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MpucTpin Ansa TennoBi3iNHOro AiarHOCTYBaHHSA poTopa rigporeHepaTopa MICTUTb 00'€KTMB, CUCTEMY
niH3 Ta As3epkan, iHdpadepBOHUA npuiAMaY, OfoK CUMHXpOHi3auii, ©6rok 06pobku curHany,
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KopucHa mogenb HanexuTb 00 Ge3KOHTakTHOI TepMoMmeTpil i Moxe 6yTu BuKopucTaHa Ans
©e3KOHTaKTHOro BUMIpIOBaHHA Temnepatypu o6'ekTiB, WO ob6epTalTbCs, 3 NOOANbLUOK OLHKOK
pagianeHoro 6uTTs, 30Kkpema poTopa rigporeHepaTopis.

Bigomnii npucTtpin gnsi 6€3KOHTAaKTHOrO BUMIpIOBaHHA TemnepaTypu poTopa rigporeHepaTopa
(MaTeHT YkpaiHn Ne 66867, M. kn. GO1K 13/08, Gton. Ne 2, 2012), wo MicTuTb 00'eKTMB, 3a SKMM N
A3epkarn 3akpinfeHi Ha OMTWMYHIN MiHIALI TakMM YMHOM, WO iX NIIOWMHA YTBOPHOWTL KyT 45° 3
royIOBHOIO OMTMYHOLO BICCIO | HA OAHIM ONTUYHIN OCi 3 A3epKanamu BCTaHOBMEHI N NiH3, BUXi4 OinbHUKa
YacToTM nigkniodeHnn 0o BxoaiB OydepHoro perictpa, nidvnbHMKa Ta OO MEPLIOro  BXoay
BiJEOKOHTPONbHOro 6noka, Aopyrunm Ta TPETii BXOAM SIKOro 3'€AHaHi 3 BUXogaMu nepLuoro Ta Apyroro
KepoBaHUX NigcuNnioBadiB, nepLui BXoAW SGKMX MiOKMNOYEHI OO BUXOoQy reHepatopa Hanpyru, Lo
3MIHIOETBCA CTYMIHYACTO, a Apyri BXxoau 3'egHaHi, BiANOBiAHO, 3 nepwmm Ta gpyruMm Buxogamu 6roka
nam'siTi, BxigHa uudpoBa LWKMHA €KOro MigknoyYeHa [0 BUXIOHOT UMAPOBOI LWIMHM NiYUIbHUKA,
YeTBEPTUA BXid4 BIOEOKOHTPONbHOrO ©Onoka pasoM 3 MepwuM BXOAOM aHanoro-umMdpoBoro
nepetsoptoBada (AL|[) 3'egHaHi 3 BUXo4oOM KOMyTaTopa, BXigHa UngpoBa LWrHa SKOro niaknoyeHa o
BUXiAHOI UMdpoBoi WnHKM BydepHoro perictpa, BxigHa uMdpoBa LIMHA SIKOro 3'€dHaHa 3 BMXOA4aMu
NiHiMKkn n okpeMux iHdpadepBoHux (I4) gatumkie, BuxigHa uundpora wuHa AL nigknioyeHa depes
iHTepdencHuin 6rnok B kona EOM, BuxigHa uudgpoBa LWKHa 6noka 3agaHHs NONOXEHHs1 3'eAHaHa 3
nepLUoto BXigHOW LMEPOBOO LWMHOK MepLloro uudpoBoro komnapatopa, gpyra BxigHa uudposa
LUMHA SIKOro pas3oM 3 BXiAHUMM LMEPOBMMW LLUMHAMMK NEPLLOro Ta APYroro pericTpiB nigknioyeHi oo
BUXiOHOT LMPPOBOI LWMHM JaTymKka NOMOXKEHHS, BUXig nepLloro ungpoBoro kKomnapaTtopa 3'eaHaHunin 3
nepLyM BXOAOM MepLIoro enemMeHTa |, aopyrmn Bxig SKoro nigknoyYeHMn 4o nNepLuoro BMxody Apyroro
Tpurepa, a BuXxig 3'€AHaHU 3 NepLUMM BXOAOM NEpLUOro Tpurepa, Apyrnin Bxig SKOro pasom 3 BXO4OM
iHOMKaTopa MigKMYeHi OO0 Apyroro BMxody JAPYroro Tpurepa, nNepwmi BXig Akoro 3'egHaHun 3
BMXOAOM OpYyroro umdpoBOro Komnapartopa, Apyra BXigHa uMdpoBa LUMHa SKOro nigknyeHa Ado
BUXiOHOI LMpoBOI WKHK Bnoka 3ajaHHs LWBWAOKOCTI, a neplia BxigHa umdposBa wwuHa 3'egHaHa 3
BUXiOHOKO LMGPOBOIO LIMHOK LMEPOBOro cymaropa, nepwa i gpyra BXigHi LMPOBI WMHM SKOro
NigKNtoYeHi, BignoBigHoO, A0 BUXIOHUX LMEPOBMX LUMH MEPLUOro Ta APYroro PericTpiB, BXOOU SKMX
3'egHaHi, BigNOBIQHO, 3 MepWMM Ta ApYrMMm BMXO4aMu pO3MnoAintoBaya TakTiB, TPeTi BUXig AKOro
NiAKNIOYEHN 0O APYroro BXo4y ApYyroro Tpurepa, BUXig Apyroro reHepartopa iMnynbciB 3'egHaHunin 3
BXOOOM pO3nofjintoBaya TakTiB, BUXi4 NepLloro Tpurepa nNigknoyYeHnin 0o NepLuioro Bxody Apyroro
enemeHTa |, gpyrun Bxig Akoro 3'egHaHWin 3 BMXOOOM MEPLIOro reHepartopa iMnynbciB, a BuUXig
NigKITOYEeHNA OO0 BXOAIB [AiflbHMKA 4acToT, reHepartopa Hanpyru, Lo 3MIHIOETbCA CTyMiH4YacTo,
KomyTaTopa Ta oo gpyroro sxoay ALM.

["OnoBHMM HeZonikoM AaHOro MPUCTPOIO € Te, WO BiH HE J03BONSE BUMIpOBaTW pagianbHe 6uTts
poTopa rigporeHepaTtopa B npoueci horo poboTu, OCKINbKM rigporeHepatop € crneumdiyHow
€NeKTPUYHOK MALLUMHOK 3aKPUTOr0 BUKOHAHHS, L0 YCKMNaaHKE JOCTYN A0 MOoro 06epToBMX YaCTUH.

