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(54) NPUCTPIA AnNA BMU3HAYEHHA 3ANULLUKOBOrO PECYPCY CUIIOBOIO MACHAHOIMO
TPAHC®OPMATOPA

(57) Pedpepar:

MpucTpin ona BM3HaYEHHS 3arMLLIKOBOrO pecypcy CUIIOBOrO MacrsiHoro TpaHcdopmaTtopa MIiCTUTb
OBa OJaTyvku TemnepaTtypu, OaTyvk Hanpyrn, OaTyuk CTPyMy, HYOTUMPU reHepaTopu iMnymnbCiB, CiM
NOriYHMX enemeHTiB |, WicTb NiYMMbHUKIB iIMNYNbCiB, CyMaTop, ABa aHanoro-ungposi nepeTsoproBadi,
LMdpo-aHanoroBmin nepeTBoptoBad, n'atb norivHmx enemerTie ABO, aBa komnapartopu, RS-Tpurep,
OBa dyHKUioOHanbHI NepeTBOploBaYi, pericTp, ABa NepeTBopoBadi Temnepatypu B NOCTINHY HaNpyry,
OBa nepeTBOptOBaYyi 3MiHHOI HampyrM B MNOCTilHY, N'ATb HOPMYK4YMX NepeTBoOptoBadiB, Onok
0BYMCNEHHA MOTYXXHOCTI, BGfOK 3afaHHs MOTYXHOCTI, KOMyTaTop, POpMyBady iMNynbCiB, NOMYHUA
enemeHT HI, Tpn gatymku noyatky pyxy, Tpu noriyHi enemeHtn BUKIMKOYHE ABO, noriyHuin enemeHt
ABO-HI, Tpu undposi komnapatopu, Tpun iHAMKaTopK, BROK 3adaHHA pPecypcy, eneKTPOHHWUIA KIltod,
AaTynK KoedilieHTa MOoTYXHOCTi. B HbOro BBEAEHO LWOCTUA HOPMYKOUUN MepeTBoploBaY, TpeTin
aHanoro-umdpoBui nNepeTBoproBay, TPETIM NepeTBOpoBaY 3MIHHOI Hanpyrm B MOCTiMHY, M'ATUA
reHepaTtop iMnynbCiB, BOCbMUI NOMYHUA enemMeHT |, ApyruiA, TpeTin Ta YeTBepTUI pericTpu, CbOMUNA
NiYMNBHUK IMNYNbCIB, TPETIN, YeTBEPTUN Ta N'ATUIA dYHKLIOHaNLHI NepeTBoOpoBadYi, Apyrni Ta TpeTin
cymartopw, OpYrui Ta TpeTin 6ok 3aJaHHsA pecypcy, YeTBEpPTUA Ta N'ATuUi LMdpPOBI kKoMnapaTopw,
YeTBEPTUI, Ta N'ATUIA iHOAMKATOPW, NEPLUWIA, APYTUA, TPETIN Ta YeTBEPTUIA MacLluTabytodi nigcuntoBaui,
NpuCTpin BUBIpKN-36epiraHHs, 6NOK MHOXEHHSI, NepLIniA Ta Opyrii LMdpoBi cymaTopu, aewundpaTtop,
GrOK YyCTaHOBKW HyrSI.
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KopucHa Mopenb Hanexutb [0 obnacTi enekTpoTexHikm i mMoxe OyTn BUKOpUCTaHa Ans
BM3HAYEHHS 3aNULLKOBOrO pecypcy CMNoBOro MacnsaHoro TpaHcgopmaropa.

Bigomuii npucTpin And KOHTPOSMKO TEXHIYHOrO CTaHy CWUSTIOBOrO MacrisiHOro TpaHcdopmartopa
[MaTeHT Ykpainm Ne 135680, MIMK GO1R31/06, 6ion. Ne 13, 2019], skui MiCTUTb OBa AaT4MKu
TeMmnepaTypu, JaTyuMK Hanpyru, Asa AaTyuMku CTPyMy, TPU reHepaTopu iMMnynbCiB, LWICTb NOMYHUX
enemeHTiB |, N'aTb NiYMNbHKKIB iIMNYNbCIB, CymaTop, ABa aHanoro-undpoBmnx nepeTBopoBadi, Lmdpo-
aHarnoroBui nepeTBoploBaY, ABa noriyHnx enemeHtn ABO, 4oTupm komnapaTtopu, RS-Tpurep, gBa
dyHKLUiOHaNbHMUX NepeTBOpOBaYi, pericTp, ABa NnepeTBoptoBaYi TemnepaTypu B NOCTINHY Hanpyry, Asa
nepeTBOpIOBaYi 3MiHHOI HaMNpyrn B MOCTINHY, LWWICTb HOPMYHOUMX NepeTBoploBaYiB, 6Nok obuncrneHHs
NOTYXXHOCTI, BNOK 3aA4aHHs NOTY>KHOCTIi, KEPOBaHUNM AiflbHUK YacToTw, ABa hopmyBadi iMnynbCiB, ABa
noriyHmx enemeHTn HI, gatumk noyaTtky pyxy, NepeTBopioBay CTPyMy B NOCTiVHY HaNpyry, mxeperno
ONOpPHOI Hanpyru, 6NOK YCTaHOBKU HyNs, Tpy GROKW 3adaHHs pecypcy, Tpy LMPOBUX KOMNapaTopw,
TPU iHOMKATOPW, €MNEKTPOHHWUI KIHoY, AaTYUK KoedilieHTa NOTYKHOCTI, MPMYOMY BUXOOU MEPLUOrO i
OpYroro AatyumkiB TemnepaTtypu 3'eQHaHi BiAnoBigHO 3 BXO4aMu MEpLUOro i Apyroro nepeTsopioBadiB
TemnepaTypu B MOCTIMHY Hanpyry, BuXig cymartopa 4epes nepunin yHkuioHansHU nepeTsoptoBad
NigKNIOYEHNN OO0 NEepLUIOro BXody MepLloro komnapartopa, ApYrvn BXig SIKOro 3'€eAHaHnin 3 BUXOLOM
LMdpo-aHanoroBoro nepeTesoptoBaya, a BuUXig4 NiAKMYeHUn A0 neplioro Bxoay RS-Tpurepa, Buxig
SIKOro 3'e4HaHnin 3 ApyrMM BXOAOM NEPLUIOro forivyHoro enemMeHTa |, nepwmnin Bxig SKoro NigKnoYyeHuin
00 BMXOA4Y APYroro reHepartopa iMnynbcCiB, a BUXig 3'eaHaHnin 3 NepumMm BXO40M APYroro fidnnbHuKa
iMnNynbCiB, BMXigHa uUMpPOBa LWKMHA HKOro MNigknNyYeHa [0 BXiAHOT LUPPOBOI LWKMHKU Lndpo-
aHanoroBoro nepeTBOplOBaYa, BMXif NEpLUOro nepeTBopioBaya TemnepaTypu B MOCTIMHY Hanpyry
yepes nepLUMi HOPMYHUMA NepeTBOpOBaY MNIOKIYEHWA 0O BXOOY MEPLUOro aHanoro-umgpoBoro
nepeTeBoploBaya, BUXigHa UMdpoBa LUMHA AKOro 3'eqHaHa 3 MEpPLUOK BXIAHOK LUUGPOBOI LUNHOW
Apyroro yHKUiOHaNbHOro nepeTBoploBaya, Apyra BXigHa uudpoBa WMHa AKOro nigknwoyeHa Ao
BMXiOHOI UMMPOBOI LWKMHW pericTpa, BXigHa uu@poBa LWWKWHA SKOro pa3oM 3 TPETbOK BXiAHOM
LMGpPOBOID LLMHOK Apyroro yHKUIOHANbHOro nepeTBopioBada 3'€dHaHi 3 BMXIQHOK LMAPOBOIO
LUMHOKO ApYyroro aHanoro-undpoBOro nepeTBopioBaya, BXif SIKOro pasoM 3 nepLuvMMm BXOAOM OpYroro
KomMnapaTtopa nigknioveHi o BMXOA4Y MepLloro nepeTsoptoBava 3MiHHOI Hampyr B MOCTINHY, BXig
SIKOro 3'eAHaHWI 3 BUXOAOM Oroka o64YMCneHHst NOTYXXHOCTI, 6yIoK 3agaHHsi NOTY)KHOCTI MigKtoYeHnn
0O [Opyroro BXo4y [Apyroro Komnapatopa, Buxig s£Koro 3'egHaHWiA  3i  BXxogamu  Opyroro
dyHKUiOHaNbLHOrO nepeTBopoBaYa, APYrMM BXOOOM TPETbOro JIOryYHOro enemeHTta |, BXxoaoMm
nepworo noriyHoro enemeHta lll Ta nepwum BXOOOM ApYyroro roriyHoro enemeHta |, gpyrun Bxig
AKOro MNiAKMYEeHUA 00 BUXOAY TPETbOro reHepartopa iMnynbciB, a Buxig 3'egHaHWi 3i BXOAOM
pericTpa, BUXiZ AaTtyuka Hanpyru Yyepes Apyruin HOpMyro4uii nepeTBopoBaY NigkmnioYeHnn 40 NepLuoro
BxoAy 6rioka 064MCNEeHHs NOTYXKHOCTI, BUXifA NepLIOro gatdyvka CTpymy 3'€QHaHUn 3 BXOOOM TPeTboro
HOPMYIOYOro nepeTBoploBaYa, BMXi4 APYroro nepeTsopioBada 3MiHHOI HaNpyrn B NOCTINHY 3'€QHaHUn
3 Mepwum BXOAOM cymaTopa, APYrvMi BXig, SIKOro NiAKMHYEHUA 0O BMXOAY YETBEPTOrO HOPMYHYOTro
nepeTeBoploBaya, BXig SKOro 3'e4HaHui 3 BUXOLOM ApYroro nepeTBoptoBaya TemnepaTtypu B MNOCTINHY
Hanpyry, Buxig RS-Tpurepa nigknioyeHuid 0o Bxody neplioro dopmyBadva iMAynbCiB, BUXiO SIKOro
3'eQHaHW 3 OpyrMm BxodoMm RS-Tpurepa i gpyrm BXOOOM OPYroro nivunbHUKa iMAYNbCiB, BUXig
nepLuoro noriyHoro ernemeHTa | nigkniodeHnin oo Apyroro Bxody 4eTBepToro nNoriyHoro enemexTa I,
nepLunin Bxig sIKOro 3'egHaHMin 3 BUXOAOM MEPLLOro foriyHoro enemeHTta Hl, a Buxig nigkniodeHnn oo
Apyroro Bxody nepworo noriyHoro enemeHta ABO, Buxig fkoro 3'egHaHMi 3i BXOOOM MepLloro
nivunbHUKa iMAynbCiB, a nepwuir BXig NiAKNIOYEHWA OO0 BUXOAY TPETbOro foriyHoro enemexta |,
nepwmnin BXig AKOro 3'egHaHuii 3 BUXOLOM KEPOBAHOro AiNbHWKA 4acToTu, BXigHa uugpoBa LUMHA
AKOro NigknioYeHa A0 BUXIAHOT LM@POBOI WWHW ApYyroro yHKUiOHansHOro nepeTsopioBaya, a BXig
3'eQHaHM 3 BUXOOOM MEpLUOro reHepartopa iMnNymnbCiB, BUXi4 APYroro AaTyvka CTpymy u4epes
nepeTBopioBaY CTPyMy B MOCTiIMHY Hanpyry NigknoYeHUn 0O N'ATOro HOPMYKYOro nepeTBopoBaya,
BUXiZ AKOro 3'eQHaHW 3 nNepLiMM BXOOOM TPETbOro KkoMnapaTopa Ta 3 ApYyrMM BXOAOM 4YeTBepToro
KOoMMnapartopa, nepLluMi BXig SKOro i Apyrui BXig, TpeTbOoro komnapatopa MigknioyveHi 0o Buxony
Jxxepena OnopHOI Hanpyru, BUXia4 TpeTboro Komnapartopa 3'€edHaHuMi 3 nepmm BXOAOM M'ATOro
noriyHoro enemeHTa |, BMXig 4YeTBepTOro KoMnapartopa NiAKMYeHUA OO0 NepLUOro BXody LLOCTOro
noriyHoro enemMeHTa |, a gpyrui BXig SIKOro pasom i3 opyrum BXoJoM N'AToro fnorivyHoro enemMeHTa | ta
3 MepLwmnm BXOAOM N'ATOro NiYnnbHUKa iMNYnbCiB 3'€QHaHNA i3 BUXOAOM AaTymka noyaTKy pyxy yepes
Apyrvn opmyBad iMNynbCiB, BUXig 6roka yCTaHOBKM HynMsi MiKMOYEHUA 0O APYrMX BXOAIB TPETbOro,
YeTBEpPTOro Ta N'ATOro NiYUNbLHKKIB IMNYMbLCIB, NepLi BXOAW TPETbOro Ta YeTBEpTOro mniYunbHUKIB
iMNynbciB 3'edHaHi i3 BUXOA4amMM N'ATOrO0 Ta LIOCTOrO fOMYHUX enemeHTiB | BignoBigHO, BUXIiAHI
LMdPOBI LLUMHM TPETBOro, YeTBEPTOro Ta N'ATOro NiYUNLHUKIB iMNYMbCIB NiAKMIOYEHI O NepLlnx BXxoais
nepLloro, Apyroro Ta TPeTbOoro UMdPOBUX KOMMApATopiB BIiAMOBIOHO, APYri UMMPOBI BXOAN HAKUX
3'egHaHi i3 nepwum, gpyrum Ta TpeTim 6nokammn 3agaHHs pecypcy BignoBigHO, a BUXOAM NigKITHOYEHI
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00 BXO[AiB MepLUoro, Apyroro Ta TPeTboro iHAuKaTopiB Ta 4O NepLuoro, Apyroro Ta TPeTboro BXOAIB
apyroro noriyHoro enemeHta ABO, Buxig skoro 3'egHaHwui 3 Konamu curHanisaudii onepaTUBHOro
nepcoHany, BUXig gaTyMka noyaTKy pyxy NigknioYeHun 4vepes apyrun noriyHmi enemeHTt Il go
Kepyto4oro BXOAy eneKTPOHHOro Krwuya, BXif AKOro 3'€4HaHuMn 3 BMXOAOM TPETLOr0 HOPMYHYOro
nepeTBoploBava, a BwWXig 3 ApyrMM BXo4oM Orioka OB4YMCIEHHA MOTYXXHOCTI Ta 3  Apyrum
nepeTsopioBa4YeM 3MiHHOI HaMpyrk B MNOCTiMHY, BUXi4 AaTynka KoedilieHTa NOTYXHOCTI NigKNioYeHnin
[0 TpeTboro BxoAdy 6noka 064MCrneHHst NOTY)KHOCTi Yepe3s LLOCTUA HOPMYHYMIN NEPETBOPIOBAY.

