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MIIK: HO1Q 21/00

YcTpoicTBO ynpaBieHHs 3J1eKTPOABHIATEIIMH

N3obpereHne OTHOCHTCA K YCTPOMCTBAM YIpaBleHHS, B YaCTHOCTH K YCTpOHCTBaM
BEKTOPHOI'O YIIPABJIEHHs 3JIEKTPOMOTOPAaMH C IPUMEHEHHEM OOpaTHEIX CBA3EH.

H3BecTHO yCTpOKCTBO ymnpaBleHHS CHHXPOHHBIM jBuratenem /1/. VYcrpoiicTBo
NpeJHa3HAY€HO JJI1 YNPaBJICHHS CHHXPOHHBIMU JABUTAaTENIMH IIOCTOSHHOIO TOKa
nocpeacrsoM reHeparopa IIIMM  u  reHeparopa NpAMOYTOJNBHBIX —HMMIIYJIBCOB.
IlpencraBnser coOOM MHKPOKOHTpOJUIEp, YNpaBisitommii reneparopoM IIWMM wumm
TEHEPaTOPOM IPSIMOYTONBHEIX HMITYJIBCOB B 3aBUCUMOCTH OT MOCTYMAKOMIUX OT JaTYHKa
CKOpPOCTH BpallleHHs MaHHBIX. Jlnd pasroHa asurarens wucnoinsyercs IIUM,c mus
NOANCPXKAHUS CKOPOCTH TIPUMEHSETCS TIeHeparop MNpPSAMOYTOJNBHBIX HMITYJIBCOB.
llepexiouenne Mexy THIIAMH T€HEPATOPOB OCYLIECTBIIAETCSA [OCPEACTBOM CPaBHEHHS
C 3aJ]aHHBIM 3apaHee 3HaueHHeM Mopora 4acTorsl BpaueHus. Hexoctarkom yctpoiictea
SBJIACTCS MOSBJICHUE YAApHBIX BO3NEHCTBHH B MOMEHT BKIIOYEHHS M Iepexofa 4epes
MIOPOT 33JJaHHOM CKOPOCTH BpallleHUs JIBUTATEN.

H3Becren crnocob ¥ ycTpoHCTBO ynpaBiieH s BEICOKOMOLIHEIM JBHIaTeNeM IIEPEMEHHOTO
TOKa C KOMIICHCAUMEH CMEINECHUS HEHTpaNbHONM TOYKH IIOCPENCTBOM ITOAKIIOUEHHUS
KOHJIeHCAaTOpHOU Oarapen /2/ PaccMaTpuBaeMblii crioco6 M yCTPOMCTBO NpENCTaBIAIOT
coboii mpeobpasoBaTeNh TOKa IPHBOAA ABHIaTels GONBIION MOIIHOCTH, COEpIKALIHii:
TPEXYPOBHEBBIH KacKkaJ NpeoOpa3OBaHMsl BBIXOAHOM MOINHOCTH C (PHKCHPOBAHHOM
HelTpanbHOM Toukod (NPC), Bkmovamomuii B cebs NepexmoyaTesd Uil I0Jaqu
NHTaHWs Ha TNPHUBOJHON IBUraTenb NEPEMEHHOIO TOKA; KOHIEHCATOPHYIO 6aTapero
TIOCTOSSHHOTO TOKa € IIOCJI€AOBATENbHEIM COCMHEHHEM, COCMHEHHYIO MapaulelbHO C
KacKkaJoM IpeoOpa3oBaHus BbIXOAHON MomHocTH NPC; M KOHTpomiep ans BbIGopa
MOJIOXKEHUS TEpeKIrovyareNs Il yNpaBlIeHHS KacKaJoM NpeoOpa3oBaHMs BBIXOIHOM
momHocTd NPC u xomneHcaumu ucOaiaHca HanpsOKeHWs B HEHTpPalIbHOM Touke
KOHJICHCATOPHO#H OaTaper MOCTOAHHOTO TOKA IyTeM PeryIMpOBaHHs aMILTHTYJ HECYLIHX
HaNpsHKEHUH B COOTBETCTBHH C BEIHMUYMHON jaucbanaHca HanpsKeHHMs B pasfeleHHON
TIIOCIIENOBATENLHO COSIMHEHHOM KOH/IEHCATOPHOH 6arapee MOCTOSHHOIO TOKA, MPH YTOM
KOHTPOJUICP BBIITOJIHEH C BO3MOXHOCTBIO PETYIUPOBKH aMILIATYJ C HCIIONB30BaHUEM
COOTHOIICHHS HANMpPsHKCHUA IMOCTOSHHOTO TOKa Ha KOHJEHCATOpHOHW 6arapee
MOCTOSHHOro Toka. HenoctarkoM naHHOro cmocoGa SBISETCS HalM4Me MOPOrOBOIO
3¢ ¢exra mpu noaKMOYEHNH GaTaper, CONPOBOXKAAIOUIEr0Cs IIEPErPy3KOil ABUTATENIS.

