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3a nocneonue 3 2ooa Llenmp snexkmpomacnumuon 6e30nacHoCmu Ucciedo8al 8
Mockee cocmosinue cucmem 31eKmMpOCHAOICEHUs 8 KDYNHEUUUX 30AHUSX, UMEIOUUX
KOMNbIOMeEPHble Cemu, 8 Komopwle 8KI04UeHbl 0m 08adyamu 00 mulcsayu u vosee
KOMNnviomepos. Ananuz co6cmeenHbIX OAHHBLX, NOOKPENIeHHbIU AHAIUZOM
3apybedichvix nyonuxayuti, oowernue c koaneeamu uz IEEE (The Institute of Electrical
and Electronics Engineers), npugenu Hac K 861600y, umo Poccus cmoaknynacs ¢
HOB0U cepbesnetiwetl npobaemou. Ee cymb 6 mom, umo cemu snekmpocradicenus 0,4
KB 6 30anusx, 0CHAWeHHbIX KOMNbLIOMEPHOU MEXHUKOU, «3aPaAdCEeHbL» GbICUUUMU NO
omHowlenuIo K npomvluLiennou yacmome (30 I'y) capmonuxamu.

[TpoGiiema He yHUKaIbHA. Bee cTpaHbl Ha ONpeieIeHHOM 3Tarne KOHIEHTPalu
KOMITBIOTEPHOM TEXHUKH CTAJIKUBAIOTCA C HEM U BBIHYKIECHBI KapIMHAIbHO MEHATH
TEXHUYECKHE PEriiaMeHThl IKCIUTyaTallli, HOPMbI IPOEKTUPOBAHMS, pa3pabaThIBaTh
COOTBETCTBYIOIIYIO 0a3y CTaHIapPTOB.

B cnydasx, korjia MOIIIHOCTh HEIMHEWHBIX dJIEKTpOoTIoTpeduTeneit He nmpebiaeT 10-
15 %, kakux-1ub0 0COOEHHOCTEH B SKCILUTyaTallMi CUCTEMBbI SJIEKTPOCHAOKEHHUSI, KaK
IIPAaBUJIO, HE BO3HMKAET. [Ipy IIpeBbIIEHNN yKa3aHHOIO NIpeena ClIeayeT 0XKUAaTh
HOSIBJICHUS PA3JIMYHBIX TPOOJIEM B SKCIUTyaTallMM U MOCIEICTBUN, MPUUMHBI KOTOPBIX
HE SBIIOTCS OYEBUIHBIMU. B 31aHMAX, UMEIOIINX OO HEJIMHEWHON HArpy3Ku
cBbIle 25%, oTaenbHbIe TPOOJIEMbl MOTYT MPOSIBUTHCS Cpasy.

HeraruBHoe Bo3aeiicTBHE BbICIIMX TAPMOHUK

BrIcire rapMOHUYECKHE COCTABIISIIOIINE B TOKaX HEJIMHEWMHBIX
AJIEKTPOIIOTPEOUTENCH MPUBOAAT K HETATUBHBIM, & MHOTJ]A M KATaCTPOHUIECKUM
IIOCJICICTBUSIM.

1. Bo3mo:xeH neperpes U pa3pyuieHue HyJ1eBbIX pa0o4yuX NPOBOHNKOB KaleJbHbIX
JUHMIi BCJIEICTBUE UX MEPETPY3KU TOKAMU TPEThEU TapMOHUKHU. ITO NPOUCXOAUT
TOT/1a, KOTJIa TOKU B HYJIEBBIX PaOOYUX MPOBOHUKAX 3HAYHUTEIHLHO IPEBOCXOIAT
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TOKHU (Da3HBIX MPOBOJHUKOB, @ 3aIIUTa OT TOKOBBIX MEPETPY30K B IEMSIX HYIEBBIX
MPOBOJHUKOB He npeaycmoTpena (1.1.3.10 ITY D). OtmeTnm Takxke yCKOpEeHHOE
CTapeHue U30JISIUH MPH MOBBILIEHUU padoyeil t0 TOKOHECYITNX MPOBOJIHUKOB.
HyneBoii pabounii MpOBOAHMK HE 3aIUILEH OT MEPErpeBa aBTOMATUYECKUMU
BBIKITIOUaTeNsIMU JInO0 npenoxpanutensamu (m.3.1.17 ITY D). «Crapbie» cucteMbl
AIIEKTPOCHA0KEHUS MTPOSKTUPOBAIUCH TOJIBKO MO/ TMHEWHYIO Harpy3Ky, T.€.
NOTPeOIEMBIii AIEKTPONPUEMHUKAMU TOK COJIEPrKaJl JIUIIb OCHOBHYIO TAPMOHUKY
(50 I'mm). CnemoBaTenbHO, TOK B HYJICBOM pa004eM IPOBOIHUKE HE MOT TIPEBOCXOIUTH
TOK B HanOoJiee HarpykKeHHoH ¢ase, T.e. 3a1uTa Ha Pa3HbIX MPOBOJIHUKAX
OJIHOBPEMEHHO 3alllMIliajia OT Ieperpesa u HyJeBoi pabounii MPOBOIHUK.

