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OBIIASA XAPAKTEPUCTUKA PABOTBI

AKTyaqabHOCTH NpodieMbl. Borpoc obecnieueHns ycToH4nBOW © Ha-
JeKHOHM pabOTBI SHEPTOCUCTEM OCTPO CTOMT Kak B Poccum, Tak M 3a pyOexoM, o
4eM CBUICTENBCTBYIOT HEABHUE CHCTEMHBIE aBapHUHU, COIPOBOXKAAIOLINECS HAPY-
IICHHEM JJIEKTPOCHA0KEHHUsI 3HAYNTEIBHOTO YKCIIa MOTpeOuTenel (Hampumep: Ha
TIC Yaruno B mae 2005 r.; orkmrouenue auauii Ha [IC FOxnas B 2009 r. B T.
Cankr-IlerepOypre BcliencTBHE 3arps3HEHHs] BHELIHUE n3osiiuy; aBapus Ha [1C
330 kB Bocrounas B aerycte 2010 r. B . Cankr-IletepOypre u apyrue).

OnHuM K3 crioco0oB obecredyeHus HaJAeKHOCTH 3JIEKTPOCHAOKEHUS 10-
TpebuTenell SBISETCS MOBBILIEHHE MPOIYCKHOW CHOCOOHOCTH JIMHHUHK 3JIEKTPOIIe-
penayy U HaJM4ue pe3epBOB MOILIHOCTEH. YCIOBHUSA PHIHOYHON 3KOHOMHUKH Ipea-
MOJIaraloT MOJHOE UCIOJIb30BAHUE MPOIYCKHOW CIIOCOOHOCTH JIMHUM 3JIEKTpoIie-
penmadm, BoO3daras peIICHHWE 3aJaddl OOCCICUCHHs YCTOMYMBOCTH HA BCIIOMOTa-
TENBHBIE CHJIOBBIE YCTPONCTBA, 0OECIICUNBAOIINE €€ 3aJaHHbIC WM JIOITYyCTHMBIC
napaMeTpsl. CerofHs MpeAIoKeH st MyTel pereHus 3Toi npodnemsl. OxHaKo, ¢
YBEIMYCHUEM EIUHUYHOW MOIIHOCTH 3JEKTPOOOOPYNOBaHMS CHCTEM 3JIEKTpO-
CHAOXCHMS M3MEHSIOTCS TpeOOBaHMA, NPENbSIBIsIEMbIe K HACTPOCYHBIM ITapaMeT-
paM peryIupyIoluX YCTPOMCTB, U, CII€A0BAaTEIbHO, BOSHUKAIOT HOBBIE OTpaHHYe-
HUS Ha PEeXKUMBI paboThl JIMHKH 2sekTponepenaun (JIDII).

ITpumenurensHo k cetssm 500 — 750 kB B Poccuu B BocbMHIECATHIX — Jie-
BAHOCTBIX rofax 20 Beka MHTEHCHUBHO Pa3BHBAJIOCh HAyYHOE HAIpPAaBJICHUE, CBSA-
3aHHOE C MCIIOJIb30BaHMEM YIIPaBIseMbIX IIYHTHpYyomux peaktopoB (YIIP). B
HacTosIIIee BpeMs B CETSAX PasIMYHBIX KJIACCOB HANPSDKEHMH YCTaHOBJIEHO Ooiee
30 YIIP. OnHako, CerofHsi OTCYTCTBYIOT 00OOIICHHBIC TEXHUIECKHE TPeOOBaHUS,
KOTOPBIM JIOJDKHBI YIOBJIETBOPATH JIMHEHHBIE YIpaBIIEMbIE PEAKTOPBI, W, 4TO
0COOCHHO Ba)XKHO, HE Pa3pabOTaHBl METOJMKH TEXHHKO-IKOHOMHUYECKOTO 00OCHO-
BaHUs IPUMEHEHHs YIPABISAEMBIX LIYHTUPYIOIMIMX PEAKTOPOB M HE ONPENECIEHBI
KPHUTEPHH BHIOOpA MECT MX YCTAaHOBKHU B 3HeprocucteMax. Jlist BeIOOpa MecT ycra-
HOBKH YIIIP HeoO6X0auMo MpOBOANTE MIMPOKOMAcIITAOHbIE UCCIIEIOBaHMS HA (H-
3UKO-MaTeMaTHYeCKON MOJENH MOJHOM CXEMBI CeTH C peaau3alyei KoMIUIeKca
YCTaHOBMBIIHMXCS PEXHUMOB. B CBSI3M C 3THM BechMa aKTyajJbHa pa3paboTka Me-
TOJUKH U (OPMHUPOBaHKUE KPUTEPHs JUIsl BbIOOpa MecT ycraHoBKU YIIIP B BeICOKO-
BOJIBTHBIX CETSIX. DTO MO3BOJIUT OLIEHUTH L1EIeCO00Pa3sHOCTh NMPUMEHEHHS yIpaB-
JIIEMOI0 TIOTIEPEYHOTO YCTPOWCTBA KOMIIEHCAIIMM PEAKTUBHOM MOIIHOCTU Ha TOU
WM MHOH MOJICTaHIIMY 110 KOJMYECTBEHHBIM MTapaMeTpaM CHUCTEMBI.

Heabio padoTsl ABAsIETCS HAYYHO-METOANYECKOE€ 0OOCHOBaHHE BBIOOpa
mect ycranoBku YIIP B cersix 330 — 500 kB st nmoBbIlIeHUs MX MPOITYyCKHOW
CIOCOOHOCTH U o0OecriedueHus TpeOyeMoro YpoBHS HaI€KHOCTH Y9HEPTOCHCTEM.

OcCHOBHBIE 321241 HCCICOBAHUSA

1. BBINOJHUTH aHANM3 CYNIECTBYIOMIMX MOJXOJ0B ISl TIPUHATHS pelie-
HUS 00 YCTaHOBKE YCTPOWCTBA MONEPEYHOH KOMIEHCAIMH B BBICOKOBOJIBTHBIX
CeTSX.



2. Pa3paboTath KpUTEpUM U METOAUKY BBIOOpAa MECT YCTaHOBKH YCT-
POMCTB TMONEPEUHON KOMIIEHCAIIMM PEaKTUBHON MOIIHOCTH B BBICOKOBOJIBTHBIX
ceTsix 330 - 500 kB Ha 0cHOBE OLIEHKH MapaMETPOB CUCTEMBI.

3. Peanm3oBaTh mpeAnoKEeHHYI0 METOAMKY B ACHCTBYIOIIMX 3HEPTOCHUC-
TeMax, TAE€ OCTPO CTOMT MpoOiieMa 0OeCHeYeHUs! MOBBIMICHUS MPOITYCKHOM CIIO-
COOHOCTH JTMHUH 3JeKTporepenadn. [y 3Toro Heo0OX0AUMO:

. pa3paboTaTh SKBUBAJICHTHBIE CXEMBI M (PU3UKO-MATEMAaTHIECKAE MOJEIN
sHeprocucrem ¢ YIIIP B cpene 0ObEKTHO — OPUEHTUPOBAHHOTO MPOTPAMMHPOBA-
HUSL C TIOMOIIbI0 COBMECTHOTO HCIIOJIb30BaHUS CPEbl KOMIBIOTEPHOTO MOAEIUPO-
Bauust MATLAB n Dymola;

. HCCIIeI0BATh YCTAHOBHUBIINECS PEXHMBI PabOThI B TPEX YHEProCUCTEMAx
¢ ycra"oBneHHbIMU YIIIP - Konbcko-Kapensckoro tpansura 330 kB, Tpansura
Cesep-IOr Kazaxcranma 500 B, tpamsuta HoBo-Amxepckas - TaBpuueckas
500 B;

. MIPOBECTH aHAJH3 IIOJNYICHHBIX NAHHBIX B YKa3aHHBIX YHEPTOCHUCTEMAX,
UCTIONB3YS TPEUIOKECHHYI0 METOAMKY, M ChOopMyIHpoBaTh 0OOOIIEHHBIH KpUTE-
puii BEIOOpa MeCTa yCTaHOBKH YIPABIIIEMBIX HIYHTHPYIOIINX PEAKTOPOB IIpHUMeE-
HUTeNBHO K ceTsiM 330 - 500 xB.

4. OueHuTh BIMAHHE HACTpPOeYHBIX napameTpoB YIIIP Ha mokasatenu
CTaTUYECKON YCTOMUYUBOCTH SHEPTIOCUCTEM.

5. PaccMorperh 0COOEHHOCTH TPUMEHEHUs pa3pabOTaHHOTO KPUTEPHUs
BBIOOpa MECTa YCTAHOBKH YIIPABISEMBIX LIYHTUPYIOUIMX PEaKTOPOB B TOPOJACKON
CeTH.

B xauecTBe OCHOBHBIX METO/I0B HAYYHBIX HCCIeJOBAHMI IPUMEHSIINCH
YHCIIEHHbIE SKCHEPUMEHTHl (HM3MKO-MaTeMaTHUECKHX MOAeNeH, KaKk B OJKBHBa-
JICHTHBIX, TaK U B IIOJHBIX CXE€MaxX PeabHbIX YHEPrOCHCTEM, KOTOPHIEC BBIITOIHS-
JMCh B CMEIUAIM3UPOBAHHBIX MPOrpaMMmax pacuera - Takux kak Dymola, MAT-
LAB u RASTR. B ¢u3uko-mareMaTHIeCKOM OIMICAHUHN MOJIENeH MPHUMEHEHBI H3-
BECTHBIE CHCTeMBI T depeHInaNbHbIX YPaBHEHNH JIEMEHTOB 3JIEKTPO3HEPTreTH-
YEeCKOH CeTH, YHCIEHHOE pelIeHHe KOTOPBIX I03BOJISET BBINOJHUTH PAcUeTHl Ie-
PEXOJIHBIX U YCTAHOBUBIINXCSA PEKUMOB PAOOTHI.

Hayunasi HOBM3HA IHCCEpTAIlMOHHON pabOTHI 3aKI0OYaeTCs B CIEIyIo-
meM:

1. Pa3zpaborana MeTonuKa, IMO3BOJISIONIAs BHIOpaTh MecTa YCTaHOBKH
YIPAaBIISIEMbIX YCTPOWCTB IONEPEYHON KOMIIEHCALIMM PEAKTUBHOM MOIIHOCTU B
BBICOKOBOJIBTHBIX CETSX, oOeclieunBaroniye Oosiee BBICOKYIO CTaOWIM3alMI0 Ha-
NpsDKEHUS U TTOBBIIIEHNE MPOIYCKHOI criocobnocTH JIDII, a taxke obecrneunBaroT
HEeoOX0MMbIe OKA3aTeIH YCTOHYMBOCTH CUCTEMBI.

2. IlpennoxxeH kpurepuii BIOOpa Mecta ycraHoBkH YIIIP B cersax 330 -
500 kB. YuursiBatomuii, KpoMe 3HaYEHUS] MOIIHOCTH KOPOTKOTO 3aMbIKaHUS B
Mmecte yctaHoBKM YIIIP, oTkiOHEeHHE HampspKeHUs! IIPH TECTOBOM BO3MYIIEHHH U
MOIITHOCTh PEaKTOpa, YTO B CBOIO OUYEPEIb MO3BOJSET OOJiee TOYHO ONPENCIUTh
MeCTa YCTaHOBKHU YIPABISIEMOTO MOTIEPEYHOTO YCTPONUCTBA KOMIICHCAITNH U OXBa-
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TUTH G0Jiee NIMPOKUH CIIEKTP BO3MOXHBIX 9KCIUTYyaTaAlHOHHBIX PEKUMOB B SHEPTO-
cHcTEME.

