MNOBbLIWEHUE

OHEPIETUYECKON

QOOEKTUBHOCTU

[naga 4 OBbEKTOB HE®TEFA3OBOIO
KOMIJTEKCA

YBenuyeHue 3atpat Ha Jobblyy yrneBogopOAHOrO Chipbs NPUBO-
ONT K HEODXOAMMOCTM peLlaTb BOMPOChl aHeprocbepexxeHnsi, KoTo-
pble, rnaBHbIM 06pa3oM, CBsi3aHbl C BOMPOCaMM YMEHbLUEHMS yaenb-
HbIX 3aTpaT ANEKTPUYECKON SHEPTUMN.

Bo3mMoxxHOCTM pecypcocOeperatoLmx TEXHONMOrMiA B oTpaciv 4pes-
Bbl4YaliHO Benuku. Tak, TONbKoO pa3paboTka u BHegpeHne aHeproche-
perawowmx meponpuatuii nossonunn OAO «TaTHedTb» 3a nocnea-
HWe 7 NeT CHU3NTb 3HepronoTpebneHne Ha NPOM3BOACTBEHHYIO Aes-
TenbHOCTb Ha 20,6 %.

HemanoBaxHoe 3Ha4YeHNe UMEIOT SHepreTnyeckast CaMocTOATE b-
HOCTb OTpacinM WM HaOEXHOCTb 3HeprocHabxeHus. Poct Tapudos
3HEpProcHabXatLmx KOMNaHUM NPUBOAUT K CYLLLECTBEHHOMY YBENU-
YEHU0 CTOMMOCTM A00bluKn HedbTn. Hanpumep, Nno 3Ton npuynHe ce-
OectommocTb A00bluM HedbTu B HedTaHOM komnaHum «HOKOC» B
1999 r. coctaensana 2,82 gonn. 3a 6appensb, a B 2000 r. oHa Bbipocna
no 3,66 ponn. 3a 6appene.

K coxaneHuto, C TOYKU 3pEHUst N3MEHEHUSA KavyecTBa 3HEPromno-
TpebneHus, nocneaHne 20—25 net anst Poccum okasanucb NoTepsiHbl.
B TeyeHune Bcero aToro BpemMeHn OCHOBHOW Lienbto Bbin pocT Jobbiuw,
a He pasBuTMe 3HeprocbepexeHus. Takke Kak U COBETCKas SKOHO-
MUKa, 3KOHOMUKa Poccumn npogomkaeT pacxopoBaTb B 2—3 pasa
Donblue 3HEPTrUM HA eANHULY NPOAYKUUN, YEM NPOMbILLIIEHHO pa3Bu-
Tble CTpaHbl 3anaga.

BaxHenwmm nokasarenem aHeproaeKkTMBHOCTN NPON3BOACTBA
ABnseTcda yaenbHoe aHepronoTpebneHune, T.e. KONMYECTBO HEPIUN,
3aTpayeHHoe Ha NMPOM3BOACTBO €4MHMLbLI MPOSYKLUWW, UK, B COMOC-
TaByMoM Ang nbor cepbl NPon3BoacTBa BMAE, OTHOLLEHWUE KONn-
YecTBa 3aTpavyeHHOro YCNoBHOIo TONMMBa K CTOMMOCTU NMPON3BeaeH-
Hov nmpogykumun. Mo BenuuuMHe nocnegHero nokasartensa Poccust oT-
CTaeT OT CPeAHEMMPOBOrO YPOBHSI B HECKONbKO pa3 (Tabn. 4.1).

CToMMOCTb M3pacxogoBaHHbIX 3HEPrOPECYPCOB B KOHEYHOM UTOre
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Tabnuua 441
CpaBHUTENbHbIE NoKasaTeny sHepronoTpedneHus”

[Mokasatenun
YpoBeHb Motpebnexne TOP Ha YaenbHas 3HeproemkocTb
1 yenoseka BHI
(TyT. Yyenosex ) (TyT./ $1000)
CpepgHemunpoBoi 2,36 0,433

CpepnHepoccuckui 6,18 1,287

"NaHHble MexayHapooHOro SHepreTUHYecKoro areHTCTsa, LMTUPYITCS Mo Ma-
Tepuanam: «lporpamma aHeprocGepexeHusi B Yysaiumm»,

pobaensieTcst kK ce6ecToMMOCTM NPOM3BOAMMON MPOAYKLUKN, CHUXKAS,
B YCMNOBUSAX PbIHOYHbBIX OTHOLUEHWWN, KOHKYPEHTOCNOCOOHOCTb Mpo-
n3BOACTBA.

Kpome Toro, kak OyaeT MnokasaHO HWxe, BenuMuuHa yAenbHbIX
3HeprosaTpaTt MOXeT CNyXunTb 0006LLEHHEIM NoKa3aTenemMm TeXHU4e-
CKOTO COCTOSIHMS HedpTerasoBblX MECTOPOXAEHUA U cucTeM TpyOo-
NPOBOAHOrO TpaHcropTa YrrneBoAoponoB. [encTBuTeNnbHO, MHOrne
pasBuBatoLmecs aedekTobl, Hanpuvep, B HedpTegobblye (HerepmeTny-
HocTb HKT, 3acopeHue neckom, conamm unv napadmHoOM, CHUXKEHWE
ONHaMN4eCKOro ypoBHA U ,El,p.), BbI3bIBAlOT NOCTENEHHOE yBeENn4eHne
yAenbHbIX 3aTpaTt 3MekTpo3aHeprun. MNoaTomMy AMHAMUKA YAENbHbIX
3aTpaT MOXET CMYXWUTb 4OCTAaTOYHO MHAOPMaTUBHBLIM AuarHocTu4e-
CKUM KPUTEPUEM TEKYLLENO TEXHNYECKOrO COCTOsIHUA 060opyaoBaHus
HedTerasoBblX NPOMbICIIOB.

B cBa3n ¢ 3TuM ocobyro akTyanbHOCTb MpuobpeTaloT BOMPOCHI
co3faHusa cTpaTterMm aKcniyatauun CyLLeCTBYHOLEro U BHeaApeHus
HOBOrO TEXHOJIOMMYECKOr0 U 3HEPreTUYECKOro 06opyaoBaHMs, MO3BO-
NSIOLLETO NOBLICUTb 3HEPTrETUYECKYH 3PEKTMBHOCTL U HAAEXKHOCTb
aKcnnyaTaumMm HedTerasoBbiXx MPOMbICIIOB. [MarHOCTMYecKne BO3-
MO>XHOCTM NokasaTens ygenbHOro pacxoga SHeprymv NoBbILWAKT aKTy-
anbHOCTb pa3paboTknm METOAO0B KOHTPONSA YPOBHSA TEKYLLUX yAenbHbIX
aHeprosarpart n MeTogoB ANarHoOCTU4eCKoro aHanunsa 3Tux gaHHbIX Ha
NpeanpusTUAX Hed)TerasoBon OTpacnu.

4.1. METOABI ONPEAQENEHUA U NCMOJTIb3OBAHUA
MOKASATENEA 3HEPIO3®®EKTUBHOCTU
NMPEONMPUATUA HEGTEMAS0OBOW OTPACIA

N3pepkkn Ha gobbidy M TpaHCNOpPT HedTM M rasa 3aBuUCAT OT
MHOMMX (PaKTOPOB — XapakTEePUCTUK MEeCTOPOXOEHWS, CTagun n Me-
TOOOB ero pas3paboTkM, TEXHUYECKOTO COCTOSIHUSI U TUMA U TEXHUYE-
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CKOro COCTOSIHMS A06bIBaloLLEro U TpaHCNopTHOro ob6opyaoBaHus 1
T.4. 3aTpaTtbl Ha Jobblvy HedTn BapbupytoTca B npegenax ot 0,5—
1 ponn./6appens (WpaH, Wpak, Caygosckas Apasus) go 20—
35 ponn./ 6appens (CWA, kpome Andckm n Texaca, KaHaga).

Ons HedTAHbIX MecTopoxaeHun Poccun yaenbHble 3aTpaTtbl Co-
ctaenstoT 5-10 gonn./ 6appens, 4Yto coctaensieT oT 25 go 50 % ot
CTOMMOCTW NPOAaxn 3TON HeTM Ha MUPOBOM PhIHKE.

B cTpykType usgepxek 3aTpaTtbl Ha SHEPropecypchbl COCTaBMASIOT
10—15 % [1], 4TO B KONMYECTBEHHOM BblpaXkeHun B macluTabe Hed-
TEerasoBow OTpacnv NPeAacTaBnsaeT 3HAYNTENbHYIO BENUYMHY.

3aTpaTbl 3HepropecypcoB B NpoLecce NpOM3BOACTBa Noapasaens-
I0TCS Ha NPON3BOACTBEHHO HEOOXOAUMbBIE U MOTEPU, U X COOTHOLLIE-
HWe onpepensieT aHeproaEKTUBHOCTL NPEANPUSTUS.

[ns pa3paboTkM MeToA0B NOBbILEHUA 3(EKTUBHOCTM UCMONb-
30BaHUS 3HEpProHocuTenen HeobxoaMMo UMETb KONMYECTBEHHbIE MO-
KasaTenu 9HeproaddeKTMBHOCTY NPOM3BOACTBA, OOHUM U3 KOTOPbIX
ABNAKTCA yaenbHble 3aTpaThbl.

4.1.1. PACYET T[OKASATEJIEA YOENbHbLIX 3ATPAT 3HEPIOPECYPCOB
B HE®TEAOBbLIYE N X NPUMEHEHME B OUATHOCTUKE
TEXHNYECKOIO COCTOAHUA OBOPYOBAHUA

OCHOBHbIM BUOOM 9HEPropecypcoB, 3aTpaynBaemMbIX B TEXHOMNOMM-
YecKux npoueccax fobblun HedTU 1 rasa, ABMNsIETCA nekTpuyeckas
aHeprusa (B OTnM4Me, Hanpumep, OT CUCTEMbI TpaHCMopTa rasa, rge
OCHOBHbIM 3HEPropecypcoM ChyXWUT nepekaynBaembii ras). [dons
NCMOMb30BaHUS NOMYTHOrO ra3a B HacTosLee BpeMs HE3HaunTEeNbHa,
X0T4 HabnogaeTcs TeHAeHUMst Gonee LWMPOKOro ero NPUMEHeHNs B
KayecTBe Tonnmea Ansi aBTOHOMHbIX MICTOYHUKOB 9MEeKTPO3Heprumn Ha
npomeicnax [2], paccMoTpeHHas B pa3gerne 4.3 HacTosiwen paboTsbl.

VccnepoBaHnsa CTPyKTypbl 3aTpaTt 3NEeKTPUYECKOW SHEepruv npu
[obblye HedpTn, NpOBEAEHHbIE HAMW Ha LLeNoM psiie MECTOPOXAEHUN
3anagHor Cnbupu, NO3BONWAM BbISIBUTb OCHOBHbBIE CTATUCTUYECKME
3aKOHOMEPHOCTN UX pacnpeaeneHus. PesynbtaTtbl 3TMX Uccneposa-
HWI NpeacTaBneHsbl Ha puc. 4.1.

[na ncnonb3oBaHUS yPOBHS yAenbHbIX d3Hepro3aTpar B KavyecTse
nokasaTens COBEpLUEHCTBA TEXHOJOMMYECKOro npouecca [obblun
HedTU NNM OMarHOCTUYECKOro Mpu3Haka HeobGXxooumo onpenenvTb
HWXKHUI TEOPETUYECKUA Npefen yaenbHbIX 3aTtpaT. 3Ta Benu4yvHa
cneumMduyHa ONs Kaxaoro MecTopoXaeHus u onpepensieTcs B oc-
HOBHOM AMHAMWYECKUMU YPOBHSMM A0ObLIBAOLLMX CKBAXKWH U CTPYK-
TYpOI 3KCMNyaTMpyemMoro napka HacoCHOro o0opyaoBaHus.

YpenbHble 3aTpaThl Ha M3BMNEYEHME XUOKOCTUN 3aBUCAT OT BbICOTbI
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Puc. 4.1. CTpyKTypa 3aTpaT 3reKTpu4eckoil 3Heprum Ha BeCb KOMMNEeKC TexHomnoru-
YecKux npoueccos HedTeaobbium

nogbema (4MHaMUYECKOro YPOBHS), NIIOTHOCTM U3BNEKAEMOW XUAKO-
ctn n KM cmuctembl Hacoc — NpUBOLHOW ABUraTens.

B npocTelillem cnyyae, NpuHSAB BbICOTY Nogbema XUAKOCTU paB-
HOW OUHaMU4EeCKOMY YPOBHIO U NMpeHebperasi OCTaToO4HbIM AaBNEHNEM
Ha YPOBHE YCTbSl CKBaXKMHbI, MOMYYMM HWKHUA Npeden yaenbHbIX
3aTpat (npw KI4 paBHom 1)

Z=p-g-H, (4.1)

roe p — NNOTHOCTb A0ObLIBAEMOW XUOKOCTU; g€ — YCKOpeHne cBoboa-
HOro nageHust; H — QUHaMUYEeCKNIA YPOBEHb XUOKOCTU B CKBa>KUHE.

lMpoBegem pacuyeTbl TEOPETUHECKOIO Npeaena yaenbHbIX 3Heprosa-
TpaT Ha npumepe ogHoro m3 mectopoxaeHuin CIT «Batonn». Pac-
npegeneHne gUHamMUYecKnx YpoBHEN [0ObIBAKOLMX CKBaXWUH ANd
[AHHOro MecTopoXaeHus 6nmsko kK HopManbHOMY 3aKOHY C MaTtema-
Tnyeckum oxnaaHnem H = 800 m. OueHka HWXHero npegena yaenb-
HbIX 3HeprosaTpart B 3TOM Cry4yae [aeT:

Z =p-g-H =800-10-800 = 6,4-10° /Isx/m* = 1,78 kBru/m°.

B peanbHOM cnydae cnegyeT yuuTbiBaTb XapakTepUCTUKM Ha-
COCHO-CMNOBOro 060pyaoBaHns U pexunmMbl ero paboTol.

Ha CI1 skcnnyatupyetcsa okono 20 TMMOB HACOCHBIX YCTaHOBOK
OLIH oTeuecTBEHHOrO 1 3apyBEXHOro NPOU3BOACTBA C HOMUHANBHOM
npon3BoaMTenbHOCTLIO 0T 10 Ao 750 M*/ cyT (puc. 4.2).

[ns oueHkn ygenbHbIX 3aTtpaT Ha Jobblvy NpY HOMUHAaNbHBIX pe-
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Puc. 4.2. Pacnpepenenune HacocHoro o6opynosaHus CI1 «Batoin» no HOMuHarb-
HbIM NPOU3BOAUTENBHOCTAM

XMMax BOCMONb3yemcss nacnopTHbiMU gaHHbiMM JLIH oT 3aBopa-
npoussogutens CI «ALNAS» (r. AnbmeTeBck).

HomuHanbHble yaenbHble 3Hepro3aTpaThbl BblYMCASOTCA No dop-
mMyne

Z=24N/Q, (4.2)

roe N — MowHocTb npuBoaa, kBT, Q — HOMMHanbHas npou3Boau-
TEeNbHOCTb, M”/ CyT.

Mpaduk 3aBucmumocTn Z = Z((Q), paccynTaHHbIn N0 NpUBEaEHHON
dopmMyrne Ha OCHOBaHWUN XapaKTEPUCTMK HACOCOB U MOCTPOEHHbIN Af1s
BbICOTbI MOAbeMa XuakocTu B npegenax ot 600 go 1000 m, npuse-
OeH Ha puc. 4.3. V3 rpacpmka cnegyet, uto KI[ HacocHoO-cunoBoro
arperata 3aBUCUT OT €ro NPoM3BOAUTENBHOCTM U MeHsieTcs oT ~0,35
npn Q = 30—50 m*/ cyT go ~0,70 npn Q > 100 m*/ cyT.

