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(54) MIKPOENEKTPOHHWUW NMEPETBOPIOBAY 1151 BUMIPKOBAHHSA TUCKY 3 YACTOTHUM BUXOAOM

(57) Pedpepar:

MikpoenekTpoHHUI NepeTBOpoBaY AMs BUMIPIOBaHHS TUCKY 3 YaCTOTHMM BUXOLOM MiCTUTb YYTIIMBUN
00 TWUCKY pesncTop, TpU Pe3nCTopu, AXepeno MNoCTiNHOI Hanpyrn, 6rnokyBanbHUMM KOHAEHcaTop,
GinonsipHUn TpaH3nucTop. B HboOro BBEAEHO O4HO3AaTBOPHMUI MONBLOBUN TPAH3UCTOP, OABO3aTBOPHMUI
NnonbOBUA TPaH3UCTOP, YEeTBEPTUN pe3nucTop Ta [ABa KoHAaeHcaTopu. [lepwumn nontoc gxepena
NOCTINHOT Hanpyrn 3'€edHaHMM 3 Nepwum BMBOLAOM MEpLIOro pesucTopa, 3 nepwmm BUBOLOM
GroKyBanbHOro KOHAEeHcaTopa, 3i CTOKOM OAHO3aTBOPHOMO MOMbOBOrO TPaH3WcTOopa Ta 3 MepLivMM
BMBOOOM 4eTBepToro pesucrtopa. [pyrmin BuMBI4 Neplioro pesuctopa 3'€4HaHMK 3  KaHanom
O[HO3aTBOPHOrO MOMbOBOrO TPaH3WCTOpa Ta 3 APYrMM BMBOAOM MEPLUOro KOHAEeHcatopa, nepLumn
BMBI AKOro 3'€gHaHui 3 BUTOKOM Ta 3aTBOPOM OAHO3aTBOPHOrO NOSIbOBOrO TpaH3UCTopa, 3 NepLinm
BMBOAOM ApPYroro pes3vctopa Ta CTOKOM ABO3aTBOPHOrO MOMbOBOrO TPaH3UCTOpa, SKUA 3'€4HaHO 3
ApYyrMM 3aTBOPOM [BO3aTBOPHOrO NOfbOBOro TpaH3ncTopa, NepLuni 3aTBop SKOro 3'egHaHo 3 Apyrum
BMBOAOM 4eTBepToro pesuctopa. [Opyrui BuBig AXepena MNOCTIHOI Hanpyrn 3'€dHaHO 3 ApYrum
BMBOAOM ONOKyBanbHOrO KOHAEHcaTopa, 3 APYrMM BMBOOOM YYTNMBOrO 4O TUCKY pe3ucTopa, nepLuni
BMBIJ, SIKOro 3'€JHaHO 3 NepLUMM BMBOAOM ApPYroro KoHgeHcartopa Ta nig'egHaHo o 6asu 6inonsipHoro
TpaH3ucTopa. lNeplimnin BMBIA YYTNUMBOro A0 TUCKY pesucTopa 3'€4HaHO 3 ApyrMM BMBOAOM OpPYroro
pes3ncTopa, 3 NepLmnm BMBOOOM TPETLOro pe3uctopa, Apyrnin BUBIO SKOro nig'eaHaHumn Ao 3'eqHaHnx
MixX coDOK BMTOKY [4BO3aTBOPHOrO MONbOBOrO TpaH3ucTopa Ta emiTepa OinonsapHOro TpaH3ucTopa,
KOMEKTop SIKoro 3'€e4HaHo 3 ApyrMM BMBOAOM OPYroro KoHAeHcaTtopa, 3 ApYrMM BUBOOOM YYTNMBOIO
00 TWUCKY pe3ucTopa, 3 ApyrMM BMBOAOM OnOKyBanbHOro KOHAEHcaTopa Ta 3 OpPYrMM BUBOAOM
[pKepena nocCTiNHOT Hanpyru, ski Nig'egHaHi 0O 3a3eMITEHHS.
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KopucHa mogenb HanexuTb A0 ob6nacTi KOHTPOSIbHO-BMMIPHOBAsIbHOI TEXHIKM i MOxe OyTu
BUKOPUCTaAHa $K CEHCOP TUCKY rasiB B Pi3HOMAHITHUX MPUCTPOAX aBTOMATUYHOIO KepyBaHHSA
TEXHONOTMYHNUMM NpoLecamMmmn Ta KOHAULIOBAHHSA BUPOBHUYOro i NTOBYTOBOro MikpOKmiMary.