3. Pa3paboTanbl MaTeMaTHYECKHE MOAEIH HECKOIBKHX PEANbHBIX JHEP-
TOCHCTEM B Cpefi¢ OOBEKTHO-OPHEHTHPOBAHHOTO IPOIPaMMHUPOBAHHS Ha SI3BIKE
Modelica, mosBonsiome co3maBaTh 0GoJiee CIOKHBIE KOMITBIOTEPHBIE MOICITH
9HEPrOCUCTEM M C HCIIOIb30BAaHUEM OTPAOOTAHHOTO B3aMMOJACHCTBUSI IPOTPAMM-
HBIX obOosouek cucteM mozaenuposanusi MATLAB u Dymola BHITOTHATE OIICHKY
3araca cTaTHYecKol YCTOWYMBOCTH S3HEPTrOCUCTEMBI.

IIpakTHyeckast HEHHOCTb.

1. TlpumeHenue pa3pabOTaHHBIX (PU3MKO-MATEMaTHYECKUX MOJENEH pe-
AJIbHBIX YHEPTOCUCTEM B Cpefie 00BEKTHO-OPUEHTUPOBAHHOTO TPOrPaMMHUPOBAHUS
Modelica ¥ mnpeasIoKEeHHOro0 anropuTMa COBMECTHOTO HKCIIONB30BAHUS MPO-
rpamMHBIX 06osouek Dymola 1 MATLAB mtipi peKOHCTPYKITMH U ITPOSKTHPOBA-
HHUH JIEKTPHUYECKUX CHCTEM, COJCPKAIUX MPOTSDKCHHBIC JIMHUU 3JICKTpOIepeia-
gn 330 — 500 kB, mo3BONAIOT pemaTh 3a4adi HOPMAIIM3AIlUN YPOBHEH HampsKe-
HUS, TIOBBIIMICHHUS TPOITycKHOH criocoOHocTH JIDII, OneHKH 3amaca CTaTHIecKoi U
JMHAMHYECKOW YCTOHYMBOCTH, a TaKKe YJYUIICHHS ITOKa3aTeneil MepexoHbIX
MPOLIECCOB B aBAPHHHBIX PEXKUMAX.

2. Meroauka u kpurepuii BeiOopa mecT ycraHoBku YIIP mpemoxens
JUIA BHEIPEHUS B SHEProCHUCTEMaXx.

Peanuzanus.

PesynpTaTthl auccepTalMOHHON paboTel peanu3oBaHel B Koibcko-
Kapenbckom Tpanzute 330 kB, tpanzure 500 kB Cesep-lOr B Kazaxcrane, Tpan-
3ute 500 kB HoBo-Anxepckas - TaBpuueckas B OOC Cubupu u B s3HEprocucreme
330 kB «Jlensnepro».

JlocTOBepHOCTh Pe3yJbTATOB H 000CHOBAHHOCTH HAYYHBIX MOJIOXKe-
HMIi TTOJTy4YeHHBIX B IUCCEPTAIMOHHON paboTe, HOATBEPKIAETCS UCCIICAOBAHUSIMA
W DKCIICPUMEHTAMH, BBITOJIHEHHBIMH Ha (PU3MKO-MAaTEeMAaTHUECKUX MOJAECNSAX JeH-
CTBYIOIIMX HEPTOCHUCTEM.

B namnccepranmnonHOl paboTe NMPOBEAEHBI HCCIEIOBAaHMSA, ITO3BOJIMBIINE
pa3paboraTh METOUKY M c(HOPMYIUPOBATh KPUTEPUAIILHBIEC YCIOBHS BEIOOpa Mec-
Ta yctaHOBKH YIIIP ¢ 1enpro MOBBIMIEHHS HAC)KHOCTH JIEKTPOCHAOKEHHUS ITyTeM
HOpMaNU3allii YPOBHEH HANPSHKEHHUS M TOBBIIMICHUS HPOIYCKHOHW CIOCOOHOCTH
JUHUHN 3nekTponepenayn. Takxke oTpaboTaH MEXaHH3M COBMECTHOI'O MCIIOIH30Ba-
HHs porpammHoro obecreuenus Dymola 1 MATLAB nist pacuera ycTaHOBHB-
MIMXCS PEKUMOB, OLIEHKHM 3amaca CTaTHYeCKONW M JIWHAMHYECKOH yCTOWYHMBOCTH
cucTeM. YKa3aHHbIE HCCIEA0BaHUs cOOTBeTCTBYIOT 1. 10 «Teoperudeckuil ana-
JIM3 W pacyeTHBIE UCCIIEIOBAHMS 10 TPAHCIIOPTY 3JIEKTPOIHEPTHH MEPEMEHHBIM U
MIOCTOSIHHBIM TOKOM, BKIJIIOYast ITpoOJIeMy MOBBINIEHUs NPOIYCKHOM COCOOHOCTH
TPaHCIIOPTHBIX KaHAIOB» U 1. 13 «Pa3paboTka MeTonoB ucnoiabp3oBanus OBM s
penieHust 3a71ad B DJICKTPOIHEPreTHKE» MACHOPTY HAYYHOH CHenHaIbHOCTH
05.14.02 «DnekTpuYecKHe CTAHIINHU U YJIEKTPOIHEepreTuYecKne CHCTeMbI».



OO0BbeKTOM HCCIeJOBAHUSA SBISIOTCS NPOTSKEHHBIE BBHICOKOBOJBTHBIE
TpaH3uTHBIE JTMHUA HanpspkeHrueM 330 - 500 kB.

IIpenMer ucciie10BaHNA — YCTAHOBUBIIHUECS PEXKUMBI PAOOTHI pEaIbHBIX
sHeprocucteM HamnpspbkeHueM 330 - 500 kB, ux ontumusanus U ynpapiaeHUE AJs
HOPMaJIN3allii YPOBHS HANPsDKEHMS U oOecriedeHus TpeOyeMoil MPOIyCKHOM cIo-
COOHOCTH JINHHH IMyTeM BBIOOpa MECT YCTAaHOBKH YIIPABIIAEMBIX MONIEPEUHBIX YCT-
POMCTB KOMIIEHCAIMN PEAKTUBHON MOLTHOCTH.

OcCHOBHBIE IT0JI02KeHHS1, BHIHOCHMBbIC HA 3aIIUTY

1. Meroauka BeiOOpa MecT ycraHOBKH YIIIP B BEICOKOBOJIBTHBIX CETSIX.

2. PesynpraThl aHanm3a peXUMOB PadOTHI MPOTSHKEHHBIX SHEPTOCHUCTEM
XapaKTepU3yIOUIUXCs OJHOHANPABICHHBIM MOTOKOM MOIIHOCTH M HX (H3HKO-
MaTeMaTUYECKUE MOJEIH € yueToM npumeHenus YIIIP.

3. KpurepuanpHble yciaoBUs BBIOOpa MECT yCTAHOBKHM YCTPOMCTB MOIe-
pEYHOM KOMIEHCAIMH PEaKTHBHOW MOITHOCTH B IPOTSDKCHHBIX TPAH3WTHBIX JIH-
HUSX JJICKTpOIIepeiadn.

4. AnropuTM ompeneneHHs HacTpoeyHBIX mapamerpoB YIIIP ¢ membro
o0ecIeueHns CTaTHIEeCKON YCTOMIMBOCTH HEPTOCUCTEM.

JIn4yHBIA BKJIA ABTOPA 3aKIH0YACTCS:

1. B pa3pabotke HOBOI1 MeToqUKH BbIOOpa MecT yctaHOBKH YIIIP B BbI-
COKOBOJIBTHBIX CETSIX.

2. B paspaboTke (u3HMKO-MaTeMaTHUECKHX MOJEJeH YHEPrOCUCTEM U B
OTIpe/IeNIeHUH UX MapaMeTpoB.

3. ABTOpPOM TpEIUIOKEHbl HOBBIE KPUTEPHAJbHBIE COOTHOILECHUS H
chopmynupoBaH kputepuii Beioopa mect ycranoBku YIIIP B cersix 330 - 500 kB.
[Tpn BBIOOpE MecTa ycraHoBkH YIIIP aBrop mpemiaraeT onepupoBaTh HE TOJBKO
3HAQUYCHWEM MOIIHOCTH TpexX(a3HOro KOPOTKOTO 3aMBIKAaHHMS CHUCTEMBI OTHOCH-
TENIBHO IIMH PaccMaTpHBaeMOll MOICTaHIUK, HO M BEJMYMHAMHU HW3MECHEHHS Ha-
NPSDKEHUS ¥ MOIHOCTH PEaKkTopa IpH MEepexoie K yNpaBiIsieMol KOMIICHCAINH, a
TaK)Ke MOITHOCTHIO CTaOMIIN3alMY SKBUBAJIICHTHON CHCTEMBI.

4. ABTOpOM NpOBeA€Ha anpoOanys W MpaKTHYecKas pealn3amnusi MeTo-
JIMKH BBIOOpa MecT ycTaHOBKH YIIIP B psiie sHEprocucteM.

Anpodanusi padotrbl. OCHOBHBIE MTOJIOKEHHS U PE3yIbTAaThl IUCCEPTALIH-
OHHOM paboThl AOKIAABIBAINCE U MOTYYMIN OJ00pEeHHe Ha HAayYHBIX CEMHUHapax
kadeapsr «Dnekrpuueckue cuctembl U cetu» CIIOITY, Ha HAyYHO-TEXHUYSCKHUX
KoHpepeHnuax «DyHIaMeHTaNbHbIE HCCIEeOBAHNSA B TEXHUYECKUX YHHMBEPCHUTE-
tax» 2005 - 2007 rr. (1. Cankt-IletepOypr), a Takke Ha CEMUHapax MeXIyHapo.-
HOil Hay4HO-TexHH4Yeckoi KoH(epenuunun DJIEKTPOOHEPTETHUKA (r. Bapwa,
Bosrapus, 2010 r., r. Crapa JlecHa, CrnoBakusi, 2011 r.), Ha MeXayHApOIHOH Ha-
yuHo-TexHuueckoit koudepenimn «COCTOSHUE U ITEPCIIEKTHUBbBI PA3BU-
TUA JIEKTPOSHEPT Uy (XVI «benapnocoBkue ureHus») 1 - 3 urons 2011r.,
Ha MEXIyHapoaHoM HayuHoM ceMmuHape um. FO.H. Pynenko (r. fInta, Ykpauna,
2010r., r. Pemma, MBaHoBckas o6macts, 20111.).



Iy6aukanun. [To pesynpraTtam Mccie0BaHui OmyoauKoBaHo 12 nevar-
HBIX pabort, o nepeunio BAK P® 2 negaTHbIX paboTHI.

