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B aacTO.III.Qee speM.II a ycxop8TenbHoii TeXH8I<e 8 3nei<T
po3HepreT8I<e ace W8pe np8MeH.IIIOTC.II I<pynawe csepxnposo
~JIIQ8e MarH8THble C8CTeMbl /CllMC/, o6MOTI<8 I<OTOpbiX 
BblllOnHeHbl 83 BHyTpeHHe- CTa68H838pOBaHHbiX CBepxnpo
BO~H8I<OB C ManbiM I<On8qecTBOM HOpManbHOrO MeTanna. 
Kax npas8no, Tai<8e o6MOTI<8 3aMoaon8q8saiOTC.II 8 oTn8qa
IOTCJI BbiCOI<OB nnOTHOCTbiO TOI<a 8 6onbW8M 3anaCOM 3Hep
r88 I> 1 M,4x/. H8>Ke 6y~yT paCCMOTpeHbl aonpocw 6e3-
onacHOCT8 3T8X 06MOTOI<. 

Asap8lawe C8Tyan88, B03H8I<a10IQ8e a CllMC no pa3-
n8qaw:w np8q8aaM, o6wqao conpoBOlKAaiOTC.II 6wcTpbiM pac
npocTpaaea8eM HOpManbHOB 30Hbl. 3TO MO>KeT np8BeCT8 
I< ae~onycT8MOMy pa3orpesy csepxnposo~H8I<a, 3aaq8Tenb
aowy 8CnapeH810 >K8~I<OrO ren8JI /8 COOTBeTCTBYIOI.QeMy 
llOBbiWeH810 ~asneH8.11 B I<pHOCTa Te/, a Tai<>Ke I< ll0.11BneH810 
nepe8anp.II>KeH8ii, onacawx ~· 3nei<Tp8qecxoii 
830n.llnB8 o6MoToi<. llo3TOMY o6ecneqea8e paccMaTp8sae
w:wx CllMC aa~e>KHWM8 ycTpolcTsaw8 3ai.QBTW, ocYI.QecT
sn.IIIOIQBM8 np8 asap8.11X 3saxyan810 aaxonneaaoi 3HeprB8 
83 06MOTOI< /8 83 06'beMa C >KB~I<8M ren8eM/ B Hapy>KHble 
ycTpolcTsa, .IIBn.lleTc.ll aecLMa ai<TyanLaol 3a~aqeii. 

llpai<T8qeci<8 nro6oe ycTpolcTso 3Bai<yan88 3Hepr88 
83 CllMC MO>KHO npe~CTaB8Tb COCTO.IIIQBM 83 ~aTq8I<a aaqana 
nepexo~a qaCT8 06MOTI<8 B HOpManbHOe COCTOJIH8e, I<OM· 
wyTaTopa Toxa 8 nornoT8Ten.ll 3Hepr88. Hccne~osaH8.11, 

CBJI3aHHble C C03~aH8eM YCTpoiCTB 3Bai<yan88, npOB0~8Mble 
B I<p8oreH80M OT~ene OHJIH, 6bln8 Hanpasneaw, B OCHOBHOM, 
aa pa3pa6oTI<y I<OMMyTaTopos Toxa 8 nornoTHTenei 3Hepraa. 
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B 3KcnepaMeHTax c CITMC c JaMoHonH'IeHHoii o6MOTKoii 

H3 BHyTpeHHe- CTa6HnH3HPOBaHHOrO Nb-Ti- Ka6enJI/S11.f8cn = 
= 1:1/ 6wna nony'leHa cKopocTb pacnpocTpaHeHHJI HOpMan~>
HOB 30Hbl npH AOCTIDKeHHH Jc : 3,4 KA H nocneAYIOIQeii 
3BaKya.QHH 3HeprHH Ha BHeWHee OMH'IeCKOe conpOTHBneHHe 

/- 0,04 OM/ ,.., 700 M/C / 1/. llpH 3TOM /Aa)Ke C HCDOnb-

30BaHHeM 6wcTpOAeiicTBYIDIQHX JneKTPOHHoro AaT'IHKa ne

pexoAa H THpHCTOpHOrO KOMMyTaTopa/ nO'ITH nonOBHHa Ja

naceHHOH 3Hepraa I- 200 Hl - 500 K,[fx/ BLIAemmacb 

BHYTPH KpaocTaTa. CHH3HTb 3TY AOniD 3Hepraa MO)KHO 

6wno 6LI, B OCHOBHOM, 3a C'leT yaenH'IeHHJI CKOpOCTH 3Ba
Kya.QHH, qero MO)KHO AOCTH'Ib . nOBLIWeHHeM HanpJI)KeHHJI 

