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BBEAEHME 

B 1983 rOAY KonneKT~B COTPYAH~ KOB 
06beA~HeHHoro ~HCT~TyTa RAePH~x ~c

cneAOBaH~H ycnewHo e~nonH~n HaMe4eH
HY~ nporpaMMY Hay4Ho-~ccneAOBaTen b
CK~x pa60T. nony4eH~ HOB~e Ba~H~e pe
aynbTaT~ a o6nacT~ $~3~K~ 3neMeHTap
H~x 4acT~4. aTOMHoro RAPa, a paapa-
6oTKe HOB~X MeTOAOB ~ccneAOBaH~H , 

a TaK~e ~x np~no~eH~~ a cMemH~x o6-
nacTRX HayK~ ~ TeXH~K~. 

np~cymAeHa rocyAaPCTBeHHaR npeM~R 

CCCP a o6nacT~ HayK~ ~ TexH~K~ 

1983 roAa rpynne COTPYAH~KOB OH~H 
aa 4~Kn pa6oT no TeMe 11A~$paK4~0HHoe 
pacceRH~e npOTOHOB np~ B~COK~X 3Hep
r~RX11 (aeTop~ IO.K.AK~Moe, A.A.Bopo6b
ee (nHRQ ~M.6.n.KoHCTaHT~HOBa),n . C.3o

n~H, B.A.Kon~noe-CB~P~AOB, A.A.Kya
He40B, 5.A.Mopoaoe, C.B.Myx~H,B. A .H~

K~T~H, IO.K.n~n~neHKo, E.n.QeHH6e pr 
($HAH ~M.n.H.ne6eAeea), B.A.qapee 
(QHAH ~M.n.H.ne6eAeea) ~ H.r.l!Ja$paHo
ea. Ha ocHoee 3T~x pa6oT nony4eHa 
eA~HaR KapT~Ha A~$paK4~0HH~X RBneH~H 

np~ B~COK~X 3Hepr~RX ~ onpeAeneH~ 

~YHAaMeHTanbH~e napaMeTp~, xapaKTe
p~ay~~~e MeXaH~3M B3a~MOAeHCTB~R 

4aCT~4• 

Hoe~e ea~H~e peaynbTaT~ nony4eH~ 
TeopeT~KaM~ ~HCT~TyTa B OOnaCT~ 
3neKTPOCna6~X B3a~MOAeHCTB~H, KBa H
TOBOH XPOMOA~HaM~Ke ~ cyneprpaB~Ta-
4~~. nocTpOeHa HOBaR MOAenb CMeW~ Ba
H~R HeHTP~HO C Ma~opaHOBCK~M~ Macca
M~, on~c~ea~aR AaHH~e ecex e~non

HeHH~x AO HaCTOR~ero BpeMeH~ on~TOB. 
06Hapy~eHa np~H4~n~anbHO HoeaR eoa
MO~HOCTb MeXaH~3Ma 11Cn~HOBOH 11 A~ Ha
M~K~ c~nbH~X D3a~MOAeHCTB~H np~ 

CBepXB~COKOH 3Hepr~~, ~ Ha ee OC HOBe 
enepe~e npae~nbHO npeACKaaaHo noee
AeH~e ce4eH~H pp-pacceRH~R np~ 3Hep
r~Rx KonnaHAepa UEPHa. npeAnO~eH Ho
B~H eap~aHT cyneprpae~Ta4~~ AOnyc
Ka~~H 6onee w~poK~H no cpaeHeH~~ 
C ~3BeCTH~M~ Knacc B3a~MOAe~CTB~ H . 
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Cy~ecTeeHHoe paae~T~e nony4~na Keaa~-

4acT~4Ho-$oHoHHaR MOAenb RApa. Paa
B~T~ ~Ae~ 0 MHOrOKBapKOB~X C~CTeMaX 
a RAPaX ~ KBapK-napTOHHaR KapT~Ha 
rny6oKoHeynpyroro pacceRH~R 4acT~4 
e~coKoH 3Hepr~~ RAPaM~. B CBR3~ c 3Kc
nep~MeHTaM~, npoeeAeHH~M~ a OHRH, e~

nonHeH~ TeopeT~4ecK~e ~ccneAOBaH~R 

a o6nacT~ CTPYKTYP~ RAPa ~ RAePH~x 
peaK4~H np~ B~COK~X ~ H~3K~X 3Hepr~

RX, a TaK~e B o6nacT~ KOHAeHC~POBaH
HbiX cpeA. nony4eH~ ~HTepecH~e peaynb
TaT~ B Teop~~ $a30B~X nepeXOAOB. 

Ha c~Hxpo$aaoTpoHe OHRH nPOAOn~a
n~cb ~ccneAOBaH~R KyMyn~T~BHoro o6pa
aoeaH~R aAPOHOB ~ nerK~X RAeP np~ 

CTOnKHOBeH~~ npOTOHOB ~ AeHTPOHOB 
c paanH4H~M~ RAPaM~. 06Hapy~eHa HOBaR 
xapaKTep~cT~Ka aToMHoro RAPa - ero -
KBapK-napTOHHaR CTPYKTypHaR $YHK4~R, 
OTpa~a~aR OCHOBH~e CBOHCTBa penRT~
B~CTCK~X RAePH~X B3aHMOAeHCTB~H.4aCTb 
CBO~CTB CTPYKTypH~X $YHK4~H nony4~na 

noATBep~eH~e a 3Kcnep~MeHTax no 
rny60KOHeynpyrOMY pacceRH~~ M~OHOB 
~ 3neKTPOHOB np~ B~COK~X 3Hepr~RX. 

Hay4eHa CBR3b oco6eHHOCTeH po~eH~R 
KYMYnRT~BH~x 4acT~4 c npo4eccaM~ o6~4-
Horo MHo~ecTBeHHoro o6paaoeaH~R 4ac
T~4· B HccneAoBaH~RX np- ~ 4Hep
eaa~MoAeHCTB~H o6Hapy~eH~ 4eT~pe ya-

. K~X A~6apHOHH~X COCTORHHR B CHCTeMe 
npOTOH-npOTOH, xapaKTep~CTHK~ KOTOp~X 

yKaa~ea~T Ha wecTHKeapKoey~ CTPYKTYPY 
o6Hapy~eHH~X COCTORHHH. 

Ha cepnyxoecKoM ycKop~Tene a coe
MeCTHOM c H$83 3KcnepHMeHTe enepe~e 
o6Hapy~eH H HccneAOBaH npo4ecc oKono
noporoeoro o6paaoeaH~R n~OHH~x nap 
B KynOHOBCKOM none RAep. nony4eHHOe 
H3 on~Toe ce4eH~e npo4ecca nOATBep~
AaeT B~BOA~ Teop~~ 4BeTH~X KBapKOB 
npH ycnoBHH, 4TO 4HCnO 4BeTOB KBap
KOB paeHo TpeM. Ha ycTaHOBKe ••noaHT
poH~H11 o6Hapy>!<eH peAK~H cny4aH pac
naAa nH-HOnb-Me30Ha Ha no3HTPOHHH 



~ raMMa-KBaHT. Ha ycTaHOBKe PHCK 3a
BepweHo ~ccneAOBaH~e MHo~ecTBeHHoro 
o6pa30BaH~~ aAPOHOB B aAPOH-~AePHWX 
B3a~MOAe~cTB~~x, no3Bon~Bwee o6Hapy
~~Tb paHee He~3BeCTHWe 3aKOHOMepHo
CT~ B 3T~x npo~eccax. Ha ycTaHOBKe 
11 r~nepOH 11 Ha4aTO ~3y4eH~e ~HKni03~BHO
ro po~eH~~ ~~-Me30HOB BO B3a~MOAe~cT
B~~X aAPOHOB C BOAOPOAOM ~ ~APaM~, 

Ba~Hoe c T04K~ 3peH~~ npoBepK~ MOAe
ne~ KBaHTOBO~ XpOMOA~HaM~K~. 

B coBMecTHwx B flH~~ AH CCCP 3Kcne
P~MeHTax no nporpaMMe RCHAnn-HPHC Ha 
ycKop~Tene flHR~ BnepBwe onpeAeneHa 
rpaH~~a npOTOHHO~ CTa6~nbHOCT~ aToM
HbiX ~Aep. 

Ha ~HTeHc~BHwx ny4Kax ~oHoB ycKo
P~Ten~ Y-400 npoBeAeHw 3Kcnep~MeHTW 
no C~HTe3y HOBWX ~30TOnOB 3neMeHTOB OT 
106 AO 109 C peKOPAHO~ 4YBCTB~Tenb
HOCTb~.Pe3ynbTaTW OnWTOB YKa3WBa~T Ha 
aHoManbHoe yMeHbWeH~e ce4eHH~ o6pa3o
BaH~~ COCTaBHWX RAeP B o6naCT~ 108-109 
3neMeHTOB B peaK~~~ 11XOnOAHOr0 11 C~H
Te3a. B paMKax no~cKa cBepxT~~enwx 
3neMeHTOB B np~poAe nPOAenaHa 3Ha4~

TenbHa~ MeTOA~4ecKa~ pa6oTa no noBblwe
H~~ 4YBCTB~TenbHOCT~ aHan~3a np~pOA

HbiX o6pa3~0B no cnoHTaHHOMY AeneH~~. 
nony4eHa HOBa~ ~H~OpMa~~~ 0 MeXaH~3-
Me B3a~MOAe~CTB~~ ~Aep, xapaKTep~CT~
KaX AeneH~~ T~~enwx ~AeP, pacnpeAene
H~~ yrnoBoro MOMeHTa B ~Apax, o6pa3y~
~~xc~ nocne BwneTa 6wcTpwx 3ap~~eHHWX 
4aCT~~. 

B 3Kcnep~MeHTax Ha ~MnynbcHoM pe
aKTope H6P-30 nPOAOn~an~cb ~ccneAoBa
H~~ X~M~4eCK~X CAB~rOB He~TpOHHWX pe-
30HaHCOB Ha ~30Tonax ypaHa, KOTopwe 
np~Ben~ K o6Hapy~eH~~ 3~~eKTa yMeHb
weH~~ cpeAHeKBaApaT~4Horo paA~yca 3a
P~Aa ~APa np~ ero B03UY~AeH~~ AO 3Hep
r~~ CB~3~ He~TpOHa.Ha~AeHa KOppen~~~~ 

3Toro 3~~eKTa c Aen~TenbHO~ w~p~Ho~ 
pe3oHaHcoB. HoBwe ~HTepecHwe pe3ynb
TaTw nonyl..leHw o He~TpoHHWX c~noBwx 
~YHK~~~x, anb~a- ~ raMMa-pacnaAe pe-
3oHaHcHwx COCTO~H~~ ~Aep, HapyweH~~ 

npocTpaHCTBeHHO~ 4eTHOCT~ B He~TPOH
HWX pe3oHaHcax. W~poK~M ~POHTOM Ha-
4aTw peryn~pHwe ~~3~4ecK~e ~ccneAo
BaH~~ Ha 7 BWBeAeHHWX ny4KaX He~Tpo
HOB peaKTopa H6P-2 no ~~3~Ke KOHAeH
c~poBaHHWX cpeA. H3y4eHw CTPYKTYPHWe 
~a30Bble nepeXOAW P.RAa cnO>KHblX coeA~
HeH~~, CTPYKTypa HeKOTOpblX 6~onor~4e
CK~X ou"beKTOB. 

YcnewHo pa3B~Ban~cb pa6oTw no co-
3AaH~~ ~ COBepweHCTBOBaH~~ 3KCnep~MeH

TanbHWX ~ 6a3oBwx ycTaHOBOK HHcT~TyTa. 
Ha pea KTope H6P-2 AOCT~rHyT peKOPAHW~ 
nOTOK TennoBWX He~TpOHOB C 3aMeAn~Te
n~ - 5 · 1015 H/CM2·c, npoBeAeH KOMn
neKC ~ ccneAOBaH~~ napaMeTpoB ~ c~cTeM 

peaKTopa no nporpaMMe 3HepreT~4ecKoro 
nycKa. 0AHOBpeMeHHO peaKTOp OTpa6oTan 
2000 1..1 acoB An~ ~~3~4ecK~x ~ccneAOBa
H~~. 

npoAOn~anOCb COBepweHCTBOBaH~e 

C~HXpo~a30TPOHa KaK YCKOp~Ten~ pen.R
T~B~CTC K~X ~ non~p~30BaHHWX .RAep.C no
MO~b~ na3epHoro ~CT04H~Ka BnepBwe no
ny4eHw ~HTeHc~BHwe ny4K~ Li+3 ~ Mg+l2 
c 3Hepr~e~ 4 r3B/HyKnOH. BwnonHeH 

. 6onbwo~ q6"beM pa6oT no ~3roToBneH~~ 
cBepxnpoBOA~~ero c~HxpoTpoHa. PeKOPA
Hwe no ~HTeHC~BHOCT~ ny4K~ ~OHOB OT 
Ne AO Fe (6·10l3c-l) nony4eHw Ha yc
Kop~Tene Y-400. 3aBepweH Ba~HW~ 3Tan 
pa6oT no c03AaH~~ TexH~4ecKoro npoeK
Ta COOpy~eH~~ BTOPO~ CTyneH~ KOMnneK
ca Y-4 00 + Y-400M. npoBeAeH MOHTa~, 
HanaAKa ~ npeAnYCKOBWe ~cnwTaH~~ o6o
PYAOBa HH.R Bcex c~cTeM ycTaHOBK~ ··~·· 
~ KaHanoB ny4KOB. B nonHoM o6"beMe pa3-
pa6oTa npoeKT YCKOp~TenbHOrO KOMnneK
ca T~~enwx ~OHOB - YKTH. npoAOn~an~cb 

pa6oTw no C03AaH~~ y3noB KYTH-20,~c · 
cneAoBa H~~ xapaKTep~cT~K npoToT~na 

KYTH. AanbHe~wee pa3B~T~e nony1..1~n ~3-

Mep~TenbHo-BWI..I~cn~TenbHW~ KOMnneKC 
OWRH. Ha 3BM EC-1060 6onee 4eM B ABa 
pa3a yBen~4eH o6"beM naM.RT~ Ha MarH~T
HWX A~CKaX. BHeApeHW HOBble nporpaMM
Hble C~CTeMbl aHan~T~4eCK~X Bbi4~CneH~~. 

HoBwe ~HTepecHwe pa3pa6oTK~ ocy~ecTB

neHw B o6nacT~ ~3Mep~TenbHWX c~cTeM 
An~ o6pa60TK~ KaMepHWX CH~MKOB,C03Aa
H~~ C~CTeM nporpaMM o6pa60TK~ 3KCne
p~MeHTanbHWX AaHHwx. 

B o6nacT~ np~KnaAHWX ~ccneAOBaH~~ 
BblnonHeH 6onbwo~ ~~Kn paA~o6~onor~4e
CK~x ~ MarH~To6~onor~4ecK~x ~ccneAo

BaHI-1~ no npoeKTY ••reHOM11
• 3Ha4~Tenb

Hw~ o6"beM pauoT BwnonHeH no MI-1Kpo3ne
MeHTHoMy aHani-13Y COCTaBa pa3n~4HWX 
o6pa3~0B n04B, pacTeH~~, np~pOAHWX 

BOA, B03AYXa, HeKOTOPWX B~AOB XI-1M~4e

CKO~ nPOAYK~~I-1, no paA~a~I-10HHOMY 1-1C
cneAOBaH~~ MaTep~anoB, onpeAeneH~~ 

CTPYKTY P ~ npoBeAeHI-1~ 3KCnpecc-aHan~-

3a 61-1onor~4eCKI-1X 06"beKTOB. npOAOn~a

n~Cb pa6oTw no ynyl..lweHI-1~ xapaKTep~

CT~K non~~AePHWX ~~nbTPOB, ~cnonb3ye-
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M~X AnR peweH~R paan~4H~X 3aAa4 M~Kpo
~ ynbTpa~~nbTpa~~~. 

B 1983 rOAY ycnewHo nPOAon~ano paa
~HBaTbCR Me~yHaPOAHOe Hay4HO-TeXH~-

4eCKOe COTPYAH~4eCTBO C Hay4H~M~ ~eHT
paM~ CTpaH-y4aCTH~~ Q~~~ ~ Hay4H~M~ 

opraH~aa~~RM~ APYr~x cTpaH. CoTPYAH~
K~ 06aeA~HeHHOrO ~HCT~TyTa np~H~Man~ 
y4aCT~e B pa6oTe MHOr~X Me~yHaPOAH~X 
~ Ha~~OHanbH~X KOH~epeH~~H, C~Mn03~y

MOB ~ WKOn. B CBR3~ C nporpaMMOH Ha
Y4HOrO coTPYAH~4ecTaa ~ AnR y4acT~R 
a paan~4H~x coae~.qaH~Rx a Ay6He 6~no 
np~HRTO oonee 1200 cne~~an~cToa ~3 

~~ 

• 
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CTpaH-y4aCTH~~ O~R~, 6onee 500 COTPYA
H~KOB ~HCT~TyTa B~e3man~ B 3T~ CTpaH~. 
~HCT~TYT RB~nCR opraH~3aTOPOM 4eT~pex 
KpynH~X Me~AYHaPOAH~X COBetqaH~H: WKO
n~-ceM~Hapa no ~~3~Ke TR~en~x ~oHoB 
(AnywTa)' WKOn~ mi~~1-LlEPH (Ta6op' 
4CCP), XI Me~yHaPOAHOro C~Mnoa~yMa 
no RAePHOH 3neKTPOH~Ke (6paT~cnaaa, 
4CCP), coae~.qaH~R no npouneMaM MaTe
MaT~4ecKoro MOAen~poaaH~R, nporpaM
M~poaaH~~ ~ MaTeMaT~4eCK~M MeTOAaM 
peweH~R ~~3~4eCK~X 3aAa4 (Ay6Ha), 
a TaK~e 23 pa6o4~X coae~.qaH~H OH~H 

no paan~4H~M HanpaaneH~RM Hay4H~x ~c
cneAOBaH~H. 

H.H.6oron~6oa 
A~peKTOP 06aeA~HeHHoro ~HCT~TyTa 

RAePH~x ~ccneAOBaH~H 

• 
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AEHTEnbHOCTb PYKOBOAH~MX 
M KOHCYnbTATMBHbiX OPrAHOB OMHM 

LIII cecc~R Y4eHoro coseTa 06beA~
HeHHoro ~HCT~TyTa RAePH~x ~ccneAosa
H~~ COCTORnaCb 13-15 RHSapR 1983 rOAa• 
4neH~ Y4eHoro coseTa 3acnywan~ ~H$op
Mai..I~IO o SblnonHeH~~ peweH~~ LI ~ LII 
cecc~~ Y4eHoro coseTa, AOKnaA~ o6 
~Torax MemAyHaPOAHOrO COTPYAH~4eCTSa 

~ CSR3RX OHflH 3a 1982 roA ~ nna Hax 
Ha 1983 roA, o KaApax cne1..1~an~ cTos 
~3 cTpaH-y4aCTH~ll OHRH, ~H$opMa i..I~IO 

o pa6oTe ceKI..I~~ Y4eHoro coseTa ~ no 
npoeKTY nono~eH~R o cnel..l~an~3~ posaH

H~x KOM~TeTaX, a TaKme ~H$OpMa i..I ~IO 

0 XOAe SblnOnHeH~R ~ npoeKTe KOppet<
T~POSK~ nnaHa-rpa$~Ka C03AaH~R ~ paa
S~T~R 3KCnep~MeHTanbH~X ~ 6a30S~X yc
TaHOSOK. 

Y4eH~~ coseT OH~H OA06p~n Hay4Ho
~ccneAOSaTenbCKYIO AeRTenbHOCTb na6o
PiTOP~~ ~ OHMY HHcT~TyTa s 1982 rOAY, 
yTsepA~n npo6neMHo-TeMaT~4ecK~ ~ nnaH 
Hay4Ho-~ccneAosaTenbcK~x pa6oT ~ Mem
AYHaPOAHoro coTPYAH~4ecTsa OH~H Ha 
1983 roA, onpeAen~n samHe~w~e Hay4Ho
~ccneAOSaTenbcK~e 3aAa4~ HHcT~TyTa Ha 
1983 rOA. 

Ha 3aceAaH~~ Y4eHoro coseTa c AOK
naAOM 1104epK Hay4Ho~ ~ opraH~3a Top
cKo~ AeRTenbHOCT~ A.H.6nox~Hlles a 

(K 75-neT~IO co AHR pomAeH~.A) 11 SbiCTy
n~n AOKTop $~3~Ko-MaTeMaT~4ecK~X HayK 
A.B.E$peMos, o6 ~Torax XXI MemAyHa
POAHO~ KOH$epeHI..I~~ no $~3~Ke· S~COK~X 
3Hepr~~ Y4eHOMY coseTy AOnom~n~ 4neH
KoppecnOHAeHT AH CCCP M.r.Me~epRKos, 

aKaAeM~K A.M.6anA~H ~ 4neH-KoppecnoH
AeHT AH CCCP B.n.Amenenos. 

Y4eHbl~ coseT yTsepA~n cpoKot-i Ha 
4eTblpe rOAa s AOml<HOCT~ A~PeKTOpa na-
6opaTOP~~ He~TpOHHO~ $~3~K~ aKaAeM~Ka 

H.M.$paHKa, na6opaTOP~~ RAePH~X peaK
~.~~~- aKaAeM~Ka r.H.$neposa, na6opa
TOPH~ RAePH~x npo6neM - 4neHa- Koppec
nOHAeHTa AH CCCP B.n.Amenenosa ; cpo
KOM Ha Tp~ rOAa S AOnmHOCT~ 3aMeCT~
TenR A~PeKTOpa na6opaTop~~ RAePH~X 
npo6neM - AOKTOPOS $~3~KO-MaTeMaT~4e
CK~X HayK C.A.6yHRTosa, K.~.rpoMosa 
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~ KaHA~AaTa $~3~KO-MaTeMaT~4eCK~X Ha
YK ~.CeAnaKa, na6opaTOP~~ S~COK~X 
3Hepr~~ - KaHA~AaTa $~3~Ko-MaTeMaT~-

4eCK~X HayK H.H.CeMeHIOWK~Ha, na6opa
TOP~~ RAePH~X peaKI..I~~ - AOKTOpa $~-
3~4eCK~X HayK 3.r.HaAmaKosa, na6opa
TOP~~ S~4~Cn~TenbHO~ TeXH~K~ ~ asTO
MaT~3al..l~~ - KaHA~AaTa TeXH~4eCK~X 

HayK C.A.menesa. 

KoM~TeT nonHOM04H~X npeACTaS~Tene~ 

npas~TenbcTs cTpaH-y4aCTH~ll OH~H Ha 
cose~aH~~ 1-2 MapTa 1983 roAa OA06p~n 
pa6oTy HHcT~TyTa no s~nonHeH~IO nnaHa 
Hay4Ho-~ccneAosaTenbcK~x pa6oT ~ Mem
AYHapoAHoro coTPYAH~4ecTsa s 1982 ro
AY ~ YTSePA~n peweH~R LII ~ LIII cec
c~~ Y4eHoro coseTa OH~H no pe3ynbTa
TaM Hay4H~X ~ccneAOSaH~~, S~nonHeHH~X 
na6opaTop~RM~ ~ OTAenaM~ HHcT~TyTa 

s 1982 rOAY, a TaKme nnaH Hay4Ho-~c
cneAOSaTenbcK~x pa60T ~ MemAyHaPOAHO
ro COTPYAH~4eCTSa OH~H Ha 1983 rOA, 
np~HRT~~ LIII cecc~e~ Y4eHoro coseTa. 

KoM~TeT yTsepA~n peweH~R LIII cec 
c~~ Y4eHoro coseTa no ~ToraM· MemAYHa
POAHOro COTPYAH~4eCTSa 06beA~HeHHOrO 
~HcT~TyTa RAePH~x ~ccneAosaH~~ s 1982 
rOAY, nnaHaM nposeAeH~R Hay4H~x cose
~aH~~ Ha 1983 roA ~ KaApaM cnel..l~an~
cTos ~3 cTpaH-y4acTH~ll OH~H. 

KoM~TeT nonHOM04H~X npeACTaS~Tene~ 

nocTaHos~n C4~TaTb rnasH~M~ 3aAa4aM~ 

HHCT~TyTa S 1983 rOAY: 
- AanbHe~wee pa3s~T~e cospeMeHH~x 

TeopeT~4eCK~X MeTOAOS $~3~K~ 3neMeH
TapH~X 4aCT~ll ~ aTOMHOrO RAPa, KOH
AeHc~posaHH~X COCTORH~~, a TaKme npo
SeAeH~e 3Kcnep~MeHTanbH~x ~ccneAosa

H~~ Ha 6a3os~x ycTaHosKax OH~H, yc
Kop~TenRx H$83 ~ UEPHa s Ha~6onee 
aKTyanbH~x o6nacTRX cospeMeHHO~ 3Kcne
P~MeHTanbHO~ $~3~K~ S COOTSeTCTS~~ 
c 3aAa4aM~, nocTasneHH~M~ s peweH~Rx 
LIII cecc~~ Y4eHoro coseTa OH~H; 

- coopymeH~e YKTH ~ noArOTOSKY $~-
3~4ecKo~ nporpaMM~ AnR pa6oT~ Ha HeM; 
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H36paH HOBhiH COCTaB WfpeK~HH lfHCTHTYTa: npo<lJeccop 3,3HTpa.JibrO, aKageMHK 
H.H.Boron~6oB, npo<Peccop A,C3HgynecKy, 

- y4aCT~e (co8MecTHO c H~B3) 8 paa
pa6oTKe OTAellbHWX c~cTeM npoeKTa YHK 
~ C03AaH~e 3Kcnep~MeHTallbHO~ 6aaw AllR 
pa60Tbl Ha HeMj 

- ~~3~4ecK~~ nycK ycTaH08K~ 11~ 11 

~ nOArOT08KY K Ha4ally 3KCnep~MeHTaJlb
HblX ~CCJleA08aH~H Ha ee ny4Kax; 

- npo8eAeH~e pa60T no 8TOpOMY 3Ta
ny 3HepreT~4ecKoro nycKa H5P-2 ~ paa
B~T~e ~~3~4eCK~X ~CClleA08aH~~ Ha HeM, 
a TaK~e coopy~eH~e nHY-30 ~ ~3Mep~

TeJlbHOro 4eHTpa KOMnneKca H6P-2; 
- pa60TW 8 06JlaCT~ C03AaH~R ~ co-

8epweHCT808aH~R ycKop~Tene~ TR~ellbiX 

~oHoe; 

- AallbHe~wee pa38~T~e llBK; 
- AallbHeHwee pa38~T~e on KaK Heo6-

XOA~Moro ycno8~R AllR pa38~T~R 3Kcne
P~MeHTallbHO~ 6aaw 0~~~; 

- 3$~eKT~8HOe ~CnOJlb308aH~e 6aao
BblX YCTaH080K, n08WWeH~e ~X 3KOHOM~4-

HOCT~ ~ TeXH~4eCKOrO C08epWeHCT8a. 
KoM~TeT YT8ePA~ll npeACTa8JleHHW~ 

A~PeK4~e~ HHCT~TyTa OT4eT o6 ~cnon
HeH~~ 6~A~eTa 3a 1981 rOA, npOTOKOJl 
~~HaHcoeoro KOM~TeTa 06beA~HeHHoro 
~HCT~TyTa RAePHWX ~CClleA08aH~~ OT 
16-18 HOR6pR 1982 rOAa ~ np~HRJl K C8e
AeH~~ coo6~eH~e A~PeK4~~ OH~H o6 ~c
nonHeH~~ 6~A~eTa HHcT~TyTa aa 1982 r. 

3acnywa8 AOKllaA B~4e-A~PeKTopa 
06beA~HeHHoro ~HCT~TyTa RAepHwx ~c-

cneA08aH~~ npo~eccopa ~.3naTe8a 
110 KoppeKT~P08Ke nnaHa-rpa~~Ka co-
3Aa H~R ~ pa3BMT~R 3KCnep~MeHTallbHWX 

~ 6a308WX YCTaH080K ~ 06beKT08 np0~3-
80ACT8eHHOrO Ha3Ha4eH~R OH~H e 1981-
1985 roAaX11 ' KoM~TeT noJlHOM04Hbl'< 
npeACTa8~TeJle~ YT8ePA~Jl CKOppeKT~po-

8a H Hbl~ nllaH-rpa$~K. 

C Hay4HWM~ AOKllaAaM~ Ha C08e~aH~~ 
KoM~TeTa 8WCTyn~ll~ aKaAeM~K ~.M.¢paHK 
-

11 PeaKTOP ~15P-2 - ~MnyllbCHbiH ~cTo4-

H~ K He~TPOH08 AllR Hay4HWX ~CCJleAOBa
H~ ~ 11 ~ npO<!>eccop C. A. 6yHRTOB - ''Heih
P~ H Hbl~ AeTeKTOP 11 . 

B CBR3~ c ~cTe4eH~eM cpoKa nonHo
M04~~ A~PeKTopa 06beA~HeHHoro ~HCT~

TYTa RAePHWX MCCJleAOBaHM~ aKaAeM~Ka 

H. H .6oron~6o8a ~ B~4e-A~PeKTopo8 ~H

CT~ TYTa npo~eccopoe H.3llaTeea ~ M.Co-
8~ HCK~ KoMMTeT noJlHOM04HbiX llpeACTa-
8~TelleH cornac~ncR c npeAllO~eH~RM~ 

noJl HOM04HOro npeACTa8MTellR Co~3a Co-
8eTCK~X Co4~aJ1MCT~4ecK~X Pecny6n~K, 

noJlHOM04HOro npeACTa8~TeJlR Pecny6n~
KM Ky6a M noJlHOM04HOro npeACTa8~TeJlR 
Co4~aJ1MCT~4ecKo~ Pecny6Jl~K~ PyMWHMM 
~36paTb Ha nocT A~PeKTopa ~HCT~TyTa 
cpo KOM Ha TP~ roAa aKaAeM~Ka H.H.6oro
n~6o8a ~ Ha nOCTW 8~4e-A~PeKTOP08 O~~H 
cpo KOM Ha Tp~ roAa npo~eccopo8 3n~aca 
3HTpa~bro 3ppepo M Aypen~y C3HAYllecKy. 
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KoM~TeT nonHOM04H~X npeACTaB~Tene~ 

B~pa3~n A~PeK~~~ ~ BCeMy KonneKT~BY 
06oeA~HeHHoro ~HCT~TyTa RAePHbiX ~c
cneAOBaH~~ 6naroAaPHOCTb aa npoAenaH
HY~ B 1982 rOAY pa6oTy. 

LIV cecc~R Y4eHoro coeeTa OH~H co
CToRnacb 26-28 MaR 1983 roAa. Y4eH~e 
cTpaH-y4acTH~~ HHcT~TyTa, co6paew~ecR 

Ha Y4eH~~ coseT, ropR40 nOAAep~an~ 
M~pon~6~e~e npeAno~eH~R, e~cKaaaHH~e 

Ha Bceco~3Ho~ KOH$epeH~~~ y4eH~x aa 
~36aeneH~e 4enoee4ecTea oT yrpoa~ 
RAePHO~ BO~H~, 3a paaopy~eH~e H M~p, 
KoTopaR npoxoA~na e MocKee c 17 no 
19 MaR 1983 roAa, H e~paa~n~ HaAe~AY, 
4TO 3Ta BCTpe4a• RBHTCR Ba~H~M WarOM 
Ha nyT~ o6oeA~HeH~R M~pon~6~BbiX c~n 

nporpecc~eHoro 4enoee4ecTea e 6opb6e 
npOTHB yrpo3~ HOBO~ BOAH~ H coxpaHe
H~R M~pa Ha Hawe~ nnaHeTe. 

Y4eH~~ coseT OAo6pHn AeRTenbHOCTb 
ceK~H~ Y4eHoro coeeTa OH~H no $~3~Ke 
B~COK~X 3HeprH~, $~3~Ke H~3KHX 3Hep
r~~ ~ TeopeT~4eCKO~ $~3~Ke ~ ~X KOM~

TeTOB; aacnywan ~H$opMa~~~ o npoeKTe 
nono~eH~R H cne~Han~a~poeaHHbiX KOM~
TeTax, YTBePA~n peweH~e ~~P~ o np~
cy)!(,D,eH~H .npeM~~ OH~H aa ny4wHe pa6oTbl 
1982 roAa. 

4neH~ COBeTa np~HRn~ K CBeAeH~~ 
npoeKT npo6neMHo-TeMaT~4ecKoro nnaHa 
Hay4HO-HCCneAOBaTenbCKHX pa6oT ~ Me~

AYHaPOAHOrO coTPYAH~4eCTBa na6opaTo
PH~ O~~H Ha 1984 roA ~ onpeAen~n~ oc
HOBH~e Hay4H~e HanpaaneHHR na6opaTo
PH~ B 1984 rOAY· 

Ha cecc~~ c Hay4H~M~ AOKnaAaMH e~

CTyn~n~ aKaAeM~K r.H.$nepoa, AOKTOP 
$~3~Ko-MaTeMaT~4ecK~x HayK A.B.E$pe
MOB ~ KaHA~AaT $~3~Ko-MaTeMaT~4eCK~X 

HayK C.o.repac~Moa. 
Y4eH~~ coseT yTBePAHn a AOn~HOCT~ 

3aMeCT~TenR A~PeKTopa na6opaTOP~~ 

He~TPOHHO~ $~3~K~ KaHA~AaTa $~3~KO
MaTeMaT~4eCK~X HayK B.H.ny~~Koaa cpo
KOM Ha TPH rOAa. 

3aceAaH~R ceK~~~ Y4eHoro coaeTa 
OHRH no TeopeT~4ecKo~ $~3~Ke a 1983 r o
AY npoxoA~n~ ABa~bl: 13 RHBapR ~ 

26 MaR. XVII cecc~R OAo6P~na OT4eT 
o a~nonHeHHH peweH~~ XVI cecc~~ ~ 

npeAnO~eHH~~ A~PeK~~e~ na6opaTOP~~ 

TeopeT~4eCKO~ $~3~K~ nnaH Hay4HO-~C
cneAOBaTenbCKO~ pa6oT~ nT$ Ha 1983 r., 
onpeAen~na ocHoaH~e HanpaaneH~R pa6o-

10 

T~ nTO B 1983 rOAY, OTMeT~na ycneWH~ 
pa6oTy KonneKT~aa TeopeTHKOB HHcT~Ty
Ta ~ np~cy)!(,D,eH~e PRAY COTPYAH~KOB nT$ 
Hay4H~x npeM~~. Ha cecc~~ c Hay4H~M~ 
AOKnaAaM~ B~CTyn~n~ AOKTOP $~3~Ko-Ma
TeMaT~4eCK~X HayK H.B.nya~H~H, KaHAH
AaT~ $H3~Ko-MaTeMaTH4eCKHX HayK 
A.B.PaA~WK~H, B.K.M~Tp~wK~H, B.A.Py-
6aKoa, K.r.4eT~PK~H, E.6.6anb6y~ea, 

t·1. X. XaHxacaea. Ha XVI II ceccH~ ceK~H~ 
C AOKnaAOM 0 pa3B~T~~ TeopeT~4eCKO~ 
$H3~K~ eo BbeTHaMe a~cTyn~n aKaAeMHK 
HryeH BaH Xbey; HaY4H~e AOKnaA~ Ha 
cecc~~ CAenan~ aKaAeM~K A.M.6anA~H, 

AOKTOpa $~3~KO-MaTeMaT~4eCK~X HayK 
P.B.A~onoc ~ A.C.WyMoacK~~. KaHA~AaT 
$~3~Ko-MaTeMaTH4ecK~x HayK B.K.Menb
H~Koa. Cecc~R OTMeT~na e~coK~~ ypo
aeHb peaynbTaToa, nony4eHH~x Teope
T~KaM~ O~~H, ~ KOHCTaT~poaana TeCHY~ 

CBR3b TeopeT~4eCK~X HCcneAOBaH~~ 
C Ba~He~W~M~ 3KCnep~MeHTanbH~M~ npo
rpaMMaM~ m1~H. 

CeK~~R Y4eHoro coaeTa no $~3~Ke 
B~COK~X 3Hepr~~ B 1983 rOAY npoaena 
CBO~ 3aCeAaH~R ABa~Abl: 11 RHBapR ~ 

24 MaR. Ha XXXV cecc~~ ceK~~H 6bln~ 
aacnywaH~ OT4eT~ o a~nonHeH~~ pewe
HH~ XXXIV cecc~H ceK~~~. o AeRTenb
HOCTH cne~~anH3HpOBaHH~X KOM~TeTOB, 
0 COCTORH~~ o6pa60TK~ $~nbMOBO~ ~H

$OpMa~~H B nBTA B 1982 rOAY ~ nnaHe 
Ha 1983 rOA, OT4eT 0 COTPYAHH4eCTBe 
OHRH c H$B3 ~ o AeRTenbHOCTH CH30 
a 1982 rOAY· Ha cecc~~ aacnywaH~ AOK
naA npo$eccqpa C. n .AeH~coaa 11 He~TPHH
HaR $~3HKa Ha ycKop~Tene H$B3 np~ 

6ycTepH~X ~HTeHC~BHOCTRX11 , Hay4Hble 
AOKnaAbl 06 ~ccneAOBaHHRX, B~nonHeH
HbiX a na6opaTop~Rx OHRH: o6 ~ccneAo
BaH~H wecT~KeapKoao~ CTPYKTYP~ Ae~T

poHJ, o6 ~3y4eHHH CTPY~ 4aCTH~ eo 
B3a~MOAe~CTB~RX TIN, TIC, CC B HHTep
eane 4-40 r3B/c, 0 pa3B~T~~ C~HXpo
$a30TPOHa KaK ycKop~TenR penRT~B~cT
CK~x H nonRp~30BaHHbiX RAeP, 0 no~CKaX 
aKc~oHa Ha ~MnynbCHOM peaKTope H6P-2 
~ ~pyr~x. 

XXXVI cecc~R ceK~~H aacnywana oT-
4eTbl o a~nonHeH~I'I peweH~~ npeA~AY~e~ 

cecc~~ ~ AeRTenbHOCT~ cne~~an~a~po

aaHHbiX KOMHTeTOB, AOKnaA 06 ~cnonb30-
BaH~~ Man~x 3BM e 3Kcnep~MeHTax, npo
BOA~M~x OHRH Ha ycKOPHTene H$B3,a TaK
~e OT4eT 0 COCTORH~~ o6pa60TK~ $~nb-

MOBOI 
~ nn. 
AOKn; 
cneAc 
CTORI 
Tanbl 
3KCnf 
K~X : 
Tanbt 
rOA~ 
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MOBO~ ~H~OpMa~~~ B nBTA B 1983 rOAY 
H nnaHe Ha 1984 roA. 6~n~ aacnywaH~ 
AOKnaA~ o6 OCHOBH~X peaynbTaTaX ~c
cneAOBaH~~ Ha ycKop~Tene H~B3 ~ co
CTORHH~ Aen no C03AaH~~ 3KCnep~MeH
TanbH~X ycTaHOBOK nB3, nRn ~ OHMY AnR 
3Kcnep~MeHTOB a o6nacT~ ~~3~K~ s~co
KHX 3Hepr~~. C AOKnaAOM 06 3KCnep~MeH
TanbHO~ nporpaMMe H~B3 Ha 6n~ma~w~e 
roA~ Ha cecc~~ s~cTyn~n npQ$eccop 
H. E. TIOp~H. 

Cne~Han~a~posaHH~e KOM~TeT~ - KOM~

TeT no 3neKTpOHH~M 3KCnep~MeHTaM,Ka
MepH~~ ~ ~oTo3Mynbc~oHH~~ - aacnywan~ 

Ha CBO~X 3aCeAaH~RX 5-7 anpenR ~ 18-
20 OKTR6pR OT4eT~ PYKOBOA~Tene~ TeM 
o XOAe pa6oT no npoeKTaM, 6~n paccMoT
peH PRA npeAnomeH~~ no HOB~M 3Kcnep~
MeHTaM. Ha aaceAaH~~ KaMepHoro KOM~
TeTa 06CymAeHO COCTORH~e Aen B co
TPYAH~4a~~~X c OH~H opraH~aa~~Rx no 
o6pa6oTKe ~~nbMOBO~ ~H~opMa~~~. XOA 
e~nonHeH~R nnaHa o6pa6oTK~ ~~nbMOBO~ 
HH~OpMa~~~ B nBTA. Ha 3aCeAaH~~ KOM~
TeTa no 3neKTPOHH~M 3KCnep~MeHTaM o6-
CYmAan~Cb npeAnomeH~R no HOMeHKnaTy
pe TpeKos~x KaMep AnR ~aroTosneH~R ~x 
e On~THOM npo~3BOACTBe OHR~1. 4neH~ 

OCeHHe~ cecc~~ KOM~TeTOB 06CYA~n~ 
npeAnomeH~R na6opaTop~~ a npoeKT nRT~

neTHero nnaHa paaB~T~R OHRH Ha 1986-
1990 rr. 

CeK~HR Y4eHoro coseTa O~R~ no ~~-
3HKe H~3K~X 3Hepr~~ B 1983 rOAY npo
Bena csoH o4epeAH~e cecc~~= XXXV -
12 RHBapR ~ XXXVI - 25 MaR. 4neH~ 
ceK~~~ aacnywan~ AOKnaA~ o s~nonHeH~~ 
peweHH~ npeA~AY~~x cecc~~. OT4eT~ 

npeAceAaTene~ cne~~an~s~posaHHbiX Ko
MHTeToB 0 AeRTenbHOCT~ ~ peweH~RX KO
MHTeTOB. Ha aaceAaH~Rx ceK~~~ 6~n~ 
o6CymAeH~ ~TOr~ pa60T~ HeKOTOp~X Hay4-
H~X KOH~epeH~~~ ~ COBe~aH~~ no ~~3~Ke 
HH3KHX 3Hepr~~. a opraH~sa~~~ ~ pa6o
Te KOTOP~X np~HRn~ y4aCT~e COTPYAH~K~ 
06DeAHHeHHoro ~HCT~TyTa RAePH~x ~c
cneAoBaH~~. Ha XXXV cecc~~ sacnywaHbl 
Hay4H~~ AOKnaA na6opaTop~~ RAePH~X 
peaK4~~ o6 3Kcnep~MeHTax no c~HTeay 
HOB~X 3neMeHTOB ~ Hay4H~e AOKnaA~ 

na6opaTop~~ RAePH~X npo6neM 0 Ha~6o
nee samH~X peaynbTaTax ~ccneAOBaH~~ 
B paMKax COTPYAH~4eCTBa ~CHAnn-HPHC, 
o noAroTasn~saeM~x K pa6oTe nocne sa
eepweHHR peKOHCTPYK~~~ C~HXpO~~Kno
TPOHa HOB~X 3KCnep~MeHTanbH~X ycTa
HOBKaX,O APYr~x HanpasneH~RX ~ccneAO-

BaH~H B o6nacT~ RAePHO~ ~~3~K~ np~ 
H~3K~X ~ cpeAH~X 3Hepr~Rx.Ha 3TO~ me 
cecc~~ ~a6paH~ npeACeAaTeneM KOM~Te
Ta no ~~3~Ke TRmen~x ~oHoa np~eccop 
K.-r . KayH · ~ npeAceAaTeneM KOM~TeTa 
no He~TpOHHO~ ~~3~Ke - npQ$eccop 
K.XeHH~r. 

Ha XXXVI cecc~~ aacnywaH~ Hay4H~e 
AOKnaA~ na6opaTOP~~ RAePH~X peaK~~~ 
06 OCHOBH~X HanpaaneH~RX ~ccneAOBaH~~ 
B o6nacT~ ~~3~K~ TRmen~X ~OHOB H~3K~X 
3Hep r~~. Ha 3To~ me cecc~~ 6~n~ aa
cnywaH~ AOKnaA~ o XOAe pa6oT no pe
KOHC TPYK~~~ C~HXPO~~KnOTPOHa ~ C03Aa
H~~ KOMnneKca ycTaHoaoK no nporpaMMe 
RCHA n, 0 XOAe pa6oT Ha peaKTOpe 
H6P- 2 ~ npoBOA~MbiX Ha HeM 3Kcnep~MeH
Tax, a TaKme npeAnomeH~e na6opaTop~~ 
He~T POHHO~ ~~3~K~ 0 C03AaH~~ ceT~ Ma
n~x 3BM. 

C e~~an~a~poaaHH~e KOM~TeT~ np~ 
ceK~~~ Y4eHoro coseTa O~RH no $~3~Ke 
H~3K~X 3Hepr~~ - KOM~TeT no He~TpoH
HO~ ~~3~Ke, KOM~TeT no CTPYKType RA
pa ~ KOM~TeT no ~~3~Ke TRmenbiX ~OHOB -
npoBOA~n~ ceo~ o4epeAH~e cecc~~ B an
pene ~ OKTR6pe 1983 roAa. KoM~TeTbl 
o6CYA~n~ XOA a~nonHeH~R nnaHoB Hay4-
H~x ~ccneAOBaH~~. MemAyHaPOAHoro co
TPYAH~ 4ecTsa, OT4eT~ no 3asepweHH~M 
TeMaM, PRA HOB~X npoeKTOB ~ npeAnome
H~~ na6opaTop~~ a npo6neMHo-TeMaT~4e
CK~~ nnaH Ha 1984 roA a oonacT~ ~~3~
K~ aTOMHoro RAPa ~ KOHAeHc~posaHH~x 

cpeA. KoM~TeT~ paccMoTpen~ cocToRH~e 
Aen no 3HepreT~4eCKOMY nycKy peaKTo
pa H6 P-2 ~ npoBOA~MbiM Ha HeM $~3~4e
CK~M ~ccneAOBaH~RM, no COBepweHCTBO
BaH~~ c~cTeM ycKop~TenR Y-400 ~ npo
BOA~M~M Ha ~~KnOTPOHaX nRP Hay4H~M 

~ np~ KnaAH~M ~ccneAOBaH~RM, no noAro
TOBKe K ~~3~4eCKOMY nycKy YCTaHOBK~ 
11~11 , a TaK>:<e ~H~OpMa~~~ 0 npOBOA~MbiX 
npoeKTH~X pa6oTax no YKTH ~ no TaH
AeMy ~KnoTpoHos Y400-Y400M. Ha oceH
He~ cecc~~ KOM~TeTbl o6cyA~n~ npeAno
meH~R na6opaTop~~ B npoeKT nRT~neT
Hero naHa paas~T~R OHR~ Ha 1986-
1990 r. B oonacT~ ~~3~K~ aTOMHOrO 
RAPa, KOHAeHC~POBaHHbiX cpeA ~ MeTOAOB, 
o6ecne4~Ba~~~x ~x pa3B~T~e. 3Ha4~Tenb
Hoe MecTo oblno YAeneHo o6cymAeH~~ Ha
Y4H~x AOKnaAOB 0 nocneAH~X AOCT~meH~
RX y4eH~X O~~H no ~~3~Ke aTOMHOrO RA
pa ~ KOHAeHc~poaaHH~X cpeA, a TaKme 
Hay4H~X AOKnaAOB, npeACTaBneHH~X y4e
H~M~ ~ 3 Hay4H~X ~eHTpOB CTpaH-y4aCT
H~~ omm. 
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HPEMMM OMHM 3A 1982 rOA 

Ha COHCKaHHe npeMH~ 06oeAH HeHHOrO 
HHCTHTyTa RAePH~X HCCneAOBaHH~ 3a 
1982 rOA o~nH B~ABHHYT~ ny4WHe Hay4HO
HCCneAOBaTenbCKHe TeO~eTH4eCKHe H 
3KCnepHMeHTanbH~e, Hay4HO-MeTOAH4e
CKHe H Hay4HO-TeXHH4eCKHe, a TaKme 
Hay4HO-TeXHH4eCKHe npHKnaAH~e pa60T~, 
B~nonHeHH~e COTPYAHHKaMH HHCTHTyTa. 
PeweHHeM Y4eHoro coaeTa OHRH OT 26-
28 MaR 1983 roAa npHcy~eH~ cneAyJ0-
114He npeMHH: 

no HAY4HO-~CCnE~OBATEnbCKHM 
TEOPETH4ECKHM PA60TAM 

nepBaR npeMHR 
11MHoroKaapKoa~e CHCTeM~ a RAPaX 

H RAePH~x np01-'eccax11
• 

AeTop~: A.M.6anAHH, B.B.6ypoa, 
c.!). repacHMOB. A.B. E¢>peMOB. B . A .MaT
sees, B.K.nyKbRHoa, A.H.THToa . 

BTopaR npeMHR 
••nocTpoeHHe reoMeTpH4ecKo~ TeopHH 

C¥neprpaBHTai..IHH 11 . 
AaTop~: B.H.OrHeBe4KH~, 3. C.CoKa-

4ea. 

no HAY4H0-~1CCnE~OBATEnbCK~1M 
3KCnEPHMEHTAnbHUM PA60TAM 

nepBaR npeMHR 
110oHapy>KeHHe 3¢>¢leKTa HHTep¢le peH1..1HH 

cna6~X H 3neKTpOMarHHTH~X B3aHMOAe~
CTBH~ MIOOHOB C RAPaMH yrnepOAa 11 . 

AaTop~: ~.~.6aPAHH, C.M.!iHneHbKH~, 

A.r.BonoAbKo, H.A.ronyTBHH, ~. T .KHpJO- · 
w·HH, M.KnR~H. H.A.CaBHH, r.H.CMHPHOB, 
H.r.¢laAeea, R.Uaax. 

~Be BTOp~e npeMHH 
1 . 11~1ccneAOBaHHe npot.~eccoa Kore

peHTHoro o6pa30BaHHR TpeXnHOHH~X CHC
TeM Ha RApax nHoHaMH H o6Hapyme HHe 
HOB~X B030YmAeHH~X COCTORHHH nHOHa11 . 

AaTop~: H.M.BacHneacKH~, B. B.BHw
HRKOB, O.A.3a~MHAopora, ~.H.HaaHbWHH, 

n.K.n~TKHH, B.A.MoHceeHKO, B.H . HHKa
HOPOB, c.n.C~4Koa, A.A.TRnKHH, 
n.n.4epHeHKO. 

2. 113KcnepHMeHTanbHOe H3Y4eHHe Me
XaHH3Ma o6pa30BaHHR B~COK03HepreTH4e-

14 

CKHX 4aCTHLI H RAeP B peaKI..IHRX C TRme
n~MH HOHaMH npH 3HeprHRX <10 M3B/HyK-
noH11. -

. AaTop~: K.6op4a, 3.repnHK,A.M.Ka
nHHHH, P.r.KannaK4Heaa, B.B.KaMaHHH, 
~.U.OraHeCRH, ~.3.neHHOHmKeBH4 0 
B.r.Cy66oTHH, ~.PIOAHrep, ~.n.XapHTo

Hoa. 

no HAY4HO-MET0~~14ECKHM 
H HAY4HO-TEXHH4ECKHM PA60TAM 

nepBaR npeMHR 
113HepreTH4eCKH~ nycK peaKTOpa 

H6P-2 11 . 
AaTop~: B.~.AHaHbea, A.H.6a6aea, 

~.H.6noxHHI..IeB, 6.H.6yHHH, B.n.BopoH
KHH, n.B.EAYHOB, ~.H.nenen~wea, 

H.M.¢lpaHK, E.n.Wa6anHH, ~.C.R3BHLIKH~. 

~Be BTOp~e npeMHH 
1. 11Pa3pa6oTKa, C03AaHHe H 3anycK 

nHHe~HOrO HHAYKI..IHOHHOrO YCKOpHTenR 
C~1nYH~-20 11 . 

ABTOP~ r.B.~on6~~tnoa, H.H.ne6eAeB, 
B.~.HHKHH, Ban.A.neTpoa, BHK.A.neT
poa, B.n.CapaHt.~ea, A.n.CyM6aea,A.A.¢la
Teea. 

2. 11TepMoxpoMaTorpa¢lH4eCKH~ MeTOA 
H3y4eHHR XHMH4eCKHX CBO~CTB KOPOTKQ
mHBYU4HX TpaHcypaHOB~X 3neMeHTOB11 . 

AaTop~: 6.A~xnep, B.n.~oMaHoa, 

6.n.~y~Koa, H.3aapa, C.H.THMOXHH, 
3.XJ06eHep, M.P.WanaeBCKH~. 

no HAY4HO-TEXHH4ECKH~1 
nP~1KnMHbiM PA60TAM 

~Be BTOp~e npeMHH 
1. 113neMeHTH~~ aHanH3 Ha ny4Kax 3a

pRmeHH~X 4aCTHI..I 3neKTPOCTaTH4eCKoro 
ycKopHTenR 3r-s mt<b OHRH 11 . 

AaTop~: 3.6pa3eBH4, n.6pa3eBH4, 
H.H.!ianan~KHH, H.Baapa, niO 3a~ HK, 
r.M.OceTHHCKH~, 3.nyp3B. 

2. 11TpexypoaHeaaR cHcTeMa perHcT
pat.~HH, o6pa6oTKH H aHanH3a cneKTpo
MeTpH4ecKo~ HH¢lOpMai..IHH 11

• 

AaTop~: B.6.6pyAaHHH, u.B~noa, 
H.H.~ypaanea, C.B.MeABeAb, n.neTeB, 
B.T.CHAOPOB, A.H.CHHaea, T.M.TeneaH
HOBa, B.r.4yM~H, H.H.4ypHH. 



HAY~HO· 
MCCnEAOBATEnbCKME 
PA60Tbl, . . 

BblnOnHEHHbiE 
nA60PATOPMRMM OMRM 
B 1983 rOAY 

• 



nA60PATOPMR 
TEOPETM~ECKOM 'M3MKM 

CTPYKTYPA TEOPHH non~ 

Paae~T HOB~H noAXOA K peweH~~ o6-
paTHOH 3aAa4~ pacceRH~R AnR MaTp~4-
Horo onepaTopa nepeoro nopRAKa. Ha 
ero ocHoee peweHa o6paTHaR 3aAa4a 
pacceRH~R AnR Hoeoro Knacca n~HeHHbiX 
A~~epeH4~anbH~X onepaTopoe, AnR Ko
Top~x Henb3R Han~CaTb ypaBHeH~e ren b
~aHAa-neeHTaHa-Hap4eHKO. 3To noaeon~ 
no npo~HTerp~poeaTb PRA eamH~x He
n~HeHH~x 3BOn~4~0HH~X ypaeHeH~H, B 
4aCTHOCT~ C~CTeMy, On~C~Ba~~y~ B3a~ 

MOAeHCTB~e ~OHHo-aeyKoe~x ~ neHrM~

poecK~X eonH e nnaaMe, Hoey~ MOAenb 
caMocornacoeaHHoro nonR T~na XapTp~ 

~oKa/1/. 
HaHAeH~ Hoe~e ~HTerp~pyeM~e c~cTe

M~ ~3 APYX HepenRT~e~cTcK~x 4aCTH4, 
B3a~MOAeHCTBY~~~X C BHeWH~M noneM. 
4acTb peaynbTaToe o6o6~eHa Ha cny4aH 
npo~aeonbHoro 4~cna 4acT~4; AOKa3aHa 
nonHaR ~HTerp~pyeMOCTb 3T~x A~HaM~4e
CK~x MHOr04aCT~4H~X C~CTeM/2/. 

nony4eHO paanomeH~e C~nbHOH CBR3~ 
AnR OC4~nnRTOpa C np0~3BOnbHOH CTe
neHb~ aHrapMOH~4HOCT~ e N ~3MepeH~Rx . 

nocTpOeHa Teop~R CTaT~4eCK~X CBR-
3aHH~X COCTORH~H COn~TOHOB B OAHOMep
H~X HeOAHOPOAH~X C~CTeMaX ~ Ha4aT~ 

pa6oT~ no ~ccneAOBaH~~ nepexoAH~x 
np04eCCOB, CBR3aHH~X C AB~~eH~eM co
n~TOHOB B HeOAHOPOAH~X CTPYKTypax. 

~ccneAOBaH~ MHOrOKOMnOHeHTH~e He
n~HeHH~e ypaeHeH~R WpeA~Hrepa. B~Re 

neH PRA oco6eHHOCTeH, B03H~Ka~~x aa 
C4eT HeHyneB~X rpaH~4H~X ycnOBHH, 
B TOM 4~Cne: Han~4~e HeCKOnbK~X X~MH -
4eCK~X noTeH4~anoe, nepecTpoHKa ~H
Terpanoe AB~meH~R ~ CK060K nyaCCOHa 
MemAY AaHH~M~ pacce~H~R. 

npeAnomeHa KOBap~aHTHaR ~OpMynH
POBKa nopomAa~~ero onepaTopa, KOTopaR 
nepeHoc~TCR Ha e~cw~e ypaeHeH~R T~na 
~eppoMarHeTHKa raH3eH6epra/3/. 

MeTOA KBaHToeaH~R c~cTeM c c~Hry

nRpH~MH narpaH~~aHaM~ C nOMO~b~ ~YHK-
4HOHanbHOrO HHTerp~poeaH~R, npeAno-

16 

meHH~H ~aAAeee~M, o6o6~eH Ha cny4aH 
He~UOHapHmX ycnOBHH Kan~6pOBKH. 
3TO n03BOnReT CTPO~Tb ~YHK4~0HanbH~e 
~HTerpan~ B ~a30BOM npocTpaHCTBe, 
B 4aCTHOCT~ AnR C~CTeM C HyneB~M Ka
HOH~4eCK~M raM~nbTOH~aHoM/4/. 

nony4eH ~OTOHH~H nponaraTOP B cny-
4ae rpaH~4H~x ycnoe~H, 3aAaeaeM~x 
nnocK~M~ 3epKanaMH B KOBap~aHTHOH Ka
nH6pOBKe. Ha ero ocHoee B~4~cneHa no
npaeKa K 3Hepr~~ Kaa~M~pa MemAY ABYMR 
nnocKHM~ aepKanaM~/5/. 

npoBeAeH pac4eT TpexneTneB~X nonpa
BOK K KOppenRTOPY A~BepreH4~H KBapKO
B~X TOKOB; pac4eT npHMeHeH AnR onpe
AeneH~R Mace nerK~X KBapKOB C nOMO~b~ 
MeTOAa KOHe4H03HepreT~4eCK~X npae~n 
CYMM ~ AnR onpeAeneH~R nonHOH W~P~H~ 
pacnaAa x~rrcoecKoro 6oaoHa e KBaHTo
BOH XPOMOA~HaM~Ke/6/. 

Pa3B~T HOB~H MeTOA B~4~CneH~R MHO
roneTneB~X ~eHHMaHOBCK~x A~arpaMM. 

Bnepe~e nony4eHo aHan~T~4ecKoe e~pa
meHHe AnR ~YHK4~~ nepeHopM~POBKH aapR
Aa B MOAen~ ~4 B nRT~neTneBOM np~6n~
meHH~. 3TOT pac4eT RBnReTCR peKOPAH~M 
no 4~cny neTenb B MOAenRX KBaHTOBOH 
Teop~~ nonR/71. 

CBO~CTBA C~MMETP~~ 
3nEMEHTAPH~X 4ACT~U 

~ ~X B3A~MOAE~CTB~~ 

B CBR3~ c HaMe4a~HM~CR np~MeHeH~R
M~ cyneprpae~Ta4~H e TeopHRX 11 eenHKo
ro o6oeA~HeH~R 11 npoeeAeH cpaeH~Tenb
H~H aHan~a ~Me~~xcR eepc~H cyneprpa
B~Ta4~H. Ha ero ocHoee npeAnomeHa Ho
eaR eepcHR cyneprpae~Ta4~~. HaaeaHHaR 
r~6KoH. PaccMOTpeH~ ~ ~ccneAOBaH~ Ma
TepHanbH~e cBR3H eo ecex eepc~Rx.Pa3-
BHT HOB~H, 11ynpo~eHH~H 11 MeTOA nOCTpoe
H~R ~HBap~aHTH~X Ben~4~H B Teop~~ 
N = 1 cyneprpae~Ta4~~. npoBOA~ncR 
no~cK ~OPM~ N = 2 cynepc~MMeTp~aoeaH
HOH Teop~~ ~Hra-M~nnca BHe MaccoeoH 
noeepxHocT~. HaHAeHo cynepc~MMeTp~4-



HOe paCWHpeHHe ypaBHeHHR nHyBHnnR, 
paCCMOTpeHa CBR3b 3TOrO ypaBHeHHR 
C HenHHelliHbiMH peanH3a~HRMH/8/, flo
CTpOeH~ reHepaTop~ cynepanre6p~ H3 
6HnHHelliH~X KOM6HHa~HIIi, KOTOp~e Ha3~

Ba~TCR KBaHTOB~MH cynepTBHCTOpaMH. 
floKa3aHO, 4TO nOCTpOeHHe YHHTapH~X P 

npeAcTaeneHHIIi pacwHpeHHolli cynepcHM
MeTPHH N = 2 nyTeM KBaHTOBaHHR cynep
TBHCTopoe BeAeT K eAHHCTBeHHOMY KH
panbHOMY cynepnpOCTpaHCTBY, KOTOpoe 
COAeP>KHT KPOMe o6bi4H~X KOOPAHHaT 
H BellineBCKHX cnHHOpOB AOnonHHTenbH~~~~ 
cKanRpH~IIi napaMeTp/9/. Ocy~ecTeneH 
nepeXOA K CnHHOPH~M KOOPAHHaTaM B 2-, 
3- H 5-MepH~X npOCTpaHCTBaX B CBR3H 
c npo6neMaMH ABYX H N Ten. B ocHoee 
ne>KaT paccnoeHHR: ABYnHcTHoe noKp~THe 
OKPY>KHOCTH H paccnoeHHR Xon$a s3 + 

+ s2 H s7 + s4. B 3THX npocTpaHCTBaX 
nony4eH~ npeACTaeneHHR AnR ABYX4ac
TH4H~x $YHK~HIIi rpHHa. KynoHOBCKHe 
H CB060AH~e $YHK~HH rpHHa B~pa>KeH~ 

4epea TaKoe~e AnR rapMOHH4ecKoro oc
~HnnRTopa (e R2, R4, R8). 

$YHAAMEHTAnbHbiE B3AI-1MOAEt1CTB~I.Sl 4ACTI-1Ll 

. 
06Hapy>KeHa npHH~HnHanbHO HOBaR 803-

MO>KHOCTb MeXaHH3Ma 11CnHHOBOIIi 11 AHHaMH
KH CHnbH~X B3aHMOAelliCTBHIIi npH CBepx
B~COKHX 3HeprHRX. Ero cneACTBHRMH Ra
nR~TCR HOB~~~~ CnHHOB~~~~ MeXaHH3M pOCTa 
nonH~x ce4eHHIIi, HeHyneeaR nonRpHaa~HR 
B pacceRHHH aAPOHOB aCHMnTOTH4eCKH 
BbiCOKHX 3HeprHIIi. flpH 3HeprHRX pp-Kon
nalliAepa L.lEPHa MeXaHH3M 11 CnHHOBOIIi 11 AH
HaMHKH npHBOAHT K HC4e3HOBeHH~ AH$paK
~HOHHOIIi CTPYKTYP~ H vonbWOIIi eenH4HHe 
AH$$epeH~HanbH~x ce4eHHIIi pp-pacceRHHR 
npH ltl-l,KOTOpaR Ha nOPRAOK npee~wa
eT peaynbTaT~ CTaHAaPTH~X nOAXOAOB.3TH 
npeACKa3aHHR nOATBep>KAeH~ 3KCnepHMeH
TanbHO B L.lEPHe, 4TO MO>KeT 6~Tb nepB~M 
yKa3aHHeM Ha cy~eCTBOBaHHe MeXaHH3Ma 
11cnHHoeolli 11 AHHaMHKH npH ceepxe~coKHX 
3HeprHRx/10/. 