CTpykTrypa u 00beM quccepTanuu. JucceprannonHas pabora BKIOYA-
€T BBEJICHHUE, YCeTHIpe TJIABHI M 3aK/IIOYCHHE, M3JI0keHHsle Ha 121 crpanunme. Co-
IEpXUT 4 TMpUIOKeHUs, 25 PHCYHKOB, 45 TabmuI, cucok JuTeparypsl u3 96 Ha-
nMeHoBaHuA. O0muit 066eM padoTsl 170 cTpanm.

OCHOBHOE COJEP)KAHHUE PABOTBI

Bo BBeieHnu 000CHOBaHA aKTyalbHOCTH PabOThL. OmpenerneHa nenb uc-
ciesoBanus, chOpMYyITUPOBAHEI 3a/1a4H, PEIIaeMbIe IS ¢ TOCTH)KCHUS U HaydHas
HOBH3HA. BBINOTHEH 0030p CYNIECCTBYIOIIUX THIIOB YIPABISCMBIX ITYHTUPYIOIIUX
PCaKTOPOB, OTPAKEHBI UX JTOCTOMHCTBA M HETOCTATKH.

B mepBoii riiaBe BBINIONHEH aHAIHU3 MPOOJIEMBI 00ECIICUCHUS PEKUMOB
BBICOKOBOJIBTHBIX MPOTSDKEHHBIX JIMHUHN 3JeKTporepenadnd. OTMedeHsl 0cOOeHHO-
cTH obecrieueHus TpeOyeMor MPOIYCKHON CIIOCOOHOCTH JIMHUH U Pe3epBUPOBAHUS
MOIITHOCTEH B YCIIOBUSAX PHIHOYHON SKOHOMHUKH.

[Toka3aHo, 9TO OJHUM W3 CIIOCOO0B 3PPEKTUBHOTO PEIICHUS yKa3aHHOMN
npobnemMsl siBnsercs npuMmeneHne JIDII ¢ mpaBHIBHBIM BEIOOPOM MecTa paccra-
HoBKH YIIIP 1 mogdopoM MX HACTPOCUYHBIX MAPAMETPOB, YTO 0OECIICUUT OOJIBIIYIO
«TUOKOCTB» TEPENAONICH CUCTEMBl M MOXET HAWTH MPUMCHCHHE B KOHIICTIIIUH
FACTS. Ilpennoxena u pa3paboTaHa METOIUKa BbIOOpa MecT yctaHoBku YIIIP B
BBICOKOBOJIBTHBIX CETSAX, HCIIOJIB3Ys KOJUUCCTBCHHBIC CBS3U MEKIY OIPEICIICH-
HBIMH PEKUMHBIME TapamerpaMu. [IpeioskeHbl HOBBIC TEPMHUHBI U KPUTCPUH,
TaKHe Kak:

Texnonoeuuecku 060cHoO8anHOe 3HAYeHUe KO3pduyuenma ynpagnieHus
VIIIP. 3a TexHonorndeckn 000CHOBaHHOE MPUHUMAETCS 3HAUYeHUe Kod(duIreHTa
M0 KaHaIly OTKIJIOHEHHsI HAIPsDKeHHUs, 00ecTieYnBarolee CTaOMIH3aHI0 HATIPsDKe-
uus B npegenax (U,,,;1,05U,,,) npu u3MeHeHHH HArpy3KH IEKTPOIEPEadd OT
pEeXHMa X0JIOCTOTO X0JIa 0 MAKCUMAaIbHOH pabodeii BEIIMIHHBL.

Uszmenenue manpsascenus OJ u usmenenue MowgHocmu peakmopa OQp.
ITon usmenenneM HanpspkeHus OU W U3MEHEHHEM MOIIHOCTH peakropa JQp mo-
HUMAaeTCsl MOJYJb Pa3HOCTH COOTBETCTBYIOIIUX BEIMYHMH TPH W3MEHEHHU KO3 (-
(buIEeHTa YIpaBaCHHS 10 KaHATY OTKIOHECHUS HAMPSDKEHHSI OT MHHUMAJIBHOTO 710
TEXHOJIOTHYECKH 00OCHOBAHHOTO 3HaueHHss. MUHUMAIbHOE 3HAYeHUE KOIDDUITH-
€HTa yMPaBJICHHUS 110 KaHAJTy OTKIIOHCHHUS HAMPSKCHHUS PAKTHUYECKU COOTBETCTBY-
€T UCIOJIb30BAHUIO HEYIPABISIEMBIX PEAKTOPOB.

Mownocmo cmabunuzayuu 9K6UBANCHMHOU CUCMEMbl SK35 — MOIIHOCTh
Tpex(ha3HOro KOPOTKOTO 3aMBIKAHHS MCKYCCTBEHHO MPHCOCIUHEHHOW CHCTEMBI,
KOTOpasi 00ecreynBaeT TaKyro jK€ CTaOMIN3alui0 HANPsHKCHUS, KaK U MpeIoa-
TaeMEBI K YCTAaHOBKE PEaKTOP.

Jiist pa3paboTKU KpUTepHsi BEIOOpA MECTa YCTAaHOBKH 32 OCHOBHBIC Kpu-
mepuaIbHvle 8elUYUHbL U COOMHOWeHUs], ObUTH TPHUHATHL CICAYIONINE NepeMCH-
HBIE:
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. oU/0Qp(0.e.) — KpuTepHATLHOE COOTHOIICHHUE, KOTOPOE MOKA3bIBACT CTE-
MeHb M3MEHEHUSI HANPSDKEHMS Ha MOACTAHLUSIX CUCTEMBI IIPH U3MEHEHHH MOIIIHO-
CTH peakTopa Ha 1 o.e.;
. Qp/Sk3, (MBA/TBA) — kputepuaibHOE COOTHOLICHHE, ITOKa3bIBaIOLIEe,
BKJIFOUEHHE KaKOW MOIIHOCTH PEaKkTopa SKBUBAJICHTHO MPUCOEANHEHUIO UCKYCCT-
BEHHOM 3HEProCUCTEMBI C MOIIIHOCTBIO KOPOTKOro 3aMblkaHus 1T'BA.

s Takux peanbHBIX 3HeprocucteM, kak IC Kazaxcrana Tpamsur Cesep-
IOr 500 kB, O3C Cesepo-3amaga Komscko-Kapensckuii Tpanszut 330 kB, O9C
Cubupn tpanzut HoBo-Amxkepckas - TaBpudeckas 500 kB BeimmonHeH aHamu3 yc-
TaHOBHBIIHNXCS PEXKUMOB M Pa3pabOTaHbI 3KBHUBAJICHTHBIE CXEMBI.

Paccmorpum Gomnee monpobrHo ocoberHoctn OOC Cesepo-3amanma. Y-
pouienHas cxema Komabcko-Kapensckoro tpansuta 330 xB mpencraBnena Ha
puc. 1.

Konbckas ASC

M ‘ HA1
@ i m

KHsixerybekas [OC

rz l H2
S, o
MNC JNoyxwn
YLIP3 QES l H3 n3
MyTknHckasa FBC
r4 H4 na
Onackaa NC
I'S{ H5 ‘
S e /?' YWP5
NMC Kongonora
H6 ns
nz
no 8
Kupuwickas
rPaC MNC Cscb INC MNeTtposasoack
H9 ro H8 rs rz H7 ‘
) ) /?/ YWwP7
SkBuBaneHT chgche MeTpo3aBoackas TOL
INeHaHepro

Puc. 1. Ynpomennas cxema Konbckoit n Kapensckoit 9C

TpansutHas anexTponepenada 330 kB, csaspiBaromas Konsckyro n Ka-
PENbCKYIO SHEpProcucTeMsl ¢ JIeHsHepro, xapakTepu3yeTcsi cTaOMIIbHBIM TTOTOKOM
momtHocTH 0T Konbekoit ADC B neduimtHyto Kapenbckyto sHeprocucreMy U aa-
nee B cuctemy Jlensnepro. Konbckast u Kapenbckas s5HEprocucTeMsl UMEIOT ILIOT-
HBII rpayK HArpy3KH, C YHCJIOM HCIIOJIb30BAHUS MaKCHMyMa Harpy3KH OKOJIO
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7000 gacoB. OcHOBHas MpobieMa yKa3aHHbBIX YHEPrOCHCTEM 3aKJII0UaeTCsl B Orpa-
HUYEHHOM HCIIOJIb30BAaHUM MOIIMHOCTH 3JICKTPOCTAHIMHA W3-3a HEIOCTATOYHOU
ImpomycKHOU crocoOHocTH TpaH3uTa Komuepro - Kapemsuepro - JlemsHepro.
YkazaHHYIO MPOOJIeMY MOXKHO PEIINTh, YCTAHOBUB DA YCTPOMCTB MOIEPEYHOI
KOMITICHCAIINN PEAKTUBHOM MOIIIHOCTH.

Bo BTOpOIi r1aBe omrcaHbl OCHOBHBIE MaTEMAaTHYECKHE MOJIEIIH 3JIEMEH-
TOB 3JIEKTPOIHEPIETUIECKON CHCTEMBI, HCTIONb3yeMbIE B uccepTanui. OTMEUIEHBI
0COOCHHOCTH W JIOCTOMHCTBA NPHMEHSEMBIX SI3BIKOB IporpammupoBanus MAT-
LAB u Modelica, ¢ nucnons3oBanuem mporpammel noaaepsxku Dymola s perire-
HHS MOCTaBJIECHHBIX 33/1a4 B padoTe. OTMEUEeHBI MPEUMYILECTBA COBMECTHOTO HC-
MOJIB30BAHUS yKa3aHHBIX CpeJ MPOTPaMMHPOBAHMS W IIPUBEICH allOPUTM HX
B3aUMOJECHCTBUS.

CoBpeMeHHBIE KPYIIHBIE IHEPTOOOBEINHEHUS MOJCIUPYIOTCS CHCTEMaMHU
anreOpo-andepeHINaIbHBIX yPaBHEHNH BBICOKOTO MOpsaka. MozenupoBaHne
JMEKTPUUECKUX ceTeil Habopom anrebpandeckux ypaBHeruil B cpene MATLAB B
psize ciaydaeB MPUBOAWT K BBHIYMCIUTEIHFHONH HEYCTOWYMBOCTH METOIOB MHTEIPH-
poBanus. IIpu ncrons30BaHNM 0OBEKTHO-OPHEHTHPOBAHHOTO S3bIKa MOAEIHPOBA-
HHsl IMHAMHYECKUX CHCTeM HekaysaimbHoro tuma - Modelica ynaercs mzbexatsb
9TOH mpoOseMbl. JlaHHBIHA SI3BIK MOJJIEPKUBAET 00BEKTHO-OPUEHTHPOBAHHOE MO-
JIeTMpOBaHNe (PU3MYECKUX CHCTEM, MCIOJIb3Ysl KOHLEMIUU HACIeJOBaHHUS U I0-
BTOPHOT'O HCHOJIb30BaHUSI KOMIIOHEHTOB.

Hcxonst 13 0OTMEYEHHOTO JJIsl CO3AaHMsI MOJIENICH HCCIIeyeMBIX B IUCCEep-
TAllMOHHOM paboTe IHEprocucreM OBUIO NPHUHATO COBMECTHOE HCIIOJIb30BaHHE
cuctembl MATLAB, xax MOIIHOTO CpeJCcTBa aHanu3a, u si3bika Modelica (cosme-
CTHO ¢ TIporpamMMoi mojepsxku Dymola), coyeraromiero B cebe CHIbHBIE CTOPOHEI
00bEKTHO-OPHEHTHPOBAHHOTO IIPOTPAaMMHUPOBAHHS.

