueckue cpedcmea uzyuyeHus cpasumayuoOHHo20 nouasa 3emiu

ITocne 3amycka nepBbIX UCKYCCTBEHHbIX cyTHHKOB 3emiuu (MC3) Bo3HuMKIa uzaes uc-
MI0JIb30BATh UX C LIEJIBIO ONpPEAETICHUs TapaMeTPOB (PUIypbl U TPABUTALMOHHOTO MOJIs 3EMJIH.
MeTobl CIyTHHKOBOI I'paBUMETPHH, OCHOBAaHHBIE HA CYIIECTBOBAaHHH 3aBUCHMOCTH HaOJIro-
JIeHHBIX Bo3MymeHui opout MC3 oT aHOMaNHii CHITBI TSKECTH, TIO3BOJIAIIN TTOJIYYUTh MOJIEITH
CTaHJAapTHON 3eMJIM M YCPEIHEHHOE, CTIIa)KEHHOE 110J1€ aHOMAJINH.

Cnymnukogaa anomumempus. MeTos ClIyTHUKOBOW aJlbTUMETPUU B IPUHLUIIE HE OT-
JUYaeTcs OT paJapHOW albTUMETPHUH JIETALEro camosiera. Ha cmyTHHKe yCTaHaBIMBAKOT pa-
JUOATIBTUMETP, MOCHUIAIOLINI UMITYJIbCHI Ha 3€MJII0, OTPaKEHNE KOTOPBIX MPUHUMAET CIyT-
HuK. [lonoxeHune crnyTHHKa Ha OpOUTE OTHOCHUTENBHO CTAHLMUU CIEKEHUS ONPEAeIsIoT Ja-
3CPHBIM MCTOAOM. I/IMHyJILC MMOChITAETCI OT Ha3eMHOM CTaHIIMU C U3BCCTHBIMH KOOpAHWHATA-
MU M BO3BPALACTCS YIOJKOBBIMU OTPaXXAaTEJIMU CIYTHHKA. VCronb3ys HOBEWIINE JIa3epsl,
yAaJ10Ch JOCTUTHYTh TOYHOCTU I/IBMepeHI/Iﬁ pacCTodHud CTaHIUA - CIIYTHHUK, XapaKTCPpU3yro-
Iercs CpeIHel KBapaTUYECKOM MOTPEIIHOCThIO B HECKOJIBKO CAaHTUMETPOB. B CIyTHUKOBOM
QIBTUMETPUH pelaeTcs oOpaTHas 3a/1aua — OIpeesIeHNe PacCTOSIHUSA OT CIYyTHHKA JI0 T10-
BEPXHOCTH OKeaHa 1o HopManu. ['eonn ompexnensercs Kak ypOBEHHAsl NOBEPXHOCTh, COBIIA-
Jlaroniasi co cpeiHel MOBEPXHOCThIO OKEAaHa, HEBO3MYIIIEHHON MPUIMBAaMH, BOJIHAMU U Tede-
HUSMM.

[lepBbie anbTUMETPUUECKUE U3MEPEHUS BBITTOIHEHBI B 1973 T. ¢ aMepuKaHCKOW KOCMHU-
yeckoir nmaboparopun «Ckaitma6». bonee coBepmieHHas MoauduKaus paaroBBICOTOMEpA
OblIa yCTaHOBJICHA Ha reojae3ndeckoM cnyTHuke «I'eoc-3» (1975 1.). B 1978 r. ynydmennas
MOJIeTh PAJMOBLICOTOMEpA HA T€0Ae3nIecKoM cnyTHUKe «CuceT» o0ecnednsia TOYHOCTh H3-
Mepenus BbIcOT B 0,1 M. DTOT MeTO[ ceiluac MUPOKO NPUMEHSIETCS 111 U3YyUEHHS] OKEaHUYe-
CKUX NPUIIMBOB, BBICOTBHI BOJIH, TOHOI‘pa(bI/II/I MMOBCPXHOCTU MHUPOBOI'O OK€aHa, Irconjia Ha
okeaHax. OH MO3BOJISET ONpeneauTh KO3()PUIMEHTHI pa3IoKeHusl TeONOoTeHIMaNa, 1 rap-
MOHMK BBICOKMX NOPSAAKOB. C €ro NOMOIIbIO YTOUHSIOTCS MapaMeTpbl HOPMaJIbHOM 3emin 1
CTPOSITCSL MOJIENU €€ TpaBUTAIMOHHOTO noist. CoBMecTHas 0oOpaboTka AaHHBIX «l'eoc-3» u
«Cucer» 103BOJIMIIa IOCTPOUTH KapTy BBICOT IMMOBEPXHOCTH I'E€OUJa C CEYEHHEM | M M mouy-
YUTh CPEIHUE 3HAYCHUSI aHOMAJIUM reoujia o tpaneuusm 1°x 1°; 0,5°x 0,5° u 0,25°x 0,25°.

CriyTHUKOBasl albTUMETPUS U BO3MOXHOCTb MOCTPOCHMS JETAIbHOTO OKEAaHHUYECKOIO
reou/1a MO3BOJMIM M3y4YaTh BHYTPEHHEE CTPOEHHUE 3eMIIM 10 aHOMalIUsAM Treouna. B ocHoBe
TaKOM MHTEpIpeTaly JISKUT YaCTOTHBIN aHanu3. Ecnu mose BBICOT reouaa mpeacTaBUTh B
BUjie pana chepudecknx (yHKUUH, TO TApMOHUKHU 2-4 TIOpsIZIKA, BEPOSITHO, OTOOpaXKaloT TO-
norpauio rpaHulbl Aapo—MaHTusl, 4—10 — aHOMaJIbHBIE IUIOTHOCTH B HMXKHHMX YacTsX
Mantuu. ['apmonuku 10—14 mopsiaka COOTBETCTBYIOT aHOMAIMSM IIOTHOCTEH CpeIHEH
maHTuu (600—2000 kM). JleranpbHble aHOMAIUU ATHTUMETPHUYECKOTO T'eouJa OTOOpaKaroT
cleAyroume 0COOEHHOCTH CTPOEHUSI OKEaHMUYECKOrO JIHA: MOJBOJAHBIE TOPBI, AKKYMYJISALUIO
0CajKoB, penbed (yHIaMEHTAa M HEKOTOphIE CTAllMOHApHBbIC AMHAMHUYECKUE >PQPEKTH BOX
OKeaHa (KOJIbLIEBbIC WM JIMHEHHBIE TeUeHUs ). AHOMaIUK reouaa Haj penbedoM JAHa 3aBUCAT
HE TOJIBKO OT CTPYKTYpPBI, HO M OT XapaKTepa TeKTOHUKH, BO3pacTa JUTOCHEphI.

Cnymnukoeas zpasumempus. VI3mepenue yCKOpeHHsI CBOOOIHOTO TaJICHUs HU3-3a He-
OJTHOPOJTHOT'O pacIpeesieHusi Macc 3eMJI BHYTPHU €€ Pu3nueckoil GUrypsl OCHOBBIBAETCS HA
CIEYIOIUX COO0pakeHUsX. [IoTeHIA CHUJTBI TSHKECTH B TJIABHOM CBOEH YacTH OMpeerseT-
C4 KaK 10JIe, 3aBUCAIIIEE TOJIBKO OT paauaibHOW KoopAuHaThl. Cuia, IeMCTBYIOMIAs Ha CITyT-
HUK, 110 a0COJIOTHOW BEIMYMHE B MEPBOM MPHUOIMKEHUN TAKKe 3aBUCUT TOJIBKO OT PaccTosi-
HUS ¥ HampaBJ€Ha BIIOJb PaJANyca, COCIUHSIONMIETO [IEHTP TAXKECTH 3EMJIM U LEHTP TAKECTH
cnyTHUKA. [Ipy ABMKEHUU CHYTHHKA M3MEHSAIOTCS PACCTOSTHUE OTHOCUTEIBHO LIEHTpPa Macc
3eMJIM M yIJIoBasi KOOpJMHATA, HO TAK, YTO COXPAHSETCS MOMEHT MHEPIUHU CUCTEMbl OTHOCH-
TEJBHO IIEHTPA MOJIs.
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JIBu>KeHHe CIyTHUKA BOKPYT 3eMJIU MPOUCXOAUT MO TPAECKTOPUH, OJIU3KON K SJUIUINTHU-
qecxoﬁ, TaK 49TO CyHICCTBYCT MAKCUMAJIbHOC U MUHUMAJILHOC PACCTOSIHUC OT €€ LCHTpPA T~
JKecTh. B 3THX TOUKax MOBOpPOTa TPACKTOPUU paauvalibHasg CKOPOCTh paBHa Hyw0. Bo3spar
TPAaCKTOPUHM HE O3HAYAET €€ 3aMbIKaHWE. 3aMbIKAHHE TPACKTOPHUH BO3MOXKHO TOJBKO IPH
TOYHOM COBIAJCHUU MOTEHIMaIa 3eMJIH € MOTEHINAIOM JUIsl OTHOPOAHOTrO Iapa. OTKIIOHe-
HHUE OT 3TOTO YCJIOBHUS BBI3OBET OTKJIOHEHME CITYTHHKA, U TPACKTOPHs HE OyIeT 3aMKHYTOM.
N3meHeHue e rpaBUTAMOHHOIO MOTEHIIMAJIA M0 YIJIOBBIM KOOPAWHATAM OTpakaeTcs B Tpa-
CKTOpPUHU CIIYTHUKA, KOTOpaA 6y,[IeT CMCIIATHCA BAOJIb OTUX KOOPAWHAT M HNPCACTABIATH
CIIO)KHYIO HE3aMKHYTYIO KPHUBYIO, OCHMJUITMPYIOIIYIO OKOJIO 3JUIMICA M HU3MEHSIONIYI0 CBOE
MOJIO’KEHUE B MPOCTPAHCTBE. TpaekTopusi CIYTHUKA 32 AJTUTEILHOE BPEMs ONKMCHIBAET CIOXK-
HYIO MTOBEPXHOCTh, TEOMETPHUSI KOTOPOH TECHBIM 00pa30M CBsi3aHA C T€OMETpPUEH 3KBUIIOTEH-
I_[I/IaJIBHOI\/'I MOBCPXHOCTHU I'PAaBUTAIIMOHHOI'O MOTCHIMAJIA Ha BBICOTC JABUKCHU CITYTHHKA.

Taxum 006pazom, ¢ GOJIBLION CTEMEHbIO TOYHOCTH IPABUTAIIMOHHBIN MOTEHIHAT MOYKHO
MPEACTaBUTH 1O HAOIIOICHUIO 32 OPOUTON UCKYCCTBEHHBIX CITyTHHUKOB. KoadduruenTsr pas-
JIO’)KEHUS MOTEHIMAIa CBSI3aHbl C PaclpeeNIEHUEM INIOTHOCTH B 3€MJIE U MPEXKIE BCETO C €€
Maccoit u GuUrypoii.
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I'masa 3 MAT'HUTOPA3BEJIKA

MarauTomMeTpuyeckas UM MarHUTHAas pa3Benka (MarHUTOpas3BeaKa) — 3TO reodusu-
YECKUU METOJI PEIlICHUs T€OJIOTUUECKUX 3aJ1ad, OCHOBAHHBIM HAa U3YYEHUH MArHUTHOTO TOJIS
3emiu. MaruuTHele SIBJCHHS M HANM4YUE Y 3€MJIM MarHUTHOTO M0JIs ObUTH M3BECTHBI YEJIOBe-
YeCTBY elle B TTyOOKOW ApeBHOCTH. Tak ke JaBHO AT SIBICHUS JIIOIU HCIIOJIB30BAIU IS
MIPAKTUYECKOW JESITENIbHOCTH, HAIpUMEp NMPHUMEHEHHE KoMIaca A opueHTauuu. OIHAKO
JUUIb CO BTOPOM MOsIoBUHBI XIX B. H3MEPEHHs HAPSKEHHOCTH MAarHUTHOTO I1OJIsL IS IIOUC-
KOB CHJIBHO MarHUTHBIX PYJIHBIX 3aJI€KeH NPUBENIN K CO3JaHUI0 MarHutopassenku. B Poccun
CHEIHANIbHBIE UCCIIEAOBAHNUS MATHUTHOTO TIOJISI C TEOJIOTUYECKUMU LIEISIMU OBUTH TPOBEICHBI
Ha Kypckoii maruutHoOi anomanuu B koHie XIX Beka. B 1919 r. Obina Hauata MarHuTHas
chemka Kypckoit o0macti, MOI0KUBIIas HAYaI0 TeHEePAIbHON MarHUTHOW ChEMKE TepPUTO-
pHUH Halllel CTpaHbl U Pa3BUTHIO BCEil OTEUECTBEHHOM pa3Be10YHOM re0(U3UKH.

3emuisl, KaKk KOCMHYECKOE TE€JIO OMNPEIEICHHOTO BHYTPEHHErO0 CTPOCHMS, FE€HEPHUPYET
MOCTOSIHHOE€ MAarHUTHOE I10JI€, HA3bIBAEMOE HOPMAIbHBIM WU MIEPBUYHBIM. MHOTHE TOpHBIE
MOPOJIBI U PyZbl 00J1aaI0T MAarHUTHBIMU CBOMCTBAMU U CIIOCOOHBI 11O BO3JIEHCTBUEM 3TOTO
MOJIsE IPUOOPETATh HAMAZHUYEHHOCHb Y CO3JaBaTh AHOMAIbHble VUM BTOPUYHBIC MAarHUT-
Hble TO0Js. Bblgenenue 3TuX aHOMAaJbHBIX IMOJIeH M3 HaOJIOJEHHOTO WM CYMMapHOIoO Ieo-
MarHUTHOTO TOJIfA, & TAK)KE UX I'€OJIOTUYECKOE MCTOJIKOBAHUE SIBIISIETCS 1I€JIbI0 MarHUTOpas3-
BEJIKH.

OT npyrux METoJ0B pa3BeOYHOM reo(U3NMKU MarHUTOpas3Be/lKa OTINYAaeTCs HauboIb-
el IpOM3BOIUTENHFHOCTHIO, OCOOCHHO B adpoBapuanTe. MaruutopasBeka spisiercs 3¢ dek-
THBHBIM METOJOM MOHMCKOB M Pa3BEIKH XKele3HbIX pyd. OHAKO ee MHUPOKO MPUMEHSIOT U
MIPU T'€OJIOTUYECKOM KapTUPOBAHUH, CTPYKTYPHBIX UCCIEIOBAHUSAX U MOUCKAX JIPYTUX MOJIE3-
HBIX UCKOMAEMBIX.

3.1 OcHOBBI TEOPUM T€OMATHUTHOIO MOJISI 1 MATHUTOPA3BEAKH

311 Dnemenmol 2e0MaAzZHUMHO20 NOJIA U €20 NPOUCXONHCOCHUE

B nr060#i Touke 3eMHOI TOBEPXHOCTH CYIIECTBYET MarHUTHOE TOJIE, KOTOPOE Ompe/e-
JSIETCSl TIOJIHBIM BEKTOPOM HAIPSDKEHHOCTH 1, T.e. HampaBJICHHEM IEHCTBHS M MOIYJIEM.
Bnonw Bektopa 7 ycTaHaBIMBaeTCs TOJBEIICHHAS y IIEHTpPA TSHKECTH MAarHUTHAs CTPEIKa.
[Ipoekuust 3TOro BEKTOpa Ha FTOPU30HTAIIbHYIO MIOBEPXHOCTh M BEPTUKAJIBLHOE HAIIPABJICHHE, a
TaK)Xe yIJIbl, COCTABIEHHBIE 3TUM BEKTOPOM C KOOPAMHATHBIMHM OCSIMHU, HOCAT Ha3BaHUE dJie-
MEHTOB MarHUTHOTO ToJist (puc. 3.1).

Ecnu ock X mpsSIMOYTOJIBHOM CHCTEMBI KOOpPAWHAT HAlpaBUTh Ha reorpaduyeckuii ce-
BEp, OCh Y — Ha BOCTOK, & OCh Z — BEPTUKAJIBHO BHU3, TO MPOCKIIUIO MMOJIHOTO BekTOpa 1 Ha
0Ch Z Ha3bIBAIOT BEPTHKAJIBHOM COCTaBIsIOMEN 1 0003Ha4ar0T Z. [IpOEKIHUIO TOJIHOTO BEKTO-
pa 7 Ha TOPU3OHTAIBHYIO TUIOCKOCTh HAa3bIBAIOT TOPH3OHTAIbHOW cocTaBisromiei /. Ha-
npasicHue [ cCOBMagaeT ¢ MAarHUTHBIM MEPUIUAHOM U 3aJIa€TCS OChIO CTPEJIKH KOMITaca WIn
Oyccoun.

IMpoekuuro H Ha ock X Ha3bIBAIOT CEBEPHON (MM 0KHOM) cocTaBisromeil X, mpoek-
1m0 H Ha ock Y — BOCTOYHOM (MITH 3ammaHoi) cocraBisromei Y. YTo Mex Iy oCchio X U Co-
crapystronieii H Ha3pIBalOT ckionenuem u 0603Hayaror D. TIpuHATO cYMTaTh BOCTOYHOE
CKJIOHCHHUC TMOJIOKUTCIIBHBIM, 3alIaAHOC — OTPULATCIILHBIM. VYron MCKAY BCKTOPOM T U 1ro-
PHM30HTAJIBHON IJIOCKOCTHIO HAa3hIBAIOT HAKIOHeHuem u 06o3Havaror J. [Ipu HakIoHE ceBep-
HOI'0 KOHIIa CTPCIJIKNU HAKJIOHCHUC HA3bIBAIOT CCBCPHBLIM (I/IJII/I HOJIO)KI/ITCJIBHBIM), IIpHU HAKJIIOHC
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F0’KHOTO KOHIIA CTPEJIKM — I0KHBIM (HMJIM OTpULIATENbHBIM). B3aMOCBA3h MOTYYEHHBIX 3Jie-
MEHTOB MarHUTHOTO TOJISI 3€MJI BBIPAXKAIOT CIEAYIOUIUMHI GOpMyIaMu:

H=TdosJ, Z=TLinJ, Z=HUgJ, T°=H’+Z’ unp. (3.1

[Ipn MarHuTHOHN pa3BeaKe M3MEPSIOT JMIIL OJHY-JBE COCTABISIOLIUE IOJSI WIH UX
npuparienue (kak mpaswuio, 310 AZ u T). Pacnpenenenue 3HaueHU 3JIEMECHTOB MarHUTHOT'O
TIOJIs1 HA 3€MHOM MOBEPXHOCTU OOBIYHO M300pakaroT B BUJIC KapT U3OJUHUH, T. €. JUHUH, CO-
SMHSIONINX TOYKH C PaBHBIMU 3HAYCHUSIMH TOTO WJIM MHOTO Napamerpa. M3onuHun cKiIoHe-
HUSI HA3BIBAIOTCS U3020HAMU, V30JIMHUM HAKJIIOHEHUS — u3oKaunamu, vsomauuu H, Z i T
— COOTBETCTBEHHO uzoounamamu H, Z viiu T. DT KapThl CTPOAT HA 1 MFOJIS Ka)I0T0 roja
Y Ha3bIBAIOT UX KAPMAMU INOXU TAaKOTO-TO Tojia (Hanpumep, kapra snoxu 1986 r.).

Enuunnenn HanpsyK€eHHOCTH MarHUTHOTO MOJIA B
cucreme CU sBnsercst ammnep Ha MeTp (A/M), a B cUC-
teme CI'C —apcren (3). B nmpakTuke MarHuTopasBeku
HIMPOKO MPHUMEHSETCS TaKKe BHECHUCTEMHAas €IMHUIIA
HaIpPsHKEHHOCTH MarHuTHoro mnojisi — ramma (y). Ilepe-
YHUCJIEHHbIE €AMHUIIBI U3MEPEHUs HAMIPSKEHHOCTH Mar-
HUTHOTO TOJISI COOTHOCSITCS CJIEIYIOIIUM 00pa3oMm:

1AM=4110"D, 19 =10y

B peanbHBIX cpemax H3MEpSEMBIM MMapaMeTPOM
MarHUTHOTO TIOJIS CIY)KUT MarHWTHas WHAYKIus B =
to T(1+ y), rne pg— abconroTHass MarHUTHAST TIPOHH-
naemocth Bakyyma (B CU ug = 4 10 T I'n MYy —
MarHuTHas BocrnpuumumBocth, ¥ = | [ Tj; tne | —
WHIYKTUBHAS HaMarHU4YE€HHOCTD. Emnnuneit

i T u3MepeHus MarHuTHOM wuHAykuuu B CU  saBisercs
v tecna (Ti). B mMarauTopasBenke UCHONB3yeTcs: OoJiee
7 G Menkas eauauna B — nanorecna (aTn), 1 aTn = 10°

Tn. Marnutopa3BeodHas — anmaparypa  OOBIYHO
Z HAaXOJUTCSI B HEMarHWUTHOH cCpele — BO3AyXE WU

Puc.3.1 OnemeHThl 3eMHOTO Mar-  oje, U1 KOTOPBIX y = 0, HO3TOMY B= ,UOT-
HUTHOTO MOJIA.

CrnenoBareabHO, MarHUTHOE I10JIE 3€MJIM MOJKET

Hanpapyienue KOOpTMHATHBIX OCEH: OBITH BBIPAXKEHO JIMOO B €IWHUIIAX MAarHUTHOW WHIYK-
X— CEBEP;

p; muun (HTn), mubo B eQuHUIAX HAMPSHKEHHOCTH, MPHU

Y—BOCTOK;
7 — k nenTpy e stoM 1 HTn coorBeTcTByeT 1 7.

B nepBom mpubimmkeHnr MarHUTHOE T0J1e 3eMITH
MOKET OBITH YITOJ00JIEHO MO0 HAMAarHMYEHHOTO I1apa WITH TTOJIF0 MATHHUTHOTO TUITOIS Ty,
PAacIoIOKEHHOT0 B 00JIACTH LIEHTpa 3eMJH, OCh KOTOPOT'O MO OTHOILICHHUIO K OCH BPAILCHUS
3emnu coctaBigeT 11°. Mecta BbIX0oJa MPOAOJKEHUI OCH ATOTO JUIOJS HAa MOBEPXHOCTh
3eMIId Ha3bIBAIOT T€OMArHUTHBIME Morocamu 3emiid. OONIacTh BBIXO/AA FOKHOTO KOHIIA OCU
JUTOJS HOCUT HA3BaHME CEBEPHOIO0 MArHUTHOIO IOJIOCA, a O0JIaCTh BBIXOJA CEBEPHOTO
OKOHYAaHUS OCU JUIOJII — 103KHOT0. CeBEepHBII MarHUTHBIN MOJIIOC HAXOIUTCS HA 72° C.II. U
96° 3. 1. B 1400 kM OT ceBepHOTO TeorpauIecKoro moJiroca 3eMiu.
MHorourciaeHHbIMU HAOMIOIEHUSIMU 3HAaYeHUI MarHUTHOTO T0JIsl 3eMJIM MTOKA3aHo, YTO
B CpEeIHEM IIOJIHBIA BEKTOp HampsbkeHHocTH 1 m3mensiercs: ot 0,66 10° 5Tx Ha moIOCax 10
0,33 10° uTx B paifone skBatopa. IIpi 5TOM BEpTHKANbHAS COCTABISIONAS Z yMEHBIIACTCS
or 0,66 10° uTx 10 HYJIs, @ TOPU3OHTAJIbHAS cocTaBistomas /1 yBemuauBaeTcs OT HYJS JI0
0,33 10° uTx. JletanbHoe M3ydeHHEe MATHHTHBIX CBOMCTB TOPHBIX TTOPOJ PA3IAYHOIO BO3PAC-
Ta Ha Pa3HbIX KOHTUHEHTaX YCTaHOBWJIO MUTPAIUIO (M3MEHEHHE MECTOIOIOXKEHHS) MarHUT-
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HBIX TOJIFOCOB U X MHBEPCHIO, T. €. CMEHY 3HAKOB (HANpaBJeHHUs), IPOUCXOIAIIYIO C IEPUO-
oM ot 0,5 10 HECKOJIBKUX JIECSITKOB MUJUTMOHOB JIET.

Ilpoucxosncoenue mazcnumnozo nonsa 3emau OOBSCHIIOT Pa3NUYHBIMU MPUYUHAMH,
CBSI3aHHBIMHU C BHYTPEHHUM CTpoeHHeM 3emud. Hanbosiee 1oCTOBEpHON M MpUEMIIEMOM TH-
MOTE30M, OOBSACHSIONIEH MAarHETU3M 3€MJTH, SIBJISICTCSI THUIIOTE3a BUXPEBBIX TOKOB B s1pe. DTa
TUTIOTE3a OCHOBAaHA HA TOM yCTAHOBJIEHHOM reodusnkaMu Qakre, 9yTo Ha riayoune 2900 km
1o MaHTUEN 3eMJIM HAaXOJUTCS BHEILIHEE KUIKOE SIAPO C BBICOKOW 3JIEKTPUUYECKON MPOBO-
JTUMOCTBIO, KOTOPast 0ObsICHSIETCS OOJBIINM YUCIIOM CBOOOJHBIX 3JIEKTPOHOB B BEIIECTBE SIJI-
pa BCIEACTBHE BBICOKMX TEMIEpaTyp W naBieHus. biaromapsi Tak Ha3plBaeMOMY T'HpOMar-
HUTHOMY 3¢ (exTy u BpalieHuto 3eMiIu BO BpeMs ee 00pa30BaHusl MOIJIO BOSHUKHYTh OYEHb
cmaboe MarHuTHOE mosie. Hamuure cBOOOAHBIX AJIEKTPOHOB B SIpE U BpallleHHE 3eMIId B Ta-
KOM c1a00M MarHMTHOM I10JI€ MIPUBEIN K MHAYLIUPOBAHUIO B SIPE BUXPEBBIX TOKOB. DTH TO-
KM, B CBOIO OUYEPE/b, CO3AIOT (PETEHEPUPYIOT) MAarHUTHOE I10JIE, KaK ATO MPOUCXOAUT B JIU-
HaMOMAaIlIMHaX. YBEIUYEHUE K€ MarHUTHOTO TOJIsl 3eMJIM JOJIKHO MPUBECTH K HOBOMY YBe-
JUYEHUIO BUXPEBBIX TOKOB B Si/Ipe, a MOCIEHEEe — K YBETUUYEHUI0O MATHUTHOIO TOJS U T.[I.
[Tpouecc mogo0HOM pereHepanuy ATUTCS 10 TeX MOp, MOKAa pacCeMBaHHE SHEPTUU BCIEICT-
BUE BS3KOCTH SIJIpa U €ro 3JIEKTPUYECKOrO COMPOTHBIICHUS HE CKOMIICHCUPYETCS 100aBOYHON
SHEprueil BUXPEBBIX TOKOB U APYTUMU IPUUUHAMH.

3.1.2 Hopmanvnoe u anomanvHoe MazHuUmHoe noie

BkI1ag IunonasHOM cocTaBisiomiei 1 ,,,, B HAONIOAEHHOE MarHUTHOE IIOJIE 3€MIIHU CO-
ctaBisier npumMepHo 70%, 9To OOBSACHSET Takue ero riodambHble OCOOEHHOCTH, KaK yBEIH-
YeHHe HaIpsHKEHHOCTH MAarHUTHOTO TOJIsl B 2 pa3a MpH Mepexoie OT dKBaropa K nomtocy. B
HAOJIOICHHOM TIOJIE BBIICTISIOT TAK)KE COCTABIISIFOIINE, CBSI3aHHBIE C OCOOCHHOCTSIMU BHYT-
PEHHEro CTPOCHUS 3eMITH, HA3bIBACMBIC MAMEPUKOGHIMU anomanuamu 1, DTH IJIaBHO W3-
MEHSIOIIUECS KOMIIOHEHTHI 00pa3yroT Ha 3emiie IeCTh KPYITHBIX, COM3MEPHUMBIX C TUIOMIAIbIO
MaTEpPHUKOB MMOJOKUTEIBHBIX U OTPHUIATEIBHBIX aHOMaM ¢ amrumatyaou (0,1—0,2) 10° 1T
B Hacrosiiee Bpemst erie He BbIpa0OTaHa euHasi TOYKA 3PEHUS] OTHOCUTEIHLHO TIPOUCXOXKIC-
Hus [, BHIUMO, MCTOYHUKH MX pacroyararorcs Ha riyouHe okomo 3000 kM, Ha ypOBHE
BHEUIHEW rpaHulbl fapa 3emid. B mpakThke MarHUTOpa3BeIKW NPUHATO Ha3bIBaTh HOP-
MAbHBIM 2€0MACHUMHBIM noJiem (WU TJIaBHBIM MarHUTHBIM I0JEM 3€MJIM) B pacCcMaTpu-
BAEMOM TOYKE CyMMY HOJIE€H AUIONS |,,, ¥ MAaTEPUKOBBIX aHoManuii 1, T, — Tount T,
HopManpHOEe MarHUTHOE 1MoJie 3eMJIM CHEIUAIBHO PACCUUTHIBAIOT U CYIIECTBYIOT TaOJIMIIBI
Wl KapThl Tyop0, Zyjopy ATISL ONIPENETEHHOTO MEPHOZA BPEMEHHU M JUIS KAXKJIOH TOYKH 3eMITH.
OTKIIOHEHHs HAOJIOJICHHBIX 3HAYEHWH MarHUTHOTO MOt 3eMuid ' OT HOPMAIBHOTO IOJIS
T sopy ABNAIOTCS anomanuamu mazuumnozo nona AT,, AZ,, AH,:

AT, = T-Tyopn, AZ=Z -~ Zyopa (3.2

B 3aBucHUMOCTH OT MPOTSKEHHOCTH y4yacTKa WM IUIOUIaJN, HA KOTOPBIX OHU BbIAETS-
I0TCSI, QaHOMAJIMA MAarHUTHOTO TOJISl TOAPA3ACIISIOT HA JIOKAbHblE U Pe2UOHAIbHbIe (OTHOCH-
TEIBHO APYT JIpyra Ajs JaHHOTO pailoHa uccienoBaHus). B ceBepHOM moiymiapuu Hampas-
JIeHHEe HAMAarHUYHUBAOIIIETO MOJIS 3eMIIA OJIM3KO K BEPTHKAIBHOMY, TTOITOMY 0OJiee IPKUMHU U
JIOKQJIN30BAHHBIMU SIBJISIFOTCS TIOJIOXKHUTENbHbIE aHOMAIMU. IHTeHCUBHOCTH M XapakTep Mar-
HHUTHBIX AaHOMAJIMI 3aBHCAT OT HHTEHCHMBHOCTH HAMarHWYEHHOCTH TOPHBIX mopo |, koTopas
OTIpeIeNIIeTCsl UX MarHUTHBIMU CBOMCTBAMU U CBOMCTBAMM BMEILAIOLIUX MOPOJ U HAIPSKEH-
HOCTBEO MAarHUTHOTO TIOJISt 3€MJIH, a TaK)Ke 3aBUCUT OT (JOPMBI, pa3MepOB M TITyOWHBI 3ajera-
HUS aHOMaI000pa3yromux Macc. K MarHUTHBIM CBOMCTBaM KpOME MarHUTHOM BOCIIPUUMYH-
BOCTH ), OIIPEJEIIAIONICH WHIYKTHBHYIO HaMarHudeHHOCTh |j = y7, OTHOCHTCS OocTaTovHast
HamarauueHHocTs |y, r.e. | = [+ |, .
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3.1.3  Bapuayuu macHumnozo nons

HaGHIOI[eHI/ISI MAarHuTHOI'O IIOJIsA BeMHI/I B TCUCHUC NJIUTCIILHOTO BPCMCHHU MMOKA3bIBAIOT,
YTO HAMPSHKEHHOCTH MATHHUTHOTO TTOJISL M €T0 DJIEMEHTHI H3MEHSIOTCS BO BPEMEHH. DTH U3Me-
HEHMS TIONY4YNIN Ha3BaHue gapuauuii: 01,,,, 0Z.,, n ap. Ilo 4acTOTHOMY COCTaBY, HHTEH-
CHUBHOCTH U MMPOUCXOKACHUIO MIPUHATO PA3JINYATh YCTHIPC BUAAd MArHUTHBIX BapUAIIUN: BCKO-
BbI€, TOJIOBbIE, CYTOUHBIE U MarHUTHBIC BO3MYIIeHUs (OypH). Bekoeble éapuayuu MarHuTHO-
ro 1oJd MPOUCXOAAT B TCUCHHUC JIMTCIBHBIX NICPUOJOB BPEMCHH B ACCATKU U COTHU JICT U
NPUBOAAT K 3HAYNTEIbHBIM HM3MCHEHHSM CPEIHETOJOBBIX 3HAUCHUM 3JIEMEHTOB 3EMHOTO
MarHeTui3ma. HO[[ U3MCHCHHUECM TOT'O UJIIM MHOT'O 3JIEMEHTA MArHUTHOTI'O ITI0JIA (BeKOBOfI XOII)
MOHMMAIOT Pa3HOCTH 3HAYCHHUM STHX DJIEMEHTOB B pa3Hble SIOXH, JICJICHHBIC HA YHCIO JIET
MCXKAY 2I10XaMHu. Bexkosoii X04 pacCUUTBIBANOT IO HaGHIOIIeHI/IHM HaIpsPKCHHOCTHU TIOJISL Ha
MarHuTHBIX 00CEPBATOPHUSIX U OMOPHBIX MyHKTaX. [IOCKOJIBKY MMOJOOHBIX MHOTOBEKOBBIX Ha-
OMI0ZICHUI MaJlo, TO 3aKOHOMEPHOCTh BEKOBBIX BapHallUii YCTAHOBUTH TPYAHO, XOTS HaMeda-
eTCSl MX W3MCHEHHE C MEPHOJOM B HECKOJIBKO cOTeH JjeT. CTerneHb M3MCHEHHS DJIEMEHTOB
3CMHOI'0 MAarHuTHOI'O MOJIA pa3jindHa AJId pa3HbIX paﬁOHOB 3eMHI/I, HUMECTCA HECKOJBKO 30H
(okycoB), B KOTOPBIX OHM MaKCHMAaJbHBI. BO3HHKHOBEHHE BEKOBBIX BapHallnil, BHUANMO,
00BSICHACTCS MPOLIECCAMHU, TIPOTEKAIOLMMH BHYTPH 3eMii (B siIpe U HA TPaHMIIE AApa C MaH-
THel). B MeHbIIIel CTEeNeHn OHU CBSA3aHbI C 0OCOOCHHOCTSMH CTPOSHUS 36MHOM KOPHI.

Ha nocrostnHoe nosne 3emiy HakIaAbIBaeTCsl EpEMEHHOE MarHUTHOE 10Je (BapHaluu
TroaO0BBIC, CYTOYHBIC, MATHUTHBIC 6ypI/I), BBI3BAHHOC BHCITHUMU IpOoHCCCaM, IMPOUCXOAAIIN-
MU B noHochepe. I'odosvle eapuayuu — 3TO U3MEHEHUS CPEAHEMECSIYHBIX 3HAUYEHUN Ha-
NPSDKEHHOCTH MarHUTHOTO mofisi. OHM XapakTepu3yroTcs HeOonblon ammuutynou. Cymou-
Hble eapuayuu CBS3aHBI C COJIHEYHO-CYTOUYHBIMH U JTYHHO-CYTOUHBIMM H3MEHEHUSMH Ha-
NPsSPKCHHOCTU MArHuTHOT'O MTOJIA U3-3a U3SMCHCHUS COJIHEYHOI aKTUBHOCTH. Bapnam/m JOCTHU-
raroT MakCUMyMa B MOJIEHb IO MECTHOMY BPEMEHH U MPU MPOTHUBOCTOSTHUM JIyHBI. AMIUIN-
TyJa CyTOUYHbIX BapHalliii 3aBUCUT OT MAarHUTHOW IMPOTHI paiioHa HAOIIOIEHUS U U3MEHSET-
cs OT mepBbIX neciaTkoB 10 200 HTn npu nepexoae oT 3KBaTtopa K nmoitocam. ['010BbIe U Cy-
TOYHBIC BapHallUU ABJIAKOTCA MJIaBHBIMU, ICPUOAUICCKUMMU. Hx na3wsBaror HCBO3MYUICHHBIMU
BapHUaIUsIMU.

Kpome HeBo3MylIEHHBIX (MEPUOANYECKUX) BapUaluil CYIIECTBYIOT BO3MYILEHHBIE Ba-
puanyuu, K KOTOPbIM OTHOCATCS HEMEPUOAUUYECKUE UMNYIAbCHbIE 6APUAUUN U MAZHUMHbLE
oypu. MarautHbie Oypu ObIBatoT pa3sHoil uHTeHCHBHOCTH (10 1000 HTn u Gosee) u oxBaThI-
BarOT, KaK MIpaBuiio, 6OHI>H_II/IG IJIomaau. OHH BO3HHUKAIOT CIIOpaIUYICCKHU U MPOXOIAT IO Bcel
3eMHOM MOBEPXHOCTU JTMOO OJHOBPEMEHHO, JTUOO C 3ama3JbIBAHUEM /10 HECKOJIBKUX YacoB.
HpOI[OJDKI/ITCHBHOCTB MarHUTHBIX 6ypb KOJI€6JI€TC$I OT HECKOJBKHX YaCOB OO0 HECKOJIbKHUX
CYTOK, @ MHTEHCUBHOCTbh M3MEHSETCS] OT HECKOJIbKMX JI0 Thicsiu HaHoTeca. Hamewaercs uer-
Kasg CBA3b MCIKAY MHTCHCHUBHOCTHBIO MArHUTHBIX 6pr U COJIHEYHON aKTHUBHOCTBHIO. B oAbl
MaKCUMYMOB COJTHEYHOW aKTUBHOCTH, MEPHOJl KOTOPHIX Okojio 11 yer, HaOmromgaeTcs Hau-
Oompiiee uncno Oyps. [lpu mpoBeneHUM MarHUTOPA3BEAKH HEOOXOAMMO yYUTHIBATH U HC-
KJIFOYaTh Bapuallid MarHUTHOTO TMOJISA, €CJIM MX aMIUIUTYbl CPAaBHUMBI CO 3HAUEHUSIMU aHO-
MaJIMii MarHUTHOTO T10JI OT U3Y4aeMbIX T'€0JIOTUYECKUX CTPYKTYP WIM IIPEBLIIAIOT UX.

Takum oOpa3om, B 00IIeM BHUAE MOJHBIA BEKTOpP HANpPSHKEHHOCTH MAarHUTHOTO TOJIS
3eMJIM MOXKHO ITPEICTABUTh B BUJIE

T=Tuput+ 0T, + AT, (3.3
C yderoM BeIpakeHUs (3.2) aHOMaJIbHOE MAarHUTHOE TT0JI€ PACCYUTHIBAIOT TTO (hOpMYyIIe
AT, = T = Tyuopw = 0T (3.9

AHaHOFI/I[IHO pacuCTaM aHOMAaJIMU TTOJIHOTO BEKTOPA HAIIPAKCHHOCTU MArHUTHOI'O IMOJIA
OIIPENESAIOT aHOMAIMHK APYIruX dyeMenToB (4Z,, AH,).
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3.14  Maznummnsle ceéolicmea 2OpHbIX ROPOO

OCHOBHBIM MarHUTHBIM [1TAPAMETPOM TOPHBIX TIOPOJ SIBJIAETCS MACHUMHAA 60CHPUUM-
yugocmy - y. Kak orMedasnoch BbIlIe, ) SIBISETCS KOA(P(OUIMEHTOM MPONOPIHOHATEHOCTH
MEXly HHTCHCHBHOCTBHIO WHIYKTHBHOTO HaMarHW4eHus |, ¥ HampsOKeHHOCTBIO HaMarHW9H-
Baromiero moist: |;= yT. MarHuTHyr0 BOCIIPUUMYHUBOCTD U3MEPSIIOT B 10 ex. C. MaruutHas
BOCIIPUMMYHUBOCTh TOPHBIX MOPOJ U3MEHSAETCS B IIMPOKUX npeaenax — ot 0 mo 10 ex. CHU.

[To MarHUTHBIM CBOMCTBaM BCE BEILECTBA AEIATCA HAa TPU TPYIIbI: JUAMarHUTHBIE, Ma-
paMarHuTHBIE U (eppoOMarHuTHHIC. Y JUAMAarHUTHBIX MOPOJ MAarHUTHAas BOCHPUUMYHBOCTD
ouenb Mana (10° ex. CH) u OTPULIATENIbHA, UX HAMarHWYECHHUE HAIIPABJICHO IIPOTUB HAMAarHu-
yuBaroiero nois. K ouamaznemukam oTHOCATCS MHOTME MUHEpasbl U FTOPHBIE IOPO/bI, Ha-
npuMep, KBapll, KaMeHHasi COJlb, MpaMop, HeQTb, TpaduT, 30J10TO, cepedpo, CBUHEL, MEb U
ap. Y napamazHummnpix OpOJ MarHUTHas BOCIIPUUMUYUBOCTD MOJIOKUTEJIbHA U TaK)Ke HEBe-
muka. K mapamarHeTnkaM OTHOCHUTCSI OOJBIIMHCTBO OCAJ0YHBIX, METaMOP(PHUUECKUX U H3-
BEP>KEHHBIX MopoA. OcoOeHHO OONBLION U MONOKUTETBHON ) (10 Heckonbkux equHul; CH)
XapaKkTepU3yIOTCs gheppomaznummusie MUHEPAIIbl, K KOTOPBHIM OTHOCSITCSI MAarHETUT, TUTAHO-
MarHeTHUT, WIbBMEHUT U UPPOTHH.

Tadauua 3. MarHuTHasi BOCIPUMMYUBOCTH OCHOBHBIX MUHEPAJIOB, TOPHBIX MOPOA U Py

x 10° e0. CH
Mumnepan, zopnas nopooa .
ouana3on u3mMeHeHuil cpeonee

Ksapr — 10
Kaneuur 7—12 —
[Mumc — 12
Yronp — 25
Cdanepur — 750
[Muput 50—5 000 1500
I'emaTut 500—50 000 6000
[upporus 10°—10’ 150000
VnbmenuT 5.10°—5-10° 10°
Maruetut 10°—10’ 5-10°
W3BecTHsK 25—3500 300
[lecuanuk 0—20000 400
Ineiic 100—20 000 —
I'panut 0—40 000 2000
Junabas 1 000—15 000 5000
I'a66po 1 000—100000 60000
bazanbT 30—150000 60000
Ilepunorur 90 000—200 000 150000
Ocanounsle (cpenHee) 0—5000 1000
Mertamopduueckue (cpenHee) 0—75000 50000
Kucisle nzsepskeHHbIe (CpeaHee) 50—80 000 8000
OcHoBHbIe H3BepkeHHbIE (cpennee) | 60—120 000 30000

MaruuTHass BOCHPUUMUYUBOCTE OOJIBIIMHCTBA TOPHBIX IOPOJ ONPEAEISIEeTCs, MpeXxae
BCET0, MPUCYTCTBUEM U TPOLEHTHBIM COCTaBOM (peppOMarHUTHHIX MHUHEpasioB (Tabi. 3).
Cpenu n3BepKEHHBIX MOPOJ HAUOOJbIIEH MATHUTHOM BOCIPUUMUYUBOCTBIO 00JIalaI0T YiIbT-
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PAOCHOBHBIE U OCHOBHBIE TIOPOJIbI, €1a00- UM YMEPEHHOMArHUTHBI KUCIIbIE TOPOAbL. Y Me-
TaMOP(UUYECKUX TMOPO]] MATHUTHAST BOCIPHUUMYUBOCTh OOBIYHO HIDKE, YEM Y HU3BEPIKECHHBIX.
OcaouHble TOPO/Ibl, 32 UCKIIOYEHHEM HEKOTOPBIX MECYaHNUKOB U TJIMH, TPAKTUYECKU HeMar-
HUTHBIL.

['opHble mopoabl, cliararoliye reojIOTMYeCKUe CTPYKTYpPBI, 3aJleraloT CpeAr BMEIIaro-
IIUX MOPOJ, U MO3TOMY NMPAKTUYECKHU TaK ke Kak U B TpaBUpa3BeKe, HAC HHTEPECYIOT HE a0-
COJIIOTHBIE 3HAYECHUS] MarHUTHON BOCIIPMMMYHMBOCTH U3YYAEMBIX CTPYKTYD Ycmp, @ TOJIBKO €€
M3MCHCHUS WX TaK Ha3biBaeMas 3()(eKTHUBHAs MATHUTHASL BOCIIPUUMYUBOCTE AY= Yemp — X0
TJIC Yo — MarHuTHas BOCIPUUMYHBOCTH BMEIIAIOIINX MOPOI. 3HaueHue Ay B 3aBHCHMOCTH
OT T€0JIOTMYECKON CUTYaI[Ml MOXET M3MEHSThCS B IHIMPOKUX IMpeaesax U ObITh Kak OTpHUlla-
TEJBHBIM, TaK U MOJOXKUTEIbHBIM. biiaromaps otianunio Ay OT Hylsl 1 BOSHUKAIOT MArHUTHBIC
aHOMaJINH.

Ba)xHpIM MarHWTHBIM THapaMeTpPOM TOPHBIX MOPOA, coAepXkamux (eppoMarHUTHbIE
MHUHEPAJIBI, SABISCTCS OCMAMOYHAA HamazHuyennocms |, T. e. crnenupuuecKkoe CBOWCTBO
MOpo/I, Hecyiee B cede nHpOopMaIHio 00 N3MEHEHUH MarHUTHON BOCIIPUUMYHUBOCTH TIPH U3-
MEHEHUU BEeTUYMHBI HAMarHWYMBAIOMIETO OIS U TemrepaTypbl. C yBelIUYCHHEM TeMIIepaTy-
pBl MarHuTHash BOCIPUUMYHUBOCTH Y (peppOMarHeTHMKOB BO3pacTaeT, OCTUrasi MaKCUMyMa
MIPU KPUTUYECKOW TeMIieparype uin Touke Kropu, KoTopas y pa3HbIX MUHEPaIOB U3MEHSIETCS
ot 400 no 700 °C. Koraa Temmneparypa npeBbiliaeT Touky Kropu, MarHuTHasi BOCIPUUMYH-
BOCTh YMEHBINIAETCS MPAKTUYECKH 10 Hyisl. CIeIcTBUEM 3TOTO SIBISETCS MPUHIUIHATIEHOE
OrpaHHuYeHUE TIIyOMHHOCTH MarHUTOPa3Be/IKH, TaK KaK ¢ MIyOMHOHN TeMmeparypa BO3pacTaeT
1 Ha TyouHe 20—50 KM B 3aBHCHMOCTH OT CTPOCHUS, BEIIMYUHBI TETNIOBOTO MOTOKA U TETI-
JIOMPOBOJHBIX CBOMCTB FOPHBIX MOpoa aocturaeT Touku Kropu. biarogapsi Tak Ha3piBaeMoOM
KOIPIHUTUBHON cuiie peppOMarHUTHBIE MUHEPAIIBI, OCTBIBAs, COXPAHSIIOT OCTATOYHYIO Hamar-
HUYEHHOCTH |, . OHa xapakrepusyercs otHomenueMm Q= I, / lj , koropoe usmensercs ot 0 10
100 1 MOKeT OBITh KaK MOJOKUTEIBHBIM, TaK ¥ OTPHIATEIbHBIM. 3HaueHre Q BEIMKO s
(heppOMarHUTHBIX MHUHEPAIOB, MEHBIIIE JJII MarMaTUYECKUX MOPOJ, €IIe MEHBIIE IS MeTa-
MOPGUYECKUX U OJIM3KO K HYIIIO JIJI OCAA0OYHBIX ITOPO/I.

OcHOBHOH BKJIaJ B CO3/IaHME aHOMAJWH MAarHUTHOTO TOJsi BHOCAT (heppOMarHUTHBIE
MUHEpAJIbl U COAEpIKAIIUE UX IOpHbIE NMOpoAbl. Tak Kak B II€JIOM MarHMTHas BOCIPUUMYHU-
BOCTh TOPHBIX MOPOJ M3MEHSETCS] B OOJBIIMX TMpeaenax (B MWIIHOHBI pa3), TO UHTEHCUB-
HOCTh QHOMAJIMII MarHUTHOI'O MOJIs1 BAPBUPYET OT AOJEH O COTEH Thics4 HaHoTecnl. s pe-
TUCTpAllUU MOJI0OHOTO MOoJIsi HeOOXOoAMMa CIielMaibHas anmnaparypa, UMeroas U BhICOKYIO
YyBCTBUTEIBHOCTH, U OOJBIION TUHAMHYECKUH TUaa30H U3MEPEHH.

3.2  Anmaparypa Jjisi MAarHUTOPa3BeaKHU

3.2.1  Ilpunyunet usmepenuil 2e0MazHUMHO20 NONA

W3MepeHunss MarHUTHOTO 1oJIst 3eMJIM M €r0 Bapualiii MPOBOAST KaK Ha CTALlMOHAPHBIX
MyHKTaX — MarHUTHBIX 00CEpBAaTOPHX, KOTOPBIX HACUUTHIBAaeTCA Ha 3emie okoio 150, Ttak
U BO BpeMsl MarHUTOpa3BeJ0uHbIX padoT. [Ipr aOCOMIOTHBIX ONpENENeHusX MOJIHOTO BEKTOpa
HaIpPsLDKEHHOCTH MAarHUTHOTO TOJISL ONPEAENsIOT, KaK MPAaBUJIO, TPU 3JIEMEHTa MarHUTHOTO
nounst (Hanpumep, Z, D, H). Jns 3TOro mpuMEHSIOT CIOXKHBIE TPEXKOMITOHCHTHBIC MArHHUT-
HbIE TPUOOPHI - MAarHUTHBIE TEOJOJIUTHl U BapUALMOHHBIE CTaHIIMU, KOTOPHIE BEIYyT 3alHCh
aBTOMaTHUYECKHU.

[Tpu reosoruueckol pa3BeaKe U3MEPSIOT a0CONIOTHBIC 1 W OTHOCHTENBHBIC 10 OTHO-
IIEHUIO K KaKOH-HUOYIb ncxoaHoi (omopHoit) Touke AT, AZ snementsl. Eciu nccnemxyemas
IJIomaab HEBCIUKaA (HeCKOHBKO ACCATKOB KBAJIpaTHBIX KHHOMGTpOB), TO HOPMAJILHOC TI0JIC
MOJKHO CYHTATh MTOCTOSIHHBIM M PAaBHBIM ITOJII0 Ha UCXOJHOM TOYKE, OHO TIPUHUMAETCS 3a yC-
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J0BHBIN HYIb. [Ipy 60JBIINX MIOMIAASX UCCIEIOBAHUS CIelyeT yYUThIBATh U3MEHEHUE HOP-
MaJbHOTO MarHUTHOTO TOJIs 3EMIIH.

[TpuGops! Ist MarHUTHOM pa3BeAKH (MarHUTOMETPHI) XapaKTEePU3YIOTCs pa3HOOOpas3u-
€M MIPUHLHUIIOB YCTPOKCTBA. B HacTosmiee BpeMss B OCHOBHOM HMCHOJIB3YIOT YEThIPE THUIIA Mar-
HUTOMETPOB — ONTUKO-MEXaHUYeCKHe, Peppo30HI0BbBIE, TPOTOHHBIC U KBAHTOBBIC.

3.2.2  Onmuxo-mexanuueckue MazHUMOMEMpPsl

[TpuHIMn 1EeWCTBUS ONTUKO-MEXaHMYECKHMX MAarHUTOMETPOB OCHOBAH Ha B3aUMOJIEHCT-
BUM MarHUTHBIX TOJIEH 3eMJIM ¥ MOCTOSHHOTO MAarHWTa, CIY)KAIero YyBCTBUTEIBHBIM JIe-
MEHTOM (JJaTYUKOM) TaKuX IpuOopoB. B 3aBUCMMOCTH OT OPHUEHTALIMU OCH BpallleHUs TOCTO-
SSHHOTO MarHuTa, €r0 MarHUTHOI'O MOMEHTA M HAIPSKEHHOCTH MarHUTHOTO TMOJIsE 3€MJIH T10-
CTOSIHHBIN MarHuT 3aHUMAET OIpPeIeICHHOE MOJI0XKEHHE OTHOCUTEIHLHO TOPU30HTATBHON TN
BEPTUKAIBHON MJIOCKOCTH. MI3MeHEeHNE HANPS)KEHHOCTH MAarHUTHOTO TOJI 3€MJIU MPUBOJAUT
K COOTBETCTBYIOLLIEMY M3MEHEHUIO YIJla HaKJIOHa MOCTOSHHOTO MarHurta (Mpu MpOYHX paB-
HBIX yCIIOBUAX). /{7151 MOBBIIIIEHUSI TOUHOCTH ONpPEAENICHUs yriia HaKJIOHA CUCTEMbl MPUMEHS-
10T CIEI[HaJIbHbIE ONTHYECKHE YCTPOMCTBA.

B marauTomeTpax, U3MEpSIOIIUX TPUPAIICHUE BEPTUKAIBHOW COCTABIISIONICH MarHuT-
Horo noJist 3emiu AZ, T. €. ee U3MEHEHHE TI0 CPABHEHHIO CO 3HAUYCHHEM B HAYaJIbHOM TOUKE,
OCh BpalICHUA IMOCTOAHHOI'O MAarHuTa YCTAHABJIIMBAKOT TOPHU3OHTAJIBHO U OPHUCHTHUPYIOT IIO
HarpasieHUIo Bektopa H. [Ipyu TakoM MOJIOKEHHH YyBCTBUTEIBLHOW CUCTEMbI Ha BpAICHHUE
IIOCTOSIHHOT'O MaruuTa 6y):[eT HeﬁCTBOBaTL TOJIBKO BCpTUKAJIbHAA COCTABJIAIOIIAsA MAarHUTHOT'O
noJist 3eMJIH, TaKk Kak TOPU3OHTANIbHAs COCTABIIAIONIAs COBMAAAET C OChIO BpaeHus. s mno-
BBILIICHHUS YyBCTBUTEIBHOCTH NMPHOOPA K MAJIBIM M3MEHEHUSIM BEPTHKAILHOW COCTABISIOMICH
AZ MOCTOSHHBINA MarHUT JOJDKEH PACHONAraTbesl IPUMEPHO TOPU30HTAIBHO. DTO JTOCTHIACT-
Cs1 YPaBHOBEIIMBAHUEM JCHCTBUS BEPTUKAIBHON COCTABISIONICH AZ CHION TSHKECTH MOCTO-
SHHOT'O MarHuTra, €CJIM ICHTPLI €ro BpalllCHUA U TAXKCCTU HC COBIIAAArOT. HpI/I NepCMCIICHHU U
pudopa U3 OJJHOW TOUKH B APYTYIO MPHUPAIEHNE BEPTUKATHHOW COCTABIIAIONICH MarHUTHOTO
nosst AZ 6yneTr cBs3aHO ¢ M3MEHEHHEM yriia HakioHa cuctemsl A (ecnmu Ap < 1,5°) coor-
HOIICHUEM

AZ = kAp= c(h—ny) (3.5)

riae K — koo duument nponopuuoHanIbHOCTH; ¢—IIeHa IeIeHus KAl pubopa; 1, Ny —
OTCYETHI O NMPUOOPY B ABYX TOUYKAX MU3MEPEHMsI, CHUMAEMbIE C IOMOILBIO CIIEUAIBHBIX OIl-
TUYECKUX YCTPOMCTB.

Jnsi CHUDKEHMSI TIOTPEIIHOCTH MPU OPUEHTALMM [0 MAarHUTHOMY MEpPUJIMaHy HCHOJIb-
3YIOT KOMIIEHCAIIMOHHBIN croco0 m3mepeHuit. st 3Toro B nmpubope mMeeTcs KOMIIeHCAIlH-
OHHBII MarHuT, KE€CTKO CBSI3aHHBIN ¢ OTCUETHOM IKajnou. [ll1aBHass KoMIeHcauusi OCYyIEeCTB-
JSI€TCS BPALEHUEM 3TOr0 MAarHMUTa 10 TE€X IOpP, MOKA MOCTOSIHHBIA MAarHUT HE YCTAHOBHUTCS
TOPU30HTAIEHO. MOMEHT KOMITIEHCAIUU (PUKCUPYETCSI ¢ TIOMOIIBIO 0CO00M ONMTHYECKOH cHc-
TEMBI IIyTEM COBMEILECHUS OTPAXKEHHOTO OT 3€pKajla HA MarHUTE U HEMOABUKHOTO TOPU30H-
TAILHOTO MHAEKCOB. J[s paciupeHus mpenernoB usMepeHus AZ cyiiecTByeT BTOPOH, Tak
HAa3bIBa€MbIi JUAMA30HHbIA MAarHUT CTYNEHYaTOM KOMIEHcauuu. M310KEeHHbIA TPUHLNI W3-
MEpEHUS IPUPAILECHHS BEPTUKAJIBbHON COCTABIIAIONIEH MAarHUTHOTO NOJIA 3€MJIM PEAIN30BaH B
COBPEMEHHOM Ha3eMHOM MarHutoMeTpe M-27M. B 3aBucMMOCTH OT METOAMKU MarHUTOpas-
BEJIOYHBIX pabOT MOTPEITHOCTh U3MEPEHHUH TaKUM TTPHUOOPOM cocTaBisieT 2—SHTI.

3.23  Deppo3onoosble MazHumMoOMempul

OcHoBOW KOHCTPYKIMU (heppo30Haa (IyBCTBUTEIBHOTO AJIEMEHTa) (eppO30HIO0BOTO
MarHMUTOMETpa CIIY)KUT AJIEKTpUYecKas KaTylIka, HAMOTaHHAs Ha yJJIMHEHHBINA CTEPKEHb U3
beppomarueTika, 06Ja1al0MIET0 MAIOH KOIPIMUTUBHONW CHIION M OOJNBIION MAarHUTHOM Mpo-
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HUI[AEMOCTBIO B CJ1a0BIX MarHUTHBIX MOJIAX (HAllpUMep, U3 CIUIaBa Xelle3a U HUKEIs — Iep-
Maiios). B oTCyTCTBHE BHEIIHEr0 MAarHUTHOTO TOJISI P MPOIYCKaHUU Yepe3 TeHEPATOPHYIO
(MepBUYHYIO) KATYIIKY MEPEMEHHOIO DJIEKTPHYECKOTO TOKA 9acToTol T v ammuTynoi, mgoc-
TaTOYHOM Ul CO3/1aHMsI MOJIsl BO3OYX/I€HUS, NIPEBBIIIAIOLIET0 YPOBEHb HACBHIIIEHUS Cepley-
HHKA, B U3MEPHUTEIHLHON (BTOpHUHOI) KaTyike BosHukaeT DJIC yasoennoi yacrors 2f. [Tpu
HQJIMYUM BHEIIHEr0 NOCTOSHHOTO MAarHUTHOTO IOJIS, COCTABIIAIOLIAsl KOTOPOTO BJOJIb OCH
CTEp>KHS OTJIIMYHA OT HyJIsA, B HaBegeHHOH DJ[C Oyner npeobiasaTh 4acToTa, COBMAAIOIIas C
4acTOTOM nouns Bo30yxaeHus f.

@Deppo30H MATHUTOMETPA COCTOUT U3 JABYX OJUHAKOBBIX NMEPMAJUIOEBBIX CTEPXKHEH,
PaCIOJIOKEHHBIX MapalyIeNbHO IPYT APYTY U OPUEHTHUPOBAHHBIX BJIOJIb U3MEPSEMOM COCTaB-
nsfonet MarHuTHOTO ToJist 3emuid. OOMOTKH KaTylieK BO30YKICHUS COSAMHEHBI MTOCIEA0Ba-
TEJIHLHO TaKUM 00pa3oM, YTOOBI TIEPEMEHHOE TOJIE B JBYX CEpPACYHHMKAX OBIJIO HAIpaBJICHO
MIPOTHUBOMNONOXKHO. J[1s1 M3MepeHus] BHEIIHETO MArHUTHOTO TOJS (€r0 COCTAaBIISIIOIICH, Ha-
MPaBJICHHOMN BIOJb OCH CTEpP)KHEH) OOBIYHO MCIOIB3YIOT KOMIICHCAIIMOHHBIA MET0/l, 3aKJIfO-
YAIOMIMIICS B KOMITEHCAIIUU TIOCTOSIHHOTO MAarHUTHOTO TOJS 3€MJIM MOJIEM MOCTOSTHHOTO pe-
ryaupyemMoro Toka. [lo BenmuunHe ToKa KOMIEHCAMU CYIAT O HANPSKEHHOCTH MarHUTHOTO
nosis 3emum BAONL ocu (eppo3onma. K Takum mpubopamM OTHOCHUTCS a’pOMArHUTOMETP
AM®-21. 3a cyeT MOrpemHoCcTd B OPUEHTUPOBKE (PeppO30HIa MOTPEUTHOCTh ChEMKH TaKHUM
MarHuTOMETPOM JIOCTHTaeT NECATKOB HaHOTech. [Ipu CKBaKMHHBIX paboTax MPUMEHSIOT
CKBOXHHHBIM BapuaHT (eppomaranuromerpa (Hampumep, TCMK-30), mo3Bosstomero u3me-
pATh cocraistonie MarauTHoro noist AZ, AX, AY ¢ norpemnoctsto 10 + 100 T,

3.24  Ilpomonnvie macnumomempul

[IpuHUMn nefCTBUS MPOTOHHBIX WU SIAEPHBIX MarHUTOMETPOB OCHOBAH Ha SIBJICHHUH
CBOOOJHON IpElEecCuy MPOTOHOB B 36MHOM MarHuTHOM moJe. [locne onpeaeneHHoro aek-
TPOMarHUTHOTO BO3/JEWUCTBUS HAa MPOTOHCOJAEPKAIINM JaTUUK MPOTOHBI MPEHECCUPYIOT BO-
KpYT HallpaBJIEHUs 36MHOTO MAarHUTHOTO MOJIS C YIIIOBOM CKOPOCTBIO (1, IPONOPLIUOHAIBHON
MOJTHOM HAIPSHKEHHOCTH MarHuTHoro mosst 3emun 1 @ = al, roe a — ko3 duienT npo-
MOPLHUOHAIBHOCTH, KOTOPbI paBeH T'MPOMAarHUTHOMY OTHOIICHHUIO sapa (OTHOIIEHUIO Mar-
HUTHOT'O MOMEHTA Si/Ipa K MEXaHUYECKOMY ).

[IpoTOHHBI MAarHUTOMETP COCTOMT U3 MAarHUTOYYBCTBUTEIHHOTO OJOKAa MM JAaTYHKa
(mpoToHCoAEpKAIIUIT cOCy]] C BOAOW, CIIUPTOM, OSH30JIOM U T. M., BOKPYT KOTOPOT'O HAMOTa-
HBI BO30YKJIAI0IIast U U3MEPHUTEIbHAS KATYIIKN); COEANHUTEIBHBIX MIPOBOOB; AIEKTPOHHOTO
0J10Ka (MpeLyCUIuTeNb, CXeMa KOMMYTAllUH, YMHOXKHUTENb YaCTOThI, YACTOTOMEP U CBETOBOM
WH/IMKATOP); PETHCTPUPYIOLIET0 YCTPOMcTBa M OJioka muTaHus. Pabounit muki, T. €. BpeMs
OIIpeCIICHUS 3HAYCHUM MAarHUTHOTO TOJI B KAXI0M TOYKE, CKJIaAbIBACTCS U3 BPEMEHHU OIS~
pu3anuu gaTyuka (A1 BOABI OHO COCTaBJSIET 3— 8 €), BpEMEHM MEPEKIIOYEHHS 1aTUMKa U
BPEMEHHU OIPEACIICHHsI YacTOThl CHTHAJIa, HaBeJeHHOTO B KaTymke aaTunka (0,1—0,4 c). B
3aBUCHMOCTH OT IIPOTOHCOJEPKAILETO BELIECTBA U TOYHOCTH ONPEIEIICHNS YaCTOThI IIpeLec-
cuu paboumit ki coctassier 1—10c.

[Ipu HEOONBIIONH CKOPOCTH JABMIKEHUS HOCHUTES MarHUTOMETpa (Ha3eMHBIA WM MOp-
CKOW BapuaHThI) JaHHBIC O MArHUTHOM TIoJIe 3eMiH 1 MOMy4aroT MPaKTUYECKH HETPEPHIBHO.
[Ipu GosbiIoi CKOPOCTH, HapUMEp MPHU CKOPOCTH camoiiera 350 KM/4, pacCTOSHUE MEXIY
3amepamu coctasisgeT 300 M. C MOMOIIBIO MPOTOHHOTO MarHUTOMETPA MOKHO IPOBOJIUTH
MarHUTHYIO CbEMKY C MCIIOJIb30BaHUEM METaUNIMYECKUX HOCHUTeNel — Kopabieil umu camo-
JIeTOB, O0JIaZal0IUX COOCTBEHHBIM MAarHUTHBIM TojeM. [Ipu 3TOM naT4WK MarHUTOMETpa
OyKkcHUpYIOT Ha Kalelne, JJIMHAa KOTOPOro JI0JKHA B HECKOJIBKO pa3 MPEBBIIIATH MPOJIOJIbHBIE
pa3Mepbl HOCUTENS.

C moMo1pto MPOTOHHOTO MarHuToMeTpa auckpetHo (1 pa3 B 1—10 ¢) u3mepsitot abeo-
JIFOTHOE 3HAYEHNE MAarHUTHOW MHAYKIIUM T€OMAarHUTHOIO MOJISI ¢ MOTPeHOCThIO = 1—2 HTn
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MIPU HU3KOW YyBCTBUTEIBHOCTH (+45°) K OpHEHTAIIMU AaTYWKa IO MAaTHUTHOMY MEpHUJINaHY,
HE3aBUCUMOCTH OT TEMIIEpaTypbl U BpeMEeHHU (OTCYTCTBYET cmelleHue Hyis). [IpoToHHBIE
MarHMUTOMETPbl HCIOJB3YIOT MpPH HAa3eMHBIX (HampUMep, OTEYECTBEHHBI MAarHUTOMETP
MMII-203) u mopckux (MMII-3) chemkax, pexe npu Bo3aymHbix cbeMkax (MCC-214) u
CKBQKMHHBIX HAOJIOJICHUSX.

3.25  Keanmoevie maznHumomempol

B KBaHTOBBIX MarHUTOMETPAX, MPEAHAZHAYEHHBIX I U3MEPEHUS a0COTIOTHBIX 3Haue-
HUW MOJYJIS MHIYKIIMA MarHUTHOTO TI0JIs, UCTIOJIB3YIOT TaK Ha3biBaeMbIid 3 dekt 3eemana. B
AIIEKTPOHHON CTPYKTypE aTOMOB, O0JalaOUIMX MAarHUTHBIM MOMEHTOM, IPH TOMaJaHUH B
MarHuTHOE IT0JIE IPOUCXOINUT PACIIEIIIECHUE SHEPTETUUECKUX YPOBHEN Ha MOAYPOBHHU, C pa3-
HULIEN SHEPTUU U, COOTBETCTBEHHO, YACTOTOM M3JIyuyeHUsl MPONOPLHUOHATIBHON MOIYJIIO TOJI-
HOTO BEKTOpPa MAarHUTHOM HHIYKIUU B TOYKE HaOmoneHus. YyBCTBUTENbHBIM 3JIEMEHTOM
MarHUTOMETpA SABJISETCS COCY[, B KOTOPOM HUMEIOTCS Maphl 1e3usi, pyouaus win renus. B pe-
3yJlbTaTe BCHBIIIKM MOHOXPOMAaTHYECKOrO CBeTa (METOJ ONTHYECKOW HAKayKH) 3JIEKTPOHBI
[IapoB IEPEBOASATCS ¢ OJHOTO YHEPreTUUECKOro MOAypOBHS Ha Apyroi. Bo3spaienue ux Ha
MIPEKHUI YPOBEHb MOCJIE OKOHYAHUSI HAKAYKH COIPOBOXKIAETCS M3IyYEHUEM DHEPTUU C Yyac-
TOTOM, MPOIIOPLUOHAIBLHON BEJIMYMHE MArHUTHOT'O T10JIA.

C moMoIpI0 KBAaHTOBOTO MAarHUTOMETpA HM3MEpeHHs / MPOBOAST C HOTPEIIHOCTHIO
+(0,1—1) uTxn npu cnaboil YyBCTBUTEILHOCTH K OPUEHTAIMH JaTYMKA, BBICOKOM OBICTPO-
JCWCTBUM M CTAOMIIBHOCTH TIOKA3aHUH (He3HAYUTENbHOE cMeleHne Hymst). OCHOBHBIMH OTe-
YECTBEHHBIMH KBAHTOBBIMH MarHMUTOMETPAMU SIBISIOTCS MPUOOPHI CIEIYIOIUX MapoK: Ha-
3emHbIe (Temexoauasie) M-33 u MMII-303, mopckoit KM-8, aspomarautomerp KAM-28.

B MaruutromeTpax A CbeMKHU B JBM)KEHUHU (MOPCKHUX, BO3JYIIHBIX MM aBTOMOOUIIb-
HBIX ) PErHCTPAII0 MAaTHUTHOW MHIYKIIMH BEIYyT aBTOMAaTHYECKH, IPAKTUIECKU HETPEPHIBHO.
[Tpodunu npuBsA3BIBAIOT PA3IMYHBIMU CIIOCO0AMU (paOHABUTALIMOHHBIMU, C TIOMOIIIBIO a3-
podoTrocbeMoKk M T. 1.). Pe3ynpTaTbl HaOMIONEHHWH MPEICTAaBISIOT MHOTJA B aHAJIOTOBOU
dbopme B BHJIE MarHUTOTrpamMM, HO 4Yamie - B mudpoBor (opme, obecneynBaromen mocie-
IyIOIIyI0 00paboTKy mHpopManuu Ha OOPTOBBIX DBM WM B AKCIEIUIIMOHHBIX BBIYUCIH-
TEIbHBIX LIEHTPAX.

3.3 MeToauka MAarHUTOPa3BeAKHU

ITon MeTOAMKON MarHUTOPA3BEAKHU, KaK U TPaBUPA3BEAKHU (CM. IUI. 2), IOHUMAETCS BbI-
00p MeToJa W amnmapaTyphl, BUJIa CheMOK M CHUCTEM HAOJIOJICHHUsI, TTIOTPEUTHOCTH U (HOPMBI
IPECTaBICHNUS MaTepUaJIOB, HAINPABICHHBIX HA IMOJIyYeHHE KOHAMIIMOHHOTO Marepuaja O
pacrpeieieHuy aHOMaJIMi MarHUTHOTO TOJISA, C MOMOIIBI0 KOTOPOTO MOKHO PELIUTh OCTaB-
JICHHBIE T€0JIOTUYECKHE 3aTaUH.

OCHOBHBIMU METOJJaMU MarHUTOPA3BEIKH SIBJISIOTCS NOJIEBbIE (HA3EMHBIE, MEIIEXO-
HbIC WM aBTOMOOHWJIBHBIC), BO3YIIHBIE (a9POMArHUTOpPa3BelKa), MOPCKUE (THAPOMArHUT-
HbIE) CHEMKH, a TaK)Xe MOJ3eMHbIEC U CKBaXMHHBIE HaOmroneHus. [1o pemaeMbIM reosornye-
CKHUM 3aJlauyaM pa3inyaroT CIeAYIOIIUE BUIbl MATHUTHBIX CHEMOK: a) PETHOHAJIbHBIE (a3po-
MarHUTHBIE U THIPOMATrHUTHBIE), BRIMONHIeMbIE B MacmTadax 1 : 200 000 u menpye u mpen-
Ha3HAYCHHbIE JJIS M3Y4YEHHS TIYOMHHOTO T'€0JIOTMYECKOTO CTPOCHUS KPYIHBIX TEPPUTOPHUIl
CYIIM M aKBaTOpUii; 0) KapTUPOBOYHBIC (a9POMArHUTHBIE U TOJEBBIE), IPOBOJAUMBIE B Mac-
mTabdax 1:100000 - 1:50000 u mpumeHsiemMbIe TSl pEIIeHUs 3a7a4 T€0JIOTHUYECKOT0 KapTHPO-
BaHUs C OLIEHKOH NMEPCIEKTUBHOCTH U3Y4aeMbIX IUIONIA/IEH Ha JKENEe30pyIHbIE U IpyTUe IO-
JIe3HbIe MCKONaeMble; B) KapTHPOBOYHO-IIOMCKOBBIE (KaK MpaBUIIO, IMOJEBBIE), IMpeIHa3Ha-
YEeHHBIC JJI KPYMHOMAcIITaOHOTO TreoJOruyeckoro kaprupoBanusi (Macmradsr 1:50000 -
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1:10000), a Taxke HEMOCPEACTBEHHBIX MOUCKOB JKEJIE30PYAHBIX M JIPYTHUX IMOJIE3HBIX HCKO-
IIaCMBIX,; F) MONCKOBO-PAa3BCAOYHLIC U JCTAJILHBIC (HOJIGBI:IG, IIOA3CEMHBIC U CKBa)KI/IHHLIe),
MPU KOTOPBIX paboThI mpoBoaiT B MacmTabax 1: 10000 u kpynmHee U pemaioT 3aJa4d BhISIB-
JICHUS PYAHBIX TeJl, OLIEHKH UX pa3MepoB, (hOPMBI, MOJI0KEHUS, HAMATHUYCHHOCTH.

3.3.1 Ilonesasa maznumnas cvemka

[ToneByro, Kak MpaBUIIO, MEMIEXOHYI0O MATHUTHYIO ChEMKY MTPOBOJIAT C TIOMOIIBIO TIOP-
TaTUBHBIX MarHutomMeTpoB tuna M-27M, MMII-203, MMII-303 u ap. OHa otiauyaeTcs 1oc-
TaTOYHO BBICOKOM MPOM3BOAUTEIHHOCTHIO: B 3aBUCUMOCTH OT JETAIBHOCTH U KaTErOpuu Me-
CTHOCTH OTpSIT U3 JBYX YEIIOBEK OTPabATHIBAET OT HECKOIBKUX JECATKOB JI0 JBYX COTEH TO-
YeK HaOJI0ICHUI 32 CMEHY.

Buvioop cucmemul nabawoenuii. Pa3nuyaroT 1Ba BUJAa MATHUTHBIX ChEMOK: MapIIpyT-
Hble (MpoduiIbHbIC) U TUIOMAAHbIe. [IepBble MPUMEHSIOT KaK MPH PEKOTHOCHUPOBOYHBIX HC-
CJIEIOBAHMSX AJIs BBISIBICHUS OOLIMX 3aKOHOMEPHOCTEH aHOMaJIbHOIO MarHUTHOTO IOJIS Te-
pPECEKAEMBIX T'€0JIOTMUECKUX CTPYKTYP M YTOUHEHHUS UX I'PaHULl, TaK U [0 UHTEPIPETALOH-
HBIM IPOQUIISM MPU BBICOKOTOYHBIX CheMKax. [IpoBoauMBble Halle MiIoLiaJHble CheMKH, BbI-
MIOJTHSIEMBIE 110 CHCTEME MapauIeIbHbIX MPoduiIel, HO3BOISIOT CYAUTh O OpMe U MPOCTHpa-
HUM aHOMAJIM MarHUTHOTO TOJISl Ha HcciieayemMon tiomaau. [Ipuniun Beidopa npodusieit u
ara CbeMKH TaKoM e, Kak B TpaBupas3Beake. OIHAKO B CBsI3U ¢ O0Jiee CI0XKHOU CTPYKTYpOi
AHOMAJIbHOTO MarHWTHOTO TOJISi CBSI3b aHOMAJIMK C MapaMeTpaMu HCKOMBIX I€0JIOTHYECKUX
00BEKTOB OoJiee CIIOXKHAs, MOATOMY CETh HAONIOJCHMU IOJKHA ObITh Oosee rycToil. 7o,
KCTaTH, JIerye peain30BaTh, TaK KaK MarHUTHas ChbeMKa MPOBOJIUTCS ObICTpee, YeM TpaBu-
MeTpuueckas. PaccrossHue Mexny npoguiasiMu OepyT IPUMEpHO B 5 pa3 MEHBIIE JUIMHEL, a
mar — B 5 pa3 MEHbIIE MONEePEYHbIX Pa3MEpPOB Pa3BeAbIBAEMbIX 00BEKTOB. B memnsx cran-
JTapTU3alMM METOJMKHA PEKOMEHIyeTCs BBIOMpATh pacCTOSAHUs Mexay nukeramu 5, 10, 20,
25, 50, 100 m. Cetp HaOMIOIEHU B 3aBUCUMOCTH OT MaciiTaba pa30MBarOT Kak MHCTPYMEH-
TaJIbHO, TaK U BU3YyaJIbHO IO a3pO(POTOCHUMKAM C U3MEPEHHEM PACCTOSHHM I1aramu (¢ 00si-
3aTeJIbHBIM 3aKpEIJICHUEeM Haydajia U KOHIa KaKJ0ro MpoQuis ¢ MoMoIIb0 HHCTPYMEHTAIb-
HOM MPUBS3KY).

[IpoekTHass TOYHOCTH 3aBUCUT HE TOJBKO OT MacmiTaba CheMKH (PAcCTOSHUE MEXITY
npouIsiMU JOJKHO COCTABIIATH NMPUMEPHO | cM B MacmiTabe BbIIaBa€MOM KapThl), HO U B
OCHOBHOM OT BCJIIMYHUHBI OKNAACMbIX MAarHUTHBIX aHOMaHHfI, KOTOPLIC JOJIKHBI 6LITI> B 2—3
paza OoJjbIne CpelHeld KBaapaTHYECKOW MOTpenrHocTH cbheMku. [Ipum paborax ¢ ONTHKO-
MEXaHHMYECKHUMHU MarHUTOMETpPaMH, KaKk M B TpaBUpa3BelKe, pa3OMBaIOT OMOPHYIO CETh, Ha
KOTOPYIO ONUPAIOTCS PSIOBbIE MyHKTHI HaOmoaeHus. [Ipu pabotax ¢ mpOTOHHBIMU U KBAHTO-
BBIMH MarHUTOMETpPaMH, Y KOTOPBIX CIOJ3aHUE HYJS MPaKTHUYECKU OTCYTCTBYET, pa30MBaTh
OTIOPHYIO CETh HEOOA3aTEeIbHO.

Yuem enuanusa eapuayuii. B otnuunre OT rpaBUpa3BeAKU IIPU MarHUTHOW pa3BEaKe
HEe00XO0IMMO BBOJUTH MOMPABKH 3a BapHAllU¥ MAarHUTHOTO MOJISl, aMIUTUTY/bl U YACTOThI KO-
TOPBIX HEPEIKO CPABHUMBI C aMIUIMTYIaMHU U (JOPMON aHOMAJIMIA 3a CUET T'€0JIOTHYECKUX He-
OJTHOPOAHOCTEH. [ 3TOro ¢ MOMOUIbIO TaK HAa3bIBAEMbIX MarHUTHBIX BapUAaLlMOHHBIX CTaH-
uit (MBC) unu 0OBIYHBIX MATHUTOMETPOB TOTO K€ TUIMA, C KOTOPBIMU BEIETCS CheMKa, Ha
0a3ze HKCIEAUINH BEAYT U3MEPEHUS HAMPSKEHHOCTH MarHUTHOTO TOJIsl. 3Has BpeMs, aMILIu-
TyJy BapHaluil 1 BpeMsl 3aMEpOB IIPH MOJIEBBIX ChbEMKaX, MOXKHO C MOMOIIbIO popmyisl (3.4)
BBECTHU IMONPABKU U PACCUMTATh aHOMAJIMU BO BCEX MyHKTax HaOmoaenus. Ecnu paiion uc-
CJICZIOBAHUS 3aHMMAET OOJIBLIYIO TUIOIIAb, TO UCIIONB3YIOT NaHHbIE ABYX-Tpex MBC unu pe-
3yJbTaThl 3amucy Bapuanuii B Ommkadmux (mo 500 kM) obOcepBatopusix. Ecim umeercs
OIIOPHAsI CETh, TO €€ MOXKHO MCIIOJb30BaTh U JJIs y4eTa Bapualuil.

ITozpewinocms mazHUmMHOU CbeMKU U CROCOObL npedcmasienus pe3yavmamos. Kon-
TPOJIb Ka4eCTBa MPOBEACHHBIX MATHUTHBIX Pa0OT OCYIIECTBIISFOT ITyTeM ITOCTaHOBKH HE3aBH-
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CHUMBIX KOHTPOJIbHBIX HAOJIIOAECHUH, BBINOIHAEMBIX B 00beME 10 5 %, OT 001Iero yuciaa To-
YeK, JKeJIaTeIbHO IPYTUM MPUOOPOM U ONEPaTOpOM M 00s3aTeNbHO B APYroe BpeMs, HAIlPH-
Mep B KOHIIE TT0JIEBOTO ce30Ha. CPeaHIO KBaApaTHIECKyI0 IOIPEIIHOCTE PAOOT ONPEAeIIIOT
10 CTaHJAPTHOU (opmyIe

(3.6)

rae 0 — pa3HHUIA OCHOBHOTO M KOHTPOIBHOIO OTCYETOB HA -l KOHTPOJILHOM TOYKE; 1 —
00111e€ YMCII0 KOHTPOJIbHBIX TOYEK.

B pe3ynbrare monaeBoit MarHUTHON CheMKH CTPOSIT Tpaduku, KapThl TpaduKOB U KapThl
a0COIOTHBIX UM OTHOCUTENBHBIX aHOMAIBHBIX 3HAYCHUN T'€OMArHUTHOTO Mouis. [ opu30H-
TaJbHbIE MacIITa0bl TaKueE K€, KaKk U MacmTad cbeMKU. BepTukanbHblii MacmTad rpadukoB
OepyT TakuM, YTOOBI 3HAYEHHUE € HE MPEBBIIANO 1 MM, a ceueHue U30JIMHUN Ha KapTax co-
cTaBysio (2—3) &. OOBIYHO U30JUHUU MPOBOIAT uepe3 £5, + 10, £20, +50 aTm.

B cTenHbIX ¥ NOIYIYCTBIHHBIX pallOHaX, JOCTYIIHBIX I aBTOTPAHCIIOPTA, UCIIOJIB3YIOT
Ha3eMHYI0 aBTOMOOMJIBHYIO MATHUTHYIO ChbeMKYy. MaruutHoe 1mosie 3eMiu ¢ TOYHOCThIO 3—5
HTI U3MepsIoT B IBMKEHUU MyTeM OYKCHPOBKH YYBCTBUTEIILHOTO 3JIEMEHTa MarHUTOMETpa
32 aBTOMOOMJIEM Ha pacCTOSTHUMA 5—6 M.

3.3.2  ApomazHummnovie u 2uOpOMAZHUMHbBIE CHEMKU

MarnutopasBenka OT Jpyrux reopU3NIecKuX METOJ0B OTINYACTCS HAMOOIBIIUM MPH-
MEHEHHUEM ChEMOK B JIBHIKCHHH.

Apomaznumopazeedka. A>pOMarHUTHbIE CHEMKH IPOBOJAST C MOMOUIBIO CaMOJIETOB
WIH BEPTOJETOB, HA KOTOPHIX YCTaHABIUBAIOT, B OCHOBHOM, MPOTOHHEIE, (PeppO30HIOBEIE,
peke KBAaHTOBbIE aBTOMATHYECKHE MarHUTOMETpbI. [l MCKIIIOYEHUS WM CYIIECTBEHHOI'O
CHW)KCHHMSI BIIMSHUS MAarHUTHOTO TIOJIE HOCHUTENS Ha MOKa3aHHe MpUOOpa 4yBCTBUTEIBHBIN
AIIEMEHT OYKCHPYIOT Ha Tpoc-Kalese B BHIHOCHOM TOHJI0JIE WM YCTaHABIIMBAIOT HA JUIMHHOMN
BBIHOCHOH 1mTanre. Ilonersl mpoBoasT co ckopocthio 100—200 KM/4 Ha MOCTOSIHHOM BBICOTE
50—200 M wm ¢ obTekanueM penbeda MecTHOCTH. biaromapsi BRICOKOM MPOU3BOIUTEIHHO-
CTH a3POMAarHUTHBIX PabOT ¢ UX MOMOIIBIO0 UCCIECAYIOT MArHUTHOE TOJIe OOJBIINX TEPPUTO-
pUH CyIIN U aKBATOPHU.

s ydera Bapualuii MarHUTHOTO TIOJISI IPU a3POMAarHUTHBIX ChEMKaX CO3JIA0T CIIELU-
ATBHYIO OTIOPHYIO CETh U3 OMOPHBIX MApPHIPYTOB. PsinoBbie poduian pa3OruBalOT MEPHeHIN-
KYJISIPHO K OTIOPHBIM U Ha TOYKAX MepecedeHus mpouiiel ¢ ONOpHbIMUA MaplIpyTaMu MPOBO-
JISIT KOPPETSIUIO 3HAaUeHU I HAOII0ICHHOTO oJIs. PekoMeHayeTcs B Havalie ¥ B KOHIIE pado-
Yero JHS JeJaTh 3aJIeThl HA CIEHHAIIBHOM KOHTPOJIBHOM MapuipyTe JiuHou a0 10 kM, a Bce
pabourie MapmipyThl TpUBS3bIBaTH K HeMy. [lo pe3yibTaramM KOHTPOJBHBIX HAOIIOIEHUI
(4UCIO KOHTPOJBHBIX MapuipyToB 5—10%,) ompenensioT CpeaHIO KBaIpaTUYECKYIO MO-
rpeurHocTs HabmoaeHuit [cM. Gopmyny (3.6)]. Ona, kak npaBmio, B 5—10 pa3 Oonbine, yem
IIPU TOJIEBBIX ChEMKAX, YTO OOBSICHSIETCS, TI1aBHBIM 00pa30M, HECTAOMIBHOCTHIO MOTOXKEHUS
YYBCTBUTEIBHOTO 3JIEMEHTAa MAarHUTOMETpPAa U BIMSHUEM HEYYTEHHOM COCTaBIISIONICH Mar-
HUTHOTO TOJISI CaMOJIeTa.

KoHeuHBIM pe3ynbTaToM a’pOMarHUTHOW CHEMKH Yallle BCETO SBISIOTCS aHOMAJbHBIC
3HAYCHHsI BEKTOPA HAMPSHKEHHOCTH MarHuTHOTO 1oiist 3emitst A T,. I'paduku AT, 06b19HO 1M0-
JTy4aroT npu o0paboTke WH(POPMAIMK C MMOMOIIBIO OOPTOBBIX MJIM 3KCIEIUIMOHHBIX DBM.
YacTo B pe3ysbTaTe a3pOMarHUTOPa3BEIKH CTPOST KapThl rpaduKoB U KapThl A T,.

T'uopomaznummnsie cvemku. I'MIpoOMaroHuTHBIE ChEMKH MOKHO BBITIOJHSATH KaK Ha CIIe-
[UAJIBHBIX CyJax, TaK U MOIMYyTHO Ha KOpaOJisax Jr000Tro TOHHaXa. BiusHue MeTamindyeckoro
KOpITyca U IPYTUX MarHUTHBIX IIOMEX PE3KO yMEHbIIAaeTcs Oaronapsi TOMy, 4TO AaTYUK OyK-
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cupyroT Ha 6osbmoMm (cBbeiie 100 M) ymaneHun ot Kopabiisg B crielMalibHON ToHo0e. boib-
1rasg aBTOHOMHOCTD IIJIaBaHUA TIPU JIIO60M HaITpaBJICHUU ABUXXCHUS, USMCPCHUS MArHUTHOI'O
nosist Ha Gombmmx (15—25 y3710B) CKOpOCTSIX KOpadssi ClocOOCTBOBAIM MarHUTHOW ChEMKE
3HAYUTEIbHBIX IUIOLIAIEN OKEAHOB U MOPEH.

[Ipodunu (rancel) MPUBSI3BIBAIOT MO MTYPMAHCKUM KapTaM C UCHOJIb30BAHUEM paINo-
re0JIe3UYECKUX U CIYTHUKOBBIX CTaHIMM. CII0)KHOCTh TMAPOMAarHUTHOM ChEMKHU CBs3aHa C
Y4ETOM BapHaluii, 0COOEHHO KOT/Ia MCCIIEAyEeMbId Yy4acTOK aKBaTOPHM yJalieH Ha COTHU U
TBICSYHM KUJIOMETPoB OT OeperoBeix MBC. B 3ToM ciydae mpuMEHSIOT METOIbl KOCBEHHOTO
ydyeTa BapHauuil myreM QuiabTpanuy u3 HabI0AEHHOTO MAarHUTHOT'O TOJISI aHOMAJIHA, IEPUOT
KOTOPBIX PABEH, HAIPUMEP, IEPUOY CYTOUHBIX BapHalUi.

B pesynbrare rHIpOMAarHUTHON CHEMKH CTPOST rpadUKd aHOMAaIbHOTO MAarHUTHOTO
noJist o rajncam ATy, a Ha yyacTKax IUIOMIAaAHBIX PadoT — KapThl IpaMKOB, U3PEAKa KapThl
agomanuii AT,.

3.3.3  /pyzue 6uovt mazHumHuix uzmepeHuil

B MAarguTopa3BCAKE MPUMCEHAIOT TAKXKC TAaKHUEC CIICHUAIBHBIC MCTOAbBI, KAK MUKpoOMar-
HUTHag U 1MoA3€MHasA Cb€MKH, CKBA)KUHHBIC Ha6HIO,HeHI/I$I, HN3YUCHUC MArHUTHBIX CBOMCTB 00-
pasmoB, B TOM YUCJIC IJIA ITaJICOMAarHUTHBIX I/ICCJ'IG,Z[OBaHI/II\/'I.

Mukpomachumnasn cvemka. MUKpOMarHUTHON ChEeMKOI Ha3bIBalOT BBICOKOTOUHYIO (&
1o = 1 #Tn) Ha3eMHYI0 MarHUTHYIO Chb€MKY HEOOJIBIIUX Y4aCTKOB (COTHHM KBaJpaTHBIX MET-
POB) C paBHOMEPHOW M TYCTOH ceThio Touek HabmromeHus (5x5, 3x3, 1x1 m). Mcnoms3yior
BBICOKOTOYHBIE MTOJIEBbIE MArHUTOMETPHI (SA€pHBIC, KBAHTOBBIE). [1JIs1 MCKIIIOUEHHS BapUaIui
paboThl TIPOBOJAT TaKUM 00pa3oM, 4TOOBI Yepe3 HECKOIbKO 3aMEpPOB Ha PSAIOBBIX TOYKAX
CHMMATh OTCYET Ha OAHOM U TOM ke omopHoM (koHTposibHOM) myHKTe (KII). Ilo rpaduxy
n3MeHeHus marauTHoro nosist Ha KIT Bo BpemeHu B Ha0It0IeHHbIE 3HAUEHUS BHOCAT MOTPaB-
KM 3a Bapuanuu u apyrue norpenraoctr. Ilocme moctpoenust kapTel 1, wim AT, u ee cratu-
CTHUYECKOW 00pabOTKH MOXHO IMOCTPOUTH «PO3bD» HAIMPABICHHS W30JAMHAM, KOTOPBIE CTPOST
TaK ke, KaK, HalpuMep, «Po3bD» BETPOB.

Iloozemnan maznumopazeeoka. Ilog3eMHble MarHWTHBIC HAOJIOJCHHS TMPOBOIST B
TOPHBIX BBIPA0OTKAX, TJIe OTCYTCTBYIOT METaUNIMYECKHUE KOHCTPYKIIUHU (PElIbChl, METAIITNYC-
CKOE€ KPEIUICHHE), a TAaKXKE MPOBOJAA C TOCTOSHHBIM TOKOM. VX BBITIONHSIOT B BHUJIE JI€Talb-
HBIX TPOGUIBHBIX CHEMOK IO IIEHTPY BBIPAOOTOK ¢ YacThiM Bo3BpaiieHrueMm Ha KII u moBwI-
IICHHBIM YHCIIOM KOHTPOJIBHBIX Touek (cBblie 15%,). [lonzemMHas MarHuTopa3Beka rnpeaHa-
3HAuU€Ha JJIS BBISBICHUS B MEKBBIPAOOTOYHBIX M OKOJIOBBIPAOOTOUHBIX MPOCTPAHCTBAX PYI C
MOBBIIEHHLIMHA WJIM ITOHM)KEHHBIMIA MarHUTHBIMU CBOHCTBAMH.

Ckeaxcunnan maznumopaszeeoka. CKBROXWHHAsT MarHUTOPas3Bellka —> TO U3MEPEHUS
MAarHuTHOTI'O I1OJIA BAOJIb CTBOJIA CKBa>XUHBI. HJ’IH TaKHux HaGJIIOI[eHI/Iﬁ HCIIOJIB3YIOT ClICHUAJIb-
Hble TpexkomnoHeHTHbIe MarHUTOMETphl (TCMK-30) ¢ o0s3aTenpHOM (huKcaruen mo BepTH-
KaJli ¥ TOPU3OHTAIIM JTATYMKA, OMyCKAeMOTr0 B CKBOXXHUHY Ha Kabenb-Tpoce. B cBs3H ¢ TeXHU-
YECKHUMHU TPYTHOCTSIMH CKBOKWHHBIE M3MEPEHHSI MAarHUTHOTO TOJS MMEIOT TOHW)KECHHYIO
TOYHOCTh. OHH IO3BOJISIIOT YCTAaHABJIMBATL T'PAaHUIBI 1 MAarHUTHBIC OGT:GKTLI, pacnoJiararo-
IIMEeCs] OKOJIO CKBKUHBI, & HE TOJIBKO B HEH.

H3zmepenue maznumnuix ceoiicme oopazyoe. MarHuTHyI0 BOCIPUUMYUBOCTD TOPHBIX
MOPOI U3MEPSIOT Kak Ha oOpa3iiax, TaKk U B UX €CTeCTBEHHOM 3ajeranuu. C MOMOIIBIO acTa-
TUYECKUX MarHutomMerpoB MA-21, MAJI-036 BO3MOKHO M3yYEHHE PA3JIMYHBIX MArHUTHBIX
CBOI>'ICTB, B TOM 4YHUCJIE U X, Ha 06pa3uax B MOJICBBIX U CTAHMOHAPHBIX YCIIOBHUAX. OTH MarHu-
TOMETPBhl OTHOCAT K KJIaCCy ONTHUKO-MeXaHWdeckuX. [IpuHIMI uX IeHCTBUS OCHOBaH Ha
B33HMOL[CFICTBPIH MardHuTHOI'O IT1OJIA 06pa3ua C ITOJICM JIBYX WJIK TPECX MOCTOAHHBIX MArHUTOB,
HMMEIOIUXCS B UyBCTBUTENbHOMN cucteMe mpubopa. UyBCTBUTENbHAS CHUCTEMa aCTaTHYECKUX
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MarHuTOMETPOB pearupyeT TOJIbKO Ha HEOJHOPOIHOE MAarHUTHOE IMoJie OJIM3KO (Ha (UKCHPO-
BaHHOM PACCTOSHUH) PACIIONIOKEHHOTO 00pa3iia ropHol mopoel. [1o yriy OTKIOHEHUs dyB-
CTBUTEJIBHON CHCTEMBI OT MArHUTHOT'O MEpUUaHa, paCCTOSIHUIO OT 00pa3ia 0 MOCTOSTHHBIX
MarHuToB, 00beMy 00pa3lia M BEJIHMYMHE BEPTHKAIBHOW COCTABIIAIONUICH MarHUTHOTO IOJIS B
paiioHe MCCIIeIOBaHHsI PACCUUTHIBAIOT MarHUTHBIC Xapakrepuctiku odpasua (y u ). OtHO-
CUTEJbHAs MOTPEIIHOCTh U3MepeHuil coctaBisieT 5%,. g n3ydeHuss MarHUTHOW BOCIIPUMM-
YUBOCTH B JJAOOPATOPHBIX YCIOBUSAX U B €CTECTBEHHOM 3aJIETAaHUU TOPHBIX MOPOJ IPUMEHS-
10T kanmameTpsl UMB-2 unu mpubopsr KT-3, KT-5.

AHanM3 0CTaTOYHOW HAMarHMYEHHOCTH TOPHBIX MOPOJ TPeOyeT CrennaTbHOW METO/IH-
K1 oTOOpa 00pas3loB — M3 OCAJ0YHBIX WMJIM BYJIKAHOTEHHBIX TOJI KyOMYeCKOW (hOpMBbI
(5x5x5 cm man 2,4X2,4%2,4 cM) ¢ TOYHOU MPHUBSI3KOI 110 TOPU3OHTY U CTOPOHAM cBeTa (+1°).
st u3MepeHnsl OCTaTOYHOM HaMarHUYeHHOCTH MpUMEHs 0T npubdopsl MA-21, MOH-1 unmn
JIAM-2. B pe3ynbrare JOBOJBHO CIOKHON M TOHKON METOJMKHU BbIACIICHUS MEPBUYHON Ha-
MarHM4eHHOCTH yJ1ae€TCd YCTAHOBUTH HAIIPABICHUE U BEIMYMHY OCTATOYHON HAMArHWUYEHHO-
CTH.

Yucno oOpa3ioB UM 3aMEPOB HA OOHAKEHUU JIOJDKHO OBITH TOCTATOYHBIM JIJIsI TTOCIIe-
JYIOIIETO CTATHCTUYECKOTO aHajK3a Pe3yJbTaTOB ONPEACICHUs XapaKTEPUCTHK MarHUTHBIX
CBOMCTB TOPHBIX MOPOJ] UCCIEAYEMOTO T€0JIOTHYECKOTo KoMmIuiekca. [lo xapakrepy mocTpo-
€HHBIX TUCTOTPAMM pacCIpe/Ie]ICHNs 3HAUCHHI MarHUTHOTO TTapaMeTpa ONpPEeACIsIOT ero Hau-
Oosiee BEpOSTHOE 3HAUEHUE, CTETIEHb OJHOPOJHOCTA MAarHUTHBIX CBOWCTB Komriuiekca. JlaH-
HBIC 0 MArHUTHOW BOCIIPUUMYHBOCTH TOPHBIX MTOPOJI TOMOTAIOT BBIOPATH MPABHIBHYIO METO-
UKy MarHUTOPa3BEIOYHBIX Pa0OT, MPOBECTU OoJiee HAACKHYIO U TMOJIHYIO WHTEPIPETAIHIO
AHOMAJIMH MarHUTHOTO TOJIsI. XapakTep OCTATOYHOW HAMAarHMYEHHOCTH TO3BOJISIET CYAUTH O
BO3pacTe FOPHBIX MOPOJI U UX T€OJUHAMUYECKON NCTOPUH, U3YUAEMBIX MPH MaIEOMArHUTHBIX
UCCIICIOBAHHSIX.

3.4 HuTepnperanusi MATHUTHBIX AHOMAJINH

[TockonbKy B pe3ysbTaTeé MarHUTHOW CHEMKH MOJYYarOT aHOMAJIMH, OO0YCIOBJICHHBIC
HaMarHMYEHHOCTBIO T€X WM MHBIX I'€OJOIMYECKHX OOBEKTOB, a BIMSHUE MAarHUTHOTO IOJIS
3eMJIM UCKJIIOYAOT BBEJIEHUEM IIONIPABOK 3a HOPMAJIBHOE I0JI€, TO B TEOPUHM MarHUTOpa3Be.l-
KM pacCYMTBIBAIOT aHOMAJIbHBIE MAarHUTHBIE I10JI JIMIIL CAMUX TEJI C Pa3HBIMU I'€OMETpUYe-
CKMMH IIapaMeTPaMH, MarHUTHBIMU CBOMCTBAMH U HAIIPABJICHUEM HAMATHUYEHHOCTH.

341 Ipamosie u obpamusle 3a0a4u MAZHUMOPA38€0KU

[IpsiMas 3agadya MarHUTOpa3BEIKU COCTOUT B OINPEACIICHUHM MapaMeTPOB MarHUTHOTO
noJist (BBIYMCIIEHMM MAarHUTHBIX aHOMAJHWil) MO M3BECTHBIM XapaKTEPUCTHUKAM MAarHUTHBIX
Macc: GOpMbI, pa3MepoB, ITYOMHBI 3aJleraHusl, YIJIOB HAMarHWYeHUs 1 MarHUTHON BOCHpU-
umurBocTU. OOpaTHas 3a/1ada MArHUTOPA3BEIKH MPEICTABISIET COO0N KOTUYECTBEHHBIN pac-
4yeT napamMeTpoB (dhopma, pa3mMepsl, r1yOWHa 3aJeTaHus U JIp.) MarHUTHBIX Macc IO 3aJIaHHO-
My Ha npouie WU TUIOMIAIN PACIPEeICICHUIO 3HAYCHUH OJTHOTO HWIIM HECKOJBKHUX DJIEMEH-
TOB MarHUTHOTO TOJI 3€MJIH.

Hpunyunot, pewienus npamoii 3a0auu maznumopaszeeoku. IIpsamyro 3ag1aqyy MarHuTo-
pa3BelIKu pelIaT ¢ MOMOIIbI0 3aKkoHa Kyrnona: F= m; /,ul’z, rae My, My —B3auMOICHCT-
BYIOIIIKUE C CHJIOH F Macchl, IIEHTPBI KOTOPBIX PACIIONIOKEHBI Ha PACCTOSIHUM [ [(— MarHHT-
Has IPOHMIIAEMOCTh BMEIIAOIIEH cpelibl. Tak Kak MPAaKTUYECKHU BCE TOPHBIE OPOBIL, 33 UC-
KIIFOUEeHUEM (PeppOMarHUTHBIX JKEJIE3HBIX Py, UMEIOT [ = [, TO B TEOPUU MarHUTOPa3BEAKU
3TOT MapaMeTp CUUTAIOT MOCTOSHHBIM U [ = 47 10" T'rr/M. MarHUTHBIX Macc KaK caMOCTOS-
TENbHBIX CYOCTAaHIMI B MPHUPOJAE HE CYILIECTBYET, a MarHUTHBIE CBOWCTBA TeJ SIBIISIIOTCS
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CIIEZICTBHEM JIBHKCHHUS DJICKTPUYECKH 3apsi-
JKEHHBIX YaCTHUI[ B aTOMax BellecTBa. TeM He
MCHEe, B TCOPHHM MarHeTH3Ma IMPOIO0JIKAIOT
UCIIOJIL30BaTh 3aKOH KyioHa, moHMMas 1o
MarHUTHOM MAaccoll MPOU3BEICHUE HWHTEH-
CUBHOCTM HaMarsudeHus | Ha miomans S
HAMarHUYEHHOTO Tella, MEPICHINKYIIAPHYIO
K Bekropy |: MEIS. st oGnerdyenus pene-
HUSI TIPSAMBIX 3a7a4 B TEOPUIO MarHeTH3Ma
BBOJIAT 10 3aKOHY KyiloHa MOHATHE MarHuT-
HOTO TMOTEHI[Majda TOYEYHONW MarHuTHOM
MacChl
UT: m/,ur, FT = -oUlor. (37)
Tak Kak HaMarHUYeHHBIE TEJla — 3TO
COBOKYITHOCTH  HEpPa3[eIIeMbIX  IOJOXKH-
TENBHBIX U OTPUIATEIBHBIX Macc, TO B TEO-
PHIO MarHeTH3Ma BBOJST IMOHATHE MarHuT-
HOTO JTHITOJIS, T. €. COBOKYITHOCTH JBYX paB-
Puc.3.2 MarautHblii 1umoms HbIX, Omu3ko (Ha paccrostauu Ol) pacmomo-
JKEHHBIX MAarHUTHBIX MacC MPOTHBOIOIOXK-
HBIX 3HaKoB (£ m). Ilorennuan munons dU nerko momyuuts, HCMONBL3Ys puc. 3.2 U CUMTas,
YTO JJIMHA JUIIOJISI dl MHOTO MeHBIIIE paCCTo;IHI/Iﬁ I, 1, > 10 ToYek HAOJIIOJECHUH,

1 1 m dr _ mdl cosf@ _dM cosf _ IdV cosf (3.8)
u rr ur? yr? yr?
rie dl\/l = de = |dsdl = 1dV — marautHbli MOMeHT aunons; | — MHTEHCHBHOCTD
HAMArHUYEHUs [MIIONs, HAIpaBleHHas BAoib ero ocH; O — mnmua; dS — mmomans mome-

peunoro ceuenus; dV = dlds -— snemenTapHbIii 06beM; € — yroia MEXIy OCbIO TUIIONS U
pannycom I, 6mmskuii (mpu dl << r) x yrmam mMexny munossamu 1 u o, U3 popmyinsr (3.8)
MOJKHO TOJIYYMTh BBIPAKCHUS JIJISI KOMIIOHEHT HANpPSHKEHHOCTH MArHUTHOTO TIOJISL JTUIOJIS B
mnockoctu (x, O, Y):

T = o(dU)/ ox = dM(2E-y?)(E+y?) ¥ ;
T, = 8(dU)/ 6y = dM 3xyl(6C+y?)*%
IIpu 3amene X2+y2 =r’u XIr = COS 6 BbIpaxKeHWe IS MOJHOTO BEKTOPA HANPSHKEHHO-
CTH MarHUTHOT'O MOJIS THITOJIS ITOJTydacT BH

+ 2
1 33cos 0 . (3.9)
r'u

Ha ocu gumonst (€ = 0) u nepneHaMKyispa K ero UeHrTpy, T. €. Ha skarope (6 = 90°),

moJrydyacM Hallps2KCHHOCTH
To= 2dM/ur®, Ty = dM/ur®, (3.10)

[TockonbKy peanbHble HAMATHUUEHHBIE Tella MOXKHO PaccMaTpUBaTh KaK COBOKYITHOCTh

OJICMCHTAPHBIX MArHUTHBIX I[I/IHOJ'Ief/’I C yUCTOM CBOICTBa Cyneprno3uuun nNOTCHIHAJILI U aHO-

MaJbHblE 3HAUEHUS HAMPSHKEHHOCTH JIF0OOT0 HaMarHW4YeHHOTo Tejla IPU UCIIOIb30BAaHUM BbI-
paxenuii (3.7)—(3.9) MOxHO 3amucaTh CIETYIOIUM 00pa3oM:

| cos@ dV [/1+ 3cos 6
| | (@11

dT = [TZ+T7 =dM
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rlic HHTETPUPOBAHUE BEYT M0 Bcemy o0beMy Tena V. Ypasuenus (3.11) siBistrorest oc-
HOBHBIMM B TEOPUHM MArHUTOPA3BEIKU. AHAIUTUYECKHE BbIpakeHUs ¢ nomouipio (3.11) mo-
JY4aroT JUIIb IS TeJ MPOCTON TeoMeTpruecKoi (GopMbl U OAHOPOAHON (IOCTOSHHOM) Ha-
MaraudeHHocTH. [ Tenm Gonee ciaokHOM (HOpMBI U, 0OCOOEHHO, MPU MEPEMEHHON HaMarHu-
YEHHOCTH BO3MOJKHBI JIUIIIb YUCIICHHBIE TPUOJIMKECHHBIEC PEIICHUS, TIOTy4aeMble C TIOMOIIBIO
OBM. Ananu3 penieHui npsMoi 3a1auu CIIy>KAT OCHOBOM JIJIsl pEIICHUsI OOpaTHOM 3a/1auHu.

PaccmoTpum pemierue npsiMoil 1 0OpaTHOM 3a1a4 JAJIT HEKOTOPBIX MPOCTHIX TEJ: Bep-
TUKAJIBHOTO OECKOHEYHOT'O CTEPIKHS, IIapa, BEPTUKAIBHOTO IJIACTa U TOPU3OHTAIBHOTO I[H-
JUHApa OECKOHEYHOTO MPOCTHPAHUS MPHU MX BEPTUKAIBLHOM M OJHOPOAHON HaMarHWUYeHHO-
cru (Bekrop | mocrosHeHn BHyTpH Tena). JlomylieHne BEpTHKAIbHONW HAMATHHYCHHOCTH HE
TOJIBKO YIPOUIIAeT peuieHue 3aaad, HO U SBISETCS BIOJHE 0OOCHOBAHHBIM, MOCKOJBKY HH-
OYKIMOHHAs HAaMarHMYEHHOCTh TOPHBIX MOPOJ MpHU IupoTe, O6ombmeit 50—60°, T. e. mus
OOJIBITIEH YacTH TEPPUTOPUHN CTPAHBI, OJIM3KA K BEPTUKAILHOM.

3.4.2 Ilpamas u oopamuasn 3a0auu 011 6ePMUKAIbHO20 OECKOHEUHO20 CIEPIHCHSA

[Tycte Ha riry6une h 3anmeraer BepmmHa OECKOHEYHO JUIMHHOTO BEPTHKAIBLHOTO CTEPIK-
HS CEYCHHEM S, OJHOPOJHO HaMarHWYeHHOTro BIoib ocu Z (puc.3.3). Ero MoxxHO mpexacra-
BUTH KaK TEJIO OHOTO IOJI0ca M ¢ MHTEHCHBHOCTHIO HAMAarHWYEHUs |, HalpaBIIeHHOM BIOJIb
OCH Z, ¥ MarHUTHOM Maccel M = |S. Tak kKak HUKHUH IOJIIOC PaCIIONOkKEH OUEHb JAJIEKO, TO
€TI0 BJIIUAHUEM MOKHO HpGHCGpe‘-IB U CcyuTaTh, YTO BCA MarHuTHas Macca COCpeI[OTO‘IeHa Ha
BepiiuHe crepkHs. [loaToMy mose 3Toro crepkHs OyAeT TakuM jKe, KaK U T0JIe TOUYSYHOU
MAacChl, PaCIIOJIOKEHHO! B LIEHTPE €ro BEPIIMHBI, U PEIICHUE IPSIMOU 3a1a4u MOKHO IOJy-
4uTh 03 BRIYUCIICHHS HHTEerpaios (3.11).

-I‘d?&

Puc.3.3 MarautHoe 1oJie BEpTUKaIbLHOTO CTepKHs (a) U 1mapa (0)

[ToTeHIMAN CTEPXKHS ONPEIESIIOT HEMOCPEACTBEHHO M3 BBIPAKEHHS U1 MOTEHIIHAA
. _ _ 2, 2\I2
ToueuHoi maccol [em. popmyny (3.9)], . e. U,,, = Mur = Is/u(x“+Z°)"*, a anomasbHbIE BEp-
THKaJIbHAsl, TOPU30HTAIbHAS COCTABISIOUIME U TOJIHBIN BEKTOP HANPSKEHHOCTH MAarHUTHOIO
HOJIsI

7 __0Uq _ Ish 4 __O0Uq __ Isx
Tz ppe+nny? T o e +hd)® (3.12)
T, =23 +HE.
Ha puc 3.3, a npusenenst rpaduxu Zet, Her, Teramsa | = 12> 0.
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IMpu X = 0 Zpax= Tra= IS/,uhz, Hyx = 0, T.e. Hax crepxHeM HaOIIOJAIOTCS OMHA-
KoBble MakcuMyMbl Zor U T cr 1 HyneBoe 3Hauenue Her. Ilpu x — £ 00 Bce COCTaBJISIONINE
cTpemsTcs K Hymto. [lyrem noacrtaHoBku B BbipakeHus (3.12) MOXKHO MOKa3aTh, YTO Ha rpa-
(uKax ropu30HTAIILHON COCTABJISIONIEH Npu X==* h-/2 umerorcs sKCTpeMyMbl. B Touke X=-h
kpusble Zct u Her nepecekarorcs. s Touku rpaduka Zet, B KOTOPOH Zyjp = Zyax ! 2, momy-
YyaeM cieayroliee ypaBHeHHe:

Z,,=1sh/(¢, +h?)2u=Is/2np.

IIpu ero pemenun noaydaeM |Xyo|= 0.7h. Ananornuno MoxHo m0Ka3aTh, uToO abCuUC-
ca TouKH, B KOTOPOH T1p = Thux /2, |Xy2| = h. OueBnano, uro B miane (1a mwiockoctu (XOY)
HaJl BEPTUKAJIBHBIM OCCKOHEYHO JUTMHHBIM CTEPKHEM H30auHaMbl Zct U 1T MIPEACTABIAIOT
C000# MPaKTHIECKH COBITAIAIOIIHE TI0 MHTEHCUBHOCTH | 3HaKY (mojoxuTesbusie mpu | > 0)
KOHIOCHTPHUYCCKUC OKPYKHOCTU C OJUHAKOBBIM MAaKCUMAJIbHBIM 3HAYCHUCM HaHpH)KCHHOCTeﬁ
Ha/T X IEHTPOM.

OO6paTHy0 3a/1a4y MarHUTOPA3BEAKH Il KOHIIEHTPUYECKUX aHoManuii Zct U ot of-
HOTO 3HaKa, COOTBETCTBYIOIMX OOBEKTaM THIA BEPTUKAIHHOTO CTEPXHS (IITOKOOOpa3HBIC
UHTPY3UH, KUMOCPIUTOBBIC TPYOKHU U T. [I.), PELIAIOT cleayromuM oopa3om. LIeHTp crepkHe-
00pasHoro o0beKTa 3aleraer moj 3KcTpeMyMamu Zct, lct M IepernOoM (mepexon 4epes
HoJb) Tpaduka Her. Tlpu wcmob30BaHNM MPUBEICHHBIX BBINIE JAHHBIX PEHICHUS MPSMOU
3aJjauu TIyOMHY 3aJleTraHusl BepXHEH KPOMKHU CTEP)KHSI MOYKHO paccuuTarh 1o hopmyinam

h=1.3|Xzsl, h = [Xr3l, h = 1L,4|X1 scls = = Xz1 e B
TIIC X7 1 XT s XH sxes XZH nep—BOCIIMCCHI TOUCK HA rpadukax, B KOTOPbIX Zor = Zyax ! 2,
Ter= Tex! 2, sxctpemym Her, nepeceuenue rpadukos Zer u Her.
3uas ry6uHy N, MOXKHO OIEHUTHL BENMYMHY MarHUTHOM Maccel M = IS o skcTpemy-
MaM KPHUBBIX MATHUTHBIX aHOMAJIHT
M= Zupexth?s M= Tragth?, M= 3,67 Hypew th? (3.14)
Tak xak | = yTep, re Tep — cpennss HaNPSKEHHOCTh FEOMArHUTHOTO MOJIs, 3Has ) 110

M3MEPEHUAM MaTHUTHON BOCIIPUMMYUBOCTH 0OPA3IIOB, JIETKO IOJIYYHTh MIONMIA1b OBEPXHO-
cru crepxas S=ml.