Hanbnwkumm aHanorom Ao KOPUCHOI mMogeni € npucTpin gns Ge3KOHTaKTHOro BUMIPHOBAaHHS
TemnepaTypu poTopa rigporeHepartopa (MateHT YkpaiHn Ne 80566, M. kn. GO1K 13/08, Gion. Ne 11,
2013), wo MicTnTb 06'EKTMB, 32 AKUM N A3epKan 3akpinneHi Ha ONTUYHIN MiHIALI TaKUM YMHOM, Lo iX
NNOWNHN YTBOPIKOKTb KYyT 45° 3 rofioBHOIO ONTUYHOK BICCIO i HA OAHINM ONTUYHIA OCi 3 A3epkanamu
BCTAHOBMEHI N MNiH3, AOINbHWK 4acToTu, FiHiMky n okpemux IY patumkie, GydepHun pericTp,
BiJEOKOHTPONbHUI GIOK, ABa KEPOBaHi MiagcunoBadYi, reHepaTop Hanpyri, 6nok nam'aTi, NiYnnbHKK (B
noganbLUoMy - MEPLNiA NiYUNBHKK), ONOK MiAroTOBKM AaHWUX, KOMyTaTop, 610K 3aA4aHHsI NOMOXEHHS,
iHgmkaTop (B moganbLIOMy - MepLIMn iHankaTop), 6NoK 3aAaHHS WBUAKOCTI, LMAPOBUIN cymaTop, Tpu
umdposi komnapatopu, asa perictpn, AUM, gaTymk nonoxeHHsa, Tpy enemeHTu |, posnogintosay
TaKTiB, ABa Tpurepu, ABa reHepaTopu iMNynbCiB, NPUYOMY BUXiO OiflbHUKA YacTOTU NiAKNHOYEHUN 00
BxogdiB BydepHOro perictpa, NepLuIoro fivymrnbHMKa Ta 4O NEepLUOro BXo4y BigE€OKOHTPONbHOro 6noka,
ApYyrvin Ta TpeTin BXOAM SKOro 3'€fHaHi 3 BMXOo4amMu MepLuoro Ta Apyroro KepoBaHWX Migcurosadis,
nepLUi BXOAM SKMX NiAKMOYEHi O BUXOQY reHepaTopa Hanpyru, LWo 3MiHIOETbCA CTyMiHYacTo, a Apyri
BXOAM 3'€4HaHi, BigNOBiAHO, 3 NepwMM Ta Apyrum Buxodamu Onoka nam'aTi, BXigHa umndpoBa LWWHa
AKOro Migkn4YeHa [0 BUXIQHOT UMAPOBOI LWWMHW MNEPLIOro fivyunbHWKa, 4YeTBEepTUM BXid
BiJEOKOHTpONbHOro 6roka pasom 3 neplwmm Bxogom AL 3'egHaHi 3 BUXOOOM KomyTaTopa, BXigHa
uucbpoBa LWKMHA AKOro MNigKMOYeHa [0 BMXIQHOI UMGPOBOI WKMHU OydepHoro perictpa, BXigHa
uMdpoBa LWMHA SKOro 3'egHaHa 3 BMXog4aMu MiHiikn n okpeMmnx 14 gatyukie, BUXigHa uMdpoBa LWMHA
AUI nigkntodeHa yvepes iHTepdencHun 6nok B kona EOM, BuxigHa uudposa wnHa 6roka 3agaHHs
NOSIOXKEHHS 3'egHaHa 3 MepLUok BXiAHOK LUMMPOBOKD LUMHOK NepLloro LUmndpoBOoro komnapatopa,
apyra BxigHa uudpoBa LWKMHA AKOro pasoM 3 BXiAHUMW LUMMPOBUMM LUMHAMW NEPLUOro Ta ApYyroro
pericTpiB MigKMtoYeHi 40 BUXIAHOI UMPPOBOI LWMHN AaTyuKa MOJOXKEHHS, BUXig neplioro undposoro
KoMmnaparopa 3'edHaHui 3 NepLmnm BXOAOM MepLloro enemMeHTa |, Apyrni BXig, SKoro nigknioYeHun ao
nepLLoro BUxody ApYyroro Tpurepa, a Buxig 3'€fgHaHuin 3 nepluvMm BXOOOM NepLUoro Tpurepa, Apyrun



10

15

20

25

30

35

40

45

50

55

60

UA 160243 U

BXiZl SIKOr0 pas3oM 3 BXOAOM NepLUOro iHauKaTopa MigkmntoYveHi o Apyroro BUXody Apyroro Tpurepa,
BUXig apyroro enemeHta | 3'egHaHui 3 gpyrum Bxogom ALI, gpyra BxigHa umdpoBa LWnHA Apyroro
uMdpoBOro Komnapartopa nigkniovyeHa A0 BUXIAHOI UMEPOBOI WKMHM Onoka 3agaHHsA LIBMAKOCTI, a
nepLla BxigHa undpoBsa WnHa 3'egHaHa 3 BUXigHOK LMGPOBOIO LLMHOK LIMPOBOro cymaTopa, nepwa
i opyra BXigHi LMPOBI LUMHKM SKOro MNigKIIOYeHi, BignoBigHo, 40 BUXIAHUX LMGPOBUX LLIMH NEPLUOro Ta
ApYyroro pericTpiB, BXoau SKUX 3'€4HaHi, BignoBigHO, 3 NepwmMm Ta ApYyrMM BUXOZ4amu po3nogintosada
TaKTiB, TPETiN BUXiO SKOro NIAKNIOYEHWA [0 ApYyroro BXxody Apyroro Tpurepa, BuXig Opyroro
reHepaTtopa iMNynbCiB 3'€AHaHU 3 BXOL4OM pO3noginioBava TakTiB, BUXig nNeploro Tpurepa
NiOKMIOYeHM OO0 MepLloro Bxody APYroro enemeHTa |, Apyrui Bxig SIKOro 3'eqHaHWiA 3 BUXOOOM
nepLUoro reHepaTtopa iMMNynbCiB, a BUXi4 MigKNOYeHUNn OO0 BXOAIB AiNbHMKA 4acTOTW, reHepaTopa
Hanpyry, Wo 3MIHIOETLCS CTYNiHYaCTO, Ta KOMyTatopa, BUXiOHI LMPOBI LUMHK NepLIoro ta gpyroro
pericTpiB 3'e4HaHi, BigNOBIAHO, 3 MEpPLIOK | APYrow BXiAHUMU UUPPOBMMM LUMHAMMU TPETLOrO
LMdpOoBOro KoMnapartopa, BuUxia SKoro Nigknio4YeHMn 4o NepLuoro Bxoay TpeTbOoro enemeHta |, apyrum
BXif, SKOro 3'€gHaHuWi 3 BMXOOOM [pYroro uUMcpoBOro Komnapatopa, a BWXid NigKNoyYeHun [o
nepLuoro BxoAdy Apyroro Tpurepa.

[[ONOBHUM HeJonikoM [aHOro NPUCTPOK € Te, WO BiH He [A03BONISiE BUMIpOBaTU TennoBui
NopTPET poTopa rigporeHepatopa B Npoueci horo poboTy 3 NoAanbLUIOK OUIHKOK PiBHS pagianbHOro
OuTTS poTopa, i3-3a BiACYTHOCTI MOXMMBOCTI JOCTYMNy OO MOro 06epToBUX YacTWH, BPaxoBYHOUN, LLO
rigporeHepaTop € cneumngivHo enekTpUYHO MaLLMHOK 3aKPUTOro BUKOHAHHS.

B ocHoBYy KOpuCHOI Mogeni NocTaBneHo 3agady CTBOPEHHA MNPUCTPOK ANs TenmoBi3iiHOro
AiarHOCTyBaHHA poTopa rigporeHepatopa, B SKOMY 3a paxyHOK BBeOeHHS HOBUX BrokiB Ta 3B'A3kiB
MiXX HUMMK 3'ABNSIETbCA MOXIMBICTb Ha NPALIOOYOMY rigporeHepaTopi 3a BUMIPIOBaHUM TEMnoBUM
nopTpeToM poTopa B MpoLeci Moro obepTaHHA OLUiHIOBaTK piBEHb pafianbHOro GuTTa poTtopa, Lo
A03BOMSE PO3WNPUTM PYHKLIIOHAMNBHI MOXKITMBOCTI MPUCTPOIO.

