Билет 4 Формулировка задачи выбора состава включенного генерирующего оборудования. Нарушение условий индивидуальной рациональности в задаче с бинарными переменными, моделирующими состояние оборудование. 

Выбор состава генерирующего оборудования оказывает определяющее влияние на ценообразование в конкурентном рынке электроэнергии. Это продиктовано особенностями производства электроэнергии на современных электростанциях и вытекающими из этих особенностей процедурами планирования. Длительность цикла краткосрочного планирования составляет сутки. На предстоящие сутки оператор зоны централизованного управления (каковой является ЕЭС РФ), исходя из прогнозируемых условий почасового потребления, должен запланировать мощность электростанций, которые будут нести нагрузку для покрытия прогнозируемого потребления, а также будут находится в резерве. 

В процессе планирования оператор определяет, какие блоки станций будут включены, а какие выключены, т.е. определяет состав работающего оборудования. Пуски/остановы большинства блоков внутри суток явление скорее исключительное, поскольку по технологии требуется, как правило, несколько часов для подготовки блока к работе в нормальном диапазоне регулирования. Помимо этого блок при пуске несет дополнительные затраты топлива на технологические нужды, что сопоставимо с несколькими часами работы в нормальном режиме. После того, как выбор состава определен, в ценообразовании на рынке участвуют только пущенные блоки и станции. Все это говорит о том, что цена неоптимального выбора состава может оказаться дорогой для рынка. 

Особенностью задачи с формальной точки зрения является ее дискретная природа и наличие сложных моделей, отражающих технологию и ценовые характеристики блоков электростанций. Одним из распространенных подходов к решению задачи является техника Лагранжевой релаксации. Все системные ограничения, связывающие разные блоки между собой, снимаются с помощью функции Лагранжа, а оставшиеся ограничения формируют набор независимых блочных подзадач, которые решаются, в том числе, методами динамического программирования. Такой подход зачастую не требовал описания блочных подзадач в форме задачи математического программирования с линейными ограничениями и с целочисленными переменными. Однако в последнее время возрос интерес именно к линейным целочисленным формулировкам данной задачи.
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3) Выбор генерирующего оборудования
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Baezenie. Ha Gase MCTOOOMH 1 TeopHH HC-
cenonattist onepautii [1] b cTarse [2] Gbita BeecTo-
POHHE MPOAHATH3MPOBAHA LEACHAs MOLEb (BYHK-
LHOHIPOBAHHsI KOHKYPCHTHOTO OINTOBOTO PiHKa
SEKTPOSHEpIH B POCCHI 1 MIEPEXONHAs MOACID,
speseras Tocranoneriem Mpanitensersa PO
No 643 o1 24 okTs6ps 2003 . C Tex nop nepexoaHas
Mozens (e [3]) noasepracs pay uamercHmii (oc-
HOBHbIC 13 KOTOpBIX conepxarcs B [T P® Ne 529,
205 1 476), NO3BOASIOLLIX MLIABHO NEPEiiTH K 1iene-
BOi MOJIE/IN, M PACTIPOCTPAHMIACK TAKKE Ha CHOMP-
cKylo HacTh ol SHeprocictens Pocciit. Kpose
TOTO, CYIICCTRRHHBIM JOMOTHEHIEM K MOLCITH TOCTY-
I ICPEXO K KOHKYPCHTHOMY OTGOpY MM Oriepa-
THBHO-AMCIICTICPCKOM  YIIPARICHIH, B HaCTHOCTH,
BBCICHHC DBIHKA “GATaHCHPYIOLICH 31CKTPOSHEP-
i (Ganancupyiolero pitika) MocTaoB7eHieM
Mpanirenscrsa PO Ne 620 o 17 okts6pst 2005 -

Toprons GaraHcHpylowLeii SMEKTPOSHEprieii oc-
HOBAHA HA CXOTHBIX C IPMBECHHBIMMU B [2] 115 e~
71€BOii MO IPUHIIMIIAX LIEHTPATHIOBAHHOTO YK~
LIMOHA 1 C MATEMATHYECKOH TOUKH IPEHNS IPUBOANT
K moxoxeii sazaue ontuvmsawmi. Mpiuen eue
CTPOXE JOKHBI COBIOATECS OTPAHNMCHIS! Ha Ce-
TEBYIO CTPYKTYDY CBSI3€ii B CHCTEME C YUETOM HeTi-
HEIHBIX YPABHEHMIi PACTIDEIETCHIS 110 CETH TI0TO-
KOB 7eKTpUuCecKoii MowHocTh. JdamHas 3azaua
OTHOCHTCS! K 3aZauaM GOTLIIIOH PAIMEPHOCTH, 110~
STOMY ce CBOWCTBA W METOZIb! PEMICHMs SIBTAIOTCS
ITPEIMETOM MATEMATHHECKOTO HCCeAoBaRMs. Mo~
sxutenn Jlarparka K OTpaHHuCHHSIM GUIAHCA MOLL-




image69.png
HOCTH B Y371aX SIEKTPHHECKOIi CETH OMpEAETAIOT y3-
7IOBHIE LEHBI HA GATAHCHPYIOLIYIO MEKTPOSHEPTHIO
1 TAKKE BHINHCISIOTCS B MPOLECCE PACYETA PE3y/Tb-
TATOB TOPTOB Ha GATAHCHPYIOUIEM PHIHKE.

B 2anHOii paGoTe PaCCMOTPEHA ONTHMU3ALIHON-
Hast 3a1a4a YABTCHIS PEXMMAMH 3ATPY3KH TeHe-
PHPYIOLIETO 0GOPYZIOBAHHSI Ha OCHOBE LEHOBIX 3~
SIBOK Hal NPO3BOACTEO S/1EKTPOHEPIHH M Ha BKJTIO-
4eHHE JOMOMHHTELHBIX TCHEPHPYIOLIIX ATPETATOR.
Kpome pactera niaHoB GaaHCHPYIOMIETO PEIHKA 1
TTaHA HA CYTKM BRICPEN, ICCh CIlIE BOSHHKACT ua-
CTHYHO UETOUHCIICHHAS 3274 ONTHMH3ALIAN, CB-
3AHHASH C BHIGOPOM BKJIOMCHHOTO TEHEPHPYIOIETO
0GOPYZIOBaHSI 1 pelIacMast Ha GOee UTHTETLHOM
BpeMeHHOM nnTepane. Ee crietmdika i coeantie-
HUE BCEX TPEX 341a4 OMTHMH3ALIN B CAMHBI PO~
LLECC COBMECTHO C KOHKYPEHTHBIM PEIHKOM 21EKTPO~
SHEPIMH COCTABISIOT OCHOBHOE COepXaHie paco-
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i1, Mccnienosanme npoBonTCs B MPHMCHEHHN K
PLIHKY 9/1EKTPOSHEPIHH 1 MOLIHOCTH, (DYHKLIHOHH-
pyrouiemy 5 Poccuit B cooTetersii ¢ GeaepanbHbiM
3akotoM “O6 aneKTposHepreTike”. OGwMii 0630p
NOIXOZOB K MPOCKTHPOBAHMIO PHIHKOB S1EKTPO-
SHepriu npeacTane b [4].

1. Vnpasenne padotoii >1eKTpoOHepreTIICCKOii
cnctembl. OCYUIECTRISETCS CHEUMATBHOI AMCreT-
4EpCKOi CAYKGOI B PEXHMME PEATBHOTO BPEMCHH,
OCKOJIBKY LTSI MOZIEPAAHMS HODMATHBHOTO YPOB-
HSL 4ACTOTE 3MIEKTPHYCCKOIO TOKA HEOBXOMMO 110~
CTOSIHHO OGeCTICUMBATE GATAHC NPOWIBOACTEA 1 110~
TPeGAICHNUS SMEKTPHUECCKOIi MOLIHOCTH BO Beeii ci-
CTeME B LE/IOM C YHETOM HEPETYISIPHBIX KoZeGanHii
rpacbika nope6aeus. Mpi ToM MIHOBeHHbIE 13-
MEHEHHS! B CHCTEME aBTOMATHUCCKH ACMTIbHpYIOTCs
3 CHET PEryIMPOBAHHA BLIAYH MOMIHOCTH TUADAB-
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myeckux anekTpoctanumii (MC), Ho Ha GéabIMX
OTpe3Kax BpeMeHi (IIOpsLKa aca) TpeGyeTes uaMe-
HEHIE 3HAUCHMIT BLIABACMOIi MOIIHOCTH M HA Terl-
noBEIX SnekTpocTanusx (TOC) B city Hamums
‘OrpaHMYCHHii 110 HHTETPATEHOI CYTOMHOI BEIPAGOT-
ke IC.

CHIDKEHMUE W TOBBILICHHE MOMIHOCTH, BHAABAC-
Moit TOC B ceTh, Te. COPOC 1 HAGOP MM HATPY3KH,
NPOI3BONNTCA Ha OCHOBAHMH ANCTICTICPCKIX KO-
MAHII, KOTOPHE AOTAHBI OTIABATECA 3A0/IAroBpe-
MEHHO 13-31 OrpaHHUEHMIi 110 CKOPOCTH c6poca i
HaGopa Harpy3ki. [103TOMY HEOBXOIHMEIM STeMeH-
TOM yNpaBieHHsi PAGOTOI NIEKTPOIHEPIETHUECKOI
CHCTEMBI SIBTSICTCS IAHMPOBAHHE HATPY3KH, KOTO-
PYIO ZOIKHE! HECTH FeHEpHPYIOLIHE ATPEraThi (reHe-
PATOPBI) CTAHIIHiL.
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Pa3siuualoT HeCKOIBKO BPEMEHHBIX TOPH3OHTOB
IIAHMPOBAHIS B 3ABUCHMOCTH OT KOHKPETHBIX Lie-
el MIAHUPOBAHMS, paccMATPHBACMBIX Aance. Jpy-
THE ACTICKTHI AESTENBHOCTH AHCTIETYEPCKUX CAYKO B
SIEKTPOIHEpTETHKE (B YACTHOCTH, YMpABICHHE ce-
TEBLIM OGOPYIOBAHMEM, PA3PELICHHE PEMOHTHBIX
35IBOK, PACHET MPOTHBOABAPHIIHOI ABTOMATHKH W
TAL) B JaHHOI CTATBE NPAKTHYECKM He GYIYT 3aTpa-
TUBATECSI, TIOCKO/TEKY OHH MEHBLUE CBSI3AHBI C KOH-
KYDEHTHEIM PHIHKOM S1€KTPOSHEPIHH H MOUIHOCTH,
COCTAR/ISIONIINM OCHOBHOI MIPEAMET HACTOSILIETO W~
PrIST—
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Jlnsi renepupyioliero 060pyIOBaHMs, MOAKITIO-
4CHHOTO K CCTH, MOXHO BLLICTHTS TPH STara riaHH-
POBAHUS CrO HATPY3KH IHCHICTYCPOM: 1) Ha CyTKH
Briepe (CTAHLIS NOYHaET rpadK paGoTh Ha Crie-
Ayioume cyTKi), 2) B GATaHCHPYIOLIEM PIHKE (rpa-
(MK Ha OCTABLIMECS! HAC! CYTOK KOPPEKTHPYETCS! HA
OCHOBC ONITHMU3AIMOHHOTO pacteTa), 3) MexTy pac-
ETAMH ILTAHOB GATAHCHPYIOIETO PHIHKA (yIpanisi-
TOLINE KOMAHL KOPPEKTHPYIOT TeKyIIHit mian 6a-
NAHCHPYIOIICTO PLIHKA Ha BpeMs 10 Hauana Acii-
CTBUSI CICAYIOUIETO TUIAHA I 10 KOHIA cyToK). B
YCIOBUSIX KOHKYDEHTHOTO PBIHKA, BEIGHDAsT Te Wi
MHEIC TEHEPATOPBI B LE/IAX YBETHNCHHS W YMeHbIIe-
HIS MPOM3BOACTEA SMEKTPOIHEPTHM, NCTIETIED Py-
'KOBOIICTBYCTCS! HE TOLKO X TeXHHMCCKHMH XapaKTe-
PHCTHKAMI, HO 1 LEHOBBIMH 3ASBKAMH, NOZAHHEIMI
TIOCTABIINKAMH B OTHOUICHUH KXJI0TO PaGOTaIolIero
TeHEPATOpa M OTPAKAIOUINMI CTONMOCTE MPOH3BO-
CTBA COOTBETCTRYIOLLETO OGTeMA SeKTposHeprui. Ha
TIEPBAIX ZIBYX STANAX IAHMPOBAHHE C YIETOM LCHO~
BBIX 351B0K OCY LICCTRISICTCS HA OCHOBE PELICHHS! 3a-
22y ONTHMIIALMY, KOTOPHIC GYAVT MOIpOSHO pac-
cvaTpuBaTLCs B pa3n. 2 1 3, a Ha Tane 3) HCrob3y-
eICs mpocToe mpaBino: c6poca_camoii 10poroii B
ZaHHOM 3Hepropajione Harpyski TOC (npn notpete-
HITH HIDKE TIPOTHOSHOTO) 1 TIOBEMA CAMOI ACIIIEBOit
(TP BHETLIAHOBOM CHIDKCHINN BLUIANH MOLIHOCTH B
CETh IUIH HEMPOTHOIMPYEMOM POCTE NOTPEGIICHIA).

