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YCTPOUCTBO I TpHEMa DIIEKTPOJIUTA, MPUUEM KOMIUIEKT SYEeK COAEPIKUT MHOMKECTBO SUYEEK, W
npudeM OaTapesi COAEPKUT IO MEHBIISH Mepe OFHO H3MEPHUTEIhHOE YCTPOMCTBO IS OIpEeNeHHS
CBOICTBA AIIEKTPOJIUTA C MO MEHBIIEH MeEpe OJHOW MU3MEPUTEIbHOWU SUYEHKOH, MPH 3TOM YIOMSHYTas
[0 MEHbILIEH Mepe OfHa U3MEpUTENIbHAs SUeUKa COAEPKUT MO MEHBbUIEH Mepe OJMH COECOUHUTEIbHBIN
maTpyOOK AJIS TTOIBOJA AIIEKTPOIIUTA, TI0 MEHBIIEH Mepe OOMH COCOMHUTENBFHBIN MaTpyOOoK Ui OTBOAA
JJIEKTPOJIUTA U KaHaJl, KOTOPBIA COEAMHEH C OIHUM U3 LHUPKYISLUUOHHBIX KOHTYPOB 3JIEKTPOJIUTA TakK,
YTO MPU HUPKYISAIUHN JIEKTPOJIUTA OH TeUeT Yepe3 TOT KaHal, U MPHU 3TOM KaHaJl CONEPKUT MEPBBIN
Y4aCTOK M BTOPOH y4acTOK, IIPU 3TOM IOIEPEYHOE CEYEHHUE IEPBOrO y4acTKa MEHbILIE MOMEPEUYHOrOo
CCUCHMSI BTOPOTO YJacTKa, U MPH 3TOM COCITUHHUTEIBHBIA MaTpyOOK U OTBO/A JIEKTPOIHUTA COCTUHCH
COCJIMHUTEIILHBIM TPYOOIPOBOIOM C MEPBBIM YYaCTKOM, & COCIMHUTEIILHBIA MATPyOOK JUIs MOJBOAA

3NEKTPONNTA COEANHUTENHHBIM TPYOOIIPOBOJOM CO BTOPBIM yUaCTKOM.
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OIIMCAHHUE U30BPETEHHUSA
2420-576827EA/23
OKHUCJIIMTEJIBHO-BOCCTAHOBUTEJIBHAS TPOTOYHAS BATAPES C
N3MEPUTEJIBHBIM YCTPOUCTBOM

H3o0peTeHne OTHOCHTCS K OKHUCIIHTEIbHO-BOCCTAHOBHTENIBHOW NMPOTOYHOH OaTapee C
MU3MEPUTENIbHBIM YCTPOMCTBOM AJIsl ONpenesieHus CBOMCTBA diekTponuTa. [Ipu 3Tom peus uger,
B YACTHOCTH, HO HE HCKJIIOYHMTENBHO, 00 ONpeleNeHuu MOTeHIHana sjaekTpona. Ilpum sTom
Oarapess MOXET 3KCIUTyaTHPOBAThCSI aBTOHOMHO WJIM KaK 4YacTh CUCTeMbl Oarapeir. Takas
cucremMa Oarapeil COCTOUT, HANpPUMeEp, M3 HECKOJIbKUX IOCJENOBATEIbHO TOAKIIOYEHHbIX
OKHCITUTEIbHO-BOCCTAHOBUTEIIBHBIX MTPOTOYHBIX OaTapel (uenu Oarapeii).

OKuCIUTENbHO-BOCCTAHOBUTENIbHAST MPOTOYHASI OaTapesi BKIIOYAET B CE0s KOMIUIEKT
siueeK, T. €. KOMIUIEKT U3 MHOKECTBA OKUCIUTENbHO-BOCCTAHOBUTENIBHBIX MPOTOYHBIX siU€EK, U
pesepByapHOe YCTPOICTBO JUIsl MOJa4yH 3JIEKTPOJIMTA C IO MeHbIllel Mepe AByMs pe3epByapamu,
IIPU 5TOM B IIEPBbII pe3epByap MoAaeTCss OTPULIATENbHbIN 3JIEKTPOJIUT, & BO BTOPOIl pe3epByap —
NOJIOXKUTENIBHBIN  3JIEKTPONUT. Bo Bpems »skcrutyarauuu Oaraped OTPULATENBHBIA |
MOJIOKUTENBbHBIN  3JIEKTPOJMUTHl  MPOKAYMBAIOTCS depe3 sA4Yeliku B  JIBYX OTHEJbHBIX
LUPKYJSUOHHBIX KOHTYpax. J{Jist 3TOro nmpenycMoTpeHs! 1Ba padounx Kojeca Hacoca, CpercTBa
npuBoza paboYMX KOJIEC HAcOCa M COOTBETCTBYIOIIME TPyOHBIE pa3Boaku. [lns ompeneneHus
cocrosiHust 3apsima (ot anrin. SoC - State of Charge) OKHUCIMTENTBHO-BOCCTAHOBUTEIBHAS
npoTovHas OaTapesi BKIOYaeT B ce0s H3MEPUTENBbHOE YCTPOMCTBO Ui  OIpEneNeHHs
HanpspkeHus: xooctoro xona (HXX, ot anrin. open circuit voltage - OCV). Ilpu 3Tom peub unet
00 DSIEKTPOXUMHYECKONW suelike C KaMmepamMu i TOJOXKHUTENbHOTO U OTPULATENIbHOTO
3JIEKTPOJIUTOB, KOTOPBIE PA3IENAIOTCS MeMOpaHoil. B 3THX kaMepax pacroyioXeHbI 3JIEKTPOBI,
C KOTOPBIX B KaueCTBE M3MEPSEMOHN BEINYMHBI MOXKET CHUMAThCsl HampsbkeHue. Kpome Ttoro,
TaKasi OKUCIUTEIbHO-BOCCTAHOBUTENbHASL IPOTOYHAsL OaTapest MOJKET BKJFOUaTh B ceOsi Ipyrue
SJCKTPOXUMHYECKHE SYEHKH, KOTOPBbI TMOCTPOEHbI MOAOOHO sYeWKaM Ui OmNpeAeeHUs
HanpspKeHust xosioctoro xoma. OmHAaKo y 3TUX APYTUX siYeeK OJHA W3 KaMep HaIoJIHEeHa
CPaBHUTEJbHBIM 3JEKTPOJUTOM, a Jpyras KaMepa HAIOJHSAETCS OTPULIATENbHBIM WU
MOJIOKUTENIBHBIM ~ BJIEKTPOJIUTOM. Takue S4eMKH Ha3bIBAIOTCS TaKKe CPaBHUTEIbHBIMU
SYEHKaMH | CIy’KaT JUIsi OOHAPYKEHUsI CMeIleHus B ayekTpoaute Oarapen. WO 2018/237181
Al packpblBaeT OKHCIHTEIbHO-BOCCTAHOBHUTENBHYIO TPOTOUHYI0 Oarapero ¢ HXX- wu
cpaBHUTENbHOM  suefikamu. WO  2012/020277 Al packpblBaeT  OKHCIUTENbHO-
BOCCTaHOBHUTEJIbHYIO TIpoTOuHY0 Oatapeto ¢ HXX-sueiikoit, mpu stom WO 2012/020277 Al
packpeiBaeT neranu BcrpanBanus 3Toil HXX-sueliku B OaTapero.