MoctaBneHa 3agadva BUPILIYETbCA TWUM, WO B MPUCTPIN AN TEnmnoBi3iMHOrO AiarHOCTYBaHHSA
poTopa rigporeHepartopa, WO MICTUTb 00'eKTMB, 3a SIKMUM N A3epkan 3akpinneHi Ha ONTUYHIN NiHinui
TakuM YMHOM, WO iX MMOLLUMHM YTBOPOTL KYyT 45° 3 roNOBHOK ONTUYHOK BICCHO | HA OAHIA ONTUYHIN
OCi 3 A3epKanamu BCTAHOBMEHI N NiH3, AiINbHUK YacToTW, NiHiKy n okpemux IY gaTumkie, 6ydepHuin
pericTp, BiAEOKOHTPOSIbHUI OGrOK, ABa KepoBaHi NiacunitoBadi, reHepaTop Hanpyru, Onok nam'sTi,
nepwui niYunbHUK, OMOK MiArOTOBKM [AaHuX, KOMyTaTtop, OnoK 3adaHHA MOMOXEHHS, NepLUni
iHOMkaTop, 6GNOK 3a4aHHsA WBMAKOCTI, UMdpPOBUIA cymaTop, Tpu UMdpoBi koMnapaTopu, ABa pericTpu,
ALM, pgatumk nonmoxeHHs, Tpu enemeHTW |, posnofintoBay TakTiB, ABa Tpurepu, ABa reHeparopu
iMNyNbCiB, MPUMYOMY BUXI4 AiNbHMKA 4acTOTM NigKMYeHWA Ao Bxoay OydepHoro perictpa Ta Ao
nepLloro BXOAY BiAEOKOHTpOnbHOro 6noka, ApyrMi Ta TpeTin BXOAM SKOro 3'€4HaHi 3 Buxogamu
nepLUoro Ta Apyroro KepoBaHWX nigcuriloBadis, nepLli BXoAW AKMX NiAKITIOYEHi 40 BUXOQY reHepaTopa
Hanpyru, WO 3MIHIOETLCA CTyMiHYacTo, a Apyri Bxogu 3'egHaHi BignoBigHO 3 MeplwuMMm Ta Opyrum
BMxogamm Onoka nam'aTi, BXigHa uudpoBa LWMHA SKOTO MigKNOYeHa A0 BUXIOHOI LUEPOBOI LUMHU
nepLloro nidnnbHUKa, YeTBepTU BXiO BiOEOKOHTpOSbHOro Grioka pasoM 3 nepwum Bxogom AL
3'egHaHi 3 BUXOOOM KOMYyTaTopa, BXiAHa uMdpoBa LUMHA SKOro NiaKryeHa A0 BUXIAHOI UUdpoBol
LWMHKM BydepHoro perictpa, BxigHa LMdpoBa LWWHA SKOro 3'egHaHa 3 BMXo4amu MiHivku n okpemux 1Y
aartyukie, BuxigHa umdposa wunHa ALM nigknoyeHa vyepes iHTepdencHun 6nok B kona EOM, BuxigHa
uucppoBa wmHa Onoka 3adaHHA MOMOXEHHS 3'€gHaHa 3 MEPLUO BXIAHOK LUPOBOKD LUMHOW
nepworo uuMcpoBOro KomnapaTtopa, Apyra BXigHa uUudpoBa LWIKHA SKOro pasoM 3 BXiOHUMU
UnpoBMMM LIMHAMU NEPLUOro Ta APYroro pericTpiB NigknioYeHi 4o BUXIQHOT LMAPOBOI LWNMHM gaTyumka
MONOXEeHHs, BUXiA nepworo LMdpoBOro KomnapaTtopa 3'€AHaHWA 3 nNepliMMm BXOLOM MepLloro
ernemMeHTa |, Apyrui BXig AKOro NiAKoYeHuin 4o NepLioro BUXOAY ApYroro Tpurepa, a Buxig 3'egHaHnn
3 nepwmM BXOAOM MepLIOro Tpurepa, OPYrvn BXif SIKOrO pa3oM 3 BXOAOM MepLloro iHAaukartopa
NigKNoYeHi 4o Apyroro BUXOAY APYroro Tpurepa, BuXig Apyroro enemeHta | 3'egHaHuin 3 gpyrum
Bxogom AL, apyra BxioHa uudpoBa luMHA Apyroro UMMPOBOro Komnaparopa nigknioveHa [0
BUXiOHOI UMdPOBOI WNHM Onoka 3agaHHs LUBMAKOCTI, a neplua BXigHa umdpoBa LWKMHa 3'egHaHa 3
BUXIAHOK UUGPOBOIO LLIMHOK UUPOBOro cymartopa, neplla i gpyra BXifgHi LMAPOBI LLUMHU SKOrO
NigKoYeHi, BiANOBIAHO, A0 BUXIAHWMX LMMPOBMX LIWH MEpLIoro Ta APYroro pericTpiB, BXOAM SAKMX
3'egHaHi, BignNoBigHO, 3 MepwuMm Ta ApYruM BMXOZaMW po3nodintoBadva TakTiB, TpeTid BuXig sKOro
NigKIoYeHnA 00 Opyroro Bxody ApYroro Tpurepa, BUXif ApYroro reHepaTopa iMnynbCiB 3'€QHaHUin 3
BXOOOM pO3nojintoBaya TakTiB, BUXi4 nepLlioro Tpurepa nNigkmoYeHnin o NepLuioro Bxody Apyroro
ernemeHTa |, gpyrmin BXig SKOro 3'€AHaHMW 3 BUXOAOM MEpLIOro reHeparopa iMnynbCiB, a BUXia
NiAKMIOYeHnn 0o BXOAiB AifbHWKA 4YacToTW, reHepaTtopa Hanpyru, WO 3MIHIETBCS CTyniHYacTo, Ta
KoMmyTaTopa, BUXiAHI LMQPOBI WWMHX NepLIoro Ta ApYyroro pericTpie 3'€AHaHi BignoBigHO 3 NepLUoto i
OpYrow  BXiAHUMU  UMPOBUMKU  LLUMHAMU TPETbLOro UMdPOBOro KomMnapatopa, BuUXig SAKOro
NiKMIOYEHNA OO0 NepLoro Bxody TpeTboro enemeHTa |, apyrum BXig SKoro 3'edHaHuin 3 BUXOLOM
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apyroro uuMdpoBOro Komnapatopa, a Buxig NigKMYeHWA OO NepLloro Bxody Apyroro Tpurepa,
BBEEHO KOMMapaTtop, YeTBepTuUi enemeHT |, ABa NiYnnbHUKKU, YeTBEpPTUN LUndgpoBun komnapartop,
Onok 3agaHHsa BiOpauil Ta ApyrviA iHOMKATOp, MPUMYOMY BMXiO KOMyTatopa 3'eQHaHWA 3i BXOOOM
KomMnapaTtopa, BuXig AKOro MigkroyYeHun A0 TPeTbOoro BXody YeTBepToro enemeHta |, gpyrmn Bxig
SAKOro 3'e4HaHWn 3 BUXOAOM [AiflbHMKa 4acToTW, a Nepliuni BXi4 MigKNYeHUn OO0 APYroro BMXody
Apyroro niyvnbHvKa, MNeplwmi BUXiO SKOro 3'€edHaHUM 3i BXOOOM MNEPLIOro nidufibHUKA, a BXia
NiAKNIOYEHNA 0O BUXOAY OiNbHWKA YacTOTW, BMXi4 NEpLUOro fiYnnbHMKa 3'egHaHuin 3 ApyruM BXO40M
TPEeTbOro NiYnsibHUKa, NepLUMA BXig4 AKOro NigKmoyeHni 4o BUXOAY YeTBEePTOoro enemeHTa |, a BuxigHa
umMdpoBa LWKWHA 3'egHaHa 3 MEPLIOK BXiAHOW UMAPOBOK LUMHOK 4YeTBEepToro LMdpoBOro
KOoMMnapartopa, Apyra BxigHa umdpoBa LWMHA SKOro MNigknyeHa 40 BUXIAHOI LndpoBoi wnHKM 6rioka
3apaHH4 Bibpalii, a BMxig 3'eAHaHWI 3i BXOAOM ApYyroro iHgukaropa.

