1
MunucrepeTBo oopasoBanusi 1 Hayku Poccuiickoii genepanun

JIOHCKOM rocy1apCTBEHHbIN TEXHUYECKUI YHUBEPCUTET

KOHCIEKT JIEKLIUI
o AUCIMIIJINHC

«MOAEJIMPOBAHME U ITPOEKTUPOBAHHME 93C»

CocraBureanb B.K. Xi1e0HukoB

PocroB-Ha-/lony
AI'TY
2017



2
COJIEPKAHUE

1. PASBBUTHUE 53C U TEXHOJIOT'UA UX ITPOEKTUPOBAHU A
1.1. Kpatkuii 0630p pazsutus I9C
1.2. 3agaun ynpasienus pazsutuem 39C
1.3. Opranuzanus npoekTupoBanus pazButus 33C
1.4. ABromaTtu3zanus npoexkrupoBanus 99C
2. INTPOI'HO3MUPOBAHUME DSJIEKTPOIIOTPEBJIEHUA WU HAI'PY30K
99C
2.1. OO1as xapakTepuCTUKa METOI0B ITPOTHO3UPOBAHUS
2.2. XapaKTepUCTUKU METOJIOB ITPOTHO3a HATPY30K
2.3. HopmatuBHbIE METO/IBI pacy€Ta MEKTPONOTPEOICHUS
3. OITPEAEJIEHUE ITOTPEBHOCTU B BBOJAE 'EHEPUPVYIOILIMX MOIII-
HOCTEN
3.1 banancel momHOCTH DC U ANEKTPOIHEPTUN
3.2. Pe3epBbI MOIIHOCTH B KOHIIEHTpUPOBaHHONH DIC
3.3. Pe3epBbl MOIMHOCTH B 00BETUHEHHBIX YHEPTOCHCTEMAX
4, YYET PEXMMOB PABOTHI DJIEKTPOCTAHIIUU IIPU ITPOEKTH-
POBAHUU PA3BUTUSA 55C
4.1. Turbl >NEKTPOCTAHINHN U UX SKCIITyaTallMOHHBIE XapaKTEPUCTUKU
4.2. Pacu€t cyrouHbIx pexxuMoB DIC npu NpoeKTUPOBAHUU
4.3. T'onoBbie peKUMBI PaOOTHI DJIEKTPOCTAHITUN
5. TEXHUKO-2KOHOMWYECKUE PACYETEI ITPU ITPOEKTUPOBAHUU
99C
5.1. Kputepun ontumanbHOCTH pazBuTs 39C
5.2. ®opMupOBaHUE U COMTOCTABICHUE BapUAHTOB pa3BUTHs DIC
5.3. Yuér HanéxHoct
5.4. Yuér kadecTBa 3JEKTPOIHEPTUH U OXpaHa OKPYKAIOIIEH cpebl
6. OCHOBbI MOAEJIMPOBAHMA PAZBUTHUSA DHEPTOCUCTEM
6.1. O6mume NoHATHS 0 KHOEPHETHIECKOM MOJICTHPOBAHIH
6.2. Uepapxwus moAcucTeM U 3a7a4 Pa3BUTHS IHEPTETHUECKOTO XO31CTBA
6.3. Undopmaiins u €€ nporHo3upoBaHUE NMPHU ONTUMH3ALUN PA3BUTHS dHEP-
TOCHUCTEM
7. MOJEJIM 1 METO/IbI OIITTUMU3 AN 'EHEPUPYIOIIMX MOIIHO-
CTEW DHEPTOCHUCTEM
7.1. JIuneliHas MoJieJib ONTUMH3ALNH CTPYKTYPbI TEHEPUPYIOIINX MOIIHOCTEN
7.2. JluneliHOE IPOTPaMMHUPOBAHUE B 3a7]a4ax Pa3BUTHS SHEPTOCUCTEM
7.3. OnTuMu3anusi TEHEPUPYIOMIMX MOIIHOCTEN B YCIOBUSX YaCTUYHOW He-
onpenenEHHOCTA UCXO0THON MH(GOpMAITHH
8. MOJIEJIM METOJIbl OIITUMM3ALIMU DJIEKTPUYECKUX CETEU
OHEPT'OCUCTEM
8.1. OnTumu3zanus pa3BUTHUS NUTAIOUIMX CETEH PHEPrOCUCTEM METOJOM JIMHA-
MHUYECKOT0 TPOrpaMMUPOBAHUS
8.2. Ontumu3zanusi KOHPUTypaluu IEKTPUIECKON CeTH



3

8.3. OnTuMmuzarusi pa3BUTHs TMUTAIONMIUX CETEH MPH BEPOSITHOCTHOW WC-
XOJTHOM MH(pOpMALIUH
8.4. . PacuéTthl pe’KMMOB TP ONTUMU3AIUY IIIEKTPUUECKON CETH



4
1. PA3BUTHUE 293C U TEXHOJIOI'USA UX ITPOEKTUPOBAHUS

1.1. KpaTkuii 0030p passutust II3C

DneKTposHepreTHka - 6a30Bast OTpaciab IKOHOMUKH Poccuu, oGecnieunBaromas
NOTPEOHOCTH SKOHOMMKHU M HACEJIEHUs CTPAHbI B DJIEKTPUUECKON U TEIUIOBOM dHEp-
I'MY, BO MHOTOM OIPEAEISIOIAs YCTOWYMBOE Pa3BUTUE BCEX OTpPACIEHd 3KOHOMHKH
cTpanbl. D¢ (HEeKTUBHOE MCIOIb30BaHNE MOTEHIINATA JIEKTPOIHEPTETUIECKOM OTpac-
J1, YCTAaHOBJICHWE MPUOPUTETOB U MapaMETPOB €€ pa3BUTHS CO3AAIOT HEOOXOIUMBIE
NPEANOChUIKM JJIi POCTa SKOHOMHUKHA W TIOBBIIICHUS KadyecTBa >KU3HU HACEJICHUS
cTpansl. [Iponecc onepexaromero pa3BUTHs AIEKTPOIHEPTETUUECKON OTPACIH SBIIS-
eTCsl HE0OXOIMMBIM (PAaKTOPOM YCHEIIHOTO 3KOHOMUYECKOro pa3Butusi Poccun.

OCHOBHBIMHM HAINpPABIECHUAMH JOJTOCPOYHON MOJUTHUKH TOCYAApCTBa B AJIEK-
TPOIHEPIETHKE SABIISIOTCSL:

a) HaAEKHOE CHAOXKEHHE SKOHOMHKM M HACEJIEHUS CTPaHbl AJIEKTPUUYECKON U
TEIUTIOBOM DHEPTUEM;

0) coxpaHeHHE IIEJIOCTHOCTH W pa3BuTHE EIuMHON 3HEPreTHYecKOil CUCTEMBI
(EDC) Poccun, €€ wuHTerpaumss ¢ APYTMMH 3HEProoObEAMHEHUSIMU Ha
EBpa3niickoM KOHTUHEHTE;

B) moBbllieHUE d3(H(PEKTUBHOCTH (PYHKITMOHUPOBAHUS M 00ECIIEUeHUE YCTOMUNBO-
T'O Pa3BUTHS JIEKTPOIHEPIreTUKH HA 0a3€ COBPEMEHHBIX TEXHOJIOTHIA;

I') CHI)KEHHE BPEHOTO BO3JEHCTBUS HAa OKPYKAIOIIYIO CPELY.

Jlns peanu3anuy 3TUX HampaBiieHU paspaboTtaHa «['eHepasibHasi cxema pas-
MenieHus: 00beKTOB 3JeKTposHepreTuku 10 2020 r.». [Ipuopureramu ['eHepanb-
HOU CXEMBbI B paMKaX YCTaHOBJIEHHBIX OPHEHTUPOB JIOJITOCPOYHON TOCY1apCTBEH-
HOU MOJUTUKHU B cpepe IMEKTPOIHEPTETUKU B YHACTHOCTH SBJISIFOTCS:

a) Omnepexarollee pa3BUTHE 3JIEKTPOIHEPTreTUUYECKOM OTpaciM, CO3/1aHWE B HEM

IKOHOMUYECKH OOOCHOBAaHHOW CTPYKTYpPhl TE€HEPHUPYIOIIMX MOIIHOCTEH U

AIIEKTPOCETEBBIX OOBEKTOB ISl HAEKHOTO OOECIeueHusl MOTPEOUTENEH CTPaHBbI

IEKTPUYECKON U TETJIOBOM SHeprHei (Tadm. 1.1).
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Tabmuua 1.1. PannonanbHas CTpyKTypa Fr€HEpUPYIOLIUX MOIIHOCTEN

IToxa3zarenn 2010 . 2015 . 2020 r.

YcTaHoBiaeHHas MOIIHOCTE, MIH. KBT, Bcero 243,8 297,5/326,2 347,4/397.7
B Tom uucie:

TUAPOITIEKTPOCTAHIIIH 49,2 57,1/57,9 71,7/76,5
ATOMHBIE 3JICKTPOCTAHIUH 26.9 38.1/38.1 53,2/59
TEIUTOBBIE 3JICKTPOCTAHIIMH, BCETO 167,7 202.3/230.2 222.5/262,2
N3 uux:

TEIUTIOAICKTPOIIEHTPAJIH, BCETO: 93,2 107,8/107,8 113,7/113,7
apoTypOMHHBIC HAa TA30Ma3yTHOM TOILJINBE 43 40,9/40,9 36,5/36,5
apora3oBbIC ¥ ra30TypOUHHBIC 15,3 27,9/27,9 36/36
napoTypOMHHbBIE Ha TBEPIOM TOILIIMBE 34,9 39/39 41,2/41,2
KOH/ICHCAIIMOHHBIC JIEKTPOCTAHIINH, BCETO: 745 94,5/122,4 108,8/148,5
napoTypOMHHbBIE Ha Ta30Ma3yTHOM TOIUIMBE 37,3 14,3/14.3 6,8/6,8
apora3oBbIC ¥ ra30TypOUHHBIC 9,9 30.2/32,5 38,5/40,1
1apoTYpOMHHBIE HA TBEPIOM TOILIHBE 27,3 50/75,6 63,5/101.6

IITpuMCUYaHHNC. YHUCIHUTCID - 0a30BbII1 BaApUAHT, 3HAMCHATCJIb - MAKCHUMAJIbHbIU.

0) Coznanue ceTeBOMl HHPPACTPYKTYPHI, Pa3BUBAIOLICHCS OIEPEKAIOIUMU
TeMIIaMU TI0 CPaBHEHMIO C Pa3BUTHEM AJIEKTPOCTAHIUM U OOecreyrBaromen
IIOJIHOLICHHOE yyacTtue SHEPrOKOMIIaHHU I 51 noTpeduTene B

(GYHKIIMOHUPOBAHUN PBIHKA JIEKTPUUECKON IHEPTUU U MOIIHOCTH, YCUJICHHUE

MEKCHUCTEMHBIX CBSI3€M, rapaHTUPYIOIIUX HAAEKHOCTh B3aUMHBIX IMOCTABOK

ANEKTPUYECKON SHEPrMU U MOIIHOCTH MEXIy peruoHamu Poccum, a Takke

BO3MOKHOCTh IKCIIOPTA NEKTPUUECKON IHEPTHUHU.

CTpykTypa TeHEepUpPYIOIIUX MOITHOCTEH OMNpeeNseTcsl UCXOo/s u3 O0araHCcoB
MOIITHOCTH M DJIEKTPOAHEPIMH Ha TMepCrnekTuBy. PacxongHas yacTe OanaHCOB B
OCHOBHOM TIpEJICTaBJIEHa CYMMapHOUW Harpy3koi u snexrponoTpediaenuem (puc. 1.1).
Pa3BuTHE reHepupyronMx MOIIHOCTEN (COCTaB JIEKTPOCTAHIINHN, UX pa3MEILICHHUE IO
TEPPUTOPUM CTPAHBI, TEMITbl CTPOUTEILCTBA) B 3HAYUTEILHON CTEIEHU ONMPEICIISIIOT
KOH(HUTypaInio 1 mapaMeTpbl CHCTEMOOOPA3YIOIIEH CETH.

BricokoBonbTHas ceTh B eBponeiickoi yactu EQC Poccun B ocHOBHOM cop-
MHpPOBaHA Ha OCHOBE JIMHUM JJIeKTporepenaun HanpspkeHuem 330...750 kB, B
octanbHOI yactT EDC Poccun ogHOBpEMEHHO ¢ pa3BUTUEM ceTeil HanpsikeHueM 500
kB npombiiiieHHO ocBauBanuch cetu 1150 kB. ITpoTsk€HHOCTD ANEKTPUYECKUX Ce-

teit 110...1150 kB Bcex 00beTUHEHHBIX SHEPTETUUECKUX CHUCTEM IO COCTOSIHUIO Ha

2007 r. coctaBuia (B OJHOLIETTHOM Hcuucienun) 6omiee 442,2 teic. km. CymMmapHas
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YCTaHOBJICHHAS! MOIIHOCTH TPaHC(hOPMATOPOB pa3HBIX KJIACCOB HANPSDKCHHS Ha
MMOHMYKAIOIINX TMOACTAaHIIUIX COCTaBHjaa OKoJIo 696,9 miH. KB A. M3HOC OCHOBHBIX
(GOHIOB 3JCKTPOCETEBOr0 XO3SMCTBAa B HACTOAIICE BPEMS COCTABIISCT B CpPEIHEM

40,5%, B TOM umciie 000opyaoBaHus nojicTaniui 63,4%.
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Puc.1.1. [Iporuos snexrponorpedienus mo Poccuu:
1 — Ga30BBIif BapuaHT; 2 — MaKCUMaJIbHBIA BapHAHT

Pa3Butne snektpuueckux cereil B nepuoa o 2020 r. (puc. 1.2) Oymer
HaIpaBJICHO Ha o0ecledYeHre HaIEKHOTO U YCTOMUMBOro (yHKImoHupoBanus EDC
Poccun, KOHKYpEHTHOTO ONTOBOIO PhIHKA DJIEKTPOIHEPTUH U MOIITHOCTH, a TAK)KE HA
obOecrieueHUEe HAJIEKHOTO JIEKTPOCHAOXKEHUSI MOTpeOuTeNned U BbIAAYM MOIIHOCTH
AJIEKTPOCTAHIIHH.

B ocHOBy mnepcnekTuBHOTO pa3zBuTHs d3iekTpudeckon cetu EDC Poccum
3aKJIAJIBIBAIOTCS CIAEAYIOIINE OCHOBHBIC TPUHIIUIIBL:

a) cxeMa cuctemMooOpasyromiei annektpuueckor cetn EDC Poccum momkHa

o0JlajaTh JOCTATOYHOW THOKOCTHIO, TO3BOJISIONIEH OCYHIECTBISATh €&
MOATAITHOE Pa3BUTHE M 00€CIeUYnBAaTh BO3MOKHOCTD MPUCIIOCAOINBATHCS K

M3MEHEHHIO YCIIOBUM POCTA HATPY3KHU U PA3BUTHIO DJIEKTPOCTAHIIUM;
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Puc. 1.2. [lepcnekTuBHast cxema pa3BUTHSI CHCTEMOOOPA3yIOIICH CeTH:
DC — JISII nocrostaaoro Toka; AC — JIDIT nepemMeHHOro ToKa

0) cXeMbl BBIZJaYM MOIIHOCTH KPYMHBIX BJIEKTPOCTAHIIMK B HOPMATbHBIX
pexuMax paboThl PHEPrOCUCTEMBbI JOJKHBI OOECIEeUrMBaTh BO3MOXKHOCTH
BBIJIJaYU BCEH pacrojiaraeéMoi MOIIHOCTH 3JIEKTPOCTAHIIUK 0€3 MPUMEHEHUS
YCTPOMCTB ITPOTUBOABAPUMHON aBTOMATHUKU KaK B IOJIHOW CXEME CETH, TaK
U TpU OTKJIIOYEHUU 000N M3 OTXOISMIIMX JIMHUM Ha BCEX JTamax
coopykeHust  anektpoctanuuu  (mpuHimn  N-1).  Jlng  aTOMHBIX
ANEKTPOCTAHLIMM YKa3aHHOE YCJIOBHE JIOJDKHO BBINOJHATHCA Kak B
HOPMaJbHBIX pPEXHMax, TaK MU B PEMOHTHBIX pEXKHUMaxXx pPabOTHI
sHeprocuctemsl (mpunmmi N -2);

B) CXE€Ma CHUCTEMOOOPa3yIOIIeH 2JIEKTPUUECKON CETH JTOJIKHA COOTBETCTBOBATH
TpeOOBAHUSIM OXPaHbI OKPY>KAIOIIEH CpeIbl;

T') YIIPaBIsiEMOCTh CHCTEMOOOpasyIomel dIEeKTPUIECKON CeTH JOohKHa obec-
MEYUBAThCS 32 CUET UCTOIB30BAHUS CPEACTB MPUHYAUTEIHHOTO MOTOKOPAC-
npeaeiaeHusl, CTATUYECKUX KOMIIEHCATOPOB, YCTPOWCTB MPOJIOIBHON KOM-
MIEHCAIIMH, YIPABISEMbIX LIYHTUPYIOIIUX PEAKTOPOB, BCTABOK MOCTOSIHHOTO
TOKa,  DJIGKTPOMEXaHUYECKUX  TMpeoOpazoBaTenei,  (Ha3zomoBOPOTHHIX

YCTPOWCTB U APYTUX CPEACTB;



J) CXeMa U [apaMeTpbl pacHpeAeUTENbHBIX CETEed  JOJIKHBI
o0ecnieunBaTh HAAEKHOCTh JJIEKTPOCHAOKEHUS, MPH KOTOPOMl MHUTaHUE
noTpeduTene  ocyuiecTBisieTcss  0e3  OrpaHMYEHHs  Harpy3kd ¢
cOOJIIOZICHUEM HOPMATHUBHBIX TPEOOBAHUU K KauyeCTBY DJIEKTPUUYECKOUN
DHEPIUM TpPU TOJHOW CXEME CETH U NPU OTKIKYEHUU OJIHOW JIMHUHU
aneKkTponepenaadn win Tpanchopmaropa (mpuniun N-1 ais morpedureneit).

JI1s1 NCTIOJIB30BaHMsI B €BPOIIEMCKON YaCTU CTPAHBI DJIEKTPUYECKON SHEPTUN U
MOIIIHOCTH TEIUIOBBIX M THUIAPABIMYECKUX SJEKTpocTaHui CuOupH IUTaHUpYETCs
coopy:xenue JIOII mocrosaHOoro Toka Hanpsbkennem + 500 kB u + 750 kB npomyck-
Hol crtocoOHOoCcThIO 2000...3000 MBT npotsixénnoctbio ot 600 10 3700 kM.

st coBmectHoi paboter OOC Cubupu u JlanbHero BocToka miaHupyercs
YCTaHOBKA Ha TMOJCTAHUUIX HampsbkeHueM 220 kB BCTaBOK IOCTOSHHOTO TOKa
MoIHocThIO 110 500 MB- A kaxknas.

B eBpomneiickoit uwactu EDC Poccum mpomomKuTcs pa3BUTHE CETEH
HanpsbkeaneM 750 kB. B OOC Cesepo-3anaga u Llentpa. JIDII nHanpshkeHuem
500 kB Oyayr wumcnomnp3oBansl B ODC Ilenrpa, IOra, Cpenneit Boarm, VYpaia,
Cubupu u ansHero Boctoka, a Takxke JJ1s1 pa3BUTHUSI MEKCUCTEMHBIX CBSI3CH.

Cerp  mnampsibkenuemM 330 kB Oymer  mpoaomkaTh — BBINOJHSTH
cucteMooOpasyrone (YyHKIHMH W OOECleYuBaTh BBIIaYy MOIIHOCTH KPYIHBIX
anekTpocTanumii B 3anaanou yactu OIC Lentpa, CeBepo-3anana u FOra.

OcHOBHbIE TEHJCHIMM B pPa3BUTUU ceTed HampspkeHuem 220 kB Oyayt
COCTOSITh B YCHJIEHHH paClpeeTuTeIbHbIX (YyHKIUNA U 00eCreYeHUU BbIJauu
MOIIIHOCTH  JJIEKTPOCTaHIMK. B uW30muMpoBaHHBIX 3Heprocucremax JlanbHero
Bocroka, a Takxke B ApXaHTelnbCKOM PHEprocucTeMe u sHeprocucteMe PecryOnuku
Komu cetu nanpspkenuem 220 kB OyayT sSBIsSITbCS CUCTEMOOOPA3YIOIIUMH.

OCHOBHBIM HampaBjJeHHEM pa3BuTHs ceTu Hanpsbkenuem 110kB  Oyner
JalIbHENIIEee €€ paclIMpeHue Mo TeppUuTopuu Poccuu ¢ LEnbl0 TMOBBIIICHUS Ha-
NEKHOCTH AJIEKTPOCHAOKEHUS MOTpeOUuTenei.

[IporHo3  moTpeOHOCTM B  KANUTAIOBJIOXKEHHUSIX  HAa  COOPYKEHUE

AIIEKTPOCETEBBIX OOBEKTOB IpezcTaBieH B Tabn. 1.2. Bcero 3a 2006...2020 rr.
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oOm1ast ToTpeOHOCTh B KAMMTAJOBIOXKEHUAX HA PA3BUTHUE SJICKTPOCTAHIIMNA MPHU
0a3zoBoM BapuaHTe cocTaBUT 11616,3 mupa. pyO. (B IileHaX COOTBETCTBYIOIIMX JIET).
[ToTpeOHOCTh B KAaUTAIOBIOKEHHUSIX HA COOPYKCHHE JIEKTPOCETEBBIX OOBEKTOB C
2006 no 2020 r. npu 6a3zoBoM BapuaHTe oueHuBaetcs B 9078,8 mupa. py0. (B neHax

COOTBETCTBYIOIIIUX JIET).

Ta6nuna 1.2. [ToTpeOHOCTh B KAaUTAJIOBIOKEHUSIX HA COOPYKEHUE
JIEKTPOCETEBBIX 00BEKTOB (B MIJUTHAPIaX PyOJIeH )

[Toka3zarenn 2011 -2015 rr. | 2016-2020 rr.
Enunas HanmoHanbHas — (oOmepoccuiickas)
PIICKTPUYECKasi CETh, BCETO 1630,3 2524,7
B TOM YHCJIE:
HOBOE CTPOUTEILCTBO CETEH 1162 1888,6
pPEHOBAIIMH CETEH 365,7 466,4
MIPOYNE 3aTPAThI 102,5 169,8
PacripennenuenbHble  ANEKTPUYCCKUE CETH,
BCETO 1489,7 2011,9
B TOM YHCIIC:
HOBOE CTPOUTENIBCTBO CETEU 789,4 1055,5
PEHOBAIIMH CETEH 608,1 830,1
MIPOYME 3aTPaAThI 92,2 126.4
Htoro 3120 4536,6

1.2. 3agaum ynpasiaenust paspuruem 3IC

[Tonsarue ynpaienus pazsutueM DIC BKIIOYAET B ceOs TpU BUAA JICUCTBUM,
KAUYeCTBEHHO OTJIMYAIOIIUXCA APYT OT Apyra: 1) HaXxoxJeHHe ONTUMAaJIbHOIO IUIaHa
Pa3BUTUSI CUCTEMBI HA TOT WJIM WHOM MEpUOJ BPEMEHHU; 2) ONpeaesiCHUE KOMILUIEKCa
MEpPOTPUATUNA, HEOOXOIUMBIX JJII OCYIIECTBJICHHS ATOTO IJIaHa; 3) OpraHu3amus 1
YIIPaBJICHUE B IIPOLECCE HEMOCPEACTBEHHOTO OCYIIECTBICHUS ILUIAHA.

1-# m 2-i BUABI JEHCTBUI OCYIIECTBIISIIOTCS MPU MMPOSKTUPOBAHUH, a MOCIEI-
HUM B MIPOLIECCE CTPOUTEIBCTBA U SKCILTYaTALUU.

[Ipu onpeneneHnn oNTUMAIBHOIO I1aHa pa3Butus IOC paccMaTpUBAKOT IEp-

CIeKTUBy oT 2 110 15...20 ner.
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B cBs3M ¢ TeM, YTO Ha OTHAJEHHYIO NMEPCHEKTHBY 3HAYMTENIbHAS YacTb
uHpOpMaIlMU UMEET HEONpPEeAeIEHHBIN XapaKTep, MPOLEecC YNpaBICHHUs Pa3BUTHEM
pazOuBaeTcs Ha psiJ] OCJIEI0BATEIbHO TPUHUMAEMBIX pelIeHUH, 000CHOBAaHUE KOTO-
PBIX BBIMOJIHSAIOT C MUHUMYMOM 3a0JIarOBPEMEHHOCTH OTHOCUTEIBHO CPOKOB peau-
3alMM 3TUX PELICHUH.

[IpoexTupoBanue 00beKTOB U DIC B 1IEJIOM OCYIIECTBISIETCS IPOSKTHHIMU UHCTUTY-
TaMHU.

3anaun npoekTupoBanust IC UMEIOT CIeAYIONUE 0COOEHHOCTH:

1) npoextupoBanue pazputust I3C TOIKHO OCYHIECTBIATHCA UCXOAS HE TOJIb-
KO U3 obecrnieueHus: OaiaHca MpOM3BOACTBA U MOTPEOICHUS MIEKTPOIHEPTUU B TOJI0-
BOM, CE30HHOM WJIM CYyTOYHOM pa3pe3ax (Kak 3To JejaeTcs B IPYruX OTpacisix), HO U
B KaXKIblii MOMEHT BpeMeHU. Heo0X0auMo yUUThIBATh PETYIUPOBOYHBIE BO3ZMOYKHO-
CTH 3JIEKTPOCTAHIIUM, IPOIYCKHYIO CIOCOOHOCTh 3JIEKTPUUECKHUX CeTel, HaIEXHOCTD
AIIEKTPOCHAOKEHUS TOTPEOUTENECH;

2) IPOEKTUPOBAHUE OTICIbHBIX 00BEKTOB (dJIekTpocTaniui, JIDII, n/ct), BXo-
nsanmx B 99C, NOHKHO BBIOJIHATHCSA ¢ YUETOM OyAYIIMX YCIOBHHA pabOThI B COCTa-
Be DOC. Cucrema B 3HAUUTENBHON CTEIIEHU ONPEACISIET CAEAYIOIINE XapaKTEPUCTHU-
K1 OOBEKTOB:

a) JUIs 3JEKTPOCTAHLIUNA — pa3MelIeHHe, MOIIHOCTb, TUII OCHOBHOT'O 000py10-

BaHMUsI, HANpPSHKEHUE PaCHpelesMTEIbHbIX YCTPOICTB, KOJMYECTBO JIMHEH-
HBIX siueek PY;

0) aJ1s MOACTAaHIMI — pa3MellleHHe, MOIIHOCTh U HaNpsbKeHue TpaHchopmaTo-
pPOB, KOJIMYECTBO JIMHEWHBIX A4YEEK, MOIIHOCTh KOMIIEHCUPYIOIIUX
YCTPOWCTB;

B) miisa JIDII — nanpasieHue, HanpsHKEHUeE, YUCIIO 1enei, ceueHrue MPOBOIOB.

B cBsi3u ¢ 3TUM HEOOXOIUM JIeTadbHBIM aHAIN3 BapuaHTOB pazButTus DOC B

nenoM u e€ yacteil. HeobxonnMo paccuutarh peskMMbl 3JEKTPOCTAHINM B rpaduke
HArpy3KH, peXUMbI dJIEKTPUUYECKUX CETEH, YCTOMUYUBOCTb, HAEKHOCTh. DTH BOMPO-

ChI PELIAIOTCS IPU NPOEKTUpOBaHUU pa3zButus IIC.



11

3anmaveit mpoektupoBaHus IIC sBiserca pa3paboTka M TEXHHUKO-

IKOHOMHYECKOE OOOCHOBAHHE PEIICHUH, ONMPEACISAIONINX PAa3BUTHE DIIEKTPHUYCCKUX
CTAHIUH, JJICKTPUUECKUX CEeTEH M CPEICTB MX AIKCIUIyaTallud W yrpasicHus. [Ipu
ATOM JOJKHO OBITH 00ECTIeueHO HaéKHast paboTa CUCTEMBI U OecniepeOoiiHOe CHAO-
KCHHE MOTpeOUTENeH SHEpruei B TpeOyeMbIX pa3Mepax U TpeOyeMoro KadyecTBa C
HauMeHbIMMHU 3aTpatamMud mo DOC B menoMm. PekoMeHpanmuu NpOEKTOB Pa3BUTHUS
SHEPIOCHUCTEM SIBJITFOTCS UCXOJHBIM MaTEPHAIIOM JUIS TIOCISAYIONIETo MPOSKTHPOBa-
HUSI KOHKPETHBIX YHEPTEeTHUECKUX OOHEKTOB.

3ajiauell MPOEKTUPOBAHUS IEKTPUUECKUX OOBEKTOB SIBISIETCS pa3paboTKa om-

TUMaJIBHBIX CHOCOOOB BBIMOJHEHUSI OOBEKTOB M COCTAaBJIEHUE MPOEKTHO-CMETHOM
JOKYMEHTAIUU NI X CTPOUTEIHCTBA. TEXHUKO-3KOHOMUYECKOE 00OCHOBAHHUE CO-
OpPYKEHHSI KaKJIO0T0 00BbEKTa U BBIOOP €ro "CUCTEMHBIX" apaMeTPOB OCYIIECTBIISIET-
cs ripu ipoektupoBanun IIC.

OcHoOBHOM 3a71a4eil ianupoBanus pazButus IIC sBisieTcs: OaaHcoBas yBsi3-

Ka BHEIIHUX CBI3€M (KamUTabHBIX BJIOKCHUH, TOTUIMBA U T.II.) MO KaXIOMY M3 TO-
JYYEHHBIX MPU MPOEKTUpOoBaHUU BapruaHTOB DIC. OCyIIecTBIAsAECTCS OKOHYATEIbHbBIN
BBIOOpP ONTUMAJILHOTO BapUaHTa ¢ Y4ETOM OTPAHMUYCHHI MO BHEIIHUM CBSI3sIM, 00ec-
MEYMBACTCS peajn3allisd TMPUHATHIX pelieHud, (PUHAHCHpOBaHUE, MaTepUaIbHO-
TEXHUYECKOE CHaOKEHHUE.

O6MeH uHbopMalyeld Npyu NPOESKTUPOBAHUU OCYIIECTBISECTCS U C BHEIIHUMU

o otHomeHuo Kk DDC cucremamu (puc. 1.3)



TOK
IIpoeKThbl pasBUTHSL JlaHHBIE O TOIJIMBHO-
SHEPTOCUCTEM SHEPreTUYECKUX pecypcax

[IpoekTupoBanue pa3BUTUs

20C
TpebGoBanust K TexHuko- CXeMBI dJIeK- [TorpebHOCTH
HOBOMY 000pY- 9KOHOM. MOKa- TpOCHAOKEHUS oTpacieit B
JOBAaHUIO 3aTenu oTpacien WuP
DHepro- 1 MalTMHOCTPOEHUE Hpyrue orpaciv 3JKOHOMUKHU CTPaHbI

Puc.1.3. IndopmanrioHHble CBA3H MPU IPOEKTUPOBAHUU

1.3. Opranusanus npoekTupoBanusi pa3sutus IIC

O6m1as 3a7a4ya npoekTrupoBanus pazButus 9IC OONBIION CIOKHOCTU JT0KHA
OBITH pazzienieHa Ha psan noazanad. [Ipu aTom 00beM Kaxa0i MoA3a7a4u CTAHOBUTCS
CYIIIECTBEHHO MEHBIIE. DTO MO3BOJISIET CACNIATh OOIIYI0 3a7a4y MPAKTHIECKU pa3pe-
maeMoi. PerieHus 4acTHBIX Moj3ajayd JAOJKHBI ObITh B3aUMOYBsi3aHbl. B mporiecce
TaKOM YBSI3KM BO3MOXKHBI IOBTOPEHUS PELICHMS YACTHBIX IMOJ3a7ay, T.€. IMPOLECC
IIPOEKTUPOBAHUS UMEET UTEPATUBHBIN XapaKTep.

3agaun MPOEKTUPOBAHUS OOPaA3YIOT MEPAPXUUYECKYID CTPYKTYPY, COOTBET-
CTBYIOIIYIO CTPYKTYPE DHEPTOCHUCTEM. 3aJlauu ACJST MO OTPACICBOMY U TEPPUTOPU-
aJIbHOMY IIpU3HAKY. /[ONIOTHUTENBHO BBIACISIIOT JBa YPOBHS MEpapXUM 3a1ad: TeX-
HOJIOTUYECKUH U CTAJAUNHO-BPEMEHHOM.

[To TexHOJIOrMYECKOMY MPHU3HAKY 3aJayM JEJATCS Ha TpU ypoBHs: 1) mouck

ONTUMAJIbHON CTPYKTYPhI T€HEPUPYIOIIUX MOIIHOCTEN (COOTHOIIEHHE MEXIYy MOII-
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HOCTSIMM U THUIIAaMU 3JIEKTPOCTAHIMHI 1O pallOHaM CTpaHbl); 2) 000OCHOBAaHUE OTI-
TUMAJIBHOTO BapHaHTa PAa3BUTHUS SJIEKTPOCTAHIIMI U OCHOBHBIX JJIEKTPUYECKHUX Ce-
Teil; 3) ONTUMHU3AIUS CXEMBI M TAPAMETPOB paCHpeACTUTEIbHBIX CETEH.

[To TeppuropraibHOMYy IPHU3HAKY 3a7a4yd NpoekTupoBanusa DIC nensTcs Ha 3

ypoBHs: EDC, O3C u 0TENbHBIX y3J10B.

EBC Poccuu —

03C - 03C, | ... 03Cy,

PBC

PSC; | ... |PBC,

Puc. 1.4. Teppuropuanbnas uepapxus 39C

[Io orpacieBoMy mpu3HaKy 3anady MNpoekTHupoBaHus OIC BKIHOYAIOT KaK
1no/3ajadyy NpU NPOEKTUPOBAHWU TOIUIMBHO-3HEPIETUUYECKOTO KOMILJIEKCA CTPaHBI
WIM pacCMaTPUBAIOT KaK CAMOCTOSITENBHYIO MPU 33JaHHBIX BHEUIHUX CBS3SX C APY-
TUMU OTPACIISIMU SHEPTreTUKHU U HAPOJHOTO X035icTBa (puc. 1.5).

[Io cTaguiiHO-BpEMEHHOMY IIpM3HAKy BBIAECISAIOT 1Ba ypoBHA. Ha mepBom
YpOBHE paccMaTpuBalOT 000OIIEHHBIE PELICHMS, OTPEACIISAIONIME OCHOBHbBIE HaIlpaB-
JICHUS Pa3BUTUSA DJIEKTPOCTAaHLUMM M ceTredl B nenom. Ha BTOpoM, HU3IIEM, YPOBHE
O0OOCHOBBIBAIOT PA3BUTHE OTIENIbHBIX OOBEKTOB (MM UX COBOKYIHOCTH). Pemienue
3a/lay BBICIIErO YPOBHS CTAJIWWHO-BPEMEHHON HEpapXWU COJEPKHUTCS B TEXHHUKO-
skoHOMHUYeckuX Aokianax (TOl) mo pa3BUTHIO 3JEKTPOIHEPIETUKU, PEIICHUS BTO-
poro ypoBHs - B cxeMax pa3putusi 9IC. B npenenax KaxIoro u3 3TUX ypoOBHEH 3a-
a4l TOJpa3JestoT elé U MO0 BPEMEHHOMY IMPHU3HAKY, UCXOAS W3 JJIUTEIbHOCTH

MNEPCICKTUBHOI'O IICPHUOAA.
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JlonrocpoyHoe NporHO3NpPOBaHAE [TepcriekTHBHOE POEKTUPOBAHNE [lepcniekTHBHOE TUIAHUPOBAHUE
OoOmesnepreruueckas cuctemMa | I craaust oOmesHepreTuueckas cucTeMa

Vrae- | I'azo- |Hedre- E3C iy I " E3C

cHA0XK | cHAaOXK | cHAOK roak a3 epre
g 1
= CxeMma pa3BuTHSA
2 E2C
S

daekrTpoctad-| OcHOBHas
uuu cerb EDC [
I cramus
=
S JnekrpocTtaH- | OcHoBHas Cxema passu- | Cxema pa3Bu-
bl
g 10014 cetb E3C T 09C T PCK
Cxema pa3BuTus
= pacnpeneauTeb-
] -
o HbIX ceTeil 35 kB
U BblllIe
g - IMpoexTupoBanue TpoexTuposanue
KTHPOBAHHU .

2 POCKTHPOBAHUE JMHMIA 3JeKTpone- nocrammmii | [~
© KTPOCTAHIMIA
S 3J1eKTPOCTAHII penau

Puc. 1.5. Hepapxuyeckas CTpyKTypa 3aJ1ad Pa3BUTHI SIEKTPOIHEPTETHKH

Pemiennie Bcex 3amau mpoektupoBanus DOC B MepapXUUYECKOW MocliieoBa-

TeapbHOCTH (Tabn. 1.3) TpebyeT ux B3aMMHOTO cOTjiacoBaHUsA. JIJIsi 5TOr0 HUKECTOS-

II1€ CUCTEMBI IIPU pelIeHUHU 0oJiee KPYITHOM 3a/layu paccMaTpUBaIOT B 0000IIEHHOM

(arperupoBanHoM) Buje. [Ipu mepexoge OT BBICIIMX YPOBHEH MEPAPXUU K HHU3IIUM

IMOJYYCHHEBIC XapaKTCPUCTUKHU arp€rupOBaAHHBIX ITOACHUCTCM ABJIAIOTCA HCXOIHBIMH

JaHHBIMHU ITIPpH ITPOCKTHPOBAHUHN 3TUX ITOJACHUCTCM.
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Tabnuua 1.3. Uepapxus 3anay npoektrupoBanus 29C

Ne YpoBeHb nepapxuu
n/n 3anaya . . | TeppuTtopu- . . | BpeMeH-
TEXHOJIOTHYECKUN OTpaciieBoi o CTaIUIHBIN .
AJIbHBIN HOI, JIeT
1 HaxoxxaeHne OnTHUMadbHOH CTPYKTYpBl TE€HEpUPYIO- Ontumu3zanus
. 15-20
IMX MOIIHOCTEH MO BUAAM YHEPrOPECYpPCOB M MpPEI- | CTPYKTYphl F€HEPHU- TOK EDC TOJI cxema 10-15
BapUTENIbHO 10 THIaM DC pyOLIEN MOIIHOCTH
2 YTO4YHEHUE CTPYKTYpbl F€HEPUPYEMOM MOLIHOCTH IO Onrumu3zanus
10-20
tunaMm DC U mapamMerpaM OCHOBHOTO OOOpYIOBaHUS | CTPYKTYpbl F€HEpHU- 99C EDC TO/1 cxema 10-15
(TpeboBaHus K HOBOMY 000pY/I0BaHUIO) pyroiiel MOITHOCTH
3 OOocHOBaHME MapaMETPOB pa3MellleHuss W pa3BuTus | OnTumuzanus pas- 35C EDC, 00C ey 15 - 20
9C Butus OC
4 O6ocHOBaHME pELIEHUI IO BHIOOPY THIIA, ITYHKTOB OnTuMusanus pas- 15 - 20
pa3MeELIEHNs, MOIIHOCTH U CPOKOM IIPOECKTUPOBAHUS 29C 02C TO]] cxema
5C ButTHust OC 10-15
5 O0ocHOBaHME PELICHUI 1O CPOKAM CTPOUTENILCTBA U i 35C 09C cxena 5.10
BBOJy arperatroB JC
6 O0ocHOBaHME NPHUHLMIIOB TMOCTPOCHUS W pa3BUTHA | OnTUMM3aLUA pas- 15 - 20
ANEKTPUYECKUX CceTel (BKJItOYasi TpeOOBaHUS K HOBO- | BHTHUS JJIEKTpUYe- 99C EDC, O2C | TO/ cxema 10-15
My 000pyJIOBaHHIO) CKHUX ceTei
7 Br160p cxem pa3BUTHS 2JIEKTPUUECKUX CeTel OnTtumuszanus pas-
BUTHUS JJIEKTpUYE- - ESC, O9C cxema 5-10
CKHX CeTel
8 OO0ocHOBaHHME pEIICHHH TI0 COCTaBy, MapaMeTpam, i ) ESC, O2C, cxema 5-10
cpokam coopyxenus JIOII u n/ct PCK

a1



16

Hampumep, mpu onTUMU3AIUU CTPYKTYPbl TEHEPUPYIOIIMX MOIIHOCTEN
EOQC, kaxnas nuz O9C paccMaTtpuBaeTcsi B BUJI€ OJIHOTO — JBYX Y3JIOB, COJIeprKa-
IIMX Harpy3kd W 3KBUBaJIEHTHBIE nekTpoctanuuu OOC. Pe3ynpraThl pacuéra on-
TUMaNbHOU cTpYKTYphl EDC (cymMmapHasi MOIIHOCTh 3JEKTPOCTAHIIMMI O y371aM)
UCIIOJB3YIOT B KaUeCTBE Mpejesia MOIIHOCTH AJIEKTPOCTAHIIUNA MPU ONTUMHU3AIUN
kaxgoit O9C. O3C mpeacraBisieTcss B BUJIE HECKOJIBKUX JIECATKOB y3JIOB. Pac-
CMaTPHUBAIOT HECKOJIBbKO BapMaHTOB pasMeleHus anekrpoctaniuii B OOC. Ecnu
noiyuyeHHoe pemierre no OOC noctatoyHo OJU3KO K MEPBOHAYAIBHBIM JKBHBa-
JICHTHBIM TIOKa3aTeNsiM, TO pellieHre corjiacoBaHo. MHaue Heo0X01uMO TOBTOPUTH
pacy€Thl Ha 00OUX UEPAPXUUECKUX YPOBHSIX.

[IpoekTrpoBaHNE SHEPTOCUCTEM BKJIFOUAET BHIMIOJIHEHUE CIEAYIOINX BUIOB
MIPOEKTHBIX padOT:

a) pa3paboTKy oJuH pa3 B JiBa roga cxemsl pazputusi EOC u O9C Poccun Ha
MSATHAIUATUICTHUN TEpUOJ], BBIMOJHEHUE PAOOT MO CXEME pa3BUTHUSL EIUHOU
HalMoHaJbHOU 2JieKkTpuueckor cetu EDC Poccun Ha AECATUIETHIOW NEPCIEKTH-
BY;

0) mepuoIMYecKoe yTOUHEeHHE padoT, YKa3aHHBIX B II. a (TEXHUYECKHM U KO-
HOMUYECKUH MOHUTOPUHT);

B) pa3pabOTKy CXEM pPa3BUTHUSI PErMOHAIBHBIX SHEPrOCUCTEM Ha IMEPCIECKTUBY

5...10 ner;

') pa3pabOTKy SHEPTETHUECKUX U AJICKTPOCETEBBIX Pa3/ejoB B paboTax Mo Mpo-

EKTUPOBAHHIO OTJEITHHBIX OOHEKTOB;

1) pa3pabOTKy CXE€M Pa3BUTHS ICKTPUUECKUX CETEH B OTACIBHBIX IHEPropano-
Hax U CEJIbCKOM MECTHOCTH, KPYITHBIX TOPOJIaX, CXEM BHEIIHETO JJIEKTPOCHaOXKe-
HUS TPOMBINUICHHBIX TPEINPUSTUHH, MePEeKaunBaAIONINX CTaHIMN HedTe-, ra3o- u
MPOJYKTONPOBOJIOB, KaHAJIOB, MEJIMOPATUBHBIX CHCTEM, DJICKTPUPHUIIUPYEMBIX
YYaCTKOB KEJIE3HBIX JIOPOT, a TaKyK€ SHEPreTHUYECKUX PA3ACIIOB CXEM PalOHHBIX
IJIAHUPOBOK U T€HIJIAHOB T'OPOJIOB.

[Ipu pazpaboTke TpeboBaHUN K 00BEMY U COJEPKAHUIO BCEX BUIOB PabOT

0 TIPOSKTHPOBAHUIO IHEPTOCUCTEM pEeKOMeHayeTcs nuddepeHnupoBats Tpedo-
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BaHMS K COCTaBY IPEACTABIIIEMBIX MATEPUAJIOB, OTHOCSIIMXCS K OTACIbHBIM 3Ta-
raM paccMaTpUBaeMOM MEPCHEKTUBBI, M30eras W3JIMIIHEH JAeTaIu3alil PEKOMEH-
Jalii 10 BOIIPOCcaM, KOTOPBIE BBIXOJAT 3a MPEJIEbl MPOSKTHOTO YPOBHS U OyayT
paccMaTpHUBaThCS B TOCIISAYIOMMX paboTaX Ha OCHOBAaHWU YTOUHEHHBIX JIAHHBIX.
OcCHOBOH 11J11 IPOCKTUPOBAHUS PA3BUTHS SHEPIOCUCTEM, KaK MPABUIIO, SIBJIS-

IOTCSI:

- OTYETHBIE TTOKa3aTeIu PAOOTHI YHEPTOCUCTEM U OTJICIbHBIX TIPEATPUITHI;

- TAaHHBIE O CTPOSIIIUXCS IEKTPOCTAHIUAX U IICKTPUUECKUX CETHIX;

- MPOEKThl HAMEYAEMBIX K COOPYKEHUIO 3IEKTPOCTAHLINN U PJIEKTPUUECKUX Ce-

TEH;

- MaTepuajbl, XapaKTepU3YIOIIUE MEPCHEKTUBBI PA3BUTHUS AJICKTPOIHEPTETUKU
CTpaHbl U peruoHa (Harpumep, IHepreTudeckas crparerusi Poccun Ha monrocpou-
HBII TIepuo.n);

- PETUOHAJIBHBIE YHEPTETUUECKUE MPOTPAMMBI;

- MPOEKTHBIE W HAYYHO-UCCIIEIOBATEIBCKUE PA0OTHI MO BOMPOCAM Pa3BUTHUS
AIEKTPOIHEPTETUKH.

Texuomorus npoektupoBanust 99C MoOKeT OBbITh MPECTaBIICHA TTOCISIOBA-
TEJLHOCTBIO CICAYIOIIUX ITAIOB.

