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OBIIASA XAPAKTEPUCTHUKA PABOTDI

AKTYyaJIbHOCTBb MCCJIeI0BAHUS

B nacrosmee Bpems pasButue EnanHON dHepretnueckou cucremsl Poccum maer mo mytu
BHEJPEHUS WHHOBAIIMOHHBIX TEXHOJOTUH M IOCTPOEHMSI TaK HA3bIBAEMBIX «HMHTEJUIEKTyaJIbHBIX
cerei». ONHUM K3 BaKHEHIIMX KOMIIOHEHTOB TaKHUX CETEH SIBIAIOTCSA YNPAaBIsEMbIE CPENCTBA
KOMIIEHCAllUM PEaKTUBHOM MOIIHOCTM — cTaTudeckue THpucTopHble komneHcatopsl (CTK),
yhpasiisieMble UIYHTUpPYIOLIUE peakTopbl ¢ nogmarunuuBanueM (YLLP), uiu tpancpopmatopHOoro
tuna (YILIPT), a takke ctatnueckue komneHcaropsl (CTATKOM).

Ilo pa3HbIM npUYMHAM, B OCHOBHOM, CBSI3aHHBIM C BBICOKOW CTOMMOCTBIO M3IOTOBJICHUS U
SKCIUTyaTalliy, Takhe cpeicTBa kKommeHcanuu peakTuBHOM MomiHocTH kak CTK, CTATKOM wu
VIIPT, nMeromuye B CBOEM COCTABE CHUIIOBBIE TUPHUCTOPHI, BHIIIOJHEHHBIE HA IMOJHYK MOIIHOCTH
YCTPOICTBa, HE HAILLIM IMpPOKoro npuMeHeHus B ceTsix EDC Poccun.

B ynpaBinseMbIX — NOJAMarHMYMBAaHUEM  IIYHTUPYIOUIMX  PEAaKTOpax,  MOIIHOCTb
npeoOpa3oBaTess, BHINOJIHEHHOIO HAa OCHOBE CUJIOBBIX THPUCTOPOB, COCTaBisfeT Juiib 1-2% ot
MIOJIHOM MOUIHOCTH pPEaKTOopa, a CTOMMOCTh BCEro KOMILJIEKCA COMOCTaBUMa CO CTOMMOCTBIO
OOBIYHOTO JIByX- WJIM TPEXOOMOTOYHOTO TpaHchopMaTopa. YKa3zaHHbIE OCOOCHHOCTH OIPEIEIISIOT
CYLIECTBYIOIIEE HA CETOAHSAIIHUN JIEHb IPEUMMYLIECTBO YIPABISEMOIO0 peakropa Iepen
AQHAJIOTMYHBIMA II0 HA3HAYECHUIO YCTPOWCTBAMU KOMIICHCALlMM PEAaKTUBHOM MOIIHOCTH, 4TO
MO3BOJIMJIO €MY 3aHAThH JUAUPYIOIIKE MO3UIUHN CPEIN BCEX YIPABISEMBIX CPEICTB KOMIIEHCAIUH,
ycraHaBiuBaeMbIX B ceTsix EDC Poccum.

HecMmotpss Ha TO, 4TO HCClIEIOBaHMS IPOLIECCOB, MPOMCXOAAIIUX B CAMOM YCTpOICTBE,
BEIYTCs JOCTATOYHO JOJIIO€ BPEMs, MHOTHE Ba)KHEHIIME BONPOCHI, CBA3AHHBIE C BiusHueM Y IIIP
Ha TPOIIECCHl B AJIEKTPUUECKUX CETSIX, Ha CETOAHSIIHUN JI€Hb HE HCCIEIOBAHbI, YTO 3aTPyAHSET
IIPOEKTUPOBAHHUE.

eanb padoTbi

Ilenpto  paboTel  sABIsNIaCh  pa3pabOTKa MaTeMaTHYECKOW MOJENU  YIpaBsieMOro
MOIMarHUYMBAHUEM IIYHTHUPYIOIIETO pEaKkTOopa M BBHINOJIHEHHE BCEro KOMIUIEKCA pPAacyeTOB
AJIEKTPOMAarHUTHBIX IIPOLIECCOB C LENbI0 onpeaeneHus BiausHus Y1IIP Ha BennunHy HanpspKeHUH B
y37aX U TOKOB B 2JIEMEHTAaX JJIEKTPUUECKON CHUCTEMBI M XapaKTep U3MEHEHUS 3THUX IapaMeETPOB B
MIEPEXOIHBIX MpoIeccax.

3agauu ucciaea0BaHusA
1. Pa3pabotka maremarnueckoid Mmoaenu peakropa PTY-180000/500 u yHuBepcampHOTO aaropurMa
pellIeHHs] TIOJIYYEHHOM CHCTEMBbl YypaBHEHMM, peanuzanus wmonaenert YIIP u ero cucremsl
aBTomaruyeckoro ympasiuenus (CAY) B nporpammaoM komiuiekce EMTP/ATP.

2. BeimonHeHue pacyeToB KOMMYTAIIMOHHBIX MPOLIECCOB MPH BKIIOYEHUH BHICOKOBOJIBTHBIX JTMHUN
¢ YIIP ans onpenenenus TpeboBanuii k ObicTpoaeiictuto YIIIP.

3. BeinonHeHnue pacyeroB IMKJIA OJHO(A3ZHOIO aBTOMAaTHYECKOTO MOBTOPHOI'O BKIIIOYEHUS JTHMHUN
CBEPXBBICOKOro HampspkeHuss ¢ YIIP g ompeneneHus BIMsSHMS YNPaBISIEMOIO pEakTopa Ha
BEJIMYHMHY BOCCTAHABJIMBAIOLIETOCS HAMPSKEHUS U TOKA MOJIUTKYU TyTH 3aMbIKaHUS.

4. BrinonHeHrne pacuyeToB KOMMYTALIMOHHBIX IPOLIECCOB BKIKOYEHUS JTUHUU coBMecTHO ¢ YIIP ¢

nelpro BeiiBiaeHuA BimsgHusa YIIIP Ha cmocoOHOCTH »iiera3oBbIX BBIK/IrOYATENIel oTKIrO4aTh BJI ¢
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YIIP B nukiie «BKIFOYCHHUE-OBICTPOE OTKIFOUCHUECH.

HayuyHasi HOBM3HA IUCCEPTALMOHHON padoThI
1. ChopmynupoBanbl TpeboBaHust k ObicTponeiictBuio YIIP nns obecredeHus: COXpaHHOCTH
UIEKTPOTEXHUUECKOTO 00OPYOBAaHUS B PEXKHMMaX, COMPOBOXKIAIOUIMXCS NEPEHANPSKEHUIMU WIH
MOBBIIIEHHBIMU TOKOBBIMHU Harpy3Kamu.
2. UccnenoBano Biustaue ObicTposeiicTBus YIIIP Ha TpeOoBaHMs K HEIMHEHHBIM OrpaHHUYUTEINSIM
NIEpPEHANPSKEHU.
3. UccnenoBano BausHue VYIIIP Ha BenuuMHy TOKa HOANMTKM M BOCCTaHABIMBAIOIIEIOCS
HanpspkeHus B nukie OAIIB.
4. UccnenoBano BnussHue YIIIP Ha anepuogmveckue Toku Bbikitouarenedt BJI m omacHOCTh ux
MIOBPEKICHMSL.

