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to massive ripped washers.For the first time the form factor 
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CHJll>Hble HMilYJll>CHhle Mal'HBTHble ITOJili (CidMII) Ha.xO,l{liT Bee 6om.­

mee npHMeHeHHe BO MHOI'HX 06JiaCT.fOC (pli3HKH. IlepBble ycneXH B noJiy­

qeaHH CM!MlI npHHa,l{JieiKaT II.JI.Kamn.~e, npHMeHMB!UeMy pasp.RA 6aTapeH 

qepe3 KaTymKy c MaJibIM conpOTHBJI6HH6M, qTO IT03BOJIHJIO noxyqHTh 

aone B 500 KI'C [I,2,3] • B I936-I939 rr. ~.DHTTep C03,l{aJI Mar­

HHTbl, oxJial!C,Zl;aeMble BOAOtt, KOTOpble ,l{aBama rIOCTOHHHb16 IlOJI.R 

""1001-200 xrc B 06'.&6Mlil 25 CMS. E.My llCe npHHa,l{JI6liWT HA6.R C03,l{a­

HHH ~eJihHOTOqeaHwc cnHpaJihHMX coneHOHAOB t4,5] • CJie'A,YIDlllHM aTa­

nou B yBeJrnqefillH HHT6HCHBH0CTH Mal'HHTHWC nonett 6MJIO HCrIOJih30-

BaHHe npHH~Hna CliaTHH uarHHTHOro noToxa [6,7,8] • CEaTblEI npH 

ITOMOl!lH B3p.b1Ba Mal'HHTHble IlOTOKH HCllOJ!&30BaJIH I'.KHOIIqieJIL H 

W.JlJ4a:x:apT [9] • A.M.CToJioB H B.A.lapuoaoB onHCblBaJl~ OIIblTbl no 

caaTuro uarHHTHoro noToxa BapblBOM ueTanJIHqecKHX woJ11.r DOA AeM­

CTBHeM SJI6KTpHqecKOl'O TOKa ,l{JIH C03,l{aHHli ueraraycCHHlC noneM[IO]. 

CepHro pa6oT no npo,l{oJiaeHHID onblTOB aa ~eJILHoToqeaawc cnxpaxllX 

BHTTepa ITpOB6JlH C.~OHep H X.KOJIM H nonyqHJIH peKOPAHble IlOJili 

""'750 KI'c, HCilOJ!l,30BaB MHOl'OBHTKOBble COJieHOH,l{bl [II] ' O,l{HaKO 

COJieHOH,l{bl c pa,l{HaJihHOtt TOJill!HHOtt BHTKa MHOI'O 60Jihlile ero ruara 

~MeroT orpaaMqeaaoe npHMeHeHHe HS-sa npHCYIIIHX HM T6XHHqeCKHX 

~e,l{OCTaTKOB, KOTOpble MOI'YT npHBO,l{HTh K paapyweaHro. MCllOJih3Yli 
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O;z{HOBH!KOBYB C046HOH;zu,l, x.wepc, M.neBHH H P.BaHeK COS'Aamt nona 

6oiee I Ul'c [12] • CoBpeueaaoe pasm1THe TeMaTHKa CHJll)HhlX HM -

nyJlliCBllX 1181'BB!HHX nonel B O'AHOBHTKOBblX coneHOH'A8X paanuqaott 

reo11etIJB11 • Maccw nonyqzJ18. B paOoTax r.A.maeepcoaa. B ero na­
Oopa1opo nony~aw norui: 1;1ops:~a 4 Mrc [I3,I4] • ,Zlu AOCTHeHHli 

Ta.KilX nonel OblJlll npHMeHeHW OAHOBHTKOBHe M8CCHBHHe coneHOH'AH, 

YCHJJHBaeuwe npoqamaH BKHSJUilllla!IH HS· CT8HH H 'APYrHX llO}tlCO'AHlllHX 

MSTepHanOB [I5]. Maoroqzcneaawe pa60TW MOEHO_.HalTH Ha MeE~­

H8PO'AHhlX KOHwepeHUHHX, CHllIIOSHyMax H WKOnax. TiocneAHHH - TpeTDH 

MeE~Hapo~aa KOH(J/epeHUHH no reaepauzz ueraraycCHhlX uarHHTHWX: 

nonett H PO'ACTB6HHblM SKCnepHMeHT0JI 6wna npoBe'AeHa B HOBOCH6HpcKe 

B I983 ro~ [I3] • 
B npe~raeuoA pa6oTe o6cyKAaDTCH COOTHOWeHHH, KOTOphWH 

CBHSSHW uem~ co6oA uarHHTHI:re nona, TOK, IlXOTHOCTD TOKa H uom­

HOCTD. IlpH nonyqeHHH CHllDHhlX
0 

uarHHTHl:itX noneA, uarHHTOilpOBO;zu,t ae 

npKMeHHMW, H menaTellDHO KOHCTpyHpOBaTD TaKHe 6esEenesHwe cone -

HDHAH, KOTOpwe llOSBOnHmt: 6w npH sa,AB.HHHX <J)HsHqecKHX napaueTpax 

uarHKTHOrO nonH OilTHMHSHpOBaTD reoMeTpHD 06MOTKH OTHOCHTellDHO 

IlOTpeOnHeMOA MOmHDCTH H Y'A06CTBa pa60TW c HHMH. Peintu pa60TW 

T8KHX c_oneHOH'AOB, Ka.K npaBHno, HaxD~TCH aa rpaHHUe TennoBOI 

H uexaaHqecKOA npoqHOCTH MaTepHanoB·06MOTKH. OnpeAeneHHe OilTH­

MSJll)HOA wopuw coxeHDH'Aa B saBHCHMDCTH OT noTpe6naeuol MDDUiOOTH 

HSBeCTHO B nHT6paType KRK sa)laqa 06 OllTHMH38UHH WOPM!f18.IC!O -

oa [I6, I7} B pa6oTe. paccuaTpHnaeTCH TaKme pacnpeJ.ten8BHt nnoT­

HOCTH TUK8 ' BOSHHKBIDmee B CilHpBnDHhlX coneHOH'A8X IiMfTtp-Konua 

C 6DXDlfll'IM OTH.OWeHHeM pa;ZJ;HyCOB. BWllllCXHDTCH WOPMl}!aKTOpW KBTYWKH 

c STHM pacnpe'AeneHHeM TOKa H pasJIHqHWMH KDHzqecKHllH 0 ptlllUIH [I4] :' 