343 Ilpamas u o6pamnasn 3a0auu 013 6epMUKATIbLHO20 HAMAZHUYEHHO20 Wlapa

ITycTh BEpPTUKAIBHO W OAHOPOJHO HaMarHHYCHHBIA Imap oobemMoM V ¢ IIEHTPOM Ha
riy6une h saneraer nox nayanom koopaunar (puc.3.3, 6). B Teoprn MarHUTOpa3sBEAKH I0Ka-
3aHO, YTO MarHUTHOE I0JIE IIapa MOKHO MPEICTABUTh KaK TI0JIE TUIOJISI, TOMEIICHHOTO B €T0
rentpe. [loaToMy moTeHIMan mapa moxy4aroT HEMOCPEACTBEHHO U3 Gopmyisl (3.8) 3aMeHOH
dV na V wnm u3 Beipaxkennii (3.11), cuuras, uro uarerpan ot dV mo o6semy mapa pasen V.
Tak, ra ocu OX (y=0) ¢ yaerom Toro, uro COS & = h/r (cm. puc. 3.3, 6), noreHman

_ 1Vh
H(x' 41 )
Orcrofa DIIEMEHTHl AHOMAJIBHOTO MarHuTHOro monst mapa AZ;=Z;;, AH =Hyy,

ATa=Ty; naxopar mo Gpopmynam
p __0U, _IV(2k’ -x’) o __0U, _  3Vhx

S

Ull[

(3.15)

W3 oceBoit CUMMCTPUHU 3ala4u CJICAYCT, UTO Hm — IOpHU30HTAJIbHAd KOMIIOHCHTA IMOJIA
110 JTIOOOMY HaIpaBJICHUIO.
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Ananus ¢popmyi (3.15) u moctpoenue mo HuMm rpadukos (cM. puc.3.3, 6) moka3bIBacT,
yro npu x=0 (Ham uentpom mapa) Oyayr makcumymbl (mpu | >0) siaemeHtoB mMmoms
Zeres= Trrax =21 V/uh® 1 mepexox wepes uyib kpusoii H,,. Kak 1 Bce s1eMeHTsI mapa mpy X —
+ oo, cocrasmsore H,, mpu x= 0 u Z,, ipu X=Xz o= | h~/2 | paBusr mymo. Ipu |x|>1,4h
Z,, orpuuarenbHa, 00pa3ys MEHMMYMBI IpH X= £ Xz nin=2N, mocrenenno crpemsmmuecs K
nymo. Takum o6pasoM, Ha rpadukax U Ha Kapre Z, OyAyT aHOMAIIUK IBYX 3HAKOB: MOJIOXKH-
tensHble (pu | > 0) Hax mapom U cinabble oTpuLaTenbHbIE BOKpyr. Ha rpaduke H,, Oyayr
JiBa 9KCTPEMyMa Ipu X= * Xy .= 0,5N, a mpu Xz y negy= -0,56h rpaduxu Z,, u H,, nepece-
katorcsi. C MOMOIIbIO MPUEMa, PACCMOTPEHHOTO TPU aHAJTU3€ MArHUTHOTO TIOJISI CTEPIKHSA,
MO’KHO TTOJYYUTh XapaKTepHble TOUYKH. I10JOBHHBI MakCHManbHBIX aHOMaMuil (0,5Zmay u
0,5T1ax) OyayT coorBeTcTBEHHO TIpH Xz 1, = * 0,55h u X7 1, = £ 0,68h. Ouesnano, uro B
wiaHe (Ha miockoctd XOY) HEemocpeacTBEHHO HaJ BEPTUKAIbHO HAMArHMYCHHBIM IMIApOM
u3omHud Z,, u T, OyIyT UMETh BHJ KOHIIEHTPUYECKUX OKPYKHOCTEH C MPAKTHYECKH COB-
MaJa0IIMMA WHTEHCUBHOCTSIMH M 3Hakamu. Ha paccTOSHUSAX, TMPEBHIIAOIMINX TIIYOUHBI 3a-
JIeraHus, SIeMeHThl Z,, U T, pa3In4aroTcs U [0 MHTCHCUBHOCTH, U 110 3HAKy: aHOMAaJIHu Z,,
OyayT IBYX 3HAKOB, a |, — OJHOrO. B IieoM BepTHKaIbHAss KOMITOHEHTa, HarpaBcHHAs
BJI0JTh HAMarHMYEHHOCTH IIIapa, OKa3bIBaeTcs Ooiee MHPOPMATUBHOM, YeM TOPU3OHTATIbHAS U
MOJIHBIN BEKTOP.

OO0paTHyt0 3a/1a4y MarHUTOPA3BEAKH JIJIsi MATHUTHBIX aHOMAIIMK HaJl T€OJOTHYeCKHUMHU
00BEKTaMHU THIIA IIapa, KOTOPIE CO3/AIOTCSI HAMAarHUYEHHBIMU T€OJOTHYECKUMH 00BEKTaMU
U30METPUUYECKON (hOpMBI (OpaxHaHTUKIUHAIBHBIE U OPaXUCHHKIMHAIBLHBIE CTPYKTYPBI, SIpa
KOTOPBIX CJIOXEHBI TIOPOJaMHU C TIOBBIIICHHBIMI MAarHUTHBIMH CBOMCTBaMH, HHTPY3HH, JIaK-
KOJIMTBI, MACCUBHBIC 3aJICXKH JKEIe30COACPKAIIUX Pyl OCAIOYHOTO MPOUCXOXKICHUS, OOKCH-
Ta, MapraHIeBBIX PY U APYTUE T€OJIOTHUECKHE Tela), PEIIaloT cleayomuM obpazom. LienTp
Iapo00pa3sHOi 3aJIeXKH 3ajeraeT Mo dKkctpemymamu Z,, 1, U neperubom (mepexon depes
Hyib) rpaduka H,,. IIpu ucnonbp30BaHUN PEe3yIIbTATOB PEIICHHUS MPSIMBIX 337a4 IIIyOHHY 3a-
JeTaHusI [IEHTPa BEPTUKAJIBHO HAMAarHWYEHHOTO IIapa MOXHO pPaccUMTaTh Yepe3 aOCIHCCHI
XapaKTePHBIX TOYEK 10 hopmynam

h=1,8[Xz|, h= 0,5 [Xzminl, h = 0,7 |Xz0l,
h= 15Xy, N= 2 X4 oxcls D= - 1,8 Xz H nepl- (3.16)
3uas h, Hanpumep, no ycpesHEHHBIM 3HAYEHUSAM, MOJTYYEHHBIM C MOMONIBIO (POPMYIT
(3.16), MOKHO OIIEHUTH MATHUTHYIO MacCy U 00beM IIapa:
M= 1V = Zyay th¥?=Tr uh¥?, V=m/l=m/yTcp
rac X — Mar"HvTHas BOCIIPUUMYHUBOCTb, U3BCCTHASA MO U3MCPCHUAM Ha 06pa3uax rop-
HBIX TIOPOJ; | cp— CPEIHSIS HANPSHKEHHOCTh MArHUTHOTO TIOJISt 3eMJTH B paifoHe pabor.

344  Bepmukanvhana MaZHUMHAA COCMAGIAIOWAA HAO 0OECKOHEUHO OJIUHHBIM
MOHKUM 6ePMUKAIbHBIM NIACMOM

Kak u3BecTHO U3 TeOpHH MarHUTOPa3BeIKH M MPUBEICHHBIX BBIIIE 3a7a4, aHOMaJIbHbIE
3HAYEHUSI BEPTUKAIBHOM MAarHUTHOM COCTAaBJSAIOUIEM M TOJIHOTO BEKTOpPA HAIPS)KEHHOCTH
MarHMTHOTO MOJISI JOCTaTOYHO OJM3KU HE TOJIKO MPU BEPTUKAIBLHOM, HO Jake MpU HAKJIOH-
HOU (>45°) HamarauueHHOCTH. [loaTOMy NBe ciienyromue npsMas 1 odpaTHasl 3a/1a4yu perie-
HBI TOJBKO ISl Hanbosee NHHOPMATUBHON M YacTO U3MEPSEMOM MPH TOJIEBBIX paboTax co-
craBisonieit Z,.

PaccMoTpuM mosie TOHKOro (TommuuHoM |) BepTukansHOro miacta 6ecKOHEYHOro (1o
ocH Y) IpOCTHpaHUs, HAMAarHWYEHHOT'O BEPTUKAILHO, BEPXHsIsl KPOMKA KOTOPOTO 3aJIeTaeT Ha
rnyoure h > (puc.3.4, a). Onpenenum Z; HaJg TaKUM ILUIACTOM BAOJb OCH X, IIEPHEHIUKY-

103



JSIPHOM K IIJIACTY, C HAYaJIOM KOOPJIMHAT HaJX HUM. [10CKONIBKY HIKHSA YacTh IIACTa pacio-
JIOKeHa TIIyOOKO, BIMSHUE MAarHUTHOTO MOJIOCa TIyOOKHMX yacTeil rutacta OyaeT Majio U
MOXHO CYUTATh, YTO MATHUTHBIE MACCHI COCPEIOTOUYCHBI B/IOJIb MOBEPXHOCTH B BHUJIE JIMHEH-
HBIX TOJIFOCOB ¢ eauHnYHOM Maccor dm = |ldy.

Pa3o0peM mracT Ha MHOKECTBO TOHKHX «cTepkHei». Torna npuTspkeHne miacta Oyner
CKJIQJIBIBATHCS U3 MPUTSDKEHUST BCEX JIEMEHTAPHBIX CTEP)KHEH, a BEPTUKAIbHAS COCTaBIISIO-
I1asi ero MarHUTHOTO TPUTSDKEHUS OyJeT paBHA MHTETpATy B Mpenenax oT - o0 10 + oo (1o
ocH Y) oT BeipaxkeHus: it AZ; 3IEMEHTApHOTO CTEPIKHS, TTOJMYICHHOTO BBIIIC [CM. BBIpaxKe-
aus (3.12)], 1. e. qust wiacra ipu Z= hu y = 0 anomanus 4Z,= Z,,;:

7 = ® hdm _ 1lhdy _ 21lh
" Im ur’ _J; U(x’ +y° +Zz)% U(x’+h’)

(3.18)

ITpu | > O rpapuk Z,, 6yner umers MakcuMyM Znay = 21l / wh van uentpom miacra
(x*=0) v acuMITOTHYECKH CTPEMUTBLCS K HYJIO TPU YAAJIEHHH OT Iuiacta. JIErko mokasars,
4TO aOGCIMCCHI TOYEK, B KOTOPBIX Z,; = 0,5 Zmax, Xy = £ h.

Puc. 3.4 MarautHoe o€ OECKOHEYHO MPOCTHPAIOIIMXCS TOHKOTO Iuiacta (a)
Y TOPU30HTAIBHOTO IUIUHApPA (0)

OueBuAHO, YTO B IUIAHE HAJ KPYTO3aJETAIOUIMMHU TUIACTaMU OyIyT BBITSHYTHIE aHOMa-
JIUU OJHOTO 3HaKa. Takue aHOMaJ UK CO3JAI0TCS IMJIACTOBBIMH MHTPY3USMU, CIOSIMH YKEJIE30-
COACpIKAIIUX MOpoJa, 30HAMH HapymeHI/Iﬁ, MO KOTOPBIM BHCAPSAJINCH MArHUTHBIC MMOPOAbI, U
JIPYTUMU T€OJIOTUYECKIUMH 00BEKTaMH MOI00HON (HOPMBI,

[Ipu pemenun oOpaTHOM 3a1auu TIyOHWHY 3ajJeraHusl BEpXHEH KPOMKH W IIMPUHY TOH-
KHX IJIACTOB OMPEEIISAIOT 0 (GopMysiaM

h= [xual, | = Zoew pth / 21 (3.19)

3.4.5 BepmukxanvHaa MAZHUMHAA COCHMAGNAIOWAA HAO 20PUIOHMATLHLIM
UUTUHOPOM

PaccMoTpuM mosie TOpU30HTATBHOTO HWJIMHAPAa OECKOHEYHOTO (TI0 OCH Y) MPOCTUPAHUS
C MOMNEPEUHBbIM CEUYEHUEM S, HAMArHMYEHHOI'0 BEPTUKAIbHO, OCb KOTOPOIO 3aJIeraeT Ha IIIy-
oune H (puc.3.4, 6). Onpenenum Z;y; HaJ TAKUM IIHIMHAPOM BIOJIb OCH X, MEPHEHINKYIAP-
HOM K €ro NpOCTHUPAHUIO C HA4aJOM KOOpAMHAT HaJ HUM. [lone Takoro muimHapa MOMKHO
CUMTATh HKBUBAJICHTHBIM IOJII0 OECKOHEYHOTO YMCIIA BEPTHKAIBHBIX MAarHUTHBIX JHIIONEH,
[IEHTPBI KOTOPBIX PACIIONOKEHBI 110 ocH mtuHapa, 1 dV = sdy. Pa3o0beM 1MIMHAD Ha MHO-
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’KECTBO BEPTHUKAJIbHBIX MarHUTHBIX aumnosied. Torna BepTuUKanbHAsh MarHWTHas COCTaBIISIIO-
11asi HATIPSDKEHHOCTH TOJIS TaKOTo WunuHapa AZ, = Zpy; Oyzer paBHa HHTErpally B IIpeaenax
oT -00 10 +00 (10 ocH Y) OT BeIpaxkeHust AZ, nist qumonis (1apa), MOJTyYeHHOTO BBIIIE [CM.
Beipaxkenus (3.15)], r.e.mpu Z=h u y=0:

° Is(2h° =x’ )dy _ 2Is(h’ —x°)
(xR ) PR X )
Ipu | > O rpaduk Zy; Gyner umers MakcuMyM Zmgx = 21S/ ph nax nentpom munueapa

(x=0), Zr;; = O npu X9 = * h, nanee orpuiarenbHble 3HAYCHHUS ¢ MUHAMYMOM IIPH Xrrin=
41,4 h, KOTOpBKIii IIIIABHO YMEHBINAETCS 0 HYJISA IIPH X —> + 00,

7 =

rn

(3.20)

O4eBUIHO, YTO B IJIaHE HAJ TOPU3OHTAIBHBIM HWJIMHIAPOM OYIyT BHITSHYTHIE aHOMa-
JIMY IBYX 3HAKOB: HAJI IMJIMHIPOM TONOKUTENbHBIN MakcumyMm (ipu | > 0), a B cTtopone ot
HETro — HCGOJIBIHI/IC OTPpULATCIILHBIC 3HAYCHUA Z]“u HOIIOGHBIC AHOMAJIMW MOJIY4aroT Hal
BBITSIHYTBIMH CHHKJIMHAJIbHBIMUA W aHTUKJIMHAIBHBIMH CTPYKTYPaMH, JIMH3000pa3HBIMH, TO-
PU3OHTAIBLHBIMU PYIHBIMU TE€JIAMU U APYTUMH BBITSHYTBIMU I'€OJIOTMYECKUMU CTPYKTYpaMHu,
ceueHre KOTOPBIX MHOTO MEHbIIe JIUHEL. [Ipu perrennn oOpaTHOM 3a1a4yu TIIyOUHY 3aliera-
HUS ocell 00BEKTOB LMIMHIAPUIECKON (POPMBI U UX TONEpPEYHbIE CEYCHUSI PACCUUTHIBAIOT 110
dbopmynam

s=7 u—h (3.22)

h :| x() |’ h = 0’7 | xmin |’ max 2] *

3.4.6 OcHogeHble 66160061 U3 AHANTU3A PEULEHUTI NPAMBIX 3A0aY MACHUMOPA36E0KU

Bosb1ioit 00beM BBINMOJHEHHBIX aHATTUTUYECKUX PEIIEHUH MPSAMBIX 3a/1a4 MarHuTOpas-
BEJIKM Ha OCHOBe ypaBHeHHH (3.11) mis pa3zHooOpa3HBIX Mojenei (MiIacThl, KOHTAKTHI, dJI-
JUTICOUBI U AP.) C HAKJIOHHOW HAMAarHUYE€HHOCTHIO MO3BOJIAIOT CAENATh CAEAYIOIINE BBIBOIBI
00 0COOEHHOCTSIX aHOMAaJIBHOTO MAarHUTHOTO TMOJISI HAall Pa3HBIMH T'€OJOTMYECKMMH OOBEKTa-
MH.

1. 3nax anomamuii AZ; u AT, onpenensercs 3aakoM HamaraudeHnoctn | = Ay T, +1y,

T. €. 3aBUCHT OT 3HaKa OTHOCHUTEIIbHOW MarHUTHON BOCIIPUUMYHUBOCTH, HAITPABICHHS ITOJHOTO

BEKTOpA HANPSKEHHOCTH COBPEMEHHOTO MAarHUTHOTO 1O 3eMIH [, ¥ HampaBIeHHs OCTa-

TOYHOM HaMarHW4eHHOCTH |, . B 1e10M B ceBepHBIX mupoTax (MOYTH I BCEH TEPPUTOPUN

CTpaHbl) MPH TPSAMOM HAMArHMYCHHOCTH, OJM3KOW K BEPTHUKAIBHOM, IICHTpPaIbHBIC YacTH

AQHOMAJIM PACIIOJIOKCHBI HAJl IIEHTPAMH MarHWT-

AZy ) HBIX MacC M BBIACISIOTCS TOJIOKHUTEIBHBIMUA aHO-

mamusimu (ipu Ay > 0). Tpu Hanuuuu oOpaTHON

HAMarHMYE€HHOCTH OTHOCHUTEIBHO COBPEMCHHOIO

T€OMarHUTHOTO TOJISI IICHTPaJIbHbIE aHOMAJIUH OT-
purnarenssl (Ay < 0).

2. DKCTpeMajbHbIE 3HAYEHHS MArHUTHBIX
AHOMAJIMIi HAXOAATCS HAJ LEHTPOM KpyTo3ale-
ralouuX HAMarHUYEHHBIX OOBEKTOB MM CMEIIa-
IOTCS OT HETO B CTOPOHY Ha/l MOJIOT03aJIETaAI0IIUMH
00BEKTAMU U MIPH HAKIIOHHOM MX HaMarHu4eHuu. B
MOCNIEIHUX CIIyYasX MX BEPXHHE KPOMKH OKAa3bl-
BAIOTCS MEXKY OCHOBHBIM MaKCUMyMOM M COIpsI-
KEHHbIM MuHUMYMOM AZ, (puc.3.5). Dkcrpe-
MaJIbHbIE 3HAYEHUs AaHOMAJIMH MPAMO TPOTIOPIHO-
HanbHbl MarauTHOMY MoMeHTy (I-S, |-V) namarnu-

Puc.3.5 KpuBass 4Z; Hajg HaKJIOHHBIM
IJIACTOM OOJBITION MOIITHOCTH
NP BEPTUKAIBHOH HaMarHu-
YEHHOCTH
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YEHHBIX T€JI U 00paTHO MPOMOPLHUOHAIBHBI IEPBOM-TPEThEH CTENEHH IITyOMHBI UX 3aJIETraHMs.

3. ®opma MarHUTHBIX aHOMAJIUH CBsI3aHa ¢ POPMOI CO3MAOMUX UX OOBEKTOB: U30MET-
PUUCCKHUEC aHOMAJIMU HaGJIIOI[aIOTCSI Haa U30MCTPUUCCKUMU 06’b€KTaMI/I, SJIJINIICONJAJIbHBIC
— HaJ BBITAHYTHIMU. OJTHAKO B OTJIMYHE OT AaHOMAJIHI CUJIbI TSXKECTH A g, KOTOpEIE OBIBAIOT
OJTHOTO 3HaKa, aHOMAJIMU BEPTUKAJIBHOW COCTABJISIONICH MAarHUTHOTO 1oJjisi 47, ObIBalOT 0J1-
HOI'O 3HaKa HaJ TEjiaMu C FJIy6OKO3aJI€FaIOIJ_II/IMI/I HWXHHUMU KPOMKAaMH HUJIK JIBYX 3HAKOB IIpU
Hery1yOOKOM 3ajleraHuH HHKHUX KPOMOK.

HecmoTpst Ha CXOICTBO T'PaBUTAIIMOHHBIX M MAarHUTHBIX aHOMAIMH, OOYCIIOBJICHHOE
cxoAcTBOM 3aKoHOB HproToHa u KynoHa, KOTOpBIMU OHM ONPEAEIAIOTCS, CTPYKTYpa MarHuT-
HBIX aHOMAJTMH CII0KHEE, YeM IPaBUTAIIHOHHBIX. ITO OOBSICHIETCS TEM, YTO YCTAHOBIICHHAS B
TCOPHU CBA3b MCKAY MArHUTHBIM U I'PABUTALIMOHHBIM MMOTCHIMAIAMU BBIPAXKACTCA KaK CBA3b
Mpou3BOIHON (QyHKIMH U caMoi PyHkiuu. M3BecTHO, 4TO rpaduk MPOU3BOAHON (HYHKIIMH
umeet Oosiee crnoxHyo hopmy, yem rpaduk camoit pynkuuu. Kpome toro, eciu Ag Bcerna
BEPTHKAIIBHO, TO A T3 MOXKET UMETh JTI000H Yol HaKJIOHa.

4. YacTo npu HermyoOKOM 3ajleraHMK MarHUTHBIX MAacc IJIAHOBOE MOJIOKEHUE OOKOBBIX
IpaHul] 00BEKTOB KOHTPOJIUPYETCS] 30HAMU MOBBILIEHHBIX TOPU30HTAIbHBIX I'PaJUEHTOB.

5. CyImecTByIOT aHAINTHYECKH WM SMIMPUYECKH YCTAHOBJICHHBIC CBSI3U MEXIy a0c-
[IUCCAMU XaPaKTEPHBIX TOUEK aHOMAJIBHBIX KPUBBIX MAarHUTHOTO TOJS U MapaMeTpamMH Mar-
HUTHBIX Macc. DTO TO3BOJISIET ISl ONPEEIICHHOTO Kjlacca MOJETIeH aHATUTHYECKH PellaTh
o0paTHyIo 3a7a4y.

34.7 Humepnpemauyusa 0aHHbIX MAZHUMOPA3EEOKU

WuTepnperanus pe3ylbTaToB MarHUTOPa3BEIKU BKIIIOUAET reoPpU3NYEecKyl0 HHTEpIpe-
TAIMIO ¥ T'€OJIOTHYECKOE MCTOJKOBAHUE, TECHO CBS3aHHBIE MeXay co0oii. IlepBrIM 3Tanom
ABJIAETCSI KAUE€CTBEHHAs MHTEpIIpeTalus aHOMAJIWKA MarHUTHOTO IOJIs, MO3BOJISIONIAs IO
MOP(}OTOTHUN aHOMATTLHOTO TOJISI CYAUTH O TIAHOBOM TIOJIOKEHUHU TEX WJIM UHBIX T'eOJIOTHYE-
CKUX WJIM CTPYKTYPHBIX 3JIEMEHTOB, a MMes 00IIMe CBEACHUSI O MarHUTHBIX CBOMCTBax rop-
HBIX IIOPOJI ¥ T€0JIOrO-CTPYKTYPHOM CTPOEHUH, YCTAHOBUTDH UX MPUPOY.

Bropoii sTan—konuyecTBeHHAasT MHTEPIIPETALUs WM pelIeHrne 0OpaTHOM 3aJa4l Mar-
HUTOPA3BEIKM—MMEET LIEIBIO ONPENCICHUE KOJINYECTBECHHBIX IIapaMETPOB Pa3BEIbIBAEMBIX
Te0JIOTHYECKUX OOBEKTOB. B 11e710M MoAX0J K Ie0JIOTHYeCKOil MHTepIpeTalMid MarHUTHBIX
aHOMAJINHM C yU€TOM OTMEYEHHBIX OCOOCHHOCTEHN TOT K€, YTO U B IPaBUPA3BEIKE.

Kauecmeennaa unmepnpemayus. Ilpn KadyeCTBEHHOW HWHTEpPHpETALMM KapT, KapT
rpadukoB u rpadukoB AT,y u AZ, BenyT ux BU3yalbHOE OMHCAHHE M CPABHEHUE C T'€OJIOTH-
YECKUMH JTaHHBIMHU, a PE3YJIbTAThl UCIONB3YIOT ISl JAaJIbHEHIIEeH KOJIMYECTBEHHOW WHTEp-
MpEeTaluy WIN JTONOJHUTENbHBIX reodusndeckux padot. Ha kaprax u3onnHaMm BBISBISIOT U
KOPpEJIUPYIOT aHOMaJIMH, COOTBETCTBYIOIINE OJTHUM U TeM e 00BbeKTaM, HaMe4aroT IJIaHO-
BO€ PACIIOJIOKEHUE KOHTAKTOB PA3JMYHBIX MOPOJ, MPOCIEKUBAOT KOHTYPBI T€X WM HUHBIX
CTPYKTYp WU BKJIIOUEHHH. M30MeTpuuecKkuM aHOManMsIM (aHOMaJuHU ¢ IPUMEPHO OJIMHAKO-
BBIMH TOTNIEPEYHBIMU pa3MepaMH Ha KapTe) COOTBETCTBYIOT M30METPUUYECKUE B IJIaHE T€0JI0-
TMYECKUE OOBEKTHI, BHITSHYTHIM M30/iMHAMaM ([UIMHA aHOMAJIMHK B 5 pa3 u 0oJjiee MpeBbIIIaeT
UIMPUHY) COOTBETCTBYIOT I€0JIOTUYECKUE CTPYKTYPHI U OTJEIbHbBIE CIIOM BBITIHYTON (POPMBI.

Ecnm anst BepTHKaIbHO HAMAarHMUCHHBIX TeJ 1MoJie aHoManil 472, MeeT OMH 3HAK, TO
3TO CBHJICTENBCTBYET O OOJBINON ITyOMHE 3ajeraHusi Jpyroro Mmojoca HaMarHU4EeHHBIX I10-
pon. Ecnu xe riyOuHa 3aneraHus HUKHEH 4acTH Majlo OTJIMYAeTCsl OT INTyOMHBI 3ajleraHus
BEpXHEH, TO BOKPYr MHTEHCHBHOI aHOMAaJMHM, CBSI3aHHOH C BEpXHHUM IOJIOCOM, OyAeT Ha-
OmofaThes ciaboe 1mose Apyroro 3Haka, 00yCIOBICHHOE HUYKHUM IOJIFOCOM HaMarHUYEeHHBIX
MOpOJI, TPH MAJECHUU MOPOJ B Ty CTOPOHY, TJ€ IUIOLIA/b PACIIPOCTPAaHEHHs cIa0bIX aHOMa-
nuii OosibIe. YuyacTKaM ¢ BBICOKMMH TOPU30HTAJIBHBIMU I'PaJIMEHTAMU aHOMAJIUN BEPTUKAIIb-
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HOM COCT&BJ’IHIOH_[eﬁ TC€OMarHuTHOI'O MoJisA 4aCTO COOTBECTCTBYIOT KOHTAKTHI ITOPOA C pa3HBIMU
MarHUTHBIMU CBOMCTBaMHU.

ITpy KauyecTBEHHON HMHTEPHPETALUU BBISBIAIOT PErHMOHAIbHBIE KPYIHBIE AHOMAJMH,
CBSA3aHHBIE CO CTPYKTYPHO-TEKTOHHYECKHUM CTPOCHHMEM palOHA, U JIOKAJIbHBIE aHOMAJIUH,
IPUYPOUYEHHBIE K MECTAM HAXOXJIECHHUS MarHUTHBIX PYA U OTIENbHBIX CJIOEB C IOBBIIIEHHBI-
MU MarHATHBIMH CBOMCTBaMH.

st pa3aenenusi aHOMaIMK pa3HOW TPHUPOJIBI, TIIYOHMHBI 3ajIeTaHus, HAMAarHUYEHHOCTH
CYILIECTBYIOT MaTeMaTUYECKHE METObl aHalu3a MATHUTHBIX AHOMAJIMU C UCIOJIb30BAaHUEM
DBM, ocHOBaHHBIC Ha pa3HOTO pojia TpaHCHOPMAIUIX, KOTOPbIE MPeIHAa3HAYCHBI JIJIS MOI-
YEpKUBAHUS OJHUX AaHOMAJUU M CTIaXUBaHUA IpYrux. Takue ke MpUueMbl UCHOJb3YIOT MpU
00paboTKe MaHHBIX TPaBHPa3BEAKU. MOKHO OTMETUTH CIEAYIOIIHE OCOOEHHOCTH CIIOCOOOB
TparcopMaIii MAarHATHBIX aHOMaIHid. B crmoco0e BhIYUTaHUs W3 HAOIMIOJACHHOTO aHOMAIIb-
HOTO T0JISI BEIYUTAIOT T0JIE€ TE€OJIOTUYECKUX CTPYKTYp WM OOBEKTOB, HE UMEIOIINX OTHOIIIE-
HUS K PELIAEMOM Te0JIOTMYECKON 3a1ave. it 3TOro u3 JOMOJHUTEIBHBIX HCTOYHUKOB HAJI0
3HATh UX Te€OMEeTpUYEeCKre U (PU3NYECKHEe CBOMCTBA, PEIIUTh MpPSIMbIE 337aud U MOJTYyYCHHbIE
AQHOMAJIMU BBIYECTh U3 HAOIIOIEHHOTO noiisi. TpaHchopmannio HaOII0IEHHOTO aHOMAJILHOTO
MAarHUTHOTO IOJIS1 YaCTO MPOBOJAT € MOMOIIBIO YACTOTHOM CEJEKIIMH, KOT/1a pa3IesaoT aHo-
MaJjiuy C pa3sHOW MPOCTPAHCTBEHHOM YaCTOTOM: JJIMHHOIEPHUOJIHBIE aHOMAJIUHU COOTBETCTBY-
0T 00BEKTaM C OOJBIIMMH MOTIEPEUYHBIMU pa3MepaMy U TIyOWHAMH 3ajieraHus, a KOPOTKO-
MEPUOIHBIE — C MEHBIIUMHU.

[Tpu ycpenHeHNH aHOMAJIMHA 1O ONTHMAaJIbHO BBIOPAaHHOMY YHMCIY TOUYEK (ITMKETOB Ha-
OJIFOICHHS) MOYKHO TMOJYCPKHYTh aHOMAaJIUU TeM OOJBIINX pa3MepoB M TITyOWHBI, 4eM 00JIb-
e YruCJIO TaKUX TOUCK WU paanyC YCPpCAHCHUA.

AHaJIUTHYECKHUE TPOJOJKEHUS MOJEH, T. €. IEPECUETH B BEPXHEE U HMIKHEE MOJIYIIPO-
CTpaHCTBa, OOJIETYalOT KAYECTBEHHOE BBIJEICHHE PETHMOHAJIBHBIX U JIOKAJIBHBIX aHOMAJIHIl.
Hmest Habop KapT ¢ pa3HBIMH YpPOBHSMH (BBICOTaMHU U TITyOMHAMM) Iepecdera, MOXKHO BBI-
OpaThb Te, KOTOpPHIE B HAWIYyYIIeM (HArJISITHOM) BUJE OTPAXAIOT CTPYKTYPHl WA OOBEKTHI,
NPEeCTaBISAIONINE HauOONIbIINI UHTEepeC A pemaeMoi 3anaun. [loguepKUBaHUIO JIOKAb-
HBIX aHOMaJHH CIOCOOCTBYIOT BTOpbIE U BBICIINE MPOM3BOAHBIE MAarHUTHOTO MOTEHIIMAJIA.
[Tpu 3TOM BepTHKAJIbHBIE POU3BOIHBIC JIOKAIN3YIOT BEPXHUE KPOMKH BO3MYILAIOUINX 00B-
€KTOB, @ TOPU3OHTAJIbHbIE — WX OOKOBBIE IPAHULIBI U KOHTAKTHI.

[Tpu 06pabdoTke kapT rpaduKoB (KOPPEIAIUOHHBIX TUIAHOB) MArHUTHBIX M JPYTHX T'€0-
(1)I/I3I/I‘-I€CKI/IX a"HoManui HCIIOJIB3YIOT TAaKKC Pa3JIMYHBIC CTATUCTUUICCKHUEC MCTO/IbI.

Konuuecmeennaa unmepnpemayusa. OnpeneneHue TyOHHbI, pa3MepoB, TOYHOTO Me-
CTOIIOJIOKEHHSI, YIJIOB TaJIeHHUs] T€0JIOTHUECKUX TeJ, CO3/IaBUIMX MarHUTHBIC aHOMAaJIUH, SIB-
JISIETCST OCHOBHOM IIEJIBI0 KOJMYECTBEHHOW (PacdeTHOW) MHTEPHPETANH WA PEIICHUS 00-
paTHOM 3amaud MarHUTOpas3BelKH. MaremaTHyeckoe pelieHne OOpaTHOM 3aJayll MarHUTO-
pa3BeIKM HEOJJTHO3HAYHO, TaK KaK IT0XO0KUE aHOMAJIMH MOTYT OBITh CO3/1aHbl T'€0JIOTHYECKUMU
TeJIaMU pa3HoW (OpPMBI, pa3MEpOB M WHTEHCUBHOCTU HaMarHu4yeHus. J{ist oHO3HAUYHOW MH-
TepIpeTalui MArHUTHBIX aHOMAJIUI M, B YaCTHOCTH, MPUOJIMKEHHOTO ONpEAEICHUs pa3Me-
POB TeJl HEOOXOIMMO alPUOPHO 3HATh UHTEHCUBHOCTD U HAIIPABJICHHE HAMarHUYEHUS TE.

Cy1iecTByeT HECKOJIBKO METO/IOB PEICHUsI 00paTHON 3a7auul, MIPUMEPHO TaKHX )Ke, KaK
B rpaBupazBeqke. [IpocTednM U3 HUX SABISETCS METOJ XapaKTepHbIX Todek. s ero mnpu-
MEHCHHUS MCIOJB3YIOT TaK Ha3blBAGMble MHTEPIPETAlMOHHbIC mpoduin, T. e. rpaduku 472,
win AT, nonydeHHble HaJ YeTKUMH aHOMAJIUSIMU, HE OYE€Hb OCJIIOKHEHHBIMU BIIMSHHEM CO-
CeIHUX TeJI, KOTOpbIe MPOBOAAT BKpPECT NMpocTupanus aHoManuu. Mcxons u3 ¢hopmsl, 3HaKa
(st AZ3) u apyroit anpuopHOi MH(GOPMAIINH, BBISIBICHHBIC TCOJIOTHYSCKUEC OOBEKTHI all-
IPOKCUMHPYIOT MPOCTEHIINMHU IF€OMETPUUYECKUMHU MOJEISAMHU (CTEp)KEHb, LIap, BEPTUKAIb-
HBIN TUIACT, TOPU3OHTANIBHBIN IMIIMHAP U Ip.) OAHOPOJHO HaMarHW4eHHBIX Tel. Ha rpadukax
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AZy, AT, HaxomAT abCHUCCHI XapaKTEPHBIX TOYEK (MAaKCMMyMOM, TOJTYMaKCHMYMOB, MHHH-
MYMOB, HYJIEBBIX 3HAYeHUH 17151 AZ4 ¥ JIp.) ¥ C TIOMOIIBIO TIOJIYYEeHHBIX BbIie Gopmyir (3.13),
(3.14), (3.16), (3.17), (3.19), (3.21) wnmu aHANOTUYHBIX (OPMYI, B3SITHIX U3 CIPABOYHHKOB,
OTIPECIISAIOT TIYyOMHBI 3aJIeTaHHs] BEPXHUX KPOMOK MJIM LIEHTPOB M MAarHUTHbIE MOMEHTBI
AaHOMAJI000Pa3yIIUX 00BEKTOB. 3HAs MO M3MEPEHHsIM Ha oOpasiax |, MOXKHO OLEHHUTH KX
MoTNepeYHble pa3Mepsl Wik 00beMbl. Uem Oosbiie (hopmMa TeoJOTUUECKHE CTPYKTYP U Tl
npubImKaeTcs K (GopMe MPOCTEHIINX T€OMETPUUYECKUX MOJENEH, TeM HUXKE MOTPEITHOCTh
MOJIyYEHUsI PE3yNbTAaTOB MHTEpIpeTanuu, kKortopas moxer aocturate 20—30 %. bonbmoe
3HAYCHHE UMEET MCIOJIb30BaHUE BCEH T€0JOrnYecKor nH(popMaIuy 0 paiioHe UcCae0BaHUH,
YTO TIO3BOJISIET BHIOpaTh HANOOJEEe MPUEMIIEMYIO MOJIe]Th HAMATHUYCHHBIX TE.

B obmem ciydae, korga HewsBecTHa (opMa Tel, CO3JAIOIINEe MArHUTHBIE aHOMAJIHH,
OILICHKY TUIyOMHBI 3ajJleTaHusi BEpXHEH KPOMKHU MOXK-
HO TIONYYUTh METOJIOM KacaTelbHbIX. Ha rpadukax
AZ, npoBOAAT KacaTelbHbIC, MapajieabHbIe OCH X,
yepe3 MakCUMyM, MUHHUMYMBbI (€CIM OHHM €CTh), a
TaK)Ke KacaTellbHbIe BJIOJIb FPAHULl AaHOMAJIUH uepe3
Touku meperuda (puc.3.6). Jlanee HAXOAAT TOYKH
nepeceyeHus BceX KacaTeNbHbIX U ONpeAeNnsoT abc-
IIHCCHI TOYEK MEPEeCceUeHus X1, X1, Xp, Xo'. Ecniu Ha
KPUBOM MUHUMYMOB HET (aHOMaJIMH OJTHOTO 3HaKa),
TO 33 TOYKH X7 M X1 TPHHAMAIOT TOUYKY Iepecede-
HUSl HaKJIOHHBIX KacaTelbHBIX ¢ OChi0 X. [IpuOmum-
Puc. 3.6 [Ipumep MHTepIpeTanuy KpuBoii  JKEHHYIO TJTyOMHY 3aJIeTaHHsl BEPXHEH KPOMKH Tea,

4z,

)

X X

AZ3 METOIOM KacaTeIbHbIX CO3JAOLIEr0 JaHHYI0 aHOMAJIMIO, PACCYUTHIBAIOT 10
caexyromum Gopmynam:
h= (X]_ —Xz) /2, h = (Xl’ —Xz’) /2 (3.22

Cpennee apupMeTHYECKOE U3 JBYX MOJYYEHHBIX 3HAYeHHd N u cnyxut mis onenkn
rIIyOUHBI 3aJIeTaHusl BEpXHEeW KpoMKu Tena. B 3aBucuMocTu oT popmbl, MonepeyHbIx pazMe-
POB U TJIyOWHBI 3aJleraHus HCTUHHAS MOIIHOCTH MOXKET M3MeHAThes oT 0,5N, korma pasmepsr
Tes GoJblie TIYOUHBI UX 3aj1eranus, 10 1,50, eciau pasMepsl Tel MeHbILE MIyOUHBI UX 3ajle-
raHusl.

[Ipy HAMIMYMY CIIOXKHBIX aHOMAJIWH, 0OYCIIOBIIEHHBIX UHTEep(dEpeHIInel OT psaaa 00beK-
TOB, IPUMEHSIOT UHTETPALHBIE METOBI B KOTOPBIX MO TUIOMIAAM MO TpaduKaMu WA H30-
JUHUSMU aHOMaJIMi OLEHUBAIOT OOIIME MarHUTHbIE MOMEHTBI, LIEHTPHl BO3MYIIAIOIIUX
CTPYKTYp, a MHOTJA TIyOMHBI 3ajJeraHusi X BEPXHUX KPOMOK. C MOMOIIBIO CIIEIUAThHBIX
najeTok wm OBM Meromamu cpaBHEHUs WM 1TOA00pa HAOIIOJECHHYIO KPUBYIO CPaBHUBAIOT
¢ TeopeTHyecKor. Mcronp3ys anprHoOpHyIO reojoro-reopusnueckyio nHhopMaIuo, BEIOUpa-
10T WM PACCYUTHIBAIOT IPaQUKU aHOMAJIMH IS pa3HbIX MapaMeTpoB Mojaenu. Te u3 Hux, Ko-
TOpBIE JAIOT HaWIydlllee COBMAJCHHE, MPUHUMAIOT 33 BO3MOXHBIH BapuUaHT TI€OJIOTO-
reo(U3MUecKoro CTpOEHUS U3y4yaeMoro paiioHa.

3.4.8 Teonozuueckoe ucmonkosanue pe3yiomamos MazHUMopa3eeoKu

I'eonornueckoe UCTOIKOBAHKUE PE3yJIbTaTOB MATHUTOPA3BEIKH — OJUH U3 OTBETCTBEH-
HBIX 9TanoB HHTepnpeTanuu. OHO CBOJUTCS K PEIICHUIO TEX MM MHBIX I€OJOTHYECKUX 3a1a4
C INOMOIIbI0 KAaYECTBEHHONM M KOJIMYECTBEHHOW HHTEPIPETALMU PE3YJIBTATOB MAarHUTHOU
CBEMKH C MCIIOJIb30BAaHNUEM BCErO HMEIOIIEroCs MaTepualla O TeoJIorn4eckoM crpoenun. Ilpu
3TOM HEOOXOJMMO YCTAaHOBUTH CBSI3M MEXJY MarHUTHBIMUA aHOMAJUSMH U JIUTOJIOTUEH, TEeK-
TOHHMKOM, IIOJIE3HBIMU HCKOITAEMBIMH.
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CnoxxHOCTh TPOOJIEMBI TEOJOTHYECKOTO HCTOJNKOBAaHMS JAHHBIX MarHUTOPa3BEIKH
OOBSICHAETCS HEOJHO3HAYHOCTHIO M NPUOJIMIKEHHOCTBIO pEIIeHUs] OOpaTHOW 3alaud, Io-
CKOJIbKY TIPSIMBIE 3a/1a4l PEIICHBI JJIs1 HAMarHWYEHHBIX TeJ IMPaBHIBHOIN (OPMBI (CTEPXKEHB,
m1ap, 1miacT, HWIMHAP U MHOTHE JIp.), B TO BpeMs KaK peajibHble TeJla MOTYT CYIIECTBEHHO
OTJIMYATHCSI OT HUX. BTOpPBIM 3aTpyAHEHHEM NPH WHTEPIPETANH SBISETCS HEOOXOANMOCTh
OTIpeIeICHNs] MHTEHCUBHOCTH HAMarHWMYEHHs MOPOJ MO oOpaslam, YyTO HE BCErjga MOXHO
crenaTh 1ake mpuoOImKeHHo. HakoHer, HeoTHOPOIHOCTD M Pa3HBIN yroJl HAMarHM4YeHUs 10-
PO, BIUSHUE OCTaTOYHOIO HAaMarHW4eHUs JPEBHUX 3M0X M PAJ APYTUX NPUYHMH TaKKe CHU-
’KalOT TOYHOCTh MHTEpIpETanuu. Bce 3TO MpUBOAWT K TOMY, YTO YacTO OTPAHHMYUBAIOTCS
JUIIb KAa4eCTBEHHOW HHTEpIpeTanuedl, a Ha MOJYy4YeHHBIE KOJWYECTBEHHBIC MHapaMeTphl
CMOTPST KaK Ha MPHOIMKEHHBIE, JAfONIe BOZMOXXHOCTD JIMIIb OLEHUTh TIIyOUHY U pa3Mepsl
HaMarHMYEHHBIX TEIL.

ParponanbHbI KOMIIEKC MArHUTOPA3BEIKM C TPABUPA3BEIKON U JPYTrUMH reodusnye-
CKMMH METOJaMH (B 3aBUCUMOCTH OT T'€0JIOrO-Teo(PU3NIECKIX 0COOEHHOCTEH paiioHa nccle-
JIOBaHUI) MO3BOJISIET MPOBECTU I'€OJIOTMUECKOE MCTOJIKOBAaHUE PE3YNIbTAaTOB OOJiee TOYHO U
JIOCTOBEPHO.

349  Oébnacmu npumeHeHus MazHUMOPA36e0KU

MarnutopasBenky NpUMEHSIOT Ui poBeIeH s 00IIel MarHUTHOW CheMKHU Bcel 3eM-
JIM ¥ TIaJICOMarHUTHBIX MCCJIEAOBAaHUN; PENICHUS 3a/1ad PETHOHAIBHOW CTPYKTYPHOM T'€0JIO-
T'HH; TE€OJIOTHYECKOT0 KapTHPOBAHUS Pa3HBIX MACIITA0OB; MOMCKOB U Pa3BEAKH ITOJIE3HBIX
MCKOMAEMbIX; U3y4EHUS T€0JI0r0-reopu3nyecKux 0COOEHHOCTEN U TPEIIMHOBATOCTH MTOPOI.

Ycnosusa r¢pghexmuenozo npumenenua macnumopaszeedxku. baaronpusiTHbIMU YCIIO-
BUSIMU JIJI1 IPUMEHEHUSI MarHUTOPA3BEIKH SIBIISIIOTCS CIIEIYIOIHE.

1. Hannure ropu3oHTAIbHBIX MAarHUTHBIX HEOJHOPOAHOCTEH, T. €. U3BMEHEHUE Hamar-
HUYEHHOCTH T'OPHBIX IIOPOJ B TOPU3OHTAIIbLHOM HAIIPaBICHUU, IPOUCXOIAIIEE HA BEPTUKAIIb-
HBIX WA CyOBEPTUKATHHBIX OOKOBBIX TPAHHUIIAX T€OJIOTHUECKUX CTPYKTYP.

2. locratouHast 000CHOBAaHHOCTh (TEOPETUYECKH, HA OCHOBE alpUOPHBIX JaHHBIX WIN
HKCIEPUMEHTAIBHO, T. €. C MOMOIIBIO OMBITHBIX PadOT MM W3YYEHUS MaTepUaOB paHee
MPOBOAUMBIX MArHHUTHBIX C'LGMOK) BO3MOXHOCTH PCIICHHUA IMOCTABJICHHBIX I'COJIOTMYCCKUX
3a/1ay UMEIOIIEHCS almapaTypor U parfioOHAIbHON CHCTEMOM HAOIFOACHMS.

3. IlpeBbimieHue B 3 — 5 pa3 aMIUIMTYAbl aHOMAaJUW YPOBHA amnmapaTypHO-
METOJNYECKUX OTPELIIHOCTEM.

4. Hannuue JOMOTHUTEIBHON Ie01oro-reou3nyeckon u nerpohuzndeckoit (MarHuTo-
METPUYECKOI) MHPOPMAIIMK O CTPYKTypax I MpOBEAeHUs 0ojiee OAHO3HAYHOM MHTEpIIpe-
Taluu.

Oowaa mazHumnasa cvemka 3emau u naieomazHummuvle ucciedosanus. Cyuly u
OKe€aHbl 3eMJIM MOKPBIBAIOT OOIIMMH, KaK MPABUIIO, adpO- U THAPOMATHUTHBIMU ChEMKaMHU
pa3HbIX MacmTaboB. [0 MaHHBIM 3TUX CHEMOK CTPOST KapThl aHOMAJIWW MArHUTHOTO TTOJIS
KPYIHBIX peruoHoB U Bced 3emiuu. OCHOBHOE Ha3HAu€HUE OOIIMX MArHUTHBIX CHEMOK —
MPOBEICHUE TEKTOHUYECKOTO PAMOHUPOBAHUS, TMO3BOJISIONIEE OMPENCTUTh KOHTYPHI KpYI-
HBIX CTPYKTYPHBIX AJIEMEHTOB 3€MHOM KOpHI: TUIAT(HOPM, T€OCHHKIMHAIBHBIX 00JIacTel, OT-
JIeTBHBIX OJIOKOB, TITYOMHHBIX Pa3JIOMOB, TEKTOHMYECKH aKTUBHBIX oOnacted. Pemenue me-
PEUHCIICHHBIX 3aJ1a4 MPOBOJST B KOMIUIEKCE C TPABUPA3BEAKON U YTOUHSIOT ceiicMopa3Be-
koi. OOImKe MarHUTHBIE ChEMKHU TIO3BOJISIOT PEIIaTh 3a7a4M, CBSI3aHHBIC CO CTPOCHHUEM 3EM-
HOW KOPBI B TUTOC(HEPHI, a TAKXKE CIYXKaT JUIsl PEIICHUs] TAKUX TEOPETUYECKHX 3a]ad T'eoJIo-
TUH, KaK IPOUCXOXKJICHNE U PA3BUTHE 3€MJIM U €€ CTPYKTYPHBIX 3JIEMEHTOB, U3yUEHHUE XapaK-
Te€pa MarHUTHOTO MOJIsi HA TOBEPXHOCTH U Psijia IPYruX 3aad.
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Casi3aHbI ¢ OOIIMMH MarHUTHBIMU Ch€MKaMU Bcel 3eMIIH U MajleOMarHUTHBIE UCCIIEI0-
BaHus. [laneomarnuTHble Mccaen0BaHus (ONpeAEIeHNE MAarHUTHOTO MOJs 3€MIIM B OTJAJIEH-
HbIE T€0JIOTUYECKUE ITOXHM) OCHOBAHbI HA U3YUYEHUU OCTATOYHOTO HamMarHuyeHus nopoj. Kak
OTMEYaJIOCh BBIIIE, TIOPOABI, CoJepKalue GpeppoMarHuTHbIe MUHEpabl (MarHEeTHT, THTAHO-
MarHeTuT, reMaTuT, MUPPOTHH), 00IagatoT (GeppOMarHUTHBIMH CBOMCTBaMH, T.€., HAMAarHu-
TUBIINCH B MarHUTHOM TI0JI€ 3eMJIM B MOMEHT CBOET0 OOpa3oBaHMs, OHM CIIOCOOHBI cCOXpa-
HATh MarHUTHBIE CBOMCTBA JOJIFO€ BPEMsl, HECMOTPSI HA U3MEHEHUE MHTEHCUBHOCTU U JaXe
3HaKa BEKTOpA HaNPsSYKEHHOCTU MarHUTHOTO I0JIs B paliOHE, TJI€ OHHU 3aJIETAI0T.

N3y4ast najeoMarHUTHBIE CBOMCTBA IOPOJIbI, MOXKHO CYIUTh O XapaKTepe, NHTEHCHUB-
HOCTHU U HaIpaBJICHUU MarHUTHOI'O MOJIs 3eMJIM B MOMEHT UX 00pa30BaHUs, €CIIM €CTh JI0Ka-
3aTeIbCTBA TOIO, YTO OCTATOYHASI HAMAarHUYEHHOCTD MTOPOJ HE U3MEHWIACh (HampuMmep, u3-3a
M3MEHEHMsI COCTaBa, IeperpeBa) Uik He HapyIlIeHO UX 3ajleraHue (Hampumep, 13-3a TEKTOHU-
4yecKHx rnepemMerienuii). Ecimu nogo6Hble u3MepeHus MpoBeCcTH Ha OOJBIIOM YHUCIIE OJHOBO3-
pacTHBIX 00pa3LoB, MOXKHO ONPEACINTh HAU0OJIEe BEPOATHOE MOJI0KEHNE MArHUTHBIX TOJIO-
COB 3eMJIM B COOTBETCTBYIOIIYIO I'€0JIOTHYECKYIO AMOXY. TEeOpeTHUecKre U IKCIIEPUMEHTAIIb-
HBIE MCCIIEOBAHUS IOKA3BIBAIOT, YTO CPEIHEE MOJI0KEHUE T€OMarHUTHOTO IOJIFOCA IS IIPO-
MEXYTKOB BPEMEHH, UCUUCIISIEMBIX COTHSIMU THICSAY JIET, IOJKHO COOTBETCTBOBATH I10JIOXKE-
HUIO TeorpauyecKkoro moirca, T. €. yKa3blBaloT Ha MOJI0)KEHUE OCH BpaILleHHs 3eMJIH.

B pe3ynbrare maneoMarHuTHBIX HCCIICIOBAHUIN CCIaHbBI CIICIYIONINE BHIBOIBI.

1. MecTomnonoxeHus MoICcoB 3eMITH, ONIPEACIICHHBIE TT0 00pa3liaM OJHOTO BO3pacTa,
HO B3STBIM C pa3HbIX KOHTHHEHTOB (EBpoma, Amepuka, ABCTpanus), paziudaroTcs TEM
OoJbiiie, yeM OoJbIe Bo3pacT mopoa. Takue pa3audusi 0OBSICHSIIOTCS TOPU30HTAIBHBIMU Tie-
pEMEIICHUSIMIA KOHTUHEHTAIBHBIX MAacc, YTO MOJATBEPKIACTCS W MaJCOKIMMATUICCKUMU
naHHbIMU. [lo3TOMy maneoMarHUTHbIE JaHHbBIE MIMPOKO MCTOJIB3YIOTCS AJI PEKOHCTPYKIIUU
MOJIOKEHUSI KOHTUHEHTOB B PA3IMYHbIC T€OJOTUIECKUE ITOXU..

2. HampaBiieHue OCTaTOYHOW HAaMarHU4EHHOCTH TOPHBIX MOPOJ B 3aBUCHMOCTH OT HX
BO3pacTa WHoOTrAa pasnuyaercs Ha 180°, yTo CBA3aHO ¢ MEPUOAMYECCKUMHU JOCTATOYHO OBICT-
PBIMHA U MHOT'OKPAaTHBIMH U3MCHCHHUAMHA 3HAKA MArHUTHOI'O ITOJIS UJIN HHBepCHGfI II0JIX0OCa Ha
180°. Hanmpumep, B COBPEMEHHYIO MarHUTHYIO 3MOXY, JUIMTEILHOCThIO 0KOJIO 0,7 MIIH. JET,
CYILIECTBYET M0JI€, KOTOPOE YCIOBHO CUUTAIOT MOJIOKUTEIBHBIM, a B TEUEHHE MPEabIayIiero |
MJIH. JIET TIOJISIPHOCTH OblJIa OTPHIATEIILHOW. DTUM OOBSCHSAIOT HAOIIOJECHHYIO OOpaTHYIO
HaMaron4€HHOCTb T'OPHBIX TOPOJ PAa3HOT'O BO3pacTa.

4. B pe3ynbprare MarHUTHBIX CHEMOK OKEAHOB BBISIBICH CHECHU(PUUCSCKHA JTMHEWHBIH
3HAKOIIEPEMEHHBIN XapakTep aHOMAJIMM MAarHUTHOIO IOJISI OKEAHWYECKOIo JHa BIOJb Cpe-
JTUHHO-OKEaHNYeCcKUX XpeOToB. Takoil xapakTep reOMarHUTHOTO TOJS CBSI3aH CO CIIPEIMH-
TOM — HOBOOOpPAa30BaHHWEM OKEAHCKOW JTUTOC(HEphl B OCEBBIX 30HAX CPEAMHHO-OKCAHHMUYECKUX
XpeOTOB U €€ pa3IBUKEHUEM B CTOPOHBI OT XpeOTa cO CKOPOCTHIO HECKOJIBKO CAHTUMETPOB B
TOJI.

Pecuonanvnasa cmpykmypunasa 2eonocus. B xoMmiuiekce ¢ rpaBUpa3BeIKON U ceiicMoO-
pa3BeAKONM MarHUTOPA3BEAKY NPUMEHSIOT JJIA LeJIed I€OTEKTOHUYECKOrO pallOHUPOBaHMS,
T.€. KAPTUPOBAHUSA TAKUX PErHMOHAIBHBIX CTPYKTYp, KaK KpacBble MEXIOPHbIE MPOTUOBI, aH-
TUKJIMHOPUHU U CUHKIMHOPHUH, 30HbI PA3JIOMOB, CBOJABI U BMAJWHBI KPUCTAJUIMUECKOTO (PyH-
namenTa. Kpome Toro, MarHuTopa3BeKy MCIOIB3YIOT IS OLIEHKHU (PU3MUECKUX CBOICTB, CO-
CTaBa U CTpoeHUs (yHIaMEHTa, KapTUPOBaHUS HE(TEra30HOCHBIX CTPYKTYp, pailoHOB COJIs-
HOKYIIOJIbHOW TEKTOHUKH U PEIICHUs IPYTUX 3ajad.

AHOMaITbHbIC MATHUTHEIE TIOJI B 3HAUYUTEIHHON CTETIEHU OMPEENSIIOTCS TITyOHHOHN 3a-
JIETaHUS U COCTAaBOM KPHUCTANTMYECKOro (hyHJaMeHTa M U3BEP>KEHHBIX MOPOJ, T.K. IPKO BBI-
PaKCHHBIMH MAarHUTHBIMH CBOMCTBAMU OO0JIa[Ial0T MarMaTU4ecKue U MeTaMoppUIECKUe 1o-
ponbl. B palioHax ¢ MOIIHBIM Y€XJIOM OCAJOYHBIX OTJIOKEHUH, KaK MPaBUIO HEMarHUTHBIX,
MarHuTHOE TOJIe CIIOKOIHO. XapaKkTepHa TeCHas KaueCTBEHHAs CBsI3b MArHUTHBIX U TPaBHUTA-
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ITMOHHBIX aHOMAJIMI: MECTOITOJIOKECHHE, TPOCTUPAHKUE B 00IIast (hopMa ITUX aHOMAJIMH JaIle
Bcero coBnanarT. OHAKO, B OTJIMYUE OT I'PABUTAIMOHHBIX, MATHUTHBIC AHOMAJIUU B 0OJIb-
IICH CTEIICHH 3aBUCAT OT MarHUTHBIX CBOMCTB M COCTaBa MOPOJI, YeM OT IIYOMHBI 3aJIeTaHus
1 GOPMBI CTPYKTYD.

T'eonozuueckoe kapmupoeanue pazuvix macuimaoos. Ilpu menko- u cpegHemMacTad-
HOM T'€0JIOTHYECKOM KapTHPOBAHUHM B HACTOSIIEE BPEMs IIMPOKO MPUMEHSIOT a3pOMarHUTO-
pa3Benky. C TOMOIIBIO HA3eMHBIX MAarHUTHBIX HAOJIONCHUN BEAYT KaK KapTHPOBOYHO-
MTOMCKOBBIC, TaK M MOMCKOBO-Pa3BEIOYHBIC W Pa3BEIOYHBIC CheMKH. KapThl aHOMaNHH Teo-
MarHUTHOTO TI0JIs, KaK MPaBHJIO, YKA3bIBAIOT HA (POPMY U MECTOIOJIOKEHHUE TIOPOJ] C Pa3HbI-
MH MarHMTHBIMH cBoO#cTBaMH. OCOOEHHO YETKO BBISBIISIIOTCS KOHTAKThI OCAJOYHBIX M Mar-
MaTHYECKUX MOPOJ (110 HAHOCAMH ), TJIYOMHHBIC Pa3jIOMbI, C KOTOPBIMU YaCTO CBSI3aHO BHE-
JPCHUE MarHUTHBIX TIOPOJI, KPYITHBIE KEJIe30PYTHBIC MECTOPOXKICHHUS, MECTOTIOJIOKEHUS UH-
Tpy3uil pa3sHoOro coctaBa u 3((y3UBHBIX KOMILICKCOB. MaTepuaabl MarHUTHBIX ChEMOK HC-
MOJIB3YIOT B KQ4eCTBE OCHOBBI JIJISI PAIlMOHAILHOMN IMOCTAHOBKH T'€0JI0T0-ChEMOYHBIX M TTOHC-
KOBBIX paboT.

Iloucku u pazeeoka none3nvix uckonaemwix. Ilovcku u pa3Beaka xene30pyAaHbIX Me-
CTOPOXKJICHUH—3ajlaya, Jydllle BCEro pelraeMas MarHuropasBenakou. McciaegoBanus Hauyu-
HAIOT C IIPOBEICHUS a3POMArHUTHBIX CheMOK. JKene30pyaHble MECTOPOXKICHUS BBIICISIOTCS
WHTCHCUBHBIMH (COTHHU M TBHICSIYM HAHOTEC) aHOMAJUAMHM. JleTanu3anuio aHOMaJIMi MPOBO-
AT Ha3eMHOM CheMKOM. [Ipu 3TOM BeAyT HE TONBKO KaYECTBEHHYIO, HO U KOJIMYECTBEHHYIO
uHTepnpeTamnuio. Hanbonee OmaronpusTHBI I pa3BEIKH MarHETUTOBBIC PYIbI, MEHEE WH-
TEHCUBHBIMH AaHOMAJIUSIMH BBIJICISIOTCSI TEMAaTUTOBBIE MECTOPOKICHHUSL.

MarnuTtopa3BeKy MPUMEHSIOT MPU MOMCKAaX TAKUX MOJIE3HBIX MCKOMAEMbIX, KaK MOJU-
MeTaJJIN4YeCcKe CylIb(QUAHbIE, MEIHO-HUKEIIEBbIE, MApTaHIIEBbIE PY/Ibl, OOKCUTHI, POCCHITHBIE
MECTOPOXKICHHS 30J10Ta, TUIATHHBI, BOJIb(ppama, MOIUOAeHa U Ap. ITO OKA3BIBACTCS BO3ZMOX-
HBIM OJiarofapsi TOMy, 4TO B pyJax B KauecTBE MpUMeceil yacTo conepkarcs ¢peppoMarHur-
HbIC MUHEpaJbl WM K€ OHU CaMH 00JIaAar0T MOBBIMIEHHOW MarHUTHOW BOCIPUUMYHBOCTHIO.
Xoporiue pe3ynbTarhl MOJy4YaloT HHOTJA IPU pa3Bellke KUMOEPIUTOBBIX TPYOOK, K KOTOPBIM
IPUYPOYEHBI MECTOPOKACHMS aaMa3oB. Y CIENIHOE NPUMEHEHHE MAarHUTHOM CBEMKH JUIS
Pa3BEAKHU MIEPEUYUCIICHHBIX BBIIIE PYZ 3aBUCUT HE TOJIBKO OT MarHUTHBIX ITApaMETPOB Py, HO
U CBOICTB OKpy’Karolux nopoa. MHoraa Bmemaromuye nopoasl UMEIOT HETOCTOSHHBIE U T10-
BBIIIEHHbIE 3HAYEHHS] MAarHUTHOM BOCHPUMMYUBOCTH U 3()PEKTUBHOCTH MArHUTOPA3BEAKU
PE3KO CHUKAETCA.

H3zyuenue zeonozo-nempozpaguueckux ocodeHHocmell mpeuwjuHoeamocmu nopoo u
peuienue opyzux 3adauy. VI3ydeHnue reojoro-neTporpadudeckux 0coOEHHOCTEH U TPEIINHO-
BaTOCTU MOPOJ MOKHO BBITIOJHSATH C MIOMOIIBI0O MUKPOMAarHUTHON CheMKU. DTOT METOJ MpH-
MEHSIIOT JJISi Te0JO0ro-neTporpaduuecKux MCCIeIOBaHUN MOPOA Ha HEOOJBIIMX STaJIOHHBIX
yuacTkax. J{7s 3TOro mpoBOAST CTaTUCTHYECKYI0 00paboTKy KapT u3oauHaM. Kaxayio uzo-
JMHUIO pa3OUBaIOT HA OTPE3KU JUTMHOM 5—10 MM U onpenensioT HarpaBlieHHe (a3UMYT) Ka-
’KJIOTO OTpe3Ka. 3aTeM MOACUYUTHIBAIOT YUCIIO OTPE3KOB C OJMHAKOBBIMU a3UMYTaMH U CTPOSIT
pO3bI HampaBieHus u3onuHaM. [1o 1aHHBIM HEKOTOPBIX HCCIIEAOBaTeNeii, OHU COBMAIAIOT C
pO3aMu TPEIIMHOBATOCTU. JTO CBSA3aHO C BO3JCHCTBUEM TEKTOHMYECKHX HAIpPSKEHUN Ha Ha-
MarHM4eHHOCTh MopoA. IlocTpoeHne po3 M30AMHAM MO JAHHBIM MUKPOMAarHUTHOW ChEMKHU
MO3BOJIET OLICHUTh TEKCTYPY, CIAHIIEBATOCTh, YCIOBUSA 00pa30BaHUs MarMaTHYeCKUX MOPO/I,
a TaK)Ke COCTaB U CTPOCHUE YETBEPTHUHBIX OTIIOKEHUIH.

Marauropas3BeiKy IPUMEHSIOT Ul PEIIEHUS HEKOTOPBIX MHKEHEPHO-I€0JOTNYECKUX
3aja4 (KapTUPOBAaHUE CKAJILHOTO OCHOBAHMS, OINpE/eICHNEe CKOPOCTEH NBHXKEHHUS OMOI3HEH
10 CMEILLEHUIO N30JIMHUM C MATHUTHBIMU pENIEpaMU B HUX U Jp.). BEICOKOTOUHBIE 1eTanbHbIE
CHEMKH HCIOJIb3YIOT apX€OoJIOrH AJisi OOHApY>KEeHUs CTeH, (yH/IaMEHTOB, PBOB, KaHAJIOB, OYa-
T'OB U JIPYT'HX 00bEKTOB, HAMarHM4E€HHBIX B YCIOBUAX BO3JEHCTBHS TEMIIEpATyp.
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I'maBa 4 IJIEKTPOPA3BE/IKA

DnekTpopasBeka (AJIEKTpUIECKas, WIM TOYHEE JIEKTpOMarHuTHas pa3Benika) 00benu-
HSCT (PU3NYECKHE METO/bl MCCIIeAOBaHUs reocdep 3eMiH, MOMCKOB U Pa3BEIKU IOJIE3HBIX
HCKOITAaeMBIX, OCHOBAHHBIC HA W3YUCHHH DJICKTPOMArHUTHBIX TOJIEH, CYIIECTBYIOMIUX B 3eM-
JIC B CUJTy €CTCCTBCHHBIX KOCMHUYCCKUX, aTMOC(l)CpHBIX 1501050 (1)I/ISI/IKO-XI/IMI/I‘-ICCKI/IX nmponeccoB
WIN CO3JIaHHBIX UCKYCCTBEHHO. DJIEKTPOMATrHUTHBIE TTOJISI MOTYT OBITh:

1) yCTaHOBUBIIUMHUCS, T.C. CYIICCTBYIOIIUMH CBbIIIE | C, MOCTOSHHBIMH U TIEPEMEHHBIMU
(rapMOHUYECKMMHU WJIA KBa3UTAPMOHUYECKUMHM ) YaCTOTOU OT Musuurepir (1 ml=10" I') no
nerarepir (1 HFu=1015 I'm);

2) HEYyCTaHOBUBIIUMHUCS, HMITYJIbCHBIMH C JUTUTEILHOCTHIO HMITYJICOB OT MUKPOCEKYH]I J10
cekyH/. Vcronp3yemple TapMOHUYECKHE TOJIST MOYKHO pa3ieuTh Ha MH(PPA3BYKOBHIE, 3BYKO-
BbIC, PAIMOBOJTHOBBIC, H3Y4aeMbIC B 3JIEKTPOPA3BEKE, U MUKPOPAIUOBOIHOBBIC, HA KOTOPBIX
OCHOBaHBI METOJIbI TepMOpa3Beaku (cM. TI1. 6). U3mepsieMbIMU MTapaMeTpamMu MOJs SIBISIOTCA
aMILTATYbI U (a3l ANEKTPUIECKUX £ m MarHUTHBIX /1 mosel, a mpu TepMopa3BeaKe—TeM-
nieparypsl 1.

WHTEHCUBHOCTD M CTPYKTYPY €CTECTBEHHBIX MOJIEH OMpeneNsioT NPUPOAHbIE (PaKTOPHI
Y 3JIEKTPOMAarHUTHBIE CBOMCTBA TOPHBIX MOPOA. Il MCKYCCTBEHHBIX IOJIEH OHA 3aBHCHUT OT
3THUX K€ CBOMCTB TOPHBIX MOPOJ, MHTEHCUBHOCTH U BUJa UCTOYHHUKA, a TAaKXKe CIIOCOOOB BO3-
Oyxnenus. [locnennue ObIBalOT raJibBaHUYECKUMH, KOTJa IMoJjie B 3eMiie CO3Jal0T C IOMO-
IIbI0 TOKA, IPOITYCKAEMOI'0 Yepe3 IIEKTPOAbI-3a3EMIINTENN; NHIYKTUBHBIMHU, KOTJa MUATA0-
UM TOK, MPOXO0/s N0 HE3a3€MIIEHHOMY KOHTYpY (TETis, paMKa), CO3AeT B CPEAE IEKTPO-
MarHMTHOE IOJI€ 3a CYET UHIYKIUH, U CMEIIAHHBIMH (TaJIbBAHUYECKUMU U UHIYKTUBHBIMH).

K anekTpoMarHuTHBIM CBOMCTBAM TOPHBIX MOPOJ OTHOCATCS YAEIBHOE IEKTPUUYECKOE
CONPOTHMBIICHUE p, BEIMYMHA, € 00paTHas,—yIebHas dIeKTpornpoBoanocts (y = 1/p),
AIIEKTPOXUMHUYECKAsI aKTUBHOCTD ¢, OJSIPU3YEMOCTb #] , IUAIEKTPUYECKAsl &€ U MarHUTHas U
IPOHUILIAEMOCTH, & TAKKE MbE30IEKTPUIECKHE MOAYIH 0. DIEKTPOMArHUTHBIMU CBOMCTBA-
MU T€0JOTMYECKHX Cpell U UX T€OMETPUUYECKUMH MapaMeTpaMy ONPEIENISAIOTCS T€0IEKTPU-
yeckHe paspesbl. ['eosnekTpuueckuil pa3pe3 OAHOPOJHOIO MO TOMY WM MHOMY 3JIEKTpOMar-
HUTHOMY CBOMCTBY IOJIYIPOCTPAHCTBA MPHUHATO Ha3bIBaTh HOPMAJIbHBIM, & HEOJHOPOIHOTO
— aHOMAJIbHBIM.

H3meHeHne riyOMHHOCTH 3JEKTPOPa3BEIKU JOCTHTal0T M3MEHEHHEM MOIIHOCTH HC-
TOYHHKOB M CIOCO00B co3zgaHus mosst. OJHAKO €0 MOXHO YIPaBIATh TAaKXKe JAUCTaHIIMOH-
HBIMHU ¥ YaCTOTHBIMH NpueMaMu. CyIIHOCTh JUCTAHIIMOHHOTO MpHeMa YBEIMUYEHUs TIyOuH-
HOCTH CBOJMTCS K YBEIIMUEHUIO PACCTOSHUS MEXKTy UCTOUHUKOM TIOJISl U TOYKAMH, B KOTOPBIX
€ro U3MEpSAIOT. DTO MPUBOJIUT K YBEIMUEHUIO TTYOMHHOCTH Pa3BEIKHU, TaK KaK yBEIMYHUBaECT-
cs1 00BeM cpelibl, B KOTOPOH I0JIe pacpOCTPAHSAETCS, a €r0 UCKAKEHUE TTyOMHHBIMU HEOJ-
HOPOJHOCTSIMH IMPOSBIISETCS HAa OOJBIIUX PACCTOSHUSAX OT UCTOYHMKA. YaCTOTHBINA MPUHIUI
YBEJIMUYEHUS TTyOMHHOCTH OCHOBAaH Ha CKHH-3((}eKTe, T.€. MPUKIUMAHUH TOJISI K TTOBEPXHO-
CTU 3eMIIM B CJIOE€ TEM MEHBILIEH TOINIIMHBI, YEM BBILIE YaCTOTa rapMOHMYecKoro mojus f u
MeHbIe Bpems  mpu ummynscHOM co3gaHuu noiiss. Hao6opoT, uem MeHbIe yacTtoTa, O0bIine
nepuon konebanus 1=1/f nu Gonpme Bpems pacnpoctpanenus (nuddys3un) mons, Ha3bIBaec-
MOTO TaK)Ke BPEMEHEM CTaHOBJICHUS MOJIS WIK NEPEXOAHOT0 Ipolecca, TeM OoJblie TiIyOnH-
HOCTb pa3BelIKU. B 11e10M IIyOMHHOCTB 3JIEKTPOPa3BEIKU HU3MEHSETCS OT JECSATKOB KUJIO-
METpPOB Ha WH(QPAHU3KUX YaCTOTaX OO JECATKOB CAHTHMETPOB HA YACTOTaX TUTarepiibl
(I'Ti)}—retparepust (TT1x).

B 1a6n. 4, 5 npuBenens! ¢hu3uvecKas U 1eneBas (MPUKIAIHAS) KIACCU(PUKAIIMA METO-
JIOB 3JIEKTpOpa3Beaku. BeiencTsue MHOrooOpasus MCIOJIb3YeMbIX MOJeH, CBOHCTB TOPHBIX
MOPOJI ANEKTPOPa3BEAKA OTIMYAETCS OT APYTUX reoPU3NYECKUX METOA0B OOJBIIUM YHCIOM
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(ceime 50) metomoB. MIX MOXKHO CrpyHIIMpPOBaTH B METOJIBI €CTECTBEHHOTO MEPEMEHHOTO
QJICKTPOMArHUTHOT'O TIOJIsA, I'€O JJICKTPOXUMHUYCCKHUC, COHpOTHBHCHHﬁ, QJICKTPOMArHuTHBIC U
PaZAMOBOIHOBBIE 30HIMPOBAHUS U MPO(PUINPOBAHNUS, THE303JEKTPUUECKUE, PATUOTOKAIIMOH-
HbIC 30HIMPOBAHMS, a TAKXKE PAAUOTEIUIOBbIC, HH(PPAKPACHBIC M CIIEKTPOMETPHUECKHUE ChEM-
KM, KOTOpPBIE XOTS U IPUHATO OTHOCUTH K TEPMOPA3BEAKE, HO MO MPUPOJIE MOJIEH, METOUKE U
TEXHHUKE U3MEPEHUN OHM OJIM3KH K DJIEKTPOPA3BEJIKE.

Tadoauna 4. @uzndeckasi Kiaccupukamusi METOI0B JIEKTPOPa3BeIKH

YacroTa N3yuaemslii mapamerp OpHUeHTHPOBOY-
Bun mznyuenus Hasi TITyOUHHOCTB,

f |g f oA OpoJ M
1Ml -3 NudpassykoBoe HE pLo 1000
1T 0
1« 3 3ByKOBOE E p 100
1 MI'u 6 PaMoBOIHOBOE HE d p, e u 10

11Tk 9 MukpopaIuoBOIHOBOE HT 10

OnexTpomar-
1TTn 12 Nudpaxpacnoe OtpaxxaTtenbHas HHTHBIH, TEILIOBOH,
CIOCOOHOCTH o 1

11T 15 OnTuueckoe ONTUYCCKUU

Taoaunna S. HeneBas k1accuguKanusa MeTOI0B JIEKTPOPa3BeIKH

Bux pabor
Meton PErMOHAIbHBIE HWHYKEHEPHO-
pa3sBeOYHbIE | TMAPOTEOIOTHYECKUE
EctecTBeHHOTO NEpEeMEHHOT0 MOJIS +++ + +
['eonnekTpoxuMHUYECKHE + +++ ++
Conporupnenuit + ++ +++
ONeKTPOMAarHuTHOE  30HAMPOBAaHHE | ++ ++ ++
npodunupoBanue
IIbe303nexTpryecKuit — +++ +
PagnoBonHOBOE 30HAMPOBAaHUE U MPOGU- —_ ++ ++
JIMpOBaHHE
PannonokaninoHHOE 30HIUPOBAHKE — + +
Pagnorennosoit + + +
HudpakpacHas U CIEKTPOMETpHYECKAs + + +
CBEMKHU

HpuMedanue: «+», »++» «+++» — manas, cpeuss, 6ONbIIAsA CTENEHD TPUMEHUMOCTH COOTBETCTBEHHO.
[To obmeMy CTpOCHHUIO M3Yy4aeMbIX T€OJICKTPUUECKHX Pa3pe30B METOIbI dJIEKTPOpa3-
BCIKU IIPUHATO TOAPA3ACIIATH:

a) Ha 30HAMPOBAHUS, KOTOPBIE CIYXKaT Ul paCwWICHEHUsI TOPU30HTAIBHO (MM II0JI0TO)
CJIOMCTBIX Pa3pe3oB;

0) Ha mpodrIMpoBaHUsA, NMPETHA3HAUYCHHBIE ISl U3YYCHHUS KPYTOCIOHCTHIX pa3pe30B
WIJIN BBISABIICHUA JIOKAJIbHBIX 06’LCKTOB;

3) Ha moa3eMHbIe, OOBEAMHSIIONINE METOIBI TSl BBISIBJICHUS HEOJTHOPOIHOCTEH MEXITy
TOPHBIMHU BBIPaOOTKaMH U 36MHOM MTOBEPXHOCTBIO.

DNeKTpOpa3BeIKy ¢ TOW MW WHON 3(P(HEKTUBHOCTHIO MPUMEHSIOT JJIS PEIICHUS TIpaK-
THUYECKU BCEX 3ajay, JUIsl KOTOPBIX UCHOIB3YIOT U ApYyrue reopuznyeckre MeToasl. B vact-
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HOCTH, C ITIOMOIIbIO €CTECTBEHHBIX IMEPEMEHHBIX MOJEH KOCMUYECKOIO MPOUCXOKACHUS pas-
BE/BIBAIOT 3eMHBbIE Helpa A0 MIyOuH okojo 500 KM M BeAyT M3yueHHE OCAJOYHBIX TOJIII,
KPUCTAJUIMYECKUX TOPOJ, 3€MHOM KOPBI, BEpXHEH MAHTUM. DJIEKTPOMArHUTHBIE 30HIUPOBA-
HUS WUCIOJB3YIOT MPHU TIIYOWHHBIX M CTPYKTYPHBIX HCCIICOBAHMSIX, IMOMCKaX HEPTH U Tasa.
DneKTpOMarHUTHbIE TPOGUINPOBAHUS IPUMEHSIOT MPU KAPTUPOBOUYHO-TIOMCKOBBIX ChEMKaX,
MOUCKAX PYAHBIX, HEPYAHBIX MOJIE3HBIX MCKOMAEMBIX U Yriisi. ManoriayOHHHbIE 3JIeKTpoMar-
HUTHBIE  30HOUPOBAaHUS W NPOPUIMPOBAHUSA  MCIONB3YIOT  NpPU  HHXKEHEPHO-
TUAPOTeOIOTUYECKUX MCCIEN0BAHUAX U OXPaHE T'€0JIOTMUECKON Cpelipl, a MOA3EMHbBIE METO-
JIbI CITYy>KaT JUIsl Pa3BEJIKU PYAHBIX MECTOPOKACHUM.

[To TeXHOJOTMH W MeCTy MPOBEACHUS PabOT pa3zINyaloT a’dpPOKOCMHUYECKHE, MOJIEBbIE
(Ha3eMHBbIE), aKBaTOpUAJIbHbIE (MOpPCKHE, PEYHBIEC), MOJ3EMHbIC (IIAXTHO-PYAHUYHbBIE) U
CKBaKMHHBIE (MEKCKBaXKHMHHBIE) METOBI JIEKTPOPA3BEIKH.

4.1 Puzuko-MareMarTH4ecKHe U reoJIOrH4ecKue OCHOBBI
3JIEKTPOpPa3BeIKH

dusnko-mMaTeMaTHUeCKasi TEOPUs IJIEKTPOPaA3BEIKU 0a3UpyeTcss Ha TEOPHH DIIEKTPO-
MAarHuTHOTO IIOJISI ¥, B YaCTHOCTH, HAa TEOPUU ITOCTOSIHHBIX U IEPEMEHHBIX JIEKTPOMAarHuT-
HbIX nojiei. [1o100HO TOMY Kak B OCHOBE TEOPUHU I'PaBU- U MAarHUTOPA3BEIKHU JIEKAT 3aKOHBI
Hrrotona u Kynona, B 0CHOBE TEOpHUM 3JIEKTPOPA3BEIKU JIexKaT ypaBHeHU Makcseinna. Eciou
re0IEKTPUUECKUI pa3pe3 N3BECTEH, TO € MOMOLIbI0 JU(PepeHIMaIbHbIX YPaBHEHUH, MOTy-
YaeMBIX U3 CUCTeMbl ypaBHEHUN MakcBena, U (pU3MUeCKuX YCIOBHM pEIIaloT MpsiMble 3a1a-
YK JIEKTPOPA3BEAKH AJIA psfa (PU3NKO-Te0JOrMYECKUX MOJENeil cpelpl, T.e. MOJy4yaroT aHa-
JIUTUYECKHE BBIPAXKECHUS JJI T€X WIM MHBIX KOMIIOHEHTOB I10JIs HaJl TAKUMU MojesaMu. Eciaun
3TH KOMIIOHEHTHI IIOJy4EHBI B PE3YNbTATE DJIEKTPOPA3BEIKH, TO HA OCHOBE MPSMBIX PELIAOT
oOpaTHbIE 3a/1a4M JIEKTPOPA3BEIKH, T.€. ONPEICIAIOT T€ WIM MHBIE MapaMeTpsl Mozenu. Ta-
KUM 00pa3oM, IIpHU PELICHUU MPSAMBIX U OOpaTHBIX 3a4ay 3JIEKTPOPA3BEIKU MPEXKIE BCErO
MIPUXOJUTCS UMETh JEJI0 C T€OIEKTPUUECKUM pa3pe30M, KOTOPBIM OIPENEAOT dJIEKTpoMar-
HUTHBIE CBOMCTBA U TEOMETPUUYECKHUE ITAaPAMETPBI CPEJIBL.

411  DnekmpomazHumHble C6OUCMEA 2OPHBIX NOPOO

Kak oTMedanoch BbIIIE, K 3JIEKTPOMArHUTHBIM CBOMCTBAM TOPHBIX IOPOJ OTHOCATCS
YEIBHOE JJIEKTPHYECKOE COMPOTHBIICHHUE f, DIIEKTPOXUMHUYECKAs aKTUBHOCTb (I, TOJSPHU-
3yeMOCTb 7], IUJIEKTPHYECKas & U MATHUTHAS [ IPOHUIAEMOCTH, & TAKXKE MbE30dJIEKTpHYe-
ckue moayau d.

Yoenvnoe anexmpuuecxkoe conpomuenenue 2opupix nopoo. Y 1enbHOE 3IEKTPUUECKOE
COIIPOTHUBIICHUE p, U3MepsieMoe B oM-MeTpax (OM-'M), siBseTcsl HanboJee N3BECTHBIM AIICK-
TPOMAarHUTHBIM CBOWCTBOM M M3MEHSIETCA JJI1 TOPHBIX MOPOJA U PYJ B OYEHb IIUPOKHUX Ipe-
nenax: ot 10° 10 10*° Om-m. s nanboree pPacIpOCTpaHEHHBIX 0CAJOYHbIX, U3BEPKECHHBIX U
MeTaMOp(pUYECKUX TOPHBIX IOPOJ OHO 3aBHCUT OT MHHEpPalIbHOIO COCTaBa, (PU3UKO-
MEXaHHYECKUX U BOJHBIX CBOWCTB TOPHBIX MOPO/I, & TAKXKE OT HEKOTOPBIX APYTUX (PaKTOPOB
(TeMrieparypbl, IITyOMHBI 3aJeraHusl, CTEIeHH MeTaMop(du3Ma, TEXHOI€HHbBIX BO3JCHCTBUI U
ap.).

1. YaenbHOE 3JEKTPUYECKOE CONMPOTUBICHUE MUHEPAIOB 3aBUCUT OT UX BHYTPHUKPH-
CTATMYECKUX cBs3eil. /[l MuHepanoB-AMAIEKTPUKOB (KBapll, CIIOAbI, MOJEBbIE HIMATHl U
IIp.) C TPEUMYIIECTBEHHO KOBAJCHTHBIMU CBS3SIMH XapaKTEPHBI OUCHb BBICOKHE COTPOTHBIIC-
HUSA (1012—1015 OM'M). MuHepasbI-ITOTyITPOBOIHUKU (KapOOHATHI, Cyab(aThl, TaJouIbl U
JIp.) UMEIOT MOHHBIE CBSI3U M OTJIMYAIOTCS BBICOKMMH COINPOTHUBICHUSIMU (104—108 OM 'Mm).
['muHuCcTBIe MUHEPAIBI (THAPOCITIOIBI, MOHTMOPUIUIOHUT, KAOJIUHUT U JIp.) 00JIaJal0T HOHHO-
KOBAJICHTHBIMU CBSI3SIMH M XapaKTEPHU3YIOTCS JOCTATOYHO HHU3KHUMH COIMPOTUBICHUSIMHU
(p<104 OwM'M). Pynabie MuHepaibl (caMOpOAHbIC, HEKOTOPBIE OKCHJIBI) C AJIEKTPOHHOU IMPO-
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BOAMMOCTBIO OYEHBb XOpOILIO NPOoBOAAT TOK (p <1 Om-m). IlepBble 1Be rpyninbsl MUHEPAIOB
COCTABJISIIOT <OKECTKUI» CKeleT OOIBIIMHCTBA TOPHBIX MOpoJ. [NIMHUCTRIE MUHEpabl cO3/1a-
10T «IUTACTHYHBIN CKelleT. XapaKkTePHO, YTO «IUIACTHYHBIC» MHHEPAIIBI CIIOCOOHBI aJcopOu-
pOBaTh CBSI3AHHYIO BOAY, a MOPOJBI C OKECTKUMU» MHHEpATaMH MOTYT HACHIIIATHCA JIUIIb
CBOOOTHOM BOJIOM.

2. YaenpHOE AIIEKTPUIECKOE COMPOTUBICHUE CBOOOIHBIX MOA3EMHBIX BOJ| (TpaBUTAIHU-
OHHBIX U KalWJUISIPHBIX ) U3MEHSETCS OT nosielt OM'MeTpa mpu BBICOKOM 0011Iel MUHEpan3a-
. (M>10 r/m) no 1000 OM'M nmpu Hu3koi mMuHepanuzanuu (M<0,01 1/1) U MOoXeT ObITh
olieHeHo 1o popmyne pp = §8,4/M. XuMHuueckuil cocTaB paCTBOPEHHBIX B BOJIE COJIEH HE WTI-
paeT CyIIECTBEHHON POJIH, MOATOMY IO JAHHBIM JICKTPOPA3BEAKH MOXKHO CYAHUTH JTUIIH 00
o0uieil MuHepanu3alruy MOJ3€MHBIX BOJ. Y IeIbHOE 3JIEKTPUUECKOE COMPOTHUBIICHUE CBSI3aH-
HBIX MOA3EMHBIX BOJ HHU3KOe M u3MeHseTcss oT 1 10 10 OM M, 4TO OOBSACHSIOT TOCTATOYHO
MMOCTOSTHHOW MX MuHepanu3anuen (3—1 /1), Oau3Koi K cpeaHeil MuHepam3auu Bog Mu-
POBOTO OKE€aHa.

Tax kak mopoBas Bnara (CBOOOAHAS M CBSI3aHHAS) OTIMYAETCS 3HAYUTEIHLHO OoJiee HU3-
KUM YJEIbHBIM 3JEKTPUYECKUM COIPOTHUBICHUEM, YEM MUHEPAIbHBIA CKEJIET, TO CONPOTHUB-
TieHue OONBIIMHCTBA TOPHBIX MOPO]] MPAKTHYECKH HE 3aBUCUT OT €r0 MHHEPAIBHOTO COCTaBa,
a ompezensercs TakUMHU (PaKTOpaMu, KaK MOPUCTOCTb, TPEIIMHOBATOCTh, BOJOHACHIIIEH-
HOCTb, C YBEJIMYEHUEM KOTOPBIX COMPOTUBIECHUE OPOJ YMEHbIIIAETCA.

3. IIpu Bo3pacranuu temneparypsl Ha 40°C conpOTUBIEHHE YMEHBIIAETCS IPUMEPHO B
2 paza. OT0 OOBSACHSIOT YBEIMYCHUEM TOJIBI)KHOCTH MOHOB. [Ipu 3aMep3aHuu compoTHUBIIE-
HUE TOPHBIX MOPOJ BO3PACTAET CKAYKOM, TaK Kak CBOOO/HAs BOJA CTAHOBHUTCS MPAKTUUYECKU
U30JIATOPOM, @ IEKTPOIIPOBOIHOCTD ONPENENSIETCS JIMIIb CBA3aHHONW BOAOH, KOTOpas 3aMep-
3aeT Ipu O4YeHb HU3KUX Temneparypax (Hmke —50 °C). CreneHb Bo3pacTaHUs CONPOTHBIIE-
HUH NpH 3aMep3aHuM Ul Pa3HbIX MOPOJ pa3INyHa: B HECKOJIBKO Pa3 OHA YBEJIMYMBAETCS Y
rinH; 10 10 pa3 — y ckanbHbIX opox; 1o 100 pa3 — y cyrinunkoB u cyneceit; 1o 1000 pa3 u
0oJiee — y MECKOB M TPy000OJIOMOYHBIX TIOPOI.

4. I'nmy6uHa 3aneranus, cTeneHb Meramopdur3ma, CTpyKTypa U TEKCTypa MOPOJbI TaKkKe
BIIMAIOT HA €€ CONPOTHBIICHUE, M3MEHSA KOO()(DHUIHMEHT MUKPOAHU3OTPOIIMU A =[P / p, rae

pn y ,0| —COHpOTI/IBHeHI/IH HOpOI[BI BKpGCT " BIOJIb CJIOUCTOCTHU. Llame BCEro l N3MCHACTCA OT
1 no 1,5, nocturas 2—3 y CUIILHO pacCIaHIIOBaHHBIX TOPO/I.

HecmoTpst Ha mMpoKuil 1uamna3oH U3MEHEHHUsT YICIbHBIX JJIEKTPUYECKUX COMPOTHBIIE-
HUW Yy pa3sHBIX IIOPOJ, OCHOBHBIE 3aKOHOMEPHOCTH YCTAHOBIIEHBI TOCTaTOYHO 4eTKO. M3Bep-
KCHHBIC 1 METaMOP(PHUECKUE TIOPOABI XapaKTEPU3YIOTCS BBICOKMMHU COIPOTUBJICHUSMHU (OT
500 mo 10000 Omm). Cpenu ocamodHbIX mOpoj Bbicokue compotuBienus (100 — 1000
OM'M) y KaMEHHOW COJIH, THIICOB, U3BECTHIKOB, MIECYAHUKOB M HEKOTOPBIX APYIHX MOPOI.
OGJ’IOMO‘IHBIG 0CaJOYHbIC TOPOJbI, KaK IMMPaBUJI0, UMCIOT TCM 60.]]]:]].[66 COIIPOTUBJICHUEC, UCM
OoJbIe pa3Mep 3epeH, ciarariux mopoay. [Ipu nmepexoe OT TIMH K CYTIIMHKAM, CYIecsM U
NneCKkaM YACIbHOC COIPOTUBJIICHUC U3MCHACTCA OT I[OJ'IGI\/'I U NEPBLIX CAUWHHUI] OO MNCPBBIX C-
csATKOB 1 coTeH OM MeTpoB.

3J1el<mpoxumuuec1<aﬂ AKMUGHOCMb U RNOJIAPU3YEMOCHLD. HO,Z[ 3HeKTpOXHMH‘IeCKOI>'I
aKTMBHOCTBIO HOHUMAIOT CBOMCTBO mnopona co3aaBaTb CCTCCTBCHHBIC ITOCTOAHHBIC JJICKTpHUYC-
CKHE TOJIS. DTH OIS MOT'YT BO3HUKATh B CUJIY OKHUCIUTCIIbHO-BOCCTAHOBUTCIIBHBIX peaKHHﬁ,
CBA3aHHLIX C HAJIMYUCM U ABUKCHUCM B IIOPOJax paCcTBOPOB pa3H0171 KOHICHTpalu U XUMHU-
YECKOro cocrasna.

1. 3a PIEKTPOXUMHUYECKYI0 aKTUBHOCTh WHOT/IA NPHHUMAIOT KOA(PQHUIMEHT MpoIop-
MOHAIBHOCTH MEX]y HAaIlPSDKEHHOCTBIO €CTECTBEHHOTO DJICKTPUUECKOTO MOJISi © OCHOBHBIMHU
(bakTopaMu, KOTOPBIMH OHO OOYCIIOBJIEHO (OTHOLICHHEM KOHILEHTPAIMi MOA3EMHBIX BOJ,
naeieHueM u ap.). Koapduuuent o usmepsror B MunmBoibrax. OH cocraBisier —(10 — 15)
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MB 117151 94MCTBIX TIECKOB, OJIM30K K HYJIO JJIsl CKaJIbHBIX MOPoJ, Bo3pacTaeT 1o 20 — 40 mMB
JJIS TJIMH U 40 COTCH MUJIJINBOJIBT IJIA py,[I C BHCKTpOHHO-HpOBOH}IH_II/IMI/I MI/IHepaJIaMI/I. B e-
JIOM O 3aBHCUT OT MHOTHUX MPUPOTHBIX (PaKTOPOB (MHHEPAIHHOTO COCTaBa, IITMHUCTOCTH, I10-
PHUCTOCTH, POHHUIIAEMOCTH, BJIQXKHOCTH, MUHEPAJIU3AIMH TTOI3EMHBIX BOJ U JIp. ).

2. CriocoOHOCTh MOPOJ MOJSAPU30BaThCA, T.€. HAKaIUIMBaTh 3apsj MpHU MPOINYCKaHUU
TOKa, a 3aTeM pa3psDKaThCsl MOCJE ero OTKIIOYEHHUS, OLIEHUBAIOT KOA(PHHUIIMEHTOM IOJISPH-
3yeMOCTH 7). 3HaUCHHUE /] BBIYUCISIIOT B MPOLCHTAX, Kak oTHoueHne Hanpspkerus AUpgp, Ko-
TOpPOE OCTACTCA B M3MEPHUTEIHHON JIMHUM 10 UCTEYCHUU ONPEACICHHOTO0 BpeMeHH (OOBIYHO
0,5 — 1 ¢) nocrne pa3mbIkaHus TOKOBO# 1enu K Hanpspkernto AU B Toil ke JUHHK [IPU TIPO-
IyCKaHUU TOKa

n=(u,,/AU)100% (4.2)

[Tonsipu3anusi—-aTO CI0XKHBIN NEKTPOXUMUUYECKUN MPOLECC, MPOTEKAIOIMINN TIPU MPO-
IIyCKaHUM 4epe3 MOPOAY MOCTOSHHOTO MM HU3KOYacTOTHOro nepeMeHHoro (mo 20 I'n) Toka.
HauOonpielt nomsipuzyemoctsio (7 = 6 — 40%) oTiingaroTcs pyAbl C 3JIEKTPOHHOM MPOBO-
JUMOCTBIO (CyNnb(hUIBI, CyTb()OCOTN, HEKOTOPhIE CAMOPOAHbBIE METAJUIBI M OTAENIbHbIE OKCH-
161). BOSHHKHOBEHHE BBI3BAHHBIX IMOTEHIIMAIOB B ATOW TPYIIE MOPOJ OOBSCHSIOT TaK HA3bI-
BaeMOM 3JIEKTPOAHOM TOJIApU3AIME Py B MPUCYTCTBUH MOA3eMHBIX BOA. KosddurmenTs
MOJIIPU3YyeMOCTH 110 2—6 % Habmoal0TCs Hall OOBOTHEHHBIMU PHIXJIBIMUA OCAIOYHBIMU TI0-
pOJlaMU € MPUMECHIO TIIMHHUCTHIX YacTUll. B 3THX mopoaax mpu mporyckaHUHM TOKa MPOUCXO0-
IUT Tiepepacnpenencane U quddysus 3apsaoB, aIcopOMPOBAHHBIX HA TJIMHUCTBHIX YaCTHIIAX.
BosBpaiienue cpenbl B COCTOSHUE PaBHOBECHS IOCIE OTKIIOYEHHS] TOKAa COIMPOBOXKIACTCS
3¢ (heKkToM BBI3BAaHHOW MOJISPU3ANHMHA. BONBITMHCTBO U3BEPKEHHBIX U METAMOP(PUIECKHUX T0-
pOJI, KaK IpaBuiIo, He mossipusyercs; y Hux 7 = 1 — 2 % (penko 3%). Cnabo monspusyroTcs
0Ca/IOYHBIE MOPO/Ibl, HACBIIIEHHbIE MUHEPAIU30BAaHHOM BOJIOH.

Ilvezoanekmpuueckue mooynu. I1be307/IEKTPUUECKUMU MOAYISIMH  ONPEIENIAETCS
CBOMCTBO MUHEPAJIOB U TOPHBIX MOPOJ] CO3/1aBaTh AIEKTPUUECKYIO MOJISIPU3ALINIO, T.€. OIpe-
JICJICHHYI0 OpUEHTALMIO 3aps0B, IPM MEXAHUYECKOM BO3JeHCTBUU Ha HuUX. [Ibe3o0anexTpu-
YECKMMHU CBOMCTBAMU 00JIaalOT JIMILb KPUCTAJUIBI, JUIIEHHBIE [IEHTPA CUMMETPHUH. Y TaKUX
KPUCTAJIOB NPU MEXaHWYECKOH NedopMallvi MPOUCXOAUT B3aMMHOE CMEIICHHE IICHTPOB
AIIEKTPUYECKUX JMUIONEH U Ha COOTBETCTBYIOLIUX I'PAHSAX KPUCTAIIJIOB MOSIBISIOTCS AJIEKTPU-
yeckue 3apsiibl. MTHTEHCUBHOCTD M 3HAK 3apsiioB (] 3aBUCAT OT BUJA nedopManuu (pacTsike-
HUE — C)KaTHUE WJIM C/IBMT), BEJIMYMHBI U HAIIPABJICHUS JEHCTBYIOLIEH MEXaHUUECKOM cuiibl F
¥ MTHE30DJIEKTPHIECKOr0 MOAYJIs KpucTamia 0, COOTBETCTBYIOMIET0 TaHHOMY BUIY AehopMa-
LIMU 1 HAIIPaBJICHUIO MOJISIPU3ALINN.

CBs3b MEXIy STHMH NapaMeTpaMu ONMCHIBaroT (opmynoi = d-F. JlelicTByromas
CHJIa MOXKET MMETh JIeBATh COCTaBIAOMMX Fij rae i, j = x, y, Z, T.e. CyIeCTByeT AeBATh KOM-
MMOHEHTOB TEH30pa MEXaHWYECKUX HanpspKeHud win aedopmaruii. OOBACHIIOT 3TO TEM, UTO
Ha KaXAYI0 U3 TpeX IpaHeld KPHUCTalla, COBMAJAIOIIMX C KOOPAMHATHBIMU IUIOCKOCTSIMH,
MOXET JEUCTBOBATh CHJIa, UMEIOIIAsi TPU COCTABIIAIOLIME, HAMPABIECHHbBIE BIOJIb OCEH KOOpP-
JIUHAT. B CBSI3M € 3TUM MBbE303JIEKTPUUECKUI MOAY/Ih KPUCTAJIA MOXKET ONPENETATHCS STUMHU
JIEBSIThI0 MEXaHUYECKUMH TEH30PAMHU U TPEMS COCTABJISIONIMMHU BEKTOPa MOJSIPU3ALUH, COB-
MAJA0IIUMHU ¢ OCSIMHU KoopauHaT. TakuM 00pazom, KaxAblii KPUCTAILT MOKHO ONUCHIBATh 27
IbE302JIEKTPUYECKUMU Moay IamHu 0 ierael, j,k=xy z

Kpome moayns d cylmiecTBYIOT U ApPyrHe Mbe302IEKTPUUECKUE MOJIYIM, CBSI3aHHBIE C
aum. Equnnneii d B CU asnserca xynon Ha HeoToH (Ki/H). Beneacrsue aHU30TpONINY TIbe-
30371eKTpHUecKre Moaynu 0 B 3aBMCMMOCTH OT BUJa, HanpaBieHus nedopMaluy U Halpas-
JICHUA NOJIApU3allvui JJIA KaXKI0r0 MUHCPAJIA-IIbC303JICKTPUKA U3MCHATOTCS 60.]'[66 YEM Ha II10-
psLIOK. MakcuManbHbIe Mbe303IeKTPHYecKie MoyIH v kBapua (5-10° 4 - 20:10 * Kiw/H), y
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Typmanuua (3:10 - 30-10* Ki/H), y nedenuna (4-10 - 12:10* Kn/H), y kaukpunnra (6°10™
- 81.10* Ki/H). ¥V GonsiumrcTBa Munepanos d He npessimaer 10 Ki/H.

[Ibe303mexkTpruyecKne MOYIU CKaTbHBIX TOPHBIX MOPOJ 3aBUCAT HE TOJIBKO OT HATMYHS
Y TIPOIIEHTHOTO COJIEPYKAHMS B IOPO/I€ MUHEPAIOB-TIbE303JIEKTPUKOB, HO M OT UX OIpEeNeH-
HOM ymopsiioueHHOCTH. Eciu KpucTamibl B MOPOJe OPUEHTUPOBAHBI MO HAPABIECHUIO OJTHO-
0 U3 2JIEMEHTOB CUMMETPHH, TO TIOPOJIA OTIIMYAETCs NOBbIIeHHbIMY 3HaueHusmu 0. Ksapir-
coJieprKalire MopoJibl, OCOOCHHO €CJIM OHU COJEpKaT FOPHBIA XpycTaib, OTIUYAIOTCS Hau-
OOJIBIIMMH MTbE303JICKTPUUECKUMU MOJTYJISIMH, XOTSI OHU B JIECATKU pa3 MEHbIIE, YeM MOIYJIN
MOHOKpHCTaa kBapiia. ITo mepe yosanus o ot 107 1o 107 Kin/H 5TH mOpOIEI MOXKHO pac-
MOJIOKUTh B CIIEIYIOIIEM MOPSAKE: *KWIbHBIM KBapll, KBaplEeBble sApa MerMaTUTOBBIX JKUII,
KBapIUThI, [PAHUTHI, THEUCHI, TecYaHUKH. OOBSICHSIIOT 3TO TEM, YTO B H3BEPKEHHBIX OPOJax
B IIpolecce X 00pa3oBaHUs MUHEpasbl 0ojiee 3aKOHOMEPHO OPUEHTHUPYIOTCS OTHOCUTEIIBHO
KpUCTAIIOrpa)udecKnx Oceid, B TO BpeMs KaK B OCaJI0UHBIX MOpPOJaX 3€pHa KBaplia 3aHUMa-
10T OecropsaouHoe mojokerue. Hedennucoaepxaniue mopoasl 001a1ai0T 3HaueHussMu d ot
3107 0 3'10° Ki/H. B mopozax, coaepkaiiux Apyrue MHHEpPAIbI-Tbe3031ekTpuky, d<10°
Ki/H. TTse3030eKkTpudecKre MOIYJIM TOPHBIX MOPOJA C MHHEPAIaMHU-TTEE303JIEKTPUKAMH OTI-
penensioTcs He TOJIBKO COJePKAHUEM ITUX MHUHEPAJIOB M MX MPOCTPAHCTBEHHBIM IOJIOKEHH-
€M, HO M T€HE3HUCOM TOPOJ, UX AUIIEKTPUYECKON MPOHULIAEMOCThIO U YIPYTUMHU CBOICTBa-
MH.

[Tbe303meKTpruYecKue MOAYIH PBIXJIBIX BIIATOCOACPKAIIUX IMOPOJ OMPEICITIOTCS UX
MUHEPAJIbHBIM COCTaBOM, CTPYKTYPOH U TEKCTYpOil, a B OCHOBHOM — MOPHUCTOCTHIO, BIIAX-
HOCTBIO, COCTaBOM M KOHIIEHTpaIMell pacTBOPEHHBIX B Boje cosieil. C yBelIMueHUeM Mopuc-
TOCTH M CBsA3aHHOM Biark O Bo3pacTaer, a ¢ yBeIUUEHUEM COIEPKAHUSA CBOOOAHOM Biaru d
aubo Mano u3MeHsiercs, JuOo yMmeHblnaercs. Kpome mepeuncieHHBIX — Te0J0ro-
TUIPOre0IOrUYECKUX (PakTopoB, 0 3aBUCHT OT DIEKTPUYECKUX U YIIPYTHX CBOWCTB ATHUX I10-
poa. B 1ienom npe3031eKTpUuueCcKue MOIYIIM BJIArOCOAEpKaIIMX MOPOJ U3MEHSIOTCS OT 107
0 10 Kn/H.

Jlusnekmpuueckana u maznumuasa npouuyaemocmu. OTHOCUTENIbHAS JTUAJIEKTpUYE-
CKasi IPOHUIIAEMOCTh € = &7/ &g (TOC €7 , €9 — MUIICKTPUUECKUE IPOHUIIAEMOCTH TIOPOIbI U
BO3/IyXa) MOKAa3bIBAET, BO CKOJIbKO pa3 yBEIMYUBAETCS €MKOCTh KOH/AEHCATOpa, €CJIM BMECTO
BO3/lyXa B HEro MOMECTHUThH TAHHYIO TIOPOy. 3HAUCHUE & U3MEHSETCS OT HECKOJIBKUX €TUHUIL
(y cyxux ocamouHbix mopoxa) A0 80 (y BOIbI) M 3aBUCUT B OCHOBHOM OT COJICPKaHUS BOJBI U
MHHEPATBHOTO COCTaBa MOPOABL. Y MU3BEPKEHHBIX MOPOJ € U3MEHsETCs OT S5 10 12, y ocagou-
HbIX — 0T 2—3 (y cyxux) 10 16—40 (y nmoJHOCTbIO HACBIIEHHBIX BOJOM). J{nanekTpudeckas
MIPOHUIIAEMOCTb UTPAECT 3HAYUTENbHYIO POJIb B BICOKOYACTOTHOM 3JeKTpopa3Benke. Kak or-
MeJasioch BhIe (cM. 1. 4.1), MarHUTHAs MIPOHUIIAEMOCTh TPOMATHOTO OOJBITMHCTBA MTOPO.T
MPUMEPHO paBHA MarHUTHOM MPOHMIIAEMOCTH Bo3ayxa. Jluib y peppoMarHeTUKOB OTHOCH-
TEJIbHAsl MArHUTHAs IPOHULIAEMOCTh MOXKET AocTUrath 10, o3TOMY mapaMeTp i UCTIONb3YIOT
P UX pa3BeJIKe.

Tennoevle u onmuueckue ceoiicmea. K TerioBb5IM CBOWCTBAM TOPHBIX TOPOJT OTHOCST-
Csl TETUIONPOBOTHOCTE A7, TemIoeMKOCcTh C, TeMITepaTyponpoBOIHOCTE d, TUNIOTHOCTH G, TETI-

nosas unepuust Q = /A, CO , a k ontnueckum—ansbeno A, koddpduument sprocTa Aa,
CTeNeHb YEPHOTHI &, U JAp. [IOCKOIBbKY Ha ATUX CBOMCTBaX 0a3MPYyIOTCS CBEPXBBICOKOYACTOT-
HbBIC THCTAHI[HOHHBIC JIEKTPOMArHUTHBIC ChbEMKH, OJIM3KHE 110 CBOCH CYTH K TEPMOpPa3BEIIKe,
TO OHU PACCMOTPEHHI B TI1. 6.

412  DaexmpomazHummsie nOJA, U3yUAEMble 6 INEKMPOPA3EEOKE

Ecmecmeennuie nepemenHble 3J1eKmpomMacHumHbsle noJii. K ecrecTBeHHEIM NEPCMCH-
HBIM 3JICKTPOMArduTHBIM IMOJIAM OTHOCAT PETHMOHAJIBHBIC IIEPEMCHHBIC KBA3UTAPMOHHUYCCKUC
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HU3KOYaCTOTHBIE MOJI1 KOCMHUYECKOH (MX Ha3bIBAIOT MArHUTOTEIUTYPUYECKMMHU) U aTMoc(hep-
HOH IIPUPOJBL.

1. [IpoucxoxxaeHne MarHUTOTEIUTYPHUUECKUX TOJIeH OOBSCHSIOT BO3JEHCTBHEM Ha HO-
Hoc(hepy 3eMiH MOTOKa 3apsKEHHBIX 4acTHL, NockliaeMbix ConHueMm. Bapuarnuu marauro-
TEJUTypPUYECKOTO I0JIs, TECHO CBSI3aHHBIE C BapUALMSIMU MarHUTHOTO MOJIs 3€MJIH, ITPOUCXO-
JAT OAHOBPEMEHHO M 3aBUCAT OT OJAHOM NMPUYHUHBI — KOPIYCKYJISIPHOTO H3inydeHus ColHna.
Ilepuoauueckre OAMHHAIUATWIETHUE, TOJOBbIE, CYTOYHBbIE BapHallMM MarHUTHOTO IOJIS
3eMJIM U MarHUTHBIE OYpHU BBI3BIBAIOT COOTBETCTBYIOIINE U3MEHEHNSI MarHUTOTEILTYPUUECKO-
ro noiisi. B menom 3t nmoss uHPpaHU3KOi 4acToThl (OT 10 10 10 T'), @ Ha TAKKX YACTOTAX
ckuH-3QdekT mposBisgercs ciado. [lo3ToMy MarHUTOTEITypHYECKHUE TOJs MPOHUKAIOT B
3eMITro 10 TIIyOUH B IECSATKH U JAaXKe MEPBBIC COTHU KUIIOMETPOB.

MarHuToTeuTypu4eckoe IMojie COCTOUT M3 DIIEKTPHYECKOW KOMITOHEHTH [, KoTopas
CBsI3aHA C TEJUTYPUUCCKUMHU (3EMHBIMH) TOKaMHU, U MAarHUTHOW KOMIIOHCHTHI /1, CBSI3aHHOM ¢
BapHalMsIMH MarHUTHOTO ToJis. Eciu K 1ByM 3a3eMIIEHHBIM Ha PacCTOSIHUU B HECKOJIBKO Jie-
CSATKOB WJIM COTEH MeTpoB 3nekTpogaM MN moakimounTh depe3 yCHIUTENb 3JIEKTpopa3Be-
JOYHBIA ocIiuIorpad UM MarHUTOQOH M aBTOMATUYECKU 3aMKCaTh U3MEHEHUE €CTECTBEH-
HBIX TIOTEHIIMAJIOB, TO MOXHO MOJIYYUTh TeJuTyporpaMmy E. MarHuTHYr0 KOMIoHeHTY [ u3-
MEPSIFOT C IIOMOIIBI0 YYBCTBUTEIILHOTO MArHUTOMETPA. 3aBUCUMOCTh MarHUTOTEILTYPHUECKO-
'O TIOJISl OT BPEMEHHU pa3linvHasi. BeIBaIOT mepuoguueckue KojaeOaHus ¢ IepuooM 1 oT gomiei
CEKYH/IBI IO HECKOJIBKHX MHHYT, KOTJIa BOSMYIICHHs yCTOMYMBHI. Takue koneOaHus Ha3bIBa-
10T kopotkonepuoaabiMu (KIIK). Oru Hanbosnee HHTEHCHUBHBI B YTPEHHUE M THEBHBIC YaChl,
B JICTHHE TICPUOJIBI U B TOJIBI TOBBIIICHHON COJTHEUHOW paauanuu. VIHOTIa 3anucu HOCAT UM-
MyJIbCHBIA XapakTep (KoJieOaHUs-IyTH), HHOTIa BOOOIIE JIUTEIbHOE BpeMs (HECKOJIbKO Ya-
coB) curHasioB £ u H HeT («TeuTypuKu» OTCYTCTBYIOT).

H3mepsieMbIMU MTapaMeTpaMi MarHUTOTEIUTYPUUIECKOTO TOJIS SABJISFOTCS SJCKTPUUICCKHE
(E, E,) n marauthste (H,, H,, H;) coctapnsronme HanmpsykeHHOCTH mojs. 3HayeHHs Ia-
paMeTpoB 3aBHUCST, C OJTHOW CTOPOHBI, OT HMHTCHCUBHOCTH BapHaIlMil TEIUTYPUYECKOTO H Te0-
MarHUTHOTO TOJICH, a ¢ JIPYrol — OT YIAEIBHOTO AJIEKTPUYECKOTO COMPOTUBIICHHS TOPOL,
CJIarafoIIUX TEOdJIEKTpUUeCKuil paspe3. [lo WM3MEpEeHHBIM B3aUMHO MEPICHINKYIISIPHBIM
AIIEKTPUUECKUM M MarHUTHBIM COCTABJISIFOIMM MOYKHO PAacCUMTaTh CONMPOTHUBJICHUE O OJHO-
POIHOTO TMOJYIIPOCTPAHCTBA (HOPMAIBHOE TI0JIE) C TOMOIIBIO MOJYYCHHOH B TEOPUH DJICK-
Tpopa3BeIKu (OPMYIIbI:

2

E
=aT| —* (4.2)
p H

y

rae T —nepuona koyiebaHui; oo — ko3 GUIMEHT mpornopuuoHaibHOCTH; o = 0,2, eciu
T w3mepsioT B ceKyHnaX, Ex—s mummiBonsTax Ha kunomerp (MB/km), H, — B HaHOTecIax
(uT).

Takum 00pa3om, U3MEPSIEMBIMH IMTapaMeTPaMy MarHUTOTEITYPUUIECKOTO TIOJISI SIBJISIOT-
Csl DJICKTPUUYECKUE ¥ MAarHUTHBIE KOMIIOHEHTHI TIOJISl U TIEPUOJT X KOJIEOaHU, a TaKXKe TOIy-
YaeMbIe TI0 HUM 3HAYCHHS YACIbHBIX JICKTPUUYCCKUX CONMPOTUBIICHUN, KOTOPBIE HaJ HEOIHO-
POJIHOM Cpeoi HA3BIBAIOTCS KAXKYUTUMUCS 7. DTH MOJS U3y4alOT MarHUTOTEILTYpPUIECKUMU
Meroaamu (MTM) snekTpopa3Beaku.

Ilona 2po3oeoit npupoost. 11porcxoXIeHUE €CTECTBEHHBIX MEPEMEHHBIX MOJIeH aTMO-
c(hepHOT IPUPOJIBI CBSI3aHO C TPO30BOM aKTUBHOCTHIO. [IpH KakIoM yzape MOJIHMH B 3€MITIO
(ux 4ucio 1o Bced moBepxHOCTH 3emiu npumepHo coctasisier 100 B 1 ¢) Bo3Oyxkmaercs
AJIEKTPOMArHUTHBIA UMITYNbC («aTMocheprk»). MonmHuM HanboJiee pacrpoCTpaHEHbI B TPO-
MUYECKUX 30HAX, OJTHAKO JIETOM OHH YacThl Ja)Ke B MOJSAPHBIX MUPOTaxX. B 1enomM moa Bo3-
JeficTBHEM T'po3 B 3eMJie Be3J/ie U BCerjia CyIIECTBYET ciadoe rpo30Boe MoJjie, KOTOPOe Ha3bl-
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BalOT IIyMOBbIM. OHO COCTOMUT U3 MEPUOAUYECKU MOBTOPSIOLUINXCA UMITYJIbCOB (I[yroB), KO-
TOpbIE HOCAT KBa3UCHHYCOHMIATBHBIA XapakTep ¢ mpeodmagarommmu yactotamu oT 10 I'n mo
10 k' 1 HaOpPsHDKEHHOCTBIO TIO AJIEKTPUYCCKON COCTABIISIIONIEH 10 JTOJIE MUJUIMBOJBT Ha
METp.

Cpennuii ypoBeHb MOJISI «aTMOC(EPUKOBY» MOJIBEPKEH 3aMETHBIM CYTOUYHBIM M CE30H-
HBIM BapHalUsAM, T.e. BEKTOPbI HAMPSHKEHHOCTH 3JICKTpUdeckoil £ u MaruutHou H cocras-
JISIOLIUX HE OCTAIOTCS MOCTOSHHBIMU 110 aMILIUTYZE U HampaBieHuto. OIHaKo cpeaHHil ypo-
BEHb HAaNpsXKeHHOCTH £, , H, 10 KaKOMY-TO HaIpaBICHUIO 32 BpeMms B Teuenue 10 ¢ 3aBu-
CUT OT YCPEAHEHHOI'O 3JIEKTPUUYECKOrO COMPOTUBIIEHUS T€0JIOTUYECKON Cpelibl, HajJ KOTOpPOM
BeAyT HaOmoaeHus. Takum oOpa3oM, W3MEpsIeMbIMH TapaMeTpaMu «aTMOC(HEPUKOBY SBIIS-
I0TCS pa3u4Hble cocTaBnsiomue £, u H, , ncnonb3yemble B METOAaX HEPEMEHHOIO €CTECT-
BEHHOT0 3JieKTpruyeckoro u MaruutHoro nosis ([TEDIT u TTIEMIT).

TI'eoanexmpoxumuueckue nona. K reodneKTpoxuMuueckuM (PU3NKO-XUMUYECKUM) OT-
HOCSITCSI €CTECTBEHHBIC JJIEKTPUUECKHE, BBI3BAHHBIC MOTEHIMANbI, a TAKXKE MOTECHIIUAIbI
ANEKTPOXUMUYECKUX PEaKLUi PyJAHBIX MUHEPAJIOB.

