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AHHOTAU~~ 

Odc~aDTCH B03KOZHOCTH npHMeHeHHH CBepxnpoBOlH_.X CeOTJM

MarHHTOB lnH MelneHHOro BHBOla nyqKa npOTOHOB H3 CHHXpo~a30TpOHa . 
ORal. PaCCNRTpHBaDTCH CXeMH BWBOla C OlHKM H lByYH CBepxnpOBOlH-

~HKH MarHHTaMH, ~ OTKnoHeHHeM npOTOHHoro nyqKa Ha pa3HHe yrns. 

llpelJaraDTCH pasn~HHe npHHUHTIH oxnaEleHHH E~KKM renHeM OdMOTOK 

CBepxnpOBOlHmKX cenTyY-uarHHTOB: B KpHOCTaTaX pa3nHqHOI KOHCTpyK

UHH HXH C TIOMOmLD UHpKynHpy~ero no Tpy6KaM EHlKOrO renHH. C npaK

THqecKOI TOqKH s:peHHH, OCOdoro EHHMaHHH sacnyEHBaDr cenTyM-MarHH• 

TH H3 CBepxnpOBOlHHKOB C BHytpeBHeA CTadHnHsanHel. 
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B B e ll e H H e 

B uacrosmel padore paccKorpeHH KarHHTH c cenYToMoM, oc~ecr

nns~Me OTRXOHeHHe ,H ~ORJCHpOBKy npOTOHHOro nyqKa C 3HeprHSKH 

~o IO DaB npH Me~neuuou BHBo~e ero Hs cuuxpo~sorpoua XB3 OHHH. 

Me~BeBHHI BHBO~ odecneQHBaeT odmupHHe HCCBe~OBaHHa, HCDOX»symmxe 

3X8RTpOBHYD K8TO~HKy, paCTSIHYTHYB BO BpeueHB nyqKaMH sapszeHHHX 

qacTxn. 

O~HOI H3 BaEHelmBX xapaxrepHCTHK CHCTeK BHBO~a SBBH8TCSI HX 

a~eKTHBHOCT», r.e. ~oxs ycxopeBuoro nyqxa, BHBe~euuoro sa npe~e

xu R8llepu yCKOpHTeJia. Kpove Otle:E.~HHX npe&YJ!teCTB BHCOKOit 3cfxl>eK

THBHOCTH BHBO~a ~XSI ~H3HtleCKHX 3KCDepHMeHTOB, Manaa QaCT» nyqKa, 

noTepauuaSI B ycxopzrexe, nosBoJu::eT npe;D;oxpaHHT:& BaKYJMHYD KaKepy 

H ysXH ycTaHOBKH OT CHX:&HOI p~J~THBHOCTB, KOTOpaa BUpaCTaeT B 
" cep:&~3HJD npodJieuy npm BucoKol :nuTeBCHBHOCTH ycxopeuuoro nyqxa. 

3JieMeHTOllt OT KOTOporo saliHCHT 3qxpeKTHBHOCT!I CJICTell Me,ItJieB

Boro BHBO,Ita nyqKa H3 ycxopHTeJieU Ha BUCOKHe 3HeprRH, SIBJiaeTCS TaR 
;J.-!-3; 

uasuBaeMHI cenryv-:uarHHT · •. 3roT KaruHT oeer c-odpasuym 

4lOPMYt Ha ItpaD era sasopa pacno;zoz:eu TOHKHI npOBO~HHK C TOROK 

("Cenryu"), or~eJIHDitHI BHyTpeHHIOD qacr:& sa3opa c padoqo noJieu 

OT HapyJ:HOI OdJiaCTHt r.zte DOJie ~OJIZHO HKeT!I BeC!IMa MaJiyll 86JIHliHHYe 

Ta.Kol 3Jie:MeHT CJIJl[HT ,ItJIH OT.D;exeHH.fl UHPKYJIHPYDitero nyqKa OT BHBO

.ItHMOro. ~aCT» ycxopeuuoro nyqxa, nonaBmaa ua cenry.M, desB03Bparuo 

repaeTca. 

~eKTHBHOCT!I BHBO,Ita IIOXer dHTi OUeHeHa CBe.D;yllltel SaBHCH-

JlOCT!ID: 
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r,n;e: S -TOJIJJtHHa cenryYa; E -rny6HHa sa6poca nyqKa B sasop 

BHBo,n;uoro ycrpoiCTBa, onpe,n;eJiselle.a cuoco6ol4 BHBo,n;a H napa:MerpaMH 

yCKOpJ4T8JISlj K03qxpHllHeHT "2" yttH~~btBaeT cna,n; HHTeHCHBHOC TH ttaCTHll 

no sasopy, Koropslt HOCHT npJI6nH~IHTen:ouo JIHHeitHbll xapa.Krep~ 

B CBOD oqepe,n;:o MHHHxan:ouaa TOJIJJtHHa "rennoro" cenryua" onpe

,n;eJiserca cooruomeHHeK: 

S . _ {5R) _fi . ?: 
m~n - /1o .e (/max 

3,n;ecL: (8R ) -zeCTKOCTL 3XeKTJ4P:f8MHX qacTHllj _.jJ - yi'OJI HX OT

I\noHeHHSi B C8flTyY:-:tlarHHTe; e ·· ,n;nHHa CBflTJll-:&mrHHTa; d ~ax.
llaXClDlaJILHaa ,D;DTIYCTHMaa nJIOTHOCTL TOKa B cenTY:Me; cf>a.KTOp '/: ~ 

{t;i,£1. {r,n;e t u - ,D;JIHTeJILHOCTL m.myJILCa TOKa, t"" -,D;JIHTeJIL

HOCTL llHKJia ycKopeHHSI) yttHTHBaeT HanpaBJI8HH8 cenrywa, pa6oTaD

ntero B ;u.myJILCHOM pemn&e; flo = ltii ." 10-7 ZHjM 
l\a.saJIOCL 6s, yBeJIKtteHHeM ,DJIHHht :Ll8.rHHTa e MOXHO o6ecne

qJITL ,n;ocraroquoe yuem;meuHe S • O,n;ua.Ko, Bo-nepBw::, .n:nmta npa

MOJIHHettusx J.llaCTKOB BaKyyYHblX B:a:Mep ycKopHTeJiel, r,n;e MOryT 6HTL 

pasueuteuu BHBO,D;HHe sJieMeHTH, orpauHqeua~ Bo-Bropwc, Kouequam 

yrnoBoH pas6poc nyqKa, nona,n;aDtero B sasop, rrpHBO,D;HT K norepaM 

qacT~ Ha nnocKocrax npoBo,n;HHXfL, T .e. B q,op•yJie ,n;JUI E1 , npu-

Be,n;euuoH BLtme, B 3TOK cnyqae no)( S cne,n;yer no.n;pasYKeBaT:& sqxpeK

THBHYD TO~HHy, KoTopaa pacTeT C yBeJixqeuHeU ~ • 

TaKHK o6pasoK, npH KOHCTp~-~~pOBaHHH cenTyu-uarBHTOB, o6ec

nettHBa~HX BLtCOKJD 3~8KTHBHOCr:& BHBO,n;a, CJie,n;yeT CTpeUHTLCB 

npez,n;e Bcero K yueuimeHHD TOJIJJtKHLt cenYTMR npm pean:ouo ,n;onycrHUHx 

H ~ze He60JILmHX ,D;JIHHax uarHHTa~ 

B HaCTO~e~ pa6oTe c,n;eJiaua nonsTKa oneumr:o B03KOXBOCTH npH

»eHeHKB CBepxnpoBO,li;HHKOB ,D;JISi cenTy.MOB H cpaBHHTL DOJiytt8HHHe pe

syJI:&TaTH CO CJiyttaeu ero "Tenncro" HCDOJIHeHHSI. JTH OlleBKH BHDOJIBeB 
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npHM6HHTen»HO K CHCTeMe Me~eHHOrO peaOH8HCHOrO BUBO~a npOTOH

HOro nyqKa H3 CHHXp0~830TpOH8 O~flM,KaK ~H O~HOMarHMTHOM CXeMU, 

KOr.zta OTKnoHeHme nyqtca aa npe.ztei:bl KaMepbl ycKopHTenH ocymecTBnHeT

CH C UOMO~»lO O~HOrO cenTyM-M8rH~lT8, T8K H ;LtHH ;LtByXMarHHTHO.ti ,B KO

TOpO~ OTKJIOHeHHe nyqRa ocymecTBJmeTCH B ~Ba aTana,qeM o6ecneqm

BaeTCH yMeH»meHHe TonmHHbl cenTyua nepBoro MarHHTa •• l1p1t1 .ztByXMar-

HHTHOtt CXeMe BblBO.zta nepBbl.ti ( il') XO;Lty llYllK8) M8rHIII.T OCytneCTBJIH6T 

JUilli» He3H8tmTeJI»HOe OT1CJIOHeHJ4e lly'llia, ;l{OCT8TO't!HOe ;zJ;JIH 11 3a6pocan 

npOTOHOB BO BTOpOM M8rHHT,M1tlHYH TOJI[l{JtlHY cenTyMa,KOTopaH B STOM 

CJiyqae MOE6T HMeT» .ztOCT8TOllHY10 BenHqJtlHy. 

PaclleTbl (cM.ilpmno~eHme) noBaaanm,'t!TO npm nepecelleHHH nyqKoM 

cenTyMa Bbl.ztenHeMaH B nocJie;n;HeM aHeprHH HapymaeT ero cBepxnpoBO.ztH

MOCT».lloaToMy JI13HOJit6HHe M8Tep1tlc,na ,7.t8HO B npe,ztUOJIOlteHHH, 't!TO HC

non»ayeTCH npe.ztBapHTen»Hoe oT~LOHeHme nyqKa Ha uanbl.ti yron,HanpH

uep, C UOMO[l4»10 SJI6KTPOCT8 TllllleClCOrO eenTyMa. 

CpaBHeHHe napaMeTpOB BbiBO;l{libiX MarHHTOB (BM) 06b1qHoro THna C 

COOTBeTCTBYlOU4HMH BapH8HT8MM CB~pxnpOBO.ztHmHX MarHHTOB (CBM) C.zteJia

HO .ztHH cne.ztylOll{HX cnyqaeB (TOH»~O ~H Me~eHHOrO BblBO.zta}: 
I) ~opMarHMT B cxeMe BblBO.zta c .ztBYMH MarHmTaMH; 
2) MarHHT pa3HO~ .ztHHHbl (B CXeMe BbiBO.zt8 C 0,1l;HHM MarHHTOM). 
IlpH paapa60TKe BblBO.ztHbiX CHCTeM O.ztHa 1tl3 OCHOBHbiX TPY.ztHOCTett 

COCTOHT B noJiyqeHHH npe.zteJI»HO TOHKOrO cenTyMa .liOCTJ4rHyThi6 B H8C

TOHutee BpeMH pe:a:op.ztHble Cpe.ztHJ4E UHOTHOCTI4 TOK8 B "TenJiblX11 cenTy

M8X C npHHY.ztHTen»HblM OXJla~.zteHJileM COCT8BHH10T OK0110 70 8/MM2 • 

IlpHMeHeHHe B STHX U611HX CBepxnpOBO.ztHVIKOB,.ztOnyCK810[l4HX UOBblllieHIII.6 

nJIOTHOCTH TOKa B H6CKOJI»KO paa,n03B011JII.JIO 6bl 3HaqHT6JI»HO yMeH»

IIlJtlT» T011£UIII.HY cenTyMoB.IlocJie.ztHee pemeHJile npmBJieKaTeJI»HO m no 
.ztpyrHM npH~HaM: 

I) CBepxnpOBO.ztH[l48H 06MOTK3 He Bbl,7.t6JIH6T Tenna, H aHeprHH pac
XO.ztyeTCH TOJI»KO Ha KOMneHC8UI4~ BHemHero TenJIOllp1tlTOK8 K ltH.ztKOMY 
reJIIII.lO; 

2) 06MOTKY M8rHJ4T8 MOEHO llli!T8T» Be»Ma He6011»lli1tlM UOCTOHHHblM 

TOKOM (npm 60JI»lliOM ~CJie BHTBOB 06MOTRH); 



3) AOHH TOB~HHU cenryua, onpe~enseMaR ITOHAepOMOTOpHRMH 

HanpszeHHRMH, MOZer 6UTD cymeCTB€HHO YM8HDID9Ha, TaK KaK npOtiHOCTb 

MaTepHaHOB 3HatiHT9HDH0 yBenHqHBa€TCH C ITOHKE9HHeM TeMneparypu, 

II. CXEMA BhiBOltA C .liBYM5I MArHUTAMH. 

PaccMorpHM ~opMarHHT co c 11 e.n;~rlllunrn OCHOBHHMM rrapaMeTpaMH: 

none B pa6otieM o6~eMe O,I TJI; 

,IJ;JIHHa MarHHTa 4 M; 

yroJI OTKHOHeHHR npOTOHHOrO nyt~Ka - J~ o,or pa~; 
ro.nm:uiHa cenryua 2 w; 

Bhtcora cenr-yMa 46 MM. 