Kpowme Toro, B mpoiiecce 3KkCIuTyaTaliii HEpaBHOMEPHOCTh pacIpeieIeHUs] TOKOB 10
¢dazam nomkHa ObITh He 60Jee 10% (11.6.6 Tabm.6 [punoxenwne 1, [193I1). [TosTomy
pU ONpeeNIeHUH JUTUTEIBHO JOITyCTUMbIX TOKOB 10 YCJIOBHSM HarpeBa mpoBOJIOB U
ka0esei HyJeBoi padounii MPOBOIHUK YETHIPEXTIPOBOIHOM CUCTEMBI TpeX(ha3HOTO
TOKa, 3a3€MJISIFOIIME W HYJIEBBIC 3aIIIUTHBIE TIPOBOJHUKY B pacdeT HE MPUHUMAIOTCS
(n.3.1.10 I[TYD), nocKoNbKYy TOK B 3TUX MPOBOAHHUKAX MPU HATMYUU JTUHEHHBIX
AIEKTPOINIOTPEOUTENEH CYIIIECTBEHHO MEHbIIIE TOKOB B (Da3HBIX MPOBOJIHHUKAX.

B cnydae HeIMHEHBIX 3JIEKTPONOTPEOUTENICH TOKM B HYJIEBBIX pab0ounx
IIPOBOJHUKAX NPEBbIIAIOT (pa3Hble (penenbHo — B 1,73 pa3a, koraa mupuHa
HUMITYJIbCa TOKa paBHa 60 AIEKTPUICCKUM Tpaycam).

[ToaTOMy 3HaYEHUS ATUTEIHHO JOMYCTUMBIX TOKOB, IPUBEACHHBIX B TAOIUIIAX
1.3.4—1.3.7, B cnmyyae HEMMHEWHBIX ANEKTPONOTPEOUTENCH TOIKHBI OBITH CHIKEHBI.
Ha xopmycax snexkTpoo6opyaoBaHusl, MOJKIIOUYEHHOTO K HYJIEBOMY MPOBOY, MOTYT
BO3HMKATh HANPSKEHUS, OKAa3bIBAIOIINE MPY TPUKOCHOBEHUH Pa3apaaroiiee
BJIMSIHUE Ha YEJIOBEKA.

OpaHako B CiIy4asiX UCIIOJIb30BAHUS MPOTSHYKEHHBIX JTUHUM MaAJIOrO CEYEHUSI MOKET
BO3HMKATh omacHoe (6onee 50 B) HanpsbkeHne MpUKOCHOBEHHS Ha KOPITycax
anekTpornpueMHUKOB B cuctemMe TN—C, koria GyHKIUU HYJI€BOTO 3alIUTHOTO U
HYJIEBOTO pab0yero NpoBOJHUKOB 00bEIMHEHBI B OJHOM NpoBoaHUKE. [Ipu cucteme
TN—S mono0HBI1 3P PeKT TeopeTUIECKH MOKET BOSHUKHYThH TIPU MMPOTEKAHUU TIO
HYJIEBOMY 3alllUTHOMY IIPOBOJHUKY TOKA 3HAYUTEILHON BETUUYHHBI (TIPU KOPOTKOM
3aMBbIKaAHHH )

(cm. nomoHEHWE *).

2. Uckaskenne CHHYCOUIAIBLHOCTH nUTamero Hanpsokenusi. CJIeCTBUEM XapaKkTepa
TOKa, MOTPeOJIIEMOT0 UMITYJIbCHON HArpy3KoH, siBjsieTcs e opMalisi CHHYCOUIbI
HanpsOKeHUs, IeHCTBYIONIEH Ha 3akuMax Harpy3ku (puc. 1). CuHycounia HanpsKeHUs
CTAaHOBUTCSI «IUIOCKOW», TAK KaK B MOMEHT MMITYJIbCa TOKA YBEJINYUBACTCS NAJCHUEC
HaIpsDKEHUS HA BHYTPEHHEM CONPOTUBJIEHUH CETH:

UHaFDYSKI/I (t) = UceTn(t)'i(t) ° ZCBTI/I

1€ Usarpysi () — JedopMupoBanHas ciHycon1a HapsHDKEHHUS Ha 3a)KHMMax
Harpy3ku; Ucer,(t) — cuHyconanpHOE HaNpshKEHUE MUTAROMICH ceTH; i(t) —
UMITYJILCHBIIH TOK Harpy3KH;

Z cery— TIOJTHOE COMPOTHBIICHUE CETH CO CTOPOHBI 3aKUMOB Harpy3KH.
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HEKOC COIIPOTHUBJICHUC. HCCI/IHYCOI/II[aJ'IBHBIG TOKH, IIPOTCKAA I10 9TOMY
COIMPOTHUBJICHUIO, BBI3BIBAIOT ITAJACHUC HAIIPSAKCHUSA Ha HEM. B pE3yaIbTAaTC HA
3aKHMaxX HEJIUMHEHHOI O 3H€KTpOHOTpe6I/ITeJ'I$I, d TaKKC€ Ha 3a’KMMaXxX BCCX OCTAJIbHBIX
3J'ICKTpOHOTpC6HT€JI€ﬁ, BKIIIOUCHHBIX MMapaAJJICIIbHO MY, ITOABIISICTCA
HCCHMHYCONIAJIbHOC HAIIPSKCHUC, OOBIYHO — «IIJIOCKasI» cunycounaa. «IInockas»

