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B pykoBoacTBe AJsl MPAaKTUYECKUX pacye-
TOB [l] moTepum 53IEKTPOIHEPrHMM HU3-32 TOKOB
YTEUKH O M30JSTOPaM BO3IYIIHBIX JTMHUN dJIEK-
tporiepenaun (BJI) coBepmieHHO crpaBemIMBO
OTHECEHbl K TeXHH4eckuM norepsM. OHu 00y-
CJIOBJIEHB! (PU3MUYECKMMHU NPOLECCAMH, MIPOHCXO-
IAIIAMU  TIpU  TIlepefiadye  dIEKTPOIHEPTHH IO
JIEKTPUYECKUM CETSIM M BBIPAXKAIOLUIMMUCA B
npeoOpa3oBaHNM YaCTH IEKTPOIHEPTUH B TEILIO
B JIEMEHTax cereil. DT morepu He MOTyT ObITh
n3MepeHsl. X 3Ha4eHnss MOryT OBITh MOJy4EHBI
pacyeTHbIM IIyTE€M Ha OCHOBE M3BECTHBIX 3aKOHOB
anekTpoTexHukH. OHAKO MpeuiaraemMasi B pyko-
BOJICTBE METO/IMKA pacueTa IMoTephb IEKTPOIHEP-
T'MH U3-32 TOKOB yTEUKH Mo u3oisitopam BJI mpu
YBIQXHEHUM MX 3arpsi3HEHHOM IOBEPXHOCTH
NPEICTaBISIETCS] HEIOCTaTOYHO O00OCHOBAHHOM.
MoIHOCTh MOTEph Ha OJJHOM H30JIATOpE Mpeasa-
raeTcsi pacCYMTHIBATHE B 3aBUCUMOCTH OT COIpO-
TUBJIEeHUs u3omaropa. Ilpu stom nomyckaercs,
YTO 3HAUYEHHE CONPOTUBJICHUS H30JIATOpa B IIe-
PHOJ YBIQKHEHHS OCTAETCSl HEM3MEHHBIM. Takoe
JIOMYIIICHUE HE MOXKET OBbITh MPU3HAHO OOOCHO-
BaHHBIM. OHO HE OTpaxaeT 3JeKTpoduznIecKue
IPOLIECCHl IIPU YBJIAXKHEHUM 3arps3HEHHON H30-
nsamuy. B mpormecce yBiaKHEHUS W3 pacTBOpPA
JIEKTPOJINTA HAa MOBEPXHOCTH H30JATOpa HCHa-
psiercsi Biara, oOpa3ylOTCSl KOJBIIEBBIE IIO/ICY-
IIEHHBIE 30HBl, IEPHOAUYECKH BO3HUKAIOT U rac-
HYT YacTW4HbIE IyXKH. IIpu 3TOM TOK yTeuku
HOCUT UMITYJIbCHBIH XapakTep, Korja Ha (oHO-
BBl TOK HAKJIaJIbIBAIOTCS OPOCKM TOKA YTEUKU
(MMITYJIbCBI) BO BpeMsl TOPEHUS YaCTHYHOM TyTH
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(Tak Ha3BIBAEMBIN PEXHUM MEPEMEKAIOMINUXCS Y-
*ek). Kpome Toro, B mporiecce yBiIaxHEHHs TIPO-
UCXOAMUT BBIMBIBAHUE COJEH W3 CJlOs 3arps3He-
Hus. Vcmonb3oBaTh NMpH pacyeTe TOKa YTEUKH,
3HAYEHUE COMPOTHUBIICHUS H30JIATOPA, M3MEPEH-
HOE€ B OTCYTCTBHE OTHX IPOIECCOB, KaK 3TO
npemiaraetcss B [1] mpencraBisiercs ommodod-
HbIM. Hampumep, 3HaueHHS TOKOB yTE€UKH, pac-
CYMTAHHBIE COTJIACHO paccMaTpUBAEMOI METOIH-
ke Juisi rupisiaabl m3onatopoB BJI 110 kB co-
cTaBIsioT 8 MA u 76 MA jutst paiioHoB ¢ 1-it u 7-
i crenenpio 3arps3HeHus armocdepsl (C3A) co-
OTBEeTCTBEHHO. OIHAKO IKCIEPUMEHTAILHO yCTa-
HOBJIEHO [2], 4TO Aake B MpeAesIbHOM Ciydvae,
KOTJ]a M30JISITOPBl HAaXOAATCS B HpeApaspsIHOM
peKUMe, TOJIIBKO aMIUIUTYABl UMITYJIbCOB TOKOB
yTeuku coctaBisor 10 MA u 6osnee. B Hopmanb-
HOM JKCIUTyaTallMOHHOM PEKHUME, IPU BEPHO BBI-
OpaHHOM YPOBHE M30JISALIUH, 3TH 3HAYCHUS OYIyT
MeHble. O4eBHUIHO, YTO Pe3yJbTaThl PacyeTOB
HOTEPh JIEKTPOIHEPTHH MO TOKAaM YTEUKH, 3Ha-
YeHHUs] KOTOPBIX COIMOCTaBHMBI C aMIUIMTYAaMU
HMITYJIbCOB 3TUX TOKOB IpU pabOTe U30JISTOPOB B
Mpenpa3psiHOM pekuMe, O0yTyT HE0OOOCHOBAaHHO
3aBbleHbl. Kpome TOro, TOK yTeUKd 3aBHCHUT HE
TOJIBKO OT CTENEHU 3arpsi3HEHUs IMOBEPXHOCTU
M30JIITOPA, TO €CTh OT CTETICHU 3arpsi3HEHUs aT-
MocQepbl WIH COTJIACHO cebMoro mzaanus [1YD
ot ctenenu 3arpssHenus (C3) [3], HO U B 3HAUU-
TEJILHOW CTETEeHU OT BUJA U MHTEHCHBHOCTU yB-
JaKHEHHs, YTO HUKAK HE YUYHUTHIBAETCSI B pac-
CMaTpUBAaEMOM METOJIUKE pacueTa.

