ANATHOCTUKA
U HALEXXHOCTb
FA3OHE®DTETPAHCMOPTHBIX

Mnasa 2 | oWCTEM

TOTUTMBHO-9HEPTETUYECKUN KOMILIEKC BKJIIOYAaeT B cebsi, KpoMe
PacCMOTPEHHBIX B TPEbIAYIIEH IJIaBe CUCTEeM JOOBIUU YIJIEBOIOPO/I-
HOTO CBIPbs, Pa3BeTBJIEHHYIO CHCTEMYy TPaHCIOPTa, B KOTOPYIO BXO-
JST TPOMBICJOBBIE U MarucTpajbHbie TPYOOTPOBOABI, KOMIPECCOP-
Hble U HACOCHbIE CTAHI[UU, pe3epByapHble IIapKU M XPaHWIMUINA U T.J.
[ToaTomy paccMoTpeHHble B IpeblAylleil riaBe METOIbl AMarHOCTH-
KU TEXHUYIECKOTO COCTOSTHUsI 000PYAOBaHUsST AOOBIUM YTIEBOIOPOIOB
HEOOXOMMO JIONOJIHUTL Pa3paboOTKON METO/0B KOHTPOJIS Mapamer-
POB Ha/IESKHOCTU CUCTEM TPAaHCIIOPTa YIJIeBOJOPO/IOB.

MeTozbl 1MAarHOCTUKU CHUCTEM TpaHCIopTa HedTH M rasa B Ha-
CcTosililee BPeMsT MOJYYUIN HOBOE Pa3BUTHE, B TEPBYIO Ouepe/b, Oia-
rofiapsi IMUPOKOMY WCIIOJB30BAHUIO TIPHOOPOB € MHUKPOIPOIECCOP-
HBIM YIPaBJICHIEM U TIPOTPAMMHOMY OOECIEUYeHHUI0 JIJisi MaTeMaThnye-
cKOi 006paboTku pesysbraToB uaMmepenuil. OAHaKo, B psijie CJyyYaes,
OPUHIMITHATLHO HOBast HHGOpMaiust (110 TOYHOCTH, KA4eCTBY U 00b-
eMy), HoJiyyaeMasi COBPEMEHHBIMHU JHATHOCTUYECKMMH NPUOOpamMu,
06pabaThIBaeTCsA € TIOMOINBI0 AJITOPUTMOB — CTATHCTUYECKUX, CIEK-
TPaJIbHBIX, [TapaMeTPUYECKUX M JPYIHX, — OPUEHTHPOBAHHBIX Ha OI-
PaHUYEHHBIH O0BEM BHKCIIEPUMEHTANBHBIX MaHHBIX W HEABTOMATH3H-
POBaHHBIN BBOJ[ IaHHBIX.

Mexay TeM, pa3BuUTHE MaTeMaTUYeCKUX METO/IOB, B IIepPBYyIO oye-
pezb MeTO0B 06paGOTKU BPEMEHHBIX PSIZIOB U CTOXACTUYECKOW /-
HAMUKH, TIO3BOJISIET TIOy4aTh HA OCHOBE GOJBITNX 00HEMOB HU3Mepe-
HUW NPUHIMIIMAIBHO HOBYI0O MH(MOPMAIMIO O TEXHUYECKOM COCTOSI-
HUW, HAJIEKHOCTH U 0E30TMaCHOCTU CJIOKHBIX TEXHUYECKUX CUCTEM, K
KOTOPBIM OTHOCSITCS W CHUCTEMBI TPaHCIIOpTa yIJIeBOAOPO0B. B nan-
HOH IJIaBe IPOBOJUTCS aHATIN3 BO3MOKHOCTEN MCIIOJIb30BAHUS 3THUX
METOJIOB /IS 1ieJIeil AMarHOCTUKKU W TIOBBIIIIEHUST HALEeKHOCTH (DyHK-
IMMOHUPOBaHMsT 060PY0BaHUsT HE(DTEra30MPOBOIOB.



2.1. PASPABOTKA METO/JIOB AHAJIN3A JAHHbBIX
BUBPOAUATHOCTUKHU POTOPHbBIX MAIITNMH

BubpoauarHocTiuka sBJSETCS OJAHUM U3 OCHOBHBIX METOIOB
OI[EHKHM TEXHUYECKOTO COCTOSIHUSI CJIOKHOTO M JIOPOTOCTOSIIIEr0 000-
pynoBaHusi HedTEra3oBoi OTpacid — HACOCOB, KOMIIPECCOPOB, TYP-
6un. C pasBUTHEM TEXHUKHW PErMCTpanuu u o6paboTKu BUOPOCUTHA-
JIOB, 1, 0cOOEeHHO, IpU Iepexoje K HudpoBoii popMme mpencTaBaeHus
JIAHHBIX, JUArHOCTUYECKHE BO3MOKHOCTH METOJ[Aa 3HAYUTEHHO yBe-
JIMUUIACh, Tak, cuMTaercs, 4To BUOPOAMArHOCTHYECKHUE METOIbI II0-
3BOJISTIOT TTOJIYyYUTHh JOCTOBEPHOCTH [AUAarHo3a (OTHOIIEHWE YHCJIa
BEPHBIX AUATHO30B K oOmemy ux unciy) 1o 90 % [1].

JlocToBEPHOCTH BUOPOIUATHOCTUKU 3aBUCUT HE TOJBKO OT COBEP-
NIEHCTBA TEXHUKU M3MEPEHHUsI U PErUCTPallii CUTHAJIOB, HO U OT Ma-
TEMATHYECKUX METO/0B, KOTOPbIE TNPUMEHSIIOTCS TIPU WX aHaJIU3e.
Tak, mo nanubIM [1] 70CTOBEPHOCTH AMATHOCTUPOBAHUS TIO CpeHe-
kBaziparnunomy sHauenuntoo (CK3) BubpockopocT cocrasisier 60—
70 %, 1o cmexrpam BuOpocurnanios — 80 %, ¢ IPUMEHEHHMEM KEIICT-
paibHOTrO aHamm3a (romomopdHoi duabtpanuu) — 83 %. IlomHbrii
JKe apceHasl MeTOZoB (B COBOKYITHOCTH C TPUMEHEHHWEM aHaJM3a
CUHXPOHHBIX CIEKTPOB) YBEJUUYMBAET AJ€KBATHOCTb OIEHKW TEXHU-
YEeCKOr0 COCTOSIHUSI Ta30TPaHCIIOPTHOro obopypoBaHus a0 85—87 %.
3aMeTuM, OJMHAKO, YTO TMOA00HAsT TOYHOCTh MOCTAHOBKU JAHArHO3a
BO3MOJKHA JIMIITB TPU BBICOKON KBaJUMUKAIINKA CIEIHATUCTOB, TaK
KaK aBTOMATUYECKOE 3a/[aHKe MAPAMETPOB B IMOMOOHBIX AJTOPUTMAX
00paboTKU BeChbMa 3aTPYAHUTEBHO.

Ha npakTuke TOYHOCTH JMATHOCTUPOBAHUS 3HAUUTEIHHO HUKE.
Kak mokasas ctaTHCTUYECKWI aHaIM3 aBapUHbBIX OTKA30B Tasolepe-
kauymBarommx arperatoB (I'TIA), skcmayatupyrommxes B JIII «bam-
TpaHCra3», TPAAMIIMOHHBIE METOJbl WACHTHU(UKAINNA TEXHUIECKOTO
COCTOSIHM: arperaToB IO3BOJAIOT IpeicKasarh He Ooxee 30 % aba-
puii. B cBs3u ¢ 3THM IIpelcTaBiisgeT MHTepec paspaboTKa ajbTepHa-
TUBHBIX METOJOB BHOPOIMArHOCTHKH.

B mocnennee BpemMsi HaMeTUJIach TEHIEHIIUS K Pa3BUTHIO TaK Ha-
3BIBAEMOT0 MOJIAJIBHOTO aHaJIM3a, T.€. PacueTa XapaKTepUCTHK coOCT-
BEHHBIX KOJeOaHMII KOHCTPYKIMK Ha OCHOBE IIOCTPOEHHS MAaTE€MaTH-
YeCKOI MOjIeJu BCEro MeXaHuaMma wuin ero y3sioB. CorocraBienue
TEOPETUYECKUX U OHKCIIEPHMMEHTANbHBIX CIIEKTPOB arperara, 0esyc-
JIOBHO, YIPOCTUT TPAKTOBKY TOCJEIHUX, HO TEOPUsl ITOTO METO/a
pasBUTa B HACTOSIEEe BPEMsl HEIOCTATOUHO, YTO 3aTPY/AHSIET €ro
MPAaKTUYECKOE TTPUMEHEHNE.,

00630p CyLIeCTBYIOMMX METOZOB 00pabOTKM M aHaIM3a MCXOIHOI
BUOPOMH(pOPMALIUY  TIOKA3BIBAET, YTO MareMaruueckas oOpaboTka
CUTHAJIA TTPAKTUYECKHM BO BCEX CJIydasiX OTPAHMYMBAETCS (PUIbTPAIIU-
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eii, soruncaenneM CK3 u mnpeobpasosanuem Dypbe. B gannom pas-
JieJie IIPOBeieHa IIOIbITKA IIOBBILEHNST JOCTOBEPHOCTU BUOPOAUATHO-
CTUYECKOTO aHAJM3a C yYETOM IMyMOBOI COCTaBJISIIOIIEN M3MEPEHMIT,
a TaK)Ke PACCMOTPEHBI BOBMOKHOCTH WCIIOJIb30BAHUS B JMArHOCTUYE-
CKUX I€JISIX METOJIOB, OCHOBAaHHBIX Ha IPUMEHEHUU MaTeMaTU4eCcKOoi
CTAaTUCTUKU, TEOPUU HEJTMHENHBIX SBJIEHUN Y CHHEPTETUKH.

2.1.1. AHAJIM3 ITPTYNH BAPUABEJIbHOCTHU BUBPOCHHEKTPOB
N UCCJIEJOBAHUE ITPUPO/IbI
IMYMOBOI1 COCTABJIAIONMIEA BUBPOCUTHAJIOB

MexaHudyeckue KojieOaHUS Y3JI0B POTOPHBIX MAIlUH, TaKUX Kak
raszonepeKavyrBaloiue arperatbl, HeMTSHbIE W BOJOHATHETaTeJbHbIE
HACOChl, HECYT MH(OPMAIMIO O TEXHUYECKOM COCTOSTHUU arperarta B
vyacToTHOM Amanasone 10—1000 I, uTo mcmoab3yercsa A1 BUOPOIU-
armoctuku [1—-4].

Kak nmoxasbiBaer IpakTHKa BHOPOOOCIENOBAHMIA, CIEKTPBI KOJIe-
GaHUil OJHOTO M TOrO ’Ke y3Jia arperaTa 3HAUUTEJbHO Pas3JINYaIOTCH,
Jladke ecJid TIepuoJl MEXKIY 3alUCSIMH CIEKTPOB COCTABJISIET Yachl U
Jlaske MUHYTBL. JTOT (DaKT He yHaeTcs OObSCHUTH IPOSIBJECHUEM Jle-
(dekTa MM M3MEHEHMEM peKUMa PaOOThl MAIIUHEBI, CJIEZ0BATEIHHO,
IPOUCXOAAT HEYYTEHHbIE IPU 3alMCU CIIEKTPOB KoJjebaHust ¢ 60Jib-
mwuM repuoaoM. ITockobKy camu 110 cebe HU3KOYacTOTHbIE Koseba-
vus (HY) we ™moryr m3menuTh BbIcOKo4acToTHbI (BY, mmeercs
BBUAy uHbopMmaruBHb uanazon 10—-1000 I1) crmekTp, MOKHO
NPEJION0KUTh, YTO HECTaOUILHOCTL CIIEKTPOB BO BPeMeHU 00YCJI0B-
JleHa HeJIMHEHHBbIM B3aMMOJAEHCTBMEM KOJIeOaHWH BBHICOKUX M HU3KHX
YacTOT, YTO HPUBOAUT K Moxyasaiuun BY kojebaHuii ¢ BOSHUKHOBE-
HUEM psiZia KOMOMHAIIMOHHBIX CYMMapHBIX ¥ PasHOCTHbBIX 4acToT [5] .

PaccmotpuM ofivH M3 TIOAXO/I0B K M3YyYEHUIO TTPUPOJBI ATOTO SIB-
JIEHUS.

TpanuiuoHHO CIIEKTPbI NPUHSTO MPEACTABIATh B BUJE CYMMbI
JIeTEPMUHUPOBAHHON U CIIyYallHON COCTABJSAIONIEH

V() =)+, (2.1)

rae V — ammmtyaa BUOpockopocTd; ® — (DYHKI[HS, OMUCHIBAMOIIAS
U3MeHeHre aMILIUTY bl BUGPOCKOPOCTH OT 4acToThl B BY auanasone,
KOTOPYIO MOKHO TIpe/icTaBuTh B Buje psina Dypoe

O(f) = 0,(@) = 3 4, sin(,t +7,)
i=0

E(f) — mymoBast COCTaBJIAIONIAA CUTHAJA, UMEIoNIast B 00LIeM ciyyae
[IPOM3BOJIBHOE PACIIPE/IETIEHUE.
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B nammx npeanosioxkenusx Gyuxiws E( f) onuchiBaer He IIyMm, a
SIBJISIETCS  Pe3YJIbTaTOM HEJMHENHOIo B3aMMOIENCTBU KoJeOaHuii
Pa3JTMYHBIX YACTOTHBIX /[MATTA30HOB.

Oyuknus O(f) onpenessercs MEXaHUYECKUM COCTOSIHIEM POTOP-
HOW MAalTWHBI, © UMEHHO TI0 Hell BO3MOKHO OTIpe/ieJieHre BO3HUKAIO-
mux gedexroB. OpHAKO /Ui BbljleJIeHUsT 3TON (DYHKIIMU B «YUCTOM
BUIe> HEoOX0oAMMO pacriosarath uHopmarmeil o sasucumoct  E(f)
WJIH, TI0 KpaifHell Mepe, OIEHUTh CTENeHb ee BJIUSHUS Ha WHDOpMa-
tuBHBIM BY cmexTp.

He paccmaTpuBast KOHKPETHBIH (QU3WYECKUN MeXaHWU3M HeJu-
HEIHOro B3auMOAEUCTBUSA KOJIeOaHUN PasIMYHbIX YaCTOT, HPEACTa-
BUM €r0 Pe3yJbTaT KaK CyMMY IapMOHUYECKUX KojebaHuil ¢ O6ms-
KUMU YaCTOTaAMU:

&(f) =¢&(w, Q) =

j=mi=

3

-3

j=

) (A sin[(o; + Q)+, 1+ By sin[(o, —Q)t+y;]),  (22)

1

o

rae o; — vactorsl BY konebanmii, Q; — uwacrorst HY kosebauuii,
npuyeM © >> Q. Takum o6pasoM, HecMOTpst Ha TO, yto HY koseba-
Hust B BY criekTpe He oTpa)aloTcsl, OHU MPUBOJSIT K BOSHUKHOBEHUIO
rapMOHUK C 4acToTaMU ; + ), KoTopble uckaxatoT 1 BY crmekrp. 13
Teopuu KosiebaHU U3BECTHO, UTO CJIOKeHMe KoJaebGaHui ¢ GIM3KUMU
YaCTOTAMHU TIPUBOJUT K BO3HUKHOBEHWIO HU3KOYACTOTHBIX OMEHWI,
KOTOpBIE MOTYT OBITH MCIIOJIb30BaHbl Jisi 0OHapy:xkeHust HY cocras-
sstonieil. IockonbKy B HallleM IPeANoNoKeHUH @ >> (), TO JIs U3-
mepernst HY kosieGanuii 0CTATOUHO UBMEPATH CPEHEKBAPATUYHOE
3Hauenne BY curnanma ¢ nepuoiMYHOCTBIO, KOTOPasd OIIpe/iesisieTcs
yacroroit Haiiksucra aaa HY curnana. Tak, Hanpumep, eciu Heob-
XOIMIMO WCCJIeNOBaTh BiusHMe Ha BYU criekTp KosebaHmil ¢ meproaom
GOJIBIIUM 2 MWH, MEPUOAMIHOCTh M3MEPEHUH OJLKHA OBITh HE HUXKE
1 mun'. Uzyuenue HU konebanumii ¢ 6Gojiee BLICOKHMU 4aCTOTAMU
Tpebyer GOJbIIEH YaCTOTHI U3MEPEHUH, HO MPU OTOM CJEyeT UMETh
B BUIy, YTO BpeMsl KBaJ[PATMYHOIO YCPeIHEHUs CUTHaJIA AT JTOJIKHO
HOYUHATHCS yCJIOBUIO

max{T,} < At < min{Tg},

rne T, — nepuox BY curnana; To — nepuon HY curnama.

[l aKcriepuMeHTaIbHOM TIPOBEPKU TUIIOTE3bl O TeHepalluyd HU3-
KOYaCTOTHBIX KoJeGaHuil Tpu paboTe POTOPHBIX MAIIUH OBLIM TIPO-
BeJleHbl M3MEPEeHMs CpeAHeKBaJpaTU4yHOro 3HaueHusa BY curnana
BUGpOCcKopocTH TasonepekaunBatoriero arperata (ITIA) c¢ rasoryp-
O6uHHBIM 1TpuBOAOM B moJsioce yacToT 10—1000 T ¢ mepuognIHOCTHIO
B 1 mun Ha nporsukenun 8,5 u (puc. 2.1). Pexkum paborsr [TIA tuma
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Puc. 2.1. Bpemennbie psabl M3MepeHHii ypoBHsi BHOpauuu (CpeIHEKBaJpPaTHYHOE
3HauYeHHe) B pa3iauyHbiXx Toukax ['TIA:
1 — OIl xommpeccopa; 2 — OYII TH/; 3 — OVYII narueraress

I'TK-10 cooTBeTcTBOBaZl HOMWUHATHLHON MOIIHOCTH yCTaHOBKH. V3Mme-
PEHUST MPOBOAMUJIKCH C IMOMOIIBID JATYUKOB BHOPOCKOPOCTH, PACIIO-
JIO)KEHHBIX B TpexX Toukax [TIA — OmOpHBIN MOAIMUITHUK KOMITPECCO-
pa (rtouka 1 cTaHZAPTHON CXeMbl BUOPOU3MEPEHU), OMOPHO-
VIOPHBIA MOAMMNIHUK TypOuHbl Huskoro nasaenus (OYII TH/I)
(Touka 4) W ONOPHO-YIOPHBII HOAIIMITHUK HarHerartesss (To4ka ).
OpueHTanusl yCTaHOBKU JAaTYUMKOB COOTBETCTBOBAJIA pPa/lajbHOMY
HarpasyeHnio Kosebanuit. OMHOBPEMEHHO MTPOBOAUIMCH U3MEPEHUsT
yactoThl Bpamieruss poropos TH/[ u TB/I, remmeparypsl u naBienust
rasa B PasjMUHBIX TOUKAX [ KOHTPOJsA peskuma pabotor TTIA.

U3 puc. 2.1 crnemyer, 4to cpeaHeKBajpatrnuyHoe 3HayeHue BY-
cWrHajia  BUOPOCKOPOCTH JIEHCTBUTEIHHO M3MEHSIETCSI BO BPEMEHH,
HECMOTPSI Ha HeU3MeHHOCTh pexkuMa paborbl T'TIA (oTKIOHEHUs pe-
JKMMHBIX TTapaMeTPOB OT CPeAHero He TpeBbimaan 5 %). Kosebanus
ypoBHst BuOpanuu gocturaior 50 % OT CpefHEero 3HAYeHUs, 4TO U
OPUBOJUT K CYIIECTBEHHOU BpeMeHHOU BapuabesibHoctn BY-
criektpoB ['TIA.

Ha puc. 2.1 obpamaer Ha cebs BHUMaHWe Takke TO 0OCTOATENb-
CTBO, YTO YPOBEHb BUOpAIMN 3HaYnMTEabHO u3MeHsercss (o 10—-20 %
OT CpEeJIHEer0) 3a TIPOMEXKYTOK BPEMEHH MEXKIy W3MEPeHUSIMU
(1 MuH). ITO MOKHO OOBSICHUTH HAJTUYMEM KOJEOAHUU C TEPHOIOM,
MEHBIIUM 2 MWH, KOTOpbIe He YJIOBJIETBOPSIOT ycjoBuio Haiiksu-
CTa, U WX NEPUOJUYHOCTb HE YJIABJIMBAETCS WU3MEPUTEIbHBIM KOM-
IIJIEKCOM.

99



Takum 06pa3oM, M3MEHYHUBOCTH CIIEKTPOB BO BPEMEHU MOKHO
00bsacHUTh (110 KpaiiHeil Mepe, KaueCTBEHHO) MOIYJIALMENd HeCyIIuxX
HOJIE3HYI0 AMarHocTHyecKyo uHbopManuio BY komebaHuil HU3KO-
yacTOTHbIMU KojieGanusamu. OIHAKO BOIPOC O (PUBMUECKOM Mexa-
HusMe BosHuKHOBeHuss HUY kosebanuii ocraercss OTKPBITHIM. B ca-
MOM ieJie, TPUHSATO CYUTATh, UYTO TEPUOAUYECKHE MeXaHWYecKue
IPOIIECCHI € XapaKTepHbIM BpemeneM Oosbiie (0,5 cek mpu pabore
I'TIA OTCYyTCTBYIOT, 1 MMEHHO 3TUM OOYCJOBJIEHA HYZKHAS TDAHKMLA
yacror B 4—5 Ty upu tpaaunmonnom subpoobenenosanuu I'TIA. Ox-
HAaKO B MeXaHUKe W3BECTHBI ITIEPUOJUYECKHE IPOIECCHl, UMEIOIne
XapaKTepHbIe BPEMEHA, Pa3UyYaloNifecss Ha HECKOJbKO TTOPSIIKOB,
HalpUMep HeypaBHOBEIIEHHBbIE THUPOCKOIIBI, YIJIOBas CKOPOCTb Bpa-
NIEHWST KOTOPBIX MOKET B COTHM Pa3 IPEBBINIATh CKOPOCTDb Iperec-
cun. Hecmotpst Ha TO, uTo ipenieccusi poropoB ['TTA B uncrom Buze
HEBO3MOJKHA M3-32 JKECTKOIN (DMKCAIMU Bajia B MOMIIMITHIKAX, MOKHO
PEANOJIOKNATh Haiure MoAOOHBIX mpereccru a(M@EeKTOB IPU HaIu-
YUU 3a30POB B MOMNIMITHIKAX.

HuskouacToTHble KOJI€6aHUS MOTYT BO3HUKATh TaKKe KaK CJejl-
CTBUE B3aUMHOTO BJIUSHUS OJIN3KO pacroJiokeHHbIX potopoB TH/I u
TB/, BpamaoImuxcsa ¢ pasHbIMU (HO OJIM3KUMM) CKOPOCTSIMU. B
9TOM CJIy4ae Ha IOAIIMIHUKOBBIE ONMOPBI OyAeT AeiiCTBOBATh IEPHO-
JIT4ecKasl CUJia C YacTOTOM, PaBHOW Pa3HOCTU YaCcTOT BPAIEHUS PO-
topoB TB/l u TH/I, uto cocraBnsier ~ 1—10 T'u. IIpu nHasmnuum 3a-
30pOB B TIO[ANIMITHUKAX MPOUCXOAUT BO3OysKAeHUE CyOrapMOHMK C
eme 6oJiee HUBKUMK YACTOTAMU.

YuurbiBag 5TH 0OCTOSATENBCTBA, MMEET CMBICI H3Y4YMTh B3aMMO-
CBSI3b MEKIY HHU3KOYACTOTHBIMU KOJIEOAHUSIMU IIPOTHBOIOJIOKHBIX
OTIOP POTOPA, T.e. ONPEAETUTh HAJNYKME B3aUMHOU KOPPEJSIUA MeXK-
Iy 9KCIEPUMEHTAbHBIMU 3aBucuMoctsiMu 1—2, 2—3 u 1-3, upuse-
JleHHbIMU Ha puc. 2.1.

Ha puc. 2.2 npuBe/ieHbl Te ke 3aBUCUMOCTHU, YTO U HA puc. 2.1, HoO
I Apyroro arperata. Macmrabel 0 0CSM YBEJIMYEHBI A OO0JIb-
meit HarasgHocTu. W3 puc. 2.2 BumHO, 4TOo hopMa KpPUBBIX 2 U 3
npakTuyecky uaeHtudHa. OIHAKO IMOJ00HBIE OIHO3HAYHBIE 3aBHUCH-
MOCTH CKOpee UCKJI0UYeHre, YeM TIpaBuiIo. Yaie cynecTBYIOT CJIOXK-
Hble W HEOJHO3HAYHbIE 3aBUCUMOCTH THUIIA TIPUBEJCHHBIX HA puc. 2.1.
[HoaTomy n71s1 BbISICHEHHMS] B3aUMOCBSI3U MEXKIY 9KCIEPUMEHTATHHBI-
MU 3aBHCUMOCTSIMM HAMM WCIIOJb30BATICS KO3(MMUIMEHT B3aMMHOMN
koppeJssaiyn [6] £ 1o BeiGopke oObeMa 7.