Ha KOH.QaX 06MOTKH npH BLIBOAe 3HeprHH, HnH nyTeM H3Me

HeHHJI xapaKTepa cnaAa TOKa - C 3KCnOHeH.UHaJibHOrO Ha 

nHHeHHbiH. 

CXOAHaJI CHTya.QHJI B03HHKana B 3neKTpOTeXHHKe B 

50 ZZ. npH peWeHHH npo6neMbl raweHHJI MarHHTHOrO nonJI 

KpynHbiX CHHXpOHHbiX reHepaTOpOB, KOrAa AnJI orpaHH'IeHHJI 

pa3pyweHHH, B03HHKaiOIQHX npH npo60JIX HlOnJI.UHH H KOpOT

KHX 3aMbiKaHHJIX B 06MOTKe CTaTopa, noTpe6oBanOCb MaK

CHManbHO B03MO)KHOe yMeHbWeHHe BpeMeHH CHIDKeHHJI /AO 

HynJI/ TOKa poTopa. TorAa )Ke O.li.lipoHoM, A.B.MoJa

neBCKHM, JI.H.IIITpacllyHoM H B.A.06pa3.UOBLIM 6wna npeA

no)KeHbl aBTOMaTw raweHHJI nons I AriT/ 12 I, o6ecneqaaa

IDIQHe nHHeHHLIH cnaA TOKa pOTOpa npH npaKTH'IeCKH He

H3MeHHOM Hanps)KeHHH Ha KoH.uax ero o6MOTKH. B Arn 

HCnOnb30BanHCb KOnb.QeBble AyroraCHTenbHLie peweTKH H3 

Ha6opa MeAHbiX AHCKOB, Me)I(Ay KOTOpLIMH Ja)KHranHCb 

KopoTKHe /2-3 MM AnHHoii/ 3neKTPH'IeCKHe AYrH. llpoae

AeHHwe 0 .li .lipOHOM HCCneAOBaHHS noKa3anH, 'ITO naAeHHe 

HanpS)KeHHS Ha TaKOH Ayre HeH3MeHHO H COCTaBnSeT 

25-30 B B WHpOKOM AHanalOHe H3MeHeHHS TOKa /oT 

Manoii BenH'IHHbl AO 24 KA/. TaKOH OnTHManbHbiH /c TO'IKH 

3peHHS CKOpOCTH npo_uecca/ pe)KHM 3BaKya.QBH 3HeprHH 

BeCbMa nepcneKTHBeH H Ans JaiQHTbl KpynHwx CITMC. 

EcTecTBeHHO, 'ITO cne.uacllaKa CITMC npeA'bJIBnseT AO

nonHHTenbHble Tpe6oBaHHS K yCTpOHCTBaM 3BaKya.QHH, B KO

TOpbiX HCnOnblYIOTCS AyroraCHTenbHble peweTKH. Bo-nep

BLIX, 'IT06bl He AOnyCTHTb 3Ha'IBTenbHOrO pacnpOCTpaHeHHS 

HOpManbHOH 30Hbl AO Ha'lana 3BaKya.QHH 3HeprHH, He06XOAH-
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MO aceMepHo CHIDKa Tb apeM.a I cpa6a TLIBaHHS Aa T'IHKa nepe

XOAa H KOMMyTaTopa/ OT ee 3apo)I(AeHHS B CBepxnpOBOAHHKe 

06MOTKH AO Ha'lana 3BaKya.QHH llpH HanpS)KeHHH U3B:: const. 

KoHCTPYK.UHS pa3pa6oTaHHLIX cepaiiHwx aaToMaToB raweHHS 

nons o6ecne'IHBaeT cyMMapHoe apeMJI pa6oTw npHBOAa 

AriT H BXOAa AYrH B AyroraCHTenbHYIO peweTKY,... 0,1 C. 