B mporpammax pacdera yCTaHOBUBIIHXCS pekuMoOB B padore VIIIP moxe-
JMPYIOTCS CIEAYIOINM 00pa3oM: 3aJaeTcsi 3HaUYCHNE MOMYJISl HANPSHKEHUS B TOY-
ke npucoeanHenus YIIP, a Takke MUHUMaIbHOE M MaKCHMaJbHOE 3HAYECHUS I10-
TpebsieMol UM PeaKTUBHOW MOIMHOCTH, Qmin M Qmax, COOTBETCTBEHHO. [IpH 3TOM
NPUHUMAETCS, YTO HANpPSDKEHHE B TOUKE TOJKIIOUYEHHUS] PEaKTopa OCTAaeTCsl HEeU3-
mennbM (U = const) pu yeaosur, uto Qpin < Q < Qpax-

[peamnonaraercs, 4To mapameTpbl PeakTopa MOTIYT PeryIupoBaThCs IO
OTKJIOHEHUIO HanpsokeHust AU, o OTKIOHEHWIO YacTOTHI HaNpspKeHus A U 1o
MPOU3BOIHOM OTKJIOHEHUsS YacTOTHl pA® B TOUKE IIPUCOEINHEHUs peakTopa. Bos-
MOXHO W peryjJupOBaHHE pPeaKkTopa MO OTKJIOHEHHIO TOKa JIMHUU. 33 BEJIUYUHY
OTKJIOHEHUsI NPUHUMAETCS Pa3HOCTh MEXKIY TEKyIIMM M 3aJ[aHHBIM 3HaueHHEM
[IEPEMEHHOM.

C y4eToM M3JI0KEHHOTO JIMHEAPU30BaHHBIN 3aKOH PETYJIMPOBaHUS UMEET
BUJL

(1+pT,) 4B, = Ky AU + KAl + K, Ao+ Kyy, pAo,
rae: T, — MOCTOSHHAs BPEMEHH peakTopa, ¢, AB, — mpupamienne IpoBOAUMOCTH
peakropa, o.e., Ky, K, K4 Ky - K03OQULIHERTBI peryanpoBaHus 10 OTKJIOHE-
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HUIO HAIIPSAXKCHUA, 10 OTKIIOHCHUIO TOKA JIMHUU, IO OTKJIOHCHHUIO YaCTOThI HAlIpA-
KCHUA U 110 HpOPI?»BO,Z[HOfI YaCTOThI HAITPSAKCHUA.

@& » K '

Al

?_Uj ' + Bmax ;

o REARime
> — . AB

3 0.07p+1 p+l ¥ Bmin P B,

Brok
4acToThl

p
0.026p+1

—P N pAw +

Puc. 2. Ctpykrypa cucremsl ynpasiaeHus Y11IP

JlaHHOMY 3aKOHY pEryJIHpPOBAaHHUS COOTBETCTBYET CTPYKTypa CHCTEMBI
YIpaBJICHUs peakTopa, IpeAcTaBlIeHHas Ha puc. 2. CxeMa BBIIOJHEHA [0 aHAJIO-
run ¢ APB-CJl cunxpoHHBIX reHeparopoB. Ha cymMMaTop cHCTEMBI yNpaBlICHHS
MPUXOAST CUTHANBI OT BBIOPAHHBIX KaHAJOB PETyIUPOBaHMUS CO CBOUMH 3Haue-
HUSMU K03 QUIIMEHTOB ycuneHus (CUTHAIIBI 110 KaHAJIaM OTKJIOHEHHMS TOKa JIMHUH,
HAINpsHKEHUSI M 9acTOThI, 3aTeM OHHU NPeoOpa3oBBIBAIOTCS B psjie AU depeHIu-
PYIOIINX W WHEPUMOHHBIX 3BEHBSX). BBIXOJHOW CHTHAJ CymMMaTopa yYHTHIBACT
MOCTOSIHHYIO BPEMEHH PEaKTOpa, M MOCJe MPOXOXKACHHs 0J0Ka OrpaHHMYeHUI O1-
penenser BEIUYHMHY MPHUPALEHHs IPOBOJUMOCTH peakTopa. BenmnunHa npupaiie-
HUS IPOBOAMMOCTH CYMMUPYETCS € 3aJJaHHBIM 3HaYEHHEM IMPOBOJUMOCTH PEAKTO-
pa. Takum 00pa3oM, BEIXOAHOW CHTHAJI CyMMaTOpa COOTBETCTBYET 3HAUCHHIO MPO-
BOJUMOCTH PEaKTOpa, MOIy4EeHHOMY C MCHOJIb30BAHUEM TOTO MIJIM MHOTO KaHaja
PErylnupOBaHusl.

IIpennoskeHHass MaTeMaTU4YeCKas MOJEIb II03BOJIIET MOJEIMPOBATh Kak
osicTponeiictBytomue YIIIP tpanchopmaroproro tuna, tak u YIIP, ynpasinse-
MBbI€ TIOJMarHUYUBAHHUEM.

Cucrema ynpaBieHHUsI peakTopa IO3BOJSIET OCYIIECTBISITH PErYIUPOBa-
HHE TI0 4eThlpeM KaHaimaMm. OJHaKo, MCCIIEIOBAaHHS MOKa3ajiH, YTO B OTIMYHE OT
APB reHepaTtopoB B cuCTeMe YNpaBJICHHsI peakTopa Hanbosee 3QPEeKTUBHBIM IIpH
pEryIupOBaHUU PEXHUMOB SIBJIAETCS IPUMEHEHUE KaHajla 10 OTKIOHEHHIO HaIpsi-
JKCHHUS.

JUis pe’KUMHOTO PEryIMPOBaHUS U IO CTENEHU BIMSHUS HAa MOKa3aTeNH
CTaTU4ECKOH yCTOMYMBOCTH CUCTEMBI MPUMEHEHUE KAHAJOB M0 OTKIOHEHMIO Yac-
TOTBI HANPSKEHUSI M 10 NTPOM3BOAHON YacTOTHI HANPSDKEHHST OKa3bIBaeTCsl HEd(]-
(heKTUBHBIM, TaK KaK JaHHBIC KaHAJBl YYUTHIBAIOT MEJICHHBIE JIEKTPOMEXaHUuIe-
CKHE IPOLECCH], UIMEIOIUECS B CUCTEME, U HE OKa3bIBAIOT 3aMETHOI'O BIIMSHUS HA
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TOYHOCTH MOJIICPIKAHUS HANPSDKEHUS B TOUKe nojximoueHus YIIP.

TakuM 00pa3om, B HCCIEIOBAaHHAX, MPOBOAMUMBIX B JHCCEPTALUOHHOM
pabote, nmpumensnacs Moaens YIIIP ¢ ncmonp3oBaHMeM KaHaja MO OTKIOHCHHUIO
HaINpsKEHUSL.

B Tperbeil riaBe NpUBEAEHbI pe3ynbTaThl MCCIENOBAHUN YCTAaHOBUB-
MINXCSl PEKUMOB PEANbHBIX TPAH3UTHBIX JMHUH 3JIEKTPONEpeNaddl HaNpPsKEHUEM
500 xB u 330 kB mpu ux pa3inudHOi Harpy3Kke 1o IpeayioKeHHOH B TaaBe 1 MeTo-
JIVIKE.

Ha ocHoBe aHann3a JaHHBIX YCTaHOBUBILUXCS pEKUMOB TpaH3uTa Cesep-
IOr OC Kazaxcrana ObUTH OnNpe/esieHbl TOrpaHIYHbIe 3HAYEHHST KPUTEPUATbHBIX
BEJIMUMH U cHOPMYIHPOBAH KpUTEpHil BbIOOpa Mecta ycraHoBku YIIP B ceTsx
500 kB. HccnenoBanus Konbcko-Kapenbckoro tpansura HampsbkeHueMm 330 xB
MO3BOJIMIIN YTOUYHHUTH MTOJy4E€HHbIEC YCIOBHS.

Jis wiutiocTpanny paccCMOTPUM NPUMEHEHUE TPEUIOKEHHOW METOIUKH
BBIOOpA THITA ¥ MECTa yCTAHOBKH KOMIICHCHPYIOIIET0 yCTPOWCTBA Ha OCHOBE aHa-
nu3a ycraHoBHBIIKXCS pexxuMoB Konbcko-Kapenbckoro tpanzura O9C Cesepo-
3amana.

1. Ilepgviii sman METOOWKH 3aKIIOYaeTCsl B pa3paboTKe Ui 3aaHHOM
HHEProCHCTEMBI SKBUBAJICHTHON CXEMBI C YUETOM CXEMHO-PEXUMHBIX IapaMeTpOB
HCXOJHOMU CETH.

Takum obpasom, it Konbcko-Kapensckoro Tpansura 6buta pazpaboraHa
skBuBaneHTHass cxema 330 kB (cm. puc. 1) u co3gaHa KOMITbIOTEpHAS MOIEIb
HHEPrOCHCTEMBI MO3BOJISIONIAS PACCUNTATh YCTAHOBUBILIHECS PEIKUMBI.

YucneHHbIe IKCTIEPUMEHTHI BBITIONHSUINCH JUTS Pa3HbIX 3HAYCHUH mepeza-
BaeMoi MomIHocTH. B kauecTBe ocHOBHBIX pexnMoB Koibcko-Kapensckoro tpas-
3UTa pacCMaTpPUBAINCH JABa PEXHMMa Iepeladd MOIIHOCTH B CTOPOHY CHCTEMBI
JlemsHepro. B pexxume A 3arpyska mmamiA cocramsiia 20 - 40%P,,,,.. B pexxume B
nepenaBaeMasl aKkTHBHas MOIIHOCTh IO JIMHHMSAM TpaH3WTa cocraBiser 85 -
90%P,,,,. C TOukH 3peHUs KOMIICHCAIIMH W30BITOYHOH pPEaKTHBHON MOIITHOCTH
HanOoIee TSHKEINBIM SIBIISIETCS] PEKUM A.

2. Bmopoii sman METOJMKHU 3aKIII0UaeTCsl B peal3allii YUCICHHBIX 3KC-
MEPUMEHTOB pacyeTa peKUMOB HCCIIEyeMOM 3HEProCUCTEMBI B SKBUBAJICHTHON U
IIOJIHOM CXEME SHEPrOCUCTEMBI.

2.1. Tlo pe3synbTaTtam pacueTa B SKBHBAJIEHTHOW CXEeME YHEProCHUCTEMbI
YCTAaHOBHMBIIMXCS PEKMMOB CTaBWJIACh 3ajadya IOJIy4UTh PacueTHbIC 3HAUCHMS
HaIpsOKEHUS] ¥ MOILIHOCTH PEaKTOPOB Ha IOJICTAHLMSAX CHCTEMBI NP U3MEHEHHUH
k03¢ HUnneHTa YIpaBIeHNs PEaKkTopa M0 KaHATy OTKJIOHEHUsI HalpsKeHNUSI.