IlporotnnioM  mnpeanaraeMoro — pemeHds — SBISETCA  YCTPOMCTBO  YIPAaBIEHHS
DIIEKTPOJIBUTaTeeM, (OpMHpYyIOIee TOK BO30OYXKHEHHS M TOK KpPYTSIIEr0O MOMEHTa,
IIOCPEACTBOM YNPABIIAIOIIETO MHKPOKOHTpPOJLIEpa, OOpAINAIOIIErocss K 3aHHCAHHON B
MamMATH MHKPOKOHTpOJIIepa TaOlMUe Ha OCHOBAaHMHM KOMaHIBI, COJepXallelf 4acToTy
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BpAIlleHUs, M BEJIMYHMHBI KPYTALIEro MOMEHTa, MOCTyNalouie# mo o6paTHoii cesasu. /3/. B
TabJ1Mlle XpaHUTCS OTHONIECHHE YIPABIIAIOLIEr0 TOKA BO36YKIEHH ¥ YaCTOTHI BPAIlCHUs
K KpYTSIIIEMY MOMEHTY ¥ OTHOLIEHHE TOKA KPYTAIIEr0 MOMEHTA M YaCTOTHI BPAIIEHHS K
KpyTAlleMy MOMeHTy. HemocTaTkoM MeToza SBSETCS KOHEYHOE KOJUYECTBO PEKMMOB
CKOpOCTeH, omnpefensdemMblx Tabiuued, ¥ HalM4He YOApHBIX [EPerpy3oK IpH
NEPeKIIOYCHUH TaOIMYHBIX 3HaYEHUI CKOpPOCTeil BpalleH .

3anavedt U300peTeHNs ABNACTCA CHIDKCHHE Meperpy3OK ABHIaTells NPM BKIIOYEHHH H
M3MEHEHHH DPEXHMOB paboTel 3a c4eT IUaBHOH (OeccTymeH4aTol) peryjiMpoBKH
CKOPOCTH BpalIeHHS.

ONNCAHUE N3OBPETEHNA

Cucrema (cM. @wr. 1) cocTouT U3 yCTpo#icTBa ynpaBieHus asurarenem (1), ycumurens
(7) , nBurarens (8), uctounrka nuranus (6o akkymysstopa) (12) , natuuka Toka (13),
AaT4MKa [OJIOXKeHUst potopa (14). YcrpolicTBo ynpapneHus apurareneM (1) cocTout us
MHKPOKOHTpOJLIEpa  (pOPMHUPOBAHUS YNPABIAIOIMX KOMaHI (2), BKIIOYAIONEro OIOK
IIaBHOM peryssiuun ckopoctH (10), koHTponepa Toka 1o ocH q (3), KOHTpOJIepa ToKa
no ocu d (4), mpeobpasosarens 2-x ¢a3 B 3 dass (5), LIIMM-konTponepa (6), 61oka
BBIYHCICHHs (a3l (15), mpeoGpasoBatens 3-x da3 B 2 ¢assl (9), 610ka KoHTpONS
neperpy3ok (11), nuddepeHnuansHbIX gaTIMKOB ToKa (16)