KOTOpHe 'AO CHX nop He paccuaTpHBaIDIC:& B nHTepaTypt [IS,I?]. 
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IlpOBO'AHi'CH Ta.Kl!e cpaBH6HH0 c KSTYWKaMH ~o~ ~e @OpMH npH neH­

TOqHoA HSMOTKe paaruiqHwx THilOB, noKasaHHhtX Ha pHc.I, rAe Bep­

THK8JlDHlil.MH illTPHX8MH OTMeqeHbl CllHPBnDHWe 06MOTKH (THil I), a 

ropHSDHTanDHhlMH - neHTOqHwe o6MOTKH (THil TI) •. UH~p1i1 I-I' OTHO­

CHTCH K K8TYillK8M c BHyTpeHHeA KOHyCHOCTDID, 2-21 
- BHeWHei KO-

HYCHOCT:&ID H 4-4 1 
- 'ABYCTOPPHHe~ KOHYCHOCTDD • .ZlnH cpaBHeHHH 

ll0K838HW coneHOH'Abl 6es KOHYCHOCTH (3-3
1
). lillcneHHble pacqe'fbl no­

Kash!BBIDT, qTo BnHHHHe cpeaoB Ha wopMwaKTOP neHTOqHhlX coneHOHADB 

cymeCTBeHHO CiOJIDille' qeM B cnyqae coneHOH'AOB co CilHPBnDHhlMH 06- . 

MOTKaMH. ,ZlnH llOCXe'AffHX pas6poc OilTHMBn:&HhlX SHaqeaHA WOPMwaKTO-

pa B saBHCHMOCTH OT ~OPMH cpesa HeSH8lUITeneH, 10-BH'AHMOMY, 

o6~HCHHeTCH KOHU6HTpauze~ TOK8 y OCH coneHOHAS. 

B OCill!eM cnyqae MOmHOCT:& IlOTepD p npOllOPIUIOH8XDH8 KBSA-

paTy TOKa, llOSTOMY uarHHTHOe none H B npOH3BOHDH0~ TOtUCe 

~ Ha OCH coneHOH'Aa npeACTBBnaeTCH B BHAe: 

H (i{ ) -= ( P )Yz G Ci£) , 
E>~-- p 

(I) 

rAe f - xapaKTepHaH 'AHHH8 pa6oqero 06~eMa COneHOHA8 (CM. 

pHc.2a,6); 

~3~~- Y'AeHDHoe conpoTHBneHHe MaTepHana o6MOTKH c yqeTOM 

~os~HnHeHTa aanonHeHif°H A ; 

A= v~Vo - KOsCPWHIUleHT sanonHeHHH [I7) 

V1 - o6~eM npOBO'AHll!ett cpe,l\bl; 

V0 - o6~eM coneHOHAa, HesanonHeHHoro npOBOAHHKOM. 

IlpH KOHCTPYHPDBBHHH coneHOH'AOB H HX cpaBHHTenDHOH oneHKe 

HCXO'Afl:T rnaBHiilM o6pasoM HS STOro COOTHOilleHHH. 
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.DeapaawepHaa lii.YHKIUHI G( 'i") 3Ci.l:U'ICHT OT reoueTpl4H coJieHo-

l4;zta. Ecmt KRTymKa !4.MeeT qeHTP Cl4MMeTpH!4 B TOqKe 't&.\•C• > H ij/H-

aHqecKJle YCJIOBHH CBO,Zl;HTCH K noJiyqeg1410 M8KCHM8JlhHOro IlOJIH B 

qeHTpe, TO :eeJiwrnHy G ("i°'l.c.) Haah!:ea10T lf!OpMc}JaKTopou [I6,I7] • 

06wqHO reOMeTpHIO KqTyillKH Bbl6Hpa!OT T8KHM o6pasoM, qT06bl @OpM -

@aKTop G = G (ii 'I·"·} w:MeJI M8KCl4M8JIDHoe sHa-qeHHe. 0,11HaKo Bos­

MOlKHhl TaKlKe ,11pyl'!4e onpe,Zl;eJieHHH ,Zl;JIH fPYHKqHM G (ii) • HanpHMep, 

lIP!4 MCilOJID80B8Hl4!4 6eslKeJie3Hb!X COJI6HOJ4,1\0B ,1\JIH C03,1\8HHH IlOBOpOT­