1. ®opmupoBaHue (CMHTE3) BO3MOXKHBIX BapuaHTOB pa3Butus IIC, obec-
MEYMBAIOIIUX TMOTpeOUTENeH HEOOXOAMMBIM KOJIHMYECTBOM JHEPTHHU TMPH HOpMa-
TUBHOM KauecTBE. DTOT 3Tal SBJAECTCS HaAn0o0Jiee OTBETCTBEHHBIM ATAllOM MPOEK-
TUPOBAHUS. 3JI€Ch HCTOJB3YIOT O00O0OMIEHHBIE PEKOMEHIAIMU, OCHOBAaHHBIC Ha
aHaJu3€e ONbITa MPOEKTUPOBAHUS U CHEIUATIbHBIX HcclienoBaHuil. OCHOBHBIE pe-
KOMEHIAIMU IO BBIOOPY CTPYKTYpPHI T€HEPUPYIOIIUX MOIIHOCTEH, pa3MEIICHUIO
AIEKTPOCTAHIIUM, TOCTPOCHHUIO CXEM BJIEKTPUUECKUX CETEeM coaepKaTcsl B yKa3a-
HUSIX 1 HOPMATHBaXx MO MPOCKTUPOBAHUIO PA3BUTHUS SHEPTOCUCTEM.

Jlist popMupoBaHUsI BapUAHTOB M MX TMOCIIEIYIONIETO aHATN3a UCIIOIb3YIOT
ONTUMHU3AIMOHHBIE MAaTEMAaTUYECKUE MOJIENIM, aBTOMATU3UPYIOIIUE TPYHA MPOEK-

THUPOBIIHKA.
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2. Texunueckuid anann3 BapuaHTtoB pazsutuss DIC. Ha 3Tom 3Tane npose-
PSAIOT COOTBETCTBUE TEXHUUECKUX XapAKTEPUCTHUK BO3ZMOMXHBIM YCIOBHSIM paOOThI
B 3HEprocucreme. JlJisi 3TOro BBITOIHSAIOT PAaCUEThl PEKUMOB HA paccMaTpUBac-
MYIO TIEPCIIEKTUBY, aHATIM3UPYIOT IPOIMYCKHYIO CIOCOOHOCTh CETEeH U TpeOyemyro
HaZ&KHOCTD dJIEKTpOoCcHAOKeHUs moTpeduteneii. Ha ocHOBaHMM 3THX pacuéToB
OTIPEEIISIIOT TIOKa3aTeIu HEOOXOIMMBIE NI IKOHOMHYECKOTO COMOCTAaBJICHUS Ba-
pUAHTOB (IMOTEPH ANEKTPOIHEPTUH, TOTPEOHOCTH B AIHEPTrOpecypcax, MaTeMaTuye-
CKO€ 0KHUJaHUE HEJIOOTIYCKA JIEKTPOIHEPTHUH U JIP.).

MeTonbl TEXHUYECKOTO aHalu3a Pa3IMuHbl HA CTaJud OOOCHOBAHMS BapHU-
aHTOB Ha JTAJIEKYIO MEPCIEKTUBY U HAa CTAJUU PACCMOTPEHUSI OTOOpPaHHBIX BapUaH-
TOB pa3BUTHs. B mepBoM ciydyae HEOOXOIUMO MOJY4YUTh 0OOCHOBaHUE SKOHOMHU-
YECKHX IOKa3areyied BapuaHTOB. [103TOMy MOKHO HCHOJB30BaTh YNPOILIEHHBIC
METO/bI PACUETa PEKUMOB, HAJIEKHOCTH U T.[I.

Bo 2-oM cinyuae He0OX0AMMO OMpenenuTh U 000CHOBATH TEXHUYECKUE Me-
pOTIpUATUS TIO OOECIICUCHHUIO TPEOYeMOTo KayecTBa M HAIEKHOCTH DJIEKTPOCHAO-
JKEeHUsI. 371eCh He00X0oauMa JIeTajibHasi TPOBEPKA TEXHUUYECKOUW JTOMYCTUMOCTU Ba-
pPUAHTOB.

3. DKOHOMHYECKAs OLECHKAa M COMOCTaBJICHUWE BAapUAHTOB pazButus IIC
BBITIOJTHSETCS] MYTEM pacuéTa KalUTAIOBIOKEHUN, N3ICPKEK TPOU3BOJICTBA, JMC-
KOHTHUPOBAHHBIX 3aTpar. [Ipu 3TOM AOMKHBI OBITH YYTEHBI YCIOBHUS DHEpPreTHYEC-
CKOM U D9KOHOMHUYECKOMN COMOCTABUMOCTH.

4. Ha mocnemneM 3Tarme MoAroTaBIMBAIOT CBOJHBIC MOKA3aTed, HEOOXO0IH-
MbI€ JIJIs TUTAHUPOBAHUS PA3BUTHUS JICKTPOIHEPTETUKU U OPraHU3aAIMU MPOCKTH-
pOBaHMS OT/ACJIBHBIX 00BEKTOB cUCTeMbl. Cpei 3TUX MOKa3aTesiei: CoOCTaB BBO-
TUMBIX dekTpoctannmi, JIDII u m/cT, 00beM KanmuTaaoBIOKECHUH, TOILIMBA, T10-

TpEOHOCTH B 000PYOBAHUH.
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1.4. AsTomMaru3anusi npoektupoBanus 3I3C

VYcnoxkHeHrne CTPYKTYphl TEHEPUPYIOIIUX MOIIHOCTEH, CXEM 3JIEKTPUUECKUX
ceTel 3aTpyIHUIM MMOUCK JIYUIINX BApUAHTOB PA3BUTHUS U aHAJIU3 YCIOBUI pabOTHI
O9C. Pemnts 3TH 3324l MPAKTUYECKH HEBO3MOXKHO 0€3 MPUMEHEHU MaTEMaTH-
yeckux mojeneit u 9BM (puc. 1.6).

Maremarnueckas MOJIENb — 3TO HNPUOIMKEHHOE OTOOPaKEHUE C IMOMOILBIO
YpaBHEHUH, MEPEMEHHBIX U OTPAaHUYECHHUI CBOMCTB (DYHKIIMOHUPOBAHUS U Pa3BU-
TUSL MOJIETIMpyeMOi cuctemMbl. HakoruieH 1octaTouHo O0JIbIION ONBIT TPUMEHEHUS
MareMatudeckux mozaener u IBM s npoektupoBanus 99C.

HaunGonpmuii 3¢ppextT MoxeT ObITh MOJIy4eH MPU CO3/IaHUU €IUHOTO BbI-
YUCJIIMUTEIBHOTO KOMIUIEKCAa ONTUMHU3alny pa3BuTusa DC, BXOIALIErOo KaK COCTaB-
Has 4acTh CHUCTEMbI aBToMatu3upoBaHHOrO npoektupoBanus (CAIIP). B cocras
3TOr0 KOMIUIEKCA JIOJKHBI BXOJUThH CIELHUAIU3UPOBAHHBIE MATEMATHYECKUE MO-
JI€IM U CEPBUCHBIE NPOTPaMMBbI MOJArOTOBKH, BBOJA, BBIBOJA HCIIOIB3YEMOU HH-
dbopmanuu.

CAIIP sueprocuctem (CAIIP 3C) momxkHa 00ecreduTh BBIMOJTHEHUE Clie-
JTYIOLIUX padoT:

- cxeM pazsutusi EQC, O2C;

- IJIAHA PA3BUTHS OTPACIIN;

- DHEPreTUYECKHUX U AJIEKTPOCETEBBIX Pa3/IeNIOB MPOEKTOB KPYIHBIX YHEProOObEK-

TOB;

- CXE€M BHEUIHETO 3JIEKTPOCHAOXKEHUsI 0O0BEKTOB HAPOJHOIO XO34MCTBa, paliOHOB,

y3JI0B;

- MPEUIOKEHUN MO TOJOBBIM M IMATHIETHUM IJIaHAM MPOEKTHPOBAHUSA U CTPOH-
TEJILCTBA JIEKTPOCTAHIIUNA U CETEM;

- opMHUpOBaHUE CBOJIHBIX M CIIPABOYHBIX JAaHHBIX IO pa3BuTHIO DDC U CceTeH.
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Biok Moaenei
Pa3BHTHS IKOHOMHKH

duuamuyec-
Kast MOZeIIb

CBozHas Moneinb
«9KOHOMMKA — IHEPIreTHKa»

Mozens

<€
MexoTpacie-

GromxeTa

BOH CBA3HU
/’
Brok 3mepronorpebaenus
Tloamonenu

Baza naHHbIX Mozens sHepro- 3HEpro-

O SHEpro- TOTpeBIIeHUS e TOTPEOICHNISA
cOepexeHuIo / CTpaHBI PErMOHOB

AT
i e

Mozens Mozens 6anaHcos / Meiei

6anaHcoB AEITY
KOTEJIbHO-TI€YHO- sHepreTryeckux WA

MOTODHEIX o TOILIMBA L

it PBIHKOB ¥ LEH

Buok ontumuzanuu TOK / T
®unancossii 610k TOK
;// r /N
Mozenu MHBECTUIM- Cuctema Moneneit Mognenu
OHHBIX IIPOEKTOB B JJICKTPOSHEPICTUKH e 610/KeTOB /
TOIUIMBHBIX OTPAC/ISAX M TeTUIOCHAGXeHUs oTpacneit TOK

X

= //

Bnok Moneseil HayIHO-TEXHHYECKOrO mporpecca
B oTpaciax TOK

Puc. 1.6. CtpykTypa MareMaTuuecKux MOJIEIeH B DHEPTreTHKE

ITepBas ouepenp CAIIP OC co3nana B BUE 2-X TOACUCTEM:

1) nmoacuctema sHeprerudeckux 3aaad (CAIIP 3C), obecnieunBarornieii aB-

TOMAaTHU3alluIo paC‘-IéTOB A1 TCXHHUKO-3KOHOMHUYCCKOI'O

BUTHUA 3JI€KTpOCT3HHPIﬁ, IMOATrOTOBKHU CBOAHBIX W CITPABOYHBIX JAHHBIX O PA3BUTHUU

AJEKTPOCTAHLINM U CETEM.

OCHOBHBIE 3aJ1aUH;

daHalin3a BapUAHTOB pa3-

- MPOTHO3UPOBAHUE YPOBHEH U PEKUMOB JICKTPONOTPEOICHUS |

- cocTaBJieHue 0aaHCOB MOIIHOCTHU U SHCPTIUH,

- pacy€Thl PEKUMOB JIEKTPOCTAHIINI B XapaKTEPHBIX CYTKaX;
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- pacy€Thl MOTPEOHOCTH B TOILIUBE;

- omnpejesieHre 0alaHCOB aKTUBHOM M PEaKTUBHOM MOIIHOCTEHN B y3/1ax ce-
TH.

2) noacucrema snektpudeckux 3anad (CAIIP OT), obecnieunBaroiias aBTo-
MaTH3AINI0 pacd€Ta IEKTPHUUECKUX PEKUMOB, BBITIOJHIEMBIX TTPH 000CHOBAHWN
pelIeHuil o pa3BUTHIO AJIEKTPOCETEN U CPe/ICTB yrpaBieHus pexumamu IIC.

OcHOBHBIE 337a4H:

- popMHUpPOBaHUE CXEM 3aMEIICHUS U UX SKBUBAJICHTUPOBAHUE;

- pacu€Thl yCTAaHOBUBIIHXCS PEKUMOB;

- ONITUMU3ALMS PEKUMOB;

- pacuérsl TK3;

- pacu€Thl IEPEHAIPSKEHUM.

OcHoBy un(popmarmonnoro odecreuenuss CAIIP 3C cocraBnstor 2 O0aHka
JTAHHBIX:

- 110 BJIEKTPOCTAHLIMM;

- 110 DJIEKTPOCETSM.

bank Bkitouaer B ce0s CIIOBapH M TEXHOJOTHUECKYIO HH(POPMAITHIO.

CrnoBapu — HaMMEHOBaHUE O0BEKTA, MPUHAIEKHOCTD, UL [Ipu KoaU-
pPOBaHUM OOBEKTOB UCIIOJIB3YETCS OTPaACIEBOM KilacCU(pUKATOP.

TexHonornyeckas MHPOpPMaIIU: OCHOBHBIE TTOKA3aTENN BCEX AIIEKTPOCTAH-
IIUH C BBIJICICHUEM KaXKJI0TO arperara MomHocthio 6 MBT u Gosee.

bank snektpocTaniuii conepxxutr uHdopmarmio 3a otTuétHeie 10 meT u Ha
nepcreKkTuBy 15 rer.

baHk Mo 35eKTpoceTsIM BKIIIOYAET CIOBApU U CIIPABOYHUKHU Y3JI0B CETH, OC-
HOBHOTO 00OpymoBaHus mojcTaHiuii. TexHomorudeckas uHGOpMAIHUS COACPIKUT
ocHoBHBIE AaHHbIe 110 JIDII 220 kB u Boiie, Tpanchopmaropam, KV, BeikirouaTe-
JsIM, a Tak’K€ OCHOBHBIE PEKHMMHbBIE MapamMeTphl Y3JI0B U BETBEH CETH. XPaHUTCS
otuéTHas nHOOPMAITUS U TIEPCTICKTUBHAS.

[Iporpammuoe obOecneuenue Brioyaer CYP3, CVYBJl, cucremHo-

TEXHOJOTHYECKHUE MTPOrPaMMbl, BBOI-BBIBOJI, IPAPHUKY.
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CYP3 ymnpaBiseT nociaeaoBaTEIbHOCTBIO PEXUMHBIX 3a7a4, NaMsThIO, TEP-
MUHaJaMHu.
CHUCTEMHO-TEXHOJIOTHYECKHE MPOTPpaMMbl 00€CTIEUMBAIOT BBIOOPKY M arpe-

T'MpOBAaHUC I/ICXO,Z[HOﬁ I/IH(I)OpMaHI/II/I JJIA pa6OTBI TCXHOJIOTHYCCKHUX IIPOIrpaMM.

2. IPOTHO3UPOBAHHUE DJIEKTPOIIOTPEBJIEHUSA U
HAT'PY3O0K 29C

2.1. O01mast XapaKTepHMCTHKA METOA0B IIPOrHO3MPOBAHUS

IIpoexTupoBanue pa3zputuss DIC HaUMHAECTCS C MPOTHO3UPOBAHMS HArpys-
ku. [ 3 (PeKTUBHOrO MPOEKTUPOBAHUS BAKHO MPEACKA3aTh HE TOJBKO Oymy-
IIYI0 MOIIHOCTb Harpy3kH, HO U BbIpA0OTKY 3JeKTpodHepruu. IIporuo3 Harpysku
UCIIOJIB3YETCSl TIPU ONPENESIEHUH MOIIHOCTA BHOBb BBOAMMBIX arperaToB, IJIaHU-
POBaHUU PA3BUTHUS CUCTEMOOOPA3YIOIIUX M paclpeneNuTeIbHbIX CeTeH, ornpee-

JICHUH 001Iel MOTPeOHOCTH B dHEpropecypcax.

To4HOCTH TIPOTHO3a CYIIECTBEHHA [JIsi JIFOOOM HHEPrOCUCTEMBI, TaK Kak
ATON TOYHOCTHIO BO MHOTOM OIIPENAENSIOTCS CPOKH BBOJA HOBOIO 00OpYAOBaHUS.
3aHMKEHHBIA MPOTHO3 BEIET K OTPaHUUYEHUIO MOTpeduTenel u ymepOy B CMex-
HBIX OTpAacisAX XO034icTBa. 3aBBIIEHHBIM MPOTHO3 TAKXKE BEIET K ylIepOy 3a CUéT
OMEPTBJICHUS KallMTAJIOBJIOKEHUI B HE MOJHOCTHIO HCIOJIb3yeMOM 000pya0Ba-
HuK. KauecTBO Mporuo3a 3aBUCUT OT KBaIU(UKAIIMU U ONbITa CIIELMAIMCTOB, CO-
CTaBJISIOLIUX MPOrHO3, TOCKOJIbKY HEJIb3s MOJIaraThCs TOJIbKO HA MaTeMAaTUYECKHE
METO/1bl TPOTHO3UPOBAHMUS.

[Ipy moAroToBKE MPOrHO3a BO3ZHUKAKOT CJIEAYIOIINE BOIPOCHI:

1. Kak ciemyet nporHo3upoBaTh MAKCUMYM Harpy3ku?

e Ha ocHOBe IPOrHO3a YPHEPTUU U UCIOJIB30BAHUU |5 ;

e (CaMOCTOSATENHHO MO OTYETHBIM JaHHBIM;

2. Kak cocTaBUTh MPOTHO3 CyMMapHOW HArpy3Ku?
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e [lo COBOKYMHOCTH MPOTHO30B €€ COCTABISIONINX;
e HenocpencrBeHHo 6a3upoBaTh MPOrHO3 HA PETPOCHEKTUBHBIX JIAHHBIX O
CyMMAapHOH Harpys3ke;
3. Kakwue morogHbie yCIOBHS YIYUTHIBATH?
e Cpennue;
e DKCTpeMaJbHBIE.
4. KaKue METOJIbl HY>KHO HCIIOJI30BaTh MPU MPOTHO3UPOBAHUU ?

e [Ipoctrie;

e bosee cTtporue MaTeMaTu4eCKue.

OTBeTHI Ha 3TH BONPOCHI COCTABIISIIOT CTPATETHIO MPOrHo3upoBanus. Crpa-
TETUIO OINPEAENSAETCA NMPEANOJIAracMbIM HCIIOJIB30BAaHUEM PE3YJIbTaTa IPOTHO3A.
JI1si maHupOBaHUS PA3BUTHUSI T€HEPUPYIOINIECH MOIIHOCTH HEOOJbIIas pa3HUIIA B
TEMIIax POCTa HArpy3Ku B OTHEJIBHBIX pallOHax HecyliecTBeHHa. Ho 3Tu xe naH-
HbIE MOTYT OKa3aTh CYIIECTBEHHOE BJIUSIHUE HAa BHIOOP MECTOIMOJIOKEHUS OTJIEIb-
HOU 3JIEKTPOCTAHLIUH.

[Tporao3 MOTHOCTH MOMXKHO OCYIIECTBIIATh ABYMS MyTAMHU. MOXHO NPOTHO-
3UpOBATh MOTPEOJICHUE AIEKTPOIHEPTUU (YTO CUUTACTCA MEHEE TPYAOEMKUM) U

IOJIyYUTh 10 3TUM JAHHBIM, B3B ., IPOrHO3 MaKCHUMAaJIbHOM Harpy3ku. K co-
KaJICHUIO, OLIEHKA OXHMJIaeMOT0 3HaUY€HUs [, TpyJHa cama 1o cebe u3-3a OTCyT-

CTBUSI YETKUX 3aKOHOMEPHOCTEN €€ M3MEHEHHUs. BTopas BO3MOXKHOCTb — NPSAMOU
MPOTHO3 MaKCHMyMa Harpy3kH, XOTs 3aKOHOMEPHOCTH POCTa MAaKCUMYMOB TOXE
TPYIHO BBISIBUTH. [IpenMyniecTBa nepBoro noaxoAa B TOM, YTO TEHIEHLUU pPOCTa
NOTPEOICHUS IEKTPOIHEPTUH OOJIEe NI MEHEee CTa0UIIbHBI, TECHO CBSI3aHBI C Jie-
MorpadUuecCKUMHU U IKOHOMHYEeCKUMU ¢akTopamu. [loTpedieHue MOKHO CUUTATh
[0 TUIIAM Harpy3oK, Mo paioHaM # T.O. [IpemmyiiectBa BTOpOro mnoaxona — B
PSIMO CBA3U MPOTHO3UPYEMOW BEIMUMHBI C TAKUM TMOKa3aTeeM KIMMaTUYECKUX
ycloBUH Kak Temneparypa. O6a moaxoa NpUMEHSIOTCS B JHEPrOCUCTEMAX C paB-

HBIM YCIIEXOM (CpeAHsis ommroKa okoio 5 %).
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Crnenyroomuii BOIPOC COCTOUT B TOM, KaK COCTABJISITH MPOTHO3 CyMMapHOM
Harpy3Ku — U3 MPOTHO30B €€ COCTABJISIONIMX WM 10 PETPOCIIEKTUBHBIM JIaHHBIM O
CyMMapHOW Harpyske. [IporHo3bl COCTaBIAIOMMX OOBIYHO OTHOCSTCS K OTIEb-
HBIM TpynnaMm HoTpeOuTeNel, OTAeNbHbIM paiioHaM U T.4. [IpenmMyniecTBa mpo-
THO3UPOBAHMS MO COCTABIIAIONIUM 3aKIIOYAIOTCS B BOBMOXKHOCTU OIIEHKH TEHJICH-
Ui u3MeHeHus (B TOM 4YHUCle W HEOOBIYHBIX) MOTPEOJEHUS KaKIOW TPYIIIIbI
HArpy30K, 4TO YMEHbIIIAeT BEPOSITHOCTh OLIMOKHA IIPOTrHO3a CYMMApHOM Harpy3Ku.
[IpenmytiecTBa MPOrHO3UPOBAHUS CYMMAPHOW HArpy3Kd COCTOSIT B OTHOCHTEJIb-
HOH MPOCTOTE MPOTHO3a, TAK KaK B HEW CUJIbHEE MPOCIEKUBAIOTCS TEHICHIIMHU PO-
CTa MOTpeOJIeHUs, a KpUBasi pocTta JOCTaTOYHO riaakas. Oba moaxojaa MpuUMeEHs-
IOTCSI C PaBHBIM yCIIEXOM B pa3nnyHbiXx J9C.

B KOHKpETHBIX YCIOBUSIX KaKOH-THOO OTIETBHBIN METOJl MOXKET OKa3aThCs
npeanoututensbHee. [lepen BBIOOPOM KOHKPETHOTO METO/a BaXKHO MOHATH (PU3UKY
MpoIlecca M3MEHEHHUS Harpy3ku. EcClM peTpOCHEeKTHMBHBIE aHHBIE W 3]IPaBbIA
CMBICJI MOJICKa3bIBAIOT BO3MOKHOCTh IKCTPAIOISALINUA, TO €€ U HaJ0 MPUMEHSITh.
N3-3a paznuuus 39C Hemnb3st JaTh KOHKPETHBIX PEKOMEHAIMNA 0 BRIOOPY METO1a
MPOTHO3WpOBaHUs. BeiOOp HawTydiero Meroga MOXET ObITh ClellaH TOJBKO Ha
OCHOBE THIATEILHOTO aHAJIM3a PA3ITUYHBIX METOJIOB.

MeToabl MPOTrHO3UPOBAHUS MOXKHO Pa3leiUuTh Ha 3 OOJIBIIME TPYMIIBL: KC-
TPaIoISIIUOHHBIE, KOPPEJSIIUOHHBIE U cMelIaHHble. KpoMe Toro, mx MoO>HO pas-

JIEUTh Ha IETEPMUHUPOBAHHbBIE, BEPOSITHOCTHBIE (CTOXACTHUECKHE).

DKCTpanoisIus. DKCTPANOJISIIMOHHBIE METOJIBI CBS3aHBI C TOJ00POM ar-
MPOKCUMHUPYIOIIUX 3aBUCUMOCTEN ISl PETPOCHEKTUBHBIX HAHHBIX, OTPAKAIOIINX
TEHJECHIMIO U3BMEHEHUS Harpy3Kku (dJekTponorpedienus ). Mimes 3Ty 3aBUCUMOCTD
MOKHO JKCTPAIOJINpOBaTh €€ Ha jKeJlaeMblii UHTEpBall BpeMeHu B OyaymeM. Ta-
KO MeTo/ OyJieM Ha3bIBaTh ACTEPMUHUPOBAHHOM DKCTPATOIAIMEH, TOCKOJIBKY HE
YUUTHIBAIOTCS CIyYaifHbIEe ONTUOKN B UCXOJHBIX JAHHBIX M MOTPEITHOCTH MOJIEIIH.
Jlnst anmpokcuManuy TPEHJa MOIMHOCTH M DJEKTPOTOTPEOJICHUS] HCIIOIB3YIOT

cneayromue GyHKIuU (MOICIN):
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[Tpsimas y=a+bx;

[Tapaboma y=a+bx+ cx?

S-o0pasHas y=a+bx+ ox? +dx3;

OKCIIOHEHTA Y = ce®™.
HauGonee wacro anmpokcuMmarys, T.e. moadop ko3ddumuentos a,b,c,d

KpHBOﬁ 3aJIaHHOTI'O BH/Ja, ITPOU3BOANTCA MCTOJJOM HAMMCHBIINX KBAJAPAaTOB.

KODDGHHHHH. KOppGHHI_[I/IOHHI)IC MCTOABI IIPOTHO3a CBA3BIBAIOT HAI'PY3KY H

3NIEKTponoTpedieHne ¢ pa3inyHbiMU (pakTopamu. [IpenmMyiecTBa 3Toro moaxonaa
B TOM, YTO WH)KCHEP HAUYMHAET YETKO MPEACTABIATH B3aMMOCBSI3b MEXIY POCTOM
Harpy3kd M DOJEKTPONOTPEOJIEHUS U JIPYTMMH HM3MEpSIeMbIMU BEJIMYMHAMU.
Haubonee oueBUIHBIM HEOCTATKOM METOJA SIBISIETCS HEOOXOAUMOCTH MpecKa-
3bIBaTh HSKOHOMMYECKHE U JieMorpapuueckue (akTopbl, YTO MOXKET OKa3aTbCs
TpyAHEe, YeM MPOTHO3UPOBATH HATPY3KY M AIEKTPONOTpeOICHHE.

B mo60M citydae MeTo/pl TPOrHO3UPOBAHMS CIIENYET UCIIOIb30BaTh JIUILb B
NOMOIIb MHXKEHEPY; HUUYEM HeJb3s IIOJTHOCTHIO 3aMEHHUTD OMBIT U 3/1PaBblil CMBICIL.

Jlist monbopa Ko3pPUIUMEHTOB MOJENEl UCIIONb3YIOT PErPECCUOHHBIN aHa-

mu3. Ilycts umerotes HaboaeHus Iporso3upyemMoro nokasarens Y1,Ys,...,Yy,, 3a-

JaHHBIC 3HAYCHUAMH yl’ y2 yerey ym , CBA3aHHBIC YCIIOBUCM:

n
M [Yi]:a0+ZXijaj, GZ[Yi]:Gz,
j=1

rie M [Yi ], o’ [Yi] — MAaTeMaTHUYECKOE OKUJAHUE U AUCHEPCHS CIIy4alHOM BEU-
49UHbI Yi;

Xij — U3BCCTHBIC 3HAYCHUS IMApaMETPOB,

8j — HeU3BCCTHBIC KOID(HUIMCHTBL.
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]_IJ'ISI Clay4das ITPOrHO3UpPOBAHUA BPpCMCHHBIX 3aBUCHUMOCTEHU Yi — H&6J’HOI[€HI/I$I

IMPOTrHO3UPYCMOT'0 ITOKA3aTCJIsI, COOTBCTCTBYIOIIMC MOMCHTAM BPCMCHH tl,tz,...,tm

PerpeccuoHHbIi aHANKM3 TO3BOJISIET HAMIIYYIIUM 00pa3oM Mmoao0paTh K03 ¢-

(ULMEHTHI 8g,3dy,...,8,, HA OCHOBE UMEIOIIENCS BBIOOPKH Yq,Y2,..., Yy -
Y=XA+E,

rae Y — BekTop HaOmoneHuit Yq,Ys,..., Y

A — BEKTOp UCKOMBIX KOAQOULMEHTOB &g, ay,...,8n;

E - BekTop OTKJIOHEHMI HAOMIOAEHUN OT CBOMX MAaTEMaTHYECKHX OXKH-
TaHUM g =Yi— M [YI]'

X - mnaH-MaTpuna, cocrosimas u3 Xjj. OHa COIEpPKUT M CTPOK 10 YHCITY
Habmronenuii u (N+1) cronbew mo yucity pakropos.

OnTUMalIbHBIM 3HAYEHUSAM 8g,8y,...,8,, COOTBETCTBYET MUHUMYM (DYHKIIUU
i t
D=>"e? =(Y-XA) (Y-XA).
i=1

DTO BBIpOXXEHHME HA3bIBAIOT KPUTEpUEM HAMMEHBIIMX KBaapaToB. udde-

peHIMpysi o A u npupaBHUBAs K HYJI10 V@, OIyduM

(XtX)A:XtY,

oTKyJna Haaem A.
JluHelHbIE ypaBHEHMS, IMO3BOJISIIOIIME HAUTH MCKOMBIE 3HAYEHHUS KOMIIO-
HEHT BeKTopa A, Ha3bIBAIOTCS CUCTEMAa HOPMAJIbHBIX YpaBHEHUH.

B npocreifmem cirydae Y =ag +ayt.
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]_IJ'ISI OOCHKHN TOYHOCTH BBIYHCIIAIOT KAXKYIIYIOCA IMOTPCIIHOCTH MOICIIUPO-

BaHUA 82
2
) m n
=3 | i-a0- X xja;
i=1 j=1

Baxneiinme TpeOoBaHus K TUTaH-MaTpuiie X — JIMHEHHas: HE3aBUCUMOCTD €€

CTOJIOIIOB M XOpoIiasi 00yCIOBIEHHOCTh MaTpuilbl M = XX.

[IpoBepka CTaTUCTUYCCKOM COCTOSTECILHOCTH NOCTPOCHHOM PErpeCCUMOHHOMN

MOACIIN.

Haunboinee npocToil kputepuili — «HyJseBas runoresay. OHa onpoBepraeT ru-
IIOTE3Y, MOJIOKEHHYI0 B OCHOBY MOJEIUPOBAHMS, T.€. MPEAIOJIAraeT, 4To IMOCTPo-
€HHasi MOJICJIb HE YJIABJIMBAET 3aKOHOMEPHOCTH W3MEHEHUS CIyYalHBIX BEJIMYHUH.

J171st IpOBEPKU BHIYUCIISIFOT

m 2
Z(Yi—V) . L
_i=l — -
FH_I m 'm_ 1 y—azyl

HaiinenHoe yuciao mpeacTaBiisieT coOOW 3HAUECHHE CIy4YailHOW BEJIMYUHBI,
KOTOpast P CIIPaBEUTMBOCTH «HYJICBOU TUIIOTE3bI» pacipenesieHbl Mo 3akoHy F -
pacnpeneneHus ¢ (m—l) CTENEHBIO CBOOOBI YHCIUTENS U (m—n) CTEIEHIMU
cB0GO/IBI 3HaMeHaTens. 3axaBasch BepostHocTbio B=0,95(B=0,99), MoxHO 110
Ta0NIMLaM HaWTU BEpXHIOKW rpanuny Fs,. Ecim Ky > F5,, To «HyneBas rumo-

Te3a» HE BepHAa U MOJIeTIb BEIOpaHa MPaBUIILHO.
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2.2. XapaKTepUCTHKHM METOA0B MPOTrHO3a HATPY30K

Pazsutne 39C nomkHO 00eCmeunTh MOKPHITHE HArPy3KH MOTpeOHuTenei c
y4€TOM HEPAaBHOMEPHOCTU €€ MOTpeOJeHUsI B CYTOYHOM, HEAEIbHOM M T'OJI0BOM
pa3peszax. Pexxumbl moTpeliaeHns XxapakTepu3yroTcs rpadukamu Harpy3ok. Pazmu-
4aroT OTYETHBIEC TpadUKH U nepcrekTuBHbIe. [lepcnexkTuBHbIe rpaduKy MOIyYaroT
pacu€THbiM myTéM. Cratnueckue rpadukud OTOOpaKalOT U3MEHEHUE Harpy3Kd B
TE€YEHHE T0Jla TIPHU MOCTOSHHOM COCTaBe moTpedureneil. Jnnamuueckue rpaduku
YUUTBIBAIOT POCT Harpy3KH U3-3a BBOJIA HOBBIX MOTPEOUTENEH.

[lepcniekTuBHBIE TPAPUKA HEOOXOAUMBI IS

o cocTaBlieHHs OanaHca MOIIHOCTH M OINpeAeNieHHs HeoOXO0IUMOi

MOIDIHOCTH NCTOYHHKOB,

o BBISIBJICHUSI PEKUMOB PA0OTHI PA3JIMUHBIX TUIIOB JIEKTPOCTAHIIUA;
o pa3pabOTKU PEKOMEH 1Al IO PEeTYJIMPOBAHUIO TPa(UKOB;

o oLleHKHU 3P (HeKTUBHOCTH 00beArHEeHUsT DIC;

. OTIpEeICIICHHS YCIIOBHI paOOThI JICMEHTOB CETEH.

JIJis 3TOro UCHOJB3YIOTCS CYTOUHbIE IPapUKH 3UMHETO U JIETHETO pabounux
nHel (puc. 2.1) ¥ rogoBoi rpaduk MeCIYHbIX MAKCUMYMOB.

['padyiky HArpy3KM XapaKTEPU3YIOTCS CICTYIONTMMU TTOKA3aTEIISIMHU:

o CpeIHeCyTOUHas Harpy3Ka
W,
Pep =—2n;
24
o K02 PUITMEHT HEPAaBHOMEPHOCTH HATPY3KU
Pmin
Oloyp = ——— (0,616 — 0,864);
> Prmax
o MJIOTHOCTH Tpaduka Harpy3ku (K03 GUIIMEHT 3aroTHeHUS Tpa-
¢duka)
Pep
Beyr = (0,827 — 0,936).

Pm ax
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Puc. 2.1. Cyrounslii rpaduk Harpy3ku

AHaJIOTUYHBIC TIOKA3aTEIN UCTOJB3YIOTCS IS HEACIbHBIX U TOJIOBBIX I'pa-
¢ukoB. [lmoTHOCTH TOMOBOrO rpaduka XapakTEepPU3yeTCs MPOAOIIKHUTEIBHOCTHIO

WCIIOJIb30BaHUsI MAKCUMaIbHON Harpy3Ku

W,
Thax = % =8760-Broy-

max

CymiecTByeT HECKOIBKO CIOCOOOB MOCTPOSHHUS MEPCIEKTUBHBIX IPaduKoB.
Jns 6nvkaiiedl mepcreKTUBbl UCTIONB3YIOT METOJ| aHAJIOTUH, MO0 KOTOpOMY 3a
OCHOBY NMPUHUMAETCS OTYETHBIN Ipapuk ¢ HEKOTOPHIMU yTOUHEHHUsIMU. J{71s1 6omee
JaNEKON MEePCIEKTUBBI IJIs HOBBIX OBICTPO Pa3BUBAIOIIMXCS CHCTEM — CYMMHPO-
BaHWE THUIIOBBIX OTpacieBbIX TpaduKoB. s mocTpoeHus] MpUOIMKEHHBIX Tpadu-
KOB UCHOJb3yeTCs] METOA 000OIIEHHBIX XapaKTEPUCTUK, TIOTYyUYEHHBIX MMyTEM aHa-

nu3a 00JBIIOT0 Yucia pacuéToB Ha OBM. DTOT MeTO/1 COCTOUT B CIIEAYIOIIEM:
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1. noTpeOeHUe BJIEKTPOIHEPIUHN TPYIIUPYETCs MO oTpacisim (Impo-

MBIIIEHHOCTh, TPAHCIIOPT);

2. JUISL KQXKJIOM OTPACi ONPEAECIIACTCS pacu€THasl Harpy3Ka
P __vaTp
oTp — T J
oTp
rae Ty, — CTaTHYeCKas 0TPAcieBas MPOJOIDKUTEIBHOCTD HCIIOIb30BAHMS MAKCH-

MyMma.
3. BBIYHCISIOT CpeIHEB3BEIICHHOE YHUCIO YacOB MCIOJIb30BaHUS CPEAHETO 3a

3UMHHUI MECSI] MaKCUMyMa MPOMBIIUIEHHON U TPAHCIIOPTHOM HArpy30K

B Wip +Wop
P Py +Py

5. Onpenensercs OTHOIIEHUE KOMMYHAIIbHO-OBITOBOTO AJIEKTPOMOTPEOICHUS K

0011IeMy MOJIE3HOMY OTITYCKY AJIEKTpodHeprun B DIC

Olr = WK6 .
KO Wiy + Wi + W
p o) KO
6. 10 rpapuKaM OMNPEACISIOT B 3aBUCHMOCTH OT T¢p M Ol YHCIIO YacOB

MCIIOJIb30BaHUsI MAaKCUMaJIbHOM HAarpy3Kh CHUCTEMBI T, I'paduixku mocTpoeHsl

CHUCT *
JUTSL Pa3JIMYHBIX PalOHOB CTpaHbl (puc.2.2).

1. OnpenenstoT 3MMHUA MAaKCUMYM

W

_ "Yrox
Pax = T ’

CHUCT



32

rae Wiy, — obmas nmoTpeOHOCTL B JIEKTPOSHEPTHH C YYETOM pacxozia Ha co0-

CTBCHHBIC HYXXIbI U IIOTCPU.
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Puc. 2.2. 3aBucumocTth NpoAOHKUTEILHOCTH UCIOIb30BaHUSI MAKCUMAIIBHON Harpy3Ku

OT yJeNIHOTO Beca KOMMYHAaJIbHO-OBITOBOTO MOTPEOICHNUSI.

8. B 3aBucumoctu ot T,., ¥ paiioHa (puc.2.3) ompenensroT nokasare-

T, XapakTepusyromue Koudurypamuio rpaduos Beyr Beyr +Brog: e — KO-

3 PUITMEHT JIETHET0 CHUXKEHUS Harpy3KU MO OTHOIIEHUIO K 3MMHEMY MaKCUMYyMYy.
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Puc. 2.3. XapakrepucTuku rpagkoB Harpy3Ku
a — KpaliHuii 1oT; 0 — IOT; B — IIGHTP; T - CEBEP
9. OnpenensitoT MakKCUMaJIbHYI0 HArpy3Ky KaxJI0ro Mecsiia ¢ y4éTom

kKodddumeHTa pocra
2a a(k'-1)
m= +
k'+1 6(k'+1)
3UMH + PJ'IGTH

max max
2

3UMH _ pJICTH
b — - max max

m+ bcos(30m —150)

rae kp — K03 (DUIMEHT T0TI0BOTO POCTA HATPY3KH.

10. CrposT rpadux mMecsuHbIX MakcuMyMmoB. Harpyska Hadanma KaXaoro

Mecslla paBHA Harpy3Ke KOHIA IPeIbIIYIIEro Mecsla.

11.  Crposr cyTounble rpauku B 3aBUCUMOCTH OT Byy ,Beyr -
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R =ABc:+Bj, 1=01..,23,

rae A, Bj — koaddunueHTsl, onpeaensemMsle 0 TaOIUIAM B 3aBUCUMOCTHU OT pe-

I'iOHa.

2.3. HopmaTuBHBIE€ METOABI PACYETA JIEKTPONOTPeOIeHHS

DTOT METOJ OCHOBAH Ha MCIOJb30BAaHUU YIEIBHBIX HOPM Pacxo/a 3JeK-
TPORHEPTUHM HA MPOU3BOJACTBO PA3IUYHBIX BUJIOB MPOMBIIUIEHHON HPOIYKLIHHU H
OOOOIIEHHBIX MOKA3aTeNIAX pacxo/ia 3JIEKTPOIHEPTUU B CEIBCKOM XO3SIICTBE,
TpaHCIIOPTE, KOMMYHAJIbHO-OBITOBOM CEKTOPE.

s moboro roga t

W, = ZYitHit +Wext +Wipt + Wit +Weut + AW,

TIe Yjt — HOPMBI DIIEKTPONOTPEOICHNSI HAa MPOU3BOACTBO MPOMBIIUICHHON MPO-
OYKIWW BUaa | Broay t;
Iy — mporHO3UpYEeMBbIl 00BEM POU3BOJICTBA MTPOAYKIIMH BUia | B rofay t;

W,

ext» Wipt, Wit — HPOTHO3 IOTPEOHOCTH B SICKTPOIHEPTHH B CEIBCKOM XO3sii-

CTBC, TPAHCIIOPTC, KOMMYHELHBHO'6BITOBOM CCKTOpC,

W,

ent» AW — pacxon 3JIEKTPO’HEPTUU Ha COOCTBEHHBIE HY Kbl DJIEKTPOCTAHLUN U
MOTEPH B CETSIX.

Hopwmpbl snextponoTpebieHuss B TeueHHE BpeMEHU MEHSIOTCs (puc. 2.4).
OHu (GopMHUPYIOTCS O] BIUSHUEM 2-X TPYII MPOTHUBOIOI0XHO JEUCTBYIOIIUX
(haxkTOpOB.

e 1-a rpynna — pakTOpHI, CHIXKAIOLINE PACXO/ AJIEKTPOIHEPTUU: YBEITUUCHHE

€. MOIMHOCTH, K.II.A., YIYUYIICHHUC NCIIOJIb30BaHUA O60py,Z[OBaHI/I}I.
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e 2-g rpynmna — (akTopbl, MOBBIIIAIOIINE PACXO]] JIECKTPOIHEPIUU: MOBBIIIIE-
HUE YPOBHS AJEKTPUPHUKALNY, YXYIIICHHE Ka4eCTBa ChIPbs, BBITYCK Oojee

ANEKTPOEMKHUX BUJIOB IPOIAYKIIHH.

Puc. 2.4. I3MeHeHne HOPM 3JIEKTPONOTPeOICHHS
a — MeTaJTyprusi; 0 — XuMH4YEecKast MPOMBIIIJIEHHOCTb;
B — TOIIJIMBHAS IPOMBIIIICHHOCTD; T’ — CTpOMMAaTepHaIbl

HopMmupoBaHue yJaenbHbIX pacXoJ0B 3JIEKTPOIHEPTHHU B CEIbCKOM XO3sil-
CTBE, TPAHCIOPTE W KOMMYHaJIbHO-OBITOBOM CEKTOpE OCyIecTBisieTcs audde-
PEHIIMPOBAHHO IO OTIC/IbHBIM TPOM3BOJACTBEHHBIM Tporeccam (puc.2.5 — 2.7).
Takue maHHBIE MCHOJIB3YIOTCS [JI OMpPEAEIICHUs PACUETHBIX HAarpy30K IMOJCTaH-
1ui 1 y3510B. OJTHAKO ATH HOPMBI HE MOTYT OBITh UCIIOJIL30BaHBI JIJIsl ONIPEACICHUS
CYMMAapHOTO 3JIEKTPONIOTPEOICHUS 110 ATUM OTpacisiM. B kaxmol oTpaciu KOJu-
YECTBEHHBIE MOKA3aTeNn OTACNIbHBIX BUJOB MPOU3BOACTBEHHBIX MPOIIECCOB BECH-

Ma HEYCTONYMBBI.
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Puc. 2.7. JlnnamMuka u3MEHEHHUs yACITbHBIX HOPM DJIEKTPOTIOTPEOICHHSI B KOMMYHAIIBHO-
OBITOBOM CEKTOpE

OnpeneneHre 2JIEKTPONOTPEOICHUS B 3THX OTPACIAX OCHOBAHO TJIABHBIM
o0pa3oM Ha aHalM3e TUHAMUKH TEMIIOB POCTa OTPACIEBOTO 3JIEKTPOTIOTPEOICHUS
BO B3aMIMOCBSI3U C HanboJjee OOMMMH MMOKa3aTeIsIMA pa3BUTHS OoTpaciiei. Hampu-
Mep, Ha TPAHCTIOPTE — MPOTKEHHOCTD HKEJIE3HBIX JOPOT JIJISl AJEKTPOTATH; B CEJIb-
CKOM XO3SHCTBE — DJIEKTPOBOOPYKEHHOCTh HA OJTHOTO Pa0OTAOIIETO, MaCIITaObI
OpOIIICHHUSI, YPOBEHb MEXAHHM3AIMU; B KOMMYHAJIbHO-OBITOBOM CEKTOPE — rOJ0BOE
AJIEKTPOIOTPEOICHHE Ha YeOoBEKa, 00ECIEYEHHOCTh JJIEKTPOOBITOBBIMU TMPUOO-
paMu ¥ T.I.

CymMa »7eKTponoTpeOsieHUsT B MPOMBIIIUICHHOCTH, CEIHCKOM XO3SHCTBE,
TpaHCIIOPTE, KOMMYHAJIBHO-OBITOBOM CEKTOPE (OPMHUPYET IOJIE3HOE SIIECKTPOTIO-
Tpednenue. [Ipu onpenenenun oOel MOTPEOHOCTU B DJICKTPOIHEPTUU JTOTIOJTHH-
TEJIHHO YYUTHIBAIOT PACXOJbl HA COOCTBEHHBIE HYX bl AJEKTPOCTAHIIUNA U TIOTEPU
B ceTsax. Pacxon Ha cOOCTBEHHBIC HYXKIIBI ONPEACIISAIOT 0 HOPMAaTUBaM B 3aBHUCH-
MOCTH OT CTPYKTYPBI YCTAaHOBJICHHON MOIIHOCTH, BU/a TOTLIMBA.

c.H. KBDC 0,3-7,3%:;
c.H. TOL[ 6,6 — 13,1 %;
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c.H ADC 5,0-7,0%;
cH IDC 0,3-2,0%.
B uenom 4 — 8 %.
[ToTepu 37EKTPOIHEPTHUH MOXKHO OMPENEIUTh MO CPEIHUM 3HAYCHHUSAM TI0-

TEPb B CETAX PA3TMYHOTO HOMUHAIBLHOTO HanpshkeHus (Tad. 2.1).

Tabnuua 2.1. — Ilotepu 371€KTPOIHEPTUHU B INEKTPUUECKUX CETSIX

U,.xB | 750-500 | 330 —220 110 35 6-10 0,4 Bcero

AW ,% |05-10 |25-35 [35-45 |050-10|25-35 |05-15 5-9

Pacuérel moTpeOHOCTH B 3JEKTPOIHEPTUU Ha nepcnektuBy 12 — 15 ner u
0osiee OCIOXKHSETCS TEM, YTO IUIAHUPOBAHME PA3BUTHUS JPYTMX OTPACIIEW BBINOJI-
HSETCS Ha MEHBUIYIO NEPCHEKTUBY. VCIONB3yIOT HECKOJBKO THIIOTE3 Pa3BUTHUS

MOTPEOUTENCH AJIEKTPOIHEPTUHN, OTIIMUAIOITUXCSL YPOBHIMHU SJIEKTPOIIOTPEOICHMUS.