JloCTOBEPHOCTH Pe3yabTATOB

MatemaTtnueckas MoJesib BepUHUIMpOBaHA IO BEJIWYMHE HANPSIKEHUS KOPOTKOIO
3aMbIKaHUs, TOKY U MHIYKLIHH B CTEPKHAX MarHuronposoga YIIIP B pexume xosocToro xona, a
TaKXe ¢ TOMOIIbI0 HATYPHBIX OCLIMIUIOTPAMM IPOIIECCOB, 3aAIIMCAHHBIX HA BBEJICHHBIX O0BEKTAX.

IIpakTHYeckas HeHHOCTH PadoThI
1. Onucan anroput™ co3AaHus MOJEJEH yIpaBlieMbIX PEaKTOPOB MPOU3BOJIbLHOW KOHCTPYKLHUU U
UX peanu3aluu B Buje nporpamm Ha OBM.
2. Co3maHbl MaTeMaTU4YecKHe MOJICNM YIPaBIsEMOro MOJMarHuuMBaHueM peakropa PTY-
180000/500 m ero cucTeMbl yIpaBJICHHS, KOTOPHIE PEaM30BaHbI B MPOTPAMMHOM KOMILJIEKCE
EMTP/ATP.
3. PazpaboTanbl aHaIMTHYECKHE BBIPAXKEHHS, IMOJIOKEHHBIE B OCHOBY METOAMKH pacueTa IHKIIa
01HO()a3HOTO0 aBTOMATHUECKOro nmoBropHoro BkiItoueHus BJI ¢ VIIIP, no3Bossomue oneHuTh TOK
MNOJNUTKM M BOCCTaHABIUBAIOIIEECS HANpsHKEHWe W BbIOpaTh HEOOXOAMMBIE Mephl JUis
obecnieuenus ycrenrnocta OAIIB.
4. Pazpa®oTaHbl aHAIUTUYECKUE BBIPAXKEHMS, TIIOJOXKEHHBIE B OCHOBY METOJMKHM pacdera
XapaKTepUCTUK KoMIeHcHupoBaHHOW BJI, mno3Bossmoomas ONpEeNeNuTh CTENEHb ONACHOCTH
anepuoNYecKUX KOMIIOHEHT TOKa M Ha OCHOBAHHM 3TUX PacdyeToB BbIOpaTh 3 (EKTUBHBIE MEPHI
10 00ECTIEUEHUIO YCIIEUTHOTO OTKIFOUEHUS JTMHUM B LIUKJIE «BKJIIOUEHHUE-OBICTPOE OTKIIIOUEHUEN.

Peanmzauus pe3yibTaToB padoThl

Pa3zpaOoTanHble MaTeMaTH4YeCKME MOJEIM HCIOJIB3YIOTCS Ha Kadenpe «DneKTpuueckue
cuctembl u cet» OI'BOY BIIO «Cankrt-IlerepOyprckuil ToCy1apCTBEHHBIN MOJUTEXHUUYECKUN
YHUBEPCUTET», Hay4YHO-HCCIEA0BATEIbCKUMU OPraHU3aLUsIMU U MIPOU3BOJUTENISIMH YIIPaBIISIEMbIX
pEaKkToOpoB A NPOBEIACHUS MCCIEAOBAaHUNM M PpacdyeTOB JIIEKTPUYECKMX IapaMeTpPOB CETEH,
OCHAIIEHHBIX YIIPABJIIEMBIMHU MIOJMarHUYMBaHUEM IIYHTUPYIOIIUMH PEAKTOPAMHU.

Anpodanust padéoTbl

[Tonoxenus paboTbl oOCyxnamuch Ha 3-ii Bcepoccuiickoil MosonexHON KoH(pepeHInn
«OHepreTuka riaazamu Mosonexu» (r. ExarepunOypr, 2012 r.). OcHOBHBIE MOJIOKEHHSI PabOTHI
TaKXke O0O0CYKAaJUCh HAa TEXHUYECKHX CEMUHapax, MPOBOJUMBIX MPOEKTHBIMH OpPraHU3ALUSAMHU U
IIPOU3BOIUTENSAMU 000PYAOBAHMSL.

Hyoankanun

ITo Teme auccepranyy OmyOJIMKOBaHO 4 MEYaTHBIX Pa0OTHI, B TOM YHUCIIE 2 HAYYHBIX CTaThU
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B pELEH3UPYEMBIX W3/IaHUAX, BXOASIIMX B nepeueHb pekoMmeHaoBaHHbIX BAK P®. Marepuansl

JFICCEePTALlUK CTAIM OCHOBOM JIJIsl MOHOTpaguH.
CTPYKTYPA U OBBEM JUCCEPTALIUN

Juccepranusi COCTOMT U3 BBEICHUS, IIECTH TJIaB, 3aKIIOYEHHUS M CIHCKA MCTOJIb30BaHHBIX
UCcTOYHUKOB. Pabora m3noxena Ha 167 crpanunax, Bkimodas 11 Tabnwim, 85 pHCYHKOB M CIIHCOK

autepaTtypsl u3 70 HAUMEHOBAHUIA.
COJEPXAHUE PABOTHI

Bo BBesneHmu 00OCHOBaHa aKTyalbHOCTb DPA0OTHI, PAaCKpBIBACTCS HayyHas HOBHM3HA M
MpaKTUYeCKasi 3HAUUMOCTb BBIIIOJIHEHHOU PabOThI.

B nepBoii rjaBe TPUBOAMTCS ONUCAHWE TPUHIMIA pPAOOTHl U KOHCTPYKTHBHBIX
0COOEHHOCTEH, CcOCTaB M HA3HAUYEHUE DJIEKTPUUYECKUX OOMOTOK pPEaKTopa, YIpPaBsIeMOIo
noaMarununBanuem, Ha npumepe YIIIP 500 kB cepun PTY-180000/500.

Ha pucynke 1 npuBejeHa NpUHUMIIMANIbHAS CX€Ma MArHUTHOI'O BEHTUJIS, IIPEIoJIararomast
pacIlenIeHUe LEHTPAIbHOIO CTEP)KHS Ha JIBa TaK Ha3bIBAEMBIX «IIOJIyCTEPXKHS», OXBau€HHBIE
cereBoil oomMoTkoi (CO) u oomoTtkoit ynpasienus (OY). [IpuHIun MarHUTHOro BEHTUIISI MOJIOKEH
B ocHOBY YIIIP.

CereBas ooMoTka (CO) oxBaThIBaeT 00a MOTYCTEPIKHS U TOIKIIOYACTCS HETIOCPEACTBEHHO
K IIMHaM BBICOKOTrO HampspkeHus win nposoxaMm BJI. Ilporekaromuii B HEl NEPEMEHHBIM TOK
CO3/1a€T B IOJIyCTEPKHIX IEPEMEHHBII MArHUTHBIN IIOTOK.