BapsupoBanue Kou OCYIIECTBIISUIOCH B JIara3oHe oT
-1 em.npoBox./en.Hamp. m0 3HaYeHMS KOI((PHUIMEHTA YNPABIEHUS PABHOTO WU
NPEBBIIAIONIETO  TEXHOJOTMYEeCKH  OoOOocHOBaHHOe.  3HaueHme Kou =
-1 en.mpoBoa./en.HaIpP. COOTBETCTBYET YCTAHOBKE HEYIPABIAEMbBIX PEaKTOPOB.
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AHanu3 yCTaHOBHMBIIMXCS PEXHUMOB IOKa3aJl HEOOXOJMMOCTh YCTaHOBKH
yctpoiictB komrieHcaru Ha T1C Jloyxu, Ha Onnckoit I'DC u Ha Iletpo3aBoackoit
TOLI.

Pacger mpom3BoaMIICsS B OTHOCHTENBHBIX equHAIAX (0.€.). B kauecTBe Oa-
3UCHOW MOIIHOCTH npuHUManack BenuanHa 1000 MBA, 3a 6a3zucHoe HampshKeHHE
3HaueHue 330 xB. IIpu pacuere pexUMOB 3a1aBaJiCs MOAYJb HANIPSIKEHUSI paBHBII
1 0.e. ¥ HavaJIbHBIEC 3HAYEHUSI MOLTHOCTH BCEX peakTopoB paBHble 0,18 o.e.

B tabnuue 1 orpaxkeHBl pe3yNbTaThl pacyeTa YCTaHOBUBIIUXCS 3HAYCHU I
HAaIpsHKEHUS. 1 MOIIHOCTH PEaKTOPOB Ha MPOMEXYTOUHBIX NoAcTaHIusx Konbcko-
Kapesnbckoro TpaH3uTa ajisl pexuMma Inepenadd MouiHoctd A. B Tabmume takke
NPUBEJICHBI MTOJIy4YEHHbIE 3HAUYCHMsI M3MEHEHUs] HanpspkeHus oU Ha moacTaHiusix
CHCTEMBI U MOIITHOCTH PeakTopoB 0Qp MOIyueHHBIE NIPH MEpeXo/ie K yIpaBisieMon
KoMIIeHcamu. B rpadudeckoil hopMe MoTydeHHBIE pe3yIbTaThl IPECTaBICHbI Ha
puc. 3.

Tab6muma 1
Bnusane ko3¢ ¢unnenra perynuposanus Y1IIIP mo kaHamy OTKIIOHESHHS HampsiKe-
HUS Ha HaNpsDKEHUE MPOMEXKYTOUHBIX TTOACTAHIMN
Y MOIITHOCTh PEAKTOPOB B peKUME A

. O.nploeo o/ Jloyxu Ongckas I'DC HeTpO;a;EHCKaX
eo.nanp. |Ufo.e.) |Op(o.e.) |Ufo.e.) |Op(o.e.) |Ufo.e.) |Op(o.e.)
-100 1,002 |-0,3494 | 1,001 |-0,2907 | 0,999 |-0,0827
-75 1,002 |-0,3462 | 1,001 |-0,2876 |0,9987 |-0,08595
-50 1,003 |-0,3401 | 1,002 -0,282 ]0,9982 |-0,09192
-25 1,006 |-0,3242 | 1,004 |-0,2685 | 0,997 |-0,1061
-10 1,011 | -0,291 1,006 |-0,2441 |0,9951 |-0,1307
-5 1,016 |-0,2602 | 1,009 |-0,2244 |0,9937 |-0,1487
-1 1,025 |-0,2049 | 1,013 |-0,1932 |0,9924 |-0,1724
ou©e) o023 | 01445 | 0,012 | 00975 |0,0066 | 0,0897
Op (o.e.)

AHanun3 NOJy9YEeHHBIX JJAHHBIX MOKAa3ajl cIexyrolee:

B pexume A, npu cnaboii 3arpy3ke JIMHUH 3JEKTpoNepeadn U Ipy 3Ha-
yeHHH Kod(duuuneHta perynupoBanus Kou = -1 en.mpoBoj./ea.HAp. peakTopbl
o0ecreunBaloT JOMYCTUMBIN YPOBEHb HAIPsDKEHHSI B CUCTEME HA BCEX MOJACTaH-
LHSIX.

IIpn ycuneHuu peryaupoBaHUs MOIIHOCTb PEaKTOpa Ha MOJICTAHLUSIX
Jloyxu n Onpackas 'OC yBennuuBaercs. 9TO NPUBOJUT K HE3HAUUTEIBHOMY CHH-
JKCHUIO HanpspkeHus. [Ipu ycWIeHWM perysimMpoBaHHMsS PEakTop Ha IIO0JICTAHIMU
[lerpo3aBojckast BEIBOAUTCS M3 PaOOTHI, 4TO 00yCIIaBIMBaET HE3HAUYNTEIBHOE T10-
BBIIIIEHHE HAIPsDKEHHs B pormyctumom auanaszone (0,95-1,05)Unom.
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Puc.3. I'paduxyn n3MeHEHHSI MOIITHOCTH PEAKTOPa W HAMPSHKEHUS Ha MOACTAHIIUAX
Konbcko-Kapenbckoro Tpansura B QyHKIH K03 PHUIIMEHTA YIIPABICHHUS PEAKTO-

pa 10 KaHally OTKJIOHCHUS HAIIPAKEHUS B PEIKUME NIE€peaadud MOIIHOCTH A
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ITonmyuyeHHBIE pe3ymbTaThl PAacyeT YCTAHOBHBIICTOCS PEXKHMMa IEpeaadu
MOIIIHOCTH B mpeacraBieHs! B TabauIe 2.

Tabnuma 2
Bnusiaue ko3 dunuenta perynmupoanus YIIIP mo kaHany OTKIOHCHHs HampsiKe-
HUS Ha HAMPSDKEHUE IPOMEKYTOUHBIX MMOJICTAHITUI
Y MOIIIHOCTh PEaKTOPOB B pexume B

o ().rf}{)(;;;o 0./ Jloyxu Onnckas I'OC HeTpo;?)BI?['HCKaﬂ
ed.nanp. |Ufo.e.) |Op(o.e.) |Ufo.e.) |Op(o.e.) | Ufo.e.) | Op(o.e.)
-100 1,001 |-0,3061 |1,001 |-0,2602 |0,9991 | 0,09217
-75 1,002 |-0,3038 |1,001 | -0,258 |0,9989 |-0,09489
-50 1,002 [-0,2995 |[1,001 |-0,2541 | 0,9984 |-0,09986
-25 1,004 |-0,2881 |1,003 |-0,2445 |0,9973 | -0,1119
-10 1,008 |-0,2638 |1,005 |-0,2271 | 0,9953 | -0,1335
-5 1,012 | -0,241 |1,007 |-0,2129 | 0,994 -0,1499
-1 1,019 [-0,1992 | 1,01 -0,19 0,9924 | -0,1724
55(/ () 15018 |01069 |0009 |0,0702 |0,0067 |0,08023
Op (o.e.)

B pexxume B — pexxume GonpImx Harpy3ok, Ipu 3HaYCHUU KO3 QUITHEH-
Ta perynupoBanusa Kou = -1 el.nmpoBoJ./ex.Hamp. peakTop Ha mojcTaHuuu Ilerpo-
3aBojckast TOL] nomKeH BBIBOAUTHCS M3 pabOTHI, IIPU 3TOM YPOBEHb HANPSDKEHHS
B CHCTEME IOBBIIIAETCs, HO HE MPEeBhIIIaeT JomycTumoro 3Hadenus 1,05Unom.

IIpn ycuneHuu peryiaupoBaHUs ypOBEHb HAIPSIKEHUS HA MOACTAaHIUAX
Jloyxu u Onnckas I'DC nonmkaeTcs, HO Oojiee IJIaBHO, 4eM B pexxume A. D10
00YCJIOBJICHO YBENMYEHHEM MOIIHOCTH PEAKTOPOB, KOTOPHIE 00SCICYHBAIOT KOM-
NEHCAIMIO MEHBIIEH H30BITOYHOH EeMKOCTHON MOIIIHOCTH B SHEPTOCHCTEME.

[TpenenbHBIM TEXHOJIOTHYECKH 0OOCHOBaHHBIM 3HAYEHUEM KOd(PPHIINCH-
Ta ynpasineHus YIIIP mo xaHaixy OTKJIOHEHHUS HaNpsyKeHHs ObUIO BBIOpAaHO 3Haue-
Hue Kou = -100 en.mpoBoa./ex.Hamp. B 000UX HCCIEAYEMBIX XapaKTePHBIX PEKU-
Max.

2.2. Ha caenyromieM 3tane HEOOXOAMMO KOJHUYECTBCHHO OICHHUTH BEJIH-
YHHY OTKJIOHEHHMs1 HanpspkeHus: AU, a Takxke u3MeHeHus HanpsbkeHus: oU u mor-
HOCTH PeakTopoB 0Qp. AHaaM3 MOJYYCHHBIX PE3yJbTATOB MO3BOJIUT CHOpMyIH-
POBaTh npedsapumenvhsie 86160061 OTHOCUTEIFHO THUIIOB KOMIICHCHPYIOIINX YCT-
POWCTB, yCTaHOBKA KOTOPBIX IIeJieco00pa3Ha Ha MOJCTAHIUSIX CHCTEMBI.

A. PaccMOTpUM KpHTEepHaJbHBIE BEIUUMHBI B XapaKTEPHOM PEXHME I1e-
peladu MOIITHOCTH A.

[Ipn 3HaueHnu KoddduIeHTa ypaBIeHUs] peakTopa Mo KaHally OTKJIO-
HeHusi HanpspkeHust Kou = -1 ex.npoBoj./eq.Hanp. OTKJIOHEHHE HampsbkeHus AU
HE MpEeBBIACT NOTpaHuYHbIX 5%. s Bcex MoAcTaHIMK BeNWYWHA U3MEHCHMS

14



HanpspkeHus: oU 1pu mepexojie 0T HeyIpaBIsieMOi KOMIICHCAIIMU K YIIPaBJIIEMOM
ne npesviiwaem 5% u cocrasiser 2,3%, 1,2% u 0,6%, cooTBeTcTBeHHO. [Ipensa-
putenbHas oreHKa BennduH AU u dU MO3BOJISIET CleNaTh MPENNoI0KEeHAE O BO3-
MOJKHOCTH OTPaHUYUTHCS YCTAHOBKOHM HEYIPaBIEMBIX YCTPOWCTB KOMIICHCAIIH
Ha JTAaHHBIX TOJCTAHIIHIX.

W3menenne HampspkeHnss oU 00ycIOBICHO CIEAYIOIIAM W3MEHEHHEM
MoITHOCTH peakTopoB 0Qp 144,5 MBA, 97,5 MBA u 89,7 MBA ycTaHOBICHHBIX
Ha MOJCTAaHIUIX. Takum 00pa3oM, JJsl TOANCPKAHUS 3aJaHHOTO YPOBHS HAmpsi-
JKESHUSL, T.€. IPH YCUIICHUN PETyJIHPOBAHMS MOIIHOCTh PEAKTOPOB MEHSIETCS JOCTa-
TOYHO CHJIBHO.