3. ONPEJEJIEHNUE IIOTPEBHOCTH B BBOJE TEHEPUPYIOIIHAX
MOIIHOCTEM

3.1. banancsl MomHOCTH IIC ¥ 3J1€KTPOIHEPTUH

PazButne renepupytomux MorHoctedr 39C MOKHO 00€CeUnuTh MOJTHOE
MOKPBITHE TPUPOCTa HArpy3KH IMPH HOPMATHBHOM Ka4eCTBE DJICKTPOIHEPTHUHU.
Pa3mep cymmapHOTO BBOJA MOIIHOCTH Ha 3JIEKTPOCTAHITUAX, HEOOXOIUMOTO JIJIs
MOKPBITHS TUTAHUPYEMOTO TIPUPOCTA HATPY3KH C 3aJaHHON HAJIEKHOCTHIO, OTIpeie-
JSIETCS Ha OCHOBAaHWM OajlaHCOB MOIIIHOCTH M 3HEpruu. B xome cocraBienus Oa-
JIAHCOB MOIIHOCTH (OPMHUPYIOTCS KOHKPETHBIE BapUAHTHI BBOJIAa MOIIHOCTEH Ha
AIIEKTPOCTAHIIUSAX.

bamancer momuoctu cocrapisatot g OOC 1o rojiaMm pacu€THOro meprojia
(5 — 15 ner). banancel momHocTH ODC COCTaBIAIOT I Yaca COBMEIIEHHOTO

MakcumyMa EDC (nexadbpsp). bananc momHoctr kaxaoit ODC npoBepseTcs Takke
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JUTsl yaca COOCTBEHHOT'O MAaKCUMyMa Harpy3Ku. JTO MO3BOJISET BBISIBUTH 3arpy3Ku
cszeit ¢ qpyrumu ODC. [pu coctaBieHun d6ananca MouHocTH (Tadm. 2.2) mocie-
JIOBATEIBbHO OCYIIECTBISIETCS PacuéT ero pacxoHOM YacTu (MOTPEOHOCTH) U MPU-

XOJIHOM 4acTH (TTOKPHITHE).

Ta6nuna 2.2. — CtpykTypa 6aj1anca MOIITHOCTH

Ne HaunmenoBanue
/1
IToTrpebHOCTH
1 CoBMmeméHHbIM MakcUMyM Harpy3ku 99C
2 ITepenaga MOIITHOCTH B IPYTUE CHCTEMBI
3 Heo6xoaumelit pe3eps
4 Wroro motpedHass MOITHOCTH AeKTpocTaniui (1+2+3)

[TokpeiTHE

YcraHoBlIE€HHAs MOIITHOCTh SHGKTpOCTaHHI/Iﬁ

Heucnonpzyemass MOITHOCTD («pa3pbIBb)» MOIIHOCTH, CUCTEMHBIE OTPAHUYEHUS)

Pacnonaraemas MmouiHocTh, B ToM unciie 'D9C, KOC, TOII, ADC (5-6)

[lonyyeHnue MOIHOCTY U3 IPYTUX CUCTEM

O|O(N|O|O1

Wroro nokpeitue (7+8)

10 N36b1TOK (1) mam gedurmr (-) MorHOCTH (9-4)

[Iporno3upoBanue MakCMMyMa Harpy3ku pacCMOTPEHO B MPEIbLAYIIEH Tria-
Be. [lepetoku momHocTH Mexay DOC (nepenava, MoJydeHUE) TPUHUMAIOTCS HC-
X015 U3 OajlaHca MOIIHOCTH 00Jiee KPYIMHOTO YIHEPTOOObEAMHEHHUS, B COCTaB KOTO-
poro BXoauT paccMmarpuBaemas sHeprocuctema (st O9C — EDC).

HauGoiee nmpocThiM cnocoOOM ompeeseHusl pe3epBa MOUTHOCTH SIBIISETCS
HOPMATHBHOE 33/IaHME PE3epBa B MPOICHTAX MaKCUMaJIbHOW Harpy3ku. PexoMmeH-
nyembie 3HaueHus: EBponeiickas cexkmust EQC — 17 %; O2C Cubupu — 12%; O3C
Bocrtoka — 22 %.

Cymmapssiii pezepB eBponeickoil cekunn EDC pacnpenensercs mexay OOC,
BXOJAIIIMMHU B 3Ty CEKIMIO, B caenaytomen nponopuuu: OIC Cesepo-3amana —
0,15; O9C Hentpa — 0,32; O3C KOra — 0,10; O3C Cpenneit Boaru — 0,11; O2C
VYpana — 0,32. Takoil cnoco® MOXET AaBaTh 3HAUYUTEIbHYIO MOTPEUIHOCTH, MO-

CKOJIbKY HE YYHUTBHIBAET 3aBHCHUMOCTU pe3epBa OT CTPYKTYpbl T€HEpUPYIOIIEH
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MOIITHOCTH, PEKHUMa dJIEKTPOIIOTPEOICHUS, B3aMMHOTO pe3epBupoBanus o MOII.
JI1s1 yTOUHEHHS BEJTMYMHBI pe3epBa UCIOJB3YIOT 00JIee CII0KHBIE METO/IbI pacyeTa.

YcraHoBICHHAS MOIIHOCTH 3JCKTPOCTAHIIMA OTMPEACIICTCS M0 HOMUHAb-
HBIM TlapameTpaM oOopyaoBaHUsA. B JEHCTBUTENHHOCTH HE BCS YCTaHOBJICHHAs
MOIITHOCTb 3JIEKTPOCTAHIINN MOXKET OBITh MCIONb30BaHa. CHIDKEHHE pacriojarae-
MOM MOIIIHOCTH TI0 CPaBHEHHUIO ¢ YCTAHOBJICHHOM MO OTYETHBIM JaHHBIM JIOCTUTa-
er 10 — 17 %.

Hewncnons3yemass MOIITHOCTD ONIPEIEIIeTCs KaKk CyMMa:

- MOIITHOCTH arperaTtoB, KOTOPbIE K MOMEHTY MPOXOXKICHHUS MaKCUMyMa

Harpy3Ku emié He MOJHOCThIO OCBOCHBI B IKCIUTyaTalluu (TOJOBHBIE 00pa3-

IIbI HOBOTO OOOPY/IOBaHUS, TIEPBBIC arperatbl BBOAWMBIX B JaHHOM TOTYy

AIEKTPOCTAHIIMM U TIOCJIEAHUE arperaTbl Ha 3JICKTPOCTAHIIUAX, TJe B JaH-

HOM T'OJly BBOJIUTCS O0Jiee OJHOTO arperara);

- CHIDKEHMSI MOIIIHOCTH 3JIEKTPOCTAHIIMI M3-3a OTpaHUYEHUM IO BBIA-

9e MOIITHOCTH HUIM OTCYTCTBHS TEIJIOBBIX Harpy30k Ha TOLI;

- cB0oOoaHOM MotHOocTH ['DC, KOTOpas He MOXKET OBITh UCIIOJIL30BaHA B

rpaduike Harpy3Kud CHCTEMbI (C YUETOM HECEHHUs pe3epBHBIX (DYHKIIHI) B

YCIIOBUSIX PAaCU€THOIO MaJIOBOJIHOTO TOJ1a

Pes = I::‘pacn - (qu +Rrc),

rae  Pyaen — pacmonaraemast MomHocTs I'9C;

Pyy — MotHOCTb yqacTus '9C B MOKPBITHH MaKCUMYyMa HArpy3KH;

R

e — dacThb pesepsa IIC, pasmeniaemas Ha I OC.

IIpu omnpeneneHnr yCTaHOBJIEHHOW M PACIIOIara€éMoOu MOIIHOCTH 3JIEKTPO-
CTaHIMN YyYUTHIBAETCS, YTO YACTh 00OPYIOBAHUS AJEKTPOCTAHIIMMA MOJJICKUT Pe-
KOHCTPYKIIMU, MOJEPHHU3aLMU U JIeMOHTaxy (pexoHcTpykuus: nepeog KOC B

TOL). Dxonomuyecku 3ppexTuBHa 3ameHa odopyaoBanus Ha 9 — 13 MIla u Hu-
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ke, eciau o0opyoBaHue Hcnob3yeTcs oosiee 2500 u B roay (B EBpornelickoit va-
ctu). (9 MIla — ot 25 10 100 MBT, 13 MIla — 150, 200 MBT).

Pa3Hocth Mexy cyMMapHOH noTpeOHOCThI0 DDC B MOUTHOCTH U CymMMap-
HOM BO3MOXHOM K HCIOJIb30BAHUIO MOIIHOCTBIO 3JeKTpocTaHiuii (ctpoka 10 B
TabJ1.) MpeACTaBIsIeT ACPUIUT Wi U30bITOK MomHOCTH B IDC. bamanc MormHo-
CTH CUMTAETCSI YJOBJIETBOPUTEIBHBIM, €clii AehUUUT (M30BITOK) HE MPEBHIIIACT
MOJIOBUHBI MOIIHOCTH HanboJjee KPYIHOro arperara.

[Tpu Gonbmux neduiurax (M30BITKAX) HEOOXOIUMO KOPPEKTUPOBATH BBO/I
MOIIIHOCTH Ha 3JIEKTPOCTAHIUAX. Ecin Takas KOPpEKTUPOBKA BBOJIOB HEBO3MOX-
Ha, TO OaJlaHC CBOJUTCSA 3a CUET U3MEHEHHS Pa3MEPOB MEPETOKOB MOIIHOCTHU C CO-
ceqauMu DOC TIpU COOTBETCTBYIOLIEH KOPPEKTUPOBKE BBOJA MOIIHOCTEM 3THUX
O3C. Ecnu 1 3T0 HEBO3MOXKHO, TO B 0ajaHCE CUCTEMbI (PUKCHUPYETCS HATUYUE Jie-
¢dunmTa (M30bITKA) MOIIIHOCTA M YKa3bIBAETCA U3MEHEHUE (PAKTUUECKOTO pe3epBa
10 OTHOILIEHHIO K PACUETHOMY.

bananc anexktposnepruu (tab6n.2.3) sueprocuctem, O3C u EDQC cocrans-

€TCs B LENSX:

- MPOBEPKU BO3MOKHOCTH BBIPAOOTKH TPEOYyeMOro KOJMYECTBA AJIEKTpPO-

SHEPIrUy B TEUYEHHE Ioja JIEKTPOCTAHIUSAMHU, YUTEHHBIMU B OallaHCE MOII-

HOCTH;

- OIIPENIEIICHUS [IEPETOKOB JIEKTPOIHEPTUU MEXKAY IHEPTOCUCTEMAMHU;

- onpeieNieHus: MOTPEOHOCTH SHEPTOCUCTEMBI B TOILIMBE.

Pacxonnas vacth OanaHca 3JEKTPOIHEPTUU CKJIAABIBACTCS U3 DJIEKTPOIO-
TpeOJIEHNS SHEPTOCUCTEMBI, IKCIIOPTA, MNIAHUPYEMOH Mepeaadn dJIEKTPOIHEPTUU B
JIpYTH€ SHEPrOCUCTEMBI M pacxoa neKTpodHeprun Ha 3apsaa ['ADC.

[Tpuxoanas yacTh OanaHca AIEKTPOIHEPTUU BKITIOYAET BHIPAOOTKY AJIEKTPO-
HHEPTUU JAEKTPOCTAHIUSAMHU SHEPTOCUCTEMBI, UMIIOPT U TUIAHUPYEMOE MOJIyYEeHHE

N3 IPYIUuX SHCProCUCTCM.
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Tabnuua.2.3. — Ctpyktypa 6anaHca JIeKTpOIHEPTUn

Ne HaunmenoBanue
/1

[TorpebHOCTH
1 I"onoBoe anekrponorpednenue 39C
2 Ilepenaya 31eKTpOIHEPTHH B IPYTHE CUCTEMBI
3 Sapsig TADC
4 Wroro norpedHoCTH (1+2+3)

ITokpbiTHE

5 [TosrydeHue 37IeKTPOIHEPTUU U3 JPYTUX CHCTEM
6 BripaboTka 37EeKTPOIHEPTUU SIIEKTPOCTAHITUSMU CHCTEMBI
7 B TOM YHCJIE
8 I'DC, KOC, TOII, ADC
9 Hroro nokpeitre (5+6)
10 N36b1TOK (+) mitn gedunur (-) saexrposnepruu (9-4)

CymiecTByeT paznuumne B cocTaBiieHnd O6anancoB DOC eBpornenckon u a3u-
aTCcKoM yacteul ctpanbl. B eBponerickux 99C — BbICOKasgs HEPAaBHOMEPHOCTH pe-
YKUMOB 3JIeKTpornpoTpediaeHus. Pasmepsl oomeHa sneprueit ¢ qpyrumu 93C onpe-

ACIAIOTCA IIpU YCIIOBHH, YTO TI/ICH JJI BHeKTPOCTaHI_[I/Iﬁ JOJDKHBI HAXOJUTHCSI B

OrpaHMYEHHOM JIHala30oHe. JTOT JAHMAa30H COOTBETCTBYET ONTHUMAJIBHOMY MHC-
MOJIb30BAHUIO 3JIEKTPOCTAHIIMM B CYTOUHBIX rpadvKax Harpy3Ku B TEUEHHUE roja.

Bripabotka ['OC yuuthiBaeTcss B OajaHCe MO CPEIHEMHOTOJICTHEH Beu-
yuHe. B 00benuHeHuax ¢ O0oapmmM yaenbHbIM BecoM ['DC M M30HMpOBaHHBIX
HHEProcUCTEMAaX MPOU3BOJIUTCS MTPOBEPKa OANTAHCOB AIEKTPOIHEPTUHU ISl YCIOBUI
pPac4E€THOr0 MajJo0BOIHOTO roa.

['o0BOE YMCIO YAacOB MCIOJIB30BAHUS yYaCTBYIOIIEH B MOKPBHITUA MaKCH-
MyMa Harpy3ku sHeprocucteM MouiHoctu ADC npuHumaetcs B pasmepe 6500 —
7000 u.

[Ipu onpenenenuun pexxumoB padboTel TOL[ yunTsIBaeTCsl ypOBEHb TEIIOBbIX
Harpy3ok. [lo mpeaBapHUTENbHBIM OLICHKAaM I'OJI0BOE YHCIIO YaCOB HUCIIOIb30BAaHHUS
3arpy>kKe€HHOTO MO TeroBoMy rpaduky odopynoBanust TOLl B eBponelickoil yacTu

CTpaHbl peKoMeH1yeTca npuHuMath B quamna3zone 4000 — 4500 4, azuarckoil yactu

— 4500 — 5000 u.
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OntrManbHbIE YHMCJIA YacOB HCIIOJIb30BAHMS PACIOIAraéMol MOIIHOCTH
K3C na yrne B auanazone 4500 — 6000 (6500) u (Gonbiiee 3Hauenue aisg OOC
Cubupn).

Uucna yacoB ucnonb3zoBanuss KOC — III'Y mMoryT U3MEHAThCA B LIMPOKOM
nuamna3one ot 4500 no 6500 4, ux omnpeaeneHue T0HKHO 0a3UPOBATHCS HA OCHOBE
CHEIMATBHOTO aHAJIW3a CYTOUYHBIX U TOJIOBBIX PEXKUMOB paOOThI HA MIEPCIIEKTUBY.

bananc sHeprum B 3HeprocucreMax O9C Cesepo-3amnana, O9C Lentpa, OOC
Ora, O3C Cpenneit Bonru u O23C VYpana 3amsikator KOC, paboTatoiue Ha ra-
30Ma3yTHOM TOIUIMBE, TOJIOBOE YMCJIO YACOB MCIIOIb30BaHUSA MOLIHOCTU KOTOPBIX
JIOJDKHO TIPUHUMATBCS B COOTBETCTBUU C PEajbHOM 3arpy3kKoil UX B CYTOYHOM U
ro0BoM paspese, Ho He MeHee 2500 — 4000 .

balanc 35eKTpO’HEPTUN CUUTAETCS YAOBIETBOPUTENBHBIM, €CIH UCIIOIb30Ba-
HUE pacrojiaraeéMoi MOIIHOCTH TETUIOBBIX AJIEKTPOCTAHIIUM, KaK IIPaBUIIO, HE Mpe-
BeImaet 6500 4 B rog.

st Gonee TouHoro yuéra pexuma TOC BBIONHSIOT pacu€Thl ONTUMATh-
HBIX PEXKHUMOB JJIEKTPOCTAHIMM B CYTOYHBIX rpadukax paboOyuX U BBIXOIHBIX
JIHEW pa3JIMYHbIX CE30HOB roja. Ilepexon oT CyTOUHBIX IOKa3aresied K roJ0BbIM
OCYUIECTBJISIETCS C YYETOM CE30HHOM HEPABHOMEPHOCTH 3JIEKTPONOTPEOICHUS.

B 99C Cubupu ¢ BbicokuM yaenbHbM BecoM ['29C mpu cocraBieHun Oa-
JaHca 3JeKTpodHepruu onpenesitor MomHoctu KOC, HeoOXomuMble ISl cBesie-

HUs OajlaHca B pacu€THBIX MaJIOBOAHBIX ycioBusax Ha ['DC:

W _W 1861¢ _ W TO1]

TOTp Mai. B.
P = ,
T K3C
pes
rne W — OTPeOHOCTh B DHEPTHUH;

MOTp
W, 5 — BbIpaboTKa 3nexTposHepruu Ha [IC B MaTOBOHBIX yCIOBHSIX;

T3 9
W™ _ pripaboTka snexTposnepruu Ha TOLI mpy HOHOI 3arpyske 1o Ter-

1Y,
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T K2C

npen st KOC. Tpu 6a3ucHOM

— IPEAEIIBHOE TEXHUYECKHU BO3MOXKHOE T,

pexume B Teuenue roxa oo, =6500 1.

3.2. Pe3epBbl MOIIHOCTH B KOHIIeHTpHpoBaHHOi IIC

Hanéxuocts pynkunonupoBanus 39C obecrnieunBaeTcsl MyTEM CO3/1aHUS B
HUX HEOOXOAMMOIrO pe3epBa MOILIHOCTH. Pe3epB MOIIHOCTU — pPa3sHOCTb MEXAY
pacrnoyiaraéMoil MOITHOCTBIO 3J1eKTpocTaHIMi DOC M MakCUMalbHOW Harpy3kou
99C.

[Ipn mpoextnpoBannu pa3Butus IOC BBIICIAIOT CIECIYIOIIHNE COCTABIISIIO-
11ue pesepna:

- PEMOHTHBIN pe3epB, NPEIHA3HAUCHHBINA AJI1 BO3MEILEHNUS MOIIHOCTU BBIBOIH-
MOTO B IUJIAHOBBIA (CpEeIHUN, TEKYIIMI M KalmuTaJIbHBII) PEMOHT O0OpYIOBAHUS
BJIEKTPOCTAHLINK;

- OMNEpaTUBHBIN pe3epB MOIIHOCTH, HEOOXOIUMBIA JJIsi KOMIICHCAIIUU aBapuii-
HOT'O CHMKEHUSI MOILHOCTH 3JIEKTPOCTAHIMI BCIEACTBHE OTKA30B 000pYI0BaHUS U
CIIy4aiHbIX MPEBBIIICHU Harpy3Ku HaJ pacyETHbIMUA 3HAUCHUSIMU;

- CTpaTEruyeCcKuil pe3epB, MPEIHA3HAYEHHBIA JJI1 KOMIICHCAlUW HapYLICHUN
OanaHca MOIIHOCTH M3-3a HEMPEIBUJCHHBIX OTKJIOHEHUH €ro COCTaBISAIOLIUX OT
MPOTHO3a C Y4ETOM UHEPLIMOHHOCTH YHEPTeTHUYECKOT0 CTPOUTENHCTBA.

BenuunHa onepaTMBHOTO pe3epBa JOJKHA O0ECIEYUTh HOPMHUPOBAHHYIO
HaJAEKHOCTh MOKPBITUS HAarpy3KH, XapakTepU3yIOUIylocs 00O0OIIEHHBIM MOKa3aTe-
JIEM — BEpPOSITHOCTHIO Oe3/1eUIUTHON pabOThl SHEPTOCUCTEM (MHIIEKCOM HaIEXK-
HOCTH).

Ecnau 8 99C nponyckHble CIOCOOHOCTH CBsA3EH ( M UX YUCII0) MEXKIY y3Ja-
MU HE OTPaHMYMBAIOT BO3MOXHOCTEN B3aUMOPE3EPBUPOBAHUS, TO TAKUE CUCTEMBI

CUMTAIOT KOHLUEHTPUPOBAHHBIMU. B KoHUEHTprpoBaHHOH DDC HapylIEHUs 3JEK-
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TPOCHAOXKEHUS CBSI3aHBI TOJIBKO C OTKa3aMU I'€HEPUPYIOIIETr0 000pyAOBaHUS U KO-
JeO0aHUsIMU CyMMapHOW Harpy3KH.

Pacuém DPEMOHIMHO20 pe3epeda. PGSGpB AJI1 IPOBEACHUA TCKYIIUX PECMOHTOB

B IICpUOA MaKCUMAJIbHBIX HAI'PY30K OIIPCACIIACTCS 110 BBIPAKCHHUIO

: Vi j
SN N 3 By
o E Yl 100

rae Ny j— YCTaHOBIEHHAs MOLIHOCTb AJIEKTPOCTAHIINY |-OT0 THIIA;

K — gpciao THIIOB BHGKTpOCTaHI_[I/If/'I;

T -
ry}f j — HOpMaTHB TEKYIIEr0 PEMOHTA 3JIEKTPOCTAHIMH | -OTO THIIA (Tabm.

3.1).
PeszepB Tekymiero pemonta He Tpedyercs st ['DC u TOC ¢ nonepeyHbIMU
CBSI3SIMH, UMEIOIIUMU PE3E€PBHBIE KOTJIbIL. IX pEMOHTHUPYIOT B NIEPUOJIBI CHUKECHUS

Harpy3KkH.

Tab6numa 3.1. — HopMaTuBbI TEKyIIEro peMOHTa

Tun sneKTpocTaHINH M,
fyn j- %

TOC ¢ nonepevyHbIMU CBSI3SIMU 2,0

TOI ¢ arperatamu 100 — 175 MBT 35-45

K3C c¢ onmoxkamu

100 - 300 MBt | 4,0-5,0

500 - 1200 MBt | 5,5-6,5

ADC 4,0-6,0

I'TOC 2,0

Pe3epB miis KanmWTalbHBIX PEMOHTOB B TICPHOJ MaKCHMAaJlbHOH Harpy3KH
OTIpeJIeISIETCSl HA OCHOBE HOPMATUBOB JIJTUTEIBHOCTA PEMOHTOB O0OpPYAOBAHUS U
aHaJM3e TOAOBOrO Ipauka MECSYHBIX MaKCUMyMOB. CpemHeroaoBas IJIUTEIIb-
HOCTh peMoHTa (Tabi. 3.2) ompenensercsa ¢ y4E€TOM 4YacTOThl PEMOHTOB (KaIlM-
TaJbHBIX — OJWH pa3 B 2 — 5 JIET W CPEIHUX PEMOHTOB OJIMH pa3 B MPOMEKYTKE

MEXIy KanuTaJIbHBIMA PEMOHTAMM).



46

Tabnuua 3.2. — HopMaTuBbI KalUTaaIbsHOTO PEMOHTA IS pacyéTa pe3epna

Tun a5ekTpocTaHIUA Cpennero/1oBoit peMOHT
th , M€c.
|RC] 0,5
TOC ¢ nonepevyHbIMH CBSI3IMU 0,33
KOC ¢ 6nokamu

150 - 200 MBt 0,53
300 MBt 0,66
500 — 800 MBT 0,73
1200 MBT 0,86
ADC 15
I'ToC 0,5

Peseps 1 KanuTalbHBIX PEMOHTOB ONPEACIISAIOT ITYTEM COIIOCTABIICHUS
IUIOLIAAM MPOBaia roJJOBOT0 rpaduka MECIYHbIX MAKCUMYMOB U PEMOHTHOM IJI10-

omIaaKu, HCO6XOIIHMOﬁ IJIA KalIUTAJIbHBIX PCMOHTOB arp€raToB BCCX THUIIOB.

k

Z(NYCTJ KPJ) SHP p
_j=
Rep = 12 ’

rie t, j — HOpMaTUB IPOCTOS B KAIIPEMOHTE;
Spp — IIIOmaAb IpoBana rpaduka MeCSYHbIX MakCHUMyMoOB Harpysku O0C,

MBrTte™mec;

Kyp — K03 hunment ucnonszopanus mionaau nposaia (0,90 — 0,95).
[Tnomans npoBana rpaduka Harpy3ku DIC ompeaensercss Kak cymMMma pas-
HOCTEH MEXIY YCJIOBHOM pacrnosiaraeMor MOIHOCThI0 9OC U €€ MaKCHUMaJIbHOU
Harpy3koi 3a kaxaeiid mecsir M (puc. 3.1). Pacuér MakcuManbHO#M Harpy3ku m-ro

Mecsia N OIIMCAaH B IJIaBe 2.

max m

Hp Z(Ngggnm - maxm)’
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Puc. 3.1. Onpenenenue nposaina B rpaduke MECTUHBIX
MaKCUMYyMOB Harpy3KHu:
1 — ycnoBHas pacrnonaraemasi MOIIIHOCTb;
2 — MECSIYHBIC MAKCHMYMbI HarPy3KH.

[Tnomanp mpoBasia TojgoBoro rpaduka B yerHue Mmecsansl (M= 5,6,7,8,9)
YMEHBIIIAETCS 32 CUET CE30HHOI0 CHUXKEHU pacnonaraeMoi MmoutHoctyu ['ADC (30

—40% ot ycranoByieHHOW MomIHOCTH), I'TY (25% 0T ycTaHOBJIIEHHOW MOIITHOCTH).
Jlist aToro ymenbiaior B N gggn m, HA YKA3aHHYIO BEJIMYMHY CE30HHOTO CHUKEHUS

MOIIIHOCTH JIEKTPOCTAHIUN B JIETHUE MECSLIBI.
VYcnoBHas pacnonaraeMasi MOIHOCTb ONPEAENAETCS IPSIMON, COEIUHSIOLIEH

MaKCUMYMBbI HATPY3KH STHBAPS U ACKaOPsI.

yen  _
Npacnm—c+m-d ,

rae ¢ u d — KO3 HUIMEHTHI.
Jls onpenencHust KodpGUIMeHToB ¢ 1 0 HEOOXOAUMO pPEIINTh CUCTEMY

YpaBHEHUU

c+d= Nm:]_
c+12d = Ny_12 |
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rac Nm:1, Nm:12 — COOTBCTCTBCHHO MAaKCUMAJIbHBIC HAI'PY3KU SSHBAPS U zleKa6p51.

Pacuém onepamusnozo pesepéa. OOOCHOBBIBAETCS SKOHOMUYECKU IMYyTEM

COIIOCTABJICHUSI YIIEPOOB OT BEPOATHOTO HEAOOTIYCKA AJIEKTPOIHEPTHH B Jedu-
LUTHBIX CUTYyalUsX C 3aTpaTaMy Ha CO3JaHHUE ONEPATUBHOIO PE3€pBa MOIIHOCTH.
CoObITHS1, BHI3BIBAIOLIUE MOSBICHUE Ie(DUIIMTA UMEIOT CITy4allHbINA XapakTep.

JUis npuOIMKEHHOTO OIpPENETICHHUs] ONEPAaTUBHOTO pe3epBa HCHOJIb3YIOT

pa3fenpHOe BBIUMCIIEHUE aBapuiiHoro R,, u Harpy3zouHoro R, pesepBoB. ABa-
PHUIHBIN pe3epB ONMPENeNsIOT M0 0000MEHHBIM XapaKTePUCTUKAM YACIbHOIO aBa-

ﬂ.en.’q)' OTH XapaKTEPUCTUKU IOJIy4eHbl 0000IEHH-

puiiHoro pesepsa I, = f (Py
€M pe3yibTaToB pacuéroB R,, Ha OBM c yuérom BiusHHA KOHUrypanuu rpau-

Ka Harpy3ky Ha BEJIIMYMHY pe3€pBa. YJenbHas €IUHWYHAs MOLIHOCTBH arperara

paBHa
max

rae  P,j — eIMHUYHAs MOLIHOCTS | -TO arperara;
Pmax — MakcumyM Harpysku O9C.
0
3Hauenue [y, % HaxomsT no rpapuxam (puc. 3.2) B 3aBUCHMOCTH OT P, ., % u

BEPOSATHOCTH OTKa3a | -ro arperara ( (ta6m. 3.3).

Tabnuua 3.3. — ABapUITHOCTb arperaTtoB AJIEKTPOCTAHIIUN

Koma-Bo I'aC T3C ¢ nome- Bbaoxku KOC, MBT baoxku ADC,
JeT ¢ MO- pEYHBIMU MBT
MEHTAa CBSI3SIMU 150 — | 250 - | 500 800 1200 | 440 1000
BBIITyCKa 200 300

CEpPUIHBIX

arperaTtoB

1 0,005 | 0,02 0,065 | 0,09 0,12 |0,125 | 0,13 0,09 0,125
5 u 6onee | 0,005 | 0,02 0,045 | 0,055 (0,07 |0,075 |0,085 | 0,055 | 0,075
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Puc. 3.2 XapakTepucTHKH yIeIbHOTO aBapHIHOTO pe3epBa

ABapuiiHbII pe3epB B CUCTEME PABEH
€ 2
Ras = 2 PaiNifyzi107%,
i=1

rae N — YUCJIO arperaTos | -ro THIa;
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K —4wucno rpynn arperaros.
[TpuOnMKEHHYIO BEJIMUUHY ONEPATUBHOTO pe3epBa OMPEESIOT M0 GopMy-

Jam:
max !

)2+02

H

Ry = M [Py, ]+ 2,656 —0,125P,

c= \/0,145(RaB ~M|[P,,]+0,125PR,

max

rac M [PaB] — MaTCMaTHYCCKOC OXKHNJaHNC MOIIHOCTH, H&XO,I[HIHGIZCH B aBapI/Iﬁ-

HOM TIPOCTOE

K
M [PaB]:ZPaiqini;
i=1

Oy — CPCAHCKBAAPATUIHOC OTKIIOHCHUC HAT'PY3KU OT IIJIAHOBOTI'O 3HAYCHU

0y =Ky Ppax: K=4+5.

OO0t pe3epB MOIIHOCTH PaBeH
RzzRTp+RKp+RO+RCTp,

rae Rep, — cTpaTerndeckuii pe3eps, paBHbIN (2 +3)% 0T MaKCHMyMa Harpy3KH.

3.3. Pe3epBbl MOIHOCTH B 00beTUHEHHBIX JHEPrOCHCTEMAX

[Ipr 0ObEeIUHEHUH HHEPTOCUCTEM BO3MOXKHO CYIIIECTBEHHOE CHUKCHHE
CYMMapHOTO pe3epBa MOIIHOCTH M COOTBETCTBEHHO MOTPEOHOTO BBOJIa MOIIIHOCTH

AIEKTPOCTAHLIMI MO CPAaBHEHUIO C M30JIMPOBaHHOM padoToit DIC.
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DTO CHIXKEHHE OOYCJIOBJIIEHO YMEHbBIIIEHHEM MOTPEOHOCTH TIaBHBIM 00pa-

30M B OIICPATHUBHOM PE3CPBC RO N 9aCTUYHO B PC3CPBC AT KAIIUTAJIbHOT'O pCMOH-
Ta RKP . CHmxenue RO CBA3aHO C TCM, YTO C pOCTOM 4YHMCJIa arp€raroB U MakKCUMYy-
Ma Harpy3kKu Pmax YMCHBIIACTCS BEPOATHOCTE BOSHUKHOBCHUA Ile(i)I/IHI/ITa MOIITHO-

CTH H3-3a aBapHﬁHBIX OTKJIFOUCHUM ICHCPATOPOB U HCIIPCABUICHHBIX KoJIeOaHMI

Harpy3ku (puc. 3.3).

T ] i
% | Foes.as / Fuanc
l M

—

| Puare

|

0 20 40 60 80 700 720 man. 1B

Puc. 3.3. 3aBucumMocTs Ro OT MOIIIHOCTH CUCTEMBI

N3 pucynka 3.3 BUIHO, YTO CHIDKCHHE pe3epBa MAET BHadajle KpyTo, a 3a-

TEM II0 Mepe pocTa Harpy3ku cTaHoBHUTCs mosioruMm. [lotpebHoCTh B R, ymeHbIa-

eTcsi 0COOCHHO 3HAYMTENLHO MpU 00benuuennn Heboapmmx II9C. [To mepe pocTa

moiHoct OOC R, npubamxaercss K MaTeMaTHYeCKOMY OKUIAHUIO aBapUHHOTO

OTK/IFOYCHHUA MOIITHOCTH BHGKTpOCTaHHHﬁ.

K
M [PaB]:ZPaiqini-
i=1
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CHmxenue R Ipu O6’I>CI[I/IHGHI/II/I CBs3aHO C BO3MOKHOCTBIO HCIIOJIB30Ba-

Kp
HUS N30BITKOB MOITHOCTH, UMEIOIMUXCS B OTACIBbHBIX DC B IEPUOIBI CE30HHOTO
CHW)KEHUSI MX Harpy3KH, JJi YBEIMUEHHUS TUIOMIAIU MMpoBajia rpaguka Harpy3ku B
napyrux O30C. Ilpu 3TOM BO3HHUKAIOT JIOMOJTHUTEIBHBIE MEPETOKU MOIIHOCTH MO
MDOIL

Peanuzauus sddexra cumxenus pezepa B OOC BO3MOKHO MPHU TOCTATOY-

HOI IpoIycKHOM criocoOHocTH MOIT PAP  DkoHoMMS 32 CUET CHIDKEHHS pesepBa
JOJDKHA COIIOCTABIATHCS C JONOJHUTEIBHBIMA 3aTPATAMU B YBEIWYEHHE IIPO-
nyckHoi crocoOHoct MOII (ctpoutenbctBo HOBbIX MOII Gornee BBICOKOTO

HaIPSHKEHUS ).
A b Ab Ab
3pes ( RI/I3 + RI/I3 ) ~3pes R™ > Smom P,

IIE 3,0, — 3aTPaThl B €MHMUILY PE3E€PBA;

p

Rpﬁ, RP]IS3 —pesepsbl B DOC A u b nipu n3onnposanHol padore;

RAP _ pesepB OOC mpu napasienbHon paboTe;

3yon — YAENBHBIE 3aTpaTsl B MOIL

[Ipu orcyrcTBUM CBS3U (PAE =0) onTtumaneHbli pe3epB ODC paBeH
RPIEB = Rﬁg + RP]IS3. [Ipn nonHOM OOBENVHEHHH PE3EPB ONPENEIAIOT KaK IJIs KOH-
ueHtpupoBanHord DIC. Ilonoxkum, 4TO OH paBeH R? b [Ipu nmonHom oObeauHe-

unn PAP paBHa U30BITKY MOITHOCTU B 0JHOM 13 DOC npu MOJTHOCTHIO paboTaro-

€M 00OPYAOBaHMM M MUHMMAalbHON Harpyske. Eciu Prax1 = Prax2 . TO pe3eps

Mexay 99C pacnpenensiercst mopoBHy. Toraa

RAB
PAB _ny
Makc — 2 .
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Ab
Ecnu He yunthiBaTh crouMocts MOII, To pe3epB BBINOJHO YMEHBIIUTH 10 Ry~ U

UMETh MaKCUMAJIBHYIO TIPOITyCKHYIO crtocoOHocTh MOII (puc. 3.4).

/?/75
ﬁﬁ?\\
A |
NTH— — — )
T\\
Ri° PN )
| f
o | |
1 :Aﬂb‘
AB - 5Abrs
4 Lgffr éMa/(c"/?).‘ /z

Puc. 3.4. 3aBucumocTb pe3epBa OT NpoInyckHoi cnocooHocTr MOIT

[Tpu yuére 3atpar B MOII HEeoOXxoamumMo 00ecreyuTh MaKCUMYM YKOHOMHYE-

ckoro s dexra.

Ab
wenP . = max.

9%m£“%w“}3

Ycnoue makcumyMma dpexra uMeeT Ciaeayonui BUIL:

D __ m%% o
oP AB ~ ~pes oP AR Mol .
Otkyzaa noayunm
Ab
oR _ Byom
oPAP 3

pe3
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3 . Ab
Kaxnomy coortHoirennto —2L GyneT COOTBETCTBOBaTh CBOE 3HaueHHe R ;. u
3pes
Ab
AB R AB
Ponr - MakcuManbHOe 3HaUeHHe ——-==2 HMEET MeCTO B 001acTH Maibix P,
oP

T.€. 3/1eCh Kbl JOMOMHUTEIbHBIN 1 KBT nponyckHoi cnoco6noctn MOII mo-

. 3
’KeT 3aMeHuTh 110 1 KBT pesepsa B kaxkmoit DOC. Kaxmaomy cooTHomenno —2r

3pes
COOTBCTCTBYCT CBOE ONTUMAJILHOE 3HAYCHHUEC KOB(b(bHHHGHTa CHMXXCHHUA PC3CpPBa

10 OTHOIICHHIO K M30JIMPOBaHHOM padore (puc. 3.5).

. AR
P RA 4R _RABS
kcoxr .\JJT
e e e
(7, s ) S SR B 8
1 —t
azt- 1+t
ko] | -
0 a2c a.50 75 331/3ve

Puc. 3.5. 3aBuCHMOCTD CHIDKEHHS pe3epBa OT IKOHOMHYECKHX Tokazareneid D23C

B yenosusix E9C Keqp #0,9.

Henocratkamu pacCMOTPEHHOW METOAWKHU SIBISIFOTCSA: HEYYET aBAPUNHBIX

oTKI0ueHUH MDOIT; HeBO3MOKHOCTh MCIIOIL30BaHUS IS CIOKHBIX cxem ODC.
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4. YYET PEXKUMOB PABOTHI DJJEKTPOCTAHLUI ITPU
IMMPOEKTUPOBAHHUU PABBUTUSA DIC

4.1. Tunbl 3JIeKTPOCTAHIMIA M UX IKCILTYATAIMOHHbIE XaPAKTEePUCTUKH

[Ipu aHann3e pexUMOB 3JIEKTPOCTAHIIUI UCIIOJIB3YIOTCS CIEAYIOLIUE XapaK-
TEPUCTUKHU:

1. Pacxonnbie (PHEPreTMYECKHUE) XapaKTEPUCTUKU. 3aBUCUMOCTh pacxojia
HEepropecypca OT 4YaCOBOW Harpy3KH JIEKTPOCTAHIIUHU (arperara).

2. PerynmpoBOdYHBIN JMama3oH 3JIEKTPOCTAHIIMU (MUHUMAaNbHAsA, MaKCH-
MaJibHasi MOIIIHOCTH )

- MlOO% _
pacm

A per

3. I'paduku M3MEeHEHUs YHEPrOOTAAUN HIEKTPOCTAHIIUH B TOJTOBOM paspe-
3e. I'padukn M3MeHeHHs CpeTHEMECSYHBIX U PACIOIaraéMbIX MOITHOCTEH AJIeK-
TPOCTAHIIMYU B 3aBUCUMOCTH OT OTPaHUYCHUI Ha YHEPTOPECYPCHI.

4. CxkopocTh HaboOpa W CHWKEHHUS HArpy3KH Ha DJEKTPOCTAHIMH B HOP-
MaJIbHBIX U aBAPUHHBIX PEKUMAX.

PaccMOTprM XapaKTepUCTHKH OTACIBHBIX TUIIOB AJIEKTPOCTAHIIHH.

I'DC. Ucnonb3yroTcs TONBKO IS BBIPAOOTKH DIICKTPOIHEPTUU WK B COCTa-
BE BOJIOXO3SIICTBEHHOr0 Komiuiekca. CTOK pek HEpaBHOMEPEH B 'OJJOBOM M MHO-
rosieTHeM paspesax. [ e BozmoxkHo mpu I'DC coopykaroT BOJOXpaHIIUIIIA CE30H-
HOTO ¥ MHOTOJIETHETO PEryJMpOBaHUs. BoIHO-3HEpreTnveckue XapakTepUCTUKU
I'DC onpenenstor myTéM BOIOXO3SMCTBEHHBIX PAacYéTOB HA OCHOBE CTATHCTHYE-
CKUX JaHHBIX MHOTOJICTHHX HAaOIIOIEHUI 32 CTOKOM peK.

Paznuuaror Huskonamopueie [DC  h <25 wm,
cpennenanopabie 25<h <80 wm,

BbICOKOHAMopHbie >80 M.
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OCHOBHBIMH XApPAaKTCPHUCTHUKAMU ABJIATOTCH:

Pjer — YCTAaHOBIIEHHAS MONITHOCT;

Cp.MH CPCAHCMHOT OJICTHSSA BI)Ipa6OTKa AJICKTPOIHCPIUH,

pacn pacmnojiaracMas MOIMHOCTD,

Prap — TAPaHTHPOBAHHAS 3MMHSS CpeIHEMECTuHas MOIHOCTh ['DC

JUIsl YCIIOBUI MaJIOBOJHOTO Tojia (AJ1sl COCTaBIeHUsI 0aJaHCOB MOITHOCTH U Ap.);

Psas — 0a3MCHAs MOIIHOCTE, OTPeieNsieMas 00A3aTENBHBIM MOITYCKOM
BOJIBI.

DHepreTu4ecKne U TEXHUKO-3KOHOMUYeckue nokaszarenu ['DC cyme-
CTBEHHO 3aBHUCSAT OT HPUPOAHBIX ycinoBui (Tadu. 4.1). Arperartsl miis kaxaon '9C

MIPOEKTUPYIOTCSI UHANBUIYAIBHO.

Tabnuua 4.1. — Xapakrepuctuku ['9C

I'DC Peka PerynuposBa- 3¢ 3¢ 3¢
: Hmax HHZY P P;CT ' Prrap ’ agp.MH’
M

MBT MBT MIJIH.

KBT'u
Bomxckas Bounra 27 | ce30HHOE 2300 807 10900
BortkuHckas Kama 22,5 | cesoHHOE 1000 183 2388
Kpacuosipckast | Eanceit 103 | muoronernee | 6000 1800 20400
bparckas AHrapa 106 | mHoronernee | 4100 2420 22400

I'DC — BbICOKOMaHEBpPEHHAS CTaHIIMS. PerymmpoBOYHbIN IUana3oH

me _
Olper =

e
pacn

PF3C

pacm

I3C

933 100% ~ 100% .

I'mapoarperatsl 061a1a10T BRICOKOM CKOPOCTBIO HA0opa M cOpoca Harpy3KH.

Habop nonHol Harpy3ku U3 OCTaHOBJIEHHOTO COCTOSIHUS OCylIecTBiseTcs 3a 1 — 2
MUH.
Pacxonnas xapakrepuctuka I'9C npuenena Ha puc. 4.1. Haknon pacxon-

HOM XapaKTePUCTHKHU CYIIECTBEHHO 3aBUCUT OT Hamopa H .



57

Puc. 4.1 Pacxonnas xapakrepucTuka cpeanenanoptoii I'9C

OcHoBHBIM 3KOHOMHYecKUM TMpeumyiiectBoM ['DC mepen TOC sBusercs
HU3Kasi ce0eCTOUMOCTh BhIpaOOTKH 3Hepruu. B To ke Bpemst ['DC TpebyeT cyie-
CTBEHHO 00Jie€ BBICOKHX KaMUTAJIOBIOKEHUM.

B cBs3u ¢ BBICOKMMH MaHEBPEHHbIMU KadecTBaMu oOopymoBanus ['DC ux

CTPEMSITCSI UCITOJIB30BaTh B TIEPEMEHHOW YacTH Trpaduka Harpy3ok ( =1000 —

TI/ICH
1500 4u/ron). UcnonszoBanre ['DC B MUKOBOM M MOITYMUKOBOW 30HaX rpaduka aa-
€T BO3MOXKHOCTb YBEJIMUYUTh HUX YCTAHOBJIEHHYIO MOIIHOCTH 3@ CUET YCTaHOBKH
JEHEBBIX JOMOIHUTENIbHBIX arperaroB 0e3 CyIeCTBEHHOTO M3MEHEHHUs 3aTpaTr B
ocHOBHbIE coopyxkenus ['OC.

I'A3C. VMeroT BBICOKOMaHEBpPEHHbIE THapoarperatbl. Mcnonb3yrores st
paboThl B MepeMEHHOM YacTu rpaduka Harpy3kud. B dacel MakcUMalbHBIX Harpy-
30k TADC BbIpabaThIBaET 3JIEKTPOIHEPTUIO 32 CUET CpabOTKU BOJIBI BEPXHETO
OacceliHa B HIDKHUU (TypOMHHBIN pekuM). B udacel HOuHOro mpoBana rpaduka
Harpy3ku ['ADC nepekaunBaeT BOAY M3 HIKHEro OacceilHa 0OpaTHO B BEPXHHIA

(macocHsbIi pexxuM). Arperatel [TADC nomydarot suepruto ot TOC nmum ADC.
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OcHoBHOe BiusiHME HA pexxuM pabotsl [TADC B cyTouHOM rpaduke OKa3bl-
BaIOT JIBa pakTopa:

1. CooTHOLIEHNE HPKOHOMHMM 3aTpaT Ha BBIPAOOTKY 3JIEKTPOIHEPIHU
TOC, orkntoyaembix npu padore 'ADC B TypOMHHOM pEXUME, U JONOTHUTEb-
HbIX 3arpaT Ha TOC npu padbore 'ADC B HacocHOM pexkume. K.i.a. cyTodHOro
ukia oxkoio 70 %.

2. CooTHomieHue HacocHoM u TypOuHHOU MoiHocTell ["TADC, 3aBucs-
1Iee OT XapaKTepucTHuK obopynoBanus. [Ipu h>400 M ucmosb3yercs TpEXMaIInH-
Has cxeMa (CHMHXPOHHBIN TeHepaTop — JABUraTelb, THAPOTYpOuHa, Hacoc). [Ipu 60-
Jiee HU3KUX Hamopax — JIByXMalllMHHAsl cXxeMa (CUMHXPOHHBIN TeHepaTop — JBUra-
TeJb, 00paTUMasi TUAPOTYPOUHA).