B paMKax BeAy~ero norapH$MH4ecKoro 
npH6nH>KeHHR KXA c HcnonbaoeaHHeM npa
BHn KBapKOBOrO C4eTa npOH3BeAeHO OnH
CaHHe HHKn~3HBH~x AaHH~x, nony4eHH~x 
Ha ISR H npoToH-aHTHnpoTOHH~x HaKonH
TenbH~x KOnb~ax L.lEPHa. floKa3aHO, 4TO 
AnR xopowero onHcaHHR AaHH~X npH 3THX 
3HeprHRX Tpe6yeTCR cy~eCTBOBaHHe e~e 
OAHOrO CeMelliCTBa KBapKOB. 

PaccMoTpeH~ MOAenH, noaeonR~~He 

npeACKa3aTb OCHOBH~e xapaKTepHCTHKH 
ynpyroro pacceRHHR aAPOHOB npH e~co

KHX 3HeprHRX. flony4eHHble 3Ha4eHHR non
Hero H AH$$epeH~HanbHoro ce4eHHR npH 
3HeprHRX IS = 540 r3B coenaAa~T 
C 3KCnepHMeHTanbH~MH 3Ha4eHHRMH/ll/, 

l-1ay4eH~ paAHanbH~e eoa6y>KAeHHR K-, 
K*- H · - Me30HOB (COAep>Ka~HX CTpaHH~e 
KBapKH) H HX CHnbH~e pacnaA~, CTaBHT
CR aaAa4a nony4eHHR o6~ero cneKTPa pa
AHanbH~X B036Y>KAeHHIIi BCelli COBOKynHo
CTH ner HX Me30HOB. 

floKa 3aHO, 4TO onHCaHHe OTKP~T~X 
HeAaBHO paAHanbHbiX B036Y>KAeHHIIi n-Me-
30Ha COBMeCTHO C B036y>KAeHHRMH p-Me-
30Ha Tpe6yeT npH ycnOBHH cy~eCTBOBaHHR 

.ypOBHR p ~~1250) AOnonHHTenbHOro HH3KO
ne>Ka~ero eoa6y>KAeHHR n-Me3oHa c Mac
coli! oKono 720 M3B/12/. 

flpeAnO>KeHa HOBaR MOAenb OnHCaHHR 
cneKTpa H cTpyKTYP~ aAPOHOB, nocTpoeH
H~x H3 nerKHX KBapKOB, B KOTOpOIIi Ae
naeTCR nonbiTKa 06'beAHHHTb $H3H4eCKH 
npHeneKaTenbH~e oco6eHHOCTH MOAenelli 
KBa3HnOTeH~HanbHOrO THna H MOAenelli 
THna 11Me WOK 11 B eAHHOIIi BapHa~HOHHOIIi 
cxeMe. 

B oTnH4He.oT KeaaHnoTeH~HanbH~x 
MOAenelli YAep>KaHHe KeapKoB peanHayeTcR 
He 4epea ABYX4aCTH4H~IIi noTeH~Han, 
a nocpeACTBOM BBeAeHHR B $YHK~HOHan 
nonHolli 3HeprHH o6'beMHolli 3HeprHH 11 paa
Mb1Toro MewKa 11

, npocTpaHCTBeHHble paa
Mep~ KOToporo aaAa~TcR 4epea napaMeT
P~ npo6 Holli BOnHOBOIIi $YHK~HH KBapKOB, 
B OTnH He OT CTaHAaPTHbiX MOAenelli Mew
Ka (Ha PHMep, 11MI-1T-MewKa 11

), rAe o6-
nacTb aAPOHa annpOKCHMHpyeTCR >KeCTKO 
aaKpenneHHolli e npocTpaHCTBe c$epH4e
cKolli nonocTb~, $YHK~HoHan 3HeprHH 
e paccMaTpHeaeMolli MOAenH Bblpa>KaeTcR 
TOnbKO 4epe3 KOOPAHHaT~ OTHOCHTenbHQ
ro ABH >KeHHR KBapKOB H npH 3TOM He Ha
KnaA~Ba~TCR rpaHH4H~e ycnOBHR, TaK KaK 
caMa rpaHH~a HMeeT paaM~T~IIi xapaKTep. 

PeaynbTaT~ noKaa~ea~T, 4TO nnoT
HOCTb 06'beMHOIIi 3HeprHH HMeeT B AaHHOIIi 
MOAenH eenH4HHY Bl/4 ~ 200 M3B, 4TO 
3Ha4HTenbHO 6nH>Ke K npeACKa3aHH~ npa
BHn CYMM KXA (~250 M3B) no cpaeHeHH~ 
c KoHc TaHTolli nAf~ ~ 120 M3B. 

B KBaHToeolli xpoMOAHHaMHKe c noMO~b~ 
nOAXOAa , OCHOBaHHOrO Ha noKanbHOIIi 
KBapK- a APOHHolli AYanbHOCTH, npoH3BeAeH 
pac4eT HenepTyp6aTHBHoro BKnaAa e 
3neKTPOMarHHTH~e $OPM$aKTOp~ HyKnOHOB. 
nony4eHHble peaynbTaT~ HaXOARTCR B YAOB-
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neTBOPHTenbHOM cornaCHH C 3KCnepHMe H
TanbH~MH AaHH~MH nc ~opM~aKTopaM n po
ToHa H He~TPOHa B o6naCTH nepeAa4 HM
nynbca q2 oT 1 AO 20 (r3B/c)2. TeM 
caM~M ycTaHoeneHo, 4TO Ha6n~AaeMoe 
e 3KcnepHMeHTe AHnonbHOe noeeAeHHe 
3THX ~OpM~aKTOPOB OTpamaeT XapaKTep 
AHHaMHKH He Ha Man~X paCCTORHHRX 1/ Q, 
KaK 3TO C4HTanOCb AO CHX nop, a Ha 
cy~eCTBeHHO 6onbWHX paCCTORHHRX 
nOPRAKa paaMepoe HyKnOHOB. 

B eHpToH-KeapKoeo~ MOAenH e~nonHe
H~ pac4eT~ epeMeHH mH3HH peAKHX Me-
30HOB. nocneAOBaTenbH~~ y4eT CHnbH~X 
H 3neKTPOMarHHTH~X B3aHMOAe~CTBH~ 
e AaHHO~ MOAenH noaeonHn yTeepmAaT b , 
4TO HapyweHHe H30TOnH4eCKO~ CHMMeTpHH 
npOHCXOAHT B OCHOBHOM 3a C4eT pa3nH4HR 
Mace HecTpaHH~x KeapKoe, o6ycnoeneHH~x 
He3neKTPOMarHHTH~M B3aHMOAe~CTBHeM . 

HccneAOBaH~ rpaHH4~ npHMeHHMOCTH BHp
ToH-KeapKoeo~ MOAenH H noKa3aHo, 4TO 
B o6naCTH TR~en~X Me30HOB He06XOAHMO 
BHAOH3MeHHTb nponaraTOP KBapKoB-BH p
TOHOB C y4eTOM KynOHOBCKOrO B3aHMO
Ae~CTBHR/13/. 

HcXOAR H3 HenHHe~Horo KBapKoeoro 
narpaHmHaHa THna ceepxnpoBOAHMOCTH 
C HapyweHHO~ CHMMeTpHeH SU(4)£lav 
H rno5anbHO~ 4BeTHO~ rpynno~ SU(N) 
nony4eH 3~~eKTHBH~~ narpaHmHaH AnR 
15-nneTa COCTaBH~X o--Me30HOB. 04eHKH 
Mace WOKOB~X H KOHCTHTyeHTH~X u-, d-, 
s- H c-KeapKOB B MOAenH 6nH3KH K CTaH
AaPTH~M 04eHKaM. npeACKa3aH~ Mace~ 

0--Me30HOB C T04HOCTb~ 10-15% H nony-
4eH~ 04eHKH KOHCTaHT pacnaAa D- H F
Me30HOB: Fn = FF - 140 M3B, 6nH3KHe 
K 04eHKaM B noTeH4HanbH~X MOAenRX 
He KXA-npaeHnax cyMM/14/. 

PaccMoTpeHo 3~~eKTHBHoe 4eT~pex

KeapKoeoe e3aHMOAe~cTeHe ceepxnpoeo 
AR~ero THna, RBnR~~eecR HH3K03Hepre 
TH4eCKHM npH6nHmeHHeM KXA. Ha ocHoe e 
3Toro B3aHMOAe~cTBHR nocTpoeH~ nar 
paHmHaH~, OnHC~Ba~He B3aHMOAe~CTBH R 

36 COPTOB Me30HOB (CKanRpH~X, nceBAO
CKanRpH~X, BeKTOPH~X H aKCHanbHO-B e K
TOPH~X HOHeTOB) C OAHO~ He3aBHCHMO~ 
KOHCTaHTO~ CBR3H. noKa3aHO, KaK 3a 
C4eT CnOHTaHHOrO HapyweHHR KHpanbHO~ 
CHMMeTpHH npH BBeAeHHH 6030HH~X no
ne~ TOKOB~e KBapKH nepeXOART B co
CTaBnR~~He (3~~eKT, nOA06Hbl~ RBneHH~ 
ceepxnpoBOAHMOCTH H.H.6oron~6oea). 
B~4HcneH~ eepoRTHOCTH pacnaAOB Me3o 
HOB, AnHH~ pacceRHHR nn H nK,3neKTpo-
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MarHHTH~e paAHYC~ H nonRpHayeMOCTH 
n,K-Me30Hoe/15/. 

TeopeTH4eCKH o6ocHoeaHa eoaMom
HOCTb npoeeAeHHR 4enoro PRAa 3KcnepH
MeHTOB no H3y4eHH~ 3neKTPOMarHHTH~X 
CBO~CTB He~TpanbH~X KaOHOB (KO) Ha 
Y~KOPHTene H~~ CO AH CCCP. 

B~nonHeHa cepHR pa6oT no caMocorna
coeaHHOMY pac4eTy cna6~X KOHCTaHT 
B HecoxpaHR~HX 4eTHOCTb (H4) RAePH~X 
cHnax. Bnepe~e nony4eHo cornacHe 
c 3KcnepHMeHTanbH~MH AaHH~MH H noKa-
3aHo, 4TO H3MepeHHR H4-3~~eKToe e NN
eaaHMOAe~cTBHRX npH HH3KHX 3HeprHRX 
MoryT AaTb HH~OpMa4H~ 0 CTOnb eamH~X 

xapaKTepHCTHKaX, KaK nnOTHOCTb KBap
KOBOrO BaKYYMHOrO KOHAeHCaTa H AP· 

AaH o63op pe3ynbTaToe, nony4eHH~x 
3a nocneAHHe rOA~ no TOPOHAH~M MOMeH
TaM, H yKaaaH PRA KnaccH4eCKHX H 
KBaHTOBbiX 3~~eKTOB, K KOTOPbiM npHBO
AHT HanH4He 3Toro o6~e~H3H4ecKoro na
paMeTpa/16/. 

npoaHanH3HPOBaH eonpoc 0 caMOCOrna
COBaHHOCTH CTaHAaPTHO~ TeOpHH 3neKTpO
cna6oro B3aHMOAe~CTBHR Ha OAHOneTneBOM 
YPOBHe. noKa3aHo, 4TO H3MepeHHe Mace~ 
Z-6o3oHa c T04HOCTb~ -10-3 H sin2ew 
c a6con~THo~ owH6Ko~ ~ sin2ew = 0,005 
noaeonHT nony4HTb HaAemHy~ HH~opMa4H~ 
o eenH4HHe OAHoneTnee~x nonpaeoK e 
CTaHAaPTHO~ TeopHH/17/. 

nocTpOeHa CXeMa OC4HnnR4H~ He~TpH
HO C 6onbWO~ aMnnHTYAO~ H Mano~ paa
HOCTb~ Mace, nonHOCTb~ aHanorH4HaR 
KO ++ KO-oc4HnnR4HRM H noaeonR~aR 
OnHCaTb BCe HMe~~HeCR AaHH~e/18/. 

noKa3aHO, 4TO KHpanbHO HHBapHaHT
HaR KXA nerKHX KeapKoe nepeXOAHT npH 
6onbWOM 3Ha4eHHH 3~eKTHBHO~ KOHCTaH
T~ B KHpanbHY~ ~a3y COCTaBH~X KBap
KOB, COCTaBH~X rn~OHOB H 6e3MaCCOB~X 
n~oHoe. B~4HCnR~TCR eenH4HH~ fn H 
g~trn/4 n. nony4eHo cornacHe Ha~AeHH~x 
3Ha4eHH~ C 3KCnepHMeHTOM/19/. 

H3y4eHa ~a3oBaR CTPYKTypa KanH6po
B04H~x TeOpH~ Ha peweTKe, B3aHMOAe~
CTBY~~HX C XHrrCOBCKHMH nonRMH C a6e
nee~MH H Hea6eneB~MH rpynnaMH CHMMeT
PHH. 

noKa3aHO, 4TO pa3MOpomeHHaR pa
AHanbHaR MOAa xHrrcoecKoro nonR Kap
AHHanbHO MeHReT ~aaoay~ CTPYKTYPY 
TeopH~, 4TO RBnReTCR apryMeHTOM B nonb-
3Y cy~ecTaoeaHHR npHH4Hna AOnonHHTenb
HOCTH ~aa/21/. CnpaBeAnHBOCTb ero 
npHBOAHT K COCTaBHO~ CTPYKType KBap
KOB H nenTOHOB. 



nony4eHO HOBOe ypaBHeHHe An~ 3aAa-
4H Tpex Ten, KOTopoe YA06Ho An~ no
CTaHOBKH rpaHH4H~x ycnoeHA. HccneAo
eaH~ ero ceoAcTea/20/. 

no TeMe 11HccneAOBaHHe H3ny4eHH~ 

H perHCTPa4HH rpaBHTa4HOHH~X BOnH 
e na6opaTopHbiX ycnoeH~X11 npoeeAeHbl 
paoOT~ no H3y4eHH~ B3aHMOAeACTBHA 
rpaBHTa4HOHH~X H 3neKTPOMarHHTH~X 
BOnH C Be~eCTBOM. npeAnO~eH H Teope
TH4eCKH paCCMOTpeH HOB~A eapHaHT Ae
TeKTOpa rpaBHTa4HOHH~X BOnH/22/. 

noKa3aH0,4TO TeOpH~ 6opHa-HH$enbAa 
MO~eT 6~Tb paCCMOTpeHa KaK 4aCTb eAH
HOA TeopHH non~ JHHWTeHHa/23/. 

B paMKax coeMeCTHoro c UEPH 3Kcne
PHMeHTa NA-4 C03AaHo HecKonbKO eep
cHA nporpaMM, n03BOn~~~HX npOH3BOAHTb 
cpaeHeHHe AaHH~x 3KcnepHMeHTa no 
CTPYKTYPH~M $YHK4H~M H HX MOMeHTaM 
c $opMynaMH KXA, BKn~4a~HMH BTop~e 

nonpaBKH no 6ery~eH KOHCTaHTe CHnbHO
ro B3aHMOAeHCTBH~. 0CHOBH~M pe3ynb
TaTOM o6pa6oTKH AaHHbiX NA-4 no $OPMY~ 
naM TeopHH B03My~eHHH KXA ~en~eTc~ 
ycTaHoeneHHe cy~ecTBeHHO MeHbwero 
3Ha4eHH~ MacwTa6Horo napaMeTpa KXA A, 
4eM To,KoTopoe 6~no H3ene4eHo H3 o6-
pa6oTKH AaHH~x 6onee paHHHX 3KcnepH
MeHTOB (CnAK H ~HAn), B~nonHeHH~X 
e o6nacTH Man~x q2. 

Pe3ynbTaTbl 3KcnepHMeHTa NA-4 oKa3a
nHcb e cornacHH c npeACKa3aHH~MH AY6-
HeHCKHx TeopeTHKOB An~ eenH4HH~ 3neKT
poMarHHTHoA acHMMeTpHH, CAenaHH~MH 

B 1977 rOAY. 

CTPYKTYPA ATOMHOrO SlAPA 

AanbHeAwee pa3BHTHe nony4Hna KBa3H-
4aCTH4HO-$OHOHHa~ MOAenb ~Apa. npoeo
AHnOCb coeepweHcTeoeaHHe $opManH3Ma 
MOAenH, pacwHpeHHe o6nacTH $H3H4e
CK~x ~BneH~A, KOTOp~e MO~HO paCC4~

TaTb ~ TeM CaM~M o6b~CH~Tb ~n~ npeA
CKa3aTb Ha ee ocHoee. MoAenb o6o6~e
Ha An~ 3aP~Aoeo-o6MeHHbiX pe3oHaHcoe 
B C$ep~4eCK~X ~ A~$OpM~poeaHH~X ~A
pax. Pa3B~Ta Teop~~ KonneKT~BH~x 

B~6pa4~0HH~X COCTO~H~H B C$ep~4eCK~X 
~APaX C Y4eTOM np~H4~na nayn~, pa3pa-
6oTaHO rpa$~4ecKoe npeACTaeneH~e no
ny4eHH~x ypaeHeH~A ~ npoBeAeHo cpae
HeH~e c A~arpaMMaM~, Y4~T~eaeM~M~ 
e Teop~~ ~AePH~x noneA/24/. An~ c$e
P~4ecK~x ~AeP ~ccneAOBaH~ nonpaeK~ 

K np~6n~~eH~~ xaoT~4ecK~x $a3 ~ e 
4~cneHH~x pac4eTax An~ ~3oTonoe ono-

sa, Tennypa ~ caMap~~ noKa3aHo, 4TO 
~X Bn~R HHe Ha 3Hepr~~ KBaApynonbH~X 
~ OKTynonbH~X COCTO~H~H Heeen~KO. 

Kea 3H4acT~4Ho-$oHOHHa~ MOAenb ~e

n~eTc~ YA06HbiM ~HcTpyMeHTOM An~ ~3y-
4eH~~ CTPYKTYP~ c$ep~4eCK~X ~ Ae$op
M~poea H HbiX RAeP OT H~3KOne~a~~X AO 
B~COKOB036Y~AeHH~X ~ npo~eneH~~ ~X 

oco6eHHOCTeH B pa3n~4H~X ~AePH~X pe
aK4~~X . An~ o6nacT~ e6n~3~ Mar~4eCK~x 

~AeP yc TaHoeneHa cne4~$~4ecKa~ 3ae~
c~MOCT b np~BeAeHHOH Bepo~THOCT~ 3neKT
p~4eCKHX A~nonbH~x nepeXOAOB OT N ~ Z 
~ noKa 3aHo, 4TO 3TH nepexoA~ ocy~ecTe
n~~Tc~ 4epe3 ABYX$OHOHH~e KOMnoHeHT~. 
HccneAo BaHa $parMeHTa4~~ ABYXKBa3~-
4acT~4 H~x cocTo~H~A e ~30Tonax onoea, 
HeATpoHH~x A~P04H~x ~ npoTOHH~x 4ac
T~4H~x COCTO~HHH B P~Ae He4eTH~X C$e
P~4eCKHX ~Aep/25/. noKa3aHo cna6oe 
BnH~H~e y4eTa npHH4~na nayn~ Ha H~3KO

ne~a~He KOnneKT~BH~e COCTO~HH~ C 60nb
W~M~ ABYX$OHOHH~MH KOMnoHeHTaM~ 4eTH0-
4eTH~X c$ep~4ecK~x ~Aep. Ha 3TOM ocHo
eaH~~ CAenaH B~BOA 0 B03MO~HOCTH cy
~eCTBOBaHH~ AOBOnbHO 4~CT~x ABYX$o
HOHH~x COCTO~HHH. HccneAOBaHa ponb 
np~H4H na naynH B He4eTH~X Ae$opMHpo
BaHHbiX ~Apax. AaHo o6b~CHeHHe yMeHb
weH~~ eepo~THOCT~ M2-nepeXOAOB Me~y 
H~3KOne~a~~M~ COCTO~H~~M~ B ~30TOnax . 
onoea no cpaeHeHH~ c OAH04aCTH4H~M~ 
04eHKaMH 3a C4eT BKnaAa cno~H~X KOH
$Hrypa4HA/26/. 

B o6nacT~ BbiCOK~x 3Hepr~A eo36Y~Ae
H~~ MOAenb np~MeH~nacb K ~ccneAOBaH~~ 
r~raHTCKHX pe30HaHCOB pa3nH4HOH np~
POA~· ac4eT~ $parMeHTa4~H cn~H-

H H30C ~H-o6MeHH~x $OHOHOB e Ae$opM~
poeaHH~x ~Apax yKa3an~ Ha cy~ecTeoea
HHe np~ 3Hepr~H 18-20 M3B raMoe-Ten
nepoec Koro pe3oHaHca c w~pHHOH 
3-4 ~138 ~ w~poKoA o6nacT~ pacnpeAene
H~~ ( - 10 M3B) cHn~ cn~H-AHnonbHoro 
pe30Ha Hca/27/. noKa3aHO, 4TO peaK4~~ 
Heynpy r oro pacce~HH~ npoTOHOB c 3Hep
r~eA 200 M3B Mo~eT 6b1Tb ~cnonb3oeaHa 
An~ npe~My~ecTBeHHoro Bo36y~eHH~ M1-
pe3oHa Hca e 90zr. 

npoAOn~anHCb ~ccneAOBaH~~ ~3MeHe

H~A ~AepHoA CTPYKTYP~, B~3~BaeM~X epa
~eH~eM . HanpaeneH~e 3T~x pa6oT ce~3a
Ho C B~~CHeH~eM OCHOBH~X 3aKOHOMepHo
CTeH, K KOTOpbiM npHBOAHT CB~3b epa~e
HH~ ~ BHyTpeHHHX B030y~eH~H,nOCTpoe
HHeM MH KPOCKOn~4eCKOH Teop~~ An~ On~
CaH~~ 3$$eKTOB 3TOH CB~3~ H ee np~Me
HeH~eM np~ aHanH3e 3Kcnep~MeHTanbH~x 
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AaHH~x. TeopeT~4eCK~H aHan~a npeACKa
a~eaeT ~3MeHeH~e $OPM~ RAeP np~ yeen~-

4eH~~ yrnoeoro MOMeHTa, np~4eM oco -
6eHHO aaMeTH~e 3$~eKT~ o~~Aa~TcR e RA
pax nepeXOAHO~ o6nacT~, TaK~X KaK RAPO 
J54Er, B OTHOWeH~~ KOTOporo HaKonn eHa 
AOBOnbHO nOAP06HaR 3KCnep~MeHTanb HaR 

~H$OpMa4~R. B peaynbTaTe pac4eToe / 28/ 
cno~HY~ CTPYKTYPY cneKTpa raMMa-KBaH
TOB, ~cny1J4eHH~X ~3 B~COKOCn~HOBbiX co
CTORH~H 154Er, YAanocb ~HTepnpeT~po
BaTb KaK peaynbTaT ~3MeHeH~R $OPM~ 
3TOrO RAPa np~ yrnoB~X MOMeHTaX B OK
peCTHOCT~ I = 40. 

HoBble peaynbTaT~ nony4eH~ e OTHo
weH~~ $OpM~ B OCHOBHOM COCTORH~~ 
~ 6apbepoe AeneH~R 04eHb TR~en~x RAep. 
CneKTP~ nerK~x ~30Tonoe TOP~R ~ c o 
ceAH~X RAeP o6naAa~T xapaKTepHbiM~ oco-
6eHHOCTRM~, KOTOp~e MO~HO nOHRTb KaK 
npORBneH~e OKTynonbHOH (rpyweB~AHOH) 

Ae$opMa4~~. noA06HaR ~HTepnpeTa4~R 

nOATBep~aeTCR pac4eTaM~ paBHOBeCHOH 
$OPM~ RAeP B paHOHe RAPa TOP~R/29 /. 
Y4eT OKTynonbHO~ Ae$opMa4~~ oKaa~ea
eTcR ea~H~M ~ np~ onpeAeneH~~ 6a pbe
poe AeneH~R 3T~x RAep. 

~3y4eH~e 3aPRAOBo-o6MeHH~X peaK4~H 

(Ta~ ~e KaK ~ ~3y4eH~e B~COKOCn~HOB~X 
COCTORH~H) Cy1J4eCTBeHHO paCW~pReT Kpyr 
RBneH~H, C nOMOU4b~ KOTOPbiX MO~HO ~c
cneAOBaTb CTPYKTYPY aTOMH~X RAep . 0co-
6eHHOCTb~ 3T~X HanpaeneH~H RBnReTCR 
TO, 4TO 3AeCb 4pe3B~4aHHO cno~HO OT
Aen~Tb ~H$opMa4~~ o CTPYKType RA Pa 
OT ~H~OpMa4~~, OTHOCRIJ4eHCR K MeXa H~3-
MY peaK4~~, c noMOIJ4b~ KOTOPOH npo eo
ARTCR ~ccneAOBaH~R. 8 CBR3~ C 3T~M 
RBnR~TCR 4eHH~M~ pa60T~/30/, B KOTO
p~X ~3y4a~TCR o6a ynOMRHYT~X acne KTa 
3aPRAOBo-o6MeHH~X B036Y~AeH~H RAe p. 
B 4~T~poeaHH~x pa6oTax e~nonHeHo 
06"beA~HeH~e M~KPOCKOn~4eCKOH M.OAen~ 
CTPYKTYP~ RAPa ~ RAePH~X peaK4~H ,4TO 

noaeonReT npoBOA~Tb aHan~a CTPYKTyp
H~x 3$$eKTOB Ha OCHOBaH~~ 3KCnep~MeH

TanbH~X AaHH~X, nony4aeM~X B pa3H~X 
peaK4~RX, Hanp~Mep B peaK4~RX (p , n) 
~ (6Li, 6He), ~3y4aeM~X 3KCnep~MeH
TanbHO B ~HCT~TyTe aTOMHOH 3~epr~~ 

~M. ~.B.Kyp4aTOBa. 

TEOP~~ ~AEPH~X PEAKU~~ 

AnR on~caH~R OTHOC~TenbHoro AB~me
H~R CTanK~Ba~U4~XCR RAep nony4eH~ Ho-
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e~e ypaeHeH~R T~na ypaeHeH~H Hb~ToHa 

c ~HTerpanbH~M 4neHoM, y4~T~ea~IJ4~M 

113<1><!>eKT naMRT~ 11 • Pacc4~TaH~ epeMeHHaR 
aae~c~MOCTb, een~4~Ha K03$$~4~eHTa 

TpeH~R ~ OTHOC~TenbHbiH BKnaA pa3H~X 
MeXaH~3MOB peaK4~~. npeAnO~eH MeTOA 
y4eTa HeopToroHanbHOCT~ OAH04aCT~4H~X 
$YHK4~H paaH~x RAeP np~ aHan~ae rny-
6oKOHeynpyroro CTOnKHOBeH~R TR~en~X 
~OHOB. Ha OCHOBe M~KPOCKOn~4eCKOH MO
Aen~ RAPa ~ccneAOBana~b 3M~cc~R HeHT
poHoe Ha Ha4anbHOH CTaA~~ CTOnKHOBe
H~R RAep. npo4eCc nepeAa4~ HyKnOHOB 
B rny60KOHeynpyr~X CTOnKHOBeH~RX B OA
H04aCT~4HOM np~6n~~eH~~ Ka4eCTBeHHO 
npae~nbHO on~c~eaeT 3Kcnep~MeHTanbH~e 

AaHH~e/31/. 
Paae~T MeTOA y4eTa ABYX4acT~4H~x 

KoppenR4~H np~ CTOnKHOBeH~RX RAep, 
paCCMaTp~BaeM~X Ha OCHOBe 3aB~CRIJ4ero 

oT epeMeH~ MeToAa XapTp~-$oKa/32/. 
~3y4eH~ ce4eH~R cn~RH~R RAeP ~ ~x aa
B~C~MOCTb OT $OPM~ CBR3~ BHyTpeHHero 
KonneKT~BHOrO AB~~eH~R ~ OTHOC~Tenb

Horo AB~~eH~R RAep. nony4eH~ Hen~HeH

H~e ypaeHeH~R, on~c~ea~114~e nnoTHOCT~ 

RAep KaK B CTa4~0HapHOM cny4ae, TaK 
~ B npo~ecce CTOnKHOBeH~R/33/. 

HaHAeH ~ ~ccneAOBaH 3$$eKT ceepx
npoH~4aeMocT~ noTeH4~anbH~x 6apbepoe 
AnR C~CTeM~ 4aCT~4· nony4eH~ HOB~e 
np~6n~~eHH~e ypaeHeH~R AnR peaK4~~ 
pacceRH~R aAPOHOB Ha CBR3aHHOM KOMn
neKce, y4~T~ea~114~e en~RH~e Henpep~e

Horo cneKTpa M~WeH~. npocTaR CTpyK
Typa ypaeHeH~H noaeonReT cpaeH~TenbHO 
nerKo nn~c~eaTb npo4ecc~ ynpyroro pac
ceRH~R npoToHoe, n~-Me30HOB ~ APYr~x 

4acT~4 Ha nerK~x RApax. 
npeAnO~eH 06114~H MeTOA MOA~$~Ka4~~ 

~MnynbcHoro np~6n~~eH~R AnR paA~a-
4~0HH~x npo4eccoe, aae~CRIJ4~X OT ABYX 
TOKOB (Hanp~Mep, cna6oro ~ 3neKTPOMar
H~THoro), n03BOnR~IJ4~H 3$$eKT~BHO 
y4eCTb CYIJ4eCTBeHHY~ 4aCTb Me30HH~X 
06MeHH~X 3<1><!>eKTOB. npoBeAeH COBMeCT
H~H aHan~3 np04eCCOB pacCeRH~R 3neKT
POHOB ~ 1T-Me30HOB, paA~a4~0HHOrO 1T-
3aXBaTa ~ $OTOPO~eH~R 1T-Me30HOB Ha 
12c, BbiRBnR~IJ4~H pewa~I!4Y~ ponb npa
e~nbHoro on~caH~R RAePHOH CTPYKTYP~ 
AnR noH~MaH~R Ka4eCTBeHHbiX ~ KOn~4eCT: 

BeHH~X oco6eHHOCTeH 3T~X peaK4~H/34/. 
3aeepweH 4~Kn pa6oT no y4eTy BKna

Aa 06MeHH~X Me30HH~X TOKOB B np04ecc~ 
cna6oro eaa~MOAeHcTB~R B RApax. AocT~

raeM~H np~ 3TOM ypoeeHb TeopeT~4ecKo-



ro onHcaHHR AaHH~x no3sonReT H3Bne
KaTb HaAe~HY~ HH~OpMa~H~ 0 ~YHAaMeH
TanbH~X KOHcTaHTax cna6oro B3aHMo
Ael1cTBHR/35/, AaHo KOnH4eCTBeHHoe onH
caHHe HH3K03HepreTH4eCKOrO nHOH-RAep
HOrO pacceRHHR Ha OCHOBe y4eTa KaHana 
norno~eHHR B YHHTapHOI1 noTeH~HanbH0!1 

TeOpHH, OCHOBaHHOI1 Ha 3BOn~~HOHHOM no 
KOHCTaHTe CBR3H MeTOAe. 

B paMKax TepMOAHHaMH4ecKoro noAxo
Aa pacc4HTaH~ s~XOA~ cTpaHH~x KO- H 
A-4aCTH~ s s~coK03HepreTH4eCKHX RApo
RAePH~x CTOnKHOBeHHRX.,llaH~ npeACKa3a
HHR BnnOTb AO 3HeprHH 10 r3B Ha HyK
noH ,, rAe O~HAaeTCR npORBneHHe 3~~eK
TOB KBapK-rn~OHHOI1 nna3M~. AHanH3 
CTpyl1 B nl2C-B3aHMOAei1CTBHRX npH 
40 r3B/c noKa3an, 4TO B o6naCTH ~par
MeHTa~HH HaneTa~~el1 4aCTH~~ cy~ecT
seHHy~ ponb Hrpa~T npoMe~yT04H~e 
KBapK-napTOHH~e COCTORHHR, KOTOp~e 

nepeXOART B Ha6n~AaeMble 4aCTH~~ Ha 
paCCTORHHRX, cpaBHHM~X C pa3MepaMH 
RApa/36/. 

Y4eT WeCTHKBapKOB~X COCTORHHI1 H Me-
30HH~X nonel1 B HAPaX n03BOnHn 06bRC
HHTb rny6oKoHeynpyroe nenToH-RAepHoe 
pacceRHHe, BKn~4aR noBeAeHHe CTpyK
TYPH0!1 RAepHol1 ~YHK~HH s KyMynRTHBHol1 
o6naCTH H ee 3aBHCHMOCTb OT aTOMHOrO 
HOMepa RApa/37/ /pHc.l/. BHAHO, 4TO 
npH HanH4HH WeCTHKBapKOB~X npHMece~ 
B Aei1TpoHe noseAeHHe nonRPH3a~HH 
B ynpyrOM eD-pacceRHHH AOn~HO HCnbi
T~BaTb xapaKTepH~e Ka4eCTBeHH~e H3-
MeHeHHR/38/, Pa3pa6oTaHa TeopHR P
MaTpH~~ B npHMeHeHHH K pacCeRHH~ HyK
noHa Ha HYKnoHe c y4eToM 3~~eKTOB 
WeCTHKBapKOB~X npHMecel1 H noKa3aHO, 
4TO non~ca P-MaTpH~bl He scerAa cooT
seTCTBY~T HanH4H~ CBR3aHH~X COCTORHH~ 

B WeCTHKBapKOBOM MeWKe. 

TEOPHR KOHAEHCHPOBAHHOrO COCTORHHR 

Pa3BHTa KHHeTH4ecKaR TeopHR csepx
H3ny4aTenbH~x CHCTeM. nony4eH~ H HC
cneAOBaH~ T04H~e KHHeTH4eCKHe ypaBHe
HHR AnR OAHOnpOXOAHOrO csepXH3ny4a
TenbHOrO na3epa. H3y4eHo noseAeHHe 
HHTeHCHBHOCTH reHepHpyeMOrO H3ny4e
HHR H AHHaMHKa CBepXH3ny4eHHR B no
nRpH~X AH3neKTPHKax/39/, B TeopHH no
nRpoHa pa3BHBanHCb MeTOA~ TeOpHH B03-
My~eHHI1. 
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PHc.I. 0THoweHHe ceqeHHH rny6oKoHeyn
pyroro paccenHHH Ha ngpax ~enega 
H geliTpoHa, paccqHTaHHoe B/37/ c ~qe
TOM BKnaga WeCTHKB<lpKOBbJX npHMeCeH 
(0) , a TaK~e Me30HHbiX none:H (I , 2) • 

Pa 3pa6oTaHa MOAenb ~a3osoro nepe
XOAa B cynepHOHHbiX npOBOAHHKaX H npeA
no~eH Hei1TpOHOrpa~H4eCKHI1 3KCnepHMeHT, 
BblnOn HeHHbll1 B nH~. Pa3BHTa TeopHR aKy
CTH4eCKHX aHOManHI1 npH ~a30BOM nepe
XOAe B KBa3HOAHOMepHbiX cerHeT03neKT
PHKax; AaHO 06bRCHeHHe HeAaBHO 06Ha
py>KeH HOro 3~~eKTa noAasneHHR AH.nonb
Horo B3aHMOAei1CTBHR B AHrHAPO~OC~aTe 
~e3HR / 40/, 

B~nonHeH ~HKn HccneAOBaHHI1 no Teo
PHH nonHMepos Ha peweTKax pa3nH4Hol1 
pa3Mep HOCTH d. npeAnO>KeHa TeOpHR, 
B KOTOp0!1 pa3BHTa HOBaR TeXHHKa pac-
4eTa CTaTHCTH4eCKOI1 CYMM~ nonHMepOB 
AnR d = 2,3. npH d = 2 3Ta TeXHHKa 
AaeT T04H~I1 pe3ynbTaT, AnR d = 3 oHa 
npHBOAHT K 3Ha4HTenbHOMY yny4WeHH~ 
pe3yn bTaTos, nony4eHH~x paHee, H no-
3BOnRe T CAenaTb B~BOA 0 CKa4Ke Tenno
eMKOC TH/41/, Pa3pa6oTaHa MH~pocKonH-
4ecKaR TeopHR, Y4HT~sa~~aR KoppenR-
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YcnemHO 9~THnH AHCCepTa~H Ha COHCKaHHe yqeHOH CTeneHH AOKTOpa ~H9HKO
MaTeMaTHqeCKHX HayK TeopeTHKH H9 CPB Hrye H TXH XoHr H Bo XoHr AHb. 
Ha CHHMKax: HryeH TxH XoHr so apeMn 9~Tbi gHccepTa~HH; Bo XoHr AHb 
Ha CeMHHape B OTgene TeOpHH aTOMHOrO ngp a . 
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PHc.2. 3aBHCHMOCTb HHTeHCHBHOCTH 
nepaoro gHnonbHoro nHKa raMMa-H9ny
qeHHH ll09HTpOHa npH (JJ~ -nnoCKOCTHOM 
KaHanHpOBaHHH B KpeMHHH OT 3HeprHH 
nagaw~ero no9HTPOHa. 

4~0HHble 3$:!leKTbl 8 nepeXOAH~X MeTannax 
~ cnna8ax, 8 ocH08Y KOTopo~ nono~eHa 
MOAenb Xa66apAa ~ ee MOA~$~Ka4~~.3ToT 
Kpyr BOnpOC08 ~3y4aeTCR 8 nT$ 0~~~ 
c Ha4ana ceM~AeCRT~x roA08. PRA H08~X 
nOAXOA08 ~ annpOKC~Ma4~~ npeAno~eH 

COTPYAH~KaM~ na6opaTOP~~. 
~Toro8o~ AnR ~ccneA08aH~~ no KaHa

n~poeaH~~. 8eAYIJ4~XCR 8 nT$ C 1978 r., 
R8nReTCR paooTa, B KOTOPO~ paCC4~TaH 
cneKTP ~3ny4eH~R n03~TpOH08 C 3Hep
r~RM~ B A~ana30He 1-10 r3B 8 MOHOKp~
CTanne KpeMH~R/42/. 3AeCb AnR aTOMHo
ro noTeH4~ana, OT8e4a~ero peanbHO~ 
C~Tya4~~ 8 KpeMH~~. paCC4~TaH cneKTp 
~3ny4eH~R penRT~8~CTCK~X no3~TPOH08 

(a 3a8~C~MOCT~ oT 3Hepr~~). OH ~MeeT 
11TOHKy~•· CTPYKTYPY c Y3K~M MaKC~My

MOM np~ Ep - 3 r3B. (PaHee B nB3 Ha-

6n~Aanocb ~3ny4eH~e np~ Ep - 10 r3B -
OHO npeACTa8neHO Ha p~CYHKe 11W~pOK~M11 

pacnpeAeneH~eM c 4eHTPOM np~ Ey -
- 50 M3B) (p~c. 2). 

Ha OCH08e npeAnO~eHHOrO 8/43/ MO
Aenb HOro raM~nbTOH~aHa AnR xpoMa ~ ero 
cnna 8o8 nony4eHa $a3o8aR A~arpaMMa, 
KOTOpaR cornacyeTCR C 3KCnep~MeHTOM 
AnR pean~cT~4ecK~x 3Ha4eH~~ napaMeT
po8 3T~X 8eiJ4eCT8. nony4eH 11Y3K~~~~ $a-
308~~ nepeXOA ~3 napaCOCTORH~R 8 He
C0~3Mep~MOe aHT~$eppoMarH~THOe co
CTORH~e (AnR 4~CTOrO XPOMa) ~ $a308~~ 
nepexoA II POAa 8 co~3Mep~Moe aHT~
$eppoMarH~THoe cocTORH~e (AnR cnna808 
xpoMa c 6onbWO~ KOH4eHTPa4~e~ MapraH-
4a). nony4eH~ H08~e AaHH~e 0 A~HaM~Ke 
AOMeHHO~ cTeHK~/44/. Ho8~e pe3ynbTa
Tbl nony4eHbl ~3 aHan~3a T04HbiX peweH~~ 
ypa8HeH~~ MaKc8enna AnR onT~4ecK~ aH~-
30TponHo~ nnacT~HK~ c c~nbHO~ Hen~He~
HOCT ~ A~3neKTP~4eCKO~ npoH~4aeMOCT~, 
HaXOAR~e~CR 8 onT~4eCK~ ~30TpOnHO~ 
cpeAe . B 4aCTHOCT~, noKa3aTenb npenoM
neH~R KaK $YHK4~R C8eT080rO nOTOKa 
o6Ha pym~8aeT r~cTepe3~c, 4TO Mo~eT 
6b1Tb ~cnonb308aHo AnR C03AaH~.R onT~-

4ecKo ro nepeKn~4aTenR. np~ ~3y4eH~~ 

pacceRH~R He~TpOH08 8 K8a3~0AHOMe~H~X 
MarHeT~Kax ~ non~Mepax nony4eH~ KOHK
peTHble $OpMyn~, n0380nR~~e 8~R8~Tb 
Hen~ He~H~e 3$$eKT~ 8 K8a3~ynpyroM 
~ Hey npyroM pacceRH~~ He~TpOH08. 

n poAOn~an~Cb ~ccneA08aH~R no nonR
POHY c~nbHO~ ~ cna6o~ C8R3~ Ha OCH0-
8e raM~nbTOH~aHa 6oron~608a ~ neKapa
<i>pen~ Xa. HccneA08aH 11$a3o8~~1 nepeXOA 11 

no KOHCTaHTe C8R3~, K~HeT~Ka nonRpOHa 
8 3neKTp~4eCKOM ~ MarH~THbiX non.RX. 

n po8eAeHO ~3y4eH~e pa3n~4H~X ac
neKT0 8 A~$$y3~0HHO~ K~HeT~K~ 8 MOAe
n~ no peH4a. npoAOn~an~Cb ~ccneA08aH~R 
B o6naCT~ $~3~K~ no8epXHOCT~, OCH08-
HOe 8H~MaH~e YAeneHO y4eTy 3$$eKTOB 
KOppenR4~~ B C~CTeMe aAaTOMOB, on~ca-

H~~ ~X 83a~MOAe~CTB~R C KOne6aH~RM~ 
(aAa TOM08 ~ aTOM08 noAnO~K~),a TaKme 
npoRaneH~~ 3Toro a pacceRH~~ He~Tpo
H08. 

H HTepecH~e pe3ynbTaT~ nony4eH~ 

8 MOAen~ Xy3~M~-TeMnepn~. noKa3aHO, 
4TO $a30Bbl~ nepeXOA ~MeeT npRMY~ aHa
nor~~ c MexaH~3MOM o6pa3o8aH~R YAaPH~X 
80nH a A~cnepcHbiX cpeAaX, 80nHo8o~ 

npo4ecc 8 KoTop~x on~c~8aeTcR Hen~He~
H~M ypa8HeH~eM 6~p6epca. 
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ITOJIY"'HJIH pa3BHTHe HOBbie MeTO,ll;bl HCCJiep;oBaHHH CITOHTaHHbiX HapyweHHH CHMMeTpHH 
B CTaTHCTH"leCKOH MexaHHKe. Ha CHHMKe: CeMHHap B CeKTOpe, PYKOBO,ll;HMOM H.H.Bo
rOJIID60BbiM. 
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/ 

nA60PATOPMR 
BbiCOKMX · 3HEPrMM 

YcHnH~ KonneKTHBa COTPYAHHKOB na-
6opaTOPHH B~COKHX 3HeprH~ 6~nH Hanpaa
neH~ Ha npoaeAeHHe Hay4H~x HccneAoaa 
HHH a aKTyanbH~x o6nacT~x $H3HKH 3ne 
MeHTapH~x 4aCTH~ H pen~THBHCTCKOH 
~AePHOH $H3HKH. npH H3y4eHHH npo~ec

COB MHO~eCTBeHHOrO o6pa30BaHH~ 4aCTH ~ 
npoaepSlnHCb cneACTBH~, BbiTeKa~He H3 
KBapKOB~X MOAeneH, YT04H~nHCb Mexa
HH3M~ o6pa30BaHH~ 4aCTH~, aenHCb no
HCKH HOB~X CHCTeM 4aCTH~ H H3y4eHHe 
HX caoHcTa. B o6nacTH pen~THBHCTCKOH 
~AePHOij $H3HKH npoBeAeHO B~~CHeHHe 
3aKoHoMepHocTe~ KYMYn~THBHoro o6pa3o
aaHH~ 4aCTH~ H nerKHX $parMeHTOB RAe p, 
a TaK~e OTAenbH~X CBOHCTB ~APO-~Aep

H~X B3aHMOAeHCTBHH. 
npoBeAeH~ pa6oT~ no AanbHeHWeH 

aBTOMa~3a~HH 6a30B~X H $H3H4eCKHX 
YCTaHOBOK naf>opaTOPHH. 

YcoaepweHcTaoaaH PRA cHcTeM CHHx po
Oa30TPOHa no nporpaMMe npeapa~eHH~ 
ero B YCKOPHTenb pen~THBHCTCKHX H no 
n~pH30BaHHbiX ~Aep, npoBOAHnHCb noArO
TOBHTenbH~e H HCCneAOBaTenbCKHe pa6o
T~ no C03AaHH~ MOAenH caepxnpOBOA~~e
ro CHHXPOTPOHa. 

Ae~TenbHOCTb na6opaTOPH~ B~COKHX 

3HeprH~ ocy~ecTan~nacb a ycnoaHRX WH
poKoro Mex~yHaPOAHoro cOTPYAHH4eCTBa . 

HAY~HO-HCCflEPOBATEflbCHHE PABOTU 

MEXAH~13M POY.<,QEHHfl H PACnAM 
4ACT~U H PE30HAHCOB . 

nOHCK HOB~X 4ACTH U 

B cooTBeTCTBHH c npeACKa3aHHRMH 
KBaPKOD~X MOAene~ npOBeAeH~ noHCKH 
AH6apHOHH~X COCTORHHH C Y3KOH WHPHHOA. 
C nOMO~b~ ny3~pbKOBOH KaMepbl B np-
H (4He+p)-B3aHMOAeHCTBH~X npH B~COKHX 
3HeprH~X Ha CHHXpQ$a30TpOHe HaHAeH~ 
yKa3aHH~ Ha 4 y3KHX AH6apHOHH~x co
CTO~HHR B CHCTeMe npOTOH-npOTOH C Mac
CaMH 1936~2, 1962~2, 2035+15 
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H 2137+15 M3B. Hx nono~eHHe OTHOCH
TenbHO nopora po~eHHR H AOCTaT04HO 
Mana~ WHPHHa (oKono 10 M3B An~ nepa~x 
ABYX H 30-50 M3B An~ BTOP~X ABYX)CaH
AeTenbCTBY~T a nonb3Y wecTHKaapKoaoA 
CTPYKTYP~ o6HapymeHH~X COCTORHHA/1/, 

.an~ o6Hapy~eHHoro paHee 04apoaaH
Horo Y3Koro 6apHoHa A~ no MOAaM ero 
pacnaAa Ha (R~n+n-) H (AOn+n+n-)yTo4-
HeHa aenH4HHa Mace~ M = 2266+4 M3B. 
npoH3BeAeHHe ce4eHH~ PO~AeHHR Ha ae
po~THOCTb pacnaAa npH XF > 0,5 paaH~ 

An~ MOA~ K0pn+n- cr = 6,2+1,3 MK6, 
s -

An~ MOA~ A0n+n+n- cr = 2,0~0,6 MK6 

Ha ~APO yrnepOAa npH 3HeprHH ny4KOB~X 
HeHTPOHOB OKOnO 58 r3B/2/, 

npH yaenH4eHHH CTaTHCTHKH BO B3aHMO
AeHCTBHH HeATpoHoa c ~APOM yrnepoAa 
npH cpeAHeA 3HeprHH 40 r3B YT04HeH~ 
AaHH~e o caoAcTeax y3Koro 6apHOHHoro 
pe3oHaHca N~. Ero Macca M=1956 ~ 
+ 8 M3B ·H WHPHHa f = 14+12 M3B. HaA
AeHo, 4TO N~ o6pa3yeTc~-B npo~ecce 
AH$paK~HOHHOH AHCCO~Ha~HH HeHTPOHOB 
Ha ~Ape yrnepoAa. npoH3BeAeHHe ce4e
HH~ po~eHH~ Ha aepo~THOCTb pacnaAa 
N~ ~ E-(1385)+K+ o~eHeHa paaHo~ 
0, 22~0, 04 ~iK6/HyKn. CnHH-4eTHOCTb N~ 
YAOBneTBOpReT 3Ha4eHH~ H3 Ha6opa 
5/2+, 7/2- H T.A./3/, 

C y4eToM HOBOH AOnonHHTenbHOA HH
$opMa~HH Ha OCHOBe aHanH3a 1 MnH co-
6~THH yT04HeH BKnaA COCTORHHR WeCTH
KBapKOBOH KOMnOHeHT~ B AeHTPOHe B pe
aK~HH pacce~HHR AeATpOHa Ha BOAOPOAe 
npH HMnynbce 4,45 r3B/c/HyKnOH. npH 
o6pa6oTKe AaHH~x nony4eHo: 
AOnR 6q-cocTo~HH~ 10+1%, 
paAHYC 6q-COCTORHH~ 0,93+0,02 $M/4/, 

Ha 3KcnepHMeHTanbHOM MaTepHane, 
nony4eHHOM c noM~b~ ABYXMeTpoaoA npo
naHoaoA KaMep~, a ny4Ke n--Me30HOB 
C HMnynbCOM 40 r3B/c HCCneAOBaH~ 
npocTpaHcTBeHH~e pa3t-1ep~ o6nacTH H3ny-
4eHH~ BTOPH4H~X OTPH~aTenbH~X nHOHOB, 



+ llpogonRanocb HccnegoBaHHe xapaKTepHCTHK oqa poBaHHoro 6apHoHa Ac, o6Hapy~eHHoro 
paHee c noMO~hw ycTaHOBKH BHC-2. CneKTPOMe Tp BHC-2 Ha nyqKe ycKopHTenH H~B3 

(ITpOTBHHO), 
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-
CTPY~H~e xapaKTep~cT~K~ S (c$ep~4-
HOCTb) ~ T (B~TRHYTOCTb) OT y-$aKTOpa. 
0Ka3anocb, 4TO 3KcTpeManbH~e 3Ha4eH~R 
S (MaKc~MYM) ~ T (M~H~MYM) Ha6n~Aa~T
CR He B C.4.~. TI-p-B3a~MOAe~CTB~~, 
a B 11 KBapKOB0.:1 11 C~CTeMe OTC4eTa np~ 

+ 3 + 
ypaeH~BaH~~: PP = - 2 Pn-, T.e np~ 

y = 1,02. YMeHbWeH~e cpeAHero pa3Meoa 
o6naCT~ ~3ny4eH~R OT 2,2+0,4 $M 
(C.4.~· B o6~4H0.:1 C~CTeMe TI-p) AO 
1,3+0,3 $M (C.4.~· B C~CTeMe TI-p no 
rnaBH~M OCRM CTPY~ B CoO~T~~) CBR3a HO 
c npoReneH~eM A~HaM~K~ e npo4eccax 
MHO~eCTBeHHOrO o6pa30BaH~R. np~ Mano H 
MHO>KeCTBeHHOCT~ o6pa30BaH~R 4aCT~4 

(n ~ 4) co6~T~R ~HTepnpeT~py~TCR Ka 
B3a~MOAe~CTB~e o60~X KBapKOB n~OHa 
C OAH~M KBapKOM npOTOHa, np~ cpeAHe~ 

MHO>KeCTBeHHOCT~ (n = 6,8) - KaK OAHO
KBapKOB~e B3a~MOAeHCTB~R n~OHa C npo 
TOHOM, np~ 6onbWO~ MHO>KeCTBeHHOCT~ 

(n > 10) - KaK MHOrOKBapKOB~e B3a~MO
AeHCTB~R aAPOHoe/5/, 

PEHRT~B~CTCKA~ JIAEPHA~ ¢U3UKA 

1. npoBeAeH aHan~3 ~ 0006~eH~ pe-
• 

3ynbTaT~ ~ccneAOBaH~R KYMYnRT~BHoro 

o6pa3oeaH~R aAPOHOB ~ nerK~x RAeP 
B CTOnKHOBeH~RX npOTOHOB ~ Ae~TPOHOB 

c ~MnynbCOM 8,9 r3B/c c RAPaM~ Al, 
Cu, Pb ~ AP· c noM~b~ ycTaHOBK~ 
A~CK-2 Ha c~HxpQ$a3oTpoHe. 

06Hapy>KeHo, 4TO o6pa3oeaH~e p, d , 
t, 3He, 4He C 6onbW~M~ 3Hepr~RM~ He 
nOATBeP>KAaeT 3Mn~p~4eCKY~ r~noTe3y 
11RAepHoro cKe~n~Hra 11 np~ cpaeHeH~~ 
pe3ynbTaTOB B3a~MOAe~CTB~R npOTOHOB 
C 3Hepr~RM~ 9 ~ 400 r3B C Tfl>Ke
n~M~ RAPaM~. 0AHaKo 3ae~c~MOCTb 
~HKn~3~BHoro ce4eH~R PO>KAeH~R RAep
H~x $parMeHTOB OT nepeMeHHOH (X-B) 
(X - KYMYnRT~BHoe 4~cno, B - 6ap~oH
Hoe 4~CnO) ~MeeT MaCWTaOHO-~HBap~aHT 
H~H XapaKTep (p~c.1), ~ 3TOT $aKT 
CB~AeTenbCTByeT 0 nponOP4~0HanbHOCT~ 
Ce4eH~~ Ben~4~He KBapK-napTOHHO~ 

CTPYKTYPHO~ $YHK4~~ RApa. AnR napa
MeTpa HaKnOHa 3aB~C~MOCT~ ~HBap~aHT

H~X Ce4eH~~ RAepH~X $parMeHTOB OT e e 
n~4~H~ (X-B) Ha~AeHO 3Ha4eH~e 

<X>= 0,14f0,15. 
YcTaHoeneH~ yH~eepcanbH~e ceo.:1cT

ea CTPYKTYPH~X $YHK4~H RAeP KaK He3a 
B~C~M~X oObeKTOB B W~POKOH o6nacT~ 
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PHc.l. 3aBHCHMOCTb HHK~SHBHoro ceqe
HHH po~eHHH HAep 4He OT nepeMe~HOH 
(X-B) B peaK~HH pA + 4He + ••• 
• o 9 r3B/c 
4 11 400 r3B/ c 

x 7,5 r3B/c 

11 o AnH yrna goo 
4 • AnH yrna 1680 

~3MeHeH~R een~4~H aTOMHoro eeca A, 
4eT~pexMepHoro nepeAaHHoro ~Mnynbca 
q2 ~ KYMYnRT~BHoro 4~cna X. Ha~AeHH~e 
CBOHCTBa CTPYKTYPH~X $YHK4~~ Aa~T AO
Ka3aTenbCTBO cy~eCTBOBaH~R MYnbT~KBap
KOB~X KOH$~rypa4~~ B RAPaX. 8 ceo60A
H~X HyKnOHaX ~ nerK~X RAPaX BnnOTb AO 
A = 20 MYnbT~KeapKoe~e KOH$~rypa4~~ 
cy~eCTBeHHO OTn~4a~TCR OT aHanor~4H~X 
KOH$~rypa4~H B TR>Ken~x RAPaX (CB~He4 
~ AP~). 4acTb ceo~cTe CTPYKTYPH~x 
$YHK4~H nony4~na nOATBep>KAeH~e B 3KC
nep~MeHTaX no rny6oKoHeynpyroMy pac
ceRH~~ M~OHOB ~ 3neKTPOHOB np~ B~co
KOH 3Hepr~~ (P.~c.2). 0AH~M ~3 rnaeH~x 
~Toroe ~ccneAOBaH~R KYMYnRT~BHoro po>K
AeH~R 4aCT~4 MO>KHO C4~TaTb 06Hapy>Ke
H~e HOBO~ xapaKTep~CT~K~ aTOMHOrO RA
pa - ero KBapK-napTOHHO~ CTPYKTYPHO~ 
$YHK4~~ ~ B~RCHeH~e ee CBO~CTe/6/. 

2. C nOM~b~ nponaHOBOH ny3~PbKO
BO~ KaMep~ ~3y4eHa CBR3b OC06eHHOCTeH 
poY.~eH~R KYMYnRT~BH~x 4aCT~4 c npo-



10 + 

1 

1 
X 

PHC, 2, 3aBHCHMOCTb OTHOWeHHfl BI>IXO,!J;OB 
ttaCTH~ Ha pa3nHttHbiX .Hp;paX OT BenHttH
Hbl KYMYn.HTHBHoro ttHcna X. 

!1 1T ,IJ;n.H 
a(Pb) a(D) 
A(Pb) I A(D), 

' 
1T ,IJ;n.H 

a(Pb) 1a(Al) 
A(Pb) A(Al) 

0 1T ,o;n.H 
a(Pb) 1a(He) 
A(Pb) A(He)' 

t.~eccaMI-1 06bi4HOrO MHO>KeCTBeHHOrO o6pa-
30BaHI-1~ 4aCTI-11.1. AHanl-13 pa3ni-14H~X w~-~-

31-14eCKI-1X xapaKTepi-!CTI-IK e (p + C)-
"' (p + Ta)-e3ai-1MOAe~cTBI-1~X np~-1 1-!M
nynbce 10 r3B/c C PO>KAeHI-!eM 1-1 6e3 
PO>KAeHI-1~ KyMyn~TI-IBH~X 4aCTI-11.1 He no-
3BOnl-1n 06Hapy>KI-1Tb 3aBI-1CI-1MOCTI-1 l-13y-
4eHH~X xapaKTepi-ICTI-IK OT Beni-141-!H~ Ky
Myn~TI-IBHOrO 41-!Cna KaK npOTOHOB, TaK 
1-1 ni-IOHOB. 0AHaKo co6~TI-1~ c KYMYnRTI-!e
H~MI-1 npOTOHaMI-1 1-!Me~T nOB~WeHHY~ MHO
>KeCTBeHHOCTb npOTOHOB (Ha -55%)1-1 co-
6~TH~ C KyMyn~TI-IBH~MH nHOHaMH 1-!Me~T 

nOB~WeHHY~ MHO>KeCTBeHHOCTb nHOHOB 
(Ha -30%). 3aBI-1CHMOCTb 1-!HBapHaHTH~X 
I-1HKn~3HBH~X Ce4eHH~ o6pa30BaHH~ Ky
Myn~TI-IBH~X npOTOHeB H ni-IOHOB OT ee
ni-141-!H~ nepeMeHHO~ (X-B) ~-!MeeT 3Kcno
HeHt.~HanbH~~ BHA C YHI-!BepcanbHO~ KOH
CTaHTO~ HaKnOHa 3KCnOHeHT~, paBHO~ 
0,14/7/. 

Hay4eH~ n-c-eaaHMOAe~cTBH~ np~-1 HM
nynbce 40 r3B/ C, B KOTOPbiX pO>KAa~TC~ 

Z• 3 

=~f t t t· t t tl 
12 . + 1 
10 - T 

Z:4 

1 2 3 4 56 7 S)((CM) 

PHc.3. 3aBHCHMOCTb cpep;Hero npo6era 
,IJ;O B3aHMO,IJ;eHCTBH.H ~parMeHTOB C 3ap.H
p;aMH OT 3 p;O 9 OT BenHttHHbl pace TO.H
HH.H MeX~Y TOtJ:KaMH o6pa30BaHH.H ¢par
MeHTa H era B3aHMOp;eHCTBH.H. 

KyMyn~TI-IBH~e 4aCTI-11.1~ npl-1 Hanl-141-11-1 
CTPY~ Horo MexaHI-13Ma o6paaoeaHI-1~ 4ac
THI.I. 0Kaaanocb, 4TO Ha~AeHH~e eeni-1-
41-!H~ no MHO>KeCTBeHHOCTH 4aCTI-1l.l,npo
AOnbH~e 1-1 nonepe4H~e 1-!MnynbcH~e pac
npeAeneHH~ aAPOHOB OTHOCI-!TenbHO OCH 
CTPY~. neT~~~-~x no HanpaeneHH~ ABI-I>Ke
HI-1~ nepBI-14HOrO nHOHa, B KyMyn~TI-IBH~X 
n-c-co6~TH~x coenaAa~T c aHanori-14H~MH 

pacnpeAeneHH~MH aApOHOB B e+e--CTOnK
HOBeHH~X H B 1T-p-B3aHMOAe~CTBH~X npl-1 
6ni-13Ko~ 3Heprl-11-1 e C.LI·"'· Ha nony4eH
Horo peaynbTaTa cneAyeT, 4TO ~OPMI-Ipo
eaHI-Ie CTPY~ ni-IOHOB B KyMyn~TI-IBH~X aA
poH-~AePH~X B3ai-1MOAe~CTBI-1~X npOI-ICXO
AHT B CCHOBHOM 3a npeAenaMI-1 ~Apa/8/, 

3. npoAOn>KeHO l-13y4eHI-1e npo6neM~ 
6one e eepo~THoro B3ai-1MOAe~cTBI-1~ ner
KI-IX ~parMeHTOB (aHOManOHOB) B ~OT0-
3MynbCI-1~X. Ha 6onbWOM CTaTHCTI-14eCKOM 
MaTe pHane An~ ~AePH~x ~parMeHTOB c aa
P~AOM 1 , o6pa30BaHH~X BO B3ai-1MOAe~cT-

29 



.. - ------------~~~~~~~~~~~~~~ .......... ... 

----

1,5 t- P:6,78 f3~/c 

U)~ l x-~e + 12c - T +X • 
o-3He + P - T + 6++ • 

• 
\01% 
~~ • 0 

• 
0 

• 0.5t • 0 • 
IC IC 

0 

6++ 

+. 
+ 

+ 

00 

0 

0 

+ 

• 

0 

0 

l, .. ...!l 

• 
• • • 

• • 
• • • 

• • 

IC IC IC X 0 0 

lx xxxxx•x• oO 

0 

0 t- 8 6 8 6 a 6 a 6 0 0 0 0 0 0 0 0 oO 0 O 0 O 

0 

oooOoooooo 

1-
I I ' ' I I I I I I L I I I I I 

5.755 5.875 5,995 6,115 6.235 6,355 6,475 6,595 6,715 
• P (r9B/c) 

PHc.4. 3HepreTH~ecKoe pacnpeAeneHHe RAeP TpHTHR, o6pasoBaHHb~ B peaK~HH pac
ceRHHR renHn-3 Ha yrnepoAe. 

B~RX RAep ren~R-3 C yrnepOAOM np~ ~M
nynbce 3,5 r3B/c/HyKn., ~Ann ~parMeH
TOB C 3aPRAOM OT 3 AO 9, o6pa30BaHH~X 
BO B3a~MOAeHCTB~RX RAeP 22Ne C RAPaM~ 
~OT03MynbC~~, He oOHapy~eHO 3$QeKTa 
6onee eepORTHOrO B3a~MOAeHCTB~R 11Mo
nOA~X11 RAePH~X ~parMeHTOB e6n~3~ T04-
K~ B3a~MOAeHCTB~R, ~3 KOTOporo OH~ 
o6paaoean~cb (p~c.3). 

4. npoBeAeHO ~3y4eH~e MeXaH~3Ma 
n0RBneH~R MaKC~MyMa B 3HepreT~4eCKOM 
pacnpeAeneH~~ RAeP TP~T~R np~ pacceR
H~~ RAep ren~R-3 Ha BOAOPOAe ~ yrne
POAe c noMo~biO ycTaHoBK~ 11Anb(j)a 11 np~ 
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~Mnynbcax 1,45; 2,18 ~ 3,6 r3B/c/HyKn. 
AHan~a B~Re~n ea~Hyro ponb MexaH~3Ma 
C B036y~eH~eM ~-cTeneH~ CB060A~ 
a RAPe yrnepoAa np~ ~Mnynbcax 

1,2 r3B/c/HyKn., KOTOP~H np~ ~Mnynb
cax 6onee 3 r3B/c/HyKn. CTaHOB~TCR 
ocHOBH~M a o6paaoeaH~~ TP~T~R. Boapa
cTaH~e ce4eH~R o6paaoeaH~n ~-~ao6ap~ 

a 7 paa np~ yeen~4eH~~ ~Mnynbca ·aT 
1,45 AO 3,6 r3B/c/HyKn. ~ He60nbWOH 
CAB~r nono~eH~R 11~-n~K-a 11 a peaKI..I~~ 
Ha RAPe yrnepOAa OTHOC~TenbHO ero 
nono~eH~R a peaKI..I~~ Ha BOAOPOAe yKa
a~earoT Ha KonneKT~BHYIO (KeapKoeyro) 
np~POAY ~-eoa6y~eH~R a RAPe yrnepo
Aa (p~c.4). 