HblX H fPOKyc14py10111l4X uarHl'ITHblX noirelil B ycKOp!4TeJIHX, ~~6,1\H88HaqeH­

HblX ,1\JIH MCilOJID30B8HHH CHHXPOTpOHHOro M3JiyqeHHH, ~lllSMqecKl/le yc­

JIOBHH onpe,11eJIHIOTCH ,Zl;MH8MHKOlil nyqKa qacT111q, qTO npHBO,ll;HT K !4H­

TerpaJihHblM ycno:eHHM Ha WYHKUHIO G ( i') • 

B ,Z1;8HHOki pa6oTe paccMaTpHB8IOTCH K8TYillKH, HM8IOII(l46 ueHTP CHM­

MeTpHH, c 06MOTK8MM B BH,Zl;e CilJIOillHblX cnHpaJiel (THil I) H B BH,1\e 

CilJIOillHblX JieHT (THil IT). KaTyillKH I H rr-ro THilOB pacCM8TpMB8IOTCH 

:e qeTblpex :eapHaHTax. Bo :ecex :epaHaHTax nnoTHOCTh TOKa j aa­

BJ1Cl4T OT pa,l\Hyca. 9Ta 88BHCHMOCTh B08HHK88T Hs-sa MBMeHeHHH 

mHpHHbl o6uoToqHolil illHHbl KRK WYHKUHH ee ,1\Jil4Hbl. ToqHbllil pacqeT 

IIJIOTHOCTlll TOK8 CBH38H c pelll6Hl4eM rpaHl'JqHOlil sa,Z1;aq14 ,Zl;JIH IlOCTOHH··· 

HblX TOKOB [I8,I9] • B H8ill6M CJiyqqe, O,Zl;H8KO, BOBMOlKHO npHCl.JlllllteK­

HOe Bbllil!CJieHHe, OCHOB8HHOe Ha CJie,ll;yIOll(HX IIpe,ll;IlOJIOlKeHHHX: 

a) mar cnHpaJIH ,Zl;OCTATOqHo Man no cpq:eHeHHIO c BHyTpeHHHM 

pa,ll;HyCOM COJieHOH,1\a, TaK qTo HanpaBJI6Hl46 TOKa MOlKHO QqJ4T"T& 

nepneH,ll;HKyJIHpHblM K 0014 KaTyillKl4; 

6) B~QleKTbl, CBHBaHHble c H8Jll4ql4eM TpaneqeH,1\8JI&HOCTH, B08HH­

K8IOll(l4e OT JIHH6k!Horo pocTa llll4pl4Hbl OCiMOTO'l!HOI lllHHbl c ee AJlltit OJ.I 

Ha KOHUax OCiMOTKH, npeHe6pelKHMO M8Jlbl, eoJW 8TOT pOCT AOOTnTOQ­

iO M8JI. J(mrna yqacTKa lIOCTOHHHOlil lllHpHHlil lllHHbl B6JIHKa 110 opnBHtl-
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HHIO c aTOU mHpHHOI. Kpoue Toro, :ecer,1\a TOJIIJIHH8 WHHbl MHOro M6HD­

me lllH pHHbl. 

qTo6w BliltDJCJIHTD DJIOTHOCTh TOKa B 0,1\HOM BHTKe DJ10CKOCDHpa.JII.­

HO! K8TymKH,58MeTHM, qTO conpOTHBJI8HHe 
1 

R4 aneMeHTa BHTKa 

A p8BHO: 
RA = s> 23t'2. 

~·A ' 

rAe g - TOJ111!HH8 JllHHW, i. - pa,llilyc BHTKa. 

T.e. TOK IA , npoTeKaJOlltHil np aTouy aneMeHTy, 

v 
IA=R"A' 

rAe v - D8A6HHe HanpHKeftHH Ha OAHOU BHTKe. 

CJieAo:eaTeJIDHO,DJIOTHOCTh Toxa J HMB8T :BHA: 

IA 
J=~ 

v v 
: !;·ARA: 2~.f'l. 

Tax K8K nouH! TOK I paBeH cyuue TOKOB IA , H:lllrl 

'Lg 

r = r i!;d7. = .!.:Y ·en. .1! , '~ 6 2!Jl.jJ 'tH 
"l.H 

(2) 

(3) 

r,11e 'Lg - BHyirpeHHHI pa}Ufyc KBTymKH' "l.H - HapylltHI:di pa,Z1;It1yc 

KaTymKH, TO c y11eTOM (2) nony~aeu IlJIOTHOCTh TOKa, :ewpaireHHYIO 

qe pes noJIHwlil · TOK I , :e · BH,1\e : 

'J = 
I 

~·en~ 'Z.H(><) 

1 
'1:"' (4) 

rp;Ei lf!YHKIU!H 'l. ~ O<) H 'LH (X) - COOTBeTb!fBeHHO BHyTpeHHH~ 

• Hapyemt pa,ll;Hycw OClMOTKlll, 38BHCHll(l46 OT paccTOHHHH )(, B,1\0JID 
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OCH KaTymKH. IloTepH MOl!IHOCTH B O,llHOM BHTKe cnHpa.11H Pos Bhl­

qHCJIHIOTCH l10 WOpMyne: 

'tg(X) I' 2 d 
\ o·V 'Z -

Pos=J 21'j>'t -
7.H (X) 

2!Ir.P Iz 
0 1till f; 'Ln'ril{l<) 

Ha aneMeH Te dx ,llmlHbl KaTylllKH yKJia,n;b!BaeTCf! dx/ g BHT­

K OB, cne,n;oBaTen:&Ho, nonHaa MOIJIHOCT:& noTep:& Ps paBaa: 

dx 2n"f I 2 r d>e 
P5 = 5 Pos T = g a J e 'tg ex> 

I'\ 'tH(.X) 
(5) 

B ,llaJUiaeU111eu npoBO;IU'ITCH cpaBHeHHe qiopM<lJaKTopoB nnocKocnH­

pan:&HhlX. H J16HTOqHhlX KaTymsK. nna nocne.n;IDIX conpOTHBJ16HHe Rt~ 

o,zi;aoro BHTKa paBHo: 

R1~ = (6) 

r,zi;e S('t.)- umpHHa neHThl, KaK ilJyHKJzyJf! pa.1ll'lyca. IloTepH MOii\ -

HOCTH o,zi;aoro BHTKa Poi. 11Me10T BH'A: 

PoL = 12 R IL= 2:Jr.P I2 'Z. 
gs ("Z.) 