Binomnii npucTtpin ons BumiptoBaHHA TUcKy [anB. ABTopcbke caigoutso CPCP Ne 1670807, m. kn.
HO4R 19/04, 1991. Bron. Ne 30]. MNMpucTpin cknapgaeTscsa 3 MembpaHu, po3aineHoi Ha ABi eNeKTPUYHO
i30MbOBaHi YaCTMHU HEPYXOMOrO enekTpoaa, a TakoX MIKpOGOHHUI NiACUNIOBaY, B SIKMM BBEAEHO ABa
pesncTopa i ABa KOHAeHcaTopa, ofHa YacTuHa HEepyxoMOoro enektpoga npuegHaHa 4O A0AATHOro
nonca [Kepena XWBIEHHs, BIiAMOBigHA 4YacTMHa MemOpaHu 4epe3 pe3ucTop npuegHaHa Ao
BiJ'EMHOro nontca Xepena >XUBMEHHHA, Apyra 4yacTMHa HepyxoMOro enekrpoga npuegHaHa [o
Bi'EMHOrO Momca QKepena XWBIEHHS, BignoBigHa 4YacTuHa membpaHu 4yepes3 Opyrui pesucTop
npyvegHaHa Ao JoOaTHOro Mosnkca AXepena XUBMeHHs, obuasi YyacTuHM membpaHu Yepes3 po3ainosi
KOHOEeHcaTopu NpueaHaHi 40 BXOAiB MiKPOGOHHOro nigcuntosaya.

Heponikom Takoro MNpuUCTPOd € Manuin fianas3oH BUMIPOBaHHS Ta HU3bKa YYTIMBICTb, SKa
3anexuTb Bid PO3KMAY MapamMeTpiB Ta reomeTpil YyTNMBUX E€NeMEHTIB, a TakKoX iHWuX, He
BUMIipHOBaHNX NapaMeTpiB AOCNifKyBaHMX aTtmocdep.

Hainbinbw 6nmM3bkMM TEXHIYHUM piLLeHHSM 0O 3anpOnoOHOBaHOI KOPUCHOI MOAeni € NpucTpi aAnsg
BMMiptoBaHHS TUCKY [AnB. nateHT Ne 129825 YkpaiHn, m. kn. GO1L 23/12, ony6n. 12.11.2018. Bion. Ne
21]. MNpwucTpin MICTUTL YyTAMBWUIA OO TUCKY PE3NCTOP, MKepero Hanpyrv, B noganbluoMy AXepero
NOCTIVNHOI Hanpyrn, KOHAEeHcaTop, B noganbwoMy 6nokyBanbHU KOHOEHcaTop, skui 3anobirae
NPOXOAKEHHIO 3MIHHOIO CTPYMY Yepes AKepeno MOCTIMHOI Hanpyrn i NnacMBHY iHAYKTUBHICTb, ApYyrni
BMBIO sKOi 3'eQHaAHUMA 3 nepwmM BMBOAOM OnoOKyBanbHOrO KoHAEHcaTopa, sKkui 3anobirae
NPOXOAKEHHIO 3MIHHOIO CTPyMy 4Yepe3 mKeperio MOCTIMHOI Hanpyru i NepLmmMm MosfcoM mxepena
MOCTIMHOT Hanpyru, ABa OinonsipHi TpaH3ucTOopuM Ta Tpu pesuctopu. [lepwwnin BMBIL NacuBHOI
iHOYKTMBHOCTI 3'€gHaHO 3 nepliuvM BMBOAOM YYTNMBOro OO TUCKY pe3uctopa, neplivm BUBOLAOM
nepLloro pesuctopa Ta KOMeKTopom Apyroro 6inonspHoro TpaHsuctopa. [dpyrvi BuBig nepLuoro
pesncTopa cronyyeHun 3 6aszow Apyroro 6inonspHOro TpaH3UCTOpa, KONEKTOPOM MepLUOro
BinonApHOro TpaH3aucTopa Ta 4epes3 OPYrMin pesncTop 3'‘edHaHui 3 ApyruM BMBOAOM YyTNMBOrO A0
TUCKY pe3ucTopa, 6as3oi neplioro GiNnonspHOro TpaH3ucTopa Ta MEepwuMM BUBOLOM TPETbOro
pesuctopa. [pyruii BMBIA TPeTbOro pesuctopa 3'€gHaHO 3 ApyrMM BMBOAOM  6GrokyBanbHOro
KoHOeHcaTopa, ApYrMM MOMOCOM Keperna MOCTIMHOI Hanpyrn Ta emiTepamy neplioro i Apyroro
0inonNsipHUX TpaH3UCTOpIB.