Heponikom QaHOro nNpuCTpold € HeJoCTaTHA TOYHICTb, OCKINbKW He [O03BOMSE BU3HaYaTu
HEOOHOYACHICTb MEepPeMUKaHHA MPUCTPOIKD  PErynioBaHHA Hanpyru nig HaBaHTaXEHHsSM  npwu
nocpaszHoMy nepeMuKaHHi Bignanok cMnoBoro MacnaHoOro TpaHcgopmartopa.

3a Hambnwxkumi aHanor BuOpaHO MPUCTPIN Ons  AiarHOCTyBaHHS CUIOBOrO  MAacHsiHOro
TpaHcdopmaTopa (MateHT YkpaiHm Ne 135897, MINK GO1R31/06, 6ion. Ne 14, 2019), akun mictuTb
ABa [aTyvku TemnepaTypu, AaTyuK Hanpyru, gaTyuk CTPyMy, YOTUPW reHepaTopwu iMnynbciB, CiM
NOriYHMX enemMeHTiB |, WiCTb NiYnNbHUKIB iIMNYNbCIB, CyMaTop, ABa aHanoro-LuMdpoBi nepeTBoptoBadi,
uMdpo-aHanorosuin NepeTeoptoBay, N'aTb noriyvHux enementie ABO, aBa komnapatopu, RS-Tpurep,
ABa (pyHKUiOHanNbHI NepeTBoploBadvi, pericTp, ABa NepeTBoploBayi TemnepaTtypun B NOCTiIHY Hanpyry,
ABa nepeTBOptoBaYi 3MIHHOI Hanpyrm B MOCTiMHY, N'ATb HOPMYKYMX MepeTBOptoBaYiB, Onok
0BYUCIIEHHSA MOTY)KHOCTi, ONOK 3a4aHHs MOTYXKHOCTI, KOMyTaTop, (oopMyBauy iMMNYNbCIB, NOriYHUNA
enemeHT lll, Tpu gatyunkm noyatky pyxy, Tpu noridHi enementn BUKIKOYHE ABO, noridyHui enemeHT
ABO-HI, Tpn undposi komnapaTopu, Tpu iHAMKaATOPW, ONOK 3afdaHHA PeCcypcy, €NeKTPOHHUIA KIoY,
AaTyvk KoedpiuieHTa MNOTYXXHOCTI, MPMYOMY BUXOAM NEPLUOro i OPYroro AaTyukiB TemnepaTtypu
nigknoyeHi BigNOBIOHO OO0 BXOAIB MepLIoro i Apyroro nepeTBoptoBadviB TemnepaTypu B MOCTINHY
Hanpyry, BMXig NepLloro reHepartopa iMnynsciB 3'€gHaHnii 3 BXOAOM MEPLUOro MiYnIbHUKA iMMynbCiB,
BMXig cymaTtopa yepes nepwmi yHKUIOHaNbHMI NepeTBOpioBaY MiAKMIOYEHNA OO0 MEpLUOro BXOAY
nepworo komnapatopa, QApYyrui BXig SKoro 3'egHaHUMn 3 BMXOOOM  LMdpO-aHanoroBoro
nepeTBoploBayva, a BWXig MNiOKIOYEHU OO neplioro Bxoay RS-Tpurepa, Buxig sikoro 3'egHaHuin 3
ApYrMMm BXO4OM MEpPLLOro NoriYyHoro enemMeHTa |, nepwnn Bxig SKoro NigKo4eHnin oo BUXoay Apyroro
reHepaTopa iMnynbCiB, a BUXig 3'€eAHaHNn 3 NepLUMM BXOLOM APYroro fivnsibHUKa iMnynbCiB, BUXigHa
LMdpoBa LWMHA AKOro NigkniyeHa 4o BXigHOI LMAGPOBOI WKMHM LMdpo-aHanoroBoro nepeTsoptoBaya,
BUXi MNepLloro nepeTBopioBaya TemnepaTtypu B MOCTIMHY Hanpyry 4epes nepLimnini HOPMYHUNiA
nepeTBopioBay MNIAKMYEHUA [0 BXOA4Y MepLloro aHanoro-uMdpoBOro nepeTsoproBava, BuXigHa
uMdpoBa LIKHA SKOro 3'‘e4HaHa 3 MepLlo BXIOHOK UMEPOBOK LUIWMHOK ApYroro (OyHKUiOHanbHOro
nepeTBopioBaYva, Apyra BXigHa UUpPOBa LUMHA SKOrO MiAKMYeHa OO0 BUXIQHOI LMAPOBOI LUMHK
perictpa, BXigHa uMdpoBa LWMHA SKOrO Pa3oM 3 TPEeTbOl BXiOHOK LMEPOBOK LUMHOK APYroro
dyHKUiOHanNLHOro nepeTBoploBadva 3'edHaHi 3 BUXIAHOO LMAPOBOIO LUMHOK [OpPYroro aHarnoro-
LMdpoBOro nepeTsoproBaYa, BXif SKOro pasom 3 nepLuvMm BXOAOM ApPYroro Komnaparopa nigkniodeHi
00 BMXOAy MepLUoro nepeTsoproBava 3MiHHOI HaMpyrv B MOCTIiNHY, BXi4 SIKOro 3'e€QHaHUA 3 BUXOOOM
Ornoka 0B4YMCNEHHS NOTY)XHOCTI, BMXig Gnoka 3agaHHA MOTYXXHOCTI MiAKMYEHMI OO0 APYroro BXxogy
ApYyroro komnapaTopa, BUXia SKoro 3'€eAHaHui 3 BXxodamu apyroro cyHKLioHansLHOro nepeTsopoBaya,
OpYrMm BXOOOM TPEeTbOro noriyHoro enemeHTa |, Bxogom noriyHoro enemexta lll Ta nepwimmM BXxogom
Apyroro noriyHoro enemeHTta |, Apyrun BXia AKOro NiAKMYEHWA 0O BUXOAY TPETbOro reHeparopa
iMNynbCiB, a BUXig 3'€4HaHMI 3 BXOOOM pericTpa, BUXi4 Aatumka Hanpyru yepes Apyrun HOpMYHUUn
nepeTBoploBaY NIAKMYEHUA OO Meplioro Bxody Onoka OO0YMCREHHS MOTYXKHOCTI, BMXiO AaTyuka
CTpyMmy 3'€eQHaHWIA 3 BXOLOM TPETbOr0 HOPMYKYOro NMepeTBopoBaYva, BUXig OpPYroro nepetsoptoBaya
3MiHHOT HanpyrK B NOCTIVHY 3'€QHaHUM 3 NepwmnM BXOAOM CyMaTopa, ApYrMin BXig SKOro nigknoyYeHnn
00 BUXOOY YETBEPTOro HOPMYKYOro MepeTBOptoBava, BXif SIKOro 3'€AHaHMIA 3 BUXOAOM [OpYroro
nepeTesoptoBaya TemrnepaTypu B MOCTiINHY Hanpyry, Buxig RS-Tpurepa nigknoyeHuin [o BXoay
dopmyBada iMnynbecie, BUXiA4 AKOro 3'eAHaHui 3 ApyruMm Bxogom RS-Tpurepa i gpyrum BXOOOM
OpYroro nivunbHKKa iMNynbCiB, BMXig nepLioro norivHoro enemeHTa | nigknoyeHuii o Apyroro Bxoay
YeTBEPTOro NOriYHOro enemMeHTa |, nepLnn BXig SKoro 3'egHaHuiM 3 BUXOOOM foridyHoro enementa lll,
a BuXig nigknoyeHun 4o Apyroro Bxody neplloro noriyHoro enemeHta ABO, Buxig sikoro 3'egHaHui 3
BXOJOM TPETbOro MivnrnbHWKa iMNynbCiB, a NepLuvin BXig NigkniovYeHnn 4o Buxoay TpeTboro foriYHoro
enemMmeHTa |, nepwuin BXia Akoro 3'€eAHaHUN 3 BUXOOOM KOMYyTaTopa, BXidHa LMdppoBa LUMHA SKOrO
nigkrodeHa 0o BUXIOHOT LMAPOBOI WMHK Apyroro yHKLiOHaNbLHOro nepeTsopioBaYda, a N BXoAiB
3'egHaHi BignoBsigHO 3 N BMXo4amu NepLuoro nidnnbHUKa iMNynbciB, BUXi4 NepLloro gatdynka novaTky
pyxy nigKMYeHnA [0 neplioro Bxogy JoriyHoro enemeHta ABO-HI, gpyroro Bxogy TpeTboro
norivHoro enemeHta BWKIMKOYHE ABO i pgo nepworo Bxogy NEpLUOro JfloriyHoOro enemeHTa
BUKITKOYHE ABO, gpyruii BXig sikoro 3'egHaHuii 3 BUXOOOM APYroro Agatymka rnoyatky pyxy, TpeTim
BX0OoOM noriyHoro enemeHta ABO-HI i nepwwnm Bxogom apyroro noriyHoro enemeHTta BUKJTIOYHE
ABO, gpyrun Bxig SIKOro nigkroyYeHWid OO BUXOQY TPETbOro AaTyvka noyaTtky pyxy, OpYroro Bxogy
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noriyHoro enemeHta ABO-HI i nepworo Bxogy TpeTboro noriyHoro enemeHta BUKITIOYHE ABO,
BMXOOW MepLloro, Apyroro Ta TpeTtboro noriyHnx enementis BUKJTKOYHE ABO 3'egHaHi BignosigHo 3
nepLnMMu BXxogamu n'atoro, LWOCTOro Ta CbOMOrO FOMYHUX enemMeHTiB |, Apyri BXOAM AKUX NigKNIoYeHi
00 BUXOAy YETBEPTOro reHepartopa iMnynbCis, a BUXoau 3'€AHaHi 3 nepwmMmMu BXodaMun 4YeTBepToro,
N'ATOro Ta LWOCTOro NiYUbHUKIB iMNYNbCIB BiANOBIAHO, APYri BXOAM NiYUIbHUKIB iMNYNbCIB MigKIOYEHi
Ao Buxopy noriyHoro enemeHta ABO-HI Ta 0o Kepyto4oro BXOAy €fEKTPOHHOrO Kikoua, BXig sIKoro
3'eQHaHU 3 BUXOOOM TPETLOr0 HOPMYKYOro MnepeTBoptoBaya, a BuXig NIAKMAYEeHWA OO0 OpYroro
Bxoay 6noka o04YMcrneHHs NOTY)KHOCTI Ta BXOAY APYroro nepeTBoptoBayva 3MiHHOT Hanpyrn B NOCTIlHY,
umdpoBmin Buxia Gnoka 3agaHHA pecypcy 3'€edHaHUMn 3 ApyrMMM BXoamu MepLioro, Apyroro ta
TpeTboro uUMdpPoBUX KOMNApaTopiB, NepLli UMdpoBi BXOAN SKUX MiOKNIOYEHI A0 BUXOAiB YETBEPTOro,
n'ATOro Ta LWOCTOro NiYMMbHUKIB iIMNYNbCIB BiAMOBIAHO, NEpLUi Ta APYri BUXOAM NEepLuoro, Apyroro Ta
TPeTboro UMdpoBNX KOMNApaTopiB 3'€4HaHi 3 NepwnMn Ta ApyruMun BXogaMu TpPeTboro, YeTBepToro
Ta n'atoro noriyvHux enemeHTisB ABO BignNoBigHO, BUXOAM SKUX MIAKNIOYEHI OO MepLioro, Apyroro Ta
TPeTboro iHAMKaTopiB Ta 40 NepLloro, Apyroro Ta TPETbLOro BXo4iB Apyroro noriyHoro enemerdta ABO
BiANOBIOHO, BUXiO SIKOro 3'€gHaHUK 3 KOnamMu curHanisaudii onepaTtMBHOro nNepcoHany, Buxig garyuka
KoedilieHTa MOTY)XHOCTI MigKNOYeHUn OO TpeTboro Bxoay 6noka obuyMcreHHst NMOTY)KHOCTI 4epes
N'aTU HOPMYIOYNIA NepeTBOPOBAY.

Heponikom gaHoro npucTporo € HedoCTaTHSA TOYHICTb, OCKIMbKW HE BPaxOBYETbCSA KOHLEHTpaLlis
rasis Ta WBWAKICTb ii 3pOCTaHHSA B Machi BUCOKOBOSIbTHOIO BBOAY.

B ocHoBy kopucHOI Moaeni nocTaBneHo 3ajayy BAOCKOHANEHHA MNPUCTPOK AONS BU3HAYEHHS
3anM1LIKOBOro pecypcy CUMOBOro MacnsiHoro TpaHcdopmartopa, B AKOMY 3a paxyHOK BBEAEHHSA HOBUX
OnokiB, Ta 3B'A3KIB MK HUMM JOCAraeTbCA NiABMLLEHHS TOYHOCTI pOGOTU MPUCTPOID, a AK Hacnigok, €
MOXINUBICTb Binbll 06'EKTMBHO OUIHUTU TEXHIYHUIA CTaH TpaHcdopmaTopa Ha AaHUA MOMEHT Yacy 1
CMpPOrHo3yBaTM MOro 3MmiHy B MaMOYTHbOMY, LU0 [OA€ MOXIUBICTb OOIPYHTOBAHO N OO'€KTUBHO
NPU3HAYUTK 3aX04M OO0 TEXHIYHOro 06CNyroByBaHHS il PEMOHTY.