Jist mukoBbix TADC mutensHOCTh paboThl B TYPOMHHOM pexxuMe 4 — 6 4 B
cyTku. Pabota B HacocHOM pexxkume — 5 — 10 4. HacocHas MoIHOCTh O0JIbIIE TYp-
ounnoii B 1,05 — 1,15 paza. Bpemst Habopa nosiHo# TypOuHHO# MomHOCTH 1,5 —
2,5 muH. Bpems nepexojia u3 HACOCHOTO pexkuma B TypOuHHbIH 1,7 — 3,0 MuH., u3

TypOMHHOTO B HAacOCHbIi — 5 — 12 muH. PerymupoBounbiii nuanazon ['ADC

Qe ~ 200%.

per

TomnuBHAs cocTaBisAOMIas ce0ecTouMOCTH 3ekTposHeprun ['TADC 3aBucur
OT CTPYKTYphI M TOKa3aTeNel 3IeKTPOCTaHIMM, OT KOTOPBIX OCYIIECTBIIAETCS 3a-
pan ADC.

KOC Ha opraHnyeckoM TOILIMBE OOECHEYMBAIOT OCHOBHYIO JIOJIO MPOMU3-
BOZICTBA iekTpodHepruu (6omnee 45 %) B Poccun. Pacnonmaraemas morHocth KOC
HE 3aBUCHUT OT PEXKUMa 3JIEKTPOIMOTPEOICHUS U pabOThI 3JIEKTPOCTAHIIUH (3aBUCUT
OT IJIAHOBBIX PEMOHTOB).

Ucnons3ytor 6moku 150, 200 MBT ¢ mapametpamu napa 13 Mlla, 565 °Cc,
osoku 300, 500, 800 MBT ¢ mapamerpamu mnapa 24 Mlla, 540 °C, 6moxu 1200
MBT (565 °C, 24 MITa). [IpoexTtHas momtHOCTh KOC ¢ 610kamu 300 — 800 MBT B
EBpomnetickoit yactu ctpansl coctaBisiet 2400 — 3800 MBT, ¢ 6i1okamu 800 MBT B

Cubupu — 6400 MBT.
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[Ipu 6 — 8 Gokax 6a3ucHbie KOC xapakTepus3yroTcs cleayommuMH MmoKa3a-

TCIISIMU.

Tabnuua 4.2. — Xapakrepuctuku K9C

ITapamerpsl apa Bun tonnusa VY enpHbIi pacxon
torumuBa b, r/kBr-u
13 MIla, 565 °C a3, MasyT 325335
KamenHnslii yroisp 335 —345
24 MIIa, 540 °C ['a3, Ma3yT 315 — 320
KamenHnslit yroip 325 - 335

Dkcmtyatupyercs HeOJIouHOoe o0opyaoBaHue ¢ napamerpamu napa 9 Mlla,
500 — 535 °C mormrocTHI0 25 — 100 MBT. Y aeibHbI pacxos YCIOBHOTO TOIIIHBA
Ha Takux 3jekTpocraniuax b=400 — 600 r/kBt-u.

PerynupoBounsiii nuana3zon KOC orpaHnuuBaercs yCTOWYUBOCTBIO PaOOTHI

koTia (Tabm. 4.3).

Tabnuna 4.3. — ManeBpennbie Bo3mokHocTr KOC

Bun 6ioka Muunmym Harpysku 6moka, % ot Pyoy
Ha TBEpiOM TomuMBE € KUAKUM LUTaKOYy/AaJe- 75

HHEM

[Tpoune Ha TBEPIOM TOIUIMBE 60

Ha razoma3yTHOM TOILIHBE 50

ManeBpenHble cBoiicTBa 010uHbIX KOC cyliecTBEHHO 3aBUCST OT BO3MOXK-
HOCTEH OCTaHOBa OJIOKOB B T€UEHHE CYTOK WM Heaenu. OCTaHOB CBSI3aH CO 3Ha-
YUTEIBbHBIM HU3MEHEHUEM TEMIIEPATYPHOIO PEXUMA, BOZHUKHOBEHUEM TEMIIEpa-
TYypHBIX NiepeHanpspkeHui. CyliecTBYIOT OrpaHUYEHUs HAa OCTaHOBBI OJIOKOB B 3a-
BUCUMOCTH OT ITapaMeTpOB I1apa U JINTEIBHOCTH NIEPUOJA dKCILTyaTauuu. Execy-
TOYHBIA OCTAHOB JomycKaercs y yactu 0sokoB 13 MIlIa. [Ipu 24 MIIa octanoB —
TOJILKO MO TPEOOBAHUAM HENENBHOTO pPEryaupoBaHusa. OrpaHUYMBAECTCS YUCIIO
OJTHOBPEMEHHO OCTaHOBJIEHHBIX OJIOKOB Ha ayeKkTpocTtaHuuu. CoOmoaeHne Tem-
NEPATYPHOTO peXUMa 00yCIaBIMBAET JUINTEIBHOCTD MYCKOB OJIOKOB U OIpaHUYH-

BAeT CKOPOCTh HabOpa HArpy3kH (puc. 4.2).
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0 20 40 60 80 700 120 140MUH

Puc. 4.2. I'paduku Habopa Harpy3ku
1 — ocranos Ha 6 — 10 yacos;
2 — octanoB Ha 30 — 35 yacos.

VY nebnounbix KOC Oonee mupokue BO3MOKHOCTH OTKIIFOUEHUSI KOTJIOB U
paboTHI TypOOTeHEepaTOpOB C MOHIKEHHON HArpy3koi (8 — 10 % ot Py, )

Pacxon TorummBa ornpeaensieTcs mo dHEPreTUYecKuM (pacxoqHbIM) XapaKTe-
puctukam. [Ipu npoexkTupoBaHUM HENMHEWHBIE XapakTepucTuku (puc. 4.3,a) an-

IMPOKCUMUPYIOT JIBYX30HHBIMHU (OJHO30HHBIMH) KYCOYHO-JIMHEHHBIMU 3aBUCHUMO-

ctsimu (puc. 4.3,0). YacoBo# pacxoj TOIJIMBA PaBeH

B =BxxPion +BP, 1puP <P’
B = Bxx Puon +B;<P'+[3;;(P— P'), npu P > P’

XapaktepucTuk HeKOTophix arperatoB KOC mpuBeaeHs! B T1a0:1. 4.4.
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Puc. 4.3. Dueprernueckue xapakrepuctuku 0oka KOC

Tabnuua 4.4. — Dueprernyeckue xapakrepuctuku KOC

Tum arperara Tonnuso MomtHocts, MBT KoaddutimenTs! sHEpreTHUECKON
XapakTepucTuku, T/MBT
PHOM P, BXX B' B”
K-1200-240 Masyt 1200 1200 0,0225 0,283 0,283
K-800-240 Masyt 800 800 0,0240 0,284 0,284
K-500-240 Yroib 500 410 0,0296 0,282 0,298
K-300-240 Yrons 300 300 0,0250 0,293 0,293
I'TY-100-750 I'a3 100 100 0,11 0,350 0,350

[Tpu mycke OJOKOB BO3HUKAIOT JOTMOJTHHUTEIBHBIE PACXOJbI TOIIUBA (Ta0l.

4.5).

Ta6numa 4.5. — [TyckoBbie pacxobl Toruma KOC

Tum arperara IlyckoBble moTepu, T
[Ipu ocranoBe Ha 8§ — 10 u [Ipu mycke u3 X0JI0AHOTO CO-
CTOSIHUS
K-100-90 8 30
K-150-130 25 50
K-200-130 30 60
K-300-240 80 150
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T31]. Tlpenna3zHavaroTCs 11 KOMOMHUPOBAHHOW BBIPAOOTKU TEIUIa U AJIEK-
TpodHepruu. Pa3melnieHue, MOIIHOCTb, COCTaB M KOJWYECTBO arperatoB TOLI
ONPENENSIIOTCA MMapaMeTpaMu TEIUIOBBIX Harpy3ok. CpeaHuil paanyc IeHCTBHS
TOI[ I — 2 kM 10 TEXHOJIOTUYECKOMY Tapy U 5 — 8 KM IO ropsiueid BOAE AJIsl OTOII-
nenust. MomnocTs TOL] He npespimaer 300 — 500 MBT.

Ha T3l ycTanaBnuBaloT Tpu TUIA TYpOUH:

- ¢ Temio(pUKaMOHHBIMU OTOOpaMu THna T, ucnoyib3yemble i TEerJio-
CHA0KEHHsI B OTONUTENbHBIX cucTeMax. OTpabOTaHHBIN Nap Yepe3 peryaupyemMble
OTOOpPBI MOCTYNAET Ha MOJIOTPEB CETEBON BOJIBI;

- TypOunbl Tuna IIT ¢ TermodgukanmoOHHBIMA U MPOMBILIJIEHHBIMU 0TOOpa-
MU (Topsiuee BOJIOCHA0KEHHUE U OTpa0OTaHHBIHN Tap);

- TypOMHBI C IpoTHBOJaBIeHHEeM Tuma P. Bech map nmocrymnaer k notpedu-
TEJISIM.

Typ6unst TunoB T u IIT npu HenosHOM 3arpy3ke 0TOOPOB MOTYT paboTaTh
10 AJIEKTPUYECKOMY I'pa(UKy, pa3BUBas B cilyyae HEOOXOJAUMOCTH HOMHHAJIBHYIO
ANEKTPUYECKYI0 MOIIHOCTH (puc. 4.4). MouHocTh TypOuH Tumna P onpenensiercs

MX TEIUIOBOU HArpy3KoM.

720

| /7 A
l i [ Ll'j”"@ P 7, ‘
0 720 Tkanry 0 80 7180 240 /xanldy
a) 6)

Qors

4 (] &

'

Puc. 4.4. 3aBucumocTs anekTpuueckoit Harpy3ku TOIl ot TemnoBoii:

P

bvs
PK - MOIITHOCTH KOHJICHCAIlHOHHA.

- MOIIIHOCTH Ha TCIIJIOBOM HOTpe6JIeHI/II/I;
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TOII xapakTepuzyercs OONBITUMHU YACIbHBIMU KaTUTATOBIOKEHUSIMHU, YEM
K3C (520 — 660 mon./xkBt nna TOL u 420 — 550 non./kBt qns KOC), Ho 3Ha4m-
TEJILHO MEHBIITUM YACIBHBIM PACXO0JIOM TOIUIMBA HA BBHIPAOOTKY 3JIEKTPOIHEPTUHU

pu paboTe MO TEIIOBOMY PEKUMY:

bP! =146 — 228 r/kBr-u,

9 TCILI

bPR =278 — 406 1/xBt-4,

S KOH]T

b™" =170 kr/T'ka.

TCILI

IIpy BBINIOJIHEHMM NEPCHEKTUBHBIX PAcdy€TOB IPEAIONAraeTcs, 4ro B MO-
MEHT MPOXOKIECHHS 3UMHET0 MakcuMmyMa TypOuHbl TOLl moaHOCTBIO 3arpy>KeHbI
IO TEILTy.

[Ipu TennoBbIX Harpy3kax, COOTBETCTBYrOIMX MouHocTsIM TOLl menee 200
— 300 MBT, coopyxenne TOL| ¢ TeriopukanmoOHHBIMU TypOMHAMU, KaK IPABUIIO,
HKOHOMHUYECKH HE 11€JIECO00pa3Ho.

I'TOC obnagaeT BHICOKMMHM MaHEBPEHHBIMHU KadecTBamMH. Bpems mycka u3
xonogHoro cocrtossus 30 — 40 muH. Pacxon tonnmBa Ha myck — ~3,5 T. Y AenbHbIE
KanuTajaoBiaokeHus coctaBisaioT 300 — 340 nomn./kBt, HO yaenpHBIN pacxoa TOII-
muBa gocturaet 450 — 550 r/kBt 4. Mcnonb3yeTrcs xKuaKoe TOTUIUBO WU MPUPO/I-
HbIM ra3. OcHOBHOM TuM razorypounnsix arperatoB ['T-100-150 momHOocThIO 100
MBT.

I'TOC npennazHauensl Juisi pabOThl B MUKOBOW 4YacTW rpaduka Harpy3ku
(500 — 1000 yac B rox) U HECEHUS PE3EPBHBIX (PYHKIMI. Y CTaHOBKA ra30BBIX TYp-
oun (I'T) ocyiecTBisieTcs B LIEHTPAaX HArpy30K Ha TEPPUTOPUM JEHCTBYIOLIUX
TOC. I'T moryT npuMeHsThCs B KOMOMHauuu ¢ napoBbiMu Typounamu (I1T), 06-
pasys napora3oBbie ycTaHoBKH (III'Y). Y nenbHble kanutanosnoxenus B [II'Y co-
ctaBisaroT 400 — 500 non./xkBt. K.n.a. I[IT'Y Beime, uem y I'T u IIT B oTAenbHOCTH.

ADC. 310 mapoTypOMHHBIEC AIEKTPOCTAHIIUN, UCTIONB3YIOIINE B Kaye-
CTBE DHEPreTUUYECKOr0 pecypca siAEpHOE TOIUIMBO. B KauecTBe roproyero UCmnosb-

3yIOT TeroBbLaenstoniue sementsl (TBOJI) u3 npupoaHoro mnu cinabo obora-
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ménHoro ypana. Ha ADC ucnosib3yroT peakTopsl Ha TEIUIOBbIX HelTpoHax PBMK
u BBOP.

PBMK — 3amennutens — rpaduT, TEIIIOHOCUTENb — BoJIa. OOBIYHO OJTHOKOH-
TypHbIE YCTaHOBKH.

BBDOP — 3amemnmutens — BoJa, TEIUIOHOCUTENIb — BOAA. JIBYXKOHTYpHBIE
YCTaHOBKH.

[Ipoextupyror ADC ¢ 4 — 6 61okamu 1000 — 1500 MBT. B 6110kax PEMK-
1000 u BBOP-1000 ycranaBnuBaroT 1o 2 Typboarperata MomHoctsio no 500 MBT
Ha 3000 uiu 1500 06/mMun. B 6;okax BBOP-1000 BO3MOXKHO HCTIOIB30BAHUE OJ1-
Horo Typooarperara 1000 MBt Ha 1500 06/mMuH.

ADC TpebyroT OOJBIIEro KOJWYECTBA HUPKYJISLMOHHOW BOJIBI IS OXJia-
xaeHus, yem KOC, uz-3a HU3KUX napamerpos mnapa (6,0 — 6,5 Mlla). Oto saBuser-
cs orpaHndeHueM Ha pazmenienne ADC

VY nenbabie kanutanoBioxenus B ADC (1070 gon./xBt) B 1,8 — 2 pa3a BbI-

e, yeMm B KOC.

4.2. Pacuét cyTouHbIX pe:kuMoB IIC npu NpoeKTUPOBAHUYI

OCHOBHBIMH TIEJISIMA PACUYETOB CYTOUHBIX PEKHMOB IJIEKTPOCTAHIINNA SBIISI-

FOTCS:

1. mpoBepka ucrnosnb3oBaHus B OanaHce MOIHOCTA DDC 3JIEKTPOCTAHIMMN C
orpannueHHbIMH 3Hepropecypcamu (I'DC, 'ADC u ap.);

2. aHanmu3 pexuMoB pabotel TOC B cyrounbix rpadukax. [IpoBepka maHeB-
PEHHBIX BO3MOXKHOCTEH CylecTByromero obopyaoBanus. @opmupoBaHue
TpeOOBaHMI K HOBOMY 000PY/I0BaHUIO;

3. OnpeneneHue XxapakTePHbIX PEKUMOB 3arpy3ku cetu 3IC;

4. OnpeneneHue 3arpy3Ku dJIEKTPOCTAHIINN B XapaKTePHBIX peXUMax s T0-

CHEYIOLIETO Pacu€Ta peXKUMOB JIEKTPUUECKON CETH.
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VYBsi3ka PEXUMOB PabOTHl ANEKTPOCTAHLUNA C ONTUMAJIBLHOM CTPYKTYpOMl
TOK BbIMONHSETCS MPU ONTUMU3ALMKU TEPCIIEKTUBHBIX PEKUMOB MO KPUTEPHIO

MUHUMYMa IPUBEAEHHBIX 3aTpar Ha TommBo B DOC. OueHka 3aTpar 3, pas3ind-

HBIX BUJIOB TOILJIMBA BBIMOIHIETCS MO 3aMBIKAIOLIMM 3aTpaTaM Ha TOIUIMBO. 3aMbl-
KaloIllMe 3aTpaTbl OTPaKalT JEPUIUTHOCTh TOIUIMBA, CTOMMOCTh IEPEBO3KH I10
palioHaM CTpaHBI.

PaccMaTpuBaroT pexuMbl pabOThl 3JEKTPOCTAHIMI B rpadukax Harpy3Ku
3UMHUX pabOuYuX CYTOK JUId MEpUOJia MPOXOKACHUS MaKCUMyMa Harpy3KH 3HEp-
TOCHCTEMBI WJIU 3HEproodbennHeHnsa. HeooXxoauMocTh paccCMOTpEHUs APYTUX Xa-
PaKTEpHBIX CYTOK (3UMHHUX BBIXOJHBIX JHEH, pabOuMX U BBIXOJHBIX JHEH Jera u
IEPUOAOB IaBOJKA) ONPENEIAETCS B KaXKAOM KOHKPETHOM CIy4ae B 3aBUCUMOCTH
OT LeNel pacy€ToB, cOCTaBa JIEKTPOCTAHIMN U CTPYKTYPhI 3JEKTPONOTPEOICHHUS
HHEProcUcTeMBbl. J[1s1 BBIMONHEHUSI pacu€TOB SKOHOMUYECKH OOOCHOBAaHHBIX pe-
KUMOB pabOThl 3JEKTPOCTAHUMU WM IJIAHUPOBAHMS IMOCTABOK MOIIHOCTH Ha
OITOBBIA PHIHOK AJIEKTPOIHEPIUH ONpeeisieTcsl ydacTByrolas B pacuérax pado-

4yasik MOIIHOCTh AJICKTPOCTAHIIUN Ppa6, KOTOpasi MOKET OBITh WCIIOJb30BaHA IS

MOKPBITUSL HArpy3KW WJIM YACTUYHO BBIBEJICHA B PE3E€PB B 3aBUCUMOCTU OT SKOHO-
MHYECKHUX IMOKa3aTEJIEH.
VYyacTByromiasi B TOKPLITUU Tpaduka Harpy3ku paboyass MOITHOCTh SIBJISCT-

CsL 9aCTBIO PACMOIAraeMON MOIIHOCTH ( Ppycy ), 38 HCKIIOYCHHEM PEMOHTHOIO pe-

acCIl

3epBa (P P

rex.pems L xampem)s CPEHEH BEIMYHMHBI pe3epBa sl KOMIICHCALUN aBa-

PHITHOTO CHIDKCHHUST MOIIHOCTH ( Pyy ey ), Bpamaromierocs pesepsa ( Ry, ), Bxoms-

Cero B COCTaB OIICPATHUBHOIO, U CTPATCTHYICCKOI'O pE3CpBa.

P R

aB.peM  “Bp "’

P aG:P

p pacm ~ P

TEK.peM ~

P,

Kar.pem ~

BriBoa o6opynoBaHMs B TEKYIIUH U aBapUUHBIM PEMOHTHI YYUTHIBAETCA

s KOC, TOI u ADC. BeiBoa 060opynoBaHus B KanuTajdbHBIA PEMOHT (€CIH 3TO
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Heo0xoxuMo) yuuThiBaeTcst TONbKO Mt KOC. MomHOCTh Proy pen ¥ Pranpem

OIIPEIEIAIOT IO HOPMATUBHBIM JaHHBIM. MomHocTs Py, pem PaBHA

n
Pas. pem — Z Pai m;Q; ,
i=1

rae  P,j — equHMYHAS MOIIHOCTB arperara | -ro THIa;
M; — YKCJIO arperaToB | -ro THIIA;
(; — aBapuifHOCTH arperara I -ro Turma.

CymMapHas MOIIIHOCTh PEMOHTOB (TEKYIIETr0 U aBapUMHOI0) pacipeneseT-
CSL MEJKTy JIEKTPOCTAHLIUSIMU OJHOTO TUIIA MPONOPLMOHAIBHO UX MOIIHOCTH. st
osounbix KOC MomHocTh 000pyA0BaHUs, HAXOAAIIETOCS B PEMOHTE OKPYTJIETCA
1o uenoro 6moka. s ADC, TOI u KOC ¢ nonepedyHbIMHU CBA3SIMU PEMOHTHAs
MOIIHOCTB YCJIOBHO HE CBSI3BIBAETCS C BBIBOJIOM B PEMOHT LEJOr0 YHWCJIA arpera-
TOB, @ YUUTHIBAETCS B BUJIE COOTBETCTBYIOILIEIO CHIXKEHUS pabodel MOIIIHOCTH.

Yacte omeparuBHOro pesepBa (2 — 3 %) Pyax, HO HE MEHee MOIIHOCTH

KpYITHEWIIIEro arperara, pacCMaTpUBAETCAd B KAuE€CTBE BpAILAIOMIETOCS pe3epBa

MomHOCTH Ry, . Bparmaromuiics peseps pa3MeInaeTcst Ha KOHKPETHBIX CTaHIUsX,

MPEIHA3HAYCHHBIX I €r0 HECEHMs. Bpalaromuiics pe3epB pa3MeniacTcs, npex-

ze Beero, Ha I'DC u I'TADC u cocrasisier 10 10 — 15 % ux Py, - Ha TOL Mosxker

ObITh pasMeIlEH Ry, 110 5 % ux Ppyey -

BosmoskHO pasmerienne Ry, Ha HanMmeHee
skoHOMHYHBIX KOC.

Xonoansiii pe3eps pazmemaroT Ha KOC. BeiBon momuoctn KOC B xonon-
HBI pe3epB HE JOJDKEH MPEBbIIIATh pa3mepa octaHoBa MomHOCTH Ha KOC B BBI-
XOJIHBIE JTHH.

ITpu pacuérax pexxumoB iekTpocTaniuii 99C NMpencTaBisioT B BUAE dHEP-

TOYy3JIOB, COCI[I/IHéHHBIX CBA3JAMU C OI'PaHUYICHHBIMU ITPOITYCKHBIMHA CITOCOOHOCTSI-

MU. YUET MPOMYCKHBIX CIOCOOHOCTEHN B OOJBIIMHCTBE CIIy4aeB OKa3bIBAET CYIIle-
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CTBEHHOE BIIMSHHUE Ha PEXKUMBI 3JEKTpOCTaHIMi. HaxoxaeHue onTuMaibHOTro
pexuMa AIEKTPOCTAHIIUNA PE3KO yClIoXKHsAeTca. B mpocteiliem ciydae onpesesns-
I0T ONTUMAJIBLHBIN PEXUM I 0JIHOY370BoM DOC, a 3aTeM KOPPEKTUPYIOT HATPY3-
KM 3JIEKTPOCTAHIIMNA MTPU HAPYIICHUH OTPAaHUYEHUHN MO MPOIMYCKHONW CIIOCOOHOCTH

CBS3EN.

4.2.1. BoucbiBanue I'2C u 'ADC

VYyacte I'DC B MOKPBHITUU HATPY3KU 3UMHUX PAOOYMX CYTOK ONPENETSIOT

UCXOJIS U3 33/IaHHOM rapaHTUPOBAHHOW cpeaHeMecssuHor MomHocTu ['DC PF?; u

CyTOUHOTO pecypca 3Hepruu. Ydactue '9C momxHO 00ecneyuTh MaKCUMalbHOE

cHmkenue notpedHoit momuoctu TOC. Yyactue ['DC B MOKPHITUH HATPy3KH BO

BCE 4achl He JIOJDKHO OBITh MEHbIIIE 3a1aHH0l Pso; (30Ha 8 Ha puc. 4.5).

J& r 1 N \
f fu | | \\
14000 }— | | i _i: { : B i ;\
|r & ‘\3' !
5 Q] 1
! rf Biica . B
72000 —1 - A : t
{ | S| | f
Jrl ‘ ¥
I | SRR, O N 5
I i P e R
B . i
i o
N o !
BOGOLS | i i S "
P
* Py \__‘Y» e I
|
A
6000 | [ T
S | l 2 ‘Q‘ !
Ny v 5
g0 T o =l | — H =
\ | I
00 - ' \(\5 ‘!»:
8 |

Puc. 4.5. BouceBaune ' 9C u TADC ¢ ucnnons3zosannem MKH
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B npyrue cytku yuactue I'9C onpenensercs TiIaBHbIM 00pa3oM yCIOBUSIMHU
MOJIHOTO HMCMOJB30BAHMS CYyTOYHOTO PECypca dHEPrUM U MAKCUMAJIBLHOTO BBIPAB-

HuBaHUs Harpy3ku TOC.

Jlns Biuceisanus [DC onpenenstior Py 1 W o .

I3C _ pIac I3C _pIdC
PHI/IK - Ppacn - P6as - RBp '

ik — |\ “Hex ' rap 0a3

WFSC_(kFBC PFBC _ 1"30)24’

rie Koy — k0oddurment venensroro peryimuposanns (Kyg,=1,0 — 1,2). OH yun-

THIBAET HEPABHOMEPHOCTH HENIEJIBHOTO PEKHUMa AJIEKTPONOTPEOJCHUSI U PETyiu-

POBOYHBIC BO3MOKHOCTH BOAOXpaHUINIIA.

Pl 1 W% HCronb3yloT Jjis onpeeneHus 30Hb1 padotel [DC B rpaduke
Harpy3ku. s npuOamkE€HHOTO pacuéTa ornpeiejeHre 30Hbl OCHOBaHO Ha MOCTPO-
eHUM uHTerpayibHoil kpuBoil Harpy3ku (MKH) P, = f(9) (puc. 4.5). CyTouHsbIit
rpaduk pa30UBaIOT Ha 30HBI C MOCTOSAHHBIM I1aroM AP, HauuHas oT P, Tpadu-
ka Harpy3ku. IlomcumTeiBaloT miomans ydacTtka rpapuka 3y, 3aKIOYEHHOTO

MEXIY YPOBHEM Py oy ¥ TEKYIIMM 3HAYEHUEM MOILIHOCTU
B = Ppax —KAP, k=0,12...

Ha rpapuke MKH oTknanpiBatoT o4epeHy0 TOUKY C KOOpAMHAaTaMu Dy U

Ucnonssyst P 1 Wi, CTPOAT IPAMOYTOJIBHBIA TPEyroJbHHK, KaTeTaMK

KOTOPOTO SABJIIHOTCS YKA3dHHBIC BCIIMYHHBI. H€O6XOI[I/IMO PAacCIIOJIOKUTH TPCYT'OJIb-
HUK Tak, YTOOBI KaTETHI OBLIN napajjiCjabHbI OCAM W BCPIIMHBI TPCYIrOJbHHUKA OIIN-

panuck Ha UKH. 3oHa cyrouHoro rpaduka, B KOTopoi Harpy3ky nokpsiBaet ['9C



69

(3oHa 7 Ha puc. 4.5), onpeAensioT MPOSKTUPOBAHUEM KOOPAWHAT BEPUIMH Tpe-
yroJIbHUKA HAa CYTOYHBIN TpauK Harpy3KH.
Ecimu B 93C nmeercs Heckonpko '9C, TO UX BIUCHIBAIOT B Ipaduk B mo-

PAAKE BO3pACTaHUA 9YUCJIa 9aCOB UCITIOJIb30BAHUA pacnonaraeMoﬁ MOITHOCTH I'2C

BnuceiBanne 'ADC B cyTouHbIil rpaduk Harpy3ku mpu padbote B TypOHH-
HOM pexuMe aHanornyHo BouchiBaHuio ['DC. CytouHast BbIpaOOTKa SHEPruu

['ADC onpenensiercs ¢ yuétom norpedneHus 'ADC B HACOCHOM peKUME.

rasc _ \psrasc
WTyp6 =Wiac M,

rne M - kg [ADC (n=0,7).

[Totpebnenue '’ADC B HACOCHOM PEKUME PABHO

P rasc h rasc

o
W raj’c — pacmin’ Typ
HaC '

n

rie  Ppaon — MPOEKTHas pacrionaraemas Momuocts IADC;

rasc
1yp6 — THCIIO 9acOB pabOThI B TYpOUHHOM pexume (4 — 6 Jac).
CyTouHbIl TpaduK Harpy3Kyd KOPPEKTUPYIOT B YAaChl HOUHOTO MpOBaia, yBe-

JUYMBasi Harpy3Ky TakuMm oOpa3oM, 4ToObl JOMOJHUTENbHAS IUIomaAb rpaduka

6bu1a paBaa W0 (30ma 11 Ha puc. 4.5).

BnucsiBanne ['ADC ocnoxHsieTcs TeM, YTO BbIpaOOTKA 3JEKTPOIHEPIUU B
39C pacxonyercss B HACOCHOM pexume. JkoHoMHIO 3aTpar Ha TOC mpu pabote
I'ADC B TypOMHHOM peXHUME HYKHO CONOCTAaBJIATh C JONOJIHUTEIbHBIMU 3aTpa-

tamu Ha TOC npu padore 'ADC B HacocHOM pexkume. B psane ciaydaes menecooo-
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Pa3HO HCOOUCIIOJIb30BAHHUC MOIIHOCTH I'ADC u cHmXeHue BLIpa6OTKI/I QJICKTPO-

sneprumn 'ADC.

4.2.2. Onpenenenne cocrapa ooopyaosanus TIC, padGoraommx

B 4ac MaKCHMMAaJIbHOM Harpy3skKu

N3 rpaduka narpysku 93C Beiuutarot rpaduku Harpy3ku ['9C u TADC ¢
y4€TOM pabOThl B MUKOBOM U OasucHoM 30Hax. Ocrapirytocst Harpy3ky 99C pac-
npegenstor mexay KOC, TOL, ADC, I'TC. Ilpu npoxoxxaeHHH MakKcUMyma
Harpy3Kd CyMMapHasi MOIIHOCTb BKJIIOYEHHOTO OOOPYJIOBaHUS 3JIEKTPOCTAHIUMN
JIOJKHA TIPEBBINIATh MakCUMyM Harpy3ku. Eciau paGouast momuocte Bcex TOC
CYILECTBEHHO IPEBBIIIACT YKA3aHHYIO BEJIIMYMHY, TO ONPEACISIIOT ONTUMAJIbHBIN
cocTaB 000pyJOBaHMs, BKIFOUEHHOIO B YaC MAaKCUMaJbHON Harpysku. i aToro
COIIOCTABJIAIOT CYTOUHBIE 3aTpaThl HA TOILUIMBO MPU paboTe BCEX UCIIPaBHBIX arpe-
raToB U IIPU BBIBOJIE YaCTH MX B XOJIOJHBIN PE3EPB.

Ecnu ucnosib30BaTh OJIHO30HHBIE YHEPTETUUYECKUE XAPAKTEPUCTUKH, TO Iie-
necoobpa3HocTh BeiBoja | -ro arperata KOC wim I'TC B X0JI0IHBINH pe3epB MpoBe-

PSIETCS 10 BBIPAXKEHHMIO:
3ri (BXXiPHOMi +BI'PI ) >3TjB,jP’

rae 3, — CTOUMOCTh TOIUIMBA, PACXOYEMOTO | -M arperaTtom;

ByxisBi — KO3 UIMEHTHI SHEPreTHIECKON XapaKTEePUCTUKH | -ro arpera-
TQ;

P. — Harpy3ka | -ro arperara 10 OTKJTFOUYCHHUSI;

3;j — CTOMMOCTb TOILIMBA, PACXOYEMOIO | -M arperatoM, KOTOpPBIH BOC-

IpUHAMAET Harpy3ky P ;

B’} — koo uLHEHT SHEPreTHIECKON XapaKTEPUCTHKH ] -ro arperara.
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JIeBas 4JacTth BBIPAKCHUA — 3KOHOMHU:A 3aTpar, IIpaBad — JOIIOJHUTCIIbLHBIC

3aTpaThl.

4.2.3. JxoHOMUYHOe pacnpeejieHue Harpy3ku Mexay TIC mo yacam

CYTOK

[Ipu cHI>KEHUH HArpy3KW ONTHUMAbHBIA cOCTaB padoTaroiiero o0opyaoBa-
HUS ONPEACIISIIOT MyTEM COMNOCTABJIEHHUS 3aTpaT Ha TOIUIMBO MPU PabOTe MaKCH-
MaJIbHOTO KOJIMYECTBA arperaToB CO CHUKEHHOW HArpy3KOW WJIM YMEHBIIEHHOTO
KOJIMYECTBA arperaToB C YBEJIMYEHHOW HArpy3KoM IUIIOC JOMOJHUTEIbHBIE 3aTpa-

Thl Ha €XKECYTOYHBIA IMYCK M OCTaHOB arperara. [IpuONIMx€HHO PKOHOMUYHOCTH

OCTaHOBa arperara MOKCT OBITH OIIPpCACIICHA II0 BCJIIMYMHC S S — OTO

oct 1+ “ocr i

Pa3HOCTb CHHIKCHUA 3aTpaT Ha TOILNIMBO IIpHU OCTAHOBC arpcrara, pa60Tafomero Ha

TEXHUYECKOM MHHHMYME, Ha T,, YacOB W Iepepacxoja 3aTpaT Ha TOIUIUBO MpHU

1p

TyCKe.

!/
_ (Bxx i PHOM i +Bi Py i )Tnp - BHyCK-OCT i
oct i = 3ri P . ,
MuH i Trip

S

rne P,y — MUHUMaJbHas Harpy3Kka | -ro arperara;

B ~ i — pacxoJ TOIIMBA HAa IYCK U OCTAHOB.
MyCK-OCT |

OcraHaBIMBAIOT arperar, AJjisi KOTOporo S — MaKCUMAJIBHOE.

oCT |

[Ipu BRIOOpE OCTAaHABIMBAEMOIO arperara CieayeT MMETh BBHUJY CIIEIYIO-

niee.

1. ADC pasmeniator B 0a3ucHOM yacT rpaduka 0e3 pasrpy3ku B HOY-
HBIE YaCHhl.

2. TOIl Takxe pa3MemarOT B 0a3ucHOM yacTh. B 3umHee BpeMs OHU

MOJTHOCTBIO 3arpy’KeHbI 1O TEIIy U B JHEBHOE BpeMs pabOTaIOT C MOJHON pacmo-

JlaraeMom MOIIHOCTBIO 3a BBIYCTOM PEMOHTHOI'O M OIICPATHBHOI'O PE3CPBOB. Pa3-
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rpy3ka TOLl B HOUYHBIE Yachkl 3aBUCUT OT XapakTepa TEIUIOBOM Harpy3ku (Tali.

4.6).

Tabnuna 4.6. — Bo3moxkHoCcTH cHUXeHUs Harpy3ku TOL]

Tun arperara 3UMHMI IepuoJ HeoronurenbHbii
Paboune nHwu, BeIxonHbIE THU CE30H
HOYHBIC Yachl JIHeBHbIE "achl HouHble yacsl
P 1,0 1,0 1,0 0,90
T 0,86 0,86 0,70-0,75 0,15
I1T 0,66 - 0,70 0,66 -0,70 0,66 -0,70 0,43-0,52

Ocragiyrocst Harpy3ky pacnpeaesstoT mexay KOC, I'TC, TII'Y u koHaeH-
cauroHHOM MOIIHOCTBIO TOLI. J[i1g 3TOr0 MCHONIB3yIOTCS XapaKTEpUCTUKHA OTHO-
CUTEJIbHBIX TPUPOCTOB pACcX0/ia TOIUIMBA C YUETOM CTOMMOCTH ToruinBa. Harpyska

TOC obpaTHO NpoNOpLUOHANIBHA BETHUHHE 3. if3; !

T3C /
R 3 i+1Bis1

T3C !
P41 37iPi

be3 yuéra 3aBHCMMOCTH MOTE€pPh MOIIHOCTUA OT 3arpy3KH JJIEKTPOCTaAHIUU

pacupeaciCHUC Harpy3khu MCXKAY CTaHIOUAMU MOXXHO BBIIIOJHHUTD Fpa(i)I/I‘IeCKI/I

(puc. 4.6).
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Puc. 4.6. Pactipenenenue Harpy3ku mo XOII



73

4.3. 'onoBbIe peskUMbI PA00THI AJIEKTPOCTAHIMMH

[ensiMu pacd€TOB rOAOBBIX PEKUMOB SIBJITFOTCS:

o ONpENICIICHUE YMCIIa YaCOB UCIIOJIb30BaHUSI YCTAHOBJIEHHBIX MOIIHO-
CTEU BJIEKTPOCTAHIINM;

o OIICHKA 3aTpaT Ha TOILUIMBO IO CPABHUBAEMBIM BapUaHTaM;

o coctapyieHue 0anancoB sHeprun IIC.

[Ipu pemennn dTUX 3a7a4 HEOOXOIMMa YBsI3Ka TOJIOBBIX U CYTOUHBIX PEXU-
MOB 3JIEKTPOCTaHIUH. J{J1 3TOr0 TOJKHBI OBITh PEIICHBI 2 3a/1a4u:

1. VYBsi3ka CyMMAapHBIX T'OJOBBIX OFPAaHUYCHUIN HA YHEPTOPECYPCHI C CO-
OTBETCTBYIOIIIMMHU OTpaHUYEHUSIMU B xapaktepHble cyTkd. g I'9C Ha ocHOBe
BOJIHO-3HEPTreTUYECKUX PACUETOB B TOJIOBOM Pa3pe3€ B PA3INYHBIX YCIOBHUSIX BOI-
HOCTHU OIIPENEISIIOT 3UMHIOI0 TapaHTUPOBAHHYK) MOILHOCTBH, CPEIHE MHOIOJIET-
HIOIO BBIPAOOTKY JIEKTPOIHEPTUH.

2. OnpeneneHne roJoBbIX MOKA3aTENIeN MPOU3BOJCTBA JICKTPOIHEPIUU
U TOTPEOJICHUSI YHEPTOPECYPCOB MO OTPAHUYECHHOMY YHUCITY PAacu€TOB PEKUMOB
XapaKTEPHBIX CYTOK.

[Ipu onpeneneHun rofoOBLIX TOKa3aTeneld padoThl AJIEKTPOCTAHIINN HE00X0-
JAMO BBIJICIINTh XAPAKTEPHBIE CE30HBI. KOIMUECTBO CE30HOB OMNpPENEISIETCA JJIU-
TEJIbHOCTHIO OTOMMUTEIBLHOTO CE30HA, KaJCHIAPHOW MPOIOIKUTEIBHOCTHIO 3UMBI,
jeTa, maBojka. sl KaKIoro U3 BBIJCICHHBIX CE30HOB HEOOXOIAMMBI PacCUETH B
XapaKTEePHBIX CYTOYHBIX rpaduKax.

JIns1 KaKI0ro Ce30Ha OMPEAEIAETCS XapaKTEPHOE YUCIO CYTOK IYyTEM COTO-
CTaBJICHUS TTOTPEOICHUS DJIEKTPOIHEPTUN B XaPAKTEPHBIX CYTKaX C MOTPEOICHUEM

QJICKTPOSHCPIMHU B paCCMATPUBACMOM CC30HC.

W

n _ ‘Yce3s
CyT S - W "
CYyT S
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Yucno ncy.rs HCIIOJB3YCTCA I OIIPCACICHUS BBIpa6OTKH QJICKTPO-

SHEPTHU | -i DIEKTPOCTAHIIMEH 32 CE30H M PAacXo/ia TOILTHBA 32 CE30H.

st —chyTs Neyr s s

jS _BjcyTS Neyr s

3C
Wj rof

TI/ICH
] P .
¥CT |

st ASC u 6asucubix KOC T, (tabn. 4.7) He JOKHO IPEBOCXOIUTH

NpcaAcCjIbHOrOo TCXHUYCCKH BO3MOXKHOI'O 4YHCJIa YaCOB pa6OTBI, IIpu OIIpCACICHUU

KOTOpOro HCO6XO)II/IMO YUUTBIBATH ITPOCTOU B TCKYHICM, KAallMTAJIbHOM H aBaprI—

HOM PCMOHTAx.

Tabnuua 4.7. — Uucno 4acoB HCMOIb30BAHMS YCTAHOBIEHHON MOUTHOCTH

AJICKTPOCTAHIIUH
< = = = « o 2
THIIBLL 2 > o S, [ &
I CKTPOCTAHIHI OF = O > Q O
o o oM o S oL
I'aC 3800 3800 3600 | 2800 1900 3000
LA 1000— | 1000— - 1000— —-
1300 1300 1300
Ty 500 500 - 500— | 500—
800 800
ITonynukosble 2000 2500 — - 3000 e
KIC
Heb6uounoe o6o-| 2000 2500 — [ 3000 3000 3000
pyaopaHue
K2C
DHeprobJIOKH 4000 4000 | 3000 | 5000} 4500 5000
K2C 13 MIla
DueproboKHu 4800 5000 — | 6000| 5500.| 5800
KoC 24 MIla
A3C 6000 6000 | 6200 |6500| 6200 6200
TIII1 5100 5500 | 5900 | 6000 | 5800 5500
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Juist ADC T2 =6500 — 7000 w/rox. st TOLL B kauecTse Tocn npen 0€-

WCII TIpe ]

pyT 4ucio YacoB ucnoib3oBaHus TOLl mpu BeIpaOOTKE 3JIEKTPOIHEPTHUH 1O Tell-

TOBOMY PEXUMY. Ty noes =5500 u/rox.

To4HOCTH OIIPCACIICHUA TI/ICl'Ij TCM BBIIIC, YCM OoJbIIIe XApPaKTCPHBIX CYTOK

paccuntbiBaercs. IlorpemHsocts onpeaeneHus Ty, j He npesbiinaet 10 %.

5. TEXHUKO-9KOHOMUWYECKHUE PACUETHI ITPH
HNPOEKTUPOBAHHUHU I33C

5.1. Kpurepuu ontumaiabHocTH pa3sutus IIC

Jlnst obocHOBaHUS 3(D(PEKTUBHOCTU BAPUAHTOB PA3BUTHS AIEKTPUUECKUX Ce-
TE€W UCTIOJIB3YIOTCS KPUTEPHUH:

a)  2(h(}EKTUBHOCTDH C MO3UIIMU WHTEPECOB HAIMOHAIBHOTO XO3sIH-

CTBa CTPaHbI B LIEJIOM;

06) xommepueckas (¢puHaHcOBasi) d3PGEKTUBHOCTD, YUUTHIBAIOIIAS

(MHaHCOBbIE TOCIEACTBUSA peaJu3alii MPOEKTa JJisi €ro HEeNmoCPEeICTBEH-

HBIX YYaCTHHUKOB.

Jlsisi 3MeKTpoceTeBbIX OOBEKTOB MOHOIOJIBHOTO PEryJIUPYEeMOro CEKTopa
OHEPTreTUKU OILICHUBAETCSA TOJILKO oOmiecTBeHHass 3 PeKTUBHOCTD. 11 00bEKTOB
KOHKYPEHTHOTO CEKTOpa IHEPTreTUKH, (PUHAHCUPYEMBIX KOMMEPUYECKUMU OpPTaHU-
3aIusiIMH, OLIEHUBAIOTCs 00a Buaa 3 (HEKTUBHOCTH.

[Ipu npoBeneHUN >KOHOMHUYECKHX PAcuETOB IO COOPYKAEMOMY JJIEKTPO-
cereBoMy 00bekTy (BJI u moacTanuit) cieayeT yUuThIBaTh Psii OCOOEHHOCTEH.

[lepBas 3akiitoueHa B TOM, YTO NPUOBLIL 0Opa3yeTcsl B MpoLecce MpOU3BO/I-
CTBAa, IEPEIauu, PACIPEACICHHS U PEATU3ALNH JIEKTPOIHEPTUH, T.€. B pE3YyJIbTaTe
COBMECTHOTO YYacTHs AJIEKTPOCTAHLUHN, SJCKTPUUECKUX CETEeH M MOTpeOUTens.