Heponikom uboOro npuCTpoto € HeJOCTaTHLO BUCOKA YYTNMBICTb BUMIPIOBAHHS TUCKY.

B ocHoBYy KOpuCHOI Mofeni nocTtaBneHa 3ajava CTBOPEHHSA MIKPOENeKTPOHHOro nepeTsoproBayva
ONA BUMIPIOBaHHA TUCKY 3 YAaCTOTHUM BUXOAOM, B SKOMY 3@ paxyHOK BBEAEHHS1 HOBMX efieMeHTIB Ta
3B'A3KIB [0OCAracTbCsA MOXIMBICTb MNEPETBOPEHHS TWUCKY B 4acToTy, WO NiABULLYE YYTNUBICTb
BUMIipPIOBaHHS TUCKY.

lMocTtaBsneHa 3apada BUPIWYETBCA TUM, WO B MIKPOENEKTPOHHMI nepeTBopioBaY  Ans
BUMIPIOBAHHA TUCKY 3 4acTOTHMM BMXOOOM, SKUW MICTUTb YYTAMBUA OO0 TUCKY pPe3ncTop, Tpu
pesncTopw, mKepeno MoCTiNHOI Hanpyri, 6rnokyBanbHWA KoHAeHcaTop, BinonapHUin TpaH3McTop,
BBEEHO OAHO3aTBOPHUWN MONbLOBUW TPAH3NCTOP, ABO3ATBOPHUA MOMBbOBUA TPaH3UCTOP, YEeTBEPTUN
pe3ncTop Ta ABa KOHOEHcaTopu, MpUYOMy MepLUni NOMC AXepena NOoCTiHOI Hanpyry 3'edHaHui 3
nepLMM BMBOLOM NEPLUOro pe3ncTopa, 3 NepLuinm BMBogom 61oKyBansHOro KoHaeHcaTopa, 3i CTOKOM
O[IHO3aTBOPHOrO MOMbLOBOrO TPaH3UCTOpa Ta 3 NepLliMM BUBOAOM YETBEPTOro pesuctopa, Opyrun
BMBIO NepLloro pesncTtopa 3'€QHaHWn 3 KaHarnoM OOHO3aTBOPHOro MOMbOBOr0 TpaH3McTopa Ta 3
ApyrMm BMBOOOM MepLIOro KoHAeHcaTopa, NepLunin BUBIO SKOro 3'€QHaHWA 3 BUTOKOM Ta 3aTBOPOM
O[lHO3aTBOPHOrO MOSIbOBOr0 TpaH3MCTOpa, 3 MnepwuM BMBOOAOM [PYroro pesuctopa Ta CTOKOM
OBO3aTBOPHOrO MOMbOBOrO TPaH3UCTOpa, SKUA 3'€QHAHO 3 ApYrMM 3aTBOPOM [BO3aTBOPHOrO
NofbOBOro TPaH3UCTOpa, NePLUUI 3aTBOP SKOro 3'€AHaHO 3 ApyrMM BMBOAOM YE€TBEPTOro pesmcropa,
APYyrvn  BUBIO [Xepena MOCTIMHOI Hampyrum 3'€edHaHo 3  OpyrMM  BMBOOOM  OriokyBarbHOro
KoHOeHcaTopa, 3 ApyrMM BUBOAOM 4YyTNMBOrO A0 TUCKY pe3ncTopa, NepLinni BUBIL SKOro 3'egHaHo 3
nepwuM BMBOAOM APYroro KOHAeHcaTtopa Ta nig'egHaHo o ©asu B6inonsipHoOro TpaH3ucTopa, Kpim
TOro NepLUmMi BMBIA YyTNIMBOro A0 TUCKY pesucTopa 3'€QHaHo 3 ApyrM BMBOAOM ApYroro pesucropa, 3
nepLwvM BMBOOOM TPETbOro pe3vcTopa, APYrui BMBIA SKOrO Nig'edHaHun O0 3'egHaHMX MixX coboro
BWTOKY [ABO3aTBOPHOrO MOfIbOBOrO TpPaH3MCTOpa Ta emiTepa GinonsipHoOro TpaH3WCcTopa, KOMeKTop
sKoro 3'egHaHoO 3 ApyrMm BMBOAOM ApPYroro KOHAeHcaTtopa, 3 APYrMM BMBOAOM YYTMAMBOIO 4O TUCKY
pesucTopa, 3 ApYrMM BMBOAOM OIOKyBanbHOrO KOHAeHcaTopa Ta 3 APYrMM BMBOAOM [pKepena
NOCTIMHOT HaNpyru, Aki Nig'eqHaHi 4O 3a3eMITEeHHS.

