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BoeaoaHH 1\\.A. H ap. 13 - 10761 
MHoroKaHanbHhl~ MarHHTOMeTp c HCnonb30BBHHeM 

ranbBaHOMarHHTopeKoM6HHBUHOHHbJX npeo6paaoaarene~ 

OnHcaH aecHTHKaHanbHhl~ MarHHTOMeTp anH H3MepeHHH nocTOHHHhlX H 

MeaneHHO MeHHJOWHXCH MarHHTHblX none~ B DHana30He (10"5 -;.2•10"2 
) Tn 

KBK B6nH3H npH6opa, TBK H HB 3HB'IHTenbHOM paCCTOHHHH OT Hero (DO 200M). 

B MarHHTOMeTpe,Hcnonb30BBH HOBhl~ THn ranbBBHOMarHHTHhlX aaT'IHKOB, 

o6naaaJOWHX noBbiWeHHO~ 'lyBCTBHTenbHOCTbJO K MarHHTHOMY nonJO. DpHBeae

Hbi OCHOBHble napaMeTpbl npH60pa. 

Pa6ora BbmonHeHa B lla6oparopHH BbiCOKHX 3HeprH~ 011.S:H1. 

fipeopBBT 06-l.e.IPIBeRBOTO BBCTBTYT& •.11epBWX BCCJieJIOB&IUII • JlY6B& 1977 

© 1977 06 .. e()uHeHHWU UHCBUB,YB Jl{)epHWXUCCAe()060HUiiJly6HO 

IlpH C03,IJ,aHHH MHOFOKaHanhHhiX MaFHHTOMeTpOB ,IJ,n11 

H3MepeHH11 H KOHTpOnJI nOCT01IHHhiX H Me,IJ,neHHO MeHHIOI.QHXCJI 

MaFHHTHhiX noneii B Ka'leCTBe ,IJ,aT'IHKOB 06bi'IHO HCnOJJh3YIOT 

nonynpoBO.IJ.HHKOBhle npeo6pa3oBaTenu, B KoTophiX npo11Bn11-

eTCH ranhBaHoMarHHTHhiH 3$4leKT II 1. B uaqane 50- x ro,IJ,oB 

B pe3ynhTaTe HCCne,IJ,OBaHH11 npoll,eCCOB peKOM6HHali,HH B no

nynpoBO,!J,HHKOBbiX npu6opax 6hin npe,IJ,nO:>KeH HOBhiH BH,!J, Mar

HHTO'IYBCTBHTenhHOFO 3neMeHTa, KOTOphiH nony'IHn Ha3Ba

nne ranbaanoMarnuTopeKoM6uuauuouuoro /rMP I npeo6pa-

30BaTenH / 2-5/_ rMP-npeo6pa30BaTeJlh 11Bn1IeTC11 6onee npo

CTbiM 3neMeHTOM, qeM lllHpoKo H3BeCTHhiH ,IJ,aT'IHK Xonna, 

T.K. npe,IJ,CTaBnHeT C060H pe3HCTOp, aKTHBHOe COnpOTHBne

HHe KOTOpOFO 3aBHCHT OT MaFHHTHOFO H 3neKTpH'IeCKOFO 

noneii. B oTnH'IHe OT Maf'HHTope3HCTopoa H MarHHTO.IJ.HO.IJ.OB 

rMP-npeo6pa3oBaTenb HMeeT nHHeHHYIO 3aBHCHMOCTh Bhi

XO,IJ,HOro HanpH:>KeHH11 OT BenH'IHHhl H3Mep1IeMOFO MaFHHTHOFO 

non11. 0H 'IYBCTBHTeneH He TOnbKO K BenH'IHHe, HO H Hanpaa

neHHIO MarHHTHoro non11. MarunTHoe none BJJHHeT ua 

cpe,IJ,HIOIO KOHll,eHTpali,HIO HOCHTeneii TOKa B rMP-npeo6pa-

30BaTene, npH'IeM 3TO BnHHHHe yaenH'IHBaeTC11 HnH yMeHb

lllaeTCJI nO,IJ, ,IJ,eHCTBHeM 3neKTpH'IeCKOFO non11, B KOTOpOM 

pa3Melll,eH ,IJ,aT'IHK. 