[ToaTomy npu onpeaenennu 3pHEKTUBHOCTH KAUTAIbHBIX BIOKEHUH B JEKTPO-
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CeTeBbIE OOBEKTHI JODKHA YUUTHIBATHCSA YacTh OOIICH MPUOBLIN YHEPTOCUCTEMBI
OT peau3alliy IEKTPOIHEPTUH.
Btopast 0cOGEHHOCTh COCTOMT B TOM, YTO IO CBOEMY Ha3HAUEHUIO DJICK-
TPOCETEBBIE OOBEKTHI MOT'YT OBITH TIOJPA3ACIICHBI HA COOPY)KaeMBbIE JIJIS:
a)  BBIJIAYM MOIIHOCTH DJIEKTPOCTAHITUH;
0) yBeIMUYEHUS MPOMYCKHOW CIIOCOOHOCTH YYaCTKOB CETH B CBSI3U C PO-
CTOM TIEPETOKOB,
B) YCHJICHUS 3JICKTPOCHAOKEHUS y3JI0B HArPy3KH M BHEITHETO AJICKTPO-
CHAOXKEeHUsI MOTPEOUTEINCH;
I) COKpAIICHHS MOTEPh IIEKTPOIHEPTUHU B CETH;
1) TIOBBIMICHUS HAIEKHOCTH YJICKTPOCHAOKEHUS.
Kax mpaBuio, coopyxkaeMble 0OBEKTBI OTHOCSTCS K TPYIIAM «a» — «BY,
JUTSI KOTOPBIX XapaKTEePHO, YTO WX BBOJ MPHUBOJIUT K YBEIWYEHHUIO MPOITYCKHOU
crocoOHOCTH ceTH. B pesynbrare oOecnednBaeTcsi mnepejava JOMOTHUTEIbHON
AJIEKTPOIHEPTUH MTOTPEOUTESAIM U 00pa30BaHKE MPUOBLIU B YHEPTOCUCTEME.
CrommocTHasi OIIEHKAa pe3yJbTaTa COOPYKEHHsI DJIEKTPUUIECKONW CETH Ompe-

nensieTcst mo gpopmyiie
Oy =T, (JW — W)+ ATL, (5.1)

rae T, — cpeqHeB3BEICHHbINH Tapu( Ha DICKTPOIHEPIHIO B IAHHON SHEPTrOCHCTE-
Me;

W' — nononnutensHOE MOCTYIIEHHE HIEKTPOIHEPTHHU B CETh, 00YCIOBIEHHOE
COOPYKEHUEM DIIEKTPOCETEBOIO 00BEKTA;

] — I0JIS1 CTOMMOCTH peaM3alii JIeKTPOIHEPI MU, OTHOCHMAs Ha dJIEKTpHYe-
CKyI0 ceTh (Tabdi. 5.1);

OW — u3menenue MOTePh HIEKTPOIHEPTUM B CETH;

ATl — yBenuyeHne NPUOBUTH 3a CYET MOBBIMICHUS HAAEKHOCTH U JIPYTUX

(bakTOpOB, BIMSIONIUX HA SKOHOMUYECKUN (D PEKT.
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Tabnuna 5.1. — 3HaueHus KO3PPUIHEHTA |

HomunanbHOe HanpspKkeHue cetu, KB 750 -500 | 330—-220 | 110-35 | B nenom

Koaddumnmenr j 0,04 0,09 0,17 0,30

Yucnennsle 3Hauenns senuund W, OW B (5.1) onpenensieTcst B 3aBUCHMO-
CTH OT Ha3HAYEHMS HJIEKTPOCETEBOr0 0OBEKTA:

. €CIT COOPYKaeMbIii OOBEKT IMpeJHA3HAYEH I BHIAAYM MOLIHOCTH
5JIEKTPOCTAHIMHU UM BHELIHETO JJIEKTPOCHAOKEHHUS y3J1a HArpy3KH II0 pa-
nuaneHOM cxeme, To W cooTBeTcTByeT sHepruM MmocTynuBLICH B JaHHBIH
06bext, a OW — norepu B 3ToM 06nekte (JIDII, I1C);

. €CII 00BEKTHI COOPYKAIOTCS B 3aMKHYTOM CETH, M UX BBOJ IPHBOIUT
K Hepepacnpeie/IieHHI0 TI0TOKOB MOIHOCTH B CYIIECTBYIOIIMX 3JIEMEHTax
cetu, To W COOTBETCTBYET JOMOMHUTENBHOMN HIEKTPOIHEPTHHU, KOTOpas Oy-
JIET NOCTYIIaTh B CETh PACCMATPUBAEMOrO PaiiOHa B CBA3U C BBOJOM IIPOEK-

THpPYeMBIX 006ekToB, a OW - H3MeHeHue NoTeph B 3TOM CETH:

SW = AW" — AW,

rne AW"” —morepu B ceTu mociie BBojia 00BEKTOB;

AW' —motepu B ceTH /10 BBO/Ia 0OBEKTOB.

Omnpenenenne 3hPEKTUBHOCTH KAMUTAIBHBIX BJIOKEHUU B OOBEKTHI TPYIIIT
«T» U «I» CBOAATCSA K TOMY, YTO COKpAIlleHHE MOTEePh WM CHIDKEHHUE yiiepoa oT
HEJI0OTITYCKa DJIEKTPOIHEPTUH COOTBETCTBYET YBEIMYCHHIO pealn3alud M, Kak
CJICJICTBHE, YBEIMUYCHHUIO IPUOBUTA B SHEPTOCHUCTEME.

Jtst onteHKH 3P (HEKTHBHOCTH KaNTUTAIBHBIX BJIOKCHHUHA HUCIIOIB3YIOTCS MPO-
CThle W HMHTErpaibHble KpuTepuu (puc.5.l). IlpocTeie KpUTEpUM HE YUYUTHIBAIOT
BCIO MPOJOHKUTEIBHOCTh CPOKA JKU3HU MPOEKTA U HEPABHOZHAYHOCTH JIEHEKHBIX
noTOKOB. OHM MCHOJB3YIOTCS JJIs1 SKCIPECC-OLUEHKH MPOEKTOB Ha MPEABAPUTEIIb-

HBIX CTaausX pa3zpaborku. MHTerpanpHbie (IMHAMUYECKHE) KPUTEPUH OTICPUPYIOT
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C MOKAa3aTeJISIMU Pa0bOTHI MPOEKTUPYEMBIX OOBEKTOB I10 I0JIaM PacYE€THOI'O MEPHO-
Ja ¢ yuéroM ¢akTopa BpeMeHU. B MHTErpaibHbIX KPUTEPUSIX PACXOAbl U JOXObI,

pa3HECEHHBIE BO BPEMEHH, MPUBOJATCS K OJHOMY (0a30BOMY) MOMEHTY BPEMEHU

Top (Tup=0).

JKOHOMHYeCKOe ODOCHOBAHHE HHBECTHHHMOHHOIO

NpoeKTA
{ ]
OKOHOMMHECKAR ONEHKA PuHaHCOBAA ONEHKA
(adpderTMBHOCTE HHBECTHIMIT) (dHHAHCOBAR COCTOATENBHOCTE)
Tpocteie MeTtonn 0"'"63"' o 01;;':;: ©° eﬂ‘{se";;“e' Bananc
(cTaTHuecKkue) MHCKOHTHPOBAHHSA IIpHOBLIHN L -
METO/bE HBIX CDE/ICTB
l 1 N H|
TIpocras TpocToit Yweretii | | Buyrpen- Huckon- || KoshdunuenTnt
HODMAO CPOK OKY- AWUCKOH- HAA THPOBAHHBIN q;}{}[nncoaou
MpUOEINY IaeMOCTH THpOBPH- HOpMa CpoOK OLEHKH
HBII JOXOH- OKYIIAeMOCTH
AOXON HOCTH

Puc.5.1. Cxema UCIIOIb30BaHMS METOAOB OIIEHKH WHBECTUIINHI

OCHOBHBIM HHTCTPAJIBHBIM KPUTCPUCM SABIIACTCA MAKCHUMYM YHCTOI'O JHC-

koHTHUpoBaHHOTO noxona (Y1) mpu yciaosuu Y J>0.

T
‘—II[I[:ZP:(Hqt + Uy — Ky ) (1+ E)Tﬂp‘t — max, (5.2)
t

rae Il —gucrasg npuOsLIe B roay t;
N,; — amMopTH3aLMOHHBIE OTYMCIIEHHU HA PEHOBALIUIO B rofy t;

E — HopMaTuB AMCKOHTHPOBaHUS (CTaBKa JOXOJHOCTH);

K — uHBecTUIMM (KalIUTAJIOBIIOKEHMSI) B TOAy t;
Tp — JUTMTEIBHOCTh pacy€THOTO neproaa (puc.5.2).

IIpn onpenesneHny IIAHUPYEMOW MPOAOJDKUTEIBHOCTH CTPOUTENIBCTBA U C-

XOJIAT U3 YTBEP)KAEHHBIX HOPMATHBHBIX CPOKOB (TaldI. 5.2).
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HsecTpoBanmne

s

—

-~
IIpoexrH- Crpomrenncreo Ocso- Hopmanbeasa sKcmiayarauus JIMKBH-

pcBaHHe eHHe ganusa
]
T

ITonyyenne noxoxna
PacueTHHIH neproxn

Puc.5.2. Cocrapnstomnye pacuéTHOTO Mepuoia

Tabnuma 5.2 — Hopmel nnpogoimkuTenbHocTH cTpouTenbcTtBa BJl 35-750 kB

Hanps- | Konuue- | dnu [Tponosxu- Hanps- | Konuue- | dnu [Tponomxu-
JKeHHe, | CTBOlie- | Ha, TEIIBbHOCTD JKEHHE, CTBO Ile- | Ha, TEIbHOCTh
kB e, T KM | CTPOMTEIBCTBA, kB TIeH, T KM | CTPOMTEIIBCTBA,
MecC MecC
35 1-2 20 3 220 2 100 7
40 4 150 9
80 7 250 13
110 1 50 5 330 1 100 6
100 6 200 9
150 8 400 15
110 2 50 5 500 1 100 7
100 7 200 10
150 9 400 17
220 1 50 5 600 24
100 6 750 1 200 12
150 8 300 16
250 11 500 24
220 2 50 5 700 30

[Ipy HEM3MEHHOCTH JIEHEKHBIX MOTOKOB 10 rogam YJ/[J[ onpenemnsercs ye-

pe3 cymmy ko3 durrenToB auckontuposanus Dy mo dhopmye:
Y = (11, + U, ) Dg — K = max. (5.3)

Bennuuna uncroit mpubsun B (5.2) u (5.3) paBHa

]




80

rae Opt — CTOMMOCTHAS OLCHKA Pe3y/bTaToB paboTel 00beKTa (00BEM peanuso-

BAHHOM 3JIEKTPOIHEPTrUH) B roay t;
H; — cymMMapHbI€ KCIUTyaTallUOHHbIE U3JEPKKU HA PEMOHT U 0OCIIyKUBa-
HHE B roay i;

aHaJ'I

— cTaBKa Hajiora Ha npuoOsLIb (20 %).

[Ipy cpaBHEHMHM HECKOJIBKMX BapHaHTOB BBHIOHMpAETCS BapUaHT ¢ HAUOOJb-
mer BenuunHor YJ[J[. OmHako HEOOXOAUMO OTMETUTh, 4TO BenmmuuHa YJ1/] 3aBu-
CUT OT MaciTadba npoeKTa, MPOSBISIONIETOCs B «(DU3NUECKUX» 00bEMaX UHBECTH-
1y ¥ npousBoacTBa. Hanpumep, npu Beibope HanpsuxeHus cetu JIDII 6omee BbI-
COKOI0 HampsipKEHUs MOoTpeOyeT OOJIBIIMX KamWTaTOBIOKEHUN, OJHAKO MOXKET
UMETh M OOJIBIITYIO MTPOMYCKHYIO CLIOCOOHOCTb.

Otcroa ciienyeT €CTECTBEHHOE OTPaHMYEHHE Ha TPUMEHEHHUE 3TOTO METOa
IIPU CPABHECHUM 3HAYUTEIBHO PA3IMYAIONIUXCS MO0 3TOM XapaKTEPUCTUKE MPOCK-
ToB: Oonbinee 3HaueHne YJIJ[ He Bcerma Oymer coOTBETCTBOBATH Oosiee 3 dhek-
TUBHOMY BapUaHTY KalUTAJIOBIOXKEHUN. MIHaYe TOBOpsI, TaKKe BapUAHTHI HEOOXO-

JIMMO TIPUBOJIUTH B COTMIOCTABUMBIN BH/JI 110 TPOU3BOICTBEHHOMY 3D (PEKTy.

[Toka3zaTens AMCKOHTHPOBAaHHBIX 3aTpat (5.4) yn00HO HMCIOIB30BATh TPU

CPAaBHEHUU BApHUAHTOB, HMMEIOLIUX OJMHAKOBBIM MPOU3BOACTBEHHBIN 3(hdeKT

(00BEM pean30BaHHON MTPOTYKIIUH).

T

3, = 2 (M + Ky ~ Ky ) (1+E) ™7 = min, (5.4)
t

rae Wi - cymMMa sKCIUTyaTallMOHHBIX U3/IE€P/KEK Ha PEMOHT, OOCIIy’)KUBaHUE U CTO-
UMOCTHU MOTEPh IEKTPOIHEPTHUH B TOIY t;

Kkt - TUKBHIAIIMOHHAS CTOUMOCTH OOBEKTOB B roy t.
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Ecau xe nmeem ACI0 C IIPOCKTaAMHU C PA3HBIMU KU3HCHHBIMHU CPOKaMH, TO
YTOOBI HE BBIPABHHUBATL BAPHUAHTHI II0 3TOMY ITOKAa3aTCIIIO, JYYIIC HMCIIOJIB30BATb

IKBMBAJIEHTHBIE CpeIHeroaoBbie 3aTparhl (5.5).

3¢y r =3,/ Ds = min. (5.5)

cpr

B mpocreimem ciyyae, KOria MHBECTULIMN BKIJIAIBIBAIOTCS B OJIMH T'OJI, TO-
CTYIUIEHUS M PacXO/bl HE MEHAIOTCSA B TEYCHUE KU3HEHHOTO CPOKa, U JIUKBUIHAS
CTOMMOCTb PaBHA HYJIO, ITOT IOKa3aTelb MPEACTaBIsAET COOOM TOAOBBIE IIPHUBE-
JNEHHBIE 3aTPAThl 3, HO C JUCKOHTUPOBAHHOM HOPMOUW aMOPTH3aLIUH.

B ToM citydae, Korna HEBO3MOYKHO WIIM CJIOKHO IIPUBECTU BapUAaHTHI K OJ-
HOMY IPOU3BOACTBEHHOMY 3(P(DEKTY, MOKHO MCIOJIb30BaTh KPUTEPUN YAeJdbHBIX

3aTpar.

Kanuranensie Boxxenus K; onpenensrorcs cymMMon CTOMMOCTENH OOBEKTOB
I UX 3JIEMEHTOB, COOPYKaeMbIX B rofy t pacuérnoro nepuoga T, . Ilpu npoek-

TUPOBAHUU PA3BUTHSI DIIEKTPUUYECKUX ceTed pacuér K; BhINonHAeTCA MO YKpyI-
HEHHBIM CTOMMOCTHBIM TokazatensiM (Y CII), pa3zpaboTaHHBIM Ha OCHOBE MpeKc-
kypanToB u tapudo 2000 r. [Ins nepexona k coBpemeHHbM 1ieHaMm Y CII ymHO-
*KarTcs Ha koahuiment-neduastop J, onpeaensembii MunskonompaszButusi PO.
Hanpumep, nis 2014 r J=5,727.

s mopcranmuii 1 JIDII B cTouMocTh 00BEKTa BKIIFOYACTCS CTOMMOCTE OT-
qyKIAEMBIX 3eMEIBHBIX yaacTKoB (13 — 26 py6./m° B nenax 2005 r.).

Kanuranbnsie Bnoxxenust B noactaniuto (I1C) onpenensrorcs o popmyie:

Knc :KGaB +Krmp +K (5 . 6)

OTB?

rne Kg,, —6a3zoBas croumocts [1C, onpenensiemas no YCII;
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KHHp — 3aTpaThbl Ha IPOCKTHO-HU3BICKATCIbCKUC pa6OTI>I, 6H3.FOYCTPOI/ICTBO u

mp. (15,5 -17,5 % ot croumoctu I1C);

K, — cTonmocts 3emenbHOro yyacrtka nog IC.

bazosas ctoumocts I1C B (5.6) paBHa

K6a3 = Krp + ZKH‘{ + KKOM]‘[ + Kn !

rae K, — cronmocts Beex TpanchopmMaTopos;
D K,, — CTOMMOCTb BCeX SU€EK BBIKIIOUaTEIEH;

K. ., — CTOUMOCTb KOMIIEHCUPYIOIINX U PETYIUPYIOLUIUX YCTPOUCTB;

KOMII

K, — nocrosiHHas 4acThb 3aTpar.
CroumocTts 3eMenbHoro ydactka nog IIC K = onpenensercsa cTouMoCTbrO

2
OTUYXIAEMbIX 3€M€JIb U IJIO0MaIbto yuactka (ot 1,5 1o 176 Tbic. M” B 3aBUCHMO-
CTH OT CXEMBbI MMOJICTAHIIMK U HOMUHAJIBLHOTO HanpsbkeHus 35 — 750 kB).

CroumocTts pexoHcTpykiuu u pacimpenus [1C onpenensiercst mo popmyne

erK = KHOB + K,HQM - K

BO3BD '

rne K, ., — cToUMOCTh BHOBb yCTaHABJIMBAEMOI'O 00OPYAOBaHUS C Y4ETOM CTPOU-

TCJIBbHBIX 1 MOHTAXXHbIX pa60T;

KHeM — CTOMMOCTbD JICMOHTaXKa;

Kiosp — OCTATOYHAS CTOMMOCTb J€MOHTHPYEMOTO 000pYI0BaHHsl, KOTOPOE HE

0TpaboTano0 HOPMATUBHBIN CPOK U MPUTOIHO JJIsl UCTIOJIBb30BaHUSI.
I[Ipu  ynpomEéHHBIX  pacyérax  SKOHOMHYECKOW  3(PPEKTUBHOCTH

Kpex = Kiop + K- CTOMMOCTS pacmmpenns OPY ¢ BbIKIIOUaTENIMEI IPUHIMAET-

Csl TI0 CTOMMOCTH JIOTIOJIHUTETBHBIX stueek. CTOMMOCTh 3aMeHbl TpaHchopmaTopa
MIPUHUMAETCS 10 TOJTHOW PacUu€THON CTOMMOCTH YCTaHABIMBAEMOTO TpaHChopMa-

TOpa.
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Kanuranbnsie Bioxxenus B BJI onpeaenstorcs o gpopmyie

KBJ'I = ( lZBJ'I LBJ'I7 + KHp ) +KHI/Ip +K

OTB !

rac an — VYACJILHBIC KaIIUTAJIbHBIC BJIOKCHHUS B BJI OHpeIleJIéHHOFO KJ1acca

HaIpsHKEHUs B pacuére Ha OJIMH KWJIOMETp JIMHUU, PYO./KM;

L, — nporsokénnocts BJL, kvm;

K., — 3arparsl Ha BBIpyOKy npoceku (95 — 275 toic. py0./km must BJI 35 —

1150 kB);

K,;; — CTOMMOCTb 3€MEIBHOIO y4acTKa, OTBEAEHHOro noj onopsl BJI (35 —

4000 m%/xm s BJI 35 — 1150 xB);

K. — 3atpatsl Ha IIUP, 6naroycrpoiictso u mp. (12,5 — 14,5 % ot cronumo-

1T

ctu BJI);
7 — KO3(h(ULMEHT 1715 YUE€Ta YCIOXKHSIOMMX YCIOBHM CTPOUTENBCTBA.

['onoBbIE AKCILTYaTallMOHHBIE PAacXoibl 1 BKIIOYAOT aMOPTU3ALMOHHBIE OT-
yucnenus U,, 3aTpaTel Ha 00CTykUBaHUE U PeMOHT M 5., 3aTpaThl HA BO3MEILICHHE
MOTEPH JIEKTpodHEepruu Mo,

N= I/Ia+ I/Io6c+Hn0T-

3arpaTbl Ha AMOPTU3ALMIO U SKCILTyaTallHOHHOE 00CITy)KMBaHHE MOTYT OBbITh

OTIPEJICIICHBI TI0 YIPOIEHHBIM (OpMYyIIaMm:

I/Ia :aa ncKnc+aa BJ'[KBII’
K +o

o0c e e 00c BT

U=« K

BJI?

rae o, .., &, ,, — HOpMa aMOPTU3aLUOHHBIX OoT4YhciIeHnid Ha peHoBammio [1C, BJI

amc’ a BII

(s BJI 2 %, TIC — 4,4 %);

K., K,, —BeIMunHa KauTalbHbIX BI0KeHUI cooTBeTcTBEHHO B I1C 1 BJI;

Tc >
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(04 (04

e ! Xose s — HOPMA OTUHCICHHH Ha oOciyxuBaHue u peMoHT IIC u BJI

cootBeTcTBeHHO (17151 BJI 0,8 %, I1IC —5,9...4,9 %).

Jlist oreHkr KoMMep4eckor 3((HEKTUBHOCTH WHBECTHUIIUN TOMOJHUTEIHHO
UCIIONIb3YIOTCSl KpuTepun yuctoro goxonaa (Y1), maaexca noxoanoctu (U]1), cpo-
Ka OKyHaeMOCTH U Jp.

BriOpaHHbIl BapUaHT JOJKEH YIOBJIETBOPATH YCIOBUIO, IPU KOTOPOM 3KO-
HOMHUYECKOE MPEUMYIIECTBO €r0 YCTOMYMBO COXPAHSIETCSA MPU U3MEHEHUU UCXOM-

HBIX [TOKa3aTelieH B Mpeieax BEPOSITHOTO qUara3oHa ux 3HaueHui (puc. 5.3).

6000
5000

% 4000 B A
. —»— Bapuanr
= 3000 —e— Bapuaut B
3 2000
E 1000 -

0

-1000 !
0 5 10 20 25

Hopma auckonTta,%

Puc. 5.3. 3aBUCHMOCTB OLIEHKH TIPOEKTa OT KOd(pPHIIMeHTa TUCKOHTHPOBAHNUS

Pemienust mo cpaBHUBAEMbIM BapHaHTaM MPUHUMAIOTCS C MCIOJIb30BAHUEM
METOJIOB, YUUTBHIBAIOIIUX PUCK M BO3MOXHYIO HEOMpPEAEIEHHOCTh UCXOJIHOU WH-
dbopmaru. DTO TpeanoiIaraeT, YTo Takue MoKaszareiu, Kak 1eHbl (Tapudsbl), nep-
CIIEKTUBHBIC HATPy3KH MOTPEOUTENCH, YKOHOMHUYECKHE HOPMATUBHI (peHTAOEIb-
HOCTbB) HE MOTYT OBITh OIpeeeHbl 0JJHO3HAYHO. [103TOMY OCHOBOM JIsI IPUHSI-
THUS PEIIEHUS O 1eJIeCO00Pa3HOCTH UHBECTHUIINI B PSJIC CIIYYaeB JOJKHO CITYKHUTh
He (opMasbHO MOJCYUTAHHOE 3HaYeHue Kputepus 3h(PEKTUBHOCTH, a COBOKYII-
HOCTb €TI0 OKHMJIa€MbIX 3HAYCHUH, OTpaHUYCHHAs BO3MOKHBIMU U3MEHEHUSIMU U C-

XOAHBIX MoKazaTeliei 1 DJKOHOMUYECKUX HOPMATHUBOB.
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5.2. @opMuUpOBaHNeE U CONOCTABIEHHE BAPUAHTOB pa3Butus IIC

PazBuTHE 37€KTpOCTAHIMI JOJDKHO OOECIEUUTh MOJTHOE MOKPBHITHE TJIaHH-
pPyeMOTO MPUPOCTa HATPY3KU MPU HOPMATUBHOM KayeCTBE AJIEKTPOIHEpruu. Pas-
MEp CYMMAapHOTO BBOJIa MOITHOCTH Ha 3JICKTPOCTAHIUAX OMPEACISAETCS HA OCHOBE
OasaHca MOIIHOCTU U 3Heprun. ONTHUMaNIbHBINA COCTAB 3JIEKTPOCTAHIIUN OIpe/ie-
JIISTCS B JIBa dTara.

Ha nepBoM sTamne B COOTBETCTBUU C dHEPreTUUECKON crparerueid Poccuu u
CTpaTerueil pa3BUTHS JICKTPOIHEPTETUKU (HOPMUPYETCS ONTUMAIbHAs CTPYKTypa
FEHEPUPYIOIIMX MOIIHOCTEH C YYETOM pa3BUTHS TOIIMBHO-PHEPreTUUECKOIO
KOMILJIEKCA, MAaKCUMAaJIbHOTO HCMOJIb30BaHUS THAPOPECYPCOB, BO3MOXHBIX Mac-
mtaboB coopyxeHuss ADC u apyrux (aktopos. Ha 3Tom 3Tane BhIMOIHSAETCS MOA-
rOTOBKa IPOTHO3HBIX Tapu(OB (3aMBIKAIOIIMX 11€H) HA TTOCTAaBKHU JICKTPOIHEPTUU
MO OT/ACJIbHBIM (Tapu(PHBIM) 30HaM OOIIEPOCCUHUCKOTO OMTOBOTO PBHIHKA AJIEKTPO-
SHEPIHUH.

Ha Btopom stame mis xkaxmoir OOC BeImosHAETCS 000CHOBAaHHE COCTaBa,
pa3MeNIeHus, OCHOBHBIX MapaMeTPOB U OYEPEMHOCTU COOPYKEHHUS DIICKTPOCTAH-
UM ¢ Y4ETOM TEXHUUYECKOTO COCTOSHMS JICHMCTBYIOIIMX YHEPTOMCTOYHUKOB U 3a-
SIBOK OT FT€HEPUPYIONTUX KOMIAHUN U HE3aBUCUMBIX MTPOU3BOJIUTEIICH MO TEXHUYE-
CKOMY TI€PEBOOPYKEHUIO CYIIECTBYIOIIUX AIEKTPOCTAHIIUM U BBOAY HOBBIX MOIII-
HOCTEH.

MecTomnoa0XKeHrue U BO3MOXHAasi MOITHOCTh TEIJIOBBIX AJIEKTPOCTAHIIUM (B
ToM uncie ADC), HampaBIEHUS TEXHUYECKOTO MEPEBOOPYKEHUS IEHUCTBYIOIINX
ANEKTPOCTAHLIUM OMPEACIISIIOTCS ¢ YYETOM BO3MOKHOCTH pa3MeIeHUs (3eMJIsl, BO-
J1a), TpaHCIOpPTa TOIUIMBA, HAJIMYUS KOPUIOPOB JUIS AJIEKTPUUYECKUX (TETJIOBBIX)
ceTel, COONIoACHNUST HOPM M TpeOOBaHUM OXpaHbl OKPYXKAIOIICH CPEIbl, paaualv-
OHHOM M DKOJIOTMYECKOM 0€30ITaCHOCTH.

[Ipenensuas momHocTh KOC (IIT'Y, ADC) nomkHa BEIOMPATHCS UCXO U3 MUHHU-
MyMa 3aTpaT Ha COOPY>KEHHUE AJEKTPOCTAHIINI C YYETOM BbIJIaud U paclpeeeHus

MOIIDHOCTH, o0ecIeUeHUsT KOO HUCCKUX TpC6OBaHI/If/’I. Pacuér YKa3aHHbIX 3aTpar
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[0 BapUaHTaM COOPYKEHUS AJIEKTPOCTAHLIUN JTOJKEH OCYIIECTBISATHCSA C YUETOM
Pa3BUTHS PHEPIOCUCTEM, MTPOJOJDKUTENBHOCTH CTPOUTENBCTBA, BBOJA U OCBOCHUS
MOITHOCTH JIEKTPOCTAHIINMN.

ObocHoBaHue 1enecoo0pasHocTu coopyxenuss TOL, BbIOOp THma U enu-
HUYHOW MOIIHOCTH arperaroB peKOMEHAYETCS OCYIIECTBIATh C YUYETOM YPOBHS U
KOHIIEHTPAllU! TEIUIOBBIX HAarpy30K, TMHAMUKU HUX POCTa, OOBEMOB U PEKUMOB
BBIPA0OTKH 3JIEKTPOIHEPTUU B TEIUIOPUKALMOHHOM U KOHIEHCALIMOHHOM PEeXKH-
Max, 3(p(PEKTUBHOCTU BBIPAOOTKHU 3JEKTPOIHEPTUU B KOHJIEHCALIUOHHOM PEXUME
110 CPABHEHMIO C IIOCTAaBKAaMH 3JIEKTPOIHEPIHH C ONTOBOIO PHIHKA.

[Tpu o6ocHOBaHuU 1enecoodpaznoctu coopyxenus ['IC (TADC) ocHoBHBIE
HPHEPreTUYECKUe IMoKa3zaTtenu (yCTAaHOBJIEHHAs MOIIHOCTh, T0J0Bas BbIpaOOTKa
AJIEKTPOIHEPTHUH, BUJI PETYJIMPOBAHUA U Ap.) PEKOMEHAYETCS IPUHUMATh 10 J1aH-
HBIM CHEHAIN3UPOBAHHBIX MPOEKTHBIX OPraHU3aIU.

O6ocuHoBanue 3dpdexruBHoctu coopyxenus [ IC (ITADC) ocymecTBiseTcs
nyTEM MX CONOCTABJICHUS C 3aMEIIaeMbIMH O0OBEKTaMH, B KaueCTBE KOTOPHIX MO-
ryT npuHumathecs OasucHble KOC ¢ yuy€ToM BBITECHEHHS UMU B NEPEMEHHYIO
4acTh rpauka Harpy3ku MEHee SKOHOMHUYHBIX 3JIEKTPOCTAaHIUI 1100 IHEepreTH-
YECKHE YCTAaHOBKH, ONTUMAJIbHBIA PEXUM UCIOJIb30BAHUSI KOTOPHIX OJU30K K pe-

KAMY THAPOIHEPrETUYECKON YCTaHOBKH, Harpumep ['TY.

[TpoekTupyemblii 00bEKT 3amenaeMblii 00BEKT
I'2C mpu T, 24000 w/ron GasucHast KOC

I'DC npu T, =2000 - 4000 u/rox [TonymukoBas KOC u I'TY
I'9C npu T, <2000 4/rox I'TY

I'ADC I'TY u nonynukosasg KOC
TOI K3C + xorenpHas

OO6muM TpeOOBaHMEM K CpPaBHMBAEMBIM BapUaHTaM SIBJISIETCS UX COIMOCTa-
BUMOCTbB I10 MCIOJIb30BAHUIO MOILHOCTH, OTIIYCKY JJIEKTPOIHEPIUH, HAAEKHOCTU
AIIEKTPOCHAOKEHHSI. DTU YCIOBUS MPOBEPAIOT B KAXKJIOM IOy Pacuy€THOrO Mepuo-

na. JlomkHbl ObITh YUTEHBI pa3inyus B 3aTparax Ha JIDII nmo cpaBHMBaeMbIM Bapu-
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anTtam. [l komriekcHbIX 00beKTOB (I'DC) yuuThIBaIOT U3BMEHEHUS 3aTpaT B JAPY-

I'nx OTpaclsax.

5.3. Yuér nagé:xxnoctu

Hanéxnaocts DOC aBigeTCS BaKHEHUIIINM CBOMCTBOM cucTeMbl. [1on Hanéx-
HOCTBIO MOHMMAIOT CBOMCTBO CHUCTEMBI BBHITIOJIHUTDH 3aJaHHbIe (QYHKIIUU B 3aJlaH-
HOM 00BEME NpH ONpeNeNEHHBIX YCIOBUAX (yHKIMOHMpoBaHuA. HanéxHocTh
99C xapaktepuzyercst €€ CroCOOHOCTHIO MPOTHUBOCTOATHh PA3IUYHBIM BO3MYIIIE-
HUSM, TI0]T KOTOPBIMH IMOHUMAIOT JIO0BIE U3MEHEHHUSI CXEMbI U TTapaMEeTPOB PEXKHU-
Ma, BbI3BaHHbIE KaK MJIAHOBBIMU M3MEHEHUSIMU Harpy3kH U cxeMbl. Tak U OTKa3a-
Mu 31eMeHTOB DIC.

Hanéxnocts 99C obecnieunBaercs:

a) pe3epBUPOBAHKEM, T.€. CO3aHUEM H30BITOUYHOCTH AeMeHTOB DIC nmyTém
TyOITUPOBAaHMS WIIA BEIOOpA TTapaMeTPOB 000PYI0OBAHUS C 3aI1acOM;

0) co3maHueM IeJeHANPABICHHOTO yIpaBJeHUs, 11eb KOTOPOTo oOecreue-
HUE€ TOJIHOTO HCHOJIb30BaHMs pe3epBoB B DOC WM MUHHUMM3ALMS MNOTEPh U
y1iepOoB.

HanéxxHocTh M1 SKOHOMHYHOCTh KaK MPaBUJIO MPOTUBOPEUYMBBI, HO MX MPO-
TUBOPEUYMBOCTh TAKOBA, YTO MO3BOJISIET HANTH TpuemMieMoe peuieHue. [ToBbiiieHne
roKasaTesen HaléKHOCTU — yBeJIndeHue 3aTpar. CHUKEHUE MoKazaTenel Haaex-
HOCTH — TIOBBIIIICHUE YIIEPOOB, HAHOCUMBIX CHUCTEME, MOTPEOUTEISIM, OKPYkKato-

et cpene. Benuunaa yiiep0a oT HEIOOTITyCKa SJICKTPOIHEPTHUU paBHA

Y == yotaBM [ANz[e(b] y

Tae Y, — YACIbHBIN ymepo;
t,, — JUINTEILHOCTh EPEPhIBA AICKTPOCHAOKEHNUS;
M[AN ;] — MaTemaTnueckoe oxunanue aeduuuTa MOUHOCTH.
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['maBHAs CIIOKHOCTB - B OTBICKAHUU yO I KaXKI0I'0 KOHKPCTHOI'O HOTpe6I/I-

tens. Ecnu ato ynmaércs, To 3amady oOmpeiesieHUs paldoHaIbHOW HaJEKHOCTH
MOXHO peIlIaTh KakK Mmoja3aaady onTuMu3anuu pazsutus 39C.

[IpuBenénnspie 3aTparsbl 3 qonoaHsATC Y (puc. 5.4).

3y=(3+Y)—>min

Puc. 5.4. Bei6op ontuManbHOro BapuaHTa MpH y4ére HaaEKHOCTH

Crenenp TOCTOBEPHOCTU Y, 3aBUCUT OT XapakTepa peliacMon 3a1a4u.

Ha ypoBHe BbIOOpa cxeM 3JIeKTpOCHA0KEHUS — YIebHbIE YIEepObl, Tuddepeniu-
POBaHHBIC 10 THITAM, TIPSANPUATHSIM, TIIyOMHE W BUIY orpaHndeHuid. IIpu mpoek-
TUpoBaHuM pasButus ekTpocereir POC, OOC — ymepOnl CBA3aHHBIC C OTpaHU-
YEeHUEM Harpy3kHd pailOHHBIX I/CT, OT KOTOPBIX MUTAIOTCS pa3JInyHbIe MOTpeOuTe-
mu. Ilpu onTuMH3anMK pa3BUTHS DJIEKTPOCTAHIUMKA U OCHOBHBIX ceteit OOC —
yiepObl OT OTpaHUYECHHS TOTPEOUTENIEH CUCTEMBI.

OCHOBHBIMH HEJOCTaTKaMU y4€Ta HaAEKHOCTU C TIOMOUIBIO yiepOa siBis-

FOTCA:
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1) GosbIIast MOTPEIIHOCTD B ONPEEICHUH Yo;

2) Hey4€T psAga BaXXKHBIX OTPHUIATEIBHBIX IMOCJICACTBUNA HApYIICHUS DJICK-
TPOCHAOKEHUS, HE MOJIAIONIUXCA SIKOHOMUYECKON OICHKE.

[ToaToMy 4YacTO HCMOJB3YIOT HOpMAaTHUBBI Hana&KHOCTH. HopmupyroT: mpo-
MyCKHBIE CIOCOOHOCTH JIEKTPOCETEH B HOPMAJIBLHOM, aBapUITHOM U MOCJieaBapuii-
HOM pekuMax; Kod(phuIMeHT 3amaca CTaTHIECKOW YCTOMYMBOCTH, PE3EPBHI I'eHE-

PHUPYIOIIEH MOLTHOCTH.

5.4. Y4ér kauecTBa 3JICKTPOIHEPIrUU M OXPAaHA OKPYKAKOLIeH cpeabl

KadecTBO 37eKTpOIHEPTHN OMPEISIIETCS COCTOSIHUEM JBYX OCHOBHBIX Ta-
pametpoB — yacToThl (f) u Hanpspxenus (U). KauectBo f u U B ocHOBHOM ompeie-
JSIETCSA OTKJIOHCHUSAMH U KojeOanusMu. OTKIOHEHHS XapaKTePU3YIOTCS OTHOCH-
TEJIHLHO MEIJIEHHBIMU M3MeHeHUsIMU. KonebaHus — OBICTpBIE, KPAaTKOBPEMEHHBIC
n3MeHeHus. KauecTBO HaMpspKeHUs 3aBUCUT €€ OT HECUMMETPUU U HECUHYCOH-
TATBbHOCTH.

Bce stu nmokazarenu Hopmupytorcs. Ecinu oHM HaxonasiTcst B HOpME, TO CUU-
TAeTCs, YTO KAuyeCTBO JJICKTPOIHEPTUU HEe TpeOyeT yaydiieHus. Berxon mro00ro
MOKa3aTelIs 3a MPESIIbl HOPM MTPUBOINT TMPEKIE BCETO K IKOHOMHUECKOMY YIIIeP-
Oy, a B psaJie CITy4aeB K CHIDKCHHUIO HaIEKHOCTH.

YcTaHoOBJICHHME HOPMATHBOB KadyeCcTBa JJICKTPOAIHEPTHH O3HAYAET, YTO BHI-
XOJl 32 UX TPEIETbl HEJOMYCTUM 0 COOOPAKEHUSM SKOHOMHUYHOCTH M HaJIEKHO-
cTH. Yuiep6 3aBeoMo OOJIbLIE 3aTpaT Ha HEJIOMYIICHUE HApYIIeHHUS.

Bce cpaBHMBaeMbIe BapHWaHTHI JIOJDKHBI YIOBJICTBOPSITH BCEM HOPMAaTHBAM
KauecTBa.

Bpen Hanec€HHBIN cpeie 0OMTaHUS HE MOXET W HE JOJDKEH HU3MEPSATHCS TOJBKO
sKOHOMHUYEeCKUM yiiepOom. [Ipu ciabom Bo3aeicTBUU yuiepO OLEHMBAIOT IO 3a-

TpaTaM Ha BOCCTAHOBJICHUC HOPMAJILHOT'O COCTOSAHUS CPCABI.
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OO6bIyHO 3aaua AOHKHA (POPMYIHUPOBATHCS TaK: KaK C HaWUMEHbBIIUMH 3a-
TpaTaMu OO0ECHeYUTh COONIOJCHUE IOMYyCTUMBIX HOPMATHMBOB OTPUIIATEIHLHOTO
BJIMSTHUS HAa Cpely OOMTaHMS.

Oco0eHHO BakeH YYET 3TUX HOPMATHBOB MPU BBIOOPE MECT pa3MEIlCHUS
anekrpoctaniuit (TOC u koTenbHble AaOT A0 27 % 00mUX BpeIHBIX BHIOPOCOB
cpenu Bcex otpaciiet mpombinuieHHocTH). Ha TOC yronsHoit Ha 100 MBT BBIOpO-

CHI 3a I'0J COCTaBJISIOT.

CEpPHHUCTHIN Ta3 138000 ToHH
JIMOKCH/JI a30Ta 20900 TonH
OKCH]I yIrjiepoja 500 ToHH
YIJIEBOAOPOIbI 210 TorH
30J10Bas NbLIb 4500 ToHH

[IpennodTuTeILHO UCIOJBb30BAHUE Ta3a. 3ajladya pa3MeIIeHUs JIEKTPOCTaH-
MU C YYETOM SKOJIOTHH PEIIAETCS HE B MOJHOM Mepe, T.K. YUET MATEPUAIBHBIX U
JKU3HEHHO BaXXKHBIX TOCJEICTBUNA 3arpA3HCHUN 3HAYMTEIBHO 3aTpyJHEH. 3ajaya
pemaercss MyTéM CPAaBHEHUS MO SKOJOTHYECKHM M TEXHUYECKHM ITOKa3aTeIsIM
BO3MOXXHBIX MeCT pasmenieHus. [Ipeanourenue otnaércst 6osiee 0JIaronpusTHHIM
HKOJIOTUYECKUM YCIIOBUSIM PA3MENICHUS.

OrieHKa OXHMJAaE€MOTr0 BO3JICMCTBUS AJIECKTPOIHEPTETUKU HA OKPYKAIOIIYIO
cpeay mnpu pa3paboTKe MEPCHEKTUB €€ Pa3BUTUSI MPOU3BOIUTCS JIsL MOCIETHUX
JIET ATANoOB Pa3BUTHUS OTPACIH C UCIIOJIb30BAHUEM METOJIMK PETMOHAIBHOIO YPOB-
Hs M YKPYITHEHHBIX HOPMATUBOB YJIEJIbHBIX 3HAYEHUN IKOJIOTMYECKUX [TApAMETPOB
Ha €IWHUIY MPOAYKIMU: HOPMATUBOB YACIBHBIX BBIOPOCOB HOPMHPYEMBIX 3a-
IPS3HSIONINX BEIIECTB B aTMOC(hEpy JJII BHOBb BBOJMMBIX KOTEIHHBIX YCTAaHOBOK,
YKPYITHEHHBIX HOPM BOJIONIOTPEOICHUS U BOJJOOTBEJCHHUS U T.]I.

Oxunaemble 00BEMBI BHIOPOCOB 3arps3HAIONIMX BEIIECTB M MAPHUKOBBIX ra-
30B B aTMOC(epy HE JOJDKHBI MPEBBINIATH MPEACIbHBIX 3HAYCHUM, COOTBETCTBYIO-

IIMX KaK BHYTPUTOCYJApPCTBEHHBIM HOPMATUBHBIM MPUPOJAOOXPAHHBIM TpeOoBa-



91

HUSIM, TaK U TPeOOBAaHUSAM MEXKIYHAPOJHBIX KOHBEHLIMH, yYaCTHULEH KOTOPBIX
asisiercs Poceust.

Oxunaemble JOMOIHUTENBHBIE TUIOMIAM OTBOJIa 3€MEJIb TI0]T HOBbIE OOBEK-
ThI JIEKTPOIHEPIETUKHU CIEAYET OLICHUBATh [10 HOPMATUBAM UX YAEIBHOM 3emile-
€MKOCTH, 332 MCKJIIYEHUEM T'MAPOIIIEKTPOCTAHIUH, TUIOIAAA OTBOLA 3€MEIIb IO
KOTOpBIE B CHUIIy MHAUBUAYaAIBHOCTH [ DC OLIEHUBAIOTCS 110 MPOEKTHBIM JOKYMEH-
TaM WJIU OIPENEISIFOTCS 110 00bEKTaM-aHAIOraM.

KanuranoBnokeHuss B OXpaHy OKpYXKarolIeW Cpelbl Ha BHOBb BBOJAMMOE
HHEPreTHYEcKoe 000PYJOBaHUE B paMKax JEUCTBYIOIIMX MPUPOJOOXPAHHBIX HOP-
MAaTHBOB IIPEAYCMATPUBAIOTCA B CMETAX MPOEKTOB AIEKTPOCTAHLIUA M YYUTHIBA-
I0TCSI BMECTE C HEOOXOJMMBIMU 00bEMaMU KalUTAIOBIOKEHUH B CTPOUTEIHCTBO
AIIEKTPOCTAHLUN. JIONOJIHUTENBHBIE KAIIUTAIOBIOKEHUS B OXPaHy OKpYKarollen
Cpellbl MOTYT UMETh MECTO MPHU Pa3MEIICHUH HOBBIX OOBEKTOB B PETMOHAX, I/I€ HE
JIOTIYCKAeTCsl yBeIMUeHUE OOBEMOB BBIOPOCOB TEX 3arps3HAIOIIMX BELIECTB, IO

KOTOPBLIM B PCIUOHC IIPCBLIIICHA IIPCACIBbHO A0IIYCTUMAA KOHLICHTPAIIWA.

6. OCHOBBI MOAEJIMPOBAHUSA PABBUTUSA DHEPTOCUCTEM

6.1. O01He MOHATHS 0 KMOEPHETHYECKOM MOAeJIHPOBAHUM

29C, Bxomsmas B TOK, npencraBisieT ¢ TOYKA 3pEHUS YIIPABICHHUS U MO-
JeTUPOBAHUS TaK Ha3bIBaeMYIO OOJbINYIO0 cucTeMy. bosbinas cucrema oGnamaet
CJIECIYIOIIUMHU CBOWCTBAMU:
® I[EJIOCTHOCTHIO — BCE YaCTH CHCTEMBI CITy>KaT OOIIEH e U JOJDKHBI pac-
CMaTpUBAThCS B €IMHCTBE;
® MHOTOCBSI3HOCTBIO — M3MEHEHHE OJIHOTO IMapaMmeTpa BIUSET Ha BEJIUYUHY

MHOT'MX JIPYTHX;
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® JMHAMUYHOCTBHIO — HEMPEPBIBHOCTHIO U3MEHEHUS CTPYKTYPhl U XapaKTepH-

CTUK CUCTEMBI;

® HAIWYHAEM Y CHUCTEMBI CBOMCTB, KOTOPBIX HET Y COCTABIIIOIINX €€ DJIEMEH-

TOB.

Jlnst OONBIION CUCTEMBI XapakTepHa HEMOJHas MO03HABAEMOCTh KOJUYECTBEH-

HBIX MOKa3aTese, 0onbioi 00beM uHGOPMAIUU U TPYJHOCTH BbIOOpA pelieHui
10 YIIPABJICHUIO Pa3BUTHEM.
VYnpasneane 39C OCYyIIECTBISAIOT MyTEM IUIAHUPOBAHUS U MPOCKTUPOBAHMS HA
pa3IUYHBIX BPEMEHHBIX 3Tamax. [Ipy NmiIaHupOBaHWM Pa3BUTHS 3HEPrOCHCTEMBI
BCe €€ IMOJICUCTEMBl pacCMaTPUBAIOTCS BO B3aUMOCBs3U. CBsA3H, 00BEINHSAIOIINE
MOJICUCTEMBI, SIBJISIIOTCSI B OCHOBHOM MH(pOpMalMOHHbIMU. [lonHOCTBIO (hOopManu-
30BaTh OMMCAHUE MPOLECCA PA3BUTH HE BCEraa yaaércsl.

Mogenu pa3BUTHSL SHEPTOCUCTEM MOKHO Pa3[EeIUTh HA JBA TUIA: JUHAMH-
YECKHUE U CTaTUYECKUE.

JUIs1 TMHAMUYECKOW CUCTEMBI (MOZENIN) XapaKTEPHO U3MEHEHNE BO BPEMEHU
COCTaBa U MapaMeTpoOB OOBEKTOB, UTO SIBJISIETCS CJIEICTBUEM HM3MEHEHUs BO Bpe-
MEHU TpeOOBaHUW, MPEnbABIAEMbIX K cucTeMe. OOBEKTbl CUCTEM MOTYT OBITh
BBEJCHBl B CTPOM JCHUCTBYIOIIMX B Pa3IMYHbIE MOMEHTBI BpemeHHU. M3nepxku
MIPOU3BOJICTBA OOBEKTOB U3MEHSAIOTCS BO BPEMEHU U MOTYT 3aBUCETh OT MapaMeT-
pPOB M pekuMa paboThl IpYrux O00OBEKTOB. J(MHaMu4eckas cucTtema — 3TO Herpe-
PBIBHO Pa3BUBAIOILASACS CHCTEMA.