Ha kpecneHi HaBedeHO CXxeMy MIKPOENeKTPOHHOro nepeTBopioBaya Ans BUMIPHOBaAHHA TUCKY 3
YaCTOTHUM BUXOJOM.
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MikpoenekTpoHHMI MNepeTBOpOBaY 411 BMMIPIOBAHHA TUCKY 3 4aCTOTHUMM BUXOL4OM MICTUTb
ABO3aTBOPHMI NOMNbOBUIA TpaH3ucTop 1, BiNONSpPHUI TpaH3UCTOP 2, BUTIK Ta eMiTep SKMX MiX cob0oro
3'egHaHi, 0AHO3aTBOPHMI NOMNBOBUIA TpaH3ucTop 9, nepwwnii pesuctop 8, apyrun pesuctop 11, TpeTin
pesncTop 3, YeTBepTU pesncTop 12, YyTnneui 4o TUCKY pe3ucTtop 5, bnokyeBanbHU koHaeHcaTop 6,
nepwuin koHaeHcaTop 10, opyruii koHAeHcaTop 4 Ta [AXepeno NOCTIHOT Hanpyry 7, NPU4oMy NepLuni
nonic axepena MnOCTIMHOT Hanpyrn 7 3'egHaHWiA 3 MepwuM BMBOAOM MepLlioro pesuctopa 8, 3
nepwumMm BMBOAOM OnoKyBanbHOrO KoHAeHcaTopa 6, 3i CTOKOM OOHO3aTBOPHOrO MOMbOBOMO
TpaH3ncTopa 9 Ta 3 nepLmm BUBOAOM YeTBEPTOro peauctopa 12, gpyrmn BuBig nepioro peaucropa 8
3'egHaHMA 3 KaHanom OAHO3aTBOPHOMO MOMIbOBOrO TpaHawcTtopa 9 Ta 3 ApyrMM BMBOOOM MEPLLOro
KoHaeHcaTtopa 10, nepwwuin BMBI4 AKOro 3'€edHaHWA 3 BUTOKOM Ta 3aTBOPOM OOHO3aTBOPHOrO
NonbOBOro TpaH3ucTopa 9, 3 nNepwyMm BUMBOAOM ApYroro peauctopa 11 Ta CTOKOM [BO3aTBOPHOrO
nonboBOro TpaHauctopa 1, skui 3'egHaHO 3 OpyrMM  3aTBOPOM  [BO3aTBOPHOIO MOJSIbOBOrO
TpaH3ucTopa 1, nepunii 3aTBOP SKOro 3'€4HaHO 3 ApYrMM BUBOOOM YETBEPTOro pesuctopa 12, opyrum
BMBIA QXeperna nocTinHOT Hanpyrn 7 3'egHaHo 3 ApyrMM BMBOAOM GroKyBarnbHOro KoHaeHcaTopa 6, 3
ApYyrMM BMBOAOM YyTNMBOrO OO TUCKY pesunctopa 5, MeplinMn BMBIA SKOro 3'€4HaHO 3 nepLunm
BMBOLOM JpYyroro koHgeHcatopa 4 Ta nig'egHaHo o 6asu BinongpHoro TpaH3ucTopa 2, KpiM TOro
nepLivin BMBIA YyTNMBOrO A0 TUCKY pe3ucTtopa 5 3'egHaHo 3 Apyrum BMBOOOM Apyroro pesuctopa 11, 3
nepLvMm BMBOOOM TPETbOro peancropa 3, APYruin BUBIA SIKOro nmig'egHaHun o 3'€égHaHuX Mk coboro
BWTOKY 4BO3aTBOPHOro NonbOBOro TpaHsmcTopa 1 Ta emitepa 6inonsapHOro TpaHaucTopa 2, KonekTop
AKOro 3'€eAHaHO 3 ApyrMM BMBOAOM OPYroro KoHgeHcatopa 4, 3 ApyrMM BMBOAOM YyTIMBOrO 40O TUCKY
pesucTopa 5, 3 gpyrMMm BMBOAOM OnOKyBanbHOro KoHAeHcaTopa 6 Ta 3 ApyrMM BMBOAOM [Xepena
NOCTINHOT Hanpyru 7, siKi Nig'egHaHi o 3a3eMIeHHs.