O6GbeM BBIOOPKM 7 MMeET MPHHIUIIMAJIBHOE 3HAYeHUe, TaK Kak
OTCYTCTBHE 3aBUCUMOCTH MEXKIY Ps/IaMU U3MEDPEHHBIX 3HAUEHU Ha
GOJIBIIIOM BPEMEHHOM WHTEpBaje He 03HauaeT ee OTCYTCTBUE M Ha
MaJIbIX MHTepBajax, u HaobGopor. Tak, Hanpumep, Jjis 3aBUCUMOCTEH,
npuBenentbix Ha puc. 2.1 npu n = 500, koahduIMEHTH B3aMHOM
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Puc. 2.2. BpemeHnble psijibl M3MEPEHHI yPOBHsI BUOPAlUM B YBEJIMYEHHOM MAacIITa-
6e (mo puc. 2.1).

Cpenniee 3nauenne koa(duimenToB B3anMuoil Koppessiuu nipu 7 = 20: kyp = — 0,04;
k13 = - 0,01; k23 = 0,88

KOppessiiyy paBHbl Ry = 0,34, ki3 = —0,44, ky3 = —0,13. Bbicokoe or-
puIaTesbHOe 3HaYeHue ki3 B 9TOM CJydae O3HAYaeT TEHJEHIIUIO IPO-
TUBOIIOJIOKHOTO M3MeHEeHHsI KpUBBIX 7 M 3 Ha OOJBIIOM BPEMEHHOM
WHTEPBaJe, YTO MOKHO BUJIETh HEITOCPEACTBEHHO Ha puc. 2.1 Ha Bpe-
MeHHOM wuHTepBase 100—300 mun. C apyroit ctoponsl, mpu n = 20
3HA4eHNs R 3aBUCAT OT IOJIOKEHMs BHIOOPKM Ha BPEMEHHON OCH M
MoryT uaMmenaTbes ot +0,9 go —0,7. ITo o3HAuUaeT, 4YTO B psAjaAX U3-
MEPEHHBIX BEJMYMH CyIecTByeT WHTepBajibl B 20 mamepeHuit (Mu-
HYT), T/le YPOBHM BUOPAIMU B PasHbIX TOYKAX POTOPOB U3MEHSIOTCS
npaktuyeckn cuuxpoHHo (+0,9) u Gimsko K mporusodasze (—0,7).
Jlist TIoMCKa TaKWUX WHTEPBAJIOB yAO0OHO KMCIOJIb30BATh CKOJIB3SIILYIO
BBIOODKY, T.€. BEIYUCIATH (QYHKIIUIO

D =E)y - )
k(t,) = —== : (2.3)

\/r_"an,- - @2%(% -9)?

re X W Yy — psijibl uaMepsieMbix Besuun, 0 <m < N — n; N — 006-
1iee YKUCJI0 N3MepeHui.
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Ipaduru GyHKIUU ky3(t,) npu n = 20 s 3aBUCUMOCTEN, PU-
BelleHHBIX Ha puc. 2.1, mokasanbl Ha puc. 2.3. MakcumyMm kys(t,) =
= 0,9 nocruraercst nipu ¢, = 288, a COOTBETCTBYIONINN y4acTOK PUC.
2.3 B yBeJUYEHHOM MaciuTabe npuseneH Ha puc. 2.4. Kak caenyer us
puc. 2.4, u3MepeHus B psA/aX JAHHBIX 2 U 3 JEeHCTBUTETHHO U3MEHSI-
IOTCSI CUHXPOHHO.

Cpentee 3HaueHue kys(t,) = 0,03, T.e. 10JTOBpEMEHHDBIE KOPPEJISi-

L0
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iy A N . N
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0 100 200 300 400 500
Homep nauanonoii mouku m

Puc. 2.3. @yHkuusi B3aMMHON Koppeasiud kos(t,) npu n = 20 pyis gaHusix puc. 2.1

W

% 1,1 0,9
‘é% 1,0 v/"_\‘_ﬁ/——.ﬁL\ /—NFL 0,8
$s - 0,7
'; S 0.9 - 0,6
,_%- g 0,8 -#M P~ 05
2507 ~ 7" | 3 - 0,4
% ® 06 - 0,3
< 287 292 297 302 307

Bpemsa, mun

Puc. 2.4. Cundasnoe uaMeHeHHEe PSIIOB JAaHHBIX 2 U 3, ONpeleieHHOE MO0 MaKCH-
MaJibHOMY 3HauYeHuI0 GyHKumn kys(t,) us puc. 2.3
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UM MEXIy psjamMu JaHHbix 2 u 3 orcyrcTByioT. O/HAKO HETPY/HO
3aMETUTh, YTO B NOBeAeHUM (YHKLUUU ky3(t,) HabMOHaeTCs IHepHro-
nuaHOCTH ¢ mHTEepBasioM T ~ 40—50 MuH. I[TocKoIbKY psifibl TaHHBIX 2
U 3 ABAAIOTCS YPOBHSIMU BUOPALMU B IIPOTUBOIOJIOKHBIX TOUKAX OCH
poropa (TH/I u narmerartessi), aTOT (hbaKT MOXKHO TPAKTOBATh KaK
MEPUOINYECKOE TIepepacIpe/iesieHe HHTEHCUBHOCTH BUOPAIIUE MeXK-
Jly ONopaMu POTOPa, YTO, B CBOIO OYEPElb, MOKET OBITh CJEICTBHEM
SIBJIEHWH, aHAJIOTUYHBIX TIPEIleCCUH POTOpa.

Heo6xoquMo OTMETHTH, YTO HUBKOYACTOTHBIE MEPUOAUYECKUE
[POLIECCHl  MOIYT IMPOSIBJIATHCS HE TOJBKO B MEXaHUYECKOil BHOpa-
mun y37108 TTIA, HO U B KoslebaHUSIX TeMIepaTyphbl U JaBJEHUS ra30-
Boro Tpakra. OaHOl M3 npuunH NoAoOHbBIX A(HMEKTOB ABAAETCS He-
YCTOMYUBOCTH TOPeHusi B Kamepe cropanus. Ha puc. 2.5 npuBenenbt
pe3yJibTaThl nu3Mepenusi Temreparypsl raza 3a TH/[ ¢ oTueTamBo BbI-
pakeHHol nepuoguunoctbio 30—40 MuH, 4ro GIM3KO K paHee Hail-
JIEHHOU BeJINYNHE.

Takum 00pa3soM, MOKHO 3aKJIOYUTh, YTO U3MEHYMBOCTH BHOpAIM-
OHHBIX CIIEKTPOB BO BPEMEHH MOKHO OOBSCHUTH BJIUSHUEM HU3KO-
YACTOTHBIX Kosebanuii ¢ uactotamu 10°—1 T', xoTophle, Hemocpe-
CTBEHHO He TIPOSBJILASICh B CIIEKTPOTPAMMeE, BCJIE/CTBHE HEJTUHEWHO-
CTH KOJIeOaTeNbHbIX IPOLECCOB MPUBOAAT K BOSHUKHOBEHHIO KOMOU-
HAIIMOHHBIX YaCcTOT B HMCCJIEAYEMOM CIIEKTPAJTbHOM JMANa30He, 4TO 1
CIy’KUT  WCTOYHUKOM WCKaKeHWil crekTpoB. Dusmdeckumu Me-
XaHM3MaMU TeHepalyy  HU3KOYACTOTHBIX KojeOaHWil MOryT ObITh
IIPOIIECCHI  IIepepaciipe/ieJieHsl MHTEHCUBHOCTH BHOpPAl[UU My
oTlopaMu POTOPOB TIPU B3aMMOJIENCTBUSX BPAIIAIONINXCS HEypPaBHO-
BeleHHbIX Macc, 3¢h@eKThl TPereccu PoOTOPOB U HEYCTOMYMBOCTH
TEePMOJUHAMUYECKHUX IIPOLECCOB B Tas0BOM TpPaKTe Ta3oTypOMHHON
YCTaHOBKH.

L 510
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Tl S AN
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0 100 200 300 400 500
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Puc. 2.5. Ilepuoanueckune KoaebGanus remmeparypol 3a TH]L
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2.1.2. JUATHOCTUKA U ITPOTHO3UPOBAHUE OTKA30B TYPBOMAIINWH
HA OCHOBE CTATUCTUYECKOI'O AHAJIN3A BUBPOCHUIHAJIOB

Kak mokazaHo B TpeIblAylieM pasjese, uaeHTuduKaus nedex-
TOB POTOPHBIX MAIIWH 10 JAAHHBIM CIEKTPAJIbHON BUOPOAUArHOCTUKU
CTAJIKMBAETCS C TPYAHOCTAMM, CBA3AHHBIME C BapuabesbHOCTHIO pe-
THCTPUPYEMBIX CIIEKTPOB. MeETOIBI yCpeAHEHUs] CHEKTPOrpaMM, HC-
M0JIb3yeMble B HEKOTOPBIX JUArHOCTHUYECKUX JKCIIEPTHBIX CHCTEMaX
BUOPOANATHOCTUKH, [TPOOJIEMY He CHUMAIOT, IIOCKOJIbKY, KaK 9TO CJie-
JyeT u3 BBIBOZOB pasnena 2.1.1, XapakTepHOe BpeMsl H3MEHEHUS
YPOBHSI BHOPOCHTHAJIOB HM3MEHSIeTCS B IMPOKHX mpegenax (107°—
1 ¢). Kpome Toro, kakyieecsi XaOTHUeCKUM HM3MeHEeHUe aMILIUTY bl
BUOPAIIMM y3JI0B M MEXaHU3MOB MalllMH MMEET BIIOJHE OIpe/ieJieH-
Hble IIPUYMHBL, KOTOPble, B IIPUHIUIIE, MOIYT ObITH HCIIOJb30BAHbBI
JUTST TUarHocTU4YecKuX Iiesieil. [Toatomy mpejcTaBisieT UHTEPeEC H3Y-
YeHWe CTAaTHCTUYECKUX XapPaKTEPUCTHK W IapaMeTPOB CIIyYaiHbBIX
MIPOIIECCOB, BBI3bIBAIOINX W3MEHYMBOCTb CIEKTPOTPAMM POTOPHBIX
MAIIIHH.

PaccMOTpHUM 9TOT BOIIPOC HMOAPOOHEE.

VIcXOAHBIMU AaHHBIMK JJIsI BUOPOAUATHOCTUYECKMX METOAOB CJIy-
SKUT uHOOPMALUST 0 KoJeOaHUSX Y3JI0B U JeTajeil MalluH, 3alicaH-
Hagd B BUE Psijia TI0CJAEN0BATEIbHBIX M3MEPEHUN Kakoro-jaubo mapa-
Merpa Kosebanuii. Kak mpaBuio, B AMArHOCTUKE arperatoB ¢ HOMHU-
HambHOI MomuOoCThI0 1—-20 MBT, XapakTepHbIX A1 IPUBOAOB 000-
PYZIOBaHUS MAaruCTPAJIbHOTO TPaHCIoOpTa HedTH UM ras3a, 3aluCaHHbII
B LU(POBOM BHUE AMATHOCTUYECKUN BUOPOCUIHAJ IIPEACTABISIET CO-
60ii BpeMEHHOU psiJi 3HAYEeHUIT BUOPOCKOPOCTH, K KOTOPOMY IpHMe-
HUMBI JTI00ble METOZbI 006paboTKN BpeMeHHBIX psajgoB. O0beM BbIOOP-
KW JIJIs CYLIECTBYIONIMX B HACTOSIIEe BPeMsl YCTPOMCTB cOopa JaH-
HBIX JIOCTUTAET JECSTKOB TBHICSY M3MEPEHUM, YTO BITOJIHE JOCTATOTHO
JI7IST BHICOKOI TOCTOBEPHOCTH METOJI0B MaTEMATHUECKON CTATUCTUKM.

[IepBBIM IIATOM IIPU CTATHCTUYECKOH 0OpabOTKe NAHHBIX SBJISET-
cs1 onpenenenre (GyHKIUUA TJIOTHOCTU PaclpeiesieHusT UCCaeyeMoi
BEJINYMHBI.

PaccMoTpuM 3aBUCHUMOCTD BUIa (DYHKITUU TIOTHOCTH pacipeie-
JIEHUSI M3MEPEeHUil BLOPOCKOPOCTH II0 MEpPE YCIOKHEHUsT (POPMBI KO-
sebanuii. TIpy 4UCTO CUHYCOMIANBHBIX KOJeOaHMAX eAMHUYHOI aM-
IJINTYABI 9TO CUMMeTpUYHasd M-oOpasHas KpuBasi ¢ HyJEBBIM Cpel-
HuM 3HaueHneMm (puc. 2.6, a). llpm yBesndeHWn umMcCIa TAPMOHUK
rucrorpamMMa Bce GoJiee NMPUOIMIKAETCST K HOPMAJbHOMY BHIY, HO
Bo3pacTaHre oObeMa BBIOODKM HE IMPUBOAUT K W3MEHEHUSIM BHJA
pacupenenerus (puc. 2.6, 6).

Opnako st peanbHbiX BubGpocurHano (puc. 2.7) Buj (pyHK-
MM pacupe/iesieHnsl 3HAYUTENbHO OTJUYAETCS OT IPUBEIEHHOTO.
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Puc. 2.6. TuCTOrpaMMbl OTHOCHUTEIbHBIX YACTOT 3HAYEHUI MOJIEJIBHBIX (DyHKIHIL:
a -y = sin(owit); 6 — y = sin(ot) + sin(wat). O6bem BoIGOPKK 5000 TOUEK

Ha puc. 2.8 npuBesieHa 0THOCUTENIbHAS YACTOTA TIOMAAHIS 3HAUEHUS
BUGPOCKOPOCTH B ONPE/IeJEHHbIA WHTEPBAJ 3HAYCHUI IS PEAIbHOTO
BUOPOCUTHATA, CHITOTO C KOPIyCa OMOPHOTO — YIIOPHOTO TIOJIIHTI-
HUKa TYpOWHBI HU3KOTO JAaBJIECHHS Ta30MePEeKauynBAOIIETO arperara
(OVYII THM). [ns ymobcTBa CpaBHEHUs JaHHbIE MPEICTABJIEHBI B
Bune tpaduka, a He TUCTOrpaMMbl. Kak ciemyer m3 puc. 2.8, BUI
pacrpejiesieHusi 3aBUCUT OT oObeMa BIOOPKHU AaHubiX. C yBennyeHu-
eM oObeMa BBIOOPKM IJIOTHOCTh paclpefiesieHnst TPUOJIMKAeTCs K
HOPMaJIBHOMY 3aKOHY.
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Puc. 2.7. Buopocurnaast or OYVII TH/I ¢ pa3Hoii cTeneHbi0 CTOXaCTHYHOCTH:
a—R=50,6-R=5

C dusuueckoil cTOPOHBI ITOT (HAKT MOKHO OOBSICHUTDH CJIELYIOIIIM
o6paszom.

Pacripesiesienie IJIOTHOCTH BEPOSATHOCTH (DYHKIIMOHAJILHO 3aBU-
cumoii Besmuntbl f(V) uMeer BIOJIHE ONpeAeJeHHbIN BU U TIPU J10C-
TaTOYHO GOJIBIIOI BBHIOOPKE He 3aBUCHT OT 00beMa Tocsenteit. Ecim
[PEACTaBUTh BUOPOCUTHAN B BHJIE CYMMbI CUHYCOW/L:
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Puc. 2.8. TucrorpaMmMbl OTHOCHTEJIBHBIX YACTOT PaclpeeieHusi BHOPOCKOPOCTH ISt
peanbubix Koaebanuit OYII TH/ npu pasubix 00beMax BbIGOPOK 1

V(e) =3 A sin(of +,), (2.4)

TO TIPU HOCTOSIHHBIX A; @; u @; Buj pactpesneierus (V) Takxe Oyner
HEKOTOpOil (DYHKIMEH pacripe/iesieHusT [eTePMUHUPOBAHHON BEJIUYH-
HbI. B peaybHbIX JKe YCJIOBUAX BUOPOM3MEPEHUN BeNTUUUHBI A;, ©; U
¢; He OCTAIOTCSI TIOCTOSIHHBIMHU, a TOIBEPKEHBI CIyYalilHBIM H3Me-
HECHUAM.

[l KOJIMYEeCTBEHHOTO OIMCAHUS CTENEHU <«CIAYYalHOCTUY JIaH-
HbIX BEJIMYUH B (bl/ISI/IKe BOJIHOBBIX SIBJIEHUU BBO/IUTCA TIOHATHUE BpeE-
MEHM KOT€PEHTHOCTH, T.e. BDEMEHHOTO MHTEPBAJA, B TeUEHIe KOTOPO-
ro cucreMa TIOJ[ JIeWCTBUEM CIyYallHbIX (haKTOPOB «3abbIBAET> O Ha-
YJaJIBHBIX yCIOBUAX. [l0aTOMy MOKHO TOBOPHTH O TOM, UTO CTel€Hb
CITy4aHOCTH KOJIeOaHUI B HEKOTOPOM TOYKE XapaKTEPU3YeTCsl Bpe-
MEHEM KOTE€PEHTHOCTHU iy, T.€. JJIUTEIHLHOCTBIO WHTEPBAJa BPEMEHU
(TIPOTIOPIIMOHATIBHOTO 00beMY BBIOOPKH IIPU HHTEPBAJE MEKIY U3-
MepeHUsIMU At = const), 32 KOTOPBIN BUA (DYHKIUU paCIpeleTeHust
MIOTHOCTH BeposATHOCTH f(V) CTaHOBUTHCS GJIM3KUM K HOPMAaJbHOMY.

3aMeTuM, 4TO TOT MapaMeTp He YYUTHIBAETCS MEeTO/aMH TPaau-
[UOHHO BUOPOAUATHOCTUKYA W HaMEPEHHO CIJIaKMBAeTCs MHOTO-
KpPaTHBIM yCpeIHEeHHeM CHUTHajia. Bmecte ¢ Tem ObLIO mokaszano [7],
YTO CTeIIeHb XaOTU4YHOCTU KOJIe6aHPII>i KOPIIYyCOB MNOJAUIUITHUKOB, OIle-
HUBaeMas IyTeM BBIYKCJEHUs II0Kazaress Xepcra Il IOCJenoBa-
TEJBHOCTU 3HAUEHUN aMIUIUTY BUOPOCKOPOCTH B YACTOTHOM PSILY
CTIEKTpa, TPSIMO CBsI3aHA C HAJEKHOCTBIO PabOTHI 0GOPYAOBAHUS.
[Toatomy mpencTaBiseT MPaKTUYECKUIT WHTEPEC OMpesiesieHue CTaTH-
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CTUYECKON CBSI3U MEXKIY BEJUYMHAMU fyor M BEPOSITHOCTBIO BBIXOA
M3 CTPOSI MEXaHWYECKOTO YCTPOMCTBA, MJU C HAJIEKHOCTHIO €ro pa-
6otbl. [TomobHbBIE Hccae0BaHKs ObLIM IPOBEIEHBI IS MaccuBa BUO-
POAMArHOCTUYECKUX JaHHBIX, HAKOIJIEHHBIX 3a O JIET SKCIUIyaTal[uu
I'TIA B III «bBamrpancrass. Boraucienue 3nadeHus &, IPOBOAUIOCDH
C TNPUMEHEHWEM CTAHAAPTHBIX AJTOPUTMOB 9JEKTPOHHON TabJaUIIbI
Excel 110 5%-HOMY OTKJOHEHWIO OT HOPMaJIbHOTO 3aKoHa. [Ijst yao0-
CTBa BBIUNCJIISJIOCHh HE tyop, & BEJUYMHA, €l MPOMOPIHOHATIbHAS — R =
= twr/To, Tme Ty — mepmon Bpamenuss poropa I'TIA. BespasmepnHas
BeJInYMHA R MOKa3bIBAeT, B T€UEHME CKOJIBKUX 000POTOB POTOPaA CHUC-
TeMa <«[MOMHHUT» HadayibHble ycaoBus. [t HaOJFOaeMbIX arperatoB
mpeziesisl BapbupoBanus cocrasisin 0,5 < R < 50.

B xosie uwccienoBaHuil BBISICHUIOCH, YTO HamboJiee MH(DOPMATUB-
HOU sBJIsIeTCSI He cama BesmunHa R, a oTHomeHue /R, tme ¢ —
CTaH/IAPTHOE OTKJIOHEHWE YCTAaHOBWBIIIErOCS HOPMAJBHOTO pacIpejie-
Jgenust. C HpU3NIECKOoil CTOPOHBI ATO O3HAYAET yUeT He TOJBKO CTele-
HU XaOTHYHOCTH KOJIeOaHWil, HO W WX BEPOSATHON amriuTyabl. Ha-
JIEKHOCTh  PabOThl KOJMYECTBEHHO XapaKTePU30BaIach BEJUUMHON,
paBHOIT BpeMeHU 0(e30TKa3HOI pabOTbhl arperara, T.e. OCTATOYHOMY
pecypcy T'TIA (o perpocrieKTUBHBIM JaHHbIM). WHbIMEH cjioBaMH,
ecJu ¢ MOMEHTa BHODOM3MEPEHMII J0 MOMEHTa aBapUilHOTO OTKa3a
nponuio N CyTOK, TO Pecypc arperata B MOMEHT W3MepEeHUI TPUHU-
MaJics paBHBIM 4uciy N.

Hakomnennaa 6asa gaHHbIX cofepskana mHbopMmanuio o 15 asa-
puiinbix otkazax ['TIA, mpudem Bpems, mpoieniiee ¢ MOMEHTA Ipe-
IOBIAYIIMX BUOpOU3MEpEHMIi, BapbUpoBanock or 60 mo 7 pueii. Vame-
peHust BHOPOCKOPOCTH MPOBOAMJIKCH B CTaHAApPTHOH Touke Ne 4
(xoprryc OYII TH/I) mo Tpem B3aMMHO TepIeHIUKYJISIPHBIM Ha-
MPaBJEHISM, YTO MO3BOJUJIO TONYy4UTh 45 9KCIePUMEHTATbHBIX
TOYEK.

Pesynbrarel pacuetoB npuBenienbl Ha puc. 2.9. Kak ciexyer us
rpaduKa, 10 BCeM TPEM HAIPaBJIEHUSIM KOJIeOaHWil IIPOCIEKUBAETCS
OTYET/IUBAsl 3aBUCUMOCTb MEXIY OTHOIIEHUEM o/R M OCTAaTOYHBIM
pecypcom I'TTA. Hegocratoutbiii o6beM MHMOPMALIUU 110 aBapUHHBIM
OTKa3aM He TI03BOJISET YCTAHOBUTH BUA (YHKIIUU pacrpeneseHust
N(c/R), ogHako MOKHO YTBEP)KIaTh, yTO MpU G/R > 2 MM/c Bepo-
SITHOCTb aBapuMM BeCbMa BBICOKA. 3aMETHM IIPU 3TOM, YTO IPOBe/le-
HU€ CTaHIAPTHBIX JAMATHOCTUYECKUX MPOIEAYP B PAaCCMOTPEHHBIX
CIy4yasx He BBISBUJIO OIACHBIX CUMITOMOB, UTO CJEAyeT U3 (HaKTOB
MTPOUBOIIE/IINX ABAPUIA.

C nmpyroii CTOpOHBI,  aIllIPOKCUMAIIMS OMACHOCTH aBapWH 3aBU-
cUMOCTbI0O P ~ oR BO MHOruX cijyyasgx IIpHUBe/leT K HEBEPHBIM pe-
3yJIbTaTaM, TaK KaK I[PU 3TOM YHCTO CHHYCOUJAJbHBIE KOJeOAHUS
(upu 3TOM R — 00) HE3aBUCHMO OT MX aMIUIATYAbI OYAYyT CUUTAThCA
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Puc. 2.9. Csasp ocratounoro pecypca I'lIA ¢ napamerpom o/R ais Tpex Hampasie-
HUii Koe0aHuii.

Cll]l()LL[HblMl/l JIMHUAMU O603Ha‘ieﬁbl TPEH/Jbl U3MEHEHUA IapaMeTpa Jid CJACAYIOUnX
HaTpaBJeHuil: 7 — BEPTUKATIBHOTO; 2 — OCEBOTO; 3 — MOTEPETHOTO

6e30MacHbIMHU, YTO HeBepHO. I109TOMY JJIS OLIEHKH CTENEHU OITacHO-
cTU BUOPAlUK NPEeAJIaraeTcs cAeayiomas JuHelHas QyHKI:

P=c(Ci+ Cy/R), (2.5)

rne Ciu Cy — sMIMpHUYecKre TIOCTOSTHHBIE. B aTOM cirydae ciaraemoe
oCy yYUTBIBAET OMACHOCTh BO3/IEMCTBUS YUCTO TADMOHUYECKUX KOJie-
GaHuil, aHAJOTMYHO IPEANUCHIBAEMOMY BUOPOAUATHOCTUYECKUM
crangaproM (ypoBau CK3 «I0ImycTumMo», «TpebyeT MPUHSTUS MepP»,
«HEIOIMyCTUMO» ), a cyaraemoe ¢Cy/R — OmacHOCTh BO3/IEHCTBUS CTO-
XaCTHYECKUX KOJeOAHUIA.