Takxe B METOJUKE HE YUUTHIBAETCS MPO-
CTPaHCTBEHHAsl CTPYKTypa YBIQKHAIOLIIUX Me-
TeosiBnieHuid. B [4] paccMoTpeH Tak Ha3bIBaeMBbIil
KOX(PPUITMEHT pacTpeeICHHOCTH METEOsIBICHUN
K}, TIOKa3pIBalOIIMI Kakass 4acTb Tpaccsl BJI
OXBayeHa JaHHBIM MeTeosiBIeHueM. CpemaHero-
J0Bo¢ 3HayeHue Kj,,, pasIUuHbIX YBJIAKHSIOIIUX
METCOSIBJICHUH II0 AaHHBIM [4] cocTaBlsieT B
cpeaneM npumepHo 0,5.
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ABTopamu pa3paboTaHa, KakK IMpeaCcTaBIs-
eTcsi, 6osee pU3MIecKn 0OOCHOBAHHAS METOJIMKA
pacueTa moTephb JIEKTPOIHEPTUU H3-32 TOKOB
YTEYKH 10 H3OJISMHOHHBIM KOHCTPYKIHUSIM

A=K[T, M(B)+T,, M(B,)+T, M (B,)+T, M (B,

HapYXHBIX JJIEKTPOYCTaHOBOK [5, 6]. CormacHo
3TOM METOJUKE TOJIOBBIE NMOTEPU B EAUHUYHOU
M30JISIIMOHHON KOHCTPYKIMH (THPJSIHIE H30JIf-
TOPOB) PaCCUHUTHIBAIOTCS KaK:

(1)

b

rae M(Pr), M(Py), M(Pp) u M(Pr) — MaTeMaTHYeCKOE OKMAAHHE MOIIHOCTH TOTEPb SHEPTUU B €IU-
HUYHOM M30JISILIMOHHON KOHCTPYKLMHU COOTBETCTBEHHO IIPHU TyMaHaxX, MOPOCH, JOXKASIX U poce, KBT; T,
Ty, Tp m Ty — TogoBasi MPOJAOIDKUTEIHHOCTh TYMAHOB (TIPU TMOJIOKUTEIHHON TEeMIIepaType BO3AyXa),

MOpPOCH, ,I[O)K,Z[GI\/'I " POChI, 4Yac.