MikpoenekTpOHHUI NepeTBOPOBaY 4115 BUMIPIOBAHHSA TUCKY 3 YaCTOTHUM BMXOLOM MPaLe Takum
YMHOM.

B noyaTkoBMi MOMEHT 4Yacy TMUCK HE [fi€ Ha 4YyTnMBMM OO0 TUCKY pe3uctop 5. 3a gonomorowo
Axepena nocTiiHOT Hanpyrn 7 CTBOPIOETBCS TaKMN pexunm poboTn, KOMKM Bid'€MHUA AndepPeHLinHNA
onip, SKUA YTBOPEHMIN napanenbHUM BKAKOYEHHAM MOBHOrO OMOpYy 3 EMHICHOK CKMagoBOK Ha
ernekTpogax Konekrop 6inonspHOro TpaH3ucTopa 2, CTOKYy ABO3aTBOPHOMO MOfbOBOro TpaHsucTopa 1
Ta IHOYKTUBHUM XapaKTepoM Ha enekTpodax CTiK-BMTiK OQHO3aTBOPHOro NonbOBOro TpaHsuctopa 9,
BENUYMHA SIKOro BU3HAYaAETLCH MepLuM pesnuctopom 8 Ta ApyryM KoHAeHcaTopom 10 npuBoauTb 40
BUHWKHEHHS €MEeKTPUYHUX KONMBaHb B KOHTYpI. Opyrnin pesuctop 11, TpeTin pesncTtop 3 Ta 4yTnusuin
40 TUCKY pe3ncTop 5 yTBOPHOKOTL AiMbHUKX HANpyru, MPUYOMy enekTpUYHE XXUBIEHHSI ABO3aTBOPHOMO
nonboBOro TpaHauctopa 1 Ta GinondpHOro TpaHaucTopa 2 3anexuTb Big BENWYUHW 3MiHW OMopy
YyTNMBOrO OO TUCKY pe3nctopa 5 3i 3MiHOH TUCKY HaBKOMMWLLIHLOIO cepefoBuLla, a GroKyBanbHUN
KoHOeHcaTop 6 3anobirae NPOXOOXKEHHIO 3MIHHOTMO CTPyMy 4epes3 [Kepeno MOCTiHOI Hanpyru 7.
Opyrmin koHaeHcaTop 4 Ta YyTnuBMA OO TUCKY pesuctopa 5 CTBOPHOTbL (Pa303CyBHY MaHKy, a
yeTBepTUN pesnctop 12 cnyxute Ana 3anobiraHHs npoboro nig3aTtBopHoro Aienektpuka. [pu
HaCTYMHIN Ail TUCKY Ha YyTNUBMI A0 TUCKY PE3NCTOP 5 3MIHIOETLCS EMHICHA CKnagosa NoBHOrO Onopy
Ha enekTpogax CTiK [ABO3aTBOPHOrO MOMNbOBOro TpaH3uctopa 1 Ta konektop 6inonspHOro
TpaH3MCTOpa 2, WO BUKITMKAE ePEKTUBHY 3MiHY YaCTOTU KONUBAIbHOIO KOHTYPY.

