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YcneXH H AanbHeHWHH nporpecc B ycKopeHHH T~*enwx 3aP~*eHHWX 
4aCTH~ B 3Ha4HTehbHOH Mepe CB~3aHW C pa3BHTHeM HCT04HHKOB HOHOB, 
B 4aCTHOCTH, C noBWWeHHeM 3$$eKTHBHoro 3aP~Aa nocTaBn~eMWX HMH 
HOHOB, B HaCTO~~ee BpeM~ HaHUOnee rny60KOH CTeneHH HOHH3a~HH 
aToMoa YAaeTc~ A06HTbC~ a HCT04HHKax 3neKTPOHHo-ny4eaoro TH-
na I 1•21 • C noM~bn TaKHx HCT04HHKOB nony4eHw ronwe ~APa C , N , 
0 , Ne , Ar, a TaK*e HoHw Kr 34+ H xe 50+ 13 - 71 

AocTH*eHHe 6onee awcoKOH cTeneHH HOHH3a~HH T~*enwx aToMoB 
Tpe6yeT, Hap~AY C peweHHeM APYrHX 3aAa4, coaepweHCTBOBaHH~ Me
TOAOB AHarHOCTHKH 3ap~AOBOrO COCTO~HH~ HOHOB, npOH3BOAHMWX HC
T04HHKOM, 0AHHM ~3 TaKHX MeTOAOB MO*eT 6WTb perHCTpa~H~ xa
paKTepHCTH4eCKOro H3ny4eHH~ HOHHOrO ny4Ka. C 3TOH ~enb~ 6wnH 
Ha4aTW H3MepeHH~ cneKTpOB peHTreHOBCKHX ny4eH BWCOK03a
P~AHWX HOHOB aproHa 181, BWXOA~~HX H3 HCT04HHKa 11KpHOH-2 11 

OHflH I 11. ~1Menocb a BHAY TaK*e, 4To cneKTpanbHWH cocTaB H3ny4eHH~, 
HCnycKaeMoro npH CTOnKHOBeHHH C MHWeHb~ rnyuoKOHOHH30BaHHWX 
aTOMOB C KHHeTH4eCKOH 3HeprHeH 10 K3B, npeACTaBn~eT 6onbWOH 
HHTepec H C T04KH 3PeHH~ <llH3HKH B3aHMOAeHCTBH~ MHOr03aP~AHWX 

HOHOB C Be~eCTBOM, H An~ BW~CHeHH~ MeXaHH3Ma pa3P~AKH B036y*
AeHHWX COCTO~HHH, o6pa30BaBWHXC~ B pe3ynbTaTe B3aHMOAeHCTBH~ 
HOHOB. TaKHe cneKTpocKonH4eCKHe AaHHwe HeooxoAHMbl TdKMt:: 1-\JIH 

O~eHKH ponH paAHa~~OHHWX noTepb B 3HepreTH4eCKOM 6anaHce TepMo
~AePHOH nna3Mbl, 

Uenb~ HacTo~~eH pa6oTbl ~an~nocb H3MeReHHe cneKTpa xapaKTepH
CTH4ecKoro H3ny4eHH~ MeAneHHbiX HOHOB Ar 17+ , naAaiOIIIHX Ha TBePAWe 
MHWeHH, 

HETOAHKA 3KCnEPHHEHTA 

HMnynbCHbiH ny40K BbiCOK03aP~AHbiX HOHOB Ar BWT~rHaanc~ H3 HOH
HOro. HCT04HHKa 11KpHoH-2 11 H Hanpaan~nc~ Ha TBePAY~ MHWeHb, pac
nono*eHHYO B BaKyYMHOH KaMepe nOA yrnoM 84° K naAaiOIIIeMy ny4Ky, 
noA yrnOM 90° K ny4KY HOHOB B CTeHKe BaKYYMHOH KaMepw 6blno BMOH
THPOBaHO 6epHnnHeBoe OKHO TOn~HHOH 100 MKM, 4epe3 KOTOpoe MO*HO 
6e3 3Ha4HTenbHoro ocna6neHH~ np6nycKaTb peHTreHo&cKoe H3ny4e
HHe, B03HHKa10111ee B o6naCTH MHWeHH H3 HOHOB Ar. 3a 6epHnnHeBbiM 
OKHOM Ha paCCTO~HHH -2 CM ycTaHaBnHaanCR AeTeKTOp peHTreHOBCKO
ro H3ny4eHH~ Ha ocHoae caepx4HCToro repMaHH~ <llHPMW Princeton 
Gamma-Tech. C nn~aAb~ 4YBCTBHTenbHOH noaepXHOCTH 100 MM2 H Ton
~HHOH 4YBCTBHTenbHOro CnOR 7 MM, npH nOCTORHHOH apeMeHH <llOPMH
POBaHH~ cneKTPOMeTPH4eCKOrO TpaKTa 4 MKC AOCTHranOCb 3HepreTH-
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4ecKoe pa3peweHHe /nonHa~ WHPHHa pacnpeAeneHH~ Ha nono8HHe 8~
coTbl/ 215 3B npH 3HeprHH <PoToHa Ex = 3 K36. CneKTPOMeTpH4eCKHI:1 
TpaKT 8Kn~4an 8 ce6~ Heneperpy~a~~HI:1c~ ycHnHTenb THna PGT340, 
pe~eKTOp Hano~eHH~X HMnynbC08, CTpeT4ep, MHOrOKaHanbH~i:1 aMnnH
TYAH~i:1 aHanH3aTop NTAI024 /THn 31024/. 