CHUHycouaa, BOSH@ﬁCTBYH Ha HMHYHBCHBIﬁ HCTOYHHUK IMUTAaHUA, CHHXKACT YPOBCHD
BBIINIPAMIICHHOT'O HAIIPSIZKCHUA
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‘ ﬁ . t, CHWXEHUE YPOBHS BBIIPSAMIIEHHOTO

i\ ; HanpspkeHus. Jledopmariusi CHHYCOHIBI

MUTAIOIIETO HAMIPSIKEHUS TIPUBOJIUT K

/ CHI)KCHMIO 3HaYEHUS aMIUIUTY b
BXOJIHOTO HaIPsKEHUs, BCIIEJICTBUE ITOTO
CHIDKACTCSI HaMpsDKEHUE Ha KOHACHCATOPE

(puc. 2).

Puc. 2.
CHujiceHue HanPAMCEHUA HA C2ANCUBAIOUIEM KOHOECHCAmOope UMRYIbCHOZ20

UCMOYHUKA NUMAHUA 8Clle0cmeue 6030eiicmeusn “niaocKkou’” cuHycouol

HanpAaAycenui

1 - cunycouoanvnoe nanpaxcenue;
2 — “naockaa” cunycouoa HanpAMCceHus;

3 - HanpaxceHue Ha KOHOEHCAmope NPU CUHYCOUOATIbLHOM HANPANHCEHUU;

4 - HanpadiceHue Ha KOHOeHcamope npu “naocKoil” CUHycouoe HanPAIHCeHUs

CHmkeHue ypoBHs HalIPSDKEHUS Ha KOHIEHCATOPE, ¢ KOTOPOT'O OCYLIECTBIISIETCS
UTaHKUE BBICOKOYACTOTHOIO IPeoOpa3zoBaTeis, a Jajee U Lenel NOCTOSTHHOIO TOKa,
JIOJKHO ObUIO ObI MPUBECTH K CHHKEHHUIO YPOBHSI BHIIPSIMIIEHHOTO HanpsbkeHus. Ho



B OOJIBIIIMHCTBE HMITYJbCHBIX HCTOYHHUKOB IIUTAHHA IIPEAYCMOTPCHA CUCTCMA
CTa6I/IJII/ISaI_II/II/I BBIXOOHOT'O HAIIPAXKCHUA, HAIIPUMECP MCTOAOM IIUPOTHO-UMITYJIBCHOI'O
peryjimpoBaHusi. CHmxeHue YPOBHA BXOOHOI'O HAIIPSXKCHUA B IOIIYCTHMBIX IIPpCACIax
HE BBI3OBCT CHMIXKCHUS YPOBHA BBIXOJHOI'O ITIOCTOSAHHOT'O HAITPAXKCHMA.

YBennueHue TCIUIOBBLACIICHMA B 3JICMCHTAX UMITYJIbCHOI'O HCTOYHHKA ITUTAHNA. HpI/I

METO/IE IIUPOTHO-UMITYJILCHOTO PETYJIMPOBAHUS CHIPKEHUE BXOJHOTO HANIPSKEHUS
BBI30BET YBEIMUYEHUE UIUTEIHHOCTH UMITYJIbCOB TOKA BHICOKOYACTOTHOTO
npeoOpa3zoBaTesl 0 OTHOUIEHUIO K JUTUTEIbHOCTH Nay3. DTO 03HAYAET YBEIIMYCHUE
TOKa, MOTPeOJIIEMOT0 BHICOKOYACTOTHBIM IIPE0Opa3oBaTesieM, B CpEeHEM 3a MEPUOT U
yBEJIMYEHHE CKOPOCTH paspsifa KoHJAeHcaTopa. bonbinii Tok, moTpediseMblit
BBICOKOYACTOTHBIM MPeo0pa3zoBaTeieM, YBEITUUUBAET TEIUIOBBIC IOTEPH B DJIEMEHTAX
MMITYJIbCHOTO HCTOYHMKA MUTaHuA. Tak, CHUKEHUE BXOAHOTO HarpskeHus Ha 10%
BBI30BET yBeNnueHue Toka Ha 11%, a TemnoBbix notepb — Ha 23%.