Cne,lloBaTeJ!:&Ho, nonaaa MOl!IHOCT:& noTep:& paBHa: 

i; d 't 23r.P I 2 'Ls 'td 7. 

P... = ~ PoL T = g a ~ S('t) 
'ZH 'l.H 

(?) 

(H) 

!IJ!OTHOCT]) TOKa BbJlUWJlf!eTC.H B IIp.110Jll1lJC8H.11H ITOCTOHHnOro prlCl!{'tlj(O­

;.eHHfl TDKa ITO ceqeHHIO J18HThl B BH~e: 
I 

J = g. S('t) v I) 

8 

1 
t 

' j 

iliop.M~KTop G , xapaKTepHsyIOll\Hti re oueTp!410 KarywKH, orrpe,llem1-

eTca no @opuyne (I) B BH,n;e: 

P -1/z 
G=Ho(~) , 

r,zi;e "l., - MHHHMaJIJ>Hbl~ BHyTpeHHH~ pa.zi;Hyc KaTylUKH' 

Ho - saaqeaHe MarHHTHoro nona B ueHTpe CHMMeTpHH. 

nna Bhlql'JCJ16HHH Ho HCnOJ!:&SyeTCH <lJOpMyna [I6] 

· • i.. 2 d'tdx 
Ho=o,2:n:J~J(X,'l.) (x2+'t2)3/2 

H HHTerpHpOBaHHe rrpOBO;IU'ITCH no l1J!Ol!la;IU'I ceqeHHf! KaTywKH. 

(IO) 

(II) 

~J!H KaTymeK c BepxHHM (Hltl~HHM) cpesaMH ypaBHeHHH C8KYlilHX 

npf!MhlX (CM.pHc.2) HM6IOT BH,ll: 

x- e + "l,- i 2,1 = -1 , 
K 1 - Ka 

r,lle K1 - 'AJIHHa cpeaaaaoU qacr111 o6MOTKH no OCH x 
Ka - ,ll;JIHHa cpesaHHOti qacTH 06MOTKH no OCH y 

2e '."" ,llJIHHa 06MOTKH, 

'l.e- MaKCl'JMaJI:&HblM pA,ll;HyC K'lTYlUKH. 

(12) 

Wcnon:&syf! WOPMYJih! (4),(5),(8-II),MO~Ho H8l1HcaTD 'AJIH wopM­

@aKTopoB CJ16,1lyIOillKe ilJOp!14YJihl: 

I. ~J!H J16HTOqHbli KaTyllieK 

puc.I(2')): 
c O,llHHM BepxHHM cpesoM (CM. 

ct-zz dg "' ds 
' 1/z r ~f2+.P21 +JsezV!'t+[J!-ie1+:;c~-g)J 2 

I. 

GL., 0,2'l' {(cl. - a:!a )z - 1 - oe: <Ee (<lee ,J3-ree +«:)en --?-1~ 
2·13 ae1 + re1 a:?1 ~ <E1j 
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r:zte 
2 

...: l<tiz . cl 'tz 
112 - T, , = 'i1 

e 
J3=t; . 

2. ~Jlll X8HfOqBHl[ K8tyweK c O;IUIHll HHZHHll"Cpeaou (Cll.PJrlC.I(I): 

1+•1 cli I Ts f. clt 2 0 

M '/a ~ Jc1:.ae,+111•(!-1)J2 + §2 t+ae2 '1 fl ... k fl 'k. (Ilf.) 
G .. =o,2.s {'*:..o.tiaft ..,!!I + ~(-~p+cea+1)en j'='i;} . 

ZJI ce, °'' ae, 

3. ltlB CDBP8JlltHHX KB!JlllH c IWDlll Bepx1111 cpe·ama (cu. 

pn~.1(2)): 

...,__-·-.. , -Yz rf: •e( .,12 2j"Vt 

1 
1 £ 1>-11e1+~j+(fl-ie,)i r<f+"2

) -1L"-a!atz, f>·'l'IJ +)( d>< 

~ = 0,2:1rt/2 ~{ruL ,~:••+::icc;r+·(l-ae,>' 
111~ •• !~ [ct-a?z + ~ (,13-}><~J 

el'\a. + j~Z1 en (~-1£2+ ~ (j3- ~)) 2 

4. ,llJlJl CIIJlp8llBHX KatymeK c O;ltHHll H14llHHU cpeao11 ( cu. 

p11c.I(I): 

(IS) 

· ~ { aez 2 '}·1/z. -'k 
K 

1
i'j_ ·fn 1-ae,+~t+(l-Z1) 2 + r (1~Zz+iif,(X·J3)] +X -("

2
+x

2
) dll 

G :0,2st"1fi entA. J!-z,+~11.•+(fl-z,)2 >~I!• fn{<£[1+zz-fCJ3-.><)]"ij 
5 { ~-Z1 '- dt • ~+ l en{c£(1+<£2 - ~(13-~)J"'} } (I6) 

1-ae, Z1 

.l(Jifl xatyweK c 'AJIYllH cpeaaim 1411erot uecto cne;zzyDll!He @op11ynw. 