B pamkax IpeajiosKeHHOW MOJeNd HaXoAAT oObscHeHue (haKThl
HEeOKMJaHHbIX OTKa30B 000PYZOBaHMS I[IPY BeCbMa HU3KUX 3HAYEHU-
ax CK3 subpockopoctu. CornacHo dopmyie (2.5) creneHb OIacHO-
ctu 3aBucuT He ToJibko o1 CK3 BuOpockopocTu (4epes 3HaueHME G),
HO U OT ee CTOXaCTUYECKOH COCTaBJAIONIe. 3aMeTUM, YTO O TPUYH-
Hax Oy/yiieil aBapuu TMPH TaKOW OIEHKE CKa3aTh HUYEro HEJIb3s,
IIOCKOJIbKY 9TO TpebyeT 3HaHMS MeXaHU3Ma BO3HMKHOBEHHUSI CTOXAC-
TUYeCKUX Kosiebanuil. TakuMu IIpu4rHaAMU MOTYT ObITh, B YaCTHOCTH,
SIBJIEHUSI CaMOOPTraHW3allMu B HEJMHEHHBbIX cuctemax [8] u aBuke-
HUe CHUCTeMBbl Ha CTpPaHHOM arTpakTtope [8]. DTo mpeamnosoxkeHne
HOATBEPKIAETCsST OOHAPYKEHHBIM B IIPEIbIAYIIEM pasjese JaHHOM
paboThl SIBJIEHUEM Te€HEPAIMU CBEPXHU3KOUACTOTHBIX KOJIeOaHUH Po-
topa [TIA ¢ mepwozoM B ZeCATKU MUHYT, KOTOPOE 3aTPyIHUTETHHO
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00BACHUTD MHBIMA (HU3MYIECKUME [IPUYMHAMU. B 1e10M Xe, SIBIeHns
JIeTEPMMHUPOBAHHOIO Xaoca B IIPMMEHEHUH K CJOKHBIM MeXaHude-
CKUM YCTPOMCTBAM B HACTOSINEEe BPEMS HM3y4YeHbl HEIOCTATOYHO, W
clleflyeT OKMIaTh BO3PACTaHMsl HMHTEpeca NPAKTUYECKOH HayKu K
TUM SBJICHUSIM.

B 3akjroyeHue OTMETHM, YTO, HECMOTpPS Ha HEIOCTaTOYHOCTb
U3y4eHHUs] IPUYMH BO3HUKHOBEHMS XaOTHYECKOI COCTaBIISIONIEH
BUOPOCKOPOCTH, IIpejIaraéMblii MeTo 00pabOTKU JAHHBIX [O3BOJISET
CYIIECTBEHHO YBEJUYUTHh JOCTOBEPHOCTh AMATHOCTUKHM aBapUUMHBIX
cuTyaruii mpu paboTe CIOKHBIX MEXaHU3MOB 3a CUET BBEAEHHUs Ila-
paMeTpa, y4YWTBIBAIONIEr0 BO3HUKHOBEHHE ¥ BO3IEHCTBHE XaoTHYe-
CKUX KoJiebanuil.

2.1.3. PASBPABOTKA METOJ1OB AHAJIM3A BUBPOCIIEKTPOB
HA OCHOBE INTPUMEHEHHA IIOPAAKOBbBIX CTATUCTUK

TpaguMOHHBIMA METOJaMU BUOPOIMArHOCTHKU POTOPHBIX MeXa-
HUYECKUX arperaToB, HAIPUMEP, Ta30IePEeKAYMBAIOININX AarperatoB
WJIM HACOCOB, SIBJAIOTCS AHAJIU3 MApaMeTpPoB BUOpAIMK MO CpPeHe-
KBaJIpaTUYHOMY 3HadeHuio BuOpockopoctu [11] m y3komosocHbIi
CIIeKTpaJIbHbI aHaan3 Kosebanuil [12]. Kak ObUIO MoOKasaHO BhIIIeE,
HEO/IHO3HAYHOCTb TPAKTOBKU CIEKTPOB U Majasd MH(OPMATUBHOCTDL
CPeHEKBAIPATUYHOTO 3HAYEHUsI YPOBHSI BUOpPAI[MM BO MHOTUX CJIy-
Yasix He TI03BOJIAIOT AJeKBATHO OIIEHUBATH MEXaHWYECKOe COCTOSHUE
Typboarperara. B ¢BS3U ¢ 3TUM NPEJCTABJSAETCA aKTyalbHON paspa-
6GOTKa aJIbTEPHATUBHBIX METO/[OB aHAJIM3a BUOPOCIIEKTPOB.

B nanHoMm pasjiesie B KauecTBe JOIOJHUTENIbHOI0 MH(MOPMATHBHO-
r0 TpU3HAKA TIPH aHAIN3€ CIEKTPOB BUOPAIMU IPEIATAETCS WC-
MOJIb30BAHNE TIOPSITKOBBIX CTATHCTUK JIJISI BPEMEHHBIX M YaCTOTHBIX
PS/I0B, TIOJyYaeMbIX MPU BUOPOOOCIENOBAHUAX Y3JI0B POTOPHBIX Ma-
NIVH, HAIIPUMeEP, TOAIMUITHUKOB poTopoB ['TIA.

PaccMoTpuM BO3MOKHOCTb paclio3HaBaHus crellMpUuYecKux wus-
MeHeHUil BUOPAIMOHHBIX CMEKTPOB Ha 6Gase WCHOTHL30BAHWS PAHTO-
BBIX KPUTEPUEB, OCHOBAHHBIX HA CYXKIEHUN — <«OOJbIE — MEHbIIE>
[12, 13]. Panee paHTOBBIE KPUTEPUU WCIIOTH30BATUCH B JIAHHOM pa-
6ore ans obpaborku aunamorpamm IIITHY (em. pasgen 1.2.1).

[Ipu BO3HUKHOBEHWU TOTO WJIKW WHOTO JieeKTa TMPOUCXOAUT W3-
MeHeHre BUOPOCUTHA/A, CHUMAeMOTO C JIUArHOCTUPYEMOTO y3Jia Ma-
nmmubl. Cieyer 0XuAaThb, 4TO XOPOUIO pa3BUTBLIA AedeKT paeT ot-
YETJIINBO BUAMMBIE DPas3iN4usi B CIEKTPe BUOPOCUTHATIOB TIPH WX
CPaBHEHWW C AHAJOTUYHBIMHU CIIEKTPAMU 3aBEIOMO HCIPABHBIX Ma-
nmmH. HampoTus, 3aposkpaiomuecs nedeKTbl JUIIb He3HAUYNTETHHO
U3MEHSI0T (hOpMy U MAPAMETPBI CIIEKTPOB. MOXKHO TIPEANIONIOKUTD,
YTO pasiuyHble TUIbI AeGeKTOB WHUIUUPYIOT MOsIBJIEHUE HA BUOpa-
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IIMOHHOM CIEKTPE MAaKCUMYMOB HEKOTOPbIX OIIPe/leJIEHHbIX THUIIOB,
(bopMa KOTOPBIX OYIET ONPeNeIAThCS TUIIOM Ae(eKTOB.

Anamus 106010 BUOPOCUTHANA [TOKA3bIBAET, YTO €r0 MOXKHO OIIM-
caTh (DyHKIIMEN BUaQ

V() =6()+&), (2.6)

rae V — BuOpPOCKOpOCTh; ©® — (DYHKIMs, OMUCHIBAIOIIAS U3MEHEHIE
aAMILITYAbl BUOPOCKOPOCTU OT 4acToThi; &(f) — IIymMoBasl cocTaB-
JISIOIIAs CUIHAJIa, UMefollas B o0leM cydae IIPOU3BOJIBHOE pacipe-
JieJieHue.

ITocTpoeHue CHEeKTPOB BHOPOCKOPOCTU TIPOU3BOIUTCS Ha OCHOBE
@Dypoe-11peobpasoBaHust MaCcCUBOB [AUCKPeTHBIX usMepeHuit {V(;},
{t(»}, KOTOpbIE IIPEACTABIISAIOTCS B BUJEe BPEMEHHBIX PsIOB, UMEIOIINX
o0lLIe 3aKOHOMEPHOCTH, BHE B3aBUCHMOCTH OT BHIOB Ae(hEKTOB.
JlasbHeHIIUi ClIeKTpaJIbHbIA aHAIM3 BPEMEHHBIX PSJ0B HaOMIOAEeHUI
BUOPOCKOPOCTH TO3BOJISIET B IIPOCTEHINNX CJIydYasix PacIio3HaTh ode-
BUIHBIE e(heKTHI.

Wcmosib30Batie TeOPUK PAHTOB JIJisI PACIIO3HABAHMS U3MEHEHUs B
NOOOHBIX CIIEKTPaX YAOOHO TEM, YTO TAKOW IMOAXOJ TO3BOJISIET W3-
6exaTh TPYAHOCTEH, CBSIBAHHBIX C IIOCTPOEHUEM OOBEKTUBHOMN LIKAJIbI
aGCOJIIOTHBIX 3HAYeHUI BHOPOCKOPOCTH, TaK KaK 9TOT IIapaMeTp siB-
JIIETCSL CYLIECTBEHHO BapualeJbHBIM JIaske B IIPeesiaX MalliH OJHO-
rO THUIIA.

XoTs1 BO BPEMEHHbBIX MJIM YaCTOTHBIX XapPaKTEPUCTUKAX BUOpaIuii
YCJIOBME MOHOTOHHOCTH He COOJIIOIAeTCsl, TEM HEe MeHee, BTopast CTa-
tucTuka KeHmsna 1o3BoJIsIET KOJWYECTBEHHO OIEHUBATh CTENeHb
U3MEeHEHMs BUOPAIIMOHHBIX CIIEKTPOB BO BPEMEHHU.

JlefiCTBUTENIBHO, MOKHO TIPEATIONIOKUT, UYTO TIOCTPOUB CIIEKTP
BUOPOCKOPOCTHU It 3aBEIOMO 0e3/e(eKTHOTO MeXaHU3Ma U OIpejie-
JIUB KOOPAUHATHI YacTOT (JIOKAJIbHbIE SKCTPEMYMbI YACTOTHOU Xapak-
TEPUCTUKU BUOPOCKOPOCTH), MOKHO KOJMYECTBEHHO OLEHUBATH Xa-
paKkTep U3MeHeHHs BUOPOCUTHAIA BO BPEMEHHU. ITO, B CBOIO OYEPelb,
MOJKET CJIYKHUTh KJIACCU(DUKAITMOHHBIM TTPU3HAKOM BO3HUKHOBEHUS U
Pa3BUTHSI TOTO WJIM WHOTO JedeKTa, BbI3bIBAIOIIETO U3MeHeHune (op-
MBI CHTHAJIA.

PaccmoTpuM mpuMenenHye MOPSIKOBBIX CTATUCTUK IS AHAJTIM3A
BUOPOCIIEKTPOB HAa KOHKPETHOM TIPUMEpe.

CraTUCTUYeCKWI aHaJn3 aBapUUHBIX OTKA30B WAEHTU(UIUPYET
HOANIMITHIKY BPAILAONIMXCS MEXaHU3MOB KaK IOTEHIIMAJIbHO Haubo-
Jiee HEHaJIesKHbIe 3JIeMEHTbI KOHCTPYKITUHU, OTPAHMYUBAIONINE PECYPC
arperatoB. [1oaToMy B maHHOW paboTe B KadecTBe OOBEKTA MCCIENO-
BaHust OB BBIOPAH BPEMEHHON st/ 3HAYEHUH BUGPOCKOPOCTH KOJIE-
GaHMil KOpItyca OIMOPHO-YNOPHOTO TOANIMIHUKA TyPOUHBI HHU3KOTO
nasyenust (OYII TH/T) T'TIA, mosy4yeHHBII C TOMOIIbIO JUATHOCTHU-
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yeckoro komiekca <«/leapduns. I[lepumogmunocts nuckpeTusanuu
curHana cocrasisia At = 0,8 Mc, paurTenbHocTh 3amucu 1 BbiOMpa-
jgach B mumanasoHe 1—5 c. Yacrora HaiikBucra mpu 9TWX YCIOBHSX
coctaBisia ~1200 T, 9To U ompesessiyio UCCaeryeMblil YaCTOTHBIN
manason  Af = 1-1200 T, coBnagaomuil ¢ 00BIYHO UCIOJIb3YEMBIM
npu BubOpoauaruocture T'TIA [1, 10].

B kauecTBe 3aBeIOMO M3BECTHBIX IKCTPEMYMOB YACTOTHOW Xapak-
TEPUCTUKU BUOPOCHUIHAJIA BBIOMPANNCh OCHOBHAS POTOPHAsS TapMoO-
Huka F, 1 ee yibrparapmoHuku ¢ dactoramu 2F, 3F, 4F. OGbem
BbIOOpKH N = 27 BapbUpOBajM TaKUM 00pasoM, YTOOBI IOJHOCTBIO
OXBAaTUTbh 3KCTPEMYM U €TO OKPECTHOCTH, a UMEHHO n = AF/r, tie
AF — mupuHa CIeKTPaJbHOrO TUKA B Teplax; ¥ — pa3pellleHue CIeK-
Tpa B TepllaxX Ha JUHUIO.

[lnsg mposeneHuss pacderoB ObLia paspaboTaHa KOMIIbIOTEPHAsI
nporpamMMa, paboTarInas 1Mo CAeAYIOIEMY alrOPUTMY.

B kauecTBe MCXOMHBIX JAHHBIX BBOJMJICS BPEMEHHOW PsiJi aMILIN-
Tyl BUOPOCKOPOCTH, 3AMUCAHHBIN paHee W3MEPUTETbHBIM KOMILJIEK-
com. Ha ero ocHoBe 110 M3BECTHOI YacTOTE JAMCKPETU3AIUU KOMILIEK-
ca BBIYUCIISIINCH KOI(MOUITMEHTHI AUCKpeTHOTO padioxeruss Dypbe u
CTPOWJICS CIIEKTP CHUTHaJA. 3aTreM 10 MaKCUMaJbHOMY 3HAYEeHWIO
CIEeKTPAJIBHON cocTaBJstioniell B auanazone yactot 40—80 I'm (amana-
30H YaCTOT BpallleHus POTOpa) OIpPeNessiii 4acTOTy OCHOBHOH PO-
TOPHOW TapMOHUWKHW F, , ee MUPUHY Ha TOJOBUHE BBICOTHI AF u BbI-
yucaaan oO0beM BBIGOPKH 7. YacTOTBI yJAbTParapMOHMK HAXOMUJIM
Kak KpaTHble 4acToTe F,, a IMUPHUHY II0JI0C B 00BEMBI BBIOOPOK pac-
CUNTHIBAIU TaK ’Ke€, KaK LIMPUHY IIOJIOCHI U 00beM BBHIOOPKU IJIs
rapmonukn F,. Tlocsie aToro mpoBoamian pacuyer paHTOBBIX KPUTEpPUEB
o ¢opmysam (1.24), (1.26), (1.27), npuBenerHbiM B riase 1.

Koadpdunpments panrosoii koppensaiuu Kengsna ky paccunrbiBa-
JIUCH IS CTIEKTPOB, MOJYYEHHBIX B TedeHHe 4—5 JIeT, M aHaJU3UPO-
BAJINCh UX MU3MEHEHUs] BO BPEMEHU C YYETOM HMMEBIINX MECTO aBapuii
U peMOHTOB. XapakTepHble TpaUKU TAKUX WM3MEHEHUU IPUBEIEHbI
Ha puc. 2.10.

Kak cienyer mus puc. 2.10, nosenenue xoabduuueHTos ky s
Pa3IMYHBIX T10JIOC ClleKTpa pasHoe. Tak, HaIpUMep, HEIIOCPEICTBEHHO
nepesi aBapueil 1o npuunte jedexkra poropa (CIJIONTHAS BEPTUKATb-
Hast suHus Ha puc. 2.10), koaddunueHt ky 1711 OCHOBHOI POTOPHOU
rapmonukn F;, Bospoc ¢ 0,62 no 0,82, B To Bpemsi Kak JJis1 yJbTpa-
rapmorukn 2F, , Hanporus, ymenbinuics ¢ 0,5 mgo 0,22. B reuenue
GesaBapuiinoii akcruryarauun (1994—1995 rr. 10 TOPU3OHTAJIBHOU
ocu, cMm. puc. 2.10) coorBercTByMOIHE KOIGDOUIMEHTH ky TaKKe
BesyT cebst pasimyHbiM 06pasoM. MOKHO IIPEAIOJIOKUTh O3TOMY,
YTO HA XapaKTep U3MeHEeHWs PAHTOBBIX KPUTEPUEB BO BPEMEHU BJIMS-
€T KaK CTeleHb pa3BUTOCTU JedeKTa, TaK U KOHKPETHBIH ero
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Puc. 2.10. I'padpuku 3aBucumoctu Koadduimentor koppeisaiuun Kenmpiaa 2-ro mo-
PsIKa pa3JNYHbIX MAaKCHMYMOB CIIEKTpPa OT BPEMEHH:

1 — ocHoBHasi poTopHasi rapmonuka F,; 2 — yabrparapmonuka 2F; 3 — yabrparapmo-
nuka 3F,; 4 — yaprparapMoHuKa 4F,.

BepTUKaIBHBIMI TYHKTHPHBIMI JIMHUSME OOO3HAYEHbI PEMOHTHBIE MEDPOIPUSITHS,
CILIONIHON JiHMell — aBapuiiHbiil octanoB. CozepskaHue peMOHTHBIX pabot: 1) 3amena
sonmatok TH/I, peMOHT Kamepbl Cropanus; 2) peMOHT pereHepatopos; 3) 3amena pabo-
yux jonarok TH/I. ABapwuitnbrii octanos: 3amena poropa TH/[

tur. Tax, nepex pemontom ['TIA mo npuuune nedexra jonatox (Jie-
Bas BepTUKAJbHAS IMyHKTUPHAs junuus Ha puc. 2.10), koaddurmeHTs
ky mist yaprparapmonuk 2F, 3F, 4F, u rapMoHuKd F, yMEHBIIUINCH
OJTHOBPEMEHHO.

Pacuersr panroBBIX KpUTepueB mpoBomuauchk amust tmectu [TIA,
JUISE KOTOPBIX MMEJIMCh 3aMiucu BUOPOCKOPOCTH 3a NMepHoj 4—5 JieT u
NocTOBepHAs WHGOPMAIUS MO BUAAM PEMOHTHBIX PaboT W aBapuil-
HBIX OTKA30B. AHAJIN3 TIOJTYYEHHBIX JAHHBIX TIOKA3aJl, 4YTO CYIIECTBYET
TeCHasl CBSI3b MEXIy M3MeHeHueM K03((UIIMEeHTOB PAHTOBOIH Koppe-
ssiiun KeHjiama BToporo MopsiiKa ky U1 Pa3iIMYHbIX MOJIOC CIIEKTPOB
BUOPOCKOPOCTH ¥ CTENEHbIO PasBUTHs JedeKTa OIpe/eJIeHHOrO THIIA.
IIpu mocraTounoMm oObeMe 6asbl JaHHBIX IO BPEMEHHBIM psgaM BUO-
POCKOPOCTH ¥ TPH HAJIUYUM TOYHOTO OIUCAHMS TPUYUH IIPOU30-
mepammx otkasoB ['TIA mpexacraBiisseTcsi BO3MOXKHBIM COCTaBJIEHHE
neeKTHBIX KapT, KOTOPBIE ITO3BOJISAT KOJUYECTBEHHO OIIEHUBATh He
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TOJIBKO 001I[ee TEXHUYECKOE COCTOSIHUE arperara, HO W CTeleHb pas-
BUTHSI KOHKPETHOTO THIIA JedeKTa.

PaHroBbie ITOPSIKOBbIE CTATUCTHKA MOTYT OBITh BBIUHCJEHbBI HE
TOJIBKO TI0 YaCTOTHBIM PsjIaM, KaK 9TO [MOKAa3aHO BbIIE, HO U HETO-
CPENICTBEHHO TIO BpeMeHHBIM psitam BuOpockopoctu {Vi}. TTockombKy
BPEMEHHOU Psifi BAOPOCKOPOCTEN MPEACTABISIET COOOU CyMMy 3Haue-
HUM CHHYCOW/I Pa3HBIX YacCTOT M aMIUIUTY/], TO XapaKTepHbIX MaKCH-
MYMOB OH HE COJIEPKUT U MOITOMY MMEET CMBICJ MCCJE0BATh TIOBe-
JleHne TOJbKO Koa(hduIlneHTa paHToBOl Koppessmuu Kenmsna mep-
BOTO TIOPs/IKA k.

Koadpdunument xoppensaiuu Kengana nepsoro nopsiika k paccuu-
ThiBasics 1o opmysie (1.25). TIpu atom ucnoib30Bamach BHIGOPKA
obbema N, CKOb3smas MO BpeMeHHOH ocu. CiefoBaTeabHO, MOJY-
YyeHHast 3aBUCUMOCTh B = k(f) Taxkke sSIBJISI€TCS BPEMEHHBIM PSIIOM,
KOTODBII OIUCHIBAET «M3MEHEHUE CTEeHH MOHOTOHHOCTH» BBIOOPKU
HCXOIHOIO BPEMEHHOIO psifia BUOPOCKOPOCTH BO BpemeHu. IIpu mpo-
BEJIEHUN PACYETOB BBISICHUJIOCH, YTO HamboJsiee WHGOPMATUBHOM sIB-
JIIeTCS He caMa 3aBUCUMOCTb B = k(t), a mosydeHHass Ha ee OCHOBE
CyMMa, KOTOpas BbIYUC/IAJACH IIYTEM CPpaBHEHHA PaHIOB COCEAHHX
TOYeK BHIOOPKU. Eciiu paHr mpeapblaylleil TOUKM OKasbIBaICsa OOJIbIIIE,
yeM HOCJeAYIoIel, To K cymMMe aobaBisiach +1, B IPOTUBHOM CJIy-
yae —1. [TogobOHyI0 CyMMy NPUHSTO Ha3bIBaTh HAKOIJIEHHBIM PAHTOM.
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Puc. 2.11. BpemenHsie psizibl, NOJIy4Ye€HHbIE HAKOILUIEHHEM K03 PuueHToB paHroBoii
KOppeJsiiy 1-ro nopsizika N0 BPEMEHHBIM PsiiaM BUOPOCKOPOCTH:
1 = 6esnedexrnnrii [TIA; 2 — TTIA ¢ nedexrom
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Tabauma 2.1

CB#13b OTHOCHUTEJIbHOI aMILIMTY/IbI U JUCIIEPCHU CIIEKTPAIbHON COCTaBIISIONMIEH
pasiosxxenust Dypbe ¢ rexunyeckuMm cocrosiueMm I'TIA

Texuuueckoe cocrossaue I'TIA
AmIuuTyna
Besnedexrrbie JledbexTHbie
Cpentiee 3navenne 1,316 2,130
[lucrniepcust 0,135 0,125

[Hockombky nedexts moammmHUKOB [TIA MOryT POSABIATBCS B BO3-
HUKHOBEHUM IIIYMOBOH COCTaBJISAIONIEH CHUTHAJA, MOKHO NPEIII0JI0-
JKUTb, YTO XapaKTePUCTHMKM MOHOTOHHOCTM M HaKOILJIEHHBI paHr,
paccunranubiii s Oesgedexrroro I'TIA u TTIA, umeromniero pedexr,
OYIyT Pa3IUIHBIMI.

Ha puc. 2.11 npezacraBieHbl TUNWYHBIE 3aBUCUMOCTH HAKOILJIEH-
Horo panra jias Gespedexrroro (kpusast 1) TTIA u T'TIA, umerontero
nedext (kpuBasi 2). Ha rpaduke 2 oT4eTIMBO TPOSBJISETCS TapMO-
HIYeCKasi COCTABJISIIONIAst, B TO BPeMsl Kak Ha rpaduke GesmedekTHO-
ro I'TIA ona BeIpa’keHa B 3HAUUTEJHHO MeHbIeW crereHu. VImMeHHO
9TO 00CTOSTEBCTBO U ompeneauno Dypbe-aHaNIN3 Kak METOJ [IaJib-
Heleld 06pabOTKU TONYYEHHOTO BPEMEHHOTO psifia. B KadecTBe KO-
JINYECTBEHHOTO KPUTEPUS JIJIA OTIpefieJieHUsI CTeTleH M3HOMIEHHOCTU
HOIIUITHUKA OblJIa BBIOPAHA OTHOCUTENbHAS AMIUIUTY/A CIIEKTPAIb-
HOIl cocTaBysiiomell pasnoskeHust ¢GyHknnmu Dypbe HAKOIJIEHHOTO
paHra Ha 4acToTe OCHOBHOW POTOPHOH rapMOHUKH.