Mpuctpin ong  Tennosi3iMHOrO  AiarHOCTyBaHHS  poTopa rigporeHepatopa MOSICHIOETHCS
KpeCneHHsiM, Ha AKomy 300pakeHa MOoro CTPYKTypHa cxema.

Ha cxewmi: 1 - o6'ekT gocnimkeHHa - poTop rigporeHepartopa; 2 - ob'ektue; 3 - n A3epkan; 4 - n
niH3; 5 - onTM4YHa niHika; 6 - niHinka n 1Y gatyukie; 7 - GNOK 3a4aHHA MOMOXEHHS; 8 - nepLnmn
umdposuin komnapatop; 9 - nepwun enemeHT |; 10 - nepwnin reHepaTop iMnynecis; 11 - nepLmmn
Tpurep; 12 - gpyrunm enemeHt |; 13 - pinbHWK yactotu; 14 - GydepHun perictp; 15 - pgaTyuk
NONOXeHHS; 16 - nepwmni perictp; 17 - apyrun reHepatop imnynecie; 18 - poanogintoBay TakTiB; 19 -
apyrui perictp; 20 - undpposun cymatop; 21 - 6NoK 3agaHHA WBWMAKOCTI; 22, 23 - TpeTin i apyrui
umdpoBi KomnapaTtopu, BignosigHo; 24 - TpeTin enemeHTt |; 25 - gpyrun Tpurep; 26 - nepLummn
iHgukatop; 27 - komytatop; 28 - AUMT; 29 - nepwwui niymnbHuk; 30 - 6nok nam'aTi; 31 - reHepatop
Hanpyru, WO 3MIHIETLCA CTyniHYacTo; 32, 33 - nepwun Ta gpyrvnm KepoBaHi niacunoBadvi, BignoBigHo;
34 - BineokoHTponbHuI 6n0ok; 35 - iHTepdencHnii 6ok, 36 - apyruin nivunbHKk; 37 - komnapaTop; 38 -
yeTBepTUn enemeHrt |; 39 - TpeTin niumnbHUk; 40 - Gnok 3agaHHA BiGpauii; 41 - YeTBepTU LUPOBUIA
Komnapartop; 42 - opyrui iHaMkaTop, Npu4oMy 3a 06'eKTMBOM 2 n A3epkan 3 3akpinneHi Ha ONTUYHIN
NiHIALi 5 TakMM YMHOM, WO iX NMOLWMHM YTBOPIOKOTL KyT 45° 3 rOMIOBHOK OMTMYHOMO BIiCCHO | HA OAHIN
ONTWYHIN OCi 3 A3epKanamu BCTAHOBIEHI N NiH3 4, BUXig AinbHMKa YyacTtoTn 13 NigKnoyYeHun oo Bxoay
OydepHoro perictpa 14 Ta 4o NepLUoro BXo4y BiAeOKOHTporbHOro 6noka 34, opyrun ta TpeTih BXoan
SIKOro 3'egHaHi 3 BMxogamu nepiuoro 32 ta gpyroro 33 KepoBaHMX MNiACUIOBaYIB, NepLli BXoan SKNX
NigKNoYeHi 4O BUXOAY reHepaTopa Hanpyru, LWo 3MiHI0ETbLCS CTyniHYacTo, 31, a gpyri Bxogm 3'eqHaHi,
BiQNOBiOHO, 3 MepwuMm Ta ApyrMMm Buxodamu 6noka nam'siti 30, BXigHa UM@pOBa LUMHA SKOrO
nigkrodeHa 40  BMXIOQHOT  UUPOBOI  WMHM  MEpworo  nivunbHUKa 29, 4YeTBepTUN  BXiA
BiJE€OKOHTponbHOro 6noka 34 pasom 3 nepwum Bxogom AL 28 3'egHaHi 3 BUxogom komyTtaTtopa 27,
BXiAHa UMdpPOBa LUMHA SAKOro MigKMYeHa A0 BUXiAHOI LMdPOBOI WKHKM GydepHoro perictpa 14,
BXigHa umdpoBa LWMHA SKOro 3'€edgHaHa 3 BuXodamu MNiHiMKM n okpemux |4 gaTumkiB 6, BuxigHa
uucpposa wuHa AL 28 nigkntoyeHa Yepes iHTepderncHun 6nok 35 B kona EOM, BuxigHa umdposa
wmHa 6noka 3agaHHsl MOMOXeHHs 7 3'egHaHa 3 MEepLuok BXIGHOK UMEPOBOK LWIMHOK MNEpLLOro
umdposoro komnapaTtopa 8, gpyra BxigHa uUMdpoBa LUMHA AKOro pasoM 3 BXiAHUMU LUDPOBUMU
wnHamn nepworo 16 Ta gpyroro 19 pericTpiB nigkntoyveHi 40 BUXIAHOT LUGPOBOI LUWMHU AaTyuka
NnonoXeHHsa 15, Buxig nepioro uMdpoBoro komnapaTtopa 8 3'eqHaHMiA 3 NEPLUMM BXOOOM MepLLOro
enemeHTa | 9, gpyrun BXxig SKOro MigKNIOYEHMW OO0 NepLioro BMxody Apyroro Tpurepa 25, a Buxig
3'eQHaHM 3 nNepLluMM BXOAOM nepluoro Tpurepa 11, Opyrum BXig SIKOro pasoMm 3 BXOAOM MepLUoro
iHgMKaTopa 26 nigknodeHi o Apyroro Buxogy Apyroro Tpurepa 25, Buxig gpyroro enemenTa | 12
3'egHanHui 3 gpyrum Bxogom AL 28, apyra BxigHa undpoBa LWnHa Apyroro LmdpoBoro komnapatopa
23 nigknoyeHa o BMxigHoT LMdpoBoi WnHM B6noka 3agaHHa WBKAKoCTI 21, a neplia BxigHa undposa
WKHa 3'egHaHa 3 BUXIQHOK LM@POBOIO LWKMHOW UMdpoBoro cymatopa 20, nepwa i gpyra BXigHi
LUMppOBI LWNHK AKOro NigKMoYeHi, BiANoBigHO, A0 BMXIOHMX LMdPOBUX LWKH nepworo 16 Ta gpyroro 19
pericTpis, BXogu SKkuMxX 3'eqHaHi, BiANOBIQHO, 3 NepwuM Ta ApYrMM Buxodamu po3nofintoBada TakTiB
18, TpeTin BuXig SKOro nigkMwYeHWn OO0 Apyroro Bxody Apyroro Tpurepa 25, Buxig ppyroro
reHepartopa imnynbciB 17 3'egHaHuin 3 BXOAOM po3nojintoBada TakTiB 18, Buxig nepworo tpurepa 11
NigKroYeHnid 0o neplioro Bxoay Apyroro enemeHta | 12, gpyrum Bxig Skoro 3'eéqHaHWiA 3 BUXOLAOM
nepworo reHepatopa imnynecie 10, a Buxiga NigKNOYEeHUN [0 BXOAIB AinbHWKA 4Yactotn 13,
reHepartopa Hanpyru, Lo 3MiHIOETbCA CTyniHyacTo, 31 Ta komyTatopa 27, BuxigHi UMGPOBI LUNHK
nepwuoro 16 ta gpyroro 19 perictpiB 3'e4HaHi, BignoBigHO, 3 NepLUOoo i APYro BXiAHUMK LMPOBUMUA
LWMHaAMXU TPeTbOro UMPOBOro komnapaTtopa 22, BuXig SKOro nNigKMIOYEeHWn OO NepLloro BXoAy
TpeTboro enemeHTa | 24, opyrun BXig SKoro 3'eAHaHUin 3 BUXOAOM ApYyroro umgpoBoro komnaparopa
23, a Buxia NigKmoYeHnn 4o nepLlioro BXoAy Apyroro Tpurepa 25, Buxig komytaTtopa 27 3'€fHaHun 3i
BXOAOM KomnapaTtopa 37, Buxig SKOro nigkmoveHuin oo TpeTboro Bxoay 4YetBeptoro enemeHta | 38,
Apyrmi BXig AKkoro 3'egHaHuMi 3 BUXOAOM [AinbHMKa YacTtoTu 13, a nepwmi BXig NigknoveHun Ao
apyroro Buxogy ApYyroro nidunbHuKa 36, nepwmin Buxig SKOro 3'€edHaHWin 3i BXOAOM NEpLIOro
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niynneHuka 29, a BXig NigKNIOYEHUN OO0 BUXOAY AifbHWKA YacTtoTu 13, BUXig nepLioro nivymnbHuka 29
3'eQHaHWIA 3 OpYrMM BXOOOM TPETbOro niyvnbHuka 39, nepLlumi BXig SIKOro NiAKMYeHnA A0 BUXO4Y
yeTBepToro enemeHta | 38, a BuxigHa umdpoBa WKHaA 3'€gHaHa 3 MEPLUOK BXIiAHOK LMGPOBOIO
LUNHO YeTBepToro umdposoro komnapatopa 41, gpyra BxigHa umMdpoBa LMHa SIKOro NigKkroyeHa ao
BUXiAHOI UMGPOBOI LWIMHM Onoka 3apaHHs Bibpauii 40, a Buxig 3'egHaHU 3i BXOAOM [OpYyroro
iHOnKaTopa 42, no3. 1 Nno3Ha4YeHO poTOp rigporeHepartopa.