CHmKeHre yCTOWYMBOCTH K KPaTKOBPEMEHHBIM MpOBajaM HamnpsokeHus. B cinydae
MPOBaJIa WM JIa)Ke TIOJTHOTO MCUE3HOBEHUS HAMPSDKEHUS HA 38KMMAaX UMITYJIbCHOTO
VCTOYHHKA MUTAHUS, LETIH TOCTOSIHHOTO TOKa MOTYT IPOJOJKaTh CBOI0 HOPMAJIbHYIO
paboTy B TEUEHHE HEKOTOPOT'0, OU€Hb KOPOTKOTO MPOMEKYTKA BPEMEHH. DHEPrus,
HeoOxoauMast I71sl paboThl B TEYCHHE 3TOTO IPOMEKYTKA BPEMEHU, — ITO IHEPTHUS
CrIIaXXKMBAIOIIEro KoHAeHcaTopa. HecMOTps Ha TO, UTO 3TOT KOHAEHCATOp 001aiaeT
BeCbMa OOJIBIIION €MKOCTBIO, 3aracaeMasi UM SHEPTHsI 3aBUCHUT €IIe U OT HAMPSKECHUS,
JI0 KOTOPOT'O OH ObLT MEPBOHAYAIBHO 3aPSIKEH:

W=CU?/2

[Ipu cunycouaanbHOM hopMe KPUBOW MUTAIOIIETO HAMIPSKEHUS KOHACHCATOP MOKET
3apSAUTHCS 0 HAMPSHKEHUS O0JIBIIETO, YEM OH MOXKET 3apSAUTHCS MPU «ILTOCKON
¢dbopMe nuTaromero HanpskeHus. B Takom citydae 3araceHHON B KOHZIEHCATOpE
HHEPTUU MOXKET HE XBaTUTh JJIsl IOAJEPKaHUSI HOPMAIbHOU pabOThI Liernei
IIOCTOSIHHOTO TOKa JJO MOMEHTA BOCCTAHOBJICHUS ITUTAIOIEr0 HAIIPSKEHUS IIPU €T0
KPaTKOBPEMEHHOM IIPOBAJIC UJIA NCUE3HOBEHUH.

3. 'apmoHukmn,
reHepupyembie HeJMHEeHHOoI
HArpy3KO0H, CO31a0T
JAONOJIHUTEIbHbIE NOTEPU B
TpaHncopMmaTopax. OTH
MOTEPU MOTYT IPUBECTHU K
3HAYUTENBHBIM MIOTEPSIM
SHEPruu U ObITh MPUYHUHOM
BBIXOJa U3 CTPOS
TpanchopmMaTopoB
BCJIE/ICTBUE NIEPETPEBA.
[Iporekanue mo oOMOTKaM
TpaHncpopmaropa
HECHUHYCOM/IaJIbHBIX TOKOB,
BCJIE/ICTBUE TIOBEPXHOCTHOTO

*Ilonoanenue.

Toku 8 Hye8bIX pabouux nPoBOOHUKAX MO2Ym ObIMb
OonbuuUMU, YeM MOKU 8 PA3HbIX NPOBOOHUKAX. DMO
00BACHAEMCS MeM, YUMo NPU CUMMEMPUYHOLL Ha2py3Ke

G aszHvle MOKU OCHOBHOLL HACMOMbL U 8CE BbICULUE 2APMOHUKU,
3a UCKTIIOYEHUEM BbICULUX 2APMOHUK NOPAOKA, KPAMHO20
mpem, 0bpazyrom cucmemul NPAMOLU U 0OPAMHOU
nocnedosamenvHocmell u 0arom 6 cymme Hyav. I apmonuku
JHce nopsoKa, KpAmHo2o mpem, 00pasyrom cucmemy Hyaegoll
nOCIe008amenbHOCmU, M.e. UMeom & 11000t MOMeHM
8peMeHU 00UHaKoBble 3Havenus u gazvl. [losmomy mok 6
HelmpaibHOM NPO8OOe PaseH YMpOeHHOU CyMMe MOKO8
BbICULUX 2APMOHUK, KpamHblx mpem. Taxum obpazom, npu
HeCUHYCOUOAIbHOU CUMMEMPUYHOU HACPY3Ke MOK 8 HYL1e80M
pabouem nposoonuKe byoem pagen.:



s dexra u r3pdekra
OIU30CTH, IPUBOJUT K
YBEJIMYEHHUIO aKTUBHOT'O
COIMPOTHBIICHUS 0OMOTOK
TpaHnchopmaTopa u, Kak
CJIEZICTBHE, K
JIOIIOJIHUTEIIbHOMY HarpeBy.
Cpok ciryx0bl
TpaHchopMaTopa 3aBUCHUT OT
HarpeBa ero 4yacreu U He
HO3BOJISIET IPU
HECHHYCOHMIAJIbHOM TOKE
UCII0JIb30BaTh
TpaHnchopmaTop Ha BCIO €ro
HOMUHAJIBHYIO MOIITHOCTb, €€
HNPUXOJUTCS 3aHIKATh.
Hanpumep, nonnas 3arpyska
TparncopmMaTopa MOXKET
HACTYNUTh IPU
UCTIOJNIb30BaHuH JIh 80%
HOMUHAJIBHOM MOIITHOCTH,
YKa3aHHOM B €ro NacCIOPTHBIX
JTAHHBIX.

