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(57) OKHMCIHTETPHO-BOCCTAHOBHTETbHAS TIpoTOUHAs Garapest (1), comepiKamias KOMIIEKT (2) sucek H

pesepByapHOe YCTPOHCTBO (3) U1 preMa dIIEKTPOIUTa, py 3ToM O6arapest (1) coaepKuUT u3MepuTeIbHOE
yCTpOHCTBO (4) IS OIpeeneHns] HalPsHKEHHUSI XOIOCTOTO X0/a M IIUPKYJSIIMOHHBIN MOMYIIb, U IPH 3TOM
M3MEPHUTEIBFHOE YCTPONUCTBO JUTS ONIPEAEICHHSI HAIPSDKEHNUS XOJIOCTOTO X0/1a COJIEPXKUT 110 MEHBIIEH Mepe
OIIHYy U3MEPHTENbHYIO stueKy (4.1, 4.2, 4.3) u o MeHbLIeH Mepe YeThIpe COSIMHUTENBHBIX Marpyoka,
IIPY 3TOM OZINH COEJUHUTENBHBIN TaTPyOOK MPEIYCMOTPEH IS IIOBO/IA AHOJINTA, OIUH COSANHUTEIIbHBIH
narpyOoK - JUIs OTBOJA aHOJIMTA, OAWH COCAMHHUTENBHBIM MaTpyOOK - ISl MOABOJA KAaTOJNUTA M OIUH
COC/IMHUTEINBHBIA NMarpyOoK - JUIs OTBOJA KAaTOJNUTA, U MPH 3TOM ILMPKYJSLUOHHBI MOAYJIb COACPIKUT
IO MEHBIIEH Mepe OIHy HacOCHYIO ToyoBKy (8.1, 8.2) u mo meHpIel Mepe aBa pabounx xoieca (9.1,
9.2) Hacoca, M IIpU 3TOM YIHOMSHYTas 10 MEHbIIEH Mepe OJHAa M3MEpHTENbHas sueiika BCTpOEHa B
HACOCHYIO TOJIOBKY, ¥ IIPY 3TOM OJIMH COETMHUTENbHBIN NaTpyOOK U3MEPUTEIBHOTO yCTPOHCTBA COETUHEH
C HamopHOHM CTOpOHOH pabodero komeca Hacoca, M MPH 3TOM COOTBETCTBYIOIINIH COCTMHHUTEIBHBIN
TpyOOIIPOBOJ BCTPOCH B HACOCHYIO TOJIOBKY.
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OIIMCAHHUE U30BPETEHHUSA
2420-576301EA/025
OKHUCJIIMTEJIBHO-BOCCTAHOBUTEJIBHAS TPOTOYHAS BATAPES U CITIOCOBb
EE DKCILIYATAIIUU

H300peTeHne OTHOCUTCS K OKHCIHTENIbHO-BOCCTAHOBUTENIBHOW NMPOTOYHON Oartapee H
cnoco0y skcrutyatauuu Takod Oartapeu. Ilpudem sta Oarapess MOXKET 3KCIUTyaTHPOBAThCS
AaBTOHOMHO WJIM KaK 4acTb cUCTeMbl Oartapeil. Takas cucrema Oatapeil COCTOUT, HapuMep, U3
HECKOJIbKUX TOCJIEA0BATENIbHO MOAKIIOYEHHBIX OKHUCIUTEIbHO-BOCCTAHOBUTENIbHBIX MPOTOYHBIX
Oarapeii (uenu Oarapeii).

OKuCIUTENbHO-BOCCTAHOBUTENIbHAST MPOTOYHAsI OaTapesi BKIIOYAET B Ce0s KOMIUIGKT
SYEEK, T.€. KOMIUIEKT U3 MHOXKECTBA OKHCIHTEIbHO-BOCCTAHOBUTEJIBHBIX MPOTOYHBIX SYEEK, U
pe3epByapHOe YCTPOHCTBO IS TOAAYH 3JIEKTPOJIUTA C 110 MEHbIIEH Mepe ABYMs pe3epByapamH,
IIPY 5TOM B TEPBBII pe3epByap MOJAECTCS aHOJUT, a BO BTOPOH pe3epByap — KaTonuT. Bo Bpems
SKCIUTyaTaluu OaTaper aHOJHUT U KAaTOJUT MPOKAYUBAIOTCS depe3 sTUeHKH B BYX OTAEIbHBIX
LUPKYJISHUOHHBIX KOHTYpax. JlJisi 3TOro nmpenycMoTpeHs! 1Ba padounx Kojeca Hacoca, CpeacTBa
npUBOZa PabOYHX KOJIEC HACOCA M COOTBETCTBYIOIINE TPYyOHBIE pa3BoAKHU. Takass OKUCIUTENBHO-
BOCCTaHOBUTEINIbHAs MpoTodHas Oarapest packpeita B DE 10 2018 119 930 Al, mpu 3Tom o0a
paboumux Koyeca HaCOCa BMECTE MPUBOSATCS B ABI)KEHUE OTHUM JIBUTATEIIEM.

3amava HACTOSINErO H300pPETEHHS COCTOMT B TOM, YTOOBI YJYUIIUTH H3BECTHYIO
OKHUCIIUTEIbHO-BOCCTAHOBUTEIBHYIO IMPOTOYHYIO OaTaperd B OTHOIIEHHH 3KCIUTyaTallMOHHOMN
HAJIeXKHOCTU U y100CTBa OOCIY KUBAHMUS.

N3o0petarenu pyKOBOACTBOBAIUCH Te€M HAONMIOAEHHEM, YTO YaCTO CIyYaroLIasics
HEUCIPABHOCTb Y TPAAMLMOHHBIX OKHCIHTEIbHO-BOCCTAHOBUTENIBHBIX IPOTOYHBIX Oartapei
3aKJIIOYAETCs B yTEUKax B LUPKYJALUOHHBIX KOHTYypax 3JjiekTponura. M3-3a aToro co BpemeHeM
COKpalaeTcss eMKOCTh Oarapeu, U, B UTOTre, 3TO MPUBOIUT K BBIXONY Oarapeu u3 crpos. [pyrue
NOTEHIMAJbHBIE CITyYaIOIINeCs HEUCIPABHOCTH 3aKJIIOYAIOTCS B OTKa3e CpPEACTB MPUBOIA
pabouux kosec Hacoca. Korzma Bo Bpemst SKCILUIyaTauuu 0araper BBIXOIUT U3 CTPOST LIUPKYJISALIUS
3JeKTpoNUTa, Oatapes MOXKET pa3pylaThCs, €CJIH €€ OKCIUIyaTalus CBOEBPEMEHHO He
NPepBIBACTCS.

3amada pemaercss COMJIACHO H300PETEHHIO0 C TOMOIIBID BapHaHTa OCYILIECTBIIEHHS,
COOTBETCTBYIOLIIETO HE3aBHUCHUMBbIM IIYHKTAM Ha YCTPOWCTBO M Ha cmocod. [lpyrue
NPEATIOYTUTENIbHBIE BapUAHTBl OCYLIECTBICHHMS HACTOSINETO H300pETEHUs] HAXOHSITCS B
3aBUCHUMBIX MYHKTaxX (pOPMYJIbl H300pETEHHUS.

[IpennaraemMble M300pETEHHEM peEIIEHUs] MOSCHIIOTCA aajiee ¢ momompio ¢uryp. Ha
¢durypax, B 4aCTHOCTH, TIOKa3aHO:

¢ur.1 - OKHCITUTENBHO-BOCCTAHOBUTENBbHAS IIPOTOUHAS OaTapes,

¢ur.2 - m3mepuTenbHbIe yCTpoHcTBa 1yt onpenenenns HXX;

¢ur.3 - TUPKYJSLHOHHBINA MOAYJIb B TIEPBOM BapUAHTE OCYIIECTBIICHNUS,

¢ur.4 - TUPKYJSIMOHHBIN MOZYJIb B IPYTOM BapHaHTE OCYLIECTBICHHUS,

¢ur.S - TUPKYJSIMMOHHBIN MOZYJIb B IPYyTOM BapHaHTE OCYLIECTBICHMUS,



¢ur.6 - TUPKYJSITMOHHBIN MOZYJIb B IPYTOM BapHaHTE OCYLIECTBICHHUS,

¢ur.7 - TMPKYJSIIMOHHBIN MOZYJIb B IPYTOM BapHaHTE OCYLIECTBICHHUS,

¢ur.8 - neranu >NEKTPONUTAHUSA LUPKYIALHUOHHOTO MOIYJIS IO H300PETEHHIO.

Ha ¢urype 1 nokasana OKHCINTENBbHO-BOCCTAHOBUTENBHAS POTOYHAs OaTapes, KOTopast
obo3HaueHa nosunper 1. Jra Garapest BKIIFOYaeT B ce0s1 KOMIUIEKT sSYeeK, KOTOpPbIi 0003HaueH
no3uLueit 2, U pe3epByapHOe yCTPOHCTBO, KOTOpoe 0003HaueHo nosuiueii 3. KoMmiekr 2 sueek
HpencTaBisieT cCOO0M KOMIUIEKT U3 MHOXKECTBA OKHUCIIUTEIbHO-BOCCTAHOBUTENIBHBIX MPOTOUHBIX
siYeeK, KOTOpbIe MOTYT ObITh PacIoNIoXKeHbI JIOObIM 0Opa3om. Hampumep, peub mMoria Obl HATH
00 ONHOM OTHENbHOM TaKeTe SYeeK, IOCJIEAOBATebHON IIeMU M3 HECKOJbKHUX MaKEeTOB,
NapajyIeIbHOW IeNMH W3 HECKOJbKHX TaKeTOB WM O KOMOWMHAIMHM MOCJENOBATENbHON U
napajyieIbHON Lienel U3 HECKOJIbKUX MaKeTOB. Pe3epByapHoe yCTPOUCTBO 3 CIYKUT JJIs 04U
SJICKTPOJIUTA M AJIsi CHAOKEHHsI KOMIUIEKTa 2 SYeeK 3JIEKTPOJIUTOM. J[JIst 3TOro pesepByapHOe
YCTPOWCTBO 3 BKJIFOYAET B cedsl MO MEHbIIEH Mepe IBa pe3epByapa JIJisl aHOJHWTA U KaTOJUTA,
cucteMy TpyO sl COEMHEHUsI pe3epPBYapoOB C KOMIUIEKTOM 2 sideek U pabodme KoJjieca Hacoca
IUIL HarHETaHus 3yekTponuTa. batapes 1 Takxke Bio4yaer B ceOs M3MEPUTENBHOE YCTPOHCTBO
IUT OTIPENIEJIeHUs] TaK Ha3bIBAEMOro HampspkeHust xosnocroro xoma (HXX, anrn. open circuit
voltage - OCV), koropoe obo3HaueHo nozunueii 4. 3Hauenne HXX siBisieTcst Mepoil COCTOSTHUS
3apsna Oataperinoro moxays (anri. SoC - State of Charge). barapes 1 Bkirodaer B cebsi, Kpome
TOrO, BHEUIHMII HMCTOYHMK TOKA, KOTOPbIM YyKa3aH MpPsIMOYTOJIbHUKOM C KJIE€MMamMu U
o0o3HaueHneM 6. DTOT BHEIIHUIN UCTOYHUK O TOKA CIYKHUT, B TOM YHCJIE, JUI ITUTAHHS CPEICTB
npuBozia pabounx KOJeC Hacoca M HeoOs3aTeNIbHO MMEIOLIErocss BEHTUILSILIOHHOTO YCTPONHCTBA
¥ TOMY MOAOOHBIX.