Obmotka ynpasinenus (OY) pasgeneHa Ha JBE CEKLIMH, BKIKOYEHHBbIE BCTPEYHO, U
MOAKJIIOYEHA K YMPABISIEMOMY MCTOYHHUKY IIOCTOSIHHOTO HampspkeHus. [Iporexarommii B OY
IIOCTOSIHHBIM TOK CO3JAacT B IIOJNYCTEPKHAX IIOCTOSHHBIM MAarHuUTHBIM TNOTOK. BcenencrBue
BCTPEUHOI0 BKJIIOYEHMsI cekuuii OV, HampaBieHHs IMOCTOSHHBIX ITOTOKOB B IOJIyCTEPXKHSIX
OKa3bIBaOTCS POTUBOIIOJIOKHBIMU. BCTpeyHOE BKIIIOUEHHE CEKIIMH MO3BOJIAET TAKKE HCKIIIOUUTh

BJIMSIHUE MPOLECCOB, MPOUCXOSIINX BO BHEIIHEN CE€TH, Ha mpouecchl B OVY.

&

*

CO

*

oy

loy e loy
Pucynox 1 - [IpuHiunuansHas cxeMa MarHUTHOTO BEHTHIIS

[lepemMeHHBIII U TOCTOSHHBIA MarHUTHBIE MOTOKU B TOJYCTEPKHIX CyMMHPYIOTCS (CM.
pucyHok 2). Perynupys Tok B OY, MOXHO U3MEHATHh MOCTOSHHYIO COCTABJISIONLYI0 HHAYKIIUH, TEM
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CaMbIM YMCHbIIAA WKW YBCIWYMUBAA JOJIIO IIEPpHOJa, B TCUCHUC KOTOpOI\/JI Ka)KI[LIﬁ nus3 HOJIYCTCp)KHeﬁ
HaxXoaAuTCsa B COCTOAHHUU HACHIIICHUA.
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PucyHnok 2 - CnoxeHre MarHUTHBIX MIOTOKOB (MHAYKIMH ), CO3/1aBa€MbIX CETEBOH 0OMOTKON 1
00OMOTKOM ynpaBiieHUs B IOJIYCTEPXKHAX B HOMUHAJIBHOM PEKHUME

OueBUAHO, YTO MEPEXOd M3 COCTOSIHMA, KOTJIa OJWH WM 00a MOJYCTEpXKHsS HACHIIIEHBI B
COCTOSIHUE, KOTJ]a HU OJIMH HE HACBILIEH, COIPOBOXAaeTCs UCKakeHueM (opmel KpuBoit Toka CO.
OTO NMPUBOJAUT K MOSBIIEHUIO B CETH BBICHIMX T'APMOHUYECKUX COCTaBISIOMUX. s ynydieHus
(opMbl KpUBOM TOKAa U CHU)KEHHS TOKAa HCKA)KCHUS MPUMEHSIETCS] KOMIIEHCAIlMOHHAs OOMOTKa
(KO), ¢hazbr koTOpoii COETUHSIOTCS 10 CXeME «TPEyToNbHUKY». Takum obpazom, npumenenne KO
MO3BOJISIET KOMIIEHCHPOBATh TApMOHMKH, KpaTHBIE TPEM, U PATUKAIBHO CHHU3UTH KOI(PQUIMEHT

HCKakeHHs (POPMBI KpUBOM TOKA CETeBOM OOMOTKH (CM. PUCYHOK 3).
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Pucynok 3 - Toku ceTeBoit 0OMOTKH U MX TApMOHHUYECKU cOCTaB B pexkumMe notpedienus 40%
OT HOMUHaJbHOW MomHOocTH Y [IIP:

a) — KO pazomknyTa; 6) — KO 3amknyTa



[TepByto rnaBy 3aBepmiaeT 0030p BapHAHTOB KOHCTPYKTHBHOTO HMCIIOJTHEHHS YTPABISIEMBIX
PEaKTOPOB M COMYTCTBYIOIIETO 000PYI0BaHMUs, HEOOXOMMOT0O B SKCILTyaTalllu.

Bropasi riaBa pa0oThl IMOCBSIIEHA METOJUKE KOMIIBIOTEPHOTO  MOJEIMPOBAHUS
yIpaBII€MbIX IOAMAarHUYMBAHUEM IIYHTHPYIOLIUX PEaKTOPOB.

Pa3zpe3 oamextpomarnuTHOM uactum omHoM Qaser YIIP cepum PTY-180000/500 ¢
0003HAaYEHHEM YCIIOBHO MOJIOKHTEIBLHBIX HAIPABJICHUH TOKOB | B 0OMOTKAaX ¥ MArHUTHBIX IOTOKOB
@ B CTEp)KHSX U KaHAJIaX paccesHus MOKa3aH Ha PUCYHKE 4.

ITo 3axonam Kupxroda cocrtaBisercs cucrema ypaBHEHUH JUIsi MarHUTHBIX LieNei, koTopas
JIOTIONTHSIETCSI yPAaBHEHHUSMH, OMTUCHIBAIOIIMMHU CXEMBI coequHeHust ooMoTok YIIP, n ypaBHeHUsIMH,
3alMCAaHHBIMHU C TIOMOIIBIO 3aKOHA 3JEKTPOMArHUTHOW MHIYKIWH, MO3BOJISIOIIMMHU yYECTh CBSI3b
MEX]ly TOKaMHU B OOMOTKaX U MarHUTHBIMH [TIOTOKaM B CTEPXKHIX MarHUTONPOBOJIA pEaKTopa.

CBsA3b MEXIy HaIpsDKEHHOCTbIO /4 M MHAYKIMEH MarHutHoro mnons B 3agaercs
AQHAJTUTHYECKUM  BBIPQXCHUEM,  ANNPOKCHMHUPYIOIIMM  OKCHEPUMEHTAIBHO  IONyYEHHYIO
XapaKTepUCTHKY HaMarHW4YMBAaHUS  AJEKTPOTEXHUYECKOH  CTaimd, M3 KOTOpoil  HaOpaH
MarHuronposoy YIIP.