®OPMYIA KOPVUCHOI MOJESI

MikpoenekTpoHHUIA NepeTBOpioBaY AN BUMIPIOBAHHA TUCKY 3 YaCTOTHUM BUXOOOM, SIKUM MICTUTb
YYTNMBUA [0 TWUCKY Pe3ncTop, TpU pPe3UCTOpu, [KEpPeno MoCTiHOI Hanpyru, OroKyBanbHUR
KoHOeHcaTop, OinonspHMN  TpaH3MCTOp, SKUN BiAPI3HAETbCA TMM, WO B HLOrO BBEAEHO
O[IHO3aTBOPHWIN MOMbLOBUMA TPAH3UCTOP, OBO3ATBOPHUIA MONBOBUN TPaH3UCTOP, YETBEPTUA PEe3UCTOpP
Ta ABa KOHAeHcaTopw, MPMYOMY MEepLIMiA MOMC SKepena MOCTIMHOI Hampyrn 3'€dHaHuin 3 nepLuunm
BMBOAOM MEpLUOr0 pesncTopa, 3 Nepwum BUBOAOM OrOKyBanbHOrO KOHAEHcaTopa, 3i CTOKOM
0[HO3aTBOPHOr0 MOMbLOBOIO TPaH3UCTOpa Ta 3 NepLum BUBOAOM YETBEPTOro pesucTopa, Apyrum
BMBIf Nepworo pesncropa 3'€QHaHMN 3 KaHarnoMm OAHO3aTBOPHOIO MOSbOBOrO TpaH3McTopa Ta 3
ApYyrMm BMBOOOM MepLUOro KoHAeHcaTopa, NepLinin BUBIL SKOro 3'€4HaHWA 3 BUTOKOM Ta 3aTBOPOM
0QHO3aTBOPHOrO MOSILOBOrO TPaH3WCTOpa, 3 MNepwuMm BMBOLOM APYroro pesvctopa Ta CTOKOM
OBO3aTBOPHOrO MOMbOBOrO TPaH3UCTOpa, SKUA 3'€¢QHAHO 3 OpYyrMM 3aTBOPOM [BO3aTBOPHOro
NoNbOBOro TPaH3UCTopa, NepLUMi 3aTBOP SIKOro 3'€AHaHO 3 ApYrMM BMBOOOM YETBEPTOro pesncropa,
Opyrvn  BUBIO [Keperna MOCTIMHOI Hampyru 3'€¢QHaHO 3 OpyrMMm  BMBOOOM  BrokyBanbHOro
KOHAeHcaTopa, 3 ApYrMM BUMBOAOM YYTNMBOro OO TUCKY pe3ucTopa, Nepluvi BUBIO SKOro 3'eqHaHo 3
nepwyM BMBOLAOM APYroro KoHAeHcatopa Ta nig'egHaHo o 6asu GinonsipHOro TpaHawucTopa, Kpim
TOro nepLUMn BUBIQ YyTNMBOro 4O TUCKY pe3ncTopa 3'e€4HaHo 3 ApYruM BUBOLAOM ApPYroro pesmcropa, 3
nepLwvM BMBOOOM TPETbOro pe3vcTopa, APYrui BMBIA SKOrO Nig'edHaHun Oo 3'egHaHMX MixX coboro
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BUTOKY [BO3aTBOPHOrO MOSIbOBOr0 TPaH3UCTOpa Ta emiTepa BinonspHOro TpaH3UCTopa, KONeKTop
AKOro 3'egHaHoO 3 ApyrMm BMBOAOM ApPYroro KOHAeHcaTtopa, 3 APYrMM BMBOAOM YYTNMBOrO 4O TUCKY
pesncTtopa, 3 OpyrMM BUBOAOM OnoOKyBanbHOrO KOHOEHcaTopa Ta 3 ApYyruM BMBOLAOM [Xepena
NOCTIMHOT HaNpyru, Aki Nig'egHaHi 4O 3a3eMITEHHS.
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