1. K ecTecTBEHHBIM MOCTOSHHBIM IEKTPUUECKUM IOJSIM OTHOCSTCS JIOKAJIbHBIE MOJIS
NEKTPOXUMHUYECKON U AIEKTPOKMHETHYECKON MPUPOABI. DIEKTPOXUMHUYECKUMHU SIBIISIOTCS
IIOCTOSIHHBIE 110J15, KOTOpbIE 00YCIOBIEHBI OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIMU PEAKIHSAMH,
MIPOTEKAIOIIMMHU Ha IPAHULIE IEKTPOHHOIO (PYAHBIE MUHEPAJIbl) U HOHHOTO (OKpYXKaIoLIue
II0JI3€MHBIE BOJIbI) TPOBOAHMUKOB. OHU HAOJIIOJAIOTCS HA MHOTUX CYJIb(UIHBIX, YTOJbHBIX U
rpadUTOBBIX MECTOpOXKACHUsAX. Bo3HukHOBeHue ectectBeHHBIX (EIl) mimm camomnpousBoib-
HbiX (IIC) moTennuanoB Haja CyabPUAHBIME PYJaMU MOXXHO OOBSCHUTH CIEAYIOIHUM oOpa-
30M.

BepxHsis gacTe Cynab(QUIHON 3a51eXkH, KaK mpa-

" BHWJIO, PACIIOJAraeTcs B 30HE AKTUBHOMW, TaK Ha3bl-
U E —~ BaeMOM BaJO3HOW IHUPKYISIIIHK OOTaThIX KHCIOPO-
‘ oo JOM U VYIJIEKUCIOTOW HH(PUIBTPYIOIINXCA aTMO-
chepubix Box (puc.4.1). bonee riybokue yacTu 3a-
JEKU HAXOJATCS B 30HE O€THBIX KHCIOPOAOM 3a-
CTOMHBIX BOXA. [looTOMYy B BEpXHEW 4acTH 3aJICKU
MIPOUCXOJUT OKHCIIEHUE PYAbl U MEPexon cylbdu-
10B B cynbdarsl. OKHCIUTENBHBIE PEAKIIUU COTIPO-
BOXKJIAIOTCS OCBOOOXKIEHHEM JJIEKTPOHOB B aTomax
OKHCJISIIOIUXCS  DJIEMEHTOB, B PE3yJbTaTe YEro
BEPXHSISl 4aCTh PYJHOTO Tella MPUOOPETaeT MOJI0KH-
TEJbHBI NOTEHUHUAI MO OTHOLICHUIO K HUKHEW.
BoccranoBuTeNnbHBIE pEAKIIMK B HUYKHEH YacTH Tesa
CONIPOBOXKAAKOTCS MPUCOEAUHEHUEM DJIEKTPOHOB,
MIOATOMY 3Ta YaCTh Tela 3apsAKaETC OTPULIATEIBHO.
B okpyxarorieil cpese mpouCXOAUT OOpaTHOE pac-
MpEACIICHUE 3aps0B U BO3HUKAET 3JIEKTPUUYECKUN
Tok. [Ipu 3TOM K BepxHeil yactu 3anexu OyayT Ha-
wanpsokensocTy nons E () u  NPABIATHCA OTPHLATENBHO 3aPSHKCHHBIC HOHBI, a K
cxema obpazoBamms ectect- HHKHEH — TIOJIOKHUTEIBHBIC. [ToaroMy Hax BepxHEN
BEHHOTO 1ojs cynb(uaHoii  JaCTBIO CYIbOUIHON 3ae)H HaONIOAAIOTCS OTPH-

=1

i

Puc.4.1 I'padpukn mnorennuana U wu

sanexu (6): narenabHble aHoManuu noreHuanos EIN. ITonoOHbii
| —30Ha BaIO3HON LHPKY/SLHK momseM-  1POLIECC PETEHEPalK JJIEKTPUYECKOro IOJIsA MPOo-
HBIX BOJ, 2 — 30HA HACHINICHMS; 3 — MCXOIUT HJIMTEIBHOC BPEMS O IOJHOI'O OKHUCJICHHUS

TOKOBBIC JMHUHM; YI'B — ypoBeHb TPYH-  pyIi WIIM U3MEHEHHs T'€OJIOrO-THAPOre0IOTHYECKOM
ToBbIX BoI; PT — pyaHoe Tesno 0GCTAHOBKH
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DJIEKTPOKMHETUYECKHE €CTECTBEHHBIC MTOCTOSHHBIE TI0JIs1 00yCI0BIeHBI 1] y3nOHHO-
aIICOp6I_[I/IOHHBIMI/I )41 (pI/IHI:TpaL[I/IOHHBIMI/I CBOICTBaAMU TOPHBIX TOPOJ, HACBIIICHHBIX ITOJA3CM-
HBIMU BoJamMH. braromapsi pa3iuyHON MOJBUKHOCTH KAaTHOHOB U aHHMOHOB IPOUCXOJUT He-
PaBHOMEPHOE pacCIpeesICHUE 3apsiioB B MOA3EMHBIX BOJAX Pa3sHOM KOHLICHTPALMH, YTO U
BE/ICT K CO3JIAaHHUIO €CTECTBEHHOTO DIIEKTPHUYECKOTO MOt MU Py3MOHHON pupoabl. Bemndn-
Ha ¥ 3HaK TU(GQPY3MOHHBIX MOTEHIUAIOB 3aBHCAT OT aJICOPOLIMOHHBIX CBOMCTB MHHEPAJIOB,
T.€. CIIOCOOHOCTH MEJKOUCIIEPCHBIX M KOJUIOWHBIX YaCTHIl yAEPKUBATh HA CBOEH MOBEpX-
HOCTHU HOHBI TOT'O MJIM HMHOI'O 3HAKa. HOBTOMy Pa3sHOCTHU MOTCHIHAJIOB, BO3HUKAIOIIHUEC TIPU
nuddy3un B mopoaax MOJ3eMHBIX BOJ Pa3HOW KOHIIGHTpAIlUU, MOJYYHJIM Ha3BaHue nuddy-
3MOHHO-a/ICOPOLIMOHHBIX.

EcrecTBeHHbIe MOTEHIMANBI HAOMIOAAIOTCA NMPH (UIBTPALUU MOJ3EMHBIX BOJ uepes
MOPUCTBIE OPOABL. TpEeImuHbl U MOPBI B TOPHOM MOPOJIE MOYKHO PacCMAaTPUBATh KaK Kalluil-
JSIPBI, CTEHKH KOTOPBIX CIIOCOOHBI a1COPOMPOBATH HOHBI OIHOTO 3HaKa (Yalle BCero OTpuIia-
TesbHbIE). B sknakoil cpeae BOIM3M CTEHOK KalMJUIApa HaKaIUIMBAIOTCS 3apsibl IPOTUBOIIO-
JIOXKHOTO 3HaKa. Takum o0pa3oM, B Kamujuisipax oOpa3zyercsi ABOHHON JEKTPUUYECKUN CIIOM.
ITpu IBHKEHUU KMIKOCTH 4epe3 KaNWULIP 4acTh MOJBUKHBIX 3apsI0OB JBOWHOIO JJIEKTPHU-
4eCcKOoro cjosi (Kak NpaBUIIO, MOJIOKHUTENbHBIX) BBIHOCUTCS 1O HAlpaBICHUIO IBWKeHUs. B
pe3ysbTaTe Ha KOHIAX KalWUIApa BO3HUKAET Pa3HOCTb IOTEHIMAJIOB, IPONOPLUOHAIbHAS
nepenaay AaBiacHUM. J[BH>KEHHE IMOJ3EMHBIX BOJ YEPE3 CIOXKHYIO CUCTEMY IOp U TPELIUH B
TOPHOHM HOPOJIE CO3Ja€T HEKOTOPOE CyMMAapHOE 3JIEKTPUYECKOE Moje (PHIbTPALuH, 3aBUCS-
11ee OT JINTOJIOTHYECKOTO COCTaBa, MOPUCTOCTH U TUAPOTEOIOTHUECKUX (PaKTOPOB.

OCHOBHBIMH H3MEPSEMBIMH MTapaMETPaMU €CTECTBEHHBIX IOJICH SIBIIAIOTCS MMOTEHI[MA-
ae1 U, pasnoctu norenmmanos AU, nanpsbkeanoctu nons £ = AU / MN, nponopuuoHaiib-
HbIE DJIEKTPOKMHETHYECKON aKTHBHOCTH 0. ECTeCTBEHHBIE TTOCTOSHHBIC JIEKTPUUECKUE MTOJIS
pa3Hoil npupoas! ucnoiab3ytoT B meroae EIT wm I1C.

2. Tlonst BBI3BAaHHOM TOJIIpU3alMK WIK BbI3BaHHbIE MoTeHIManbl (BII) cozmaior mpu
rajibBAaHUYECKOM BO30YXKICHUU MTOCTOSIHHOTO TOKa C TIOMOIIBIO JTHHUU AB u u3Mepenus pas-
HoctH norernuanos BIT Ha npuemusix anekrponax MN AUp; gepes 0,5—1 ¢ mocie oTkimo-
YCHHsS TOKA, T.€. U3MEPSIOT CIaJ HAMPsHKEHHOCTH AJIEKTPUYEeCcKoro moiisi. B pesynbraTte 1Mo
¢dopmyie (4.1) paccunThIBalOT BBI3BAHHYIO TOJSIPU3YEMOCTh TOPHBIX mopon # . Hax HeomHo-
POJHBIM TOJYNPOCTPAHCTBOM paccuuTaHHbIE TT0 (Gopmysie (4.1) 3HaAYeHHS HA3BIBAIOT KaXy-
HIeHCs MOJIAPU3YEMOCTBIO 7] .

Nurencusnsie nomust BIT (n = 10—40 %) Bo3HUKAIOT B cpenax, COACPHKAIIUX IIIEKTPOH-
HO-TIpoBOJsiIMe (pyAHble) MUHepanbl. [Ipu mpomyckaHUM TOKa 4yepe3 Takylo cpeny B Heil
MPOUCXOAT MPOIECCHI, CXOTHBIE C TEMH, KOTOpble HAOII0AAI0TCS MPH 3apsIIKEe aKKyMYJISATO-
pa. Bo Bpems mponyckaHus TOKa Ha MOBEPXHOCTH PYAHBIX MHUHEPAIOB, OKPYKEHHBIX MOJI-
3eMHOM BOZIOH, MPOUCXOAUT Psill PU3MUYECKUX MPEBPAIICHUH 1 XUMUUYECKUX PEaKIHUA, TPUBO-
JSAIUX K BBIHYXKJACHHOW mossipu3anuu cpenpl. [locne oTKIIoUYeHns TOKa B Cpesie yCTaHaBIU-
BAeTCs PaBHOBECHE U B TEUCHHE HECKOJIBKUX CEKYH] HaOIr0AaeTCsl Craj] SJEKTPUYECKOro Mo-
7 Ha MPHUEMHBIX 3JIeKTponaax. B cpenax, rae mopomooOpa3yromye MUHEPAIbl HE MPOBOJSAT
ANIEKTpUYECKUI TOK, oOpa3oBanue moineil BII cBs3ano ¢ mepepacnpenenceHueM 3apsaoB Ha
KOHTAaKTe >XKHJAKOW W TBepaou ¢a3, nuddy3ueit HOHOB yepe3 MOPHUCTHIE CPeibl, afcopOruei
UX Ha INIMHUCTBIX YacTULAX M JIPYrMMHM IpoueccaMu. Ilons BbI3BaHHONM moispu3alvMy HC-
MOJIB3YIOT B METO/IC BBI3BaHHBIX MoTeHIManoB (BIT).

3. IloreHumanamMu peakuuidi pyaHbIX MUHEPAIOB HA3bIBAIOT 3HAYEHMS] KOHTAKTHBIX pa3-
HOCTEW MOTEHIANIa, KOTOPbIe HAOTIOAAIOTCS MPH MOAKIIOUEHUN K PYIHBIM MUHEpanam (py-
JlaM) UCTOYHHKOB MOCTOSIHHOTO ToKa. [loj aeiicTBreM Toka Ha TpaHUIle MUHEPAJIOB C METall-
JUYECKOH CBSI3bI0 aTOMOB U >KMJIKOCTH C MOHHOW MPOBOJMMOCTBIO MPOTEKAIOT 3IEKTPOIHbBIE
OKHCIIUTEIbHO-BOCCTAHOBUTEIIBHBIE peakiuu. Eciin K pyIHOMY Telly MOJKIIOYUTH OTpHULa-
TEJbHBIN MOJIFOC BHEIIHETO0 UCTOYHUKA TOKA, TO B Cpeie UAYT KaTOJIHbIE BOCCTAHOBUTEIbHBIE
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peaKuuu ¢ MPUCOEAMHEHUEM 3JIEKTPOHOB K PEarupyrouIiM PyAHBIM MUHepaigaMm. DTOT Mpo-
1iecc, HampuMmep, Ha Cyiab(puaax MNPUBOJUT K UX KaTOAHOMY pasioxeHuio. Eciu k pyaHomy
TENy MOAKIIOUUTH IMOJIOKHUTENbHBIM MOJIOC BHEUIHET0 MCTOYHMKA TOKa, TO B Cpele HAYT
AQHOJIHBIE OKMCIIUTENBHBIE PEAKIMM, COIPOBOXKIAIOLIUECS OTPHIBOM 3JIEKTPOHOB OT pearu-
pyIOIIKUX MUHEpajoB. B pe3ynbrare MpoUCXOIUT PAcTBOPEHHE, Pa3pylIeHHE MUHEPAJOB C
o0pa3oBaHNEeM OKCUAOB MeTayuioB. Ha cynbdunax, HanmpumMep, MpOUCXOAUT aHOJHOE PACTBO-
peHue.

Kaxapiii MuHEpan uMeeT CBOM MOTEHUIHMANIBI PEaKIMi aHOJAHOTO pAaCTBOPEHUS U KaTOI-
HOTO pa3zioxxkeHus. OHU CBSI3aHbI C SHEPIUel KPUCTALTMYECKON PEIIETKH, HE 3aBUCAT OT re-
HE3UCa W BHEIIHUX YCIOBUM M TO3TOMY SIBJISFOTCSI YETKHUM JHATHOCTHUYECKHM TPU3HAKOM
MuHepana. Hanpumep, ais rajeHuTa XxapakTepHsl noteHuuans! peakuuit 0,36 B u - 0,87 B,
1151 xanbkonuputa - 1,17 B u - 0,63 B. [loTeHunansl peakiiuii UICIOJIb3YIOT B KOHTAKTHOM U
O0eckoHTakTHOM crniocobax momspuzanuoHHbix KpuBbix (KCIIK u BCIIK), a Takxke B MeTone
YaCTUYHOTO M3BJIedeHus1 MmetauioB (UNM).

Hckyccmeennvle nocmosanuvle i1eKkmpuydeckue noJisa. VICKyCCTBEHHBIE MOCTOSTHHBIC
ANEKTPUYECKHUE TIOJISI CO3JAI0T C MOMOIIBIO 0aTapeil, aKKyMyJIITOPOB, TEHEPATOPOB, TOKITIO-
YaeMBIX K JJIEKTPOIaM-3a3eMIIUTENSIM (A, B), depe3 koTopbie B 3eMiIro mpomyckaroT Tok |. C
MTOMOIIBIO JIBYX IPYIHX 3JIeKTpoaoB-3a3emintesiei (M, N) ¥ MUIIHBOJIBTMETPA H3MEPSIOT
pa3HocThb noTeniuaios 4U.

1. [lone Todeunoro ucroyHuka. HopManbHOE MMojie TOYEYHOro MCTOYHUKA (puc. 4.2),
T.e. 3aBucuMoctb AU ot |, paccrosHuil Mexay MyHKTamMH BO3OYKICHHS U H3MEPCHHS,
YICIBHOTO JJIEKTPHYECKOTO CONPOTHUBIICHHS OJHOPOIHOTO IONYIPOCTPAHCTBA p, MOXKET
OBITH OMpPEIEICHO C OMOIIBIO0 3aKkoHa OMa:

AU=IR=1pdl/s,

rne R — conportusnenne nuneiinoro nposoguuka; Al, S— ero anuHa u mIomaae Mo-
MEPEYHOrO CEUCHHUS.

Puc.4.2 Tlone ToueuHoro (2) W IBYyX TOYEYHBIX (0) HCTOYHWKOB HaJ OJHOPOJHOW U30TPOITHOMN
CpeJIoi Ha TPAaHULIE 3eMIISI — BO3IYX.

1—ToKOBEBIE JIMHHUU, 2— OKBHUIIOTCHIOHAJIBHBIC JINHUH

B oaHopoaHO# cpene Tok | 0T TOUYEUHOro MCTOYHHKA CTEKAET BO BCE CTOPOHBI PABHO-
MEpHO. DKBUIOTCHIIUATIbHBIC MMOBEPXHOCTH, T.€. TIOBEPXHOCTH, HAa KOTOPBIX AJIEKTPUUICCKUIN
noTeHman U MOCTOSIHEH, TOJDKHBI OBITh MEPICHINKYIISIPHBI K TOKOBBIM JIMHHSIM, a 3HAYUT,
UMeTh BHJ noycdep ¢ HeHTpoM B Touke A. Pasnocts notennumanos AU mexay nByms Tod-
kamMu M u N unm Mexny SKBUIOTCHIMATBHBIMU TOBEpPXHOCTAMU ¢ paaumycamu AM um AN,
MPOXOISAIINME Yepe3 ITH JABE TOUKH, MOXKET OBITH OIpe/eieHa Mo MPUBEACHHON BhINIe (op-
MyJIe

AU=plalls,

rae | — Bech TOK, MPOXOISIIHIA Yepe3 yKa3aHHbIC MOTYCEpb.
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JInMHa «IIPOBOJHHKA» PAaBHA PACCTOSHHIO MEXIY COCEAHHMH SKBUIIOTCHIHATbHBIMH
nosepxnoctsmu Al =MN, a nonepeuynoe ceyenrne S—IOBEPXHOCTH MONYCHEPBI C PAIUYCOM
2
AO, 1.e. s=2 1 (AO)". llpu 60mnbimx AM u AN 1o cpaBaenuro ¢ MN

(AO)’ = AM [UN, AU:puﬂzlﬁﬂ_LH 4.3
2ITUM TUN  2m0AM AN
[Monyuennass GpopMysa daeT BO3MOKHOCTH ONPEICIUTh Pa3HOCTh MOTEHIIMAIOB, CCIIH
W3BECTHBI TOK, YICIBHOE COMPOTHUBIICHHE MOPOIBI U PACCTOSHHS MEXIy TOYKaMH HabIroIe-
HUsL 1 uctoyHuKkoM. M HaoGopot, usmepuB AU u | u onpenenuB paccTOSIHUS MEXITy DIIEK-
TPOJAMH, MOKHO PacCUUTATh yETbHOE IIEKTPUUECKOE COMPOTHBIIEHHE TOPHBIX MTOPOI.

ITpu AN — oo mosryuaem (opMmysIy AJIsl pacueTa MOTEHIMala TOYEYHOro ucrounnka U,

T.€. Pa3HOCThH MMOTEHIIHAIOB MEX/Ty TOUYKOH M3MEPEHHS U OECKOHEYHOCTRIO (Tipu AM=T)
U=lpl2rxr

B Teopuu snexkTpopaszBenku JOKa3aHO, YTO AEKTPOA 000 (HopMbI MOKHO paccmart-
pHUBaTh KaK TOYEUHBIHM, €CIIM €ro Mojie M3ydyaloT Ha PAcCTOSIHUAX, B 5 pa3 u Ooyiee MpeBbI-
HIAIOIIMX JUIMHY 3a3€MIJIEHHOH 4acTu snektpoja. [loaromy monydaembie Gpopmyisl pacueTa
JUIsl TOYEYHOTO HCTOYHUKA IPUMEHUMBI B IIPAKTHUUECKOM 3JIEKTPOpa3BEIKE.

2. YCTaHOBKM JJ1 U3MEPEHUsI CONPOTUBIEHUN. HopManbHbIe MO MOCTOSIHHBIX 3JIEK-
TPUYECKUX TOKOB MOTYT U3y4aThCsl C MOMOIIbIO Pa3HBIX YCTAHOBOK, T.€. pa3HbIX KOMOMHA-

i uraromux (4B) u npuemubix (MN) anexrponos. s aByxanekTpoaHoi ycranoBku AM
(B — o0, N— )

p=2mUM E%

Jnst TPeXdJIEKTPOTHON YCTAHOBKH YAEIBHOE SJIEKTPUYECKOE COMPOTHBICHHE MOXHO

paccumTarth o popmyie
p = o AM AN AU (4.4)
MN 1

B mpakTHke 37eKTpopa3BefKH YacTO MPUMEHSIOT YeThIPEXIJICKTPOIHBIC YCTaHOBKH
AMNB (puc.4.2, 6). K oxnomy mmraromieMy 3aektpoay (Hampumep, A) MOAKII0YaoT MoJIo-
JKUTEJBHBIN MOJIOC UCTOYHHUKA TOKa, K Apyromy (B) — orpuunarenbHeiii. PazHOCTh NOTEH-
[aJ0B Ha MpUeMHBIX 31ekTpoaax (MN) ot snekTpoaa 4 onpeaesioT Mo MOJTYUYCHHOHN BBIIIE
dopmyne (4.3). AHamoruuHbM 06pa3zoM u3 Gopmyinsl (4.2) MOXKHO HOJTYYUTh Pa3HOCTh MO-
TCHIIHAJIOB OT OTPHIIATEIILHOTO Mmojroca B, ecnu 3amennth A Ha B, a | Ha - |. Pasnocts mo-
TEHIUAIIOB OT 000uX 31eKTponoB AB paBHa cymme AUp u AUg, T.€.

pu=tpgl 11 1
2m0AM AN BM BN

Eciu MN ycranoButs tak, utoost AM=BN, a AN=BM, to nonyunm dopmyny mms
pacdera p CHMMETPUYHOM YEThIPEXAJIEKTPOIHON YCTAHOBKOM:

p= n/%]%‘ﬂv E‘%U (4.4)

B MeToax conpoTUBIIEHUN PUMEHSIOT U PsAJ APYTUX yCTaHOBOK. Hampumep, miid riy-
OMHHBIX WCCIICIOBAHWN HCIOJIb3YIOT pas3IMyHbIe IUMOJIbHBIC ycTaHOBKH (puc.4.3). Ecim
npuemHblii qunons My N, nepreHnukynsapes kK paauycy MexIy ero HeHTPOM U LIEHTPOM ITH-
TAIOIIETO JTUMOJIS [, @ YroJl MeX/y paJuycoM u muTarolei tunueil AB (6) onpenensercs He-
paBencTBoM 70°< 6 <110°, TO TaKyr YCTaHOBKY Ha3bIBAIOT a3MMyTabHON. YacTHBEIM cllyda-
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eM asumyTansHoi (6 = 90°) siBsieTcst skBaTopuansHas ycranoBka (M;N»s). Eciu npremusiit
nunons (MgN,) Hanpaien Baoins I, a —30°< 6 < 30°, To TaKyl0 yCTAaHOBKY Ha3bIBAlOT Pajiy-
anbpHOM. YacTHBIM cllydaeM paauanbHoi ycranoBku (6 = 0°') seisercs oceBas (MoNo).

Jnst KaKIOoM yCTaHOBKHM MMeEETCsl CBOSL (pOpMyIia, 10 KOTOPOH pacCUMTHIBAIOT KOA(du-

. 2’ o
UMEHT YCTaHOBKU. Jlyisl a3uMMyTanbHOM YCTaHOBKM k= """ [} JUld paJuaibHOH
AB [MN
3
= 2"7’/ [p, e p, d — K03 (QHUIMEHTHI, MAJIO OTJIMYAIOIINECS OT CAWHMIIBI M OIpee-
AB MN

JsieMble TI0 CIIeUalbHBIM HOMOrpaMMaM. Takum o0pa3oM, IpH paboTax JI0OOH yCTaHOBKON
P paccUUTHIBAIOT MO hopmyre

p=k gg (4.5)

rae AU — manpsoxenne Ha MN; |—rtok B muanu AB; k—xos>dpuiment ycranosku, 3a-
BUCSILUUN JIUIIb OT PACCTOSHUN MEXIY JICKTPOJIAMMU.

3. Kaxymeecss comporusnenue. Dop-

M3 N Myia (4.5) 03BOJISET ONMPEACIUTh COPOTHUB-
. .3 My JICHWEe TIOPOJ, eCJIi cpeaa omHoponaHa. OmHa-
? e KO TIO 3TOH ke (opMyse MOKHO paccuuTaTh
| e e N HEKOTOPYIO YCIOBHYIO BEITUUMHY, €CIIH 3aMe-
| r ;f M. N pBl BECTH HaJl HEOJHOPOTHOW B 3JIEKTpUYE-
| F’__'.p CKOM OTHOIICHHWH CPeIOil (Y4TO MPaKTUYCCKH
| 7 g _—o BCerja u OBbIBAaET MPH IEKTpOpa3Beke). Ty
—_—— - _L.’-;*: a8 _ —8 BEJIMYMHY Ha3bIBAIOT KAXKYIIUMCS COTPOTHUB-
A B M. N, IICHUEM p,.
oo

PaccmoTpuMm (u3uUecKuil CMBICT Be-
JUYUHBL p,. Bo3bMeM mpocTeillyo Tpex-
snekTpoaayio ycranoBky AMN ¢ odens ma-

aeiv MN (rpaguentHas ycraHoBka). Mcmons3ys GopMyiy Ui pacuera p, [CM. BbIpaKeHHE
(4.3)] u 3amenuB AM-AN- = {AO)Z, MOYHO 3aITUCaTh

MN 1

U3 Teopuu MmoJisi M3BECTHO, YTO HANPSDKEHHOCTh JIEKTpUdYeckoro momst E = jyn pun,
€ N — IUIOTHOCTh TOKA; PN — YAEIBHOE CONPOTUBIEHHE BOJIM3M MPHEMHBIX JJIEKTPO-
n0B. B 1o xe Bpems E= AU/MN. O6o3navas jo= 1/27(A 0)2 U C y4ETOM TOT'O, YTO Ha MOCTO-
STHHBIX PA3HOCAX M TIPU OJHOPOIHOM BepxHeM cioe pyn / jo = CONSt, momyyaem

p. = ju 0, 7)

0

Puc.4.3 Cxema pa3im4HBIX TUIOJIBHBIX yC-
TaHOBOK

pK

T.€. Ka)XKylleecs COIMPOTUBICHUE MPONOPLUUOHAIBHO INIOTHOCTH TOKA Y IPUEMHBIX DJIEKTPO-
noB. [lomyueHHast ¢opmyrna MO3BOISET BBISICHUTH (PU3UUYECKUN CMBICT KaXYIIErocs COIpo-
TUBJICHUS M 00JIer4aeT MOHMMAaHUE XapaKTepa U3MEHEHHS P, HaJ pa3IMYHBIMU T'€03JCKTPH-
YECKUMU pa3pe3amu. MICKyCCTBEHHBIE ITOCTOSHHBIE 3JIEKTPUYECKHE OIS UCIOIb3YIOT B Me-
TOAAX COIPOTUBIICHUM.

Hckyccmeennvie nepementble 2apmoHudecKue 31eKmpomMazHumHuble noJis Co3arwT ¢
MOMOIIIBI0 PAa3HOTO poJia TEHEPATOPOB CHHYCOMIAIBLHOTO HANPSIKCHUsS 3BYKOBOW M pajHo-
BOJIHOBO Y9aCTOThI, MOAKIIIOYACMBIX K TaJIbBAHUYCCKUM 3a3CMIIUTCIIAM WM WHAYKTHUBHBIM
He3a3eMJICHHBIM KOHTypaM. C MOMOIIbIO IPYTUX 3a3eMJICHHBIX MPUEMHBIX JIMHUH WM He3a-
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3EMIICHHBIX KOHTYPOB H3MEpSIOT dnekTpudeckue £ wnu marautheie H cocrapmstomue Ha-
NPSKEHHOCTH 1oJis. HampskeHHOCTH MCKYCCTBEHHBIX NMEPEMEHHBIX TapMOHHYECKHX AJIEK-
TPOMAarHUTHBIX TOJEH ONpPEeNeNIoTCs, MPEXIE BCETO, YACIbHBIM 3JEKTPUUECKUM COMPOTHB-
aeHueM cpelpl. C 0THONW CTOPOHBI, YEM BBIIIE COINPOTUBICHHUE, TEM MEHbIIE CKUH-3QQEKT U
Ooublie TIyOrMHA MPOHUKHOBEHUS oSt C Ipyroil — 4yeM HUXKe CONMpPOTHBIIEHHE, TeM 00JIb-
116 UTHTEHCUBHOCTh BTOPUYHBIX BUXPEBBIX AIEKTPOMArHUTHBIX MOJEH, UHIYLIUPOBAaHHBIX B
cpeze.

BeiBo ananuTH4eckux Gopmyi, CBSI3BIBAIOLINX MEXKIY COO0H M3MepsieMble TapaMeTphl
E, H, tok B naruuke mouns |, pacctosiHne MexIy TeHEpaTOPHBIMH U M3MEPHTEIbHBIMHU JIH-
HUSAMH [ ¥ 3JEKTPOMArHUTHBIE CBOMCTBA OAHOPOJHOTO MOJYHPOCTPAHCTBA, OUYEHb CIOXKEH.
Ha muskux yacrorax (f < 10 x['1) pacyer conpoTUBIEHHS OJHOPOIHOTO MOIYIPOCTPAHCTBA
BeIyT 1Mo hopmyiie

AU(w)
p=k, =2, (4.8)
I
rae K,, — K03 QUIMEHT yCTaHOBKHM, Pa3sHBIA IJIS Pa3sIMYHBIX CIOCOOOB CO3NAHUS U

U3MEPEHUsl TMOJIs, PACCTOSHUN MEXIy HMCTOYHHUKOM M TPUEMHHKOM, KPYrOBBIX YacTOT
(w=27f); AU(®w) — pasHOCTH NOTEHIMAJIOB, POIOPLUOHAIBHAs COCTaBsAomUM £ wim H.
Han HeogHOpOAHOM cpemoit mo 3To# ke (GopMylie pacCUUTHIBAIOT KaXKyIIeecs COMPOTUBIIE-
HUE p,,.

Hu3zkodacToTHBIE TAPMOHUYECKHUE TIOJIS HCIIOIB3YIOT B MHAYKIIMOHHBIX 30HANPOBAHUIX
u npodunuposanusax. Ha Beicokux wacrorax (f >10 k') popmynsl a1 mapamMeTpoB HOP-
MaJIBHOTO T10JIs1 00JIee TPOMO3/IKH, TAK KaK OHU 3aBUCAT OT TPEX JIEKTPOMATrHUTHBIX CBOMCTB
CpeIbl: p, & (. DTU MOJS NPUMEHSIOT B Pa3IMYHbIX PAJMOBOJHOBBIX U PaJAHOIOKAIMOHHBIX
METO/AAX IEKTPOPA3BEIKH.

Hckyccmeennvie umnynschvle (HeyCmManosuewUecs) I1eKMpPOMAZHUNHbIE NOJA
CO3JAI0T C MOMOIIBIO TEHEPATOPOB, JAIOIIMX HA BBIXOJE HANPSIKEHHE B BHIE IPIMOYTOJIb-
HBIX MMITYJIbCOB Pa3HOW JUIMTEIBHOCTU WM UMITYJIBCOB CTYIEHYATOH (POPMBI U MOIKIIOYae-
MBIX K 3a3€MJIEHHBIM JIMHHMSAM WJIM HE3a3€MIICHHBIM KOHTypaM. B MOMEHT Pe3KOro BKIKOYE-
HUS WIM BBIKJIFOUCHHS TOKA B MPOBOJSIICH T'€OJIOTHYCCKON Cpelie MHIYIIUPYIOTCS BUXPEBbIC
BTOPUYHBIE 3JIEKTPOMArHUTHEIE T10J1s. VI3 TEOpHHU CIIEKTPOB M MMITYJILCHOM TEXHUKH U3BECT-
HO, YTO NIPY PE3KOM H3MEHEHUHM II0JIS B CPEJE BO3HMKAET CHIHAJ, KOTOPBIH MOXKHO Paslio-
’KUTh B HA0OP FAPMOHUYECKHMX KOJIEOaHUM IMPOKOrO CIIEKTPa YacTOT. UeM OCTpee MMITYIIbC
WK KPYTU3HA CIajla CUTHAJIa, TeM 00Jiee BBICOKOYACTOTHBIE KOJIEOAHUs COAEPIKATCS B HEM, a
C YBEIMYCHUEM YaCTOTHI pacTeT CKMH-3(P(EKT U yMeHbIIaeTcsl ITyOMHa MPOHUKHOBEHUS I10-
1. OZIHAKO C POCTOM YacTOThI YBEIUYMBAIOTCSA BTOPHYHBIE BUXPEBBIE HHAYKIIMOHHBIE MOJIS.

B 3aBucuMOCTH OT (POPMBI UMITYJIbCA TIUTAKOIIETO TOKA U CONPOTHBIIEHHUS CPEMBI CHUT-
HaJbl ucKaxkarorcs. Ompenernsis ¢ nomoinsio npuemuoit muauu MN mnm HesazemneHHOTO
koHTypa (metnmu, pamkn) pasaoctu norernuanos AUg (f) u AUy (t) ma pasusix Bpemenax t
MMOCJIC OKOHYAHUA NMHUTAOMICTO CHUTrHaJIa, U3Yy4arOT TAaK HA3bIBACMBIC MCPCXOAHBIC MPOICCCHI
WJIU CTaHOBJICHHE (YCTAaHOBJICHHE) TTOJISI B CPE/Ie.

BrIBo aHAMMTHYECKUX (OPMYII, CBA3BIBAIOIINX MEXKIY COOOM M3MEPEHHBIE Pa3HOCTH
norentmanos AUg (t), AUy (1), Tox B nuraromeit uenu |, conporusnenre oaHOpOAHOrO Mo-
JYIPOCTPAHCTBA O, U PACCTOSHUE [ MEXKAY UEHTPAMHU MUTAIOUIETO H IPUEMHOTO YCTPONCTB,
OYEHb CI0KEH. DOPMYIIBI IS PACUYETa CONPOTUBIIEHHS OJHOPOIHOTO HOIYIIPOCTPAHCTBA IS
nanwrei (r > 5H) u 6mxneii (I < H) 30 or ucrounuka (rne H — npoextupyemsie riry6u-
HBI pa3BEJKN) UMEIOT BUJ

p., =k, Ut)/I, p,, =k QI/AUt)]" G, (4.9)
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rae Ky, Ks — koapduimenTs yeTaHOBOK, 3aBHCSIINME OT TUIIA IUTAIOLIEN U IIPUEMHOM JIMHUIA,
HUX pa3MepoB W pazHoca I. JIjisi HeOqHOPOIHOW Cpelbl CONMPOTHUBIICHUS, PACCUMTAHHBIE TIO
3TUM (HOPMyJIaM, HA3bIBAIOTCA KAKYIMMHUCS (059, Pr5). HEYCTAHOBUBLINECS OIS UCIIOB3Y-
10T B 30HAMpOBaHMsIX ctaHoBiaeHueM nouist (3C) u meToe nepexoaubix nporeccon (MIIIT).

Hugppakpacuoe uznyuenue 3zemnoii nogepxnocmu. udpakpacHoe u3aydeHue CBsiza-
HO C ITACCUBHBIM 3JIEKTPOMArHUTHBIM M3JIy4€HHEM 3€MHOM MOBEPXHOCTH B JHAIIa30HE JJIUH
BoJIH 0,7—400 MxkM. Ero M”HTEHCUBHOCTh ONpPEAEISAETCS TEIUIOBBIMU MTOTOKAaMU OT BHYTPEH-
HUX UCTOYHUKOB TeIja 3€MJIM, BHEIIHUM HarpeBOM 3a CUET COJIHEYHON aKTMBHOCTH, TEILIO-
BBIMU M OTpPaXaTeJIbHBIMU CBOWCTBAMH T'OPHBIX NOPOJ U Apyrumu (akropamu. MHppakpac-
HO€ HU3Jy4YeHUE H3Yy4aroT MPHU CBEPXBBICOKOUYACTOTHOM 3JEKTPOMArHMUTHOM MPOQUINPOBA-
HUU, HAXOJALIEMCS Ha CThIKE 3JIEKTPOPA3BEIKH U TEPMOPA3BEAKH (CM. II. 6).

ITveszoanekmpuueckue asénenus. I1be3031eKTpUUECKUE ABICHHS CBSA3aHBbI C DIEKTpUYE-
CKUMH HOJISIMH, KOTOpPble HAOMIOAIOTCS HaJ MeOJOrMYECKUMH CPeAaMU M MOPOJaMH C IO-
BBIIIEHHBIMH NTbE303JIEKTPUUECKUMU MOJYJISIMHU, €CIIU K HUM NPUIIOKUTh MEXaHUYECKUE Ha-
npspkeHust. [1o1oOHbIe MO B KPUCTANIMYECKUX MOPOAAX OOYCIIOBIIEHBI MbE303JIEKTpUYE-
ckuM 3¢ dexrom (IIDD), T.e. AMeKTpHUUECKON MONApU3aLUeii 3apSI0B B KPUCTAIIIAX UAIICK-
TPUKOB IIPU MEXAHUUYECKOM BO3/EHCTBUH HA HUX.

B ocanounbix nmopojax nbe303JeKTpUUEcKre MOy MUHEPAIOB MOTYT OBITh HEBBICO-
KHMH, a HaOII0JaeMOoe TP MEXaHUYECKOM BO3JICHCTBUU IEKTPHUECKOE TMOJIe TIOTYYHIO Ha-
3BaHUe ceiicmoriekTpudeckoro 3dgdekra (COID). [Tpupoga CIDD cBs3aHa ¢ AIEKTPOKUHE-
TUYECKUMH MPOLIECCAMH BO BIIArOCOAEPIKAIIUX MOPOAaX IPU IMPOXOXKIACHUN 110 HUM YIPYTHUX
BOJIH. Bo3HuKaro1ue mpu 3ToM 3JIeKTpUYECKUE MOTEHIIUAIbl IPUMEPHO TAKOT'0 K€ MPOUCXO0-
JKACHUS, KaK U paCCMOTPCHHBIC BBIIIC CCTCCTBCHHBIC IMOTCHIIMAJIbL (bI/IJILTpaI_II/II/I. s TOM, U B
JIpyroM ciydyae Mpu U3MEHEHHMM JaBJICHUS Ha KOHIAX KalWuigpa MPOUCXOIUT CMEIECHUE
HBOﬁHLIX QJICKTPUYCCKUX CJIOCB B HUX, U B PC3YJIbTATC BOSHUKAIOT PA3HOCTH IJICKTPUICCKUX
noreniuanoB. Ha uzyyenun [190® u COO® oCHOBaHBI MbE303IEKTPUUECKUE METOIBI pa3-
BCAKHU.

4.2 Anmaparypa u 000pyAoBaHue ISl JJIEKTPOPa3BeIKU

JI1si MHOTOYHMCIIEHHBIX METOOB AJIEKTPOPA3BEAKH MOXKHO IIPUMEHATH PA3JIMYHYIO all-
napaTtypy u obopyaoanue. Hekoropsie mpruOOpbl HCTIOAB3YIOT AJIT PaOOT OJHUM, IPYTHE —
HECKOJbKUMHU METOAAaMHU.

421  Obwas xapakmepucmuka 2eHepPamopHO-U3MePUMEIbHBIX YCIPOUCHE

B KOMIUIEKT TEXHUKHU JTs JIEKTPOPA3BEIKH OOBIYHO BXOMAT CIAEAYIOIIHNE OJIOKH.

1. MamuHHbIe TeHepaTopsl, OaTapeu, aKKyMyJISTOPBI (B METOJAaX €CTECTBEHHOT'O IMOJIs
OHU HE HYXHBI) JJI1 HETOCPEJACTBEHHOTO MUTAHUS T€HEPATOPHBIX YCTPOWUCTB MOCTOSHHBIM
TOKOM JIM00 AJIs1 IpeoOpa3oBaHus €ro B HaIPsKEHUE HY)KHOW 4acTOThl. MalllMHHBIE FeHepa-
TOpBI PabOTAIOT OT JBUTATEN sl AaBTOMOOMIISL MIJIM OEH303JIEKTPUUECKUX arperatoB. J[ns smek-
TpOpa3BeAKU UCIONB3YIOT OaTapen tuma 69-I'PMII-6 (b-72) wim 29-I'PMII-13 (b-30) c nHa-
npspkeHreM 70 wim 30 B u maccoii 25 win 20 xr. OHM npeAcTaBisioT co60ii HabOpbl CyXHX
MapraHieBO-IUHKOBBIX 3JIEMEHTOB. MOKHO MCIIOJIb30BaTh U JIIOObIE APYrHe cepHiiHble OaTa-
peu ¢ HanpsbkeHuem 30— 100 B. Kpome Toro, ans 371€KTpopa3BeKM MHOTJA NPUMEHSIOT
pa3HoOro poja akkymynaTopsl. [locTossHHOE HanpsKeHne UCTOYHUKOB ITUTAHUS B Pa3HBIX Me-
TOAaX MOXHO U3MeHATs oT 10 mo 1000 B.

2. U3mepurenu, i perucTpaTopsl TOKa, B MUTAIOIIKX JIMHUAX. B pa3HbIX METOAAX TOK
n3Mmensiercs ot 0,01 mo 50 A.

3. V3MepurenbHble, WIM PETUCTPUPYIOIINE TPUOOPHI, IPEAHA3HAYCHHbIE IS Olpe/e-
JICHUS aMIUIUTYIHBIX U (Da30BBIX 3HAUEHUI (aOCONIOTHBIX WJIM OTHOCHUTENIBHBIX) HAIlPsDKEH-
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HOCTH 10Jis1. YacTo M3MepsIoT pa3HOCTH MOoTeHIMaioB AU B MPUEMHBIX JTHHHUSAX C TOMOIIBIO
CTPEJIOYHBIX MUJLJTUBOJILTMETPOB. Perucrpaiuio ocymecTBIsOT IOCPEACTBOM Pa3HOro poja
ONTHYECKUX OcHUIUIOrpadoB U MU(POBBIX PETUCTPATOPOB. Perucrpanuio Ha3bIBAIOT aHAJO-
TOBOM, KOT/Ia 3aMUCh BEAYT B BUAMMON (popme, vim 1udpoBoi, KOTJa CUTHAIBI KOJIUPYIOT B
JBOMYHOM IH(PPOBOM KOJI€ M 3aMHCHIBAIOT HA MAarHUTO(POH. M3MepuTensHbIe U PETUCTPU-
pyrolue Npudopsl s ANEKTPOPa3BEAKH OOBIYHO XapaKTEPU3YIOTCS CIEAYIOIUMHU TeXHUYE-
CKHMH XapaKTEPUCTUKAMU: PA3TUIHBIMU YaCTOTAMH M JUHAMUYECKUMU JUAMa30HAMHU; TIOPO-
roBOM 4yBCTBUTENbHOCTHIO (0Kosio 10 MkB) u morpemnoctrio (B npeaenax £3—10 %); BbI-
COKHUM BXOAHBIM conpoTuBieHueM (cBbiie 1| MOM); mOMeX03amuIeHHOCThI0, 0COOCHHO OT
MOMEX MPOMBINLICHHOW 4acTOThl S0 ['11; BO3MOXHOCTBIO PYYHOM WJIM aBTOMAaTHYECKOM yCTa-
HOBKH HYJS prOopa, 0OBIYHO MPeTHA3HAUYCHHOW JUIsI KOMITEHCAITUH 3JIEKTPOTHBIX pa3HOCTEH
MOTEHIIMAJIOB; OTCYTCTBUEM WJIM HAJIMYMEM MHKPOIPOIECCOPOB, 00ECIIEUNBAIOLINX U3MEpe-
HUE B 00paboTKy HMH(pOpMaImu; 3>IEeMEHTHON 0a30i mpuOOpPOB (TPAH3UCTOPHBIX M HHTE-
rpajJbHBIX OJIOKOB); CIIOCOOAMH M HCTOUYHUKAMHU MUTAHUS 3JIEKTPOHHBIX CXEM U T. II.

4. DIEKTPOABI-3a3€MIIMTENM ISl TAIbBAHUYECKOTO CO3JaHUs TIOJIsl B 3eMile U U3Mepe-
HUS AJIEKTPUYECKUX COCTABISIONINX HANPsHKEHHOCTH MoJisl. B kauecTBe 31eKTpoAOB s MU-
TAIOIIUX JIMHUH AB ucnonb3yror cranbHble, a aus npueMubix Tuauidi MN mennbie nim na-
TyHHBIE 31eKTPO bl JuyinHOU 0,3—1 M u nuamerpom 1—3 cM. B mosisipu3animoHHBIX METOaX
MIPUMEHSIOT HETIOJISIPU3YIOITUECS SJIEKTPOIbI, KOTOPBIE COCTOAT M3 3a3€MIISIEMOTO TTOPUCTOTO
(KepaMHUYECKOTO WM OpPE3eHTOBOT0) COCyla C PacTBOPOM METHOTO Kymopoca M MEIHOTO
CTEPKHSI B HEM.

5. HezazemieHHBIE KOHTYpPhI — METJIH (C pa3MepoM CTOPOHBI A0 1 KM), paMku (qua-
MeTpoM 110 1 M), KOTOpBIE CIyXkaT JUIsl MHIYKTUBHOTO BO30YKICHHS OISl ¥ U3MEPEHUS Mar-
HUTHBIX COCTAaBJISIOIUX IMOJISL. [1eTiM M paMKy M3TOTOBIISIOT U3 M30JMPOBAHHOTO TPOBOAA,
YHCJIO BUTKOB U JUAMCTP KOTOPBIX 3aBUCAT OT YaCTOThI IOJIA U MCTOAAa Pa3BCIAKU.

6. IIpoBo/Ia HEBBICOKOTO COMPOTUBIIEHUS, OOJBIION MEXaHHMYECKON MPOYHOCTH, C XO-
porel u3onsnuen. s amekTpopa3BeiKi UCTIOIb3YIOT CIeHAIbHBIC TeOPU3NIESCKUE T0JIe-
Bble MeAHbIe U cTtajgemeansie nposoaa (I'TIMIIL, T'TICMII u ap.).

7. BcmomorarensHoe 000pyoBaHue (KaTyIIKH, KyBalAbl, HHCTPYMEHT U JIp.).

Jnst anekTpopa3Beiku U3TOTOBIISIIOT MHOXKECTBO THIIOB amlmnaparypbl, XapaKTEepHU3YyIO-
mIeiicsl pa3HOOOpa3ueM CXEMHBIX PEIICHHH M KOHCTPYKIIMHA B 3aBUCHUMOCTH OT TIyOWH pas-
BEJIKU U MECTa MPOBEACHUS PabOT, YACTOTHI MO ¥ U3MEPSIEMbIX mapamMeTpoB. [1o riryOnHHO-
CTH pa3BEIKHU M TEOJIOrMYECKOMY HAa3HAUEHHUIO amlmnaparypy A dJIEeKTPOpPa3BEIKH MOKHO
pa3neNuTh Ha TPH TPYMIBL: a) IEPEHOCHYIO; 0) AIEKTPOPa3BEIOYHbIC CTAHIINH;, B) adPOdJIEK-
TpPOpa3BeJOYHBIE CTAHINH.

4.2.2 Ilepenocnasa annapamypa

[Tpu snexTpopasBeake Ha HeOONbIMX rTyOuHax (10 500 M) ¢ MOBEepXHOCTH 3eMIIH U B
TOPHBIX BBIPA0OTKAX MCIHOJB3YIOT PAa3IMYHOrO pPoja MEPEHOCHYIO ammnaparypy u o0opyaoBa-
HUE, cocTosme U3 psna 010koB obmieit maccorr 20—100 kr. PaccMoTpuM HEKOTOpEIE ce-
pUiiHbIE OT€YECTBEHHbIE MPUOOPHI, TpeIHA3HAYCHHBIE AJIS Pa3BEIKU Ha MOCTOSIHHOM U HU3-
KOYaCTOTHOM TepeMeHHOM Toke (AD-72, AHY-3), mist UHIYKTUBHOTO 3JEKTPOMArHUTHOTO
npodunupoBanust rapmonndeckumu (OIII1) u HeycranoBuBmmmucs (MIIIT) monsmu, as
BbICOKOYAcTOTHOM anekTpopasseaxu (CABP, JIOMII, PII).

Dnekmponnblil cmpenounvlii KOMnencamop. DIEKTPOHHBIM CTPEIOYHBIM KOMIIEHCa-
TOP, WM aBTOKOMIICHCATOP AJIEKTPOpa3BeAOUHbIN (AD-72), mpenHa3HadyeH I dJIeKTpopas-
BCAKHU IIOCTOSIHHBIM TOKOM MCTOJaMH CCTCCTBCHHBLIX IMOCTOAHHBIX JSJICKTPUUCCKHUX mnojeu
(EII), comporuBnenuit (B23, OII), 3apsna (M3). [Ilpubop AD-72 sBrusercs TpaH3UCTOPHBIM
MUJUIMBOJIBTMETPOM, IMOCTPOCHHLIM I10 aBTOKOMHCHcaHI/IOHHOfI CXCMC UJIK IO CXCMC YCUJIU-
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TeJs ¢ TIYOOKOW OTPUIIATEILHON 00paTHOM CBS3bI0. DTOT MPUOOP Maccoit 4 Kr, TOMUMO H3-
mepenust AU, city:KuT 171st KOMICHCAIIUH SJICKTPOIHBIX MOTECHIINATIOB U M3MepeHus | .

Annapamypa nuskoii yacmomsl. Anmapartypa Hu3koi dactotel (AHY-3) npennaszna-
YyeHa JJI 3JIEKTPOPA3BEIKNM METOJaMHU €CTECTBEHHBIX MEPEMEHHBIX JJIEKTPUUECKHUX MOJIEH,
COnpoTHUBIICHUH, 3apsaa. B kommekt AHY-3 BXoasT reHepaTop NMEPEeMEHHOTIO HAIPSKEHUS
gactoToit 5 't 1 Maccoil okoo 3 Kr, B KOTOPOM TOCTOSIHHOE HaIpsbkeHue Oarapeit tuma b-
70, b-30 npeobpaszyeTcst B IepeMEeHHOE, U TPAaH3UCTOPHBIA MIJUTUBOJIBTMETP MAccoi okoJio 4
KT, IOCTPOCHHBI MO aBTOKOMIIEHCALIMOHHON CXEME C BBICOKOM MOMEXO3AIIUIIEHHOCTHIO OT
MOJIEH MPOMBIIIUIEHHON YacTOTHI.

Annapamypa 0nsa usmepenus ocei INIUNCA NOAAPUIAYUN MAZHUMHO20 NOAA. Anna-
paTypa ans u3MepeHus ocei amumrnca nosspuzauuu (OI111-2) npeanasHadeHa 1uist UHIYKTUB-
HOT'0 HM3KOYAacTOTHOTo npoduaupoBanus. C ee IOMOIIBIO B 3eMIle CO3al0T TapMOHHUYECKOE
I0JIE ¥ OTIPEACTISIOT OOJBIIYIO, CBA3aHHYIO C IEPBUYHBIM OJIEM, U MaJyl0, 00YCIOBICHHYIO
BTOPUYHBIM (MHAYKIIMOHHBIM) TIOJIEM, OCH JJUIMIICA HOJSAPU3ALUU U3MEPSAEMOrO BEKTOpa
marauTHoro nois. [Ipubop DIIII-2 coctouT U3 TeHepaTopa CUHYCOMIAIBHOTO HANpsKEHUS
gactorou 78, 312, 1250, 5000, 20000 't 1 u3mepuTenbHOro G10Ka, MPEIHA3HAYEHHOTO TSI
OIpEACIEHUs] Pa3HOCTU MOTEHUUAIOB, NPONOPLUUOHAIBHBIX OCAM JJUIMIICA MOJISPU3ALUU
CYMMapHOT'O MArHUTHOTO I10JIsI, C IIOMOIIBIO JIBYX JKECTKO CKPEIUICHHBIX B3aMMHO MEPIICHIN-
KYJISIpHBIX pamoK. OO0111as Macca KOMILIEKTa puMepHo 50 KT.

Annapamypa 013 uszmepenus nepexooHvIX npoueccos. Anmnaparypa UHIYKTUBHOTO
poGUIMPOBAHKST METOJOM TepeXxoaHbIx mporeccoB (MIIII) cayxur ajis KOMMyTanuu Io-
CTOSIHHOTO TOKa OaTapeil B MPsSMOYroJibHbIE MMITYJIBCHI AIUTEIbHOCThIO 20—50 Mc, moma-
BaeMble B HE3a3€MJICHHBIM KOHTYp, U MU3MEPEHHUS B TOM K€ WJIHM JPYroM KOHTYPE Pa3HOCTH
MOTEHIMAJIOB Ha BpeMeHax oT | 10 50 Mc mocie OKOHYaHWs MMITyJbca. Amnmaparypa Aus
MIIIT cocToUT M3 TPaH3UCTOPHOTO KOMMYTATOPa U 3JIEKTPOHHOTO U3MEPUTEIHHOTO 0JI0Ka, B
KOTOPOM OCYILECTBIISIOTCSI CTPOOMPOBAHUE UMITYJIbCOB, HAKOIUIEHUE M U3MEPEHHE aMIUTUTYL
CUTHAJIOB Ha Pa3HBIX BpeMeHax. Macca pasnuuHbiXx Momudukanuii anmapatypsl MIIIT co-
craBisietT 10—40 kr.

Annapamypa 013 paduoKkomnapayuonHnozo npogunuposanusn. s paarpoxkommapa-
LMOHHOTO (PaJMO’JIEKTPOMArHUTHOTO) MPOPMINPOBAHUS TYTEM H3YyYEHUS CBEPXAJTUHHO-
BOJIHOBBIX TOJIEM paJOCTaHLIMN UCIIONB3YIOT paguonpueMHuk tuna C/ABP-3. On npencras-
JIsIeT cOOO0M TPAH3UCTOPHBIN paTuONPHUEMHUK-KOMIIApaTop, padoTaronuii B quamnasone 10—
30 k[’ ¥ mpeHAa3HAYEHHBIN 7151 M3MEPEHUSI TOPU3OHTAIBHBIX M BEPTUKAIBHBIX COCTABIISIO-
IIMX HAMpPsHKEHHOCTH DJIEKTPUYECKOr0 M MarHUTHOTO moiieil. OT OOBIUHBIX pagHMONpPHEMHHU-
koB C/IBP-3 oTnuuaer Hanmuuue Bpamaromeicss (eppUTOBONM aHTEHHBI, YCTPOWCTBA IS
OIICHKH IIEHBI JICJICHUS MIKaJbl MpruOopa (KoMIapaTopa) U CTPEJIOYHOTO WHIUKaTopa. Macca
npubopa OKoJIO 5 KT.

Annapamypa 011 OUnOALHO20 INEKMPOMAZHUMHO20 npouaupoeanus. Jis -
MOJIBHOTO 3JIEKTPOMAarHUTHOTO BBICOKOYACTOTHOTO MPO(UINPOBAHUS UCKYCCTBEHHBIMHU I10-
JSAMH CITyKUT anmnapatypa tuna JIOMIL. OHa cocTOoMT U3 MOPTaTUBHOTO TeHepaTopa ¢ pabdo-
yuMH yactotamu 2,8; 32; 128 k', paguonpueMHUKa U paMOYHBIX T€HEPATOPHBIX U U3MEPH-
TenbHBIX aHTeHH. OOm1as macca 10 17 kr.

Annapamypa onsa paduonpoceéeuusanuil. J{ns paguoBOIHOBBIX POCBEUYNBAHUNA MEXK-
Iy CKBaXXMHaMHU U TOPHBIMU BbIPAOOTKaMM CYLECTBYIOT Pa3JIN4Hble KOMIUIEKTHI allapaTypsbl
PII. OHu cocTOAT U3 MepeaaTyukoB, MpueMHUKOB (dactoroit ot 0,1 1o 10 MI'm) u HaGopos
aHTEHH TakoW (hOpMBbI, YTOOBI UX MOXKHO OBUIO OITyCKAaTh B CKBaKUHBI UM MEPEHOCUTH I10
TOPHBIM BBIPaOOTKaM.
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423  DnekmpopazeedouHvle cCmaHyuu

JU1s 5IeKTPOMarHuTHBIX 30HIMPOBAHUIN Ha OONBIINX TITyOHMHAX (10 5 KM), KOraa Heoo-
XOJMMO BBOJUTH OOJBIINE TOKH, IPUMEHSIOT 3JEKTPOPA3BEJOYHbIE CTAHIIUN PA3JINYHBIX Ma-
pok. OObIYHO PAOOTHI MPOBOJAT IEKTPOpa3BeaoUHbIME cTaHuusaMu JPC-67, DPCY-71, BII-
62, IDC-2 u npyrumMu, CMOHTHPOBAHHBIMH, KaK MIPaBUJIO, HA JBYX aBTOMAIIMHAX (TPY30BBIX
WJIH JIETKOBBIX ).

I'enepamopnuie cpynnol. Ha 0HON aBTOMAIIMHE 3JEKTPOPA3BEIOYHOM CTAaHLMH, Ha-
3bIBAEMOM T€HEPATOPHOM T'pyMIOi, pacHOJIOAKEHbI OJWH WJIHM JIBa T€HEpATOopa MOCTOSHHOTO
ToKa HanpspkeHueM 10 500 B npu Toke 10 25 A, KOTOpble MOYXHO BKJIHOYaTh MOCIE10BATENb-
HO WM TNapajuiesnbHo. POTOphl reHepaTopoB BpallaioTcs OT JABHUraTess aBTOMOOWIIS yepes
CHenHaIbHyI0 KOpoOKY 0TOOpa MOIITHOCTH M JIOTOJIHUTENbHBIN KapAaH. BeixoHoe Hanpske-
HUE PETYIUPYIOT U3MEHEHHEM YHciia 000pOTOB KOJIEHYATOro Bajia ABUrarens aBromoomisd. C
MIOMOUIBIO 3JIEKTPOMAarHUTHBIX KOHTAKTOPOB IMOCTOSIHHBIN TOK B craHuusax JPC-67 u BII-62
HEMOCPEICTBEHHO MOAAI0T B MUTAONIYI0 JMHUI. B craniuax OPCVY-71 u LIDC-2 nocTosiH-
HBI TOK C MOMOIIBIO TUPUCTOPHOIO KOMMYTATOpa, YINPAaBISEMOrO CIIELHAIbHBIM TpPaH3U-
CTOPHBIM I'€HEPATOPOM, MPEBPAIIAIOT B IEPEMEHHBIN B JUANa30HE 10°—10° I'u. On CITY’KUT
JUIS 30HAMPOBAHUM Ha MEPEMEHHOM TOKe. B reHepaTtopHO rpyrre ycTaHOBIEHBI MPUOOPHI
JUIsL KOHTPOJIS, PETYJUPOBKH M M3MEPEHUs TOKa B MuUTaroleil uHud. [ yOuHHBIE 3J€KTpOo-
MarHuTHbIE MCCJIEIOBAHUSI MHOTJA BBINOJHAIOT C T[OMOIIbIO creuuanbHbix  MI/I-
TE€HEPATOPOB.

H3zmepumenwvnuie navopamopuu. Ha aBTomammse, Ha3bIBA€MON M3MEPUTEIBLHON, WU
MOJIEBOH, TabopaTopuel, paclonoxkeHa anmnaparypa, npeIHasHaueHHas Jisi aBTOMAaTHYECKOM
peructpauuu pazHocreid noreHuuanoB. ns storo B cranuusx IPC-67, OPCY-71, BII-62
CTOST AJIEKTPOpa3BeIOUHbIE TMoJieBble ociuiorpadsl (JI10) nns peructpanyyu CUTHaJIOB B
aHajoroBoii ¢opme (Ha dotoOymare). B mmudpoBoii snexkrpopasBenounoi craniuu [[9C-2
CUTHAJIBI PETUCTPUPYIOT B IUPPOBOI PopMe ¢ MOMOIIBIO CIIeUATBHOTO0 Marautodona. J{is
3TOr0 B HEW MMEIOTCS AJIEKTPOHHBIE YCTPOMCTBA AJISi KOJUPOBAHUS CUTHAJIOB B HU(POBYIO
dbopMy B nBomuHOU cucteme cuucienus. L{udposas 3amuchk pe3yabTaToB IEKTPOPA3BEIKH
MO3BOJISIET 00pabaThIBaTh MaTEpHUAIbI AIEKTPOPA3BEAKH C TTOMOIIBI0 00BIYHBIX DBM. AHna-
JIOTUYHBIM 00pa30oM yCTpOEHa AJIEKTPOPA3BEIOYHAS CTAHIIUS JJISI MOPCKHX SJICKTPOMArHUT-
HBIX 30HJAUPOBAHHH.

424  AspornekmpopazeedouHvle CHAHUUU

ABPO3JIEKTPOpa3BEJOYHBIC CTAHIIUU OBIBAIOT TpexX THIOB. OAMH U3 HUX NpeIHAa3HAYCH
JUTSL AIIEKTPOMArHUTHOTO HU3KOYACTOTHOTO MPO(UINPOBAHUS C Ha3eMHON MUTAIONIEH U BO3-
nymrHoM mpueMHor ycraHoBkamu (ADPO-JIK). CtaHIus COCTOUT M3 Ha3eMHOW TeHepaTop-
HOM TPYIIIBI, KOTOPask MUTAET MepeMEeHHBIM TOKOM dacToToi 0,1—10 kI’ 1nbo AmuHHEIHA (10
30 kM) kabenp, TMO0 OonbIIyIO (B TIOTIEpeUHUKE 10 5 KM) He3azemneHHyro nerinio (HIT), u
BO3AYIIHOM H3MepuTensHon iabopatopur. C MOMOIIBI0 PAMOYHOM aHTEHHBI, PACHOIOKEH-
HOM BOKpYT (pro3essika camosieTa Ui B BBIHOCHOM TOHJI0JIE, U3MEPSIOT HAPSKEHHOCTh Mar-
HUTHOTO TOJISI ¥ Pa3HOCTh (a3 MEXAYy U3MEPSAEMBbIM B paMKe HANpsDKEHHUEM M TOKOM B ITH-
tarorieM kaoene. /[t ha3oBbIX U3MEPEHUI B TEHEPATOPHOU T'PYIIe, MUTAIOIICH Kabenb, 1 Ha
CaMOJIETE YCTaHOBJIEHBI PaJIMOCTAHIIMM, C TIOMOIIBIO KOTOPBIX MPOBOJAT Mepeaady U MpUuem
¢a3bl. 3anuch pe3ynbTaToOB aBTOMaTHYECKasl.

BTopo#i Tun a’spo3sieKTpopa3BeIOYHbBIX CTAHIIMKA TAaK)KE OJJHOCAMOJIETHBINA. B Hell u re-
HepaTopHas, U U3MEpPUTENIbHAsl YCTAaHOBKU PACIIONIOXKEHbI HA OJAHOM camoJieTe. Takue cTaH-
MU TIpeTHAa3HAYCHBI 7151 paguokommapainonHoi ceemku (CIBP), pannosnexkTpoMarHuTHO-
ro npodunupoBanusi (POMII), numnonbHOro HU3KO4YacTOTHOrO TpodumupoBanus (JUII-A),
BO3JIYIITHOM CheMKH TepexoaHbIx mporecco (MIIII-A). B nByx mocinegHuxX CTaHIMAX Ha ca-
MOJIETE€ WJIM BEPTOJIETE MOHTHPYIOT T€HEPATOPHYIO YCTAHOBKY U, TaK K€ KaK M B CTAaHLUHU
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CJIBP (POMII), ycTaHaBIMBaOT PETHCTPUPYIONIYIO anmaparypy. Bokpyr camonera wim Bep-
TOJIETa 3aKPEIUISIOT TeHEPATOPHYIO TMETIEBYI0 aHTEHHY, a H3MEPUTEIHHYIO AaHTCHHY Ha Kabe-
Jie nuuHou 10 50 M moMelaroT B BRIHOCHOM TOHA0JE. B pe3ynbTare peructpupyror Te Wiu
HHBIC COCTABIAOIINEC MAaroHuTHOT'O ITOJIA.

Tperuil BapuaHT adpO3JIEKTPOPA3BEIOYHBIX CTAaHLMKA — JByXcamoJeTHbll. Ha ogHoM
U3 HUX PACIIONAraloT FeHepaTOPHYIO YCTAaHOBKY C IETICBOM aHTEHHOM, a Ha APYrOM — PEru-
CTpUpPYIOLIEE YCTPOMCTBO C MIPUEMHON MAarHUTHOW AHTEHHOM.

4.3 MeToasbl 3JIeKTPOpPa3BeAKH

431 DnekmpomazcHumHsle 30HOUPOBAHUA

Oowaa xapakmepucmuxa. K 3IEKTpOMarHUTHBIM 30HAMPOBAHMSM OTHOCST TPYIIILY
METOJIOB JIEKTPOPa3BEAKH, B KOTOPBIX ammaparypa, METOJMKa U CUCTeMa HaOJroJeHui Ha-
IIPABJICHBI HAa TO, YTOOBI B KAXKA0H TOUKE 30HIUPOBAHMS NOJIy4YUTh HH(DOpMaIuo 00 n3MeHe-
HUU SJIEKTPOMArHUTHBIX CBOWCTB cpelibl ¢ IIIyOuHOU. /[ 3Toro Ha M3ydyaeMoM y4acTke ma-
paMeTpbl UCHOIb3YEMOTrO MOJIS U YCTAaHOBOK M3MEHSIOT TaKUM 00pa3oM, 4TOObI IOJIe mocTe-
MIEHHO NPOHUKAJIO Ha Bce Oonbluue ryOuHbI. i yBenuueHHs TNTyOMHHOCTH 3JIEKTpPOpas-
BEJIKU UCIOJB3YIOT CIEAYIOIINE PUEMbl: TUCTAHIIMOHHBINA (F€OMETPUYECKHU), KOraa nocre-
[IEHHO YBEJIIMYMBAIOT PACCTOSHHUS I' MEXAY MUTAIOIUMU U IIPUEMHBIMU JIMHUAMU, U 4aCTOT-
HO-BPEMEHHOW, OCHOBAaHHBII Ha YMEHBIIEHUU CKUH-3((deKTa Mpu yBEIMUEHUH Neproja rap-
MOHHYECKHX (KBa3UTapMOHUYECKHX) KOJIeOaHUH UM BPEMEHU CTaHOBJICHUS OIS (MIepexo-
HBIX IPOIIECCOB).

JIJ1s 30HAMPOBAHUU MPUMEHSIOT OJIHO- U MHOTOKaHaJbHbIE IPUOOPHI U 3JIEKTpOpa3Be-
JIOYHBIE CTAHLIMU MOCTOSIHHOI'O WJIM IIEPEMEHHOT0 TOKAa pa3Hoil yacToThl. Ilomyuaemele B pe-
3y/nbTaTe 30HJUPOBAHUU T€ WM MHbIE HAOIIOICHHbIE WIIM pacueTHbIE MapaMeTphl (Jalie Bce-
IO 3TO KaXyIHecs CONMPOTUBICHUS) /Ul Pa3HBIX MapaMEeTPOB IIYOMHHOCTH XapaKTEPH3YIOT
M3MEHEHHE Te03JIeKTPUUYECKOT0 pa3pesa ¢ TiyOnuHoil. B pe3ynpTaTe cTposT KpUBBIE 30HIUPO-
BaHUM, T.€. TpapUKH 3aBUCUMOCTEH KaXKYILIUXCS CONMPOTUBICHUI OT MapaMeTpoB IITyOHMHHO-
CTH.

CoBpeMeHHas TEOpHs U MpaKTHKa 3JIEKTPOMATHUTHBIX 30HIUPOBAaHUM 0a3upyroTcs Ha
MaTeMaTU4YEeCKOM MOJEIHPOBAHUU HPSAMBIX M OOPAaTHBIX 337a4 B OCHOBHOM JJISi TOPU3OH-
TaJIbHO-CIIOMCTBIX MOJIENIEH, M03TOMY 30HIUPOBAHMS NMPUMEHSIOT NMPU U3YYEHUU TOPU30H-
TaJbHO M I0JIOTO 3aneraromux (yriael nageHus menoie 10—15°) cpen. B pesynbrate xonu-
YECTBEHHON MHTEPIPETALMH KPUBBIX 3JIEKTPOMAarHUTHBIX 30HANPOBAHUM IOJIY4arOT MOCIOM-
HBIE, MJTH 0000IIEHHBIE, TEOMETPHUECKUE U ANEKTPHUECKUE CBOMCTBA mopos (cM. 1. 4.4). [Tpu
9TOM NOCJIOHHBIE, WX 00OOIIEHHbIE, TapaMETPhl MOKHO OIPEENIUTh JAOCTATOYHO TOYHO,
TOJILKO €CJIM MOIITHOCTH CJIOEB HJIM TOJIII MPEBBIIIAIOT X ITyOUHBI 3aneranus. [1o coBokyr-
HOCTHU MPOQWIBHBIX WIN IUIOMIAHBIX 30HIUPOBAHUN CTPOST I'€0dJIEKTpUYECKHE pa3pessl (110
BEPTUKAIM OTKJIAJIbIBAIOT MOLIHOCTHU CJIOEB M MPOCTABIISAIOT 3HAUEHUS JIEKTPUUYECKUX Iapa-
METPOB) WJIM KapThl T€X WIM UHBIX TAPAMETPOB 3TUX PA3PE30B.

DNeKTpOMAarHUTHBIE 30HMPOBAHMS MPHUMEHSIOT JJIsl PELICHUs IUPOKOTO Kpyra 3aj1ad,
CBSI3aHHBIX C PACWICHEHHEM IOJIOTOCIOMCTHIX T'€OJIOTHYECKHX Pa3pe30B C M3MEHSIOUIMMUCS
10 TITyOMHE M OT TOYKU K TOYKE 3JICKTPOMArHUTHBIMHU CBOWCTBaMH. OCHOBHBIMU M3 HUX SIB-
JSIOTCS: @) ONpeesieHHe MOITHOCTH M COCTaBa MOKPOBHBIX M KOPEHHBIX OTJIOXKEHUH, IITyOu-
HBI 3ajeranus (QyHAaMEHTa, PaCWICHCHHE OCAJ0YHBIX TOJIII, YTO OYCHb BAXHO JJIS CTPYK-
TYPHO-T€OJIOTHYECKOTr0 0OBbEMHOI0 KapTUPOBaHUs; 0) OIIEHKa T€OMETPUUYECKUX MapamMeTpoB
1 (GU3MYECKOTO COCTOSIHUSI MACCHBA TOPHBIX ITOPOJI, MPEACTABIIAIONIAS OONIBIION HHTEPEC IS
WH)XEHEPHO-TEO0JIOIMYECKOT0, MEP3JIOTHO-TIIALMOIOTHYECKOTO0 U THIPOTE€0IOTHIYECKOTO Kap-
THPOBAHUS; B) TIOMCKH IIJIACTOBBIX, KaK IMPABMUIIO, HEPYAHBIX MOJE3HBIX UCKOMAEMBIX; T) H3Y-
yeHue reochep 3emMiu 1 riryOMHHON 3JIEKTPOIPOBOAHOCTH.
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Dnexmpuueckoe 30nouposanue — 310 Moau(UKAIKM METOAA COMPOTHUBIIEHUN HA TO-
CTOSTHHOM WJIM HU3K04acTOTHOM (10 20 ') Toke, B KOTOpOii B mporiiecce paboThl paccTOsSTHUE
MEX1y MUTAIOUIUMU 3JIEKTPOJAAMU WIM MEXIY MUTAIOIMIMMHU U MPUEMHBIMU JIMHUSAMU (pa3-
HOC) MOCTETICHHO YBEIMYUBAIOT, T.€. UCIIONB3YIOT TUCTAHIIMOHHBIA (T€OMETPUIECKII) PUH-
AT U3MEHEHHUs TIyOMHHOCTH. Yem OobIne pasHOC, TeM OOJbIe TIIyOMHA TPOHUKHOBEHUS
TOKa, a TpauK 3aBUCUMOCTH Ka)KyIIETOCsI COMTPOTUBIIEHUS OT pa3HOCa W KpUBast 30HIUPO-
BaHUU XapaKTEepPU3yeT M3MEHEHUE YAEIbHBIX AJIEKTPUUYECKHX COMPOTHUBICHUN C TIIyOUHOI.
[ToaTomy B pe3ynbTaTe UX UHTEPIIPETAIIMUA Pa3pe3 PACUICHSIOT IO BEPTHUKAIH.

Paznuuator aBe MoauQUKaMK 30HAMPOBAHUU: BEPTUKAJIBHBIC HJIEKTPUUYECKHE 30HIIH-
poBanus (B23), npumensieMble a1 pa3Beaky Ha HeOombmux riayonnax (mo 300—500 M), u
JUIIOJbHBIE AJIeKTpUUecKue 30HaupoBanus ([23), mpuMensemble A pa3BeIKU Ha IITyOnHaxX
0,5—5 kM.

Memoouka eéepmukanbHbIX INeKMPUUECKUX 30H0Upoeanuil. BepTukalbHOE JIEKTPH-
YeCKOE 30HIUPOBAHME BBIMOIHAIOT YaIlle BCETO CUMMETPHUYHON YETHIPEXDICKTPOIHON Ipaau-

a0 K : ent-ycranoBkoii ¢ MN < AB/3
Ao — E N (puc.4.4). Pabotsl mpoOBOASAT _cae-
! IyromuM oopa3om. B u3bpanHoii s

M i
KEE"" *8 30HIMPOBAHUS TOUKE (LIEHTPE 30HH-
pOBaHUsI) YCTAHABIMBAIOT JIICKTPO-
pa3BenouHBIN pudop (AD-72), OaTa-
44 I pero, B KATYIIKH C MPOBOIOM IS
6-72 A B M N pa3sHOCa MHUTAIOIIUX HIEKTPOJOB M Ha
HeOobIIOM pacctossHuu  (1—2 ™M)
Jpyr OT JApyra 3a3eMIIIOT JBa IpPU-
emubix snekrpoma MN. Hampagie-
HHE, 110 KOTOPOMY JOJDKHBI pa3HO-
CHUThCS THTAIOUIAE U TPUEMHBIC JTH-
HHH, BBIOUPAIOT UCXOAS U3 T€O0JIOTH-
YeCKMX M TOHOrpapuuecKkux coood-
paxenuii. Bnone muann MN 3a3eminsitor murarorue snektpoast AB Ha paccrostaun 1,5—3 m
OT LIEHTPa ¥ U3MEPSIOT TOK B IMUTAIONICH JMHUM ¥ HANPSDKCHUS HA MPUEMHBIX DJIEKTPOIax.
Janee paccuutbiBatot p, = KAUIIl [em. popmyny (4.5)], tae k =0, Ix-AM-AN / MN - x03¢-
¢burment ycranoBku (MHOXHTEb 0,1 B3aT motoMy, uto AU ¢ mpubopom AD-72 u3MepsiioT B
MUJTHBOJIBTAX, a | — B caHTHammepax).

TEXE N

Puc.4.4 Cxema yCTaHOBKH BEPTHKAIBHOTO JJIEKTpHUeE-
CKOI'O 30HIUPOBAHMUS.

K., Kg—KaTymiku ¢ mpoBojioM; b-72— Garapest;

AD-72 — aBTOKOMIIEHCATOP IEKTPOPA3BEIOUHBII

a g
Peh__ Px
P4
] = ABj2 7] A Bf2

Puc. 4.5 JIByxcnoiiabie kpuBbie BO3 ¢ p1 < p2 (a) uc p1 > p2 (0)
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Jlanee pa3HOCHI MUTAIOMIMX JIEKTPOJOB MOCIEI0BATEIFHO YBEIUYUBAIOT (B T€OMETPH-
YECKON TPOTPECCHH) M UIA KaXIOr0 pasHoca pacCUMTHIBAIOT p,. muHa AB/2=I Moxer
ObITh, HaTIpUMep, npuHsTa 1,5; 2,2; 3; 4,5; 5; 8; 10; 15; 22; 30; 45; 60; 80; 100 m u 1. 1. [Tpu
stom, korga AB/2 usmensiercs ot 1,5 1o 10 v, MN = 1 m; mpu AB/2 ot 15 no 100 m MN = 10
m; ipu AB/2 ot 150 mo 1000 m MN = 100 m. [o pe3ynabraram U3MEpEHHs P, HA CIICIHATb-
HOM OJiaHKe ¢ jJorapuMHUUECKHUM MaciTaboMm 1Mo ocsM KoopauHat (6mank BO3 ¢ momynem
6,25 cm) cTposaT KpuByo BD3: mo BepTUKain OTKIAJBIBAIOT py, & IO TOPUIOHTAIN — BEJU-
uyuHy nojiypassoca (AB/2) (puc. 4.5).

[Tocne okoHYaHMs 30HAUPOBAHUS U MTOCTPOCHUS KpuBoii BO3 anmaparypy u o6opyo-
BaHUE MEPEHOCIT HAa HOBYIO TOUKY. OOBIYHO TOUYKH 30HIAMPOBAHUN PACIoNaraloT BAOJIb pa3-
BEJIOYHBIX JIMHUN. PacCTOSHUS MeX Ty COCETHUMH TOYKaMu BD3 M3MEHSIOTCS OT HECKOIBKUX
JIECSITKOB /10 HECKOJIBKMX COTEH METPOB U JOJIKHBI OBITH CPaBHHMBI C- MPOECKTHPYEMBIMU
rIyOuHaMu pasBeqkd. MakcuManbHbli pasnoc AB/2 Beibuparor B 3—10 pa3 Goubie 3THX
TIIyOUH.

Du3uko-ceonocuueckoe 0oocnosanue B33. PaccMOTpUM HECKOIBKO THUIMYHBIX pa3-
PE30B U TOJIy9aeMbIX HaJ HUMH KpuUBBIX BD3, mosCHAOMUX (PU3UKO-TEOJIOTHISCKUN CMBICI
30HaupoBaHuu. IlycTs UMeeTCs IBYXCIIOMHBIN pa3pes3: CBEPXY — HAHOCHI, BHU3Y — I'PAHUTHI
(puc.4.5, a). Ilpu manbix paguycax (AB < hy) p. = p;1 . C yBenuuenuem pasHOCOB TOK GymeT
OT)KUMATBCS TIJI0XO MPOBOJSIIMME TOJCTHIIAIOIIMMHU MOPOJAAMH K MOBEPXHOCTH, MOATOMY
BO3PACTYT €ro IJIOTHOCTh U p, [cM. popmyny (4.7)]. OueBuIHO, YTO Ha OONBLIINX Pa3HOCAX
(AB >10 hy) p, — po. B pe3ynbrare 30HANPOBAHUS TIONYYAIOT JABYXCIIOMHYIO0 KpuByio BO3
i ciydas py < po. Kpome Takoit Bocxoasieit, MOTyT HaOIIOAAThCSI M HUCXOSIINE KPUBbBIE
B33, ecu p1 > p, (puc.4.5, 6).

c 8
f-’u. P
s L T /mN\E
)
0 ol
AB[2
AT _ f

Puc.4.6 Mmuorocioiinsie kpuBsie BO3: Tpexcnoitabie Tnna H (a) u tuna K (0),
msarucnoiaas Tama HKQ (B).

PaccMoTpuM TpexcCiOMHBIN pa3pe3, B KOTOPOM CBEPXY 3aJIETAIOT IIECKH, HUKE — XO-
POLIO NMPOBOAAIINE TOK IVIMHBI, a €IIe HHKe— HU3BEP)KEHHBIE MTOPOJIbI C BBICOKMM COIPOTHB-
nenueM (puc.4.6, a). [Ipu maneix pazHocax AB p, — pi1, ¢ yBeIMYEHHEM Pa3HOCOB TOK CTpe-
MHUTCSI BOUTH BO BTOPOM MPOBOMSIIMKA cii0i. 3HauuT, BOM3u MN yMeHBIIAIOTCS MIIOTHOCTD
TOKa U p,. [Ipy o4eHp 60ibIINX pa3HOCaX TOK OyIeT MPOXOJUTh B OCHOBHOM B TPETHEM CIIOE,
anpu AB/2 — © p, — p3. TpexcioiiHbie KPUBbIE, Y KOTOPBIX p1 > p2 < p3, HA3BIBAIOT KPH-
BbIMHU THIa H.

[IpencraBuM, 4TO 1O HAHOCAMU 3aJIEraeT MOLIHAS TOMIA KapOOHATHBIX MOPOJ — CYy-
XHMX B BEpXHEW 4acTH, OOBOJHEHHBIX B HM)KHEH (HIKE YPOBHS MOJ3EMHBIX BOA). O4YeBHIIHO,
Ha TOJYYCHHOM HaJ TaKUM pa3pe3oM KpuBoil p, Oymer makcumyMm (puc.4.6, 6). [lomoOHbie
KpuBble Ha3bIBalOT KpuBbIMU THNA K. Kak BUIMM, IBYXCIOWHBIA I'€OJOTHYECKUN pa3pe3 Mo
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JAHHBIM 3JIEKTPOPA3BEAKHU BBIABISIETCS KaK TPEXCIOWHBIM. DTOT IMpHUMEp MOKa3bIBAET, UTO
JTAJIEKO HE BCET/A JIMTOJIOTMUECKHUE CIIOM COOTBETCTBYIOT 3JIEKTPUUECKUM ropu3oHTaM. Eciu
p1 < p2< p3, TO KPUBYIO Ha3bIBAIOT KPUBOM THUIA A, €CIIU p1> P2 > p3 — KpUBOH THMNA Q.

Ha npaktuke 00bIYHO MMOJIy4aroT MHOTOCIIOMHbIE KpuBble B33, OHU nMeloT OyKBeHHOE
0003HaueHHE, COCTOSAIIEE U3 TUIIOB TEX TPEXCIOMHBIX KPUBBIX, U3 KOTOPBIX COCTOUT JaHHas
MHorocioitHas. Hanmpumep, kpuBas, npuBefeHHast Ha puc.4.6, B,—usaTucinoiinas tuna HKQ.

Jlunonvusle anekmpuueckue 30noupoeanus. Eciu Hano U3yduTh pa3pe3 Ha OOJBIINX
riyOrHaxX (HECKOJIbKO COTEH METPOB), TO pa3HOCHI AB mpuxomutcs yBenuuuBaTh 10 10 KM.
ITpu Takux pazHocax npoBoauTh BO3 cnoxHo. B 3TOM ciiyyae nmpeano4yuTaroT UCIoiIb30BaTh
JTUTIONIbHBIE YCTAaHOBKHU (a3UMYTalIbHBIC, paiuaibHbIe U JIp.). [[pyu AUNOIBHBIX 3JEKTPUUECKUX
30HaUpoBaHusAX ([193) usmepsroT kaxylieecs CONPOTUBICHHUE MIPU Pa3HbIX PACCTOSIHUIX WU
paszHocax I MeXIy MHUTAIIUM U MPUEMHBIM TUTONAMHU (M. puc.4.3). DIeKTPOABl OTHOCST
7100 B OJIHY CTOPOHY OT HEMOJBHM)KHOTO MHUTAIOIIETO aumoiist (ogHoctoporHee J193), mubo
BHauaJje B OJIHY, a 3aTEM B IIPOTUBOIOJIOKHYIO CTOPOHY (Z1BycTOpoHHEee [[I3).

JumnonbHOE 30HAMPOBAHHUE BBIMOIHSIIOT C MOMOIIBIO 3JEKTPOPA3BEIOUYHBIX CTAHLIUMN.
CHauarna mpoBOJAT Tonorpaduueckyro moaAroToBky padot. B 3aBucumocTH oT yciaoBuit nepe-
JBUKEHUS DJIEKTPOPA3BEIOYHBIX CTAaHIUH /[3 MOXHO BBIMOIHITH MO KPUBOJIHMHEHHBIM Map-
HIpyTaM, IPUYPOUYEHHBIM K JI0pOraM, pekaM M y4acTKaM, K KOTOPBIM MOET ObITh IOCTaBJie-
Ha moJeBas Jlabopatopus. Ha puc.4.7 npuBeaeHa cxema yBETUYCHHUS Pa3HOCOB TUTOIBLHOTO
asumyTtajabpHOro 3ouaumpoBanus (JA3). Benwunna R momkna yBenmuMBaThCsS NPHUMEPHO B
reomMeTpuueckoii mporpeccuu (Hanpumep, R= 0,5; 1; 1,5; 2,5; 4;6; 10; 15; 20; 30 xkm).

Wsmepus ToK B juauu AB |y u
pasHocth morenuuanoB Ha MN AUj,
MOXHO MoNy4uth p, = KAU4/ly, tre
ki — xo>ddunuenT mumonsHOM ycra-
HoBKH. [locne sToro moneBas yabopa-
TOpUs Tepee3kaeT Ha HOBYIO TOUKY
0. Tlo pamuo ycTaHaBIMBAIOT CBSI3b
MEXIy CTaHIUSMH, CHOBA H3MEPSIOT
AU, | 1 paccUuTHIBAIOT p, .

Puc.4.7 Cxema mpoBeaeHUS TUTIOIBHOTO a3UMY-
TaJbHOTO 30HIUPOBAHUSI.

I'T —renepatopHas rpymnma; B pesynprate Ha OnaHKax c
ITIJI—mnoneBas mabopaTopusi; JIBOMHBIM JIOFapI/I(l)MI/I‘-ICCKI/IM Macuira-
| — nopora 60oM cTposT KpuByto J193: mo ropuzoH-

TaJau OTKJIAABIBAIOT I (B a3UMYyTaJIbHOM
¥ SKBAaTOPHAILHOM 30HIMPOBaHMAX) WK /2 (B pagManbHOM MIIM OCEBOM 30HIMPOBAHMH), &
10 BepTUKAIU — p, . DopMa kpuBbIx 13, uX Ha3BaHUs TaKHe K€, Kak U y KpuBbix BO3.

[Tpu MOpCKHUX 3JEKTPUUECKUX 30HAUPOBAHUIX HCIOJIB3YIOT JUIOJIBHBIE OCEBBIE YCTa-
HOBKH, a caMu 30HAUpoBaHus mpoBonar HempepbiBHO (HO3). B mponecce BbImogHEHUS
H/JIO3 npuemHasi NTMHUS U PETUCTPUpPYIONIAs amnmaparypa, YCTAaHOBJIEHHbIE HAa MPUEMHOM
CyJIHE, OCTalOTCs HENOJABIKHBIMU. [IUTaromas JuHUS HENPEPBIBHO NEpEMENIacTCs Ha reHe-
paTOpHOM CyJIHE CHayajia B OJIHY, a 3aTeM B APYTYIO0 CTOPOHY OT mpuemHoi nuHuu. [Tocne
00pabOTKM aBTOMATUYECKHX 3alMCceil TOKOB M Pa3HOCTEH MOTEHIMAIOB PAaCCUUTHIBAIOT Ka-
KYIIHECs] COTPOTUBIIECHUS JJI Pa3HbIX PACCTOSHUIN MEX]y MUTAIOMIEH U IPUEMHON JTMHUSIMU
U CTpOosT Kpusble J[93.

3onouposanue memooom 6vl36aHHON nonapuzayuu. BepTUKaIbHOE 3JIEKTPUUECKOE
30HIMPOBaHUE METOJOM BbI3BaHHOW mossipu3aiuu (BD3-BIl) mo meTonuke paboT u riryOuH-
HOCTH Pa3BEAKU MaJIO YEM OTJIMYAETCS OT pacCMOTpEHHbIX Bbllie BO3. OHO npeaHa3HaueHo
JUISL pacuJICHEHHMs pa3pe3a ¢ pa3sHOM MOJISPU3yeMOCThIO C0eB. C MOMONIBIO CIEIMATbHON
OJTHO- WJIK MHOTOKaHAIBHOH ammapatypsl 1 meroaa BIT kpome mapamerpoB AU u |, uzme-
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psieMbIx, Kak U B Metoze BO3, onpenensitor AUy gepes 0,5 ¢ mocie oTkiIioYeHust Toka B AB.
B pesynbrare kpome p, = K AU/l paccuntsisaror 77, = (AUp;; | AU)-100 % - xaxymyrocs
noJjsipuzyemMocTb. [lanee Ha GaHKax ¢ JOrapupMUUECKUM MACHITA0OM MO OCSIM KOOPIHHAT
(6mankax BD3) Hapsiny ¢ kpuBbiMu BO3 crpost kpusie BO3-BII: mo ropuszoHTanu oTkia-
neiBator AB/2, o Beprukanmu — 7, . [lpu xonuuectBeHHoi uHTepnperanun BI3-BII pac-
YWICHSAIOT pas3pe3, T.€. OMPEIENAIOT MOIIHOCTH U TOJISIPU3YEMOCTH CJIOEB TOPU30HTAIBHO-
CJIOUCTOTO pa3pesa.

Maznumomennypuueckue memoowt. K maruuroremtypuiueckum merogam (MTM) ot-
HOCAT PsII METOJIOB 3JICKTPOPA3BEIKH, OCHOBAHHBIX Ha M3yYCHHUU E€CTECTBEHHBIX (MarHHUTO-
TEJUTYPUYECKUX) TOJIEl KOCMUYECKOTO MPOUCXOKIACHUS. DTH METOMbI NMpeAHa3HAuYEHbI IS
M3YyYEHUS] TOPU3OHTAIBHO M IOJIOTO 3aJIeTaloMX CTPYKTYp. 1lo cpaBHEHMIO C IpyrUMu Me-
TOJAMH 3JICKTPOPA3BEAKHA TIYOUMHHOCTh y HUX HamOosbmas (1o 500 kM). Hapsmy ¢ cobcer-
BEHHO MAarHUTOTEIUTYpUYEeCKMMHU 30HAMpoBaHUsAMU (MT3) K HUM YCIOBHO MOKHO OTHECTH
MeToll Temrypudeckux TokoB (MTT), MarHUTOTENTypHYeCKHE M MarHUTOBapUAllMOHHOE
npo¢unmupoBanus (MTIT u MBII). Otu MeToap! cinyXkat Ui KapTUPOBAHUS OMOPHBIX TOPH-
30HTOB C BBICOKUM COINPOTUBIIEHUEM, HATIPUMED, KAPOOHATHBIX TOJIII UM KPUCTAJUIMYECKOTO
¢dbyHIaMeHTa.

1. MarHuToTenIypuyeckoe 30HAMPOBaHUE. MarHUTOTEIUTyPHUECKOE 30HIUPOBAHHE
(MT3) u ero rnyounnsiii BapuanT (I'MT3) ocHOBaHbI Ha U3yYEHUH MAarHUTOTEIUTYPUUECKUX
MOJIEH B IIMPOKOM, U3MEHSIOIIEMCS Ha JIBa MOpsAIKa U Oosee, MHTEpBaje NEpUoIOB Kojeba-
Huil. BenenctBue ckuH-3pdexra rirydrHa MPOHUKHOBEHUS AJIEKTPOMArHUTHOTO TOJIS B 3€M-
0 TeM Goiblie, YeM MeHblne yactora f wim Gonbme nepuon kosebanuin T = 1/f. Mabivmu
CJIOBaMU, JJIMHHONEPUOIHBIE «TEJUTYPUKN) MPOHUKAIOT Ha OONbIIYIO TI1yOuHY, T.€. HECYT B
cebe mHpopMaLMIO O TITYOMHHOM CTPOEHHH, a KOPOTKONEPHOIHbIE BapUaIlMH MPOXOIAT Ha
HEOOJBIIYIO TTTYOUHY U XapaKTepU3YIOT TOJIbKO BEPXHHUE YACTH I€0JIOTUYECKOT0 paszpesa.

/2 Metoaguka MT3 cBoguTcsa K

— -— JUTUTENbHBIM (MHOT/IA CYTKH) H3Mepe-
M £ HWAM Ha OZIHOI TOYKE B3aMMHO IIep-
H HEeHAUKYISIpHBIX KommnouenT (E,, H,,

E,, H\) MarHUTOTeILTypPHYECKOrO MO
pa3INMYHOTO THepuoaa (He MeHee IMSTH
— BoOcbMU 3HaueHuit £ u H, pazmu-
YaIOMIMXCA MO0 TMEepUoay MPUMEPHO B
1,5 pa3a) ¢ momolbi0 3JIEKTpOpa3Be-
JOYHBIX cTaHIui. OOIMil BUJI MarHUTOTEILTypOorpaMM TipuBezeH Ha puc.4.8. B pesynbrare
UX 00pa0OTKM PACCUUTHIBAIOT TaK HA3hIBAEMBIE KAXKYIIIHECS COTPOTUBIICHHUS

p,., =02TE /H|, p, =02TE /H,

Mapwy Spemesu

Puc.4.8 O0muii BUJ MarHUTOTEILTYPOTrPaMM

2
’

(4.10)

KOTOpBIE JUISI OTHOPOIHOTO MOIYIPOCTPAHCTBA OJAMHAKOBBI M PABHBI €0 UCTHHHOMY YAEIb-
HOMY conpoTuBieHuio [cM. ¢opmyny (4.1)]. [Ans HEoaHOPOAHON cpenbl Pt —CIOXKHAs
(GYHKIUS TE03TEKTPUUECKOTO paszpesa, onpenesiemMasl B pe3yabTaTe PEIIeHUs IPSIMbIX 3a/1a4
MT3 ¢ nomoupio 9BM u 3aBuCsIas OT MOUTHOCTENW U COMPOTUBIICHUH CIIOEB pa3pesa.

B pesynbprare Ha Gimankax BO3 ¢ nmorapudmMuyueckum mMacmTaboM Mo OCSIM KOOPIUHAT
ctposT kpusBble MT3. Ilo ropusoHTanbHON ocH oTKIaBIBAIOT /T — BEJIIMYKHY, IIPOIOPLUO-
HaJbHYIO TUIYOMHHOCTH MCClIeIoBaHus (deM Oodbiie 7, TeM Ooublie ri1yOrnHa pa3BeaKH), a 1o
BEPTHKAIBHOH OCH — KaKyIIUECs COLPOTHUBICHUS PT xy , OT yx M CpefiHee O, = /0, O .
(puc.4.9). Kpussie MT3 nmoxoxu Ha kpuBbkie BO3. [Ipn HazeMHBIX 1 MOPCKUX pabOTaX TOUKH

MT3 pacnonarator 1160 1o cucremam npoduieit, 1ud6o paBHOMEpHO MO IJomanu. Paccros-
HHS MEXy TOUKaMU U3MEHSIOT oT 1 10 10 km.
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2. MeTroapl TEJUTYpUUYECKUX TOKOB, MAarHUTOTEIUTYPHUYECKOTO M MAarHUTOBapHa-
UOHHOTO npoduinupoBanuu. [Ipu cbemke temnypudeckux TokoB (MTT) omHoBpe-
MEHHO PETHCTPUPYIOT CHUHXPOHHBIE

Pr Onm-m BapyalyHd  BJEKTPUYECKUX  COCTaB-
nsomux nojs Ex m Ey Ha onHOM Oa-
p 3UCHOM (OTIOPHOM) M Ha OJTHOM U3 Psi-
7 —_ JIOBBIX ITYHKTOB M3y4a€MOM ILTOLIA/IH.
3 :__\/ \ A Jns cuHXpoHUM3auun Upa60T JIBYX WU
100 —‘::—-ld%y* HECKOJIbKMX CTaHLMM, pPacHoJIOkKEH-
- HBbIX Ha pacctosiHuu 10 30—50 kM oT

2 0a3MCHOTO MYHKTa, MCIONb3YIOT Pajio-
CTQHLIMM ¥ CHEUWaJbHBbIC MPUOOPHI, Ha-
?ﬂ 3pIBa€MbI€ TEJICBKIIIOYaTeIIMHu. B pe-
01 i 0 VT cl/2  symbrate 00paboTKu 3amuceil moius Ten-

L ! JYPUYECKUX TOKOB PACCUMTBHIBAIOT pas-
Puc. 4.9 Ammmutyausie kpussie MT3 HblE Tesutyponapamerpsl. Hanpumep, va-
P1xy (D), pTyx (2, p1(3) IIe BCEro OMpPEICIISIOT TEeJUTypoIrapamMmerp

U =0(E)/0(E,), rue 6(E), 6(E,) —

CHUHXPOHHBIC BapUaIiH MO Ha JI000# psAnoBoil 1 0a3uCHON TOYKax. DTOT MapaMmeTp Xapak-
TEPU3yeT OTHOCUTEIIbHBIC 3HAYCHHUS IIJIOTHOCTEH €CTECTBEHHBIX TOKOB M KaXKYIIMXCS COIPO-
THUBJICHUM B 3TUX TOUYKaX.

B otimune ot MTT npu marHutoBapuairioHHoM npodunupoBanun (MBII) Ha moe-
BBIX M 0a3UCHBIX IyHKTAX PETUCTPUPYIOT BApHALIUU MATHUTHOTO MOJIS.

[Ipu marauTotemmypudeckoM npodunupoBanuu (MTII) Ha moneBBIX MyHKTax OJHO-
BPEMEHHO PETHCTPUPYIOT U dnekTpuueckue £y, £, u maruutueie H,, H,, H, cocraBnsiomue
nonsi. Eciim mpu 00paboTke MarHUTOTEILTYPOTpaMM BBIIENATH Ha BCEX MYHKTaX BapHAIUd
IPUMEPHO OJIHOTO HEOOJIBIIOr0 MHTEpBaIa MEPUOJOB KOJIeOaHUH, TO MOTydaeMble apamMeT-
pBI TIOJIs OYAYT XapaKTepU30BaTh pa3pe3 MPUMEPHO OJHOM IiTyOuHBI. B pesynprare 06padoT-
KM MarHUTOTEIUTYpOTpaMM JJisl KaKIOH TOYKH PACCUUTHIBAIOT TaK HAa3bIBAEMBIH MMIICIAHC
(Zy= EdHy wmn Z,,= EJH,), xoTopsiii xapakTepusyeT 0OOOMICHHBIH I€03IeKTPHICCKHil
paspes.

B xoMOuHupoBaHHOM Maraurotemurypuueckom mpodunupoBannn (KMTII) nepeunc-
JICHHbIE TTapaMeTpbl U3y4aroT CHHXPOHHO U HA MOJIEBOM, U Ha 0a3MCHOM NMyHKTax. B memom
MoJIeBBbIE Pa0OTHI TPU MAarHUTOTEILTYPHYECKOM TMPO(PHUINPOBAHUN BBHITIOTHIIOT Ha OOJBIINX
wiomaasax. Touku HaOIIOACHHsI pacToaraloT Ha PpaCCTOSTHIH OKOJIO 1 KM JpyT OT apyra.

3onouposanue memooom cmanog1eHua noas. 30HAUPOBAHUE METOJOM CTAHOBJICHUS
nosist (3C mim 3CII) ocHOBaHO HAa M3YYCHUH CTAHOBICHUS (YCTAHOBIICHHUS) DJICKTPUUECKOU
(3CE) u marautHOi (3CM) COCTaBISAIOMIMX 3JIEKTPOMArHUTHOTO TOJII B T'€OJOTMYECKHUX
TOJIIAX MpU MoAaue MPSIMOYTOJIbHBIX UMITYJIbCOB MOCTOSSHHOTO TOKAa B 3a3€MJICHHYIO JTMHHUIO
WIM HE3a3eMJICHHYIO MeTII0. J[TUTeNbHOCTh U XapaKTep CTAHOBIICHUS IOJIS CBS3aHBI C pac-
MpelleJIeHUEM YNIEIbHOTO AJIEKTPUYECKOT0 COMPOTUBIICHUS MTOPOJ HA pa3HbIX riyOnHax. 13-
MEHEHHUE TITyOMHHOCTH pa3Beaku B MeToqie 3C OOBSACHSIOT CISAYIOIMM 00pa3oM [cM. ¢op-
Mmyiy (4.9)]. [Ipu BKITIIOYEHHH UMITYJIbCA TOKA B MUATAONIYIO JIMHUIO WIIHM TIETIIIO dJIEKTpoMar-
HUTHOE HOJIC PACIpPOCTPAHSAETCS CHadanda B MPHUIIOBEPXHOCTHBIX YACTAX pa3pesa, a B Jallb-
HelIIeM MPOHUKAeT Bce I1yoke u riyoxe. [Ipu 3ToM B cpenie mpOUCXOIAT CIOXKHbBIE Tepe-
XOJIHBIE TIPOIECChl. B pesynbrare ¢opMa perucTpupyeMoro UMITyJIbca OyIeT OTIMYaThCs OT
dbopMbI UMMyJbCa, MOJAHHOTO B MUTAIOUIYI0 YCTAaHOBKY. MaibiM BpeMEHaM CTaHOBJICHHUS
MOJISI COOTBETCTBYET Masiasi TIyOMHa pa3BeJKd, OONBIIMM BpeMeHaM — Ooubinas. Makcu-
MajbHasg TIIyOMHHOCTh 3C O0KOJ0 5 KM. 30HIUPOBAHUE CTAHOBIICHHEM II0JISl BBITIOJIHSIOT C
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MTOMOIIBI0 OOBIYHBIX 3JEKTPOPA3BEIOYHBIX CTAHLMNA MPU HEM3MEHHOM PACCTOSHUU MEXIY
MUTAIONIMM ¥ U3MEPHUTEIbHBIM JUTIOISMHA. DJIEKTPUYECKYI0O M MArHUTHYIO COCTAaBIISIOIINE
3aMMChIBAIOT OJTHOBPEMEHHO aBTOMAaTHYECKH.

Pa3znuyator ABa BapuaHTa 30HAMPOBAHUS CTAHOBJICHHEM IOJS: 30HAMPOBAHHUE B JaJb-
Hel ot mutaromiero aunods 30He (3CD) u 3ouaupoBanue B 6mmxaei 3oue (3CH), Ha3bIBae-
moe uHoraa ToueyHbiM (3CT). IIpu Bemonnennu 3CJl UCTIONB3YIOT AUIMOJIBHBIC YCTAaHOBKH.
PaccrosiHue I Mex1y TeHEpPaTOPHOU TPYMIION U TTOJIEBOM JIA0OpaTOpHEii BHIOMPAIOT MOCTOSH-
HBIM, B 3—6 pa3 OOJIbIIUM MPEANoIaraeMoi TITyOuHBI 3aJeTaHusl H3y4aeMOro OMOPHOTO TO-
pU30HTa (KaK MPaBUIIO, KPUCTAILIMYECKOTO yHIaMeHTa). B pe3ynbprare 00paboTKu 3amuceit
CTaHOBJICHUS I0JI1 PAaCCUUTHIBAIOT KaKyILIHMECS CONPOTUBIIEHMS IO 3JIEKTPUYECKOH P, g U
MarHuTHOHM P, 1 COCTABIISAIOUIMM JUIsS pa3HbIX BPEMEH CTAHOBJIEHMA Moiis {, T.e. A pasHbIX
BpPEMEH I0CIIe BKIIFOUCHHUS TOKa B JIMHUIO A B nin nermo. [Ipu sTom

p..=kAU_t)/I, p,, =k,AU,@{)/I, (4.11)
rne Ke , kg — reomerpuueckue kosddumentsr ycranosok; AUg(t), AUK(t) — na-
HpsKEeHHs, onpeensieMble 10 OCIHIIIOrpaMMe JUlsl pasHbIX BpeMeH t; | — Tokx B nuTaromem

nunoiue. ViMes npuMepHO ceMb — JA€CATh 3HAYEHUH P, g , P; H VISl Pa3HBIX BPEMEH, MOXKHO
MOCTPOUTh KpPHUBBIE CTAHOBIICHUS IMOJIA, T.. TpadUKU 3aBUCUMOCTH p, OT IMapamerpa

T =./21Tt , nponopuronanbHOro riyounHocTH passenku. Kpusbie 3CJI crposT Ha Jora-
pudmudeckux OJaHKax.

B merone 3Ch pa3Hoc I' TOCTOSTHEH U MEHBIIIE MPOCKTUPYEMBIX TTYOMH pa3Beaku. B
pe3yabTare 00padoTku 3anuceit 3Ch nmony4aroT 3HaUYCHHS pa3HOCTEH MOTEHIMAJIOB B IIPUEM-
noii netine AUz . 3nas Tok B nutaronieii iuann | u koopduuuent ycranosku K, paccunrsisa-
FOT Ka)XyIleecs COPOTHUBIICHUE:

p, =Kk(I /AU)**t™2, (4.12)

Hanee, kak u npu 3CJl, crpost kpusbie 3Ch. Kpusbsie 3C noxoxu Ha kpuBbie BO3.
CymectBytoT 1 aApyrue npuemsl 00padoTku 3C. 30HAMPOBAHUS CTAHOBIIEHUEM IOJISI BBITION-
HSIOT 110 OTJEIbHBIM MPOGUIISM WIM PaBHOMEPHO MO Iiomaau. PaccrosiHue Mex 1y TOUKaMu
u3MeHsoT ot 0,5 10 2 kM. B pesynbrare untepnperanuu 3C MoIydaroT rIyOUHBI 3aeraHus
OTIOPHBIX (0OCOOCHHO C BBICOKMM COTIPOTHBIICHUEM) TOPU30HTOB. M3-32 HEOOIBIINX pa3MepoB
ycranoBoK 3Ch ornmuaercs ot 3CJ] Gonbplnell AeTaTbHOCTBIO U Pa3pelIaronieil CriocoOHo-
CTBIO.

Yacmommnoe rnekmpomazHumuoe 30HOuposanue. MeTor 4acTOTHOIO 3JIEKTpoMar-
HUTHOTO 30HAMpoBaHMs (U3) OCHOBaH Ha M3Y4YEHMM IEKTPUUYECKOW WJIM MarHUTHOM COCTaB-
JSTFOUIMX 3JIEKTPOMArHUTHOTO TI0JIS, CO3AaHHOTO B 3e€MJIC HJIM JICKTPUYECKHM JuroieM A5,
WM TIE€TJIEHN, KOTOpPhIE NMUTAIOTCS NIEPEMEHHBIM TOKOM C IIOCTENEHHO M3MEHSIOIIEHCs YacTo-
Toi. Metoa Y3 HarmoOMHHAET, C OAHOW CTOPOHBI, METO /I3 Ha MOCTOSIHHOM TOKE, a ¢ APYrou
— MAarHuTO-TEJUIypUYECKOE 30HAUPOBAHNE M MPEIHA3HAYEH JJIS PEIICHUs TeX K€ 3a7ay —
M3YYEHUS] TOPU30HTAIBHO-CIIOUCTHIX Cpell ¢ TITYOMHHOCThIO 10 5—7 kM. Kak u npu BbIION-
HeHuH /13, B ME€TO/Ie YaCTOTHBIX 30HAMPOBAHMM HCIHOJB3YIOT TUIOJbHBIE YCTAHOBKHU (Halle
BCEro 3kBaropuaibHbie). OnHako B MeTone U3 paccrosiHue I Mexay nutaommMm 4B u npu-
emubiM MN aumonsiMu MokeT OcTaBaThCs MOCTOSHHBIM. [IPUHIIUIT YaCTOTHBIX 3JIEKTPOMAr-
HUTHBIX 30HAMpoBaHUM (Kak 1 MT3) ocHOBaH Ha CKUH-ddEKTe, T.€. Ha YBEITUICHUH TIyOu-
HBI Pa3BE/IKU C YMEHbILIEHHEM YaCTOThI MUTAIOIIETO TOKA.

Meroauka npoBeaeHust Y3 cBOAUTCS K M3MepeHHto Toka | B muHun AB u HanpsokeHus
Ha MPUEMHOM dJIeKTpudeckoM aunone F, u marautHoM mumojie H,. Ilo stum mapamerpam
PacCUnTHIBAIOT KaXYLIEECs] COPOTUBIECHUE Ha IEPEMEHHOM TOKE
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E E
—_ X —_ VA
Poe _kET’ Pon _kH T’ (4.13)
rae Kg, Ky — ko> (ULMEnTE YCTAHOBOK, 3aBUCAINME OT PACCTOSHUS MEXKIY JHUIIOJNS-
MU, pa3MepOB JUIIOJICH, YACTOTHI MOJISI U YUCJIa BUTKOB B TCHEPATOPHON U IPUEMHOMN TETIISAX.
Paccrosinue I' momwkHO ObITh B 5—10 pa3 Oosbllle HAMeYaeMbIX TUIYOMH WCCIEIOBaHMS, T.C.
MPUEMHBIE YCTAaHOBKH PACIONIararoT B 1ajbHEH OT HCTOYHHUKOB ITOJISI 30HE.

B pesynbrate BbimonHenus Y3 Ha norapudmMuyeckux OiaHKax cTposT KpuBble U3 s
IIEKTPUYECKOM M MAarHUTHOM COCTAaBJIAIOIIKX. [[0 BEpTHKaIN OTKIAABIBAIOT KaXKylieecs Co-
NPOTHUBJIEHHE, & 110 FTOPU3OHTAIN — IapaMeTp, MPONOPLUOHANBHBIN MTyOMHHOCTH, — 2
Kpusbie U3, X0Ts 1 OXO0KM HA PAaCCMOTPEHHBIE BhIlIE KpuBble BO3, HO conepxaT AONOJIHU-
TEJIbHBIE SKCTPEMYMBI, 00YCIIOBIEHHbIE CTPYKTYpOH 10JIs, @ HE BIMsAHUEM cioeB. Kpome am-
IUTUTYJHBIX 3HAYCHUI HAMPSHKEHHOCTH MOXKHO M3y4arh pasHoctu ¢a3 mexny Ex, Hz u
OTIOpHOM (a3oii Toka (Yg U @y). I3MepeHne 1ByX KOMIIOHEHT IOJIsl U IBYX CIBUTOB (a3 je-
JaeT uHTepnperanuio KpuBbix U3 6onee Tounoi, yem nipu J13. B pesynbpTate nHTEpIpeTaiiN
OIIPEJEIAIOT COIPOTUBIICHNS U MOLIHOCTH OT/JEIbHBIX TOPU30HTOB B pa3pese.

Buoicokouacmommnute 30n0uposanus. OCOOEHHOCTBIO BHICOKOYACTOTHBIX METOJIOB 30H-
JTIUPOBAHUS ABJISIETCS MPUMEHEHHE paauoBoiH yacTtoToil oT 10 xI'm mo 500 MI'n. Ha takux
4acTOTaxX HaOJIIOAaeTCsl CUIIBbHOE 3aTyXaHWe PaJMOBONH U BBICOKH CKUH-I(dekT. [losTomy
3TH METObl MO’KHO IPUMEHSTD JIUIIb B YCIOBUSIX MEPEKPHIBAIOIINX TOPOJ BHICOKOTO COIPO-
tuBieHus (p > 1000 Om-Mm), Korzna riryOMHBI pa3BEAKH MPEBBIIIAIOT HECKOJIBKO JECSITKOB
METpPOB M KOT/Ia 3TH METOJbl MOTYT UMETh MPaKTUUYEeCKOe 3HadeHne. PaccMOTpUM CyIIHOCTh
OCHOBHBIX BBICOKOYACTOTHBIX METOJI0B 30HUPOBAHMIA.

1. Meton BepTUKaJIBHOIO MHAYKIIMOHHOTO 30HAMpoBanus (BU3) ocHoBan Ha gucTan-
IMOHHOM 30HJIMPOBAHUMU Ha OAHOM M3 yacToT nuanazoHa 10—100 xI'n. Paznoc mexny nepe-
JAaTYUKOM M NPUEMHHUKOM, HanpumMep, annaparypsl tuna JJOMII, uamensercs oT eIuHuL 10
HECKOJIbKUX JecsATKOB MeTpoB. KpuBbsie B13, koTOphie CTPOST Tak ke, Kak KpuBbie BO3, mo-
3BOJISIFOT M3Yy4aTh TOPU3OHTAIBHO-CIOUCTHIE pa3pe3sl Ha riryouHax a0 20—50 m.

2. B meroze paguoBoiHoBoro 3oHauposanus (PB3) paguonone yacroroit ot 0,5 1o 20
MI'1 co3nmaercs mepenaTyukoM M JUHEWHOW aHTEHHOM, paclojioKEHHOM Ha MOBEPXHOCTH
3emuu. C MOMOIIBI0 TPUEMHHUKA C PAMOYHON aHTEHHOW M3MEPSIOT HANPSHIKEHHOCTh MAarHUT-
Horo mnouis. [Ipsmas BosiHa, paclipoCTpaHssiCh B BEPXHEM CJIO€, TOXOAUT J0 KPOBIU BTOPOTO
CJI0S, OTIIMYAIOIIETOCS TI0 SJICKTPOMArHUTHBIM CBOMCTBaM, M OTpaXkaeTcsi OT Hero. B pe3ynb-
Tare B TIEPBOM CJI0€ HaOIrogaeTcss MHTEpEpeHITus (ClIoKeHne) BoJH. M3MeHss 9acToTy 1o-
JI51, MOXKHO TOJIyYaTh B MPUEMHIKE MUHUMYMBI CUTHAJIA, KOT1a TIPsIMasi ¥ OTPasKeHHAs! BOJIHBI
MPUXOJAT B MPOTHBO(A3e, U MAKCUMYMBbI, KOTJ]a BOJIHBI IpUXoaT B ¢aze. Eciu B pezynbrate
HaOJI0ICHNI TOCTPOUTh HHTEP(EPEHIIMOHHYIO KPUBYIO (TpadMK 3aBUCUMOCTH HANpsKEHHO-
CTH TOJIS OT YaCTOThI), TO, AHATU3UPYS MUHUMYMbI U MAaKCUMYMbI Ha HEH, ¢ OMOIIBIO CIie-
[UATBHBIX (OPMYII MOXKHO OMPEACIUTh TIYOMHBI 3aJIETaHUS OTPAXKAIOUINX KOHTAKTOB HE
ryoxe 100 M. Meton PB3 npuMeHSIOT B YCIIOBUSIX TIEPEKPBIBAIOITUX MOPOJ] C BHICOKHM CO-
IIPOTUBJIEHUEM (JIEZ, MEP3JIbIE TOPOABI, CYXHE IIECKH U T. I1.).

3. Pagnonokanuonusiii meron (PJIM), unu uMnynscHbI MeTo1 paguoiokanuu (MMP),
OCHOBaH Ha MPUHIUIE OOBIYHOM paguosioKalu. AnmapaTrypa Ajs paboT COCTOUT U3 mepe-
JaTduKa, MPUEMHHUKA W MPUEMHO-TIepearonmx aHTeHH. [lepemaTywk u3mydaeT KOpPOTKHUE
(MeHbIIe 1 MKC) UMIYJIbChI, KOTOPBIE MPOHUKAIOT B 3€MJII0, OTPAXKAIOTCS OT CJIOEB C Pa3HbI-
MU 3JIEKTPOMArHUTHBIMU CBOMCTBAMH U yJIABIMBAIOTCS IPUEMHUKOM.

[To BpeMeHu 3amazbIBaHUS MEXKIY 30HAMPYIOIIMM W OTPaKEHHBIM HMIyibcamu { u
CKOPOCTH PacIpOCTPAaHEHUs PAAMOBOIH V MOXKHO OIPEIENIUTh 3XO-IIyOuHy (IiIyOuHy IO

HOpMaJIM K TPaHUIIE) 3ajeranus otpaxaroniero kourakra h = vt / 2. Ckopocts pacmpocrpa-
HEHUS paJMOBOJIH B Bo3ayxe npumMepHo 300 M/MKc, a B MOpoJax ¢ BHICOKMM CONPOTHBIICHU-
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€M IPUMEPHO B /€, pa3 MEHbIIE (£, — OTHOCUTEIbHAs TUAIICKTPUYECKas IPOHMULIAC-
MOCTb).

Pa6otst UMP M0OXHO MPOBOJHUTH C MOMOIIBIO KaK HEMOIBMKHBIX, TaK M JBHKYILIUXCS
(HammpuMep, Ha MAlllMHE WM CaMOJIETE) AUCIOKAIMOHHBIX YCTaHOBOK. M3-3a cuibHOTO 3atry-
XaHUs BBICOKOYACTOTHBIX PAJMOBOJIH B HepekpbiBaromieM cioe MMP MOXHO mpuUMeEHSATH B
YCIIOBUSIX OYEHBb BBICOKUX COIIPOTHUBIICHUHN BEPXHMX CJOEB. [IpakTHyYecKn 3TOT METOJ HaIIel
IIPUMEHEHHUE JIMIIb IS JIEAOBOM Pa3BEIKU U, B YACTHOCTH, Ul OIPEIEICHUS MOLIHOCTH I10-
KPOBHBIX M FOPHBIX JIEJHUKOB. Y CTAHOBIIEHO, YTO CKOPOCTb PAaCIpPOCTPAaHEHUS PAIUOBOJH B
YHUCTHIX JIBAAX COCTaBIsIeT 168 M/MKC, OATOMY MOIIHOCTD JIbJa JIETKO ONPEAETUTH M0 (op-
myne h = 84t.

