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BeeOeHue 

llpHHU.Hllbl, Jie>KaiiJ.He B OCHOBaHHH COBpeMeHHOH lilH3HKH, 

xoporno npoaepeHbl B npJIMbiX 3KcnepHMeHTax H KOCBeHHO 

no.IJ.TBep>KJJ.aJOTCJI aceB: cyMMOH lilH3HqecKHX 3HaHHH. Ka>KeT

CJI, Ha nepBbiH B3rJIJI)J,, HeT He06XO,lJ,HMOCTH B )J,OllOJIHHTeJib

HbiX 3KCllepHMeHTaX, llO)J,TBep>K)J.aiOIIJ.HX npaBHJibHOCTb 3THX 

npHHU.HllOB. 0)J.HaKO pa3BHTHe TeXHHKH lilH3HqecKoro 3KCnepH

MeHTa OTKpbiBaeT HOBble B03MO>KHOCTH, H JIOrHKa HayKH 

3aCTaBJIJieT HCKa Tb 3KCnepHMeHTaJibHbiX )J,OKa3a TeJibCTB yc

TaHOBJieHHbiX paHee lilYH.D.aMeHTaJibHbiX llOJIO>KeHHH Ha HOBOM 

ypoaHe. 

HacTOJIIIJ.aJI pa6oTa - O.D.Ha H3 TaKHX nonbiTOK npoaepHTb 

Ha ypOBHe, )J,OCTH>KHMOM C llOMOIIJ.blO COBpeMeHHOH 3KCnepH

MeHTaJibHOH TeXHHKH, npHHU.Hll OTHOCHTeJibHOCTH. KaK H3-

BeCTHO, cor naCHO 3TOMY npHHU.HllY, Ha6JIIO)J.aTeJib BHYTPH 

3aMKHYTOH Jia6opaTOpHH, HaXO)J,JIIIJ.eHCJI B COCTOJIHHH paBHO

MepHoro H llpJIMOJIHHeHHOrO )J,BH>KeHHJI, He MO>KeT 3aMeTHTb 

3TOrO )J,BH>KeHHJI. llpe)J,CTaBJieHHJI 06 a6COJIIOTHOM 3!l~Hpe, 
roCllO)J,CTBOBaBlllHe B lilH3HKe )],0 llOJIBJieHHJI TeOpHH OTHO

CHTeJibHOCTH, Ha060pOT, npe)J,CKa3biBaJIH 06Hapy>KHMOCTb 

TaKoro )J.BH>KeHHJI. 0.D.HHM H3 npJIMbiX 3KCnepHMeHTOB, Ha

npaBJieHHbiX Ha llOHCK 3414leKTOB a6COJIIOTHOrO )J,BH>KeHHJI, 

JIBHJICJI onbiT TpoyToHa- Ho6na1 I ,2/, B KOTopoM perHcTpH

poBaJIHCb CHJibl, )J,eHCTBYIOIIJ.He Ha 3apJI>KeHHbiH KOH,lJ,eHCaTop 

npH ero )J,BH>KeHHH BMeCTe C 3eMHOH Jia6opaTOpHeH qepe3 

rHllOTeTHqecKHH 3!l~Hp. 
CornacHo 34IHPHOH TeopHH 12/ 3JieKTpHqecKHH 3apBJJ., 

)J,BH>KYIIJ.HHCJI OTHOCHTeJibHO 3!l~Hpa, B036y>K)J.aeT B HeM Mar

HHTHOe none 
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[w/c,E] /1/ 

E - HanpJI>KeHHOCTb 3neKTpuqecKoro nonJI 3apJIJJ:a, w - cKo

pocTb ,II;BH>KeHHJI 3apJI,II;a OTHOCHTenbHO a6COlliOTHOro 34lapa, 

C - CKOpOCTb CBeTa. 

II03TOMY ,II;Ba 3apJI,II;a, HenO,II;BH>KHble ,II;pyr OTHOCHTenbHO 

,II;pyra H ,II;BH>KYIIJ.HeCJI OTHOCHTenbHO 34lupa, 6y,II;yT B3aHMO

,II;eHCTBOBaTb 1.1epe3 34lup, KaK ,II;Ba TOKa/ 2, 3/. 3HeprHJI. HX 

B3aHMOJJ:eii:cTBHJI 6y.IJ:eT nponopu.uoHanbHa w2 I c 2 u 6y.IJ:eT 

3aBHCeTb OT yrna, nO,II; KOTOpbiM Ha 3apJI,II;bl ",II;yeT" 34iHpHbiH 

BeTep. Pacl.feT noKa3b1BaeT, "'TO BpaiiJ.aiOIIJ.HH MOMeHT, ,II;eH

CTBYIOIIJ.HH Ha 3apJI>KeHHbiH KOH,II;eHCaTOp cornaCHO 34IHPHOH 

TeOpHH, paBeH: 

w2 
E -Sin 2 () 

c2 /2/ 

r,I~;e () - yron Me>K,I~;y HanpaBneHHeM HanpJI>KeHHOCTH 3neKT

puqecKoro nonJI B KOHJJ:eHcaTope H HanpaBneHHeM 34lupHoro 

BeTpa, E - 3neKTpOCTaTH1.feCKaJI 3HeprHJI KOH,II;eHCaTopa. 

3KcnepHMeHTanbHaJI nonbiTKa 06Hapy>KHTb 3TOT Bpa

IIJ.aiOW:HH MOMeHT 6blna npoBe.IJ:eHa TpoyToHoM H Ho6noM 

B 1904 ro,I~;y II 1. Hx H3MepeHHJI noKa3anu, "'TO KaKoe-nu6o 

CHCTeMaTH"'eCKOe OTKnOHeHHe nono>KeHHJI nnOCKOCTH 

nnaCTHH KOH,II;eHCaTopa, KOTOporo MO>KHO 6blnO O>KH,II;aTb 

B CBJI3H C CYTO"'HbiM BpaiiJ.eHHeM 3eMnH, nonHOCTbiO OTCYT

CTByeT. He6onbWHe cnyqaii:Hble Kone6aHHJI KOHJJ:eHcaTopa 

onpe,II;enHnH TY rpaHHU.Y, BbiWe KOTOpOH MO>KHO 6blnO C"'HTa Tb 

34IHPHbiH BeTep He3aperHCTpHpOBaHHbiM, - 12 KM/C. II03>Ke 

3TOT 3KcnepHMeHT HerJoKpaTHo noBTopJlncJI. B 1925 a 

1926 rr. P. ToMaweK npoBen aHanorH"'Hblii: onbiT Ha 

BepwuHe ropbl IOHr4lpay /3457 M/, O>KHJJ:aJI KaKoro-nu6o 

3aMeTHOrO 34iHPHOrO BeTpa Ha 3TOH 3Ha"'HTenbHOH BbiCOTe. 