lMocTtaBneHa 3agaya BUPIWYETLCA TUM, WO B MPUCTPIA ANS BU3HAYEHHS 3anuLLKOBOrO pecypcy
CUMNOBOro MacrnsiHOro TpaHcdopmartopa, SKMN MICTUTL ABa AaTYMKU TemnepaTtypu, JaTyuK Hanpyru,
AaTynk CTpyMy, YOTUPWU FeHepaTopu iMMynbCiB, CiM NOMYHUX enemeHTiB |, WicTb niYnnbHUKIB
iMnynbciB, cymaTtop, ABa aHanoro-uudposi nepeTBoproBadi, LMGpO-aHanoroBmMi nepeTBoploBay,
n'atb noriyHux enemeHtiB ABO, aBa komnapaTtopu, RS-Tpurep, ABa yHKUiOHaNbHI nepeTsopoBadi,
pericTp, ABa NepeTBOPIOBaYi TemnepaTypu B NOCTiHY Hanpyry, ABa nepeTBoptoBayi 3MiHHOI Hanpyru
B MOCTiNHY, M'ATb HOPMYIOUMX MNepeTBOplOBaYiB, 6MOK oOBYMCNEHHS NOTYXHOCTI, Gnok 3agaHHs
NOTYXHOCTI, KOMyTaTop, PopMyBaY iMNyrbCiB, NoriyHni enemeHT lll, Tpu gaTymku noyartky pyxy, Tpu
noriyHi enemeHtn BUKIMIOYHE ABO, noriunun enemeHt ABO-HI, Tpu undposi komnapaTtopu, Tpu
iHgnkaTopw, B6nok 3agaHHA pecypcy, enekTPOHHWUIA KoY, AaTynk koedilieHTa NOTYXXHOCTI, Npuyomy
BMXOOW MNepLUOro i Apyroro AaTyuKiB Temnepatypu nigknioveHi BignosigHO OO BXOAiB MNepLuoro i
ApYroro nepeTBOplOBaYiB TemnepaTtypu B NOCTIMHY Hanpyry, BUXig nepLioro reHeparopa iMnynbscis
3'edHaHM 3 BXOAOM Mepuworo nidunbHMKa iMAOynbciB, BMXig cymaTopa 4epe3 nepLumin
dyHKUiOHaNbHUA NepeTBOptoBaY MNiAKMHYEHUA OO Neplioro BXOAY NepLuoro komMnapatopa, Apyrun
BXig fAkoro 3'egHaHui 3 BUXOAOM LMEPO-aHaroroBoro nepeTBoptoBada, a BuMXig MigKIOYEeHUn [0
nepworo Bxoay RS-Tpurepa, Buxig Akoro 3'egHaHnin 3 opyruM BXOO4OM MePLUOro NoriyHoro enemMeHTa
|, nepwunn BXig SIKOro MigKNYEHUn OO0 BUMXOAY APYroro reHepaTopa iMnynbciB, a BUXig 3'€AHaHuin 3
nepwnM BXOAOM APYroro nidnnbHWKa iMMynscie, BUXiAHa UMpOBa LWIMHA SKOro nigknioveHa Ao
BXigHOT UMEPOBOI WKHU LMdPO-aHaNOroBoro nepeTBopioBaYa, BWXif MEepLlioro nepeTBoproBaya
TemrepaTypu B NOCTIMHY HanNpyry 4yepes nepLunin HopMyYnin nepeTBoproBaY NiAKMYeHU 0O BXody
nepLUoro aHarnoro-ungpoBoro nepeTsopioBaya, BuUxigHa LM@pPoBa LWKMHA AKOro 3'egHaHa 3 MnepLioro
BXiIHOKO LM(PPOBOIO LUMHOK OPYroro (yHKUiOHaNLHOro nepeTBoptoBaya, Apyra BxigHa undposa
LUMHa SKOTO NiAKIoYeHa A0 BUXIAHOT UMpoBOI WWHK pericTpa, BXigHa undpoBa LWMHa SKOro pa3oMm 3
TPETBLOK BXiOHOW LUPOBOIO LWMHOK APYroro yHKLUioHanLHOro nepeTsoptoBaya 3'egHaHi 3 BUXiQHOO
LUMdPOBOIO LUMHOK ApYroro aHanoro-uudpoBoro nepeTsoproBaya, BXig SKOro pasoM 3 nepLinm
BXOJOM Opyroro Kkomnapatopa nigkrodeHi 40 BUXo4y NepLuoro nepeTsoproBada 3MiHHOI Hanpyru B
NOCTiVHY, BXia sikOro 3'€eAHaHWi 3 BUXOAOM OJloka 0OYMCREHHsSI NOTYXHOCTI, BuXig Onoka 3agaHHA
NOTYXXHOCTI MigKNIOYEHUI A0 APYroro BXo4y Apyroro koMmnapaTopa, BUXif SKOro 3'eAHaHui 3 Bxogamu
OpYyroro yHKLUioHanLHOro nepeTeopoBaya, Apyrmm BXOAOM TPETbOro foriyHoro enemMeHTa |, Bxogom
noriyHoro enemeHta Il Ta nepwum BxoOOM ApPYroro IoriYHOro enemeHTa |, Apyruin BXif SIKOro
NigKIloYeHnin 0o BUXOAY TPEeTbOoro reHepartopa iMnynbciB, a BUXiA 3'€AHaHUW 3 BXOAOM pericTpa,
BUXiA JaTyMKa Hanpyru yepes Apyrum HOPMYHOYUIA NepeTBoptoBaYy NiAKMIYEHUA OO NepLloro Bxoay
Onoka ob4yMcneHHs MOTY)XXHOCTI, BMXig OaTyMka CTpymMy 3'€QHaHWMIA 3 BXOAOM TPETbOr0 HOPMYHUOro
nepeTBoploBaYa, BUXi4 APYroro nepersBoptoBada 3MiHHOI Hanpyrn B MOCTiIMHY 3'€QHAHUN 3 NepLuMm
BXOOOM cymartopa, Apyruin BXid SKOro nigknioYeHnn [0 BUXOQY YETBEPTOro HOPMYHYOro
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nepeTBoploBaya, BXig AKOro 3'€eAHaHMIM 3 BUXOO4OM OpYroro nepeTsoptoBava TemnepaTtypu B NOCTiMHY
Hanpyry, Buxia RS-Tpurepa nigknioyeHun oo Bxony opmMmyBaya iMnynbcCiB, BMXig AKOro 3'eqHaHuin 3
apyrmm BxogoM RS-Tpurepa i gpyrMm BXOAOM [OpYroro mivyvrbHWKa iMNynbeiB, BUXig nepLuoro
NoriyHoro ernemeHTa | nigkn4YeHMin 4o Apyroro BXoA4y YeTBEpPTOro JIOrYyHOro enemeHTa |, neplini
BXig AKoro s3'egHaHuMi 3 BMXOAOM JoriyHoro enemedTa lll, a Buxig nigknioYeHnin Jo Apyroro BXoay
nepLuoro noriyHoro enemeHta ABO, Buxig sikoro 3'egHaHnii 3 BXOAOM TPETLOro NiYnnbHMKa iMMynbCiB,
a nepwun BXig NigKNIOYEHUA [0 BUXOQY TPETbOro MOrivYHOro enemeHTta |, nepwwumi BXig SKoOro
3'eQHaHMIi 3 BUXOOOM KOMyTaTopa, BXigHa UMdpoBa LUMHA AKOro nigknoyeHa oo BUXIgHOT LmMdpoBOi
LWMHKM apyroro yHKUiOHANbHOrO nepeTBoptoBaya, a N BXOAiB 3'€AHaHi BiAnoBigHO 3 n BMXodamu
nepLloro nivnnbHUKa iMNynbCiB, BUXI4 MEPLIOro AaTyuMka noyatky pyxy NigKYeHUA OO NepLuoro
Bxoay noriyHoro enemeHta ABO-HI, gpyroro Bxogy TpeTtboro noriyHoro enementa BUKITFOYHE ABO i
[0 nepLioro Bxogy nepiuoro noriyHoro enemerHta BUKNKOYHE ABO, gpyruin BXig sikoro 3'eaHaHui 3
BMXOOOM [OPYroro gaTtymka noyaTky pyxy, TpeTiMm BxogoMm rnoriyHoro enemeHta ABO-HI i nepwum
BX04OM Apyroro noriyHoro enemerHta BUKINKOYHE ABO, gpyrui Bxig SiKOro nigkmoyYeHnn 4o BUXOAY
TPEeTbOro Aatymka noyaTky pyxy, gpyroro Bxogy noridyHoro enemeHta ABO-HI i nepworo Bxogy
TpeTboro noridHoro enementa BU-KITFOYHE ABO, Buxoau nepuioro, gpyroro Ta TpeTbOro forivyHmx
enemeHTiB BUKJTKOYHE ABO 3'egHaHi BignoBigHoO 3 nepwmMmmn BxogaMu N'sToro, LWOCTOro Ta CbOMOro
NOriYHUX enemeHTiB |, Apyri BXOAW SIKMX MigKIOYEHi 40 BMXO4Y YeTBEPTOro reHepatopa iMnynbciB, a
BUXOAWM 3'€dHaHi 3 MepwMMn BXOA4aMM YETBEpPTOro, M'STOro Ta LUOCTOro MiYMNbHUKIB iMMynbCiB
BiQNOBiOHO, ApYri BXOAW NMiYMNbHUKIB iMNynbCiB MigkntoveHi ao Buxoay noriyHoro enemeHta ABO-HI
Ta [O KEepyl4yoro BXOAY ENIeKTPOHHOro Kruya, BXig sKOro 3'€egHaHuMi 3 BUXOLOM TpPEeTbOro
HOPMYIOHOro NepeTBOPIOBaYa, a BMXig NigKMoYeHn 4o Apyroro Bxoay 6roka 064nCneHHs NoTYXHOCTI
Ta BXogy APYroro nepetBoptoBava 3MiHHOI Hampyry B MOCTiHY, UMMPOBUA BUXig Gnoka 3agaHHs
pecypcy 3'€gHaHui 3 ApYrMMM BXOAAMW NEpLUOro, APYroro Ta TPeTboro LMpoBUX KomnapaTopis,
nepwi undpoBi BXoOM sIKUX MIOKMNIOYEHI OO BMXOAIB YETBEPTOro, M'AITOro Ta LIOCTOro MiYUNbHUKIB
iMnNynbciB  BignNOBIAHO, MepLwi Ta Apyri BMXOAW NEpLIoOro, APYroro Ta TPeTboro LmngpoBux
KoMmnapaTopis 3'€QHaHi 3 nepwmMu Ta Apyrmmu BXxogaMu TPeTbOoro, YeTBEpPTOro Ta N'AToro foriyHmx
enemeHTiB ABO BignoBigHO, BUXOAM SIKMX MiOKMOYEHi 40 NepLloro, Apyroro Ta TPETbOro iHAMKaTopiB
Ta 0O NepLlioro, ApYyroro Ta TPeTboro BXoAiB Apyroro noridyHoro enemeHta ABO BignosigHo, BMXig
AKoro 3'e4HaHWA 3 Konamu curHanisaudii onepaTUBHOrO nepcoHany, BuUXig4 gaTyvka KoediuieHTa
MOTY)XHOCTi MigKNOYeHWA [0 TpeTboro Bxody 6noka o64YMcrieHHst MOTYKHOCTI 4Yepe3 n'ATui
HOPMYIOUYMIW nNepeTBOploBaY, 3riAHO 3 KOPWUCHOK MOZEennio, BBeAEHO LWOCTUAN  HOPMYHYUN
nepeTBOpIOBaY, TPETI aHanoro-umMgpoBnii NepeTeopioBaY, TPETii NepeTBopioBaY 3MiHHOI HaNpyrn B
NOCTINHY, M'ATUW reHepaTop iMMynbCiB, BOCbMWA NOTMYHUI eneMeHT |, Apyrun, TpeTin Ta YeTBepTuin
pericTpu, CbOMUA NIYUMNBHUK IMNYNbLCIB, TPETIN, YeTBEPTUA Ta N'ATUI PYHKLIOHanNbLHI nepeTBoptoBaYi,
APYrvn Ta TpeTin cymaTopu, ApYrun Ta TpeTin 6noku 3agaHHs pecypcy, YeTBepTui Ta nN'aTun umdposi
KoMnapartopu, 4eTBepTUW, Ta M'aTUW iHOWKATOpW, Mepwuin, Opyrun, TPeTini Ta 4eTBepTui
MaclTabyrodi nigcunioBadi, NpucTpii BUBIpKM-30epiraHHsi, GrOK MHOXEHHS, MepLuin Ta Jpyrun
uucppoBi cymatopu, gewmdpartop, GMOK yCTaHOBKM HyMs, MPUYOMY BMXi[ NEPLUOrOo HOPMYHYOro
nepeTeBoploBaya MigknNioYeHUn Ao Apyroro BXxo4y APYroro cymatopa, nepLummn Bxig Akoro 3'egHaHun 3
BMXOOOM YeTBEPTOro HOPMYKYOro nepeTBoploBaya, a BuXid NIOKMAYEHWA [0 BXody nepLloro
MacLiTabyro4oro nigcurnioBaya, BUXig gatymka Hanpyru nigknoyYeHun 4o BXOA4Y LWOCTOro HOPMYHYOro
nepeTBopioBaYva, BMXi4 SKOro MigKmYeHnn OO0 BXOAY TPETbOro neperBoproBava 3MiHHOI Hanpyrn B
NOCTiVHY, BMXi4 SIKOro NigKMIOYEHUA OO BXO4Y MPUCTPOIO BMBIpKM-30epiraHHs, Kepyloudmi BXig SKOro
3'egHaHMi 3 Nnepwmnm BUXOOOM Adelwmdparopa, Buxig npuctpol BUbipkM-3bepiraHHa MigkmoYeHnn oo
BXO[iB TPETLOro, YeTBEPTOro Ta N'AToro PyHKLioHanbHUX NepeTBopioBaYiB, BUXOAN AKUX MiOKMIOYEHI
00 BXOAiB ApYroro, TPeTbOro Ta YeTBEPTOro MaclTabyoumx NigcuntoBadiB BignoBigHO, a iXHi BUXoau
NigKNoYeHi 0O nepworo, Apyroro Ta TPeTbOoro BXOoAiB BiAMNOBIQHO TPEeTbOro cymartopa, BUXid SIKOro
NigKNioYeHnn 4o ApYyroro BXoAy 0roka MHOXEHHS, NepLUNIA BXig SKOro 3'eqHaHWI 3 BUXOAOM MEPLUOro
MacLTabyro4oro nigcuntoBava, Buxia 6rnoka MHOXEHHS MiOKMYEHUA A0 BXOAY TPETbOro aHaroro-
uMdpoBOro nepeTBoptoBava, BUXigHaA UMpPOBa LWKHA SKOro nigknwvyeHa [0 nepLluoi BXigHOI
UMdpPOBOI LWUMHM MepLIoro, Apyroi UMdpoBOl LUMHK ApYyroro uudpoBMX CyMaTopiB Ta [0 BXiAHOI
LUMdpPOBOI LWINMHKU ApYroro perictpa, BuxigHa uudpoBa LUMHA SKOro MigknioveHa A0 nepLuoi BXigHoT
LMdpPOBOI LUMHW APYroro UugpoBoro cymatopa, BuxigHa uugposa WuHa sKoro nigknioveHa ao apyrol
BXiQHOT LMPOBOI WMHN M'ATOro UM@POBOro KoMnapartopa, nepwa BXigHa umMdpoBa LUMHA SKOro
3'egHaHa 3 BUXIOHOI LUMEPOBOIO LLIMHOK TPeTboro 6rnoka 3afjaHHs pecypcy, BuxigHa uudposa LuMHa
nepLoro undpoBoro cymatopa nigknodeHa 4o BXiAHOT UMpPOoBOI WMHW TPETbOro pericTpa, BuxigHa
uMdpoBa LWKWHA SKOro MigknoveHa A0 ApYrol BXiOHOT LMEPOBOI LUMHM 4YeTBepToro uMdpoBOro
KoMnapaTtopa Ta A0 BXigHOI UM(POBOI LWMHM YeTBEepPTOro perictpa, BuxigHa umMcpoBa LUMHA SKOro
3'eQHaHa 3 Opyro BXigHOK LMGPOBOD LUMHOK MepLluoro LmMcpoBoro cymartopa, BuxigHa umdposa
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lWnHa apyroro 6roka 3afaHHs pecypcy NigknoyeHa Ao nepLloi BXigHOT LUGPOBOI WKMHM YeTBEPTOro
LMdpoBOro kKOMNapaTopa, BUXia SKOro NigkroyYeHnn 4o BXo4y YeTBepTOoro iHguMkaTopa Ta 4o n'atoro
BXxogy gpyroro noriyHoro enemeHta ABO, Buxig n'atoro uudpoBoro komnaparopa MigknioveHun ao
nepLworo BXOoA4y BOCbMOrO JOMYHOro enemeHTa |, BMXigd AKOro MigKMyeHuMn A0 Bxody n'aToro
iHOMKaTopa Ta A0 4YeTBepTOro Bxody Apyroro noriyHoro enemeHta ABO, Buxig n'saToro reHeparopa
iMNynbCiB NiAKMIOYEHNA 00 NEPLIOro BXo4y CbOMOro NiYuribHUKA iMNynbCiB, BUXiAHA uudposa LWnHA
SIKOro nNigknYeHa 4o BXigHOT LUMdpoBOI WKMHK gelwndpaTtopa, ApYruin BUXi4 SKOro MigknoyeHuin oo
Kepyto4oro Bxody TPeTbOro aHanoro-umgpoBoro nepeTsoptoBaya, TpeTin Buxig Aewwmdparopa
NigKIIOYEHNA 0O Kepylyoro BXOA4y APYroro perictpa Ta OO0 Kepyrudoro Bxody TPeTboro pericrpa,
yeTBEPTUA BUXiO OewwmcpaTopa NiOKNIOYEHMI OO KEpyl4yoro BXody 4YeTBepToro perictpa, n'atui
BMXig OelumdpaTtopa NiaKnioYeHni 4o Apyroro BXody BOCbMOrO foriYHoro enemeHTa |, Buxig 6noka
YCTaQHOBKM HYNS NIOKMYEHUA 0O BXOAY YCTAHOBKM CbOMOrO MiYMMbHUKA iMMNyNbCiB Ta OO BXOAIB
YCTaHOBKW TPETLOrO 1 YETBEPTOrO PEriCTpPIB.