3anponoHoBaHUM NPUCTPI Npautoe Tak. [pu nogadi Hanpyru XxXmneneHHs nepwun 10 Ta apyrmm 17
reHepaTopu iMNynbCiB MOYMHAOTbL (OpMyBaTM BIgMOBIAHI  NocnigoBHOCTI  iMnynbeiB.  ToTik
iHppa4yepBOHOro BUMPOMIHIOBAHHS!, SKMA CTBOPIOETLCH MOBEPXHEI poTopa rigporeHepartopa 1, wo
3HAXOAMTLCA Ha AesKii BiACTaHi Big ONTMYHOI CMCTEMW NPUCTPOID, noTpannsie yYepe3 ob'ekTuB 2,
yepes3 n asepkan 3 Ta Yepes n niH3 4 Ha MiHiMKy n 14 gaTymkiB 6, po3TalloBaHMX B3[0BX pajiyca
poTtopa. OuyeBnaHoO, WO Npy 06epTaHHi poTopa rigporeHepaTtopa B KOXXeH MOMEHT 4acy B norne 30py
niHivkn n 14 gatymnkiB 6 noTpannse nuwe gparMeHT NOBEpPXHi B3AOBX pafiyca potopa. OTpumyoum
dparmeHTN TeNnoBoro 306paxeHHs, MoXHa nobyayBaTu TEnnoBUN NOPTPET BCi€i NOBEPXHi poTopa
rigporeHepartopa B NpoLeci Moro poboTw.

3ayBaXmmo, WO YacTMHa JaTyukiB TiHinkM 14 pgatyumkiB 6 3HaAXoOMTbCA 3a  MeXamu
HamBigganeHiWwoi TOYKN poTopa rigporeHepaTopa.

Akwo poTop rigporeHepaTopa 3HaxXoAUTLCA B HEPYXOMOMY CTaHi abo MOoro LWBWUAKICTb 06epTaHHs
MeHLa Big HOMIHANbHOI, TO Ha eKpaH BiAeOKOHTPOsIbHOro 6noka 34 TennoBe 300paXXeHHsI NOBEPXHI
poTopa He BuBoauTbcs. Lle obymoBneHo HacTynHuM. [ig BNNuBOM apyroro reHepartopa imnynbscis 17
noyeproBo Ha Buxodax posnogintoaya TakTiB 18 dopmytoTeca curHann. CurHamom 3 MepLuoro
BMXOA4Yy po3anoginioBada TakTiB 18 B nepwun perictp 16 3anucyeTbCs Kog 3 BMXOAY AaTyuka
nonoxeHHs 15. B gpyrum perictp 19 curHanom 3 gpyroro Buxody posnogintoBaya TakTiB 18
3aNUCYETBCS IHWMIA KOO 3 BMXOAY AaTyuka nonoxeHHs 15. Pi3HuUs 3a3HayeHMX KoAiB 3a OOUHWULIIO
yacy, Wo 3abesnedyeTbCca APYrMM reHepaTopoM iMnyneciB 17, aBnse coboto WwWBuaKicTb obepTaHHA
poTopa rigporeHepartopa 1, Wo i BU3Ha4aeTbCcs B LmdpoBoMy cymaTopi 20 Ta nogaeTbCa Ha nepLuni
BXig Apyroro uudgpoBoro komnapatopa 23, B SIKOMY 3[iACHIOETbCS MOPIBHAHHA Yy BUMMs4i Koais
NMOTOYHOI LIBMAKOCTI 0bGepTaHHs poTopa rigporeHepatopa 3 HOMIHarNbHOW, sika 3anucaHa B Onoui
3agaHHsa weuakocTi 21. OgHoyacHO curHanu 3 BuxodiB nepworo 16 T1a gpyroro 19 perictpiB
HaaxoOsiTb Ha BXOAM TPEeTbOro LMdpPOBOro Komnapartopa 22, e BiabyBaeTbCsl NMepeBipka Hanpsmy
obepTaHHs poTopa rigporeHepaTtopa 1. B pasi KOpPeKTHOro BMMIptOBaHHS LUBWAKOCTI, Ha BMXOAi
TpeTboro ungpoBoro komnapaTopa 22 3'ABMSETbCS CUrHanN NOriYHOT OAMHULI, SKUIA BigKpUBaeE TPeTin
enemeHT | 24. Y Bunagky, Konv LWBMAKICTb MEHLUA Big HOMiHamNbHOI, HAa BUXOAi APYroro undpoBoro
KoMmnapartopa 23 3'ABNSETbCA CUrHamn fOriYHOro Hyns, SKMW Yepe3 TpeTii enemeHT | 24 nig Aieto
curHany 3 TpeTboro BMXOA4y posnogintoBaya TakTiB 18 3anucyeTtbca B Apyrun tpurep 25. MNpu ubomy
nepLmmn ingmkaTop 26 3anuwaeTbCs BBIMKHEHMM, TENMOBUIA NOPTPET poTOpa He (IiKCYETLCS.