Cratnueckas cucteMma (Mojielib) He 00JlalaeT KauyeCTBOM M3MEHUYHMBOCTH, B
HEll Bce MOCTOSTHHO BO BPEMEHH: COCTAB U MapaMeTpbl 00ObEKTOB, pEXUM pabOTHI,
U3JIep KKK Tpou3BoAcTBa. (Crarnueckas MOJENIb MOXET paccMaTpUBAaThCS Kak
YIOPOUIEHUE B TEX CIy4asx, KOT/la 3TO HE MPUBOAUT K OOJIBIINM OLIMOKAM.

JluHaMyKa pa3BUTHS PHEPreTUUECKUX CHCTEM XapaKTepHU3yeTCs ABYMS

CBOWCTBAMMU:

1.  IIpu 0OZHOM M TOM K€ COCTOSHHMU B MOMEHT 1=7 , HO Ipu pa3HLIX Ba-

pUaHTax IMepexoja K JTOMY COCTOSHHMIO OT HayaiabHoro cocrosuus t=0
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(puc. 1.1) 3atpaTsl pasnuunbl He Toabko Ha otpeske [0, 7], Ho u Ha mocnen-

nem orpeske [z, T].

9
gi X { '5"-'“"{
£y £y . o
§ L ¢y
€1
§

Puc. 6.1. I'paduk pa3BuTHs cCHCTEMBI

2. OnTuManbHOE COCTOSIHME CHCTEMbI B MOMEHT =T ¢ Touku 3peHus
BCETO CpPOKAa ONTUMH3AUUU T MOMKET 3aBUCETh OT TPeOOBAaHMN M YCIIOBUH,

NpCaABABILICMBIX K CUCTCMC B ooiece MMO3JHUC MOMCHTBI BPCMCHHU {>1. Onru-

MaJbHOE COCTOSIHME B MOMEHT BPEMEHH T HE MOXKET ObITh HaljieHO Oe3 yuéra

JanbHeumero pa3sutrus. ONTUMAIbHBIN TUIAH Pa3BUTHS CHCTEMBI HE MOXKET

ObITH 0€3 JOoMmylIeHUI U rpyObIX OMKMOOK pa3/ieiéH Ha HE3aBUCUMbIE YaCTH.

Jlis BpIOOpa ONTUMAJIBHOTO IJIaHA PAa3BUTasl YHEPreTHKH HEOOXOIUMO IO-
CTPOUTb MHOXXECTBO BO3MOXKHBIX BAPUAHTOB PA3BUTHSA, JKOHOMUYECKHA OLICHUTH
KK/l U3 HUX U BbIOpATh HaWdydluid. Pemienue Takoil 3a1a4yu BhI3BIBAET OO0JIb-
M€ 3aTPyJHEHUS, T. K. MHOTHE CBSI3U HEPrOOOBEKTOB M3BECTHBI JIUIIL MPUOIH-
XKEHHO, YCIOBUS (YHKIIMOHUPOBAHMS ONPEAEIICHbI HEOIHO3HAYHO.

CucTteMHbIN TOAXO0/1 MO3BOJISIET BBISIBUTh (PYHKIIMOHAIBHBIE 3aBUCUMOCTH JIJIS
CJIOKHBIX, TMOJHOCTHI0 HE (OPMaIU3yeMbIX CHCTEM U OOECHEeUUTh Jydllee MpH-
Croco0JIeHHe K yCIIOBUSAM BHEIIHEN cpelbl. B HacTosIee BpeMsi CUCTEMHBIN MO/~
X0 (METOJ) COAEPKHUT PSAJl IBPUCTHUECKUX, MOJHOCTHIO HE (POPMaAIN30BAHHBIX
IpUEMOB, MO3BOJIIOIIMX PELIATh CIOXKHBIE MPoOIeMbl yrnpasiaeHUsl. OCHOBHBIMU

o9TarmaMu CUCTCMHOI'O IToAX0o4a ABJIAIOTCA:
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1) Beiaenenue ucciexyeMmoit 39C u3 oOiel CUCTEMbI 3KOHOMUKH U (Popmy-

JMPOBKA 337a4M €€ ONTUMU3AIUY;

2) onucaHue BHYTPEHHEW CTPYKTYpbl U CBOMCTB CHUCTEM, T. €. NOCTPOEHUE

MEpapXUM PEATbHBIX AIEKTPUUECKUX CUCTEM;

3) SKBUBAJICHTUPOBAHUE CUCTEM B COOTBETCTBUM C MPHUHATOW HEpapxueil u

dbopMyIMpoBKa 3a/1ay, pelIaeMbIX JJIs1 KaKI0H SKBUBAJICHTHON CUCTEMBI (T10-

CTpOEHHUE UepapXUU 3a]1a4 MIIAHUPOBAHUS U IPOCKTUPOBAHUS );

4) mocTpoeHue KOMILUIEKCAa MaTEMaTUYECKUX MOJENEH AJid peleHus 3ajad

ontumuzanuu 93C.

JIns KOMMYECTBEHHOW OLIEHKW PEHMICHWM 3a4a4 ONTUMM3AIMU HCIOIb3YIOT
KPUTEpU ONTUMAIILHOCTU, KOTOPOW MO3BOJISIET YCTAHOBUTH COOTBETCTBUE TMOJY-
YEHHOI'O PELICHUs 3apaHee IOCTABJICHHON 1enu. MaTeMaTH4ecKOoe BbIPaKEHUE
KpUTEPHS HA3bIBAIOT (PYHKIIMOHAIOM LENH (LeIeBON (QyHKUIUEH).

B sxoHOMMYECKHX 3aJa4ax pa3sBUTUA CUCTCMBI q)YHKI_II/IOHaH OcJaIn €CTh YHCJIO

(0, KOTOpPOE 3aBUCHUT OT BHJa (DYyHKLUU X(t) [IapamMeTpPOB COCTOSHUSL CUCTEMBI U
byHKIUN Y(t) [IapaMeTPOB YIPABICHUS 3TOW CUCTEMOW MPU UHTETPUPOBAHUU Ha

orpeske [0, T] no neszasucumomy napamerpy t (Bpemenn):
T

@ = [[x(®),Y @®)]dt.
0

rae X(t) u Y(t) — Bexroprsie dbynxuumu:

X(t) = [X, (£), X, (1), X, ()]
Y () = [y, (), Y, (). Vo ()]

N3MEHATBCA MOTYT HE TOJIBKO 3HAYEHUS X(t) 51 Y(t), HO ¥ BHJ 3TUX (PyHK-

nuid. B aToM otnmumne QyHkimMoHana ot ciaokHo ¢yukiuu. [Ipu paszdouenuun ot-
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peska [O, T]| ma T pasuwix unrepsanos (I, 2, ...t ..., T) amurensrocThIO At

(4t=1) }ysximoHan 1enu UMeeT BUJ
N
P = Z(Xt ’Yt) ,
=

rae X, Y; — QucKpeTHbIe 3HAYCHNUS (BYHKIHI X(t) U Y(t) Ha KaXJIOM MHTEpBaje
t=1,2,..T.

OT1oT BUJ (PyHKIIMOHAJA MOy HauOoJIbIllee PacIpOCTPaHEHHUE.

Kaxxzoe BO3MOXKHOE 3HaueHHE X, Y; Ha3bIBACTCS IOMYCTUMBIM IUIAHOM Da3BH-
THS.

OyHKIMOHAN JIOJDKEH OBITh 3allMCaH TaK, YTOOBl KaKIOMY JOIYCTUMOMY
IUIaHy (BapuaHTy) OBLIO MOCTABJIEHO B COOTBETCTBUE ONHO 4yHcio (0. Cpeau Beex
JOTIYCTUMBIX IJIAHOB (BapMAaHTOB) JNOJIKEH OBITH XOTS Obl OAMH, COOTBETCTBYIO-
AN 3KCTpeMyMy (QYyHKIHOHana. B psange ciaydaeB MOKET ObITh, 4TO () UMEET

MHO’KECTBO JIOKAJIBHBIX 3KCTpeMyMOB. Cpean HUX MOKHO BBIOpATh MPEBOCXOJIS-
Ui BCEe OCTalbHbIE — II00aNbHBIA KCTpeMyM. [151aH pa3BUTHS CUCTEMBI, 1OCTaB-
JIAIOIIMHI 3TOT DKCTPEMYM HaA3bIBACTCS ONTUMAJIBHBIM.

Ecnu onTtuMmusanus mpecienyeTr HECKOJIBKO HE CBOIHMMBIX OJHA K JIPYrou
HeNel, TO Ui KaKIOW M3 HUX JIOJDKEH CYIIEeCTBOBaTh CBOM (pyHkunoHan. Takyro
ONTUMU3ALMIO HA3bIBAIOT MHOTOLIEJIEBOM.

B HacTrosiniee BpeMst 11 ONTUMU3ALMHU PA3BUTHUS SHEPTOCUCTEM MTPUMEHSIOT
MaremaTudeckue Mojaeiau (MM), ommchIBarommue CBOMCTBA, OOBEKTHI M CBSI3H B

BUJIC HEKOTOPOU CUCTEMBbI YPABHEHUM IEPEMEHHBIX U JIOTUYECKUX ycaoBuil. MM
COCTOMT M3 (DyHKIMOHAJA LENN (), YPABHEHUH CBA3M MEKAY NapaMeTpaMu CH-

CTEMBI.

(X, %X, )=0,i=12,....m y f,(X)=0,i=12,...,m
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OFpaHquHHﬁ, YKa3bIBAOIMUX Ha AOIMIYCTHUMBIC IIPCACIIbI U3MCHCHHA I1apaMCTpPOB

WM HEKOTOPBIX UX (PYHKITUH:

Ximin = X; < Xjmaxr J =12,.., 0,

<o (X)<D, . k=12,.,1.

jmin

D

kmin k max ?

MM cocTaBisOT Tak, YTOObI KX MOKHO ObUIO MPUMEHATHh HE TOJILKO K KOH-
KPETHOM CUCTEME, HO M KO BCEMY KJIACCy aHAJIOTMYHBIX CUCTEM IPU PEUICHUU
JMaHHBIX 3a4a4. [Ipyu pemennn pa3nuyHbIX 3a7a4 1Sl OJHOM CUCTEMBI €€ CBOMCTBA
YUHUTBIBAIOT C PA3JIMYHON CTEMEHbIO Aetanu3auun. MM pemator Ha OBM pasznunu-
HBIMM METOJAMH MAaTE€MaTUYECKOTO MPOrPpaMMHUPOBAHUS WIIM IO 3BPUCTUUYECKUM
nporpammaM. BpiGop monenu U BeIOOp METOAA pPEIICHUS B3aMMOOOYCIIOBJICHBI,
OJIHAKO MEPBUYHOU SIBIIIETCSA MOJIEIb.

Pazpabotka MM u MeTO0B MX pEIICHUS JOJKHA OMUPATHCS HA 3HAHUE
CBOMCTB HccleayeMoi cucteMbl. [[ns ontumMuszanuu pa3sutus 3IC BakHOE 3Ha-
YEHHUE UMEET OTHOLIECHUE OMpeAeTIEHHBIX (IETEPMUHUPOBAHHBIX) U HEOMPEACIEH-
HbIX (DAKTOPOB, BIMSIONIMX HA Pa3BUTHE CUCTEMBI. BOJbIIME CUCTEMBI UMEIOT
JIBOMCTBEHHYIO IPUPOAY, KOTOpAs MPOSBISAETCS B CIeAYIOLEM. bolbiime cucteMbl
U UX KPYMHBIE COCTABHBIC YACTH MOJABEPKEHBI CUIILHOMY JEUCTBUI0O OOBEKTUBHBIX
3aKOHOMEPHOCTEH U MPUYNHHO O0YCIIOBJICHHBIX CBSI3€H, U B 3TOM CMBICJIE BBICTY-
MaT KaK JIETCPMUHUPOBAHHBIE CUCTEMBbI. OJTHAKO IEMCTBUE ATUX 3aKOHOMEPHO-
CTE€W U CBS3EH NPOSBJISAETCSA TOJBKO B BUAE TEHICHIUHUH, ITOCTOSSHHO HAPYLIAEMOU
neiicTBueM OOBEKTHUBHBIX M CyOBEKTHBHBIX CIydalHbIX (akTopoB. CyliecTBoBa-
HUE TakuX (DAKTOPOB M OTPAHUUCHHOCTh HAIIUX 3HAHHWU CHUCTEMBI JIeJarT e 0y-
JylIe€ HEOJTHO3HAYHBIM, T.€. MOSBISIOTCS 3JIEMEHTHI HEONPEICIEHHOCTH B pa3BU-
TUU CUCTEMBI.

W3 npusHaHus NBOWCTBEHHOW MNPUPOJBI OOJIBIINX, CHUCTEM CIEIYET, BO-
MEPBBIX, HEOOXOIUMOCTh MIMPOKOTO U3YYCHHS 3aKOHOMEPHOCTEW WX pPa3BUTHA,

BO-BTOPLIX, IIPU3HAHUC I[CﬁCTBPIH B HUX IIpHUHIOMUIIA HGOHpGI{CJ’IéHHOCTI/I, IMpUHUMaA-
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CMOT'0 KdaK HCBO3MOXHOCTH OJHO3HAYHO IIPCABUACTD HAWIYYIINC YCIIOBUA H

HaWJIYYIIHUC BApUAHTHBI PA3BUTHA.

6.2. I/Iepapxnﬂ MOACUCTEM M 3a4a4 Pa3BUTHUA JHEPreTUIECCKOIo

X034MCTBA

CucTeMHBI TOAXOJ K DHEPreThKe TpeOyeT, Mpexkiae BCEro, 0OOCHOBAHHOIO
BBIJICJICHUSI TOT'O KPYITHEHIIIEr0 MEXOTPACIEBOT0 KOMILIEKca 13 OoJiee o01en cu-
CTEMBI HapOJHOTO X03siicTBa. HapoiHOE X03SIIICTBO SABJISIETCSL OOJIBIIION CUCTEMOH,
KOTOPYIO MOXHO TPEJACTaBUTh COCTOSIICH M3 MOTIMHEHHBIX cucTeM, Kaxmyro u3
ATUX CHUCTEM, TAKXKE SIBJISIOIIMXCA OOJIBIIMMHU, MOKHO, B CBOIO OY€peilb, pasjie-
JUTH Ha TOMYUHEHHBIC U T.1I. B pe3ynbpTaTe MBI HIMEEM HEKOTOPYIO MepPapPXUUECKH

MIOCTPOCHHYIO COBOKYITHOCTB OOJIBIITUX CHUCTEM (pHC. 6.2).

Dbyor cucrema wapsdwore Xospucmba
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Puc. 6.2. BHenrHue cBs31M SHEPreTHYEeCKOro X03sicTBa

Ha Beiciiem ypoBHe nH(poOpManus yKpymnHEHa, H MOXKHO ONPEAETUTh JIUIIb
OOIIYI0 CTpaTervi0 Pa3BUTHUS DKOHOMHUKH M €r0 OCHOBHBIEC IMOKA3aTeNH: HaIHO-

HaJIbHBIA TOXOJ, MaTepUajIbHbIe U TPYJIOBbIE PECYPCHI U T.1I.
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Ha BTOpOM, O0JIee HU3KOM YPOBHE PacrojaraloTcs OTpacieBble KOMITIEKCHI,
KOTOpBIE, B CBOIO OUYEpPE/b, O0BETUHSIOT MOJICHCTEMBI TPETHETO YPOBHSI.
[Ipy mpOEKTHPOBAaHUHM OTPACIEBBIX CHUCTEM JOJDKEH OBITh OpPraHU30BaH OOMEH
uHpopMaleit ¢ 6onee oOIIEH CHCTEMON W CMEXHBIMU OTPACICBBIMH KOMILIEK-
CaMH.

B ocHOBY mepapXu4eckoil CTPYKTYPbl SHEPTETHIECKOT'0 X03AHUCTBA MOJI0XKE-
HBI TIPOM3BOJICTBEHHBIN (OTPACIIEBOI) U TEPPUTOPUATIbHBIN MpU3Haku (puc. 6.3). B
HACTOSAIIEE BPEMs BBIIEIISIIOT YETHIPE OTPACIEBBIE CUCTEMBl BEPTUKAIBHOTO THUIIA,
B COBOKYITHOCTH OO€CIIEUMBAIOLIME HAPOJHOE XO3HUCTBO BCEMHU BUAAMH SHEPIUU
u tormBa: I9C (¢ y4ETOM HEHTPAIU30BAaHHOTO TEIJIOCHAOXEHUs), He(pTe-, ra3o-

u yriaecHabxenusi. CpopmupoBaHa cucTeMa siiepHOM SHEPreTUKH.

OBy &M EUVETKTR CULCMEMT Crnpgpbe
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Puc. 6.3. Mepapxust OOJBIINX CUCTEM SHEPTETUKA

[IInpokas B3anMO3aMEHSIEMOCTb MPOAYKIUHN 3THX CUCTEM U CYLIECTBYIOIINE
MEX/1y HUMHU TE€CHBIC PEKHMHBIE B3aUMOCBS3U MPUBOAAT K UX OOBEAMHEHHUIO, B
Enunyto oO1iesHepreTuyeckyo cUcTeMy (TeppuTopuaibHble CBA3M). Tepputopu-
albHbIC CBSI3U, HA3BIBAEMbIE€ TOPU3OHTAIBHBIMU, TPOSBISIOTCS HE TOJIBKO Ha
YPOBHE CTpPaHbl, HO M OTAEIbHBIX YIKOHOMUYECKUX pailoHOB, y370B. Takum oOpa-

30M, OOJIBIIINE CUCTEMBI B OHCPICTUKEC q)OpMPIPYIOTC}I oA BJIMAHHUCEM KaK BCPTHU-



99

KaJIbHBIX, TaK U TOPU3OHTAIIbHBIX CBsi3el. KOHEUHBIM 371eMEHTOM OOJIBIINX CUCTEM
DHEPIreTUKH SIBJISIIOTCS MPEANPUATUASI-TIPOU3BOIUTEIN SFHEPTETUYECKON MPOLYKIUN
U e€ moTpeduTenu. IT0 00IIKe MEMEHThl BEPTUKAIBHBIX U TOPU3OHTAIBHBIX CH-
CTEM.

HNepapxuro 3a1a4 ONTUMH3ALNAHA 3HEPTETUYECKOTO XO34MCTBA, CO3/AI0T Ha
0a3e NPUHATON HepapXUU FIHEPTETUUYECKUX CUCTEM. J[JIsl KaXK10i CUCTEMBI PelIatoT
LETYI0 COBOKYIHOCTh MPOEKTHO-IUIAHOBBIX 3a/ad. Llenp cucremMHOro moaxoaa —
YHOPSAIOYUTH ITH 33/1a4d TaK, 4TOOBI MOJTy4YEHHas Uepapxus 3ajad Oblaa J0CTa-
TOYHO TOJHOM, HE JOIyCKaja UX AyOJIMpOBaHMS U OJHOBPEMEHHO oOecreunBalia
Pa3pelInMOCTh KaXKI0M 3aJ1auyd B NMPUEMIIEMBIE CPOKH C MOMOIIBK) MMEOIIUXCS
BBIYHMCIIUTEIBHBIX CPEACTB.

ITocTaHOBKa 3aa4¥ ONTUMHU3ALMK CUJIBHO 3aBHCHUT OT JJIUTEIIBHOCTH pac-
cMmatpuBaemMoro mnepuoaa pazputus IIC. Iloatomy 3amaun nomkHbl Tuddepen-
LMPOBAThCS M0 3TanaM pacdy€THOro nepuoja. Ha kakqom BpeMEHHOM 3Tarie pe-
[ICHUE 33aJ]a4M BBIIOJHSIOT C Pa3IMYHON ITyOMHOU U ETalbHOCTHIO POPAOOTKU
BONPOCOB pa3Butust IIC, T.e. B 3aBUCUMOCTH OT CTaaui IUIAHUPOBAHUSA. ITO
OTIpEENAETCS] OTPAHUYCHHOCTBIO BBIYMCIUTENBHBIX CpecTB. TakuM oOpa3om, s
3a1a4 ONTUMHU3ALWU JOTOJHUTEIBHO BBOJAT BPEMEHHOW M CTaAUNHBIA YPOBHU
uepapxumu.

Paznmuuarot cnemyromue stansl ynpasienus pazputus 39C: 1) monrocpou-
HOE IIPOTHO3UPOBAHUE pa3BUTHs cucTeMbl Ha niepuoa 20 — 30 ner Brepéx; 2) nep-
CIIEKTUBHOE MTPOEKTUPOBAHKE pa3BUTUS cucTeMbl Ha nepuoa 10 — 20 net Brepén;
3) nepcneKTUBHOE MIIaHUPOBAHKUE PA3BUTHS cUCTEMBI Ha 5 — 10 neT Bnepén.

Ha srane noirocpodHoro mporHo3upoBaHusl ONPEAEISIIOTCS OCHOBHBIE TEH-
nenunu pazsutusa cuctemsl (EQC u cexuuii EQC). [Jonrocpouynoe nporHo3nupoBa-
HUE OCYILECTBIISIETCS B OCHOBHOM B paMKaX OOIIEIHEPreTUYECKON CUCTEMBI, Ie
BBISIBJISIIOT OOBEKTHBHBIE 3aKOHOMEPHOCTH Pa3BUTHUS YHEPIETUKH, U €€ TeXHU4e-
CKOTO TpOTpecca; BBIACHAIOT HauOoJiee BEPOSITHBIE M3MEHEHHUS MOTPeOHOCTEH B
AIEKTPUUECKOW M TEIUIOBOM SHEPIHH; U3Yy4aroT MOTPEOHOCTH B OCHOBHBIX BUJAX

HEPTreTHIECKUX PECYPCOB.
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OCHOBHBIM METOAOM JOJITOCPOYHBIX MTPOTHO30B HAJ0 CUUTATh BHICOKOKBA-
TU(GUIUPOBAHHYIO IKCIIEPTHYIO OLICHKY.

Ha stane nmepcrnekTUBHOTO MPOCKTUPOBAHUS OMPEACIISIETCS CTPYKTypa pas-
BUTHUSI CUCTEMBI (B COOTBETCTBHHU C €€ Mepapxuei) u pa3padaThIBatOTCs MPUHIIUIIBI
U METOJIbl YIpPaBICHUSI PEKUMaMH. JTOT BPEMEHHOW 3Tam SIBJISETCS OCHOBHBIM
s pemienus 3anay passutus EDC, OOC, yto onpenensercs pealbHbIMU CpOKaM
CTPOUTEIBCTBA YHEPTETUYECKUX OOBEKTOB.

Ha nepBoii craguu paccmatpuBaercs pazsutue EDC B paMkax oOuiesnepre-
TUYECKON cHUCTeMbl. B pe3ynbrare penieHust 3Toi 3a/1auyu ONpenesssioTcs: o01ue
HaIpaBJICHUS] Pa3BUTHUS DHEPTreTUUECKOTO XO034MCTBA CTPAHbI; ONTUMAJIbHBIE TPO-
MOPIIMU PA3BUTHS OTPACIEBBIX CUCTEM; JIEKTPOIHEPreTUUECKOM, ra30BoM, HedTe-
U yriecHa0Karomen.

s EDC onpenenarorcs: TeMIbl BBOAA MOIIHOCTEN PA3JIMYHBIX TUIIOB JJIEK-
TPOCTAHIIMI IO OTJEIBHBIM paiioHaM CTpaH (eBporeiickas 4actb, Y pan, Cubups u
Janpauit BocToK), BUIBI SHEPTETHUECKUX PECYpPCOB, UCIOIb3YEMBIX Ha DJIEKTPO-
CTaHIIUSIX, MPOMYCKHBbIE CMOCOOHOCTH MEXPAMOHHBIX JMHUN SJIEKTpoIepeayu.
Ha stom stane POC u OOC paccmaTpuBaroTcsi BeCbMa YKPYITHEHHO.

Ha BTopoil cragmm pemaercs 3agada ONTHMM3ALMM Pa3BUTUSA CTPYKTYPHI
DHEPreTUYECKON CHUCTEMBI KaK CaMOCTOSITEIbHOM OTpPaclieBOM CUCTEMBI C 3aJlaH-
HbIMU BHEIIHUMH CBSI3IMHU C JAPYTMMHU cucTeMamu. K TakuM CBSI3SIM OTHOCSITCS:
NPUOMKEHHOE paclpeiesieHe MOTPeOIeHUs DJSKTPOIHEPTUU M Tera 1Mo OT-
nenpHbiM OOC; KOJIMYECTBO SHEPrEeTUUYECKUX PECYPCOB, BBIIEISAEMBIX IJIS DJIEK-
TPOCTAHILIU M.

Ha tperbeit cragum yrounsiercs paszsuthe otaenbHbix OOC. 3xecy ocy-
IIECTBIISICTCS YBSI3KA UX PA3BUTHUS C PA3BUTUEM PETHOHAIBHBIX OOIEIHEPreTHIC-
ckux cucteMm. Ha maHHOM cTaguu MPOEKTUPOBAHUS YTOUHSIOTCS CTPYKTYpPhI I'eHe-
pupytonux MoiHocted O9C, 3MeKTpUYECKHE CBS3H, Pa3MEIICHUE 3JIEKTPOCTaH-
1007178

B psne ciydaeB mo pe3ynbraTaM yTOUHEHHON ontumu3anuu O2C n0IKHBI

KOPPEKTUPOBATHCS pereHus, npuHsaTeie st EDC B nemom.
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6.3. Hudopmanus u eé NporHo3upoBaHue NPH ONTUMHU3ANUM PA3BUTHSA

IHEProCucTeEM

[Ipu onTUMH3aLK B MHOTOJIETHEM pa3pe3e BHYTPEHHHME U BHEILLIHUE CBSI3H,
00BEIUHAIONINE YHEPTETUUECKUE CUCTEMBI, MPOSIBISIIOTCS Kak WH(OpMaIlMOHHbIE.
WNupopmanusi B SJHEPreTUYECKUX CUCTEMAaX MOXKET OBbITh pa3/JelieHa Ha TpU THUIIA!
JETEPMUHUPOBAHHYIO, BEPOSITHOCTHYIO M HEOIIPEACIEHHYIO.

K nerepMuHMpOBaHHON HMH(OpPMAUMKU OTHOCUTCS B OCHOBHOM OITMCAHHE
TEXHUUYECKUX XapaKTEPUCTUK 000pYAOBaHUS SHEPrOCUCTEMBI U (PU3UUECKUX MPO-
LIECCOB ITPOU3BOJICTBA U PACIIPEIEICHHSI SHEPTUU.

BeposiTHoCTHas nH(pOpMaLMs BKIIOYAET ONMKUCAHUE CIYyYalHBIX MapaMeTpoOB
Y IIPOLIECCOB C U3BECTHBIMM 3aKOHAMHU PAaCIpPENEICHUs, KOTOPhIE MOKHO MCIOJIb-
30BaTh U B OyaylieM (Hampumep, XapaKTepUCTUKH KoJieOaHUsl HAarpy3KH, BOJIHBIN
pexum ['OC u ap.). K BepossTHOCTHO-HENOIHOM HH(POPMALIM OTHOCATCS CBEIACHMUS
C U3BECTHBIMM U3 OIBITA SKCIUIyaTallMy 3aKOHAMH pacCIpeNeIeHus, IEPEHOC KOTO-
pBIX B OyJyllee Majno JOCTOBEPEH, U CBEICHMS C HEM3BECTHHIMU 3aKOHAMH pac-
IpenesIeHus, JUIsl KOTOPBIX MOKHO 3aJ1aTh JIMIIb BO3MOKHBIN MHTEPBAJ 3HAUCHHI.

Heonpenenénnas nadopmanus NpuMEHUTEIbHO K ONTUMHU3ALMOHHBIM pac-
yéTaM B SHEPreTHKe, 00YyCIOBIEHA HEONPEACTIEHHOCTHIO 3HAHUM O psAJle BHEITHUX
YCIIOBHM, CYIIECTBEHHO BIMSIOIIMX HAa NEPCIIEKTUBBI PAa3BUTHA 3HEpreThku. K
ATOMY BUIY MH(POPMALIMU OTHOCATCS: 1) MOTPeOHOCTH B pa3IMYHBIX BHUJIAX DHEP-
I'Uil, OIpefeNnseMble TEMIaMd pPa3BUTHS SKOHOMHUKH; 2) TEMIbl HAay4YHO-
TEXHUYECKOTO MPOTPEcca B CMEKHBIX OTPACISAX MPOMBIIIIEHHOCTH (3HEproMaliu-
HOCTPOEHUU, METAJULYPTHUH U [Ip.), KOTOPbIE OINPEAENSIIOT CPOKH, MPOU3BOICTBA
HOBOTI'0 000py/I0BaHus; 3) yCHEXH I'e0J0ro-MOMUCKOBBIX pabOT B OTKPBHITUU HOBBIX
MECTOPOXKACHUN JHEPreTHYECKUX pecypcoB; 4) HW3MEHEHUE BO BPEMEHU 3KO-
HOMHUYECKUX MPOMOPLHIA B CMEXKHBIX OTPACISAX MIPOMBIIUIEHHOCTH U HA TPAaHCIIOP-
T€, KOTOPBIE ONPEAEISIOT 3aTPaThl B SHEPreTUKE; 5) OrpaHUUYEHHUS MO KallUTajo-

BJIO’KEHUSIM, MaTepUaIbHBIM U TPYIOBBIM pecypcam.
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[TonsiTue nHpOpManUK BKIIIOYAET B c€0s1 UICXOAHBIEC TaHHbBIE JIJIST ONTUMHU3a-
MU U, KPOME TOTrO, XapaKTepU3yeT YPOBEHb 3HAHUU 00 OOBEKTE, BKIIOYAS U UX
HEOMNpeAeIEHHOCTD, 1IEIM YIPABICHUS, MEXaHU3M MPUHATUSA PEUICHUN, UX peallu-
3a1110, KOPPEKTUPOBKY U T.J.

CooTHOIIIEHNE THUIIOB HCIOJb3yeMOW HH(POPMAIMK CYIIECTBEHHO 3aBHCHT
OT BPEMEHHOI'0 JTamna ONTHMHU3AIUMU U yIpaBieHUs cuctemoil. Yem Omrke pac-
CMaTPHUBAEMbIH MJIAHOBBIM MEPUOJT BPEMEHU, TEM OOJIbIIE 0JI1 AeTePMUHUPOBAH-
HOU U BEPOSITHOCTHO-OMPEICIEHHON HH(POPMAITUH.

BaxkxHoe MecTO py ONTUMU3ALUN PA3BUTUSL CUCTEM MPHUHAJICKUT MOTPEII-
HOoCcTU MH(MopManu. OOBIYHO O] MOTPEUTHOCTHIO MOHUMAIOT OTKJIOHEHHUS (+) OT
HEKOTOPOTO HMCTHUHHOTO (cpenHero) 3HadyeHus. Ho mpuMeHeHHe TepMHHA «IIO-
IPEITHOCTHY K 3HAYUTEIHHOM YacTH HEONpeneNEHHON MH(POpMallud UMEET UHOU
cMmbici. Takas uHdpopmaius MOXeET ObITh HEONPEIECIEHHOM MO0 CBOEMY CYIIIECTBY.
CrnenyeT TOBOPUTh O BO3MOXHOM JUAIAa30HE U3MEHEHUSI KOJIMYECTBEHHBIX IaH-
HBIX.

[IprunHON HETOYHOCTH PE3YNBTATOB PACUETA, TOMUMO HEONPEAEIEHHOCTH
UCXOJIHOM MH(OpMAIK, MOKET ObITh: 1) SKBHUBaJIEHTUPOBAHUE CHUCTEM; 2) MpPH-
OMMKEHHOE MOJICIMPOBAHUE CUCTEMBI, KOT/Ia €€ pealibHble CBOWCTBA 3aMEHSIOTCS
YOPOIIEHHBIMU; 3) YKPYIMHEHUE (arperupoBaHUE) UCXOIHBIX JAHHBIX, CBS3aHHBIX
C 0COOCHHOCTSIMU OSKBUBAJICHTUPOBAHUS U MOJICIIMPOBAHUS CUCTEM; 4) OIIMOKHU B
U3MEPEHUAX DJICKTPUUECKUX, TUIPABINYECKUX U JPYTUX BEIUYHMH; 5) HAKOTIJICHUE
omubOoK npu cuéte Ha DBM.

KonuuecTBeHHas OlEHKA BCEX ATUX MOTPEITHOCTEN B OTACIBHOCTH U, OCO-
OCHHO, B UX COBOKYIMTHOCTH JOCTAaTOYHO CJIOKHA WJIM HEBO3MOXKHA, T.K. OTCYT-
CTBYIOT TAJIOHHBIE KPUTEPUH TOYHOCTHU PACUETOB M M3MEpPEeHUI. B 3THX ciyuasx
BBITIOJTHSIIOT DKCIIEPTHBIEC OIEHKU HauOOoJee XapaKTepHOIo Juarna3oHa W3MEHECHUS
OTJICJLHBIX AJIEMEHTOB HH(POPMAIIUH.

[Ipomecc onTuMu3ay 00S3aTEIBLHO BKIIIOYAET dTAll MPEIBHICHUS, OyIy-

mux YCJIOBI/Iﬁ Pa3BUTHUA paCCManI/IBaCMOﬁ cuctemsl. Iloutn cronerue BCAYTCA
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paboThl o (hopManu3aluu mpouecca NpeaIBUACHUS U pa3paboTKe HAyYHO 0OOCHO-
BaHHBIX METOJIOB IPOTHO3UPOBAHUS PA3IUYHBIX BUA0B HH(OPMAIUY.

MeToapl TPOrHO3UPOBAHMS IO CTENEHH (HOPMAaTU3alliU YCIOBHO pa3felsi-
I0TCs1 HA TPU BUJA: DKCTPAIOJIALINIO, IKCIIEPTU3Y U MOAEIUPOBAHUE.

MeTton 3KCTpanoysIiyA paccMaTpuBaeT Oyayliee Kak IPOJOJDKEHHE HACTO-
amero. [IporHo3upoBanre o 3TOMY METOJY COCTOUT B IEPEHOCE COOBITHI U CO-
CTOSIHUM, UMEBIIMX MECTO B HENaJIEKOM IpoLuIoM, Ha Oyaymiee. B ocHoBe 3kc-
TPAIOJIALUOHHBIX METOJOB JIEKUT U3YYECHUE BPEMEHHBIX PsJO0B, OIUCBIBAIOIIUX
U3MEHEHHUE BO BPEMEHU XapaKTEPUCTUK UCCIEyeMOro 00beKTa, mpolecca.

DKCIEPTHBIE OLICHKNA OTPAKAIOT UHAUBHUIYAIbHOE CYKJICHHE CIIEIIUATUCTOB
OTHOCHUTENIBHO NEPCIEKTUB PA3BUTHUS CUCTEMBI. [IpuMeHseMble MeTona 3KCIepT-
HOM OLICHKU pa3AeIs0T Ha HHIAMBUAYAIBHBIE U KOJUIEKTUBHBIC. IHMBHIyabHbIE
METOJbl OCHOBAaHBI HA MCIIOJIb30BAHUM MHEHUW DKCHEPTOB-CHEHUAIACTOB COOT-
BETCTBYIOIIET0 Mpo(uisi, BBICKa3aHHBIX HE3aBUCUMO JAPYT OT Apyra. s nporHo-
3UpoBaHMs HanOoJiee OOLINX CTPATETHI pPa3BUTHSI UCTIONb3YIOT KOJIJIEKTUBHBIE Me-
TOJIbI DKCIIEPTHBIX OLIEHOK.

I{enbro HKCIEPTHOM OLIEHKM UCXOIHBIX JAHHBIX I ONTHUMHU3ALMU Pa3BUTHSA
CUCTEM SHEPIeTHKU SBIISIETCS: 0053aTeIbHOE ONpeIesIEeHne MUHUMAIBHOTO U MaK-
CUMAJIBHOTO 3HAYEHUH MPOTHO3UPYEMOU BEJIMYMHBI; 110 BO3MOXHOCTH, BBIUHCIIE-
HUE HaubOosee BEPOSTHOTO 3HAYCHMsS paccCMaTpUBAaeMOM BEJIMUYMHBI; COCTABICHUE
XO0TsI ObI caMOU TPUOJIMKEHHON KOIMYECTBEHHOM OLIEHKH, XapaKkTepa B3auMO3aBu-

CUMOCTH CJIyYalHBIX 3HAYEHUN PA3JIUYHBIX UCCIIETYEMBIX IOKA3aTEIICH.
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7. MOAEJIM U METO/bI ONTUMU3ALINU I'EHEPUPYIOHIUX
MOIIIHOCTEX SHEPTOCUCTEM

7.1. JIuHelHAS1 MOJIeJIb ONITUMM3ANNH CTPYKTYPbI FreHepUPYIOUIUX

MOIIHOCTEH

B nuHeliHol Moaenu neneBas PyHKIMs, ypaBHEHHSI U HEPABEHCTBA, OMUCHI-
Baromre I9C, NOHKHBI OBITh JIMHEWHBIMU (DYHKIMSAMU. ICKOMBIMU BETUUMHAMU
SBJIAIOTCS MOIIMHOCTH 3JIEKTPOCTAaHUMU Py M IpoIycKHBIE CIOCOOHOCTU JIMHHI
AIEKTpOIIEpEaauYnd CUCTEMOOOpa3ytolel ceTn Pyy 6 KaXII0M roay pacy€THOTO Ie-
puona T, ( T, — 10...15 ner). JIuneliHpIe MOJENIN HCHONB3YIOT HA IEPBOM U BTOPOH
CTaJUsIX MEPCIEKTUBHOIO NMpoeKTupoBanus rnpu paccmorpennu EQC u O3C.

W cxXoIHBIMU TAHHBIMU ISl MOJEIIH SIBJISIIOTCS: MaKCUMalbHble HArpy3ku Ny
U DJIEKTPOIIOTpeOsIeHNE Y3JI0B Dy, yJelbHbIE 3aTPAaThl Ha CTPOUTENIBCTBO M JKC-
IUTyaTaluio 3JIEKTPOCTAaHIMKA U TUHUM 3nektpornepenayun (JIDII); cymecTBytromas
CXeMa CeTH M BO3MOXKHbIE Tpacchl coopyxkeHus JIOII; Buabl u 00BEMBI TOIIMBA

By, BBIIEISIEMOro SHEProcHCTEME; IPEACIbHBIE MOITHOCTH SJIEKTPOCTAHIIUN H

JIDII (puc.7.1).

=&

Puc. 7.1. PacuérHas cxeMa CUCTEMBI
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Hamnpasnenust moTokoB motmHocTel Py, 3apanee He u3BecTHbI. [loaToMy muis
kaxnou JIDII 3amaroT nBa HampaBieHUs NOTOKa. B pe3ynprare pemeHus 3anadu
OJIVH U3 HUX OKAXKETCs PABHBIM HYJIIO.

[Ipu mocTpoeHuit TMHEHHON MOIeId He0OXO0AUMO, aHATIU3UPYSI CYMMapHBIN
rpaduk Harpy3KkH, 3a1aTh YUCIO YaCOB UCIIOJIBb30BaHUA deKTpocTanuii u JIDII.

JIns yuéta TMHAMUKHA HETIPEPBIBHBIN MPOLIECC PA3BUTHUSL SHEPrOCUCTEMBI 3a-
MEHSIOT CKaYKOOOPa3HBIM €€ pa3BUTHUEM OT OJHOTO MHTEpBaja MJIAaHOBOTO MEPHO-
na K apyromy. OOBIYHO B Ka4€CTBE OT/AEJIBHOIO 3Tana yA00HO MPUHUMATh T'OA0-
BOM IIPOMEKYTOK BPEMEHH. DTO PaBHOCWIBHO IMPEAIOJN0KEHHUIO, YTO IMPUPOCT
MOITHOCTH JJIEKTPOCTaHIMNA (MU TpomyckHOM criocooHoctu JIDII) mpoucxoaut
HE Ha MPOTSKEHUU BCEro rojia, a CKauYkooOpa3HO — B caMOM €ro KoHue. B psne
CJIy4aeB B KauecCTBE OT/EIbHOTO MHTEpBaa 11eJ1Ieco00pa3Ho OpaTh HApsAILY C ro/0-
BBIM IIPOMEXYTKOM JBYX- U TPEXJIETKH, YTO MO3BOJISIET CYIIECTBEHHO COKPAaTUTh
pa3sMepsl MOJIEIIN.

B nuneliHol Monenu y4éT TMHAMUKH HEH30EKHO IIPUBOJIUT K PE3KOMY yBE-
Jn4eHuto e€ o0béMa (IPONMOPLHMOHATIBFHO KOJMYECTBY MHTEPBAJIOB IJIAHOBOIO Iie-
puoja).

[Ipu aerepMuHMPOBAHHON MH(MOPMAIIMK 1EIEBOM (PYHKIMEH MOAEIN SBIIS-
IOTCSl TUCKOHTUPOBaHHbIe 3aTpaThl (5.4).

Hcnonb3yst 3aBUCUMOCTb 3aTpaT OT UCKOMBIX MOILHOCTENH 3HEProoOBEKTOB,

1eJIeBY0 (PYHKIIMIO TUHEWHOM MOJIENN TIPEJCTABUM B CIIEAYIOIIEM BUJIC:

-

T, | J L L
D= Z[Btjpij o 3t—l,jR—l,j 1+ Z Z[gtml (le + Blm) -
t=1 | j=1 =1 m:}
m=

\

SBtamRegm + Boam)

rae 3y, 3t1j — YACIbHBIE 3aTPAThI B J-I0 JIEKTPOCTAHIIUIO COOTBETCTBEHHO B roxy t

u (t-1);
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3tmiy 3t-1,1m— YACIbHBIC 3aTpaThl B JIUHUIO IM B roxy tu (t-1) COOTBETCTBEHHO;
3tmiy 3t-11m — YACIbHBIC 3aTpaThl B JIMHUIO IM B roay t u (1-1) COOTBETCTBEHHO;
J — 4HCII0 IEKTPOCTAHIINI B CUCTEME;
L — yncio y3710B OCHOBHOM CETH.
OcCHOBHBIEC YCIIOBUSI U OTPAHUUYECHUS HA PA3BUTHE T€HEPUPYIOMIUX MOIIHO-
CTE€W U OCHOBHOM CETH UMEIOT CIICAYIOIINN BU/L:

1. bamancer MOIITHOCTH B y3JIaX CCTHU

D =R+ 2 [ 0tym) P — Pim]> Ny,
jeM, meR,

I=1,2,...L; t=1,2,....,T,,

riae M| — MHOKECTBO HOMEPOB 3JICKTPOCTAHIIMH, PACIIONIOKCHHBIX B y3¢ ;
Oz — KO3 (PHUIMEHT MOTEPh MOIIHOCTH B IUHUU IM;
R|— MHO’KE€CTBO HOMEPOB Y3JI0B, CBSI3aHHBIX C y3JI0M |.

2. banaHChl SHEPTUH B y3JIaX CETH

D Rihy + D [@— Aty Pt hnt = Pt e 1234

jeml merl

I=1,2,...,L; t=1,2,...,T,

rae hy — 9nciio yacoB MCHONB30BaHMS MOLITHOCTH JIEKTPOCTAHIUH B roay t ;
Nimi — YKCIIO YaCOB MCIOIB30BAHUS MPOMYCKHOM criocoOHoCcTH auHuM Ml B roay t.

3. OrpannyeHus Ha pacxo] TOIUINBA

> Rihgby <b¢ k=1.2... K t=12,...T,
Jek

rae bj— yaenbHbIi pacXoA TOIUIMBA HA J-i 3JEKTPOCTAaHLUH B TOY t;

Fk— MHO>KCCTBO HOMEPOB SHGKTPOCTaHHHﬁ HCITIOJIB3YIOIINX k-e TormmuBo.
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4.0I‘paHH‘IeHI/IH Ha MaKCUMAJIbHYIO MOIIMHOCTD 3JICKTPOCTAHIINH

Pi = N, =12, .0 212,

r1€ Nimaxj — MaKCHUMalbHast MOIHOCTh -H 3IEKTPOCTAHIIUH.

5.0rpannueHus No npenaeny nepeaaBaemMon Mmomuoctu JI9I1

Ptlm S Nmaxlm Ptml S Nmaxlm ’ |,m=l,2,...L; tzlaza'-'aTm
A€ Nmax im- Ipeaen nepeaaBacMoil MOITHOCTH.

6. OFpaHI/IIIGHHH Ha BBOJ MOIIIHOCTH 3a OAHH 3Tall paC‘-IéTHOI‘O Iepnoga

Rj — R AN

I:)tlm o I:)t—l,lm < AI\Ilm;

I:)tml o I:2[—1,ml < AI\Ilm’
=12, =12, .T,,
I,m=1,2,...L(I#m),

rae AN, ANy, — MakCHMalbHBIA IIPUPOCT MOLIHOCTH 33 OTACJBHBIN dTal pac-

YETHOI'O MEPUOA.
bamnancel, Bxoasmue B MOAEb, MOTYT ObITh TIPEACTABICHBI Kak anreopau-

YCCKUC CYMMBI Q)YHKHHﬁ OTACIBbHBIX IICPCMCHHBIX, T.C.:

F1(x1)+Fa(X2)+ ... +Fn(Xn)=B.

OtrMu GYHKIHUSIMH SBIISTFOTCSI 3aBUCUMOCTH: OTITyCKaeMoi (TiepeilaBaeMoii) dHep-
MU OT MOIIHOCTH O0BEKTa U pekUMa ero padoThl; pacxojia TOTUIMBA Ha JIEKTPO-
CTAaHUUSIX OT OTmycka »Hepruu; noreps B JIDII oT xonmyecTBa mnepenaBaemMoil

MOHOIHOCTHU U SHCPTUH U T.A.
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BonbmHCTBO U3 MEepeYrcaeHHbIX (YHKIUN HETUHEWHbIe, HO OCHOBHBIE U3
HUX MOTYT OBITh YUTEHBI B JIMHEHHON MOJAENTN KyCOYHO-JTMHEHHON arnpoKcuMaIu-
el.

3aBUCUMOCTH KOJIMUYECTBA OTIYCKAaeMOM SHEPrHUH D OT MOIIHOCTH AJIEKTPO-
cTaHIUM P ¥ 4mcia 4acoB €€ MCTONIb30BaHUS N yUHUTHIBAETCS CIICAYIONIMM 0Opa-
30M.