Pacc11atpmBaH ;n;BO~Hol cpea Bap14aata 4 (c11.pHc.I), 1411ee11 ;ll,lla cny­

qas ;n;nH CllHPSXDHhtX COJ18H014;11;0B: 

I. Ilpi4 K~ > K~ (cu.pHc.I(4) H pMc.2) HU6KC811H C H H 

otueqeau BeJmqHHH, otHOCHlllHeCH K Bepxaeuy 14 HHlllie11y cpeaau 

COOTB6TCTB6HHO. nns AQHHOrO cnyqaH @OpMqiaKTOp 0608H8qaefOH 

IO 

111 
> 

qepea, G&ti 
15 14 HMeeT BH;n;: 

. 1-aef p-<£,H dx 
gH 1/e{(c:Lx (-1 _.:_ 1 )+ ( ---=-,~p-=x-.,-x 

G-15 =0,21r J enct hu.2' .Ja.z+x2 J ' fn(oC-aez + ""iT"Gez 
0 J3•:1!, I 

( 
1 1 ~ ( dx + .,._,. c 
~ ~(6'·a:!+~·<£~)+)(2 H en CJL-atf + ~ 

' ,Jl-lll?1 1 + z" - J!. .,. se" • ae;o 2 

x 

1 
( .fo· J { l + :2.~ - ""i", '1<oe.-cef + ~~na+xz )}x 

(I'i 

g p-ae," 

{ 
1-ai1 ) dx 
-- g J!·X C 

foe:(, ~ en(oC.-a:a + aer ~2 
p-ae, I 

P d.x 
+ r ct-ae~ + If a:! 

JH frt p-X H 
Jl <£, 1i<E" - -ae" 2z 

2 I 

r1/2 
c H . CH 

2. Ilpl'I K1 < K1 , qiopMqJrutTOp o6oaaaqaetcH qepea G25 

14 HUee! Bl'l;n;: 

rae/1 p-re,6 

)( CH 1/e { f dx (-i __ 1 __ \ t ( d.x 
Gas = o,2 :rr .) ena. h+xi Jd.Z+xZ'/ J ff ol 

0 ~-1£1 fn ----,j!,--_"7:"1<--H --

fT 2~ - ae~ ae • 

( p-lr ~ .. "'~ - 2 . 1 

' 
+ ~ 
Jl·aef 

dx 
p-x C 

~-<£~ + zr re2 
en H ji-X II 

1 + '12 - 2H"" rez 
I 

I + 1 ) ~~2+,XZ + 

• (_. -, 1 
- (18) 

II 



,,. 

H g J!-ae, J>-ae, d 
. 1 )}·{r~+ r : + 

- r .13-x af. )t"" xz .} frtd. ~ " fn " .13-x zH 2 + aef" a o .f> ae, 1 + ~z - z~ 2 

1 
+ f d.x }-1/e 
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PesynETaTw q11cneHHbCC pacqeTOB wopMiiJaKTOpOB AHH paanHqHhtX THllOB 

KaTyweK npe;n;cTaBneHw Ha PHC.3. SaMKHyTwe KpHBWe HBHHlOTCH H30Jlll­

HHHMH wopMilJaKTopoB, KOTOpwe nonyqeHw np11 onTHMHB~HH no Bceu 

napaMeTpaM, xpoue ol H J3 • TeopeTHqecKH qiopM(paKTOp G ;n;oc-

.THraei' CBoero MaKCHMyMa, paBHOro 0,272, a coneHOH;zJ; llpHHHMaeT 

6eCKOHeqHyJO npOTHlK6HHOCTD, ecnH 't1 t xapaKTep11ay10m1tt paoo~iil 

12 

t' 

Ji{ 

' 

aaaop, KOHeqea. Taxoiil coneHoH;n; 11ueHyeTcH coneHOH;n;ou Ken:&BHHa 

(17] c pacnpe;n;enea11eu IlHOTHOCTH TOKa B BH;n;e: 

j= _1 - ·-_;;_~--
10f f (x2+~2 )3/2 ' 

r;n;e x - pacCTOHHHe OT ~eHTpa BHTKa ;n;o TO'!KH, B KOTOpOiil H3M9pH• 

eTCH ~arHHTHOe none. 

1. Cn11panEHwe coneHoH;n;w c ;n;BycTopoHHett KOHycHocTEJO Hee -

KOn:&KHX MO;n;HIDHK~Hiil AHH nonyqelil'IH C~Mll 6h!JlH CKOHCTpyHpOBaHH H 

H3rOTOBH6HW B EpeBaHCKOM Wifs11qecKOM HHCTHTyTe (20,22] (cu. 

p11c.2 (a,6)).CnHpaHDHaH KaTymKa O;zJ;HOiil MO;n;HIDHKa~ BHTOqesa H5 

CllHOWHOrO npyTKa 6pOHSW ;n;HaMeTpOM 80 MM. nna IlOJJ3q8JU48 DBp&Jl­

H6HDHbCC TOp~eBbCC llHOCKOCTeiil KOHCTPYK~H cn11pa.1llo BB DOJlll8l'a 

BBJIIHqeHa ;n;o ynopa B TOKOHecyuzyie nnaCTHHW (Til). TIJ Hlleft •A 

IlHOCKHX ~HHH;n;poB, nepexo;zJ;HlltHX B CTOiilKH npH110yro.111tHOro ceqe­

HBH, B Topnax ROTOpwx BWCBepneHw eTB6pCTBH c pes~6ol ~ Kpen­

neHHH TOKOHeCyUW!x mu~. MelK;Izy TIT H CTHrHBaIDlllHMH l}pJBIDUUlll (C~) 

HS HeplKaBeromett CTaHH npoxna;n;wBaeTCH CTeKHOTeKCT0.1lH!OBA8 matt6a, 

CKneeHaaa c ;n;Byx CTOpOH cn10;n;ott.~na M6lKBBTKOBO« HSOHHIUIB BCllOHE• 

SOBaH CTeKHOT6KCTOHHT, cxnee~H~M CHID'AOM c ;zJ;Byx CTOpOH, co CMe­

meHHlilM WBOM. KaTymKa saTHHyTa wecTDID 6onTaMH HS HeplltaBerome~ 

cTan11, nponymeHHhlMH qepea usoHHpyiouzyie BTynKH ua @ToponnacTa, 

KOTOp~e BCTaBH6HW B OTBepCTHH wnaa~eE B 3alKaTW C ;n;Byx CTOpOH 

raiilxa1.rn. 