HHxe npHBO~Hrc.a paCtieTH MHH~MaJihHO B03MOlli:HHX TO~HH cen-

TJTMOB npH pa3JIH'I.IHHX KOHCTpyKIUIRl: KpHOCTara CBM~ 

" 
BAPMAHT I • IlPmAOYI'OJI:bHHtl r:E~JJlt.i KPHOCTAT C 3KP AH0¥1 3J.ROH-

TARTI{POBAHHflM IiA M.ArimtOfiPO:oo.JL C A30THO,B 'fEMIIEJ(ATYPOS ( PHC,I). 

IIo ycJIOBMID ,n;onycrm.w:x nanpR:lCeHMtt npM H3rH6e TOJIIJlHHa creHKM 

KpHocrara f~<p. Haxo~Hrcs no /~,crp~ 246 /: 

- MaKCMMaH»Hht~ M3rM6a~MD MOM9HT B cepe~HHe BhtCOTU CTeHKM 

KpHOCTaTa 

) 
(I) 

r,n;e: foz = O,I33; q,Hap:_CfM+'tar=fM ·O+f.a- ,D;aBJieHHe Ha 

HapyxHyi> CTeHKy KpHOCTara, Kr/c:M; fj.M - MarHMTHOe .n;aBJI9HHe Ha 

e.n;MHHIJ;y ,ll;JIMHbt Hapyxno:tt CTeHKM lCpHOCTaTa B 06JiaCTH cenryMa, 

Kr /eM; Cf aT - .n;aBHSHHe na S,JULIHUY ,11;JIMH!:l CTeHOK OT aTMOCcpepHoro 

,n;aBH9HJ4R, Kr /CM j Q - Bl:lCOTa ce llTJMa t CM. 



S ccnm. 

Ma~Humonpo8oo 

__ a3omHbtu skpa1-1 

3./1. UJ0.118U,U8 
./"' 

kpuocmam 

-_Jieuokuu 2e.IIUU 

puc.!_ 

UcnOJ1HeHue c!Jep:cnpo&'ORt..U,e:o &,Bo(),.,oao 
MOt.HUmO npu aaJ-IOMQe.HumHOU c,:eMe 

&J,,Boaa. H puocmorn c npRMoyeonhHbtmu 
cma,.,kaMU ( SopuaHm -1) 
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3,nec:&: H - HanpJIJJCeHHOCTL :u:arHHTFOrO OOJIJI B UeHTpe MarHHTa, TJI; 

PM - 3KBHBaJieHruoe uarrrnrroe ,n;aBJieam:e Ha creHKH coJieuoH,na, 

Kr/cu2• 
BHym. · 

CoorBercrBeHHo, ~ Ha BHYTI'eHHIOD creuxy coc raBHT 4,6Kr/cu. 

O,n;HaKO t BBH,II;y MaJIOCTH MarHHTHoro )laBJieHHSI q, P1 t npHMeM 

~HQ~~HY~·~ = 41 ?9 Kr/cM, Ranp~EeHHH rrpH HSrHde: 

G:. = M u3a . ,. l~ · tt· a 
2 

) 
U3Z.. Wu32.. ~I rc:p: a. 

- 6 

(3) 

OTKy.l(a1 npHHHB )(JIB CTaJIH IXI8!19T npH 4°K [ 6 Json':' 5000 Itr/CII2: 

d =-~ f61>2. q.a = 6 ·0.133·'-t, 7~1·'-t. 6 ~ 0 06 / ) 
Kf. ~ v- [o] 5000 ' (. CM gon. 

TaKHM o6pasoM, Heo6xo,nuu:o npHHstT:& ~p-? 0,6 MM~ 

ITpH ~p. =0,6 MM nporH6 Hapy.EHO~ CTeHK~ KpHOCTaTa COCTaBHJI 6u, 

· corJiacao / l..;,crp. 143 , 137, 16
1
1: 

P =D Df3 ·~a: a Df3-~'7 7g.'-f,B" ~ o ? / ) (4) r 1 JJ , 4 0 , l eM , 

qro ue,nonycrHMo; 

s,nec:& jO - ~eCTKOCTL OJIOCKO~ nJiaCTHHKH npH H3rH6e: 

:0 ~ E ·S' ;e. - 2--IO 6. 0,06 3 ~ 4o {Kzcf"l) 
- 12(1-!'2) - 12(1-0,32) 

£: - uo,n;yJI:& ynpyrocrH, xr/c:u:2; 

~ - Ko3~HUHeHT ITyaccoaa. 

(5) 

IT03TOMY no YCJIOBHD ,n;onycTHMOrO nporH6a npHHH:U:aeM TOJI~HHY CTeHOK 

KpHOCTaTa O:p. =1,2 MM ( nporH6 HapyJJCHO~ CTeHKH ~ = 0,9MM; 

6 ~31~I. 300 Kr/cu2)~ 
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06DtaJI TOJIJl{HHa cenxyua no oo.pHe.HTy I ( pmc.I}; 

~BH,YTP. HOP ~ <'"'' ,, C"t c- ·P 
6cenm.=oJ<.p. + t I<P· ..,.. OaJ.3. +Ocr.• tOM +OzeA + o +Zr 

3,IJ;eC:D npHHJil'O ~Hop . ~ gHyrnp. 
o "P = o "f' 

(6) 

6"aJ.:l :: 0,1 MM - TOJIJl{HHa asoTHoro 3Kpe.Ha H3 Me,n;m; 

~ie~ = 0,5 MM - npmBe.n;eHHas TOJIDtHHa npoxo,n;oB ,IJ;JIJI a~xoro 
reJIHa, 3JieKTpHqecKO~ H30JIJinHH OdMOTKH CBepxnpOBO,Il;HJJtero COJieHOH,n;a 

(CITC), nepeu~qeK BHYTPH KpHocraxa; 

0 =· 0,3 MM - sasop Mei:,IJ;Y KpHOCTaTOM H a30THbiM 3KpaHOMe 

BeJIJ4qJ,'IHY bc.n Ha~,n;e:M no HeOdXO,ll;lU.!OMY ,IJ;JIJI C03,IJ;aHHSI B sasope 

o,r Tn ~HCJIY aMnep-BHTKOB OdMOTKH CITC~ 

/S,cTp. 349/ 

-lt 
·10 [rJT] t (7) 

r,n;e: N J - 'tiHCJio aMnep-BHTKOB o6uoTKH. 

OTCJO,IJ;a tVJ = o,r·Io
4 

• 4, 6 -- = 3.600 ( aMTiep-BHTKoB) 
0,4• 3, I4 

CetieHHe CBepxnpOBO,IJ;HKKa TIO ,IJ;onyCTmAO~ B Hih4 TIJIOTHOCTH TOKa . 
Json. : s. N1 ( CM2). 

ITpH H = o,r TJI :u:ozHo 

o6pasnoB Hs: 

en = Json . 
npmHaT:D / 6,cTp~ 29 j ,n;JIR KopoTKHX 

Nb3Sn -jaon =-lOG ajcM2 ). 

48NbTi., -jgon. ~:2.fo 5afcM2 · 
) 

N b - C5 Zr -d.9on. = 10s ajcM2) 
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flo ,IJ;aHHLtM, IIOJiytreHHbtM B KpMoreHHOM OT,IJ;eJie JIB31 .D;JUI OTe'ieCT

BeHHO~ npoBOJIOKJii Im-50 ( Nh -5~ ir ) .. dr·· 5• Io5 a/cM2• 

no .n;pyrHM .n;aHHhlM .n;ns: npoBonoKH Nb -?5ZrB HH3KHX noJu~:x 

j .?7•ro4 a/cM2 (no cBepxrrpoBo.n;nm::ty). 
(/!""· ~ 

B UeJIHX CHHXeHHH ,IJ;erp~aUHH H yBeJIHqeHHH CTadHJILHOCTH pa60Tbt 

B ,IJ;aHHO~ KOHCTpyEUHH CBM IIpHMeHHeTCH CTa6HJIK3aUHH CBepxnpOBO,II;HHKa 

HOpMaJILHbtM MeTaJIJIOM. B ,IJ;aHHOM cnyqae nenecoo6pa3HO~ CTeiieHLD CTa-

6MJIHSaUHM MOXHO cqJiiTaTL COOTHOmeH~e ceqeHH~ CBepXIIpOBO.D;HHKa H 

Me.IJ:H I:5. Mcxo.n;s H3 3Toro: Ma~c. 
5GtJ := ~-~~'?, l CM 

2
) ~ 0,05 CM

2 

S MI./H._ 3600 
~ 0, 004 CfV/2. 

en - -to' 
llpHMeM Sen= 0,02 cM2, cne.n;ore~·en»no, 

S' : ..Sc.n :. ~'JB. ~ 0 005 {eM) 
en cr 4,6 ' 1 

D'rv. =. 5 s:n::: []1 02.5 ( CM) 
Cne.n;oBaren»no, corJiacno (6), TOJIJl(Jma cenryua C:mf no BapHaHTY I: 

b cenr. =I,2+It2+0,I+0,05+0,25+1),5+0,3+I,8 = 5,4 (w) 

llpH .n;pyrHX KOHCTpyKUMHX KpHOCTaTa ( pHC~2,3,4) TOJIJl(HHa cenry.Ma 

MOXeT 6btTL 3Ha'iHTeJILHO MeHLme~. 3TH KOHCTpyKUHH BMeiDT COOTBeT• 

CTBeHHO np.!IMYJ), BbinyKJiyJ) Jii BOrHyTyD {j>tpMbt ceqeHHH KpHOCTaTOB H 

a30THbtM 3Kpan, npmqeu, CTeHKH Kp~OCTaTOB 06JierqeHH H sa C'ieT 

npe.n;Bapmren»noro nporx6a crenox ( pHc.3 H 4), H sa cqeT nepeMH

qex, cxpenJIHDmHX creHKH uex.n;y coco~ H pa6ora~HX na pacrs:xenme. 

TOJIDtHBa npe,I!;BapHTeJILHO npornyTbtX CTeHOK KpHOCTaTa Hax:O,IJ;MTCR 

npHdnmrcenno H3: R 
[ !:"] - p. -

Q gon - S BHymp 
J<.f (8) 

_,. CHu*eHue kpuml..IL(eckoe.o moka f, DbMomke 
CBM no CpQBHeULtfO c. k.opomkuMu Obf03LiyctMu. 



PUC. 2 
( Bopuo1-1m c.) 

puc. 3 
(8apuaHm 3) 

U c no .n HeHue c 8ep:x;npoBoBR~ eeo 
1,~:,,8o3Hoao Ma~Huma npu 
oBHor?oeHumHot:i c:~:tf"'e Bb18oaa. 
Hp uo cmambt c nepeMb114kOMLI 
Me~c'y cmeHkaMu ( pu.c. 2, 3, 4) 
u npE:88apume/1bHbiM npoe.u&M 

( pLrc. 3, I.,). 
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r.ne: p - y,JJ;eJI:OHOe ,JJ;aBJieHHe Ha CTHHKy t Kr /CM2; 

R - pa.nHyc npe.nBapH:ren:ouoro HsrH6a cTeHKM, eM. 

Mo:amo npHHSITL nporH6-v2 MM, q:ro coctTBeTCTByeT R = 7,5 eM. BBH,JJ;y 

ManocTH MarHHTHoro .naBJieHHSI npHMeM p ~ I Kr/cM2. OTcJJ.D;a 
~ p:J) 1·15 
O!<p ~ 2. rr--1 = 2 .5000 = O, 0015 (eM} 

LO ~on c-BHymp 
lis KOHCTpyKTHBHllX C5o6palB:eHHtt npHHf:TO 0 "f' =' 0,2 w. 