Y cTaHOBKa P. ToMaweKa 61.ma npuMepHo B 20 pal "'YBCTBH

TenbHee, "'eM TpoyToHa-Ho6na. 0JJ:HaKo H npu 3THX ycno

BHJIX 34IHpHoro BeTpa o6Hapy>KeHo He 6blno. K.qe3/5~cqu
TaJI, "'TO ycTaHOBKa ToMaweKa co,I~;ep>KHT TeXHH"'eCKYIO 

norpeWHOCTb, nOBTOpHn 3KCnepHMeHTbl C KOH,II;eHCaTOpOM 

H nO,II;BeCOM ,II;pyroro THna, O,II;HaKO CHCTeMaTH"'eCKOro 34l-

4ieKTa TaK>Ke He o6Hapy>Kun. 
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TaK KaK cKopocTb 3eMnH Ha op6HTe BOKpyr ConHu.a 

6nH3Ka K 30 KM/C, OTCYTCTBHe 341HpHOrO BeTpa TaKOH 

BenH"'HHbl MO>KeT 6b1Tb 06'bJICHeHO yBne"'eHHeM 34lapa 

3eMneii:, "'TO npOTHBOpe"'HT pe3ynbTaTaM a6eppaU.HOHHbiX 

3KCnepHMeHTOB, HnH OTCYTCTBHeM 34lapa *. 

06ocHoeaHue 3KcnepuMeH111a 

Mo>KHO 3a.IJ:aTh Bonpoc: Henh3Jl nu H3MepHTb MarHHTHOe 

none 3apJIJJ:a /KOHJJ:eHcaTopa/ npu ero JJ:BH>KeHHH qepe3 

34lap KaKHM-nH60 H3 H3BeCTHbiX COBpeMeHHbiX cnoco6oB? 

Hau6onnwaJI "'YBCTBHTenhHOCTb B H3MepeHHH cna6blx Mar

HHTHbiX noneii: B HaCTOJIIIJ.ee BpeMJI nonyqaeTCJI npu ucnonh-

30BaHHH CBepxnpOBO,IJ;JIIIJ.HX KBaHTOBbiX HHTep4iepoMeT

pOB /8,9/ . 3TOT MeTO,II; OCHOBaH Ha TOM, "'TO MarHHTHbiH 

nOTOK, 3aKmo1.feHHbiH BHYTPH CBepxnpOBO,IJ;JIIIJ.ero KOHTypa, 

COXpaHJleTCJI npH H3MeHeHHJIX MarHHTHOrO nOnJI, C03,II;a

BaeMbiX KaK BHeWHHMH, TaK H BHyTpeHHHMH no OTHOWeHHIO 

K Kon~>U.Y HCTO"'HHKaMH. Ecnu TaKoii: KOHTYP npe.IJ:cTaBHTb 

ce6e B BH,II;e JJ:BYX CBepxnpOBO,II;JIIIJ.HX KOneu., CBJI3aHHbiX 

cBepxnpoBOJJ:JIIIJ.HMH npoBOJJ:aMH I puc. 1/, TO ycnoBHe co

xpaHeHHJI MarHHTHOrO nOTOKa npHBe,II;eT K B03HHKHOBeHHIO 

BO BCeM KOHType He3aTyXaiOIIJ.ero TOKa npH H3MeHeHHH 

MarHHTHOrO nonJI, npOHH3biBaiOIIJ.ero O,II;HO H3 3THX Koneu.. 

3TOT TOK MO>KeT 6b1Tb H3MepeH /BO BTOpOM KOnbU.e/ 

C yqeTOM 3cbclleKTa KBaHTOBaHHJI MarHHTHOrO nOTOKa H 34l-

41eKTa )J,>K03e~COHa C qpe3Bb11.faHHO BbiCOKOH TO"'HOCTbi07
9

,lO( 

PaccMoTpHM Bonpoc: npHBe.IJ:eT nu noMeiiJ.eHHe KOHJJ:eH

caTopa BHyTpb TaKoro CBepxnpOBO,IJ;JIIIJ.ero KOnbU.a K H3-

MepJleMbiM 3414leKTaM? Ilpe,I~;nono>KHM, "'TO HanpJI>KeHHOCTb 

3neKTpH"'eCKOrO nonJI B nnoCKOM KOH,II;eHCaTope, 34IHpHb1H 

..-C.f\e,II;yeT 3aMeTHTb, "'TO BeTep paCCMOTpeHHOrO JlopeH
u.eM /6 I "HeyBneKaeMoro 34lupa c coKpaiiJ.eHHeM" TaK>Ke 
He npHBe,II;eT K OTKnOHeHHIO KOH,II;eHCaTopa B OnbiTe Tpoy
TOHa-Ho6na, TaK KaK B CHCTeMe, ,II;BH>KYIIJ.eHCJI B 3TOM 34IH
pe, ypaBHeHHJI 3neKTpO,II;HHaMHKH OCTaiOTCJI MaKCBennOB
CKHMH H BCe 3neKTpOMarHHTHble npou.ecCbl npoTeKaiOT 
TO"'HO TaK >Ke

1 
KaK H B OTCYTCTBHe 34IHpHOrO BeTpa /no,II;

po6Hee eM. 17 /. 
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Puc. 1. CeepxnpoeoOJIUIUii KoHmyp UHmep¢epoMempa. 