[TomyuenHass TakuM oOpa3oM IOJHAs CHUCTEMA ypPaBHEHHUH JIMHEApU3YeTCsl C IOMOILIbIO
METO/1a HESBHOTO MHTErpUpOBaHus Diijepa u npeodpasyercs B cucteMy ypaBHeHHi (1), koTtopas
pelaercs B SBHOM BHJE (U1l yJIyULIEHHUS] CXOJUMOCTH pacuyera) OTHOCUTEIBHO TOKOB B OOMOTKaX

" NPpOU3BOJHBIX MATrHUTHBIX ITIOTOKOB @’B CTCPIKHAX.
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OXBaTBIBaIOU_Ieﬁ CTCPIKCHDb m, RJ — MAr"duTHOC COIIPOTHUBJIICHUC CTCPKHA J, Rk — AKTHUBHOC

COIIPOTUBJICHUC 0OMOTKH k, W — 4ucino BUTKOB O6MOTKI/I, OXBaTBIBaIOHleI;'I CTCPIKCHDb, E - 3AC

HCTOYHUKA, KOTOPBIN MOJKIIOUEH K 00MOTKe; AT — mIar UHTErpupOBaHUS.
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Pucynok 4 — Pa3pe3 anextpomarHuTHOM yactu ¢azer YIIIP
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C ucnoip30BaHHEM MOJYYCHHBIX Ha OpEAbIAYIIEM N MIare pacyera NpoOu3BOJHBIX MOTOKOB

@ " BpImoNHACTCS UMCIEHHOE WMHTErpupoBaHue. HoBble 3HAYCHHMS MATHMTHBIX IOTOKOB
CTaHOBSTCA MCXOJHBIMU JaHHBIMU JJISl BBIMOJHEHU cieaytoniero N+1 miara pacyera u Tak aasee.

B Tperbel riiaBe NpUBOIUTCS ONMCAHWUE CHCTEMBI aBTOMAaTHYECKOro yrpasiieHus Y IIIP
cepun PTY-180000/500, anroputmMoB ee paboTHl, JAIOTCS MPUMEPHI OCIIIIIOIPAaMM HEPEXOIHBIX
MPOLIECCOB, MOIYYEHHBIX ¢ omolbio moaeneid CAY u YIIIP.

B muccepranmm pabora CAY nmpoWyuIrOCTpUpOBaHa B CXeMe, NMPUBEICHHON Ha PUCYHKE 5.
Cxema coAep HUT UCTOYHUK [IEPEMEHHOr0 HamnpskeHus Ec, conporusnenue cetu X¢, BO3IYIIHYIO
munHuto syekrponepenaun BJI nnunoit 100 km ¢ YIIP u CAY B ee koHIlEe, ITYHTUPYIOUTUN PEaKTOp
1P, konaencaTopHyto 6arapeto Kb u Tpu BbIKIIIOUaTENs U1 OCYILECTBICHUS KOMMYTAIU.

[TocnenoBareabHOCTh KOMMYTAILIUNA AJIEMEHTOB CXEMbI BHIHA U3 pUcyHKa 6. [Ipu pabote B
peXHMe aBTOMATHUYECKON CTaOMWIM3allMM HaINpsDKEHHsS CUCTEMa aBTOMATHUYECKOIO YIIpPaBJICHUS
YHIP mnpencraBisier co00il  MPONMOPUUMOHANBHBIA  PETYJNATOP C BO3MOXHOCTBIO — 3aJaHUS
KodpuIMeHTa ycuiaeHus (CTaTu3Ma) U aBTOMATHUYECKHM IEpeX0/0M B PeXHUM (OPCHUPOBAHHOTO
Habopa/cOpoca MOIIHOCTH MPU MPEBBIILICHUU OTKJIOHEHHS HANPSKEHUS OT YCTaBKU HA 33JaHHYIO

KO3 (HUIIMEHTOM CTaTU3Ma BEIHUNHY.

Ec Xc I BN
@m I ~| UpUg U Luleilc
BZ
B
’ B, CAY
R e
K6 WP VWP

Pucynok 5 - TectoBas cxema aist wutroctpanuu padotsl PTY-180000/500 coBmecTHO

C KOHJIEHCATOpHOU OaTapeeit

00 Uco(t), kB
434 xB 437 xB 421 xB 420 xB 421 xB

|

|

400 —|

200 —

XX BH dITIA 9
VMHWL SUHBhOILDIG
(¢g aueLenoiiniiasg)
gy evHahOILg
(g quaLenoiLniiag)
AVD 8uHahoiLvg
(6g quaLenoiLniIag)
dm edowead
SUHBhOILMITO| |

dm edowiead
BUHBKOILILD

-200 —

-400 —|

ico(t), A

t,c
-400 ; 7 7 ; ; 7 ;
0 5 10 15 20 25 30 35 40

PucyHnok 6 — Orubarormue mo amruutyam HarnpspkeHus u Toka CO YIIP npu padote CAY

B pCIKUMC aBTOMATHYECKOM CTa6I/IJII/I3aI_II/II/I HaIIpsPKCHU A
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PaGora CAY B TOil xe cxemMe B pPeXHME aBTOMAaTH4eCKOH crabmmuzamuu Toka CO
OCYLIECTBIISIETCS IIyTEM Mepuoandeckoro npuiaoxkeHuss K OY Tpex BO3MOXKHBIX ypOBHEHN
HANpPSDKEHHs, TO €CTh PEaM30BaH aJrOPUTM INMHPOTHO-UMIYJIbCHOW Momymsuuu (IINM) (cwm.
pucyHok 7). [locnenoBarensHOCTE KOMMYTAITUH COXpaHEHa.

YerBepras riaBa IIOCBAILIECHA MCCIEIOBAHHUAM BHYTPEHHUX IepeHanpsbkeHuid Ha BJI ¢
yIpaBIsieMbIMU [T0IMAarHUYMBAHUEM PEAKTOPAMH.

B nuccepranuu noka3zaHo, 4TO IPU OJHOCTOPOHHEM BKIIIOUEHMH, B TOM YHCIE Ha
onHodaznoe K3, ObicTpoAeiicTBYS ynpaBiasieMOro NOJMarHUYMBaHUEM LIYHTHPYIOLIErO peakTopa
OKa3bIBACTCSl JOCTATOYHO i oOecredeHus: 0e30MmacHOM padOThl HEITWHEWHBIX OTpaHUYHUTENICH
nepenanpspkenuit (OITH).

Ha pucynke 8 mpuBeneHbl KpHBbIE ICHCTBYIOIIErO 3HAa4YeHUs (PA3HOrO HANpsIKEHUS B
ciydyae Bo3HMKHOBeHHs oHodazHoro K3 npu omHocroponneM BrirodeHun BJI mmmaol 500 kM. B
MOMEHT BpeMeHH t = 2.9 ¢ mpomcxoaut omHo(]a3HOE KOPOTKOE 3aMBbIKaHWE, HAIPSDKEHHE Ha
HETNOBPEXKIACHHBIX (pa3ax Bo3pactaeT. B MoMeHT Bpemenu t = 3 ¢ B OIHOM CiIy4ae MPOUCXOAUT
nonkiatouenue 1P, a B npyrom — VIIIP Haumnaer ¢opcupoBaHHO HaOUpaTh MOMIHOCTh. Cienyer
OTMETHUTB, YTO B ciiydae ¢ YIIIP Ha BpeMsi KOPOTKOro 3aMbIKaHUs HAIIPSHKEHUE OKA3BIBACTCS HIKE
3a CYET MEHBUIEH BEJIWYUHBl COINPOTUBJICHUS HYJIEBOM IOCIEIOBATEIBHOCTH YIPABIISIEMOTO
peakTopa 1o cpaBHEHHIO ¢ 00bIgHBIM LIP.

