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BBEAEH~E 

An~ 3KCnep~MeHTOB C Me30HH~M~ nY4KaM~ Ha C~HXpO~~KnOTpOHe 
flHn C03AaHa cne~~anbHa~ YCTaHOBKa C KaMepO~ C ynpaBn~eM~M~ 
TennOB~M~ ~eHTpaM~. ~~3~4eCK~e np~H~~n~ yCTaHOBK~ 6~n~ 3anO~e

H~ B 1973 r. / I 
. ~ AeTanbHO pa3pa60TaH~ B p~Ae pa60T, nocneA

H~H ~3 KOTOp~X ~I AaeT on~caH~e onT~4eCKO~ C~CTeM~ YCTaHOBK~. 
np~H~~n Ae~cTB~~ KaMepbl, npeAcTaBnH~~e~ c060~ ra30BY~ M~weHb 

C ren~eM, BOAOPOAOM ~n~ MeTaHOM, OCHOB~BaeTC~ Ha c03AaH~~ 

C nOMO~b~ CTp~MepOB, 06pa3Y~~~xC~ Ha nepB~4HblX 3neKTpOHax, 
TennOB~X ~eHTpOB B ra3e. np~MeHeH~e na3epHo~ TeXH~K~ An~ OCBe
~eH~~ cTp~MepHo~ KaMep~ n03Bon~eT Ha6n~AaTb 3T~ TennOB~e ~eHT

p~, B~3~Ba~~~e nOKanbH~e ~3MeHeH~~ K03$$~~~eHTa npenOMneH~~ 

ra3a. TennOB~e ~eHTp~ Aa~T B03MO~HOCTb AeTeKT~pOBaTb cneA~ 
np~6n~3~TenbHo Ha nop~AOK 60nee T04HO, 4eM B cTp~MepHo~ KaMe
pe, CH~MaTb ~x Ha Man04YBcTB~TenbHY~ nneHKY C B~COK~M pa3pe
weH~eM ~ ycnewHo pa60TaTb C TaK~M~ ra3aM~, KaK BOAOPOA ~ re
n~~ np~ nOB~weHHOM AaBneH~~. 

Ha YCTaHoBKe npeAnonaraeTc~ npoBecT~ ~ccneAoBaH~~ ABO~HO~ 
nepe3ap~AK~ n~OHOB Ha He, Ha C ~ nO~CK ee B Ae~Tep~~ ~ Ha BO
AopoAe. 

ABO~HAH nEPE3APHAKA HA He ~ C 

TeopeT~4eCK~ ABo~Ha~ nepe3ap~AKa Ha 3T~X ~Apax paccMoTpeHa 
B pa60Te / 3/ . 3TOT Bonpoc B~3~BaeT np~CTanbHoe BH~MaH~e B CB~
3~ C npO~BneH~eM npo~eccoB, no KOTOP~M ~AeT ABo~Ha~ nepe3ap~A
Ka. Oc06~~ ~HTepec npeAcTaBn~~T pac4eT~, B~nonHeHH~e B~nK~H~M 

~ A*epMOHOM 1 41 
,KOTop~e YKa3~Ba~T Ha 3Ha4~TenbHY~ ponb 06MeH

H~X Me30HH~X TOKOB B npouecce ABO~HO~ nepe3ap~AK~. 3Kcnep~MeH-
T~, B~nonHeHH~e B flAMn$ 1 51 ,KaK 6YATO 6~ Aa~T xopowee COOTBeT-
CTB~e Teop~~ ~ 3Kcnep~MeHTa. OAHaKO aHan~3, npoBeAeHH~~ HaM~, 
nOKa3~BaeT, 4TO pa60T~ nepec-MeHAeca CB~3aH~ C 3Ha4~TenbH~M~ 
3Kcnep~MeHTanbHbIM~ TPYAHOC T~M~ / C~CTeMaT~4eCK~e OW~6K~ B 5 pa3 
60nbwe CTaT~CT~4eCK~X, B y3KOM A~ana30He ~3MepeH 3HepreT~
4eCK~~ cneKTp BTOP~4H~X Me30HOB, HeYAoBneTBop~TenbHO CAenaHbl 
o~eHK~ yrnoB~x pacnpeAeneH~~ Me30HoB/. He YA~B~TenbHO n03TOMY, 
4TO ~3MepeH~~ np~ Man~x 3Hepr~~x paCXOA~TC~ C pe3ynbTaTaM~ 
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PHc.l. 3aBHCHMOCTb nonHoro ce
qeHHH B3aHMOAeHCTBHH OT 3HeprHH 