BeTep H OCL Hawero CBepxnpOBO~JIIUero KOnLUa OpHeHTH

pOBaHLI B3aHMHo nepneH~HKynspHo I puc. 21, TaK, 'IT06LI 

MarHHTHLIH nOTOK, B03HHKaiDIUHH B KOH~eHCaTope cornac

HO lilopMyne Ill, MOr BLI3BaTL TOK B CBepxnpOBO~JILQeM 
KOnLUe. )l.n.H npOCTOTLI MO)I(HO nonO)I(HTL, 'ITO O~Ha H3 06-

Kna~OK KOH~eHca TOpa H KOnLUO HaXO~JITCJI npH O~HOM 
noTeHuHane l3a3eMneHLII. Ecnu BTopyro o6Kna~KY 3aps

~HTL, TO 3neKTpH'IeCKOe none B TaKOH CHCTeMe 6y~eT 
CyiUeCTBOBaTL B 3a3ope KOH~eHCaTopa H B 3a3ope Me)l(~y 
BTopoii o6Kna~KOH H KOnLUOM. HeTpy~HO BH~eTL, 'ITO 

MarHHTHLie nOTOKH, KOTOpLie Morna 6LI B03HHKHYTL B 3THX 

3a3opax 3a C'leT B03~eHCTBHJI 341Hpa, TO'IHO CKOMneHCHPYIDT 
~pyr ~pyra. 

MO)I(HO ~oKa3aTL TeopeMy, 'ITO npu mo6oii KOH~i~Hrypa
UHH KOnLUa H nnaCTHH H npH Jll060M HX 'IHCne HenL3.11 

nony'IHTL npH TaKOH nOCTaHOBKe OTnH'IHLIH OT Hyn.H CyM

MapHLIH MarHHTHLIH nOTOK. )l.eiiCTBHTenLHO, HanH'IHe He

Hyneaoro MarHHTHOro nOTOKa, npOHH3LIBarotnero KOnLUO, 

B 3TOM cnyqae 03Ha'lano 6LI HepaBeHCTBO Hynro HHTerpana 

no nnotna~H KOnLUa OT HanpJI)I(eHHOCTH 3neKTpH'IeCKOrO 

nons, ne)l(atnero B nnoCKOCTH KOnLua: 

cp',JfdSH' 
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Wy 

c 
Jdy JdxEx. 121 

TaK KaK KOHTyp HHTerpapoBaHHJI B HaWeM cnyqae orpaHH'IeH 

npoao~HHKOM I caepxnpoao~HHKoMI, Me)K)J.y mo6LIMH TO 'I

KaMH KOTOporo, no onpe~eneHHID, OTCYTCTByeT pa3HOCTL 

noTeHUHanOB, TO HHTerpan TO)K,IJ,eCTBeHHO paBeH Hymo: 

H 

f d X EX = u A B"' 0 . 131 
A 

)l.n.H TOro, 'IT06LI CYMMapHLIH MarHHTHLIH nOTOK 'lepe3 

TaKOe KOnLUO CTan HeHyneBLIM, O~HH H3 3a30pOB MO)I(HO 

3anonHHTL lileppoMarHHTHOH cpe~OH C MarHHTHOH npOHH

uaeMOCTLID llcp >> 1 .Heo6XO~HMOCTL npHKna~LIBaTL K 3TOMY 

3anonHHTenro 3neKTpH'IeCKOe none 3aCTaBn.HeT OCTaHOBHTL 

BLI6op Ha llleppHTax c Manoii npoao~HMOCTLID H y~oaneTao

paTenLHoii 3neKTpH'IeCKOH npO'IHOCTLID. 

PaccMOTpHM no~po6Hee noae~eHHe MarHHTHLIX MOMeH

TOB B llleppHTe no~ B03~eHCTBHeM npHnO)I(eHHOrO 3neKTpH

'IeCKOrO H 3414leKTHBHoro MarHHTHoro noneii. ITo aHanorHH 

c ypaaHeHHeM Ill 34IHPHaJI TeopHJI npe~nonaraeT cytnecT

aoaaHHe 3neKTPH'IecKoro nons, nopo)K)J.aeMoro B3aHMO

~eHCTBHeM HCTO'IHHKOB MarHHTHOrO non.H C 31ilHpHLIM BeT

pOM /2/: 

lw 

~2 '1 
~ 

Puc. 2. CxeMa111U'IecKoe u3o6paxeHue 3AeK1tlpu'lecKozo KOH
i:>eHca•opa eHy1tlpu ceepxnpoeoi:>JIU#ezo KOHlllypa. 
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E'= [ _!_.fl l 
c 141 

Hanp.H:)I(eHHOCTL MarHHTHoro non.H:, coJ.n;aaaeMoro .n;unoneM 

11 • MO)I(HO JanucaTL KaK peJynLTaT .D;eHCTBH.H: Ha .D;HnOnL ,., 
HeKoToporo onepaTopa f: 

"-H f 11 
151 

HanpR)I(eHHOCTL JneKTpuqecKoro non.H:, B caoro oqepe.n;L, 

MO)I(eT 6b1Tb npe,D;CTaBneHa KaK peJynLTaT ,D;eHCTBH.H: TOrO 

)l(e caMoro onepaTopa Ha JneKTpuqecKHii .n;unonb: 

E = 1cf. 161 

llOJTOMy, no.n;eHCTBOBaB Ha npaByiO H neByiO qaCTH ypaB

HeHH.H: I 41 on epa TOpOM' o6pa THbiM r 'nonyqHM: 