BinoJIHeuHe KpHocxa:roB c nepewqxaw: ropas.n;o CJio:acHee, 'tleM no 

BapHaHTY I, OHO Tpe6yeT cne~HaJI:OHO~l npopa60TKH II pacqeTOB. TaKaSI 

npopa60TKa 3,JJ;eCL He ,JJ;eJiaeTCSI, a TOJ:IqHHU cenTyYOB MOZHO TipHH.RT:O 

paBHllMH no BCeM TpeM BapHaHTaM: 

bcenm =c. s I<P + ~03.3 + s ~ll T s~ + b~e.n + 8' = 
= 2·0,2+0,I+0,05+0,25+0,5+0,2 = I,5 (MM) 

CJie,JJ;yeT OTMeTHT:bt 'tlTO BapHaHTH 3 H 4 ( pHCe3 H 4 ) OC060 Bll-

rO,JJ;Hht B CJH, HH,JJ;YKUH.fi KOTOpbtX BeJIHBa, H MarHHTHOe ,JJ;aBJieHHe, nepe

,JJ;a~J~teeC.fi Ha HapyJCHYJ) CTeHKY, ,JJ;OCTiii'aeT 6oJI:&mHX 3Hat~eHH~. 

B xa6JIH~e i I npHBe.neHbl TOJIJnHHb: cenTYMOB q,op:Ma.rHHTOB B 

"TenJIOM" H CBepxnpOBO,JJ;SUiteM HCnOJIHeE.HH )l;JI.f! CXeW BblBO,JJ;a C ,JJ;Bywi 

MarHHTaMH. 

Ta6 JIH~a Jr. I 

Cn:M.A 13If00.1XA C .lXBYM;I M.ArHHTAMM 9! TEIIJIOE" PI CBEPXIIPO:OO.lXJiiiiEE 

HCITOJIHEHIE tOPMAfHMTA. 

HcnoJIHeuHe 
cpopMarHHTa 

ToJIDtHHa 
cenTyMa, 

MM 

"TenJiu~" 
MarHHT 

2 

CEM B KpHocxaTe c 
npSIMOJT OJI:OHbtMH 
c xeuKa.MH ( Bap. I, 
pHc.I: 

t:, 4 .. ' 

CBM B KpHocxa:rax 
no BapHaHTaM 
~~3,4 (puc.2,3, 

I,5 
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0TCD~a CJie~yer, liTO CBepxnpOBO.ItSimH~ ~OpMarHHT C cenTyYOM "KpHo

CTaTHOro" muna HeUeJiecoo6paseH. 

m. Cx:r17A :SHBO.TlA C 0,1Ull1M MAfffiiTjM IIPH (3 z 0, 02 Pll(. - ' 
llpeHM~ecTBa CBM no cpaBHeHmD ~ EM npo.a:BJI.a:DTc.a: B cxeue 

BbiBO,Ita nyqKa C O,ItHHM MarHHTOMt ocojeHHO IIpH 60JI:&WHX saaqeHHHX 

HH,ItyKUHH MarHHTHOrO nOJIH B sasope. 

PaCCMOTpHM MarHHT CO CJie,Ity~HM~ OCHOBHbiMH napaMerpaMH: 

yroJI OTKJIOH9HH.fi npOTOHHOrO nyctta 

JJCeCTKOCT:& traCTH~hi (BR ) 

- j3 ~ 0,02 pa.It; 

35,3 TJI X M; 

cpe,ItHHH nJIOTHOCT:& TOEa B 06MOTJ:e 

"renJioro" MarHHTa j cp = IO a/MM2 x); 

CKBaXHOCT:& HMIIYJI:&COB nHTa~ero TOKa 

"TenJioro" uarHHTa L: = I:IO " 

A. "TEITJI1j8" MAfHMT 

llpH ,ItJIHHe MarHHTa e = I M: 

MarHHTHOe noJie B sa3ope Bo no Y·JJIOBHIO 

J:: Boe 
~ 0,02 (pa,It) 

8R -
COCTaBHT: 

BR. 35,3 6 ( ) B - A- -- o,o2.. =-a ?a rn 0-/ e- 1 I ) 

s.Itec:&: BR - xecrxocT:& qacrmnu. 

(9) 

Y~eJI:&HyD BeJIH\IHHY TOEa ( J ) 06MoT:~H BM Ha e,11;HHH~y BhiCOThi 

CenTyMa Ha~,IteM H3 saBHCHMOCTH 

X) Jcp =10 a/tm.2 B3HTa Ha OCHOBaH~H OnbiTa pa60Tbi MarHHTOB H 
mtH3 Ha CHHxp0~30TpOHe B UHKJI;t\leCKOM peJJCHMe, no,n;o6HO 

xoropouy ,n;oJIXeH pa6oTaT:& BhiBO,ItaoA MarHHT B renJioM BapHaHre. 
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8 "' J'lo ':fo 
0 - Q t npHIUIB a =I ; ••• 

s,n;ec:o: f1o - MarHHTHaH TipOHHnaeMOCT:O Ba.Kyym.; 

'J
0 

- TOK B o6MoTKe BM, B awe pax; 

(IO) 

a - BhtCOTa Bos.n;ymHoro aasopa MarHHTa (cenTyu:a), M ; 

N Bo 0,706 S . 2 
""J=- = lt _7 =S. 63 ·10 a/ =~>,63• IO a/w. 
~0 i·10 I IM 

TipMHHB ,ll;JIS:l ynpo~eHHS:lt tiTO HMDYJI:D1} TOKa BO BpeMeHM MMeeT np.HMO• 

yroJI:oHyiD cpopMy npH tuMn.=0,9 ceK H tu,ulcA 9 ce:rt, noJiy .. 

tiiDl ,IJ;JIS:t cpe.n;Hero 3HatleHMSI TOEa Hd. e,n;HHHUY BblCOTbt cenTJ'Ma: 

CJie,n;oBaTeJI:oHo, TOJI~HHa cenTYMa S'cenm B .n;a.HHOM cJiyqae coc-

O'cenm = ~cp = ~?B ~ 18 { fYIM) 
Jcp 0 

C ytleTOM 3JieKTpHtleCKO~ H30JIS:IUHH H OTBepCTH~ B npoBO.n;HHKe 

06MOTKH ,IJ;JIS:l B0,1l;OOXJia:m:.n;eHH8 TOJII!t:MHa cenT)'Ma J1i npH e. = IM 

COCTaBHT 

acenm~ 25 MlV: 

CooTBeTCTBeHHO npH e =2 H 4(M) 3Hat~eHHSI Bo t 1 ' i cp 
H 5' c..enm J7MeH:OmaDTC.H B 2 M L. pas a~ 

B. CBEPXIIPOBOJlfiiiiHM BilOO~HOtt MArmiT. 

Tio aHaJIOrHH C pactleTaW, npl!Be.n;eHHbiMH B n.II, HUe B 

Ta6JIHI~y If 2 CBe,n;eHhl pesyJI:OTaTH paCCMOTpeHHH CXeM BblBO,ll;a C O,ll;HHM 

CBM npxt: pasJIHtiHHX ero .n;JIHHax. RrcoTa cenTyua B pact~eTax npHHHTa 

Q = 4,6 CMt a HH.n;yKUHH B sasope COOTBeTCTBeHHO H3 yCJIOBHH 

fi= Boe ~ o,o2 pa.n;. 

BR 



Ta6Jimua 2 

IIAPAMETPH CJH 13 CXEMA.X BHJ301IA C O,I(IDIM MArHkiTOM ITPH 
PA3n~ BAPHAHTAX KPMOCTATCJ3 H JinHHAX MArHMTOJ3 

,1l)IHHa Mar 1m Ta, M o, 2~i 0,5 I 2 4 

l1H,1J;yKnHSI noJISI B sasope 80 , TJI 2,8 I,4 0,7 0,35 o,I75 

TOJliiii!Ha creHoK I s' gHymp 
KpHOCTaTa no KP , MM I, I I, I I,I I,I I,I 
Bap. I (p)!Ce 2) b Hap- , MM 3,5 2,2 I,6 I,4 I,3 

1<f 
HanpSIZeHHe H3rH6a uapyxuo~ 2 4000 3IOO 2000 I300 IIOO CTeHKH KpHOCTaTa€)~at Kr/CM 

IIJIOTHOCT:b no celleHHIO 
2•Io5 2•Io5 2·ro5 2•1o5 2•Io5 

TOKa, CBepxnpOBO,ll;HHKa 

a/cM2 no TIOJIHOMY cellCHHIO 
2,5"Io4 2·ro4 0,9. 4 cenryua (Bap~2,3,4) I, 6• 0,5.10 

.1o4 4 .Io 

~CJIO aKnep-BHTKOB 06MOTKH 
CBM ro2 .an 5I.OOO 25.500 I2.750 

" 
6.375 

06maSI TOJimHHa cenTyua CBM npm 
npSIMOyrOJI:bHOM KpHOCTaTe TIO Bap.I 

bcennJ MM I5 I0,5 8 7 6,5 

CBA no TOJimHHa CTeHOK KpH-
BapmaHTa.M OCTaTa b~ 2 MM 0,4 0,2 0,2 0,2 0,2 
~,3, 4 
pHc.2,3,4) o6maSI roJimHua cen-

TyMa fkerliTJf MM 9 5,5 3,5 3,0 2,7 

ToJimHHa CCTITY¥a COOTBeTCTBYIO-
mero "TeTIJIOrO" JH , MM 10~ 52 26 13 6,5 



II -
M3 ra6Rmnu ~ 2 cne~yer: 

~n.a OTKROHeHH.fi npOTOHHOrO nyt~Ka C JlteCTKOCT:biO 'llaCTJIIIJ./)R =35,3TReMe , 

O~HHM MarHHTOM Ha yron )5~ 0,02 :p~. nenecoo6pa3HO npHMeHHT:b 

CBepxnpOBO~.fi~H~ BUBO~HO~ MarHHT, 3CRH ~RHHa llOCRe~Hero ~OnJICHa 

6UT:b MeHee 2 MeTpOB: yxe npH TaKO~ ~RHHe TOR~HHa cenT~ CHH

XaeTC.fi no cpaBHeHHIO C "TenJIUM" MarHHTOM B 2+4 pa3a ( B 3aBHCH ... 

MOCTH OT KOHCTpy.KUHH KpHOCTaTa CB~).ITpH ~RHHax MarHHTa CB&me 

t~erupex MeTpoB 3TO npeHMymecTBO CBM nepecraeT 6UT:b 3Ha'liHTen:bH&M; 

O~HaKO cne~yeT OTMSTHT:b, 'liTO C03~iHHe "Tennoro" MarHHTa ( ITO 

CXSMS B&BO~a C O~HHM MarHHTOM) ~R~HOM 2M H 6onee conp.azeHO CO 

3Hat~mren:bHUMH reXHH'lleCKHMH TPY~Ho~T.f!MH Bcne~cTBHe 6on:bmoro Beca 

MarHHTa H HS06XO~HMOCTH o6ecnet~eH~.fi ero llO~BHEHOCTH ( HallpHMep, 

c noMO~:biO rH~ponpmBo~a ). 

IY. PACTJET CX»A:J:l :BHBO.l{A C O,IlHIDl CBEPXIIPOBOJU-HlmM 

. JAArHMroM IIPH j =0, I 2 P J~ ( I'V ~).! 

B HaCTOSI~ee BpeMSI B JIB3 npOBEl~eHbi pac'lleTU H Be~yTC.fi pa60TU 

ITO OCj'II{eCTBReHHr:> CXSMbl BbiBO.IJ;a C )CByYSI "TellRbiMH" MarHHTaMH.IlpH 

3TOM OCHOBHO:tl MarHHT BHllORHSH HSHO~BDHUM H CMe~eH OTHOCHTSR:bHO 

OCH KaMepi:l CHHXpapa30TpOHa, 'liT06I:r He IIpSllSITCTBOBaT:b ycKopeHHr:>. 

kiCllOJIHeHme OCHOBHOrO MarHHTa HSllCl,ll;BHl!CHUM SIBJISISTC.f! BhiHyJE~eHHblM 

pemeHHSM BCRe~CTBHe 3Ha'liHTSR:bHOrCI Beca llOCRe~Hero. 