432  DnekmpomazHumubvle RPOPUAUPOBAHUA

Obwan xapakmepucmuka. DNEKTPOMarHUTHOE NMPO(UIMPOBAHNE BKIIOYACT OOJBIIYIO
IpyIIy METOJIOB JIEKTPOPA3BEIKH, B KOTOPBIX METOJMKA U TEXHUKA HAOIIOIEHUI HalpaBe-
HBI Ha TO, YTOOBI B KaXJI0M TOUYKE MPOGUISL MOTYIUTh HHYOPMAIUIO 00 3IIEKTPOMAarHUTHBIX
CBOWCTBAaX Cpe/bl IPUMEPHO C OJMHAKOBOM TiyOuHBI. [Ipu mpodunupoBanuu B OTIMYKE OT
30H/IMPOBAHUH BO BCEX TOUKaX HAOIIOACHHUS COXPAHSAETCS MOCTOSHHON TTTyOMHHOCTD pa3Bel-
KH. [l 3TOro BBIOMPAIOT MOCTOSHHBIE WJIM MajO W3MEHSIOLIMECS Pa3HOCHl MEXAY MUTA0-
IMMH WM IPUEMHBIMU JIMHUSIMHE [ U3ydaeMmble yacToThl f nimm Bpemena t nepexoanoro mpo-
recca. Beibop riryOMHHOCTH, TOYHEEe MHTEpBaJia IIyOUH M3y4eHHS T'€0JIOTHYECKOTo pa3pesa,
a 3Haumt I, f, t, 3aBMCHT OT penaeMbIX 33124 U T€OIEKTPUIECKUX YCIOBUM. [1yOuHy n3yde-
HUSI OOBIYHO BBIOMPAIOT OIBITHBIM IyTE€M, U OHA JOJKHA O0ECreyuBaTh MOJTy4Y€HHUE MAaKCH-
MaJIbHBIX aHOM&JINH HAONIOAEHHBIX WJIM PAacUeTHBIX (HampuUMep, KaxyIIUXCs CONpPOTHBIIE-
HUI) MapaMeTpoB BJIOJb MpoduiIel Wik Ha IUIOMAAIX ucciaeaoBanuii. Takum obpa3oMm, eciu
30H/IMPOBAHUS NPEAHA3HAYEHBI IS U3yYEHHs TOPU3OHTAIBHO MJIM TI0JI0T0 3aJIETA0NIUX CIIO-
€B, TO MPOQMINPOBAHUS CIYyXaT A HMCCICIOBAHUS TOPU30HTAIBLHO-HEOAHOPOIHBIX T'€0-
NIEKTPUUECKUX PA3PE30B, MPEJICTABICHHBIX KPYTOCIOUCTBIMH CpPEeJaMH MM BKJIIOUCHHUSIMHU
00BEKTOB C pa3HBIMU JIEKTPOMATHUTHBIMUA CBOWCTBAMH.

Teopust 371€KTPOMAarHUTHBIX TPOPUINPOBAHUN MTOCTPOEHA HA MATEMaTHUECKOM M (H-
3WYEeCKOM MOJAEIMPOBAHUU HaJ (U3UKO-TCOTOTHIECKUMH MOAESIMH, MTPEACTAaBICHHBIMU Of-
HUM WJIN HECKOJbKUMH KPYTO3aJETalolIMMHU IUIACTAaMH, a TAaKXKe BKIIOYECHUSMH OOBEKTOB
MPaBUIILHON TeOMEeTpUIeCcKor (popMmbl (map, miacT, MUIUHAP, YCTYI. TOPCT, TpabeH u T. 1.).
WuTepnperanysi nojdydaeMbIX B pe3yibTare NnpoduianpoBaHuu rpadukoB, KapT rpaduxos
(KOppENSIMOHHBIX CXeM) M KapT HaOMIOJCHHBIX MMapaMeTpoOB WM KaXKYIIUXCS COMpPOTHBIIE-
HUH, KaK MPaBUIIO, KAUECTBEHHAS, PeKe—KOIMYECTBEHHASI.

DJEeKTPOMAarHUTHBIE NPO(UIMPOBAHUS MPHUMEHSIOT U PEIICHUS OOJBIIOro YHCIIa
reoJIOTHYECKUX 3aJ]ad, CBS3aHHBIX C KAPTUPOBAHUEM KpyTo3ajeraromux (yribl MaieHHs
6omnbme 10—20°) ocagoyHbIX, U3BEPKEHHBIX, METAMOP(PHUUECKUX TOJI, PYAHBIX U HEPY.I-
HBIX TIOJIE3HBIX HCKOMaeMblXx Ha riayomHax go 500 m. X uCmonb3yrOT TpH HHXEHEPHO-
Ie0JOTUYECKUX, MEP3JIOTHO-TISALIUOJOTUYECKUX, THUIPOreOJOrMYeCKMX M IOYBEHHO-
MEJTHOPATUBHBIX MCCIEIOBAHUAX C LENbIO BRISIBICHUS HEOAHOPOAHOCTEHN pa3pesa Mo JIUTOJI0-
MU U TIMHUCTOCTH, YBJIQXHEHHOCTH M OOBOJHEHHOCTH, Pa3pyIIEHHOCTH U 3aKapCTOBAHHO-
CTH, TaJJOMY U MEP3JIOTHOMY COCTOSIHUIO, CTE€TIEHU O0IIeil MUHepaIu3aii MOJ3€MHBIX BOJ U
3aCOJIECHHOCTH MOYB.

Memoo ecmecmeenno2o rneKkmpuyeckozo noasa. MeTon ecTeCTBEHHOIO 3JIeKTpUde-
ckoro nojs (EIT, MEII) unu metron camonpou3BosibHbIX noTeHuanos (I1C) ocHoBan Ha uzy-
YEHUU JIOKAJIBHBIX 3JIEKTPHUECKUX MOCTOSIHHBIX IMOJIEH, BOSHUKAIOUINX B FOPHBIX MOPOJaxX B
CHJTy OKHMCIIHMTEIbHO-BOCCTAHOBUTEIbHBIX, MU(P(HY3HOHHO-aICOPOIIMOHHBIX U (DHIBTPALUOH-
HBIX siBIeHNH. HeOomnbime caMonpou3BosIbHbBIE MOTEHIMAIBI CYIIECTBYIOT MIPAKTHUYECKH I10-
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BceMecTHO. VIHTeHCUBHBIE MOJs HAOMIOAIOTCS, KaK MPAaBUIIO, TONBKO HAll CyIb()UIHBIMU U
rpaduUTOBBIMU 3ajekaMH. ECTeCTBEeHHbIE JIEKTPHUUECKUE T0JII MOTYT BO3HHMKATh TaKXe MpU
KOPpO3UHU TPYOONPOBOAOB U JIPYTHX MOA3EMHBIX METANTMYECKUX KOHCTPYKUMH. IHTeHCHB-
HOCTb TOKOB KOPPO3UHU YBEIUYMBACTCS C YXYALIECHUEM THIPOU3OJILUN ITUX KOHCTPYKILUM,
YMEHBIIIEHUEM YAEIBHOTO AJIEKTPUYECKOTO COMPOTUBIICHUS MOPOJ U YBEIUYECHUEM UX BIIAX-
HoCcTH. /I m3mepenus EIl npuMEHSIOT MUJUIMBOJBTMETPBI IIOCTOSSHHOTO TOKA, HAIpUMED
AD-72, 1 HENOJISIPUIYIOIIHECS AIEKTPOIBI.

CbeMKy eCTEeCTBEHHBIX JIEKTPUYECKUX MOTEHIIUAIOB BBIMOJIHAIOT JIMOO MO OTAEIbHBIM
JTUHUAM (TIpo(UiIbHAs ChbeMKa), TH00 MO CUCTeMaM OOBIYHO MapauleidbHBIX Mpoduiiei, pas-
HOMEPHO TOKPBIBAIONIUX M3y4aeMbI ydacTok (TuiomiaaHas cbemka). HampaBnenus mpodu-
7ieil BBIOUPAIOT BKPECT MPEATOIaraeMoro MpOCTHPAHUS MPOCIESKUBAEMBIX 00BEKTOB, a pac-
CTOSTHUS MEXAY HUMHU MOTYT u3MeHAThCS OoT 10 10 100 M 1 JOKHBI OBITH B HECKOJIBKO pa3
MEHBIIIE 0KUJAEMOU JITMHBI PYAHBIX TEJ WU HHBIX Pa3BEIbIBAEMBIX I'€OJOTHYECKIX 00BEK-
TOB.

Ha xaxnom npoduiie paBHOMEPHO pa3MeyaroT MYHKTHl U3MEpEeHUs MoTeHuuaioB. Pac-
CTOSIHHE MEKy TOYKaMH HaOItoIeHuH (IIar CheMKH) U3MEHseTcs oT 5 10 50 M B 3aBHCHMO-
CTH OT MacmTaba ChbeMKH, XapakTepa U MHTEHCHUBHOCTH 3JIEKTpHUUecKoro mnois. OnTumans-
HBIM IIarOM MO>XHO CYHTATh IIAT, HECKOJIHKO MEHBIIHHA Mpe/roaaraeMoil TiryOuHbl 3aiera-
HUS BEpXHEH KPOMKH pa3BeAbIBAEMBIX 0ObEKTOB U CPABHUMBII C UX MOMEPEUHBIMH pa3Mepa-
MU. ChEMKY €CTECTBEHHBIX MOTECHIIMATIOB MOXHO BBITIOJIHATH ABYMS CIOCOOaMHM: a) TOTEH-
UaJa, Mpu KOTOPOM U3MEPSIOT PA3HOCTH MOTEHIIUAIOB MEXAY OJTHOW HEMOABUKHOU TOUKOMN
U MIyHKTaMH HaOII0eHUI n3ydaeMoro npoduis Win IUIoaay; 0) TpaJreHTa MOTeHIINANa,
IIPU KOTOPOM H3MEPSIOT Pa3HOCTh MOTEHIMAIOB MEXIY IBYMS 3JIEKTPOAAMHU, PACIIOIOKEH-
HBIMU Ha MOCTOSIHHOM PACCTOSIHUU JIPYr OT JApyra M NEepeMellaeMbIMU OJJHOBPEMEHHO IO
npodunsm. B 3aBucumoctu oT Macmraba ChbeMKH U KaTerOpUHu MECTHOCTH OTpSI U3 ABYX-
Tpex uesnoBek orpadarbiBaeT 3a cMeHny oT 50 10 300 Touek HabmroAeHU. OCOOEHHO BBICOKYIO
MIPOU3BOIUTENILHOCTh MOYYalOT MPU HEMPEPhIBHOW ChbeMKE CIIOCOOOM rpaJieHTa MOTeHIINa-
J1a C IBMDKYIIEHCS JIOJIKU WIIH ILTOTA.

[To pe3ynbpTataM M3MEpEeHHI €CTECTBEHHBIX MOTEHIMAJIOB CTPOST rpadUKu MOTEHIUA-
no0B. [Ipy 3TOM 10 TOPU30HTATBHON OCH OTKJIAJIIBAIOT TOYKU HAOIIOEHUS, 10 BEPTUKAIBHOMN
— IIOTCHI M AJIbl C&MOHpOHSBOHBHOﬁ noJIapu3alnu (BBer — IOJIOXKHUTCIBbHBIC, BHU3 — OT-
punarenbHbie). [Io TaHHBIM CHEMOK CTPOSIT Tak)Ke KapThl IpadUKOB M KapThl paBHBIX 3HAUE-
HUH IIOTCHIIMAJIOB. Ha nux BBIACIIAIIOT aHOMAaJIn, COOTBETCTBYIOIIUC 06I>CKTaM C IIOBBIIIICH-
HOM 3JIEKTPOXUMHUYECKON aKTUBHOCTBIO.

Dnexmponpogunuposanue memooom conpomueaeHuil. INSKTPUIECKOE MPOPIINPO-
BaHME WK dekTponpoduaupoBanue (D11)—31o Mogudukaims MeToga CONPOTHUBICHUH, TIPH
KOTOPOH BJIOJIb 3a/IaHHBIX HampaBiieHU# (mpoduiieil) u3MepAIoT KaxyIieecs: CONPOTUBICHHUE
C TIOMOIIBI0 YCTAaHOBOK TIOCTOSIHHOTO pa3Mepa (pa3Hoca MUTaloIel JUHUU AB), a 3Ha4YuT, U
MPUMEPHO TOCTOSIHHON TiyOuHHOCTH. [loa TIyOMHHOCTHIO METOAa COMPOTUBICHUIN TOHU-
MaloT INIyOHHY, Ha KOTOPYIO MPOHUKAET OCHOBHAS YacTh 3JIEKTPUUECKOr0 TOKa. JTa riyOnHa
TeM OoJibliie, 4eM OOoJIblIe BRIOPaHHOE PACCTOSHUE MEKAY MUTAIOMUMHE 3JeKTpoamu. B Teo-
PHH 3JIEKTPOPA3BEIIKU JOKA3aHO, YTO B OJHOPOAHOM cpere cBbilie 70% BCero Toka, MmojBo-
JMMOTO K JBYM 3jieKTponaM A u B, mpoxomut He riy0ske, yeM paccrosaue mexnay A u B
(pa3HOC MUTAIONTUX DJIEKTPOAOB). [ TyOMHA MPOHMKHOBEHHs TOKA OyaeT OoJble, eCu pac-
MOJIOKEHHBIE MO/ BEPXHHUM CJIOEM TOPOJIBI JTYYIlle TPOBOASAT IEKTPUISCKUI TOK, U, HA000-
POT, MEHBIIIE, €CJIU MOACTUIIAIOIINE TOPOAbl XapaKTEPU3YIOTCSI BBICOKUM CONPOTHBIIEHHEM. B
CpeIHEeM TIIYOMHHOCTH 3JICKTPOPA3BEAKH METOJOM COIPOTHBIICHHH cocTaBisieT oT 1/3 10
1/10 pasnoca AB. OntumanbHbli (paboumii) pa3HOC IEKTPONPOPHIUPOBAHKS 3aBUCUT OT
pelIaeMbIX 3a7a4 U CTPOSHUS Te0dIEKTpHUIecKoro paspesa. Ero BeiOuparoT mo ganaeiM B33 u
ONBITHBIX paboT DI ¢ pa3HbIMU pa3HOCAMHU.
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[Tpu 371K TPONPOPHUITNPOBAHIN UCTIONB3YIOT MEPEHOCHYIO AIEKTPOPA3BEIOYHYIO aIlapaTypy
(AD-72, AHY-3 u ap.) u pa3nnuHble ycTaHOBKH. [Ipocrelimeil ycranoBkoit ans Oll sBisercs
cummerpuunas AMNB, koraa see anexrpoast AMNB ¢ coepnnsifonumu ux IpoBoOaMH Io-
CIICIOBATEIFHO MEPEMENIaloT BIOJIb JIMHUU HAOIIONCHUI M Yepe3 MOCTOSHHBIC PacCTOSHUS

a

Py JJM-M

200

700

Puc.4.10 I'paduk kaxymierocss CONPOTHBICHUS MO JAHHBIM CHMMETPHUYHOIO
npodunuposanust AMNB; a—rpaduxk p,; 6—Treonorndeckuit paspes.
1 — u3BepKEeHHBIC TOPOJIBI; 2 — CIIAHIIBI, 3 — U3BECTHSIKH, 4 — HAHOCHI;

5— YACIBHOC 3JICKTPUICCKOC COIPOTHUBIICHUC, OM—M; 6 — TOKOBBIC JTUHUH

U3MEPSIOT KOXKYIIUECs COMPOTUBICHUS (B3aMHBIC PACCTOSHUS MEXTY dJIEKTPOJIaMHU BO BCEX
MYHKTAaX M3MEPEHUs OCTAIOTCS MOCTOSHHBIMH). PaccmoTpum nmpumep (puc.4.10). B touke I
HEerNyOOKO MOJ HAaHOCAMH 3aJIETal0T HEMPOBO/ISIINE H3BEPKEHHBIE TTOPOJIBI, KOTOPHIE OTKHU-
MarT TOK K MOBepXHOCTH. Ilostomy BOM3M mpueMHbIx 3ekTpogoB MN yBemmumBacrcst
IJIOTHOCTh TOKA U P, OyneTr OoJibllie CONPOTUBIICHHS] HAaHOCOB [cM. dopmyiy (4.7)]. B Touke
II, roe rmyOuHa 3aneraHus W3BEP>KEHHBIX MOPOA OoibIas, p, OyaeT OJIM3KO K CONpOTHBIIE-
HHMIO0 HaHOCOB. B Touke III mox HaHocamu 3ajierar0T XOpOIIO MPOBOASAIIME TOK TNIMHUCTHIE
CIIAHIIBI, KOTOPBIE BTATHBAIOT TOKOBbIC JuHHH. [ToaTromy BOMM3n MN ymenbimaercst mor-
HOCTB TOKa U ), CTAHOBUTCS 3HAYUTEIHLHO MEHBIIIE, YEM COITPOTUBIIEHUE BEPXHETO CIIOA.

[To rpaduky p, (0 rOpU30HTANM OTKJIAABIBAIOT TOUYKH HAOIIOJEHHI, a M0 BEpTHUKAIH
— TOJYYEHHBIC ;) MOKHO CYIHUTh O TEOIEKTPUUIECKOM pa3pe3e, MECTOMOI0KEHHH KOHTAK-
TOB TIOPOJI C PA3HBIMHU yJEIBHBIMH CONPOTHBICHUAMH. bonbie nHpopMaIim mo cpaBHEHUIO
¢ ycranoBkoir AMNB naet snexkrponpodunrpoBanne yCTaHOBKOM € ABYMs MTUTAOIIUMH JIH-
ausvu: AA'MNB'B. O6bruno AB/A'B' = 2—4, MN < A'B'/2. B pe3ysbrare cTposT 1Ba rpa-
¢uKa p,. B cI0XKHBIX T€OTOrMYECKHX YCIOBHSX BBIMOJIHSIOT 3JIEKTPONPOPHUINPOBAHHE C HE-
CKOJIbKMMH MUTAIOUIMMHU JTHHUSMH. J[Js BBISIBICHHSI TUIACTOBBIX 3AJICKEH HCIONB3YIOT TPEX-
AIIEKTPOHBIC M TUIOJIBHBIC YCTaHOBKH. [IpUMEHSIOT 1 Opyrue yCTaHOBKH, DJIEKTPOIPOQH-
JUPOBAHMUSL.

[Ipu snexkTponpodmInpoBaHUH OO0 YCTaHOBKOW MPO(GWIN MPOKIAIBIBAIOT BKPECT
IPEAIOoIaraeMoro MpPOCTHPAHUS CTPYKTYp WM HCKOMBIX 00bekToB. lllar ycraHoBku, T.e.
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paccTosHiE MEXAY COCCTHUMH TOYKamu HaOmroneHuii, o0braHo Oepyt paBHbiM MN u He-
CKOJIbKO MEHBIIIMM OKHJIaeMOW LIMPHHBI pa3BeIbIBACMbIX I'€OJIOTHUECKIX 00bEKTOB. B 3aBu-
CHMOCTH OT THIIa YCTAaHOBKH, INTyOMHHOCTH pa3Benku (pasmepa AB), kaTeropuu MECTHOCTH,
Maciitaba CbeMKH OTPSI U3 YEThIPEX — CEMH YeJIOBEK oTpadarsiBaeT 3a cMeHy oT 20 1o 200
TOYEK 3JIEeKTporpoduiupoBanus. B pesynbrare smekTpornpoduinpoBanus KpoMme rpaduxkon
Px CTPOAT KapThl TPAPUKOB P, , a TAK)KE KapThl COMPOTHBICHUHN JJIsI KaKIOTO pazHoca IH-
TAIOMIMX AJIEKTPOJOB. VX MHTEpIpeTanus 1aeT BO3MOXKHOCTh BBIIBUTH OOBEKTHI, pa3inyaro-
yecs MO yACTbHOMY JIEKTPUIECKOMY CONPOTHBIICHHUIO.

dnekmponpodunupoeanue mMemooom 6vi36aHHOU noaapuzayuu. 1Ipu smeKkTporpo-
dbunupoBaHuu MeTo0M Bbi3BaHHOW mossipu3anuu (BIT wnu DOI1-BIT) paboTter Bnons npodu-
nieil HaOIIOICHHI BBITIOJIHSIOT YCTAHOBKAMH C MOCTOSIHHBIMU pa3Hocamu. [Ipu sTom Hapsay ¢
Py paccuntsiBaroT 77, = (AUpp/AU)-100 %, rae AUp , AU — pasHOCTH NMOTEHIMANIOB Ha
IPUEMHBIX 3JeKTpoAax depe3 0,5 ¢ ¥ Bo BpeMs IPOIyCKaHUs TOKAa B MUTAIOIILYIO JIMHHIO, a
taxke ckopocts criana AUpp; (puc.4.11).

Kak oTrmeuanoch Belle, MpUYMHAME BOSHHUKHOBEHUS BIT SBISIOTCS CIIOKHBIEC 3JIEKTPO-
XUMHUYECKHE TPOLECCHI, MPOXOAIINE Ha TTOBEPXHOCTH PYIHBIX M MECYAHO-TIIMHUCTBIX Yac-
THUI] B IPUCYTCTBHUHU MOA3EMHBIX BOJ| IIPH MPOITYCKAHUU Yepe3 TOPOAY TOKa. BbI3BaHHBIE ITO-
TEHIMAJIBl U3MEPSAIOT C TIOMOIIBIO CIIe-
[MUATBHBIX AJIEKTPOPA3BEIOYHBIX CTaH-
Ui UM MIEPEHOCHBIX OJTHO- MJIM MHO-
roKaHaJbHBIX TprOOpoB. PaboTer mpo-
BOJSAT TEMH K€ YCTAaHOBKaMHM, YTO U B
METOAaX CONPOTHUBJICHUH (Tpex-, dbe-
TBIPEX3JIEKTPOIHBIE U JIP.).

AV

g

IIpn 3amepax Hajx OOHOPOIHOU

Cpelod NOJIy4ar0T UCTUHHYIO IOJIApU-

Puc.4.11 I'padux 3aBucumoct AUyn oT Bpeme-  3yeMOCTh 7, a MPH HM3MEPEHUSIX Haj

HH TIOCJIE BBIKJIIOUCHUS TOKa B AB. HEOJHOPOJHON — KaXKYLIYIOCS MOJIS-

Tok B AB: | — Bruirouen; || — BeikitoueH pu3yeMocTs #,. Bennuuna 77, siBasiercs

CIIO)KHOM  (QyHKUHMEH moJspu3zyeMo-

CTEH, CONMPOTHUBIEHUH M TE€OMETPUUYECKUX IapaMEeTPOB pa3Be/bIBAEMBbIX OOBEKTOB U BMe-

nraromet cpeasl. B pesynbrare BII ctpost rpaduku, kapTsl rpa@UKOB U KapThl 7, , HA KOTO-

PBIX TIPU HHTEPIPETAIIUH BBISBISIIOT aHOManuu. K HUM puypodYeHbl 0OBEKTHI ¢ aHOMAIIBHOM
MOJISIPU3YEMOCTBIO.

Memoo nepemennozo ecmecmeennozo r1eKmpomazHumnuo2o noas. K snexrpornpodu-
JUPOBAHUIO, OCHOBAHHOMY Ha HCIIOJIb30BAHUM €CTECTBEHHBIX MEPEMEHHBIX AJIEKTPOMATHUT-
HBIX TOJIeH aTMOC(EpHOro MPOUCXOXKICHHUS, OTHOCAT METOJIbI EPEMEHHOTO0 €CTECTBEHHOTO
anektpuueckoro (ITEDIT) u maruutnoro (ITEMII) noneit. B merone I[EDII ¢ nomoribio Mui-
nuBosibTMETpOB Tuna AHY-3 u nByx 3a3eMiieHHBIX Ha paccTtossHuu 10—20 M apyr ot apyra
npuemMHbix 31ekTpoaoB MN 3a mepron 20—30 ¢ U3MepSIOT CPEAHIOI HAMPSHKEHHOCTH JICK-
tpuaeckoro nonsi E.,,= AUyy /MN. Ona nporopuionansHa HEKOTOPOMY KaXKyIIEeMyCs CO-
MIPOTHUBJICHHUIO CPEJIbl HAa TIIYOMHE, COOTBETCTBYIONICH MpuMeHsseMoi dactoTe. [Ipu Hanbonee
gacto ucnonb3yemoir yacrore 10—20 ['m riyOMHHOCTH TOOOHOTO MPOQPHUINPOBAHUS CO-
CTaBJISIET B Pa3HBIX T'€0RIEKTPUUECKUX YCIOBUSIX HECKOJIBKO COTEH METPOB.

Ecmu npoBoauthk chemku [TEDIT o npodumnsm ¢ marom 10— 20 M uiii paBHOMEPHO IO
rwromaau (Harnpasiaenuss MN 10mKHBI BO Bcex ToUKax OBITh OJWHAKOBBIMH), TO TI0 Tpadukam
¥ KapTaMm E ., MOXHO BBIABIATH TOPU30HTAIbHbIE HEOJHOPOIHOCTH MO SIIEKTPOIPOBOJHOCTH.

CxonHbIM 00pa3oM C MOMOIIBIO PAaMOYHBIX AHTEHH MOXXHO H3MEPSTh pa3jHyHble COCTaB-
nsroute MarauTHOro most (ITEMII), oTnnyaromuecss mpoCcTOTON HaOMIOACHUN BCIICICTBUE

141



otcyrcTBus 3a3emieHuit. Uarepnpetupys anomanuu [TEDIT niau [TEMII Ha rpadukax u kap-
TaxX, MO>KHO TOJy4aTh MH(POPMALUIO IJsl CpeIHe- M KPYIMHOMACIITAOHOTO Ie€OJOrHYECKOro
KapTUPOBaHUS.

Hu3skouacmommnoe capmonuueckoe npogunuposanue. Hu3ko4acToTHbIE rapMOHUYE-
ckue metoasl (HUM) BkItoYaroT GONBILIYIO TPYIIY METOIO0B 3JIEKTPOMArHUTHOTO (MHIYKIIH-
OHHOT0) MPOGUIUPOBAHUS, B KOTOPHIX M0OJIe HA OJHON M3 yacToT uHTepBaia 10 I'm — 10 k'
CO3/Ial0T C TIOMOIIIBIO JTHOO0 3a3eMJICHHOTO Ha KOHIax JMHHOTO (110 30 kM) kabens (JK), mu-
00 Oonpmiol (muamerpom a0 3 kM) HezazemieHHoW netu (HIT), mubo pamodHOl aHTEHHBI
(znamerpoM 110 1 M), KaKk, HaIpUMep, B AUNOIbLHOM MHAYKUHOHHOM (JAWII) nnu nunonsHoM
anexktpomarautHoM (JIDMII) npodunupoBanum.

B reonoruueckoii cpeqe nepBUYHOE MOJIE, C OJJHOM CTOPOHBI, UCKAKAETCSI HEOAHOPO/I-
HOCTSIMM, a C APYroll — CO3[aeT BTOPUYHOE MHAYKLIMOHHOE BHXpeBoe mnoisie. CymmapHoe
3JIEKTPOMArHUTHOE T0Je, Hecylee B ce0e NH(OPMAIIUIO O TE03IEKTPUIECKIX HEOJHOPOTHO-
CTSIX, MOKHO M3y4aTh pa3IMUYHbIMU NpruemMamu. Hampumep, MOXKXHO U3MEpATh aMILUIUTYIAHBIC
3HAUEHUS AIEKTPUYECKUX U MATHUTHBIX KOMIIOHEHT C IMOMOIIBIO Pa3HOTO pOJia MUKPOBOJIBT-
MeTpoB (MKBD), u3y4yarh OTHOIICHUS aMIUIMTYJ W Pa3HOCTH (a3 MOCPEACTBOM TaK Hazbl-
BaeMmbIx apumerpoB (ADU), onpenensate anmeMeHTH dutnrca nossipusanuu nons (DI1I1) u
T.J.

CoxkpaliieHHbIe HAa3BaHMSI METOJIOB HHIYKTUBHOTO MPO(MINPOBAHUS CKIIAJBIBAIOTCS U3
COKpAIICHHBIX Ha3BaHUM CHOCOO0B BO30YXKACHUS U u3MepeHus mnoss. OCHOBHBIE METO/IbI,
HCIOJIb3yeMble B MHIYKTUBHOM anektpopasseake: JK-AOU, JAK-OIIII, HII-A®U, JUII-
ADOU, NUIT-DTIT u ap. 'nydbuaHOCTs HUM TeM GosbIie, 4eM HIKE 4acTOTa UCIOJIb3yEeMOT0
T0JI51, BBIIIE CONMPOTUBIIEHNE BMEIIAIONINX 1opo, Oombie pazmepsl K nim HIT u paccros-
HHS MEXIY MUTAIONMMU U ipueMHbIMUA pamkamu B JIII. B 3aBucHMOCTH OT pemiaeMbIx 3a-
Ja4 M TeORJIEKTPUUYECKUX YCIOBUIM BBIOMPAIOT YAacTOTY IOJIA, METOMA, Pa3Mephbl yCTAaHOBKH,
MacmTad ¥ CHCTEMY HaOII0ICHUH.

Cremky B HUM npoBoasT mmo cucreMam npoduiieid, OTCTOSIIMX APYT OT JApyra Ha pac-
ctogHuAX 50—500 M ¥ HampaBIEHHBIX NEPIEHIUKYJISAPHO K MPOCTHPAHUIO T'€0JIOTMUECKUX
CTPYKTYpP W KaOero WA CTOPOHE NMeTIu (BHYTPH U BHE MeT/in). ToYKkr HAOII0AeHHs HA MPO-
¢GuIAx, ATMHA KOTOPBIX OOBIYHO MEHBLIE JJIMHBI KaOels U CTOPOHBI METNH, pa3OuBaIOT He
ommxe 50—100 M OT TOKOHECYIIHUX MTPOBOJIOB U pacmosaratot uyepe3 20—200 m apyr oT apy-
ra. Eciu B Metogax JIK u HII mo mepe ynanenust ot ka0Gens WU CTOPOHBI METIU TITyOUH-
HOCTh HECKOJIBKO yBennuuBaercs, To B Meroae JUII npu moctosHHOM pazHoce (0OBIYHO OH
u3Mensiercs B npenenax ot 20 go 200 M) MexIy reHepaTOpHOI paMKOM U TOUYKOW HaOro/e-
HUS OHA ITOCTOSIHHA.

B pesyabrare HUM ctpost rpaduku, KapTel rpadukoB ¥ KapThl HAOIIOACHHBIX Mapa-
METpPOB MOJIsl, HHTEPIPETALUsl KOTOPBIX MO3BOJISET BBIACIUTh AHOMAIMK HaJl HEOJHOPOIHBI-
MHU 110 COIPOTHUBIICHHUIO T€OJOTMYECKUMH O0BEKTaMH.

Memoo nepexoonvix npoyeccos. Meron nepexoanbix npoueccoB (MIIII) no dusznde-
CKOUW MPHUPOJIE SBISICTCS WHIYKTUBHBIM, T.€. O30k kK HUM, HO oTinmvaercs mpuMeHeHneM
HE TapMOHUYECKHX, & UMIYJIbCHBIX IMOJICH. B KadyecTBe reHepaTOPHBIX JIMHUN HCTOIB3YIOT
HezazemsieHHble netau (HII-MIIIT) unm pamounsie anteHHsl (JAMWII-MIIIT), gepe3 koTopsie
MPOMYCKAIOT KPATKOBPEMEHHBIE (JTUTENBHOCTHIO 10 S0 MC) UMITYJIbCBI TIOCTOSIHHOTO TOKa. B
TOM e WM APYroil metrie (MU paMKe) U3MEpSAIOT MEPEeXOJHbIe MPOLECCH, T.€. BEIUUYHUHBI
anexrpoasrkyien cuiabl U(t) na Bpemenax t B npenenax ot 10 g0 50 mc.

Meronuka HII-MIIII u AUII-MIIIT Takas xe, xkak B HII u JIMII B paccMOoTpeHHBIX
Beime mMetogax HUM. B pesynsrate pador MIIII crposr rpadpuku u kapter U(t)/1, roe | —

aMIIIMNTyda TOKa B METIIC IPU IMMOCTOAHHOM t, YTO M 00ECIIEUNBAET MMOCTOSHCTBO FJ'I}’6I/IHHOCTI/I
BO BCCX TOYKax.
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A3poanekmpopazeedka. PazHOBUIHOCTBIO MHAYKTUBHBIX METOOB 3JIEKTPOPA3BEIKU
SBJISIETCSl BO3AYLIHAsL 3JieKTpopasBenka. CyllecTByeT HECKOJIbKO BapUAHTOB a’pOlJIEKTPO-
pa3Benku. Bce oHM OCHOBaHBI HA U3MEPEHUU MarHUTHOM KOMITOHEHTHI MOJISI.

1. OnHUM M3 pacHpOCTPAaHEHHBIX METOJ0B a3pPO3JIEKTPOPA3BEIKHU SBISIETCA METO Oec-
KoHeuHo JuymnHHOTO Kabens (B/IK-A), B KoTopoM mepBHYHOE 110JI€ CO3/1al0T MEPEMEHHBIM TO-
koM vacTtotoit 10 1000 ['1, mpoTekarommM 1mo 3a3eMJICHHOMY Ha KOHIAX JJIMHHOMY KaOelto
(mo 40 xm). KaGenp ykiaapIBalOT BAOJIb MPEINOIAraéMOro MpocTUpaHus mopoa. M3mepu-
TEIBHYIO CTaHIUIO (Hanmpumep, ctannuio ADPO-58) momenaroT Ha caMOJIeTe WM BEPTOJIETE,
KOTOPBIA JeTaeT Ha HeOombioi BeicoTe (50—500 M) mo mpoduisam amuHOM 10 25 KM, mep-
MEHIUKYIISIPHBIM K KaOeJto U PacrloioKeHHBIM Ha pacctosamsx 150—500 m apyr ot apyra.
['opu3oHTanbHBIC (NMEPICHIUKYISIPHBIE K Ka0elo) aMIUIUTYIHbIe U (Da3oBble KOMITOHEHTHI
MarHUTHOTO TTOJISI K3MEPSIOT aBTOMAaTHYECKH. MaTepuaiibl 00pabaTeiBatOT ¢ momoIisio OBM,
YTO CBOJUTCS K IMOCTPOCHUIO KapT TpaduKoB HAOIIOJEHHBIX KOMIIOHEHT WM PAaCCUUTAHHBIX
M0 HUM KaXymuxcsi (3¢(EeKTUBHBIX) CONMPOTUBICHUN M BBISBICHUIO HA HUX 30H IMOBBIIICH-
HBIX U MMOHUKEHHBIX COMPOTUBIICHUN.

2. B a’poBapuaHTe JUMOIBHOTO MHIYKIMOHHOTO npodumupoBanus (IAUII-A) renepa-
TOPHYIO PaMOYHYIO0 aHTCHHY PACIOJararoT Ha CaMOJIeTe€ MM BEPTOJIETE, a U3MEPUTEIIbHBIE
paMKH HaxoJaTcs 1100 Ha BTOPOM CaMOJIeTe WIIM BEPTOJIETe, JETsIeM Ha paccTostHun 100—
500 M, 1160 B BBHIHOCHOW TOHJIOJE Ha Kabenmb-Tpoce- mmHOU 10 150 M. BeicoTa moneroB
50—250 wm, paccrostausa mexny npodunsmu 100—500 M, paboure yacTOThl BEIOUPAIOT B UH-
tepsaie oT 0,2 no 3 k['u. B pesynpraTe 00pabOTKH MOTydaeMbIX ITPH aBTOMAaTHYECKON 3aIu-
cH rpadukoB U KapT rpadukoB HAOIIOACHHBIX MapaMEeTPOB BEAYT KPYyIMHOMACIITaOHOE reo-
JIOTMYECKOE KapTUPOBAHUE U NIOUCK IPOBOJAIINX PYA.

3. B as’poBapuanTe Merona mepexoaHsix mpoieccoB (AMIIII) reneparopHyto pamky
pacmoiaraioT Ha BEpTOJIeTe, a B BRBIHOCHOW FOHJIONE HAa Kabelb-Tpoce AMMHOM 10 50 M mome-
AT IpHEMHYIO paMKy st usMepenus E(t). Boicora moneros 50—100 M, paccrosuus me-
xay npoduiasimu okono 100 m. ITo pesynpraram oOpaOOTKH MOy4aeMbIX MPH aBTOMaTHYe-
CKOU 3allUCH CHUTHAJIOB BEYT MOMCK MACCUBHBIX MPOBOISAIINX PY/.

Paouosonnosoe npogpunuposanue. K pagrnosonnosomy npodunuposanuio (PBIT) ot-
HOCSIT PaJIMOKOMIIAPAIIMOHHYIO0 CheMKY Ha cBepXaiauHHbIX BosHax (C/IBP) wim pamnosnek-
TpomaruuTHoe npopuinuposanue (POMII). Ilpu paaroxoMmnapanoHHON CheMKe Ha KaKJOu
TOYKE M3MEPSIOT BEPTHKAIbHYI0 H, M MakcHManbHyI0 TOpH30HTaNbHYIO [, cocTaBisromye
panuonosns. [Ipodumm pa30uBaOT BKpECT MpeAroiaraeMoro MmpocTHpaHus cioeB. Paccros-
HUE MEXKIy TOYKaMu u3MepeHuit namensiercs ot 20 1o 50 m, a mpu aeTanu3anud MOXET OBITh
¥ MEHBIIUM. 3aMephl Ha KaXI0i TOUKe MPOBOAAT OBICTPO (0KOJIO 1 MUH), TO3TOMY IPOHU3BO-
JTUTEIBLHOCTh pagrokommapanuoHHoro metona Benuka (100—300 Touek B cMeHy). CheMKy
MO3KHO BECTH U C JIBHIKYILErOCs TPaHCIOPTa (MaIlIMHBI, CAMOJIETA).

B pesymbrare crpost rpaduku H,, Hy Broms npoduneii nabmonennii. Hax oxsopoxa-
HOH 10 3JIEKTPOMAarHUTHBIM CBOHCTBaM (p, €, ) cpenoit H,, ocraercs mocrosuuoii, a H~=0.
Hanuuue rpanuil pasziena cioeB ¢ pa3HbIMU 3JIEKTPOMAarHUTHBIMU CBOMCTBAMM HJIM MPOBO-
JSIIMX TOK PYIHBIX KW IPUBEAET K UCKAKEHUIO TOJIS.

Pagnosnextpomarautaoe npodunupoanue (POMII) ornuuaercs ot C/IBP usmepenu-
€M U AJIEKTPUUYECKUX, 1 MATHUTHBIX COCTABJISIOIIUX PaJNOIIOIIS.

Ceepxsvicoxkouacmomnoe npogpunupoeanue. CBEpXBbICOKOYACTOTHBIE METOBI DJIEK-
TPOpa3BEIKH BKJIOUAIOT: PaJapHyI0 ChEMKY (IAJIMHBI NU3Y4aeMbIX PAJIUOBOJIH U3MEHSIOTCS OT
1 MM 10 1 M), mpu KOTOPOM M3ydarOT JIMOO E€CTECTBEHHOE M3IYYCHHE 3€MHON MOBEPXHOCTH
[maccuBHas paguosnokanus, paguorersiosas (PTC) nim ungpaxpacuas (MKC) cremku], 1160
OTpa)KCHHBIE OT HEE PaTUOBOJIHBI [aKTUBHAs paauoiokanus win paauosiokanronHas (PJIC)
cbeMKa]. PaboThl BeyT B OCHOBHOM C JICTATEJIbHBIX alIaparoB (CIYTHUKH, CAMOJIETHI, BEp-
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TOJIETHI) C TIOMOIIBIO CHEIUATLHON aBTOMATHYECKOHN (TEIEeMETPUUYECKON UITH PETHUCTPUPYIO-
1iei) annapaTypsl.

ITvezornekmpuueckue memoowt. K nbe303J1€KTPHUECKUM OTHOCST Teo(pU3NIECKUe Me-
TOJBI, HaXOMSIIMECS Ha CTBHIKE MEXIY SJEKTPOpPa3BEIKOW M ceilcMopasBeakoi (cm. ri.l).
CyIHOCTh 3TUX METOJIOB CBOAMTCS K BO30YXKIEHHIO YIPYTHX BOJH C MOMOIIBIO B3PBIBHBIX
WJIM HEB3PBIBHBIX HCTOYHUKOB U U3YUEHHUIO YIPYTHX BOJIH, KaK MIPHU ceicMOpa3BeKe, U IIEK-
TPOMAarHUTHBIX CHUTHAJIOB, KAK B UMITYJIbCHBIX METOJAaxX 3JIEKTpopas3Benku. IIbe30amekrpuye-
CKHE METOJbl OCHOBAaHBI Ha Mbe30- U ceiicmodiekTpuueckux s dexrax ([193D u CIOD),
CYIIECTBYIOIIMX B MOPOJIAaX C MOBBIIIEHHBIMHU MbE30IEKTPUUECKUMH MoayIsiMu. Ha pasnu-
YU Ha3BaHHBIX 3Q(PEKTOB OCHOBAHBI JIBA BEIYIIUX MbE30AJIEKTPUUECKUX METO/a: COOCTBEH-
HO Tnbe3odekTpuueckuil meto (II9M), npumeHsromumiics Mpu U3y4YEeHUH KPUCTAUIMYECKUX
MOPOJI, M1 METOJT ceCcMORIIeKTprueckuX moreHnuanoB (MCOII), ucnonap3yromuics npu u3y-
YEHUU OCAJOYHBIX TTOPOJ.

MeToMKa ¥ TEXHUKA HA3eMHBIX pa0OT B MbE303JICKTPUUECKOM METOJIE CXOAHBI C TAKO-
BBIMU TIPH HA3eMHOH ceiicMopasBeake. Bo30ykaeHne ynpyrux BOJIH OCYIIECTBISIOT C TO-
MOIIIbIO HEOOIBIINX B3PBHIBOB (TIOJIPHIB AIEKTPOACTOHATOPOB, IETOHUPYIOIIETO IITHYpa | T.I1.)
win ynapoB. [Ipy npoxoxaeHuu ynpyrux BOJH B MOPOJax C MOBBIIIEHHBIM bE303JIEKTpUYe-
CKUM 3((HEeKTOM TeHEePUPYIOTCS ANEKTPOMArHUTHbIE KojeOaHus 3BYKOBBIX dacToT. Hapsny c
YOPYTUMHU KOJICOaHUSIMU, YJIaBIMBACMBIMH CEHCMONPUEMHUKaMu, B MeTose [1OM u3yqaror
SNIEKTpHYecKre F COCTaBISIONIME TIOJIS C TOMOIIBIO 3a3eMiteHHbIX uauii MN, pesxe maraut-
HbIE — TMOCPEJCTBOM PaMOYHBIX aHTEHH. /{11 paboT MCHONB3YIOT MIECTH- ¥ BOCHMHUKAHAIb-
HBIE CTAHIIMU, MAJIO OTJIMYAIONINECS OT OOBIYHBIX CEHCMUYECKUX cTaHui. CelicMOnTprUeMHH-
ku ¥ natunku £ wiu H pacnionararoT psaoM. PacCTosHUS MEXIy COCCTHUMH MTYHKTAaMH BO3-
OYXXIEHUSI U U3MEPECHHS U3MEHSIOTCS OT 2 710 20 M.

B nazemnom Bapuante [IDOM HCHONB3YIOT MPOJOJIBHOE, HEMPOAOJILHOE U KPYroBOE
npodunrpoBanue. s neTanu3anuy aHOMAIUK HAOMIOAEHHS TPOBOJAT 1O Mpoduisim, mpo-
XOJISIIMM BKPECT W BIOJIb aHOManuil. PacctossHne Mexay nmpouisiMu T0KHO ObITh B 2—4
paza MeHbIIIe MIPEAIoIaracMoi JJIMHBI Pa3BeIbIBAEMOT0 00BEKTA.

[Tpu 00paboTke MbE3037IEKTpOCEHCMOrpamMm, T.€. 3alUCe YIPYruxX U AJIEKTPOMarHuT-
HbIX BOJIH B [IOM, onpenenstor BpeMeHa NepBbIX BCTYIJICHU U MaKCUMAJIbHBIE aMILTUTY bl
YIPYTUX U 3JCKTPOMArHUTHBIX UMIYIbCOB. [lanee cTposT rpaduku aMIuUTya U rpaduxu
OTHOIIIEHUN aMIUTATY/I SJIEKTPOMAarHUTHOM U YIIPYroi BoJIH. MeToANKa U TEXHUKA padoT IpH
U3Y4YEHHH CEHCMOAIEKTPUUYECKUX MOTEHIMAIOB TaKasl K€, KaK U B IbE303JIEKTPUUECKOM Me-
tone. Pasnuune numis B npupoje Bo30YKIaeMbIX 3JIEKTPOMAarHUTHBIX Mojeil. Mutepnperu-
pys marepuainsl [I9M u MCOII, BBISBISIOT T€0JIOTHYECKHE OOBEKTHI C MOBBIIICHHBIMH TThe-
309JIEKTPUYECKUMH MOJYJISIMH.

43.3  Iloo3zemHble MemoObl INeKMPOPA36e0KU

Obouwaa xapaxkmepucmuka. IlogzeMHble METOIBI 3JIEKTPOPA3BEIKHM IPEIHA3HAYECHBI
11t 00BEMHOTO M3Y4YEeHHUS! MPOCTPAHCTBA MEXIY TOPHBIMU BBIPAOOTKAMH, CKBOKHHAMHU WU
36MHOM IOBEPXHOCTBIO, T.€. [UIS PEIICHUS Psifia T€0J0ropasBeIOYHbIX 33/1a4 B TPEXMEPHOM
npoctpancTse. [Ipu moa3eMHBIX paboTax MOXXKHO NMPHUMEHSTH OOJBIIMHCTBO METOOB ITOJIE-
BBIX 3JIEKTPOMAarHUTHBIX 30HAMPOBAaHUH U NpoduinpoBanuu. OQHAKO 0COOCHHOCTH H3Mepe-
HUH B TOPHBIX BBIPA0OTKAX M CKBOKMHAX TPEOYIOT MPUMEHEHUs CHENHAIBHON anmaparypsl,
METOJIMKH, TEOPUU U MPHEMOB UHTepHpeTanuu. Kpome toro, Onaronapsi Bo30yXI€HUIO MOJIS
BONMM3M yke OOHApyXEHHBIX ITOJIE3HBIX MCKOIMAEMbIX YIAeTCsl MPOBOANUTH OOBEMHOE H3yde-
HUE ¥ IPOCBEYMBAHHE MACCHUBOB MOPOZ. DTO MOBBIIIAET TIYOMHHOCTH U 3(PPEKTUBHOCTH
ANIEKTPOpa3BEIKNA Ha dTanax ACTATU3AIMOHHBIX HCCIEIOBAHUI MECTOPOXKACHHH IMOJIE3HBIX
ncKonaeMbeIx. Hanbomnbimee MNPUMCHCHHUC NMOA3CMHBIC MCTOABI 3JICKTPOPA3BCAKHU HAXOIAT IIPU
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pa3BeJIKe PyIHBIX MECTOPOXKIEHUI KaK MpU MOATOTOBKE, TaK M B XOJ€ MX MPOMBIIUICHHOMN
JKCILTyaTaluu.

T'eoanexmpoxumuueckue memoowl. VIzyuenue nopoa u pyn, pacloyoKEHHbBIX B OKpe-
CTHOCTSIX CKBQXXMH M TFOPHBIX BBIPAOOTOK, YJOOHO MPOBOJUTH C MOMOLIbIO METOIOB €CTECT-
BEHHOH W BbI3BaHHOH moisipuzauuu. Hanpumep, Ha CynbQUIHBIX, HEKOTOPBIX MOIMMETAIIIH-
YECKHX, KEJIE30PYAHBIX, IPaUTOBBIX MECTOPOXKIEHHSIX, TJI€ CYILECTBYIOT €CTECTBEHHBIE 10~
751 OKUCIUTEIbHO-BOCCTAHOBUTEIBHOM MPHUPOJIBI, LEIeCO00pa3HO UCIOIB30BATh MOI3EMHBIC
(CKBOXMHHBIA W PYAHUYHBIA) BapuaHThl MeTona ectectBeHHOro moiiss (MEID) (cm. m. 4.1).
ITpu 3TOM OAMH NMPUEMHBIN JIEKTPOJ OCTAETCS HEMOJBUKHBIM, a C IOMOLIBIO BTOPOTO U3Y-
YaloT MOTEHIHAIbl €CTECTBEHHOI'O AJIEKTPUUYECKOrO MOJIs KaK 110 pPaBHOMEPHOH CeTH Ha Io-
BEPXHOCTH, TaK M BO BCEX MMEIOLIMXCS CKBAXMHAX U TOPHBIX BhIpaboTkax. Ha pynHbIX Me-
CTOPOXKJICHUSX BeChbMa MEPCIEKTUBHBI TAK)Ke MOJ3eMHbIE (CKBR)XUHHBIA U PYAHUYHBIIN) Ba-
pHaHTHI MeTo/a BeI3BaHHOM nomsipusauuu (BIT). M3yuuB oobemHoe pacnpenenenue EIl wim
BII u 3Has1, 4T0 00b€M aHOMAIBHOTO TOJS B JECIATKH pa3 OoJbIIe 00beMa CO3MIaBIIUX HX
PYAHBIX TEJ, MOXHO MOJYYHTh WH(POPMAIMIO O MPOCTPAHCTBEHHOM MOJOXEHHUU Tell. ITO
Ba)KHO JUIs TOCTAHOBKH JlaJIbHEHINIEH pa3BeJKu MECTOPOKACHNUS, HAIIpUMeEp, OypEHUEM.

Kpome ckBaxkunsbix MeTonoB EIl n BII x reosnekTpudeckum MeTOgaM OTHOCST KOH-
TaKTHBIA U OecKOHTaKTHBIN crocoOsl mossipu3anuoHHbix KpuBbix (KCIIK u BCIIK) u uac-
truuHoTO M3BjieueHus meramwioB (UMM). CymHocts KCIIK cBoguTCSst K TpOmyCcKaHUIO MOCTO-
SHHOTO TOKAa Yepe3 BCKPHITYIO CKBaXKUHOMN PYJHYIO 3aJIeXKb U PETUCTPALlUM KOHTAKTHOM pa3-
HOCTH TMOTEHLUAIOB MEXKAY 3TOM 3alIeXKbI0 M CTAaHAAPTHBIM 3JIEKTPOJIOM CPAaBHEHUS, 3a3€M-
JIEHHBIM Ha 36MHOM IIOBEPXHOCTH, BAAJIEKE OT PYyAHOH 3aJI€KU P IUIABHOM YBEJIUYEHUH TO-
ka. [lomyuaemsie B pesynbrare pador KCIIK monspusanuonnsie kpuBbie (rpad)uKu 3aBUCH-
MOCTH KOHTaKTHOH Pa3HOCTH MOTEHLMAJIOB OT IPONYCKAEMOI'O TOKA) MO3BOJSIOT CYAUTH O
KOJINYECTBEHHOM M KaueCTBEHHOM cocTosiHuu pyd. B Merome BCIIK Te xe monsipuzanuoH-
Hble kpuBble, uTo U B KCIIK, nonywarot npu 3apsane BHe pyaHoro tena. Metoasl KCIIK u
BCIIK cmy»xat 1151 OIIEHKH 10 MOJISPU3AIMOHHBIM KPUBBIM MUHEPAIBHOTO COCTaBa U 00BEM-
HOT'O COZIEpKaHMsI BBIIBIIEHHBIX MUHEPAJIOB B PYAHOMU 3aneXH (cM. 1. 4.1).

B merone UMM noCTOSAHHBIM TOK IPOIYCKAIOT Yepe3 IMOCTOSHHO 3a3€MIICHHBIA B 3a-
JeXKb MEKTPoa A ¥ mepeMemarnuiics o paBHOMEepHO# cetH (¢ marom a0 20x20—50x50
M) Ha 3E€MHOHM IMOBEPXHOCTH BTOPOW IHTAIONIUK 3JIEKTPOJ B, Ha3bIBaeMbId 3JIEMEHTO-
npueMHUKOM. [IponyckaHue B TeueHHE HECKOJIBKUX 4acoB t Toka MPUBOIUT K HAKOIUIEHUIO
BOJIM3M 3JIEKTPOAA B XMMUYECKUX DJIEMEHTOB BCJICACTBHUE UX 3JICKTPOJIMTHYCCKOTO MEpeHOca
U3 PYIHOTO Tela, B KOTOPOE 3a3eMiieH dIeKTpox A. V3mepsist ¢ TIOMOIIbI0 METOI0B XUMHYE-
CKOT0 aHam3a Maccy M TOro WM MHOTO XMMHYECKOro diieMeHTa i, Hanpumep Fe, Pb, Zn u
JOpyrux, ¥ 3Has {, MOXHO TOCTPOHUTH T€0dIEKTPOXUMHUUECKUH rogorpad (rpadguk 3aBHCUMO-
ctu Mor t). [TonyunB nmogoOHBIe rogorpadpl Ha BCEX TOYKAX HAOIIOACHHI M MOCTPOUB Kap-
o1 m (uis t=const) nmu AMVAL, MOKHO 1O MAaKCMMyMaM Ha HUX BBISIBUTH STULEHTPBI PY/I-
HBIX 3aJI€Kel TOTO UM MHOT'O COCTaBa.

Memoo 3aparxcennozo mena. Meton 3apsoxennoro tena (M3T) unu 3apsana (M3) ciy-
KUT 1T OIEHKH JTO0 (OPMBI U TIOJIOKEHUS pyIHBIX Ten (pyaHsiid Bapuant M3T), mubo Ha-
IIPABJIEHUS U CKOPOCTH JBUKEHUS MOA3EMHBIX BOJ (Tuaporeonornueckuii Bapuant M3T).

1. Pynusiii Bapuant M3T cBOAMTCS K «3apsay» ¢ TMOMOIIBIO diekTpoaa A pyaHoit 3a-
JIeKU 4Yepe3 CKBAXHMHY WIM TOPHYIO BBIPAOOTKY MOCTOSIHHBIM WJIM HU3KOYAaCTOTHBIM IIepe-
MEHHBIM TOKOM (BTOpPOM 3JEKTPOI B OTHeCeH «OECKOHEYHO MajeKoy», T.€. Ha PACcCTOSHUE B
5—10 pa3 Gomblire, yeM TyOHHA 3a3eMiieHus dekTpoaa 4). Ha 3eMHO# mMOBEpXHOCTH C TO-
moisto npuemuon smand MN u npubopos tuna AD-72 win AHY-3 (cm. m. 4.2) usydaror

pacnpeziefieHne MOTEHIMAIoB. B pe3ynbrare CTpOSAT SKBUNOTEHIUAIbHbIE JUHUUA. MOXHO
U3MEPSITh TAK)KE TPAJUEHTHl MOTEHLUUANA WM HANPSKEHHOCTH MEPEMEHHOTIO0 MarHUTHOTO
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noJisi. Tak Kak 3apspKeHHAs pyIHas 3aJIeXKb SBISICTCS SKBUMIOTCHIIMAIBLHBIM TPOBOIHUKOM, C
KOTOpPOTO TOK CTEKaeT paBHOMEPHO, BOKPYT Hee 0Opa3yIoTCsi MOBEPXHOCTH PABHOTO MOTEH-
nuana, mopropsomme (Gopmy 3anexu. [lodTomMy mo ¢opme 3KBUIOTEHIMATIBHBIX JTMHHNA
MOKHO CYIUTH O MECTOIOJIOKEHUH U KOHTYpPE SIULIEHTPA PYTHOU 3aJIeXKH, T.€. IPOEKIIUU €T0
(hopMBI HAa 3eMHYIO TTIOBEPXHOCT.

2. JleranuzanuoHHbsiM BapuanToM M3T siBisieTcss MeTO[ JEKTPUUYECKON KOPPEISIHH
(M93K), B KOTOpOM IOTEHIIMAJIBI TOUEYHOI'O 3apsijia B pyIHOM 3aJ€K1 U3y4yaroT HE TOJIBKO Ha
36MHOM TOBEPXHOCTHM, HO M B COCEAHMX CKBaXHHaX. B pe3ympraTte MpoUCXO-
TUTIIPOCBEYMBAHNE)» LIETMKOB MOPOJ MEXKAY CKBaknuHamu. [1o ¢popme n aHOManusM Ha KpH-
BBIX MOTEHIMAIa B CKBAKMHAX MOXKHO CYIUTh O HAJIWYUM U MECTOIOJIOKEHHH B MEXKCKBa-
KUHHOM IIPOCTPAHCTBE PYAHBIX TEII.

3. B rugporeosiornueckoM BapHaHTE
M3T nHampaBie€HHE U CKOPOCThH MOJ3EMHOIO
MOTOKA OMPEACIISIIOT 10 UCKAKEHUIO BO Bpe-
MEHHU HM30JIMHUN MOTEHLHana OT TOYEHYHOIO
MCTOYHHKA, 3a3€MJIEHHOT'O B MOA3EMHBIN T10-
TOK uepe3 ckBaxuHy (puc.4.12). Ilpu stom
BOJHBIM MOTOK MEPUOANYECKH MOJICATHBAET-
Csl TIOBapPEHHOM COJIbIO U B HEM 00pasyeTcs
«IPOBOJSAIIEE» TEI0, KOTOPOE JBHXKETCS
BMecTe ¢ MmoTokoM. [loaToMy HampaBieHue
JIBUKEHHSI TIOTOKa OYAeT COBIAIaTh C Ha-
MPaBJIEHUEM MaKCHUMAaJIbHOTO HUCKaXCHUS
U30JIMHHUIM, a cKopocTh aBmkeHns AR/AL, rae
AR—MakcuMallbHOE CMEIIICHUE U30TMHUH 32
Bpems At. T'mmporeonorndeckuii BapuaHT

Puc.4.12. Cxema ompeJiesieHHs HalIPpaBICHUS U
CKOPOCTH JBH)KCHHS IOJ3EMHOTO M3T wunTEepeceH TeM, YTO JWHAMUKY IOJ-

MOTOKa Mo o1HOM ckBaknHe M3T. 3€MHBIX BOJl MOYKHO H3y4aTb I10 OJHOM
AB — nmraromas muaus; MN — MpUEeMHAsl JINHHS, CKBA)XHWHEC, B TO BPEMA KaK THAPOICOJIOTraM
b — Garapest; U1 — w3MepuUTENbHBIA IPHOOD; UL 3TUX K€ LEJNEHd HYXKHBl TpPHU-YEThIpE
1 — HampaBieHue MoToKa; to, t;, to. — SKBHUIOTEH- CKBA)KWHBL.

HUaJbHBIC JIMHWUH, NOJYYCHHBIC B Pa3HOC BPCEMs

HOCIIE 3CONCHIS CKBAKHHDL Hnoykmuenoe npoceeuuganue. J{ns

0o0cieoBaHUsl  OKOJOCKBQ)XMHHBIX  IIPO-

CTPAaHCTB B IIENAX OOHApyKEHWsI MPOBOIS-
LIMX PYOHBIX TEJl NPUMEHSIOT Pa3/INYHbIE CKBAKUHHBIE 3JIEKTPOMArHUTHbIE (MHIYKTHUBHBIE)
METO/Ibl, KOTOpBIE 10 (PU3NUECKON CYLTHOCTH, IPUMEHSIEMOH anmnaparype U NpUHIUIAM UH-
TEpIIpeTaIy ITOX0KU Ha paccMoTpeHHble Beiie HYM u MIIII. Hanbosee n3BeCTHBIMH CKBa-
KUHHbMHU MHIYKTUBHBIMM METOAAMH, OCHOBAHHBIMHM HA NIPUMEHCHUM HHU3KOYACTOTHBIX rap-
MOHHMYECKMX W HEYCTaHOBUBLIMXCS IOJEH, SBIAIOTCS METOJbl HE3a3€MJICHHON NETIH CO
CKBOXHMHHBIMH U3MepeHusMu napameTpoB mnoist (HITC-ADU wim CADU, HITIC-MIIIT) u me-
TOJABl CKBXHHHOTO JIUIOJBHOTO 3JEKTpOMarHUTHOro mnpodumupoBanus (AIMIIC-
AOU. ADMIIC-MIIII).

Jlns mpeBapUTENbHBIX 00CIEJOBAaHUN BO BCEX CKBA)KMHAX Ha ONTUMAJIbHOW 4acToOTe
WM BPEMEHU IEPEXOHOr0 Mpoliecca BEAYT U3MEPEHUS TEX WM MHBIX I1apaMETPOB U B pe-
3yJIbTaTe BJIOJIb CKBAKUH CTPOST rpaduxu. Ha HUX aHOManMsIMM BBIAEISIOTCS Y4aCTKH CKBa-
KHH, KOTOpbIE OJMKE BCEro pacroyiaraloTcs OT pyaHbIX Ten. s neranu3anuu aHOMaiui
paboThI IPOBOJAT HA Pa3HbIX YaCTOTAX WM BpeMEHax mepexoaHoro mnpouecca. C mOMOIIbIO
CKBAKMHHBIX UHAYKTUBHBIX METO/I0B BBISABIISIOT PyAHbIE TeNa HA paccTossHUAX 10 40—100 m
OT CKBa)XMHBI, OLIEHUBAIOT UX 3JIEKTPONPOBOAHOCTb, a TAKKE IPOCTPAHCTBEHHOE MOJIOKEHHE.
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434  Memoo paouo6onnosozo npoceeuuéanus

Jlist u3ydeHus ENUKOB MOPOJ] MEXTy BRIPAOOTKAMU U CKBAXHHAMH W BBISIBIICHUS PY/I-
HBIX 3aJIe)KEH MCIOJIB3YIOT TaKkKe METOJ paanoBoiHOBoro mpocBeuuBanus (PBII). B atom
METO/IC B OJIHOH BBIPAOOTKE MIIM CKBAKHHE YCTAHABIUBAIOT PATUONEPEAATINK, N3TYyJaOITUi
AJIEKTpOMarHuTHBIE BOJHBI yacToTol 0,1—10 MI'1, a B coceqHUX BBIpaOOTKAaX WM CKBaXH-
Hax C IOMOUIbIO PaJMONPUEMHUKA U3MEPSIIOT HAIPSHDKEHHOCTH 10 (cM. 1. 4.2). Hanpsken-
HOCTb I0JISI MOXKET OBITh OLIEHEHA BhIPAKEHUEM
~br

H=H,° siné (4.14)
r

rae H —usmepsiemas aMIuinTyna HampsKEHHOCTH MAarHUTHOTO 1oJist; Ho—HavansHast
aMIUIMTY/1a, 3aBUCALLAS OT M3JIy4Ya€MOW MOIIHOCTH; [—PACCTOSIHUE MEKIY NEpPENArolel 1
IPHEMHON aHTeHHaMu; D — ko> puLMenT noromen s SHEprun BAOIb paauyca I'; 6—yrom
MEK]1y OCBIO TIEpPEeAAloIIei aHTEHHBI U HAMpaBJIECHUEM [

H3MeHssT MECTOIIOJIOKEHHE T€HEPAaTOpa U MPUEMHHUKA, MOXKHO «IIPOCBETUTHY» IOPOJIBI
MEXJy TOPHBIMH BBIPAOOTKaMH, ONPEACTUTh KOAX(PPHUIHUEHT MOTJIOUICHNs MOPOJ, KOTOPBIN
CBSA3aH C MIEKTPOMAarHUTHBIMHM CBOMCTBAaMU CPEbL.

Hanuuue xopo1io mpoBOASIIMX PYAHBIX TEl MPUBOAUT K YBEIHMUEHUIO 3aTyXaHUs dHEP-
T'M1 U IIOABJIICHUIO paILPIOTeHefI, IO KOTOPBIM MOKHO OKOHTYPUTH PYAHBIC TCJIa U IIPABUJIIBHO
HaIpaBUTh JaJIbHEHINE pa3BeaouHbie paboTel. Metoa PBII mpuMeHsIOT 1y1si TOMCKOB U pas-
BEJKHU CIEMbIX PYIHBIX XHJI, U3yYCHHS TEKTOHMYECKHX HApyIICHHH U OOBOJAHEHHBIX 30H.
JlalIbHOCTh MPOCBEUNBAHUN HE MPEBHIIIAET HECKOJIBKUX COTEH METPOB.

Iloozemnwtit éapuanm ITIM. [1b€3030€KTPUUECKU METOJ MCTOIB3YIOT MpU Tpodu-
JIMPpOBAaHWMN BJOJIb TOPHBIX BLIpaGOTOK " MMPOCBCUYMBAHUU ICIHUKOB MOPOA MCXKIAY HHUMU. B
pe3ylbTaTe B CTOPOHE OT BbIPAOOTOK BBISBIISIIOT M OKOHTYPUBAIOT CJEINble MhE303JIeKTpUYe-
CKHN aKTHUBHBIC OGBGKTLI (KBapLIeBLIe, NErMaTUuTOBBIC U APYTUC Tena), 4YTO BaXHO JIA 40pas-
BEJIKU MECTOPOKIeHHH. [lalbHOCTh pa3BeIKU COCTABIISET MEPBHIE NECATKH METPOB.

44  HHTepnperamusi JaHHBIX 3JEKTPOPa3BeIKH
U peliaeMsble 3a1a4u

Kak u B n1pyrux merogax reou3uky, CymIeCTBYIOT Kau€CTBEHHbIE U KOJMYECTBEHHBIE
IIpUEMbl MHTEPIPETALMU JaHHBIX 3JIEKTpopa3Benku. IIpu kauecTBEeHHONW MHTEpIIpETallMK Be-
JyT BU3YyaJIbHOE BBIJICIICHUE AHOMAJIMI, TO3BOJISIONIEE OLICHUTh HAIMYKE U IOJIOKEHUE pas3-
Be/bIBACMbIX OOBEKTOB. B pe3ynbraTe KOJMUECTBEHHON HMHTEPIPETALUN ONPEACISIOT HX
[IIyOMHBI 3aJleraHusl, TEOMETPUUYECKUE pa3Mepbl U AJIEKTpOMAarHuTHbIe cBoiicTBa. Hanbomnee
OTBETCTBEHHBIM ITAllOM MHTEPHPETALUH SIBISETCS I'€0JIOIMUYECKOE NCTOJKOBAHUE PE3YJIbTa-
TOB, KOTOpo€ OyZIeT TeM JI0CTOBEpHEE, YeM MOJHEe UCTIOIb3YIOTCS HE TONIBKO AaHHBIE, TOY-
YEeHHBIE pa3HbIMU Ire0()U3NIECKUMU METOJIaMH, HO U TJIaBHBIM 00pa3oM BCsS BO3MOXKHAsI I€0-
JIOTO-THApOreosiornyeckas HHpopMarus.

441  Humepnpemauyusn 31eKmpoMacHUMHBIX 30HOUPOCAHUU

Kauecmeennaa unmepnpemayusa. Kax uzBectno (cm. 1. 4.3), B pe3ysibTaTre 3JIEKTPO-
MarHMTHBIX 30HAUPOBaHUU (DM3) mony4aroT KpUBble 3aBUCHMOCTH Ka)XXyIIUXCS COMPOTHUB-
neHuit (Oy, Pry Po» Pr ) WIK ONAPU3YEMOCTEI (7],) OT mapameTpoB riayounuoctu (ABI2 = r,
AT, .[2rt). Tpn KaueCTBEHHOM MHTEPNPETAIINH B PE3YJIHTATE BU3YATHHOTO aHATH3a KPUBBIX
OTIPEICIISIOT YHCIIO CJIOEB B pa3pese (cM. puc. 4.6), THIbl KpUBBIX. BhISBICHHBIC dNIEKTpUYC-
CKHME TOPU30HTHI COMOCTABISIOT C T€OJOTMYECKUMH CiosAMH. [Io maHHBIM momaaHeix OM3
CTpPOSIT KapThl TUIIOB KpUBLIX B3, nHOTIA abCcHrice U OpAUHAT SKCTPEMYMOB Ha KpuBBIX. [10
npoUIbHBIM HAOTIOJEHUSM CTPOSAT pa3pe3bl KaKYIIUXCS COMPOTHBICHUN, a MO JaHHBIM
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BD3 kpoMme HUX — pa3pesbl KaKYIMXCS NPOAOILHBIX TIpoBoauMocTelt (S, = r/p,) mis BbisB-
JICHHST XOPOIIO TMPOBOMSIIMX CJIOCB WM KaXYIIUXCS MOMepedHbIx compotuBieHui (T, =
rlp,) JUis BBIAEIEHUS TUIOXO MPOBOALIMX CIOEB. [IpU TIOCTPOEHHH STUX Pa3pe3oB M0 BEPTH-
Kl OTKJIAJIBIBAIOT MApaMeTp TIyOUHHOCTH, TIPOCTABIISIOT Oy , O, WIH |, M MPOBOMIAT H30-
JUHUUA. AHAJIN3 3TUX MaTE€pPHAJIOB MO3BOJIAET JaTh OOIIYI0 XapaKTEPUCTHKY M CTENEHb W3-
MEHUYMBOCTHU T'€03JICKTPUYECKHUX Pa3pe30B B IUIaHe U 1o riryoune. Kpusbie OM3 Ha ydacTkax,
I7le U30JMHUU Ha pa3pe3e MOYTH MapajulelbHbl, HE MCKAXKEHbI TOPU30HTAIBHBIMUA HEOJHO-
POIHOCTSIMM, UX UCIIOJIB3YIOT JUIsl KOJTMYECTBEHHON MHTEPIPETALIUY.

Konuuecmeennaa unmepnpemayusa. IIpu konmuecTBeHHOW nHTEpnpeTanuu OM3 mo-
JIy4arT MoCioiHbIe MonHocTH N, compoTusienus pj , MONAPU3yeMOCTH 7] ), U (AIH) CyM-
MapHbie 00001IeHHbIe MomHOCTH H, mpomonbHbie mpoBoaumoct S = H/p, u cpennee
yIeIbHOE CONPOTUBICHUE p| , TIonepeuHoe conpotuBienue 1 = Hp, u cperaHee ynenbHOE
COIIPOTHUBIIEHUE Py CyIiecTBYIOT rpadoaHaIuTUYECKHe, MaJeTOUYHbIe U MATMHHbIE CIIOCOOBI
uHTEpnpeTanuu OM3.

1. C nomotpblo epaghoanarumuueckux cnocooo6 o aACUMINTOTUIECKUM U IKCTPEMAITb-
HBIM 3HAYCHHSIM KaXYIIUXCS COMPOTUBICHUI HaXOIAT HEKOTOPBhIE 0OO0IICHHBIE TTapaMeTpBhI.
Hanpumep, ecau k mpaBoid BeTBH KpUBBIX OM3, MOJYy4EHHBIX HaJ OOPHBIM TOPU30HTOM BbI-
COKOTO COTIPOTHUBIICHUSI, HAPUMEP KPUCTAJUTMUECKUM (YyHIAMEHTOM, MPOBECTH ACUMITOTHI,
TO TI0 TOYKaM WX TepeceueHus (Xs1 , Xsi0 , Xs100) € TOPU3OHTATLHBIMU JIMHUSAMH, OPIAHATHI
koTopeix ¥ 1; 10; 100 (puc. 4.13), MOXXHO ONpPEEIUTh CYMMApHYIO MPOAOIBHYIO TPOBOIH-
MOCTB TOJIIIHU TI0 CISAYIOIIIM (GOopMyIam:

S10

S= ;(x51 43, 110+ Xy, 1100) = 1, / Py (a1 B33, /133, J1A3)
S= :13(356x51 +114,5x,, /10 + 35,6X,,, /100) = 356./T, / P (s MT3)
S= é (503x,, +159,5%,, +50,3Xs,,) =503, /27t / p =503,/T, / p, (s 3CA n U3)

S= :1)) (189x,, +59,5x,,, +18,9x,,,) =189. /21Tt / p,q (s 3CIT)

(4.15)

rae s, pus, Pisy 1s, Pos, Is, PTs — KOOpAMHATHI TFOOBIX TOYEK aCUMITOTHL. CYIIECTBYET U
psa Apyrux rpadoaHaIUTHYECKUX TPHEMOB ONPEIeNICHHsI Pa3InYHbIX TapaMeTPOB pa3pesa.

2. IlpuMeHAIOT Takxe nanemoynvie memoowvt vutepnperaunun IM3. Ilanetku—>aTto
Ha0Op TEOPETUYECKUX KPUBBIX. JJIT pa3sHBIX METOJ0B DM3 HMX pacCUUTHIBAIOT C MOMOIIBIO
OBM. Ilpouecc KOIMYECTBEHHONM HHTEPIPETALMM CBOJIUTCS K COBMEILIEHUIO 3KCIEPUMEH-
TaJbHOU (TI0JIEBOM) KPHBOM, BEIYEPUCHHOW HA MPO3pavHOM OJIaHKE, C OJHOW WIJIM HECKOJIb-
KAMH TEOPETUYSCKUMHU KPUBBIMH U3 albOOMa MaleToK. Pazymeercs, moieBble U TEOpeTHYe-
CKH€ KpUBbBIE JOJIKHBI ObITh IOCTPOEHBI B OJJMHAKOBBIX MaciiTabax. PaccMOTpyM MPUHIIUIIBI
MPUMEHEHHUS MAJIETOK Ha MIpUMEpPE UHTEpIIpeTaluu KpuBbix BO3.

[Ipomie Bcero MHTEPIPETUPOBATH ABYXCIOWHBIE KpuBbie BO3. Jlns sToro, colmromas
MapajuieTIbHOCTh OCEH KOOPAMHAT JABYXCIOWHOM MAJETKH M OJIaHKa C T0JIEBOW KPUBOH, CO-
BMEILIAIOT €€ C OJHOM U3 TEOpEeTUUYECKUX KpUBbIX. IHOTa moneBas KpuBasi HE COBIAAAET HU C
OJTHOM M3 TEOPETHUECKUX, a pacrojaraeTcsi MeXIay AByMs coceHUMH. B aTom ciyuae mapa-
METpPBI TONYYaIOT MyTeM WHTEPHOSIui. NHIEKCH CONMPOTUBICHUA U TIyOMH Ha IaJeTKe
(KpecT majeTK1) OTCEKAIoT Ha OCAX KOOPJMHAT IOJIEBOTO OJIaHKa CONMPOTHUBIICHHE BEPXHETO
CJ10s1 p1 M €ro MOmHOCTH Ny. TIo MOyII0 COBNABIIEH TEOPETUYECKOM KPUBOM (=py/p1, 3HAS

P1, IOTYIaeM p2 = [ P2.
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Puc.4.14 CxeMa HMHTEpHpPETAMU IOJICBON KpH-
Boit BO3 (a, 6, ¢, d) ¢ momMoiko HO-
morpammsl () manerku (I1) Tuma HA

Puc.4.13 Cxema wuHTEpnpeTanuu Kpu-
Beix BO3 (1), MT3 (2), 3CM
(3) meronom S (nunuU 4)

[Ipyu mHTEpHpeTalMy TPEXCIOWHBIX MOJEBBIX KPUBBIX MX COBMEIIAIOT C TEOpE-
TUYECKUMHU KPUBBIMU COOTBETCTBYIOIIUX THUIIOB M OAWHAKOBOU (hopmbl. JloOMBIINCH
Han0oJiee TOYHOTO COBMEIICHHS TOJIEBOM KPUBOM C TEOPETHYECKOM, M0 MHACKCAM Ha
najyieTKe ONpeaeIsioT p1, Ny, a Mo mapameTpam CoBHaBIIEH TEOPETUUECKON KPUBOH —
Moy V = Ny, Iy, 1=ps,,/p1, p3. OTCIOMA TETKO MOTYYHTh NPUONTMKEHHbBIE 3HAUCHUS
moutHocTu hy,, = V hy, u IpuMepHOe CONPOTUBIEHUE P>y, = i p1 BTOpOTO cios. [Ipu v
> 5—10 npubnauKeHHbIE 3HAYEHUS MaJIO OTIWYAIOTCS OT UCTHHHBIX, a TipH V < 3 pas-
JUYUSL MOTYT OBITh 3HAYUTEIHHBIMA. MHOTOCIONHBIE KPUBBIC TAKIKE MOTYT OBITh MPOUH-
TEepHPETUPOBaHbI TpeXCIOHbIMU NaneTkamu. [IpaBaa, yem Oosbllie C10€eB, TEM TOYHOCTb UH-
TepIpeTaluy MeHbIe. B aToM ciydae 1enecooOpa3HO MPOBOIUTH WHTEPIPETALHIO C TTIOMO-
e OBM.

Y CcKOpeHHYI0 MHTEpHpeTauio KpuBbix OM3 MpOBOJAT ¢ MOMOUIBIO OJHOW-IBYX JIsSI
Ka)KJ0r0 METO/1a HOMOTpaMM-TIaJIeTOK, oArotoBiaeHHbIX B. K. XMenesckum. OHu npencras-
JSIOT cOO00M KOMOWHAIIMIO JBYXCIIOMHOM IMajleTKH COOTBETCTBYoIero OM3 u Bcmomora-
TENbHOW MaJIETKH, KOTOPAsl 3aMEHSET BBILIE3aJIETAIONIUE TTOPOABl CIIOEM C TaKUMHU 3KBUBA-
JIEHTHBIMH MOIIHOCTBIO Ny ¥ COMPOTHBIIEHUEM 5, YTOOBI SJIEKTPOMATHUTHOE TIOJIE HA 3€M-
HOM MOBEPXHOCTH OCTABAJIOCh OAHUM U TEM K€ IO UHTEHCUBHOCTH U CTPYKTYpeE.

[Ipu uHTEpHnpEeTany TPEXCIOMHON KPUBOU C MOMOIIBI0 HOMOTPAMMBI-MIAJIETKH CHaYa-
J1a ¢ JIBYXCJIOWHOM MaJeTKOW COBMENIAIOT JIEBYIO BETBb (¢, D) moneBoii KpuBoii, OlEHUBAIOT
napamerp i , a Ha OJ1aHke npocrasisioT kpect nanetku O; ¢ koopaunatamu hy, p1 (puc.4.14).
3areM ¢ JBYXCIOWHOMN MaJeTKON COBMEMIAIOT MpaByio BETBL (¢, d), a monoxkenune Touek hy, pq
Ha HOMOTPaMMe Ja€T BO3MOXKHOCTh ONPENEIUTh CIIEAYIONINE MapaMeTphL: V, i1, 0 = Vi (ans
KpuBbIX TNA H 1 A), 7 = vu, nuig kpussix THna K u Q, koTopsle U ABIASIOTCS UCKOMBIMHU I1a-
paMeTpaMH MHTEPIPETUPYEMOil T0JIeBOil KpuBoH. [locne coBmenienns npaBoi BETBU C JBYX-
CJIOMHOM MaJIeTKOM Ha IMOoJIeBOM OJIaHK MOKHO MEPEHECTH BTOPOIl KPECT C KOOpAUHATAMH 5,
h5. Dra skBHUBaseHTHAS TOYKA CIYKHUT JUlsl JAIbHEHINEN MHTEPIPETaluu KpuBoii BA3, eciu
YHUCJIO CJIOEB Ha HEHl O0JbIle Tpex.
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3. Unreprnperanus OM3 ¢ momornisio 9BM otnnuaercst 6ojiee BBICOKOW TOYHOCTHIO, a
camoe riIaBHOE€ — OBICTPOTON U OOBEKTUBHOCTHIO B TIOJYYEHUH OCHOBHBIX MapaMeTPOB pas3-
pesa.

4. Pemenne oOpaTHOM 3a7aun JIEKTPOPA3BEAKHM HEOIHO3HAYHO, T.C. TOJIEBas KpHUBas
MOJKET OBITh COBMEIICHA C HECKOJIBKUMH TEOPETUUYECKUMHU, a 3HAYUT, MOXKET MOJTYUUTHCS He-
CKOJIBKO MPUOTIKECHHBIX 3HaUCHHI N,y , Pony , Nanp » P34y ¥ T. 4., MHOT A 3HAUNTEIIBHO OTIIN-
YaIuxcsd APYr OT Apyra. OTa HEOJHO3HAYHOCTh MHTEPIPETALUN KPUBBIX 30HIUPOBAHUU
SIBJIIETCS CJIEJICTBUEM TaK Ha3bIBAEMOT'O MPUHLUIA 3KBUBAJEHTHOCTH (UM HEKOPPEKTHOCTHU
pemeHust oOpaTHOM 3afauu 30HAMPOBaHMM). CyIIHOCTh NPUHIMNA SKBUBAJICHTHOCTU CBO-
JIUTCSL K TOMY, 4TO JIJIsl HEKOTOPBIX COOTHOIIEHUH conpotusienuit (0,3 > x4 > 3) u MouiHo-
ctelt (V < 3) c10eB reoaIeKTPUUYECKOT0 pa3pe3a U3MEHEHUS [ U V B OIIPEJIEIECHHBIX Npeaeax
MOTYT HE U3MEHATh BUJ KpUBOH. [103TOMY JUIsl TOUHOTIO OINpeNeNeHUsI MOIIHOCTEN BCEX To-
PU30HTOB HAJIO 3HATh MX CONPOTHUBICHMSA TaK K€, KaKk MpPHU TpaBHpa3BEIKE HYXKHO 3HAThH
IUIOTHOCTb, @ B MArHUTOPA3BEJIKE — MAarHUTHYIO BOCIIPUMMYHUBOCTb.

5. B pe3ynpTaTe MHTEpHpETAlUU 3JIEKTPOMArHUTHBIX 30HIAWPOBAHUU CTPOSIT T'€03JIEK-
TPUYECKHE pa3pe3bl TaK ke, Kak M0 CKBAXKUHAM CTPOST reojoruyeckue. [lo ropuzonTanu ot-
KJIaJbIBAIOT LIEHTPHl 30HAUPOBAHUM, & BHU3 MO BEPTUKAJIN — TIYOHHBI 0 BBISIBICHHBIX I'0-
PU30HTOB U MOIIHOCTH CJI0€B. B 1LIeHTpe Cll0eB NMPOCTABISIIOT 3HAYEHUs COMPOTUBIICHUH.
Crnou ¢ npuMepHO OJIMHAKOBBIMH COMPOTHUBIICHUSMU OOBEAUHSAIOT B OT/EJIbHbIE TOPU3OHTHI,
B TOM YHCJIE€ ONOPHBIE, T.€. TaKKE, Y KOTOPHIX MOIIHOCTH ¥ COMPOTUBIICHUS MaJIO U3MEHSIOT-
cs1 10 PO(UITIO WK TUTOLIA/IH.

Kpome Toro, no JaHHBIM 30HIUPOBAHUN CTPOAT CTPYKTYPHBIE KAPThI [0 KPOBJIE OIOP-
HBIX TOPU30HTOB BBICOKOTO MJIM HU3KOT'O COMTPOTUBIICHUS M KapThl MOLITHOCTEH T€X WM UHBIX
cioeB. ConocTaBisist UX C T€OJOTMYECKUMU JAHHBIMH, MOKHO TOBOPUTBH O COOTBETCTBYIOLIUX
CTPYKTYPHBIX I'€OJIOTHUECKUX KapTax.

Ocobennocmu npumeneHus 31eKmpPOMACHUMHBIX 30HOuposanuu. HecmoTpst Ha TO
YTO BCE METO/IbI 3JIEKTPOMATHUTHBIX 30HIUPOBAHUU NPEAHA3HAUEHBI IJISl paCUJIC€HEHUs TOpHU-
30HTaJIbHO- U IOJIOTO-CIIOUCTBIX CPEJl, UX I'€OJOTMYECKUE BO3MOXKHOCTH Pa3HbIE U 3aBUCST
MPEXJIC BCETO OT MPOSKTHPYEMOU ITyOMHHOCTH M peraemMbix 3anad (cm. 1. 4.3). s maio-
riryounHbix (1o 100 m) uccnenoBanuii nenecoodbpazno npumensts B33, BO3-BII (ecnu ecth
YBEPEHHOCTh B U3MEHEHHH MOJSPU3YyEMOCTH pa3HbIX ciioeB); BU3 B yclnoBUAX MOBBIILIEHHBIX
(6onmpme 100 OM M) compoTHUBICHMH M TpH IUIOXHMX YCIOBHAX 3a3zemseHusi; PB3, PJIM
(MMP) B paszpeszax Bbicokoro (6ombire 1000 OM M) cOnmpoTUBIEHUS, HAIPUMED, TIPU U3yde-
HUH JIbJIOB, MEP3JIOTHI, MOMCKAX MOA3EMHBIX BOJ B mycThIHAX. [Ipu pa3zBenke riyoun mo 500
M MoxkHO mpuMmeHsaTs B3, BDO3-BII, a takxe 3Ch u U3 (ocoO0eHHO mpu HATUYHH B pazpese
KapOOHATHBIX WJIM TaJIOTEHHBIX SKPAHOB BBICOKOTO compoTuBieHus), PJIM (mpu nenoBoii u
MEp3JIOTHOM pa3Benke). [Ipy CTpYKTYpHBIX MCCIAEAOBAHUAX Ha CYIIe U MOPSX J0 TIyOuH 5—
10 kM nHOrIA Ucnoab3yroTcs J[3, a yalle MarHUTOTEIUTYpPUYECKUE METOABI U IPEXKAE BCETO
MT3, a taxxke 3CJ| u 3Cbh. HU3ydyeHnue rinyOMHHON HEOTHOPOAHOCTH 3€MJIM MOKHO MPOBO-
JUTH ¢ TOMOIIbI0 TyOouHHEIX MT3 (TMT3).

Kaxxnyro 13 Ha3BaHHBIX 33/a4 MOXHO pellaTh HECKOJIbKMMU MeTojnamu. Bcenenctsue
HEOAHO3HAYHOM MHTEPIPETANHA U UX Pa3HOU (HU3UIECKON TPUPOIBI IIEIECO00pa3HO IpUMe-
HATH JBa-TPU 30HIMPOBAHHUA, HAIPUMEp, B Takux couderanusx: BO3 u BO3-BIl; BO3 u 43;
B33 u 3C; BO3 u PJI3; MT3, 3C u B23. B m1100bIX yCIOBHSIX MPH PEIICHUH Pa3HBIX 3a7a4
i 0ojiee OJHO3HAYHON MHTEPIPETALUU IEKTPOMArHUTHBIX 30HIUPOBAHUM HEOOXOAMMa
JOTIOIHUTENbHAST UHPOPMAIIHS 110 MapaMeTPUYECKUM CKBaKMHAM M3 pacueTa XOTs Obl 0JHa
— TATh CKBOXMH HA CTO TOYEK 30HIMPOBAHUU NPU U3MEHEHUU TIIYOMHBI pa3BeAKH OT Iep-
BBIX KIJIOMETPOB JI0 IECATKOB METPOB COOTBETCTBEHHO. D((HEKTUBHOCTD AIIEKTPOMATHUTHBIX
30HMPOBAHUY TIOBBIIIAETCS IPU KOMIUIEKCUPOBAaHUH MX C CEHCMOpAa3BEIKON U IpaBUpa3BeEl-
KOH.

150



442  Humepnpemauusn OaHHBIX I1EKMPOMAZHUMHO20 RPOPUAUPOSAHUS

JlaHHbBIE pa3IMYHBIX METOAOB 3JeKTpoMarutHoro npodumuposanus (311, BII, EIl,
[TEDII, TIEMII, HYM, MIIII, aspoanexrpopassenka, PBII, PTC, PJIC), npencraBieHHbIe B
Buzie rpadukoB, KapT rpaukoB (KOPPEISIUOHHBIX IJIAHOB) M KapT Te€X WM MHBIX HaOIro-
JICHHBIX WJIM PACYETHBIX NapaMEeTpPOB, HECYT B ceOe MH(POPMALMIO O I'€0dICKTPUYECKUX He-
OJTHOPOJHOCTSIX BJIOJb POQUIICH MU 1O TUIOIMIAN B ONPEIEIIEHHOM HHTEepBase TITyOuH (CM.
. 4.3). UnTepnpeTanys JaHHBIX JIEKTPOMAarHUTHOIO MPO(QUINPOBAaHUS B OCHOBHOM KauecT-
BEHHAs, peXKe KOJIMYECTBEHHAS.

A
1 rf 2 i 7& Hru

)y 2 E-—3

Puc.4.15 Kapta rpaduxos FHy, nonydeHHas mpu 3JeKTPOMAarHUTHOM HPO(UIUPOBAHUU METO-
JioM aspoasiektpopasBenku JK.

1, 2 — nonoXHUTETbHBIC U OTPHULIATEIIbHBIE aHOMAITHH;
3 — ocu aHOMAJIH, IPUYPOUCHHBIE K TEKTOHHUECKUM HapyIICHUSIM

Kauecmeennaa unmepnpemayus. CyllHOCTh KaYeCTBEHHOW HHTEPIPETALUUA HJIEK-
TPOMarHUTHOTO MPO(UIUPOBAHUS CBOAUTCA K BU3YAJIIbHOMY (MJIHM C IMOMOILBIO BEPOSTHOCT-
HO-CTaTUCTHYECKUX METOJIOB) BBISBICHUIO aHOMAIINH, T.€. OTKJIOHCHHN HAOIOICHHBIX Mapa-
METPOB IOJISI WJIM Ka)KYIIUXCS COMPOTUBIIEHUH, ONSPU3YyEMOCTEM, €CTECTBEHHBIX MMOTEHIINA-
JIOB U APYTUX HAOIIOAaeMBIX TapaMEeTPOB OT MEPBUYHOTO (HOPMAJILHOTO) MK cpeaHero (¢ho-
HOBOT0) TIOJISI; OTIPEACNICHUIO UX TMOJIOKEHUS B IJIAHE; OLIEHKE T'e0JIOTUYECKOM PUPOJIbI aHO-
Manoobpazyromux 00bekToB (puc.4.15). AHOMANIMIO CYUTAIOT JOCTOBEPHOH, €CIIM OHA yJIOB-
JICTBOPSIET MPAaBUILy «TPEX CUTM U TpPeX TOYEK», T.. aMIUIUTYyJa aHOMAaJIui MpeBbILaeT 30
(rne 0 — cpenHss KBaapaTHueckas Wi OlM3Kas K HEel OTHOCHUTEJIbHAsl CpeaHssl apupMeTH-
YyecKasl MOTPEUIHOCTh ChEMKH) U MPOCIICKHUBACTCS HE MEHEe YeM Ha Tpex Toukax npoduis. C
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MTOMOIIBIO0 BEPOSITHOCTHO-CTATHCTHYSCKUX METOZ0B U DBM BBHISBISIIOT aHOMAJIUHU C aMILIH-
TyIO0HU, OJIM3KOH K 0.

dopMa ¥ IPOCTUPAHHE AHOMAJIUI 3JIEKTPOMATHUTHOTO MPOQUIMPOBAHKS OOBIMHO CO-
OTBCTCTBYIOT INIAHOBOMY MOJIOXKCHUIO CO3JaBIINX HUX 06’BeKTOB. ]_HI/IpI/IHa I AHOMAJINU Hall
torkuM (1<h) 06BEKTOM 3aBUCHT OT IIIyOMHBI 3aJI€Tanus ero BepxHei kpomku N, a nan ton-
cteiM (1>h) or ero mupunsr L. ®opMa 1 MHTEHCMBHOCT aHOMANIHH, @ 3HAYUT, U YOPEKTHB-
HOCTb MTPOPHUIMPOBAHKS 3aBUCST OT CICIYIOIINX IPUPOJHBIX U TEXHUYECKUX (PaKTOPOB:

1) oTHOIIEHUS TIIyOMHEI 3aeranus N x nomnepeunsiM pasmepam d reonoruueckux 00b-
€KTOB (0OBIYHO BBLAEIAIOT 00beKTH ¢ h/d < 2—5);

2) KOHTPACTHOCTU DJIEKTPOMArHUTHBIX CBOMCTB OOBEKTOB M BMEIIAIONICH CpElbl, a B
WHIYKTUBHBIX METO/IaX — OT a0COFOTHBIX AJIEKTPOIPOBOJTHOCTENH OOBEKTORB;

3) UCHONIB3yeMOro MeTOa MPO(GUIMPOBAHUHY 1 BEIOpaHHBIX 3Hadenwii I, f, t;

4) THTEHCUBHOCTH MEPBUYHOTO (ITUTAIOIIETO) TIOJIS M €ro MOJSPU3alliU, T.€. HalpaBlie-
HUS BEKTOpa £ 10 OTHOWICHHIO K TPOCTUPAHUIO OOBEKTOB (HAmpumep, Mpu E-TOspU3aIiH,
T.. KOrjia BeKTOp £ coBmagaer ¢ mpocTHpaHUEM OOBEKTOB, B MPOBOMASAIIMX TEIaX HHIYIIH-
PYIOTCSl MAKCHMAJIbHBIE BTOPUYHBIC MATHUTHBIC TIOJIS);

5) MpUMEHEHHON W3MEPUTEIILHOMN ammapaTyphl, KOTOpas MOXKET pa3IndaThbCsl BO3ZMOXK-
HOCTSIMU U3MEPEHUM Pa3JIMUHBIX [1ApaMETPOB MOJIS ¢ PA3HON IIOMEXO03AIUIIEHHOCTBIO.

Konuuecmeennaa unmepnpemayusa. KonmuecTBeHHass MHTEPIPETalUs JAaHHBIX JICK-
TPOMArHUTHOTO PO(GUIUPOBAHUS CBOAUTCS K OMpPEAeSICHUIO (Jale oneHke) GopMbl, TTyou-
HBI, UHOTJIa Pa3MepOB, (PU3HUECKON M T€OJIOTHYECKON MpHUpoasl aHoManuil. OHa HauMHaeTCs
¢ BbIOOpa (hPU3MKO-re0IOTHYeCKUX MOeNel, KOTOPBIMU MOXHO allpOKCUMHPOBATh Pa3BeIbl-
BaeMble 00beKTHI: KOHTakThl cpea, momusle (I > h) u Tonkue (I < h) mnactel, n3omerpuue-
ckue (mapooOpasHbie), BEITAHYThIE (JMH3000pa3Hble, IMINHAPOOOpa3HbIe) Tena u ap. Pere-

HUE MPSAMBIX U 0COOCHHO oOpat-

B, Ou-u HBIX 337a4 METO/JaMHU MaTeMaTH-
ool oy, YECKOro M (DU3WYECKOTO MoJjIe-
JTUPOBAHUS JJISl TIEPEUUCTICHHBIX
MOJeJIeH CIIO)KHEEe, YeM IJIs 30H-
IUpoBaHuU. Tem He MeHee, B

150 |-

rea KOKIOM METOJI¢ CYHIECTBYIOT

AQHAJTUTHYECKUE M TpaduyuecKkue

od IpUEeMbl KOJIMYECTBEHHON WH-
I .f"{ T _ ﬁ_-_""‘—' TepIIpeTaLuu.

6 WA__ &0 Ao wi  Fo rm [pocTeiimmm  cnoco6oM

my : my OLICHKM  TJIyOWHBI  3aJleTaHHs

Puc.4.16 Tpaduk snexrponpoduuposanus (JI1) u cxeva ~ BEPXHEH KPOMKH Tena h sBnser-

€ro MHTEpIpETALUH CII0COOOM KacaTelnbHBIX Cs Crmocod  KacarenbHbIX, HC-
MOJIb3yEMbId B MAarHUTOPa3BEIKE

(cm. 11.3). C ero moMoup0 HH-
TEPIPETUPYIOT HYETKHE JOKAIbHBIE AaHOMAJIHMH, Ha3bIBaEMbIE AHOMAIHMSIMH KOHIYKTHBHOTO
tumna u nomydaemeie B metonax EIN, OI1, BII, TIESII u Hekotopsix apyrux. B aTom cmocobe
KacaTelbHbIE MPOBOAAT K MAKCUMyMY, MUHUMYMaM U OOKOBBIM TpaHsiM (puc.4.16). Ilo paz-
HOCTSAM a0CIMCC TOYEK TepeceueHHs KacaTeabHbIX (IMy M 7o) MOXKHO onpeaeauTs h mo dop-
MyJe
h=a(m,—m,), (4.16)

rZie apaMeTp d B Pa3HBIX METOJaX MPOPUINPOBAHUS U3MEHSETCS ISl MACTOOOPa3HBIX
oowsekToB ot 0,2 10 0,5, a ay1s m3ometpuueckux tea — ot 0,4 mo 1.
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[Tpu u3MepeHun BepTUKANBHBIX [1;; U TOpU30H-

TanbHEIX Hp MarHUTHBIX KOMIIOHEHTOB B METOZax

[TEMII, AK, HII, AUIT (A9MII), CIABP Han koHTak-

TOM JIBYX cpej HaOmogaeTcs MakcumyM Hy, pacrnono-

»KEHHBII MEKJy MaKCHMyMoM n MuHAMyMoM Hy. Han

NpOBOJIAIIEH PyHOI K10 momyyaroT Mmakcumym Hy

Hp, pacnonoxenuslii MeXmay MakCUMyMOM M MUHH-

MymoM Hp, paccTosHEe MeXIy KOTOPHIMU HPUMEPHO

PaBHO Y/ABOEHHOM IIyOMHE 3ajeraHus BEpXHel KpoM-

ku pynHoro tena (puc.4.17). Ilo maHHBIM MHOTOYAC-

TOTHBIX 1 MHOTOBPEMEHHBIX HAONIOJICHHUHA, B MHIYK-

TUBHBIX METOJAX MOXHO OLEHUTh 3JIEKTPONPOBOI-

T HOCTb HPOBOJSIIMX OOBEKTOB, CO3JAIOIIMX MAarHUT-
- HBIC AHOMAJINH.

-
WV T B nemnom konmyecTBeHHAs HHTEPIPETAUS DJICK-
¥ B = : priperan

TPOMAarHUTHBIX MPOPUINPOBAHUH—TIPOLIECC CIIOXK-

HbIA W HETOYHBIN. [l03TOMY MMeeT CMBICT TOBOPUTH
JUIIb O MOJYKOJIMYECTBEHHOW MUHTEPIPETALUH, IJIaB-

METOJIOM paJUOKUII HAa OX- .

HOM W3 PyIHBIX MecTopoy- HOE B KOTODOH—OMpEie/eHHe DMHUEHTPA pa3sBebi-

nenmit Cepeproro Kapkasa. BaeMOro oOBEeKTa, T.€. IUIOMIA[U, IMOJA KOTOpPOH OH

PacCIOJIOKEH, a TAK)KE OLIEHKA (JOPMBI U TIIYOMHBI €ro

Puc.4.17 PesynbraThl 3JeKTpOMar-
HUTHOTO  NPOQUIMPOBAHUS

1— anpesursr; 2 — TyQsI; 3 — MeIHO-
KOJYeNaHHble pyabl; 4 — peixable or- — 3AJCTaHMA.
JIOKEHUS

443  Ilpumenenue memooos 31eKmMpoOMAZHUMHO20 RPOPUIUPOBAHUA

MHoroo6pasue MeToAoB MPOPUINPOBAHMS, OCHOBAHHBIX Ha Pa3jM4YHBIX MapameTpax
TEOJIOTUIECKUX OOBEKTOB, M HCIIOIH30BAHKUE PA3IUYHBIX MOJEH MPUBOIUT K TOMY, YTO ITH
METO/]Ibl HaXOIST IUPOKOE T€0JI0rHUECKOe MPUMEHEHHE.

Ilpumenenue omoenvHvlx memooosé npoguruposanun. MeTos €CTECTBEHHOTO 3JIEK-
tpuueckoro nois (EII nnu I1C) npumensior:

1) mpu mouckax W pa3BelKe CyIb(OUIHBIX MECTOPOXKICHHM, aHTpanuTa, rpadura Ha
rmyounax 10 300—500 m;

2) mpH TEOJOTMYECKOM W HHKCHEPHO-TEOJOTHUYECKOM KapTHPOBAaHHUM HAHOCOB He-
OOJIBIIION MOIIHOCTH,

3) npu BBISBIECHUM MECT yTE€UEK BOJBI U3 PEK, BOJOXpaHWINL] (10 MUHUMYMaM MOTEH-
[IMAJIOB) ¥ TOJITOKA MOA3EMHBIX BOJ (IT0 MAaKCHUMyMaM TOTEHIHAJIOB); 4) IS U3y4eHUs KOop-
pO3uH TPYyOOIIPOBOIOB, IPYTUX MOA3EMHBIX METAJUIMYECKUX COOPYKECHUH.

OnexrponpodunupoBanue (DI1) Ha MOCTOSHHOM M HH3KOYaCTOTHOM TOKE NMPUMEHSIOT
JUISl KApTUPOBOYHO-TIOMCKOBBIX HCCIIeIOBaHUN Ha TiyouHax 10 500 M M, B 4aCTHOCTH, TIPH
M3YYEHUU KPYTO3aJIETAOIIUX TJIaCTOB, CJI0€B. Ero HCHONb3yIOT!

1) nns u3yyeHus NOrpeOCHHBIX CTPYKTYp (aHTUKIMHAJICH, CHHKIMHATICH, ekcyp, Ky-
TIOJIOB, TPOTUOOB | T. II.);

2) mpu reoJOrHYeCKOM KapTUPOBAHUU KOHTAKTOB U (hallManbHO-IUTOIOTHYECKOM pac-
YJIEHEHUH TIOPOI;

3) [ BBISBJICHUS W TPOCIIEKHBAHUSA Pa3pBIBHBIX HapyIIeHWH (COpOCOB, HAJBUTOB,
pasIoMOB);
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4) ipu pasBeaKe pyAHBIX (CynbGUIHBIE, TOIUMETALTNYECKAE, )KEIC30PYAHbIE U Jp.) U
HEpYAHBIX (YTOJIbHBIE, KBAPLIEBBIE U JIP.) HCKOIAEMBbIX;

5) i penieHus TaKuX MHXEHEPHO-T€0JIONMUECKUX 33/1a4, KaK KapTUPOBaHUE MEP3JIbIX
MOPOJI U TAIHMKOB, TPEIIUHOBATHIX U 3aKapCTOBAHHBIX 30H, IEPEYTIyOICHHBIX JOJIUH;

6) pu oucKax 00BOJHEHHBIX 30H, TPECHBIX H MUHEPAIN30BAaHHBIX BO/I.
Merton BeI3BaHHBIX MOoTeHIIUANOB (BIT) mpumeHstoT:

1) mpu oKCKax M pa3BeJKe METAUTMYECKUX Py (B YaCTHOCTH, CYJIb(HUIHBIX), a TAKKE
rpadura, yris;

2) Ans peuieHus 3a/1a4 reoJIOTHYECKOr0 KApTUPOBAHUS U PACWICHEHUS Te0JIOTUYECKUX
pa3pe3os;

3) I BBISIBIICHHS BOJIOHACHIIICHHBIX MOPOJI, MPECHBIX U MUHEPATM30BAHHBIX BOJI, OII-
peneneHus TIyOUHBI 3aJIeTaHus YPOBHS MOI36MHBIX BOJI.

Meton BIl—onaun u3 >QQpeKTHBHBIX METOAOB pynHOW reopusuku. Ero ncnonp3yor
JUIS. IOMCKOB M Pa3BEJIKM KaK CIUIOLIHBIX, TAK ¥ BKPAIJICHHBIX U MPO’KUIKOBO-BKPAILIEHHBIX
pya. Onnako anomanuu BIT MoryT ObITh HE HaJ MPOMBIIIJICHHON BKPAINICHHOCTHIO Py, a 3a
CUET «3apa’kEHHOCTH» IOPOJ] PEeAKON BKPAIUIEHHOCTBIO CyNb(UI0B, rpaduTa, yris, 4yTo 3a-
TPYZAHSIET pa3BeAKy MEpPCHEeKTHBHBIX 3aiexeil. B 3ToMm ciydyae HEOOXOIUMO KOMILIEKCHUPO-
Bath MetoJ BII ¢ npyrumu reopuznueckumMu METOIaMH.

MeToapl IEpEMEHHOTO E€CTECTBEHHOTO dJIeKTpudeckoro u MaruutHoro noins (ITEDIT u
I[TEMII) ncnonp3yioT TIaBHBIM 00pa3oM AJsl CTPYKTYPHO-T€OJIOTHYECKOTr0 KapTUPOBAHUS Ha
riyounax 10 500 M, T.e. BBISIBJICHHS] KOHTAKTOB, IJIACTOB, JOKAJIBHBIX OOBEKTOB, 30H TEKTO-
HUYECKUX HapyIICHUH, TPEIIMHOBATOCTH, 0OBOJHEHHOCTH, a TAaK)KEe IPU MOMCKAX IIACTOBBIX
PYZIHBIX U HEPYAHBIX UCKOIIAEMBIX.

[Toneswsie maayKTUBHBIE MeTOoAbl (HUM u MIIII) B BapnanTax He3a3eMJIEHHOH TMETIN
(HIT) mpumeHsIIOT B OCHOBHOM ISl TIOMCKOB M PA3BEJIKM XOPOILIO MPOBOJASIIIUX MACCHUBHBIX
pyx, 3aneraroniux Ha riyouHax g0 500 m. Bapuantsr JIK u JJUIT (IDMII) ucnons3yroT mis
T'€0JIOTHYECKOT0 KAPTUPOBAHUS U TMIOMCKOB PYIHBIX U HEPYIHBIX OOBEKTOB HA MEHBLICH TiIy-
oune (mo 100 m).

AbsposriekTpopa3Beika HU3KOYaCTOTHBIMU (MHIAYKTUBHBIMH) U OCOOCHHO BBICOKOYAC-
TOTHBIMH METOJIaMH OOJIaZlaeT MEHBIIEeH TITyOMHHOCTBIO, YEM T€ K€ IOJIEBbIC BAapPHAHTHI.
OOBIYHO TO TIEPBBIC IECATKH METPOB B IUNOJbHBIX BapuaHTax ([III-A u AMIIII) u nepseie
cotHu MeTpoB B JIK-A. A3poanexTpopasBeaKy UCIOIb3YIOT AJIs T€0JOTNYECKOro KapTUpOBa-
HUS U TIOUCKOB MPOBOSIINX PYI.

PannoBonHOBBIE MeToABl TpodunupoBanus (CABP, POMII) obnagator odyenp mainoit
rIyOMHHOCTBIO (10 10—30 M), 1 UX TPUMEHSIOT ISl pEIICHUs 3a7a9 T€OJOTHYECKOTO U HH-
JKEHEPHO-T€0JI0THYECKOT0 KApTUPOBAHUSA, [IOUCKOB PYAHBIX U HEPYIHBIX UCKOIIAEMBIX.

CBepXBbICOKOUACTOTHBIE METOJIbI BCIEICTBHE BBHICOKOTO CKHMH-3((eKTa 00aaaoT Ma-
JIOM TITyOMHHOCTBIO B Kaxaou Touke. OgHako Oiaromapsi 00JbIIoi 0030pHOCTH OHU o0ecIie-
YHMBAIOT JOCTATOYHO BHICOKYIO OOIIYyI0 IIyOMHHOCTH. [Ipu paanorenioBoil niam nHgpakpac-
Hoit cheMke (PTC mmu MKC) MHTEHCHBHOCTH M3MEPEHHBIX TOJICH 3aBHCHUT OT TEIJIOBBIX H
AJIEKTPOMArHUTHBIX CBOMCTB, a TAKXKE OTPa)KaTEIbHOH CIIOCOOHOCTH T'€OJIOTHYECKHX Cpes,
JUIMHBI NU3Y4aeMbIX PaJUOBOJIH U COCTOAHUA atMocdepsl. Hanbomnpiiee npuMeHeHHe OHU Ha-
XOJST JUISL BCETIOTOTHOTO KapTHUPOBAHUS WCTOYHHMKOB TEIUIA; YYAaCTKOB CEHCMHYHOCTH, TEK-
TOHUYECKOH, XMMHUYECKOW, THAPOTEPMAIIbHOW AKTUBHOCTH; 30H C Pa3HOW BIAKHOCTBIO M
MEP3JIOTHBIMU YCJIOBUSMH H JP.

B panuonokanmonnsix chemkax (PJIC) MHTEHCHMBHOCTH OTpPaXXEHHBIX OT 3€MHOM IO-
BEPXHOCTH CHTHAJIOB 3aBHCHT KaK OT AJICKTPUYECKUX M TEIUIOBBIX CBOMCTB 36MHOM MOBEPX-
HOCTH, TaK M OT €€ T€OMETPUUYECKUX U MEXAaHHMUECKUX O0COOCHHOCTEH, (hOPMUPYIOIINX OTpa-
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*KeHHbIe curHaibl. Hambomnbinee npumenenne PJIC HaxomauT mpu KapTHPOBAHUU CTPYKTYP-
HBIX OYEPTaHH KOHTAaKTOB, CKJIAJIOK, Pa3JIOMOB, YJ4aCTKOB Pa3HOW IMIEPOXOBATOCTU (HAMpPHU-
Mep, BOJIHBIX MMOBEPXHOCTEH, IIpI00BOTO HaBaia | T. 1.). Metoasl PTC (MKC) u PJIC npu-
MCHAIOT AJIA I'€OJIOTHYCCKOIO, FGOMOpq)OJIOI‘I/ILICCKOFO, MCP3JIOTHO-TIIAUOJIOTMYCCKOTO, ITOY-
BEHHO-MEJTMOPATUBHOTO KapTUPOBAHUS.

[To Mmakcumymam Ha rpaduKax U KapTax aMIUIUTYJ 3JIEKTPOMAarHUTHBIX BOJIH B IbE30-
anekTpuueckux merogax (IIBM u MC3III) (cMm. 1. 4.3) KpoMe MeCTONOJIOKEHUSI TeoJornye-
CKUX OOBEKTOB C MOBBIIICHHBIMU IMbE30TEKTPUUECKUMU MOMAYISIMU MOXHO OLEHUTH pac-
crostaust 10 HuX R. JI7ist 3TOTO OMMpeieNiaioT CKOPOCTh pacpOCTPaHEHHs YIIPYTOi BOJHBI V U
BpeMs NIPUX0/1a MbE303JICKTPUIECKOH (3JeKTPOMAarHUTHOM) BOJIHEI T ocie Bo3OyxaeHus yr-
pyrux kosieOanuii. Paccrossaue ot myHkTta Bo30yxkaenus (I1B) no BepxHelt KpoMKH The30-
snekTpuueckoro oobekra R = Vi. Tlonyuns R w3 pasusix 1B npu npoduiabHOM ChEMKE,
MOYKHO OKOHTYpPHUTH pa3BelbIBaeMblii 00bekT. Hazemusiit Bapuant [IOM mnpumeHstioT npu
BBISIBJICHMM U Pa3BEJAKE IMbE30TEKTPUUYECKH AKTUBHBIX TOPHBIX MOPOJ (XPYyCTalIeHOCHBIX,
KBapIIEBbIX, IETMAaTUTOBBIX, HedeNuHcoaepKamuX U Ap.). K HUM MOryT OBITH MPUYpOUYEHBI
MECTOPOKIEHHS TOPHOT'O XPYyCTalsl, ONTHYECKOT0 KBaplia, CIIO/bI, HedelnrHa, a TaKkKe 30J10-
Ta U HEKOTOPBIX PYAHBIX MHHEpasoB. [ myOounHoCcTh pa3Beaxu 10—30 m. Meroq MCDII uc-
MOJIB3YIOT MIPU UHKEHEPHO-TEOJIOTUYECKUX U THIPOT€0I0rMUE€CKUX UCCIIEOBAHMSIX.

Komnnexcuposanue memooos npogunuposanus. B 3aBUCUMOCTH OT TIYOMHHOCTH,
pelaeMbIX 331a4 U OCOOCHHOCTEH TI'e€O’JIEKTPHUUYECKOTO pa3pe3a B COUYETAHMM C 30HIUpPOBA-
HUSIMH, JAIOIMMHU OMOPHYIO0 MH(OPMALINIO, TPUMEHSIOTCS OJIMH-/IBa METo/a poduiuposa-
Hus. Hanpumep, 11t usyuenus sepxseit yactu (1o 10—20 M) reosiornyeckoit cpeabl UCIOIb-
3ytoT MeToabl adpoanekrpopasseaku MKC (PTC), AUII-A, PBII(CABP-A), PJIC u nonessie
ceemku CJIBP, IUIT (JIOMII), pexxe D11, BII. [ns manornybunssix (1o 100 M) ucciemnona-
HUN B MOMOIIb I€OJOTHYECKOMY, HHKEHEPHO-T€OJIOTMYECKOMY U MEP3JIOTHOMY KapTHpOBa-
HUIO U ISl IOUCKOB HEPYIIHBIX MOJIE3HBIX UCKOMAEMbIX MPUMEHSIOT BO3AYIIHBIA U MOJIEBOU
BapuanThsl JIK, merone [IEDII, ITEMII, EIl, a gyamie Bcero pasiauunbie BapuanTsl Jl1.

[Tpu 5TOM KOHTaKThl pa3HbIX MOPOJ, MACCUBHBIE IJIACTHI MJIM U30METPUUYECKUE 00bEK-
ThI JIYYILI€ BBISIBJISIFOTCS CUMMETPUUYHBIMU WJIU TPAJUEHTHBIMU YCTAHOBKAaMH, a TOHKUE ILIa-
CTBI U JIMH3bI, 0COOEHHO MPOBOAIINE, IEIECO00Pa3HO Pa3BEabIBATH TPEXIIEKTPOIHBIMU UITU
JUIOJIBHBIMUA ycTaHOBKaMu. [Ipu Gonee riryOuHHOM KaptupoBaHu# (10 500 M) UCHOIB3YIOT
meroas! [TIEDII, OI1, EIl. [Toucku u pa3Benky pyaHBIX MOJIE3HBIX MCKOIMAEMbBIX Ha TIIyOMHaX
1o 100 m mposomsT HUM (K, JAUII, HIT), MIIIT (JJUIT-MIIIT), OI1, EIl, a va rmy0uHax a0
500 v—HYM (HIT), MIIIT (HIT-MIIIT), BII, EII.

O} PeKTUBHOCTD 3IEKTPOMArHUTHBIX NMPO(UIMPOBAHUH OIpPENEsieTcsl HE TOJbKO Ha-
JTUYUeM OJIarOMPHUSATHBIX T€OAJIEKTPUYECKUX YCIOBUU U yIadHBIM BBEIOOPOM METO/a, HO U
JIOCTaTOYHBIM KOJMYECTBOM JOIMOJHUTENBHON reosoro-reodusnyueckoil nHpopmanuu. B ua-
CTHOCTH, B 3aBUCHMOCTH OT (PU3NYECKUX CBOMCTB MOPOJ MX II€IECOO0PA3HO BBIOIHATH CO-
BMECTHO C MarHUTOPA3BEIKOM, TEPMOPA3BEIKON Ui paauomeTpuei. JlJisi UCTOIKOBaHUS pe-
3yIbTaTOB JEKTPOMATHUTHOTO MPOGUIHPOBAHMS HY>KHBI Pa3HOTO POJIAa TEOIOTUYECKUE pa3-
pe3bl U KapThl, KOTOPbIE, B CBOIO OYEPE/Ib, YTOUHSIOT MOCE TOCTAHOBKU 3JE€KTPOMAarHUTHOTO
npoUIMPOBAHUSL.