Ecnu He yuutsiBaTh
IPEBBILLICHUE TEMIIEPATYPhI U
MOTIBITATHCS HCIIOJIB30BATh
TpaHchopMaTop «B
COOTBETCTBHUHY C €r0
HOMUHAJIBHBIMU JIaHHBIMH,
CPOK €ro CIIyObI BIIOJTHE
MOXET cokpatutbes ¢ 40 ner
10 40 mHeMN.

Kpowme Toro,
BBICOKOYACTOTHBIE
TFapMOHUKHU TOKa — 3TO
NPUYHHA TOSBICHUS
BUXPEBBIX TOKOB B 0OMOTKaxX
TpaHcpopmaropa, 4To
BBI3BIBAET JIOMOJIHUTEbHBIE
MOTEPH MOITHOCTH U
neperpes TpaHchopmaropa.
J{ns1 TMHEVHBIX HAarpy30K
NOTEPU Ha BUXPEBbIE TOKH
COCTaBJISIIOT B OOIIUX
HOTePSX NMPUOIU3UTETHHO
5%, ¢ HeNnMHEeNHOM Harpy3Koi
OHHU MHOTJIa BO3pAacTaloT B
15—20 pas.

4. B ycaoBusix
HECHHYCOUIAJBHOCTH TOKA
YXYAIIAKTCS YCJIOBUHA

e
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,e0e 13, 19, 115 — oeticmeyrowue 3Hauenus
COOMBemMcmayIouux 2apMOHUK MOKd.

Ipu nunetinoti, oasxce camou MOWHOU HA2py3Ke MOK 8
HYIe8OM pabouem nposooHuUKe Dyoem MeHblule, YeM
MAKCUMAbHBIL MOK 8 (hasHbix nposoonuxax. Coscem unas
cUmyayus npu HAIU4UU HeUHelHbIX HA2PY30K, 8 IMOM Clyyde
MOK 8 HYJ1e8OM paboueM NPOBOOHUKE MONCEN NPeBbILUAMD
mok 6 gpasze bonee uem 6 1,5 pasa.

bonee uem kpacnopeuuso 2osopsim 06 3mMom OCYULIOSPAMMbL
moKoe Ha (udepax NUMAaHUsL KOMNbIOMEPHBIX
anekmponompebumeret, npedcmasiennvie Ha puc.3—6. Bce
OCYUNLIOZPAMMYL NPUBOOAMCAL U3 Oazvl OaHHbIX [{enmpa
NEeKMPOMASHUMHOU O€30NACHOCMU U NOJIYYEeHbl Ha 00beKmax
2. Mockeui.

Puc.3. @uoep numanus KOMRbIOMEPHBIX HAZPY3OK.

300, 00 FILE1-1,CIR Temperature — 20
180, Q¥
!
80. 00 .’,»’J '.
. Lo i .II'Il iy .f‘u-\ﬁ.ﬂ |
\‘“""-'""l'".,-'h‘v"“"”' T * Tl |
-50, 00 . ¥ |
=180, O N
~300, 00
0.00m 4. 80m Q. 60m 400 19.20m 24, 00
Tox ¢a3zvl A.

Heticmsyrowee 3nauenue moka — 59,7 A.

Puc.4. Quoep numanua KOMnbvIOMEPHHLIX HAZPY3OK.
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Puc.5. @uoep numanun KOMRbIOMEPHBIX HAZPY3OK.



padoThl 0aTapei
KOHAeHcaTopoB. batapeu
KOHJICHCAaTOPOB
npeIHa3HAYCHBI IS
KOMIIEHCAIIMU PEaKTUBHOM
MOIIHOCTH Harpy3KH, TO €CTh
JUTSI TIOBBIILICHUS

K03 (uUIMeHTa MOIITHOCTH
3EKTPOYCTAaHOBKH 3/IaHUSI.
OpnHaxo B yCIIOBUSIX
HECHUHYCOHIaJIbHOCTH TOKa
OaTapen KOHJIEHCATOPOB
OJIHOBPEMEHHO SIBIISIFOTCS
DJIEMEHTaMH,
abcopOupyromuMu
TapMOHUKH CO BCEH CETH, TaK
KaK CONPOTUBJICHHE
KOHJICHCATOpa 00paTHO
MIPOMOPLUMOHANEHO YacToTe f:
, rie f0— ocHoBHas yacToTa,
['u; k— mopsaok rapMOHUKY;

C— eMKOCTbh KOHJICHCATOPOB.