Konrposnep Toka 1o ocu q (3) coenusen ¢ MuxpokontpomtepoM (2). KonTpomnep Toka
no ocd q (3) momydaer ympaBisrommi Tok Iq* KOMaHIBI KPYTSIIEr0 MOMEHTa W
(axriyeckoe sHayeHue Iq Toka KpyTsIIEro MOMEHTA, KOTOPOE BO3BpAIIAETCS 0OPATHO
ot npeobpasosarens 3-x ¢pas B 2 a3kl (9). B pesynsrare, kKoHTposnep Toka no ocu q (3)
TEHEPUPYET YNpaBisiollee HANpshKeHHe Vq* o ocH q Ha OCHOBaHWM ToKa Iq* KoMaHbI
IO KPYTAIEMY MOMEHTY H (PaKTH9IECKOro Toka Iq mo KpyTsieMy MOMEHTY U BBIBOJHUT
CreHepHpOBaHHOE Hanpshkenue Vq* no ocu q B npeobpazosarens 2-x das B 3 dassl (5)

Kourposiep Toka no ocu d (4) coeaunen ¢ MUKPOKOHTPOILIEPOM (2). Kounrpomnep Toka
mo ocu d nonyyaer ynpapmsomuii Tok [d* Bo3Gyxnenus u daxrudeckoe 3xauenue Id
TOKa BO30YXKeHHUs, BO3BpaliaeMoe o6paTHO OT npeobpasosarens 3-X a3 B 2 daswl (9),
¥ I€HEPUPYET YNpaBisiollee HampsokeHHe Vd* mo ocu d. Ha OCHOBE YNPaBISIOIIErO
ToKa Bo30yxaeHus Id* u paxTiueckoro sHaueHus Toka Bo3Gyxaenus Id. Vipapmsomee
HanpsbkeHue Vd* o ocu d BeIBoAuTCS Ha IpeoGpazoBarens 2-X a3 B 3 dasbl (5)

Ipeobpasosarens 2-x das B 3 dassi (5) coeqnHeH ¢ KOHTPOIEPOM TOKA 110 ocH q (3)
KOHTpoJUIEpOM Toka 110 ocH d (4). Ipeobpasosarens 2-x da3 B 3 dassr (5) mpeobpasyer
ynpasjsifomee HanpspkeHue Vq* mo ocu q u HanpsbkeHue Vd* mo ocu d B 3-¢asHsle
YUPaBJIAIOMINE HANPSXCHUS, KOTOpEIe BeIBOAATCA Ha [IIMM-kouTpoiep (6)

HINM-kouTpomep (6) moaxioueH K mpeoGpasoparemo 2-X ¢a3 B 3 hasbl (5). HINM-
KOHTpo/tep (6) ynpabiuser ycunuteneM (7) Ha OCHOBe Tpex(asHbIX YNPaBIIAIOLIHX
HaNpsHKCHUH.

Yeunmurens (7) coeluHeH ¢ HCTOYHWKOM nuramus (12). Ycumurens 7 IIPOIlYCKAET

CUIIOBOM TOK OT MCTOYHMKa muTanus (12) x asuraremo (8) Ha ocHOBe TpexdasHbIX

YOPaBIAOIMX HANpOHKEHUH s ynpawiedus pasurateneM (8). Takum o6pasom,
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Co3JaeTca KpyTALMA MOMeHT i asurarens (8). Yceunmurens (7) mpexacrasisier coboit
uHBeprop. [IBurarens 8 mmeer naTumMk moioxkenus poropa (14). JlaTuMk NoJoXeHHS
poropa (14) Bbizaer yacToTy BpamieHus aBurarens (8) B 610K BeramcieHus dass (15).
HBurarens (8) npeacTaBiser co60il aCHHXPOHHBIN [BHraTelb.

bnok Bbruncnenus ¢asel (15) renepupyer ¢asy 6 Ha OCHOBAaHMHM YacCTOTHI BpalIeHH,
NOCTYNalome# OT JaryuK monoxeHHs poropa (14), Toka KOMaHIBI YIpPaBIEHHS
KpyTsmmM MoMeHTOM Iq* M Toka komaHael Bo3Oyxaenus Id*, momaBaeMbIX u3
MHKpOKOHTpojutepa (2). bnok Beumcnenns dasst (15)  BeBogur ¢asy 6 Ha
npeobpasosarens 2-X ¢as B 3 ¢assl (5) u npeobpaszosarens 3-x a3 B 2 dassl (9).