4.4.4 Humepnpemayusa u 001acmu npumMeHeHus NOO3EMHBIX MEMOO06 3Jl1eK-
mpopazeeoKu

Kak ormeuanoce B m. 4.3, moja3eMHble METOABI 3JIEKTPOPA3BEAKU OTIUYAIOTCSA Y3KO
MPUKIAJIHBIMA OOJIACTAMU NMPUMEHEHHS], a UHTEpIIpEeTalus pe3ylbTaToOB HaIlpaBlIeHa Ha pe-
[ICHHE KOHKPETHBIX 3aJla4: W3Y4eHHE OOBEMHOTO CTPOEHUS MPOCTPAHCTB MEXKAY TOPHBIMHU
BBIPaOOTKaMH, C OJJHOW CTOPOHBI, © MEXy HUIMHU U 3€MHOW MOBEPXHOCTHIO, C pyrou. Teo-
pHsl TIOJI3EMHOM JIIEKTPOPA3BENKH CIIOKHEE, YeM MpoHIupoBaHUN W 30HIUpPOBAaHUH. Bce

155



3TO MPUBOJIUT K TOMY, YTO OOIIMX MOIXOAOB K MHTEPIPETALUH, KAKHE €CTh B METOJIaX 30H-
JTMPOBAHUU U IPOPUIMPOBAHNH, 3/1eCh HeT. KaxkapIil MeTo OT/In4aeTcsi CBOMMH, KaK MpaBH-
JI0, TOJYKOJIMYECTBEHHBIMH, IIPUEMAMU MHTEPIPETALMM [T MTOJIy4YEHHs] KOHEUHbBIX pPe3yib-
TaToB (cM. 1.4.3). DTH METOBI OTHOCATCS K Pa3BEAOYHBIM U CONMPOBOXKIAIOT OypeHUE U MPo-
XOJIKY TOPHBIX BBIPA0OTOK, IOATOMY OHM TE€CHEE IPYTUX OMUPAIOTCSA Ha Pa3HOTo poja reolio-
ruyeckyro nHpopmaruio. Hanbonee OJIM3KUMU K MOA3EMHBIM METOJIaM 3JIEKTPOPA3BENIKU SIB-
JSIOTCSI CEHCMOAKYCTHUECKUE TIPOCBEUNBAHMS, AI€PHO-(PU3UUECKHE U TEPMUUECKUE METOMBI,
C KOTOPBIMH HX I1efIeco00pa3Ho, a MHOT/Ia M He0OOXOAMMO KOMIUIEKCUPOBATh.
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I'maBa S AJEPHASA 'EO®PU3UKA

SAnepHas reopusuka o0ObeaUHIET HU3MIECKUE METOABI MIOMCKOB M PAa3BEIIKH PaTUOaK-
TUBHBIX PY]I [0 UX €CTECTBEHHOW PAJMOAKTUBHOCTH (paduomempus) M OSJIEMEHTHOTO aHa-
JM3a TOPHBIX MMOPOJ IYTEM H3YYEHHUS BBI3BAHHON paJMOaKTHBHOCTH (f0epHo-(huzuueckue
Memoowt). Haxosich Ha CTBIKE MEXKAY FeO(pU3UKON M TE€OXHUMHUEH, OHA MO CBOCH CYLIHOCTH,
METOAMKE ¥ TEXHUKE HAOIIOICHUH OTHOCUTCSA K re0(pU3MIECKUM METOJIaM, XOTs peliaeT He-
KOTOpBIE TCOXUMHUYECKHE 3anadyu. SpepHas reodusnka OTIMYACTCS «OJIU3KO-IEHCTBUEMY,
T.€. MaJIOW TJIYyOMHHOCTHIO MCCIICIOBAHUN BCJIEICTBHE OBICTPOTO TOTJIOMICHUS SIICPHBIX H3-
JYYEHUH OKPYXAIOIKMMU NOpOAaMHU U BO3AyXoM. OIHAKO MPOAYKTHl paJMOAKTUBHOTO pac-
najia CrlocOOHBI MUTPUPOBATh, 00pa3yst BOKPYT MOPOJ U PYJ Ta30BbI€, BOJHBIC U MEXaHUYE-
CKHE OPEOJIbl pACCESHHUS, IO KOTOPHIM MOXKHO CYAUTH O PAAMOAKTUBHOCTU KOPEHHBIX OPOJ.

OCHOBHBIMU METOJaMU PAAUOMETPUU SBISIIOTCH 2amma-cvemka (I'C), npu koTopoi
U3y4alOT UHTEHCUBHOCTh I'aMMa-MU3IIydeHUsl, U IManayuonnas cvemka (OC), mpu KOTOpon
[0 €CTECTBEHHOMY alib(a-U3JIyuyeHHIO MOYBEHHOTO BO3JyXa OMPEACISIOT KOHICHTPALUIO B
HEM paJioHa — PaJMoaKTUBHOTO ra3a. ['amma-metonsl (I'M) citykaT 171 TOMCKOB M pa3BEIKH
HE TOJIbKO PaJIMOAKTUBHBIX PYA ypaHa, paaus, TOpUsS U IPYIHX JIEMEHTOB, HO U IapareHeTu-
YECKHM WJIM MPOCTPAHCTBEHHO CBA3AHHBIX C HUMU HEPAJMOAKTUBHBIX IOJIE3HBIX MCKOIAEMBbIX
(penKo3eMeNbHBIX, MEeTAIUINYEeCKHX, (hocdaTHbIX U ap.). C UX MOMOIIBI0O MOXHO ONPEICIATH
aOCOJIIOTHBIN BO3pacT FOpHBIX NOPOJ. ['aMMa- M 3MaHAIIMOHHYIO Chb€MKHU MCIOJIB3YIOT TaKXKe
JUISL JINTOJIOTUYECKOTO M TEKTOHUUYECKOTO KapTUPOBAHUS U pelIeHus Apyrux 3aaad. K paguo-
METPHUH YCIOBHO MOXKHO OTHECTH TaK Ha3bIBA€MbIl T€OKOCMUYECKUI METOJ], OCHOBAaHHBIN Ha
MOA3EMHOM peructpanuu kocMuueckux usiydenuit (ITPKHN).

HckyccTBeHHAs paJlOaKTUBHOCTh BO3HUKAET MpPU OOIYUYEHHHM TOPHBIX TMOPOA U Cpel
raMMa-KBaHTaMH WIM HEHUTpOHaMu. V3mepsis Te WM MHBIE XapaKTEPUCTUKU HABEAEHHOTO
I10JIs1, MOYKHO CYJIUTh O F'aMMa- U HEUTPOHHBIX CBOMCTBaX FOPHBIX MOPOJ, KOTOPHIE OIpeie-
JSIFOTCSL XUMUUYECKUM COCTABOM 3JIEMEHTOB M (PU3MUECKUMH CBOMCTBaMHU nopoJ. CymiecTByer
MHOXECTBO HMCKYCCTBEHHBIX SCPHO-(PU3NUYECKUX METOJIOB ONpPEICNICHUs] XUMHUYECKOTO CO-
CTaBa U (PU3UYECKUX CBOMCTB I'OPHBIX MOPOJ, OCHOBAHHBIX Ha MCIIOJIb30BaHUM JINOO HEHUTPO-
HOB (HEUTPOH-HEUTPOHHBIC, HEUTPOH-TAaMMa U [Ip.), THO0 TaMMa-u3y4yeHuil (raMma-ramma,
raMMa-HeHTPOHHBINA, PEHTTCHOPAAMOMETPUUECKHUMA U IIP. ).

Mertoab! simepHON TeOPHU3UKH MOAPA3ACISIFOT HA a9POKOCMHYECKHE, TTOJIEBEIE, TI03EM-
HbIE, 1a00paTOpHBIE, HO HAMOOJbIIIee MPUMEHEHHE HAXOSAT CKBKUHHBIC SICPHBIC METOJIbI
(cm. 1. 7).

51 PU3NKO-XMMHUYECKHE U Te0JIOrMYeCKHe OCHOBBI
SIICPHOM reo(PU3MKHU

5.11 Oébwue céeoenusn o paduoakmugHocmu

Ecmecmeennana paouoaxmuénHocms, T.€. CaMOIIPOU3BOJIBHBIM paclaj] HEYCTOWUYMBBIX
ATOMHBIX SI/I€p, CIIOHTAHHO NMPEBPAILAIOLIUXCS B AApa IAPYTrUX JIEMEHTOB, COIPOBOXKIACTCS
UCIyCKaHHeM aib(a-, OeTa-yacTull, TaMMa-KBaHTOB M JIpyTMMU mporeccamu. V3BectHO 00-
nee 230 paanoakTUBHBIX M30TOMOB PA3JIMYHBIX AJIEMEHTOB, HA3bIBAEMBIX PaJMOAKTUBHBIMU
HYKJIHJAMU WA PaIUOHYKIUAAMH. PaquoakTHBHOCTh TSXKENBIX AJIEMEHTOB C IMOPSIKOBBIM
HOMEpOM B Tabymiie MeHeneeBa, 00bpIIM 82, CBOIUTCS K MOCIIEIOBATEILHBIM MpEBpaliie-
HUSIM OJIHUX DJIEMEHTOB B JPYyrHe U 3aKaHUYMBaeTCs 00pa30BaHUEM YCTOMUMBBIX HEPaIUOAK-
TUBHBIX W30TONOB. OCHOBHBIMH PaJIMOAKTUBHBIMH pSAJaMH WM CEMEMCTBAMHU TSKEIbIX AJIe-
MEHTOB SIBIISIFOTCS pslibl ypaHa-238, ypana-235, topus-232. IlepeuncieHHble 31€MEHThl (UX
HA3bIBAIOT MAaTEPUHCKUMHU PATUOHYKIHIaMHU) SIBISIOTCS POJJOHAYAIbHUKAMU CEMENUCTB U OT-
HOCSITCS K JOJTOKUBYILUM: Y HUX Hepro moiypacmazna (Tq;), T.€. BpeMs, HEOOXOAUMOE st
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TOTO, YTOOBI YHCJIO AaTOMOB YMEHBIITHIOCH BIBOE, COCTABIISCT 4,5~109; 7,13-108; 1,39-1010 JIET
COOTBETCTBEHHO. B cocTaB ceMelcTB ypaHa BXOIAT TaKUE AOYEPHUE HYKIIUJbI, KaK paaui
(T'y2 = 1620 net) u caMblil JOJATOKUBYIIUI pagroaKkTUBHBIN raz—panoH (1, = 3,82 cyr).
KoHneyHbIM mpoayKTOM IpeBpalleHUl ypaHa SIBISETCS HEPaJIUOAKTUBHBIN TaK Ha3bIBAEMBII
paIlOrE€HHBINA CBUHEL.

Kpome panmoakTHBHBIX CEMEMCTB MMEIOTCS OJAMHOYHBIE PAJIUOHYKIUIBI, B KOTOPBIX
paZMOAaKTUBHBIN pacnaj OrpaHU4YMBAETCS OJHUM aKTOM IpeBpameHnil. Cpeau HUX Haubosee
pacnpoctpanen kanuii-40 (T, = 1,4-10° nier). B 1enom B 3eMHOi KOp€ MOBBIIEHBI KOHIICH-
TPALMH CIEAYIONIAX TPEX PaIHOAKTHBHBIX SIeMEHTOB: ypama (2,510 %), Topus (1,3- 107 %)
n kanusa-40 (2,5%). [loatoMy B paquoMeTpUH U3y4aroT TOJIBKO 3TH 31eMEHThl. OHM HaxonasT-
Csl B TOPHBIX IIOPOJIax B PACCESTHHOM COCTOSIHUU B BUJIE M30MOP(MHBIX IPUMECEN U CaMOCTOs-
TENbHBIX MUHEPAJIOB.

Paouoaxkmuenslii pacnad, Kax mporecc MpeBpaiieHus OHUX U30TOIOB B IpyTUe, 00y-
CJIOBJICH BHYTPEHHHUM, HE3aBUCHMBIM OT BHEITHHUX YCIOBHU COCTOSHHEM aTOMHBIX siiep. Xa-
PaKTEepHU3YIOT PAAMOAKTUBHBIN pacnaj CIeAyIONIie MapaMeTphl.

1. Ilepuon monypacmnaja, KOTOPbIN y pa3IUYHbIX 3J€MEHTOB U3MEHSIETCS B OUEHb IIHU-
POKHX Ipeaenax — OT 10 ¢ 1o 10% ner. JIist KaKI0TO BJIEMEHTa | 1/ SIBISICTCS OMPEICIICH-
HOW U TOCTOSHHOW BEIUYMHOW W MOXKET CIYXKUTh €ro JMarHOCTUYECKUM IpU3HaKoMm. B
sIepHOH (hM3HKe U3BECTHA clieAyrolas popmyna:

N = N, 60693 T 5.1)

YCTaHABIIMBAIOIIAs CBS3b MEXKAY HaYaJIbHBIM YHCIOM aTOMOB KaKOI0-JIMOO pajiioaKTUBHOTO
anementa Ng , HarpuMep, B MOMEHT MPOMCXOKIACHHS IOPOIBI, M YrciioM atoMoB N 3Toro ke
JJIeMEHTa CIycTs Bpems i, Hampumep, B HacTosIIee BpeMs. Mexay MOJTOKUBYIIMMHA Mate-
PHHCKHM HYKJIHIOM ¢ ynciioMm atomMoB Ny u nieprogom monypacnana 7' 1 ¥ JOYEPHUM dJIe-
menToM ¢ Ny n Yl 1/2 CYLIECTBYET palMOAKTUBHOE PABHOBECHE, BBIPAXKAEMOE YPABHEHUEM

NM 7—;171/2: Nﬂ TM1/2, (5.2)

MOJTYYEHHBIM M3 COOTHOIIEHUH (5.1) ¥ TO3BONSAIONIUM ONPEAEINUTh KaKOH-HUOYIh OJWH Tia-
pamerp, eciid U3BECTHEL TPU APYIHUX.

Cocmae ecmecmeennvix u3ay4yeHuil, BKIOYalOmUi anbpa-, Oera- M ramma-
u3nydeHus. Anbga-u3nydeHue npeacTaBiseT co00i MOTOK MOJOKUTENBHO 3apsSKEHHBIX Yac-
TUL (sA€p aTOMOB T'eJINs), SHEPTUS KOTOPBIX Ha JUIMHE IyTH okousio 10 cM B Bo3ayxe U Jojei
MUJUIMMETPOB B MOPOJaxX TPaTUTCS Ha MOHU3ALUIO U HArpeBaHUE OKpPYXKarolleld cpeibl, Mo-
3TOMY MPOHHUKAIOIIAs CIOCOOHOCTh Y HUX OYeHb Majia. bera-u3nydeHnue npeacrasiser coOoi
MOTOK 3JIEKTPOHOB U MO3UTPOHOB, SHEPIUs KOTOPHIX TPATUTCS Ha MOHU3ALMUIO U BO30OYKIe-
HUE aTOMOB OKpPY’KaloIlel Cpe/bl, B pe3ylbTaTe OHU PAacCEUBAIOTCA (3TO MPUBOJAUT K Ocial-
JIEHUIO UX MHTEHCHUBHOCTH) U MOTJIOLIAIOTCS (TEPSIIOT CBOIO PHEPTHUIO) Ha JsiuHe myTH, B 100
pa3 Oombliel, yeM 1S anb(a-u3aydeHus. [ 'aMMa-KBaHTHI MPECTABISIOT COOON TTOTOK AJICK-
TPOMArHUTHOTO M3JTy4EHUsSI O4E€HDb BBHICOKOM yacToThl (f > 10" I'p). Xorst onum TaKxke pacceu-
BAaIOTCSl W TIOTJIONIAIOTCS OKPYXKAIOIIeH cpefoi, HO Oyaromapsi CBOEH AJIEKTPUYECKON HEH-
TPaJbHOCTH OTIMYAIOTCS OoJiee BBICOKOW IMPOHHMKAIOIIEH CHOCOOHOCTHIO (COTHH METPOB B
BO3IyX€ U JI0 METPa B TOPHBIX MOPOJIAX).

Kpome OCHOBHBIX M3ITy4eHUN paJMOaKTUBHBIN pacrnaj MOKET COMPOBOXKIATHCS 3aXBa-
TOM HEKOTOPBIMH SIPAMHU 3JICKTPOHOB M3 COOCTBEHHBIX 000souek atomoB (K- u L-3axBar) ¢
BO3HUKHOBEHHUEM MSTKOTO M PEHTT€HOBCKOTO raMMa-U3Ty4eHHUS.

K m3nydeHusM, HIMPOKO HCMOJIB3YEMBIM B AJEPHONW reo(U3uKe, OTHOCUTCS HCKYCCT-
BEHHO CO3/1aBAEMOE HellmpoHHoe u3iyuenue. OHO BOZHMKAET NPU SAEPHBIX peakuusax (Ha-
IIPUMEp, B CMECH MOJIOHUS U OEpUIINS) UIIM CO3JAE€TCsl C IOMOILBIO YIIPaBIAEMBIX T€HEpaTo-
POB HEHTPOHOB, LUKIOTPOHOB U Jp. M3 Bcex BUAOB M3IIyuyeHHH HEHTpOHHOE 00NagaeT Hau-
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OOoJBITIeH TTPOHUKAIOMIEH CITOCOOHOCThIO. OHAKO HEHTPOHBI 3aMEIIAIOTCS B MPOIECCEe pac-
CCsAHHUA, a 3aTCM IIOTJIOIIAKOTCA CpGI[OI\/JI, T.C. 3aXBATbIBAKOTCA dApaMUu aTOMOB 3a BpPEMA OT
MUKPOCEKYH/] 10 MUJUTUCEKYH. B cBOIO ouepenb, 3aXBaT COMPOBOXKIAETCSI MTHOBEHHBIM HC-
MyCKaHUEM IraMMa-KBAHTOB BTOPUYHOTO U3TYUCHUS.

Konuuecmeo, konyenmpayus, 003a u MOWHOCMb 0036l 2amma-uzayuenus. Konnye-
CTBO M KOHIICHTpaLUs J0JToXHuByIIuX snementos (U, Th, 40K) B TOPHOM TMOPOJIEC OMpeaes-
IOTCS UX MAacCOW ¥ MPOILIGHTHBIM COJEpKaHWeM (WM KBUBAJICHTHBIM COJICPKAHUEM ypaHa).
AOCONIOTHON enuHUIICH PAaIUOAKTHBHOCTH pPaavOHYKIuI0oB B CU sBisercs Oekkepenb
(1 bk = 1 pacn./c). MHor/1a UCTIONB3YIOT BHECHCTEMHYIO SIUHHMILY, T-9KB Ra (kommuecTBo Be-
IIECTBA, TaMMa-U3JTydeHHEe KOTOPOTO SKBHUBAJEHTHO M3aydeHuio 1 r Ra). Enununeit ynens-
HOU paanoakTuBHOCTH B CU ciy>kuT OeKKepelb Ha €IUHUILY MAacChl WM 00beMa. 3a eIUHUILY
IKCIO3UITMOHHON 703l 00mydeHust B CU mpunar kynon Ha xkuiorpamm (Ki/kr) m BHecuc-
TeMHasi equHuLa — peHTren (1P = 2,58-10* Ku/kr). MoImHOCTb 035I, T.C. obOny4yeHue 3a
€MHUILY BPEMEHHU, B PaAMOMETPUU BBIPAXKAIOT B aMIiepax Ha KUiorpaMM (A/Kr), MUKpPOPEHT-
reHax B yac (MkP/q).

Duepzusa uznyuenuii, KOTOpasi NpeACTaBsieT co00M HaYaTbHYI0 KMHETHYECKYIO DHEp-
TUIO YaCTHUI[ U U3MEpSAETCS B MHJUIMOHAX 3J1EKTPOH-BOJILT (MaB). MakcumanbHble 3HaYCHUS
uist anbda-, 6era-, ramma-u3nydeHuit paBuel 10; 4; 3 MaB cooTtBeTcTBeHHO. HeliTpoHBI 1O
sHeprun paznensator Ha xonomaubie (0,001 »B), Termossie (0,025 3B), naaremioseie (>0,05
5B), pesonancubie (0,5—100 3B), mennenusie (<I k3B), mpomexyrounsie (I k3B—0,5
Mb5B), 6sicTprie (>0,5 MaB).

5.1.2  Bzaumooeiicmeue paouoaKmugHvlX U3iyueHUil ¢ OKpyyicarouieil cpeooii

Anbda- n 6eTa-4acTUIBl BBI3BIBAIOT B OCHOBHOM MOHH3AIMIO OKPYXKAIOMICH Cpefbl, T.¢€.
00pa3oBaHUE MOJOXKUTEIbHBIX MOHOB U CBOOOIHBIX 3JIEKTPOHOB BCIIEJICTBUE BBIPHIBAHUS
AJIEKTPOHOB U3 BHEITHUX 000JI0UYEK aTOMOB.

IIpu npoxokaeHuu depes BEIEeCTBO TaMMa-KBAaHThl B3aUMOJAEUCTBYIOT C JIEKTPOHAMU
aTOMOB, 4TO COINPOBOXK/JIAETCS B OCHOBHOM TpeMsl (PU3NMUECKUMHU SBJICHUSIMH.

A. @omornexkmpuueckum noznouwgenuem (Gporoddpdexrom), MTPOUCXOAANMM MPHU
B3aUMOJICHCTBUM TaMMa-KBAHTOB MAaJIbIX SHEPIruil (MSITKO€ TraMMa-U3JIydeHUE C HHEprueu
menbire 0,5 MaB) ¢ atTomamu mmoTHOTO BemiecTBa. B pe3ynbrare M3 aToMOB BBIOMBAIOTCS
AIIEKTPOHBI, a Cpella HOHUZHPYETCS. ATOM, MOTEPSABIINN AIEKTPOH, OKA3bIBACTCS B BO30YXK-
JIEHHOM COCTOSIHUU U CITOCOOEH 3aIOoJHATh OCBOOOIMBIIUIICS YPOBEHb OJTHUM U3 3JIEKTPOHOB
BHEITHEW OO0O0JIOYKH. DTO COMPOBOXKIAETCS HCIYCKAHUEM KBAHTA XapaKTEPUCTUYECKOTO
(penTreHoBckoro) uznydenus. [lormomenne raMMa-KBaHTOB Ha €AMHMUIIE ITMHBI TyTH MIpode-
ra MOXHO BBIPa3HUTh yepe3 KO3(PPUIMEHT NOTIOMICHHUS L.

b. Komnmonoeckum eé3aumooeiicmeuem (paccesHueM) raMMa-KBaHTOB IOBBIIIEHHBIX
sHepruil (>0,5 M»3B) ¢ aromamu nerkoro BeuecTBa. B pe3ynbrare raMMa-KBaHT IEPENAECT
YacTh PHEPIUU DJICKTPOHY, OTKJIOHSIETCS OT CBOEH MPSAMOJUHEHHON TPACKTOPUU paclpocTpa-
HEHUS U INPOUCXOJUT TaK HA3bIBAEMOE HEYIPYIO€ PACCESIHME, COIPOBOXKIAIOLIEECS MOIJIO-
HieHueM sHepruu. Ero MokHO oxapakTepu3oBaTh K03((OUIIMEHTOM MOIJIOIIEHUS k.

B. Oépa3zoseanuem rnexmponno-nozumponnslx nap TpU B3aUMOJCUCTBUU TraMMma-
KBaHTOB BBICOKMX 3Hepruil (>1 M»aB) ¢ nonem sanapa aroma. IIpu 3TOM ramMmma-KBaHT OTIAET
3HEpruo u noraomaercs. KoapuumeHt Takoro NoromeHus iy.

CyIiecTBYIOT ¥ JpyrHe B3aWMOJCHCTBHS raMMa-KBaHTOB ((hOTOHEUTpPOHHBIN 3D deKT,
PENICEeBCKOE pacCcessHUE Ha CBA3AHHBIX 2JIEKTPOHAX aTOMOB U Jp.). B menom 3a cuer Bcex 3¢-
(exTOB NUHEHHBIH KOA((UIMEHT MOTJIOMIEHUSI TaMMa-KBaHTOB B IOpPOJE, COAepXkaleil u
JIETKHE, U TSDKEJIbIE 2JIEMEHTBI, MOKHO OIMCcaTh (GOopMyIoi

Uy = Uopt pgt Uo. (5.2)
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Taxum oOpaszom, (i SBISIETCS raMMa-1apaMeTpoOM FOPHBIX MOPO/I.

HeliTpoHHOE U3IIydeHHE XapaKTEPU3YETCs CIEAYIOIUMH B3aUMOJCUCTBUAMU C I ApaMHu
3JIEMEHTOB OKPY>KAIOILIEH Cpeibl.

A. Heynpyzum pacceanuem ObicmpbiX HelmpoHo8 Ha SIpax TKENIbIX JIEMEHTOB,
MPUBOISIIUM K UX BO30yxaeHuto. [lpu nepexoze siipa B OCHOBHOE IIEpBOHAYAIEHOE COCTOSI-
HUE OHO U3JTy4aeT raMMa-KBaHT.

b. Ynpyzum pacceanuem ovicmpoix neitmponoe Ha sipax JETKHX JIEMEHTOB, IIPUBO-
JSIIIUIM K TIepesiade SHEpPrui HEMTPOHOB siApaM, a B pe3yibTaTe K X 3aMEUIEHUIO TeM 00JIb-
nIeMy, 4eM MEHBILE MAacCOBBIC YMCIIA CPebl. 3aMEIJIEHHBIE 1O TEIUIOBOW YHEPTHHA HEUTPOHBI
MOTJIOIIAKOTCS sIpaMH, T.€. NPOUCXOAUT PAJAMALMOHHBIN 3axBaT HEHUTpoHOB. [Iponecc mo-
IJIOIEHHS CONPOBOKIACTCSA UCITyCKaHUEM raMMa-KBaHTOB.

Taxkum 00pa3oM, HEUTPOHBI B TOPHOM MOPOJIC 3aMEJISIOTCS B PE3yJIbTaTe B3aUMOJICH-
CTBUS C sJIpaMH. JTO 3aMeJICHUE MOXKHO OXapaKTepH30BaTh KOAIPPUIIUEHTOM OCIaOICHHS
Un . Korga sHeprus HEMTPOHOB YMEHBIIAETCS O TEIUIOBOM, IPOUCXOAUT UX 3aXBaT aTOMaMH,
COIPOBOXKAAIOUIUICSA IaMMa-U3JIy4eHUEM, T.€. HABEACHHOW PaJAUMOAaKTUBHOCTBIO. Pesynbra-
TUBHOE KOJINYECTBO TEIJIOBBIX HEUTPOHOB M BTOPUYHOE FaMMa-H3JIyYEHHUE 3aBUCAT OT Iep-
BUYHOM DHEPIrUU HEUTPOHOB, HEUTPOHHBIX CBOMCTB I'OPHBIX IIOPOJ U PAaCCTOSHUSA 0 UCTOY-
HUKa.

513  Paouoaxmuenocmo 2OpHbIX ROPOO U PYO

PannoakTHBHOCTH TOPHBIX TIOPOJ U PYJ TEM BHIIIE, YeM OOJIbIIE KOHIICHTPAIHS B HUX
€CTECTBEHHBIX PAJMOAKTUBHBIX 3JIEMEHTOB CEMEHCTB ypaHa, Topus, a Takxe kanusa-40. I[1o
PaAMOAKTUBHOCTH (PaIHUOIOTUYECKUM CBOWCTBAaM) MOPOJ000pA3YIONINEe MUHEPATbI MOAPa3-
JENISIOT Ha YEThIPE IPYIIIbL.

1. HambGompIeit paaroakKTUBHOCTHIO OTIMYAIOTCS MHUHEpadbl ypaHa (TIEpBUYHBIC —
ypaHHT, HACTypaH, BTOPUYHbIE — KapOoHaThl, (ochaTel, Cyab(aTbl ypaHuwia U ap.), TOpUs
(TOpHaHUT, TOPUT, MOHAIIMT U JP.), & TAK)KE HAXOJSIINECS B PACCESIHHOM COCTOSIHUH JJIEMEH-
ThI CEMEWUCTBA ypaHa, TOPUs U JIp.

2. Bpicokol paiMOaKTUBHOCTBIO XapaKTEPHU3YIOTCS IIMPOKO PACIPOCTPAHEHHBIE MUHE-
paJbl, conepxaniue kanuii-40 (moeBble MIaThl, KaJTUHHBIE COJIN).

3. CpenHell palMOAKTUBHOCTHIO OTJIMYAIOTCS TaKU€ MHUHEPAIbl, KaK MarHeTUT, JUMO-
HUT, CyAb(QHUIBI U Ap.

4. Hu3koil paioakTUBHOCTBIO 00J1a1al0T KBapIl, KAIBLUT, THIIC, KAMEHHAs COJIb U JIp.

B s10i1 kiaccudukanuy pagruoakTUBHOCTh COCETHHUX TPYII BO3pacTaeT MPUMEPHO Ha
HOPSAOK.

PagroakTHBHOCTh TOPHBIX MOPOJ OMPEACISIETCS, MPEXKIE BCEro, PaaIu0aKTUBHOCTHIO
MOpO1000Pa3yIOIINX MUHEPAIOB. B 3aBUCHMOCTH OT KaueCTBEHHOTO M KOJIHMYECTBEHHOTO CO-
CTaBa MUHEPAJIOB, YCIOBHII 00pa30BaHUs, BO3pacTa M CTENCHH MeTaMOp(U3Ma UX paauoak-
TUBHOCTH U3MEHSETCS B OYCHb IUPOKHX Ipeaenax. PaqnoakTHBHOCTh MOPOJ U Py MO IKBU-
BaJCHTHOMY IPOIEHTHOMY COJACP)KaHUIO ypaHa TPUHATO TOAPA3ICIATh Ha CICAYIOIIHE
TPYIIBE: a) TOPOBI MpaKTHaeckn HepaguoakTusubie (U<107 %); 6) mopos! cpemeit paguo-
AKTUBHOCTH (U<1O'6 %); B) BBICOKOPAIWOAKTUBHBIC TIOPOABI U yOOTHE PYIBI (U<10'3 %);
r) OeIHbIE PaHOAKTUBHBIE PYIbI (U<1O'2 %); 1) psAmOBBIC M OOraThie PaIlOAKTUBHBIC PY/IbI
(U>0,1 %).

K mpakTruecku HepaJnOaKTHBHBIM OTHOCSITCS TaKHe OCAaIO4YHbIC TIOPOIBI, KaK aHTHI-
pUT, TUIIC, KAMEHHAs COJIb, U3BECTHSIK, JOJIOMUT, KBAPIEBBIA MECOK H JIP., a TAKKE YIBTPAOC-
HOBHBIE, OCHOBHBIC M CpeHHe MOopoabl. CpenHeil paTuoakTHBHOCTBIO 00JIaIal0T KUCITbIC H3-
BEP KCHHBIE TIOPOJIbI, & U3 OCAJAOYHBIX — IECYaHUK, IIMHA U OCOOCHHO TOHKOIUCIICPCHBIN
MOPCKOH I, 00JaIaroNIiil CTOCOOHOCTRIO aIcCOPOMPOBATh PATMOAKTUBHBIC JIEMEHTHI, pac-
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TBOpPEHHBIC B BoJie. PagnoakTuBHBIC PYAbI (OT YOOTHX 0 OOraThIX) BCTPEYAIOTCS HA ypaHO-
BBIX WJIH YPAaHOTOPHEBBIX MECTOPOXKIEHUSX SHIOTEHHOTO U 3K30T€HHOTO MPOUCXOKICHHUS.
WX paaroakTHBHOCTh M3MEHSIETCS B IMUPOKUX TpE/eiIax W 3aBHCUT OT COJACPKaHUS ypaHa,
TOpUs, pagus U IPYyTrUX dJIEMEHTOB.

C paaMo0aKTHBHOCTBIO TOPHBIX MTOPOJ TECHO CBsA3aHa PaJUOAaKTUBHOCT IIPUPOIHBIX BOJ
u ra3oB. B niemom B ruapocdepe u armocdepe conmeprkaHne pagrioaKTUBHBIX AJIEMEHTOB HH-
4TOXHO Majio. [To3eMHbIe BO/IBI MOTYT UMETh Pa3HyI0 paaHoaKTUBHOCTh. OCOOEHHO BeMUKa
OHa Y TOJ3EMHBIX BOJ PAaTUOAKTUBHBIX MECTOPOXKICHHA M BOJA CYIb(HUIHO-0apHeBOTO U
XJIOPUAHO-KAJIBIIUCBOI'0 TUIIOB. Pa[[I/IOB.KTI/IBHOCTB MOYBCHHOI'O BO34YyXa 3aBUCUT OT KOJIMYC-
CTBa AMAHALMN TAKWX PaJHMOAKTHBHBIX I'a30B, KaK PalloOH, TOPOH, aKTUHOH. Ee MpUHATO BHI-
pakaTh K03 dunrenToM sManupoBanus mopof (C5), SIBIAIOMMMCS OTHOMICHHEM KOJIUYECT-
Ba BBIICIMBIIMXCS B TOPOAY SMaHAIUil (B OCHOBHOM pajfioHa ¢ HauOOJIbINM 17/2.) K 00IIEMY
KonM4ecTBy dMaHanuii. B maccuBHbix mopomax Cp = 5—10%, B pBIXJIBIX TPEHIMHOBATBIX

C5=40—50 %.

Kpome o0mieit KOHIIEHTpaIui paJiOaKTUBHBIX 3JIEMEHTOB BOXKHOW XapaKTEPHCTHKOMN
PaZMOaKTUBHOCTH SIBIIIETCS IHEP2emuyecKull cnekmp 3Iy4eH!s] WM UHTEPBAJl pacrpene-
nenus sHeprun. Kak ormMevanocs Bbllle, sHeprus aibda-, 0eTa- U raMMa-u3IydeHHs KaXI0ro
PalMOAaKTUBHOTO 3JIEMEHTa JMOO CTPOro MOCTOSHHA, JIMOO 3aK/II0OYeHa B OIpPEEICHHOM
cnektpe. B yactHocTH, O HauboJsiee KECTKOMY U IMPOHUKAIOIIEMY raMMa-U31y4eHHIO KaxK-
JbId paJuOAKTUBHBIN 3JIEMEHT XapaKTEPU3YETCsl ONPEIEIEHHBIM SHEPIETUYECKUM CIIEKTPOM.
Hampumep, 1u1st ypaHOpaaueBOTo psia MaKCUMaJlbHasl SHEPIUsl FTaMMa-NU3JIydeHUs] HE MPEBbI-
maer 1,76 M»aB, a cymmapssiil cnektp 0,65 M»aB, ans TopueBoro psija aHaJorM4HblE Hapa-
MeTphI cocTaBisaioT 2,62 u 1 M»aB. Dueprus ramma-usnydenus kanusi-40 nocrosaaa (1,46
Mb5B). Takum 00pa3zom, 10 CyMMapHOW MHTEHCUBHOCTH TraMMa-H3JIy4€HHUS MOXHO OIICHHUTh
HaJM4Me U KOHLIEHTPALUIO PATHOAKTUBHBIX 3JIEMEHTOB, & AaHAIM3UPYS CIEKTPAIBHYIO XapakK-
TEPUCTUKY U3JIy4eHUH (3HEPIeTUYECKUIN CIEKTP), MOXKHO ONPEAEINTh KOHLIEHTPALMIO YpaHa,
Topusa Win kanua-40.

5.14  Aoepuo-gpuzuueckue ceoiicmea 2opHviX HOPOO

[Ton simepHO-PU3MUECKUMU (FraMMa- U HEHTPOHHBIMU) CBOMCTBAMHU TOPHBIX TOPOA IO-
HUMAIOT MX CHOCOOHOCTh MO-Pa3HOMY pacceuBaTh, 3aMEUISATh U MOIJIONIATh raMMa-KBaHThI
WIA HEUTPOHBI Pa3HBIX SHEPrHid. DTH CBOMCTBA BHITEKAIOT U3 PACCMOTPEHHBIX BhIIIE (PU3H-
YECKUX SIBJICHUM, COIPOBOXKAAIOIINX B3aUMOJECHCTBUE TaMMa-KBAHTOB C JICKTPOHAMU U s1I-
pamMu aToMOB ((POTOIIEKTPHUUECKOE MOTJIOIIEHNE, KOMIITOHOBCKOE B3aUMOJIEHCTBHE, 00pa3o-
BaHHE 2JIEKTPOHHO-ITO3UTPOHHBIX Nap U Jp.) UM HEWUTPOHOB C sSPaMU aTOMOB (HEYNpyroe u
YIOPYTO€ paccessHUE W IOIJIOLIEHHE, CONPOBOXKIAIOLINECS 3aXBAaTOM TEIUIOBBIX HEWTPOHOB
AJpaMy aTOMOB U BTOPHYHBIM I'aMMa-H3J1ydeHHEM). BEposSTHOCTh TOr0 WJIM MHOTO B3aUMO-
JENCTBUS 3aBUCUT OT 3HEPIUU raMMa-KBaHTOB MJIM HEUTPOHOB, PAaCCTOSHUS OT UCTOYHHKA 10
00syqaeMoll TOPHOM MOpoabl M €€ saepHO-pu3nyeckux CBOMCTB. OCHOBHBIMH M3 ITHX
CBOMCTB SIBIIIFOTCSI MHMKpPO- MM MaKpPOCKOIIMYECKUE CEUEHUS B3aUMOAECHMCTBUSI ramma-
KBAHTOB U HEUTPOHOB C OTJEJIBHBIMU WJIM BCEMHU aTOMaMH U3y4aeMO TOPHOU IOPOIBIL.

Cymmapnoe (nonnoe) makpockonuueckoe ceyenue Npu raMMa-o0JydeHUH CJI0s Top-
HBIX TOPOJ €IUHUYHOTO 00BbeMa M TOJIIMHBI YUCIECHHO PABHO MOJIHOMY JHHEHHOMY KO3(-
¢uumenty u, ocnabnenus (mornomenus). [l y3koro mydka raMMa-KBaHTOB €I0 ONPEIENIAIOT
C TIOMOILBIO CIEAYIOIUX YPABHCHUMN:

k
- - —HyL
H,=%0,N, I,=1,e"", (5.4)
=]
rac O'y i — MUKPOCKOnu4ecKkoe cedeHue B3aHMOHeﬁCTBHﬂ aToMa i-FO XUMHUYCCKOI'O 3JIC-

MCHTA C raMMa-KBaHTOM IIpU 06H_I€M KOJIMYECTBEC aTOMOB 3TOI'0 3JICMCHTA Ni , 1 OGH.IGM qHcC-
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JI€ BIEeMEHTOB K; |y, |y0 — MHTEHCUBHOCTh FaMMa-U3JIy4eHUs B KOHIIE U Hadajie MMOTJIOIIAr0-
miero ciost trommuHoi L. Ipakrudecku onpenensior 3GpGeKTHBHBINA KOdPGHUIUEHT ocnmadie-
HHSL [l TI0 ODKCIIEPUMEHTATLHO IIOTYy4€HHOH S(Q()EKTUBHON MHTEHCHBHOCTH TIaMMa-
W3ITyYCHUS:

— “H (})L
1,,=1I,@"" (55)

Makpockonudyeckoe ceueHue B3auMoAeHCTBUS UIH 3P PEKTUBHBIN JTHMHEHHBINA KOAPhU-
IIUEHT OCJTAa0JICHNS 3aBUCHUT OT MOPSAKOBBIX HOMEPOB B NEPUOAMYECKOil cucteme MeHzemnee-
Ba M MAaCCOBBIX YHCEJI XMMUYECKUX JIEMEHTOB TOPHOM MOPOJIBI, a TAK)Ke ee IMIOTHOCTH 0. Ha
W3MEHEHHH ATHUX CBOIMCTB OCHOBaHBI METOJbI U3YYEHUSI XUMUYECKOTO COCTaBa U IUIOTHOCTH
TOPHBIX [OPOJ] [I0 HHTEHCHBHOCTH paccesiHHoro ramma-m3nydenust (1, = 1,9). CymmapHoe
(moHOE) HEUTPOHHOE MAKPOCKOMUYECKOE CEUeHHE TOPHOM MOPOJIbl €MUHUYHOTIO o0beMa [
OTIPEIENIAETCS MUKPOCKOITUYECKUMHU CEUEHUSIMU O BCEX COCTABIIAIONINX €€ XMMHUYECKHX
snemenToB ot | =1 10 1 = K ¢ ynciom atomos i-ro snementa N;. /s y3koro mydka o6iry-
YaIOMIMX HEHTPOHOB ()OPMYJIBI CBSI3H ATHX MTAPAMETPOB UMEIOT BUJT

k
—_ — -u,L
un - ZO-niNi’ ]n _[nOe ! (56)
i=1
rac In, In o0 — IINIOTHOCTH (I/IHI/I I/IHTeHCI/IBHOCTB) HeﬁTpOHOB B KOHIIC U Ha4daJI€ CJI0sA

tomuuHo# L. HeHTpOoHHOE MHUKPOCKOITHYECKOE CEUCHHUE SIPA Opj PAaBHO ero 3(h(deKTHBHOI
IUIOINAM, KOTOpasi OOBIYHO OOJIbIlIE €ro reomMerpuyeckoro ceueHus. HeiltponHoe ceuenue
u3MepsioT B exuamnax mwiomamn (102 m%). HanGombImMy HelTPOHHBIME CeYSHHSIMH 06Ia-
JAIOT PENKO3eMEJIbHBIC AIEMEHTHI (Hampumep, sl TaIOoJHHHS Opi =46.10%° MZ), KaJIMHUH
(2,25-10% m?), Gop (0,769-10% M), pryrs (0,38:10% M%) 1 gp. V GOIBIIMHCTBA HIEMEHTOB
MHKPOCKOITMYECKOE CeUEHHUE sIpa U3MEHSETCS B Mpeienax (0,1—100)-10'25 M2,

[IpakTryeckun ko3pduuueHt uy sBusercs 3pPekTuBHBIM K03pPULInEeHTOM, XapaKTepu-
3YIOLIMM U 3aMEJUISIOIIME W MOTJIOMIAKOIINE CBOWCTBA TOPHOM TIOPOJIBI [l 54 TIPU OOTy4EHUH
ee HeWTpoHamMu. Bennunny, 0OpaTHYIO fip ¢, HA3BIBAIOT MOJHOM JAJIMHOM IIPoOera HEHTPOHOB
L. OHa BKJIFOUYACT ITHHY 3aMEICHUS U [UTHHY AU Dy3un.

Cpeonsasn onuna 3ameonenusn neumponoe L3 onpenensiercsi CriocoOHOCTBIO sSIEp pac-
cerBaTh HEUTPOHBI U paBHA PACCTOSHHUIO, HA KOTOPOM DHEPrsi HEUTPOHOB YMEHBIIAETCS OT
UCXOAHOM (y OBICTPBIX HEUTPOHOB dHeprus npesbimaer 0,5 MsB) no Temmosoit (0,025 3B).
Haumenbmeii punoi 3amemnenus (Ls < 10 cM) o6iagaroT MUHEpaiibl, B KOTOPBIX HMEIOTCS
OepuIIui, Yraepo, ’Kele30 U BOJAOPOCOAep Kallie MOPObl, HACKIIIEHHbIE BOI0OH, HE(ThHIO
WK Ta30M. B apyrux mopojgax, 0COOCHHO COACPIKALIUX TKEIbIE XMMUUECKUE dIIeMEHThI L3
COCTaBJISIET MEPBbIE NECATKU CAHTUMETPOB.

OcnabneHHbIe 10 TETUIOBOM SHEPTUH HEUTPOHBI MEPEMENIAIOTCS B TIOPOJE IMyTeM Aud-
¢by3un 10 TexX Mop, MoKa He MOTJIOTATCS KaKMMHU-HUOYIbh sapamu. Kak oTMedanoch BBIIIE,
MPOLIECC 3axBaTa COMPOBOXKIAETCS U3TyYEHHEM BTOPHYHBIX ramma-kBaHTOB. CHOCOOHOCTh
TOPHBIX TOPOJ] MOTJIOIATH TEIJIOBbIE HEHTPOHBI BBIPAXKAIOT Yepe3 CPEeiHIon UIMHY auddy-
3un L7 uaM nponopuuoHanbHOE €M CPEAHEE BPEMs KM3HU TEILUIOBBIX HEUTPOHOB 7T . Hawm-
MEHBIIMMH 3HAYCHUAMH THX mapaMeTpoB (L < 5 oM, 71 n < 5 MKC) OTIMYaI0TCs Pyabl, CO-
JeprKalie XUMUYECKUE 3JIEMEHTHI ¢ BBICOKMM CEUYEHUEM MOTJIOIIEHUSI HEHTPOHOB (peaKo3e-
MeJbHbIe, KaAMUH, 00p, PTYTh, JKeJe30, MapraHell, XJIOp U Jp.), U PbIXJIble 0CaJ0YHbIE TOPO-
7Ibl, HACBHIIIEHHBbIE MUHEPATM30BaHHBIMU BojAaMu. s GOJBIIMHCTBA MOPOA000pa3yIOLINX
MMHEPAJIOB ¥ TOPHLIX nopox Ly usmensercs ot 10 o 30 cm, a 71,— ot 10 go 3000 mxc.

Ha uzmeHnenuun NEPCUUCIICHHBIX HCfITpOHHbIX CBOMCTB XMMHMYECKHUX 3JIEMEHTOB OCHO-
BaHBbI HCfITpOHHI)Ie MCTOJBI MMO3JICMCHTHOI'O aHaJIM3a I'OPHBIX IMOPOA U HUX BOI[OHG(I)TCF&SOH&'

162



chieHHOCTH. OHKM 0a3sUpYIOTCS HAa W3YyYEHHMH IIOTHOCTH (MHTEHCUBHOCTH) TEIJIOBBIX HEM-
TPOHOB |, MM BTOpPHYHOTO TaMMa-u3TydeHus |, .

5.2 Annaparypa AJs M3y4eHHus sSAePHbIX U3JIy4YeHHH

521  YyecmeumenvHole 31emeHmol 01 U3MEPEHUS PAOUOAKMUBHOCHU

YyBCTBUTENbHBIE IEMEHTHI (MX HA3bIBAIOT TAK)KE JAETEKTOpaMM) CIIy)KaT AJIs oIpeje-
JICHUS. UHTEHCUBHOCTH U HEPTETHYECKOr0 CHEKTpPa SACPHBIX M3IYyYeHUH MyTeM Npeodpa3o-
BaHUs DHEPIUM PaAMOAKTHBHOTO M3JIY4YEHHs B JJIEKTPHUYECKYIO dHepruwo. B anmaparype mis
ANEPHO-TEO(U3NIECKUX MCCICIOBAHUN B KAUECTBE UYBCTBUTENIBHBIX IEMEHTOB UCHOJB3YIOT
MOHU3ALMOHHBIE KaMephl, cueTyukH ['eiirepa — Mrouiepa, oaylnpOBOAHUKOBBIE IETEKTOPHI,
CHMHTWUISIMOHHBIE CUETUUKHU, TEPMOIIOMUHECIIEHTHBIE KpHcTalIbl (puc.5.1).

Puc.5.1 Cxembl 4yBCTBUTEIBHBIX JIEMEHTOB (JIETEKTOPOB) JJIsl MPUOOPOB, UCIOIB3YyEMBIX TIPU
A1epHO-Te0(pU3NIECKUX HAOIIOICHUSIX,

1— noHM3anMOHHAA Kamepa; 2 — cueTuuk [elrepa — Mirojuiepa; 3 — MHOJYNPOBOJHUKOBBIA KpH-

cTauT; 4 — CHMHTWIISIMOHHBIN CYETYHK; 5 — TEPMOIIOMHUHECIICHTHBIN KpucTamt, CLl— cruuHTHIIIA-

Top; POY — HOTOINEKTPOHHBIN YMHOKHUTENb

1. B uonuszayuonnoit kamepe Haxonarcs ra3 U 1Ba 3JIEKTPOJa, K KOTOPHIM MOJBOJAAT
HaIpsKEHNUE B HECKOJIBKO cOTeH BouIbT. [loxa neiictBueM anbga-, 6eTa-imydell wiu BTOPUYHBIX
3apPsKCHHBIX YaCTHUIL, BOSHUKAIONIUX IIPH IMOTJIOMICHUN HeﬁTpOHOB, ra3 HOHU3UPYCTCA, a CBO-
OO/IHbIE AIIEKTPOHBI M MOHBI JBMXKYTCA K JIEKTpoAaM. B pe3ynbTare B iU BO3HUKAET TOK.
I/ISMCPSISI €T0 WK PA3HOCTh MOTCHIUAIOB, MOXXHO OHNPCACINTb MHTCHCUBHOCTD HBHY‘IGHHfl,
BBI3BIBAIOLINX HOHU3ALMIO.

2. B cuemuuxax I'eiizepa-Mrwnnepa, Ha3pIBaeMbIX TaK)Ke Ta30pa3psIHBIMU, B OaJTTOHE
M0J1 TIOHVYKEHHBIM JIaBIICHUEM HAXOJSATCS MHEPTHBINA T'a3 U JBa AJCKTPOA MO BHICOKHM Ha-
npsokeHueM (1o 1000 B). Ilpu mosiBneHun xotsi Ob1 OTHOM Tapbhl HOHOB BO3HUKACT KPaTKUM
paspsaa. [lpu oOnydennn OanioHa ramMMa-KBaHTAMHU BO3HUKAIOT BTOPUYHBIC 3apsKCHHBIE
YacTULIBI (MOHBI U AJIEKTPOHBI), 1 B HEM HAOJIOJIaeTCsl cUCTEMa pa3psoB B BUAEC UMITYJIbCOB
TOKa, KOTOPBIE MOXKHO 3a()UKCUPOBATH.

3. Ilonynpoeoonukoewlii 0emeKknop — TBEPIOTEIbHBIN aHAJIOT HOHU3AIMOHHON Kame-
pbl. MoHM3MpYIONUE YacTUIBI, BOSHUKAIOIINE MPU OOTYyYCHUHU JETEKTOpa, CO3/IAI0OT B TONY-
IIPOBOJHUKE AJIEKTPOHHO-ABIPOYHBIE MIAPBL, YTO IIPU BO3AECUCTBUU IEKTPUUECKOrO HaIpsiKe-
HUS IPUBOJUT K BOBHUKHOBEHHUIO TOKA.
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4. CyuHMUNNAYUOHHBLI CYemYUK COCTOUT U3 CIMHTHIUIATOPA WK JtoMuHOpOopa (He-
OpPraHUYeCKHEe WM OPraHWYECKHE KPHUCTAJUIBL, KHUJKHAE U Ta3000pa3Hble CUUHTHIUIATOPHI),
CIIOCOOHOTO TOJT IeHCTBHEM MOHU3AIMY BBI3BIBATh BCIIBIMIKM cBeTa. KBaHTHI cBeTa, momanas
Ha (oToKaTo POTOYMHOXKUTEINS, BHIOMBAIOT U3 HETO JEKTPOHBI. 3a CUET BTOPUYHON SMUC-
CHM M HAINYHSA PAAA AJIEKTPOJOB, HAXOAALIMXCS MOJ BCe OOJIBIINM HAampsOHKEHHEM, B (GOTO-
YMHOKUTEJIE BO3HUKAET JJABHHOOOPA3HO YBEJIMUMBAIOIIUIICS TOTOK 3JIEKTPOHOB. B pesynbra-
T€ Ha aHOJIe cOOUpaeTcs B 10°—10% pa3 OoJbIIe SJIEKTPOHOB, YeM OBLIIO BHIOMTO U3 (OTOKA-
TOJIa, a B IIETIM BO3HUKAET HJICKTPUUYECCKHI TOK.

5. Tepmoniomunecuenmnutii Kpucmann (Hanpumep, LiF) oGmamaer crnocoOHOCTBIO
o/ ICCTBUEM HMOHHU3AIMU CO37]aBaTh CBOOOIHBIC JIEKTPOHBI, KOTOPhIC HAKAILIMBAIOTCS 3a
cdeT AeEeKTOB KPUCTAUIMIECKON PEIICTKH KPUCTallla M MOTYT JIOJNTO XpaHuThes. Eciu Ha-
IPeTh TaKOW KPUCTAILI mepes; POTOyMHOKUTEEM, TO OH Oy/IEeT UCITYCKATh CBET, MPOTIOPIIHO-
HAJIbHBIA IPUHATON paHee 03¢ 00TydeHusI.

5.2.2  IIpubopel 01 adepHo-zeousuueckux uccied08anuil

Obwaa xapakmepucmuxa. B paguoMeTprUuecKux Mpudopax KpoMe YyBCTBUTEIbHBIX
JJIEMEHTOB MUMEIOTCS YCUIIUTENN, MHAUKATOPBI (U1 BU3YaJbHOTO OTCYETA), PETUCTPATOPHI
(mmst aBTOMAaTUYECKOM 3alyCcH) MHTEHCUBHOCTH JIHOO €CTECTBEHHOTO raMMa-H3JIy4deHUS |y,
100 KOHIEHTPAIMH YMaHaIHil PasoHa, TMO0 MCKYCCTBEHHO BBI3BAHHBIX M3MydeHni |, ,, Inn,
l,, ,. Jlna ompeneneHuss SHEPTETUYECKOTO CNEKTpa M3TyYeHHH B NPHOOpAX YCTAaHABIMBAIOT
AUCKPUMUHATOPBI U aMIUTUTYAHBIC aHAJIN3aTOPLI. C ux MOMOIIBIO BBIACIAIOT UMITYJIbCEI, CO-
OTBETCTBYIOLIUE OMPEICICHHOMY JAWANa3oHy SHEPruid MOHU3UPYIOIIMX u3ydeHuiu. [lanee
CUTHAJIBI MMOAA0TCA B HOPMAJIU3aTOPLbI, KOTOPLIC CO3Jat0T UMITYJIbChI onpe,ueneHHoﬁ aMIJIn-
TyZbl U GOPMBI AJIS1 UX U3MEPEHUS WIN PETUCTPALIUU.

A3po- u aemopaouomemput. J1jis BO3AYNTHON W aBTOMOOMJIBHOM TamMMa-ChbeMOK HC-
MOJIB3YIOT PA3IIUYHBIE adPO- U ABTOPAJAUOMETPHI, OTIHYAIOIIUECS OBICTPOJACHCTBHEM, T.€. Ma-
noit mHepruoHHOCThIO (MI'C-48M2, AT'C-71C u np.). OHM cocToAT W3 Habopa CIMHTHII-
TSAOHHBIX CUETYMKOB, & TAK)KE OJIOKOB: YCHIIMTEIHHOTO, PETUCTPUPYIOIIETO, MuTanus. Ha-
00p CUMHTHJUISLMOHHBIX CYETYHMKOB CIY>KUT JIJISl TIOBBIIIEHUS] YyBCTBUTEIBHOCTH MPU H3Me-
pEHUMN PAAMOAKTUBHOCTH. B yCHIUTENBHO-PErUCTPUPYIONINX OJIOKaX CMOHTHPOBAHBI KaHA-
JIBl, COCTOAIIME W3 yCUJIUTENEeH, JUCKPUMHHATOPOB, HOPMAaJU3aTOPOB, PETUCTPHUPYIOIIUX
ycrpoiicTB. OHM TpeHa3HAYCHBI [T ONPEACIICHUS] TaMMa-aKTUBHOCTH, Pa3HBIX dHEPreTHye-
CKHX CIIEKTPOB H3JIy4€HHUs, T.€. SIBIAIOTCS ramma-criekrpomerpamu. I[lutanue npubopos
OCYIIECTBIISIETCS OT OOPTOBOI ceTh camolieTa (BepTOJeTa) WK aKKyMYJISITOPOB aBTOMOOKIIS.

Iloneswvie paouomempot. JIns HazeMHOU (TIEMIEXOAHOW) raMMa-ChbEMKHU HCIIOIB3YIOT
paszHoro poxa mnojeBbie paguoMerpsl (CPII-68 u 1p.) co CTpeToOYHBIM MHAUKATOPOM Ha BBI-
X0nac. KpOMC TOro, ¢ NOMOIIBIO HAYITHHKOB MOXHO OCYHICCTBJIATH 3BYKOBYIO WHIAWKAIIUIO
UMIynbCcoB. KOHCTPYKTUBHO MPUOOP COCTOUT M3 BBIHOCHOTO 30HJA, MYJbTa YIPAaBICHUS U
MUTAaHUS OT CyXMX aHOJHBIX OaTapeil.

Jnist TOoro 4ToObl MO MIKajIe U3MEPUTEIFHOIO0 MHUKPOAMIIEPMETPa MOXKHO OBLIO Orpese-
T MHTEHCHBHOCTh TaMMa-u3nyderus |,, paamomerpsl rpamyupyior. C 3Toi Hembio Hc-
MOJIB3YIOT 00Pa3LOBBIN M3IydaTeNb paaus, IOMEIIAeMbIi B KOJUTUMATOP I CO3AaHUS Y3KO-
ro My4Ka raMMa-u31y4eHusl.

Jlns onpeieneHusl SJHEPreTUIECKOro CIEKTpa paAuoaKTUBHBIX U3IY4EHUH HCHOJIB3YIOT
nosieBble ramma-crekrpomerpsl (CII-4 u ap.). B aTux nmpubopax KpoMe CUMHTHIUISLIMOHHBIX
CUETUYUKOB UMEIOTCA TUCKPUMUHATOPBI, C MOMOIIBIO KOTOPBIX ONpPEEIIIOT HHTEHCUBHOCTH
raMma-iay4eil pa3HOro 3HEpreTUUECKOTr0 YPOBHSI.

Imanomemp. JIns u3yueHuss KOHIEHTPALMHU PaJOHA B IOATIOYBEHHOM BO3yX€E MCIIONb-
3y10T 3MaHoMeTpbl. CepuiiHO M3TOTaBIMBAaEMbIi dMaHOMETp (Tuma «PamoH» U Jp.) COCTOUT
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U3 CUMHTHUIIMOHHOTO CUETYMKA anb(a-4acTHIl, a TakKe Hacoca ¥ Habopa 30HIIOB, C TIOMO-
IIbI0 KOTOPBIX BeJeTCs OTOOp MOAMOYBEHHOTO BO3/1yXa ¢ rryouHsl 10 1 M. UeM Oosblie KOH-
[IEHTpAaIMs paJioHa B HeM, TeM OoJiblie anbda-dyactuil pukcupyet cuetyuk. [Ipubop nuraercs
0T CyxuX aHOJHBIX OaTapeil. lllkamy nmpubopa rpaayupyroT ¢ HTOMOIIBIO CHEIMATIbHBIX 3TaJIO-
HOB, XapaKTePH3YIOLIMX KOHIICHTPAIIUIO PaI0Ha B MOAMOYBeHHOM Bo3ayxe Cs.

5.3 Mertoauka Ha(JI0AeHHH, MPUHIUNBI 00pPadOTKM M
00Ji1acTH NpUMEHeHHUs] PAUOMETPUUYECKHUX U S/IEPHO-
(usnyecknx MeToa0B.

MeTtoas! sanepHoi reou3uKy, pemias 3a1a4u SKCIPECCHOT0 T€OXUMHUYECKOTO aHalIn3a
TOPHBIX MOPOJ] MHCTPYMEHTAIBHBIMU (PU3NYECKUMHU CIIOCO0aMHM, OTIIMYAIOTCS MHOT000pa3u-
eM 1 OypHO pa3BHuBarOTCs. PaccMOTpUM JHILIb OCHOBHBIE U3 HUX.

5.31  Paouomempuueckue memoonl pazeeoxu

Pagnomerpuueckne MeTolpl pa3BeaKu (paguoMETpHsl) — 3TO METOAbl MOUCKOB, pas-
BEJIKU PaIMOaKTUBHBIX Py, UX PAAHOMETPUUYECKOTO ONMPOOOBAHUS, a TAK)KE PEIICHUS APYTUX
KapTUPOBOYHO-IIOMCKOBBIX 33/1a4, OCHOBAHHBIE HA M3YyYEHHHM €CTECTBEHHON paJOaKTHBHO-
CTH PYI ¥ TOPHBIX OPOJ.

Oowaa xapaxmepucmuka paouomempuu. BO3MOXHOCTh PaJMOAKTUBHON pPa3BEeAKU
00ycCJIOBJIeHa, C OJHOM CTOPOHBI, Pa3HON PaJUOAKTUBHOCTHIO PYyJ U IMOPOJ, a C IPYroil —
MUTpaeN paIMOAKTUBHBIX JIEMEHTOB M MPOAYKTOB paclaia ¢ MOMOIIBIO TOA3EMHBIX BOJ U
MOJIOYBEHHOTO BO3/1yXa. Tak Kak rIyOMHHOCTh paJuoMeTpuu HeBenuka (10 1 M), 00beKToM
ITOMCKOB Yalle SBJIAIOTCS OPEOJIbl PACCESIHUS PAAMOAKTUBHBIX 3JIEMEHTOB. M3 Bcex BUIOB pa-
JTUOAKTUBHBIX HW3ITy4YeHUN HAWOOJbIICH MPOHMUKAIOMIEH CIOCOOHOCTHIO OOJAZAar0T TraMma-
KBaHTBI, [IO3TOMY B PaJIMOMETPUU NPUMEHEHUE HAIUIM B OCHOBHOM METOJbl FaMMa-ChEMKH.
OTH METOABl U3Yy4YaloT MHTEHCHUBHOCTb €CTECTBEHHOIO raMMa-H3JIy4E€HHs, a yallle — €ro
CIIEKTPaIbHbBIA SHEPIETUYECKUN COCTaB.

D¢ dexTHBHOCTS 0OHAPYKEHUS PaJUOAKTHBHBIX Py C TIOMOIIBIO TaMMa-CheMKH 3aBH-
CHT He TOJIBKO OT HHTEHCHBHOCTH raMMa-u3Ty4eHus |, pasBeqpIBaeMBIX Py, HO U OT YPOBHS
HopmanbHoro dona |, OH 00ycnoBIeH HaTypanbHBIM (HOHOM PAJMOAKTUBHOCTH TIEPEKPHI-
BAIOIIUX PYAHOE TENO HOPOA |4, M OCTATOYHBIM (POHOM 32 CUET KOCMHUYECKOTO M3JTyUEeHHUS U

«3arpA3HEHHOCTI» TIPHO0PA oo, T.€. g = gy + loem - Cpemunit HopmaneHslii Gon omperne-
JISFOT Ha 3aBeJIOMO 0€3aHOMAJIBHBIX y4aCTKaXx:

I,= ild /N,

rze |,y | — MHTCHCUBHOCTH TaMMa-U3JTydeHHs B 1000 i-if Touke n3 Bcex N TOUEK, HPHHS-
TBIX IS pacyera HOPMAIbHOrO (OHAa. AHOMaNIMSIMH B pe3ylbTaTe TaMMa-ChbeMKH
(Al,;=1,;-1,4) cuntaror 3Hayenus, B 3 paza u Oosee MPEBHINAIONINE CPENHEE KBaApaTHUE-
CKOE OTKJIOHEHHE OT HOPMAIIbHOTO (hOHa:

o, = J % (r,, -1, /(v-1),

U BBISIBJICHHBIE 00JIee 4eM Ha TPeX TOYKax (IIPaBHIIO «TPEX CHTM M TPEX TOUCK»).

[Tpr MCHoONIB30BaHUM T'aMMa-ChEMKHU Uil KapTHPOBAHUS W3 HAOJIOJCHHBIX (POHOBBIX
3HAYEHMH |5 j BEIIUTAIOT OCTATOUHBIH (QOH |,0cp, T.C.

Alyizlyi' IHdJ_ Iocm
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OcTtarouHblii (GOH OMPEENAIOT MO JaHHBIM raMMa-Chb€MOK Ha y4acTKax, TJe pacroio-
KEHBI 3aBEIOMO HEPAJMOAKTHUBHBIC TOPOJbI (M3BECTHSIKM, KBAPIEBBIC MECKH), WM Ha TIO-
BEPXHOCTH aKBAaTOPUH peK U 03ep.

K meronam paguoMeTpuu OTHOCSTCSA BO3IYIIHAs, aBTOMOOMIIbHAS, MENIeXOaHasl, IIy-
OMHHAs raMMa-ChbeMKH, PaJUOMETPUYECKUN aHalu3 NpoO0 TOPHBIX MOPOA, SMaHALMOHHAS
ChEMKa, a TAK)Ke€ METOJbl OMpPOOOBaHMSA, IIPEJHA3HAUCHHBIE JJISl OLIEHKHU KOHIEHTpAlUuu pa-
JMOAKTUBHBIX 3JIEMEHTOB B OOHAKCHHSX M TOPHBIX BhIpaboTKax. B rOpHBIX BBIpabOTKaX HU3y-
YaroT TAK)KE KECTKYIO KOMIIOHEHTY KOCMUYECKOTO U3JIy4EHUSI.

A3pozamma-cvemka — OJUH U3 Haubosee ObICTPBHIX U SKOHOMUYHBIX METOIOB Pajno-
METpPHH, TPUMEHSETCS OOBIYHO B KOMIUIEKCE C MarHUTOPAa3BEIKOM, a MHOT/Ia U 3JIEKTPOpas3-
BEJIKOM NIl OLIEHKU MEPCIIeKTUBHOCTU MOUCKOB PaJIMOAaKTUBHBIX pyA. s paboT ucnonb3y-
10T KOMIUIEKCHBIe adporeodusnueckne cranuuu (AI'C-48M2, AT'C-71C, «CKAT» u np.), B
KOTOPBIX UMEETCS a3poraMMa-CreKTpOMETp AJIs U3MEPEHHs] MHTEHCUBHOCTU U3JyUYEHHS pa3-
HBIX 3Hepruit (cm. m.5.1).

MeTtonuka asporaMma-CbeMKH CBOAMTCS K HENPEPBIBHON pErHCTpaliil MHTEHCUBHOCTH
€CTECTBEHHOI0 TaMMa-u31Ty4eHHus |, pasHeIx sHepruii. PaboTsl IpoBoAT 1HO0 MO OTAENBHBIM
Mapliipyram, J100 Mo cucTeMe NnapajuiebHbIX MapIIPyTOB, PABHOMEPHO MOKPHIBAIOIINX pa3-
BeJbpIBacMYy!o Iuiomaas. Jnnna mapupyros 10 30 kM. PaccTosHue mexay mapiipyraMu pu
IJI0MmaaHoi cheMke u3Mensiercss oT 100 1o 250 M, 4TO COOTBETCTBYET MaciTabaMm ChEMKH
1:10000 u 1:25000. Ckopocts mosnera cranuuu 100— 200 km/4, BeicoTa nonera h or 25 m B
YCIIOBHUSIX POBHOTO pelibeda B XOpOoIei moroasl A0 75 M npu pabdoTax B TOPUCTOM MECTHO-
cTH. YeM MeHblIe BbICOTA, TEM BBILLIE YYBCTBUTEIBLHOCTh U BO3MOKHOCTD BBISIBJICHHUS aHOMa-
JIM{ MEHbIIEN MHTEHCUBHOCTH. OHAKO ¢ YMEHBIIEHHEM BBICOTHI M0JI€TA YMEHBIIIAETCS 30HA
neiicTBUs TpUOOPOB, T.€. NIMPUHA pa3BEAbIBAEMOM MOJIOCH 3eMHOI OBEPXHOCTH (OHA OOBIY-
Ho m3mensiercs ot 2h 1o 4 h). Kpome HempepsiBHOi pernctpauuu |, p 1 BeayT aBTOMaTnde-
CKYIO 3aIIMCh BBICOTBI ITOJIETA CTAHLIUH.

[IpuBsi3Ky MapuIpyTOB MPOBOAUT IITYpMaH 10 OPUEHTHPAM WM PaJlOHABUTALlMOHHbI-
Mu crocobamu. IIMpoko HCTONB3YIOT a’3pO(OTOCHEMKY Ha BBISBICHHBIX MEPCIEKTUBHBIX
yuactkax. Hax anoMmanusmu 3amaroTcs Jeranu3anroHHble MapmpyTel. Jlo 5 % MapoipyToB
TOBTOPAIOT JJI1 OMPCACIICHUA IMOTPCITHOCTHU ChbCMKHMU.

Perucrtpupyemoe ramma-nosne 3aBUCUT OT KOHIEHTpAIMH, COCTaBa pPaJuOaKTUBHBIX
3JIEMEHTOB, Pa3MEPOB PYIHBIX TeJ, MOIIIHOCTH HAHOCOB M BHICOTHI MoJiera. [l y4yera BbICO-
THI TIOJIETA C MOMOIIBIO CHENUABHEIX TONPABOYHBIX KO3 (uIMeHToB |, 1; mepecunTsIBaroT
Ha ypoBeHb 3eMHOH nosepxHoctH |,. Hampumep, npu BeicoTe monera 100 M HHTEHCUBHOCTS
MPUMEPHO B 2 pa3a MEHbIIE, YEM Ha MOBEPXHOCTH 3eMiIu. B COBpeMEHHBIX a’poramma-
CIIEKTPOMETPaX UMEETCs OJIOK JJIsi aBTOMAaTUYECKOTO MPUBEICHUS BBICOT. Jlanee BBIUYUCISIOT
aHOMAJIMM MHTEHCHBHOCTH TaMMa-u3inydenus Al, 3a cyer KOpeHHBIX TOPOJ M HAHOCOB Kak
pasHocTs Mexy |, n octarounsiM GoroM |y, T.€. A1, = 1, - |, OcTaToUHBIA GoH M3MEPS-
0T TIPH TOJIETaX CTAHIIMK HaJ BOJHBIMU OacceiiHamu win Ha BeicoTe 600—700 M. B coBpe-
MEHHBIX CTAHIHIX (JOH KOMIIEHCUPYETCS aBTOMAaTUYECCKHU.

B pesynbrate a’sporaMma-crieKTpOMETPUYECKOH CHEMKH PACCUMTHIBAIOT AHOMAIUU
Pa3HBIX SHEPTHil, MO3BOJSIONINE BBIICINTh YPAHOBYIO, TOPUEBYIO U KaJHEBYIO COCTABIISIO-
IMe PagroaKTHBHOTO 1mois. HanbGonpmmmy 3HaUYCHUSAMHU SHEPTHHM TaMMa-H3IydeHUs] OTIIH-
Yal0TCs 3JIEMEHTHI TOPUEBOTO PsAJla, MEHBIIUMH — YPAaHOBOTO, €Ill¢ MEHBIINMHU — KaJIHeBO-
ro. J{yis moBbIICHNS HA/IE)KHOCTH BBIACTICHUS aHOMAJIMK MCIIONB3YIOT CTATUCTUYECKUE TIpHe-
MBI 00paboTku ¢ npusiedenneM DBM. Jlanee ctposT kapTsl rpadukos, a unoraa xapte! A1, .

AsporaMMma-cheMKa — 3TO MOUCKOBasi ChEMKA, KOTOpas CIYXHUT JUIsl BBISBICHUS IO
AHOMAJIMSIM KPYITHBIX PAJMOAKTUBHBIX PYAHBIX Tell. PagmomeTpuyeckue aHOMAJIUM MPOBE-
PAIOT HAa3eMHOW raMMa-CheMKOH, MOCcIie Yero AENalT 3aKIYeHHEe 00 UX TeOJOrHYecKOin
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npupone. [lockonbky ramMmma-KBaHTBHI HOTJIOMIAIOTCS CIOEM IMEPEKPHIBAIOIINX MOPOJa B He-
CKOJIBKO METPOB, TO MPAKTUYECKHU MPHU BO3AYIIHOU ChbEMKE U3yUalOT PAJMOAKTUBHOCTH HAHO-
COB, KOTOpbIE OJlarofaps MUTPALUM 3JE€MEHTOB U ASMaHallMil caMHM CTaHOBSTCS PaJUOaKTUB-
HBIMH.

Aemozamma-cvemKka — CKOPOCTHAs Ha3eMHAasl raMMa-ChbeMKa, BBITIOJIHSEMas aBTOMa-
TUYECKH BO BpeMsl JBIKEHHUS aBTOMOOWIs. PabGoThl MpoOBOAST C MOMOIIbIO aBTOraMMa-
crektpoMetpoB (AI'C-3, AI'C-4). YyBCTBUTENBHOCTh aBTOTaMMa-Ch€MKH 3HAYUTEIBHO
BBIIIIE, YEM Y a’pOraMMa-CheMKH, Oaronapsi MpuOIMKEHUIO CTAHIIMU K 0OBEKTY HCCieloBa-
Hug. C ee MOMOIIbIO MPOBOJAAT KaK JETAIM3AIMI0 a3poraMMa-aHOMallui, Tak U UX MepBUY-
HBII TIOHCK.

Mertoauka aBToraMmMa-CbeMKH CBOAUTCSA K NPOQMIBHBIM U MJIOLIAIHBIM HAOIIOJCHUAM
Ha Yy4YacTKaxX, JOCTYIHBIX AJI1 aBTOMAIMH BBICOKOM NPOXOAMMOCTH. PaccrosHue mexny
npoGWIAMHU 3aBHCUT OT BO3MOYKHOCTH IIpO€3Jja MallluH, MaciuTada, ChbeMKH, Ipeiroarae-
MBIX Pa3MEpOB Pa3BeIbIBAEMBIX OOBEKTOB. MacmTaObl MJIOMIATHONW aBTOraMMa-CheMKH W3-
MensroTest oT 1:2000 mo 1:10000 mpu paccTosTHUU MEXKIy MPOGUISIMHA COOTBETCTBEHHO OT 20
10 100 m. CkopocTb cbeMkH — 3-15 km/4. PaGoThl MOKHO BBINOJIHATH NPH pa3HOU BBICOTE
MOJHATUSA KAaCCEThI C YyBCTBUTEIBHBIM JJIEMEHTOM HAJl 3€MHOM NMOBEPXHOCTBIO. C BBICOKO
MIOAHATOM KacCETOW yBEIMYMBACTCS IIMPHUHA 30HBI PA3BEIKH, C HU3KO PACIIOIOKECHHOU —
BO3PACTalOT MHTEHCUBHOCTb IOJIS M JI€TAbHOCTh pa3Belnku. IIpodunu HabmoneHuit npuss-
3bIBAlOT BU3YaJbHO, [0 OPUEHTHPAM M KapTe, a TAKK€ C MOMOUIbIO CHEIUAIBHBIX KypCO-
IIPOKJIAYHUKOB.

Pe3ynbrarhl aBTOraMMa-che€MKH MPEJICTABISIIOT B BHJIE JICHT aHAJIOTOBOM perucrpaiuu
Al, =1, = l,e (C aBBTOMATHYECKUM YYETOM OCTATOUHOTO (hOHA) JUIS PasHBIX SHEPIHil TaMMa-
I/I3J'Iy[IeHI/II7L BriaBnenHbsle aHoManbHBIE YYaCTKHU 3aKPCIUIAOT Ha MCCTHOCTH, KIIPUBA3BIBAIOT»
MHCTPYMEHTAJIBHBIM CIIOCOOOM U MPOBEPSAIOT TOYCUHBIMH HAOJIOICHUSIMU [P OCTAHOBKE Ha
HCCKOJIbKO MUHYT aBTOMAIIWHBI U 3aMCPOB MHTCHCUBHOCTU U3JIYUCHUS, a TAKKC HA3CMHBIMU
ramma-creKTpoMeTpuiueckiuMu cbeMkamiu. [lociae nepBuuHoil 00paboTKK MaTepHanoB CTPOST
kapTel rpadukos u kapTel Al,. Ha HEX, HOIB3YACH MPABUIOM «TPEX CHIM M TPEX TOYEK),
BU3yaJIbHO (MU ¢ oMotisio OBM) BeisBisitor anomaimu. CpaBHUBAS WX C T€OJIOTHICCKUMHA
KapTaMu U Jpyroil mHQpoOpmanueil, OleHUBalOT MEPCIEeKTUBHOCTh HAa pPaJMOAKTHBHBIC 3J€-
MEHTBHI.

Ilewexoonaa (nazemnasn) camma-cbemMKa — OJIMH U3 OCHOBHBIX MOMCKOBBIX M pa3Be-
JIOYHBIX METOJIOB PAIMOMETPUIECKUX HCCIeN0BaHU. Ee MPOBOMAT ¢ MOMOIIBIO MOJIEBBIX pa-
nuomeTpoB U ciekTpomeTpoB (CPII-68, CII-4) (cm. 11.5.2). PanuoMeTpsl Wiu CIEKTPOMETPHI
C TOMOIIBI0 CTAaHAAPTHBIX 0Opa3loB (ITAJTOHOB) TAaMMa-U3ITyUYEHUs] TIEPUOJIUYECKU TPaayH-
pPYIOT. DTO HEOOXOAUMO JUIsl OMpENETeHHs LEHbl JEJIeHUs KAl WHTErpalbHOM WIH CHEK-
TPaIbHOH pagroakTUBHOCTH. [0 TaHHBIM TpayHPOBKHA MOKHO OIMpPEAEISATh MOITHOCTH JKC-
MO3UIIMOHHON J103bI TaMMa-u3aydeHus (B MA/kr wiu MkP/4, 1 MmxP/4 = 0,0717 mA/kr). Peko-
MEHIYETCSl €KETHEBHO MPOBEPATH PEXKUM PabOTHI MPUOOpa C MOMOIIBI0 MAllbIX KOHTPOIIb-
HBIX TOPUEBBIX WM PAIUEBbIX UCTOYHUKOB.

PagmoMerpuueckue CheMKH OBIBAIOT KaK CaMOCTOSITENbHBIMH, BBINOIHSIEMBIMU IPU
TUTONIAIHBIX HccnenoBanusax Macmraba 1 : 10000 u kpymHee (IpH pacCTOSHUSIX MEXITY TIPO-
¢unsimu Mesbiie 100 M), Tak ¥ TOMYTHBIMHU, MPOBOJUMBIMH COBMECTHO C MapIIPYTHBIMU
reoJIOTMYecKMMHU cheMKamu B Maciiradax 1:25000 — 1 : 50 000. IIpu nmomyTHBIX ¥ TOUCKO-
BbIX paboTax TWjIb3y BEIHOCHOTO 30H/A MOJEBOTO paJuoMeTpa pacioaratoT Ha Bbicote 10—
20 cM OT IOBEPXHOCTH ¥ OTEPATOP B IBHIKEHUM «IIPOCIYIIUBACT» PAAHMOAKTUBHBINA (OH MO-
POJI B IOJIOCE HECKOJILKUX METPOB I10 HaIpaBjeHUIO IBkeHus. Uepes kaxapie 5—50 M (mar
CHEMKH) WM MIPH AHOMAJIHHOM TMOBBIIIEHUH ()OHA THIIB3Y C JIETEKTOPOM OITYCKAIOT HA 3EMITIO
Ha 0,5—1 MUH ¥ IO CTpEIOYHOMY NMPUOOPY CHUMAIOT CPEIHUN OTCUET HHTEHCUBHOCTH TTOJISL.
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e MOMYTHBIX M TIOUCKOBBIX TaMMa-CheMOK—BBISIBIICHUE PYIHBIX IMOJICH U MECTOPO-
KICHUN. AHOMaJbHBIC YYaCTKH OOCIIEOYIOT NETalbHBIMH raMMa-CheéMKaMH B MaciiTabax
kpynHee 1:10000 (mo 1:1000) pu ryctote cetu okosio 100x10 M (mo 10x1 m).. B pesynbrarte
BBIABJIAIIOT OTACJIBHBIC PYAHBIC TCJIa U OLUCHUBAIOT NPOMBIIIIJICHHYIO IICPCIICKTUBHOCTD.
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B pesynbrare Ha3eMHOI raMMa-ChbeMKH CTPOSIT TpaduKu, KapThl TpaduKOB U KapThl UH-
TencusHOCTH Al, , SxBUBaneHTHBIE raMma-akTuBHOCTH mopox Al, = |, — 1,4 (uHTErpansHoi
WM crekTpanbHbIM). O0paboTKa JaHHBIX CHEKTPOMETPHUUECKON raMma-CheMKU CBOJTUTCS K
BBIYHCIICHHIO KOHIEHTPALHii ypaHa Oy , TOpHs Oy B Kamus “°K [0 CKOPOCTSIM cdeTa |, na
pasHbIx 3Heprusx. Ha puc.5.2 npuBenen npumep o6pabOTKH pe3yabTaTOB CIEKTPOMETpHUYC-
CKOM raMMa-cheMKH B Boctounoit Cubupu, B pe3ynbTaTe KOTOPOH YAajJoCh BBISBUTH B I'pa-
HUTaX TAaHTAJIOHMOOMEBYIO MUHEpalln3aluio. Tak Kak B CpeHEM TNTyOMHHOCTD IMENIeX0AHON
raMMma-CheMKHU He MPeBBIIaeT 1 M, JAJIs MOBBIIIEHUS TITyOUHHOCTH HU3y4eHUS TIEPCIIEKTHBHBIX
Ha paJIMOaKTUBHBIE PY/Abl YYaCTKOB MPOBOJAT MNIYOMHHYIO FraMMa-CheMKY, IIPH KOTOPOM raM-
Ma-H3JIydyeHHe MOpoJI ONpeNeNdioT B mmypax (Oypkax) riyouHoi 10 1 M, a MHOTJa B CKBa-
KUHAX TIyOmHON 1o 25 m. M3mMepeHus mpoBOIAT WIM TENIEXOTHBIMHU, U CKBOKHHHBIMH
pagroMeTpaMu.

Paouomempuueckuii ananuz npod 20pHbIX NOPOO U CHIEHOK 20PHBIX 6bIPAOOMOK
CITY’)KUT JIJISl OIIGHKH COJICP’KaHUS B HUX ypaHa, paJus, TOPUS U APYTrUX PaJHOAKTHBHBIX 3JIe-
MEHTOB. Yaie Bcero n3ydaroT MopoukooopaszHble MpoObl U3 UCTOIYEHHBIX 00pa3IoB MOPOI.
bera- 1 raMMa-akTHBHOCTh OJMHAKOBBIX 00BEMOB MPOOKI W 3Tajl0OHAa (HANpUMEp, YpaHOBas
c1ab0paauoaKTUBHAS Py/a) U3MEPSIOT C MIOMOIIBIO J1t000ro paanomerpa. CpaBHUBAs WHTEH-
CHUBHOCTH U3JIYYCHHUH M0 TPUOOpaM M 3Hasi COJCpKaHNE PAIMOAKTHBHOTO AJIEMEHTA B ATAJIO-
HE, MO’)KHO OLIEHUTH SKBHBAJCHTHOE COAEP)KAHUE 3THUX DJIEMEHTOB B MPOOE FOPHBIX MOPOI.
PaznenbHoe comepkanue B 00pasiax mopoJ| ypaHa, TOpHsl, KaJIUs MOKET OBITh OMPEIEIICHO C
MIOMOIIIBIO0 TAMMAa-CIIEKTPOMETPUUECKOTO aHAIH3A.

C nomomiplo CHEeUMaIbHBIX WM IOJIEBBIX PAJMOMETPOB MOXKHO HU3MEpSATh ramma-
U3Iy4eHHE CTEHOK TOpHBIX BBIPA0OTOK B pyAHMKax, KaHaBax, mrypdax. IlogoOHbIi ramma
skcnpecc-aHanu3 ([DA) mUPOKO NPUMEHSIOT MPHU pa3BelKe U pa3paboTKe MECTOPOKICHUN
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PaIMOAKTUBHBIX Py, H3YYCHUH KOHIICHTPATOB HAa 000OTaTHTENbHBIX (pabpukax (B TOM yucie
Ha KOHBEHEPHOI1 JIEHTE, B BATOHETKAX U T. II.).

3aoauu, pewaemole camma-cvemkoi. I'aMMa- U CIIEKTPOMETPUUECKHE TaMMa-ChbEMKHU
UCTIONIB3YIOT HE TOJBKO /ISl HOMCKOB M Pa3BEAKH PAAMOAKTUBHBIX Py, HO U HEPaIUOAKTHB-
HBIX IMOJIC3HBIX HMCKOMACMbIX, MAPArCHCTUYCCKU WU MPOCTPAHCTBCHHO CBA3aHHBLIX C HUMMU.
Hampumep, K MECTOPOXXKICHUSAM PEIKO3EMENIBHBIX 3JIEMEHTOB, OOKCHTA, OJIOBA, OEpPHILINS
NPUYPOUYEHO TIOBBIIICHHOE COJAEP)KaHUE TOpHUS; K MECTOPOXKICHUSM HHOOMS, TaHTaia,
BOJb()pama, MoIHOAEHa — ypaHa; K HEKOTOPBIM MOJIMMETAIUTNIECKIM MECTOPOXKICHUSIM —
KaJIusl.

B xomriekce ¢ Apyrumu reo(pu3nYeCKMMU METOJAaMH IaMMa-ChbeMKY MOXKHO IpUMe-
HSATH JUIsl IOUCKOB TBEP/IBIX MOJIE3HBIX HCKOMAEMbIX, OCOOEHHO TEX, B KOTOPHIX aKI[€CCOPHBI-
MU MUHEpaJlaMyd MOTYT OBITh paJMOAKTHBHBIEC, & TAKXKE JJIs MOMCKOB HEepTH U raza. 'amma-
CHEMKY MOYKHO HMCIIOJIb30BaTh JJIsl pElICHUs 3aad reoJIoTHYecKoro KapTupoBanus. Benencr-
BHUE PA3JIMYHON €CTECTBEHHOM PaJUOAKTUBHOCTH, & TAKXKE IOIVIOLIAIOIIEH U SMaHUPYIOLIECH
CITOCOOHOCTH MOPOJT UX MOKHO PAaCUJICHSTH 110 JTUTOJIOTHH, CTETICHH pa3pylIeHHOCTH (00Jier-
Yalolleld MUIPALUI0 PaAUOAKTUBHBIX 3JIEMEHTOB), 3arJMHU3MPOBAHHOCTH (3aTpyIHSIOLIEH
MUTPAIUIO), BBISBISITh TEKTOHUYECKUE HAPYIIEHU (IO CKOTUIEHUIO PaJUOAKTHUBHBIX AJIEMEH-
TOB B HUX) U pelIaTh APyrue 3aJauu.

OMaHalMOHHAs ChEMKa — 3TO M3YUEHHE COJACpXKaHMS AMaHAIUi, T.e. Ta3000pa3HbIX
MPOJYKTOB pacrajia paJioaKTUBHBIX BEIIECCTB, B IOJIIOYBEHHOM BO3/IyXe WIH B BO3IyXe, 3a-
MOJTHSIOIIEM CKBaXHHBI U TOPHBIE BBIpa0OTKU. HanbonbmM neproaom noiypacnaia u3 pa-
JMOAKTUBHBIX Ta30B oOjamaeT panoH (3,82 mqHs), MOITOMY dMaHAIIMOHHAS CheMKa (pakThye-
CKU SIBJIETCS] paJOHOBO. DMaHUPOBAHHUE MOPOJ WM MX CIOCOOHOCTH BBIACIATH dSMaHAIUU
paloHa B MOJMOYBEHHBIN BO3AYX HIIM MOJ3EMHBIC BOJBI OMPEICIAETCS HE TOIBKO HATNIHEM
¥ KOJIMYECTBOM PAJMOAKTUBHBIX AJIEMEHTOB Psijia ypaHa, HO M CTPOCHUEM MOPOJBI, UX IUIOT-
HOCTBIO, Pa3pyIIEHHOCTHIO, TPEIIMHOBATOCTHIO, BIIAYKHOCTBIO, TEMIEPATypOd W JAPYTHMHU
¢dakTopamu. CteneHb OTAaYM NOPOOH dMAaHAIUI XapakTepu3yercs: K03 PpHUIreHToM IMaHu-
posanus Cy (cum. m.5.1).

Kpome smaHuMpoBaHuUSI MOpOJ TMOSBICHHE 3MaHalUil o0ycioBieHo ux auddysueit B
CTOPOHY NMOHWKEHHBIX KOHIIEHTpalMid pajJoHa M KOHBEKIMEW K 3€MHOW MOBEPXHOCTU. DTHU
MPUYUHBI IPUBOIAT K PE3KUM U3MEHEHHUSM KOHLIEHTpPALlMU SMaHAllMid B BEPXHEM CJIO€, CB-
3aHHBIM C METEOPOJIOTUYECKUMU U IPYTUMH YCIOBUSMU, U JIUIIb HA TIyOMHaX okosio 1 M oHa
ONPEAEISIETCA SMAaHUPOBAHUEM MTOPOA. MeToauKa oJeBOM SMAHAIMOHHONW ChbEMKH CBOJIUTCS
K 0TOOpY Mpo0 MOAMOYBEHHOTO BO3AyXa C TIIyOuHBI 10 0,5—1 M U ompeneneHuto ¢ moMo-
b0 YMaHOMETpPA KOHLIEHTPALMK pajoHa B HeM (cM. 11.5.2). [l 3Toro 30H1 3MaHOMETpA M0~
TPY’KarOT B MOYBEHHBIN CJIOM, C MOMOIIBI0 HAcOca B KaMepy 3aKauyMBaIOT MOANOYBEHHBIN
BO3JIyX M U3MEPSIOT KOHICHTpaIHio pagoHa Cr. C MOMOIIBIO KHIKHX 00pa3iioBbIX HCTOYHH-
KOB paJloHa SMaHOMETP He peke 1 pa3a B Mecsl rpaiyupyIoT AJsl ONpeeieH s EeHbI Jele-
must ipuGopa (B Br/am).

DOMaHalMOHHAs ChEMKa MOXET OBITh MapIIPYTHOM M IUIOIIAagHOM. MacmTadbbl padot
n3menstorcst ot 1:2000 mo 1:10000. Paccrosiaus Mex 1y npoduissMy MPH TJIOMIATHON ChEMKE
U3MEHS0TCST cOOTBEeTCTBEHHO OT 20 1o 100 M, a mar—ort 2 g0 10 M. [eTanbHyto 3MaHaIu-
OHHYIO pa3BEJKY MPOBOJIAT B BUJIE IUIONMIAAHON cheMKH 1Mo ceT (10—50)x(1—5) m.

B pesysnbrare sMaHAIIMOHHON ChEMKHU CTPOSIT rpauKy U KapThl paBHBIX KOHIICHTPAIUN
pagona C5 ¥ Ha HUX BBLICISIOT AaHOMAJIUU — YYaCTKH MOBBIIICHHOTO COACPKaHUS PajoHa.
HaII MCCTOPOXKACHUAMU PAUOAKTUBHLIX Py aHOMAJIMU NOCTHUTAOT COTCH U ThICAY 6eKKepe-
Jeil Ha KyOmdeckwid aenuMmeTp. Hax ygacTkamu ¢ SMaHHpPOBAHWEM, MOBBIIICHHBIM 32 CYET
pa3apoOIEHHOCTH U TPEITMHOBATOCTH MTOPOJ, AHOMAIIUU COCTABISIOT JECITKU OEKKepeel Ha
KYOMYEeCKUH JeIUMeTp, HOpMalbHBIA (HOH — 00BIYHO 0KOJI0 30 Br/nv’.
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DOMaHaIMOHHYIO ChEMKY MPHUMEHSIOT JJI pa3BelIKH PaJHOAaKTUBHBIX Pyl U OPEOJIOB
paccessiHuSI paInOAKTUBHBIX 31eMeHTOB. Kpome Toro, ee MCHoabp3yoT A7 BBISBICHUS y4acT-
KOB C TMOBBIIIEHHON CITOCOOHOCTBIO MPOMYCKaTh PaloH (30HBI COPOCOB, APOOJICHHUSI, TPEITH-
HOBATOCTH, 3aKAPCTOBAHHOCTH) M YYaCTKOB SKPAHUPOBAHUS, TJ€ 3aJeraloT ra30HENpOHUIIAe-
Mbl€ MIACThl (TJIMHBI, CIAHIBI, Mep3Jble MOpojabl). B 1enoM riyOMHHOCTH 3MaHAIMOHHON
cbeMKH He npeBbiaer 5—10 M. OgHako, 3a CUeT 30H, XOPOILO MPOBOASIINX PagoH (cOpOCHI,
30Hbl MHTEHCUBHOM LUPKYJIALUU MOA3EMHBIX BOJ M Jp.), OHa MOXET JOCTUTaTh JECSATKOB
MeTpoB. M3ydeHue KOHLEHTPAIMK paJioHa B CKBKMHAX HAIJIO MPUMEHEHHUE B UCCIICOBAHH-
SIX TI0 IPOTHO3Y CHJIbHBIX 3€MJIETPACEHUHN B TEKTOHUYECKH aKTUBHBIX paiioHax.

Iloozemnvie memoonl, uzyuenua ecmecmeennou paouoakmugnocmu. K 3tum Mero-
JlaM U3y4YE€HUs €CTECTBEHHOUN PajiMOaKTUBHOCTH, KpPOME TaMMa-METOJI0B, MOKHO OTHECTH Me-
TOJA TOA3EMHOM peructparuu kocmudeckux minydenuii (I[IPKW) wnmu reokocmudeckuii me-
ToA. OH OCHOBaH Ha U3yYE€HUHU JKECTKOU (MIO-ME30HHOM MM MIOOHHOI) KOMIIOHEHTHI KOCMU-
YEeCKOro M3Jy4YeHHs] B TOPHBIX BHIPAOOTKaX. MIOOHBI COCTaBISIOT 3HAUUTEIbHYIO JOMI0 (Ha
ypoBHE MOpst 0k0JI0 70%) BTOPUYHBIX KOCMUYECKHX JIydei, 00pa3yIommxcs Ipu IPOX0xK/Ie-
HUU sJiep TMEepBUYHOTO U3Iy4deHHs] B aTMocdepe. MIOOHBI XapaKTepu3yloTcs OObILIOI Mpo-
HUKamIel crmocoOHoCThi0. OIHAKO M3-32 HAMYHS Jake CIadoro 3JIeKTPOMArHUTHOTO TIO-
TJIOIICHUS B BEIIECTBE MOTOK MIOOHOB 3aTyXaeT C YBEJIIMYCHHEM INIYOHHbI. 3aTyxaHHe Ompe-
JIEJISIETCSl B OCHOBHOM IUIOTHOCTBIO TIopo. [loaToMy, Hanpumep, MIOOHBI MOTYT pacipocTpa-
HATHCS B BOJIC Ha TIIyOUHBI 10 9 KM, a B mopoaax — a0 3—4 kM. [ myOuHy X TPOHUKHOBE-
HUSI TPUHATO OLIEHUBATh B METPAX BOJHOIO SKBUBAJIEHTA, T.€. B METPaX TOJIIIM BOAHOTO
CJI0s1, B KOTOPOM TOTJIOUIEHHE MIOOHOB TaKO€ e, KaK B U3y4aeMOM TOJIIE MOPO/I.

Jliia u3MepeHus MoToKa MIOOHOB B TOPHBIX BBIPAOOTKAX HCIOJIb3YIOT T€OKOCMUYECKHE
Teseckonbl. OHM MPeACTaBIAIOT co00M HAbOPhI KacceT (10 16 mTyK), B KaKIOH U3 KOTOPBIX
CMOHTHPOBAHO 0 JECATH Ta30pa3psAHBIX CYCTYMKOB (CM. II. 5.2), 4TO HEOOXOAUMO IJIA TIO0-
Ty4eHUs Y3KOH quarpamMmbl HallPaBICHHOCTH MPUOOpa U BBICOKOH dyBcTBUTENBHOCTH. C TIO-
MOIIBIO CHEHUATBHOW AJEKTPOHHOM CXEMbl W CaMOIHUIIYIIEr0 yCTPOWCTBA B TEYEHUE HE-
CKOJIbKUX YacCOB aBTOMAaTHYECKH PETHUCTPUPYIOT MOTOK MIOOHOB. HalOmromeHus mpoBOAST
BJIOJIb BBIPAOOTOK C IIaroM, HECKOJIbKO MEHBIINM TTyOHHBI BBIPAOOTKH. TesecKoIbl OpueH-
TUPYIOT BEPTHKAIBHO, YTOOBI H3yYUTh TIOTOK MIOOHOB CBEPXY.

[Tocne BBeAeHMS MOMPABOK 3a BapHAIMK TOJIS, 3a peibed) 3eMHONM MOBEPXHOCTH U PSif
JOPYTUX IS KaKJI0M TOUKH PacCUUTHIBAIOT MHTEHCHUBHOCTH MIOTOKAa MIOOHOB B €IMHHUILY Bpe-
menn |,. C momomipio crienuanbHEIX TPaJyupOBOYHBIX KPHBEIX Tpaduku |, Brons mpodumeit
HAOIOICHUI TIEPECUMTHIBAIOT B TIyOMHBI BOaHOTO dSKkBuBaneHTa Hp. Ecom mo manHBIM
MapKIIeH1IepCKOi MPUBSI3KN W3BECTHBI HCTUHHBIE TITYOUHBI PACHOI0KEHUSI TYHKTOB Ha0JII0-
nenus H, TO MOKHO OIIPEIeNTUTh CPEIHIOK TUIOTHOCTH MOPOJT MEXTy 36MHOH TOBEPXHOCTHIO
Y TOYKOUW HAOIIOCHMUS:

o = HB/H

TakuMm 00pa3oM, OCHOBHBIM MapaMeTPOM HOPOI, TOTYyYaeMbIM B TEOKOCMHUYECKOM Me-
TOJIe, SIBJSIETCS CPEAHSIS INIOTHOCTh OO/ HaJl BRIpaboTKOM. M3MeHenue cpeqHeil mioTHOCTH
BJIOJIb BBIPAOOTKHU CBUAETEIHCTBYET 00 M3MEHEHUU JTUTOJIOTHH, IIOPUCTOCTH, TPEIIUHOBATO-
CTH, 3aKapCTOBAHHOCTH, OOBOJIHEHHOCTH MOPOJ, HATMYUH MOJIE3HBIX UCKOMAEMBbIX HaJ BbIpa-
OOTKOM.

Onpeodenenue adconomnozo eo3pacma nopod. Jns onpeneneHus abCONIOTHOTO BO3-
pacTa TOpHBIX MOPOJ UCHOJB3YIOT SAJIEPHYIO (UM M30TOIHYI0) TeoXpoHoJoruio. B ee ocHoBe
JIEKHUT BBIBOJ, O MOCTOSHCTBE CKOPOCTH PAJHMOAKTHBHOTO pacrlaga BO BCE TE€OJIOTHUECKUE
3MOXH. 3Hast NEPUOJ MOIypacana U ONpPEaeIuB KOIMIeCTBO MaTepuHCKUX u no4epHuX (Ny
1 Nj7) 27eMeHTOB TeX WIIM HHBIX PAHOAKTUBHBIX CEMEIICTB B TOPHOM MOPOJE, OIPEACISIOT ee
Bo3pacT t,5. Mo popmyre, moayueHHOH u3 Beipakeruit (5.1) u (5.2):
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tuse = 1,44-T" 15 IN(1+ N7 /N, (5.7)
Oty GopMylly MOKHO MPUMEHSTh, €CIIM U3BECTECH MEPHO/] MOJypacnaaa MaTePHHCKOM
HOpO,Z[I:I " €CTb YBepeHHOCTB, qTo I/ISY‘IaeMHC 3JICMCHTBI HC BBIHOCUJINCH U HEC I[O6aBJ'I${-
JINCh. TO‘-IHOCTB onpeneneHHﬁ ta6c 3aBUCUT OT TOYHOCTH aHAJIUTUYCCKUX, KaK HpaBI/I.HO,
Macc-CIEeKTPOMETPUUECKUX onpeneneHuii konmruecTsa n30TornoB Ny 1 Ny, .

CymiecTByeT CBBIIIE JECATH JIEPHO-TE€OXPOHOIOrMUECKUX MeTonoB. IIpu nccnenosa-
HUM JIPEBHUX MOPOJ UCHONB3YIOT Psi/ibl PaAMOAKTHUBHBIX 3JIEMEHTOB C OOJIBLIMM MEPUOJOM
nojypacrnana (ypaHO-CBHHIIOBBINA, PyOUIMEBO-CTPOHIMEBBIN, KalUW-aprOHOBBI M JApyrue
MmeTozbl). IIpy M3ydeHun MOJIOIBIX TOPHBIX MOPOJ MPUMEHSIOT PaJMOAKTUBHBIE IEMEHTHI C
HEeOOJIBIINM TIEpUOJIOM ToTypacnana (paguoyriepoIHblid, HOHUEBO-IIPOTAKTUHUEBBIN U JIpy-
TUE€ METOJIBI).

I[To sAnepHO-re0XpOHOIOTHYECKUM U3MEPEHUSIM METEOPUTOB U 00Pa3I0B FOPHBIX MOPOJL
CHHTE3 XMMUYECKHMX 3JI€MEHTOB B HaOutonaeMoi yactu BcenenHoit 3aBeprumics okono 11
MJIpA. JIeT Ha3aJl, Bo3pacT COTHEYHON CUCTEMBbl — OKOJIO 4,7 MIIpJ. JIET, BO3pacT 3eMJId —
4,55 mipn. JIeT, a BO3pacT CaMbIX IPEBHUX NOpoa 3emin U JIyHbI mpeBbIaeT 4 MIpI. JIeT.

5.3.2  Aoepno-gpuszuueckue memoonl

Kak ormeuanocsk BbIIe, saepHo-puznueckue (M30TOMHBIE) METOIBI—ATO METOJIBI dJie-
MCHTHOI'O 3KCHPCCCHOTO XMUMHNYCCKOI'0 aHaJIM3a TOPHBIX IMOPOJA, OCHOBAHHBLIC HA U3YYCHHU
(GU3NUECKUX SBICHHIA, MIPOUCXOASIINX P UCKYCCTBEHHOM OOJIyY€HUH TOPHBIX MOPOJ HEH-
TPOHAMU WJIM FaMMa-KBaHTaMU PA3HbIX DHEPIUil.

Obwan xapakmepucmuxa. B MCKYCCTBEHHBIX AIEpHO-(QU3NYECKUX METOAax 00Iyde-
HUE 00pa3lloB FOPHBIX MOPOJ] UM CTEHOK FOPHBIX BHIPAOOTOK M OOHAKEHUU MPOBOJSAT C MO-
MOIIbI0 aMITYJIBHBIX HCTOUHMKOB U3 TE€X WU MHBIX PAJUOAKTUBHBIX AJIEMEHTOB U UX CMecel
WJIM TEHEPATOPOB HEUTPOHOB. [[1s1 MosydeHus M3JIy4eHUN pa3HbIX SHEPTrUi MCTOYHUKH I10-
MEIIAIOT B SKpaHbI-3aMEUINTENH, OCIA0NAIONIe HU3Ty4eHUs (CBHHIIOBBIE — JUIsI ramMMa-
U3ITy4YeHUH, KaJIMUeBble WK napauHOBble — A7 HEUTpoHOB). Hanbombiee npakTruueckoe
IpPUMEHEHHE AIepHO-(PU3NYECKHE METOIbl MOMYUYHIM MPU Treo()U3NYECKUX HCCIIEAOBAHUIX
ckBaxkuH (cM. 171.7). Hmke paccMOTpUM JTUIIE HECKOJBKO JIA0OPAaTOPHBIX METOJOB, B KOTO-
PBIX M3Y4YaIOTCs 00pa3ibl WM O0OHAKEHHS TOPHBIX MOPO/I.

Heiumponnvie memoost. 1. AkTuBaulMOHHbIN aHanu3. CyIIHOCTh aKTUBAILIMOHHOTO aHa-
JM3a CBOJIUTCS K OOJIydeHHIO 0Opa3loB FOPHBIX MOPOJ OBICTPBIMM WJIM MEUICHHBIMU HeEil-
TPOHAMU U U3YYCHHUIO HABEICHHOU UCKYCCTBEHHOM paJn0akTUBHOCTHU. [Ipu 3TOM U3MeHseTCs
KaKk BpeMsi OOJlydeHHs, TaK M BpeMs HM3Y4YCHHS HaBEJACHHOW anbda-, OeTa- WIM Tamma-
akTUBHOCTH. Hampumep, U3MEpUB MHTEHCUBHOCTh BTOPUYHOIO ramMMa-W3JIydeHus i pas-
HBIX BPEMEH II0CJIe OKOHYaHUs oOmydeHus, no rpaduky sasucumocta |, () or t moxmHo
OLIEHUTH NIEPHUOJ NOTYPACHIaAa U COAEPIKaHUE PaJIMOAKTUBHOTO 3JIEMEHTa B 00pasiie.

AKTHBAITMOHHBIA METOJ] XapaKTePU3YyeTCs IMOBBIMICHHOW YYBCTBUTEIBHOCTBIO K DJIe-
MEHTaM, OTJIMYAIOIIMMCS BBICOKOM aKTHBAIIMOHHOW crocoOHOCThIO, TakuM kak Al, Cd, C1,
Cu, K, Mn, Na, P, Si u np.

2. Heittponnsrit ananu3. HeWTpOHHBIA aHAIW3 TOPHBIX TOPOJ CBOJUTCS K OOTYUICHHIO
UX MEUICHHBIMH HEHTPOHAMH M OMPEICICHUIO TUIOTHOCTH TMOTOKA TEIUIOBBIX HEHTPOHOB |pn
WJIM HHTEHCHBHOCTH BTOPUYHOTO raMMa-u3inydeHus |, . I'paduxn 3apucumoct |y, (o |, )
OT PAcCTOSHUS JI0 MCTOYHHKA XapaKTEPH3YIOT IMOTJIOIIAONINEe CBOMCTBA BemecTBa. [1o HUM
BBIJICJISIIOT AJIEMEHTBI, S/[pa KOTOPBIX 00J1aIal0T aHOMAJIbHO BHICOKMM CEUCHUEM IOTJIONICHHUS
memneHabIx HeiTponos (B, Fe, Cd, Cl, Li, Mn, Hg, peaxo3emenbHbie 51eMeHTHI U Ap.). [1u-
POKO HCITOJIb3YIOT aBTOMOOUJIBHYIO M TICIIEXOAHYI0 OOPOMETPUYCCKHE ChEMKH ISl BBISIBIIC-
HUs 00pa B CJI0€ TOJIIMHOM 110 25 cM.
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Ha BbIsIBIIECHMH aHOMAJIBHO BBICOKOTO CEUEHUS 3aMeIJIEHUS HEHTPOHOB OCHOBAHBI Me-
TO/BI U3YUYEHHUS BOAOPOIOCOAECPKAIIMX OPoA. B 4acTHOCTH, ¢ MOMOIIBIO BIAarOMEpPOB OIpe-
JIEJSIIOT BJIAYKHOCTH TOPHBIX MOPOJI, €CITU UX TUIOTHOCTH OMpeeieHa IPYyruMu MeTofaamMu (Ha-
npumep, ['TM-II).

3. 'amMMa-crekTpaiabHblii METO. ['aMMa-CeKTpaJbHBIM METOJIOM U3Y4aroT CIIEKTpallb-
HBIH DHEPreTHYECKHil cOCTaB BTOPHYHOTO TaMMa-M3JIy4eHHsl PaaMallHOHHOTO 3axBata |, .
Bo3MOXXHOCTh TakMX HCCIEAOBAaHHN OCHOBaHA Ha TOM, YTO KaXJbIA AJIEMEHT 00JydaecMoiu
TIOPOJIBI, 3aXBATHIBAs TETIOBBIE HEUTPOHBI, AaeT |, onpesnenenHoil sHepruyn u cnekrpa. ['am-
Ma-CIIEKTPaIbHBIA METOI IPUMEHSIOT IS aHanu3a pya, coaepxkamux Fe, Cu, Ni, Al, K, Na u
JPYTHUE 3JIEMEHTBHI.

I'amma-memoownt. 1. ®otoneiitponnslii aHanu3. OcHOBaH Ha OOIy4EeHUH OOpa3LOB
pa3MeNbueHHON TOPHOU TOPOABI )KECTKUMHU TaMMa-KBaHTaMH BBICOKHX SHEPrHil (CBbIme 1—
2 M>5B) n onpe/ie/lecHUM HHTEHCUBHOCTU BTOPUYHBIX HEHTPoHOB |,,. [ToBbimenwue |, HaGmo-
JaeTcsl B MPUCYTCTBUU OCPWIUIMA U JEHTEpHsi, M03TOMY (OTOHEUTPOHHBIN aHATU3 HAXOAUT
HauOoJbIIee MPUMEHEHUE MPHU aHAJIM3€ COJAEP>KAHUSl 3TUX AJIEMEHTOB U, B YaCTHOCTHU, MPHU
HU3YyUYCHUU BOJOHOCHBIX U He(l)TeHOCHBIX nmopoJa, B KOTOPbIX MHOI'O neﬁTepI/m.

2. IlnotHOoCcTHON ramma-raMmma Mmerton. Ecim ropubele moponsl 00dy4arh Tamma-
KBaHTaMu ¢ 3Heprueit ceoime 0,3 MaB, To B HUX mpeo0iamaeT KOMITOHOBCKOE paccesHue,
KOTOpOe €1a00 3aBUCHT OT COCTaBa MOPOJ00OPA3YIOIIMX MHHEPAJIOB, HO OMpEACIsIeTCs MX
IUIOTHOCTBIO (cM. 11. 5.1). MHTeHCHBHOCTS |, Ha paccTosHMM cBBIIE 20 CM OT HCTOYHHKA U3-
MEHSIETCSI 110 HKCIIOHEHIIMAIbHOMY 3aKOHY B 3aBUCHMOCTU OT IUIOTHOCTH. Ha 3ToM siBieHun
OCHOBaH MIOTHOCTHOU ramma-ramma metojl (I'TM-II), ¢ momomipo KOTOPOTO OmMpeaesstoT
IJIOTHOCTB B CJIO€ TOJIIMHOM 110 20 cMm.

3. CenexTuBHBI ramma-ramma Mmetoj. Eciam ropHbeie MOpoAbl OOMy4aTh ramma-
KBaHTaMH c1a0bIx 3Hepruit (Mensniie 0,3 MsB), To mpoucxoauT ux (HOTOIIEKTPUIECKOE T10-
rnomenne. Onpenensemsiit 1o |, ko3pdunuenT ocnabaenus aydeir 3aBUcHT 0T 3 eKTHB-
HOTO aTOMHOTO HOMEpa Mmopojsl. Ha MCmonp30BaHUM 3TOTO SBJICHHSI OCHOBAH CENIEKTUBHBIN
ramma-ramma-meton (I'TM-C) nst ompeneneHust comepkaHusi B oOpasiax, OOHaKCHHSIX H
CTEHKax TOPHBIX BBIPAOOTOK Tskelbix 3ementoB (Fe, Hg, Sb, Pb, W u np.).

4. Pentrenopanuomerpudeckuit Meto. [Ipu oGmydeHu# ropHbIX MOPOJ MATKUM TaMMa-
m3nydeHueM (dHeprusi Menbpine 0,1 MaB) MoxHO HaOMIOIATh XapaKTEpUCTUUYECKOE PEHTTe-
HOBCKO€ M3i1ydeHHe. Ha ero uzyueHnn ocHOBaH peHTreHopaguoMerpuueckuil meron (PPM)
OTpeIeNIeHUs CoiepsKaHus B mopoaax Muorux snementoB (Fe, Pb, Mn, Mo, Sb, Sn, Cr, W, Zn
u ap.).
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I'maBa 6 TEPMOPA3BE/IKA

I'eomepmuueckaa pazeeoxka (mepmopazeeoka unu mepmomempus) oobeauHsICT PU-
3U4ECKHE METOJIbl UCCIIEIOBAHUS €CTECTBEHHOIO TEIIOBOIO MOJS 3€MIM € LENbI0 U3YyYEHUS
CTPOEHHMSI 3eMHOM KOPBI M BEPXHEN MaHTUH, BBISIBJICHUS T€OTEPMUUYECKUX PECYPCOB, PEILIECHNUS
MIOMCKOBO-PA3BEAOYHBIX U MH)XKEHEPHO-THIPOr€OJOrMYECKUX 3aa4. MeHblllee NpUMEHEHUE
HaxoJAT METOJAbl HICKYCCTBEHHBIX TEIUIOBBIX MoJied. TermmoBoe mnomie onpenensercs BHyTPEH-
HUMHU U BHEIIHUMHU HCTOYHUKAMHU TEIJIa U TEIUIOBBIMM CBOMCTBAMM TOpPHBIX mopon. Ilpu
TEPMOpa3BEIKe PETUCTPUPYIOT PAIUOTEIIIOBOE U MH(PPAKpACHOE U3ITyUYEeHHE 3eMHON MOBEPX-
HOCTH, U3MEPSIOT TEMIIEPATypPy, €€ BEPTUKAIBHBIN I'PaJIUEHT UM TEIUIOBOU NOTOK. Pacrpe-
JIEJICHHE 3TUX MapaMeTpoB B IUIaHE U MO IIyOMHE HeceT MH(POPMAIMIO O TEPMUUYECKUX YCII0-
BUSX U I€0JIOTHYECKOM CTPOEHUH M3y4aeMoro paiioHa.

OCHOBHBIMH METOAAaMHU TepMopa3BeAkH sBisitorcs: paguoteriosie (PTC) u ungpa-
kpacHbie (MKC) cheMKku; pernoHaabHbIe TEPMUUECKHIE UCCIICIOBAHUS HA CYIIIE U aKBATOPHSIX;
MIOMCKOBO-Pa3BEAOYHbIE TEPMUUECKHE HCCIEIOBAHNS, HAPABICHHBIC HA BBIABICHUE U HU3Y-
YeHHE MECTOPOKICHHM MOJIE3HBIX UCKOMAeMbIX; HHKEHEPHO-TUAPOTE€0IOTUYECKUE TepMUYe-
CKHE€ HCCJEIOBaHUS, NPEIHA3HAYECHHbIE JJI1 M3Y4YEHMs] MEP3JIOTHBIX YCJIOBUN U JBUKCHUS
MOJ3EMHBIX BOJ; TEPMUYECKHI KapOTa)K, KOTOPBIH CIYKUT A JTOKYMEHTAllMH pa3pe30B
CKBaXXHMH I10 TEIJIONPOBOJHOCTH BCKPBITHIX TOPHBIX MOPOJ; JabOpaTOpPHBIE U3MEpPEHHs Tep-
MHUYECKHX CBOWCTB FOPHBIX MOPOJ; METOAbl MCKYCCTBEHHBIX TEIIOBBIX IMOJIEH MpH paboTax
Ha aKBaTOPUSX U B CKBA)KUHAX.

6.1 PuU3MKO-re010rn4ecKre 0CHOBbI TEPMOPa3BeIKH

Teopust TepMOpa3BEAKU OCTPOCHA HA OCHOBE MaTEMATHYECKOTO U (PU3UIECKOTO MOJIe-
JUPOBaHUS, HATYPHBIX HAONIOACHUN W YCTAHOBJICHHUS CBSI3€H C APYTrUMU MOJIsIMU 3emiu. B
(1)I/I3I/IK6 3emau u TCPMOPA3BCAKE JOCTATOYHO XOPOIIO M3YUYCHBI TCIIJIOBOC ITOJIC U TCIJIOBLIC
napaMeTpsl TOPHBIX MOPOJ.