Mo gaHHbIM, NpuBeAEHHbIM Ha puc. 4.2 n puc. 4.3, BbIYUCIIUM
yaenbHble 3aTpaTtbl B LENOM MO MECTOPOXAEHUO (Ans peanbHOW
CTPYKTYpbl napka SLH):

n
>.Qi-7
Z=5 (4.3)
> Qi
i=1
roe Q; — cymma npovsBoguTenbHOCTEN arperaTtos B i-M JuanasoHe;
Z; — yaenbHble 3aTpaThbl A4 i-ro guanasoHa; # — YACno AuanasoHoB.
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Puc. 4.3. PacyeT yaenbHbIX 3aTpaT no nacnopTHbIM AaHHeIM OLH

BblumcneHuns no cootHoweHuto (4.3) ons ndyvyaemoro MeCTopOX-
OeHna pgalT BennumHy Z = 3,38 kBT1-y/ (Vi MonyyeHHas oueHka aB-
NSeTcs HWXKHUM MpefenoM yaenbHbIX aHepro3aTtpaTt Ans cylecT-
BytoLLero napka JSLH.

OueHKy peanbHbIX 3aTpaT MOXXHO NPOBECTU NO AaHHbIM U3Mepe-
HUS CyMMapHOro geburta ckBaxuH, obopygoBaHHbix QLIH, n cym-
MapHOM MOLLIHOCTU, NOTpebnsaemor HacoCHbLIM 0bopyaosaHuem. MNpu-
HHATasa B 3KchnyaTaumio Ha udydaemom mectopoxgeHun MNC «Ckar-
95» nosBonsieT NpoBeCTM NOAOOHbIE OLEHKN. Tak, HA MOMEHT n3me-
PEHWI CYMMapHbIA CYTOYHbIN 0eOUT CKBaXXMH HedTenpombicna no
*uakocTn coctaenn 35031 M*/ cyT npu 3TOM dhakTUyeckas cymmap-
Has MOLLHOCTb MPUMBOAHbIX ABUraTenen coctaensina 9622 kBr. Pac-
yeT no CooTHoLeHMo (4.2) B aTom cnyyae gaet Z = 6,6 kBT-u/ M’
Taknm obpasom, hakTuyeckme yaenbHble 3aTpaTbl SHEPTUU NOYTU B
2 pasa NpeBbILAT HWKHUIA Npeaen Ans JaHHOrO0 MeCTOPOXAEHUS.

AHanu3, NpoBEAEHHbIN C LENbl BbIACHEHUSA MPUYUH pacxoxae-
HUS1 (PaKTUYECKMX U TEOPETUYECKN BO3MOXHbIX AN YCIOBUA SAHHO-
ro MeCTOPOXAEHUS YAenbHbIX dHEeprosarpar, BbiSBWN crneayowme
OCHOBHbIE NMPUYUHBI:

HenomnHasi 3arpy3ka HacoCOB Mpy HEQOCTATOYHOM MPUTOKE XUA-
KOCTW;

3HauYUTENbHbIE TEMMOBLIE NOTEPY B CUITOBOM Kabene n3-3a manoro
CEeYEHMS TOKOMPOBOASALLMX XWIT;

HECOOTBETCTBUE BENNYUHbBI MUTAIOLLEr0 HanpshKeHUs Ha TpaHc-
dopMaTOpPHON MOACTAHLMM HOMUHANBHOMY HAMPSBKEHUIO U nepe-
Koc has;
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notepu B TpaHcdopmaTopax;

Hey0OBMNEeTBOPUTENBHOE TEXHUYECKOE COCTOSIHME Hacoca, ABurarte-
N5 UM HACOCHO-KOMMPECCOPHbIX TPYyO.

PaccmoTpym 37K npuymHbl nogpobHee.

3apaya nogbopa OLH no npous3BoanTENbHOCTU ABMSETCH Ypes-
Bbl4ANHO CMOXHOW MO nNpuynHe ee MHOrogakTopHocTU. [puToK
XNOKOCTU MEHSIETCS C TEYEHMEM BPEMEHU U 3aBUCUT OT MHOXECTBa
drakTopoB — 06bEMa U TEMMNA 3aKa4yMBaEMOW B MACT XMUAKOCTK, Npo-
HUL@emMOoCT1 nNnacTa, TeMnoB 0Toopa XMAKOCTM MO MECTOPOXOEHUIO B
LUenoM u MHOMMX Apyrux npuyunH. [MocTaHoBKa [aHHOW 3ajayu
[OIMKHa NPOBOANUTLCS, Hanpumep, C NO3ULUU TEopUM MNOBEAEHUS
CNOXHbIX CUCTEM CO CTOXaCTMYEeCKMM MnoBedeHMeM U obpaTHLIMU
casamu [3, 4, 5]. B HacTosllee BpeMs C NPUHATMEM B 3KCnnyaTa-
ynto MNMC nosBunuCb MCXodHble AaHHble ONS pelleHnst NMogoGHbIX
3agav.

TennoBble NoTepu B kKabensx n obmMoTkax NPMBOAHOIO ABUraTens
OUH Becbma 3HaumTenbHbl. Hanbonee pacnpocTpaHeHHble Mapku
kabenen KMNBK u KMBI umetotr conpoTtmenerHne 1,83 Om/ km (ce-
uenmne 3x10 Mm?%) 1 1,15 OM/ km (ceueHme 3x16 mm?). PacueT notepb
B kabensax aToro Tuna npu cpegHem Toke 30 A 1 cpeaHel onuHe Ka-
bensa 1,5 km gaet BenunuuHy, coctasnsowyo 30 % OT HOMUHAMbHOM
mMowHocTu geuratensi. Kpome toro, KN4 3LH, no gaHHbIM npowns-
Boautens, coctaBnsieT 30—60 %. Takum obpasom, KM cuctems! ka-
Oenb — gBUratens — Hacoc B Lenom cocraendet okoro (1-0,3)-0,5 =
= 0,35. Huskun Kl ceasaH ¢ ocobbiMmn TpeboBaHUSIMU K 3KCMyTa-
LMOHHBIM XapaKkTepucTukam kabens (BbICOKOe HanpsKeHue, MexaHu-
Yyeckasi MPOYHOCTb, KOPPO3NOHHAA CTOMKOCTb) M NPUBOOHOrO ABura-
Tensa (Manbli guameTp Kopnyca npv 3HauymMTenbHOW MOLLHOCTM), cne-
unpmyHbiMu ans OUH, n He MoxeT BbiTb CyLEeCTBEHHO YBENUYEH.

MpeBblileHne nuTatoLLero HanpskeHUs Ha 1 % OT HOMUHAaNbLHOro
NPUBOAUT K AOMOMHUTENbHLIM MOTEPSM 3MEKTPUYECKON MOLLHOCTHU
Ha 1,5 % [6]. MoaTomy cnefyeT pacCcMOTPETb BO3MOXHOCTU MHONBK-
OyanbHOW perynMpoBKM NUTAIOLLEro HanpshkeHusa gnsi kaxagoro OLH
B 3@aBWCUMOCTM OT TeKyLLero geburta cKBaXuHbl 1 MPON3BOANTENBHO-
cTn Hacoca. CoBpemeHHble MNC ¢ BO3SMOXXHOCTBIO KOHTPOMS U pery-
nMpoBaHusa 6onbLIoro Ymcna paboynx napameTpoB HACOCHBIX YCTaHo-
BOK [enaloT 9Ty 3ajady pearnbHOMn.

O6uwas cTpykTypa aHeprosaTpat mectopoxaeHusa CI1 «Batonn»
Ha n3BneYyeHne XUAKOCTU nNpuBegeHa Ha puc. 4.4.

CHWKeHne ypOBHS TEXHUYECKOro COCTOSHMSA NoA3eMHOro obopy-
[OBaHWs, Hanpumep, BCNeacTBME 3aCOPEHWsa OpraHoB Hacoca Wnu
HKT, yBenuuuBaeT yaenbHble 3aTpaTtbl 9nekTpodHeprun. MNMoatomy
Hamu Oblna NpeanpuHATa NoMbITKa UCMONb30BaHUSA 3TOW BENUYNHDI B
KayecTBe OMarHOCTUYECKOrO Npu3Haka.
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Puc. 4.4. O6wasn cTpykrypa sHeprosatpar CI1 «Batoiin» Ha ussneyeHue Xumakoctu

CpegHue (N0 BCEMY MECTOPOXOEHUIO) BEMNUYMHBI SHEprosaTpar
ONd uenen anarHoCTUKM MarnonpurogHbl, Tak Kak OHU He JaloT BO3-
MOXHOCTU NOKanu3oBaTb BEPOSATHbIM AedekT obopyaoBaHus unu
BbIXOJ, pexumMa Hacoca 3a npefensl HoMuHansHoro. lNoatomy Ha oc-
HOBe M3mepeHuii cuctembl «CkaT-95» Bbina coctaBneHa kapTorpadu-
Yyeckas cxema, Ha KOTOpoW Obinv NpeacTaBneHbl AaHHbIE MO yaenb-
HbIM 9HeprosaTpatam OTAEeNbHbIX OOBEKTOB, B KayeCTBe KOTOPbIX
CNY>XWIKN KyCTbl CKBaXMWH (puc. 4.5).

M3 aTol cxembl cnegyeT, UTO Ha TEPPUTOPUN MECTOPOXAEHUS
OEeNCTBUTENBHO MMETCSA 06nacT aHOMarnbHO BbICOKOrO 3HEprono-
Tpebnenusa (nNuku Ha puc. 4.5). Makcumym aHepronotpebnexHus goc-
tvraet 20,2 «kBt-y/ M’ NpW CPedHEeM Ha MOMEHT UW3MepeHUii
7.2 kKBT-u/ M°,

[ns uvcknioYeHna BNUAHUA pasHOCTEN OUMHAMWYECKUX YPOBHEWN
Oblna npoBegeHa HOPMMPOBKA NO 3TOMY NapameTpy, OOHAKO 3TO He
NPUBENO K CYLLECTBEHHLIM U3MEHEHMAM HabnoaaeMon kapTuHel. Mo-
3TOMy OblN caenaH BbIBOA, YTO MUKW 3HepronoTpebnexHus, Habno-
Jaewmble Ha puc. 4.5, obycnosneHbl NMBO BbIXO4OM PEXUMOB HACOCOB
3a rpaHvubl HOMWHanNbHbIX, MMOO MMEEeT MECTO CKPbITbIN (M pa3Bu-
BaloLLMIACS BO BpeMeHun) aedekt obopyaoBaHus.

[na npoBepkn OaHHOrO NpeanonioXeHns NPou3Benn peTpocnek-
TMBHbIN aHanu3 6a3 gaHHbix AC 1 n3dyumnu xypHan peMOHTHbIX
paboT Ha HacocHoM obopyaoBaHuK HedbTenpombicna. [Ana ysenunye-
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Puc. 4.5. I'pacdnyeckoe npeacraBneHne yAenbHbIX SHeprosaTpaT Ha TeppuTopuM
mecTopoxgenus CI «Baroun»

Hua obbema BbIGOpkM No aBapusm Obin BbibpaH nepuog 6 mec, a
pacnpegeneHne yaenbHoro aHepronoTpebneHms no Tepputopum me-
CTOPOXAEHMSA YCpeaHANoCh 3a TOT xe nepuo BpemeHu. Ha ocHose
XypHana 6blna cocTaBneHa kapTorpaguyeckas cxema, no BepTvKarnb-
HOW OCM Ha KOTOPOW OTMeYanacb MHTEHCMBHOCTb aBapuii Ha AaHHOM
obbekTte (puc. 4.6).

[ns BbIABNEHNS B3aMMHOW CBA3WN MeXAy aHOManunsMm yaensHoro
3HepronoTpebneHnsa n MHTEHCMBHOCTLIO aBapuii 060pyaoBaHUSA Bbl-
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Puc. 4.6. PacnpepeneHne MHTEHCMBHOCTU OTKa30B Ha TeppuTtopun CI1 «Batonn»
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Yncnancs KoapPUUMEHT B3aMHOI KOPPENSILUN MeXay 3TUMK BENU-
YnHamu. Ero 3HayeHne COOTBETCTBYET, NPU UMEIOLLEMCS 0ObeMe Bbl-
Bopku, goctoBepHoCcTH cBA3K B 85 %.

[na [ononHUTENbHOW MPOBEPKU BO3MOXHOCTU MCMOSb30BaHUS
BeJNMMYNHbI TEKYLWNX yaelbHbIX 3Hepro3artpar B Ka4eCTBe ANarHoCcTun-
YeCKOro Kputepusi Hamm Obinn NPoBeAeHbI pacyeTbl ANa OPYroro ne-
puoaa BpemeHW. Pe3ynbTaTbl pacyeToB NoaTBEPAUNN MOMYYEHHbIE
paHee BbIBOAbI.

Takum 06pa3omM, MOXHO YTBepXAaTb, YTO KPUTEPUEM OLIEHKM
aBapwuiiHO-oMacHOro 060pyaoBaHNS MOXET CIY>XUTb CBEPXHOPMATUB-
HbIli pacxoq aHeprun Ha Aobbldy yrneBogOpPOAHOMO ChipbS.

4.1.2. KOHTPOI1b 3ATPAT TOMJIMBA
HA TPAHCIIOPT FA3A

OCHOBHbIM 3HEPropecypcoM B CUCTEME TPaHCMopTa rasa siBnsieTcd
caMm nepekavvMBaemblil ra3, UICNOMNb3yeMbIl B Ka4ecTBe Tonnmea Ans
ra3oTypOUMHHBLIX YCTAHOBOK ra3oKOMMPECCOpPHbIX LiexoB. B nocneaHue
rogbl HabngaeTca NOCTOSHHBIA POCT 3aTpaT rasa Ha HyXAabl nepe-
Kayku, YTO CBS3aHO CO CTapeHMeM OCHOBHOIO TEXHONOrM4ecKoro
06opyaoBaHNs 1 yBENUYEHNEM HEPABHOMEPHOCTU 3arpy3kvu MarmcT-
panbHbIX ra3onpoBOAOB. 3aTpaThl ra3a Ha HyXabl NepeKaykm CoOCTaB-
nsitoT Ao 8 % oT o6bema TpaHCNopTUpPyeMOro rasa [7].

OtMmMmn obcToaTenbcTBaMu OOYCIOBEHA aKTyanbHOCTb 3ajayu
pa3paboTkn MEeTOAOB MOBLIWEHUS 3(PEPEKTMBHOCTU IKCNyaTaumm
KOMMPECCOPHbIX CTaHLUUIA, C MOMOLLIbIO KOTOPbIX AOCTUraeTCsa CHMXKe-
HWe 3aTpaT 3HEepropecypcoB Ha MarvcTpasnbHbli TPaHCNoOpPT rasa.

OcHoBHasa gonsa aHeprosaTpaT, CBs3aHHbIX C TPAHCMNOPTOM rasa,
npuXoaMTCs Ha aKcnnyatauuio komnpeccopHbix ctaHuum (KC).
BaxHbIM nokasaTtenem adhpektuBHocTn akcnnyataumm KC asnseTcs
yOenbHbIli pacxoq TOMNIMBHOIO rasa ¢, npeacTaBnsowun cobor oT-
HOLLEHMe pacxoda TOMNMBHOTMO rasa (Q; k npomssogutensHoctn KC
no TpaHcrnopTupyemomy rasy Q.