CyTb KOPUCHOI MOAeni NOACHIETLCS KPECNEHHAM, Ha AKOMY 300paxkeHa Moro CTpyKTypHa cxema,
ae: 1, 23 - nepwnin Ta Apyrun gatynku TemnepaTtypu BignoBigHO; 2 - AaTyuK Hanpyru; 3 - gaTyuk
CTpymy; 4, 25 - nepwnin Ta Apyrun nepetTeoptoBay TemnepaTypu B NOCTiNHY Hanpyry; 5, 6, 7, 27, 66,
69 - nepLumin, Opyrun, TPETIN, YeTBEepPTUN, N'ATUA Ta LWOCTUIN HOPMYIOYI NepeTBOptoBavi BignoBigHo; 8,
13, 80 - nepwwun, gpyrMi Ta TpPETi aHanoro-uMdpoBi nepeTBopioBadi BignosigHo; 9- 6rok
obuncneHHsa notyxkHocTi; 10, 22, 70 - nepwwnin, gpyrMn Ta TPETIN NepeTBOptoBaYdi 3MiHHOI Hanpyru B
NOCTINHY BignNoBigHO; 11 - enekTpoHHMIA KitoY; 12 - BNoK 3agaHHA NOTYXXHOCTi; 14, 32 - apyrni Ta
nepLunn komnapatopu BignoBsigHo; 15, 18, 24, 47, 92 - TpeTii, Nnepwnn, opyrun, Y4eTBepTMIn Ta N'aTun
reHepaTopu iMmnyneciB BignosigHo; 16, 26, 35, 37, 48, 49, 50, 90 - gpyrun, nepluwni, TpeTiw,
YeTBEPTUN, M'ATUN, LIOCTMKA, CbLOMUN Ta BOCbMUIK NoOriyHi enemeHTun | BignosigHo; 17, 81, 84, 96 -
nepLunn, Opyrun, TpeTin Ta 4YeTBepTU perictpu BignosigHo; 19, 29, 39, 52, 53, 54, 93 - nepLuun,
OPYrun, TpeTih YeTBepTUn, N'AaTUA, LUOCTUIN Ta CbOMUI NiYUNBbHUKKX iMMynbCeiB BignosigHo; 20, 30, 72,
73, 74 - gpyrvi, NepLumin, TpeTin, YeTBEPTMI Ta N'aTUn dOyHKLUiIOHANbLHI NnepeTBoptoBavdi BignosigHo; 21
- KomyTtartop; 28, 67, 78 - nepwun, Apyruin Ta TpeTin cymatopwu BignosigHo; 31 - undgpo-aHanorosui
nepetBoptoBay; 33-RS-tpurep; 34 - bopmyBad imnynbcie; 36 — noriyHmii enemeHT HI; 38, 58, 59, 60,
61 - nepwwui, TpeTin, YeTBEPTUR, N'ATUIA Ta APYrU norivHi enemenTn ABO BignoeigHo; 40 - noriyHun
enemeHT ABO-HI; 41, 42, 43 - nepLwumnin, gpyrun Ta TpeTin JaTUMKM NoYaTKy pyxy npusBody NPUCTPOIO
peryrnioBaHHs Mig HaBaHTaXeHHAM, BignosigHo; 44, 45, 46 - nepluvi, ApyrMin Ta TPETIN NOriyHi
enemeHTn BUKINKOYHE ABO signosigHo; 51, 85, 86 - nepwun, gpyruin Ta TpeTin 6Nokn 3agaHHS
pecypcy BignosigHo; 55, 56, 57, 87, 88 - nepwwn, apyruin, TpeTin, YeTBEPTMN Ta N'ATUIA UMAPOBI
KoMnapaTtopu BignoBigHo; 62, 63, 64, 89, 91 - nepwwui, Opyrun, TPETIN, YeTBEPTUA Ta MN'ATUN
iHOMKaTopW BiANOBIAHO, 65 - AaTymk KoedilieHTa NOTYXHOCTI; 68, 75, 76, 77 - nepwuunn, Opyrin, TpeTin
Ta YeTBepTMN MacwTabywoui nigcmnoBadi BignoBigHo; 71 - npucTpin BMbipkn-3bepiraHHs; 79 - 6ok
MHOXeHHS; 82, 83 - nepwwui Ta gpyrui undposi cymaTopu BignosigHo; 94 - gewmdppaTtop; 95 - 6nok
YCTaAHOBKWM HYMs, NPU4OMY BUXi4 NepLUOro HOPMYKYOro nepeTeoproBada 5 nigknioyeHun 4o Apyroro
BXoOy Apyroro cymartopa 67, neplun BXig sKOro 3'€gHaHuii 3 BUXOAOM YETBEPTOro HOPMYHYOro
nepeTBoptoBava 27, a BWXig MiOKMYEHUA OO0 BXOA4Y neplloro macwTabykwodoro nigcunioBada 68,
BUXi4 JaTyuvka Hanpyrn 2 nigknioveHuin 0o BXoAy LIOCTOro HOPMYHYOro nepetsoptoBaya 69, Buxia
AKOro NiAKMYEHUA 0 BXo4y TPeTboro nepeTsoproBaya 3MiHHOI Hanpyru B nNocTinHy 70, BUXig sikoro
NigKknoYeHnn 4o BXOA4y NPUCTPOto BMBipKn-36epiraHHsa 71, Kepyroumi BXig SKoro 3'egHaHum 3 nepLunm
BMXOOOM pfewmdpatopa 94, Buxig npuctporo Bubipkn-3bepiraHHa 71 nigknoyeHMn [O BXO4iB
TpeTboro 72, yerBeptoro 73 Ta n'atoro 74 yHKUiOHANbHUX NepeTBOpPIOBaAYIiB, BUXOON SAKUX
nigkrtodeHi 4o BxofiB gpyroro 75, Tpetboro 76 Ta yeTBepToro 77 macwTabykoumx nigcunoBadvis
BiNOBIOHO, a iXHi BUXOAW MiAKMOYEHi 40 NepLUOro, APYroro Ta TPETbOro BXOAIB BiAMNOBIAHO TPETLOIO
cymartopa 78, BMxig SIKOro nigkrntoyYeHun o Apyroro Bxody 6roka MHOXEHHS 79, nepLumnn BXig siKoro
3'egHaHMA 3 BMXOAOM MepLluioro MacwTtabytodoro nigcunoBadva 68, Buxig OGrnoka MHOXeHHs 79
NigKroYeHnn 0o BXoay TPeTboro aHanoro-umMdgposoro nepetsoptoBayva 80, BMxigHa LmMdpoBa LUMHA
SIKOro NiAKMYeHa A0 nepLuoi BXiAHOI LMGPOoBOI WNHK nepLioro 82, aopyroi uudpoBol WKUHU OPYroro
83 umdppoBKx cymaTopiB Ta A0 BXigHOT UMdpoBOI WNHK Apyroro perictpa 81, BuxigHa LMdppoBa LUnHa
SKOro NigKMyeHa A0 nepliol BXigHOT LnMpoBoi WKHU Apyroro uudpoBoro cymartopa 83, BuxigHa
umdpoBa LWKMHA SAKOro nigknwyeHa [0 Apyroi BXiAHOT UMPOBOT LIMHW N'ATOr0  UUPOBOro
komnapatopa 88, nepwa BxigHa UM@pPOBa LWIMHA SKOrO 3'€dHaHa 3 BUXiAHOI LMQPOBOIO LUMHOK
TpeTboro 6rnoka 3agaHHs pecypcy 86, BuxigHa umMdpoBa LUMHA neplioro umdposoro cymartopa 82
nigkrnoyeHa Ao BXigHOI LMPOBOI WKWHW TpeTboro perictpa 81, BuxigHa uUM@pPOBa LWIMHA SKOrO
nigknioveHa 0O Apyroi BXigHOT UMAPOBOI LUMHU YeTBepToro uudposoro komnapatopa 87 Ta Oo
BXiQHOT LMPOBOI LUMHK YeTBepTOro perictpa 96, BuxigHa umMdpoBa LWKHA SKOro 3'egHaHa 3 OpYyrolo
BXiQHOIO LMPOBOD LUMHOK MepLUIoro undpoBoro cymatopa 82, BuxigHa uudposBa LUMHA ApYroro
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6noka 3agaHHsa pecypcy 85 nigknoyeHa A0 nepLuol BXigHOT LMGPOBOI LUMHN YeTBEPTOro LndgpoBoro
Komnapartopa 87, Buxia Skoro niaknoyeHnn 0o BXoay YeTBepToro iHankaTopa 89 Ta 4o n'atoro Bxoay
apyroro rorivyHoro enemeHta ABO 61, Buxig N'aToro LMdpoBoro koMmnapaTtopa 88 nigknoyeHnn go
nepLioro Bxody BOCbMOro roriyHoro enemeHta | 90, BuXig SKOro MigknYeHun o Bxogy N'SAToro
iHoukaTopa 91 Ta OO 4eTBepTOro BXody Apyroro noriyHoro enemeHta ABO 61, Buxig n'atoro
reHepaTtopa iMnynbciB 92 nigkniovYeHnn [0 MNepLlioro BXo4y CbOMOro fivvrnbHMKa iMnynbcie 93,
BUXigHa umdpoBa WMHA AKOro nigkniyeHa 0o BXigHOI LMAPOBOI WKNHKN gewndpaTtopa 94, opyrmn
BUXiO SIKOro MigKMOYEeHMI OO0 KEepyt4doro BXody TPeTbOoro aHanoro-uudgpoBoro nepetsoptoBayva 80,
TpeTin Buxig gewwudpaTtopa 94 nigknoveHUn OO0 Kepyw4voro BxoAay Apyroro perictpa 81 ta go
Kepylo4oro Bxody TpeTboro perictpa 84, uyetBepTui Buxig gewmncppatopa 94 nigknodeHun Oo
Kepyto4oro Bxoay yetBepToro perictpa 96, n'atun Buxig gewmdpaTtopa 94 nigknoyeHnn oo apyroro
BXOZ4Y BOCbMOro noriyHoro enemexta | 90, Buxig 6noka yctaHoBku Hyns 95 migknoyeHun Oo Bxoay
YCTaHOBKM CbOMOTO MiYnnbHUKa iMnynbcie 93 Ta Jo BXOAIB YyCTAHOBKM TpeTboro 84 1 yetsepTtoro 96
pericTpis.

OuiHka pobo4oro pecypcy OOMOTOK CWUMOBOrO MacnsiHOro TpaHcdopmaTopa B HOpMarbHOMY
pPeXMMi MOro (pyHKUiIOHYBaHHA 34IMCHIOETbCS 3a JaHMMW JaTynka CTpymy 3 Ta OpYroro gartyuka
TemnepaTypu 23. Lli gatunkm posnogineHi no o0'eKTy TakMM YMHOM: OaTYMK CTPYMY 3 BCTAHOBIIEHUI B
Koni BTOPWHHOI OOMOTKM CuUNoBOro TpaHcdopmaTopa, a ApyrMA  Jatyuk Temnepatypu 23
BCTAHOBMEHMN B cepeauHi TpaHcopmatopa Ta nNpu3HavYeHUn Ons BUMIPHOBaHHA Temnepartypu
BEPXHiX LapiB TpaHcopmaTopHOro macna.

CnpautoBaHHa pecypcy i3onsuii 06MOTOK CWUMOBOrO MacnsHOro TpaHcdopmatopa B pPeXuMi
nepeBaHTaXXEHHSA 34INCHIOETBCA 3a AaHUMKU NEepLIoro gatyuka Temnepatypu 1, gatyvka Hanpyru 2,
Jatyuka cTpymy 3 Ta Jatyuka kKoediuieHTa noTyxHocTi 65. lMepwwun pgatyuk Temnepatypu 1
po3TaloBaHuin nobnusy CuUNOBOr0 MacnsaHOro TpaHcopmaTopa Ta [O3BONSAE KOHTPONOBaTH
TemnepaTypy HaBKOMULLIHLOrO cepefoBuia. [atyuk Hanpyrm 2 npusHadeHun Ans BUMIPHOBaHHS
3HaAYEeHHs1 HanpyrM B eNeKTPUYHIA Mepexi TpaHcdopmaTtopa. [aTyumk koeduiuieHTa MOTY>XHOCTI 65
BCTaAHOBMEHUIN Y BTOPMHHOMY KOMi TpaHcdopmMaTopa.

