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HaIIpsOKCHUEM TUCTEPE3UCa JIs1 KaCKaJHBIX MHOTOYPOBHEBBIX MOAYJIATOPOB HAIPSAXKCHUSA, KOTOPLIC
HMEIOT MHOXKECTBO CHJIOBBIX SYEEK, COSANHEHHBIX ITOCIIEN0BATeNIbHO, U HMEIOT JIF000€ MOJIOKUTENEHOE
1IEJI0€ YHCIJIO YPOBHEH BBIXOTHOTO HANPSHKEHUS JUIS YIIPABICHHS JTIIOOBIM OHOTIONSIPHBIM HalPSDKCHUEM
Ha Harpys3ke MOIYNISATOpa HANpsHKeHUs M IepeHOoca 3JIEKTPUYECKOH MOIIHOCTH OT 3JIEKTPUYECKO
cetn uepe3 AC/DC mpeobpa3oBaTenyl WM HENOCPEACTBEHHO OT JJIEMEHTOB HAKOIUICHHS SHEPrHU
CHJIOBBIX SlU€eK Ha 3Ty Harpy3ky. Criocod onepanuoHHOTO TOBOPOTA CHIIOBBIX sIYEEK MHOTOYPOBHEBOTO
MOAYJIATOPA HANPSDKEHUS] 00ECIIeYHBAET PABHOE PACIIPEAEICHHE MOLITHOCTH MEXKAY CHIIOBBIMH SlUSHKaMH
1 BBIPaBHUBAHUE HAIPSDKEHUS JIEMEHTOB HAKOIUICHHS SHEPTHH CHIIOBBIX SUeeK MOILYJIATOPA.
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OIIMCAHHUE U30BPETEHHUSA
2420-560491EA/55
MHOT'OYPOBHEBBIE KOHTPOJIJIEPBI HAITPSI)KEHUSA THCTEPE3UCA JIJIA
MOAYJATOPOB HAIIPAXKEHUA U CIIOCOBLI JIUIA UX YITPABJIEHUSA

OBJIACTb TEXHUKU

[0001] Hacrosiiiiee packpbITHe OTHOCHTCS K CHJIOBBIM 3JIEKTPOHHBIM LiEmsiM, u Oolee
KOHKPETHO, K MHOTOYPOBHEBBIM KOHTpOJIJIEpaM HAaINpsKEHUs THCTepe3nca Ui MOAYJSTOPOB
HATPSKEHUS M K CIIoco0aM JUTst UX yIPaBICHUSI.

[IPEJIIIECTBVYIOIIUKU YPOBEHb TEXHUKU

[0002] Mopynaropbl HaMpsDKEHUS IIHPOKO HCIONB3YIOTCS ISl BEIIaTeNbHBIX,
MEIUIUHCKHUX, MPOMBILIIIEHHBIX U HUCCIEAOBATENBCKUX MPUMEHEHHH. BOJBIIMHCTBO OOBIYHBIX
METOIOB MOAYJISIIMU HATPSDKEHUS! BKIFOYAIOT B €0 UMIYJIbCHYIO CTYNEHYATYI) MOZYJISILHIO,
rpyOyr0 CTYNEHYaTy) MOIYJSILHIO, HIMPOTHO—UMITYJILCHYIO MOIYJISIIUIO M WX THOPHUIHBIE
MoK,

[0003] 3Tu 0ObIUHBIE METONBI MOAYJISIIIUN UMEIOT HECKOJIbKO HenocTaTkoB. Hampumep,
5TU OOBIYHBIE METO/IBI MOAYJISILIMY MPENCTABIISIOT COOOH JIMHEHHbIE CIOCOOBI, KOTOPbIE TPEOYIOT
nponopunoHagbHO—HMHTerpajgpHoro  (PI) koHTpomepa ¢ JONONHUTENBHBIM — KOHTYPOM
yrnpexaeHus (C mpsiMOH CBS3bI0) B CUCTEME YITPABIEHHS AJIsl OLEHKH WHAEKCa MOAYJILHUU HITH
pabouero mukiia Ha KaXAbIH mar auckpernsaunu. Kpome Toro, HM3KHME YacCTOTHI IMyJIbCALIUU
BBIXOJJHOTO HAIpPsDKEHUs] OOBIYHO BO3HUKAIOT B 3TUX OOBIUHBIX METOMAX MOAYJSILMU H3—32
HecOanaHCUPOBaHHOCTH HanpspkeHHt DC-—3BeHbeB, HM3MEHEHHs B IapamMeTpax IacCUBHBIX
3JIEMEHTOB U JIeBUALMil pabounX LMKJIIOB ITOCIENOBATEIbHO COEANMHEHHBIX Monyneil. Hakonern,
CYLIECTBYET CUJIbHAasl KOppesiuust Mexay mnapamerpamu Pl-xoHTpomnepa u mnapaMeTrpamu
Harpy3Ky B 3THX OOBIUHBIX METOHaX MOAYJALUH. [103TOMy, €Ciii XapaKTepHCTHKH Harpy3Ku
OBICTPO HM3MEHSIOTCS B INUPOKOM Jauamna3oHe, To Pl-koHTposep He crnocobeH paborarh
3¢ (}EeKTUBHO M TOCTATOYHO OBICTPO, YTOOBI CBECTH K MUHHUMYMY IMOTPELIHOCTh YIIPABICHHS B
MePEXOHBIX MePUOIaX.

[0004] Tucrepe3uc mpencrasisier coOOH SBJIEHUE, TIPU KOTOPOM OTKJIUK (PU3UYECKOM
CHUCTEMBbl HA BHEIIHEe BO3JEHCTBHE 3aBUCUT HE TOJBKO OT TeKyIled BEeJUYUHBI 3TOrO
BO3JIEIMCTBUSI, HO M OT NPENbICTOPUU CHUCTEMBbL. B MareMaTHueckoM BBIPAXKEHUU, OTKIHUK Ha
BHEIIHEe BO3JEHCTBHE SIBJISIETCS] ABY3HAYHOH (YHKIMEH; OIHO 3HAUYEHUE MPUMEHSIETCS, KOraa
BO3JIEIICTBHE BO3PACTaeT, B TO BpPeMsl Kak JIpyroe 3HauUeHHUE MPUMEHSETCs, KOTrJa BO3JeHCTBHE
CHIJKaeTCsl.

[0005] Cpemu cCymecTBYIOIIMX METONOB YIPABIEHUS, HEIMHEWHOE YIpaBJIeHUE
HANpSDKEHHEM JTHara3oHa THCTEPE3Nca OCTAeTCs CaMbIM IPOCTBIM M OBICTPBIM CITOCOOOM.
ITomumo OBICTPOrO OTKJIMKA KOHTYpa VYIPABICHHWS HANpPSDKEHUEM, HEJNWHEHHbIH Ccrocod
yIPaBJICHUS HANPsDKEHWEM JHara3oHa THucTepesnca He Tpedyer Kakoro—nmbo 3HaHus 00
M3MEHEHUH NapameTpoB Harpy3ku. OHAaKO METOJ yIpaBleHUs HaNpsKEHUEM T'cTepesuca s
MOJYJISITOPOB HAIPSDKEHHUs] CTAHOBUTCS BCe OOJiee CIIOKHBIM C YBEIHMUEHHEM YHCIa CHJIOBBIX

AYCCK (BJ'IeMeHTOB), COCAMHCHHBIX ITOCJICAOBATCIILHO.



[0006] C yueTroM yKa3aHHBIX BBIIIE OrPAHUYEHUHN, IKENATENbHO OOECIeyYuTh
MHOTOYPOBHEBbIM KOHTpoysiep HampspkeHust ructepesuca (MHVC) mns  monpynsaTopos
HANpPSDKEHUs], UMEIOLUX JIF000e KOJINYECTBO MOCIEA0BATENIbHO COEIMHEHHBIX CHIIOBBIX SUEEK, C
o0ecrieyeHNEeM OYeHb TOYHOIO pEryJMpPOBAaHUS HANpsDKEHUs B IIUPOKOM  JHAara3oHe
¢aykTyaruil napaMeTpoB Harpy3Ku.

KPATKOE OIIMCAHME CYIITHOCTHU U30BPETEHU A

[0007] BapuaHTbl OCYLIECTBIEHHs HACTOSIIETO PACKPBITUS HAIPABJIEHbI HA CUCTEMBI U
CHOCOOBI, KOTOpble O0eCHeuuBarOT NPOCThie M S(PQeKTHBHBIE MHOTOYPOBHEBBIE CIIOCOOBI
yIOpaBleHUs] HANpsDKEHUSIMU THCTepe3uca sl KacKaJHbIX MHOTOYPOBHEBBIX MOZAYJSTOPOB
HampsokeHus. B BapuaHTax oOCyINECTBIEHMs, KaCKaJHbIi MHOTOYPOBHEBBIM MOIYJISATOP
COIEPKUT MHOMKECTBO CHJIOBBIX SU€EK, COEIMHEHHBIX IIOCJIEAOBATEIbHO, U HUMeeT JIrdoe
MIOJIOXKUTEJIBHOE LIEJIOe YHUCIIO YPOBHEH BBIXOAHOTO HANPSKEHUs, YTOOBI ObICTPO, 3P PeKTHBHO U
TOYHO yNPaBJIATh JIOOBIM OHOMOJAPHBIM HANPSHKEHUEM Ha HAarpy3Ke MOAYJIATOpPA HANPSDKEHUS
U TepEHOCUTb JJIEKTPUYECKYI0 MOIIHOCTb OT a3jekTpudeckoil cetu uepes AC/DC
npeoOpa30BaTeNN WK HETTOCPEICTBEHHO OT 3JIEMEHTOB HAKOIUICHHUS] SHEPTUHU CUJIOBBIX SYEEK Ha
3Ty Harpy3ky. BapuaHTbl OCYIIECTBJIIEHUS Tak)Ke HAIpPaBIEHbl Ha CIIOCOO OMEparMOHHOTO
NOBOpPOTa (YIJIOBOIO CMEIIEHUs) CHJIOBBIX STMEEK MHOTOYPOBHEBOIO MOJYJIATOPA HAINPSDKEHUS,
KOTOPBII O0ecreYnBaeT PaBHOE paclpeneeHne MOLIHOCTH MEXAY CHJIOBBIMH sYEHKaMH |
BbIpaBHHBaHNE (0aNaHCHUPOBKY) HANPSKEHUH 3JIEMEHTOB HAKOIUIEHUSI SHEPTHH CHIIOBBIX SYEEK
MOy JIATOpA.

[0008] BapuaHTbl OCYLIECTBJIEHHUS, MPEACTABJIECHHbIE 3/1€Ch, NMPEANOYTUTEIBHO MOTYT
OBITH HUCIIOJIB30BAHBI B PA3JIMYHBIX IPUMEHEHHSIX, B KOTOPBIX UCHOJB3YIOTCS PETYJIUPYEMbIE IO
HANpPsDKEHUIO MOAYJATOPBI. [IpuMepbl TakuxX NPUMEHEHHWI MOTyT BKJOYaTh B ceds, Oe3
OTPaHUYEHUs], CUJIOBBIE 3JIEKTPOHHBIE CXEMBI, COAEpKAaIlUe. UCTOYHUKH MOLIHOCTU CMELICHMUS
snextponoB ansi Tokamaka u FRC mnnasMeHHBIX pPeakTOPOB, WCTOYHUKU THUTAHUS JJIs
UH)XXEKTOPOB TMy4YKa HEWTPaJbHBIX YaCTHL, MAarHeTPOHHBbIE MOAYJSITOPBL, KJIHCTPOHHBIE
MOy JIATOPBIL, MOAYJISITOPBI 3JIEKTPOHHOHN MYIIKH, BBICOKOMOIIHbIE PEHTT€HOBCKHE MCTOUHUKH
MUTAHUS, CPEOHEBOJHOBBIE U JJIMHHOBOJHOBbIE NEpPENaTUYUKM, a TakKKe€ KOPOTKOBOJHOBBIE
TBEPAOTENbHbIE MEPEAATUNKU.

[0009] dpyrue cucreMbl, criocoObl, MPU3HAKU U MIPEUMYIIEeCTBA TPUMEPHBIX BAPUAHTOB
OCYIIECTBIIEHHsI OYAYT WUJIM CTAHYT OYEBHIHBIMHU JUISI CIIELIUAIMCTA B TAHHOW OOJIACTU TEXHHUKH
NOCJIE€ U3YUEHUsI CIEAYIOIUX YepTekell 1 moApOOHOTO OIIMCAHMS.

KPATKOE OIMMCAHUE YEPTEXEU

[0010] Jletanu mnpuMepHBIX BapUaHTOB OCYLIECTBIEHHUS, BKJIOUYas CTPYKTYpy H
(YHKIMOHHPOBAHUE, MOXKHO IMOHATh OTYACTH Ha OCHOBE M3YYEHHUs MPUJIAraeMbIX YEPTEKeH, Ha
KOTOPBIX OJJUHAKOBBIE CCbUIOUHBIE MO3UIIMU OTHOCATCS K OAMHAKOBBIM YacTsAM. KOMIOHEHTHI Ha
yepTe’kax NPEACTaBICHbl He 00s3aTenbHO B MaciuTade, BMECTO 3TOr0 VIOp CHAENaH Ha
WJUTIOCTPALlMKM MPUHIUIOB packpelTusa. Kpome TOro, Bce WIIIOCTpaLiy, NMpPeJHA3HAYEHbI IS
nepenayn KOHLETLHUH, Te OTHOCUTENbHBIE pa3Mepbl, (GOpMBl U APYIHE AETalbHbIE aTPHOYTHI

MOTYT OBITh IPOMJIITFOCTPHUPOBAHBI CXEMATHUYHO, & He OYKBAJIbHO UJIM TOYHO.



[0011] @ur. 1 ummocTpupyeTr CXeMy MHOTOYPOBHEBOTO MOAYJISATOPA HAINpPSKEHUs B
COOTBETCTBUH C BAPMAHTAMU OCYLIECTBIIEHHUS HACTOSLIETO PACKPBITHUS.

[0012] ®ur. 2 unmoCcTpUpyeT NPUMEPHBIIT MHOTOYPOBHEBbIN KOHTPOJUIEP HANpPsKEHUS
riUcTepe3nca B COOTBETCTBUU C BAPHMAHTAMU OCYILECTBIICHMS HACTOSIIIETO PACKPBITHSL.

[0013] @ur. 3 wuUIOCTPUPYET NPUMEPHBbIH OJIOK OIEHKM YPOBHS HANpsDKEHUS B
COOTBETCTBUH C BAPUAHTAMU OCYLIECTBJIEHUS] HACTOSLIETO PACKPBITHUS.

[0014] Pur. 4A, 4B, 4C u 4D WuIOCTPUPYIOT NMPUMEPHYIO OINEpaLMI0 MPUMEPHOTO
OJIOKa OLIEHKH YPOBHSI HAMPSIKEHUS] B COOTBETCTBHH C BAPHAHTAMH OCYIIECTBJICHHUS] HACTOSIIIETO
PaCKpPBITHSL.

[0015] @ur. 5 wunOCTpUPYET NPUMEPHBIH TeHepaTop AbJOHA MEPeKJIIOYCHUs B
COOTBETCTBUH C BapHAHTAMU OCYLIECTBIIEHUS HACTOSLIETrO PACKPBITHS.

[0016] @ur. 6A wimoctpupyer npuMepHsiii 0ok 1VDC moBopoTa B COOTBETCTBHH C
BapUaHTAMHU OCYIIECTBIEHUS HACTOSIIErO PACKPBITHS.

[0017] @ur. 6B nmmoctpupyer npumepHslii 6ok 2VDC nmoBopoTa B COOTBETCTBHHU C
BapHaHTAMHU OCYIIECTBIEHUS HACTOSIIErO PACKPBITHS.

[0018] @ur. 6C mmumoctpupyer npumepHbiii 610k 3VDC moBopoTa B COOTBETCTBHHU C
BapHaHTAMHU OCYIIECTBIEHUS HACTOSIIErO PACKPBITHS.

[0019] @ur. 6D mnmoctpupyer npuMmepHsiii 0ok 4VDC moBopoTa B COOTBETCTBHH C
BapHAHTAMHU OCYIIECTBIEHHUS HACTOSIIErO PACKPBITHS.

[0020] @ur. 6E nmmoctpupyer npumepHsbiii 6510k (N—1)VDC noBoporta B COOTBETCTBUH
C BAPUAHTaMH OCYILECTBJICHMs HACTOSIIErO PACKPHITHS.

[0021] @ur. 7A, 7B, 7C u 7D WUIIOCTPUPYIOT MPUMEPHYIO OMNEPALUIO MPUMEPHOTO
reHeparopa LIa0JIOHA MEPEeKNIOYEHUs] B COOTBETCTBMM C BapUAaHTAMH  OCYINECTBJIICHUS
HACTOSILIETO PACKPBITHS.

[0022] ®ur. 8 wunocTpupyeT NpUMepHOe nepeksrodenne u curHansl Levels (YpoBHn)
Iyl TIPUMEPHOro ceMu— (7—) YpPOBHEBOTO MOAYJSITOpAa HANPSDKEHUS B COOTBETCTBUU C
BapHaHTAMHU OCYIIECTBIEHUS HACTOSIIErO PACKPBITHS.

[0023] Pur. 9A, 9B u 9C unmroCTpUPYIOT pe3yJbTaThl MOJEIMPOBAHUS ONEepaLuu
NPUMEPHOTO ceMHU— (7—) YPOBHEBOTO MOIYJIATOPA HAIMPSDKEHHSI B COOTBETCTBUU C BAPHUAHTAMHU
OCYIECTBJIEHHS HACTOSIIIETO PACKPBITHS.

[0024] Dur. 10A, 10B u 10C wuuIOCTpUPYIOT Ppe3yJbTaThl MOIEIUPOBAHMS
(MacmTabupoBaHHBIE 3AMMCAHHBIE KPUBBIE) OMNEpaIli MPUMEPHOro ceMu— (7—) ypOBHEBOTO
MOJyJIATOpA HAIpsDKEHHs] B COOTBETCTBMUM C BapUaHTAMU OCYLIECTBJIEHUs HACTOSLIEro
PaCKPBITHSL.

[0025] @ur. 11A, 11B u 11C wummocTpupyroT HpUMEpHbIE 3KCIIEPUMEHTANIbHBIE
pe3yIbTaThl OINEpaluil MPUMEPHOTO WJUTIOCTPATHBHOTO CeMH— (7—) YPOBHEBOIO MOAYJISTOPA
HaNpsDKEHUs, IPUBOJUMOrO B IEHCTBUE ¢ aKTUBHBIMU 3iekTpoaaMu nuseptopos FRC peakropa
U B COOTBETCTBUU C BAPUAHTAMHU OCYILECTBJIEHHS HACTOSIIErO PACKPBITHS.

[0026] Pur. 12A, 12B u 11C wummocTpupyrOT HpUMEpHBIE 3KCIIEPUMEHTAJIBHBIE

pe3yJbTaThl OINEpalUy MPUMEPHOro ceMu— (7—) YpPOBHEBOrO MOXYJATOPAa HANPSDIKEHMUS,



MPUBOANMOrO B JEHCTBHE C aKTUBHBIMU 3jiekTponamu nuBepTopoB FRC peakropa u B
COOTBETCTBUH C BAPMAHTAMU OCYLIECTBIIEHHUS HACTOSLIETO PACKPBITHUS.