d, = - [ ~- ' ; 1 . 171 

To ecTL B npucyTCTBHH JcbHpHoro BeTpa qacTHIJ,a, 

o6na,n;aiOI.Qa.H: C06CTBeHHbiM MarHHTHbiM MOMeHTOM, 6y.n;eT 

o6na.n;aTL TaK)I(e JneKTpHqeCKHM .D;HnOnLHbiM MOMeHTOM 

COOTBeTCTBYIOI.QeH OpHeHTall,HH. fiOJTOMy npH BblqHcneHHH 

BOJ,n;eiicTBHR JneKTpuqecKoro non.H: Ha l}leppHT Ha nepBLiii 

B3rn.H:,D; Ka)l(eTC.H: He06XO,D;HMLIM yqHTLIBaTb KaK B03.D;eii

CTBHe HH.D;Yll,HpOBaHHOrO non.H: H' Ha C06CTBeHHLie MarHHTHbie 

MOMeHTbl JneKTpOHOB B cbeppHTe 11 , TaK H B03,D;eHCTBHe 

npHKna.n;LIBaeMoro JneKTpuqecKoro non.H: E Ha HH.n;yuupo

BaHHLie .n;unonLHLie JneKTpuqecKHe MOMeHTLI d '. O.n;HaKo 

Ha JTO nocne.n;He~ BJaHMo.n;eiicTBHe HaKna.n;biBaeT ycnoaue 

TeopeMa IIIu<IJcPa II/, cornaCHO KOTOPOH CHCTeMa qaCTHIJ,, 

CB.H:3aHHLIX Me)I(,D;y C060H JneKTpHqeCKHMH CHnaMH H o6-

na.n;aiOI.QHX KaK 3ap.H:,D;aMH, TaK H C06CTBeHHbiMH .D;HnOnLHbiMH 

MOMeHTaMH, He 6y,n;eT o6na.n;aTb CYMMapHbiM .D;HnOnLHLIM 

JneKTpuqeCKHM MOMeHTOM, H noJTOMY npHnO)I(eHHe K TaKOH 

cHcTeMe BHewHero JneKTpuqecKoro non.H: He npuae.n;eT K 

no.H:BneHHIO B3aHMo.n;eiicTBHR B nepaoM nop.H:,n;Ke no d' E 
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a npO.H:BHTC.H: TOnbKO B BbiCWHX nop.H:.D;KaX ManOCTH 3a cqeT 

pen.H:THBHCTCKHX J<IJcPeKTOB *. 
fiOJTOMY .D;n.H: 6onbWHHCTBa aTOMOB nonyqaiDmwec.H: pe-

3ynbTHPYIOI.QHe .D;HnOnbHble JneKTpHqeCKHe MOMeHTbl .D;On)I(

Hbl 6b1Tb Manbl H HX B3aHMO,D;eHCTBHeM C noneM MO)I(HO 

npeHe6peqb. O.n;HaKo .n;eTanbHble pacqeTbl, npoae.n;eHHble 

s pa6oTax !12, 13 I, noKaJanu, qTo yqeT pen.H:THBHCTCKHX 

34>$eKTOB B Tfi)l(enbiX aTOMaX MO)I(eT npHBeCTH K aHOManb

HOMy YCHneHHIO .D;HnonbHbiX JneKTpHqeci<HX MOMeHTOB. Yqu

TbiBa.H: JTOT rjlaKT, 3anHWeM JHeprHIO MarHHTHbiX MOMeHTOB 

JneKTpOHOB B dJeppHTe B JneKTpHqeCKOM none B BH,D;e 

( = 11 H'- ~ d, E = [ ~' E lll (1 -~ ) . 171 

3.n;ecb ~ - KOJ4>$HUHeHT ycuneHHR JneKTpuqecKoro MOMeH

Ta aTOMa. ,[J;RSI aTOMa )l(ene3a cor nacHo II 3/ 

~ == 0,76. lSI 

PaseHcTso 17 I no3BOJia:eT saecTH noHHTBe JciKl>eKTHBHoro 

MarHHTHOrO nona:, KOTOpoe AOJDKHO ,D;eHCTBOBaTh Ha Mar

HHTHbiH MOMCHT aTOMa )KCJIC3a B \}JeppHTe: 

H 3cpcp "" ( ; , E I ( 1 - ~ ) . 191 

Ha OCHOB&HHH npHBe,neHHbiX paccy)I(,D;CHHH MO)I(HO C TOqKH 

3peHHH JcbBpHOH rHITOTe3hl O)I(H,D;aih H3MeHeHHH MarHHTHOH 

nu.n;yKIJ,UH cbeppHTa B npucyTCTBHH Jnei<TpuqecKoro non.H: Ha 

aenuquuy 

B = 11¢H3rpcp IIOI 

H 3aBHCHMOCTH JTOrO H3MeJieHH.H: HH,AYKIJ,HH OT OpHeHTaiJ,HH 

KOH,D;eHCaTopa C 4leppHTOM B npOCTpaHCTBe • l3.n;ecL 11cp -

"'<l>aKTHqecKH TeopeMa IIIu<IJcPa cao.n;HTCR K yTBep)l(,n;e
HHIO, qTo C06CTBeHHble ,D;HnOnLHble MOMeHTbl qaCTHIJ,, CB.H:-
3aHHbiX JneKTpuqecKH, TOqHo KOMneHCHpyiOTC.H: .D;HnOnLHbiMH 
MOMCHTaMH, B03HHKaiOI.QHMH 3a cqeT CMCI.QCHH.H: JTHX 

qacTHIJ,. 

9 



MarHHTHaJI npouu:u;aeMOCTb cileppuTa/. B TO )Ke BpeMJI 

cne:u;uanbHaJI TeOpHJI OTHOCHTenbHOCTH npeACKa3MBaeT, ec

TeCTBeHHO, OTCYTCTBHe TaKOrO 3cllclleKTa. HeABYCMMCneu

HOCTb 3THX npeACKa3aHHH, a TaK)Ke TO, qTo COBpeMeHHaJI 

TeXHHKa D03BOnJieT npOBOAHTb H3MepeHHJI C ropa3AO 6onb

wei TOqHOCTbiO, qeM 3TO 6MnO B03MO)KH0 BO BpeMeHa 

TpoyToHa- Ho6na, uanuque wupoKoro BM6opa clleppoMar

HHTHMX AH3lleKTpHKOB, B006ll.(e HeH3BeCTHMX 50-70 neT 

Ha3aA, Aanu B03MO)KHOCTb npeADpHHJITb DODMTKy 3KCnepH

MeHTallbHO npoBepHTb cyll.(eCTBOBaHHe paCCMOTpeHHOrO 3W

cileKTa. 

3KcnepuMeH11rallbHbiiJ nOOXOO 

0CHOBHMe TeXHHqeCKHe H KOHCTpyKTHBHMe xapaK

TepHCTHKH HCDOllb30BaHHOrO HaMH CBepxnpOBOAJIII.(ero KBau

TOBOrO HHTepcllepoMeTpa 6onee noApo6uo onucaHM pa

uee /9,14/ . 