° rr,NK6 

800 HaneTaw~ero "~Me30Ha •• - ~. 
MacclO /1971/,! - ,[\yoHa /1976/, 
• - A.CTe~ /1981/, x - A.AnbT

700 MaH /1985/. 1- B 2 /1905/ T=I, 
J =1; 2 - ABoHHaH nepe3apHAKa 
rr0 18; 3 - ABoHHaH nepe3apHAKa 
rrC1~ 4 - B 2 /1935/ T=O, J=2; 

5 - M.EnoK /1966/; 6 - B2 /1965/ 
T=I, J=2; T=2,J=I; R/1025/T=2, 
J =1/2; 7 - B2 /2015/ T=O, J =2; 

600 

500 
T=2, J =2. 

400 APyrl1x pa6oT/I1MeFl B BI1AY AaHHble, 
nonY4eHH~e HaMI1 paHee Ha CTPI1
MepHo~ KaMepe / 61 /. 

300 ~ ~",,*Y~.;n-~ Ha pl1c.l nOKa3aH~ Ben11411H~ 
Ce4eHI1~ peaK~1111 ABO~HO~ nepe
3apFlAKI1 rr +He4 ... rr-4p. Hawl1 CTa
p~e AaHH~e TaK~e I1Me~T 3Ha411200 
TenbHbJe OWI16KI1 11 OCHOBbIBa~TCFI 

He Ha npFlMOM Ha6n~AeHI1I1 3TO~ 

100 ~ -f/'lIJ' - .. 1_ /8 peaK~I1I1, a nonY4eH~ B pe3ynb
fl v -77i I'vt: TaTe 113Bne4eHI1F1 nonHoro Ce4eHI1F1, 

i 2 CHa4ana B 113MepeHI1F1X Ha He 4,•f7
J • .!l' ~ I a 3aTeM B~4I1TaHI1F1 113 3TI1X AaH'" - ~ __ i.-- . 

H~X ¢OHa, 113MepeHHoro B peaK5Q 100 160 M~B 
~11F1X B3aI1MOAe~CTBI1F1 nl10Ha C He3 , 
rAe ABo~HaFl nepe3apFlAKa 3anpe~e
Ha no 3aKoHY coXpaHeHI1F1 3apFlAa. 

B 3TO~ CBFl311 BeCbMa ~enecoo6pa3Ho npOBeAeHl1e 3KCnep11MeHTa, 
B KOTOPOM 6~ npFlMo B ra3e MI1WeHI1 Ha6n~AancFI aKT B3aI1MOAe~CTBI1F1 
C perI1CTpa~l1e~ ero BepWI1H~ 11 BTOpl14HOrO OTpl1~aTenbHo 3apFl~eH-
Horo Me30Ha. 