KoHTpontoBaHHA HEOAHOYACHOCTI MepeMUKaHHS MPUCTPOIO PeryroBaHHS Mig HaBaHTaXeHHAM npu
nocda3HoOMy MepemMuKaHHi Bignamok CUNOBOro TpaHcdopMaTopa 34IMCHIETLCS 3a JaHUMMW MEPLLOro
41, gpyroro 42 Ta TpeTboro 43 pdaTyukiB MovaTky pyxy nNpuBOAY MNPUCTPOIKD peryrnioBaHHA nig
HaBaHTaxeHHAM. [leplumin gaTumk nodatky pyxy 41 ycTaHOBMEeHWU Ha Bany npuBogda nepemMmuKaHHs
Bignanok dasn A MpuUCTPOIO perynioBaHHA Mig HaBaHTaXXEHHAM, OPYrui OaTyuk novatky pyxy 42
BCTAHOBMEHMIN Ha Basny NpuBoAa nepemMukaHHs Bignanok dasm B, a TpeTin gatymk novaTtky pyxy 43
BCTaHOBMEHUI Ha Bany NpuBoAa nepemMukaHHs signavok gasm C.

Y nepwomy 6noui 3agaHHs pecypcy 51 3anucaHunm uudpoBuin Kod, WO BiOMNOBIAAE 3HAYEHHIO
pecypcy MNpUCTPOK perynioBaHHA Mif HaBaHTaKeHHAM, Yy Apyromy 6roui 3agaHHsa pecypcy 85 -
uMdpoBMI KO, WO BIONOBIOAE, TPAHMYHOMY 3HAYEHHIO KOHLIEHTpaLil rasis Crmax Y macni

BMCOKOBOMNbTHOTO BBOAY, 3a $KMM BM3HA4YaeTbCs MOBHWM BignpauboBaHuini pobouunii  pecypc
BMCOKOBOJSIbTHOrO BBOAY TpaHcdopmaTtopa, a y TpeTbomy 6noui 3agaHHA pecypcy 86 - umndposun

Ko4, WO BigNOBIOAE, rPAHUYHOMY 3HAYEHHK LUBMAKOCTI 3MiHW KOHLEHTpauii rasis (dc_r(t)J
max

dt

Macni BUCOKOBOJTbTHOIrO BBOAY.

3anponoHoOBaHUM NpUCTPIA Npautoe Tak. [eHepyBaHHS BigNOBIOHWX MOCMILOBHOCTEN iMMYNbCIB
nepwum 18, gpyrum 24, Tpetim 15, yeTtBeptMM 47 Ta n'atTum 92 reHepaTopamu iMMynbCiB
NMOYMHAETLCA 3 MOMEHTY MoAadi Hanpyry XuerneHHa Ha cxemy. OgHoyacHo 3 UMM BMoK YyCTaHOBKM
HynsA 95 BUpoOnsie iMNynbC, KU BCTAHOBIHOE CbOMUIA NiYUABHKK iMMynbeiB 93, a Takox TpeTin 84 Ta
YyeTBepTUN 96 pericTpy B NOYATKOBUIA CTaH.

3rigHo 3 piBHSAHHAM MOHT3iHrepa, sike NPUNHATO SIK 3aKOH CTapiHHSA i30NsLiT 0OMOTOK:

L= Loea9 = Loea(em+90)! (1)

ae L - TpuBanictb "uTTa" isonauii;

Lo - TEPMIiH cnyxbwu isonsuii, Wo BigNOBIgAae HOPMOBaHI TeMnepaTypi, - HOPMaTUBHUIA TEPMIH
cny>x6m 0GMOTOK CUITOBOro TpaHcopMaTopa;

o - KOediuieHT, WO BpaxoBye 3MiHY TepMiHy cnyxbu isonduii npu 3miHi Temnepatypu @
HaMbIiNbLL HarpiTol TOYKK i30MsALii 0OMOTOK;

0, - NEPEBULLEHHS TemnepaTypn HaibinbLl HarpiToi To4kM i3oNAuii, BUKNMKaHe 3MiHOK CTpyMiB
HaBaHTaXEHHS;

0o - Temnepatypa izonsii 06MoTOK.
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[MepeBuLLeHHA TemnepaTypu oBMOTKM 0, BPaxoBytouu MOXMUBICTb HEXTYBaHHSA 1i CTanoi vyacy
HarpiBaHHs1, MOXXHa NPeACTaBUTU Y BUIMAA:

Om =B tuk", (2)

Ae B' - KOedilieHT, WO BPaxoBye Pi3HULIO Temnepatyp Mik cepefHboto Ta HanbinbLu Harpitolo

ToYkamm obMOTOK;
t,, - YCTaneHwii cepeHin neperpis 0OMOTKM Hapg ii TeMnepaTyporo B HOMIHANbHOMY PEXUMI;

k" - KpaTHICTb CTPYMYy HaBaHTaXeHHA TpaHcdopMaTopa;

n - KoeilieHT, SK1Min 3aneXxnTb Big CUCTEMM OXOJTOAXEHHS TpaHcdopmMaTopa.

BignosigHo 0o (1) MUTTEBE CTapiHHSA i30MAUiT TpaHCHOpMaTopa BU3HAYAETLCS EKCNOHEHLianbHO
dbyHKLUj€O 3i cCTeneHeM, Sk AOPIBHIOE (em + 90).

Topi cymapHe 3HadeHHs crnpauloBaHHSA 0OMOTOK CUMITOBOro TpaHcdopmMartopa, npauiol4oro sik B
HOpMarbHOMY PEXNMI, TaK i B PEXUMI NepeBaHTaXEHHS, 3a AesKUA NPOMIXKOK Yacy BM3HAYaETLCS 3a
dopmyrnoto:

t
R=m[e*C®)dtsR , (3)
0
A€ m — MaclTabHun KoeilieHT;
R, - PECYPC, WO CNpaLbOoBYETLCS B PEXVMI NepeBaHTaXeHHs TpaHcgopmaTopa.

Mpun BuMiptoBaHHI pobo4oro pecypcy isonsuii 0OMOTOK CUITOBOroO MacrisiHOro TpaHcdopmaTopa B
HOpPManbHOMY PEXUMi NOro YHKLIOHYBaAHHA CUrHanNW 3 4pyroro gatynka temnepatypm 23 Ta gaTymka
CTpyMy 3 Yepes opyrui nepeTsopioBay TeMnepaTypu B NOCTINHY Hanpyry 25, 4eTBEPTUA HOPMYHOUUNIA
nepeTtsoptoBay 27, TPETin HOPMYIOUMIA NepeTBoploBad 7, €neKkTpoHHwn knod 11 Ta apyrun
nepeTBOpIOBaY 3MiHHOI HaMpyrn B NOCTiIMHY 22 BigMNOBIAHO NMOAAOTLCA Ha Bxoau cymatopa 28. lMpwu
LbOMY Ha MOro BMXOAi BCTAHOBIETLCS CUrHar, NponopLUinHuiA (em + 90).

Axkwo RS-Tpurep 33 BCTaHOBMEHUW B OOUHWYHWIA CTaH (a Ue Mae Micle, KOnM Ha BUXOLi
dopmyBaya iMnynbCciB 34 KOPOTKOYACHO 3'IBNAETLCA CUrHan MOriYHOi OAMHULI), TO NEPLUMIA NOTiYHUIA
enemMeHT | 26 BigKpUTUR i iMNynbcu 3 BUXOQY APYroro reHepaTopa iMnynbciB 24 HagxoaaTb Ha BXiA
ApYyroro nivunbHWKa iMnynecie 29, 3 BUXOQY SKOro CUrHamu no uudpoBii WKHI NOAATLCA Ha BXig
Lumdpo-aHanorosoro nepetsoptoBaya 31 Ta 3 MOro BUXoAy NiHIMHO 3pOCTalouUin aHanoroBUN curHan
HagxoOWTb Ha APYrui BXi4 MepLlioro komnapatopa 32, Ha Mnepluin BXif SKOro HagxOAuTb CurHan,

nponopuiitnii e*®n*9%) 3 BUxomy nMeplioro dyHKuioHanbHOTO nepeTopioBada 30, WO 3MICHIOE
nepeTBOPEHHS BXIQHOro CUrHamny no eKCrnoHeHLianbHOMY 3aKOHY.

Konwu curHanu Ha Bxogax nepLioro komnapartopa 32 3piBHIOITLCSH, TO Ha MOro BUXOAi 3'ABNSETbLCA
curHan noriyHoi oauHuui, sk nepeBoauTb RS-Tpurep 33 B HYNMbOBWIA CTaH, NepLUMi NOrivyHUR
enemMeHT | 26 3akpvBa€eTbCa Ta nojaya iMMynbciB Big Apyroro reHepartopa iMnynbcis 24 0o gpyroro
niynnbHuka iMnynecie 29 npunuHAeTbca. B uen MomeHT Ha Buxodi dopmyBaya imnynbcis 34
3'ABNAETbCH KOPOTKUM iMAYMbC, SKUM 30IACHIOETBCHA CKUA APYroro nidunbHuKa iMnynecie 29 Ta
yCTaHOBKa B OAMHUYHUIA cTaH RS-Tpurepa 33. Lukn poboTu npu ubomMy noBTOpoeTbCs. B nepiog,
KOMNW BIAKPUTUIA NepLUMIiA NOriYHUA enemMeHT | 26, iMnynbcu 3 Noro Buxody Yepes YeTBepTUM NOriYHUi
enemeHT | 37 Ta nepwun noriyHmn enemeHT ABO 38 HaaxoasTb TakoX B TPETiN MiYUNbHUK iMNYMbCIB
39 Ta QikcyloTbCsl B HbOMY SIK pecypC poboTu i3onsauii oOMoTok TpaHccopmaTtopa 3a nepiof,
MOYMHAKYM 3 Yacy t; KON BIAKPMBAETLCSH MEPLUMIA MOriYHMA enemeHT | 26, Ta po yacy t,, komm

nepLUWn NorivyHUn enemeHT | 26 3akprBaeTbCs, Y BUrNAdi iHTerpany:

t
mfe“(em*eo)dt-
0

OGuuncnioloun cymy iHTerpanis y BUrmnsigi cymu iMnynbciB, siKi HAAXoOATb B TPETIN NiYMIbHMK
iMnynbciB 39 B KOXHOMY LMKMi poboTu OMOKIB NPUCTPOID, MOXHA BM3HAYUTM CNpaubOBaHWA B
HOpManbHOMYy pexumi poboTn pecypc i3onsuii obmMoTok TpaHcdopmaTtopa. 3a3Haynumo, Wo B
TPEeTbOMY NiYUNBHUKY iMMynbCiB 39 BBEOEHO Y BUIMIAI OBIMKOBOro Kogy 3aranbHui pobounii pecypc
isondAuii o6MOTOK TpaHcdopMaTopa, BUTpPaYaHHs SKOro 34IMCHIOETBCS NPU HAOXOMKEHHI Ha BXia
niYnnbHWKa pPi3HNX NOCMIAOBHOCTEN iMMYNbCIB B HOPMasibHOMY pexumi podoTn TpaHcdopmMaTopa Ta B
pexumi nepeBaHTaXXeHHS.

B pexumi nepesaHTaxeHHs TpaHcdopmaTopa 3 BUXOAIB Nepllioro Aatyvka TemnepaTtypu 1,
JaTtyuka Hanpyru 2, gatyuka ctpymy 3 Ta gatyuka koedpilieHTa noTyxXHOCTi 65 curHanu, Lo
BiANOBIAalOTb 3HAYEHHAM TemnepaTypu HaBKOSMULLIHLOrO CepeaoBuLla, Hanpyru TpaHcgopmaTopa,
CTpyMYy, LLO NpoTikae yepes TpaHcdopmaTop, KoedilieHTy NOTYXHOCTI BiANOBIAHO HAAXOAATb Yepes
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BiANOBIOHI NepeTBOPIOBaYi CUrHamniB - NepLnin nepeTBOploBaY TemnepaTtypu B MOCTiIMHY Hanpyry 4,
nepLmMn HOPMYKOUYMA NepeTBoploBady 5, OPYrMini HOPMYIOUMI MepeTBopioBady 6, TPeTii HOPMYHYMI
nepeTBOploBaY 7 Ta LWOCTUI HOPMYHOUMIA NepeTBoptoBaYd 66 Ao 6roka 064YNCIIEHHS MOTYKHOCTI 9.

Y 6noui 0BYMCNEHHSA MOTYKHOCTI 9 BU3HAYAETLCA MOTOYHE 3HAYEHHS AKTMBHOI MOTYXKHOCTI
TpaHcdopmaTopa. CurHan, Wo BiAnMoBiga€e 3HAYEHHI OB4YMCNEHOI MOTY)KHOCTI, HAaOXOAWUTb 4depes
nepLinin nepeTeoptoBady 3MiHHOT Hanpyr B nocTinHy 10 Ha nepwwuni BXig gpyroro komnapatopa 14, Ha
OpYyruin BXig sIKOro MopaeTbCsl 3 BMxoAdy Onoka 3agaHHA MOTYXHOCTI 12 curHamn, nponopuinHuii
HaWObINbLWIOMY 3HAYEHHIO NOTY)KHOCTI HOPMAIbHOTO peXuMy poboTn CUNOBOro TpaHcdopmaropa.

Y pasi, Konu NOTOYHE 3HAYEHHs MOTYXHOCTI CUIMOBOro TpaHcdopmaTopa MNepeBULLYE MEXY
HOpMarnbHOro pexumy poboTu Ha BMXoi Apyroro komnapatopa 14 3'SBNSETbLCA CUrHam NoriYHoi
OAMHULi, SIKUM 3aKpuBaeTbCsa OpYyrMni noridHun enemeHt | 16, BHacnigok 4oro B perictpi 17
3anuwaeTbCs 3anucaHyuM nicns nogadvi OCTaHHLOro IMNYNbCY 3 TPETLOro reHepaTopa iMnynbcie 15
3HAYEHHS MOTY)KHOCTI HOpPMAanbHOro pexuMmy poboTu TpaHcdopmaTopa. OAHOYacHO BUXiAHUM
cUrHanom Apyroro komnapartopa 14 BigkpmBaeTbCs TPETin norivHmin enemeHT | 35 Ta yepes noriyHmn
enemeHT HI 36 3akpnBaeTbCca YeTBEPTUI NOrivyHMI enemeHT | 37, BHAcnigok Yoro B TpeTi NiYNNbHUK
iMmnynbciBe 39 cnpsAMOBYETLCA MOCHIAOBHICTb iMNYNbCIB, WO XapakTepuaye crnpautoBaHHs pobo4oro
pecypcy CMroBOro TpaHcopmMaTtopa B pexXumMi nepeBaHTaXeHHs.

Kpim Toro, BuxigHMm curHanom gpyroro komnapatopa 14 posbnokoByeTbcs poboTa apyroro
dyHKUioOHanbHOro nepetsoptoBada 20, Ha BXOOW SKOrO MOAAETbCHA 3 BMXOAY MeEpLIOro aHamnoro-
umdposoro nepetrsoptoBadya 8 kod, NPONOPUINHUI TemnepaTypi HaBKONULWIHBOrO cepefosulla, 3
Buxogy perictpa 17 - ko, MPOMOPUIMHUA 3HAYEHHIO MOTY)XHOCTI poboTn TpaHcdopmartopa B
HOpPManbHOMY PEeXuMi, Ta KOA, WO BiOMOBIAAE 3HAYEHHIO MOTYXXHOCTI TpaHcdopmaTopa B pexuMi
nepeBaHTaXeHHH, KM HagxoauTb 3 BUXOAY APYroro aHamoro-umdpoBoro nepersoptoBada 13, Ha
BXif, AKOro HaAXoAuTb CMrHan 3 BUXOAY NepLLOro nepeTBopoBaya 3MiHHOI Hanpyru B nocTinHy 10.