~aTqHK HHTepcilepoMeTpa npeACTaBnJin co60H ABYXAM

poqyMH OAHOKOHTaKTHMH CKBHA LJ;HMMepMaHOBCKOrO TH

na 14 • 16 /, B OAHO H3 OTBepCTHH KOTOpOrO 6Mna BBeAeHa 

KaTywKa Kone6aTenbuoro KOHTypa. Pauee npoBeAeHHaJI 

ODTHMH3aLJ;HJI napaMeTpOB CKBHAa H KOHTypa /9,15/ H Hc

DOllb30BaHHe YAaquoi paAH03neKTpOHHOH cxeMM no3Bonunu 

nonyqHTb AO BBeAeHHJI cileppHTa qyBCTBHTenbHOCTb Ha ypoB

He 5.10-S K6UHIIIU MarHHTHOrO DOTOKa Ha BMXOAe HHTep

cilepOMeTpa npH DOCTOJIHHOH BpeMeHH, paBHOH ceKYHAe. 

OcuoBHaJI TPYAHOCTb 3Toro 3KcnepHMeHTa 3aKnroqanacb 

B COBMell.(eHHH BMCOKOqyBCTBHTenbHOrO CKBHAa C cileppu

TOM 6e3 OTHOCHTenbHMX BH6pau;HH H B TeMnepaTypHOH CTa-

6HllH3aLJ;HH cileppHTa. 

llpoBeAeHHMe pauee H3MepeHHJI noKa3anu, qTo y Bcex 

HCCneAOBaHHMX cileppHTOB MarHHTHaJI DpOHHD;aeMOCTb npH 

renHeBOH TeMnepaType CHllbHO CHH)KaeTCJI. ~nJI HH3Koqac

TOTHMX HHKenb-D;HHKOBMX cileppHTOB DpH renHeBOH TeMne

paType o6paTHMaJI MarHHTHaJI npouu:u;aeMOCTb 

fl¢"" 7 '. /11/ 
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AllJI MapraHe:o;-:o;HHKOBMX cileppHTOB flcf>"" 5, AllJI MarHHTO-

AH3lleKTPHKOB: CdCrS 4 - 11¢ ""11, EuO - JI.cf> ""14. 
~pyrHM HeO)KHAaHHMM AllJI Hac qla.KTOM JIBHllOCb KpaiHe 

MeAneHHOe OXlla)KAeHHe cileppHTOB H MarHHTOAH3neKTpH

KOB. B nepBMe AHH nocne noMemeHHJI TaKoro o6pa3:u;a 

B renueByro BaHHy ero ocTaToquaJI HaMaruuqeuuocTb Me

HJieTcJI HaCTOllbKO CHllbHO, qTo MarHHTOMeTp perHCTpHpy

eT H3MeHeHHe DOTOKa CO CKOpOCTbiO HeCKOllbKO KBaHTOB 

HllH Aa)Ke AeCJITKOB KBaHTOB B CeKYHAY· ll03TOMY TOqHMe 

MarHHTHMe H3MepeHHJI Ha cileppHTaX npHXOAHTCJI npOBOAHTb 

TOnbKO qepe3 uecKonbKO HeAenb nocne noMemeHHJI clleppuTa 

B )KHAKHH renui. 

HaMH 6Mna npeATIPHHJITa TIODMTKa BeCTH H3MepeHHJI, 

TIOAAep)KHBaJI cileppHT npH KOMHaTHOH TeMTiepaType. ~nJI 
3TOrO cileppHT TIOMell.(ancJI BHYTPb cne:u;uanbHOro aHTHKPHO

CTaTa, rAe DOAAep)KHBanaCb TeMnepaTypa, 6nH3KaJI K KOM

HaTHOH /10 - 15° C/, a cuapy)KH aHTHKpuocTaTa pacno

naranacb renueBaJI Bauua c KBaHTOBMM HHTepcllepoMeT

poM H cBepxnpoBOAJIII.(HM 3KpauoM. OT 3Toro MeTOAa, 

Ka3aBwerocJI BeCbMa nepcneKTHBHMM, npuwnocb OTKa3aTL

CJI H3- 3a TPYAHOCTeH AOCTaToquo )KeCTKOrO KpenneHHJI 

MaCCHBHOrO cileppHTa BHYTPH HHTepcilepoMeTpa qepe3 CHCTe

My MOCTOB aHTHKpHCTaTa. 

3KcnepHMeHTallbHO npoll.(e OKa3anOCb HCDOllb30BaTb AllJI 

H3MepeHHH AOCTaToquo 6onbWOH KpHOCTaT,3anaca )KHAKOrO 

renHJI B KOTOpOM XBaTano 6onee qeM Ha MeCJID;. B TaKOM 

KpHOCTaTe B TeqeHHe nepBMX ABYX C DOllOBHHOH HeAenb 

TipOBOAHllOCb OXna)I{AeHHe cileppHTa, a 3aTeM, KOrAa CKO

pOCTb H3MeHeHHJI TIOTOKa YCTaHaBnHBanaCb MeHbWe KBaHTa 

B qac, BenHCb H3MepeHHJI. 

Ba)KHMM napaMeTpoM clleppuTa c ToqKu 3peHHJI ero npu

.rOAHOCTH AnJI AaHuoro 3KcnepuMeHTa JIBllJIIOTCJI ero 3neKT

ponpoBoAHOCTb u 3neKTpuqecKaJI npoquocTb. B CBJI3H c 

TeM, qTo OAHOBpeMeHHO ManOH 3lleKTponpOBOAHOCTbiOH 3Ha

qHTenbHOH 3neKTpuqecKoi npoquocTbiO /AO 2 KB/cM/*npu 

~* 3neKTpHqecKaJI npoqHOCTb cileppHTOB TipH KOMHaTHMX 
TeMnepaTypax TaK)Ke o6Mquo HeBenuKa: MeHbWe 

10 KB/cM ll1/. 
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renHeBOH TeMnepa Type o6na~aeT WHpOKO~OCTYDHbiH HH3KO

'iaCTOTHbiH HHKenL- U.HHKOBLIH <beppHT, OllHCbiBaeMbiH 3K

cnepHMeHT npoae~eH HMeHHO Ha HeM. 