3uauenuss M(Pr), M(Py), M(Pp) u M(Pr)
MPU 33/IaHHOM CTENEHW 3arpsA3HEHUsT W30JISAIHUN
PacCYMTHIBAIOTCS IO (OpMYJIam:

M (B)=3¥(U,) By (Uy)

9

M (PM)=§W(UMi)PM WUu)

5

M(PD)ziW(QDi)PD (QDi).
M(PR):PR(QR)

b

2
rue SU(U T,-) - BEPOSITHOCTb i- TOM CKOPOCTH BET-
pa (U T,-) pu TyMaHax (6 rpajanmii), T(U Mi) -
BEPOSITHOCTD i- TOM CKOPOCTH BETpa (U M,-) npu
Mopocu (11 rpamamuii), T(QD,-) - BEPOSATHOCTH
JOXKJEH - TOW WHTEHCHBHOCTH (QD,-) (13 rpa-
BUy), PWUy), P(0Oy)

PR(QR) - MOIIHOCTb IOTCPb SHCPTHUH IIPpHU 3a-

Jauui); u

JAHHOM CTENEHW 3arpsi3HEHHUs] U30JSIIUU COOT-
BETCTBEHHO BO BpEeMSI TYMaHOB IIPH I-TOM CKOPO-
CTH BETPA; MOPOCU NIPH i-TOM CKOPOCTH BETpA,
JOKJIeH I-TOM MHTEHCUBHOCTHU U POCE MPH MOCTO-
SIHHOM, XapaKTepHOU AJid cpeaHel nonocel Poccu

WHTEHCUBHOCTH BBINIAJIEHUSI POCHI (QR) , KBT.

MomHOCTh MOTEPh PHEPIHU MPH TyMaHax
U MOPOCH OIIpENEsIeTCcsd B 3aBUCUMOCTH OT CKO-
pocCTH BeTpa, TaKk KaK 3THUX Clydasx Bjara rora-
JaeT Ha IMOBEPXHOCTh HM30JIATOpa B pPE3yJbTaTe
WHEPLHUOHHOTO OCAXIEHHS, TO €CTh WHTCHCHB-
HOCTb YBJIQJKHEHHUS TOBEPXHOCTH H30JATOpA
psIMO TPONOPLUUOHANIBHA cKopocTH Betpa. Cre-
MIEHb 3arpsI3HEHMS] U30JSLUU OLIEHUBAETCS BEJH-
YUHON MOBEPXHOCTHOM NPOBOJUMOCTH MpPU YB-
JIAXKHEHUH CJI0S 3arps3HEHUS 70 HACHIIICHUS (7).
CBsI3p NTOBEPXHOCTHOW NMPOBOAUMOCTH IPHU YB-
JaKHEHUU CIIOSI 3arpsi3HEHHs] 10 HACBILICHHS C
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C3A wm C3 MoxeT ObITh OmpesesicHa M3 JaH-
HBIX TIPUBEICHHBIX B HOPMATHUBHBIX JOKYMEHTaX
(3, 5]

Buavenns 1 (Ur;) , Py W) , b (Op))

u PR(QR) OonpeaAcIAINCG C HCIIOJIb30BAHUEM

JIUHAMUYECKOM MaTeMaTHYECKOH MOJIEIN H3Me-
HEHUS DJIEKTPUUYECKUX XAPAKTEPUCTUK H3OJISAIHH
B IIPOLIECCE €€ YBIAXKHEHUS Pa3IMuYHOTO MO BUIY
W uHTeHCUBHOCTHU. Ha puc. 1 B kauecTBe mpumepa
MPUBEJICHbl 3HAYCHUS P (Uy,) R (Op:) pH
Pa3IUYHON CTETICHH 3arps3HEHUST U30JISIUH.