CHIDKeHHe 3Toro apeweHH- 6e3ycnoBHLiii pe3epa noBLIWeHHS 

3cllcileKTHBHOCTH pa60TLI yCTpOHCTB 3BaKya.QHH 3HeprHH H3 

CITMC c acnonLlOBaHHeM AyroracaTenbHLIX peweTOK. 

)J;pyroii oco6eHHOCTbiO KOHCTPYK.UHB HeKoTopwx CITMC, 

KOTOpyiO Heo6XOAHMO Y'IHTLIBa Tb npH BLI6ope CKOPOCTH 

3BaKya.UHH, SBnSeTCS HanH'IHe "XOnOAHLIX" MarHHTHO CBS-

3aHHLIX CO CBepxnpOBOASIQeii 06MOTKOH MeTaJIJIH'IeCKHX 

KOHTypOB C O'leHb BLICOKOH 3neKTponpOBOAHOCTbiO, 'ITO 

OTpa)KaeTCS Ha npoTeKaHHH nepeXOAHLIX npo_uecCOB npH 

3BaKya.QHH. 
HaKOHe.U, B-TpeTbHX, C BLI60pOM CKOpOCTH 3BaKya.UHH 

3HeprBH Hl CITMC cas3aHa B cne.uacllaKaKpaoreHHbiX JneKT

poaJons.uaoHHLIX KOHCTPYK.UHii/ 3/. npHBOAJIIQaJI K TOMY, 'ITO 

B HaCTOSIQee BpeMS ypoBeHb HOMHHanbHLIX HanpJI)KeHHH 

ycTpoiicTB 3BaKya.uaa KpynHLIX CITMC He npeawwaeT 

3+5 KB. fipH'IeM, BHAHMO, HMeeT CMLICn BeCTH 3BaKya_uHIO 

3HeprBH Bl CITMC npa palnH'IHLIX, onepaTHBHO aw6apaewwx 

BenH'IHHaX U 
38

- B 3aBHCHMOCTH OT xapaKTepa aBapaii

HbiX CHTya.QBH. 
C y'leTOM BCero CKa3aHHOrO MO)KHO yTBep)I(AaTb, 'ITO 

HaH6onee 3cllcileKTHBHOH CXeMOH 3aiQHTLI BHyTpeHHe-cTa6a

nH3HpOBaHHbiX CITMC sanseTcs TaKas, KOTopas cocTOHT 

H3 AOCTaTO'IHO 6biCTPOAeHCTBYIOIQHX AaT'IHKa nepeXOAa H 

KOMMyTaTopa TOKa, a TaK)Ke nornOTHTens 3HeprHH, o6ecne

'IHBawmero ee BbiBOA H3 CITMC npa nocTO.IIHHOM HanpJI)Ke

HHH, paBHOM MaKCHManbHO AODYCTHMOMY C TO'IKH 3peHHS 

3neKTpH'IeCKOH npO'IHOCTH H30nJI.UHH 06MOTKH B C y'leTOM 

nepexoAHLIX npo.ueccoa B CITMC npa yweHbWeHHH TOKa. 

B HacTosmee apew.a B cxeMax KpynHLIX CITMC acnonL

lYIDTCJI ~OBpeMeHHLie 6LICTPOAeHCTBYIOIQBe KOMMyTaTOpbl 

TOKOB B HeCKOnbKO KHnOaMnep, B 'laCT,OCTH, BaKYYMHLie, 

TBpHCTOPHLie H caepxnpoBOASIQBe 11•4 • Co6cTBeHHoe 

BpeMS "OTKJIIO'IeHHS" 3THX KOMMyTaTOpOB He npeBLIWaeT 

HeCKOnbKHX MHJIJIHCeKyHA. 
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HcnonL3oBaHae Arii .AJIJI 3BaKya:u;aa 3Hepraa H3 Kpyn
HLIX CIIMC npe.D.llO)I(eHo a ocyiD;eCTBneHo B 1969 ro.D.y / 5/ . 
C Tex nop B OHJIH 6wna npoBe.D.eHLI accne)].oBaHBJI, Ha
npasneHHLie Ha ycosepweHCTBoBaHae cepaii:Horo Arii a 
ycTpoiicTB 3BaKya:u;aa .AJIJI CIIMC c acnonL3oBaHBeM )].yro
racaTenLHLIX peweToK. K HaCTOJIID;eMy speMeHB y)l(e Ha
KonneH )].OCTaToqHLIH OllLIT no npBMeHeHBIO cepHHHLIX H 
cne:u;aanLHLix Arii .AJI.II 3BaKya:u;aa 3Hepraa lcswwe 1 Mlfxl 
a3 KpynHLIX CIIMC /I ·5• 7.4IH)I(e npase.D.eHLI pe3ynLTaTLI He
KOTOPLIX B3 3TBX BCClle)],OBaHHH. 