5. MeTOA onpeAeneH~~ npocTpaHcT
seHHo-speMeHH~x xapaKTep~cT~K o6na
CT~ ~3ny4eH~~ BTOP~4H~X 4aCT~4 Ha oc
HOBe ~HTep<t>epeH4~~ TO>KAeCTBeHHbiX n~o
HOB np~MeHeH K ~ApO-~AePH~M B3a~Mo
AeHCTB~~M np~ ~Mnynbce 4,2 r38/c/HyKn. 
np~ ~ccneAOBaH~~ B nponaHOBOH nya~pb
KOBOH KaMepe B3a~MOAeHCTB~H nerK~X 
~AeP d, He, C c ~APOM Ta ycTaHosneHo, 
4TO pa3Mep o6naCT~ ~3ny4eH~~ n~OHOB 
B na6opaTOPHOH C~CTCMe KOOPA~HaT pac
TeT OT 2, 2 ~0, 5 AO 3, 4~0, 3 <i>M C yse
n~4eH~eM aTOMHoro HoMepa HaneTa~~ero 
~Apa. 0AHaKO 3T~ pa3Mep~ OCTa~TC~ 
MeHbWe paaMepa ~Apa-M~weH~ Ta, y Ko
Toporo r = 6,1 <!>M. 8 MHoroHyKnoHH~x 
saa~MOAeHCTB~~x paaMep o6nacT~ ~any4e
H~~ n~OHOB B03pacTaeT AO 4,1~0,8<!>M/9/, 

PA3BHTHE METOJIHKH 3KCflEPHMEHTA 

1. npOAOn~anaCb pa6oTa no aBTOMaT~-
3~4~~ · 3KCnep~MeHTanbH~X ycTaHOBOK <!>~-

3~K~ B~COK~X 3Hepr~H, CTeHAOB An~ npo
BeAeH~~ ~ccneAOBaH~H no YCKOp~TenbHOH 
TeXH~Ke, Kp~oreHH~X YCTaHOBOK, 

8 <!>~3~4ecK~x 3Kcnep~MeHTanbH~x 
ycTaHOBKax An~ nos~weH~~ HaAe~HocT~ 
~ yny4WeH~R napaMeTpOB rOAOCKOn~4e
CK~X c~cTeM ~cnonbayeTc~ paapa6oTaH
H~H 4eT~pexKaHanbH~H speM~-4~<!>POBOH 

npeo6paaosaTenb An~ ~aMepeH~~ speMeH
H~x ~HTepsanos c n~KoceKYHAH~M paape
weH~eM. An~ 6onee 6~cTporo oT6opa Ko
n~4ecTsa 4aCT~4, OAHOBpeMeHHO npOWeA
W~X 4epe3 rOAOCKOn~4eCKY~ nnOCKOCTb 
AeTeKTopa, npeAno~eH napannenbH~H 

C4eT4~K, ~Me~~~H 31 BXOA, KOTOP~H pac
W~p~eT B03MO~HOCT~ Ma~op~TapH~X CXeM 
cosnaAeH~H. YcosepweHcTsosaHo ycTpoH
cTso c4~T~saH~~ ~ npeo6paaosaH~~ AaH
H~X B MHOrOKaHanbH~X AeTeKTOpax 3ap~
~eHH~X 4acT~4 c noM~b~ 6onee 3<!><!>eK
T~BHoro cnoco6a npeo6paaosaH~~ YH~
TapHoro KOAa s AB0~4H~H/IO/, An~ 5o
nee 3$$eKT~BHOrO ~CnOnb30BaH~~ B~4~C
n~TenbHOH TeXH~K~ npeAnO~eH HOB~H 

KOHTponnep, ~OTOp~H He orpaH~4~BaeT 
B03MO~HOCTeH pacw~peH~~ o6beMa noA
Kn~4aeMOH K 38M annapaTyp~ KAMAK,yse
n~4~saeT soaMo~HOCTb o6pa6oTK~ aanpo
cos npep~saH~~ ~ ycKop~eT nepeAa4y 

Macc~sos AaHH~x s pe~~Me nporpaMMHoro 
ynpasneH~~/11/, 

Ha 6a aosoH 38M n83 EC-1040 nos~we
Ha 3$$e KT~BHOCTb pa60T~ onepa4~0HHOH 
c~cTeM~ c noMO~b~ pacw~peH~~ BHewHeH 
naM~T~ np~Moro AOCTyna np~ TOM ~e 
KOn~4eCTBe XpaH~TeneH ~H<!>OpMa4~~/12/, 

An~ o6ecne4eH~R pa6oT, nposoA~M~X 

np~ TeMnepaTypax ~~AKoro a3oTa ~ ~~A

Koro ren~~. nposeAeHa ~ccneAOBaTenb
CKa~ pa6oTa ~ C03AaH~ 3neKTpOHH~e 6no
K~ (yc~n~Ten~ c~rHanos), ycnewHo pa6o
Ta~~~e np~ Kp~oreHH~x TeMnepaTypax/13/, 

2. An~ peweH~~ HeKoTop~x MeA~Ko-
·6~onor~ 4etK~x 3aAa4, Hy>KAa~~xc~ 
B T04HOCT~ per~cTpa4~~ AO 1 MM ~ CKO
POCT~ Ha6opa ~H<!>OpMa4~~ nop~AKa COTeH 
Kr4, pa apa6oTaH cne4~anbH~H speMeHHOH 
npo4eccop An~ npeAsap~TenbHoro oT6opa 
~H<!>OpMa 4~~ C nponOP4~0HanbH~X KaMep 
c ~cnonb aosaH~eM n~H~H 3aAep~eK.4To-
6bl 3$$e KT~BHO ~cnonb30BaTb 6~CTPOAeH
CTB~e n ponOP4~0HanbHOH KaMep~ (106 oT
C4eTOB aa 1 c) paapa6oTaHa c~cTeMa 
6noKos 4 ~<t>posoro KOA~posaH~~. o6naAa~
~a~ xopoweH T04HOCTb~ (o = 0,6 He) 
~ npaKT~4eCK~ Hynes~M MepTB~M BpeMe: 
HeM/14/ , 

3. An~ pacw~peH~~ B03MO~HocTeH <t>~-

3~4eCK~X YCTaHOBOK paapa6oTaH ra30B~H 
AeTeKTOP aap~~eHH~x 4acT~4 Ha 6aae 
nponOP4~0HanbHOH KaMep~ c APeH<t>os~M 
npoMe~yTKOM. C noMO~b~ AeTeKTopa soc
cTaHasn~ saeTc~ npocTpaHCTBeHHa~ KapT~

Ha AB~~eH~~ ~OH~3~PY~~~x 4aCT~4 (To4-
HOCTb 2 MM),~3Mep~eTC~ nnOTHOCTb ~OH~-
3a4~~ Ha TpaeKTOP~~ 4aCT~4, 3Hepr~~ 

(T04HOC Tb 0,7%) ~ Macca HyKn~Aa (T04-
HOCTb 3%). napaMeTp~ AeTeKTOpa o6ecne-
4~Ba~T ~AeHT~<!>~Ka4~~ nerK~X ~AeP 

c 3Hepr~eH 10 M38/HyKnoH/15/, 

COBEPMEHCTBOBAHHE JIERCTBYn~HX 
H PA3PABOTKA HOBHX ~H3HqECKHX 
flPHBOPOB H YCTAHOBOK 

1 . Ha c~Hxpo<t>aaoTpoHe s~nonHeH P~A 
pa6oT no cosepweHcTsosaH~~ c~cTeM 
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• 
06II.(:Hlf BH,!J, HO,IJ.eJibHOrO CB epxnpOBO,D.m~ero CHHXpOTpOHa. 

HOHTa)!( KBa,IJ.pynOJibHOlf JIHH3bl O,!J,HO r O 113 nepHO,IJ.OB MarHHTHOH CHCTeMbl MO,D.eJibHOrO 

CBepxnpOBO.IJ.Hmero CHHXpOTpOHa. ~ 

~ npeepa~eH~~ ero e ycKop~Tenb·pen~T~
e~cTcK~x ~ non~p~soeaHH~x ~Aep.K 4~c

ny YCKOp~eM~X ~Aep A06aeneH ~30TOn 
ren~R 3He. C noMo~b~ nasepHoro ~ c To4-
H~Ka B 100 pa3 yeen~4eHa ~HTeHC~ BHOCTb 

HAeP c+6 enepe~e nony4eH~ ~HTeHc~e
H~e ny4K~ Li+3 (2 ~3oTona) ~ Mg+ 12 
C 3Hepr~e~ 4 r3B/HyKnOH. 3T~ AOC T~~e
H~H cy~eCTBeHHO yeen~4~Ba~T B03MO~Ho

CT~ npoeeAeH~~ 3Kcnep~MeHTOB e o6na
CT~ penHT~e~cTcKo~ HAePHO~ ¢~3~K~ . Ha 
B~BeAeHH~X ny4KaX 3T~X ~Aep C nOMO~b~ 
C~CTeM MeAneHHOro ~ 6~CTpOrO B~BOAOB 

Ha6paHa 3Kcnep~MeHTanbHaH ~H¢opMa 4~H 
Ha HeCKOnbK~X $~3~4eCK~X ycTaHOB KaX. 
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npOAOnmeHO COBepweHCTBOBaH~e ~CT04H~
Ka non~p~soeaHHbiX HAeP "nonHp~c 11 • 

B MeTOA~4eCKOM ceaHce Ha ycKOP~Tene 
~3MepeHa seKTopHa~ non~p~3a4~H Ae~T

poHOB nocne n~He~Horo ycKop~Ten~ 
nY-20, KOTOpaH OKa3anaCb paBHO~ 
24+2%/16/. 
-An~ HanaAK~ pe~~MOB YCKOpeH~H 

~ KOHTpOnH 3a COCTaBOM ny4Ka nocne 
n~He~Horo ycKOP~TenH nY-20 ~ nocne 
MeAneHHOrO B~BOAa ~3 C~HXpo¢a30TPOHa 
npo~3BOA~TCfl ~3MepeH~e 3aPHAOBOrO co
CTaea ny4Ka RAep/17/. 





---

liCllbiTaTeJibHbllf CTeHg 1, 5-MeTpOBOrO CBepxnpOBO,!J;.fiii~ero MarHHTa C JKeJie3HbiM HpMOM 
H 06MOTKOH H3 Tpy6qaTOrO CBepx npOBO,!J;HHKa. 

B CBR3H c nepexoAOM Ha ycKopeHHe 
RAeP H AnR nony4eHHR HHTeHCHBH~x 

RAePH~x ny4KOB aaeepweHa peKoHc TpyK-
4HR YCKOPR~~eH CHCTeM~. nepeXOA Ha 
BTOPY~ KpaTHOCTb YCKOpeHHR n~3 BOnHn 

nOB~CHTb HHTeHCHBHOCTb ny4KOB YCKOpRe
M~X RAeP e 2 paaa no cpaeHeHH~ c yc
KopeHHeM Ha nepaOH KpaTHOCTH H AOnon
HHTenbHO nOB~CHTb HaAemHOCTb y CKope
HHR 4aCTH4/18/. 

B cHHxpo$a3oTpoHe ycnewHo n poeeAeH 
npo6H~H 3anyCK KPHOreHHOH CHCTeM~ OT
Ka4KH Ha OAHOM KBaApaHTe YCKOPHTenR. 
BaKYYM B KaMepe yny4WHnCR Ha nOPRAOK 
H AOCTHr eenH4HH~ 2x1o-7 Top, 4 TO no
aeonHT B 6YAY~eM cy~eCTBeHHO pacwH
pHTb Ha6op YCKOpReMbiX B CHHXpo$ aao
TPOHe RAeP 6e3 3aMeTH~X noTepb . 
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2. B na6opaTOPHH npoAonmanocb coo
pymeHHe MOAenbHoro ceepxnpoBOAR~ero 

CHHXpOTPOHa Ha 3HeprH~ 1,5 r3B,npeA
Ha3Ha4eHHoro AnR nony4eHHR on~Ta e co
opymeHHH H 3KcnnyaTa4HH ceepxnpoBOAR
~Hx YCKOPHTeneH B paMKaX paapa60TKH 
TeXHH4ecKoro npoeKTa HYKnoTpoHa. Yme 
HaroToeneH~ ece MarHHT~ (Ha none 
2,27 T) H nHH3~ c rpaAHeHTOM 
87,5 T/M). TaKHe MarHHT~ H nHH3~ npeA
cTaenR~TcR HaH6onee 3KOHOMH4H~MH 
H TexHonorH4eCKH npocT~MH no cpaeHe
HH~ C o6~4H~MH Tenn~MH MarHHTaMH H C 
6e3mene3HbiMH CBepxnpOBOAR~HMH MarHHTa
MH Ha 5 T. AnR ycKopHTenR paapa6oTaH~ 
H H3rOTOBneH~ S~COK04aCTOTH~~ reHepa
Top, eaKyyMHaR KaMepa, renHee~e Kp~o

cTaT~ THna K~nR~eH BaHH~, ~CT04H~K~ 

n~TaHHR, MHoroaMnepH~e (AO 8 KA) Kp~o
reHHble TOKOBBOAbl ~ APYr~e C~CTeMbl/ 19/. 



B paMKax pa6oT no HyKnoTpoHy npo
BeAeHo ycnewHoe ~ccneAOBaH~e pe~~MOB 
pa6oT~ 1,5-M nonHoMacwTa6Horo csepx
npoBoA~~ero MarH~Ta c ~ene3H~M ~PMOM 
~ o6MOTKO~ ~3 Tpy64aToro csepxnposoA
H~Ka. Oxna~eH~e MarH~Ta npoBOA~Tc~ 

ABYX$a3H~M napo~~AKOCTH~M ren~eM. 

HeoAHOPOAHOCTb MarH~THoro non~ Ha 
YPOBHe 2T COCTaB~na 4x10-4. B MarH~
TaX 3Toro T~na HeT ren~esoro Kp~ocTa

Ta ~, B03MO~HO, He noTpe6yeTC~ sa
KYYMHa~ KaMepa YCKOP~TenH, 4TO cy~ecT
BeHHO ynp~aeT KOHCTPYK4~~ ~ o6ner4a
eT AOCTyn K MarH~THO~ C~CTeMe YCKOp~
Ten~, yMeHbWaeT KOn~4eCTBO ren~H 
B c~cTeMe ~ nos~waeT Kp~oreHHY~ Ge3o
nacHOCTb/20/, 

T~aTenbHOMY ~ccneAOBaH~~ noABep
raeTc~ ~sneH~e o6pa3oBaH~~ orpaH~4eH

HO~ HOpManbHO~ 30H~ B CBepxnpOBOAH~~X 
06MOTKaX MarH~TH~X C~CTeM OT BHeWHero 
noKanbHoro ~CT04H~Ka Tenna ~n~ oT no
s~weHHO~ paA~a4~0HHO~ Harpy3K~.3Kcne

P~MeHTanbHO ~ccneAOBaHo ~3MeHeH~e He
OAHOPOAHOCT~ non~ B anepType MarH~Ta 
T~na 110KOHHa~ paMa 11 np~ nOAKP~T~4HOM 
noKanbHOM ~MnynbCHOM Harpese o6MoT
K~/21/, 

HAYf./HO-flPHKJIAJJHb!E PABOTbl 

Co3AaH np~6op ~ c~cTeMa c6opa AaH
H~x An~ aHan~3a MOHOKp~CTannoB 6enKOB. 
npoBOA~TC~ napannenbHOe ~3MepeH~e ~H
TeHC~BHOCT~ OAHOBpeMeHHO B03H~Ka~~~X 
A~$par~posaHH~x ny4e~ np~ ~ccneAosa

H~~ 6enKOB C nep~OAOM peweTK~ 50-150~ 
(pa3peweH~e 3~) np~ noMa~~ nnocKo~ 
MHoronposono4HO~ nponOP4~0HanbHO~ Ka
Mep~. 3Ha4~TenbHoe ysen~4eH~e cKopo
CT~ no3son~eT pa6oTaTb c HecTa6~nbH~

M~ 06beKTaM~ ~ np~MeH~Tb MeHbWY~ CTe
neHb paA~a4~0HHoro nospe~AeH~~/22/. 
npoBeAeH~ CbeMK~ 23 MOHOKP~CTannoB 
6enKa. 

C noMO~b~ ycTaHOBK~ YPAH, B ocHosy 
KOTopo nono~eHo ~cnonb30BaH~e MHoro
nposono4HO~ KaMepbl, noKa3aHa B03Mo~
HOCTb n poseAeH~H 3Kcnpecc-aHan~3a CMe
c~ 6enKOB, B KOTOp~e BBeAeH paA~OaK
T~BH~~ ~OA. np~ 4YBCTB~TenbHOCT~ Me
TOAa ny 4We 200 OTC4eTOB/M~H Ha 1 CM2 
~ npoc TpaHcTseHHOM pa3peweH~~ OKano 
1 MM s peM~ nposeAeH~~ aHan~3a coKpa
~eHo c HecKonbK~x cyToK AO AeCHTKOB 
M~HyT/ 23/. 

Co3AaHa ~ ~cnonb3yeTCH Ha n~H~~ 
C 38M B~COK04YBCTB~TenbHaH YCTaHOBKa 
YPAH-2 An~ Hepa3pywa~~ero 3Kcnpecc
aHan~3 s--aKT~BH~X TOHKOCnO~H~X 

paA~OXpOMaTorpaMM ~ 3neKTpo$operpaMM. 
KoHTpon b _pa3AeneH~~ se~ecTB s OAHOM 
~n~ ABYX HanpasneH~~x npoBOA~Tc~ c 
pa3pew H~eM 1,5 MM (BBeAeH 3H), 6 MM 
(aBeAe H 14c), 4 MM (aBeAeH 32p) np~ 
4YBCTB~ TenbHOCT~ 5f10 nK~/cM2, BpeM~ 
3Kcnep~MeHTa no onpeAeneH~~ KOHTypa 

raMMa- aMepa HOBOrO THna C Bb!COKHM 
npOCTpaHCTBeHHb~ pagpeweHHeM, npeg
Ha3HatJe HHa.R: gn.R: H3yqeHH.R: CTpyKTYPbl 
opraHOB tJenoBeKa. 
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paAHOaKTHBH~X 30H B Be~eCTBe yMeHbWe
HO C HeCKOnbKHX AHe~ H HeAenb AO Ae
C.ATKOB MHHyT. AeTeKTOP YPAH-2 11yMeeT 11 

pa3nH4aTb pacnaA~ 3H, 14c, 32p/ 24/. 
npoBeAeH~ KnHHH4eCKHe HCn~Ta HH.A co-

3AaHHO~ B nB3 raMMa-KaMep~ rKM Ha oc
HOBe MHoronposono4Horo ra3osoro AeTeK
Topa. KaMepa HMeeT nos~weHHY~ T04HOCTb 
(1-2 MM) onpeAeneHH.A CTPYKTYP~ opra
HOB 4enoseKa (no4KH, nerKHe, ce PA4e), 
pa6oTaeT Ha nHHHH C MHHH-3BM, H306pa
>KeHHe BbiBOAHTC.A Ha 4BeTHO~ AHCnne~ 

(pHc.5). 

PHc.5. H3o6pa~eHHe pacnpegeneHHn H3-
nyqeHHn OT BBegeHHOro pagHOaKTHBHOrO 
3neMeHTa B noqKe qenoBeKa. 

31CCflJIYATAL4H.fl CHHXPOC!JA30TPOHA 

YcKOPHTenb pa6oTan: 
a) Ha 3KcnepHMeHTanbH~e HccneAOBa

HH.A no $H3HKe 3neMeHTapH~X 4aC TH4 
H $H3HKe pen.ATHBHCTCKHX .AAeP 
2810 4aCOB C AOCTHrHyTO~ HHTeHCHB
HOCTb~ 2x1Q12 YCKOpeHH~X npOTOHOB, 
1,2x1QI2 Ae~TPOHOB; 3x1QI0 .AAeP re
nH.A-3; 2x1QI0 renH.A-4; 1,5x1Q8 nH-
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TH.A-6; 2x1Q9 nHTH.A-7; 5x1Q8 yrnepo
Aa-12; 1x1Q5 KHCnOPOAa-16; 1x1Q3 H30-
Tona HeOHa-22; 1x1Q5 MarHH.A-24 3a OAHH 
4HKn ycKopeHH.A c 3HeprHe~ 6onee 
4 r3B/HyKn., 

6) Ha COBepweHCTBOBaHHe CHCTeM yc
KOpHTen.A - 640 4aCOB; 
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nA60PATOPMR 
HJlEPHbiX DP06nEM 

B 1983 rOAY Hay4Ho-HccneAOBaTen b
cKa~ AeRTenbHOCTb na6opaTOPHH ~AePH~X 
npo6neM pa3BHBanaCb B COOTBeTCTBH H 
c nnaHaMH e ABYX rnaeH~x Hanpaene
HH~x: 

- B~nonHeHHe WHPOKO~ nporpaMMbl HC
cneAOBaHH~ B o6naCTH ~H3HKH B~COKHX 
3HeprH~ Ha ]0-r3B YCKOpHTene B npo T
BHHO, 

- aaeepweHHe pa6oT no peKoHcTpyK
l.IHH CHHXPOL.IHKnOTPOHa B YCTaHOBKY 1 14> 11 

H nOArOTOBKa HOB~X 3KcnepHMeHTanb H~X 

ycTaHoeoK An~ HccneAOBaHH~ e o6nacTH 
cpeAHHX 3HeprH~. 

na6opaTOPH~ y4a~TBOBana Ta K~e 

B COBMeCTH~X O~R~-UEPH 3KCnepHMeHTaX 
HA-4 H PS-179. Ha4aTbl pa6oTbl no coe
MecTHOMY c UEPH 3KcnepHMeHTY AEn~H. 
Paapa6aT~eanHcb Hoe~e MeTOA~ H 3neKT
poHHa~ annapaTypa An~ RAepHo-~H3H4e 

CKHX HccneAOBaHH~. B~nonHeHbl ea~H~e 

npHKnaAH~e pa60T~. na6opaTOPH~ npH HH
Mana y4acTHe e pa6oTax no coaAaHH~ 
YCKOPHTenbHo-HaKOnHTenbHOrO KOMnneKca 
(YHK). 

npaKTH4eCKH BCe paOOT~ B~nonH~nHCb 
npH aKTHBHOM COTPYAHH4eCTBe C Hay4H~
MH 4eHTpaMH cTpaH-y4aCTHH4 OHRH. 

HAYqHQ-HCCREaOBATERbCKHE PABOTH 

~CCnEAOBAH~E B3A~MOAEnCTB~~ 
3nEMEHTAPH~X 4ACTHU 

1. 3aeepweH COBMeCTH~H C nH~ 3Kc ne
PHMeHT no nOHCKY HOBO~ rHnOTeTH4eC KOH 
4aCTH4~ - aKcHoHa/1/. TaKaR 4aCTHL.Ia 
HeHa6e~Ho eo3HHKana B o6beAHHeHH~x 
TeOpH~X B3aHMOAe~CTBHR 4aCTH4 npH no
n~TKe YAanHTb H3 TeopHH B03MO~HOCT b 

HapyweHH~ CP-cHMMeTpHH e cHnbHOM 
B3aHMOAe~CTBHH. noHCKY aKCHOHa nOC B~

~eHO 6onbwoe KonH4eCTBO pa6oT, peaynb
TaT~ KoTop~x npoTHBope4HB~. AaHH~~ 

3KCnepHMeHT npOBOAHnCR Ha HMnynbCHOM 
peaKTope ~6P-2. AKCHOH~ MornH Hsny-
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4aTbCR B peaKL.IHH SaXBaTa He~TPOHOB Ha 
oope-10, BXOA~~eM B COCTaB 3a~HT~ pe
aKTOpa, HnH Ha BOAOPOAe - COCTaBHO~ 

4aCTH BOARHO~ 3a~HT~ peaKTOpa: 

n + JOB ~ 7Li + a 

'~ 7Li + a 
(3HeprHR nepeXOAa 478 K38); 

n + p ~ d + a 
(3HeprHR nepeXOAa 2230 K38). 

Heo6XOAHMO oTMeTHTb, 4TO HMnynbc
Ha~ HHTeHc~BHOCTb 3THX peaKL.IH~ e H6P-2 
B HeCKOnbKO paS npeBOCXOAHT COOTBeT
CTBY~~y~ HHTeHCHBHOCTb peaKL.IH~ B HS
BeCTH~X 3HepreTH4eCKHX peaKTOpax.3TO 
yny4WaeT OTHOWeHHe O~HAaeMoro 3~~eKTa 
K ~OHY KOCMH4eCKHX ny4e~ H ecTeCTBeH
HO~ paAHOaKTHBHOCTH, KOTOp~~ cny~HT 
rnaeHo~ noMexo~ npH noHcKe aKCHOHa. 
An~ AeTeKTHpoeaHH~ pacnaAa aKCHOHa 
c npeAcKaa~eaeMo~ TeopHe~ Maceo~ 
150 K38 <rna < 1000 K38 Ha ABa raMMa
KBaHTa HCnOnbSOBanacb CHCTeMa H3 
12 Cl.IHHTHnn~l.IHOHH~X C4eT4HKOB pa3Me
pOM 17x17x40 CM3 Ka~A~~. 

PeaynbTaT~ 3KcnepHMeHTa noKasaH~ 
Ha pHC.1. nony4eHHaR Ol.leHKa BepXHe~ 
rpaHHL.I~ CKOpOCTH C4eTa OT peaKL.IHH pac
naAa a~ 2y e 1300 pas MeHbwe eenH4H
H~, npeACKa3~BaeMO~ TeOpHe~ CTaHAapT
~oro aKCHOHa H B HeCKOnbKO paS ~eCT4e 
rpaHHL.I, ycTaHoeneHH~X eo ecex APYrHx 
npoeeAeHH~x paHee 3KcnepHMeHTax no no
HCKY aKCHOHOB Ha peaKTOpax. 

2. Bnepe~e Ha6n~AeH~ ynbTpapenRTH
BHCTCKHe nOSHTpOHHH, o6pa3y~~HeCR 

B pacnaAaX ~O-Me30Ha Ha raMMa-KBaHT 
H aTOM nosHTPOHH~/2/. CxeMa 3KcnepH-

YcnemHo pa3BHBawTcH HccnegoBaHHH Ha 
nyqKe ycKopHTenH H~B3 (ITpoTBHHO) no ~ 
nporpaMMe 11fHnepOH11

• Ha CHHMKe: TIHB
HeBbiH geTeKTOp H3 CBHHUOBOrO 
cTeKna. 
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~ Pnc. 1. 0THOCHTenbHaH BepOHTHOCTh He-
~ TI}CKaHHH aKCHOHa npH CHHTHH B030~e

HHH B 7Li (KpHBbJe 1 H 2) H npH Oopa3o
BaHHH AefiTepHH (KpHBbie 3, 4) • KpHBbie 
1, 3 paCCtiHTaHbl TeopeTHtieCKH; KPHBble 
2, 4 yKa3hiBa.JOT Ha 3KcnepHMeHTanbHO AO
CTHrHYTbrn BepXHHH npeAen Ha 95%-HOM 
ypOBHe AOCTOBepHOCTH. 

~· ... "~r-------r------Jg 
, -- -- ---- I 

fo.sn ~ K • 

~ 

PHc.2. CxeMa KaHana penHTHBHCTCKHX 
TI03HTpOHHeB H YCTaHOBKH 11II03HTpOHHH11 ~ G IJ Ha cepnyXOBCKOM yCKOpHTene. 

H 

• 
• 

PHc.3. llorapH~M OTHOWeHHH HMnynbCOB 
TI03HTpOHa H 3neKTpOHa, 3aperHCTpHpO
BaHHbiX B 3KCnepHMeHTe 11II03HTpOHHI'i11

• 

MeHTa noKa3aHa Ha p~c.2. B npRMon~
He~HOM npoMe~yTKe 70-r3B ycKop~TenR 
B npoTB~HO YCTaHOBneHa M~WeHb ~3 yr
nepOAHOH nneHK~. no3~TPOH~~ OT pa c
naAa n°-Me30HOB, o6pa30BaHH~X B M~
WeH~, B~BOARTCR no BaKYYMHOMY Ka Ha
ny, nepneHA~KynRpHO KOTOPOMY np~no~e

HO MarH~THOe none H, 04~~a~ee BbiBO
A~M~~ ny4oK oT 3aPR~eHH~x 4ac~~4 · Ka
Han 3aKaH4~BaeTCR BaKYYMHO~ KaMepo~ 
BK, noMe~eHHO~ B 3a3op MarH~Ta CM. 
KoHeepTop K ~ naecaHoBaR nneHKa 
~cnonb30Ban~cb np~ Kan~6poeKax ~ $o
HOB~x ~3MepeH~RX. no3~TPOH~~ pa3Ban~

Ba~TCR MarH~TH~M noneM MarH~Ta CM. 
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3neKTPOH~ ~ no3 ~POHbl per~CTP~PYIOTCR 
ABYMR TeneCKOnaM~, COCTOR~~M~ ~3 Tpex 
naKeToB APe~$oe~x KaMep, pa5oTaiO~~x 

B CaMoraCfl~eMCR CTp~MepHOM pe~~Me 
AK1, AK2, AK3, C4~HT~nnR4~0HH~x c4eT-
4~KOB S1, S2 ~ ra3oe~x 4epeHKOBCK~x 

c4eT4~KOB C1 ~ C2. 
Pe3ynbTaT~ 3Kcnep~MeHTa npeACTae

neH~ Ha p~c.3. n~K COOTBeTCTByeT 
3neKTPOHaM ~ n03~TPOHaM C paBH~M~ ~M
nynbCaM~, o5pa3yiO~~M~CR np~ pa3eane 
aTOMa no3~TPOH~R B MarH~THOM none. 
Bcero B 3Kcnep~MeHTax 5~no B~AeneHo 
185+30 aTOMOB no3~TpOH~R, 4TO n03BO
n~no nony4~Tb 04eHKY OTHOC~TenbHO~ 
BepORTHOCT~ p pacnaAa n° ~ y+Ae+e- = 
= (1+5)•10-9. Ha6op CTaT~CT~K~ npo
AOn~aeTCR. 

3. ~l3y4an~cb xapaKTep~cT~K~ o5Ha
py~eHHoro paHee B coBMeCTHOM c H$83 
3Kcnep~MeHTe C~rMA-AnKC np04ecca yn
pyroro pacceRH~R $OTOHOB Ha n-Me3o
Hax- KOMnTOH-3$$eKTa Ha n-Me30He/3/. 

Ha p~c.4 noKa3aHa 3Kcnep~MeHTanbHO 
~3MepeHHaR 3aB~C~MOCTb Ce4eH~R npo-
4eCca y + n- ~ y + n- OT 3Hepr~~ raM
Ma-KBaHTa. CpeAHee 3Ha4eH~e ce4eH~R 
B ~HTepeane 120+160 M3B COCTaBnReT 
Oy = 1,76~0,26 MK5. 0THOWeH~e 3KCne-



JJ:peii!lJOBbie KaMepbi 3x0, 8 M2 ycTaHOBKH "IIo3HTPOHHfi11
• B KaMepax HCnOJih3yeTc.R: 

CaMoraC.f!IJ.UiHC.R: CTPHMepHblll pe)!(HM, 06Hapyx<eHHblll H HCCJie,ll;OBaHHbiH B ITa6opaTOPHH 
R,o;epHbiX npo6JieM. 

150 250 450 550 

W.M3B 

PHMeHTanbHOrO Ce4eHH~ K TeopeTH4eCKO
MY COCTaBn~eT 0,96~0, 15. ~13y4eHO AH¢ .... 
¢epeH4HanbHoe ce4eHHe npo4ecca B aa
BHCHMOCTH OT 3HeprHH H yrna pacce~HH~ 
<!>OTOHa. 

~ Puc .4. CeqeHHe KoMnToH-3cPcPeKTa Ha 
~ TI-Me30He y + TI + y + TI (B CHCTeMe 

llOKO.R: llHOHa) B 3aBHCHMOCTH OT 3HeprHH 
raMMa-KBaHTa. 

4. npoAonmeHa o6pa60TKa AaHH~X no 
KOrepeH THOMY o6pa30BaHHIO TpexnHOHHbiX 
CHCTeM Ha YCTaHOBKe M~C/4/. npoBeAeH 
aHanH3 ¢ oHosoro HepeaoHaHcHoro BKna
Aa e Ko r epeHTHOe o6paaosaHHe n+n-n-
cHcTeM~ Ha ~Apax s peAmeaosaHHO~ Mo
AenH Ae KKa. B o6nacTH Mace 6onee 
1,2 r3B/ c2 MOAenb He BOCnpOH3BOAHT 
Ha6n10Aa10~eroc~ s 3KcnepHMeHTe cHnb
Horo H3MeHeHH~ ¢a3 OCHOBH~X BOnH,4TO 
nOATBep >KAaeT ¢aKT Ha6niOAeHH~ B onbiTaX 
paAHanb HOrO B036YmAeHH~ nHOHa TI~ H 
Al-Me3oHa. 

5. Ha OCHOBe o6pa6oTKH AaHH~x 

0 nHOH- yrnepOAHbiX B3aHMOAe~CTBH~X npH 
5 r38/c B cneKTpe MaCe npOTOH - npOTOH
H~X KOM6HHa4H~ nony4eHO yKa3aHHe Ha 
B03MOmHOe Cy~eCTBOBaHHe AHnpOTOHHOrO 
c~cTo~HHH npH 2024 M3B/5/(pHc.5). 
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B paMKax pa3BHTHH paooT no nporpaMMe CHrMA-AHKC BeAeTcH C03AaHHe ~HnHHAPHqe
CKHK KaMep C CaMoraCH~HMCH CTpHMepHb~ pe~MOM. 

N 
t) 

........ 
j::Q 
(!) 

!:-. .. 0 -0 .. 
0 
........ 
~20 
::£ 
0 
:.: 
0 
t:: 
t) 

:s: ::r 1.9 2.0 

"-c -+np('l'> 150°)- X 

n>2 

2.1 2.2 M,r3B/c2 

6. YcnewHo Ha4aT cosMecTH~~ c UEPH 
3Kcnep~MeHT PS-179 Ha ny4Ke MeAneHH~X 
aHT~npoTOHOB LEAR. B onbiTe ~cnon b 3yeT

CH ren~eBaH CTP~MepHaH KaMepa B pe~~
Me CaMOWYHT~POBaH~H - MeTOA~Ka, pa3-
pa6oTaHHaH a fla6opaTop~~ HAePH~X npo6-
neM. 3aper~cTp~posaH~ neps~e co6~T~A 

peaK~~~ i + 4ue + 3ue + n+ + n- + n 
(p~c.6). KaK noKa3an TeopeT~4ecK~ ~ 
aHan~3/6/, ~3y4eH~e pa3n~4H~x Ka Ha-
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PHc.5. YKa3aHHe Ha cy~ecTBOBaHHe AH
npoTOHHoro pe3oHaHca c Maccon 
-2030 lhB. 

nos p4He-aHH~r~nH~~~ ~ conocTasneH~e 
pe3ynbTaToB c ~Me10114~M~CH AaHHbiM~ 

0 pacnpOCTpaHeHHOCT~ nerK~X 3neMeHTOB 
so BceneHHO~ no3son~T ycTaHoB~Tb 

orpaH~4eH~H Ha B03MO~HOe KOn~4eCTBO 

aHT~Bell4eCTBa a paHHe~ BceneHHO~ ~ Ha 
HeKOTOPble APYr~e Ba~H~e KOCMOnor~4e
CK~e napaMeTp~. MoryT 6~Tb TaK~e no
ny4eHbl KOCMonor~4ecK~e orpaH~4eH~H Ha 
napaMeTp~ Teop~~ sen~Koro o6oeA~HeH~H 

~ cynepc~MMeTp~4H~x MOAene~/6/. 

7. TeopeT~4ecK~ ~ccneAOBaH~ 3$$eK
T~ norap~~M~4ecKoro ~ cTeneHHoro Ha
pyweH~H cKe~n~Hra a npo~ecce rny6oKo
Heynpyroro pacceHH~H ~-Me30HOB Ha so
AOPOAe. 3a OCHOBY np~HHTbl npeACKa3a
H~H KXA AnH CTPYKTYPH~x $YHK~~~ so 
BTOPOM nOPHAKe Teop~~ B03MY114eH~~ no 
6ery~e~ KOHCTaHTe CBH3~ as(Q2)~ C y4e
TOM H~3we~ 1/Q2-nonpasK~. YcTaHosneHa 



PHc.6. AHHHrHnH~HH aHTHnpoToHa B re
nHH p4He ~ 3Hen-n+n-, gaperHcTpHpo
BaHHaH C llOMO~bW CaMOWYHTHpyw~eHCH 
renHeBOH CTpHMepHOH KaMepbi B COBMeCT
HOM 3KCnepHMeHTe Ha nyttKe Me,IJ;neHHbiX 
aHTHnpoTOHOB B UEPH. 

C~nbHaR 3aB~C~MOCTb ~3Bne4eHHOrO ~3 

AaHH~X 3Ha4eH~R KXA-napaMeTpa A OT 
a6con~THoA een~4~H~ cTeneHHoA nonpae
K~. noKa3aHO, 4TO Hey4eT 3TOro T~na 
nonpaBOK MO>KeT CAenaTb OW~004HbiM~ 3a
Kn~4eH~R, Kaca~~~ecR KaK een~4~H~ A, 
TaK ~ 3Kcnep~MeHTanbHoro cTaTyca KXA 
B ~enoM. ApryMeHT~poeaHa ea>t<HOCTb 
ececTopoHHero ~3y4eH~R cTeneHHoro Ha
pyweH~R CKeAn~Hra KaK ~CT04H~Ka HOBO~ 
~H$OpMa~~~ 0 CTPYKType HyKnOHa. no
ny4eH~ HeKOTOp~e KOn~4eCTBeHHble xa
paKTep~CT~K~ nepeoA J/Q2-nonpaeK~ 
K CTPYKTYPHbiM ¢YHK~~RM. 05cy>KAeHbl 
eceeo3MO>KH~e nyT~ npeoAoneH~R TPYA
HOCTeA C pa3AeneH~eM CTeneHH~X ~ no
rap~$M~4eCK~X 3$~eKTOB B 3KCnep~MeH
TanbH~X AaHH~X no rny5oKoHeynpyroMy 
pacceRH~I0/7/. 

8. TeopeT~4ecK~ noKa3aHo, 4TO 
B3a~MOAeACTB~e nap~ HyKnOHOB, nony-

4~BW~X ~BeTHble 3aPRAbl np~ npOXO>KAeH~~ 

penRT~B ~CTCKOrO aAPOHa CKB03b RAPO, 
np~BOA~ T K HOBOMY MeXaH~3MY o6pa3oea
H~R 4aCT~~ Ha RApax C B~neTOM npOAYK
TOB pea K~~~ Ha3aA. Pac4eT noKa3an,4TO 
npeAnO>KeHH~A MeXaH~3M Ha AeATpOHaX RB
nReTCR onpeAenR~~~M B o6nacT~ ~Mnynb
coe BTOP~4H~x 4aCT~~ e~we 500 M3B/c. 
YKa3aH~ 3Kcnep~MeHT~, c noMo~b~ KOTo
p~x npeAnO>KeHH~A MeXaH~3M MO>KHO OTAe
n~Tb oT APYr~x. AnR o~eHK~ T04HOCT~ 
npoBeAe H~x KBa3~Knacc~4ecK~x pac4e
Toe paCCMOTpeHa OAHOMepHaR KBaHTOBO
MeXaH~4eCKaR MOAenb/8/. 

9. p CCMOTpeH~ npo~ecc~ ~HAY~~po
BaHH~X n a3epOM (COz, ~ : 10 MKM) ne
peXOAOB Me>KAY YPOBHRM~ CBepXTOHKOA 
~TPYKTYP~ · (eTe) M~OHH~X aTOMOB ~ MO
neKyn. oKa3aHo, 4TO AnR M~OHH~x Mo
neKyn AOnnnepoecKaR w~p~Ha n~H~~ 3Ha-
4~TenbHO yMeHbwaeTCR B ynpyr~x coyAa
peH~Rx ~ 3TO 06CTORTenbCTBO np~BOA~T 
K CH~>Ke H~~ MO~HOCT~ na3epa, He06XOA~

MOA AnR ocy~ecTeneH~R yKa3aHH~x nepe
XOAOB. npoBeAeHHble O~eHK~ CB~AeTenbCT
BY~T 0 TOM, 4TO BnOnHe peanbHO 3$$eK
T~BHO ~ 3MeHRTb 3aceneHHOCTb ypoeHeA 
ere Mone Kyn pp~ ~ pd~ B 3Kcnep~MeHTax 
c BOAOPOAHOA M~weHb~ Ha M~OHHOM ny4-
Ke. Ocy~ecTeneH~e 3ToA B03MO>KHOCT~ 

n03BOnRe T: 1) ~3Y4~Tb cn~HOBYIO 3ae~
C~MOCTb peaK~~A ~- + p ~ n + V~ 
~ p + d ~ 3He + y; 2) ~3Mep~Tb C T04-
HOCTb~ -lo-s 38 ceepxToHKoe pac~enne
H~e e MoneKynax pp~ ~ pd~ ~ onpeAe
n~Tb BKnaA, o6ycnoeneHH~A 3$$eKTaM~ 
KBaHTOBO~ 3neKTPOA~HaM~K~ ~ Tpex4ac
T~4H~M~ penRT~B~CTCK~M~ C~naM~/9/. 

HeenEAOBAHHE eBO~eTB 
ATOMHbiX RAEP 

1. B ¢oT03Mynbc~OHHoA KaMepe, 3a
nonHeHHoA RAPaM~ 7Li, npoeeAeH~ no
~CK~ ner4aAw~x He~TPOHH~X RAeP 3n, 
4n, Sn e npo~eccax RAepHoro 3axeaTa 
n~oHoe/10/. 

Ha p~c.7 T04KaM~ OTMe4eH~ npo6er~ 

~2000 AByxny4ee~x co6~T~A, 3aper~cT

p~poea HH~x B KaMepe c n~T~ee~M Hanon
HeH~eM; KP~B~M~ orpaH~4eH~ AOnycT~M~e 

KoppenR ~~OHH~e o6nacT~. B~AHO, 4TO 
H~ OAHO ~3 C06biT~~ He HaXOA~TCR B o6-
naCTRX, orpaH~4eHH~X KP~B~M~ Aan~~a. 
HaAAeHo , 4TO Ha ypoeHe 90%-HoA AOCTo-
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R,MKM 

• 

PHc • 8 • P acnpep;eneHHe co6bJTHfi peaKI~HH 

1T ± 4He -+ 7T±p 3H npH 156 ~bB B 3aBH
CHMOCTH OT yrJia 87Tp Me~y pacceHHHb~ 
fiHOHOM H npOTOHOM- pHc.8a H 8B.Pac
npep;eJieHHe 3THX >r<e co6biTHfi no 3qxpeK
THBHbiM Mace aM H1rp - pHc. 86 H 8r. 
3aruTpHXOBaHbJ pacnpep;eJieHHH C06bJTHfJ 
c 81rp < goo. KpHBbJe onHCbiBaJOT pac
npep;eneHHe COOblTHH B COOTBeTCTBHH 
C HMeW~MCH ~a30BbiM npOCTpaHCTBOM 
H C yqeTOM B036~eHHH ~-pe30HaHCa. 

BepHOCTH OTHOCHTenbH~e BepOflTHOCTH 

!
2H+2u+3n l 

W(1r-+7Li)-+ IH+3H+3~ 
ln+2H+4n 

IH+ln+5n 

< 1, 2. w-3. 

2 . ~3y4eHa peaK4Hfl KBa3Hynpyroro 
pacceRHHfl 3apfl~eHH~X nHOHOB C 3Hep r H
eH 156 M38 Ha flApax renHR. 3KcnepH -
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~ 
PHc. 7. KHHeMaTHtteCKH p;onycTHMbJe o6-
JiaCTH KOppeJIHqliH p;Byx 3apH~eHHb~ ttac
TH~ ,D;JIH peaKqHH: --- 7T-7Li -+ 2H2H3n; 

7T-7Li -+ IH3H3n; -·-·- 7T-7Li -+ 
-+ IH2H4n H -x-x- 7T-7Li -+ IHIH5n. -
TottKaMH OTMetteHbJ npo6erH ttacTH~ 
B 3MYJibCHOHHb~ KaMepax C JIHTHeB~ 
HanOJIHeHHeM • 

N 
6 

5 

4 

1 

N 
6~ 
5 

4 

3 

2 

1 

l 
0 

a 6 
1{. •• 

B t r 
~- 1C-

90 mo 1200 
9tp. (rpaJl) M,p,l~hBl 

MeHT B~nonHeH C nOMO~b~ CTPHMepHOH Ka
Mep~-MHWeHH, HanonHeHHOH renHeM npH 
AaBneHHH 4 aTM. H OKpy~eHHOH ynpae
nfl~\HM rOAOCKOnOM H3 C4HHTHnnR4HOHH~X 
c4eT4HKOB. ~3MepeH~ AH~~epeH4HanbH~e 
ce4eHHfl npo4ecca H yrnoe~e KoppenR4HH 
BTOPH4H~X 4aCTH4 (pHc.8), ~3 B~non
HeHHOrO aHanH3a cneAyeT, 4TO MeXaHH3M 
peaK4HH onpeAenfleTCfl KBa3HCB060AH~M 
7Tp-pacceflHHeM c eo36y~eHHeM ~-pe3o
HaHca/ I I/, 



o6-
K t~ac-
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M 
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3. B T~~enblx ~Apax, e o6nacTH Mac
coeoro 4Hcna A= 150, HccneAoeanacb 
6onbwa~ rpynna nepeXOAOB raMoea-Ten
nepa, xapaKTepHayo~aRc~ aHOManbHO 
6onbWHMH 3Ha4eHHRMH npHBeAeHHbiX ee
PORTHOCTeH 8-pacnaAa. npoeeAeHHble no 
nporpaMMe ~P~C-ftCHAnn H3MepeHHR nepHo
AOB nonypacnaAa HyKnHAOB, 3HeprHH 
H BeTBeH 8-nepeXOAOB, a TaKme K03$$H-
4HeHTOB BHyTpeHHe~ KOHBepCHH 3neKTpo
HOB, COCTaBHBWHX B COBOKynHOCTH 11non
HbU':i Ha6op 11 AaHHbiX, noaeonHnH HAeHTH$H-
4HPOBaTb nepeXOAbl KaK 4HCTble raMoe
TennepOBCKHe THna cnHH-$nHn (~£ = 0, 
~S = 1). npHMe4aTenbHO, 4TO 3TH 8-
nepeXOAbl a6HpaoT a ce6R no4TH aco HH
TeHCHBHOCTb 8-pacnaAa. 

nonyyeHbl npe1,4H3HOHHble 3KCnepHMeH
TanbHble 3Ha4eHHR npHBeAeHHbiX aepoRT
HOCTeH 8-pacnaAa. 

HenocpeACTBeHHaR 6nH30CTb Hccne
AYeMbiX 8-HanyYaTene~ K MarH4eCKOMY 
RAPY 1t2Gd82 oTKpblna YHHKanbHyo aoa
MomHocTb KoppeKTHoro pac4eTa npHBeAeH
HbiX eepo~THOCTeH nepeXOAOB. 3$$eKTbl 
RAePHOH CTPYKTYPbl B pac4eTaX BbiAen~
nHCb B RBHOM BHAe: Y4HTbiBanOCb KOH
~Hrypa4HOHHOe CMeWHBaHHe H 4aCTH4HO
AbiP04HaR cnHH-cnHHoaa~ nonRPH3ai,4HR 
B 3apR~eHHOM KaHane. 

06HapymeHO nOAaBneHHe CHnbl 8+-pac
naAa, KOTOpoe 06o~CHReTCR BHpTyanbHbiM 
B036ymAeHHeM HeHyKnOHHbiX CTeneHeH CBO
OOAbl, HanpHMep ~-Hao6apbl, H Mo~eT 
6b1Tb 3$$eKTHBHO y4TeHo nepeHOPMHpoe
KOH B ~Ape KOHCTaHTbl cna6oro aKCHanb
HO-eeKTOpHoro TOKa. CpeAHee no pac
CMaTpHeaeMbiM ~APaM nepeHOPMHPOBaHHOe 
3Ha4eHHe cocTaan~eT IGAI = 0,67 lgvl, 
4TO n04TH B ABa pa3a OTnH4aeTCR OT 
3Ha4eHHR An~ ceo60AHoro HyKnoHa 
!gAl = 1,25lgvl/12/. 

4. B paMKax nporpaMMbl ~CHAnn abl
nonHeH KOMnneKc HccneAOBaHHH no 
cneKTPOCKOnHH aTOMHbiX ~Aep. 

a) B peaynbTaTe HccneAOBaHHH yrno
BbiX KoppenR1,4HA y-HanyYeHHH npH pacna
Ae 165Tm -+ 165Er YT04HeH MYnbTHnonb
HbiH cocTaa P~Aa y-nepexoAOB. YcTaHoa
neHo BpeM~ mH3HH COCTORHHR 589,8 K3B 
(1/2-), T1/2 = 0,98(14) He. MeTOAOM 
HHTerpanbHbiX B03My~eHHbiX yrnOBbiX 
yy -KoppenRI,4H~ H3MepeH MarHHTHbiH MO
MeHT YPOBHR 242,9 K3B 165Er, ~ = 
= -0,51(14) R.M. AHanHa HMeO~HXC~ 
3KcnepHMeHTanbHbiX AaHHbiX a paMKax 
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PHc.9. CxeMa pacn~a 135La-+ 135Ba. 

COBpeMeHHbiX nonyMHKpOCKOnH4eCKHX MO
AeneH ~APa noKaaan Heo6XOAHMOCTb yye
Ta anHRHHR aaaHMOAeHCTBHR KopHonHca 
npH OnHCaHHH MarHHTHbiX MOMeHTOB 
COCTO~HHH POTai,4HOHHbiX nonce OT
PH4aTenbHOH 4eTHOCTH B H30TOnax 
161,163, 165Er/13/. 

5) 8oa5ymAeHHble COCTORHHR 135Ba 
HCcneAOBanHCb npH H3y4eHHH pacnaAa 
1351a C npHMeHeHHeM COBpeMeHHbiX y-
H 8-cneKTPOMeTpH4eCKHX YCTaHOBOK Ha 
6a3e Ge(Li)- H Si(Li)-AeTeKTOPOB C Bbi
COKOH paapewao~e~ cnoco5HOCJ bO. Ha 
OCHOBe nony4eHHbiX AaHHbiX 0 y-ny4aX 
H HHTeHCHBHOCTRX 3neKTpOHOB BHyTpeH
HeH KOHBepCHH onpeAeneHbl CnHHbl H 4eT
HOCTH PRAa YPOBHeH 135Ba (pHc.9). 
nPHPOAa B030YmAeHHbiX COCTORHHH 135Ba 
paccMaTpHaaeTcR a paMKax MOAenH, yYH
Tbleao~eA CBR3b He4eTHOH 4aCTH4bl C aH
rapMOHH4eCKHMH KOne6aHHRMH 4eTH0-4eT
HOrO OCTOBa. nony4eHHaR HH$OPMa4H~ 
0 CTPYKType BOnHOBbiX $YHKL4HH B036ym
AeHHbiX COCTO~HHH n03BOnHna Bbi4HCnHTb 
MarHHTHbiH MOMeHT OCHOBHOrO COCTO~HH~ 
135Ba(~(3/2+) = 1,1~N) H eepo~THOCTb 
M1-nepexoAa c 3HeprHeH 220 K3B 
(B(H1; 1/2+-+ 3/2+) = 0,36~~), KOTO
PbU.1 B o6ono4e4HOH MOAenH RBnReTCR £-
3anpe~eHHbiM. PeaynbTaTbl pacYeToa co
rnacyoTcR c 3KcnepHMeHToM/14/. 

6~0nOrH4ECKHE HCCnEAOBAHH~ 

1 . PaccMoTpeHa aaeHCHMOCTb HaAem
HOCTH reHOMa KneTOK OT YPOBH~ ero 
CTPYKTYPHOH opraHH3a1,4HH. BaeAeHo no
HRTHe Mepbl HaAemHOCTH reHOMa. noKaaa-
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HO, 4TO yeenH4eHHe HaAemHOCTH reHOMa 
npH nepeXOAe OT 3yKapHOT-ranno HTOB 
K AHnnoHTaM o6ycnoenHeaeTc~ AHnnoHA
cne~H$H4eCKOH penapa~HeH AHK H xpoMo
coM. 0TMe4eHa ponb HaAemHOCTH reHOMa 
a orpaHH4eHHH KOnH4ecTea AHK, coAep
ma~eHc~ a ~Ape KneTKHj ponb AHnnoHA
cne~H$H4ecKOH penapa~HH a nepe xoAe 
3yKapHOT OT rannOHTOB K AHnnOHTaMj 
ponb AHnnOHAHOro COCTO~HH~ ~APa B My
Ta6enbHOCTH xpoMocoM. B~cKa3a Ho npeA
nonomeHHe o TOM, 4TO noe~weHHe HaAem
HOCTH reHOMa cnymHT eamH~M $a KTOPOM 
nporpeCCHBHOH OHOnOrH4eCKOH 3 BOn~
~HH/15/, 

2. PaccMoTpeH~ 3aKoHoMepHOCTH HH
AYK~HH ocHOBH~x THnoe noepe>KAe HHH AHK 
(Hrpa~Hx ponb a peanH3a~HH KHcnopoA
Horo 3$$eKTa), B~3~BaeM~X H3ny4eHH~MH 
C pa3HOH nHHeHHOH nepeAa4eH 3 HeprHH 
(L). noKa3aHo, 4TO B~XOA~ noe pemAeHHH 
AHK, o6pa3y~~Hxc~ a pe3ynbTaTe ABYX, 
a TaKme Tpex H 6onee aKTOB nepeAa4H 
3HeprHH, yeenH4HBa~TC~ C B03pa cTaHH
eM L. B paMKax npeAnomeHHo~ MOAenH 
npoBeAeH~ o~eHKH B~XOAa He BOCCTaHae
nHBaeM~X O~CTp~M THnOM penapa ~HH H He 
"\PAH$H~11PYeM~X KHCnOPOAOM OAHOHHTeBbiX 
pa3p~eoe (OPtr> AHK.e 3aBHCHMOCTH 
OT L, w3aBHCHMOCT~ N5~ 1 (L) on~c~eaeTC~ 
KPHBOH, THnH4HOH An~ IMHOrOyAaPH~X 

npo~eccoe. MaKCHMYM 3TOH 3aBHCHMo
CTH npHXOAHTC~ Ha 3Ha4eHH~ L,pae
H~e 200-300 K3B/MKM. O~eHKH e~xo
AOB np~M~x ABYXHHTee~x pa3p~eoe 

(NII,[~p) AHK a KHcnopoAHbiX H aHOKCH4e
CKHX ycnOBH~X B 3aBHCHMOCTH OT 1 no
Ka3anH, 4TO B o6naCTH B03pacTaHH~ 3a
BHCHMOCTH NI1,[1p(L) B KHCnOPOAH~X H 
aHOKCH4eCKHX ycnOBH~X COXpaH~eTC~ no
CTO~HHOe COOTHOWeHHe BbiXOAOB·, pas
HOe 2. npH AanbHeHWeM B03pacTa HHH L 
eenH4HHa 3TOrO COOTHOWeHH~ yMeHbWaeT
C~. Ha ocHoee pa3BHT~x npeACTa aneHHH 
npOBeAeH KPHTH4eCKHH aHanH3 ap r yMeH
TOB KOH~en~HH 11 KHCnOPOAa B Tpe Ke 11 

H B3aHMOAeHCTBY~~HX paAHKanoa 11 / 16/, 

C03,[JAHHE HPYflHb!X 
3KCflEPHMEHTARbHb!X YCTAHOBOK~ 
METO,IJHf./ECHHE HCCRE,IJOBAHH.fl~ 

3REKTPOHHKA 

1 . npoAonmanOCb C03AaHHe (COBMecT
HO c H$B3 (npoTaHHo), OHMY, on H 
CH30 OHRH) KpynHeHweH ycTaHOBKH An~ 
HCCneAOBaHHH B o6naCTH $H3HKH HeHTpH
HO Ha YCKOpHTene 70-r3B B npoTBHHO -
11 HeHTPHHHoro AeTeKTopa 11

• B 1983 r. 
nonHOCTb~ 3aBepweHO C03AaHHe MarHHT
HOH cHcTeM~ AeTeKTopa. 

2. CoaMeCTHO c nHR$ AH CCCP pa3pa-
6oTaHa H C03AaHa non~pH3oeaHHa~ AeHT
poHHa~ MHWeHb Ha OCHOBe nonHOCTb~ AeH
TepHpOBaHHOro 3TaHAHOna. BenH4HHa no
n~pH3a~HH AeHTPOHOB AOCTHraeT 40%,4TO 
HaXOAHTC~ Ha ypOBHe ny4WHX MHPOBbiX 
AOCTHmeHHH. Pa3pa6oTaH H peanH3oeaH 
HOB~H npe~H3HOHH~H MeTOA onpeAeneHH~ 
CTeneHH non~pH3a~HH AeHTPOHOB C T04-
HOCTb~ ~1,5%, 4TO B 5 pa3 ny4We T04-
HOCTH APYrHx H3BeCTHbiX MeTOAoa/ 17 I. 

3. 3aeepweHO C03AaHHe cneKTPOMeT
pa APEC a aapHaHTe An~ HccneAOBaHH~ 
HecoxpaH~~ero nenToHH~H 3aP~A pacna
Aa ~ ~ 3e. CneKTpoMeTp CMOHTHpoaaH 
Ha pa6o4eM MecTe a 3ane ycKOPHTen~. 
B cneKTPOMeTpe Hcnonb3Y~Tc~ 6onbWHe 
~HnHHAPH4eCKHe MHoronpoaono4H~e npo
nop~HOHanbH~e KaMep~ c Man~M KonH4ecT
BOM ae~ecTaa a pa6o4eM o6oeMe 
~),5•1Q-2r/cM2, KOTOp~e MOryT 6~Tb 
Hcnonb30BaH~ An~ AeTeKTHpoaaHH~ 4ac
TH~ C HH3KHMH 3HeprH~MH/18/, 

4. B cneKTpocKonH4eCKHX HccneAoaa
HH~x, npOBOAHM~X na6opaTOpHeH, HCnOnb-
3Y~TC~ AeTeKTop~, H3roTaenHeaeM~e 

B COTPYAHHqecTBe c OHMY, CH30 OHHH H H~B3 (ITpoTBHHo) C03AaeTCH ycTaHOBKa 
AnH HccneAOBaHHH B o6nacTH ~H3HKH HeHTpHHO Ha ycKopHTene H~B3. Ha CHHMKe: 
fiOArOTOBKa HeHTPHHHOro KaHana y CKOpHTenH K MOHT~Y HeHTPHHHOrO AeTeKTOpa. ~ 
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IlpeiJ;H3HOHHbllf H3MepHTeJibHblfl KOMn.rteKC ,!J;JI.fl aMnJIHTY,!J;Hb!X H BpeMeHHb!X H3MepeHHH 
xa~aKTepHCTHK pa,!J;HOHYKJIH)J;OB CO c neKTpOMeTpHqeCKHHH ,D;eTeKTOpaMH, paooTaWUIHMH 
Ha JIHHHH C MHKpo- H MHHH-3BM. 

8 n~n ~3 CBepX4~CTOrO repMaH~RiJ 9 /, 
npe~MYl!leCTBO TaK~X AeTeKTOPOB no cpas
HeH~IO C Ge(Li) COCTO~T B TOM, 4TO An~ 
~X C03AaH~~ Tpe6yeTC~ CYl!leCTBeHHO 
MeHbWe BpeMeH~, OH~ MOryT xpaH~T b C~ 

np~ KOMHaTHO~ TeMnepaType, OT~~r pa
A~a~~OHH~X Ae$eKTOB MO~Ho npoBOA~Tb 
np~ cpasH~TenbHO H~3K~x TeMnepaTy pax. 
AeTeKTop~, KaK npas~no, ~MeiOT 3He pre
T~4ecKoe pa3peweH~e, 6n~3KOe K n pe
AenbHOMY (p~c.10). np~MeHeH~e TaK~X 

AeTeKTopos An~ ~3MepeH~~ cnnowH~x no-
3~TPOHH~x cneKTpos no3son~no sneps~e 

3Kcnep~MeHTanbHO onpeAen~Tb rpaH~ ~Y 

npoTOHHO~ ycT0~4~BOCT~ aTOMH~x ~Aep. 
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5. B 1983 r. npoAon~anacb pa3pa-
6oTKa ~ C03AaH~e KOMnneKCa 3neKTPOH

HO~ annapaTyp~ An~ aHan~3a co6~T~~. 

nony4aeM~x a $~3~4ecK~x 3Kcnep~MeH
Tax. Hana~eHo ~ nepeAaHo a $~3~4eCK~e 
rpynn~ 375 3neKTpOHH~X 6nOKOB, B oc

HOBHOM a cTaHAapTe KAMAK, a TOM 4~c
ne: pa3n~4H~e Tp~rrepH~e c~cTeM~ Ha 
OCHOBe 6biCTPOAe~CTBYIOlli~X nor~4eCK~X 

cxeM An~ oT6opa co6~T~~. npe~~3~oH
H~e C~CTeM~ An~ aMnn~TYAH~X ~ speMeH
H~X ~3MepeH~~ CO cneKTPOMeTp~4eCK~M~ 
AeTeKTopaM~ ~AePH~x ~3ny4eH~~. a TaK
~e ~~$pos~e c~cTeM~, pa6oTaiOl!l~e cos
MecTHo C M~Kpo- ~ M~H~-3BM. 
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PHc.IO. CneKTp a-qacTH~ 238Pu, nony

tJeHHbiH C nOMOI!IbiO ,n;eTeKTOpa H3 CBepx

'tJHCTOI'O repMaHHH. 

• 

PABOTbl B OBJIACTJ1 YCKOPJ1TEJIEfJ 

1. B~nonHeH 6onbwo~ o6beM pa6oT 
no MOHTa~y, KOMnneKCH~M I-1Cn~TaHI-1~M 

1-1 HanaAKe 060PYAOBaHH~ An~ nyCKOB~X 
pa6oT no ycTaHOBKe 11CI> 11

, 3aKOH4eH~ 
MOHTa~H~e pa60T~ no B~COK04aCTOTHO~ 
CHCTeMe C MOAyn~TOPOM, nony4eH~ pa -
6o4He o6opoT~ eapHaTopa 4aCTOT~.OT

na~eHa CHCTeMa H3MepeHH~ H CTa6HnH -
3a~HH 4aCTOT~ epa~eHHR BapHaTopa. 
YcosepweHcTeoeaH~ M_aH~eTHbJe ynnoTHe 
HHR poTopa eapHaTopa no eaKyyMy,Mac
ny 1-1 BOAe. B~nonHeH~ pa6oTbl no MoH -

Ta~y H HanaAKe HOHHOrO HCT04HHKa ro
PH30HTanbHOrO BBOAa. nony4eH B~COKH~ 
BaKYYM B KaMepe YCKOPHTem~, Hana>:<eHa 
84-cHCTeMa H AOCTHrHyTO YCKOP~~~ee 
Hanp~~eHHe Ha AYaHTe - 35 KB. 3aKoH-
4eH MOHTa~ nynbTa ynpaeneHH~ yCKOpH
TeneM, 

2. Ha 3neKTPOHHO~ MOAenH ~HKnoTpo

Ha 3KCnepHMeHTanbHO HCCneAyeTCR 803-
MO>:<HOCTb BbiCOK03CI>$eKTHBHOro B~BOAa 
ny4Ka Ha OCHOBe TeopeTH4eCKH npeACKa-
3aHHOrO B na6opaTOpHH 3$CI>eKTa pa3Ae
neHHR op6HT. Ha pHc.ll noKaaaH OTAe
neHHbl~ ny4oK np~-1 HcnonbaoeaHHH 3CI>CI>eK
Ta pacwHpeHH~ op6HT. 