KanH6po8Ka 3HepreTH4ecKoi:1 WKan~ cneKTPOMeTpa npoH380AHnacb 
no nHKaM OniOopect.~eHLIHH Cl , Ar , Ca, 8036Y~AaeMol:1 c noMO~biO Hc
T04HHKa M~rKoro peHTreH08CKoro H3ny4eHH~ Ha ocHoDe 55Fe. An~ 
KOHTpon~ CTaUHnbHOCTH cneKTPOMeTpH4eCKOrO TpaKTa Ha Kpai:1 AeTeK
Topa noMe~anc~ cna6~1:1 HCT04HHK 55 Fe. nHK <PniOopect.~eHLIHH Mn o6pa-

55 ' 
3y10~eroc~ 8 pe3ynbTaTe K -3aX8aTa H3 Fe, Hcnonb308anc~ TaKx<e 
An~ KanH6po8KH, 

4ToG~ yMeHbWHTb 4Hcno HanomeHH~X APYr Ha APYra HMnynbcoe 
8 CneKTpOMeTpe H y8enH4HTb CKOPOCTb Ha6opa HH<IJOpMal,IHH, AnHTenb
HOCTb HOHHOrO HMnynbCa HCT04HHKa 6~na n08~WeHa AO -3 MC /oT 
50 MKC 8 0Ubi4HOM pe>KHMe pa60Tbl/, npH Henpepbi8HOH 80 8peMeHH pe
rHCTpal,IHH 8 HHTepecyiO~el:1 Hac o6nacTH 3HeprHI:1 Ha6n~Aanc~ HHTeH
CHBHbli:1 <IJOH, npeACTa8n~IO~Hi:1 C060H cnnoWHOH cneKTP TOPM03HOro H3-
ny4eHH~ 3neKTPOH08, nonaAa!OIIlHX Ha MHWeHb, 3TOT I$OH C8~3aH C oco-
6eHHOCT~MH pa6oT~ caMoro HOHHoro HCT04HHKa. An~ yny4WeHH~ oTHo
weHH~ CHrHan/¢loH 6~no B8eAeHo 8peMeHHoe ynpa8neHHe aMnnHTYAHbiM 
aHanH3aTOPOII C noMO~biO 8HeWHHX HMnynbCOB, rlOCTynaiO~HX CO CXeMbl 
ynpa8neHHR HCT04HHKOM HOHOB, TaKHM nyTeM perHCTpHp08anOCb TOnb
KO H3ny4eHHe, 003HHKaiO~ee 0 MOMeHT npHXOAa HMnynbC08 HOH08 Ha 
MHWeHb, 0THOWeHHe CHrHan-¢oH 80 8peMeHHOM OKHe COCTa8nRnO -40, 
;vtJ••1c.l Cli~r.:7~U ~..::;;;..::;~.::;;-(; 7.::;;:;.·-~:;:::~:-~ !!: .. ~:,.~~~e~~~~ ~~~~~~~~-~~'='~ ~ 1"\TnPn&..

HbiX cepHRX. CooT8eTCT8Y~HM o6pa3oM npoHOPMHP08aHH~H ¢loH 8bi4H
TancR H3 pa6o4ero cneKTpa. 

3apRA08oe pacnpeAeneHHe HOHOB Ar 8 naAaiO~eM ny4Ke onpeAenR
nocb 8peMeHeM HX YAep>KaHHR 8 no8yWKe HOHHOro HCT04HHKa/ 3/, npH 
8peMeHH YAep~aHHn, MeHbWeM, 4eM Tpe6yeTCR AnR nony4eHHR HOH08 
Ar 17+ , peHTreHoecKoro H3ny4eHHn 8 o6nacTH K -cepHH Ar He 803HH
Kano. Pe>KHM pa6oT~ HCT04HHKa 11KpHoH-2 11 6bln ycTaHoeneH TaKHM o6-
pa3oM, 4TOObl HOH~ Ar 17+ COCTaBnRnH -15% OT o6~ero 4HCna 8blnycKae
M~X HOH08 Ar /epeMR YAepmaHHR 300 Me/. 