MMig gieto BXigHUX curHanie Ha BUXoAi Apyroro yHkuUioHansHoro nepetsoptoBada 20 hopmyeTbCs
B LUMApPOBIi hopMi NOTOUHE 3HAYEHHS 3aNMLIKOBOro pobo4oro pecypcy isonsiuii oOMOTOK CMIOBOro
TpaHcdopmaTopa.

BuxigHmin undpoBuii kog 3 BMXoQy ApYroro yHKLioHanbHoro nepersoptoBayva 20 HagxoauTb Ha
BXigHY LMpPOBY LWMHY KOMyTaTopa 21, BHACAIQOK YOro B 3aneXHOCTi Big4 NOAAHOro LMgpoBoro koay
NoCnigoOBHICTb iMMYNbCIB 3 OAHOrO i3 BUXOAIB NepLloro nivyunbHUKa iMnynecie 19 HagxoanTb Ha BUXIA
komyTaTopa 21 i gani Yepes TpeTin noriyHmn enemeHT | 35 Ta nep-wui norivHmn enemeHt ABO 38
NoAaceTbCs Ha BXi4 TPeTbOro niynnbHMKa iMnynbciB 39, ikCyloun B HbOMY BUKOPUCTaHHS pobo4oro
pecypcy izonsauii 06MOTOK CMnoBOro TpaHcopmartopa npy NOTOYHOMY NEPEBAHTAXKEHHI.

AKWwo napamMeTpu nepeBaHTaXXeHHSA CUITOBOro TpaHcdopmartopa 3MIHIOETLCA, TO Ha BUXOAI
Apyroro gyHkuUioHanbLHOro nepetsoptoBaya 20 3'ABNSETbLCA iHWWA KOA i MOCNIAOBHICTb iMNyNbCiB 3
iHLLIOro BMXO4Y NepLUOro nivnnbHUKa iMnynbcie 19 nogaetbcs B Tpe-Tin NiYNNbHUK iMnynbeis 39.

MocnigoBHICTb iMNyNbCIB Ha BUXOAi MEpLUOro niynnbHUKa iMnynbciB 19 dopmytoTeca nig Aieto
BUXiAHWUX CUTHanNiB NepLloro reHepartopa imnynscis 18.

[Mpy 3aBepLUEHHI pexnMy nepeBaHTaXXeHHS CUMOBOro MacnAHOro TpaHcdopmaTopa Ha BUXO4i
apyroro komnapaTtopa 14 3'9BNAE€TbCSA CUrHaM FOrYHOro Hyns i NPUCTPIN nepexoauTb B Pexunm
BiACMiAKOBYBAHHSA CMnpaLloBaHHA pecypcy i3omsuii obMOTOK B HOpManbHOMY pexumi poboTu
TpaHcdopmaTopa.

CnekTp curHanis pisHUX YacToT NErko po3WmMpmUTM 3a SOMOMOrOK NEepLUOro MiYnrbHMKa iMMynbCiB
19, AKWO Ue NOTPiGHO MpM KOHKPETHIV peanisaLii MpMCTPOIO 3anexHo Bif Aiana3oHy Ta AMCKPETHOCTI
BXiQHWX CUrHanis.

[aTtynkn nodatky pyxy peecTpyloTb MOMEHT MocasHOro nepemMukaHHsi NPUCTPOI0 PerynioBaHHSA
nifg HaBaHTaxeHHAM. [Mig 4Yac cnpaulBaHHA AaTyuKiB MOYaTKy Pyxy CUrHam HagxXoAuTb Y JOriYHWUA
enemeHT ABO-HI 40, BuXigHUA curHan SiKWO PO3MUKAE €NEeKTPOHHUIA koY 11, BUMMKaOYM KaHan
AiarHoCTyBaHHSA TpaHcdopMaTtopa B peXuMi NepeBaHTaXeHHsl, Ta po3bnokoBye poboTy 4YeTBEPTOro
52, n'atoro 53 Ta wocTtoro 54 NiYNNbHKKIB IMMYNbCIB.

Mpunyctmo, Wwo y ¢dasi A noyanocb nepeMukaHHs paHiwe Hix y dpasax B ta C Toai Ha Buxopai
nepLioro gatyvMka noyaTky pyxy 41 curHan 3'aBnsieTbCA paHille, HbK Ha gatuukax 42 T1a 43.
BignosigHo curHan 3 pgartyuka 41 nogaetbCca Ha nepwuin 44 Ta TpeTin 46 NOriyYHi enemMeHTn
BUKITIOYHE ABO, BuxigHi curHanm 3 skux 4atTb MOXIUBICTb NPOXOMKEHHS IMMNYNbLCIB 3 YETBEPTOro
reHepaTopa imnynbcis 47 yepes n'atnin 48 Ta cbomun 50 noriyHi enemeHTn | go YeTBepToro 52 Ta
wocToro 54 nivYMnbHUKIB iMMyNbCIB BiANOBIAHO, BUXiAHI LMAPOBI KOAW SIKUX NOPIBHIOIOTHCS Y NepLIoMy
55 Ta TpeTbomMy 57 undpoBux KomMnapaTopax i3 LMppoBUM KOOOM, SKMA HAAXOAUTb i3 Onoka 3agaHHsA
pecypcy 51. AKwo unpoBuii Kog, KU 3annucaHnin y NiYnnbHUK iMNYnbCiB MEHLLINA LUGPOBOro Koay,
KU 3anmncaHni y 6noui 3agaHHs pecypcy, TO NPUCTPIA peryntoBaHHA Nig HABaHTAXXEHHAM Npauoe y
OOMYyCTUMOMY pexnmi podoTu. B iHWIOMY BUNaZKy Ha BUXO4ax nepworo 55 ta TpeTboro 57 undposux
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KOoMMapaTopiB 3'ABNAOTbCA CUrHanu, siki yepes TpeTin 58 Ta n'atmii 60 noriyHi enemeHtn ABO
Bi4NOBIOHO HAOXOASATb Ha Nepnin 62 Ta TpeTin 64 iHaMkaTopu Ta Ha Apyrui noridyHni enemeHT ABO
61, 3 AKOro cmMrHan HagxoauTb Y Kona curHanisauii onepaTtMBHOro nepcoHany.

AHanoriyHo npuCTpin npautoe, AKWO NepeMuKkaHHS MOYMHAETbCH paHiwe y dasi B. Y ubomy
BUMAAKY CUrHam npoxoguTb yepes3 apyrun 45 ta nepwun 44 noriyHi enemeHtn BUKINKOYHE ABO,
woctun 49 Ta n'atuin 48 noriyHi enemeHTn |, n'atun 53 Ta 4yeTBEepTUN 52 RIYUNBHUKK IMNYNbCIB,
apyruin 56 Ta neplumii 55 undposi komnapaTtopu, 4eTBepTun 59 Ta TpeTi 58 norivHi enemeHTn ABO.
Mpy nepeBULLEHHI KiNbKOCTI iMNYNbCIB 3annCcaHnX y AiYUNbHUKAxX iMMNynbCiB JONYCTUMOrO 3HaYeHHS
Oyae HagxoauTu curHan y gpyrum 63 Ta nepwuin 62 iHaMkaTopy Ta Yyepes Apyrnin NOoriYHUN enemeHT
ABO 61 y kona curHanisauii onepaTtMBHOro nepcoHany. AHanoriYHMM YMHOM npaLoBaTumMe NpPUCTPIn,
AKLLO NepeMuKaHHA NOYMHAETbCs paHiwwe y ¢asi C.

Micna 3akiHYEHHA NepekroYeHHs eneKTPOHHMI KoY 11 3aMUKaeTbCsl, PEXUM AiarHOCTYBaHHS
obmoToK TpaHcdopmaTopa BIAHOBMIOETLCSH, YeTBepTUN 52, n'atum 53 Ta woctuin 54 nNiYMNbHUKK
iMNyNbCIB OOHYNAOTBCS | NPUCTPIN NEepexoamTb B PEXUM OYiKyBaHHSI MEpPeMUKaHHSA NPUCTPOEM
perynioBaHHS Nig HaBaHTaXKeHHAM Bignanok a3 CMNnoBOro MacrnsiHoro TpaHcdopmaropa.

Cnig 3a3HaunTK, WO Npy CnpaloBaHHi MPUCTPOLD, KON MaE MiCLle HECMHXPOHHE NepeMuKaHHS
BiANaNoK MPUCTPOI0 PErynioBaHHs Mig HaBaHTaXEHHAM, BMWKAKOTbCA OLHOYACHO ABa iHAMKATOPW.
AKWwo BMUKAeTbCA MeplmMn iHaukaTop 62 (gaHui  iHOUKATOp CMMBOMI3YyE MNPO  MPUCYTHICTb
HECMHXPOHHOIO PeXnMy Mig Yyac nepemMukaHHsa Mk pasamm A Ta B) Ta TpeTin ingukaTop 64 (aaHun
iHONKaTOpP CMMBONI3YE NPO NPUCYTHICTb HECUHXPOHHOIO PEXMMY Mig Yac nepemMukaHHa M dpasamm A
Tta C), BiANoOBIiOHO pPOBUTBLCA BMCHOBOK MPO HEHOpMarnbHy pOBOTY MPUCTPOID perynioBaHHS nig
HaBaHTaXeHHAM Y hasi A. FAKLWO BMUKAETLCA NepLini iHgukaTop 62 Ta apyrun iHgnkatop 63 (aaHun
iHOMKaTOp CUMBOSI3Y€E NPO NPUCYTHICTb HECMHXPOHHOIO PEXUMY Nif Yac NnepemMukaHHs Mixk dpasamu B
Tta C), BiANOBIOHO pPOBUTBLCA BUCHOBOK MPO HEHOpMarnbHy pOBOTY MPUCTPOI perynioBaHHS nig
HaBaHTaxeHHAM y dasi B. Akwo BMuMKaeTbca Apyruin iHamMkaTop 63 Ta TpeTi iHAukaTtop 64,
BiOMOBIAHO pOOUTBCA BUCHOBOK MNpPO HEHOpMasnbHy poOOTYy MPUCTPOK  PeryntoBaHHA  Mig
HaBaHTaXeHHsAM Y goasi C.

3pocTaHHsA KOHLUEeHTpaUii rasy AC, B Macni BUCOKOBONIbTHOTO BBOAY TpaHccopmaropa B Yaci At

BiAbyBaeTbCA 3a paxyHOK CTapiHHS i3oNnAuil Npu TpMBanoMy BMMBI NOYATKOBMX YACTKOBMX PO3PsaiB
BHACNIAOK MOBINbHOIO po3KnagaHHS Macra Ta HaKOMMYeHHs B HbOMY MOGiYHUX npoaykTiB. B Takomy
BUNafKy 3pOCTaHHS KOHUeHTpauii rady AC, B Macri MOXHa BU3HAUUTH sk:

AC, = P, (t)At (4)
Vo

Ae y - NUTOME ra3oBMAiNEHHS;
Vo — NoBHWI 06'eM Macna y BUCOKOBONbTHOMY BBOf;;
P, (t) — CepeaHsi NOTYKHICTb NOYATKOBUX YACTKOBMX pPO3psAiB B MOMEHT Yacy t .

[lo MOMEHTY yacy t KOHLeHTpauis rasis, WO BMAIMSATLCA 3 Macna y BUCOKOBOSIbTHOMY BBOZj,
MoXe OyTu BU3HaYeHa LUNAXOM iHTerpyBaHHs Bupasy (4):

t
C.(t)= [ P, (t)dt- (5)
o Vo
BpaxyBaBLuw, L0 CEpenHst MOTYXHICTb P, (t) YaCTKOBMX pO3pPSAAiB 3anexuTb Big dasHoi Hanpyru,

npuknageHoi 4o isonsauii BBogy, nicnsg nepetsopeHb OTpUMaeMo:

co)-| 2 5 AL B () ot (6)
0 [2+ am(TBLLIM + Thasx — 2Ty )] i-1 Vzn

b€ o, - TemnepaTypHuii koedilieHT 06'eMHOro po3LWNPEHHs Macna;

Tauy - TEMNEpaTYpa BepXHix Wapis Macna cunoBoro TpaHcgopmaTtopa;

THaBK - TeMnepartypa HaBKOJNMULLIHbOIo cepenoBuLLa;

T, - TemnepaTtypa macrna y BBOAi B HOMiHanbHOMY pexumMi poboTu;
A, B; - KoedillieHTn anpokcumauyii (| = E)
Vs, - NoBHWI 06'€M Macna y BBOAi NpY HOMiHANbHOMY peXxumi poboTu TpaHcdhopmaTopa;

U - Hanpyra.
BusHaumBLLM 3HAYEHHS KOHLeHTpauil Cr(t) PO3YMHEHUX B Macni rasis Ta LUBUAKICTb 1 3pOCTaHHSA

dCr(t)/dt, BM3HaYaTUMEMO TepMiH poBOTM BUCOKOBONBLTHOIO BBOAY CWMOBOTO MAaCISHOrO
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TpaHcdopmaTtopa. 3a YyMOBM, KON Xo4ya 6 oOuH i3 3a3HAYEHUX NapameTpiB NepeBuLLYE paHUYHO
dc; ()

BOMYCTUME 3HAYEHHS C .. M [
' dt

J , BWCOKOBOMNbTHUI BBOA TpaHcdopmaTopa noTpibHO
max
3aMiHoBaTH.

BumiptoBaHHS pecypcy BWCOKOBONbTHOrO BBOAY CUNOBOr0 MacnsgHOro TpaHcdopmartopa
BiaOyBaeTbCs y Taki nocnigoBHocTi. CurHan 3 nepworo gatyvka temnepatypu 1, nponopuinHuim
Temnepatypi T, . Y€Pe3 neplunii nepeTBopioBay TeMNepatypu B MOCTiiHY Hanpyry 4 Ta nepLuni
HOpPMYOUMA NepeTBopioBay 5 HaaxoAuTb Ha Opyrui BXig Apyroro cymatopa 67. CurHan 3 gpyroro
Jatyvka TemnepaTypu 23, NponopuiiHMn TemnepaTypi BEPXHiX LWapiB Macna CuUnoBoro
TpaHcdopmaTtopa Toun @ HePE3 OpYyrMin nepeTBoptoBay TemnepaTypu B MOCTiHY Hanpyry 25 Ta
YeTBEPTUN HOPMYIOUYMI MepeTBoOpoBaY 27 HaAXoOuTb Ha neplunin BXig gpyroro cymatopa 67. Ha
BUXOAI Apyroro cymatopa 67 opMyeTbCst curHan T, + Ty, SKWA NOJAETHCS Ha BXiA NepLIOro
mMacwTabytodoro nigcunioada 68. Ha Buxoai nepworo macwrtabyiodoro nigcunioBada 68
2

2+ (TBLIJM + Thask — 2TH)

dopmyeTbCA curHan , IKMIA NOOAETLCSA Ha NepLUMIA BXig 6rioka MHOXEHHS

79.