H3obpaxkenHast Ha ¢urype 1 Oartapes Bkimouaer B ceOs HeoOs3aTENBHO IBA APYIHX
U3MEPUTENIbHBIX YCTPOHMCTBA, KOTOpbIe O0O3HaueHbl mo3ummsaMu S5 u 7. M3mepurenbHoe
YCTPOWCTBO, KOTOpOe OOO3HAYEHO MOo3uLMel S, MpencraBisieT CoOOH HU3MEPUTENIbHOE
YCTPONCTBO AJISl BbIIaYU KJIEMMHOIO HANpsDKEHUs] KOMIUIEKTa 2 S4eeK U, TeM CaMbIM, TaKXkKe
Oarapeu 1. B cnydae, ecnu Oatapest 1 sIBJISIETCSI YaCThIO CUCTEMbI OaTapeii, KOTOpasi COCTOUT U3
napajuleJIbHOM LIeMu U3 HEeCKOJbKuX Oarapeit 1, To Bce Oatapen | HUMEIOT OOHO M TO XKe
KJIEMMHOE HAaIpsDKEHHE, TaK YTO MOXKET OBITh MPEAyCMOTPEHO OAHO OO0Ilee HW3MEPHTEIbHOE
yCTPOHCTBO 5 wiu B omHOW w3 Oatapeii 1, miam cHapyxku Bcex Oartapeir 1. M3mepurenpHoe
YCTPOHCTBO, KOTOpOoe OOO3HAYEHO TMO3WLUed 7, TpencTaBisieT CoOOW H3MEPHUTETbHOE
YCTPOMNCTBO JUIsl BBIAYM 3apPsIIHOTO WM, COOTBETCTBEHHO, Pa3psiAHOrO TOKA KOMILIEKTa 2 sueeK
U, TEM caMbIM, Takxe Oatapen 1. B ciyuae, ecnm Garapest 1 sIBIsI€TCsl HaCThIO CHCTEMBI OaTapet,
KOTOpast COCTOMT U3 MOCIENOBATEIbHON LIENH U3 HECKONBKIX Oatapei 1, To Bce Oatapen UMErOT
OOWH M TOT JK€ 3apSAHbI WM, COOTBETCTBEHHO, PAa3pSAHBIA TOK, TaK YTO MOXET OBITh
NPEAYCMOTPEHO OJHO O0IIee HW3MEPUTENbHOE YCTPOHCTBO 7 MIM B ONHOW u3 Oarapeil, wiu
CHapy>ku Bcex Oartapeii 1.

Ha ¢urype 2 moxasaHsl aBa BapuaHTa OCYLIECTBIEHHS HM3MEPUTEIBHOIO yCTpOMHCTBa 4
nns onpenenenus HXX. M300paskeHHbII B BEpXHEH YaCTU BAPUAHT OCYIIECTBJICHUS BKIIFOUAET B

ceOst UI3MEPUTENIbHYIO sTUeliKy, KoTopast o0o3HaueHa ro3uiueit 4.1. DTa usmMepuTeNnbHas sUeika



4.1 paznmenena MeMOpaHOH, KOTOpas Ha3bIBAETCA TAKXKE CEMapaTopoM, Ha IBe KaMepbl. B
KOKION KaMepe pPACHOJIOKEHO MO ONHOMY 3JIEKTpoAy. Mexay AByMsl 3JIEKTPOAAMU MOXKET
CHHMATbCsl HANpsDKEHUE XOJIOCTOro xona. M3mepurenpHas sdelika BKJIIOYaeT B ce0sl deThIpe
COEAMHUTENBHBIX TNaTpyOka, NP O5TOM B KaKAYKD U3 O0OMX KaMmep BXOAAT IO JBa
coenMHUTEeNbHBIX maTpyOka. OnHa kaMepa npegHasHa4YeHa Uil IpUeMa aHOJNTa, TIPU 3TOM OJIUH
COEIMHUTENbHBIN MaTpyOOK MpeaHa3sHa4yeH IS MTOJBOAA, a APYIOil COeAMHUTEIbHBIN MaTpyOoK
— 15 0TBOAA aHonuTa. [lpyras xkamepa nmpegHa3HadeHa Ul MpuemMa KaToJuTa, IPU 3TOM OAUH
COEAMHUTENIbHBINA MaTpyOOK MpeIHa3HAYEH JJIs MOJIBONA, & APYTON COENMHUTENbHBIN maTpyOok
— st oTBOAA Karonuta. M300pakeHHBIH B HIDKHEH yacTH (UTypbl 2 BAPHAHT OCYLIECTBICHHUS
BKJIFOYAET B Ce0sl JIB€ M3MEPHTEJbHbIE SYEHKH, KOTOpble 00O3HA4YeHbl mo3uuusimu 4.2 u 4.3.
Kaxnast U3 M3MEpPUTENbHBIX Y€K pa3aesieHa MeMOpaHOW WIJIM, COOTBETCTBEHHO, CENapaTopoM
Ha JBE€ KaMepbl, U B KAXKIOH KaMepe pPacHOJIOKEHO MO OAHOMY 3JIEKTPOAy. Y Kaxaou u3
U3MEPUTENBHBIX sueek 4.2 u 4.3 npeayCMOTPEHO MO OJHOW Kamepe AJisl puemMa CTaHIapTHOU
KUAKOCTU. DT Kamepbl obo3HadeHbl mosunmed 4.4. Kamepwor 4.4 nns npuema CTaHIApTHOU
KUJIKOCTH MOTYT OBbITh 3aKPBITBIMH, T. €. IIOKa3aHHbIE Ha (UTYpE COENUHUTEIbHBIE MATPYOKH
3aKpPBIBAIOTCA TOCIIE TOTO, KaK ObUIa 3anMTa CTaHmapTHas kuakoctb. Kameper 4.4 moryT ObITh
TaK)Ke COENUHEHBI MEXAY COOOH, Kak MOKa3aHO INTPUXOBBIM TPYOONMpPOBOIOM BHH3Y. MoryT
OBITH TaK)Ke MPENYyCMOTPEHBI CPENCTBA, C IOMOIIBI KOTOPBIX BPeMsl OT BPEMEHHU B Kamephl 4.4
BBOJUTCSI CBEXasl CTAHNAPTHAs KUAKOCTb, IIPU 3TOM HCIOJIb30BAaHHAs CTAHAAPTHAS JKUIAKOCTb
BbIBOAMUTCS U3 Kamep 4.4. JIBe ocTanbHBIE KaMepbl UMEIOT 110 JIBa COCAMHUTENbHBIX MaTpyOKa,
IpU 3TOM OAHA M3 3TUX Kamep IpelHa3HadeHa AJsl MPUEeMa aHOJIUTA, U IPU 3TOM OAUH
COEAMHUTENBbHBINA MaTpyOOK NMpenHa3HaueH AJIs MMOABOAA, a APYroi COENMHUTENbHBIN MaTpyOok
— AJid 0TBOJA aHoauTa. [lpyrast kamepa npenHa3HaueHa AJisd IpueMa KaTOJINTa, U IIPpU 3TOM OMH
COeIMHUTENIbHBIN MaTpyOOK MpeaHa3sHa4YeH IS MTOJBOAA, a APYIOil COeAMHUTENbHBIN MaTpyOoK
— 1151 OTBOJIA KATOJIUTA. DJIEKTPObI KaMep, KOTOpbIE MpeIHa3HAYeHbI JUIsl IpUeMa CTaHIapTHOM
JKUJIKOCTH, MOTYT OBITb COEAMHEHBI IPYr C APYroM, Kak M300pakKeHO IITPUXOBOH JIMHUEH Ha
¢durype 2, Tak 4TOOBI MPSIMO MEXKAY IBYMsI OCTABLIMMHCS 3JIEKTPOJAMHU MOTJIO CHUMATHCS
HANpPSDKEHHE XOJIOCTOrO  XOAd. AJIBTEPHATUBHO, H300paKEHHOE COEOUHEHHE CPEIHHX
3JIEKTPOAOB MOXKET OTCYTCTBOBAaTb, U MEXKAY ABYMs BJIEKTPOAAMH KaXIOW SYEUKH MOXKET
CHUMATbCs YaCTUYHOE HanpspkeHue. Torna HanpsikeHue XOJ0CTOro X0/1a MOay4aeTcsl U3 CyMMBI
5THUX ABYX YaCTUYHBIX HampspkeHUN. Ecnm 5TH nBa 4aCTUYHBIX HANPSKEHUS OTIMYAKOTCS APYT
OT Apyra Mo BEeJIMYUHE, 10 3TOMY OTJIMYHIO MOXKHO CAENaTh 3aKJIHYEHNUE O HAIMYUUA CMELICHUs
B sjekrponure Oarapen. Takoe cCMeIIeHHE MOKET MOJYy4aThCsl BCIENCTBUE HEXKEIATEIbHOTO
s¢dekTa, KOTOPBII HA3BIBAETCS IIEPEXOIOM» (@HTJL. «Crossovery). Bo3MoKHOCTE 0O0Hapy KeHHsI
TAKOrO CMELIEHHs JejaeT H300pakeHHBIH Ha (urype 2 BHH3Y BapHAHT OCYLIECTBICHHUS
0COOEHHO MPEANOYTHTENbHBIM.

OO0mmM 111 OBYX BapHaHTOB OCYINECTBJICHUS SBJISIETCS TO, YTO H3MEPHUTEIbHOE
YCTPOHCTBO 4 IUIsl OTPeNeNieHUs] HAMPSDKEHUST XOJIOCTOTO XO/a BKJIFOYAeT B ceOsi O MeHbIneH
Mepe OHY M3MEPHUTENBbHYIO SYeHKy U IO MEHbIIel Mepe YeThlpe COeNMHUTENbHBIX MaTpyoKa,

IpU 3TOM OAMH COEJUHHUTENbHBIM MaTpyOOK NpPEAyCMOTPEH AJisi NOABOJAA AHOJIUTA, OIWUH



COEAMHUTENBbHBIA NMaTpyOOK — AJIi OTBOJA AHOJNTA, OAMH COCAMHUTENBbHBIA MaTpyOOK — s
NOZIBOJIA KATOJIUTA M OJJUH COEUHUTEIBbHBIN MaTpyOOK — I OTBOJA KATOJIUTA.