An~ npo8epKH npeAnono~eHHR o ToM, 4TO BKnaA o peHTreHo8cKoe 
H3ny4eHHe 8 o6nacTH K-cepHH Ar MO~eT eo3HHKaTb npH 6oM6aPAH
poeKe 3neKTpoHaMH aTOMOB Ar, HMnnaHTHp08aHH~X 8 MHWeHH, 6bln 
npo8eAeH 3KcnepHMeHT, KOrAa epeMeHHoe OKHO ycTaHa8nH8anocb nocne 
npHXOAa HOHHOro HMnynbca, HO npH HanH4HH 3neKTPOHHOrO TOKa 8 HC
T04HHKe, H3ny4eHHR, OTnH4HOro OT TOPM03HOrO, 8 3TOM 3KCnepHMeH
Te o6Hapy*eHo He 6~no. 

PE3YnbTAT~ 3KCnEPHHEHTA 

0CH08H~e H3MepeHHR np080AHnHCb C MHWeHb~ H3 MeTannH4eCKOrO 
GepHnnHR Ton~HHO~ 100 MKM npH 3HeprHH naAa~~Hx HOH08 Ar 17+ 
420 36/HyKn. /v= 2,8·107 cM/c/. 
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Ni 

PHc. I , Ka.rm6poeottHbie cneKTpbi xapaKTepHCTHttecKoro peHTre

HOBCKoro H3JiytteHHfl, fiYHKTHpOM noKa3allhl pe3yJihTa Tbl pag

JIOJKeHH.R cneKTpOB Ha OTAeJihHhie JIHHHH, 

06pa6oTKa KanH6poB04H~x H paOo4HX cneKTput:l t:lt::Jid<..b nd ;:);:;;; 

C Hcnonb308aHHeM nporpaMM~ o6pa60TKH cneKTp08 11nPOCflEKT 11
, pa3-

pa6oTaHHOi:1 8 nH~~ AH CCCP HM. 6.n.KoHCTaHTHH08a' 9( <PopMa anna
paTypHOH nHHHH cneKTPOMeTpa annpOKCHMHp08anaCb CYMMO~ rayccHa
Ha, QOH080H CTyneHbKH H 3KcnoHeHl,IHanbHOrO X80CTa 8 CTOpOHy MeHb
WHX 3HeprHH. napaMeTpbl <IJOPM~ nHHHH noA6HpanHCb AnR KanH6poB04-
H~X nHHHH C 3HeprHRMH 2622, 2957, 3691 H 5895 36 H HHTepnonH
po8anHCb 8 npOMe~yT04HY~ o6naCTb 3HeprHH, npHMep KanH6p0804HbiX 
cneKTP08 noKa3aH Ha PHC,1. 

nony4eHHbiH 3KcnepHMeHTanbH~H cneKTP K-cepHH xapaKTepHCTH4e
cKoro H3ny4eHHJ'l Ar, 803HHKa1004ero npH naAeHHH HOH08 Ar 17+ Ha 
6epHnnHe8y~ MHWeHb, noKa3aH Ha pHc.2. H3MepeHH~H cneKTP 6~n 
pa3nO~eH Ha TpH KOMnOHeHTa, npH 3TOM He3a8HCHMO 8apbHPOBanHCb 
8eca, nono~eHHl'l H nonywHpHHbl KOMnoHeHT08. Pe3ynbTaT~ pa3no~eHHn 
npeACTaeneHbl 8 Ta6nHl,le. 6 nep80H KOnOHKe yKa3aH HOMep KOMnOHeH
Ta, 80 8TOPOH - ero cpeAHRR 3HeprHn, 8 TpeTbei:1 - nonyWHpHHa, 
8 4eT8epTol:1 - nn~aAb nHKa. 