3aMeHa rpOM03~KO~ CHCTSMU H3 ~Byx "TeTIRbiX" MarHHTOB O~HKM 

no~BHJICHUM CBM npe~cTaBn.aerca nepcneKTHBHo~. HHl!Ce rrpHBe~eH& pac

'lleTu HeKoropux KoHcTpyztTHBHI:lX SJIE!MeHTOB raKoro CBM, pacxo~a 

KpHoreHHI:lX l!C~KOCTe~ ~RSI ero OXJIE.Jit~SHHSI H pa60Tble 
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A. KCXO,JlHJ:lE ltAHHHE ltliJI PAC'tiE~ A CBA: 

- yron OTKROHeHHR npOTOHHoro nyqRa ~ = 0,12 p~; 

- xecrKoCTh qacrKUH n~Ka nporoHcB BR = 35,3 rn.M.; 

- BbiCOTa cenTyYa MarHHTa Q = 6(1 MM; 

- ,ll;nHHa MarHHTa e ~ 2 M j 

- Tpe6yeMa.R 3qxpeKTMBHOCTh BbiBO,ll;a ~ 9{)%; 

- no~BMEHOCTh CBM ( npM nonHoM n~~ne 9 ceK): B BepxHeM pa6o-

qeu nono:ateHMH - I ceK; B HDHen ( B mJIIose npm 78° R) - 8 ceK. 

E. ROHCTPY1@1JI KPHOCTATA 

~=2M 
MarHMTHoe none B sasope, cor.tacHo (9): 

reoMerpHro MarHMTonpoBo,n:a npH:14eM corJiacHo plic.5, KoHcTpyK

UHJD KpMOCTaTa - no pMc.4. 

Heo6xo,n;MMoe qMcJio aMTiepBMTKos o6MOTKH CBM ms (7): 

NJ = 2,r·ro4 • 6 ~ IOO.OO() 

r.n:e: a HQp. < ) -y - cornacHo 2 • 

3TH YCMRHR ,ll;OflEHbl BOCITpHHHMaTh lRrM, CKpennR~He npOTMBOTIO-

noJCHhte cropoHhl odMOTKH CBM. Odmee cel!eHHe srux TRr Ms He-



Puc. 5 CxeMamu1.1eckuu t.~epme;J/c CBM dnR om/<noHeHUR 

n:f"l<a npomOHo/, Ha .:;ean }::a,te (oaHo,.,aeHumHQII c.reMa 

6bl8o8a) 

1 

0~ 

0 

-I DO 

Hou ,.,eHo8oHue no3. 
t--J....;;..;-f-:M:":"a_l_H-I..IfTIO~n-1/)l>iJOO IJ~ :;r.t:MDalolcOtnoHHOI.I 

~, m OHc: omop110u cmaACJ 
~ eAU' ,u_ /g)uocmam _ 
(;;. co ~ t060C'H~ o8Moml-.ou 

,3 /lJomHblu ~tkpa11 ~- • : a f MM 

4 
s 
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= 2I,IOO 
2.2000 

MaKCHMaJI:DHYil TOJintHHY CTeHOK KpH,)CTaTa HaH.n;eM H3 (8): 

b. = -I 8 ' 6 • 5 = 0, 0 46 ( CM) , 
1<f' 2000 

PHap_ H
2 f ~ 18,6 ( Kr/cM2); 

-gfr -t-
R - pa,n;Hyc npe.n;:aapHTeJI:oHoro nporH6a cTeHoK KpHocTaTa, 

COOTBeTCTBY~H~ nporH6y B cepe,n;HHe BbtCOTbt cenT}'Ma ~ 5 WI, 

llpHHKMaeM TonmHHY CTeHOK KpHOCTaTa ~p• 0,5 MM. 

B. OI>MOTKJ. C11i 

06MOTKY CBM MOEHO BbtnoJIHHTL, HanpHMe~, H3 npoBOJIOKH ~ 520 

( cnJiaB Nb -7r:t% zr) • CBepxnpOBO,ll;SIJE,HNI KepH TaKONI npoBOJIOKH npo

TSIHYT COBMeCTHO C Me,ll;HOit Tpy6Kott. JI):SI 3TOtli npOBOJIOKH: 

- .n;HaMeTp CBepxnpoBo.n;m~tero 5epHa •· 0,33 MM ( cetieHHe 

8, 5' ro-4 c~); 

- ,ll;HaMeTp B Me,ll;HOM noKpblTHH •· 0, 47 MM (17, 2' I0-4 CM2); 

- ,ll;HaMeTp B JiaKOBO~ H30JISIUHH •• 0,6 MM (28' I0-4 CM2); 
• I 2 - Jc no cBepxnpoBo.n;HHKY - 9, 5' IO ~ a/eM ( B H = 2 TJI); 

- ,n;onyCTHMhllt pa60tiHlt TOK Ha O,ll;HY TI]lOBOJIO'llKY ( B H = 2 TJI) - 80a, 

ITpHHSIB o6MOTKY CBM H3 Ka6eJISI B 'lleTupe napaJIJieJILHh1X npoBoJiotiKH, 

CtiHTaeM pa60tiHtf TOK 06MOTKH _Jpa5 ~ 320 a.Mnep, llpHMeM ~poS.=300a, 
TipH 3TOM tlHCJIO BHTKOB 06MOTKH 

N- N~ 
- Jpq6 

= -too ooo ~ 330 
300 

TIJio~a.n;:o ceqeHHSI npoBOJIO'llHOtt o6MoTK~ CBM c ytieToM K03~HUHeHTa 
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2a•ro-4 • fi• 330 _ -==~ 5, 3 C cM2) 
0,7 

Cne~onaTeRhHo, ~ona ToRmMHH cenTYMa CBM sa cqeT npononoqHo~ 

OdMOTKH COCTaBHRa du ( npM COOTH~meHHH ceqeHH~ Me~H M CBepxnpo

BO~HMKa 2:1). 

~· c-' = Sen :: i2_ = 0 88 (c..P-1} 
oc.n -t oM a 6 ' 

Odmaa TORmHHa CeTITYMa C npoBORoq~M CBM Morna du COCTaBHTh, 

corRacHo (6): 

~n =0,5+0,5+0,1+8,8+0,5+0,2+0 = 10,6 ( MM)e 
~nm 

MoxeT duTh npmMeHeHa H ~pyraa np)BORoKa, HanpmMep, Hn-50, 

65ET, 60T. 

YMeHhmHTh ToRmHHY cenTyMa Mo:~mo, nunoRHHB odMoTKY CBM H3 

ReHTOqHoro CBepxnpOBO~HMKa, HanpH:I4ep,Nb
3 

Jn, CTadM11Jti3ItlpOBaH

HOrO Me~:&IO. H3 KaTaRoroB pa3JUfqHllX 3all.f.lRYX <IJHpM H3BeCTHLI 

~aHHb1e ~RR TaKHX ReHT, BblTI011HeHH::lX no pa3RJiqHb1M TeXHOJIOrHaM 

( xadnmna N! 3). 

TipH nunoJIHeHHH odMOTKM CBM H3 neHTLI THna R-60384, 

HanpHMep, TOJimHHa cenTYMa TIO (6) COCTaBHTA;,,5MM. 3~eCb 

Cs'e~ + 6~) no~cqHTaHo, Hcxo~R H3 :11e,n;y:mtHX ~aHHb1X: ceqeHHe neHTb1 

C yqeTOM JiaKOBoro noKpRTHH C OdO~X CTOpOH ( 6,35xa,I9)MM2 ; 

CTadHRH3aUHH cepedpOM 4:1; KpHTHq9CKH~ TOK B TI011e 2 TR - I.800a. 

~paS = I. 600a; 

qHCRO CROSB OdMOTKH CBM no BNCOTe 

Ka.JI~OM C110e nl, =8, qTo noJiyqeHO 11!3: 

100 000 
:::-

1600 
.0! 63 



fT
'J

ci
JA

uu
a 

N.
· 3

 

P.
oH

Hh
le

. 
U

J 
/<

am
aJ

IO
l0

8 
pc

l!
J/

IU
'IH

JN
Z 

JO
nO

O
H

bi
X

 
tp

u
p

M
 

i3n
,q 

H
e

l<
o

m
O

(i
»

x 
m

LJ
no

8 

c!J
ep

r.n
po

Eo
oR

w,
u:

z..
 .

11e
~~m

 
u3

 ~
_,

 J
n 

q:
Ju

pM
O

 
u 

m
u

n
 

.1
1e

H
m

bl
 

~~
no

/1
1/

i 
C

t.
l.

lt
i#

U
II

 
6t

.3
 

U
JO

A
IIU

,L
IL

J 

Z,
 3

 "
0

,-
lf

 0
 

2,
3 

X
 
0,

1S
2 

I 
. 

-
·.~ 

-
.-

-
_ 

. 
I 

6,
35

 _1<
 0

,f
68

 

N
pu

m
u 4

ec
ku

u 
~u
mu
"e
dr
oR
§I
<p
.J
mu
~.
~e
ck
uu
 7tJ

/c 
I< 

tXJ
H 

-
HO

Cr
b 

rn
ol

cJ
 g

 
&

 no
ne

 fD
O

 lc
z.c

, 
m

o 
0 

o
u

 ll
t.H

-
'0

0/
a.

c,
O

m
H

 
. H

Q
 
I
<
~
 f,

, I
 !lpu

m
e'l

aH
ue

 
rn

bJ
 

0 
n

o
P

e
 /

 
, 

k 
n

o
A

N
O

M
IJ

 U
IIV

IIJ
, 

W
C

JP
I.I

H
b!

 .
ne

.w
riJ

I 
1

U
U

 
(l

.C
(O

JI
A

IH
m

b
l 

{a
 /C

M
C

')I
 

. 
( 

Q
 

6 
5 

e,
6 

· fO
 It

 
2 8

 
Jc

 8
 tJ

py
w

x.
 

1
9

0
 

" 
S,

4 
·f

o
il
 

8
2

 
no

n~
~x

-C
M

.f
'"

 

5
0

0
 

5,
6.

 t
o

4
 

S
lt,

l.t
 

6
/B

o
H

H
b

e
 1

96
9 

31
(n

P4
JS

O
/ci

c.8
0)

 
2. 

·t
O

 l.t
 

fO
{n

pu
SO

ic
te

·eb
} 

8a
H

H
bl

s 
19

68
e.

 

1,
45

 ·1
0 

It 

3
0

·1
0

'1
 

I 



6. !f(lt8t} lZ ~~ 3 c8ep.x
npo&iJHuJct f O.OScMj 15 Me3. 

"-) Hhtx rp;8{)110k i 0,05CM J 
50cM MuHa {Supe~coj 

B { nonepeL.th) 
-----~ 

10 
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..,____ __ 230 10 

8 
6 

~ ~ 

1 
2 

0~ 
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Puc. 6 Poo~pb1(8 MlicpoHO~u /<pu•"TlJI.Itdcuu mole B poVtu'INha &.t~~.t.~NI.I. 
· Mt:JlHUmHbi.X nOftAX ./IQHmbt ml.ifl.7SR.·iH00 !tfJOU.J8oocmBa cpupmbl 

RCR {CWR) 
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~· ""'/ TipH nJIOTHOtl HaMOTKe BHTKOB Oc.n + b M = I, 7 (MM) • 

O.n;HaKo, Bhi60p Jpab =I.600a B ,n;aHHJM CJiytiae He y.n;o6eH, TeK• 

,n;JISI TaKoro CJJ! rpe6yDTCSI, MOJnHbte roKo BBO.n;bt / 8 /B KpHocrar, .n;amtue 

60JibWO~ TenJionpHTOK B XH.n;KH~ reJIH~. 

Tio3TOMY ,n;JISI ,n;aJihHe~mero paccMorpeHHSI BH6MpaeM CBA c o6MOTKo~ 

HS JieHThl THna 5R. _2I00 ( CM. Ta6JII.1:UY ~ 3) • TiapaMeTphl TaKOM 

06MOTKH: 
. 

- KpHTH~eCKHM TOK B DOJie 2 TJI - de = 200 a; 

- pa6o~Htl TOK o6MoTKH CBM - :Jpab. = I80a 

- nell · ng = 560 ( BHTKOB); ncn = 20. 