[0027] Cnenyer OTMETHUTb, YTO 3JIEMEHTHI C MOJOOHBIMU CTPYKTYPAMHU UM (PYHKLUSAMH,
KaK IMpPaBWJIO, MPEACTABIEHbl OJUHAKOBBIMM CCbUIOYHBIMHU IMO3ULUSMU JIsI WUIOCTPALIUU HA
Bcex deprexax. Crenyer Takke OTMETUTb, YTO 4YepTEXH IMpeIHA3HA4eHbl TOJbKO IS
o0JierdeHus1 ONUCaHUs PEAIOYTUTEIBHBIX BAPUAHTOB OCYIIECTBICHUS N300pETeHHUSI.

ITOAPOBHOE OITMCAHUE

[0028] Crenyromue BapuaHThI OCYIIECTBJIIEHHs OMUCAHbI MOAPOOHO, YTOOBI TO3BOJUTH
CHEeLUAIMCTaM B TAaHHOH OOJIACTH T€XHUKHM U3TOTOBUTH M HMCIIOJIb30BATh PA3JINYHBIE BAPUAHTBI
OCYIIECTBJIEHUs] HacTosIero packpeitus. Crenyer MOHMMATb, YTO JApPyrU€ BapUAHTHI
OCYIIECTBIIEHHsI OYAYT OYEBUIAHBI HA OCHOBE HACTOSINErO PACKPBITHS, H YTO CUCTEMA, MPOLECC
WA U3MEHEHHUSI MOTYT ObITh BBIMOJIHEHBI 0€3 OTKJIOHEHHS OT CYLUTHOCTH M 00BbeMa HACTOSIIIUX
BApPUAHTOB OCYILECTBIEHUS.

[0029] B mocnenyroomeM OMUCAHUW MHOTOYUCIICHHBIE KOHKPETHBIE IOAPOOHOCTH
NPUBEAEHBI, YTOOBI O0ECIIEYUTh IMOJIHOE MOHMMAaHHE HACTOSIINX BAPHAHTOB OCYINECTBIICHUS.
Onnako Oyzner OueBHUAHO, YTO HACTOSIIUE BAPUAHTBI OCYIIECTBIIEHHS] MOTYT OBITh MPAKTUYECKH
peanm3oBaHbl 0e3 3THUX KOHKPETHBIX AeTaned. B Lensx NOBbIIEHHs SICHOCTH, HEKOTOpBIE
XOpOLIO U3BECTHBIE CXEMBbI, KOHPHUTYPaLIUH CUCTEMBbI U 3TaIlbl MPOLIECCA MOTYT HE OMHCHIBATHCS
J€TAJIBHO.

[0030] Yeprexu, nmokasplBalolMe BAPUAHTHI OCYLIECTBJIEHUS HACTOSIIETO PACKPBITHS
ABIIAIOTCS TIOJTy—CXEMATHYHBIMU U MPENCTaBIEHbl HE B MaciiTade, U, B YaCTHOCTH, HEKOTOPBIE
U3 pa3sMepoB MpeNHA3HA4YeHbl U1 SICHOCTH M3JIOKEHHs M IIOKa3aHbl YBEJIMYEHHbBIMH Ha
yepTexax.

[0031] BapuaHTbl OCYLIECTBIEHHUs HACTOSIIETO PACKPBITUS HAIPABIEHBI HA CUCTEMBI U
CrocoObI, KOTOpBIE O0ECIeYMBAIOT MPOCTble M 3(QPEKTHBHBIE MHOTOYPOBHEBBIE CIOCOOBI
yIOpaBleHUs] HaNpsDKEeHHEM THCTepe3uca ISl KacKaJHbIX MHOTOYPOBHEBBIX MOJYJISITOPOB
HampsokeHusi. B BapuaHTax OCYyINECTBIEHHs, KaCKaJHbIi MHOTOYPOBHEBBIM MOIYJIATOP
COIEPKUT MHOMKECTBO CHJIOBBIX SU€EK, COEAMHEHHBIX IOCJIEAOBATEIbHO, U UMeeT Jroboe
MIOJIOXKUTEIBHOE LIEJIOe YHUCIIO YPOBHEH BBIXOAHOTO HANPSKEHUs, YTOOBI ObICTPO, 3P PeKTHBHO U
TOYHO yNPaBJIATh JIOOBIM OTHOMOJSIPHBIM HAMPSKEHHUEM Ha HArpy3Ke MOAYJISITOPA HANPSKEHUS
U TepEeHOCUTb JJIEKTPUYECKYI0 MOIIHOCTb OT a3jekTpudeckoil cetu uepes AC/DC
npeoOpa3oBaTeNN WM HETTOCPEICTBEHHO OT 3JIEMEHTOB HAKOIUICHHUS] SHEPTUHU CHJIOBBIX SYEEK Ha
3Ty Harpy3ky. BapmaHTbl OCYIIECTBJIEHHS TaKXX€ OTHOCHUTCS K CIOCOOy ONeparuoHHOrO
MOBOPOTA CHJIOBBIX STY€EK MHOTOYPOBHEBOT'O MOAYJISITOPA HANPSDKEHUH, KOTOPBIH oOecreunBaeTr
paBHOE pacIpeleieHHe MOIIHOCTH CpeAM CHJIOBBIX sU€eK M BbIPABHUBAHUE HAIPSKEHUSI
3JIEMEHTOB HaKOIUIEHUS] HEPTHU CUJIOBBIX siU€EK MOJYJIATOPA.

[0032] B BapuaHTax OCYIIECTBIEHHUs, NPUMEPHBbIII MHOTOYPOBHEBbIII KOHTPOJLIEP
HanpsokeHust rucrepesuca (MHVC) umeer HamexHyK CTPYKTypy, KoTopas CBOOOIHA OT
YKa3aHHBIX BBIIIE HEJOCTATKOB M HE HMEET KaKUX—JNOO JOIOJHHUTEIbHBIX KOHTYPOB

peryiupoBaHusi, KpOME TMNETJIU THUCTEPE3NCAa HAIPAXKCHUA. BbIXO)_'[HbIe HaIpsi>KEHUsT BCEX



CHJIOBBIX sU€€K MOAYJSITOpA HANpPSsDKEHUS HACTPaWBaIOTCsS AMHAMUYECKH U B aBTOMATUYECKOM
pexume ¢ nomoupro MHVC  anga  nopaepkaHusi MHMHHMMAIbHOTO — IIPEBAPUTENIBHO
YCTaHOBJIEHHOI'O 3HAYE€HUsI MOTPELIHOCTU PEryJUPOBAHMs BBIXOJHOIO HAIPSDKEHUS, UCKIIOYas
BIUSIHME WU3MEHEHUs MapaMeTpPOB IACCHUBHBIX KOMIIOHEHTOB U 3aJ€pKEK pPaclpOCTpPaHEHUs
YIPABISFOIUX CUTHAJIOB HA KOJNEOAHUsI BBIXOZHOTO HampspkeHus. IMEIOTCsl TpU OCHOBHBIE U
B3aMIMOCBSI3aHHbBIE 3a/1a4M, KOTOpbIe BBIMONHAIOTCA mocpencrsoM MHVC: 1) monpepikanue
BBIXOAHOTO HAMNPSDKEHWsT MOAYJIATOpPa B Ipefeiax 3aJaHHbIX TIPaHUL] IOrPELIHOCTH
peryaupoBaHusi; 2) WUACHTU(PUKALMS COOTBETCTBYIOLIETO YPOBHS BBIXOJHOTO HATPSKEHUS B
m000i MOMEHT BpeMeHH; U 3) TIOBOPOT (YIJIOBOE CMEIICHHE) CHUIIOBBIX STUEEK.

[0033] BapuaHThI OCYIIECTBICHHS HAMPABJIEHBI HA KOHCTPYKIHIO OBICTPOIEHCTBYIOIIETO
MHVC, «kortopas wmoxer ObITh peanu3oBaHa Ha oot FPGA wiam  aHalIoOru4HOM
KOHCTPYKTUBHOM KOMIIOHEHTE M MOXET pPaboTaTh C BBICOKOW TAKTOBOW YaCTOTOW (IECATKH
merarepi). KoHCTpykums cogepskut OOk rucrepesuca, OJIOK OLIEHKU YPOBHs HANPSDKEHHS, KaK
OTHCAHO 3/1€Ch, M FeHepaTop mabJIOHa NePEKIFOUEHUs], KaK OMICAHO 371ECh.

[0034] @ur. 1 unnrocTpUpyeT cXxeMy MHOroypoBHeBOro mozayisitopa 100 HanpskeHMs
(MonmynsATOpa HAmpsDKEHHS) B COOTBETCTBHHM C BAapUAHTAMH OCYIIECTBIIEHHS] HACTOSIIETO
packpeiTusi. MHOrOoypoBHeBbIH MoaysaTop 100 HanpspkeHHMs MOIOKIIOUEH K TpexdasHoil ceTn
101 nHa cTropoHe HM3KOro HampspkeHUs: U K Harpyske 102 Ha CTOpOHE BBICOKOIO HAIpPSDKEHUs, a
Takke k cucreMe 105 ynpasnenus, umeromein MHVC. ®@ynkuun cucrems! 105 ynpasneHus
MOTyT OBITh peaJu30BaHbl C MHCIOJB30BAHMEM JIMOO TNPOrpaMMHBIX, JHOO ammapaTHbBIX
IPOIIECCOPOB, BKIFOYAKOLINX B ce0s1 MPOrpaMMHbIE MPOLEAYPHI, allapaTHble KOMIIOHEHTHI UJIH
UX KOMOWHALIHH.

[0035] IlpumepHblii MHOroyposHeBblli Moayisarop 100 Hampspkenus copepxur N
NOCIeA0BATENbHO coeNUHEHHBIX Aueek 103A—-103N, rae kaxnas siuetika 103A—103N comepkut
BTOPUYHYIO OOMOTKY u3osmpyromero TpaHcopmaropa (Vsgen) 106A—106N, coenuHeHHYO ¢
TpexdasHpiM auoaHbIM MocToM (DBy) 107A—107N, eMKOCTHOW HAKOMUTENbHBIA 3JIEMEHT
(Cpen) 108A—108N nHa DC-—cropone (DC-—3Bene) DBy 107A—-107N u  craHmapTHbIH
TIOHIKAIO LU MTpeoOpa3oBaTesib ¢ aKTUBHBIM JIBYHAIIPABIEHHBIM TiepekmouaresieM (Sy) 109A—
109N (Hampumep, A1 MOAYJSITOPOB BBICOKOTO HampsiukeHust Sy MoskeT BKito4yath B cedst IGBT ¢
auoaoM cBoOOmHOrO Xoxa (Oe3bIHEPIOHHBIM IHOAOM), B TO BpEeMsl KaK Uil MOAYJSATOPOB
Oosnee HU3KOro HampspkeHus: Sy MokeT BKIouaTh B ce0ss MOSFET HM3KOro HampsiKeHus) u
nuon (Dyn) 110A-110N. Crnenyer mpuHsSTP BO BHMMaHuE, 4TO N SIBJSIETCS MOJIOKUTEbHBIM
nenbiM ynciaoM. Kaxknas siueiika 103A—103N moxeT ObITh Takke OCHAIEHA OMIMOHAIBHBIM
LCR-¢umbTpoMm (Lpn, Cpn, Rpny) 111A-111N Ha ero Beixoge, u monyssitop 100 HanpsokeHUs
Takke MOxeT ObITh ocHamieH omnmuoHanbHbIM CR—bunsrpom (Cro, Rro) 113 Ha ero BeIxome.
DC—3Benbs Bcex cumnosbix siueek 103A—103N mzonupoBaHb! APYT OT pyra Ha MakCHUMaJbHOM
YPOBHE HAIpPsDKEHUS] HArpy3KH TOCPEACTBOM TpexdasHoro TpanchopmMaTopa ¢ HECKOJIbKHUMHU
oomotkamu (Vseen) 106A—106N.

[0036] Ilpenmomnaraercs, uyro moxyisitop 100 HampsiokeHus paboOTaeT B HENPEPBIBHOM

pekuMe, mepeHocs SHepruro ot TpexdaszHoi cetn 101 Ha Harpysky 102. Kpome Toro, MoxHO



skcrutyatupoBath moayisatop 100 monHOCThIO oTcoenuHeHHBIM OT cetu 101 B TeueHue
HEKOTOPOro Mepuoja BPEMEHU C HMCMOJIb30BAHUEM SHEPIrUH, HAKOIIEHHOW B HAaKOIMUTENbHbIX
sJieMeHTax (HampuMmep, KOHAEHCAaTopax, CynepkoHaeHcaTopax, Oarapesix) 108A—108N
snemeHTOB 103A-103N, ecnu HanpsokeHHE HAa HAKOMUTENbHBIX 3jeMeHTax 108A-108N
HE3HAYMTEJIbHO CHUKAETCSl B TeueHHe pabodero BpeMeHH, YTOObI MOANEPKUBATH XKeJIaTeIbHOe
BBIXOIHOE HaIpsiKeHHe Ha Harpyske 102.

[0037] Kaxnoe nHanpsbkenue DC—3Bena cunosbix siueek 103A—103N monpynsaropa 100
HanpsokeHus: B MopayJisitope 100 HampspkeHHsT MOKET paccMaTpuBaTbes Kak HCTOYHHK DC—
HanpspkeHus: pukcupoBaHHOW BeanurHbl (VCpen), KOTOPBIH Ha MPAKTHUKE, B COOTBETCTBUU C
HEKOTOPBIMU BapHAHTAMH OCYINECTBJICHUs, MOXKeT ObITh mopsinka ot 12 no 1200 BosbT. [TonHoe
HANpsDKEHUE Ha TMOCIEeNOBATEIbHO COENMHEHHBIX CHIIOBBIX sueiikax 103A—103N (T.e. mexay
BbiBomamMu OUT+104A u OUT-104B) 3aBucHUT OT 4uCia sSYeeK, KOTOpPble ObLIM BKJIFOUEHBI
NyTeM 3aMbIKaHUsl aCCOLMMPOBaHHBIX mepekirodareneii S;—Sy 109A-109N. Hanpumep, eciu
Bce u3 mnepeksouareneii S;—Sy 109A—109N 3aMbIKarOTCs B TO K€ CamMoO€ BpeMsi, TO BCE
HAKOMUTENbHBIE 351eMeHThl DC—3BeHbeB (Hampumep, KOHAEHCATOPBI) C HANpPsDKEHHEM VpeiN
COEAMHEHBbl MEXIYy COOOH IMOCNEeNOBATEIbHO M CKJAIBIBAIOTCS BMECTE (T.€. CYMMHPYIOTCS),
9TOOBI 00ECMeUNTh BBIXOIHOE HAIMpPSKEHHe, paBHOE N—KpPaTHOMY HaNpsiKeHHIO Vpei_n. Eciu
KKIbII UCTOYHUK HampsukeHus: Vpejn DC—3BeHa umeer BennmunHy nopsinka 800 BomsT u N
cocrasisieT nopsiaka 20, TO MOJHOE BBIXOAHOE HampspkeHue monyssitopa 100 HanpsbxkeHus
MOXET COCTaBJIAThL nopsinka 16000 BOIBT.

[0038] Eciiu mepexmrouarens Sy 109N B cunosoii siueiike 103N pa3oMKHYT (TO €CTh HE B
MPOBOASIIEM PEKUME), TO 3Ta KOHKPETHAs siueiika “00XxonuTcs’” (LIYHTUPYETCs1), U €€ BBIXOIHOE
HanpsoKeHne paBHO Hymo. Takum oOpa3oM, BBIXOIHOE HampspkeHue wmonyssitopa 100
HaNPsKEHUST MOKET CUHTE3UPOBATHCS U MOAYJIMPOBATHCS YUCIIOM SIYEE€K, KOTOPBIE€ BKIIIOUAKOTCS
Y BBIKJIFOYAKOTCA.

[0039] Co ccbuikoit Ha ¢ur. 1, B MPOTUBOIMONOKHOCTh 3TOMY, B CTAHAAPTHOM METOJIE
IIUPOTHO—MMITYJIbCHON Monysisituu (PSM), ecnu mmeercst N 1OC/I€I0BATENIbHO COEIMHEHHBIX
CHJIOBBIX STY€EK B MOAYJISITOPE HANIPSDKEHUS U Kakaas siueiika umeer nepuon kommytauuu T (¢),
nepekmouatesib S1 staefiku 1 Oymer BkitoueH BO Bpewms tl, HO mepeximouarens S2 sueiiku 2
BKJIFOUaeTcst Ha T/n (c) moske, yem nepBbiid, Tpetuil (S3) Brirodaercs Ha 2T/n () mo3xke, yem
BTOpO#i (S2), 1 Tak manee. Itotr Meroa nmoBopora PSM obecniednBaeT 04eHb HU3KHE MYJIbCALIUU
Ha BBIXOJE MOAYJSITOpA HAMPSDKEHHs, TaK KaK HMX aMIUIUTyAa OOpaTHO MPOIOPLHOHAIbHA
yactore AC—KOMNOHEHTA {5c BBIXOJHOTO HANPsKEHUS] MOYJIATOpa HanpskeHus. Bee cuoBble
sTUEHKH TIEPEKITIOYAIOTCSl C TOU ke caMOi (PMKCHPOBAHHOW YaCTOTOHN mepekirodeHus fsy, Torma
fAC:N*fSW-

[0040] PerynupoBaHue BBIXOAHOI'O HaNpsDKEHUs ¢ Mcnonb3oBaHueM PSM BbinmonHseTcs
C TIOMOIIBIO MPUHLMUIIOB JIMHEHHOTo peryiuposanus (Pl ¢ ynpexxaeHnem nim ux KOMOWHAINN)
MyTeM BbIYHCIEHHUs TPeOyeMOro 4mucia CHIIOBBIX SU€eK, KOTOPhIE JOJDKHBI BKIIOUAThCS (Tpydast
CTyneH4aTass MONYJISALMS), W/HWIN PEeryaupoBaHus pabouero mukia D (LIMpOTHO-MMMyJIbCHAsS

MO)_IYJ'IHI_II/IH), KOTOprI‘/'I JOJIDKCH OBITH OAWHAKOBBIM IJIsI BCEX CUJIOBBIX A4YE€CK B CJIydac, KOraa



naccuBHble KOMITIOHEHTBI (Cpc, Lp, Rp, Cp) Bcex CHIOBBIX siueek aOCONIOTHO HIIEHTUYHBI,
NapasuTHbIE €MKOCTU SIBJISIIOTCS OJHHUMH U TEMM K€, KaK U 3aJ€pXKKU pPaclpOCTPAHEHUs
yIOpPaBIAOLUX CUTHAiI0B. OAHAKO B AEMCTBUTEIBHOCTH BCE MACCHUBHbIE KOMIIOHEHTHI BCEraa
UMEIOT HeOOJNbIIOEe OTKJIOHEHHE B MapaMeTpax, U 3aJep>KKU paclpOCTPaHEHUs YIPABIFOIINX
CUTHAJIOB AJIl CUJIOBBIX SU€€K HE BCErja OAMHAKOBBI. B pesynbpraTe, Kaxkaas CUIIOBas suelka
IOJDKHA BKJIOYATBCS C OTIMYAOIIMMCS TpeOyeMbIM pabdodyuM LUKIOM Dy, 4YTO JOJDKHO
KOPPEKTHPOBATbCSl B CUCTEME YIIpaBlieHHss Ha ocHOBe PSM C NMOMOINBIO JOMOJHUTENIBHOIO
KOHTypa PEeryJMpOBaHUs ¢ UCIOJIb30BAHUEM CUTHAIA OOpaTHOMW CBsi3u HampspkeHust DC—3BeHa.
Kpowme Toro, nonosiHUTENbHAS peryIupoBKa BpemeH tl, 2 ... tN MoxkeT ObITh HeoOXxonuma 1Jist
yCTPaHEHUsS] HU3KOYaCTOTHBIX KOJIEOAHUH BBIXOIHOTO HANPSDKEHHST MOAYJISITOPA HATIPSIKEHUSI.