Barapen konneHncaTopos
U3MCHSIOT HOPMAaJIbHBINA My Th
TapMOHHK TOKa OT
HEJIMHEWHOTO TIOTPeOUTEIIS K
UCTOYHUKY MUTAHUSA,
3aMBIKas 4acTh 3TOTO TOKa
yepes cebs. Tak kak
COIPOTHBIICHUS JJIEMEHTOB
CETH UMEIOT UHYKTUBHBIN
XapakTep, TO Ipu
MPUMEHEHUU YCTaHOBOK
KOMITEHCAIIUU PEaKTUBHON
MOIIIHOCTH U HATUYUU
HEJIMHEUHBIX
ANEeKTponoTpeduTenei
TIOSIBJISIETCST BEPOSITHOCTH
MIPOSIBIICHUS] PE30HAHCHBIX
SIBJICHUH (KaK 0 TOKY, TaK U
M0 HAIMPSHKEHUIO) Ha
OTJICTBHBIX YJICMEHTAX
CUCTEMBI DJIEKTPOCHAOKECHHSI.
5. CokpainieHue cpoka
CITYKOBI
AJIEKTPOOOOPYIOBAHUS U3-32
WHTEHCU(PHUKAIIUHN TETTIOBOTO
U 3JIEKTPUIECKOTO CTapeHUS
u3ossiiud. [Tpu pabounx t0 B
M30JSIIIHOHHBIX MaTepraiax
MPOTEKAIOT XUMHUECKUE
peaKuu, MPUBOISIINC K
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Puc.6. @uoep numanus KOMnbIOMEPHBIX HAZPY3OK.
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U3 sviuenpugedeHHbIX 0CYULIOZPAMM UOHO, YMO
oeticmeyrowee 3HaueHue Mmoka 8 Hyieom pabouem
nposoonuxe In=1035,7 A, a hnaubonvuwee delicmayoujee

3HA4Y€eHUe mokda

6 paze 1.=69,5 A.



IOCTENIEHHOMY U3MEHEHUIO
UX U30JISIIUOHHBIX U
MEXaHUYEeCKUX CBOMCTB. C
poctom t0 3TH mpoLeccsl
YCKOPSIFOTCS, COKpaIlasi Cpok
ciry>x0b1 000pynoBanus. B
KOHJIEHCATOpax MOTepH
SHEPrUH NPONOPLHOHAIBHbI
yacrore DP = U2wCtgd,
IIO3TOMY HECUHYCOUIaJIbHbIN
TOK NPUBOJUT K UX
JIOTIOJTHUTEIIbHOMY HarpeBy.
B snexkTpuyeckux MammHax
TOKH HYJIEBOU
[0CJIE10BATEIbHOCTH
CO3/AI0T JIOMOJIHUTEIBHOE
OJMarHM4MBaHUE CTalld, YTO
NPUBOJUT K YXYALICHUIO UX
XapaKTepUCTHK U
JIOTIOJTHUTEIIbHOMY HarpeBy
CepACYHHUKOB (CTaTOPHI
ACUHXPOHHBIX JIBUTATENEH,
MarHUTOIPOBO/IbI
TpaHcpopmMaTopoB).

MU TAPMOHUKH CO BCEU CETH, TaK KaK CONMPOTHBIICHUE KOHIEHCATOPa 00paTHO
MPOTMOPIMOHATBEHO YacToTe f

rae fo— ocHoBHas yactora, ['11; k— mopsimok rapMOHUKH;

C— eMKOCTh KOHJIEHCATOPOB.

barapen KOHAEHCATOPOB U3MEHSAOT HOPMAJIBHBIN ITyTh TAPMOHHK TOKA OT
HEJTMHEWHOTO MOTPEeOUTENS K MICTOUHUKY MUTAHUs, 3aMbIKasi 4aCTh ATOTO TOKA Yepe3
ce0st. Tak Kak CONPOTUBIIEHUS JIEMEHTOB CETU UMEIOT MHIYKTUBHBIN XapakTep, TO
IIPY PUMEHEHUN YCTAHOBOK KOMITEHCAIIUH PEAKTUBHOW MOIIIHOCTH Y HAJIMYUU
HEJTMHEWHBIX DJIEKTPOTIOTPEOUTENCH MOSBISETCS BEPOSITHOCTH MTPOSBICHUS
PE30HAHCHBIX SBJICHUH (KaK MO TOKY, TaK U M0 HAIPSLDKEHHUIO) HAa OTAEIbHBIX
AJIIEMEHTAX CUCTEMBI 3JIEKTPOCHAOKEHUSI.

5. CoxpaieHue Cpoka cJIy:KObI 3JIEKTPOOOOPYA0BAHUS U3-32 HHTEHCH PUKANH
TeILIOBOTO M 3JIeKTPHYECKOT0 CTapeHust 3o siun. [Ipu paGounx t° B
U30JILIMOHHBIX MaTepHajgax MpOTEeKalT XMMUYECKHE PEeaKIUU, TPUBOISIINE K
IOCTEIIEHHOMY U3MEHEHMIO X M30JIILMOHHBIX U MEXaHWYECKUX CBOMCTB. C pocToM
t° 5TH IIpoIIecCH! YCKOPSIOTCS, COKpAIast CPOK CITykObI 060pynoBanus. B
KOH/IEHCaTopax MOTepH 3HEPruu nponopiuoHaibusl yactore DP = U2wCtgd,
II09TOMY HECHHYCOMJJAJIbHBIN TOK NPUBOJUT K UX JIOTIOJHUTEILHOMY Harpey. B