3. npoBeAeHa on~THa~ 3KCnnyaTa~HR 
OAHOMeTpoeoro YCTPO~CTBa C OAHOBHTKO
BO~ H3MepHTenbHO~ paMKO~ An~ H3MepeHH~ 

HeOAHOPOAHOCTH MarHHTHOro non~ B AH
non~x YHK. 3aKOH4eHo TeXHH4ecKoe npo
eKTHpoeaHHe H3MepHTenbHoro ycTpo~cTea 
An~ wecTHMeTpoeoro AHnon~ YHK. ~1aro

ToeneH 1-1 nepeAaH e Ht1>B3 ~AePH~~ Mar
HeToMeTp C npeAenaMH H~MepeHH~ HHAYK-
41-11-1 non~ AD 5 T . 

• 
J~ 

90 95 
r (eM) 

PHc.II. 3~eKT pacmHpeHHH opoHT Ha 

KOHetJHbiX pa,n;HyCaX YCKOpeHHfl r B 3neKT

pOHHOH MO,n;enH I~HKnOTpOHa; j 4 - nytJOK, 

3aperHCTPHPOBaHHbiH npo6HHKOM, 
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nA60PATOPMH 
HJJ.EPHbiX PEAK~MM 

B 1983 rOAY OCHOBH~e yc~n~R Kon
neKT~Ba na6opaTOP~~ 6~n~ CKOH~eHTp~

POBaH~ Ha npoBeAeH~~ ~~3~4eCK~X 3KC
nep~MeHTOB Ha Y-400, pa6oTax no c~H
Te3y HOB~X TpaHC~epM~eB~X 3neMeHTOB, 
no~cKe ceepxTRmen~x 3neMeHTOB B np~
POAe, Ha ~3y4eH~~ MeXaH~3Ma RAePHbiX 
peaK~~H. 6onbwoe BH~MaH~e YAenRnocb 
pa3B~T~~ np~KnaAH~X ~ccneAOBa H~H.Ha-
4aT~ 3Kcnep~MeHT~ Ha ABYXnne4eBOM 
epeMRnponeTHOM cneKTPOMeTpe ~ KaMepe 
pacceRH~R ycTaHOBK~ MC-A. B~nonHeH 

6onbwOH o6aeM pa6oT no C03AaH~~ yc
TaHOBOK BACHflHCA, flHAHA, KCH, XHnTH. 
CornacHo TeMaT~4ecKOMY nnaHy fla6opa
TOP~~ B 1983 r. YCKOP~Ten~ OTpa6oTa
n~ AnR ~ccneAOBaTenbCK~x 3aAa4 
6400 4aCOB. 

HAY~HO-HCCflEPOBATEflbCHHE PAEOTH 

CHHTE3 H HCCflEAOBAHHE 
CBO~CTB H30TOnOB 

TPAHCYPAHOB~X 3flEMEHTOB 

1. 3Kcnep~MeHTanbH~e non~TK~ Ha-
6n~AeH~R cnoHTaHHoro AeneH~R ~n~ a
pacnaAa 3neMeHTa C aTOMH~M HOMepoM 
109 e peaK~~~ 209Bi(58Fe,ln)266to9 
np~een~ K onpeAeneH~~ rpaH~4H~x 3Ha-
4eH~H ce4eH~R peaK~~~ c~HTe3a. B~co
KaR 4YBCTB~TenbHOCTb 3KCnep~MeHTOB 
e Ay6He (rnaeH~M o6pa3oM, aa c4eT 
04eHb B~COKOH ~HTeHC~BHOCT~ ny4Ka 
~OHOB) no3BOn~na nPOAB~HYTbCR K 04eHb 
Man~M 3Ha4eH~RM Ce4eH~H S2·10-36cM2, 
KOTOp~e OKa3an~Cb np~MepHO B AeCRTb 
pa3 MeHbwe Toro, 4TO MOmHo 6~no om~
AaTb ~3 on~TOB AapMwTaATCKOH r pynn~, 

coo611\~BweH o nony4eH~~ 266109. 
C ~enb~ noHRTb np~4~HY cTonb c~nb

Horo yMeHbWeH~R ce4eH~R np~ nepexoAe 
OT 3neMeHTa 107 K 3neMeHTY 109 6~no 
~ccneAOBaHo o6paaoeaH~e ~aeecTHoro 

~3oTona 262t07 e Tpex peaK~~Rx : 
209Bi(54cr,ln), 208pb(55Mn, In ) , 
205Tl(58Fe, In), ~ TaKme ~ 30Tona 
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244Fm e nRT~ peaK~~Rx:209Bi(37cl,2n), 
206pb (40Ar, 2n), 192os (54cr, 2n), 
176Yb(70zn, 2n), 170Er(76Ge, 2n). 

AnR 107-ro 3neMeHTa M~H~ManbHoe 
3Ha4eH~e 3Hepr~~ B036ymAeH~R COCTaB
HOrO RAPa 263107 BO BCeX KOM5~Ha~~RX 
M~WeHb-~OH npaKT~4ecK~ OA~HaKoeo. 

BMecTe c TeM,B pe3ynbTaTe on~TOB HaH
AeHo, 4TO no cpaeHeH~~ c nepeoH peaK
~~eH (Zt•Z2 = 1992) ce4eH~e o6pa3oea
H~R 262107 yMeHbWaeTCR np~MepHO B 
2 pa3a e peaK~~~ 208pb + 55Mn(Zt·Z2= 
= 2050) ~ 6onee 4eM e 30 pa3 e peaK
~~~ 205Tl + 58Fe (z 1.z2 = 2106). Ecn~ 
3TO yMeHbWeH~e Ce4eH~H CBR3~BaTb C AO
nonH~TenbHOH 3Hepr~eH BO BXOAHOM Ka
Hane, Heo6XOA~MOH AnR Cn~RH~R RAep 
(extra-push), TO KameTCR HeYA~B~Tenb
H~M pe3Koe naAeH~e ce4eH~R peaK~~~ 

209Bi(58Fe, ln)266t09, AnR KOTOPOH 
z 1.z2 = 2158. 

np~ OTCYTCTB~~ AOnOnH~TenbHOH 3Hep
r~~ ~Ec.H. ce4eH~e o6pa3oBaH~R 244Fm 
AOnmHo 6blno 6bl eo3pacTaTb c yMeHbwe
H~eM MaCCOBOH aC~MMeTp~~ napTHepOB 
peaK~~~ B c~ny yMeHbWeH~R M~H~ManbHOH 
3Hepr~~ B036ymAeH~R • 0AHaKO 3KCnep~
MeHT CB~AeTenbCTBYeT 0 npOT~BOnonom
HOH TeHAeH~~~. np~ nepeXOAe OT 
206pb + 40Ar K peaK~~~ 192os + 54cr 
ce4eH~e pe3KO y6~eaeT, a AnR nocne
AY~II\~X ABYX peaK~~H nony4eH~ n~wb 
eepxH~e rpaH~~~ ce4eH~H. 

Pe3ynbTaT~ on~TOB npeACTaeneH~ 

B Ta6n.1, B TpeTbeH KOnOHKe KOTOpOH 
np~BeAeHO OTHOWeH~e Oexp K pac4eTH~M 
3Ha4eH~RM a 6e3 y4eTa CAB~ra 6apbepa 
cn~RH~R (~E = 0), a B 4eTeepTOH KO
nOHKe AaHa o~eHKa ~E(M3B), 

3T~ 3Kcnep~MeHTanbH~e pe3ynbTaT~ 

no3eonR~T e~6~paTb Ha~6onee onT~Manb
H~e ~3 B03MOmH~X KOM6~Ha~~H M~WeHb

~OH AnR c~HTeaa RAeP c Z > 107. TaK, 
Hanp~Mep, ~3 ABYX B03MOmH~X KOM6~Ha
~~H Ph+ 58Fe (z 1.z2 = 2132) ~ 209Bi+ 
+ 55Mn (Zt·Z2 = 2075) 6onee npeAno4-
T~TenbHOH AnR C~HTe3a 264108 KameTCR 
nocneAHRR/1/. 



Ta5nm~;a 

3KcnepHMeHTanbHbie pe3ynbTaTbi no non~eHHJO .R,ZJ;ep 244Fm B peaKll;H.fiX 

AMHw. (HI, 2n)244Fm 

PeaKI.J;H.fl z1 • z2 Oexp/o(t.E=O) t.E (M3B) 

209Bi + 37Cl 1411 O, I 

206Pb + 40Ar 1476 O, I 4 

1920s + 54Cr 1824 0,01 -10 

176Yb + 70Zn 2100 <2·10 
-4 

>15 

170Er + 76Ge 2176 <5·10 
-6 

>25 

Ha n~KaX HOHOB YCKOpHTen.fl Y-400 npOBe,ZJ;eHbi 3KCnepHMeHTbl no CHHTe3y TpaHctlJep
MHeBb~ 3neMeHTOB oT 106 p;o 109 c peKopp;HoH qyBcTBHTenbHOCTbJO go Io-36cM2. 
Ha CHHMKax: a) npo5HHK ycTaHoBKH UHCKH; 5) B pa5o Tax no MHKpoxpoMaTorpatlJHqe
CKOMY Bbl,ll;eneHHIO npop;yKTOB pacnap;a CHHTe3HpOBaHHb!X 3neMeHTOB aKTHBHOe yqaCTHe 
npHHHMaroT cneu;HanHCThi H3 PYMbiHHH, f,[(P, cl>paHI.J;HH. 
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PHcolo lloBe~eHHe Am H Cm npH 
TepMoxpoMaTorpa~HH B TOKe He 
B KonoHKe H3 MeTannHqecKoro Tio 

~l 

2. np~ ~ccneA08aH~~ 803MOmHOCT~ 
803rOHK~ P~Aa aKT~HO~A08 (em, Am, Pu, 
Np) ~ naHTaHO~A08 c no8epxHOCT~ pa 3-
n~4H~x MaTep~ano8 o6HapymeHo, 4To 
8 aTMoc$epe He ~n~ Hz np~ 12000 y Ka-
3aHH~e 3neMeHT~ nerKo yneTy4~8an~c b 
c no8epxHOCT~ Ti ~ Zr, Ho ocTa8an~cb 
npo4HO c8~3aHH~M~ Ha Ta, W, Ni, Pt , 
CTan~ ~ K8ap4e. np~ OCy~eCT8neH~~ 

on~T08 8 TepMOXPOMaTorpa$~4eCKOM pe
m~Me Ha T~TaH080~ KOnOHKe OKa3anOCb, 
4To 8 onpeAeneHH~x ycno8~~x aKT~Ho~
A~ ~ ·naHTaHO~A~ TpaHcnopT~PY~Tc~ AO 
Heom~AaHHO H~3K~x TeMnepaTyp, ocam
Aa~cb 8 ~HTep8ane 600-5000 (cM.p~c .1)o 
Ha~6onee 8epo~THoe o6b~CHeH~e coc To
~T 8 ToM, 4To Ha KonoHKax ~3 Ti ~ Zr 
onpeAen~~~~M~ ~8n~~TC~ X~M~4eCK~e 

TpaHcnopTH~e peaK4~~ c o6pa3o8aH~eM 
8 ra3o8o~ $a3e cpa8H~TenbHO neTy4~X 
MOHOKC~A08 T~na AmO, KOTOp~e He cy
~eCT8Y~T 8 T8ePAO~ $a3e. 06HapymeHHOe 
Ho8oe ~8neH~e Mo~eT Ha~T~ pa3Hoo6pa3-
Hoe np~MeHeH~e 8 paA~OX~M~4eC K~X 

~ ~AePHO-X~M~4eCK~X 3KCnep~MeHTaXo 

Pa6oTa Ha4eneHa, 8 KOHe4HOM ·c4eTe, 
Ha ~3y4eH~e $~3~KO-X~M~4eCK~X C80~CTB 
CaM~X T~men~X aKT~HO~A08 MeTOAaM~ 

8~COKOTeMnepaTypHO~ X~M~~ np~ yn bTpa
ManbiX Kon~4eCT8ax aTOM08 Fm, Hd, 102 
~ 103 3neMeHTo8/2/o 

3o C nOMO~b~ 6onbWO~ CA80eHHO~ ~o
H~3a4~0HHO~ KaMepbl, n0380n~~~e~ ~3Me

p~Tb K~HeT~4eCKY~ 3Hepr~~ o6o~x oc
KonK08 AeneH~~ (cMoP~Co2), ~3y4eH~ 
xapaKTep~cT~K~ cnoHTaHHoro AeneH~~ 

ypaHa (238u)o nno~aAb o6pa34a ypa Ha 
ecTeCT8eHHoro ~30TOnHoro cocTa 8a 
pa8H~nacb 2700 cM2, TO~~Ha cno~ 
ypaHa - 100 MKr/cM2. An~ y8en~4eH~~ 
T04HOCT~ ~3MepeH~~ 3Hepr~~ OCKOn K08 
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PHco2o CxeMa ~BOHHOH HOHHsa~HOHHOH Ka
Mepbi: I , 2, 3, 7 - 9neMeHTbi KOHC TPYK~HH 
KaMepbJ; 4 - C06Hpa!O~HH 9neKTpO~; 5 -
ceTKa ~H onpe~eneHHn yrna BbmeTa oc
KOnKoB; 6 - 9KpaHHPYIO~aR CeTKaj 8 -
HCTOqHHKo 

AeneH~~ 8 ~oH~3a4~0HH~x KaMepax noM~Mo 
3KpaHH~x ceTOK Obln~ 88eAeHbl AOnonH~
TenbH~e ceTK~ (ceTKa 6 Ha p~co2),c~r
Han~ c KOTop~x cnym~n~ An~ onpeAene
H~~ yrna 8blneTa OCKOnK08 no OTHOWeH~~ 
K nnOCKOCT~ o6pa34ao 

Ha p~c.3 AaH~ Macco8~e pacnpeAene
H~~ OCKOnK08 AeneH~~ 235U Tenn08~M~ 
He~TPOHaM~ ~ OCKOnK08 CnOHTaHHOrO Ae
neH~~ 238u, nony4eHH~e Ha ocH08e 
cneKTP08 c y4eToM noTepb 3Hepr~~ oc
KonKo8. An~ cnoHTaHHoro AeneH~~ 238u 
nony4eH~ cneAY~~e xapaKTep~cT~K~: 

cpeAH~~ K~HeT~4eCKa~ 3Hepr~~ <TKE> = 
= 168,8+0,5 M3B, aTKE = 10,5 M3B,cpeA
H~~ K~HeT~4ecKa~ 3Hepr~~ ~ Macca ner
Koro ~ T~menoro ocKonKa <E1> = 
= 99,8±0,5 M3B, <EH> = 69,0±0,5 M3B, 
<M1> = 98,0±0,5 a.eoMo, <MH> = 
= 140,0±0,5 aoe.Mo/3/ 
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nOHCK CBEPXT~mEn~X 3nEMEHTOB 

1 . npOAOJl>KeHa pa3pa60TKa HOBbiX Me
TOAOB ~3BJ1e4eH~~ ~ KOH~eHTp~pOBaH~~ 

He~3BecTHoro cnoHTaHHO Aen~~eroc~ HyK
ll~Aa ~3 reoTepMallbH~x pacconoB nony
ocTpoBa 4eJ1eKeH. na6opaTOpH~e ~ccne
AOBaH~~ c 3JleMeHTaM~-aHanoraM~ CT3 
nOKa3a11~, 4TO nepcneKT~BH~M MO>KeT 6~Tb 
np~MeHeH~e KOM6~H~pOBaHH~X MeTOAOB,OC
HOBaHHbiX Ha npeABap~TeJlbHO~ nOArOTOBKe 
pacconoB (B~nap~BaH~e, pa3pyweH~e $~-

3~4eCK~x np~Mece~, KOJ1J10~AOB ~ nceBAO
KOJlJlO~AOB) C nocJleAY~~~M ~3BJ1e4eH~eM 
M~Kpo3neMeHTOB cooca)I(J:IeH~eM c cynb$~
AaM~, 3KcTpaK~~e~ ~ cop6~~e~. 

AaHHbiM~ MeTOAaM~ nepepa6oTaHo 50 M3 
paccona. nony4eHbl o6pa3~bl eA~H~4HOrO 
Beca ~1 Kr C $aKTOpOM KOH~eHTp~pOBaH~~ 
no B03MO>KH~M aHanoraM CT3 (cB~He~, 

~~HK, KaAM~~. Tallll~~. B~CMyT, PTYTb, 
30110TO) ~ JQ3+)Q5. 

3aBepweHa pa3pa60TKa HOBO~ MeTOA~
K~ KOH~eHTp~poBaH~~ CT3 ~ TepMallbH~x 

pacconoB, ocHoBaHHa~ Ha YllbTpa$~11bT

pa~~~ C ~CnOJ1b30BaH~eM nOJl~~AePHbiX 
$~JlbTPOB. 

2. Ha4aT~ ~ccneAOBaH~~ no no~cKy 
CBepxT~>KeJl~X 3JleMeHTOB B TepMallbH~X 
BOAax 6a~KallbCKO~ p~$ToBo~ 30Hbl. Me
TOAaM~ cop6~~~ Ha KaT~OH~TaX ~ aM$011~

TaX nOJ1y4eH~ KOH~eHTpaT~ T~>KeJl~X Me
Ta11110B ~3 100 M3 TepMaJlbH~x BOA. H3-
MepeH~~ aKT~BHOCT~ CnOHTaHHOrO AeJle
H~~ Ha AeTeKTOpe He~TPOHOB noKa3aJ1~, 
4TO COAeP>KaH~e cnoHTaHHO Aen~~eroc~ 
HYKll~Aa B TepMaX 6a~KaJ1bCKOrO p~$Ta 
co~3Mep~Mo c coAep>KaH~eM ero B pac
conax nonyocTpoBa 4eneKeH, 4To,c y4e
TOM H~3KO~ M~HepaJ1~3a~~~ AaHH~X BOA 
( ~ 1 r/n), AenaeT ~x 6onee nepcneK
T~BHbiM~ All~ 4e11e~ ~3BJ1e4eH~~ ~ KOH-
4eHTp~pOBaH~~ CBepXT~>KeJl~X 3JleMeHTOB. 

3. npoAOJl>KaJl~Cb no~CK~ aHOMaJlbHO 
npOT~>KeHHbiX TpeKOB B OJl~B~HaX BHe3eM
HOrO npO~CXO)I(J:IeH~~ ~3 MeTeOp~TOB 

Mapb~naxT~, Hrn CTe~wH, a TaK>Ke B He
CKOJlbK~x llYHHbiX Kp~cTannax. Bcero 
npOCMOTpeHO 3,5 CM3 OJl~B~HOB BHe3eM
HOrO npo~cxo)I(J:IeH~~. Ha~AeHo oKono 
270 TpeKOB ~Aep rpynn~ TOP~~-ypaHa 
~ OA~H aHoMallbHO npoT~>KeHHbl~ TpeK 
All~HO~ 337 MKM, KOTOP~~. B03MO>KHO, 
o6ycnoBneH cBepxT~>KeJlbiM ~APOM ranaK
T~4ecKoro npo~CXO)I(J:IeH~~. npoBeAeHa 

HattaTbi HCcnep;oBaHHH no noHCKY cBepx

TH)f(enbiX 3neMeHTOB B TepManbHbiX BOp;ax 

6aii:Kanb c Koi1: pHti>ToBoii: 30Hbi. 

KaJ1~6pOB Ka OJl~B~HOB ~3 MeTeop~TOB yc
KOpeHHbiM~ ~OHaM~ KCeHOHa, ypaHa ~ CB~H

~a c 3Hepr~e~ AO 16,7 M3B Ha HYKllOH. 
H36~ paTellbH~~ OT>K~r cneAOB 3T~x 

~AeP np~ TeMnepaTypax 430, 450 ~ 465°C 
CB~AeTeJl bCTByeT B nOJ1b3Y 3aKJ1~4eH~~ 

0 ~AePHOM npo~CXO>KAeH~~ Ha~AeHHbiX aHO
MallbHO npoT~>KeHH~X TpeKOB. 

4. n poBeAeH no~cK co6biT~~ cnoHTaH
Horo AeneH~~ Ha npoAOJl>KeH~~x H~3Ko-

3HepreT~ 4eCK~x y4aCTKOB aHOMallbHO npo
T~>KeHHbiX TpeKOB. C 3TO~ ~eJlb~ ABa Kp~
CTaJlJla, COAep>Ka~~e aHOMaJlbHO npOT~
>KeHHble TpeK~, 6~11~ oTnon~poBaHbl napan
nenbHO ~X OC~M ~ 06Jly4eHbl YCKOPeHH~M~ 
~OHaM~ KCeHOHa nOTOKOM 107 ~OH/CM2, 
nocne 4e ro npoTpaBneH~ c 4e11b~ Bbi~Bne

H~~ co6~T~~ cnoHTaHHOro AeJleH~~. reo
MeTp~4eC Ka~ 3$$eKT~BHOCTb B 3TOM On~Te 
COCTaB~Jla 50%, OAHaKO OCKOJlK~ CnOHTaH
HOro AeneH~~ o6Hapy>KeH~ He 6bln~. 

5. B MeTeop~Te AnneHAe B 1977 rOAY 
6bl11 o6Ha py>KeH nP~POAHbl~ cnoHTaHHO Ae
Jl~~~~c~ HYKll~A/4/. Ero aKT~BHOCTb no 
per~CTP~~~~ MrHOBeHHbiX He~TPOHOB Ae
JleH~~ v ~ B cne·~~allbHO BbiAeneH
HO~ X~M~4eCKO~ $paK~~~ COCTaBJl~Jla 

0,02-0, 0 5 pacn./cyTK~.Kr. 
HccneAoBaH~~ 6bln~ nPOAOJl>KeHbi.C no

M~b~ H~3KO$oHOBbiX A~3JleKTP~4ecK~x 

AeTeKTopos no coBnaAa~~~M TpeKaM oc
KOJlKOB AeneH~~ ~APa npoBeAeHa per~cT-
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3l\cnepHMeHTbl ITO CHHTe3y HeHTpOHOH3 0bJTO'lHbiX H30TOIIOB nerKHX ngep, pacrronoJKeH
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~ PHc.7. ~HepreTHtieCKHe crreKTPW rrpoTo-
~ HOB, geHTpOHOB H a-qacTH~ B peaK~HRX 

181Ta + 40Ar H 197Au + 40Ar rrog yrnoM 

90° (BepxHHH qacTb pHcynKa/. B HHJKne"H 
qacTH PHCYHKa rrpegcTaBnenw 3HepreTHtie
CKHe CIIeKTpbl IIpOTOHOB H a -qaCTH~ B TeX 
JKe peaK~HHX B COBIIageHHH C OgHHM H3 
OCKOnKOB geneHHH, perHCTpHpyeMb~ IIOg 
yrnoM 170°. 
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10-1 

70 80 90 10 0 f.M3B 
PHc.IO. 3aBHCHMOCTH Bb~OAa B MHHHMYMe 
x(l64°), pa3HOCTH Bb!XOAOB f:..X = X(93°)-~ 
- x(I640) H yrnoBoH: mHPHHbi Wl/2 oce-
Bb~ <I I I> TeHeBb~ MHHHMYMOB OT nnoT
HOCTH A03bl HOHOB, 0 - 3HeprHH HOHOB 
131 MsB, c - 114 M3B, V- 104 M3B, 

f:.. - 94,5 M3B, 

6, C nOM~b~ 3$$eKTa TeHeH npH HC
nonb30BaHHH MOHOKpHCTannH4eCKOH MH
WeHH eonb$paMa onpeAeneHo/11/"epeMR 
npoTeKaHHR peaK~HH AeneHHR RAeP noA 
AeHCTBHeM HoHoe 16o, B 3KcnepHMeHTe 
npocnemeHa aaBHCHMOCTb napaMeTpoe 
TeHeB~X MHHHMYMOB OT 3HeprHH H nnoT
HOCTH A03~ HOHOB (pHc.10), 3a$HKCH
POBaHH~e 3Ha4eHHR pa3HOCTH B~XOAOB 
B TeHeB~X MHHHMyMaX f:..X, n03BOnR~T 

B~RBHTb 3Ha4HTenbHy~ AOn~ C06~THH 

AeneHHR c epeMeHHOH 3aAePmKOH 
~lo-17 c. Cna6oe H3MeHeHHe eenH4HH~ 
B~XOAa X(l64°) B HHTepeane 3HeprHH 
HOHOB KHCnOPOAa OT 94,5 AO 131 M3B 

~ PHc. 9 • 3KcnepHMeHTaJibHbie ( TOtiKH) 
~ H pac tieTHble CetieHHH AeJieHHH H30TOllOB 

6apHH, o6pa30B8HHbiX npH B38HMOAeHCT
BHH H30TOllOB OJIOBa C HOHaMH 12C,B ga
BHCHMOCTH OT 3HeprHH B036~eHHH. 

O ,Ir-----~r---~~----~----_.----~ 

llf , I 
::: ? I I ~ f j 

-0,02 r-----~----~~----...U.------L-----1 

'fl/2 ( IM o l, 
rpa.~~.. 

3,0 

2,5 

2, 0 ~----~----~------._ ____ __... ____ ~ 

'fx/2 ( 113 ° l, 
rpa.~~.. 

3,0 

2, 5 

r 

9t-- -- .IA ___ ~--J----<?-
--- + ¢"" -<(' + 

2, 0 ~----~----~~----~----~----~ 
0 I 2 3 

He n03BOnReT CAenaTb BbiBOA 0 Ha6n~

AeHHH aaMeTHoro BKnaAa AOnromHey~eH 
KoMnoHeHT~ AeneHHR c ' > lo-16c. Pe
aynbTaT~ H3MepeHHH YAOBneTBOPHTenbHO 
OnHC~Ba~TCR paC4eTOM no CTaTHCTH4e
CKOH MOAenH npH Bbl6ope aaeHCHMOCTH 
TeMnepaTypbl RAPa OT 3HeprHH eoa6y>KAe
HHR B BHAe T(EX) = 1,94(EX/A)I/3, 

]. B paMKax nporpaMM~ HccneAOBa-
HHR HOH-aTOMH~X CTOnKHOBeHHH C HC
nonb30BaHHeM ny4KOB TRmen~X HOHOB, 
ocy~ecTBnReMOH COBMeCTHO nRP H ~R~ BAH, 
H3y4eH~ ome-cneKTp~ HeOHa, B03HHKa~

~He npH 6oM6apAHPOBKe HoHaMH Ne9+ 
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PHc.ll. OEe-cneKTP~ Ne npH 6oM6apAHPOBKe HOHaMH Ne+3, Ne+IO, Ar+6, Ar+l7. AnH 
cpaBHeHHH npHBeAeHbi cneKTpbl, nOJiytleHHbie npH 6oM6apAHPOBKe :3JieKTpOHaMH H npOTO
HaMH. 

&r~------------H--3 __ P_a~6~o-T--bi--sc-~--i-~--.-t-at-.• -19_8_2~:1=•==4=5~M=:3~B~C·t-,2.--~,----_,l 
7 

•:S: 
:s: 
~ 6 
Ill 
:.: 
C1l 
~ 5 

...:I 

g 4 
tJ 
:s: 
1:1' 

Q) 3 
Q) 
:I: 

~ p,2 
tJ 

,t 1 

650 
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• 30 M:3B o5• 

• 4.2 M:3B H+ 
v 140 M:3B Ar7+ 
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A 60 M:3B Ne4+ 
95 M:3B 22Ne5+ 

120 M:3B Ne 5+ 

150 MsB Ne'• 
200 M:3B Ne ?+ 

290 MsB Ne7• 

E cpeAHHH :3HeprHH OEe-cneKTpa (:3B) 
800 

PHc.12. CpeAHee qHCJIO L-BaKaHCH~ nL, o6pa9YID~eeCH OAHOBpeMeHHO c K-BaKaHCHe~, 
B 9aBHCHMOCTH OT cpeAHe~ :3HeprHH OEe-cneKTpa. 
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~ Ar9+ c 3Hepr~eH 5,5 M3B/HyKnoH 
(p~c.11). Oco6eHHOCTb 3T~x 3Kcnep~MeH
TOB B TOM, 4TO 6oM6apA~PY~~e HOHbl 
~Men~ OA~HaKOBY~ CKOPOCTb, a ~X 3aPRA
HOCTb Bapb~poaanacb B WHpOKOM A~ana3o
He +3++17, 4TO RBnRnOCb cy~eCTBeHH~M 
np~ ~HTepnpeTa~H~ 3Kcnep~MeHTanbH~x 

pe3ynbTaToB. 
np~ aHan~3e AaHH~X nony4eH~ BepORT

HOCT~ KLL- ~ KLM-nepexoAOB, cpeAHee 
4~cno 1-BaKaHCHH, o6pa3y~~~XCR OAHO
BpeMeHHO C K-BaKaHC~eH, OTHOC~TenbHOe 
nonepe4Hoe ce4eH~e caTenn~TH~x nHH~H 
no OTHOWeH~~ K nonHOMY cneKTpy, 3~

~eKT~BH~H 3aPRA HOHOB B AaHH~X CTOnK
HOBeH~RX, nOATBepmAeHa n~HeHHaR 3aB~
C~MOCTb cpeAHero 4~cna L-aaKaHc~H oT 
cpeAHeH 3Hepr~~ o~e-cneKTpa n1=f(EKLL) 
B W~POKOM 3apRAOBOM ~HTepBane 6oM6ap
A~PY~~X ~oHOB (p~c . 12), BbiBeAeHbl 3Ha-
4eH~R PL-aepoRTHOCT~ a~6~BaH~R 3neKT
poHoB ~3 L-o6ono4K~ np~ Man~x napa
MeTpax COYAapeH~R (p~c.13). 06pa60TKa 
3Kcnep~MeHTanbH~x AaHH~x npoBOA~nacb 

B paMKaX np~HRTbiX MOAenbHbiX npeACTaB
neH~H, a ~MeHHO no MOAenRM PWBA ~ BEA. 

nony4eHHble AaHHble Ba~Hbl AnR noH~Ma
H~R npo~eCCOB MHOrOKpaTHOH ~OH~3a~H~ 

H BOnpoCOB, CBR3aHHbiX CO CTPYKTYPOH 
B~COKO~OHH30BaHHbiX aTOMOB, ~ MOryT 
cny~~T b KP~Tep~RM~ np~ npoaepKe npa
B~nbHOCT~ ~Me~~XCR TeopeT~4eCK~X 

npeAC TaBneH~H B 3TOH o6naCT~ aTOMHOH 
~~3HK~ /2/. 

PA3PAEOTKH 
B OEflACTH YCKOPHTEnEa 

1 . npoAon~an~cb pa6oTbl no coaepweH
CTBOBaH~~ yCKOp~TeneH TR~enbiX ~o

Hoa/1 3-16/. Ha ~~KnoTpoHe Y-400 nony-
4eHbl ny4K~ ~OHOB, OCHOBHble napaMeTpbl 
KOTOP biX n~~BeAeHbl B Ta6n.2. 

2. C ~e-!lb~ nOBbiWeH~R 3~~eKT~BHOCT~, 
HHTeHC~BHOCT~ ~ pacw~peHHR A~ana30Ha 

YCKOpReMbiX 4aCT~~ npoBeAeH KOMnneKC 
Meponp~RT~H no C03AaH~~ HOBbiX y3nOB 
~ nepeBOAY OCHOBHbiX C~CTeM YCKOP~TenR 
Ha nOC TORHHble CXeMbl: 

a. B 3Kcnep~MeHTanbHOM 3ane Y-400 
CMOHT~POBaHbl ~ BBeAeHbl B 3KCnnyaTa~~~ 
ABa Ka Hana BbiBeAeHHbiX ny4KOB ~3 o6o
PYAOBa H~R, ~3roToaneHHoro B CPP no 
KOHTpa KTy. C03AaHa ycTaHOBKa KOMMyTa
~~~ ~ MOHOXPOMaT~3a~H~ ny4Ka. 
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THBHOro 3aPHAa HOHOB Z3~/Vp• 
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~ 
Ha ycKOPHTene Y-400 fiOJI~eHbi peKOpp;Hb!e no HHTeHCHBHOCTH n~KH HOHOB OT Ne 
,ll;O Fe (6·J013c-1). 

THn l1HTeHCHBHOCTb, 3Hepi'HH, 
HOHOB qacT.c-1 M3B/HyKJI, 

15N2+ 3 .)014 8,4 
22Ne3+ 2·10 14 8,2 
40Ar4+ I ,5·10 14 

5,3 
1602+ 3·10 14 

7,9 
48Ti5+ - 4 ·10

13 
5,6 

49Ti5+ 1·!0 13 
5,4 

52Cr6+ 5 ·I o12 5,0 
53Cr5+ I· I o13 6,8 
54Cr6+ I ·10 13 5,3 

6. Ocy~ecTsneH aanycK s~coKo4acToT
HbiX reHepaTopos 11 XPit130m1T 11 Ha 3KBHsa
neHTHYIO Harpy3KY. BbiXOAHa.FI MO~HOCTb 
reHepaTopa s Henpep~BHOM pemHMe co~ 
cTaBHna 120 KBT B pa6o4eM AHanaaoHe 
1.1acToT 6+12 Mr~. 

s. CMOHTHposaH~ H HanameH~ no no
CTO.FIHH~M CXeMaM arperaT~ nHTaHH.FI 
3neKTPOMarHHTa ~HKnOTpOHa H 3neKTpo
MarHHTOB CH~~eHH.FI YPOBH.FI H MOHOXPOMa
TH3a~HH ny4Ka, a TaKme CHCTeM~ nHTa
HH.FI HOHHOrO HCT04HHKa. 

r. CoaAaHa cHcTeMa oTo6pameHH.FI oc
HOBH~x napaMeTpOB ~HKnOTPOHa Ha no
CTO.FIHHOM nynbTe ynpasneHH.FI Ha 6aae 
MHKpo-3BM KM-001 H annapaTyp~ B CTaH
AapTe KM1AK. 

A· lt13rOTOBneH~ H HCn~TaH~ Ha KaHa
nax TpaHcnopTHPOBKH B~BeAeHH~X ny4-
KOB ~HKnoTpoHa Y-400 on~TH~e o6paa~~ 
CHCTeM~ A~arHOCTHKH ny4Ka (~HnHHAP~ 

<l>apaAe.FI C nHeBMaTH4eCKHM npHBOAOM, 
OC~Hnnorpa<f>~4eCKHe MOHHTOPbl npO<f>Hn.FI 
ny4Ka). 

e. Ha ~HKnoTpoHe Y-200 nposeAeH~ 
3KCnepHMeHTbl no nony4eHHIO HOHOB TBep
A~X se~ecTB c Hcnonb30BaHHeM cy~ecT
BYIO~HX HCT04HHKOBJ, nony4eHbl YCKOpeH
H~e ny4KH HOHOB 21A16+ np~ paonH4H~X 
cnoco6ax noAa4H se~ecTsa s paa
PfiA. 

Ta6JIH~a 2 

THn l1HTeHCHBHOCTb, 3Hepi'HH 
HOHOB qacT.c-1 M3B/HYKJI, 

5\fn6+ 6.)013 5,3 
56Fe6+ 3·1013 5,5 
58Fe6+ 3 ·I 0 13 5,3 
5Iv5+ 5·10

13 
5,0 

58Ni6+ I· I 0 13 
5,5 

76Ge8+ I ·I 0 12 5,2 
64Z07+ I ·I 0 12 6,2 
70Z08+ 4 ·I 0 II 5,2 
84Kr9+ I ·I 0 12 

6,0 

m. Ha ~HKnoTpoHe Y-300 ycKopeH H 
BbiBeAeH Ha <IJH3H4eCKYIO MHWeHb ny40K 
HOHOB J4c C 3HeprHe~ 11 M3B/HyKnOH 
H HHTe HCHBHOCTbiO 2·10llc-J (npH 1% 
coAepma HHH H30Tona 14c s pa6o1.1e~ cMe
cH). 

3. POAOnmanHCb pa6oTbl no npoeKTH
posaHHIO H MOAenHpOBaHHIO ~~KnOTPOHHOrO 
KOMnne Kca T.Fimen~x HOHOB (Y-400+Y-400M), 
Paapa6oTaH TeXHH4ecKH~ npoeKT KOMn
neKca. Co3AaH~ MOAenH 3neKTPOMarHHTa 
H s~coKo4aCTOTHoro peaoHaTopa Y-400M, 
Ha KOTOP~X npoBeAeH~ H3MepeHH.FI OCHOB
H~X na paMeTpOB B~COK04aCTOTHO~ H Mar
HHTHO~ CHCTeM; 

HAYtfHO-flPHHJIA/IHb!E PAEOTbl 

1 . Hosoe pa3BHTHe nony4Hn~ pa6oT~ 
no paAHa~HOHHOMY MaTepHanoBeAeHHIO. 
BseAeHa B cTpo~ ycTaHosKa Ha 6aae Hc
n~TaTenbHO~ MaWHH~ ltiHCTPOH, npeAHa3Ha-
4eHHa.FI An.A H3y4eHH.FI npo4HOCTH~x 
CBO~CTB MaTepHanoB nOA ny4KOM T.Fimen~X 

HOHOB. 3TO Aano B03MOmHOCTb npOBOAHTb 
HCCneAOBaHH.FI B 3aAaHH~X pemHMaX HC
n~TaHH~ (paCT.FimeHH.FI, cmaTH.FI, C ~HKnH-
4eCKO~ Harpy3KO~, C nOCTO.FIHHO~ CKO
pOCTb~ Ae<t>opMa~HH H AP.) c Heo6XOAH
MO~ T04HOCTbiO H B paMKaX HMeiO~HXC.FI 
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YcTaHOBKa gnH Hs yqeHHH H3MeHeHHH 
MeXaHHqeCKHX CBOifCTB pa3nHqHbiX Ma 
TepHanOB npH HOHHOM o6nyqeHHH. 

cTaHAaPTOB. YcTaHOBKa cHa6~eHa A~ 

CTaH4~0HHWM ynpaeneH~eM ~ C~CTeMO~ 

KOHTpon~ ~HTeHC~BHOCT~ ~ npOCTpa HCT
BeHHOrO pacnpeAeneH~~ ny4Ka no nno
~aA~ o6pa34a, pa6oTa~~e~ e aeToMa T~-
4eCKOM pem~Me (ynpaeneH~e ocy~ec Te

n~eTcn M~Kponpo4eccopoM ZX-81). 
Ha AaHHO~ ycTaHoeKe npoeeAeHw 

3Kcnep~MeHTW no ~3y4eH~~ MexaH~4e 

CK~X CBO~CTB Al ~ Ni BO epeM~ o6ny-
4eH~~ ~ nocne o6ny4eH~~. B 4aCTHOCT~, 
B pem~MaX paCT~~eH~~ C nOCTOHHHO~ 

CKOpOCTb~ Ae$OpMa4~~ nony4eHa A030-
Ba~ 3aB~C~MOCTb ycnOBHOrO npeAena 
TeKy4eCT~ OQ,2 (Hanp~~eH~e, COOT BeT
CTBY~~ee Ae$opMa4~~ 0,2%) An~ o6 pa3-
40B ~3 Ni, o6ny4eHHwx ~oHaM~ 22Ne 
c 3Hepr~e~ 180 M3B. np~ A03e o6ny4e
H~~ -JQI5J/cM2, COOTBeTCTBY~~e~ A03e 
paA~a4~0HHoro nospe~AeH~H - Io-3c . H.a., 
Ha6n~AaeTCH yeen~4eH~e OQ 2 6onbWe 

' 4eM Ha 100%. np~ 3TOM OTHOC~Tenb HOe 

YAn~HeH~e o6pa34a AO pa3pyweH~H 

yMeHbWaeTC~ Ha - 60 %. ~CnWTaH~~ BO 
epeM~ o6ny4eH~~ TaK~e CB~AeTenbC T BY~T 

o6 yeen~4eH~~ npeAena TeKy4ecT~ ~ cTe
neH~ nnacT~4HOCT~. 

napannenbHO C ~3y4eH~eM MeXaH~ 4e

CK~X ceo~cTe MaTep~anoe een~cb ~ ccne

AOBaH~H CTPYKTYPHWX ~3MeHeH~~ B MaTe
p~anax noA Ae~cTe~eM ~OHHoro o6ny-
4eH~~. CosMeCTHO c ~K AH CCC P npo
BeAeHo ~ccneAOBaH~e M~KPOCTPYKTYPW 
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CQQEPJIIAIK 
6Ent<A 

PHc.l4. OnhlTHaH aBTOMaTHqecKaH ycTa
HOBKa C UHeBMOTpaHCUOpTHOH CHCTeMOH, 
no3BOnHw~aH no 3agaHHOH nporpaMMe 
HanpaBnHTb o6pa3~I Ha o6nyqeHHe, BbJ
gep~y H H3MepeHHe aKTHBHOCTH. 

an~M~H~~. o6ny4a~~eroc~ ~oHaM~ 12c 
c 3Hepr~e~ 90 M3B e ycnoe~~x KpaTKo
speMeHHwx MeXaH~4eCK~X Harpy30K. 06-
Hapy~eHO BWAeneH~e $a3w Al4C3 (Kap6~A 
an~M~H~~). PaccMPTpeHw B03MO~Hwe Mexa
H~3MW en~~H~H HOBO~ $a3W Ha MeXaH~4e
CK~e CBO~CTBa an~M~H~~ nOA o6ny4eH~
eM/J7,J8/. 

2. Pa3pa6oTaH raMMa-aKT~Ba4~oH

Hbl~ MeTOA onpeAeneH~~ COAep~aH~~ 

6enKa e pacT~TenbHWX o6beKTax c 
~cnonb30BaH~eM aKT~Ba4~~ a3oTa 
14N(y , n)l3N TOPM03HWM ~3ny4eH~eM 
M~KpoTpoHa MT-22. Co3AaHa onwTHa~ 

aBTOMaT~4eCKa~ YCTaHOBKa C nHeBMO
TpaHCnOpTHO~ C~CTeMO~ (p~c.14), no-
3BOn~~~aH no 3aAaHHO~ nporpaMMe Ha
npaenHTb o6pa34bl Ha o6ny4eHI1e, Bbi
AeP~KY ~ ~3MepeH~e aKTI1BHOCTI1. MeTOA 
o6naAaeT BWCOKO~ 3KCnpeCCHOCTb~ 

(500 aHani130B B CMeHy) 11 3Ha411TenbHO 
MeHbWe~ TPYAOeMKOCTb~ no cpaeHeHI1~ 
c APYri1M~ MeToAaMI1 aHan~3a 6enKa/19/. 

3Kcnepi1MeHTanbHO onpeAeneHw ewxo
AW (y,n) peaK4~~ Ha a3oTe, yrnepoAe 
~ K~cnopoAe np~ o6ny4eH~~ o6pa34oe, 
COAep~a~~X 3T~ 3neMeHTW, TOPM03HWM 
~3ny4eH~eM M~KPOTPOHa. Ha OCHOBe 3TI1X 
AaHHWX onpeAeneHo 3Ha4eH~e onTI1Manb
Horo epeMeH~ 113MepeHI1~ aKT~BHOCT~ 

a30Ta 11 rpaH~4HO~ 3Heprl1~ TOpM03HOrO 
~3ny4eH~H, o6ecne4~Ba~~~e Hal1ny4wee 
COOTHOWeHI1e 3$$eKT/$OH ~ Ha~MeHbWY~ 
CTaTI1CTI14eCKY~ OW116Ky 113MepeH~~ . 

C nOMO~b~ pa3pa60TaHHO~ MeTOA11K~ 
ewnonHeHo 6onee 12000 aHani130B o6pa3-
40B 3epHa nweH~4w, TP~TI1Kane ~ APYrl1x 



3epHOBbiX KYilbTYP Ha COAeplKaH!-le 6enKa 
Ail~ opraHI-13a41-1H, 3aHI-1Ma~~l-1xc~ ceneK-
41-lOHHo~i paOOTOH. 

npoAOillKaili-1Cb pa60T~ no YCOBepweHCT
BOBaHI-1~ MeTOAOB HeHTPOHHO- 1-1 raMMa
aKTI-1Ba41-10HHOro aHaJll-13a. npeAilOlKeH~ 

HOB~e MeTOAI-lKI-1 3TaJlOHI-1POBaHI-1~ o6pa3-
40B 1-l . OnpeAeJleHI-1~ 3$$eKTI-1BHOCTI-1 pe
ri-1CTPI-1PY~~eH annapaTyp~/20,21/, 

HccneAoBaHa B03MO>KHOC--Tb I-1CnOilb3o
eaHI-1~ MI-1KpOTPOHa Ail~ MHOr03JleMeHTHOrO 
aHaill-13a pa3Jli-14HbiX nPI-lPOAH~X 06"beKTOB 
(reonorl-14eCKI-1X o6pa34oe, MeTeop!-1THoro 
Be~eCTBa, 3KOilOrl-14eCKI-1X 06"beKTOB 

1-1 AP·)• npoBeAeHO 1-13y4eHI-1e KOHKyp!-1-
py~~l-lX peaK41-1H 1-1 1-lX B03MOlKHOH B3ai-1M
HOi1 I-1HTep<lJepeH41-11-1, OL.!eHeH~ npeAeilbHble 
KOH4eHTpa41-11-1 3JleMeHTOB, I-1CKJ1~4a~~l-1e 

1-lX B3ai-1MHOe BJll-l~HI-le/22,23/, 

3KCllEPJ1MEHTAJlbHA.H AflllAPATYPA 

1 . H3Mep~TeilbHo-e~41-1Cili-1TeilbH~H 

KoMnneKc na6opaTOPI-1~ Ha 6a3e 38M 
TPA-1140 1-1 CM 38M, a TaKlKe I-13Mepi-1Tenb
H~e MOAYill-1 $~31-14eCKI-1X ycTaHOBOK Ha 
6a3e MI-1Kpo-38M OCHa~eH~ rpa$1-14eCK~MI-1 

Al-lcnne~MI-1 Ha 4BeTH~x 1-1 4epHo-6en~x 
TeJleBI-13~0HH~X MOH~Topax C I-1CnOilb30-
BaH~eM pa3pa6oTaHHOrO APaHBepa B CTaH
AapTe KAMAK Tl-lna KH-15K. 8 Ka4eCTBe 
BHewHeH naM~TI-1 K CM 38M nOAKI1~4eHbl 
HaKOn!-lTeJll-1 Ha MarHI-lTH~X JleHTaX 
EC-5012-03 4epe3 pa3pa6oTaHH~H APaH
eep B cTaHAapTe KAt1AK Tl-lna K~1-9K, 

opraH~30BaHa MelKMaWI-lHHa~ CB~3b c no
MO~b~ 6JlOKOB nocileAOBaTeJlbHOH MelKKap
KaCHOH ce~31-1 KH-021 c onT03IleKTPOHHOH 
pa3B~3KOH. Co3AaHo cooTBeTCTBY~~ee 
MaTo6ecne4eHI-1e. 

2. C03AaH ~3Mep~TeilbH~H MOAYilb 
HOC-8 Ha 6a3e M~Kpo-3BM HEPA-60/30 
1-1 annapaTyp~ B cTaHAapTe KAMAK Ail~ 
l-13y4eHI-1~ ailb$a-paA1-10aKTI-1BH~X ~30TOnOB 

TpaHC$epM!-1eBbiX 3JleMeHTOB (H1-13K0$0HO
BbiH cneKTPOMeTp), o6ecne4~Ba~~I-1H aBTO
MaTI-13a41-1~ ~3MepeH~~, o6pa6oTKI-1 1-1 npeA
cTaeneHI-1~ AaHHbiX no BOCbM~ c_neKTpo
MeTpl-14ecK~M TpaKTaM. Pa3pa6oTaHa He
o6XOAI-1Ma~ Ail~ MOAYil~ annapaTypa, co-
3AaHo nporpaMMHoe o6ecne4eH~e. C03AaH 
I-13Mepi-1TeilbH~H MOAYilb Ail~ ycTaHOBK~ 

~~CKH/24/ Ha 6a3e 38M 1-13Mepi-1TeilbHOro 
4eHTpa Y-400, pa6oTa~~ero Ha 111-lHI-1~ 
c peri-1CTPI-1PY~~eH annapaTypoH, pacno-

nolKeHHOH Ha B~BeAeHHOM ny4Ke Y-400. 
MOAYil b o6ecne41-1BaeT I-13MepeHI-1e, o6pa-
6oTKY 1-1 npeACTaBJleH~e ~aHH~X 0 nOilHOH 
3Hepr l-1 1-1 OCKOilKOB AeileHI-1~ CI-1HTe3!-1pye
M~X T~ lKeJl~X ~Aep 1-1 ~X nep~OAa nony
pacnaAa. npoAOillKaili-1Cb pa6oT~ no pa3-
BI-1TI-1~ I-13Mep!-1TeilbH~X MOAYileH ycTaHOBOK 
~3~1AC , MC -A, ml~HA 1-1 H$Il. 

3. Ha4aTa pa6oTa no C03AaHI-1~ Hoeo
ro nyn bTa ynpaeneHI-1~ Y-400. YcTaHoe
neHa 1-1 BBeAeHa e on~THY~ 3KcnnyaTa41-1~ 
aBTOMa TI-131-lPOBaHHa~ Cl-lCTeMa KOHTPOil~ 

1-1 1-13Me peHI-1~ napaMeTpoe ycKop~Ten~ 
Y-400 (ACKn Y-400) Ha 6a3e MI-1Kpo-38M 
~ anna paTyp~ KAMAK. Ha 3KpaHax 4epHo-
6en~x TeJleB~3~0HH~X MOHI-1TOPOB OT06pa
lKaeTC~ ~H$opMa41-1~ o TOKax 33 arpera
TOB, 17 BaKyyMMeTpOB B B~Ae Ta6Il~4H~X 
AaHH~x , a Ha 3KpaHe 4BeTHoro MOHI-1To
pa - MHeMOCXeMa Y3IlOB YCKOp~Teil~ 

C pa3BOAKOH ny4KOB no 4eT~peM Hanpae
JleH!-l~M (KOHTPOI11-1PY~TCR 120 peJleHH~X 
cl-lrHanoe) 1-1 Ta611~4a 11KpeHcepcKoro 11 

pelK~Ma (MarH~THOe none 4~KilOTpOHa,Ha
np~lKeH!-1e 84 Ha AYaHTax, 3Ha4eH~e ea
KyyMa B KaMepe 1-1 T.A.). C03AaH~ COOT
BeTCTBY~I-le nporpaMMbl. 

4. npo~3BeAeH 3anyCK Jla3epHoro 
cneKTPOMeTpa - nepBOH CTyneH~ YCTa~oe
K~ KC H, npeAHa3Ha4eHHOH Ail~ ~3MepeH~~ 

~AePHbiX MOMeHTOB ~ pa3HOCTeH 3aP~AO
BbiX paAI-lYCOB OCHOBHbiX ~ B036ylKAeHHbiX 
cocTo~H~H ~Aep c nep~oAaMI-1 nonypacna
Aa 6onee 1 4aca, nony4aeM~x e peaK4~
~x C T~lKeJl~M~ ~OHaM~. ~eHCTB~e ycTa
HOBK~ OCHOBaHO Ha pe30HaHCHOM B036ylK
AeH~~ YPOBHeH CBeTOB~M ~3Ily4eH~eM na-
3epa ~ per~cTpa41-1~ ~cny~eHH~X $OTOHOB. 
YcTaHOBKa cocTOI-lT 1-13 ABYX na3epoe He
npep~BHoro AeHCTBI-1~ $1-lPM~ CneKTpa
<l>1-13~Kc (aproHoeoro na3epa MOAen~ 380A 
C $~KCI-1POBaHH~M Ha6opOM 4aCTOT ~ KOJlb-
4eBOrO na3epa Ha Kpac~Tene MOAeill-1 
171-18 C nepecTpai-1BaeMOH 4aCTOTOH), 
I-1CT04 HI-1Ka KOJ1Ili-1MI-1POBaHH~X aTOMH~X 

ny4KOB, ¢3Y 1-1 $OKYCI-1PY~~eH onT~K~ Ail~ 
per~cTpa4~1-1 pe3oHaHcHo pacce~HHoro 
na3epHoro I-13Ily4eHI-1~, 3IleKTPOHH~x 6no
KOB ~3Mepi-1TeJlbHOH ~ aHail~3~PY~~eH an
napaTyp~ (pl-1c.15). Ha on1-1caHHOH yc
TaHOBKe ~3MepeHa CBepXTOHKa~ CTpyKTy
pa aTOMH~x cneKTPOB ~30Tonoe eepon~-1~ 

C MaCCOB~M~ 4~CilaMI-1 149-155 (np~Mep 
OAHOrO 1-13 cneKTPOB npeACTaBileH Ha 
p!-1c.16). ~OCT~rHyTa 4YBCTB~TeJlbHOCTb 
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AByxnneqeBOH BpeMnnponeTHwH cneKTpoMeTp A3MAC npe~Ha3HaqeH ~nR npe~H3HOH
Horo H3MepeHHH MaCCOBb~ pacnpe~eneHHH OCKOnKOB ~eneHHH COCTaBHb~ H~ep. 

PHc.IS. CxeMa 9KcnepHMeHTa co cTa-
6HnbHbiMH H ~onroxcHB~HMH p~HoaKTHB
HbiMH H30TOllaMH Ha nepBOH CTyneHH yc
TaHOBKH KCR. 

. 
~ . 
= E-o 
0 

151Eu 

47J!.65 

153Eu 

I ' 

" 

.4 
l6l 2688.46 OOi84 iS! 

PasHH~a qacTOT nHKoB, MT~ 

PHc .16. YqacTOK CBepxTOHKOH CTPYKTYPbi 
OllTHqeCKHX cneKTpOB CTa6HnbHb~ H30TO
llOB eBpOllHH, 

~3MepeH~~ AO 102 aToMoa a o6DeMe 
aaa~MOAe~cTB~R na3epHoro ny4a c aToM
H~M ny4KOM (6 MM3), 4TO n03BOnReT pa-
6oTaTb c Man~M~ Kon~4eCTBaM~ ~ccneAye
M~x RAep. np~ 3TOM W~P~Ha pe30HaHCHO~ 
n~H~~ cocTaanReT 40 Mr~. 4TO 3Ha4~
TenbHO MeHbWe paCCTORH~R Me~y 

KOMnOHeHTaM~ caepXTOHKO~ CTPYKTYP~ 
(-1000 Mr~). 3To noaaonReT npoaoA~Tb 
~3MepeH~R CO CMeCRM~ ~30TOnoa, nony-
4aeM~X B peaK~~RX C TR~en~M~ ~CHaM~, 
6ea paaAeneH~R ~x Ha Macc-cenapaTope. 

5. YcoaepweHcTaoaaHa H~3KO$oHoaaR 
ycTaHOBKa (He~TPOHH~~ AeTeKTop),npeA
Ha3Ha4eHHaR AnR per~cTpa~~~ co6~T~~ 

~ ITa3epHbiH cneKTpoMeTp ycTaHOBKH KCR. 

cnoH TaHHoro AeneH~R a nP~POAH~x o6-
pa3~ax/25/, C ~enb~ yMeHbWeH~R $oHa 
MHO~eCTBeHH~X He~TPOHH~X C06~T~~ 

~ o6ecne4eH~R B03MO~HOCT~ per~cTpa~~~ 

OA~H04HbiX He~TPOHOB B 4YBCTB~TenbH~~ 
o6DeM AeTeKTopa A~aMeTpoM 160 MM 
BBeAeHa C~CTeMa ~3 10 C~~HT~nnR~~OH
H~X C4eT4~Koa c y-cTapTOM. BoceMb 
c~~HT~nnRTopoa, npeAcTaanR~~x co6o~ 

MOHOK P~CTann~ repMaHaTa B~CMyTa (A~a

MeTp - 30 MM, An~Ha - 142 MM), pac
nonara~TCR BOKpyr ~~n~HAP~4eCKOro Ka
Hana A~aMeTpOM 60 MM (CM, p~c.1]), 
Aaa APYr~x c~~HT~nnRTopa 3aM~Ka~T 3T01 
KaHan C. TOp~eB~X CTOpOH. 3neKTPOHHaR 
cxeMa AeTeKTopa, pa6oTa~~aR a n~H~~ 
C M~Kpo-3BM, OT6~paeT TaK~e C06~T~R, 
B KOTOp~X per~CTpa~~~ He~TPOHOB npeA
WeCTByeT Ha6n~AeH~e ABYX ~n~ 6onee 
y-Kaa HToa OAHoapeMeHHo. BepoRTHOCTb 
per~c Tpa~~~ cnoHTaHHoro AeneH~R no 
MHO~eC TBeHH~M y-KaaHTaM OKa3anacb 
~90%. np~ COBnaAeH~~ MHO~eCTBeHH~X 
y-Kaa HToa c He~TPOHaM~ cnoHTaHHoe Ae
neH~e 252cf per~cTp~pyeTcR c aepoRT
HOCTb~ OKOnO 56% . 

PHc.I 7 . CxeMa HeHTpoHHoro ~eTeKTopa 
c y-cTapToM: I - 3He cqeTqHKH, noMe
~eHHbJe B oprcTeKno; 2 - qyBCTBHTenb
HbiH 66'beM, OKpYJKeHHblH BOCeMbiO C~HH
THnnHTOpaMH; 3 - 3aMe~nHTenb (oprcTeK
no). OcTanbHbJe 9neMeHTbi npe~cTaBnHJOT 
naCCHBHYJO 3~HTY H nnaCTHqeCKHe C~HH
THnnHTOpbl, 6nOKHPYJO~He ~eTeKTOp npH 
perHCTpa~HH KOCMHqeCKHX MIOOHOB, 

67 



$oH ycTaHOBK~ B ~3MepeH~RX npOAOn
~~TenbHOCTb~ 6 CYTOK COCTaB~n OAHO 
co6~THe c ABYMR 3aperHcTp~poeaHH~M~ 
HeHTPOHaMH ~ OAHO co6~THe c OA~H04H~M 
HeHTPOHOM. 

6. Ha4aT~ 3Kcnep~MeHT~ no ~3y4eH~~ 
xapaKTep~cTHK AeneH~R RAeP c Z>10 0 , 
o6pa3y~~HXCR B peaK~~RX C TR~en~MH 
HOHaM~, C nOMO~b~ ABYXnne4eBoro 
epeMRnponeTHoro cneKTPOMeTpa, ~Me~

~ero epeMeHHOe pa3peweH~e -250 nc 
~ OTHOCHTenbHOe 3HepreTH4eCKOe pa 3pe
WeH~e He XY>Ke 1%, 4TO n03BOnReT ~ 3 -
MepRTb Maccoe~e pacnpeAeneH~R ocKon
KOB c pa3peweHHeM He xy~e 1,5 a.e.M. 
npoBeAeH~ ~3MepeH~R MaCCOB~X pacnpe
AeneH~H,cneKTPOB K~HeTH4ecK~x 3Hepr~H 
KOppen~poeaHHbiX npOAYKTOB peaK~HH 
238u + 40Ar, 208pb + 56Fe e w~pOKOM 
AHana3oHe 3Hepr~H ooMoapA~PY~~Hx He
Hoe. 

npoAOn~anacb pa3paoOTKa H ycoeep
WeHCTBOBaHHe BpeMRnponeTH~X CneKTpo
MeTpOB AnR per~cTpa~H~ nPOAYKTOB RAep
HbiX peaK~~H. l-1cnonb30BaH~e AeTeKTOPOB 
c Pblxn~M AH3neKTPH4eCKHM 3M~TTepoM 
no3eonHno cy~ecTeeHHO pacw~p~Tb A~a
na3ot-~ per~cTp~pyeMbiX nPOAYKTOB no Mac
caM,a TaK~e yny4WHTb epeMeHHoe pa 3pe
weHHe cneKTPOMeTpa/27/, 

]. npaAOn~an~Cb pa60T~ Ha Macc 
cneKTPOMeTpe C na3epH~M ~CT04HHKOM 
nHAHA-M. Pa3pa6oTaHa H BBeAeHa B 3Kc
nnyaTa~H~ cHcTeMa ynpaeneHHR, per~cT

pa~~H H 3an~c~ AaHH~X Ha OCHOBe 3BM 
MEPA 60-30 H 3neKTPOHH~x 6noKoe e 
cTaHAapTe KAMAK. 

CHcTeMa o6ecne4~eaeT ynpaeneH~e 

pa60TOH na3epHOrO HCT04H~Ka ~OHOB , 

3aAaeT A~ana30H perHcTp~pyeM~X·Macc, 
npoH3BOAHT H3MepeH~e ~ 3an~cb Macco
e~x cneKTPOB Ha BHeWHHH HOCHTenb . 

OnepaT~BH~H KOHTponb 3a npo~eccoM 
HaKonneHHR HH$OpMa~HH ~ ee o6pa60TKOH 
no 3aAaHHOH nporpaMMe ocy~ecTenReTCR 
c noMo~b~ A~cnneR. 

6naroAaPR ~cnonb3oBaH~~ e Ka4ecTee 
AeTeKTOpa ABYX nocneAOBaTenbHO B Kn~-

4eHH~X M~KPOKaHanbH~X nnacTHH AHana-
30H perHCTp~pyeM~X een~4HH ~OHH~X TO
KOB AOCT~raeT -108, nepeXOA Ha B~COKO
BaKyyMHY~ CHCTeMy OTKa4K~ C pa604~M 
eaKyyMoM AO 1o-9 Top no3eonHn Ha ABa 
nOPRAKa CH~3HTb . $OH OT HOHOB, nepe
pacceRHH~X Ha OCTaT04HOM ra3e. 
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Bee 3To e co4eTaHHH c Hcnonb3aea
H~eM ceneK~HH ~oHoe no epeMeHH npo
neTa na3BOnHno nony4~Tb e o6nacT~ Mace 
A > 250 ~oH~eHTpa~~oHH~H npeAen o6Ha
py~eH~R Ha ypoeHe 1o-7t 10~8 np~ Mac
coeoM 4~cne MaTpH~~ e A~ana3oHe 
60-180 a.e.M. 
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DA60PATOPMR 
HERTPOHHOR IIIM3MKM 

B 1983 rOAY B na6opaTOPHH HeHTpoH
HO~ $H3HKH Ha4aT~ peryn~pH~e $H3H4e
CKHe HccneAOBaHH~ Ha HMnynbCHOM peaK
TOpe ~6P-2. PeaKTOP OTpaooTan 2000 4a
COB. CoeMeCTHO c P~AOM HHCTHTYTOB AH 
CCCP H3Y4anHcb BHyTpeHHHe ABH*eHH~ 
B MOneKyn~pH~X KPHCTannax, CTPYKTyp
H~e $a30B~e nepeXOAbl B cnO*HbiX COeAH
HeHH~X, CTPYKTypa 6HonorH4eCKHX o6beK
Toe, BHYTPHKPHCTannH4eCKHe 3neKTPH4e
CKHe non~ e peAK03eMenbH~x 3neMeHTax. 
Ha peaKTope ~6P-30 npH HccneAOBaHHH 
XHMH4eCKHX CABHrOB He~TpOHH~X pe30HaH
COB ycTaHOBneHO yMeHbWeHHe cpeAHeKBaA
paTH4HOrO paAHYCa ~APa npH B~COKOM 
(oKono 6 t13B) eoa6Y*AeHHH. · Ha6n10Ae Ho 
cnHH-op6HTanbHOe pac~enneHHe p-eonHo
eo~ CHnOBOH $YHK4HH. 06Hapy*eH~ Oco-
6eHH~CTH B ABYXKBaHTOB~X raMMa-KaCKa
AaX H3 peaK4HH (n, 2y) Ha peAK03eMenb
H~X 3neMeHTax. 

npoAOn*anHCb npHKnaAH~e HCcneAOBa
HH~ H pa60Tbl no MOHTa*Y H HanaAKe ya
noe ycKOPHTen~ n~Y-30, a TaK*e no co
eepweHcTeoeaHHIO H3MepHTenbH0ro 4eHTpa 
na6opaTOPHH. 