[0041] Kak omnmcaHO BbIIE, BapUAHTbl OCYINECTBJICHHS 31€Ch HAIpaBJE€Hbl Ha
MHOTOYPOBHEBbIH KOHTpoJulep HampsbkeHus rucrepesuca (MHVC), umerommii HagekHYHO
CTPYKTYpy, KOTOpasi CBOOOJHA OT YKAa3aHHBIX BBILIE HENOCTATKOB M HE HMMEET KaKHX—JIHOO
JOTIOJIHUTEJIBHBIX ~KOHTYPOB PpEryJUpOBaHUSA, KpPOME€ TMeTIM TUCTepe3uca HaIpsDKEHUs.
BrixonHble HampspkeHuss Bcex cuiioBblx siueek 103A—-103N mopynstopa 100 HampspkeHus
PEryJIMPYIOTCS IUHAMHYECKH W B aBTOMaTU4deckoM pexxume mocpenctsoM MHVC  mns
NOJJEpKAaHUST MUHUMAJIBHOTO IPEJBAPUTENBbHO YCTAHOBJIEHHOIO 3HAUYEHUs IOrPEIIHOCTH
pEeryJlupoBaHUsl BBIXOJAHOTO HANpsDKEHMs, MCKIIOYas BJMSHME W3MEHEHUs IapamMeTpoB
MACCUBHBIX KOMIIOHEHTOB H 3aJEP:KEK pPaCHpOCTPAaHEHUs YIPAB/SIIOIMX CHUTHAJIOB Ha
KOJIeOaHUs BBIXOAHOTO HAIPSKEHHSL.

[0042] Dur. 2 wWUIIOCTPUPYET MNPUMEPHBIH MHOTOYpPOBHEBbIII KOHTposep 200
HamnpspKeHus rucrepesnca cucremsl 105 ynpasnenus (cm. ¢ur. 1) B COOTBETCTBUH C BapUAHTaAMU
OCYIIECTBJICHUs] HACTOSIILEro packpbITHs. IIpumepHbIii MHOroypoBHeBBIM KOHTposiep 200
HaIpsDKeHUs THcTepe3uca conepkut GpuubTp HipkHUX 4actoT (LP—¢unerp) Filterl 201, Gmok
cymmupoBanus Suml 202, 6ok rucrepesuca Hystl 203, 6ok 204 oneHKH ypOBHSI HANPSDKEHHS
u reHeparop 205 mabioHa mepeksroueHus. PeajbHBbIH CHUTHAN HanpspDKeHHs OOpaTHOMN CBSI3U
VREAL OT matuuka HanpsbkeHuss VS 112 (em. ¢ur. 1) mpoxoaut uepe3 GUIBTP HIKHUX YaCTOT
Filter]l 201 Ha oTpuuarenpHbIii BxOx Onoka cymmupoBanus Suml 202, rae OH BbIUHTAETCS U3
OTIOPHOTO HAMNpPsDKEHUs Vgpp AJIA F€HEPUPOBAHUS CUTHANA MOTPEHIHOCTH HampsbkeHus: AV kak
ux pa3HocTh. CHrHaM TOTPEIHOCTH HANpsDKEHUs: AV HanpsDKeHUsl BBOOUTCS B OJIOK
ructepesnca Hystl 203, koTopelii uMeeT HaCTPOHKU MoporoB BepxHel rpanuiel (HB) u HukHel
rpannubl (LB). Korma AV pocruraer Bepxhtoro rpanuiy (HB) Gmoka rucrepesuca Hystl 203,
BBIXOJHOE 3HaueHne Ojoka rucrepesnca Hystl 203 ycranasimBaercst B “17 u ocTaeTcst Ha 3TOM
ypOBHE 10 Tex mop, noka AV He mepeceder cBOW HIDKHIOK rpanuny (LB) Gmoka rucrepesuca
Hyst1 203. Korna AV nepecekaer cBoro HuxkHIOK rpanuny (LB) 6ioka rucrepesunca Hystl 203,
BbIXOJHOE 3HaueHue Onoka rucrepesuca Hystl 203 ycranaBmuBaercss B “0”, m BBIXOA
MOJJIEPKUBAETCS] HA ’TOM YPOBHE JI0 TeX Mop, noka AV cHosa He nocturaer HB.

[0043] @ur. 3 wurocTpUpyeT npuUMepHbIi Onok 204 OLEHKH YPOBHSI HAIPSDKEHHUS B
COOTBETCTBUM C BapuUaHTaMM OCYLIECTBJIEHUs Hacrosuiero packpbitusd. Pur. 4A-4D

WUTIOCTPUPYIOT MPUMEPHYIO OTEpaIUio mpuMepHoro 0yoka 204 OLeHKH YPOBHS HANPSDKEHUS B



COOTBETCTBUH C BAPHAHTAMU OCYLIECTBJIEHUS HACTOSLIETO PACKPBITHUS.

[0044] Bbrnok 204 oueHku ypoBHsI HampspkeHusi 204 paboraeT mapajuleJibHO ¢ OJIOKOM
rucrepesuca Hystl 203. bnokx 204 oueHkH ypOBHSI HAINpPSDKEHUS NPUHUMAET T€ XK€ CaMble
curHanel Hactpoiiku HB u LB Bmecte ¢ AV ¢ Bbixoma Omoka cymmupoBanust Suml 202.
ITpumepnsiii 650k 204 OLEHKH YPOBHS HANpPSDKEHUS COAEPIKUT CXEMy OTCYETa TaKTOBOTO
curHana, oOpa3oBaHHYI TakTOBbIM reHepatopoM Clock 210, moruueckum mepexoyaTenem
Switch1 211 u cOpacsiBaembiM cuetyrikoM Counterl 212. ITpumepnsiii 650k 204 OLIEHKH YPOBHS
HANPSDKEHUS] JTOTIOJHUTENbHO COomepkuT cxemy 204 cHuxkeHus (nekpemeHta) ypoBHsi 220,
comepxauryro jJorudeckuii snemeHT AND1 221, nerexktop Hapactatomero gponra Rising Edge 2
222 wu OespiHepumoHHBIN cueTunk Counter2 223. brmok 204 OLEHKH YpPOBHS HaNpsKEHUS
JOTIOJIHUTENBHO comepkuT cxemy 230 mnpupaiieHusi (MHKPEMEHTa) YPOBHS, HMEHOINYIO
normueckuit anemenT AND2 231, merextopy Hapacraromero ¢ponra Rising Edge 3 232 u
6e3pHepruonHbl cueTunk Counter3 233. Ilpumepnsiit 0ok 204 OLEHKH YPOBHSI HANPSIKEHUS
JOTIOJTHUTEIPHO coAepKuT cxemy 240 3amycka u copoca mnst Counterl 212, koTopasi COOEp:KUT
normuecknii snemeHT XORI1 241, nerextop Hapacraromero ¢ponrta Rising Edge 1 242 u
normueckuii snemeHT OR1 243, Tlpumepnerii Omox 204 OLEHKHM YPOBHS HANPSDKEHUS
TOTIOJTHUTEIBHO COAEPKUT OJIOK cyMmmupoBanust Sum|1 250.

[0045] Bbnok Counterl 212 3amyckaercsi, KOTJa TAaKTOBbII CHUTHAJ MPOXOIUT Yepe3
BepxHHU BxoaHON kaHan Switchl 211 (B ciaydae curnana “McrunHa” Ha €ro cpegHeM BXOTHOM
KaHaJje), 1 HAaYMHAET OTCUET YUCJIa TAKTOBBIX IUKJIOB, reHepupyempix nocpenctsom Clock 210 B
mobom u3 cnenyromux ciydaes: Ecnu Bbixon Compl 213 coorBercTByeT 3HadeHuto “HMcruna”,
TO €CTh cUrHaj AV Huke, yeM nopor HrkHel rpanuiisl LB rucrepesuca (AV<LB). Otot cinyyaii
wuttoctpupyercss Ha ¢ur. 4A-4D, roe B Touke C2 curnan AV craHoBurcs Huke, yeM LB, u
Counterl 212 HaynHaeT npupaleHue oTcueTa A0 TeX 1Mop, noka AV He BO3BpaTUTCS K I'PaHULIAM
rucrepesuca B Touke D2, u BeixogHoii curHan COMP1 213 cranoBurcs 3nadenuem “JIoxbp”,
Ecnu Beixon Comp2 214 coorBercTByeT 3HaueHuto “‘MctuHa”, TO ecTh curHan AV Bbllle, yeM
nopor BepxHeii rpanuiel HB rucrepesuca (AV>HB). Dtot cnyuait nmokaszan Ha ¢ur. 4A—4D, rne
B Touke Bl curnan AV cranosurcs Boeime, yeM HB, u Counterl 212 HaumHaeT mpupaiieHue
oTcyera 0 Tex mop, moka AV He Bo3BpaTuTcs K rpaHuiiam rucrepesuca B Touke Cl, u
BbIXOHOM curHain Comp?2 214 cranoButcst 3HaUeHueM “JIoxnp” .

[0046] bnox Counter2 223 naer npupallieHHe CBOEMY BBIXOJAHOMY CHTHAJy OTCUeTa,
KOTOPBIH MMOIAaeTCs Ha OTPULIATENIbHBINA BXOA Os10ka cymmupoBanust Sum1 250, yMeHbIIast 4UCIO
VYpoBHeii Ha Bbxone Oyoka 204 OLIeHKH YPOBHS HAIPSDKEHMS, €CIi 00a U3 CIEAYIOLINX CITydaen
SIBJISIIOTCST. UCTHMHHBIMU ofHOBpeMeHHO: Ecmu Bbixog Compl 213 cooTBeTCTByeT 3HAUEHUIO
“Hcruna’, TOo ecTh curHasn AV HuKe, yeM mopor HipkHed rpanuubl LB rucrepesunca (AV<LB);
Ecnn 3Hauenue BbixopHoro curHana orcuera Counterl 212 Bblle, 4YeM mNpeaBapUTENIbHO
YCTAHOBJIEHHOE 3HAUEHHUE MMOCTOSIHHON BPEMEHH (B LIUKJIAX ).

[0047] Ecnn 06a U3 yKa3aHHBIX BBILIE YCIOBHH YAOBJIETBOPSIOTCS, TO BbIxoq AND1 221
CTaHOBUTCS 3HaueHneM “HMctuHa”, U 3TOT ¢akT oOHapyxkuBaercs Onokom Rising Edge 2 222,

KOTOPBINA FeHEPUPYET UMIYJIbC JIUTEIbHOCTHIO B OIUH TaKTOBBIA LUK, U 010k Counter2 223



JaeT IMpHUpalleH’e U YAEep>KUBAET CBOH BBIXOJHOW OTCUET, YMEHbIlas 3HAY€HHE Ha BbIXOJE
Sum1 250 (cursan YpoBHu Ha Bbixoze O10ka 204 OLleHKH YPOBHS HANPSDKEHU).

[0048] bnok Counter3 233 nmaer mpupalleHHe CBOEMY BBIXOJHOMY CHUTHAJy OTCUETa,
KOTOPBIM TOAAETCsl Ha IMOJIOKUTENbHBIA BXoz Ojoka cymmupoBaHus Suml 250, yBennuuBas
yucino YpoBHeH Ha Bbixoze Osoka 204 OILEHKH YPOBHS HANpPSDKEHMS, eCiid 00a U3 CIeIYIOLINX
CllyyaeB SIBJSIIOTCS HMCTUHHBIMU ofHOBpeMeHHO: Ecim Bbixom Comp2 214 cooTBeTcTBYeT
3HaueHnto “Mctuna”, T.e. curHan AV Bele, yeMm nopor BepxHed rpanuusl HB rucrepesuca
(AV>HB); Ecnu 3Hayenue BbIxOomHOro curHama orcdera Counterl 212 Bbime, yem
NpeABAPUTENEHO YCTAHOBJICHHOE 3HAYEHUE TIOCTOSTHHON BPeMEHHU (B LIMKJIAX).

[0049] Ecnu 06a U3 yKa3aHHBIX BBILIE YCIOBHH yAOBJIETBOPSIOTCS, TO Bbixoq AND2 231
CTaHOBUTCS 3HaueHneM “HctuHa’, U 3TOT ¢akT oOHapyxkuBaercs Oiokom Rising Edge 3 232,
KOTOPBII T€HEPUPYET UMITYJIbC JTUTEIBHOCTRIO B OAWH TakTOBbIN Luki, u 0ok Counter3 233
JaeT MpUpaLieH’e U yAepKUBAeT CBOM BBIXOAHON OTCYET, yBEJIUYMBAs 3HAUEHHE Ha BBIXOE
Sum1 250 (curaan YpoBHU Ha BbIxoze O10ka 204 OLIEHKH YPOBHS HANPSKEHUS).

[0050] Dror cnmywail yeenuueHus curHana ypoHel (mpupamenune Counter3 233)
npomurocTpupoBad Ha ¢ur. 4A-4D, rme Touka A2 yIOBNETBOPSIET MEPBOMY M3 JABYX
MPEACTABJICHHBIX BBIIIE YCJIOBUN, a TOYKa B2 COOTBETCTByE€T BTOPOMY YCJOBHIO, KOrAa
BbIXOMHOW curHan orcuera Counterl 212 Beimie, 4YeM 3HA4Y€HHE TMOCTOSHHOW BPEMEHH,
MIPEeABAPUTENILHO YCTAaHOBIEHHOE Ha 500 TAKTOBBIX LIUKJIOB.

[0051] MmeeTcst TpH yCIIOBHSI, KOTOPBIE NOJIKHBI ObITh UCTHHHBIMHU 1151 cOpoca Counterl
212, xak MoxHO BuaeTh u3 ¢ur. 3. Ecnu oquH n3 BbIXOMHBIX curHajos OyokoB Rising Edge 1
242, Rising Edge 2 222 u Rising Edge 3 232 coorsercTByer 3HaueHuro “MctuHa’, TO BBIXOJ
6moka OR1 243 takke cCOOTBETCTBYeT 3Ha4deHHIO “McTMHA”, 4TO NEHCTBUTENBHO COpachIBaeT
Counterl.

[0052] @ur. 5 numocTpupyeT ImpuUMepHbIid reHepartop 205 mabioHa MEepeKIoYeHus B
COOTBETCTBUH C BapUaHTaMH OCYILIECTBJICHUs HACTOsINEro packpbiTus. [IpumMepHsbIil reneparop
mabjioHa TMepeKIoueHns o0ecreYnBaeT YHUKAIBHBIM Crmoco0 moBopotra padodero IHKIIa
cmoBbIxX stueek 103A—103N monynsitopa 100 HanpspKeHHs, YTO 00ECTIEYNBAET ABTOMATHIECKOE
pacmpeneneHue MOIIHOCTH Mexay cuioBbiMu stuelikamu 103A—103N, a Takke KOPPEKIHIO
pabouero nukia u (a3zoBOro CABUra KOMMYTALMK KaKAOW CHiIoBO# stuetiku 103A—103N.

[0053] B BapmaHTax OCYLIECTBJIEHHs MpHUMEpHbI reneparop 205 mmabioHa
NepeKIIIoUeHus1 conepkut copaceaembiii Counterd 260 ¢ curHaiom cOpoca, GOpMHUPYIOLIHIA
cxeMy Ha OcHoBe Onoka kommaparopa Comp4 262. Ilpumepnbiii reneparop 205 malioHa
NEPEeKJIIOUEHUs] JOIMOJHUTENBHO COAEPKUT MyJbTuIuiekcop Switch 1 263 ¢ N BxoaHbIMu
CHUTHAJIAMH TTOCTOSTHHBIX 3Ha4eHuH oT 1 1o N, rae N npexacrasisier cOOOH YHUCIO CHIIOBBIX STYEEK
monyisitopa 100  mHampspkeHust.  IlpumepHbiii  reHeparop 205 mabnoHa NepeKIFOUEHUs
JOTIOJIHUTENIBHO COEPKUT MysbTuIiekcop Switch 1 263 ¢ N+1 BXoaHbIMU CUTHaNaMu, IpUYeEM
KQKIbII BXOIHON CUTHAJ MPEICTABJICH KaK MAacCUB COCTOSIHUM NepekiitoueHus, ¥ N—1 u3 Hux
(1VDC moBopor, 2VDC mnosopor ... (N-1)VDC mnoBopoT) SIBISIFOTCS IUHAMHYECKUMH

MaccuBamu, U ToJibko nBa MaccuBa OVDC u NVDC sBnsioTcs CTaTHYECKUMH W HMEIOT



10

NOCTOsIHHBbIE 3Ha4deHus. lIpumepHbiii reHepatop 205 1malnoHa NEpPeKIIOYEHHs NPUHUMAET
curHan YpoBHH OT Onoka 204 oueHku ypoBHs HampspkeHHst u curHaid CoctosiHue oT Onoka
rucrepesuca Hystl 203. Beixomsble curHaisl reHepatopa 205 mabiioHa NepeKITIOUeHHs
NPEenCTaBSIIOT co0oit N KOMaHA mepeksioueHust g Bcex N MepeKIFOYaroIUX 3JIEMEHTOB
(ynomsinyThix IGBT) monynsaTopa 100 HanpsikeHMs.

[0054] @ur. 7A-7D WUTIOCTPUPYIOT MPUMEPHYIO OINEpalHio MPUMEPHOrO T'eHepaTopa
205 wrabnoHa MEpeKIOYeHHs B COOTBETCTBUM C BAapUAHTAMM OCYINECTBJIEHHS HACTOSIIETO
packpbitusi. IIpumepHbIii reHepaTop IIa0ioHa TEPEeKIIOYEeHUs, IJIsl KOTOPOro OIepalus
nzobpaxkeHa Ha ¢ur. 7A-7D, peann3oBaH B CEMHYPOBHEBOM MOAYJSITOPE HAMPSIKEHUS,
COCTOSIIIIEM U3 CEMU CHJIOBBIX SYEEK.

[0055] Counter4 260 naer mpupallleHHE CBOEMY BBIXOJHOMY 3HAUEHHUIO Ha Kabli
Hapacrarouii  ¢poHT curHana CocrosHue (cm. ¢ur. 7A-7D) no 3HaueHuss N, dTO
yctanaBnuBaeT Beixon Comp4 261 B 3Hauenue “Vcrmra” u cOpaceiBaer Counterd 260. Dtor
BbIxonHOH curHai Counter4 260 BBIOMpaeT MOCTOSIHHOE 3HAUEHHE Ha COOTBETCTBYIOLIEM BXOZE
MyJbpTuIUIekcopa Switch 1 262 Ha kakablii OTCUET U HaIlpaBJIsIeT €ro Ha BbIXOJ MYJIbTUILIEKCOpPa
Switch 1 262, popmupyrommero curaan Cell_rot, koTopsiii npencrasieH Ha ¢ur. 7A-7D. Takum
obpaszom, curran Cell rot usmensiercst nepuonuiecku ot N 1o 1 ¢ nekpemeHToM 1 Ha KaXKIbIid
Hapacraroumii ¢poHT curaana CocrosHue.