TTAaHUPOBAHIE MOAKITIONCHIS! K CETH TEHEPATO-
POB I IX OTKJTIOUEHMS! (BBIBOZIA B XOJOTHBIi Pe3epB)
TIPOBOINTCS 3apatiee, C BLLICTCHHEM STaroB:
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4) Ha Henemo Briepen (pacyeT 3a 2 Hs 10 Havata
TaHMPYEMOTO MEPHONA) 1 5) Ha KOHell paGoyeit He-
e (KOPPEKTHDOBKA MPEILIIVIIETO PacieTa) — ¢
TIpHMEHEHHEM NMPOLCIYPEI ONTHMI3ALMI, a TakKe
6e3 ONTMMMIALMOHHO! TMPOLEIYPH MOTYT GBITh
CKOPPEKTHPOBAHEI Pellichis STanos 4) win 5) Ha
STanc 6) NOATOTORKM K MIAHMPOBAHMIO Ha CYTKM
Bitepea. KpoMe Toro, b SKCTPeHHBIX CIyWasiX b pexit-
Me, GAIKOM K PEATLHOMY BPEMEHI, MOTYT 110TPeG0-
BATHCA JOMONHUTENLHbIE MSMEHEHMS 110 COCTABY
BKTIONCHHOTO TCHEPHPYIOUIETO OGOPYIOBAHMs 110
CPABHEHHIO C JATIAHHPOBAHHBIM HA LICCTOM JTaNe —
5tan 7). BosHukatoue Ha s7anax 4) u 5) sanaum on-
THMI3ALIAN OGCYKAAIOTCS B a3, 4, OHM HCTIOMb3Y -
10T MHIMKATHBHBIC LICHOBHIE SAsBKM TeHepaLi,
CAYKALLIE BepXHEH TPAHMILCH U1 MONABACMBIX B Te-
NeHHe HEICTH LCHOBBIX JABOK Ha NMPOH3BOACTEO
SCKTPOSHEPIHH, i ClLC JASBISCMYIO OCTABUIMKA-
MH CTOMMOCTS MyCKa FCHEDHPYIOILIETO 06OpyIoBa-
Hits1 (13 XOI0HOTO COCTOSHINS) C LETbIO MIOKIIONE-
HUST K CCTH /L7151 BBUIAUH MOLLIHOCTH.
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Ha rozosom muTepBane ruiaHnposarusi hopmu-
PYIOTCS! LIAHEL 110 MOZICPHI3ALIIH 1 PEMOHTAM 060~
PYZIOBAHISI, COCTARTSIETCA MPOTHO3HBIH GATAHC Bbi-
PABOTKI S7EKTPOIHEPTHI DPAMTMUHBIMH S1EKTPO-
CTAHUMSIMM, 3ICCh MPOLEAYPH ONTHMM3ALIIN He
npuveHsioTes. [L1aHMPOBAHUE CTPONTELCTEA HO-
BLIX CTAHLUAIE Ha KOHKYPEHTHOI OCHOBE (IO X Lie-
HOBBIM 3as1BKAM) IO/KHO GHIT BEEIEHO B Poccii B
2009 . B 4—6-7IeTHEM BPEMEHHOM paspese, TaK HTO
NOKA ellie PAHO AHATH3MPOBATE PEATBHYIO PAGOTY
COOTRETCTBYIONIETO PHIHKA, MOTOMY B HAcTOSLICH
CTAThe YKA3AHHBI STAn GYAeT OBCYAAATCS Ha 06~
EKOHLIENTYALHOM YPOBHE (CM. pasa. 5).

HatiHeM PaccMOTpEHHE C ONTHMI3ALHONHOI 3a-
JatN MIAHUPOBAHUS B PEXIME, MPHOTHACHHOM K
PEATEHOMY BPCMCHH, COOTBETCTBYIOLICH STamy 2).
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2. 3a1aua pacueTa IIAHOB GATAHCHPYIOLIETO Phili-
ka 2.1. CeTepas CTPyKTypa 3anasum
onTiMuU3aWwH K. CTPYKTYPY 3alaun (cc Orpatii-
CHMIT) OTPEICISICT CXeMa 3CKTPHYCCKOl CETH CHH-
XPOHHOI 30HbI cAMHOI SHeprocicTembl PO, Bernit
CXCMBI COOTRTCTRYIOT TPAHC(OPMATOPAM H THHISIM
SeKTponepeaati (yposeHs pbie 110 kB npeactas-
JeH SBHO, HIDKE — B SKBMBATCHTHPOBAKHOM BILIC), @
VALl — CCTEBLIM NOZCTAHIMSIM B MECTAX COCAMHE-
HUsl BETBEll 1 MECTaM NPHCOCANHEHHS K CETH KpyTI-
HBIX MOTPEOUTEIICH S/ICKTPOIHEPTHH HIH FCHEPATO-
PoB MoutHocTsio or 5 MBT. B HacTosilliee Bpews cxe-
Ma COepKHT 60sice 7 THIC. Y310B.
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Py Py wm P —npenensl peryMpoBaHus rexe-
PaTopa g B ¥ac f M €IO PacroNaracMas MOLIHOCTD;
Q" O — mmanason anst resepaw 1/wAK M0~
TPeGICHHS! PEAKTHBHOI MOLIHOCTH FEHEPaTOPOM g;

ng", nf™ — NpeacAbl CHIKCHNS, TOBLILICHUS Ha-

TPY3KH FCHEPATOPOM g PH IEPEXOJIC OT Yaca K Hacy;
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Cyi — UCHOBbIC KOMMOHEHTEI B LICHOBOIH 3asBKe /U1t
reepatopag Havac f, m=1,2,

<7 (CL=0); P —npu-

M,; npennonara-

paweris Han PJ COOTBCTCTBYIOWIX AHHbIM Lie-
HaM OOGBLEMHBIX KOMIOHEHT B LICHOBOI 3asBKe s
recpatopa g na wac £, m = 1,2, ..., M,, oBbemHbIc
KOMIOHCHTLI 3a51BKH HAYT HAPACTAIOLLIM HTOFOM

P+ YR < P

P, — cpeHeuacoBas aKTHBHAS MOLLHOCTD, IPOTHO-
3MpyeMast K NOTPEGCHHMIO 11st OKYMATes! ¢ B ¥ac f;

P, pI™ — npomyckHas croco6HoCTb ceucHms S B

4ac 1 B 3aBUCHMOCTH OT HATIPABICHHSI NIEPETOKOB —
1151 3A1AHHEIX AMCTIETIEPOM KOHTPOTHPYEMBIX Cete-
HHii S (OBBCAMHCHMIA NAPA/LICBHBIX BETBRI) CeTH.
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23.Tlepe MeH HblC 3a1a 4 ON TH MU 3a-
wni: P, > 0 — cpeAHeuacoBas aKTHBHAs MOLL-
HOCTb, MIAHUPYeMasi K BBINYCKY (TPUHATAs Phit-
KOM) 15 reriepatopa g b uac f; P >0 — npunsTas
PHIHKOM € HaCTh, COOTRETCTRYIOLLA M-if CTYMICHBKE
B LICHOBOI 3as1BKe reHepatopa g Ha wac f; Q,, — cpei-

HEYacoBasl PEAKTUBHAS MOLIHOCTD, TUIAHUPYEMast K
BBITYCKY 1T MIOTPEG/ICHMIO JU1s1 TEHEPATOpa g BUac 1

Pjj — CPeAHEYACOBOIT MOTOK AKTUBHOI MOUIHOCTH,
BTeKatoUMii B y3en j u3 yana i B wac f no setsn (7, j);
4} — CPeAHEaCOBOli IOTOK PEAKTHBHOIi MOLHOCTH,
BTeKatoUMii B y3en j u3 yana i B wac f no setsn (7, j);
V/ 20— moayns HanpskeHns Byt Buac f; d; —
yron (basa) HANIPSUKSHMS! B y3ne j B uac 1.
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24. OrpaHuue HUS 3a1a4U ONMTH-
MU 33 1 . PacCMaTPHBAIOTCS! JUTst BCEX HaCOB Cy-
10K, =0, 1, ..., 23. OCHOBHbIM SBIACTCS GaNaHC ak-
THBHOIi MOLHOCTH B y3ne j

PN
o e
/U151 KKILOTO Y371a j CETH, JUIs KAXKIOTO £, TIE CYMMMU-
POBAHIE BEZICTCS 1O BCEM TCHEPATOPAM g U TIOTPEOH-
Remie £, CrmoCIINGS K Yo ], 1 10 et v
COTH, CMEKHBIM C Y3TOM /. AHATOTIHHOE COOTHOIE-
HUC BLIMUCHIBACTCS M /LT PEAKTHBHOI MOIIHOCTH.
3aBHCHMOCTE TIEPETOKOB MOIIHOCTH 1O BETBSM
MeKTPUYECKOIi CeTH OT Moy et U (ba3 HaNpSKeHMIL
BLIPAKAIOT HE/TMHEIHBIC PABCHCTBA

P = GV =W}V [Tyeosd —dj +a)l+
+ Q! [Tysin(d] - d+ay),

0 @1

22)
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@)=V =WV} [T)cos(d] - dj +ay)] - @3
— G, [Tysin(d, - dj+ o) V"B,

U1t BeeX BeTBe (7, /) M BCeX MOMEHTOB BPEMCHH 7, T/
Q, — peaktusHas nposomumocts setsu (i, /), G, —
aKTHBHAs NPOBOIMMOCTS BeTBH (7, /), 0t — hasocasu-
ratoumii KoadHLICHT, ek BeTBb (i, j) — Tpanchop-
Marop, B npotusHoM cysae — 0, T, — Kosdeuuent
‘TpaHcopMaLMi, ecau BeTBb (7, j) — TpatcdopMarop,
B rpoTUBHOM ciiyuae — 1, B, —eMKoCTHas nposoau-
MOCTh BeTBH (7, j).

‘OrpaHHuCHMsI MEPETOKOB AKTHBHOI MOIIHOCTH

110 KOHTDOTHPYEMBIM CedCHMSM (C YUETOM Hanpan-
NICHMIi NIEPETOKOB) B KaXJIbiii MOMEHT BpEMEHH [

3o Y M @4
s s

ZIOMKHBI BHITIONHSATHCS JUIs BCSX KOHTPOJIMPYSMBIX
cedeHnit S.
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BepxHue 1 HIKHHE OTPaHUYEHMUS 110 MPON3BO/-
CTBY aKTHBHOIi 1 NPOM3BOACTEY I MOTPEGICHIIO
PEAKTHBHOI MOLIHOCTH, 3AIaHHHIC BHIGOPOM COCTa-
Ba BKJIONCHHOTO TEHEPHPYIOUIETO 0GOPYIOBaHIsI,
JaNHCHIBAIOTCA KAK

Pt <P < PY Q7R <0, <07 235
15 Beex g, 1. TAK KE 3a71a10TCst OFpaHMIEHMS 10 CKo-
pocTH cBpoca i HaGOpa HArpy3KH
Py =" S Py S P+ ™ @6
s Beex g, t(nonarast £+ 1= 0 aist £ = 23 npenbiny-
WX CyToK).
LleHoBbic 3asiBKit renepaLitit hOPMHPYIOT Crey-
JOILIME OTPAHUYEHMUS! HA IPHHSITHIE PEIHKOM OGBEMBI:
PPl @n
TIPM BCEX £, M JU1s1 BeeX TeHEpaTopoB g 6e3 npu3Haka
MHTErpaILHOI 3asBKH;

n 5
ZP" < ZP;‘ 2.8)
- =

DU BCEX 71 115 BCEX TEHEPATOPOB g C MH3HAKOM MH-
TeTPATILHOI JAABKM, 3 TAKKE OrPAHHUCHMS 110 CBSI3H
STHX MePEMEHHBIX B OGLIIIi OGEM 4151 BCeX g,

Py= P+ Y P 2.9)

et
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25. Uenesas GyHKums 3anadm
onTHMuUIALMH

5
> Capy > min 210
o

1 pasTanbIX T (ceiitdac uenonbayiorea T =0, 4, 8,

12,16, 20).
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3anaua Munmsmsaunn gynkuwm (2.10) ¢ orpann-
wermm (2.1)~(2.9) pemaeTes MocaeIOBATEABHO
U1 KaKIOTO YKA3aHHOTO T B TCHCHIE CYTOK K MO-
MenTy Bpeneri T — 1. [Tpu 5ToM 15 T > 0 nepeseH-
HBIE C HHIEKCOM f < T CTAHOBSITCS TAPaMETPaMi 1 MX
3HAUCHMS! I0MIATAIOTCS PABHBIMH MOCTCAHNM JaMLTa~
HUPOBAHHBIM COOTBETCTBCHHO HA YaC I.




image71.png
26. MNnanwm  Ganancupylowero
prnka. B pesymstate pewchms samaun (2.1)—
(2.10) C OMEPEAHEIM T ONPEACTSICTCS ITaH GATAHCHPY-
IOLLIETO PHIHKA, 3ANAOLIMIT SHAUCHHS CPEAHEYACOBOI
AKTHBHOII MOLUHOCTH /LTSl BCEX CHEPATOPOB g BO BCE
Wackl f, HAUMHASI C T, M JI0 KOHLA CYTOK. Pacuetsi co
CCAYIOUIMI T KOPPEKTHPYIOT MPEAbUIYLIME MIaHBI
JUIS {2 T, HE MCHSISI MX LISl MCHBLINX 7. Pesynbratsl
PACHCTOR U151 PASHBIX T MOTYT PavIMMaTHCA B CHTY
VTOUHCHMUSI TPOTHO3a MOTPEOACHHSI, @ TAKKE H3MCHE-
‘HUit IPYTHX MapaMeTpoB 3a1aun ONTHMH3ALIH.
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Ha ocHOBE NMOJY4CHHBIX (MOCICAHMX CKOPPCKTH-
POBAHHEIX) 3HAYCHHIi ONPEETACTCS ANCTIETUEPCKHi
IpadMK 3ATPY3KH TEHEPALIN 1 YACOBHIE OGLEMBI BbI-
PaGOTKH 3MIEKTPOIHEPTHI KAKIBIM TCHEPATOPOM.
VkasaHHEIC OOBEMBI, KAK NIPABHIO, OTHYAIOTCS OT
PACCHMTAHHBIX HAKAHYHE B DE3TBTATE TOPIOB Ha
PHIHKE S1CKTPOSHEPTIN (HALIBACMOM PHIHKOM “Ha
cyTkn Briepea” — . aaee B pasa. 3). CooTeTcTRy-
JOLIHE Pa3HILE OGBEMEI YXE OTHOCHTCS K GaaHCH~
PYIOLEii IEKTPOIHEPTHM, Te. K IEKTPOSHEPIUH,
NPOZABACMOli 1 TIOKYTIAEMOli B PEAIME, GAIKOM K
PEATLHOMY BPEMEHH TPOM3BOACTEA H MOTPEOCHMUS
DTi 0BBeMbI OBPAIIOT OTKIOHEHMS! 0 BHEMIHE]
MHULMATHBE (B OTIWYME OT OTKJIOHEHMWIE MO c0G-
CTBEHHOI! MHMLIMATHBE YIACTHIKOB PHIHKA, B HacT-
HOCTH, MOTPEGHTENEi) B COCTABE OTKJIOHEHHMIi 0Ghe-
MOB (DaKTHUECKOTO MPOM3BOACTEA (M NOTpEOCHIS)
3NICKTPO3HEPIHM B KAXIbii 4aC CYTOK OT MPOIAHHBIX
(KYIJICHHBIX) HA PHIHKE 37IEKTPOIHEPTHH ACOBBIX
oBBeMOB.
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27. Ueun wHa Garancupyiouyio
SMeKTpOSHEepriio. B oCHOBY LieHoOOpasona-
HUSI HA GATaHCHPYIOLIEM PBIHKE MOMOXEH MOXOA,
Gasupylomiicss Ha MHOXMTEsX JlarpaHxa, KOTo-
Phic OMpelesIoTes B MPOLECCE PellieHst chopMy-
MpoBaHHOii  mocicAORaTeNBHOCT  3aay (2.1)—
(2.10) npu ysenmseHi <.