Cne,IJ,OBa TenhHO' B OTCYTCTBHe MarHHTHOFO nonH r M p

npeo6pa3oBaTenn ae;11.yT ce611 KaK o6hi'1Hhle nonynpoBO.IJ.HH

KOBhle pe3HCTOphl, a B MaFHHTHOM none, npH B036y:>K,IJ,eHHH 

nepeMeHHhiM aanpH:>KenneM, npoJIBJJHIOT BeHTHnhHhle caoii

cTaa11/ • 

3TH Ka'leCTBa ):(aT'IHKOB, a TaK:>Ke BhiCOKaJI 'IYBCTBHTenb

HOCTh K MarHHTHOMY nOJllO /50 7100 B/T/ ,IJ,alOT B03MO)K

HOCTh npoeKTHpOBaTh Ha HX OCHOBe MHOFOKaHanhHhle MaFHH-
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TOMeTpbl CO cpaBHHTeJibHO HeCJIO)I(HOH 3Jiei<TpOHHOH annapa

Typo if. 

OnucbiBaeMbiH MHoroi<aHaJibHhiH MarHHTOMeTp npe.D.Ha3-

Ha'leH )l.JIH O)l.HOBpeMeHHOrO H3MepeHHH B 10 TO'II<aX 

llOCTOHHHOrO BO BpeMeHH OCTaTO'IHOrO MarHHTHOrO llOJIH 

B pafioqeif I<aMepe cuuxpo$a3oTpoua. )l;aHHbie MarHHTHhiX 

H3MepeHHH, llOCTynaH Ha 3BM, 6y)l.yT o6pa6aTbiBaTbCH 

COBMeCTHO C llOI<a3aHHHMH MarHHTHbiX )l.aT'IHI<OB )l.pyrHX 

THllOB, C TeM 'IT06bi B HarJIH)l.HOH $opMe 6biJia npe)l.CTaBJieHa 

o6o6~euuaH 4>YHI<JJ;HH pacnpeJJ.eJieHHH noi<a3aTeJIH cna.D.a 

MarHHTHoro nonH yci<opuTeJIH. KpoMe Toro, MarHHTOMeTp 

MO)I(eT fihiTb HCllOJib30BaH )l.JIH H3MepeHHH llOJieH pacceHHHH 

B pa3JIH'IHMX 3Jiei<TpO$H3H'IeCI<HX YCTaHOBKaX, MarHHTaX 

H JIHH3aX, npHMeHHeMMX B YCI<OpHTeJihHOH TeXHHI<e. 

MHOrOI<aHaJibHMH MarHHTOMeTp COCTOHT H3 CJie)l.yiOIJJ;HX 

OCHOBHMX Y3JIOB: 

1/ )l.eCHTH TepMOCTa6HJIH3HpOBaHHhlX I<ancyJI-)l.aT'IHI<OB 

C rMP-npeo6pa30BaTeJIHMH H HarpeBaTeJibHbiMH 3JieMeH

TaMH; 

2/ JIHHHH CBH3H )l.JIHHOH )).0 200 M, onpe)l.eJIHIOIJJ;eH 

Mai<CHMaJibHO B03MO)I(HOe y)l.aJieHHe )l.aT'IHKa OT npu6opa; 

3/ BXOJJ.Horo ycTpoH:cTBa, npeJJ.CTaBJIHIOIJJ;ero co6oH: JJ.e

CHTb H3MepHTeJihHbiX MOCTOB C ai<THBHbiMH H peai<THBHMMH 

3JieMeHTaMH ( HM ) ; 

4/ JJ.eCHTH yJI<ononocHbiX $HJibTpoB HH)I(HHX qacToT 

(<f>Hq); 

5/ JJ.BYX HCTO'IHHKOB onopuoro uanpH)I(eHHH ( HOH) ; 

6/ )l.eCHTH CXeM TepMOCTa6HJIH3aJJ;HH )l.aT'IHI<OB (CT )];) ; 

7/ auanoroaoro KOMMyTaTopa co cxeMoH ynpaaneuuH; 

8/ u;u4Jpoaoro Ta6no ua nuu;eaoH: nauenu npu6opa, yi<a-

3MBaiO~ero HOMep onparnusaeMoro KaHana; 

9/ HCTO'IHHKa CTa6HJibHOrO HanpH)I(eHHH CHHYCOH)l.aJibHOH 

$opMbl )l.JIH B036y)l()l.eHHH rMP-npeo6pa30BaTeJieH (HCH); 

linoK- cxeMa MarHHTOMeTpa npuae,neua ua puc. 1. 
HcnoJib30Bauue H3BeCTHMX cxeM, npeJJ.Ha3Ha'leHHhiX JJ.JIH 