IIpeobpasosatens 3-x da3 B 2 a3 (9) npeobpasyer Toku Iu u Iv, nogaBaemsie oT
yenmarens (7) k nsuraremo (8) um ompenensemsie nardyukom Toka (13) m Tok Iw,
BEIYHCIICHHBIH Ha OCHOBE OOHApYXeHHBIX TOKOB [u 11 Iv, B TOK (hakTHYeCKOro KpyTsero
MoMmeHTa Iq u dakTuueckuit Tok Bo3Oyxaenus Id Ha ocHoBe (asel 0. DakTHYECKHiT TOK
KpyTsuero Momenra Iq u ¢pakruueckuit Tox Bo30yxaeHus Id BEIBOISTCS Ha KOHTPOILIE
TOKa 110 OCH  (3) ¥ KOHTpOJUIep ToKa 10 ocH d (4) COOTBETCTBEHHO.

Curnansl ot muddepenumansHpx JaraukoB Toka (16), ompejensomue CKOPOCTH
M3MEHEHMs YIPABJIAIOLIEro BO3ACHCTBHS HA JABUraTellb U, CIENOBATEIbHO, MTHOBEHHYIO
HarpysKy 110 KpyTsLIEMy MOMEHTY MOCTYIarT Ha 610K KOHTpous neperpysok (11), rae
CPaBHUBAIOTCS C 33/IJaHHBIM 3HAYEHHEM KPYTSAINEr0O MOMEHTa M ITOPOrOBBIM 3HAUYEHHUEM
OrpaHH4EHMs KPYTAIIEro MOMeHTa. BEIX01HOH curHan 610Kka KOHTpos neperpysok (11)
nocTynaeT Ha BXox 0yoka muaBHOH perymsiuuu ckopoctu (10), BXomsaumii B cocTas
MHUKpOKOHTpoJtepa (2). B ciyyae Bo3pacTaHWs Harpy3kd (M3MEHEHHS CKOPOCTH
YNIPABJIAIOIIEro TOKa Ha OOMOTKax ABHIaTeNs) BHIIE HOMYCTHMON HOPMBI IIPOUCXOIUT
CHIDKCHHE YNPABIAIOIMX BO3JEHCTBHH: TOKA KOMAHJABl YIPABJIEHUS KPYTSAIIUM
MoMeHToM Iq* u Toxa xomaHabl Bo3GYxaeHus Id*. Takum o6pasoM, ocyliecTBIseTCS
IIOCTOSIHHAA OOpaTHas CBA3b MO YNPaBJAOIIEMY BO3AEHCTBHIO. MHHHMAIBHBIE Iar U
CKOPOCTh NEPECTPOHKH YaCTOTHI BPAIIEHHS SBIAIOTCSA NMEPEMEHHBIMU NapaMeTpaMH H
ONpENENAOTCA JOIMYCTUMBIM BpeMeHeM Habopa TpeOyeMoil 4acTOThl BpalleHHA |
AOMYCTUMOW  meperpy3koi  (TMpeaenbHBIM — 3HAYEHUEM KpYTAILETO MOMEHTA)
3a1aBacMbIMH BHELIHMM CUTHAJIOM YIpaBleHHs cucTeMoil. CaM MOMEHT Ha Banly
obecnieurBaeTcss myTeM mnopadyd auddepenuuansHoro IIIMM-cHrHana Ha CHIOBBIE
NONyMOCThL. Jljist obecreyeHus MIaBHOrO IMyCKa, OCTAHOBKA M CMEHBI HANpPABIICHHUs
BpalleHUs TPOM3BOAMTCS aBTOMAaTM4ecKas HAcTpOWKa pasrOHA/TOPMOXKEHHs, 4YTO
obecrevrBaeT yMeHbIIEHHE H3HOCA M OTCYTCTBHE OPOCKOB TOKA H, KaK CIEICTBHE,
YCTOHYHBOCTb U HaJIEXKHOCTb pabOTHI IBUTaTENsl.

IIpencraBieHHOe yCTPOHCTBO, B OTJIMYME OT PAaCCMOTPEHHBIX AHANOTOB M MPOTOTHIIA,
NO3BONIAET OCYIIECTBIATE IJIABHEIN IEPEX0/ K 000 CKOPOCTH BpAILEHHS, B TOM YHCIIE
K HM3MEHCHUIO HANpPaBICHHS BpalllcHHs C 3aaHHBIM [peAebHEIM YCHIHEM 0Oe3
NEPErpy30K U MO3BOJIAET YBETUYUTE PECYPC ABUTATEN.