Pa3pa6oTaH, B3rOTOBlleH B BCnLITaH C BH.D.YKTBBHLIM 
HaKOnBTeneM 3HeprHB HOBLIH BH.D.YKD;BOHHO-)],BHaMBqecKHH 
npBBO.D. IH)J.III / 6/ KOHTaKTOB Arii. 3TO CHB3Bn0 BpeMJI 
ero cpa6aTLIBaHBJI c 50 .D.O 5 ..we 3a cqeT 3HaqaTenLHoro 
ysenaqeHBJI CKOpOCTB )].BB)I(eHBJI no)].BB)I(HLIX qaCTeii KOH
TaKTHOH CBCTeMLI Arii. 

IIpoBe.D.eHa TaK)I(e cepa.11 3KcnepaMeHTOB no 3BaKya:u;aa 
3Hepraa B3 CIIMC I Jc = 1,85 KA, We = 220 K):fJIC 151 I 
Ha O.D.HY B TY )l(e )].yroraCHTenLHYIO peWeTKY npB pa3nBqHLIX 
U~B = const, qTo )],OCTBranOCL 3aKopaqHBaHBeM qaCTB npo-

Me)l(yTKOB peweTKH Hapy)I(HLIMH nepeMLJqKaMB. HanpBMep, 
qacno npoMe)l(yTKOB peweTKB cepaii:Horo Arii-30-32 MeHJI
nocL TaKBM o6pa30M OT 15 )1.0 30, qTo COOTBeTCTBOBano· 
3BaKya:u;aa 3Hepraa npa U~m = const OT 0,5 .D.O 1,1 KB 
lso scex cnyqa.11x Jo =500 A/. 

C :u;enLIO )],allLHeiiwero nOBLIWeHBJI 6LICTpO)].eBCTBBJI 
Arii asTopaMB IH.r .AHBID;eHKo a IO.A.lliawoswMI 6Lino 
npe)].llO)I(eHO B BCCne)],OB8.HO B pa6oTe YCTPOBCTBO 3BaKyaD;BB 
c .D.YroracBTEmLHoB: peweTKoi, wyHTBPOBaHHoB: TOHKoi npo
sonoqKoB:. IIposonoqKa, ycTaHasnaBaeMaJI Ha BXO.D.e Bpe
weTKy, 6LicTpo cropa.11 cpa3y )l(e nocne Haqanapa3MLIKaHa.a 
pa3pLIBHLIX KOHTaKTOB Arii, BHHD;HBpOBana 3lleKTpaqecKyiO 
)].yry Henocpe.D.CTBeaao B peweTKe, HCKnroqaJI npo:u;ecc .D.BB
)I(eHBJI K Heii .D.YrH OT KOHTaKTOB. JiLICTpO)].eBCTBHe ycTpoii
CTBa, BCnOllL3YIOID;ero wyHTBPOBaHHYIO )].yroraCHTenLHYIO 
peweTKy, )],OCTHraeTC.a He TOllLKO 3a cqeT COKpaiD;eHH.a 
06ID;ero BpeMeHB KOMMyTaD;HB )].yrB B peweTKY, HO B 6na
ro)].ap.ll B03MO)I(HOCTB npHYeHeHHJI B TaKHX CBCTeMaX nro6LIX, 
B TOM qacne COBpeMeHHLIX 6e3)].yrOBLIX 6LICTpO)].eBCTBYIO
ID;HX KOMMyTaTopos. KpoMe Toro, npeBMyiD;eCTBOM wyHTH-
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poBaHHLix )].yroracaTenLHLIX peweToK no cpaBHeHBIO c Ta
noBLIMB JIBll.JieTCJI npe)].OCTaBn.JieMaJI HMB B03MO)I(HOCTL 
BeCTB 3BaKya:o;HIO 3HeprBB npB Hanp.ll)l(eHBB B HeCKOllLKO 
.D.eCJITKOB KBnoBonLT. TaKae Hanp.ll)l(eHBJI 3BaKya:u;aa, He 
o6ecneqasaeMLie B HaCTOJIID;ee BpeMJI TBllOBLIMB Arii, 
MoryT noTpe6oBaTLCJI B 6y)].yiD;eM )J.ll.JI ycTpOBCTB 3aiD;BTLI 
BeCLMa KpynHLIX CIIMC I3HepreTaqecKae HaKonaTena, 
CHCTeMLI )],ll.JI TepMOJI)].epHoro CHHTe3a B T .n./. 