H3MepeHHH OTHOCHTeJibHOrO H3MeHeHHH COllpOTHBJieHHH /ua

npHMep, CXeM TeH30MeTpOB/, OI<a3biBaeTCH MaJI03$4>ei<THB

HbiM, TaK KaK COllpOTHBJieHHe rMP-npeo6pa3oBaTeJIH 3aBH

CHT He TOJibKO OT BeJIH'IHHbl MarHHTHOrO llOJIH, HO H OT 

TeMnepaTypbi )l.aT'IHKa. fi03TOMY )l.JIH yMeHbiiieHHH TeMne

paTypHOH HeCTa6HJibHOCTH npH H3MepeHHH llOCTOJIHHMX Mar-
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HHTHhiX noneii B036Y:lK.li.CHHe .n.aT'IHKOB OCYil\eCTBnHIOT nepe
MCHHhlM Hanpx:lKeHHeM, a C'heM none3HOH HH~OpMaU.HH npo
H3BO.li.HT HnH npH y.n.noeHHOH 'laCTOTe H3MeHeHHB 3nei<TpH
'ICCKOrO non», HJIH nyTeM H3MepeHHH nOCTORHHOH COCTaB
nHtOJlleH n u.enu .n.aT'IHI<a /3,5/. 

flOCTORHHaJI COCTaBnJIIOil\aJI Hanp.JI:lKeHH.JI .n.a T'IHI<a onpe
.n.enHeTC.II Bhipa:lKCHHeM 

U11 =AH0 E 1~, 
r.n.e A - Ko3!WJuu.ueHT, xapaKTepH3YIOJllHH qyscTBHTenhHOCTh 
.n.aT'IHKa; H 0 - senH'IHHa H3Mep.HeMoro MarHHTHoro non»; 
E

11
- aMnnuTy.n.a uanpH:lKeHHH B036Y:lK.U.CHHH npeo6pa3oBaTenH. 

C uenhJO yMeHhllleHHH BJIHHHHH senH'IHHhi E11 ua noi<a3a
HHJI .n.aT'IHKa B036Y:lK.li.CHHe npeo6pa30BaTCnH OCyll\eCTBJIR
eTCH OT HCTOl.JHHKa CTa6HJlhHOrO HanpH:lKeHH.JI (11CH). CTa-
6HJihHOCTL senu'IHHhi Bhixo.n.uoro uanp&:lKeHHJI HCH ue xy:lKe 
to-•. HCH H3roTonneu ua ocuone nuueiiuoii cxeMhl anTo
MaTH'IecKoii CTa6HnH3aU.HH BhiXO.li.HOrO HanpH:lKCHH.JI/(>/. ,l),n» 
o6ecnC'ICHH.II O.li.HOBpeMeHHOH pa6oThl .n.ec»TH .n.aT'IHKOB, 
HMeiOJllHX 6onhlllYIO eMI<OCTHYIO COCTaBJI.IIIOI.l.tYIO Harpy3KH, 
a Tai<:lKC .n.n» noBhiilleHH» uanpH:lKeHH» ua npeo6pa3onaTene 
.no 40 B I 3¢¢eKTHnHoe 3Hal.Jeuue/ u yny'lllleHH» ¢opMhi 
cuuycou.n.anhuoro BbJxo.n.uoro uanp»:lKeHH» B cxeMe HCH 
ucnonh3yCTCJI .li.BYXTai<THhiH ycHnHTenh MOil\HOCTH (YM) , 
B036Y:lK.U.aiOJllHH nocne.n.ooa TeJihHhiH I<One6a TenhHhiH I<OHTyp 
~ ck. EMKOCThiO I<OHTypa cny:lKHT pacnpe.n.eneHHa» eMI<OCTh 
COe.U.HHHTenhHOrO J<a6en». flpH 3TOM B03MO:lKHO y.n.aneHHe 
.n.aTl.JHI<OB Ha 200 M HpH HCnOJlh30BaHHH B I<al.JeCTBe coe.n.u
HHTenhHOH nuuuu MHI<po$ouuoro IllHypa /Ill Mll3 B- 0. 08/. 