6.1.1 Tennoeoe none 3emnu

Oowan xapakmepucmuka mennoeo2o noaa 3emau. VICTOUHUKaMHU TEIUIOBOTO IOJIS
3eMJIu SBJISIIOTCS TIPOIIECCHI, MPOTEKAoIMe B €€ Heapax, u TeruioBas sHeprus ComHua. K
BHYTPEHHUM HUCTOYHUKAM TEIUTA OTHOCAT PAJMOTCHHOE TEII0, KOTOPOe Co3AaeTcs Omaronaps
pacmazy pacCcesHHbIX B TOPHBIX MOPOJAaX M30TONOB ypaHa, TOPHs, Kadus U WHBIX pajHoaK-
TUBHBIX JJIEMEHTOB, M TEILJI0, OOYCIOBICHHOE Pa3IMYHBIMU MPOIECCAMH, MPOTEKAIOIINMH B
3emsie (rpaBUTALMOHHON AuQdepeHnnauen, miaBieHueM, XUMUUYECKUMU PEaKIUsIMU C BbI-
JIEIICHUEM WJTU TIOTJIOMICHUEM Teruia, AeopMaliieit 3a cueT IpUIuBOB Mo aericTBueM JIyHbI
u CoJslHIIa U HEKOTOPBIMU Apyrumu). Huke nmpuBeneHbl cBelleHus: 00 OCHOBHBIX COCTaBJISIO-
[IMX TETIOBOro Oananca 3emiu (B dprax B roj):

n3nyaerne CoyHma — 10% apr/roa (MOAABISIIONIAS YacTh OTPAKAEeTCs ),

paJIMOTeHHBIN — 108 apr/rof,

nuddepernuanus BemecTa (rpaBUTAIMOHHAsA) U (PU3UKO-XUMUYECKHE MPOIECCHI B 3€M-
HOM KOpE ¥ MaHTHH — 107" - 10283pr/roz[,

TEKTOHMYECKHUE MPOLECCHI (TEII0Basi KOHBEKLIUS ), 3eMIIETPSICEHUS — 10® 3pr/rof,
IIPWINBHO-0TJIMBHOE Bo3zaelcTBue JIynsl u ConHua - 10% spr/ron

BHyTpeHHee TemioBoe mojie OTIMYaeTCsl BHICOKMM MOCTOSHCTBOM. OHO HE OKa3bIBaeT
BIUSHUS HA TeMIepaTypy BOTU3U 36MHOW MOBEPXHOCTU WM KJIMMAT, TaK KaK dHEpPrus, mo-
cTymaromias Ha 3eMHYI0 moBepxHocTh oT CoinHna, B 10000 pa3 6omnbie, yem u3 Henp. Bmecrte
C TeM, cpeliHee TerIoBoe Bo3neicTBrue CoHIIa He ONpenesseT TEIUIOBOTO COCTOSIHUS 3eMITH
U CIIOCOOHO TMOJJIEPKUBATh MOCTOSHHYIO TEeMIIEpaTypy Ha MmoBepXHOCTH 3emin okojio 0°C.
[TpakTudecku xe Onarogaps K3MEHEHUIO COJTHEYHOW aKTUBHOCTH TeMIlepaTypa MpUIIOBEpX-
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HOCTHOTO CJIOS BO3/yXa M3MEHAETCs, a C HEKOTOPBIM 3aIla3JIbIBAHUEM W3MEHSAETCS U TeMIle-
paTypa rOpHBIX IIOPOL.

CyTOouHBIE, CE30HHBIE, MHOIOJIETHUE U MHOTOBEKOBBIE U3MEHEHUS COJIHEYHOH aKTHB-
HOCTH MPHUBOJAT K COOTBETCTBYIOIIUM IIUKINYECKUM U3MEHEHHUSIM TemrepaTyp Bo3ayxa. Yem
OoJbLIIe TEPUO/T MUKIUYHOCTH, TeM O0JIbllIe TITyOMHA UX TEIIOBOro Bo3aeicTBus. Hanpuwmep,
CYTOUYHbIE KOJIeOaHMs TEeMIEepaTypbl BO3/1yXa CKa3blBalOTCA HAa M3MEHEHUU TeMIlepaTyp B
MOYBEHHOM cJ1oe TIyonHoil 1—1,5 M. DTo cBsI3aHO ¢ MEPEHOCOM COJHEYHOT'O TETIOBOTO I10-
TOKA 32 CYET MOJIEKYJISIPHOI TEIIONPOBOJHOCTH MOPOJ U KOHBEKIIMM BO3yXa, IapOB BODI,
MHOWIBTPYIOIIKUXCS OCAIKOB U MOJI3eMHBIX BoJ. Ce30HHBIE (TO0BbIE) KOJICOAHNUS BBI3BIBAIOT
M3MEHEHUs Temmeparyp Ha riayomHax o 20—40 M. Ha takux rinyOmHax Teruiomnepenadya
OCYILIECTBIISIETCS] B OCHOBHOM 32 CUET MOJIEKYJISIPHOM TEIUIONPOBOAHOCTH, a TAK)KE TBUKECHUS
noa3eMHbIX BoJl. Ha rimy6unax 20— 40 m pacrnosaraeTcsi HEUTpaJIbHBINA CJIOW (MM 30HA TI0-
CTOSIHHBIX T'OZIOBBIX TEMIIEPATyp), B KOTOPOM TEMIIEpPATypa OCTAETCS MPAKTHUYECKHU MOCTOSH-
HOUW M B CpeiHEM Ha 3,7° BblllIe CPETHETOJJOBOM TeMIepaTyphl BO3/1yxa. MHOTOBEKOBBIE KJIU-
MaTUYeCKHEe M3MEHEHHs CKa3bIBAIOTCS HAa BapUAIUAX TEMIIEPATyp CPaBHUTEIBHO OOJBIIUX
riyoun. Hanpumep, moxonoganusi U MOTEIJICHUS B YETBEPTHUYHOM IIE€PUOJIE BIMSUIA HA TEIl-
JI0BO# pexxuM 3emin 10 r1youH 3—4 k.

TakuM 00pa3oM, eciay HE YYUTHIBATh MHOTOBEKOBBIX KIMMATHUYECKUX H3MEHEHHM, TO
MO>KHO CUMTAaTh, YTO HUYKE 30HBI MOCTOSIHHBIX TeMIleparyp (Ha riryouHax cbiie 40 M) BIus-
HUEM [UKIUYHOCTH COJTHEYHON aKTUBHOCTU MOXKHO MpPEeHEeOpeub, a TEMIEPATypHBIA PEXUM
OO/ OIpesiesieTcsl TIyOMHHBIM IOTOKOM TEIjla U OCOOCHHOCTSIMU TEPMHUYECKHUX CBOMCTB
MIOPOJ.

Pezuonanvnolii mennioeoit nomok 6 3emHoul Kope. Huxe HEUTpanbHOIO CJI0s TEMIIe-
parypa nopoj mnosbimaercs B cpeaHeM Ha 3,3°C npu norpyxkeHuu Ha kaxzaeie 100 M. D10
OOBSICHSIETCSI HATUYUEM PETHOHATBLHOTO TETUIOBOTO MOTOKA OT MCTOYHUKOB BHYTPEHHETO Te-
mwia 3eMiH, NOJHUMAIOUIErocsi K MOBEPXHOCTH. Ero BeanuuMHy NPUHATO XapaKTepU30BaTh
IJIOTHOCTBIO TEIJIOBOTO MOTOKA (WJIM MPOCTO TEIJIOBBIM NOTOKOM) (. CpenHee 3HaUYeHUE Te-
IIJIOBOTO MOTOKA KaK Ha CyIlle, TaK U B OK€aHax OJWHAKOBO M cocTasiseT 0,06 BT/MZ, OTKJIO-
HSSICh OT HETO He OoJiee ueM B 5—7 pa3. [IoCTOSHCTBO CpeTHUX TEIUIOBBIX MTOTOKOB CYIITH H
OKEaHOB IPHU PE3KOM M3MEHEHUU MOIIHOCTEW U CTPOCHHS 3€MHON KOPBI CBUJIETEIBCTBYET O
pa3IuuMuU B TEIJIOBOM CTPOEHUU BepxHeil MaHTuu. [losTOMy aHOManuu TEMIOBBIX MMOTOKOB,
T. €. OTKJIOHEHHUSI OT YCTAHOBJICHHBIX CPEIHHX MOTOKOB, HECYT WH(OPMAIIUIO O CTPOCHUU U
3€MHOM KOpBbI, U BEpXHEW MaHTHUU.

Y cTaHOBNIEHO, YTO OCHOBHBIM HCTOYHHMKOM TEIJIa HA KOHTUHEHTAaX SIBJSIETCS YHEPIHs
PaAMOAKTUBHOTO pacmnaaa. ITo 0ObICHIETCS OONbIIeH KOHIIEHTpAIUeH paTuOaKTHBHBIX dJIe-
MEHTOB B 3€MHOHM KOp€, 4YeM B MaHTUU. B OkeaHax, rje MOIIHOCTh 3€MHOM KOpBI MaJa, OC-
HOBHBIM UCTOYHHUKOM TEIUIA SIBJISIOTCS MPOLECChl B MaHTUU Ha riayounax a0 700—1000 km.
Pacyersl moka3pIBalOT, YTO PAJUOTEHHOE TEIUIO SBJISIETCS OCHOBHBIM CPEIU JIPYTUX BHJIOB
TEIUIOBOM DHEPTruu Hep. 3a BpeMs CYIIeCTBOBAaHUS 3eMIId OHO OoJiee 4eM B 2 pa3a MpeBbICH-
JI0 TIOTEPH 3a CYET TEIUIONPOBOAHOCTH.

TennoBoi MOTOK ONpPEAENSeTCS HE TOJIBKO MPUPOJOH U MOITHOCTHIO UICTOYHUKOB TEM-
Ja, HO U €ro MepeHOCOM 4Yepe3 FOpHble Nnopoabl. Temno nepenaeTcs: MOCpeaCcTBOM MOJIEKY-
JISIPHOM TEIUIONPOBOAHOCTH TOPHBIX NOPOJ, KOHBEKIUH U n3nydeHus. Ha 6omibimux riryOuHax
(cBbime 10 kM) nepenaya TeIUIa OCYIIECTBISAETCS B OCHOBHOM 3a CUET U3JIy4YEHHs] HarpeToro
BEIIIECTBA HEJP M KOHBEKLUH, 00YCIOBICHHON JBMKEHUEM OJIOKOB 36MHOM KOpBI, MarMaTH-
YEeCKMX PACIUIaBOB M JIEATEIILHOCTH TUAPOTEPMAIbHBIX cucTeM. Ha MeHbIIMx riryOMHax me-
PEHOC TeIUIa CBSI3aH C MOJIEKYJIIPHOH TEIIONPOBOJHOCTHIO U KOHBEKIMEH MOI3EMHBIX BOJ.

B teopuu TepmopaszBenku nmosiyueHa cienayomas Gopmysna i pacyeTa BepTUKaJIbHOTO
TEIJIOBOTO MOTOKA:
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3nmech [ — TeMmepaTypHBIi IPaJHeHT WM H3MEHEeHUe Temmepatyp 15 u 17 Ha riryOuHax
Z v Z; (och Z HanpaslieHa BHU3 110 HOPMaIH K IIOBEPXHOCTH); At — KOd(PQUIMEHT TEII0-
MPOBOJHOCTH;—IUIOTHOCTh; ¢ —TEIUIOEMKOCTh; V, — BEpPTHUKAJbHAS CKOPOCTh KOHBEKIIUH
(MM CKOPOCTH (PUITBTPAIIMH [TO3EMHBIX BOJI, €CITH CYMTATh, YTO KOHBEKIIHMS OCYIICCTBIISICTCSI
B OCHOBHOM 32 CUET MOJ3EMHBIX BOJ); I—Temreparypa Ha riyoune Z=(z;+2)/2 (em. m. 4.1).
Ecnu kOHBeKIHs BOJ UIET BBEPX, YTO HAOIIOIACTCS B CIA0OMPOHUIIAEMBIX CIIOSIX Ha TIyOu-
Hax cBbiie 100 M, TO TEMJIONPOBOAHBIA M KOHBEKTHUBHBIM TEIIOBBIC MOTOKH CKJIAIBIBAIOTCS
(-Vy), mpu puabTparu BHU3 — BeIYUTAIOTCS (V).

B ckanbHBIX MOPOAAX, a TAKIKE B YCIOBUAX CTAI[HOHAPHOTO TEIIIOOOMEHA KOHBEKIIUEH
MOKHO npeHebpeus (V, = 0), ¥ IIIOTHOCTD TEMIOBOTO NOTOKa (, = - A1/, T. €. OH onpees-
€TCs TOJBKO TEIUIONPOBOAHOCTHIO MOPO M TEMIIEPATYPHBIM IpagreHTOM. Takum o0pasom,
PErMOHANIBHBIN TEIIOBOM MOTOK 3€MJIM MOKET OBITh PAacCUMTaH uepe3 M3MEpPEHHBbIC Ha pas-
HBIX TJIyOMHAX TEMIIEpaTyphl U TEIUIOBbIE CBOMCTBA CPEJIbI, B OCHOBHOM TEILIONPOBOAHOCTb.

Jlokanwvhvle cocmagnawuue menioeo20 nomoka. VICTOUHUKN JIOKAJbHBIX TEIIOBBIX
MOTOKOB, BBI3bIBAIOIIMX aHOMAJIMU TEMIEpaTyp, pa3HOOOpa3Hbl: HAJTUYKWE MHOTOJIETHEMEP3-
JIBIX MOPOJ, T. €. MOIIHBIX (O COTEH METPOB) TOJIII C OTPULIATEILHBIMU TEMIIEpAaTypaMu; Ha-
JUYKE TTOPOA U PYA C TOBBIIIEHHON PaJiMOaKTUBHOCTHIO; BIUSHUE SK30TEPMHUUECKUX U SHIO-
TEPMHUUYECKHUX TIPOIECCOB, MPOUCXOMSMINX B HE()TEra30HOCHBIX TOPU30HTAX, 3aJeKax YT,
Cynb(UIHBIX U APYTUX pPyAax; MPOSBIECHUE COBPEMEHHOTO BYJIKaHHW3Ma M TEKTOHHYECKUX
JBIKEHUM; HUPKYISIIUS MOJ3EMHBIX, B TOM YHUCJIE TEPMaJIbHBIX, BOJ U Ap. Ponb kaxaoro us3
3TUX (PaKTOPOB OMPEIEIAETCS T'€0JOro-THAPOre0JOrHueckuM cTpoeHrneM. JIokaabHble Ten-
JIOBBIE MOTOKH, KaK U PErHOHANIbHBIE, 3aBUCIT HE TOJIBKO OT HAJIMYMs UCTOYHUKOB, HO U OT
YCIIOBUH TepeHoca Teria 3a CUeT TEeIUIONMPOBOJIHOCTH TOPHBIX MOPOJ U KOHBEKIIMU MOYBEH-
HOTO BO3/lyXa U MOA3EMHBIX BO/I.

6.1.2  Tennoevie u onmuyecKkue ceolicmea 20PHbIX HOPOO

Kpome miepeurciieHHbIX Bbiie (A1, ¢, 0), K TEIJIOBBIM CBOMCTBAM OTHOCST TEMIIEpary-
12
POTPOBOAHOCTE A= At /co u TemwioByto unepiuo Q = (A1 co)™ 7, a k onTuueckum — annoe-
10 A, ko3 durtueHT ApKOCTH I, CTENEHb YEPHOTHI £, U Ap. (cM. 1. 4.1).

OCHOBHBIM IapaMEeTPOM B TEPMOPA3BEAKE SIBIIAETCS TEIUIONPOBOAHOCTD, XapaKTEPH-
3yIOIIas CIIOCOOHOCTh Cpell M TOPHBIX MOPOJI MepeaaBarh Teio. B Teopun TepMopasBenku
JI0OKa3aHo, 4To npu temrepatypax 10 1000 °C TemionpoBoIHOCTh OOPATHO MPOMOPIIHMOHATH-
Ha TemIieparype. B cBs3M ¢ 3THUM cpenHsis TeIUIONPOBOJHOCTH A0 IIyOuH okoio 100 kM, rae
OKHMJAIOTCSl TAKUE TEMIIEPATypbl, IOJDKHA TMOHMKATHCS 10 CPAaBHEHHIO CO CPEIOHEW TeIlo-
MPOBOJHOCTBIO MOBEPXHOCTHBIX OTIOXKeHHH. Ho ¢ rimyOuHOI Bo3pacTaeT naBieHHE U POJb
JY4YMCTOrO TEMJI000MEHa, 4TO (PaKTUYECKH MPHUBOAMT K POCTY TEIUIONPOBOAHOCTH T'OPHBIX
1opoJ ¢ yBenuueHueMm Tiayounsl 6omnee 40-50 kM. Ha riyOunax cBeime 100 kM Teruiomnpo-
BOJIHOCTb PE3KO BO3PACTAET, UTO OOBICHAETCS MPOSBICHUEM aCTEHOC()EPHON KOHBEKIINU.

B menoM TemnompoBOAHOCTH TOPHBIX IOPOJ 3aBHCHT OT MHHEPAIBHOIO COCTaBa,
CTPYKTYpBI, TEKCTYpPBI, IUIOTHOCTH, IIOPUCTOCTH, BIAKHOCTH, TeMIeparypsl. MuHepaibHbIN
COCTaB MarMaTU4YeCKUX, METaMOPHUUECKUX U OCAJOUYHBIX ITOPOJ HE OYEHb BIIMET HA UX Tel-
JIOIPOBOAHOCTH. [IIIOTHOCTB, OPUCTOCT U JABIIEHUE, 10 KOTOPBIM HaXOIATCSA TOPHBIE I10-
pOIbl, CBsA3aHbl MEKAY co00i. IIpu MOBBIIEHNH IIOTHOCTH U JABJIEHUS, a 3HAYUT, TOHUXKE-
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HUU MOPUCTOCTU TEIIONPOBOIHOCTH MOpoA MoBbliaeTcsa. C yBeTUYEHUEM BIIAKHOCTU TOp-
HBIX TOPOJ UX TCIIOIIPOBOAHOCTL PEC3KO YBCIIMYUBACTCA. HaHpI/IMep, U3MCHCHHUC BJIA)KHOCTU
¢ 10 1o 50 % moxkeT yBenmnuuTh TEIUIONPOBOJHOCTh B 2—4 pa3a. [loBbllIeHne Temneparypsl
CHMXKACT TCIJIOMPOBOAHOCTD KPUCTAIUNIMYCCKUX U CYXUX OCANOYHBIX MOPOA U YBCIIMYUBACT Y
BOJIOHACHIIIIEHHBIX. B 11e10M BIUSHUE pa3iMyYHBIX, MHOTJA B3aUMHO MPOTUBOMOJIOKHBIX
MPUPOIHBIX (PAKTOPOB Ha TEIUIONPOBOJHOCTH TOPHBIX MOPOJ BECbMa CIOXKHO U HEI0CTAaTOY-
HO M3y4yeHo. MarmaTtudeckue u MetaMoppuieckue mopo bl 06aanaoT KodhGuinrueHTom Ten-
nonpoBogHoctu 0,2—0,4 (B cpennem 0,3) Br/(mTpan), ocagounsie — 0,03—0,5 (B cpentem
0,125) Br/(m'Tpan), Hedrerazonaceimenasie—mensbine 0,05 Bt/(mrpan).

Tennoemkocmuio TOPHBIX TIOPOJT OOBSCHSIETCS UX CIOCOOHOCTH MOTJIONMIATH TEIIOBYIO
sHepruto. OHa OTIMYACTCA CPABHUTEIBHBIM OCTOSIHCTBOM M BO3PACTAET C YBEITUUYEHUEM BO-
JOHACBIIIEHHOCTU. Y MarMaTH4eCKUX U MEeTaMOp(QHUUECKUX MOPOA MpU OOBIYHBIX TEMIEepa-
Typax TEIJIOEMKOCTb MU3MEHSAETCA B IpeieIax (0,6—0,9)-10° JLx/(kr-Tpam), y ocaiouHbIX—
(0,7—1)-10° Ix/(xr-rpag), y Metammueckux pys — (0,9—1,4)-10% Jix/(xr-rpax). C poctom
TEMIIepaTypbl OHA YBETUUYUBACTCS.

Temnepamyponpogoonocmey XapakTepU3yeT CKOPOCTh HM3MEHEHHsS TEMIIepaTryp NpHu
MOTJIOLIEHUH WM OTJaue Teruia. Y pa3MuHbIX TOPHBIX MOPOJ OHA M3MEHSETCS B Mpeaenax
(4—10)-10" m?/c.

Tennosan unepyus nopon [Jx/(m> -¢“>K), rne K — rpagycer Kenbpuna] sisercs
OJIHOM M3 000OIIEHHBIX TEIUIOBBIX XapaKTEPUCTUK 3eMHOM MmoBepXxHOCTU. OHA UCHONB3YeTCs
IIPU TETUIOBBIX a9POKOCMUYECKHUX ChEMKAX M XapaKTepU3yeT CYTOUHBIM X0/ TeMIepaTyp Hal
pasHbpIMU JIaHAmadTaMu ¥ TOPHBIMH Topoaamu. [lopoasl co ciiaboil TenaoBoW WHEPIHEH
(cyxue MOYBBI U TMECKH) XapaKTepU3YIOTCs HU3KUMH ee 3HaueHus Q<500 H)K/(Mzcllz-K) u
OospuM KoJiebaHueM cyTouHbIX Temriepatyp (1o 60 °C). I[Topoasl U cpeasl ¢ BBICOKOW Tem-
JI0BOI MHepIyel (0OBOAHEHHBIE MOPO/IbI, 3200JI0UEHHBIE YUACTKH) XapaKTepU3yIOTCsl 3HaUe-
Husmu Q 1o 3000 Z[)I(/(MZCJJ2~K) Y CyTOYHBIM U3MeHeHneM temmepatyp 10 30 °C. Han akBa-
TOPHSIME KPYITHBIX peK, Mopeii i okeanoB Q > 10 000 Jhx/(M*c*K), a cyrounsiii xox Tem-
MepaTyp COCTABIISAET HECKOJIBKO I'PayCOB.

[lepeuncieHHble TEIIOBBIE CBOMCTBA TOPHBIX HOPOJ] ONPENENISIOT JJAOOPATOPHBIMU Me-
tomamu. st 3Toro oOpasipl TOPHBIX MOPOJA MOMEIIAIOT B IUIOCKHUE, IHINHIAPHUYECKUE WIIN
cepuueckre AATYMKH, Yepe3 KOTOPbIE MPOIYCKAIOT CTAl[MOHAPHBIM MM MUMITYJIbCHBIN Tell-
JIOBOM IOTOK OT MCTOYHHUKA Teria. M3mepss npomenmui noTok, rpagueHT TeMIlepaTyp 3a
BpEMs U3MEPEHUH U 3Hasi TEOMETPUYECKUE pa3Mephl JaTYMKa, MOKHO ONPEICIIUTD TEIJIOBbIE
CBOICTBA MTOPOI.

3HaHUE TEIJIOBBIX CBOMCTB TOPHBIX MOPOJ HEOOXOIUMO JJIsi UHTEPIpETAIlUH Pe3ybTa-
TOB TEPMOMETPHH CKBKUH U JIOHHBIX OCAJIKOB; IMPHU TITYOMHHBIX T€OTEPMHUYECKHX HCCIIE0-
BaHUAX; BBISIBJICHUU TE€X WU MHBIX MOJE3HBIX UCKOMAEMbIX; MPOBEACHUN TEIJIOBBIX pAcueTOB
C IEJBI0 YCTAHOBJICHUS 3aBUCUMOCTEH TEIUIOBBIX CBOWCTB OT (PM3MUYECKUX, T€OJIOTUYECKUX,
BOJHO-KOJIJIEKTOPCKHUX MapaMeTpOB.

Onmuueckue ceolicmea nopoo — anboeno, XxapakTepu3yIolee OTpaKaTeIbHbIE CBOM-
ctBa moBepxHOCTH (%); KOAPPUIMEHT SAPKOCTH, T. €. OTHOIIEHHE SPKOCTH MOBEPXHOCTU B
paccMaTpuBaeMOM HampaBiIeHUH K SIPKOCTH OeNoi HaeanbHO paccerBarolleil MOBEPXHOCTH;
CTETEeHb YEPHOTHI, MIOKA3bIBAIOIAs, BO CKOJIBKO pa3 IUIOTHOCTh M3IY4YEHHUs TaHHOTO 0OBEKTa
NPU JUTHHE BOJIHBI A, MEHBIIIE UIOTHOCTH M3JIYYEHHsST aOCOIIOTHO YEPHOTO Teia MPH TOU Ke
TEMIIepaType, U Jp.— UrPalOT OCHOBHYIO POJIb MPU MH(PAKPACHON ChEMKE.
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6.1.3  Ilpunuyunvt meopuu mepmopaszeeoxu

Teopus TepMOpa3BeIKU OCHOBBIBAETCS HA PEIICHUM YPABHEHHUSI TEILUIONIPOBOJHOCTH

a T+6T+6T a—T (6.2
'’ 0y’ 0z [ Ot

XapaKTEPU3YIOLIET0 U3MEHEHHE TeMIepaTyphl 1 1o ocsam koopauHat (X, y, 2) Bo Bpemenn t ¢
Y4E€TOM TEMIEPATYpONpPOBOAHOCTU . Pemias 3To ypaBHEHHE ¢ y4eTOM BbIpakeHus (6.1),
MOKHO TOJYYUTh CIEAYIOIYI (HOpMyly Jid pacdueTa CyMMapHOTO TEIUIOBOrO MOTOKa U3
Heap 3eMiu:

(ZI_ZZ)I/Z B’
B

rae Tp— Temmeparypa Ha riiyOuHe Zy; [ — reoTepMHUYecK il TPAJANCHT, WK TIepernasl TeMITe-
patyp (T2-T1) Ha AByX riryOuHAX Z v Z;; V,— BEepTUKAIbHASI CKOPOCTh KOHBEKIIUH.

(6.3)

qCYM

:AT%iT,—FEeVZ
&

[Tpu pemieHny NpSMBIX 337a4 TEPMOPA3BEAKH YacTO 3€MIII0 MPUHUMAIOT 32 OJHOPOJ-
HOE IOJIYIIPOCTPAHCTBO C IOCTOSIHHBIM TEIJIOBBIM MOTOKOM (cyys. Pemast ypaBHenue (6.2) ¢
y4eToM BbIpakeHHs (6.3) U TpaHUYHBIX YCJIOBHM JJIsi TE MPOCTOW reOMETPHIECKON (POpPMBI
(map, 100, HWIMHAP U T. I.) WX TOPU30HTAIBHO-CIIOUCTONW Cpebl C Pa3HBIMHU TEIIOBBIMHU
CBOMCTBaMH, MOKHO TMOJYYUTh aHATUTUYECKHE BBIPAXKEHUSI JUIsI aHOMAJIbHBIX TEIJIOBBIX TO-
TOKOB MJIH Temriepatyp. IIpu cpaBHEHUHN TEOPETUUECKH PACCUMTAHHBIX KPUBBIX C HAOJIIOICH-
HBIMH MO>KHO TMOJIYYUThH CBEICHHUS O T€OTEPMUUYECKUX aHOMAJUSAX U MPOBECTH KOJIMYECTBEH-
HYIO MHTEPIPETAIHIO TaHHBIX TEPMOPA3BEIKHU, T. €. OLEHHUTh MOJOKEHHE, TITyOHHbI 3aJIera-
HUS aHOMaJIMe00pa3yIoIUX JOKATHHBIX 00BEKTOB.

6.2 Anmaparypa il re0TepMHYeCKHX HCCJIeI0BaHUil

st reoTepMUUECKUX UCCIEA0BAHUI UCIIOIB3YIOT PA3HOTO poja TEIIOBU30PBI, TEPMO-
METPBI, TEPMOIPATUEHTOMETPHI U TEMJIOMEPBHI.

6.2.1  Tennosusopoi.

Jl1st a3pOKOCMUYECKUX U TIOJIEBBIX PAHOTEIUIOBBIX U HHPPAKPACHBIX CHEMOK H3TOTOB-
JSIOT TETJIOBU30PHI, pa0OTAIOIINE B TEX WM MHBIX YUaCTKaX CIIEKTpPa JJIUH AJICKTPOMArHUT-
HBIX BOJH OT MUKPOMETPOBOTO [0 MUJUTUMETPOBOTO auamna3zoHa. ®oTouyBCTBUTEIBLHBIM dJie-
MEHTOM ((OTOIETEKTOPOM) TETUIOBU30pa SBISIIOTCS O0COOBIE KPUCTAJIIBI, YyBCTBUTEIBHBIE K
AJIIEKTPOMArHUTHOMY HU3ITyYEHUIO OMPEICIICHHBIX [UIMH BOJH. /{7 JOCTHXKEHHS BBICOKOM
YYBCTBUTEIBHOCTHU (JIOJIM Tpajayca) U Oe3bIHEPIUOHHOCTH KPUCTAILIBI JOJKHBI HaXOJIUTHCS
IIpU OueHb HU3KUX TemmnepaTtypax (MeHpmux —203 °C). C 3TOH LEenbI0 UX MOMELIAIOT B OX-
JaXkJarouiee yCTPpOMCTBO Ha KHUAKOM a30Te WM resiud. M3mepeHHble n3iydeHus npeoldpasy-
IOTCS B DJIEKTPUYECKUE CUTHAIBI, KOTOPHIE YCHIMBAIOTCA M TPAHC(HOPMHUPYIOTCS B TAKYIO
dbopmy, 9TOOBI UX MOXKHO OBLTO TIepeAaTh Ha IKpaH TEICBU30pa WK Ha (POTOIJICHKY, KaK MpH
OOBIYHBIX (DOTOTEIEBU3NOHHBIX ChEMKaX.

B mopTaTtuBHBIX MEPEHOCHBIX TEIJIOBU30paX TeMIepaTypbl (PUKCUPYIOTCS Ha LUQPO-
BbIX MHAMKaTOpax. CylIecTBYIOT Takke MPUOOPHI C 3aUChI0 HA MAarHUTHYIO JIEHTY. Teruio-
BU3OPBI-CIICKTPOMETPHLI COACPIKAT yCTpOfICTBa AJId CIICKTPAaJIbHOTO PAa3JACJICHUS ITPUHATBIX
W3JIYYCHU W mocaeayromed ux oopadotrku ¢ momonisio O9BM. B TemmoBu3opax mns aspo-
KOCMHUUYECKOW ChEMKH MMEETCS CKAHUPYIOIIEe AIEKTPOHHO-MEXAaHUYECKOE YCTPOMCTBO AJis
pa3BepTKu (HOTOAETEKTOpa MEPIEHANKYISIPHO K HAIPABIEHUIO IMOJIETa, YTOObI OCYILIECTBUTH
pa3BepTKy U300paKEHUS IO CTPOKAM U KaJpam, T. €. IPOBECTH 0030PHYIO ChEMKY.
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6.2.2  Tepmomempeul.

IIpu TepMmopa3Benke TeMIepaTypy MOpoA WIH BOAY U3MEPSIOT C MOMOILIBIO CKBAKUH-
HBIX (ILIIYpOBBIX) WJIM JIOHHBIX T€PMOMETPOB. UyBCTBUTENIBHBIM 3JIEMEHTOM TaKHUX TEPMO-
METPOB SBJISIOTCS TEPMOUYBCTBHUTEIbHbBIE CONPOTUBIICHUS MU TEPMUCTOPHI, BKIIIOYaeMbIE B
MOCTHKOBYIO CXE€MY, KOTOpasi paboTaeT Ha MOCTOSIHHOM Toke. M3MeHeHue TeMmepaTypsl OK-
pyXaromeii cpesibl MPUBOJUT K pazdaiaHCy «MOCTay U MOSBICHUIO B HEM MPOMOPLUOHAIBHO-
ro TOMY M3MEHEHUIO TOKa. B TepMorpagueHToMeTpax UMeeTcsi HECKOJIbKO YyBCTBUTEIbHBIX
2JIEMEHTOB, PACIIOJIOKEHHBIX Ha paccTOsIHUAX 1—2 M apyr ot apyra. C IOMOIIbIO CHeHallb-
HBIX DJIEKTPUYECKHX CXEM M3MEPSIOT PA3HOCTH TeMIepaTyp Mex1y HUMHU. Temiaomepsl, mo-
CTpOEHHBIE Ha 0a3e TEPMOMETPOB, CIYXaT JAJS OLICHKH TEIJIOBBIX MOTOKOB. CUTHAIIBI, TTOJTY-
YEeHHbIE CO CKBaKMHHOI'O WJIM JJOHHOTO TEPMOMETPOB, YCHJIMBAIOTCS U 10 KaOEIo NepesaroT-
Csl HA aBTOMAaTHYECKHUE PETHUCTPATOPhl, KAK U B CEPUIHBIX KAPOTAXKHBIX CTAHLUAX IS Teo(u-
3UYECKUX MCCIICIOBAHUN B CKBAXUHAX (CM. TII. 7).

6.3 MeToauka 1 00J1aCTH NPUMEHEHHUsI TEPMOPA3BeIKH

6.3.1  Paouomennosvie u unghpakpacHvie cbemku

MeTonukn pauoTeIUIOBBIX U WH(MPAKPACHBIX a9POKOCMUYECKHX CHEMOK MPAKTUYCCKH
TaKHe e, Kak U mpu (HOTOTEIEBU3NOHHBIX ChbeMKaxX. L[eHHBIM MX MPEUMYIIIECTBOM SIBIISICTCS
BO3MOXXHOCTh BECTH CHEMKH B TEMHOTE, a MPU COOTBETCTBYIOIIEM BHIOOpE AJTUH BOJH U
MPaKTHYECKH TIpU J1000# moroge. Hampumep, B mH(ppakpacHOM auamna3oHE BBISBICH P
«OKOH TpPO3pavyHOCTU» B auamnaszone Bosd: 0,95—1,05; 1,2—1,3; 1,5—1,8; 2,1—2.4; 3,3—
4,2; 45—5,1, 8— 13 MKM u ap., HA KOTOPBIX MOXHO BECTH CHEMKH B T€X WA HWHBIX
MOTOHBIX YCIIOBUSX.

AHOManMM Ha MOJYYCHHBIX CHUMKAX (POPMHUPYIOTCS 3a CUET TEIJIOBBIX IOTOKOB W3
HeJZlp, OTPAKCHUS COTHEYHOM SHEPTMU W 3aBHUCSAT OT ONTHYECKHX, TEIUIOBBIX M B MEHBIICH
CTETEHH IJIEKTPOMArHUTHBIX CBOWCTB FOPHBIX MOPOJI BEPXHEH YAaCTH T'€0JIOTUYECKOM Cpelibl.
PapnorenioBeie 1 MH(paKpacHbIE CHEMKH OCIO0KHEHBI TEPMHUYCCKHMHU ITOMEXaMH, CBSI3aH-
HBIMU C HEPaBHOMEPHBIM TEIUIOBBIM OOMEHOM 3€MHOW MOBEPXHOCTH ¢ aTMoc(epoil, n3me-
HSIOIUMHUCS KIMMATHYECKUMH ¥ METEOPOJIOTHIECKUMHE YCIOBUSIMH, COCTOSTHUEM aTMOChepbl
U IpYyruMu (aKkTOpaMH.

O06paboTKa U MCTOJKOBAaHHE PATHOTEIUIOBBIX U MH(PAKpaCHBIX CHUMKOB B 00IIEeM Ta-
KHe e, KaK ¥ MpH Aemn(ppUpOBaHNN CHUMKOB BHIMMOTO JHana3oHa (a3pOKOCMOCHUMKOB).

AdpoKocMHUYECKHE TUCTAaHIIMOHHBIE PaJInOTEIUIOBbIE U MH(PPAKPACHBIE CHEMKH UCIIOIb-
3YIOT JUIsl MCCIIEOBAHMsI IPUPOJIHBIX PECYPCOB 3€MJIM M, B YACTHOCTH, JUIsl U3Y4EHUs paii-
OHOB aKTUBHOTO BYJIIKAHWU3Ma U THAPOTEPMAIBHON NEATEIbHOCTH, T€OJOTHYECKOTO KapTUPO-
BAHMS U IIOUCKOB HEKOTOPBIX IIOJIE3HBIX UCKOIIAEMBIX, HHKEHEPHO-T€0JIOTMYECKUX U TUAPO-
Ie0JIOTHYECKUX ChEMOK, PEHICHHS 3a7a4 I0YBOBEICHUS U MEIUOPALUK, H3yYCHHs CHEXKHOTO,
JIeITHOTO MOKPOBA M TUHAMUKHU JIaHIIIa(TOB, OXpaHbl IPUPOIHON CPEIbl U PELICHUS JPYTUX
3a1ad.

6.3.2  Pecuonanvhvle ceomepmuyeckue uccie008aHus

PernonanbHble TEpMUYECKHE HCCIEAOBAHMS CBOIATCA K BBICOKOTOYHOMY (TOrpeu-
HocTh He 6osee 0,01°C) HEOMHOKPATHOMY M3MEPEHHUI0 TeMIEpaTyp, UX MPHUPAIIEHUN B TITy-
OOKHX CKBaXMHAX, TOPHBIX BBIPAOOTKAX W JIOHHBIX OCaJKaX 03ep, MOpei u okeaHoB. YTOOBI
UCKJIIOUUTh BIIMSHUE CE30HHBIX KOJIEOAHUH TeMIepaTyp, 3aMephl Ha CylIe BEAYyT Ha IIyOnHax
cebiie 50—100 M, a Ha BOAHBIX aKBaTOPHUSIX — Ha TayouHe cBbitie 300 M.

[Ipu OypeHnn CKBaXXMH HapylIaeTcsl TEMIepaTypHOEe PaBHOBECHE, KOTOPOE 3aBUCUT OT
BPEMEHU U criocoba OypeHMsl, YCIOBUM LUPKYJIALUN TPOMBIBOUYHON JKUAKOCTH WU MPOAY-
BaeMOI'0 BO37yXa BO BpeMs OypeHus. B cpeaHeM Bpemsi BOCCTAHOBJICHHS TeMIEpPATyphl 10
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MepBOHAYAIIBHBIX 3HAUCHUU mpeBblaeT 10-kpaTHOe BpeMsi OypeHHs CKBaxuHBI. [loaTomy
TEPMHUYECKHE U3MEPEHUS MPOBOJIAT MOCIIE YCTAHOBIEHUS TEMIIEPATYP, T. €. Yepe3 HECKOIbKO
MecsAIeB (MHOTIa — JIET) Tociie OypeHus TIyOOKHX CKBXHH M Yepe3 HECKOJIBKO HENeIb WIIH
JHEel nocye OypeHus: CKBaKMH WM IIITYPOB B TOPHBIX BIPAOOTKaX.

['paduxu 1 KapThl TEMIIEpaTyp (MU TPAAUEHTOB TEMIIEPATYypP) UCIOIB3YIOT JAJIs pacue-
TOB T€OTEPMHUYECKHX T'PAIHECHTOB, TEIUIOBBIX MOTOKOB. TEIUIOBOW MOTOK PAaCCUUTHIBAIOT IO
U3BECTHOMY T'€OTEPMHYECKOMY TpafueHTy I ¥ TEIUIONPOBOAHOCTU A7 TOPHBIX MOPOJI, ONpe-
IICHHCMOI\/JI Ha 06pa3uax TOpPHBIX TTOPOJ U HJOHHBIX OCAAKOB WJIKM C IMOMOMIBIO CIICHIUAJIBHBIX
TEpMOMETPOB [cM. Bbipakenus (6.1), (6.2)].

B pe3ynbpTare MHOrOJIETHHX TEIJIOBBIX CHEMOK 3€MJIM HAKOILJIEHbI HEKOTOpHIE CBEJe-
HUSL 00 0COOEHHOCTSIX €€ TeIUIOBOro moiisi. I'eoTrepmuueckas CTyneHb (BeIMYMHa, oOpaTHas
reoTepMHUECKOMY TPAJMEHTY) COCTaBIseT Ha KpUcTauindeckux mmurax okono 100 m/rpan,
Ha raTdopmax — okono 30 m/rpan, B ckiaadareix obmactsax — 10—20 m/rpaz, B obmacTsx
HOBeHmero Bynkanusma — 5—20 m/rpaa. Munumanbabie TerioBble otoku (0,02— 0,04
Br/M%) HabmrogaloTes Ha mIaTGopMax M OCOOGEHHO HA TOKEMOPHHCKHX IIHTAX, B [IyGOKO-
BOJHBIX BIaJWHAX, MAKCUMAaJIbHble — Ha CPEAMHHO-OKEaHHMYECKHX XpeOTax, B pUPTOBBIX
30HAX W y4yacTKax coBpeMeHHoro Byinkanuszma (0,2—0,4 BT/MZ). TernnoBo MOTOK yBENUYH-
BAEeTCs B HAMPABJICHUH OT JAPEBHUX K MOJIOABIM OOJIACTSAM CKIIQAYaTOCTH, a B KaXAOW U3 HUX
Ha0JIr01aeTCsl BO3pacTaHUe MOTOKOB OT MPEATOPHBIX MPOrHOOB K y4acTKaM aKTUBHOI'O OpO-
reHesa. B TeKTOHMYECKN aKTHBHBIX 00JIacTSX HaOmomaeTcs peskas auddepeHnnanus Terio-
BBIX TIOTOKOB, HAaI[pUMEp, BO3PACTAaHUE BTPOE OT KPAaeBBIX MPOTHOOB K 001acTAM KailHO30ii-
CKOH ckiaguaTocTd. HecMoTpsi Ha cyuiecTByrollee NPUMEPHOE PABEHCTBO TEIJIOBBIX MOTO-
KOB B OKCAaHMUYECKUX U KOHTHHEHTAJIBbHBIX OOJIACTSX, a TAaKXKE B PETHOHAX Pa3HOBO3PACTHOU
CKJIQJIYaTOCTH, UX pa3inuus oOyCIOBINBAIOT CYIIECTBOBAHNE HE TOJNBKO BEPTUKAIbHBIX, HO U
TOPU30HTAJIBHBIX TPAJUEHTOB TEMIIEPATYP.

Jlis OKeaHCKHMX IUIMT HAOII0AAeTcs] 3aKOHOMEPHOE YMEHBIICHHE CpPEeIHUX 3HAuCHHM
TEIJIOBOTO MOTOKA C YBEJIMYEHUEM PACCTOSIHUS OT CPEIMHHO-OKEaHCKUX XpeOTOB M, COOTBET-
CTBEHHO, — C YBEJIMUYEHHEM BO3pacTa OKEaHCKOW muTochephl. ITa 3aKOHOMEPHOCTH OMUCHI-
BAETCSl TEOPETUUYECKOM 3aBUCUMOCThIO CkiteiiTepa-CopoxThHa

q= 473,5ﬁ : (6.4)

rae g — TemjIoBOM MOTOK B mBr/™% T — BO3PACT OKEaHCKOH jurocdepsl B MIH. JeT. [lanHas
3aBUCUMOCTbh JJOCTAaTOYHO YJOBJIETBOPUTEIBHO COOTBETCTBYET HAOJIIOJAEMbIM 3HAYEHUAM
TETIOBOTO OTOKA /st [rana3ona 1 ot 5 1o 70 MutH. Jer.

N3mepenns TemmnepaTtyp B CTPYKTYPHBIX U pa3BeIOYHBIX (Ha HE(Th U Ta3) CKBAKUHAX I10-
3BOJISIFOT PAaCCYMTATh T€OTEPMHUECKUE TPATUCHTHI U UX U3MEHEHUS C TIIyOMHOM U IO TUIoNIa-
nu. Tak, HarpuMep, B OpoJax YKPauHCKOTO IIMTA T€OTEPMUUECKUNA T'PAaIUEHT OYEHb MaJl:
0,010— 0,015 °C/m, a B CtaBponoasckoM kpae BeIcOk—(0,032—0,067 °C/m. Tlo HedTsiHBIM
cKkBaknHaM KpacHomapckoro kpasi TeOTepMUYECKHI IPaJHeHT UMEET MPOMEXYTOUYHbIE 3Ha-
yenust — 0,020— 0,046 °C/m.

PernonanbpHble TEPMHUYECKUE HCCIIEIOBAHUS CIIY)XAT ISl BBISIBICHUS TEPMUYECKOTO
peKuMa U COCTOSHHS HEAp 3eMIIM, YTO SIBJSIETCS Ba)KHBIM MCTOYHMKOM HMHGOpMAIMM IS
reopu3uKd U TEopeTHUecKor reojoruu. [IpakThyecku 3TH HCCIEAOBaHUS HAINpaBJICHBI Ha
U3y4eHHE Te0TEPMUYECKIX PECYPCOB U BBISIBIEHUE YYaCTKOB, MEPCIIEKTUBHBIX HA UCIOIb30-
BaHUE TIIYOMHHOI'O TeIla B KaueCTBE MCTOYHHMKA SHEPTUU. DTH YYaCTKHU PAcIoyaraloTcsi B
pailoHax ¢ MOBBIILIEHHBIM TEIIOBBIM OTOKOM (cBbilIe 0,1 Br/™M%) 1 reOTEpMUYECKUM I'Pau-
eHToM (5—20° na 100 m). B Takux paiioHax Ha riyOWHax CBbIIIE 1—3 KM MOTYT HAaXOJIUTHCS
CKOIUIEHHsI OO MaporuapoTepm, JHO0 TEpMalbHBIX BOJ, JIMOO MPOrpeThix mopoxa. B Ha-
CTOSIIEE BPEMS HUCIIOJB3YIOT HE TOJBKO MAPOTUAPOTEPMbI U T€PMallbHBIE BOJBI, HO U MOJ-
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3eMHBIC TEIUIOBBIC KOTJIBI, T. €. 30HBI Pa3pPYIICHHBIX TIEPETPETHIX MOPO/I, Kya MOKHO 3aKayu-
BaTh BOJAY M IOCJIE €€ HarpeBa HMCIOIb30BaTh IS MONYUYEHUS DJICKTPOIHEPTHH, TEIUIO(hUKa-
MM U APYTUX LEeH.

6.3.3  ITouckoeo-pazeedounvie zeomepmuyecKue Uccie006anus

[TonckoBoO-pa3BeJOYHBIC TEOTEPMHUUECKHE MCCIEAOBAHUS B KOMIUIEKCE C JIPYTUMH Ha-
36MHBIMH ¥ TOJ3EMHBIMU TeO(DH3MUECKUMH METOAAMHU TPOBOJISAT HA PYIHBIX, YrOJbHBIX,
HE(TSIHBIX U Ta30BBIX MECTOPOXKACHUAX. TemmepaTypbl OPOJ U3MEPSIOT B CKBXHHAX Ha-
36MHOT0 U moj3eMHoro Oypenus. Cucremy HaOMIOICHUA TPHUCTIOCAOIUBAIOT K WMEIOIICHCS
CETH CKBAXKWH, MOCKOJIbKY CTEIHAbHOE OypeHHe CKBaKUH I TEPMOPA3BEAKH SKOHOMHYE-
CKHM HEBBITOIHO M MPOBOIUTCS JIIIb H3pEAKa. TemMreparypbl H3MEPSIOT B OTACITBHBIX TOYKAX
1O CTBOJIY CKBAKUHBI.

Bonbire TpyIHOCTH MpH TepMOpa3BEAKE CBA3aHBI C HEOOXOAMMOCTHIO TIOTYUYECHHUS YyC-
TAHOBUBUIMXCSI TEMIIEpaTyp, 4TOObl OXapaKTEepPHU30BaTh €CTECTBEHHOE TEMIIEpPAaTypHOE IO0JIe
ropHbIX IopoJ. OHO OKa3bIBAETCSl HAPYIIEHHBIM B PE3YJIbTATE NCKAXKAIOUIETO BIMSHUS TaKUX
(bakTOpOB, KaK pa3orpeB MOpoA MpHu OypeHUH, BIUSHUE NPOMBIBOUHON KUJKOCTH, BEHTUIIS-
IIUS] TOPHBIX BBIPAOOTOK, YCHJICHHOE OKUCIICHHE Py U YIJIei, BCKPHITBIX TOPHBIX BHIPAOOTOK
u 1p. [lo n3MepeHHbIM €CTECTBEHHBIM TEMIIEpAaTypaM CTPOAT rpauKyu UX U3MEHEHUS C IIy-
OMHOM, a JUIA MOCTOSHHBIX IIyOWH — C paccrosHueM. [Ipu AOCTaTouHON TycTOTE TOYEK
IUIOINAHBIX HAOIIOACHUN CTPOAT KapThl U30TEPM (IIOCTOSIHHBIX TEMIIEpaTyp) JUIsl OAMHAKO-
BBIX TJIyOHMH, KapThl CPETHUX T€OTEPMHUYECKUX TPAJAUEHTOB U JIp.

WuTepnperanyst reoOTepMUYECKUX TpoQuiIei 1 KapT 0ObIYHO KayeCTBEHHAsI U CBOJUTCS
K BBIJICJICHUIO JIOKAJIBHBIX aHOMAJINH TEPMHUUYECKOIO MOJISI U COMOCTABICHUIO UX C aHOMAJINsA-
MU JIpYTHX reo(pU3nIeCcCKuX METOAOB, a TAKXKE C T'€OJIOTHUECKUMH MaTepralaMu.

6.34  Huocenepno-zuopozeonozuueckue zeomepmuiecKue ucciedo06anus

NHxeHepHO-THAPOre0IOTHYECKUE TEOTEPMUYECKUE UCCIETOBAaHUS OOBIYHO MPOBOJAT B
HernyOookux (10—30 M) ckBaKMHAX C YCTAHOBUBIIHMMCS TEMIIEPATypHBIM pexxumoM. JXKema-
TEJNbHO M30JUPOBATH BOJOHOCHBIA TOPU30HT OT CKBaKUHBI. B pa3HBIX MPUPOIHBIX YCIOBUIX
MoJTyyaeMble re0TepMUYECKUE MPOPMIN M KapThl CIYKaT ISl OKOHTYPUBAaHUS MHOTOJIETHE-
Mep3JbIX U TaJIbIX TOPHBIX MOPOJ; U3YUYECHUS TUHAMUKHU MMOA3EMHBIX BOJ (IPUTOK TITyOMHHBIX
BOJI CO3/1a€T IOJIOKUTENBHBIE aHOMAJIMU TEMIIEpaTyp, MOBEPXHOCTHBIX—OTPHUIIATEIbHBIC);
MPOTHO3a MPUOIMKEHHS 320051 BRIpaOOTOK K 0OBOTHEHHBIM 30HaM W PEIICHUS APYTUX 3a]1ad.

Oco0bIil HHTEpEC MPEICTABISET ONPENCICHUE CKOPOCTH (QMIIBTPAIINHU TTOA3EMHBIX BOJI.
Kak ormeuanocs BBIIIIC, TEIJIOBOM IIOTOK B YCJIOBHAX 3aMETHOH KOHBCKIIMU TCIlJIa 3a CUCT
MOJI3EMHBIX BOJI 3aBUCHUT OT T€OTEPMUYECCKOTO IPAUCHTa, KOAPPUIIMEHTA TEMIIEPATYyPOIIPO-
BOJTHOCTH ¥ CKOPOCTH (DUIBTpaIlMu Moa3eMHbIX BoA. [IpuBeaeHusie dhopmysnsl (6.1) u (6.3)
MIOJIOKEHBI B OCHOBY MPAKTUYECKOTO MCIOIb30BaHUS TEPMOPA3BEIKH JJIsI ONPEACIECHUS CKO-
pocTH, a 3aTeM U K03 duUlneHTa GUIbTPaUK MOA3EMHBIX BO. J[J1s1 BBIABICHHS MECT (DUITBT-
panuu BOJ M3 BOAOXPAHWIIMIL, KaHAJIOB, PCK U CTBOJIOB CKBAXXWH, a@ TAKIKC MHTCPBAJIOB, T'AC
YTEYKH OTCYTCTBYIOT, MOKHO HCIIOJIb30BaTh U3MEPEHUE HE TOJIBKO €CTECTBEHHBIX, HO U UC-
KYCCTBEHHBIX TEIUIOBBIX IMOJIEH. YUaCTKH COCPEJOTOUYCHHON (DMIBTPALIUHU BBIIEIAIOT 110 TEM-
NepaTypHBIM aHOMAJIHSIM, 3HAK KOTOPBIX 3aBUCHUT OT TEMIIEPATypHOTO PEKMMa aKBATOPHIA.
bonee yerkue pe3ysbTarsl MOJIY4arOT IIPU UCKYCCTBEHHOM JIEKTPUYECKOM IOJOTPEBE BOJIBI
BO BCEX TOUYKax M3MepeHHi. [1o CKOpoCTH BOCCTaHOBIICHHS TEMIIEPATyp MOXKHO HE TOJIBKO
KauCCTBCHHO BBISIBUTH MCCTA YTCUCK, HO U OICHUTL CKOPOCTHU (pI/IJ'ILTpaI_II/II/I.
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T1asa7 T'EO®M3NYECKUE WCCJEJIOBAHUSA
CKBAKWH (TMIC)

HJ’IH JNCTAJIbHBIX I'€OJIOTHNYCCKUX HCCHCHOB&HHﬁ, peH_IeHI/ISI BOHpOC& O HaJIMYHUH II0JIC3-
HBIX UCKOTIACMBIX, a TAK)Ke JJIS MOJICYCTOB X 3aMacoB OypSAT CKBOKUHBI, KOTOPHIC H3y4aroT C
MOMOIIbI0 reoduzndeckux MeroaoB uccienoBanus ckBaxud (I'MC). TUC neo6xoauMbl Tak-
e JJISl HaZIe)KHOW MHTEPIPETAlud Pe3yIbTaTOB UCCIEA0BAHUH MOJIEBBIMU Ie0(U3NIECKUMU
METOHAMH.

7.1 Poab u mecto I'C B koMmILJIeKce reoJioro-reopusnyecKkux pador

7.1.1 3aoauu 'HC

I'MC npumeHSIOT AJig penieHus reoJIoTMYeCKuX M TEeXHMYeCKuX 3anad. K reosoruye-
CKHM 3ajlauaM, B MEPBYIO OYEpEe/lb, OTHOCAT JMUTOJOTUYECKOE PACUJICHEHUE Pa3pe30B, HX
Koppenﬂumo, BBISIBJICHUC ITIOJIC3HBIX HMCKOIIACMBIX U onpeaeneHI/Ie HapaMeTPOB, H€O6XOIII/I-
MBIX I TojcueTa 3amacoB. K TEXHWYECKMM 3ajadyaM OTHOCST HM3YyUYCHHE HHXKECHEPHO-
TEOJIOTHYECKUX MU THAPOTECOJIOTHYECKUX OCOOCHHOCTEH pa3pe3oB, M3yYEHUE TEXHHUYECKOTO
COCTOSTHUSI CKBQ)KWH, KOHTPOJIb pa3paboOTKU MECTOpOXKIeHUN HedTH, Ta3a W Yriis, MpoBee-
HUE TPOCTPEIIOYHO-B3PBIBHBIX paboT. B gaHHOM y4eOHHMKE OCHOBHOE BHHUMAHHE YJIETICHO
M3Y4YEHUIO 33729 T€OJIOTHYECKOT0 XapaKTepa.

Pemenue crosimux nepen ['MC 3amad B CIOXKHBIX YCITOBUSIX CKBAKMHHOM T€OMETPHH
TpeOyeT BCECTOPOHHETr0 U3yueHHs (PU3NUECKUX CBOMCTB cpelibl. B CBsI3U ¢ 3TUM CyIIeCTBYET
6ounbmioe uncio merooB [ MIC, koTopbie 00beAMHSAIOT B HECKOIBKO IpyImil. OCHOBHBIE M3 HUX
— DJIEKTPUYECKUE, dJIEKTPOMAarHUTHbIE, AepHO-Pu3nyeckue u akyctuueckue. CyliecTByoT
TaK)XKe TEPMUYECKHE, MATHUTHBIE, TPaBUMETPUUYECKHE, MEXaHUYECKUE U T€OXUMHYECKUE Me-
tonel. Takum obpaszom, [MC — monsTHE cOOMpaTenbHOE, XapaKTepusyloliee He TOT WU
UHOU (U3NYECKUN METOMA, a OOBEKT HCCIEHIOBaHMs, KAKHM SBISIOTCS CKBRXMHA M OKOJIO-
CKBa)XKMHHAas cpeaa.

7.1.2 CxBakuHa KaK 00bEeKT reo(pu3ndecKuX Mccae10BaHul

CKBaXuHBI OypSAT € LEIbI0 U3YUYEHHUS TEOJOTHH, TIOUCKOB U Pa3BEAKH MECTOPOXKICHUN
He(TH, Taza, yris, pya, IPECHBIX U TEPMAIbHBIX BOJI, CTPOUTEIBHBIX MaTepHANIOB, PELICHHUS
3aJa4 TUAPOTEOIOTMH U UHXKEHEPHO reosnoruu. OCHOBHOE YMCIIO CKBaXUH OypSAT MPH MOUC-
Kax, pa3BelKe U pa3paboTke He(DTIHBIX M Ta30BBIX MECTOpOXAcHUH, rae metoabl [ UC umerot
0COOCHHO OOJIBIIIOE 3HAUCHHUE.

B mpornecce 6ypeHust TopHbIe MOPOJBI MPETEPEBaIOT U3MeHeHus. [IIoTHBIE poYHbIe
MOPOJbI U3MEHSIOTCS Mao. JlnaMeTp CKBaXXMHBI B HUX OJM30K K HOMUHAIBHOMY (T.€. MPH-
ONMM3UTEIBHO PaBEH AWAMETPy J10JI0Ta). B mopomax phIXJIbIX, TPEIIMHOBATHIX, CKIOHHBIX K
TUAPATUPOBAHUIO M Pa3MbIBY, 00pa3yroTcsi kaBepHbl. CyIIeCTBEHHbIE U3MEHEHHS MTPOUCXO-
JIIT TpU pa30ypHBaHUU KOJUJICKTOPOB, COJEpXKAIMX TE€ WM HMHbIE IUIACTOBBIC (IIFOUIIBI
(aedTh, Ta3, BOAy), TaK Kak BO H30ekaHWE HEKOHTPOJIUPYEMBIX BBHIOPOCOB MpHU OypeHUH
OCYIIECTBIISIIOT PENPECCUIO Ha IJIACT, T.€. THAPOCTaTUYECKOE AaBJIEHUE MPOMBIBOYHON KH]I-
KOCTH TIOJJICP’KUBAIOT BBINIE IUIACTOBOTO JaBieHus. B pesynbraTe BO3HUKAET (pMIbTpanus
CKB2XMHHOM KMJIKOCTU B MPOHMULIAEMbIE IIacThl. IcXoaubIi (arona — HedTh, ra3, miacro-
Bas BOJIa — OTTECHsSETCs, 0Opa3yeTcsl 30Ha MPOHUKHOBEHUS, JUAMETP KOTOPOH MOKET Mpe-
BBIIIIaTh HOMHUHAJIBHBIA AMAMETP CKBAaXMHBI HA HECKOJIBKO CAHTHMMETPOB, JECSTKOB CAHTHU-
METPOB U Aake MeTpoB. Hanuuue 3Toi 30HBI CYyLIECTBEHHO YCIOXHSIET ONPEEIICHUE XapakK-
Tepa HacbleHus 1iacra. [loaBepruryrocss HauOoIbIIEMY BO3ACHCTBUIO YacTh 30HBI IPOHUK-
HOBEHUS HA3bIBAIOT TPOMBITOM 30HOM.

Pa3mepsl mop mopoI-KOJIJIEKTOPOB OOBIYHO HE MPEBBIIIAIOT COTEH MUKPOMETPOB, UTO
MEHbIIIe pa3Mepa MNIMHHUCTHIX YacTULl TPOMBIBOYHOM ®KUAKOCTU. [l03TOMY B mi1acT MpoHUKaET
TUIIh (QUIBTPAT KUAKOCTH, TJIMHUCTBHIC K€ YaCTHUIBI OCAXJTAIOTCS HA CTEHKE CKBAXKUHBI,
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yMEHbIIasg ee quamerp, TakuM o0pa3oM, yMEHBIICHNE JUaMeTpa CKBXHHBI 32 CYET 00pa3o-
BaHUS TNIMHUCTON KOPKH XapaKTepu3yeT, KaK MPaBWIO, HAINYHE MPOHULIAEMOTI0 HHTEpBaja.
B TpemmHOBaTHIX KOJUIEKTOpax C OOJBIION PACKPHITOCTHIO TPEIIMH TNIMHUCTAas KOPKa MO-
KeT He 00pa30BBIBATHCS.

[Tocne okoH4uaHus OypeHHsI CKBaKMHY 00CaXHUBAIOT U HeMEHTHPYIOT. Hannuue cranb-
HOM KOJIOHHBI MPAKTUYECKU MCKIIIOYAET BO3MOXKHOCTh MIPUMEHEHHUSI SJEKTPUUYECKUX U DJIEK-
TPOMarHUTHBIX MeTOA0B. [I03TOMY Takue MeToAbl MPUMEHSIOT B OTKPBITOM CTBOJIE. SIepHO-
buznyeckue, akyCTUYeCKrue 1 HEKOTOPhIE IPYrHe METO/Ibl, HATPOTUB, MOKHO MPUMEHSThH KaK
B OTKPBITOM, TaK U B 00CaK€HHOM CTBOJIE.

Hanuuue ramHUCTON KOpPKH, 30HBI IPOHUKHOBEHUS (B YAaCTHOCTH, IPOMBITON 30HBI),
[IEMEHTHOTO KaMHSI ¥ KOJIOHHBI J€NAl0T aKTyaJbHBIM BOIPOC O INIyOMHHOCTH MeTonoB. Cy-
IECTBYIOT MUKpPO- M1 MaKpOycTaHOBKH. IlepBbie cirykaT /Ui u3y4eHus OMM>KHEH 30HBI, BTO-
pbI€ CO3/1AI0T MPUHIIUIHAIBHYIO BO3MOKHOCTh U3YUYEeHHUS 1ajlbHel (HEM3MEHHOI) 30HBI.

Jo coznanus meronoB ['MC pa3zpe3sl CKBaXHH U3YyYald IyTeM 0TOOPA U UCCIIEAOBAHMS
KepHOBOro marepuana. OgHaKo 3TOT MeTOJ 00JafiaeT psAIOM CYLIECTBEHHBIX HEIOCTATKOB:
3HAYUTEIHHO BO3PACTAIOT BPEMs MPOXOJIKU CKBAKUHBI U €€ CTOMMOCTB; BHIHOC KepHa 0ObIY-
HO He OBIBAaeT MOJHBIM, B CBSI3U C YeM CILIOUIHAA MH(OpPMAIUI O pa3pe3e OTCYTCTBYET; MPH-
Bs3Ka KepHa M0 TIyOuHe 3aTpyJHEeHa; pauyc UCCIeI0BaHuN Maj; KepH OTOMPAIOT U3 ydacT-
KOB, TOJBEPTIINXCS HanOoJbIIeMy Bo3aeicTBUIO TIpu Oypennn. B To xe Bpems [MIC narot
CIUIOIIHYIO, HAJIeKHO MPUBA3AHHYIO MO TIyOMHE MH(POPMALUIO CO 3HAYUTEIHHO OOJBIINM
panuycom uccienoBanusi. Croumocts nposeaeHus ['MC u cBsi3aHHBIE ¢ HUMU 3aTpaThl Bpe-
MEHH MEHbIIIE, YeM Ipu 0TOOpe KepHa.

Onnako paxe mupokoe BHeApeHue ['MIC He mo3BosSeT MOTHOCTHIO OTKA3aThCA OT OT-
Oopa kepHa. CylecTBYIOT 3a7jauil, KOTOPbIE MIOKa MOXKHO HaJI€XKHO PELIUTh JIUIIb Ha KEPHO-
BOM MaTepHalie: A€TaJbHOE U3YUEHHE YCIOBUM OCAaJKOHAKOIUIEHUS U JHareHesa, onpeerne-
HUE TUIIAa IOPOBOI'0 IMPOCTPAHCTBA, MUHEPAIBLHOIO COCTaBa U HEKOTOPbIE Apyrue. Kpome To-
ro, XOTsSI KOPPEJSILIMOHHBIE CBSI3M MEXAY I'€0JIOTMYECKUMHU U (U3NYECKUMHU IapaMeTpaMu
JIOCTaTOYHO TECHBI, UX KOHKPETHBIM BUJ AJI1 TOTO WM MHOTO pailoHa HEU3BECTEH U MOKET
OBITh M3y4YeH JIUIIb HA OCHOBE JIA0OPAaTOPHBIX HccienoBaHui kepHa. Takum obpazom, [MIC
COBMECTHO C UCCIIEJOBAHNEM KEPHOBOI'O MaTepUaia COCTaBIET €AUHBIA KOMIIJIEKC I'€0I0ro-
reo()u3NYECKOro U3yueHust pazpe3oB ckBakuH. BHenpenne ['MIC B mpakTUKy reoJornuecKux
UCCIICIOBAaHH TTO3BOJIMIIO CYIIECTBEHHO COKPATUTh OTOOp KepHA, HE MCKIIOYUB €r0 COBCEM.
B Hacrosiiee Bpemst YMCIIO CKBaXHH, OypsIIMXCS ¢ OTOOPOM KEepHa, COCTaBIIAET HECKOIBKO
IPOLIEHTOB OT UX OOLIEro YKcia.

1.2 JIeKTPpHYECKHE U JJIEKTPOMATHUTHbIE METOAbI

721  Memoovt nomenyuanos camonpouseonvHoil noaapusayuu (I11C)

Meroasl NOTEHIUAIOB CaMOIIPOU3BOIBHOM MOJISPU3ALUKA F'OPHBIX ITOPOJ OCHOBAHBI Ha
HU3YUCHUU CCTCCTBCHHLIX JJICKTPUUYCCKUX nojied B CKBakuHax. EcTecTBeHHEBIE IIOJISI BO3HU-
KalOT B PE3YJIbTAaTe JJICKTPUUYECKOW aKTHMBHOCTH IU(D(Yy3MOHHO-aICOPOIIMOHHOTO, OKUCIIH-
TEJIbHO-BOCCTAHOBUTEIBHOTO, (DMIIBTPALIMOHHOTO U AJIEKTPOAHOTO XapaKTepa.

ughgpyzuonno-aocopoyuonnaa 3/]C. IlnactoBble M CKBaXUHHBIC BOJBI SIBISIOTCS
ANEKTPOJIUTAMH, MOCKOJIbKY B HUX NPHUCYTCTBYIOT HOHBI PACTBOPEHHBIX coiieii. B momas-
TSOIIEM OOJBIIMHCTBE CITy4aeB — ATO MOHBI HATpus U xiopa. Mousl nudPyHaupyroT B pas-
JUYHBIX HANpaBJICHUIX, OJHAKO PE3yIbTUPYIOUIUN MOTOK N dy3un HampaBieH B CTOPOHY
pacTBOopa MEHbIIEH KOHLEHTPALUU, KaKUM OOBIYHO SIBJSETCS BOJAA, COCTABJISAIONIAs OCHOBY
MIPOMBIBOYHOM KUAKOCTH. AHMOHBI — HOHBI XJIOpa — JABHKYTCS ObICTpEe, YeM KaTHOHBI—
noHbl HaTpus. [103TOMy B CKBa)KMHE MIPOTUB COAEPIKAILETO MIACTOBYIO BOAY KOJUIEKTOpa HO-
HOB XJIOpa OKa3bIBaeTcs OoJibllie, YeM MOHOB HaTpus. Bo3HUKIINMN 0ObEMHBIN OTpUIIATElNb-
HBIH 3apsan oOycnosnuBaeT Hanmuuue DJ(C, KOTOPYIO U3-3a MPOUCXOKICHHS HA3BIBAOT IU(D-
¢y3nonnoii. Ee Benuunna £ MoXeT OBITh OLIEHEHA 110 (hopMyIIe

Eﬂ: - 11,6|g CB/C(D

182



rae Cp, Cp — xonnentparuu NaCl B miactoBoi _
BOJIC U (PUIBTPATE MPOMBIBOYHOM KUIKOCTH COOTBETCT- AL
BEHHO. AL S A a

B peanbHBIX YCIOBHSIX KapTHHA BBITTSIUT He- ;
CKOJIBKO ciiokHee. [lmacToBas Boja HaXOAMTCS B KaIluil-
napax. CxeMaTU4YeCcKHil pa3pe3 Kanuiuisipa NpUBEICH Ha
puc. 7.1. Ha rpanune TBepAoi u ®HUIKOH (a3 B KaluuIsi-
pe obpasyeTcst TBOMHOW IIEKTPUYECKHUI CIIOW: MOJIOXKHU-
TETbHBIE MOHBI aICOPOUPYIOTCS TBEpAOH azol W KOM-
MIEHCUPYIOT OTPHUIATENBHBIA 3apsisl, OOpa3yIoIIHiicsS Ha
MOBEPXHOCTU TBEPAOIO Teja MPH €ro KOHTAKTE C BOIOH.
Crnoil MOJOXUTENbHBIX HOHOB HeoAHOponeH. Ta ero
4acTh, KOTOpas Oirke K TBepHoi (ase, HEMOIBHKHA,
ynanenHas e (nudQy3Hslii c10i) moaABMKHA U a1copOU- )
pOBaHHBIC B HEll MOHBI Takke AUPOYHAUPYIOT B CTOPOHY A L,
MEHBIIEH KOHIEHTPAlUH, T.€. B CTOPOHY CKBKUHBL A
[leHnTpasibHYIO0 YacTh Kanmujuisipa 3aHUMAET SJIEKTPOHEM- s
TpaJIbHBIA KaHaj, coep Kalluii KaTUOHBI U aHUOHBI. Cre- "
JIOBaTeNIbHO, 0OBbEMHBIN 3apsii MPOTUB COAEPIKALIETO Ka-
NWUISAPBI TJIacTa OO0YCJIOBJIEH pa3HHUIEH KOJIMYecTBa Ka-
THOHOB, TIOCTYNAIOMUX U3 AU((yY3HOrO Clos, U KoJInde-
CTBa AaHMOHOB, INOCTYMAIOIIUX W3 3JIEKTPOHEHUTPATBHOTO
kaHaya. Takum 00pa3om, oH 0OYCIIOBJIEH HE TOJIBKO JH(-
by3uoHHOH, HO U AUPPY3MOHHO-aICOPOLIMOHHON AKTUB-
HOCTBIO. PesynbTupyromyto ¢ dy3noHHO-
ancop6rmonnyo J/1C orneHuBaroT 1o Gpopmyiie

Puc.7.1 CxemaTuueckuit
paspes xanuiapa.
1 — muddy3HEIH cnoi;
2 — 3NEKTPOHEHTPANTBHBIN
KaHaj

_ S, C, _ C,
E -Es—k +22 A =5 =k |g—£, (7.1)
“oogs t s M @]]g c, gC(p

r7e S— CeYeHHE Kamwusipa; S, S —cedeHus kanaiaa u Au¢ @ y3HOro Cjiosi COOTBETCT-
BeHHO; Ky — koadduument nubdysuonnoit axtuHoctn; Agy — muddysunonHO-
aJIcCOpOIMOHHAs aKTHBHOCTB TOpoAbl; Kyc — koaduument anomamuu I1C uam 31eKTpoXu-
MudecKast aktuBHOCTb. st pactBopa NaCl Ky = - 11,6; A4 = 58. Ilpu yMeHbIICHHN Aua-
MeTpa Kanuuisipa ToiamuHa Juddy3HOro ciiosi U3MEHsAeTCs Majo, AUAMETpP YK€ dJIEKTPOHEH-
TPAJIBHOTO KaHajla YMEHbIIIAETCS U B MOPUCTHIX HEMMPOHUIIAEMBIX MOPOJIAX, KAKUMH SIBIISIOTCS
[JIMHBL, CTPEMUTCS K Hym0. COOTBETCTBEHHO OTHOLIEHHE S; / S TaKkKe CTPEMUTCS K HYJIIO, a
S/s— 1 [ToaTOMY B YUHCTBIX TJIMHAX

C C
E, o =A,lg—"=58lg—"
wr = P8e, m e,
B xopomux KomiekTopax (HanpuMep, YUCTBIX KPYMHO3EPHUCTHIX MecuaHukax) /S —l,
as,/ s— 0. B cBs31 ¢ 3TUM

C

__ B

EﬂAmin - 1l6|gc

[)]
3uauenus Ko u, coorBercTBenHo, anomanuu [1C XapakTepu3ylOT TUTOIOTHIO TOPOJ K
UX IpoHunaeMocts. Hanpumep, nsmenenne Kyc ot -11,6 10 58 cOOTBETCTBYET MEPEXOLY OT
YUCTBIX, XOPOILIO MPOHUIIAEMbIX MECYUaHUKOB K MEeCUYaHUKaM TJIMHUCTBIM, Jajnee — K Iecya-
HUCTBIM TJIMHAM U, HAKOHEIl, K YUCTHIM HEPOHUIIAEMbIM TJIMHAM.

Metoasr IIC, ocHoBaHHBIe Ha IU(GY3HOHHO-aJICOPOIIMOHHON AaKTUBHOCTH, MOKHO
MPUMEHSTh B HE(TETa30BbIX, THIPOr€OIOrHUYECKUX U HHKEHEPHO-TE€OJOTHYECKIX CKBaKMHAX
JUIS1 BBIJICJIEHUSI KOJJIEKTOPOB, OLIEHKU UX TJIMHUCTOCTH U CBSA3aHHOW C 3TUM IPOHULAEMOCTH,
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JUISL BBIICTICHUS TJIMH U TJIMHUCTBIX Pa3HOCTEH, 00pa3youx HEMPOHUIIAeMbIe U TUIOXO0 TpO-
HHULIAEMBIE IIJIACTBI, U1 KOPPEISALUU Pa3pe30B 10 XOPOLIO BbIAECPKAHHBIM TOJIILIAM.

Kpome Toro, mockonsky 3nadenue £, nponopruonansto 19 Cp / Cg, 3Hast KOHICH-
TPALHUIO COJIeH B (UIbTpAaTe MPOMBIBOYHOM KUAKOCTH Cgp, MOKHO OIIEHUTh MX KOHIICHTpA-
1o B mtactoBoit skuakoctu Cp. Camkenne Cp B He(pTEra3oBbIX IIacTax, a Tak)Ke B HHTEP-

BaJIaX IpPOpPbIBa NPECHBIX HArHETAEMBIX BOA IMPHUBOJUT K CHHXKXCHHIO aMILIUTYbI HC, qTO
TAKKC ABJISICTCA JUArHOCTHUYCCKUM IMPU3HAKOM.

Qunvmpayuonnvie nomenyuanvl. [Ipu TEUEHUU XUIKOCTU 4YEpe3 TOPHBIE MOPOJBI
BO3HUKAIOT MOTCHIMATBI (DUIBTPAIINH, TIPOUCXOXKIECHNUE KOTOPHIX TAKXKE CBS3aHO C HATUYH-
€M JIBOMHOTO 3JIEKTPUUYECKOTO CJIOS U, B YaCTHOCTH, €r0 MoABMXHOU auddy3Hoi vactu. [lo-
CKOJIbKY MOHBI TU((Y3HOTO €08 MOIBUKHBL, MPOTEKAIOLIas Yepe3 Kanwuisp KUIKOCTh YB-
JIEKaeT 9acTh HOHOB AU((HY3HOTO CIIOs, B PE3yJIbTaTe Yero caM Kamuuisp 3apsiKaeTcs MOoJo-
XKUTENbHO. B TOM ero wactu, rae 3a cueT cMmemeHus Aud@dy3HOoro cios OTpUIlaTeIbHBIN 3a-
P OKa3ajcs HECKOMIIEHCHUPOBAHHBIM, BO3HHMKAET OTPULATENbHBIN noTeHuuan. [lpu teue-
HUU JKUAJIKOCTU B IJIACT B CKBAXKMHE BOSHUKAET OTPULATEIbHBIM MOTEHIIMAI, IPU TEYCHUU U3
miacta — nonoxuTensHbiid. Metoasl [IC, ocHOBaHHBIE HA (UIBTPAIMOHHON aKTHBHOCTH,
MPUMEHSIIOT, TJIaBHBIM 00pa3oM, B THIPOTE€OJIOTMUECKUX CKBa)KMHAX C LENbI0 BbIICICHUS
Y4aCTKOB IPUTOKA WM MOTJIOUIEHUS KUIKOCTH.

Anekmpoonvie nomenyuanvl. KaTnoHsl opo, 00Jagal0MuX IEKTPOHHOW MPOBOIH-
MOCTBIO (CyIb(pUAHBIE PYIbl, TpaduT, aHTPALUT), B3AaUMOACUCTBYS C MOJSPHBIMUA MOJIEKY-
JJaMU BOJBI, IEPEXOAAT B pacTBOp. [IoBEpXHOCTH MOPOX 3apsyKaeTcs MPU 3TOM OTPULIATEIIb-
HO, a pacTBOpP — IOJIOKUTEIbHO. BO3HUKAIOIIYIO Pa3HOCTh MOTEHIUAIOB HA3bIBAIOT DJIEK-
TpoJHON. B pa3pe3ax yroiapHBIX M PYIHBIX CKBaXHH BEJIMYMHA U CTPYKTypa €CTECTBEHHOT'O
SJICKTPUYCCKOTIO IIOJIA B 3HAYUTEIBLHOU CTEIIEHU 06yCHOBJICHa MNOTCHIHAIIAMHU 3JICKTPOJHOTO
MIPOUCXOKIACHHUS.

Peanuzayusa memoooe IIC npu cxkeaxcunnvix naonwoenusax. 1lpu usmepeHnn noTex-
nuanoB [IC muddy3mnonHo-ancopOIMOHHON W (PUIBTPAIIMOHHON aKTUBHOCTH TMPUMEHSIOT,

Kak MpaBUJIO, CXEMY, NIPUBEACHHYIO Ha puC. 7.2, a. Pa3HOCTh MOTEHIIUAJIOB, BO3HUKAIOIIYIO
MEXY 3IEKTPOIaMH,

AUpe = Uy - Uy

rae Uy u Uy — notentmanst anektpooB M u N coorBerctBenno. Tak kak aaexrpon N
HETIO/IBMKEH, €r0 TOoTeHIan He usmensercs. Iloaromy AU ;0 = Uy —congt, t.e. AU ¢ or-
JIMYaeTCsl Ha MOCTOSIHHYIO Bean4uHy ot noreHnuana Uy . CKOMIIEHCHPOBAB OCTOSIHHYIO Be-
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Puc. 7.3 Inarpammsr merona [IC mo xomneH-
callud ITOCTOSHHOM COCTABIISIOIIEH
(a) m moce ee xommeHcaruu (6).

Puc. 7.2. Cxema npoBeneHust N3MEPEHUN MOTEH-
UanoB (a) ¥ rpaJiueHTOB MOTEHIHAIA
(6) metomom IIC. KIT — xommencarop

1 — cTaTuyeckas aparpamMma;
MOJIApU3aIuu Fvarp ’

2 — (dakruueckas auarpamma; 3 — JIMHUS TIHH
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JMYUHY, MOXHO CYIIECTBEHHO JeTanu3upoBaTh auarpammy 11C (puc.7.3). s komneHcauun
NIOCTOSTHHOM BEITMYMHBI CITYXKHT d1ekTpudeckuil komreHncarop KIT (em. puc. 7.2, a). Ilpu ne-
TaJIBHOM H3YYEHHM Pa3pe30B CKBA)KHH, a TaKXKE B CIydyae CHUJIBHBIX IIOMEX PETUCTPHPYIOT
nuarpammel rpaguenta [1C (puc. 7.2, 6). Ciaenyer OTMETUTh, YTO OHU 3HAYUTEIBHO MEHEE
HarJISIIHBL 1 00J1ee CIIOXKHBI 111 HHTEPIIPETAIUH.

Jlnst peanuzanuu METOIa, OCHOBAHHOTO Ha JJIEK-
TPOJTHOM aKTUBHOCTH (METOJ] SICKTPOIHBIX MOTCHIINA-
10B—MDII), ciyXuT ycTaHOBKa, cojepiKamas Ka-
CAIOIIMICS CTCHKH CKBXHWHBI INTPUX-IeKTpon M u
pasnBoennsiii snekrpox N (puc.7.4). Tlpu kacaHum
aniekTpoaoM M mopoibl, 00amaromiel OOIBIINM 3JIeK-
TPOJIHBIM MMOTEHIMATIOM, pa3HOCTh moTeHImanoB AUy
BO3pacTacr.

Ha perucrpanuu 351eKTpOAHBIX MOTEHIMAIOB OC-
HOBaH Takke MeToj rainbBannuyeckux nap (MI'TI). Vc-
taHoBka MI'TI nogo6Ha nmpumensiemoit B meroae MOII,
XOTsl IMHKOBBIA MITPUX-3JIeKTpoa M ciaykut st Ha-
HECEHMs] TOHKOI'O CJI0s MEeTajljla Ha MOBEPXHOCTh PYy.I-
HOro Tena. Pa3HOCTh AJIEKTPOAHBIX NMOTEHLUAIOB MeE-
Tajia MEeKTPOAa U MOPOJIbl O0YCIOBIUBAET BOZHUKHO-
BEHUE TaJbBaHUYECKOIO AJIeMeHTa. Uem TBepxke pya-
HOE TEJIO, TEM 3HAUUTEIbHEE CJEJl HCTUPAIOLIETrOoCs
AIIEKTPO/JAa M, COOTBETCTBEHHO, OOJIbLIE 3HAYCHUE
AIIEKTPUYECKOTO0 TIOTEHIHANa, a TaKkKe MPOJI0JIKHU-
TeJNbHEEe JeficTBUE OO0pa30oBaBIICHCS TalbBaHUYECKOM
napel. Hanpumep, mnoTeHuan, BO3HUKAIOMIMN MIPHU
B3aMMOJICHCTBIM IIMHKOBOT'O 3JEKTPOAAa C IMHUPUTOM,
JIOCTUTAET B NEPBBI MOMEHT COTEH MUJUIMBOJIBT.

Buo ouazpamm IIC. [lnarpammbl MeToz10B [1C XapakTepusyroT U3MEHEHHUSI COOTBETCT-
BYIOIIMX MOTEHIUANIOB — AU} Py3nOHHO-aICOPOIIMOHHBIX, (PUIBTPAIIMOHHBIX, HIEKTPOAHBIX
B 3aBUCHMOCTH OT TJTyOMHBI CKBa)KMHBI. Hanbosnbiee pacnpocTpaneHue MOIydHId METObI,
OCHOBaHHbIE Ha AU(PHY3MOHHO-aICOPOIIMOHHON aKTUBHOCTH. VX TuarpaMMbl IpUBEIEHBI HA
puc. 7.3. BugHo, 4TO B KauecTBE HYJIS Ha HUX YCJIOBHO BBIOMPAIOT MOJIOXKEHUE, COOTBETCT-
BYIOILIEE MaKCUMAaJIbHOMY IOJIOKUTEIBHOMY OTKJIOHEHUIO,— JIMHUIO TTuH. Otcuer Gepyt
cripaBa HaseBo. CnenoBarenbHO, amiuinTyaa [1C B YMCThIX riIMHAX paBHA HYJIIO.

Huarpammbl n3meHeHust DJ[C Ha3piBaloT crathdyeckuMH. [IpoTekaHHe TOKOB MEXKIY
y4acTKaMHM C pa3IMYHbIMU MOTEHIMAIAMU IPUBOJUT K TOMY, YTO (paKTHUECKHE Juarpammbl
OTJIMYAIOTCS OT CTATUYECKUX TaK K€, KaK Pa3HOCTh MOTEHIMAIOB Ha 3JEKTPOoAax UCTOYHUKA
aJIeKTpHUecKoro Toka oryaercs ot ero DJIC. Bee ¢akropsl, ciocobcTByomue yBeanye-
HUIO TOKa (MOBBIIIEHHE MHUHEPAIMU3AMKU MMPOMBIBOUYHOM JKUIKOCTH, YBEIMYCHHE THaMeTpa
CKBA)KMHBI, a TAKXKE CHI)KEHHE MOLIHOCTH UCCIIENYEMOIO IJIACTa), IPUBOAST K YBEIUUYECHUIO
PacxXoXXACHUS MEXIy (PaKTHUECKUMH M CTaTUYeCKUMHU Auarpammamu. [Ipu upesmepHo coute-
HBIX MPOMBIBOYHBIX XUAKOCTAX WJIM IUIACTaX OYEHb MaJloil MOIIHOCTH (B 2 pa3a u Ooiee
MEHBUINX JUaMeTpa CKBaKUHBI) PACXOKICHIE MOXKET OKa3aThCsl CTOJIb OOJBIINM, YTO METO/]
CTaHOBHUTCA HEdPPEKTUBHBIM. B OnaronpuaTHBIX YCIOBUSX MOKHO BOCCTaHOBHTBH CTaTHYe-
CKYIO TUarpaMMmy I0 U3BECTHOM (haKTHUECKOH.

Merton I1C sBnsieTcsi OTHUM U3 OCHOBHBIX 3JICKTPHUECKUX METOJIOB TIPU UCCIIETOBAaHUI
pa3pe3oB He(Tera3oBbIX CKBaXHH. OH BKIIOYCH TaK)Ke B 00s3aTEIBHBIN KOMILIEKC UCCIIEIO0-
BaHUI MH)KEHEPHO-TEOJIOTUIECKUX M THAPOTCONOTUICCKUX CKBXHH. [T M3ydeHUs! pyaHbBIX
Y YTOJIBHBIX CKBAKHH HCIIONB3YIOT METOBI TanbBaHndeckux map (MI'TI) u anekTpogHbIx mo-
teHuuanos (MOII).
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Puc 7.4 Cxema nposenenuss MOII
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1.2.2  Memoowl kaxicywiezoca conpomuenenusn (KC)

Ilempogu3uueckue ocnosvt memooosé KC. Kax M3BECTHO, AJIEKTpUUYECKasi MPOBOJIU-
MOCTb TOPHBIX TTOPOJI MOKET UMETh JICKTPOHHBIN W MOHHBINA XapakTep (cM. 111.4). Y aenpHoe
ANEKTPUYECKOE COTPOTUBIICHUE TOPHBIX MOPOJ ¢ MIOHHON MPOBOJAMMOCTBIO 3aBUCHT, TJIABHBIM
0o0pa3oM, OT KOJMYECTBa COJEprKalllelics B HUX BOJbI U CTEIIEHU €€ MUHEpAIU3alUH, T.€. OT
K03 uIMERTa TOPUCTOCTH TIOPOIBI Ky ¥ yIENBHOro COMPOTHBIIEHHS IUIACTOBON BOBI Pg,
KOTOpO€ MPHUOIU3UTENBHO 0OpPAaTHO MPOMOPLHMOHAIBHO €€ MUHepanu3auuu. M3mepus ynemns-
HOE€ AJIEKTPUYECKOE COMPOTUBIIEHUE BOJOHACHIIIEHHOW MOPOJBI Py, U 3HAs CONMPOTHUBIICHUE
D¢, MOIKHO OTPENENHUTH Ky, BOCIIONB30BaBLINCH OMITMPUYECKOM 3aBUCUMOCTBIO:

psn/pe:Pn:an/knmz]/knz, (72)

rae P, — mapamerp mopucTocTH; o, , M — KOHCTAHTHI JJIsi KOHKPETHOTO THITA ITOPO/I,
orpezensieMble, Kak MPaBUJIO, HA OCHOBE HMCCIeA0BaHUs KepHa. J{Jis TJIMH U CHJIBHO TJIMHU-
cTeIX mopoa ¢opmyna (7.2), B IpUHITUIIE, HE BBITIOIHACTCS, TaK Kak HOHBI AU(PGY3HOTO CIIOs
00eCreunBalOT BBICOKYIO YICIBbHYIO MPOBOAMMOCTh BOJOHACHIIICHHBIX TJIMH U MPH MaJIOH

MUHEpAIN3alUHU TUIACTOBBIX BOA (YIEIbHOE CONPOTHBIICHHE IIMH HE MPEBOCXOAUT OOBIYHO
30 OMm m).

B HedrerazonachlieHHbIX TOPOIaX TOJBKO YacTh MOPOBOTO MPOCTPAHCTBA 3aHSTa BO-

JIO¥, TI0O3TOMY MX YyJEIbHOE COMPOTHUBIICHHE OOJIBINE, YeM Y MOPOJ BOJOHACHIIIEHHBIX. JTO
YBEJIMYECHHUE OLICHUBAIOT [apaMETPOM HACHIIIICHUS

Pn = Punl Pen s
TIE p,,,—YyIeIbHOE IEKTPUIECKOE CONPOTUBICHUE HEPTEHACKIICHHON MOPOJIbI. 3Has
KOPPETAIMOHHYIO 3aBUCUMOCTh MEXAY P 1 koo duumenToM HeTerazoHachmeHHocTH Ky,
umn BopoHaceimennoctu K, (K, =1—K,.) s JaHHOTO paifoHa, MOXKHO, U3MEPUB Py, U P,
Haitty K,,. Jns opuenTHpoBounbIx pacueros Pp= 1/ k.2

[Tone3nbie MCKOMaeMbIe C DJIEKTPOHHON MPOBOIMMOCTBIO (PYyIbl, TpaduT, aHTPAIUT)
UACHTUPUIHUPYIOT 10 MUHUMYMaM yJI€IbHOTO CONPOTHUBIICHHUS, @ UX COJIEp)KaHUE OLIEHHBa-
10T TI0 COOTBETCTBYIOIIMM KOPPETSIIUOHHBIM 3aBUCUMOCTSIM.

Inekmpuueckoe nojie 6 00HOPOOHOIU cpede. B 1.4 moTydeHbI BEIpOKEHUS IJIs1 pacye-
Ta YACIBHOTO 3JIEKTPHYECKOTO COMPOTUBIEHUS OJHOPOTHOTO MOJympocTpaHcTBa. s on-
HOPOJIHOTO MPOCTPAHCTBA (GOPMYIIBI pacyeTa MoaydaroT TaKuM ke 00pa3om, HO Koddduru-
€HTBl YCTAHOBOK JIOJKHBI OBITH B 2 pa3a Oosbliie. IT0 OOBSICHIETCS TEM, YTO JUISl MOJTYUYCHHS
TOW e pazHocT moTeHimanoB AU mexny npueMHbiME 3ekTpogamMu MN B 01HOpOIHOM
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Puc. 7.5 Cxema uzmepenns meronom KC
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cpene ¢ p, B MUTAIOIILYIO JIMHUIO AB ciieyeT moaaBath Tok | B 2 pasa Goblimii, 4eM B MOITy-
MIPOCTPAHCTBO C TEM XKE P,

B uacTHOCTH, yAEIbHOE AIIEKTPHUECKOE COMPOTHUBICHHE, U3MEPEHHOE TPEX3JIEKTPOI-
Hoii yctaHoBkoit AMN, paccuntbiBaioT 1o popmyine (3.4), B KoTopoit BMecTo 27 6epyT 47
AM AN AU (7.3)
MN 1

Tpexanexktponnyro yctaHoBky AMN, npenHazHaueHHYIO AJ11 U3MEPEHMUSI ), Ha3bIBAIOT
3ou10M KC. UeTBepThlii 31€KTpo1 B pa3MeniaroT Ha MOBEPXHOCTH (puc. 7.5).

p, =4m

Bennunny k=47 AM-AN / MN naseiBator xosddunuentom 3ou1a. Ecnm paccrosHue
MN >> AM, ycTaHOBKY Ha3bIBalOT noTeHuuan-zoHgom, ecim MN << AM — rpanueHt-
30HJOM. DIIEKTPOIBI MOTYT OBITH PACIIOIOKEHBI B IOPsIKE, TPUBEICHHOM Ha puc. 7.6. Benu-
unHy L=AM HaspBaroT miuHON moreHiman-3ouaa. JnuHoN L rpagneHT-30HIAa HA3BIBAIOT
paccrosiare ot A 10 Touku 3amucu (J, pacrosioxenHoi B rientpe meskay M u N. 30151 060-
3HauaT cieayonmm obpazom: A4 ... M ... N umu N...M...A. Mexny OykBamu CTaBsT COOT-
BETCTBYIOIIKE paccrosiHus. Ecnu o6o3HaueHne HauMHAeTCs ¢ OyKBbI A — 30H] Ha3bIBAIOT
nocyenoBareabHbIM, eciii ¢ N—oOpamennsiM. Hanpu-
mep: A1,0MO,IN — mocienoBaTenbHbId TPaTHEHT-
3o ¢ L=1,05 m; N1,0MO,1A—o0patieHHbIi MOTEH-
muan-3081 ¢ L=0,1 m.

Kasxcyweeca rnekmpuueckoe conpomueieHue.
Beriie cpena cunrtanace ogHopoaHoi. [Ipaktrudecku xe
OHA BCET/a MMEET T'PaHUIlbl, UCKAXKAIOUINE BHJ IOJIA.
Hanpumep, Hamu4me CKBa)XKMHBI, YICIBHOE COMPOTHUB-
JeHue B KOTOpou p. < p, , AepopmupyeT moiue (puc.
7.7). IloaTOoMy yIEIbHOE IEKTPUUYECKOE COMPOTHBIIE-
HUe, paccuutaHHoe 1o gopmyne (7.4),—He UCTUHHOE
yIE€TbHOE COMPOTUBIIEHUE MOPOIbI P, , a Kaxylleecs
yIETbHOE CONMpOTHUBIECHUE p, . ClenoBaTeNnbHO, Kaxy-
Puc.7.7 Xapakrep pacripene- LIEECS YIGIBHOE SIEKTPHYECKOE CONPOTHBICHHE Cpe-
OBl MOKHO paccMaTpuBaTh KaK HCTUHHOE YAETHHOE
AIIEKTPUIECKOE COMPOTUBICHUE (UKTUBHOU OIHOPOJ-
HOW Cpelibl, B KOTOPOH MpPHU JAHHBIX F€OMETPUUYECKUX
pasMepax 30H7a, T.€. MPU JaHHOM KO3 UIIMEHTE 30H-
na K u mannoMm Toke |, co3maercs Takas ke pasHOCTD
norennuanos AU, kak B u3ydaeMoll HEOIHOPOIHOM
cpene (cMm. 1. 4.1).

JICHWsT TOKOBBIX JIMHUH TIpH
HINYHUU CKBAXKUH C P < Py

B obmmem ciy4dae p,, # p, U3-3a BIUSHUS CKBAXKH-
HBI, BMEIIAIOMINX TTOPO/I, 30HBI IPOHUKHOBEHUS H T. 1.
Cytp merona KC 3akmouaercs B TOM, YTOOBI 3aperu-
CTPHPOBaTh OJAHY WJIM HECKOJIBKO IHMarpamMMm p, H,
BOCIIOJIb30BABIINCh METOJAMH HHTEPHpETaluy  JUIs
ydeTa BIHMSHUS Ha3BAaHHBIX BhIIIE (aKTOPOB, OHpee-
JUTh UCTUHHOE 3HAYCHUE YAEITBHOTO 3JIEKTPUYECKOTO
CONPOTHUBIICHUS P, .

Bug aunarpamm KC B miactax BBICOKOTO COMpPO-
THUBJICHHsI OOJIBIIION MOIIHOCTH TPHUBEIEH Ha puc.7.8.
Puc. 7.8 ﬂHanaMMBI YAEIBHOIO BI/II[HO, 4TO JuarpaMma rpaauCHT-30H1a OTJINYACTCSA OT
JIEKTPHYECKOTO  CONPOTHBICHMs: ~ AMarpaMMbl TIOTCHIMAI-30HIa CBOCH acMMMETPHYHO-
uctunnoro (1) u kaxymerocs mis  CThIO, MO3BOJIAIOIICH OOsice HANEKHO MACHTUPUIMPO-
NOTEHIIMAI-30H1a (2) U TpaJIueHT- BaTbhb KPOBJIIO U MOAOIIBY IIACTOB.
30HAa (3) B IUIacTE BHICOKOTO CO- 3ouasl KC mpuMeHSIIOT 111 JIMTOJOTHYECKOIrO
HPOTHUBJICHUS OOJIBIION MOIIHOCTH  PACWICHCHUs pPa3pe30B, BBIICICHUS IOJIC3HBIX HCKO-

H
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MAaeMbIX — Py, BOJOHOCHBIX U HE(TETa30HOCHBIX KOJUIEKTOPOB. B O1aronpusTHBIX yCIOBH-
X (0, HCHAMHOTO TIPEBOCXOMHT P, U MOIIHOCTH ruiacta h>>L) oHu No3BOJISAIOT HAWTH p,, , U
onpeaenus P, u P,, OLICHUTH KOJUICKTOPCKHE CBOMCTRA IJIACTOB.

bokosoe kapomasicnoe 3onouposanue. B obuiem ciyyae 3Ha4e€HUE P, , KaK YK€ rOBO-
pHWIOCH, 3aBUCHUT HE TOJIBKO OT P, , HO U OT IJIHHBI 30HIA L, ero paccTosiHUSA OO0 TPaHULIbI
m1acra Z, MolHocTy miacra h, JraMeTpa CKBaKUHBI d, JuaMeTpa 30Hbl IPOHUKHOBEHUS D,
COIPOTUBIICHUSI CKBAKUHHOM XKUIKOCTHU P, U HEKOTOPBIX APYrux napamerpos. M3menss -
HY 30H/Ia, MOYKHO U3MEHSTh CTEIICHb BIMSHUS TOTO WM MHOTO (haKTopa Ha 3Ha4YeHue p, . Ha-
npuMep, AJid 30HAa OUYCHb MAJIbIX PasMEpPOB, B CUITY €0 MaJlIOCTU U YAAJIICHHOCTU OT CTCHOK
CKBa)XMHBI, BIMSIHUE p,, OYy/AET HECYIIECTBEHHBIM U P, < p.. st O0NBIIOro 30H1a BIUSHUE P,
OyIeT 3HAUMTENBbHO cHiIbHee. YeM Gonpire mmHa 3081a L (wim otnomenne L/dg), Tem cub-
Hee BIMSHUE P, U MEHbIIIE BIHsIHUE P, (puc. 7.9).

Hauunasi ¢ omnpeneneHHOW ONTUMaIbHOW JIJIMHBI
3ou7a Ly, p. mpakTHYecku mepecTaer BIHMATH HA MOKa3a-
Hus, U s wiacta ¢ h>>L mMoxuno cumrats p, = p, (rpa-
¢ux pg Ha puc. 7.9). anbHeiilee yBeIWYEHUE JTUHBI
30H/a HE W3MEHSeT KapTHHbL. Eciu yBelIW4YUTh HIYHTH-
pyroliee BIMSHUE CKBAXXHHBI, YBEJIWYHUB P, U COXPaHUB
HPEXHEE P, , TO AJIs BBINOJIHEHUS YCIOBUSA P, = P, TOTpe-
OyeTcst 30HA Ooublnei onTumanbHOU auHbl Ly (rpaduk
U2). CeMeicTBO rpadMKOB, OTPaKAIOUIMX 3aBHCUMOCTD f)
ot ayunbl 30872 L (tounee 19 p,/p. ot 1g L/d;), naseiBarot
nanetkoit. [udp rpaduka — ortHomenue p,lp. = p —

f ' 1 uMeHyroT ero moxyiem. [lpu 3Hauenusx y >20 npuMeHSITh

30Hbl ONTUMAIBHOM JJIUHBI, KaK MpPaBUJIO, HE YAAeTcs,

Puc.7.9 I'padyky 3aBMCHMO-  TaKk KaK OHH OKAa3bIBAIOTCH COM3MEPHMBI C MOIIHOCTBIO

ctu norapudma p,lp. or IUIACTOB MM Oonbme Hee. OmHAKO Ul ONpPENCICHHS P,

norapudma L/d. JOCTaTOYHO MPOBECTH U3MEPEHUs P, HECKOJIBKUMHU 30H[a-

MH Pa3HOU JUIMHBI, MEHbIIIEH yeM onTuMaibHas. [lomyden-

HBIE TIPU 3TOM TOUKHM ¢ Koopaunaramu |Q p, — Ig L maryt

Ha TOT rpadMK MaJeTOYHOro cemeiicTna 3apucumocreii 19 p,/p. — 1g L/d. , moxyns kotoporo

4 COOTBETCTBYET HCKOMOMY 3HAUCHHIO p,, . Onpenenus [ , JISTKO MOXKHO HAWTHU P, P, = 1P,
Takyro MeTOMKY Ha3bIBalOT OOKOBBIM KapOoTakHbIM 30HAUpoBaHueM (bK3).

CymecTByIOT aab00OMBI AJETOUYHBIX 3aBUCHMOCTEH, IpeJHa3HAUCHHbIE [l UHTEpIIpe-
TallUM MaTepHaJIOB B IJIacTax OOJbIIOW M OrpaHMYEHHOM MOIIHOCTH, a TAKXKe NMPH HAINYUU
30HBI IPOHUKHOBEHHs. Pa3zpaboTaHbl aNropuTMbl M MPOTPaMMBbI, aBTOMAaTU3UPYIOIIKE TPO-
necc uarepnperauuu bK3. Meronom BK3 uccnenyror paspessl ¢ LENbI0 J€TAIBHOIO HU3y4e-
HHS TUIACTOB M TIOJYYEHHsS UX KOJNMYECTBEHHBIX XapaKTEPUCTUK (B MEPBYIO ouepeas K, u K,,.).
O6brun0 BK3 npoBoASIT TOABKO B IPOIYKTUBHOM YYacTKe pa3pesa.

Mukpomemoowvr KC. Ilpumensitor tpu mukpomerona KC: pe3nctuBuMeTpuo, MUKpO-
30H/IMPOBAHUE, INIACTOBYIO HAKIIOHOMETPHIO.

Pe3ucTuBUMETpUIO MPOBOAST C LEIbIO ONpEAENICHUS CONPOTUBIIECHUS CKBAKUHHOM
KUJKOCTU U BBIMOJHSAIOT TPaAUEHT-30HAOM CTOJIb MaJOM JUIMHBI, YTO BIUSHUEM CTEHOK
CKBa)KMHBI MOXKHO TIpeHeOpeyb. Takoi 30H1 Ha3bIBAIOT PE3UCTUBUMETPOM.

MUKpO30HIUPOBAHNUE BBIMOJHAIOT TPWKATBIM K CTEHKE CKBaXHHBI T'PaJUCHT-
MHKPO30HJIOM WJIM TOTEHIIHAT-MUKPO30HAOM. OHO CIYKUT IS JETaTbHOTO H3YYCHHUS
OmkHEeH 30HbI. [ToCKONIBKY paaryc MCCIIeIOBaHUs TPAIMCHT-30H]a MHOTO MEHBIIIE, YeM I10-
TEHI[MAI-30H/a, Ha €ro MoKa3aHus OOJbIIOE BIMSHHE OKAa3bIBACT TNIMHUCTAs KOpKa, o0pa-
3yromasicsi B Koyiekropax. COnpoTHBIIEHWE TIUMHUCTON KOPKHW MEHBIIE COMPOTHBIICHUS I10-
pOJIBI, TTIOATOMY O €€ HaJMYUHU U, CIIeOBATEIHHO, O HAIMYNU KOJUIEKTOPA CBHICTEIHCTBYET
3aHMKEHUE P, , U3MEPEHHOTO IPAaTUEHT-MUKPO30HIOM, 110 OTHOILIEHUIO K p) , U3MEPEHHOMY
MOTEHIIMAI-30HI0M. B HETIPOHUIIaeMBIX TUTACTaX MOKA3aHMs 00OUX 30HIOB COBIAAOT.
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IInacToBast HAKJIOHOMETPUS 3aKJIIOYAETCS B IPOBEICHUM UCCIIENOBAHUN HECKOJIbKUMU
MHUKPO30H/IaMH, PACIOJIOKEHHBIMH TaKUM 00pa3oM, YTO MX TOYKH 3aIlUCH JIeKaT B OJHOU
IUIOCKOCTH, NEPICHIUKYJIIPHOU K OCH CKBaXUHBIL. [Ipy NMpOX0KIE€HUN yCTaHOBKON T'OPHU30H-
TaJbHOW T'PaHUIIBI BCE MUKPO30H/Ibl IEPECEKYT €€ OJHOBPEMEHHO. AHOMAJIMU HA KaXA0U U3
JUarpaMM COBMAAYT 10 TiyOuHe. Eciau rpaHuiia HakiiOHEHa, aHOMAJIMU OyJyT CMEIIEHBI Of1-
Ha OTHOCHUTENIBHO IPYrod Ha BEJIMYMHBI, IPONOPLHUOHAIBHBIE YIIy HAaKJIOHA rpaHulbl. B Ha-
CTOsilllee BPEMs B IUIACTOBBIX HAaKIOHOMEpPAxX Halle NPUMEHSIIOT MUKPO30HIBI C (POKYCHPOB-
KOil Toka. B 11e710M HY>KHO OTMETHTH OOJIBIIYI0 MH()OPMATUBHOCTH METOJIOB IJIACTOBOW Ha-
KJIOHOMETPHH.

Memoo cxonvzaugux konmakmoe (MCK). MCK ocHOBaH Ha OnpeeieHnu KaxyIlero-
Csl YACIBHOTO CONPOTHUBIICHUS TOPOJT ITyTEM M3MEPEHUS TOKA B LU IMUTAIOMIETO JICKTPOa
A. TOK B03paCTa€T HpOTI/IB IIJIaCTOB HU3KOT'O COHpOTI/IBHeHI/IH u 1magacTt HpOTI/IB I1J1aCTOB BBI-
COKOT'O COTPOTHBIICHHS. DJICKTPOJ COCTOUT U3 OJHOM MM HECKOJBKHX METAUTMUYCCKHX IIe-
TOK, KOTOPBIE TPUKUMAIOT K CTCHKE CKBKUHBI. Takas KOHCTPYKIUS CHIKAET BIUSHUE MIPO-
MBIBOYHOM ’KMJIKOCTH Ha BEJIMUYHUHY PETUCTPUPYEMOTO CUrHaia, B cBsi3u ¢ yeM MCK MoxHO
MPUMEHSTh B CKBa)XMHAX, 3alIOJTHCHHBIX MTPECHON MPOMBIBOYHOM KHUJAKOCTHIO U JIaXKe CYXHUX.
OH CIYXHT JJIs BBUICJICHUS TIACTOB aHTPAIMTA, CYJIb()HIOB, MAarHETUTOBBIX, MEIHOKOIUC-
JAHHBIX U IPYTUX pya, 007Jalal0NIMX HU3KUM YIEIbHBIM CONPOTHUBICHUEM.

1.2.3  Snexmpuueckue memoowl ¢ POKycupoeKoii moxka

[pu Gonbiuux 3Ha4YCHUsX P,/p. (p,/p. > 200) wyHTHpYIONIEE BIUSHUE CKBAKHHBI OKa-
3BIBACTCS CTONBb BelHKO, yTo MeTo] KC He obecrneunBaeT HEOOXOIMMON TOYHOCTH JaXKe B
moaudukanuu bK3. Cepbe3Hbie orpaHuYeHUs] BOSHUKAIOT U 151 mpuMeHeHust MmetonoB KC B
IUIACTaX OrPaHUYEHHON MOIIHOCTH, OCOOCHHO €CIM YAEIbHOE COMPOTHUBICHHE BMEIIAIOLINX
TIOPOL Py MATIO (D, /gy >20).

B o0oux ciydasx TOK pacnpoCTpaHsieTcs HE MO UCCIENyeMOMY IUIAcTy: B IEPBOM OH
TEYEeT IJIaBHBIM 00pa3oM BJOJIb CTBOJIA CKBaKMHBI, BO BTOPOM — YXOJUT BO BMEILAIOIINE
nopofs! (puc. 7.10). st ycTpaHeHHs 3THX HEJOCTAaTKOB OBLIM CO3/1aHBI METOJBI C (POKyCH-

POBKOM TOKa. 3a py0eoM OHHM M3BECTHHI 1o Ha3BaHueM «Jlarepmor». B CCCP ynorpe6:ms-
10T TepMUH 00KOBOM KapoTax (bK).

DOKYCHUPOBKY OCYIIECTBIISIOT SKPAHHBIMHU 3JIEKTpOAaMu (A1 U Ap) CEMHUIICKTPOIHOTO
30H]a, HAMPsDKEHHE Ha KOTOpBIE MOAI0T B (ha3e ¢ HAMPSDKEHUEM MHTAIOIIETro dIeKTpoa Ao
(puc. 7.11). Ctporasi TOpU30HTAILHOCTh TOKOBBIX JIMHH, 00ECIIEUNBAIOIIAsl UX PACIIPOCTpa-
HEHUE TOJBKO MO UCCIETYEMOMY IJIACTy, KOHTPOIUPYETCS OTCYTCTBUEM BEPTHKAIbHBIX CO-
CTaBJISIIOIIMX TOKA U, COOTBETCTBEHHO, HYJEBOW Pa3HOCTHIO MOTEHIUANOB BAOJb OCH CKBa-

N //“

; ﬁ"ffff
LD -‘:I J‘W

A

Puc. 7.10 BausHue BMemAIOUIMX MOPOA Puc. 7.11 Xapakrep pacnpeneneHusi TOKOBBIX JIU-
HHU3KOTO COIMPOTHBICHHS (P, >> Pg,) HA HUHN TP CEMUAIIEKTPOJHOM DJIEKTPHUECKOM Kapo-
Xapakrep pacipeneieHus TOKOBBIX JIUHUNA TaXX€ C aBTOMAaTHYCCKOUN PETYIMPOBKOU TOKaA
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xuubl Ha ydactkax MiN; u MoNo (AUpne= 0, AUpn= 0). Ipu HapyiieHun 3T0ro ycaoBus
TOK, TPOXOMIAIIMI Yepe3 dKpaHHbIE dJIeKTponbl A; 1 Ay, aBTOMaTHYeCKH M3MeHseTcs. [Ipu
PACXOXKIECHNU ITy9YKa OH YBEJIMYUBAETCS, IIPH CXOMKICHUH — YMEHBIIIAETCS.

B xauectse mumnbl 30812 npunsta Benununna L = Oy O,. Usmepsiemoe yuensHOE di1eK-
TpHUeCcKoe conpoTusienue mopousl o, < k-U [ |, rne U— norennman na yuactke MiN; nnu
M,N,; K — xosdurment souna. Ipu p, >> p., T.€. Ul THOHYHBIX YCIOBUM TIPUMEHEHUS
merona BK, koadpunment K = L. PaccmarpruBaemas yCTaHOBKA 110 CYIUECTBY IPEACTABIISET
co00il MOoTeHIUaN-30H ¢ (OKYCHUPOBKOW TOKA, MOATOMY MOTy4aeMbIe IUArPaMMBbI, KaK H
JarpaMMbl OOBIYHOTO MOTCHIIMAI-30H/1a, TIPEJICTABISIOT cO00M TUIaBHBIC KPUBBIC, CHMMET-
PUYHBIC OTHOCHTEIBHO IIEHTPA TIACTa.

Metoapl ¢ (HOKYCHPOBKOW TOKa oOecreqrBa-
0T HCO6XOIII/IMYIO TOYHOCTH HpI/I BBICOKHX 3HA4c-
HUSIX OTHOILICHHS p,/p. NaKe MPHU MOIIHOCTAX IUIa-

‘\--.___ | CTOB, MPUOTMKAIOLIMXCS K JAIUHE 30H7aa. [lomydae-
‘\"'\_.____ ____‘f_.__,ﬂ" MBbIC 3HAYCHHUS YJCIBHOTO COMPOTHBIICHHUS MCHBIIIC

A OTJIMYAIOTCS OT MCTUHHBIX, ueM B Mmeroae KC, mo-
" DJTOMYy HapsAIy C TEPMHHOM KaxKyllleeCd YIEIbHOE
il COHpOTI/IBHeHI/IC, II0 OTHOUIICHUIO K pe3ynLTaTaM,

7 e ': MOJTYYEHHBIM METOAOM C (POKYCHUPOBKOM TOKa, WHO-
i il TJIA TIPUMCHSIIOT TEPMUH 3((EKTHBHOE y/CIBHOC
— CONPOTHUBIIEHHE — P . OrpaHUYEHNEM METOA SIB-

B
T =, JIIETCA CIIYYail TNIyOOKOH TOBBIIIAIOIIEH 30HBI MIPO-

il
—
HUKHOBEHHUS.
/’—’——F Hapsiny ¢ ceMHdneKTpoAHBIMUA 30HIAMU IIpU-

MEHSIIOT TpeX- U JIEBIATUAJIEKTPOIHbIE 30HIbI C (o-
KYCUPOBKOM TOKa. TpexaiaeKTpolHbIe YCTaHOBKHU
SABJIAOTCA aHaJloraMu CCMUDBJICKTPOIHBIX. CDOKyCI/I-
POBKY OCYHICCTBJIAIOT ABYMS MPOTS)KCHHBIMU 3JICK-

Tpomamu (puc.7.12), obOecrieunBarOIIMMH HYJIEBYIO
paBHOCTL IIOTCHIIHAJIOB BBIIIIC U HUXKXEC TOYKHU Ao 10
ocH CKBaXKMHBL. OIHAKO MO TEXHOJOTMYECKUM U Me-
TOAWYECKUM TapamMeTpaM TPEXIICKTPOAHBIE YCTa-
HOBKU YCTYHaIOT CeMI/IBJICKTpOI[HBIM " ITIOCTCIICHHO
BbITeCHSIOTCS UMM U3 npaktuku ['MC. 3onasbI ¢ ne-
BSITBIO DJIEKTpoAaMu (TICEBIOOOKOBOM KapOTaXK) CIYXKAT JJIsL UCCIICIOBAHUS 30HBI TPOHUKHO-
BC€HHA, B CBA3HU C UYEM TOK Ha BbIXOJC M3 30HBI HpOHI/IKHOBeHI/Iﬂ HpI/IHYZ[I/ITeJIBHO paC(bOKYCI/I-
POBBIBACTCHI.

Puc.7.12 Xapaktep pacnpeaeneHus
TOKOBBIX JIMHHWA TPU TpeX-
9IIEKTPOIHOM KapoTaxke ¢
(hOKyCHPOBKOIA TOKa

[Iupokoe mpuMEHEHHE TpPU OOJBIINX 3HAYCHUSAX OTHOUICHUS p,/p. HAXOIAT MHKPO-
30HBI ¢ (POKYCHPOBKOHM TOKAa. ITO BBI3BAHO TEM, YTO OOBIYHBIC MUKPO30H/IBI BO MHOTHUX CITy-
yasx He o0ecrneynBaroT HEOOXOAUMON TOUYHOCTU M3MEPEHUH (COJIEHbIE MPOMBIBOYHbBIE KH/]I-
KOCTH, 3HAUMTEJbHAs TIUHHUCTAs KOopka). MHUKpPO30HIbl ¢ (POKYCHPOBKOW TOKa IMO3BOJISIIOT
MOJIy4aTh KOJTMYECTBCHHYIO HHPOPMAIHIO B 00JIee IMPOKOM JUaa3oHe OTHOMICHUS p,/p.. B
MPUHIIMIIE, OHU aHAJIOTMYHBI MAaKPOYCTAaHOBKAM U OTJIMYAIOTCA OT HUX MaJIbIMU pa3MepaMu.

Memoowt ¢ hokycupoexoii moxka pemarot Te ke 3aaaqu, 4tTo U Metosbl KC. Ognako
UX MOXKHO MIPHMEHSTH B CIIOKHBIX T€0JIOTO-Te0OPU3NYECKUX YCIOBHIX, HAIPUMED, B CUITh-
HO nuddepeHITMPOBAaHHBIX KapOOHATHBIX TOJIIAX, Pa30ypruBaeMbIX C MPUMEHEHHEM COJIie-
HBIX TIPOMBIBOYHBIX JKUKOCTEH.

7.24  Dnexkmpomaznummnsie memoovt ' HC

DJIEKTPOMAarHUTHBIE METOJIbl OCHOBAaHbl HA MPUMEHEHUHU AJIEKTPOMATHUTHOIO IOJ,
MHIYLUPYIOLIEr0 BTOPUYHOE IIEKTPOMArHUTHOE I10JI€ B TOPHBIX IOpojaax. B cBA3M ¢ 31uM
OHH HE TPeOYIOT raJIbBaHUYECKOTO (HEMOCPEICTBEHHOT0) KOHTAKTa TOKOBEIYIINX AJIEMEHTOB
¢ uccueayeMoit cpenoit. Ix MOKHO MPUMEHSTh B «CYXHX» CKBa)XMHAX, MPOOYPEHHBIX C HC-
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IIOJIB30BAHUEM HEC HpOBOI[HH_[I/IX TOK HpeCHBIX HpOMBIBO‘-IHbIX )KPIIIKOCTGFI nu )I(I/I,Z[KOCTGP'I Ha
HeTSHOW OCHOBE, a TAKXKE NPU MaJbIX 3HAYCHUSX OTHOILCHHS p,/p. (Hampumep, Ui Bble-
JICHUA pYI[HBIX TCJI NJIN TOHKUX HpOCHOeB apFI/IJIJII/ITOB, 3aJICraroiimmx B Kap60HaTHBIX HOpO-
Jax).