Hctounuku nadopManuu

1. Ilatent CIIIA Ne 11,296,625
2. Ilarent CHIA Ne 6,534,949
3. ITarent CIIIA Ne 7,443,127



®opmyJa uzobpereHus
YcTpoiicTBO ynpaBiieHHS 3JIEKTPOABHIaATeJISIMH

YerpoiicTBO  ynpaBneHHsl 5/EKTPOIBHIaTeNsIMH, BKIIOYAIOIIEe MMKPOKOHTPOILIED,
(opmupyromuii ToK BO30YK/IEHHS M TOK KPYTAIIETO MOMEHTa Ha OCHOBE BHEIIHei
KOMaH[bl, KOMaHAbl  BEJIMYMHBI KDPYTAIIEr0O MOMEHTa W IPEJE/IBHOTO 3HAYEHUS
KPYTALIETr0 MOMEHTA, BHIXOJI KOMaH/Ibl TOKa KPYTSIIEr0o MOMEHTAa KOTOPOrO COEJMHEH CO
BXO/IOM KOHTpOJUIEpa TOKa 1O OCH (, @ BBIXOA KOMaHABl TOKa BO30YXIECHHS C
KOHTPOILIEPOM TOKa IO OCH d, BBIXO[bI KOHTPOJUIEPOB TOKA II0 OCH ( M IO ocH d,
TMIOCTYNAIOT Ha BXOABI Iipeobpasosatens 2-X (a3 B 3 (passl, BEIXOABI KOTOPOTO SBISIOTCS
3-X (asHeIM yNpaBIAIOIIMM HANPSKEHHEM H COEIMHEHBI cO Bxojamu IIIMM-
KOHTpOJIEPa, BBIXO/IbI KOTOPOI'0 MOAKIIFOYEHBI KO BXOaM YCHIIHTENS, K CHIOBOMY BXOLY
KOTOpPOro MOAKIIOYEH HCTOYHHK CHJIOBOrO IHTAaHHUSA JHOO aKKyMYJISTOp, BBIXOIBI
YCUIUTENs  TOAKMIOYEHBI K 3-X (ha3HOMY aCHMHXPOHHOMY [BHTaTello, MMEIOIIEMY
AATHHK IOJIOXKEHHs POTOpA, KOTOPHIA COENMHEH CO BXOAOM OJIOKa BBIYMCIEHUS (a3l
ApYrHe BXOJABI KOTOPOr'O COEAMHEHEI C BHIXO/IOM TOKa KPYTSIIEro MOMEHTA M BBIXOIOM
TOKa BO30YXKACHUS MHKPOKOHTPOIUIEPA, & BBIXOABI 6J10Ka BBIYMCIIEHHs (asbl SBISIOTCA
BXOJlaMH npeobpasoBarens 3-x ¢as B 2 (a3l u mpeoGpasosarens 2-X $a3s B 3 hassl, co
BXO/tamMu npeoOpa3osares 3-x $a3 B 2 hassl CoeqUHEHBI BEIXOABI YCHIIUTENS, @ BBIXO/IBI
npeobpasoBarens 3-x ¢a3 B 2 (asbl COENMHEHB! CO BTOPHIMH BXOZAaMH KOHTpOJIepa
TOKa 110 OCH ¥ KOHTpOJUIepa TOKa II0 ocH d, OTJIMYAIOIIeecs, TeM, YTO BBEJACHBI OJIOK
IIABHOH DEryNALMH CKOPOCTH, A (epeHUHalbHble aTYMKA TOKA, GIOK KOHTPOJS
NepErpy3oK, BXOABI KOTOPOrO COCAMHEHHl ¢ AudQepeHIHaIbHBIME AaTYNKaMH TOKa,
HOAKIIIOYCHHBIMU K BBIXOJAM YCHIIUTENS, YHPABISIOUIMA BXOX COCOHHEH C BXOIHOIM
KOMaH/IOM MPENENbHOro 3Ha4eHUs KPYTALIEr0O MOMEHTA, a €ro BBIXOA MHOJKIIOYEH K
0JIOKY INaBHOM peryasuMd CKOpPOCTH, KOTOPBIA SBIAETCS COCTABHOM YaCTHIO
MHKPOKOHTPOJLIEPA.
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OTYET O TIATEHTHOM INIOUCKE
(cratbs 15(3) EAIIK u npaBuno 42 ITareHTHO# HHCTPYKLMU K
EAIIK)