PesysibraThl pacueToB mpuBeAeHbl B Tabu. 2.1.

IpemioKeHHbIT KPUTEPUI TIO3BOJIIET ¢ TOYHOCTHIO Gojiee 85 %
otpezienATh Hasnume nedexta B mommunuukoBoM ysne [TIA u mo-
JKeT OBbITh MPUMEHEH ISl JIOCTOBEPHOM OIEHKHM TEKYIIEro TeXHUYe-
CKOI'O COCTOSIHUS Ta30ollepeKayuBaloOlINX arperaTtos.

TaxkuM 06pa3zoM, MOKHO YTBEPKAATh, YTO TPUMEHEHHE PaHTOBBIX
KPUTEPUEB MPU BUOPOJAMATHOCTHKE POTOPHBIX MEXaHM3MOB, B 4aCT-
HOCTH, TypOWH, HACOCOB M KOMIIPECCOPOB He(TErasoTpaHCHOPTHOM
OTPACJIM, MO3BOJISIET B 3HAYMTEJNBHOW CTENEHN YCTPAaHUTh CyOhEKTUB-
HOCTH 9KCIIEPTHBIX OIEHOK, HEM3OEKHBIX MPU TPATUIIUOHHBIX METO-
JlaX aHa/d3a CIIEeKTpa, U BBECTH KOJMYECTBEHHbIe KPUTEPUU IS OIl-
pesesieHsl TeXHUYEeCKOro COCTOSIHUS IOJIIUITHUKOB.

2.2. IUATHOCTUKA 3ATIOPHOI1 APMATYPBI
KOMITPECCOPHBIX CTAHITUII MATUCTPAJIbHBIX
TA30ITIPOBOA0OB AKYCTUYECKUMU METOJJAMU

Bubpoakyctudeckne MeTO/bl [HATHOCTUKUA MOTYT OBITh MTpUMeHe-
HBI HE TOJBKO JUisi OOHapysKeHUs 1e(EKTOB POTOPHBIX MAIIHH,
HUMEIINX HEKOTOPhIA Habop BO30YKIaeMbIX YaCTOT (3aBHCSIINNT,
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KaK MPaBUJIO, OT YaCTOTHI BPAIIEHHUsT POTOPA), HO W JJIst JIIOOBIX TeX-
HUYECKUX CHUCTeM, TIpu paboTe KOTOPBIX MMeeTCs reHeparusi BUOpa-
UM WM aKyCTHYECKOTO Tryma. IIpu aToM BaXKHO, YTOOLI CIIEKTPAb-
HBI cocTaB BUOpaAIUil He OBLI CILIONIHBIM «OETBIM TITYMOM», 2 UMeJ
ObI HEKOTOPbIE XapaKTePHbIE JIUHUKM WJIU TI0J0CH YacToT. C mo3umnuii
CUHEPreTUKN M XaOTWYeCKON JUHAMUKU 3TO yCJIOBHe O3HavyaeT HeKo-
TOPYIO YHOPSIOYEHHOCTh B MOBEIEHUU CUCTEMBI, T.e. AMHAMUKA TI0-
NOOHOI CHUCTEMBI  OTPE/IETISIETCST CBOMCTBAME  JIETEPMUHUPOBAHHOTO
xaoca [14, 15].

TypOyIeHTHOCTD SIBISETCS KIACCHYECKUM TTPUMEPOM JETEPMUHU-
POBAaHHO-XaOTHUYECKOTO TIOBEIEHNST Ta30BOTO WJIM JKUIKOCTHOTO MOTO-
Ka. YTOpPSI/[OYEHHOCTh [BM)KEHUSI B JJAaHHOM CJlydae IIPOSIBJISIETCSI B
reHepaluu BUXPEH, KaKIbli U3 KOTOPBIX IPEACTABJSET cOOOH yIo-
PAIOYEHHYIO CTPYKTYPY. MaciuirabHble 1 BpeMEHHbIE XapaKTEePUCTHU-
KM BUXpell OIpeaessioTcs CBONHCTBAMU SKUJKOCTH U JIMHEHHBIMU
pasMepaMi TPEMSITCTBUS, TPU OOTEKAHWH KOTOPOTO BO30OYKAAIOTCS
BUXPH.

B nanHom paszese paccMoTpeHa BO3MOKHOCTb HCIIOJIb30BaHMS
AKYCTHYECKOTO 1IIyMa, COIMPOBOK/IAIOIIETO 0OPa30BaHUE BUXPEBBIX
MIOTOKOB Ta3a, /Il AMArHOCTUKKM TEXHUYECKOTO COCTOSHUS 3allOPHOMN
apMarypbl MarucTpajbHbIX Ia30IIPOBO/IOB.

3aropHas apMarypa OCyLIeCTBJISIeT IepeKJIloueHre ra30BbIX 110TO-
KOB B HUTSAX MarvuCTpajaul MEXIAy HarHeTaTeJssMd U B TEXHOJIOTHUYe-
CKUX JIMHUAX KOMITPECCOPHON crannuu. B xausectse 3anmopHoro 06o-
pyZoBaHusT OOBIYHO UCIOJIB3YIOTCS MIapoBbie Kpaubl. Haumbosee pac-
IIPOCTPAHEHHBIM TUN ZiedeKTa 3TUX y3JI0B — HapylIeHWe repMeThy-
HOCTHU BCJIE/ICTBUE TIOBPEXKIEHUS YIIOTHAIONIEN TPOKJIAJIKU.

Hapyuienue repMeTUYHOCTH YIVIOTHEHMH IIPUBOAMT K BO3HUKHO-
BeHMIO TypOyJIEHTHBIX MOTOKOB rasa. TypOyJieHTHast CTpPysl Tasa Ipu
HCTEYEHUN U3 OTBEPCTHUST WM TPU OOTEKAHUU TIOMEIIEHHOTO B TIOTOK
Tesa (TypOysmsaTopa), TeHepUpyeT aKyCTUYeCKue KoJeHGaHust, 4acTo-
Ta KOTOPBIX 3aBUCHT OT XapaKTEPHBIX pasMepoB TypOysmsaTopa U
mapaMeTpoB JABWKYMIelicss cpenbl. [eHepupyembie KoJebGaHWUsT UMEIOT
HNIMPOKUI CIIEKTP, YTO CBSI3aHO ¢ (PU3MYECKUMM IIPOlleccaMi, IIPUBO-
JSIIAMY K TEHEPaIlMK aKyCTUIeCKUX BOJIH, & UMEHHO — 00pa30oBaHUIO
U CPBIBY I'a30BBbIX BUXpEl.

Kask/piii a7ieMeHTapHBIN BUXPb UMEET Olpe/ieieHHble (hudnueckue
1 9HepreTuyecKre XapaKTePUCTUKU, HO MOCKOJIbKY IapaMeTpbl 3Jie-
MEHTapHBbIX BUXPEN SIBJSIOTCS B 3HAYUTEJNBHON CTENEeHU CIy4alHOU
BEJINYMHON, TO W CIEKTP aKyCTHYECKUX KOebaHUi B pasinyHble WH-
TePBaJIbl BDEMEHN Pa3JTNYeH.

Ecmm BBecTwm TmMOHATHE <«MTHOBEHHOTO»  CIIEKTPA, IOHUMAs
MO/l 9TUM CIIEKTP KoJeGaHWi 32 JOCTATOYHO MaJiblii MHTEPBAJI Bpe-
MeHU
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At =1/fy, 2.7)

rae fo — caMasg HU3KOYACTOTHAash U3 MHTEPECYIOIUX HAC KOMITOHEHT
CIIEKTpPa, TO MOYKHO CKa3aTb, YTO Y3KOIOJOCHBI <«MTHOBEHHBIW»
CIIEKTP COBEPIIAET CTOXACTHUYECKUE TIepeMeleHuss B HEKOTOPOM 4Yac-
TOTHOM /IMAlla30He, CPeJHsSA 4acToTa fy, KOTOPOTO CBSI3aHA C YHUCJIOM
Crpyxaist:

sh = fy:D/V, (2.8)

rme D — xapakTepHBIN pasmep TypOyimszatopa wiaw teaw; V — cKo-
pPOCTb TIOTOKA.

CureioBaTeIbHO, M3yYeHUWE CIEKTPAJIBHBIX M CTATUCTHUYECKUX 3a-
KOHOMEPHOCTEH aKyCTUYECKUX XapaKTePUCTHK [IaeT BO3MOXHOCTDb
MoJIy4uTh MH(GOPMAIIUIO O TEOMETPUYECKUX PazMepax H3JIydaioliero
o6beKTa U CKOpocTH (Pacxojie) ra30BOH CPEJIbL.

B nmanHOM paszesie IpoBezieHA IOIBITKA ONpefeseHUs] HaJIuyus
nepereyek B 3alOPHOM apMaType OOBSI3KM HarHeTaTeJiel rasorepeKa-
YMBAMOIUX CTAHIUI C WCIOJIb30BAHUEM JAHHBIX 110 BHOPOAKyCTHYE-
CKUM ucciefoBanusaM. Viess MeTosa COCTOUT B TOM, YTO TIPU MOBPE-
JKJIEHUSAX YIUIOTHUTENBHOW MPOKJIAIKK KpaHa 00pasyercs IIeIeBoe
OTBEPCTHE, TIPU MPOTEKAHUK Yepe3 KOTOPoe CTPysl Taza BO30OyKIaer
akycrnueckue kosmebanusa. CHekTp W WHTEHCHBHOCTH KoJeOaHMil 3a-
BHCST OT T€OMETPUU IIEJU W CKOPOCTU MOTOKA, KOTOPbIE CBSI3aHBI CO
CTETIeHbIO PAa3PYIIEHUs TTPOKJAJKN M PACXOJOM MEPETEKAONIEro Ta3a.

Pelienne moCTaBIEHHON 3aj1aud OCTOKHSIETCS TeM OOCTOSTENbCT-
BOM, YTO KPOME CIIEKTpa TYpPOYJIEHTHOI CTPYU aKyCTHYECKHMI CUTHAJ
COJIEPXKUT U [IPyTHe CIEeKTPaJbHble COCTABJIAIONINE, TPOUCXOXKAeHNE
KOTOPBIX He CBS3aHO C IepeTedykaMu. K HUM OTHOCSATCS JIONIATOYHbIE
YaCcTOTHl HArHeTaresell, MeXaHWYecKre BHOpAIllMM KOpIyca KpaHa,
MIPOU3BOJICTBEHHBIE TTOMeXU W T.01. [lo 3TOl TpuynHe Tpe/BapuTesIb-
HO HEeoOXOAMMO ObLIO  YCTAHOBUTD, KaKhe OCOOEHHOCTH CIEKTpa Xa-
PaKTepU3yIOT TYpPOYJEHTHYIO CTPYIO, YTOOBI OTAEAUThH MOJE3HYI0 WH-
dopmanuio ot nomex. JIJist 5TOro GbIIM TIOJYYEHbI CIIEKTPhI aKyCTHU-
YeCKOTo IIyMa 3aBeJIOMO TepMeTHYHBIX KpaHoB (puc. 2.12, a). Ha
rpaduKe OTYETIMBO BBIPAXKEH PsiJl JOMATOYHBIX YaCTOT U OTCYTCTBY-
eT MIMPOKOIOJOCHAsT COCTABJISIONIAs TypPOYJIE€HTHOU CTPYH, OTYETIIHU-
BO BbIpa)KeHHAs B CIEKTPe KpaHa C MOBPEXAEHHOM MPOKIAIKON (pHC.
2.12, 6).

Taxum 06pa3oM, MO BUAY CIHEKTPa aKyCTHYECKOTO MIyMa 3allOPHOiT
apMarypbl BO3MOXKHO [UArHOCTMPOBaHUE HAJIMYWS ee HerepMeTHYHO-
ctu. [l KOJMYecTBEHHBIX OIEHOK CTEIEHU MOBPEXAEHUS YIIOTHE-
HUS ¥ BEJIMYMHBI yTeueK ra3da IpUMeM JIOMyIeHre, YTO Mepernaj [aB-
JIEHUsT Ap Ha YIUIOTHEHWM BBIIIE KPUTHYECKOTO W, TAKMM 00pPa3oM,
CKOPOCTb MCTEYeHMSI CTPYU He 3aBUCUT OT BEJMYUHBI Iieperajfa u
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Puc. 2.12. Cnekrporpammbl aKyCTUYECKOTrO curHamna, Bo36ygaemoro LiapoBbIM
KpaHoM:
a — repMEeTUYHbIN KpaH; 6 — HErepMEeTUYHbBIA KpaH

paBHa CKOpoCTM 3ByKa B rase. Kak nokasaHo B pabotax [16, 17], aTo
ycnosue BbinonHsetcda npu Ap > 0,1-0,16 MlNa. B pa6ote [17] noka-
3aHO, YTO ANS CTpyu rasa npuv pasBuMTOW TypOYNMEeHTHOCTU 4MCHO
CTpyxans MOXHO cyMTaTb NOCTOSHHLIM U paBHbIM ~0,3.

Mpn aTMX ycnoBusX, 3Has CPEdHIO 4acToTy MOMOCHI LWyMa B
aKyCTU4EeCKOM CrMeKTpe, U3 COOTHOWEHUS (2.8) MOXHO MOonyyYnTb
OLEHKN XapaKTepHOro pasmepa noBpexaeHuss D Ha ynnoTHEHWM
KpaHa u BenuyuHy yteudkn ( rasa. [ina cnektpa, npeacTaBieHHOro
Ha puc. 2.12, 6 (fo, = 1750 I'y), nmeem:
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D = Sh-V/fuw = 0,3-330/ 2000 = 0,057 wm;

Q = V.F = 330-0,057*= 1,07 M’/ c,

YTO COCTaBMSIET OKOMO OAHOrO MNPOLeHTa NnepekaynBaemoro rasa arpe-
ratom 'TK-10 n conamepumo ¢ NOrpeLHoCTLI0 pacxogomepa. Mak-
crmanbHOe 3HaveHue pacxoaa npu NoBpeXaeHUN BCer NpoKnaakn B
KpaHe «bops3ur» coctaBnsaet Q .x = 71 v’ c [17] .

OueHKka COCTOSIHUA 3anopHOV apMaTypbl KOMMPECCOPHOW CTaHLMK
nokasana, 4to 76 % KpaHOB MMeEEeT LUMPOKOMOSIOCHbIE YaCTOTHbIE
OnanasoHbl B CNiekTpe BMOpauuu, u, creqoBaTernbHO, 3T KpaHbl MO-
ryT OOnyckaTb NepeTeyky rasa.

[ns BU3yanusaymm pacyeTHbIX JaHHbIX npegnaraetcsa cnocob no-
CTPOEHMS MOBEPXHOCTU B NMPOCTPAHCTBE, 3aKIoYatloLLmMncs B Npeasa-
PUTENBHOM pacyeTe Mo MMEKLWMMCA BPEMEHHBIM pPAgaM UX Crek-
TpanbHbIX COCTaBMSALWUX N MOCTPOEHUN BPEMEHHOW 3aBUCUMOCTU
N3MEHEHNSA KaXKOOoW CNeKTpanbHOW KOMMOHEHTHI.

Bbilwe oTmMeYvanock, YTo ANCKPETHBIN FapMOHUYECKUIA aHann3 npu
MarnoM WHTepBarne BpeEMEHU pPasfoXeHUs1 Mo3BONsieT COXPaHUTb B
NOMy4YeHHOM rapMOHNYECKOM psiile CTOXaCTUYECKYH0 KOMMOHEHTY. A3
BpeMeHHoro psga x; (i = 0, 1, 2, ..., 3N — 1) Bbigenvum Tpu nocnego-
BaTenbHble BbliGopkn obbema N, Te. x;(i=0,1,2, .. , N— 1), x,(G =
=NN+1 ..,2N—- 1), x,(k=2N,2N+ 1, ..,3N — 1), rae N -
YUCO N3MEPEHUI BENMNYUHBI X, 4OCTAaTOYHOE AN NOCTPOEHUS CrEK-
Tpa B 3ag4aHHOM AmanasoHe YacToT. [ns kaxkaor BbIbopKn paccynTbl-
BawTCA  kO3pmuneHTbl paga dypbe M BbIMUCIAETCS MOLLHOCTb
CMeKTpanbHbIX KOMMOHEHT A,. [Mockonbky BbIOOPKM COBWMHYTBHI BO
BPEMEHN Ha HEKOTOPbIA MHTepBan Af, paBHbIA B Hawem cryyae 23
MC, TO FapMOHUKM M3 pasHbIX CMNEKTPOB, HO C C OAHOM 4YacTOTOM,
npeacTaBnAlT cobon passBuTre BO BPEMEHN COOTBETCTBYHOLLEN KOM-
NOHEHTbI crnekTpa. MNpuHUMas BENUYUHY MOLLLHOCTU FapMOHNYECKMX
COCTaBnSAOLWMX NocneoBaTernbHbIX CNEKTPOB 3a AEKapTOBbI KOOPAW-
HaTbl W, NOCTPOMB TakMM OOpa3oM TPEXMEPHYIO MOBEPXHOCTb, Mbl
NoyYnM HarnsggHoe n300paxeHne BNUSTHUSA CriyYanHbiX nyKTyauui
Ha pasBUTUE CMEKTpPa BO BPEMEHN.

Ha puc. 2.13 npeactaBneHbl CEKTPbl NocnegoBaTenbHbIX BO Bpe-
MeHW BbIOOPOK, paccYMTaHHble Ansi Noockbl TypOYNeHTHOro wyma
1-3 kl'y, BO3by>xgaemoro kpaHom ¢ nepeteykamn. OHM COOTBETCT-
BYIOT y4acTky cnektpa 1-3 k'Y, npuBeaeHHOMY Ha puc. 2.12, 6, Ho, B
oTnM4mMe oT NOCNefHNX, He NoABepranvcb YCPeaHEHMIO N0 BPEMEHW.

Ha puc. 2.14 npuBeneHbl M306paxeHus TpexMepHbIX MoBepx-
HOCTEN, NOCTPOEHHBIX ONMCaHHbBIM Bbille cnocobom. Puc. 2.14, a co-
OTBETCTBYET FEPMETUYHOMY KpaHy, puc. 2.14, 6 NOCTPOEH NO Chnek-
Tpam, NpuBefEeHHbLIM Ha puc. 2.13, T.e. ANd KpaHa C yTeuvykon rasa, a
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puc. 2.14, B nocTpoeH Ansa TypOyneHTHOW CTpyu, UCTEKaloLeln B art-
Mocdepy Yepes cBevy MycKOBOro rasa.

Kak cnegyet u3 puCyHKOB, BNUSIHUE CTOXaCTUYECKOW KOMMOHEH-
Tbl CUMbHO CKa3blBAETCA Ha TOMOMOrMM MOBEPXHOCTU, a 3HAuuT,
NpeanoXeHHbl MeTod MoXeT OblTb MCNONb30BaH AN BU3yarnbHOW
OLEHKN BENUYNHBbI YTEYEK.

Kak cnegyet n3 n3noxeHHoro, TypOyneHTHas cTpys OencTBu-
TENbHO BHOCUT OMpedeNieHHYl CTEMEeHb xaoca B YNOpsiAOYEHHbIN
aKyCTUYECKUI CuUrHam TexXHUYeckon cuctembl. KonnyectBeHHO cTe-
NneHb XaoTUYHOCTU HEKOTOPON M3MEPSEMON BENNYUHBI MOXHO OXa-
pakTepr3oBaThb YBENMYEHUEM YMCna CTeNEHe cBoOOabI MCccnenyemMoin
cuctembl, TpebyeMbix Ans ee agekBaTHOro onvcaHus. NogobHele 3a-
[ayn MoryT ObiTb pelleHbl C NMOMOLLBK BbIYUCIIEHUS KOPPENALMOH-
HOW pa3MepHOCTW, Hanpumep, no anroputmy [Nakkapaa — TakeHca
[18, 19].

PaccmoTpum npyMmeHeHue gaHHOW npoueaypbl K 3agaye onpege-
neHusa AedeKToB 3anopHOM apMaTypbl MarncTpasnbHbIX ra3onpoBOAOB.

Mpeanonoxum, 4To NpU NOMOLLN U3MEPEHUI NONyYeH OAHOMEpP-
Hbli BpEMEHHON psaa nnbo BMOpPOCKOpPOCTM, NGO BMOPOYCKOPEHUS,
nmbo akycTmdeckoro gasneHus (Ha (PMKCMPOBAHHOM PacCTOSHUM OT
MUKPOMOHA), CHATBIX C ONMpeaeneHHON ANCKPETHOCTbIO. BpemeHHas
nocneaoBaTenbHOCTb N0 eANHCTBEHHON NEPEMEHHON JaeT JOBOSIBHO
orpaHu4deHHyto nHpopmaumio o6 nccnegyemom oobekTe. OgHako, kak
nokasaHo B paboTtax E. ®epepa [19], BpemeHHas nocnegoBaTenb-
HOCTb OZJHOW NEPEMEHHON COAepPXNUT ropasno donee GoraTyto MHGOP-
Maumio — OHa HOCUT crnefbl BCEX MEePEMEHHbIX, Y4acTBYOLUX B OMNK-
CaHUM OUHAMVKN CUCTEMBI, @ Takke No3BonseT 6e3amogenbHbIM Cro-
COBOM NAeHTUPONLMPOBaTbL HEKOTOPbLIE KItoYeBble 0COBEHHOCTHN COOT-
BETCTBYIOLLEN CUCTEMDI.

Ecnu HekoTOopbIl LLIYMOBOIM CUrHAN Npou3BoAUTCH AUHAMUYECKOW
CUCTEMOW, KOTOPYIO MOXHO OMMCaTb KOHEYHbIM YUCIIOM NepeMeEHHbIX,
TO pasBUTUE CUCTEMbI BO BPEMEHU MOXHO (hopMarnbHO NpeacTaBuTb
KaK OBWKEHWe mnobor ToYkM M3 ha3oBOro MopTpeTa CUCTEMbI Ha
CcTpaHHOM aTTpakTope. Kak nokasaHo B pabotax [19, 20], cTpaHHble
aTTpaKkTopbl NpeacTaBnAatoT cobor pakTanbHble MHOXECTBA, MMaBHble
CBOWCTBA KOTOPbIX ONpeaensnTcs pasMepHOCTHbIMU XapaKTepucTu-
Kamu (pasmepHocTb Xaycaoopda, KoppensiLMoHHasa pasMepHOCTb).

Mpouedypa BbIMUCINEHNS KOPPENSILMOHHON pasMepHOCTU v 3a-
KrnoyaeTcs B criegytoLem.