[Mpn pacyeTe BenuuMHbI g BO3HUKaeT npobrnema, cBA3aHHas C
[OCTOBEpHBIM onpeaeneHnem pacxoaa TonnmeHoro rasa. Ha KC, kak
npaBuno, OTCYTCTBYIOT Y3rbl y4eTa KonmyecTBa nepekavyaHHoro rasa,
noatomy npoussoantensHocTtb KC Q ¢ Heobxoammor TOYHOCThIO
onpegenuTb 3aTpyaHUTeNnbHO. Kpome Toro, Ha MHOTOHUTOYHbIX Faso-
npoBofdax BXOAHble M BbIXxogHble nepemMbivkn KC gepxatcs oTKpbl-
TbiIMU AN PaBHOMEPHOWN 3arpy3ku rasonpoBOAOB, YTO NPUBOAUT K
ToMy, 4YTO fgaxe Ha KC, nmetowimx ysnel yyeta, 4OCTOBEPHO onpeae-
nMTb 0OBbEM MepeKkayaHHOro rasa 4Yepes Kaxabld LeX MpaKTUYecKu
HEBO3MOXHO.

B cBA3n ¢ 3TMm 3agadva onpegeneHns yaenbHoro pacxoga Tor-
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NMBHOTO rasa C LUenbio oueHKn 3(EeKTUBHOCTM PeXMMOB paboThbl
IMA B ycnoBusix KC cTtaHOBMTCSA BECbMa akTyanbHOMN.

[na pelweHns 3agayn pacyeTa yaenbHOro pacxoda TOMMBHOMO
rasa MOXHO MPUMEHUTbL PACCMOTPEHHbLIN paHee MeTOA, NOCTPOEHNS
deHomeHonornyeckon mogenu. Kak n paHee, npeacrasum ypasHe-
HVWe perpeccun B BuAE NMHEWHOW KOMOWHAaUMK M3MepseMblX napa-
MeTpOB:

q;, =Q*(t;)=4, +;Ak'xk(tj)' (4.4)

KoadhpuumneHTsl A, BbIMUCAAIOTCA M3 YCNOBUA MUHUMU3ALUN
dyHKUMOHana

Q(X) — Q*(X) — min, (4.5)
roe dyHkums Q(X) nssecTHa u3 npuMeHsiemMbix MeToauk [8].

B kauecTBe npumepa pacyeTa pacCMOTPUM AaHHbIE Ans KOMMpec-
copHoro uexa KC-6 OO0 «bawTpaHcras», oCHaLleHHOro nocne pe-
KOHCTpyKumn 'TY-12r1.

B kayecTBe MCXOOHbIX AaHHbBIX UCMONb30BaNMCb BPEMEHHbIE PSAabI
TEXHOJIOMMYECKNX NapamMeTpoB, MOJTyYEHHbIE KOMMBIOTEPHOW U3Me-
putenbHor cuctemon ansa asyx [MIA. 3anucb gaHHbIX Npou3BoAn-
nacb C HTEpPBanoM BpeMeHU Mexay namepeHuamm 1 yac, o6 bem Bbi-
Bopok cocTaBnan He MeHee 65 namepeHuin.

MpoussogutensHocTb A onpegensnack No ra3ogMHaMU4ECKUM
XapaKkTepucTukam HarHeTatenen ¢ norpeluHocTbo 3 % [8].

[nsi BbISIBNEHWSA 3HAYMMbIX CBSA3€EN C BENWYUHOW yOENbHOro pac-
xoga 6binn nonyyeHbl 10 TEXHONOrMYECKMX NapaMeTpoB ¢ Hanbonee
3HAYMMOWN KOPPENSAUMOHHOW CBA3bID C WCKOMbIM MapameTpom ¢
(Tabn. 4.2).

Tabnuya 42

CTeneHb TECHOThI CBSA3N KOHTPOJSIMpyEMbIX NapamMeTpoB
C yAenbHbIM pacXxoaoM TOMJIMBHOIO rasa

KoacbdumumeHT napHoi koppe-
KoHTponupyembli napameTp NAUMK C BENUYMHOW yAENbHOro
pacxofa TONMMBHOMO rasa

[aeneHne macna Ha BxoAe B ABuraTtenb 0,86
CpeqaHsia TemnepaTypa 3a rasoreHepaTopom 0,77
TemnepaTypa rasa Ha BbIXOA4Ee U3 HarHeTaTens 0,72
[aBneHue rasa Ha BbIXOAE M3 HarHeTaTens 0,95
YacTtoTa BpaiyeHus potopa CT 0,92
YacTtoTa BpauleHusa I'T 0,59
[asneHue Bo3gyxa 3a KOMMPECCOPOM 0,93
TemnepaTtypa rasa 3a CT 0,56
CrteneHb cxatus 0,91
[aBneHne macna cMasku HarHeTaTens 0,54
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Tabnuya 4.3
KosdpduumeHTsl ypaBHeHus perpeccum (I'TIA Ne 14)

Ay 5938 107 A 2,355 10" As 2,128 10
A 1,884 1077 As 1,367-10°4 Ay 5376: 10
Ay 2,007- 10" Ag -8857- 107 Ap 54188107
As ~2,427- 107 A; 1,097- 107

B Tabn. 4.3 npeacraBneHbl KO3 OULUMEHTBI YpaBHEHUS perpeccum
(4.4), BblMMCIEHHDBIE MO anroputmy [9].

Ha puc. 4.7, a npefcraBsneHa AMHaAMUKa M3MEHEHUS yaenbHOro
pacxofa TOMMAMBHOrO rasa, paccynTaHHas ¢ UCMOMb30BaHNEM TEPMO-
rasoguHamMu4yecKnx XxapakTepucTuk 1 no ypasHeHuto perpeccun. Kak
cnepfyeT 13 NpeAcTaBleHHbIX JaHHbIX, PEFPECCUOHHOE YPaBHEHME XO-
POLLO ONUChIBAET 3KCNEePUMEHTarnbHYH 3aBUcMmMocTb. Koadduumnent
koppensaummn coctaenseT 0,927 npu 0,1%-HOM ypOBHE 3HA4MMOCTU
KoabdpuUMeHTOB perpeccumn no t-kputeputo CTblogeHTa.

HoctaTo4Ho GonbLioi 06bEM UCXOOHONW BbIOOPKN N3MEPEHUIA NO-
3BOMAET yYUTbIBaTb ANHAMUKY M3MeHeHus pexuma A npu kone-
OaHusx gaenenns Ha Bxoge KC, cyToyHoro nepenaga remnepaTyp u
no gpyrum npuynHam. [1o3ToMy MOXHO OXuAaTb, YTO ypaBHEHWE,
Nofy4YeHHoe No AaHHbIM OAHOM BbIOOPKM, ByageT AOCTaTOYHO TOYHO
onucbIBaTh NOBEAEHNE TOro Xe napamMeTpa B Apyron Bblbopke, nony-
YEHHOWN NpY N3MepeHnsix paboynx napameTpoB Ha APYrom arperarte
TOro e Tuna.

Ha puc. 4.7, 6 noka3aHbl BDEMEHHbIE 3aBUCUMOCTH, MOCTPOEHHbIE
no pesynbTataMm pac4yeToB MO AAHHbIM, MOMYYEHHbIM Yepe3 mMecsl
nocrne npoBefeHus NepBon cepun nsmepeHun. s pucyHka cneagyer,
YTO MOrpELLHOCTb pacyeTHbIX 3Ha4YeHun coctaenseT 2 % u senseTca
cuctemaTU4eCcKOr, B TO BPEMS KaK XapakTep KPWUBbIX MO-MPEeXHEMY
NOEHTUYEH.

Pes3ynbTaTthl pacyeToB ANHaMMKN M3MEHEHUS yAenbHOro pacxoaa
TOMNMIMBHOIO ra3a no paHee Nofly4eHHOMY perpecCcMOHHOMY ypaBHe-
Huto ana gpyroro arperata (I'TIA Ne 15) Toro xe tuna (puc. 4.8)
NnoKasbIBaloT, YTO cucTemMaTnyeckas owmbka Bos3pocna Ha 5—6 %, HO
XapakTep KpWUBbIX MO-NpexHeMy pasnuMyaeTcs HesHauuTenobHo. Ko-
3 PHULMEHT KOPPENSALMN MEXAY BPEMEHHBIMU PSAaMK B 3TOM criydae
coctaBngeT 0,75. YBenuyeHne norpeLlHoCcTU CBA3aHO C pasnuyHbIM
TEXHUYECKUM COCTOSHMEM W KOHCTPYKTMBHBIMU OCOBEHHOCTSMMU
MMA.

Kak 6b1no nokasaHo paHee (cM. pasgen 4.1.1), yaensHble nokasa-
Tenu 3HeprosatpaT MOryT CRyXWUTb B KayecTBe AMarHOCTUYECKUX
NPU3HAKOB TEXHUYECKOrO COCTOSIHUSA OOBbEKTOB HedpTenobblun. 310
yTBEPXKAEHME CNpaBeanvBO 1 Afsi rasonepkaymsatoLero obopyaosa-
HUS. N3 npeacTaBneHHbIX 3KCNepMMeHTarnbHbIX 3aBUCMMOCTEN ag-
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Puc. 4.7. luHamuka yaensHOro pacxoga TOMAMBHOIO rasa:
a — anpenb 2000 r., I'TIA Ne 14; 6 — maii 2000 r. no 'MA Ne 14; 7 — pacyeT Ha OCHO-
BE TEPMOra3oaMHaMMYECKUX XapakTEPUCTUK; 2 — pacyeT Mo yYpaBHEHUIO perpeccum

dekTuBHOM MoLHOCTM N, U pacxoga TonnmuBHOro rasa (Grr) OT KO-
achduLmeHTa TEXHUYECKOrO COCTOSHMS ra3onepkavnBaroLLEero arpera-
Ta no mMowHocTn Ky (puc. 4.9) cnenyert, 4To NO Mepe yXyALeHus
TexHunyeckoro coctosHua MMA noBeilaeTcs pacxon TONMMBHOIO rasa
Ang BblpaboTKN NPeXHENn MOLLHOCTW.

Takum obpas3om, MOXHO yTBEPXKAATh, YTO YpPaBHEHWE PErpeccuu,
Nony4YeHHOE C MOMOLLbIO MPEAIOXKEHHbIX NpoLeayp, CO CpeaHeKBaa-
paTUYeCcKon MOrpeLHocTbi0 4 % onucbiBaeT AMHAMUKY YOENbHOro
pacxoda TonnMBHOro rasa. lNpenmyLecTtBomM aHHOIro MeToaa sSABNSAeT-
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Puc. 4.9. SkcnepuMeHTanbHble 3aBMCUMMOCTU 3¢hheKTUBHOI MoLLHOCcTU N, U pacxoga
TOMIMBHOTO rasa G, oT koacdduymeHTa TexHmdeckoro cocrosiiusa Ky MA

Csl JOCTaATOYHO BbICOKasi TOYHOCTb W OMEPaTMBHOCTb pacyeTa npu
NCMONMb30BaHUN B KA4YeCTBE WUCXOAHbIX OAHHbIX TOMbKO MOKa3aHui
LWTATHLIX N3MepUTENbHbLIX NPUOOPOB.

MonyyeHHas mogens MOXET MCMOMb30BaTbCA ANA MNOBbILLEHUS
aHeproadpekTnsHocTn MIA nyTem onTUmManbHOro perynupoBaHus
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paboynx napameTpoB arperata Ha OCHOBE aHanu3a WX BNUAHUS Ha
BESIMYMHY YAEenbHOro pacxoda TOMSIMBHOIO rasa.

4.1.3. NPUMEHEHUE TOKOINPAMM AO5nA OWATHOCTUKM WU KOHTPONA
YPABHOBELUEHHOCTW CTAHKA-KAYAJIKW LLUHIY

B HedpTegobbiBaowmx npombiciax Poccum okono 75 % CkBaxuH
060pyaoBaHoO WTAHroBbIMU FNyBUHHBIMU Hacocamun. imu nsenekaert-
csi bonee 25 % HedTn. LLnpokoe pacnpocTpaHeHue akcnnyaTaumm
CKB@XXVH LUTAHTOBLIMW YCTaHOBKaMW OOBSICHAETCS TEM, YTO 3TOT
cnocob Hanbonee 9KOHOMUYHBIA U TMOKUA B OTHOLUEHUU PErynnpo-
BaHMs1 oTbopa XNOKOCTU.

B TO e Bpemsi N3BECTHO, YTO SKOHOMWYHOCTb U HaAEXHOCTb pa-
©0TbI ckBaXkuH, obopyaoBaHHbix LUMH, HenocpeacTBeHHO 3aBUCUT OT
npaeunbHoro nogbopa obopynoBaHusA U OT 6anaHCUPOBKM CTaHKa-
kavanku [10].

CooTBeTCTBME NPON3BOANTENBHOCTU HAcoca NPUTOKY XXMAKOCTH K
YCTbIO CKBaXMHbI OLLEHNBAETCH NO KOIPPULMEHTY 3anONIHEHUS HACO-
ca, KOTopbI onpeaenstoT no guHamorpammam [11]. Nostomy npose-
OeHne OMHaMOMETPUPOBAHUS CKBaXKMHbI ABMsieTcs 0bsi3aTenbHbIM
YyCroBMEM NpU cAayve CKBaXMHbl B 3KCMMyaTauuio nocne pemMoHTa
UnNu CMeHbl Hacoca.

Mpun Kaxgon cmeHe pexmma paboTbl CKBaXKUHbBI NpoBoautcs ba-
NaHCMpoBKa CTaHKa-Kayasnku, Lenblo KOTOPOW SIBMSEeTCH ypaBHOBE-
LUMBaHME MEXaHUYEeCKNX Harpy3oK npu KavyaHusix 6anaHcupa crtaHka.
OT npaBunbHOCTM BanaHCUPOBKN 3aBUCUT HE TONBKO MMAaBHOCTb XoA4a
N OONroBEYHOCTb paboThbl CTaHKa, HO U 3aTpaThl 3NEKTPO3HEPTMUN Ha
NPVBOA 3neKTpoaBUraTens, a crieqoBaTenbHO, Ha ce6ecToMMOCTb J0-
Oblum HedTW. MMO3TOMY NPaBUBHOE M CBOEBPEMEHHOE NPOBEAEHME
DanaHCMpOBKM CTaHKa-Kkayamnku siBASIETCA YCNOBMEM CHWMXKeHus 06-
LWMx 3aTpaT Ha Jobblyy HedTw.

BanaHcupoBKy OCyLLEeCTBNAOT B COOTBETCTBMM C Tabnuuamu 1
Homorpammamm [11], uameHsas ymcno 6anaHCUPOBOYHbIX FPY30B MK
nepemeLyas nx saonb 6anaHcupa. lNMpoeepky 6anaHCcMpoOBKM NPOBOASAT
MO BbINOSIHEHUIO YCIOBUS:

I

— 137]11
K, =110 <0,05, (4.6)

B H

rae K, — koadpcprumeHT HeypaBHOBELLIEHHOCTH; I, I, — cuna Toka B
obMOTKe OaBuraTenst npu xode NofMPOBAHHOIO LLITOKa BBEPX U BHUS.

MprMeHeHVe MHOPMAaLMOHHO-M3MEPUTENBHBIX CUCTEM M CPEACTB
TenemeTpumn B HepTeqobblve No3BoONseT nonyvaTb AMHaAMOrpaMmbl
6e3 OCTaHOBKM CKBaXWHbl. TeM caMblM CO30al0TCA YCNoBUSA AONS
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onepaTUBHOrO KOHTpons 3a addekTUBHOCTLIO paboTsl LUMH n (npu
HeJOCTaTOYHOM MPUTOKE XXUOKOCTU) OCYLLECTBIIEHUSA NEPUOANYECKOMN
paboTbl CKBaXKUHBI C AncneT4yepckoro nynbta. OgHako Ans KOHTPOons
3a 6anaHCUPOBKOW CTaHKa-Kayamnku 3TMX AaHHbIX HEAOCTaTO4YHO.