06bi'IHO B 3KCDepHMeHTaX CO CKBH~OM MarHHTHbiH DOT OK 

OT HCCne~yeMOrO 06'beMa DO~BO~HTCJI K HHTep<bepoMeTpy 

C llOMOIIJ.biD CBepxnpOBO~Jiwero TpaHc<bopMaTopa DOCTOJIH

HOrO llOTOKa /18/. IJpHMeHeHHe TaKoro TpaHc<bopMaTopa 

y~06HO He TOnLKO C TeXHH'ieCKOH TO'IKH 3peHHJI - C no

MOIIJ.biO TpaHc4JopMaTopa llOTOKa MO)I(HO CyiiJ.eCTBeHHO yae

nH'IHTL 'IYBCTBHTenLHOCTL HHTeP<bepoMeTpa I l6~HcnonL3YB 
nepBH'IHYIO KaTywKy H o6pa3eu. 6onLworo o6'beMa. O~HaKo 
B HallleM cnyqae HCDOnh30BaHHe 4JeppHTa 6onLWOrO 06'beMa 

Heu.enecoo6pa3Ho, TaK KaK ero TPY~Ho JaKpenHTL. IlpH 

HCDOJib30BaHHH ManbiX HCCne~yeMbiX o6pa3U.OB DpHMeHe

HHe caepxnpoao~JIIIJ.ero TpaHc!l>opMaTopa Hepau.HoHanLHO, 

TaK KaK, HeCMOTpB Ha HeKOTOpble TeXHH'ieCKHe Y~06CTBa, 

npHBO~HT K 3Ha'IHTenbHOMY CHH)I(eHHID 'IYBCTBHTenLHOCTafl9/. 

IJ03TOMy Mbl HaWnH u.enecoo6pa3HbiM llOMeCTHTb 4JeppHT 

BMeCTe C 06Kna~KaMH KOH~eHCaTopa llpBMO BHyTpb CKBH~a, 
npe~BapHTenLHO paccBepnHB ~HaMeTp ero OTBepCTHB ~0 

3 MM /puc. 3/. ,l],HaMeTp BTOporo OTBepCTHB CKBH~a, 
qepe3 KOTOpOe OCyiiJ.eCTBnJieTCJI CBB3b CO C'iHTbiBaiDIIJ.eii 

annapaTypo:ii, OCTaBancJI, KaK 06bi'IHO, paBHbiM 2 MM. 
YKa3aHHOe H3MeHeHHe KOHCTPYKU.HH CKBH~a He llOBnHBno 

JaMeTHo Ha ero napaMeTpbl H He npHaeno K cymecTBeH

HOMY H3MeHeHHID 'IYBCTBHTenLHOCTH. 

HeKoTopble onaceHHJI y Hac Bbi3Bana B03MO)I(HOCTL 

3KpaHHpoaaHHJI 3neKTpH'iecKoro non11 BHYTPH 4JeppHTa 3neKT

pH'IeCKHMH 3apJI~aMH, CKannHBaiDIIJ.HMHCJI Ha llOBepXHOCTH 

o6pa3u.a Ja C'ieT ero KOHe'IHO:ii npoao~HMOCTH H nnoxoro 

KOHTaKTa Me~y 4JeppHTOM H 06Kna~KaMH KOH~eHCaTopa. 
,l],nJI Toro, 'IT06bl H36e)l(aTL 3Toro 34><beKTa, noaepxHOCTL 

4JeppHTa 6blna llpHTepTa H O'iHIIJ.eHa, a 06Kna~Ka B BH~e 
Me~HOH 4JonLrH TOniiJ.HHOH 20 MUKpOH HaKna~biBanacb 
nnOTHO npJIMO Ha llOBepXHOCTb 4JeppHTa. TaKaB KOHCTpyK

U.HJI ~OJI)I(Ha 6blna npHBO~HTb K B03HHKHOBeHHID TOKa 'iepe 3 

4JeppHT, 'ITO, ~eHCTBHTenLHO, Ha6JIID~anOCb 3KCnepHMeH

TanLHO. 0~HaKO MarHHTHOe none 3TOro TOKa B CBB3H 

C CHMMeTpH'IHOCTbiD KOHCTPYKU.HH, Bo-nepBbiX, Mano, H, 

BO- BTOpbiX, He 3aBHCHT OT OpHeHTaU.HH BCeH YCTaHOBKH 
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Puc. 3. CxeMa pacnoAoJKeHU.JI KOHOeHcamopa u ,Peppuma 
6 CK6UOe; J - HU06Ue6bJU CK6UO, 2 - KUAU6p060'1HQ.JI Kamyw
Ka, 3,5 · o6KAaoKu KOHOeHcamopa, 4 - OU3AeKmpuK, 6 - ,Pep
pum, 7 - mo'le'IHbJii KOHmaKm cKeuoa, 8 - KamywKa KOAe6a
meAbH02o KoHmypa uHmep,PepoMempa. 

B npOCTpaHCTBe H DOTOMY He MO)I(eT Bbi3BaTb HMHTHpyiD

wero 34><beKTa. 

Ka)l(eTCJI, 'ITO O~HOH H3 06Kna~OK KOH~eHCaTopa MOrna 

cny)I(HTb llOBepXHOCTb OTBepCTHJI B CKBH~e, O~HaKO B 3TOM 

cnyqae npo6oii 4JeppHTa Ben K BbiXO~y CKBH~a H3 CTpOJI. 

HMeHHo 3Ta npH'IHHa JacTaBHna Hac BBeCTH o6Kna~Ky H3 

Me~HOH 4JonLrH, cny)I(HBWYID O~HOBpeMeHHO 3KpaHOM OT 

B03MO)I(HOro B npou.ecce HaCTpOHKH npo6oJI. 

KanH6poaKa 'IYBCTBHTenLHOCTH HHTep<bepoMeTpa ocy

mecTBnBnacL C llOMOIIJ.biD He6onLWOH KaTyWKH, HaMOTaHHOH 

llOBepx o6pa3U.a B O~HH cnoii 20-MHKpOHHbiM npOBO~OM. 
,l],nB TOrO, 'IT06bl H36e)l(aTb B03~eHCTBHJI llOMeX, CBJI-