B HactoHmee BpeMH uaroToBneao 20 ~enEHOToqeHHbCC coneaou;n;oB 

(7 TBilOB .c ;zJ;BYCTOpOHHeiil KOHyCHOCTbro) c Kpa~HBMH BHTRaMB, nepe­

XO'ABlllHMB B MaCCBBHWe wnaH~W (CM.pHC.4(a)). ,Paspa60TaHa T6XHOHO­

rHR npOH3BO;zJ;CTBa TaKHX coneHOB;zJ;OB B KOHCTPYK~HH no aKCHaHDHOMy 

30MnayH,1U'lpOBaHBID coneHOB;zJ;OB. KOHCTPYK~H TOKOIIpOBOAOB 6epeTCH 
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KOaKcManI>HOH c nOABOAOM pa~oqacTOTHblX Ka6enei.1 (PK) no nepH­

MeTpy. B Topue KOHCTPYKUHH TOKOilpOBOAa npHMeHHeTCli ycTpOi.1CTBO 

no A.IteHaHJ,HOMY 3aTHrHBaHl1:10 BCei.1 KOHCTpyKUHH 6e3 nepeKOCOB H 

MHKPOTpell\HH B MemBMTKOBO~ H30nlilU'IH. ITocne c6opKH H TpeHHpOBKH 

KaTyweK OHH KOMnayH,ll,TdpOBanI/lcI> AHli npeAOTBpameHHH noBepxHOCTHblX 

npo6oeB H npHAaHHli KaTyWK8.M M6XRHHqecxoi.1 npoqHOCTH.Heo6xo~MOe 

uexaHHqecxoe Cll!aTHe no~epl!tHBanocI> nyTeM AanI>He~wero aaTHrHBa­

HHH raeK npH nepexoAe B npouecce HCilbITaHMi.1 K 6onee CHnI>HhlM no­

nHM. IlpH aKcnnyaTSl\HH KOHCTPYKUHH B MaKCHManI>HOM none AOnOnHH­

TenbH06 ClV'ITHe He Tpe6yeTCH. !tls-aa OTCyTCTBHH BHemHero oxnam­

AeHHB H8o6XOAHMO cne~Tb aa TeMnepaTypOH KaTyWKH npH 60JI.DWHX 

TOKl"iX, rruc KBK, ecnM HanpameHHocn nona npeBOCXOAHT IO% H Maicc, 

BHyrpeHIDle 110B8pXHOCTH HaqHHalOT nnaBHTbCH (I4] • B03AYlllHOe ox­

nRllJJ,eHHe npOHCXO,ll,TdT MeAneHHO, no 8TOi.1 npHqHHe cpOK cnym6bl Ka­

TYWKH HeBenHK. IlpH HCnb!TaHMH xaTylllKH He npeAfipHHHManl'!Cb IlOilblT­

KH OTCeqKH HMIIynbca, H BCH 8HeprHH pacceMBanA.C» npM KOne6aTeJI.D­

HOM paapHAe. HanpHmeHHOCT» nonH coneHOMAa, or.paHMqeHa nnaBneHHeu 

H npoqttocT»IO MeTanna. ConeHOHAhl, MaroTOBneHHble Ha 6epMnnHeBoi.1 

opOH3bl, B!iAepiKHBalOT MHOrOKpaTHble IlOnfl C HaTiplil!teHHOCT»I0~35Q xrc. 

2. BoaMomHble npMqMHbl paapymeHHH coneHOHAOB npH nonyqeHHH 

cHnI>HblX nonea. 

CepHH MCilb!TaHH~ OTIHCaHHblX Bblille coneHOHAOB npOBO;n.Hnac» B 

ill'UiiS<PA 11 Bp<l!ltl. 0TAenI>Hble oopa31.\bl 6bW.H paapymeHbl TOKaM1t1, npeBbl· 

ma101.l(HMH AOn~CT!t!Mhle npeAeJibl (cM.pMc.4(6)). HMme npMBOAHTCH TPH 

B03MO~Hb!X MexaHH3Ma paapyllleHMH: 