:/ /) -
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Puc.7.13 Cxema mpoBeneHUs] U3MEpPEHUN WH-

AYKIMOHHBIM METOJOM. Puc.7.14 Tlpumep BbIIENICHHS NPOCIOEB

1 — TCHEPATOPpHAs KaTyIIKa, 2 — InpueMHas Ka- TJIMH B H3BECTHAKAX BBICOKOI'O
TYUIKaA; 3 — i'e TOKOBO€ KOJIBILO, 4 — nuHUA Ha- COITPOTHUBJICHUS.
MPsKCHHOCTU NEPBUYHOIO MAHUTHOTO IOJIA; 5— 1— HU3BCCTHAKU, 2 — I'JIAHBI

JIMHUA HaOpAKEHHOCTH BTOPUYHOTO MArHUTHOI'O
I10JIA

Paznuuaror HU3kouactoTHeie (20—60 kI'1) u BeicokouacToTHbIe (1—40 MI'1) sm1ek-
TPOMarHuTHbIE MEeTO/Ibl. OCHOBHOE MPUMEHEHHE B MPAKTHKE HAIIEe] HU3KOYaCTOTHBIA METO/,
M3BECTHBIN 10J1 HA3BaHWEM MHJYKLMOHHOTO. B mpuHIMIE, MHIYKIMOHHBIN 30H] COCTOUT U3
JBYX KaTylleK—TeHepaTopHoil u mpuemHoi (puc. 7.13). 'eneparopHast kaTyIika co3gaet
HEPBUYHOE AJIEKTPOMArHUTHOE MOJI€, NMPUBOJSAIIEE K BO3HHMKHOBEHHIO B TOPHBIX MOpOJax
BUXPEBBIX TOKOB (TOKOB Dyko). CxeMaTHUeCKH KapTHHA BBIMJIAIUT TaK, OyITO MPOCTPAHCTBO
3aM0IHAETCS AJIEMEHTAPHBIMU TOKOBBIMHU KOJIBLIAMU C LIEHTPAMHU Ha OCU CKBAYKUHBI — BHX-
peBbIMH TOKaMH. TOK B K&KIOM I-M KOJIbIE IPSMO TPOTIOPIMOHAJIEH dJIEKTPOIBIKYILEH CH-
ne By, coznaBaemoii mepBUYHBIM TIOJIEM B OOJACTH 3TOTO KOJbIIA, U OOPATHO MPOMOPIHOHA-
JIeH JIEKTPHYECKOMY COMPOTHBIICHHIO R rOpHBIX MOPOJ, COCTABISIOMINX KOJIbIO. Bocmob-
30BaBILUCH 3aKOHOM OMa, MOKHO 3anucaTh

,=g/rR=5'g,
S

rae |, S— nmHa OKpyKHOCTH KOJIBIIA ¥ €70 CEUEHHE COOTBETCTBEHHO; 077 — YIENbHAs JIeK-
TPOIIPOBOJHOCTH TOPHBIX MOPOJ.

BuxpeBble TOKH INOPOXKAAIOT BTOPUYHOE IIIEKTPOMArHUTHOE IIOJIE, MHAYLHUPYIOLICE
3JIEKTPOABIKYINYIO cuity E,. B mpuemHoit katymke. 3aBucumocts Ey oT |j , 1, crnegoBaresb-
HO, OT Oj7 IPUOJIU3UTENBHO MPSIMO MPONOpIHOHAIbHA. TakuM 00pa3oM, CUrHall, perucTpH-
pPYEMBIN U3MEPUTEIIBHBIM YCTPOMCTBOM, OTPAXKaeT U3MEHEHUE YIEIbHON 3JIEKTPOIPOBOIHO-
CTH TIOpOJI 10 pa3pe3y CKBaXUHbl. EAMHMIIA yAE€TbHON 3JEKTPOIPOBOAHOCTH — CUMEHC Ha
Metp (Cm/M)— BenmumHa, obpatHas oM-MeTpy (Om-M). Ha mpakTuke 0OBIYHO HCTOJB3YIOT
TBICSYHBIE JOJIM CUMEHCa — MILIMCUMEHCH (MCM). 3aBUCUMOCTb MEXNY P, U 07 00paTHO
IPONOPIMOHANIBHAS, B CBA3H C YeM NpU MaJbIX P, (10 50 OM-M) HEOOIBIIOMY 3HAUYEHUIO p,,
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COOTBETCTBYET OOJIBbIIIOE U3MEHEHHUE 0y . ITO 03HAYAET, YTO B 00JIACTH MAJIBIX P, METOX 00-
JlagacT 6OHLHIOI>'I YYBCTBUTCIIBHOCTBIO. menno MMO3TOMY OH IMO3BOJIACT, K MPUMCEPY, BLIAC-
JIATh TOHKUC ITPOCIIOU TJIMH, 3aJICTAa0INHUEC CPCANU MOIIHBIX INIACTOB BBICOKOI'O COIIPOTHUBIICHUSA
(puc.7.14). Peructpupyemasi B mporiecce u3MepeHuii 3Qp(HEeKTUBHAS yIeIbHAs AJICKTPOIPO-
BOJHOCTB 03¢ 3aBUCUT OT MPOBOAMMOCTEH IIJIACTA, IIPOMBIBOYHOMN JKHIKOCTH, 30HBI TIPOHUK-
HOBEHHS BMEIIAIONIUX TOPOJI, TUAaMETpa CKBAKHUHBI, MOIHOCTH ITUIACTa, pa3Mepa U KOHCT-
PYKITMH 30HJIa ¥ OTJIMYACTCS OT UCTHHHOM YACIBHOM 3JEKTPOIPOBOIHOCTH Tuiacta gy . On-
HAaKO MCTOAWKA MHTCPIIPCTANUN ITO3BOJISICT B 6HaFOHpI/ISITHBIX ClIydasx y4C€CTb BJIHSIHUC MC-
maronmx GakTopoB U ONPEACTUTh 3HAYCHUS 077

7.3 SAnepHo-pusnyecKkue MeTOAbI

Anepuo-puznueckne meroasl [ MC ocHOBaHBI Ha M3yUYEHUH €CTECTBEHHBIX H MCKYCCT-
BEHHBIX TOJIEH paAMOaKTUBHBIX U3Ty4eHHUH B ckBakuHe. CyIEeCTBYIOT MHTErpajbHbIE METO-
IIbl, TIPU KOTOPBIX PErUCTpUpPYETCS OO0IIasi HHTEHCUBHOCTh M3IYYCHHUS, U UX CIEKTPAJIbHBIC
MOAU(UKAIMH, C TIOMOIIbIO KOTOPBIX HCCIEIYIOT YHEPreTHUECKHUE CIEKTPhl M3Iy4eHHH U
OLICHUBAIOT COZIEPKAHKUE B TOPHBIX MOPOJAX OTAEIbHBIX 3JIEMEHTOB (CM. IIL.5).

7.3.1 Memoowvl ecmecmeennoun camma-aKmueHocmu

MeTobl €CTECTBEHHON IaMMa-aKTUBHOCTH — HMHTerpaibHbiii (I'M) u CHeKTpaJIBHBIP'I
(I'M-C) — u3y4aroT eCTECTBEHHYIO paJMOAaKTUBHOCTb IOPOJI, BCKPBITHIX CKBa)KI/IHOI/I Ecre-
CTBEHHAs PAIHOAKTHBHOCTH OOYCIIOBICH, B OCHOBHOM, IPHCYTCTBHEM ypaHa ~oU u IpoJIyK-
TOB ero pacnana, pagus Ra, ropus Th u paguoakTuBHOrO M30ToNa Kanus — K. OcranbHbIe pa-
JMOAKTUBHBIC 3JIEMEHTHI UMEIOT OOJBIINE TIEPUO/bl TOTYPACHaa U HU3KUE KOHIEHTPAIHUH.
Kak ormeuanock B TJI. 5, cpe MarMaTHYECKUX IMOPOJT Harbosee BHICOKOW paJrOaKTUBHO-
CThbIO 00JIaZAl0T KHCIbIE U CpeAHue. PainoakTUBHOCTD MeTaMop(queCKHX opoJ, Kak Ipa-
BHJIO, BBICOKA 33 CYET 3HAYMTENHHOTO COepKaHms B HUX “°K. PaIHOaKTHBHOCTS 0CAIO0YHBIX
nopoJi KojeOnercss B MMPOKUX mpenenax. [ToHmkKeHHOW paJuoaKTUBHOCTBIO OTJIMYAIOTCA
XEMOT€HHbIE OTJIOXKEHUS (QHTUAPUT, TUIIC, TFAJIUT), YUCTHIC MECKU, NECYaHUK, U3BECTHSIK U
J0JOMUT. MaKkCcUMalbHOU PaJIUOaKTUBHOCTHIO 00JIaal0T TJIMHBI, TIIMHUCTBIE M OUTYMUHO3-
HBIE CJIaHIIBI, POChOPUTHI, a TaKkKe KajduifHble conu. [103TOMy MHTErpalbHbIA raMMa-MeTO.
(I'M) mpuMeHSIOT A1 UASHTU(DUKAUNA dTUX OTIOXKECHHH. PagroakKTUBHOCTH APYTHX TEppH-
TEHHBIX IOPOJ| XapaKTepu3yeT CTENEeHb MX INIMHUCTOCTH, a KapOOHATHBIX — COJEpKaHHE
MEJKOINUCIIEPCHOI0 MaTepraia (HEpacTBOPUMOI'O OCTATKA).

B oraenpHbIX ciydasx ['M He MOXET aTh MPaBHJIBHOTO MPEACTABICHUS O JIMTOJIOTHU
opoJi, 00JaaloIMX MMOBBIIICHHON paJnoaKTUBHOCTHIO. Hampumep, 4ucThie NECYaHUKH, B
TOM 4YHCJIE KOJJIEKTOPbI HE(TH WM raza, MOTYT OBITh NPUHATHl 3a TJIMHUCTBIC WU 3a-
[JIMHU3UPOBAHHbIE PA3HOCTH, €CIIM OHU OOOTallleHbl MOHAIIUTOBBIMHU, KAPHATUTOBBIMH, Tiay-
KOHUTOBBIMU M IPYTUMH YPaHOHOCHBIMH WJIM TOPUEHOCHBIMH MUHepanaMmu. MHoroa paauo-
aKTUBHOCTb FOPHBIX MOPOJ MOBBIIIAETCA 32 CUET HACBHIILEHUS UX YPAHOCOJEpKAIUMHU BOAA-
MU, OPraHUYEeCKUMHU WM QochaTHBIMM BEIECTBAMU. B 3THX cilydasx JMTOJOrMYEcKas Xa-
PaKTepUCTHKA OMpeeNsieTcs creKTpaabHbiM ramMma-meronoM (I'M-C), nmo3Bosstomum aud-
(epeHIIPOBaHHO OLICHUTH COJCpXKAaHUE ypaHa, TOpHUs M Kaius. [IoBbIIEHHOE cojepiKaHue
ypaHa B KapOOHaTax yKa3blBaeT Ha HAJIM4YME PAJMOAKTUBHBIX IJIACTOBBIX BOJ, OPTaHUKHU WIIH
¢dochaTHBIX BelIeCTB, MOBBILICHHOE COJEPKAHUE TOPHS U Kalusg — Ha TIUHHCTOCTh KapOo-
HaTOB. B sHepreTnyeckoM CHeKTpe W3My4eHHs MECUaHUKOB, COJACPXKALINX PATUOAKTUBHBIC
MUHEpaJIbl, KaK [IPaBUJIO, IPEBAIUPYET TOPUEBAsi COCTABIIAIOIIAS.

Peructpupyembie B 3aBUCUMOCTH OT TITyOWHBI THAarpaMMbl TaMMa-MeTOJIOB (KaK U BCEX
BOOOIIIE PaTMOAKTUBHBIX METOJOB) OCIOXHEHBI (IYKTyalMsiMH, OOYCJIOBICHHBIMA CTaTH-
CTUYECKHM XapakTepoM m3inydeHus (puc. 7.15). Jlns cHkeHus BIusiHAS (QIYKTyalluu u3Me-
PUTEIBHBIM TPAKT ammapaTypbl COJIEPKUT HAKOMMUTEIW HMIYJIbCOB, MO3BOJIAIONINE YCpE.-
HUTh UX YUCJIO 32 OINpEAeTCHHBIH MPOMEXYTOK BpeMeHH. OHAKO HallMyhe HaKOIMUTeleH,
SBIISIOIIMXCSI MHEPIIMOHHBIMU 3JIEMEHTaMH, IPUBOJUT K MCKAXKEHUIO JAWarpaMM — HX He-
CUMMETPUYHOCTH OTHOCUTEIBHO LIEHTPA IJIACTa — W 3aHMKEHHUIO MTOKa3aHUM B IJIacTax Mma-
JIOK U cpeaHel MomHOCTU. VickaxeHus TeM Oouibliie, 4eM 0oJblle CKOPOCTh MOIbeMa CKBa-
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YKUHHOTO NPpHOOpa 1 BpeMsl HaKaIrUIMBaHUSI.

Il
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Puc.7.15 Inarpammer ' M.

a—/uarpaMMa coJaepXKaHus paIHOaKTHBHBIX
AJIEMEHTOB B FOpHOM 1opoje; 6 — dakruue-

ckas aquarpamma I'M

Pannyc uccnenosanuii kak I'M, tak u ['M-
C ne npesbrmaer 50 cM. Ilostomy pagmoaxkTus-
HOCTbL OJVDKHEH 30HBI, CKBXKHWHHOHM >KHIKOCTH,
IIEMEHTA U T. Jl. OKa3bIBae€T Ha HUX CYIIECTBEHHOE
BIMsiHME. MeToa1nKa UHTEepIIpeTaluu nperycMmar-
pUBAET BHECEHHE MOIMPABOK 32 BIUSHUE 3TUX 30H,
a TakkKe TapaMeTpoB HAKOMUTENSA, CKOPOCTH
JBIDKCHUSI IPpUOOpa U T. 1.

I'M npuMeHSIOT IJi PELICHHS CIEAYIOIINX
3a/1a4: pacuJIEHEHUS M KOPPESLUU OCaTOUYHBIX
TOJIL] IO CTENEHU UX TIMHUCTOCTH; BbIAEICHUS
HEKOTOPBIX IOJIE3HBIX HCKONAeMbIX (YpPaHOBBIX,
MapraHleBbIX, CBUHIIOBBIX pyJ, OOKCUTOB, ama-
TUTOB, (POCHOPHUTOB U T. [1.); BBIICICHUS KOJIICK-
TOpPOB HE(TH, ra3a U MPECHBIX BOJ, 3aJEraroluX
Cpely TIMHHUCTBIX BMEINAIOIMX IOPOX; OLEHKH
KOJUJIEKTOPCKUX CBOWCTB, 3aBUCSIIUX OT IJIMHU-
croctu nopod. 'M-C npumeHstoT sl Koppens-
UM «HEMBIX» TOJI, a TaKXKe I AETaIbHOIO

JIATOJIOTHYCCKOTO PACUJICHCHUA OCAAOYHBIX IMOPOA B TEX CilydadX, KOrjga UX paJuOaKTHB-

HOCTB HC€ CBsA3aHa C INNTIMHHUCTOCTBIO.

7132

TFamma-zamma memoowl (I'TM)

I'TM ocHOBaHbl Ha W3MEPEHHM WHTEHCHUBHOCTH HMCKYCCTBEHHOI'O TaMMa-U3JIy4YEHUs,
paccessHHOTO TOPHOM Mopo1oi (cM. TJI. 5). B kauecTBe HCTOYHMKOB TaMMa-KBaHTOB HCIIOJb-
3YIOT PalnOaKTUBHBIE U30TOIBI, JHEPTUSI U3JIyUEHUsI KOTOPBIX JIEKUT B Auana3one 20 kOB —
1,33 MaB. Kak u3BecTHO, B 3TOM Anana3oHe HanbOosiee BEpOSTHBI ABa BUAA B3aUMOJICHCTBUS
raMma-KBaHTOB C BEILECTBOM: KOMITOHOBCKOE paccesHUE U MOTJIOLIEHHE B pe3yibTare (o-
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Puc.7.16 biaok-cxema CKBaXXHHHO-

ro npudopa I'TM.

1 — skpan; 2 — HWCTOYHHK; 3 — Je-
TeKTop; 4 — OJIOK ANEKTPOHUKH; 5 —

kabenb; 6—7 — paccesHHbIC

ramMmma-

KBaHTBI; 8§ — MPWKUMHOE YCTPONCTBO

To3ddexra, mpudyem npu Heprusix Oompire 0,5 MaB
boTord(eKT mpakTUYEeCKH HE MPOUCXOTUT. Yucio
paccesHHbIX raMma-kBaHToB |,, 8 I'TM 3aBucwur, B oc-
HOBHOM, OT IUIOTHOCTU TOPHOM MOpPOABI 0, a UX TO-
rJIoneHne — OT €€ d(PPEKTUBHOTO aTOMHOTO HOMEpa
Z,4 ¥ B MEHBIIIEH CTENEHH OT INIOTHOCTH.

bnok-cxema ckBaxkunHoro mpubopa ['TM mpu-
BeneHa Ha puc. 7.16. 'amMa-kBaHTHI 6 ¥ 7 BBUICTAIOT
U3 UCTOYHHUKA 2 Yepe3 CIelHaIbHOe KOJUTUMAIIMOHHOE
OTBEPCTHE B CBHHIIOBOM WJIM CTAJIbHOM 3KpaHe 1, mo-
Maal0T B MOPOJY M, PACCeMBAsACh €10, U3MEHSIOT Ha-
npasieHue. Hekotopeie u3 Hux (6) uepes BTOpoe KO-
JUMAalMOHHOE OTBEPCTUE B SKpaHE MOMAAaI0T B JACTEK-
top 3. Ilpu sHeprusx Beime 0,5 MdB ux uucino o0y-
CIIOBJICHO, B OCHOBHOM, IUIOTHOCTBIO IIOPOJBI, IIPH
HU3KHX SHEPTHUSIX CYIIECTBEHHYIO POJIb UTPAET IOTJIO0-
IEHNEe raMMa-KBaHTOB 3a cdeT Qorodaddekra. Me-
IIAIOIIEe BIMSHUE MPOMBIBOYHOM YKUIAKOCTH YCTpaHS-
IOT 3a CUET NpPIXKATHUA MPUOOpa K CTCHKE CKBAKUHBI
NPWKUMHBIM YCTPOHCTBOM 8.

CymectBytor ase moaudukamuun ['TM — mor-
HocTHag ['CM-II u cenexktuBHas I'TM-C. B merone
I'TM-II sHepreTuyeckue QUana3OHbl U3Iy4aeMOIo M
PETUCTPUPYEMOT0 I'aMMa-HU3JIyd4eHHs Jiexkar B 001acTi
KOMNTOH-3(pekTa. B pesynbraTre HHTEHCUBHOCTH BTO-
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PUYHOTO raMMa-H3JIy4eHUs] 00yCIOBJICHA IUIOTHOCTHIO BEIIECTBA U MAJIO 3aBUCHT OT aTOMHO-
ro HoMmepa (xumuueckoro cocrara). Merog I'TM-C ocHoBaH Ha peructpauuu MIrkou (HuU3-
KOPHEPreTUYeCKON) YacTH BTOPUYHOTO ramMMa-U3JIyuyeHUs, UHTEHCUBHOCTb KOTOPOro o0y-
CJIOBJIEHA, B IIEPBYIO O4YEpEb, ATOMHBIM HOMEPOM BEILIECTBA, T.€. €0 XUMUYECKUM COCTABOM.
Jiia peanuzaunn I'TM-C npuMeHSIOT UCTOYHMKM HU3KUX SHEPrui, Halpumep, TYJIHH, uc-
MMyCKAIOIM KBAaHTHI dHEeprui 52 u 84 k3B, M crenuanbHble MOPOTOBbIE YCTPOUCTBA, T0-
3BOJIIFOIIME PETUCTPUPOBATH TOJBKO MATKHE raMMa-KBaHTHI. BiMsSHUE MIOTHOCTU yCTpaHs-
10T IPUMEHEHUEM JIBYX30HIOBBIX YCTPOMCTB WJIM YUUTHIBAIOT 32 CUET KOMILJIEKCHOTO IIPUMeE-
Henust [TM-C u I'TM-IL.

3aBHUCUMOCTH UHTEHCUBHOCTH PETUCTPUPYEMOTO U3TTYUCHUA OT IJIOTHOCTU U ATOMHOI'O
HOMEpa BEUIeCTBa UMEIOT MHBEPCHOHHBIA XapakTep, T.e. C POCTOM IUIOTHOCTH WM 3Pdek-
TUBHOI'O aTOMHOI'0 HOMEpa (Zg(l,) MHTEHCUBHOCTH BTOPUYHOI'O U3JIy4Y€HUS YMEHBIIACTCH U3-
3a MOTJIONIEHUS BEIIECTBOM YaCTH PACCETHHBIX TaMMa-KBaHTOB ((hoTodddheKT).

ITM o6namgaroT Masioil TiIyOMHHOCTBIO, B CBSI3M C Ye€M Ha HUX TOKa3aHWs OOJIBIIOE
BIIMSIHME OKAa3bIBAIOT TJIMHUCTAsl KOPKa M KaBepHBbI. [1o 3TOM ke mpuymHe MX Henb3s Ipume-
HATH JUIA OIpEIENICHUs] MapaMeTpOB TOPHBIX MOPOJ B oOcakeHHBIX ckBakuHax. [TM-IT
MPUMEHSIIOT JIJISl JINTOJIOTUYECKOTO PacwICHEHUS pa3pe30B CKBXXHUH. B OrarompusTHBIX yc-
JIOBUSIX OH MO3BOJIAET MACHTU(PUIMPOBATH YTOJIbHBIE IJIACTHI U OLIEHWBATH UX 30JbHOCTb.
Takxe ero UCHoJb3YyIOT JJIsl BBIAEICHUS XPOMUTOBBIX Py CPEAN 3MEEBUKOB U CEPIICHTUHU-
TOB, KOJTYETAHHBIX, MAPTAHIEBBIX U KEIIE3HBIX Py, OOKCUTOB, (IFOOPUTOB, MOTUMETAIIIN-
YECKUX PYJ U KAIUHHBIX COJICH.

B nedrerazoBsix ckBaxkuHax ['TM-II npuMeHSIOT Ui OLIEHKHU MOPUCTOCTH TOPHBIX
IIOpPOJI TIPH M3BECTHOM JIMTOJOTHYECKOM coctaBe. Koadduument nopucroctu Ky u mior-
HOCTb O CBSA3aHBbI CIEAYIOLIMM COOTHOILIECHUEM

0 =([1-k,)o, +Kk,0,

TZI€ Ock , O — IUIOTHOCTB CKeJIeTa TOPHOW MOPOJBI M HACBIMIAIOIIEH €€ )KUIKOCTH COOTBET-
ctBeHHO. Jlannblie ['TM-II ncnone3yror, KpoMe TOro, U U3y4E€HHsI TEXHUYECKOTO COCTOSHUS
00CaK€HHBIX CKBAYKHH, B IEPBYIO O4Yepelb — JJIs1 KOHTPOJIS JOOPOKa4eCTBEHHOCTH KOJIOHHBI
Y IIEMEHTHOI'O KaMH4.

I'TM-C npumeHsOT AJ1s BBIACIEHUS PYAHBIX IUIACTOB U OLIEHKH X MPOJYKTUBHOCTU. B
HedrerazoBbix ckBakuHax [ TM-C coBmectHo ¢ ['TM-II nmo3BosisieT neTaan3upoBaTh JUTOJIO-
THIO pa3pes3a Mo CTENEHH COJIEPKaHusl B TOPHBIX MOPOJaX KaIbIIHs, 001aIal0MEero OOIbITM
aTOMHBIM HOMepOM. [Ipu 3TOM BBIIENSIIOT U3BECTHAKH, JOJIOMUTHI, YACTHIE U KaJbIUTH3IUPO-
BaHHbIE TEPPUTCHHBIE PA3HOCTH.

7.3.3 T'amma-neiimponnsiit memoo (F'HM)

I'HM ocHOBaH Ha U3MEPEHUN MHTEHCHUBHOCTH TEIUIOBBIX HEUTPOHOB, KOTOPBIC BO3HU-
KaroT, €CITU SHEPTUss OOMOAPAUPYIOIMIUX TAaMMAa-KBAaHTOB MPEBHIIIAET YHEPTHIO CBSI3U HEUTPO-
HOB B sjpe. HanMeHbIeld sHeprueil CBA3M B TOPHBIX MOpoAax 00MamaroT siapa Oepuiuims
(1,666 MaB) u neitrepust (2,226 MaB). Ha npaktuke 'HM nipuMeHSIFOT 17151 TOUCKOB MECTO-
poxnenuii Oeprus. CymiecTByeT NPHUHIUIUATHHAS BO3MOXKHOCTD ONPEICICHUS TMOJIOXKE-
HUS BOJOHE(PTSIHOrO KOHTaKTa, OCHOBaHHAsl Ha TOM, YTO JeiiTepus B HEPTH mpuMepHo B 1,5
pasa Goubiie, ueM B Bojie. OmHako xapaktepHbiid 11t [THM mansiii paguyc ucciaeaoBaHust U
HaJu4yue B KOJUIEKTOPAX 30H MPOHUKHOBEHHUS MOKa 3aTPYIHSIOT MPUMEHEHHUE 3TOr0 METoja
Ha MpaKTHKeE.

7.34  Cmayuonapuvie neiimponnuie memooovt 'HC

Cranunonapubie HeTpoHHble MeToabl ['MIC 3akimtodaroTcss B 0OJy4YeHHUH TOPOJBI CTa-
[IMOHAPHBIMHU TIOTOKaMM OBICTPBIX HEHUTPOHOB (dHeprus Oombuie 0,5 MsB) u perucrpanmu
IJIOTHOCTH HEUTPOHOB, 3aMEUIMBIINXCS 10 HAATEIUIOBBIX WM TEIUIOBBIX SHEPTU WU I'aM-
Ma-KBaHTOB, BO3HUKAIOIIMX IPU 3aXBaTe TEIUIOBBIX HEUTPOHOB siipaMH aTOMOB (paJuanoH-
HBIH 3axBar). s nosyueHust HEHTPOHOB OOBIYHO UCMONB3YIOT PEAKLUHU HOTJIOIEHHs alb(a-
YaCTHI] SIIPaMHU HEKOTOPBIX JIEMEHTOB. B MpoMBICIOBO-Te0(U3NYECKOi MPaKTUKE Yallle BCce-
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ro NPUMEHSIOT AMITYJIbHbIE HICTOUYHUKH, U3JIy4aTeIeM B KOTOPBIX CIIY>KUT IIOJIOHUH, a B Kaye-
CTBE MUIIIEHU NMPUMEHSIOT Oeprnii. CpenHss SHeprusi HEUTPOHOB Tpu 3ToM 2,7 M»1B.

TermnoBeiMH cuuTatOT HEUTpOHBI ¢ 3Heprueil 0,025—0,01 »B. HeillTpoHsl HECKOJIBKO
OoJiee BBICOKUX SHEPIHi — 110 COTEH 3JIEKTPOH-BOJIBT HA3bIBAIOT HaATEIUIOBBIMU. Hanbosns-
el 3amMeIIIoNIeil CmoCOOHOCThIO 00JIa/IaloT AJIEMEHTHI, Macca spa KOTOPBIX OJIM3Ka K
Macce HeUTpoHa. 1103ToMy aHOMaIbHBIM 3aMEIUTENEM SABISIETCA BOAOPOA. Bricokon 3amen-
JSIFOIEH CITOCOOHOCTBIO 00MaaroT yriepoa u Oepusuinii. KoHIIEHTpaluu 3TUX 3JIEMEHTOB U
00yCJI0BIMBAIOT IUIOTHOCTh HAATEIUIOBBIX HEMTPOHOB B TOYKAaX Cpeibl (IPOCTPAHCTBEHHOE
pacrpesie/ieHie HaATEIUIOBbIX HEUTPOHOB).

TennoBsle HEUTPOHBI OTHOCUTEIBHO JIETKO

a g 3aXBaThIBAIOTCA  3JIEMEHTAMU-TIOTJIOTUTEIISIMU.

r AHOMaIIbHBIE TIOTJIOTUTENN — XJOp, O0op, Kai-

5.~ I: MW, JUTUH, Xene30, Mapranel. I[IpoctpaHct-

BEHHOE pacIpe/esieHne TEeIUIOBbIX HEHUTPOHOB

I: - 3aBUCUT KaK OT KOHILIEHTPALUU 3aMeJJIUTEINIEH,

TaK M OT  KOHUEHTpaluud  DIJIEMEHTOB-

nornotutenei. OT 3Tux xe (HakTopoB 3aBUCHUT U

- MPOCTPAHCTBEHHOE  paclpeiesieHue  raMma-

- KBAaHTOB paJlMallUOHHOTO 3axBara. OHAKO 3aBU-

- CUMOCTH 3TH pa3inuHbl. Hanpumep, yBennuenue

— 3 u KOHIICHTPALIUU XJIOpAa HPUBOJAUT K CHUKECHHUIO

7| B IJIOTHOCTHU TEIUIOBBIX HEMTPOHOB U POCTY YMCJIA

: , KBAaHTOB PAaJMAllMOHHOTO 3aXBaTa, TaK KAaK aKT

- MIOTJIOIIEHUST COMPOBOXKIAETCA M3JIyYEHHEM He-

CKOJIbKMX TaMMa-KBaHTOB. lIpu 3TomM Kakmbli

= | o 3JIEMEHT WMEET XapaKTEPHbIM CIEKTpP SHEpPruid

'-._.-«‘I raMMa-KBaHTOB. DTO JacT BO3MOXKHOCTH HJEH-

TU(QUIIUPOBATh XUMHUYECKHE DIEMEHTHI, Cla-
raroiue paspes.

Beime  ykasplBamoch, YTO HEWUTPOHHBIC
CBOMCTBA MOPOJ XapaKTEPU3YIOTCA JJIMHOMN 3a-
MeJJICHUST U JUTMHOW U dy3un Uiam CpeaHuM
BPEMEHEM KU3HHM TEIUIOBBIX HEUTpOHOB. Ciie-
JyeT OTMETUTh, YTO ATU CBOICTBA, a TaKXKe
SHEPIreTUYECKUI CHEKTpP raMMa-U3JIydeHus pa-
JUALMOHHOTO 3axBaTa 3aBUCST TOJIBKO OT KOH-
LIEHTPALlMd COOTBETCTBYIOIIUX 3JIEMEHTOB, HO
HE OT UX XUMUYECKUX CBA3EH.

——

L |

Puc.7.17 bnok-cxema CKBa)XMHHOTO Npudopa
HEHUTPOHHOTO KapoTaxa (a) u aua-
rpaMMbl 3aBUCHMOCTH TUIOTHOCTH
HAATEIJIOBBIX HEUTPOHOB / OT pac-
CTOSIHUSA T JI0 UCTOYHUKA (0).

1 — wmCcTOYHHK OBICTPHIX HEHTPOHOB; 2 — Mapa-
(UHOBBII dKpaH; 3 — CBUHIOBHIN KpaH; 4—e-

TEKTOp HEUTPOHOB; 5 — JAETEKTOp TIaMma-

KBAaHTOB; 6 — OJIOK 3JIEKTPOHUKH; 7 — paccTos- TakuMm 00pa3oM, MOKHO pean30BaTh Ye-
HUe L MexXIy MCTOYHHKOM M JETEKTOPOM HEM- ThIPpC MCTOAa, OCHOBAHHBIX Ha B3aMMO/ICCTBUU
TpoHOB. [IIndp KpuBbIX — kn CTallMOHAPHLBIX ITOTOKOB HeﬁTpOHOB C BEUIECT-

BOM: HEHUTPOH-HEUTPOHHBIA METOJ IO HAATEIl-
noBeiM HeWtpoHam (HHM-HT); HeHTpOH-HEHTpPOHHBIH METOJ MO TEIJIOBBIM HEUTpOHAM
(HHM-T); nelitponnsiii ramma-mero (HI'M) u HEHTpOHHBIN TaMMa-MeTO] CIEKTPaIbHbII
(HI'M-C). IIpu peanu3anuu Kaxxa0ro U3 HUX U3ITy4aroTcs ObICTpble HEUTPOHBI, & PETUCTPH-
PYIOTCSl, COOTBETCTBEHHO, HAJTEIIJIOBbIE HEUTPOHBI, TEIJIOBbIE HEUTPOHBI, BTOPUYHBIE TaM-
Ma-KBaHThl. V3y4ar0T COOTBETCTBYIOIIME NMPOCTPAHCTBEHHBIE pactpeneneHus. llepseie Tpu
METO/1a UHTETPAIIbHBIC, MOCIECIHUN — CIIEKTPaJIbHBIN.

brok-cxema ckBaXMHHOrO mpuOOpa [UIsi BCEX YEThIPEX METOJOB aHAJIOIM4yHa
(puc.7.17). IIpubop comep>KUT UCTOYHHUK OBICTPBIX HEHUTPOHOB 1 M mapaduHOBBIN KpaH 2.
[Tapadun sBISETCS BOJOPOJOCOIEPKAIIMM BEIIECTBOM, MPUBOIALIMM K OBICTPOMY 3aMenl-
JICHUIO MPSMOTro (MIYIIEro He yepe3 TOpPHYI0 MOpOoJy) MOTOKAa HEHTPOHOB JO TEIIOBBIX
sHepruil. ['aMma-n3nyyeHue paanaioHHOTO 3aXBaTa, BO3HUKarolee B mapaduHe, ociads-
€Tcsl CBUHIIOBBIM 3KpaHoM 3. Jlanmee pacmonoxeH AeTeKTop 4 COOTBETCTBYIOLIETO THUIA —
HAJITEIUIOBBIX HEWTPOHOB, TEIUJIOBBIX HEUTPOHOB WJIM raMMa-KBaHTOB. B BepxHed dyacTu
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npubopa pacnoIokKeH ACTEKTOp S Uil perucTpali eCTECTBEHHOTO ramMmma-u3iaydyenus. Ha-
JUYME YAAJEHHOTO OT MCTOYHMKA JETEKTOPA D MO3BOJSAET OJHOBPEMEHHO C HEWTPOHHBIMU
XapaKTepUCTHUKAMU Cpe/bl U3y4yaTh €€ €CTECTBEHHYIO PaJHOaKTUBHOCTH, T.€. Pealin30BaTh
ramma-merosr (I'M). OnmucbiBaeMble TpUOOPHI SBISAIOTCS, TAKUM 00pa3oM, ABYXKaHAJIbHbI-
mu. Muadopmanus ot 000MX KaHAIOB MOIAETCS HA MMOBEPXHOCTH MO KApOTAXKHOMY Kabemo ¢
MTOMOIIBIO 3JIEKTPOHHOT0 Osioka 6. Hapsimy ¢ camocTosiTenbHBIM 3HaYeHHEM, TTOKa3aHUs Ka-
Hama ['M HeoOXomuMbl ISl KOPPEKTHUPOBKH ToKazaHuii kanama HI'M, Tak kak ramma-
KBaHTHl PaJMAIIMOHHOTO 3axBaTa (moje3Has uH(opmamus) CyMMUPYIOTCS B HEM C TaMMa-
KBaHTaMH €CTECTBEHHOTO MPOUCXOKACHUS ((HOH).

N3meHeHus MIOTHOCTEM HAATEIJIOBBIX U TEIUIOBBIX HEUTPOHOB, a CJIENOBATEIbHO, U
raMMma-KBaHTOB PaJIMallMOHHOIO 3axBaTa [0 Mepe yAajJeHUs OT UCTOYHHKA HEUTPOHOB 3aBU-
CAT OT KOHILIEHTPAIMK 3aMeJUIUTeNe u mornotureneit (cMm. puc. 7.17). B cpenax ¢ 6onbioit
WX KOHIIEHTpAlMel, e Majbl JUIMHA 3amenieHus, 1udy3noHHas AJIMHA U CpelHee Bpemst
YKU3HH, COOTBETCTBYIOIIME MJIOTHOCTH HAa MAJIBIX PACCTOSIHUSAX OT UCTOYHUKA 3HAUUTEIIbHBI, a
Ha OoybIIMX — MaJbl (M. UL 5). B cpenax ¢ MajabIMu KOHIIEHTPAIUSMU IJIOTHOCTH CHIDKA-
I0TCS MEJICHHO W 3HAYHUTEIBHBI JaKe Ha OOJBIIMX PACCTOSHUAX OT McTouHUKa. Touky U, B
KOTOpOi1 MpHu OOJIIINX U MaJIbIX KOHIIEHTPAIUAX MMOKa3aHUs COBNAAAIOT, HA3bIBAIOT TOYKOMN
WHBEPCHUU.

[TpoTsHKEHHOCTh AETEKTOPOB U HATUYKME B CKBAXXMHHOM MPUOOpE KPAHOB MPUBOIAT K
TOMY, YTO JIETEKTOp 4 pacIojoKeH 3a TOUKOW WHBepcur. [1oaTomMy cpenbl ¢ OOIBINON KOH-
LEHTpalel 3aMeIIuTesIel, HalpuMep MOPUCThIe He()TEHOCHBIE IUIACTHI, OTIMYAIOTCS Ha
auarpaMmax HEMTpOHHBIX METOAO0B MOHM)KEHHBIMU MOKAa3aTeNsIMH, a IJIACThI IUIOTHBIE, HU3-
KOTIOPUCTBHIC — IMOBBIIIICHHLIMU. BOHIILI HGfITpOHHbIX MCTOHOB, NCTCKTOPLI B KOTOPLIX pac-
TIOJIOKEHBI 332 TOYKOI MHBEPCUU, Ha3bIBAIOT 3aHBEPCHOHHBIMHU.

B ocamo4HBIX TOPHBIX MOPOIaX, TOPHI KOTOPHIX HACKIIIEHBI BOJAOW, HEPTHIO WM Ta30M,
of1iee cofep)aHue BOJIOPOAA OLIEHUBAIOT BOJOPOIHBIM HHAEKCOM, KOTOPBIM paBeH OTHOIIIE-
HUIO OOBEMHOM KOHIICHTPAIIMK aTOMOB BOJOPOJA B JAaHHOHM Cpelleé K €ro KOHIICHTPAlluHh B
MPECHOM BOJIE IPU HOPMAJIbHBIX YCIOBUSAX. B TOpHBIX mopoAax 3Ty BEIUYUHY UMEHYIOT 3K-
BHBAJICHTHOM BJIAKHOCTBIO . JI1s mpecHo# Boabl w, = 1, st HedTeh w, = w, = 1. J{ns guc-
ThIX, HE COJACPIKAIIMX XUMHUYCCKH CBS3aHHOW BOJBI MOPOJ], HACHIIICHHBIX BOJOH ((0y,) WIH
HEDTHIO € BOIOH ((,,,), Wy = Wyn = K, w,= K, , T.€. BOHOpOIHBII MHIEKC TAKUX OPOJ] PABEH
ux nopucroctu. g raza w, < w,; = @, , IO3TOMY Ha AMarpaMMax HEUTPOHHBIX METOIOB
ra30HACHIIICHHBIC TUIACTBI OTMEYAIOTCS 00Jiee BBICOKMMHU aMILTUTyAaMH (KaxyTcs Oolee
IJIOTHBIMH ), YEM PaBHBIC UM TI0 TIOPUCTOCTH HedTEeBOJOHACHIIIEHHBIE. IMEHHO KaxKyIieecs
YBEJIMUEHHUE MIJIOTHOCTH (PEATBbHYIO INIOTHOCTh OLEHMBaOT ¢ noMoibio I'TM-IT) no3Bomnser
UIEeHTU(DHUIIMPOBATh Ta30HOCHBIE IUIACTHI. B TIIMHHUCTBIX KOJUIEKTOpPAx, CKEIET KOTOPHIX CO-
JEPKUT XUMHUECKH CBSI3aHHYIO BOAY @y, = Wz= K, +K.,0., Tne K., — xospduunent rim-
HucTocTu. Takoe ke sIBIeHUe HAOII0JAeTCs B 3aTMIICOBAHHBIX TIOPOJIaX.

[IpumMeHeHne 3aMHBEPCHOHHBIX 30HI0B 00YCIOBIUBAET 00paTHYIO, OIM3KYIO K HKCIO-
HEHIIMAJIbHON 3aBUCUMOCTh MMOKa3aHUH HEUTPOHHBIX METOJ0B OT BOJOpoacoaepkanus. s
npuMepa Ha puc.7.18 nmpuBeneHa cOOTBETCTBYIONIAA 3aBUCHUMOCTb ISl TUIOTHOCTU HAJITEI-
JIOBBIX HEUTPOHOB.

Korga nopoBoe npocTpaHCTBO 3al0JHEHO MUHEPAIU30BAaHHON BOJION, M3MEHEHHE BO-
JIOPOJICO/IEpKAHUSI COMPOBOXKAACTCSI M3MEHEHUEM XJIOPOCOepkaHHs. B pe3ynbrare 3aBu-
CUMOCTh MEXY HHTCHCUBHOCTBIO PETHCTPUPYEMOTO U3ITYYCHHUS U KOIPHUIIMSHTOM TTOpHUC-
toctu st HHM-T u HI'M usmensiercs;, npuuem s HI'M ee rpaduk ¢ poctoMm xiopoco-
JIep>KaHUs BBIMONAXKUBACTCS U Jake M3MeHsieT 3Hak (puc.7.19). B nmpunuune 3to siBieHue
pu MUHEpanu3auu Bobl 6osiee 100 r/1 MOXKET OBITh UCIIOJIB30BAHO JIJIST HAXOXKACHHS T10-
JIO’)KEHHS BOJJOHE(PTSIHOTO KOHTAKTa, TAK KaK XJIOPO-COACPKaHWE BOJOHOCHOM YacTH IIacTa
MHOTO BbIIIE, YeM He(pTeHocHOW. OqHAKO €clii 30HAa MPOHUKHOBEHHS BEMHMKA (TIPEBHIIIACT
JIBa TUaMeTpa CKBAKHUHBI), OOHAPYKUTD TMOJIO0KEHUE BOJOHEPTIHOTO KOHTAKTa, KaK MpPaBH-
710, HEe yAaeTcsa. B 3TUX yCIIOBUSIX BCE TPU MHTErPAIBHBIX HEUTPOHHBIX METOJA MPUMEHSIOT
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UMb s onpeaeneHuss nopucroctu. HesaBucumocts nokazanuii HHM-HT ot xnopoco-
JeprkaHus (B YaCTHOCTH, XJIOPOCOACPKAHHSI TIPOMBIBOYHON KUJAKOCTH) SIBIISETCS, TAKUM 00-
pazom, ero npeumyniectsoM nepeq HHM-T u HI'M. Bmecte ¢ Tem, paguyc ucciienoBaHus y
HHM-HT wmensbiue, yem y HHM-T, a y HHM-T — uem y HI' M.

HeliTpoHHbIE METO/ABI MO3BOJISIIOT PELIATh CIEAYIOIIME 3aJa4M: JINTOJIOTMYECKOE pac-
YJICHEHHE pa3pe3a; ONpeieJIeHue MOPUCTOCTU MOPO; OMPEETICHUE TOJIOKEHUS Ta30KUIKO-
ctHoro koHtakta. Meroast HHM-T n HI'M no3BossifoT onpeaeanTh MECTOMOI0KEHUE BOIO-
HE(TAHOTO KOHTAKTA MMPU 3HAYUTEIILHON MUHEpATH3AIMH TJIACTOBBIX BOJI U HEOOJBIIION 30HE
MIPOHUKHOBEHHS, a TaK)Ke B 00CA)KEHHBIX CKBOKMHAX Ha OCHOBE HAOJIOJCHHI 3a pachopmu-
poBaHueM 30HbI IpOHUKHOBeHU. Meroast HHM-HT u HHM-T npumeHsroT npu nouckax
YTOJIBHBIX IJIACTOB (Yroiib coaepKuT a0 12 % Bomopona) u Juisl BbIJENIEHUS MOPOJ C BBICO-
KHUM coJiepkaHuem Oopa.

Ty ,YChBA. Ty, ycned.
250
10k _
051
a [ .
7 5 10 w% 0 25 30 wh

Puc. 7.19 3aBucumocts | ,, = f(w).

Puc. 7.18 3asucumocts |, = f(w) Illudpp KPUBBIX — MHHEPATH3ALME BOJIBI
(KOHIIEHTpanus XJI0pa), I/

Meton HHM-T ucnonb3yroT 11 BBIACICHUS B pa3pe3ax CKBaKUH MOPO/I, COAEPKAIINX
AJIEMEHTHI C OOJIBIIUM CEYCHUEM 3axBaTa: PTYTH, JIUTHSA, XJIOpa, KOOaIbTa, BOJbppama, Map-
raHIla, CypbMBbI, KaAMHs ¥ HEKOTOPBIX peaKo3eMeTbHBIX. JKene30, MapraHell, pTyTh H XPOMHU-
ThI uAeHTUGUIMpYoTcs HI'M.

Metox HI'M nenecoobpa3Ho HCIIOIB30BaTh IPU MOMCKAX YIJIeH, MOCKOJIBKY €ro Mmoka-
3aHUS MEHBIIIE 3aBUCAT OT IUaMETpa CKBaKUHBI, yeM noka3zanus [ TM-I1. DTo mo3BossieT omn-
pEeaeNATh 30JIbHOCTD YIJIEH ¢ TOYHOCTBIO 5—8 % Jake MpU HaJIU4YMM XJIOPHUIHBIX nopoa. Me-
TOJ TAaK)K€ IPUMEHSIOT JUIsl OLEHKH BOJOHOCHOCTH M MOPUCTOCTH B THAPOIE€OJIOIMUECKUX U
WH)KEHEPHO-Te0JIOTHYECKUX CKBaXXMHax. Heobxomumo erie pa3 noayepknytsb, uto HI'M cie-
IyeT MPUMEHSTh B KoMIuiekce ¢ ', 4TOOBI UCKITIOUNTH U3 OOIIEro Yucia 3aperucTpupOBaH-
HBIX TaMMa-KBAaHTOB T€, KOTOPbIE BbI3BaHbl ECTECTBEHHON PaIMOAKTUBHOCTHIO.

Hetitponnsnii ramma-metos criekrpoMmerpudeckuii (HI'M-C) mpumeHstoT 11 onpene-
JICHUS TIOJIOKEHHUS BOAOHE(PTSIHOTO KOHTAKTa MO XJIOPY, AJISl IOUCKOB JKEJIE3HBIX, XPOMHTO-
BbIX, MApraHLIEBbIX, HUKEJIEBBIX U Apyrux pya. Peannzauus HI'M-C conpsibkeHa ¢ cepbe3Hbl-
MU TEXHUYECKUMU TPYIHOCTSIMH.

7.35  Memooul naseoennoii akmusnocmu (MHA)

MHA ocHOBaH Ha U3MEPEHUU aKTUBHOCTH PATUOAKTUBHBIX U30-TOIMOB, O0PA3YIOITUXCS
B pe?)yJIBTaTe O6Hy‘IeHI/ISI FOpHBIX HOpOZ[ IIOTOKAMHU HeﬁTpOHOB. HOBBILHCHHBIMI/I CCUCHUAMU
aKTUBAIMK TEIUIOBBIMU HeiTponamu obmagarot Al, Si, Mn, Cl, Na, K, V, Cu, Cd. Beicokumu
CCUCHHUSIMH aKTHUBAIMK OBICTpBIMK HelTpoHamu otaudatorcs O, Mg, Al, Si, Cl, Cr, Mn, F.

HaBeneHHas pagnoOakTUBHOCTH IOPOJ YMEHBINAETCS BO BPEMEHH IO 3KCIOHECHIUANb-
HOMY 3aKOHY U B JIIO0OOH MOMEHT BpPEMEHH IPONOPIMOHANIBHA YHUCIY SJIEP AAHHOTO 3JIEMEH-
ta. [loaTomy MHA mno3BosnsieT HACHTH(PHUIUPOBATH JIEMEHTHI, COAEpKaIIMecss B MOpoje, U
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OLIGHUBATh WX KOHIIEHTpauuu. MeToJ]] HaBeACHHOW aKTUBHOCTH 3()()EKTUBEH MpH MOHCKax
¢dmooputa U apyrux (GropocoaepiKalux MOPOJA, MEIHBIX U MapraHlEBbIX pyH, OOKCHTOB,
MeJIM U HEKOTOPBIX IPYTUX MOJIE3HBIX HCKOTIACMBbIX.

7.3.6  Hmnynvcusle neiimponnsie memoovt (MHM)

[Ipu UMIYyNbCHBIX HEMTPOHHBIX METOJaX TOPHYIO MOPOAY OOMydyaroT KpaTKOBPEMEH-
HBIMU (UTHTENBHOCTBIO A7 = 1—200 MKC) MOTOKaMH OBICTPBIX HEHTPOHOB, CIIEAYIOIIMMHU
gyepe3 MPOMEXYTKU BPEMEHH 7. PerucTpanuio mioTHOCTH TEIUIOBBIX HEUTPOHOB WJIN TaMMa-
KBaHTOB PaJUAI[MOHHOIO 3aXBaTa OCYLIECTBIISIIOT YEPE3 ONPEECIICHHBIN IPOMEKXYTOK BpeMe-
HU 3aJepKKU 7,. CylIecTBYIOT HMMITYJIbCHBI HEUTpoHHBIM ramma-meron (MHI'M) u nwm-
NyJbCHBIM HENUTpoH-HEUTpoHHBI Meron (MMHHM). Bonbmee pacnpocTpaHeHHE IMOIYYHIT
NHHM.

VIMIybCHBIM PEeXUM H3ITyYeHHs JOCTHraeTcs MPUMEHEHHEM MajiorabapUTHBIX CKBa-
AKHUHHBIX YCKOPHUTEJIEH, B KOTOPhIX HOHBI PA3TOHAIOTCA 1O BBICOKMX CKOPOCTEH B MAarHUTHOM
nojyie OOJNBIION HampspKeHHOCTH. bomOapaupys crenuaibHyl0 MUIIEHb, OHU BHIOWBAIOT ObI-
CTpble HEUTpPOHBI, UMeromue »Hepruto 14,1 M»sB. Ctonb BbICOKas sHEprusi oOecreuynBaeT
rITyOMHHOCTH HccaenoBanus 10 60—70 cM, 4to Oosblie, YeM MpPU UCHOJIB30BAHUU CTAIHO-
HapHBIX UCTOYHUKOB. Kpome Toro, npu OTKIFOUEHHOM IEKTPONUTAHUN UMITYJIbCHBIA HCTOY-
HUK HE M3JIy4aeT U, CJIEeJOBaTEIbHO, Oe30maceH. DTHUM He HCUEPIBIBAIOTCS MPEUMYIIeCTBa
UMIIYJIbCHBIX METO/IOB.

[Tpu THM nporieccrl 3ameniieHust U quddy3un mpoucxoaar Kak Obl MOCIeI0BaTeIbHO
BO BPEMEHH M MOTYT OBITh MCCIEIOBAHbI Pa3JeIbHO B 3aBUCHMOCTH OT BPEMEHH 3a/I€P’KKU
perucTpariy. MHTEHCHBHOCTh PETHCTPHPYEMOTO H3TydeHHs BO BpeMs 3amemierns (10 107
MKC) XapaKTepH3yeT BOAOPOIOCOACPKAHNE TOPHBIX MOpPox, Bo Bpems muddysun (10°—10*
MKC) — KOHIIEHTpALUIO nornoTurenei. CylecTBEHHO, YTO BpeMsl KHU3HH TEIJIOBBIX HEUTPO-
HOB B CKB2)XMHE MEHBIIIE, YEM B TIOPOJIE, a B IUIACTaX, HACHIIIEHHBIX MUHEPAIIN30BAaHHOMN BO-
JI0H, OHO MEHbIIIE, YeM B HE(PTEHACHIIIEHHBIX IJIACTaXx. DTO MO3BOJSAECT, IPUMEHHB COOTBET-
cTByIoMe 3a1epxxku (6oxee 800 MKc), HOTYIUTh MH(OPMAIHIO, HE 3aBUCSIIYIO OT BIUSHUS
CKBQXMHHOM KMJIKOCTU M XapaKTEPU3YIOLIYI0 THUI Mopo3anonHutens. OnpenesneHue moso-
KEHUS BOJOHE(PTSAHOTO KOHTAKTa WMIYJIbCHBIMH HEHTPOHHBIMH METOAAMHU BO3MOXHO HpHU
KOHIIEHTpauuu cojueit 0osee 30 /1, B TO BpeMs Kak B CTAl[MOHAPHBIX METOJAX 3Ta BEJIMYMHA
He meree 100 r/n. B nmpunnune, MTHM pemarot Te e 3a7auu, 4TO U CTAllMOHAPHBIE METOJIBI,
onHako 3¢ dexTuBHOCTS pemieHus Boime. K Henqocrarkam MHM ciemxyer oTHECTH CIIOKHOCTD
anmaparypsl 1 Mallylo CKOPOCTb IIPOBEICHUS KapoTaxka.

71.3.7  Penmeenopaouomempuueckuit memoo (PPM)

PenTreHoBckue KBaHTHI OTIMYAIOTCA OT FaMMa-KBaHTOB (DU3UKOM CBOEro BO3HUKHOBE-
HUs. ['aMMa-KBaHTBI BO3HUKAIOT B PE3Yy/bTaTe PaJUOAKTUBHOIO paclana U HEKOTOPBIX sluep-
HBIX peaknui (HampuMmep, peakluH paJHallMOHHOTO 3axBaTa HEUTPOHOB). PeHTreHoBckme
KBaHTHI BO3HUKAIOT TIPH MEPEXO0JIe JIEKTPOHOB C OpOUTHI Ha opOuTy. Takue mepexoibl mpo-
UCXOJAT MPHU B3aUMOJECUCTBUU MSTKOTO raMMa-HU3JIydeHHUs C 3JIEKTPOHAMHU TTTyOOKUX OpOUT.
B PE3YyIbTATC B3&HMOH€I>1CTBPISI QJICKTPOHBI IMMOKUAAOT aTOM, d BAKAHCHUHU 3aIlOJIHAIOTCA JJICK-
TPOHAMH C OpOUT, OoJiee ynaleHHbIX OT sapa. OOpa3yromuiics H30BITOK SHEPTHHU BBIICIACTCS
B BU/JIC q)OTOHOB (peHTFeHOBCKI/IX KBaHTOB), ABJIIOIUXCA aHAJI0TraMy raMMa-KBaHTOB, JII/I6O B
BUJIE BTOPUYHBIX 3JIEKTPOHOB. Ecnu, Hampumep, yaajieH 37eKTpoH ¢ K-00070uku aToma, 3a-
MOJIHEHUE BaKaHCHI MOXKET MPOou30UTH ¢ L-060moukn. COOTBETCTBEHHO UCIyCKaeTcss GOTOH
XapaKTEPUCTUICCKOTO U3ITYUYCHHSI C SJHEPTUEH, paBHOW pa3HOCTH SHEPruil cBs3u Ha K-t u L-ii
OGOJIO‘-IKaX J1s1 JaHHOT'O 3JICMCHTA.

ITopor 4yBCTBUTEIBHOCTU PEHTIEHOPAAUOMETPUUYECKOTO METO/AA ONPEAEISAETCS COOT-
HOILIEHHEM YPOBHEH HCCIIEyeMOro XapaKTepUCTUUYEeCKOro u3nydeHus u ¢poHa. @OH COCTOUT
U3 XapaKTEpUCTHUUECKOI0 HM3IY4YEHMs IPYIMX AJIEMEHTOB, raMMa-HU3JIy4€HHUs, PACCEIHHOIO
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MOPOJION, CKBAXXUHOW M JETalsIMM amnmapaTypbl, a TakKe W3JydyeHUus, BbI3blBaeMoro Oera-
YaCcTUIIAMH, UCITyCKAeMBbIMU UCTOYHUKOM BMeECTE ¢ Tamma-u3inydeHueM. CHkeHus GoHa 1o-
OMBarOTCS 3a CYET CHEeIUAIbHON KOHCTPYKIIMHM CKBRXMHHOM ammaparypbl, OJ10K-cXxema KOTo-
poii Bo MHOrOM To100Ha pumMensieMoit ipu ['TM (cm. puc. 7.17). Paznuunst 00ycnoBIEHBI,
TJIaBHBIM 00pa3oM, MepaMu MO CHIKEHUIO MHTEHCUBHOCTH paccessHHOTO u3inydyeHus. [IpoTus
KOJUTMMAIMOHHBIX OTBEPCTUH ClIeTIaHbl MJIEKCUTIACOBbIE OKHA (YTO, MO CYIIECTBY, UCKIIOYA-
€T BO3MOXHOCTh NMpuMeHeHHs: PPM B riyOokux ckBakumHax). OOs3aTeNbHO NMPUMEHEHHE
OPWXUMHOTO ycTpoicTBa. [ myonHHocTs PPM ymeHbIIaeTcsi ¢ yBemUYeHHEM KOHIICHTpAUU
OTIPENIeTIIEMOTO dJIEMEHTA WU CHIDKEHHEM ero atomHoro Homepa. [Ipu Z=40—60 riyoun-
HOCTb He TpeBbIaet 5 mM. [Ipu onpenenenuu cBUHIIA, BOIb(paMa, pTYTH U APYTUX dIIEMEH-
ToB ¢ Z=60 rimy6unHocTs gocturaet 10—20 mm.

PPM npuMeHSIOT NPU UCCIIENOBAHUAX CKBaXXHH Ha OJIOBO, M€/lb, BOJIb()PAM, MBIIIbSK,
CBUHeEIl, [INHK, MOJIUO/EH, CypbMy U pTYTh. B Hedrerasosbix ckBaxkunax PPM He npumens-
IOT.

7.4 AKycTH4YeCKHe METOAbI MCCJIE0OBAHNS CKBAKUH

Axyctuueckuii Metoa (AM) OCHOBaH Ha HU3MEPCHUH TAPAMETPOB YIIPYTOTO BOJIHOBOT'O
10JI B CKBaKMHaxX B 3ByKOBOM (3— 20 xI'y) u ynprpasBykoBoMm (20 kI'n — 2 MI'ny) auana-
3oHax. [lockonbky pasperniaronias cnocOOHOCTh BOJHOBBIX METOJOB 3aBHCHUT OT JIMH BOJIH,
T.€. OT YaCTOTHOrO Juara3oHa KojcOanuii, AM oTIMyaeTcs OT CEHCMUYECKUX METOJIOB (B
TOM 4ucie oT ceiicMokapotaxka u BCII) He TONbKO METOIUKOW M THUIIOM PETHCTPUPYEMBIX
BOJIH, HO, TIPEKJIE BCETO, CBOCH pasperiaronieil criocoOHOCThi0. OCHOBHOE pacpOCTpaHEHUE
MOJIYYMJIM aKyCTHYECKHE METO/Ibl Ha TOJIOBHBIX BojHaX. OHAaKO B HACTOAIIEE BpeMs pa3BU-
THE MOJIYYalOT U METO/bl OTPAYKEHHBIX BOJIH.

AKycTHYecKHe MapamMeTpbl TOPHBIX MOPOoA (YHKIMOHATIHHO CBA3AaHBI C HUX (DU3HKO-
MEXaHUYEeCKUMHU CBOHCTBAMH, MMOPUCTOCTHIO, CTPYKTYPOH IMOPOBOTO MPOCTPAHCTBA U XapaK-
TEPOM HACBILIICHUSA. XapaKTEPUCTUKU aKyCTUYECKUX CHUTHAJIOB, 3apErMCTPUPOBAHHBIX B 00-
CaKEHHBIX CKBA)KMHAX, TECHO CBSI3aHBI C COCTOSIHHEM OOCAaIKH W, B YaCTHOCTH, C KAYeCTBOM
KOHTaKTOB I[EMEHT — IMOpoJa M IIEMEHT—KOJIOHHA. Bce 3TO co3maeT MpearnochuUIKd IS
npuMeHeHust AM Tipu perieHrr IIMPOKOro Kpyra 3a1ad HedTera3oBoi, yroJabHON U PYTHOM
FCO(pH3HKH, a TaKKC IMPU MHIKCHCPHO-TCOJIOTNUCCKUX U TUAPOTrCOJIOTUICCKUX U3BbICKAHUAX,

741  ®@axmopwl, onpedenaruiue aKycmuuecKue c0icmea 20pHvlxX Hopoo

B ogHOponHOI TBepmo# cpene paciupOCTPaHSIOTCS JBE HE3aBUCHUMBIE BOJIHBI — IIPO-
nonbHasg P u monepeunas S. COOTBETCTBYIOIIME CKOPOCTH OLIEHUBAIOT O (popMynam

vpzﬂw, VS:\P, (7.4
o o

rae A, (4 — KoHcTaHuThl Jlame; ¢ — totHOCTh. HamoMuuM, 9T0 KoHCTaHThI Jlame 1mo-
JIOKUTENBHBI, B CBSI3U C YeM CKOPOCTH MPOIOJIBHBIX BOJH BCerjaa OOJbIlIe CKOPOCTEH morie-
peuHbIX. [y TOPHBIX IOPOJ B CPEAHEM VplVs=1,73.

BaxxHeWmnMyu XapakTEpUCTUKAMU CPEJIbl, MO3BOJIIOIIMMU OINPEACIIUTh €€ MPOYHOCT-
HBIE CBOMCTBA, SABJIAIOTCS YIPYTHe KOHCTaHTHI: MoAyib FOura E, kosddumuent Ilyaccona o,
monynb casura G u Momynb BcecToponHero cxkarus Ke. Ompenenus Vp U Vs HIIM COOTBETCT-
Byromue uHTepBanbubie Bpemena ATp u ATg, a takke o (Hanpumep, mo ganasiM ['TM) Bo
BHYTPEHHUX TOYKAX CPEJIbl, MOKHO PACCUUTATh €€ YIPYrue KOHCTAHTHI:

E = 9uk (3K +w), v= (3k.—-E)/6k;,

G = 3 k(1 —2V)/2(1+V) , ko = E/3(1 + 2V).
N3 Beipakenus (7.4), ka3zaaoch Obl, CIENYET, YTO C YBEIMUYEHHUEM TUIOTHOCTH, XapaKTe-
pU3yIOIIEH yIEeTbHYI0 MAacCy U, CJIEIOBATEIbHO, ABJISIONMICHCS MEPOM MHEPIIMOHHOCTH, aKy-
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CTHYECKHE CKOPOCTH JIOJDKHBI Manath. OMHAKO KOHCTAHTHI A U U, 00YCIIOBIMBAIOIIHE JKECT-
KOCTh Cpe[bl, IPU YIUIOTHEHHH IOPOJ PacTyT ObIcTpee IMoTHOCTH. [lo3ToMy yBenmueHue
IUIOTHOCTH COTIPOBOKIACTCS OOBIYHO BO3PACTAHUEM aKyCTHUECKUX CKOPOCTEH.

JIyiss IprOM>KEHHOHN OIEHKH TUIOTHOCTH O 110 JJAHHBIM aKyCTHYECKOTO METOJIa MOYKHO
HCIIOJIB30BAaTh HYMIIMPUYECKHAE COOTHOLICHUSA. B psiie ciaydaeB yAOBIETBOPUTEIbHBIE PE3YIlb-
TaThI 1aeT cieayroliee cooTHomenue: o = 0,23 Vp0’25.

Cpenu mapameTpoB, XapaKTEpU3YIOUIMX KOJUIEKTOPCKHE CBOMCTBA MOPOJ, OCHOBHOE
BIIMSTHAE Ha KHHEMATHYECKUE U TUHAMHYECKUE XapaKTePUCTHKN P- 1 S-BOJTH OKa3bIBAIOT KO-
>} dunmentsr mopucroctn K u tpemmnosaroctn Krp. s GOJBIIMHCTBA TOPHEIX IOPOJ €
poctoM K7 ymenbmiarorcs Vp U Vg, YBEIHYUBAIOTCSA COOTBETCTBYIOIME MHTEPBATIBLHBIE BpPE-
MeHa ATp u ATs u x03hGHUIKMEHTH TOTIIOMEHHS Op U s, Hanbosee yeTkas 3aBUCHMOCTh
MEX1y MOPUCTOCTHIO U CKOPOCTHIO MPOJIOJIBHBIX BOJIH CYHIECTBYET AJI CHEMEHTHPOBAHHBIX
MOPOJ C MEX3EPHOBOM MOPUCTOCTHIO. C JOCTATOYHOM JJIsI MTPAKTHUKUA TOYHOCTHIO OHA BbIpa-
KaeTcsl ypaBHECHHEM CPETHETO BPEMEHH:

_ AT -AT,,

= =0 T8 75
" AT, -AT,, (79)

rae ATcek , AT — uHTepBaTbHBIC BpEeMEHA JUIS MPOAOJIbHBIX BOJIH B CKEIIETE MOPOJABI U
(IIFOU10-TIOPO3AOIHHTENE COOTBETCTBEHHO. 3aBUCUMOCTE Vs 0T K7 M3yueHa HeqocTaTtouHo.
OIHaKO MMEIOIIHMECS TaHHBIC YKA3bIBAIOT HA 00JICe Pe3KOe YMEHBIICHUE CKOPOCTH TOTepey-
HBIX BOJIH C yBeuuenuem Ky .

AKYCTHYECKHE XapaKTePUCTUKHU CYIIECTBEHHO 3aBUCAT OT TPEUIMHOBATOCTH. B 001iem
Cllydae ¢ yBEIMYCHUEM TPEIMHOBATOCTH CKOPOCTH P- M SBOJIH yMEHBIIAIOTCS, a MOTJIONIe-
HHA BO3PACTAOT. HpI/I 9TOM MHTCHCHUBHOCTb CHUKCHHA CKOPOCTU U PpOCTA MOTJIOMICHUA 3aBU-
CHUT OT yIJia BCTPEUYU BOJHBI U TPEUIMH. B CBSA3M ¢ 3TUM TpenMHOBaThIe TOPOIbI XapaKTepu-
3YIOTCA 3HAUUTEJIbHON aKyCTHYECKOW aHW30TPONUEH. 3aMEeTUM, YTO TPEHIMHBI MaJloM pac-
KPBITOCTH, KOTOPBIE B OCHOBHOM M KOHTPOJHPYIOT MPOHUIAEMOCTh IIyOOKO3aJeraonnx
KOJUICKTOPOB, MCHBIIC BIIUAIOT HaA 06’beMHy10 JKCCTKOCTb U, CJICAOBATCIIbHO, HA MapaMCTPhI
P-BonH, yem Ha MOIYIJb CIIBHUTA M, COOTBETCTBEHHO, Ha MapaMeTpsl S-BoJH. [1oaTOMY 3amMeT-
HOC CHHIXCHUC CKOPOCTU S’BOHH N UX 3HAYUTCIBHOC 3aTYXaHUC MOT'YT YKa3bIBaTh HAa HaJIU-
YKe TPEHIMHHOTO KOJUIEKTOpa. B 1emnom, Bonpoc o cBsi3u aKyCTHYECKHX XapaKTepUCTHK C Ia-
pameTpaMu TPEUIMHOBATOCTH U3y4eH HETOCTaTOYHO.

CymecTBeHHOE BIMSHUE Ha Vp , Vs, Op U Og OKa3bIBa€T TOPHOE M BHYTPUILIACTOBOE
JAaBJICHHUE. Y BEIMUYEHUE TOPHOTO NABIEHUS IPUBOIUT K CKATHIO CKEJIETa MOPOJBI, COOTBET-
CTBEHHOMY YMEHBUICHHIO MOPUCTOCTH, POCTY KOHTAKTHOM JKECTKOCTH M, CIENOBATENBHO,
pOCTY Vp, Vs M CHIDKEHUIO Op U Os . YBEIMUYEHHE IIAaCTOBOrO JABJICHUS IPUBOJIUT K 00paT-
HBIM SIBJICHUSIM, YTO MCHOJB3YIOT JJIsi OOHAPYKEHHs 30H aHOMAJIbHO BBICOKOTO IJIACTOBOTO
nasienust (ABII/I). Bo3pacranue temmepaTypbl CONPOBOXKIAETCS, KaK IPaBHIIO, HE3HAUU-
TEJIBbHBIM TOBBIIIEHHEM CKOPOCTH. YBEIMYEHNE MUHEPAIU3ALMM BOJBI MOYKET 3aMETHO yBE-
JIMYUTDH CKOPOCTH Vi .

742  AKycmuuecKuit Memoo Ha 20J108HbIX 60JIHAX

[Ipu peanuzanuu AM Ha TOJOBHBIX BOJHAX B CKBKHUHY IMOMEIIAIOT CKBAXXUHHBIN MpHU-
oop (puc.7.20), comeprxamniuii uznydarens M, u na npuemuuka [/, u 11, (nom aBa usmydare-
7. ¥ OIMH NIPUEMHUK). Mexly u3iiydyarelieM U MPUEeMHHKAMU PaCIoaraloTcsl akyCTHUECKUe
M30JIATOPBI, 3AIIUIIAIOININE TPUEMHUKHA OT aKyCTUYECKHX BOJIH, PACIpPOCTPAHSAIOMIMXCS IO
Koprycy npubopa. PaccTosHue oT m3myuaTens A0 MEPBOro MPUEMHHUKA HA3bIBAIOT JIMHOMN
aKyCTMUYECKOI'0 30H/a, PACCTOSIHHE MEXAY MpHUeMHUKaMu — ero 0a3zoi. M3myuarens Bo30y-
KJIAeT B CKBAXMHHOM >KUAKOCTH MMITYJBCHI YIPYTUX KOJeOaHHi, YACTOTHBIM CIIEKTP KOTO-
pbIX JiexuT B auanazoHe 3—>50 k[ 1. poHT mpoaoibHO BoaHBI Pj, BO30YKIaeMOM B JKUI-
KOCTH, MO’KHO MPUOIMKEHHO CUUTaTh cheprudeckuM. JJOCTUTHYB CTEHKH CKBaKUHBI TIOJ] HE-
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KOTOPBIM YIJIOM, BOJHa Py 00pa3yeT ABe MpOXOsIIie

BOJIHBI — TPOJONIbHYIO PpP71, pacnpocTpaHsSIOmyocs
O/ yIJIOM Y;p M Tomiepeunyo Py S, pacmpoctpansio-
HIyFOCs IO yriioM Y1s. OJJHOBPEMEHHO BO3HUKAET OTpa-

- »keHHas BojHa PoPy .
A FF [lpu AOCTHMIKEHHM OMPEICIICHHOTO YIiia MaJCHHsI
i (MepBBIA KPUTUYECKUA YTONl Yop «p) BO3HUKAET SBICHHE
< A "-,:;' MIOJTHOTO BHYTPEHHETO OTPaKEHHs, TIPU KOTOPOM BOJHA
AL P - PoP1 ckob3UT BIOJL MOBEPXHOCTH pasjeiia Cpel, Io-
Aa “ CTEIIEHHO 3aTyxasl 3a CUET MOTJIONICHHS B CPEC U U3ITy-
ALl 1 deHHWs BOJIH B CKBaxuHy. [TOCKOJIBKY B 3TOM cCiydae
- ..-.."",.-.,,H_H 3 Yip = /2, MOXKHO Ha OCHOBAHHMH 3aKOHA Cuemnyca 3a-
] .ﬁﬂ:__. mucaTh Vop/Vip = SIN yor wp- COOTBC”ECTBGHHO YOP xp =
- . [©]3 =arcsin Vo /Vip. Bropoii kputiueckuii yroi yos xp» IpH
T T KOTOPOM BJI0JIb MMOBEPXHOCTH pas3jieiia HAauWHACT CKOJIb-
- ks :“ —_— 3UTh BOJIHA P_OSl, OLICHUBAIOT 110 aHAJIOTUYHOU PopmyIie:
) S | "2 ] F[==]5 Voswp =acsinvo V15 . TIpeobnamaronye 9acTOTHl BOJH
- PoP1 u PpS, B 3HauUMTENBHON CTENEHH OOYCIOBJICHBI
T _ F-é pmmavm orpeskoB |y u |p; mMakcumymsl amruuTygHO-

YaCTOTHBIX XapaKTEPUCTUK MPUXOIATCS Ha YaCTOTHI, IS
KOTOPBIX TOJOBUHBI JJIMH BOJH B CKBaXMHHOW KHJKO-
CTH COBMAJAIOT C pa3MepaMy Ha3BaHHBIX OTPE3KOB, IO-
3TOMY mpeolOiiafaromnias 4acrora BojHbl PyP; Ooiblie,
uyeM BOJIHBL PgS;.

Puc.7.20 Cxema mpoBeneHus axy-
CTHYECKOTO MeToJla Ha
TOJIOBHBIX BOJIHAX.

1 — m3onsTOp: 2 — W3My4yaTelb;
3 — npueMHHK; 4—6— (QPOHTHI BOJH [Ipoxonst BAOJIb MOBEPXHOCTH paszeiia Cpel, BOJI-

PoP1Po, PoSP 1 JIamba Hbl PoPq 1 PyS, BBI3BIBAIOT B JKUAKOCTH IIPOIOJILHEIE

BoIHBI PoP1Pou PoS,Py. TlepByro U3 HUX Ha3bIBAIOT rO-
JIOBHOM MOHOTUIHOH (TIpu ee 00pa3oBaHMHM OOMEH SHEPrHel MPOUCXOAUT MEXIy BOJIHAMU
OJIHOTO THIa — MPOJA0JILHBIMH), BTOPYIO—TOJIOBHOW, 0OMEHHOM (0OMEH 3HEeprueit mpoucxo-
JIMT MEXKIY BOJHAMH pa3HOro tuna — P u S). ®poHTHI 3TUX BOJIH MPOXOIAT Y€PE3 NPHEMHHM-
KH CO CKOPOCTSIMU Vip U Vis IPOJOJBHBIX H MOIMEPEYHBIX BOJH B Topoje. TakuM oOpazom,
pa3HuIa BpEMEH MPOXO0XKIEeHUS (PPOHTA COOTBETCTBYIOIIECH BOJIHBI Yepe3 MPUEMHHUKHU I103BO-
JISIET OLEHUTh HHTEPBATBHOE BpeMsl mpoOera 3Toi BOJTHBI B TIOPO/IE.

DakTHYECKH U3MEPSIOT BPEMEHA PACIPOCTPAHEHUS BOJH OT M3JIydarels 10 MEPBOrO
T1p u Tisu BrOporo Top u Tog mpremunkoB. Mx pasuuiia nmo3sosser omnpenenuts ATp u ATs,
Onnaxo u3 puc. 7.20 BUIHO, 9TO BpeMeHa [ 1p, T1s, Top U Tog3aBUCST HE TOJNBKO OT BPEMEHH
npo0era BOJIH B IOPOJIE, HO U OT TPY/AHO YYMTHIBAEMBIX BPEMEH UX PACHPOCTPAHEHHUS B IIPO-
MBIBOYHOM KHIKOCTH. [TOCKONIBKY HPH OCECHMMETPHYHOM PACIOIOKEHUHM 30HIA BpeMeEHa
5TH OJMHAKOBBI, IPUMEHEHUE PA3HOCTHOM CXEMBI, PEaU3yEMOM MPU HAJIUYUM JBYX [IPUEM-
HUKOB WJIM IBYX H3JIydaTeseid, II03BOJIsSET YCTPAaHUTh Ha3BaHHBIM HEIOCTATOK.

Kak u3BecTHO, Vp > Vg, B CBSI3H C YeM IMPH JOCTATOYHON JUIMHE 30H/1a BOJHOBBIC MaKe-
TBI, COOTBETCTBYIOIIME BosiHaM PoP1Pou PoS Py, pasaenensl Bo BpeMenu (puc. 7.21) u mo-
I'YT OBITh IPOAHATU3UPOBAHEI.

Hapsiny ¢ roloBHBIMHM BOJIHAMH B CKBa)KHHE OOpa3yrOTCS BOJIHBI IPYTHX THUIOB. Bax-
HEHIIUe U3 HUX — TUJIPOBOJIHBI, MHOTOKPATHO OTPAaXXCHHBIC OT CTEHOK CKBAKHUHBI U KOPITyCa
npubopa I, u TpyoHsle BosHbI L, nHOTIa nMEeHYeMble BoHAMK JIoMOa. AMILTUTYIa MHOTO-
KpPaTHO OTPaKECHHBIX BOJIH OBICTPO magaer. K ToMy jke MPOXOIMMBIil UMM IyTh BEIIUK, B CBSI-
3 C YeM X MOKHO HE YUUTHIBaTh. VICKIIFOUEHUE COCTABIISICT BOJHA, OTPA3MBIIASCS MO YyT-
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JIOM, PaBHBIM IIEPBOMY KPHTHUYECKOMY H, CJICOBATEIHHO, BHOBb 3aTeM yNaBIIas Ha CTCHKY
CKBA)XMHBI T10J1 YITIOM Yop ,p,- IlOpOKIa€Mast €10 HOBas roJI0BHAs BOJHA, HECMOTPS Ha MaJlylo
aMIUTHTYJY, CO3J]aeT IOMEXH Ha Y4acTKe 32 OCHOBHOW TOJIOBHOM BoNHOM PoP1Py, 3arpynHss
BBIJIEIICHHE TIEPBOTO BCTYILIEHHS BOIHBI PoS Py .

P P Fo Py 5.‘P“ L

-

tp s . .
i L n 9
Wr\ AR '\
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- = L

pa—

Puc.7.21 By v ananu3 BOJIHOBBIX KapTHH Ha JBYX MPUEMHHUKaX

TpyOHast BoiHa BO3HUKAET, €CIIM B CIIEKTPE M3TYUYEHUS UMEIOTCS YacTOThI, IJIMHA BOJI-
HBI JUUIsl KOTOPBIX paBHA AMAMETPY CKBaKUHBI WM OoJbiie Hero. @pOHT BOJH MEPIIEHINKY-
JISIPEH K CTEHKE CKBAXKMHBI, B CBSI3U C UEM HE NMPOMCXOAUT OTPAKEHUH, IPUBOIAIINX K ITOTE-
pe PHepruu, u TpyOHas BOJIHA PACIPOCTPaAHSIETCS MO CKBaKMHE 0€3 3HAUMTEIBHOIO 3aTyXa-
HUS Ha OosbIMe paccTosiHus. Eciu, oqHako, Ha myTH TpyOHOW BOJIHBI BCTPEUYAIOTCS IPOHH-
[aeMbI€ YYaCTKH, €€ aMIIUTY/1a MaJaeT 3a CUET U3JIYYEHHS SHEPTHH B OKPYXKAIOILYIO CpENy.
OTO SIBIEHNE UCTIOIB3YIOT JJISl ONIPEAEIEHUS POHUIIAEMBIX I1JIaCTOB.

ITpu aKyCTHYECKOM KapOTake Ha TOJIOBHBIX BOJHAX PErMCTPUPYIOT aHAJIOTOBBIC Ha-
rpaMMbl KHHEMAaTHUeCKUX [1p, Top, ATp, T1g Tos, ATs u nunamudeckux mapamertpos. ITox
MOCICIHUMH TTOHUMAIOT aMILUTUTYAbI BOH A1p, Aop, A1s, Aos, A1, Aol Ha IEPBOM H BTOPOM
NPUEMHHKAX, a TAK)KE COOTBETCTBYIOIINE KO3 HIUEHTHI 3aTyxanus. Clieayer y4ecThb, 4To
IPU 3aIMCH TOJBKO aHAJIOTOBHIX JUArpaMM 4acTh WH(OPMAIMH, 3aJ0XKEHHAs B aKyCTHYe-
CKOM CHTHaJIe, TEPSIETCS.

MaxkcumanbHbIE 00beM HH(OPMAIIMKM COAEPIKAT BOJHOBBIE KapTUHBI. JIErKO BHIETH,
4TO, aHAJIM3UPYS BOJIHOBBIE KapTuHBI (BK), MOXXHO omnpeaenuTs Bce KHHEMAaTUYECKUE U U~
HAMHUYECKUE XapaKTepUCTHKH (cM. puc. 7.21). bonpioit 06bemM nHbOpMaMU MOXKET OBITH
MOJTyYeH IMyTeM MPUMEHEHHs] HU(PPOBBIX CTATUCTUYECKUX U CHEKTPalIbHBIX METOA0B 00pa-
00TKHU. 3anKCh BOJHOBBIX KapTUH OCYLIECTBISIOT Ha CINEUUAIBHBIX IU(PPOBBIX PErucTpaTo-
pax. 3apeructpupoBaHHas HH(YOpPMAIUS OTHOCUTEILHO JIeTKO BBoauTCsa B DBM. Becbma uH-
(opMaTUBHBI, HAIJIIHBI M YCTOMYMBBI K TOMeXaM (a30KOPPENSALHUOHHbBIE AHarpaMMbl
(®K), mpeacrapasiorine coO0 3armuch JIMHUH paBHBIX (a3 (puc. 7.22). Tonmuaa THHAN Ha
coBpeMeHHBIX PKJI mo3BoisSeT OLEHUTh aMIUINTYLy curHana. Axamusupys takue DOK]I,
MO’KHO MJCHTU(UIUPOBATH BOJIHBI PA3JIMYHBIX THIIOB, OLIEHUTh UX KMHEMaTHUYECKHE U INHa-
MHUYECKHE MapaMeTphl, paCWICHUTH (UCTONb3Ys HH(OPMAIHIO JPYTUX Te0PHU3NUECKUX METO-
JI0B) pa3pe3 10 JIMTOJIOIUHU, BBIJEIUTh IPOHUIIAEMBIE, B TOM YHUCIIE TPEIIUHOBATHIE TIOPOIBI.

[Ipu aHanoroBoi perucTpanuu HeQTEra3oBble KOIEKTOPbl — MOPHUCTHIE, TPEIIUHOBA-
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Thle, KaBEPHO3HbIE — OTMEYAIOTCA Ha JUarpaMMax CHMMETPUYHBIMH I10JIOKUTEIBHBIMU
AHOMAJIMSIMU MHTEPBAJIBHBIX BPEMEH M OCOOCHHO KO3 (UIMEeHToB 3aryxaHus. Eciu mor-
HOCTB T1acta N Gosbie amHbl 30812 L, OHA He BAMAET HA NONYYEHHBIE Pe3ybTarhl. ' paHu-
1l IIJIACTOB IO AMAarpaMMaM MHTEPBaJIbHOI'O BPEMEHU U KOA((PUIIMEHTOB 3aTyXaHHUs (PUKCH-
PYIOTCSl Ha PACCTOSTHUSIX, PaBHBIX TOJIOBUHE JJIMHBI 0a3bl OT Hayaja KpyToro mojJbeMa u cra-

Ja KPUBBIX.

Jns onpenenerus Kod((GUIMEHTa TOPUCTOCTH B TPAHYISPHBIX KOJUIEKTOpPAX HCIOIb-
3yIoT ypaBHeHue cpeaHero Bpemenu (7.5). 3nauenust AT, BBHIOMPAIOT, MCXOAS W3 THIIA
(IIron1a-TTOPO3AIOHATENS, C YYETOM TEMIIEpaTyphl, JaBICHHS W MHUHEpaiau3amud. Ecimu

HHEﬂ-‘ 4 X.TH HEI.H WELEL.
powd 20 fe 0 2 fsw gty bt

'y

Puc.7.22 Buppi 3anvcu ipu AM Ha TOJIOBHBIX BOJTHAX

Fally Eoy Py
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4JacCTb IMOPOBOIr'0 MPOCTPAHCTBA 3allOJIHCHA TNIMHUCTBIM BCIICCTBOM, 3HAUCHUA kn KOPPCKTH-
PYIOT, UCTIOJIB3YsI TaHHBIe TamMmMa-MeToaa win Merona [1C. Xapakrep nuarpamm AM B mipe-
Jenax 3aJeXd, COJAeprKallel TPaHyJSPHBIN KOJUIEKTOp Ta3a, HeTH W BOJbI, MPHUBEICH Ha
puc. 7.23.

TpemmnHOBaThIE KOJIEKTOPHI MOTYT OBITH BBIICICHBI IO KOMIUIEKCY aKyCTHYECKUX H
HEUTPOHHBIX METOAOB. OHU XapaKTepU3YIOTCS, B YACTHOCTH, 3HAYUTEIHHBIM POCTOM Up H
os, «aepedbutTocThion pa3 Ha GKJI B 06macTu monepeyHbIX BOJTH U KOKYIIUMCS 3aHHKCHUEM
3HaYeHUs KOd(pUIMEHTA TOPUCTOCTH, OMPEACIIEHHOTO MO JaHHBIM HEHTPOHHBIX METOOB,
M0 OTHOILIECHHIO K KOA((UIIMEHTY TOPUCTOCTH, onpeaesieHHoMy 1o AM.

HenocpecTBeHHOE BBISIBJICHHE PY/AHBIX TEJ B pa3pe3ax CKBaXWUH aKyCTHYCCKUM Me-
TOZOM, KaK TIPaBHIIO, HEBO3MOKHO,

T i Fr—=0——= 7Tax Kak pymsl He 0GIajAIOT aHO-
w i FL MATBHBIME AKYCTHUCCKHMH CBOCT-

BaMu. Bmecte ¢ TEM, IO OJaHHBIM

oy AM wMoryt uIeHTH(PUIIUPOBATHCS
PY/IOKOHTPOJIHPYIOIINE 30HBI, Yac-
TO OTIMYAIONIUECs TOBBIIICHHON
TPEIMHOBATOCTHIO, CIIOUCTOCTHIO 1

MEPEMSITOCTHIO.

|I [
¥

"y
—
)

...|-

[Ipu pasBeake u pa3paboTke
YTOJBHBIX MECTOPOXKACHUHM, a Tak-
K€ MPU PEIICHUH WHXXCHEPHBIX 3a-
mau AM B kommuiekce ¢ I'TM-II
_ MPUMEHSIOT IS OLIEHKH aedopma-
Y LHUOHHO-YIIPYTUX M TMPOYHOCTHBIX

CBOWCTB MOPO/I.
® |1 l O &

[l elelo]
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MY | L i|r'
t @

m |

By

AM wmoxeTr OBITh peaTn30BaH
KaKk B OTKPBITOM CTBOJIe, TaK U B
00CaXEHHBIX CKBaKMHAx. B mo-
CIIeTHEM cllydae Ha ero MOoKa3aHHs
CYIIIECTBEHHOE BJIMSIHUE OKA3bIBAIOT
Ka4ueCTBO CLCIIJICHUS KOJIOHHBI C
LIEMEHTOM M IIEMEHTAa C IOPOJIOH,
YTO ITIO3BOJIACT I/I3y‘-IaTL TCXHHUYC-
cKoe cocTostHue o0canku. AM MpUMEHSIOT TaKkKe IS OIEHKH YCTOWYMBOCTH HEOOCAKEHHO-
T'O CTBOJIA. HOHy‘-ICHHLIe C €0 IIOMOIIIBIO ITJIACTOBBIC CKOpOCTI/I I/ICHOJ'IBSYIOT JUIA I/IHTepHpe-
TaIllMM TAaHHBIX CEMCMOpPa3BEIKH.

Puc. 7.23 Xapaxtep nuarpamMel AM B mpenenax Hed-
TEra3zoBOH 3aJIEKH.

1 — nmoTHBIA 1oTacT; 2—4 — BOJO-, HETEe- U TI30HACKHI-
IICHHBIC YaCTH KOJUICKTOPA

143  AKycmuueckue memoowvl Ha OMPAIHCEHHBIX 60TIHAX

IIpumeHeHne BBICOKOUACTOTHBIX U3ilydaTenel u npueMHukoB (0,4—2 MI'1) no3Bomiser
PEruCTPUPOBATH BOJIHBI, OTPAKEHHBIE OT CTEHOK CKBa)KUHBI. V3yuass KHHEMAaTUKy U TMHAMU-
KY 3THUX BOJIH, MOKHO TOJIYYUTh HHPOPMALIMIO O TEOMETPUHN CTBOJIA CKBAKUHBI (CKBaXKMHHAS
akyctudeckas kaBepHometrpus — CAK wim npodumnemerpus — CAII), o cocTtostHum obca-
HOW KOJIOHHBI U MaKpOCTPYKTYpe — TPEIIMHOBATOCTH, KABEPHO3HOCTHU IMOPO/I, CIIAraloNINX
CTEHKHM CKBaXMHBI (CKBakHWHHOE akycTmueckoe teneBuaenue — CAT). Ilpu peanuzanuu
3THX METOJOB MEPIEHAUKYISPHO K CTEHKE CKBAXXHHBI M3JIy4alOTCsI KPAaTKOBPEMEHHBIE MM-
MYJIBCHI YIPYTUX KOJEOAHUMN, JUIMHBI BOJH KOTOPBIX CYHIECTBEHHO MEHBIIIE AJTUHBI U3JIydaTe-
ns. [Ipu CAK wacrora m3nydaemsix konebanuit okono 0,5MI'n, npu CAT — 1,5—2 MI'n.
JIOCTUTHYB CTE€HKU CKBa)KMHBI, aKyCTUYECKUE BOJIHBI OTPa)KalOTCAd OT HUX U BO3BPALIAIOTCS
Ha npueMHUK. OOBIYHO U3TyYaTeNlb U IPUEMHHUK COBMEILICHBI.
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®opmy cTBOJIA CKBaXHHBI U €€ MPO(UIb ONPEaessioT 0 BPEMEHU pacpOCTpaHEHUs
AKyCTHYECKOTO MMITYJIbCa JI0 CTEHKHM CKBaXXUHBI M oOpaTHO. [IpenmyIiecTBa aKycTHUeCKOM
KaBEepHOMETPUU U MPOPUIEeMETPUH Mepe TPAAUIIMOHHO MPUMEHSIOITUMUIC MEXaHUYECKUMU
U3MEPEHUSIMU — B BO3MOXXHOCTH MPOBEICHUS OECKOHTAKTHBIX U3MEPEHHI, a TAKXKe B TONY-
YEHHUH HATJISIIHOTO MPOCTPAHCTBEHHOTO N300payKEHUSI TEOMETPUHN CTEHOK.

VYCTpoicTBO CKBOKMHHBIX aKyCTHYECKHUX TEJIEBU30POB B NMPHHIMUIIE aHAJOTUYHO, XOTS
JUIS TIOBBIIICHHS pa3pelaronieil CrocoOHOCTH YacToTa akycTHueckux konebanuih B CAT
BhIIIE. B pe3ynprare ymaercs yCTaHOBHUTH HAIWYHME M MECTOIOJIOKECHUE TPEIIMHOBATHIX, Ka-
BEPHO3HBIX U CIOMCTHIX TIOPO, KaBEPHBI, xKeno0a U ciepl OypOBBIX 10JIOT.

B ob6caxxennbix ckBakxuHax CAT mO3BOJISIET OIEHUTH COCTOSIHHE 00CaTHON KOJOHHBI
(pa3pbIBbI, CMATHS), YUCIIO H MECTOIIOJIOKEHHE TTep(OpaIMOHHBIX OTBEPCTHIA.

7.5 MarHuTHble M TepMHUYECKHE METObI
HCCJIeI0BAHUSA CKBAKHH

MarHuTHbI€ CBOICTBA FOPHBIX MOPOJ, UX MarHUTHas MPOHUIAEMOCTh {4 W MarHUTHas
BOCIIPUUMYHMBOCTD )y OMNPEIENSIOTCS, TJIaBHBIM 00pa3oM, MPUCYTCTBUEM (PEppPOMArHUTHBIX
MUHEpAJIOB — MarHeTuTa U TUTaHOMarHetuta. OTpULaTeIbHBIMU 3HAUCHUSIMU )y XapaKTepH-
3YIOTCSl KBapll, KaJbLUT, aHTUJPUT, TAIUT, TpaduUT; MOJIOXKUTEIbHBIMU (C1a00 BhIpaXKEHHbI-
MU )—O0CaJJ0OYHbIC TOPHBIE TTOPObI. BBICOKHE 3HaYCHUS ¥ XapaKTepHBI A1 (eppOMArHUTHBIX
MUHEPAJIOB, METAMOPPUUECKIX U MarMaTH4eCKUX MOpoJ. MarHuTHbeIe CBOWCTBA TOPHBIX MO-
POJ OIPEACTAIOTCS TaKXKe HATMYUEM SJIEMEHTOB, sipa KOTOPBIX UMEIOT OOJIbIINE 3HAYCHUS
OTHOIICHHS] MAarHUTHBIX MOMEHTOB K MEXaHUYECKUM (CIUHaM). MakcuManbHBIMU 3HAUYEHUS-
MU 3TOTO OTHOIICHHUS 00Ja1al0T A1pa BOJOPOA, YTO CO3/ACT MPEANOCHIIKU U UACHTU(H-
KallUd KOJUIEKTOPOB MAarHUTHbIMH MeTojamH. CyIecTBYIOT CKBa)KMHHBIE METOIbl €CTECT-
BEHHOI'0 MArHUTHOTO MOJIsl, MATHUTHOW BOCIIPUUMYHUBOCTH U SIICPHO-MarHUTHBIA METO/.

75.1 Memoovt ecmecmeennozo MAZHUMHO20 HOJIA
U MAZHUMHOU 60CHPUUMYUBOCIU

Meroa ectectBeHHOro MaruutHoro noJyis (MEMII) ocHoBaH Ha U3y4eHUH MAarHUTHOTO
nosig 3emau. Hanbosnee WHTEHCUBHBIE aHOMAJTMU OTMEYal0TCs BOJIM3M MarHETUTOBBIX PyI U
M3BEPKEHHBIX TMOPOJ OCHOBHOTO U YJIBTPAOCHOBHOTO cOCTaBa. M3MepsiloT COCTaBIISIONINE
MOJTHOTO BEKTOpa HANPSHKECHHOCTH T€OMAarHUTHOTO TOJs 7, 4TO TO3BOJISET OOHAPYKHBAThH
HE3HAUYUTENIbHbIE PYJHBIE TEJIa B OKOJIOCKBAXXUHHOM MPOCTPAHCTBE (B TOM YHCIIE PACIOJIO-
xeHHbie Ha 200 — 300 M Hmke 3a0051) U ONMPEEATh AIEMEHTHI UX 3ajeranus. JlaHHbIe 3TO-
ro METOJIa MO3BOJIAIOT ONPEIETUTh HAMPABICHUE HAMArHUYEHHOCTH MOPOJ, B TOM YHUCIE —
BBISIBUTH IUTACTHI ¢ 00paTHONW HaMarHUYEHHOCTHIO.

Metoa MmarauTHOM BoctipuuMuuBocTH (MMB) ocHOBaH Ha M3YYEHUH MCKYCCTBEHHOTO
MIEPEMEHHOT0 MAarHUTHOro moiis, 3HaueHue JJIC KOTOporo omnpeaensiercss MarHuTHOH BOC-
MPUUMYMBOCTBIO TOPHBIX MOPOJI. 3afauu, pemaembie MMB, — nutonorudyeckoe pacusieHe-
HUE W KOPPEISIUsl pa3pe30B CKBAXKWH, BBIJCICHUE CKOIUICHWH OOKCHUTOB, MapraHIEBBIX,
XPOMUTOBBIX, HUKEIHCOJAEPKAIINX, CUAECPUTOBBIX U OJOBSHHBIX Py, OLICHKA COIEpXKaHHS
JKCJIC3a B MArHCTUTOBLIX pydax.

752  Aoepno-maznummnotit memoo (AMM)

[Ipu M3ydeHH KOJJIEKTOPCKUX CBOMCTB MOPOJ OCOOBIM MHTEpPEC MPEACTABIISIECT HE BCS
MOPHUCTOCTD, a €€ YacCTh, COACpKAIIas MOABWKHBIN (mona. Mexny TeM, HEUTPOHHBIE METO-
Jbl KapoTaka He IO3BOJISIOT OLEHUTh BOJOPOAOCOJAEpk aHHUE, 00YCIOBIECHHOE TOJIBKO CBO-
6o1HOI kuaKocThI0. [T03TOMY CBSi3aHHast BOJIa, OYCHb Bsi3Kasg HE(PTh, TBEpIbIC U APYTHE TO-
JISIPHBIE U BBICOKOMOJIEKYJISIPHBIE YTIIEBOJOPOABI IO JAHHBIM 3THX METOAOB, HEOTIINYMMBI OT
MOJBMKHOM JKUAKOCTH. [ ycTpaHeHHs MOA0O0HOM HEONpPeaeIeHHOCTH IPUMEHSIOT SepHO-
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MAarHUTHBIA METOJI, OCHOBAHHBI HAa W3YYEHUU HCKYCCTBEHHOI'O 3JIEKTPOMArHUTHOIO IOJS,
oOpa3yrolerocss B pe3yiabTaTe B3aMMOICHCTBHS UMITYJIbCHOTO MAarHUTHOTO TOJS C SIPaMH
XUMHUYECKHX 3JIEMEHTOB (B JIUTEpAType 3TOT METOJ YacTO OTHOCST K SIAEPHBIM).

W3BecTHO, 4TO eciiv Ha sjpa 3JIEMEHTOB BO3JICHCTBOBATh MAarHUTHBIM 1oJieM [ ¢ mar-
HUTHBIM MOMEHTOM, TEPICHIUKYISPHBIM K TOJI0 3emiu 1, simpa, B CHIy HATUYUs y HHUX
MarHuTHOTO MOMEHTa, OyAyT OPHEHTHUPOBAThCS B HANPABICHUU ITOTO IOJIs, CO37aBas CyM-
MapHBIi BEKTOp snepHoit HamaraudeHHOoCTH Mg B SIMM umIyascHOE MarHUTHOE TI0JIE CO3-
Jal0T C MOMOILBIO TOKOBOM paMKH, TIOMEIIEHHON B CKBaXKUHY. JTO MOJIE€ NEPIEHANKYIIPHO K
OCHl CKB2)XMHBI ¥ 3HAYUTENBHO (puMepHO B 100 pa3) mpeBbliinaet 3eMHOe moje 7.

HOCHC BBIKJIFOUCHUS I10JIS aMHHI/ITyI[a BeKTOpa MS HAa4YMUHACT yMeHLHlaTBCSI 3a CUCT
nperieccuu aaep. B pesynpTaTe BOHMKAET CNaJalolee NepeMEHHOE JIeKTPOMArHUTHOE MO~
Jie, HHAyUMPYIOIee B 00ECTOYEHHOM K TOMY MOMEHTY PaMKE CHIHal CBOOOJHOM mpewec-
cun. V3-3a mepexoHbIX MPOIECCOB, MPOTEKAIONIMX B PaMKe IIPU OTKIIIOUEHHH TOKA, BPEMs
HaOJFOJICHHsI CUTHAJIA OT/EJICHO OT MOMEHTa Havaya Mperneccuu. [103ToMy perucTpupyeMsi-
MM Ha KapOTa)KHBIX JMArpaMMax MapaMeTpaMu sBISIOTCA 3HAueHHMs orubaromeil curaana
(Uy, Uy, Uy), 06b14m0 cooTBeTcTBYyIOmME BpeMeHaM 35, 50 u 70 Mc mociie Havaia Iperec-
cun. 1o STHM 3HAYCHUSM CYETHO-PEIIAIOIIEE YCTPOMCTBO BEIYHUCIIACT HAYATBHYIO aMILTUTYLY
Up, KkoTopas Tak:kKe perucTpHpyeTcs.

3nauenus ammutyasl Ug 1 Bpems ee cmaga Tem Oomblie, dyeM OOJbIIE OTHOIICHHE
MarHMTHOTO MOMEHTa siipa M K ero MeXaHn4ecKOMY MOMEHTY (CITUHY) S — rHpOMarHMuTHOE
oTHoleHue. M3 Bcex 371IeMEHTOB, cllaraloluX rOpHbIe MOPOJIbl, TOJIBKO SApa BOAOpoaa (1po-
TOHBI), BXOJISIIUE B COCTaB CBOOOAHON (TIOJIBMIKHOM) KUIKOCTH, 00JIaIal0T TUPOMArHUTHBIM
OTHOIICHUEM, JOCTAaTOYHBIM, t-IT06I>I co34aThb B paMKe HaHpH)KCHI/Ie, HpeBLIIJ_IaIOH_IeC ypOBCHB
IITyMOB.

CHrHaJbI OT SJIep IPYTHX JIEMEHTOB, B TOM YHCJIE CBA3aHHOTO BOJOPO/Ia, MBI M CIa-
AT paHI:H_Ie, YeM OKAHYHBAKOTCI HepeXOI[HBIC Hpoueccm. HOBTOMy 3HAUYCHUC aMHHI/ITy,[II:I
Uo 1 Bpemst ee crnazia, ONMpe/e/iCHHbIE TTOCIIE 3aBEPIICHUS TIEPEXOHBIX MPOIECCOB, POIOP-
IMOHATLHBI KOJIMYECTBY IMOABMKHOTO (DJIIOMIa, COAEPIKAIIETOCS B TIOPO/IE.

Huarpammer Ug, Uy, Uy, Uz peructpupyror B equHMIaX HHIEKCA CBOOOAHOTO (iIrouaa
(UC®D). [Ton UCD nmoHMMAIOT OTHOCUTENBHBI 00beM CBOOOJHOTO (uitonJa B MOPOJE, MPH-
BEJICHHBIN 110 KOHIIEHTPALlUK IPOTOHOB K 00bEMY BOJbI U U3MEPEHHBIH B IPOLIEHTaX. 3Haue-
HussM UC®D, paBubpiM Hymo ¥ 100 %, COOTBETCTBYIOT HauaabHbIE aMIUIMTYABl CUTHAJIA, TIOJTY-
YEHHbIE B OTCYTCTBUH MOABHKHOTO (UIIOUJA U B YUCTOU BOJIE.

Huarpammbl AMM cUMMETpUYHBI OTHOCUTEIIBHO CEPEIUHBI 1acTa. [ paHuIIbI MIIACTOB
OOJIBIION MOIIIHOCTH OMPEENISAIOT MO0 TOYKAaM, COOTBETCTBYIOIINM IOJIOBUHE 3HAYCHUS aM-
IJIMTYA. AHOMAaJlbHBIE 3HAYEHHUS aMIUIUTYJ COOTBETCTBYIOT HOpPOAAM, COJEPKAIIUM IOJ-
BIDKHBIN (Iron.

B nacrosiiee Bpems pa3BuTue mosydaet moaudukaius MM, mo3Bomsiomnias OIeHUTh
XapakTep HACBIIIEHUS KOJUIEKTOpoB. CyTh €€ B TOM, YTO BpeMsI HApAaCTaHUs BEKTOpAa Hamar-
HUYeHHOCTH M 110 3Ha4eHHUs, COOTBETCTBYIOIIECTO HACKHIIIECHHIO, 00YCIOBICHO THIIOM (ITIOU-
na-noposamonuuresst. Onpenenss Ug Ha pasHbIX 3a1epKKax, MOKHO OICHUTH BPEMs Hapac-
TaHUS U ClIeNaTh BBIBOJ O XapakTepe (Ironaa-mopo3anoHuTeNs.

SAMM npuMeHSIOT 175 BBIIAECICHHS KOJUIEKTOPOB M OLIEHKH XapakTepa MX HACBILICHUS
(medTh, TA3, BoNa), a TaKkKe I omnpeaenacHUs 3()(HEKTUBHONW MOPUCTOCTH. METoA MOXET
OBITH HCIIOJI30BAH TOJIBKO B HEOOCAaXXEHHBIX CKBaKMHaX. Hanmuyue B mopoje npumeceil mar-
HUTHBIX MUHEPAJIOB, KaK MPABUIIO, UCKIIIOYAET €ro MPUMEHEHHE.
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753  Tepmuueckue memoonl

Tepmunueckue meroasl I'MMC ocHOBaHbBI Ha M3YYEHUH €CTECTBEHHBIX U MCKYCCTBEHHBIX
TEIUIOBBIX IOJIeH. PasnuuaroT MEeToAbl €CTECTBEHHBIX M MCKYCCTBEHHBIX TEIJIOBBIX IOJIEH.
3HaHHUE ecmecnEeHHOoll meMnepamypsl Help HEOOXOAUMO I yueTa (akTOpOB, OIpele-
JSIOIIMX YCJIOBUS 00pa30BaHUs HE(PTU M ras3a, UX MHUIPALUIO, CKOIJICHUE B BHJIE 3aJexkKeil,
(a3zoBoe cOCTOSIHME B IJIACTOBBIX ycioBuUsX. /Iuddepenumanus ropHbIX Mopos no yaeabHOn
TEIUIONPOBOAHOCTH MO3BOJISIET B PsZIE CIIy4aeB OCYLIECTBUTH JUTOJIOTMYECKOE PACUICHEHUE
pa3pe3oB CKBaKUH IO JAWarpaMMe U3MEHEHUS TEMIIEpaTyphbl B 3aBUCUMOCTH OT TIyOuH. J{is
3TOr0 reoTepMoOrpaMmy pa3OMBarOT Ha OTIENbHbIC YUACTKH C OJIM3KUMHU 3HAUYCHUSMHU Tpagu-
€HTOB Temreparypsl. JIOKajdbHbIE H3MEHEHUSI TEMIIEPaTypbl B HEPTEHOCHBIX U Ta30HOCHBIX
TOpPU30HTaX 00Pa3yOTCs MPHU NOCTYIUIEHUU B CKBAKUHY HE(TH MM ra3a. ['a3 BbI3bIBaeT pe3-
KOE CHIDKEHHE TeMIlepaTyphl, He)Th co37aeT HEeOOJbIINE MOJOKUTEIbHbIE aHOMaIuu. M3-
MEHEHHS F€0TePMUYECKOIr0 I'paJMeHTa B TFaJOr€HHBIX OTIOXKEHHUAX OOYCIOBIEHBI YHAOTEP-
MHUYECKUMH PEAKLUAMH PACTBOPEHUS COJIEH NMPOMBIBOYHOM KUAKOCTBIO. Ha Tepmorpammax
9TH OTJIOXEHUS BBLAEISAIOTCS MOHM)KEHUEM TemIeparypbl. B pynHbIx, ocoOeHHO cynbhui-
HBIX OTJIOKECHMSX BO3HUKAIOT IIOJIOKUTEIbHBIE HU3MEHEHHUS I€OTEPMUYECKOrO TIpajueHTa,
00yCJIOBJIEHHBIE MPOLECCAMU 3K30TEPMUYECKOTO OKHCICHMS pyIbl MPOMBIBOYHOM >KHIKO-
cThl0. [0 TeM ke mpUYMHAM MOJIOKUTEIBHBIMU AHOMAJIUSMU TPAJUEHTa OTMEYAOTCS YT OJIb-
Hble T1acTel. CymecTByeT psal (GakTOpOB, MO3BOJSIOIIMX HCIIOJIB30BaTh TEPMOMETPUIO IS
KOHTPOJISI TEXHUYECKOTO COCTOSHUS CKBAXXUH. JTO IMPUTOKH IJJACTOBOM U MOTJIOIIEHUE IIPO-
MBIBOYHOM >KHJKOCTEH, 3aTpyOHast HUPKYIALUSA BOJ, K30TEPMHUUYECKHI Mpolecc 3aTBepje-
BAHMS LIEMEHTHOTO KaMHs.

Memoo uckyccmeenn020 mensi06020 noia OCHOBAH HA U3Y4EHUH M3MEHEHUS BO Bpe-
MEHH TEIUIOBOTO IOJISl, NCKYCCTBEHHO CO3JJaHHOTO B CKBaXKMHE. PaznmuHas CKOpOCTh M3Me-
HEHHs TeMIepaTypbl o0ycioBieHa auddepeHnunaeid TOpHbIX TOPoJ 0 TEMIEPaTyponpo-
BOJHOCTH WJIM HAINYMEM IPUTOKOB, TOTJIOMIEHUH 1 3aTpyOHOH UPKYIISIINH >Xuakoctu. Hc-
KYCCTBEHHBIE aHOMAJIMU TEIUIOBOTO TOJISI B CKBAXXMHE MOTYT OBITh CO3JJaHbI ITyTEM 3aIloIHe-
HUSI CTBOJIA IPOMBIBOYHON JKHJIKOCTBIO C TEMIIEPAaTYPOH, OTIMYAIOIIEHCS OT TEeMIIepaTyphl
MOpOJI, WJIM HAarpeBaHHUEM KHJIKOCTH B Pe3yJIbTaTe dK30TEPMUYECKON peakldu 3aTBepJieBa-
HUS [IeMeHTa. MeTo/ MCKYCCTBEHHOTO TEIUIOBOTO IOJISI MPUMEHSIOT Ul KOHTPOJS paspa-
00TKM He(TEera3oBbIX MECTOPOKICHUNA WM MPU U3YYEHUU TEXHUYECKOTO COCTOSIHUS CKBa-
KHH.

7.6 MeToabl U3yUYeHHUsI TEXHUYECKOT0 COCTOSIHUSI CKBAKHH

CBeneHus 0 TEXHUYECKOM COCTOSIHUM CKBa)KUHBI HEOOXOIUMBI JJIsi KOHTPOJIS BBIMOJ-
HCHUS TCXHUYCCKOI'O MPOCKTA HAa NPOXOAKY CKBAXUWHBI, IPUHATHA PCHICHUA O H€O6XOIII/IMO-
CTHU C€ PEMOHTA, a Takxke s u"Tepnperauun pesyiabraroB ['MC. [Ipun uzydeHun texHuye-
CKOT'O COCTOSTHUSI CKBKHUH MPOBOJISAT WHKIMHOMETPHIO, KABEPHOMETPHUIO U MPOPUIEMETPHIO,
KOHTPOJIb KaueCTBa [IEMEHTUPOBAHUS U HEKOTOPBIE IPYTHe UCCIIETIOBAHUS.

Huxknunomempuro npoBOJAT HHKIMHOMETPOM, OHA CITYKUT ISl ONIpe/IeTICHUs yIiia Ha-
KJIOHA CTBOJIa MO OTHOIIEHHIO K TOPU30HTAJIBHOW IUIOCKOCTH M MAarHUTHOTO a3UMyTa MC-
KpuBJieHUs. [laHHble 00 MCKPUBIEHUHU CTBOJA HEOOXOIMMBI B MEPBYIO OUepeab sl Ompeie-
JICHUS] MECTOTIOJIOKEHUSI 320051, €ro TTyOUHBI U UCTUHHBIX TTYOHH 3aJIeTaHMs TIACTOB.

Kasepnomempuio poBOIST KaBEPHOMEPOM ISl ONpeieeHus] (PaKTHIeCKOro AHaMeT-
pa HEOOCaXEHHON CKBaKWHBI. /[MaMeTp CTBOJIa, COOTBETCTBYIOIIMI JTUAMETPY MI0JIOTa WK
KOPOHKH, Ha3bIBAOT HOMHWHAJILHLIM. YBennuenue AnaMeTpa NpOTUB HOMUHAJIBHOT'O — 06pa-
30BaHUE KaBEPH — XapaKTEepHO Ui TJIMH, COJIEH, MECKOB, TPEIIMHOBATHIX H3BECTHSIKOB,
YMCHBIICHUC — IJIA ITOPOA-KOJUICKTOPOB.

JlaHHbIe O (paKTHUECKOM AMaMETpe CTBOJIA HEOOXOAMMBI MPU TUIAHUPOBAHUU TEXHOJIO-
TMYECKHUX OIEpalUil M0 KPEIUIEHUIO CKBa)KMHBI U MOATOTOBKE €€ K DKCIUTyaTalliH, NPU HH-
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TeprnpeTanuyl MaTepuagoB OOJBUIMHCTBA Te0()U3NUECKUX METOOB, a TaKXKe MpPU H3y4YEeHUU
JUTOJIOTUH U BBIJEIICHUN KOJUIEKTOPOB. M3yueHue (hopmbl cedeHus CTBOJIA CKBAKHHBI HA3bI-
BaIOT npoghunemempueii 1 BHIONHAIOT pubopoM mpodunemepom. laHHble npoduiieMer-
puu HeoOXOMUMBI J7isi OOJiee TOYHOTO TUIAHWPOBAHUS TEXHOJOTHYECKUX OINEpalHid MO IMpo-
XOJIKE U KPETJIEHUIO CKBaYKUH.

KoHTposb KauecTBa IEMEHTUPOBAHUSA IIPOBOAAT C LIEIBIO ONPEAEICHUS MECTOIOIOXKE-
HUS IIEMEHTa B 3aTPyOHOM IPOCTPAHCTBE, BBIBICHHS Je(PEKTOB (TPEIIMH U PAKOBUH) B Iie-
MEHTHOM KaMHE, Y4aCTKOB HEYJOBJIETBOPUTEIBHOIO KOHTAKTA HA IPAHMIIE LIEMEHT — I10PO-
Ja.

Jlnst onpezieneH st MECTOIOI0KEHUS [IEeMEHTa B 3aTpyOHOM IPOCTPAHCTBE MPUMEHSIOT
TEPMOMETPHIO, METOJ PaJUOAKTHBHBIX H30TOIOB, OCHOBAHHBIA HA PETUCTPALIMM TaMMa-
U3IYYCHUS PaJAMOAKTHUBHBIX M30TOINOB, JOOABIECHHBIX B LIEMEHTHBIH PacTBOP MPHU €ro MPHUTO-
TOBJICHUH, IUIOTHOCTHOM raMma-raMMa-MeToJl U HEKOTOpble MOIU(PHUKAIMM AKYCTHYECKOTO
MeTozA.

7.7  KommiexkcHoe npumenenue merogos I'MC

D¢ dexkTrBHOE pelICHHE Te0JIOTHYECKUX M TEXHOJIOTHYECKHX 3a7ad BO3MOXKHO TOJBKO
Ha OCHOBE KOMIUJIEKCHOTO MPUMEHEHUs reo(PU3MUecKHX METO/I0B, UMEIOUINX Pa3Iu4HYyIo
NETPOPHU3NUECKYIO OCHOBY (JEKTPUUECKUX, PAIMOAKTUBHBIX, aKyCTUYeCKHX H T. 1.). Cxon-
CTBO 3aJla4 U CIOCOOOB UX PELICHUs ISl Pa3IMYHBIX PailOHOB MMO3BOJISIET YCTaHABIUBATH TH-
MOBBIE KOMIUIEKCHI Te0(pU3MUECKUX HMCCIEOBAHUN CKBaXHH, MPOOYPEHHBIX C LENbIO TOUC-
KOB U pa3BeJIKU OJHOTUITHBIX MOJIE3HBIX MCKOMaeMbIXx. Ha ocHOBE yTBEp:KIEHHBIX THUIIOBBIX
komiuiekcoB [ MIC pa3pabaTbIBalOT M COTIACYIOT C 3aKa3UMKOM 00s3aTelbHbIE KOMIUIEKCHI,
yuuThBaronue crenuduky paitona. Tunossie u obs3aTenpHbie KoMIUiekehl [IC nocne yr-
BEP)KICHUS JCHCTBYIOT KaK oTpacieBoi ctanmaptT. CokparieHne o0sS3aTeIbHOT0 KOMIUIEKCa
JIOTTYCKAeTCsl TOJIbKO B UCKIIOYUTENBHBIX ciydasx. Eciu B kakoM-To citydae o0si3aTeNnbHbIN
komiuieke I'MIC He pemiaeT mocTaBiICHHBIX Mepesl HUM 3a]a4, OH MOXKET ObITh TOTIOJTHEH.