Hzobpertarenn mocTtaBuiIM 1mepen CcoOOW  3amady  NPEANIOKUTh  OKHCIHTEIBHO-
BOCCTAHOBUTENIbHYIO MPOTOYHYIO Oarapero, KOTopas TIOCTpoeHa Ooyiee TpOCTO, WIIH,
COOTBETCTBEHHO, KOTOpas MOXET IPOEKTUPOBAThCs Oojee TuOKO, 4YeM TpPaguLHOHHbBIE
OKHCIIUTEIbHO-BOCCTAHOBUTEIIBHBIE TPOTOYHBIE OaTapew.

3amava pemaercs COIMJIACHO H300pPETeHHIO0 C IOMOIIBIO BapUaHTa OCYILIECTBIIEHHS,

COOTBETCTBYIOLIETO HE3aBUCUMOMY MYHKTY (opmynbl nzobpereHuss Ha ycrpoiictBo. [lpyrue



NPEATIOYTUTENIbHBIE BapUAHTBl OCYLIECTBIEHHMS HACTOSINETO H300pPETEeHUs] HAXOHSITCS B
3aBHCHUMBIX IYHKTaxX (OPMyJIbl H300pETeHHUS.

IIpennaraemble M300peTEHHEM peIIEHHs MOSCHAIOTCA aajiee ¢ momompio ¢uryp. Ha
¢urypax, B YaCTHOCTH, IIOKA3aHO:

¢ur. 1 — OKUCIUTENBPHO-BOCCTAHOBUTEIbHASI TPOTOYHAs OaTapes;

¢dur. 2 — u3MepuUTENbHbIE YCTPOHCTBA OKHUCINUTEIBHO-BOCCTAHOBUTEIBHOW MPOTOYHON
Oarapeu;

¢ur. 3 — mpennaraemas M300pETEHHEM H3MEpPUTENIbHAS siuelika B TEPBOM BapHaHTE
OCYIIECTBIIEHUS,

¢ur. 4 — mpennaraemasi M300peTEHHEM HW3MEPHUTENIbHAS SYEHKa B IPYrOM BapUAaHTE
OCYIIEeCTBIIEHUS,

¢ur. 5 — npeanaraemasi ©300peTEHNEM U3MEPHUTENbHAS SUYEHKA B €I1e OAHOM BapUaHTE
OCYILECTBIICHHUSI.

Ha ¢urype 1 nokasana OKHCINTENbHO-BOCCTAHOBUTENbHAS IPOTOYHAsS OaTapesi, KOTopast
o0o3HaueHa no3uuueii 1. Jta OaTapest BKOUaeT B ce0sl KOMILIEKT sSTYeeK, KOTOPbIi 0003HaUeH
MO3UIINEH 2, U pe3epByapHOe YCTPOHCTBO, KOTOpoe 00o3HaueHo nmo3unuent 3. Komrmuiekrt 2 siueek
NPEACTABIsIET COOON KOMIUIEKT U3 MHOXKECTBA OKHUCIHMTEIbHO-BOCCTAHOBUTEIBHBIX MPOTOYHBIX
sYeeK, KOTOpbIE MOTYT OBITh PaCIONOKeHbI JIIOObIM 00pa3zoM. Hampumep, peus Morna Obl uaTu
00 ONHOM OTHENbHOM IAKETe SYeeK, IOCIEAOBATENIbHOW IIeMU W3 HECKOJbKHUX IaKeTOB,
napajjieNbHOW IeNMM W3 HECKOJbKUX IAaKeTOB WM O KOMOWHAIMM TIOCJIENOBATENIbHOW |
napajyIeIbHOM LENeN U3 HECKOJIbKUX MaKeTOB. Pe3epByapHOe yCTPOUCTBO 3 CIIy>KUT AJIsl OAAYU
3JIEKTPOJIUTA U ANl CHAOKEHMsI KOMIUIEKTa 2 s4eeK 3JIEeKTPOJUTOM. [l aToro pesepByapHOe
ycTpoiicTBo 3 BKIOYaeT B ce0s MO MeHbLIeH Mepe Ba pe3epByapa IJIsl OTPULATENbHOTO U
HOJIOKUTETIBHOTO 3JIEKTPOJIUTOB, CUCTEMY TPYO Ui COEAMHEHMs pe3epByapa ¢ KOMIUIEKTOM 2
s4eek U pabodme Kojeca Hacoca IJIsl HATHETAHUs 3JIEKTPOJINTA, ¢ OOpa3OoBaHHEM KaXKIbIM
OHOTO IHMPKYJSIHMOHHOTO KOHTypa »JJieKTposuTa. bartapes 1 Takxke BKIIO4YaeT B ceOst
W3MEPUTENIbHOE YCTPOICTBO Uil ONpEeeNieHNs] TaK Ha3bIBAEMOI'0 HANpPsDKEHUsS] XOJIOCTOro X0oaa
(HXX, ot anrn. open circuit voltage - OCV), kotopoe obo3HaueHo no3uiueii 4. 3Hauenne HXX
SIBJIIETCSI MEPOH COCTOsIHUS 3apsina OarapeiiHoro monyis (ot anri. SoC - State of Charge). B
obmem, Garapest 1 BkJFO4aeT B ce0si M3MEPUTENIbHOE YCTPOUMCTBO 4 IJIsl ONpeeieHrs CBOMCTBA
snekrponurta. [Ipu 5ToM Ha ¢urype 1 B 4HCTO CXEMAaTHYHOM BHAE IMOKA3aHO PACIOJIOXKEHUE
3TOTO U3MEPUTENILHOTO YCTPOHCTBA 4 BHYTPH OaTapen.

Ha ¢urype 2 mnokazanbl J1Ba BapHaHTa OCYIIECTBIEHHsS TaKOTO H3MEPUTEIBLHOTO
ycTpoiictBa 4. M300pakeHHBI B BepXHEH YaCTH BAapPHAHT OCYLISCTBJICHHS BKJIIOYAET B ceOsi
U3MEPUTENIbHYIO STYEeHKy, KOTopasi o0o3HaueHa no3uimeit 4.1. 3ta msmeputenbHas siaeiika 4.1
OenuTCss MeMOpaHOW WJIM CermapaTropoM Ha JIBe KaMmephl. B kaxaol kaMmepe pacrojioMKEHO IO
OJTHOMY 3JIeKTpoay. Mexny AByMs 3JIEKTPOAaMH MOKET CHUMATbCsl HANPSKEHHE XOJOCTOro
xona. 3mepurenbHas siuelika BKIIIOYAET B ce0s UeThIpe COEUHHUTEIbHBIX NaTPyOKa, IPH 3TOM B
KOKIYI0 W3 JABYX KaMep BIIANAIOT [0 JBa COEIUHUTENbHbIX mnarpyOka. OpHa kamepa

npeaHasHa4y€Ha AJis MpUueMa OTPHULATCIBbHOI'O 3JICKTPOJINTA, IIPpU 3TOM OAHUH COE€TUHUTEIbHBIMN



naTpyOOK TpenHa3Ha4deH [UId MOABOAA, a IPYrod COENUHHUTENIbHBIN MaTpyOOK — Iuis OTBOJA
OTPULIATEJILHOTO 3JIEKTponuTa. Jpyras kamepa NnpeaHa3HaueHa A MPUEMa IOJOKHUTEIBHOIO
3JIEKTPOJIUTA, NMPH 3TOM OAMH COENUHUTENbHBI MaTpyOOK MNpenHa3HaueH Uil MOABOMA, a
APYyrol COeNMHUTENbHBI MaTpyOOK — Al OTBOAA IOJOXKUTENBHOTO 3JIEKTPOJIUTA. ITO
yKa3bIBaeTCsl Ha Qurype 2 CTpejkamy, KOTOpble OTOOpa’kar0T NMPUTOK WJIHM, COOTBETCTBEHHO,
OTTOK JJIEKTPOJIUTA.