Mpegnonoxum, x; — peanusaumsa OOHOW U3 KoopauHaT ¢a3oBoro

Puc. 2.13. CnekrporpamMmbl akyCTU4e€cKoro wyma B nonoce Yactotr 1000—-3000 [Iu,
pacuuTaHHble Afs Tpex nocnefoBaTeribHbIX BO BPeMEeHU BbIGOPOK BpeMeHHOro psiga
M3MepeHwii

121



X
XX
%

XX
X
X

&
%

0
&

()

2

Y
(X
5%
5%
K

&

X
X2

&
KX
oo
.‘ X ¥
g
XOOCAA

X
LK
XXX

PEKSE

MR

&
X
S

&

XXX

X
%
X
£

"%

0K

3
3
%
%
4

S
X
0

X
XX

X

3
%
2

&
%
K

0

&
&

&
%

XX
(X
X
%

XX
X)

A7
XK X
53
QN
XX

9

(X
(XX
X

&f’*
S
5

55
0%
N

.QQO‘O
(XX
%%

%
X

A
&
40

%%

%%
' BKLEEEe
) ‘ EISIEITIISTIT
ez,
100 =5 !::itz""";;:::::
< SO 3
e o
SIS SIS IR
SeeTegstasetate <
50| [SEEEEEEs
R
(ST
.Qvﬁggﬁﬁg
SR
SIS,
o L
G >
100 «%%*
203
80 §
60
100 :
50
/]
120
100
80
60
[
£
<7
S5
“‘::::::“ 5
SNSRI
1007 <S558
0‘0“‘“:“‘3\‘:‘: s
"“."“‘ SRS
30t d0 30 s e e
<G BN
50| LS
‘o:O"." < %

LT
\e.te,»t.‘,’,‘i'ézf!"
‘\Vg["“ “\
LB
e

40

SR
S SN
0’%%"‘}b
W
S
R
s
sl
AN
N\

9 "I'I X £

: TN

SLS
'I;?l




npocTpaHcTBa cuctembl x(t): x;= x(t;), i = 1, 2, ..., N. BBegem B pac-
CMOTpEHME HoBOE (ha30BOE MPOCTPAHCTBO (MPOCTPaHCTBO BIIOXKEHWS),
pa3MepHOCTb KOTOPOro m, a KOOpAWHaTbl TOYEK ONpeaensaTCcs Bek-
Topamu

Z(m) _

y;" = {x].,xj”,...,xﬁm%}, (2.9)
CKOHCTPYMPOBaHHbLIMW 13 MOCNeaoBaTesibHbIX 3HAYEeHUN BENUYUHbI
x(j=1,2,..,n=N—-m+ 1). [Ipy n"3SMEHeHUM BENUYNHbI ¢ NONy-

4YMM B 3TOM MPOCTPaAHCTBE TPAEKTOPUIO, BOCMPOU3BOASLLYIO HEKOTO-
po€e MHOXXECTBO, KOPPENSALMNOHHYHO pa3MepPHOCTb KOTOPOro v, MOXHO
BbIYNCITUTb Yepes KOPPEnSAUMOHHbIN MHTerparn

. 1 < =(m =(m
C,(g) = hmn—2 > 0[5 - 5™, (2.10)
n—ow j,kzl

Nno HakrnoHy 3asucumocTt InC,, oT Ine. I3ameHaa pasaMepHOCTb BEKTO-
POB y, NpoaHanM3npyem 3aBUCUMOCTb Vv, 0T m. O4eBNAHO, YTO Mpu
ManbIX m pa3MepHoOCTb v, byaeT yBenmunsatbcs ¢ poctom m. OgHa-
KO, ecnv n3yvyaemMblii cnyvariHblil cUrHan ecTb NposiBNeHne aeTepmum-
HWUPOBAHHOIO Xaoca, TO NP HEKOTOPOM m = m, BEMUYMHA Vv, Nepe-
cTaeT pactu. JOCTUrHYTOE Npu 3TOM 3HAYEHUE V,,0 U NPUHUMAETCS 3a
pasMepHOCTb v CTPAHHOrO aTTpakTopa MCXOAHOW CUCTEMbI U Ha3blBa-
eTca pasMepHOCTblo peanu3aumn. Ecnu xe poct v, npogomkaetcs
6e3 HacblLeHns, TO 9TO CBUAETENbCTBYET O TOM, YTO Habnogaembln
curHan sensietcs «6enbiv LWyMOM» 1 HEBOCMPOU3BOAUM MPU NMOMO-
LM pacCMOTPEHHOro anropuTMa.

Takum 06pa3om, 06bIYHBIN LLYMOBOW CryYanHbIN NPOLECC MOXHO
paccMaTpuBaTh Kak ABWKEHME CUCTEMbI Ha aTTpakTope 6eCKoHeYHON
pasmepHocTn. KoHeyHast pa3mMepHOCTb v 03Ha4aeT, YTO AaHHbIN CUr-
Han MOXHO BOCCTAHOBUTb C MOMOLLbIO AUHAMWUYECKOW CUCTEMBI (NO-
psaka He bonee, yem 2v + 1, [18]). MNMpu pewennn 3agad akcnnyara-
UuM TexHonornyeckoro obopyaoBaHns BaXXHO yMeETb pasnuyatb ge-
TEPMUHNPOBAHHBIA XaoC OT OObIYHBIX TEXHOMOMMYECKUX LLIYMOB.

B kayecTBe NCXogHbIX AaHHbIX MAEHTUUKALUN Hanu4ms nepeTte-
Yek rasa B 3anopHoOK apMaType rasonpoBodoB paccMaTpuBanucb Bub-
PauNOHHbIE aMNNNTYOHO-BPEMEHHbIE PsAbl ANA rEPMETUYHbBIX U He-
repmMeTMYHbIX KpaHOB 0OBSI3KM HarHeTaTesbHbIX arperaTos (puc. 2.15,
a, 6). AHanna 3TUX XxapakTepUCTUK NOKa3bIBaET, YTO KonebaHus am-
nnUTya BUBPALMOHHOro curHana 3anopHoro obopyaoBaHust BO Bpe-
MEHM NMEIT XaoTMYeckuin xapaktep. Habntogatolleeca nocrnegoBa-

Puc. 2.14. NoBepxHOCTU, MOCTPOEHHbIE MO NOCNEAOBaTENbHLIM CMEKTPOrpaMmam:
a — repmMeTUYHbIN KpaH; 6 — KpaH ¢ AedeKkToM; ¢ — cBobogHasa TypbyneHTHas cTpys

123



~
X
5=

W
X

5~

Buépocrkopocms, %o

1
wn
S

———

-100

0 200 400 600 800 1000

Homep mouku um?euuﬂ,
6 OUCKpemHOoCHb 23 MKC

100

W
X

I mlhl““n
WL

| . |',.,»ii1'!”|‘“ J“Hi
H”]”' HHH” »

oo

Buépockopocms, %o
XD

1
wn
S

~
<
S

0 200 400 600 800 1000

Homep mouku umefeuuﬂ,
OUCKpemHOoCmb 23 MKC

Puc. 2.15. BpeMeHHble psabl M3MmepeHuin BubpockopocTn Kone6aHwuii kopnyca 3a-
MOPHO apmarTypbl:

a — ons repmeTnyHoro kpaHa Ne 3 o6esisku LIEH arperata Ne 26; 6 — ana Herepme-
TnyHoro kpaHa Ne 1 o6Basku LIBH arperata Ne 11

TenbHOE YCMNOXHEeHNe HanoM1MHaeT U3BECTHbIE CLUEeHapum nepexoaa K
OeTepMUHUPOBaAHHOMY Xaocy [21], NOSTOMY MOXHO NpPeanonoXuThb,
YTO XaoTudeckne konebaHusi, COOTBETCTBYyOWME puc. 2.15, umerot
OEeTePMUHUPOBAHHYO OCHOBY.

PesynbTatbl pacyeToB KOPPENALNOHHOM pasMepHOCTM Ang npea-
CTaBMEHHbIX Ha puc. 2.15 AaHHbLIX NOKa3bIBaloT, YTO B Clyyae repme-
TMYHOCTM 3aMopHON apmaTtypbl KpuBas v = v(m) BbIXOAWUT Ha Hacbl-
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Puc. 2.16. Npachmkn 3aBUCUMOCTU KOPPEnALUMOHHON pasMepHOCTU v OT pasMepHo-
CTU BIIOXXEHHOTO NPOCTPaHCTBA m:
1 — ANs repMEeTUYHOTO KpaHa; 2 — ANs KpaHa Mpu HanMuuy nepetevek rasa

LeHne nNpu m = 5, 1 aCUMNTOTUYECKOE 3HAYEHNE KOPPENSLUOHHOM
pa3mepHocTu coctaensieT 1,5 (puc. 2.16, kpuas 7).

B cniyyae xe Hanuuns nepeTedek rasa B KpaHe TEXHONOrMYeCcKon
00BSI3KM HAarHeTaTENbLHOIO arperaTta B xapakrepe U3MeHeHNsi 3aBUcn-
MOCTUK v = v(m) HacbllLeHne HabnogaeTcs B 06nacTax pa3smepHoOCTH
BINOXEHHOro NpocTpaHcTBa okono 18. B obnacTtu HacblWweHus koppe-
nauMoHHasa pasmepHocTb gocturaet 1,9 (puc. 2.16, kpueas 2). lNo-
[OGHBIN XxapakTep KpMBbIX MOKa3biBaEeT, YTO NPOMCXOANT CYyLLECTBEH-
HO€e YCINOXXHEHME NPOoLLEeCCOB B CUCTEME, BbI3BAHHOE TYPOYNEHTHBIMU
nynbcaunsammn, OgHaKo BbIXOA KPMBbIX Ha acMMNTOTY MOKa3biBaerT,
YTO AETEPMUHNPOBAHHOCTb NPOLiecca COXpaHseTCs.

2.3. TMPUMEHEHUE &EHOMEHOJIOMTMYECKUX MOMENEN
B OWArHOCTUPOBAHUN TEXHUYECKOIoO COCTOAHUA
FASOTPAHCIMOPTHOIO OBOPYOBAHUA

Jliobon napameTp, xapakTepusylowmin pasBuTne AMHAMUYECKON
CUCTEMbI, MOXET ObITb BbIYUCIEH NPY YCNOBMU NOCTPOEHNS afieKBaT-
HOV MaTemMaTM4eCcKONn MOAenu cuctembl. B OTHOCUTENBHO MPOCTLIX
cnyyasx nogobHasa mogenb MoxeT OblTb NOCTPOEHa Ha OCHOBE M3-
BECTHbIX (pU3NYECKNX 3aKOHOB U CBA3EN, onpeaendembiX CTPYKTYpOun
W KOHCTPYKUMEN CUCTEMBI.

OpHako cuTyauus MeHSIeTCs, Korga YWcno creneHeri csoboabl
CUCTEMbI BO3pacTaeT, YTO MMEET MECTO B CIOXHbIX AUHAMUYECKUX
cuctemax. B aTom cnyyae B3aMMOCBA3b MapameTpoB HACTOMbKO yC-
NOXHAETCSH, YTO AOCTOBEPHOCTb aHANUTUYECKMX MOZENEeN CTaHOBUTCS
HeJonycTMMO HM3KoW. Ele 6onee nonoxeHue yxyglwaeTtcs B cryyae,
Korga BCTynaroT B AeWcTBue appekTbl camoopraHusaumm n gnHamm-
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YeCKOro xaoca, xapakTepHble Ansi HepaBHOBECHbLIX CUCTEM, KaKOBbIMU,
B CYLLHOCTU, ABMASOTCA OOMbLUIMHCTBO €CTECTBEHHBIX U UCKYCCTBEH-
HbIX TEPMOOUHAMMUYECKMX CUCTEM W YCTPOMWCTB, BKIMHOYas TEMnoBble
asuratenu. Knaccuyeckum npyMepom MoaennpoBaHnst eCTECTBEHHOWN
CUCTEMBI CO CIOXHbIM NOBEAEHMEM SABMSOTCS METEOPONormyeckune
Moaenu atMmocdepbl 3eMnM C UX HU3KOW JOCTOBEPHOCTHIO.

AnbTepHaTMBON (PU3NYECKMM MOAENSIM COXHBIX CUCTEM SABNSAIOT-
cs1 PEHOMEHOOorMYeckme MogeNn, NOCTPOEHHbIX HA8 OCHOBE 3aBUCK-
MOCTEWN Mexay napameTpaMy AMHaMU4eCKON CUCTEMbI, yCTaHOBIEH-
HbIX cTaTtucTudeckumun metogamu. (Hanpumep: «Ecnu 3akaT kpac-
HbIli — 3aBTpa ByaeT Aoxab»). HecMoTps Ha cyLlecTBeHHbIN Heaoc-
TaTOK NOAOOHbIX MOAENEN, KAKUM SIBNSIETCA UTHOpUpOBaHue usnye-
CKOW CYLLHOCTM MpOTEKaloLWmMX MNpoLeccoB (MpuynHbl), pesynbTaT
npeackasaHus (crnegcTene) BO MHOTMX Cryvasx OKasbiBaeTcsl JocTa-
TOYHO TOYHbIM.

PaccmoTpym npuMeHeHne mogenen 3Toro Tuna B TeXHUYEeCKOWn
AnarHoctuke HedTerasooro obopyaoBaHus.

Kaxabli n3 y3noB MexaHN4eCKOM CUCTEMbI MOXHO OXapakTepuso-
BaTb HEKOTOPLIM Pe3yNbTUPYIOLLMM NapaMeTpoM, KOTOPbI SiBNSeTCA
KpUTEPUEM TEXHUYECKOIrO COCTOSIHUS AaHHOro y3na. Hanpuwmep, ons
IMA Kak uenoro, B Ka4yecTBe OLEHKN TEXHMYECKOrOo COCTOSHUS MOX-
HO B3ATb BenuumHy obuwero KI[ arperata unu octaTouHbIN pecypc
paboThbl.

O603HauYnM i- perucTpupyemsblii WITaTHeIMKM npubopamu napa-
MeTp paboTbl arperara 4yepes x;, Torga TeXHN4eckoe cocTosiHue Y;
J-TO y3na MOXHO onpefenuTb Kak (yHKUMIO napameTpos, T.e. Y, =
= [(X), rae X = {x;}.

Kaxgblin U3 permcTpmpyemMblx napameTpoB x; UISMEHSAETCS C Teye-
HUEM BPEMEHW, MPUYEM 3anMCb NPOU3BOANTCS Yepes paBHbIe NPoMe-
XYTKM BpEMEHU C UHTepBanom Af, T.e. t, = nAt, rae n — HOMep U3-
MepeHus B cepuu. [NoaToMy pernctpupyemMble BpeMEHHbIE psbl 3Ha-
YeHWI NapamMeTpoB MOXHO NPeAcTaBuTb B Buae x; = xi(t;). Paccum-
ThiBaeMblil NoKasaTeslb TEXHUYECKOro CoCcTosiHUA Y; Takke ByaeT aB-
NATLCA BPEMEHHBIM PAAOM Yi(Z), UTO A@eT BO3MOXHOCTb U3y4eHUs
TpeHAa TEeXHUYECKOro COCTOSIHUA WM MNPOrHo3vpoBaHus LedeKToB
HedTerazoBoro o6opyLoBaHus.

MaTtemaTtnyeckne meToabl, NpUMeHsieMble ansa 06paboTku 1 npo-
rHO3MPOBaHUSA NMOBEAEHUS BPEMEHHbBIX PSAOB, LUMPOKO U3BECTHbI U
BeCbMa MHOroobpasHbl (HEKOTOpbIE U3 HUX PAcCMOTPEHbI B MEPBON
rnaBe AaHHOW KHUIN).

Becbma MHhOpMaTUBHBIMU XapakTepucTUKamm npu pacyetax no-
KasaTtenemn TEXHNYECKOro COCTOSIHUA arperaToB ABASIOTCA MHOXECT-
BEHHasi perpeccroHHas 3aBMCUMOCTb MeXay BpeMEHHbIMY psigamu
KO3 (PUUMEHT B3aMMHOW Koppensuun mexay Humu. Hanpumep, no
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YpaBHEHUIO MapHON perpeccum n KoauLmMeHTy Koppensaunum mexay
yactoton BpawleHna potopa TBA IMIA tuna N'MK-10 u gasneHnem
BO34yxa, co3gaBaeMbiM 0ceBbiM Komnpeccopom (OK), MOXHO cyauTb
O CTeneHmn 3arpsi3HEHHOCTU NIONAaTOK U NMPOTOYHOW YacTu KOMMIPECCo-
pa, T.e. O TexHn4yeckomM coctosdHum y3nos OK. 3To cnegyeT M3 KOH-
CTPYKTMBHOW CXeMbl arperata — komnpeccop u potop TB[ xecTtko
CBsi3aHbl Banom M UMEKT OAMHAKOBYIO YacTOTy BpaLleHUs.

B obwem cnyyae ypaBHeHUs perpeccum n koadULNEHTEI Koppe-
NAUUN 3aBUCAT HE TONBbKO OT TEXHUYECKOrO COCTOSIHUSA arperara, HO
1 OT pexnma ero paboTbl. [losToMy ANd AOCTOBEPHOrO ONpeaerieHrs
TEXHUYECKOro COCTOSAHNSE HEOBXOAMMO U3y4nTb NoBeaeHne Koapdu-
LUWEHTOB Koppensuun B AMHaMuKe.

PaccmoTprm B kadecTBe npvMepa UCronb3oBaHUe perpecCMOoHHbIX
3aBMICMMOCTEN MPUMEHNTENBHO K uarHoCcTuke obopyaoBaHns raso-
KOMMPECCOPHOro uexa.

Kak npaBwuno, agucnetyepckas cnyxba ra3oKoMnpeccopHOn CTaH-
unn pegko npuberaet K nsmMeHeHuto pexxmma pabotol A, n ynpas-
neHve pexnMom MNpPOU3BOAUTCH LUTATHbIMU YCTPOWCTBaMu aBTO-
MaTukn. Tem He MeHee, faxe B 3TOM Crnyyae MOXHO NONy4uUTb AUHa-
MUYECKME XapaKTepUCTUKM KoachduumneHToB koppensuun. Metogamm
KOpPEensAuMOHHOro aHanmaa 6bI10 YCTaHOBMNEHO, YTO OAHMM M3 napa-
METPOB, MMEILLMM CUIbHYI0 KOPPEMSLMOHHYIO CBA3b NMPaKTU4eCKu
CO BCEMM OCTalbHbIMW NapameTpamu, sIBNAETCA TeMnepaTtypa Bo3ay-
xa nepen OK. B To xe Bpem4, 3TOT napameTp 3aBUCUT OT CYTOYHbIX
konebaHui TemnepaTypbl. PaaMmax cyTouHbIX KonebaHun Temnepary-
pbl coctaBnsetr 8—10 °C, yTo fABnSeTCS OOCTaTOYHbIM ANs y4veTa
BNUAHUA ONHAMUYECKMX 3(P(PEKTOB Ha XapaKTepUCTUKN Koahbdmum-
€HTOB Koppenauun.

PaccmoTpym npuHUMnbl aHanmsa gaHHbIX KOMMbOTEPHbIX U3Me-
peHWii NnapameTpoB paboTkl arperatoB KOMMPECCOPHOTO LieXxa OAHOro
n3 npegnpusatui O «bawTpaHcras», obopygoBaHHOro arperatamm
TK-10-4. MNepekayka rasa npoussoaunacb wectbto [MIA, obbean-
HEHHbIX NMOMapHO B Tpu cTyneHun. Ha puc. 2.17 n 2.18 npencraBneHbl
HEKOoTOpble N3 46 perncTpmpyembix NnapameTpoB, NOy4YeHHbIe 3a 12 4
namepeHui (710 namepeHuini ¢ MMHYTHbBIM MHTEPBAarom), Ha OCHOBa-
HUX KOTOPbIX NPOBOAUNUCHL pacyeTsbl. M3 rpadmkoB BUOHO, YTO U3-
MEHEeHUs NapaMeTpOB arperaToB NPaKTUYeCKU cuHdasHbl, YTO Noa-
TBEpPXXAAETCA 3HAYEHUAMU KOI(PPULNEHTOB B3aUMHOW KOppenaumm,
OnM3KkuMKn K eguHule.

BaXHbIM MpenmyLLLeCTBOM pacyeTOB Ha OCHOBE WCMOMb30BaHMWS
WHopmMaLmn, Nony4aemMonm OT KOMMbITEPHbBIX U3MEPUTENbHBIX CUC-
TeM, ABMNSETCH Hanuume CUHXPOHHbIX 3anucen AaHHbIX N0 HECKOMb-
KM ogHoTunHeiM TIA. ArperaTtbl 06beguHSIOTCA NO LEXOBOMY MpK-
3HaKy, U pexunmbl MX paboTbl, KaK MOKa3aHO BbILE, U3MEHSAKTCS
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Puc. 2.17. OuHamuka usmeHeHuss paboumx napametpoB ans wectu [MA (paHHble
komnbrotepHon UNC):

a — vactoTa BpalleHuss TBL; 6 — nsmeHeHne temnepatypbl 3a THO; MA: 7 — TA -
4,15/04/99 20:00, 2 — TA — 2,15/04/99 20:00, 3 — TA — 5,15/04/99 20:00, 4 — TA —
6,15/04,/99 20:00, 5 — TA — 1,15/04/99 20:00, 6 — TA — 3,15/04/99 20:00

CVIH(ba3HO. I'IoaTomy nveeTcAa BOIMOXHOCTb CPaBHUTENBbHOIO aHanmaa

OMHaMUKN KO3 DUUNEHTOB KOPPENALMM N PEFPECCUOHHBLIX 3aBUCU-
MOCTEMN.
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Puc. 2.18. OQuHamuka mameHeHusi pabounx napametpoB [TIA (gaHHble KOMMbIOTEP-
Hoii UNC):

a — paenenue 3a OK; 6 — TemnepaTtypa nepea OK; I'MA: 7 — TA — 4,15/04/99 20:00;
2 - TA - 2,15/04/99 20:00; 3 — TA — 2,15/04/99 20:00

lMpegnaraemblin MeTo ANArHOCTUKN OCHOBAaH Ha NPEAnOOXEHNN,
YTO KOIhPULMEHTLI B3aMMHOW KOppenaunm Mexay napameTrpamu,
YyCPEeOHEHHbIE 3a JOCTAaTOYHO OONbLUOW Nepuof BpeEMEHU (Ans yyeTa
ONHaMUKM Npu CYyTOYHOM KomnebaHuu Temnepatypbl nepeq OK), 3a-
BUCSIT TONBbKO OT TEXHUYECKOro coCcTosiHuA Typboarperata. Ha pwuc.
2.19 npepcTaBneHbl 3HadeHusa 13 nap koadpduUUMEeHTOB B3aMMHOMN
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3uauenue korppunuenma ezaumnoil
Koppensuuu

04 }
-0,6

0 1 2 3 4 5 6 7 8 9 10 1 1213 14
Homep napst napamempos

—— ] ——2 —8a—3 ——41

Puc. 2.19. pacpukm nameHeHus koadpcpuumeHToB koppensumm ans asyx IMA (Ne 2
1 Ne 4) B TeueHue 5 cyT.

MMA: 7 — TA — 4,20/04/99; 2 — TA — 4,15/04/99; 3 — TA — 2,20/04/99; 4 — TA —
2,15/04,/99

Wcnonb3oBaHHbIe NapameTpbl

Homep napbl
NapameTpoB MapameTp 1 MapameTtp 2
1 Twosn Nepen OK, °C pw nocnie 'MH, atn
2 Twosn Nepeq OK, °C O6opoTtbl TBM, 06/ MyH
3 Teosn Nepeq OK, °C Twosn NOCRE pereHepauum, °C
4 pw nocne 'MH, atn O6opotbl TB[, 06/ MuH
5 pw nocne N'MH, atn Twosn NOCHIE pereHepaumu, °C
6 O6opoTbl TB[, 06/ MuH Twosn NOCRE pereHepauum, °C
7 Teosn Nepen OK, °C Trasa 3@ THAO1, °C
8 Twosn Nepeq OK, °C Twacn MOCNE M/ 0, °C
9 Twosn Nepeq OK, °C Thopumn makce, °C
10 Trasa 3@ THO1, °C Twacn MOCNE M/ 0, °C
11 Trasa 3@ THAO1, °C Troqunn Make, °C
12 Twacn NoCRE M/ 0, °C Troquun makce, °C
13 Teosn Nepeq OK, °C Torpyx sosm °C

Koppensymm gna gpyx pabotatowmx B nape IMA, ¢ 5-CyTOYHbIM UH-
TepBanomM Mexay cepusiMu mamepenuin. [Onsg HarnggHoctu Habop
OaHHbIX NpeaCTaBneH B BUAE NoMaHow kpuson. Kak cneagyet u3 pwuc.
2.19, Bug kpusbix ansa kaxgoro IMA coxpaHsieTcs ¢ TedeHueM Bpe-
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MEHW, HECMOTPS Ha TO, YTO B O4HOW U3 CEpUIA M3MepeHUn Habnoga-
nocb ckaykoobpasHoe u3MeHeHne YacToThbl BpaweHus TBO. C yye-
TOM OAMHAKOBbLIX YCNOBUIA paboTbl arperaTtoB U CUHXPOHHOCTU MU3-
MEPEHUI, pasnuunst Mexay NMMHUaMn ana pasHolx [MIA MOXHO 06b-
ACHUTb Pa3NUYHbIM TEXHWYECKMM COCTOSIHMEM arperatoB, NMnbo mx
KOHCTPYKTUBHBIMU 0COBEHHOCTAMMN.

OTOT BbIBOA NOATBEPXKAAETCA TakkKe npeacTaBneHneM AaHHbIX B
BMAE TpexmepHow noBepxHocTu (puc. 2.20). [na nocTpoeHus mno-
BEPXHOCTU MO ropn3oHTanbHbIM KOOPAMHATHLIM OCAM OTKNadbiBaoT-
CH AaHHble BPEMEHHbIX PSA0B C CUITbHOW B3aMMHOW KOPPENSLVMOHHON
CBA3blO, HaNpuMep, Temnepartypa so3ayxa nepeg OK n yacTtoTa Bpa-
weHns potopa TB[M. Mo BepTukanbHON OCU HAHOCATCA TOYKWU Bpe-

Puc. 2.20. MNoBepxHOCTH, NOCTPOEHHbIE MO B3aMMO3aBuUCsLLMM napametpam [MA:
a — arperat Ne 2, 6 — arperat Ne 4
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MEHHOro psaa napameTpa, Hambonee MHPOPMATUBHOIO C TOYKM 3pe-
HWS1 OMarHOCTMKN N 3aBUCSILLErO OT MHOMMX napameTpoB. B cnyuae,
npuBegeHHOM Ha puc. 2.20, 3TMM NnapaMeTpoM sBAsieTCa TemnepaTypa
rasoB 3a TH[. [NoCcTpoeHHyt0 Takum 0O6pa3om MOBEPXHOCTb MOXHO
TpakToBaTb Kak pe3ynbTaT yCpeaHEHUs1 N0 BPEMEHU ANHAMUYECKON
3aBMCUMOCTM OAHOrO napameTpa OT ABYX APYruX, CUMbHO Koppernu-
PYHOLLMX Mexay coOo.