AIEKTPUUECKUX MalTMHAX TOKU HYJIEBOU MOCIIEIOBATEIHHOCTH CO3AI0T
JOTIOJTHUTEJIbHOE TOIMATHUYMBAHUE CTAJIU, YTO MIPUBOJUT K YXYIIICHUIO UX
XapaKTEPUCTUK U JOTIOJHUTEIBHOMY HarpeBy CEpIe€YHUKOB (CTATOPhl ACUHXPOHHBIX
JBUTATEJEH, MAarHUTOMPOBOIbI TpaHCHOpMaTopoB). CyLIHOCTh IEKTPUUIECKOTO
CTapeHUs — B BOSBHUKHOBEHUH TaK Ha3bIBAEMbIX YACTHUUHBIX Pa3psI0B, KOTOPHIE
pacupoCTPaHSIOTCA JUILIb Ha YAaCTh U30JIILIMOHHOTO IIPOMEXKYTKA, HAIIPUMED,
YaCTUYHBIE Pa3psi/ibl B Ta30BbIX BKIIIOUCHUAX. HaCTUUHBIE pa3psiabl CBA3aHBI C
paccesiHieM SHEPTUH, CJIEICTBUEM KOTOPOTO ABIISAETCS SJIEKTPUUECKOE,
MEXaHMYECKOE U XUMUYECKOE BO3ACMCTBUS Ha OKPY KAl TUAJIEKTpUK. B
pe3yJibTaTe pa3BUBAIOTCS MECTHBIE AE(PEKThI B U30JIALIUU, YTO MPUBOJIUT K
COKPAIIEHHIO CPOKa CITYKOBbI.

6. HeoOocHoBaHHOE cpadaThIBaHHe NPEIOXPAHUTEICH U ABTOMATHYECKHX
BBIKJIIOYATEJIell BCJIeACTBHE JONOJTHUTEIbHOI0 HATPEeBA BHYTPEHHUX 3JIeMEHTOB
3aIMTHBIX YCTPOMCTB. DTOT Ipoiiecc 00yCIOBIEH MPOTEKaHUEM
HECHHYCOHIAJTbHBIX TOKOB H, CJIEIOBATEIHHO, AEHCTBUEM OBEPXHOCTHOTO Y dekTa
u 3¢ dexra 6m3octr. B Hamie# npakTUKe BCTpedyaauch CIydan HEOOOCHOBAHHBIX
cpabaThiBaHUM BHIOPAHHBIX B COOTBETCTBUH C TpeboBaHusMu [1Y D aBToOMaTHYeCKUX
BBIKJTIOUATENICH, 3aIUIIAIONINX JIMHAN TUTAHUS KOMITBIOTEPHOTO 000py10BaHus (Tipu
Harpy3ke, cocrapisitonieit 80-85% ycTaBKU TEIJIOBOTO paCENUTENS
aBTOMATHYECKOTO BBIKITIOUATEIIA).

7. YcKkopeHHOe cTapeHue U30/sIIUM TPOBOA0B U Kadesel. CtapeHue n30Js1un
IPOBO/IHUKOB U Kabeliel 00yCcIoBIEHO MPOTEKAHUEM HECUHYCOMIAIbHOIO TOKA,
MPUBOJSILETO K MOBBIIIEHHOMY HarpeBy Hapy»HOU MOBEPXHOCTH KU Kabens
BCJIEJICTBUE TIOBEPXHOCTHOTO A dekTa u 3 dexra O1m3ocTu.

8. [ToMexu B ceTAX TeJIEKOMMYHUKALNMH MOTYT BO3HHUKATh TaM, I/ie CWIOBbIE
Kka0e/M U Ka0eJId TeJIeKOMMYHUKALMIA PacloJI0KeHbl OTHOCHTEIbHO

0s1m3Ko0. BenencTBrue npoTekaHus B CUIIOBBIX KaOesIX BHICOKOYACTOTHBIX TAPMOHUK
TOKa, B Ka0EJsIX TEIEKOMMYHHUKALUA MOTYT HAaBOAUTHCS IOMEXU. MarHuTHbIE MO
BBICIIMX FAPMOHUK MPSMOM U 0OOpaTHON NMOCIEA0BATENIbHOCTH YACTUYHO
KOMIIEHCUPYIOT APYT APyra, MOATOMY HauOOJIbIIIee BIUSHUE HA TEICKOMMYHHUKAIIUN
OKa3bIBAIOT TAPMOHHKH, KpaTHBIE TpeM. UeM BhIllie OPSI0K TAPMOHUK, TEM OOJIBIIE
YPOBEHb IIOMEX, HABEICHHBIX UMH B TEJIEKOMMYHHUKAIIMOHHBIX KaOemsx.