HOB~e 3KCnepl1MeHTanbH~e AaHH~e n03BOnl1nl1 6~ 06ecne411Tb nY4
wy~ T04HOCTb 113MepeHI1H B AI1ana30He 3Heprl1~ OT 60 M3B, AnFl KO
Toporo B pa6oTe /7 1 Ha6n~AancFI Bcero OAI1H cnY4aH B3aI1MOAe~CTBI1F1. 
HaMI1 nnaHl1pyeTcFI nonY4eHI1e HOB~X AaHH~X B AI1ana30He OT 60 AO 
200 M3B, 4TO FlBl1nOCb 6~ OCHOBO~ AnFl npOBepKI1 MOAenbH~X npeA
cTaBneHI1~. paCCMOTpeHHblX B pa60Te 131 • 

4TO KacaeTCFI ABO~HO~ nepe3apFlAKW rr+-Me30HOB, TO peaK~I1F1 
rr+C 12 ... rr -4p 2a BnepBble Ha6n~AanaCb aBTOpaMI1 /8 1 B 1971 r. 
~3MepeHI1F1 6~nl1 CAenaH~ TonbKO B OAHO~ T04Ke npl1 3Heprl111 
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137 M3B, 11 Benl1411Ha Ce4eHI1F1 COCTaBl1na (0,77 ~ 0,27 .) M6 . ~3Me
peHI1F1 ABO~HO~ nepe3apFlAKI1 Ha yrnepOAe, KOTop~e M~ npeAnonaraeM 
npOBeCTI1 TaK~e B AI1ana30He 3Heprl1~' OT 60 AO 200 M3B, n03BOnl1nl1 
6bl BblFlCHI1Tb 3HepreTl14eCKI1~ XOA Ce4eHI1F1 11 npOBepl1Tb YAOBneTBO
pl1TenbHOCTb MOAenl1 a-4aCTI14HOrO nornO~eHI1F1 B npo~ecce ABO~HO~ 
nepe3apFlAKI1. 

B03MomH~~ nO~CK n~6AP~OHH~X COCTORH~R 

KaK YKa3blBanOCb B /9 1 , I1CCneAOBaHl1e ABO~HO~ nepe3apFlAKI1 
npeACTaBnFleT 3Ha4I1TenbH~~ I1HTepeC C T04KI1 3peHI1F1 nOI1CKa AI1
6apl10HHbiX COCTOFlHI1~, oc06eHHO C Macco~ MeH bwe, 4eM (2 m p + m 17 ). 
KaK npeACKa3~BaeTCFI B HeKOTOp~X TeOpeTI14eCKI1X pa60Tax, TaKo~ 
A'116ap110H Mo~eT npeTepneBaTb He TonbKO 3neKTpOMarHI1THbIH, HO 11 
cna6~~ pacnaA, KOTOP~~ B npl1H~l1ne Mo~eT Ha6n~AaTbcFI B ra30Bo~ 
MI1WeHI1. CornacHo TeOpeTI14eCKI1M o~eHKaM, B03MO~HO Ha6n~AeHl1e 
AI16apl10HOB C MaCCaMI1: 

nopor 
17 + d 17 - 'B t ++ ( 1965 M3B )-0 

17-d ~ 17 +B 2 (1965 M3B ) . T 17 = 97 M3B, 

± +17 d -0 17 B2 ( 1905 M3B ). T17= 31,8 M3B, 

± +=
17d ~ 17B 2 ( 1935 M3B). T17= 64,7 M3B 

17± d ~ 17 +B 2 ( 2015 M3B). T17= 151 ,3 M3B. 

Ecnl1 6YAYT Ha6n~AeHbl TaKl1e peaK~I1I1, a caMble HOBbie YKa3aHI1F1 
Ha TO, 4TO OHI1 cy~eCTBY~T, nonY4eH~ B/ W I /CM.Pl1c.2/ /113Mepe
HI1F1 B~nonHeH~ npl1 252 11 256 M3B nOA yrnaMI1 35° 11 55°/, TO 3TO 
6YAeT y6eAI1TenbHO~ AeMOHCTpa~l1e~ cy~ecTBOBaHI1F1 Al16apl10Ha. 
O~eHKI1 11 Ben11411H~ Ce4eHI1~ nOKa3~Ba~T, 4TO nonHoe Ce4eHI1e 
HeCKonbKO MeHbwe 4eM 1 MK6 , T.e. pe4b I1AeT He TonbKO 0 B03
MO~HOM Ha6n~AeHI1I1 4aCTI1~ C 3apFlAOM 3 11 T = 2, HO 11 OTpl1~aTenb