Onenka Bo3elcTBUS MOKa3aHHOro Ha puc. 8 HanpsbkeHus Ha OITH no3Bosser 3akirouuTs,
YTO, HECMOTps Ha OoJjiee IUIABHOE CHIKEHUE HampsbkeHus B ciaydae yctanoBku YIIP, ¢ yuerom

XapaKTepUCTUKU «HampsbkeHue-Bpems» OITH puck noBpexieHus anmnaparta OTCYTCTBYET.

300

on(t)1 B : : : : : : : : a)
250 - . . .
200 - - ‘
150 | ] - ] }
100 |
50 -
: : : : tc
0 ; i ; ;
19,0 194 19.8 202 206 21,0
300
Ugy(t), B : : : : : : : ©©0)
250 — - . . .
200
150 |
100 |
50
: : : : : : t,c
0 T T T T T T
29,0 29,4 29,8 30,2 30,6 31,0

Pucynok 7 — PerynupoBanue npuiiokeHHOro Kk OY HanpsiKkeHus:
a) Bosm3u ot MmomenTa t =20 ¢, korma Obu1 moakiIOUeH peakrop 1P,

0) Boimm3u ot Mmomenta t =30 ¢, korga peaxrop 1P 6bL1 OTKIIIOUEH

DTO CBSI3aHO C TEM, YTO NMPHU OJHO(PAZHOM KOPOTKOM 3aMBbIKAaHUU Ja)K€ HEHarpy>KEHHBIN

VYIIP orpannuuBaer mnepeHanpsbkeHus cuiabHee, yeMm oObruHbiii IHP. Kpome Toro, c¢ yuerom
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XapaKTepUCTUKU  «HanpsbkeHue-spemsi»  OIIH, gomyctumass — qiMTEnbHOCTH  BO3AECHCTBUS
NepeHanpsHKCHUN TaKOW BETMYMHBI 3HAUUTENIBHO MPEBBIIIAET BpeMs HaOOpa peakTOpOM MOIIHOCTH
WIN BpeMs cpabaTbIBaHUs OCHOBHOM MJIM pPE3€pPBHOM 3alllUTHI JINHUH.

[IpoBeneHHbie B AWCCEPTAllMM MCCIEAOBAaHUS Takke mokazaiu, 4yto YIIP cunbsHee
OrpaHMYMBAET KOMMYTAIlMOHHBIE IEpeHaNpsKeHus1, Bo3HUKatoue Ha BJI (cM. pucyHok 9).

B uwacTHOCTH, 3TO O3HAYaeT, 4YTO DHEPrus, KOTOpyr HeobOxomumo paccesrs OITH,
YCTaHABJIMBAEMOMY [UIS 3alllUThl PEAKTOpa, OKAa3bIBAECTCS MEHBLIE, YEM B Cllydae YCTaHOBKHU
obpiyHoro [P mpu Bcex paccCMOTpEHHBIX B JIUCCEPTALMM KOMMYTAUMSX: OJHOCTOPOHHEM
BKJIIOUEHUH (B TOM 4HClIe Ha OJIHO(pa3HOE K.3.) M pa3pblBe€ HATPYKEHHOI'O TpaH3UTA.
KomMmnbrorepHoe MozenupoBanue npouecca ¢ ucrosnb3oBanueM mozeneir OIIH u YIIIP noxazano,
4YTO MakcuMaibHas dHeprus, Bblaensemas OIIH B cioyuae wucnonb3oBanus IIIP, cocraBuia

2150 x/Ix, a B ciyyae ucnosibzoBanus YIIP — 1600 k/[x.

U(t), kB

500

2.8 29 3.0 3:1 3:2 333 334 t,c 35
Pucynok 8 - [leiicTBytomiee 3HaueHue (pa3HOTO HAIPSHKEHUS TPH BKIIOYCHUH JIMHUH

Ha ogHOdazHoe K3

u(t), MB

1390 kB

10_ ......... ; ......... . ...... . ......
S D WS R AL A
0.0~y

-0.5+

-1.0

1.0
0.0y
-0.5+

-1.04

-15 T T T T T T T T T

2.98 3.00 3.02 3.04 3.06 t’ C 3.08

Pucynok 9 - Heorpannuennsle aericrsueM OITH nepenanpsikenus B konue BJI

IIpU pa3pblBE€ HArpy>KEHHOT'O TPaH3MUTa
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TakuM 00pa3oM, pe3yJIbTaThl, IPUBEACHHBIC B YETBEPTOMU IIaBE AUCCEPTAIIMOHHON pabOTHI,
MO3BOJISIFOT CJENIaTh BBIBOJ O JocTaTouHOCTH ObicTpoaeiicTBus YIIP mns obecnieuenust HaeKHOU
paboThl J1ake TaKOTrO YYyBCTBUTENBHOTO K KBa3HCTALIMOHAPHBIM MEPEHAMPSIKEHUSM dSJEMEHTaM
cetu, kak OITH. IIpu sTtom, ucnons3oBanue YIIP Bmecto IIIP mo3Bonsier cHU3UTH TpeOOBaHUS K
sneproemkoctu OITH.

B nsiToii riaBe mpUBOAATCS Pe3yJIbTaThl HCCIEIOBAHUS MPOIECCOB B IUKIIE 0JHO(A3ZHOTO
aBTOMaTu4eckoro nosropHoro BxiatoueHus BJI ¢ VIIP, B yactHocTy, Biugaue YIIIP Ha Bennuuny
TOKa TOJANWUTKU IyTHM 3aMbIKaHUS HA 3€MJII0 U BOCCTAHABIMBAIOLIETOCS IIOCIE €€ TallleHHs
HaIpsDKEHUS Ha OTKIIIOYEHHOW (ha3e JTUHUM.

N3BecTHO, 4YTO  OCHOBHBIMM  COCTABJIIOIIMMU  TOKA  IIOANUTKU  SIBIISFOTCS:
aneKTpocTatndeckas (0T Mexay]asHbIX EMKOCTe JIMHHMHM), OJJIEKTpOMAarHutHas (OT ToOKa,
MPOTEKAOIIEr0 B OCTABIIUXCS B pabore (a3ax JMHHMM), U OT PEAKTOPOB, MPHUCOEAMHEHHBIX K
JIMHUU.

BenuunHa TOKa HOAMUTKY C Y4ETOM BCEX COCTABIISIOIIMX OINPEICISICTCS BRIpaKEeHHEM (2).

I.CYM = (r3C + NYLLIP I.YLUP + NLL[P I.LLIP)-’_ (rBM)’ (2)
rae N — gucio peakTopos.

B pa6ore nokazano, uro YIIP yBenuuuBaeT TOK MOJNUTKH JYT'H 3aMbIKaHHUS Ha 3€MJIIO 3a
CUeT HANUYMsl DJJIGKTPOMATHUTHOW CBSI3W MEXIy ¢azaMu peakTopa uepe3 TPeyroJbHUK
KOMITIEHCAIIMOHHOM 0OMOTKH, 4TO CHMKaeT BeposATHOCTh ycnemHoctu OAIIB.