Uto0b! U3MEPUTENIbHOE YCTPOHCTBO 4 MOIJIO HAEKHO HAXOAUTH TEKYINee HAINpsKeHUE
XOJIOCTOTO XoAa Oarapew, MpPEAyCMOTPEHHBbIE Ui AHOJUTA U KAaTOJUTAa KaMepbl JIOJDKHBI
CHA0XAaTbCSl CBEKUM JJIEKTPOJUTOM. DJTO IMPOUCXOAMT 3a CUET TOro, YTO H3MEPUTENIbHOEe
YCTPOICTBO BKIFOYAETCS B LUPKYJ/SIMUOHHBIA KOHTYp oasektponura Oarapen. Ilpu stom
COEMHUTENIbHBIE MATPYOKM Ui MOABONA W OTBOJAA BJIEKTPOJHMTA COCAMHSIOTCS C TOYKAMH
LUPKYJSIUOHHOTO KOHTYpa 3JIEKTPOJINTA, KOTOpPblE HMMEIOT TaKyl Pa3HOCTb AABJICHUH, UTO
yepe3 KaMepbl M3MEPUTEBHOIO YCTPONCTBA 4 MOXKET MPOTEKaTh 3JeKTponuT. llomxonsimue
TOYKH OTBETBJIEHHS] C BBICOKMM JaBJICHHEM HAXOAATCS B TPyOOMpoBOmax, KOTOpbIE
NPOCTUPAIOTCS OT HANOPHOM CTOPOHBI pPadOYMX KOJEeC Hacoca 0 KOMIUIEKTa sYeeK.
IMoaxonsiimye TOYKU OTBETBJIEHUSI C HU3KUM JIaBJICHHEM HaXOASITCS B TPYOONpPOBONIAX, KOTOPBIE
NPOCTUPAIOTCS OT PE3EPBYapOB 10 BCACHIBAIOIIEH CTOPOHBI PabOYMX KOJIEC HAcOCa WU OT
KOMIUIEKTa siueek A0 pe3epByapoB. Huskoe naBieHue umeercs TakkKe B BEPXHEHW 4acTU CaMOro
pe3epByapa, Tak 4TO U C 3TOW YaCThiO Oaka MOTYT ObITh COEIMHEHBI COEAMHUTEIIbHBIE MATPyOKU
IUTsI OTBOJA JJIEKTPOJIUTA WU3MEPHUTENIbHOTO ycTporicTtBa 4. M3o0perarenn oOHApPYKUIIH, YTO
0COOEHHO MPeIpPaCOIOKEHbI K YyTEYKaM COEIMHUTENbHbIE TATPYOKH AJIsT IOABOA SJIEKTPOJIUTA
U COEIUHEHHbIE C HUMH TPYOOIPOBOIBI, TaK KaK TaM AEHUCTBYeT Ooyiee BBICOKOE BHYTPEHHEE
JaBJIEHHE, YeM B COEIUHHUTEIBHBIX NMAaTPyOKax st OTBOJA SJIEKTPOJIUTA U COSAMHEHHBIX C HUMHU
TpyOOonpoBoax.

OxuCIuTeNbHO-BOCCTAHOBUTENIbHASL TIPOTOYHAs OaTapesi MO HM300PETEHUIO BKIIHOYAET B
ceOsl LUPKYJSIMUOHHBI MOJYJIb, KOTOPBIM BBIMOJHEH TaK, YTO OH MOXET OCYIIeCTBIISITh
LUPKYJSILUIO aHOJIMTA M KaTonuTa. Tak Kak HarHeraemMoe KOJMYEeCTBO 3aBUCUT OT
HKCIUTYyaTALIMOHHOIO COCTOSIHUS OaTaper, HUPKYJISLHOHHBIH MOAYJb PACHoJaraeT MPUBOAOM C
peryJmpyeMoil CKOpOCTBIO BparleHus. L[MpKyJSIMMOHHBIH MOAYJb MOXET CHA0XaTbCs TOKOM
u3BHe. [Ipyu 3TOM BHEWIHUN HUCTOYHUK 6 TOKA MOXKET COCTOATHh B MOAKJKOYEHUH MOCTOSHHOTO
WM TIEPEMEHHOTO TOKa. AJIbTEPHATUBHO, LUPKYJISLIUOHHBI MOIYJIb MOJKET TAK:Ke CHAOKAThCSI
TOKOM H3HYTPH. ITH BO3MOKHOCTH OIMUCBIBAIOTCS JETAIBHO B CBsI3U C hurypoii 8.

Ha ¢urype 3 nokasaH HUPKYJISLMHOHHBIA MOIYJb B IEPBOM BapHAHTE OCYIIECTBJICHHS B
CXEMaTHYHOM H300pakeHuH. LIMpKyJISIHMOHHBIA MOIYJIb BKIIIOYAaeT B ceOs MO MEHbIIeH Mepe
OJTHO MepBOe paboyee KOJIEeCOo HAcoca ISl [IUPKYJISILIIH aHOJUTA, KOTOpoe 0003HAYEHO MO3NLIHUEH
9.1, u Mo MeHbIIEH Mepe OOHO BTOpoe paboduee KOJECO HAcoca Il LUPKYISILHUU KaTOJHTA,
KoTopoe obo3HayeHo nmo3uiuent 9.2. Ha ¢gurype 3 kaxxmoe pabouee Koeco Hacoca pacroyioKeHO
B CBOEH HACOCHOH TOJIOBKE, KOTOpble 0003HaueHbl no3unmsiMu 8.1 u 8.2. LIupKyIsuOHHBIHR
MOJYJIb BKJIIOUAET B Ce0sl TaKKe 3JIEKTPOIBUTATENb C PETYJIHPYEMOIl CKOPOCTBIO BPAILICHHUS,
KOTOPBIH 00o3HaveH nosunued 10 u coequHeH ¢ padounmu konecamu 9.1 u 9.2 Hacoca Tak, 4To
OH MOJKeT NPUBOAWTH WX B JIBIDKEHHE OmNHOBpeMeHHO. Ha ¢urype 3 coenmnHenue ¢ pabounmu
KOJIECAMH HAcoCa PEaJM30BaHO TOCPEACTBOM Balsla, KOTOPBIH C¢ OOEMX CTOPOH BBHICTYINAET U3
neurarenst 10 (mBuratenb CO CIUIONIHBIM BajJOM IJIM C JOBOHHBIM BajsioM). Kaxkmoe pabouee

KOJIeCO Hacoca COEOMHEHO ¢ OJHHMM KOHIIOM Baja. Tak Kak Y OKHUCIIUTECJIbHO-



BOCCTAaHOBUTEINIbHBIX TPOTOYHBIX Oaraped, Kak MPaBWIIO, JJIEKTPOJHUTY HENb3sl NMPUXOIUTH B
COIPUKOCHOBEHHUE C METAJUIOM, MEXKIY BAJIOM M KaKABIM pad0OunM KOJIECOM HACOCAa MOKET OBITh
pacronokeHo 1o MarHuTHOM Mydre. Ha durype 3 u nocnenyromux ¢purypax Takiue MarHUTHbIE
MyQTBI 111 0030pHOCTH HE M300pakeHbl. Takue MarHUTHblE My(ThI MOTYT OBITH NMPH 3TOM
BCTPOEHBI B KaXKAYK0 HACOCHYIO ToJIOBKY. HacocHele rojoBku u pabodme Kkojeca Hacoca
W3rOTABJIMBAKOTCA, KaK MPAaBUJIO, U3 MOJMMEPHOIO MaTepuaja, HaupuMep, U3 MOJUIPONUIICHA
(TIIT). Ilpm >TOM HACOCHBIE TOJIOBKM MOTYT, HAmpHMep, BbI)PE3epOBBIBATHCS B BUAE ABYX
nojyobosouek u3 OsokoB III1. AnbrepHaTHBHO, Takue TMOJYOOOJOYKA MOTYT TaKKe
W3rOTaBIMBATLCS B BUJE JINTHIX MOA AaBieHHeM AeTaneil. [{upKyasauuoHHbINH MOIYNIb BKIHOYAET
B ce0s1 TaK)ke YCTPOMCTBO YIPABICHUS U MIUTAHMSI, KOTOpoe 0003HaueHo no3unuei 11 u kotopoe
BBIIIOJTHEHO U COEAMHEHO C sJekTponsurareneM 10 Tak, 4TO OHO MOXKET MHTaThb €ro
MEPEMEHHBIM TOKOM C PEryJIupyeMoil 4acTOTOH. [ 3TOro yCTpoiCTBO yNnpaBieHUsl U MUTAHUS
BKJIFOYaeT B cels, Kak MpaBWiIo, OJIOK ympaBieHUss W OJOK THMTaHHS, T.€. YaCTOTHBIA
npeoOpaszoBaTelib, 00a KOTOpPbIE MOTYT ObITh HHTETPUPOBAHBI B OAHY IUIATy. B 3aBHcHMOCTH OT
TOTO, SIBJISIETCS JIM BHELIHUM MCTOYHUK 6 TOKAa HMCTOYHUKOM MEPEMEHHOr0 WM MOCTOSIHHOIO
TOKa, peyb HAeT O mpeodpa3oBaree mnepeMeHHOro Toka B mnepemeHHbll (AC/AC) wu
npeobpasoBaTeie MOCTOSTHHOTO ToKa B epeMenHbiin (DC/AC).

Ecimu oba paboumx koieca Hacoca BBIOJHEHBI UIAEHTHYHO, TO CKOPOCTh HAarHETaHHUSI
AHOJIUTA COOTBETCTBYET CKOPOCTM HAarHeTaHWsl KaTOJUTa. IJTO COOTBETCTBUE CKOpPOCTEH
HArHETAHUS SIBJISIETCS. HEOOXOAMMBIM JUIi HEKOTOPBIX OKHUCJIUTENbHO-BOCCTAHOBHUTEIBHBIX
NPOTOYHBIX OaTapell, TakMX Kak, Hampumep, Oarapen Ha OcHOBe BaHanus. Jlpyrume Oatapeu
TpeOYIOT CKOpPOCTEHl HarHeTaHusi ¢ COOTHOIUIEHHEM, OTiIu4arImuMcs oT 1:1. DToro MoxHO
nobuTecst OO 3a CUET TOro, 4To padodMe Kojieca HacoCa MMEKOT Pas3IMYHble HAarHETaeMble
KOJIMYECTBA Ha OJUH 000POT, 100 32 CUET TOrO, UTO MEKAY IO MEHbIIEeH Mepe OTHUM pabouum
KOJIECOM W JIBUTATeJIeM MPOMEKYTOYHO BKJIIOHAETCsl 3yOdaTasi mepenada ¢ COOTBETCTBYIOILINM
MIOHIKEHUEM.