Mroxurens Jlarpatka k orpaniseritio (2.1) no
GanaHCy MOLLIHOCTH B TPOM3BOBHOM YTe  CeTH Xa-
PAKTCPH3YET BEMNMMHY HIMCHEHIS SHANCHIS e
BOii YHKLMM B DE3YISTATE MATOrO M3MCHEHIS
CIpOCa B AGHHOM Y37Ie 1t C SKOHOMIHECKOI TOUKt
IpeHHs MHTCPNPETHPYETCS KAK MHIMKATOP CTOMMO-
CTit GalaHCHPYIOUICH SMCKTPOSHEPTIH B STOM y3rie.
@ynkunst (2.10) — CTOMMOCT (110 LEHOBbIM 3asBKaM
reHepaLi) OBECTICHCHIs MOTPCOIICHs! TOY3OBBIX
OBBEMOB 2/1CKTPOSHEPIHH, COOTRETCTRYIOLLHX CPEl-
HEHACOBOIH AKTHBHO! HTCKTPUHECKOl MOIIHOCTH, 32
BCE MaChi, HauMHas1 C T, 1 10 KOHILa cyToK. Corac-
Ho (2.1), Mpi oBcCrIeNCHIN MOTPEG/ICHIS SMEKTPO-
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SHCPruM YYUTBIBACTCS HC TOJIBLKO CC NMPOM3BOACTBO,
HO M TMOTCPM B CETAIX NPU NEpeaate (10CTABKe) Mo~
TpeGuTemo.

Mo croiicTsam MHoXuTeneii Jlarparka (cM., Ha-
npuvep, B [1]) B MAHE! GATAHCHPYIOMIETO PHIHKA
(A1 KAKIOTO T) M1 MOGOTO reHepaTopa g GyayT
BKTIONEHI JIHILIL T OGLEMBI POM3BOACTEA, LeHA B
3asIBKe U151 g HA KOTOPBIE He GOBLLIE 3HAUCHMS! MHO-
Kutens JIATparka B yale JAHHOTO TEHEPATOPa g, 1
BCC Te OBLEMBbI I3 3AsBKH U151 €, CHA Ha KOTOPLIC 3a-
ABCHA HIKE YKA3AHHOTO 3HAUCHMs (MHIMKATOpA
CTOMMOCTH GaTAHCHPYIOUIEHi S/1EKTPOIHEPIHH B y3-
1€, K KOTODOMY OTHECEH TeHEPATOp g, B COOTBETCTEY -
1ounii uac). B KaXI0M y31e CETH HHANKATOPH CTOM-
MOCTH GaTaHCHpYIOLICIH S71EKTPOSHEpTHH, BOOGILE
TOBOPS, GYAYT PATHIATECH. DTO PAMIIMUHE BLI3BAHO
IOTEPAMI HA BETBSIX CETH MPH TIEPEAAUE MOLIHOCTH
H, KDOME TOTO, MOXET YCYIYG/ATECS AKTHBHOCTBIO
KaKoro-7mGo u3 orpancHii (2.4).




image80.png
Mtuoxurtenn Jlarpatika k orpanmnuchnsy (2.4) no
KOHTPOIMPYSMbIM CeuCHIAM (1/ILTH BHEIIHIM e~
PETOKaM) ¢ SKOHOMNECKOIi TOMKM 3pCHIsI HHTCP-
MPETHPYIOTES KK LICHBI MOCIEAHETO MEraBaTTa Mpo-
MYCKHOH CTIOCOBHOCTH CeucHMiL DTH MHOKHTEH
Jlarparxa XapakTCpH3YiOT BEHNIHY M3MCHEHIs
SHAMCHSI LUCACBOM (YHKLUIH B PE3YASTATe MATOro
H3MEHEHIS MIPOMYCKHOI CIIOCOGHOCTH OMperencH-
Horo cechms. Hanpivep, mpi HeGOMbILIOM e
“CHMH NPOMYCKHOI CTIOCOBHOCTH CeNeHHs! Mosins-
eTCA BOMOKHOCTB NMEPEIaTh MO STOMY CeNCHIIO
GOBLLIE MOLIHOCTH OT GOJICE JCIICBLIX HCTOMHHKOR
 COOTBETCTRCHHO PAsTpy3HTL Gosice AOPOTHE, UTO
MO3BOMACT YAYHILINTS SHAUCHHE LEACBOM DYHKLIAI.
KofitiecThe HHas XapakTepHCTHKA STOTO HIMCHEHIIs!
LeeBoii (hYHKLUAH, OTHECCHHAs! K HIMCHEHIIO Bei-
“MHbI POMYCKHOI CMIOCOGHOCTH, XapaKTEpH3yeTCst
coOTReTCTRY oMM MHOAMTENCM Jlarparika.
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Pacuer muoxuteneii Jlarpanka, Kak HacTHbIX
MpoM3BOHLIX yHKLMH MuHIMYMa (2.10) Mo mpa-
BOIi YACTH OrPaHMUCHHUI, IPOH3BOINTCS B XOIE Pe-
weris 3aas onmissawin (2.1)—(2.10) ¢ KK T.
Tpit 5ToM 3HascHitsl, MOAYHCHHBIC A1 1 > 1(+3),
KOPPEKTHPYIOTCS TOJYUEHHBIMH U151 TeX e f (B 1aH-
HblC CYTKH) Pe3yIBTaTaMit PaCHeTOR MpH pellcHHI
3a%a4 ¢ GOTBUIMMH T.

Bce reHepaTophl 1 Bee MIOTPEGHTEH, OTHOCSIII-
€cst K OIHOMY Y3y, PACCHMTBIBAIOTCS 33 MPOW3BOA-
CTBO WM MOTPEGACHMUE HMH GaTaHCHPYIOIIEH 1K
TPOSHEPTIM TIO LICHAM, ONIPEACTSICMEIM HA OCHOBE
MHINKATOPA CTOMMOCTH GATAHCHDYIOLLEi S71EKTPO-
SHEPIUH B IaHHOM y3ne (1 B AaHHEi uac). o sTinm
L1€HaM TIPOHCXOZIMT MOKYIKA W MIPOAAKA THOGHIX OT-
KJIOHEHMIi (DAKTHUECKOTO TIPOH3BOACTRA M NOTPEG-
ICHS! 7ICKTPOSHEPIIH OT BEIHCICHHOTO HAKAHYHE
110 PE3YILTATAM TOPTOB Ha PHIHKE 21EKTPOSHEPIUH
1104ACOBOTO IUIAHOBOTO MPOH3BOACTEA W NOTPEGE-
HHS1, 32 OGBEMBI KOTOPOTO YHaCTHHKH PACCHHTATHCE
T10 PABHOBECHOI LICHE PBIHKA “Ha CyTKM Briepen”.
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Oranuue ueH Ha GanaHCUPYIOULY 10 31CKTPOIHEP-
TH10 OT HHIMKATOPOB € CTOMMOCTH 3ABHCHT OT NpH-
SMH BOSHUKHOBCHMS OTKJIOHEHMIl: BHINOTHEHME
BHELIHE/| MHMLMATHBE JOMOTHHTENLHO NOOLIPSIET-
cs1, a coBCTBEHHOI — HeT. Hanpiwmep, nokyrka, Bhi-
3BAHHAST YBETHUCHHEM TIOTPEGICHIS 11O CPABHEHMIO
€ KyTUICHHBIM Ha PBIHKE “Ha CyTKH Briepen”, Ipon3-
BOWTCS 10 MaKCHMYMY H3 PABHOBECHOI LIEHb 9TOTO
PHIHKA M HHIMKATODA CTOMMOCTH GalaHCHpyioueit
MEKTPOSHEPTHH, A MPOAAXA H3-3a CHIKEHUS (hak-
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OTHME eH Ha GATAHCHPYIOLIYIO S1EKTPOSHEP-
IHi0 OT MHAMKATOPOB CE CTOMMOCTH 3ABHCHT OT i~
UMH BOSHUKHOBCHWS OTKJIOHEHMIL: BLIMOTHEHME
BHEIHEHH MHHMLMATHES! ZONOMHHTENEHO MOOPSIET-
cs1, a cobeTBenHOI — HeT. Hanpuyep, nokynka, sbi-
3BAHHAST YBE/THUCHHEM MTOTPEGICHIS 110 CPABHEHMIO
© KYTUICHHBIM Ha PBIHKE “Ha CyTKH Briepen”, Ipon3-
BOANTCS 11O MAKCHMYMY 13 PABHOBECHOI LICHBI 3TOTO
PHIHKA W MHANKATODA CTOMMOCTH GaTaHCHpylouIeit
SIEKTPOIHEPTIN, A MPOJAXA M3-34 CHIKEHMs! (haK-
THUECKOTO MOTPEGACHHS! SMIEKTPOIHEPTHM 11O CpaB-
HEHMIO C 3aKYIUICHHBIM HA PBIHKE “Ha CYTKH Brie-
Pea” OGLEMOM OCYLIECTRISICTCS MO MMHIMYMY H3
YKA3aHHLIX PABHOBECHOIH LICHEI W MHANKaTOpa. Ta-
Kast ke (hOpMyia paGOTACT ISl IOKYITKM 1 MPOJAKH
OBLEMOB OTK/IOHEHHI TCHEPALIH, BLI3BAHHLX COG-
CTBEHHOI HHMLMATHEO! (HATIPMED, HETOHBIM HC-
TMOTHEHMEM UCTIETUEPCKIX KOMAHZ), A LTSI OTKIIO-
HEHMIH 11O BHCIIHEH MHULNATHBS MPHMEHSICTCS 06~
patHas opmyna.
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Ansi cornacosaHusi PaBHOBECHBIX LEH Ha 371€K-
TPOZHEPTHIO Ha PHIHKE “Ha CYTKH Briepen” ¢ LeHaMu
H MHNKATOAMH CTOMMOCTH GAIAHCHPYIOLLLEHi 71ek-
TPOSHEPIHH (Ha GAIAHCHPYIOLLCM PBIHKE) LCHOBbIC
J5IBKM OTIETLHO Ha GANAHCHPYIOLINIi PHIHOK reHepa-
LiMeii He MIOAAIOTCS, 4 HCTIONE3YIOTCS! 3ASBKH, TIOTAH-
HbIC HA DBIHOK “Ha CYTKM Bricpea”. DTa Mepa Takke
MO3BONACT MPEAYMPEANTE BOSHUKHOBCHHE MOTCHIIM-
ANBHOI BOIMOKHOCTH TCHEPALINH MAHWITYTHPOBATE
LICHAMH B PeKHME, GH3KOM K PEATLHOMY BPEMCHH.
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3. Poccuiickasi MoJeh PHIHKA 71eKTPOIHEPIHi.
eiictaylowas B Pocciit MoIe/b ONTOBOTO phikika
SHCKTPOSHEPIHH € (POPMATLHO-MATEMATINCCKOM
TOUKH 3pEHHS! H, CICA0BATENBLHO, LISt LiEeii pacueTa
PABHOBECHBIX Y3/IOBBIX LICH H OGLEMOB COBNAZIACT ¢
M3YCHHOI B PadoTe [2] MOZEBIO MOTHOCTHIO KOH-
KYPCHTHOIO phikika. OTpaHINCHIS COOTRETCTBYIO-
Luieii 3141 ONITHMH3ALMHN — T€ XKe, UTO M /LIS 3a1auH
pacycTa IIaHOB GATAHCHPYIOLLETO PHIHKA, PACCMOT-
PEHHOII B NIPEABIAYLIEM Pa3iene, MOITOMY OTACTLHO
NPHBOANTS €€ NOHYio hOPMYIHPOBKY 31¢Ch He Oy-
Jien. OTMETIM LB HaiBO/ICe BAXHBIC PAsTHAIA ¢
VKa3aHHBIMH MOCTAHOBKAMH.
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3.1.OTAM UM PBIH KA 31CK TPO SHEP-
rMM OT 6aaH CH DY IO MCTO pPHIHKA
PLIHOK 57eKTpo3Heprii b Poccii AciicTayer b mia-
HOBOM peXiMe Ha creAyiouwe cyrki (sram 1 B
PaiL.1), PaCHET Pe3yETATOB TOPIOB MPOBOTMTCS B Ce-
PCIMHE THS CPa3y Ha BCE YaChl CyTOK CIICYIOLICTO Ka-
NeHAAPHOIO Atts. OTCIONA €0 HA3BAHUE — PHIHOK “Ha
cyriit piepen”. Ha phirike “Ha cyTkit pricpen” iani-
pyetcst Gonee 90% Beeii MPOHIBOANMOIE STCKTPOIHED-
it (L. Ha GRIAHCHPYIOLYIO MCKTPOSHEPIHIO — Ha
OTK/IOHeHIs — NpiXoANTEA Metiee 10%), mocKobKY
4EpPE3 3TOT PHIHOK MPOXOMAT BCE 0GBCMBI HE3ABHCH-
MO O 3AKITIOMACMbIX YHACTHIKAMH PhIHKA ABYCTO-
POHHIIX ZI0TOBOPOB NOCTABKH 1CKTPOSHEPTHiL. CTo-
POHBI Z10TOBOPA TOXKE AOMKHBI MONATH LICHOBLIC 3a-
SABKIH Ha TOPTH Ha PhIHKE S1CKTPOIHEPIII IS yieTa
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1X OGBEMOB NMPOM3BO/CTBA 1 MOTPEGIICHHS! MPH M1~
HMPOBAHIH, XOTS! PHHAHCOBHIE PACYETHI 32 JOTOBOP-
Hbie OGLEMEI TPOM3BOATCS MEAILY HHMMU 10 J0T0-
‘BOPHEIM LieHaM.