3aHHbiX C HeCTa6HnLHOCTbiD BHeWHero MarHHTHOrO nonJI, 

CKBH~ BMeCTe C <beppHTOM H BCDOMOraTenLHbiMH ~eTanJIMH 
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6bin noMell\eH B CBepxnpOBO,Z:Vlll\HH MarHHTHbiH 3KpaH, H3-

rOTOBneHHbiH H3 CBHH~a H HMeBIIIHH ci>opMy HeCKOnbKO cnmo-

11\eHHOH 6yTblnKH. Ko3cl>cl>H~HeHT 3KpaHHpoaaHHS nonyquncs 

BeCbMa BbiCOKHM: nopS.IJ;Ka 10 S .)l;OCTaToqHo CKa3aTb, qTo 

no,nHeCeHHe BnnOTHYID K KpHOCTaTy MarHHTHOrO 6pyCKa C 

Hanps)l(eHHOCTbiO nons B6nH3H noBepXHOCTH B HeCKOnbKO 

COTeH 3pCTe.IJ; npHBO,IJ;HnO K H3MeHeHHID nOTOKa B CKBH.IJ;e, 
-2 

MeHbWeMy 10 KeaHma. BHYTPH caepxnpoao.nsll\ero 3KpaHa 

CKBH.IJ; BMeCTe C ci>eppHTOBbiM nony~HnHH.IJ;pOM 6blnH OpHeH

THpOBaHbl BepTHKanbHO, n03TOMY 3neKTpHqeCKOe none 6na

ro,naps TaKoii KOHCTPYK~HH 6blno acer.na HanpaaneHo ro

pH30HTanbHO. B cas3H c 3THM Hawa ycTaHOBKa Morna 

3aperHCTpHpOBaTb TOnbKO npoeK~HID 3ci>HpHOrO BeTpa Ha 

ropH30HTanbHYID nnOCKOCTb. )l;ns TOrO, qTo6bl HMeTb B03-

MO)I(HOCTb H3MeHHTb yron Me)l()l.y 3neKTpHqeCKHM noneM 

H HanpaaneHHeM 3ci>HpHOrO BeTpa, BeCb KpHOCTaT BMeCTe 

c nepauqHoii pa,nHo3neKTPOHHOB annapaTypoii ycTaHaBnH

aancs Ha noaopoTHoii nnaTcl>opMe H Mor noaopaquaaTbcs 

BOKpyr BepTHKanbHOH OCH. Cne~HanbHble Mepbl 6blnH npH· 

HHTbl ,nns aHTHBH6pa~HOHHOH no,nBeCKH nOBOpOTHOH nnaT· 

cl>opMbl. 

Hanuque cl>oHoaoro HJMeHeHHH HaMarHuqeHHOCTH cl>ep

PHTa, CBH3aHHOrO C Me,nneHHbiM OCTbiBaHHeM, He n03BOnH· 

no npHKna,IJ;biBaTb K ci>eppHTy nOCTOHHHOe 3neKTpHqeCKOe 

HanpH)I(eHHe. )l;ns nonyqeHHH BbiCOKOH qyBCTBHTenbHOCTH 

Ha ci>oHe 3TOrO Me,nneHHOrO OCTbiBaHHH HaM npHWnOCb 

HeCKOnbKo ycnmKHHTb cxeMy. llpe)l()l.e acero, qacToTa 

MO.IJ;yns~HH nOTOKa B HHTepci>epoMeTpe H qacTOTa CHHXpoH

HOrO ,IJ;eTeKTHpOBaHHH 6blnH nO.IJ;HHTbl .IJ;O 1 Krfl. 3TO n03BO • 

nHnO ODYCTHTb nOCTOHHHYID BpeMeHH HHTerpaTOpa .IJ;O 

10-2 C, a nOCTOSHHaH BpeMeHH ~enH OTpH~aTenbHOH o6-

paTHOH CBH3H BbiXO,IJ;a HHTerpaTopa CO CKBH.IJ;OM 6blna 

COXpaHeHa paBHOB npHMepHO CeKyH,ne. 3TH H3MeHeHHJi. 

,nanH B03MO)I(HOCTb npopa6aTb1BaTb Ha HHTeptlJepoMeTpe 

CHrHan nepeMeHHOrO noTOKa, KOTOpbiB MOr B03HHKHYTI> 

npH npuno)l(eHHH nepeMeHHoro 3neKTpuqecKoro nons. 3Ty 

B03MO)I(HOCTb .IJ;OnOnHHTenbHOrO KO.IJ;HpOBaHHI CHrHana Mbl 

ucnonb3oaanu, npHKna,nblaas K cl>eppHTY 3neKTpuqecKoe none 

B BH.IJ;e pa3HODOnipHb1X DpHMOyronbHbiX HMDynbCOB - C qac • 

14 

7 

~()? 
91 10 

Puc. 4. liAoK- cxeMa ycmaHoeKu: 1 - ycuAumeAb UHmep(Jepo
Mempa, 2 - CUHXpOHHbllJ 0€11f€K1110p UH111ep(JepOM€111pa, 3 -
UH11fezpamop, 4 - zeHepamop- M00YAR1110p, 5 - YCUAU11f€Ab, 
6 - CUHXPOHHbiU Oe1/feK1110p, 7 - ZeHepamop np.RMOYZOAbHbiX 
UMnyAbC08 8biCOKOZO Hanp.RJIC€HUJI, 8 • pezucmpamop. 

TOTOH npHMepHO 17 r11, Hanps)l(eHH~CTb nons Ha ljleppHTe 

H3MeHsnacb oT +650 .no -650 B/cM 15(reHepaTop, Ja,naJ0-

11\HH 3TO none, cny)I(Hn O.IJ;HOBpeMeHHO onopHbiM ,nns CHH

XpOHHOrO ,neTeKTHpOBaHHH BbiXO.IJ;HOro HaDpH)I(eHHS HHTer

pa Topa I puc. 4/. Hanps)l(eHHe Ha Bblxo.ne CHHxpoHHoro 

,neTeKTOpa perHCTpHpOBanOCb KaK CHrHan. llpH HCnOnb-

30BaHHH 3TOH MeTO.IJ;HKH, HeCMOTpH Ha 3HaqHTenbHbiH cl>oH, 

qyBCTBHTenbHOCTb nonyqunacb BnOnHe y,noaneTBOpHTenbHOH. 