HO 3apFl~eHHoro Al16apl10Ha. 
no HaWI1M KI1HeMaTI14eCKI1M o~eHKaM, BepOFlTHOCTb perl1CTpa~1111 

{3 -pacnaAa AI16apl10Ha Ha 2pe+ v MO>KeT COCTaBnFlTb B KaMepe OT 
AO 10%. /BpeMFI ~113HI1 10-3 ~ 10- 5 c/o KaK nOKa3~BaeT aHanl13 
KI1HeMaTI1KI1, AI16apl10H AO T04KI1 pacnaAa MO>KeT I1MeTb 60nbwy~ 
110HI13a~I1~, AO 9-KpaTHO~ OT MI1HI1ManbHO~, 11 np06er npl1 5 aTM 
OT 1 AO 20 CM, 3TO 06bFlcHFleT, n04eMY OH He Mor 6~Tb paHee 
3ape r l1 CTpl1pOSaH B 3KCnepl1MeHTaX B >KI1AKOAe~Tepl1eBO~ KaMepe 
/ManaFl CTaTI1CTI1Ka 11 Man~H npo6er OT 40 MKM AO 1 MM/. 
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PHc.2. H3MepeHHH ABOHHOH nepe

3apHAKH Ha AeHTepHH, nOJIyqeHHble 

3mepH HAP. B ruu~~. a/ T"+ 
=252 M3B, Mx+++=2,003 r3B, 
5/ T _ =256 M3B, Mx  =2,001 r3B. 

rr 

B STO~ CB~3~ SKcnep~MeHT~ 
no ABO~HO~ nepe3ap~AKe 6YAYT 
npeACTaBn~Tb 3Ha4~TenbH~~ ~HTe

pec, T.K. OH~ YKa~YT Ha TO, 4TO 
ABO~Ha~ nepe3ap~AKa He 4~CT~~ 
RAepH~~ npo~ecc, a cKopee sne
MeHTapH~~. KOHe4HO, Ha6n~AeH~e 

A~6ap~OHOB 6YAeT B03MO~HO He 
TonbKO Ha Ae~Tep~~, HO ~ Ha 
He 3 , Hanp~Mep, B peaK~~~ 

"+He 3 ... "-B+++p, 

aHanor~4Ha~ peaK~~~ B03MO~Ha 

~ Ha He 
4 

• 

3Kcnep~MeHT~ Ha He 4 6YAYT 
TaK~e Ha~eneH~ Ha nO~CK TaK~X 

aHOMan~~, KaK YKa3blBanOCb B pa60Te 1 9 1 . I1ccneAOBaH~e ABO~HO~ 
nepe3ap~AKH HHTepeCHO C T04KH 3peHH~ nO~CKa peaK~~~ 

rr+d ... "-B+++, 

rr-d ... "+B-, 

H HaKoHe~, peaK~HH ABO~HO~ nepe3apRAK~ np~MO Ha BOAopoAe. 
nopor peaK~~~ C pO~AeHHeM R-4aCTH~~ IT~~en~~ npoToH/, C Macco~ 
1025 MsB, J = 1/2, T = 3/4, cy~ecTBoBaHHe KOTOPO~ npeACKa3~
BaeTC~ B pa6oTe / l1~ COCTaBn~eT OKono 97 MsB. nOSTOMY np~ 
SHeprHH, MeHbwe~ 97 MsB, Ha6nlOAeHHe ABO~HOt:i nepe3apRA':~ 6y
AeT CB~3aHO C pO~AeHHeM 4HCT~X AH6apHoHoB, a npH E" > 97 MsB 
B03MO~Ha npHMeCb peaK~Ht:i C pO~AeHHeM R-4acTH~, Hanp~Mep, MOr'T HMeTb MeCTO H cneAY~~He peaK~HH: 

"+d ... "-R++p , 

"-d ... "+R-n. 