B0O3MOXHOCTb ONepaTUBHOIrO KOHTPOMS YPaBHOBELLEHHOCTW CTaH-
Ka nosiBnsieTcs npyu 0AHOBPEMEHHON pernctpauumn gMHamorpaMmbl 1
TOKOrpaMMbl, T.e. BPEMEHHOIO psiia MrHOBEHHbIX 3HA4YeHWl ToKa B
oOMOTKax ABUraTerns 3a NosiHbIN UMK ABVKeHUs 6anaHcupa cTaHka.
Takas Bo3amoxHocTb cywectyeT B IMC Ckat-95, koTopasi akcnnya-
TMpyeTca B TedeHne 5 net Ha page npegnpustuan AO «Batonn» u
o6enyxumBaet okono 300 ckBaxvH, 060pyAOBaHHbLIX LUTAHIOBLIMM
Hacocamu.

Ha puc. 4.10 npuBeaeHbl CUHXPOHHbIE AMHAMO- U TOKOrpamMmmbl
ansa aByx HedTenoObIBalOWMX CKBaXWUH. ['padukm npeacTaBneHsl B
BMAE BPEMEHHbIX pAaoB (ocuunnorpaMm), a He B 0O6bIMHOM A51s An-
HamorpamMmmbl Buae — B (hopme 3aMKHYTOW KpuBon. HeTpyaHo 3ame-
TWUTb, YTO XapakTep KpuBbIX Ha rpadmkax 7 n 2 pasnuyeH B nepeou
NonoBMHE LMKNa, COOTBETCTBYIOLLEM XO4y NIyHXepa Hacoca BHU3.
Ha rpadmkax xopoLuo BugHbl konebaHus, aBnstowmMecs CneacTBuem
ONHaMUYECKMX Harpy3oK (Bbi3BaHbl YMPYrMMU CUlaMu B LUT@Hre u
WHEPUMOHHbIMK cunamu) . Ecnn Ha puc. 4.10, a KpMBble U3MEHSATCA
npotnBodasHo, To Ha puc. 4.10, 6 — cnHdasHo.

Mopo6Hoe pasnuune B NOBEAEHUUN KPUBbLIX OOBACHAETCA pasnuy-
Hovi GanaHcMpOoBKOW CTaHKOB-Ka4yanok. C KayeCTBEHHOW CTOPOHbI
yBenuyeHne Cunbl TOKa MNPU CHWXEHUU Harpysku (cm. puc. 4.10, a)
OOBACHAETCS CUMMETPUYHOCTBIO Harpy304YHOW XapakTepUCTukn [ =
= f(M) aCUHXPOHHOrO ABUraTensi OTHOCUTESIbHO 3HaKa BpallatoLLero
MomeHTa M. VIHbiIMu crnoBamu, yBeNMYEHNE MOMEHTa TOPMOXEHMS
BbI3blBAET YBENMUYEHME CUMbl TOKA ABuratens. TopMoxXeHue asuraTe-
NeM MPOUCXOAUT MpU ABUKEHWUM KOJNOHHbI LUTAHT BHU3, YTO U 0Ob-
SICHAET NPOTUBOA3HOCTL konebaHui Toka U MEXaHUYECKUX YCUNNIA
B NoJBECKe Ha 3TOM y4acTKe LuKna.

VMcxops ua aTmx coobpakeHnii MOXXHO MPOBECTU OLIEHKY KadecTBa
DanaHCMpOBKM CTaHKa-Kavarnku.

M3 paBeHCTBa MeXaHNYeCKOM MOLLHOCTU, NpeaBaeMoi KOfNIOHHE
LUTaHr, U 3NEKTPUYECKON MOLLHOCTU NPUBOAHOrO ABUratens umeem
(C TOYHOCTBLIO A0 MOCTOSAHHOrO MHOXWUTENS):

1(t) = AJF(@t) - F, (4.7

aﬂ|’
roe 1(t) — MrHoBeHHoe 3HayeHune Toka asurartens; F(¢) — MrHoBeHHoe
3HaYeHne MexaHN4eCcKom Harpyskn B TOYKE NogBECa KOMOHHbI LUTaHT;
Fsan — BEC YpaBHOBELLUBAIOLLIETO rpy3a, NnepecynTaHHbli Ha APYryto
TOYKY NPUMNOXEHNS — TOYKY MoABeCca KOMOHHbI LWTaHr; A — He 3aBu-
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Puc. 4.10. CuHxpoHHasA 3anucb AvHamorpamm (7) u Tokorpamm (2) AnA CKBaXWH
Ne 8650 (&) u Ne 1856 (6) AO «Bartoiin»

CALLMIA OT BpeEMEHN KOIPMDULIMEHT, YUNTLIBAIOLWMI reoMeTpruyeckme
COOTHOLLEHMS B KUHEMATUYECKON CXeMe CTaHKa, 4acToTy KonebaHuin
b6anaHcupa, KIMO gsuratens, akTMBHOE COMPOTUBIEHME OBMOTKM
cTaTtopa, MexaHu4yeckue noTepu Ha TpeHue 1 T.n.

Mo nmelowMMca BpeMeHHOM psidaM Harpy3ok F(z;) n TokoB I(t)
COCTaBUM PYHKLMOHanN

/=3 (e -afFay =) (48)
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Bec ypaBHOBelUMBaIOLLErO rpy3a onpeaenvm U3 ycrnoBus MUHU-
Musaumm f — min.

MuHuMmnsaums dpyHkumoHana (4.8) npoBogunacb CTaHOapTHLIM
CpeacTBOM aMeKTPOoHHbIX Tabnuy Excel-97 «[Mouck peweHus». Mpu
3TOM ObINN BbIYMCNEHBI 3HAYEHUS CUNbl Fga, ANA OAHHBLIX, NpeacTaB-
neHHbIX Ha puc. 4.10.

PesynbTaThl noka3anu, YTo BENMYMHA YpaBHOBELLMBAIOLLLErO rpy3a
ansa nepsoro cnyyad 3260 H (3325 krc) gnsa sTtoporo 2852 H
(2909 krc). CpaBHMB 3TV OAHHbIE CO CPEOHUMU 3HAYEHUSIMU YCUINIA
B LUTaHre

F, =13 (), (49)

n =t

paBHbiMu aAns nepeoro cnyyaa 3167 H (3230 krc), a ans BTOporo
3755 H (3830 krc), nony4uMm, 4TO BO BTOPOM CTaHKe MpoucxoauT
3HauuTenbHasi pasbanaHcMpoBKka CTaHka — ABuraTenb NOCTOSHHO pa-
OoTaeT Cc NoONoOXuTenbHbIM BpaljalwumM MOMEHTOM, U TpebyeTcs
YBENMYMTb BEC ypaBHOBeLUMBatoLlero rpysa Ha 902 H (920 krc) B
nepecyeTe Ha TOYKY MOABECA KOJMOHHbI LUTAHT.

Takum obpas3om, faHHble U3MeEpPEHUA MHPOPMaLMOHHO-U3MEpPU-
TEnNbHbIX CUCTEM MO3BOMAIOT HE TONBLKO NPOBECTUN ONEPATUBHbIN KOH-
TPOSb 3a YPaBHOBELUEHHOCTbK CTaHKa-kavarnku, HO U OLEHUTb ero
HeypaBHOBELLEHHYIO Maccy.

B 3akntodyeHne oTMETMM, YTO C TOYKM 3PEHUSA SKOHOMUU SMEKTPO-
SHeprumn obLLenpuHaTasl cxemMa ypaBHOBELLUMBAHUS CTaHKa-Kayasku
He ABnsieTcs ONTMMarnbHOW. TOPMOXEHWE OBUraTenieM — SHepreTu-
YeCKWN HEBLIrOOHOE pPeLLEHWE, N, BEPOSITHO, UMEET CMbICIT pAaCCMOTPETb
Opyrue BO3MOXHOCTUM — peKynepauuio, MexaHM4eckoe TOPMOXKeHne
n np.

4.2. PASPABOTKA METOJOB CHWXEHWA NOTEPb
ONEKTPUYECKON SHEPTMN HA TPAHCPOPMATOPHbIX
NMOACTAHUMAX HEPTAHBLIX N TA30BbLIX MPOMBICITOB

HepauuwoHanbHaa 3arpyska TexHOnmormyeckoro obopynoBaHust
NPYBOAUT K COKpaLLEHNI0 pecypca ero paboTbl 1 0OQHOBPEMEHHO yBe-
nMumnBaeT yaenbHble 3HeprosartpaTtbl Ha Jobblyy HedT. ITO B Non-
HOW Mepe OTHOCUTCH M K KyCTOBbIM TpaHCchopmMaTOpHbIM NoACTaHLM-
am (KTT), yctaHoBKka KoTopbIX Bbina npoussegeHa B 60MbLIMHCTBE
CryyaeB Ha HayanbHbIX CTaausx pa3paboTkn HEPTSAHbIX MECTOPOX-
OEeHNN.

PaboTaBlne paHee B HoMUHanbHOM pexume KT BcneacTteue
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nageHus nobelun HedhTM oKasanucb B OONbLUMHCTBE criyyaeB nubo
HeOorpyXeHHbIMU, MO0 NeperpyeHHbIMKU. [poBeAEHHbIN HaMK CTa-
TUCTUYECKUA aHanu3 6a3 gaHHblx MNC «CkaT-95», akcnnyaTtupye-
MOI Ha uenom psige mectopoxgeHuin 3anagHon Cnbupwn (TN «Ko-
ranbimHedpTeras», TIIM «MMokaunHedpTeras», TIMN «YpanHedTeras»,
CIN «Batoun» n gp.), nokasar, 4To obLMM NpaBuioM B HacTosLlee
Bpems asnsetcs Hegorpyska KTl Ha 40-60 %. Bonee Toro, pacnpe-
neneHuve Harpysku mexgy KT (npy HanuumMm Gonee 4yem OLHOrO
KT Ha KycTe CKBaXKWH) B peanbHOM Criydyae MOXET ObiTb coBep-
LEHHO CrnyyYyanHon. ITOT dhakT UNNCTpupyeT puc. 4.11, Ha KOTOpOM
npeacTaBrneHa AMHaMUKA M3MEHEHUST HAarpy3kn Ha KaXkgom M3 Tpex
KT eguHu4Horo kycta ogHoro u3 mectopoxaeHui 3anagHon Cu-
Ovpn, NonyyYyeHHass C MOMOLLbID MHG(OPMALMOHHO-U3MEPUTENBHOM
cuctembl «CkaT-95». Kak BMOHO M3 9TOro TUMWYHOrO cry4as, npu-
coeguHeHHas Harpyska K Kagomy u3 Tpex uaeHTudHbix KT B
npegenax paccmatpuBaemMon rpynnbl pasnuyaeTca Gonee yem B
2 pasa.

Heobxogumo Takke 3ameTuTb, 4YTO Harpy3ka KTl He ocTaetcs
NMOCTOSIHHOM BO BpeMeHW. Hanpumep, BbIXO4 M3 CTPOSi OQHOMO U3
HaCOCOB NMPUBOAUT K CHWXEHUIO Harpy3ku. C y4eTOM BPEMEHUN OXMK-
naHuna pemoHta (10—30 cyT) n camoro pemoHTa (3—5 cyT) BO3HU-
KaloLlee HepaunoHanbHoe pacnpegeneHme Harpy3ok NpuBOAMT K Cy-
LLLeCTBEHHOMY MNepepacxony 3neKTPO3HEepPruu.

Takum obpasom, Npu aKkcnnyaTalmmn aHepreTMydeckoro obopyaosa-
HUs1 HeOTENPOMBICIIOB BO3HMKAET AByeAnHasn 3agaqva.

B uensax nOBbIWEHWS HAOEXHOCTM 3KChyaTauuum KyCTOBbIX
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Puc. 4.11. JuHamnka usmeHeHus Harpysku ans Tpex KTI1 kycta
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TpaHcOpMaTOPHbIX NOACTAHLUUN U CHDKEHUS HEepaLuUoHarnbHbIX Mo-
Tepb 3NEKTPOIHEPTNMN HEODXOAUMO pa3paboTaTtb anropuTMbl pacnpe-
neneHns Harpysok mexay KTl ¢ yyeTom dhakTudeckon npoussoaun-
TENbHOCTM HaCOCHOrO 060PYAOBaHMSA M BPEMEHHOIO Xapakrepa nsme-
HEHNSA MPUCOEANHEHHBIX Harpy3okK, BbI3BAHHOITO aBapUHbIM OTKI1O-
YeHMeM HacoCoB.

Hanbonee nHdopmatnBHbIM Nokasatenem paboTbl KTI siBnseTcs
ee KO3hPULMEHT NONE3HOro AENCTBUS, KOTOPbIA B aHaNMTUYECKOM
BMAE MOKa3bIBaeT 3aBUCUMOCTb NOTEPb ANEKTPOSHEPTMM OT U3MEHe-
HUS NPUCOEANHEHHOW K TpaHCGOopMaTopy Harpysku.

Tunoeas xapaktepuctuka KT npeactaeneHa Ha puc. 4.12.

Ha akcnnyaTaumoHHbIE WM KOHCTPYKTUBHblE ocobeHHocTn TTI1
Hanbonbllee BNMSHUE OKa3biBaeT BbIOOP BEMMYUHBI NOTEPL B Mean
P n ctann F,. Hambonbwwnin KMNO 1. NONy4YaeTcs npyu paBeHCTBe
noTepb B MeEAW U CTanu U Npy paBeHCTBE NoTepb B 0OMOTKax BbICO-
KOrO M HW3KOTO HamnpshKeHWsl, YTO COOTBETCTBYET Harpyske, paBHOW

Py / P, oT HOMUHanbHow [12].

Ons KT no ycnoBusiM HageXXHOCTU 3NEKTPOCHAOXeHUsA 1 nepe-
rPy304HOM CMOCOBOHOCTM Harpy3ka B HeaBapUMHOM PEXMME HE AOIDK-
Ha npeBblwaTb 0,8 OT HOMMHaNbHOMW N, U, Kak NpaBuMio, COCTaBNAeT
(0,5-0,7) Ny [12].

B Hawem cny4ae, korga 3arpy3ka KTT1 coctaBnsieT B Lenom 40—
60 %, aTo TpeboBaHMe BbINOMHAETCA.
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Puc. 4.12. 3kcnepumeHTtansHas saBucumoctb KM oT npucoeavHeHHOW Harpysku
ana KTn
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dopmannsyem NOCTaHOBKY 3aauyMu.

Nmeetca n KTI1, obcnyxuBatowmx m ckBaxuH. Bce KTl pabo-
TalT ¢ Heporpyskon (Ha neeon BeTBu kpuson KI1). Heobxoanmo
nepepacnpenenntb HarpysKy notpedurtenen (anekTpoLeHTPoOeXHbIe
(SUH) n wraHrosble (LWUMH) rnybuHHble Hacockl) mexay KT Ta-
KuM obpasom, 4TOObl CyMMapHble NOTEPU 3SNEKTPO3Heprun Obinu
HaVMEHbLUNMW.

Tot dakT, 4yto Bce KTI1 B npegenax kycta paboTtaloT ¢ Hegorpys-
KOW, 3anuiem criegyowmm obpasom (B BUAE OrpaHUyeHus):

0<M<Mpus (4.10)

roe m — Tekywee 3HadeHwe KIO KTIT npy ogHOM 13 BO3MOXHbIX
BapuaHTOB MPUCOEANHEHUSA HArpy3oK NOTpebuTenen; Ny, — Makcu-
mMarnbHoe 3HadeHue KO ans kaxgon KTI.

lMpoBeaeHHbIN CpaBHUTEMbHBLIN aHanua xapakrepuctuk Krig
TpaHcdopMaTopoB Nokasan, YTo Hanbonee AOCTOBEPHO (B CMbICe
aucnepcum afekBaTHOCTU pacyeTHbIX W SKCNepuMeHTanbHbIX AaH-
HbIX) B Knacce anemMeHTapHbIX yHKUMIA neByto BeTBb kKpmeoi Kl
yoaeTcsa onucaTtb (pyHKUMen Buaa

n = a(l-exp(-a- N)), (4.11)

roe n — K4 tpaHcdopmaropa; a, o — amnupudeckme kospduumen-
Tbl; N — notpebnsemas MOLHOCTb.