MHoroqacneHHLie 3KcnepaMeHTLI c wyHTBpoBaHHoi 
.D.yroracaTenLHoi peweTKOi, npoBe.D.eHHLie B KpaoreHHOM 
OT.D.ene OHJIH, noKa3LIBaiOT, qTo npa cooTBeTCTBYIOID;Bx 
no)].6ope ceqeHHR nposonoKB a cnoco6e ee ycTaHoBKB pa-
6oTa TaKoro YCTpOHCTBa BnOnHe Ha)],e)I(Ha, B MO)I(HO )],0-
6BTLCJI 6wcTpoB: KOMMyTa:u;aa .D.YrB B peweTKY. HanpaMep, 
nonyqeHO BpeMJI cropaHBJI Me)],HOB npOBOllOKB cp 0,31 MM 

IH, COOTBeTCTBeHHO, KOMMyTaD;BB TOKa 500 A B3 :u;ena 
KOHTaKTOB Arii B )].yroraCBTenLHYIO peweTKYI OKOllO 2 MC. 

HaKoHe:u;, B cxeMe c wyHTBpoBaHHoi peweTKoii B Ka
qecTBe KOYMyTaTopa 6wn BCnOllL30BaH C03)],aHHLIB B KpBo
reHHOM oT .D.ene OHJIH csepxnpoBO.D..aiD;Bi BLIKnroqa TenL 
I puc. 11. Hccne,~toBaHBJI npoBO.D.BllBCL Ha ynoM.IIHyToi Bwwe 
CIIMC OHJIH/5/ 6e3 cpwBa csepxnpoBO.D.JIID;ero cocTo.aHH.a 
coneHOB.D.a, T .e. nyTeM OTKnroqeHBJI CIIMC spyqHyro npa 
TOKaX, 6nB3KBX K KpBTBqecKOMy. 

CsepxnpoBo.D..alD;Bi BLIKnroqa TenL ICBI, KOHCTpyK:u;R.a 
xoToporo aaanoraqaa npe.D.CTasneaaoi B /4/, &MeeT 
3neKTpaqecxoe ynpasneaae RMnynLCOM TOKa oT KOH.D.eHca
Topaoi 6aTapea 11000 MK«P, 1000 Bl. ConpoTRBneHRe 
CB B aopuanLHou cocTOJIHRR -7 O..w, Jc :: 2 KA. BLixnro
qaTenL R3roToBnea R3 Nb- Ti )I(Bn, 3aMoHonaqeaawx 
3DOKCR.D.HLIY xounayH.D.OM. Ha puc.2 · npe,AcTasneaw xapax
Tepawe oc:u;annorpaMYLI aanp.a)l(eHR.a R Toxa I J0 =500 A/ 
COlleHOR)],a npR 3B8.Kya:o;RR R3 Hero 3HeprRR C DOMOID;LIO 
Taxoro ycTpoicTBa. B .D.PYroM pe)I(RMe 3B8.Kya:u;aa lnpa 
<{,= 750 A R u3B = 500 Bl - 40 K):fJIC 3anaceHHOi 3HeprRR 
nonyqeao BpeM.a OT no.D.aqa ynpasn.aiOID;ero RMnynLca Ha 
oTKnroqeaae CB .D.O no.asneHRJI .D.YrR B peweTKe Arii 
He 6onee 2 ..we. IIpaqeM, co6cTBeHHoe Bpeu.a OTKnroqeaRJI 
CB cocTaBano -70 MKC. 