Pe3yAb11fa11fbl 3KcnepuMeHma 

3KcnepHMeHTbl npoao.nunHcb B TeqeHHe nonyTopa He,nenb 

ao BTopoii nonoBHHe SHBaps 1976 ro.na B pa3nHqHoe apeMs 

CYTOK. llpH 3TOM H3Mepsnacb pa3HH~a Me)l()l.y noKa3aTe

nHMH HHTepci>epoMeTpa B OTCYTCTBHe 3neKTpHqeCKOrO nons 

H nocne ero BKnroqeHHI B onpe.neneHHOH opueHTa~HH, nocne 

3Toro KpHocTaT noaopaquaancs Ha 180 rpa.nycoa H onpe

.nensnacb TaKai )l(e pa3HH~a ,nni HOBOH OpHeHTa~HH. llo-
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JiyqeHHble TaKHM o6pa30M pe3yJihTaThl BblqHTaJIHCh ,H pal

HOCTh perHCTpHpOBaJiaCh KaK HCKOMblB 31}14leKT. TaK KaK 

KOH,IJ,eHCaTOp B CKBH,IJ,e HMeJI UHJIHH,ll,pHqeCKYIO l}lopMy H 6hlJI 

COCTaBJieH H3 .D.BYX ITOJIYUHJIHH,IJ,pOB - l}leppHTOBOrO H )l,H3-

JieKTpHqecKOro,- ITOJIHblB ITOTOK qepe3 CKBH)l,, Bbl3BaHHblB 

31}lHpHbiM BeTpOM, C yqeTOM paBeHCTBa /9/ H /10/ MO)I(eT 

6h1Th 3aiTHCaH B BH,IJ,e 

¢=I 11¢((-1)-11[[[:. ElrdrdO 
s 

/13/ 

3,IJ,eCh HHTerpHpOBaHHe )l,OJI)I(HO BeCTH ITO ceqeHHIO /nony

Kpyry/ l}leppHTOBOrO ITOJIYUHJIHH,IJ,pa.YqHTblBaH, qTO HHTer

paJI 6y,IJ,eT HMeTh MaKCHMYM, eCJIH W nepneH)l,HKYJIHpHO 

OCH KOH)l,eHCaTOpa H Jie)I(HT B ITJIOCKOCTH, pa3,IJ,eJIHIOIUeB 

ITOJIYUHJIHH,IJ,pbl, onpe,IJ,eJIHM 3HaqeHHe ITOTOKa B CKBH,IJ,e ,IJ,JIH 

TaKOB reoMeTpHH: 

l w UR 
¢ = 2 I 11¢ ((-1) -1 c 1i11Ur /14/ 

3,IJ,eCh R , r H U - pa,IJ,HYChl 3JieKTpO,ll,OB KOH,IJ,eHCa TOpa H 

HaiTpH)I(eHHe Me)l()l,y HHMH, ITpHqeM 

R/r .. 10, 'R :. 0,14 CM. /15/ 

BhlqHcnxx Hl /14/ CKopocTh 31}lHpHoro aeTpa, nonyqHM: 

w ... cfJ.c. ln R/r ---------- . /16/ 

2 I 11¢ ((-1) -1IUR 

06pa60TKa pe3yJihTaTOB H3MepeHHB ITOKa3aJia, qTO CHC

TeMaTHqeCKOrO, KOppeJIHpOBaHHOrO C cyToqHblM BpameHHeM 

3eMJIH 31}14leKTa B HaWeM 3KCITepHMeHTe He Ha6JIIO,IJ,aeTCH. 

CnyqaBHhie, HeCHCTeMaTHqeCKHe OTKJIOHeHHH ITOKa3aHHB HH

Tepl}lepoMeTpa He npeBbllllaiOT IT pH 3TOM 1, 1.10-4 KlJaHma 
MarHHTHOro ITOTOKa. 0TCIO,IJ,a MO)I(HO onpe,IJ,eJIHTh rpaHHUY 

ropH30HTaJibHOB COCTaBJIHIOIUeB 31}lHpHOrO BeTpa B HaWeD 

na6opaTopHH. CornacHo ypaaHeHHIO /16/ c yqeTOM paaeHCTB 

/8/, /11/, /12/ H /15/ nonyqHM: 

W ~ 12,5 CM/C. 
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3aKAIO'IeHue 

EcTeCTBeHHO, onHcaHHhlB 3KcnepHMeHT, TaK )l(e KaK 

H OITblT TpoyTOHa-Ho6Jia, He ,IJ,aBaJI B03MO)I(HOCTH o6Ha

py)I(HTh aeTep "HeyaneKaeMoro 31}lHpa c coKpameHHeM", 

paccMOTpeHHoro JiopeHueM. B .D.BH)I(YJUeiicx B TaKoM 31}lHpe 

CHCTeMe OCTaiOTCH CITpaBe)l,JIHBblMH CTaH,IJ,apTHble ypaBHe

HHH MaKcaenna 16 •7 I H B CBH3H c 3THM HCKJIIOqaeTcx KaKax

JIH6o B03MO)I(HOCTh 06Hapy)I(HTh )l,BH)I(eHHe Jia6opaTOpHOB 

CHCTeMbl OTHOCHTeJibHO TaKoro 31}lHpa, BO BCHKOM CJiyqae, 

3JieKTpoMarHHTHblM cnoco6oM. PeJyJihTaT onHcaHHoro 3K

cnepHMeHTa IT03TOMY MO)I(HO TpaKTOBa Th KaK ITO)l,TBep)l()l,e

HHe CITpaBe)l,JIHBOCTH npHHUHITa OTHOCHTeJihHOCTH H ypaa

HeHHB 3JieKTpO,IJ,HHaMHKH B 3eMHOB Jia6opaTOpHH B ITpOTHBO

BeC TeM 31}lHpHbiM rHITOTe3aM, B KOTOpbiX )l,BH)I(eHHe 

OTHOCHTeJibHO ~l}lHpa )l,OJI)I(HO 6blJIO 6bl npHBO)l,HTh K Hapy

IlleHHIO MaKCBeJIJIOBCKOB 3JieKTpO)l,HHaMHKH. 

AaTop HCKpeHHe npH3HaTeneH B.M.JiaqHHOBY H 

M.M.MHp)l(aJIHJIOBY 3a ITOMOIUh B ITO,IJ,rOTOBKe annapaTypbl 

H npoae,IJ,eHHH H3MepeHHB, a TaK)I(e P .A.AcaHoay, B.K.Hr

HaTOBHqy, )];.A.KHp)I(HHUY, JI.A.MaKCHMOBy, JI.A.MHKa3-

miHy, B.H.OrHeBeUKOMY, IO.M.OcTaHeaHqy, M.H.Ilo,IJ,ro

peuKoMy, 3.A.IlepeJihWTeBHy, JI. qepy 3a ITOJie3Hble H UeH

Hhle o6Cy)I(,IJ,eHHH. 
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