OMep eBpa3UiCKO# 3asBKH:

202200160

HO2P 21/00 (2016.01)
HO2P 21/06 (2016.01)
HO2P 21/22 (2016.01)

A. KTACCUOHUKALIMA ITPEIMETA U30GPETEHHNA:

CoraacHo MexaynapoaHo# narenTHo# knaccudukaumu (MITK)

5. OBJIACTDh ITOUCKA:

[pocMoTpenHas nokymeHTauus (cucrema knaccupukaunu u unaekcsl MITK)
B60L 15/20, HO2M 7/48, HO2P 21/00, 21/02, 21/06, 21/10, 21/22, 21/34, 27/12

EAITTATHUC, Espacenet Patent search, Google Patents

BIICKI‘pOHHaH 6a3a naHHBIX, UCMIOJL30BaBLIAsCS MPH NMOUCKE (Hasaanue 6a3bl 1, ecii, BO3MOXKHO, HUCNONB3YEMBIE MOMCKOBBIC TepMHHbl)

B. JOKYMEHTBI, CUUTAIOIIMECA PEJIEBAHTHbIMHA

Ka’reropuﬂ* CcplUIKHM Ha JMOKYMCHTBI € YKa3aHUCM, I'IC 3TO BO3MOXXHO, PCJICBAHTHEIX qacTen OTHOCHTCS K NYHKTY No

JP 6637185 B2 (TOSHIBA INFRASTRUCTURE
CORPORATION) 29.01.2020

A US 20220337183 A1 (INFINEON TECHNOLOGIES AUSTRIA AG) 20.10.2022 |
EP 3959810 A4 (MAGNA INTERNATIONAL INC) 12.10.2022 ]

A
A CN 108880358 A (HARBIN UNIVERSITY OF SCIENCE AND TECHNOLOGY) 23.11.2018 !
A

SYSTEMS AND SOLUTIONS 1

[_] nocrenyromme noxymentsl yxasabi 8 npogomiennu

* Oco0ble KaTeropuH CCbIIOYHBIX IOKYMEHTOB:

«A» - TOKYMEHT, ONpeacnsomuil o61muit ypoBeHb TEXHHKH

«D» - IOKYMEHT, NPHBEACHHBIN B eBpa3uiickoil 3anBke

«E» - Gonee paHnuii JOKyMeRT, HO ONyOGNUKOBaHHBIH Ha AaTy Nojauu
eBpasuiickoM 3a8BKH WK MocHe Hee

«O» - NOKYMEHT, OTHOCAIIHICA K YCTHOMY PackpbiTHIO, 3KCIIOHHPO-
BaHUIO U T.AL.

"P" - noOKyMEHT, OmyONHMKOBAaHHBINM 0 NaThl MOAa4H €BPa3HICKOi

«T» - Gonee no3AHUA AOKYMEHT, OMyGIHKOBaHHBIA MOCHE AaThl NPUOPHTETA U
NPUBEAEHHbIH /L1 NOHUMAHNA H300peTeHUA

«X» - IOKYMEHT, UMetoLul Hanbonee GIM3KOE OTHOIHEHUE K NPEAMETY MOKCKA,
NOpoyalKii HOBU3HY K H300PETATENbCKUH YPOBEHD, B3ATbIH B OTAE/LHO-
CTH

«Y» - HOKyMeHT, uMeromii Hanbonee 6aM3KOE OTHOUIEHUE K NPEAMETY NOUCKA,
nopoyammit 1300peTaTeNbCKUi YPOBEHD B COYETAHUH C IPYrHMU AOKYMEH-
TaMH TOH XKE KaTEropuu

«&» - IOKYMEHT, ABJAIOUIMHACA MATEHTOM-aHANIOTOM

3asBKY, HO NOCNE AaThl HCNIpAIIKBAEMOro npnopu‘re'ra"

«L» - IOKYMEHT, MPUBEACHHBIH B APYruX UEnsX

Jata nposenenus narentHoro moucka: 19/07/2023

YHONHOMOYEHHOE JIHLIO:
3aMecTUTE b HaualbHUKA OTAEA MEXAHUKH,
(GU3MKH U HNEKTPOTEXHUKH

M.H. Ocynos
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