[TokazaHHbIH Ha (uUrype 3 UUPKYISILUOHHBIA MOIYJb BKJIIOUAET B Ce0sl H3MEPUTEIBbHYIO
s4YelKy, koTopas obo3HaueHa nozunmed 4.1. Ilpu 3TOM mepBbIi COSTUHHUTEIbHBIN NMAaTPyOOK
U3MEPUTENIbHON sueiiku 4.1 CoequHeH ¢ HAMOPHOW CTOpOHOM pabodero koseca 9.1 Hacoca, a
BTOPOW COEIUHUTEIBHBIN NMaTPyOOK M3MEPUTENbHON siueiiku 4.1 — ¢ BcachIBaIOLIEeH CTOPOHOMN
pabouero kojeca 9.1 Hacoca, MPU 3TOM Ha3BAHHBIE COEAUHUTENbHBIE TTATPYOKH BXOAAT B OJHY U
Ty K€ KaMepy U3MEPUTENbHON siuelku 4.1, U kak u3MepuTenbHas siueiika 4.1, Tak U yka3aHHbIe
COEIMHEHHUs] BCTPOEHBI B MPUHAJIEKAINYI0 padoueMy konecy 4.1 Hacoca HACOCHYIO TOJIOBKY
8.1. bnaromapss 3TOMy BCTpPauMBaHUIO H3MEPUTENbHON sueliku 4.1 W COeIMHUTEIbHBIX
TpyOONPOBOOB C HANOPHOH M BCachIBaKOLIEH CcTOpoHamu pabodero koseca 9.1 Hacoca B
HACOCHYIO TOJIOBKY 8.1 yMeHbIIaeTrcss NpeApacrloiOkKEeHHOCTh Oarapen K yTeuke, TaK Kak
OTCYTCTBYIOT MpPOXOASIINE CHAPYXH TPYOOIPOBOABI C COOTBETCTBYIOIIUMH (PIIAHLIEBBIMU
COEAMHEHUsIMH, KOTOPbIE UMEIOT 0ojiee BBICOKYIO IOJIBEP’KEHHOCTb YTEUKE, YeM BCTPOEHHBIE
COIJIACHO M300PETEHUI0 B HACOCHYIO TOJIOBKY COEAMHEHUs, KOTOPBIE MPENNOYTHTENBHO MOTYT

OBITb BBIMOJIHEHDI B BUAC MPOXOOALINX B HACOCHOM TI'OJIOBKE KaHAJIOB. OI[HaKO I JOCTHXKCHUA



OOJIBIION YaCTH OMHCAHHOIO COMIACHO HM300PETEHHI0 MOJIOKUTENBHOTO 3(dekra mocTarodHo,
€CIII B HACOCHYIO TOJIOBKY BCTPOEH TOJIBKO OIWH TPyOONPOBOA, BXONSAIIMHA Ha HAMOPHON
cTopoHe pabodero kojeca 9.1 Hacoca, Tak Kak OH OoJjiee NMPEIPAcIONOKEH K YyTeuke, 4eM
TpyOONPOBOJ, KOTOPBIH OTBOAUT 3JEKTPOJIUT M3 COOTBETCTBYIOLIEH KamMepbl M3MEPHUTEIbHOMN
syeriku 4.1. HasBaHHBIH mocnenHuM TpyOOnmpoBoa Mor Obl OBITH TakKe COCAMHEH C APYroi
TOUYKON HU3KOTO JIaBJIEHUS LUPKYJIALMOHHOTO KOHTYpPa 3JIEKTPOINUTA (CM. PACCY>KACHHUS BBIIIE K
¢urype 2). To ecTb coryiacHO H300PETEHHIO TOCTATOYHO, €CJIN C HAIOPHOI CTOPOHOH pabodero
koneca 9.1 Hacoca coenuvHeH OnNWH (TIEPBBI) COENMHUTENbHBIH MAaTPyOOK H3MEPHUTETbHOM
stuefiki 4.1, ¥ eCaM COOTBETCTBYKOIIMI TPyOONPOBON BCTPOEH B HACOCHYKO ToJIOBKY 8.1.
OCoOeHHO TPEANOYTUTENBHO, €CIH APYrod (BTOPOH) COEMUHHUTEIbHBIN MaTPpyOOK COEOHHEH C
BCAChIBaKOIIEH CTOPOHOI pabouero koseca 9.1 Hacoca M €CJIM COOTBETCTBYIOIIUN TPYOOIPOBOL
TaK)ke€ BCTPOEH B HAacOCHYIO rojioBky 8.1. CoOTBETCTByIOIllEe OTHOCUTCS TaKXXe K OMHUCAHHBIM
HIDKE IPYTUM BapHaHTaM OCYLIECTBJIEHUS LIUPKYJISLUOHHOTO MOIYJIS.

ITpu sToM m300pakeHHast Ha ¢urype 3 m3MepuTenbHas sueiika 4.1 sBISIETCS YacThIO
M3MEPUTENIbHOIO yCTPOMCTBa 4 COrJIaCHO MPUBEIEHHOMY BbIl€ BapUAHTY OCYLIECTBJICHUS IO
¢urype 2. Ilpu >ToM HM300pakeHHble HA (Purype 3 OTKPBITBIMH COETUHHUTEIBbHbIE MaTPyOKH
WU3MEPUTENBbHON sueiiku 4.1 coequHeHbl C MPHUHANJIEXKAIMUM IPYroll HAaCOCHOW TOJIOBKe 8.2
LUPKYJSIUOHHBIM KOHTYPOM TaK, YTO 3JIEKTPOJIUT U3 3TOT0O LUPKYJSLUOHHOTO KOHTYpa MOXET
T€Yb Yepe3 COOTBETCTBYIOIIYIO KaMmepy (T.€. JIEBYIO KaMepy) M3MEpUTENbHOH stueiiku 4.1. Otu
TpybonpoBoe! s 0630pHOCTH Ha urype 3 He uzoOpaxkeHsl. [Ipu 3TOM HacocHas rojoska 8.2
MOJKET MPEAOCTABIIAATh B PACIOPSDKEHUE HAJJIeXKalue COCIUHHUTEIbHbIE NMaTPyOKH, KOTOpbIE
HAXOJATCS B COEIMHEHNN C HAIIOPHOM MJIM, COOTBETCTBEHHO, BCACBHIBAIOLIEH CTOPOHOI pabouero
koneca 9.1 Hacoca. Ho 3T0 coenuHeHune MOKeT OBIT Takke ycTpoeHO uHade. Tak kak 1Be
HacocHbple TonoBku 8.1 m 8.2 pacmojoxkeHbl ONM3KO APYr K APYry, YKa3aHHAs MEepBOH
BO3MOJKHOCTb OCOOEHHO TpPEANOYTUTENIbHA W MOXET OBITh OCOOEHHO NPEeArOYTHTENHEHO
pear30BaHa MOCPEACTBOM JKECTKUX, MPOXOIALIMX BAOIb KOPIyca ABUraTesisi TpyOOnpOBOIOB.
Bapuant ocymectBienus o ¢purype 3 MOKET TaKkKe BKIFOYATh B CeOst IPYTYI0 H3MEPUTEITBHYIO
sueiiky 4.1 COrjlaCHO MPHBENEHHOMY BBIIIE BAPUAHTY OCYIIECTBJIEHHUs MO (Gurype 2, Kotopas
BCTPOEHA B HACOCHYHO rosioBky 8.2. IlosTomMy H3MepuUTENbHOE YCTPOMCTBO 4 BBINOJIHEHO
M30BITOYHBIM, TaK YTO MPHU OTKA3€e OJHON M3 M3MEPHUTENbHBIX stueek 4.1 Garapes MOXKET, TeM He
MeHee, MPOJO0JIKATh HKCILTYyaTHPOBATHCS.

Ha ¢urype 4 nokasan mMpKYJSIIMOHHBIA MOAYJb B APYTOM BAapPHAHTE OCYINECTBIICHHSL.
ITpu 5TOM coOTBETCTBYIOIIAs OaTapesi BKIOYAET B ce0sl U3MEPUTEIBHOE YCTPOMCTBO 4 COTIIACHO
NPUBEACHHOMY HW)XE BapUaHTy OcyluecTBieHus no ¢urype 2. Ilpu 5TOM B KaKAYIO H3 OABYX
HACOCHBIX TrOJIOBOK 8.1 1 8.2 BCTPOEHO MO OAHOW U3 U3MEPUTENbHBIX sueek 4.2 u 4.3 BMeCTe C
COEAMHEHUSIMH C COOTBETCTBYIOIIMMH HAIIOPHBIMM M BCACHIBAIOIIUMH CTOPOHAMH paboumx
konec 9.1 u 9.2 Hacoca. IIpu 3TOM cka3aHHOE HIDKE B OTHOIIEHHH (PUTYpBl 2 OTHOCHUTCS K
n300pakeHHBIM CBOOOMHBIMH Ha (urype 4 COEOMHHUTENbHBIM NAaTpyOKaM K HAlOJHEHHBIM
CTaHAAPTHOM KUAKOCTBKO KaMepaMm U3MEPUTENbHBIX siueek 4.2 u 4.3.

Ha ¢urype 5 nokasan nupKyJSIUOHHBIH MOAYJb B APYrOM BapHAHTE OCYIIECTBIICHHUSL.



ITpu 5TOM cooTBeTCTBYIOIIAs OaTapesi BKIIIOYAET B ce0s N3MEPHUTEIBbHOE YCTPOICTBO 4 COrIACHO
NPUBEACHHOMY BBILIE BapUAHTy OCYIIECTBIEHUs 1O ¢urype 2. B mpoTHBOMNONOKHOCTH
BapUaHTaM OCYLIECTBIEeHHs cornacHo ¢urypam 3 u 4, oba pabounx koneca 9.1 u 9.2 Hacoca
pacIoNnokeHbl B OJHOM 0O1Iel HAaCOCHOM rojIoBKe, KOTopast o0o3HaueHa nozuuueit 8.1. Paboune
kozeca 9.1 u 9.2 Hacoca coeMHEHBI APYT ¢ APYIOM TakK, 4TO KOrja asuratens 10 mpuBOAuUT B
ABIDKEHHE OHO M3 pabouux KOJieC Hacoca, OMHOBPEMEHHO OH NPUBOIUT B IBIKEHHE U APYToOe.
UsmepurenbHas siyeiika 4.1 BCTpoeHa B HACOCHYIO ToJIOBKY 8.1 Tak, 4To BCe TpyOONpPOBOABI K
U3MEPUTENIbHOM stuelike 4.1 mpoXoasT BHYTPU HACOCHOM rojioBku 8.1. IToaToMy n3oOpakeHHbIH
Ha ¢urype 5 BapHaHT OCYIIECTBJICHUS €Ile MEHbIIe HYKIAeTCs B MPOXOISAIIMX CHApPYKU
COEMHUTENIbHBIX TPYOOMPOBOJAX, UeM BaPUAHT OCYLIECTBIIEHHSI COTIacHO (urype 3.

Kpowme Toro, Ha purype 5 nmokasan BEHTHJISATOP, KOTOPbIH 00o3HaueH mo3unmeii 12. [Tpu
5TOM pe€4Yb MAET O BHELIHEM BEHTWIATOpPE, KOTOPBIH COEAUHEH C OCbhio asurarens 10.
Hzobperarenu oOHAPYKIIIK, YTO YacTasl MPUYMHA BBIXOJA U3 CTpOs ABuratens 10 3aximodaercs
B TOJIOMKE JIOMACTU BeHTUNsATOpa. Ecnu aBurareiab umMeeT BCTPOEHHBIM BEHTUJISATOP, TO IS
pPEMOHTa JOJDKEH 3aMEHSATbCS Bech ABUrarenb. IIpu BHEIIHEM BEHTWIATOPE AOCTATOYHO
3aMEHUTh caM BEHTHJIATOP. Takol BHEUTHUI BEHTUIIATOP MOKET TaK)Ke€ HAXOAUTh IPUMEHEHHE Y
BCEX IPYIUX ONUCAHHBIX BapUAHTOB ocyllecTBieHus. [IpudemM B NaHHOM ciydae BEHTUJIISITOP
TOJDKEH OBITh PACIIONIOKEH Ha JIBUTATENe COOKY U pacnojiaraTb COOCTBEHHBIM ITPHBOAOM.