HAY~HO-HCCEEROBATEEbCKHE PABOTU 

X~M~4ECK~E CAB~r~ 
HE~TPOHHbiX PE30HAHCOB 

~30TOnOB YPAHA 

3neKTPOCTaTH4eCKOe B3aHMOAe~CTBHe 
Me*AY 3aP~AaMH ~APa H 3neKTPOHOB aToM
HO~ o6on04KH BeAeT K CBepXTOHKOMY XH
MH4eCKOMY CABHry 3HeprHH ~AePHOrO 
YPOBH~ (pe30HaHC~) Ha eenHYHHY 

~E = ~n ~e2·pe(O) • ~<r2>, rAe Pe(O)

paaHOCTb nnOTHOCTH 3neKTpOHOB Ha ~A

pax H3y4aeMO~ nap~ XHMH4eCKHX COeAH
HeHH~ H ~<r2> - HCCneAYeMOe H3MeHeHHe 
PaAHyca ~Apa. Ha 3TOM ocHoeaH pea
nHaoeaHH~~ B na6opaTOPHH B 1978 rOAY 
MeTOA HaOniOAeHH~ XHMH4eCKHX CABHrOB 
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He~TPOHH~x peaoHaHcoe. B 1983 rOAY 
aaeepweH~ HaMepeHH~ An~ 235u H 234u, 
YcpeAHeHHoe no peaoHaHcaM 235u H3Me
HeHHe cpeAHeKBaApaTH4HOro paAHYCa 
paBHO ~<r2> = (-0,18~0,10) $M2, 4TO 
cornacyeTc~ c npeAcKaaaHHeM cTaTHCTH-
4ecKo~ TeopHH. PaccMoTpeHHe aaeHCHMo
CTH ~<r2> OT AenHTenbHO~ WHPHH~ peao
HaHCOB (eM. pHc.1) Aano yKaaaHHe Ha 
COOTBeTCTBY~YIO KOppen~4H10/I/, 

6<r2> 
4lM2 

r -0.38 t 0,14 r, c rr/2 
9"'' mu a <r2

> ·t -0.02 t 0.12 r, .. rr12 

1,0 r,. 35M:aB 

0,5 

• _ 234u 

• _ 235u 

• _ 238u 

-o.: ~ ~~~ 
-1.0 r 
-•.H I 
-2,0 t-

..&. 

0 20 40 60 80 100 120 

~ ... ~ 
PHc.l. HaMeHeHHH cpegaeKB~paTHqaoro 
p~Hyca aapHga Hgpa ~<r2> B aaBHCH
MOCTH OT genHTenbHOH WHPHHhl rf peso
HaHCOB H30TOnOB ypaHa, 

HE~TPOHHWE p-BOnHOBWE 
C~nOBbiE CI>YHKU~~l 

AH$CI>epeH4HanbH~e ce4eHH~ ynpyroro 
pacce~HH~ He~TPOHOB, ycpeAHeHH~e no 
pe30HaHCaM, H3MepeH~ Ha ~6P-30 AO 
3HeprHH 400 K3B An~ 3neMeHTOB c 4eT
H~M Z. B peaynbTaTe npoeeAeHHoro aHa
nHaa yrnoe~x pacnpeAeneHH~ B~AeneH 
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PHc. 2. p-sonHOBbie He:H:TpOHHble CHJIOBble 
li>YHK~H sy 12 (oeJibie TO'I.IKH) H SJ/2 
(qepHble TO'I.IKH) B 3aBHCHMOCTH OT 
Maccosoro 'I.IHcna A. 

PHc.3. CxeMa 3KcnepHMeHTa no noHCKY 
aKcHoHa: 1 - aKTHBHaH aoHa HBP-2; 
2 - oeTOHHaH 3~HTa; 3 - C~HHTHJIJIH
~OHHbie C'tleT'I.IHKH, 4 H 5 - JKeJie30 
H CBHHe~. 

p-aonHoao~ BKnaA H paaAenbHO onpeAe
neH~ p-aonHoa~e cHnoa~e ~YHK~HH co
CTORHH~ P1/2 H PJ/2 AnR RAep C Macco
B~MH 4HcnaMH A = 50-130. PeaynbTaT~ 
noKaaaH~ Ha pHc.2 T04KaMH, rAe TaK~e 
npHBeAeH~ KPHB~e, npoBeAeHH~e MeTOAOM 
HaHMeHbWHX KBaApaTOB, COOTBeTCTBY~~He 

KPHB~M nopeH~a B 3HepreTH4eCKO~ WKane. 
0HH AanH cnHH-op6HTanbHoe pac~enneHHe 
3p-MaKCHMyMa He~TPOHHO~ CHnOBO~ ~YHK
~HH Ha aenH4HHY ~A= 17+4/2/, 

nOHCK AKCHOHA HA H6P-2 

B~nonHeH BTopo~ 3KcnepHMeHT no no
HCKY aKcHoHa Ha ycTaHOBKe, yny4weHHO~ 

no 4YBCTBHTenbHOCTH Ha ABa nopRAKa 
(pHc.3). CornacHo TeopHH, aKcHOH Aon
~eH conpoao~aTb 3neKTPOMarHHTH~e npo
~ecc~ y-pacnaAa RAep C OTHOCHTenbHO~ 
aepoRTHOCTb~ 1o-4. B Ka4ecTae TaKHX 
npo~eccoa 6~nH a~6paH~ peaK~HH 

10B(n, a)7Li (Ey = 470 K3B) H p(n,a)d 
(Ey = 2,23 M3B). M~weHH pacnonaranHcb 
a6nH3H aKTHBHO~ aoH~ peaKTopa H6P-2. 
HcKanHcb coanaAeHHR ABYX y-KaaHToa, 
Ha KOTOp~e AOn~eH pacnaAaTbCR aKCHOH. 
AKCHOH He 6~Jl o6Hapy~eH: Am'l rna = 
= 150 K3B 3KCnepHMeHTanbHOe 3Ha4eHHe 
Q a 1300 paa MeHbWe TeopeTH4ecKoro/3/, 

' .. A•A 

fJ ,,., 
l,__j 

Anb~A- H rAMMA-PACnAAbl 
PE30HAHCH~X COCTO~HH~ ~AEP 

C nOMO~b~ peanH30BaHHO~ paHee B nH~ 
MeTOAHKH B~AeneHHR KaCKaAOB H3 ABY~ 
raMMa - KBaHTOB C 3aAaHHO~ CYMMO~ HX 
3HeprH~ HCCneAOBaH~ KaCKaA~ B peaK~HH 
164ny (n, 2y) Ha Tennoa~x He~TPOHax, 
3acenR~~He YPOBHH C 3HeprHe~ AO 
574 K3B HaA OCHOBH~M COCTORHHCM AHC
np03HR-165. npHMep pacnpeAeneHHR HH
TeHCHBHOCTH nHHH~ B KaCKaAaX C CYMMap
HO~ 3HeprHe~ 5534 K3B AaH Ha pHc.4. 
YcpeAHeHHaR no HHTepaany 100 K3B 
3KCnepHMeHTanbHaR rHCTOrpaMMa HHTeH
CHBHOCTH KaCKaAOB cpaaHeHa Ha PHC.5 
C paC4eTOM no CTaTHCTH4eCKO~ TeOpHH 
(T04KH). Ha PHCYHKoa BHAHO, 4TO aonpe
KH CTaTHCTH4eCKOMY nOAXOAY Ha6n~AaeTCR 
MaKCHMYM HHTeHCHBHOCTH AnR cny4aR, 
KorAa nepaH4H~~ raMMa-nepexoA HMeeT 
3Hepr H~ a HHTepaane 2,5-3 MsB. 3ToT 
peaynbTaT AnR RAPa 165ny c 3HeprHe~ 
CBR3H He~TpoHa 5,7 MsB o6bRCHeH cy
~ecTaoaaHHeM a RAPe npH 3HeprHH -3 M3B 
COCTORHH~ C 6onbWO~ OAH04aCTH4HO~ KOM
noHeHTO~. 06bRCHeHHe nOATBep~aeTCR 
o6Hapy~eHHO~ AnR 165ny KoppenR~He~ 
Me~y Ce4eHHRMH (d, p)-peaK~HH C B03-
6y~eHHeM yKa3aHHbiX COCTORHH~ H COOT
BeTCTBY~~HMH aenH4HHaMH Iyy/4,5/, 
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B~nonHeH~ ~3MepeH~R ce4eH~~ (n , a)
peaK4~~ c ny4W~M 4eM paHee pa3pewe
H~eM no 3Hepr~~ He~TpoHos AnR ~30To
nos 143Nd 147sm 171Yb 177Hf ~ 

' ' ' 151Eu. np~Mep nony4eHH~x cneKTpos AaH 
Ha p~c.6 AnR peaK4~~ 143Nd(n, a )140ce. 
3Kcnep~MeHTanbH~e pe3ynbTaT~ AnR a -
4aCT~4HO~ c~noso~ ~YHK4~~ cornacy~TCR 
c TeopeT~4ecK~M~ pac4eTaM~/6,7/, 

B~nonHeH~ TeopeT~4ecK~e ~ccneAosa

H~R nonH~X paA~a4~0HH~X W~p~H He~TpoH

H~X pe30HaHCOB 8 paMKaX CTaT~CT~4eCKO
ro nOAXOAa C ~CnOnb30BaH~eM nOCTORH-
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PHc.4. HHTeHCHBHOCTb nHHHA B KacKa-
AaX c 3HeprHeH 5534 K3B 
164ny(n, 2y )165ny. 

B peaK~H 

~ PHc.5. A6conooTHaH HHTeHCHBHOCTb Iyy 
~ KaCKaAOB (B npo~eHTaX Ha 9aXBaT) 

B 9aBHCHMOCTH OT 3HeprHH nepBHqHoro 
nepeXOAa ~ K3B) AnH peaK~HH 
164ny(n, Zy)165ny. 

HO~ El-c~nOBO~ ~YHK4~~ Ha H~mHeM Kp~
ne r~raHTCKoro A~nonbHoro pe3oHaHca 
~ c y4eToM BKnaAa Ml-nepeXOAOB. P~c.7 

AeMoHcTp~pyeT nony4eHH~e pe3ynbTaT~. 

AnR 6onbW~HCTBa ~3y4eHH~X RAep BKnaA 
Ml-nepeXOAOB COCTaB~n np~MepHO nono
B~HY nonHO~ paA~a4~0HHO~ W~p~H~/8/. 

HAPYWEHHE 4ETHOCTH 
B HE~TPOHHWX PE30HAHCAX 

npoAOnmanocb ~3y4eH~e 3~eKTOB Ha
pyweH~R npOCTpaHCTBeHHO~ 4eTHOCT~ 
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PHc.6. 3aBHCHMOCTb Bb~oga anb~a-qac
TH~ OT BpeMeHH nponeTa HeHTpOHOB gnH 
MHmeHH HeOgHMa-143. 3HeprHH HeHTpOHOB 
En gaHa B 9B. 

PHc.7.a- 0THomeHHe 9KcnepHMeHTanbH~ 
H pacqeTHb~ 3HaqeHHH nonHb~ pagHa
~OHHb~ WHPHH HeHTpOHHb~ pe30HaHCOB 
B ~YHK~H MaccoBoro qHcna. 6 - Pac
qeTHbiH BKnag H1-nepexogoB B nonHyro 
pagHa~OHHYJO WHPHHY Hgep c MaccoBb~ 
qHcnoM A. 

B p-BOJlHOBbiX He~TpOHHbiX pe30HaHCaX, 
B 3KcnepHMeHTe c nollRPH3oBaHHbiMH He~T

poHaMH H3MepeHO nponycKaHHe MHWeHH 
93Nb B 3aBHCHMOCTH OT CnHpaJlbHOCTH 
He~TPOHOB. nony4eHbl eepXHHe 3KCnepH
MeHTaJ1bHble 01.,\eHKH p-He4eTHbiX 3<)><)>eKTOB: 
p = (2,0+1,7)·10-3 H (0,3+2,4)·10-3 
AllR pe30HaHCOB 35,9 H 42,3 38 COOT
eeTCTBeHHO. 

HaMepeHbl cneKTPbl raMMa-KeaHTOB H3 
p-eonHOBbiX peaoHaHcoe RAeP 81Br,117sn 
H 139La, He COXpaHR~~HX 4eTHOCTb, 
H ce4eHHe paAHa~HOHHoro aaxeaTa Ten
noeblx He~TpOHOB a 117sn(cry = 1,32~ 
+ 0,18 6H). noJ1y4eHbl XapaKTepHCTHKH, 
"'Heo6xoAHMble AllR conocTaeneHHR 3<)><)>eK
TOB HapyweHHR 4eTHOCTH B nOJlHbiX H nap
~HaJlbHbiX Ce4eHHRX H cpaBHeHHR HX 
c TeopHe~/9/, 
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nPOTOH H~E PE30HAHC~ 

C ~eJlb~ nOHCKa npoMemyT04HO~ CTpyK
Typbl B npOTOHHbiX pe30HaHCaX H3MepeHbl 
yrJlOB ble pacnpeAeJleHHR raMMa-KBaHTOB 
H3 pe30HaHCOB, B036y>KAaeMbiX B peaK~H
RX 58Ni(p, y) H 62Ni(p, y) npH 3Hep
rHRX npoTOHOB a AHanaaoHe 2100-
3500 K3B. OnpeAeJleH cnHH peaoHaHcoe 
H eeJ1H4HHa 0 = +/r(E2)/r(M1) - CMeCH 
MYllbTHnOJlbHocTe~ E2 H Ml AllR 25-TH 
HCCJleAOSaHHbiX raMMa-nepeXOAOB. nony-
4eHHOe pacnpeAeJleHHe eeJ1H4HHbl • = 
= arctgo/a (c napaMeTpoM a-1 = 1,42) 
npeACTaBJleHO Ha PHC. 8. 0HO XapaKTepHO 
TeM, 4TO OTHOCHTeJlbHble <)>a3bl (3HaKH) 0 
OAHHaKOBbl AllR ecex nepexoAOB. nocneA
Hee npOTHBOpe4HT npeACKa3aHH~ CTaTH
CT.H4eCKO~ TeopHH 0 paBHOBepORTHOM pac
npeAeJleHHH BeJ1H4HHbl • B HHTepBaJle yr-
1108 OT -90° AO +90°. CAeJlaH BbiBOA 
o npoReneHHH npoMemyT04HO~ CTPYKTYPbl 
B npOTOHHbiX pe30HaHCaX HCCJleAOBaHHbiX 
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fHcTorpaMMa 3KcnepHMeHTanbHoro 
pacnpegeneHHH BeJIHttHHbi <P, xapaKTepH-
3yro~efi cMeCb E2 H M1 MYJibTHnOJibHOcTeH 
raMMa-KBaHTOB B peaK~HH 58Ni(p,y)59cu. 
llyHKTHp - TeopeTHttecKoe pacnpegen eHHe 
npH OTCYTCTBHH npoMe~yTOttHOll CTPYKTy
pb!, 

RAeP, KOTOpaR MO~eT 6~Tb HHTepnpeTH
POBaHa KaK pacnpeAeneHHe cHn~ rHraHT
cKore pe3oHaHCa raMOBa-Tennepa no pe-
30HaHCH~M COCTORHHRM 6onee CnO~HO~ 
CTPYKTyp~/10/, . 

MAnOYrnOBOE PACCE~HHE 

TEnnoB~X HE~TPOHOB 

3aeepweH~ H3MepeHHR Manoyrnoeo ro 
pacCeRHHR He~TpOHOB paCTBOpaMH nonH
MeTaKpHnOBO~ KHCnOT~ (nMK) pa3HO~ 

CTeneHH He~TpanH3a4HH, npOBOAHBWHeCR 
C 4enb~ B~RCHeHHR HX CTPYKTyp~. 

nony4eHH~e peaynbTaT~ npoaHan H3H
poeaH~ COBMeCTHO C aHanorH4H~MH AaH
H~MH no ManoyrnoeoMy pacceRHH~ pe HT
reHOBCKHX ny4e~. Ha pHc.9 noKaaa H~ 

rpa$HKH rHHbe AnR OTHOWeHHR peHT r eHOB
CKO~ H He~TpOHHO~ HHTeHCHBHOCTe~ pac
ceRHHR paCTBOpaMH nMK. no HaKnOHy 
npRM~X, C HCnOnb30BaHHeM HeKOTOp~X 
MOAenbHbiX npeACTaeneHH~, nony4eH~ 
cpeAHHe paCCTORHHR Me~y MaKpOHOHaMH 
e pacTeopax D, ne~a~He e AHanaaoHe 
5,4 ~ D ~ 5,8 HM AnR pa3H~X CTeneHe~ 
He~TpanH3a4HH. CAenaH BbiBOA, 4TO AnR 
OAH03Ha4Horo Bbl6opa Me~y cy~ecT ey~

~HMH CTPYKTYPHbiMH MOAenfiMH Heo6XOAH
M~ H3MepeHHR C Me4eH~MH nonHHOHaMH. 
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Pa6oTa e~nonHRnacb coeMeCTHO c HHcTH
TYTOM MaKpOMOneKynRpHO~ XHMHH 4CAH/11/, 

CBO~CTBA KOHAEHCHPOBAHH~X CPEA 

1 . Hay4eHHe 3neKTPH4ecKoro KPHCTan
nH4ecKoro nonR B COeAHHeHHRX peAK03e
MenbH~X MeTannoe e 1983 rOAY e~nonHR
nocb Ha o6paa4ax NdAl3 H HoNis. ~13Me
pRnocb Heynpyroe napaMarHHTHoe pacceR
HHe TennOB~X He~TPOHOB npH pa3nH4H~X 
TeMnepaTypax. npHMep nony4eHH~x cneKT
poe noKa3aH Ha pHc.10. Ha OCHOBe 3THX 
3KcnepHMeHTOB onpeAeneH~ napaMeTp~ 
KPHCTannH4eCKOrO nonR H COOTBeTCTBy~
~He cxeM~ ypoeHe~. B 4Hcne H3y4eHH~x 
napaMeTpoe oco6~~ HHTepec npeACTaenR
n~ rpaAHeHT~ 3neKTP~4eCKHX none~. 

B 3TO~ CBR3~ COBMeCTHO c n~n npoee
AeH~ H3MepeHHR rpaA~eHTOB none~ Ha 
RAPaX MeTOAOM B03My~eHH~X yrnoB~X Kop
peJ1R4~~. c~cTeMaT~4eCKH~ aHan~3 AaH
HbiX AnR rpaAHeHTOB nonR Ha MeCTe 4f
o6on04K~ H Ha RAPaX HOHOB nOKa3an, 4TO 
OHH OA~HaKOB~ B HenpOBOAR~HX, HO OT
n~4a~TCR Ha $aKTOp 3-6 B MeTann~4eCKHX 
coeAHHeH~Rx. Paan~4~e o6bRCHeHo en~R
H~eM 3neKTPOHOB npOBOAHMOCT~, 3KCnepH
MeHTanbHO BbiAeneH 06MeHHbl~ BKnaA OT 
3neKTPOHOB npOBOA~MOCTH B een~4HHY 
rpaA~eHTa nonR Ha MecTe 4f-o6ono4K~ 
HOHa/12,13/, 

2. CeR3b Me~y CTPYKTYPH~M Hecopaa
MepHbiM $a30BbiM nepeXOAOM H BHYTPHMO
neKynRpHO~ AHHaM~Ko~ B Kp~cTanne A~
$eHHna npoeepRnacb e 3Kcnep~MeHTe no 
HeynpyroMy HeKorepeHTHOMY pacceRH~~ 
Tennoe~x He~TPOHOB Ha cneKTpoMeTpe 
o6paTHO~ reoMeTp~H KA-COr. PeaynbTaTbl 
npeACTaeneH~ Ha p~c.11. TeMnepaTypa 
$aaoeoro nepexoAa e 3TOM KP~CTanne 
cocTaenReT Tc = 40K. BHAHO, 4TO c npH-

. 6n~~eHHeM K T c o6Hapy~~eaeTcR cna6bl~ 
POCT HHTeHC~BHOCTH pacceRHHR, KOTOP~~ 

MO~HO CBR3aTb C npeACKa3aHH~M Teope
TH4eCK~ BnHRHHeM MRrKO~ MOA~ Ha $a-
30Bbl~ nepeXOA. 3TO BnHRHHe, OAHaKO, 
OCna6neHO TeM, 4TO npORBnReTCR n~Wb 
e Mano~ o6nacTH 30H~ 6pHnn~3Ha. Pa6o
Ta npOBOA~nacb COBMeCTHO c nT$ OH~H 
H HHcT~TYTOM RAepHo~ $~3~K~ e KpaKo
ee/14/, 

3. MeTOAOM ynpyroro ~ Heynpyroro 
pacceRHHR TennOB~X He~TpOHOB H3y4eH~ 
CTPYKTYPH~e $a30B~e nepeXOA~ B ~~AKO
KP~CTannH4eCKOM ee~ecTee M66A npH 
TeMnepaTypax ]8-320K. 3TO Be~eCTBO, 
COCTOR~ee ~3 AnHHH~X MOneKyn, npH 



HatiaTbi perymipHbJe !l>H3HtieCKHe Hccne,n;oBaHHH Ha ceMH BhiBe,n;eHHbiX nytiKax HeH:TpOHOB 

peaKTopa HBP-2. Ha CHHMKe: Hana,n;Ka IDCTHpyeMoro KOJlJlHMaTopa ycTaHOBKH Manoyrno

Boro pacce.RHH.fl. 
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PHc.l3. He~TpoHorpaMMhl TBePAhlX aMo~

HbiX ~as MBBA. 
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PHc. 12. CxeMa ~asoBbiX cocTOHH~ 
a MBBA, AOCTHraeMbiX npH pasnHqHbiX 
npo~eAypax oxna~eHHH H Harpeaa. 

oxna*AeH~~ nerKo aMop$~a~pyeTcR, ne
peXOAR B paan~4H~e MeTaCTa6~nbH~e 
$aa~ Co-C6 e aae~c~MocT~ oT npo~eAy
P~ oxna*AeH~R ~n~ Harpeea (p~c.12). 
HeHTpoHorpaMM~, ~3MepeHH~e Ha H6P-2 
(p~c.13) HarnRAHO AeMOHCTP~PY~T paa
n~4~e 3T~X $a3 ~ Heo6paT~MOCTb no
cneAOBaTenbHOCTeH $a30B~X nepeXOAOB 
np~ oxnamAeH~~ ~ noAorpeee. nony4eH
H~e cneKTP~ Heynpyroro pacceRH~R yKa
a~ea~T Ha cy~ecTeoeaH~e MHoroypoeHe
e~x MeTaCTa6~nbH~X COCTORH~H MOneKyn 
M66A e aMop$H~X $aaax/15/. Pa6oTa e~
nonHRnacb coeMeCTHO c HHCT~TYTOM $~-
3HK~ TeepAoro Tena AH CCCP, KpaKoe
CK~M ~HCT~TYTOM RAePHOH $~3~K~ ~ 
UeHTpanbH~M ~HCT~TYTOM $~3~K~ BAH. 

HAY~HO-llPMKflAaHHE PABOTM 

1 . Ha 3neKTPOCTaT~4ecKoM ycKop~
Tene npoToHoe e~nonHeH PRA np~KnaA
H~x ~ccneAOBaH~H C noM~b~ ABYX MeTo
A~K - o6paTHoro pacceRH~R npoToHOB 
~ eoa6y*AeH~R e ~ccneAyeM~x o6paa~ax 
xapaKTep~CT~4eCKOrO peHTreHOBCKOrO 
~3ny4eH~R. npoBeAeH~ aHan~3~ M~Kpo-

3neMeHTHOrO COCTaBa o6pa3~0B no4B, 
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PHc.l5. 3HepreTHqecKHH cneKTP oT 
npHMeCHhlX 9neMeHTOB B OKeaHHqeCKHX 
B3BeCHX, 

pacTeHH~, B03AYXa, HeKOTOp~X BHAOB 
XHMH4eCKO~ nPOAYK4HH, AnR npHMepa 
Ha pHc.14 npHBeAeH 3HepreTH4eCKH~ 
cneKTP xapaKTepHCTH4ecKoro peHTreHoe
cKoro Hany4eHHR, H3MepeHHoro Ha o6-
pa34e $oc$opa, e~nycKaeMoM npoM~wneH
HO~Tb~. ~T4eTnHBO BHAH~ npHMeCH Me
TannH4eCKHX 3neMeHTOB. AnR ~HcTHTYTa 
oKeaHonorHH npoeeAeH aHanHa npo6 
eaeece~, oTo6paHH~x e ~HAH~CKOM H TH
xoM oKeaHax. Ha pHc.15 noKaaaH OAHH 
H3 nony4eHH~x cneKTpoe. no nony4eHH~M 
AaHH~M nocTpoeH~ pacnpeAeneHHR KoH-
4eHTPa4H~ paanH4H~X 3neMeHTOB BO B3ee
CRX no eepTHKanbH~M H ropH30HTanbH~M 
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paape3aM OKeaHOB, npeAen 06HapymeHHR 
npHMece~ AOCTHraeT to-9r/cM3 npH no
rpewHo CTH 10-20%. npoBOAHnHCb CHCTe
MaTH4e CKHe HCCneAOBaHHR H30nR4HOHH~X 
MaTepHanoe, nOKP~TH~ OnTH4eCKHX npH-
6opoe , nonynpoBOAHHKoe~x MaTepHanoe 
H HHTe rpanbH~X cxeM. 

2. ~ccneAOBaHHR no aKTHBa4HOHHOMy 
H 3neMeHTHOMY aHanH3Y C npHMeHeHHeM 
He~TPOH08 npoBeAeH~ B 1983 r. Ha pe
aKTOpe ~6P-2, rAe C03AaHbl 6HO$H3H4e
CKH~ KaHan H ycTaHOBKa AnR o6ny4eHHR 
PErATA 0 npoAonmanHCb aHanH3bl nPHPOA
HbiX BOA, n04B, pacTeHH~, TKaHe~ mHBOT-
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KoMnne~c PEfATA npegHa3HaqeH gnR npoBegeHHR Ha peaKTOpe HEP-2 aKTHBa~HOHHo
aHanHT~eCKHX H pagHa~HOHHb~ HCCnegOBaHHH B o6naCTH reonorHH, 3KOnorHH, MegH
~HHbl H MaTepHanoBegeHHR. 

H~X Ha o6pa3~aX ~3 CTpaH-y4aCTH~~ 

OHRH. HccneAOBaH~~ npecneAOBan~ B oc
HOBHOM 3Konor~4ecK~e ~en~. OnpeAen~ 

n~cb np~Mec~ 3neMeHTOB Au, Ag, W, Co, 
Zn, Cd, Cu, Hg, I, Sb ~ Ap./16,17/ . 

3. H3y4anocb ~HAY~~posaH~e HeHTpo
HaM~ ~eHTpos oKpacK~ s Al203 ~ peAKo-
3eMenbH~x rpaH~Tax. 06Hapy~eHa cTa -
6~nbHa~ ~H$paKpacHa~ n~M~Hec~eH~~R 

s Al203 np~ $n~3Hce HeHTPOHOB 
101tl H/cM2. Bn~~H~e np~MeceH Na, Cl , 
Mn Ha onT~4eCK~e CBOHCTBa KBap~a ~c 

cneAOBaHO B COBMeCTHOH pa6oTe C non~
TeXH~4eCK~M ~HCT~TYTOM opaT~cnas~/ 1 8/. 

4. PaA~a~~OHH~e ~ccneAOBaH~~ npo 
BOA~n~cb C ~enb~ B~~CHeH~~ B03AeHC T
B~~ HeHTPOHOB ~ y-ny4eH Ha 6~onor~ 
4ecK~e o6"beKT~. B 1983 rDAY BblnonHeH~ 
~3MepeH~~ C HeCKOnbK~M~ WTaMMaM~ 6 a K
Tep~H An~ ~ccneAOBaH~~ noeeAeH~R Mone
Kyn AHK ~ c KannycaM~ - pacT~TenbH~M~ 

TKaH~M~ An~ ~3y4eH~~ ~X paA~04YBCTB ~

TenbHOCT~ ~ A~HaM~K~ pocTa/19,20/. 
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3HCflEYATA~HH3 COBEPMEHCTBOBAHHE 
H PA3BHTHE OCHOBHYX YCTAHOBOH 

AflflAPATYPY 

PEAKTOP~ H YCKOPHTEnH 

1. B 1983 rDAY Ha peaKTope H6P-2 
OCBOeH pe~~M pa60T~ Ha npoeKTHOH 4ac
TOTe 5 ~Mn./c. HMnynbCHa~ MO~HOCTb 
peaKTopa cocTae~na 700 MBT, np~ 3TOM 
AOCT~rHyT peKOPAH~A nOTOK TennOB~X 
HeHTPOHOB Ha nosepXHOCT~ 3aMeAn~Ten~ 
5·1015H/cM2•c B ~Mnynbce. B 3TOM pe
~~Me npoBeAeH KOMnneKC ~ccneAOBaH~H 
napaMeTpoe ~ c~cTeM peaKTopa no npo
rpaMMe 3HepreT~4ecKoro nycKa/21/.0AHO
epeMeHHO e~nonH~n~cb $~3~4ecK~e ~ccne
ADBaH~~ Ha B~BeAeHH~X ny4KaX HeHTpo
HOB, An~ KOTOP~X peaKTOP OTpa6oTan 
2000 4aCOB. 

2. PeaKTop H6P-30 ~ era ycKop~Tenb
~H~eKTOP nY3-40 o6ecne4~n~ ~ccneAOBa
H~~ nH~ B o6nacT~ ~AePHOH $~3~K~ B co
OTBeTCTB~~ C TeMaT~4eCK~M nnaHOM 



1983 roAa. MoAePH~3~po8aH P~A c~cTeM 
ycKop~Ten~. K wTaTH~M c~cTeMaM peaKTo
pa H6P-30 noAKn~4eHa paapa6oTaHHa~ 
8 nH$ ~H$OpMa~~OHH0-~3Mep~TenbHaR c~
CTeMa Ha 6aae 38M. np~MaHeH~e 3TOH c~
CTeM~ COKpa~aeT 8peM~ 80CCTaH08neH~R 

M~HOCT~ peaKTOpa C HeCKOnbK~X 4aC08 
AO 1 4aca. 

3. npoAOn~an~Cb pa60T~ no MOHTa~y 
~ HanaAKe yano8 n~He~Horo ~HAYK~~oH
Horo YCKOP~TenR 3neKTpOH08 nHY-30. B~
nonHeH $~3~4eCK~~ nycK ~H~eKTOpHoro 
y4aCTKa np~ 3Hepr~~ 3neKTpOH08 
2,75 M3B. 

YcKop~Tenb npoToHo8 3r-5 pa6oTan 
Ha Hay4Ho-np~KnaAH~e ~ $~3~4ecK~e ~c

cneA08aH~R 8 COOTBeTCTB~~ C nnaHOB~M 
aaAaH~eM. 

llpaKTHqecKHM npano~eHHeM paspa6oToK 
BbJCOKOqYB C TBHTeJibHOrO CB epxnpOBO,Z:Vi~ero 
MarHHTOMeTpa HBHnOCb C09AaHHe MarHHTO
KapAHOrpa~a. Ha CHHMKe: llOArOTOBKa 
MarHHTOKapAHOrpa~a K pa6oTe. 

3KCnEPHMEHTAnbHWE YCTAHOBKH 
HA PEAKTOPE H6P-2 

8 1983 rOAY BBeAeH~ B CTPO~ Ae~cT
BY~~X cneKTPOMeTpbl Heynpyroro pacce~
H~~ He~TpoHoe KACOr-2M ~ AHH-2K. CxeMa 
Kpa KOBCKO-AY6HeHCKOrO cneKTPOMeTpa o6-
paTHO~ reoMeTp~~ KACOr-2 AaHa Ha 
p~c.16. OH npeACTaen~eT co6o~ MOAePH~
a~poeaHH~~ eap~aHT pa6oTaewero Ha 
H6P-30 cneKTpoMeTpa KACOr-1, e KoTo
poM 3H.epr~~ pacce~HHbiX He~TPOHOB aHa
n~a~ pyeTC~ c noM~b~ KOM6~Ha~~~ 6ep~n
n~eeoro e~nbTpa c MOHOKp~cTannoM.Cee
Toc~na ycTaHOBK~ e A~anaaoHe 3Hepr~~ 
10-500 M3B ~ paapeweH~~ 4-16% e 30 pas 
ny4we , 4eM Ha ~6P-30. 

B cneKTPOMeTpe AHH-2K (p~c.17)np~
MeHeH~ MeXaH~4eCK~e ceneKTOP~ He~Tpo

HOB. He~TPOHH~~ noToK Ha o6paa~ax -
105-107H/cM2c, A~anaaoH 3Hepr~~ -
0,00 1-10 3B, paapeweH~e no epeMeH~ 
nponeTa - (1-7) MKC/M. CneKTPOMeTp e~
nonHe H e ABYX eap~aHTax c An~HHO~ 
(100 M) nponeTHO~ 6aao~, o6ecne4~Ba~

~e~ MaKc~ManbHoe 3HepreT~4ecKoe paape
weH~e 10-6 38 ~ KOPOTKO~ (20 M) An~ 
C03Aa H~~ MaKC~ManbHO~ ~HTeHC~BHOCT~ 

He~TpoHoe Ha o6paa~e. B cneKTPOMeTpe 
np~MeHeH aepKanbH~~ He~TPOHOBOA• 

B 1983 rOAY Ha peaKTope H6P-2 Ha-
4an~ $YHK~~oH~poeaTb ABe ycTaHOBK~ An~ 
Hay4Ho-np~KnaAH~x ~ccneAOBaH~~/22/, 
YcTa HoeKa 6~0$~3~4ecK~~ KaHan (6$K) 
~cnonbayeTc~ An~ pa6oT Ha B~BeAeHH~x 

ny4KaX 6~CTP~X ~ TennoB~X He~TPOHOB. 

ny4K~ 6~CTP~X He~TPOHOB $OPM~PY~TC~ 

C nOMO~b~ CMeHH~X KOnn~MaTOPOB ~ $~nbT

pOB ~ a Ph, CH2 ~ B4C. DA~H ~a Konn~

MaTopoe, KoTop~~ epa~aeTc~, ~cnonbayeT

c~ An~ yMeHbWeH~~ 4acToT~ cneAOBaH~~ 

He~TPOHHbiX ~MnynbCOB ~ $0Ha Me>KAY oc
HOBHbiM~ ~MnynbCaM~. BbiXOAHble OKHa KOn
n~MaTOPOB HaXOA~TC~ B 750 CM OT aKT~B
HO~ 30H~ peaKTOpa. ny40K TennOB~X He~T
POHOB $OPM~pyeTC~ ~30rHyT~M 3epKanbH~M 
He~T pOHOBOAOM An~HO~ 20 M C Ce4eH~eM 
1,5x15 cM2, 

YcTaHOBKa PErATA npeAcTaen~eT co6o~ 
nHeBMOTpaHcnopTHY~ C~CTeMy C TpeM~ Ka
HanaM~ (I,II,III) o6ny4eH~~ ~ TpeM~ 
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rop~4~M~ KaMepaM~. M~H~ManbHoe epeM~ 

o6ny4eH~~ o6pa3~oe Ha PErATE 1-2 c, 
epeM~ AOCTaBK~ o6pa3~a c no3~~~~ o6-
ny4eH~~ K AeTeKTOpy OKOnO 10 c,cneKT
pbl aHan~3~PYJOTc~ c noMOU\biO 36M MERA-
60. 

KaHaJibl llJIOTHOCTb llOTOKa HeHTpOHOB, 
H/cM2c 

TipO,D;OJl)!(aJlHCb pa60Tbl no MOHTa)!(y H Ha
na,o;Ke ycKopHTeJIH nMY-30. B HH)!(eKTop
HOM yqacTKe YCKOpHTeJIH nonyqeHbl 9J1eKT
pOHbl C 9HeprHeH 2, 7 5 M9B H TOKOM B HM
nyJibCe 60 A. Ha CHHMKax: a - MOHTa)!( 
aHaJIH3aTopa nyqKa; 6 - o6mHH BH,o; yc
KOpHTeJIH. 

XapaKTep~cT~K~ HeATPOHH~x KaHanoe 
3T~X yCTaHOBOK, ~3MepeHHble Ha MOU\HO
CT~ peaKTopa 1,0 MBT, AaH~ e Ta6n~~e 
(AaHH~e An~ KaHana I- pac4eTH~e). 

Mo~HoCTb ,o;03hl fp/c 
HeHTpOHOB 

Ta6nHu;a 

TenJIOBb!e ----------~~----------~ Cpe,o;HHH Pe3oHaHCHb!e J1MnyJibCHaH 

B<I>K 

B«llK 

I 

II 

III 

1, 1 • 1 o8 

(5. 106) 

2,5.106 

5· 1011 

2 7·1011 
' 

1 5.107 
' 

7 5. 109 
' 

1 1. 1011 
' 

0,6·10 11 

bb!CTpb!e 
-

3 3 ·108 
' 

10 14 

6. J011 

3 2 ·10 11 
' 

8,3·10-3 

15 

8,0 

6,6 

1 '2 ·104 

0, 64 ·104 

UH~pa B cKo6Kax B cTpoKe B<l>K - noTOK Ha Bhlxo,o;e 3epKaJlbHoro HeHTpOHOBo,o;a. 
faMMa-~OH B KaHaJiaX COCTaBJIHeT 20-50% OT MO~HOCTH HeHTpOHHOH ,D;03b!, 
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CxeMa ycTaHoBKH ~cor-2 Ha 10 KaHane peaKTopa HBP-2 

PHc o 16 o CneKTpoMeTp Heynpyroro pacce.RHH.R Teii.TIOBbiX HeH:TpoHoB ~cor-2 o OcHOBHbie 
ysnhl H sneMeHThl: 1,2- peaKTop HBP-2; #- sp~aro~H:c.R KonnHMaTop; 9 - o6pase~; 

II - .qeTeKTOphl; 12 - aHanH9HPYIDIIUie MOHOKPHCTannbi; 13 -- 6epHnnHeBhle $HnhTPhi o 

2 4 

2011 
95M 

1+ 7MkC/M HHmeHeu&Hoem"l 

HeumpoHo& Ho 

PHcol7o CxeMa cneKTpoMeTpa ~H-2K: I 
MeXaHHtleCKHH npepbiBaTenb (AHCKOBbiH); 
5 - sepKanbHbiH HeHTpOHOBOA o 

H3MEPHTEnbHO-BW4HCnHTEnbHU~ UEHTP 

1 o 4Hcno H3MepHTenbH~x KaHanoe 
B ~eHTpe B 1983 rOAY AOBeAeHO AO 24, 
6naroAaPR 4eMy o6ecne4eH~ H3MepeHHR 
no seeM HanpaeneHHRM pa6oT, npoBOAHB
WHXCR OAHOBpeMeHHO Ha HMnynbCH~X pe
aKTOpax H5P-2, H5P-30 H YCKOPHTene 
3r-5o B CTPOH AeHCTBY~HX BBeAeH~ H3-
MepHTenbH~H MOAYnb KaHana YXH Ha 
HoP-2/23/, H3MepHTenbH~H MOAYnb yrno
B~X pacnpeAeneHHH pacceRHHR HeHTpo
Hoe/24/0 nepeBeAeH Ha HOBy~ 3BM HMO
AePHH3HPOBaH MOAYnb ycTaHOBKH nonRpH-

o5pos•4 

- HBP-2; 2 - Bp~aro~HHC.R KOnnHMaTop; 3 -
4 - MexaHHtleCKHH npepbiBaTenb (pOTOPHhlH); 

30BaHH~X pe30HaHCH~X HeHTPOHOBoBHeApe
H~ HOB~e 3anOMHHa~~He YCTPOHCTea/25,26/ 

2o BenHCb pa6oT~ no pa3BHTH~ H3Me
PHTenbHoro ~eHTpa e HanpaeneHHH co-
3AaHHR MHOrOMaWHHHOH ceTH 3BMo 3Ha-
4HTenbHO pacwHpeHa naMRib ~eHTpanbHo

ro npo~eccopa H ero BHeWHHX 3anoMHHa~
~Hx yc TpoHcTBo 4Hcno BHewHHX TepMHHa
noe AOBeAeHo AO 16o OceoeH PRA 
YCTPOHCTB Me~MaWHHH~X CBR3eH H ocy
~eCTBneHa npo6HaR CBR3b C Man~MH 3BM 
B na6opaTOPHRX n~n H n~Po npOAOn~a
nHCb pa6oT~ no C03AaHH~ cpeACTB eono
KOHHo - onTH4eCKOH CBR3Ho 
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3aBepmeHo cosgaHHe cneKTpoMeTpa ~H-2K. Ha CHHMKe: 3KcnepHMeHTanbHbiH san 
HBP-2; Ha nepegHeM nnaHe cneKTPOMeTp ~H-2K . 

3. B XOAe pa6oT no C03AaH~~ 3neKT
poH~K~ AnR 6a30BbiX ycTaHOBOK nH~ pa3-
pa6aTbiBan~Cb c~cTeMbl AnR aeToMaT~3a-
4~~ pa60Tbl YCKOP~TenR nHY-30, BBeAeHa 
B 3KCnnyaTa4~~ ~H~OpMa4~0HH0-~3Mep~
TenbHaR c~cTeMa peaKTopa H6P-3Q/27/. 
npOAOn)l(an~Cb pa60Tbl no OCHaU4eH~~ 
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flA60PATOPMR 
Bbi~MCflMTEflbHOM TEXHMKM M ABTOMATM3A~MM 

B 1983 rOAY OCHOBH~e yc~n~R KonneK
T~Ba na6opaTop~~ 6~n~ HanpaeneH~ Ha 
nOB~WeH~e 3$~eKT~BHOCT~ ~CnOflb30Ba H~R 

3BM ~eHTpanbHOro B~4~Cfl~TeflbHOrO KOMn
neKca, AanbHeHwee pa3B~T~e TepM~Hanb
HOH ceT~ ~ AOOCHa~eH~e 3BM EC-1060 
YCTPOHCTBaM~ BHe~HeH naMRT~. nony4~no 

pa3B~T~e MaTeMaT~4ecKoe o6ecne4eH~e 

6a30B~X 3BM, B~nonHeH~ noArOTOB~Tenb
Hble pa6oT~ no 3aMeHe ynpaenRIO~~x 3BM 
B ~3Mep~TenbH~X C~CTeMax nYOC-CAMET 
~ A3flT-2/160. Pa3pa6oTaH~ 3~~eKT~BH~e 
4~cneHH~e ~ Ka4eCTBeHH~e MeTOA~ pewe
H~R 3aAa4 MaTeMaT~4ecKoH ~~3~K~. Co-
3AaH~ ~ nony4~fl~ pa3BHTHe C~CTeM~ 
nporpaMM o6pa6oTK~ AaHH~x. 

PA3BHTHE H 3~~EKTHBHOE 
RCflOflb30BAHHE ~EHTPAflbHOrO 

Bl:ltfHCRHTEflbHOrO KOMflflEKCA OHHH 

PA3B~T~E UEHTPAflbHOrO 
BW4HCfl~TEflbHOrO KOMnnEKCA O~~H 

1 . CAaHa e on~THYIO 3KcnnyaTa~HIO 
TepMHHanbHaR c~cTeMa 3BM EC-1060 ~ ee 
nporpaMMHOe o6ecne4eH~e. Pa3pa6oTaH
H~H TepM~HaflbH~~ KOHTponnep n03BOflR
eT nOAKfli04~Tb K 3BM 16 TepM~Hanoe. 
Yeen~4eH B 2,3 pa3a o6DeM naMRT~ Ha 
MarH~TH~x A~CKax 3a c4eT nOAKfll04eH ~R 
8 HaKOn~TefleH Ha MarH~TH~X A~CKaX 
EC-5061. 

B~nonHeH~ noArOTOBHTenbH~e pa6oT~ 

no nOAKfl104eH~IO ~ aBTOHOMHOH HanaAKe 
HaKOnHTeneH Ha MarH~THOH neHTe C nnoT
HOCTbiO 3an~c~ 1600 6HT/AIOHM. noAKfl10-
4eH rpa~onocTpo~Tenb EC-7052/1,2/, 

Pacw~peH~ B03MO~HocT~ onepa~~oHHO~ 

c~cTeM~ EC-1060 3a c4eT BKn104eH~R 
B ee COCTaB TpaHCflRTOPOB C R3~KOB 
~OPTPAH-77 H nACKAflb-8000. npoBeAeHO 
AOYKOMnneKTOBaH~e 6H6nHoTeKH nporpaMM 
o6~ero Ha3Ha4eH~R 30 HOB~M~ nporpaM
MaM~ H nOArOTOBfleH eap~aHT ~H~OpMa 

~~OHHO-cnpaB04HOH C~CTeM~ 6~6n~OTe
K~/3/, 
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2. 3aeepweHa aBTOHOMHaR HanaAKa 
BToporo MYflbT~nneKcopa TepMHHanoe AflR 
nOAKfll04eH~R K 3BM CDC-6500 16 TepMH
Hanoe ~ BHeCeH~ He06XOA~M~e H3MeHeH~R 

e onepa~~OHHYIO c~cTeMy. H3roToeneH 
~ oTna~eH ~HTep~eHc AflR nOAKfll04eH~R 

8 HaKOnHTeneH Ha MarH~TH~X AHCKaX 
EC-5061 K CDC-6500. 

noe~WeHa 3~eKT~BHOCTb pa6oT~ 38M 
3a c4eT nepepacnpeAeneH~R Me~y one
paT~BHOH H A~CKOBOH naMRTbiO Ha6opa 
C~CTeMH~X nOAnporpaMM C y4eTOM 4aCTO
T~ ~X ~CnOflb30BaH~R/4/, 

BHeApeHa HOBaR eepc~R 6~6n~oTeK~ 
nporpaMM o6~ero Ha3Ha4eHHRI5-7/, 

3. Ha 3BM 63CM-6 pacwHpeH~ B03-
MO~HOCTH nporpaMMHOH nOAC~CTeM~ 

MYflbT~TA~n AflR C4eTa 3aAa4 c TepM~Ha
noe. npoBeAeHO AOYKOMnneKTOBaH~e 6~6-
n~oTeK~ nporpaMM o6~ero Ha3Ha4eHHR 
~ o6ecne4eHo nporpaMMHoe ynpaeneH~e 
HOB~M rpa~OnOCTPO~TeneM/8/,B paMKaX 
pa60T no OCBOeH~IO B~4HCflHTeflbHOH CHC
TeM~ 3nb6pyc-K2 pa3pa6oTaH nporpaMM
H~H 6noK CBR3~ Me~y nporpaMMOH-A~C
neT4epoM ~eHTpanbHoro npo~eccopa 
~ npo~eccopoM BBOAa-e~BOAa. 

BHEAPEH~E ~ ~CnOnb30BAH~E 

C~CTEM AHAflHT~4ECK~X B~4~CflEH~~ 
HA 3BM 

Ha 3BM EC-1060 BHeApeHa c~cTeMa 
aHan~T~4eCKHX npeo6pa3oeaHHH ASHMEDAI, 
npeAHa3Ha4eHHaR AflR B~4~cneHHH B o6-
nacT~ ~~3~K~ B~COK~X 3Hepr~H. 

B c~cTeMy aHan~T~4ecK~x B~4~cneHHH 
SCHOONSCHIP BKfll04eHa nporpaMMa aeTo
MaT~4eCKOro npeo6pa3oBaHHR aHan~T~4e

cKoro pe3ynbTaTa e ~opTpaH-nporpaMMY 
C ~eflbiO KOM6~H~pOBaHHR 4HCfleHH~X 

~ aHan~T~4ecK~x pac4eToe. Pean~3oBaH 

A~anoroe~H pe~~M ~cnonb3oeaH~R c~cTe

M~. 

B 9ane 3BM EC-1060 H 3BM EC-1033. ~ 

------------~~----·----------------------------------------





I . 

......... 
BegyTC.fl pa60Tbi no pacDJHpeHmo TepMHHa.JibHOH ceTH 3BM EC-1 060. 

06~eM onepaTHBHOH naM.flTH Ha MarHHTHb~ AHCKax 3BM EC-1060 yBenHqeH oonee qeM 
B gBa pa3a. 

CAaH e 3KcnnyaTa4~~ KOMn~n~poeaH
HbiH eap~aHT c~cTeMbl REDUCE c e~pTya
n~3a4~eH Ha 3BM CDC-6500, 4TO no3eo
n~no pew~Tb npo6neMy Ae~~4~Ta one pa
T~BHOH naM~T~ np~ ~cnonb30BaH~~ 3TOH 
C~CTeM~ ~ nOB~C~Tb CKOPOCTb B~4~Cne

H~H B 2 pa3a/9/, 
C noM~b~ c~cTeMbl SCHOONSCHIP ~c

cneAOBaH~ eonpoc~, cB~3aHH~e c co
Kpa~eH~eM pacxoA~MocTeH e N = 2 
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~ N = 4 cynepc~MMeTp~4H~x Kan~6poeo4-
H~x Teop~~x np~ Han~4~~ Mace y cKa
n~pH~x ~ ~epM~OHH~x noneH/10/, 

B paMKax pa6oT~ no ~3y4eH~~ Kan~6-
poeo4H~x Teop~H non~ Ha npocTpaHcT
BeHHo-epeMeHHOH peweTKe COBMeCTHO 
C nT~ npoBeAeHO ~ccneAOBaH~e a6enee~x 
X~rrCOBCK~X MOAeneH C 11 pa3MOPO>KeHHOH 11 

paA~anbHOH cTeneHb~ ceo6oA~ x~rrcoe

CKoro non~. Pac4eT~ npoeoA~n~cb/11/ 



Ha EC-1060 ~ CDC-6500 MeTOAOM MoHTe
Kapno Ha peweTKe 44. 

C noMO~b~ c~cTeM~ REDUCE-2 ~ccne
AOBaHo pacnpocTpaHeH~e Hen~He~H~x 
rpaB~Ta4~0HH~X BOnH Ha nosepXHOCT~ 
BOA~· C~CTeMa r~APOA~HaM~4eCK~X ypas
HeH~H pewanacb MeTOAOM Teop~~ B03My
~eH~H BnnOTb AO 4eTBepToro nOPRAKa 
no ManoMy napaMeTPY 3aAa4~/12/. 

Pa3pa6oTaH, ~3roTosneH ~ Hana~eH 

MaKeT A~CnneHHOro MOH~Topa Ha 19-A~H
MOBOH 3anoM~Ha~eH 3nT c s~coKo~ pa3-
pewa~eH cnoco6HoCTb~ AnR rpa$~4eCKOH 
C~CTeM~ Ha OCHOBe MynbT~M~KpOnP04eC
COPHOrO ~HTenneKTyanbHOrO TepM~Hana 
(HrT) ~ 3BM K1630. Pa3pa6oTaH~ ~HTep
$eHc~ ~ nporpaMMH~e APa~sep~ AnR noA
Kn~4eH~R MynbT~M~Kponp04eCCOPHO~ C~C

TeM~ K 3BM K1630. nepe4~cneHH~e pa6o
T~ B~nonHR~TCR COBMeCTHO C Hay4Ho-~c
cneAOBaTenbCK~M 4eHTPOM KOM6~HaTa 
P060TPOH, rAe nnaH~pyeTCR cep~~H~~ 
B~nycK HrT. Ha 3BM CM-4 nocTaBneH 
rpa$~4eCK~~ naKeT ~ BeAYTCR pa60T~ 
no C03AaH~~ 6a3osoro MaTeMaT~4ecKoro 
o6ecne4eH~R 4BeTHoro A~cnneR. B~nonHe
H~ pa6oT~ no pa3B~T~~ nporpaMMHoro 
06ecne4eH~R rpa~~4eCK~X C~CTeM/13-15/. 

3KCnnYATAUH~ 6A30B~X 
3nEKTPOHHO-B~4HCnHTEnbH~X MAWHH 

3BM fO,QOBOH 06~ee 

nnaH nones Hoe 
(B ttac.) BpCM.fl CtteTa 

sa ro.Q 
(B ttac.) 

EC-1060 5500 6178 

CDC-6500 7000 7254 

B3CM-6 6000 6994 

PA3BHTHE METOAOB HCnOnb30BAHH~ 3BM 
HA nHHHH C 3KCnEP~MEHTAnbH~MH 
YCTAHOBKAMH OH~H 

1. Co3AaH KOMnneKc nporpaMM peanb
Horo s peMeH~ Ha 6a3e noKanbHO~ ceT~ 
3BM cneKTPOMeTpa 6HC-2 AnR npOBeAeH~R 
OAHOB peMeHHO HeCKOnbK~X He3aB~C~M~X 
3Kcnep~MeHTOB Ha n~H~~ c EC 3BM. Pa3-
pa6oTaH~ anrop~TM~ ~ C03AaH KOMnneKC 
nporpaMM AnR o6ecne4eH~R aAanT~BHO~ 
HaCTPO~K~ C~CTeM~ ynpasneH~R 3KCne
P~MeHTOM. 

nos~weHa ycTOH4~BOCTb see~ c~cTeM~ 

ynpasneH~R 3Kcnep~MeHTOM nyTeM ocy
~ecTsneH~R nporpaMMHoro KOHTponR 3a 
COCTORH~eM KOMnOHeHTOB C~CTeM~.C03Aa
Ha nporpaMMHaR C~CTeMa aBTOMaT~4eCKO
ro y4eTa pe3ynbTaToB 3Kcno3~4~~. Yco
sepweHCTBOBaHo MaTeMaT~4ecKoe o6ecne-
4eH~e C~CTeM~ MaW~HHO~ rpa~~K~. noA
rOTOBneHa nporpaMMa pacno3HaBaH~R 
~ reoMeTp~4eCKO~ peKOHCTPYK4~~ C06~

T~~, per~CTp~pyeM~X YCTaHOBKOH 
6HC-2 / 16/. Co3AaHa nporpaMMa cTaT~CT~-
4ecKor o MOAen~posaH~R AaHH~x, per~cT

p~pyeM~x M~OHH~M cneKTpOMeTpOM He~T
p~HHOrO AeTeKTopa/17/. Pa3pa6oTaH~ 
~ BBeAeHbl B 3KCnnyaTa4~~ nporpaMM~ 
o6pa6oTK~ AaHH~x, per~cTp~pyeM~x yc
TaHOBKOH ~OTOH. Ha EC-1060 noArOTos
neH~ ~ BHeApeH~ pa6o4~e sap~aHT~ na-

Cpe.QHecyTottHoe 'lJHcno 
nonesHoe speM.fl npon~eHHbiX 

ctteTa (B ttac.) sa.Qatt 

18 44385 

21 , 1 191960 
17236* 

20,5 57387 
19130* 

* 'liHcno sa.Qatt, npon~eHHbiX C TepMHHanOB. 
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HariagKa MaKeTa AHCnJieHHOI'O MOHHT Opa AJI.fl rpaqm'tleCKOii CHCTeMbi Ha OCHOBe MYJibTH

MHKponpo~eccopHOI'O HHTeJIJieKTyaJib HOI'O TepMHHaJia H 3BM K1630, 

KeTOB nporpaMM CTaT~CT~4eCKOH o6pa-
60TK~ (HBOOK), ynpasneH~R 6a30H AaH
H~X (ZBOOK) ~ CTaHAaPTHOro 06MeHa 
C BHeWH~M~ aanoM~Ha~~~M~ YCTPOHCTBa
M~/18/, Paapa6oTaH~ HOB~e cpeACTBa 
A~HaM~4eCKOH HacTpoHK~ nporpaMM ~ Co-
3AaHH~e nporpaMM~ BKn~4eH~ B 6aaosy~ 
6~6n~oTeKy nporpaMM. 

2. npoBeAeHa OTnaAKa HOBO>O Ba p~aH

Ta KOHTponnepa AnR nocneAOBaTenbHOH_ 
Mar~cTpan~ KAMAK B c~cTeMe c6opa ~ o6-
pa6oTK~ AaHH~X C KaHanOB BTOp~4H~X 

ny4KOB 4aCT~~ C~Hxpo$a30TPOHa nB3 . 
B~nonHeHa nporpaMMHaR ~ TexH~4ec KaR 

HanaAKa 6y$epHOH naMRT~, nOAKn~4eHHO~ 

Ha yKa3aHHY~ Mar~CTpanb B Ka4eCT8e 
npoMe~yT04Horo aanoM~Ha~~ero ycT po~cT

Ba Me~y 38M EC-1010 ~ annaP?TY POH 
C~CTeM~. noArOT08neH ~ np~MeHeH PRA 
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nporpaMM AnR aHan~T~4ecKoro B~4~cneH~R 
nepeKn~4aTenbH~x $YHK~~H ~ onepa~~H 

HaA non~HoMaM~, ~cnonbayeM~X np~ on~
caH~~ cxeM YCTPOHCTB c~aT~R ~H$OpMa
~~~ ~ npeo6paao8aH~R AaHHbiX 8 rOAOCKo
n~4ecK~x c~cTeMax, a TaK~e np~ pe
r~cTpa~~~ 4aCT~~ 8 MHOroKaHanbH~X Ae
TeKTOpax/19/, C noMO~b~ nporpaMM,paa
pa6oTaHHbiX Ha 38M MERA-60, npo80A~n~cb 

~aMepeH~R TeMnepaTypHoro pe~~Ma Kp~

cTann-A~$paK~~OHHoro cneKTPOMeTpa 
OHMY Ha n~H~~ c 38M c 8~80AOM ~H$opMa
~~~ Ha rpa$~4ecK~H ~ an$a8~THo-~~$po-

80H A~cnne~. Hana~eH ~ onpo6osaH 6noK 
cTa6~n~aa~~~ TeMnepaTyp~. CoaAaH~ 

~ oTna~eH~ nporpaMM~ AnR ~aMepeH~R 
cneKTP08. 8 c~cTeMe A~arHocT~K~ ny4Ka 
AnR YCTaH08K~ KYTH-20 (OHMY) npo80A~
n~cb nporpaMMH~e ~aMepeH~R nono~eH~R 

~eHTpa ny4Ka. AnR nnaH~pyeM~x Ha 



• 

KYTH-20 3Kcnep~MeHToe npoBeAeH Ha 
CM-4 PRA noAroroe~renbH~x nporpaMMH~x 
paOOT, HeOOXOA~M~X AnR C03AaH~R MOH~
TOpa C~HXPOTPOHHOrO ~3ny4eH~R/20/. 

3. 3aeepweH~ pa6or~ no C03AaH~~ 
KOMnneKca nporpaMM MOAen~poeaH~R ce-
4eH~~ RAeP TpaHCaKT~H~eB~X 3neMeHTOB 
e o6nacr~ Hepa3peweHH~x pe3oHaHcoe. 
nporpaMMH~~ KOMnneKC BKn~4eH B 6~6-
n~OTeKy C~CTeM~ o6pa60TK~ cneKTPOB 
RAePH~X ~3ny4eH~~ Ha 38M 63CM-6 ~ 
aAanr~poeaH Ha 38M EC-1060. C03AaH 
KOMnneKC nporpaMM AnR BBOAa ~H$OpMa
~~~, nony4eHHO~ Ha ycTaHOBKe CnHH 
(n~n). noe~weHa 3$$eKT~BHOCTb pa6or~ 

nporpaMMH~X MOAyne~ (Ha 50%) 3a C4eT 
~cnonb30BaH~R onT~M~3~PY~~ero rpaHc
nRTopa. npoBeAeH~ paOOT~ no pacw~pe
H~~ R3~Ka A~PeKT~B C~CTeM~ CQC. 8~

nonHeH~ pa6or~ no pean~3a~~~ npoeKTa 
MaTeMaT~4ecKoro o6ecne4eH~R c~creM~ 

o6pa60TK~ cneKTPOMeTp~4eCKO~ ~H$OpMa

~~~ Ha 38M EC-1060. c~cTeMa o6pa6or
K~ cneKTPOB Ha 38M 63CM-6 OTMe4eHa 
A~nnOMOM MemAyHaPOAHO~ B~CTaBK~ 
11HayKa-83 11 /21/. 

4. Pa3pa6oraH~ renee~3~0HH~e KaMe
P~ ~ per~crp~py~~aR annaparypa 6ec
$~nbMOBO~ C~CTeMbl C"beMa ~H$OpMa~~~ 
co crp~MepHo~ KaMep~ ycraHOBK~ PHCK. 
npo~3BeAeH 3anyCK 6ec$~nbMOBO~ C~CTe
M~ co crepeonapo~ ~3 ABYX renee~3~oH
H~x AaT4~Koe Ha n~H~~ c 38M EC-1040. 
B~nonHeH~ MeTOA~4ecK~e ~ccneAOBaH~R 

aaTOHOMHO~ c~cTeM~ Kan~6poeK~ rene
B~3~0HH~X AaT4~KOB ~ pa3pa6oraH~ co
oreercrey~~~e nporpaMM~/22/. 

C03,IJAHHE H PA3BHTHE 
ABTOMA TWIECHHX 
11 flOJIYABTOMA THCfECHHX CHCTEM 
OBPABOTHH HAMEPHHX CHHMKOB 

1. nony4~no AanbHe~wee pa3B~T~e 
nporpaMMHoe o6ecne4eH~e c~cTeM~ $~nbT 
pa~~~ e peanbHOM epeMeH~ Ha HPD np~ 

o6pa60TKe CH~MKOB C BOAOPOAH~X KaMep. 
OrnameHa HOBaR eepc~R nporpaMMHoro 
o6ecne4eH~R C~CTeM~, 4TO n03BOnReT 
COKpaT~Tb epeMR o6pa60TK~ C06~T~~, 
nOB~C~Tb 3$$eKT~BHOCTb ~ COKpaT~Tb 

4~CnO npoMemyT04H~X MarH~TH~X HOC~Te

ne~ e c~creMe. Pa3pa6oraH~ anrop~rM~ 

~ C03AaH~ nporpaMM~ AnR $OPM~POBaH~R 

$a~noe c ynpaenR~~e~ ~H$opMa~~e~ 
B c~cTeMe nPOMHC. C03AaHa eepc~R c~c

TeM~ nPOHHC C B03MOmHOCTb~ ~3MepeH~R 
MHorony4ee~x co6~T~~ e~6opo4HO. Pea
n~3oeaHa npo~eAYPa crar~cT~4ecKoro 

y4eTa pe3ynbTaroe o6pa6orK~ e nporpaM
Max c6opK~ ~ $~nbrpa~~~ co6biT~~ Ha 
CDC-6500. C03AaHa nporpaMMa 6~crpo~ 
o6pa6oTK~ AaHH~x co cne~npo~eccopa 
Ha CDC- 6500. 

noA r OTOBneHa Bepc~R nporpaMM~ 
$~nbTpa ~~~ AaHH~X Ha OCHOBe HOBOrO 
anrop~TMa A~HaM~4ecKoro ~cnonb3oeaH~R 

naMRT~ AnR c~creM~ M~H~ManbHoro ynpae
neH~R. 