I. l1po6o~ no noBepxHOCTH MaonHTopa. 

Ilpll.I KOMTiayHMPOBaHH!tl uen»HOToqeHHO~ CilHpanM B cneuHaJI.DHOiii 

W3.TpHue c IlPMAaHHeM eiii onpe;11eneHHOiii ;popMbl npOBOMRlllCb l1Cilh!TaHHli 

I4 

.r 

IlpH paapH;li6 KOHA0HCaTOpHOH 6aTapeH C qacTOTOiii 200+400 I'u npH 

Hanpamemrn 50 KB, a TaKme HCilbITb!BanillCb pl'l3Hble Al13HeRTPHqecxHe 

MaTepHa1lbl Ha npo6oiii. fliCilbITaHHH KOHCTPYKUHH, B KOTOpoiii cyMMapHaa 

IlpOTHlKeHHOCTI> ,ll,Td3neKTplllqecKHX 31'130pOB COCTaBJJHeT 2 ,4 CM, noKaal'1-

JlH' qTO MaKCHManI>HOe npo6vlBHOe HanpamettHe COCTaBJIHe T I2 KB. 0;11-

HaKO cymeCTByeT A]a 8WWeKTa, ASJialOl.l(HX 8TY BenHqlllHY He CT01lb 

onpeAe1leHHOiii. Bo-nepBhlX, Bll!TKH MMelOT OCTpble KpOMIW H, cne;110Ba­

Ten:&HO, none HeO;llHOpO;llHO, BO-BTOpb!X, HaITPABneHHH BeKTOpOB anex­

TpwqecKoiii HHAYKUHH JI.I MarHHTHOrO nona He COBTia,lJ,aIOT rE )( H }#0 

(Ha-aa HeTOqHOCTH np11neraHHH llOBepxHOCTH AH8neKTp!t!Ka, cxpyrJie­

HHiii, HepOBHOCTl1 l1 HeTOqHOCTH c6opKH), a B Ta.KOiii CHTya~Hl1 Mar -

HHTHOe none OKaabIBReT HeKOTOpoe BnHHHHe Ha BenMqHHY np06lllBHOrO 

HanpHlK6liHH. 0TBeT Ha BOnpoc 0 npo6oe MoryT AaTI> SKcnepHMeHT~, 

OAHaxo 3T~ B6nJ.'lq:l'.[Ha He 6yAeT 3HAqJl.ITenbHO OTnHqaTI>CH OT IlpHBe -

AeHHoro aHaqeHMH. ITpM npo6oe ManeRTPMKa B 06paay10meaca nnaa­

Me 6yAeT B!iAeneHa SHepr11H, np1t1qeM pocT AaBneHJl.IH MOllteT npll.IBeCTJl.I 

K MexaHHqecKOMY paapymeHHIO COJleHOJl.IAa. 

2. IleperpeB CKHH-CnOH 

ITpH ll!MnynbCHOiii 3allMTKe coneHOHAa TOK cocpeAOTOqeH B ;llOCTa­

TQqHo yaxoiii o6nACTH CKMH-cnoa. EcID! TeMnepaTypa aToiii o6nacTH 

oyAeT ;llOCTaTOqHO BblCOKa, HO RHlKe TeMnepaTypbl nnaBJleHHH, TO B 

Jnoe B03HHKHyT Te pMoynpyrMe HRilpHlKeHHli' KOTOpble MOryT IlPll.IBeCTH 

K MexaHHqecKOMy pBapymeHHIO. ITpH STOM Ha MHKPOTpell(HH8JC B03Hll.IKHYT 

Ayr!tl, IlpHBO;lilill(He K HCilapeHHIO MaTepHana, pocTy AaBneHJl.IH JI.I yBe11!t!­

qeHJl.llO 8HeprOBKnaAa BO BHyTpeHHHe o6nacTH coneHOH;lla. 
. z 11 dT . 

ltla ycnOBHli L R = m.\ Cit ' rAe L - TOK B coneHOH.ll.0 t 

R - conpOTHBJleHMe CKHHO:eoro cnoa, paBHOe R = 9f/ao ,m - Mac-

ca coneHOMAa, OXBaqeHHaH TOKOM m; de a.S , ]\ - y;11eJI:&Ha H 
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Tem1oeuKocu .uaTepHaJia, T - TeurrepaTypa, S' - y}.leJII>Hoe conpo­

THBJieHHe, Yp - npoBO}.\l'IMOCT:&, d. - rrJIOTHOCT:& Ma Te pHaJia 

fc2a'l.f:M N - }.\Jll4Ha HaMOTKJ4 COJleHOH,l{a, C1 - illHPHHa BHTKa 

&,-( 2/21Cf JA00rv2 - rJiyeiHHa npOHHKHOBeHH.fl TOKa ' f - qacTOTa 

HSM6H6HH.fi TOKa, 6 - npOBO}.\l'IMOCT:&, J4Mee.u: 

T= 
• 2 

}lo Lo 

2ctaaA 

22*fe=!fo 
f si.n-z't'cl'f' = .JU0 L: (!!rt _ J_ . 4d) J ldai.A. 'C' 4 SLn 'C' ' 
0 

r,l{e npHH.llTO i. = i.osi.n(23Z't/r), t: = Z1Cll , L - 111H'AYKTHB -

HOCU COJleHOH,l{a, c - eMKOCT:& CiaTapeH' u - aanp.HEeHHe aap.a,l{KH' 

Lo= uJ-t- - aMJIJIHTy,l{a TOKa. OTCJO,l{a: 

T= JUo U
2 

C ( t 1 . 4:irt ) 
2da2AL 3r ~- 4sm ~ · 

Hanp1u1ep, 'AJIH .uaJiwx: OTHomeH:d ~ « I, npH aHa11emrn 

Q. = 1, 5· ro-3 , L = o,9· I0-6, c = 486· 106, d = 9· 1a3.xr/11.3, 

A = 380 "/1.E/Kr, t' = I30 MKC. HMeeu: T = (O,I8 UxB ·t11.xc>2(:s 0c)!. 

TaKHM o6paaou, 'AJIH U= IS KB, t =IS MKC, T = I656°c, qTo 

eume TeunepaTypu llJ18BJieHHH I083°c~ ITpaB,l{a, CJ16'A,Y6T OTM6THT:&, 

qTo rrpH neperpeBe CKHH-CJIOH COJleHOH,l{ 6y,l{eT paapymaT:&CH ITOCTe 

neHHQ,6ea xaTacTpo1PPiqecxoro·o6puBa TOKa Ha-sa ero npoTexaimH 

no pacnJiaBJieHHOMY 11.aTepliany. YqeT BOS}.leiCTBHH ,l{aBJ16HHH Ha pac­

llJ18BJ16HHHi-CJIO~ MO~eT npHBeCTH K HSMeHeHHIO ero TeMnepaTypu 

llJ18BJieHHH. 