Ha ¢urype 6 nokasan nMpKyJSIHOHHBIA MOAYJb B APYrOM BapHAHTE OCYINECTBIICHHSL.
ITpu 5TOM cooTBEeTCTBYIOIIAs OaTapesi BKIOYAET B ce0s N3MEPUTEIBHOE YCTPOMCTBO 4 COrIACHO
NPUBEACHHOMY BBIIIE BapUAHTy OCyIlecTBieHus no ¢urype 2. Bapuant ocymecTBieHus
coryacHO ¢urype 6 OTIH4YaeTcs OT BapuUaHTa OCYLIECTBIEHMs COTJIACHO Gurype 5 TeM, 4To
paboune xoneca 9.1 u 9.2 Hacoca COEIMHEHBI APYT C APYTrOM MOCPEACTBOM 3y0UaTOl mepeaayu,
KoTopass obo3HaueHa mnosuumei 13. Ilpu 3ToM peub maer o 3y04aroil mepemave ¢ OIHUM
BXOJHBIM U JIBYMsl BBIXOAHbIMU Basnamu. J[Burarenp 10 coenuHeH ¢ BXOAHBIM BajoM. Takas
nepenaya 13 MOXeET Takke MPEeaNOYTHTEIbHO KOMOMHHPOBATHCS C BAPUAHTAMH OCYILECTBIICHHS
coryiacHO ¢urypam 3 u 4, Tak YTO U 3TH BAPUAHTBI OCYLIECTBIEHHSI MOTYT ObITh pEaIN30BaHbI C
ABUTATEJIEM, UMEIOLUM BCTYMAIOLIUN TOJIBKO C OHON CTOPOHBI BaJl ABUTATES.

BapuaHTbl OCyIIeCTBIEHUSI COTJIACHO (GUrypam 5 u 6 MOTYT TakXe MPEeaNOYTHTEIbHO
OBITh OCYLIECTBIIEHBl C WM3MEPHUTEIBHBIMU YCTPOWCTBAMH 4 COIJIACHO NPUBEACHHOMY HIDKE
BAPUAHTY OCYLIECTBJICHHS MO ¢urype 2, T. € C COOTBETCTBEHHO IBYMSI BCTPOCHHBIMH B
HAcOCHYIO rosioBky 8.1 siueiikamu 4.2 u 4.3. Kpome TOro, Bce BapuaHThl OCYIECTBIEHUS MOTYT,
B IIPUHLUIIE, OBITh TAKXKE OCYLIECTBICHBI C ABYMS ABUTATENSIMH, TaK YTOOBI K&KIBbIH JBUTATENb
NPUBOAMJ B JIBIKEHHE OXHO pabouee koineco Hacoca. OnHAKO SKOHOMHUYECKH, KOHEYHO,
BbIFO/IHEE, KOIZIa NIPUMEHSIETCS TOJBbKO OJUH JIBUraTeslb, KOTOPbIII OJTHOBPEMEHHO MPUBOAUT B
IBIDKEeHHE 00a pabovmx Kojieca Hacoca.

Ha ¢urype 7 nokasaH mMpKyJSIHOHHBIA MOIYJb B APYIrOM BapHAHTE OCYIIECTBIICHHUSL.
IIpu stom Ha ¢urype 7 mnokaszaHbl BCe HEOOXOAWMBIE W/WIM MPENNOYTHTENbHbIE (T.€.
HeoOs13aTeNbHbIe) AU YIIPABICHUS LIUPKYJISALHOHHBIM MOAYJIEM MO U300PETEHUI0 AaTYUKU HIIN

PErUCTPUPYIOIIHE 6J'IOKI/I, KOTOPBIC BbIAAIOT BXOAHBIC MapaMETPbI AJIsA YIIPABJICHHUS CKOPOCTBIO



Bpawenus apurarens 10 B ycrpoiictso 11 ynpasnenus u nutanus. [Ipu 5ToM nzobpakeHue mo
¢durype 7 UCIONB3yeT BapUaHT OCYIIECTBIEHUS COTJIACHO (GuUrype S5, mpuyem aisi 0030pHOCTH
HEKOTOpble JneTanu Obutu  omyiueHbel. [Ipm 3TOM mepeHOC Ha BCe Jpyrue BapUaHTHI
OCYLIECTBJICHHsI HE TMPEACTaBIseT COOOH HUKAKOM TPYAHOCTH Il CIELUAJINCTA.
HeoOxoanmbIiMu BXOIHBIMH MapaMmeTpaMu siBisitoTcss 3HaueHne HXX, xoropoe onpenensiercs
U3MEPUTENIbHBIM YCTPOUCTBOM 4, U 3apsAHBbIM WIM Pa3PsOHBIA TOK, KOTOPBIH OINpenesseTcs
U3MEpUTENIbHBIM yCTpoiicTBOM 7. Bee nmatumkm wim peructpupyromue OJOKH COSTUHEHBI C
ycTpoiictBoM 11 ympaBieHus W MUTaHUS TaK, YTO B HErO MOTYT IEepenaBaTbCsl MOJy4YeHHbBIE
pe3ynbTaThl u3Mepenuit. Ha ¢urype 7 3TU coenviHeHHs] i OO30PHOCTH HE TOKa3aHBbI.
HeoOsi3aTrenbHple MAaTYMKU WM PETHCTPUPYIOLIHE OJOKH TMPENCTaBJISIOT COOOH AaTYMKH
JaBJIEHUs], OIUH U3 KOTOPBIX 0003HAU€H MO3MLMEH 15, MaTyuku TemmepaTypsl I U3MEPEHUs
TEMIEepPaTypbl SJEKTPOJIUTA, OIUH U3 KOTOPbIX 0003HA4YeH MO3HMLMeH 16, maT4uk TemrepaTypsl
IUTsE U3MEPEeHUsT TeMriepatypbl oOMOTKM nBurareiisi 10, koTopwiii o0o3HaueH mosunmed 18, u
IaTYUK BHOpPALIUM JIJIs1 U3MEPEHUs BbI3bIBaeMoi nsurateneM 10 BuOpanun, KOTOpbld 0003HaUYEH
nosuuueit 19. Ilox narumkamu BUOpauMM TOHHUMAIOTCS BCE BHUABI AATYHKOB, KOTOPBIE B
COCTOSIHUM OOHapyxuBaTh BuOpanmto. K HHUM OTHOCSATCS, HampuMep, NaTYUKHU YCKOPEHHUS
(Mm/c®) 1 maTunku ckopocti (Mm/c). JlaTunky 16 TeMmrepaTypbl ISl H3MEPEHHs! TeMITePaTy bl
3JIEKTPOJIUTa OCOOEHHO BaXKHBI TOrAa, kKorna Oarapes 1 m okpyskaromas Oarapero 1 cpena He
TEPMOCTATHPOBAHBI, TaK YTO TemIeparypa Oarapen | ciexyer 3a TeMmmepaTypHbIMU
KojeOaHusIMU OKpyskaromel cpenbl. [loatomMy Hekotopele Oarapen 1 pacronararoT Takxke
OXJIAKJIEHHUEM, KOTOpPOE€ 3aKJIIOYAeTCs, HalpuMep, B TEIIOOOMEHHHUKE 3JIEKTPOJIHUT-BO3AYX.
TemmnepaTypHble KoneOaHHs CKa3bIBAIOTCS HA BA3KOCTH 3JjekTposnuTta. Kpome Toro, BHyTpeHHee
COMNPOTHUBJICHUE STYEEK HAXOAUTC B CUJIBHON 3aBUCUMOCTH OT TEMIIEPATYPHI.

Jatauku 15 naBneHus CiayXar Iuis TOTO, 4TOOBI M3MEPSATh AABJICHHUE B HAHETAIOLINX
3JIEKTPOJUT TPyOONPOBOAAX HA HAMOPHOU cTOpoHe padounx konec 9.1 u 9.2 Hacoca. [TosaTomy
Ha (urype 7 3TU JAaTYMKHU PACIIOJOKEHBI Ha COOTBETCTBYIOIIMX TPyOOMpPOBOJAX CHAPYXKH Ha
HAacOCHOH royioBke. OHU MOTTH Obl OBITH TaK)K€ BCTPOEHBI B HACOCHYIO T'OJIOBKY WJIM e OBITh
YCTaHOBJIEHbI YIAJEHHO OT HACOCHOW TOJIOBKM Ha TpyOompoBomax. BIM30CTh K HACOCHOM
rOJIOBKE UMEET, BO BCAKOM ClIy4ae, TO NMPEUMYLIECTBO, YTO MPOBOAA MEXIY AaT4ukaMu 15 u
ycTpoiicTBoM 11 ynpaBieHuss U nuTaHus KOpoTkue. TO ke caMOoe OTHOCUTCSA K AaT4vkaMm 16
temneparypbl. OHM Moram Obl OBITH C TEM JK€ YCIEXOM pAaCIOJIOKEHbI Ha BCACHIBAIOIIEH
cTopoHe padounx koiec Hacoca. Jlatunk 18 Temmeparypbl Ha Gurype 7 pacmoioXKeH CHapyKu
Ha kopmyce asurareis. [Ipy 5TOM OH HaxOgUTCsS BOJM3HM TOKOBBIX Pa3bEMOB JBHIaTeNsl H TaK
MOJKET HaJeKHO PErHCTPHPOBATh TeMreparypy oOMorku. OH Mor Obl Takke OBITH BCTPOEH B
JBUTaTeNIb WM HAXOAUTHCA B YCTPOUCTBE 11 yrpaBieHUs U MUTAHUS.

YcrpotictBo 11 ympaBiieHUs U TUTAHUST BKJIIOYAET B Ce0sl Takske BXOZ JUISL 3apPSITHOTO
WIH, COOTBETCTBEHHO, Pa3psSOHOTO TOKa, KOTOpbI oOO3HaueH mosuumed 14, wm BXOA ISt
KJIEMMHOTO HamnpsDKEHUs, KOTOpbIi oOo3HaueH mno3uumedt 17. Ecmm  cooTBercTByrOIue
U3MEpUTENIbHbIE YCTPONCTBA S5 W/uim 7 SBISIIOTCS 4acTbio Oarapen 1, TO Ha3BaHHBIE BXOJbI

NPpUHUMAKOT COOTBETCTBYIOILIUE COCAUHUTCIIBHBIC TIPOBOAA K OTUM  HU3MEPHUTCIIbHBIM



YCTPOMCTBAM, TaK 4YTO YyCTpoWcTBO 11 ympaBneHus W NUTaHUA MOXKET INPUHHUMATH
COOTBETCTBYIOIME pe3yJibTaTbl U3MEpEeHUH. Eciu COOTBETCTBYHOIINME H3MEPUTEIIbHBIC
ycTpoiicTBa 5 w/mnu 7 pacroyioxkeHsl BHe OaTapen 1, TO MOJy4eHHBbIE Pe3yJbTaThl U3MEPEHUH,
KaK MPaBWIIO, MEPENAIOTCsl C MOMOLIBIO MUHBI CBs3U. B mocnennem ciaydae Bxonsl 14 w/wnu 17
NPUHUMAIOT COEAMHUTENbHBIN MPOBOA K MMHE cBA3U. IIpu sToM BXxoxbl 14 u 17 MoryTt taxxke
00pa3oBbIBATH OAMH €UHCTBEHHBIH BXOJ, KOTOPBIN COSTMHEH C IIUHOMN CBS3H.