B. PaccmoTpuM KpuTepHanbHBIC BEITHYUHBI B XapaKTEPHOM pPEXKHUME Te-
penadu MoHoCTH B.

[Ipu 3HaueHNn KO3PPHUIKEHTA YIPaABICHUS peaKkTopa 10 KaHATy OTKIO-
HeHns HanpspkeHus Kou = -1 en.nmpoBoj./en.Hamp. YpOBEHb HANPSHKCHUS Ha ITHX
MOJCTaHIMAX He npesviuwaem 1,05U,,,, a BenmunHa m3MeHeHHs HampspkeHus oU
MPH TIepexo/ie K YIPaBIsIeMON KOMIICHCALINU He npegviuiaem 5% W COCTABISCT
1,8%, 0,9% u 0,67%, COOTBETCTBEHHO.

Takum 00pa3oM, pacCMOTPEHHBIE KPUTEpHATIbHBIC BEITUINHBI HE TPEBHI-
MIAIOT CBOUX IOTPaHMYHBIX 3HAYEHUH, YTO MO3BOJISET CHIENIaTh IPEIIIOIOKEHUE O
BO3MOXKHOCTH OTPaHUYHUTHCS YCTAHOBKOM HIYHTUPYIOUIMX PEAKTOPOB Ha paccMaT-
PHBACMBIX MOACTAHIIHAX.

Yka3zaHHOE W3MEHEHHE HAIpsHKEHUs] 00YCIIOBJICHO W3MEHEHHEM MOIIHO-
ctu peakropos 0Qp 106,9 MBA, 70,2 MBA u 80,23 MBA, COOTBETCTBEHHO, YTO
COCTAaBJISET BEIUUUHY OOIbULYI0, YEM NIPUHATOE MOTPAHUYHOE 3HAUCHHE U SIBIISET-
Csl HEKOTOPOM MPENMOCHUTKON TSI YCTAHOBKHU YIIPABISIEMOTO YCTPOWCTBA KOMIICH-
CallM{ Ha MOJICTAHIUSIX CHCTEMBI.

[MoxBoxs wuTOT aHANHM3a KPUTEPHATIHHBIX BEIHYNH OTKIIOHeHUS AU W u3-
MEHEHHUsI HanpsbkeHUs JU, a Takke BETUYMHBI U3MEHEHHS MOIIHOCTH peakTopa
JUISL IBYX XapaKTEPHBIX PEKUMOB Tepeaadll MOITHOCTH JeTaeM 0Owull npeosapu-
mebHbIll BRIBOJT O HEKOTOPBIX MPEINOCHUIKAX O BO3MOXKHOCTH OTPAHUYHTHCS yC-
TAHOBKOHM HEYNpPaBIIIEMBIX HIYHTHpYoUmx peakropos (IIIP) Ha Bcex momcraHIu-
SIX.

2.3. Ha cruenytomem dTarie HEOOXOJUMO OIPENENIUTh KOJNYECTBEHHYIO
BEJIMYMHY KPUTEpHATIbHOTO cooTHOmeHus 0U/0Qp (0.e.) u 3HaueHue Sk3 I MPo-
MEKYTOUHBIX MMOACTAHIIUN CHCTEMBI.

B Tabmune 3 mokazaHbl pe3yabTaThl pacueToB Ui oAcTaHImid Konbcko-
Kapensckoro TpaH3uTa, a Takke 3HAYCHHS MOIIHOCTH KOPOTKOTO 3aMBIKAHWS,
HpUBEJICHHBIE K CTyNeHH HanpsikeHus 500 kB.

KpurepuansHoe cootHomenue 0U/0Qp mokaseiBaeT 3pGEKTHBHOCTD yC-
taHoBKH YIIIP, yem BbIIIe 3TO 3HAYCHHE, TEM OOJBIIE OTKIIOHACTCS YPOBCHb Ha-
NPSOKCHHS Ha TMOJICTAHIMK CHCTEMBI NMPH M3MEHEHHH MOIIHOCTH peaktopa. s
noacranumii  Konmbcko-Kapenbckoro TpaH3ura IO MOJYYEHHBIM —3HAUCHHSIM
oU/0Qp MOXKHO 3aKIIFOYHTh, YTO Haubosee 3ddexkruBua ycranoska YIIIP Ha moa-
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crannuy Jloyxu, B TO BpeMsl KaKk PEeryJHUpOBaHUE HANPsDKCHUS (T.c. MPUMEHCHHE
VIIP) na moxacranmusax Onxackas ['DC u IletposaBoackas TOII sBuseTcst maio-
3(h(eKTUBHBIM.
Tab6muma 3
Pacuernsie 3HaueHns napamerpa 0U/0Qp u Sk3 s moactanimii Konbcko-

KapeHBCKOFO TpaH3UTA, TOJIYYECHHBIC B OKBUBAJICHTHBIX CXEMaX dHEPTOCUCTEM

oU/6Qp (o.e.) Sks Sk3, MBA,
ToxacTanuus ’ HPHBEIEHHOE K
Pesxxum A |Pexum B MBA 500kB
Jloyxu 0,159 0,168 4095 6 205
Ongackas I'DC 0,123 0,128 4261 6 456
ITeTposzaBosckas
I 0,0736 0,083 4796 7 266

CoriacHO MPHUHATHIX B TUCCEPTALIMOHHOW pabOTe KPUTEPUATBHBIX YCIIO-
Buil ycranoBka YIIIP HeoOXoauMa Ha TeX MOJCTAHIMSAX YHEPTOCUCTEMBI JUIS KO-
TOPBIX BBIMOJIHACTCA CIIEAYyIOIee YCIOBHE: 3HAUCHUE KPUTEPHATBHOTO COOTHOIIIE-
Hust OU/0Qp B XxapakTepHBIX pexumax npesviuaem 3uauetue 0,15 o.e., a 3HaueHUe
MOIITHOCTH KOPOTKOTO 3aMbIKaHus /i y3ia sHeprocucteMsl 500 kB menvute 6,5
I'BA.

Jmst moncranumii IlerpozaBoackas TOL u Ounckas '9C B 06oux pexu-
MaX JaHHOE YCIJIOBHE HE BEHITIOIHACTCS M ITO3TOMY Ha MOJICTAHIMIX IeNIeco00pa3Ho
npuMmeHuTs LP.

Jus noacranimii JIoyxu B 000MX pexuMax 3HAYCHHE KPHUTEPUATLHOTO
cootHoteHust 0U/0Qp npesviuwaem rparnanoe 0,15 o.e., B TO BpeMs Kak 3HAUCHHE
MOIITHOCTH KOPOTKOTO 3aMbIKaHus npuBeneHHOe K 500 kB cocTaBisieT BelMUInHYy
menvuiyro 6,5 TBA, T.e. 19 maHHON MOJCTAHINH O00O3HAYCHHOE BBIMIC YCIIOBHE
BBIMOJIHACTCA. 3 3TOro MOXHO CHenaTh BBIBOJ O HEOOXOIMMOCTH YCTaHOBKH
YIIP.

Takum oOpa3oMm, Ha JaHHOM 3Tale aHAIW3 3HAUYEHHH KPHUTEpHUATbHOTO
cootHotreHus oU/0Qp u 3HaueHWil MOIIHOCTH KOPOTKOTO 3aMbIKaHHUs IMOKa3all,
4710 Ha monctaniuu Jloyxu nenecoobpaszno ycranoButh YIIIP, a Ha moacTaHnusax
Onxckas ['DC u IlerpozaBonckas TOLl Heobxoaumo mpumenenue LIIP, ato noo-
meepoicoaem CICTaHHBIA paHee npedsapumeibiblil BEIBOJI.

2.4. Jlanee BBIIOIHSAIOTCS YACIICHHBIC SKCIIEPHUMEHTHI B TIOJHOM CXeMe ce-
Td. OJIMH U3 MOJXO0J0B MCCIIEI0BaHUs 3aKJII0YAETCS B COMOCTABIEHUN MOLIHOCTHU
HOJKJIIOYaeMOro peakTopa (¢ MOMOIIBI KOTOPOTO JOCTUTACTCS HOPMATU3aLUs
HAIPSDKEHUsI), ¢ MOIIHOCTBIO UCKYCCTBEHHO MPUCOCIMHEHHOM B JaHHOM Y3Jie JK-
BHUBAJICHTHON 3HEPTOCHUCTEMBI, KOTOPAask XapaKTEPHU3YyeTCsI MOIIHOCTHI0 KOPOTKOTO
3ambIkaHus. TexHudeckuit 23G(GEeKT OT BKIIOYCHHS PEeaKTopa Ha MPOMEKYTOTHON
MOJICTAHITNH COTIOCTABIsIeTCA ¢ 3(Pp(eKToM NMpHCOeTUHEHNsI YKBUBAICHTHON CHC-
TEMBI, KOTOpasi XapaKTepU3yeTcsl ONpPeAeTICHHON MOITHOCTHIO KOPOTKOTO 3aMBIKa-
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HUS, 332 CYCT Yero OCYIICCTBIISICTCS TaKas jKe CTaOMIU3alysl HANPSHDKCHUS TP U3-
MEHEHUAX peKUMa PabOTHI.

Juis peanmzamiil yKa3aHHOTO MOX0/Ja HEOOXOAMMO BBITIOJTHEHHE ClIe-
JIYIOIINX ACUCTBUMN:
. OKCIepUMEHTAIBHO opeaenseTcs 3aBUCUMOCTh 0U»/0Qpy; oT Sk35.
. [To momyuennoit 3aBucumoctu 0U/0Qps oT Sk3, Ans xaknod M3 Mof-
CTaHIUI 3HEPrOCUCTEMBI, Ha KOTOPBIX IPEAIOJIaratach YCTaHOBKA PEakTopa Ofi-
penensercs, 3HaYeHHUEe MOIIHOCTH TPeX()a3HOro KOPOTKOTO 3aMBIKAHUS HCKYCCT-
BEHHO MPHUCOCIUHCHHON CHCTEMBI, COOTBETCTBYIOIICE 33aJaHHOMY 3HAYCHHUIO
o0U/6Qp, nony4eHHOMY B SKBUBAJIICHTHOMN CXEME SHEPTOCHCTEMBI.
. OnpenensroTcess KpUTepHaIbHbIe COOTHOIICHHS B BUJC OTHOIICHUS MOIII-
HOCTH PEaKkTopa MpPY BEIOPAHHOM TEXHOJIOTHYECKH OOOCHOBAHHOM 3HAYCHUU KO-
3¢ ¢unreHTa yupaBieHHs peakTopa Mo KaHaIy OTKJIIOHGHHUS HANpsSKEHHUS K TOTY-
YCHHOMY 3HAUCHUIO SK37.

KputepuansHoe cooTHommenue Qp/Sk3; MOKa3bIBACT, BKIIIOUCHHE PEAKTO-
pa Kakoi MOIITHOCTH SKBHBAJICHTHO NPHCOCIWHEHHUIO HCKYCCTBEHHOW YHEPTOCHC-
TEMBI C MOIHOCTEIO cTadmmm3anmu 1I'BA.