Kak cnegyet us puc. 2.20, xapaktep NoBepXHOCTEN, MOCTPOEHHbIX
ans pasHbix A, 3HaunTenbHO pasnuyaetcs. Hanbonee cyllecTBeH-
HbIM SIBMSIETCA TO OBCTOATENbLCTBO, YTO BUA NMOBEPXHOCTW ANS KOH-
kpeTHoro TIA MeaneHHO M3MEeHsieTCA BO BPEMEHM, Tak YTO NO Mo-
CNefoBaTeNbHOCTU U300paKeHWIn MOXHO HarnsgHo NpeacTaBUTh
TpeHA TEXHUYECKOro COCTOSAHUS arperaTa.

MeTog MOCTpoeHMs TPEXMEPHBIX MOBEPXHOCTEN Haubonee Ha-
rMAOHBIN, HO ero TOYHOCTb HEBbICOKA M3-3a y4YeTa BCero Tpex cratu-
CTMYECKM 3aBUCUMbIX MapameTpoB. bonee HagexHbIx pe3ynbTaToB
MOXHO AOCTUrHYTb, MPUMEHMB K pe3ynbTatam KOppensunoHHOro
aHanusa MeToAbl TeopuM pacno3HaBaHust obpasos [22, 23].

JlomaHble nuHUKW, NpuBeaeHHbIe Ha puc. 2.19, ABNSOTCS, NO Cy-
LecTBy, NpOCTEMWIMMM OOpasamMy TEXHUYECKOrO COCTOSHUS OBYX
TypboarperatoB. 3HauyeHns1 KO3PPULMEHTOB B3aMMHOM KOPPENauun
ABMAIOTCA KONMYECTBEHHOW MEPOW MPU3HAKOB, K KOTOPbIM MOXHO
NPUMEHUTb U3BECTHblE anropuTMbl pacrnos3HaBaHusa obpasos [23].
[MpocTpaHCTBO nMpu3HaKkoB OPMUPYETCH C Y4EeTOM CTaTUCTUYECKOM
3HAYNMOCTU KOIPDULMEHTOB KOPPENALMU, U ero pasMepHOCTb MO-
XeT ObITb 4OCTATOMHO BeNvKa ANS HaAeXHOro pacrno3HaBaHUs pas-
NNYHBIX CTaanin pasBUTUA MHOIMX gedekToB. [puMeHeHne gaHHOro
MeToAa B HacTosILLiEe BpeMS COEPXKMBAETCS OTCYyTCTBMEM HaAEXHbIX
obyyvaroLux BeIGOPOK AN Knaccndukaum COCTOSIHUIA arperaTos, HO
npv ycnoesun oopmmnpoBaHus 6asbl JaHHbLIX JOCTATOYHOro obbema
cnepyeT oxuaaTe 6onbluon adeKTUBHOCTM AaHHOrO MeTo4a Avar-
HOCTUKM.

PaccmoTpym npuvmeHeHne (eHOMEHONOrM4eckux MeTodoB Ans
onpeaenenns PyHKLMOHaNbHbIX 3aBUCUMOCTEN KOHKPETHbIX Nokasa-
Tenen TEXHNYECKOro COCTOsIHMA 000opyaoBaHUs ra3oTpaHCNOPTHOrO
uexa.

TexHn4eckoe COCTosIHUE onpeaensoT Ha OCHOBE KO3 (ULIMEHTOB
TEXHUYECKOro COCTOAHMA Mo MolHocTn Ky, no K K, v tonnms-
Homy rasy K, pekomeHgoBaHHbix BHUWIMasom [24-26] v wmnpoko
NCMOMb3yeMbIX B ra3oBOM MPOMbILLIIEHHOCTH.

PacueTbl k03(hPULNEHTOB TEXHUYECKOTO COCTOSIHUSA MO CyLLECT-
BYIOLLMM METOAUKaM UMEIOT CyLLECTBEHHbIE HEAOCTAaTKN: HeOOXoam-
MOCTb NpoBeAeHUS JONONHUTENbHBIX U3MEPEHUI, HE NPeayCMOTPEH-
HbIX LUTATHBIMW CpeaCcTBaMu; MPUHSATUE psga AOMYLLEHWIA NpU pacye-
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Te 3(PPEKTUBHON MOLLHOCTU, CHWXKAKLLMX UX AOCTOBEPHOCTL; WUC-
Nnonb30BaHWe HOMOrpamMm M AuarpamMMm Of19 pacyeToB, CHUXKaroLee
onepaTMBHOCTb METOAOB U T.A.

B ycnoBusix, korga Ha rasonepekadymBarolmnx npegnpuaTusix, obo-
pyooBaHHbIX ctauuoHapHeiMu [TIA, yxe noytn 50 % arperatos
NPeBbLICUNM UM NPUBMXKaKTCA K CBOEMY HOPMATUBHOMY CPOKY
akcnnyaTaumm n (oMsnyeckn WU3HOLLEHbI, YTO BbipaXaeTCs MaBHbIM
obpasom B gechopmaumm KOpNycCHbIX AeTarnemn, pe3ko CHUKaoLmMX
KM oceBoro komnpeccopa u TypouHbl, paspaboTka METOO0B onepa-
TUBHOW [OWarHOCTUKM TexHu4veckoro coctosHus [TIA B ycnoBuax
KOMMPECCOPHOWN CTaHLMN CTaHOBUTCS BECbMa akTyaslbHOM.

OdbdhektnBHbI KM I'TY 1 3aBMcUT OT pexuma paboTtbl [TIA un
SABNSAETCA U3BECTHOMN (PYHKLMEN MHOTUX PEXUMHBIX NapameTpos [27]:
n = F(X), roe X = {x;} — koMnnekc napameTpoB, uamepsiembix (B
TOM YMCe HewTaTHbIMU CpeacTBamMun) Ans npoeeaeHus pacyetos. C
TEYEHNEM BPEMEHU, NPU U3IMEHEHUSX pexuma pabotbl [TIA, name-
HAKOTCA 1 NapameTpsl, T.e. x;= x(¢), n KMNO n; = F(1).

C Opyroi CTOPOHbI, MOXHO MPeACTaBUTb CMOXHY (PyHKUMIO F
Sonee npocton (Hanpumep, NUHENHON) (YHKUUENH NapameTpoB X
(M3mepsaemMbIx WTaTHbIMKM nNpubopamu!) ¢ HEM3BECTHBIMU MOCTOSH-
HbIMU KO3(hbbmUneHTamu:

.
n; ZF*(tj)=Ao+};Ak~xk(tj), (2.11)

roe A, — NOCTOsIHHbIE KO3 (PULMEHTLI, Mognexalime onpeaeneHuio;
N — 4ncno napamMeTpoB, U3MepsieMoe LUTaTHbIMK cpeacTBaMu.
Yucno namepsieMbix NnapameTpoB MOXHO COKpPaTUTb, €Cnn OTOpo-
CUTb Te NapamMeTpbl, KOTOPbIE HE OKa3bIBalOT «CYLLECTBEHHOrO BNUS-
HUSI» Ha onpeaensemylo Benu4umHy, B Hawem cnydae Ha K. «Cy-
LLIECTBEHHOCTb BMMSAHMSA» TOrO UM MHOrO NapameTpa MOXHO ornpe-
AenuTb MeTogaMm KoOppensaLuMoHHOro aHanmaa, Bbluncnas Kosgouum-

EHTbI MapHOV KOPPensaLuuK 7,  MEeXay BPEMEHHbIMW psaamu napa-

meTpoB x(¢) v KMNA n(%) v 3aaas ypoBeHb JOCTOBEPHOCTU Koppe-
NSUMOHHON CBA3MN.

KoachdpuumneHtol A, BbIMUCASIOTCA U3 YCMOBUA MWUHUMKU3ALMMU
dyHKUMOHana

F(X) — F¥(X) - min. (2.12)

AHanornyHbiM 0b6pas3omMm CTaBWUTCS 3adaya onpedeneHus Opyrux
OMarHOCTUYECKUX nokasatenen — KO3PMULUNEHTOB TEXHUYECKOTO
COCTOsIHMSA No MowHocTK, KIMO v TonnueHomy rasy.

B kauyecTtBe npumepa pacyeta koddduLmneHTa TEXHUYECKOro CO-
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Tabnuuya 22

PexumHble napametpbl ITIA, uMelowme Hambonee TECHYIO KOPPEnsLMOHHYIO CBA3b
C KO3(hMLIMEHTOM TEXHUYECKOro cocTosiHuA K,

MapameTp Tap Ky Mapametp Txp Ky

O6opothl TBA 0,824 TemnepaTypa rasa 0,917
3a THO

O6opoTbl THA 0,831 [asneHne macna 3a 0,769
MMMennepomM

[aeneHue Bo3gyxa 0,853 [aBneHne macna 3a -0,754

3a OK MNHXXEKTOPOM

Temnepatypa BO3- —-0,836

ayxa Ha Bxoge OK

ctoaHusa no Krg (K,) paccmotrpum gaHHble MNC komnpeccopHoro
uexa ofHOro u3 rasonepekavymBanoLlLmnx NpeanpusaTUin, OCHaLLEeHHOro
asyxsanbHbiMu [TIA T'TK-10-4 ¢ HarHeTaTtenamu 370-18-1.

McxogHbIMW gaHHBIMY N9 pac4eTOB CIYXXWIU BPEMEHHbIE PSabl
napameTpoB, nony4veHHble ¢ nomowpo MNC ons vetwbipex MA, pa-
fSoTalowux napannensHo B ABe rpynnbl. 3anucb JaHHbIX NPOM3BOAU-
nace B TedeHuun 10 4 ¢ MHTEpBanom BpeMeHn Mexay usmepeHnsammn B
OfHY MUHYTY, T.e. o6bem BbibOpku coctaBun 640 nsmepeHui.

Mo meToauke TennoBoro pacuveta AByxeanbHou [TY [27] ans
BPEMEHHOro psiga 3HadeHun 6binm paccuntanbl 3Hadenus Krg n,, v
no cpopmynam [26] 3HayeHus m, NpMBEAEHbI K HOMMHANbHBIM Napa-
MeTpam aTmocdepHoro Bo3ayxa (Ha BXo4e B KOMMPECCOpP) U HOMU-
HanbHOW Temnepatype nepen TypbuHon. KoachduumneHTsl TexHu4e-
ckoro coctosHus no Kr[ paccunTbiBanucb kKak K, = m./Me, roe
Neo — HOMUHAnNbHLIA KINO no TEXHUYECKUM YyCroBUSM.

B xoge npeaBapuTenbHbIX pacvyeToB OblNo NOMyYeHo ceMb napa-
MeTpoB C Haubornee 3Ha4YMMOWN KOppensauMoHHOM cBA3blo C K,
(Tabn. 2.2).

B Tabn. 2.3 npeacTtaBneHbl kKO3 OULNEHTEI YypaBHEHUS PErPeccHm
(2.11), BbIYMCNEHHbIE MO BbILIE NMPUBEAEHHOMY anropuTmy.

Ha puc. 2.21, a, npnBeaeH rpaduk nameHerHna K cornacHo Te-
NIOBOMY pacyeTy U MOCTPOEHHbLIN MO ypaBHEHUIO perpeccun. Kak
cnepyeT 13 NpeAcTaBneHHbIX AaHHbIX, MONy4YeHHOEe ypaBHEHWe gocTa-
TOYHO TOYHO OMMUCbIBAET IKCNEPUMEHTANbHYIO 3aBUCMMOCTb. Koad-
dULNEHT Koppendaumm Mexay 3aBsucumoctsamu coctasngaet 0,927 npu

Tabnuya 2.3
3HayeHus ko3(h(PULMEHTOB perpecCUOHHOro ypaBHeHus (2.11)
A Aj Asy As A As As Az

2,70-107 | 3,28-107° | 1,92.107" | 7,26-1077 | 1,18-107° | 7,37-107% | 4,17-107° | 1,34-1077
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Pue. 2.21. OuHamuka koacpcmumeHTa TexHmyeckoro cocrostua no KA K:

a— 'MA Ne 3, 19.04.2000 r.; 6 — I'TIA Ne 3, 19.06.2000 r.; 8—'TIA Ne 4, 19042000 r;
1 — TennoBon pacyeT no metoauke [26]; 2 — pacyeT MO ypaBHEHUIO perpeccun (,qnﬂ
pvC. B — pacyeT Mo yYpaBHEHUIO perpeccuu, nonyyeHHomy Ans A Ne 3)



ypoBHe 3HauumocT 99,9 % KoadhpUUMEHTOB perpeccum no ¢-Kpu-
Teputo CTblogeHTa.

HocTtatouyHo ©Gonblo 00bemM BbIGOPKM U NPOAOIPKUTENBHOCTb
akcnepumeHTa (6onee 10 4) NO3BONAKT yu4nTbiBaTb AMHAMUKY pe-
xnma [MA Bcneacteue nsameHeHus gaeneHusa Ha Bxoge KC, cytou-
HOro nepenaga temneparypbl 1 psga gpyrux npuyunH. NMostomy Mox-
HO NPeanonoXuTb, YTO ypaBHEHUE, NONyYEeHHOE MO AaHHbIM OAHOM
BbIOOpPKM OydeT AOCTaTOYHO TOYHO OMNWCbIBATb MOBEAEHME TOrO Xe
napameTpa B Apyrown Bbibopke. Ha puc. 2.21, 6 nokasaHbl BpeMeHHas
3aBucUMOCTb K., NnonyyeHHas no pesynbtatam TEMNoBOro pacyeTa
Yepes 2 Mec nocrne NposBeaeHns NepPBON cepun nsamepeHuii. M3 npea-
CTaBMEHHbIX JaHHbIX cneayeT, YTO MOrpeLlHOCTb PacYETHbIX 3Haye-
HUi K, cocTaBnseT 2 % 1 ABNAeTCA CMCTeMaTU4eckor, B TO BpEMS
KaK KpUBbIE MO-MPEXHEMY 3KBUOUCTAHTHBI.

Mockonbky Tvn Bcex IMIA B uexe Obln OAMH U TOT XXe, MOXHO
NPeanonoXnTb, YTO MOMYYEHHOE PEerpecCUOHHOe YypaBHeHWEe AN
pacyeTta K, ans ogHoro 'MA B Kakon-To cTeneHn Moaenupyet Benu-
ymHy K, gpyroro arperara. Ha puc. 2.21, 8 npuseaeHbl rpaduvku, no-
ny4YeHHble No pesynbTatam Tennosoro pacdeta anda MA Ne 4 u no
ypaBHeHMIO perpeccum, nonyydeHHomy ans A Ne 3. Kak cnefgyet n3
rpacukoB, cucrematuyeckas owmbka Bospocna Ha 5—6 %, HO xapak-
TEP KPUBbIX MO-NPEXHEMY PasnMyaeTcs He3HAYUTENbHO.

Takum 06pa3oM, MOXHO cUMTaTb, YTO ypaBHEHMS perpeccuu, no-
nyyaemble C MNOMOLLbIO NPEANOXEHHbIX NpoLeayp, 4JOCTaTOYHO TOY-
Hbl, 1 C UX NMOMOLLIbIO BO3MOXHO NMpoBeAeHNe OLeHOK KoathdUuumneH-
TOB TexHu4eckoro coctosHusa MIA.

MpeumyLlecTBamMu NpeanoXeHHOro MetToaa SBASKTCA UCMOMNb30-
BaHWe TONbKO LWTaTHbIX U3MEPEHUIA, ONepaTUBHOCTbL pacyeTa n BO3-
MOXHOCTb BKMOYEHUS pa3paboTaHHOro anropytma B cOCTaB OyHK-
umn MNC KoMnpeccopHOW CTaHuMu Ansi oToOpakeHusi TeKyLero
TEXHNYECKOro COCTOSIHUSA KaXKoro U3 arperartos.

2.4. MOOENMPOBAHVE ANHAMNKNA WSMEHEHWA
TEXHUYECKOIO COCTOAHUNA TASOTPAHCIIOPTHOIO
OBOPYOOBAHNWA B NPOLIECCE BbIPABOTKA
OKCIMIMYATALUNOHHOIO PECYPCA

O6GHoBReHne nNapka ra3oTpaHCcnopTHOro 0bopyaoBaHUA Ha npea-
NPUATUAX MPOUCXOAMT MEANEHHbIMW TemMnamu, U B HacToslLLee Bpe-
MS JeWCTBYHOLME arperatbl UMEIOT LUMPOKWIA pa3bpoc No BpemeHM
obLelt HapaboTkM — OT COTEH A0 COTeH Thicsiy YacoB. NpeaenbHas
BbipaboTka MOTOpecypca MpPUBOAUT K CYLUECTBEHHOMY W3MEHEHUIO
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napameTpoB 0060pyAOBaHWst, U MPU 3TOM OBLLENPUHATBIE METOAMKN
pacyeTa TEXHWYECKOrO COCTOSIHWSI arperatoB AalT 3HAYMTErNbHYI0
MOrpeLUHoOCTb.

[MoaTtomy npeacTaBnseT NPakTUYECKUA MHTEPEC M3ydeHne anHa-
MUKN «CTapeHus», T.e. onpefeneHne obwmx TeHaeHUMn M3aMeHeHns
XapaKTepUCTUK arperaTtoB B npoLecce BbIpabOTKM IKCMnyaTaLMoH-
HOro pecypca. Y4eT nogobHbIX AMHAMUYECKMX XapakTepPUCTUK Mo-
3BOMUT BHECTM COOTBETCTBYIOLLME KOPPEKTMBBI B pacyeTHble METO-
OVKN 1 B onpedeneHHon CTeneHn onTUMU3NpoBaTh AKCMyaTaumoH-
Hble MapameTpbl arperaToB C MpPeaenbHO BbipaboTaHHbIM MOTOpe-
CypCOM.

MpocneauTb 3a U3MEHEHUEM TEXHUYECKUX XapaKTepUCTUK raso-
TYPOMHHBIX rasonepekaynBaloLLMX arperatoB Ha NPOTSXKEHUN BCErO
pabouyero pecypca (15—20 neTt) npakTnyeckn HEBO3MOXHO. B nepByto
oyepedb 3TO CBA3aHO C HECOMOCTAaBUMOCTBIO YCMOBUI NPOBEAEHMS
N3MEPEHU — 3arpys3ku rasonpoBoga, TemnepaTypbl Hapy>KHOro BO3-
ayxa, BNUSHUS PEMOHTOB, U3MEHEHMEM XapaKTEPUCTUK LUTATHbIX
Tepmonap v gpyrumm npudmnHamu. Kpome Toro, 3a 15-netHun ne-
puvoa, HeobxoauMbI AS UBMEPEHWIA, MOparibHO yCTapeBatoT Bce TU-
nol ['TIA, 1, B cnydae npoBeeHUsi Takux U3MepPEHUI, NonyYeHHble
pe3ynbTaTbl MOTEPSAIOT aKTyanbHOCTb.

Bmecte ¢ Tem nogoOHbIN MOHUTOPUHE XU3HEHHOro uukna [TA
npeacrasnsaeT 6e3yCrnoBHbIN MHTEPEC, HaNpPUMep, ANsi pac4eToB cpea-
Hero pecypca [TIA, nepnoanYHOCTU NNaHOBbIX MEPONPUATUIA U Np.

B paHHOM pasgene npeanaraeTcs MeTo onpeaeneHns AUMHamMmukm
yCPeOHEHHbIX xapakTepucTuk [TIA Ha NpOTSHKEHUM NpPaKTUYECKU
nonHoro pabo4ero pecypca.

OcHoBHas vages CoCToMT B TOM, YTO BCE MMEIOLLMECS Ha OAaHHON
komnpeccopHon ctaHumn (KC) ogHoTunHble ITIA cuntaoTca ogHUM
W TEM Xe arperatom, HaxXoAALWMMCS Ha PasHbIX CTAOUAX «CTapeHUs».
lMpuHAB Takoe gonyleHne n Nnposeas 0 QHOBPEMEHHO U3MEPEHUS Ha
BCEX arperartax, Mbl Nofly4MM Habop XapaKTepUCTUK, COOTBETCTBYHO-
LWWA pasHbiM HapaboTkam gaHHoro tuna A,

[encTBnTENbHO, KaK NokasaHo B pasaene 2.3, 04HOBPEMEHHOCTb
n3mepeHuin obecnevmBaeT OAMHAKOBbIE YCIOBUS MO Harpy3ke (MoLy-
HOCTb BCEX arperaTtoB B npefernax KOMnpecCopHoOu CTaHUnn npumep-
HO OJWHaKoBa MO YCMOBMSAM TEXHOMOrMM) U TemnepaType BHELUHeNn
cpenbl. C gpyron cTopoHbl, obwas HapaboTka [TIA B cocTaBe napka
KC pasnunyHa. 1, HakoHeL, Y1cno ogHOBPEMEHHO paboTatoLmx arpe-
ratoB Ha KC (o 18) noseonsetr NpoBOAUTbL CTATUCTUYECKUE OLEHKN
[OCTOBEPHOCTU TMNoTeS.

MogoBHbIE M3MEPEHUS MOXHO MPOBOAWUTL HEOAHOKPATHO, Mpwu
pasHbIX Harpyskax u TemnepaTtypax Hapy>KHOro Bo3ayxa, u, crefoBa-
TENbHO, MOXHO MOMYYUTb YCPEAHEHHble OMHAMWYECKNE XapakTe-

137



puctnkn paHHoro tuna [TIA Ha pasHbiX 3Tanax ero XW3HeHHOro
uukna.

Ons akcnepymeHTanbHOW MNPOBEPKM OAHHOIO MNPEeAnorioXEeHUS
ObINKn NpoBeaeHbl AeTanbHble 3MepeHns napameTpoB T1A Ha ogHon
n3 KC [l «bawTtpaHcras».

Mapk MA paHHoi KC coctaensaiT 20 ogHOTUMHLIX arperarta
FTK-10-4 n 2 arperata I'TK-10M (tabn. 2.3). Kak cnepyeT u3
Tabn. 2.3, obwaa HapaboTka arperatoB BapbupyeTca oT 2000 go
125000 u.

M3mepeHns npoBOAMNUCH NPaKTUYECKM OQHOBPEMEHHO Ha BCEX
IMA (pasbpoc B TeyeHue He Bonee 1 4) Npu HEM3MEHHbIX Harpyskax.
O6opoTbl TypbuHbl HU3KOro AaeneHus (THM) ans Bcex arperatos
coctaBnsanu ot 3870 oo 4000 06/ MMH, YTO KOCBEHHO YKa3blBaeT Ha
paBHbIE HArpy3ku BCEX arperaTos.

Mo Hawum NpegnonoXeHnsM, B 9TUX YCIOBUAX OCHOBHbIM «BO3-
pacTHbiM» oTnuumnem [TIA gaBnseTca 4yacTtoTa BpaweHus TypOuHbI
Bbicokoro dasneHuns (TBM) N, (M ocesoro komnpeccopa — OK).
«Ctapbln» arperat Ans pa3BuUTUSA TOW e NONe3HOW MOLHOCTU Aon-
XeH nmeTb Gonbluyto YactoTy BpaleHus OK, yuem HoBbIli (OTCloga
cnepgyeT, 4To 6onbluas MOLHOCTb 3aTpavmBaeTcs Ha BpalyeHune OK,
T.e. cHmxkaeTca KI[ arperara).