JUist CHIDKEHMSI TOKa TMOANUTKY M 00€CIIeYeHUs TAalIeHUs JyTH MOTYT UCIIOJIb30BaThCs TaKHUe
MeTofbl, Kak oTkiatoueHue ¢aspl CO VIIP, onHoMMeHHOW ¢ MOBpekACHHOW (a3oi nuHHH,
YCTAaHOBKA HEUTPAJIBLHOTO pPEakTopa compoTuBiieHHeM Xy B HeuTpans YIIIP, mynTtupoBanue u
pa3mbikanue TpeyroasHuka KO VIIIP.

B tabmune 1 npuBenens! pazpaboraHHble (GOPMYIIBI UI pacueTa MOAMUTKA TYyTH B KaXKIOM
13 PaCCMOTPEHHBIX CIIy4YaeB ¢ y4€TOM YCTAHOBKU HEUTPaAJIbHOI'O peakTopa B Helrpanu Y IIIP.

AHanu3 TPHUBEACHHBIX BBIPAKEHUN TO3BOIWI CHOPMYIHUPOBATH PEKOMEHAALUU TI0
cHmxkeHuto moanutku ot YIIIP mis oGecrieuenus ramenus 1yru:

1. Omcymcemeue kommymavuuu YIIP

npuemiieMo A TuHui mHoi Menee 200 kM, HO TOJBKO Tpu obecnieueHuu neperpysku YIIP mo
MOIIIHOCTH 3a CYEeT UCHOJb30BaHUsl (popcupoBku; mis 6onee mimHHBIX BJI xpome dopcupoBku
notpedyercsi HeMTpalnbHbBIN PeakTop.

2. Pazmwikanue mpeyzonvtuuxa oomomox YIIP

MpUMEHUMO Ui JTUHUA gnuHoi MeHee 400-500 kMm; ans Oosiee NIMHHBIX JHHHUA Tpelyercs
(dhopcuposka momHocTy YIIIP u HeTpaabHBIN peakTop.

3. Lllymmuposanue mpey2oavhuxka KO

MpUMEHUMO Ui JTUHUA anuHoi MeHee 400-500 km; ans Oosiee NIMHHBIX JHHHUA TpeOyercs
HEUTPAJIBHBIN PEAKTOP.

4. Omxmouernue om aunuu asvl YIIP, oOnoumennou ¢ nospescoennou caszou BJ1

MPUMEHUMO it JuHud JuiuHoM MeHee 400-500 km; mpHw 3TOM HCIIOJIB30BAaHHWE HEUTPATHLHOTO

pcaKkTopa 6GCHOHC3HO, IMMOCKOJIBKY 3ICCh OH HC BJIMACT HA TOK IMOAIUTKH.
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I/I3BCCTHO, 4TO IMOCJIC TrallICHUA AYTH Ha OTKJIFOUCHHOM (1)336 Ha4YWHACT BOCCTAHABJINBATHCA

HanpspkeHue.  KpaTHocTh

[IepEHAIPSKCHUN

OIIpeIeTSACTCS

COOTHOLIEHUEM €MKOCTHOH

IPOBOIUMOCTH B nuHUM (MexIypa3sHOM M Ha 3eMIII0) U MHIYKTUBHOTO CONPOTHUBICHUS X

peakTopa.

B tabnuie 2 npuBeeHbl aHAIUTUYECKUE BBIPAXKEHUS ISl CllydaeB OTKIoueHus (assr YIIIP

U UIyHTUpoBaHus TpeyroiapbHuka KO mpu Hanuuum HENTpaibHOIO peakTopa, YCTAaHOBJIEHHOTO B

Heurtpanu YIIIP.
Taoauna 1 - Tox noanutku ot YIIIP B pa3nuuHbIX CXEMHO-PEKUMHBIX YCIOBUIX
bes npunsATus i = E.l 1 1
JIOTIOJIHUTEIIBHBIX MEP i 3| XM XM +3x M

E X VIIP

_ A N

[IyaTupoBanue KO lyup =] X i X ST, g VI

E X e

1 A N

Pasmpikanune KO lyie = ] X P . XTI g P
Otxrouenue (haspl i 0
VLHP V1P
Tadauua 2 — BoccTanaBnuBarorieecs: HapspDKeHUE Ha OTKIIFOUeHHOU (aze muaum ¢ YIIIP
0 daspr VIIIP U B
TKIIIOUEHHUE (Pa3bl B e
E.| B,+2B,
X 1
U XYLHP+3XYLHP'XYLUP —By
yntuposBanue KO A= vip : JIp : :
= Xo o +2Xy 1 (B 4 9B )
’ —\Po M

XS’U_[P + 3X IEJ’I_UP XS’U_[P

PazpaGoTanHble BBIpRXXEHUS TO3BOJIAIOT OIICHUTh BEJIMYMHY BOCCTAHABIMBAIOILETOCS
HaIpsHKEHUs IPU HAIMYWU WM OTCYTCTBUU HEUTPAIBHOIO PEAKTOpA.

ITo pesynpTatam, mogydeHHBIM B Tporecce uccienoBanus mukiaa OAIIB ¢ VIIP, 6sutn
pa3zpaboTaHbl OOIIME PEKOMEHAAIMK JJIs CllydaeB, KOrja Iocie obOecreueHus TpedyeMoit
BEJIMYMHBI TOKA MOJIMUTKA BOCCTAHABIMBAIOLIEECS HAMIPSKEHNUE OKA3bIBACTCS HEMPHUEMIIEMbIM:

1. Heo0Xx0qumMo CKOpPPEKTHpPOBATh MECTO YCTAaHOBKM HEHTpaJbHOTO pPEakTopa U €ro mapamMerphbl,
COXPAHMB MPHU 3TOM TOK MOANUTKH Ha JOIYCTUMOM YPOBHE.

2. st muawmid 500 kB mmwab! 400-500 KM U3MEHUTH CIIOCO0 CHIDKEHUS TOKA TIOJITUTKH, COXPAaHUB
IIPU 3TOM TOK IOJIUTKU Ha JI0IIyCTUMOM YPOBHE.

3. Ucnonp3oBaTh BO3MOXKHOCTH OTKIIOUeHUs (a3l 1P, omHOMMeHHOW ¢ TOBpEXICHHON (a3oin
BJL

B mecToii rjaBe paccMaTpUBaeTCs AaKTyallbHBIH BOMPOC OOECHEeUYeHHs YCIEUIHOTO
OTKJIFOYEHUS 3JIETa30BbIMH BBIKIIOYATEISIMU JIMHUM C MPUCOCAUHEHHBIMU K HEW LIYHTUPYIOIIUMHU

pE€aKTOpPaMH B HUKJIAX «BKJ'IIO‘ICHI/IG'6I>ICTp06 OTKIIFOYCHHCEC)).
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[ToxazaHo, YTO OMACHOCTH ANEPUOJUYECKONW COCTABIAIOLIEH TOKa BO MHOIOM 3aBHCHUT OT
CTENEHM KoMIleHcauu eMkocty BJI myHTHpyrommMu peakTopamu.