Hanpyra, Wwo BUMpIBaETLCHA AAaTYMKOM HaNpyru 2, yepes TpeTi nepeTBopioBay 3MiHHOI HaMNpyru B
NoCTiNHY 69 Ta WOCTMIA HOopMylouMKn nepetBoptoBad 70 NOAAETbCs Ha Neplunin BXig NPUCTPOLO
BUNBipKn-36epiraHHsa 71.

Mpn nosBi iMNynbCcy Ha nepwomy Buxodi Aewwndpatopa 94, kepyBaHHSA SKAM 34IMCHIOETLCS
CbOMUM MiYUNBHUKOM iMNynbeiB 93, BignoBigHE 3HAYEHHs Hanpyrn 3anam'aToBYETbCS B MPUCTPOI
BNBipKkn-30epiraHHa 71, a gani nogaeTbCcs Ha BXoOu TPeTboro 72, yetBeptoro 73 Ta n'datoro 74

(byHKLiOHaNbHMX NepeTBOpIOBaYiB, B AKX BiAOyBaeTbcs 0BuUMCEeHHs 3HayeHb UPl (t) Pesynbtatu
po3paxyHkiB gdani HagxoauTb Ha BigNoBigHI Bxoau apyroro 75, Tpetboro 76 Ta 4yerBepTtoro 77
MaclTabyounx nigcunioBadiB, B AKMX BiAOYBAETbCS MHOXEHHSA BUXIOHUX CWUrHamiB Ha BignoBigHi

KoeilieHTH YA Ta nepegava OTpPMMaHMX CUrHaniB Ha BiOMNOBIAHI BXoAu TpeTboro cymaTtopa 78. Ha
2H

BUXOAi TpeTboro cymartopa 78 dopMyeTbCA curHan, nponopuinHuiA Z v Ai UB'( ) akun - gani
i=1l VZH
noAaEeTbCs Ha OpYruii BXig 6noka MHOXeHHS 79.

CurHan 3 Buxody 6noka MHOXeEHHSI 79 NOOJaeTbCA Ha BXig TPeTboro aHanoro-uvdpoBOro
nepetsoptoBaya 80, B AKOMY 3[iACHIOETLCH NEPETBOPEHHS aHanoroBoro curHany B uudpoBuin Npu
nosiBi Ha Kepyr4yoMmy BXOAi iMMynbCcy 3 Apyroro Buxoy Adewundparopa 94. BuxigHuin undpposun koa
TpeTboro aHanoro-umMdposoro nepetsoptoBaya 80 No UMEPOBIN LWNHI HAOXOAUTb A0 NepLLIoro Bxoay
nepLuoro ungposoro cymatopa 82 Ta Ao umndpoBoro Bxody apyroro perictpa 81.

B nouatkoBuin MOMeHT 4yacy TpeTin 84 Ta yeTBepTunm 96 pericTpy oBHymeHi, TOMy Ha BWUXOAi
nepworo uugposoro cymatopa 82 6yge umdpoBWUiA curHam, pPiBHUIA BXiQHOMY, SKUA MNpWM MOSABI
iMNynbCy Ha TpeTbOMy BMxodi Aewmndpartopa 94 3anncyeTbes B TPETiN pericTp 84, dkuin € perictpom
po60oyoro pecypcy BUCOKOBOMbTHOrO BBoAY TpaHcdopmaTopa. OgHoYacHO 3a CMrHarnom Ha TpeTboMy
Buxodi gewwndppatopa 94 uucppoBuii Kog 3 BMXody aHanoro-uudposoro nepetsoptoBaya 80
3anncyeTbes B apyrun perictp 81.

CwurHan 3 Buxofy TpeTboro perictpa 84 no undpoBii LWKHI 3anUCYeTbCs B YeTBepTuUi perictp 96
3a YMOBM NOSABM iMMYNbCY Ha YeTBepTOMY BUXoAi Aellndpartopa 94.

B nepiiomy uukni po6otu npuctpoto (t, =0) 3a nepioa [tlitz] BM3Ha4yaeTbca poboyunin pecypc
BMCOKOBOJIbTHOrO BBOAY TpchcpopmaTopa 3rigHoO BMpasy

t

I 2 S I o
0 [2 +0‘m<TBLUM + Thask _ZTH)] 1Vsh

B apyromy Ta HacTynHux Lmknax pobotu G6nokiB NnpucTpoto B nepLliomy undposomMy cymatopi 82
BiAOyBaeTbCA  CyMyBaHHS  MOTOYHOrO  3HAYEHHS  BignpauboBaHOro  pobo4voro  pecypcy
BMCOKOBOJSIbTHOIO BBOAY 3 CyMapHMM BifgnpaLbOBaHWM PECYPCOM, OOYUCIIEHMM Yy BCiX nonepenHix
LMKnax Ta 3anMcaHuM B YeTBepToMY pericTpi 96.

Mpu piBHOCTI LUMOPOBUX KOAIB, AKi HAAXOAATb 3 BUXOQY TPeTboro perictpa 84 Ta 3 Buxoay Apyroro
6noka 3agjaHHsA pecypcy 85 Oo BignoBigHUX BXxOAiB 4eTBepTOro uMdpoBoro komnapatopa 87, wWo
BigMoOBigae BmyepnaHH poboYOro pecypcy BUCOKOBOMNBTHOrO BBOAY, TO Ha BWXOAI YETBEPTOro
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umdposoro komnapatopa 87 3'ABNSETbCA CUrHam JOriyYHOT OOUHULI, SIKUA BKMOYae 4eTBepTui
iHankaTop 89 Ta yYepes apyrun norivHun enemeHT ABO 61 HagXo4WTb B KOO CUrHanisawii.

Micna 3anucy iHdopmauii B 4eTBepTuUn perictp 96 3a curHanom 3 4YeTBEpPTOro BuUXoay
aewndpatopa 94 Ha WMOro nepLioMy BUXOAI 3HOBY 3'IBMASIETbCA CUrHam, WO Mpu3BOAUTb A0
3anam'aToBYyBaHHS B MPUCTPOI BUBipkn-30epiraHHa 71 HOBOro 3Ha4YeHHs1 ha3Hoi Hanpyru enekTpu4Hol
Mepexi, Wo NoAaeTbCHa 3 BUXOAY AaTyMKa Hanpyrn 2 yepes TPETin NnepeTBopoBay 3MiHHOI Hanpyru B
NocTinHy 69 Ta WwocTnin Hopmyto4vnin nepetTeoptoBay 70.

Mpn uboMy Ha Buxofi 6roka MHOXEHHS 79 POPMYETLCSA HOBE MUTTEBE 3HAYEHHS KOHLEHTpauii
pPO34MHEHUX B Macri rasiB i Npy NosiBi iMNynbCy Ha Apyromy Buxodi Aelumdpatopa 94 BignosigHwuin
BXiAHWA aHanoroBui curHan nNepeTBOPIETLCH B LMAPOBUIA KOA, SKUA 3 BUXOLY TPETbOro aHarnoro-
umdposoro nepetsoptoBada 80 nogaeTbCsa Ha BXig Agpyroro uudposoro cymatopa 83. Ha suxopgi
apyroro umcposoro cymatopa 83 dopMyeTbCa LMPPOBMIA KOA Pi3HULI onepauii pisHMUi BXigHUX
umdpoBMX KoAiB, SAKi HaaxoadATb Big Apyroro perictpa 81 Ta TpeTboro aHamnoro-umdpoBoro
nepetsoptoBaya 80, TO6TO curHan pisHULI MUTTEBUX 3HAYEHb KOHLIEHTpaUii po34MHEHUX B Macri
rasis, L0 XapaKTepusye LWBUAKICTb i 3MiHW.

3 Buxody Apyroro umdcpoBoro cymatopa 83 curHan HagxoguTb Ha BXig N'ATOro LMdpoBOro
Komnapartopa 88, Ae BiH NMOPIBHIOETBCA 3 KOAOM, L0 NOAAETbCA 3 BMXOAY TPeTbOoro Oroka 3agaHHs

pecypcy 86, Lo BignoBigae 3HAYEHHIO (dC_r(t)J . 3a ymOBM nepeBULLIEHHS LMdPOBOro kogy 3
max

dt

BMXo4y Apyroro umdposoro cymatopa 83 umdpoBOro Koay, WO HaAXoAuTb 3 TpeTboro 6roka
3agaHHa pecypcy 86, To Ha BMxoai n'aToro umdpoBoro komnapaTtopa 88 3'aBNAETbCS CUrHan norivyHoi
oOMHULI, WO XapaKTepusye nNepeBuLUEHHS [OOMyCTUMOrO 3HaYeHHs  LUBMAKOCTI  3pOCTaHHSA
KOHUEHTpaLil po34YnHEHNX B Macri rasis.

lMicns uboro curHan Ha n'aToMy Buxogi gewmdparopa 94 BigkpMBae BOCbMUW NOTYHNA eneMeHT |
90. Axkwo Ha BMxoAi N'ATOro UMdpoBOro komnaparopa 88 NPUCYTHIN curHan fnoriYHoi OguHULI, TO Ha
BMX0oAdi BOCbMOro noriyHoro enemeHnta | 90 3'aBnNAeTbCs cUrHam MNOriYHOI OAMHWLL, AKUIN BKNOYae
n'atuin ingukatop 91 i yepes gpyrun norivHn enemeHTt ABO 61 cnosilwae onepaTuBHWUIA NepcoHan
Npo NepeBuLLEHHS TPaHUYHOI LWBMAKOCTI 3pOCTaHHS KOHLEHTpaLii pO34YMHEHUX B Machi rasis.