3. Boa6y~,l{eHHe y,l{apHhlX BOJIH 
Ilp;i BOS}.leicTBHH HMllyJI:&ca ,l{aBJI6HHH CJIOZHOi ( HS-

MBHHIO~eiCH 'Bo Bpe.ueHH ) ~OpMH Ha BffYTpeHHIOIO no -

BepxHOCT:& COJ16HOH,l{a B Heu ycTaHaBJIHB86TCH pelllHU YPIJ.P­

HO-BOJIHOBOro 'A:BH~eHHH. IlpH STOM BOSMYll!6H.Ke· OTpallae!C.fi 

16 

OT BHemaeit no:sepxHOCTH COJieHOH,l{a ii qepes BpeMH At= h/tfs 

r,l{e 'Ifs- CK Op OCT!> SByxa B COJleHOH,l{e' h - ero TOJl!JlHH8, CHOBa 

,l{OCTHraeT BHyTpeHHeit no:eepxHOCTH. IIpH npeBhllll6HHH O,l{HOI'O Ha npe-, 

~eJI:&HhlX saaqeHHi }.\8BJ16HHH npOHCXO,l{HT HSMeHeHHe COCTOHHHH 06-

naCTH, r,l{e yCHJIH.fl rrpe:sumamT rrpe.l{eJI:&HHe. HaH6onee :sepo.aTHlilHI 

HBJ16HHHMH B STO~ CHTYa.ItHH .uoryT 6HT:& npo~eccu OTKOJia Ha aapya­

HOi llOBepxHOCTH, llOTep.a YCTO~l!HBOCTH BHYTPH coneHOH,l{a Ha-aa 

HHTep~p6HI.UIH na,l{aJO~e~ H OTp~eHHhlX B031H, B08HHKHOB6HHH MaKpo­

CKOllHll6CKOro T8116HHH npH nepeXO'Ae sa rrpe,l{en Texy11eCTH. PeayJI:&­

TaTOM Ta.KllJX npo~eccOB 6y,l{eT paapymeHHe coneHOH'Aa c o6ph!BOM TOKa 

ii Bh!,l{eneHllJeM aaepiiHH KOH,l{&HCaTOpHOM 6aTapeH B ero OCTaTKax. 

3. nnn yMeH:&HieHllJfi BOS,l{e~CTBHH 3BYKOBO~ BOJIHH H3I'OTOBJ16HH 

qeT~pe MO'AH@-IKa~HH npOCB6TJleHHO~ axycTHKH (aByKOilOI'JlOTHTens) 

(CM.pHc.Sa-r). ITpe,l{:sapllJT6Jl:&Hh!e axcrrepHMeHThl HCITOJI:&SO:eaHHHX 

KOHCTPYKUH~ cnocoeicTBOBaJIH coa,l{aHHIO HOBHX KOHCTPYKI.U!it COJ16HO­

H,l{OB, a Hay11eH11e npouecco:s, npoTexaro~x :s BHTKax coneHOH'AOB, 

cnocoeicnyeT OITT.llJMH88J.U'.l-H H ITOBHill6HHIO H8'A6lltHOCTH HCilOJI:&ayeMh!X 

KOHCTPYKUH~ [2I,22] 

PesyJI:&TaTu axcrrepHMeHTOB 6YAYT 11sy11eHu H onyoID!Ko:eaH~ B cne­

:zu'IO!JlHX pa6oTax. 

ABTop BupalltaeT rny6oKyJO npMsHaTeJI:&HOCT:& A.B.HeTyw11ny,r.A.Ha­

ropcxoMy S"l ueHHh!e sa.ue.11aHHfl H KOHCTPYKTHBHYIO Kpi!THKY H B.t( • .ZJ.HT­

JIO:ey sa ITOMOUU> B rrpo:Be'A6HHH aHaJIHaa :saop:saHHHX coneHOH,l{OB. 
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2 

• I Paape.a coJieH0"1'AOB paaHoii! reoMeTpFI!tl 'ABYX THno:a: I - Tli1n 

(I ,2 '3 ,4) c :aepT1t1KaJIJ>HOiii i!JTp~OBKOi1 - cnHpam>Hble OClMO!rKH. 

II - THil (I' ,2' ,3 1 ,4') c ropH30HTaJI:&HOtl lHpHXOBKOI - neH­

TOqHble OClMOTKHi I'-I -·KaTyWKH c BHyTpeHHei KOHyCHOC!~E, 

2 - 21 ! c BHeWHeiii KOHYCHOCTJ>ID, 3 - 31 
- IUIJIHH~pBqecKHe, 

4 - 41 
- C 'ABYCTOpOHHeii! KOHYCHOCTJ>ID 

18 

4 

x 

x JC 

Pnc.2 cs .bCBWIHW8 ceqefllis BH!Ka H KaTymeK c HHlltHHll, BePJCHHll 

• ;uyctopoBllJlllJI cpeaaMH c COOTHOW8HH811 cpeBOB, KaK K,1 > K~ 
8 " H K, < Kt • 

19 



PHc.3 PesyJll>TaT~ qHcneHHblX pacqeTOB WOPMWB.KTopoB pasJmqHh!X TH­

noB -0oneaoH~on. CneBa HanpaBo: I - neHTOqHh!e KaTyWKH c 

B6PXHl1M cpesoM; 2 - neHTQqfilie KaTylllKH c HHElil'IU cpesoM; 

3 - CilHpan»Hbl6 KaTyWKH c B6pxfil!M cpeaoM; 4 - CilHpaJll>Hble 

KaTylllKH c HHEID!U cpeaou; 5 - CilHpanDHble KaTymKH c ABOMHI:a\ 
• c ti 

cpeaOM K, < K1 ; 6 - neHTOqHble KaTyl!!KH c ~BQ~HW cpeaou; 

7 - CilHpaJibHb!6. KaTyWKH c ABO~HhlMM Cpe38.MH K~ > K~ 

20 

--..'..· 

....,, 
a.. .~~ ~'­
~ .. ~ ~ - ........ 

PHc.4(a,6) a - THIThl ~enbHOTOqeHHblX coneHOHAOB c KIJ2MHHMH HH~-

KaMH, rrepexo.nll:!ll'lMl1 B MllCCl1BHbl6 i;,naHJ . .\hlj (j - 0,ZU1H HS THITOB 

nocJie aaMepemrnro pa::ipyrueHHH 
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