[0056] Curnan YposHH, mocrynaromuii or Omoka 204 OLEHKH YpPOBHS HampsDKEHUS,
NPOXOAUT dYepe3 OJIOK CyMMupoBaHHs Sum2 263, rae OH MOJy4aeT MpupalieHne Ha 1 u
NOCTYIAeT Ha YIPaBISOMUN BXoA OJ0Ka MyJIbTHILIEKcopa Switch 2 264. 3TOT MyJIbTHILIEKCOP
KOMMyTUpPyeT N+1 MacCMBOB COCTOSHMI MNEPEKJIIOYEHUs], COOTBETCTBYIOIUMX YPOBHSAM
BbIXOAHOrO HanpspkeHuss or OVDC, korma Bce cCHUrHanbl NEPEKIOUEHUs] COOTBETCTBYIOT
3HaueHuto “JIoxkp” (HONb BOJNBT Ha BbIxoAe MonyisTopa 100 HanpsikeHus), no yposHs NVDC,
COOTBETCTBYIOILErO MAaKCHUMAaJbHOMY BBIXOJHOMY HaNpsDKEHHIO MoayJsisatopa 100 nHanpsbkeHus,
KOTZla BCE€ CUTHAJBI MEPEKII0YeHHs] COOTBETCTBYIOT 3HaueHuio “HcruHa”. DTH ABa ypOBHS
HaNPsDKEHUS,, MUHUMAJIbHBI U MaKCUMaJbHBI YPOBHU BBIXOJHOTO HAMPSDKEHUS, CO3JAI0TCS
crarnueckumu Maccuamu (OVDC u NVDC, cm. ¢ur. 5) coctosiHuli nepekrodeHust (CUrHaIOB)
moxayJisitopa 100 HanpsKeHUs, © HUKAKOH MOBOPOT CUJIOBBIX siUeeK He TpeOyeTcs.

[0057] ®yHkunoHampHBIE quarpaMMbl N—1 0J10KOB AuHaMu4yeckux maccuBos oT 1VDC
nosoporta 10 (N-1)VDC nosopota npencrasiieHbl Ha ¢ur. 6A—6E.

[0058] ®ur. 6A wumocTpupyer npumepHsiii Omoxk 265A 1VDC mnoBopora B
COOTBETCTBUH C BapUAaHTaMH OCYLIECTBJIEHUs HACTOsALIEro packpbiTus. dur. 6B mmmoctpupyer
npuMepHblid 0ok 265b 2VDC moBopoTa B COOTBETCTBHU C BapUAHTAMH OCYIIECTBJICHHS
Hacrosimero packpeitusi. @ur. 6C nmumoctpupyet npumepHsiii 6ok 265C 3VDC nosopota B
COOTBETCTBUH C BapUaHTaMH OCYIIECTBJIEHHUS HAcTOsIIero packpbitus. @ur. 6D umnroctpupyer
npuMepHbiid 6510k 265D 4VDC moBopoTa B COOTBETCTBHH C BapUAHTAMH OCYINECTBJICHHS
Hacrosimero packpeitusi. @ur. 6E mumoctpupyer npumepnsiii 010k 265E (N-1)VDC nosopora
B COOTBETCTBUH C BAPMAHTAMU OCYLIECTBJIEHUS HACTOSIIETO PACKPBITHUS.

[0059] Kaxnpiii u3z OnokoB 265A-265E, usoOpaxeHnHbix Ha ¢ur. 6A—6E, comepxut



11

MYJIBTHUIIEKCOP C YIPABJSIOLUIMM BXOJOM, KOTopblii mpuHuMaer curHan Cell rot u3 Omoka
Switch 2 264, u umeer N kommyTHpyeMmbIx BxonoB. Kaxnbii u3 OmokoB 265A-265E,
nzobpaxkeHHbIx Ha (ur. 6A—OE, pomonHUTENbHO COAepKUT N CTaTUYECKUX MAaCCHBOB,
COIEpKAIUUX KOHKPETHBIE COCTOSIHMsI NMEPEKIHYEHUs Ui KOPPEKTHOrO IOBOPOTA CHIIOBBIX
sueek 103A-103N moaynsaTopa 100 HanmpspkeHuUs.

[0060] Ecnu curHan VYpoBHH IPUHUMAET TOJbKO 3HaueHuss O u 1, BBINOJHSA
PEryJIMpOBKY BBIXOJHOIO HampsbkeHus mMoayistopa 100 HanpsbkeHus 100 mexay ypOBHAMHU
OVDC u 1VDC, To 6ok 265A 1VDC noBopoTa y4acTBYeT B ONEpaLUU BMECTE CO CTATHYECKUM
maccuBoMm OVDC. Kak BunHo u3 ¢ur. 6A, xaxapiii 3 N crarudeckux maccuBoB oT 1VDCI1 no
IVDCN o6noka 1VDC mnoBopora umeer Toabko onHO Bbicokoe (“HMctuHa”) cocrosiHme
NEPEKIIFOYEHUs], TMOJIOKEHUE KOTOPOro B MaccuBe 3aBHUCHT OT 3HaueHus curHaima Cell rot.
Hamnpuwmep, ecu Cell rot=1, To Tonbko nepsasi cuioast siueiika 103 A mpuBOAUTCS B AEWCTBHE,
NPENOCTaBIsAs HANPSOKEHHE €€ HAKOMUTEJIBbHOIO JJIEMEHTa Ha BbIXOA MmopayJsaropa 100
HANPSDKEHUST Yepe3 Pa3OMKHYTHIN nepekmoyaromuil saemMeHT S1 109A (manpumep, IGBT), B To
BpeMs Kak Bce apyrue cuinosble ssueliku 103B—103N myHTHpyrOTCA. 110BOPOT CHUIIOBBIX SYEEK,
ydacTByrOmmx B obOecneueHuu ypoBHs 1VDC BBIXOIHOTO HampspKeHHs, OOecrmeYynBaeTCs
curHasiom Cell rot, koropelii u3mMensiercss nepuogudecku or N 1mo 1 ¢ gekpemeHntom 1 Ha
KaXbIil HapacTaromuii ¢poHT curHana CocTosHue.

[0061] Ecnu curHan YpoBHH MNPUHUMAET TOJBKO 3HaueHUss 1 © 2, BBIMOJHSAA
PEryJIupoOBKY BBIXOAHOIO HampspbkeHus monynsaropa 100 Hanpspkenust mexay yposHsamu 1VDC
u 2VDC, To 6mok 265A 1VDC nosopota u 650k 265B 2VDC noBopoTa y4acTBYIOT B ONEpaLiu
comectHo. Kak BupgHO u3 ¢ur. 6B, xaxnaeiii u3 N cratuyeckux maccuoB ot 2VDC1 no
2VDCN oGnoka 265B 2VDC mnosopora wumeer nBa Bbicokux (“HMcrtuHa”) coCTOsSHUS
NEePEeKJIFOYCHNs], TOJOKEHUsT KOTOPBIX B MacCuBe 3aBUCUT OT 3HadeHus: curHana Cell rot.
Hanpuwmep, ecnu Yposuu=2 u Cell rot=1, To nepsasi u Bropas cuiossie siueiiku 103A u 103B
MIPUBOJATCS B AEHCTBHE, MPENOCTABISAS CYMMY HAIMpPSDKEHUNM CBOMX HAKOIUTENbHBIX 3JIEMEHTOB
Ha BBIXOJ HampsbkeHust mopnyssaropa 100 HampskeHus depe3 pa3OMKHYThIE MEPEKIIIOYaOINe
snemeHThl S; U S; (109A u 109B), B TO Bpemsi kak Bce npyrue cuiosble stueiiku 103C—103N
myHTupyroTesi. Korma curnan YpoBHH uM3MeHsieTcst Ha 1 Ha Kaxablil Hapactaromuii GpoHT
curtana CocTosiHHe, TO TOJBKO OJIHA CHJIOBAs siuelika OCTaeTCsl COEIMHEHHOM C BBIXOJIOM, U €€
HOMep Oyner ymeHbImaThcsl Ha 1, Tak kak curHai Cell rot m3mMeHsieTCsl Takke ¢ HAPACTAOIIHM
¢ponTom curnHana CocrosHue. B 3TOM cilyyae NOBOPOT CHJIOBBIX SU€EK, YYACTBYIOIIUX B
obecnieuernn ypoBHe 1VDC u 2VDC BBIXOIHOTO HANpsDKEHUs, TapaHTHUPYETCS HE TOJBKO
curHaniom Cell rot, koropeiii u3mMensiercss nepuogudecku or N mo 1 ¢ gekpemeHntom 1 Ha
KaXIbld Hapactaromuii ¢poHT curHana CoCTOsHHE, HO U paCHpelNeleHHeM BBICOKHX
(ymomsinyToro “HMctrHa”) COCTOSIHUN MEPEKIIIOYSHNs] B JHHAMHYECKUX MacCHUBax OJIOKOB 265A
u 265B 1VDC u 2VDC nosopora.

[0062] ®ur. 8 WIOCTPUPYET NPUMEPHbIE CUTHAJBI MEPEKIIOYEHUs IJI PUMEPHOrO
ceMu— (7-) YpOBHEBOIO MOXYJATOpPa HANpsDKEHUS B COOTBETCTBMM C BapHAHTaMH

OCYIIECTBJIEHUS] HACTOSIIEro packpbiTus. dur. 8 obecreunBaer npuMep Oreparuu reHeparopa
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205 mabnoHa TEpeKMIoYeHHus Ml Clydas CEMHUYPOBHEBOTO MOJIYJISATOpPA HANPSDKEHUS,
COZIEpPIKALIETO CEMb CHUJIOBBIX sU€EK, COENMHEHHbIX nocienosarenbHo. Kak BumHO u3 ¢ur. 8,
CUrHAJI YPOBHM M3MEHsE€TCs CHadajla oT 5 no 6, korma wmoaymstop 100 HanpsbkeHus
o0ecrieunBaeT BbIXOAHOE HampspkeHue Mexnay ypoBHsamu SVDC u 6VDC, u 3atem curhan
VYpoBHu nepexsrouaercss Mexay 6 u 7, xoraa moayistop 100 HampsikeHHs! peryimpyer cBoe
BBIXOJHOE HampspkeHne mexay ypoasmu 6VDC u 7VDC. B oboux ciyuasx curHaibl S;—S;
nepexmoueHus (109A—-109G) cMmewieHsl ApyT OT apyra, odecreunBasi TOBOPOT CHUIIOBBIX STUEEK C
PaBHOMEPHBIM pacrpeesieHHeM MOTpedsieMOl MOIIHOCTU B 00eCTIeYrBasi BBIXOIHYIO 4aCTOTY
BBIXOIHOTO HANPSDKEHHUS B CEMb pa3 BbIIIE, YeM YacTOTa MEPEeKIIOUYEHUs KaXIOH OTAENbHOM
CUJIOBOM STYEHKH.

[0063] ®ur. 9A-9C ummoCTpupyeT pe3yJbTaTbl MOACIUPOBAHUS ONIEPALITH TPUMEPHOTO
ceMru— (7—) YpOBHEBOIO MOXYJIATOPa HANpPSDKEHUST B COOTBETCTBHM C BapHAHTaMH
OCYLIECTBJIEHUs] HACTOsLEro packpeitusd. dur. 10 mwurocTpupyer pe3ynbTaTbl MOAECIUPOBAHUS
(MacmTabupoBaHHBIE 3AMMCAHHBIE KPUBBIE) OMNEpaIld MPUMEPHOro ceMu— (7—) ypOBHEBOTO
MOJyJIATOpa HAIpsDKEHHs] B COOTBETCTBMUM C BapUaHTaMU OCYLIECTBJIIEHUs HACTOSLIEro
packpeiTusi. CeMHypOBHEBBII MOAYJIATOP HAINPSDKEHHS BKJIIOYAET B CeOsl CEMb CHIIOBBIX sTUEeK,
COEMHEHHBIX TmochenoBaTenbHO. OMNOpHBIE BBIXOAHOE  HANpsbKeHUE  Vgpp  SIBISIETCS
CHUHyCOHaJIbHOM BOJHOBOM (hopmoii curHana 100 I'n ¢ ammummrynoit 3 kB u DC—cMmemenuem
3,5 kB, TakuMm 00pa3oM, MaKCUMaJIbHOE BBIXOJHOE HANpsDKEHUE paBHO 0,5 kB, a MUHHMalIbHOE
3Hauenne paBHo 0,5 kB (¢ur. 9A-9C). IlpennokeHHbIi MHOTOYPOBHEBBIN KOHTpPOJUIEP
HANpsDKEHUs] THCTepe3nca padoTaeT TakuM 00pa3oM, 4TOOBl MONAEPKHBATH IOTPELIHOCTD
perynupoBanusi AV B rpaHHIax MPeIBAPUTENbHO yCTaHOBIeHHBIX 3HaueHnit HB u LB (30 B u —
30 B, cootBercrBeHHo, cM. ur. 9A-9C u ¢ur. 10A-10C). IlepeperynupoBanue AV B
NepexXOqHbIX O0JACTSIX YPOBHS 3aBUCUT OT 3HAYEHUS IOCTOSHHOH BPEMEHH U MOXKET ObITh
JOTIOJHUTEIBHO YMEHBIICHO IO HEKOTOPOIO YPOBHS MyTEM HACTPOMKHU 3HAYEHUsS MOCTOSHHOU
Bpemenu. Curnan Yposuu, npenctaBieHHbiil Ha Gur. 9A-9C u ¢ur. 10A-10C, yBenuunbaercs
U YMEHbBINAETCs, CJeAys AMHAMUYECKOMY OIIOPHOMY HalpsDkeHUIo. PealbHOE BBIXOIHOE
HanpspokeHue Vypar MOAIEPKUBAETCS BOKPYT VRErR C OTPEIIHOCTHIO peryaupoBaHus AV.

[0064] ®@ur. 11A-11C u ¢ur. 12A-12C noka3pIBAIOT SKCIEPUMEHTAIBHBIE PE3YJIbTATHI
onHodasHoro cemu— (7-) YypOBHEBOTO MOAyJsATOpa, coaepxamero cemb (7) sideek,
COEIMHEHHBIX MOCJIEI0BATENbHO, C €MKOCTHBIM HAaKONMUTEJIbHBIM 3JIEMEHTOM Ha cTopoHe DC—
3BeHa, Kak mokazaHo Ha ¢ur. 1. Cemu— (7—) ypOBHEBbI MOAYJATOP pabOTaeT ¢ aKTUBHBIMU
3JIEKTPOAAMH, YCTaHOBJIEHHBIMH B JuBepTOpax peakTopa Ha ocHoBe FRC ¢ BcTpedyHbIMu
Ny4YKaMH. AKTUBHBIE 3JIEKTPOIbI HAXOAATCS B KOHTaKTe ¢ ruta3moii, u PSU obecnieunBaeT TOk 10
5 KA B muasMy C BBIXOIHBIM HamnpspkeHueM 1o 5 kB. Ilapamerpsl miasmbl BO Bpemsl paspsizia
IUTa3Mbl 3HAYUTENBPHO MU OBICTPO HM3MEHSIOTCS, M, TaKUM 00pa3oM, Tpedyemoe HampshKeHHe
CMELIEHNUs JIOJDKHO pEryJupoBaTbCs M CTA0WIN3MPOBATHCS HA HKEJATEIbHOM ONOPHOM
3HAUYEHUU.

[0065] OmnopHoe HampsbkeHHe VRgr UM peaibHOe BbIXOAHOe HampspbkeHue PSU Vour

nokaszanbl kKak (yHkiuu Bpemenu Ha ¢ur. 11B. Kax moxHO Buners, Vour peryiaupyercs u
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cTa0MM3nupyercs BOKPYr VRgr € CHTHAJIOM IIOTPEIIHOCTH YIPABJICHUS HANPSDKEHHUEM,
npeacTaBieHHbIM Ha ¢ur. 11A, B TO ke BpeMs He MpeBbIlIas MPEABAPUTENILHO YCTAHOBIEHHOE
3HaueHne +/-100 A. TpeOyemoe 4uCIO YpOBHEW BBIXOJHOIO HANPSIKEHMs, BBIYHCIEHHOE
OsokoM OJ10Ka OLeHKH ypoBHs HanpspkeHust (204, cM. ¢ur. 2), nokaszano Ha ¢ur. 11B. ITo mepe
TOro Kak Oarapen KOHAEHCATOpOoB B DC—3BEHBSX CHIIOBBIX SYEEK Pa3psLKAIOTCS, 3TO TpedyerT,
4yToOBl OOJIbIIE YPOBHEW BBIXOAHOTO HANPSDKEHHMs OBUIM YCTAHOBJIEHBI JJIST TOAAEP KaHHS
MOCTOSTHHOTO BBIXOJHOTO HampsbkeHus 3,5 kB, u npennoxeHHas METOAOJIOTHs BBIUUCISIET €r0
COOTBETCTBYIOLIMM 00pazoM. B koHIle umnybca Bce OaTaper KOHIEHCATOPOB Pa3PsIKAIOTCS JI0
HANPSDKEHUs, TIPH KOTOPOM YCTaHOBKA BCEX 8 ypOBHEH HE JOCTATOYHA, YTOOBI PETyJUpPOBATh
Vour, YTO BBI3BIBAET YBEJIMUEHUE CUTHAJA [OTPEIIHOCTH BBIXOAHOTO HATIPSKEHMUSL.

[0066] @ur. 12 noka3pIBaeT HKCIIEPUMEHTANIbHBIE PE3YJIbTAaThl ONEPaLH TOTO K€ CaMOTro
PSU akTuBHOro 3j€eKTpoAa C TPEYroJbHbIM OINOPHBIM HAmNpsKeHHEM Vggp, JEMOHCTPHUPYS
BBICOKYIO  TUHAMHYECKYI) CIOCOOHOCTb  MPEUIOKEHHOTO  KOHTpOJUIepa  HaNpsDKEHUs
rHCTepe3nca ISl PeryJupOBaHMsA W CTAOWMIM3ALUN HANPSDKEHUS C OBICTPO H3MEHSIFOIUMCS
3HaueHueM dV/dt.

[0067] BapuaHTbl OCYLIECTBJIEHHUs HACTOSINErO0 pACKpbITHUs  HANpaBJeHbl Ha
MHOTOYPOBHEBBIA KAaCKaAHBIM MOAYJATOP HANPSDKCHUs, COEAUHSIEMBbI C Harpyskoiu. B
BApUAHTaX OCYLIECTBJIEHUS] MHOTOYPOBHEBBIM KACKAIHBIA MOAYJSATOP HANPSIKEHUsS] COAEPXKUT
MHOXECTBO CHJIOBBIX Y€K, COCIMHEHHBIX ITOCJIENOBATEIbHO, NPHUYEM Kaxnaas sderka W3
MHOXECTBA SUYE€EK COAEP>KUT ABYHANPABJICHHBIA MEPEKIOYATEIb U HAKOIUTEIbHBIN 3JIEMEHT, U
CUCTEMY YIPaBJEHUs, MOAKIOYEHHYI) K MHOXKECTBY s4€€K M HMEIOLIYI0 MHOIOYPOBHEBBIN
KOHTPOJIJIED HANpPsDKEHUs] TUcCTepe3uca. B BapumaHTax OCYLIECTBIEHUs CUCTEMa YIIPABJIECHUS
CKOH(UTYpHpOBaHa, YTOOBI MOOYKIATh MHOXKECTBO siMeeK BBIBOAUTH N ypOBHEH HaNpspKeHUS
Ha Harpyske, npudeM N NpeacTaBisieT COOOH MOJOKUTENPHOE LeJI0e YHCIIO0, COOTBETCTBYIOLIEE
YHUCIIy CUJIOBBIX STY€EK BO MHOXKECTBE CHUJIOBBIX STYEEK.