CornaCOBaHHe BhiCOKOOMHOrO H3MCpHTCJlhHOrO MOCTa 
C nOCJIC.li.YIOil\HMH U.Cn»MII OCYil\CCTBn&CT onepaU.HOHHhiH 
yCHJIHTenh (OY) , pa6oTai011\HH B pe:lKHMe 500/o-uou OTpH
u.aTeJihHOH o6paTuoii CB»3H ( OOC). Hcnonh3onauue ue
uunepTHPYJOmero nxo.n.a (OY) o6ecnequsaeT noBhiilleHHoe 
nxo.n.uoe conpoTHnneuue J<aci<a.n.a. 

,lJ,n» ocna6neHHJI uaao.n.oK OT HCH u HCTO'IHHKOB, pa-
6oTaJOmux Ha l.JaCTOTe 50 F1.1, B H3MCpHTenhHOM J<aHane 
npuMeHeH Y3I<ononocuhlii ci>Hq. Hcnonh30BaHue B Maruu
TOMeTpe .n.eCJITH ci>Hq, BI<niO'ICHHhiX nepe.n. I<OMMyTaTOpOM 
auanorOBhiX CHrHanOB, n03BOnHCT nOBhiCHTh CI<OpOCTh onpo
ca I<auanos, T .I<. B 3TOM cnyqae cuuMaeTc» sonpoc o 
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nepexo.n.HhiX npou.eccax, B03HHI<aJOmux B ci>Hq npu I<OMMy
Tau.uu curuanos ua ero sxo.n.~ 7! CKopoCTh onpoca I<auanos 
MarHHTOMCTpa npuo6peTaCT 60JlhlllOC 3Ha'ICHHC npH pa6oTe 
npu6opa ua nuuuu c 3BM. Mcnonh3onauue B H3MepuTenL
HOM TpaJ<Te MarHHTOMeTpa TOnhi<O Tpex onepaiJ.HOHHhiX 
ycHnHTeneii, pa6oTai011\HX C rny60I<OH 00C, ll03BOnuno 
yMeHhlllHTh .n.peii$ H llOBhiCHTh CTa6HJihHOCTh BhiXO.li.HOrO 
uanpJI:lKCHH». 

,l),n» onpoca .n.aT'IHI<OB HCDOnh3yeTCB .n.ecJITHI<aHaJlhHhiH 
auanoroBbiH I<OMMyTaTop ( MAK). MAK co6pau ua none
BhiX TpaH3HCTopax c MOll- CTpyi<Typoii 18( Ou o6na.n.aeT 
BhiCOI<OH TOl.JHOCThiO nepe.n.a'IH CHrHanon, Ha.U.e:lKHOCThiO 
B pa6oTe H MHHHManhHhlM ypOBHCM noMCX OT napan
nenhHhiX ueonpalllHBaeMhiX I<aHanos. 3neMeHTaMu ynpasne-

~ /9/ 
HH» I<JIJOqeu cny:lKaT onepau.uoHHhie ycunuTenu . B MarHuTo-
MeTpe Hpe.n.yCMOTpCHO HeCI<OJlhKO pe:lKHMOB 3anyci<a I<OMMy
TaTopa: a/ OT BHyTpeuuero reuepaTopa c nepuo.n.oM onpoca 
T = 3; 5; 10 c; 6/ OT BHCillHero reuepaTopa npu pa6oTe 
c 3BM; n/ o.n.uoi<paTHhiH, pyquoii 3anyci<. HoMep onpalllu
BaeMOrO I<aHana HH.li.HU.HpyeTC.II .li.BYM» U.H$pOBhiMH HH.li.HI<a
TopaMH Tuna AJl 304, pacnono:lKeHHhiMH ua nuu.esoii nauenu 
npu6opa. 

rMP-npeo6pa30BaTeJIH fl-o6pa3HOH ¢opMhl pa3MepaMH 
10 x 1,5 x 0,15 MM 3 HMCIOT conpoTusneuue -110 K0Mnpu 
TeMnepaType 22° C. 0HH noMell\CHhl B TcpMOCTaTHpOBaHHhle 
J<ancynhi UHnHH.li.PH'IeCI<OH ~OPMhl pa3MepaMH 96x40 MM 2 

I puc. 2/. B uenocpe.n.cTBeHHOH 6JIH30CTH OT rMP -npeo6pa-
30BaTeJI» pacnono:lKeH uarpenaTenh/pe3HCTop MJIT-0.125-
120 OM/. 