- 5~n + s'~ :5,ft {MM) ~~fT = 7,2 MM. 

Heo6XO,II;HMOe KOJIHqeCTBO JieHThl THna ~;R _ 2I00: 

- no ,II;JIHHe: Len = fs.cp: nCfl . n g =4, 5. 560~ 2. 500(M)' 
~ 

r,n;e e 8.cp ~ 4,5M ( cpe,II;HSISI .D:JIHH9. BHTKa ITO pHC .5) 

-no Becy ( BKJIIDqasr cra6HJIHSHPYmtee cepe6po): 

Pen =Lcn·a -S = 2.5oo·Io2 ·ro,5·o,25·ro-2 =6.600(r) 

TipHHHMaeM Pen = 7 Kr. 

TipHMeM Bee o6MOTKH CEM ( c yqeroM Beca KpHocrara, asorHoro 

3KpaHa H KOHCTpyKTHBHbtX 3JieM9HTOB) 

PoEM = Pen + Ptcp + Paz,. 3 + PKoJic. = 7 + 25 +0, 2 +2 =35 (Kr) 

ID!.n;yKTHBHOCTh o6:MoTKH C:BM rro /s , crp. 406/: 

L/-tfi~Snor }· w[!r 4' :3.14'5~02 ·~.:300' ro-9 ~2,2 rH (12) 

3,n;ecb: )'1 =I; 

S - nnoma,n;b CUenJieHHSI C 06MOTKOtl MarHHTHOrO ITOTOKa, 
nom 

[ CM2] t no pl1C. 5. 

snom :.. (15 + 2 bc.enm }200 ~ .3.300 ( CM~ 
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3HeprHR, 3anacaeMast B MarHHTHOM none CBM, 

r. OXJTA!JIEHHE em JjO A30THOtl TEMIIEPATI!:ll 

Tennoe:MKocT» Been Maccu CBM B :wtH:?epBane TewepaTyp 

T1 = 295°K H T2 = 78°K 

" r.n;e C - cpe.n;HSISI y,n;en:&HaR TennoeMKnCT:& MaTep:w~aJioB CBM, npH-

HSITaSI paBHO~ cpe.n;HeU y,n;.TenJioeMKOCTH ~eJie3a ~91 cTp.I28~ 
c = 0,0859 !!§d! ; 

Kr.rpa.n; 

R n _(" p - 975/1<2-)- BeC 06MOTKH H MarHHTOITpOBO,IJ;a; 
C8M ::rooM + MQZ.H- l j 

PMaeH ==o·S""azH ·E = ?,8 {26·27- 6-·r?)-2oo_no pHc.5. 

Qc6~ = o,n859•975• (295-78) =18.200 (KKan) ~ 76.000 K8* 

l!nSI oxna:m:.n;eHHR raKol! Maccu CBM Tpe6yeTcR JICH.n;Koro a3oTa ( c 

HCITOR:&30BaHHeM T!DJIJ:,KO TeOJIOThl HCnapeHHR rrp:wt KmieHHH): 

M Gce.P1 -rs. 200 3(/- C ) """' 0 1. q 3 '·BO *· 03. ::: 2a3 : 47,1 = o(o I<.Z - 'L.fDM = '1 11 I 

r,11e: 2qJ =47,1 ~~all - renJiora l!CnapeHI!R asora ~ 9,crp.I49j; 

OJIOTHOCT:& JCH,li;KOro- a30Ta rrpH 77,4°K :: 804 Kr/M3 /9,cTp.I49/ • 
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HHze npmBe~eH pac~er oxnaz~eHHH ClN rennoor~a~en K EH~KoMy 

asory, nporeKaiOII{eMY JIH6o B rpy6Kax, Haxo.n:.amHxc.a B xopomeM ren

noBoM KOHTaKTe C IIOBepXHOCTLIO MarEHTOTipOBO~a, EH60 B KaHaJiaX 

BHYTPH MarHHronpoBo.n;a ( pHc.5). 

Tiepe~aBaeMoe XH~KOMY asory Tef:JIO ( ~JIH TIJIOCKOM CTeHKH) ITO 

/91 crp. 244/ 

a caM = I< . F. ll T . t [kkan] J (15) 

r .n;e : I\ ~ 220 = KKaJI 
M~~ac.rpa~ 

KHIIeHHH Ha HapyEHon IIOBepXHOCTH BepTHKaJILHHX 

!!, T- reMnepaTJ'1)HHM Harrop, [rpa.u.J; 

Tpyd OK fg, C Tp • 242/; 

M3 (15) He06XO~KMaH IIOBepXHOCTL T€TIJIOBOro KOHTaKTa OXJiaE.n;a~HX 

KaHaJIOB ( HJIH Tpy6oK) C MarHHTOIIpCBO~OM~pH6JIH3HTeELHO ( llpH

HRB AT=ConstH t= I ~ac ) 

F: QC6M = _..-I8:::;.z. • ...,20~0- ( ? ~ 0,38 u-). 
~·AT·t 220•217 

TaKast IIOBepXROCTL TeiiJI006MeHa MOJH:eT 6b!TL IIOJiy~eHa C IIOMOil{LIO 

KaHaJioB .n;HaMerpoM ,]~< = IO MM 

n = F _ 3.goo ~ 6 
I< Tt lJ ~< · t - 3, 14 ·1 2 DO 

ITpe.n;nonaraercR, ~ro no.n;BHJH:Rb!M CBM Kax.n;b!e 8 ceK H3 9 -ceKy~Hux 

UHKJIOB, HaXO,I(HCL B HHXHeM TIOJIOXeHHHt OKpyEeH CTeHKaMH illJII03a, 

paCIIOJIOJH:eHHb!MH B 25 CM OT IIOBepXROCTen CBM H HMeiDmHMM TeMnepa

Typy liCH,n:Koro asora. Ha BpeMR saxo.JiaJICHBaHHR CBM Bepxnn.a ~acrJJ 

WJII03a TOlCe MOICeT nepeKpbiBaTJJCH KpniiiiKOM, HMeJDiqe}1 t, = 78°1{. 

MCIIOJIJJ30BaHHe WJII03a C XOJIO.H:Hb!MH CTeHKaMH IT03BOJIHT CHH3HTL 



I8 -

TerrnorrpHTOK K XORO~HOMy MarHHTOITpOBO~Y eBM sa 9-ceKy~HH~ UHKR 

pa6oTbi. 

HHxe xaqecTBeHHO rroxasaHo, t:ITO rrpe~BapHTeR»Hoe saxonaxHBaHHe 

CJJl ~0 aSOTHO~ TeMIIepaTypbi T6IT1IOOT.~aqen K lXH,IJ;KOMY asoTy C no

Mom»ID KaHaROB He06XO~HM0 1 HeCMOTpR Ha HaRHtiHe XOJIO~HOrO mnrosa, 

TaK KaK TaKOe saXoJiaXHBaHHe sa Cl!Cr TORLKO nyqeHcnycKaHMR K CTeH

KaM XOJIO~Horo mJIDSa ~JIMJIOCL 611 Ot:Ie~L ~OJiro. IlpMBO~HTCR pact:IeT 

BpeMeHH oxJia)JC~eHM.H MarHMTonpoBo~a ~~BJ£ Ha nepBbie 50° ( c 293°K 

~o 243°I{). 

TenJioeMKOCTL em B yKasaHHOM HHTep:3aRe T6MI1epaTyp 

Q ~M=-C · Pc&l\1 ·[1ft =O, 0859• 975• ~>0=4I90(KKa1I)=I7 .600K~JB:o 
TenJiorrpHTOK JiyqeHcnycKaHMeM t:Iepes :3aKYYM K CT6HKaM XORO,lJ;HOro 

r~e: En - npHBe~eHHaR CTeneHL qepHOTbi noBepxHOCTJ/1 em, npHHJITaJI 

H6M3MeHHOn H paBHO~ 0,6; 

C = 51 77• I0-4 · B~ O 4 - ITOC:TOJIHHaJI MSJiyt:IeHHJI ~JIJI a6co
CM ( I{) 

RIOTHO tiepHoro Tena / S,cTp~ 220/; 

~p= 268°K - cpe~HJIJI Ha rrepBoM 3!ane oxJia~eHHJI TeMnepaTypa CBM; 
c ~22.500 cM2 - BHemHJISI noBepxr.ocT» eBM no pMc.5; rcBM 

~ ., t - BpeMJI saxoJiaJ:HBaHliiJI, Lcer:J 

Hs (I6): t = 17.600.000 (cex)~I2t:Iac~ 
o,6·5,77•ro-4 ·ro-8 ·5r,a·ro8 ·22.500 

JTO BpeMJI 6y~eT HeCKOJILKO 60JILme sa Ct:IeT ITOCTORHHOrO T6ITJIOITpl!ITOKa 

ct~~M K CBM CHH3Y ITO TeiTJIOBbiM MOCTaM B BH~e TJir r~porrpHBO,n;a. 
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(I7) 

s.n;ec:o: t cp =0, I6 -l1I - c:pe.n;HHti Ko3qxpHUHeH:r renno-
cu,r:pa.n; 

npoBo.n;Hocrm HepzaBeromett c:ranm B .n;~anasoHe~lj ~9,c:rp, II6;f; 
B Ka~eCTBe THrH rm.n;ponpHBO,IJ;a npHHRTO TpH :rpy6~ ~ 60/5 MM: 

Sr= 27 cu2 ; er= roo CM. 

Q" = 0,16'27'50 
c.BM roo 

= 2,2 (BT) 

C 6on:omHM sanacou, ( c~mraR, ~To ~J.T, = 50°I\ B :reqeHHe Bcero 

rrepBOrO 3Tana OXJiaE,IJ;8HHR), MOZHO npHHRT:O T8llJIOllpHTOK DO TRraM 

rH.n;ponpHBo.n;a 

Ha 

G2~sM·t = 2,2'12'3.600 = 95,000( .n;x ) 
" 3TOT ,IJ;OllOJIHHT8JI:OHHn TenJionpHTO~ yBeJIHliHT BpeMR 

/),. t = I 2 ( ~ac) • 95.000 (xJC2 ~ o, 07 qaca , 
I7.6oo.oCIJjr.x) 

TaK 'tlTO ero MOJICHO He yqHT~BaT:O, 

t Bcero 

B .n;an:oHenmeu, Bcne.n;c:rBHe CHHXeaHR :reMDepa:rypHoro nanopa, 

nponecc oxnax.n;eHJUI non.n;e:r eme Me.n;JI•3HHee, Ta.K, oxnaJIC.n;eHHe Ha 

BTOpOM s:rane, HanpHMep, C 243°K .n;o I43°K, 6y.n;e:r ,IJ;JIHT:OCR ~90 qac,, 

a Ha TpeT:OeM ( ,JJ;O 78°1\) - eme OKOJI) 700 'tlaCO B, 

Jl, OPHEHTMPOBOliHHkt IIO,ltClJET TEITJIOIIPHTOKOB K OEMOTI\E CBM. 

PACXO.lt JKQKOfO rEmm TIPH PA:SOTE CW. 