Ha ocHoBe aHanu3a paHee pacCMOTPEHHBIX TapaMeTPoOB HEOOXOAUMO OI-
peNenuTh 3HAYCHHE MOIIHOCTH pPEaKTOpa, COOTBETCTBYIOIIEE NPHCOCIUHEHHIO
HCKYCCTBEHHOH SHEPrOCHCTEMBI ¢ MOMIHOCTBI0 crabmnm3anuu 1I'BA. IlomxydeH-
HOE 3Ha4ueHHue MokaxkeT, yctaHoBka YIIIP kakoif MmomHOCTH OyneT addexkTuBHA Ha
paccMaTpruBacMOM ITOACTAHIMY 110 YCIIOBHUSM PErYJIUPOBAHMS PEXHUMAa.

JlanHble, mosydeHHble B TONHOH cxeme ceTu Kombcko-Kapensckoro
TPaH3HUTa, COIOCTABIIAIOTCS C pe3yJbTaTaMH, IOJYYEHHBIMH B 3KBHBaJICHTHOU
cxeme s pexuma A. Hipke mpuBeneHs! pe3yibTaThl, MOJyYEHHBIE C TIOMOIIBIO
YHCIIEHHOTO SKCHEPHMEHTA B IMOJHOW CXEMe TPaH3UTa, MyTeM IMPUCOSANHEHUS K
Y31y B KOTOpoM yctaHoBieH YIIIP, uckyccTBEHHON CHCTEMBI € 3alaHHOM MOLIHO-
CTBIO KOPOTKOTO 3aMbIkaHMs. Ha puc. 4 mpecraBieHa 3aBUCHMOCTD KPUTEPHAITb-
Horo cootHomeHus 0U,/0Qp, s pa3nHIHBIX 3HAYECHUH MOIIHOCTH CTaOMIIN3a-
I[MH UCKYCCTBEHHO IPHCOEMHEHHON CUCTEMBI.

[To 3HavyeHHI0 KpuTepHaibHOro cooTHomenus oU/OQp, nonydyeHHOMY B
OKBUBAJICHTHOW CXeMe TPaH3UTa U3 rpaUKoOB pUC. 4 MOKHO ONpPEACIUTh 3HAYE-
HHE MOIHOCTH KOPOTKOTO 3aMbIKaHUsSI UCKYCCTBEHHO NPHUCOEIUHEHHBIX YHEPro-
cucreM. B rpagax Tabnuupl 4 mpeacTaBiIeHbl MOJY4YeHHbIC 3HAYCHUSI KPUTEPHAIb-
Horo cootHoteHust oU/0Qp mist pexknuma A, MOLIHOCTh peakTopa B UMEHOBaHHBIX
€IMHMLAX TIPH TEXHOJIOTHYECKH 00OCHOBAaHHOM 3HAaUYEHHH KOI(pPHIMEHTa yIpaB-
nenust YIIIP, a Takxke 3HaueHHE MOIHOCTH CTAOMIIM3AIMN NCKYCCTBEHHO IPHCOE-
JMHEHHOW SKBMBAJIEHTHOW cHCTeMBl. B Tabnuie Tak ke MpuBeieHO 3HaYeHHe KpH-
TepUaJbHOro cooTHoUIeHUst Qp/Sk3;, MOKa3bIBalOIIEe, PEAKTOP KaKOi MOIIHOCTH
CIOCOOEH OAIEP)KUBATh HANPSDKCHHUE B y3JI€ DHEPIrOCHCTEMBI TaK e, KaK HCKYC-
CTBEHHO IPHCOEANHEHHAst CUCTEMa C MOLITHOCTBIO KOPOTKOTo 3ambIkanus 1 [BA.
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Puc.4. 3aBucumocts 6U5/0Qp5 st pa3niuyHbIX 3HAYSHUIH MOIIHOCTH CTa0MIN3a-
IIMM UCKYCCTBEHHO MPUCOCIMHEHHOW CUCTEeMBI I noacTanuui Koiabcko-
Kapensckoro Tpan3uta

i o BA

Tabnuua 4
CBopHas Tabnuia KpuTepHaIbHBIX TapameTpoB Konbcko-Kapensckoro
tpan3uta OIC Cepepo-3anana

oU/oQp| Op, Sk3y, Qp/ Skzy Sk3,
Hoxeranuma | ™| \igA | 'BA |(MBA/TBA)| MBA
Jloyxu 0,159 | 3494 | 2,15 162,5 4 095
Onpckas 'OC | 0,123 | 290,7 4 73,6 4261
Ilerpo3aBonckas
I 0,0736 | 82,7 10 8,27 4 796

st moactannmu Jloyxu BeNWYMHA KPUTEPHAILHOTO COOTHOIIEHHS
Op/Sk35 cocrapnsier 162 MBA/TBA. T.e. npucoeanHeHHEe UCKYCCTBEHHOW CHUCTe-
MBI C MOIITHOCTBIO TpeX(a3zHoro KOpOoTKOro 3aMbikaHus 1I'BA Ha 3To#t moncraH-
IMHA OSKBUBAJCHTHO BKJIIOYECHHIO pPeakTopa OOJBIION MOIIHOCTA BEIMYUHOM
162 MBA.

Jst moncrantuit Ouackas I'9C u [erposaBoackas TOL] BenudanHa Kpu-
TEPHANTBHOTO COOTHOMECHUs Op/Sk3, coctaniseT 73,6 u 8,27 MBA/T'BA, T.e. npu-
COCJIMHEHUE HWCKYCCTBCHHOW CHCTEMBI C MOIIHOCTBIO Tpex(a3HOr0 KOPOTKOTO
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3ambikanuss 1T'BA nns 9TUX MOACTAaHUMI SKBUBAJIEHTHO BKIIIOUEHHUIO PEAKTOpa
HeOOIBIION MOIIHOCTH, a UMEHHO 73,6 u 8,27 MBA.

Takum o0Opaszom, Ha monacTaHuuy Jloyxu HeoOxonumo yctaHoBUTh YIIIP,
a Ha monctannun Onxackas ['OC u IlerpozaBoxackas TOL] MOXHO OTpaHUYUTHCS
yctanoBkoi IP.

Ha ocHoBe aHamm3a MoTydeHHBIX JAHHBIX B JBYX SHEpProcucreMax chop-
MYJHpPOBaHA COBOKYMHOCTh KPUTEPHAJBHBIX YCJI0BHIi BbIOOpa MecTa yCTaHOB-
ku YIIP B 3HeprocucrteMe ¢ y4eTOM NPHOPUTETa WX BBITOJHCHUS. YCTaHOBKA
YHUIP nenecooOpa3Ha Ha TeX MOJCTAHIUIX YHEPTOCUCTEMBI, U KOTOPBIX BBIMIOJI-
HSIOTCSI CIICYFOIIIE YCIOBHUS:

1. Ortknonenue HanpsokeHust AU npesviwiaem BennunHy 5% B Xapax-
TEPHBIX PEKUMaX Mepeaaydl MOIIMHOCTH MPH 3HAYCHUHU KO3 (DUIHCHTA YIPABICHUSA
peaxTopa paBHOM -1 eI1.IIpOBO./e.HaTp.

2. W3menenue HanpspkeHus oU mpu BappupoBaHUU KOA(PUIIIEHTA pe-
TYJIMPOBAaHUS  peakTopa 10  KaHaly  OTKIIOHGHHS  HANpsDKEHUs  OT
-1 exg.mpoBop./en.HAtIP. 10 TEXHOIOTHYECKH OOOCHOBAHHOTO 3HAUCHUS KO3 PuIn-
enra ynpasneHus YIIP npesviuaem 5%.

3. VYcranoska VIIIP HeoOxonnMma Ha TeX MPOMEKYTOYHBIX MOJCTAHIU-
SIX CUCTEMBI, KOTOPBIC XapaKTECPU3YIOTCS 3HAUCHHUEM MOIIIHOCTA KOPOTKOTO 3aMbl-
Kanusi, npuBeneHHoi k 500 kB Skz < 6,5TBA, npu stoMm Benmuunaa 0U/0Qp, omnpe-
JICIICHHAsT B YCJIOBHSAX BapbUpPOBaHUS Ko3(duimeHTa ynpasieHus peaktopa Kou
oT -1 en.nmpoBoJ./eA.Hamp. 10 TEXHOJOIN4eCKH 000CHOBAHHOTO 3HAYEHHS J0JDKHA
YIOBJIETBOPSTH cooTHOIIeHUI0 0U/0Qp > 0,15 o.e.

4. VcranoBka YIIIP HeoOxoauMa Ha NPOMEXYTOYHBIX IOJCTaHLUSAX
cuctembl npu Benudaune Q,(MBA)/S.,5 (I'BA) > 180MBA/I'BA nna cucTeMsl
500 xB, nns cucremsl 330 kB 6onee 75 MBA/T'BA.

[Ipu ananw3e yCTaHOBUBIIMXCS PEKIMOB B SHEPTOCHCTEME, HEOOXOIMMO
OIICHUTHh OTKJIOHCHHE HAINPsDKEHHST Ha MPOMEKYTOYHOW MOJCTAHIIUH CHCTEMEL,
CTETIeHb U3MEHECHUSI MOITHOCTH peakTopa IUIA MOAJCpPKAHUS HAPSDKCHUS B yKa-
3aHHOM JTHaNa30He, MOMIHOCTh TPeX(a3HOr0 KOPOTKOTO 3aMBIKaHUS SHEPrOCUCTE-
MbI OTHOCHTEJILHO PacCMaTPUBAEMON MMPOMEKYTOUHOM MOJCTAHIIMH U MOIIHOCTb
KOMIICHCUPYIOLIEr0 YCTPOWCTBA, HEOOXOAUMOro Aiisi ycTaHOBKH. CpaBHUB TOITY-
YCHHBIC 3HAYCHUS C KPUTCPHATIBHBIMH, MOXHO CJE/IaTh BBIBOJ O HEOOXOIUMOCTH
ycranoBku YIIIP unu IIIP B cucreme. B ciyuae, npoTuBOpeumii, OIYyYEHHBIX 110
aHanmu3y pe3yiapTatoB DIC, HEOOXOIUMO PACCMOTPETh OCTAIbHBIC KPUTEPHUAIIb-
HBIC MapaMeTphl. [Ipy MOTYYCHHH HEOJHO3HAYHBIX PE3yJbTAaTOB, HEOOXOIMMO
pPaccMOTPETh HECKOJIIBKO PEKHMOB IMEpedayd MOIIHOCTH, BBIOPaB M3 HHUX CaMbIe
HEOJIaronpHUsTHBIC C TOYKU 3PCHUS KOMITCHCAIINN PEaKTHBHON MOIIIHOCTH.