PaccmoTpum byHKumMo Y, xapaktepusyiowyto paboTy rpynnbl
KTn

Y= Zn = iaiﬁ —exp(—a; - N;)). (4.12)

B dusnueckom cmbicne makcnmmnsaums yHkumoHana Y cootseT-
CTByeT MUHMMYMY TENOBbIX NOTEPb B MarHUTONPoBoge U obmMoTkax
rpynnbl TpaHCopMaTopoB.

OueBugHoO, 4YTO NeBad YacTb ypaBHeHus (4.12) BygeTt gocturatb
MaKCUManbHOro 3HayeHus, Korga BenuymHa

n

3 exp(-a,-N,)

i=1
6y,qu MUHUManbHOW. B Takom Cny4ae nocrtaBrnieHHasa Bbllle 3adada
onTnMmn3aumn pacnpeneneHma Harpy3km ceeetcd K peLleHuto o6paT-
HOW 3afayn HaxoxgeHuda MMHUMyma ueneBon (*JYHKLU/IVI

O(Ny, NyyoosN,) = Y exp(—a,-N,), (4.13)
i=1

roe Ny, N,, ..., N, — mowHocTtu kaxgoro ns KTl B rpynne.
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Mpousseaem 3ameHy nepemeHHbIx, 0603HaumB exp(—a,;-N,) = z;,
Toraa BblpaxeHue (4.13) npumeT cnegyowmi BUA:

o(N,, Ny, N =Yz, (4.14)
i=1

Kpome Toro, B COOTBETCTBUM C MOCTABIIEHHLIMM YCMOBUAMU W3-
BeCTHa obLlas MOLHOCTb KYCTOBbIX TpaHCGopMaTopoB

SN, =N. (4.15)

i=1

Wcnonb3ys nponssefeHHyo 3aMeHy nepemMeHHbIX, MOXHO 3anu-
catb Inz = —o;N;. B Takom cnyyae —-N; = (1/a;)lnz u

-N = iilnzi.

i=1 0

OTO PaBHOCUITLHO PaBEHCTBY
n L
-N=InJ]z". (4.16)
i=1

MpaBas yacTb ypaBHeHus (4.16) npeacrtaenseT cobon nponssene-
HWe NOMNMHOMOB (MONOXUTENbHO onpedeneHHble OYHKLMU B MOMo-
XUTenbHbIX cTeneHsx). B pabote [13] nokasaHo, 4To B Nogo6HOM
cryyae Ans novcka rnobanbHOro aKCTpeMyMa BO3MOXHO NpUMEHEHWE
OCHOBHbIX MOMOXEHUI TEOPUN reoOMeTPUYECKOro (BbIMYKOro) npo-
rpamMmmunpoBaHus. JOCTOMHCTBOM Takoro nogxoga sBASETCA TO, YTO
npv ero NCnonb30BaHMU BbipaxXeHue Ans rnobanbHOro aKkcTpemyma
ueTcs B BUAe napameTpusoBaHHoOW dyHKUMK. [MoaToMy npu name-
HEHUN YMCMEHHOrO 3HAYEeHMSI MapaMeTpPOB HET HyXAbl NOBTOPATb
pelleHve 3agayun onTMMU3aunu.

B obo3HauyeHusix Leneson yHKUuMM BbipaxkeHue (4.16) npumet
BUA

1

[Tz% =exp(-N) = const = A, (4.17)
i=1

Torga, B COOTBETCTBMU C onpeernieHmem rnobdanbHoro MUHUMymMa
ans nonuHomoB [ 14], MUHUMYM LieneBoin OYHKLUN onpeaennuTcsa Kak
1
1 g 1

h= ii(exp(—N)-ﬂ(ai);)f=1af : (4.18)

i=1 O
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B Ttakom cny4dae ontumalrnbHaa npucoeanHeHHad MOLLHOCTb K Ka-
XO0My TpaHcdopmaTopy B rpynne onpeaenntcs Kak
1
1

n - X —
2, = —(exp(-N) - [ (@)")". (4.19)

YunTbiBasi NPOM3BEAEHHYIO BbilLe 3aMeEHY NMepeMEHHbIX, OKOHYa-
TEnbHO Mony4Ynm

N=2eD L NS L ingay)). (4.20)
o 21 i=1 O

1
@y

i=1 O

3aBucumocTb (4.20) No3BONSIET paccynTbiBaTb ONTUManbHYO Ha-
rpy3Ky Kaxgoro TpaHcdopmartopa B rpynne, ecnv M3BecTHa obuias
notpebnsemasi MOLHOCTb KyCTOBOro o6opyaoBaHUS.

B kauecTBe npMmepa MCnonbL3oBaHMs NpeacTaBNEHHOro anropuT-
Ma Ans ontumusaumm Harpysku KTT1 paccMoTpyM peanbHbiin KycT
ckBaxkmH Ne 204 TIIM «KoranbimHedTeras», o6opyaoBaHHbIA ABYMS
TpaHcopMaTOPHBLIMKU NOACTAHLMAMW C HOMUHAMbHBIMU MOLLHOCTS-
mu 500 1 300 kBA. Yncno gobbiBarolmx CKBaXKMH cocTaBnseT 15, ns
Hux 12 obopygoBaHbl 3NEKTPOLEHTPOOEXHBIMM HacocamMn M 3 —
LUTAHrOBbIMU. XapakTepUCTUKM NPUBOAOB U CyLlecTBylLlee noa-
KIntoYeHme K TpaHcopmaTopHbIM NOACTaHLMAM npuBeaeHo B Tabn.
44. (Vicnonb3oBaHa nHgopmaumsa us 6as gaHHbix MNC «CkaT-95»,
obcnyxuBarowen ogHo n3 mectopoxaeHun Tl «KoraneimMHedTe-
ras»).

O6wasn notpebnsiemasi HaCoCHbIM 060PYAOBaHNEM MOLLHOCTb CO-
ctaBnseT 649 kBA. ®akTnyeckne xapakTepucTukm TpaHcopmato-
poB npeAcTasneHbl Ha puc. 4.13, a.

Smnupnyeckme koadpdpuuneHtel mogenu (4.13), onpeneneHHole
METOAOM HaMMEHbLUMX KBaApaToOB MO AAHHbIM, MPeACTaBeHHbIM Ha
puc. 4.13, a, UMeIOT cneyoLime 3Ha4YeHUs:

a; = 102,32 %, a; = 0,00553 kKBA™";
a, = 108,35 %, a, = 0,00815 kBA™™.

CpaBHeHWe 3KCnepuMeHTarnbHbIX XapaKTePUCTUK C XapaKTepucTu-
Kamu, pacCHMTaHHbIMM N0 MOAENVPYLLMM DYHKLMAM, C BbiLLE NpUBe-
OEeHHbIMK KoadhdpmumeHTamum gaHo Ha puc. 4.13, 6. ucnepcust agek-
BaTHOCTW pacyeTHbIX U SMNUPUYECKMX OaHHbIX cocTaenset D, = =
0,15 %, D, = 0,08 %.

lMoacTaBnss BblYMCMEHHbIE 3HAYEHUs B 3aBUCUMOCTb (4.22), no-
nyynm onTumanbHoe pacnpeeneHve Harpy3ok Ha KaXaom U3 TpaHc-
dopmaTtopos: N; = 358,89 kBA, N, = 291,11 kBA.
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Tabnuua 44
CyuiecTBylolliee NOAKMHOYEHNE HACOCHO-CUINOBOro obopyaosaHus k KTT1

Homep
CKBaXW- Twvin Hacoca MolwHocTb npuBoaa, kBT MNopgkntoyeHne

Hbl

1 SOuUH 32 T
2 SuUH 32 T
3 SuUH 63 T
4 SOUH 63 T
5 SuUH 63 T
6 SuUH 63 T
7 SOUH 63 T
8 SuUH 45 TN
9 SuUH 45 TN

Cymma no TI1 469
10 SuUH 45 T2
11 SuUH 45 Tn2
12 SOUH 45 Tn2
13 LrHy 15 T2
14 LrHy 15 Tn2
15 LrHy 15 Tn2
Cymma no TN2 180

[nga npoBepkun cnpaBeanMBOCTM NpeanaraeMoro noaxoaa K pelue-
HUIO ONTMMN3ALMOHHOW 3a4a4uM NPou3BeaemM ONTUMU3ALMIO Harpy30kK
KTIT n yucneHHbIM MeToaoM.

KMNQ tpaHcdopmatopa BblYMCAAETCA MO COOTHOLLEHUIO

n, =N;/N,. (4.21)

roe Na; — MOLLHOCTb Ha Bxofe TpaHcdopmaTtopa; N; — MOLWHOCTb
notpeburtenen i-ro TpaHcdopmaTopa.

OO6wwwme noTepu 3Heprum rpynmnsl TpaHcopmMaTopoB ONpeaensaTcs
KakK

n noN.
AN = ZNsxi(l_ni) = zn_l(1_n1) =
i=1 i=1 Tl

B

H SRR of VAN SE./RNS '3 (4.22)

i=1 M i=1 i=1 M

Ycnosue MYHUMarbHbIX noTepb 3HEPrnn

AN =3 YN S min, (4.23)
i=1 MN;
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YunteiBas, 4to
n; = a;(1-exp(-o;N,)),

NoNyYUM MUHUMMUINPYEMBIN (PYHKLMOHAN BMaa:
i N

! — N — min, (4.24)
i=1 a;(1 - exp(-a;N;))

n
npu ycnosusix 0 < N; < Nyow, WY N, = N.
i=1
[ns onpefeneHHbIX Bbille 3MNUPUYECKMX KOIhPUUnMeHToB

a; = 102,32 %, a; = 0,00553 kBA™;

ay = 108,35 %, a, = 0,00815 kB~
peweHnem (4.26) aBnATCA BENUYMHDI
N; = 354,93 kBA, N, = 295,07 kBA

(pelueHne nony4eHo ¢ NOMOLLILIO cTaHaapTHoro cpeacTtea Excel «IMo-
uck pelleHusn»). PelweHne dyHkunoHana (4.24) MOXHO MONyYnTb U
YUCNEHHBIMW, HAaNpUMep, rPagMeHTHLIMU MeTOA4aMM HauCKopenLIero
crnycka v T.n.

Takum 06pa3om, pas3nmMyne B peLLIEHUsX C MOMOLLbIO Npeanarae-
mMon mogenu (4.20) n cTaHgapTHbIMM MeTodamMy ONTMMU3auuK Co-
ctaBnsieT (1-354,93/358,89)-100 % = 1,1 %. Ctonb BbiCOKasi TOu-
HOCTb yKa3blBaeT Ha CrpaBeAnMBOCTb NpeanaraeMon MeTOAMKN.

OcHOBHOE NpenmyLLIECTBO NpeanaraeMoro MeTofa — B aHanMtuye-
CKOM BuAe pacyeTHou mogenu (4.20), pelleHve 3agaym onTUMU3a-
Uun, No KOTOPOW He TpebyeT NMPMMEHEHMSI YUCIEHHbIX METOOO0B U
uTepauunoHHbIx npouenyp. Kpome Toro, npegnaraembii anropuTm
nossonseT onTuMmnanpoBaTtb Harpysky Ha KTT1 gaxe B cnyyae, korga
NpUCOeAMHEHHAsA Harpyska MeHsieTca BO BpeMeHun (aBapuiiHble OT-
KMOYeHNst HacocoB).

[na paccmatpuBaemMoro npumepa nepepacnpeneneHns Harpysok
HeOoOX0AMMO NPOM3BECTU NEPEKMOYEHME YAaCTU NPUBOAHbBIX 3MEKTPO-
OBuratenern HacocoB (C obuwern molwHocTbio npmBogoB 110 kBT) ¢
TrM1 Ha TrM2. BapuaHTbl nepekntovyeHns MoryT ObiTb pasnnyHbl, Ha-
npumep, OLUH Ne 7 n Ne 8, Ne 3 u Ne 9 u 1. n. (cm. Tabn. 44).

CpaBHeHWe YMCMEHHOro 3Ha4YeHUst CyMMapHoro koadduumneHTa
NnonesHoro AencTBus rpynbl TpaHCOPMaToOpPOB, MOTYYEHHOTO B pe-
3ynbTaTte onTUMU3auum pacnpegeneHus Harpy3ok, Co cryvyaem cylle-
CTBYIOLLIErO pacnpedenennst Harpy3ok, nokasarno, YTo noTepu anek-
TpoaHeprum Ha KTT1, o6cnyXuBaroLmMx KyCT CKBaXXWH, yMEHbLLAKTCS
He MeHee, 4eM Ha 2 %. C y4eTom TOro, 4To Yncno TpaHcopmaTopos
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B HIFAY moxeT gocturatb HECKOMbKUX ThiCAY, SKOHOMUS 3NEKTPO-
3Heprum OyaeT BecbMa CyLLECTBEHHON.

B oTnnume oT cywecTByOWMX METOL0B NPEASIOKEHHbIN anropuTm
Nno3BoNsieT pellaTbh 3agady onTMManbHOro nepepacnpegeneHnst Ha-
rPy3kn ¢ y4eTOM BPEMEHHOW OAMHAMUKN €€ U3MEHEHNsa (M3MeHeHune
NPUCOEAMHEHHON Harpy3ku notpebutener nNpyu TEXHOMOTMYECKUX W
aBapUNHbIX OCTAHOBKax HAaCOCHOro obopyAoBaHus).

4.3. CHMXKEHNE 3ATPAT HE®TEIA3000OBbLIBAIOLMX
MPEOMPUATUA HA SHEPIOPECYPCbl HA OCHOBE
MCMNOJNb30BAHNA ABTOHOMHBLIX MCTOYHUNKOB
OHEPIUH

HopmanbHaga pabota nioboro HedpTerazogobeisatoLlero npegnpu-
ATNA MOXeT OblTb obecrneyveHa Nulb NpU YCMOBMU €ro HageXHoro
aHeproobecneyeHus. Nepebon ¢ nogaveri aNeKTPOIHEPrum NpUBOAAT
K MOJTHOV OCTaHOBKE A0ObIYM ChIPbS Y HAPYLUEHUIO TEXHONOMMYECKNX
npoueccoB (3akayka BoAbl B NNacT, NOAroTOBKa U TPaHCMOPT HeddTH
n np.). Kpome TOro, aBapuiHble OTKITHOYEHUSI SNEKTPOIHEPTUN U
CHWXEHVE ee KayecTBa YMEHbLUIAOT pecypc paboTbl TEXHONOTNYECKO-
ro obopygosaHus B 2—3 pasa.

CucrtemaTtuyeckoe yBenvyeHme CTOMMOCTU 3MEKTPOIHEpPrum cra-
BUT HedTerasogobbiBatoLme KomnaHun B TpygHoe nonoxeHune. Oc-
HOBHOW MPUPOCT cebecToMmoCcTN MpoAdyKuMM 3a nocrnegHue rogbl
CBSI3aH VIMEHHO C YBENWYEHMEM LEH Ha 3HEPropecypcsbl.

Bce Bbilwe npuBeaeHHbIe hakTopbl 3acTaBnsaoT HedTerazogobol-
BalLLMEe KOMMaHUN UcKaTb COOCTBEHHbIE MYyTW peLLeHnst Npodnembl
NOBbILLIEHNS CBOEW 3HepreTnyeckon 6e3onacHOCTU U yaeLleBneHns
CTOUMOCTW 3NIEKTPOIHEPTUMN, FNABHBIM 06pa3oM, NyTeM CTPOUTENBCT-
Ba MUHM-3anekTpocTtaHumm (MuHmn-3C). MNpoBeaeHHbIi Hamn B nep-
BOW rnaBe 0630p nuTepaTypHbIX OaHHbIX WAACTPUPYET HEOOHO-
3HaYHble, NOPON AnameTpanbHO MPOTUBOMONOXHbLIE TOYKM 3pEHMs
Ha BO3MOXHOCTb 9((EKTUBHOrO MCMONb3oBaHUA MuUHU-OC. Ecnun
npoussBoaMTeENM NogobHOro aHepreTnyeckoro obopygoBaHusa yoex-
[aroT noTpebuTenst B Ype3BblHanHOW BbIrOAHOCTU Nepexofa Ha «Ma-
Ny 3HEPreTUKy», TO NpeacTaBuUTENU «BOosbLIOA 3HepreTukn» (pe-
rmoHanbHble AO, PAO «ESC Poccumn») roBopsT O «MOXKHbIX OpUEH-
TMpax BHeOPEHWS] B MPOMbILIIEHHOCTb ManOMOLLHbIX MCTOYHUKOB
SHEPrUmM» N nx «byayliem [ONrOCPOYHOM HeraTMBHOM 3dodekTe»
[15, 16].