Tabnuya 23
CocraB napka I'MIA koMnpeccopHoi CTaHLMK
Haﬁggnog ka HapaboTtka
Homep KC Tun IMA Twun LIBH noCnenHero C Havana
DEMOHTa aKcnnyataumm

11 FTK-10-4 370-18-1 5811 113443
12 TK-10-4 370-18-1 11195 103920
13 I'TK-10-4 370-18-1 6192 125798
14 FTK-10-4 370-18-1 54 107594
15 TK-10-4 370-18-1 19205 112515
16 I'TK-10-4 370-18-1 44330 124022
17 FTK-10-4 370-18-1 21570 97376
18 TK-10-4 370-18-1 2547 100687
22 I'TK-10-4 370-18-1 570 89001
23 [TK-10-4 370-18-1 14802 89303
24 'TK-10M 370-18-1 - 2036

25 I'TK-10-4 370-18-1 2602 111735
26 [TK-10-4 370-18-1 2863 107824
27 'TK-10M 370-18-1 6955 20902
28 I'TK-10-4 370-18-1 1 109823
3 FTK-10-4 235-21-1 5090 85196
32 ITK-10-4 235-21-1 9246 79736
33 I'TK-10-4 235-21-1 2294 80480
34 FTK-10-4 235-21-1 2685 107489
35 ITK-10-4 235-21-1 4020 85913
37 I'TK-10-4 235-21-1 9874 93866
38 [TK-10-4 235-21-1 8610 58340
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MoaTBepxxaeHneM cnyxuT puc. 2.24, a, roe npuBeaeHa 3aBUCU-
MOCTb Ny, OT OOLen HapaboTku arperata. Cnegyet obpaTuTb BHU-
MaHwue Ha TO, 4YTO 3Ta 3aBUCUMOCTb, 6nm3Kkasi K MIMHenHou, bbina gane-
KO He o4yeBMAHa, TaK Kak noflyyeHa ans pasHblx, HesaBucumbix A,

[ns npoBepkn CTaTUCTUYECKOW 3HAYMMOCTU JFIMHEWHOW 3aBucCu-
MOCTU ObIN BblYMCEH KOIDPUUNEHT B3AaUMHONM KOpPpPEeNnsaumMn mMmexay
napameTpamu [6], okasaBminca pasHbiM 0,81, B TO Bpems Kak Ang
poctoepHocTn 95 % oH gormkeH paBHATbea 0,49 (npu 14 akcnepwu-
MEHTarnbHbIX TOYKax). AHaNorMyHble pesynbTaTbl 4an METO4 paHro-
Bon koppensaumm CnvpmeHa [12]. TlosTomMy rmunotesy O JIMHEWHOW
3aBUCUMOCTU Ny OT OOLLEN HapaboTKu criedyeT cumMTaTb BEPHON.

Ha puc. 2.24, 6 npuBegeHa aHanorm4Has 3aBUCUMOCTb, HO B Kade-
CTBE HE3aBUCUMOM NepemMeHHOM BMeCTO obLen HapaboTku Bbina Bbl-
OpaHa HapaboTka OT NocneaHero KanuTanbHOro PEMOHTA.

Kak crnegyeT mn3 rpacumka, B 9TOM criydae CBs3b Mexay napamert-
pamu BblpakeHa B BeCbMa Marown cteneHu, n kputepum 95%-Hom
3HAYMMOCTU HE BbIMNOSHSAKTCA. OTOT BbIBOA NOoABEPraeT COMHEHUIO
0o6LLENPUHATBIE METOAbLI OLEHKN TEXHMYECKOro cocTosiHuA TIA npu
oTcyeTe HapaboTkM «OT KanuTanbHOro pemoHTa». [lo-Bugnmomy,
3TOT (paKT 0OBACHAETCS TEM, YTO NOA «KanuTarbHbIM» MOHUMAETCS
nobon pemMoHT, CBsI3aHHbIN ¢ pa3bopkon A, BoccTaHaBNMBaOLWMiA
paboTocnocobHOCTb, HO HE NPMBOAALLMI K CYLLIECTBEHHOMY YryyLue-
HUIO XapaKTEepPUCTMK arperaTtos.

M3mepeHuss NpoBOoaUNUCE B pasfUyHbIX CE30HHbLIX YCMOBUAX —
neTom (aBrycT), oceHbto (OKTSIOpb) M 3MMOW (Aekabpb) M Aann aHa-
NOrNYHbIE pe3ynbTaTtbl, YeM NOATBEPKOAETCA MCXOOHOE NPEeanonoxe-
HMe O BO3MOXXHOCTW MONyYeHUs yCpeaHEHHbIX AMHAaMUYECKUX Xapak-
TepucTtuk 'MA B npegenax ero pabo4vero pecypca nsnoXeHHbIM Bbl-
e MeToAOoM.

Takum obpas3om, MOXHO cuMTaTb YTO «cTapeHue» [TIA aBnseTcs
npoLeccoM HeobpaTUMbIM, U €ro IKCMYTaLNOHHbIE XapaKTEPUCTUKM
MOCTOSHHO yxyAlwatoTcs. KanutanbHble pEMOHTbLI HE MEHSIIOT obLen
cuTyauum n cnyxarT, rmaBHbiM 06pasom, AN No4AepXKaHusa arperara
B paboToCnoCOOHOM COCTOSHUMN.

Ha ocHoBe aTon ugeun Gbina npegnpuHaTa nonbiTka BbIICHEHUS,
Kakue aKcnnyaTauuMoHHble xapaktepuctuku (kpome K1) uameHs-
HOTCA NpY yBENMYeHun HapaboTku. Ona atoro Obinu BbibpaHbl ABa
arperaTa Cco 3Ha4MTENbHON pasHuLen B obLLer HapaboTke 1 npoeeae-
Hbl MHOIOKpaTHble (B TEYEHUE CyTOK C MHTepBanom 3 yaca) 3amepbl
napameTpoB Ha aByx [TIA ogHoBpeMeHHo. Lienbto 3amepoB 66110 no-
CTpOEHMEe KoppensuMoHHon Tabnuubl Ans BCero Maccuea mamepsie-
MbIX NapameTpoB (Bcero 32 napameTpa), B UACMO KOTOPbIX BXOAUNN
W 3KOMOrmyeckn 3Hauumble, Hanpumep copgepxaHme CO, NO, B Bbl-
XIIOMHOM rase.
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AHanu3 nogobHbIX Tabnuy nokasbiBaeT, YTO ecnu cogepkaHue
CO y I'TIA ¢ manon obuen HapaboTKON MMEET CTaTUCTUYECKM 3Ha-
YMMYIO CBSI3b C APYrMMW MapameTpamMu, Hanpumep TemnepaTypomn
HapyXHOro BO34yxa, TO Y «CTaporo» arperara oHa OTCYTCTBYET, U
BbIXITON COAEPXUT CTabunbHO BLICOKWIA MPOLIEHT OKUCK yrrepoga.
Bonee ToOro, Bbixnon «craporo» arperata cogepxuTt NO, KOTopbIn
OTCYTCTBYET (B npegenax YyBCTBUTENbHOCTM NPUOOPOB) B BbIXSlOME
IMA ¢ manown HapabOoTKOW.

[eTtanbHoe nsydeHne KoppensaumMoHHbIx Tabnuy napametpos A
C pasnnyHor HapaboTKOW MO3BOMMIIO YCTAHOBUTb, UTO HOBbLIN arperaT
bonee 4yBCTBUTENEH K M3MEHEHUSIM BHELLUHUX YCIOBWUA U perynu-
pyembIX NapameTpoB, YEM NPeAenbHO U3HOLLEHHbIV (3TO cneayeT u3
3Ha4MTENbHO GoMbLIEro Yncna 3HauYMMbIX Ko3hPMLUNEHTOB B KOppe-
NAUNOHHONM Tabnuue Ans arperatoB C Manon odwen HapaboTKOM).

O600wasn pe3ynbTaThl UCCNeAOBaHUI, ONUCAHHbIX B AAHHOM pas-
gene, MOXHO yTBepXaaTb, YTO B CPEAHEM MPOUCXOAUT MOHOTOHHOE
CHWXXEHME 3KCMyaTalMoHHbIX MapamMeTpoB arperarta B nNpoLecce ero
CTapeHusi, MpUYEM KanutarnbHble PEMOHTbI HE MPUBOAST K CYLLECT-
BEHHbIM M3MEHEHMsIM 3TOro npouecca. [pyn 3ToOM NPOUCXOAUT CHU-
)KEHUE YyBCTBUTENBbHOCTU K BHELUHMM YCMOBUSIM U PErynupoBKaMm, a
TaKke yBeNUMUMBaETCS yAENbHbIA SKONOrMYECKUIA yuepo, HAHOCKMMBIN
BbIXMOMHBIMU Fazamu ¢ BbICOkMM cogepxaHuem CO n NO,.

2.5. ONPEAENEHUNE TEXHUYECKOIO COCTOAHUA
FA3OIMNMEPEKAYMBAIOLLINX ArTPEFATOB HA OCHOBE
YTOYHEHHOIO PACYETA TEPMOANHAMUYECKUX
MAPAMETPOB MA3OTYPBMHHOW YCTAHOBKU

Kak 6bino ycraHoBneHo B pasgene 2.3, O4HOW M3 BaXkHbIX 3agad
anarHoctupoBaHus [TIA ABnsieTcss 4OCTOBEPHOE U onepaTUBHOE On-
peneneHne ko3PuUUMEHTOB TexHu4eckoro coctosiiusa (KTC) — no
MoLHocTK Ky, no tonnueHomy rasy Krwu no KMa K, (puc. 2.22).

CyuwiecTtByeT 60MbLLOE YUCIO METOAOB AN OLEHKN TEXHUYECKOro
coctosiHuA 1A, KoTopble, pasnMyasack B YacTu onpeaeneHns acgek-
TMBHOM MOLLHOCTM Ha Bany CUJIOBON TypOWHbI, UMEIOT OAMHAKOBBIN
anroput™m pacueta KTC, Bknovarowun onepaumm NpuBeLeHNst MOLL-
HOCTW K HOpMarnbHbIM aTMOCHEpPHbIM YCMOBUSM W HOMUHANbBHOW
TemnepaTtype nepeq TBL. Hanbonee pacnpoctpaHeH MeToq pacyeTa
MOLLIHOCTU MO CTENEHN paclumpeHns B TypbuHe [28].

Ona onpeneneHunsa acpdekTnBHoM MoLHOCTK Ha Bany ['TY B akc-
nnyatayMoHHbIX YCIOBUAX HAa KOMMPECCOPHbIX CTaHUMAX Heobxoam-
Mbl J@aHHbIE N3MEPEHMWI CredyoLmnX NnapameTpoB paboTbl YCTaHOBKM:
TemnepaTtypbl Bo3gyxa Ha Bxoge B oceBon komnpeccop (OK) — 7,
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Puc. 2.22. Koppensiuus o6opotos TBL u Bpemenn HapaboTku MIA:
a — obwasn HapaboTka; 6 — HapaboTka OT KanMTanbHOrO PEMOHTA

Temnepatypbl paboyero rasa nepep TYpOUHONW BbICOKOrO AaBREHUs

(TBLO) — 73, Temnepatypbl paboyero rasa 3a TyYpOUHOIM HU3KOro OaB-

nenua (THO) — 7;, 6apomMeTprMYeCcKoro OAaBMNEHUS — py, PaA3PEXEHUS

Ha Bxoge B OK — py, n3bbitouyHoro gaenexus 3a OK — p,, n3bbitoy-
Horo gasneHus 3a THO — p,.

CepbesHyto npobnemy npeacTaBnsieT U3MepeHMe Temneparypbl 7s,
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YTO CBA3AHO C OTCYTCTBMEM LUTATHLIX TEpPMOnap, U3MepsoLLmMX TeM-
nepatypy nepeg TBA. Noatomy B MeToauke [28] Temnepatypy pabo-
Yyero rasa nepep TypbuHom pekomeHayeTcst onpeaensitb rpadmyeckm
METOAOM MIN C MOMOLLbIO COOTHOLLEHMS

Ty=— 1o (2.13)

1
1*ﬂm(1*“g;7)
€

roe n, — aguabaTHbin KIML TypOuHbl; €, = p3/p; — CTENEHb pacLuu-
peHust TypOuHbl, £, — nokasaTenb agnabaTtbl paboyero rasa.

Mpu Takom pacyeTe nckomon TemnepaTypbl 73 aguabatHbin K
TYpOVHBI 1; CYATAETCH BENNYMHOW NOCTOSIHHOW M paBHown 0,85, uTo,
04YEeBUOHO, HEBEPHO, MOCKOSbKY AAHHbLIA MapameTp 3aBUCUT OT Tex-
Hu4eckoro coctoaHusa I'TY. CnegoBaTensbHO, AN NOBbILLEHWUS TOYHO-
ctn pacdeta KTC HeobGxoammo paspabotatb MeTop ornpeneneHus
akTuyeckoro agmabatHoro K typObuHbl.

B o6Liem cnyyae MOXHO hopmManunsoBaTh 3agady criegyoLmm oo-
pasom.

[nsa BbluncneHus kakoro-nmoo KTC, Hanpumep Ky, Heobxoaumo
pewwnTb ypaBHeEHME Buaa

Ky = Fi({X}, Fx(Ky)), (2.14)

roe {X} — maccmB TepMoavHaMUYECKUX NapameTpoB, NPUHUMaeMbIX
BO BHMMaHue npu pacyete. [Npn atom, cornacHo meTtoauke [28], Bua
dyHKuuKn F; 3agaH (B HEABHOM BUAE), HO HE YYMUTbIBAETCH CyLLEeCT-
BoBaHue 3aBucumocTn Fy(Ky), T.e nonaraetcs Fy(Ky) = const.

OcHOBHas NOrpeLHoCTb B pacyeT BHOCUTCS, KaK yXXe 0TMeYanoch,
ponyuieHnem, 4to B ypaBHeHumn (2.14) agmabatHbii KM TypOuHbl
1, ABNAETCA KOHCTaHTON. [ina onpegeneHns pakTuyecknx 3HavYeHnn
N, BOCMNONb3yeMCs METOAOM MOCMefoBaTENbHbIX NPUBNKEHWNIA.

ANropuTmM uTepaumoHHOro npouecca COCTOUT B cCriegytoLen no-
CnegoBaTeNbHOCTU BbIYUCIIEHNIA.

MepBoe npmnbnmxerHne agmadatHoro KM TypbuHbl paccunTbiBa-
etcda no dopmyne

|t
178,,, k. Nmn

nm - ~ fp -1 )
T—€, | A

roe k. — nokasatenb agnabatbl paboyero rasa; m,, — NONUTPONHbI
KNA typbuHsl; €, = p;/p, — CTENEHb pacluMpeHus rasa B TypbuHe.
MokasaTenb agnabaTbl paboyero rasa k, paccynTbiBaeTcs Nno me-
Toauke [28].
[anee paccunTbiBaeTCA YTOYHEHHOE 3HAYEHNE 1\ 1;11) MO HOPMYne
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(2.15), n npu noactaHoBke B chopmyny (2.13) onpegenseTcs BTopas
utepauma Taiiq).

NTepaunoHHbI npouecc 3aBepLuaeTcs Npu AOCTUXKEHUN 3a4aHHON
TOYHOCTU

(T34 = T3i-1y)/ Tz < & (2.16)

Mocne okoHYaHUsA UTepaLMoHHOro NpoLecca HangeHHoe 3HavYeHme
Temnepatypbl T3 ucnonb3dyetcsa Anga pacyera aheKTMBHONW MOLLHO-
ctn 1 KTC no obblyHOM MeToauKe.

CpaBHeHve pesynbTaToB, NOMyYeHHbIX No npeanaraeMomMy MetToay
1 obwenpuHATOMY B HacToslwee Bpems (T.e. npu n, = 0,85), ¢ aaH-
HbIMW 9KCNEPUMEHTOB NpUBEAEHO Ha puc. 2.23.

3kcnepumeHTanbHble TemnepaTtypbl nepeg TBL, T3, npeacTaBnex-
Hble Ha puc. 2.23, 6binu nonydensl Ha 'TY 'TK-10-4, Ha koTopoM
ObINM 4ONOMNHUTENBHO YCTaHOBMEHbLI TepMonapsbl nepeq TBL. N3ame-
peHus NpPoBOAUNUCL B TEYEHWE CYTOK C MHTepsanom 3 4. Yactota
BpaLleHMs poTopa CUoBon TypOMHbI NogaepXXmneBanachk NOCTOSTHHOMN,
cnepgosatenbHo, konebaHusa Temnepatyp 13 u T;, Habnogaemble Ha
rpacukax, obycrnoBneHbl CyTOYHbIMK KonebaHuamu TemnepaTtypbl
okpyxatowlen cpefbl. Kak cnegyeT n3 puc. 2.23, Bce YeTbipe KpuBble
NPaKTUYECKN IKBUAUCTAHTHBI.

B kavecTBe KpuUTepusi afekBaTHOCTN pacyeToB Mo ABYM METOAM-
KaM MpyvHUManacb AWCMNEPCUS OTKIMOHEHMSI PacYEeTHbIX OaHHbIX OT
3KCnepuMeHTa (gucnepcusi agekBaTHOCTH)

1

O = — ;(Ts(,-) - Ty (2.17)
¥ 750 530
= _P“ﬂ\ 7T .
==} 4 = N

= TS N 1 . Fs20%
g 730 \\\\\‘ \0——\\ /; R :
s A\¥) : VA//B I
= S — ——T"__ A <Y
S ~ L 500 &
S 710 S
= -3
3 700 490

15-00 18-00 21-00 00-00 03-00 06-00 09-00 12-00 15-00
Bpema cymox
Puc. 2.23. CytoyHas guHamuka Temnepatyp nepeg TBL:

1 — aKcnepuMeHT; 2 — pac4yeT Nno npeanaraemMon MeToauke; 3 — pacyeT Mo CyLecT-
BylOLLIE MeToauke; 4 — Temnepatypa nocne TH[ (npaBas ocb opanHar)
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rae Ts;) — 3KCnepUMeHTanbHble AaHHbIE; T3(i) — pacyeTHble OaHHbIE;

n — YNCIIO U3MEPEHUIA.

3HadeHue gncnepcun agekBaTHOCTM ANA npeanaraeMmoro metoga
paBHsieTcs 10,2, a ang npumMeHsiemMoro B Hactosuee Bpemsi — 16,09,
T.e. olwmnbKka B onpegeneHnn TemnepaTypbl CHWKeHa B 1,6 pasa.

C TOYKM 3peHUs NpakTUYeCcKoW NoNes3HOCTM MeToda nydlle pac-
cMmaTpmBaTb He yBennyeHue TOYHOCTU pacdeTa TemnepaTypbl nepes
TB[, a paccunTbiBaeMbli Ha ee OCHOBE KO3 MPULNEHT TEXHUYECKOTO
coctosaHus. [Ana KTC no MOLWHOCTU ObINO NONMy4YeHo: 3KCNEPUMEHT —
Kyoken = 0,55, cywiectBytowmin metoq — Kyeyy = 0,64, npeanaraemsii
mMeTod — Kinpean = 0,61. Takum o6pasom, NorpeLlHocTb CyLLecTByo-
wero metoada coctaensiet 16,4 %, npeanaraemoro — 10,9 %.

[anbHelillee yBenuyeHMe TOYHOCTU pacyeTHbIX MEeTOAUK Ans
KTC npobnemaTuyHo, Tak Kak MOrpelHoCTb U3MEPEHUA U HaKomM-
NeHHOM owunbkn B NpoLecce pacyeToB B CyMMe COCTaBnstoT 5-8 %.

Mo pe3ynbTaTtam aKkCcnepMMeHTa, AaHHbIE KOTOPOro NpMBeAeHb! Ha
puc. 2.23, HeobxoaMMO caenaTtb ele O4HO 3amedaHue.

OrpaHnyeHne npegenbHon mowHocTh I'TY obycnoeneHo Temne-
paTypon nepen TB[, koTopas no ycCnoBusiMm NpOYHOCTM HE AOMKHA
npesbiwatb ang 'MK-10 780 °C. OgHako OoTCyTCTBME LUTATHbIX TEp-
Monap, nsmepsLwmux Temnepatypy nepeg TB[, BblHyXOaeT cuntaTb
nmmuTUpylowen Temnepatypy nocne THL, makcMmym KOTOpOW He
OOMKeH NpeBbIWwaTth Mo yCcTaHOBNEHHLIM Hopmam 525 °C. Takasa Tem-
nepatypa anga Hosow ['TY pgocTturaeTtcs npu Temnepatype nepen TBA
780 °C. Nog4epKkHeM, YTO 3TO BbIHY>XAEHHAs Mepa, NOCKOMNbKy pabo-
YU guanasoH Temnepatyp nonatok THO — go 780 °C.

B 1o e Bpewms, kak cnegyeTt u3 puc. 2.23, paxe npu T, = 528 °C
peanbHas Temnepatypa T3 = 747 °C, 4TO 3HAaYMTENBHO HWXKE OOMNyC-
TumMon. PacyeTt pesepsa mowHoctu 'TY npu 3TuMX ycnosusax gaet
BenuumHy 0,65 MBT (npyn apekTMBHOM MOLLHOCTU B YCNOBUSIX
akcnepumeHTa 5,3 MBT).

Mo Hawemy NpeanonoXeHuo, yCTaHOBNEHHOE HOPMaMy OrpaHu-
yeHne T, < 525 °C opueHTMpoBaHo Ha 'TY, co BpemeHeMm obLiei
HapaboTKM, He MpPEBbILLAIOLWEN YCTAaHOBMEHHbI PEecypc, U MOXeT
BbITh MOBLILLEHO NS YCTAHOBOK C 6onblueit HapaboTKo .

C y4yeToM cyuiecTByoLlero geguymta MOLHOCTU (OCOBEHHO B
neTHee BpeMsl) pe3epsB BeCbMa CyLLeCcTBeHeH. [1pu ero ucnonb3osa-
HUM acpdpekTnBHbIv KM noBeicntcst Ha 11 %, COOTBETCTBEHHO CHU-
3UTCH 1 yaenbHbIA pacxos TONMBHOIO rasa.

"To ceeneHusim aBTopos, B 2002 roay Hesckwii 3ason (r. C-MeTtep6bypr) ysenuumn
npegenbHO JonycTumyto Temnepatypy rasos 3a THO ana IMA ¢ 6onblion HapaboT-
kon Ha 30 °C.
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2.6. AJMATHOCTUKA CTENEHWN 3AIrPA3HEHNA
HE®TEMNPOAYKTOMPOBOAOB MO OAHHBLIM
MPOMBbILLITEHHOW 3KCMMYATALU

B 3aknioumMTensHOM pasgene BTOPOW rmaBbl paCCMOTPUM METOAbI
ONarHOCTUPOBaHNS TEXHWYECKOrO COCTOSIHWUS elle OOHOW COCTaB-
nALen cMcTeMbl TpaHcnopTa YrieBo4opPOaHOrO Chlpbs — NMNHENHOM
YacTn TpybonpoBOAHON CUCTEMBI.

OnarHocTuka nMHenHon YacTtu TpybonpoBoAoOB BKIOYAET METOAbI,
No3BOMSOLLME BbISBUTL MeXaHn4Yeckme aedektsl Tpybonposoaa (Ha-
nMYne KOPPO3MOHHOIO U MEXAHMYECKOrO U3HOCA, TPELLMH, BMATUH U
np.), U MeToAbl OLEHKA MMOPaBfINYECKOTO COCTOSIHWUS BHYTPEHHEW
yactu TpybonpoBoga (Hanuume BHYTPUTPYOHbIX OTnoxeHun, BTO).
O6HapyxeHne aedekToB NPOU3BOAMTCS, B OCHOBHOM, MeTodamu
BHYTpUTPYOHOI AmarHocTuku, a Hanuuve BTO onpepgensdetca no
N3MEHEHUIO TMAPaBMMYECKOro ConpoTmuenerHns Tpybonposoaa [29].

AKTyanbHOCTb pa3paboTku METOA4OB afeKBaTHOro onpedeneHus
rmgpaBnnYecKoro ConpoTuneneHns Tpybonposoaos obycnosneHa He-
NOCPEeACTBEHHOW CBA3bIO 9TOrO NapameTpa C NPOM3BOANTENBHOCTbLIO
TPaHCMOPTHOW CUCTEMbI U SHEPro3aTpaTamMmn Ha nNepekayvky npoaykra
[29]. Kpome Toro, BbisiBNeHWE AUHAMUKN U3MEHEHUST KO3dhULNEHTa
rugpasnuyeckoro conpotueneHusa (KIFC) nossonsieT onTumMuaupo-
BaTb NEPMOONYHOCTb MPOBEAEHMS OYUCTHBIX MEPOMNPUATUI, PAacCMOT-
PEHHbIX B TPETbEN [MaBe KHUIW.

Paccmotpum 3agady onpegenenus guHamukn KIMC no gaHHbIM
akcnnyaTaumm HedTenpogykronposogos (HIM).

KoadhduumneHT ruapaBnmyeckoro ConpoTUBNEHUS A ABNAETCH UH-
dopMaTUBHOM XapakTepucTukon Tekywiero coctosiHua HIM nuHein-
HbIX y4acTKOB M Hauboree MOfHO YyYUTbiBAaeT MPOLECC 3aCOPEHMS
BHYTPEHHEN NOBEPXHOCTM Tpyb, onpegensemMblii MHOXXECTBOM HEKOH-
Tponupyembix aktopos [30].