TaKRY o6pa3oM, snepBwe 6wno ocyiD;ecTsneao coe
.D.RHeaae B O.D.HOM ycTpoiicTBe 6wcTpoi KOMMyTa:u;aa TOKa 
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Puc. 1. 3AeK111pu'lecKaJi cxiu.ca CIIMC c yc•poilc11160M 36a
KYOJ4UU 3Hepzuu, COCIIIOJIUIUM U3 WYH111Up060HHOU oyzo
zacumeAbHOU peweliiKU u c6epxnpo600JiUiezo 6biKAIO'Ia111eAJi: 
1 - c6epxnpo600JiUIUil coAeHouo; 2 - zeAue6t.lil Kpuoc•a• 
¢800 MM; 3 - M0111op- zeHepamop muna.AHT /2500/5000A, 
12/6 B/; 4 - 111UpUC1/IOpHbiU UCIIO'IHUK 6036yxOeHUJi zeHepa-
1/IOpa; 5 - c6epxnpo600JiU1UU 6t.IKAIO'Ia111eAt.; 6 - Kpuoc•a• 
¢300 MM; 7 - oyzozacullleAbHOJi pewe•Ka ATII /6 pa6o111e 
15 npoMeJKy111K06/; 8 - KOIIYWKU MOZHUIIIHOZO nonepe'IHOZO 
Oy11ft.Ji; 9 - WYH111UPYIOUI0Ji 1/IOHKOJi np060AO'IKa; 10 - MeOHble 
oucKu; 11 - WYHIIIUPYIOUIUe conpo111U6AeHUJi; 12 - zacu-
1/leAt.Hoe conpoiiU6AeHue /'IYZYHHoe/- 0,7 OM; 13 - ynpa6-
AJieMt.lil 6eH111UAb BK,4Y-150; 14- 6a•ape.1i KOHOeHca•opo6 
10xK41-H7 /5 KB; 1000 MKtl>/; 15- c1/la6UAU3Up060HHbiU 
6t.anp.1iMU111eAt. BC-26; 16,16'- U3Mepu111eAt.Ht.le wyHIIIbl jcy
xue/ 3000 A; 75 MB; 17 - oeAulleAt. HanpJIJKeHUJi 20:1; 
18,19 - 3anoMuHarorque OCJ4UAAozpa~t.l C1- 37 u C8-ll; 
20- 14u~po6oil 60At.mMemp TR -6515. 

B OfiTBMaRbHOH 3BaKyaD;BB 3HeprBB npB U38 =const.Heo6xo

,IJ.BMO OTMeTHTb B 3aKJilO'IeHBe, 'ITO npe,IJ.naraeMOe ycTpoii

CTBO fi03BORJieT C03,IJ.aBaTb OfiTBMaRbHble CBCTeMW 3Ba

Kyau;BB 3HeprBB He TORbKO ,IJ.nJI paccMaTpsaaeMwx CIIMC. 
B co'leTaHBB, HanpuMep, c TBPBCTOPHWM BWKJilO'IaTeneM 

TaKoe ycTpOHCTBO MO>KeT CTaTb O,IJ.HBM B3 nepcneKTBBBbiX 

o6'beKTOB uccne,IJ.oaauuii, HanpaaneHuwx sa pa3BBTBe B 

ycoaepmeHCTBOBaBBe cucTeM rameHBJI nonJI ,IJ.nJI caepx

MOUUibiX 3ReKTpB'IeCKBX MaWBH 06W'IBOrO, "Tennoro" BC-

nonHeHBJI. 
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MACWTA 6bl: 200 '%..-. ; 230 %.A. j 25 MYa..c. 

Puc. 2. 0CJ4UAAozpaMMbl moKa (i) u Hanp.1ixeHUJi (L) npu 
36UKYOJ4UU 3Hepzuu U3 CIIMC / 5/ c noMOfllbiO ycmpoucm6a 
C WYH111Up060HHOU /np060AO'IKOU cp 0,5 MM/ oyzozacumeAt.
HOU pewe111Koil /15 npoMexymKo6/ u caepxnpo600JIUIUM 
at.aKAIO'IameAeM. BpeMJi KOMMyma14uu moKa 6 pewemKy -3 MC. 
Macw11a6t.1: 200 A/oeA, 230 B/OeA, 25 MC/OeA. 
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