AnekTpocTtaHuyum ansa obecneyeHmss COOCTBEHHbIX HYXA NPUHATHI
B 9KCMyaTauuio MHOTMMU KOMMnaHuuamu. B ux uucne Takume Kpyn-
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Heilme komnaHuu kak «CypryTHedTeras», «TaTtHedTb», «balu-
HedTb», «KOKOC». Kpome HM3Kol cebecToMmocTy nonyvyaemon Ha
Takux OC aneKkTpo3HEeprumn, NpUMeHeHne COBCTBEHHbBIX MCTOYHUKOB
[aeT u gpyrve npevMyLlecTsa, Hanpumep, He TpebyloTCs BbICOKO-
BonbTHble J13I1, a B page cnyyaes, 1 TpaHcoOpMaToOpHbIE NOACTaH-
uuun. Kak npasuno, Ang npuBofa reHepaTopa UCMonb3ylTcsa oTede-
CTBEHHbIE ra3oTypbuHHbIE ABUraTenu MowHocTbio 2—10 MBT npouns-
BoactBa OAO «Asuagsuratenb» (Mepmb), OAO «HOxTpaHCcaHepro»
(3anopoxbe) u gp.

BwmecTte ¢ Tem B nocnegHee Bpems aKTMBHO BHEOPSOTCH 9KOHO-
MWYHbIE N HafeXHble TennoBble ABUraTenn — Au3eNbHble U raso-
nopLUHeBbIE.

HacTtosiwmin pasgen kKHUru npepcrtasnsieT cobon nonbITKy nony-
YEHWS OOCTOBEPHbIX OLEHOK U KPUTEPUEB, MO3BONAOLMNX OLEHUTH
uenecoobpasHocTb nepexona HedTeAoObIBAOLWMX NPEaNPUATUIA Ha
aBTOHOMHOE 3HeproobecnedeHne 1 ocylecTBnUTb Boldoop Tvna AC ¢
NPMBOAOM OT TEMNJOBLIX ABUraTenen.

CTOMMOCTb 3neKkTpoaHeprun, BblpabaTbiBaemMon COBCTBEHHBIMM
WUCTOYHUKaMn 3Heprum, onpeaenseTcs B OCHOBHOM CTOMMOCTbIO TOM-
nnea u KINA npumeHsemMoro NnpuBO4HOroO ABuratens.

YcpenHeHHble CTOMMOCTM TONnuBa B HedpTefobbIBaoLWMX permo-
Hax P® (paHHble Ha 3umy 2002 r.) npuBedeHbl B Tabn. 4.5.

OpHon 13 OCHOBHbIX Xxapaktepuctnk 3C daBnsdeTcs yAernbHbIN
pacxoq TonnmMea, KOTOPbIA 3aBUCUT OT TEMMOTbl CropaHus TONnmBea,
mexaHuyeckoro KIO psuratena u anektpuyeckoro K14 reHepa-
Topa:

6
Q,, =281 ryr/ kBT (4.25)
: qd-Mo M.

CtommocTb BbipaboTkM 1 KBT-4 S1EKTPOSHEPTMUN BbIMMCIISETCS MO
o4yeBUOHONW opmyne

6
§=36107 S " [nv6/ KBT-Y] | (4.26)
q4-Mo M.
Tabnuua 45

CTOMMOCTb 3HeproHocutenei

Tonnueo EHMH”U'HaM;BMBPB' Llena (c Hamoramw)
BeHanH A-76 Py6/ T 6050,82
[OunsenbHoe Tonnmeo J1-0,2-40 Py6/ T 6100,00
Mazyt M-100 Py6/ T 1367,50
MpupogHbIii ras Py6/ Tbic.HM® 505,00
Tonnueo neyHoe GbiToBOE Py6/ T 4700,00
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roe S — ctommocTtb 1 KBT-4 anekTpoaHeprun, pyo/ kBT-y; S; — cTtom-
MOCTb 1 Kr Tonnuea, pyb/ kr; g — TennoTa cropaHvsa Tonnuea, [/ Kr;
Ny — MexaHnudeckuin KM gsuratens; n, — anektpuyeckun K re-
HepaTtopa (0,95-0,99 B 3aBUCMMOCTM OT MOLLHOCTN).

CpefnHue 3Ha4YeHUs paccYnTaHHOW No COOTHOLEHMIO (4.26) Benu-
UYMHbI S AN pasHbiX TUMNOB TennosbiX Asuratenen u n; = 0,95 npu-
BefdeHbl B Tabn. 4.6. [NoTHocTb nEMpo,quro rasa npu H.Y. ana pac-
YeToB NpuHATa pasHoun 0,75 kr/ m°.

Vcnonb3oBaHne B kayecTBe ToMnMBa NMpakTuieckn 6ecnnaTtHoro
MOMYTHOrO rasa, 3Ha4YMTeNbHas 4YacTb KOTOPOro cxuraetcs B dake-
nax, eLe 6onee CHMXaeT CTOMMOCTb 3NIEKTPOSHEPTrMM OT aBTOHOMHbIX
WCTOYHUKOB 3HEeprum HedTerazonobbiBaloLLMX NPeanpusTUiA.

Y4yeT 3aTpart Ha 3akynky obopyaoBaHMa U MaTepuanoB, MOHTaX U
obecnyxmBaHme 3C NpuBOOUT K YBEMWYEHMIO pPeanbHON CTOMMOCTU
BblpabaTbiBaeMol 3anekTpoaHeprun. B kayectBe kputepusi Bbibopa
TMna 3C Hamu npegnaraeTcs ynpoLleHHas doopmMmyrna pacyeTta gonors-
HUTENbHOWN BanoBOWn NpubbINK, y4MTbiBaloLWas OCHOBHbIE NapameTpbl
M nacnopTHble gaHHble 3C:

W = N-(Sgoc = D peespe = ZyNy = Zian = Sogent (4.27)

pecypce oben pecypc ?
roe W — gononHuTenbHasi BanoBas npubbinb 3a Bpems obuiero pe-
cypca OC, py6; N — mowHoctb OC, KBT; Sgac — CyLLECTBYIOLLMIA
Tapud Ha anekTtpoaHeprnio EQC B gaHHOM pervoHe, pyb/ kBT-y; S —
CTOMMOCTb 3NeKTpo3Heprum Hoow JC (Tabn. 4.6), pyb/kBT-y;
tpecypc — 00LLMIA MOTOpecypc AC, 4acoB; Z, — CTOUMOCTb KanuTanbHo-
ro pemoHta 3C, py6; N, = ({pecypc/teanpem —1) — YMCNO KanNpemoHTOB
3a BeCb Cpok cnyxbbl OC; Z, — KanuTanbHble 3aTtpatbl (3akKyrnka,
TpaHcnopTupoBka U MoHTax JC), pyO; Soecn — CTOMMOCTb OBCNYXM-

BaHna JC (TekyLlee obcnyxunsBaHue, 3apnnaTa nepcoHana), pyo/ 4ac.

Tabnuua 4.6
XapakTepucTMku MUHU-OC C pasnuyHbIMA TUMamMu NPUBOAHLIX ABUraTenemn
S, q, Qya, S,
Rewratens "a Tonnueo py6/kr | MM/ kr | kr/K AT-H py6/ kBT-4
BeHanHoBbIN 0,30 | A-76 6,00 46,0 0,27 1,65
[nsenbHbIin 0,40 | AusenbHoe 6,10 42,0 0,23 1,38
TOMMNBO
MapoBasi TypbuHa | 0,25 | MasyT 1,37 40,0 0,38 0,52
MapoBasi TypbuHa | 0,25 | MpupoaHbiii 0,67 35,5 0,43 0,29
ras
"a30TypOUHHBIV 0,28 | MpupoaHbin 0,67 35,5 0,38 0,26
ras
"asonopLuHeBo 0,40 | MpupogHbin | 0,67 35,5 0,27 0,18
ras
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[nsa coBpemMeHHbIX SC € BbICOKOW CTeneHblo aBToMaTtusauum no-
CNefHUM crnaraemMbiM B COOTHOLIEHUN (4.27) MOXHO npeHebpeyb.

3ameTum, 4YTO npegnaraembli KpUTEPUA SBNSETCA, Ha Haw
B3rnsag, 6onee o6beKTUBHBLIM, YEM OBLLENPUHSTBIN «CPOK OKynaemo-
ctu». [1pu HeBbICOKOM 06LLem pecypce DC CpoK OKynaeMoCTu MOXET
ObITb paBeH MnNu Jaxe npesbllaTh BpeMsi 06LLero pecypca, u Torga
3TOT KpuTepuin BoobLye TepsieT CMbICH.

lMpn HeobXoOUMOCTN CPOK OKYMaemMoOCTW MOXHO BbIYUCIUTL U3
(4.27) cnepyrowmm obpasom:

T Zon 1 (4.28)
N-(Spoe - 5) 8760

roe 7 — cpok okynaemocTwu, net, 1/ 8760 — nepeBogHou koaddu-
umneHT (8760 4 = 1 roay).

B 1abn. 4.7 npvBeaeHbl AaHHble pacyeToB MO COOTHOLUEHUAM
(427) n (4.28) [na  HeECKONbKUX NPOMbIWEHHbIX 3C  npwu
cnegylwmnx AonyLeHnsIX:

Tapud Seac = 0,5 py6/ kBT-y;

KanuTanbHble 3aTpaTbl Zg, MPUHMMAEM pPaBHbIMU CyMME LEHbI
npoussoanTens (MMNopTHble — Mo kypcy 1$ = 30 py6) u TpaHcnop-
TUPOBKM 06OPYA0OBaHMS;

CTOMMOCTb KanuTanbHOro peMoHTa Z, = 0,5Zqn;

pecypc — U3 TexHW4Yecknx xapakrtepuctnk JC (oT npousBogu-
Tens).

Kak cnegyet n3 1abn. 4.7, KpUTEPUM «CPOK OKYNMaeMOCTU» U «O0-
NOMHUTENbHOW BanoBon NPUBLINN» PEeKOMEHAYIOT pasfnnyHble TUMbI
OC. Hanbonee npegnoyTUTENbHLIMU MO NEPBOMY KPUTEPUIO SABMSAIOT-
cs MolHble 3C, 04HaKo CPOK OKYNaeMoCTW Yy HuUX paBeH 5—9 net
(cTpoka 1 Tabn. 4.7).

Mo BTOpOMY KpPUTEPUIO ONTUMAarbHBIMW SABMASAKOTCA ManOMOLLHbIE
rasonopHeBblie AC, mowHocTbio 0,2—1,0 MBT (cTpoka 5 Tabn. 4.7).
MprnemnembiMun nNo ob6onm KpuTEPUAM ABNAOTCA HaOEXHble (pecypc
200000—300000 4) rasonopluHeBble nMmnoptTHble OC cpeaHen mMoLy-
HocTu ~1 MBT (cTpoka 4 1abn. 4.7).

B pacdeTtax npegnonaranocb, 4to MuHM-OC uMcCnonb3yeTca uc-
KMIOYNTENbHO AN BbipaboTKM anekTpoaHeprun. B gerictButensHo-
CTW, N 3TO NPeayCMOTPEHO KOHCTPYKUMAMKU GonbLUMHCTBA MUHU-OC,
TEnmo BbIXJOMHbIX ra30B MOXET 3Q(PEKTUBHO YTUNN3MPOBATLCS AN
TEXHOMOrMYECKNX HyXA, MOTPeBGHOCTEN OTONNEHUSA U FTOPAYero BOAO-
cHabxeHns 06BbEKTOB HEPTENPOMbICIOB.

OTMEeTUM HeKoTopble OCODEHHOCTW, NMPUCYLLNE Ta30TYypPOUHHBLIM
(I'T) n rasonopwHesbiMm (M) MMHK-3C.

CyLlecTBeHHbIM HeLOCTaTKOM ra3oTypOuHHBIX ycTaHoBOK (ITY)
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Tabnuuya 4.7
CpaBHUTEsbHbIE XapaKTepUCTUKN HEKOTOPLIX CEPUIAHBLIX MUHN-OC

zn W,
Ne WsroTo- tpecyper | Lranpews | N, Kam i 7,
n/n 3C BUTESb Tun| S pqaycps qgc kBT | TbIC. M”g' ner
pyb. pyo.
1 rTy-6 Mepmb | I'T | 0,26 | 100000 | 35000 | 6400 [ 120000 | 156,3 | 8,8
2 | Ypan-2500 | Mepmb | T | 0,26 | 100000 | 35000 | 2500 | 30000 | 61,1 | 5,6
3 | 6rY15/18/ | Cankr- | M| 0,18 | 40000 | 20000 | 200 | 2000 26 | 3,6
C® 100M [MeTepbypr]
4 | Waukesha | Stamford | [T | 0,18 | 200000 | 30000 [ 1000 | 8790 | 64,2 | 3,1
L7042GSIU
5 275GS Oetpowit | T | 0,18 | 40000 | 20000 | 275 | 2302 3,5 13,0

" LleHbl OPMEHTMPOBOYHBIE, 3aBMCAT OT KomnnekTaumn 3C.

ABNSETCHA CUMbHAs 3aBUCUMOCTb 3PEKTUBHOM MOLLIHOCTW OT TeMMe-
paTypbl okpyxatowen cpegbl [7]. K HegocTaTtkam 'TY cnenyet oTHe-
CTM U TEXHONOIMYECKN HEODXOAMMOE BbICOKOE AaBIeHNe TONMBHOIO
rasa (1,0—-1,6 Mla), 4to BbI3bIBAET B psge cnyvYaeB HEOOXOANMOCTb
NPYMEHEHNST OOXUMHBIX ra30BbIX KOMNPECCOPOB M NPUBOAUT K yBe-
NIMYEHNIO CTOMMOCTM ras3oTypOuHHbIX IC.

OcHoBHbIM HegocTaTtkom [T 3C oo nocnegHero BpeEMEHN cynTa-
nacb HeBbICOKas egMHMYHast MOLHOCTb arperata (o 2 MBT). B Ha-
cTosiee BpeMs aTa Npobnema ycnewHo peLlaeTcs CEKLMOHNPOBaHM-
€M 3HEepProycTaHoOBOK.

CeKUMoHMPOBaHNE TEHEPUPYHIOLLMX MOLLHOCTEN CTarno BO3MOX-
HbIM LB B NocrnegHee BPeMS, Koraa nosiBUNUCb HafeXHble, BbICO-
KOTOYHbIE CUCTEMbBI YNPaBEHNsi, OCHOBAHHbIE HA AOCTUXEHUAX MUK-
POMpOLECCOPHON TEXHUKM M KOMMbIOTEPHOM TexHonormu. Cyuiect-
BYHOT MPUMEpPBI YCTAaHOBOK, cocTosAWmMX M3 gecsatkoB (40—50) reHe-
pupytowmnx 6110KoB Nog O6LMM KOMMbIOTEPHLIM YNpPaBneHNEM.