®OPMYIA KOPVUCHOI MOJESI

MpucTpin AN BM3HAYEHHS 3anULLKOBOrO pecypcy CWUMOBOro MacrsiHOro TpaHcdopmaTopa, SKuin
MICTUTb OBa AaTYUKM TemnepaTypu, AaTuuk Hanpyru, AaTyuk CTpymy, YOTUPU reHepaTopu iMnynbCis,
CiM noriyHMx enemeHTiB |, WICTb nNiYUNBLHUKIB iMNYyNbCIB, CymMaTop, [ABa aHanoro-undposi
nepeTBopioBaYi, UMGPO-aHaNoroBu nepeTeopioBad, M'aTb noriyHMx enemeHtiB ABO, paBa
Komnapartopu, RS-Tpurep, [ABa dyHKUiOHamnbHI MepeTBoptoBadi, pericTp, ABa MepeTBoptoBadi
TemnepaTypu B MOCTIMHY HaMNpyry, ABa nepeTBoploBaYi 3MiHHOT HaNPyrv B NOCTINHY, N'ATb HOPMYHOUMX
nepeTBoptoBaYiB, 6110k 06UMCNIEHHS MOTY)KHOCTI, BNOK 3adaHHs MOTYXXHOCTI, KoMyTaTop, hopmyBay
iMNynbCiB, norivHun enemeHT HI, TpyM gatymku noyatky pyxy, Tpu noriyHi enemeHtn BUKITFOYHE
ABO, noriynun enemeHt ABO-HI, Tpu umdposi Komnapatopwu, Tpu iHAMKaTopwu, OMNOK 3agaHHA
pecypcy, eneKTPOHHUI KoY, AaTyuK KoeddillieHTa NOTY>KHOCTI, MPUYOMY BMXOAWM MEPLUOro i Apyroro
JaTyukie TemnepaTypu NigKMOYeHi BiANOBIAHO [0 BXOAiB NepLllioro i Apyroro nepeTBoploBadviB
TeMmnepaTypu B MOCTINHY Hanpyry, BuXig nNepLloro reHepartopa iMnynbcCiB 3'€4HaHUN 3 BXOOOM
nepLuoro niYnnbHUKa iMNynbciB, BUXiA4 cymaTtopa 4yepe3 neplinin (pyHKLioHanbHUM nepeTsopioBad
NigKMoYeHnA 0O NepLUoro BXody nepLloro koMmnapaTopa, ApYrni BXig SKoro 3'€QHaHui 3 BUXOLOM
LMdpo-aHanoroBoro nepeTsoptoBaya, a BUXi4 NigkMYeHnn 4o nepLlioro Bxody RS-Tpurepa, Buxig
SKOro 3'eAHaHnin 3 ApyruM BXOOOM MEPLUOro foriyHoro enemMeHTa |, nepwmnin Bxig SKoro NigknovyeHumn
00 BUXOQy OpYroro reHepartopa iMnynecis, a BUXia 3'€AHaHWI 3 NepnM BXOAOM APYroro nivnnbHuKa
iMNynbCiB, BMXigHa uudpoBa LWKWHA SKOro MigKkMlYeHa A0 BXiAHOI UMAPOBOI LWMHU  LMdpPO-
aHanoroBoro nepeTsBoploBaya, BWXiA NEpLUIOro nepeTsoptoBaya TemnepaTypu B MOCTINHY Hanpyry
yepes nNepLinini HOPMYKOUYMA NEepPeTBOpPIOBaY MiQKMOYEHMI OO0 BXOQY MEpLIOro aHanoro-umdgpoBoro
nepeTesopioBaya, BUXigHa LMMPOBa LIMHA SKOro 3'€HaHa 3 MepLlol0 BXiAHOK LM@POBOID LUMHOK
Apyroro pyHKUiOHanbHOro nepeTBoploBaya, Apyra BxigHa uUMdpoBa LUMHA SKOro mnigknwoyeHa [0
BUXiOHOT LUMPOBOT LIMHK pericTpa, BXigHa UMdpoBa LMHA SKOro pasoM 3 TPETbOK BXiAHOK
LUMdPOBOIO LUMHOK APYroro (yHKUiOHanbHOro nepeTBoptoBava 3'eAHaHi 3 BUXIOHOW LMPOBOIO
LUMHOKO ApYroro aHanoro-undpoBoOro nepeTBopioBaya, BXif SIKOro pasoM 3 nepLumMMm BXOAOM OpYroro
KOMMnapaTtopa MigknoyeHi OO BMXOAY MepLloro nepeTBoptoBaya 3MiHHOI Hampyrn B MOCTiVHY, BXiA
AKOro 3'eAHaHMA 3 BMXOAOM Orioka OOYMCHEHHS MOTYXHOCTI, BMXig Onoka 3agaHHs MOTYXXHOCTI
NigKNIOYeHNn 0O OPYroro BXody ApYroro komnapartopa, BUXi4 SIKOro 3'€gHaHun 3 BXOo4amu OpYyroro
dyHKUiOHaNbHOro nepeTBoptoBaYya, LpPYyrMM BXOLOM TPETbOro JioriyHoro enemeHta |, Bxogowm
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noriyHoro enemeHta HI Ta nepwum BXoAOM OPYroro foOriYHOro enemeHTa |, Apyrni BXi4 SIKOro
NigKoYeHnd 0O BUXOAY TPETbOro reHepaTtopa iMnynbCiB, a BUXig 3'€QHaHW 3 BXOAOM pPericTpa,
BUXi4 JaTyMKa Hanpyru yepes ApYyrurM HOPMYKOHYUIA NepeTBoptoBaYy NiAKMIYEHWA OO NepLlloro Bxoay
Onoka ob4YMCrEeHHs1 MOTY)KHOCTI, BUXi4 OaTyuka CTpymy 3'€QHaHUN 3 BXOAOM TPETbOrO0 HOPMYHYOrO
nepeTBoploBaYa, BUXi4 ApYroro nepersBoptoBada 3MiHHOI Hampyrn B MOCTiMHY 3'€AHAHUI 3 NepLUMM
BXOOOM cymartopa, Apyruin BXid SKOro nigknioyeHun [0 BUXOQY YETBEPTOro HOPMYKYOro
nepeTeBoploBaya, BXig SKOro 3'e4HaHui 3 BUXO4OM ApYroro nepeTsoptoBava Temnepatypu B NOCTIHY
Hanpyry, Buxig RS-Tpurepa nigknoyeHnn 4o Bxogy opmMysava iMnynbCiB, BUXi4 SIKOro 3'€eqHaHUn 3
apyrum BxoooM RS-Tpurepa i gpyrMm BXOAOM [OpPYroro nivvMnbHWKA iMNynbciB, BUXig nepLuoro
noriyHoro enemeHTta | nigknoyeHWn 0o Apyroro BXody YETBEpTOro foriyHoro enemeHta |, nepLumn
BXifl SIKOro 3'€eAHaHMI 3 BUMXOAOM foriyHoro enemeHta Hl, a Buxig nigknoyeHnn oo Opyroro Bxogy
nepLuoro noriyHoro enemeHta ABO, Buxig sIKOro 3'egHaHnin 3 BXOAOM TPETbOro NiYnnbHUKA iMNynbCiB,
a nepwun BXi4 NiKMOYEHUA OO0 BMXOAY TPETbOro fOriyHOro enemeHTa |, nepwui BXig sIKOro
3'eQHaHWI 3 BMXOOOM KOMYyTaTopa, BXigHa UMdpoBa LUMHA SIKOro MigkmnoyeHa Ao BMXIgHOT LndpoBoi
LWNHN apyroro doyHKLiOHaNbLHOro NepeTBopioBaya, a N BXOAiB 3'€dHaHi BignoBigHO 3 N BMXogamu
nepLloro fivYnnbHMKa iMNynbCiB, BUXiL MEpPLUOro gaTyuka nodaTKky pyxy MigKNoYeHun Ao neplioro
Bxoay noriyHoro enemenTa ABO-HI, gpyroro Bxogy TpeTtboro noriyHoro enementa BUKITFOYHE ABO i
00 nepLioro Bxoay nepuuoro noriyHoro enemenHta BUKITFOYHE ABO, apyruin BXig skoro 3'eqHaHni 3
BMXOOOM [OPYroro gaTymka nodaTKy pyxy, TpeTiM BxogoM noridHoro enemeHTa ABO-HI i nepwum
BX0oOoM apyroro noriyHoro enementa BUKITIOYHE ABO, apyrui BXig sikoro nigknioYeHun 4o suxony
TPeTboro dartdvka novaTtky pyxy, Apyroro Bxogy noriyHoro enemeHta ABO-HI i nepworo Bxoay
TpeTboro noriyHoro enemeHta BUKIMIOYHE ABO, Buxoau neplioro, Apyroro Ta TPeTbOoro NoriYHux
enemeHTiB BUKINIOYHE ABO 3'egHaHi BignoBigHO 3 nepwmnmmn BXogamu N'aToro, WOCTOro Ta CbOMOro
NoriyHMx enemMmeHTiB |, Apyri BXOOW AKMX MigKMOYEHi O BMXO4Y YETBEpTOro reHeparopa iMnynbecis, a
BMXOoAU 3'€dHaHi 3 nepwyMy BXod4amu YeTBepToro, N'AToro Ta LWOCTOrO MiYUNbHUKIB iMMYnbCiB
BiQNOBiOHO, ApYri BXOAW NMiYMNbHUKIB iMNynbCiB MigkntoveHi ao Buxoay noriyHoro enemeHta ABO-HI
Ta [0 Kepyl4yoro BXOAYy ENeKTPOHHOro Krwya, BXig $KOro 3'€gHaHWiA 3 BUXOAOM TpeTboro
HOPMYIOYOro NepeTBOPIOBaYa, a BMXig MiKMOYEHUA 40 Apyroro Bxoay 65ioka 064YMCNeHHsT NOTYKHOCTI
Ta BXody APYroro rnepeTBoptoBada 3MiHHOI Hanpyru B MOCTiMHY, UMdPOBUIA BUXig Onoka 3agaHHs
pecypcy 3'€AHaHWA 3 ApYrMMU BXOZamu NepLuoro, ApYyroro Ta TPeTboro LM@POBUX KOMMapaTopis,
nepuwi undpoBi BXoauM SKMX MNiQKMOYEHI 40 BUXOAIB YETBEPTOro, M'ATOr0 Ta LIOCTOrO NiYUIbHUKIB
iMNynbCiB  BiANOBIAHO, MepLi Ta ApYri BMXOAM MEpLUOro, OPYroro Ta TPeTboro LMdpoBux
KoMmnaparopis 3'eQHaHi 3 NepwnmMmn Ta ApyruMyu BXogamu TPeTboro, YeTBEpPTOro Ta M'AToro forivyHmnX
enemeHTiB ABO BignoBigHO, BMXOAM SKUX MIAKMHOYEHI 4O NepLloro, Apyroro Ta TpeTbOoro iHAMKaTopiB
Ta 4O MepLuoro, ApYyroro Ta TPeTbOro BXoAiB Apyroro noridyHoro enemeHta ABO BignosigHo, BUXia
AKOro 3'eQHaHWA 3 KoMamMu curHanisaudii onepaTMBHOrO nepcoHany, Buxig gaTtuvka KoediuieHTa
MOTY)XHOCTi MiAKNIOYEeHNA [0 TpeTboro Bxody Onoka o6YMCREeHHs MOTYXKHOCTI 4Yepe3 n'aTuin
HOPMYIOUYMIN NMEepeTBOpIoBaYy, SKUN BiAPI3HAETbLCA TUM, WO B HbOrO BBEAEHO LLUOCTUA HOPMYKOYUIN
nepeTBoploBaY, TPETiIN aHanoro-uUndpoBuii NepeTBoproBaY, TPETIN NepeTBopoBaY 3MiHHOI HaNpyrn B
NOCTINHY, N'ATUN reHepaTop IMMyNbCiB, BOCbMWUIA NMOTMYHUIA eneMeHT |, Apyruin, TpeTin Ta YeTBepTuin
pericTpu, CbOMUIA NIYUMNBHUK IMNYIbLCIB, TPETIN, YeTBEpPTUN Ta N'ATUIA PYHKUIOHanNbLHI NepeTBopoBadi,
APYrvin Ta TpeTiln cymaTopu, ApYrun Ta TpeTin 6noku 3agaHHAa pecypcy, YeTBepTUi Ta M'aTuii LMdpoBi
KoMnapaTtopwu, YeTBepTui Ta N'aTUi iHgUKaTopu, NepLUnn, Apyrvin, TpeTii Ta YeTBepTUn maclitabytodi
nigcunoBavi, NPUCTpin BUBIpKM-36epiraHHs, 6ok MHOXEHHS, NepLUIMi Ta Apyrui uudpoBsi cymaTopu,
aewmndpartop, OnOK YCTAHOBKM HyInsl, MPUYOMY BWXiA4 NEPLUOro HOPMYHUYOro nepeTBoploBaya
NigKnioYeHnin OO Apyroro Bxody ApYyroro cymaTopa, nepwmin BXig SKoro 3'€4HaHun 3 BUXOAOM
YeTBEPTOro HOPMYKOYOro NMepeTBopoBaYa, a BMXig NigKMHYeHU 4O BXo4y NepLIoro Macwtabydoro
nigcvnioBaya, BUXIiA4 Aatymka Hanpyrn nigkniovYeHnin 4o BXxody LWOCTOro HOpMYyHYoro nepeTeoprosava,
BUXi SKOro NigKMYEHWA 0 BXOOY TPETbOro nepeTrsoproBava 3MiHHOI Hampyrn B MOCTIiNHY, BUXiA
AKOro NigKmnioyYeHun 0O Bxody NPUCTPOK BUOBIpKU-36epiraHHs, Kepylouuin BXig SKOro 3'egHaHuin 3
nepwumMm BUXOOOM Aelundppartopa, BUXig NPUCTPOI BUOIpkM-30epiraHHsa MigknoYeHnn Ao BXoAdiB
TPEeTbOro, YeTBEepPTOro Ta N'ATOro (yHKUiOHaNbHUX MepeTBopoBaYiB, BUXOOAU AKMX NiAKMAOYEHi 00
BXOZiB APYroro, TpeTboro Ta 4eTBEPTOro mMacwTtabykumx nigcunoBayiB BiANOBIAHO, a iXHi BUXoAM
NigKroYeHi 4O nepLlloro, Apyroro Ta TPeTbOoro BXOAIB BiAMOBIAHO TPeTbOro cymartopa, BUXia sIKOro
NigKITYeHnA 4o apyroro Bxony 6510ka MHOXEHHS, NePLUNA BXifg SIKOro 3'€4HaHUN 3 BUXO4OM NEpPLUOro
MacLTabyr4yoro nigcunioBava, Buxig 6roka MHOXEHHS! NIOKMYEHUA OO0 BXOAY TPETbOro aHaroro-
uncbpoBoro nepeTBopiloBada, BuXigHa uudpoBa WMHA SAKOro MigKMYeHa OO MepLlioi  BXigHOT
LUMdpPOBOI LUMHM MepLloro, Apyrol UMpPOBOI LWMHKM OpYyroro unudpoBmx cymaTopiB Ta A0 BXigHOT
LMdpPOBOI LUMHM ApYroro perictpa, BuxigHa UudpoBa LUMHA SKOrO NigkmtoveHa 00 nepulol BXigHOI
LMdpOBOI LUWMHK ApYroro umgpoBoro cymaTtopa, BuxigHa undposa WnHa SKOro nigknoveHa oo apyroil
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BXiAHOI LUMAPOBOI WKHM N'ATOro uudpoBOro komnapaTtopa, neplia BxigHa uMdpoBa LUMHA SIKOrO
3'egHaHa 3 BMXIQHOT LUPOBOIO LUMHOK TPETLOro 6roka 3afjaHHA pecypcy, BuxigHa LmMdpoBa LUMHA
nepLioro undpoBoro cymaTtopa nigknodeHa 4o BXigHOI LMMPOBOI WWWMHW TPETLOro perictpa, BuxigHa
uMdpoBa LWKHA SKOro NigknoveHa [0 Apyrol BXigHOT UMGPOBOI LMHM YeTBepToro LMdpoBOro
KomMnapaTtopa Ta A0 BXigHOI LUM(POBOI LWMHM YeTBEpPTOro perictpa, BuxigHa LmMcpoBa LUMHA SKOro
3'egHaHa 3 Opyrow BXigHOK LMGPOBOO LUMHOK MNepLluoro LmMdpoBoro cymartopa, BuxigHa umdposa
WnHa apyroro 6roka 3agaHHsl pecypcy NiaknyeHa 4o nepuloi BXigHOT LMpOBOi WWMHK YeTBEPTOro
LMdpoBOro KomnapaTtopa, BUXig AKoro NigknioYeHnin 4o BXxony YeTBepToro iHgMkatopa Ta 4O N'AToro
Bxoay apyroro noriyHoro enemeHta ABO, Buxig n'atoro uudgposoro komnaparopa MigkniovYeHun ao
nepLUIoro BXO4y BOCbMOrO fOrMYHOro enemMeHTa |, BuXig SKOro nigkmnoYeHun OO BXody M'ATOro
iHOMKaTopa Ta A0 4YeTBepToro Bxody Apyroro noriyHoro enemeHta ABO, Buxig n'atoro reHepaTtopa
iMNynbCiB MiAKMYEHNM A0 NepLloro BXody CbOMOro NidnnbHMKa iMNynbCiB, BUXiAHA UuMdpoBa LWWHA
AKOro nigknioyeHa A0 BXiAHOT UMPOoBOI WKMHKU AelundpaTopa, Apyrun BuXiA SIKOro nigkrnoyYeHun go
Kepylo4voro Bxody TPEeTbOro aHamnoro-ungpoBoro nepeTsoptoBada, TPeTi Buxig AewmdpaTtopa
NigKMOYEeHMn O Kepyr4oro Bxody APYroro perictpa Ta OO Kepykuyoro BXO4y TPeTbOro pericrpa,
yeTBEPTUN BUXig AewwmdpaTtopa NigKNHOYEHUN OO KEPYH4YOoro BXOAy YeTBEpTOro perictpa, N'atumn
BUXid AelumdpaTopa MigkniovYeHnn 4o Apyroro BXody BOCbLMOrO JIOrYHOro enemexTa |, Buxig 6noka
YCTaAHOBKM HYNS MNIOKMYEHUA 0O BXOAY YCTAHOBKM CbOMOrO MiYMnbHMKA iMNYyMbCIB Ta A0 BXOAIB
YCTaHOBKW TPETbOIro 1 YETBEPTOro pericTpis.

13



UA 141849 U

G
!0 lo,u = HIT AD 18
L e = . S/
| 4 5 T> 8 CT

MS

U HI > B

~ie / RG
e e e H

13

v

12 16

1 HI -
3 7 EK ~f G
2 ol 22 15

0 O
Ui | gl 175 | L H“-TN L g @

23 25 27 28 30
G
&
24 »(q T
2%

D
B my 3I|A

|
> B3P I
il 7
AP »i
41 & cT
»{ 44 »iC
—— 48 | Js=la
L— A >t
G |4 YL B l ol It
47 R o 1 18 58 62
e Her e 55 |p o[
= | 45 - C >
L 49 .) ==|A]
— A > >
” B 1 In
L e o> 61
i i . A 59 63
— Bl =
AuTe - e 56 |B
4 ol (e Llder
»{ 46 | W™
L ;
! el 0
B 60 7] 64
Al
B B3P
86
RG e
A
bR
) >

Y

83

X
o A s am I

76
\
o |, :> . —4
74 78 82

G,CTI

92 T
:> 94 BYH

93 I J %1

RG

89

™
iU
4

RG

_1
|
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