MouTa:lKua» nnaTa c uarpenaTeneM H npeo6pa3oBaTeneM 
llOMCil\CHa B CBCTOH.enpOHHU.aCMhiH U.HJIHH.U.pHl.JCCI<HH 360HH
TOBhiH Kopnyc, 3ai<niO'ICHHhiH B 3JlCI<TpOCTaTHl.JCCI<HH 3KpaH. 
3nei<TPH'ICCI<Oe COe.U.HHCHHe BHYTPCHHHX 3JICMCHTOB .n.aT'IHI<a 
C BHCillHCH nnaTOH BhiDOnHCHO C llOMOil\hiO MaHraHHHOBOrO 
nposo.n.a, o6na.n.a1011\ero cymecTneuuo MCHhllleii y.n.enLuoii 
TennonpOBO.li.HOCThiO, l.JCM Me.U.HLIH. C llOMOil\hiO TCpMo
CTa6HnH3Hpy1011\CrO ycTpOHCTBa TcMnepaTypa BHYTPH I<an
cynhl coxpau»eTcx B npe.n.enex 33° C ± 0,05° Cnpu H3Meueuuu 
TeMnepaTyphl oi<py:lKaiOmeii cpe.n.hl oT 15 .no 33°C. 
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Puc. 2. KOHC111PYK!lUJI OQ1fi'IUKQ c rMP- npeo6pa308Q1/Ie.lleM. 
1 - n.11a111a, 2 • 3KpaH 1/len.IIOU30.11JI!lUOHHbiU, 3 • BbiBOO, 
4 · wau6a C8e1/I03QUIU111HQ.R, 5 - 3KpaH C8e11103QUIU111HbiU, 
6 - n.11a111a MOH111QJtCHQ.R, 7 - uazpeeame.llb, 8 - rMP- npe
o6pa308U1fle.llb, 9 - 3KpaH 3./leK111pOC1/IQ1/IU'IeCKUU, 10 · wail6a 
3KpaHUPYIOUIUJI. 

HH.D:HKaTopoM BhiXO.D:Horo HanpH)I(eHH.R MarHHTOMeTpa 

.IIBJI.ReTCH IJ.HtilpOBOH BOJihTMeTp lll1513. IlpH pa6oTe Ha 
JIHHHH C 3BM CHrHan TIOCTynaeT Ha 6JIOK 12-pa3pH,D;HOro AU,Il 
/U,Hcl>H, BeHrpH.R/. 

Kanu6poaKa MarHHTOMeTpa 6hma npoae.n:eHa c ucnonh-
3oBaHHeM o6pa3IJ,OBOH MarHHTHOH Mephi ( OMM) . OMM 
npe.n:cTaBn.ReT co6o8 'leThlpe coocHo pacnono)l(eHHhle Ka
TYWKH. O.n:Hopo,D;HOCTh rroJI.R OMM B o6heMe, 3aHHMaeMoM 
rMP-npeo6pa30BaTeneM, COCTaBJIHeT 1,5·10-5 cM-l. 

Ilopor 'IYB~TBHTeJihHOCTH MarHHTOMeTpa orpaHH'IeH 
co6CTBeHHhiMH wyMaMH rMP-npeo6pa30BaTeJIJI. Hau6onee 
CyiiJ,eCTBeHHhiMH ,D;JIH Hawero CJiy'laH HBJIJIIOT~H TOKOBhie 
WYMhl, T .K. cneKTp 3THX WYMOB nponopll,HOHaneH 1/ f y 

y = /0,8 71,6/ I 10( 

3KcnepHMeHTaJihHhie ,D;aHHhie TIOKa3biBaiOT, 'ITO cpe,D;He • 
KBa,D;paTH'IHOe 3Ha'leHHe 3)l.C TOKOBOrO WyMa B TIOJIOCe 
'laCTOT /0,1+5/ rll.D:JIH rMP-npeo6pa30BaTeneH COCTaBJIHeT 
0,08 MB, 'ITO npeahlwaeT aenH'IHHY .n:peiitlla H HecTa6Hnh
HOCTH Tpex TIOCJie,D;OBaTeJihHO BKJIIO'IeHHhiX OTiepall,HOHHhiX 
YCHJIHTene:if B H3MepHTeJihHOM KaHane MarHHTOMeTpa. 

8 

f 

I .. 

T 

Texuu1.1ecKue oaHHble MazuumoMempa 

1. 4HCJIO H3MepHTCJihHhiX KaHaJIOB 
2. )l.Hana30H H3MepHeMhiX MarHHTHhiX 

noneii 
3. llyBCTBHTeJihHOCTh ,D;aT'IHKOB 

10. 

-5 • -2 
/10 -'-2·10 /T. 