OcHoBoW Ans pelueHnst obpaTHoKM 3agadv onpegeneHns napamert-
pa A CNyXWT M3BECTHOE YpaBHEHME OBWMXEHUS XMOKOCTM No Tpybo-
nposoAay:

Py _j L’ A (2.18)
pg D 2g
roe pi v p, — AaBNeHns Ha KoHuax yvacTka Tpybonposoaa; L — aonu-
Ha ydyacTtka; D — guametp HIIM; p — nnoTHocTb HedTenpoaykra;
Az — pa3HOCTb HMBEMUPHBLIX BLICOT Havana u koHua ydactka HI;
W — CPEefHSAs CKOPOCTb TeYEHUs cpeabl, KOTopas CBsi3aHa C MacCOBbIM
pacxofoM MpoaAyKTa COoTHOLIeHneM: © = 4Q/npD*
OpaHa yacTb BEnuUMH, BXoAsLMX B ypaBHeHne (2.18), aBnseTtcs
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Puc. 2.24. WN3meHeHue KoadpuuueHTa ruapasnuyeckoro conpotveneHuss HIM
«Ycpa — lNeTponaBnoBCck>» BO BPEMeHU

KOHCTPYKTUBHbIMU Xapaktepuctukamn HIMM, gpyras onpegensietca
Ha OCHOBaHWM NCMONb30BaHNSA ANCMETYEPCKMX OaHHbIX (OaBneHne py,
P9, MaccoBbIv pacxog Q). [NoaTomy akcnepumeHTansHoe onpegeneHue
KoadhpuumeHTa rmapaBnMyYecKkoro COMpPOTUBNEHUS U3 ypaBHEHUA
(2.18), Ha nepBbI B3rNs4, He npeactaBnsaeT crnoxHoctn. OgHako
npoBedeHME TaKMX BbIYMCIEHUI MO AAHHBIM 3KCNyaTaLmMn KOHKpeT-
HbIX HIIM nokasbiBaeT, YTO TOYHOCTb onpeaeneHnsa BerMyYnHbl A Co-
BEPLUEHHO HegocTaTouyHa, U owunbku gocturatot 100 % m Gonee. B
YaCTHOCTK, Ha puc. 2.24 n 2.25 npeactaBneHbl BblIOOPOYHbIE pesyrb-
TaTtbl onpegeneHusa napametpa A Ha HIMMM «Yda — MNeTponasnosck»
Ha yvacTke OAO «YpantpaHcHedTenpoayKT» 3a Nonroga ero 3Kc-
nnyatauun. KI'C onpegensinu no ypaBHeHuto (2.18) B cTayuoHap-
HbIX pexumax padoTbl HIMI npu domkcMpoBaHHbLIX Nepenagax gasne-
HUS1 MEXAY HAaCOCHBbIMW CTaHUUSAMU. AHanmn3 3TUx pesynbTaToB Noka-
3bIBaeT, YTO BapmabenbHOCTb NapamMeTpa A OTHOCUTENBHO OLEHKN €ro
MaTematuyeckoro oxunaanusa ML) gocturaet 200 %. KonvyecTtBeHHO
noaoOHble pe3ynbTaTbl ObIM MONYYEHbl U NPYU UCCrefoBaHUN ANHA-
Mukn nameHennst KI'C ans HIM «Yda — 3anagHoe HanpaBneHune»,
«Ya — Nwumban», «CanaBat — Yda», «YHenabuHck — Csepa-
MNOBCK» U Ap.

OueBnaHo, YTO NogobHast NOrpeLLHOCTb oNpeaeneHus napameTpa
A CBOAUT Ha HET CMbICN peLleHUst 3aayun OLEHKU CTeneHu 3arpsas-
HeHHocTu HII. Tem cambiM ypoBeHb HeonpeaeneHHOCTU HavarnbHbIX
yCnoBun 3agjaun BblOOpa onTvMarnbHOW NEpUOAUNYHOCTU OYUCTOK
HII pe3ko Bo3pacTaeT, YTO B KOHEYHOM UTOre CKkasblBaeTcH Ha ce-
BbecTonmocTn nepekayvkm HedpTeNnpoOayKTOB.
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Omuocumeabian Hacmoma
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Puc. 2.25. M'nctporpamma oTHOCUTENBHBLIX YacToOT pacnpefeneHus napamerpa A Ans
HIMMN «Yda — MNeTponaBnoBck»

OCHOBHbIM MCTOYHMKOM OLLUMBOK NpK peLleHnn obpaTHoON 3agaym
onpegeneHnsa MUCTMHHoro 3HadeHusa KIC ABRSOTCA NOrpeLHocTu
N3MEPEHUSA OUCNETYEPCKUX AaHHbIX Kak UHCTPYMEHTAsbHbIE, TaK U
KOCBEHHbIE. B TakoM crnyvae namepsieMble BENUYMHBI — AaBIEHUS Py
M py U MaccoBbIN pacxon cpedbl Q C y4eToM Cry4varHbIX OwmnbokK
MO>XHO NPEeACTaBUTb Kak CYMMY TOYHOIO 3HaYeHWUs1 N3MepsiemMoln Be-
TNIMYUHBI U OLLMOKW, T.e.:

PO = p® 1 o0 (2.19)
Q¥ = g® + fO,

rae p*, Q% — nsmepsiemMble 3HaUEHNS TEXHONOTNYECKIX NapaMeTpOB;
P, ¢ — nctuHHble sHavenns; e, £ — ownbkn namepeHuin; i —
HOMEP U3MEPEHMSI.

Kak npaBuno, uHcTpymeHTanbHble ownbku ¢, /¥ He npesbila-
0T 1,5-2 %. OgHako B yCrnoBusIX NPOM3BOACTBA MCTOYHMKOM OLUN-
DOK ABNSAOTCA HE TOMbKO MOrPELLUHOCTU U3MEPUTENBHBLIX NPUOOPOB,
HO M HebnaronpusTHble YCrOBUS ANA NPOBeaeHNs naMepeHni. Tak,
Hanpumep, Ha HIIM «CanaeaT — Ydha» OAO «YpanTtpaHcHedTenpo-
OYKT» MOBbILWEHHas BUOpauus M Uenblil psif, KOHCTPYKTUBHBLIX OCO-
©eHHoCTel HacocHoOW cTaHumn «CanaBaTt» He NO3BOMSKT KOHTPONM-
poBaTb OABMEHUE HA BbIKMAE HAcoca C TOYHOCTbK GonblUEr, Yem
+0,1 Mla, 4yto npwn Bapuauum pabodero gaBneHus B npegenax ot
2,2 MlMa go 2,8 MlMa, npuBoauT K owMbKe B 3anncu OUCneT4epCcKnx
JaHHbIX bonee, yem B 15 %.

Opyrmm uCTOYHMKOM OLIMBOK SABnSeTCs OTCyTCTBME Ha Bonb-
wuHctBe HIIM koHTpona OaBneHUs p; Ha KOHEYHOM Yy4acTke (B
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NyHKTE NpuemMa npoaykra). 3a 3HadeHue p, B 3TOM criydyae npuHuma-
€TCA Hekas ycpefHeHHas rmgpocraTtMyeckas BenvunHa, 3aBucsLLas,
BOOOLLE roBoOps, OT MEPEMEHHOro YPOBHSA >KWMOKOCTM B MPUEMHOM
pesepByape.

MorpeLHoCTb M3MepeHnii MaccoBOro pacxoda npodykra obycros-
neHa Kak MeTooM M3MepPEeHUn (MO YPOBHIO XUOKOCTU B NPUEMHOM
pe3epByape), Tak 1 TeM 06CTOSATENBCTBOM, YTO OCHOBHOW LIENbIO M3-
MepeHuin Ha HIIM aBnaeTca onpegeneHve TOBApHOro KonuyecTsa
nepekayaHHOro NpoaykTa, a He BENNYMHbI MacCoBOro pacxoaa, KoTo-
PbI BbIYMCIISIETCS HA OCHOBE pelleHust obpaTHOM 3agayn.

Pacuet BenununHbl KI'C no ypasHeHuio (2.18) npuBoauT K eLe
fonbLueMy yBENMYEHMIO MOTPELLHOCTY BCreCTBME BO3MOXHOIO CIo-
XeHusi owmnboK M3mepeHuin. HecnoxHo nokasatb, YTO pe3ynbTu-
pytoLLas OTHOCMTENbHAs MOTPELUHOCTb € ONPEAENAETCS BbIPaKEHVNEM
[31]

g=lto_a L o ,of (2.20)
A hA-P P-P Q

roe € — CyMMapHas oTHocuTenbHas olwmnbka napameTpa A no gucnert-
YepCKUM [aHHbIM; e, f — abCcontoTHble MOrpeLlHOCTM onpeaeneHust
JaBneHns U pacxofa COOTBETCTBEHHO.

lMpoBeaeHHass Hamu oueHka BenuyuHbl € B (2.20), BblYMCEHHas
ansa uenoro paga HIMM OAO «YpanTtpaHcHedTenpoayKT», nokasana,
YTO OnNpeaennuTb BENUYMHY A HEMOCPEACTBEHHO NO ypaBHEHMO (2.18),
MCMNoMb3ys UMelLMeca aucneTyepckme gaHHble, yaaeTcs C TOYHO-
cTbto okono 30 %.

[nga noBblLLIeHUsA AOCTOBEPHOCTN ONpeaeneHns napameTpa A Hamu
ObINO pelleHo peanu3oBaTb CXEMY KOH(PIOSHTHOrO aHanmsa obpa-
OOTKM OMcneTyepckMX AaHHbIX, npeanoxeHHyto B.B. Kadaposbim
[30] onms OueHKM COCTOSIHWS MarucTpanbHbIX rasonpoBOAOB U MUC-
nonb3oBaHHyto B pabotax AK. NannsmoBa n W.P. baikoBa ans
YTOYHEHUSA PaCYETHON CKOPOCTM BbIHOCA XUOKOCTHbLIX CKOMMEHNA 13
HIMM [29, 32].

[na peanusayuun cxembl B.B. KachapoBa npumeHUTENBLHO K HaLlein
3agadve NpeacTtaBnM UcxodHoe ypaBHeHue (2.18) B Buae NMHENHON
KOMOVHaUMN M3MepSeMbIX U MOCTOAHHbIX (ANS KaXKOOro KOHKPETHO-
ro HIIM) BenuunH:

Y9 = KX + Ky, (2.21)
rae YO = P9 /gp; X =8LQY?/[lgnp)*D°]; K =24 K,=Az+
+ P /gp.

Mpn onpeneneHun napametpa K, B (2.21) npegnonaranocs, 4To
pasnexve B koHue HMM ( P”) wunn BoBCce He M3MEPSIeTCs, Un 13-
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MepsieTcs BECbMa HETOYHO, YTO 1AET OCHOBAHMS CHMTaTh €ro B CyMMe
C rMApPOCTaTUYECKUM [aBMEeHNeM HEeKOTOPOi KOHCTaHTOIA, onpede-
NAEMOil CpeIHUM YPOBHEM W3NMBa UAKOCTU B NMPUEMHOM pesep-
Byape.

Taknm obpasom, 3agava onpegenenns KI'C gna HIM ceoguTcs
K onpeaeneHuto napameTpoB K; n K, nuHerHon mogenu g2.2‘|) Ha
ocHoBe 06paboTkn aKcnepuMeHTanbHbIx AaHHbix (X, YD) (X@)
Y. (X™, Y™). Tpu 3TOM, 13-3@ HETOYHOCTN U3MEPEHHbIX ANC-
NeTYEepCKNX AaHHLIX N0 AABNEHMIO Y PAcXodaMm, UMEIOTCS HE UCTUH-
Hble 3HaueHuns (X, Y1), a nsmepeHHble ¢ HEKOTOPLIMM CryYaitHLIMM
owmnbkamu s” n o | Te.

A0 = X0 4 O
§O = YO + g,
i=1,2..n

Ecnm 6b1 OLIMBKM M3MepeHNii HaknaabIBanuch TOMLKO Ha 3aBUCK-
MYy NEPEMEHHYI0 Y, TO Mbl Bbl MMENM KNacCUYECKYH0 PerpeccuoH-
Hylo cxemy. OfHako BHeceHue ownbok uamepenms s B onpegene-
HUe aprymeHTa X YCNOXHSIeT 3afady CTaTUCTMYECKOro UCcneaoBa-
HWUSI, U B 3TOM Crlyyae Mbl Kak pas v NpUXoaum K HeobXoammocTu
NPUMEHEHMS CXeMbl KOHDIIOSHTHOTO aHanmaa.

B pa6ote [33] nokasaHo, YTO OLMGBKM KOCBEHHBIX M3MepeHui s,
™ npu peanu3aLum NpeanoXeHHOro ypaBHeHns (2.21) MOXHO cuu-
TaTb NONAPHO HE3ABUCUMbBIM CyYaiiHBbIMW BEMNYMHAMU C HyNEBbIM
cpeaHnm.

3anuwem ypaBHeHue (2.21) B Buae 6onee ygobHon aonsa nposeae-
HUA aHanu3a MoaANULMPOBAHHOK JIMHEMHOW MOLENW:

YO =K (XY -X)+K;, (2.22)
roe
X=13x0,
n =1
K; = K, X +K,.

Toraa ans y® moxHo 3anucarts:

¥y =KXV -X)+ K, + 07, (2.23)

[na oTbickaHus napamMeTpa K; ncnomnb3dyemMm OLEeHKYy MeTona

HanMeHbLUUX KBaapaToB:
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* 1 i —
Ky =~ y" =7 (2.24)

i=1

[ns napameTtpa K; oueHka MeToda HaMMeHbLUUX KBaApPaToOB yXe
He ByaeT COCTOATENbHON U3-3a TOr0, YTO CMELLLEHMNE 3TOW OLIEHKUN He
CTPEMUTCH K Hynto npu n — o [30].

Ons cenekuyun ncxogHomn nHdopmaLmm BOCNonb3yeMcs oLeHKkamu
Banbpa, baptneTTa, Naycca — bpeHaHa, KOTOpble UMEKT CMbICH Be-
COBbIX KO3MPMULMEHTOB AN1S KaXKO0W Napbl 3MMNUPUYECKUX TOYEK 1@,
y®. OueHKM 3TOro TMNa ABAAIOTCS aCUMMTOTUYECKN HECMELLLEHHBIMM
n coctodaTenbHbiMn [34]. VMicnonb3ysa aTu pesynbTaTbhl, BbIYUCIUM
3HayeHne K; Ha OCHOBE BCEX TPEX OLEHOK:

no Banbay [34]:

n ) n/2 )
Z y(’) _ z y(’)
K, = ’2"22“ ;12 , (2.25)
DD I L
X X
i=n/2+1 i=1
roe n — YeTHOeE;
no baptnetty [35]:
n ) n/3
v =Yy
i=(2/3 1 i=1
K, == /n o+ ;/3 , (2.26)

A3 0
i=1

roe n — KpaTtHoe TPeM;
no Mayccy — bpeHaHy [36]:

i(z‘—?)y“)

K, =i Fontt (2.27)
(i-1)a®
>

roe n — HeveTHoe.

OueHuB Hanbonee npuemnemoe 3HayeHue K; no ogHou 13 3aBu-
cumocTen (2.25)—(2.27), nepengem K NOUCKy OueHkn napameTtpa K,
B ypaBHeHUM (2.23):

i=(2/3)n+1

K,=K, -K,X. (2.28)

BosBpallasicb k nepBoHavarnbHbIM 0603Ha4YeHMsM, onpeaenum mc-
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KOMble 3Ha4YeHMs KoadhdbuumeHTa rugpaBnnmyeckoro ConpPoTUBIEHUS A
n gaenexus P, ons KoHkpeTtHoro HIMM:

A=Ky, P=(Ky — 2)pg. (2.29)

[ns Bbibopa Haunydwen oueHkn B padotax [30, 35] pekomeHay-
eTCA MMHMMU3aumMs Kputepus Buga

G4
Ky

O
K,

I= , (2.30)

roe o1 U oy, — cpefHekBagpaTnyeckme owmnbkn oueHok K; n K,. C
yueTtom Toro, uto 1 u ) aBnsaTCA NnonapHoO HesaBMCUMBIMU, ANC-
nepcun 3TMX OLLEHOK BbIYUCNSAIOTCH NO 3aKOHY CIOXEHUS ANCepCui.
[nsa ncnonb3yemon Hamm pac4YeTHOW CXeMbl CpeHeKBagpaTuyeckme
owmbkn oueHok K; n K, 6yayT paBHbl:

n 1/2
o, = ;{wa(cfﬁ + K26W° — 2K, cov(x®, y“>))} , (2.31)

Zwix(i) i=1

i=1

LN w02, 2N ()2
02:; ZGL/ +K1Z($x +

i=1 i=1

n n 1/2
+62 3 P2 2K, cov(x?, y("))} : (2.32)
i=1

i=1

roe w; — BECOBble MHOXMWTENMU, KOTOpble onpeensaiTca m3 (2.25)—
(2.27) ¢ y4eToM TOro, 4YTO OOLIMIA Krnacc OLEHOK MMEET CrneayoLni
BUA;

n
Zwi.’/(i)

Ky(w) =51 (2.33)

Zwix(i)
i=1

ManoxeHHas meToauka Obina NpMMeEHeHa Hamu Anst uccriegosa-
HUSE ANHAMUKN U3MEHEHNs KoaduumneHTa rugpasnm4eckoro conpo-
TneneHusa HIMIM «CanaBat — Yda» B pasnuyHble nepuoabl ero aKc-
nnyatayuun. PaccMoTpum npumMeHeHne n3noXeHHoro MeToaa K oueH-
Ke a(pPeKTUBHOCTU OUYUCTHBLIX MEPONPUATUINA.

Pacuet KI'C gnst pasnuyHbix atanoB akcnnyatauyum HIMIM «Cana-
BaT — Yda» npon3Boanncs Ha OCHOBE NpeaBapuTenbHO cCOBpaHHbIX
3KCNIyaTaunoHHbIX AaHHbIX Mo pacxodam v aasneHuam B HIMM He-
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nocpeacTBEHHO nepen OYUCTHbIMKU MeponpuaTuamm (man 1995 r.),
cpasy nocrne nNpoBeAeHUs o4nCTkM (HOA6pb 1995 1.), Yyepes oauH rog
(HOs16pb 1996 r.) 1 Yepes aBa roga (Hos1opb 1997 r.). O6BLEM Kaxaom
BbIOOPKN M3MepeHuit cocTaBnsn BoO Bcex cny4dasix 200 Toyek un orpa-
HUYMBANCS YCNOBMEM HEM3MEHHOCTU BEMNNYMHBI KO3 duLMEHTa rna-
paBNNYECKOro CONpPOTMBIEHNUS B Neprog cbopa kaxaoro 3 MaccmMBoB
OaHHbIX. Pe3ynbTaTthbl onpegeneHns napameTpa A Ang paccmaTtpusae-
MOrO criydas npeacTtaBrneHbl Ha puc. 2.26.

WccnepoBaHmsa nokasanu, 4To Hambonee yaoBneTBopuTEsNbHbIE pe-
3ynbTaTbl Npy yTO4HeHMU BenuyuHbl KI'C gocturatotcs npu mcnonbe-
30BaHuM oueHkn Maycca — bpeHaHa (No KpUTepuio MUHUMYMa cpea-
HekBagpaTudeckux owmbok). AHanua puc. 2.26 nokasbiBaeT, 4TO
npegnaraemMbii MeTod 06paboTkM ANCNETHEPCKMX AAHHBLIX MO3BONAET
NOBLICUTb TOYHOCTb ONPEAENeHns napameTpa A He meHee, Yem Ha 8%
MO CPaBHEHMIO C TOYHOCTBIO peLleHns obpaTHOW 3agayvm cTaHgapT-
HbIM METOAOM HaMMEHbLUUX KBagpaToB.

AHanuna auHamukn nameHenmsa KI'C nokaswiBaeT, 4to ans HIM
«Canasat — Ya» Temn pocta napameTpa A coctaenseTr 5 % B rog u
BHYTPEHHSI1 MOBEPXHOCTL TPybonpoBoAa 3acopseTcst 4O MCXO4HOTO
COCTOSIHMA 3a 3—4 roga aKkcnnyatauum (¢ CyLecTBYOLWMMU TEMMaMM
3arpysku gaHHoro HIMM). AHanornyHble pesynbtaTtbl Obln nonyye-
Hbl ansa Bcex Tpyoonposogos OAO «YpantpaHcHedTeNnpoayKT», Ha
KOTOpbIX Oblna npoBegeHa xoTa Obl 0gHA O4YmMCTKa.

YTOYHEHNE WCTUHHOrO COCTOSIHUA BHYTPEHHEN MOBEPXHOCTU
HeTenpoayKTONPOBOAOB MO3BONSET YMEHbLUUTb U MOrpeLlHOCTb

S 0,024
N ’

= 0,0231

ic

3z 00237 0,0227
TR

S

3R 0,022

£3

S

=<

$£0,021 1

<3

iy

S

20,020

Hepeo owucmron  Ilocre owucmiku  Hepes 1200 Yepes 2 200a
IHlepuoo sxcnayamayuu HITI
Puc. 2.26. ConoctaBneHve pacyeToB KoadhuUMeHTa rMapaBnnyeckoro ConpoTmene-

HusA HIMM no MmeTopaM HaumeHblLnx kBagpaTtoB (MHK) n npepnaraemoii metoamke:
1 — laycc — bpeHaH; 2 — MHK
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ONpeaeneHnst KonmyecTBa BHYTPUTPYOHBLIX OTIOXEHWUA, OLLEHKY KO-
TOPOro Heo6XxoaAUMO NMPOU3BOANTL HakaHyHe OYepeaHOl OUUCTKW.

PaccmoTpyM 3TO NONOXeHWe Ha OCHOBaHUM YTOYHEHUS! pacyeToB
no oueHke konmyectea BTO B HIIM «Canaeat — Yda».

MMpu pacuete koapduumMeHTa rnapaBnMyYecKkoro ConpoTUBEHUS
npegnonaranocb, YTO guameTp TpybonpoBoaa NOCTOSIHEH U U3MEHe-
HWe BENUYUHBI A, 0OYCINOBNEHO U3MEHEHNEM PEXMMA OBUKEHMNS KU -
KocTu, T.e.

A=A/Re", (2.34)

roe KOHCTaHTbl A U m 3aBUCAT OT pexuma TedeHus, a uyucno Pein-
Honbaca Re = 4Q/nDpv. OCKOMbKY pexuMm TeyeHus 00 U nocne
OYNCTKU pasnuyeH (a MMEeHHO 3TO NpeanonaraeTcs npu pacyeTe), To
3HaYeHnss A 1 m TaKke MOryT pasnuyaTbeCs, U NOSTOMY ONpeaenunTb
OoTHoweHne anameTpos Dy/D; 13 (2.34) He NpeacTaBnaeTcs BO3MOX-
HbIM. [lo3TOMYy Hamu npegnaraeTcss MeTod oueHkn obbema BTO,
UCXOAS M3 CriegytoLmx COobpaxeHnn.

MockonbKy Mpu pacdeTax BO BCEX Chyyasx nNpuHUManocb D =
= const, To mogenb 6ygeT cnpaBennMBOW, CNM BMECTO BEMUYMHBI A
paccunTbIBaTh OTHOLEHWe A/D°. [leicTBUTENLHO, ypaBHeHue (2.18)
MOXHO 3anucaTb B BUAe:

2
Aoh X 8Q jin (2.35)
P8 D’ (np) g

1 NOBTOPUTB BbIYUCTIEHNS ANst komnnekca A/D°. C Apyroi CTOpPOHbI,
€Crnn NpPUBNMXEHHO NPUHATbL BEMUYMHY A HEM3MEHHOW, TO yBenu4e-
HWe NoTepb Hanopa Ha TPEHME B 3TOM ClydYae MOXHO cyMTaTb crneg-
CTBMEM YMeHbLUeHus apdpekTneHoro anametpa HIM. Torga oTHO-
weHne amameTpoB A0 U nocne O4YNUCTKN MOXHO OUEHUTb Mo COOTHO-
LLIEHUIO

l%:(%zj”s, (2.36)

Dy M

roe Ay U Ay — paHee BbIYMCIEHHbIE 3HAYEHUSA KO3 PMLMEHTOB rna-
paBnNM4ecKkoro COnpoTUBMEHMST A0 M Nocne o4YncTkn. Toraa obbem
BTO, BbIHECEHHLIX MPU OYUCTHLIX MEPONPUATUAX, OyaeT paBeH

1/5
Viro = "L D? {1—(“] } (2.37)
4 »

Ona nawero npumepa [L = 174000 m, D = 0,5 M, (A2/ M)rayec =
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= 0,94, (Ao/ X)muk = 0,91] nonyumm Vg, = 42 m® ans oueHkn [Mayc-
ca — bpeHnaHna n V;, = 64 m® ons MeToa HaMMeHbLUMX KBagpaToB.

Paktnyecknin ob6bem BTO, onpeaeneHHbIn No pedynstatam npo-
BeaeHust ouncTtku HIMM, coctaeun 35 m°, yto yOOBMEeTBOPUTENBHO
cornacyeTcs ¢ pesynbTaTamm pacyeToB no oueHke Maycca — bpeHaHa,
HO Gonee 4yem B 2 pasa HWXKe, YeM JatoT pe3ynbTaTbl peanusaymm
MeTo[a HauMeHbLUUX KBaapaToB. [109TOMY MOXHO yTBEpXaaTb, YTO
npegnaraemasi METOAMKA NO3BOMSET CyLLECTBEHHO YTOYHUTL pacyeThl
N MOXeT ObITb peKOMEHAOBaHa ANSA LUMPOKOro NPUMEHEHNS.
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