@urypa 7 oriamyaercst OT (GUIypbl 5 HOMHMO NPOYEro TeM, 4YTo ycTpoiictBo 11
yVIOpaBIeHUsT U NUTaHUS HamnpsiIMyr0 coeauHeHo ¢ nsurareneM 10. IIpeumyiectBoM 3TOH
CHUCTEMBI SIBJIIETCS KOMIIAKTHOCTb, KOTOpas, KpOME TOro, IIO3BOJISIET YKOPOTUTH BCE
coennHUTENbHBIE TIpoBoaa. Kpome Toro, natumk 19 Bubpaumnu MoxeT ObITh TOTNIAa PaCIONIOKEH
BHYTpH ycTpoiicTBa 11 ynpaBiieHUs U MUTAHUS, TaK Kak co3naBaeMble nuratesieM 10 BuOpammu
nepenarTcsi Ha yeTpoicto 11 ynpasnerus u nutanus. OnHAKO OH MOT ObI ObITh PACIONIOKEH
Taxxe Ha uiu B asurarene 10.

HupKyIAUMOHHBI MOIYJb MO W300PETEHUIO MOXKET BKIIIOYATh B ceds U Opyrue, He
n3o0pakeHHble Ha ¢urype 7, HeoOsi3aTeNbHbIE NATYMKH, TaKUE KaK, HAMPHUMEp, OaTYUKH
pacxona B 060ux TpyOOnpoBOAaxX 3JIEKTPOJUTA WM JATYUK KOPIYCHOTrO Iyma Ha apurarene 10.
Kpome TOro, B KOpmyc Hacoca MOXET OBITb BCTPOEHA (POTOMETpHYECKAas] H3MEPHUTEIbHAsS
sA4yeiika, € MOMOIIBI0 KOTOpoH Moryr cHuMatbest UV/Vis (ynpTpaduoneToBble/BUANMBIE)
CIEKTPBI.

Ha ¢urype 8 B cxemMaTuyHOM H300paXKEHUHU MOKA3aHbl JAETANU LHUPKYJISLHOHHOTO
MOJYJIsI IO M300PETeHNIO, KacaroIuecs: CHabkeHUs1 TOKOM. 11pr 5TOM BO3MOKHO MepeKIIoYeHre
MEXJy BHELUIHUM M BHYTPEHHUM MCTOYHHUKAMHM Toka. IIpm 3TOM BapuaHT OCYILECTBICHMUS
coryacHO ¢urype 8 mpenronaraer, 4To BHEIIHUI UCTOYHUK 6 TOKA Oa3supyeTcss Ha MOCTOSTHHOM
TOoKe. YCTpolcTBO 11 ympaBieHus U mUTaHUS BKJIOYAET B ceOs OJOK ympaBiieHHs, KOTOPBIH
obo3HaueH no3uumeit 11.1, 6ok nuTanus, KOTOpeIi 0003HaueH no3uuuei 11.2, u pene, koropoe
obo3HaueHo mnosunuert 11.3. B mpunummne, O6nokm 11.1, 11.2 u 11.3 moryr ObITh Takke
BBIMIOJIHEHB! OTIENBbHBIMU, TaK YTO B 3TOM Cllydae ycTpoicTBo 11 ympaBneHus v NUTaHUS
NpPEACTaBIsieT COOOW TOJBKO ONMH (PYHKLUMOHAJBHBIN (M, TEM CaMbIM, MBICIHMBIH) OJ0K. biiok
11.1 ynpaBnenus npeacrasisieT coOOi, Kak MPaBHIIO, MUKPOKOHTposuiep. biok 11.2 muranus
SIBJIIETCSI YAaCTOTHBIM MpeoOpa3oBaTesieM IOCTOSTHHOrO Toka B mepeMeHHbId Tok (DC/AC),
KOTOpBII Ha cTopoHe moctostHHOro Toka (DC) coenunen ¢ pene 11.3 u KOTOpBIA Ha CTOPOHE
nepemeHHoro toka (AC) coenmnnen ¢ neurarenem 10 (He mzoOpaxeno Ha ¢urype 8). [Ipu 3Tom
4acTOTHBIN npeoOpaszoBarens DC/AC paccyWTaH MPEenrnovTUTENHHO HAa BXOAHOE HAMpPSIKEHUE
nocrosiHHOro Toka (DC) ot 35 mo 80 Bombt. IlpoBoma ympasienusi, kotopeiMu 0ok 11.1
YIPABJICHUS] COEOUHEH COOTBETCTBEHHO ¢ Ojokom 11.2 muranmst u pene 11.3, Ha ¢durype 8
0003HaueHb! MTPUXOBBIMHU JUHUAME. [Ipu 3TOM Giiok 11.1 ympaBnerus ynpaBisieT COCTOSHUEM
BKJroueHus1 pene 11.3 um uacrotoli Ha cropoHe AC Omoka 11.2 murtanust (M, TEM CaMbIM,
CKOpOCThIO BpatieHus: asuratens 10). Pene 11.3 coenuHeHO ¢ BHEITHUM UCTOYHUKOM 6 TOKa U C
KOMILIEKTOM 2 siueek Tak, 4To 0ok 11.1 ympaBieHHs] MOKET NepeKouaThCsl MEXKAY BHEIITHIM

HUCTOYHUKOM TOKAa M BHYTPEHHMM MCTOYHHUKOM TOKa (OT KOMIulekTa 2 siueek) Omoka 11.2
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IUTAHUS, TIPU 3TOM OH COOTBETCTBYIOIIUM OOPa30OM pEryJHpPYeT COCTOSIHHE BKIFOUECHUS pele
11.3. bnok 11.1 ynpaBneHnusi COEAMHEH COOTBETCTBEHHO C BHELIHUM U BHYTPEHHUM HUCTOYHUKOM
toka. lyis sToro 6mok 11.1 ympasnenust BkiiodaeT B ce0st aBa otaenbHbIX 3amatanka DC/DC,
KOTOpPBIE MOAKJIKYEHbl TaK, 4YTO IOJIY4aeTCs Pa3BA3aHHOE IO IMOTEHLUATy 3JIEKTPUYECKOE
nutanue Onoka 11.1 ympasienus, npu 3ToM Onok 11.1 ympaBneHHs MOXET TakuMm oOpa3om
CHa0’KaTbCsl TOKOM KaK M3HYTPH, TaK U U3BHE. [Ipu 3TOM TO, KaKOH UCTOYHHUK TOKA TPUMEHSETCS
B K&XIOM ciydae, 6iok 11.1 ynpaBneHns ycraHaBIUBaeT BHYTPH, IPH 3TOM, KOHEUHO, SIBJIETCS
NPEATIOYTUTENbHBIM, ecyii 010k 11.1 ynpaBieHus 3alUTHIBAETCS U3HYTPH UMEHHO TOT/Ia, KOTJa
u 050k 11.2 muTaHust 3aNIUTHIBAETCS] H3HYTPH.

[Tpu 5TOM mepexmoueHne IeKTponuTanus 01okoM 11.1 ynpaBineHust MeXy BHEIIHUM H
BHYTPEHHUM HCTOYHHMKOM TOKa OCYLIECTBIISIETCS clenyroimuM obpasom. CHayasa MOHMKAETCS
MOLTHOCTH OJioka 11.2 muranus, mpu 3ToM ABUraresb 10 BCIEICTBHE €ro HHEPLMU MPOAOJIKAET
BpaIIaThCs, 3aTOPMAKUBASICh. 3aTeM BKIO4aercs: penae 11.3, 4TO B CBsI3WM C 3THM MOXET
MPOUCXOANTh Oe3 TOKa WM moutu 0e3 Toka. HakoHer, MomHocTh Oj0ka 11.2 muTaHusi CHOBa
nosbimaercs. YtoOs! Ha Bxone Osoka 11.2 nuTaHus mpu NepekIFoueHNH He MOTIIH ITPOUCX OZTUTh
pEe3KHe W3MEHEHUs] HaIpsDKeHUsl, NMPEeNIyCMOTPEH(bI) OJUH WJIH HECKOJIBKO COOTBETCTBEHHO
MOJKJIFOUEHHBIX (PUITBTPOB HUYKHUX YaCTOT.

CriocoOHOCTh TepeKTIoYaThCsl MEXKIY BHEIIHUM W BHYTPEHHHM HMCTOYHMKAMH TOKa
HMMEET CJIeNYIOLINE NPEUMYILECTBA:

- BO3MOKHOCTb aBTOHOMHOT'O 3aITyCKa (BHYTPEHHUH HCTOYHHUK TOKA);

- IpeIBapUTENbHBIN 3apsin Oarapen (BHEUTHUN UCTOYHHK TOKA);

- ontuMuzauus >PPEKTUBHOCTH (WM, COOTBETCTBEHHO, IJIsI Pa3rpy3Kd OCHOBHOIO
CHJIOBOTO KOHTYpa IpH paszpsine Oatapen).

B cnydae, ecnu Gatapesi SIBISIETCS] YaCThIO BBILIECTOSINEH CUCTEMbI OaTapei, Harmpumep,
nernu Oarapel, MONYYaKOTCsl APYrHe NPeHMYINecTBa, IPH O3TOM TEPEKIIOUeHHE MEXIy
BHYTPEHHUM M BHELIHMM HMCTOYHMKAMU TOKA MPUMEHSETCS I OaJIaHCHPOBKHU HIIH B KPAaEBbIX
obnactsix cocrostHMst 3apsima. llpu 3TOM B Ka4yecTBE pEryJUpPyeMOW BETHYUHBI IS
OamaHCUPOBKU MOTYT MPUMEHSATHCS, HAITPUMED, KJIEMMHBIEC HATIPSKEHUST OTACNbHBIX OaTapei.

Cniocob skcrutyaranuu 6atapeu o U300pEeTEHUIO BKITFOYAET B Ce0sl CIEAYIOIIUE STAIbI

- perucTpanus pe3yJbTaTOB U3MEPEHHUIL,

- ONIPEAENICHHE YaCTOThI IO 3aPETUCTPUPOBAHHBIM PE3yJIbTaTaM U3MEPEHUN,

- MUTaHWUE IBUTaTeNsl IEPEMEHHBIM TOKOM C 3TOH ONpeAeIeHHON YaCTOTON.