2. 06ecne4eHa HaAemHaR 3Kcnnyara
~~R HOBO~ ynpaenR~~e~ 38M T~na CM-4 

'e COCTa Be A3nT-2/160, 4TO n03BOn~no 
npoeecr~ 3annaH~poeaHH~e pa3pa6oTK~ 

annaparyp~ ~ ynpaenR~~ero nporpaMMHo
ro o6ecne4eH~R. Co3AaHa HoeaR annapa
rypa yn paeneH~R aeroMaToM A3nT-2/160 
c noMo~ b~ 3BM CH-4, eKn~4aR 6noK Ko
A~POBK~ ~ nepeAa4~ e 3BM pe3ynbraroe 
cKaH~poeaH~R ~ APYr~e 6noK~. H3roroe
neH rpa$~4ecK~~ A~cnne~-MOH~rop-nyna 

C aBTOHOMHO~ naMRTb~, o6naAa~~~~ cy
~eCTBeH HO 6onbWe~ ~H$OpMa~~OHHO~ eM
KOCTb~ 3KpaHa (e 8 pa3) no cpaeHeH~~ 
c A~cnneeM Ha n~H~~ c 63CM-4. Pa3pa~ 
6oTaH KOMnneKc recroe Ha 38M CM-4 AnR 
npoeepK~ OTAenbH~X y3nOB C03AaHHO~ 
annaparyp~ ~ e~nonHeH~ pa6or~ no co-
3AaH~~ 6aaoeoro MaTeMaT~4ecKoro o6ec
ne4eH~R A3nT-2/160 Ha CM-4. CoaAaH~ 
HOB~e ee pc~~ ynpaenR~~ero MaTeMaT~4e

cKoro o6ecne4eH~R AnR o6pa6oTK~ cH~M
KOB c ycraHoeoK PHCK ~ MHC/23,24/. 

OTnaAKa nporpaMMHoro ooecneqeHHH cKa
HHpyro~ero aaToMaTa A3llT-2/160 Ha 3BM 
CH-4. 
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CAaHa e 3KcnnyaTa4~~ ~ ~cnonb 3yeTc~ 
AnR ~3MepeH~R cH~MKOB c ycTaHOBK~ PHCK 
nOAC~CTeMa ~3 ABYX CTOnOB 6nC-75 nOA 
ynpaeneH~eM 3BM CM-4. Co3AaH 6a3oe~~ 
naKeT nporpaMM An~ ynpaeneH~R annapa
TYPO~ CTOnOB 6nC-75, a TaKme ~X Ka
n~6pOBK~ ~ TecT~poeaH~R. B~nonHeH~ 
COBMeCTH~e paUOT~ no C03AaH~~ ~3Mep~
TenbHO~ C~CTeM~ 6nC-PHMA B COTPYAH~-
4eCTBe c UH$H BAH (6yAanewT) ~ ~R HR3 
6AH (CO$~R). B o6DeMe, npeAYCMOT peH
HOM npoeKTOM 11He~Tp~HH~~ AeTeKTOP11

, 

C03AaHa 3neKTPOHHaR annapaTypa $ypbe
M~KPOCKOna AnR aBTOMaT~3~poeaHHO~ o6-
pa6oTK~ ~306pameH~~ B RAePH~X $OT0-
3MynbC~RX. npoBeAeH~ ~ccneAOBaH~R , 

CBR3aHH~e · c o6pa60TKO~ ~H$OpMa4~~ , 

3aper~cTp~poeaHHO~ Ha ronorpaMMa 
~ B RAePH~X $OT03MynbC~Rx/25,26/ . 

3. 3aeepweHa pa3pa6oTKa noAc~c TeM~ 
npOCMOTpa AnR CKaH~py~~ero YCTPO~CTBa 
11 Cn~panbHbl~ ~3Mep~Tenb 11 /27 I. Pa3 pauo
TaH~, ~3rOTOBneH~ ~ HanameH~ 24 ~HTep
$e~ca AnR CBR3~ np~6opoe nYOC-CAMET 
c y~paenR~~e~ 3BM EC-1033. B~nonHeH~ 

pa6oT~ no c03AaH~~ nporpaMM ynpa sne
H~R nYOC-CAMET, TeCTOB~X nporpaMM 
~ OTAenbH~X nporpaMM oupa60TK~ 3KCne
P~MeHTanbH~X AaHH~X. npoBeAeHa on~T

Ha~ 3KcnnyaTa4~R c~cTeM~ ~3 Tpex np~-
6opoe nYOC-CAMET Ha n~H~~ c 3BM 
EC-1033. 

4 . np~ nOMO~~ nonyaBTOMaT~4eC K~X 
YCTPO~CTB nYOC-CAMET ~3MepeHo 449000 
TpeKOB cnomH~X C06~T~~ Ha CH~MKaX 
c KaMep nB3 ~ nRn. Ha CKaH~PY~~eM 
aBTOMaTe HPD o6ecne4eH pecypc s o6De
Me 2640 4acos AnR nposeAeH~R Maceo
so~ o6pa6oTK~ cH~MKoe, 4TO no3son~no 
nonHOCTb~ YAOBneTsop~Tb 3aRBK~ na6o
paTop~~ Ha ~3MepeH~e CH~MKOB C no
MO~b~ HPD. Ha A3nT-2/160 ~3MepeHo 
26000 MHoroTpeKoe~x co6~T~~ cnomHo~ 
Tononor~~ c ycTaHOBK~ MHC ~ 4800 co-
6~T~~ cnomHo~ Tononor~~ c ycTaHOB K~ 
PHCK. B 1983 r. Ha ABYX npoeKTopax 
6nC-75 npocMoTpeHo 40000 co6~T~~ c yc
TaHOBK~ PHCK. 

90 

CHcTeMa H3 ABYX BITC-75 H 3BM CM-4 
HCITOnb3YeTCR gnR H3MepeHHR CHHMKOB 
c ycTaHOBKH PHCK. 



C03)JAHHE H PA3BHTHE METO)JOB 
H flPOrPAMM )JnH OBPABOTHH 
3HCflEPHMEHTAnbHI:JX )JAHHI:JX 

1 . HaPRAY c TPaA~4~0HHOH pauoToH 
no nOAAep~aH~~ B pauo4eM COCTORH~~ 
nporpaMM o6pa60TK~ $~flbMOBOH ~H$OpMa-
4~~ Ha 38M CDC-6500 ~ ~X TeKy~eH Mo
AePH~3a4~eH B COOTBeTCTB~~ C 3aRBKa
M~ $~3~KOB 6onbwoe BH~MaH~e YAenRnocb 
eonpocaM noe~weH~R ypoBHR aBTOMaT~-
3a4~~ npo4ecca o6pa60TK~ $~flbMOBOH 
~H$opMa4~~. CoeMeCTHO c cOTPYAH~KaM~ 
HHcT~TyTa 3Kcnep~MeHTanbHOH $~3~K~ 

CnoBa4KOH AKaAeM~~ HayK ~ YH~eepc~Te

Ta ~M.n.H.Wa$ap~Ka (4CCP) paapa6oTaHa 
KOH4en4~R nporpaMMHoro conpoeo~eH~R 
np04ecca o6pa60TK~ $~flbMOBOH ~H$OpMa-
4~~. 4TO no3B0fl~T cy~eCTBeHHO COKpa
T~Tb cpoK~ ee o6pa6oTK~ ~ ceecT~ K M~
H~MYMY aaTpaT~ PY4Horo TPYAa np~ aHa
n~ae nony4aeM~x peaynbTaToB. Paapa6o
TaHa 6onee coeepweHHaR npo4eAypa Ma
TeMaT~4ecKOH o6pa6oTK~ $~flbMOBOH ~H

$OPMa4~~. o6ecne4~Ba~~aR nocneAY~~H 
nepeXOA K 6onee B~COKOMY YPOBH~ aBTO
MaT~3a4~~ 3Toro npo4ecca, noe~weH 
11~HTenneKTyanbHbiH ypoeeHb 11 6aaoe~x 

nporpaMM 06pa60TK~ 3a C4eT BKfl~4eH~R 

B H~x cne4~anbHbiX noAnporpaMM,o6ecne-
4~Ba~~x aeToMaT~4ecK~H nponycK co6~
T~H Ha BXOAHbiX ~ B~XOAHbiX $aHnax 
~ aBTOMaT~4eCKOe 06DeA~HeH~e nocneA
H~X. Pean~aoeaHa ~ onpo6oeaHa aeTo
MaT~3~poeaHHaR np04eAypa $OPM~poBaH~R 
neHT CYMMapHbiX pe3yflbTaTOB, BKfl~4aR 

nporpaMMH~H no~CK HeCKOflbK~X ~3Mepe

H~H OAH~X ~ TeX ~e CoO~T~H, BbiRBfleH~e 

~ COCTaBneH~e Cn~CKOB 3a6paKOBaHH~X 

np~ ~3MepeH~Rx co6~T~H. PeweHa c To4-
K~ apeH~R 3KOHOMHOrO ~CnOflb30BaH~R 
pecypcOB 38M npo6neMa COPT~POBK~ pe-
3YflbTaTOB ~3MepeH~H KaMepH~X CH~MKOB 
Ha 6aae nepMaHeHTH~x $aHnoe c npo~a
eonbH~M AOCTynoM. CoaAaHa c~cTeMa 
nporpaMM AflR MOAen~poeaH~R nepe~x 
3KCnep~MeHTOB Ha r~6P~AHOM cneKTpo
MeTpe. 

2. Paapa6oTaHbl OCHOBbl HOBOrO noA
XOAa K peWeH~~ TeopeT~4eCK~X ~ np~

KflaAH~X npo6neM o6pa60TK~ ~H$OpMa4~~ 
B ~~3~Ke B~COK~X 3Hepr~H. nony4eHO 
npeACTaeneH~e ypaBHeH~R nopeH4a B B~
Ae ypaaHeH~H 6ny~aH~R Ha eA~H~4HOH 
c~epe. CoaAaH~ nporpaMM~ Ha ~opTpaHe 
AnR 4~cneHH~x pac4eToB aMnn~TYA~ yn-

pytoro n~oH-AeHTPOHHoro pacceRH~R 
c y4eToM cenapa6enbHOH MOAen~ napH~x 
B3a~MOAeHCTB~H B paMKaX Tpex4aCT~4H~X 
~HTerpanbHbiX ypaeHeH~H. CoeMecTHO 
C nT~ B~nOnHeH~ MaTeMaT~4eCK~e ~ccne
AOBaH~R no noe~weH~~ 4~cneHHOH ycToH-
4~eocT ~ nP04eAYPb1 ~~T~poeaH~R napaMeT
poe CT PYKTYPH~X $YHK4~H HYKflOHOB Ha 
OCHOBe peweH~R ypaBHeH~H peHOpMrpynnbl 
c y4eTOM 3Kcnep~MeHTanbH~x AaHH~X no 
~HKn~a~BHbiM npo4eccaM/28/. 8~nonHeHbl 
~ccneAOBaH~R no anre6pe A~CKpeTHbiX 
A~HaM~4ecK~x c~cTeM c nepeMeHH~M~ na
paMeTpaM~ c 4enb~ np~MeHeH~R 3Toro 
annapa Ta np~ peweH~~ o6paTHOH 3aAa4~ 
pacceRH~R. 

HCCnE)JOBAHHH 
no PEnHTHBHCTCHOfi H)JEPHO~ ~H3HHE 
H ~H3HHE PE30HAHCOB 

Ha C~HxpQ$a30TPOHe n83 npoeeAeHO 
~ccneAOBaH~e $parMeHTa4~~ penRT~B~cT

CK~x (c ~MnynbCOM 4,5 r38/c Ha HYKflOH) 
AeHTPOH08 ~ anb~a-4aCT~4 Ha RApax eo
AOPOAa , AeHTep~R ~ yrnepoAa. nony4eHbl 
npeABa p~TeflbH~e CBeAeH~R 0 CTPYKType 
e~coKo~MnynbCHOH 4acT~ cneKTpoe AeHT
poHoB C ~MnynbCOM 9 r38/c OT ~X KBaa~
ynpyror o pacceRH~R Ha yron 139 Mpa~ 
Ha RAPaX AeHTep~R ~ yrnepoAa (t = 
~ 1,5 (r38/c)2). Paapa6oTaHbl 6noK~ 
aeToMaT~4ecKoro peryn~poeaH~R ynpae
nR~~ero HanpR~eH~R 3neKTPOHHOH anna
paTypbl nponOP4~0HanbHbiX KaMep, e~non

HeHa HanaAKa 500 KaHanoe per~cTpa4~~ 
C~CTeMbl C4~Tb1BaH~R ~H~OpMa4~~. 6nOK~ 

nponop4~0HanbH~x KaMep Ha 256 KaHanoe 
BKfl~4e H bl B C~CTeMy AeTeKT~PY~~eH an
napaTyp~. Paapa6oTaHa c~cTeMa A~CTaH-
4~0HHoro KOHTpon~pyeMoro nepeMe~eH~R 

3neMeHTOB conpR~eHHOH BeTB~ MarH~THO
ro cneKTpoMeTpa, paapa6oTaHo ~ ~aro
ToeneHo aBTOMaT~3~POBaHHOe YCTPOHCTBO 
CMeHbl M~WeHeH/29-31/. 

2. CoeMecTHO c fl83 npoBOA~ncR aHa
n~a np-eaa~MOAeHCTB~H, aaper~cTp~po

BaHHbiX B OAHOMeTpOBOH BOAOPOAHOH ny-
3b1PbKOBOH KaMepe. 

8biAeneHbl npo4eccbl, xapaKTep~ay~
~~ecR 6ap~OHHbiM 06MeHOM, B peaK4~RX 
np -+ ppn- np~ Po = 1, 25 ~ 1, 75 r38/c 
~ np-+ ppn+n-n-no np~ Po= 5,1 r38/c. 

nony4eHbl yKa3aH~R Ha o6pa30BaH~e 
B np-COYAapeH~RX 6- ~ 4-KBapKOB~X pe-
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30HaHcoe, xapaKTep~ay~~~XCR Y3KHMH 
W~p~HaM~ H Ce4eHHRMH po~eHHR, co
CTaBnR~~HMH HeCKOnbKO np04eHTOB OT 
nonHero Ce4eH~R COOTBeTCTBY~~eH pe
aK4~~. 3T~ 3<)><)>eKTbl Ha6n~Aa~TCR TOnb
KO e rpynne co6biTHH, xapaKTepHay~~Hx

CR OAH06apHOHHbiM 06MeHoM/32/. 

·3. 3aeepweH aHan~a KacKaAH~x Mo
AeneH Heynpyr~X B3aHMOAeHCTBHH 4aCTH4 
H RAeP c RAPaMH. noKa3aHo, 4TO HCnOnb-
30BaBWHeCR AO c~x nap MOAenH, He y4~
T~ea~~~e pe30HaHCH~X H KBapKOB~X 3<)>
<)>eKTOB, npHMeH~M~ nHWb AO 3HeprHH, He 
npeBbiWa~~HX 10 r3B/HyKnOH. npH CTOnK
HOBeH~~ RAeP paCXO~eH~R C OnbiTOM CTa
HOBRTCR 3aMeTHbiMJ-1 YX(e np~ 3HeprHRX 
B HeCKOnbKO r3B/HyKnoH/33/. Paapa6o
TaHa H BHeApeHa Ha 3BM CDC-6500 npo
rpaMMHaR peanH3a4HR MOAen~, OnHC~Ba~
~eH MHOmeCTBeHHOe po~eHHe 4aCT~4 npH 
HeynpyrHX B3aHMOAeHCTBHRX B~COK03Hep
reTH4eCKHX aAPOHOB. 

npoBeAeHO cpaeHeHHe MOAeneH c 3KC
nep~MeHTanbH~MH AaHH~M~ o npo4eccax 
Heynpyroro B3aHMOAeHCTBHR B~COK03Hep
reTH4eCK~X aAPOHOB, nony4eH~ CBeAeHHR 
0 KBapKOB~X napaMeTpax, BamH~X AnR 
MHor~x APYr~x MOAeneH. Pac4eTH~e AaH
Hble AnR 1Tn- ~ NN-eaaHMOAeHCTBHH xo
powo cornacy~TcR c 3KcnepHMeHTOM 
(pHc.1,2)/34/. npoBeAeH aHanH3 3KCne
p~MeHTanbH~X AaHH~x no aAPOH-RAePH~M 
CTOnKHOBeH~RM C Y4eTOM BKnaAa COOT
BeTCTBeHHO meCTKHX H MRrKHX KBapKOB~X 
npo4eccoe. Paapa6oTaH naKeT nporpaMM 
AnR H3y4eHHR npo4eccoe pacnpocTpaHe
H~R B~COK03HepreT~4eCKOrO ~3ny4eH~R 

e aTMOc<)>epe. CoeMecTHO c MH<I>H H flB3 
Ha4aT~ paC4eT~ BnHRHHR nonR H3ny4eHHR 
Ha ceepxnpoeoAR~He 3neMeHT~ npoeKTH
pyeMoro YCKOP~TenR HYKflOTPOH. 

PA3PABOTHA flPHHJIAfJHlJX 
METO!JOB BlJCfHCJIEHHJt 

1 . nony4eHO CTporoe AOKa3aTenbcT
BO 11op6HTanbHOH ycTOH4~BocT~ 11 (T .e. 
YCTOH4HBOCT~ <I>OPM~ c T04HOCTb~ AO 

CABHra H epa~eHHR) peweHHR BHAa yeA~
HeHHOH BOnH~ HenHHeHHOrO ypaBHeH~R 
WpeAHHr e pa co cTeneHHOH Hen~HeHHOCTb~. 
noKa3a Ho , 4TO 3aAa4a KowH AnR HenHHe~
Horo MOA~<I>H4HPOBaHHoro KOMnneKCHOrO 
ypaeHeH~R KopTeeera -Ae Bp~ca ~MeeT 
eAHHCTBeHHOe peweHHe B npOCTpaHCTBe 
Co6oneea/35/. AoKa3aHa 11op6HTanbHaR 
ycTOH4~ eocTb 11 AByxnapaMeTpH4ecKoro 
peweHHR B~Aa yeAHHeHHOH BOnH~/36/. 

Paa pa6o.TaHbl nRTHwaroBble MeTOAbl TH
na MeTOAa AAaMCa, OCHOBaHHble Ha HHTep
nonR4~~ anre6paH4eCKHM~, Tp~rOHOMeT

PH4eCK~MH H 3KcnoHeH4HanbH~M~ non~Ho
MaMH, Aa~~He noBblweHHe T04HOCT~ no 
cpaeHe ~~ c TPaAH4~0HH~MH MeTOAaMH 
Ha Hec KonbKO noPRAKOB. MeTOAbl Hcnonb

.aoean~c b npH pac4eTe A~HaMHK~ 4aCTH4 
B YCKOP~TenRx/37/. 

Bnepe~e npeAnomeH ~ pean~aoeaH Ha 
3BM anr opHTM peweH~R cneKTpanbHOH aa
Aa4~ An R ypaeHeHHR MaKceenna MeTOAOM 
rpaHH4H~X HHTerpanbH~X ypaBHeH~H/38/. 
npoBeAe H aHanH3 pa3nH4H~X MaTeMaTH4e
CK~X anrop~TMOB AnR ynpaeneH~R AHHa
MHKOH ny4Ka aapRmeHH~x 4acT~4 e ycKo
P~Tene ~ e~6paH onTHManbH~H anropHTM. 

• 

2. n poBeAeH~ ~ccneAOBaHHR HHTerp~
pyeM~X ~ 6n~3KHX K HHM HenHHeHH~X MO
AeneH KBa3HCnHHOB~X MHOrOKOMnOHeHTH~X 

C~CTeM (HanpHMep, RAePHOH MaTep~H). 
Hay4eH HOB~H T~n HenHHeHH~x ypaeHeHHH 
C HeKOMnaKTHOH KanH6pOB04HOH rpynnoH 
H HeTpHBHanbH~MH rpaHH4H~MH ycnOBHRMH. 
Pa3BHTa npo4eAypa B~4~cneHHR 3<)><)>eKTOB 
KnacTep~3a4HH B RAePHOH MaTepHH/39-41/. 
HccneAOBaH Knacc aHH3oTponH~x H Hao
TponH~x o-MoAeneH B paMKax Kan~6poeo4-
HOH 3KBHBaneHTHOCTH HHTerp~pyeM~x c~c
TeM/39 / . nony4eH PRA CTporHX peaynbTa
TOB B CBR3H C ~ccneAOBaHHRMH HHTerpH
pyeMOCT~ HenHHeHH~X CHCTeM H ~X ra
MHnbTOHOBOH CTpyKTYP~, a TaKme yCTOH-
4HBOCT~ 4aCTH4enOA06H~X peweH~H B CHc
TeMaX C HHAe<)>~H~THOH MeTp~KoH/42/. 
npeAnOHeH MeTOA, n03BOnR~~HH ~36emaTb 

HaKonneH~R OWH60K npH ~HTerp~pOBaHHH 

HenHHe HHbiX ypaBHeH~H Ha 38M MeTOAOM 
6~cTporo npeo6paaoeaH~R <l>ypbe (pHc.3). 
PeanHao eaH Ha 3BM MeTOA KOHe4H030HHo
ro HHTerp~pOBaHHR B CBR3~ C peweH~eM 
nepHOA~4eCKHX 3aAa4 AnR HenHHeHHbiX 
3BOn~4HOHH~X ypaeHeH~H/43/. 
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PHc.3. AMnnHTYAhi oc~HnnH~HH ~ypbe-rapMOHHK npH HanHqHH omH60K oKpyrneHHH (a) 
H 6e3 HHX (6) Ha npHMepe pemeHHH ypaBHeHHH KopTeBera-Ae BpHca. 

3. B~nonHeH~ ~ccneAoBaH~R no co-
3AaH~~ 3¢$eKT~BH~X 4~CneHH~X MeTOAOB 
pac4eTa Kpaee~x ~ cneKTpanbH~x 3aAa4 
np~ MOAen~poeaH~~ 3neKTP0$~3~4eC K~X 

ycTaHoBoK. C$opMyn~poeaH ~ ~ccneAoBaH 

TeopeT~4eCK~ KOM6~H~poBaHH~~ MeToA 
peweH~R w~poKoro Knacca 3nn~nT~4eCK~x 
ypaeHeH~~. CoaAaHa nporpaMMa, pean~

ay~~aR 3TOT MeToA AnR CTyneH4aT~X o6-
nacTe~. nocTpoeH~ 3KOHOM~4H~e MeTOA~ 

peweH~R rpaH~4H~x ~HTerpanbH~x ypae
HeH~~ AnR HeKoTop~x cne4~anbH~x o6-
nacTe~ e ABYMepHoM cny4ae. MeToA~ oc
HoeaH~ Ha 6no4Ho-Tenn~4eBoM npeACTae
neH~~ cooTeeTCTBY~~~x MaTP~4· Pean~-
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aoeaH anrop~TM paaAeneH~R o6nacTe~ 
B paMKaX KOM6~H~poeaHH~X MeTOAOB AnR 
pac4eTa MHoroceK4~0HHO~ yCKOPR~~e~ 
CTPYKTyp~. npoBeAeH~ pac4eT~ ceepx
npoBOAR~~X MarH~TOB ~ Ha~AeHo peWeH~e 

cneKTpanbH~X 3aAa4 MeTOAOM rpaH~4H~X 
~HTerpanbH~x ypaeHeH~~/44/. B~nonHeH~ 
TeopeT~4ecK~e ~ccneAoBaH~R no 4~cneH
H~M MeToAaM ~ npoBeAeH~ MOAenbH~e pac-
4eT~ CBo~CTB RAeP ~ RAePH~X peaK4~~/45/, 

4. Paapa6oTaH~ B~4~cn~TenbH~e cxe
M~ aHan~aa MHoronapaMeTp~4ecK~x cneKT
panbH~x 3aAa4 KBaHTOBO~ MeXaH~K~/46/, 



C03AaHbl 3<t><l>eKTI-1BHble anropi-1TMbl peweHI-1.fl 
cneKTPallbHbiX 3aAa4 B HeOAHOMepHbiX o6-
JlaCT.fiX CJlO~HO~ reOMeTpl-11-1 CO BCeMI-1 Tl-1-
naMI-1 rpaHI-14HbiX ycnoa1-1~. Ha ocHoae Me
TOAa KOHe4HbiX 3JleMeHTOB 1-1 I-1Tepa41-1~ 

B nOAnPOCTpaHCTBe npoBeAeHbl pac4eTbl 
no npo6neMe M~OHHoro KaTalll-13a 1-1 Heni-1-
He~HbiX noJleBbiX MOAeJle~/46,47/. 
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OTAEn 
HOBbiX METOAOB YCKOPEHMH 

OcHOBH~M~ 3aAa4aM~ 0TAena Hoe~x 

MeTOAOB YCKOpeH~R B 1983 rOAY RBnR
n~Cb: pa3pa6oTKa npoeKTa ycKop~ Tenb

Horo KOMnneKca TRmen~x ~OHOB (YKTH), 
~HmeKTOPOM KOTOporo AOnmeH 6b1Tb Kon
neKT~BH~~ YCKOP~Tenb TRmen~X ~OHOB 

(KYTH), ~ 4aCT~4HaR ero pean~3a 4~R; 

npoeeAeH~e ~ccneAOBaH~~ Ha npoToT~ne 

KYTH; co3AaH~e APe~$oe~x KaMep AnR 
11 He~Tp~HHoro AeTeKTOpa 11 ; pa60Tbl , CBR-
3aHHble C npoeKTOM yCKOp~TenbHO-HaKOnH

TenbHOrO KOMnneKca (YHK). 

nPOEKT YKTH 

Pa3pa6oTaH npoeKT ycKopHTenb Horo 
KOMnneKca TRmen~x HOHOB, o6ecne4~Ba~

~"'~3$$eKT~BHOe npoeeAeHHe ~ccneAoea
H~~ C TRmen~M~ ~OHaM~ ennOTb AO ypaHa 
e A~ana3oHe 3Hepr~~ oT 20 M3B/Hy KnoH 
AO 4 r3B/HyKnoH/l/, 3TOT KOMnne KC 
6yAeT COCTORTb ~3 ~HmeKTOpa - KOnneK
T~BHOrO YCKOp~TenR TRmen~x ~OHOB ,cno

co6HOrO ycKOPRTb ~oH~ 3neMeHTOB npaK
T~4ecKH ece~ Ta6n~4~ MeHAeneeea AO 
3Hepr~~ 20 M3B/HyKnoH(KYTH-20); TRmeno
HOHHoro ClfiHXPOTPOHa (THC), KOTOp~~ 6y
AeT ycKOPRTb ~oH~ oT 3Hepr~~ 20 AO 
600-800 M3B/HyKnoH, ~ peKoHcTpy~ po
eaHHoro C~HXpQ$a30TPOHa, B KOTOPOM 
~oH~, HHmeKT~poeaHH~e H3 THCai 6YAYT 
YCKOPRTbCR AO 3Hepr~~ 4 r3B/HyKnOH. 
CxeMa KOMnneKca np~BeAeHa Ha p~c .1. 

Bee c~cTeM~ KYT~-20 pacc4~T~ea~TCR 
Ha pa6oTy co cpeAHe~ 4aCTOTO~ 4 ~ Knoe 

20 r4. HHTeHC~BHOCTb ycKopeHH~X ~OHOB 
np~ 3TOH 4aCTOTe lfi3MeHReTCR OT 
8·1012 ~oH/c AnR a3oTa Ao . 6·1Ql l~oH/c 
AnR ypaHa. MaKCHManbHaR 4acTOTa cne
AOBaHHR 4HKnOB 50 r4. YcKop~HH~~ ~OH
HbiH ny40K nocne npOXO*AeH~R $OPMH py~
~ero TpaKTa, B KOTOPOM OCy~eCTBnReTCR 
npeo6pa3oeaH~e 3M~TTaHca c yMeHbWeH~
eM ero 3$$eKT~BHo~ een~4~H~ AO 
8 TICM•MPaA, npOAOnbHaR paCTRmKa ny4Ka, 
yMeHbWeH~e nonHero 3HepreT~4ecKoro 
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pa36poca AO een~4~H~ MeHbWe 1%, 11o6-
A~PKa11 ~OHOB c yeen~4eH~eM ~x 3aPRAa 
c 25 AO 80 AnR ypaHa ~ cenapa4~R ~a
Hoe no 3aPRAaM, ~HmeKT~pyeTcR e THC. 
HHmeK4~~ npeAnonaraeTcR ocy~ecTBnRTb 
Ha 11cTone 11 MarH~THoro nonR THCa, rAe 
B Te4eH~e 100 MC 6YAYT 3aXBaT~BaTbCR 
c noMo~b~ cne4HanbH~X YAaPH~x MarH~
TOB nRTb ~MnynbCOB ~OHHOrO ny4Ka ~3 

KYTH. 4acTb ny4Ka, He ~cnonb3oeaHHaR 
AnR ~HmeK4~~ e THC, MomeT 6~Tb ~cnonb-
3oeaHa AnR 3Kcnep~MeHTOB c TRmen~M~ 
HOHaM~ np~ 3Hepr~~ 20 M3B/HyKnOH. 

THC MomeT pa6oTaTb e ABYX pem~Max: 

C MeAneHH~M B~BOAOM YCKOpeHHOrO ny4Ka 
B 3KCnep~MeHTanbH~~ 3an, KOrAa MaKc~
ManbHaR 3Hepr~R nerK~x, nonHOCTb~ 

11o6oApaHHbiX 11 ~oHoe pasHa 600 M3B/HyKn., 
a ~OHOB ypaHa C 3apRAOM 80 
300 M3B/HyKn., ~ c 6~CTP~M B~BOAOM 
ycKopeHHoro ny4Ka AilR ero ~HmeK4H~ 
B C~HXPO$a30TpOH, KOrAa MaKC~MailbHaR 

3Hepr~R nerK~X ~OHOB AOCT~raeT 

K 
y 

T 
If 

20 

PHc.l .Pacnono~eHHe ycKopHTeneH KYTH. 



Op;Ho H3 ocHOBHbiX HanpaBneHHH p;eHTenbHOCTH OHMY - pa6oTbi no npoeKTY co3p;aHHH 

TH)!(enOHOHHOrO CHHXPOTpOHa (TI1C), Ha CHHMKe: KPHOreHHbiH BaKyyMHbiH CTeHp; p;nH 

HCITbl'l'aHHH 3neMeHTOB C03,D;aBaeMoro yCKOpHTenH, 
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PHc.2. 11HTeHCHBHOCTb nyqKOB Tpex yc

KOPHTenbHb~ KOMnneKCOB. 

800 M3 8/HyKn., a ~oHOB ypaHa c 3ap~
AOM 80 - 430 M38/HyKn. 4aCTOTa cneAo
BaH~~ ~~KnOB B THCe (Jf3) r~. HHTeH
C~BHOC T b yCKOpeHH~X ~OHH~X ny4KOB Ha 
B~XOAe THCa np~ 4aCTOTe 3 r~ COCTaB
n~eT 2 · 1011 ~OH/c An~ ~AeP a3oTa 
~ 3·1010 ~oH/c An~ ~OHOB ypaHa. 

PeKoHcTpy~pyeM~~ c~Hxpo$a3oTpoH 

np~ pa6oTe coeMeCTHO c THCoM 6yAeT 
AaBaTb ny4K~ nerK~x ~AeP c ~HTeHc~B
HOCTb~ 6·1010 ~OH/~~Kn ~ ~AeP ypaHa 
c ~HTeHc~BHOCTb~ 3·109 ~oH/~~Kn. MaK
C~Manb Ha~ 3Hepr~~ ~OHOB 4 r38/HyKnoH; 
4aCTOTa cneAOBaH~~ ~~KnOB 0,1 r~. 

Ha p~c.2 np~BeAeH~ cpaBH~TenbH~e 

xapaKTep~cT~K~ YKTH c ABYM~ noxo~~M~ 
ycTaHOB KaM~: Ae~CTBY~~e~ 6EBAJIAK (CWA) 
~ npoeKT~pyeMo~ SIS-JOOSL ($Pr). 
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I 

PA60Tbl no C03AAHHIO KYTH-20 

CxeMa KYTH-20 ~3o6pa~eHa Ha p~c.3. 
AfiR $OpM~poaaH~R, C~aT~R ~ npeABap~

TefibHOro YCKOpeH~R 3fieKTPOHH~X KOne4 
C03AaH aAre3aTop, np~ ero pa6oTe 
B KOMnneKce C ~CT04H~KOM YCKOpeHH~X 
3neKTPOHoa CHnYHAoM npoaeAeHa onT~M~-
3a4~R napaMeTpOB MarH~THO~ C~CTeM~, 
a~6paH~ ~CXOAH~e pe~~M~. C$opM~poaaH

Hoe ~ C~aTOe 3fieKTPOHHOe KOfib40 B~Be
AeHO ~3 MeA~aHHo~ nnocKocT~ aAre 3aTo
pa ~ yCKOpeHO B cnaAa~~eM MarH~THOM 
none coneHO~Aa/2/, 

np~ pa3pa60TKe aAre3aTopa np~MeHeH 
PRA HOB~X TeXH~4eCK~X peweH~~.B CBR3~ 
c TeM, 4TO 4~Kn~4HOCTb pa6oT~ KYTH-20 
(20 r4) B 40 pa3 npea~waeT 4~Kfi~4HOCTb 
npoTOT~na KOnneKT~BHOrO YCKOp~TenR, 

npoBeAeH~ pa3pa60TK~, CTeHAOB~e ~ 

nonHOMaCWTa6H~e, OCHOBH~X Y3fiOB aA
re3aTOpa. noKa3aHO, 4TO B pe3yfibTaTe 
onT~M~3a4~~ $OPM~ ~ a~6opa MaTep~ana 

BaKyyMHaR KaMepa, ~3rOTOBfieHHaR ~3 

T~TaHoaoro cnnaaa, cnoco6Ha AOnr oape
MeHHO pa6oTaTb a ycnoa~RX KYTH- 20. 
BaKYYMHaR xapaKTep~cT~Ka cnnaaa no3ao
nReT nony4~Tb a KaMepe aaKYYM He xy~e 
2· 1o-9 Top/3/, KoHCTPYK4~R cTanenR ~ 
MarH~THO~ c~cTeMbl, o6ecne4~Ba~~aR He-

t-t ~ .. ~0 
c~"Y ........-:~ 

06XOA~MY~ MeXaH~4eCKY~ np04HOCTb, no-
3BOnReT OCy~eCTB~Tb 3$$eKT~BHOe oxna~
AeH~e KaMep~ ~ KaTyweK. AayxKOHTYPHaR 
c~cTeMa oxna~·eH~R o6ecne4~eaeT Tenno
CDeM 200 KBT ~ no3aonReT yaen~4~Tb ero 
AO 300 KBT/4/, B c~cTeMe n~TaH~R aAre-
3aTopa c 4enb~ coKpa~eH~R apeMeH~ 4~K
na 3aPRA-nepe3aPRA eMKOCT~, 4TO Ba~HO 
np~ noa~weHHO~ 4~Kn~4HOCT~ ycKop~TenR, 

~ yMeHbweH~R KOfi~4ecTaa KOHAeHcaTopH~x 

6aTape~ np~MeHeH a pa6o4eM 4~Kne np~H-
4~n MHoroKpaTHoro ~cnonb30BaH~R 3Hep
r~~, 3anacaeMo~ a eMKOCTH~X HaKon~Te
nRx/5/. 

Ha CHnYHAe-20 aaeAeHa a 3KcnnyaTa-
4~~ C~CTeMa ~3MepeH~R 4eHTpa TR~eCT~ 
3fieKTPOHHOrO ny4Ka BAOfib ero TpaKTa. 
C~CTeMa n03BOfiReT B nRT~ T04KaX (noc
ne Ka~o~ YCKOPR~~e~ CeK4~~) B Ka~OM 
4~Kne ~3MepRTb nono~eH~e 4eHTpa TR~e
CT~ ny4Ka C T04HOCTb~ +1 MM ~ npoWeA
W~~ 3aPRA C T04HOCTb~ ~5%. 0CHOBY 
C~CTeM~ COCTaBnR~T MarH~THO-~HAYK4~0H

H~e AaT4~K~ nono~eH~R 4eHTpa TRmecT~ 
ny4Ka, C03AaHH~e Ha 6a3e noRca Poroe
cKoro, C 4eT~PbMR pa3AefibH~M~ 06MOT
KaM~. CKopocTb nocTynneH~R co6biT~~ 
AO 50 r4. 06pa6oTKa ~H$OpMa4~~ npo~3-
BOA~TCR c noMo~b~ Mano~ 38M CM-3, 
~ pe3ynbTaT~ B~BOARTCR Ha A~cnne~ 

nynbTa ynpaaneH~R. 

PHc.3. ITpHH~nHanbHaH cxeMa KYTH-20. 
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Co3gaHa H HCnhlTaHa c nyqKoM ronOBHaH qacTh KonneKTHBHoro ycKopHTenH KYTH-20. 
Ha CHHMKe: agre3aTop-2Q H coneHOHg, B KOTOpOM OC~eCTBnHeTCH npegBapHTenbHOe 
YCKOpeHHe 3neKTPOHHO-HOHHb~ Kane~. 

Ha KYT~-20 BBeAeHa e onhlTHY~ 

3KCnnyaTa4H~ 12-KaHafibHaR CHCTeMa 
HH$paKpaCHhlX npHeMHHKOB CHHXPOTPOHHQ
ro H3ny4eHHR/6/, noaeonR~~aR KOHTpo
nHpoeaTb AHHaMHKY C~aTHR KOne4 B o6-
naCTH HX paAHYCOB R < 6 CM H pa3Mephl 
Manoro ce4eHHR Konb4a Ha npeAenbHO 

Manhlx paAHycax. B Te4eHHe OAHoro 4HK
na CHCTeMa MO~eT npOBOAHTb AO 10 H3-
MepeHH~. PeaynbTaThl o6pa6aThlBa~TCR 
c noMo~b~ 38M M-6000 H BbiBOARTCR Ha 
AHCnne~ nynbTa ynpaeneHHR. 

C 4enb~ C03AaHHR cnoco6a 3arpy3KH 
3neKTPOHHoro KOfib4a s aAre3aTope Ho-
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HaM~ paan~4H~x 3neMeHTOB Ta6n~~~ MeH
Aeneeea ennoTb AO ypaHa npoeeAeH~ 
pa3pa60TK~ pa3n~4H~X ~CT04H~KOB HeHT
panbH~X aTOMOB ~ ~X CTeHAOB~e ~ccne

AOBaH~~ .: ra30CTPYHHOro An~ 6naropoA
H~X raaoe, 3¢$ya~oHHoro An~ nerKonnae
K~X MeTannoe (ce~He~, ~HA~H), nnaa
MeHHoro An~ npoeoA~~~x 3neMeHToe/ 7/ 
(MeAb, yrnepoA, eonb$paM, an~M~H~H 
~ AP.), naaepHoro An~ TBePAOTenbH~x 
3neMeHToe/8/. An~ ecex ~CT04H~KOB 
paapa6oTaH~ KOHCTPYK~~~, noaeon~~~e 
~cnonb30BaTb ~X B Ka4eCTBe ~HmeKTOPOB 
HeHTpanoe e cmaToe 3neKTPOHHoe Konb
~o, B KOTOPOM HeHTpan~ ~OH~3Y~TC~ . 

B cTeHAOB~X ~ccneAOBaH~~x onpeAeneH~ 
A~anaaoH~ pem~Moe pa6oT~, o6ecne4~Ba~

~~e Tpe6yeMy~ 3arpy3KY 3neKTPOHH~X 
Kone~ COOTBeTCTBY~~~M~ ~OHaM~. r aao
B~H, 3¢$y3~0HH~H ~ naaepH~H ~CT04H~K~ 
~cn~T~ean~cb Ha npoToT~ne KYTH,a na
aepH~H TaKme ~ Ha aAreaaTope KYTH-20. 
HccneAOBaH~~ noKaaan~, 4To An~ aa rpya
K~ 3neKTPOHHOrO KOnb~a ~OHaM~ T~men~X 
3neMeHTOB naaepH~H ~CT04H~K ~Bn~eTC~ 
QnT~ManbH~M. Pean~aoeaH pem~M aa r pya
K~ KOnb~a ~OHaM~ CB~H~a ~ APYr~X 3ne
MeHTOB. noKa3aHO, 4TO ~OH~ CB~H~a 
aaxeaT~ea~Tc~ ~ YAepm~ea~Tc~ e noTeH
~~an~HOH ~Me 3neKTpOHHOrO KOnb~a / 9/. 

HCCJlEAOBAHHfl 
HA nPOTOTHnE KYTH-20 

Ha npoToT~ne KonneKT~eHoro ycKop~
Ten~ npoeeAeH~ ~ccneAOBaH~~ no onpe
AeneH~~ a6con~THoro 4~cna 3neKTPOHOB 
B KOnb~e ~ Kan~6pOBKe Ha OCHOBe 3T~X 

~3MepeH~H APYr~x AaT4~KOB ~HTeHc~e
HOCT~/10/. HaMepeH~~ npoBOA~n~c b KaK 
e An~HHOBOnHOBOH 4acT~ cneKTPa.(np~ 
An~Hax eonH, 6onbw~x 4eM An~Ha eonH~, 

COOTBeTCTBY~~a~ MaKC~MYMY cneKTpanb
HOH nnoTHOCT~ ~any4eH~~), TaK ~ Ko
pOTKoeonHOBOH 4acT~ cneKTpa. nocneA
H~~ oKaa~eaeTc~ Ha~6onee ~H$opMa T~e

HOH. HaMep~~ OAHoepeMeHHo cneKTpanb
HY~ nnoTHOCTb ~any4eH~~ e ABYX yaK~x 
A~ana30HaX KOPOTKOBOnHOBOH 4aCT~ 
cneKTpa, MomHo c xopoweH T04HOCT b~ 

onpeAen~Tb 4~cno 3neKTPOHOB e KOnb~e. 

npoeeAeHH~e ~3MepeH~~ Aan~ cornacy~

~~ec~ peaynbTaT~. 3To noaeon~no co-
3AaTb MOH~TOp 4~Cna 3neKTpOHOB B KOnb
~e, cnoco6H~H secT~ ~3MepeH~~ eo epe
M~ B~BOAa 3neKTPOHHO-~OHH~X KOne 
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U.,=22,5t<B 
t.o .. =2150 
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2. 

100 200 l)() 1.00 500 600 Uce (M8) 

PHc.4. KanHOpoBoqHaH KpHBaH MOHHTopa, 

BpeMH HSMepeHHH t = 21 50 MKC noc.ne HH"· 

~eK~HH.ITO OCH aoc~HCC - aoCO.TIIDTHOe 
KOJIHqeCTBO 3.TieKTpOHOB B KO.Tib~e H Be.TIH

qHHa CHrHana C geTeKTOpa CHHXpOTpOH

HOro HsnyqeHHH Ha g.nHHe BO.TIHbi A = 
= 2,4 MKM. 

Ha p~c.4 np~BeAeHa Kan~6poeo4Ha~ Kp~
ea~ MOH~Topa. 

npoBeAeH TaKme KOMnneKC ~ccneAOBa
H~H no onpeAeneH~~ napaMeTpoe ycKo
peHHoro ~OHHoro nY4Ka, 1104~~eHHoro11 

oT 3neKTPOHoe/11/. PaaAeneH~e ~OHHOH 
~ 3neKTPOHHOH KOMnOHeHT npOBOA~nOCb 
KaK B cnaAa~~eM MarH~THOM none B T04-
KaX, rAe rpaA~eHT non~ npee~wan AOny
CT~M~~ ~ rAe npo~CXOA~n paap~B 3neKT
POHHOH ~ ~OHHOH KOMnOHeHT (3neKTPOH~ 
11y6eran~11 OT ~OHOB), TaK ~ C nOMO~b~ 
cne~~anbH~x nnacT~H- 11nepexeaT4~Koe11 , 
KoTop~e norno~an~ epa~a~~ec~ 3neKT
poH~. An~ nonHero nepexeaTa 3neKTpoH
HOH KOMnoHeHT~ An~Ha nnacT~H~ i e~-

6~panacb ~3 ycnoe~~ i > Sz2TIR, rAe 
Sz - npOAOnbHa~ CKOPOCTb 3neKTPOHOB, 
OTHeCeHHa~ K CKOPOCT~ CBeTa, a R -
paA~YC KOnb~a. np~ MeHbWeH An~He nna
CT~H He ece 3neKTPOH~ norn~an~cb, 
~ no aa~MyTanbHOMY paaMepy aeTorpa$a 
OCTaBWeHC~ 4aCT~ 3neKTPOHHOrO KOnb~a 
onpeAen~nacb een~4~Ha Sz (p~c.S). 
1104~~eHHa~11 ~OHHa~ KOMnOHeHTa, OCB0-
60mAeHHa~ oT YAepm~ea~~x c~n noTeH-



PHc.5. ABTorpa~ 3neKTPOHHOH KOMnoHeH
Tbl, qacTH'lHO norno~eHHOH "nepexsaT
tiHKOM11. 

4HanbHO~ ~M~ 3neKTpOHHOrO KOnb4a,C80-
60AHO pacnn~8anacb no paAHycy, H Ha 
pa3nH4H~X $HKCHP08aHH~X paCCTO~HH~X 

OT MeCTa 04HCTKH H3Mep~nc~ ee paAHanb
H~~ pa3Mep. H3MepeHH~ pa3Mepa npo8o
AHnHcb A8YM~ MeTOAaMH. B OAHOM H3Me
p~nacb HaBeAeHHa~ aKTH8HOCTb 8 a30T
COAep~a~e~ TOHKO~ AH3neKTPH4eCKO~ 
nneHKe (peaK4H~ 14N + 14N ~ 13N +15N) 
C o6pa308aHHeM e+-aKTH8HOrO H30TOna 
13N c nepHOAOM nonypacnaAa TJ/2 z 
; 10 MHH H ee cnaA. e+-aKTH8HOCTb H3-
Mep~nacb npaKTH4eCKH OAH08peMeHHO H3 
pa3nH4H~X paAHanbH~X o6nacTe~ aKTH8H
P08aHHO~ MHWeHH C noM~b~ nepeMe~ae
MOro no paAHYCY OKHa (pHc.6), Bo 8TO
POM MeTOAe H3Mep~nocb pacnpeAeneHHe 
no paAHanbHO pacnono~eHH~M Konb4e8~M 
naMen~M nono~HTenbHoro 3aP~Aa, o6pa-
308aHHoro npH nonaAaHHH Ha HHX HOH08 
(pHc.7). npo8eAeHH~e H3MepeHH~ corna
cy~Tc~ Me~y Co60~ C T04HOCTb~ 30%, 
4TO COOTBeTCT8yeT T04HOCTH OTAenbH~X 
H3MepeHH~. Pe3ynbTaT~ H3MepeHH~ noKa-

3anH, 4TO yrno8a~ paAHanbHa~ pacXOAH
MOCTb HOHHOro noTOKa (30~6) MPaA npH 
8z = 0 , 05, 4TO COOT8eTCT8yeT 3HeprHH 
HOH08 E = 1,2 M3B/HyKnOH H OTHOCH
TenbHOMY 3HepreTH4eCKOMY pa36pocy 
8 OAHOM 4HKne (6~2)·10-2, 3TH pe3ynb
TaT~ xo powo cornacy~Tc~ c TeopeTH4e
CKHMH 0 4eHKaMH, 

N 
1,0 

t, 
~ 

0,8 ~ a=94MM 
H • 

0,6 

0,4 ~ 

0,2 
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' . 
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• 
PHc.6. PacnpeAeneHHe HaBeAeHHOH aK
THBHOC TH ITO MHWeHH, 

u,. ' R,. 7 

6 ~·93CM 

d. 5 1\ ~· 95CM • 
u 

' {\ 0 
1: 
e 3 \ 
0 

\ 
l I 

/ 
1l3456 

N,.a•e"u 

PHc.7. PacnpeAeneHHe nnoTHOCTH 3apRAa 
B nyqKe, H3MepeHHOH C ITOMO~h~ KORh~e
Bb~ naMeneH, npH pa3RH'IHOH AnHHe npo
neTHOro yqacTKa. zn - nono~eHHe naMe
neH OTHOCHTenhHO cpeAHeH ITROCKOCTH 
aAre3aTopa. 
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PA3PA60TKA nPOr PAMMbl 
HCCnEAOBAHH~ HA YKTH 

Ha4aTa noArOTOBKa $~3~4eCKO~ ~ Me
TOA~4ecKo~ nporpaMM~ ~ccneAOBaH~~ 

Ha YKTH. Ha ocHoDe paspa6oTaHHor o 
s OHMY MeTOAa ~sMepeH~R saPRAa penR
T~B~CTCK~x RAep C nOMO~b~ 4epeH KOB
CK~X C4eT4~KOB C TOHK~M paA~aTOPOM, 
pa6oTa~~~X B pe~~Me nonHero coopa 
cseTa,6~n npeAno~eH 3Kcnep~MeHT no 
~3y4eH~~ ssa~MOAe~cTB~R RAePH~X ~par

MeHTOB c se~ecTBOM. CosAaHa ~ cMoH
T~posaHa Ha ny4Ke penRT~B~CTCK~X RAeP 
c~HxpQ$a3oTpoHa ycTaHoBKa AHoManoH, 
~Me~~aR 6onbw~e MeTOA~4eCK~e npe~My

~ecTsa no cpasHeH~~ c APYr~M~ 3Kcne
P~MeHTaM~. CosMeCTHO c nB3 ~ CH30 
nposeAeH neps~~ ceaHc paooT~ c ny4-
KOM RAeP K~CnOPOAa, HeOHa ~ Mar H~R 

np~ 3Hepr~~ 4 r3B/HyKn., B KOTOPOM 
nony4eH~ 3Kcnep~MeHTanbH~e AaHH~e, 

noATBep~a~~~e yKasaH~R Ha cy~ecT
sosaH~e RAePH~x o6pasosaH~~ c aHoManb
HO 6onbW~M ce4eH~eM B3a~MOAe~CTB~R 

C Be~eCTBOM, 

Y4ACTHE B C03AAHH~1 
••HE~TPHHHoro AETEKTOPA 11 

HsroTosneH~ ~ HacTpoeH~ 1024 Ka
Hana per~cTp~py~~e~ annapaTyp~, o6ec
ne4~Ba~~~e B OCHOBHOM M~OHH~~ cneKT
POMeTp 11He~TP~HHoro AeTeKTopa 11

• Hs
roTosneH~e ~ HacTpo~Ka TaKoro o6DeMa 
annapaTYP~ cTana sosMo~Ho~ onaroAaPR 
ee B~COKO~ TeXHOnOr~4HOCT~ ~ ~OBTOpRe

MOCT~/12/, TaK~M o6pasoM, peweHa npo6-
neMa C03AaH~R C~CTeM C OOnbW~M 4~CnOM 

(HeCKOnbKO T~CR4) KaHanos per~cT pa~~~. 
COAep~a~~x speMR-~~$pos~e npeo6paso
saTen~ (BUn), ~ AOCT~rHyTa nnOT HOCTb 
64 KaHana BUn Ha 5 CTaH~~~ B C~C TeMe 

BEKTOP; 3TO nosson~no pasMecT~Tb 

s npeAenax OAHOro Kpe~Ta 256 ~sMep~
TenbH~x KaHanos. 

Ha ~cn~TaTenbHOM cTeHAe APe~$os~x 
KaMep B Kopnyce 205 nB3 OA~H Kpe~T 
annapaTyp~ (256 KaHanos) npowen on~T
HY~ 3KcnnyaTa~~~ ~ noKasan s~coKy~ 
HaAe~HOCTb ~ COOTBeTCTB~e npeADRBnRe
M~M Tpe6osaH~RM. Ha 3TOM cTeHAe c pa
A~OaKT~BH~M ~CT04H~KOM nposeAeHbl ~c

n~TaH~R AeCRT~ cep~HH~x APe~$os~x Ka
Mep, ~3rOTOBneHH~X Ha y4aCTKe nposo
n04HbiX AeTeKTopos s on~THOM npo~sBoA
cTse 0Hffi1. HcnbiTaH~R noKasan~ npas~nb

HOCTb B~6paHH~X KOHCTPYKTOPCK~X ~ Tex
HOnor~4eCK~X peweH~~. np~ paspa60TKe 
AOKyMeHTa~~~ Ha cep~HH~e APeH$0Bble 
KaMep~ Y4TeH On~T C03AaH~R MaKeTOB 
~ on~THO~ cep~~ APeH$os~x KaMep. 

Y4ACTHE B nPOBEAEHHH 3KCnEPHMEHTA 
NA-4 B UEPHe 

B 1983 rOAY COTPYAH~K~ O.TAena aK
T~BHO y4aCTBOBan~ B npoBeAeH~~ 3KCne
p~MeHTa NA-4 s UEPHe. nposeAeHo ceMb 
ceaHcos no Ha6opy AaHH~x, san~caHo Ha 
MarH~TH~x neHTax 6onee 7 M~nn~oHos 
C06~T~~ pacceRH~R M~OHOB Ha pa3n~4H~X 

M~weHRX (BOAOPOA, Ae~Tep~H, ~eneso). 

B npo~ecce noArOTOBK~ annapaTYPbl 
K ceaHCaM Ha YCKOP~Tene npOBOA~nOCb 
ee AanbHe~wee cosepweHcTsosaH~e; yny4-
weHa C~CTeMa KOHTpOnR 3$$eKT~BHOCT~ 
pa6oT~ AeTeKTopos ~ per~cTp~py~~eH 

3neKTPOH~K~. npoBeAeH~e 3KCnep~MeHTOB 

C pa3H~M~ M~WeHRM~ npeADRBnRnO ~ecT-

YcTaHOBKa, npe~Ha3HaqeHHaH ~nH IIOHCKa H HCCne~OBaHHH CBOHCTB H~epHb~ ~par- ~ 
MeHTOB, o6pa30BaHHb~ BO B3aHMO~eHCTBHHX penHTHBHCTCKHX ~ep. , 
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BOJlbWH€. ,o;peH<i>OBbJe KaMepbJ ,!J;JlH "HeHTpHHHOro ,o;eTeKTOpa" Ha HCllbJTaTeJlbHOM CTeH,o;e 

B Kopnyce 205 llB3. 

K~e Tpe6oeaH~~ K CTa6~nbHOCT~ pa60T~ 
eceH annapaTypbl ~, npe>KAe ecero, Ko
OPA~HaTHoro AeTeKTopa e Te4eH~e An~
TenbHoro nep~OAa Ha6opa AaHH~X. no
CTO~HHO npoBOA~M~H 3KCnpecc-KOHTPOflb 
~H$OpMa~~~ nOKa3an, 4TO 3$$eKT~BHOCTb 
nponop~~oHanbH~X KaMep cTa6~nbHO noA
AeP>K~Banacb Ha B~COKOM YPOBHe (OT Kno
HeH~~ He npee~wan~ HeCKOflbK~X AeCHT~X 
AOneH npo~eHTa). TaK~M o6pa3oM, . o6ec
ne4eHo nony4eH~e Ka4eCTBeHH~x 3Kcnep~
MeHTanbH~x AaHH~x. 

PA60Tbl, 
CB$13AHHI:,IE C C03,llAHHEM YHK 

CornacHo nporpaMMe YHK e OHMY ee
AYTC~ pa60T~ no C03AaH~~ CTaH~~~ ne-
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perpynn~poeK~ ny4Ka Ha 4acToTe 
200 Mr~ e npoToHHOM c~HxpoTpoHe H'B3 
Y-70 An~ nocneAY~~eH ~H>KeK~~~ ny4Ka 
B YHK. 