H HaKOHe~, 

rr-P ... rr+ R-, 

npeACKa3aHHe R-4aCTH~ C 3apRAaMH R++ , R , R 0 Mo~eT 6blTb 
opraH~4eCKH CB~3aHO C Ha6n~Aa~~HMHcR pe30HaHcaMH N = 1340 

4 

~ A= 1330, nono~eH~e KOTOp~X npeACKa3~BaeTCR Ha OCHOBe ~c
nonb30BaHHot:i aBTopoM / 11! MOAen~. 

3KCnEPI1MEHTAnbHAR YCTAHOBKA 

Ha p~c.3 nOKa3aH pa3pe3 KaMep~ C ynpaBnReM~M~ TennOB~M~ 
~eHTpaM~. CaMa KaMepa npeACTaBn~eT co6ot:i COCYA ~3 Mat:inapa 
C BepxHe~ ~ H~~Het:i Kp~WKaM~ ~3 CTeKna, pa3Me~eHH~t:i Me~AY ceT
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PHC. 3. YCTaHOBKa C KaMepoH C ynpaBJIHeMbl~1l1 TenJIOBblMH L\eHTpaMH 

B pa3pe3e: I - OOMOTKa MarHHTa, 2 - Kopnyc H3 Hep~aBe~~eH 

CTaJIH, 3 - KaMepa C ynpaBJIl'!eMbil'IH TenJIOB bl ~1l1 L\eHTpaMH, 4 - cIPe 

pHqeCKOe 3epKaJIO, 5 - IPOTOOObeKTHB, 6 - IPOTOannapaT, 7 - K~
BeTa C pOAaMHHOM 6JK , 8 - npOnOpL\HOHaJIbHbJe KaMepbl, 9 - CL\HH

THJIJIHL\HOHHble C'4eT'4HKH , 10 - a30THblH JIa3ep, II - 3JIeKTpOgbi 

BblCOKO BOJIbTHOrO nHTaHHl'!, 12 - H30JIl'!TOP, 13 - 06be r-1 HH~Her o 

IPHAepa, BeAYmHH K rHHy. 
5 
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PHc.4. ¢oTorpa~HH TpeKa 3neKTpoHa /Ka~JH TpeK HMeeT ABe npo
eKU;HH/, CH5rTbJe IHanonHeHHe KaMepbJ He + 20%CH

4 
I: al MeTOAOM 

CBeTnoro non5r, 51 MeToAoM TeMHoro non5r. 

KaM~ B~COKOBonbTHoro 3neKTp~4ecKoro non~. Pa3Mep~ KaMep~ 

650x450x86 MM. 
HapY~Ha~ 060n04Ka KaMep~ ~3 Hep~aBe~~e~ CTan~ ~ 3anonH~eT

C~ a30ToM AO 5 aTM. BHYTpeHH~~ KaMepa TaK~e HanonH~eTC~ AO 
5 aTM BOAopOAOM ~n~ ren~eM. HMnynbcHoe Hanp~~eH~e 500 KB OT 
rHHa nOABOA~TC~ no $~Aepy CH~3y KaMep~. nOA KaMepo~ pa3Me~aeT
C~ C$ep~4eCKoe 3epKano. KaMepa OCBe~aeTC~ a30TH~M ynbTpa$~One
TOB~M na3epOM C A= 337 HM. YnbTpa$~OneTOBoe ~3nY4eH~e /cpeA
H~~ MO~HOCTb 10 MBT, ~MnynbcHa~ MO~HOCTb AO 10 MBT/ npeo6pa
3yeTc~ B B~A~M~~ CBeT A= 580 HM ~ HanpaBn~eTC~ B CTp~MepHy~ 
KaMepy. ABa ~306pa~eH~~ /Ae~cTB~TenbHoe ~ MH~Moe/, nonY4a~