Akwo X wBMAKicCTb 06epTaHHA poTopa rigporeHepatopa 1 cTae piBHOK HOMIHanNbHIW, TO Ha
Apyromy Buxofi gpyroro tpurepa 25 3'9BNAETbCA CUrHam JoriYHOro Hyns, neplunn iHgukatop 26
BUMUKaETBLCS, Ha NepLloMy BUXodi Apyroro Tpurepa 25 3'IBnseTbCA CUrHamn NorivyHoi oauHWLI, SKuin
nofdaeTbcs Ha BXig nepworo enemeHTta | 9. B MomeHT obepTaHHsA poTopa, KOnu BiH 3HaXO4MTbCS B
YMOBHOMY MO4YaTKOBOMY MOJSIOXEHHI, KOAW 3 BUXO4Y AaTyuka noroxeHHs 15 T1a 3 Buxogy 6noka
3a[laHHA MOMOXeHHsA 7 cniBnagatTb, HA BUXOAi NepLioro uudgposoro komnapartopa 8 3'aBnsETbCA
CurHan noriYHol OAWHWLI, SIKUM Yepe3 nepliunin enemeHT | 9 BCTaHOBMETLCA B OAMHWUYHWMIM CTaH
nepwwun Tpurep 11. BHacnigok Uporo iMnynbcu 3 BUXOAY MepLUIOro reHepatopa imnynbscis 10 4yepes
apyruin enemeHT | 12 nounHaTb HagxoautTn B OMOKM, 3a JOMOMOrO SKMX POPMYETHCS TEMMOBUMA
NopTPET Ha ekpaHi BideOKOHTPOrbHOro 6rioka 34.

B 3anexHocCTi Big KyTOBOI LIBMAKOCTI 06epTaHHA « poTopa rigporeHepartopa BubpaHa yactoTa
dopmMyBaHHS iMnynbciB fi nepworo reHepartopa imnynecie 10, WO NOB'I3aHO CNiBBIOHOLIEHHAM
fi/n=w/(2m'm), oe m=360°/3, B - MiHIManbLHUIA CEKTOP MOBEPXHi pOTOpa, WO NOoTpanfse B norne 30py
niHinkn n 14 gatyukiBs 6, n - koedilUieHT AineHHsa AinbHUKa YactoTM 13, WO BigMNOBIAAE KinbKOCTI
okpemmx 14 gatumkie 6.1, 6.2,...,6.n. OTxe, 3 yacTtoTo fi/n, NpN HOMIHaNBHIN WBNAKOCTI obepTaHHSA
poTopa, Ha BMXOAi AiNbHUKA YactoTy 13 3'ABNAOTLCA IMNYNbCU, SKMMU (hikcyloTbes y OydepHoMy
perictpi 14 Ha yac AT=n/fi eneKkTpu4Hi cMrHanu B aHanoroBOMy BWIMsSAi 3 BMXOZiB N okpemux 14
patyukie 6.1, 6.2,...,6.n. AMNNiTyan ymx curHanie NponopuivHi TemnepaTtypi eneMeHTapHuUx OingHOK
noBepxHi ob'ekta (KinbkicTb Takux AinsgHok N=n'm). Komytatopom 27 30iNCHIOETBCA 34UTYBaAHHS
iHdopMauii 3 OydepHoro perictpa 14 3 HacTynHUM ii NEPETBOPEHHSIM i3 MapanenbHOro BUAY
npeactaBneHHs B nocnigoBHun. CcopmMoBaHMI TakuM YMHOM CurHan 3 Buxody komytatopa 27
noTpannsie Ha BXig BiAeOKOHTporbHoro 6roka 34 i Ha Bxig AL 28, B sikomy BiH NepeTBOPHOETLCS B
umdpoBy opmy Ta Yepes iHTepdencHmmn 6ok 35 nepegaetsca B EOM.



10

15

20

25

30

35

40

45

50

55

60

UA 160243 U

eHepaTop Hanpyru, WO 3MiHIETbCA cTyniH4yacTo, 31, nepwwun 32 Ta apyrmn 33 KepoBaHi
nigcvntoBavi i 6nok nam'ati 30 npmaHaveHi ons popMyBaHHSA cUrHaniB PoO3ropTkU BiAEOKOHTPOMBHOMO
ornoka 34. CurHan yactotot fi, WO HagxoouTb Ha BXig reHepaTopa Hanpyru, WO 3MiHIETHCS
cTyniHJacTto, 31, Ha BuxoAdi npuimae cTyniH4acTy copmy (MICTUTL n CcKragoBuMX) | MOAAETbCA Ha
Bxoan nepworo 32 i gpyroro 33 KepoBaHUX MNigcuroBaYiB, KoeilieHT NiCUNEHHS KX 3a4acTbCs
BUXiAHMMUK curHanamm 6noka nam'siti 30. INpu uboMy KoedilieHTU nigcnneHHs nepLuoro 32 Ta Apyroro
33 kepoBaHMX MNiACUMOBaYIB 3a4al0TbCA Tak, WO Ha X BUXOo4ax pOPMYHTbLCS CUrHamnM, NponopLinHi
Rising; Ta Rjcosej, BignosigHo, ae Ri - paaiyc, (¢j - KyT KoopaMHaTN eNeMeHTapHOI AiNsHKA NOBEPXHI
poTopa B MOJISIPHIA CUCTEMI KOOpAMHAT, WO 0OYyMOBIIEHO CUrHanamu 3 gatymka nonoxeHHsa 15. Mpu
ubomy i=0,n, j=0,m.

Ha Bxig 6noka nam'ati 30 curHanu HagxoasiTb 3 AiNbHMKA 4YacToTu 13 4epes3 nocnigoBHO
BBIMKHEHI apyrui 36 Ta nepwmi 29 NiYnnbHUKK, 3aranbHUA KoedilieHT nepepaxyHKy SKux OOPIBHIOE
m. B pesynbTaTi Ha ekpaHi BideOKOHTpPOMbHOro 6roka 34 npw HasiBHOCTI OAHOro iHhopmaLinHoro
curHany, ABOX CWUrHamiB po3ropTkM Ta curHany 3 BMXOAY AinbHUKa 4vactotm 13 dopmyeTbes
300parkeHHs, Lo BigNOBigaE TENOBOMY NOPTPETY poTOpa rigporeHeparopa.