a)
P,
kBt 02
4,
oy MKCM
P
Upm/c 270
0)
P, 010
Bt 0.08

0.06

Puc. 1. Cpennsisi 32 0IHOKpaTHOE YBJIaXKHEHUE
MOIIHOCTb MOTEPH JEKTPOIHEPTHH B TUPIISTHAC
H30JIATOPOB KOHTAaKTHOM CETH KEIE3HBIX aopor
Ha HanpspkeHne 25kB: a) mpu TymaHe B 3aBHCH-
MOCTH OT CTCIICHH 3arpA3HCHUSA H30JISIIHUU U
CKOPOCTH BeTpa; 0) pH J0XK/I€ B 3aBUCUMOCTH
OT CTCIICHU 3arpsA3HCHUA U30JIAINH 1 UHTCHCUB-
HOCTH JIOXKS
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B Mozenu yuTeHBI OCHOBHBIE IPOLIECCHI
IIPU YBJIAKHEHUM 3arps3HEHHOW HW30JIALUU: HC-
MapeHHue BOJIbI U3 CJI0S YBIIAXHIEMOIO 3arps3He-
HUSl M3-3a TOKOB YTE€UKH, OOpa3oBaHUE MOJCY-
HICHHBIX 30H, BO3HUKHOBEHHE M TalleHHE dYac-
TUYHBIX AYT (PEXKHUM MEepeMEKAIOIUXCS AYyKeEK),
BBIMBIBAHUE COJIEH U3 CIIOS 3arpsi3HEHUS U JApYy-
rue. Pe3ynbraThl MOJENUPOBaHNUS Ka4eCTBEHHO U
KOJIMYECTBEHHO XOPOIIO COTJIACYIOTCS C JKCIIe-
PUMEHTAIBHBIMU JAHHBIMU aBTOpa M JIPYI'MX HUC-
cienoBareneil. 3aech ciaexyeT OTMETUTh, YTO €C-
JU OKCIEPUMEHTAIBHBIX JaHHBIX O MOTEpsX
AJIEKTPOIHEPIUU U3-3a TOKOB YTEUKH KpaliHe Ma-
JI0, TO JAHHBIX 00 MHTEHCHUBHOCTHU 3JIEKTPOKOP-
PO3UH apMaTyphl U30JIATOPOB B KOHTAKTHOM CETH
JKEJIE3HBIX JIOPOT MOCTOSHHOTO TOKa HAKOTIJIEHO
JoctaTouHo MHoro. Kak morepu 3iekTposHep-
THH, TaK M WHTEHCHUBHOCTH AJIEKTPOKOPPO3UU

MIPONOPLMOHAIBHBI KOJUYECTBY 3JIEKTPUYECTBA.
Takum oOpazom, xopolee COrjlacOBaHHOCTh pe-
3yJbTaTOB MOJEIMPOBAHMS MPOLIECCOB AJIEKTPO-
KOPpPO3UHM M OOJIBIIETr0 YMCa IKCHEPUMEHTAIIb-
HBIX JIaHHBIX, KOCBEHHBIM 0O0pa3oM HOATBEp-
KJIAIOT TAKXKe M aJeKBaTHOCTb MOJEIH IpoLec-
caM IOTepb IEKTPOIHEPTUU U3-3a TOKOB YTEUKHU.
B Tabn. 1 npuBeneHs! pe3yabTaThl pacueTa MOII-
HOCTH MOTEPb B OTAEIBHBIX M30JIITOPAX TUPIISHI
KOHTaKTHOW CETH >KEJIE3HBIX TOPOr MEPEMEHHOIO
TOKa (HOMHHAJIbHOE HAIpPSDKEHHE B KOHTAKTHOU
cetu 25 kB). MomHocTs mOTEph, paccurTaHHAS
cornacHo [5, 6], onpexensiack Kak CpeaHEB3Be-
LIEHHAs JUIsl TYMaHOB, MOPOCH M JIOXJEH, Mpo-
JIOJDKUTEIIBHOCTh KOTOPBIX XapakTepHa 1t EB-
pomneiickoit yactu Poccun, MOIIHOCT TOTEPH NPU
poce He yUTeHa U3-3a UX MaJIOCTH.