U~Kfl pa6oT~ CTaH~~~ COCTO~T ~3 

ABYX cy~ecTBeHHO pa3n~4H~x pe>K~Moe: 
KBa3~Henpep~eHoro An~TenbHOCTb~-0,3 c 
~ ~MnynbCHOrO Afl~TenbHOCTb~ 150 MKC. 
MaKc~ManbHoe ycKop~~~ee Hanp~>KeH~e 

cocTaen~eT 1 MB e KBa3~Henpep~BHOM 
~ 3 MB e ~MnynbCHOM pem~Max, no3TOMY 
An~ yMeHbWeH~~ MO~HOCT~ B4-n~TaH~~ 

B Ka4eCTBe YCKOPR~~~X 3neMeHTOB CTaH
~~~ npeAnonaraeTc~ ~cnonb30BaTb e~

COKOAo6poTHWe ~~n~HAP~4eCK~e pe30Ha
TOp~. np~ HOM~HanbHOM npoeKTHOM TOKe 
ny4Ka I= 1,6 A npo~cXOA~T c~nbHa~ Ha
rpy3Ka pe30HaTOPOB ny4KOM, 4TO np~
BOA~T K ~X paccTpOHKe, T.e. ~3MeHeH~~ 
pe30HaHCHOH 4aCTOT~ C~CTeM~ pe30HaTop
ny40K. Ben~4~Ha 3TOH paccTpOHK~ ~3Me
HReTcR B Te4eH~e ~~Kna pa6oT~ CTaH~~~ 
e npeAenax HecKonbK~x AeCRTKOB pe3o
HaHcH~x nonce pe3oHaTopa. OnepaT~BHO 
nepecTpa~eaTb 4aCTOTY pe3oHaTopa e Ta-



B paMKax nporpaMMbJ pa6oT no YHK co9p;aHa BbJCOKO'laCTOTHaH cTaHQHH neperpynnH
POBKH nyqKa CHHXpOTpOHa H~B3 (ITpOTBHHO) MO~HOCTbiD I00 KBT. Ha CHHMKe: BblXOp;
Hble KaCKa,IJ;bl CTaHQHH, 

KHX npeAe11aX 11 C He06XOA11MO~ CKOPOCTb~ 
BeCbMa C110~HO. no3TOMY npH C03AaH11H 
CTaH41111 neperpynnl1pOBKI1 npi1H.ATa TaKa.A 
>Ke cxeMa pa6oTbl, KaK A11.A ycKop.A~~I1x 

cTaH411~ YHK, KOrAa CI1CTeMa pe3oHaTop
ny4oK 6o11bwy~ 4aCTb 4~K11a paccTpoeHa 
11 HaCTpoeHa 1111Wb B OAHO~ T04Ke - T04-
Ke cor11acoeaH11.R. A11.R 11CK11~4eHI1.A B11~.A

HH.A OTpa~eHHO~ OT pe30HaTOpOB B011HW 
Ha pa6oTy reHepaTopa n~TaH~e pe3oHa
Topoe ocy~eCTB11.AeTc.A nonapHo 4epe3 
ABO~Ho~ cor11acoeaHHW~ T-MocT. 
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06lEMHCTMTYTCKME 
CIYI6bl 



0TABn 
paAMa~MOHHOM fie3onaCHOCTM 
M paAMa~MOHHbiX MCCnBAOBaHMM 

~eRTenbHOCTb 0TAena paA~a4~0HHO~ 
6esonaCHOCTH H paA~a4HOHH~X HCcneAO
BaHH~ 6~na CKOH4eHTPHPOBaHa Ha B~non

HeHHH PaAHa4HOHHOrO KOHTpOnR Ha pa6o-
4HX MeCTaX COTPYAHHKOB HHCTHTyTa ~ B 
OKpyma~~e~ cpeAe, a TaKme Ha npoee 
AeHHH HccneAOBaHH~ e o6nacTH A03HMeT
PHH H $~3~K~ sa~HT~ Ha RAePHO-$H3 H4e
CKHX ycTaHOBKax OH~H. 

~03HMeTpH4eCKH~ KOHTpOnb paAHa 4HOH
HO~ o6cTaHOBKH BblnOnHRnCR Ha BCeX Ae~
CTBy~~HX RAePHO-$H3H4eCKHX ycTaHOBKaX 
HHCTHTyTa: 

- HMnynbCHOM 6~CTPOM peaKTOpe 
H6P-30 e 6ycTepHoM H peaKTOPHOM pe 
mHMax Ha cpeAHeH MO~HOCTH AO 20 KBT, 

- HMnynbCHOM 6biCTPOM peaKTOpe 
H6P-Z Ha cpeAHeH MO~HOCTH 1 MBT, 

- CHHXpQ$a30TPOHe B pemHMaX YC Ko
peHHR H B~BOAa npOTOHOB H penRTHB HCT
CKHX RAeP, 

- 4HKnOTPOHax Y-200, Y-300, Y- 4 00 
B pemHMaX YCKOpeHHR TRmen~X HOHOB 
c 3HeprHRMH HecKonbKO M3B Ha HyKno H, 

- MHKPOTPOHe MT-22, 
- npoTOTHne KYTH-20, CHnYH~-20 

H nHY-3ooo, 
- 3neKTpOCTaTH4eCKOM reHepaTOpe 

3r-s, 
- np~ npOH3BOACTBe pa60T C paAHO

aKTHBH~MH ee~ecTeaMH H APYrHMH ~cTo4-
HHKaM~ HOHH3HPY~~HX H3ny4eHHH. 

PesynbTaT~ paAHa4HOHHoro KOHTponR 
noKa3anH, 4TO YPOBHH HOHH3Hpy~~HX H3-
ny4eHHH Ha pa604HX MeCTaX COTPYAHHKOB 
npH e~nonHeHHH ycTaHoeneHH~X npae Hn 
pa6oT~ He npee~wanH pernaMeHTHpoea H
H~x eenH4HH; A03a H3ny4eHHH B OKpyma~
~eH cpeAe OT RAePHO-$H3H4eCKHX ycTa
HOBOK HHCTHTyTa COCTaBnReT npeHe6pe
mHMO Many~ eenH4HHY no cpaeHeHH~ c npH
POAHO~ A030H paAHa4HH. Hsy4eHHe paAHa-
4HOHHO~ o6cTaHOBKH Ha peaKTope H6P-2, 
KOTOP~~ B 1983 rOAY Ha4an pa6oTaTb Ha 
$H3H4eCKHe 3KCnepHMeHT~, noKa3an0 ,4TO 
ycTaHoeneHH~e sa~HT~ H opraHH3a4HOHHo-
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TeXH~4eCK~e Meponp~RT~R C03Aa~T 6eso
nacH~e ycnoe~R npH pa6oTe Ha peaKTope. 

B o6nacT~ paAHa4HOHH~x HccneAOBaHHH 
saeepweH~ 3KcnepHMeHT~ no H3y4eHH~ yr
noe~x pacnpeAeneHHH noToKoe sapRmeH
H~x 4aCTH4 H3 TOnCTOH MeAHO~ MHWeHH, 
6oM6apAHpyeMO~ npOTOHaMH, anb$a-4aCTH-
4aMH H RAPaMH yrnepOAa C 3HeprHe~ 

3,65 r3B/HyKnoH/1/. B~nonHeHa 04eHKa 
paAHa4HOHHO~ o6cTaHOBKH H 3a~HT~ npH 
B3aHMOAeHCTBHH penRTHBHCTCKHX RAep 
c ee~ecTBoM/2/ c 4enb~ peweHHR eonpo
coe paAHa4HOHHOH 6esonaCHOCTH Ha yc
KOPHTenbHOM KOMnneKce TRmen~X HO
Hoe/3/. HccneAOBaH~ 3KcnnyaTa4HOHH~e 
H A03HMeTpH4eCKHe CBOHCTBa TepMon~MH

HeC4eHTH~X AeTeKTOPOB Ha OCHOBe $TO
PHCTOrO nHTHR/4/ H cynb$aTa Kanb4~R/5/. 

ABTOMaTH3HpOBaHHaH CHCTeMa ~03HMeTpH

tieCKOf'O KOHTpOJ1H YCTaHOBKH 11<ll11
• 



OnpeAeneH~ senH4HH~ HaBeAeHHOH 
PaAHOaKTHBHOCTH/6/, HCCneAOBaHO BnHR
HHe Ha HHX 6opHpOBaHHR/7/ B ycnOBHRX 
o6ny4eHHR 6eToHoB Ha 680 M3B npoToH
HOM YCKOPHTene. 
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OnbiTHoe npOM3BOACTBO 

B 1983 rOAY OnbiTHOe npm13BOAC TBO 
~HCTHTyTa e~nonHHno PHA 3aKa3oB na6o
paTOPH~ no H3roToeneHH~ y3noe AnH 6a-
30B~x H 3KCnepHMeHTanbH~X YCTaHOBOK, 
o6ecne4HBano na6opaTOPHH pa3nH4HO~ 

paAH03neKTPOHHO~ annapaTypo~, B TOM 
4Hcne e cTaHAapTe KAMAK. 

CpeAH 3aKa3oe Ha MexaHH4eCKHe H3-
AenHH cneAyeT OTMeTHTb y3n~ ycTa HOBKH 
Cn~H (JlB3), y3nbl ycTaHOBKH ''cJ>'' ( Jlf!n), 
nHeBMaT~4eCKHe npHBOA~ npo6HHKOB 
C ~HnHHAPOM $apaAeH H eepTHKanbH~e 
HCT04HHKH HOHOB An~ ycKOPHTenH Y- 400 
(Jl~P), y3n~ nOABH*Horo OTPa*aTenH AnH 
~6P-2 (JlH$), yCKOPH~~aH HHAYK~HOHHaH 

ceK~HH H THPHCTOPH~~ Kn~4 AnH KYT~-20 
(OHMY), paMH~e MarHHT~ H APe~$OB~e 
KaMepbl AnH ycTaHOBKH "He~TPHHHbl~ Ae
TeKTop", pa3Me~aeMO~ Ha He~TPHHHOM Ka
Hane yCKOPHTenH B ~$83 (npoTBHHO) , 

MoHTaJK HHTenneKTyanbnoro TepMHHana 
HHTEP-80. 

THpHC TOpHbiH KJIIO"'l ,rviR KYTH- 20. 

B Te4eHHe roAa oceoeHo H3roToene
HHe PHAa HOB~X paAH03neKTPOHH~X ~3Ae
nH~, e TOM 4Hcne ~HTenneKTyanbHoro 
TepMHHana ~HTEP-80 H 30 6noKOB B CTaH
AapTe KAMAK. Bcero AnH na6opaTOP~~ HH-

Bonbrno H: o6~eM pa6oT BhlDOJIHeH B OnhlTHOM npOH3BO~CTBe OI1HI1 no H3roToaneHHIO ~ 

Y3JIOB MO~eJibHOro CBepxnpOBO~.R~ero YCKOPHTeJI.R nB3 (ycTaHOBKa CTIMH). Ha , 
CHHMKe: c6opKa KPHOCTaToB ycTaHOBKH CTMH. 
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Yt.IacTOK HsroTOBJieHH.R p;peii<l>oBbiX KaMep p;JI.R ycTaHOBKH "HeiiTpHHHbiH p;eTeKTop" 

B ~exe N23 OnbiTHoro npoHsBop;cTBa OIUIH. 

CT~TyTa ~3rOTOBneHO OKOnO 2400 paA~0-
3neKTPOHH~X ~3Aen~H, ~3 H~X 1750 6no
KOB e cTaHAapTe KAMAK, 6onee 250 6no
KOB 6~CTPOH 3neKTPOH~K~ ~ cneKTPOMeT
p~4eCK~X 6noKoe ~ 6onee 380 paan~4HbiX 
~CT04H~KOB n~TaH~~. 

B paMKax Me>KAYHaPOAHoro COTPYAH~-

4ecTea e~nonHeH aaKaa Ha ~aroToeneH~e 

17 ceK~~H KaTyweK An~ 3neKTPOMarH~Ta 

ycKop~Ten~ Y120M ~HCT~TyTa ~AePHOH 
~~3HKH B r.P>Ke>K (4CCP). 

6onbWOH o6oeM pa6oT BblnOilHeH An~ 
06beKTOB Kan~TanbHOrO CTPO~TenbCT Ba, 
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B TOM 4~cne no ~3rOTOBneH~~ An~ 3T~X 
06beKTOB HeCTaHAaPTHOro 060PYAOBaH~~. 

CAenaH~ Hoe~e war~ no pa3BHT~~ 
npo~seoACTBeHHOH 6aa~ On~THoro npo~a
BOACTea. Ha MexaHH4eCKOM y4aCTKe 
e 3AaHHH W4 AOnonH~TenbHO ycTaHoeneHo 
20 MeTannope>Ky~HX CTaHKOB, CAaH 
B 3KCnilyaTa~H~ MOCTOBOH KpaH rpyao
nOAbeMHOCTb~ 10 TOHH; e 3AaH~~ W11 
oceoeH HOB~H cnecapHo-ceapo4H~H y4ac
ToK; B~nonHeH 6onbWOH 06beM MOHTa>KH~X 
.pa6oT no 060PYAOBaH~~ naKOKpaC04HOro 
OTAeneHH~ ranbeaHH4ecKoro OTAeneH~~ 
H CTaH~~~ HeHTpan~3a~HHj Ha4aT MOHTa>K 
cynnopTHOH CTOHK~ 6onbworo Kapycenb
Horo CTaHKa SKJT63-140. 



ME1KJJ.Y HAP DAH biE 
CBH3M 
M HA·Y~HO E 
COTPY JJ.HM~·ECTBO 



MemAYHaPOAHOe Hay4Ho-TexH~4ecKoe 
COTPYAH~4ecTeo 0~~~ ~MeeT 6onbwoe 
3Ha4eH~e AnR e~nonHeH~R nporpaMM~ 

Hay4HO-~CcneAOBaTenbCK~X pa60T ~HCT~
TyTa, npeAYCMOTpeHH~X npo6neMHO-Te Ma
T~4eCK~M nnaHOM. na6opaTop~~ O~fl~ ~Me

~T w~poKoe TPaA~~~OHHoe COTPYAH~4ecT

eo ~ CBR3~ 6onee 4eM C 200 ~HCT~·TyTa

M~, YH~Bepc~TeTaM~ ~ opraH~3a~~RM~ 

cTpaH-y4aCTH~~, APYr~x CTpaH, a Ta Kme 
C MemAyHaPOAH~M~ Hay4HbiM~ ~eHTpaM~ . 

OcHOBH~M~ ~ToraM~ 1983 roAa no 
MemAyHaPOAHOMY Hay4HO-TeXH~4eCKOMY 
COTPYAH~4eCTBY RBnR~TCR: 

- npoBeAeH~ COBMeCTH~e ~ccneAOBa

H~R no 119 TeMaM C Hay4H~M~ ~eHTpaM~ 
CTpaH-y4aCTH~~ 0~~~ ~ 18 TeMaM C Me~
AYHapOAH~M~ ~ Ha~~oHanbH~M~ opraH ~3a

~~RM~ APYr~x cTpaH; ... 
- no eonpocaM Hay4HO-TeXH~4ecKoro 

COTPYAH~4eCTBa ~ AnR y4aCT~R B Hay 4-
H~X COBe~aH~RX B CTpaH~-y4aCTH~~~ 
(KPOMe CCCP) KOMaHA~POBaHo 505 cne 
~~an~cToe, e APYr~e cTpaH~ - 57 c ne
~~an~cTOB 0~~~; 

- AnR B~nonHeH~R COBMeCTHbiX paOOT, 
06MeHa on~TOM ~ KOHcynbTa~~H ~3 CTpaH
y4aCTH~~ (KpoMe CCCP) np~HRTO 1227 
cne~~an~cToe; ~3 Hay4H~x ~eHTpoe APY
r~x CTpaH ~ MemAyHaPOAH~X opraH~3a 

~~H - 67 cne~~an~cToe; 
- npoBeAeHO 4eTblpe KpynH~X M~mAY

HaPOAH~X WKOn-ceM~HapOB ~ C~Mn03~YMOB, 

a TaKme 36 Hay4H~X ~ Hay4Ho-opraH~ aa
~~OHH~X COBe~aH~H. 

COTPYAH~4ECTBO C HAY4H~M~ UEHTPAM~ 

CTPAH-Y4ACTH~U O~R~ 

MemAyHaPOAHOe Hay4Ho-TexH~4ecKoe 
COTPYAH~4eCTBO O~n~ B 1983 r. ycne w
HO OCy~eCTBnRnOCb B TaK~X $OpMaX, KaK 
npoBeAeH~e COBMeCTH~X TeopeT~4eCK~X 

~ 3Kcnep~MeHTanbH~x ~ccneAOBaH~H; co-
3AaH~e HOB~X ~ ycoeepweHCTBOBaH~e 
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AeHCTBY~~~x 6a30BbiX 3Kcnep~MeHTanbHbiX 
ycTaHoeoK, pa3pa6oTKa 3Kcnep~MeHTanb
HOH annapaTyp~, np~6opoe ~ MeTOA~K; 

o6pa6oTKa 3Kcnep~MeHTanbH~x AaHH~x; 
pa3pa6oTKa ~ oceoeH~e nporpaMM MaTe
MaT~4ecKoro o6ecne4eH~R 3BM; np~KnaA

H~e ~ccneAOBaH~R. 

Ha~6onee aKT~BHoe Hay4Hoe cOTPYAH~-
4ecTeo OCy~eCTBnReTCR C ~HCT~TyTaM~ 
CoeeT.cKoro Co~3a, e 4a~THOCT~ c ~H

CT~TYTOM $~3~K~ B~COK~X 3Hepr~H(npoT

B~HO). B 1983 rOAY TaM pa6oTan~ PRA 
YCTaHOBOK 0~~~' B TOM 4~Cne: 6ec$~nb
MOB~H ~CKPOBOH cneKTPOMeTp (6~C-2), 
ABYXMeTpoeaR BOAOPOAHaR KaMepa "n~A
M~na", "r~nepoH 11 , P~CK, c~rMA-ARKC 
~ APYr~e. ~AeT noArOTOBKa K 3Kcnep~
MeHTaM Ha M~IC-2 ~ ''HeHTP~HHOM AeTeK
Tope". 06 o6oeMe 3Toro cOTPYAH~4eCTBa 
~ y4aCT~R O~RH B 3Kcnep~MeHTaX B npoT
B~HO roeopRT TaK~e ~~$pbl: OKOnO 40% 
epeMeH~ ycKop~TenR H$B3 ~cnonb3Y~T 
$~3~K~ OHR~. H$B3 np~H~MaeT e Te4eH~e 
roAa oKono 150 Haw~x cne~~an~CTOB ~3 
ecex na6opaTop~~ ~HCT~TyTa. 

na6opaTOP~R TeopeT~4eCKOH $~3~K~, 

RBnRRCb BeAY~~M Hay4H~M ~eHTPOM CTpaH 
co~~an~cT~4ecKoro COAPYmecTBa B o6na
CT~ TeopeT~4eCKOH $~3~K~ 3neMeHTapH~X 

4acT~~, aTOMHoro RAPa ~ KOHAeHc~poeaH

HbiX cpeA, OCy~eCTBnRna nOCTORHHble KOH
~aKT~ C Hay4H~M~ ~eHTpaM~ CTpaH-y4acT
H~~. Co CTOPOH~ CTpaH-y4aCTH~~ B co
TPYAH~4eCTBe C nT$ pa6oTaeT OKOno 
TpexcoT y4eHbiX. 

B 1983 roAY coeMecTHo c coTPYAH~
KaM~ CO$~HcKoro yH~eepc~TeTa npoAonme
H~ pa60T~ no ~3y4eH~~ KBaHTOBOH TeOp~~ 
nonR c $YHAaMeHTanbHOH An~HOH. Y4eH~e 
~3 YH~Bepc~TeTa ~MeH~ ryM60nbATa(6ep
n~H) ~ ~$83 (UOHTeH) np~HRn~ y4aCT~e 

B ~ccneAOBaH~RX no K~panbH~M MOAenRM 
e KBaHTOBO~ Teop~~ nonR. CoeMecTHO 
c y4eHbiM~ ~3 HPFi npoAenaHa 6onbwaR 
pa6oTa no pa3B~T~~ reoMeTp~4ecKo~ 
Teop~~ cyneprpae~Ta~~~. Y4eH~e 4CCP 
np~HRn~ y4acT~e e ~ccneAOBaH~Rx no 



~3y4eH~~ noseAeH~~ 3neKTP~4ecKoro ~opM

~aKTopa HyKnOHa. npOAOn*eH~ ~ccneAOBa

H~~ no HenoKanbHO~ MOAen~ KBapKOB cos
MeCTHO c COTPYAH~KaM~ yH~sepc~TeTa 

~M. R.KoMeHcKoro (6paT~cnasa) ~ HHcT~

TyTa MaTeMaT~K~ AH MHP. 
B COTPYAH~4ecTse c y4eH~M~ HRHR3 

6AH (C~~~) Bbi~CHeHbl OCHOBHble 3aKOHO
MepHOCT~ ~parMeHTa4~~ ManOKBa3~4aCT~4-

HbiX KOMnOHeHT BOnHOBbiX ~YHK4~~ ~AePHbiX 
cocTO~H~~. CosMecTHO c y4eHbiM~ UHRH 
(PocceHAOP~) ~3y4eHbl xapaKTep~CT~K~ 

KBa3~4aCT~4HbiX COCTO.RH~~, a TaK*e KOn
neKT~BH~X COCTO.RH~~ OTP~4aTenbHO~ 4eT
HOCT~ B aKT~H~AaX np~ 6onbW~X 3Ha4eH~
~X yrnosoro MOMeHTa. 

B o6nacT~ Me3oH-.RAePHbiX saa~MOAe~cT
B~~ np~ cpeAH~X 3Hepr~.RX npOAOn*eHO 
MHoroneTHee COTPYAH~4ecTso c y4eHbiM~ 

HR~ 4CAH (P*e*, 4CCP) ~ UHRH (PocceH
AOP~, r.QP). 

CosMecTHO c TeopeT~KaM~ UHRH (Poc
ceHAOP~) ~ yH~sepc~TeTa ~M.B~nbrenbMa 

n~Ka (POCTOK) ~ccneAOBaH MeXaH~3M o6-
pa30BaH~.R CnO*HbiX 4aCT~4 B BbiCOK03Hep
reT~4eCK~X CTOnKHOBeH~.RX T.R*enbiX ~OHOB. 
CosMeCTHO c y4eHbiM~ CPP ~ HP6 BblnonHe
H~ pa6oTbl no ~a30B~M nepexoAaM s cnna
eax. noArOTOBneHO 6onbWOe KOn~4eCTBO 
cosMeCTHbiX ny6n~Ka4~~ c y4eHbiM~ ~3 HPE>, 
BHP, CPB, r,QP, MHP, CPP, 4CCP. Bcero 
B Te4eH~e rOAa COTPYAH~KaM~ na6opaTo
p~~ s COAPY*ecTse c y4eHbiM~ cTpaH
y4aCTH~4 OHRH ony6n~KosaHo oKono 140 
Hay4H~X pa60T. 

W~poKa.R Koonepa4~~ c Hay4Ho-~ccne
AOBaTenbcK~M~ opraH~3a4~~M~ CTpaH
y4aCTH~4 OHRH ~sn~eTc.R ocHoeo~ s e~

nonHeH~~ npaKT~4ecK~ scex pa6oT, npo
BOA~M~x B na6opaTOP~~ B~COK~X 3Hepr~~. 

B o6nacT~ pen.RT~B~CTCKo~ .RAepHo~ 
$~3~K~ ~ccneAOBaH~.R BeAYTC.R HeCKOnbK~
M~ Hay4H~M~ rpynnaM~ na6opaTop~~ cos
MeCTHO C Hay4Hb1M~ 4eHTpaM~ CTpaH
y4aCTH~4• 

B o6pa6oTKe cH~MKOB c ABYXMeTposo~ 
nponaHoso~ ny3~PbKOBO~ KaMep~, o6ny-
4eHHO~ npOTOHaM~ ~ nerK~M~ .RAPaM~ C ~M
nynbCaM~ OT 1 AO 10 r3B/c/H, np~H~Ma~T 
y4aCT~e y4eH~e 10 Hay4H~X 4eHTPOB ~3 

ceM~ cTpaH-y4acTH~4 OHRH. B ~HCT~TyTax 
HRHR3 6AH, BM3H (C~~~) ~ BM3H (BapHa) 
npOBOA~nc~ npOCMOTP CH~MKOB, ~3MepeH~R, 

pac4eTbl Ha 3BM ~ aHan~3 nony4eHH~x pe-
3ynbTaTOB (10% o6~e~ CTaT~CT~K~).Teo
peT~K~ yH~sepc~TeTa ~M.K.MapKca(ne~n-

4~r) nposen~ TeopeT~4ecKoe MOAen~posa-

H~e ~ aHan~3 .RAPO-.RAepHbiX B3a~MOAe~cT
B~~. COTPYAH~K~ H$T (YnaH-6aTop)y4aCT
BY~T BO BCeX 3Tanax o6pa60TK~ CH~MKOB 
no pen.RT~B~CTCK~M B3a~MOAe~CTB~.RM (5% 
o6~e~ cTaT~CT~K~). Y4eHble HRH (CsepK, 
nHP) y4aCTBY~T B aHan~ae AaHHbiX no 
PO*Ae ~~ cTpaHHbiX 4acT~4· $~3~K~ UH$ 
(6yxa pecT) np~H~Ma~T y4acT~e no ~3y-
4eH~~ B3a~MOAe~CTB~~ 6biCTPbiX .RAeP 
C nerK~M~ ~ T.R*enbiM~ .RAPaM~ (18% o6-
~e~ cTaT~~T~K~). YcnewHo pa6oTa~T ~~-
3~K~ Ka pnoea yH~sepc~TeTa (npara) 
~ $H 4.CAH (6paT~cnaea) (2% o6~e~ cTa
T~CT~K~ ). Bo ecex coTPYAH~4a~~x 4eHT
pax o6pa6aTbleaeTc.R 6onbwe nonoe~Hbl 
CH~MKOB , nony4aeMbiX B na6opaTOP~~ Ha 
nponaHoso~ KaMepe. 

6on bWp.R Konna6opa4~.R y4eHbiX nposo
A~T ~ccneAOBaH~.R no npo6neMe 11aHoMa
noHoB1 1, no~CKY KOPOTKO*~B~~X 4aCT~4, 
~3y4eH~~ xapaKTep~CT~K .RAepHbiX B3a~MO
Ae~CTB~~, ~cnonb3Y.R MeTOA .RAePHbiX 
$OT03Mynbc~~. B H$T (YnaH-6aTop), 
H$BTY (Bapwasa), YH~sepc~TeTe ~ HRH 
(KpaKOB) BeAeTC.R aHan~3 3KCnep~MeH
TanbHbiX AaHHbiX. AHanor~4Hble ~ccneAosa
H~.R BeAYTC.R s UH~ (6yxapecT), HR~ 
4CAH, yH~Bepc~TeTax B npare ~ KoW~4e. 
BHe na6opaTop~~ BbiCOK~x 3Hepr~~ o6pa-
6aT~eaeTc.R AO 75% 3Kcnep~MeHTanbHO~ 
~H$OpMa 4~~ no 3TO~ TeMe. 

npOAOn*aeT ycneWHO pa3B~BaTbC.R co
TPYAH~4eCTBO no ~ccneAOBaH~~ pacce.R
H~.R pen~T~B~CTCK~X .RAep Ha Manble yrnbl 
c noM~b~ ycTaHOBK~ 11Anb$a 11

• COTPYAH~
K~ UflAHn, BXTH, HRHR3 6AH (C~~.R) 

~ UHR~ (PocceHAOP$) np~H~Man~ y4acT~e 
B TeXH~4eCKOM COBepWeHCTBOBaH~~ ycTa
HOBK~ ( BBeAeH~e B ycTaHOBKY M~Kponpo-
4eCCOPHO~ c~cTeMbl, A~cnne.R, roAOCKo
n~4ecK~x C4eT4~KOB), B nporpaMMHOM 
o6ecne4eH~~ 3Kcnep~MeHTa. 

no npo6neMe nO~CKa 04aposaHHbiX 4ac
T~4 ~ y3K~x 6ap~oHH~x pe3oHaHcoe 
BMeCTe C ~~3~KaM~ na6opaTOP~~ BbiCOK~X 
3Hepr~~ Ha 70-r3B ycKop~Tene (npoTe~
Ho) pa6oTa~T y4eH~e P.RAa CTpaH-y4aCT
H~4· B HRHR3 ~ BXTH (C~~.R), BM3H 
(BapHa ) BeAeTc.R o6pa6oTKa ~ aHan~3 
~H~OpMa 4~~. np~4eM 6onrapcK~e cne4~a
n~cT~ n p~H~Ma~T y4aCT~e TaK*e ~ B Ha-
6ope 3Kcnep~MeHTanbHoro MaTep~ana Ha 
ycKop~Tene. B nony4eH~~ AaHH~x Ha yc
TaHOBKe ~ o6pa60TKe C06biT~~ np~H~Ma~T 
y4acT~e $~3~K~ H~ (XaHo~). 6onbwo~ 

BKnaA B o6pa60TKY ~ aHan~3 AaHHbiX no 
3TO~ TeMe BHOC.RT y4eH~e H~B3(Uo~TeH). 
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60nbWOH HHTepec npORBneH K $H3H4e
CKHM peaynbTaTaM, nony4aeM~M c noM~b~ 
,qeyXMeTpOBOH eo,qopo,qHOH KaMepbl 11n~,q 

MHna 11
, pa6oTa~114eH e ny'4Ke aHTH,qeHTpo

HOB C HMnynbCOM 12 r3B/c. 6onrapCKHe 
Y4eHble npHHHMa~T y4aCTHe e no,qro
TOBKe nporpaMMHoro o6ecne4eHHR H o6-
pa6oTKe ,qaHH~x, pyM~HCKHe $H3HKH 
H3 UH$ (6yxapecT) ee,qyT npocMoTp, 
H3MepeHHR H o6C4eT 3KCnepHMeHTanb
HOrO MaTepHana. 6onbWOH BKna,q no 
3TOH TeMe BHOCRT 4exocnoea~KHe co
TPYAHHKH H3 $H 4CAH H Kapnoea YHH
eepcHTeTa (npara), H3$ CAH (6paTH
cnaea) no o6pa6oTKe H aHanHay aHTH
,qeHTpoH-,qeHTPOHHblx co6biTHH. 

na6opaTOPHR R,qepHbiX npo6neM COTpy,q
HH4aeT C Hay4H~MH ~eHTpaMH CTpaH
y4aCTHH~ B o6naCTH $H3HKH B~COKHX, 

cpe,qHHX H HH3KHX 3HeprHH. 
AKTHBHO y4aCTBY~T B o6pa60TKe 

3KCnepHMeHTanbHOH $HnbMOBOH HH$OPMa 
~HH, nony4eHHOH Ha ycTaHOBKe PHCK, 
cne~HanHCTbl UH$H (6y,qanewT), H$B3 
(UoHTeH), $H 4CAH H npamcKoro YHHB e p
CHTeTa, npoee,qeHbl H3MepeHHR 6onee 20 
T~CR4 TpHrrep-TpeKOB C HH$OpMa~HeH 
no o6~aaoeaHH~ 4aCTH~ c 6onbWHM none
pe4HbiM HMnynbCOM. 

6onrapcKHe cne~HanHcT~ npHHHMa~T 
y4aCTHe B o6pa60TKe ,qaHH~X COBMeCT HO
ro 3KcnepHMeHTa no Hccne,qoeaHH~ eaa HMo
,qeHCTBHH HeHTPHHO C R,qpaMH $OT03Myn b
CHH H noHCKY pacna,qoe 04apoeaHH~X 4ac
TH~. B HRHR3 6AH (Co$HR) o6HapymeHo 
nRTb eaaHMo,qeHCTBHH HeHTPHHO. Cne~Ha

nHCT~ B~cwero MaWHH0-3HepreTH4ecKor o 
HHCTHTyTa (CO$HR) H HR~1R3 6AH y4acT
BY~T B COBMeCTH~X C n~n paapa60TKaX 
annapaTyp~ e cTaH,qapTe KAMAK ,qnR aeTo
MaTH3a~HH $H3H4eCKOrO 3KCnepHMe~Ta. 

B UH$H (6y,qanewT) paapa6oTaH~ 

B~COKOBOnbTH~e HCT04HHKH nHTaHHR 
e cTaH,qapTe KAMAK ,qnR ycTaHOBKH11 He HT
PHHHbiH ,qeTeKTOp11

• 

B ~~H BAH (Ae6pe~eH) eenocb npoeK
THpoeaHHe OT,qenbH~X Y3nOB H 6nOKOB 
3neKTPOHHKH yCTaHOBKH 3nrA, npe,qHa3-
Ha4eHHOH ,qnR pa60T~ Ha KOMnneKCe 
RCHAnn-2 OHRH. Ha UHRH (PocceH,qop$) 
perynRpHO nOCTaBnRnHCb pa,qHOHyKnH,q~ 

,qnR Me,qH~HHCKHX ~eneH. B TexHH4eCKOM 
YHHBepCHTeTe (Apea,qeH) B paMKaX coe
MeCTH~X pa6oT npoee,qeH~ Hccne,qoeaHHR 
no XHMHH acTaTa. B HRH (CeepK) senacb 
no,qroTOBKa annapaTypbl ,qnR a6comoTHOH 
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,qoaHMeTpHH Ha Me,qH~HHCKHX npoTOHHbiX 
ny4Kax ycTaHOBKH 11$ 11

• Cne~HanHcTbl 3To
ro HHCTHTyTa npHHHManH y4aCTHe B COB
MeCTH~X pa3pa60TKaX H COBepweHCTBOBa
HHH TeXHOnOrHH H3rOTOBneHHR ,qeTeKTO
pOB H3 CBepX4HCTOrO repMaHHR. 

B HHCTHTyTe R,qepHOH $H3HKH (Pmem) 
npo,qonmanHcb pa6oTbl no coa,qaHH~ MHoro
,qeTeKTOPHOH ycTaHOBKH ,qnR H3y4eHHR yr
nOB~X KOppenR~HH raMMa-H3ny4eHHR. 
B 1983 ro,qy H3 HR$ 4CAH nocTaeneH~ 4e
T~pe repMaHHH-nHTHeB~X ,qeTeKTOpa 06~e
MOM 40 CM3 H KOppenR~HOHH~H CTOn ,qnR 
3TOH ycTaHOBKH. B yHHeepcHTeTe (KowH
~e) Ha4aTo coa,qaHHe KOMnneKcHoro MaTe
MaTH4ecKoro o6ecne4eHHR ,qnR o6pa6oTKH 
MarHHTH~X neHT cneKTPOMeTpa rHnEPOH. 
Cne~HanHcT~ $H3H4ecKoro HHCTHTyTa 
H Kapnoea YHHBepcHTeTa B npare y4acT
eoeanH e paapa6oTKe H coa,qaHHH KOnb
~eeoro cneKTPOMeTpa H paapa6oTKe Ma
TeMaTH4ecKoro o6ecne4eHHR ,qnR 3Kcne
PHMeHTOB Ha ycTaHOBKe CHrMA-ARKC. 

B UH$ (6yxapecT) Ha npe~H3HOHH~x 
ny4Kax TaH,qeM-reHepaTopa npoeo,qRTCR 
MeTO,(IH4eCKHe pa60Tbl C ,qeTeKTOpaMH ,qnR 
ycTaHOBKH nHOH OH~H. 

06~e,qHHeHHe yCHnHH MHOrHX Hay4HO
HCCne,qOBaTenbCKHX HHCTHTYTOB CTpaH
y4aCTHH~ s npoee,qeHHH Hccne,qoeaHHH 
H C03,qaHHH $H3H4eCKHX YCTaHOBOK cnoco6-
CTBOBano ycneWH9MY BblnOnHeHH~ Hay4HOH 
nporpaMM~ na6opaTOPHH R,qepH~X peaK~HH. 
6onbWOH BKna,q B C03,qaHHe 6a30B~X 

H 3KCnepHMeHTanbH~X yCTaHOBOK, B npose
,qeHHe COBMeC-THbiX 3KCnepHMeHTOB BHOCRT 
$H3HKH PH HM.B.r.XnonHHa (neHHHrpa,q), 
HA3 HM.H.B.Kyp4aToea (MocKea), HR$ AH 
KaaCCP (AnMa-ATa), HHHAP (AHMHTpoe
rpa,q), HRH (KHee) H MHOrHx ,qpyrHx. 

WHpoKoe coTpy,qHH4eCTBO ocyll\eCTBnR
eTcR e pa6oTax no noHCKY ceepxTRmen~x 
3neMeHTOB e npHpo,qe. B HHX npHHHMa~T 
y4aCTHe $H3HKH HP6, BHP, rAP, MHP, 
4CCP, nHP H 6onee ,qecRTKa HHCTHTYTOB 
CCCP. B HRn (CeepK) ee,qeTCR pa6oTa no 
OnTHMH3a~HH napaMeTpOB HH3KQ$OHOBbiX 
HeHTpOHH~X ,qeTeKTOpOB H H3rOTaBnHBa~T
CR HOB~e THn~ nponop~HOHanbH~X C4eT4H
KOB. B UHHPH (neHn~Hr) paapa6oTaH 
H C03,qaH BapHaHT HOHHOrO HCT04HHKa Ha 
ocHoee naaepa ,qnR Macc-cneKTpoMeTpa 
nHAHA. 0Cyll\eCTBnRnOCb COTpy,qHH4eCTBO 
c ~1~HR3 6AH (Co$HR), MrY (Ynaw6aTop) 
no npOCMOTPY TpeKOB B npHpo,qH~X KpH
CTannax aeMHoro H MeTeopHTHoro npoHc
xom,qeHHR C nOMOII\b~ ,qH3neKTPH4eCKHX ,qe
TeKTOpOB. 



• 
B coTpy~HHqecTBe lla6opaTopHH H~epHbiX npo6neM c HHCTHTYTOM H~epHOH ~H3HKH (Kpa

KoB, ITHP) pagpa6oTaH aBTOMaTHqecKHH H3oxpoHHbiH ~HKnoTpoH AHU-144. Ha CHHMKe: 

MOHT~ YCKOpHTenH B HHCTHTyTe H~epHOH ~H3HKH. 

8 pa6oTaX no CHHTe3y HOB~X TpaHc
$epMHeB~X 3neMeHTOB coTPYAHH4ecTao 
OCYil.leCTBm'lnOCb C ~HHHl3 I>AH (Co$H~). 
npoAon~anacb COBMeCTHa~ c U~fl~ (Poc
ceHAOP$) paapa60TKa 6~CTP~X MeTOAHK 
XHMH4eCKOrO B~AeneHH~ HOB~X 3neMeHTOB, 
a paMKax 3Toro cOTPYAHH4ecTaa c y4ac
THeM cne4HanHCTOB H3 4CCP BeAeTc~ co-
3AaHHe YCTaHOBKH x~mT~. 

~HTeHCHBHO paaaHaaeTc~ COTPYAHH-
4eCTBO 8 pa60TaX no HCCneAOBaHH~ Me
XaHH3Ma ~AePH~X peaK4HH CO cne4HanH
CTaMH CCCP, HP6, BHP, rAP, nHP, CPP 
H 4CCP. [)naroAaP~ COBMeCTHbiM ycHnH~M 
cne4HanHCTOB U~H~ (PocceHAOP$) H nflp 
0~1U1 B 1983 rOAY Ha ny4Ke YCKOPHTen.Ft 
Y-300 aany11.1eHbl OCHOBH~e yanbl ycTaHoa
KH A3MAC - 3neKTPOMarHHTHble H apeM~
nponeTH~e cneKTPOMeTpbl, cneKTPOMeTp 
y-MHO~eCTBeHHOCTH, Ha HHX Ha4aTbl 
COBMeCTH~e 3KCnepHMeHT~. 8 rAP H3ro-

TOBneH I HOHH3a4HOHH~e KaMep~, KaMep~ 

pacce.A HH.Ft, 3neMeHT~ An~ H3MepeHH~ 

apeMeHH nponeTa, aeAeTc~ paapa6oTKa 
nporpa MHoro o6ecne4eHH~ 3KcnepHMeH
Toa Ha A3MAC. CoTPYAHHKH ~fl$ (KpaKoa) 
H nnP O ~fl~ npoaenH 3KCnepHMeHT~ no 
H3y4eHH~ MeXaHH3Ma rny60KOHeynpyrHX 
peaK4H~ nepeAa4 c HcnonbaoaaHHeM Ka
Mep~ yc TaHOBKH MC-A, HaroToaneHHO~ 

a ~fl$. Ha ny4Ke ycKOPHTen.Ft Y-200 
rpynno~ $H3HKOB H3 ~fln (CaepK) npoae
AeHo HccneAOBaHHe 3MHCCHH nerKHX aa
P~~eHH~x 4aCTH4 a TPO~HOM AeneHHH ~Aep. 

B nfl P Ha ny4Ke 4HKnOTPOHa Y-300 
pa6oTae T 3neKTPOCTaTH4eCKH~ cneKTpo
MeTp 3CA-21, H3rOTOBneHH~~ B ~fl~ 

(Ae6pe eH) An.Ft H3y4eHH~ cneKTPOB 3neKT
poHoa B HOH-aTOMHbiX CTOnKHOBeHH~X. 

Ycne wHo paaaHaaeTc.Ft COTPYAHH4eCTBO 
c UH$ (6yxapecT) no nHHHH paaaHTH~ 

YCKOPHTenbHO~ 6a3~ na6opaTOPHH. 
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3asepmeHa 6onbmaH coeMecTHaH pa6oTa 

COTpy~HHKOB fla6opaTOpHH H~epHb~ peaK

~ll H UeHTpanbHoro HHCTHTYTa ~H3HKH 
B ByxapecTe no C03~aHHIO CHCTeMbJ TpaH

CnOpTHPOBKH nyqKoB ycKopHTenH Y-400. 
Ha CHHMKe: HCnbJTaHHe B l.ij1<1> MarHHTHb~ 

nHH3 ~nH CHC TeMbJ TpaHCnOpTHpOBKH 

nyq~s. 

B 1983 rOAY cne4HanHcT~ nRP npoH 3ee
nH npHeMKY o60PYAOBaHHR CHCTeM~ 
TpaHcnopTHPOBKH ny4KOB Y-400, H3-
roJoeneHHoro B UH$ (6yxapecT), no 
nocneAHeMy 3Tany nocTaBKH. Ha Y-4 0 0 
CMOHTHPOBaHO 8 KaHanOB B~BeAeHH~X 
ny4KOB, Ha HHX Ha4aT MOHTa~ 3KCnepH
MeHTanbHOrO o60PYAOBaHHR. B CBR3H 
c C03AaHHeM B HP6 MHoro4eneeoro 4HK
noTpoHa TR~enbiX HOHOB Y-250 eenacb 
COBMeCTHaR pa3pu60TKa TeXHH4eCKOrO 
npeAnO~eHHR 0 pa3Me~eHHH 4HKnOrpOHa 
a 6onrapHH. 

npoAOn~aeTCR COTPYAHH4eCTBO c L~HR~I 
(PocceHAOP$) c 4enb~ pa3pa6oTKH H co-
3AaHHR cHcTeM AHarHocTHKH ny4Ka AnR 
ycKOPHTenR Y-400. CoeMeCTHO c HRH 
(CeepK) BeAeTCR C03AaHHe CHCTeM~ 
aBTOMaTH4eCKO~ nOACTPO~KH 4aCTOT~ 

H $a3~ B~COK04aCTOTHO~ CHCTeM~ 4HKno
TPOHa Y-400. 

Oco6eHHoe 3Ha4eHHe nPHAaeanocb 
COBMeCTH~M npHKnaAH~M HCCneAOBaH HRM 
H pa3pa60TKaM ~ay4HO-TeXHH4eCKHX 3a
Aa4, HMe~~HX Ba~HOe HaPOAHO-X03R ~CT

BeHHOe 3Ha4eHHe. CoBMeCTHO c non HTex
HH4eCKHM HHCTHTYTOM (npara) H HHCTH-
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TyTOM $H3HKH (XaHO~) npOBOAHnHCb pa-
6oT~ no coeepweHCTBoeaHH~ KOHCTPYK4H~ 
H napaMeTpoe MHKPOTpoHoe MT-17 H MT-22. 
WHpoKoe coTPYAHH4ecTeo c HRH (raeaHa) 
H HHCTHTYTOM $H3HKH (XaHO~) OCy~ecT
BnReTCR B pa3BHTHH MeTOAOB aKTHBa4HOH
HOrO aHanH3a. 3any~eHa H ycnewHo 
$YHK4HOHHpyeT B nRP npeACTasneHHaR AH 
Ky6~ 3BM THna CM-4, Ha KOTOPO~ o6pa-
6aT~Ba~TCR pe3ynbTaT~ pa60T no aKTH
Ba4HOHHOMY aHanH3y. 

CoeMeCTHO c coTPYAHHKaMH HRH(CeepK) 
H YHHBepCHTeTa HM,n.3Teewa (6yAa
newT) H3rOTOBneHa H YCTaHOBneHa Ha 
ny4Ke T~~en~X HOHOB ycTaHOBKa AnR HC
cneAOBaHHR H3MeHeHHR CBO~CTB pa3nH4-
H~X MaTepHanOB npH o6ny4eHHH HX TR
~en~MH HOHaMH. 

CosMeCTHO c l!H$H BAH H HHBTA BAH 
pa3pa6oTaHbl HHTep$e~Cbl H 6noKH KAMAK 
AnR H3MepHTenbHo-e~4HCnHTenbHOro 

4eHTpa Y-400. 3$$eKTHBHO pa3BHBanocb 
COTPYAHH4eCTBO c HR$ (KpaKoe)H Bap
waecKHM yHHeepcHTeToM no pa3pa6oTKe 
annapaTypbl H nporpaMMHoro o6ecne4eHHR 
$H3H4eCKHX YCTaHOBOK, pa60Ta~~HX Ha 
nHHHH C 3BM. 60nbWO~ HHTepec npORBnR
~T cne4HanHCT~ HP6, rAP H CPP K Hc
nonb30BaHH~ TR~enbiX HOHOB AnR npOH3-
BOACTBa RAePH~X $HnbTPOB, 

B na6opaTOPHH He~TPOHHOH $H3HKH 
a e~nonHeHHH nporpaMMbl Hay4H~x Hccne
AOBaHHH, C03AaHHH H MOAePHH3a4HH 
cneKTPOMeTpOB H HX H3MepHTenbH~X CHC
TeM y4aCTBY~T cne4HanHCT~ H Hay4HO-

, HCCneAOBaTenbCKHe opraHH3a4HH ecex 
CTPaH-y4aCTHH4 OHRH. B nHR$ AH CCCP 
Ha ny4Ke ynbTpaxonOAHbiX HeHTPOHOB 
coeMeCTHO co cne4HanHcTaMH HRHR3 6AH 
(Co$HR) Ha4aT~ 3KcnepHMeHT~ no o6Ha
py~eHH~ 3neKTPH4eCKOro 3aPRAa HeHT
'POHa. Pa6oTa~~HMH B nH$ y4eHbiMH H3 
TexHH4ecKoro yHHeepcHTeTa (Ape3AeH) 
H U~IRH (PocceHAOP$) nony4eHbl Ka4ecT
eeHHo HOB~e pe3ynbTaT~ B H3MepeHHRX 
XHMH4eCKOrO CABHra HeHTpOHH~X pe3o
HaHCOB H BHYTPHKPHCTannH4eCKOrO 
3neKTPH4eCKOrO nonR B COeAHHeHHRX 
peAK03eMenbH~x MeTannoe. Ha cneKTpo
MeTpe Manoyrnoeoro pacceRHHR HeHTpo
Hoe B H3y4eHHH $H3HKO-XHMH4eCKHX 
CBOHCTB cno~H~X opraHH4eCKHX Be~eCTB 
H 6HonorH4eCKHX 06DeKTOB y4aCTBY~T 
COTPYAHHKH U~1$H (6yAanewT), HHCTHTy
Ta 6enKa AH CCCP (ny~HHO) H HMX(npa
ra). HccneAoBaHHe CTPYKTYP~ aTOMH~x 
RAeP B peaK4HRX, B~3BaHH~X HeHTPOHa-



AKTHBHO pa3BHBaeTCH COTPYAHHqecTBo 
B oonaCTH HOBb~ ycTaHOBOK Ha nyqKaX 
HBP-2 c HayqHb~H ~eHTPaMH r~P. Ha 
CHHMKaX: a/ cneKTpOMeTp Bb!COKOI'O pag
pemeHHH AnH HCCnegoBaHHH TeKCTyp 
B TBepgbiX Tenax MeTOAOM AH<i>paK~HH 
HeHTPOHOB. 0CHOBHbie Y3nbl H ::meKTpOHH
Ka ynpaBneHHH cneKTpoMeTpa obmH H3ro
TOBneHbi B UlliiM AH f~p (Pocceagop<l>) 
H TexaHqecKOM yHHBepcHTeTe ~peggeaa; 
G/ cneKTpoMeTp nonHpH30BaHHb~ Tenno
Bb~ HenTpOHOB, B C03gaHHH KOTOpOI'O 
npHHHnH yqac THe cne~HanHc Tbi Bbicmeif 
TeXHHqecKoif mKOnbi (Margeoypr) • 

.. .. 
''· ..... 

'-..., 
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MH, np080AHTCR C08MeCTHO CO Cne4HanH
CTaMH HP6, CPB, Ky6~, nHP H 4CCP.B s~
nonHeHHH nporpaMM~ npHKnaAH~x Hccne
A08aHHH MeTOAaMH HeHTPOHHoro aKTH8a-
4HOHHoro H peHTreH-$n~opeC4eHTHOrO 
aHanHaa, a TaKme onpeAeneHHH 8nHRH HR 
HMnynbCHOro paAHa4HOHHOro 803AeHCT8HR 
Ha pacTHTenbH~e H 6HonorH4eCKHe o6beK
T~ npHHHMa~T y4aCTHe cne4HanHCT~ BHP, 
MHP H CPP. Cne4HanHcTaMH UHRH (PocceH
AOP$) H TY (Ape3AeH) 3a8epweH MOHT am 
Ha peaKTope H6P-2 6aao80H 4aCTH cne KT
poMeTpa 8~coKoro paapeweHHR. YcnewHo 
npoAonmaeTCR COTPYAHH4eCT80 c BTW 
(MarAe6ypr) 8 C03AaHHH cneKTPOMeTpa 
nonRpH308aHH~X HeHTPOH08 CnH-1 . 
Cne4HanHCT~ H opraHH3a4HH HP6, rAP 
H BHP aKTH8HO y4aCT8Y~T a c03AaHHH, 
MOAePHH3a4HH H nporpaMMHOM 06ecne4e 
HHH H3MepHTenbH~X MOAyneH cneKTPOMe T
P08 Ha 6aaos~x ycTaH08Kax na6opaTOPHH. 

B 1983 roAY Hay4Ho-TeXHH4ecKoe co
TPYAHH4eCT8o na6opaTOPHH 8~4HCnHTenb
HOH TeXHHKH H a8TOMaTH3a4HH c Hay4H~
MH 4eHTpaMH CTpaH-y4aCTHH4 OCy~eCT B 

nRnOCb no TPaAH4HOHH~M Hanpa8neHHRM. 
YcnewHo pa38H8anocb cOTPYAHH4ecTBO 

c HP6 8 C8R3H c ocHa~eHHeM UBK OHH ~ 

HaKOm+TenRMH H'a MarHHTHbiX AHCKaX H Ha
KOnHTenRMH Ha MarHHTHOH neHTe C n08~
WeHHOH nnOTHOCTb~ 3anHCH HH$OpMa4H H. 
COTPYAHH4ecT80 ocy~ecT8nRnocb TaKme 
8 C8R3H C pa38HTHeM TepMHHanbHOH Ce TH 
6aao8~X 3BM OHRH. Co8MecTHO co cne -
4HanHcTaMH H3 rAP ycneWHO BeAeTCR 
paapa60TKa rpa$H4eCKOH CHCTeM~ Ha oc
HOBe MynbTHMHKpOnP04eCCOPHOrO HHTen
neKTyanbHOrO rpa$H4ecKoro TepMHHana . 
Cne4HanHCT~ H$B3 rAP aKTH8HO y4acT -
8Y~T B pa6oTaX no pa38HTH~ CKaHHpy~

~ero a8ToMaTa A3nT-2/160 H a coaAaHHH 
CKaHHPYiO~ero a8TOMaTa AnR npHKnaAH~X 
4eneH A3nHTA-EBA. 

CosMeCTHO co cne4HanHcTaMH UH$~ 
BAH ycnewHo BeAYTCR pa6oT~ no C03Aa 
HH~ CHCTeMbl 6nC-PI1MA AnR o6pa60TKH 
CHHHKOB c TpeKo8~X AeTeKTopos O~RH . 

B pa6oTax no coaAaHH~ H pa38HTH~ 
MaTeMaTH4ecKoro o6ecne4eHHR AnR o6-
pa6oTKH 3KcnepHMeHTanbH~x AaHH~x , 

a TaKme 8 paapa6oTKe 4HcneHH~x 

H Ka4eCT8eHH~X MeTOA08 peweHHR 
3aAa4 MaTeMaTH4eCKOH $H3HKH H pac-
4eTax noneH aKTH8HO 
cne4HanHcT~ HP6, BHP, 
H 4CCP. 
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y4aCTBY~T 

rAP, nHP 

B pa6oTax no ocHa~eHH~ npH6opos 
nYOC-CAMET TepMHHanaMH (npoeKT PAne) 
aKTH8HO y4aCT8y~T cne4HanHCT~ $H 4CAH 
(npara). 

6eC$HnbMOBaR CHCTeMa CbeMa HH$OpMa-
4HH C03AaeTCR 8 nBTA C08MeCTHO CO cne-
4HanHCTaMH $H 4CAH, KOTOp~e H3rOTOBH
nH H CMOHTHp08anH BTOPOH 06pa3e4 a8TO
HOMHOH KanH6p0804HOH CHCTeM~ AnR Tene
BH3HOHH~X KaMep. Co8MeCTHO co cne4Ha
nHcTaMH HHHHT CAH aa8epweH~ HccneA08a
TenbCKHe pa6oT~ no cmaTH~ AaHH~x.B pa-
6oT~ no C03AaHH~ nporpaMMHoro o6ecne-
4eHHR AnR o6pa6oTKH 3KcnepHMeHTanbHbiX 
AaHHbiX noA ynpasneHHeM 3BM 3Ha4HTenb
H~H 8KnaA BHOCRT cne4HanHcT~ H3$ CAH 
H YHH8epCHTeTa (6paTHcna8a). 

B pa6oTax no c03AaHH~ H pa38HTH~ 
a8TOMaTH4eCKHX H nonya8TOMaTH4eCKHX 
CHCTeM o6pa60TKH KaMepH~X CHHMK08 aK
TH8HO y4aCT8Y~T Hay4HO-HCCneA08aTenb
CKHe opraHH3a4HH rAP, HP~. nHP H 4CCP. 
Co8MeCTH~MH ycHnHRMH cne4HanHcTo8 
4CCP, rAP, HP6 H CCCP 8~nonHeH~ pa6o
Tbl no pa38HTH~ MeTOA08 HCnOnb30BaHHR 
3BM Ha nHHHH C 3KCnepHMeHTanbH~MH yc
TaH08KaMH. 

npH aKTH8HOM Y4aCTHH cne4HanHCT08 
rAP, nHP, CCCP, CPP, Ky6~, CPB H KHAP 
8eAYTCR pa6oT~ no pa3BHTH~ 4eHTpanb
HOrO 8~4HcnHTenbHoro KOMnneKca OHRH 
H 06~eHHCTHTYTCKOrO 4eHTpa o6pa60TKH 
KaMepH~X CHHMK08. 

MemAYHaPOAHOe Hay4Ho-TeXHH4ecKoe 
COTPYAHH4eCT80 0TAena H08~X MeTOAOB 
ycKopeHHR 6~no HanpasneHo Ha peweHHe 
OCHOBH~X 3aAa4 OTAena. B paapa60TKe 
H C03AaHHH KOnneKTH8HOrO YCKOPHTenR 
TRmen~X HOH08 (KYTH-20) aKTH8HOe y4ac
THe npHHHManH Hay4HO-HCCneAOBaTenbCKHe 
opraHH3a4HH HP6, BHP, rAP, CPP, CCCP, 
4tCP. Oco6~H 8KnaA 8 coaAaHHe ronos
HOH 4aCTH KYTH-20 BHecnH cne4HanHcT~ 
TexHH4ecKoro yHH8epcHTeTa (ApeaAeH) 
H U~1HH (PocceHAOP$) ~ B pa6oTax no 
npoeKTHP08aHH~ TRmenOHOHHOrO CHHXpo
TpOHa (THC) npHHHManH y4aCTHe Hay4HO
HCCneA08aTenbCKHe opraHH3a4HH HP6, 
rAP, CCCP, 4CCP. PeaynbTaToM 3Toro me 
COTPYAHH4eCT8a 6~no C03AaHHe npoeKTa 
YKTH. B coaAaHHH ycTaH08KH 11 HeHTPHH
H~H AeTeKTOp11 TeCHOe COTPYAHH4eCTBO 
ocy~ecTsnRnocb c H$B3 (npoT8HHo).Cy
~ecTBeHHY~ noM~b no 3TOH TeMe oKaaan 
UHC (BHP). no npo6neMe YHK aKTHBHoe 
COTPYAHH4eCTBO ocy~ecTsnRnocb c H$B3 
(npoTBHHO). 



HAY4HbiE COBEUlAHHJI OHJIH 

B 1983 rOAY OHJIH npoeen TaKHe Kpyn
H~e MemAyHaPOAH~e MeTponpHHTHH, KaK 
MemAyHaPOAHaH WKona-ceMHHap no $H3HKe 
TH~en~x HoHoe, WKona OHJIH-UEPH no ~H-
3HKe, MemAyHaPOAH~H CHMno3HYM no HAep
HOH 3neKTPOHHKe H Coee~aHHe no npo6ne
MaM MaTeMaTH4eCKOrO MOAenHpOBaHHH, 
nporpaMMHPOBaHH~ H MaTeMaTH4eCKHM Me
TOAaM peweHHH ~H3H4ecKHX 3aAa4. 

B pa6oTe WKon~-ceMHHapa no ~H3HKe 
TH~en~x HOHOB, npoWeAWeH B AnywTe 
c 14 no 21 anpenH, npHHHnH y4acTHe 
154 cne~HanHcTa H3 16 CTpaH. CocToH
nocb 14 nneHapH~X 3aCeAaHHH, Ha KOTO
p~X 6~no npeACTaBneHO 60 Hay4H~X AOK
naAOB. Hay4HaH nporpaMMa WKOn~ OTKp~
nacb o6sopH~MH AOKnaAaMH aKaAeMHKa 
r.H.~nepoea H aKaAeMHKa A.M.6anAHHa, 
e KoTop~x 6~na AaHa naHopaMa coepeMeH
Horo COCTOHHHH H nepcneKTHB pa3BHTHH 
$H3HKH TR~en~X HOHOB H penHTHBHCTCKOH 
RAePHOH ~H3HK~1. 

Me~AYHaPOAHaH wKona ~H3HKOB OHJIH
UEPH npoxoAHna c 5 no 18 H~HH e Ta-
6ope , 4 C C P . MonOAbte y4eHbte nosH a KOMH
nHCb C Ba~HeHWHMH TeopeTH4eCKHMH AO
CTH~eHHHMH H 3KCnepHMeHTanbH~MH pe-
3ynbTaTaMH nocneAHHX neT B ~H3HKe 
B~COKHX 3HeprHH H 3neMeHTapH~X 4aCTH~. 

XI MemAyHaPOAHbtH CHMn03HYM no RAep
HoA 3neKTPOHHKe 6~n opraHH3oeaH OHJIH 
COBMeCTHO C 6paTHCnaBCKHM YHHBepCHTe
TOM HM.KOMeHCKOrO npH y4aCTHH 1-tHCTH
TyTa HAepHoA $H3HKH e P~e~e H HHCTH
TyTa $H3HKH e 6paTHcnaee. CHMnosHyM 
COCTOHnCH B 6paTHCnaee C 6 no 13 CeH
TH6pH C y4aCTHeM 181 Cne~HanHCTa. 3a
Aa4eH CHMn03HYMa HBnHnOCb nOABeAeHHe 
HTOrO B pa6oT~ B o6naCTH HAePHOH 3neKT
POHHK H e OHJIH H cTpaHax-y4aCTHH~ax 
e 198 0 -~983 roAaX H onpeAeneHHe Aanb
HeHWHX nyTeH pa3BHTHH 3neKTPOHHOH an
napaTyp~ AnH HAePH~X HCCneAOBaHHH. 
6btno npeACTaeneHo 6onee 100 AOKnaAOB. 
Ha CHMnosHyMe AeHcTeoeanH cneAY~~He 
ceKUHH: 3neKTPOHHaH annapaTypa AnH 

Me>:(,[l;yHapo,o;HaH mKona <l>H3HKOB OIUIH-HEPH cocToHnacb B HJoHe 1983 r. B Ta6ope (tiCCP) • 

0CHOBHbiM HanpaBJieHHeM lliKOJibl, opraHH30BaHHOH 06'be,IJ;HHeHHbiM UHCTHTYTOM H,IJ;epHbiX HC

CJle,IJ;OBaHHH COBMeCTHO C EeponeikKOH opraHH3a~neii: H,o;epHbiX HCCJie,IJ;OBaHHH (UEPH) 

,lJ;JlH MOJlO,IJ;biX <lJH3HKOB, HBHJlOCb H3yqeHHe pa3JIHqHbJX TeopeTHqeCKHX acneKTOB <lJH3HKH 

BbiCOKHX 3HeprHH, 
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C 14 no 21 anpenH B AnywTe 
npoxogana Me~yHapogHaH mKona
ceMHHap no ~H3HKe TH~enb~ HO
HOB. B paooTe mKonbi-ceMHHapa 
npHHHnH yqacTHe oonee 150 cne
~HanHCTOB H3 OHRH, cTpaH
yqacTHH~ OHRH, a TaK~e AHrnHH, 
CillA, ~paHUHH, ~Pr, IDrocnaBHH 
H HnoHHH. BonhmaH rpynna yqe
Hb~ H3 Oo~ecTBa no HccnegoBa
HHW C TH~enbMH HOHaMH B ~apM
lliTaATe (~Pr) noceTana nocne 
OKOHqaHHH lliKOnbi-ceMHHapa Jla
oopaTOpHW HgepHbiX peaK~HH 
OHHH, rge 03HaKoManach c pa
OOTaMH, npoBOAHMbMH B oonacTH 
CHHTe3a HOBb~ 3neMeHTOB (CHH
MOK BHH3y). 



KOOPAHHaTH~x AeTeKTopoe, 6~cTp~e npo 
~eccop~ AllR OT6opa co6biTHI:i, cneKTpo
MeTPH4ecKaR annapaTypa, npHMeHeHHe Ma
n~x H MHKpo-3BM B $H3H4eCKHX HCCJle
AOBaHHRX, KOMnlleKCH~e 3KCnepHMeHTallb
H~e ycTaHOBKH. 60JlbWOe BHHMaHHe Ha 
CHMn03HyMe YAellRllOCb BOnpocaM CTaHAa p
TH3a~HH 3JleKTPOHHOI:i annapaTyp~. 

B V MemAyHaPOAHOM coee~aHHH no npo6-
neMaM MaTeMaTH4eCKOrO MOAellHPOBaHHR , 
nporpaMMHPOBaHH~ H MaTeMaTH4eCKHM Me 
TOAaM peweHHR $H3H4eCKHX 3aAa4, npoee
AeHHOM e Ay6He c 20 no 23 ceHTR6pR, 
npHHRJlH y4aCTHe 150 cne4HaJ1HCTOB H3 
OH~H, cTpaH-y4aCTHH4 H APYrHx cTpaH. 
Ha HeM 6~11H sacnywaH~ 26 nneHapH~x 
AOKJlaAOB H 74 OpHrHHallbH~X C006~eHHR 
no ClleAy~~HM OCHOBHbiM HanpaBlleHHRM: 
MaTeMaTH4eCKHe MeTOAbl peweHHR $H3H4e 
CKHX 3aAa4, MaTeMaTH4ecKoe o6ecne4e 
HHe 3BM, B~4HCllHTellbH~X KOMnlleKCOB 
H llOKallbH~X CeTel:i 3BM, MaTeMaTH4eCKOe 
o6ecne4eHHe $H3H4eCKHX 3KCnepHMeHTOB 
H cHcTeM o6pa6oTKH AaHH~x. Coee~aHHe 

e~e pas noKasano, 4TO pa3BHTHe $H3HKH 
B~COKHX 3HeprHI:i H RAePHOI:i $H3HKH He 
B03MOmHO 6e3 WHPOKOrO HCnOllb30BaHHR 
cpeACTB B~4HCJlHTellbHOI:i TeXHHKH H 3lle KT
POHHKH. 

B 1983 rOAY COCTORllOCb 19 pa604HX 
coee~aHHI:i OH~H no coeMeCTH~M c Hay4 -
H~MH OpraHH3a4HRMH CTpaH-y4aCTHH4 HC
ClleAOBaHHRM, npOBOAHM~M Ha pa311H4H~X 

3KcnepHMeHTallbH~x ycTaHOBKax HHCTHTy 
Ta, a TaKme no ycTaHOBKe 11 Hei:1TpHHH~I:i 

AeTeKTOP 11
, nonynpoeOAHHKOB~M AeTeKTo 

paM, coeMeCTHOMY c UEPH M~OHHOMY 3Kc ne
PHMeHTy, YCKOPHTellbHOMY KOMnlleKCY TR
meJlbiX HOHOB . 

B pa6o4eM coee~aHHH no ycTaHOBKe 
11 Hei:1T PHHH~I:i AeTeKTOp11 npHHRJlH y4aC THe 
58 cne4HallHCTOB H3 OH~H, HP6, BHP~ f AP 
H CCCP. Coee~aHHe, e 4aCTHOCTH, pac 
CMOTpeno $H3H4eCKY~ nporpaMMY HCCheAo
BaHHI:i Ha Hel:iTpHHHOM AeTeKTOpe.B 4HC J1e 
nepB004epeAH~X HaMe4eH~ 3KCnepHMeHT~ 

no perHCTpa4HH 3JleKTPOHH~X Hel:iTpHHO 
OT pacnaAa 04apoeaHHbiX 4aCTH4, o6pa -
30BaHHbiX B npOTQH-RAePHbiX B3aHMOAel:ic T
BHRX. 

Aea pa6o4Hx coee~aHHR OH~~1 npoeeAe
H~ e HP6 H CPP. TaK, Pa6o4ee coee~aHHe 

no HCClleAOBaHHRM Ha YCTaHOBKe 6HC-2 
H ABYXMeTpoeol:i nponaHoeol:i KaMepe npo 
XOAHllO B BapHe C 23 no 28 ceHTR6pR. 
B coee~aHHH npHHRllH y4aCTHe npeACTa e H
TellH 11 Hay4H~X 4eHTPOB H3 8 CTpaH-
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y4aCTHH4 OHRH, saHHMa~~HXCR coeMeCTH~

MH HCClleAOBaHHRMH. 60JlbWaR 4a~Tb Bpe
MeHH 6bllla OTAaHa 06CymAeHH~ HOB~X 

3KcnepHMeHTallbH~X AaHH~x no RAPO-RAep
HbiM B3aHMOAel:iCTBHRM H POmAeHH~ 04apo
BaHH~X 4aCTH4. 3acnywaH TaKme PRA 
0630PHbiX AOKllaAOB no MaTepHallaM KOH
$epeH4HI:i e UEPH H 6pa~ToHe. 

KpoMe Taro, OH~H npoeen 17 Hay4Ho
opraHH3a4HOHH~x coee~aHHI:i. 

Y4ACTHE OH~H B HAUHOHAnbH~X 
H ME>KAYHAPOAHbiX KOH$EPEHUH~X, 
CHMn03HYMAX, COBEmAHH~X 
H WKOnAX 

B 1983 rOAY AHPeK4HR OH~H Hanpae
llRlla CBOH Ae11era4HH H OTAellbH~X cne-
4Hal1HCTOB Ha 74 KOH$epeH4HH, npOBOAHB
WHeCR B CTpaHax-y4aCTHH4aX, B TOM 4HC
Jle Ha 39 - e CoeeTCKOM Co~se. Y4aCTHe 
Aenera4HI:i OH~H e pa6oTe KOH$epeH4HI:i 
n03BOJ1HJ10 AOCTOI:iHO npeACTaBHTb Ha HHX 
Hay4H~e AOCTHmeHHR y4eH~X HHCTHTyTa, 
3aKpenHTb npHOPHTeT OH~H e OTAellbH~x 
3KCnepHMeHTallbH~X H TeopeTH4eCKHX HC
ClleAOBaHHRX, n03HaKOMHTbCR C HOB~MH 
Hay4H~MH HAeRMH H COBpeMeHHOI:i 3KCne
PHMeHTallbHOI:i MeTOAHKO!:i, a TaKme 04e
HHTb TeHAeH4HH B pa3BHTHH pa3J1H4H~X 

o6nacTel:i $H3HKH. 
B 4eHTpe BHHMaHHR VI 6anaToHcKol:i 