[Tpruem 3TOT cocob KCITyaTaluuy TapaHTUPYET, UYTO Yepe3 KOMILIEKT STUEeK B CAUHHILY
BpeMeHH OyAeT mpoTeKaTh IOCTATOYHOE KOJHYECTBO »sjekrponura. llpu ompeneneHun
HEOOXOIMMOHN JIJIs1 TOrO YacTOThI HA BTOPOM 3Talle B KaXKIOM CJIy4ae B KA4eCTBE PE3yJIbTaTOB
U3MEPEeHUIl TMPHUMEHSIOT 3apsAHbIl WM, COOTBETCTBEHHO, paspsaHbli TOK  (Wiy,
COOTBETCTBEHHO, €r0 BeJIMYMHA U 3HaK) U 3HaueHne HXX. B ciyuae, ecnu cienyer yunuTheIBaTh
TeMIepaTypHble KoNeOaHUs JJEKTPOJUTa, T.€. eciau Oarapes HE TEpMOCTAaTHPOBAHA, TO
JOMOJIHUTEIBPHO JUIsl ONpPENENeHUs 4acTOThl B Ka4eCTBE pe3yjbTaTa U3MEPEHUs] HCIONIb3YHOT

TeMIeparypy asJsektponuta. Kpome TOro, k omnpeneneHuro NPUBJIEKAIOTCS XapaKTepUCTUKU
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pabouux kosec Hacoca. [Ipu 3TOM omnpeneneHne YacTOThl MOXKET OCYLIECTBISTHCS C TTOMOIIBIO
TaOJIUI] UJTH TTO KaKOH-TN00 (PyHKIIUH.

Crioco0 MOKET IOMOJHUTENBHO BKJIIOUATh B Ce0sI CIEAYIOIIMH 3TaIl:

- BbIIaya KOZAa OLIMOKH, €CJIU 3aperuCTPUPOBAHHBIE PE3yJIbTaThl U3MEPEHHH JIeKaT BHE
IPEIBAPUTENBHO 3alaHHOT0 TUAIa30Ha.

IIpu >TOM BbIZaua Koma OWWIMOKHM IOJUKHA TapaHTUPOBAaTh, 4TO Oarapess He Oyzder
HKCIUTYaTHPOBATBhCSA B COCTOSIHMH, KOTOPOE MOJKET MMETh CIIEICTBHEM IOBPEXKAEHHE Oarapeu.
3TO mpoucXoauiio Obl, HATIPUMED, TOTAA, KOT/a uYepe3 KOMIUIEKT siYeeK B €AMHHIY BPEMEHU He
npoTeKaio Obl JOCTATOYHOE KOJIMYECTBO JJIEKTPOJIUTA. DTOT CIy4ail MOXET, Harpumep,
BO3HHMKATh, KOTJla JBUTaTelb He paboTaer Wi HEHOpMainbHO pabortaer. B Takom ciyuae,
HampuMep, NaTYUK BHOpALUH BbIaBaj Obl 3HAYEHHE, KOTOPOE JIE)KUT BBIIIE MPEIBAPUTEIBHO
3aJJaHHOT'O TIOPOTOBOTO 3HAYEHHMS, TN AATYHK JABJICHUS BbIIaBas Obl 3HAUEHUE, KOTOPOE JIEXKHT
HIDKe (BBIXOA W3 CTPOsl JBUTATENsI) WM BhINIE (3aCOPEHHE LUPKYISILUOHHOTO KOHTYpa
3JIEKTPOJINTA) NMPEABAPUTENBHO 3aJaHHBIX TOPOTOBBIX 3HAUYEHUH, MU JATYHK TEMITEPATYPBI IS
perucTpaliid TeMmmepaTtypbl OOMOTKM BbIZaBaj Obl 3HAYEHHE, KOTOPOE JIEXKHUT BBIIIE
NpeIBAPUTENBbHO 33JaHHOIO IOPOroBOrO 3HAuU€HUs. AHAJIOTMYHOE OTHOCUTCA K JaT4MKam
pacxonma W JaTYMKaM KOPIyCHOro myma. BooOmie, ynmoMmsHyTble NpeaBapUTENbHO 3aJaHHBIE
MIOPOrOBble 3HAUYEHUsT MOIYT TakXKe 3aBUCETb OT MapaMeTpoB, TaKUX Kak, HaIpUMep,
SKCIUTyaTALMOHHbIE MapaMeTpbl OaTapew, TaKk YTO 3TH IOPOTOBBbIE 3HAUYEHUS BapuabeNbHBI U
ABIIAIOTCS (PYHKIEH STHX IapamMeTpoB.

Crioco0 MOKET IOTOJHUTEIBHO BKJIIOUATh B Ce0sI CIEAYIOIIMH 3TaIl:

- TEpeKIoYeHHe MEXJy BHEIIHUM W BHYTPEHHUM HCTOYHHUKOM TOKa AJid
LUPKYJSILIUOHHOTO MOJTY JISl.

IIpy 3TOM mepexIroYeHue OCYLIECTBIISIETCS MyTeM HU3MEHEHMs COCTOSHUS BKJFOYCHMS
pene 11.3. Ilpu 3TOM, Kak NpaBuio, MPU 3apsAe NPOUCXOAUT NEPEKIIOYEHHUE HAa BHEIIHUN
UCTOYHUK TOKa, a MPH pa3psle — Ha BHYTPEHHUI UCTOYHMK TOKa. biaromapst stomy npu 3apsige
JIOCTUTaeTCs BhICOKas 3(pPeKTHBHOCTB, a PH pa3psizie pa3rpyKaeTcst OCHOBHOW CHUJIOBOM KOHTYP
Oarapen. OHAKO MEPEKITIOUEHIE MOXKET TAK)KE OCYIIECTBIIATHCS MO BHEIIHEMY YIIPABISIFOIIEMY
CUTHAJTy, IPUYEM B 3TOM Cilydae COOJIOICHNE YCTAHOBJICHHBIX paHee MpaBuil He Tpedyercs. ITo
MOJKET OBITh MPEATIOYTUTENBHO TOTIA, KOTAa OaTrapest siBJISETCS YaCThIO BBIIECTOSIIECH CUCTEMBI
Oarapeii (CM. BbILIE).

CIIHCOK CCHLIOYHBLIX OBO3HAUEHUI

1 OxkuCIUTENBHO-BOCCTAHOBHUTENbHAS IIPOTOYHAS OaTapest

2 KommnexT siueex

3 PesepByapHO€ yCTPONCTBO

4 U3mepurenpbHOe yCTPOUCTBO AJ1s1 onpenenenus HXX

4.1 U3mepurenbHas siueiika

4.2 U3mepurenbHas siueiika

4.3 U3mepurenbHas siueiika

4.4 Cra"napTHas KUIKOCTb
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5 3MepuTenbHOE yCTPOICTBO AJIsl ONPEAeseHUsl KIIEMMHOTO HaIpsKEHUs
6 BHeIHUI NCTOYHUK TOKA

7 3MepuTenbHOE yCTPOUCTBO ISl ONPEAENICHUs] 3aPSIAHOTO W PA3PsIAHOTO TOKA
8.1 HacocHast ronoska

8.2 HacocHast ronoBka

9.1 Pabouee xoneco Hacoca

9.2 Pabouee koneco Hacoca

10 DnexTpoaBurarenb

11 YcTpoiicTBO yripaBieHus: U MUTaHUSA

11.1 bnok ynpasnenus

11.2 bnok nutanus

11.3 Pene

12 Bentunsrop

13 3yQuaras nepenaua

14 Bxon nis 3apsAHOTO WIH Pa3psiAHOTO TOKA

15 JlaTunk naBrieHUs

16 laTuuk TemnepaTypbl

17 Bxop nist KIEMMHOTO HalpsKEHUs

18 atuuk TemnepaTypbl

19 Matuuk BuOpammu
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D®OPMYJIA U3OBPETEHUS

1. OxucnuTenbHO-BOCCTAaHOBHTENbHASI MpoTouHasi Oarapest (1), comeprkainasi KOMIUIEKT
(2) sueex u pesepByapHOE YCTPOUCTBO (3) sl mpuema 3JEKTPOJUTA, MPUYEeM KOMILIEKT (2)
SYEEK COJEPKUT MHOXKECTBO OKHMCIUTENbHO-BOCCTAHOBUTENBHBIX IPOTOYHBIX SY€EK, a
pe3epByapHOe YyCTpOHCTBO (3) cCoAep:kUT MO MEHbIIeH Mepe OJUH NepBbIi pe3epByap s
IIpYe€Ma aHOJMTA, IO MEHbIIEH Mepe OUH BTOPOH pe3epByap [Js MpUeMa KaTOJUTA U CUCTEMY
TpyO ISl COETMHEHMsI pe3epByapoOB C KOMIUIEKTOM (2) stueek, u mpu 3ToM Oartapes (1) cogepsxut
U3MEPUTENIbHOEe YCTPOHCTBO (4) 1Ui  ONpeneNeHus HampsDKeHHs XOJOCTOro  Xonma M|
LUPKYJISIUOHHBIA MOJYJIb, KOTOPBIH BBITIOJIHEH TaK, YTO OH MOXKET OCYLIECTBISITh LIUPKYJISILIHIO
aHOJMUTA W KaTOJNUTa, W TPU O5TOM HU3MEPUTEIbHOE YCTPOHCTBO (4) 1 oOmpeneieHus
HANPSDKEHUST XOJIOCTOrO XO/1a CONEPKUT IO MEHbINEH Mepe OTHY U3MEPUTENbHYIO sueiiky (4.1,
42, 43) m 1O MeEHbIIEH Mepe YeTbIpe COENUHUTENbHBIX MaTPyOKa, NPUYEeM OJIWH
COEAMHUTENIbHBIA TAaTPyOOK MPEAYCMOTPEH Ui IMOABOAA AHOJHTA, OAMH COEIMHUTENbHBIN
naTpyOOK — JIsl OTBOAA AHOJMTA, ONUH COCTUHHUTENbHBIA NaTpyOOK — IJIs MOBONIA KATOJIUTA U
OUH COENMHUTENbHBIH MaTpyOOK — Ui OTBOAA KATOJHMTA, M TPH 3TOM LHPKYJISLHOHHBINA
MOJYJIb COIEPKUT 10 MEHbLIEH Mepe OJHY HaCOCHYIO ToyioBKY (8.1, 8.2) u mo MeHbInel mMepe
nBa pabounx kojeca (9.1, 9.2) Hacoca, U U 3TOM IO MEHbIIEH Mepe OIHO pabodee KOJeco
(9.1, 9.2) Hacoca pacrojiOXKEHO B IO MEHbLIeH Mepe omHON HacocHOH rojoske (8.1, 8.2),
OTJIMYAIOLIASICA TeM, YTO YIIOMsIHYTas [0 MEHblIeil Mepe OfHa U3MepuTenbHas sdeiika (4.1,
4.2, 4.3) BcTpOeHa B HACOCHYIO TOJIOBKY (8.1, 8.2), 1 Ipu 5TOM OIMH COENMHUTEIBHBII MaTpyOoK
MU3MEPUTENIbHOIO YCTPOICTBA (4) COEIMHEH C HAIOPHON CTOPOHOH PacIoOKEHHOTO B HACOCHOM
ronoBke (8.1, 8.2) pabouero komeca (9.1, 9.2) Hacoca, U TpPU 3TOM COOTBETCTBYIOIIUI
COeIMHUTENBbHBIN TPyOONPOBO BCTPOEH B HACOCHYIO rOJIOBKY (8.1, 8.2).