[0068] B BapuaHTax OCYLIECTBJIEHUS KaKOas siueiika M3 MHOJKECTBA Y€K BKIIIOYAET B
ceOsi BTOPHYHYIO OOMOTKY H3OJHPYIOLIEro TpaHchopmaropa, Tpex(asHbI IHOAHBIA MOCT,
TIOJKJTFOUEHHBIN K TPAaHC(HOPMATOPY M HAKOIHUTEIBHOMY 3JIEMEHTY, U THON.

[0069] B BapuaHTax OCYLIECTBJICHUS JBYHAINpPaBJIEHHbIN MEPEKI0YaTeNb NPEACTaBIsSET
coboti oguH u3 IGBT nnun MOSFET.

[0070] B BapuaHTax OCYyINECTBIEHHUs Kaxkias sdeilka W3 MHOXeCTBa sueek
nonoHuTebHO conep:kutT LCR—puiIpTp Ha cCBOeM BbIXOIE.

[0071] B BapuaHTax OCYyLIECTBIEHUSI MOAYJISITOP TOMOJHUTENBHO conepkuT CR—puibTp
HA BBIXOJI€ MHOKECTBA STUEEK.

[0072] B BapmaHTax OCYUIECTBJEHHUSI CHCTEMAa VIOPABJICHHUS  JOMOJHUTEIBHO
CKOH(UTypupoBaHa, 4YTOOBI BBI3BIBATH MEPEHOC SJIEKTPUYECKOH MOILIHOCTH OT 3JIEMEHTOB
HAKOIUICHUS] SHEPTUH CUJIOBBIX STYEEK HA HAIPY3KY.

[0073] B BapumaHTax OCYUIECTBJEHHUS CHCTEMAa VIOPABJICHHUS  JOMOJHUTEIBHO
CKOH(UTypHUpOBaHa JJIs1 BHIPABHUBAHUS HANPSKEHUH HA HAKOTIUTENBbHBIX 3JIEMEHTAaX.

[0074] B BapuaHTax OCYLIECTBJICHMs  HAKONMUTEIbHBI  3JIEMEHT  SIBJIAETCS
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KOH/IEHCATOPOM.

[0075] B BapmaHTax OCyINECTBJIEHHUS CHCTEMAa YIPABJICHUs BKIOYAET B CeOsl OOUH WIIH
HECKOJIbKO TPOLIECCOPOB, MOAKIIOUEHHBIX K HEKPAaTKOBPEMEHHOH MaMsTH, COAepKallel
MHOXKECTBO MHCTPYKLUH, KOTOpBIE NPU HCHOJHEHWH MOOYXKIAT OOUH WM HECKOJBKO
IIPOLIECCOPOB YNPABIIATh YPOBHEM HAIPSDKEHUS HA HArpys3Ke.

[0076] B BapuaHTax OCYINECTBJIEHHUS MHOXXECTBO HWHCTPYKLUUN IpPH HCIOJHEHUH
noOyKAAT ONUH MM HECKOJBKO IMPOLIECCOPOB YIPABJIATh YPOBHEM BBIXOJHOI'O HAIPSDKEHUS
MOAYJISITOpa Kak (YHKIHEH YpPOBHS HANPsDKEHUsS HAa HArpys3Ke, OMOPHOTO HANpPSDKEHUS |
MOTPEIIHOCTH HANpsDKEHUs,, PaBHOW Pa3HOCTU MEXKAY YPOBHEM HAIpsDKEHUs Ha Harpyske |
OTIOPHBIM HaIpPsKEHUEM.

[0077] B BapuaHTax OCYLIECTBJIEHUS MHOXKECTBO MHCTPYKLUMH IpPU HCIOJHEHUU
OOy KIAI0T OJUH WJIM HECKOJBKO MPOLIECCOPOB BBIYUTATh M3 CHUTHAJIA OTMIOPHOTO HAIPSIKEHHS
VREr peajbHBIA CUTHAJ HANPSKEHUs OOpPAaTHOW CBSI3M VRgar, TOJYYEHHBI OT JaT4yuka
HanpspKeHus, GOPMHUPOBATD, OJIOKOM OLIEHKH YPOBHS HANPSKEHUS, CUTHAJI OLIECHEHHOTO YPOBHS
HanpsDKeHUs, Y POBHH, ¢ HCIIONB30BaHUEM Mopora BepxHel rpanuisl (HB) Oioka rucrepesuca,
nopora HwkHel rpanuipl (LB) Ooka rucrepesuca u CHrHaia pasHOCTH HampspkeHUd AV, u
T'€HEPHUPOBATh, TEHEPATOPOM IIA0JIOHA TEPEKIIIOUSHHS], MHOJKECTBO CUTHAJIOB MEPEKIIFOUCHHUS Ha
OCHOBE OLICHEHHOTO YPOBHS HANPsDKEHUs], Y POBHH, U COCTOSIHUS OJIOKa THCTEpe3uca.

[0078] B BapmaHTax OCYyIIECTBJEHHUs, YTOOBI BBIYECTb W3 CHTHAjJa OIOPHOIO
HAaNPsDKEHUST VRpr PEeajbHBIA CHTHAJN HANPSDKEHUs OOpAaTHOM CBS3M VRggpal, MHOXKECTBO
UHCTPYKUUH MpPU HCIOJIHEHUH NOOYXKTAI0T OAWMH WJIM HECKOJBbKO IPOLIECCOPOB IIOAABATH
peanbHbIN CUTHAJ HAIpsDKEHHs OOpaTHOM CBA3M Vepar, Ha BXOJ (MIIBTPAa HIDKHUX YacToT,
NIOAaBaTh BBIXOAHOW CHUTHAN (PUIBTpPAa HMXKHUX YaCTOT HA OTPULATENIbHBIH BXOJ MEPBOro OJoKa
CYMMHpPOBAHHUs, NOAABATb CHUTHAJI OMNOPHOIO HANpPSDKEHU VRer HA TOJOKUTENbHBIN BXOA
nepBoro OJoKa CyMMHUpPOBaHUS M (POPMHPOBATh CHTHAI Pa3HOCTU HampspkeHUH AV Ha BbIXOZE
NepBOro OJIOKA CyMMHPOBAHUSI.

[0079] B BapmanTax ocyuiecTBiieHUs, korna AV nocTuraer mopora BEPXHEH TpaHUIIbI
(HB) 6noka rucrepe3nca, MHOXKECTBO MHCTPYKLHMHA MPHU HCIOJHEHHH TPOOYKAAOT OOUH WJIH
HECKOJIbKO MPOLIECCOPOB YCTAHABIIUBATL COCTOsTHUE OJI0Ka rucrepesnca B “17.

[0080] B BapmaHTax ocyiiectBieHusi, korna AV mocTuraer mopora HYDKHEW TpaHUIIbI
(LB) Gnoka rucrepe3nca, MHOKECTBO WHCTPYKIHMHA NMPU HCTIOJIHEHUH MOOYXKIAIOT ONWH HIIH
HECKOJIbKO MPOLIECCOPOB YCTAHABIIMBATL COCTOsTHUE OJI0Ka ructepesnca B “07.

[0081] B BapmaHTax OCYyIIECTBJIEHHs, YTOOBI (HOPMHUPOBATH OLIEHEHHBIH YpPOBEHb
HANpsDKEHUsT Y POBHH, MHOXECTBO HWHCTPYKLUMH TNPH HUCIOJIHEHHH NOOYXKIAIOT OIWH WIIH
HECKOJIbKO IPOLIECCOPOB MOJAaBaTh TAKTOBBIM CHUIHANl HA TAKTOBBIN I'eHEpPaTop, OTCUUTHIBATD,
cOpacblBa€MbIM ~ CUETYHMKOM, YHCIO TAaKTOBBIX CHTHAJIOB, TI'€HEPUPYEMbIX TAKTOBBIM
reHepaTopoOM, KOT[a MCTUHHO OJHO WJIM HECKOJIBKO U3 CIEAYIOLIUX ycloBuil: AV Huke, uem
nopor HwkHel rpaHuns! (LB) 6moka rucrepesuca; uinu AV Bellle, 4eM MOPOT BEPXHEH rpaHULIbI
(HB) 6moka rucrepesuca.

[0082] B BapuaHTax OCYLIECTBJIEHHs MHOXXECTBO MHCTPYKLMI MpPU HCIOJHEHUU
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noOy»Xal0T OOWH WJIM HECKOJbKO IPOLECCOPOB OIMOJHUTENBHO, [aBaTh IPHUPALICHUE,
CUETYUKOM CBOOOIHOIO XOJa, BBIXOAHOMY CHUTHAJy CUETYMKAa CBOOOAHOIrO XOAa, IMOJABaTh
BBIXOJJTHOM CHTHAJI CUeTUYHMKa CBOOOIHOTO XO/a Ha BTOPOH OJIOK CYMMHPOBAHUS M YMEHbIIATH
quciao YpoBHEH Ha BbIXOZe OJIOKa OLEHKH YPOBHS HANpPsDKEHUs, KOTrJa HCTHHHBI oba u3
CIEeNYIOIIUX CIy4aeB OJHOBPEMEHHO: CUrHal AV HuKe, 4eM MOpOor HWKHeW rpanuinsl LB
THCTEPE3NCa; U 3HAYEHHE BBIXOAHOIO CHIHAIA OTcYeTa COpachIBAEMOIO CHETYMKA BBIIIE, YeM
IPEIBAPUTEIBHO YCTAHOBICHHOE 3HAYEHHE TOCTOSIHHOM BPEMEHU.

[0083] B BapmaHTax OCyIIeCTBJIEHHsS, KOrma curHail AV Hiske, 4eM TOpOT HIDKHEH
rpanuubl LB rucrepesuca, U 3Hau€HHE BBIXOJHOTO CHTHAJA OTCUETa COPAChIBAEMOrO CYETYHMKA
BBbIIIE, Y€M MPEIBAPUTEIBPHO YCTAHOBJIEHHOE 3HAYEHUE IOCTOSHHON BPEMEHH, MHOXKECTBO
WHCTPYKUUH TPU UCIIOJHEHHH MOOYKAAT OIUH WM HECKOJBKO MPOLECCOPOB YCTAHABINBATD
BbIXO/I JIOTHUECKOrO D3JIEMEHTa CXEeMbl YMEHbIIEHHs YpoBHA B 3HaueHue “Hcruna”,
IETeKTUPOBATh BBIXOJ JIOTUYECKOTO 3JIEMEHTa JETEKTOPOM HapacTraromero (poHTa U JaBaTh
NPUpPALICHUE CYETYUKY CBOOOJHOIO XO/1a U TEM CaMbIM YMEHBIIIATh BBIXOJHOH YPOBEHb B OJIOKE
CYMMHPOBAHUSL.

[0084] B BapmaHTax OCYILIECTBJIEHUS MHOTOYPOBHEBBIN KOHTPOJUIEP HAMPSIKCHUS
THCTepe3nca CONEPKUT (UIBTP HIDKHUX HacCTOT, UMEIOIIUN BXOX (PHIBTpAa HMKHHUX YaCTOT H
BBIXOJ] (PUIIBTPA HIKHHUX YaCTOT, NMEPBBI OJIOK CYMMHPOBAHHUS, UMEIOIIUIN MOJOKUTEIbHBIHN
BXOJ M OTPULATENbHBIN BXO, OJIOK THCTepe3nca, MMEIOLIHi nopor BepxHeil rpanuusl (HB) u
nopor HikHeidl rpanuuel (LB), Omok OLEHKH YpPOBHsS HANPSDKEHUS, UMEIOIMUN MHOXKECTBO
BXOZOB OJIOKa OLIEHKH YPOBHSI HANPSDKEHMs] M BBIXOJHOW CUTHAJI YPOBHSI HANpsDKEHUs Y POBHH,
U reHeparop wmabjoHa NMEPeKIFOYEeHUs, UMEIOIINH MHOMKECTBO BXOJOB IeHepaTopa ILIalJoHa
NEePEKIIOUYEHHUS] U MHOXKECTBO BBIXO/IOB I'€HEPATOPA I1a0JI0HA MEPEKITFOUEHUS.

[0085] B BapmaHTax OCyLIECTBIECHHUSI TeHeparop MmAallOHa MEePEeKIIFOYEHHsS] CONEpPIKUT
OJIoK KoMmaparopa, cOpachlBaeMblli CYETYHK, MEPBBbI MYJbTHILIEKCOP, HUMEIOIIUN MepBOe
MHOECTBO BXOJAHBIX CHUTHAJIOB, U BTOPOM MYJIBTUILIEKCOP, MMEIOLIUN BTOPOE MHOXECTBO
BXOJIHBIX CUTHAJIOB.

[0086] B BapmaHTax OCyIIECTBJICHHUS Ka)KIblii BXOJHONH CHUTHAJ BTOPOTO MHOXKECTBA
BXOIHBIX CHTHAJIOB MPEICTABIsieT COOOH MAacCHUB COCTOSHUI MEPEeKJFOYEHUs, KaKaoe H3
KOTOPBIX COOTBETCTBYE€T OAHOMY U3 MHOXKECTBA BBIXOJHBIX YPOBHEH i MOAYJATOpA
HaTPSIKEHUSI.

[0087] B BapuaHTax OCYIIECTBJICHUS MHOXECTBO BBIXOJHBIX YPOBHEH HAxXOHOATCS B
nuanaszone ot 0VDC, xorza Bce CUTHAITBI IEPEKTFOUEHUSI COOTBETCTBYIOT 3HAYEHUIO “JIOXKB , 10
MAaKCUMAaJIbHOT'O BBIXOJTHOTO HANPsDKEHUs, KOTAA BCE CHUTHAJbl MEPEKIOUYEHUs] COOTBETCTBYIOT
3HAYEHUIO “UCTHUHA .

[0088] B BapuaHTax OCYIIECTBJICHHs OJIOK OLIEHKH YPOBHSI HAIPSDKCHHSI COIEPIKUT
CXE€My OTCUeTa TaKTOBOT'O CHTHAJIA, CXeMy IEKPEMEHTa YPOBHs, CXeMy 3amycka u copoca ms
cOpacbIBa€MOro C4eTYMKa U BTOPOH OJIOK CYMMHMPOBAHHUS.

[0089] B BapuaHTax OCYIIECTBJICHHUS CX€Ma OTCUETAa TAKTOBOTO CUTHAJA COAEPKUT

TAKTOBBII F€HEPATOP, JJIOTHYECKUN NMEPEKIIoUaTeNb 1 COPachIBAEMbI CHETUHK.
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[0090] B BapumaHTax OCYLIECTBJIEHUS CXE€Ma JACKPEMEHTAa YPOBHS COINEPIKUT MEPBBIH
JIOTHUYECKHUH 3JIEMEHT, IETEKTOP HapacTaromero (poHTa U CUETUYHUK CBOOOJHOIO XO/a.

[0091] B BapmaHTax OCYLIECTBJICHHsS CXeMa 3allyCka U cOpoca COIOEP>KUT BTOPOH
JIOTHUYECKHUH 3JIEMEHT, IETEKTOP HapacTaroiero GpoHTa U TPETUN JIOTHIECK U JIEMEHT.

[0092] B BapuaHTax OCYyINECTBICHHUS MEPBBI JIOTUUECKHH 3JIEMEHT IPENCTABISIET COOOM
JIOTUYECcKyo cxeMmy W, BTOPOIl JIOTHYECKH 3JIEMEHT NPENCTaBIsieT COOOM JIOTHUECKYIO CXeMy
HNCKJIIOYAIOLIEE WUJIH, u Tperuil JOrMUeCKUi 3JeMEHT MPEACTABIAET COOOH JIOTHYeCKYIO
cxemy WJIN.

[0093] B BapmanTax ocyuiecTBiieHus, korna AV nocTuraer mopora BEPXHEH TpaHUIIbI
(HB) 6noka rucrepesnca, COCTOsIHME OJI0Ka TUCTepPe3nca YCTaHABIMBAETCS B “17.

[0094] B BapuaHTax ocyiiectBieHus, korna AV mocTuraer mopora HDKHEW TpaHUIbI
(LB) 6noka rucrepesnca, COCTOsiHHE 0JIOKa rUCTepe3rca yCTaHaBIuBaercs B <07,

[0095] B BapuaHTax OCYILIECTBJEHMsI Harpy3ka HaXOIUTCS B CHJIOBOH 3JIEKTPOHHOM
cXeMe B OJTHOM WM 0oJjiee U3 UCTOYHUKA MOIIMHOCTH CMELICHHUS 3JIEKTPOAOB ISl IJIa3MEHHOTO
peaktopa Tokamak, MCTOYHMKA MOIMHOCTH cMereHust syekTponos st FRC mimazmeHHOro
peaxkTopa, UCTOYHUKA MUTAHUS JJI MHXKEKTOpa Iydyka HEWTpasbHbIX YaCTHUL[, MarHETPOHHOTO
MOy JIATOPA, KJIUCTPOHHOTO MOAYJISATOpPA, MOAYJATOPA 3JIEKTPOHHON MyIIKH, BHICOKOMOLIHOTO
PEHTT€HOBCKOTO WCTOYHMKA MUTAHMS, CPEJHEBOJHOBOIO IepenaTyhKa, IJIMHHOBOJHOBOIO
nepenaTyuka U KOPOTKOBOJIHOBOTO TBEPAOTENBHOIO MepeaaTunKa.

[0096] BapuaHTel OCYLIECTBJIEHHUs HACTOSINErO0 pACKpBbITHS  HAlpaBJIEHbl HA
MHOIOYPOBHEBBI KOHTPOJUIEP HAIpPSDKEHUsT TUCTEPE3nca, COEAUHSEMBbI C Harpy3kou. B
BapUaHTaX OCYLIECTBIIEHHsI MHOTOYPOBHEBBIN KOHTposuiep HampspkeHus: rucrepesuca (MHVC)
BKJIIOYAeT B ce0st (PMIIBTP HIDKHHUX YaCTOT, UMEIOIIHUI BXOA (PMIIbTpAa HWKHUX YaCTOT U BBIXOJ
¢uIpTpa HUKHUX YaCTOT, NMEPBBIH OJOK CyMMHPOBAHHS, UMEIOIIUN MOJOXHUTENbHBI BXOA U
OTpULIATENbHBIA BXOA, OJOK rucrepesnca, UMerIuil nopor BepxHeil rpanuips! (HB) u mopor
HIwKkHell rpaHunbl (LB), ONOK OLEHKH ypOBHS HAMpPSDKEHHs, UMEIOIIUI MHOMKECTBO BXOJIOB
OJIoKa OLEHKH YPOBHS HANPSDKEHHMsS M BBIXOJHOW CUTHAJ YPOBHS HANPSDKEHUST YPOBHU, U
reseparop ImabJIOHa TMEPeKIFOYEeHUs, MMEIOLINI MHOKECTBO BXOJOB TIeHepaTropa MIadyioHa
NEPEKIIFOUEHUS] © MHOYKECTBO BBIXO/IOB I'€HEPaTOpa MIa0JI0OHA MEPEKITFOUEHUSI.