BAPKA.HT I, 

no 3TOMY BapHaHTY 06MOTKa CBM BUllOJIHH8TCR c MHOrocnonHon 

HSOJISittMen Ha pasHoc:r:o :reMnepa:ryp 7a0I\ H 4°K; B nepe.n;Hen qac:rH 
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cenTyMa pacnonoxeH a30THH~ SKpaH H3 Me~HO~ ~ORLrH. eHRR MHepUHH 

llpH ~BHJ:eHl~H eJH H Bee 06MOTKH BOCil]>HHHMaiOTCH BepTHKaRLHbiMH THraMM, 

KpellSI!llHMH 06MOTKY OTHOCHTSRLHO MarHl1TOilpOBO~a H SIBRJUll{HMHCSI Ten

JIOBHMll MOCTaMH ( OT 78°!\ ~0 4°R) • O:~BepCTHH ,JJ;RSI BXO.n;a H BHXO.n;a 

llytrKa M3 eBM OCTaiJTCSI OTKpbiTbiMH; ~epe3 HHX em BOCilpl1HHMaeT ny

~HCTHi1 TennonpMToK oT BHYTPeHnmx nonepxHocTe~ KonLna ycKopmTeJISI, 

HMemtHX TeMIIepaTypy 300°1\. TellnollpH~~oKoM ocxaro~HbiMH rasaMH 

npeHe6peraeM: B KaMepe ycKopHTeRSI Bc~YYM IO-S MM.pT.CT. 

a) TenJionpHTOK ox MarHHTOilpoBo.n;a qepes MHorocnottHYI> 

H30JIHUHIO: 

3,11;6CL A - K03qxpHUH6HT T6IlJIOilpOBO,JJ;HOCTJ;! H30RSIUHH H3 CTeKJI0-

6y.MarH CBP TORIItHHo~ 50 }11< H aniOMHHnpoBaHHO~ JiaBcaHoBo~ nneHKH 

T01I!llHHO~ I2 jtKilPH Be.KyYMe B H30JISII.U10HHOM npocTpaHCTBe !0-S:MM pr.cr' 

M y.n;eJILHOM .n;aBJieHHH Ha H30JISIUHD r.ooo r/cu2; no ~aHHbiM /tO,P»J.C .9/ 
.A= s·ro-4 JL ; 

M.rpa.n; 

Su~ - nJionta.n;:D noBepxHOCTH MHoroc;ro~non H30JI.fiiUtH no pmc.5 

s ... ~ = 2. (I0+60+I0 )• 2000= 320 .coo ( MM
2) 

~U~ = 2 MM - TOJI!llHHa H30RSIUHH ( ,JJ;JISI OpHeHTHpOBOtiHRX pac~e

TOB MO~HO npHHSIT:D TaKHM ~3 , XOTSI B TOR!llHHe CellTy.Ma 3TO ~T6HO 
UH<f>po~ TOJI:DKO bu3 =0, 2 MM) • 

TaKOit 60JILmott TeiTJIOilpHTOK ( Q1· = 5,9 BT ) , MOEHO CHH3HT:D B 

5 pas ( no/10 /), eCJIH y,n;aCTCSI C llOllOll{LD TSir IlOJIHOCT:DlO pasrpy-

3HTL H30JISIUHIO OT ,n;aBJI6HHH. 
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llpHHMMaeM G.i = I, IB BT, liTO I)OOTBeTCT Byer mcrrapeHMD 

Jnt,n;Koro reJIHSI 

1-,1 = I,42[s:,qac J ' I,IB (~T) ~I, 7 [JI/qacJ 

6) TennorrpMToK ny~eiiCnycKaHMe:YI or MaTepmaJia BHyrpeHHe~ 

00 BepXHOCTH KOJIDIJ;a YCKOpMTeJISI ~ep,~3 OT BepCTHSI ,D;JISI BXO,D;a M 

BbiXO,n;a rry~Ka: 

lh - reMrreparypa .renJIHX ~acre~ Kauepbi 

ycKopmTeJISij Tc - TeMneparypa cenTYMa 

F = 2•5•15 = ISO ( cM2 ) - noBepx~ocrL, BocrrpHHHMa~aSI renno 

( no pmc.5). 

3ToT ~pesuepno 6oJIDmo~ rerrnorrpMTOK 

BBe,D;SI asOTHOe 3KpaHHpOBamre H MHO rOCJIOltHYD H3 OJISIIJ;HD BHyTpeHHHX 

cTeHoK Kpmocrara co cropoHH pa6oqero o6~eMa CBM, HanpHMep, c 

OOMOmDID Me,D;HbiX asoTHbiX 3KpaHOB TO~HHon O,I MMt 3aKOHTaKTH

pOBaHHbiX Ha MarHHTOflPOBO,D;. 3TO npHBe,n;eT K YB6JIH~eHHD TO~HHbi 

cenTy-Ma Ha ( S + S"a3.:J) = o, 3 MM. 

B ,n;aJIDHettmeM npHHMMaeM ~enrn= 7,2 +0,3 = 7,5 (MM). 

TenepD uoxno cqmraTD ~~=(). 3aro Heo6xo,n;KMo yqecTD renJio

npHTOK qepes MHOrOCJIO~HYID H30JISIIJ;HID OT a30THbiX 3EpaHOB. 

B) T8I1JIOI1pHTOK OT a30THbiX 3KpaHOBe 

Q = A· S ll~ 11 T = S·-t6~2-s·so ·to-'~ r7&-4) = 4 ?8 (o ) 
3 b ll3 2·10 ... 3 l ' om 

fipH ITOJIHOCTDD paarpy.EeHHO~ DO ,n;aEJieHHD Tel1JIOH30JISIIJ;HH MOZHO 

npHBSITD Qj ~I BT~ 
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ITo HcnapeHHD zm.n;Koro reJIHSI: )v
3 

:=I, 4 JI/ttac 

r) TenJionpHTOK no TOKOBBO,ll;aM B CBM 

0XJiaX,11;eHHe TOKOBBO,ll;OB napaMM HcnapHBmerOCSI reJIHSI Tpy,ll;HO 

BbiiTOJIHHMO B ,ll;aHHOM CJiyqae: l10,1l;BO;~ TOKa, JCH,ll;KOrO reJIHSl H asoTa 

B03MOJ:eH TOJI:OKO CHH3Y ( BHYTPH OliOp rH,ll;ponpHBO;D;a /J 60/5 MM). 

Ha cTa,ll;HH pa6ottero rrpoeKTHp03aHHSI H KOHCTPYHPOBaHHSI CBM 
l10Tpe6yeTC.H paspa6oTKa: I) CHCTeMbi aBTOMaTHtteCKOit I10,1J;JIHBKH 

reJIHSl B CJB: a) rrepHO,ll;HtteCKO~, H!3 llO,JJ; BHXHOro HJIH Heno,n;BHJ!tHOrO 

reJIHeBoro 6a't!Ka, pacnonoJB:eHHoro :mme o6MOTKH CBM; 

6) no CTOSIHHOti, ttepes CH<POH CJieD;HaJI:OHOit KOHCTpy.KI.UiH; 

2) CHCTeMII aBTOMaTHtieCKOrO p~3rymipOBaHHSl KOJIHtteCTBa no

,n;aBaeMOit B CeilTYM l!CH,JJ;KOCTH, o6ecnettHBai<J1teti OTCYTCTBHe raso-

BbiX MemKOB B HeM~ 

YKasaHHDte BDtme paspa6oTKH noaBoJistT cKoHCTPYHPOBaT:o H ToKo-

BBO,D;bt,OXJia:i,ll;aeMble JIH60 napaMH re.1HS1 ( ttaCTHtiHO), JIH60 asOTOM 

(npoMezyxot~Hoe oxnax.n;eHHe), JIH6o, HaKoHen, HeoxJiax,n;aeMHe. 

()pHeHTHpOBOtiHO on;eHHT:O Tel1JI0:1pHTOKH ,ll;.JI.H pa31IHllHOrO THna 

TOKOBBO,JJ;OM MOJICHO CJie;J;yJanHM o6paso:~: 

I) ,n;Jist HeoxJia:m:,ll;aewx ToKOBBo.~oB, cor JiacHo /J1,cxp. 109/ 

npHHHMaeM, tiTO TOK B Ia, TeKymHti ttepes rrapy TOKOBBO,JJ;OB OI1TH

MaJI:OHOit KOHCTpyKD;HH Bbi3biBaeT Tei1JI)I1pHTOK B 84 MBTe CJie,n;oBa

TeJI:OHO, npH pa6otieM TOKe CEM ISO aMnep 

Q'f = o,oa4·Iao~I5 (Bx) 

2)Tel1JIOl1pHTOK ITO TOKOBBO,JJ;aM ~ npoMe:atyTOtiHI:lM OXJlaJB:,ll;eHHeM 

:m:m,:n;KID4 asoToM, cor nacHo /11,cxp. II9/ 

Q'l ~-{ 
1
z.5' -~0-l[ B~ J 1.~0 [.ca] ·e." 4,5 ( f,m] 



- 23 -

3) ,Il;JISI OXJia.JC,UaeMbiX napaMM reJIMf TOKOBBO,UOB MO:IICHO npMHSIT:& 

TenJionpHTOK I, 3 .. 2 BT aa Ka.JC.Uhle IOOC1a j12,eTp. I9; 13 /; ene,uo:aa

TeJil'Ho: 

Q \{ :: 1~00 [ ~] · 1 go [o J · 2 = 0. 7/!. [ Sm J , 
'qTQ eoOTBeTeTByeT MenapeHMIO JCM,UKOrC reJIHSI "'" ~ I JI/qae • 

.U) TenJionpMTOK no TefiJIOBbtM MOC TaM ( OT 78°I{ ,11;0 4°K) 

B BM,Ue BepTMKaJil'HhiX Tar, KpenSimMX C6MOTKY K MarHHTOnpOBO.UY H 

BoenpHHHMaiOO{MX eHJihi MHepUMH npH .UB~JB:eHHH CBM M ero Bee: 

OpMeHTMpoBoqno MOJCHO npHHRTl' e)MMapHOe eeqeHMe BepTHKaJil'HhiX 

Tar Fi Mal<c 

Ss.r. ~ [; J .. -1-~~~ z ~· olt (eM z) 
Mc::tkc 3on 

s.uee:o Fg - MaKeHMaJil'H&e emnbi ME epiUfM o6MoTKM np:a .UBIDXeHMM 

CBM BBepx, [Kr J; 
[bgon] = 1.500 Kr/eM2 ( TarH H3 Hep:liCaBeiOO{ett eTaJilt) 

MOkC 

Fg ~ Pobrv~ p obM 35 A.- 56 ( + ~ . a "' 3s + ~.& · o- K, J 

r,ue: p obM =35 Kr - Bee 06MOTKH H KpHoeTaTa 

() = 6 M/eeK2 - yeKopeHHe npH nc.u~eMe CBM B pa6oqee nono

:aceHHe Hs mJIDsa. 

Ey,ueM eqHTaTl', qTo .una KpenJieH~~ o6MoTKM npM .UBHEeHHRX 

CBM B o6oHx aanpaBJieHMax aeo6xo,uMMC HMeT:& 12 Tar eeqeHHeM no 

I MM2 , T.e. 

~S.r:= o, I2 eM2• 
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TerrRorrpHTOK no TaKKM rennoBUM MOcTaM 

r.ne: Ac:p = 4, 85 J.L - cpe,n;HRSI HHTerpaR:oHaSI xennonpoBo.n; ... 
:u:.rpa.n 

HOCT:O HeOTOJCeHHOit Hep:acaBenne~ cranH B HHTepBane 7'7+4°Iv9,crp~IIo/; 

eM= 6 [eM] - ,IJ;RHHa THr. 

e) cyuMapHu~ xennonpHTOK K o6Morxe CBM no BapMaHTY I: 

ITo pacXO.IJ:Y XH)l;Koro reRHSI 3TO COCTaBHT 

I,- == I,42•2,9'7~4,2 (n/qac). 
LSap • 

3TOT rerrnonpHTOK 3HallHTeHeH. 

ITo 3TOMY BapMaHTY BeC:O KpHOCTaT BUnORHSieTCSI C asOTHUM 3Kpa

HHpOBaHHeM H BaKyyYHO~ H30RHUHen, x.e. OTCYTCTByeT MHOfOCRO~HaH 

H30HHUHSI~ 3,n;ec:& Q1 H Q3 ITO)l;CliHTUBar>TCSI ITO (I6), KaK HYliHCThle 

xennonpHTOKH; Gz.= 0; Q'l =0, '72 BT H Gs- =0,0'7 BT ~ax B 

BapMaHTe I); 

(a~ -t-Q3) :t, ·C·1o~(rh- rc:"J F =qo'fs·s, 7?.16~ -tot?.!"-'"tJ.s 1~0~ 
~ao6(&nJ 

En= 0,048 - .n;nst HMCTOBOit HepxaBeiOOle~ cxaJIH. 
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CYMMaPHhllt TerrJionpHTOK no BapM<:.HTY n: 

2. Q,;=0,06 +0, 72 +0,07 = 0,85 (nr), - " 
tiTO COOTB6TCTBY6T HCnapeHJ4iJ JltJ4;IJ;KOI'O reJIMSI 

f.vt;Q_ = I,42•0,85~ I,2 (JI/t:ac). _oap. 