Ha phiok “Ha cyTki sriepen” (B ot oT Ga-
NAHCHPYIOLLETO PHIHKA, TIE YIACTBYIOT LICHOBBIC 3a-
SABKH TONBKO TCHEPALIMM, A OOBEMbI MOTPEOACHHS
TIPOTHO3HPYET AMCMIETCP) MOAAIOT LEHOBBIE JasBKI
He OIHM MOCTABIIIKH, HO 1 NMOKYMATEH ICKTPO-
SHEPTHM, TaK HTO LieNeB0it (yHKIMeH 324 pactic-
Ta Pe3y/ILTATOB TOPrOB Ha PLIHKE “Ha CYTKH Briepen”
CYKHT MaKciMyM dyHKLIH GrarococTostist [2]:

5
DY CEPr =Y Y ChP > max. (D)
= Tom
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3neck C)} — LCHOBbIC KOMIOHCHTI 3asBKH MOKyTa-
Tenst ¢ Ha wac £, coctoseii u3 M., “ctynerex” ¢ ue-
Hamn Cl, > C} > ...> Cif* wu P’ — npupautetns
OGLEMHBIX KOMIOHEHT (LTHHBI CTYTICHEK) B 3TOii 32-

sIBKE — napaMeTpl 3anaun; a P, >0 — cpeaneuaco-
5ast AKTHBHAS1 MOLHOCT, KYTUICHHAs! HA PhIHKE 110~
KYMaTeNIem ¢ B 4ac £, B OTAMYHE OT pasa. 2.2 ABTSETCH

nepeMeHHOI; u P’ — NPUHSATAs PHIHKOM ¢¢ 4acTh,
COOTBETCTRYIOWIAs Mi-ii CTYMIEHBKE B 3asBKE MOKYMa-
Tenst ¢ Ha STOT Wac — Takke nepemerast. U Hix
BLINOMHEHE aHanoritHbic (2.9), (2.7) orpanicHits
110 CBSI3H MICPEMCHHBIX H 110 06BEMaM B LICHOBBIX 3a-
SIBKaX MOKyMaTe/cii 31CKTPOSHEPrHI

DN AR e 32)
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OCTanLHBIC OTPAHWYCHIS 1 NapameTph! 3anaun (3.1) —
Te e, HTO 1 B PA3L. 2, TOMBKO SHANCHIS MICPMCHHBIX
yKe HMEIOT CMBIC He TL1aH 6ANaHCHPYIOLLETO PLIHKA,
A BEJMYMH, TMIAHUPYEMBIX Ha PHIHKE “Ha CYTKM
Briepen”.

3anaua pacucTa pesyBTATOR PhiHKa “Ha CYTKN
Biiepen” mpeanoniaract makcuMmawtio (3.1) ¢ orpa-
sermsi (3.2), (2.1)—(2.9). Mioxurenn Narpari-
3a (CO 3HAKOM MUHYC) K Orparmichiio (2.1) o ba-
JIaHCY MOLIHOCTH B KAKIOM Y3 j B AaHHOI 3amaue
MHTEDMPETHPYIOTCS KK PABHOBCCHIC LICHI SCK-
TPOSHEPIHH B Y31aX CeTH (LICHbI PHIHKA “Ha CyTKH
Biiepen”). OBLeMBI 21CKTPOSHEPIHH, COOTRETCTEY-
IOILIE PACCHHTAHBIM B 3Aate PABHOBCCHBIM 3Ha-
CHUSIM CPCIHCYACOBOI AKTHBHOI MOLHOCTH TCHE-
PATOpOB g, 3ANAOT AUIA HUX IIAHOBOE MOMACOBOS
TPOM3BOICTBO SACKTPOIHEPIH Ha BCE HAChi CACAY-
IoWLIIX CyTOK (cornacko stany 1) niaHMpoBaHHst 13
pasn. 1). Jlaziee STH MTatbi MOFYT GbITb AHCTIETHEPOM
CKOPPEKTHPOBaHBI (M. pasl. 2), HO 32 0GBEMBI KOp-
PEKTHPOBKH YXKe GyJIeT Onpeiie/ieHa OTACIbHas L1~
Ta 10 LieHaM bataHCHpyIoUIeii S1CKTPOSHEpritit (5
cootseTCTBIN C pasa. 2.7).
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32, Cesse aciicTeylomeii Momenn
PHHKA 51CKTPOSHEP MM C UeAchit
MOACABIO MONHOCTBIO KO KYPECHTHOrO
Pbi'H K a. OCHOBHBIM CROMCTROM AciiCTRYIOIC MO~
LN PhiHKA SACKTPOSHEPIIH (OTIMHAIOLLINM ce OT
LLENCBOii MOAEH, HO HE RIMSIOLLIM Ha LeHOOGpaso-
BaHHe 1 IIAHNPOBAHIE) ABMSIETCS HATHIHE OGLEMOB
SICKTPOSHEPIHH, MPONABACMBIX i MOKYMACMBIX 110
PeryMpyeMBIM LeHaM (Tapidan). VKasaHHbic 00be-
Mbl 3aHUMaIOT Ceroats Gonee 70% 3MEKTPOHEPTHH,
NIPOI3BONMMOIH_Ha_ SMCKTPHHCCKIX CTAHLISIX, 110~
cTpochHbix 10 2007 T, 1t AOMKHBI MOCTENEHHO CHt-
Katbest k 2012 1. OIHAKO B OTIMHHE OT PACCMOTPEH-
Hoit B noceane pastene [2] nepexoaroit Moz,
eiicTnopanieii 10 2006 I, b HacTosICH MOACAH HET
OTIENLHOTO PETYTHPYEMOTO CEKTOPA CO CROMMI CTic-
LM BHBIMI ABILTAMH, A HA BCE TOPTYEMBIE 110 Pe-
IYIMDYCMBIM LCHAM OGBEMbI S1CKTPOSHEPIHH (B
Pa3BUBKE N0 HACAM) YHACTHIKAMH PhIHKA 3aKI0NC-
HBI IOFOBOPEI KYTLIM-IPOJAXH Ha TOX BIIEPE, LCHa
B KOTOPEIX COOTRCTCTBYCT YCTAHORICHHBIM Ha TOT
rox Tapicas. TTpiticM Ha 0OBEMbI TAKIX I0FOBOPOR:
HApALIY C OCTATLHBIMH ILIAHPYEMBIMH K NOCTABKE 1
TOTPEGCHIIO OGLEMAMHt TIOZIAIOTCS LICHOBLIE A58~
Kit Ha PhIHOK “Ha CYTKH Brepea”, T.. 3Ti OBbeMbI
VMACTBYIOT B TOPrax HapaBHE CO BCEMH.
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VesI0BHSIMM I0TOBOPA NMPEAYCMOTPEHO, UTO B Ty~
“ae eciM N0 MTOraM PHIHKA “Ha CyTKM Briepen” s
IeHEPATOpa OKA3BIRACTCS JATIAHHPOBAHHEIM OGHEM
MeHbILIE 0TOBOPHOTO, OH /IOKYMACT HEMIOCTAIOMIYIO
SICKTPOSHEPIINIO Ha STOM PHIHKE 110 €70 PABHOBEC-
HOIH tICHE, W HAOGOPOT, €CTH U151 MOKYMATE 15 OKa3bi-
BACTCS! 3AMIAHMPOBAHHBIM MCHBUINI OOBEM, HeM
GLLT KYTUIEH MM 110 I0FOBODY, TO PASHHLA ABTOMATH-
ECKH MONIACTCS 110 PABHOBECHOI LIeHE U151 3TOT0
nokynatensi. Takim 00pasoM oBecrescHa He3aBHCH-
MOCTh PABHOBECHBIX LICH PBIHKA “Ha CYTKH Briepen”
OT PETyIMpYEMbIX LCH B JIOTOBOPAX, T.¢. COOTBET-
CTBHC YAIOBLIX PABHOBECHBIX LICH MOACTH MOTHO-
CTbIO KOHKYPEHTHOIO PhIHKa 21eKTPOSHEprH i3 [2].

VrsepkaeHue. B YCIOBMAX cOBEpUICHHOI
KOHKYPEHIMM (KOTIIA 1CHA B 3ASIBKE OTACTHHOTO
YHACTHIKA HE MCHSICT PABHOBCCHBIX LicH PBIHKa) H1H
3Ke €CI Y3IOBbIC LCHBI PHIHKA YUACTHIKY 3apatice
He M3BCCTHbI, CTO CTPATET e MONA'H LICHOROH 3asiB-
Ki, OGeCreuMBaIOUIEH ONTHMATbHBII TapaHTHpO-
BarHbiii pesystar [1], Gyzer “ekpertsis” cTparerits.

NokasatenscTpo. Ecam yaiopsie wuerbi
PIHKa YNACTHIKY 3apaHee HE M3BCCTHI, TO My He
M3BECTHO, KAKHE OOBEMBI 13 CrO 3asBKH OYAYT MpH-
HATBI piifikoM. MI3BECTHO JMLLIb, HTO M0 CROFCTRY
PABHOBECHIX LIEH MPUHATIMH OKA3LIBAIOTCH JILID,
Te 00beMbI, LicHa B 3aABKE HA KOTOPBIC HE Xy (T.c.
He GObilie — U1 MOKYNATEN 1 HE MeHbIlIE — AUt
MpoaBLia) y3I0BOii PABHOBECHOI LICHBI B Y37 AaH-
HOTO YHaCTHIKa, I Bee Te OGLEMBI, LICHa B 3aBKE Ha
KOTOpbie JIysillic y310Boiit paBHOBECHOI Letbi. Mo-
STOMY CTPATETHS! TIONAYH UCKDEHHEIH LIEHOBOH 3a55-
KM N103BOASICT MOCTABLIVKY HE MPON3BOIHTH 10MO-
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HUTEJILHBIE OOBEMEI 1O HEBBITOAHOM JUTA HETO LIEHE,
2 MOKYNaTeNo — He MOKYMAT 110 TOi LieHe, TIPH Ko-
TOpOIl €My BHITOXHEE CHM3NTE MOTEGIICHHE ek~
‘TpOSHEprIH.
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B cityuac 3aBBILICHHS LICHBI B 351BKE MOCTABLIMKA
110 CPABHEHMIO C €r0 HEMOCPEICTBEHHBIMM (epe-
MEHHBIMH) 3ATPATAMS Ha IPOM3BOACTEO OH PHCKYET,
4TO er0 3as1BKa He GYIET PHHSITA, HO HA PIHKE C110-
KHTCS LieHa, GIM3KAs K €10 3aSBKe H NPEBbILIAIOLLasT
3TPATE HA CAMOCTOSITENLHOE MPOHIBOICTRO COOT-
BeTCTBYloMEro 0GBeMa. [T HATHUI J0roBOpa Ha
€rO NOCTABKY YUACTHIKY MPHACTCS OMLIATHTE yKa-
3aHHBII OGLEM 10 PEIHOYHON LICHE, T.¢. OH NPONTpa-
1110 CpaBHEHIIO C HCKpeHHeii cTpaTermeit. B caytae
SAHIKCHUS MM LICHBI B 345IBKE, HA PBIHKE MOXeT
OKAATLCS! IPHHSTHIM OGBEM, GOBLIHIT OTOBOPHO-
0, 110 LICHE, GTH3KO K LICHE B 3asiBKE, T.¢. HHKE 3a-
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e HIPDHSBUAR RS HAL SARR PR IHRApT R T SRS
IPOHIPLILL 11O CPABHEHIIO C HCKPHHCHi CTPATCrUCii.
AHATOTIHHas! CHTYALUS! HMECTCA 1 4151 TOKYMATEsL.

33.KoH Ky peH Ui Ha PBIH KE 7eK-
TPO SHep riti. KoHeuHO, roBopUTS 06 yeaoBisix
CoBEPILICHHOI KOHKYPEHLUAH Ha POCCHTICKOM PhiHKe
SICKTPOSHEPIHI HE MPHXOTCS!, OCKOBKY HHCIO
TMOCTABUIIKOR HEBEAMKO (HCIO MOKYMaTecii ro-
Pazo GOMBIE, 1 Y HIX MCHBILC WIAHCOB MOBMSTH
Ha uerbi phirika). Ho yCI0BMil MaHHMyHpOBaHHs
LUCHAMI U151 FeHEPHPYIOLLITX KoMMTakii aKTitseckit
Toke HeT. OCHOBHOI TPOTHBOBCC JABBILICHHIO LCH B
3a5BKAX [CHEPALINI COCTARTSIOT HE LICHOBBIC JasBKI
MoKynarescii (IOCKOABKY S1CTHHHOCTb Crpoca B
CTOJIL KPATKOCPONHOM PEAIME, Kak IIaHHPOBAHHE
“Ha CyTKi Bricpen”, HU3Ka) W He AOTOBOPI, pac-
CMOTPEHHBIC B MPEABAYILIEM Pavienie (XOTst Okl Tak
e, Kak W ABYCTOPOHHHE J0TOBOPHI €O CBOGOIHO
LUCHOI, MIPAIOT Ha MPUOMIKCHHE LCH K HCKPEH-
HItM), HO HEOBXOMMMOCTL MIOCTOSHHOTO HATHNHA B
SHEPOCHCTEME PE3CPROB MOULHOCTH.
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Mpu BLIGOpE COCTaBA BKIIOYCHHOTO FEHEPHPYIO-
111Er0 0GOPYIOBAHHS! AMCTIETAED AOMKEH PACCHHTHI-
BATE HE TOMEKO HA KOJIEGAHHS TIOTPEGTCHMS, HO I Ha
BO3IMOKHOCTE BHETUIAHOBOTO OTKJIONCHMS! TeHEPH-
PYIOLIETO 0GOpYAOBAHHS! Wi JMHIN S1EKTpOMIEpe-
Hatm, W Ha STOT CAYNAli ACPKATH IOMOTHUTEHbIE
TEHEPATODEI, BKMIOUCHHBIE HE HA BCIO PaGOUyio
MOILHOCTD, “TOGHI MOAHWMATE Ha HIX HATDY3KY B
cyuac HeoBXOIMMOCTH. [ICTI0 B TOM, 4TO MyCK reHe-
patopa (kpome [IC) 13 XONIOIHOTO COCTOsHISI Tpe-
GYeT He 0IHOTO 4aca 210 MOTKIONEHHS! K CeTH, 4, Kak
NPABILTIO, AMCTIETYEPY HYKHO YBETMUMTH BhUIaBAC-
MYIO B CETh MOMIHOCTE 33 CYLICCTREHHO MEHBIICE
BpeMs.

PesepB MOMIHOCTH B CHCTEMe B 4ac f Ha 3arpysKy
M Ha DAsTPy3Ky ONpEAE/AIETCH COOTBETCTECHHO MO
bopmynam

B -P)
B
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x
/1€ CyMMUPOBaHUE BEJETCS 110 TeHEPaTOpaM g, YI0-
BICTEOPSIOUINM YCTOBHAM 10 CKOOCTH HAbOpa. i
cBpoca Harpyski (otaenbHO st [IC 1 TAC), Tpe-
Gytoutnmes anenetuepy. [pusem peseps Ha sarpysky
TOC nomken coctasnsts He meree 1000 MBT B pe-
THOHE — U3 PACYETA Ha BBIXOl W3 CTPOSI O/IHOTO TeHe-
PpHpyIoLLero arperata.