Pa3zpaGorana MeroauMka pacueTa mMmapaMeTpoB KomreHcupoBaHHOM BJI, mozBomsromas
OLIEHUTh HEOOXOJUMOCTh NMPUMEHEHUS MEPONPUATHIA 10 00ECIeUeHHIO OBICTPOro Mepexoa ToKa
JMHEHHOTO BBIKIIIOYATENS 4Yepe3 Hoib Tmocie BimoueHuss BJI, a Takke BbIOparh Hambosee
MOXOJIALIEE U3 HUX.

B kaudecTBe TakMX MEp MOTYT MCIIOJb30BaThCS: MPEABKIIOYAEMbIE PE3UCTOPHI, BKIIOUEHHE
JIMHUYU C MEHBIIINM YHCIIOM JIMHEHHBIX PEaKTOPOB WK YIIpaBisieMast KOMMYTaIHsl.

IIpenBkiaoyaemblie pe3ucTopbl. B Hacrosiee Bpemsi Uisi yMEHbBIIEHUS BEIHMYUHBI
alepUONYECKON COCTABIIAIOIIEH TOKAa IPEUIaracTcsli OCHALATh JIMHEMHBIE BBIKIIOYATENN
NpeaBKI0OYaeMbIMU  pe3ucTtopamu (cM. pucyHok 10). Takoil BbIKIIOYAaTENb HMEET TIJIaBHBIE

koHTakThI (I'K) 1 BcmomorarensHbie KOHTaKTHI (BK).

rK
/

—_T /

R BK

Pucynok 10 - [TpunnunuansHas cxema BBIKITIOYATENs C MPEABKII0YACMBIM PE3UCTOPOM

[Ipu BKJIIOYEHUHM BBIKJIIOYATENS, OCHAUIEHHOTO PE3UCTOPOM, IEPEXOJHBIE MPOLIECCHI
BO3HUKAIOT JBaXbl: NEpBbIA pa3 mpu 3ambikaHuu BK um BTOpo#t pa3 — mpu 3ambikanuu ['K.
bonemoe comporuBienne R mact xopornee aemmndupoBaHUE HA MEPBOM ATAle BKIIOYCHHS, HO
3aTO MHTEHCUBHBIMH OKQXKYTCS TIEPEXOHBIE MPOIECCHI HA BTOPOM 3Tare BKIIOYEHUSI.

BenuunHa conpoTUBIEHHS pe3UCTOpa JOJKHA OBITh TaKOW, YTOOBI 32 BpeMs €ro paboThl (¢
MomeHTa 3ambikanusg BK 1o momenTa 3ambikanus ['K) anepuoanueckas coctaBisionias 3aTyxJa.

[lycTp anepuonnueckasl COCTaBIISIONIAs TOKA BbI3BaHA BKIIOUEHUEM JIMHUU ¢ N peakTopoB.
[TocrosiHHAs BpeMEHH 3aTyXaHUs TOKa PEaKTOPOB MOXKET OBITh HaliieHa 1o (3).

L
TR = % 3)

k)
2
tie Lpy =Xpy [0, Xpy =%, /N, X, =U, /QP , N —uncno peaxropos Ha BJI.
ITonHOE 3aTyxaHKe anepuoANYECKON COCTaBIIAIOLIECH MPOU30MAET 3a BpeMs 37, . Benmnunna
conpotuBiieHus: R, koropas oOecreunt 3a Bpemss AT TOJIHOE 3aTyXxaHHE alepHOJUYecKOn

COCTABIISIOIIEH TOKa OJJHOTO peakTopa: 37, < AT , onpenessieTcs HepaBeHCTBOM (4).

2
R 2—3 s ,
AT NQ,

(4)

B pabote mokas3aHo, 4TO ONpeesICHHbIH TaKUM 00pa3oM Pe3HCTOp BIIOCIEICTBUU JOJIKEH
OBITH TPOBEPEH Ha JOMYCTUMOCTh SHEPTETHUECKUX HArpy30K NPy KOMMYTALIUAX.

BxiroyeHnue JIMHMM ¢ MEHBIIMM YHMCJIOM JHHEHHBIX PeakTopoB. [I0CKOIBKY OMacHOCTH
MOBPE)KICHNS BBIKIKOYATEICH JIMHUM CYHIECTBYET JMIINb IIPU BBICOKOM 3HAYEHUHM CTECICHU
KOMITIEHCAIlU €MKOCTH JIMHUUM HWHJIYKTUBHOCTBbIO PEAKTOPOB, B Kaue€CTBE OJHOW M3 MEpP MOXKET

OBITE PECKOMCHIOBAHO BKJIFOUCHUC JINHUW C MCHBIIIHUM YUCIIOM PCAKTOPOB.
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Yupaiasiemas kommyTanus. [Ipu pa3paboTke MeTOTMKH BBIOOpa MEPONPHUSATHIA IO O0pHOE

C alncpuoJUYCCKMMH TOKaMH BBOJUTCA IIOHATHC TOYHOCTH KOMMYTallUKU Al//, KOoTOpas

MPEJCTABISAET COOON BBIPAKEHHYIO B MC Pa3HOCTh MEXIY MOMEHTOM (PaKTHUECKOTO 3aMBIKaHUS
KOHTAKTOB BBIKJIKOYATENsI © MOMEHTOM II€peX0/ia HAPsLKCHUS 4epe3 MaKCUMYM B MUJITTUCEKYHIaX.

st mpuMeHeHHsI METOAUKN HEOOXOAUMO MOCTPOUTH 3aBUCUMOCTh TOYHOCTH KOMMYTAIlUU
BJI or crenenu ee xomreHcanuu Ay =f(K), BOCITIOJIB30BABIINCh ypaBHeHUsMH (D). Ilpu sTom
TOYHOCTh KOMMyTarmu Ay =5 MC OTBeYaeT caMOMy HEOIArONpPHUSITHOMY CIIydar0 BKJIFOUCHHS B

HOJIb HAITPSIPKCHU .

2000 R’ ON{
\

1800 \
1600 \

\ \
1400 \ \\
1200 \ \\Nzl
1000 \ \\
800 N[ [
600 AN .

\ \
400 ~ —
N=2 T~~~ T —
200 I — I —
0
0 0,01 0,02 0,03 0,04 0,05 AT,c 0,06

Pucynok 11 - TpeGoBaHus K BeIHMUNHE COMPOTUBIECHUS PE3UCTOPA, 00ECIIEUNBAOIIETO
MOJIHOE 3aTyXaHue anepuonyeckon cocrasistomiei Toka BJI 500 kB

¢ N peaktopamu, 3a Bpemst AT cBoeit paboThl

0<K< L -
1+exp(-T,/7)-sinAy )
1 - <K<w
1-exp(-T,/7)-sinAy

[Ipumep Takoii 3aBucumoctu st Jmauk ¢ YIIIP npuBenen Ha pucynke 12. Ilpum

MOCTPOSHUH 3aBHCUMOCTH YYTEHO, YTO HAaIpsDKeHHE KOpoTKoro 3ambikaHust YIIP cocrammser
npumepao 50%, cienoBarenabHO, IIYHTUpOBaHHE TpeyronbHuka KO MpHBOAMT K YBEIWYCHHUIO
noTpelIsieMoil peakTOpOM MOIIIHOCTH BABOE.