N300pakeHHBIH B HIDKHEH 4acTh (pUrypbl 2 BapHaHT OCYLIECTBJICHHS BKIFOUaeT B cebs
JIBE U3MEPHUTEJIbHBIC STYEHKH, KOTOPbIE BBIMOJIHEHbI KaK CPABHUTENIbHBIC STUEHKHU U 0003HAUEHBI
nosunusiMa 4.2 u 4.3. Kaxknas w3 uU3MEpUTEbHBIX S4YEeK pas3fesieHa MeMOpaHOH WiH
CenapaTopoM Ha JIB€ KaMepbl, U B KaXXIAOW KaMepe PacIOJIOKEHO MO OJHOMY 3JIEKTpony. Y
KOKIOM U3 M3MEPUTENbHBIX sueek 4.2 u 4.3 mpenyCMOTPEeHO MO OAHOW Kamepe Uil mpuemMa
CPaBHHUTEJIbHOU (CTAaHOAPTHON) JKUIKOCTH WJIM CPABHUTENBbHON cyOcTaHUMU. B Ha3BaHHOM
NOCJIEHUM ClIy4ae B JETaJsIX OCTaHOBHMCS Hmke. T. e. ciepyromme (parMeHTbl OTHOCSTCS K
CPaBHUTEJIbHBIM siU€HKaM CO CPaBHUTENbHOM KUAKOCTHIO. OIHAKO 3TO HE AOJKHO IMOHUMATHCS
KaK OrpaHUYEeHHE OJHOU KUAKOCTBIO. DTH KaMepbl 0003HadyeHbl nmosunuei 4.4. Kamepst 4.4 st
nprueMa CPaBHHUTEIBHOHN JKUAKOCTH MOTYT OBITh 3aKPBITBIMH, T. €. UTO MOKa3aHHbIE Ha (urype
COEAMHUTENbHBIE TaTPyOKH 3aKpBIBAIOTCA TIOCNIE TOTO, Kak ObUla 3aluTa CPaBHUTENbHAS
*KuakocTb. Kameps! 4.4 MOryT OBITh TaKkKe COSNMHEHBI MEXKIy COOOH, KaK yKa3bIBAETCS BHU3Y
IITPUXOBBIM TPyOOrpoBomoM. MoryT ObITh Takke NPEenNyCMOTPEHBI CPEACTBA, C ITOMOLIBIO
KOTOPBIX BPEMsi OT BPEMEHU B Kamepbl 4.4 BBOAUTCS CBEXasi CPABHUTEJIbHAS KUAKOCTb, NPU
5TOM MCIOJIb30BAHHAsl CPAaBHUTEJbHAsI >KUIKOCTb BBIBOAUTCS U3 kamep 4.4. J[Be OCTaJbHbIE
KaMepbl HMEIT IO [1Ba COEIWHHUTENbHBIX NaTpyOka, NpPU 3TOM OAHA M3 JTHX KaMmep
IpeaHa3sHaYeHa [J1sl IpUeMa OTPULATEIbHOTO 3JIEKTPOJIUTA, U IIPU 3TOM OJUH COCIAUHUTEIIbHBIN
natpyOOK NpefHa3Ha4YeH Ui MOABOAA, a APYro COEOMHUTENbHbIH MaTpyOOK — JAJsl OTBOAA
OTPULATENIHOIO 3JIeKTponuTa. Jpyras kamepa NnpenHa3HaueHa [Js1 MpueMa MOJOKUTEIbHOIO
SJICKTPOJIUTA, MPH 3TOM OJMH COENUHHUTENbHBI NaTpyOOK MNpenHa3HaueH IUIsi MOABONA, a
APYroi COeNUHUTENbHBIN MaTpyOOK — JJIsi OTBOJAA IMOJIOKUTEIBHOTO 3JIEKTPOJIHTA. DJIEKTPOIBI
KaMep, NPeTHA3HAYCHHBIX IS IPHEeMa CPABHUTENbHON KUIKOCTH, MOTYT OBITh CO€IMHEHBI APYT
C APYroMm, Kak m300paxkeHo Ha (urype 2 mTPUXOBON JUHHUEH, TaK YTOOBI PSIMO MEXKAY JIBYMSI
OCTaBILIMMHUCS 3JIEKTPOJAMU MOIJIO CHUMATBhCS HAIPSDKEHHE XOJOCTOTO XoAa. AJBTEpPHATUBHO,
N300paKEHHOE COENUHEHHE CPEIHUX JJIEKTPOJOB MOXKET OTCYTCTBOBATh, U MEXIY IBYMS
3JIEKTPOAAMH KaKJOM sSYEHKH MOXKET CHUMATbhCsl YaCTUYHOE HalpspkeHue. Torna HampsbkeHue
XOJIOCTOrO XO/a MOJIY4aeTCsl U3 CYMMBI 3THUX JIByX YaCTUYHBIX HanpsbkeHWi. Ecnm 3Tu 1Ba
YACTUYHBIX HANPsDKEHUs] OTJIWYAKOTCA OT 3aJaHHBIX CPABHUTENBHBIX 3HAYEHUH, MO 3TUM
OTJIMYHUSIM MOXKHO C/IEJIaTh 3aKJIIOYEHHE O HAJIMYHM CMEINeHHUs B 3yekTponute Oatapen. Takoe
CMEIIEHNE MOJKET IOJIy4aThCsl BCIEICTBUE OKHCICHNS BaHAIUS, APYTHX XUMHUUECKUX MOOOUHBIX
peaknmii, a TaKKe BCIEACTBHE «Iepexona» (OT aHIJI. «Crossover») Ha MeMOpaHax MakeTa.
Bo3MOxHOCTD OOHapy»KEeHHsT TAaKOro CMEINeHHs Aenaer M300pakeHHbI Ha ¢urype 2 BHHU3Y
BAPUAHT OCYINECTBJIEHUSI OCOOEHHO MPEATIOUTUTEIbHBIM.

H B caMOil CpaBHUTEIBHOMN STYEHKE MOXKET MPOUCXOAUTH «Iepexony». sl yMeHbIIEeHUs



3TOrO HEXKENATeNbHOro 3(dexra mpeAnoYTUTENBHO, €CIN CPABHUTENbHAS JKUAKOCTh UMEET KaK
MOKHO 0oJjiee BBICOKYIO BSI3KOCTh. I103TOMy B KadecTBE CPaBHUTENBHOM >KUAKOCTH MOXKET
NPEATIOYTUTENIPHO NMPHUMEHAThCA Tak HasbiBaeMblll «gelled electrolyte» (T. e. remeoOpas3HbIit
BJIEKTPOJIHT), KOTOPBIH onuckiBaercs B WO 02/11227 Al. B okucnuteabHO-BOCCTAHOBUTEIBHBIX
TPOTOUHBIX GATAPEsX HA OCHOBE BAHAMMS MPHMEHSETCA, KaK PABHIIO, SekTponut V>/V*H,

Jlpyroii BapuaHT OCYLIECTBJIEHHUS CPABHUTEIbHOM SYEHWKH 3aKJIIOYAeTCs B TOM, 4YTO
BMECTO TPAAULIMOHHOIO 3JIEKTPOJAa U CPABHUTENBHOMN >KUIKOCTH NMPUMEHSIETCS PACIIOIOXKEHHAs
B COOTBETCTBYIOILEH KaMepe IUIATHHOBAsS MPOBOJIOKA, KOTOPasl pacroyioskeHa BOJU3U MeMOpaHbl
WM, COOTBETCTBEHHO, CEMapaTopa U Mo KOTOPOH BO BpeMsi U3MepeHHUsI MpoTekaeT ToK. Hapsiny ¢
IUTATUHOH, B Ka4eCTBE MaTepHajia Il TAaKOW MPOBOJIOKH MOXKET MPHUMEHSTBhCS TakkKe cepedpo-
XJiopun cepedpa.