Taxuw 06pasom, GOTBIIO OGLEM LEHOBEIX 3a-
ABOK (C caMoii BhICOKOii, cornacho (3.1), ueHoii)
BCCT1a OKAKETCS! B TOPraX HEBOCTPEGOBaHHbIM. TTo-
'3TOMY €C/IH MOCTABIMK (FCHEPUPYIOLIAS! KOMITAHMS)
SABBICHT LEHBI B 3asBKE HA CBOIO TCHEPALIMIO, OH
PHCKYET, 4TO €T0 3a51BKa HE NPOVLIET W €My NpHIETCA
oCTaBaThest B ropsiuem pesepre. B Takow ciysac ero
BKJIOUEHHEIC TCHEPATOPHI OYAYT PAGOTATS JIHIIL Ha
HIDKHEM NIpEliesie PeryHpOBaHHs (Ha TEXHOTOTHYE-
CKOM MUHHMYME) 1 HE CMOIYT TIPHHECTH GOTbie
HGELIN TGO (CCAIH Ha OGBEMBI TEXHOIOTHHECKOTO
MIUHHMYMA Y TOCTABUIMKA HE 3aKTIONEHO ABYCTO-
POHHIIX /IOTOBOPOB, & PABHOBECHEIE LICHBI HILKE Tle-
PEMEHHEIX 3TpAT Ha MPOH3BOACTRO NEKTPOIHED-
TUM) MPHBEAYT K yOuITKaM. [loc/enHee BOIMOKHO,
TaK KaK B Ciy orpaniteHisi (2.5) oGbeMbl BLpaGoT-
K Ha TEXHOJIOTHYECKOM MUHIMyMe GEpYTCA PiH-
KOM HE3aBHCHMO OT LIeHEL: Ha HUX hOPMHUPYETCs! 1ie-
HONPUHUMAIOLAst 3251BKA U OHM HE BIMAIOT Ha paB-
HOBECHBIE LICHBI PhIHKA.
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4. KoHKypeHTHbIi BLIGOp cOCTABA BK.II0YEHHOTO Te-
HEPHPYIOIIIET0 0GOPYI0BANMS. SHAUCHHS TEXHONOTH-
ECKIX MHHMMYMOB 37IEKTPOCTAHLIIE OMEAETSIOT-
51 N0 Pe3yILTATAM DELICHMSI 3Aaui BHIGOPA MOA-
KJIOUACMBIX K CETH IWIN HAXOMSIUIXCS B XO/IOZHOM
Pe3epBe reHepaTopoB (3a1a4a BLIGOPA COCTABA BKTIO-
UEHHOTO TEHEPHPYIOLLIETO 0GOPYIOBaHHs). YkasaH-
HIii BLIGOD B GOILILOI CTETICHH 3A1ACT YPOBEHD Lk
Ha 3NICKTPOIHEPIHIO, CICAOBATENBHO, B YCAOBMSX
KOHKYDEHTHOTO PIHKA 21EKTPOSHEPIHH OH IOJKEH
NPOBOIMTECS! Ha KOHKYDEHTHOIi OCHOBE — N0 LEHO~
BLIM 3aSBKAM NOCTABLIMKOB. [piten nocTasuniki
JIOMKHEI 3ASBIATE HE TOMBKO CTOMMOCTE MYCKOB (1
OCTAHOBOB) TEHEPATOPOB, HO W LIEHEL, MO KOTOPEIM
OHM FOTOBbI GYAYT NPOABATE IEKTPOIHEPTHIO, Bhi-
PaGATHIBACMYIO Ha BKIIOYACMOM  TCHEPHPYIOLIEM
oBopyzoBanii. OIHAKO TOPWIOHT MIAHMPOBAHMS B
paccMatpuBaemoii sazaue (cw. otam 4), pasi. 1)
CAMUIKOM aNEK, HTOGH! YHACTHKM MOTTH Onpese-
IMTECH C LCHAMH Ha 3ASBISIEMBIC OGBEMBI, TIOCKOITh
Ky OHM 3aBUCAT OT GYAYILINX YCIOBHil TOMMBOOGEC-
neweHHst (110 pasHEIM BiAaM TorEa). [osTomy e~
HBI B 3Q9BKAX PA3peIAcTCsi KOPPEKTHPOBATH Ha
rane 1) niannpoBatis (cM. pas. 1), ecTecTaerHo,
B CTOPOHY CHITKCHMSL.

B CILy MIPOTHO3HOIO XaPAKTEPA LICHOBHIX 3ASBOK
B 3a7a4¢ BHIGOPA COCTABA BKIIOYCHHOIO TEHEPHPYIO-
1LETO OGOPYAOBAHIS OHN HA3BIBAIOTCS WHIMKATHE-
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HBIMM M1 CIYKAT MHAMKATOPAMH, OTPAHUYHBAIOLLIN-
MH cBepXy GyayIIme LeHst. OTMETHM, 4TO HEo6X0mH-
MOCTL BBCICHMS B OTOi amauc Gonce uem
HCICTLHOTO TOH3OHTA MIAHMPOBAHNS BLISBAHA
YCIOBHEM HA HHC/IO BKTIONEHHI TCHEPATOPA — He Ha~
111e OZIHOFO Pasa B HEAEO, KOTOPOE B CROIO ONEpElt
CBSI3aHO C M3HOCOM CYLUECTBYIOLLETO 060PYA0BaHHs
TOC. Tem e 0BYCIORIEHO HCTIONKIOBAHME MOAAH-
HBIX Ha STante 4) TIAHMPOBAHNS! HHINKATHEHBX 3a-
SIBOK 1 1151 PACUCTOB, KOPPEKTHPYIOUIIX (CM. 3Tar 5)
B pasn.1) BLIGpaHHLi COCTAB 06OPYIIOBAHIS, C LETLIO
M3GEKATE “POKMPOBKH” BKJTIOCHM| TEHEPATOPOE.

IList reHEPATOPOB, 3AMIAHNPOBAHHBIX K MYCKY Ha
Stanax 4) i 5) — M0 UTOTaM OMTHMM3ALITH — 1 11O
STOMy K [UIaHY BKTIOHCHHBIX, BHIIAYHBACTCS CTO-
MMOCTb MycKa CO/IACHO NOZGHHBIM 3asBKAM Ha
nyck. TL1aHOBbIC MYCKH HE OMIANUBAIOTCA B OTHO-
WICHUW TEHEPaLIH, MYCKH KOTOPO#i MPOM3BOASATCS
110 (PUKCHPOBAHHOMY (IOCTABILIKOM WM AHCTICT-
4epOM) BpeMEHHGMY rpaduKy: HeGobue TOC, pa-
GoTaloLIe MPEHMYLLCCTRRHHO B PeAkiMe Terodi-
KaLUtH, HHBIE [CHEPATOPBI — 110 PEAHMY BbIHYAICH-
HOif HATPY3KI ILTH N0 CHCTEMHBIM YeT0BMsAM. TIpit
BHETIZHOBOM BITIONCHIH BHILTAUHBACTCS TOTHKO
CTOMMOCTE MYCKOB, 3AMIAHHPOBAHHEIX B PEXMME,
GIMIKOM K peatbHOMY BpeMeHit (ia sTane 7) u3
pasn.1). laziee M0APOBHO PaCCMOTPHM 3a1ay, peliia-
emylo Ha oTane 4).
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4.1. Mapamerps 3azaun. B ormume ot
Pa3n2,3 PACCMATPUBAIOTCS BCE HE BIBCACHHBIC B pe-
MOHT FeHEpaTOpbI (610KH H HCGIOUHBIC YaCTH 31K~
TPOCTAHL) g, @ HE TONBKO BITIONCHHBIC B CCTb, 1
BPesI {.C HYIEBOr Haca cyGBOTHI 1 10 23 1. caeayio-

1eii 3a Hei NATHULEL 5, — BRTioueHHoe (1) 1w
et (0) COCTOSIHME FeHEpATOpa g K HYJICBOMY 4acy;
8,, — IaUK MYCKOB I OCTAHOBOB AUl [CHEPATOPOR
2 paboTatounix 1o GUKCHpOBaHHOMY rpadbiKy nyc-
KOB 1 0CTaHOBOB, F, — MHOXECTBO TAKIX [CHEPATO-
posgHamoment £; P, Pi™ u P — npenensi pe-
TYMpOBAHMS FeHepaTopa g B ¥ac { M ero pabouas
MoumocTs; O, Q™ — AManasoH A €ro peaKTHE-

Hoii woumHoeTH; 1™, ™ — mpeneT cHIBKCHMA,

OBLILLICHIS HATPY3KH TCHEPATOPOM & MIPH TEPEXOte
OT uaca K uacy (B HOMHHATLHOM POTYAHPOBOUHOM
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Amanasote); €y, — LUCHOBbIC KOMIMOHEHTBI B HHAMKa-

‘TMBHOI! LLeHOBOI! 3asiBKE Ha ac f /11 TeHepatopa g,
e Mo miny. om

Cy €CL << CH (Co=0mn PI™); 7 — pm-

pauteHmst K Py COOTBETCTBYIOINX OGLEMHBIX KOM-

TIOHCHT B MHAMKATHBHOI LICHOBOI 3as1BKe /LISt reHe-

patopagHavac ,m=1,2, ... M,; A, — sasmnen-

Has  CTOUMOCTb KAKIOTO  Meraparra pagode
MOUIHOCTH TeHEPATOpa g MM €10 BKIIOUCHHH B Pa-
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GOTY M3 XONIOHOTO COCTOSIHMSI (BLIMIAMMBACTCS Pa-
3080 w151 g € F,, ccam sHauckme PL™ Gbiio obecrie-

ueno); P — sanaHHBIil AMCTIETYEPOM CYMMApHO

HEOGXOMMMBIii PE3EPB /-TO BIIA Ha 3arpysKy (pas-
IPY3KY) — C YUETOM HEONIPEAENCHHOCTH B NPOTHO3E
noTpeGaCHIs — K uacy f, R, — TeHEpaTOpLI g A1l pe-
3epBa i-ro Buma; pi", pi*t — mpomyckHas cnoco6-

HOCTH cenietitst § B uac f; P,, — cpeaHevacoBas ak-
THBHAs! MOLLHOCTb MOTPEG/ICHHSI /LTSI TIOKYMIATENSI € B

ac  (AMCTIETYEPCK i MPOTHO3 HA HEAEIO TIAHNMPO-
Barust).
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42 TMepemenHubie 3agaum 5, — BKIO-
uennoe (1) wn Her (0) COCTORHME TeHepaTOpa g B ac
t—mns ge F; P, >0 — cpeeuacosas akTHBHas
MOIIHOCTS, TLIAHMpYEMast Ha Tarie 4) K BLINYCKY 1
TeHepaTopa g B uac f npecTosIIeii Hexenn; py =0 —
BXOIISILLASt B PEMICHUE 3A/IAM €€ HACTb, COOTBETCTBYI0-
1121 m-ii CTYTICHbKE B HHIMKATHBHOIH LICHOBO 3as1BKe
reHepatopa g Ha uac f; 7, > — BEUUMHLI peseprOB
Ha 3arpy3Ky (PAsTPY3Ky), OCTABTSIEMBIX Ha FeHEpaTope
gnpu naHmposaniy Ha uac (8 MBT), Q,, — “cpemre-
4acoBast” PeaKTMBHAS MOLIHOCTS, TUIAHMpPYeMas! Ha Ta-
ne 4) k Bbinycky (>0) wn notpeGenuio (<0) reneparo-
POMgBYACH; pj; U gj; — “CPe/HCUACOBBIC” MOTOKH aK-
TUBHOIH 1 PEAKTHBHOI MOLIHOCTH, BTEKAIOUINE B Y31/
u3yana i B uac 1 no setsu (i, /) cer; ¥V >0u dj —wmo-
JIy71b 1 hasa HANPSDKCHMSE B yIE j B Yac 1.
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4.3.OrpaHuucHMs 3a1a4H paccMaTpHBa-
1OTCA 110 BCEM HacaM CeMit ILIAHMPYCMBIX CYTOK:
1=0,1,..., 167. Banaric aKTHBHOIi MOLLHOCTH BY31cj

ZpﬁZPprN:o .1

i) 8<GG) =)
L7151 KaXJI0TO Y31a j CETH, JUISl KaXJIOTO £, TIe CYMMH-
POBaHHUe BEAETCS O BCEM TeHEPATOPaM g M NOTpeGH-
TeJSIM ¢, OTHOCSLMMCS K Y3y j, 1 TI0 BCEM yanam i
CCTIH, CMEKHBIM C Y3I0M j. AHATOTHYHOE COOTHOLLIC-
HUE 3a1aeTCst /U151 PeaKTHBHOI MOILHOCTH.

3aBHCHMOCTE NIEPETOKOB MOLIHOCTH N0 BETBSM

CeTH OT HaNPSUKEHMIT

Py = GV =WV, [Teos(d - dj + )] +
+ QW [Tysin(di —d.+ay),
4y = QY= WV [Teos(d! — d} + az)] -

—G Y, [T)sin(d] —d} + o)~ VB,
19 Beex BeTBeil (i, /) CETH 1 BCEX MOMEHTOB BpeMe-

“2)

43)

ut, e @, Gy, B, — peakTuBHas, aKTHBHas it M-

KOCTHast MPOBOANMOCTS BeTBi, oy 1t T, — Ko~
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UMEHTE CABMTa azbi 1 TPAHCOPMALLIH, CCTH BT
(i,J) — TparcdopMaTop, B NpoTHBHOM Crysac o, =0
nT,=1.