ITpoananu3upoBaB pUCYHOK 12, MOXKHO OTMETHUTH CIIEAYIOLINE XapaKTepHbIE 00JIaCTH:

3ona 1. [Ipu 0 < K <0.53 aneproandeckue TOKH HE OIACHBI MPH JII000M Ay .

3ona 2. IIpu K >0.53 cymecTByeT onacHOCTh OTKa3a ralleHus MEeKKOHTAKTHOHN Ayru, u
HEOOXOUMBl MEPOIPHUATHS 1O OrPaHMYEHUIO aNepUOAMYECKON cocTaBistonie. DPpdext ot
UCTIOJIb30BAHUS YIPABIISIEMOI KOMMYTALIUH CYIIECTBEHHO 3aBUCHT OT TOYHOCTH Al ee paboThlI.

3ona 3A. TpebyeTcst UCIOJIB30BAaHUE MPEIBKIIOYAEMbIX PE3UCTOPOB MM KE KOMMYTAIUS
BJI 6e3 omacHoro umcna peakrtopoB. CieayeT OTMETHTb, YTO HPU TOYHOCTH YIIpaBIisieMON

kommyTtaimn Ay =1 mc 30Ha 3A BBIpOXKAAeTCs, TO ecTh wucmonb3oBaHue YIIIP mosBomser
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o0ecreynTh MEepexo] TOKa uepe3 HOJb 0e3 MCIIOJIb30BaHMs IMPEABKIIOYAEMbIX PE3UCTOPOB MU
KOMMYTaluu € OTKIIFOYCHHBIMHA PCAKTOPAMU.

3ona 3b. /{15 To4uek U3 3TOM 30HBI PEKOMEHYETCSI COBMECTHOE MPUMEHEHHUE YIIPaBIIsIEMON
KOMMYTAIIMH ¥ TIpeABapUTEIIbHOTO (TIepen BkItoueHueM BJI moa Hanpspkenue) myHTrpoBanus KO

YHIP. O6siacTh NpUMEHEHUs TAKOTO PEILEHUs CYILIECTBEHHO 3aBUCUT OT TOUHOCTU Ay .

3ona 4. B 3Ty 30Hy HEOOBIYHO BBICOKHX KOA((PHUIIMEHTOB JIMHUS MOMAAET JUIIb HA BPEMs

mryHtuposanus KO.

Ay, mc

4.5

35

2.5

15

0.5

0 0.5 1 1.5 2  Koe 25

Pucynok 12 — 3aBUCUMOCTh TOYHOCTH KOMMYTAIIMHU OT CTENICHH KoMIieHcarwu BJI

Taxum oOpaszom, eciau obecnieunts Ha BJI ¢ YIIIP TouHOCTH ympaBisieMOl KOMMYTallUu
Ay =1 Mc, TO MOXHO JaTh CIEAYIOIIUE OOIIKMe PEKOMEHIAIMH M0 MpoOJIeMe arnepuoIndecKux
TOKOB:
— 1npu 0< K <0.53 mepomnpusitus He TpeOyroTCH;
— 1pu 0.53 < K <£0.78 pexomenayercs npumeHenune YK;

— 1npu K >0.78 uenecoobpazno npumeHenne YK coBmectHo ¢ mryntupoBanuem KO.

OCHOBHBIE BbIBO/JbI I10 PABOTE

[IpencraBneHHplii B paboTe alrOpuUTM CO3JAHUS MAaTEMAaTHYECKHX MOJIENICH YIIPaBIISIEMBIX
MOJIMarHUYMBAHUEM IIYHTHPYIOMIUX PEAKTOPOB MOKET OBITh HCIIONB30BaH MAJs pa3paboTKu U
peau3ani MMUTAIMOHHBIX MOJEJICH pPEeakTOpOB IHO00H KOHCTPYKIMHU. [lomydeHHBIE TaKuM
00pa3oM MOAETH UMEIOT XOPOIIYI0 CXOJAUMOCTh U TOYHOCTb.

PacyeTsl 2JIeKTpOMArHUTHBIX TIPOIIECCOB, BBHITIOJHEHHBIC C UCTIOIB30BaHUEM Pa3pabOTaHHOM
monemu YIIP 500 kB cepun PTY-180000/500, mo3Bosimiy peninTh MEIblii KOMIDIEKC MPOOJieM,
CBSI3aHHBIX C TMPOCKTHPOBAHMEM CeTE€Hd, B KOTOpPbIC YyCTAHABJIMBAIOTCS  YIPABISEMbIC

MOIMarHUYUBAHUEM HIYHTUPYIOLIUE PEAKTOPHI.
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B pabore na mpumepe OITH mokaszaHo, 4To OBICTPOIEHCTBUS, KOTOpBIM oOmamaet YIIIP,
JOCTaTO4YHO sl oOecriedeHus: Oe30macHOM pPabOThl 3IEKTPOTEXHUYECKOrOo OO0OpYIOBaHUS B
YCJIOBHSX CYIIECTBOBAHUS KBAa3UCTAIIMOHAPHBIX MEPEHANPSKECHUH.

Kpome Toro, 3a cyer Gosee riryOOKOro orpaHMYEHHsI KOMMYTALMOHHBIX NEpeHaNpsKeHUuN
nipu ucnoib3zoBanuu YIIIP no cpasuenuro ¢ 1P Toii sxe MoniHOCTH, TpeOOBaHMSI K SHEPTOEMKOCTH
OITH MoryT OBITh CHU)KEHBI.

Ilo pesynbraTam HCCIEIOBaHMUS IPOLIECCOB, MPOTEKAIOIIMX B IMKIE OAHO(A3ZHOrO
aBTOMaTHyeckoro nosropHoro BkitodyeHus BJI ¢ VIIIP pa3paboTtanbl aHaIUTHUECKUE BBIPAXKECHHUS,
YUUTBIBAIOIINE OCOOCHHOCTH PEAKTOPOB, YIIPABIISIEMBIX TIOAMATHHYUBAHUEM, U UX BIMSHUE HAa TOK
MOJITUTKH U BOCCTAHABIMBAIOIIEECS HAMIPSKEHHE.

Pazpabotana meTouKa BbIOOpA ONTHUMAJIBHBIX MEPONPHUATUN 110 00ECIICUEHUIO YCIEITHOIO
OTKJIIOYEHUS1 KOMIIEHCHpOBaHHbIX BJI 3r1erazoBsIMu  BBIKIIOYATEISAMH. MeTOqUKa TaKxke

YUUTBIBACT 0COOEHHOCTH YHOpaBJIACMBIX ITOAMAIrHUYWBAHHUEM HIYHTUPYIOIHUX PEAKTOPOB.
OcHOBHBIE MOJI0KEHUS TUCCEPTALMHU ONMYyOJUKOBAHBI B CJIeAYIOIIMX padoTax:
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