Jpyroii BapuaHT OCYLIECTBJIEHUS CPABHUTEIbHON SIUEMKN OCHOBBIBAETCS HA COBEPIIEHHO
ApyroM mnpuHUune wusmepeHus. IIpu 3TomM cpaBHUTeNbHas s4eilka COCTOUT U3 OIHOMU
€IMHCTBEHHOHN Yy3KOH Kamepbl WJIH, COOTBETCTBEHHO, TECHOIO INPOCTPAHCTBA, 4depe3 KOTOpoe
NPOTEKaeT »JJeKTpPoJauT. Torma u3MepeHHe CBOWCTBA JJEKTPOJUTA OCYLIECTBISETCS He
SJIEKTPUYECKH C TIOMOLIBIO 3JIEKTPOAA, a ONTHUYECKH, IPU 3TOM CIEKTPOCKOIUYECKU
UCCIIENyeTCsl 3JIEKTPONMTHAs TuieHKa. bonee moxpoOHBIE cBemeHHss 00 3TOM  HaXOMSTCA,
Hanpumep, B «A review on the electrolyte imbalance in vanadium redox flow batteries» aBTopos
Tossaporn Jirabovornwisut, Amornchai Arpornwichanop, onydiukosano B International Journal
of Hydrogen Energy 44 (2019), crpanuuer 24485-24509, Haumnas c¢ pasgena «U-vis
spectroscopic measurementy Ha cTpaHuue 24497.

OOummM [UIsT BCEX BAapHAHTOB OCYLIECTBIEHHS SIBJISETCS TO, YTO H3MEPUTEIbHOE
yCTpOICTBO 4 Ui ONpeneeHUs] CBOWCTBA 3JIEKTPOJIMTA BKIIOUAeT B ceOs MO MeHbLIeH mepe
OZIHY M3MEPUTENbHYIO SYeHKY U IO MEHbIIEeH Mepe IBa COCAMHUTENbHbIX MaTpyOKa, IpU 3TOM
OOVH COEOUHUTENbHbIH NaTpyOOK MpeayCMOTPeH UIs TIOABOAA JJIEKTPOJIUTA, a JAPYrou
COEAMHUTENIbHBIA NaTPyOOK — Uil OTBOJA SJEKTPoauTa. [Ipu 5TOM SICHO, YTO COENMHUTENIbHBIE
naTpyOKH BBIMOJHEHbI TaK, 4YTOOBI CHAO)KaTh YINOMSHYTYIO TIO MEHbIIEH Mepe OIHY
U3MEPUTENBbHYIO sIUeHKy WM KaMepy U3MEPUTENbHON sUelKH MPOTEKAI0 UM 3JIEKTPOJIUTOM.

Ecnu musmepurenpHOe yCTPOHCTBO 4 BKJIIOYAET B CeOsl TONBKO ONHY H3MEPUTEIBHYIO
SYEHKY UIA ONpEAeNIeHHs] HaNpsDKeHUS XOJIOCTOro XOAa, Kak M300pakeHO B BEpXHEH 4acTu
¢durypsl 2, TO 3Ta H3MEpUTENbHAs sUeiiKka Takke HasbiBaercs npanee HXX-sueiikon. [Ise
CPaBHUTENbHBIE STUEHKH MOTYT BMeCTe€ 00pa3oBBIBATh OJHO yCTpoHCTBO m3Mepenuss HXX, kak
yKa3aHO B HIDKHEH 4acTu Gurypsr 2.

B m3o0paskeHHOM Ha Qurype 2 BapHaHTe OCYIIECTBICHUs NpeaiaraemMasi n300peTeHueM
Oarapess BKIIIOYaeT B ce0s MO MeHbIIEH Mepe ONHY HM3MEPHUTENBbHYIO SYEHKy, MpUYeM 35Ta
U3MEpUTENIbHAs sSYeliKa BKIIIOYAaeT B ceOst MeMOpaHy M J1B€ KaMepbl, M MPH 3TOM IO MEHbIIEH
Mepe OJlHAa KaMepa IpenyCMOTpeHa IJjis MpuemMa 3JEKTPOJUTa, U MPU 3TOM HU3MEpUTENIbHas
A4yelika BKJIIOYaeT B ceOs Mo MeHbIIel Mepe OAMH COCAMHUTENbHBIA MaTpyOOK IJis MOABOIA
3JIEKTPOJIUTA U 110 MEHbIIEH Mepe OAMH COSAMHUTENbHBIN NaTPyOOK Il OTBOAA 3JIEKTPOJIUTA.

UtoObl H3MEpUTENBHOE YCTPOUCTBO 4 MOTJIO HAZIEXKHO ONPEAENATh aKTyaJIbHOE CBOMCTBO



3JIEKTPOJINTA, Kamepa AOJDKHA WM, COOTBETCTBEHHO, KaMephbl JOJDKHBI CHAOXKAaThCS CBEKHUM
3JEKTPOJIUTOM. ITO TPOHCXOAWT TAaKUM O0pa3oM, 4UYTO H3MEPHUTENbHOE YCTPOHCTBO
BCTPAMBAETCS B LIUPKYJSIMMOHHBIM KOHTYp 3JIEKTposuTa Oarapen. Y TPaaUIMOHHBIX Oarapeil
COEAVHUTENbHBIE MAaTPyOKU I TMOJABONA M OTBOJAA 3JIEKTPOJIMTA COEAMHSIOTCS C TOYKAMH
LUPKYJSIHUOHHOTO KOHTYpPa 3JIEKTPOJMUTA, KOTOPbIE HUMEKT TaKyl Pa3HOCTb AABJIECHUH, 4TO
yepe3 KaMepbl U3MEPUTENBbHOIO yCTpoWcTBa 4 MOXKET MpoTekaTh siekTponut. Hagnexamue
TOYKH OTBETBJIEHHUS C BBICOKHM JaBJICHHEM HAaxOIiATCs B TpyOOmpoBoAax, KOTOpBIE
NPOCTUPAIOTCS OT HAMOPHOM CTOPOHBI pPabOYMX KOJEeC Hacoca 0 KOMILUIEKTa sYeeK.
Hannexxamye TOYkM OTBETBJIEHUS] C HU3KHM JIABJICHHEM HAaXOAATCS B TPyOONPOBOIAX, KOTOPBIE
NPOCTUPAIOTCS OT PEe3epByapoOB OO BCACBHIBAIOLICH CTOPOHBI PabOYMX KOJIEC HAcoca WIIH,
COOTBETCTBEHHO, OT KOMIUIEKTa sUeeKk A0 pe3epByapoB. Huszkoe naBieHue MMeeTCsl TakkKe B
BEPXHEH YacTH CaMOro pes3epByapa, Tak 4YTO M C 3TOH YaCcThIO pe3epByapa MOIYT OBITh
COEMHEHBI COCAMHUTENbHBIE aTPYOKH TSI OTBOAA 3JIEKTPOJINTA U3MEPHUTEIBHOIO YCTPONUCTBA
4. B TpagumHMOHHBIX Oarapesx HAXONUT NMPUMEHEHHWE, KaK MPaBWJIO, Ha3BaHHAs TOCIETHEH
BO3MOXHOCTh. M3 CKa3aHHOrO sICHO, YTO y TPAAMLUOHHBIX Oaraped Ui CHaOKEHUs
U3MEPUTENIbHBIX SYEEK 3JIEKTPOJIUTOM HY)KHbI HECKOJIBKO TPYOONPOBOIOB M OTBETBUTENIbHBIX
9acTei, YTO YCIOKHAET 0aTapero U YTO M3-3a STOrO MOBBIIIAET PUCK YTEUKHU SJIEKTPOIUTA.