Hsmepenue uecuuycoudaﬂbublx moKoe

OOBIYHO 17151 U3MEPEHHUSI TOKOB UCIOJIb3YIOT TOKOU3MEpUTENbHbIe Kienu. Eciu
00XBaTUTh HYJIEBOM pabOUMil MPOBOJHUK «OOBIYHBIMIY TOKOU3MEPHUTEIbHBIMU
KJIEIIaMH, OHU MOTYT IIOKa3aTh HEBEPHBIN PeE3yJIbTaT, TAaK KaK padOTalOT B YaCTOTHOM
nuana3oHe 50 ' u 3aperucTpupoBaTh BBICIINE TAPMOHUKHN TOKA HE MOTYT.
CrnenoBarenbHO, OHU NTOKA3bIBAIOT TOJIBKO JIEUCTBYIOIIEE 3HAUEHNE OCHOBHOM
rapMOHHUKH TOKA. PaKTHUECKOE JEHCTBYIOIIECE 3HAYCHUE TOKA IIPU 3TOM MOXKET
okazarbcest Ha 25- 50% Oosibllie ¥ MPEBBICUT JUIUTEIBHO JI0MYCTUMBIN TOK,
BbIOpaHHBIN MO YCIOBHUSIM TEPMHUUECKON CTOMKOCTH MPOBOAOB U KAOEIbHBIX JIUHUH.



[ToaTOMy HEOOXOIUMO MPUMEHSTHh U3MEPUTENbHBIE HHCTPYMEHTBI U IPUOOPHI C
HIMPOKUM YACTOTHBIM JUANa30HOM, PETUCTPUPYIOIINE HCTUHHOE JIEUCTBYIOIIEE
3Ha4YCHHE U3MepseMoro Toka (mpudopsl ¢ ¢pynkimeit True RMS).

Meput 6e3onacnocmu

y‘{I/ITBIBaSI, YTO OOJBIIMHCTBO O(i)I/ICOB pacojiaracTcsa B 3JaHNUAX, HC paCCUNTAHHbIX
Ha 3HAYUTEIbHBIN pocT HEJIUHEHHBIX Harpysok, H€06XOILI/IM 0COOBIN IIoAXo4 K
9KCILTyaTalluu CUCTEM 3HGKTpOCHa6)KCHI/I}I 9THX ITOCTPOCK. ﬂeﬁCTBH}I I10
npeaynpeKACHUIO HCraTUBHOI'O BOSﬂCﬁCTBHH BBICHIMX I'AapMOHHK:

1. BeiaenuTh NOJHYIO0 HOMEHKJIATYPY BCEX AJIEKTPONOTpeOuTenei oo1ero
Ha3HAYECHUS, OTHOCSIIUXCS K KATETOPUX HEJIMHEHHBIX U BBI3BIBAIOIINX
TeHEepAaIHIO MOBBIIIEHHOM JJOIU BBICIINX TAPMOHUK B CETSX
AIEKTPOCHAOKCHUS.

2. TlpoBecT TUArHOCTHKY COCTOSTHUS CETH DJICKTPOIUTAHUS JIJIS
npeIynpekIeHus I0KAPOOIACHBIX U aBAPUIHBIX CUTYAIlMi Ha 00BEKTaX C
JI0JIeH yCTaHOBJIEHHOM MOIIHOCTH HETMHEHHBIX AJeKTpornoTpeduTeneit 10% u
BhIIIIe. J[aTh IPOTHO3 pabOTHI CETH AIIEKTPOIUTAHUS C TOUKH 3PCHUS OIICHKH
JIOJTU BBICIIMX TAPMOHUK, KaUeCTBa 3JIEKTPOIHEPTHH, TOKOBBIX HATPY30K
(a3HBIX U HYJIEBBIX pa00YHMX MPOBOJIHUKOB C YYETOM HECHHYCOHTATBHOCTH
TOKOB Y HANPSIKEHUM.

3. YuuThBaTh BIAMSHUE HEIMHEWHOCTH HATPY30K IEKTPONOTpedUuTeneii n
HAJIMYHS BBICIITMX TAPMOHUYECKUX COCTABIISIONINX MTPH BBHITIOJTHECHUH MTPOSKTOB
PEKOHCTPYKIIMH CYIIECTBYIOIINX CUCTEM DJIEKTPOCHAOKEHHSI U pa3padOTKe
HOBBIX NPOEKTOB. B TOM 4YrcIie Mpy BHIMOJHEHUHU pacyeTa yCIOBUI
TEIUIOBBIICJICHUS, YPOBHEH MaJIeHHsI HANIPSHKCHUS B KaOCIbHBIX JTMHUSIX U
OIICHKE BIIMSTHUS HEIMHEHHBIX HATPY30K HA KAYECTBO MHUTAOIIETO HAMPSKCHHSI
y KOHEUHBIX 3JIEKTPONOTPEOUTENEH.

4. TIporHo3upoBaTh BO3MOKHBIE MTOCIIEACTBHSI POCTa KOMIIBIOTEPHBIX HATPY30K
NIPH PACIIUPEHUN KOMITBIOTEPHBIX CETEH.

5. TIpoBoauTh pabOTHI IO TUATHOCTHKE U aHAIHU3Y CUCTEM AJIEKTPOCHAOKECHHUS,
UCTIOJIb3YS B IOTIOJHEHUE K JEHCTBYIONIUM POCCUHCKUM HOPMATHUBHBIM
noxkymenTam crannapt CIIIA IEEE Recommended Practice for Industrial and
Commercial Power Systems Analysis (IEEE Brown book) (ANSI) IEEE Std
399—1997.
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