E. 3nEKTPOlliTAHKE~ KOHTPOll1 M BE30TIACHOCTh. 

B Kat~eCTBe J4CTOt~HJ4Ka nHTaHHSI .IIJISI CBJI Moxer 6b1T:& npHMeHeH, 

HanpHMep, ceJieHoBHn BHTipSIM14TeJI:& THDa BY-I2/600; cxeMa Koroporo 

nepe.n;eJiaaa, KaK yKasaao B/14/~ ~:oxer 6blT:& npHMeHeH H Jiil6ott 

.n;pyrott HJ43KOBOJI:bTHhl~ MCTOtiHMK TIHT8.HHSI, HanpHMep, Ha TpaH3HCTO

pax~ 

IH.n;yKTHBHOCT:& CBM 3Hat~HTeJI:&Ha, oHa ~JIYXHT xopomMM crJiaxHBaD

mHM ~HJI:&TpOM .IJ;JISI TiyJI:&CaUHlt B KpHBO~ BbiTipSIMJI6HHOrO TOKa J4CTOtiHHKa 

TIHTaHH.fl. ll03TOMY ycTaHOBKH CTI6UMaJ::&HhiX CrJiaJB:MBaiOJifiDC qJHJI:&TpOB 

He rpe6yeTcSI, a .n;ByxnoJiynepHo.n;HaSI, Tpex~asHaSI cxeMa BhlTipSIMJieHH.fl 
' 

MOX6T CtiJ4TaT:&C.fl BTIOJIHe TIO.IJ;XO.IJ;Simen, 

CymeCTBYIOT CTporme Tpe6oBaHJ4.fl K CKopoCTH no.n;~eMa TOKa TIPJ4 

sarrHTKe CBM: CJIHIIIKOM 6ucTpaSI sanM~·Ka MOl!CeT npHBeCTH K npex.n:e

BpeMeHHOMY ( no KpHTHt~ecKoMy TOKy) nepexo.n;y o6MOTKJ4 CBM J43 

CBepxnpoBO.IJ;Simero COCTOSIHHSI B HOpWLJI:bH08e 06blt~HO BpeMSI l10.IJ;~eMa 

roKa npH sanHTKe ycTaHaBJIHBaeTc.a ~~KcnepHMeHTaJI:&Ho. OpHeHTHpo

BoqHo 'JTy CKOpOCT:b .IJ;JISI .n;aHHOrO CJI~rqa.a MOXHO onpe.n;eJIHT:b BeJIH

qJ4HO~ 5+I0 a/MHH. 

TipH nepexo.n;ax 06MOTKH ClJf B HO]))laJibHOe COCTOSIHHe sanaceH• 

Ha.fi uarHHTHblM noJieM 3HeprHR MoxeT B~eJIHT:&CSI BHYTPH CBM, Ha-
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rpeBas o6MOTKY H ucnapaa z~KHm re]H~. llpm 6oxbmo~ sanaceHHom 

3HeprHH HarpeB MOZeT BUSBaTb nopqy cenTYMa• 

.Itna npe,Il;OTBpanteHHH BU,IJ;eXeHHH 3EeprHH w ~M BHYTPH em 
napaxXeRbHO 06MOTKe nOAKXIDqaeTCH aRTHBHOe raCHTeXbHOe COTipOTHB

xeHHe RaaC!• Ha Hero OCTaeTCR saMKHYTO~ o6MOTKa em nocJie OTKJIIO

qeHHH HCTOqHHKa TIHTaHHH no CHrHaxy " ,IJ;aTqHKa nepexo,n:a", perH

CTpHpylOII{ero noaBXeHHe aKTHBHOJii COClaBXHlOil{e:M Hanpszer!JtiH Ha KOH

~aX 06MOTKH. 

BpeMH t cna..n;a TOKa B o6MOTKE Cllv{ npH 3 BaKyaUHH 3 HeprHH 

Ha R -zoe. MOZHO onpe,n:eXHTb no saKoF:y HSMeHeHHa TOKa B KOHTT."/Pe 

C HH,IJ;yKTHBHOCTbiD: 

· u H . 0 -t;t-L=--- L R 'ZOC 

(I8) 
) 

r.n:e ~ u H - HaqaXbHOe HanpaZeHHe Hh em npH no,n:KXKJqeHHH R1AcJ 

cr - TIOCT OHHHaa BpeMeHH KOHTypa c R 'laC H l, o6MOTKH em. 
Boxee no.n:po6HO 0 BH6ope napaMeTpOB HCTOqHHKOB TIHTaHHH H CXeM 

3 BaKyartHH, o .n:aTqHKax nepexo,n:a eM. B / cB, 12, 1'-t, 15, 16/ 

f 
' 
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Y. ITEPCli~K.TJIIBbi B C03jtAHlilli1 CBr;PXfJPOBO,Ufl@IX CEllTYM-MArH11TOB. 

PaCCMOTpeHH@e BHille BapMaHT@ MCnCnHeHMH cenTyM-MarHMTOB ll3 

npOBOROqHoro WRM neHTOqHoro CBepxnpCBO~HMKa MMCIDT ~B8 cy~eCTBeH

HHX H6~0CT8TK8! BO-nepBUX, CBepxnpOIO~HMK T8KWX 06MOTOK no~Bep

ECH 3H8qMT6A1HOrt ~erpa~aiJ,MM (B 3-5 f83 CHME88TCH KpMTM~eCKM~ 

TOR B 06MOTKe no cpaBHeHMID C KOpOTKVM o6pa3IJ,OM TO~ Ee npOBOROKM); 

BO-BTOpHX, 38MeTHYID ~ORID TOR~MHU cerTyMOB COCT8BRHIDT CTeHKM 

KpMOCT8TOB, TenROM30RHIJ,MR. 

Hwze npMBO~HTCH HeKOTOpHe nepcneKTMBHBe HanpaBReHMH B C03-

~aHww cBepxnpoBo~a~wx cenTyM-MarHwTcB, He MMcmmwx yKasaHH@X BH-

rue He;n;ocTaTROB. 

B HBCTOHmee BpeMB nOHBMRMC:O CBEpxnpOBO~HMKM C BHyTpeHH6~ 

CT8611RM38IJ,Meti ( C TOHKMMM CB11T1IMH HMIJ HMM) /I7 ;I8' CTp.2080-20G5/. 

B HMX noqTM nonHOCT1ID OTCYTCTBYIDT TEnnOB@~CA6HMH 1'13-38 CKaqROB 

nOTOK8 npM yBenHYeHMM TOK8. ilOSTOMY T8Klle 06MOTKM He no~Bepme

H@ ~erpa~aiJ,1'111. ilROTHOCTM TOK8, nonyt:aeMbie B 06MOTI{8X 113 BHyTpeH

He CT86MRM3HPOB8HHhlX CBepxnpOBO~HHKCB, H8 ITOpH~OK Bhlille, qeM 

B 06MOTK8X C TIORHOti CT86HnH38IJ,1'IeM HCpM8HbHhlM MeTannoM. ITo ~aH- . 

HhlM (JiwpMhi <r>Pr VaKu.t.un::,c.hme/ze Simen~;, HanpwMep, B Ka6ene, co~epJKaj 
meM HMT1~ "' P 7 0 rK H3 CTIJI8B3 H1'I06I<i1-TIIIT8H B M6~HOt1 M8T pwu,e 

{ COOTHOUleHMC MC,l.\H M CI1JI8B8 ~ 2 : I 110 06':08MY), ~OCTJ!IrHyTbi nnoT

HOCTM TOKa ~ I05 8/CMZ npw Harrpm::eHHOCTH nOnB 60 K8. B He6on:o

IIl11X COJI6HOM~8X 113 T8KOrO CBepxnpOBOlJIWK8 ITJIOTHOCT:D TOK8 no Bee

My ceqeH11ID 06MOTKW ~OCTHraeT 6.I04 E/cM2 • 
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KpoMe Taro, MOJKeT ObiT:o npe;nJimteH "oecn:pwocTaTHbii:l" Bap:waHT 

cenTyM-MarHwTa (pwc.B). ToJimMHa c:errTyMa MarHwTa, BhlTIOJIHeHHoro 

riO pMC. 8, COI'JiaCHO npMBO;I\MMhiM H1'iJC6 paclieTaM M pesyJI:OT!IIPYIO

mMM ICpMBbiM p:VIC. 9, l\lJOJltGT COCTaBHTJ) BCero 3 MM rrpn :VIli:z\YRUMM 

B sasope I,4 Teena. 

~OHCTpyKIJ;lliH cerrTyMa ITO pMC. 8 rrpe;nycMUTpWBaeT ITPMKJI61'1Ba

HJt16 SITOIWM;zJ;HOM CMOJIOM CBepxrrpOBO;zJ;lllliRa R rrpe;nBapVITBJibHO rrpo:rny

TOM M6TaJIJIMY:6CKOM ITJI8CTMHK8. BMTK!I rrpOBO;l\HMK8 SJI8KTpMqeCRM 

M30JI11pOB8Hbl ;n;pyr OT ;n;pyl'B 11 OT fiJICICTVIHhi SITORCH;zJ;OM, HO HBXO;l\flT

CH B ;1\0CT8TOY:HO XpporneM TGTIJIOBOM I:OHTBKTG C He~ 11 ;n;aJiee C ropM-

30HTaJibHbiMM ITJiaHK8M11, Ha KOTOpble HaTiaHHbl 3M68BMRMC JKM;I\KJI!M re-

JIMeM. ITpe;n;BapMTeJI:OHbii1 rrporii!6 rrosBoJrHe T He cyme.tt rrnac TMHe pa6o-

TaTJJ TOJI:OKo Ha pacTmr~eHHe, Y:TO yivltlHJJrnaeT e~ ToJimMHY no cpaBHG

HMIO C ITJIOCROM fiJI8CTMHOt1. 0,I!,HBRO 11j}M M8JI1IX HarrpfilK6HHOCIJ.'flX ITOJlfl 

I1JIOCKM6 ITJiaCTMHhi T8KJK6 MOI'YT OhlT:O TipMM6H6Hhi. 

EcJm TennooTBo;n; oT o6MOTK1'1 n: ::eJIMIO (no pHc. 8) OKijJKGTCH 

HG;zJ;OCTBTOY:HhiM ;zJ;JIH rro;n;;n;epzaHJI!fi OOMI)TKM B CBepxrrpOBO;zJ;HmeM COCTOH

HMM ( OCOOBHHO, GCJIJI! yqeCT:b T8ITJIOBlJ;I\6JI6HMe B cerr'ryMe rrp:w nepece

Y:GHMM ITOCJIG;zJ;HBl,O BbiBO;zJ;:WMhiM ITJIY:ROM), TO MOZGT OhiT:O rrpe;n;JIOJKGH 

cenTyM :vrs TpyoliaToro BHYTPBHHe cT:36II!JIM3MpoBaHHOro cBepxrrpoBo;n;

HII!Ra, BHYTPM KOIJ.'oporo npoKaiiHBaeTi)fl w:M;nimti reJIII!:t1. CerrTyM B 

I 
STOM CJiyiiae 6y;neT MMe T:O OOJI:OillYIO T'JJIUJ,II!HY, HO, B O.CHOBHOM, Ba 

CY:eT JKliill,KOI'O I'GJIIIIH, IIJIOTHOCT:b FCOT,JpOI'O BGCJJMa MBJI8 .IlpHMep npii!Me

HGH:Wff TaKOI'O Tpy6iiaTOl'O IIPOBO;I\HMK::l ;zJ;Jifl 00h10TOK CBepxrrpOBOlJ.HmMX 

COJIBHO:W;l\OB OITII!CaH B /I6/. 

HMZB npOBO;l\MTCH paCY:~T TOJimlliR~ cenTyMa MarHMTa, BUITOJIHGH

HOI'O ITO pMC. 8. 



Puc. 8 5ecKpuocmarnH6tu bcrpuaHrn 

C'enmyM- MG2Hurna c oOMOn?KoU U.3 

HurnR~-toeo ot5epxnpot5oOI-IuK(.l. 

I(: : :~-· 

f. Mael-lun?onpo6oo n,cu 78°1<. 
2 . .J111eeouK c .JKuOKuM eeAueM. 

. .3. CrngeuOaiOU(Ve nJiai-IKU. 

4. Hecyu..(afl n.nacmuuKa. 

5. 00M0/?7KO U.3 cOepxnooOoOHUKa. 
6. 9AeKrnpuvecK09 U 10A9l.(Ufl U.3 

Snl.'KCUOa. 