KOH$epeH4HH no $H3HKe B~COKHX 3HeprH!:i, 
npoXOAHBWel:i B BHP c 6 no 10 H~HR,oKa-
3allHCb npo6JleMbl, CBR3aHHble C B03MOmHbiM 
o6pa30BaHHeM HOBOrO COCTORHHR RAePHOrO 
Be~eCTBa - KBapK-rll~OHHOI:i nlla3M~ -
B RAePH~X CTOJlKHOBeHHRX, H pa311H4H~e 
acneKT~ rny6oKoHeynpyrHx RAePH~x pe
aK4HA. KoH$epeH4HR noKaaana nllOAOTBop
HOCTb H nepcneKTHBHOCTb HCCJleAOBaHHI:i 
RAPO-RAePHbiX CTOllKHOBeHHI:i - HOBOrO 
HanpaeneHHR, c$OPMHpoaaewerocR Ha rpa
HH4e MemAY TPaAH~HOHHOI:i RAePHOI:i ~~~H
KOI:i H COBpeMeHHOI:i ~H3HKOI:i 3JleMeHTap
H~X 4aCTH4. 3TO HanpaBJleHHe OTKP~BaeT 
WHPOKHe, a B PRAe Clly4aee YHHKallbH~e 
B03MOmHOCTH H3y4eHHR CBOI:iCTB RAep 
H RAePHOI:i MaTepHH B 3KCTpeMallbH~X yc
llOBHRX. 

~APO-RAePH~M CTOllKHOBeHHRM H ceol:i
CTBaM RAepHOI:i MaTepHH 6bllla nOCBR~eHa 
H wKona, npoBOAHBwaRcR e MocKee 
c 27 ~eepanR no 4 MapTa, e KOTopol:i 
npHHRllH y4aCTHe 25 AY6HeHCKHX cne~Ha
llHcToe. 3Ta WKOlla H 6allaTOHCKaR KQH-



$epeH~HR nOATBePAHnH nHAHPY~~ee nono
*eHHe OHRH no PRAY no3H~H~ e o6nacTH 
HCcneAOBaHH~ RAPO-RAePH~X CTOnKHOBeHH~. 

KaK H e npeA~A~He roAbl, OHRH Ha
npaenRn npeACTaBHTenbHY~ Aenera~H~ 
(38 cne~HanHCTOB) Ha 04epeAHoe, XXXIII 
Coee~aHHe no RAePHO~ cneKTPOCKOnHH 
H CTPYKType aTOMHOrO RAPa, KOTOpoe 
6~no npoeeAeHo e MocKee c 19 no 22 an
penR. Aenera~He~ OHRH 6~n npeACTaeneH 
PRA AOKnaAOB, B TOM 4HCne 6onbWO~ o6-
30PH~~ AOKnaA no nepcneKTHBaM Hccne
AOBaHHR CBO~CTB He~TpHHO B npo~eccax 
paAHOaKTHBHoro pacnaAa. 

6ypHoe pa3BHTHe 3neKTPOHHKH H MHKpo-
3fleKTPOHHKH B~3Bano Heo6XOAHM9CTb one
paTHBHOrO 06MeHa HH$OpMa~He~, 4T06~ 

H36e*aTb AY6nHpOBaHHR pa6oT, COKpaTHTb 
CPOKH HX B~nonHeHHR, CHH3HTb 3aTpaT~. 

B 1983 rOAY cne~HanHcT~ OHRH e 3TO~ 
o6nacTH y4acTeoeanH e MemAyHaPOAHOM 
CHMn03HyMe no 3neKTPOHHO~ TeXHOnOrHH 
a 6yAanewTe, IV Bceco~3HOM ceMHHape 
no penRTHBHCTCKO~ B~COK04aCTOTHO~ 

3neKTPOHHKe e MocKee, III CHMn03HyMe 
no MHKponpo~eccop~M, MHKPOKOMnb~TepaM 
H HX npHMeHeHH~ (oyAaneWT). 

AocTH*eHHR Ay6Hbl 6~nH TaK*e npeA
CTaeneH~ B CTpaHax-y4aCTHH~aX Ha KOH
$epeH~HRX no He~TPOHHO~ $H3HKe, $H3HKe 
H TeXHHKe HH3KHX TeMnepaTyp, YCKOpH
TeflbHO~ TeXHHKe, B KOH$epeH~HRX no 
APYrHM HanpaaneHHRM $H3H4ecKo~ HayKH 
H TeXHHKH. 

Cne~HanHcT~ OHRH npHHRnH y4aCTHe 
B 21 KOH$epeH~HH B CTpaHax, He RBnR~
~HXCR 4neHaMH OHRH, e TOM 4Hcne 
a Me*AyHaPOAHO~ KOH$epeH~HH no $H3HKe 
e~cOKHX 3HeprH~ e 6pa~ToHe, MemAyHapoA
Ho~ KOH$epeH~HH no RAePHO~ $H3HKe BO 
$nopeH~HH, MemAYHaPOAHO~ KOH$epeH~HH 
no YCKOPHTenRM B~COKHX 3HeprH~ B oa
TaBHH, IX MemAyHaPOAHOM CHMn03HyMe no 
MHKponpo~eccopaM H MHKponporpaMMHpoea
HH~ a MaAPHAe H APYrHx. 

Y4aCTHe e 3THX KOH$epeH~HRX no3eo
flHT, HaPRAY C npHHRTHeM pa~HOHanbH~X 
npaKTH4eCKHX peweHH~, 6onee T04HO 
H npaBHnbHO HaMeTHTb OCHOBH~e CTpaTe
rH4eCKHe nHHHH pa3BHTHR TeopeTH4eCKHX 
H 3KCnepHMeHTanbH~X HCCneAOBaHH~. 

3KCKYPCHH B OHRH 

C ~enb~ 03HaKoMneHHR c HCTOpHe~ HH
CTHTyTa, OCHOBH~MH HanpaeneHHRMH HC-

cneAOBaHH~, 6a30B~MH H 3KCnepHMeHTanb
H~MH y CTaHOBKaMH na6opaTOpH~ B 1983 r. 
npHHR TO 78 rpynn 3KCKypcaHTOB 06~e~ 
4HCne HOCTb~ 1798 4en., B TOM 4HCne 
71 Aenera~HR (1701 4en.)H3 cTpaH-y4acT
HH~ OHRH H 7 rpynn (97 4en.) H3 APY
rHx CTpaH. 

CBR3H C HAY4H~MH UEHTPAMH CTPAH, 
HE RBnR~~HXCR Y4ACTHHUAMH OHRH, 
H MElKAY HAPOAHbiMH OPrAHH3AUHRMH 

OHRH HMeeT TPaAH~HOHHoe Hay4Hoe 
COTPYAHH4eCTBO CO CTpaHaMH-Hey4acT
HH~aMH HHCTHTyTa, KOTOpoe nOMOraeT 
pa3BHBaTb TeopeTH4eCKHe HCCneAOBaHHR, 
C03AaBaT.b annapaTypy AnR $H3H4eCKHX 
3KCnepHMeHTOB, COBepweHCTBOBaTb npo
rpaMMHOe o6ecne4eHHe, WHPOKO o6MeHH
BaTbCR On~TOM, npeAOCTaBnRTb HMe~He
CR YHHKanbH~e B03MO*HOCTH 6a30B~X yc
TaHOBOK AnR peweHHR aKTyanbH~x Hay4H~x 
3aAa4. 

B 3TOM COTPYAHH4ecTee oco6oe MecTo 
3aHHMae T UEPH, c KOTOP~M OH~H HMeeT 
nnOAOTBOpH~e Hay4H~e CBR3H 6onee 
20 neT. Yme nRTb neT HAYT HccneAOBaHHR 
Ha ycKOPHTene npoToHoB UEPHa. Y4eH~e 
Ay6Hbl e cocTaBe MemAYHaPOAHO~ Konna-
6opa~HH 6onoHbR-UEPH-Ay6Ha-M~HXeH- • 
CaKne (NA-4) npHHHMa~T y4aCTHe e H3y-
4eHHH CTPYKTYP~ HYKnoHa c noMo~b~ pac
cenHHR M~OHOB B~COKHX 3HeprH~.COTPYA
HHKH HHCTHTyTa HenocpeACTBeHHO y4acT
BOBanH B CeCaHCaX pa60T~ YCTaHOBKH 
NA-4 e UEPHe, eenH e AY6He o6pa6oTKY 
H aHanH3 AaHH~X Ha yrnepOAHO~ MHWeHH, 
H3y4anH npo~eccbl KYMYnRTHBHoro PO*Ae
HHR 4aC TH~. Ha4aT Ha6op CTaTHCTHKH 
e coeMe cTHOM 3KcnepHMeHTe P-179 Ha 
ny4Ke TOnbKO 4TO BCTynHBWe~ B Ae~CTBHe 
e UEPH 11$a6pHKH aHTHnpoTOHOB 11 LEAR. 
B pa3pa 6oTKY H c03AaHHe 3KcnepHMeH
TanbHO~ YCTaHOBKH, a TaKme B pa3pa-
60TKY $H3H4eCKO~ nporpaMM~ 3TOrO 3KC
nepHMe HTa cy~eCTBeHH~~ BKnaA BHeCeH 
$H3HKaMH n~n. 

AHpeK~HR UEPH npeAnomHna OHRH npH
HRTb y 4aCTHe B KpynHOMaCWTa6HOM 3KCne-· 
PHMeHTe Ha BCTpe4H~X ny4KaX (yCKOpH
Tenb LEP) no nporpaMMe AEn$H.B coe
MeCTH~x HCCneAOBaHHRX npH C03AaHHH 
ycTaHOBKH npHMYT y4aCTHe OKOnO 30 
cne~HanHCTOB HHCTHTyTa. 

AKTHBHoe coTPYAHH4eCTBO c y4eH~MH 
$HAn ( 6aTaBHR) H YHHBepCHTeTa WTaTa 
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B Mae OHHH noceTana Aenera~HH yqeHb~ 
UEPH B cocTaBe npo~eccopa Y.AManhAH, 
PYKOBOAHTenH 9KcnepHMeHTa AEll~H, 
H ero 3aMeCTHTenH AOKTOpa f.fleTpyqqH, 
Uenb BH3HTa - KOHcynhTa~HH no Bonpo
caM COTPYAHHqecTBa Me~y OHHH H UEPH 
B HCcneAOBaHHHX Ha C03AaBaeMOM yCKO
pHTene LEP. 

Hb~-~opK (On6aHH)npoeoAHnocb e o6na
CTH HCCneAOBaHHR RBneHHR KaHanH~Osa
HHR B KPHCTannax npOTOHOB C HMnyn bCOM 
8 r3B Ha CHHXpQ$a30TPOHe nB3, 3neKT
POHOB H n03HTPOHOB C 3HeprHeH 10 r 38 
Ha YCKOpHTene ~$83 (npoTBHHO), 8 oc
HOBHOM 3aKOH4eHa COBMeCTHaR o6pa60 TKa 
H aHanH3 3KcnepHMeHTanbH~x AaHH~x, 
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HaHAeH~ HOB~e OC06eHHOCTH B H3ny4eHHH 
3neKTPOHOB H n03HTpOHOB npH KaHanHpo
BaHHH, He OnHC~BaeM~e COBpeMeHH~MH 
BapHaHTaMH TeOpHH. 

Cy114eCTBeHHbiH BKnaA BHOCRT COTPYAHH
KH YHHBepCHTeTa r.XenbCHHKH ($HHnRH
AHR) B o6pa60TKY MaTepHanoB C ABYXMeT
pOBOH BOAOPOAHOH KaMepbl •·n~AMHna 11 , 
o6ny4eHHOH B ny4Ke aHTHAeHTPOHOB C HM
nynbCOM 12 r3B/c. npoBeAeH npOCMOTp, 
H3MepeHHR, o6c4eT AaHHbiX Ha 38M ( 15% 
06114eH CTaTHCTHKH) AnR aHTHAeHTPOH
AeHTpOHH~X H aHTHHeHTpoH-HeHTPOHH~x 
B3aHMOAeHCTBHH. 

npoAOn~anOCb COTPYAHH4eCTBO C ~~$ 
(Opc3, $paH4HR). B Te4eHHe 1983 roAa 
Ha ycKopHTene Y-400 npoBOAHnHcb 3Kcne
PHMeHT~ no CHHTe3y 109 3neMeHTa,B KO
TOP~X npHHHManH y4aCTHe XHMHKH H3 ~~$. 

Ba~HbiM 3TanoM s paaBHTHH COTPYAHH4ecT
sa C Hay4H~MH 4eHTpaMH $paH4HH ~BHnCR 
BH3HT B n~P AHPeKTOpa Ha4HOHanbHOH 
na6opaTOPHH npo$.K.~eTpa, C KOTOP~M 
o6cy~anHCb sonpocbl nocTaHOBKH cos
MeCTH~X 3KCnepHMeHTOB B ~y6He H Ha 
••r AH~n••e. 

YcnewHo paasHsanHcb Hay4H~e CBR3H 
H c UeHTPOM RAePHOH cneKTpocKonHH H 
Macc-cneKTpoMeTpHH e Opc3 no paapa6oT
Ke MeTOAOB H3rOTOBneHHR CBepXTOHKHX HC
T04HHKOB AnR npe4H3HOHHOH cneKTpoMeT
PHH HH3K03HepreTH4eCKHX 3neKTPOHOB. 

PaasHsanocb COTPYAHH4eCTBo H KOH
TaKT~ y4eH~X H cne4HanHCTOB C Hay4-
H~MH 4eHTpaMH CTpaH-Hey4aCTHH4 $Pr 
H C$P~. 06cy~eHHe peaynbTaTos Hccne
AOBaHHH B o6naCTH $H3HKH TR~en~X HO
HOB H sonpocoe nocTaHOBKH 3KcnepHMeH
TOB no CHHTe3y HOBbiX 3neMeHTOB B ~y6-
He H ~apMWTaATe (rC~, ~apMWTaAT,$Pr) 
npoBOAHnOCb Ha TPaAH4HOHHOH BCTpe4e 
aeAYU4HX y4eH~X n~p H rC~ B anpene 
1983 roAa. 

rpynna y4eHbiX H3 U~~ (CTpac6ypr) 
BHOCHT CYU4eCTBeHHbiH BKnaA B o6pa60T
KY B3aHMOAeHCTBHH penRTHBHCTCKHX RAeP 
C BOAOPOAOM, nony4aeMbiX C nOMOI14b~ 
OAHOMeTpOBOH BOAOPOAHOH KaMep~ Ha 
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c~Hxpo¢aaoTpoHe (o6pa6oTaHo 9500 co-
6biT~H) , 06pa60TKa C06biT~H npOBOA~TCR 
no eA~HOH CXeMe, np~HRTOH B COTPYA
H~4a~~~X rpynnax ~~3~KOB. nporpaM
M~CTbl U~H BHOCRT secoMbiH BKnaA s Ma
TeMaT~4ecKoe o6ecne4eH~e 3Kcnep~MeH

Ta. B o6pa6oTKe saa~MOAeHCTB~H penR
T~B~CTCK~x RAeP c RAPaM~, nony4aeMbiX 
C nOMO~b~ ABYXMeTpOBOH nponaHOBOH Ka-

Mep bl B YH~KanbHbiX RAePHbiX ny4KaX 
c~Hxpo~aaoTpoHa, np~H~Ma~T y4aCT~e 

~~3~4ecK~e rpynnbl ~3 yH~sepc~TeTos 
~HAAHCK~x ropoAOB 4aHA~rap ~ BapaHa
c~, yH~sepc~TeTa (T~TorpaA) ~ H~ 

(6enrpaA). Y4eHble 3T~x rpynn BeAYT _ 
npOCMOTp, ~3MepeH~R ~ o6pa60TKY co-
6b1T~ H no cornacosaHHbiM nporpaMMaM 
(6onee 4% o6~eH cTaT~cT~K~). 

RpKHM Bblp~eHHeM COnHgapHOCTH HHTepHa~HOHanbHOrO KonneKTHBa 06~eAHHeHHOrO HH
CTHTyTa HAepHb~ HCCneAOBaHHH C ABH~eHHeM CTOPOHHHKOB MHpa BO BCeX CTpaHaX HBH

JlOCb npoBeAeHHe HeAenH MHpa. Ha cHHMKe: BbiCTynneHHe 3aMeCTHTenH npeAceAaTenH 

CoBeTcKoro KOMHTeTa 3~HTbi MHpa aKaAeMHKa E .H. IlpHMaKoBa Ha BCTpeqe c yqeHbiMH 
liHCTHTyTa. 

129 



CnPABKA 
0 pa3BHTHH MemAyHaPOAHOrO COTPYAHH4eCTBa H CBR3eH 06aeAHHeHHOrO 
HHCTHTYTa RAePH~X HCCneAOBaHHH 3a nepHOA 1973-1983 rr. 

~~ 
BHA COTPYAH~eCTBa 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 

nn 

I. Kon~ecTBO KOMaH

AHPOBOK cne~HanH
CTOB H3 CTpaH

Y'{aCTHH~ aiDUf 
(6e3 COBe~aHHH, 

HO C Y'{eTOM npH

e3gOB no KOHT

paKTaM) 

2. Kon~ecTBO KOMaH

AHPOBOK cnequanH

CTOB aiDUf B CTpaHbi

Y'{aCTHH~ (6e3 

Y'{eTa BblesgmiX 

coBe~aHHi'I aiDIH) 

• 
3. Kon~eCTBO Hayq

HbiX,MeTog~ecKHX 

H Hayt~Ho-opraHH

sa~HOHHbiX COBe

~aHHII 

4. Kon~ecTBO KOMaH

AHPOBOK Ha M~y
HapogHble KOH!l>epeH

~HH H B Hay'tiHble 
~eHTpbl C TpaH

HeyqaCTHH~ 

5. Kon~eCTBO npHe3-

AOB cnequanHCTOB 
H3 CTpaH-Hey'tlaCT-

HH~ 

6. Kon~ecTBO CTHneH-

AHa TOB arum 
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684 826 1026 1079 1078 1010 1095 1216 1260 1284 1607 

417 426 474 508 525 502 550 558 554 486 505 

39 38 42 39 48 49 44 40 41 45 40 

140 112 131 130 135 IIi Ill 109 130 117 105 

157 206 250 321 226 188 164 93 121 I II 108 

17 8 II 13 9 9 9 7 8 7 4 



nEPE4EHb 
Hay4H~~ H Hay4HO-opraHH3a~HOHH~X COBe~aHHH, 
npoBeAeHH~X 06DeAHHeHH~M HHCTHTYTOM RAePH~X HCCneAOBaHHH 
B 1983 rOAY 

BpeM.R . MecTo 
npoBeAeHH.R npOBeAeHH.R nn HasBaHHe coBe~aHH.R 

KoJIHqecTBO 
yqaCTHHKOB 

I. Me~yHapoAHa.R mxona-ceMHHap 
no ~H3HKe T.REeJihlX HOHOB I4-2I anpenn AnymTa, CCCP I 54 

2. Me:I!I'AyHapOAHa.R mxona OIDIH-UEPH 
no ~HSHKe 

3. XI MeEAyHapoAHb!H cHMnosHyM 
no ,RAepHOH 9JieKTPOHHKe 

4. CoB~aHHe no npooneMaM MaTe
MaTH"'ecKoro MOAeJIHpOBaHH.R, 
nporpaMMHpOBaHHIO H MaTeMa
TH"'eCKHM MeTOAaM pemeHH.R 
QH3H"'eCKHX 3aAa"' 

5-I8 HIOH.R Taoop, tiCCP I40 

6-I3 ce T.Ropn BpaTHCJiaBa, tiCCP I8I 

20-23 ceHT.Rop.R ~yoHa I 50 

II. Pa6ot~.ue COBetJJClHUR 

5. CoBe~aHHe no HelfTpHHHOMY 
KaJIOpHMeTpy I7-I9 .RHBapn 58 • 

6. CoBe~aHHe no nporpaMMe 
9KCnepHMeHTOB Ha BCTpe"'Hbm 
nyqKax 

7. CoBe~aHHe no COSAaHHIO YCTaHoB
KH nmc 

8. CoBe~aHHe no HCCJieAOBaHH.RM 
Ha ycTaHoBKe BMC-2 

9. CoBe~aHHe no HCCJieAOBaHHfiM 
ila YCTaHOBKe 11JlioAMHJia11 

10. CoBe~aHne no HCCJieAOBaHH.RM 
Ha 1-MeTpOBOH BOgopogHOH 
KaMepe 

II. CoBe~aHHe no HCCJiegoBaHH.RM 
Ha 2-MeTpOBOH nponaHOBOii 
KaMepe 

12. CoBe~aHHe no npooneMaM HsnyqeHH.R 
H geTeKTHPOBaHH.R rpaBHTai~OHHbm 
BOJIH 

13. CoBe~aHHe no HCCJieAOBaHHJO 
B3aHMOgelfCTBHH ,RAep 22Ne 
C .RAPaMH 9MYJibCHH 

8-IO ~eBpann 

15-I7 MapTa 

22-24 MapTa 

29-3I MapTa 

IO-I2 Ma11: 

31 Man-
2 HIOH.R 

7-9 HIOH.R 

I4-I6 HIOH.R 

~y6Ha 48 

43 

65 

44 

22 

57 

56 

3I 
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14. CoBe~aHHe no coBMecTHOMY OHHH- rmPH 
~OHHOMY 3KCnepHMeHTY 

15. CoBe~aHHe no ycKOPHTenbHOMY 
KOMnneKCY TH~enhlX HOHOB 

16. CoBe~aHHe no HccneAOBaHHHM 
Ha ycTaHOBKe BHC-2 H 2-MeTpoBoil 
nponaHOBOH KaMepe 

17. CoBe~aHHe no nonynpoBOAHHKOBhlM 
AeTeKTOPaM 

18. CoBe~aHHe 9KcnepToB-naTeHTOBeAOB 
cTpaH-yqaCTHH~ OHHH 

19. CoBe~aHHe no HccneAOBaHHHM 
Ha ycTaHOBKe MHC 

20. CoBe~aHHe no HccneAOBaHHHM 
Ha ycTaHOBKe AHKC-CHrMA 

21. CoBe~aHHe no HccneAOBaH~ 
HeynpyrHX aApOH-HAePHhlX CTOnKHO
BeHHH H nOHCKY HOBhlX qaCTH~ 

22. CoBe~aHHe no HccneAoBaHHHM 
Ha ycTaHOBKe PHCK 

23. CoBe~aHHe no HayqHb~ pesynbTa TaM 
HCCneAOBaHHH H pa3BHTHID annapaTypw 
Ha YCTaHOBKe rHITEPOH 

• 

30 HroHH -
2 Hronn 

6-8 ceHTH6pn 

23-28 ceHTHOPH 

4-6 OKTHOpH 

25-27 OKTHOPH 

25-27 OKTH6pH 

1-3 HOH6pH 

14-18 HOHopH 

15-17 HOH6pH 

22-24 HOHOPH 

III. Ha~~o-opeaHu3a~uoHH~e coa~HUR 

24. 53 ceccHH YqeHoro coBeTa OHHH 
H ero ceK~HH no ~H3HKe BWCOKHX 
9HeprHH, ~H3HKe HH3KHX 9HeprHH 
H TeopeTHqecKOH ~H3HKe 

25. KoMHTeT TionHOMoqHb~ TipeACTaBHTeneH 
CTpaH-yqacTHH~ OHKH 

26. KaMepHWH KOMHTeT 

27. ~OT09MynbCHOHHWH KOMHTeT 

28. KoMHTeT no 9neKTpOHHb~ 
9KCnepHMeHTaM 

29, KOMHTeT no ~H3HKe TH~enblX HOHOB 

30. KoMHTeT no CTPYKType HApa 

31, KOMHTeT no HeHTpOHHOH ~H3HKe 

32. 54 ceccHH YqeHoro coBeTa OHKH H era 
CeK~HH no ~H9HKe BWCOKHX 9HeprHH, 
~H3HKe HH3KHX 9HeprHH H TeopeTHqe
CKOH ~H9HKe 

33. CoBe~aHHe KoHTponbHoil KOMHCCHH 
~HHaHCOBOrO KOMHTeTa 

34. KOMHTeT no CTPYKType HApa 

35. KOMHTeT no ~H3HKe TH~enhlX HOHOB 
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11-15 HHBapH 

1-3 MapTa 

5-7 anpenn 

5-7 anpenn 

5-7 anpenn 

7-8 anpenn 

12-14 anpenn 

12-14 anpenn 

24-27 MaH 

14-17 HroHH 

11-13 OKTHOPH 

11-13 OKTH6pH 

,Qyt5Ha 30 

,Qyt5Ha 65 

BapHa, HPB 59 

,Qyt5Ha 52 

,Qyt5Ha 39 

,Qy6Ha 50 

,Qyt5Ha 40 

ByxapecT,CPP 17 

,Qy6Ha 50 

,Qy6Ha 

,Qy6Ha 

,Qyt5Ha 

,Qyt5Ha 

,Qy6Ha 

,Qy6Ha 

,Qy6Ha 

,Qyt5Ha 

,Qyt5Ha 

,Qyt5Ha 

,Qy6Ha 

,Qyt5Ha 

,Qy6Ha 

52 

178 

75 

31 

35 

29 

30 

32 

28 

174 

12 

30 

30 



36. KoMHTeT no HeHTPOHHOH cPH9HKe 18-20 OKTHOPH 

37. KaMepHMH KOMHTeT 18-20 OKTHopH 

38. ciiOT03MYnbCHOHHhlH KOMHTeT 18-20 OKTHopH 

39. KoMHTeT no ::~neKTpOHHhlM 

3KCnepHMeHTaM 18-20 OKTHOPH 

40. 3aCeAaHHe ciiHHaHCOBOrO KOMHTeTa 15-18 HOHOPH 

nEPE4EHb 
MemAyHaPOAH~X ~ Ha~~OHanbH~X KOH~epeH~~H, C~Mn03~YMOB, 

COB~aH~H ~ WKOn, B KOTOP~X np~H~Man~ y4aCT~e cne~~an~CT~ 
06~eA~HeHHoro ~HCT~TyTa RAePH~x ~ccneAOBaH~H 

B 1983 rOAY 

,Qy6Ha 35 

,Qy6Ha 28 

,Qy6Ha 30 

,[ty6Ha 30 

,Qy6Ha 20 

~feCTO 

nposeAeHHH 
BpeMH KonW~eCTBO 

HaHMeHoBaHHe 

I. B cmpaHax-ytiacrmtU11tlX HHcrnumyrrr;r. 

1 • Cose~aHHe no csepXBbiCOKHM 
3HeprHHM H MHO~eCTBeHHb~ 
npo~eccaM BaKypHaHH, CCCP 

2. Me~yHapOAHaH mKona no pacceH
HHID HeHTpOHOB B KOHAeHCHpOBaH-
HbiX cpeAaX UlTaAT BeJteH' r,llP 

22-31 HHBapH 

31 HHBapH -
4 «PespanH 

31 HHBapH -3, 3HMHHH mKOna no onepa~HOHHhlM 
CHCTeMaM BbimerpaA , BHP 5 «PespanH 

4. BcecorosHaH KoH.PepeH~H 
"MaTeMaTW~:eCKHe MeTOAbl 
pacn09HaBaHHH Oopa90B 11 

5. II BcecorosHoe paooqee cose~aHHe 
no H96paHHhlM npo6neMaM 

3seHHropoA, CCCP 7-11 «PespanH 

cTaTHCTHqecKoH cPH9HKH MocKsa, CCCP 8-10 «PespanH 

6. XIX 3HMHHH mKona no TeopeTHqe-
CKOH cPH9HKe 

7 • XV Ue~yHapOAHblli ceMHHap 
no cPH9HKe HH9KHX 3HeprHH 

B. CHMnosH~~ no cPH9HKe 
PaAHa~HOHHOH sa~Thl 

9. XII CHMn09HYM no cPH9HKe 
H TeXHHKe HH9KHX TeMnepaTyp 

10. Cose~aHHe no HcnonbsosaHHID 
HAepHhlX MeTOAOB aHanH9a 
B aHaJtHTHqecKOH XHMHH 

11. Me~yHaPOAHbiH CHMn09HYM 
"KAMAK-83" 

Kapnaq, IIHP 

rayCCHr, r ,/lP 

Bapmasa, HP 

14-26 «PespanH 

28 «PeapanH -
4 MapTa 

7-11 MapTa 

14-18 MapTa 

11-15 anpenH 

12-14 anpenH 

6 

3 

12 

2 

3 

2 

3 

2 

2 
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12. BcecorosHaR wKoJia "tiacTH~I 
H KOCMOJIOrHR 11 

13. CeMHHap "AnropHTMbi H nporpaMMHhie 
KOMnJieKCbl qHcJieHHOro aHaJIH3a11 

14. XXXIII CoBe~aHHe no RgepHoil 
cneKTPOCKOnHH H CTPYKType 
aTOMHOrO Rgpa 

15. XIII CHMnosHYM no sneKTpOHHOH 
CTPYKType MeTaJIJIOB H CnJiaBOB 

BaKcaH, CCCP 

T6HJIHCH, CCCP 

~iocKBa, CCCP 

fayccHr, f,QP 

16. XIII CHMnOSHYM no aBTOPaAHorpa~HH Ta6op, tiCCP 

17. Me~yHapogHaR WKOJia no KOMnJieKc-
HOMY aHaJIH3Y 

18. BcecorosHhiH ceMHHap no ~H3HKe 
H TeXHHKe HHTeHCHBHh~ HCTOqHHKOB 
HOHOB H HOHHhiX nyqKOB 

1 9. V MeJK,D;yHapogHhiii cHMn03HYM 
no MaJioyrnoBOMy pacceRHHJO 
peHTreHOBCKHX JiyqeH 

20. BcecorosHaR WKoJia MOJIOAh~ yqeH~ 
11 'tiHCJieHHble MeTOAhl peWeHHR 3aAa q 
MaTeMaTHqecKOH ~H3HKH11 

21. XI KpaKoBCKaR WKOJia no TeopeTH
qecKOH ~H3HKe 

22. XIII CoBe~aHHe no ~H3HKe BsaHMO
geHCTBHR sapR~eHHb~ qaCTH~ 
C KpHCTaJIJiaMH 

23. VIII BcecoJ03Hhll1 ceMHHap no JIHHej:'t
HhiM yCKOPHTeJIRM 

BapHa, HPB 

KHeB, CCCP 

<l>HTrecT, f,QP 

JlbBOB, CCCP 

3aKonaHe, ITHP 

MocKBa, CCCP 

XapbKOB, CCCP 

15-23 anpeJIR 

18-22 anpeJIR 

19-22 anpeJIR 

2-7 MaR 

2-5 MaR 

2-10 MaR 

10-13 MaR 

16-18 MaR 

26 MaR - 4 HIOHR 

2 9 MaR - 1 1 HIOHR 

30 MaR - 1 HIOHR 

31 MaR - 2 HIOHR 

24. MeJK,D;yHapogHaR KOH~epeH~HR 
no ~H3HKe Bb!COKHX 9HeprHii BanaToH~ropeg,BHP 6-11 HJOHR 

25. CeMHHap "3neKTPOMarHHTHhle 
B3aHMOgeHCTBHR aAPOHOB B peso 
HaHCHOH 9HeprHH11 

26. V EBponeHCKaR WKOJia no BhNHCJIH
TeJibHOH TeXHHKe 

27 . V Pa6oqHH ceMHHap "Ilpo~ecchi 
C 60JibWHMH nonepeqHbiMH HMnyJib CaMH 

XapbKOB, CCCP 

BexHH, tiCCP 

B aAPOHHhiX B saHMogertc TBHRx" IlpoTBHHO, CCCP 

28. MeJK,D;yHapogHaR wKoJia no MaWHHHOH 
rpa~HKe llaTHH~e, 't!CCP 

29. II CoBe~aHHe no nonynpoBdAHHKOBhiM 
geTeKTOpaM HgepHoro H3JiyqeHHR 

7-9 HIOHR 

21-30 HIOHR 

21-23 HIOHR 

27 HIOHR - 1 HIOJIR 

Ha WHpOK030HHb~ MaTepHaJiaX HoBOCH6HpcK, CCCP 28-30 HJOHR 

30. III BcecorosHaR KOH~epeH~Hn 
".QliaJIOr qeJIOBeK - 3BM" 

31 . MeJK,D;yHapogHhiH ceMHHap no ~H3HKe 

Bh!COKHX 9HeprHri H TeOpHH nOJIR 
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IlpOTBHHO, CCCP 5-7 HIOJIR 

TipOTBHHO, CCCP 1 1 - 1 7 HIOJIR 

2 

2 

38 

2 

4 

2 

2 

4 

4 

2 

3 

2 

3 

12 

15 



32. Cemmap "ABToMaTH3aD;H.fl npoeKTHPOBa
HH.fl nporpaMM H annapaTypbi MHKpo
npon;eccopHbiX CHC TeM" 

33. BapmaBCKHH KOHrpecc MaTeMaTHKOB 

34. Me~yHapo~Han mKona no TeopeTH
qecKHM acneKTaM KpHTHqecKHX 
.fiBneHHII 

35. Me~yHapo~Ha.fl KOHtl>epeHr~H.fl 

no MarHeTH3MY pe~KHX 3eMenb 
H aKTHHHAOB 

36. MeJKperHoHanbHbie KYPCbi HAfAT3 
no HeHTpOHHOH tPH3HKe H ~epHb~ 
~aHHbiM 

37. Me~yHapo~Ha.fl mKona no .R~epHoH 
tPH3HKe 

38. CoBe~aHHe "KBaHTOBa.fl rpaBHTan;H.fl 
H KanH6pOBOqHble non.fl11 

39. VI He~yHapo~Ha.fl mKona no tPH3HKe 
aTOMHOro .fl~pa, HeHTpOHHOH tPH3HKe 
H ~epHOH 3HepreTHKe 

40. III Bcecow3Hoe coBe~aHHe no ~Har-

HHHCK, CCCP 

BapmaBa, IIHP 

BpamoB, CPP 

IlyxapecT, CPP 

TamK eHT, CCCP 

MHKon aliKH, IIHP 

MocKBa, CCCP 

BapHa , HPB 

HOCTHKe BbiCOKOTeMnepaTypHoH nna3Mbi .Qy6Ha , CCCP 

41 . He)K,IJ;yHapo~HbiH CHMn03HYM no nepe
xo~HOMY H3nyqeHHW qaCTHIJ; BhlCOKHX 
3HeprHH 

42. Me~yHapo~HbiH ceMHHap no cnHHOBb~ 
fiBneHH.fiM B !l>H3HKe Bb!COKHX 3HeprHII 

43. II Me~yHapo~Ha.fl KOH!l>epeHn;H.fl 
no onepaTOpHb~ anre6paM, H~eanaM 
H HX npHMeHeHHW B TeopeTHqecKOH 
!l>H3HKe 

44. IV l.lhwna no !l>H3HKe p~Hai~OHHbiX 
noBpe~eHHH TBep~oro Tena 

45. Me~yHapo~Ha.fl KOH!l>epeHn;H.fl 
no HOHHOH HMnnaHTan;HH 

46. Bcecow3Ha.fl KOH!l>epeHIJ;H.fl "lliH3HKa 
Bb!COKHX 3HeprHH H KBaHTOBa.fl 
TeopH.fl non.R" 

47. Me~yHapo~Ha.fl KOHtl>epeHn;H.fl no npH
MeHeHHW 3«P«l>eKTa Hecc6ay3pa 

48. CHMno3HYM no 3neKTPOHHOH 
TexHonorHH 

49. IIepBbiH KOHrpecc 6onrapcKHX 
!l>H3HKOB 

50. lliKona-ceMHHap "HeTo~bi pemeHH.fl 
HeKOppeKTHbiX 3~aq H HX npHnO
JKeHH.fl11 

EpeBa H, CCCP 

IlpOTBHHO, CCCP 

Jlel'mn;Hr, f.QP 

AnymTa, CCCP 

BHnbHWC, CCCP 

Op~oHHK~3e, 

CCCP 

A.rlMa-ATa, CCCP 

Ily~anemT, BHP 

Co!l>HR , HPB 

CaMapKa~, CCCP 

12-15 HWn.fl 

16-24 aBrycTa 

25 aBrycTa 
7 ceHT.fl6p.R 

1-4 ceHT.R6p.R 

5-16 ceHT.R6p.R 

5-17 ceHT.fl6p.R 

5-7 ceHT.fl6p.fl 

12-21 ceHT.R6p.R 

12-16 ceHTR6p.R 

13-15 ceHT.R6p.R 

14-17 ceHTR6p.R 

25 ceHTR6p.R 
2 OKT.fl6p.fl 

25 ceHT.R6p.fl -
5 OKT.fl6p.fl 

26-29 ceHT.fl6p.fl 

27-29 ceHT.R6p.R 

26 ceHTR6p.R -
I OKT.fl6p.fl 

28-30 ceHTR6p.fl 

28 ceHT.R6p.R -
I OKT.fl6p.fl 

29 ceHTR6p.R -
6 OKT.fl6p.fl 

2 

3 

3 

3 

8 

12 

4 

9 

3 

2 

2 

5 

2 

2 

7 

2 
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51. VIII lliKona no MarHHTHOMY pesoHaHcy TannHH, CCCP 

52. CeMHHap no nnasMeHHOH sneKTPOHHKe XapbKoB, CCCP 

53. VI KoH~epeH~HH no HeHTPOHHOH ~HSHKe KHeB, CCCP 

54. BcecorosHaH KOH~epeH~H "IIpo6ne Ma 
HeCKOnbKHX Ten B HAePHOH ~H3HKe11 neHHHrp~, CCCP 

55. KoH~epeH~H "HHTerpanbHble ypa B-
HeHHH B npHKn~HOM MOAenHpoBaHHH 11 KHeB, CCCP 

56. Me)K,ZJ;yHaPOAHbiH CHMnOSHYM no Teo pHH 
sneMeHTapHb~ qacTH~ 

57. CoBe~aHHe "51AepHO~HsHqecKHe 
MeTOAbi sneMeHTHoro aHanHsa" 

58. II CoBe~aHHe Me)K,Zl;yHapoAHOH 
pa6oqeH rpynnhi no HenHHeHHbiM 
H TypoonHHeHHbiM npor~eccaM 
B ~H3HKe 

59. XXI He)K,Zl;yHapoAHaH KOH~epeHI~HH 
no ~H3HKe H TeXHHKe HH3KHX TeM
nepaTyp 

60. CoBe~aHHe no MOAenbHbiM HH~OpMa
~HOHHO-BblqHcnHTenbHbiM CHC TeMaM 

61. IX Me)K,Zl;yHapOAHbiJ1 ceMHHap no <!>aKTo
rpa~HqecKOH HH~OpMa~H B o6naCTH 
HayKH H TeXHHKH 

62. i ii CHMnosHyM no MHKponpo~eccopaM, 
MHKpOKOMnbJOTepaM H HX npHMeHeHHJO 

63. U~ona no KorepeHTHOH onTHKe 
H ronorpa~HH 

64. Me)K,IJ;yHapOAHaH KOH~epeH~HH 
"CTPYKTypa ~pOHOB-83" 

65. Pa6oqee coBe~aHHe no sKcnepHMeH
Ty E-564 

66. BcecorosHaH KOH~epeH~H "MeTOAbi 
H MHKposneKTpOHHble CpeACTBa 
~H~poBoro npeo6pasoBaHHH H o 6pa-
6oTKH CHrHanOB 11 

6 7 . I CeMHHap "HeTOAbi H nporpaMMbi 
pacqeTa HAepHbiX peaKTOpoB" 

68. XIII CHMnosHyM no BsaHMOAeHcTBHJO 
6biCTPb~ HeHTpoHoB c HAPaMH 

69. HayqHo-TeXHHqecKoe coBe~aHHe 
"Paspa6oTKa H npHMeHeHHe cne
~HanHsHpoBaHHb~ Macc-cneKTPOMeTpH
qecKHX ycTaHOBOK 11 

70. CoBe~aHHe "IIpo6neMbi AeTeKTHPOBa
HHH sneMeHTapHbiX qaCTH~ CBepXBbi
COKHX 3HeprHH11 

71. II CoBe~aHHe no BTOpHqHoMy s n eKT
poHHOMY HSnyqeHHIO 
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ApeHcxoon, r.QP 

HocKBa, CCCP 

KHeB, CCCP 

BapHa,HPB 

HpKYTCK, CCCP 

MocKBa, CCCP 

ByAanemT, BHP 

MHHCK, CCCP 

CMoneHH~e, qccP 

Co~HH, HPB 

PHra, CCCP 

MocKBa, CCCP 

fayccHr, f.QP 

MocKBa, CCCP 

3BeHHropoA, CCCP 

neHHHrp~, CCCP 

2-6 OKTHOPH 

2-5 OKTHOpH 

2-6 OKTHOpH 

4-6 OKTH6pH 

4-6 OKTH6pH 

3 

38 

II 

4 

9-15 OKTHOpH 2 

10-12 OKTHOPH 15 

10-25 OKTHOPH 

)J-)4 OKTHOpH 

))-J3 OKTH6pH 

17-21 OKTHOPH 

18-21 OKTHOPH 

5-13 HOH6pH 

J4-J8 HOH6pH 

J4-J9 HOHOpH 

15-17 HOH6pH 

J5-J8 HOH6pH 

21-25 HOH6pH 

28 HOHOPH -
I AeKa6pH 

J-3 AeKa6pH 

6-8 AeKa6pH 

5 

6 

2 

3 

3 

2 

4 

4 

3 

3 

3 



72. III Me)K,ll;yHapop;HbiH ceMHHap no Ma
mHHHOMY nepeBOp;y 

73, BceCOI03HbiH CHMn03HYM no BbNHCnH
TenbHOll TOMOrpa~HH 

74. Me~yaapop;HaH 3HMHHH mKona no 
noKanH3aqHH B aeynopnp;oqeHHb~ 
CHCTeMaX 

Moc KBa, CCCP 6-8 p;eKa6pH 

HoBocH6HpcK, CCCP I9-23 p;eKa6pH 

11oHc6ax, r,[{P 5-9 p;eKa6pn 

II. !CoH¢epem-tuu e cmrxmax-Heyt~.acmHuup.x 

I. V CeBepaoe coBe~aHHe no np;epaoH: 
~H3HKe cpep;HHX H BblCOKHX 3HeprHII 

2. M~yHapop;Hoe COBe~aHHe no OCHOB
HbiM CBOHCTBaM Hp;ep H Hp;epHbiM 
B036Y)K,ll;eHHHM 

3. Me~yaapop;HbiH CHMn03HYM no MaTe
MaTHqecKHM npo6neMaM B CTaTHCTH
qecKOH ~H3HKe 

4. HaqHoHanbHaH KOH~epeH~HH no ycKo
pHTennM qacTH~ 

5. III reaepanbHaH KOH~epeH~HH no ~H-
3HKe KOHp;eHCHpOBaHHb~ cpep; 

6. Me~yaapop;HbiH CHMn03HYM no peaK
~HHM C nerKHMH HOHaMH 

7. Me~yaapop;HaH KOH~epeH~HH no ~H-
3HKe BblCOKHX 3HeprHH 

8. Me>x,IJ;yHapop;HbiH CHMno3HYM no nenToH
~OTOHHbiM B3aHMop;eHCTBHHM 

9. XII He)K,ll;yHapop;HaH KOH~epeH~HH 
no YCKOpHTenHM Bb!COKHX 3HeprHH 

IO. X He)!<,ll;yHapop;HaH KOH~epeH~HH no 
npo6neMaM HeCKOnbKHX Ten B ~H3HKe 

II. XVI Me~yaapop;aan KOH~epeH~Hfl 
no HBneHHHM B HOHH3HpOBaHHbiX 
ra3ax 

I2. Me~yaapop;HaH KOH~epeH~HH no 
np;epaoi! ~H3HKe 

I3. XI EBponeH:cKaH KOH~epeH~HH no 
~H3HKe H XHMHH cnmKHbiX Hp;epHb~ 
peaK~HH 

I4. Me~yaapop;HbiH CHMn03HYM 11BhiCOKo
B036Y)K,ll;eHHbie COCTOHHHH H CTpyK
Typa np;pa" 

I5. VIII Me~yaapop;aan KOH~epeH~HH 
no MarHHTHOH TeXHOnOrHH 

I6. I Me>x,IJ;yHapop;HaH KOH~epeH~HH 
no XHMHH H TeXHOnOrHH naHTaHH,D;OB 
H aKTHHH,D;OB 

rerm o' HopBerHH I0-I4 HHBapH 

XHpmerr, ABcTpHH I7-22 HHBapH 

PHM , 11TanHH 

CaaTa~e, CIIIA 

Jio3 a HHa, 
lliBeH~apHH 

OcaKa, 5InoHHH 

BpaiiToH, 
BenHKo6pHTaHHH 

11TaKa, Cl!lA 

BaTa BHH, Cl!lA 

Kapn cpy3, ll>Pr 

I7-25 ~eBpann 

2I-23 MapTa 

20-23 MapTa 

I6-20 MaH 

20-27 HIOnH 

4-9 aBrycTa 

II-I6 aBrycTa 

2I-27 aBrycTa 

29 aBrycTa -
~IOC Cenbp;Op~, ll>Pr 3 CP.HTH6pH 

ll>nopeH~HH, 

11TanHH 

OTpa Hc, 
ll>paHqHH 

Opc3, ll>paH~HH 

29 aBrycTa -
3 CeHTH6pH 

5-9 CeHTH6pH 

5-8 CeHTH6pH 

rpeHo6nb,ll>paH~HH 5-9 CeHTH6pH 

Beae~HH, 

11TanHH 5-IO CeHTH6pH 

5 

2 

2 

2 

8 

3 

3 

6 

2 

2 

3 
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17. IX Me~yHapoAHbili CHMn09HYM 
no MHKponpo~eccopaM H MHKpo
nporpaMMHPOBaHHw 

18. XIX Me~yHaPOAHafl mKona no ~H9HKe 
9neMeHTapHb~ qaCTH~ 

19. YqacTHe B 9aceAaHHH OprKOMHTeTa 
mKOnhJ UEPH-OI1.ffi1 1985 roAa 

20. Pa6oqee coBe~aHHe "ll>yHAaMeHTanhHafl 
~H9HKa - Ha peaKTOpaX11 

138 

MaAPHA, HcnaHHfl 

,[{yopOBHHK, 
Cll>PIO 

YpoHHo, I1TanHfl 

fpeHoonh, 
¢paH~Hfl 

14-16 CeHTflOPfl 2 

18 ceHTflOPfl -
2 OKTflOPfl 

23 30 OKTflOPfl 2 

7-9 HOflOPfl 2 





MaaaTenbCKMM DTABn 

~3AaTenbCK~A OTAen B 1983 rOAY B~
nycT~n a ceeT 909 Ha~MeHoBaH~A 6pow~p -
coo6~eH~A ~ npenp~HTOB 0~~~- Kon~4ecT

eo ~3AaHH~X cny~e6H~X MaTep~anoe co
cTae~no 281 Ha~MeHoeaH~e. 06~~A o6beM 
ecex ~3AaH~A - 1519 y4eTHo-~3AaTenb
CK~x n~CTOB. 

YB~Aen~ ceeT 8 c6opH~KoB TPYAOB co
ee~aH~A ~ KOH$epeH4~A, opraH~30BaHH~X 

06beA~HeHH~M ~HCT~TYTOM. 

B peAaK4~~ Hay4H~x ~ypHanoe,Ha KOH
$epeH4~~. C~Mn03~YM~ B 1983 rOAY Ha
npaeneHO 1023 cTaTb~ ~ AOKnaAa, co
Aep~a~~x peaynbTaT~ TeopeT~4ecK~x , 

3KCnep~MeHTanbHbiX ~ MeTOA~4eCK~X pa-
60T, e~nonHReM~x a HHcT~TyTe a cooT
BeTcTB~~ c era npo6neMHo-TeMaT~4ecK~M 
nnaHoM. 

CTaTb~ cOTPYAH~KOB ny6n~Koean~cb 

B TaK~x ~ypHanax, KaK "HaeecT~R AH 
CCCP", "JKypHan 3Kcnep~MeHTanb HoA 

~ T~opeT~4ecKoA $~3~K~11 , 11TeopeT~4e-
cKaR ~ MaTeMaT~4ecKaR $~3~Ka 11 , ••n p~6o-

P~ ~ TexH~Ka 3Kcnep~MeHTa 11 , 11~AepHaR 
$1-131-1Ka 11

, 
11$~31-1Ka 3neMeHTapHbiX 4aCT~4 

1-1 aTOMHoro RAPa 11
, 

11ATOMHaR 3Hepr~R 11 , 
11Nuclear Physics••, 11 Nuclear Instru
ments and Methods 11

, 
11 Reports on Mathe

matical Physics••, 11 Journal of Physics•• 
1-1 AP· 

HaY~Ho·TeXHM~ecKaR 
fiMfinMOT8K8 

B 1983 rOAY 4~cno 41-1TaTeneA Hay4Ho
TeXHI-14ecKoA 61-16n1-1oTeK1-1 1-1 ee ~1-1n1-1anoe 
COCTaBI-'InO 6250 4enoBeK, B TOM 41-1Cne 
OKano 800 4enoeeK, np~6~ew~x e OH~H 
B KOMaHAI-1POBK~. Konlo14eCTBO B~Aa HHOH 

3a rOA ni-1TepaTyp~ ~ npOCMOTpeHHOH Ha 
B~CTaBKaX HOB~X nOCTynneHI-'IH - OKOnO 
400 T~CR4 3K3eMnnRpOB. no 3aKa3a M 41-1-
TaTeneH nony4eHo no Me~6!-16nl-1oTe4HOMY 
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B 51 cTpaHy Ml-'lpa pacc~nan~cb ny6n~

Ka4~~-'~ AY6H~. 15 HOB~x aApecoe noRe~
nocb e cnHcKe pacc~nKH ny6nHKa41-1H. 

B o6MeH Ha I-1H$opMa4~~ o pa6oTax, 
BblnOnHReM~X B ,lly6He, Hay4HO-TeXHI-14e
CKaR 6~6n~oTeKa HHCTI-1TyTa nony4~na 
10081 npenpi-'IHT, 132 Ha~MeHOBaHHR ~yp
HanOB ~ 276 MOHOrpa$1-1H. 

,llnR onepaT~BHOrO ~H$OPM~POBaH~R 4H
TaTeneH Hay4HO-TeXHI-14eCKOH 6H6n~oTeKH 

0 HOBbiX nOCTynneHI-'IRX npOAOn~anCR e~
nycK 3Kcnpecc-6~nneTeHeH HT6 1-1 naTeHT
Horo OTAena. Bblwen e ceeT e~eroAHbiH 
6H6nHorpa$~4eCKI-1H yKaaaTenb pa6oT co
TPYAH~KOB OH~H 3a 1982 rOA 1-1 OT4eT 
0 AeRTenbHOCTI-1 O~~H 3a 1982 rOA. 

KpoMe ny6n~Ka4~1-1 npenpi-'IHTOB, coo6-
~eH~H, c6opH~KOB, a TaK~e MaTep~anoe 
KoM~TeTa nonHOM04H~X npeACTaBHTeneA 
1-1 y4eH~X COBeTOB ~3AaTenbCKI-1M OTAenOM 
e~nonHeH~ MHoro41-1cneHH~e aaKa3~ Ha 
KCepOKOnl-1pOBaHI-1e. 3a rOA H3rOTOBneHO 
6onee 450 T~CR4 KOni-'IH. 

B~nonHRn~cb aaKaa~ Ha nepenneTH~e 
pa6oT~ - nepenneTeHo oKono 7 T~CR4 
TOMOB . ,llnR o6pa60TKI-1 3KCnep~MeHTanb
HOA I-1H$opMa41-1~ ~ APYrl-1x 4eneA l-13ro
ToeneHo 6onee Ml-1nnl-1oHa paani-14H~x 6naH
KOB. 

a6oHeMeHTy (M6A) 1956 Ha3BaHI-1H KHI-1r 
~ ~ypHanoe. B~nonHeHo 1080 4~TaTenb
CKI-1X 3aRBOK, nOCTyni-'IBW~X 1-13 61-16n~0TeK 

CoeeTcKoro Co~aa. 

no BCeM I-1CT04HI-1KaM KOMnneKTOBaHI-'IR 
(noKynKa, noAnl-1cKa, KHI-1roo6MeH) 
e 1983 rOAY nocTyn1-1na 19065 3K3eMnnR
poe KH~r, npenp~HTOB, nepi-10A~4eCKI-1X 



H3AaH~H, B TOM 4~cne CB~We 8 T~CR4 Ha 
HHOCTpaHH~X R3biKaX. npoAOn>Kanacb pa-
6oTa no 04~CTKe $OHAa oT ycTapeeweH 
~ Mano ~cnonbayeMoH n~TepaTyp~, cn~
caHo aa npeweAW~H roA 6onee 12 T~CR4 
3K3eMnnRpoe. 

Ha 1 RHBapR 1984 roAa 6~6n~oTe4H~H 
~OHA COCTaBnReT 382411 eA~HH~, ~3 HHX 
CB~We 154 T~CR4 Ha HHOCTpaHH~X R3~KaX. 

Bee nocTynHBWHe H3AaH~R ceoeepeMeH
HO o6pa6aT~Ban~Cb ~ OTpa>Kan~Cb B ~eHT
panbHOM KaTanore ~ a KaTanorax ~HnHa
noe. BeeAeHo oKono 19 T~CR4 KapTo4eK 
Ha HOB~e nOCTynneHHR, H3DRTO 11638 
KapT04eK Ha cnHCaHHY~ n~TepaTypy H3 
ecex KaTanoroe 6H6n~oTeK~. nononHHnHcb 
HOB~MH ny6nHKa~HRMH TeMaT~4eCKHe Kap
TOTeKH - BBeAeHO 32760 KapT04eK.KapTo
TeKa ny6nHKa~HH COTPYAH~Koe HHcT~TyTa 
nononH~nacb 5863 KapT04KaMH Ha HOB~e 
ny6nHKa~H~. noArOTOBneH H H3AaH YKa-
3aTenb pa6oT COTPYAHHKOB mHH1 3a 
1982 rOA, 4aCTb 22. 

B 1983 rOAY 6H6nHoTeKoH noArOT08-
neH~ ~ H3AaH~ 3 yKa3aTenR 6~6n~orpa
~HH TPYAOB aKaAeM~K08 6pyHO noHTeKop-
80, r.H.~nepoea ~ 4neHa-KoppecnOHAeH
Ta AH CCCP B.n.A>Keneno8a K ceMHAecR
THneTH~ CO AHR HX PO>KAeHHR. 

E>KeHeAenbHO e~nycKanHcb 3Kcnpecc-
6~nneTeH~ 0 H08~X nOCTynneHHRX 6H6nHO-
TeK~: 11 KHHrH 11

, 
11npenpHHT~11 , 11 CTaTb~ 11 , 

B~n~eHO 156 HOMep08, BKn~4HBWHX HO
BY~ HH~OpMa~H~ Ha 23931 Ha3BaHHH. 
Hane4aTaHo 76 cnHcKoe Ha >KYPHan~, no
cTyn~ewHe a 6~6nHoTeKy. 

E>KeHeAenbHO o6HoenRnHcb 8~CTa8K~ 
HOB~X nOCTynneHHH KH~r, npenpHHT08, 
Ha KOTOp~X npeACTa8neHO 8157 HOB~X 
Ha3BaHHH, nocTynHBW~X 8 Hay4HO-Tex
H~4eCKY~ 6H6nHOTeKy. 

OpraHH308aHo 6 TeMaTH4ecK~X e~cTa
BOK nHTepaTyp~, B TOM 4Hcne ~6~neHHaR 
e~cTa8Ka naMRT~ 4n.-Kopp. AH CCCP 
A.H.6noxHH~e8a K 75-neT~~ co AHR po>K
AeHHR. 

06HEH H3AAHHRHH 

Bcero 3a roA 8 Hay4Ho-TeXHH4ecKy~ 
6H6n~oTeKy OHRH nocTyn~no 8 nopRAKe 
o6MeHa 10081 ny6nHKa~~H ~3 44 CTpaH, 
a TOM 4~cne H3 UEPHa 2172. B nopRAKe 
o6MeHa a HT6 6ecnnaTHO nocTyna~T Hay4-
H~e >KypHan~ H3 22 CTpaH (132 Ha38aH~R), 
MOHOrpa$~H 276 Ha3BaHHH. 

KoHKpeTHoe KOnH4ecT80 nocTynneHHH 
noKa 3~8aeT cneAy~aR Ta6nH~a: 

HaHMeHoBaHHe 
CTpaHbJ 

llpe
npHHTbl 

>Kyp
HaJlbl 

CmpaHrt-ytlaCTTIHUL~bt C11flH 

Bonr apHH 4 
BeHr pHH 168 
r~P 149 
Kyo a 
llonbma 
PYMJ>IHHH 
CCCP 
l.JexocnoBaKHH 

95 
55 

2370 
13 

!Jpyzue cmpcm17t 

8 
5 
4 
I 

10 
15 
32 
II 

U MexVYHapoOHrte opzaHU3~U 

ABcTpanHn 
ABcTpHH 
.A.m!cHp 
BaHr na,o;em 
BenbrHH 
Bpa3HnHH 
BenHKoopHTaHHH 
BeHecy3na 
fpe l.U{H 
~aHHH 

EapaTOM 
3anap;Hbrn BepnHH 
H3paHnb 
RH,!J;HH 
RpnaH)J;HH 
RcnaH,lJ;HH 
RcnaHHH 
RTanHH 
KaHa,o;a 
Mana3HH 
MeKCHKa 
HHgepnaH)J;bl 
HopaerHH 
llopTyranHH 
CliiA 
Typn;HH 
<l)HHnHH,lJ;HH 
cl>paHI.I;HH 
<I>Pr 
lJHnH 
Ulaeiin;apHH 
UEPH 
UIB.en;HH 
IOrocnaBHH 
.HnOHHH 

41 
20 

5 
I 

22 
167 
249 

4 
6 

66 

33 
26 
50 
19 

I 
28 

477 
194 

I 
3 

30 
12 
8 

1735 
3 

107 
430 
764 

7 
84 

2172 
65 

I 
396 

I 
3 

5 

5 

6 

5 
7 

2 

I 
7 

4 
2 
I 

3 
23 

130 
3 

2 

27 

5 
4 

18 

I 
4 

35 

3 

8 
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DaTeHTHbiH DTAen 

3AII.\11TA PAUI10HAni13ATOPCKI1E 
11 11CnOnb30BAHI1E nPEAI10lKEH1111 

11306PETEHI1A 

1983 1958-1983 

1983 1958-1 983 RcnonbsosaHo pa-
~HOHanH3aTOPCKHX 

IIonY'IeHo npe,I:VIO:>KeHHH 776 11315 
nono:>KHTenbHbiX 

3KOHOMH"leCKHH pemeHHH no 
34$eKT OT HC-

3aRBKaM Ha 
H906peTeHHR 57 921 nonbsosaHHR 

H306peTeHHH 
RcnonbsosaHo H pa~npeAnO)I(eHHH 
H306peTeHHH 28 463 (B TbiC .py6.) 262,0 2324,7 

• 
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AJJ.MMHMCTPATM BHO· 
X03HMCTBEHHAH 
JJ.EHT~nbHO.CTb 



KAAPbl 

4~cneHHOCTb coTPYAH~KOB 06beA~HeH
Horo ~HCT~TyTa RAepH~X ~ccneAOBaH~~ 
Ha 31 AeKa6pR 1983 rOAa COCTaB~na 
7361 4enoaeK. 

PacnpeAeneH~e no KaTerop~RM noKa-
3aHo a Ta6n~1.4e: 

KaTeropHH 
paOOTHHKOB 

HayqHbie 
paOOTHHKH 

HIDKeHepbi 

TexHHKH 
H MaCTepa 

Pa6otme 

Cnyxc~He 

Mna,n;IIIHH: oocny
)IQ{BaJO~HH: 

nepCOHaJI 

Ytii!HHKH 

H T o r o 

'liHCJieHHOCTb 

B naco
paT. H 
ynpasn. 

1137 

B npOH3-
BO,D;CTB. 
nop;pa3p;. 

1640 257 

231 156 

1902 1450 

275 208 

19 

7 

5211 

61 

18 

2150 

Bcero 

1137 

1897 

387 

3352 

483 

80 

25 

7361 

B 06beAHHeHHOM HHCT~TyTe RAePH~x 
HCcneAOBaHH~ pa60Ta~T 5 aKaAeM~KOB! 
H.H.6oron~6oa, A.M.6anA~H, 6.M. noHTe
Kopao, f.H.~nepoa, ~.M.~paHK, 5 4ne-

HaHMeHosaHHe pa3p;enos 

I. A,n;MHHHCTpaTHBHo-ynpasneHtieCKHe 
H X03HikTBeHHble pacxop;bi 

HOB-KOppecnOHAeHTOB aKaAeMH~ HayK: 
H.H.roaopyH, B.rl.Amenenoa, H.3aapa, 
M.r.Me~epRKoa, A.B.W~pKoa, 150 AOKTo
poa HayK, 541 KaHA~AaT HayK. 

B 1983 rOAY npHHnTo 863 4enoaeKa, 
~3 HHX: Hay4H~X pa60THHKOB 236, HH
meHepoB 138, TeXHHKOB H MaCTepOB 25, 
pa604HX 348, y4eHHKOB 32, cnyma~HX 66, 
MnaAwero o6cnymHaa~~ero nepcoHana 
18 4enoaeK. 

YaoneHO H3 o~~H 3a 3TOT me nepHOA 
8 CBR3H C OKOH4aHHeM CPOKa pa60T~ 

H no APYrHM npH4HHaM - 843 4enoaeKa. 
B Te4eHHe roAa y4eH~MH H Hay4Ho

TexHH4eCKHMH coaeTaMH OH~H H36paH~ 

Ha AOnmHOCTH Ha HOB~e CPOKH 135 Hay4-
H~X COTPYAHHKOB. npHCBOeH~ y4eH~e 3Ba
HHR! MnaAWero Hay4HOro COTPYAHHKa 
29 COTPYAHHKaM, Hay4HOro COTPYAH~Ka -
2 COTPYAHHKaM H CTapwero Hay4HOrO 
COTPYAHHKa - 24 COTPYAHHKaM, npo~ec
copa - 4 COTPYAHHKaM. 

B Te4eHHe 1983 TOAa 3a~HTHnH KaHAH
AaTcKHe AHccepTa1.4HH 33 COTPYAHHKa,AOK
TopcKHe - 18. 

~~HAHCOBA~ AE~TEnbHOCTb 

KoMHTeT nonHOM04H~X npeACTaBHTene~ 
npaBHTenbCTB rOCYAaPCTB-4neHOB 06beAH
HeHHOro HHCTHTYTa RAePH~X HCCneAOBaH~H 
AnR npoaeAeHHR Hay4Ho-HccneAOBaTenb
CK~x pa6oT, KanHTanbHOrO CTPOHTenbCT
Ba H APYrHX MeponpHRTH~, CBR3aHH~X 

c AeRTenbHOCTb~ ~HCTHTyTa, Ha 1983 roA 
accHrHoaan 46,0 MnH. py6. 

AccHrHosaHHe 
Ha rop; 
(s MJIH. py6.) 

7,2 

«l>aKTH'IIeCKHe 
pacxop;bi % K nnaHy 
3a rop; 
(s MJIH.pyo.) 

6,9 95,0 

II. Pacxop;bi Ha Hayqao-Hccnep;osaTeJihCKYJO 
,D;eHTeJibHOCTb 22,9 21 '9 96,4 

HToro no OCHOBHOH 
HayqHOH p;eHTeJibHOCTH 

III. KanHTaJibHbie snoEeHHR aa cTpoH
TeJibCTBO HayqHO-HCCJiep;oBaTeJibCKHX 
H p;pyrHX OO~eKTOB 

B c e r o 

144 

30,0 

16,0 

46,0 

28,8 96,1 

17' 1 106,5 

45,9 99,7 



~aKTH4eCKHe pacXOA~ 3a rOA COCTaBH
nH 45,9 MnH.py6., HnH 99,7% no OTHowe
HH~ K rOAOB~M aCCHrHOBaHHRM. 

npo6neMHO-TeMaTH4eCKHH nnaH Hay4HO
HCCneAOBaTenbCKHX pa60T 3a 1983 rOA 
B~nonHeH B nonHOM 06DeMe, B CMeTHOH 

KAOHTAnbHOE CTPOHTEnbCTBO 

3aTpaT~ Ha KanHTanbHOe CTPOHTenb
CTBO Hay4HO-HCCneAOBaTenbCKHX H APY
rHX 06DeKTOB nnaHHPOBanOCb B CYMMe 

CTpyxTypa KanHTanbHb~ BnO)KeHHH 

Bcero KanHTanbHb~ sno)KeHHH:, 
B TOM 'IHCne: 

I. CTpOHTenbHO-MOHTa)I<HbJe pa60Tbi 

2. 060PYAOBaHHe H HHBeHTapb 

3. IlpoeKTHO-H3blCKa TenbCKHe 
H npO'<IHe 3aTpaTbl 

Bsog B geHCTBHe OCHOBHb~ 
cpegCTB (cPOHAOB) 

nPOH3BOACTBEHHA~ AE~TEnbHOCTb 

B cocTase OH~H HaXOARTCR npoH3BOA
CTBeHH~e, scnoMoraTenbH~e H o6cny~H
sa~~He noApa3AeneHHR. 

1. 06~eM rOTOBOH npogyK~HH, 
BbinOnHeHHbiX pa6oT H OKa3aHHb~ ycnyr 
B MJIH.py6. 

2. Pe3ynbTaTbi cPHHaHcoso-xo3HHCTBeHHoii 
geHTenbHOCTH B MJIH.py6. 

3. 3aTpaTbl Ha OgHH py6nb rOTOBOH 
npogyx~HH, BbinOnHeHHb~ pa60T 
H oKa3aHHbiX ycnyr (B KoneH:Kax) 

4. qHCneHHOCTb pa6oTaW~HX 

CTOHMOCTH H no HOMeHKnaType. ~aKTH4e

CKHe paCXOA~ COCTaBHnH 28,8 MnH.py6., 
HnH 96,1% K cMeTHOH CTOHMOCTH. AocTHr
HyTa 3KOHOMHR 1,2 MnH.py6. 

PacnpeAeneHHe 6~A~eTa no paaAenaM 
npHBeAeHO B Ta6nH~e. 

16,0 MnH.py6. B~nonHeHHe roAOBoro nna
Ha Ka nHTanbHOrO CTpOHTenbCTBa noKa3aHO 
s Ta6nH~e: ' 

fOAOBOH ~aKTH'leCKOe 

nnaH BbinOnHeHHe % Bblnon-
(B MJIH . py6 • ) (B MJIH.py6.) HeHHH 

16 , 0 I 7, I 106,5 

3 , 2 2,4 75,0 

12 , 3 14, I 115' 5 

0 , 5 0,6 120,0 

14 ,8 15,7 I 06_, I 

AeR TenbHOCTb 3THX noApaaAeneHHH aa 
1983 r OA xapaKTepH3yeTCR OCHOBHbiMH no
Ka3aTenRMH, npHBeAeHH~MH B Ta6nH~e: 

nnaH 

13, I 

0,3 

0-97 , 6 

2270 

BbmonHeHHe 

13,3 

I, 2 

0-91, I 

2162 

% BbinOnHeHHH 

I 01,5 

145 