Taoauua 1. MowmHocTs noteps, P, kBT

HanMeHoBaHHe BeJIHYHHDBI C3A
2 5 6
YHCIIO U30JISITOPOB B THPJISH/E 3 4 5
HaInps>KeHUE Ha OJTHOM U30JISITOpE TUPJISIHABL, KB 8,33 6,25 5,00
MOIIIHOCTh IOTEPh, paccuuTaHHas cornacHo [1], P, kBt 0,061 0,081 0,093
MOIIIHOCTh TIOTEPh, pacCUUTaHHAs coryacHo [5,6], P, kBT 0,009 0,015 0,014

Kak BugHO H3 pe3ysbTaTOB pPACUETOB,
MOIITHOCTh MOTEPh, pacCUYUTaHHAas coraacHo [1], B
5-7 pa3 mpeBBIIAET PE3yIbTaThl PACUETOB CO-
rmacHo [5, 6]. C ydyetoMm Toro, uro B [1] HEe yuu-
THIBA€TCA MPOCTPAHCTBEHHAs CTPYKTypa YBIIAXK-
HSIIOIIMX METEOSBICHUN U PSII APYTUX (HaKTOPOB,
9Ta pa3HULA YBEJIMYHUTCA €lle He MEHee YeM B 2
pa3a. Takum oOpazom, Ipu pacuere MoTeph dJeK-
TPOIHEPTUH U3-32 TOKOB YTEUKH 10 HU30JSATOPaAM
BJI no meronuke [1] motepu OynyT, Kak mpea-
CTaBIISIETCS, HEOOOCHOBAHHO 3aBBIMICHBI OoJiee
4eM Ha NOpSOK.

B [5, 6] smawenns Fr (Ur), P, Uy,

Py (Op) u B R(QR) OTIpeNIeNISIINCh ISl THp-
JSIHI W30JIATOPOB KOHTAKTHOM CETH JKENE3HBIX
nopor. Tak kak majeHue HampsHKEHUs Ha OJJHOM
W30JISITOPE TUPJSHABI B KOHTAKTHOM CEeTH Iepe-
MEHHOT'0 TOKa OJIHOTO IMOpsAJKa C MaJeHUEeM Ha-
MpsSKEHUsT Ha OJHOM u3oJsitope rupisHa BJI
Pa3IMYHBIX KJIACCOB HAMPSIKEHHS, IMOIYyYCHHBIC
3HA4YEeHUSI MOUTHOCTH MOTEPb IS THPIISTH] U305~
TOPOB KOHTAaKTHOW CETH KEJEe3HBIX JOPOT Iepe-
MEHHOTO TOKa MOTYT OBITh MCIIOJIb30BAaHbI U IS
pacueTa moTepb MEKTPOIHEPTHH B u3oisu BJI.
Opnnako 0osee TOYHBIC Pe3yNbTaThl MOTYT OBITh
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IMMOJIYUYCHbI IpHU MOJACIUPOBAHUN MOIIHOCTH I10-
Tepb s n3oisuu BJI pa3nuuHbIX KinaccoB Ha-
NPSDKEHUS, YTO HE COCTABIISET KaKUX JH0O0 MpUH-
MUMHAATBHBIX TpyAHOCTEH. XOTenoch ObI OTMe-
TUTh, YTO JUUISl TOJTHOTHI OLIEHKH MOTEPh 3JIEKTPO-
SHEPruM M3-3a TOKOB YTEUKH HEOOXOJIUMO YUH-
TbIBAaTb W AUBJICKTPUYCCKUC IIOTCPU, XOTA MOIII-
HOCTb OTHUX IOTCPb 3HAYUTCIIBHO HHUIKC MOIIHO-
CTH IOTEPb M3-3a TOKOB IMMPOBOJAUMOCTH.
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