YerBepTas riaBa IOCBANICHA OLEHKE BIUSHUS KOX(PPHUINEHTOB pEry-
JIMPOBAHUs PEAKTOpa IO KaHAy OTKJIOHEHHMs HAIPsDKEHMs Ha [10Ka3aTelu CTaTH-
YECKOW YCTOHUYMBOCTH CHCTEMBI M BBIOOpPY HacTpoedHBIX mapamerpoB YIIIP kax
JUISL PEryJIMPOBAaHUs PEXKUMOB, TaK M JJIsl 00eCHIeYeHUs] CTaTHCTHYECKOH YCTOHYH-
BOCTH.
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3amac CTaTUUECKOW YCTOMUMBOCTH CETH OLEHHUBAETCA MO MOJOXKEHUIO
KOpHEH XapaKTepUCTUYECKOr0 MOJIMHOMA 3HEPrOCUCTEMBI. TakoW Moaxo/ Mmo3Bo-
JseT BBHIOpATh ONTHMAaJbHOE 3HaueHHe KoddduuueHta ympasienus YIIP. Iox
OnmMuManbHLIM TIOHUMAETCs Takoe 3HaueHne Koddduimenrta ympasinenus YIIIP,
IPU KOTOPOM CHCTEMa XapaKTepU3yeTcss MaKCUMalIbHBIMU OKa3aTEIIMU CTaTHYE-
CKOM YCTOMYMBOCTH.

PaccmarpuBaeMblii TOIX0/1 K OIIEHKE 3amaca CTaTUYeCKOH YCTOWYHBOCTH
9HEPTOCUCTEMBI, TIOKa3aJl CIeyIoIIee:

1. Tlpumenenue YIIP ¢ perymupoBaHreM NO KaHalXy OTKIOHEHHS Ha-
TPSOKSHAS TTO3BOJISIET BBIOPATh TaKoe 3HaUeHHE KOA(QQHUINEHTa YIIPaBICHU, MPH
KOTOPOM CHCTEMa XapaKTEPH3YETCs] MAKCHMAaJIbHBIMU MTOKA3aTEISIMHA CTATHIECKOM
YCTOMYUBOCTH.

2. 3Hayenue kK03(h(UIMEHTA PETyTUPOBAHMUS, IPU KOTOPOM JTOCTHIAIOTCS
MaKCHUMaJbHbIE TTOKA3aTe/IN CTaTUUECKOM yCTOﬁ‘IHBOCTH, KaK IpaBujI0, HAXOOUTCsA
B Juamna3one - 5 - 40 ex.mpoBoa./en.Hamnp. Takoe 3HaueHHE KO3PPHUIIUEHTA pery-
JIMPOBaHUA CYHICCTBCHHO MCHBIIEC TEXHOJOTMYCCKU O6OCHOBaHHOﬁ BCJIIMYNHBI,
BBIOODP KOTOPOH 00YCIIOBIIEH PEKUMHBIMHU ITapaMeTpaMHu.

3. Ipumenenue YIIP mooXUTENBHO BIUSET HA alCPUOTUYECKYIO yC-
TOWYHNBOCTH CHCTEMBI.

B Ilpunoxenuu 1 npencrasineHa nonHas cxema JC Kasaxcrana, 6anaHc
momHocTH Ha 2015 T., a Takke NPUBEICHBI XapaKTEPUCTUKU PEKHUMOB pabOTHI
JUHUHA. B mpuioskeHMu mpencTaBlieHbl MapaMeTpbl SKBHBAIECHTHBIX CXEM TpeX
PacCMOTPEHHBIX IHEPTOCHCTEM.

B Ilpuio:keHun 2 IpUBEIEHO ONMCAaHHWE 3JIEMEHTOB YHEPTOCHUCTEMBI B
cpene 00BEKTHO-OPHEHTHPOBAHHOTO NMPOTPAMMHUPOBAHMA, Ha 0a3e KOTOPBIX MpPO-
BOJIMJIMCH YHCJIEHHBIE SKCIIEPUMEHTHI.

B Ilpuioxkenun 3 npuBeAEHbI Pe3yJbTaTbl UCCIEIOBAHUN yCTaHOBUB-
mmxcst pexxuMoB padotsr OOC Cubupu Ha npuMepe Tpanzuta HoBo-AHxkepckas -
TaBpuueckas 500 kB mns Beioopa MecT yctanoBk Y LLP mo npenioxeHHON METO-
JIVIKE.

HOJ’Iy‘IeHHHG JAaHHBIC XOPOIIO CONJIACYHOTCA € THUIIOM YXKC€ YCTAHOBJICH-
HBIX B CETHU YCTpOﬁCTB, YTO YKa3bIBa€T Ha NJOCTOBEPHOCTb MCTOJAUKHU U PE3yJibTa-
TOB UCCJICJOBaHHU.

B IIpuaoxennn 4 npuBeaeHs! pe3yabTaThl 3(GHEKTUBHOCTH NPHUMEHEHHS
YCTPOMCTB KOMIIEHCALIUN PEaKTUBHON MOIIHOCTU B CUCTEME «JIeHIHEPro» ¢ BXO-
nmsmumu B Hee cetsimu 110 — 750 kB MOC «Cesepo-3anama», MPCK «Ceepo-
3anana» u apyruMu. Ha ocHOBe npeyuioskeHHON B iMCccepTaliii METOMKH BBIIION-
HEHa PAacCTaHOBKA YCTPOMCTB KOMIICHCAIIMM PEAKTUBHOM MOIIHOCTH M JIOKa3aHa
BO3MOXKHOCTb OTPAaHMYHUTHCS NMPUMEHEHHEM HEYNpPaBIsEMBIX YCTPOHCTB KOMIICH-
caluy peakTHBHOW MOIIHOCTH B 3Heprocucreme «JIeHaHeproy.

Iloka3aHo, 4TO NIPUMEHEHUE YNPABISEMBIX YCTPOUCTB KOMIIEHCALUU pe-
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AKTHMBHOW MOIIHOCTH C ONTHUMAJBbHBIM 3HaYeHHUEM KOd((HLIMEHTa yNpaBIICHHS
Kou nopsinka - 10 - 20 ex.mpoBoa./ed.HAIp. ¥ 3JIEKTPOMATHUTHON IOCTOSHHOMN
BpeMeHH Tp mopsiaka 4 ¢ MOXKeT OBITh OTIPaBIaHHO TOJBKO IS HEOOIBIIOTO, IPH-
MepHO Ha 10%, MOBBIMIEHNUS 3amaca CTaTHIECKOH YCTOHYMBOCTH 3HEPTOCHCTEMBI.

HccnenoBanus auHaAMHUYECKOM YCTOfIQHBOCTH II0Ka3ajn, 4TO CHCTCMa
06J1a;[aeT OOJIBIINM 3aIacoM JUHAMHYECKOM YCTOFI‘{PIBOCTI/I; T.C. MIPCACIbHOC BpC-
M OTKJIHOYCHHA 3aMbIKaHUSA MPUMEPHO B 2 paza GoblIe HOPMHUPYEMOI'O 3HA4YC-
HHA.

[Nomy4eHHBIE pe3yJIbTaThl UCCIIEIOBAaHUN TO3BOJIMIM PACIMPUTH 00J1aCTh
MPUMEHEHUs1 KpuTepus BbiOopa MecT yctaHoBku YIIP nnst yctpoifcTB momepeu-
HOM KOMIIEHCAllUM PEaKTUBHOM MOIHOCTH, PaOOTAIOUIMX B EMKOCTHOM JHaIia3o-
HE.

OCHOBHBIE BbIBO/JbI 1 PE3YJIBTATBI PABOTbI

1. Pa3pabGoTaHa METOIMKA OMpPEICICHUS YCIOBUI BRIOOPA MECT YCTaHOB-
ku YIIP B cersix 330 - 500 kB. [/loka3aHo, 4TO yCTaHOBKA yCTPOMCTB yImpaBiisie-
MOM IMoTnepeyHOoi KOMIIEHCAIIUK YJIy4IIaeT MOKa3aTelId KauecTBa pPeryiupyeMoro
HaINpsDKEHUS Ha 3a)KHMaxX OTBETCTBEHHBIX MOTpedUTeNeH.

2. CdopmynupoBaHbl KpuTepun BbeiOOpa MecT yctaHoBku YIIP B ceTsx
330 - 500 xB. Pa3zpaborannbie Kputepuu BeIOOpa MecTa ycTaHOBKH YIIIP u Tex-
HUYECKHe TpeOOBaHMSA, NPEABSIBIEMbIC K HX ITapaMeTpaM, MOTYT HCIIOIb30BaThCS
IPU PAacCMOTPEHHUM IEPCIEKTUB PA3BUTHS CETEH C NPHMEHEHHWEM IaHHBIX YCT-
pOMCTB.

3. Pa3paboTaHbl >KBHBAJCHTHBIC MOJENM PEATbHBIX JHEPTOCHCTEM
(Konbcko-Kapensckoro tpansuta 330 kB, tpamsura Cesep-FOr Kasaxcrana
500 B, tpansuta HoBo-Amxepckas - Taspuueckas 500 kB) B cpene 0GbeKTHO-
OPUEHTHPOBAHHOTO MPOTrpaMMHUpPOBaHMA. VICHOIp30BaHUE aNrOpUTMa B3aUMOCH-
CTBHS ¢ IporpaMMHOM 06010uk0oit MATLAB MoxeT OBITh MPUMEHEHO IS pelie-
HUS OoJiee HIMPOKOTO CIEKTpa HAYYHBIX, SKCIUIYaTAIMOHHBIX M HCCIIEHOBATEIb-
CKHX 3a/la4. TaKMX KaK pa3BUTHE ceTel, oOecredeHus TpeOyeMol NpOIMyCKHOM
CIIOCOOHOCTH JIMHUH 3JIEKTPOIepeadr, OLEHKH 3aaca CTaTHIECKON 1 TMHAMUYe-
CKOH YCTOMYHMBOCTH, KaKk B pACCMOTPEHHBIX, TaK U B JJPYI'HX SHEPTOCUCTEMAX.

4. Pa3paboTaHbl S5KBUBAJICHTHBIE MOJIEIN SHEPTOCUCTEM M HCCIIEOBAHO
BIIMSTHUE MECTa YCTAaHOBKH YCTPOWCTB IONEPEYHONH KOMIEHCAIUU PEaKTHBHOMN
MOIIIHOCTH Ha MOKAa3aTeIN CTATHYECKOH yCTOWYNBOCTH CHCTEM U BHITIOJIHEH BBIOOP
HACcTPOEYHBIX MapameTpoB YIIIP.

5. IlpennoxeHHBIH KPUTEPHH BBIOOPAa MECT YCTAHOBKH YCTPOWCTB KOM-
MEHCAIlNN PEaKTHBHON MOIIHOCTH OMPOOOBaH B TOPOICKOH ceTH «JIeH3aHeproy.
BrInosiHeH aHaIu3 YCTAHOBUBIINXCS PEXUMOB paOOTH B IEPCHIEKTHBHOM CXeMe ee
pa3BuTug Ha 2015 1. ¥ gaHBI pEeKOMEHIAIMU TI0 YCTAHOBKE YCTPOMCTB KOMITEHCA-
MU PEaKTUBHOW MoiHOCcTH. Ha pa3paboTaHHOW MOJEI SKBUBAJIEHTHOW CXEMBI
CHCTEMBI PACCUUTAHBI IOKA3aTeIM CTAaTHYECKOW YCTOWYMBOCTH M HCCIIEJOBaHA
JUHaMU4ecKas yCTOM4MBOCTb. MccnenoBanus MOKas3aly, 4YTO pacCCMOTPEHHAs CXe-
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Ma cetu «JIeHsHepro» o0agaeT BHICOKUMHU MMOKA3aTeIIMU KaK CTATUYCCKOM, TaK U
JIMHAMHYECKON YCTOHYMBOCTH.
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