K TIOCTOHHHOMY MarHHTHOMY TIOniO OT 100 ,11;0200 8/T. 
4. Pa6o'lee conpoTHBJieHHe rMP-

npeo6pa3oBaTenH 82 KOM. 

5. 3cWJeKTHBHOe HanpH)I(eHHe 
B036y)I(,D;eHH.R npeo6pa3oBaTen.R 40 B. 

6. JIHHeHHOCTh BhiXO,D;HOH 
xapaKTepHCTHKH B pafiO'IeM 
,IJ.HaTia30He H3MepHeMhiX MarHHTHhiX 
noneii 0,5%. 

7. )l.uana3oH pafioqux TeMnepaTyp 

8. llacTOTa BO 36y)I(,D;eHHH r M p
npeo6pa3oBaTenH 

9. Cpe.n:HeKaa.n:paTH'IHhiH ypoaeHh 
co6cTBeHHhiX wyMoB 
npeo6pa3oBaTenH B o6nacTH 
'laCTOT /10-l-'- 5/ r11 

10. llaCTOTHhiB ,D;HaTia30H H3Mep.ReMhiX 
MarHHTHhlx noneii 

11. IlpHBe,D;eHHaH TIOrpeWHOCTh 
H3MepeHHH 

+157+33 °C. 

30o r11. 

-7 5,5 ·10 T. 

;o -'-5/ r11. 

0,05o/o. 

3neKTpH'IeCKaH 'laCTh MHOrOKaHaJihHOrO MarHHTOMeTpa 
H3rOTOBJieHa C HCTIOJih30BaHHeM HHTerpanhHhiX CXeM H 
CMOHTHpOBaHa B 3 ·X 6noKaX WHpHHOH 68,7 MM CTaH,D;apTa 
KAMAK. 

B 3aKJIIO'IeHHe aBTOphl Bhlpa)l(aJOT 6naro.n:apHOCTh co
TPY.D:HHKY HHCTHTyTa tilH3HKH nonynpoao.n:HHKOBbiX npu6opoa 
AH JIHT .CCP H.C.JieBHTacy 3a npe.n:ocTaBneHHe onhiTHhix 
o6pa3IJ,OB r M p- 3JieMeHTOB, a TaK)I(e COTPY ,D;HHKaM Jla6o
paTopuu BhiCOKHx 3Hepruii OHJIH B.H.Ky3HeiJ,oay u 
A.A.AHaWHHY 3a 60JihWYIO TIOMOIIJ,h TIPH HaCTpOBKe OT,D;eJihHhiX 
Y3JIOB TipH6opa H npoBe,D;eHHH CTeHAOBhiX HCTibiTaHHH. 
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PyKonHCh nocTynHna B H3)J,aTenhCKHH oT.nen 
16 HIOHft 1977 ro.na. 
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TEMATJ1qECKl1E KATEfOPl111 OYE.Jll1KAU11M 

OE'bE.lll1HEHHOfO l1HCT11TYTA H.llEPHhlX 

l1CC.JlE.llOBAHl1M 

l1H.UeKC TeMaTHKa 

1. 3KcnepHMBHTAnhH8H ~H3HK8 BhlCOKHX 3HeprHA 

2. TeopeTHqecKaH ~H3HKa BhlCDKHX sHeprHA 

3. 3KcnepHMBHT8nhH8H HBHTpOHH8H ¢H3HK8 

4. TeopeTHqecKaH ~H3HKa HH3KHX sHeprHA 

5. MaTeMaTHKa 

6. HnepHaH cneKTpDCKDTIHH H panHDXHMHH 

7. ¢H3HK8 TH*BnhlX HOHOB 

8. KpHoreHHKa 

9. YcKopHTenH 

10. A BToMaTH38UHH o6pa6oTKH sKcnepHMeHTanhHbiX 

il8HHblX 

11. BhlqHCnHTenbHaH MaTeMaTHKa H TBXHHKa 

12. XHMHH 

13. TexHHKa ~H3HqecKoro sKcnepHMBHTa 

14. HccnenoBaHHH TBepnhlx Ten H *HnKocTeA 

HilBpHhlMH MBTOil8MH 

15. 3KcnepHMBHT8nhH8H ~H3HK8 HilBpHhlX peaKUHA 

TipH HH3KHX 3HeprHHX 

16. llo3HMBTpHH H ~H3HK8 38WHTN 

17. TeopHH KOHilBHCHpOB8HHOrO COCTOHHHH 