[Tpu paboTe B CIOKHBIX T€OJIOTHYECKHUX YCIOBUSX, OCOOCHHO Ha dTare MOUCKOB U pas-
BEJIKU, IPOBOJST CIielabHbIe uccaeaoBanus. [loBbienus 3 pexTHBHOCTH reohu3nIecKux
METOJOB IPU 3TOM JIOCTUTAIOT 32 CUET MX COYETAHMS C TAKUMH TEXHOJOTMUYECKHUMHU MEpO-
MPUATHIMH, KaK CMEHA CKBaKUHHOM JKUJIKOCTH, YBEJIMUEHUE JUaMeTpa CKBaKUHBI (pa30ypu-
BaHME), THAPOAMHAMUYECKHUE BO3JICUCTBUS Ha IUIACT, 3aKAYMBAHUE WHJUKATOPHBIX KHUIKO-
creit u T. a. [Ipu cnenuanbHbIX HCCIEIOBAHUAX HE(PTEra30BbIX MECTOPOKICHUM MOTyUYUIH
pacmpocTpaHeHUE BPEMEHHBIE METO/bI, OCHOBAHHBIE HA TOM, YTO B 00Ca)KEHHBIX CKBAKHHAX
MIPOUCXOIUT MOCTETIEHHOE pacpOpMUPOBAaHUE 30HBI MPOHUKHOBEHUS. AHATU3UPYys U3MEHe-
HUE Teo(U3NUECKUX MapaMeTPOB BO BPEMEHH, MOKHO OINPEAEITUTh NCTHHHBIN XapakTep Ha-
CBILIEHUS TJIACTOB, OIICHUTh WX HAYAJIbHYIO U OCTaTOYHYIO HE(PTEra30HACHIIIEHHOCTb.

Pactymuit 06beM reopu3nyecKux UCCieJOBaHUN CKBaKHH, CII0O)KHOCTh T€0JIOTHYSCKUX
3a1a4 O0yCIOBWJIM Pa3pabOTKy CHUCTEM HWHTEpIpeTaluu KOMIUIEKCHBIX AaHHbIX [MC Ha
OBM. B sTux cucremax npeaycMaTpyuBarOTCs MpeaBapUTeIbHas OIleHKa KauyecTBa W oTOpa-
KOBKa MaTepUalioB, pacWICHEHUE pa3pe3a, ONpeieIeHue rpaHul] IJIaCTOB, BBIACICHHUE MOJIE3-
HBIX MCKOIIA€MbIX, OLEHKA MPOJYKTUBHOCTH OTJIOKeHMH. Kak mpaBuio, aJlroputMbel KOM-
TIeKCHOHM 00paboTku MarepuanoB I'MIC ocHOBaHBI Ha pelICHHH CHCTEM YpaBHEHHil, B KOTO-
PBIX HEU3BECTHBIMU SIBJIAFOTCS MCKOMBIE MTapaMeTphl, a 3aJaHHBIMA — apaMeTpsbl, onpese-
neHHsie o quarpammam ['MIC, u mapaMeTpbl ckenera mopoabl, (pIouIoB U T. 1.

B 1ienom MOXXHO OTMETHTB, YTO CIIOKHOCTH 3a/1a4, pElIaeMbIX MPHU U3YUEHUU Pa3pe30B
He(Tera3oBbIX CKBa)XKMH, OOYCIOBIMBAaET OObEIUHEHHE B COOTBETCTBYIOIIME KOMILIEKCHI
OonpimHCTBa reodu3ndecknx metoaoB. Kommnekcst metonos ['MC, mpuMmeHsieMblie IpH pas-
BEJIKE YTOJIBHBIX M PYIHBIX MECTOPOXKIACHUH, a TAKKE MPU HHKEHEPHO-T€OJIOTUYECKUX H
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TUAPOTCOJIOTUUECKUX HCCIICIOBAHMUIX, O0YCIOBIEHBI CrIeNU(PUKON pemaeMbIX 3a/1ad U TeT-
podu3ndecKuMI 0COOEHHOCTSIMH MTOPOJI, CIATAIONINX COOTBETCTBYIOIIHNE PA3PE3bl.

30JIbHOCTh U IPYrUe XapaKTEPUCTUKU KauecTBa yrieil onpeessioT ¢ MOMOUIBI0 KOppe-
JSIUOHHBIX 3aBUCUMOCTEN MEXAy MOKazaTeIsIMH KayecTBa M reoU3MUeCKUMH HapaMeTpa-
MU. /{7151 UCKITIOYEHUsI HEOJHO3HAYHOCTH B OTNPECICHUH MTOKa3aTeIe U BHECEHUS MOMPABOK
npuMeHsoT koMmiuiekesl ['MC, mo3Bossifonue onpenenThb CICAYIOMNE MapaMeTphl: YIEIb-
HOE AJIEKTPUYECKOE COMPOTUBIIEHUE WK JIEKTPOINPOBOJHOCTH (METOABI KaXKYIIErocs COmpo-
TUBJICHUS, UHTYKIIUOHHBIH, CKOJB3AIIUX KOHTAKTOB); TUNIOTHOCTh U 3(()EKTUBHBIA aTOMHBII
HOMep (IJIOTHOCTHOW M CENEKTUBHBIM ramma-ramMmma-meronnl). OrmnpenencHue QU3MKO-
MEXaHUYECKHUX CBOMCTB OCHOBHOW M HEMOCPEACTBEHHON KPOBIIM U MOYBBI YTOJIbHBIX TIACTOB
OCYIIECTBIISIIOT Ha OCHOBE IMPUMEHEHMSI aKyCTHYECKOTO M IUJIOTHOCTHOTO raMma-ramma-
MeTo/a.

3amauy BBIICIICHUS] MAarHETUTOBBIX PYJl U OLICHKH COJEP’KaHMsI B HUX OOIIETO Keye3a
pemaroT Ha OCHOBE KoMIUTeKcHOro npumeHeHus: metooB ['TM-I1, I TM-C u metona Maraut-
HOM BOCTIpUUMYHUBOCTH. [I0CKOJIbKY TaKue€ MarHETUTOBBIC PY/bl, KAK MAPTUTOBBIE U TeMaTH-
TOBBIC, 00J1a/1al0T HU3KUM COMPOTUBICHHEM, OHH MOTYT OBITh BBIJECIICHBI 1O JAHHBIM METO-
noB KC, UM u MCK. Ilpu onieHke comepkaHus )Kejae3a HE0OXOIUMO YUHUTHIBATh MIOPUCTOCTh
MOPOJI, B CBSI3M C YEM HapsAy C Ha3BaHHBIMHU BBIIIE METOJAaMU B KOMILUIEKC BKJIIOUAIOT HEM-
TPOH-HEUTpOHHBIE MeTO bl 10 TerioBbiM (HHM-T) wmm manremmoeim (HHM-HT) neiitpo-
HaM.

[l BBIAICIIEHNS] MapraHLEeBbIX pya B KoMIuieke BkimrodaroT HHM-T, nockonbky mapra-
Hell o0/aJjaeT MOBBIICHHBIM CEUYEHHEM 3aXBaTa TEIUIOBBIX HEHTPOHOB. XpPOMHTOBBIE PYIbI
BBIJICJIIOT U OLICHUBAIOT HA OCHOBE IPUMEHEHUS CIEAYIOIIEr0 KOMIUIEKCA: CIIEKTPOMETpUyYe-
ckuil HeuTpoHHbld ramma-meton, HHM-T nnu HHM-HT, I'TM-II, ITM-C.

[Tonumerannuueckue, MEAHOKOMYEJaHHbIE, CYIb(QHUIAHbBIE, METHO-HUKEIIEBbIE U IPYTHe
pyabl, o0nagaronye 3JIeKTPOHHOM MPOBOIMMOCTBIO, BBIJICNAIOT M OLIEHUBAIOT 110 KOMIUIEKCY
IIEKTPUYECKUX METOHOB. Pynbl, copepkalune 3J€MEHTHI €O CPABHUTEIBLHO BBICOKON DHEPIHU-
eil Bo30OYXXIeHHs XapaKTEPUCTHUYECKOTo M3Iy4eHHs (OJI0OBO, Melb, CBUHEl, LIUHK, CypbMa,
PTYTb, BOJIb()paM, MOJUOJECH), BBIACISAIOT U OLEHUBAIOT C MOMOILBIO PEHTIE€HOPAIHUOMETPH-
YEeCKUX METOJIOB. AJIOMHHHUEBBIE pYy/bl (OOKCHUTHI), 00JIaJat0IIKe MOBBIIIEHHONW paJHOaKTHB-
HOCTBIO, BBIICIIOT ¢ momMouipto ['M. JIJ1s OLICHKHU COAEpKaHUs B HUX aTIOMUHUS IPUMEHSIIOT
HEUTPOHHO-akTHBALMOHHBIN MeToq (HAM). VpaHoBble pynabl BBIAEISIOT B OCHOBHOM IIO
naHHbIM ['M. OTH pyasl MOTYT colepKaTbCsl B JIIOOBIX MOPOAAX, B CBA3HM C YEM KOMILIEKCHI
I'NC nr060ro Ha3HaYEHUS JOJDKHBI BKIIFOYATh TaMMa-KapoTax.

BrieneHne 1 OICHKY B pa3pe3ax CKBaKUH XUMUYECKOTO CHIPbsi (OOPOHOCHBIE TLIACTHI,
KaJMifHbIe conu, pocdopcoaepxkaiiie anaTuThl, GocGopHUThl, He(EIUHOBBIE U CEPHBIC PYIbI)
IPOBOJAT HA OCHOBE IIHUPOKOr0 KOMILJIEKCA, OCHOBHYIO POJIb B KOTOPOM MIPAOT pa3iINyYHbIE
meTobl siaepHoit reodpusuku: HHM-T, HHM-HT, I'M u I'M-C, ITM-I1 u I TM-C, HAM. B
CKBaXXMHaX, OypsIUXcs Ha BOAY, IPUMEHSIOT B IIEPBYIO OUEPEIb KOMIIJIEKCHI JIEKTPUUECKUX
metonoB, Bkmoudaoomue KC u IIC. OcHOBHOE 3HAaueHWE MpPU H3YYEHUU HWH)KEHEPHO-
Te0JIOTMYECKUX CKBAXKUH UMEIOT aKyCTUYECKHUE U 2JIEKTPUUECKUE METO/BI.

B 3akmroyeHne oTMETHM, YTO METOJbl MHTEPIPETALUK MPAKTUYECKH BCceX reodusuue-
CKUX METOJIOB TpeOYIOT BKJIOUeHUs B KoMIUIeKchl [ IC kaBepHOMETpHH U pEe3UCTUBUMETPHUU.

7.8 IlpuHmunbl nocTpoeHus annapatypsl ajs 'MC

B obmem ciaydae reodusnueckue UCCIENOBAaHUS B CKBAXKMHE BKIIOYAIOT U3MEpPEHUE,
nepeaayy, perucTpaimio U MperBapuTeIbHy0 00padoTky uHpopmaruu. [ ux ocyuiecTs-
JIEHUs CITy’)KaT Ha3eMHBbIE JT1abopaTopuu, TTYOMHHBIC TPUOOPHI M CITYCKO-TIOBEMHOE 000pY-
nosanue. Ilepen mposeaennem I'MIC OypeHue mpekpamaioT 1 OypoBOH MHCTPYMEHT H3BIIe-
KaloT Ha MOBEPXHOCTb. [ TyOMHHBIE TPUOOPHI B 3TOM CIIy4ae COCIUHSIOT CO CTaHIUEH creru-
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QIIbHBIM Te0(pU3NYECKUM KabelleM, KOTOPBIN CIYKUT AJIsi UX TPAHCIOPTUPOBKHU MO CTBOIY
CKB)KUHBI, YJICKTPONIUTAHUS U TIepeaun HHPOPMAIIUH.

Crycko-mogbeMHOEe 000pyI0BaHHE BKIIOYAET ONOK-OamaHC u nebenky ¢ reodusnye-
ckuM kabeneM. JleOenky ycTaHaBIMBAIOT Ha OTAEIHHOM aBTOMOOWJIC-TIONBEMHHUKE WM Ha
TOM >K€ aBToMOOmIIe, yTo M Jaboparopusi. K 610k-0anaHcy MOJCOSTUHSIOT JATYUKH TITyOHH,
HaTSOKCHUSI U METOK T1yOuH. Pabota nebeakn 0OBIYHO OCYIIECTBIISECTCS C MOMOIIBIO JBUTA-
Tenst aBToMoOmiist. [Ipu McclieqoBaHNM HAKIOHHBIX CKBAKHH, a TaKKe CKBAKHH, IMPOBE/ICH-
HBIX M3 IITOJCH W TOPHBIX BBIPAOOTOK, MOXKHO NMPHMEHSTH CIICIUAIBLHBIC YCTPOMCTBA IS
TPaHCHOPTUPOBKH MPUOOPOB K 3a0010.

B rnyOuaHOM mpubope (30HIE) MOMENIAIOT MEPBUYHBIC MATYUKH, MPEoOpasyroliue
Pa3HOCTh MOTEHIIMAJIOB, HANIPSKEHHOCTb, IEPEMELICHIE YaCTHIl CPEIbl, SHEPTUIO WM IJIOT-
HOCTH MOTOKA PAJIMOAKTUBHBIX YACTHI] U T. 1. B CUTHAJ, MPEACTABISAIONINI COO0H M3MEHSIO-
LIMICS TIO BEJIMYUHE SJICKTPUUECKUIN TOK WIIM HANPsKeHUE. 30H1 COIEPIKUT TaKKe YCTPOMCT-
BO JUISI CO3JIaHUSI COOTBETCTBYIOIUX UCKYCCTBEHHBIX (PU3UUYECKUX TOJIEH — DIEKTPUUCCKHUX,
ANEKTPOMArHUTHBIX, HEUTPOHHBIX, W HEKOTOpbIe CHEHU(PUUYECKHE 3JIEMEHTHI: HKpaHbl,
(GUIBTPBI, EHTPATOPHI, KOTUMATOPEL. BO MHOTHMX Cllydasx OJWH TIIYOWHHBIH mpuOOp co-
JEP’KUT NaTYUKU M YCTPOMCTBa JJIsl OJHOBPEMEHHOTO NMPOBEACHUS HCCIEIOBAaHUMN paziuy-
HBIMU METOJIAMH.

Kak nmpaBuiio, curai Ha BBIXOJ€ NMEPBUYHOrO AATUMKA HEMPUTOJEH ISl HEMOCPEICT-
BEHHOM Tepeauu Mo JUIMHHOMY KapOTa)KHOMY KaOeIo, B CBS3U C YEM CHUTHAJ MPeoOpa3yroT
— HUHTETPUPYIOT, BBIMIPAMIISIOT, YCHJIMBAIOT MO MOIIHOCTH, KOAHPYIOT. C 3TON Ienbio B
CKBOXHHHOM TMPUOOpE pa3MENIatoT 3JIEKTPOHHBIE YCTPOKCTBA, TpeOyIolue crenruaibHoi 3a-
IIUTHl OT BBICOKOTO TUAPOCTATHYECKOTO AaBieHus. [10aToMy Kopmyca CKBaKMHHBIX MPUOO-
pOB TepMeTHuYHbI U OapocToiiku. Kopmyca nmpubopoB, npeaHa3HauY€HHBIX JJIs1 UCCIEIOBAHUS
rITyOOKMX CKBaXKMH, BbIIepkuBaioT aasineHue A0 100— 120 mlla. Bricokas temmnepatypa,
nocturaromias B Takux ckBaxuHax 200 °C u Gosiee, HajmaraeT CBOM OTPAaHUYCHHSI U HA THUIIBI
MIPUMEHSIEMBIX 3JIEKTPOHHBIX TIPUOOPOB.

JlaTuuku, pacmoio’KEHHBIE BHE 3alIUTHOTO KOpryca (BHYTPHU KOpITyca pacrojiararoT
TOJIBKO JTaTYMKHU PAJMOAKTUBHBIX M3IYYE€HUM), COEIMHSAIOT C AJIEKTPOHHBIMU MpeoOpa3oBare-
JSAMH M KWJIaMU reo(u3ndYecKoro kadens depe3 crenuaibHble OapocTolikue (B IIyOOKHX
CKBO)XMHAX — TEpMOOapOCTONKHE) 2IIeKTPOBBOIbl. Kpome Toro, xopmyca mpubGopoB, 3Jiek-
TPOBBOJIBI M X PE3MHOBBIC YIUIOTHUTENIBHBIE YCTPOUCTBA, a TAKIKE M30JISAIUS Te0PU3NIECKO-
ro Kabens MOJDKHBI OBITh CTOMKH K BO3JCHCTBUIO XMMHYECKH arpeCCUBHOM BHEIIHEH CPEIIbI
(pacTBOpSHI coJiel, KMCIIOT, 1esiouei, He(Th, ra3bl).

[TockoNbKy TIIyOWHBI PYIHBIX, YTOJIBHBIX, HHKEHEPHO-TEOJIOTHIYECKAX U THIPOTEOIIO-
TNYCCKHUX CKBaXHWH 06BI‘IHO HCBCIUKHU, HpI/I60pBI, NpCAHA3HAUYCHHBIC I UX HUCCICAOBAHMA,
paboTtaroT B OoJyiee OJAroNpHUATHBIX TEPMOOAPHUECKUX YCIOBHUAX. DaKTOP, YCIOKHSIOIIHI
CO3JaHHucC HpI/IGOpOB JJIA UCCIACAOBAHUA HAa3BAaHHBIX CKBaXHWH, — HX MaJbIi AUaMeTp. HpI/I-
HUMasl pelIeHUe O MPUMEHEHHH TOTO MM MHOTO Fe0(U3NIECKOTO METOA, HEOOXOAUMO YIH-
TBHIBAaTh pPeaIbHBIE BO3MOXKHOCTH re0(h)U3UYECKOH anmnaparypsl.

D¢ dexTuBHBIA croco0 cokpalieHus: BpeMeHH, 3atpaunBaemoro Ha ' MIC, — ogHOBpe-
MEHHOE HCCIIEJIOBAaHHE CKBAKMH HECKOIBKMMHU MeToAaMu. Peanu3anus Takod BO3MOXXHOCTH
JOCTHraeTcs 3a CUET almnapaTypHOro KOMIUIEKCHpOBaHUs. B HacTosee Bpemsi pa3paboTaHbl
MHOTOKaHAJbHBIE TEICH3MEPHUTEIFHBIC CHCTEMBI, TTO3BOJISIOIINE TepeaaBaTh MHGOpMALUIO
OT HECKOJBKHX JAaTYMKOB OJHOBpeMeHHO. Hampumep, cozmana ammapaTypa, MO3BOJISIOIIAS
MPOBOANTH OJHOBPEMEHHBIE H3MEPEHUsI METOIaMi OOKOBOTO KapOTaKHOTO 30HIMPOBAHUS U
¢ (oxycupoBkoi TOKa B cKkBaxkuHax riyouHoi 1o 7000 m npu temneparype 1o 200°C. Cy-
IIECTBYIOT MPHOOPHI Ul OJHOBPEMEHHBIX HCCIICOBAHUI aKyCTHYECKUMHU M HEWTPOHHBIMHU
METOJ[aMH, a TaKXKe Pa3InYHBIMU MOAU(DUKAIUAME SJIEPHO-(PU3UYECKIX METO/IOB.

Hapsny ¢ npubopamu Ha kabese B MPaKTHKY re0(pU3NIECKUX UCCIETOBAaHUNA TOCTENEH-

210



HO BHEJIPSIIOTCSI aBTOHOMHBIE TNTyOMHHBIE TPHOOPHI, YCTaHABIMBAaeMble Ha OypOBOM MHCTPY-
MEHTE HaJ JO0JO0TOM W MO3BOJISIOIINE OCYLIECTBISATh MCCIEIOBAHUS B Ipolecce OypeHus.
WNHdopmanus npu 3TOM perucTpupyercss Ha MarHUTHbIE HOCUTEIH, TOMELIEHHbIE HETOCPe-
CTBEHHO B IIyOuWHHBIE TpUOOpPHL. [IpMeHeHre aBTOHOMHBIX YCTPOMCTB HE TOJIBKO COKpalia-
€T MpPOoCTOM, CBsizaHHbIE ¢ npoBeneHueM ['MIC, HO U 1aeT BO3MOXKHOCTh U3Yy4aTh KOJUJIEKTOPHI
710 00pa30BaHus 30HbI IPOHUKHOBEHUS.

['eodmsrueckre U3MEpUTENbHBIE CTAHIIUUA CIYXaT JJIsl MUTaHUS CKBOKMHHOW armapa-
TYpbl, KOHTPOJS Mpollecca KapoTaxka, perucTpaui U MpeaBapuTeabHOl o0paboOTKU MOIy-
yaemoi nHpopmanuu. Kak npaBuio, oHU MO3BOJIAIOT MPOBOJIUTH U3MEPEHUS BCeMU reodu-
3U4E€CKMMH METO/IaMHU.

HauOonpIee pacnpocTpaHeHUE B HACTOSILEE BPEMsl UMEIOT JJAOOPaTOPUH, PACCUUTaH-
Hbl€ Ha OJHOBPEMEHHYIO 3allMCh AMAarpaMM pa3JIMYHBIX METONOB (Hanpumep, metonoB KC,
I1C u ¢ dokycupoBkoil Toka). AHAIOTO-IIM(POBBIC JaOOPATOPUN PACCUUTAHBI HAa OJTHOBpE-
MEHHYIO 3allUCh JUarpaMM B aHAJIoroBou u 1udposoit Gopme. [ludposas 3anuce odecreyn-
BAeT HAJEKHOCTb, BEICOKOE KaueCTBO MaTepuaioB U 3¢ ¢pekTuBHyIo cBsi3b ¢ OBM. B Hacros-
1iee BpeMs pa3paboTaHbl U MPUMEHSIOTCS KOMIIBIOTEPU3UPOBAaHHBIE J1a0OpaTopuu. ABTOMA-
TUYECKas KOMIIBIOTEPU3UPOBaHHas j1abopaTopus NpeacTaBiseT coOoi cucremy, coleprka-
11y10 0OPTOBOI KOMIBIOTEP, KOTOPHII BBHIMOIHAET Cleaylomue QyHKIMH: YIIpaBIseT Kaauo-
POBKOH ammaparypsl; ONTUMHU3UPYET MPOLECC MU3MEPEHUs, U3MEHSAS PEKUMBI pabOThI Tiy-
OMHHOW M HAa3eMHOM ammapaTypbl M CIIyCKO-MOABEMHOI0 000pYyI0BaHNUs; KOHTPOJIUPYET Ka-
YECTBO IMOJIy4aeMOl MH(pOPMAIMK; OCYIIECTBIISET ONEPATUBHYIO MHTEPIPETALUIO MOTyYeH-
HBIX MaTepuaioB. [IpuMeHeHne 3THX 1abopaTopuil CyIIeCTBEHHO MOBBIIIAET 3()(HEKTUBHOCTH
reo(pU3NYECKUX UCCIEJOBAHUIN CKBa)KUH.
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I'maBa 8 IMPUHIAIIBI KOMIIVIEKCUPOBAHMUA
I'EOPUBNYECKUX METOA0B

CoBpeMeHHBIE T€0JI0Tr0pa3BEI0OUYHbIE Pa0OTHI MPEICTABIISIOT COOOM CIOKHBIN MpoIece,
COCTOSILUMIA U3 psAlla IMOCIEI0BATEIbHBIX CTaAUN MCCIECIOBAHUS, HA KAXI0M U3 KOTOPBIX pe-
IAI0T ONPENETIECHHBIA KPYT 3a7a4 M0 M3YyYECHHUIO 3aKOHOMEPHOCTEW pa3MEIECHHS TOJIE3HBIX
MCKOIIAEMbIX U BBISIBIICHUIO TPOMBIIUICHHBIX MECTOPOXKIeHUU. Tak Kak pecypc JerkKoOTKpbI-
BAEMbIX MECTOPOKACHUN MPAKTHYECKA MCYEPIaH, TO OCHOBHOM TEHIICHIIMEN PAa3BUTHS I€0-
JIOTOPA3BEIOYHBIX pa0OT ABJISIETCS MEPEXO0]I K PEHICHHIO 0OJIee CIOXKHBIX TeOJIOTUYECKUX 3a-
Jlad: pacIIMPEeHUI0 MUHEPAIbHO-CHIPHEBOI 0a3bl HA IPOMBITINICHHO-OCBOCHHBIX TEPPUTOPHUIX
3a CYET BBISBJICHHS CIa00MpPOsSBICHHBIX (TTyOOKO3aIeraonuX, CIeNbIX U MOrpeOeHHBIX) 3a-
JIekKEW; U3YYEHUIO TPYIHOJOCTYIHBIX MaJOOCBOCHHBIX PAOHOB; MOMCKOB U Pa3BEIKH Me-
CTOPOKIEHUI ¢ HU3KHUMH KOHIIEHTPAIUSIMHU TOJIE3HBIX KOMIIOHEHTOB, HO ¢ OOJBIIMMHU 3aria-
caMu pyI; Mepexoay K BBIABJICHHIO He(DTEra30BBIX 3ajie)Kell HECTPYKTYPHOTO THUIIA, B OoJee
CJIOHBIX T€OJIOTUYECKUX YCIOBHUSAX, B TOM YHCJIE B 00JIACTSIX PA3BUTHUS TPAIIIOB.

Bce 310 TpebyeT yBenmueHHs! TIyOMHHOCTH MOHMCKOB, BBISIBICHUS CIa0OKOHTPACTHBIX
10 (PU3MYECKUM CBOMCTBaM OOBEKTOB Ha (POHE MOMEX, IIOUCKOB MOJIE3HBIX MCKOMAEMBIX 10
KOCBEHHBIM Npu3HaKaM. CIOKHOCTh pellaeMbIX 33/1a4 U HEOJHO3HAYHOCTh I'eOJOrMYeCKOn
MHTEpIpeTaluy reopU3nuecKnX JaHHBIX HNPUBOAAT K HEOOXOAMMOCTH KOMILIEKCUPOBAHHUSA,
T.€. ONTHUMAJIBHOTO COUYETaHUA psAJa T€OPU3UIECKUX, T€OJTOTHUECKUX, T€OXUMUYECKHX, adpo-
KOCMHYECKHX METOJIOB U TOPHO-OYpOBBIX paboT. PaccMOTprM B OCHOBHOM TIPOOJIEMBI KOM-
TUIEKCUPOBAHUS UMEHHO re0(hU3MYECKHX METO/I0B, 00YCIOBICHHOTO HEOJHO3HAYHOCTBIO Ka-
YECTBEHHBIX (ONpeAeIeHUE MECTONOI0KEHNUS U IPUPOJIbl) U KOIUYECTBEHHBIX (ONpeeIcHHe
TeOMETPHUH) 3aKIIOYeHUH 00 OO0BEKTe HCCIeNOBaHMSA, KOTOPbIE MOJIYYaroT MO pe3ysibTaTaM
onHoro merozaa. Kak mpaBuio, OMH METOJ JaeT CBEACHUS JIUIIb O TOPU30HTAIBHBIX I'PaHU-
ax pasjena, Ipyroi — O BEpTHKAIbHBIX, TPETUH IMO3BOJISET OLICHUTh CBOIMCTBAa OOBEKTA,
KOTJa WM3BECTHBI JIMIIb €ro TeOMeTpUYecKHe pa3Mepbl, U T. JA. OCHOBHas LENb KOM-
IUIEKCUPOBAaHUSI T€O(PHU3UUECKUX METOJIOB — ofecneuenue HAOeHCHOCMU O00HOZHAYHO20
peutenua nOCMagIeHHbIX 2€07102U4eCKUX 3a0ay Y ONPEeIICHUs] OCHOBHBIX I1apaMeTpoOB HC-
ClIeZlyeMbIX 0OBEKTOB U BMEILAIOICH CPebl.

PaccmoTpuM  mpuMep  OJHO3HAYHOTO
penieHus 3aa4d PAclo3HaBaHUs MOPOJ pas-
HBIX THUIIOB IIpU KapTupoBaHuu. IlycTe cBOM-
CTBa TOPO/I IIECTH OCHOBHBIX THMOB (4, b, B,
I, J[, E), cnarafomux paiioH HCCIEeIOBaHUM,
NPEACTABIEHBl B BUAE  paCHpeieseHH
cBoictB (puc. 8.1). Ecnu 3HaueHne MarHut-
HOM BOCIPHUHMMYHBOCTH ONO3HABAEMOI'O KOM-
IUIeKca K, TO 3TOT KOMIUIEKC MOXKHO OTHECTH
K OJIHOMY U3 Tpex TunoB nopon 4, B, E. Ecau
OIpe/ie/icHa €Ile ero MIOTHOCTh g, TO KOM-
IJIEKC MOXHO OTHECTHM K OJHOMY M3 JIBYX
KiaccoB A u B. Hanuuue TpeTbeil XapakTepu-
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e Y W ﬁ A CTUKH p II03BOJIAET OJHO3HAYHO OIPENEIIUTh
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. -'"I_ | VB —3-“,- £ ,ﬂ '3 €ro MPUHAIIEKHOCTh K Kiaccy B. Anamu3
e ETZAN

puc. 8.1 mokasbpIBaeT, 4TO Jr00As W3 TMOPOJT

Puc.8.1 PaCHpe,I[eJ'IeHI/Ie CBOICTB opoJT MECTU TUIIOB IO JAHHBIM TPEX MCTOHAOB (Mar'
IO KOMIUTIEKCY METOIOB HUTO-, I'paBUu- U 3HeKTpOpa3BeI[KI/I) OIIO3HACT-

CiA OAHO3HA4YHO. AmnHanoruynas CUTyalus BO3-

HHUKACT U NIPHU ONPCACICHUN KOJTHYCCTBCHHBIX

213



napameTpoB 00BbEKTOB. ECiM Mo JTaHHBIM OJHOTO METOJa HEOINpPEeAeIeHHOCTh KOJUYECTBEH-
HBIX OIICHOK BEChMa BEJIMKA, TO COBMECTHAsI KOJMYECTBEHHAsI MHTEPIIPETAIHS ABYX Te0dU3U-
YecKuX Mosiei uian 0osiee, OCHOBAaHHBIX Ha Pa3HbIX (PU3NYECKUX MPUHIUIAX, TO3BOJIAET CY-
LIECTBEHHO CY3UTh MPeeIibl HEOTHO3HAUYHOCTH.

[TosTOMy KOMILIEKCHpOBaHHE re0(hU3UYECKHX METOJOB SIBJISETCS OJHUM U3 BEAYIIUX
HaIpaBJIEHUH HAyYHO-TEXHUYECKOTO MPOrpecca B T€0JIOTHH, CIOCOOCTBYIONIUX MOBBILICHUIO
3¢ PeKTUBHOCTH reopu3nueckux padoT MpH pelIeHHH Pa3IMYHbIX 33]a4 MOMCKOB U Pa3BeIKU
MECTOPOXKJECHUN TOJIe3HBIX HCKomaeMbix. CoBMecTHass 00paboTka KoMIUIekca reodusnye-
CKUX JIaHHBIX, HAIIPaBJICHHAs HA pEIIeHUE IHUPOKOTO Kpyra IeoJIOTHYeCKUX 33a1ad ¢ He0OXo-
JTUMOM JIETAIBHOCTHIO M HAJIC)KHOCTBIO, TpeOyeT OYeHb OOJIBIINX 00bEMOB PACYETOB U B IMOJI-
HOW Mepe MOKET OBITh peai30BaHa JUILb MPH UCIONb30BaHNN DBM, OaHKOB TaHHBIX U aB-
TOMATU3UPOBAHHBIX CUCTEM 00pabOTKH MH(POPMAIIUH.

8.1 Kommiiekcobl reopusndyeckux MeToa0B

['eodusnueckre METONBI UMEIOT PsJl XapaKTEPHBIX OCOOCHHOCTEH, CIOCOOCTBYIOIINX
KOMIUIEKCHpOBaHHI0. K HUM MOXXHO OTHECTH BBICOKYIO MPOU3BOAUTENBHOCTD MPU OTHOCH-
TEJILHO HU3KOH ce0eCTOMMOCTH pabOT W BO3MOXHOCTH BBIMIOJTHEHUSI M3MEPEHUH HECKOJIBKH-
MU Te0(U3HMUECKUMU METOJaMH IO €IUHOW CeTH HAOIIOJIEHUH, YTO OCOOCHHO XapaKTEpHO
MIPU MPOBEJICHUN paboT ¢ Kopaldiisi, caMoJieTa WK B CKBakuHE. [IpubaBieHue npu Takux pa-
00Tax Ipyrux reopU3UUecKUX METOJO0B HE3HAYMTEIbHO MOBBIIMIAET CTOMMOCTH padoT, HO
MOJKET CYIIECTBEHHO YBEIIMYHUThH UX T€OJIOTUIECKYIO 3(h(PEeKTUBHOCTE.

[Ipn 0OBEIMHEHHH METOJIOB B €IMHBIA KOMILIEKC CTPEMSTCS JOCTHYL JBYX IEJICH:
YMCHLH_II/ITB HCOJHO3HAYHOCTH I/IHTCpHpeTaHI/II/I U, IO BO3MOXKHOCTH, peI_HI/ITB BCC 3aaauu,
BO3HHKAOIIME HAa JAHHOW cTaiuu paboT. /[ 3TOro B KOMIUIEKC BKIIOYAIOT Pl METOJIOB,
1o10OOpaHHBIX TO CIEIYIOIUM IPUHIUIAM: ) KaXIbIi METOJ pelaeT OAHy U3 3a1ay; 0) He-
KOTOpas 3ajiaya periaeTcs JIMIIb COYSTAaHHEM psia METOJIOB; B) 3ajjadya periaeTcs HECKOJb-
KHMH METOAaMH, HO KaXJIbIM M3 HUX HECAOCTATOYHO yBepCHHO, a B pe3yHbTaTe HpI/IMeHeHI/ISI
HECKOJIbKMX METOJIOB 00€CIIeunBaeTCsl HE0OX0IuMast HaJeKHOCTh ee pemenus. [Ipu Beibope
KOMILIEKCA MPUXOJUTCS YUUTHIBATh SKOHOMUYECKYIO 3()()EKTUBHOCTD, T.€. HCKAaTh TaKOE pe-
IIICHUE TEO0JIOTHYECKUX 33J1a4, KOTOpoe, 00ecieunBas HaIeXKHOCTh MX PEIICHHS, TpeOyeT MU-
HHUMAJIBHO BO3MOKHBIX 3anaT BpeMeHI/I " CpGIICTB.

8.1.1  Tunoevie u payuonanvHvle KOMNJIEKCb

PaznuuaroT TUNOBBIE M PaLlMOHANbHbIE KOMIUIEKCH. TunOGbiM HA3bIBAIOT KOMILIEKC
reo(pU3NYeCKUX METOAOB, IPUMEHEHHE KOTOPOro IeJIeco00pa3Ho Ha JAaHHOM CTaguu padoT
IIPU U3y4eHUH OOBEKTOB OMNpeneneHHoro tuna. Ilpu BeIOOpe THIIOBOrO KOMILIEKCA METOJIOB
OOBIYHO HCMOJNB3YIOT MHCTPYKIMH, METOAWYECKHE IMMOCOOMs, PYKOBOJCTBA, CIPAaBOYHHUKH,
JaroIue odIue CBeIeHUs 0 MeToax 0e3 yueTa KOHKPETHBIX PUPOIHBIX yClIoBHM. B nccie-
JyeMOM paiiOHe TaKOW KOMIUIEKC MOXET OKa3aThCs H30BITOUHBIM. TUTIOBOW KOMIUIIEKC MOXKET
OBITH B3ST 32 OCHOBY IIPU BBIOOPE PallMOHATILHOI'O KOMILJIEKCA.

Payuonansuwiit Komnaekc — 3TO SKOHOMUYECKH 0OOCHOBAaHHOE COUYETaHHE METOOB,
OGGCHG‘-IPIB&IOH_[I/IX HaACKHOC PCUHICHUC ITOCTABJICHHLIX I'COJIOTHYCCKUX 3aJja4 B KOHKPCTHBIX
YCIIOBUSX U3y4aeMoro paiioHa. ParmoHanbHBI KOMIUIEKC ITPEeyCMaTpUBAET BHIOOP METOAU-
KH paboT (CETH ¥ TOYHOCTU HAOJIOICHUH ), TIOCIEI0BATEIIbHOCTH IPUMEHEHHUSI METOJIOB, CIIO-
co0OB MHTEpPHpETAaluy U JajJbHEHIIEero MCHOJIb30BaHUS MOJy4YaeMbIX JaHHBIX. ParuoHans-
HBbII KOMIUIEKC MPAKTHYECKU CO3/1a€TCAd HAa OCHOBE AHAJIOTMM WMJIM HATYpPHOrO MOJEIHUpOBa-
Hus. B mepBoM ciydae UCIONB3YIOT YK€ UMEIOIIUICS OTBIT pabOThl Ha ATOU K€ TEPPUTOPUH
WM B QaHAJIOIMYHBIX YCIOBUAX. Bo BTOPOM — TMPOBOIAAT CHCUHUAIIBHBIC OIIBITHO-
MeTOo/InYecKue paboThl U30BITOUHBIM HA0OPOM METOJOB Ha XOPOIIO M3YYEHHBIX TAJTOHHBIX
y4acTKax.
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B 3aBucuMOCTH OT pemraeMbIX 3a4a4 pa3nudaroT KOMILIEKCHI IIUPOKOrO U Y3KOTrO CIIEK-
Tpa AEMCTBUS WM MHOTOLEJIEBbIE U ClIELMAIN3UpoBaHHble KoMIIIEKChl IEpBOro TUMa Mpe-
Ha3HAYEHBbI U1 PELIEHUs IIMPOKOIrO Kpyra reoJIOrM4eCKUX 3a1ad MPU ChEMKE, MPOrHO3E U
IIOMCKAX MECTOPOKIAEHUN BCEX BUJOB IIOJE3HBIX UCKOIAEMBIX HA KOHKPETHON TEPPUTOPUM.
KoMIIeKChl BTOPOTo THUIIA UCHOJB3YIOT ISl PELICHHs YaCTHBIX I'€0JIOTHYECKUX 3a]1a4, TIOUC-
KOB MECTOPOKJICHUN OIPENEICHHOIO TUIIA, U3YYCHUS ACTAIN3AUOHHBIX Y4aCTKOB.

8.1.2 Texnonozuueckue xomnuekcot

[Tpu mpoBeseHUU pabOT C HMCIOIB30BAaHHEM CaMOJIETOB, CYIIOB, HHOTJA aBTOMAIIWH,
npu U3MCPCHHUAX B CKBAXKHUHAX HCIOJB3YIOT TCXHOJOTHYCCKUC KOMIIJICKCHI reo@mnqecm[x
MeTof0B. OHM TIO3BOJISIFOT MPOBOJUTH OJHOBPEMEHHO H3MEpPEHHSI HECKOJNBKHX reodusmue-
CKUX MapaMETpPOB. TexHonornueckue KOMILIEKCHI OTIIMYACT 06H_[HOCTB TCXHUUCCKHUX CPCACTB
WU3MEPEHUs] U METOAWKH TpoBeneHus pabor. Takue KOMIUIEKCHI 00ECHEeUMBAIOT BBICOKYIO
IIPOU3BOJUTENILHOCTD, TOYHYIO B3aUMHYIO IIPUBA3KY Pa3HbIX IIapaMETPOB, IO3BOJIAIOT MEpei-
TH K UG POBON PETHCTPALMK JJAHHBIX € TTOCieaytomiei o0opadoTkoit nx Ha DBM.

Hampumep, asporeodusnueckast ctanius «CKAT-77» uMeeT KaHajbl IJIs1 pErUCTPAIIN
marautHoro mnoisi T, ecTecTBeHHON ramMma-akTUBHOCTH, HampsbkeHHoctd monss CJIB-
paauoctaniuii. Mopckue reodusnueckue paboThl MOKHO MPOBOJAUTH C HCHOJIb30BAaHUEM
9XOJOTHOTO TIpoMepa TIyOWH, HENPEPBIBHOTO CEMCMOAKYCTHUYECKOrO MPOPUIHPOBAHUS
(HCITI), mopckoii MarHuTo- U TPAaBUMETPUH U B OJATONMPHUSATHBIX YCIOBHUSX — AJIEKTPOpas-
Beaku. Kommuieke i paboT Ha METKOBOIHBIX aKBaTOPUsX (pekax, 03epax), CO3AaHHBIA Ha
Kadeape cericMomeTpuu reosiorudeckoro ¢akynpreta MI'Y, Brimouaer HCII, HenpepriBHBIC
AIIEKTPUYECKUE 30HAUPOBAHUS METO0M B3, peructpaiinio pasHOCTEH MOTEHIIMAIOB ecTe-
cTBeHHOro 3ekTpuyeckoro nois (EIN) mo Tpem B3auMHO NeprneHIUKYISIpHBIM HaIpaBlICHU-
M, PE3UCTUBHMETPUIO (U3MEPEHHE P,y BOJIBI) U TepMoMeTpHI0. MH(opmanuio 3anuceBaloT B
1u(pOBOM KOJIe HA MAarHUTHYIO JICHTY JUIsl TIOCIEAYIOmero BBoga B OBM u B aHAIOrOBOM
BuJie (Tpadpruecku) i ONEePaTUBHOTO aHaIN3a JaHHbIX. [Ipyn Ha3eMHO# ChEMKE HCTIOIB3YIOT
ABTOMOOWJIbHBIE CTAHIIMH, TO3BOJISIIOIINE PETUCTPUPOBATEH B IBIXKEHUN MarHUTHOE TIOJIE, pa-
JTMOAKTUBHOCTD, TApaMEeTPbl BBICOKOYACTOTHOTO AJIEKTPOMArHUTHOTO TOJISL.

Ha6mronenus Ha 01HOM ypoBHE (TOPU30HTE) HA3bIBAIOT KOMILJIEKCHPOBAHUEM IO TOPH-
soHTanu. CoueTaHne Ha3eMHBIX U MOA3CMHELIX, UJIM HA3€MHBIX, a3P0- U KOCMHUYCCKUX H8.6HIO-
JIEHWW HA3BIBAIOT KOMIUICKCHPOBAHUEM 10 BepTuKaiu. [locnennuii Bua paboT Bce MHpe Mc-
MOJIB3YIOT B MMPAKTUKC I'COJIOTUYCCKUX HCCHCHOB&HHﬁ.

813  ®@opmul pecucmpayuu zeouzuueckux 0aHHbIX

[ToneBbie reodusnyeckue padboOThl, Kak MPaBUIIO, MPOBOJAT MO MPABUIBHON reOMeTpH-
YEeCKOW CeTH Ha IUIOIIAIN WM C MOCTOSHHBIM IaroM mo npodwmisMm. X pe3ynbTatsl npen-
CTaBJISIIOT B KOJIMYECTBEHHOU (opMe, T.e. HAOOPOM 4Kced B OTJIMYUE OT T€OJIOTMUECKHUX pa-
00T, NaHHbIE KOTOPHIX YaCTO KAaYECTBCHHBIE, T.€. B BUJIEC OMMCAHUN U 3apucoBOK. Kpome Toro,
re0JIOTUYECKHE ChEMKH IMPOBOJSAT MO BBHIOOPOYHBIM KPHUBOJIMHEWHBIM MapHIpyTaM WU OT-
JENBHBIM TOYKaM. VI3MepeHus, BHIMOTHEHHBIE C MTOMOIILI0 TPHOOPOB, OOBEKTUBHEI, (hopma-
JN30BaHbl, MPAKTUUYECKH TOTOBBI JJISl XpaHEHUS B OaHKaX JaHHBIX B BHIYMCIUTEIBHBIX 1IE€H-
Tpax. OaHako aHajoroBas gopma 3anucu (rpaduku, TIAHBI U KapThl, MOJIEBBIEC >KYPHAJIbI)
HeynoOHBI st BBoga B OBM. [losTromy MHOTHE reodu3nvecKkue CTaHIIMK B HACTOSIIIEE Bpe-
Msi 00OPYIYIOT YCTPOMCTBAMHU JJisl TIOJEBOW MArHUTHOM 3alMCH PE3YJbTaTOB M3MEPEHUN B
udpoBOM KoJie, IPUTOAHON IS TIepeaaun JaHHbIX B OBM, munys oneparuu orudpoBku. B
nepByro ouepeapr Ha mudpoByro 3anuck nepeeneHsl moutu 100 % moneBbIX ceMCMUYECKUX
CTaHIIM, OOJBIIMHCTBO 3JIEKTPOPA3BEIOUHBIX, a3POre0OPU3NIECKUX, KAPOTAKHBIX U MOPCKUX
reopu3uveCcKre CTAaHIUH.
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8.2 3agauyu KoMIJIEKCMPOBaHusI reopu3nyecKuX MeTO/10B

821 Cmaouitnocms u 3a0auu 2e0,1020pa3zeed00uHbIX padom

I'eodpusnueckne ncciea0BaHMs, BKIIOUEHHBIE B T'€0JIOTOpa3BeJOYHBIN Ipoliece, mpe-
Ha3HAYEeHbI JUIsI peHIeHHs] KOHKPETHBIX Ie€OJOTHYECKUX 3a/1ad. B GOJIbIIMHCTBE ciyyaeB 3TH
3aJaud TaK WIM MHA4Ye CBA3AHbI C MIOMCKAMH U Pa3BEIKON MECTOPOXKIICHHH MOJE3HBIX UCKO-
MAaeMBIX, KOTOPbIE OCYHIECTBIIAIOT MO €UHON MOCIEA0BaTEIbHON CXEMe TIe0J0ropa3Beoy-
HBIX paboT. B COOTBETCTBHM CO CTaIUHHOCTHIO pabOT M3MEHSIOTCS T€OJIOTHUECKUE 3a/1auH,
KOMIUIEKCHI Te0(pU3NUECKUX METOJOB M XapaKTep MOJIydaeMoi reojoro-reopu3nyeckoi nH-
¢dopmarmu. Hampumep, nmpu pernoHaNIbHBIX MCCIEJOBAHUAX PYAONEPCIEKTHBHBIX TEPPUTO-
puii B Macmradbe 1:1000000 00beKTOM M3YYCHHS MOXET CIYKHUTh PyAHAs TPOBHHITUS, IS
uccnepoBanuii Mmacmrada 1:200000 — 1:100000 — pyaHbIi TOSIC, A T€0JIOTOCHEMOYHBIX
pabot macmTaba 1:50000 — 1:25000 — pynHbIH paiioH, Ha MOJCTAINN TOUCKOB — PYIHOE
oJIe, JIS1 TIOMCKOBO-OIICHOUYHBIX pab0T — MECTOPOXACHUE, IS pa3BeAOUYHbIX paboT — OT-
nenbHble pyAHble Tena. CMeHa o0beKTa U3ydeHHs BIHMSET Ha BbIOOP reou3nYecKux MeTo-
JIOB.

8.2.2 Du3zuko-2eonozuueckue mooenu

CyliecTBeHHYIO MOMOUIL Ul aHAlU3a YCJIOBUW NPUMEHUMOCTH U 3(PPEeKTUBHOCTU
reo(pu3NYECKUX METOJIOB OKa3bIBaeT co3laHue (huzuko-reojoruueckoir moaenu (PI'M) uzy-
gaeMoi reosiorndeckoi cpeapl. [loHsTHE PU3UKO-TEOIOTHYECKOM MOJIETH UTPAET OOJIBIIYIO
pOJb B TEOpUH KOMIUIeKcHpoBaHus. [1o/1 PU3NKO-reoTorndeckoil MoIenbi0 MOHNMAIOT COBO-
KYITHOCTh aOCTPaKTHBIX BO3MYIIAIONMIMX Tell, 0000IEeHHbIe pa3Mephl, hopma, pusnueckue
CBOWCTBA U B3aMMOOTHOILIEHUE KOTOPBIX C TOM WJIM MHOW CTEIEHBIO JETaJIbHOCTH aIllpPOKCHU-
MHUPYIOT peajibHYI0 T€0JIOTHYECKYI0 OOCTaHOBKY.

DU3NKO-TEOIOTHYECKAE MOJENH JOJDKHBI OTpaXkaTh INPEACTABICHUE O LEJNON IpyIIe
re0JIOTHYECKUX OOBEKTOB JIAHHOTO KJIacca, HapUMep 00 OIpeIe]IEeHHOM Ie0JIOTHYECKOM TH-
e MectopoxaeHui. ['maBHas nens co3ganus @I'M — maTeMarndeckoe MOAECIUPOBAHUE CHU-
Tyaluy, T.. pacdeT pa3indHbIX puzndeckux nonen. Cocrapisromue @I'M 00BEKTHI JOIKHBI
HUMETh OTHOCHUTEIBHO IPOCTbIE reoMeTpudeckrue GopMbl, a BCe MapaMeTpbl MOAEIH — Ipe-
JIeTTBl IOMYCTUMBIX M3MEHEHUH. DTO HE0OX0AMMO JUIsl pacueTa MoJsiel py pa3IuyHbIX 3Haye-
HUSAX (PU3NYECKHX M T€OMETPUYECKHUX MapaMeTpoOB U IOJIyYeHHs MpeieibHbIX YCIOBUN Ha-
JIeKHOU perucTpanuu 00beKTOB.

IIpocreiimas (U3HUKO-TeoIOrHYeCcKast
MOJIETb PYJHOIO Teja NMpUBEIEeHa Ha puc.8.2.
PynHoe Teno, ciokeHHOE MacCUBHBIMU CYJIb-

4z a
£,

o .ﬁr-:""_-:. ::;5, i bunamu, 3anera€T B OJTHOPOJHOM MO CBOWCT-
=mmsmi 4 rer....... BaM BMemaroneil cpege. @opma tena — map
i P . wm SIUTMIICOM. 3aJaHbl (PU3MIECKHUE CBOMCT-

Ba Teja W BMeliarouiei cpensl ( p, 7, 0, K U
2 ap.). 3meHsst riryOuHY 3ajieranusi Wik pa3Me-

pBI TeJa, MOXXHO PacCYUTaTh peakiuio (Gpusu-
YECKUX IOJIeH Ha 3TH U3MEHEHHUS U Olpeje-
JTUTh HauOoJsiee moaxonsmuid Habop reodusu-
YECKUX METOJOB JUISl Pa3IUYHBIX (PU3NUECKUX
CBOWCTB M pa3MepoB Tena. PeanbHbie @I'M
MOTYT UMETh U 0OJiee CIOXKHBIN BUA. B Bepx-
HEW 4YacTu pa3pe3a MOKHO MOMECTUTh CJIOU
PBIXJIBIX OTIIOKEHUH, I KAXI0TO (PU3MYeCKOro moJjs 3a/1aTh YPOBEHb MIOMEX, 33aJaTh Oolee
CJI0’KHOE OJIOKOBOE CTPOSHHE BMEIIAIOIICH Cpe/ie 1 CaMOMY OOBEKTY.

Puc.8.2. ®usnko-reosiornyeckas Moaeiab
JIUH3BI CYIb(OUIHBIX PY/I.

1 — pyaHoe Teno;
2 — BMEIIAIONINE MOPOIBI
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8.2.3  Ycnosus sgpgpekmuenozo npumenenusn zeopuzuueckux memooos

YcnoBusMH, ONPEIENSIONIUMH YCTIEX MPUMEHEHHSI KOHKPETHOTO Te0(hU3HIecKOro Me-
TOAA JIJISl PEIICHUS T€OJIOTHUECKOM 3a7auu, SBJISFOTCS: KOHTPACTHOCTh (PM3MYECKUX CBOMCTB
HCKOMBIX T€OJIOTUYECKUX OOBEKTOB U BMEIIAIOIICH CPEbl, OTHOCHUTEIbHBIC TEOMETPUICCKUE
pasMephl BBI3BIBAIOIINX aHOMAIHH OOBEKTOB M YPOBEHBH MOMEX T'€OJIOTHYECKOTO W HETeoJIo-
THYECKOT0 MPOUCXOXKICHHU. B mpocTteliieM cirydae npeAcTaBieHus O (GU3NYECKUX CBOUCT-
Bax 00BEKTA W BMEIIAIONICH CPe/Ibl CBOAATCS K 3HAYCHUIO UX CPEIHUX 3HaUYeHUH. bonee mo-
HYIO XapaKTEpPUCTHUKY JAl0T KaK CPpeAHHE 3HAYEHUs, Tak U ux aucrepcus. C 3Toil 1enbio 1o
pe3yJibTaTaM MacCOBBIX U3MEPEHUN CBOMCTB ONMPEAECICHHBIX KOMIUIEKCOB MOPOJ CTPOST Ba-
pHALIMOHHBIE KPUBBIE.

[Toustus o muddepenunanuu (KOHTPACTHOCTH) (PU3MUYECKUX CBOWUCTB M3MEHSIOTCS B
3aBUCUMOCTH OT METOJa M PEelIaeMbIX I'eosIornyeckux 3anad. Hanpumep, s rpaBupasBeku
KOHTPACTHOCTb CBOMCTB OIICHMBAIOT 3HAYCHHUEM HM30BITOUYHON IJIOTHOCTH, a JUISL AJIEKTPOpa3-
BEJIKM — OTHOILIEHHUEM YAEIbHBIX CONPOTUBIECHUN. [IJI1 MOMCKOB PYAHBIX TEN IPaBUpa3Be-
KOI He0OXO0IMMBI Mepenaabl IoTHocTu okoo 0,3—0,4 r/em’, a st peLIeHUs. CTPYKTYPHBIX
3amad jocrtarounsl 0,1 F/CM3, YTO CBSI3aHO C pa3MepaMu pa3BeIbIBA€MbIX O0O0BEKTOB. [lis
CTPYKTYPHOM 3J1eKTpopa3Belku MeToaoM BO3 10cTaTouHO OTHOLIEHMS! YIEIbHBIX CONPOTUB-
JIEHUH nopsiika 2—>5, a 171 IOMCKOB PYJHBIX T€JI METOOM MHIYKTUBHOTO MPO(UIMPOBAHUS
nepenas COnpoTHBICHUH TOKEH COCTAaBIATh 2 — 3 mopsaaka u 6oJee.

Kpome KOHTpPacTHOCTH CpeIHHMX 3HAYCHHUU CBOMCTB, BAXKHOE 3HAUCHHE MMEET JUCIIep-
cus. [Ipu oMHAaKOBOM pa3HUIIE CPETHUX 3HAYCHHUI TOpObl Ha puc. 8.3 (a) pasaensrorcs 6o-
Jiee HaJeKHO, ueM Ha puc. 8.3 (0).

a g
R¥e)

Puc.8.3 Bapuaunonnsie KpuBble pU3HYECKHX CBOWCTB MOpPOJ ABYX TUMOB (1, 2)
TIpH pa3HOU JUCTIEPCHH CBOUCTB (a, 0)

Y 100HOH KOJIWYECTBEHHOW MEPOW Pa3IMuus CBONCTB SBJSETCS HAJACKHOCTH pasjelie-
Hust y=1 - (, rae (| — OTHOIIICHHE IIOIAAN MEPEKPHITHS BAPUALMOHHBIX KPUBBIX K CyMME
ITIOJIHBIX HJIOH_[a,Z[eI\/Il o BapI/IaI_II/IOHHBIMI/I KpI/IBBIMI/I. Haﬂe)KHBIMI/I JJIA pa3n1/1q1/151 CBOI>'ICTB
CUMTaroT 3Ha4YeHus y ot 75 no 100%.

Bennuunbl aHOManuii OT 00BEKTOB, KPOME KOHTPACTHOCTEH (PM3UYECKUX CBOMCTB, OII-
peleNnAIoTCs TEOMETPUYECKUMH COOTHOIICHUSIMU pa3MepoB OObEKTa U TIYOMHBI €ro 3ajera-
Hus. Hanpumep, B anektpopasseake MerogomM BO3 HagexHOE onpeieieHre Caosi BO3MOXKHO,
€ci OTHOIIEHHWE ero MoinHoctd N k riuybuHe 3aneranuss H yIOBIETBOPSET YCIOBHIO
hH >2—10. Cnoii npakruyecku He Boigensercs, ecau h/H < 0,1. TIpenensuas riyouna 3a-
JIeraHusl U30METPUYHBIX TeJ, OIpeenseMas pa3HbIMA METOJIaMH T€0(pU3UKHU, 3aBUCUT OT OT-
HomreHusi paguyca tena R x rmyoune H. Hanpumep, BenuuuHbl aHoManuit Hajg cdepoit
nponopunonamsusl st Ag — RYH?, wis AZ — RYH?, nna Ugy — REH?, nostomy cko-
pOCTh yOBIBaHUS MOJIS C yJAJIEHUEM OT UCTOYHMKA, a CJIEA0BATEIbHO, U INIyOuHa UCCIe10Ba-
HUS 3TUMH METOJaMU OYAYT pa3iMyHBbIMU.
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Eme ogHMM BaXHBIM YCJIOBHEM IMPUMEHUMOCTH TI'eO(U3NYECKHX METOJIOB SBISETCA
YpOBEHb NoMeX. Pa3nnyaroT mOMeXH reojJoru4eckoro U HEreoJornueckKoro MpouCX0KISHUS.
K nmepBbIM OTHOCST BIMSHHE MEPEKPHIBAIOIINX M MOJACTUIAIOIUX MOPOJ, peiibeda MECTHO-
CTH, HEOAHOPOJHOCTH CBOMCTB BMELIAIOIIUX MOPOJ U T. 1. [ anekTpopasBeaky HauboIb-
niee 3HaYCHUE UMEIOT PBIXJIbIe MPOBOMAINUE OTJIOKECHUS B BEPXHEH 4YacTH pa3pe3a U CIIOU
BBICOKOT'O COIPOTHUBIICHUS (KaMEHHAsl COJIb, aHTHJIPUT, MEXKIIJIACTOBBIC HHTPY3UH) HA TIyOH-
HE, TaK Ha3bIBAEMBIC DKpaHbl. DKpaHbl BHICOKOTO CONPOTHUBIICHUS SIBJISAIOTCS NPENSATCTBUEM
JUIsL METOZIOB NOCTOSIHHOTO TOKa, HO NMPOHULIAEMBI JIJIs IEpEMEHHOro Toka. IloacTunaromue
MOpOJIbl OKa3bIBAIOT 3aMETHOE BIMSHHME Ha JaHHbIE I'pDAaBU- U MarHuTopasBeaku. Penbed
BIIUSIET HA PE3YJIbTAaThl AIEKTPOPA3BEAKU U OYEHb CHJIBHO YCJIOKHSET aHAIN3 JaHHBIX I'PaBU-
pasBenku. TommM MHOTOJIETHEMEP3IIBIX IOPOJ, PACIPOCTPAHEHHBIE BO MHOTUX pallOHax Ha-
1Ie CTpaHbl, CO3AAI0T TPYAHOCTH NPU MPOBEACHUU IEKTPO- U CEHCMOpa3BENKH (YCTPOHCT-
BO 3a3eMJICHUH, BO30YK/IEHHUE B3PHIBAMH ).

K nomexam Hereonorn4eckoro NpoMCcXoKAECHUs OTHOCIT BPEMEHHbIE BapHalluu reodu-
3U4ECKUX MOJed. B rpaBupasBelke Takue BapUallUU BbI3BIBAIOTCS OTHOCHUTEIIBHBIMU IIepe-
MenieHuAMHu CoistHna u JIyHBI M OTHOCSATCS K NPEACKa3yeMbIM; B MATHUTOPA3BEIKE — COJI-
HEYHOW aKTUBHOCTHIO M €€ BO3ICHCTBHEM Ha MOHOC(epy 3eMiH, OHH HEMpeICKa3yeMbl U
TpeOYIOT yuyeTa. DJIEKTPOMArHUTHBIE IOJI XapaKTEpU3YIOTCS BapUalMAMU TEJTYyPUUECKHX
TOKOB, CBA3aHHBIX C COJTHEUHOM aKTHBHOCTBIO, M OJIY)KAAIOIUX TOKOB TEXHOTEHHOT'O IPOKC-
XOXJIEHUs, a TaKXKe BapHaLMsAMHU IOJEeH I'po30BbIX pa3psanoB. s OGONBIIMHCTBA METOJOB
AJIEKTPOPA3BEAKH ATO TMOJSA-MIOMEXH, TPEOYIOIINE CPEACTB A UX MOAABICHHUS WIH y4eTa.
OnHaKko B HEKOTOPBIX METOAAX 3JEKTPOPa3BEAKH HUCHOJIb3YIOT (DPU3HUYECKHE IMOJIS IOMEX C
LIEJIBIO TTOJTYYEHHS TT0JIE3HOM reoyioruueckoit nupopmarmu. [IpuBenennsie GpakTsl HOJYEPKH-
BalOT OTHOCUTEJIBHOCTD MOHATHUS IIOMEXH.

B reodusuke Bce Oosiee 3aMETHBIMU CTaHOBATCA MOMEXH, MOPOXKAAEMbIe JESTEIbHO-
cTbio uenoBeka. CeiicMuueckas BUOpaiusi, OMyKIAIOIIME SJIEKTPHUUECKUE TOKHU, KEJe3HbIC
MpeIMeThl B 3eMJie M Ha €€ MOBEPXHOCTH, IMOJA3EMHbIE TOpHbIE BBHIPAOOTKH, TEXHOTCHHBIE
TEeMIIepaTypHble AaHOMAJIMH HEPEIKO OKA3bIBAIOT 3aMETHOE BIUSHHE HA KA4eCTBO reodusuye-
CKHX M3MEpEHHi, a B HEKOTOPBIX CIy4asxX AeNaloT Takue paboThl HEBO3MOXHBIMU. BoprOy ¢
MOMEXaMHU BeAyT JTM00 METOIMUYECKUMU MPUEMaMH, JINOO anmnapaTypHbIMU CPEICTBAMH.

K momexam Tax)ke OTHOCAT M MOTPEIIHOCTH U3MepeHui. VX AensT Ha Tpu KaTeropHH:
CHUCTEMaTHYEeCKHe, CiiydaiiHble U rpyobie (mpomaxu). CucTeMaTHYecKue MOTPENTHOCTH 00y-
CJIOBJICHBI HEJOCTATKAMU KOHCTPYKIMH MPUOOpa UM HECOBEPUICHHOW METOAMKON HM3Mepe-
HUH U MOTYT OBITH BBISBJICHBI ITyTEM IEPHOJMYECKUX TTOBEPOK M YCTPAHEHBI BBEJACHUEM I10-
MPaBOK (HampuMep, MONPaBKOH 3a CIOJI3aHUE HYJIb-IIYHKTa PUOOpPa B TPaBU- U MarHUTOPas3-
Bezke). Ha cryuaiiHble MOTpenHoCTH BIUAET MHOXKECTBO MPUYMH, YIECTh U YCTPAHUTh KOTO-
pBle HE MPEICTAaBISETCS BO3MOXXHBIM. HO BIMSHWE CIy4ailHBIX MOTPENIHOCTEH MOYKHO
YMEHBIIUTh CTATUCTHUECKUMH NpHeMaMu 00paboTKu. I'pyObie MOrpenIHOCTH BOZHUKAIOT MIPU
HapyIICHUH YCIOBUI M3MEPEHUH WM OMIMOOK oreparopa (HampuMmep, B3sTHE OTCUeTa He 10
ToM mIkane npudopa). [yt 60ppObI C TAKUMH MOTPEIIHOCTAMHU HEOOXOIMMO Ha MECTe aHaJIH-
3MPOBATh U3MEPsIEMbIC 3HAUCHUS M NIPH HATHYUH PE3KOTO pa3dpoca B MOKa3aHHUSX MPOBOUTH
MIOBTOPHBIE 3aMEPHI.

824  Ilozpewnocmu cvemok

OO6m1ast morpenIHoCTh re0(hU3NIECKON CHEMKH 3aBHCUT OT TOYHOCTH U3MEPEHUH U MpH-
POIHOI nuCHEpPCHH H3MEpSAEMBIX NoJieH. ANmapaTypHO-METOIUYECKYI0 TOYHOCTb CHEMKHU
OIICHUBAIOT C TOMOIIBI0O KOHTPOJIBHBIX M3MEpPEHUN 1o (opMyse CpelHeld KBaapaTHUYeCKOU
MOTPEUTHOCTH:

o.=/S-4,)/n . (8.1)
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. . 2
rae Ay, = (A+A woump) /2. KBampat 510il BenMYMHBI HA3BIBAIOT JMCIIEPCUCH CHEMKH O .
OO0y nucrepcuto reoPpu3nIecKuX MoJIeH MOKHO ONPEIETUTh TI0 U3MEPECHHSIM B (POHOBOM
obractu, Tie 3aBeJOMO OTCYTCTBYIOT aHOMAIIUH, IO (hopmyIie

o’ = A—-A [ /n , (8.2
2=5(a-a,)

e A, =% A, /n.O0mas mcnepcus cheMKn

2 2 2
O o6y — O c+ O zeon - (83)

[ITyrem pemieHus OpsMBIX 3a7ad uis (PU3UKO-TeOJIOTHUYECKOM Mozenun oObeKkTa mpu
HanOosiee HEOJIAroNpUATHBIX 3HAYCHHUSIX CBOWCTB M Pa3MEPOB OIPEIENIAI0T MUHUMAILHYIO
MHTEHCUBHOCTh aHOMasuil. Ee MOXHO onpeaenuTs M0 U3MEPEHHBIM MOJISIM Ha XOPOIIO H3Y-
4eHHOM yuacTke. OIEeHeHHbIE TaKUM 00pa3oM I0JIE3HbIE aHOMAJIMU JIOJDKHBL B 1—3 pasa u
0oJiee MPEBHIIATH CHAHOAPM 00uiell Oucnepcuu noJs 0'205144- Ecnu oTHOmeHue aHoma-
nus/omexa g = Apax /0 > 3, TO 00BeKT BbIIesieTcst Hagexno. [Ipu 1 < yy < 3 aHomanuio
Ha3bIBAIOT cN1aboil. OHa MOXET OBITh BBISBIEHA CTATHCTUYECKU, €CIIH METOJHMKA ChEeMKH I10-
3BOJISIET Tepeceyb OOBEKT HECKOJBKUMHU MPOPUISIMU M HECKOJBKUMH TOUYKAMH Ha Ka)JIOM
npodwmie. B 3Tom ciydae ymoOHee MCIONB30BaTh APYrod MOKA3aTelb — IHEPZemuiecKoe
OMHOUIEHUE AHOMATUA/NOMEXA Pz, KOTOPOE IJI1 HEKOPPEITUPOBAHHON TOMEXH

m A.Z _,
& _ A Un

P,=" 5= (8.4)
o o

rne A — CpemHHMI KBaApaT aMIUTUTYIbl aHOMAJIHH; M—YUCIO aHOMAJIbHBIX 3HadYeHui. 13
corocTaBieHus: GOpMyI UL [ U Pan BUTHO, UTO ci1abast 1Mo ({1 aHOMAJIUsl MOXET ObITh Ha-
JICKHO BBISIBIICHA TIO Pgan, €CIIM YMCIIO TOUEK CHEMOYHOM CETH T, MOMaaroluX B €€ MpeJiebl,
JIOCTaTOYHO BEIIHKO.

CooTHo1teHne 026 u azzem B (hopmyie (8.3) mpencraBisieT OOJBIION MHTEPEC IS BbI-
00pa TOYHOCTH CheMKH. Eciii OCHOBHOM BKIIaJ B 05, BHOCAT OMIMOKH ChEMKH, TO MOBBILIE-
HHE TOYHOCTU M3MEPEHHUI MOBBICUT OOIIYI0 TOYHOCTh U MH(DOPMATUBHOCTH reO(PU3HUESCKUX
pabot. Eciu sxe mpeo0iraaromuii BKJIaJ BHOCAT F€OJIOTHYECKUE TTOMEXH (0'226(,], > 026), TO MO~
BBIINICHUEC TOYHOCTHU H3M€p€HPIfI JIMIb YBCIIUYUT €€ CTOUMOCTDH, HO HC YJIYUIIUT BBISIBJICHUC
aHOMaJInH.

8.25  Chnocoowvt ouenku rgppekmugnocmu zeopuzuueckux memooos

DU3UKO-TEOIOTHYECKass MO/IEb, KPOME OLECHKH MPUMEHHUMOCTH OTAEIbHBIX METOJIOB,
MOeT OBITh HCIOJIb30BaHa /Il 000CHOBAHHS PAlMOHAIBHOTO KOMITJIEKCAa METO/IOB, METOIN-
KU TIpOBeJeHHs] paboT U BhIOOpa MOMCKOBBIX KPUTEPUEB BBIIEICHUS OOBEKTA MO KAXKIOMY
reodpmsuyeckomy MeToay. OO0CHOBaHHE PAIIMOHATBHOTO KOMIUIEKCA METOIOB MPOBOJAT ITy-
TEM OIICHKH T'€0JIOTHYECKOH U 3KOHOMUYECKOH (CTOMMOCTB, MPOU3BOAMTEIBHOCTD) 3(dek-
THUBHOCTH Ka)XKJIOTO METO/Ia U3 YHCIIA TeX, MPUMEHUMOCTb KOTOPBIX JJIsl PEIICHHs TaHHOW 3a-
Jlauu HE BBI3bIBaeT COMHEHUH. Kak mpaBmiio, Takux METOIOB OKa3bIBAETCS M30BITOYHOE YHMC-
J10.

OmauM U3 crmoco0oB oreHKH d(HPEKTUBHOCTA METOOB SBISICTCS pacuyeT HOPMUPOBAH-
HBIX aHOMAJIMW, WM TIOKa3aTeaeld KOHTpaCcTHOCTU. [loka3aTens KOHTPaCTHOCTH XapaKTEpU3y-
€T OTHOILIEHHE aHOMAaJMs/TIoMexa M, CJIEeJOBATENbHO, HAJEKHOCTh BBIABICHUS AaHOMAJIUH.
[Ipu paBHOM KOHTPACTHOCTH JBYX COIOCTaBIIIEMbIX METOAOB MPEANOUYTEHUE CIEAYET OTAATh
METO[ly, AarolieMy 0osee HIMpOKUe aHOMAaJTHH.

CorocraBiieHne METOJ0B MOKHO MPOBOJMTH O BEJIMYUHE MPOU3BEACHHUS aMILTUTY IbI
Ha MHUPUHY aHoManud. [Ipu paBeHCTBE 3TUX BEIUYHH IS ABYX COMOCTABIISIEMBIX METOJIOB
MIPUXOJUTCSL PeliaTh, YTO BBITOJHEE — IMPOBOAHUTH 00JIee TOYHBIC HAOIIOACHUS MO PEIKOU
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CETH WJIM MOJy4aTh 0ojee KOHTPACTHBIE aHOMAJIMH, HO 00ECIIeYnBaTh OOJIBIIYIO JETAIEHOCTD
HaOIIoAeHU. YHUBEpcaNbHas OLEeHKa Y(PPEKTUBHOCTH METOJa MOXKET OBITh IMOJIyueHa Ha
OCHOBE HYHEPreTHYEeCKOro OTHOIICHHS curHain/moMexa. CymiecTByeT M psa ApYyrux, Oosee
CJIO’KHBIX CTIOCOOOB OLIEHKHU 3(PPEKTUBHOCTH T€OPU3NIECKUX METOIOB.

8.2.6  Ilouckosvie kpumepuu

[TonckOBBIMU KPUTEPUSMHU HA3bIBAIOT XapaKTEPHbIE U YCTONUYMBEIE, T.€. OOHAPYKHUBae-
MbI€ BO BCEX WJIA B OOJIBIIUHCTBE CIIy4aeB, OCOOEHHOCTH Te0(U3MUeCKUX MOJIeH HaJ MCKO-
MbIMU OoOBekTamu. J{mst mpoctoit @I'M (cM. puc.8.2) MOMCKOBBIMH KPUTEPUSIMH SBIISIOTCS
MaKkCHMaJbHBIC 3HaYeHUs noneit 42, Ag, n, u muaumymsl p, u Ugy. B Gosee ciiokHbIX ye-
JIOBUSIX JUTSI TIOMCKOBBIX KPUTEPHUEB YCTAHABIUBAIOT OJUH WX JBa (HIKHUN U BEPXHUMN) TIpe-
nena. Hampumep, HaJ IPOMBIIUIEHHBIMU CKOIUICHUSIMH PYJ 3HAUEHUS 7], TOJDKHBI ObITh HE
Menee 5 %, orpunarensubie anoManuu EIl e menee -150 mB u 1.11. Bosnee cnoxxHbiM nouc-
KOBBIM KPHTEPHEM SIBIISICTCSI COBIIAICHUE HECKONBKUX aHoManui (#,, Ugy, AZ wu T.1.), npu-
YeM KakJas U3 aHOMaJlui JOJDKHA MPEBBIIATh MO aMIUIMTY/AE ONPECICHHbBIN YPOBEHb WU
MOTa/IaTh B yCTAHOBJICHHBIC MTPEICTIBL.

Ecnu Ha uccriegyemMoil TeppUTOPUN UMEETCS Psii U3BECTHBIX PYIHBIX OOBEKTOB U HaJ
HUMH 3a(UKCHPOBAHbI AaHOMAJIMH Te0()U3NIECKUX TOJIEH, TO MOSIBISETCS BO3ZMOXKHOCTD OIle-
HUTb HaJIe)KHOCTh MIOMCKOBBIX KpuTepueB. Hanbonee HafieXKHBIMH U3 HUX CUUTAIOT TE, KOTO-
pBle OTMEYArOTCsl HaJl BCEMHU MPOMBIIUICHHBIMA OOBEKTaMHU U OTCYTCTBYIOT HaJl HEIPOMBIIII-
JeHHBIMHU. MeHee Ha/IeXKHbI T€ KPUTEPUH, KOTOPbIE OTMEYAIOTCS JIMIIb HaJl YaCThI0 0OBEKTOB
Y HaJl HEKOTOPHIMHU HETIPOMBIIIICHHBIMH 3aJIS)KaMH. B parioHaabHbI KOMIUIEKC BKITIOYAIOT
METO/IbI, 00JIaZatoIe MaKCUMAaIbHON 3((EKTUBHOCTHIO U JAIOIINE HAJAEKHBIC MOUCKOBBIC
KPHUTEPUH.

JI1s1 BBIOpaHHBIX METOIOB TJIAHUPYIOT METOJMUKY paboT, T.€. MOCIEI0BATEILHOCTh UX
MPUMEHEHHUsI, CeTh HAOIIOIEHUI, TOYHOCTh U3MEPEHUN, TPUHIIUIIBI OOPaOOTKH M MHTEPIIpE-
tanu. Kak npaBuiio, NpoucXOoAUT pa3/ieICHHEe METOJ0B Ha OCHOBHBIE U J€Talu3allMOHHBIC.
[TepBsie, 6o0ee MPON3BOAUTEIBHBIC U YHUBEPCATbHBIC, IPUMEHSIOT Ha BCEH MIIOIIATH, & BTO-
peie, 0oJjiee TOPOTrOCTOSIINE U CIENUATU3UPOBAHHbBIE, — JUIsl TIPOBEPKH M Pa30paKOBKU BBI-
SIBJICHHBIX aHOMAaJINH.

Bri6op cetn HaOMIOACHNN OCYIIECTBIISIOT UCXOS U3 HAJEKHOCTH CheMKH. OHa JT0JIK-
Ha OBITH TaKOW, YTOOBI BCE MPECTABIAIONINE MMPOMBIIUICHHBII MHTEPEC pyAHBIE Tena, T.C.
TaKUe CKOIJICHUS TOJIE3HBIX HCKOMAEMBIX, KOTOPbIE SKOHOMUYECKH Iiesiecoo0pa3Ho pa3paba-
TBHIBaTh MPH JOCTUTHYTOM YPOBHE TE€XHOJIOTHH C YYE€TOM YKOHOMHYECKONH OCBOCHHOCTH KOH-
KPETHOTO pailoHa, MOTJIM OBITh BBISIBICHBI CHEMKOH € BeposATHOCTHIO 95—100 %.

] “'\.}:L"ﬁ:"?_é;:f Puc.8.4 Homorpamma s omnpeselneHus
50 S ™ i N BEPOSTHOCTH IOJICEYEHUS aHOMA-
a8 b S - : \N\% JIMK XOTs OBl ABYMs TOYKaMH Ha-
\\? OmrofcHUS TPU  TPOU3BOJIEHOM
&y ..?3;_ o MPOCTUPAHUN OOBEKTA
&4z i H"'-..M [Tudp KpUBBIX — BEPOSITHOCTH MOACCYCHUS
| ™M

or 42 4% a7 2 4 W 4

Ha puc.8.4 npuBenena HoMorpaMmMa, COCTaBJICHHAs JJI OIEHKH BEPOSTHOCTH OOHApy-
KEHHUS POU3BOJIBHO OPUEHTHPOBAHHON aHOMAIMH, UMEIOIIEH (popMy srummuIiconsa ¢ JUIMHON
L u mmpuHOii 7, MOUCKOBOM CETHIO C PACCTOSHHEM MEX/Iy MPOMUISIMU @ M IIArOM TI0 TPO-

dumo b. TTo ocsam HoMorpammel otioxkensl Ly = L/au my = myb. Dra nomorpamma cocras-
JIeHa JJIs TIPOM3BOJILHOW OpPHEHTAIIMU Tella OTHOCUTEIBHO ceTh Habmoaenuit. [Ipu u3Bect-
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HOM U BBIJICP’)KaHHOM MPOCTHUPAHUH TEJI CETh HAOJIOJCHUI MOXKET ObITh OoJiee penkoi. 3a-
AaBIIMCh MUHHUMAJIBHO OOIIYCTUMBIMU pa3MCpaMH TCII U HpHeMHeMOﬁ BCPOATHOCTBIO UX 06-
Hapy>XEHMs, MOKHO OLEHUTh Ly u My, a mo vum a u b. HaoGopor, 3amaBas HECKOOBLKO map
3HaueHni @ u D, MOXKHO onpenenuTs BeposTHOCTH P 00HApyKEHHS TEl ¥ BHIOPATh ONTH-
MaJIbHYI0 TTOMCKOBYIO ceTh. Maitoe 3HaueHue P roBopuT 0 HEJOCTATOYHOW HAJCKHOCTH I10-
HCKOBOM CETH.

8.3 KommnuiekcHasi 00patoTka reogpusnyecKux JaHHbIX

B HacTosmmee BpeMs: KOJMYECTBO MH(POPMAINH, H3BJIECKAeMO 13 reodu3ndeckux maaH-
HBIX, TI0 O0IIEeMY MPHU3HAHUIO, TIOBOJBHO HEBENUKO. [IpuyrHaMu 3TOTO SIBISIOTCS CIEIYIO-
mye oOCTOSATENhCTBA: YacTh MH(MOPMALMK HE TMPEACTABIACT MPAKTUYECKOTO MHTEpeca s
peleHs] KOHKPETHBIX T€OJIOTHUECKUX 3aJlay; CBEICHUS, MOJIydyaeMble 10 JTaHHBIM Te0(pH3u-
K1, HE HaXOJAT OOBSICHECHNS B CBETE MMEIOIINXCS T€0JIOTHYECKUX KOHIICTIIINA U OTBEPraroTCs
KaK «HEYIOOHbIE»; yacTh MH(OPMAIIMK CKPbITA (HE BU3YaJTHM3UPOBaHA), U Ul €€ U3BJICUCHUS
HY)XHa TpyJaoeMKas 00paboTka, He Bcerza JOCTYIHAs M3-3a HEXBATKH BPEMEHH, HEOCTATOU-
HOW KBaJTU(HUKAIIMK [IEPCOHATIA; BO MHOTHX MPOU3BOICTBEHHBIX OpPraHMU3alUsAX Ha 00paboTKy
¥ MHTEPIPETANNIO MAaTEPHAIOB OTBOJHUTCS CYIIIECTBEHHO MEHbBIIIE BPEMEHH, YEM Ha TTOJICBBIC
paboThl, a TIIyOMHA OCMBICIMBAHHS MAaTEPUATIOB KOHTPOJIUPYETCS B MEHBIICH CTENEHH, YeM
Ka4eCTBO X MOJyIECHHS B MOJIE.

B moBeImeHnn kavecTBa WHTEPIPETAIMHA TeOPH3MUECKUX MATEPHATIOB CKPBITHI 0OJIb-
e pe3epBbl pocta 3PPEKTUBHOCTH TeOIOropa3BeIoYHbIX paboT B memom. KauecTBo obOpa-
OOTKH JTOJDKHO TIOBBINIATHCS B OCHOBHOM 3a CUET aBTOMartu3aiuu obpadotku Ha OBM, co3-
naHusg 0ojiee SKOHOMHUYHBIX M T'€OJOTHYECKH 3(PPEKTHBHBIX alropuTMoB o0Opaborku. Ilpu
ATOM HaWOOJbINAs OJHO3HAYHOCTh M HAJCKHOCTh TE€OJIOTHUECKOTO HMCTOJIKOBAHMS TaHHBIX
JOCTUTAIOTCS IPU KOMIUIEKCHOM 00paboTke.

B npouecce uHTEpnpeTalin MOKHO BBIJIETUTH JIBA B3aMMOCBSI3AHHBIX, HO pa3iinyaro-
IIMXCS HAIPaBJIEHUS! — KAYECTBEHHON M KOJMYECTBEHHOHN MHTepnperauuu. OCHOBHas LENb
KaueCTBEHHOW MHTEPNPETALNHA — YCTAHOBJICHHE MOJIOKEHUS M IPUPObl AHOMAJINN, a KOJIH-
YECTBEHHON — IOJIy4eHUE KOJIMYECTBEHHBIX OLIEHOK Pa3MepOB 0OBEKTa, IIyOUHBI €ro 3aje-
raiusi, pU3N4EeCKUX CBOMCTB.

8.3.1 Komnaexcunaa obpabomka npu KauecmeeHHoil UHMEPRPEMAyUU

HpI/IeMBI KOMHHCKCHOP’I I/IHTepHpeTaLII/II/I JJIA KQYECTBCHHOI'O UCTOJIKOBAHUSA I'€OJIOTNYC-
CKHX M T€O(DHM3NYECKUX TAaHHBIX pa3pabOTaHbl JOCTATOYHO XOpoIio. [Ipu 3TOM OCHOBHBIMHU
3a/1a4aMHy SIBJIIIOTCS: PalOHUPOBAaHUE TEPPUTOPUU 10 KOMIUIEKCY JAHHBIX; BBIICICHUE Me-
CTOTIOJIOKCHHST aHOMAJIMA M aHOMAJIBHBIX YYaCTKOB; OOBSICHEHHNE WX T€OJIOTHYSCKON TPUpO-
abl. OOBIYHO HCHOJB3YIOT NMPHEMbI BU3YaJIbHOTO aHalu3a Mojei u (GopMann3oBaHHBIE TPO-
Henypsbl, JOoMycKaroume ucnoiab3oBanne IBM. OCHOBHOM NMPUHLMI Ka4Y€CTBEHHOI'O HCTOJI-
KOBaHUs re0(PU3UIECKUX NAHHBIX — HPUHUUN AHAJI02UU — COCTOUT W3 OOYyYEHHUS Ha dTa-
JIOHHOM YYacTK€ C M3BECTHBIM CTPOCHHEM U aHAJIM3a aHAJIOTMYHOTO 110 CTPOSHUIO, HO HEU3Y-
YEHHOTO y4yacTKa. [Ipy 3TOM MIMPOKO UCIIONB3YIOT MIPUEMBI paclio3HaBaHUs 00pa30B.

Ilpusnaxku nonei. Ilpn Ka4ueCTBEHHOM UHTEPIPETALMY OCHOBHBIMU IOHATHSMU SIBJIS-
IOTCSl IpU3HaKU noJiek. [Ipu3HakoM Ha3bIBAIOT Yallle KOJTMYECTBEHHBIHN, PEXKe KAaYeCTBEHHBIH,
HO KOJMPOBAHHBIM MOKAa3aTeNb MOBEJICHUS MOJIA B JaHHOM Touke. KoiaudyecTBEeHHBIM mpu-
3HaK—AaMIUIUTY1a Te0O(PU3NIECKOT0 MO, KAYECTBEHHBI — HalpuMep, 3HaK MOJIS: OJI0XKHU-
TETHHBIM 3HAUEHUEM TIOJISI COOTBETCTBYET KO +1, OTpHUIIaTenbHBIM — KOJ —1, a OIH3KUM K
Hymt0— koja (. Takoil KaueCTBEHHBIN MPU3HAK, KAK CIOKHOCTh I'€0JOTMYECKOTO CTPOCHUS,
OLIGHUBAEMBIH 10 KapTe, MOXKET OBITh 3aKOJUPOBaH, Harnmpumep, kogom 0 — mpocToe cTpoe-
HUE, | — CII0kKHOE; 2 — OYEHb CII0KHOE CTPOCHUE.
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DTOT NPU3HAK MOXKHO OMNPEIETUTH MOTYKOJIMYECTBEHHO, €CIIU Pa3AeUTh T'eoJIoruye-
CKYIO KapTy Ha KJIETKH pa3MepoM, Hampumep, 2X2 CM U MOACUYUTATHh YHCIIO T'€OJOTHYECKUX
KOMIIJIEKCOB, MOMAJAIOMINX HAa KXY U3 HUX WIH, KaK MPUHITO TOBOPUTH, B «OKHO». OII-
HOPOJIHAs TOJIIIA MOJYYUT 3HaYeHUe nmpu3Haka 0, TeoJOrnYecKuil KOHTaKT B Mpeaenax «OoK-
Ha» JacT KoJ 1, couleHeHne TpeX KOMILJIEKCOB MOIYYUT KO 2. B TakoM CKOJIb3s1eM MO Kap-
T€ «OKHE» MOKHO IOJICUNTATh UHTEHCUBHOCTb MPOSIBICHUS MarMaru3mMa, pa3jioMHON TEKTO-
HHMKH, HAIPABJIECHHOCTh PA3JIOMOB H T.II.

Pa3znuyatoT npu3Haku nepBUYHbIE, HAIPUMEP, aMILIUTYyJa reou3nuecKkoro mojs, He-
MOCPEICTBEHHO U3MEPEHHAsl B ONPEJEICHHOM TOYKE, U BTOPUYHBIE (PACCUUTHIBAEMBIEC IO
MEPBUYHBIM), HalpUMep, CpeJHee 3HAYEHHUE MOJIA B «OKHE», MPOCTHpPAHUE U30JIUHHM, AHC-
repcusi MoJisd WIKM MPOCTO Pa3HUIIa MAKCUMAIBHOTO U MUHUMAJIBHOTO 3HAYEHUN TOJISI B «OK-
Hey. [lone3HbIMU BTOPUYHBIMU NPU3HAKAMHU SIBIISIFOTCS KOO PUIIMEHTHI JTMHEWHON KOppes-
uuH [y, IBYX reoQu3MuecKux 1ojek X u ¥, paccunTaHHble B CKOJB3SAMIEM OKHE» 110 (OopMy-
ne

=55 (X, =X )(Y,~Y)g(n0,0,), (85)

n "
me X=YX/n o,= |5 -X)/n;
i=/ i

dopmynsl 1ust Y u oy aHanoruadbl. Gu3ndeckuil cMbICT KOIP(UIMEHTa KOPPENAIUN CBOAUT-
C K OLEHKe cBasel Mexay nomsamu. Kosdduuuent xoppensauuu Iy, MOKET NPUHUMATh 3HA-
ueHus oT —1 g0 1. 3nauenus koddpuuuenta koppensauun 0,7 < ry, < 1 rOBOPAT 0 TOM, YTO
CBSI3U MEKIY MOJSIMU HE CIIy4dailHbl M Ha JAHHOM y4acTKe CKOpee BCEro 00YyCIOBIEHbI OHUM
OOIIMM MCTOYHMKOM (IIpoLeccoM Uitk 00bekToM). OTcyTcTBHE KOppensauuH (fyy ~ 0) roBopur
O TOM, YTO U3MEHEHHU I0JIeH BbI3BaHbl pa3HbIMU U HE3aBUCUMbIMU IpuunHamu. Hampumep,
MacCHBHOE PYyJIHOE TEJIO YBEIMUYUBACT 3HAUEHUS 7], U MOHMXKAET 3HAYECHUS P, U3MEPECHHBIE
HaJ HUM Ha MTOBEPXHOCTH 3€MJIM, TOTJa KaK BKpAIVIEHHBIE PY/Abl, YBEIUUUBAS 7], IPAKTHUE-
CKHU HE U3MEHSIOT Py, U KO3()PUIHMEHTHI KOPPEISIHMU B 3THX ABYX CIy4asx OyayT, eCTECTBEH-
HO, pa3nuuaTbcsa. BbICOKHME TUarHOCTUYECKHE KauyecTBa Ha PYJONEPCIEKTUBHBIX IIOMIAIAX
MPOSBIISIET KOA(P(GUIIMEHT KOPPEIALUU MarHuTHOTO 1oJist U BII, mo3Bosisis BELACTATH PyAHBIC
aHOMAJIUU U 30HBI THAPOTEPMAIIEHO-METACOMATUYECKOTO TPOUCX 0K ICHHSL.

Pacuer BTOpMYHBIX MPU3HAKOB MO3BOJIAET HAMHOI'O YBEJIMYMUTH OOIIEe YUCIO MPHU3HA-
KOB IS ITOCTIeyIomeil olleHKH uX 3(pPeKTUBHOCTH U BbIOOpA Haubosee NHPOPMATUBHBIX U3
HUX. boJbpIIoe YMCI0 NPU3HAKOB BPYYHYIO U3Y4YHUTh TPYIHO, IOITOMY TaKue MPUEMBI Mpea-
I10JIaratoT IHUPOKOE UCTIOIb30BaHue DBM.

@yHKYUA KOMNIEKCHO20 noKa3zamens. [{Jisi BU3yalbHOTO aHaM3a WHPOpMaIlu He00-
XOJUMO U3 MHOTHX MPHU3HAKOB IMOJYYUTh OJMH PE3YJIbTaT, HA/IEKHO BBIICIAIOMINUNA HHTEpE-
cytoumii 00bexT. Hanbosnee mpocTo 3TOT mpoliecc MOXKHO IOKa3aTh Ha MpUMeEpe pacuera
¢byakuun komruiekcHoro mokazatens (OKII), npemmoxennoit I.C. BaxpomeeBbim. Pacuer
@OKII ocHOBaH HAa CYMMHPOBaHHMU MPHU3HAKOB re0()U3NYECKUX MOJEH, OCYIIECTBIIEMOM Ta-
KM 00pa3oM, 4TOObI MAaKCUMAJIbHO YCHJIMTH TOJIE3HBIA AP PeKT oT uckomoro oobekra. Ha-
npumep, it @PI'M pyanoro o0bekTa (cM. puc. 8.2) XapaKTepHBI OBBIIICHHbIC 3HaYeHUs Ag,
AZ u n, u nonmxkennsie 3HaueHus Ugy u p,. Uto0b1 yenmutb 3Q ekt Beex 3THX MmoJei, Halo
B35ITh MIEPBBIE TPU MPU3HAKA CO 3HAKOM «ILIIOC», a JIBa BTOPHIX — CO 3HAKOM «MHUHYC». [J[i1st
CIIO)KCHHSI PA3HBIX MOJIEW HCIOJb3yeMble MapaMeTpbl HEOOXOIMMO CHayaia TMEpPEeBECTH B
enHYyI0 O6e3pa3MepHyto popMy MyTeM UX Mepecdera B Kodh( ULIHUEHThl KOHTPACTHOCTH Yk i ,
[eM. popmymy (8.3)], rae K — HOMep mpu3Haka uam MeToza; | — HOMEp TOYKHM HaOIIIOICHUS.
Torga ®KII MOXHO BBIYHUCIUTH C TOMOILBIO BECOBOTO CYMMHPOBAHMUSL:

222



M N

91’ = Z Ckyki - Z Ckyki J (8.6)
k=1 k=M+1

IJIe 3HAKH IUTFOC» U «MHUHYC» BBIOPAHBI TaK, KaK YKa3bIBaJIOCh BbIle («wttocy aist Ag, AZ n

N, v «munaye» 1t Ug 1 py).

Becossie koadpdunuentsr Cy onenuBaroT cieayromum obpasom. CHayaaa Ha OCHOBE
MHTYHUIMH WK ONbITa HA3HAYal0T HEKOTOPBIE allpHOpHbIE BecoBble Koa(duimentsl. Hampu-
Mep, TIOCIIE pacueTa y 0Ka3anock, uto Uz maet GobIyro 1Mo aMILTHTY/Ie aHOMAJIHIO, Y4eM D,
3Ha4nT, MOXHO B3aTh Cpyy = 2, a C, = 1. Amanormuno BeiOuparot, Hanpumep, C, = 2, a

N
Cy=C,=15. Manee Cy nmepecuynThIBAIOT TaK, YTOObI Z C’ = 1. B orom ciyuae dynxuus 0

OyaeT UMeTh SIMHUYHYIO THUCIIEPCHIO, M 3HAa4YeHU 6 > 3 MOXKHO paccMaTpuBaTh Kak J0CTO-
BEpHbIC aHOMAITHH, a @ = 1—3 cuuTaTh C1aOBIMH AHOMATHSIMU.

Ecnu u3mensiercs 3aiaga momcka, To U3MEHsIeTCS U HaOOp MPU3HAKOB U UX BECOBBIE KO-
s durmentsr. Hampumep, A1 MOMCKOB BKPAIJICHHBIX Py HAMOOIBIINI BecOBOM Kodhuiu-
€HT JI0OJDKEeH ObITh Y MeToza BIL.

Pa3zoenenue ob6vekme na 0éa Knacca. Yacto 3ajada oucka pyIHbIX TeJl CTABUTCS Kak
3ajada pas3zieJieHus BCeX aHOMAaJIMK Ha JIBa KJjlacca: pyaHble U Oe3pyaHble. [ 7TOro MokKHO
UCIIOJIb30BaTh PA3JIMYHbIE NTPUEMBl paclio3HaBaHMs 00pa3oB, HAIIPUMEP, TUCKPUMUHAHTHBIN
aHanu3. [IosgcHUM 3TOT METOX Ha MpUMepe ABYX MpU3HAKOB. lIponecce pasneneHus aHOMaIUN
IPOMCXOUT B JIBa 3Tana — oOyueHus ¥ aHaiu3a. Ha nmepBoM stane Ha momaau padboT BbI-
OUparoT 3aBEIOMO PYAHBIA U Oe3pYyAHBIN y4acTKU-
sTaJloHbl. Ha HUX 1O KaXXAOMy M3 aHaJIM3UPOBaH-
HBIX TPHU3HAKOB TE€O(PHU3UYECKUX TMOJEH CTpPOST
TUCTOIPaMMBbl PacIpeleeHuss U OLEHUBAIOT CTe-
NIEHb Pa3JIeJIEHUs] TUCTOTPaMM JJIsl PYAHOTO U 6e3-
PYOHOIO y4YacTKOB MM HMH()OPMAaTUBHOCTH IpU-
3HAKOB.

Ecnu st omgHOTO M3 MPU3HAKOB THCTOTPaM-

MBI TOJHOCTBIO Pa3JeNIUINCh, TO 3aJadya MOXKET

I OBITH pelIeHa M0 ATOMY OJHOMY TMpHU3HaKy. Takue

i | cilydau BeTpeuatorces penako. Kak mpasuio, rucro-

| rpaMMbl YaCTUYHO TMEPECEKAIOTCs, T.C. HaJlleXK-

—’/r‘:){\ HOCTB pa3fielicHusi OOBEKTOB 10 KAKAOMY H3 MPH-

Iy : ==————=  3HAKOB HejocTaTouHa. BriOpaB JBa mpu3Haka X u

Y ¢ HauOONBIIUM pa3geICHHEM THCTOTPaMM,

Puc. 8.5. Paznenenne aHomanuii Ha pya-  MOXHO m300pa3uTh uxX Ha miockoctu XOY B Buae

Hbiid (1) u Ge3pyaublil (2) Knac-  moseil ToYek Uit PYJHOTO W OE3pYAHOro ydact-

CBI 110 JIBYM npr3HaKaM X u Y. koB (puc. 8.5). IIpoekiuu 3TUX MOJjel TOYEeK Ha

a — pasjieNieHne ToIbKo Mo X; 6 — pasnene-  ocu X U Y JAIOT UCXOIHBIC THCTOTPAMMBI O Ka-

HUE TONBKO 10 Y, /' — JMHWA IPAHUUBL HAH-  ynoMy IpE3HAKY ISl YYacTKOB | W 2, KOTOpBIE

AYHIICro pasAeseri no X u 'Y MOJTHOCTBIO He pazfenstorcs (ciaydan a u 6). Ho

0 IByM NPU3HAKAM Ha KOMITJIEKCHOM TUIOCKOCTH

XOY obnaka Todek [uisi ydyacTkoB 1 u 2 B meHTpe puc. 8.5 ymaercs pa3nenuTh JuHuEH [,
ypaBHEHUE KOTOPOU

Y=a —aX. (8.7)
DTa NTUHUS WIK TPaHMIIA ITO3BOJIAET PEIINTh 33/1a4y 00 OTHECEHWH OOBEKTOB K PYAHO-
My uin Oe3pyaHoMy kinaccy. Ecinu coueranue npusHakoB X u Y 1t IPOBEPAEMOM aHOMAJIUH
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JlaeT TOYKY BBIIIIE TPAHUIIBI, TO OOBEKT PYAHBIN, a €CIu HIKe — Oe3pyAHbIi. Berancnennem
KO2(PPUITMEHTOB Qg ¥ a7 3aKaHYUBACTCS dTAIl OOYUICHHS.

Ha stane ananu3a Ui BCeX MpOBEPSAEMbIX aHOMAITHIA 1O 3HAYCHHUSM Npu3HAKoB X U Y
MOJIO’KEHHE TOYKH OTHOCHTENBHO JIMHUU JTUOO OMpeAessatoT rpaduuecku, Tu00 pacCUUThIBa-
IOT BEJIMYKHY g = Yj — @iXj, KOTOPYIO CPaBHUBAIOT C 8y U3 (opmyisl (8.7). OueBUIHO, YTO
npH g > 8y (ITATOHHOTO) TOYKA OKAXKETCs! BBILIE TPAHUILIBL, T.€. Oy/IeT OTHECEHA K PyJHOMY
KJ1accy, a pu g < g OKAXKETCs HIDKE TPAHUIIBI M OyJeT OTHEeCeHa K Oe3pyAHOMY Kiaccy.

[Tpu wcronp30BaHUK OOJIBIIETO YKCIIA MPU3HAKOB CUTYAIMIO TPYIHO H300pa3uTh Tpa-
¢uueckn, Ho OBM 1 B TaKOM MHOTOMEPHOM MPOCTPAHCTBE Ha dTane oOydeHHs HaWIeT He-
KYI0 THIIEPILUIOCKOCTD, PA3ACISIIONIYI0 TOUKM KiaccoB 1 u 2. 3aTeMm, Ha »Tane aHalid3a, ypas-
HEHUE 3TOH TUMepIIoCKOCTH UCTIOIB3YIOT 7S pa30pakoBKMU aHOMAaJIMi Ha JIBa KJlacca.

Pazoenenue noneit 0na yenei ceoxapmupoganus. [Ipu pemieHnn 3a1a4m reokapTUpo-
BaHUS 1O KOMITJIEKCY MPU3HAKOB BO3HUKAET HEOOXOAUMOCTh pa3zelieHus Moyiel He Ha JBa, a
Ha OOJIbIlIee YUCIO KJIACCOB, COM3MEPUMOE C YUCIIOM Pa3IMYHBbIX I'€OJIOTHYECKUX KOMILIEK-
COB Ha TEPPUTOPHH ChEMKH. AITOPUTM paclo3HaBaHUsl 00pa30B MPHU ITOM TakkKe padoTaeT B
JIBa dTamna: 00y4eHHs Ha HTaJIOHaX M paclio3HaBaHus. B mepuon oOydeHHs KaXKablid reosioru-
YECKUN KOMIUIEKC XapaKTEePHU3yeTCs CBOMM OOJAaKOM TOYEK B MHOTOMEPHOM MPOCTPAHCTBE
MPU3HAKOB, MTPUYEM 00JIaKka JIJIsl pa3HbIX KOMILJIEKCOB, €CJIM HE Pa3AessaioTCs T0CTaTOYHO Ha-
NeKHO, TOANEKaT Oo0beAMHEHUI0. [ Kakmoro o0Jjiaka OICHMBAIOT KOOPIWHATHI IIEHTpa
(cpennue 3HAYCHUS MMPU3HAKOB) U paauyc (aucrepcuio). COBOKYIMHOCTh MPU3HAKOB IS KaX-
JIOW TOYKH HAOIIOJIEHUS TaeT HEKOTOPYIO TOYKY B MHOTOMEPHOM MPOCTPAHCTBE MPU3HAKOB.
AJTOpUTM pacrio3HaBaHUs OLICHHUBAET, K KAKOMY O0JIaKy-3TaJlOHY MOKHO OTHECTH 3Ty TOUKY
(T.e. K MOpoJaM Kakoro kiacca). Ecnu Touka He MOXKeT ObITh YBEpEHHO OTHECEHA HU K OJHO-
MY 3TaJIOHHOMY KJIacCy, TO OHA He MOJIeKUT KiIacCu(PHUKaIIH.

[TonoOHbI anropuT™M TpeOyeT AOBOJIBLHO OOJBIIOIO 00OBheMa BBIUMCICHUN JaKe C HC-
nosib30BaHneM coBpeMeHHbIX OBM. Ero paboTty MoxHO cienaTh OoJiee TpOu3BOIUTETHLHON U
HAJCXKHOM, eClHM CHayala pasleluTh IUIOMAAbh IO KOMIUIEKCY MPHU3HAKOB HA KYCOYHO-
OJTHOPOJIHBIE YYacTKU. B HMX mpenenax cpeiHue 3HAUEHUS U TUCHEPCHUS TOJSI COXPAHAIOTCS
MNOCTOAHHBIMH, HO 3aTO 3aMCTHO M3MCHAIOTCA HAa IpaHUIAX Y4YdaCTKOB. I[anee JJIs1 KaXa0ro
TAaKOT'0 OJHOPOJHOTO y4yacTKa MO CPEJHUM 3HAYEHHUSM U TUCHEPCUU MOJIeH MPOBOIAT OMO-
3HABaHUE T'€OJOTHYECKON NPUHAICIKHOCTU 3THX YYACTKOB IIYTEM COIIOCTABJICHUA C 3TAJIO-
HaMH, KaK OMHMCaHO Bblille. Vcrmonab30BaHHE BMECTO OTIENbHBIX TOUYEK LIENBIX YYacTKOB 3a-
METHO TIOBBIIIAET HAJE)KHOCTh PACIO3HABAHMS, TaK KaK MPHU3HAKH, YYACTBYIOIIME B Pacro-
3HaBaHHUH, CTAHOBSTCS 00Jiee YCTONUNBBIMHU.

[IpuHnumel paboOTH aITOPUTMOB paclO3HaBaHUS OOPa30B OMHCAHBI B CaMbBIX OOIIHX
yeprax. Ha mpakTuke MpUMEHSIOT HECKOJBKO JECSITKOB aITOPUTMOB PACIIO3HABAHUS, OCHO-
BaHHBIX Ha PACCMOTPEHHBIX WJIM HECKOJbKO MHBIX MpHUHIMMIAX. HecunbHO pa3nuyasce 1o cy-
TH, OHH BECbMa Pa3HOOOPA3HbI B ICTANIAX paOOTHI U, KaK MPABUJIO, 3HAUUTEIBHO CIIOKHEE M3~
JIOKEHHOU BBIIIE MPUHIIUTTAATIBHON CXEMBI.

8.3.2  Komnaexcnaa obpabomka npu KoJ1uvecmeeHHoi UHmMePnpemayuu

KonnyecTtBeHHast KOMIIJIEKCHAsE HHTEPIIPETaIUs pa3paboTaHa B MEHBIICH CTEIICHU, YeM
kauecTBeHHas1. CymecTByeT HECKOJIBKO MOAXO0I0B, HAXOIAIMX TPAKTUYECKOE IIPUMEHEHHE.

Coemecmnoe pewienue 00pamuvix 3a0a4 0711 HECKONbKUX 2eouzuueckux noneil.
Haubonee pazpaboTaHbl MprueMbl COBMECTHON KOJUYECTBEHHON MHTEPIPETALUHU JJIs TPaBH-
TAI[MOHHBIX U MarHUTHBIX nojieill. CHavana /i KaxJI0To reo(u3nueckoro MeToia pa3esibHoO
pemaioT oOpaTHbie 3a1aun. i1 3TOro MOXKHO HMCIOJIB30BATh METOJIbI KacaTeIbHBIX M XapaK-
TEPHBIX TOYEK, MAJETKHU TEOPETHUECKUX KPHUBBIX, HJIM alnroput™m noadopa. Ero cyrs 3akiio-
YyeHa B cienyronieM. [1o Buay reopu3nueckoil aHOMaJIMK JIENaloT MPEAIoNoKeHne o Gpopme,
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pa3Mepax, riyOuHe 3aeranus U (pU3N4ecKuX CBOMCTBAX BBI3BIBAIOIIETO aHOMaHIO Tena. 1o
3TUM JaHHBIM Ha DBM pemaioT npsmylo 3a1aqy U TEOPETHUYECKU PACCUUTAHHOE TOJIE CPaB-
HUBAIOT C SKCIIEPUMEHTANIBHBIM. JlJI1 YMEHBIIIEHHs] HECOBIAACHUS ATHX IOJei Bce mapamMer-
PBI MOJIENIN HECKOJIBKO U3MEHSIOT, IPUYEM HaIpaBICHUE U3MEHEHUN U X BEJIMYHHY OIpe/e-
asier DBM. Tlpouecc moadopa 3aKaHYMBAIOT, KOT/Ia pa3IMyUe TOJIEH CTAaHOBUTCS MEHBIIE
3aJJaHHOTO TIpeJiesa WK OONbIIe He U3MEHSIETCS.

Mozenu, noay4eHHbIe HE3aBHCUMO IO JIBYM Pa3HbIM IOJSIM, 3aT€M HAYMHAIOT H3Me-
HATH COBMECTHO, YTOOBI TIOJIYYUTh €IUHYIO (OpMYy 00BEKTa, YAOBIECTBOPSIONIYI0O 000OUM I10-
M. Takoe 0IHOBPEMEHHOE COBMEILIEHNE MOJEIBHBIX MOJIEH ¢ IKCIIEPUMEHTAIBHBIMU PE3KO
YMEHbIIAET KOJIMYECTBEHHYIO HEOTHO3HAYHOCTh PELICHUS.

Ouenka 2nydunsl 3a1e2anua nO6ePXHOCMU QyHOamMenma no Komniekcy zeogpusuue-
cKux noneit. B minarhopMeHHBIX YCIOBUSAX TPaHULA pa3/iesia KPUCTALIMYECKOro (hyHIaMeHTa
M OCaJIOUHOTO YeXJia XapakTepuszyeTcss OOJbIIMM KOHTPACTOM (PU3UYECKHX CBOMCTB. JTO
MO3BOJISIET OLICHUBATH [IyOMHY 3ajieraHus (yHJaMEHTa M0 KOMILJIEKCY IMOJIeH METOJ0M MHO-
TOMEpHOM TUHEHHOH perpeccuu. PaboTa anropuTma pacnamaercs Ha JBa dTarna—oO0ydeHne 1
ucnosap3oBanue. dopmyna perpeccun UMeET BUL

k
Y=a,+ Z aX, (8.8)

rae Xj — NpU3HAKU reo(pU3UICCKHIX MMOJIeH;— CBOOOHBIN YICH; dj — PErPeCcCHOHHBIE KOA(]-
¢bunuenter; Y — pe3ynbTar, B JaHHOM Cilydae riyOuHa 3aneranus Gpysnamenta. Kosddumu-
€HTHI @j , g U MHOXKECTBEHHBIA KOIPPUIMEHT KOPPENALnH lyr1 , XapaKTEPU3YIOUINIl TECHO-
Ty nuHEiHOM cBsi3u Y ¢ X, Onpeaessitor mo hopmyiam

(8.9)

rae X,Y,0,,0, oupexensitor mo dopmyne (8.5); bj,—Bcnomorarensueie kodpuuueHTsL,
[IOJIy4aeMbl€ B XOJI€ PELICHUS CUCTEMBI JIMHEHHBIX YPaBHEHUN MHOXXECTBEHHOU PErpecCuy;
I''y— BBIOOpOYHBIE KO3 UIMEHTHI Koppesuu X ¢ Y.

Ecnu B psine Touek m3BecTHa riryOMHA 3aieranus (yHAaMEeHTa, TO 1O 3HAYCHUSAM Ieo-
(U3NUECKUX MPU3HAKOB B 3TUX TOYKAX METOJOM HAWMEHBIIMX KBAJPAaTOB OLEHUBAIOT KO3(-
(UIMEHTHI 8g, @j U 3aTEM BBIYUCISIOT MHOXECTBEHHBIH KOA(PHUIIMEHT KOppensuu I.1. Ec-
J1 3Ha4eHUs lyiq gocturatot 0,7—0,9, To KoppensiiroHHasi CBSI3b IOCTAaTOYHO YCTOWYMBA U
JUIS pacyera rITyOMHBI 3ajieraHus pyHaaMeHTa MOXKHO UCTOIb30BaTh popmyiy (8.8).

Ouyenka cooeprrcanuii NOJIE3HLIX UCKONAEMBIX RO KOMNJIEKCYy npu3znakoe. Jlns peiie-
HHsI TIOJZOOHBIX 3a/1a4 TAK)KE HCIIONIB3YIOT YPAaBHEHHE PErpecCHH, OAHAKO B KadecTBe Y Ha
sTamne o0y4deHus: OepyT cofepKaHUe TOJIE3HOTO NCKOMAaeMOro 1Mo JaHHBIM orpoOoBanHwms. J{is
reo(pU3NYEeCKUX HCCICIOBAHUN CKBAXWUH TPU BBICOKHX COJECPKAHUSAX PYIHBIX MHHEPAJIOB
K03 UIMEHTHI Koppensaiuu MoryT gocturats 0,9—0,96, T.e. oneHka coaep KaHuid 1Mo JaH-
HbeiM [IC oka3biBaeTcsi BeChMa HaJIe)KHOW. B OMaronpusaTHBIX yCIOBUSAX M 1O JaHHBIM Ha-
3eMHON re0(U3NKH MOKHO TOJYYUTh MPUEMIIEMBIE OIICHKH COACPKAHHMI WM 3a1acoB Py B
3aBUCUMOCTH OT HUCIIOIB3YEMBIX T€OPU3NICCKUX MPU3HAKOB U MaTepHaia 00yueHus.
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8.3.3 Asemomamusuposannvie cucmemvl KOMRIAEKCHOU 00paAOOMKU OAHHBIX

OneIT UCMIONIB30BAHUS MTPHUEMOB KOMITJIEKCHOM MHTEPIPETAIUH JaHHBIX Psa METOAOB
MOKa3bIBAaET BBICOKYIO 3((EKTUBHOCTh PEIICHUS MHOTHX T'€0JIOTUYECKUX 3a]1ad, HEeTOCTHXKU-
MYIO C TIOMOIMIBIO OJTHOTO METOJIa WJIH MPH Pa3AeTbHOM HCIIOIB30BAHUH KaK10r0 MeToaa. Ho
obunre nepepadaThiBaeMOil HHPOPMAIIMH JIeJIaeT HEBO3MOXKHBIM (32 PEAKUMH HUCKITFOYCHUS-
MH) PYYHYIO pealn3aluio anroputMoB 0e3 nmpumenenuss OBM. Orpomubie 00beMbI TOATO-
TOBKHM JaHHBIX 1151 OBM U Tpyq0€MKOCTh 3THX ONepanyid MO3BOJISIIOT CYUTATh, YTO MPOLIECC
KOMIUICKCHOW WHTEPIIPETAllMd B MPOMBIIUICHHBIX MaciiTabax HEBO3MOXEH 0e3 CO3TaHws

0ankoB naHHbIX (b/]) 1 aBTOMaTU3MPOBAaHHBIX CHCTEM 00-
pabotku nanabix (ACO/]) Ha DBM.

B Oanke maHHBIX HAKalUIMBAETCSl M XPAHHUTCA Ha
MarHuTHBIX JIEHTaX WIM JUCKaX MH(OpMalus Mo reosio-
TMYECKUM, TEOXUMHUYECKUM U TE€O(PHU3MUECKUM HCCIEI0-
BaHUSIM B peruoHe. ABTOMAaTH3MpOBAaHHAas CHUCTEMa IIO-
3BosisieT BbIOpaTh u3 BJl BCio mHpoOpManuio mo KOHKpeT-
HOMY Y4YacTKy WJIH €€ OINpPENEeJICHHYI0 4acThb M IOJBEpPI-
HyTb ee o0Opaborke. TumoBas crpykrypa ACO/-
Alpo- reodusnka nmpusBeaeHa Ha puc. 8.6. OHa cocTouT n3 OaHKa
il nansbix (BJ[) m Oonpiioro yucna mporpamm 00pabOTKH,
O00BETMHEHHBIX B HECKOJBKO CHCTEM, B3aUMOJEHCTBYIO-
IIMX MEXIY COOOW C TIOMOIIBIO HEHTPAILHOW U Ba)KHEH-
mei cuctemsl onepupoBanus nanasiMu (COJL). CO/] mo-
3BOJISIET BHIOpaTh M3 OaHKa JAaHHBIX MH(OPMAIIHIO, OTHO-
CSAILYIOCS] K ONPEEeNICHHOM IUIOaAn, MacTady win me-
TOJy, IpeoOpa3oBaTh ee Mo 33JaHHOMY aITOPUTMY, Iepe-
JaTh TOMETOAHBIM CHCTeMaM OOpabOTKH, 3amucaTh pe-
3ynbraThl B B/I, BBIAATh €e Ha meyaTh WU rpadornocTpou-
Tellb.

coa

Puc.8.6 Tumosas cTpyKTypa CucrtemMbl mporpaMM IO OTAEIBHBIM METOJAaM —
ACO/JI-reodusnxa ceiicmo- (C/P), anexrpo- (3/P), rpaBu- (I'/P) u MmarauTopas-
Benku (M/P) momywarot nanubsie u3 bJl, moaroroBneHHbIe
¢ momombio COJI ans paboThl ¢ KOHKPETHBIMU AITOPUTMAMHU TIOMETOJHON HHTEPIpETaIUH.
Cuctemsl 151 OTACTBHBIX BUIOB HccienoBanus — ckBaxuHHbIX (I'TIC), asporeodusznueckux
— TIO3BOJISIFOT BECTU O0pa0OTKYy M KaueCTBEHHYIO U KOJMUYECTBEHHYIO MHTEPIPETAIUIO JIaH-
HBIX CBOHMX TEXHOJOTHYECKUX KOMIUIEKCOB. CHCTeMa MporpaMM i KOMIUIEKCHOTO aHaIHn3a
(KA) mo3Bosisier ¢ momotpio COJl 00beIMHNUTD TaHHBIC Pa3HBIX METOJIOB B €IUHBIN MacCHUB,
MPOBECTH MX KOMIUIEKCHYIO 00pabOTKy B COOTBETCTBUH ¢ Tpadom 00pabOTKu (3aTaHHEM),
BKJIIOYAIOIIMM OIPENICTICHHYIO MOCJIEI0BaTEIbHOCTh ONepalui, BbINOIHsAeMbIX DOBM aBTO-
MaTHUYECKH WIIU K€ C KOHTPOJEM MPOMEKYTOUHBIX PE3YNIbTATOB IMOCIE OTIEIHHBIX ITAIOB
00pabOTUNKOM, TPUHUMAIOIINM PEUICHUS O 3aBEPIICHUH, MPOJOIKECHUU WM H3MEHCHHUH
ornepauuii 00padotku. [Ipu HammuuM rpadonocTpouTenei pe3yabTaTbl pacCieToB MOTYT OBITh
MpeACTaBICHBI TpadUUECKh B YEPHO-OCIIOM HIIM IIBETHOM HM300pakeHUH, B BHUJE TPa(UKOB,
KapT, pa3pe30B WIHA B TPEXMEPHOM M300paKCHUU B TFOO0N HYKHOW MPOCKIIHH.
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