ITosTtomy wu30o0peraTenu IOCTAaBWIM TIepen COOOW 3a7ady BBINOJHUTH MPUBSZKY
MU3MEPUTENIbHOTO YCTPONCTBA K LUPKYJSIHMOHHOMY KOHTYPY 3JIEKTPOJIMTA TaK, 9YTOOBI H30eXKaTh
Ha3BaHHBIX HEJOCTATKOB.

Ha ¢urype 3 B cxemarnyHoM n300pa’k€HUM IMOKa3aHa MPUHIMIIHAIBHAS KOHCTPYKLIUSA
NpeAsaraéMoro H300peTeHHEM H3MEPHUTENbHOIO YCTPOICTBA HAa TNpPUMEpPE CPaBHUTEIbHOMN
sgeliku 4.2 ¢ 3aKpBITON CpaBHHUTENbHON kamepol 4.4. I1pu 3ToM 31eKkTpossl 11t 0030pHOCTH He
uzoOpakeHsl. Hapsiny ¢ cpaBHUTeNbHOW svelkoil 4.2, mpennaraemas H300peTeHUEM
U3MEpUTeNbHAs siueiika BKJIIOYaeT B ce0s COeNUHHUTENbHBIN 3JIEMEHT, KOTOpbIi 0003Ha4YeH
no3uuueit 5. DTOT COeNMHUTENbHBIN 3JIEMEHT 5 BKJIIOUAeT B ceOs KaHaJ, KOTOPbIA 0003HAauYeH
nosuuueidt 5.1. Otor kaHanm 5.1 Bkio4yaer B ceOsl MEpBBIH yYaCTOK, KOTOPbIH OOO3Ha4YeH
nosuumeii 5.1.1, w BTOpPOW ydYacTOK, KOTOpbIi oOo03HaueH mnosumueirt 5.1.2. Tlpu sTOM
MONEPEYHOE CEeYeHUe MEepPBOro y4yactka 5.1.1 mMeHblle monepevyHoro CeYeHusi BTOPOro y4acTka
5.1.2. CoenuHMTENbHBIA MaTpyOOK Ui OTBOXA SJEKTPOJIUTA CPABHUTENBHON stueiiku 4.2
coenrHeH ¢ nepBbiM y4dacTkoM 5.1.1. CoeamHUTENbHBIA NAaTPyOOK AJISI MOABOAA 3JIEKTPOJIHTA
CPaBHUTEJbHOM stuelku 4.2 coeArHEH cO BTOPbIM ydacTkoM 5.1.2. CoenuHUTENbHBIN 31€MEHT 5
COEIMHEH ¢ LUPKYJSLIMOHHBIM KOHTYPOM 3JIEKTPOJIMTA TaK, YTO NMPU LUPKYJISALUN 3JIEKTPOJIUTA
B LUPKYJSILUOHHOM KOHTYpPE 3JIEKTPOJIUTA OH TeueT uepe3 kaHan 5.1. Ha ¢urype 3 310 Teuenue
3JIEKTPOJINTA YKA3aHO BEPTUKAJIbHBIMU cTpenkaMmu. [Ipu sTom Benencteue s dexra beprymm B
nepBoM ydacTke 5.1.1 BO3HHMKAEeT NaBJIEHHE, KOTOPOE HMKE AABJICHHs], UMEIOIIErocsi BO BTOPOM
yuyactke S5.1.2. IlosToMy mnoJy4aeTcs TeU€HUE DJEKTPOJMTa uepe3 JIEBYID Kamepy
CPaBHUTEIBHON siuelku 4.2, KOTOpO€ YKa3blBa€TCAd TIOPU3OHTAIBHBIMU  CTPEJIKaAMU.
IIpennaraemass m300peTeHNEM KOMIIOHOBKA AENAET BO3MOXKHON HHTETPALMIO HW3MEPUTENbHON

SIMENKU B JIFOOOM MeCTe HUPKYJSAMUOHHOIO KOHTYpPaA JJICKTPOJIMTA, TaK KaK 3Ta KOMIIOHOBKaA



camMa CO3/aeT TIepernaj JaBleHWH, HEOOXOAMMBIH [IJIsl TEYEHUs OJJIEKTPOJIUTA uepes
COOTBETCTBYIOILYIO KaMepy U3MepUTeNbHON Aueiiku. Crneayer elle 3aMeTUThb, YTO HalpaBJIeHUE
TEUEHUsT 4Yepe3 Kamepy HEe3aBUCUMO OT HalpaBjeHus TedeHus B Ka”aire 5.1, T. e,
NPUMEHHUTENBHO K (urype 3, 4TO NMpH M3MEHEHWU HANpPAaBJIEHUsS BEPTUKAJIBHBIX CTPEJIOK Ha
o0paTHOe HarpaBJIieHHE FOPU30HTANBHBIX CTPEJIOK OCTAHETCS HEM3MEHHBIM.

Ha ¢urype 4 B cxemarnyHOM H300pa’k€HMH MOKa3aHA MPUHLIMIHAIbHAS KOHCTPYKIIHS
IpenIaraeMoro n300peTeHneM H3MepUTEIbHOrO yeTpoiicTBa Ha npumepe HXX-suetiku 4.1. Tak
Kak depe3 obe kamepnl 3Toii HXX-sdelku HOKEH MPOTEKaTh 3JIEKTPOJIUT, Mpeiiaraemast
u300peTeHneM U3MEpUTENbHAS stueiika o (urype 4 BKIOUYAeT B ce0si APYroi COeNUHUTETbHBIN
3JIEMEHT 5, KOTOpBIH CKOHCTPYHUPOBAH, PACIMOJIOXKEH aHAJOTHYHO OMUCAHHOMY Ha (urype 3
COEIMHUTENIbHOMY 3JIEMEHTY 5 U coefuHeH ¢ npasoi kamepod HXX-sueliku 4.1.

OnuuoHambHO, ONUH WM HECKOJIBKO WJIM BCE COCOUHHTENBbHBIE TPYOOIIPOBOIBI MEXKITY
KaMepaMH U NepBbIM U BTOPbIM ydacTkamu 5.1.1 u 5.1.2 kanana 5.1 MoryT copepkaTb 3anOpHbIe
kiananel. Ha ¢urype 3 mokasaHsl Takue 3arlOpHbIE KJAMaHbl, OAUH M3 KOTOPBIX OOO3HAa4YeH
nosunueil 8. C MOMOINBIO 3TUX KJIAMIAHOB MOKET MEPEeKPbIBATHCS TEUEHUE BJIEKTPOJIUTA dYepes
COOTBETCTBYIOLIME KaMepbl. DTO MOXKET OBbITh MPEATIOYTUTENBHO, YTOOBI pa3pelarb TEYCHUE
BJIEKTPOJIUTA YePe3 KaMePbl TOJbKO TOTAa, KOrAa OT COOTBETCTBYIOIIECH U3MEPUTEIbHON STYEHKHU
HY>KHbI M3MEpEeHHble 3HaueHus. Tak MOXeT MUHHUMHU3HUPOBATLCS «IEPEXOA» B CPaBHUTENbHOMN
STUYEHKe.