Migkpecnumo, WO 4YacTnHa gaTtymkiB NiHiku 1Y gatyukie 6, Aki HanbGinblwe BigganeHi Big OCi
poTopa rigporeHepartopa, BMKOHYKTb (PYHKUiO He Tinbkn nepefadi TENNOBOro 300paKeHHs, Lo
noTpannisie B ixHe none 3opy, ane n dyHkuito dopmMyBaHHSA TENMOBOro NOPTPETY Kpato poTopa npwu
nosiBi B HbOMy pagianbHoro 6utTs. Lie 3abe3nevyeTbca Tak.

Ak 3asHayanocb, gpyrmn 36 Ta nepwuint 29 NIYMABHUMKM  MalTb 3aranbHUA  KoedilieHT
nepepaxyHky m. BpaxoBytoun Te, WO NMWe He3HayHa 4YacTuHa AdaTyumkiB niHinkn 1Y gaTtymkie 6
BMKOPUCTOBYETBCA AN BiACNIAKOBYBaHHA padianbHOro 6uTTs poTtopa rigporeHepatopa 1, To,
04eBUAHO, WO KoediliEHT nepepaxyHKy APYroro fivmnbHuka 36 gewo MeHWuin Big M, a A0 3HAYEHHS
M NOro AOMOBHIOE NEPLUMI MiYNIbHUK 29,

A TOMY NpY HaAXOMKEHHI MOCNIAOBHOCTI iMNYNbCIiB 3 AinbHUKa 4acToTM 13 B MOMEHT 3aNOBHEHHS
iMnynbcamu gpyroro fnivnnbHuka 36 Ha WOro Opyromy BUXOAI 3'ABNSETbCA CUrHamM MOriYHOI OAUHWLI,
AKMN pas3oM 3 MOCMIAOBHICTIO iMMYMbCIB 3 AifnbHMKa YactoTn 13 HagxoouTb Ha BXOAM YETBEpPTOro
enemeHta | 38. OpgHoyacHO MOCNIAOBHICTL CUrHamiB, NPOMOPLUINHMX TemnepaTypi CKaHOBaHOI
NoBepXHi, 3 BUXoAy KoMyTaTopa 27 nogaeTbcs Ha komnapaTtop 37 i 3 BUXOAY OCTaHHbOro y BUMMAAI
curHaniB noriyHoro Hyns abo oaMHWUI HagxoAuTb Ha TPeTin BXig 4eTBepToro enementa | 38.
OueBngHO, WO KOMM TemnepaTypa CKaHOBAHOI MOBEPXHi MeHWa Mopory cnpalboByBaHHS
Komnapatopa 37, TO Ha NOro BUXOAi MPWUCYTHIN CUrHam NoriYHOro Hymnsl, BHACNIAOK YOro Ha BMXogi
yeTBEpPTOro enemeHTa 138 NPUCYTHIN TakoX CUrHan noriYyHoro Hynd. Y pasi, KOnu y 30Hi CKaHyBaHHS
3'ABNAETbCS Kpal CKaHOBaHOI MOBEPXHi poTopa rigporeHepaTtopa 1, WO CBiguMTb Npo NosBY
pagianbHoro 6uTTs B poTopi rigporeHepatopa 1, To Ha Buxodi komnapartopa 37 hopMyoTbCH CUTHanm
MOriYyHOI 0AMHULI Ta Ha BMXoAdi YeTBepToro enemeHTa | 38 hopmyeTbCca NOCMIQOBHICTL IMNYNbLCIB, AKa
HaOX0AWTb Ha BXig TPETbOro nivnnbHuka 39.

Y pasi, konu piBeHb pagianbHOro 6UTTA He3HayHuW i UMPOBMIN KOO Ha BUXOAI TPETbOro
niymnbHuKa 39 MeHLle 3HayYeHHs LMpoBOro kogy, Wo 3anucaHui B 6noui 3agaHHa Bibpadii 40, Ha
BMXOAi 4eTBepToro uudposoro komnapatopa 41 NPUCYTHIA curHamn noriyHoro Hyng. AKWo piBeHb
pagianbHOro OUTTS 3pocTae, TO Ha BUXOAi 4YeTBepToro umdpoBoro komnapatopa 41 3'aBnseTbcs
CcuUrHan noriyHoT oguHULI, AKNn NOAAETbCA Ha APYrMKi iHanKaTop 42.

Mo 3aBeplUeHHi CkaHyBaHHS B30OBX MNiHIVKM iHpavyepBOHUX OaTyMKiB 6 Ha BUXOAi nepLuoro
nivunbHUKa 29 3'ABNSETbCA CUrHanM foriYHOI OAMHMUI, SIKMM CKMOAETbCS TPEeTin niyvnbHuk 39 Ta
PO3MNOYNHAETLCA CKaHYBaHHSA HACTYMHOro CEeKTopa poTopa rigporeHepartopa 1.

TakMM 4YMHOM B KOXHOMY CEKTOpi CKaHyBaHHS MOBEPXHi poTopa rigporeHepatopa 1 MoOXHa
crnocTtepiratv HasBHICTb abo BIACYTHICTb pafianbHOro 6uTTs, WO i BigobGpaXKaeTbCs N0 30BHILLHBOMY
KOHTYPY 300pakeHHs1 y BiG€OKOHTpPONbHOMY 6rioui 34.

OueBunaHoO, WO, 3rigHO i3 3aNpPONOHOBaHUM anropuTMOM CKaHyBaHHsSI poTopa rigporeHepatopa 1,
30INCHIOETLCSA CNoYaTKy B340BX Aaeskoro pagiyca Rj. Konv 3akiH4eHO ckaHyBaHHA N TOYOK, LLO fnexaTb
Ha pagiyci Rj, 30iACHIOETbCA CKaHyBaHHA N TOYOK, WO nexatb Ha pajiyci Rj+1. Tak 3HaxoamTbes
KpyroBa po3ropTka BCbOro TEMMOBOro 300paeHHs poTopa rigporeHepatopa 1 B npoueci 1oro
poboTu.