BaXHbIM NpevMyLLECTBOM CEKLVNOHMPOBAHUS SABNSAETCS BO3MOX-
HOCTb PErynnpoBaHUs reHEPUPYEMON 3NEKTPUYECKON MOLLHOCTU NO
Tekywen Harpyske. lenctButensHo, ANs rasonopLUHeBO anekTpore-
HepaTOpPHOW YCTaHOBKW NIMHENHAs 3aBUCUMOCTb NOTPebneHns Tonnm-
Ba MMeeT MecTo, HaunHas ¢ 15—20 % HoMUHanbHOW MoLwHOCTU. Cek-
UnoHunpysa obLuyto molHocTe Ha 5—10 6nokos, paboTatowwmx B na-
pannenb, nony4yaem BO3MOXHOCTb paboTel ¢ 1,5—4 go 100 % Homu-
HarnbHOW Harpy3ku Npu pac4eTHOM yAenbHOM NoTpebneHun Tonnmea.
Mpun oTcyTCTBUM Harpy3ku HeBOCTpeboBaHHbIE GIOKM OCTaHaBnMBa-
IOTCH, U TEM CaMbIM 3KOHOMMUTCS MOTOPECYPC MPMBOAHbLIX ABUraTte-
nen. BospacTtaet n HagexHocTb pabotel 3C. [JencTButensHo, npu
BbIXOZ€ U3 CTPOS, MITaHOBOM PEMOHTE UM TEXHUYECKOM 0BCnyKnBa-
HUK 06LLast MOLLHOCTb CUCTEMbI cocTaBuT (7 — 1)/n % HOMUHaNbLHOM
MOLLIHOCTU, rae n — Yncno GroKoB B CUCTEME.
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Mcnonb3oBaHne MUHU-OC MNO3BONSIET COKPaTUTL HEMPOM3BOAM-
TenbHblE MOTEPU SMNEKTPOSHEPIMM B NUHUSX 3NekTporepenay U
YMEHbLNTbL cebecTonmMocTb A06bIYM HEDTH 1 rasa 3a cHET NUCMONb30-
BaHusA 6onee geleBon COGCTBEHHOM 3NEKTPOSHEPIrM C OQHOBPEMEH-
HOW BblpabOTKOW TEMMOBOW SHEPrUN.

Ona mecTtopoxaeHun 3anagHo Cubupu Hambonee npeanoyTu-
TENbHLIMKU, MO KPUTEPUAM LieHa — KayeCTBO — HaAeXHOCTb, raso-
nopLuHeBble MUHU-OC MoOLWHOCTbLIO okono 1 MBT.

4.4. METOABI ONTUMUN3ALUN PASMELLEHUA
OHEPIOOBBbEKTOB MO KPUTEPUIO MUHUMATTbHBLIX
NMOTEPb SHEPIUA

PaccmoTpeHHble B TpeTben rmaBe KHUMM MeTOAbl MIaHNpOBaHUS
TeppUTOpUanNbHOro pasMeLleHnss o6BHEKTOB HEeTSAHbIX U ra3oBbIX
NPOMBICITIOB MOXHO MPUMEHUTbL AN LEenen CHUKEHUS HENPOU3BOaU-
TenbHbIX 3aTpaT 1 NOTEPb ANEKTPUYECKON SHEpPrMm HedbTerazogobbl-
BaKLLMX NpeanpuaTum.

3HaunTenbHas YacTb AMEKTPOIHEPrUnN TEPSETCH Npu ee nepegade
Ha JanbHWE PacCTOSHMSA, YTO OCODEHHO akTyanbHO AN Takux npo-
TSDKEHHbIX OOBEKTOB, Kak HedTerasoBble MECTOPOXAEHUS U Mpo-
MbICIbI.

Kak Oblno nokasaHo paHee, faxe Ha Takux TEppUTOpuanbHO KOM-
NakTHbIX OOBbEKTax, Kak KyCT CKBaXKWH, MOTEpW SMNEKTPO3HEpPrun B
cunoBbix kabensax moryT gocturaTte 30 % OT nepegaBaemon aHepruu.

Mcxoasa w3 atoro, akTyanbHa 3agada CHUXKEHUS NoTepb SNeKTpu-
yeckon aHeprum npu ee nepegaye B J1OI n kabensx B ycnoBusix
HeTSAHbLIX 1 ra3oBbIX MPOMbICIIOB.

4.4.1. ONTUMMN3ALINA CXEM SNEKTPOCHABXEHUA
HE®TAHbBIX U FTASOBbIX NMPOMbICI10B

B npegblgyLiem pasgene 66110 noka3aHo, YTo UCMOMNb30BaHWE MU~
HN-OC Ha HedTenpombIcrax UMeeT psa NPeuMyLLeCcTB nepes LeH-
Tpanu3oBaHHbIM 31EKTPOCHabXeHneM, B NepByto oyepeapb, No CTOu-
MOCTW FreHepupyemol aHepruv. BaxHbiM sBNAeTCA Takke BO3MOX-
HOCTb CHWXEHWS MOTEPb SHEpPruv Npu ee TPaHCNopTUPOBKE 3a CYeT
YMEHbLUEHNS ANWH CUNOBbIX kabenen n cokpalleHus (BnioTb A0
NOMHOWM NUKBMAAUUN) Ymcna TpaHCOPMaTOPHbLIX NOACTaHLUUN.

Ona peanusaunm aTux BO3MOXHOCTel TpebyeTcs pelunTb 3agadvy
onTUManbHOro Bbibopa MOLHOCTU U pa3melleHuss MuHu-3C. Bos-
MOXHOCTM Bblbopa TMna u Mapkm MnHu-3C, yAOBNETBOPSIOLWEN He-
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obxoanmbiM TpeboBaHuAM Mo MolHocTu, KIO, ctommocty, AnHa-
MUWUYHOCTU MO Harpyske, pabovyemMy pecypcy 1 HageXHOCTH, B HAcTOA-
Liee BpemMs BeCbMa BENWKW. TUMOBOW PSiA SMEKTPUYECKUX MOLLHO-
cTer ra3oTypobuHHbIX MUHU-OC onpeaensieTcsl MOLHOCTBI CEPUNHO
Bbinyckaembix ['T[] n cocTaBnsieT cneayoLyto nocnegoBaTenbHOCTb:
2,5 MBT, 4 MBT, 6 MBT, 12 MBT, 16 MBT, 25 MBT.

MuHn-3C ¢ npuBoAOM OT AM3EnbHbIX ABUratenen MmelT, Kak
NpaBumno, MEHbLUYIO €OUHNYHYI0O MOLLHOCTL (Ao 1-2 MBT), Ho cyule-
CTBEHHO Oonblnii anekTpudeckuii KN, HagexxHOCTb U MOTOpecypcC.
HepocTtaTtoyHas eanHMYHAs MOLLHOCTb Npy HEO6XOAMMOCTU KOMMEH-
CUpYEeTCs BKIIOYEHUEM arperaToB B napannenbHyto paboTy (4o 3—
6 arperatoB), YTO, KpOMe TOro, obecneynBaeT U BO3MOXHOCTb OMNTU-
MU3auMM  Harpyskm Ha arperatbl npu konebaHusxX 3nekTpo-
notpebnexus.

M3 3apybexHbix pa3paboTok npeacTaBnsieT uHTepec MnHn-3C Ha
OCHOBE HM3KOOOOPOTHOrO ra3onopLUHEBOro Apuratens pmpmbl «Wau-
kesha» ¢ eguHU4Hol mMolHocTbio 0,8 MBT 1 pecypcom 300000 mo-
To4acoB. OcobeHHO NHTepeceH AaHHbIV BapuaHT Ans Hedpterasono-
ObIBalOLLMX NPeanpuaTUiA, Tak Kak B kKa4ecTBe ToNNvBa Ans gsurarte-
N5 MOXHO UCMNOMb30BaTb HE TONBbKO METaH, HO U MonyTHbIA ra3. K
HegocTaTkam gaHHoW MMHN-OC crneagyeT OTHECTU HU3KOE reHepupye-
mMoe HanpsbkeHune (0,4 kB), 4TO Ons COBMECTUMOCTU C CYLLECTBYHO-
LWMMKU anekTpoceTsiMu TpebyeT yCTaHOBKM MOBbILLAOLLEro TpaHC-
dopmatopa 0,4/ 6 kB. C gpyroit CTOpoHbl, ecnn MnHU-OC mcnonbay-
eTcs No NPSAMOMY Ha3Ha4eHuo — CHabXXeHWIo 06 bekTa CpaBHUTENBHO
HeBOOMbLLON MPOTSHPKEHHOCTM U MOLLHOCTW, TO OoTnagaeT Heobxoau-
MOCTb MPUMEHEHMS BOOOLLE KakmX-NMnbo TpaHCHOpMaTOpPOB.

Takum 00pa3oM, B HacTosiLLEE BPEMS CIIOXUIICS JOCTAaTOYHO 06-
LWUMPHBbIA PbIHOK MUHU-3C, N 3agaya PEeKOHCTPYKUMM CBOAMTCSH K
BbIOOPY OMTUMANBHOTO TMNA U MOLLHOCTEN 3HEProyCcTaHOBOK U MUX
TeppUTOPUANbHOTO pasMeLLEeHUs, KaKk C TOYKU 3pEHUA HaLeXHOoro
3HeprocHabXeHusi NPOMbICIIOB, TaK U C TOYKM 3PEHUS YMEHbLUEHNS
yOenbHbIX 3HeprosaTpart Ha go6blvy HedTH 1 rasa.

3apayva BbiOOpa onTMMarbHOM CUCTEMbI SHEProCHabXeHUsa HedbTe-
ras3oBbIX MPOMBICIIOB J0JKHA peLlaTbCsi C y4ETOM TEPPUTOPMANbHOTO
pasMeLLeHMs U MOLUHOCTU Kak noTpebutenewn, Tak U MCTOYHUKOB
3MeKTpuyeckon aHeprum. NoaToMy nNOCTaHOBKa ONTUMWU3ALMOHHOWN
3agayv JoSKHa NpoBOANTLCA MHOMBMAYANbHO AN KaXO40ro MecTo-
poxaeHus. NcxogHon wuHgopmaumen Ons NpoBefeHUs pacyeToB
CNyXWT MacwTabHasa kapTa MecTopoXaeH s, Ha KOTOPYIO HaHeCeHbI
BCe aHepronoTpebnsiowme 06bekTbl (KyCTbl CKBaXWH, BOAOHarHeTa-
TenbHble HACOChl 1 MNpP.) C YyKa3aHWeM MX YCTaHOBIIEHHOW MOLLHOCTMU.

Ona HarnagHocTU npeacTaBneHns AaHHbIX NO NAOTHOCTU pasme-
LLleHMs 3HepronoTpebnsAwmux o6bEKTOB HaMy Obina MCnonb3oBaHa
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KOMMbIOTEPHaa MporpaMmma, Mo3BonsaowWas CTPoUTb MNPOCTPaHCT-
BEHHbIE MOBEPXHOCTU M UX CPe3bl MO NIMHUSAM PaBHOMO YPOBHS (M130-
KnvHbl) . B pamkax pelleHns nocTaBneHHoW 3agayun ropusoHTanbHbl-
MU KoopAMHaTaMu Cny>aT KoopauHaThl 3HepronoTpebuteneii (Ao0bI-
BalLLUMe N HarHetTaTenbHble CKBaXWHbI) Ha MECTHOCTW, BepTuKanb-
HbIMM — NOTpebnsemasi UMM anekTpuYecKkas MOLLHOCTb.

B kavectBe ncxogHou nHdoOpMaLuu Ans NpPoBedeHUs pacyeToB
Oblnn ncnonb3oBaHbl fgaHHble MNC «CkaTt-95» no TekyLien Harpyske
KycToBbIX TI1 1 koopanHaTbl KyCTOB CKBaXXMH OOHOrO M3 MECTOPOX-
neHun 3anagHoni Cubupn. [JaHHble no ¢akTUM4eckuM Harpyskam,
npeacTaBneHHbIe B BUAE TPEXMEPHbLIX MOBEPXHOCTEN N UX CEYEHWH,
nokasaHbl Ha puc. 4.14 un puc. 4.15 cCOOTBETCTBEHHO.

AHanua npegcTaBneHHbIX pe3ynbTaToB MoKasbIBaeT, YTo reorpa-
dmyeckm NoTpebneHne aneKTPO3IHEPrnM B Npeaenax MecTopoXaeHNs
MMeET SPKO BbIPaXKEHHbIW HEepaBHOMEPHbIA XapaKkTep.

[MoBEpPXHOCTb 3HEpPronoTpebneHnss MeeT Lenbln psg JIOKanbHbIX
9KCTPEMYMOB, PAaCMONOXeHNe KOTOpbIX COOTBETCTBYET obnacTtam
MaKCMMarnbHOro U MMHUMAIIbHOTO SHEPronoTpebneHus.

lMoBepxHOCTb 3HepronoTpebnexns (cm. puc. 4.14) koppenupyer ¢
NMOBEPXHOCTbIO 9KBMBANEHTHOM MHTEHCMBHOCTM OTKa30B (CM. pasgen
1.1.4 HacTosiwen paboTbl). KoppensaumoHHasi cBs3b 0COBEHHO BbICOKa
C NOBEPXHOCTbLIO, OMNMCIBAKOLLIEN OTKa3bl, MPONCXOASLLINE BCNEACTBME
aBapuin dHepreTn4eckoro obopyaoBaHNs U KabenbHbIX NMHUIA 3nek-
Tponepeau.

[MpoBeaeHHbI HaMn aHanmM3 (OU3NYECKUX NPUYUH OTKA30B 3eK-
TporeHepupyoLero obopyaoBaHus, NUHUIA 3nekTponepeaad, anek-
TponpuBoAa TEXHOMNOrM4eckoro o6opyaoBaHns Nokasar, YTo rnaBHON
NMPUYUHOK UX OTKA30B SABMSETCH neperpyska no nepegaBaemMon Unm
noTpebnsaeMon MOLLHOCTW.

Kpome Toro, neperpyska kabernbHbIX IMHWIA CONPOBOXAAETCHA pes-
KM yBENUYEHNEM TEMSOBbLIX NOTEPb, YTO MPUBOAMUT K POCTY yaenb-
HbIX 3aTpaT 3NEKTPO3HEPIUU.

C y4eTom BCEro U3MNOXEHHOro Bbille hopManvayem Hally 3agady
onTMMM3aunn.

Ha Tepputopun mectopoxgeHus Heobxoanumo pasmecTuTb n aB-
TOHOMHBIX WCTOYHUKOB 3MEKTPOIHEPTUM C U3BECTHOW CyMMapHOMW
MoLLHOCTbIO N, KBT, Takum obpa3om, 4Tobbl Harpyska anekTpo-npu-
€MHUKOB COOTBETCTBOBAsIA VX HOMUHANbHbLIM NoKa3aTensam, T.e. CyM-
MapHble TEeNoBble NOTEPU B CUMOBbLIX MIMHUAX ObINMM MUHUMATbHBI.

[na paccmartpuBaemoro npumepa obLas MOLWHOCTb, NoTpebnsie-
Mas obbekTamu MecTopoxaeHus, coctasndet 9,9 MBT, nostomy
npumem N, = 10 MBT. N3 aHanu3a puc. 4.15 cneayeT, 4To MMelOTCH
TPW NPOCTPAHCTBEHHO pa3geneHHbIX 00nacTy MakcMMarnbHOro aHep-
ronotpebnexHna A, B, C (cBeTnble obnactu Ha puUCYHKe): B 3a-
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Puc. 4.15. N30KknMHbI NOBEPXHOCTU
3HepronoTpebneHus, npencTaBneH-
HOW Ha puc. 4.14:

A, B, C — 30Hbl MOBbILLEHHOIO 3HEP-
ronotpebnenus, D — LeHTp TSHXecTu

CTPYKTYpbI



y Puc. 4.16. BapuaHT pacnosnoxe-
HUA Tpex MuHU-OC € HOMMHarb-
HbIMW MOLLHOCTAIMK 6, 4 1 2,5 MBT

U 0,1 0,2 0,3 04 0,5 0,6 0,7 0,8 0,9 L0 x






nagHon vactu mectopoxgeHus (A) N; = 50 MBT, B cesepo-
BOCTOYHOM (B) N, = 1,5 MBT u B toxxHom (C) N3 = 3,5 MBT.