IIpennmaraemass usoOpereHHMeM Oarapes MOXET BKJIOYAaTh B ceOsd  CleayroImue
KOMOWHAIIMY U3MEPUTENIbHBIX SUEEK:

- OJIHA CpaBHUTEJIbHAS STYEHKA,

- onHa HXX-sueiika;

- onna HXX-s19elika 1 OfHa CpaBHUTEIbHAS STYeliKa,

- IBE CPAaBHUTEJIbHBIE STYEHKH, KOTOpbIe 00pa3yroT OAHO yCTpoiicTBO n3Meperns HXX;

- ogHa HXX-s4elika U 1Be CpaBHUTEJIbHBIE STUCHKU.

K HuM MoOryt no0aBisiTbCS Ipyrue H3MEpPUTENbHbIE SUEHKH, KOTOPbIE BBITIOJIHEHBI
U30BITOYHBIMU. B KakaoM ciiydyae mpeasiaraeMoe M300peTeHHeM MPEHMYINECTBO MPOSBISETCS
YK€ TOTJa, KOTrAa TOJbKO OJHA U3 MMEIOIIUXCS CPABHUTENbHBIX sY€EK MOCTpoeHa mo ¢urype 3
WIK KOrZa TOJNBKO OfHAa W3 CTOpoH wumeromeiics HXX-syeiiku moctpoeHa mo ¢urype 4.
[Ipennaraemoe H300pETEHHEM MPEHMYINECTBO MAaKCHMAJIbHO, KOHEYHO, TOTZa, KOTAa BCE
UMEIOIINECS U3MEPUTENTbHBIE SIMEHKH MOCTPOSHBI 110 (urypam 3 win 4.

Ha ¢urypax 3 u 4 xoHTyp cyXeHHs B KaHaje 5.1 m300pa)keH B KaXXIOM Clydae
CUMMETPUYHO MPUMEHUTETIBHO K CAMOMY Y3KOMY MECTY. DTOT KOHTYP MOKET TakKe IMPOXOAUTh
aCUMMETPUYHO, HAIPUMEp, KOrJa, €CJIU CMOTPETh B HAIIPABJICHUH TEUEHUs 3JIEKTPOJINTA, KaHA
Cy>KaeTcsl Ha OTpe3Ke, KOTOPbIA KOpOYe TOrO OTPe3Ka, Ha KOTOPOM 3TOT KaHAJ MOCJIE CaMOro
Y3KOTrO MecTa CHOBa pacummpsiercs. Korga 5TOT Tak Ha3bIBa€MbIN OTPE30K YCHOKOEHHs MOCIe
y3KOr0 MeCTa KaHaja BbIOMPAETCsl JOCTATOYHO JJIMHHBIM, TOrJa OOYCIIOBJIEHHAsl Cy’KEHUEM
NOTEPs1 AABJIECHUS] MOXKET OCTaBaTbCA OYEHb HU3KOW, TaK YTO CBA3AHHBIE C 3TUM MOTEPU TOXKE

CTAHOBATCA OY€Hb HU3KHMMMU.



OcobeHHO TPenrnouTUTENbHO, €CIIU KaXKias M3 MOCTPOECHHBIX COTJIACHO HM300pETEHHUI0
U3MEPUTENIbHBIX STYEEK BMECTE C COCJUHUTEIBHBIM 3JIEMEHTOM WM COECIMHUTEIIbHBIMU
3J€MEHTaMHU O00pa3yloT OAWH KOHCTPYKTHUBHBIM y3€l, TaKk 4YTO KaMepbl, MeMOpaHa WU
MeMOpaHbI, YIIOMSHYTBIN HIJIM YIOMSIHYTbIE KaHAJIbl U COCAMHUTENbHbIE TPYOOIIPOBOABI MEXTY
KaMepaMH M KaHaJaMU BCTPOEHBI B 3TOT OAWH KOHCTPYKTHBHBIN y3€l1. DTOT KOHCTPYKTUBHBIN
y3€JI MOXKET WM3rOTaBJIUBATHCS, HANPUMEP, IO METOAY JIUThs IMOJ NAaBJICHUEM, NPUYEM 3TOT
KOHCTPYKTUBHBIM y3€Jl MNPEANOYTUTENbHO COCTOUT M3 MOJHUMEPHOro wmarepuana. Jlpyras
BO3MOKHOCTh W3TOTOBJICHHsI 3aKJIOYAETCSI B TOM, 4TOObI Ha3BAHHBIH KOHCTPYKTHUBHBIA y3eI
BKJIFOYAJl B ce0s1 1Ba Mk OoJiee KOHCTPYKTUBHBIX 3JIEMEHTOB M3 MOJUMEPHOrO MaTepuaia, B
KOTOPbIE IOCPEICTBOM  COOTBETCTBYIOLIUX BBIEMOK BCTPOEHBI KaMmepbl, KaHalbl U
coennHUTENbHBIE TpyOompoBoael. Torma 5TM  Kamepbl, KaHajdbl W  COEAUHUTENIbHBIE
TpyOONpPOBOAEI OOPA3yIOTCS MyTEM CTHIKOBAHHSI 3THX KOHCTPYKTHUBHBIX 3JIEMEHTOB. BbieMku
MOTYT CO37aBaTbCs, Hampumep, (pesepoBanreM. Ilpu 3TOM  CTBIKOBAaHHE  MOMKET
OCYLIECTBJISATECA MyTEM CKPy4MBAHUs, CKJIEMBaHUS WM cBapuBaHus. lIpu ckpydusanuu, npu
HEOOXOIMMOCTH, MIPe1yCMOTPEHBI YILJIOTHEHUSL. Ocobenno MPEANOYTUTENBHO,
MHOTO3JIEMEHTHAsI CHUCTEMa MOXKET OOpa3OBBIBATBHCS, KOTAAa OIHA Kamepa H3MEPHUTEIbHOM
SUYEUKN TPENyCMAaTPUBAETCS B OJHOM M3 KOHCTPYKTHUBHBIX 3JIEMEHTOB, a Jpyras Kamepa
U3MEPUTENIbHOW SYeWKH — B JIPYyrOM KOHCTPYKTHBHOM 3JIEMEHTE, TaKk 4YTOOBl MeMOpaHa
3aKMMAallaCh MEXIY 3THMH JBYMs KOHCTPYKTUBHBIMU 3JeMeHTamu. [Ipu HeoOXoammocTH, B
MeCTe 3aXKMMa MPEeAyCMOTPEHbl YIUIOTHEHUs. AJIbTEPHATUBHO, KOHCTPYKTHBHBINA y3€J1 MOXET
MU3rOTaBJIUBATLCA TAKXKE [0 METOAY aJJUTUBHOU TEXHOJOrMU. Pasymeercs, Ha3BaHHbBIE METOJbI
M3TOTOBJIEHUSI MOTYT TaK»Ke KOMOWHUPOBATHCS, HAIPUMEP, KOTAA OHA YaCTh KOHCTPYKTHUBHBIX
3JIEMEHTOB U3TOTaBIUBAETCA 10 METOAY JIUThs, & APyrash 4aCTb KOHCTPYKTHUBHBIX JJIEMEHTOB
cosnaercs ppe3epoBaHUEM.