OrpaHitieHIs! Ha NEPETOKH MOUIHOCTH M0 KOH-
TPONMPYEMBIM CEHEHUSIM TSt BCEX / M 3a/IaHHBIX MC-
netiepoy S

2PN Y P et @4

(= (=
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BepXHHe U HIDKHUE OTPAHHYEHHUS! LISl Beex g, 110
"NPOM3BOICTRY AKTHBHOI 1 110 IPOM3BOZICTRY WM 10~
TPEG/ICHHIO PEaKTHBHOII MOIIHOCTH, OTPEICTsieMbie
BLIGOPOM COCTABA BKIIOYCHHOTO TCHEPHPYIOLIETO
0GOPYIOBAHHSI C YHETOM PE3CPBOB BKTIOYEHHOI ak-
THBHOI MOLIHOCTH (FOPSMME pesepBbi) W rpacdmka
P, ..., P/ BLixona Ha HOMHHATHHEL PeryHMpOBOY-
HbIii MANAIOH, WIMEHATCS 110 CPABHEHHHO ¢ (2.5) Ce-
JIyIOUIMM 05Pa3oM:
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BepxHIe 1 HIKHUE OrPAaHMMEHHST LTSt BCeX g, 1 TI0
TIPOM3BOICTBY AKTUBHOIA 1 11O MPOM3BOACTBY WM MO~
TPEG/ICHHIO PEaKTHBHOII MOIIHOCTH, OTPEICTsieMbie
BLIGOPOM COCTABA BKIIOYCHHOTO TCHEPHPYIOLIETO
0BOPYIOBAHUSI C YUCTOM PE3EPBOB BKIIOYCHHOI aK-
THBHOI MOLIHOCTH (FOPSMME pesepBbi) W rpacdmka
P, ..., P/ BLixona Ha HOMHHATHHEL PeryHMpOBOY-
HbIii MANAIOH, WIMEHATCS 110 CPABHEHHHO ¢ (2.5) Ce-
JIyIOUIMM 05Pa3oM:

Py=0,=0, comd, =0
Mg =0 VT LT

rg+ Py S Py < P —

o
0" <0, <O, comdy
Py=P/ ecnndy, =

13t e(0,7(2)]: Sgur) = Sprurny = 1.

@.5)
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Tlpu 5TOM MCMIONB3YETCS HECKOBKO rPadMKOB st
KaI0r0 g B 3aBHCHMOCTH OT BPEMEHH NIOCICHETO
oTKIIoNCHIS! TetepaTopa g OT cetit. MoHo Takke
IIDEAYCMOTDETL CHILKEHHE EHbI B JASBKE HA NYCK ¢
U5 €y HacD, KOTA OT OTKIIOMCHIS 10 NOC/ICAYHOLLE-
TO BKITIOUEHMUS! g TPOXOIMT MEHBLIIE TPEX CYTOK.

OrpaHmuCHNS MO CKOPOCTH CHPOCa M HAGOPa Ha-
rpy3Kit (ccait 8, = 1) wnst Beex g u 1< 167

Pyl < Py < Pyt @.6)
(OrpaHINCHHSI HA TPUHSITHIC OGHEMBI M3 LICHOBBIX 35TBOK.
resepati, et 8, = 1, coomercrayior (27) u (2.8)

PPl @n
TIpH Beex £, m 1 g 6e3 MPU3HAKA MHTErPATBHOI 3a5BKH,
P n
> m< Y B “.8)
Hmod 290 imod 240

TIPH BCEX /m U151 BCEX TEHEPATOPOB € C NPH3HAKOM 110~
CYTOMHO MHTETDATLHOI MHIMKATHBHOf 3a51BK. Orpa-
HITMEHIS 110 CBSI3M STHX OGBEMOB B OBLIMIT 0BBEM

Py= P+ Y P 4.9

o 3,
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Crieayiouuie OpaHIICHIS Ha HEOGXOTHMOCTS
HATIH51 PE3CPBOR MOIIHOCTH SIBSIIOTCS HOBBIMI M0
CPABHEHIIO C PACCMOTPCHHBIMI B pasl. 2:

S0 g @10y
o}

ISl BeeX BUIOB i FOPSIMETO pe3epBa i
Y R(-8)2 B
=R

151 BCEX BUOB i XONOIHOTO pe3epBa.
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MeTon peneHHsi THHAMHEYECKOH 32120 ONTHMH3ANHE
€OCTaBa BKIKYEHHOT0 FeHePHPYIOIIero 060py10BaHHAs

MP. laeuzcon. A.B. Cenesnes
MI'V umenu M.B. Jlomonocosa, Mocxea, Poccua

PACCMATPHEAETCA 337492 BEIGOPA COCTABA BKTIOTEHHOTO TeHEPHDYIOMEro 0GOPYIOBAHHA.
BOIMKAOWA [pH ONEDATHBHOM [TANMPOBAHMH DEKHMOB PAGOTH JHEPrOCHCTEMHL B
‘Poccufickoi DeIEPAIIH B YCIOBHAX KOHKYPEHTHOTO DHEKA STEKTPOSHEPIHI BHOGOD COCTABA
0GOpYI0BAHIA OCYIIECTBIRETCK B EAECYTOTHOM PEAINMe Ha Ga3e IEHOBHIX 3ARBOK TIOCTABIIHKOB
anektposmeprmn. TloMmMo TpeGoBasM K KATeCTBy H HATEAHOCTH TEKTDOCHAGAEHME,
HAKTATHBAIOUINX OTPAHIYERH HA OATAHC MOMNOCTH, BETHSHHY DEEPEOB H MEDETOKOB
MOIHOCTI MeATY PAMIHMHBIMH TaCTAMI IHEPTOCHCTEMEL, IPH YIPABICHHH PEAMMAMH PAGOTH
7EKTPOCTARINH TAKKe TPEGYETCH JHTHIBATS PRI CTOKHEIX TEXHOTOTHTECKIX OTPAHEIEHHH
reHeppYIOMero 0G0PYI0BARMS, TAKKX Kak TPAQHK KaGopa HATPYIKH NIOCTE BKTIOIEHTA B CeTh
FLTH COBMECTHEIE PEXHMEI PAGOTEL T€HEPATOPOB B COCTABE MapOra30B0it ycTamosk [1]

Cihoprympyen 37137y BEIGOPA COCTABA BKTIOTEHHOTO TeHEPHPYIOMIEr0 0GOPYIOBARME Kak
sazaty MEmG3aTE CTOmMOCTH (CoSY) PAGOTS!, MYCKOB H OCTAHOBOB TeHEPATOPOS

) S Costs, )+ 5, =50+ 5y =50 | i
bt 7
PH HATHYHH OGIIECHCTEMHEIX OTPAHHYCHHH GATAHCA T€HEPAUHH H NOTPEOICHHS C YHeTOM

moteps B cern ($ymKuns Loss)
@) 3 pf = E +Loss,(pF). t =LT. pf = (Pf. P o).
=

B OrpasieRHi Ha MIKCHMATSHH NOTOKH MomEOCTH ($ymkums Flow) mo rpymman mmmi
amexTpomtepenat

(@) Flow,(pf) <FE= 1=

1T k=LN".
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Kpome Toro, 1u1si OTAC/ILHBIX Y3/10B j CCTH AMCTICT-
4EPOM MOTYT GBIT 3ANAHEI YMIOBBIC OFAHMUCHMUS
% HA UHCTIO BKIIONCHHEIX WM OCTARTACMBIX B X0~
JIOZHOM pe3epBe TeHEpaTopon (HO MeHblice uHCaa
BCEX TCHEPATOPOB B JAHHOM Y3I€, CCA HE BCE OHM
npusannexar F)

DI FETRETS SR I @11
P} s=G
E1lic OH THIT Y37IOBBIX OTPAHMNCHMiH HHULIMIPOBAH
HCXOTSILLAMH OT MOCTABLLIMKOR NOKE/AHISMH 110 pas-
HeceHHio Bo BpeMeti (Ha T 6 1) NPOLLCAYP BKTIOHC-
HIIS1 OTHECCHHBIX K OIHOMY YaTy TCHEPATOPOB.

2 18 =8nl <1 @.12)
2=6()

s Beex G, 1, te [...]" = max{0,...} — nonoxu-
TelbHas HACTb BEMNHMHbI B CKoOKax. OrpanHucHite
Ha oBliIce MNCO BKIIONCHHil rereparopa TOC 3a He-
eI BBOIMTCSI CIEAYIOLIMM 06pazo:

cemm BBy =1 By =Oannr>n,
101 gy = 0,
s BCEX reHepaTopoB g, oTHocswLncs K TOC, 1 io-
Gux 0<r,T< 167.
44  Uenenas dyHkums 3agaun

Sz usm

52 F;

(4.14)
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45.MeTon AekoMmo3nUMN B 3agaue
(4.1)—(4.14). B nantoif 3azase npHcyTCTRYIOT GyIc-
Bbl NepeMCHHBIC 8, KBAIATINHbIC OrPAHICHHs

(42)—(4.3), wrrerpansibic (4.8) 1 uibic (4.6), (4.12),
(4.13) cBA3yloLLIE MO / OTPAHMMCHISI, TIOSTOMY OHA
ABsIETCS HEGMOYHOI YAaCTHYHO LIEIOYMCICHHOIM 3a-
Maucii HEMHEIHOTO MPOTPAMMUPOBAHUSI U TPEOYCT
Pa3paGOTKH OTAC/BHBIX YHCIACHHBIX METOIOB, VM-
THIBAIOLLIX € KOHKPETHYIO CeLMAHKY (PasTHiHbIc
noaxombi e, Hanpusep, B [4, 5]). Tpiversiembiii b
HACTOsIILEE BPeMsl MOJXOA HA POCCHICKOM PBIHKE
SCKTPOSHEPIHH H MOIUIHOCTH COCTOMT B CACAYIO-
e
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Ha CTazith NOATOTOBKI K PELICHIIO TPOH3BOIT-
5 MPOBEPKa Ha COBMECTHOCTS OCHOBHBIX OTPaHItC-
it (4.1)—(4.4) u npaoit wacti (2.5) (63 orpartit-
NCHIS LCTOHCICHHOCTH) C Lebio BepudMKaLit
MCXOAHBIX ZaHHBIX. OTACTBHO MPOBEPSIOTCS Ha Bbi-
TMOAHMMOCTE 1 B CAYHAC HEBBIOTHHMOCTH KOPPEK-
THPYIOTCS OTPaHMUCHHS HA MUHUMATbHBII 1 MaKCH-
ManbHbiii cocran oGopyzosaris (4.10), (4.11). 3atem
pelliacTes LENOMCICHHas 3Aa%a, HO OTHACTHH car-
PETHPOBAHHas 110 BPEMEHH, KOTIA B OMMH BPEMEH-
HOIl MHTEPBAT OGLEAMHACTCH HECKOMBKO MOCHEA0-
BATCIBLHBIX YACOB C GIM3KMMH XapaKTCPUCTHKAMH.
Jlatee MPOBOMTCS ONTHMM3ALIS BHYTPH YKA3aH-
HbIX HHTCPBAUIOB, NMPHHCM MPHOPHTETH KOPPEKTH-
POBKM OFPaHHUCHMIi B C/yuac MX HCCOBMCCTHOCTH
ALAUOTCS  MYTEM  MCTIOMBIOBAHMS  CIICLIATBHBIX
wrmpadbytouunx kos(bduuiertos. W Ha sanepuiaio-
wwieli CTAIMH PElaeTCs 3a1aua ONTHMH3ALIN C BbI-
GPaHHLIM COCTABOM 0GOpYAOBaHHs (1TPH HKCHPO-

BAHHBIX € MPSABIIYILIAX 1LIATOB SHAUCHISX 3,). Me-

TOZbI ce PELICHIS AHATOTH'HbI PHBEACHHBIM B [2]
(BI04 PA3IEIICHHE NIEPEMCHHBIX).
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B LE/IOM pacdeT 3aHMMACT HECKOMLKO 4acoB (¢
NPUMEHEHMEM MIPOLEAYp PACTAPA/ICTMBAHMSI Bbi-
umcnermii) u ¢ koriita 2007 I, ocylIeCTRAsIETCS B ke~
HeebHOM hOpMATe: KaKbiil YCTBEPT HAYMHACTCS
€O C6Opa MCXOIHBIX IAHHLIX U ACTACTCS PACYeT Ha
CyTKH ¢ CYGGOTHI 10 BTOPHMKA (OCHOBHOII) U €O cpe-
bl 10 MATHULLL (IIPEABAPUTEILHBLIA), & 3ATEM B N0~
HEJIe/ILHIK NIPOUCXOZINT KOPPEKTHPOBOUH i pacteT
(M. 91an 5) pasa. 1) Ha cpeity, 4eTBEPT M MATHULY.
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46, WHAMKAaTHBHME UCHH  Ha
5ae¢KTPo 3Hepruio. Mpupeeri sazam (4.1)—
(4.14) Ha MOCICAHEM WIATE ONPEACISCTCS Ha HEACTIO
BIICPEA MPOFHO3 LICH Ha ICKTPOSHEPTHIO N0 3Have-
HHSIM MHOXHTENCH Jlarparka K GaTaHCOBBIM Orpa-
itk (4.1) — MRAMKATHBHBI UeHbL. Ecai no-
TpeOACHUE HAa CCYIOUMX 3TAMax MUIAHMPOBAHMS
(em. sTansi 1) 1 2) pasa. 1) He GYACT CHABHO OTTH-
YATBCS OT POTHO3MPYCMOTO HA STANE BHIGOPA 060~
PYJIOBaHIHS1, TO MHAKATHBHBIC LICHbI JOMIKHbI AQBATS.
OLICHKY CBEpXY /LISl PABHOBECHBIX LICH PhIHKA “Ha cyT-
Ki BrIepea” H LieH Ha GA/IaHCHPYIOLLLYIO 3/1EKTPO3HEp-
10 (13-32 BOIMOKHOCTH CHIKCHIT! LICH B 3A5BKaX Ha
DBIHOK 110 CPABHEHMIO C LIeHAMH B MHAMKATHBHDIX 38—