2. OKUCITUTEIbHO-BOCCTAHOBHTENbHAS ITpoTOouHast Oarapes (1) mo m. 1, mpu 3TOM Apyroi
COEAMHUTENIbHBIA TMAaTPyOOK HM3MEPHUTEIBHOrO yCTPOWCTBA (4) COEOMHEH C BCACHIBAIOLICH
CTOPOHOM PAaCIONIOKEHHOTO B HACOCHOH royioBke (8.1, 8.2) pabouero koneca (9.1, 9.2) Hacoca, u
IPU 3TOM COOTBETCTBYIOIIMN COCTUHHUTEIBHBII TPyOOMPOBON BCTPOEH B HACOCHYIO TOJIOBKY
(8.1, 8.2).

3. OKkuCIUTEeNPHO-BOCCTAHOBUTENbHAS TpoTovHas Oarapes (1) mo m. 1 wium 2, mpu 3ToM
LUPKYJISIIUOHHBI MOJYJIb CONEP’KUT JBe HacocHble royioBku (8.1, 8.2) ¢ omHuM pabouum
kojiecoM (9.1, 9.2) Hacoca B KaxXIOW, a M3MEPUTETIbHOE YCTPOMCTBO (4) ISl OIpeneseHus
HANPSDKEHUS] XOJIOCTOTO XOJIa COAEPKUT ABE M3MEpPUTENbHbIe stueiiku (4.2, 4.3), 1 pH 5TOM B
KQXXTyI0 U3 HAaCOCHBIX TroyioBok (8.1, 8.2) BCTpOEHO MO OAHON W3 M3MEPUTENbHBIX sueek (4.2,
4.3).

4. OKUCIUTENBHO-BOCCTAHOBUTENbHAS MpoToyHast Oarapes (1) mo m. 1 wnm 2, mpu 3TOM
LUPKYJISUOHHBIA MOAYJb CONEPXKUT POBHO OJHY HACOCHYIO rojioBky (8.1) ¢ nByms pabounmu
konecamu (9.1, 9.2) Hacoca.

5. OxucnuTenpHO-BOCCTAHOBUTENbHAsT mpoTouHass Oartapes (1) mo m. 4, mpu >TOM
U3MEPUTENIbHOE YCTPOMCTBO (4) 111 OnpeneneHnss HalpspKeHUsT XOJI0CTOrO X014 COAEPIKUT JIBE

u3MepurenbHble stueiiku (4.2, 4.3), u mpu 3TOM B HACOCHYKO rojioBKy (8.1) BcTpoeHbl 00e
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U3MepUuTeNbHbIe sTueiiku (4.2, 4.3).

6. OxucCIuTEeNTPHO-BOCCTAHOBUTENIbHAS TIpoTOuYHasi Oartapes (1) mo mrobomy wu3
NPEABIAYINNUX MYHKTOB, PU 3TOM LUPKYJISLUOHHBIA MOAYJIb COAEPKUT dJeKkTponsurarens (10)
C peryJmpyeMoil CKOPOCTBIO BpAIlleHUs, KOTOPbIH coenuHeH ¢ pabouumu konecamu (9.1, 9.2)
Hacoca TakK, 4YTO OH MOXeT MPHUBOAMTHD HX B JBU)XEHHE OJHOBPEMEHHO, U TIPU 3TOM
LUPKYJSILMOHHBI MOAYJb COIepKHUT ycTpoiictBo (11) ympaBieHuss M muMTaHHsA, KOTOPOE
BBIIIOJJTHEHO M COEJUHEHO ¢ sjekrpoasuraresneM (10) Tak, 4TO OHO MOXET IHTATh €ro
MEPEMEHHBIM TOKOM C PEryJIUPYyEMOI 4acTOTOM.

7. OKHCIUTENBbHO-BOCCTAHOBHTENbHAS TPOTOYHAss Oarapes (1) mo m. 6, mpu >TOM
ycTpoiicto (11) ynpaBlieHus: U MUTAHUS HATIPSMYIO coequHeHo ¢ npuratesem (10).

8. OKHCIMTENBHO-BOCCTAHOBHUTENbHASL MPoTOUHas Oarapes (1) mo mobomy u3 mm. 6-7,
npu 5ToM ycTpoiicTBo (11) ynpaBieHus U MUTaHUS BKJIIOYAET B ce0s1 BXOJ JUISL 3apsiTHOTO WITH,
COOTBETCTBEHHO, pa3psaHOro Toka darapeu (1).

9. OxucCIUTEeNHbHO-BOCCTAHOBUTEIbHAS TTpOTOUHAsi Oatapes (1) mo mobomy u3 mm. 6-8,
npu 3ToM ycrpoiictBo (11) ympaBneHUs M NMHUTAHUS BKIIOYAET B ceOsl BXOA AU KIEMMHOI'O
HanpspkeHus: 6arapen (1).

10. OxucnuTenbHO-BOCCTAHOBUTEIbHASI POTOYHAsE OaTapes (1) mo mobomy u3 mm. 6-9,
IPU 3TOM LUPKYJSIMUOHHBIA MOIYJb CONEPKUT OAWH WK Ooyee M3 CIEAYIOIUX 3JIEMEHTOB:
natyuk (15) naBnenus, natuuk (16) TemMneparypsl IJIsl U3SMEPEHHS TEMIIEPATYPhI SJIEKTPOJIHTA,
natuuk (18) TemmepaTypel mss W3MepeHus Temreparypel oOMoTkH saekrtpoxsurarens (10),
natyuk (19) BuOpauuu, JaTyuK pacxona, 1aT4uK KOPIyCHOTO LIyMa.

11. OxucnuTenbHO-BOCCTAHOBUTENbHAS MTpoTouHas Oatapes (1) mo mobomy u3 mm. 6-10,
npu sTtoM Oartapest (1) Bkmoyaer B ceOsi BHEWIHUH HMCTOYHMK (6) TOCTOSIHHOTO TOKa, a
ycrpoticto (11) ynpasienus u nutaHus BKrodaet B cedst 00k (11.1) ynpasnenust, 6ok (11.2)
nutanusg 1 pene (11.3), u mpu stom Omok (11.2) nmuTaHWs BBHINOJHEH B BHIE YaCTOTHOIO
npeoOpas3oBaTesisi MOCTOSHHOTO Toka B mepemenHblii Tok (DC/AC), KOTOphIi Ha CTOpPOHE
nocrosinHoro Toka (DC) coenunen ¢ pene (11.3), a Ha cTopone nepemenHoro Toka (AC) — ¢
snekrpoasuratenem (10), u mpu 3tom 6ok (11.1) ynpasnenus coenunen ¢ pene (11.3) tak, yro
ook (11.1) ynpaBieHus MOKET ONpenessiTh cocTossHue BKroueHus pene (11.3), u mpu 3Tom
osok (11.1) ynpasnenust coenurer ¢ 6mokom (11.2) mutanus tak, uro 6yok (11.1) ynpasnenus
MOJKET OmpenessiTh 4actory Ha ctopone AC Onoka (11.2) muranus, u npu 3tom pene (11.3)
COEAMHEHO ¢ BHEITHIM MCTOYHHUKOM (6) MOCTOSTHHOTO TOKA M C KOMILJIEKTOM (2) siueeK Tak, 4To B
3aBUCUMOCTU OT coctostHust BKro4ueHust peje (11.3) 6mok (11.2) nuranus coenuHeH JubO ¢
BHEITHIUM UCTOYHHUKOM (6) MOCTOSTHHOTO TOKA, JTUOO ¢ KOMILIEKTOM (2) siueek, U Mpu 3TOM OJIOK
(11.1) ympaBneHusi Bcerga COEAMHEH C BHEIIHHUM HCTOYHUKOM (6) MOCTOSIHHOTO TOKa U C
KOMILIEKTOM (2) siueex.

12. Croco® skcrTyaTanuy OKUCIUTENbHO-BOCCTAHOBUTENBHON MpoToyHOi Oatapeun (1)
1o Jirobomy u3 . §-11, mpu 3TOM ¢roco0 BKITIOYAET CISTYIOIIIE STATIbI;

- peructpauus pe3yiabTaTOB H3MEPEHU,

- OIpeesIeHHne YacTOThI N0 3apEeruCTPUPOBAHHBIM PE3yJIbTaTaM U3MEpPEHUl,
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- MUTaHWUE JBUTaTENsl MIEPEMEHHBIM TOKOM C 3TOH ONPEAETICHHON YaCTOTOM;

IPU 3TOM B KauyeCTBE Pe3yJIbTaTOB U3MEPEHMH MHCIIONb3YIOT HANPSDKEHHUE XOJIOCTOrO
XO0Zla W 3apsAHBIl WM paspsiAHbIA TOK, U NPU 3TOM Yy 3apsSAHOTO WIM Pa3psAAHOTO TOKa
UCIOJIB3YIOT KaK BEJIMYMHY, TaK U 3HAK TOKA.

13. Cnoco® mo m. 12 3Kcriyatalyu OKHCIHTENIbHO-BOCCTAHOBUTENBHON MPOTOYHOM
6arapeu (1) mo mobomy u3 . 10 wmu 11, mpu 5TOM COCOO BKITIOYAET CIIEAYIOLINI TaIT:;

- BbIJaua KOZa OMIMOKH, €CIIM 3aperHCTPUPOBAHHBIE PE3YJIbTaThl M3MEPEHHH JIeXKaT BHE
MPEIBaAPUTENLHO 3a/1aHHOTO TUAIa30Ha.

14. Crnocod mo m 12 wnm 13 sKcrulyatauuu OKHCIUTENbHO-BOCCTAHOBUTENBHOM
npotouHoii 6arapeu (1) mo m. 11, mpu 3TOM crtocod BKITFOYAET CIAENYIOIUN STal:

- UI3MEHEHHEe COCTOsIHUS BKJroueHus pene (11.3);

IIPU 3TOM cocTOsiHHE BKIFoueHus pene (11.3) BeiOuparot Tax, uto npu 3apsiae ook (11.2)
MTUTAHWS COETMHEH C BHEIIHUM UCTOYHUKOM (6) MOCTOSIHHOTO TOKa, a mipu paspsiae 0ok (11.2)
MIUTAHUS COEIMHEH C KOMILIEKTOM (2) sSTYeeK.

15. Cnoco® mo m. 12 wmmm 13 3KCIlyaTallMu  OKUCIUTENbHO-BOCCTAHOBHUTEIBHOM
npotouHoii 6arapeu (1) mo m. 11, mpu 3TOM crtocod BKIIFOYAET CIEAYIOIUN 3Tal:

- U3MEHEHHEe COCTOsIHUS BKJroueHus pene (11.3);

IPU 3TOM COCTOsIHUE BKJIIOueHus1 pene (11.3) HacTymaeT mo BHEUTHEMY yHIPaBIAIOIIEMY
CUTHAITY.

ITo noBepennocTn
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