[0097] B BapmaHTax OCYIIECTBJICHUS T€HepaTop MAOJOHA NEPEKITIOYEHHs] CONEPIKUT
0ok KOMmaparopa, cOpachlBa€Mblli CUETYHK, IMEPBBbI MYJIBTHILIEKCOP, HUMEIOIIUN MepBOe
MHOKECTBO BXOJHBIX CHUTHAJIOB, U BTOPOM MYJbTHUIUIEKCOP, HUMEIOLIMI BTOPOE MHOMKECTBO
BXOJIHBIX CUTHAJIOB.

[0098] B BapuaHTax OCYyIIECTBJICHHUS KaKIblil BXOJHON CHUTHAJ BTOPOrO MHOKECTBA
BXOAHBIX CHTHAJIOB TMPEACTABIsieT COOOH MAacCHUB COCTOSHUI MEPEeKJFOYEHHUs, KaKAoe H3
KOTOpBIX COOTBETCTBYET OJJHOMYy U3 MHOXXECTBAa BBIXOAHBIX YPOBHEH MAJis MOAYJIATOpPA
HaNPsDKEHUS.

[0099] B BapuaHTax OCYIIECTBJIICHUS MHOKECTBO BBIXOAHBIX YPOBHEH HAXOMASTCS B
nuanaszone ot OVDC, xorza Bce CUTHAJIbI IEPEKTFOUEHUSI COOTBETCTBYIOT 3HAYEHHUIO “JIOXKDB , 10

MaKCUMAJIbHOI'O BBIXOAHOT'O HAIIPSIPKCHHS, KOrla BCC CHUTHAJIbl MEPEKIOYUCHUA COOTBETCTBYIOT
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3HAYEHUIO “HUCTUHA .

[00100] B BapmaHTax OCYyIIECTBJIEHUS OJIOK OLIGHKH YPOBHS HANpPsDKEHUS] CONEPIKUT
CXeMy OTCueTa TAaKTOBOI'O CUTHAjIa, CXEMY AEKPEMEHTa YPOBHsI, COAEPIKAIIYIO CXEMY 3aIyCKa U
cOpoca 1711 cOpackIBa€MOro CUE€TYHKA, 1 BTOPOH OJIOK CyMMHPOBAHUS.

[00101] B BapuaHTax OCYyIIECTBJEHHSI CXE€Ma OTCUETa TAKTOBOIO CHUTHANa COAEPIKUT
TaKTOBBIN I'€HEPATOP, JOTMYECKHUI MepeKiIoyareb H cOpachiBaeMblil CUETUHK.

[00102] B BapmaHTax OCYLIECTBJIEHMs CX€Ma NEKPEMEHTa YPOBHs COAEP>KUT MeEpPBbIil
JIOTHUYECKHI 3JIEMEHT, IETEKTOP HapacTaromero (poHTa U CUETUYHUK CBOOOJHOIO XO/a.

[00103] B BapumaHTax OCYIIECTBJIEHUS CXeMa 3amycka U cOpoca COHEPIKUT BTOPO
JIOTHUYECKHH 3JIEMEHT, IETEKTOP HapacTaromero (poHTa U TPETHH JIOTMIECKHNA 3JIEMEHT.

[00104] B BapuaHTax OCYyLIECTBJIEHUS NEpPBBbIH JIOTMUECKUN 3JIEMEHT MpPeACTaBIseT
co0oit normueckyr cxemy W, BTOpOI JIOTMYECKUI 3JIEMEHT MPEACTABISET COOOH JIOTMYECKYIO
cxemy HWCKIIIOUAIOIIEE WJIM, a Ttperwii JOTHYECKHH 3JIEMEHT TMPEACTaBIsieT COOOi
noruyeckyro cxemy HMJIN.

[00105] B BapuanTax ocyiuecTBieHHs, kKorga AV ngocturaer nopora BepxHeil IpaHHLlbl
(HB) 6soka rucrepesnca, COCTOsTHIE OJIOKa TUCTepe3nca yCTaHaBIUBaeTcs B “17.

[00106] B BapuanTax ocyuectsieHus, korna AV nocturaer mopora HUKHEH TPaHULBI
(LB) 6noka rucrepesunca, CoOCTOstHAE OJI0Ka TUCTEpe3nca yCTaHaBIuBaercs B 07,

[00107] B BapmaHTax OCYyLIECTBJIEHHUS Harpy3ka HaXOJUTCSl B CHJIOBOM 3JIEKTPOHHOMN
cXeMe B OJTHOM WM OoJjiee U3 UCTOYHHUKA MOIIHOCTH CMELIEHHs 3JIEKTPOAOB IS TUIA3MEHHOTO
peaktopa Tokamak, HMCTOYHHUKA MOIIHOCTH cMelneHust sJjektponoB st FRC mmasmeHHoro
peaxkTopa, UCTOUYHUKA MUTAHUS JI1 MHXKEKTOpa IMydka HEWTPaJbHbIX YaCTHUL,, MArHETPOHHOTO
MOy JIATOPA, KIMCTPOHHOIO MOAYJISITOpPA, MOAYJATOPA 3JEKTPOHHON MyLIKH, BBICOKOMOLIHOTO
PEHTT€HOBCKOTO HCTOYHUKA IUTAHMs, CPEJHEBOJHOBOIO MepenaTdyuka, IJIMHHOBOJHOBOTO
nepenaTyuKka U KOPOTKOBOJIHOBOTO TBEPAOTENBHOIO NEPEAaTUUKA.

[00108] BapuaHTbl OCYLIECTBJIEHUS HACTOSIIETO PACKPBITHsS HAIPaBJIEHbI HAa CIOCOO
yIpaBleHus] HampsDKEHUEM, MOJlaBaeMbIM Ha HAarpy3Ky, ¢ HCIOJb30BAHHEM MHOTOYPOBHEBOTO
KOHTPOJUIEpA HATIPSKEHUS THCTepe3nca. B BapuaHTax OCyIIEeCTBJICHHUS CIOCO0 COAEPIKUT PUEM
peasbHOTO CUTHAJIA HAMPsDKEHUs] OOpaTHON CBA3U VRpal OT JaTUMKa HanpspKeHus. B BapuaHTax
OCYIIECTBIIEHHUsI CIOCOO  JOMOJIHUTENIbHO COAEP)KUT  BBIUMTAHHE PEAJbHOrO  CHrHaja
HaNPSDKEHUsT 0OpaTHOM CBSI3M VRpal, U3 CHUTHAJIA OMOPHOTO HANPSUKEHUS] Vggp MyTEM: MONAYH
peaTbHOro CUrHaja HampsDKeHUss OOpaTHOM CBS3M VRpal Ha BXOX (PUIBTPA HIDKHHX YacTOT,
NOJJa41 BBIXOTHOTO CHTHasa (pUiIbTpa HMKHHUX YaCTOT HA OTPULIATENIbHBINA BXOJ MEPBOro OJoKa
CYMMHPOBAHHS, TIOAAYH CUTHAJIA ONMOPHOTO HAMPSDKEHHs VRpr HAa MOJOXKHUTEIBHBIN BXOZ OJIOKa
CYMMHpOBaHHUs U (OPMHUPOBAHMS CUTHAJA PAa3HOCTH HAmpspkeHMH AV Ha BBIXOZE IMEPBOTO
OJl0Ka CyMMHPOBAHUSI.

[00109] B BapuaHTax OCYIIECTBJICHHS CIOCOO  JMOTOJHUTENIBHO  COIEPKUT
dopmupoBaHue, OJOKOM OLEHKHM YPOBHS HANpPSDKEHWs, CHUTHAJA OLIGHEHHOTO YPOBHS
HanpsDKeHUs, Y POBHH, ¢ HCIIONB30BAaHUEM Mopora BepxHel rpanuinsl (HB) Onoka rucrepesuca,

nopora HwkHel rpanuinsl (LB) Onoka rucrepesuca u curHaiga pasHoOCTH HampspkeHuid AV. B
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BapPHUAHTAX OCYLIECTBJIEHHsI CIOCOO JOMOJIHHUTENBHO COAEPIKUT T'€HEPUPOBAHHUE, ME€HEPATOPOM
m1a0JI0Ha TEPEKITIOUEHHs], MHOYKECTBA CUTHAJIOB MEPEKIIIOUEHHsI HA OCHOBE OLIEHEHHOT'O YPOBHS
HanpsDKEeHUs, Y pOBHH, U COCTOSIHUS OJIOKa THCTepe3uca.

[00110] B BapuaHTax ocyuiecTBJeHUs, koraa AV NOCTUraer mopora BepXHEW rpaHULIbI
(HB) 65oka rucrepesuca, COCTOsHHE OJIOKa TUCTepe3nca yCTaHABIMBaeTCs B <17

[00111] B BapuanTax ocyuiecTBienus, korna AV mocruraer mopora HWXKHEH T'paHULbI
(LB) 6noka rucrepesuca, CocTosiHue OJi0Ka rucTepesrca ycTaHaBiuBaercs B “07.

[00112] B BapuaHTax OCYLIECTBJIEHHs OJIOK OLEHKU YPOBHS HAMPSUKEHUS (POPMHUPYET
OLICHEHHBIN YPOBEHb HAINpPsDKEHHs] YPOBHH IyTEM: IOAaYM TAaKTOBOIO CHUTHAjla Ha TAaKTOBBIM
reHepaTop, OTcyera, COPAchIBAEMBIM CUYETYMKOM, YHCJA TAKTOBBIX CHUTHAJIOB, F€HEPUPYEMBbIX
TAKTOBBIM T€HEPAaTOPOM, KOTJa MCTHMHHO OJHO UM HECKOJIbKO U3 CIeAyIoIMX yciaoBuil: AV
HIDKE, 4eM mnopor HiwkHed rpanunpsl (LB) Onoka rucrepesuca, uan AV Bblme, 4eM MOpPOT
BepxHell rpanunbl (HB) Onoka rucrepesmca; mpupameHus, CUYETYUKOM CBOOOTHOTO XOna,
BBIXOJJHOTO CHTHAaJa CUETYMKAa CBOOOAHOTO XOJa;, MOJAYM BBIXOAHOTO CHTHAJA CYETYHKA
cBOOOIHOrO Xoma Ha OJIOK CyMMHpPOBAHHUS;, U YMEHbLICHHE YHcia YPOBHEH Ha BbIXOnE OJIOKa
OLIEHKN YPOBHSI HANPSDKEHUs, KOTZla MCTUHHBI 00a M3 CIEAYIOLIMX CIy4aeB OJHOBPEMEHHO:
curHan AV Huke, yeM MOpOr HMKHeN rpanuubl LB rucrepesuca, u 3HaueHUE BBIXOJHOTIO
CHUTHaJa OTCUeTa COpPachIBA€MOrO CUETYMKA BBIIIE, YE€M NPEABAPUTENBHO YCTAHOBJIEHHOE
3HauY€HUe MOCTOSIHHON BPEMEHU.

[00113] B BapuaHTax ocyuiecTBieHus1 Koraa curiai AV Hibke mopora HUKHEN TpaHULb
LB rucrepesuca, 1 3HaU€HUE BBIXOTHOTO CUTHAJIA OTCYETa COPAChIBAEMOr0 CYETYHKA BBIIIE, YEM
IIPEBAPUTENIbHO YCTAHOBJIEHHOE 3HAYEHHE NTOCTOSHHON BPEMEHHU, BBIXOJ] EPBOTO JIOTHYECKOTO
SJIEMEHTAa CXE€Mbl JEKPEMEHTa YpPOBHS CTaHOBUTCS 3HaueHueMm “Mctuna’, perexTop
HapacTtalomero (ppoHTa OETEKTUPYET BBIXOA IEPBOTO JIOTHYECKOTO 3JIEMEHTa, U CUETYHK
cBOOOHOTO XOza MOJydaeT NMpUpalleHHe, TeM CaMbIM yMEHbIIas BBIXOJHOH YypOBEHb OJOKa
CYMMUPOBAHUSL.

[00114] TIpoueccopsl cHUCTEM YIpaBiIeHHs M KOHTPOJJIEPOB HACTOSIIETO PAaCKPBITHS
MOTYT ObITh CKOH(UTYPUPOBAHBI, YTOOBI BBIMOJHATH BBIYUCIEHHUS M aHAJIN3, OMHCAHHBIE B
HACTOSIIEM PACKPBITHM, M MOTYT BKJIIOYaTh B ce0st wium ObITh TMOAKIIOYEHHBIMH C
BO3MOKHOCTBIO CBSI3M K OZHOMY WJIM HECKOJIBKMM 3JIEMEHTaM IaMSITH, BKJIFOYAIOLINM B ceOst
HE—BPEMEHHBIN CYUTHIBAEMBI KOMITBIOTEPOM HOCHTENb. DTO MOXKET BKJIFOYATh B CeOsl CHCTEMY
Ha OCHOBE MpOLIECCOpa WJIM HA OCHOBE MHUKPOIIPOLIECCOPa, BKIIOUYAS CHUCTEMBbI, HCIOJIb3YIOIINe
MHUKPOKOHTPOJUIEPBL,  KOMIBIOTEPBI €  COKpamieHHbIM  Habopom  komaHn  (RISC),
crierau3upoBaHHble HHTerpajibHbie cxeMbl (ASIC), noruyeckue cCxeMbl U JIIOOYIO IPYTYIO
CXEMY HIIH TPOLIECCOp, CIOCOOHBIE UCTIONHSTh (PYHKIIUH, OMUCAHHBIC B HACTOSIIEM JTOKYMEHTE.
[IpuBeneHHbIE BBIIIE MPUMEPHI SBISIFOTCS TOJBKO WIIIOCTPATHBHBIMH M, TAKUM 00pa3oM, He
NpeaHa3Ha4deHbl, YTOObl OrPaHUYMBATH KaKUM—JIMOO 00pa3oM ompeneieHue W/WIM 3HAYEeHUEe
TepMUHA “TIpoLieccop” WK “KOMIIBIOTEp .

[00115] ®ynkumu mporeccopa MOIYT OBITb peaJH30BaHbl C HCIOJIb30BAHUEM

NPOTPaMMHBIX TIPOLIEAYP, AaIlMapaTHBIX KOMIIOHEHTOB WM HUX KOMOMHAIMU. ArmmnapaTHbIE
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KOMITOHEHTBI MOTYT OBITh PEATM30BAHBI C MCIIOJb30BAHHEM PA3JIMYHBbIX TEXHOJIOTUH, BKIIFOYAs,
HanpUMep, UHTETPaJIbHbIE CXEMbI WM AUCKPETHBIE 3JIEKTPOHHBIE KOMIOHEHTHI. [IpouieccopHbIii
OJIOK, Kak MPaBHJIO, BKIIOYAET B ce0sl CUMTHIBAEMOE/3aMIChIBAEMOE YCTPONUCTBO MAMSTH H, KaK
NPaBUIIO, TAK)KE BKJIIOYAET B ce0sl anmapaTHble CPEACTBA H/UIIHM MPOrpaMMHOe OOecrieueH e JJIs
3aIMUCy W/ WM CYUTHIBAHUS YCTPOHCTBA AMSITH.

[00116] IlIpoueccopbl MOTYT BKJHOUaTh B Ce0s BBIYUCIMTEIBHOE YCTPOMCTBO,
yCcTpoiicTBO BBOAA, OJOK oTOoOpaxkeHust u uHTEepdelic, Hanpumep, s AocTyna B MHTepHeT.
KommproTep wim mporeccop MOXKeT BKIOYAaTh B ce0s MHUKpompoueccop. MUKpOIpoLeccop
MOKET OBITh COEAMHEH C KOMMYHUKALMOHHOW MMHOW. KOMMBIOTEp WM MPOLECCOP MOXKET
TaK)Ke BKJIIOYATh B ce0si mamsiTh. [1aMATh MOXKET BKJIIOYATh B ceOs MaMsAThb C MPOH3BOJBHBIM
noctynoM (RAM) u nocrostaayto nmamsite (ROM). KommbroTep mimm mpoueccop MOTYT TakkKe
BKJIIOYATh B CeOsl YCTPONCTBO XPaHEHHs, KOTOPOE MOXKET MPEACTABNISATh COOON JKECTKUN JTHUCK
WIM CbEMHBIN HaKOMUTENb, TAKOM KakK, HallpuMep, HAKONMUTENb Ha ONTHYECKOM JUCKE U TOMY
noo0Hoe. YCTPOMCTBO XpaHEHHsI MOXKET MPEACTABIATh COOON APYrHe aHAJIOTUYHbIE CPECTBA
ISl 3arpy3Kd KOMIIBIOTEPHBIX MpPOrpaMM WM APYTUX WHCTPYKLUUNH B KOMIIBIOTEP WJIHU
IpOLIECCOP.

[00117] Ilponeccop ucmonHsAET HAOOP MHCTPYKLHH, KOTOPbIE XPAHSATCS B OJHOM HJIH
HECKOJIbKUX 3JIEMEHTaX XpaHEHHs, 4ToObl 00pabaThiBaTh BXOIHBIE JAHHBIE. JIEMEHTBI
XPaHEHHsI MOTYT TAK)K€ XPaHUTh JaHHbIE WM IPYTYI0 MHPOPMALHIO, KaK 3TO JKEJIaTeNbHO WU
HEoOXOmMMO. DJIEMEHT XpaHEeHUs MOXeT ObITb B (opMe MCTOYHHKA HH(POpMALUHM HIIH
($u3NIEeCKOro 3JIeMeHTa aMsATH B MaIiiHe 00paboTKH.

[00118] HabGop MHCTPYKILMII MOXXET BKJIIOUATh B ceOsl pa3iuyHble KOMaH/bI, KOTOPbIE
UHCTPYKTUPYIOT MPOLIECCOPHI B KAYECTBE MAIINHBI 00pPaOOTKU, YTOOB! BBIOJIHATh KOHKPETHBIE
Oleparlyy, TaKHue Kak CocoObl M MPOLECCHl PA3INYHbIX BAPHAHTOB OCYIIECTBJICHUS OITUCAHHOTO
3nech mnpeamera. HaOop wuHCTpyKumii Moxer ObITb B (pOpMe NPOrpaMM HPOTPAMMHOIO
obecnieuenusi. IIporpammuoe obecrieueHne MOXKET ObITb B PA3JIMYHBIX (POPMAX, TAKUX Kak
CHCTEMHOE TPOrpaMMHOE OOeCreYeHne WM MPUKJIaIHOe MporpaMMmHoe obecrneuenue. Kpome
TOTO, MPOrpaMMHOE OOecrieueHne MOXKeT ObITh B (JOpME COBOKYIMHOCTU OTHENbHBIX MPOTrPaMM
WA MOAYJIEH, MPOrpaMMHOI0 MONYJisl B 0OJiee KPYIMHOW MPOorpaMMe WIIM YacTH MPOrPaMMHOIO
monyisi.  IlporpamMmHOe obecrieueHue Takke MOXKET BKJIOYaThb B ceds  MOAYJIBbHOE
pOrpaMMHUpOBaHHe B (popMe OOBEKTHO—OPUEHTHPOBAHHOTO mporpammupoBanus. OOpaboTka
BXOAHBIX JAHHBIX C IOMOINBI0 MAaIIMHbI OOpPaOOTKM MOXKET OCYLIECTBISITBCS B OTBET Ha
KOMAaHIbl TOJIb30BATENSI MM B OTBET HA PE3YJIbTAThl MpeAblAyIneld 0OpadOTKU WM B OTBET HA
3ampoc, CASNAHHBIN IPyroi MallMHHON 00paboTKH.