Hns TOC, enquHUYHasE yCTaHOBIIEHHAsT MOIIHOCTh KOTOPBIX, KaK MPaBUIIO,
M3BECTHA 3apaHee (HampuMep, Ha OCHOBAHMM THUIIOBBIX MPOEKTOB), 3aBUCHMOCTH
O=f(P,h) yuurteiBaeTcst myTém 3amaHusl HECKOJIBKUX 3HAYCHHI YHCIAa YacOB HC-
N0JIb30BaHusT MOITHOCTH (Hampumep), h1=7000 1, h,=4000 u). [Tpu 3TOM BapraHTHI
pazButua TOC pa3znuyaroTcs JHIIb 3HAYCHHEM OTIIyCKa 3HEepruu. VMICKoMbIMHU B
MOJIEH cuuTaroTcs 3HayeHust MoutHocty TOC no kaxaoMy BapuaHTy €€ pa3BUTHS
Pin1),Picna)-

[TockosbKy KakIOMY 3HAUEHHIO OTIIyCKa 3JIEKTPOIHEPIHMH COOTBETCTBYET
orpenenEéHHOe 3HaUeHHUE YJIIbHOIO pacxoja TOIJINBA, TO OJTHOBPEMEHHO C HEJU-
HeiHo# 3aBucumocThio D=Ff(P,h) B Moxenyn mpuOmmkEéHHO yUUTHIBACTCS HEJIMHEH-
HBIA XapakTep 0000IIEHHON 3aBUCUMOCTH YAEIBHOTO pacxoja TOIIMBA Ha 3JIEK-

TPOCTaHUMK Dj OT KONMYECTBA OTIYCKAaeMOM sHepruu (puc.7.2).

Tem caMbIM B MOJENIH C ONPENETEHHON CTENEHBIO TOYHOCTH YUUTHIBACTCS
JNEWCTBUTEIBHBIN XapaKTep dKOHOMHYECKOM 3aBHUCHUMOCTH TOIUIMBHOM COCTaBIIS-
IOLLEN 3aTpaT Ha JIEKTPOCTAHUUAX OT KOJMYECTBA OTITYCKa€MOW SHEPTUH.

JUtst yuéra 3aBUCUMOCTH KOJIMYECTBA MEPEIaBAEMON 3HEPTUU OT IMPOITYCK-
HOUl criocoOHocTH JIDII m yncna yacoB €€ MCMONb30BAHUS MPUMEHSIETCS MPUEM,
aHAJIOTMYHbIN onrcaHHOMY BbIte st TOC.

JIOCTOMHCTBAMU JIMHEWHBIX MOJEJIEH SIBJISIIOTCS: BO3MOYKHOCTh PACCMOTpE-
HUsL OOJIBIIOTO KOJIMYECTBA BAapUAHTOB IHEPreTUYECKUX OOBEKTOB; IMOITYUYEHHUE
rJI00JIBHOTO MUHUMYyMa IIeJeBOM (YHKIIMH, TPUMEHEHHUE XOpOIIO pa3paboTaH-

HBIX METOJ0B JIMTHEHHOTO MporpaMMupOBaHUA.



109

8y
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Puc. 7.2. 3aBucuMOCTb yIeIHHOTO Pacxo/1a TOIUIUBA OT YHCIIA YaCOB MCIIOIH30BAaHUS MOITHOCTH

7.2. JluHeliHOe MPOrpaMMHpPOBaHME B 32/1a4aX Pa3BUTHS IHEPTrOCUCTEM

OO6mast 3a1aya TMHEHHOTO MTPOTrpaMMUPOBaHUS (POPMYIUPYETCS CIEAYIONUM

o0Opazom.

TpeOyeTcst BBIUMCINTh MUHUMYM JUHEHHON PYHKIIMU N MEepEeMEHHBIX

L =L(X,, X;,e.:y X;) =C X, +C, X, +...+C, X,
IIpY OrPAaHUYCHUAX, HAJIOXKEHHBIX HA IEPEMEHHBIE X;, X;,..., X, BUJA:

a X +aLX, +..+a, X, =b

a, X, +a,X, +...+a,x =b (D

a‘I+1,1X1 + a'I+1,2X2 +... aI+1,an = bI+1

a. % +a.,X, +...+a.,X, <b, (7.2)

X; =0, ]=12,...,.t;t<n),
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Muosxectso Ha6opos (Xis X5 ,..ey X ), VAOBNETBOPAIOMUX YCIOBHSM

(7.1) u (7.2), Ha3pIBaIOT 00JACTHIO ONPEACACHHS 3a1a4u.

Martpuity ko3 punirenTon

a8y,
A=|a,q,...,

_arlarz - 'arn

OyJZieM Ha3bIBaTh MAaTPUIIEH YCIOBUM 3a/1a4uH.

Cton01upl MaTpUIbl YCIOBHI — BEKTOPHI KO3 (PUIIMEHTOB MPU MEPEMEHHBIX

X j - HA3bIBAIOTCS BEKTOPAMU yCIOBHM:

A :[aij’azj’---’aro

BEKTOp, COCTaBIISIONINE KOTOPOTO — MpaBble YaCTH YCJIOBHH 3a1auu, OyJeM Ha3bl-

BAaTh BEKTOPOM OTPAaHUYCHMIA:

B =[b,b,,...b [

BEKTOP, COCTaBJICHHBIN M3 KOA(DPHUIIMCHTOB 11eJIeBOM (YHKITUU, — BEKTOPOM KO3 (-

(GbULMEHTOB 11e71eBOM (DYHKIUU:

C =[01,Cz,---,CnT

BexTop X = [X1, X yeeey XnT, YIOBJIETBOPSIOIINI YCIOBUSIM 3a/a4, HA3bIBAIOT

1aHoM 3anaun. [1nan, oOpamatonyii B MUHUMYM LIETIEBYIO (DYHKLHIO, Ha3bIBACT-
Cs1 ONTUMAJIBHBIM IJIAHOM WJIM PEUIEHUEM 3aJauH.
Jlist ynoOcTBa pelieHus 3a1a4i JUHEHHOTO MPOrpaMMHUPOBAHUS TPUBOISIT

K eIMHON hopMe, Ha3bIBAeMON KaHOHMYECKOIA.
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3amava TMHEHHOTO MPOTPaMMUPOBAHUS 3allMCaHa B KAHOHUYECKOU (opMme,
ecyi oHa (OPMYITUPYETCS CISAYIOIIUM 00pa3oM:

HAWTH MUHUMYM IIeJIeBON (PYHKIINH
L=CX +CX, +...+C X, (7.3
IIPU YCIIOBUAX

i
A X + X, +... X, = b1
ay X, + A% +...+a,, X, =hb,

N

.............................................. (7.4)
(A Xy + A X, o+ A X, = b

X; =0, j=12,..,n (7.5)

[IpeoOpa3zoBaHre K KaHOHMYECKOW (POpME BBINOIHSAIOT MYyTEM BBEICHUS

AOITIOJIHUTCIIbHBIX HCOTPHUIATCIIBHBIX IICPCMCHHBIX

X X

n+17

n+2,...,xn+(r_|);xi Z O,I — n +1,..-,n+ (r _I)-

Torna orpanndenus (7.1), (7.2) 5KBUBAJICHTHBI CIICAYIOIINM:

.
A X + X%+t ag X, =b
a X, +a,,X +...+a,X, =Db,
aI+1,1X1 + aI+1,2X2 .ot al+1,nx + X

n n+l —

bl +1

X+ QX o+ A, + X

n+(r—1)

B LCJICBYIO (I)YHKI_[I/IIO AOIIOJIHHUTCIIBHBIC TICPEMCHHBIC BXOIAT C HYJICBBIM

K03 pUIeHTOM.
Ecnu TtpeGoBaHue HEOTPHUIATENFHOCTH OTHOCUTCS HE KO BCEM I€pEMEH-

HbIM (1<N), TO MPOCTEUIINIA TTyTh TTepeX0jia K KAHOHUYECKOU (hopMe — 3TO 3aMeHa

NEPEMCHHbBIX XJ , HC CBA3AaHHbIX YCJIOBHCM HCOTPHULATCIBbHOCTH, Pa3HOCTBHIO IICPC-



112

RN / I
mernpix X; = Xj; —Xj, rae  X; =2 0,Xj = 0. Yncno nepemeHHbIX 11pH 3TOM

YBEIUYHBACTCS.

3anumieM 3amavy JuHEWHOro mporpammupoBanus (7.3) — (7.5) B BekTop-
HOH hopme.

TpeGyeTcss BHIUMCINTH HEOTPHUATEIbHBIH BEKTOp X = [X,, Xy, X, |,

oOpaniaronii B MUHUMYM IEJIEBYIO (PYHKIIUIO

L=C-X (7.6)

IIPU yCIIOBUU

XA +XA + +X A =B @7
X >0, (7.8)

rie C™ = [Cl, Coyunny Cn] — BEKTOp KO3 (UIIMEHTOB LieJAeBON (QyHKIUY;
A = [a1 j» 8z A | — BEKTOPBI YCIIOBUH 331a4H;
B =|[b,,b,,....b, | - Bexrop orpanuuenui.

BekTopsl yenouil A\j COOTBETCTBYIOT CTOJIOIAM MATPHUILIbI yCIOBHI

A=[A A A A

Pemmenue 3agaun (7.6) — (7.8) cBsi3aHO C pelICHHMEM CHCTEMbI JIMHEHHBIX
ypaBHeHu# (7.7). T0 perieHue N0KHO ObITh HEOTPUIIATEIHLHBIM U COOTBETCTBO-
BaTb MUHUMYMY IlesneBoi ¢pyHKuuu (2.6). Tak Kak 4UCIO MEPEMEHHbIX N B 3TOU
cucrteMme OOJbIe Yuciaa ypaBHEHUM M, TO OJIHO M3 BO3MOXKHBIX PEIICHUNH MOXKHO
HaWTH, €CJIM TPOW3BOJBHO BHIOpATh PAaBHBIMU HYJIO N-M TmepeMeHHBIX. B aTom
cllydyae Mojly4aeM CUCTEMY m ypaBHEHUH C m HEU3BECTHBbIMU. Pelienue 3Toil cu-
CTeMbl MOXXHO TMOJIYYUTh OOBIYHBIMU METOAaMu anreOpsl (mo mpasuiy Kpamepa,

MetonoM [aycca, metoaom 3eiiaens u.T.1.). s pelieHuss cOCTaBICHHON TaKuM
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o0pa3oM cHUCTEeMbl HEOOXOAUMO, YTOOBI €€ OnpeneauTeNb ObLT OTIWYEH OT HYJIS.
Ecnu 3T0 ycnoBue He BBIIOIHAETCSA, TO MOKHO IPUPABHATH HYIIIO Ipyrue N-m Ie-
pemenHsle. [loayueHHoe npu 3TOM penieHrue Ha3bIBaeTcs 0a3HCHBIM.

bazucom HasbiBaeTcs M1000i1 HAaOOp m BEKTOPOB YCJIOBHUH 3a/Jauu, TaKuX,

4TO OIpCACIINTCIIb, COCTAaBJICHHBIN U3 CUCTEMBI ATHUX BCKTOPOB, HC PABCH HYJIIO:

det(AA,..A ) =0

HepeMeHHHe Xj , COOTBCTCTBYIOIIHC 3THUM BCKTOpPaAM YCJ'IOBI/Iﬁ 3aJa4u,

HA3BIBAIOTCS 0A3MCHBIMU TEPEMEHHBIMHU (TI0 OTHOIICHHWIO K JaHHOMY Oaswucy).
OcranbHble N-m TMEpEMEHHbIE HA3BIBAIOTCA BHEOA3MCHBIMHU TEpeMEHHBIMU. [
CUCTEMBI ypaBHEHHM (7.7) MOXKET CyIIECTBOBATh HECKOJIBKO 0a3MCOB C Pa3IUYHbI-
MU 0a3WCHBIMH TEPEMEHHBIMU. ba3nCcHOE perieHre MOKET ObITh IPOU3BOJIBHBIM,
T.€. 0a3UCHbIE MEPEMEHHBIE MOTYT OBITh U MOJOKUTEIbHBIMU, U OTPUIIATEIILHBIMU
(x>0, x<0, x=0). To pemieHue, 151 KOTOPOTO Bce OA3HUCHBIC MIEPEMEHHBIC HE OTPH-
1aTeIbHBI, HA3bIBACTCS OMTOPHBIM TIJIAHOM 33/1a4H.

Ecnu BeluncnaTh 3HaueHue 1eneBoit (GyHKIuu (7.6), COOTBETCTBYIOIIEE
pa3TUYHBIM OTOPHBIM IIJIaHAM, TO MOKHO HAWTH ONTHMAaNbHBIA TUTaH 3amadd. B
JMHEHHOM MPOrPaMMHUPOBAHUN Pa3pab0TaHO HECKOJIBKO METOJIOB OTHICKAHHS OTI-
TAUMaJILHOTO TiIaHa. Hambomee pacmpocTpaHEHHBIM SIBISETCS METOM IOCEI0Ba-
TEJIBHOTO YIYUIICHHS IIaHa (CHUMIUIEKCHBIA METOJ). DTOT METOJ COACPKUT TPHU
cocTaBisitonye; 1) cnocod BBIYMCICHUS OTMIOPHOTO TUIaHa; 2) MpU3HaK, M0 KOTOPO-
My MOKHO TTPOBEPHTD, SIBJIICTCS JIM BRIOPAHHBIA OMOPHBIHN TJIaH ONTHMAJIBHBIM; 3)
croco0 mepexoa OT OJHOrO OMOPHOTO PELIECHUs K Apyromy, Oosnee OJIM3KOMY K
ONTUMAJILHOMY.

[IpumMeHsss METO TOCIICOBATEIPHOTO YIYYIICHUS TUTaHA, MOXKHO Yepes
KOHEYHOE YHCJIO I1aroB MOJYYUTh ONTHMAIBHOE PEIICHUE WM OOHAPYKHUTHh HE-
pa3penImMoCTh 3a7a4H JJUHEHHOTO TIPOrPaMMHUPOBAHHS.

PaccMoTpuM BBIYMCIIEHHE OMOPHOTO TUIAHA 33Ja4M M MEPEXO] K JpYyromy
onopHoMy 1iany. I[lonoxum, uro cucrema (7.7) COAEpKUT M €IUHUYHBIX BEKTO-

POB:
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(1] Kl Kl &y | [a,, |
O 1 O a2,m+1 a2n
) 0] 0]

A=l A= A= AR = peee Ay =
_O_ _1 _ _1 _ am,m+1 _amn _

OnpesiennTenb, COCTABICHHEIH U3 BEKTOpoB A\ A ... A\, He pa-

BEH HYJIIO, T.€. 9TH BEKTOPHI 00pa3yroT Oasuc. Ilepemennbie Xp,-.-y X, coOT-

BCTCTBYIOIIHUC 0a3MCHBIM BCKTOpaM, SBJIAIOTCA 0a3nCHBIMU INEPpEMCHHBIMMU.

OcTabHbIC TEPEMCHHBIE (Xm+1 yeees Xy ) pUpPaBHUBAEM K HYJIIO.

Cucrema (7.7) niia BeIOpaHHBIX 0a3UCHBIX MTEPEMEHHBIX MOXKET OBITh 3aru-

caHa CJIeIyIOIIMM 00pa3oM:

XA +XA + +X A =B (7.9)

Tak kak 0a3uCHEBIC BCKTOpPbI CAMHUYHEIC, TO Oa3uCHEBIC NEPEMCHHBIC PABHbI

COOTBCTCTBYIOIIHUM 3JICMCHTAM BCKTOpa B:

X, =b,X, =b,,...x, =Db

m

W HEOTPHIATECIBHBIX 3HAUCHHIX ’ 3eney IIEpBOHAYAILHBIN
I1 €0 aTe 3Ha4ue b1b2 bm epBOHAaYa

OTNIOPHBIN IJIAH UMEET CICIYIOIINN BU!

X ,=0,..,x =0).

m+1 — n

Xo =X =b,X, =b,,....x, =b_,
PaccMoTpuM, Kak, HCX01s U3 TIEPBOHAYAIHFHOTO OTIOPHOTO TIJIaHa, TTOCTPO-

UTb CIEAYIOLIUNA ONOPHBIN IIJIAH.
Kaxaplii u3 BEKTOPOB cUCTEMBI (7.7) MOXKHO Pa3jIOXUTh MO BEKTOpaMm Oa-

3HUCa
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A =D X AL =120,
i=1

e A j — Oa3ucHBIN BEKTOp;

X

ij — Ko3(hdUIHEHTHI pa3IoKEHUS.
[TomoxuM, 9TO IJIT HEKOTOPOTO BEKTOpa, HE BXOIIETO B Oa3uc, HAIMpH-

Mep, A, XOTA OBl OJIMH u3 ko3 duLreHToB

Xj_,m_|_:|_ 7 X2’m+l I===3 Xm,m_|_:|_ B pa3HO)KeHI/II/I

Ana = 1,m+1A1 + Xz,m+1A2 Rakthin Xm,m+1An (7.10)

SBJISIETCSA MOJOKUTEIHHBIM.
3agagumMcst HeKoTopoi Benuunoi € > 0 (moka HEM3BECTHOM), YMHOXKHUM

Ha He€ 00¢ yacTu paBeHcTBa (7.10) u 3aTeM BeIYTEM U3 BhIpakeHus (7.9):

(Xl o eXl,m+l)AfL + (XZ o eX2,m+1)A2 T ...
+(Xp — eXm,m+1)'Ah1 +0A,,=B

BekTop

Xl = [Xl _@(1,m+1; X5 _&(2,m+1;"'; Xn _6(m,m+l; H’O”OT

ABJIIACTCA OIIOPHBIM IIJIAHOM 3aJJadun JIMHEMHOT'O nporpamMmupoOBaHus, €CJIN €TI0

KOMITIOHCHTBI HCOTPHUIATCIIbHEIL.

3navenns X — & .1 =0 Beerna, ecmn X i1 <0, 1x. @ >0,

Ecmu X 1 > 0,100, BBIOMpAaEM Tak, 4ToObl X; — @(i,mﬂ =0, re.

O <X X

i,m+1-
BCKTOp x 1 ABJKCTCA OIIOPHBIM INIIAHOM 3aJiadu JIMHEWHOTO ImporpamMmu-

poBaHus 1151 1106010 @ | yI0BIETBOPSIOIIETO YCIOBUIO
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. X.
O<f <mMmin——,
X

i,m+1
r1e¢ MUHUMYM OepéTcs Mo I, s KOTOPBIX Xj mi1 = 0.
OrnopHBIi TIJ1aH JTOJDKEH COACpPKaTh HE 0ojiee M MOJIOKUTEIBHBIX KOMITO-

HCHT, IIO2TOMY B IIJIaHC Xl HCO6XOI[I/IMO O6paTI/ITB B HYJIb XOTA OBI OIHY U3 KOM-
IIOHCHT.

ITomoxxum, uTo

TOr/a i -1 KOMIIOHEHTA IaHa X , U1 KOTOPOH JOCTUraeTcss MUHUMYM, o0pamia-
eTCs B HYJIb.
[Mycts i =1, T.c.

90 :X—I

i,m+1

[Toncrasnsas (& O B BeIpaxkeHue (7.9), moiyduM paBeHCTBO:
/ / / / .
Xo A, + X Ag +. .+ X AL+ X AL, =B

KOTOPOMY COOTBETCTBYET HOBBIM OIIOPHBIM ILUIAH:

X, =[O; X5 Xh ey X! X! 'O;...;OT, (7.11)

m? ““m+17

/ -
re X =X —6,X 1=2,3,...,m,

i,m+1?

x' . =0, .

m-+1
Uckimrouenue OQHOI'0 BEKTOpa U3 0a3nca ¥ BKJIFOUEHHE BMECTO HETO Apyro-

ro ¢ MIOMOIIBIO 90 COOTBCTCTBYIOT IIEPEXOAY OT OAHOIO Oasuca K Apyromy 1o me-

tony Xopnana-I'aycca. [Toatomy cucrema A, As,..., A, , Ay ,1 JUHEHHO
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HE3aBHCUMa U SBIISICTCS HOBBIM 0a3HCOM. I[JIS[ OIIPCACIICHUA CICAYIOIMICTO OIIOP-

HOTO IUIaHa HeoOXoauMo JoOOW  BEKTOp, HE BXoadmui B 0a3uc
A, A;,..., A, , A1, PA3TOKUTL IO BEKTOpaM 3TOro 0Oa3mca, a 3aTeM
onpenenuts Takoe G, > 0, npu koTOpOM HCKII0UaNCA Obl OIMH M3 BEKTOPOB TOTO

0asuca.

[Iporiecc nmosydeHusi HOBBIX OMOPHBIX TJIAHOB 3aKJIIOYAETCS B BHIOOPE BEK-
TOpa, KOTOPHIN MOJUICKUT BKIIOYCHHUIO B 0a3HC, U ONMpEAeIEHUN BEKTOpa, Moie-
YKaIEro UCKIIIOYEHUI0 U3 0a3ruca. BBOAUTH HOBBIM BEKTOP B 0a3uC 11€7€C000pa3HO
TOJILKO B TOM Clly4yae, €Cii 3HaueHue LejaeBol (GyHKuuu ymeHbinaercs. Kpure-
puii, UCHOJB3YEMBIN JJI1 ONpENETIEHUsI BEKTOpa, KOTOPBIM BKIIOYAeTCs B Oaswuc,
SBJIIETCSI OJHUM M3 OCHOBHBIX 3JIEMEHTOB METOJA IOCIEAOBATEIBHOIO YyIIy4llle-

HUS TJIaHA.
Vcxomaomy X, ONOPHOMY IUIaHY COOTBETCTBYET 3HAUEHHE IIENEBOi
byHKITUU
L(X,) =C. X +CyX, +...+C X,
Jlnst HoBorO onopHoro 1iana (2.11) nomyuum

L(X,) = CX) + CqXg + ...+ C XL +Co0 10 =

m m
=376 = 00| 36X a1 —Cnat | = L)~ OpAer
=1 i=1

m
rjae Am+1 = Z CiXimi1 —Cmi1 — OIICHKa (m +1) -TO BEKTOPA YCIIOBUH;
i=1

Ci — xorpdurments! neneBoit pyHKIMY NPy 6A3UCHBIX IEPEMEHHBIX.

Tak xak 90 = O, TO I—(Xl) < I—(Xo) B TOM clly4ae, €cliu

A > 0.

m-+1
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Jlnst ckopeiiiero JOCTH)KEHUST MUHUMYyMa IIeJIEBOM (PYHKIIMU B OYEepeTHOU

0a3uc HY’KHO BBOJUTH TOT BEKTOp, JJII KOTOPOrO OLEHKA BEKTOPA YCIOBHIA Ai

MaKCHUMaJIbHaA.

Ecan I HCKOTOPOTro Ij1aHa XO OLICHKHA BCEX BCKTOPOB

Aj ( J =1 2., n) B JIaHHOM 0a3uce yA0BIETBOPSIOT YCIOBHUIO

TO IIJIaH XO — ABJIACTCA OIITUMAJIbHBIM.
HpI/I IIPOBCPKC OIIOPHOTI'O II'TaHa Ha OIITHMAJIBHOCTb MOJKCT BCTPCTHUTBLCA

OJMH U3 CICAYIOIINX TpéX CJIy4acB:

1) Aj <0 gwd=1,2,...,n;

2) A; >0 g mHexoroporo | M BCe COOTBETCTBYIONIE BEIHYHHEI
X; =0,1=212,...,n;

3) A > O 17151 HEKOTOPBIX j W IS KaXKIOTO TAKOTO j 10 KpaiHEeH Mepe OIHO

u3 yncen Xij = 0.

B cnyuae 1 monyyeHn ontuMalnbHbIN T1aH. B ciaydae 2 3amaua Hepa3peuu-
Ma. B ciyyae 3 MOKHO yKas3aTh IPaBUJIO VIS MEpexoda K HOBOMY OIIOPHOMY ILia-
Hy X', 6osee GIM3KOMY K PEIICHUIO.

Hogbiit, "myummit" onopHbId 11aH MOXET ObITh MOJIy4eH 3aMeHOM B 0a3uce

MPEIBIAYIIEr0 OMOPHOrO IJIaHa BEKTOpa IA\r , PacIojI0XEHHOr0 B I-ii TTO3UIUU
0a3nca, Ha BEKTOP Ak C MOJIOKUTEIbHON MaKCUMAaJIbLHOU OILIEHKOU Ak .

Jlnst Beex |, it KOTopbix Xj = 0, OTIPEJICITMM OTHOIIICHHSI

Bri6epem MUHUMAaIBHOE 3HAUCHHE (& i
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G, = mMin G,

HYCTB OTHOIICHUC , 10CTUTaCcT MUHHUMYMaA IIpHu iI=r.

Xi,k
bazucurie IMMEPEMCHHBIC HOBOT'O OIIOPHOTO IIJIaHa BBIYUCIIAIOT 110 CI)OpMy.TIe:
i -

O,,1 =Tr. (7.13)

/
IJ BEKTOpOB MO HOBOMY Oa3ucy

X

HoBble k03¢ duiMeHTs pa3inoxeHus

OIIPpCACIIAIOT IIO BBIPAKCHHIO

r

er )
/ er
Xii = 3
j %
qoj—y (7.14)
L er
HoBoe 3Hauenne nenesoii pyrxmmn L (x’) pasHo:
/
L(x") = L(x) —6,A, (7.15)

/ .
Hosble 3naueHms A\ j MOXXHO OINpenenuTh 1o (opmyiie, aHaJIOTMYHON

dbopmye (2.14):

AN —A A
J b x K (7.16)
rk
MCTOI[ IIOCJICA0BATCIIBHOI'O ynyT—IIHCHI/ISI I1J1IaHa IMO3BOJIACT, OTHpaBHHHCB oT
HCKOTOpOFO HUCXOOAHOI'O OHOpHOFO IIJIaHa U IIOCTCIICHHO ynquaﬂ €ro, HOJ'Iy‘-II/ITB
‘ICpCB KOHCYHOC YHUCJIO 1I1aroB Ol'[TI/IMaJIBHHﬁ I1JIaH UJIN Y66I[I/ITBC}I, YTO 3aJa4a HE-
pa3zpemma. Kakaplil mar COCTOMT M3 JBYX JTamoB: 1) MpoBepKa MOJYyYEHHOTO

OTIOPHOTO TUTaHa Ha ONTUMAIBHOCTH IO ycioBuiO (7.12); 2) eciiv ONOpHBIN IJIaH
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HE ONTHMAJICH, a 3aja4ya pa3peiinma, TO BBIIOIHAIOT peodpa3oBaHus 1mo Gopmy-
aam (7.13) — (7.16).

JInst BBIOOpA MCXOHOTO IJIaHA B OOIIEM CIIydae MOYHO UCIIOJIb30BaTh Me-
TOJ] YNyUIIIEHHsI TUTaHa TPUMEHHUTEIILHO K BCIIOMOTaTeIbHON 3a/1a4e.

Hapsny ¢ 3amaueii (7.3) — (7.5) paccMOTpuM BCIIOMOTATEIbHYIO 3a7ady:

HaWTH MUHUMYM 11eJIeBOU (PYyHKIINH

m

L GO =2 - Knvi (7.17)
i—=

IIPH YCIOBUAX

A X Fa X, et X+ X = b1

a X +a. . X +..+a X +x _ _=b (7.18)

m
X; =20,)J=12,...,n+m (7.19)
HauanpHbIi TU1aH BCOMOTaTeNbHOM 3aJa4d COCTABIISIIOT U3 KOMITIOHEHT:

Xj :O pu an,
Xn+i :bi Ipu i:1,2,...,m.

COCTaBIISIOIIMM 3TOr0 HayanbHoro mwiana X npu J = N+1 orpeua-

0T M pa3jIMYHBIX CAWHHUYHBIX BECKTOPOB YCHOBHﬁ, T.€. DTOT HAYAJIILHBIN IIJIaH 6y-
ACT OIIOPHBIM ILNIAaHOM BCIIOMOTIaTeJIbHOM 3aJa4H.

[Tpu pemennn BeromorarenbHo# 3amaun (7.17) — (7.19) BO3MOXKHBI JBa
0
ciygas: 1) ontumanbHoe 3HaueHme 7 = O; 2) onrumansHOoe 3HaueHHe
z° >0.
0 o __ P —
Opu 7~ =0 Bee X = 0 (1 =12,..., IM). Cnenosarensho,

pemieHre X° (ero mepBble N COCTaBIAIONIMX) BCIIOMOTaTeNbHON 3a/1aud yAOBIIe-
TBOPSIET YCIOBUAM HCXoaHOU 3amaun (7.4) — (7.5). Takum oOpa3oM, ONTHMAaIbHBIH

IUIaH BCIIOMOTaTEIbHOM 3aa4U ABJIACTCA OITIOPHBIM INNIAHOM HCXOI[HOﬁ 3ada4H.
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Pemienue nmHEWMHONW MOZETA ONTUMHU3ALUMU CTPYKTYPBl T€HEPUPYIOLIECH

MOIIDHOCTH KaK 3aJa4u JIMHEMHOT'O IMporpaMMHupPOBaHNA BBIIIOJIHACT HA OBM.

7.3. OnTuMu3anus reHepUpPYOIHUX MOIIHOCTEH B YCJIOBHAX YACTHYHO

HeonpeaeJJéHHOCTH UCXOAHO nH(popManuu

[Tpu mpoexktupoBanuu pazsutug IIC Ha nepuox 10 — 15 ner yacts uHpOp-
Maly UMeeT HeonpeaenEHHbIN xapakrep. [IpuMeHeHue B 3TUX YCIOBUAX JETEp-
MUHUPOBAHHBIX MOJENEH MOXKET MPUBOAUTH K OIMIMOOYHBIM WM COMHHUTEIHHBIM
pe3yabTaTam.

OnHuM U3 cocoOoB yuéra BEpOSATHOCTHOTO M HEONPEACIEHHOTO XapaKTepa
UCXOAHON MH(GOPMAIIMHU SBIIETCS MPUMEHEHUE MOJENEH M METOJOB CTOXacTHUYe-
CKOro mnporpammupoBaHus. (CTOXacTUYECKHE MOJENIN TO3BOJSIOT YYECTh BEChH
Jana3oH BO3MOXKHBIX 3HaYEHUHM MCXOAHBIX JaHHBIX, 3a/1aBa€MbIX B BEPOSTHOCT-
HOU WJIM BEPOSITHOCTHO-HEONPEACIEHHOUN hopme.

PaccMoTprM BO3MOXKHOCTE yu€Ta HEONPEAEIEHHOCTH B JIMHEMHOW MOJEIU
ONITUMU3ALNN CTPYKTYPbI TEHEPUPYIOIMINUX MOLTHOCTEH.

B obmem crnyuae nuHelHas AeTEPMUHUPOBAHHAS MOJIENb OMHCHIBACTCS CO-
otHomeHusMu (7.3) -(7.5). B Moaensax cToXacTHYECKOro MporpaMMHUPOBAHUS Ta-
pameTpsl ¢j,aj,bj paccMaTpuBarOT Kak CiydaiiHble BeNMUUHBL. B obmiem ciydae
OHU MOTYT OBITh (PyHKIMSIMH cllydyallHbIX mapamerpoB 0. Uacto 6 Ha3piBaroT co-
crossHueM npuponsl. Ilycts  €=Cj(0) , a;;=a;j(0),b;=b;j(0). Torna croxacTuueckas

MOACIIb UMECT BU:

Lzznlc:j(e)xj = min, (7.20)

J:

Zn:aij(e)xj >=p(0),i=12,..m, (7.21)
j=1
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X; 20, j=12,...,n. (7.22)

B nerepMunMpoBaHHON Monenu dame Bcero Bmecto Cj(0), a;(0), bij(0)
paccMaTpuBaIOT UX CPEAHUE 3HAYCHUS, ONTHMM3AIINIO BRIOJHSIOT B pacuére Ha
CpEIIHHUE 3aTpaThl, MOIIHOCTH, PECYPCHI.

JIro6o#i pukcupoBaHHBIH BEeKTOp X=(Xy,...,Xn)  TPH OJHUX 3HAYCHUIX
0 MoXeT yAOBIETBOPATH yciioBusasM (7.21), a mpu Ipyrux — HeT.

B kadectBe momyctuMmbix IiaHoB 3amadu (7.20) — (7.22) moxHO pac-
CMaTpHBaTh BEeKTOpbl X , ymoBieTBopstomue yciaopusam (7.21), (7.22) mpu Bcex

0, T.e.

jZ:;aij(e)xj >=h(0),,0eQ,i=12,.m, 7,23

Xj20,]=12,..,n,

rae ) — MHOKECTBO BO3MOKHBIX 3HAUEHUN COCTOSIHUM ITPUPOJIBI.

O10 )x€CTKas MOCTAaHOBKA 3a7jaun. B 3ToM ciyuyae pelueHue BbIOMpaercs
OCTOPOYKHO, YTOOBI ONTHUMAJIBHBIN IJIAH yIOBJIETBOPST BeeM ycioBusim  (7.23)
Jake MPU MaJIOBEPOSITHBIX 3HAUCHUAX 0 .

Bosnee "cmenoe" pemieHne MOXKHO MOTYYHUTh, €CIIA MPUHATH JTONMYIIEHUE O

TOM, 4TO ycToBHs (7.23) BBITIOTHSIOTCS C HEKOTOPOH BEPOSTHOCTHIO P.

P{Zn:aij(e)xj >=0b(0)}=PR,i=12,..,m, (7.24)
j=1

rae P;— 3amaHdble yucIa.

Henocrarkom yuéra HeonpenenéHuoctu B Buae ycinoBuit (7.23) u (7.24)
ABJIIETCSI TO, 4YTO B HUX (PUKCHUpPYETCS TOJNBbKO (DakT HapyueHus yciaoBuil. [lpu
ontumuzauu IIC uMeeT 3HAYEHHWE W BEJIMYMHA HApYIICHWs OanaHca, W BUJ
pecypca, IO KOTOPOMY YCJIOBHUE HE BBINOJIHSAETCS.

BBons mrpadsbie QyHKIMHM 1O KaXKIOMY YCJIOBHIO, IIEJIEBYI0 (YHKIIUIO

(e€ cpenHee 3HAYEHHE) MOXKHO MPEICTABUTH B CIIEIYIOLIEM BUJIE:
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F () =2 cii (0)x; + 2 M{r;[> a;; (0)x; — b, (O)I},
j=1 i=1 j=1

rae (_:ij (0) — cpenHee 3HaueHWE yAETBHBIX 3aTPAT;

M{y} — maTemaTudeckoe OXKUaHNE BEIINIHHEI Y;

Ij— mrpadHas QyHKIHA.

Ecnu nepaBenctpa (7.21) mpeoOpa3oBath B paBeHCTBA, TO (QYHKIUS OyIeT UMETh

BUJI:

r =

Vi, ecim V; >0,
. :
1

\YA

ecm V<0,

rae Vv, :Zn:aij (G)Xj —(0);
j=1

o, Bj — KO3 OULHEHTBHI.

BBeéM niepeMeHHble Y, M Y; , KOPPEKTHPYIOUIUE YCIOBHsA 3a1a4d. To-

IJla CTOXaCTHYECKask MOEIh OyIeT MMETh BUJI: HANTH MUHUMYM (DYHKITUH
n _ m
F() =D cij(0)x; + MO (o4y; +Biyi )}, (7.25)
=1 i1

IIPU YCIIOBUSX

> a;(0)x; +y; -y 1(0)=0,i=12,...,m, (7.26)
j=1

XJZO, j=1,2,...,ﬂ.

Mogens (7.25) — (7.26) Ha3biBaeTCs JABYXITAIIHON CTOXACTHYECKOW MOJIe-
abt0. OukcupoBaHHbIi maH  X=(Xy,...,X,), BBIOUpAEeMbIii 110 apUOPHOH HHGOP-
Mallii O COCTOSIHUW MPHPOIBLI 6, IOJDKEH KOPPEKTUPOBATHCS IO MEPE YTOYHE-

HUS UHGOpPMAITUH.
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[Ipu onTUMHU3AIUU CTPYKTYpPhl T€HEPUPYIOIIUX MOIIHOCTEH JOMOTHUTEIb-
+ o
HbIE [IEPEMEHHbIE Y; IPEACTABIAIOT COOON JAOMOIHUTEIbHBIE MOLIHOCTU DJIEK-

Tpoctanumii (Hanpumep, ['TY, KOC), nuuuil snekTponepenayu Uiv MOITHOCTH
JIEMOHTHUPYEMOTO YCTapeBILIEro 00OpYyI0BaHUSI.

Henocrarku miaHupoBaHus NMpU HEONpeneaEHHON MHGOpMAaIMKU CBS3aHbI C
OONBIIMMU 3aTpaTaMu Ha UCIpaBJICHHE paHee MPUHATOro IuiaHa. HeobOxomumo
BBHIOMpaTh TaKHE IUIAHBI PA3BUTHSA, KOTOPhIE MHHUMHU3UPOBAIM Obl 3aTpaThl Ha
MX peajr3alui0 U KOPPEKILHUIO.

[Ipu ncnonp30BaHUU JETEPMUHUPOBAHHBIX MO/IETIEH dTallbl BBIOOpA IJIaHa U
KOPPEKIMHU PACCMATPUBAIOT PA3AeabHO. MoOJenu IByXATaIHOIO CTOXACTUYECKOTO
pPOrpaMMUpPOBaHMs, O0BENUHSAS 00a 3Tana, OTpa)xaroT HauboJiee XapaKTepHbIE
OCOOCHHOCTH IUIAHUPOBAHUSI B YCJIOBHUSAX HEOMPEACIEHHOCTU: BEPOSATHOCTHBIN
XapaKkTep UCXOJIHON MH(pOpMaLUK;, KOPPEKTUPOBKY paHee BHIOPAHHOIO IIaHa I10
Mepe yTouHeHus UHGOpMaIlMK;, BBIOOpP MPEABAPUTEILHOTO IUIaHA C YYETOM €ro
Oyylieil KOppEeKIHH.

[Ipy1 WM3BECTHBIX 3aKOHAX PACHPEACICHUS CIYyYalHbIX IMapaMeTpOB MOJIEIIH
CTOXAacTUYecKas JIMHEeWHasl 3aJjada MOHET ObITh MpeoOpa3oBaHa B HEIMHEHHYIO Jie-
TEPMUHHUPOBAHHYIO 33J1ady, pEIIaeMyl0 METOJAaMU HEJIIMHEWHOIO MPOrpaMMHUpPO-
Banus. [Ipu Heonpenen€HHo nHPOpPMaALIUU IBYXITAIMHASI CTOXACTHYECKAsk MOJIEIb
MOXET OBITh PEIlIeHa CTOXaCTUUECKUM KBAa3UTPAJAUEHTHBIM MeTo0M. U B miepBoM,
U BO BTOPOM CJIyyasix pPEIICHHWE 3a/ladyd OOJBIION pa3MEPHOCTH UYPE3BBIYAITHO
CJIO’KHO U TpeOyeT NpuMeHeHUs MOIHbIX DBM.

Jns pemieHus 3aaud ONTHUMHU3ALUM CTPYKTYPhl F€HEPUPYIOIIUX MOIIHO-
CTEeHl TpU HEOMpeaAeTEHHON UCXOTHON MH(pOpMAIMKA pa3pabOTaH METOJ, HCIOJb-
3YIOLIMNA I€TEPMUHUPOBAHHBIC MOJAEIU. IJTOT METOJ BKJIIOUAET YETHIPE H3Tara.

Oran 1. Ha ocHoBe oTuéTHON WMH(OpPMAIUK OIEHUBAIOT BEPOSITHOCTHBIC
XapaKTEPUCTUKHU WCXOJHBIX JTAHHBIX WA I'PAHULIBI HHTEpBaia ux usMeHenuu. Ilo

9TUM JaHHBIM C IMIOMOIIBIO MCTOAA CTATHCTUYCCKHUX HUCIIBITAaHUHN IMOJIy4aroT JOCTa-
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TOYHOE KOJIMYECTBO CIIYYalHBIX pean3alliil BHEIIHUX YCIOBHUM, KOTOPBIE 3aTeM
IPyNIUPYIOT B 3aJJaHHOE YMCJIO OJHOPOJHBIX I'PYyIIII.

Otan 2. C noMoIpio AeTepMUHUPOBAaHHOW MM cucteMbl AJist KaXI0ro Co-
YEeTaHUS UCXOJHBIX JaHHBIX MTOJYy4atOT COOTBETCTBYIOIIEE ONTUMAIIBHOE PEILICHNUE.
MHO0%€eCTBO ONTUMAJIBHBIX PEMIEHUH MOXKHO PACIPEIEIUTD O IPYIIIaM.

Oran 3. Kaxzaplii BapuaHT U3 30HBI HEONPEACIEHHOCTH SBIISIETCS OITH-
MaJbHBbIM U JOITYCTUMBIM IIPH OJTHUX COYETAHUAX UCXOJIHBIX JAHHBIX U HEY/IOBIIC-
TBOPUTEIIBHBIM NPH APYIUX yCJIOBHAX. [Ipexnae yeM NpHCTYNHUTh K CPAaBHEHUIO
BapHaHTOB, HEOOXOJUMO MOMECTUTh MX B COINOCTaBUMBIE YyCiOBUA. s 3TOro
IIPUMEHSIIOT aJallTUBHYIO0 MOJIENIb CUCTEMBI. B HEM OCHOBHOM BapHaHT pPa3BUTHUS
CUCTEMBI CUMTAETCS MU3BECTHBIM, U OTBICKUBAIOTCS TaKHM€ HAOOPHI TOMOJHUTEIb-
HBIX KOPPEKTUPYIOIIUX MEPONPUATHI (YCKOPEHHE WIM 3aMEJJIEHUE BBOJA MOLI-
HOCTH), KOTOpBIE MPUCIOCAOIMBAIOT JAHHBII BapUAHT K JPYTMM BHEIIHUM YCIO-
BHSIM IIPY MUHUMAJIBHBIX 3aTpaTax Ha ajantanuio cuctemsl. C momolpro ajaamn-
TABHOM MOJEIIA OIPEACIISIOTCS DJIEMEHTBI INIATEKHOW MATPHULIBI.

Otan 4. BriOuparoT BapuaHT, 00€CHEUMBAIONINI MUHUMAJIbHBIC 3HAYCHUS

OJIHOTO U3 KPUTEPUEB TEOPUH UTD.

8. MOJIEJIM METO/IbI ONITUMM3AIINM SJIEKTPHUECKNX CETEN
HEPI'OCUCTEM
8.1. OnTuMu3anus pa3BUTHUS MUTAIOIMNX CeTell IHEProcUcTeM METOI0M

AUHAMHUYECKOr0 NIPOrpaMMHUPOBAHUS

[Murtaromas cets POC (110 kB u BbIlIe) MOXKET OBITH IPUCOSTUHEHA K TITH-
HaM DJIEKTPOCTAHIMI U IIMHAM CpeHero HanpsbkeHus noactanuui cessu (I1C) c
cuctemooOpasyrorieit cerbto OOC (puc.8.1). HomuHanbHble HaNPSHXKEHUS y4dacT-

KOB IUTAIOIICH CETH cleAyeT BhIOMpaTh u3 ciaoxuslieiics B PO cucremsl Hamps-

>keauit: 110-220-500-1150 kB uimm 110-330-750 xB.
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Puc.8.1. CtpykrypHas cxema cereit 29C

KoHduryparnus nuraromumx ceTel 3aBUCUT OT Teorpauueckoro pacnoso-
YKEHUsS MOTpeOuTenel 1 MCTOYHUKOB MUTAHUS U UX XapakTepucTtuk. OOen TeH-
JICHLIMEN pAa3BUTHUS MUTAIOIIMX CETEH SIBIAECTCS "HaAJOXKEHHE" Ha SIEKTPUUECKHUE
CETH C HU3KOM MPOMYCKHOM CMOCOOHOCTBHIO ceTel 00Jiee BHICOKOTO HAIMpPSKEHMUS,
MIPUMEHEHHUE TIIyOOKOTO BBOJIa BBHICOKOTO HAmpsyKeHUs (IpUOTMKEHUE TIEHTPAb-
Hoit moactaniuu (L{IT) k moTpeduTesim).

Pacnipenenurensubie cetn npucoenunstoT k [{I1. B ocHoBHOM mpuMeHSIOT
JIPEBOBUAHYIO KOH(PUTYpAIMIO paclpeAeUTeIbHbIX CeTel ¢ pe3epBHPOBAHHEM
nuTanus ot coceanux II1.

Pa3zButne snexrpudeckoit cetu 1 9C B 1EIOM MPEACTABISIET OECKOHEY-
HBIW NOCJEA0BATENBHBIA MPOLIECC CMEHBI COCTOSAHUN CETU IIPU POCTE HATPY30K
CYILLECTBYIOLIUX y3JI0B, OSIBJICHUH HOBBIX HArpy30K, 3aMEHE M3HOLIEHHOTO 000-
pynoBanus. [lox cocTositHueM ceT MOHUMAETCsl (PUKCUPOBAHHBIN I HEKOTOPO-
ro MOMEHTAa BPEMEHHU COCTaB MapaMeTpoB 00OPYIOBaHUSA U PEKUMOB. [IpakTu-
YECKH BO3MOKHO PACCMOTPETh Pa3BUTHE CETH B OTPAHUYEHHOM PACUETHOM IIe-
puone BpemeHu T,. CocTosiHUE CEeTH B YAOOHO ONHUCHIBATH C MOMOIIBIO BEKTOpA

cocrosiHust Ci, rae t — Homep sTama passutus (t=1, 2, T,). Uuciao KkoMmoHeHT

BekTOopa C; Ha Ka)XJIOM dTare paBHO CyMME YHCJIa HOBBIX U PEKOHCTPYHPYEMBIX

3JICMEHTOB CCTH.
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Ct =(Cut,Coty - Crnt)-

3necy Cj; — i-1 xommnoneHnTta Bektopa C, cooTBeTcTBYyIOmas i-if BeTBH (rpyrmie

BeTBei). /L mpuMepa cxemsbl ceTd, N300pakEHHON Ha pUC. 8.2, YUCIO KOMIIOHEHT
BEKTOpA COCTOSIHUS M=3, a Kaxxaas u3 Bereid (=1, 2, 3) MOXKeT HaXOIUTHCS B OJI-

HOM M3 JIBYX COCTOSIHUU

c 0 — BETBb OTCYTCTBYET,
it =
1—BetBb ¢ mapamerpamu R, X, K.