PaccmoTpeHHas paHee 3agaya pasveLLeHns 0ObeKTOB NSt AaHHOro
cnyyasa dopmanuayeTcsa cnegyowmm obpasom.

MMycTb m cywecTByOWNX OOBHEKTOB (KYCTOB CKBaXWH) pa3melLe-
Hbl B pasnuyHbIX Toykax Py, .., P, MNOCKOCTW, a HOBble OOBEKTbI
(MuHN-3C) — B Toukax Xj, ..., X,. PaccTtosHue mexay Toukamu pac-
NOMOXEHUS j-r0 HOBOTO U -0 CYLLECTBYHOLNX 0OBEKTOB 0003HAYUM
kak d(Xj, P;). O6o3HauMm rofoBble yaeribHble MoTepU SHEprum B
kabene mexgy j-mM HOBbIM M i-M CyLleCTBYOWNM OOBbEKTOM 4Yepes
w; = Fi(N;). Toraa o6Liue rogosble NoTepu aHeprum onpeaenaTcs Kak

J(X) = S w,d(X,, P), (4.29)

rae d(X;, P)= \/(x_,. -a,)’ +(y, -b,))*; X, y; — VCKOMbIE KOOPAW-

HaTbl MUHN-OC, a; n b; — KOOpAMHATbI i-r0 CyLLECTBYOLLEero oobekTa.

3apava pasmelleHnsi HOBOro obbekTa Ha MITOCKOCTUM COCTOMUT B
MUHUMMU3aUMK LeneBoi dyHkumm: (X) — min.

"eomeTpuyeckn kaxkgas coctaenstowlas ueneson gyHkumm (4.31)
npegcraensieT cobov ypaBHEHUe NpsIMOro KpyroBoro koHyca. Cnego-
BaTenbHO, ypaBHeHue (4.31) npeacraensieT cobon CymMMy KOHYCOB,
BEPLUMHbI KOTOPbIX SIBASKTCA TOYKaMW paspbiBa NPOU3BOAHbIX. Tak
Kak KOHyC eCTb npegernbHas dopma runepbonounga, 10, 3aMeHss Ko-
HyCbl runepbonovgamu, MNOAyYMM TFMAaAKyr anmnpOKCYMUPYHOLLYIO
dyHKUMI0. Takylo 3amMeHy MOXHO OCYLLeCTBUTb BBOAOM Marnoro na-
pameTpa € B BblpaXeHue Ans PacCTOSHUNA:

d(X,, P)=\(x;-a)" +(y; - b)" +e. (4.30)

Onpegensisi YacTHble MPOM3BOAHLIE /MO X W y, NPUPaBHUBAs UX
K HYNnto 1 paspellasi OTHOCUTENBHO X U y, MONYyYUM creaytolime ute-
paunoHHble hopMyrbI:

m

ZZwijai /El-(h)
h i=
20D = L , (4.31)
2wy /E("

i=1

Puc. 4.17. BapuaHT pacnonoxeHvss 12 rasonopluHeBbiX MUHM-OC (0603HayeHb
CBET/IbIMU KPY>KKamMu) € HOMUHAanbHbIMM MowHocTsmu 1 MBT
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iwijbi /Ei(h)
y, D = i i (4.32)

< h
D/ EP
i=1

rae E?M = \/(x(’” —a,)’ +(y"™ —b,)* + &, aBepxHNe NHAEKCH 060-

3Ha4yalT HOMEp uTepauumn.

PacuyeT onTtumanbHOro pacnonoxeHuss ogHon muHu-OC, npose-
OEHHbIV MO AaHHBIM MTepaLuoHHbIM hopMynam, No3BoONseT onpeae-
NWUTb PacnoNoXeHNe UCTOYHMKA aHeprum B obnactu D (UeHTp Taxe-
CTW Bcen CTpyKTypbl) (cM. puc. 4.15). [Npn Takom pasmeLleHun Mu-
HK-3C cymmapHble notepu B J1OIT cokpatartca B 1,8 pasa B cpaBHe-
HUK C HbIHe cyulecTByowmmMmn. OgHako u3 puc. 4.15 BugHo, 4to aaH-
HbIli paioH MECTOPOXAEHWS COOTBETCTBYET Maromy aHepronotpeo-
MNEHNIO, @ 3HAUUT, Takas cxema 3MeKTPOCHAbXeHNs1 pearnbHO He ABNS-
eTcsa onTumanbHoK. [10o3ToMy 04eBUAHO, YTO B JAHHOM crnydae bonee
paunoHanbHbIM pelleHnem 6yaeT npuMeHeHe He OAHOM, @ HECKOMb-
kux (n) MnHn-3C.

Boo6Lue rosopsi, onTumMmusauus B rnobansHoOM cMeicne (nonyyveHve
rnobanbHOro MMHUMYMa HeKoro yHKLMOHana) ¢ YMcto MaTematu-
YECKMX MO3MUUA B JAHHOM Clyvae MnpeacTaBnsieTCsd HEBO3MOXHOW.
CyuwecTtByeT 6€CKOHEYHOE MHOXECTBO NoKarnbHbIX MUHMMYMOB, 3aBU-
cawmx ot Bblbopa TMNoBbIX MowHocTern MOC, mux konunyecTsa U
croumocTti, KMO n MHOrmx Apyrux hakTopos, y4eT KOTopbix 6e3s
[eTanbHOro 9KOHOMUYECKOro aHanu3a HEBO3MOXEH.

OfQvH 13 BO3MOXHbBIX BapuaHTOB pacnonoXeHus MnHu-OC Tpex
HOMMWHANOB MOLLHOCTEN npeacTaBnieH Ha puc. 4.16. PacyeT npoBo-
ouncs no cdoopmynam (4.31) (4.32), HO C y4€TOM TOrO, YTO B HaLlEM
pacnopshkeHun nmeeTca Tpu MUHU-OC ¢ HOMUHAMNbHBIMU AIEKTPUYE-
cknmmn mowHoctamm Ny = 6 MBT, N, = 4 MBT 1 N3 = 2,5 MBT.

C y4yeToMm BbIBOOOB pasgena 4.3 4aHHOW KHUrn, Hanbonee achdek-
TMBHO MCNONb30BaTh Ha HedTerazogobbiBaOLMX NPeanpUaTUSX Oa-
HOTUMHbIE SNEKTPOCTaHUMM MOLHOCTbO 1-2 MBT. Yucno Ttakmx
MUHK-OC MOXET COCTaBUTb A1 paccMaTpMBaemoro Hedtenpombicna
ot 5 go 10.

Ha puc. 4.17 npuBeaeH npumep peanuaaumm paspaboTaHHOro an-
ropuTmMa onTUMarnbHOro pasmeLLeHns aBTOHOMHbIX UCTOYHUKOB SHEep-
mm (MuHM-OC) Ha 6ase rasonopLuHEBbIX YCTAHOBOK €AMHUYHON
MowHocTbio 1 MBT Ha ogHom mn3 mectopoxaeHuii CI «Batonn».



4.4.2. CHMKXEHUE NOTEPb SHEPIUN B SNEKTPOCETAX
HE®TEIA30INPOMbICI1OB

MoTepn anekTpo3Heprun B CUNOBbIX kabensix NpuBogoB rnyouH-
HbIX HAacocoB B HedpTenobblve moryT gocturatb 30 % OT nepenasae-
MOW 3Hepruu. [oaToMy B Ka4yecTBe eLe OAHOro npumMepa paccMmoT-
pUM 3agavy onTMManbHOro pasmeleHmss TpaHcOopPMaTOPHON CTaH-
UMM Ha TeppuUTOpUM KyCTa CKBa>KWH, pELUeHne KOTOpon AaeT BO3-
MOXHOCTb 3HaYUTENbHO COKPATUThL NOTEPMU.

"pynna ckBaXuH, Unu KycT, UMeeT B cBOeM cocTase A0 16 HedTe-
[006bIBaKOLMNX CKBAXKMH, CPEAHECYTOUHbIN AeOUT Kaaon M3 KOTOPbIX
nHamsugyaneH. NMoatomy Npom3BOAMTENBHOCTN HACOCOB, @ 3HAYMUT U
MOLLIHOCTb MPUBOAHOMO 3neKkTpoasuraTens, AormkHbl nogbvpaTbes
TaKke AN KaKO0W CKBaXKMHbI OTAEMNbHO.

3aBnCMMOCTb NacrnopTHOW npowussoguTensHoctn OUH n nac-
nopTtHor MowHoctTM (O[], yCTaHOBMEHHbLIX HAa OOHOM W3 KYCTOB
ckBaxnH mectopoxaeHus CI «Batoiin» (puc. 4.18), nokasbiBaert,
YTO CBA3b MeXAy AaHHbIMM NapameTpamu 6nmska K NMHENHON.

Ha puc. 4.19 npuBefgeHbl gaHHble n3 6asbl aaHHbix WNC «Ckat-
95», nokasblBaloLne 3aBUCUMOCTb MEXOY W3MEPEHHOW mnogayen u
cunon Toka MN3[. AHann3 pucyHka nokasbliBaeT, YTO UMEETCH 3HaYM-
TEnNbHbIN pa3bpoc aKCNepMMEHTarbHbIX TOYEK OT TEOPETMYECKON 3a-
BMCMMOCTM MOLLHOCTM OT cunbl Toka N ~ I*. OTKNOHeHus obbsac-
HAKOTCA, KpOME Bapuauun Harpy3ouHbIX Xxapaktepuctuk M3 pas-
MIMYHOW MOLLHOCTU, TEMOBLIMU MOTEPAMU B CUMOBbIX Kabensx, no-
JaoLMX anekTpuyeckyto sHepruto ot TI1 k M3M.

OueHnM BenuuuHy aTux notepb Ana cke. 1854 CI1 «Bartonn»
(kycT Ne 29), naHHble 0 KOTOPOWN MpPUBEOEHbI HUXE.

Xapakrepuctuku ck. 1854 CI1 «Batoin»
Debut, M/ cyT... 238,2

Mapka N34... naacoo0-117nres
Tun SUH ........ OUHM5A-250-1700
Mapka kabensi .. KNBMN3x16

OnuHa, m 1650

Mo paHHbIM UNC «CkaT-95» cpegHss cuna Toka M3 aaHHOM
ckBaxuHbl Insp = 33A. YpenbHoe conpoTuBneHne kabens
KMBM3x16 py, = 1,15 Om/ km (Tabn. 4.8), noaToMy Tensnosble noTe-
pu B kabene

N = f’)«pyﬂ-L-I2 =31,15-1,650-33*> = 6200 Br=6,2 Br,
T.e. noTepu coctaenstoT 6,2/ 90 = 6,9 % ot mowHocTu MN3.
Tak kak 3aTpaTtbl Ha ANEKTPOSHEPIUIO COCTABMSAIOT 3HAYUTENBHYIO

Jonto B ce6ecToumMocT HeddTU, CHKEHNE MOTEPL CTAHOBUTCH aKTy-
anbHoW 3agadven.

267



\,

4,/,,/"

0/ .
100
~o
50 /
0 20 40 60 80 100

Mownocms 113]1, kBt

Puc. 4.18. 3aBucumocTb nacnopTHOW npoussogutenbHocty 3LH ot nacnoptHoi
MouyHocTun M3, yctaHoBneHHbIx Ha kycte Ne 29 mectopoxaeHnus Cll «Batoinn»:
y = 3,2401x — 52,991; R* = 0,9568

350

300

250

~
w
<

Mooaua, m*/cyT

100

50

*
M /

<*

/

TS
. /
M /
/ ?
°
7
L 4
.
/ .
7 L 4
$.
10 20 30 40 50

Cuna moka, A
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Tabnuua 48

PacrionoxeHuve ckBaxxuH Kycta Ne 29 n notepu B kabensix A0 ONTMMU3ALIUA
(Xm= 450 M, )4 = 890 m)

Homep ckBa- KoopauHata |KoopawuHata ckBaxu-| Tok M3[,
XWHbI CKBaXuHbl X Hbl Y A Motepu, kBT
1925 0 0 22 1,87
1854 100 666 33 1,67
1926 733 896 17 0,57
1927 123 1356 54 2,69
1997 438 743 33 1,61
4581 905 933 43 4,62
4581 1222 134 55 14,68
8144 900 455 55 9,93
8647 800 1400 16 0,59
8647 440 230 15 0,70
CymmapHble noTepu B kabensix, kBT 38,94

OcHoBHble napameTpbl kabenen ans NOrpy>XHbiX HAaCOCOB OaHbl

HUXe.

Kabenu ans norpyxHbIX SreKTPOHACOCOB € MONMATUNEHOBOW U3onsALmei
Ha Temnepatypy 90 °C

Paboyee Hanps

PKeHune

Onektpuyeckoe conpoTtusnexdme TMXK npu ¢ = 20°C npu ce-

YeHnax:
3x10

OnekTpuyeckoe ConpoTUBIEHNE U30NSLUM
McnbiTaTensHoe HanpsixeHue
CTOWVKOCTb K pasgaBnvBaloLLMM Harpyskam
Tok ytedku npu ¢t = 20 °C n HanpsbkeHun 12 kB
Ounana3oH pabounx TemnepaTyp
CnyckonogbeMHble paboThbl

MuHManbHbINR

paauyc nsrnba

33 kB

He 6onee, Om:

1,83

1,15
He meHee 1200 MOm
10 kB
He meHee 158 kH
110 A/ km
Ot —60 go +90 °C
o —40 °C
He menee 380 mm

Ha puc. 4.20 n B Tabn. 4.8 npnBeaeHbl NCXOAHbLIE OAHHbIE, T.€.
CyLLleCTBYyHOLLEE B HACTosILee Bpems pacnonoxeHue T n gobwiBato-

Tabnuya 49

PacnonoxeHue ckBaxuH kycta Ne 29 u notepm B kabensx nocne onTMMU3auuu
(Xm= 650 M, Jsn = 700 m)

Homep cksa- KoopaouHaTta |KoopawvHata ckBaxu-| Tok M3[,
XUHbI CKBaXUHbl X Hbl Y A Motepu, KBT
1925 0 0 22 1,59
1854 100 666 33 2,07
1926 733 896 17 0,21
1927 123 1356 o4 8,47
1997 438 743 33 0,81
4581 905 933 43 2,21
4581 1222 134 35 8,40
8144 900 455 35 3,65
8647 800 1400 16 0,63
8647 440 230 15 0,40
CymMapHble noTepu B kabensx, kBT 28,44
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wnx ckBaxkuH kycta Ne 29. PacyeTbl npoBOAUNNCL MO UTEpaLUoH-
HbIM dpopmynam (4.31), (4.32), a ux pesynbTatbl NpeacTaBneHbl B
Tabn. 4.9 n Ha puc. 4.21. Kak crnegyet U3 CpaBHEHUS pacyeTHbIX U
WCXOAHbIX OaHHbIX, noTepyn B kabenax cHusmnmcb ¢ 38,9 kBT go
28,4 kBT, T.€. Ha 26 %.

MpuBeneHHbIe NPUMEPbLI NOKa3bIiBalOT, YTO ONTUMU3ALMS TEPPU-
TOpUarnbHOro pasmMeLleHnsl aHepreTn4ecknx oo bekToB HedbTerasonpo
MbICIIOB MO3BOJISIET CYLLECTBEHHO COKPATUThL MOTEPU 3HEPrOPECYPCOB.
Mpeanaraemble anropMTMbl NO3BOSAKOT HE TOMBKO MOBbLICUTL HAAEX-
HOCTb 9MEKTPOCHAOXEHUSA 0OBHEKTOB HEPTAHBLIX MECTOPOXKAEHWUN, HO
N yMEeHbWNTb B 2—5 pa3 notepu 3NeKTPOIHEPIMU B NIMHUSX 3IEK-
Tponepenau.
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