[00119] Kak wucnonb3oBaHO B JAHHOM OIHCAaHUM, TEPMHUHBI “TIPOrpaMMHOE
obecrieuerne” W “NpOIIMBKA” MOTYT OBITh B3aWUMO3aMEHSIEMBIMH U BKJIIOYAIOT B ceOst M00YI0
KOMIIBIOTEPHYIO NIPOrpaMMy, COXPAHEHHYIO B NIAMSITH AJIl HCIIOJHEHMS] KOMIIBIOTEPOM, BKJIIOYast
namate RAM, mnamare ROM, namsate EEPROM u sHepronesaBucumyro namsate RAM
(NVRAM). BrimeykazaHHbIE THUIBI TAMSTH SBISIOTCS TOJBKO NMPUMEPAMU U, TAKUM 00paszoMm,

HE OrPaHUYMBAIOT TUIIbI TIAMSTH, UCIIOJIb3YEMOU JUIsl XPAHEHUs KOMIIBFOTEPHOU MPOrPaMMBbl.
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[00120] Bce mpusHAKH, 3JI€MEHTBI, KOMIIOHEHTHI, (DYHKIIUHU U 3TaIlbl, OUCAHHBIE B CBSI3H
¢ moObIM BAapUAHTOM OCYLIECTBIIEHHs, TMPEUIOKEHHbBIM B HACTOSIIEM JIOKYMEHTE,
NOAPa3yMeBalOTCs CBOOOAHO KOMOMHHPYEMBIMU U 3aMEHS€MBbIMH TaKOBBIMH U3 JHOOOro
APYroro BapuaHTa ocyuiecTBieHus. Ecnyu HeKOTOpBIN NMPHU3HAK, 3JIEMEHT, KOMIOHEHT, (PyHKIUA
WIM 3Tall ONHCAH B OTHOUIEHMHM TOJbKO OAHOIO BAapUAHTA OCYLIECTBJIEHUS, TO CJEIyeT
NOHUMATh, YTO 3TOT MPU3HAK, HJIEMEHT, KOMIOHEHT, (PYHKIMS WM 3Tall MOXKET MCIOJIb30BAThCsI
¢ MOOBIM APYIMM BAapHAHTOM OCYIIECTBJICHUS, ONMCAHHBIM B HACTOAIIEM IOKYMEHTE, eCid
TOJIbKO SIBHO He yKa3aHO wuHOe. Takum oOpa3oM, HacTosmiuii ad3al CIyXUT B KayeCTBE
NPEAIECTBYIOIIEro 0OOCHOBAHUS U MMCbMEHHOHN MOANEPIKKH JJIsl BBEACHUS ITYHKTOB (POPMYJIbI
nu3o0pereHus;, B JI0OOE BpeMs, KOTOPble KOMOMHUPYIOT MPHU3HAKH, 3JIEMEHTbI, KOMIOHEHTBHI,
(YyHKIMM W 3Tanmbl W3 PAa3IMYHBIX BAPHAHTOB OCYLIECTBICHUS WJIH KOTOPBIE 3aMEHSIOT
NPU3HAKH, 3JIEMEHTBI, KOMIIOHEHTBI, (PYHKIIUU M 3TAmbl U3 OJHOTO BapHUAHTA OCYLIECTBIICHHS
TAKOBBIMH M3 JAPYTUX, JaKe €CJIM IMOCNIeAyIollee ONUCaHUe sIBHO HE YKa3bIBaeT, B KOHKPETHOM
cilydae, 4TO Takue KOMOMHALIMU WJIM 3aMEHbl BO3MOXKHBI. BbIpakaTh NepednclieHHe BCeX
BO3MOYKHBIX KOMOWHAIMH U 3aMEH SIBJISIETCS] UPE3MEPHO OOPEMEHUTEIbHBIM, OCOOEHHO € YYETOM
TOTO, YTO JOMYCTHMOCTb K&KAOW TaKOHM KOMOWMHAIIMM U 3aMEHbl OyAeT JIErKO IMOHSTHA IS
CTHELMAMCTOB B JAHHOMW 00JIACTH TEXHUKH HA OCHOBE M3YYEHUSI HACTOSIIErO OMUCAHUS.

[00121] Bo MHOrux ciy4asix OOBEKTbI OMHCAHBI 3[1eCh KaK IMOAKJIIOYEHHbIE K JAPYTHM
oOpexram. Creayer MOHUMATh, YTO TEPMUHBI “TIOJKIFOUEHHBIH M “‘COeAMHEHHBIN WIH JTro0as
u3 ux (HOpPM HCIIONB3YIOTCA 3/1€Ch B3aUMO3aMEHsIEMbIM 00pa3oM U B OOOMX CIIyHasix SIBJISIFOTCS
POAOBBIMU Uil NIPSIMOHM CBSI3U JABYX OOBEKTOB O€3 KaKMX—JIHOO CYIIECTBEHHBIX, HAIpUMeEp
NApa3uTHBIX TPOMEXYTOYHBIX OOBEKTOB, W JJI ONOCPEJOBAHHOTO TIOAKIIOYEHUS IBYX
OOBEKTOB C OIHUM WJIM HECKOJbKUMHU CYIIECTBEHHBIMH IMPOMEXYTOYHBIMH OObekTamu. Ecnu
OOBEKTBI MOKA3aHbl KaK HEMOCPEACTBEHHO MOAKIIOYEHHbIE APYT K JAPYry MM OMHUCAHBI KaK
NOAKJIIOYEHHBIE APYT K APYry 0Oe3 OmMucaHus Kakoro—inOo MPOMEXKYTOYHOrO OOBEKTa, CIEAyeT
NOHMUMATh, YTO 3TH OOBEKTHI TAK)KE MOIYT OBbITh OMOCPENOBAHHO MOIKIFOYEHHBIMH MEXKAY
COOOM, €CJTM TOJIbKO KOHTEKCT SIBHO HE MPEAMUCHIBAET UHOE.

[00122] B TO Bpemsi Kak BapwaHThl OCYILIECTBJIEHUS IOMYCKAIOT pPa3JIUYHbBIC
MOIU(UKAIMU U AJIbTEPHATHBHBIE (POPMBI, KOHKPETHBIE UX NPUMEPHI MOKA3aHbI HA YePTEkKaX U
onucaHsl 37ech MoapodHo. OQHAKO ClieAyeT MOHMUMATh, YTO 3TH BAPHUAHTHI OCYIIECTBIICHHUS HE
IOJUKHBI OBbITh OrpaHUYEHbl KOHKPETHOH pPAacKphITOW (PopMOH, a HAaoOOpOT, 3TH BapUAHTHI
OCYIIECTBIIEHHs] JIOJDKHBI OXBAaThIBATH BCE MOIM(PUKALWY, SKBHBAJIEHTHl U AJbTEPHATHBBIL
NOTAAA0IINE B TPENeNbl CYITHOCTH HACTOSIIEro packpbitusa. Kpome Toro, moOble mpuU3HaKY,
(yHKIMM, STanmbl WM 3JEMEHTHl BApPUAHTOB OCYIUECTBJICHHUS MOTYT U3JIaraTbCs WM
n00aByATECS B GOPMYITy M300pETeHUs], KaK U HETaTUBHbIE OTPAHUYEHUsS], KOTOPbIE OMPEIENSIOT
00BeM MyHKTOB (OpMyJIbl H300pEeTeHUs] PU3HAKAMU, (PYHKLMSMH, 3TallaMy WIN 3JIEMEHTAMH,

KOTOPBIC HE HAXOOATCA B MIPEACTIAX 3TOr0 oObeMma.
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®OPMYVYJIA H30BPETEHUA

1. MHOroypOBHEBBIN KaCKagHbI MOAYJISTOP HANPSKEHUs], COCAUHAEMbIN C Harpy3Kom,
COAEp KA

MHOXECTBO CHJIOBBIX SIY€EK, COEAMHEHHBIX MTOCIEI0BATEIbHO, IPUYEM KaXKAas TYerKa U3
MHO>KECTBA sIUE€EK COAEPIKUT JBYHANIPABJICHHbIN NEPEKI0UaTeNlb 1 HAKONUTEIbHBINA 3JIEMEHT, U

CUCTEMY  VyIPABJICHHUs, TMOAKIIOYEHHYH) K MHOXECTBY SIY€€K U HUMEHLIYIO
MHOTOYPOBHEBBII KOHTPOJUIED HANpPSDKEHUs] THCTEepe3nca, IIPUYEM CUCTeMa YIIpaBJICHUs
cKOH(pUrypupoBaHa, 4ToObI MOOYkKIaTh MHOXKECTBO SY€EK BBIBOAUTH N YPOBHEH HAIPsIKEHHS
Ha Harpysky, rae N mpencrasisieT coOOW MOJOKMTENbHOE LEeNIO€ HYUCIIO, COOTBETCTBYIOLIEE
YUCJTy CUJIOBBIX SYEEK BO MHOXKECTBE CUJIOBBIX STUEEK.

2. Moayasrop mo 1. 1, mpuyeM Kaxxaas ss4elika U3 MHOYKECTBA sIUeeK BKIIFOYAET B CeOst

BTOPUYHYIO OOMOTKY H30JIHPYIOLIETO TpaHCHOpMaTopa,

Tpex(asHbli AUOAHBIA MOCT, MOIKJIIYEHHBIH K TpaHC(HOPMATOPY M HAKOIUTEIBHOMY
3JIEMEHTY, U

TUOA.

3. MonynsaTop no n. 2, npu4eM ABYHANPABICHHBIN MEPEKIOYATENb SIBISIETCS OJHUM U3
IGBT unu MOSFET.

4. MonynsaTop mo m. 2, npu4deM Kaxnaas siueiika U3 MHOKECTBA SYEEK JOMOJHUTEIBHO
conepxut LCR—unpTp Ha ee BeIxone.

5. Monynstop mo n. 2, nomonHutenbHO coaepkammii CR—puiabTp Ha BbIXOnE
MHOX€ECTBA STYEEK.

6. Moaymarop no n. 2, T@pUYEM CUCTE€Ma YNOPABJIEHUsS  AOMOJHUTENIBHO

>
CKOH(UTYpHPOBaHa, YTOObI BBI3bIBATH MNEPEHOC SJEKTPHUYECKOH MOIMHOCTH OT 3JIEMEHTOB
HAKOIUICHUS] SHEPTUU CUJIOBBIX STYEEK Ha HAIPY3KY.

7. Mopaynarop no m. 2, @OpUYeM CHCT€Ma YIPaBJICHHUs  JONOJIHUTEIbHO
CKOH(pHUTypHUpOBaHa, YTOOBI BBIPABHUBATDH HANPSKEHUS] HA HAKOTIUTENbHBIX JIEMEHTAX.

8. MopynaTop mo M. 2, TPUYEM HAKOMMTENIbHBIM 3JIEMEHT TMpPEACTaBIseT COOOi
KOHJIEHCATOP.

9. Monynsitop mo nm. 1-8, mpuueM cucTeMa yNpaBJIeHUs] BKJIIOYAaeT B ceOst OOUH WK
HECKOJIbKO IIPOLECCOPOB, MNOAKIIOYEHHBIX K HEKPATKOBPEMEHHON MNaMsTH, COAepIKallen
MHOXKECTBO HMHCTPYKLUH, KOTOpPBIE MPHU HCIOJHEHWH MNOOYXKIAT ONUH WM HECKOJBKO
IIPOLIECCOPOB YIIPABIIATh YPOBHEM HAIPS)KEHUsI HA HAarpys3Ke.

10. MogynsTop mo . 9, mpu4eM MHOKECTBO MHCTPYKLHMH MPU UCTIOJHEHUH MOOYKIAI0T
OMH WJIA HECKOJIBKO MPOLIECCOPOB YNPABJIATh YPOBHEM BBIXOAHOTO HAMPSKEHUS] MOAYJISATOPA
Kak (pyHKIMEH ypOBHsS HANpsDKEHUS Ha Harpys3ke, OMOPHOTO HAMPSDKEHHs M IMOTPELIHOCTH
HAIPSDKEHUs, PaBHOW pPa3HOCTH MEXAY YPOBHEM HANpPSDKEHHWs HAa HArpy3ke W ONOPHBIM
HAIPSKEHUEM.

11. Mogynsarop mo . 9, mpu4eM MHOKECTBO MHCTPYKLHH MPU UCTIOJHEHUH MOOYKIAI0T
OJIMH WJIA HECKOJIBKO IIPOLECCOPOB:

BbIUUTATh K3 CUlrHAJIa OIIOPHOTO HANPSAXKCHUA VREF peaHbeIﬁ CUTHAJI HaIPsI?KEHUS
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00paTHO CBSI3U VREAL, TOJYYEHHOH OT AAaTYHKA HAMPSKEHMS,

¢dopmupoBaTh, OJOKOM OLEHKH YPOBHS HANpsDKEHUs, OLCHEHHBIH CHUTHAN YPOBHS
HaNpsDKeHUs, Y POBHH, C HCIIONB30BaHUEM Mopora BepxHel rpanuinsl (HB) Onoka rucrepesuca,
nopora HkHel rpanuisl (LB) Onoka rucrepesuca u curHana pasHOCTH HampspKeHUH AV, u

reHepUpOBaTh, TIeHepaTopoM ImabjoHa MEpeKIIOueHHs, MHOXXECTBO CHTHAJIOB
NEePEeKJIFOYEHUs] Ha OCHOBE OLIGHEHHOTO YPOBHS HAIpPSDKEHUs, YPOBHH, M COCTOsIHMS OJIOKa
rUCTepe3uca.

12. Monynsatop no 1. 9, npudem, 4ToObl BBIYUTATh M3 CHTHAJIA OTMIOPHOTO HATPSKEHUS
VREF pEaNbHBIN CHTHAJ HAMpsDKEHUs OOpaTHOW CBSI3M VRpal, MHOMKECTBO HHCTPYKIMH MPHU
UCTIOJIHEHUH MOOYKIAI0T OJUH UM HECKOJBKO MPOLIECCOPOB:

MOJIaBaTh PEaNIbHbI CUTHA HAMpPSDKeHHsT OOpaTHOM CBsi3M Vggar Ha BXOA (uibTpa
HIDKHHUX 4acToT;

NOJaBaTh BBIXOAHOM CHTHAN (PHUIIBTPA HIKHUX YaCTOT HA OTPHUIATENBHBIA BXOJ IEPBOTO
OJlI0Ka CYMMHPOBaHUS,

NOJaBaTh CUTHAJ OMOPHOTO HAMPSDKEHHs VRrpp HA TOJOXKHUTEIBHBIN BXO MEPBOTroO OJIoKa
CYMMUPOBAHUS;, U

¢opmMHupoBaTh CHUTHAN pPa3HOCTH HampsokeHWid AV Ha BbIXOAe TmepBoro OJoka
CYMMUPOBAHUSI.

13. Mopynstop o 1. 11, B koTopom:

korma AV mocruraer mopora BepxHed rpanunbl (HB) Omoka rucrepesnca, MHOXKECTBO
KOMaHJ| NPH HUCIOJHEHUU MOOYXKAAT OJUH WJIM HECKOJBKO IPOLIECCOPOB YCTaHABIUBATH
cocrosiHue OJioka rucrepesuca B “17.

14. Mogaynsitop no ogHoMy u3 nn. 11 unm 13, mpuuem:

koraa AV pocruraer mopora HukHed rpaHunbl (LB) Osoka rucrepesnca, MHOKECTBO
MHCTPYKIMH MPU MCHOJHEHUH MOOYKAAIOT OAMH WJIM HECKOJBKO MPOLIECCOPOB YCTAHABINBATH
cocrosiHue 0j10ka rucrepesuca B “07.

15. Mopynstop mo m. 11, mpuuem, uToOBI CHOPMHUPOBATH OLEHEHHBIH YPOBEHb
HANpSDKEHUs, YPOBHHM, MHOXECTBO HHCTPYKLHUI TPU HMCIOJHEHUH NOOYKIAIOT OAMH WJIH
HECKOJIbKO MPOLIECCOPOB:

MOAABaTh TAKTOBbBIM CUTHAJI HA TAKTOBBINA FE€HEPATOD,

OTCYHUTBIBATh, COPACHIBAEMBbIM CYETYHKOM, YUCJIO TAKTOBBIX CHTHAJIOB, T€HEPHPYEMBIX
TAKTOBBIM M€HEPATOPOM, KOT1a UCTUHHO OHO WJIM HECKOJIBKO U3 CIIEAYIOIIUX YCIOBUM:

AV Hmxe, yem nopor HuxkHel rpanunsl (LB) 6moka rucrepesuca; wim

AV Beine, uem nopor BepxHei rpannnsl (HB) O1oka rucrepesuca;

7aBaTh TPHUPALICHHE, CYETYUKOM CBOOOJHOTO XOJa, BBIXOAHOMY CHUTHANy CUETUHKA
CBOOOIHOIO X074,

MOJaBaTh BBIXOAHON CHTHaJ CYeTYWKa CBOOOJHOrO Xoma Ha BTOpOH  OJIOK
CYMMUPOBAHUSL;, U

YMEHBLIATh YHUCIO YPOBHEH Ha BBIXOZE OJIOKa OLIEHKH YPOBHS HANPSDKEHHs, KOTAa

UCTUHHBI 00a U3 CIEAYIOLIUX CIIy4yaeB OAHOBPEMEHHO:
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cursan AV Hipke, yeM Nopor HIbkHel rpanulel LB rucrepesuca; u

3HaYeHHE BBIXOAHOIO CHTHaja OTCYeTa COpachlBA€MOro CYETYHKA BBIIE, YeM
MIPEABAPUTENILHO YCTAHOBJIEHHOE 3HAYEHUE NTOCTOSSHHON BPEMEHH.

16. MoaynsTtop no n. 15, npudem, koraa cursan AV Huxe nopora HkHel rpaHuiel LB
rucTepesnca M 3Ha4eHHE BBIXOJHOIO CUTHAjla OTcYeTa cOpachlBA€MOIO CUETUMKA BBILIE, YeM
IIPEIBAPUTENIbHO YCTAHOBJIEHHOE 3HAUYE€HUE MTOCTOSSHHON BPEMEHU, MHOKECTBO MHCTPYKLUHI MIPH
UCIIOJTHEHUH MOOY KAAI0T OAHMH WM HECKOJIBKO ITPOLIECCOPOB:

YCTaHABIMBATh BBIXOJ JIOTHYECKOI'O 3JIEMEHTA CXEMbl JEKPEMEHTA YPOBHS B 3HAUYCHHE
“UctuHa’”;

JIETeKTUPOBATh BBIXOJI JIOTMYECKOT0O SJIEMEHTA IETEKTOPOM HapacTaroIero GpoHTa; u

coo0IaTh NpUpPALICHUE CUETYUKY CBOOOIHOTO XOAa U TeM CaMbIM YMEHBLIATh YPOBEHb
BBIXOJTHOTO CHTHAJIA B OJIOKE CYMMHUPOBAHUSI.

17. Mopynsarop nmo mn. 1, mnpuyeM MHOTOYPOBHEBBIM KOHTPOJUIED HAIpPsDKEHUS

>
TUCTEepe3UCa COAEPKUT:

($UIBTP HIDKHUX YacTOT, UMEIOLINI BXOA (UIbTpa HIDKHUX YacTOT M BBIXOA (puUibTpa
HIDKHHX YacToT;

NepBbIH OJIOK CYMMUPOBAHUS, UMEIOIIHUIA MOJIOKUTEIbHBIA BXOI M OTPULIATENIbHBIN BXOI;

650K rucTepesnca, UMerIuil mopor BepxHel rpanuiel (HB) u mopor HuxHEH rpaHuiisl
(LB);

OJIOK OLIEHKH YPOBHSI HAIPSDKEHHSI, UMEIOIINH MHOXECTBO BXOZOB OJIOKAa OLIEHKH YPOBHS
HaNPsKEHUS U BBIXOJHOW CUTHAJ YPOBHS HAIpsDKEHUs Y POBHU, U

reHepaTop LIa0JoHa NEepPeKIOUeHUs, HMEIINUii MHOXKECTBO BXOAOB TI'eHepaTropa
1a0JI0Ha MIEPEKIIFOUEHHUs] U MHOXKECTBO BBIXO/IOB I'€HEpaTOpa 1a0JI0Ha NMEPEKII0YESHHUS.