B KOHCTPYKTHBHBII y3€J1 MOTYT OBITh NMPEATIOYTUTEILHO HHTETPUPOBAHbI faTUuKu. [Ipu
5TOM pe4Yb MOXET HUATH, Halpumep, O AaT4YMKaxX MAaBJI€HUs WIM Temmeparypsbl. [laTumku
TeMIepaTypbl OCOOEHHO Ba)KHBI, TAK KaK TEMIEpaTypa OKa3bIBAET CYLIECTBEHHOE BJIMSTHHE Ha
HaxXOIUMBbIN U3 ypaBHeHus1 HepHcTa noteHnmaln.

Jnsi MOAKIIOYEHUs COCJUHUTENBHOTO 3JIEMEHTAa WM COCQUHUTEIbHBIX JJIEMEHTOB K
LUPKYJIIMUOHHOMY KOHTYPY 3JIEKTPOJUTa MOTYT OBITh MNPEAYCMOTPEHBbl (raHmbl MK
coenMHMUTENbHbIE MMTyHeppl. OHU MOryT OBITh MPEANOYTUTENILHO HHTETPUPOBAHBI B
KOHCTPYKTUBHBIN y3€ll.

Jlpyroii mpeanoYTUTENbHBIA BAPUAHT OCYIIECTBJICHUS IMOJIy4aeTcsi, KOraa CUCTEMa U3
COEAVUHUTEIIbHBIX TPyOOIPOBOIOB BMECTE c HXX-sugeiikon KOHCTPYUPYETCS
caMOBeHTHIMpyomeiics. Hanmpumep, MOXHO BBINOJIHUTh COEAUHUTENbHBIE TPYOOIPOBOABI
MOHOTOHHO TIOIHUMAIOIIUMUCS B HAINPABJIEHHH TEUEHHs 3JIEKTPOJIUTA W/WIN TOCPEINCTBOM
Hajyiexkamux reomerpuii  HXX-sideliku. Dt1o  objierdaer aBTOMATUYECKYIO BEHTHIISILIUIO
U3MEPUTEIIbHBIX SUEEK.

OnuH 3 0cOOEHHO NMPEANIOUTUTENBHBIX BAPHAHTOB OCYLIECTBJICHUS MOIY4aeTcsi, KOrya B

KOHCTPYKTUBHBIM y3€ll Hapsily C KaHajoM, KamMepaMd U MOABOMALIMME TpyOompoBOomaMu



WHTETPUPYIOTCST TaKkKe OOHO Wiau oba pabouux Koyieca Hacoca Oarapeu. bnaromapsi stomy
OTNAJAI0T APYTrue COCJUHUTENbHbIE YACTH B LUPKYJSLUOHHOM KOHTYPE 3JIEKTPOJUTA, TAK UTO
MOJKET JTOTIOJTHUTEIbHO YMEHbIIAThCS CJIOKHOCTb U YSI3BUMOCTD K yTeukam. IIpu 3ToM kaHan c
CY>KEHHEM MOXeT ObITh NMpPenyCMOTPeH JHOO Ha HAIOPHOM CTOpOHE, OO Ha BCaChIBAIOIIEH
cTopoHe pabouero koseca Hacoca. B 3TOM BapuaHTe OCYILIECTBIICHHMS KOHCTPYKTHUBHBIN y3el
npencTaBisieT CoOOH, Tak CKa3aTh, YBEJIMYEHHYI0 HACOCHYIO TOJIOBKY, B KOTOPYIO
UHTETPUPOBAaHbl M3MEPUTENbHAsL SUEHKA, COCNMHUTENIbHBIM 3JEMEHT WJIH, COOTBETCTBEHHO,
COEAMHUTENIbHbIE JJIEMEHThl W COCOUHHUTENbHbIE TPyOONpoBoAbl. [IpUMEHHTENBHO K
M3TOTOBJIEHUIO 3TOTO BapHUaHTa OCYLIECTBJICHUS UMEET CUJTY BbIIIECKa3aHHOE.

Ha ¢urype 5 B cxemarnyHOM HM300pa’kK€HUHU MOKAa3aH TAaKOW BApUAHT OCYLIECTBIICHHS,
IpU S5TOM INTPUXOBOH NPSMOYTOJIbHUK, KOTOpbIH 00O3HaueH mno3unuer 6, wuzoOpaxkaer
KOHCTPYKTUBHBIN y3en. Paboume kojeca Hacoca yKa3aHbl OKPYJKHOCTSIMH, OHA M3 KOTOPBIX
o0o3HaueHa mno3uued 7. DT pabodyme Kojieca HAcoca MOTYT OBITh MPENIOYTHTEIBHO
BBIITOJIHEHBI TaK, YTOOBI OHM MOTJIM NPHBOAMTHCS B ABIDKEHHE OJHUM OOINMM JIBUTATENIEM.
Kpowme Toro, Ha ¢urype S5 mokasaHbl Ba HHTETPUPOBAHHBIX B KOHCTPYKTUBHBIN y3€l 6 TaT4nKa
TEMIEepaTypbl, OAWH U3 KOTOPbIX OOO3HAauUeH mo3uuuedl 9. DTu matumku 9 Temmeparyphl
NPEANOUTUTENBHO PpACHOJIOXKEHbl TaK, YTO OHHU HMMEIOT XOpOLIMI TeNJIOBONH KOHTAaKT C
HaXOJSIIUMCS B U3MEPUTENBbHON siueliKe 3JIEKTPOJUTOM. JTO NPOMCXOAUT, HalpuUMep, TOrAa,
KOTZla JAaTYUKH DPACIOJIOKEHBl TaK, YTO OHHM HAXOIATCS B HEMOCPENCTBEHHOH OJNM30CTH K
3JIEKTPUUYECKUM MOJBOASIIUM IIPOBO/IaM, KOTOPBIE BEAYT B U3MEPUTEIbHYIO SUEHKY.
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®OPMYVYJIA H30BPETEHUA