image38.png
SIBKaxX reHepaliii). Rak npasuio, Ha STanax 4), J)
avcreTep GOPMHUpYeT, CKOpee, SABBICHHEI PO~
THO3 MOTPEGICHIS, HeM IAHIKCHHEL, 4TO TAKAE Be-
ZET K TIOC/IEAYIOMIEMY CHIKEHIIO PHHOUHEIX LeH.
EAMHCTBEHHO, 4TO MOXET NPHEECTH K X POCTY 110
CPABHEHMIO C WHIMKATHBHBIMH, 5TO OTKA3 TeHEpH~
PYIOLIETO 1IN CETEROro 0GopYIOBaHIS, T.e. (haKTi-
4ECKOE MIMEHEHHE MIAHOBOTO COCTARA 0GOPYIOBa-
Hust (cm. 5Tanst 6) u 7) pasa. 1). Ho s Takom cryuae
NOCTABUIMKY NPHIETCA 3AMIATHTE HA PHIHKE WITpad
32 HETOTOBHOCTH MOLIHOCTH, KOTODBIii HECKOTHKO
CHI3UT NOMHYIO CTOUMOCTS NOTPEBICHHS! SEKTPO~
SHEprHHM (M MOLIHOCTH) /TSl IOKYTIATENEHH.
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5. Konkyperrmabiii poitiok woutioeri. MonHas cro-
MMOCTb MOCTABKHM WM MOTPEONCHUST 3ICKTPOIHEP-
Fiit /U155 Y4ACTHIKOB OITOBOFO PHIHKA 3ABHCHT He
TONLKO OT LiH, CAOKMBLIHXCS HA PACCMOTPCHHBIX
PBIHKaX S1CKTPOSHEPIHH (“Ha CyTKM Briepea” i ba-
NaHCHPYIOLLCM), HO CLLE M OT CTOMMOCTH MOLIHOCTH.
TocTaBKka MOLLHOCTH OMPEACASETCS TOTOBHOCTHIO
TeHEpaLIH K MPOM3BOACTEY N0 rpaduKy, 3aniati-
POBAHHOMY IMCTIETCPOM, @ MOKYMKA — (baKTitie-
CKHM MOTPEG/ICHHEM MCKTPOIHEPIMH B YaChl MaK-
cHMabHOIi Harpy3Kit b sHeprocueteve. C o 2008 1
5 Poccitit Havanact KOHKYPCHTHAs! TOPIORT MOLLIHO-
CTBIO (B TeX e JIOSIX, HTO M KOHKYPCHTHAs! TOPTORISI
IEKTPOSHEPIHEii), MPEANONArAIOUIAs  BOMOKHOCTS
TIPOIAKH 1 NIOKYTIKH HACTH MOLHOCTH 110 CBOGOHBIM
LicHam, B ToM nete (¢ 2009 ) PaceHHTBIBACMBIM BXOLE
GMPKEBbIX TOPrOB Ha MeCsILL BIEpEL.
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(OnHaKO B MECSIMHOM pa3pese MIaHupoBaHue 06b-
CMOB NOTPEGAICHNS U151 LISTH NPCABAPHTETLHOIH 110~
KYIKH MOWLIHOCTH OCYLICCTBISIOT CaMIt YHACTHIKH
poika. [11aHupoBaHue  HEOGXOMMOI  cHCTeMe
MOIIHOCTH B TOZIOBOM Pa3pe3e NMPOMSBOIHMTCA TPH
YHACTHM INCTICTYEPCKIX CYXG, HO HE Ha OCHOBC 11e-
HOBBIX 3aSIBOK TTOCTABLIMKOB MOIIHOCTH.

KOHKYpEHTHEIii OT60p 0TI MBaeMOii TIOKynaTe-
AAMH MOUIHOCTH Ha OCHOBE LICHOBLIX 3A7BOK N0~
CTABLLIKOB, OTPAKAIOLIIX CTOMMOCTE HOBOFO CTPO-
WTeTECTEA, YBETHUMBAIOIIETO OGLEM PACTIONAraeMOil
MOUIHOCTH, ZIOTKCH MPOBOIHTLCS 32 4—6 ST 210 BBO-
Mla COOTBETCTBYIOUIETO 0GOPYIOBaHMs (C ydeTOM
TEMIIOB CTPOHTENLCTBA “C HYI” B CTyYAC MPHHATHS
LeHOROfi 3a5IBKH) M PACTIPOCTPaHSITECs! Ha 7—10 et
(C UETbI0 0BECTICUNTL, BOIMOXHOCTD OTHECTH Ha He-
CKOIIbKO JICT 3aTPaThi Ha CTPOMTELCTBO — /LIS CHH-
eHns UeH B 3aBKax). Ha Te e cpoKu mpuxoanTes
TIOTHO3MPOBATE H TIAHWPOBATE COCTOSHME JHEPro-
CHCTEMBI (CeTeii M yXe MOCTPOCHHOI ILTH OTOGpaH-
HOIl K CTPOMTEIILCTBY B MIPEILUYIIME TONbI TeHEPa-
LNH) 1 OXNIACMOE MOTPSBACHUE B JABHCHMOCTH OT
BOIMOXHBIX LeH HA 1EKTPOSHEPIHIO M MOLIHOCTS.
TloHATH CTEMeH HCOMPEICACHHOCTH B TOi 3a1a-
de, i TIOTOMY MPABIIA PHIHKA MOMIHOCTH Mpeay-
CMATPHBAIOT MEPBI 110 CHIDKCHHUIO PHCKOB HHBECTO-




image13.png
LICHOBOH 3a5BKM) M pacnpocTpaHaTees Ha /—10 aet
(€ LLEMbI0 OBCCTICHHTE BOIMOKHOCTS OTHECTH Ha He-
CKOABKO JIET 3aTPaThl Ha CTPONTEBCTRO — AUIsE CHIt-
KeHus ieH b 3aspkax). Ha Te e cpokit mpuxoauTest
TIOTHO3HPOBATS H ILTAHHPOBATS COCTOSIHIE SHEPro-
CHCTeMBI (CeTeii 1 yKe MOCTPOCHHOI! MM OTOGpaH-
HO¥i K CTPOMTE/ILCTBY B NPEABUIYLUME TObI TeHEpa-
LUAI) 1 OKIIACMOE MIOTPEOACHIIE B 3ABHCHMOCTH OT
BOIMOAHBIX LCH Ha HICKTPOSHEPTHIO  MOUIHOCTb.
ToHsITHa CTeNeHD HEONPEACICHHOCTH B STOf 3ata-
W, 1 NOTOMY NMPABITA PBIHKA MOLIHOCTH MpEay-
CMATPHBAIOT MEpbi 11O CHIDKCHHIO PHCKOB HHBSCTO-
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POB (BKIAILIBAIOLINX ACHBIY B CTPOMTE/ILCTBO FeHE-
PALH), HO B JAHHOI PaGOTE OCTAHARTMBATECS HA
HIX He GyZeM, a 0BCY i THILIB CaMy POLIEAYPY OT-
GOpa TeX ITH MHBIX M3 NPEUIATACMBIX TIPOEKTOB.

TIpeAnonoxiM, HTo NOTpeGACHIE B CHCTEME 3a-
A€TCA HECKOBKHMMHU CLEHAPHAMH POCTa (B perno-
HALHOM i BO BPEMCHHOM paspesc). KoHKypeHTHb
0T60p MOLUHOCTH CHatana MPOBOANTES 15l KAKIOTO
CliCHApIts, a 3aTeM Ha OCHOBE MPEATIONOKCHIHi 00
SAACTHMHOCTI CMIPOCA B AOATOCPOHOI MEPCTIEKTHES
OCYLICCTRIACTES  He(hOPMANH3OBAHHbII BEICOP 13
TIOIYMMBLINXCS LISl PA3HBIX CLIEHADHEB BAPUAHTOB.
Tak uTO Jaliee MOKCEM MONAraTh BXOZHHIC JAHHBIC
U151 KOHKYPEHTHOTO OT60PA MOLIHOCTH NOHOCTBIO
onpenenernbt. Mpiies ¢ yieToM NpHHLIMTA ra-
panTHpOBaHHOrO pesyabTata [1] a1 noTpeGacHms
CIICAYCT NPHHIMATS JABBILLICHHBIE OLICHKI 13 Pactic-
Ta Ha BOMOXHBIC JAUCPAKM C BBOAAMH CCTEBBIX
OBLEKTOB, TPEOYEMBIX JUIs OOCCTICHCHIS BBLAAI
MOUIHOCTH. OTMETHM, HTO Ha CAyuail 3AICPACK CO
CTPOMTEECTEOM OOBCKTOR CHEPALITH MpABILAMI
JOMYCKAETCS MIPOBEIEHHE I0NOTHHTELHBIX ayKLIHO-
HOB Ha 3—5 7IeT BNIEPeA (110 TeM e MPHHLIMMaM).
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Onrmamamas s (1) — (3) MPOMIBOTHTCA 10 GYTEBEIN MEPEMEHHEN COCTORHIK TEHEPATOPOS
5; = {0.1}  TepEMEHHEN! IPOM3BONICTEA MOIHOCTH TEHEpATOPaMH pf
‘TeXHOTOTHNECKHE OTPAHINEHIA HEKTPOCTANINE B OGMEM BHIe MOKHO MDEACTABHTS Kak

HeTHHCHHEe OTPAMICHHA T3 NEPEMEHHSX COCTOSHHS OTICTSHEIX T€HEDITOPOS B COCTaBe
TpYTIN FeRepHPYIOMETo 0Gopy IoBaHuE:

[ORACH SRS
tae  s* =(sy.Sy.n5n ) P* = (Pf.PE.PE). i <E  — cocTosmEe  remepEpyiomero

oGopynosarms texTpocrammmn E Ea HETepEaTe ITAHMpOBANHE pexida f=17 . [lammste
OTpAEITIEHIE BOPMHPYIOT CBE35 MEDEMEHHEIX COCTOSHEA B DAVIHTHSIE YaCE! f. He MOIBOTER
‘PACCMATPHBATS 373 ONTHMIH3AIHH COCTABA GOPYAOBAHHA 1% KAKIOFO Taca B OTACTHHOCTH.

CoBpeMeHEEIe yCexs 5 peMEHEH SACTHHO INETOSHCTEHHHX 3a%a% JHEEHEHOTO
MPOTpAMMEDOBARIS GOTHION PaiMepHOCTH [2,3] AT BOIMOKHOCTS MPHMEHHT: METOTE
‘pemesns TaKix 3a1a% 4713 3219k omTmarsam (1) — (4). Hemomssosatme Gy7eBHX MepeMeRHEX
OIBOTHET COPMYTHPOBATS OTPAHFNEHHE (4) B BMIe CHCTEMS THHEHHIX HEPABEHCTE H
PACCMATDHEATS HCXOMHYIO 3ATATy ONTHMHIANNN KAK 34107y SACTHYHO HETOTHCTEHHOTO
upefisoro mporpamposasna [4]. Hemmeitmmie orpammesms (2) — (3) mpm ToM MoEO
3AMEHHTS THHEHHEDE AHATOTAMH B OKDECTHOCTH HEKOTOPOTO IOMYCTHMOTO 3TEKTPHYECKOTO
pexma.




image55.png
KpuTeprem KOHKYPEHTHOTO OTGOpa MOLIHOCTH
CAYKUT MHHUMH3ALIAS TOTHOI CTOMMOCTH OGecrIe-
EHMST 3A1AHHOTO TIOTPEGICHIS! AMEKTPOIHEPTHH (¢
YHCTOM BCEX M3IEPACK Ha ce MPOM3BOACTEO), Tec.
TIPHHIMACTCS! BO BHUMAHHE HE TOTBKO CTOMMOCTS
CTPOMTEECTBA, HO M TOMMBHbIC 3ATPATHI [CHEPATO-
pa. JList ONpeacAcHIs BKIAa KakJIoro [eHEpaTopa B
CTOMMOCTE OBCCTICuCHIs MOTPEOICHIS HAZO Ollc-
HUTB €70 OKMACMYIO 3arpy3KY Ha PhIHKAX “Ha CYTKM
Biiepen” i GAIAHCHPYIOUIEM Ha OCHOBE MOZEHPOBa-
HI1S1 €TO YHACTIAS B TOPaX 10 IPABILIaM COOTRETCTRY-
JOUIMX PHIHKOB (C MIOMOLIBIO PELICHHS 3a1a4 THTA
(2.1)~(2.10)) B ycrOBHSIX, 3ABMCSILIX O MPOLICA-
1Lcii KOHKYPEHTHBIit OTOOP MOLUHOCTH HHBIX TeHe-
PaTOpOB, KOTOPast B CROIO OMEPEb CHA3AHA C HX Oy~
JyLLiCit 3ATPY3KOM, T.C. C X KOHKYPCHTOCTIOCO0HO-
CThio Ha PLIHKAX 37ICKTPOSHEPTHH (B TOM 4HCAE 11O
CPaBHEHIIO ¢ paccMATpHBACMbIM retieparopo). Ta-
KItM OGPA3OM, XM K NOCTAHOBKE JA1aui
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HOLUMX PBIHKOB (C MOMOUIBLIO PELICHMS 3a1a4 THNa
(2.1)~(2.10)) B ycrOBHSIX, 3ABMCSILIX O MPOLICA-
1Lcii KOHKYPEHTHBIit OTOOP MOLUHOCTH HHBIX TeHe-
PaTOpOB, KOTOPast B CROIO OMEPEb CHA3AHA C HX Oy~
JyLLiCit 3ATPY3KOM, T.C. C X KOHKYPCHTOCTIOCO0HO-
CThio Ha PLIHKAX 37ICKTPOSHEPTHH (B TOM 4HCAE 11O
CPaBHEHIIO ¢ paccMATpHBACMbIM retieparopo). Ta-
KItM OGPA3OM, XM K NOCTAHOBKE JA1aui
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MaTeMaTiecki BronHe  anazorioii (4.14), ¢
orpanmscriym (4.1)—(4.10). 3acch neppast cymma
GEPETCSI 110 TEHEPATOPaM g, YHaCTBYIOLIMM B KOHKY-
PCHTHOM OTGOPE MOIIHOCTH, a BTOPas — cli¢ i 1o
BCEM FeHEpaTOpaM g, paGoTOCTIOCOGHBIM K TOAY BBO-

112 oT6Upaemoii MowHOCTH (g € D), 0 KOMIOHEH-
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Tam m B 3aBKAX HA POWIBOZICTEO SIEKTPOSHEPIUH
U151 g M 110 { — BCEM 4acaM JaHHOTO Fofa, pasbuToro
Hal HECKOJTBKO THTIOBBIX CYTOK (pAGOUMii ITH BIXO-
HOIi ZISHb 3MMB, JIETa, MABOKOBOTO nepoaa). Ma-

paserp AL 13 3a4BKH — CTOMMOCTS K&KIIOTO Mera-
BaTTa PACTIONAraeMOii MOLHOCTH TEHEPATOpa g NpH
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€ro BBOJE (B C/TyHac MOAEPHHM3ALIMM Pe4b MIET O MpU-
PALLCHII PACTIONArACMOli MOLIHOCTH), OTHECEHHas
K MHCIY JIeT, Ha KOTOPOE KOHKYPCHTHBIM OTG0POM
TAPAHTUPYETCA OMLIATA MOUIHOCTH. CMbICT GYTCBLIX
nepemertbix 3. b (5.1) — npoxosxaeie (1) i Her
(0) sasipkoii st renepatopa g € K KoHKypeHTHOrO
ot60pa MowHOCTH. PopMaTbHO MonOXMM 35 = 1
ans Tex g D\ K, KOTOPhIM B CIt1y NMPEbLAYILIX
KOHKYPCHTHBIX OTGOPOB OILIABACTCS MOWLIHOCTb B
paccmaTpHBacMoM rony. CMBICA BCEX OCTABHBIX