18. Monynsitop 1o 1. 17, nmpudem reneparop madyioHa TepeKTIOUeHUs] CONEPIKUT:

OJIOK KOMIapaTopa;

cOpachiBaeMblii CUETYNK;

NEePBBIN MyJIbTUILIEKCODP, UMEIOLIHI TePBO€ MHOKECTBO BXOJHBIX CUTHAJIOB, U

BTOPOU MYJIBTUIUIEKCOP, UMEIOIINUN BTOPOE MHOKECTBO BXOIHBIX CUTHAJIOB.

19. Monynsatop nmo n. 18, mpudyem Kaxkablii BXOAHOW CHUrHajJ BTOPOTO MHOXKECTBA
BXOJHBIX CHUTHAJIOB IPEJICTAaBIsET MAaCCHUB COCTOSHUN NEPEKJIIOUEHHUs, KaKIbIil U3 KOTOPBIX
COOTBETCTBYET OJTHOMY U3 MHO)KECTBA BBIXOAHBIX YPOBHEH JJIs1 MOAYJSATOPA HAMPSIKEHUSI.

20. Moaynarop nmo n. 19, npuueM MHOXECTBO BBIXOAHBIX YpPOBHEHW HaXOHATCA B
nuanasone oT OVDC, korna Bce CUrHaIIbI IEPEKITIOYEHHST COOTBETCTBYIOT 3HaUeHUr0 “JIoxp”, 1o
MAKCUMAaJIbHOT'O BBIXOJTHOTO HANPsDKEHUs, KOTJa BCE CUTHAJIBbI NMEPEKJIOYEHUsT COOTBETCTBYIOT
3HaueHuro “Mcruna’.

21. Monynstop mo 1. 17, mpudeM OJIOK OLIEHKH YPOBHS HANPSDKEHUS CONEPIKUT:

CXE€My OTCU€Ta TAKTOBBIX CUTHAJIOB,

CXeMy JEKPEMEHTa YPOBHSI,

cXeMy 3amycka u copoca JuIsi cOpacbIBa€MOro CUETUUKA, H

BTOPOH OJIOK CYMMHUPOBaHHUSI.
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22. Mopynsarop no m. 21, mpudyem cxema OTCYEeTa TAaKTOBBIX CHUTHAJIOB COIAEPXKUT
TAKTOBBII F€HEPATOP, JJIOTHIECKUN MEPEKIIOUaTeNb 1 COPachIBAEMbIH CUETUHK.

23. Moaynsarop no n. 21 unu 22, mpudem cxema JeKPEMEHTa YPOBHS COAEPKUT MEPBbIN
JIOTHYECKHH 3JIEMEHT, AETEKTOP HapacTaroiero (poHTa U CUETUYUK CBOOOJHOIO XO/a.

24. Monynsirop no mn. 21-23, mpuueMm cxema 3amycka B cOpoca COREp’KHT BTOPOM
JIOTUYECKUI 3JIEMEHT, AETEKTOP HapacTaroiero (poHTa M TPETUH JIOTHYECKHUH 3JIEMEHT.

25. Monynsitop mo 1. 24, mpuyeM NepBbIil JOTMYECKUIl 3JIEMEHT MpPEeACTaBIsieT coOoM
JIOTHYECKYI0 cxemy M, BTOpPOW JIOTMYECKUIl 3JIEMEHT MpPEeACTaBIsieT COOOM JIOTUYECKYIO CXeMy
HNCKJIIIOYAIOIIEE MJIN, u TpeTuii JOTHYeCKHi 3JIEMEHT MPEACTABISIET COOOU JIOTHMYECKYIO
cxemy WJIN.

26. Moaymstop mo . 17, mpudem, koraa AV pocrturaer nopora epxHeii rpaauub (HB)
OJioka rucTepesuca, COCTosiHuE OJIOKa TUCTepe3nca yCTaHaBIuBaeTcs B “17.

27. Monynstop n. 17 unu 26, nmpuueM, koraa AV gocturaer nopora HWKHEH TpaHULIbI
(LB) 6oka rucrepesuca, COCTOsIHUE OJIOKA THCTEpe3nca ycTaHaBiuBaercs B “07.

28. Monynsitop mo yroOoMy omHOMy M3 mm. 17-27, mpudeM Harpy3ka HaxOIUTCS B
CHJIOBOH 3JIEKTPOHHOH CXe€Me B OJHOM WM Ooyiee M3 HCTOYHHMKA MOIMHOCTH CMELISHHUS
3JIEKTPOAOB [JIs1 IUIa3MEHHOro peaktopa TokaMak, MCTOYHMKA MOLIHOCTH CMELIEHUs
snextpoaos ans FRC mnnasmMeHHOro peakropa, MCTOYHMKA MUTAaHUS ISl MHXKEKTOpa IydKa
HEHUTPAJIBbHBIX YaCTHL, MAarHETPOHHOIO MOAYJSATOPA, KJIUCTPOHHOIO MOAYJIATOPA, MOAYJSATOPA
3JIEKTPOHHOMN MYIIKH, BHICOKOMOIIIHOT'O PEHTI€HOBCKOI'O HCTOYHUKA TUTAHUs, CPEHEBOIHOBOTO
nepefaTyuka, JJIUHHOBOJHOBOIO IMEpefaTduka M KOPOTKOBOJIHOBOTO — TBEPAOTEIBHOIO
nepenaTyuKa.

29. MHOroypOBHEBbINl KOHTPOJUIEP HANpPsKEHWs] THCTepe3uca IJii MHOTOYPOBHEBOIO
MOy JIATOPA HANPSKEHUs], COEAMHIEMOrO C Harpy3KOH, CONEP KALIHIL:

(GHIBTP HIKHHX YaCTOT, MMEIOINUI BXOX (PUiIbTpa HMKHUX YacTOT U BBIXOZA (HIBTpa
HIDKHHX YacTOT;

NepBbIi OJIOK CYMMHUPOBAHUS, UMEIOIINI MMOJIOKUTEIbHBINA BXOI U OTPULIATENIbHBIN BXOJI;

OJIoK THcTepe3nca, UMeroIuil nopor BepxHei rpanuiel (HB) u mopor HuHEH rpaHuLbl
(LB);

OJIOK OLIEHKH YPOBHSI HAMPSDKEHHSI, UMEIOIINH MHOKECTBO BXOZOB OJIOKA OLIEHKH YPOBHS
HaNPsDKEHUS U BBIXOHOWM CUTHAJ YPOBHSI HAIMPsDKEHUs Y POBHU, U

reHepaTop [Ia0JioHa TNEpPEeKFOUEHUs, HMEIOIIUH MHOMKECTBO BXOJIOB T€HEpaTopa
m1abJI0OHa MIEPEKITFOUEHUs] 1 MHOYKECTBO BBIXO/IOB T'€HEpaTOpa MIa0JI0OHA MEPEKITFOYCHUS.

30. MHOroypoBHEBBII KOHTPOJUIED HANpsDKEHUs THUCTepe3uca no m. 29, mpuuem
resepaTop mwabaoHa MEePEKIIOYSHNST COIEPIKHUT:

OJIOK KOMMapaTopa,

cOpaceiBaeMblii CUETYHK;

NEepPBbIN MyJIbTUILIEKCOP, UMEIOLIUI MEpPBOE MHOXKECTBO BXOJHBIX CUTHAJIOB; U

BTOPOI1 MyJIbTUILIIEKCOP, UMEIOIIUN BTOPOE MHOXKECTBO BXOJHBIX CUTHAJIOB.

31. MHOroypOBHEBBII KOHTPOJIIEP HANPSLKEHUsI rUcTepe3nca 1o m. 30, npuyemM KakIbli
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BXOJITHOM CHUTHAJl BTOPOTO MHOXKECTBA BXOJHBIX CHUTHAJOB IPENCTaBJsIET MACCUB COCTOSIHHM
NEPEKIOUEHNUs, KaXAbIi M3 KOTOPBIX COOTBETCTBYET OJAHOMY H3 MHOXKECTBA BBIXOAHBIX
YPOBHEH Il MOAYJIATOPA HAIIPSPKEHUS.

32. MHOroypoOBHEBBI KOHTPOJUIEP HANpsKEHUs TrUcTepe3uca no 1Im. 31, npudyem
MHO>KECTBO BBIXOJHBIX YpPOBHeHW HaxonuTcsi B auanasoHe or OVDC, korma Bce cuUrHaibl
MEPEeKJIIOUEHUs] COOTBETCTBYIOT 3HadeHHIo “‘JIokp’, [0 MakCHMaJbHOTO  BBIXOIHOTO
HAaIpsKEHUs], KOr7la BCe CUTHAJIBI MTEPEKIIIOUEHNs] COOTBETCTBYIOT 3HadeHuto “Mcruna’.

33. MHOrOypOBHEBbIi KOHTPOJIJIEP HANpPsDKEHUsS] TUCTepe3uca mo m. 29, mpuyem OJIOK
OLIEHKH YPOBHS HaNPsSDKEHUS CONEPIKUT:

CXEeMy OTCUeTa TAKTOBBIX CUTHAJIOB,;

CXEMy JIeKpEMEHTa YPOBHS;

cXeMy 3amycka u copoca JuIsi COpachbIBAEMOro CUETUUKA, 1

BTOPOH OJIOK CYMMHUPOBAHMSI.

34. MHOroypOBHEBBIII KOHTPOJUIEP HANPSKEHUs TUCTepe3nca no m. 33, mpu4eM cxema
OTCYETa TAKTOBBIX MMITYJIbCOB COJEPKUT TAKTOBBIM MeHepaTop, JOTMYECKUN MepeKiIodareb U
cOpachiBaeMbIii CUETHHK.

35. MHOroypoBHEBBIII KOHTPOJUIEP HANPSKEHUs rucrepesuca no mn. 33 wiu 34, npudem
cXeMa AEKPEMEHTa YPOBHsSI COAEPKUT MEPBbIN JIOTHYECKUH 3JIEMEHT, AETEKTOpP HapacCTaroLIEro
(bpoHTa U CYETUHUK CBOOOIHOTO XO/a.

36. MHOroypOBHEBBIN KOHTPOJUIEP HAMNPsLKEHUs] rucrepesuca no mm. 33-35, npuuem
cxema 3alycka M cOpoca COIEpKUT BTOPOW JIOTMUYECKUH 3JIEMEHT, ETEKTOpP HapacTaroIlero
(bpoHTa U TPETHI1 JOTHIECKHI SJIEMEHT.

37. MHOrOypOBHEBBIIl KOHTPOJIJIEP HANpPsDKEHMs THCTepesuca 1o . 36, mpudeM nepsbli
JIOTUYECKUI1 3JIEMEHT MPECTaBiIsieT co0O0it jornueckyro cxemy M, BTOpoi JTOru4ecKkuil 3JeMeHT
npexacrasisier coboi normdeckyro cxemy MCKJIFOYAIOIIEE WUJIM, u Tperuidl JOTHYeCKUi
3JIEMEHT MpeacTaBjsieT coOoii oruyeckyro cxemy MJIN.

38. MHOroypOBHEBBII KOHTPOJIJIEP HAMNPSIKEHHs THCTepe3uca mo m. 29, mpuyeM, Koraa
AV nocruraer mopora BepxHeil rpanuubl (HB) Onoka rucrepesuca, coctosiHue Oyioka
rucrepesuca ycTaHaBiIuBaercs B “17.

39. MHOroypOBHEBBII KOHTPOJUIEP HANPSKEHUs rUCTepe3uca no n. 29 unu 38, npudem,
korma AV pocruraer mopora HuxkHel rpanuil (LB) Omoka rucrepesmca, cocrosiHue Ojoka
rucrepesuca ycraHasnusaercs B “07.

40. MHOTOYpPOBHEBBII KOHTPOJIIEP HATIPSIKEHHS TUCTEPE3Uca 1Mo JTF0O00MY OTHOMY W3 TIIL.
29-39, nmpuyeM Harpy3ka HaxOOUTCS B CHJIOBOH 3JIEKTPOHHOHM CXeMe B OIHOM WM Oonee u3
MCTOYHUKA MOIIHOCTH CMELIEHHs 3JIEKTPOJOB AJIs IJIa3MEHHOro peakropa Tokamak, HCTOUHHKA
MOIIHOCTU cMelleHus 35ekTponoB st FRC nnasmMeHHOro peakropa, MCTOUHUKA MUTAHUA IS
HMH)XXEKTOpa Iyuyka HENHTPaJbHBIX YAaCTHUL, MAarHeTPOHHOIO MOAYJSATOPa, KJIUCTPOHHOTO
MOJZlyJIATOPA, MOAYJIATOPA 3JIEKTPOHHOHN MYIIKH, BICOKOMOLIHOIO PEHTI€HOBCKOIO MCTOYHUKA
MUTaHUs, CPEIHEBOJIHOBOTO nepenaTyuka, JJIMHHOBOJIHOBOT'O nepenaTinuka 51

KOPOTKOBOJIHOBOI'O TBEPAOTECIBHOI'O NI€pEeaaTHHKa.
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41. Cnoco0 ympaBiieHUs] HaNpsDKEHUEM, MMOIaBa€MbIM Ha HArpys3Ky, ¢ UCHOJIb30BAHUEM
MHOTOYPOBHEBOT'O KOHTPOJIIEPA HANPSDKEHHS THCTEPE3Nca, COIePIKAIIHIL:

NpUEM pPEaJbHOr0 CHUTHANa HaNpsoKeHWs OOpaTHOM CBA3M  VRgal OT JaT4HKa
HAaIpsKEeHNU,

BbUMTAHUE PEAJBPHOIO CHIHANA HaNpsDKEHUs OOpaTHOM CBs3M VRggal U3 CHUTHana
OTIOPHOTO HANPsDKEHUs VRep yTEM

NOAAa4YM PEAJbHOrO CUTHAJA HANPSDKEHUs oOpaTHOW CBsI3M Vgpar, Ha BXOA (uibTpa
HIKHUX YaCTOT;,

NOJIauM BBIXOJHOTO CUTHAIA (DHIIbTPA HIDKHUX YacTOT HA OTPHUIIATENbHBIA BXOJ IEPBOTO
OJI0Ka CyMMHPOBaHWUSI,

NOJIauM CUTHAJIA OTIOPHOTO HAMPSKEHUSI VRer HA MOJOXKHUTEIBHBIN BXOJ MEPBOro OoKa
CYMMHPOBAHHUS,; U

¢dopmMHupoBaHUS CHTHAJIAa pPA3HOCTH HampspkeHHH AV Ha BbIXOme mepBoro Oioka
CYMMHPOBAHHS,

¢dopmupoBanre, OJOKOM OLIEHKH YPOBHsI HANpPsDKEHUs, OLEHEHHOI'O CHTHalla YPOBHS
HaNpsDKEHUs, Y POBHH, ¢ HCIIONIB30BAaHUEM Mopora BepxHel rpanuisl (HB) Oioka rucrepesuca,
nopora HkHel rpanuisl (LB) Ooka rucrepesuca u curHaia pa3HOCTH HAPsDKEHUH AV, 1

TeHEpaLNio, TIeHepaTopoM  mabJjoHAa  MEPEeKIIOUeHHs, MHOXECTBA  CHTHAJIOB
NEPEKIIIOUEHUs] Ha OCHOBE OLIEHEHHOTO YPOBHsI HANpsDKEHUs, YPOBHHU, U COCTOSIHUSI OJloKa
rHCTepe3unca.

42. Criocob mo 1. 41, nmpuuem:

korga AV pocrturaer nopora BepxHed rpanunsl (HB) Omoka rucrepesmuca, coctosiHue
OJioKa rucTepesuca yCcTaHaBiIuBaeTcs B 17

43. Crioco0 mo oxgHOMYy 13 mmL. 41 v 42, mpudem:

xorma AV pocruraer mopora HikHed rpanuisl (LB) Gmoka rucrepesmca, COCTOSTHHE
OJioka rucTepesuca ycraHaBiubaercsi B <07

44. Cnocob mo m. 43, B KOTOpOM OJIOK OLIEHKHM YPOBHSI HampspkeHus Gopmupyer
OLIEHEHHBIN YPOBEHb HANIPSDKEHUST Y POBHU ITyTEM:

NOJIa41 TAKTOBOT'O CUTHAJIA HA TAKTOBBII FeHEPaTOP;

orcyera, cOpachlBa€MBbIM CYETYMKOM, YHCJIA TAKTOBBIX CHTHAJIOB, T€HEPHPYEMBIX
TAKTOBBIM I€HEPATOPOM, KOTJIa HICTUHHBI OHO FUTH HECKOJIBKO M3 CIENYIOIHUX YCIOBHHA:

AV Hmxe, yeM nopor HuxkHel rpanunsl (LB) 6moka rucrepesuca; wim

AV Beine, uem nopor BepxHei rpannnsl (HB) O1oka rucrepesuca;

NPUPALIEHNs], CYHETYUKOM CBOOOJHOTIO X074, BBIXOJHOIO CHUTHAJIA CUETUYHKA CBOOOIHOTO
X012,

NMOJa4Yl BBIXOAHOTO CHUTHAJa CUYeTYMKA CBOOOJHOTO Xoma Ha BTOpod OJIoK
CYMMHPOBAHHUS, U

YMEHBLICHUS] 4Yhciia YPOBHEH Ha BBIXOZE OJIOKAa OIEHKH YPOBHsS HANPsDKEHUs, KOTaa
HCTUHHBI 00a U3 CIEeNYIOUUX CIIy4aeB OAHOBPEMEHHO:

curdan AV Hipke, yeM Nopor HIbkHel rpanulel LB rucrepesuca; u
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3HaYeHHE BBIXOAHOTO CHTHaja OTCYeTa COpachlBa€MOro CYETYHKA BBIIE, YeM
NIPEBAPUTENBHO YCTAHOBIEHHOE 3HAUEHHE ITOCTOSSHHOM BPEMEHU.

45. Croco0 1o 11. 44, mpuuem, Korzaa curiai AV HuKe, 4eM Mopor HukHel rpanuns! LB
rHCTepe3nca, U 3HaUeHHe BBIXOJHOIO CHrHajia OTCHeTa COpPachIBAEMOIO CUETYHKA BBIIIE, YeM
IPEIBAPUTENBHO YCTAHOBICHHOE 3HAYEHHUE NTOCTOSIHHON BPEMEHU:

BBIXOZl JIOTUYECKOTO 3JIEMEHTa CXEMbl AEKPEMEHTa YPOBHSl CTAHOBUTCS 3HAYEHHEM
“UctuHa’”;

JETEeKTOp HapacTaruiero (poHTa JETEKTHPYET BBIXO JOTHYECKOTO SJIEMEHTA;, U

CUETYHK CBOOOIHOrO XOJa MOJydaeT MPUpAIICHUE, TeM CaMbIM YMEHbIIAs BBIXOIHOH

YPOBEHb B OJIOKE CYMMUPOBAHHUSI.
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