~~ec~ B KaMepe, npoe~~pY~TC~ Ha nneHKY. p~c.4 - $OTOrpa$~~ 
TpeKa, CAenaHH~e MeTOAOM CBeTnoro ~ TeMHoro non~. B~AHO, 4TO 
TennOB~e ~eHTp~ ~Me~T Man~e pa3Mep~ -0,2tO,3 MM. np~ Man~x 

Ben~4~Hax 3aAep~eK ~Mnynbca OT na3epa YAapHa~ BonHa He ycne

6 

~ PHc.5. ¢oTOrpa~H5r oTAenbHoro CTPH
~ Mepa. al u;eHTp CTpHMepa. ~aBneHHe 

p '" 10 aTM; 51 YAapHa5r BonHa. 
CKOPOCTb nOp5rAKa 3M. 

} 
PHc.6. CxeMa MarHHTHoro TpaKTa . 

........ 

Q o() 0 

OJ ~ 

..I ()() 

0 9 0 Q ()
6) Q 0 ,CJ ~ 

'> 
BaeT OTXOA~Tb OT 06naCT~ nOAH~T~~ AaBneH~~, ~ ~eHTp npeACTaB
n~eT co6o~ npaKT~4ecK~ Kpyrny~ T04KY /CM. p~c.5/ . 

np~H~Ta~ CTepeOCKon~4eCKa~ C~CTeMa OCBe~eH~~ 1 121 n03BonH eT 
~3Mep~Tb C T04HOCTb~ 0,5 MM rny6~HHY~ KOOPA~HaTY B KaMepe. 

060n04Ka C KaMepo~ pa3Me~aeTC~ B peKOHCTpy~pOBaHHOM MarH~
Te, KOTOP~~ AaeT none Hanp~~eHHOCTb~ 7 K3 C HeOAHopOAHOCTb~ 
± 1,5% B 4yBcTB~TenbHOM 06beMe. 

YC Ta HOBKa pa3Me~aeTC~ Ha nY4Ke rr-Me30HOB, nonY4aeM~X OT M~
weH~ Me30HHoro KaHana, B KOTOPOM An~ ynY4weH~~ COCTaBa ny4Ka 
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PHc.7. CHCTeMa TpHrrepa Ana KaMepw C ynpaBnaeMbWH TennOBbWH 
~eHTpaMH: a/ C~HHTHnna~HOHHhle CQeTqHKH. 6/ nponop~HoHanbHhle
/crc/ KaMepw Ha 1500 KaHanOB. 

B~Kn~4eHa 4aCTb n~H3 ~ BBeAeHa AononH~TenbHaR oTKnoHR~~aR 
n~H3a /p~c.6/. 

AnR ynpaBneH~R KaMepo~ BOKpyr Hee pa3Me~a~TCR c~~HT~nnR
~~OHH~e C4eT4~K~ no 2 WT. C KamAo~ CTOPOH~, a TaKme C4eT4~K~ 
cOBnaAeH~~ ~ aHT~coBnaAeH~~ Ha BXOAe ~ B~XOAe ~3 KaMep~ 
/p~c.7/. 

QnR AeTeKT~pOBaH~R rr~Me30HoB OT npo~ecca ABO~HO~ nepe3a
PRAK~ c KamAo~ CTOpOH~ KaMep~ pa3Me~aeTCR no 3 OAHOMepHble 

KaMep~ Ha 256 H~Te~, pa60Ta~~~x B pem~Me crc / 13/ . 3T~ KaMep~ 
BMeCTe co cne~~anbH~M~ npo~eccopaM~ n03BonR~T npOBOA~Tb AeTeK
T~pOBaH~e rr--Me30HOB Ha YPOBHe 60n~woro ¢OHa rr+-Me30HoB. 

Cne~~anbHaR 3neKTpOH~Ka Tp~rrepa ynpaBnReTCH OT 3BM KM-OOI 
~ CM-3. 