NapaMETPOR I MIEPEMCHHBIX TOT e, 4TO M B 3aasax
n3pasn. 2—4.
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B orpanmuennsx (4.5), ecnu ynpocTHTh B
rPachHKOB, OCTAIOTCS TONBKO MEpBbIC ABa, MPHEM C
VHCTOM TCHEPATOpOB g, HE YNACTBYIOILX B KOHKY-
PCHTHOM OTGOPE MOIIHOCTH, HO ILIAHHPYCMBIX K Pa-
GoTe (BBEACHHBIX WIM MPUHATHIX B GOJCe PaHHHX
KOHKYDEHTHBIX OTGOPAX), IOTYHHM
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0, =0, ccmd"=0ugeKk\D;

w5y = 1ug, =

ry+ PPN < P < PP -y,
0" <0, <O ecnndl™ =1, 5,=1;
P < Py < P =BRSSBT,
105" < O <10,

comn 827 =0, ge D, 8y = 1;

(52)

(53)

(5.4

e v, P € (0, 1) — koadduumenTsI, 3aBUCsILIME OT
CPOKa HEOTIATEI MOLHOCTH TCHEPATOpa g, 3a1aI0TCs

9KCTIEPTHO.
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B orparmtermsix (4.6) KOPPEKTHPYETCs: mpeziest 1o
1. K yenoBisn (4.8) 200aRIsIoTCS TAKKE HHTCTpaTb-
Hbic (FONOBBIC ILTH 10 THTIOBBIM MIEPHOAM) OTPAHI-
NeHMsI Ha BLIPAOOTKY, JABHCSLLME OT OXHIAHMI 1O
OBCCrIeHCHHOCTH TOMLIMBOM (B TOM 4HCIC HATHHs
BOIMOKHOCTH PaGOTHI Ha PE3EPBHOM TOILINEE IH1i 32~
KJIONCHHBIX MHOTOCTHIX IOTOBOPOB Ha MOCTABKY
TOIUIHBa), IAHUPYCMOli HACTOTEI PEMOHTOB (0GY-
CIIORICHHOIi CTETICHBIO H3HOCA OGOPYIOBAHIS) H T,

Z Py < P, (5.5)
=
rae T(/) — MHOXECTBO Yacos /-To nepHoaa.
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Jlnst peuserns 3anaun (5.1) ¢ orparrichisvi (4.1)—
(44), (4.6)—(4.10), (5.2)~(5.5) npumeHiiM ToT ke
METOZ IeKOM MO, 41O 1 15 (4.1)—(4.14). Mio-
sxurenn Jlarparika K orpariticHman (4.1), nonysac-
Mble Ha NOC/ICAHEM LIATe PACHCTA, CAYKAT MPOrHO-
30M PABHOBCCHBIX LICH Ha /ICKTPOSHEPIHIO, COOT-
BCTCTBYIOLMX  PACCMATPHBACMBIM  CLCHAPHBIM
yerosuam. HaiieHHbie B pesybTaTe peliicHits Lieo-
HCICHHOI 37a%H 3HANCHINST 5, OMPEACASIOT € yie-
TOM LLEHOBBIX 3aBOK [CHEPALIITH CTOHMOCTE MOLLIHO-
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TloTyueRHAR SACTHYHO NCTOSHCICHHA® 3313Ma THHCHHOTO TpOTPANMHPOBIHHA HMeeT
GOTIIYI0 PAIMEPHOCTS i PENIAeTCS NPHGTHACHEO C HCIOTS30BIHAEN IBPHCTHTECKIX METOTOB 1
MeToxa metseli 1 rpammy [2.3]. JIT% poccHACKOH SHEPrOCHCTEMS! PAIMEPHOCTs IOTyTeHHoOR B
Pe3yTETATE HETOTHCTERHOR 3ATATH COCTABIAET OKO710 770 000 mepenemserx (3 Hmx 53 000
Gyaessix), 1 000 000 Hepasercts, 7 000 000 HeHyTeBEX Ko3bbHUHERTOR B MaTpHue 3agatn. C
HCHOTS30BAHHEN CMIENHATH3HPOBAKEOTO IPOTPAMMEOTO OGECTESEHIE 14 PEMERHS TACTHNHO
IETOTHCTEREEIX 32712 THHeEHHOTO TpOTpaMMEpoBaRA (Takoro kax IBM ILOG CPLEX. FICO
Xptess m1n Gurobi) AQHHa% 321242 MOKET GHIT: PeIllea 32 PETTAMHTHOE BPEMS C IpHEMITEMofi
TotocTsIo (MIPGap < 0.5%).

Ha mpakmike HeommmaTsEoe pememme samamm (1) - (4) Moer mpHEOTMTE K
"HEPAIMOHATSHEN PE3yITSTATAM KaK % HEIHBHIYATSHEX YIACTHHKOB PHEKA, TAK H T4 PHEKA B
netos. [Ii% BHSBICHHS H YCTPIHCHNS NOJOGHEIX PE3YISTATOR DAPAGOTAHE ATTOPHTME
AMOCTepHOPHOTO  NeHO0GPa0BaHES [5] H AONOTHHTETSHOM ONTHMIDAUNH pelyTTATOR
P —
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©TH B 3THX yeroBHsX. Bee BMecTe aeT nonmyio cTom-
MOCTb OBCCTICUCHIS 3ATAHHOTO CUCHAPHA POCTa
NOTPEGCHIST B NPHHSTHIX NPEATIONOKEHUSIX 110 Bbi-
OMHEHHIO TL1AHOB PA3BHTHS SHEPTOCHCTEMEL.
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[t mpakTHUECKO  pealu3yeMoCTH  pacueTa
orparscris (4.2), (4.3) npHXoANTCH ynpouaTs,
Tem GoJlee UTO NApaMeTphl GyAYLLICHi CETH U3BECTHBI
BechbMa MpUGM3UTENBLHO. 10 Toil e MpUuMHE Mapa-
MeTpbi 415 OrpattitcHitii (4.4) 3ana0Tes CLCHAPHBIM
0BpasoM i oT petuierist 3azaui (5.1) TpeGyeTCst Bbi-
TONHCHUE OrpaHMUCHMIl Cpasy /IS BCeX Hanbonce
BEPOSITHBIX CLIEHAPHER PA3BHTHS CETEBOI CTPYKTYPEI
cicTembt. TTpit STOM MOCKOBKY BEPOATHOCTD peatit-
3ALMH TIAHOB CETEROrO CTPOMTENLCTBA 3ABHCHT OT
(MHAHCHPOBAHIS, TO IMLLY, PHHIMAIOLIEMY PeLlic-
Hite, MpeROCTaRNSIOTCS 3HaseHist (5.1) M0 KakIOMy
PACCMATPHBACMOMY CLICHAPHIO, UTOOBI GbITA BO3-
MOKHOCTS OLLCHHTS beKT (1t yilieps) oT npitsi-
THSI TOit MM MHO# ITPOTPAMMBI PA3BHTHSI CCTH.

3akaioventite. CpaBHIUTENbHbIC PE3YISTATE TOP-
TOB Ha PhIHKAX “Ha CYTKH Briepea” i GATaHCHpYio-
LLieM MPEACTARICHBI Ha CaiiTe AMCTIETHEPCKOl CIYK-
GBI (CHCTEMHOTO OMepaTopa) /UIsl ONTOBOTO PhIHKA
‘37ICKTPOIHEPIHH H MOLLHOCTH 110 3ICKTPOHHOMY all-
pecy http://br.so-cdu.ru. Ha caiite cicTemtoro ome-
paropa (Wwwso-cdULTU) MOKHO MPOCTCAHT Takke
32 MPAKTHHECKMMH CBOMCTBAMM ADYIUX Mofereit,
aHATH3MPYEMBIX B HacTOsIIIE paGoTe.
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ANropuTm paboTbl ONTOBOrO PbIHKa 3/1IEKTPO3HEPreTUKM Poccumn

* YuacTeyioT TonbKO feHepaun
* Kakoii 610K KaKo¥i 3M1EKTPOCTAHIMHN BKAIOYATE?

* [ins BrmodenHOro 6noKa onpeaensetca Makc u Mih sbipaGoTka.
* 3a 1 Hepenio 40 nocTaskm

* Yuactsyio leHepatym u MoTpebutenu
* Cronbko MBT Byaer sbipabaTbisaTh Kamabili 6710k & ONpeaeneHHbiii wac?

* Cronbko MBT Byaer noTpe6naTs Kamabiii MoTpebuTens & onpeaeneHHbiii Hac?
* 3a 1 cyTku 0 NocTaBKM

PbIHOK Ha

CYTKM
Bnepes,

* He yuacteyiot fenepaumi u Motpe6uTenn
* Cronbko MBT peanbHo ByaeT sbipaBaTsisaTb Kamabiii 610K & OnpeaeneHHbil 4ac?
* 3a 4 uaca Ao nocTaskm

banaFficupy|
owmit
PBIHOK
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PbIHOK Ha CYTKM Briepea, onucaHue

Uera

Crpoc Ha snekTposKeprio
(3an@Km nokynateneii)
Mpeanoxenwe anekTposHeprin

(3an@u nponasoe)
—

‘__\—}

Taus
a npoussogcTEo

Ha noTpeSnene

PasHosecHbih o6vem (P,,) Obrem
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PbIHOK Ha CYTKM Briepes, uenesas GyHKUUA Moaenu

Makcummaupyem ouiectsenHoe Gnarococtontue:

ST TR YT

CrowmmocTs, KoTopyio roTos noTpe6uTens
€ 3anaTUTS 33 3nEKTPOSHEpTUIO.

Mlonger uenosyio 3amsky creayiouyo:
"
1cr. no ewe Cee - nponaem oBbem Pey
2 2
2. no uene Co; - npogaem obvem Pey
3

5
3cr.no uene Co; - Mpogaem obvem Pey

npu sTom
1 2

Cot >Cor >
n %

Pyt <Py <Py

02.0:

015
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PbIHOK Ha CYTKM Briepej, orpaHuueHns
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PbIHOK Ha CYTKM Briepej, orpaHuueHns
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PbIHOK Ha CYTKM Briepe/, pellieHne 3a4aumn

B peay/bTaTe pelueHma 3aa1aum Ha KaxaIii yac Ha 1 cyTkw snepes onpeaenioTca:
) m
+ Tnanosbiii 06vem noTpeBrenua kaaoro MNotpebuTens Poy

m
* TMnanosbiii 06bem BbIpaBoTk KaxaOro 6710Ka INEKTPOCTaHUMiA Pyy

¢
* MnanoBbie NEPETOKM IMEKTPOIHEPTMM MO KamAOV BETBM P;;

* MuoxuTenu flarparika npy OrpaHMUEHHNAX:

> A (Npy 6anaHCOBOM OrpaHUUEHMM) — LieHa B KAKAOM Y3ne MoaenH

> A4 (NPY OTPaHMYEHUY Ha KOHTPONMPYeMbie Celenya) — LeHa nocreaHero MBT
NpONYCKHOM CNOcoBHOCTH cevermA
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PbIHOK Ha CYTKM Brepef;, He PbIHOK COBEPLIEHHON KOHKYPEHLMMN

He Bce 0B bembl NONIHOCTbI0 OMAUMBAIOTCA Ha PIKe, eCTb 40TOBOPI M0
perynupyemoii ueHe

«B YCTI0BMAX COBEPLIEHHOI KOHKYPEHLWY (LieHa B 3aABKe YUacTHUKa He
MEHRET PABHOBECHDIX LieH), ONITMMA/IbHOV CTPATerVeii reHepaTopos ABAETCA
MCKpeHHAR CTpaTeruan

UNCNIO MOCTABUMKOB 3HAUMTENIDHO MeHbLLE YMCa NOKyMaTeNedt
IMACTUIHOCTL CPOCa B KPATKOCPOUHOM MEPUOAE HM3Ka

MsnepsKin 8oIpaboTKN y pasHbiX 31eKTPOCTaHUMI PasniHb!

leHepauuu He 3aBbllIAIOT 3aABKM

HeobxoaMMmocTb pesepsa MOWHOCT
OCT peryaupyer Tapudbl aneKTpocTaHuyii
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banaHcupyioLmii peiHOK, Moaenb

* Motpebnennn aHanuaupyior aucneTuepa
* TeHepaLy He NOAAIOT 3aABKM, 1A PEEHUA 33A34N MCTIONb3YIOT UX 3aABKN
Ha poikke Ha cyTkw snepes, (PCB)
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no uewe wtpada
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MATEMATUYECKASI MOJIE/Ib VIIPABJIEHNSI DHEPTOCUCTEMOI
B YCJIOBUAX KOHKYPEHTHOI'O OIITOBOI'O PHIHKA
DJIEKTPODHEPTUHN Y MOITHOCTHU B POCCUN*

©2009r. M. P./lasnacon, 0. B. /loranymkuna, E. M. Kpeiinec, H. M. Hosukosa, A. B. Celtesnes,
10. A. Yaaasuos, J1. B. Inpsiesa
Mockaa, MIY, 000 “Kapana”, BI PAH
Toctynuna s penaumio 10.09.08 .

TlocTpoeHa MaTeMATHYeCKas MOeJth ONTHMM3AIIMH PAGOTE! eMHON SHEProCHCTEME POCCHH MyTeM Bhi-
GOpa PeXHMOB JAIPY3KH TeHepHPYIONLero 0GOPYJOBaHHS Ha Gade IEHOBLIX AsIBOK TeHepHPYIOLIIX KOM-
‘nanui. TIPEANIONATaeTes., 41O ONTHMH3ALINS POBOIMTCS! 110 KDHTEDHIO HAMMEHbILIEH CTOMMOCTH C YUeTOM
CeTeBLIX OTpaHUteHIi W YC/IOBI 110TOKOPACTIPEIE/IeHIS! B 21eKTPOHEPIETHYECKOM CHCTeMe. PaceMOT-
'Deifhl OCHOBHbIE STAITL IDHHSITHS! YNIDABSIOLIIX PellIeHIit W UX CBSI3L MeX1y CoGofl. Mtoxelta y1iosas
MOZIelth 1leHOOGPAIOBAH S Ha 21eKTPHYECKYIO SHEPIHIO B AaHHO CYeMe. MICCTelloBaHO BmsiHe Ha 310~
‘Bbie PaBHOBECHLIE leHb! PAYIHYHLIX STarnop. [pHBelIeHo OMicaHme MoleH (Y HKIHOHUPOBAHMS OTITOBO-
TO PLIHKa 7eKTPOSHEPIHH 1 MowHocTH B Poccui ¢ 01.07.2008 &