®OPMYJA KOPUCHOI MOZESI

MpucTpin gna TennosisiMHOro AiarHOCTyBaHHA poTopa rigporeHeparopa, Lo MiCTUTb 06'ekTuB, 3a
AKAM N A3epKan 3akpinneHi Ha ONTUYHINA MiHINLI TaKMM YMHOM, WO iX MAOLMHU YTBOPKOKTL KyT 45° 3
rOfIOBHOK ONTWMYHOK BICCHO i HA OAHIN ONTUYHIM OCi 3 A3epKanamMu BCTAHOBMEHI N iH3, AifbHUK
4YacTOTW, MiHIMKY N OKPEMMUX iH(ppavyepBOHUX AaT4yukiB, BydepHu pericTp, BiAEOKOHTPOMbHUIA 60K,
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ABa KepoBaHi niacunioBadi, reHepaTop Hanpyri, 6rnok nam'aTi, NepLwnin NiYnnbLHUK, 6NoK NiaroToBKKU
OaHuX, KomyTatop, OnoK 3agaHHA MOMOXEeHHs, Mnepwun iHaukatop, 6noK 3adaHHs  LWBWAKOCTI,
umdposu cymaTop, Tpy LMdpPOoBI KOMnNapaTopu, ABa pericTpu, aHanoro-uMgposumii nepeTesoproBad,
AaTyuK NONOXEHHs, TP enemMeHTu |, posnoainioBay TakTiB, ABa TpuUrepu, ABa reHepaTopu iMnynbCis,
npuyoMy BUXig AiNbHMKA YacTOTK NigKMOYeHnn 4o BXxogy OydepHoro perictpa Ta 4o NepLloro Bxoay
BiJEOKOHTPOSbHOro OrioKa, APYrMn Ta TPETi BXOAM SIKOTro 3'€dHaHi 3 BUXOo4aMu MepLloro Ta Apyroro
KepoBaHUX niacunioBayis, nepLli BXoAW SAKMX MiOKMIOYEHi OO0 BUXOQY reHepatopa Hanpyru, Lo
3MiHIOETbCA CTYMIHYACTO, a ApYri BXoam 3'edHaHi, BiANOBiAHO, 3 NepwuM Ta ApyruM Buxogamu Grioka
nam'aTi, BXigHa umndpoBa WnHa SKoro NigknioveHa Ao BMXigHOT LMAPOBOI LUMHW NEPLUOro NiYUNbHKKA,
YeTBEPTUA BXi4 BIOEOKOHTpPONbHOro ©Onoka pasoM 3 nepwMMm BXOAOM  aHanoro-umMdgpoBoro
nepeTeBopioBaya 3'eAHaHi 3 BMXOOOM KOMyTaTtopa, BXigHa uLudpoBa WMHaA SKOro nigkniodeHa Ao
BUXiAHOI LUMpoBOI WnHM BydepHOro perictpa, BxigHa undpoBa LUMHA AKOro 3'egHaHa 3 BUXogamu
NiHIMKM N OKpeMnx iHppayepBOHUX [aTyMKiB, BMXigHaA uUMcpoBa LWKMHA aHanNoro-ungpoBoro
nepeTBoploBaya nigknoyeHa yepes iHtepdencHun 6nok B kona EOM, BuxigHa uudposa wnHa 6noka
3aflaHHA NOMOXEHHA 3'edHaHa 3 NepLluo BXIAHOK UU@POBOIO LUMHOK MepLloro LMdpoBOro
KoMmnaparopa, gpyra BxigHa undpoBa LUIKMHA AKOro pasom 3 BXiAHUMWU LMOPOBUMU LLUMHAMMW NEPLLOro
Ta OpYyroro pericTpiB NigkmnoveHi 40 BUXIQHOI LMAPOBOI LWMHM AaTyYMKa NOMOXKEHHS, BUXiO NepLuoro
umMdpoBoro komnapaTtopa 3'egHaHWn 3 NEpLUMM BXOOOM MNepLloro enemMmeHTta |, gpyrmi BXxig sikoro
NigKIOYeHWA 00 NepLloro BUXo4y ApYyroro Tpurepa, a BuXig 3'eQHaHuii 3 nepluinm BXOAOM MepLIoro
Tpurepa, Opyrun BXig SKOro pasoMm 3 BXOAOM NepLUoro iHaMkaTopa NiaKMYeHi o ApYyroro Buxoay
Apyroro Tpurepa, Buxig gpyroro enemeHTta | 3'egHaHuii 3 gpyruMm BXOAOM aHanoro-umdpoBoro
nepeTsoploBaya, Apyra BxigHa uucdposBa LIMHa APYroro UUdpoBOro KomnapaTopa nigkniodeHa o
BMXiOHOI LMpPOBOI WKHK Bnoka 3agaHHs LWBMAKOCTI, a nepla BxigHa umdpoBa wwuHa 3'egHaHa 3
BMXiOHOKO UMPPOBOI0 LUMHOK UMEPOBOro cymartopa, nepwa i gpyra BXigHi LMMPOBI LWNMHN SKOro
NigKITIOYEHi, BiAMOBIAHO, A0 BUXIAHMX UMMPOBMX LIMH MEPLUOro Ta APYroro PericTpiB, BXOAM AKMX
3'egHaHi, BigNOBIgHO, 3 NepwuM Ta APYrMM BMXOO4aMu pPO3MnoAintoBaya TakTiB, TPeTih BUXiO SKOro
NigKNIOYEeHNN 0O APYroro BXo4y Apyroro Tpurepa, BUXig Apyroro reHepartopa iMnynbciB 3'egHaHun 3
BXOOOM pO3nofjintoBaya TakTiB, BUXi4 NepLloro Tpurepa nNigKmoyYeHnin OO NepLuioro Bxody Apyroro
enemeHTa |, gpyrun Bxig Akoro 3'egHaHWin 3 BMXOOOM MEPLUOro reHepartopa iMnynbciB, a BuUXig
NigKIOYeHWA 00 BXOAiB AiflbHWKA 4YacToOTW, reHepartopa Hanpyru, Lo 3MIHIOETbCA CTyniH4YacTo, Ta
KomyTaTopa, BUXigHi UMdPOBI LUMHK NEepLLOro Ta APYroro pericTpie 3'€aHaHi, BiANOBIgHO, 3 NEPLUOHD i
ApYrolo  BXiOHMW  LMPOBMMW  LUIMHAMK  TPETbOro UuUMdpPOBOro Kommapatopa, BuUXig4 SKOro
NiAKIIOYeHUA OO NepLuoro Bxody TPeTboro enemeHta |, gpyruin BXid SIKOro 3'eqHaHWn 3 BUXOAOM
Apyroro LmMdpoBoro komnapaTopa, a BuXiA MigKNioYeHnn [0 NepLuoro BXOAY APYroro Tpurepa, sikun
BiApi3HAETbLCA TUM, WO B HbOIO BBEAEHO KOMMApaTop, YeTBepTUM erneMeHT |, ABa MiYnIbHUKMK,
YeTBEPTUN LMPPOBUIA KOMNapaTtop, Grok 3agaHHA Bibpauii Ta Apyrun iHAMKaToOp, NPUYOMY BUXig
KomyTaTopa 3'eQHaHW 3i BXOAOM KOMMapatopa, BWXi SIKOro NiAKMOYeHWW [0 TPeTboro Bxody
YyeTBEpPTOro enemeHTa |, Apyrui BXig 9Koro 3'eQHaHUN 3 BUXOAOM [JifbHUKA YacTOTW, a Nepluni BXia
NigKIIOYeHWA OO OpYroro BMXOAY APYroro nivunbHWKa, nepluvi Buxig sKoro 3'€edHaHun 3i BXOOOM
nepLuoro nNiYnnbHUKa, a BXig NigKNioYeHUn 0o BUXOAY AiflbHUKA YacToTW, BUXiQ nepLloro nivyuMnbHUKa
3'eQHaHWM 3 OpYrMM BXOAOM TPETbOro MiYvMnbHUKA, NepLluvi BXid SKOro nigknoyeHun OO0 BuUxody
YeTBEPTOro enemMeHTa |, a BuxigHa ungposa LWrHa 3'egHaHa 3 NepLlo BXigHOK LMEOPOBOKO LLNMHOK
YeTBEpTOro LMgpoBoro koMnapartopa, Apyra BxigHa uudgposa LWMHa SKOro nigknioveHa Ao BUXIQHOT
uundppoBoi WnHKM 6noka 3agaHHs Bibpadil, a Buxig 3'egHaHMi 3i BXOAOM ApYroro iHgukaTopa.
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