7 43oml-l6tu SKpal-l. 
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I. 'l'OJI[[(MHa CBe pxrrpoBOf\H11Ra - ~J' __ cn...___ 

HH,Il111\a~I1H ITOJIH B sasope MarHMTll C JK6JI630M ITO (7): 

B :::. 0, ~1i N) [ T}\ J r,Ile; 
0 10't. a.. ? rtJ ~a.. ·S::n ·J ; 

3,Il6C:O j [ (cM2.] - ITJIOTHOCTJ, TORa B CBepXITpOBO,llHviRe; 

rrp11M6M d = 105 
ajCMZ, H63aBL1CliMO OT HSIIpHY.teHHOCTL1 ITOJIH. 

Tor,Ila: 

2. ToJiw,MHa orrpHot1 CTei-IKvi - Scr ___:. 

,llJIH Bbll,HYTOM CT6Hii11 H8IIpHJK6I·IL16 ;rp110JII1JK6HHO MOJ~~HO Ha~1T11 ITO 

ciJopMyJie, rrpMM6HH6MOM B pacl:ieTaX JJ;f11Jl1IH~p111:16CRL1X cocy~oB: 

PM - MarHMTHoe ,IlaBJieHMe; 

R - pa~Myc rrpor116a cTeHRJ/1 • 

D = ~ [ 1<'1../ 2] 
I M 8 <Jj fCM 

, Tor~a 

(' ::: 5~ · R [ o. eM] 
CT 8<fi. 6 

llo pviC. 8 
~ ~ ~ 

R - ~ - ( R- t ) = C. 
ilpMMeM cTpeJiy rrpor116a f = 0, 02 a.; Tor~a. 

R2._ ~
2

- R2 + .2R·0,02.a.- (0,02)-t::::O. 

ITpeHe6peraH nocne~HMM l:iJieHOM,rroJiyl:iMM 

R = 6,25 a. 
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.2. 
\ e,o · 6,2.5·a_ 
d ~T - ___..;~~--

8q;-. () 

I1p11M8M ;IJ.JIB M6;IJ.L1 b~~n = 2000 Rr/cM2 , Tor:zr.a 

.2. 
6,25". '-1,9 · 8 0 

8. 3 1'-t . .2000 
~ 

, TO ~ = 0,06 8~ 
CT 0 

3. 06maH TOJIUJHHa cenTyMa. 

TOJitg11Hy 1130JIH~11L1 ;IJ.JIB BC6X CJIY't!6€B rrp11M€M 

6lt30J\ = 0, 02 OM. 

" TonmMHY aaoTHoro sKpaHa 11 3a3opa MeE;zr.y HMM 11 cTeHKoli rrp11MeM 

&~.3~ s~.= 0,02 + 0,02 = 0,04 (MM) 

IlOJIH8H TOJILUMHa CBepxrrpOBO;IJ.Btgero C6TITyMa BO p:vrc. 8 

ScenT = ~n + ~T + Su!»oJt -t ~~-~- + 6'"~. 

b_ = 008 80 +0,068!+0,06 [eM] 
cenr ' 

Pe3yJibTaTN pacq~Ta rrpe;zr.cTaBnenN Ha pwc. 9 prr;zr.oM c KPMBoli 

;IJ.JIH o6LI't!Horo ceuTyMa. 

HaKoHeu, TaKJKe rrcpcrreKTMBHLrM, xorH 11 MeHee M3y't!eHHhiM,HBJIHeT-

CH HarrpaBJI8H11e C03;IJ.8H11R cenTyM-M8rH11rOB, r;zr.e MCITOJib3YIDTCH ;IJ.Ma

M8rHMTHbl6 CBOliCTBa CBepxrrpOBO;IJ.HMKOB. 

IilarHMTHhlli TIOTOK, C03;IJ.8HHhiM OOMOTJCOM (B TOM 1IMCJI8 ,M CBepx

ITPOBO;IJ.Htge.ti) 7pacrroJIOE8HHot1 He B ooJiac~'M cenTyMa ,rrpoxo;zr.HT JI:vroo no 



3I 

MarHRTonpOBO~Y ( nonHOCTLID MnH qacrHqHo 3aKniDqeHHOMY B CBepx

npOBO~SUJtMti :ntpaH), nH60 npR OTCYTC~rBHH MarHHTOnpOBO~a, HanpaB

nsreTCSI no Heo6xo~HMOMY nyTH c noMottl>IO 3TRX 3KpaHoB. CenTYM-Mar

HHTH, BHnOnHeHHJ:le Ta.KHM odpa3oM, OCina~aiOT CYJI(eCTBeHHllM npeHMY

II{eCTBOM nepe~ paccMoTpeHHbiMH mime 11apHaHTaMK: paccesrHHoe none 

nepe~ cenTYMOM npaKTHqecKH OTCYTCTEyer, qro ITOBHmaeT 3~eKTHB

HOCT1> BllBO~a nyqKa. 

0 npHHUHITaX HCnonHeHHSI MarHHTHllX rtene~ C HCnon1>30BaHHeM 

~J1aMarHHTHDIX CBOitCTB CBepxnpOBO~HHKOB TOBOpHTCSI, HaiTpHMep, B /19/. 

YI • B I:I B 0 .It tl -
I. BunonHeHHe CBepxnpoBO~SIII{ero uarHHTC} (CBM) C cenTYMOM ~nSI 

OTKnoHeHMSI nyqKa npOTOHOB CHHXpocpa3C1TpoHa Ha yrnht ~0 j3 =0,I2pa.n; 

npH Me~neHHOM BbiBO~e npMHrtHnHanLHO l:03MOJftHO. JJ:nSI npe~OTBp8JiteHHSI 

He~onycTRMoro renRoBUAeneHHSI npH neJeceqeHHH cenryMa nyqKoM 

MOXHO npRMeHHTL nerKHn cpopMarHHT, H8TipHMep,3neKTpocrarHqecKHti. 

ToRntHHa cenrJMa raKoro MarHmra ( L =3 Mj ]> =0,12; 13 0 =I,4rn) 

Moxer cocraBHTL He donee 3 MM. 

2~ BpeMSI HenpepHBHott padoru CBM ~r IOO-nHrpoBoro ~napa c 

Z~KHM renHeM COCTaBHT He MeHee Tpex CYTOK. 

3. BllnonHeHHe KpHoreHHott rexHoRo:,HqecKo~ cxew ~nsr no~Blm

Horo CBM npHHitHTIHaRLHo B03MOJR:Ho; ITpH ~anLHettmen pa6ore B 3TOM 

HanpaBneHHH Heo6xo~HMa npopa6orKa cne~y:nuHx BonpocoB:HcnonHeHHe 

rH6KHX ( HnH CKOn1>3SIH{HX) renHeBHX CHqlOHOB; perynHpOBaHHe no,n;aqH 

~H~KOTO renHSI B KpHOCTaTj OXRaE~eHHe TOKOBBO,JJ;OBj a30THOe OXRa

JR:~eHHe MaTHHTOTipOBO,n;a H illRI03a H HeKOl OphtX ~pyrHX. 
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4. B pa6oTe paccMoTpeH CBM, o~y~ecTBnHromm~ TOnLKO noBopoT 

nyqKa TIPOTOHOB; ~OKYCHpOBKa rrocne~Hero MOE6T 6HTL nonyqeHa,Ha

npHMep, C ITOMO~LID KBa~pyTIOllLHO~ M.~rHHTHOM llHH3H, BHTIOllH6HHOM H3 

BHyTpeHHe cTa6mnmampoB~HHoro cBe~crrpoBo~HHKa. 

5. 0co6oe BHHMSHH6 rrpH pa3BHTLIM pa60T ITO BHBO~y yCKOpeHHO

ro nyqKa C ITOMO~LID CBepxnpOBOAHmM}:.ycTpOMCTB cne~yeT YAGllMTL 

H83BSHHHM B rnaBe Y nepcrr8KTMBHHM HSTip8Bll6HHflM B C03~8HMH C6TI

TyM-MarHMTOB. 
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Yll. llPIIIJIOJKEH~[!b. 

Hmse npmBe~eH pae~eT Ten~aB~~e~eHmH AE B eenTyMe GBM npm 

nepeee~eHmm era yexapeHHhM ~a IO rsB ny~KaM HHTeHeHBHaeT»ro roi2 

npaTaHaB 88 9-eeK.UH~. 

llpmveu opmeHTmpoBo~uo: 

I) y~e~»HYID noTepro sHeprmm xas~oM ~aeTm~e~ ~~ =I,8 MaB/r/eu2t 

S~ee» dX- e~HHH~a ;ztJIHHbl CTO~C5a BetneeTBa e y~e~:OHblM BeeoM r 
ee~eame.M I mi; 

2) yexopeHHUe ~aeTHUH TepHIDT I% eBOeH HHTeHeHBHaeTH npH nepe-

ee~eHHm KaJ~,D;oro I MM TO~tni!Hli eenTyMa. 

Hp14 STHX ~anytneHHHX ,ltJifi a~Hara H8 pace~HTaHHhlX BapHaHTaB 

CBM (pHe.8: fo =0,I2; B0 =I,4 T~, a.= 4,9 e.u; 6 eenT.=0,3 e.u; 

L = 300 e») aE = :; ·r·I!.·Nnor =I,8.8.300.3.IOIO=I3.I013 

(r~sB] =I3.IOIS .I ,6 .Io-I~~ [~lit J ~ 2I ;ztE. 

a~ee:r, : NnoT =O,os.Ioi2 = s.roiO - "naTepaHo" ~aeTm~ B eenTyMe 

Ta~tnlilHO~ 3 MM; 

1r= 8 r/cu3- epe~HHH y~e~:bHhl~ Bee .MaTepma~aB eenTyMa. 

aueprma L\ E =21 ;zJ;JK :E>h1~e~HeTea B eenTyMe KaJit~hle 9 ceKyH;zt. 

llpHHffB epe;ztHIDID Ten~ae~KOeT:O MaTep14a~aB cenTyMa, KaK ~H 

Me;ztH npm ~°K, G = s.ro-4 }JZ/r.rpa:zt. I 9, CTp. I22/,HaM;zte.M npMpaeT 

Te.unepaTyph1 61r eenTyMa, ~o nepeee~eHHH ny~Ko.u HMeBmera TeMnepa

TYPY 4,2aK: 

T A£ 21. o ) 

L\ == c · 4- = 5·-tO'f. 3.5.30 ~ 1.£ ( K 

r~e: £; = c\:enr ·a· L · y-- =o,s.4,9.soo.8 -=- 3,530 (r) ·-

Bee vaTepHa~oB eenTyua. 

Taxa~ npHpacT TeMnepaTyphl, C5eaye~aBHa, npmBe~ 6h1 x nepexo~y eBepx

npoBa~HHKa B HapMa~I>HOe eaeTaffHH6: RpHTillleexaa T6MnepaTypa ~fi 

Nh-Ti. cacTaB~HeT 9,7aK, ~a: Nb3 Sn "'I8,0oK. 
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Heo6xo~HUO OTUeTHT:&, tlTO npH nO~CtleTe Ali He YllTeHa TennOOT

~aqa K ~H~OUy reHHD B Tpy6K8X (pHC.8) 38 CtleT TennonpOBO~HOCTH 

no MaTepHaHaM cenTyMa H CTflrHB81>UHM llH4HKaM.HO H npH ytleTe STO~ 

TennooT;ztatm cBepxnpoBo;ztHMOCT:& CBIA uapymanac:o 6hl. lloaTouy ueo6-

xo;ztHua aautHTa CBM OT TeMOBhi,14eJieHHfl B ero cenTyne npH nepece

t~eHHH nocne,14uero ycKopeHHhiM ny~o.M. STo .MO&Ho ocynteCTBHT:&,uanpm

.Mep, C llOMOII{:OI> npe.ztBKHIOlleHHOrO 3J[eKTpOCT8THtleCKOrO cenTy.Ma, OTKJIO

HHJOntero nytlOK H8 He3H81IHTeH:&HBti ~·ron, ,140CT8TOtlHHti JIHm:& ,14JIH 

aa6poca ny11xa aa 3 uu cenTyM CBll 6ea 11 aa,14eBaHHH 11nocJie.ztHero. 
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