B npumepe puc. 8.2 pemaercs 3aj1adya BHIOOpAa ONTUMAIBHON CXEMBbI IIPHUCOSTUHE-
HUSI K CETU HOBOM MOACTAHUMH «I1/CT 2» muHusIMU «JI 2», «JI 3» u yBenuueHus

MPOIYCKHOM CIOCOOHOCTH CylIeCTBYomIel JuHuu «JI 1» mpu moasBecke BTOpO

nery. Yuciao BapuaHToB 3HaUeHHH BekTopa C; paBHO

N=2M=23_g,

HCHOHB?»YH BCKTOPBbI COCTOAHHS, MHOI'OBAPHUAHTHOC PA3BHUTHUC JJICKTPHYC-

ckoii cetu (puc. 8.2) MOXXKHO MPENCTaBUTh B BUJIE HaIpaBlieHHOro rpada (puc.

8.3).

n/cr 1

n/cr 2

Puc.8.2. Cxema npoeKkTupyemMoii ceTH:

—— - CVIIECTBVIOLIAs JINHUS,
- - IPOCKTUPYEMbIC JINHUHN
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BepHII/IHaMI/I rpa(ba Pa3BUTHA ABJIAIOTCA PA3JIMYHBIC BAPUAHTBI BCKTOpPA COCTOAHUNA

Cgk) (k=0, 1, ...,,N-1) B MmomenT Bpemenu t. [Iyru rpada oTpaxaroT BO3MOKHOCTH

j k) .
IIepexo/ia U3 OJHOTO COCTOSHUS B JIPYroe CE 2 - Cg ) (, k=0, 1, ...,N-1), um co-
OTBETCTBYIOT ONpeAeaEHHbIE 3aTpaThl (KalUTaIbHbIC U IKCIUTyaTallHOHHBIE) HEOO-

XOOUMBIC IJIsI TAKOIO IICpPpeXOoJa. CymeCTByeT MHOKCCTBO HOIIYCTUMBIX OYyT (Hy-

. N k
Teil), COeIUHAIOIMNX HaYalbHYI0 BepmnHy Cq ¢ OmHON M3 BepIINH C% ) (k=0, 1,
p

...,N-1), Haxopsmeiics Ha ypoBHe t=T,. JlomycTUMOCTb IyTel U COCTOSHMI (Bep-
IIMH rpada) IpoBepsieTCs COMOCTABICHUEM PACUETHBIX BEIMUMH TOTOKOB MOLIHO-

CTH U HaHpiDKeHI/Iﬁ C IIPCACIIBHO BO3MOXHBIMHU IJIAI PpaCCMATPHUBACMOI'O COCTOAHUA

i k
cetu. [lepexoa U3 OAHOTO COCTOSIHUS B APYTO€ CE 2 - Cg ) BO3MOJKEH, €CJIH BO3-
MOXEH 1€ 7 C-(j) C-(k)
pexox no kaxnok kommonente Bekrtopa Cpily —Ci /. Jma sroro

AOJIDKHO BBITIOJIHATBCA YCJIOBHC

c>cl) i=123..G,k=0,1, .N-1).  (8.1)

Cpemn nomyctuMmsbix myteid ot Cy 10 C-(rl;) (k=0, 1, ...,N-1) u HeoOX0aUMO

HaUTH IIyThb «KpaTqaﬁmeﬁ OJIUHBDY, JJIA KOTOPOro CyMMapHBIC JHUCKOHTHUPOBAH-
HBIC 3aTpPaThbl Ha MMOCIACAOBATCIBHBIC IIEPEXOABI OT OAHOI0 COCTOAHUA K APYTIOMY —

MUWHHUMAJIbHBI

_c—|

TP
3, = > (K + Uy )(1+E) ™ = >3 = min, (8.2)
t=1

N
-

rae 3; = (Ky + Wy )(1+ E)_t — 3aTpaThl B TOAy t ¢ Y4ETOM UX AUCKOHTUPOBAHUSL.
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KanuranbHble BIOKCHUS Kt OIIPCACTIAIOTCA U3BMCHCHUAMU CCTH B I'OAY t IIpH 11C-

(i) _, k) (J)

pexone C;y - Cy’, T.e. 3aBucar or C; 1, u Cgk). DKCIUTyaTallMOHHbBIC 3aTPAThI
W; coCcTosAT M3 CyMMBI PacXoI0B Ha OOCITyKHBaHUE, PEMOHT My, t U CTOMMOCTH
M3MEHEHUSI [TOTEPh HIEKTPOIHEPTHH MPU BBOJE HOBBIX 00bekTOB Mot = L1 ,0W,,
ONpeAeNsIeMOil 1Mo cpeaHeB3BeIIeHHOMY Tapudy Ha snektposHepruto Ll,. Bemu-

ynHa Wys. ¢ 3aBUCHAT OT BCEX KAIMUTATIOBIOXKEHHUM, OCYIIECTBIEHHBIX 3a IEPUOL OT

(1)

nepBoro roja jo roaa (t-1), u onpegensgeTcs 3HaYCHUEM BEKTOPa COCTOSTHHIA Ct—l'

W3menenus norepb anekrposHeprun oW, = AW (Cg())—AW (Cg ﬂ) 3aBUCAT OT

(J)

COCTOSTHUH Cgk) , C{21, Harpysok roga t u (t-1).
Takum 00pa3oM Jjist Bcero pacyéTHOro nepuoja 3aTpathl (8.2) paBHBI CyM-

MC 3aTpar 4JIs1 KaXKI0ro mnepexoga B OTACIBHOCTH, T.C. O6J'IaI[aIOT MapKOBCKHMH

CBOMCTBaMU AJJUTHUBHOCTBIO!

3,= 2% (cl).cl). (8.3)

[{eneHanpaBiaeHHBIN TOUCK ONTUMAIBHOTO MyTH Pa3BUTHUSL CETU U3 MHOXeE-
CTBa BO3MOXKHBIX S C HCIOJIb30BaHUEM Tpada pa3BUTHSA BBITIOJHSICTCS METOIOM
JMHAMUYECKOT0 MPOrpaMMHUPOBAHUSI, OCHOBAHHOTO HA MPUHIIUIE ONTUMAIIbHOCTH.
CornacHo 3TOMYy IPUHIUITY JIFOOOW Y4aCTOK ONTUMAIBHOTO MYTH SIBJSETCS ONTH-
MaJIbHbIM. METOJT TMHAMHYECKOTO MPOrpaMMHUPOBAHUS TPUMEHUTEIIBHO K 3a/1aue
noucka MUHUMYyMa (8.3) MO3BOJISIET HA KaXKJIOM Iare t pemars 3ajayy MUHUMU3a-

(J)

A TOJIBKO II0 IICPCMCHHBIM Ct—l H TIOCJICAOBATCIIbHO YMCHBIIATHE YUCJIIO KOHKY-

PEHTHOCTIOCOOHBIX BapUAHTOB M3 MHOKECTBA S. AJITOPUTM PEIICHUS MpECTaBIs-
€T co0Ol MHOTOIIArOBBIN MPOLECC, HA KAXI0M I1are KOTOPOro MpPOU3BOJAT «OT-

METaHUe» HEKOTOPOIo MHOYKECTBA BAPHAHTOB Si, O KOTOPOM B Ipoliecce padoThl
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AJIroputMa CTaHOBUTCA U3BCCTHBIM, YTO OHO HC COACPIKHUT YHACTKA OIITUMAJILHOI'O

MyTH.
t=0 t=1
7
6
5
C,=(0,0,0)

- HEJIOIYCTUMbIE COCTOSIHUS ;
—» - JIOIYCTUMBbIE [IEPEXO/IBI;
— - YCIIOBHO ONTUMAJIbHbIE TIEPEXO/BI;

=) - ONITHMAIIHHBII TYTh Pa3BUTHS

Puc. 8.3. I'pad pa3BuTHs dJIEKTPUIECKON CETH

k
O6o03HaynM vepes I(C»E )) MHUHUMAJIBHBIE 3aTPaThl HA MEPEXO] OT BEPIIH-

Hbel C(y 10 BEpUIMHbI Cgk).

Ha niepBom mare
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|(c§k)) - 31(c0,c§")) (8.4)

N CYXKCHHA MHOXCCTBA S He IMPOUCXOIUT. Ha BTOPOM HIarc¢ paCCMOTPHUM IIYTH OT

. k
BepuiiHel Cy 10 11000i BEpUIMHBI C(2 ) [IyTp ¢ MHHMMaIbHBIMU 3aTpaTaMu

onpcaACiInM U3 COOTHOIICHUA

()
C1 —>02

|(c(2k)) :min32(C0,C(2k)): _min(k)[l(ng))+32(C§j),C(2k))}. (8.5)
0

o o j o k

JIr000i IyTh, IPOXOMAIINAN Yepes C(J) U He coaepkalumi yyactka | C( ) ,
> 1 2

HE MOJKET OBITh IPETEHACHTOM Ha ONTUMAIbHOCTh. MHOXKECTBO BApHAHTOB S, KO-

TOPOC MbI HCKJIIOYACM Ha 3TOM MIare, COCTOUT M3 BCCX HYTGP'I, HC COoACpIKalInX

yuactka | (C(zk) ) :

[Iycts Tenepp miisi KaXXJI0M BEPIIUHBI Cgﬂ ONPEIEIICHBI 3aTPATHI I(CE g)

Ha IIyTH OT ucxonHOU BepmnHbl Cq. Torna MuHMMalbHBIE 3aTpaThl HA IIyTH, CO-

€ IMHAIOIIMM JI00YI0 BEPUIMHY Cgk) u Cgy, paBHbI

|(c§k)) :min3t(co,c§k))= nﬁngk)[l(cﬂ)wt(CE},CQ‘))} (8.6)

(i)
k=0.1..N-1 Ci1—C

B i S 1{(c™M)) o6
Ce BapI/IaHTBI HyTeH ts HC COJ:[epH(aHlI/Ie yIIaCTKa t , oT paCbIBa}OTCSI.

®dopmyna (8.6) — 310 00IIIEe pEKYPPEHTHOE YPaBHEHHUE, ONMUCHIBAIOIIEE MHOTOIIIA-

TOBBIN Mporiecc oThicKanus pemienus. [Ipogomkas pacuér mo (8.6) Ha mocneaHeM

mare (1=T,) moay4yuM a1 Ka)kK10¥ BEPIIMHBI Cgk) 3HaueHune QyHkiuu | (C(Tk)).
p p
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YToOkI 3aBepIINTH MPOLIETYPY MOUCKA ONTUMAIBLHOTO MyTH, BHIMOIHUM €IIE

OJIHY MPOLEAYPY MUHUMUBAIINN:

3., = min{l (C(Tk))] (8.7)

[IpumeHeHne MeToAa JMHAMUYECKOTO IPOrpaMMHUPOBAHUS JUISl PEILICHUS
MOJICJIA ONTHUMH3ALUU PA3BUTHUS JJIEKTPUUECKOW CETH IMO3BOJISET YYECTh HEIIH-
HEHHOCTh TEXHMKO-3KOHOMHYECKHX ITOKa3aTesIed, TUCKPETHOE M3MEHEHME mapa-
METPOB, TUHAMU3M pa3BuTusA. OIHAKO peanu3auus JaHHOTO METOJA MPEIbSBISET
BBICOKHE TpeOOBaHUA K 00bEMY MaMsITH U ObIcTpoAeiicTBui0 DBM. YMmeHblieHnE
YHClla paCCMaTPUBAEMBIX COCTOSIHUM MOKET OBITh JOCTUTHYTO IPEIBAPUTEIbHBIM

AHaJIN30M YCJ'IOBI/Iﬁ Pa3BUTHA CETHU, BBITIOJTHCHHBIM ITPOCKTUPOBIIUKOM.

8.2. OnTumu3anus KOHPUrypamum 31eKTpHYecKoi ceTn

OnTuManbHyl0 KOH(QUIYpalui0 paclpeieuTeIbHON CeTH € J0CTaTOYHOM
TOYHOCTBIO MOXHO OIPEIEIUTh, HCIIOJIb3Yys CTATHYECKYI0 MOJENb DJIIEKTpUYe-
CKOU CETH.

HcxonHbIMU JaHHBIMHM SBISIIOTCS: 1) cXxema cywiecTBYyIowed cetu; 2)
Harpy3Ku y3J0B JUISl 3aJaHHOTO ITPOEKTHOTO YPOBHS; 3) BO3MOXHBIE TPACCHI CO-
OpY>KEHHsI HOBBIX JIMHUI 3JeKTponepenay; 4) TEXHUKO-IKOHOMUYECKHE ToKa3aTe-
JIM CYHIECTBYIOLIUX U BHOBb COOPYKAEMbIX JTUHUH.

[eneBas ¢ynkius MM npencraBiseT cymMMapHbIe TUCKOHTHPOBAHHBIE 3a-
TpaThl B DJIEMEHTHI CETH. VICmonb3ys 3aBUCHMOCTh 3aTpaT OT MOTOKA MOIIHOCTH,

1eeBy0 QYHKIIUIO TPEICTABUM B CIICIYIOIIEM BHUJIC:
L
CD:ij (7)), (8.8)
J=1

rne  f;(P;) —3arparei B j-ii anement ceru;
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L - 06HICC qUCJIC CYIICCTBYIOIIHUX U IIPOCKTUPYCMBIX 2JICMCHTOB CCTH.

Host cymectByrommx snemenros  cetn f;(P;) npexcrasisitor 3aTpars! Ha

DKCIUIyaTalMIO, a Ul BHOBb COOPYKAaeMbIX — 3aTpaThl Ha CTPOUTEIBCTBO U DKC-
wiyaranuio. Jlnsg y4éra orpaHMYeHHMH MMOTOKA MOIIHOCTU Pj IO CyImEeCTBYIOMIUM

3JIEMEHTaM HCTOJIB3YIOT MTpadHble (YHKIIUH, TOTIa

fj(Pj)_npu_‘]Dj‘SIDjnpea’
ﬁ(ﬂ)= 0
H[j _npu_‘ﬂ‘>Pjnpe .

rac ZUJ — JOCTAaTO4YHO OoJIBIIIOE BO3paCTaHHC 3aTpar.

B kauecTBe ycnoBHUil B 3TOW MOJEIN PACCMATPUBAIOT YPAaBHEHUS, COOTBET-

CTBYIOIIHME MIepBoMYy 3akoHYy Kupxroda:

L
Zaijpj =P"i=12,..,R, (8.9)
j=1

rae & — K03 UIHCHT IIePBON MATPULIBI COCIUHCHNUN;

I3'iH — MaKCUMaJIbHasI HArpy3K I-To y37a;

R — 4ucrno y310B B paccMaTpUBaeMOM CETH.

Jlst mocTpoeHusi ONTUMaIbHOM KOH(HUTypamuu ceTh HEeoOXOIAMMO HaWTH
Takue 3HaueHus Pj, mpu koTopbix 1eneBas Qynkius (8.8) OyneT MUHUMaNbHA U
BBIMOJTHstOTCSL yeioBus (8.9). Jlns BeIOOpa ONTHMAIbHOTO PEIICHUs HEOOXOAUMO
B3STh M30BITOYHOE YHCIIO HOBBIX 3eMeHTOB L ~4R. BeTBu cetu, Mg KOTOPBIX
ONTHUMAJIbHBIE TOKH MOIIIHOCTH PaBHBI HYJII0» UCKIIOYAIOTCS U3 CXEMBI CETH.

OnTuManbHas cxema CeTH, ompezeisseMas 1o BeipaxeHusMm (8.8) u (8.9),
npeacTaBiseTr co0oil agepeBo. Takum 0O6pazom, 11e1eco00pa3HO BECTH MOUCK ONTH-

MaJbHOTO PEIIEeHUs CPEI BCEX BO3MOXKHBIX BapUAHTOB JEPEBbEB rpada pacuér-
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HOHM CXEMBI ceTh. YHCII0 He3aBUCHUMBIX I

mraercs 10 (L-R+1).

4

epeMeHHbIX B 3amade (8.8), (8.9) ymens-

Tak kak B MpakTUYECKUX Clydasix HE TpeOyeTcs aOCOMOTHO TOYHOTO perie-

HUA, MOKHO HUCIIOJIB30BaTh HpI/I6JII/I}KeHHI>Iﬁ MCTOA ITIOKOOPAHUMHATHOT'O CITYCKaA.

Puc. 8.4. I'pad cxemsl ceTn

TYPHBIX BETBSIX:

K
P,=> b,
k=1

B pacuérHol cxeMe ceTu BBIACIUM
nepeBo (puc.8.4) m 0003HAYMM BETBH,
MpUHAIJICKAITIE ITOMY JIEPEBY WHICK-
com m (m=1,2,...,M=R-1). Konrypusie
BeTBU 0003HaunM K (k=1,2,... k=L-R+1).
JloOaBiieHne K JiepeBy BETBH 00paszyer
KOHTYp [, HampaBieHue KOTOPOTO
COBNAJAET C HAMpaBICHUEM KOHTYPHOMU
BEeTBH. Toraa MoTOKW MO BETBSIM JiepeBa

MOKHO BBIPA3UTb 4YCPC3 IMIOTOKU B KOH-

kP (8.10)

rae b, — k03(pdULKUEeHTb BTOPOH MAaTPULbl COEAUHEHUI.

VYuutsiBas Beipaxkenue (8.10), ueneByto ¢pynkuuto (8.8) npencraBum B cie-

AYyroaieM BUIC:

K M
D= f(R)+ D,
k=1

m=1

K
S Q_bukcR)- (8.11)
1

k:

[Touck munumyma (8.11) no nmepemeHHBIM Py BBINOJHSIOT UTEPAaTUBHBIM

METOJIOM, MUHHMMH3HPYS Ha KaXXIOW UTepaluy 3atpaTtbl @, B K-if konTyp (K =

1, 2,... ,K) TOIBKO 10 OJHOM IIEpPEeMEHHO

Pk
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K
o = f (B + Z fm(zbmkpk),

mel k k=1

3Ha4YeHUsT OCTAILHBIX HE3aBHCUMBIX MIEPEMEHHBIX Ha K- uTeparmu He Me-
HSIOTCS.

TakuMm 00pazoM, Ha KaXJI0M UTepaluu U3 pacyETHOro rpada ceTH BbIIEs-
10T OJIUH KOHTYp (puc. 8.5), peKuM KOTOPOTO PaCCUUTHIBAIOT HE3ABUCUMO OT JIPY-
I'MX KOHTYpOB. MUHMMYM OIIPEAEIIAIOT 110 pe3yibTaTaM pacyéra CEpUn peKUMOB
(4UCIO PEKUMOB PaBHO UMCITY BETBEH B KOHTYpPE), IOCIEIOBATEIbHO OTKIIIOYAs

OJIHYy U3 BETBEH paccMmarpuBaeMoro koHtypa. Eciu munumym f, Oyner momyuen

MIpU OTKJIFOYEHUU OJHOM M3 BETBEH JiepeBa, TO HEOOXOIMMO MOMEHSITh MECTAMU B
K -M KOHType CTapyio KOHTYPHYIO BETBb M BBIJICJICHHYIO BCTBb JiepeBa (HOBYIO
KOHTYPHYIO BETBb). [Ipu 3TOM HU3MEHSIETCS COCTaB M JIPYTMX KOHTYpPOB rpada,

9TO HEOOXOIUMO y4ecTh nipu niepexoae K (K +1)-if ureparum.

-

-~
-~
~

-~

3

-—t&q—e—-——-—————""‘

tad
x

{1

.
Ly

N

oy,

Puc.8.5 Ontumusanus cetu Ha K-it uteparnun

HTepaTuBHBIN MpoIlecC MOMCKa ONTUMAIbHOM KOH(PHUTYypaluu CeTH 3aKaH-
YUBAETCS TOTJA, KOrJa MUHUMU3ALUs 3aTpaT no BceM K KOHTypaMm HE IPUBOAUT K

HN3MCHCHHIO COCTaBa KOHTYPHBIX BCTBEH.
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3aBHCHMOCTD 3aTPaT OT IepeaBaeMoii MomHocTn Buga 3 = &+ bP spma-

eTCsl JIy4Illed ammpoKcuMaIlued 3aTtpar B JMHUM W TpaHchopmaTopbl. OmHAKO

NpUMEHEHUE TaKUX (PYHKIUN CBS3aHO C OMpeneNEHHbIMU TpyaHOCTsMU. [locTo-

SIHHAS COCTABIIIOIIAS 3aTPaT OTIM4HA oT Hyi1st Tobko mpu P # 0,

PaccMoTpuM cTaTtMdeckyr0 MOJAENh ONTUMHU3AIUMU KOH(HUTypaluu CeTw,
YUUTBIBAIOUIYIO JTUCKPETHOE U3MEHEHHE MepeMeHHbIX. VIcXonHble naHHbIE, HEOO-
XOJIUMBIE JJI IOCTPOEHUS MOJEIH, PACCMOTPEHBI BBIIIIE.

Mogens ontuMuzanuu QopMyIupyeTcs CIeAyIONUM 00pa3oM: HAMTH Ta-

KHC ITOTOKHN MOIIHOCTHU P| I10 3JICMCHTAM, IIPHU KOTOPHBIX 3aTPaThl B CCTh

L
D = Zl (a;y; +b;P)) (8.12)
j=

MHHHMaJbHEI U BBIIIOIHSIOTCS OaIaHCHI MOIIHOCTH B y3JIaX CCTHU

L
> a;P,=R",i=12,.,R,

8.13
~ (813)

rae aij — K03 (HULIMEHT MepBOM MaTpalbl COETUHEHHI;

H i
Pi — MaKCHMaJibHas Harpyska | -ro y3ia;
L — 49mciio DJIEMEHTOB CETH;
R — 4ucno y3noB cetu;
Yi — uenouncnennas nepemennas (Y =1 npu Pj #0 4 Y i~ 0 npu
Py =0).
OTtOpaceiBasi IEMEHTBHI C HYJEBBIMH TOTOKaMH, MOJYYUM ONTHMAIBHYIO
CEeTh B BUJIE JiepeBa rpada.

s pemenust 3ana4n (8.12) (8.13) MOKHO HCIIONB30BATh OJIMH U3 METOJIOB

JVCKPETHOTO IPOrPaMMMPOBAHUSA — METOJ BETBEU U I'PAHUIL.
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MeTon BeTBei U TpaHUI] MTO3BOJISICT 3aMEHSTH MOJHBIN TIepedop BceX Bapu-
aHTOB JiepeBbeB rpada cetu (puc. 8.4) X 4YaCTUUHBIM MepedOPOM. ITO OCYIIECTB-
JseTCS MyTEM OTOpAChIBaHMSI HEKOTOPBIX MHOXKECTB BapMAHTOB, 3aBEJIOMO HE J1a-
IOIUX ONITUMYyMa.

B ocHoBe meToma jexaTr CleAyrolue MOCTPOCHHS, MO3BOJIAIONINE CYyIIe-
CTBEHHO YMEHBIIIUTH 00BEM mepedopa:

1. Pa3buenue BapraHTOB pellieHUs Ha MOJAMHOXKeCTBa (BeTBIIeHHE). Pea-
JU3alns METOJa CBSI3aHA C MOCTENICHHBIM pa30OMeHneM MHOXeCTBa BapuaHToB G°©
Ha moaMHOXecTBa (puc. 8.6). Mcxomnoe MHOXKECTBO, a 3aT€M W TOJMHOXKECTBA
OyzeM JenuTh Ha JIBa IMOAMHOXKECTBA, B OJTHOM M3 KOTOPBIX MPHUCYTCTBYET HEKO-

Y

HH
TOpas BCTBb 1 , 4 B JIPYIrOM 3Ta BCTBb OTCYTCTBYCT (I I ) .

2 Jlnsa ucxomaoro MHokectBa G° Ka)KJI0ro MOAMHOKECTBA BBEIYUCIISIOT
) 0 )
HIDKHIOIO OLleHKY IieneBoit ¢pynkmuu @(G~).B kadecTBe HMKHEH OICHKH (YHK-

it (8.12) mpuMeM BETUYHHY

L L
o(G*)=min > a;y; +min > _b,P; =& +

j=1 j=1

JlanpHENIEMy BETBIICHUIO MOJICKUT TO MOAMHOMXECTBO, JJISI KOTOPOTO

HMKHAA OLCHKAa MCHBIIIC.

(K) — mi
Bpruucnenne ;7 = MinN Za jy j COOTBETCTBYET IOCTPOCHHUIO JAEpEBa
J

KpaTyamen JJvuHbl. MeTOJ MOCTPOCHUS TaKOro JIEPEBA COCTOUT B CIICAYIOILIEM.
[Tpou3BONIBHO BHIOMPAIOT y3€J, K KOTOPOMY IOJCOCIUHSIOT ONMMXKalImii y3er.
Crnenyromuii y3el TPUCOSIUHSIOT K IMMOCTPOCHHOMY (PparMeHTy CETH CaMOW KO-
pOTKOM (U3 UMEIOIIUXCS) BeTBBIO. [Ipoliecc mpoIomKaroT 10 TeX Mop, oka He Oy-

AYT COCANHCHBI BCC Y3JIbI.
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Jlnst pacuéra (D(zk) =min Zb jPj mpu ycnoBuu (8.13) MOKHO HCTIONb-
i

30BaTh AJITOPUTM MCTOJA YJIYUIOCHHUA IIJIaHA. OT6paCI>IBaH QJIEMCHTHBI CCTU, OJIA
Ponm k
KOTOPBIX OIITUMAJIBHBIC IIOTOKH J PaBHBI HYJIIO, IIOCTPOHUM ACPCBO 0)2 .

AJTOPUTM MOUCKA ONTUMAIBLHON KOH(PUTYpalluu CEeTH METOJOM BETBEH U

TPaHMI] PEACTABISET COO0 MHOTOIIArOBBIN MPOLECC.

: (G%)
O-u uilae. BBI‘II/ICJDI@M HUXHIOKO OI_[eHKy (D AJIA UCXOOAHOI'O MHOXKE-

cTBa BapuaHToB G°.

(0)

0 (0)
Ecnun ACPCBbA a)]_ n a)z COBIIAJal0T, TO Cpa3y IIOJIYUCHA OIITHMaJIbHasA

0]
KoH(purypaius cetu ¢ 3arpatamu @ = @(G") . B nporuBHOM ciydae (pruc.8.6)
G G,,G,
0 pa3duBaeM Ha JIBa MOJMHOXECTBA 1,7 U MEepexoauM K 1-My mary.
o/
B kauectBe snementoB cetr |l | Mo KOTOpPBIM BBIMOMHSIOT BETBIECHHUE
N ¥
MOXXHO MPHHSATH AJIEMEHTHI CETH KpaT4aniei [umHbl (V)

' '
1-1 wae. BeranucnsieM OICHKH (D(G]_) u (D(Gz) . Ecnu n1s HauMeHb-

/ /
IIeil U3 3TUX OICHOK AepeBbs W) u W)  COBMAZaioT, TO MOJYyYEHO ONTUMAIILHOE

pCUICHUC. B IIPOTUBHOM CJIy4ac OJIA ,uaaneﬁmero BCTBJICHUA BI)I6I/IpaIOT MHOXC-

/ /
CTBO C MUHMMAJIbHOM OIICHKOM, HAIIPHMED, G)(Gg) < G)(Gl ) , TOTJ1a

r ’ ’
G, =G5, WGy,

He noasepraBmmmecss pa3OueHHIo MHOXeCTBO G; M HOBBIE MHOXECTBa

G.,G! G2,G2,G? -
211 F22 3aHOBO 0003HAYHNM KaK 1923 I3 U nepensiéM K ClIeIyIoleMy Iia-

ry.
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Puc.8.6. IIpouecc norcka onTUManbHOM KOHPUTYpaAIH CETH

k -
K-t wae (k 2 2). Brruucnsem oneHku a)(Gi ),l =12...,T. Ecom pH

(k) (k)
9TOM yAaéTCs HAMTH JepEeBO CETH, It KoToporo Wy ~ u W, ° coBMamaroT, TO MO-

JIydCHa OllITUMaJIbHAasA KOH(I)I/Ipra]_II/ISI CCTH.

Ecnu ontumansHOE pelieHre He HailjieHO, TO CHOBa pa3OMBaeM Ha JBE Ya-

2
CTU HanboJjiee MEepPCIeKTUBHOE MHOXKECTBO (HAMpUMED G3 ). Em¢ ne moasepras-

Gk+1 Gk+l Gk+1
HIMecss pa30MEeHUI0 MHOXKECTBA 3aHOBO 0003HAYMM KaK P17 192 11941 W

nepeiaém k (k+1)-my mary.
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I[JISI KaXO0T0 U3 paCcCMAaTpUBACMBIX MHOKCCTB HCT H€O6XOI[I/IMOCTH pac-
CMaTpuBaThb BCC BO3MOJKHBIC BAPHUAHTBI ACPCBBCB CCTH, JOCTATOYHO IIOCTPOUTH

(k)

k (k)
TOJIBKO J1Ba iepeBa Wy ~ u W, |

8.3. OnTumm3anms pa3sBUTHS MUTAIOMIUX CeTell MPH BEPOSITHOCTHOM MCXO/I-
HOU HHpOpMaUU

[Ipu IpOEKTUPOBAHUU DJICKTPUUECKUX CETEeW Ha mepcrnekTuBy S5-10 mer cie-
JyeT YYUTHIBATh BEPOSATHOCTHBIM XapaKTep UCXOaHON mHpopMammu. st Kaxmao-
ro rojia pacu€THOrO IMepuoja MEPCIEKTUBHBIE HArpy3KU MOTYT OBITh 3aJaHbI B
BHUJIC IMaIla30Ha, JJIsi KOTOPOIro B JIYUIlIEM CiIydyae H3BECTEH 3aKOH pacripejene-
HUs. B 3TUX yCcrnoBUSX ONTUMM3ALUS PA3BUTHS MUTAIOIIMX CETEH MpeacTaBiseT
3a/1a4y CTOXaCTUYECKOr0 MPOrpaMMUPOBAHHUSL.

C [10CTaTOYHOM JIOCTOBEPHOCTHIO B KAa4eCTBE  3aKOHA pacIpeesICHUs
Harpy3Kd y3JI0B B 3aJJaHHOM JIMAria30He MOKHO TMPUHITH HOPMaJIbHBIN 3akoH. B

9TOM CJIy4ae Harpyska y3ia i onmpeaeisieTcs CIeIyOIiM BeIPaKEHUEM:
JizM(Ji)*‘G[Ji]é, (814)

rae J; — ciaydaiiHasi BeIMYMHA Y3JI0BOTO TOKa,
M(J;) — maremarudeckoe oxwumanue (M.O.) MakcuMyMma y3J0BOTO TOKa;
o[Ji] — cpenHekBaapaTHUHOE OTKIOHEHHE Y3JI0BOTO TOKA;
§ — cTaHgapTHAs CllydyaiiHas BEJIUYHHA.
JI71st HOpMaJIbHOTO PACIIPEIC/ICHNsT CTaHAAPTHAS CITy4aBIiiasi BEIMINHA UMe-

€T INIOTHOCTDb BCPOATHOCTH

g
1

q(i) - \/ﬁe
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Pexum anekrponoTpebieHys B y3/1ax Harpy3kd Ha pacu€THBIM Nepuoj 3a-
Na€Tcsl IByMsI XapaKTEpPHBIMU CYTOYHBIMH IpauKkaMu Harpy3ok (3UMHHI Makcu-
MyM, JIETHUA MUHUMYM). V3MeHeHne MakcuMyMa Harpy3Kud B T€UEHHE roja Mo-
XKET OBITh OINKCAaHO I'0JIOBBIM I'Pa(pUKOB MECAYHBIX MAKCUMYMOB.

Jlnst MOMeHTa MakCMMyMa Harpy3Kd 3aJlaHa TakKe BEJIMYMHA Cpel-
HEKBAJ[paTUYHOTO OTKJIOHEHMs G, (wiau aucnepcuu Dy ) Harpysku. E€ 3Haue-
HUE ONPEIEISIIOT PU NPOrHO3UPOBAHUM HArPy3KH.

Jliis pacuéra M.O. cTOMMOCTH MOTEPH DIEKTPOIHEPTUH 32 TOJ HEOOXOIUMBI
BenuuuHbl M.O. 1 qucnepcu Toka 3a roa. 3Has JUCHEPCHIO Uil MAaKCHMyMa
Harpy3KkH , CyTouHble U rogosbie rpapuku M.O., HeoOxogumo onpenenuts M.O.
Y IACIIEPCHIO Y3JIOBBIX OKOB 32 I'OJ.

M.O. Harpy3k# 3a roji paBHoO:

2

VP = 5760°

rae Oro; — IOAOBOE DIIEKTPONOTPEOICHHE.

[IpuHKUMas HaNpsKEHHUE B y3J1aX PaBHBIM CPEHEMY 3HAUEHUIO, ONPEIETISIOT
M.O. 370BBIX TOKOB, BXomiIuXx B dopmyrny (8.14). Jlucmepcuio Harpy3ku
MO>KHO OTPEAENNTh CIEAYIOIMM 00pa3oM. [[ns XxapakTepHbIX CYyTOYHBIX Tpadu-
k0B onpenensastoT M.O. cyTouHOW HArpy3k# P, oyr =9cyr/24 U TUCIIEPCUIO CYTOY-
Horo rpaduka D.y,. I'omosoi rpagux M.O. Harpy3Kku anmpoKCUMHUPYIOT TPEXCTY-
neHyaTeiM  rpadukoM.  [IpomobKuTeTbHOCTH  pabOTBl 1O  3UMHEMY

(o = U + L) 1 JI€THEMY ( Uyery, ) Tpadmkam Harpysku (puc.8.7) ompenens-

3UMH 3UMH

I0T U3 PpCUICHUA cneny}omeﬁ CHCTCMBI.

PSHMHt + PHGTH t — 3

Cp.CyT "3UMH Cp.CyT “JIETH roJ°

t +t =8760.

3UMH JICTH
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OnpenenuB  mepuoj  JAEHCTBUA
3UMHETO U JIETHEro rpauKOB HArpy3KH,

BBIYUCIISIIOT JUCIIEPCUIO TOJ0BOTO Tpa-

duka cpeaHeCyTOUHBIX HArpy3oK Digy ..

B nenom nucnepcusi rogoBoro rpaduka

OyJzeT paBHa:
Y
HE:_'##J'
Puc.8.7. Annpokcumariusi TooBoro rpaguka _ N
HArPY3KH D(P) o DFO,D;.C + DCyT +D !

rae Dcyr — cpenHee Mo BCceM CyTKaM 3HAYEHUE JHMCIEPCHUU CYTOYHBIX IpapUKOB

Harpy3KH.

JUia aHanu3a KOPPENSILIMOHHBIX CBS3€M MEXAY TOJOBBIMU TIpaduKamu
Harpy30K HpPOU3BOAAT PAa3JOKEHHE KOPPEISILIMOHHBIX MOMEHTOB Ky 1o coc-
TaBJISIOUIMM (paKkTOpaM, AaHAJIOTUYHOE PA3JIOKEHUIO TUCTIEPCUU.

PaccmoTpum popmupoBanue MM u Meron €€ pelleHus, YYUTHIBAIOLIUE
BEPOSITHOCTHBIN XapakTep uHpopManun. COCTOSHHUE CETH B KaxJoM rogy t pac-

YETHOTO MEpUoAa XapaKTEepU3yeTcsl JAETEPMUHUPOBAHHBIM  BekTopom C

C'=(c},....cl). HeobXomuMo ONpeeTuTh IOCIEI0BATETHHOCTD cW,c@ . cM

COOTBETCTBYIOMYI0O MUHUMYMY M.O. 1neneBo Gpyukiuu (8.15) mpu BeIMOITHEHUU

yciosuid, (8.16) - (8.19).

.
3=>"3,(C"Cl Yy, YL HT HY
t=1

(8.15)

IIpH YCJIOBUAX

w(C', Y' HY=0, t=12,..,T; (8.16)
Hiin <H <H}.., t=12..T; (8.17)

min
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CteC}, t=12,..T; (8.18)
Co=f(X™), t=12,.T; (8.19)

t
rie H™ - BEKTOP KOHTPOJIUPYEMBIX PEKHUMHBIX TApaMETPOB B oy t;
Yt
— BEKTOP MCXOJHBIX JIaHHBIX Toja t ;

t t
Hmin1 Hmax — COOTBETCTBEHHO MHUHUMAJIBHO M MAaKCHUMaJIbHO JOIYCTH-
H'.
MBIC 3HAUCHHUS BCKTOpPA )

t t
CO — MHO’KECTBO BCE€X BO3MOKHBIX 3HAUCHUM BCKTOpa C ;

T’ — 9ucno J1eT pacy€THOTO MEPUOIA.

B cooTBeTcTBUM ¢ KpUTEpHEM ONTUMAIBLHOCTH ISl PEIICHUS TOCTaBJICH-
HOM 3a71auM CIeAyeT OMPEEsATh KalUTATOBIOKEHUS U HKCILTyaTall[MOHHbIE pac-
X0Jla B JJIEKTPUYECKHX ceTsaX. KamurajgoBnmoxkeHus B ceTh B rogy t= (t = 1,
2,...,T) saBnsroTcs PyHKIMEH JEeTEpPMUHUPOBAHHBIX apaMeTpoB. YacTh sKcrutya-
TallMOHHBIX PACXOJIOB Tojia { 3aBUCAMIMX OT CIy4YalHBIX peaqu3aluii pexuMa ce-
TH, JOJDKHA ObITh ompenesieHa B Buge M.O. 3arpar.

KaHI/ITaHOBHO)KeHI/Iﬂ B CCThH B FOI[y t OHpeI[eHHI'OT 110 BBIpa)KeHI/HO
S L L .
_ noon ™D (TP ™ P
K = ZKst (Cst) +ZKrt (Crf )+ ZKrt (Crt »Crt)s
) ) )

TIE Ky (C3) — KAUTATIOBIOKEHUS B S-IO JIMHHIO, UMEIONIYIO B t-M rofay mapamerp

Cst
TP _v

K7 (cf) — KaluTaIOBIOKEHUs B TpaHC(HOPMATOPBI I-if MoACTaHIuK B oy t, 3a-

BHCSIIME OT XapaKTePUCTUKK TpaHcdopmaropa ¢ f ;
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K (ciP,ch) — KanMTAJIOBIOXKEHHS B PacCIpeIeIUTENbHOE YCTPOHCTBO I-if moj-
CTaHLUK B roay t ¢ PyHKIUH OT mapaMeTpoB TpaHCcHOPMATOpPa U THIIA PACIIPELE-
JIUTENILHOTO YCTPOiicTBa cf ;

S — 4YuCI0 IUHUM;
L — 9mciI0 moacTaHIMiA.
Exxeromnpie  SKCIUTyaTallMOHHBIC Pacxoja OMPEICISIOTCS CIASAYIOIMUM

obpazom:

W, =™ + U

BHeCB I/IOTq — OTYHCIICHHUA Ha O6CH KNUBAHUC U PCMOHT IIPOIIOPIINOHAJIBHBIC
t ’
KaIltuTaJIOBJIOKCHUSM,

I/ItA M.O. — cTOUMOCTHU MOTEPH ICKTPOIHEPTUH.

S
U =3B M (Ig)* + D(I)IR (c3) +
s=1

+i[M (Irt)2 +D(1,)]R, (et ) 38760,
=1

rae M(lg), D(ly) — M.O. u tucniepcust TOKa B BETBH S:
Ri(c%), R/ (cf) — akTuBHOE CONPOTHBIEHHE COOTBETCTBEHHO JMHHMH HWIIH
TpaHcpopmaropa;
B — ymenbHAs CTOMMOCTB OTEPSHHOM 2JIEKTPOSHEPIHHL.

Ha nepemenHble, BXOIAIMe B MENEBYIO (YHKIIUIO, HATOXKEHBI CJICITYIONTHE
OTPAaHUYEHUS B BUJE PABEHCTB U HEPABEHCTB:

1. YpaBHeHUs1 TOKOpACIIPEEICHUS B CETH

IM(I)]=C{M@)], t=1,2,....T, (8.20)
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b P

riae C; — Marpuna KodQpQUIUEHTOB TOKOPACIPEAEICHUS, 3aBUCSILAS OT Cy U Cpf -

2. OrpaHu4eHus 1o 3arpy3Ke BeTBEH B KaXKIOM IOy

M (1) + o D(1e) | < 1 (€i0)s k=12, L3S,

rae o — Ko3(pGUreHT HagEKHOCTH BBIIOIHEHUS OTPAHUYEHMS;
Ik'\t’I (¢xt) — MaKCUMaJbHO JOIYCTHMBIN TOK K-ii BeTBH.

3. OrpaHuueHus Mo TOKaM K.3. (Tpex(da3zHoro)
K3, 1 1p K3 P _
kt(ct eh )SHnon(CKt)’ r=12..1L

K3
rac Hkt (C»EI,C»[TP) — IapaMCTPbI TOKA K.3., 3aBUCAIIUC OT IIapaMCTPOB CXCMBbI CCTH;

K3 P o
HHOH (¢,;) — IpenesIbHO JIOMYCTUMBI TOK K.3.

4. OrpannueHus 1o HaAEKHOCTU DJIEKTPOCHAOXKEHHs MOTpeOuTeNneil mpea-
CTaBJIAIOT cOOOI OrpaHMYEHHE HA MUHUMAJIbHOE YUCIIO CBSI3€W MOJCTAHIIMU C HC-

TOYHHUKaMHU ITUTaHUA:

N, >N™ r=12..L t=12..T.

rae N, — YUCIO HE3aBUCHUMBIX ITyTEH, CBA3BIBAIOIIMX I-F0 MOACTAHLIHIO C

HCTOYHHUKAaMHU ITUTAaHUA,

8.4. Pacuérbl pes;kuMOB NPH ONITUMU3ALMHI YJIEKTPHUIECKOH CeTH

C 10CTaTOYHON TOYHOCTBIO PACYET HOPMAIBHBIX PEKHMMOB MOXHO BBIIOJI-

HUTH METOJIOM KO3 (UIIMEHTOB TOKOpacnpeaenenus. [ns ynpoienus npeHedpe-
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HKEM KOPPESIUOHHOM 3aBUCUMOCTBHIO HANPSDKEHUM M MOIIHOCTEH B y3jax, a
TAKKE JUCTIEPCUEN HATIPSIKECHUM.
Toku B BeTBsIX cxeMbl ompeneisioT no ypasuenuio (8.20). Bexrop M.O. y3-

70BbIX TOKOB [M(J)] paccunthiBaioT o opmyiie

M (J)]=[MU)I]IM(S)],

[M (U )], — nnaronanbHas marpuna M.O. cONpsSKEHHBIX BEKTOPOB HAmps-

YKEHHUU Y3JI0B;

[M(S)] — BekTop M.O. conpsisKEHHBIX Y370BBIX MOITHOCTEM.

HpI/I pacqéTe IIOTCPb JJICKTPOSHCPINHU B BCTBAX CXCMBI H€O6XOILI/IMO 3HaTb

M.O. kBagpaTa TOKOB B BETBSIX:

[M(I*)]=[M(1)*]1+[D(D],

Jlns onpeneseHus aucrepcuii TokoB B BeTBsix  D(I) TpeOyroTcs 3HaueHUs

KOPPEIAILMOHHBIX MOMEHTOB Y3JIOBBIX MOIIHOCTEN K(Sm,Si). Jucnepcuun Berauc-

JSIIOT 10 popmyJie

D(l;) = anzn:gmén M@Um)*MU1) ™ K(Sm,S1),

m=11=1

rae Gy, Cil — KO3 PHUIUEHTH TOKOpACIIpeeNeHUs B | —ii BETBU OT y3710B M u |.

3nas M.O. kBagpara TOKOB O BeTBAM, omnpenaeiaum M.O. noreps 3Hepruu:

M (AA ) = M (I2)R.8760,
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rae Rj— akTUBHOE CONPOTHBIICHHME | -if BETBU:

[Ipu onTUMHU3aLUU Pa3BUTHUS PIECKTPUUECKUX CETEH HEOOXOAMMO PacCMOT-
peTh OOJIbIIIOE YMCJIO BapUaHTOB cxeM. Jlns yuéra M3MEHEHMH B cXemaxX HeT
HEOOXOAMMOCTU KaXKIbI pa3 BeIYMCIATh MaTpully [C] 3aHOBO. M0XHO UCIOJIb-
30BaTh (hopMyibl iepecuéra [C] mpw BKIFOYESHUU M OTKJIFOYCHUU OJIHOW BETBH.

st yuéra orpaHMYeHUN HA TOKU K.3. HEOOXOJUMO MHOTOKPATHO paccyu-
THIBaTh TOKH Tpex(da3Horo k.3. i 3TOM 1eau MOKHO MCHOJIb30BaTh OTKOPPEKTH-
POBaHHYIO MaTpuIly KOd(PPUIMEHTOB pachpe/esieHus HOpMaabHOro pexkuma. B
CXeMy IS pacdy€Ta HOPMaJbHOIO PEKUMa BBOJAT HYJIEBOM y3€Jl U BETBU, COOT-
BETCTBYIOIIME COMPOTHUBIICHUSIM I'€HEPATOPOB.

HaHpH)KeHI/IH B y3JIaX CXCMBbI OIIPCACIIAIOT 110 BBIPAKCHUTO

[U1=-CTIEL

riae [E] — Bextop DJIC reHepaTopos.
Toku B BETBAX CXEM, NPUMBIKAIONINX K TOYKE K.3., OMPEIEIAIOT 1o (op-

MyJie

[l =DY ][V ],

rae [l] — BeKTOp TOKOB K.3. B BETBSIX, IPUMBIKAIOIIUX K Y31y K ;

[Y¢], — maronanbHas MaTpuIia NPOBOAMMOCTH ITUX BETBEH;

[Uk] — BekTOp HanpshkeHHs B y3J1aX, CMEXKHBIX Y37y K .
JIOoTyCTUMOCTB TOKOB K.3. TPOBEPSETCS IO CYNIECTBYIOIIMM HOpMAaTHBaM Ha

OTKJIFOYAa€MbI€ TOKHU BBIKJIIOUATEIICH.