4epe3 KaMepy HanpaBnReTCH nY40K ~HTeHC~BHOCTb~ - 10 5 n~oHoB, 
~ M~ HaAeeMCH nonY4~Tb AO 3600 C06~T~~ Ha YPOBHe 300 MK6 3a 
100 4· / - 1 0 C06bIT~~ Ha 1 MK6/. AnR Ha6n~AeH~H B ~n~ R 
4aCT~~ npeAnonaraeTCR nOAHHTb ~HTeHC~BHOCTb Ha nopHAOK ~ YBen~

4~Tb BpeMR 3Kcn03~~~~ AO 500 4, 4TO AaCT - 1 c06~T~e . Ha 1 H6.
" CKOPOCTb cpa6aT~BaH~R ¢oToannapaTa COCTaB~T OKono 1 KaApa B ce

KYHAY· 

3AKn/o4EH~E 

B pa60Te on~caHa ¢~3~4ecKaH nporpaMMa no ~ccneAOBaH~~ ABO~
HO~ nepe3apHAK~ ~ A~6ap~oHH~X c~cTeM, HaMe4aeMaH B n~n.npeA
nomeH np~H~~n~anbHO HOB~~ T~n yCTaHoBK~ - KaMepa C ynpaBnHe
M~M~ TennOB~M~ ~eHTpaM~, KOTOPY~ npeAnonaraeTCH ~cnonb30BaTb 
B AaHHo~ cep~~ 3Kcnep~MeHTOB. 

S nOArOTOBKe 3T~X 3Kcnep~MeHTOB ~ pa3pa60TKe annapaTYp~ 
np~H~Man~ Y4aCT~e cne~~an~CTW rAP, KHAP, MHP, nHP, CPB, CPP, 
4CCP ~ O~A~, KOTOp~M M~ BwpamaeM 6naroAapHocTb. 
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PYKon ~ cb nocTyn~na B ~3AaTenbcK~~ OTAen 
28 ~~nR 1988 rOAa. 

TEMATHqECKHE KATErOPHH nYBnHKAQHA 


OBDE~HHEHHOrO HHCTHTYTA ~EPHYX 


HCCJIE~OBAH"A 


HH,IleKC 	 TeM8THK8 

1. 3KcnepHMeHTanbHa~ ~H3HKa BWCOKHX 3HeprH~ 

2. TeopeTH4ecKa~ ~H3HKa BWCOKHX 3HeprH~ 

3. 3KcnepHMeHTanbHa~ He~TpoHHa~ ~H3HKa 
4. TeopeTH4ecKa~ ~H3HKa HH3KHX 3HeprH~ 

5. MaTeMaTHKa 

6. ~AepHa~ cneKTpOCKonH~ H paAHOXHMH~ 

7. ~H3HKa T~*enwx HOHOB 

8. KpHoreHHKa 

9. YCKopHTenH 

10. 	ABToMaTH3a~H~ o6pa6oTKH 3KcnepHMeHTanbHWX 
AaHHWX 

11. 	 BW4HcnHTenbHa~ MaTeMaTHKa H TeXHHKa 

12. 	XHMH~ 

13. 	 TeXHHKa ~H3H4eCKoro 3KcnepHMeHTa 

14. 	 ~ccneAoBaHH~ TBepAWx Ten H *HAKOCTeH 
~AepHWMH MeTOAaMH 

15. 	3KcnepHMeHTanbHa~ ~H3HKa ~AepHWX peaK~H~ 
npH HH3KHX 3HeprH~X 

16. 	A03HMeTpH~ H ~H3HKa 3a~HTW 

17. 	TeopH~ KOHAeHCHpOBaHHoro COCTO~HH~ 

18. 	~cnonb30BaHHe pe3ynbTaToB H MeTOAOB 
~YHAaMeHTanbHwx ~H3H4eCKHX HccneAoBaHH~ 

B CMe* HWX 06nacT~x HaYKH H TeXHHKH 

19. 	 EiH04lH3HKa 
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