1. OxucnuTenbHO-BOCCTAaHOBHTENbHASI MpoTouHasi Oarapest (1), comeprkainasi KOMIUIEKT
(2) sueex u pesepByapHOE YCTPOUCTBO (3) sl mpuema 3JEKTPOJUTA, MPUYEeM KOMILIEKT (2)
SYEEK COJEPKUT MHOXKECTBO OKHMCIUTENbHO-BOCCTAHOBUTENIBHBIX IPOTOYHBIX S4YEEK, a
pe3epByapHOe YyCTpOHCTBO (3) cCoAep:kUT MO MEHbIIeH Mepe OJUH NepBbIi pe3epByap s
IpreMa OTPHULIATEIbHOIO 3JIEKTPOJIUTA, IO MEHbIIEH Mepe OJUH BTOPOH pe3epByap Al puema
HOJIOKUTEIBHOTO 3JIEKTPOJINTA, CUCTEMY TPYO AJI COEAMHEHHs PE3epPBYapOB C KOMILIEKTOM (2)
stueek U paboune koseca (7) Hacoca JUIsl HATHETAHUS JJIEKTPOJIUTA, ¢ 00pa30BaHUEM KaKIbIM
OTHOTO  LMPKYJSILIUOHHOTO  KOHTypa  JJIEKTPOJWTa, U TPU O3TOM  OKHUCIUTENBbHO-
BOCCTaHOBUTEJIbHAS POTOYHAsE OaTapest (1) COmEp:KUT MO MEHbLICH Mepe OJHO H3MEPUTEIbHOE
YCTPOUCTBO (4) 1yisi OmpeneNeHusi CBOWCTBA OJJIEKTPOJIUTA C TIO MEHbILIeH Mepe OIHOU
u3MepurenpHoil sueiikoit (4.1, 4.2, 4.3), mpu 3TOM ynomsiHyTash 1O MeHbIIeld Mepe OfAHa
usMepurenpHas siueiika (4.1, 4.2, 4.3) comepXUT MO MEHbIIECH Mepe OIUH COCIMHUTEIbHBIN
naTpyOOK Uil TIOABOAA 3JIEKTPOJINTA, 10 MEHbINEH Mepe OIUH COCAUHUTENbHbIA NaTpyOoK s
OTBOJIa 3JIEKTPOJIUTA U COCOUHHUTENBHBIN 351eMeHT (5) ¢ KaHaioM (5.1), KOTOpBIA COENUHEH C
OJIHUM U3 LUPKYJSALHUOHHBIX KOHTYPOB 3JIEKTPOJIUTA TaK, YTO MPU LUPKYJSALUHN 3JEKTPOJIUTA B
LUPKYJSIUOHHOM KOHTYpPE€ 3JIEKTPOJIUT TedeT depe3 3TOT KaHam (5.1), oTauuaromasicsi Tem,
yto kaHan (5.1) comepxut nepsbiii yuactok (5.1.1) u BTOpoOil ywactok (5.1.2), mpu sTOM
NOTIepevHOe ceueHue nepBoro ydactka (5.1.1) MeHblile MOnepevyHoro ce4eHusi BTOpPOro y4acTka
(5.1.2), m mpu OSTOM COEAUHUTENbHBIM NAaTPyOOK JJIsi OTBOAA 3JIGKTPOJUTA COCOUHEH
COEAMHUTENbHBIM TPYOOIIPOBOIOM C NEPBbIM y4acTKoM (5.1.1), a coenuHUTENbHBIN MaTpyOoK
IUIs TIOZIBOZIA BJIEKTPOJIMTA COCAMHEH COENUHHUTENbHBIM TPYOOIPOBOIOM CO BTOPBIM yYacTKOM
(5.1.2).

2. OKHCIHUTEeNbHO-BOCCTAHOBUTENbHAS NpoTo4yHas Oarapest (1) mo m.l, mpu 3TOM
yIOMSIHyTasi N0 MeEHbIIEH Mepe oaHa Hu3MepuTenbHas siueiika (4.2, 4.3) BbINOJHEHA Kak
CpaBHUTENIbHAS sTUEHKa.

3. OxuCIUTEeNbHO-BOCCTAHOBUTENIbHAS TpoTouHas Oartapes (1) mo m.l, mpu 3TOM
YIOMSIHyTasl IO MEHbIIEH Mepe OlHa u3MepuTenbHas sueiika (4.2, 4.3) BbinoiHeHa kak HXX-
sTUEHKa.

4. OKHCIHUTENBbHO-BOCCTAHOBHTENNbHAS TpoTovHas Oartapes (1) mo m.2, mpu 3TOM
cpaBHHTEbHAS siuelika (4.2, 4.3) comepskuUT ABE KaMepbl, U OJHA U3 STUX Kamep HArOJHEHa
CPaBHUTEIBbHON YKUAKOCTBIO, KOTOPAsi BHITIOJHEHA B BU/IE TeJI€00Pa3HOrO 3JIEKTPOJIHTA.

5. OKuCIUTENbHO-BOCCTAHOBUTENbHAS TMpoTouHast Oarapes (1) mo m2, mpu 3>TOM
cpaBHUTENbHas sueiika (4.2, 4.3) comepKuUT [BEe KaMepbl, MU B OJHOW W3 3TUX Kamep
pacrnosoXeHa MJIaTHHOBask IPOBOJIOKA.

6. OKHCIUTENBbHO-BOCCTAHOBUTENbHAS TpoTOouHas Oartapes (1) mo m2, mpu 3TOM
ONpEeeNIEHNEe  CBOWCTBA  JJIEKTPOJIUTA  OCYILIECTBJISIETCS C  IOMOUIBKO  ONTHUYECKOTrO
CHEKTPOCKOMUYECKOI0 U3MEPEHUS.

7. OxuCIUTENHbHO-BOCCTAHOBUTENIbHAS TpoTOuHasi Oartapes (1) mo mrobomy wu3

NPeABIAYINNUX I, TPH 3TOM IO MEHbIIeH Mepe B OJHOM COEIMHUTEIBHOM TpyOOompoBoze
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PAacCIIONOKEH 3aMOPHbIN Ki1amnaH (8).

8. OxuciuTeIpbHO-BOCCTAHOBUTENbHAS TpoTouHast Oartapes (1) mo mrobomy wu3
NPEABIAYINNX TI1., IPH 3TOM, €CJIM CMOTPETh B HAIPABJIEHUHU TEUEHHs 3JIeKTposnTa, kaHau (5.1)
Cy’KaeTcsi Ha OTpe3Ke, KOTOPBIN KOpoUe OTpe3ka, Ha KOTOPOM KaHaJl pacIIupPsIeTCs.

9. OKHCIUTEIbHO-BOCCTAHOBHUTEIbHAS mpoTouHass Oatapes (1) mo mobomy wu3
NpeAbIAyIIUX M., HPH 3TOM COCOMHUTENbHbIE TPYOOIPOBOABI BBIMOJHEHBI MOHOTOHHO
MOBBIIIAIOIUMHUCS B HAIIPABJICHUU TEUEHHUSI SJIEKTPOJIUTA.

10. OxucnuTe pbHO-BOCCTAHOBUTENIbHAS MpoTouHas Oartapes (1) mo mobomy wu3
NPEABIAYINUX M., IPU 5TOM YIIOMSIHYTOE 10 MEHBIIEH Mepe OIHO U3MEPUTENIbHOE YCTPOMCTBO
(4) BBIMOSHEHO KaK OIMH KOHCTPYKTHBHBIN y3en (6), Tak 4TO YIOMSIHYTasi IO MEHbIIEH mepe
onHa m3MepuTenbHas sueiika (4.1, 4.2, 4.3), kanan (5.1) U coenUHUTENBHBIE TPYOOIIPOBOJIBI
MEXIYy YIOMSHYTOW IO MEHbIIEH Mepe ONHOW H3MepuTenbHOH sueiikoit (4.1, 4.2, 43) u
KaHayoM (5.1) BCTPOEHBI B 3TOT KOHCTPYKTHBHBIH y3e (6).

11. OxucnuTenbHO-BOCCTAaHOBHUTENbHAS MpoTovHas Oatapest (1) mo m.10, mpu 3ToM B
KOHCTPYKTUBHBIN y3e1 (6) BCTPOECHO 10 MEHbIIeH Mepe ogHo pabodee koseco (7) Hacoca.

12. OxucnuTenbHO-BOCCTAHOBUTENbHAST npoTouHas Oarapes (1) mo m.10 wmm 11, mpu
5TOM B KOHCTPYKTHBHBIH y3e (6) BCTPOEH MO MEHbIIEH Mepe OUH JaTuuK (9) Temreparyphl.
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