nep8~H KOMnOHeHT OT8eTCT8eH 3a nepeXOAbl Me>KAY COCTOJ'lHHJ'lMH 
c rna8H~MH ~8aHT08~MH 4HcnaMH 2 -+ 1 I Ka- H3ny4eHHe/. Ero cpeAHl'll'l 
3HeprHn Ha b9+11 36 6onbwe 3HeprHH K H3ny4eHHn HeHTpanbHOro 
Ar /2957 3B/: 6Topoi:1 KOMnOHeHT, 8epgl'lTHee 8Cero, COOT8eTCT8yeT 
nepexoAaM 3-+ 1 /K {3- H3ny4eHHe/. CpeAHnR 3HeprHJ'l era Ha 215~40 36 
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PHc.2. CneKTP xapaKTepHCTH~ecKoro H9nyqeHHH, B03HHKaiD~ero 

npH nap;eHHH HOHOB Ar 17+ CO CKOPOCT:biO V = 2,8.)07 CM/C Ha 
6epHnnHBBYIO MHillBH:b. ilyHKTHpOM C COOTBBTCTBYIO~MH qH~paMH 
npe,o;cTaBneHM KOMnOHeHThl pasno~eHHn: I- 12~ 11. 2 
I J ~ I I , 3 - I 4 , 5 • • • ~ I I . IIono~eHHn HopMM:bHhlX K a H K f3 -
nHHHH yKa3aHhl CTpenKaMH. 
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3026+11 255+7 

3410+40 400+90 

3750+170 480+140 
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16800+440 

6600+1400 

2400+1500 

Ta6nHQa 

5 

Wico6. 

sB 

136+8 

340+90 

420+140 

6onbwe aHepn111 K f3 11311Y4BHI1fl Hei1Tpa1lbHoro Ar 13191 aBI. TpeTI111 
KOMnOHBHT, no-BI1A11MOMY, 00fl3aH CB011M npOI1CXOmABH11eM nepeXOAaM 
113 COCTOflH11H C rnaBHbiM KBaHTOBbiM 411CJlOM n > 4 B COCTOflH11e C n = 1 
C Y4BTOM nor11~eHI1fl peHTrBHOBCKOro 11311Y4eHHfl B 6ep11111111eBbiX OKHaX • , 

'~ 

:) 

N K., 

210 

100 

PHc.3. To ~e, ~To Ha pHc.2, HO c Me,o;HoH MHmeHJ>IO. 

CJlOB B03AYXa 11 B MepTBOM CJlOB ABTBKTOpa, OTHOWBHI1e 11HTBHCI1BHO
CTBH KfJ 11 Ka 11311Y4BHI1fl B HaweM c11y4ae cocTaBJlflBT I(KfJ)/I(Ka) 
= 0,30~0,08. B nHTOH KOJlOHKe Ta61111~bl npeACTaeneHa nonyw11p11Ha 
Jli1HI1H xapaKTepi1CTI14BCKOrO 11311Y4BHI1R, n011Y4eHHafl np11 Bbi411TaHI111 
annapaTypHOH A11CnepCI111 113 nOJlHOH AI1CnepCI111 KOMnOHeHTa. 

= 

Dbl1111 TaKme npoeeAeHbl 3Kcnepi1MeHTbl Ha MI1WeHRX 113 KpeMHI1fl 11 Me
AI1· B npeAellax ow1160K 3Kcnepi1MeHTa cneKTPbl xapaKTePI1CTI14eCKoro 
113Jly4eHI1fl 110HOB Ar, naAa~~I1X Ha 3TI1 MI1WeHI1, He OTJ1114a~TCfl OT 
cneKTPa, nony4eHHoro c 6ep11111111eBol1 MI1WeHb~. CneKTp, nony4eHHbll1 
c MeAHOH MI1WeHb~, noKa3aH Ha p11c.3. YMeHbWeHI1e 3Heprl111 naAa~I1X 
110HOB AO -50 aBIHyKJlOH TaKme He npi1BBJ10 K 3aMeTHOMY 113MeHeHI1~ 

<JlOPMbl cneKTpa. 

06CY*AEHHE PE3YnbTATOB 

TeopeTI14BCKI1e pac4eTbl CABI1ra 3Hepr1111 Ka 11 K fJ 11311Y4eHI1R 
11 OTHoweHI1fl I(K,g)/I(Ka) Allfl 110HOB Ar pa311114HOI1 cTeneHI1 110HI1-
3a~l111 npoBeAeHbl B pa6oTe 6xa11Jlbi/IO(pe3Y1lbTaTbl Hawero 3Kcnepi1-
MeHTa CB11AeTeJlbCTBYIOT, 4TO CPeAH11e 3Heprl111 KOMnoHeHTOB I Ka 11 
K8 1 '1 OTHOWeHI1e 11X 11HTeHC11BHOCTel1 (I(K{J)/I(Ka)) COOTBeTCTBYIOT 

, paAI1a~I10HHbiM nepexoAaM e 11oHe Ar c OAHOI1 K -eaKaHcl1el1, 4eTb1PbMR 
L -eaKaHCI1RMI1 11 HecK01lbK11MI1 12-31 BaKaHCI1flMI1 e M-o6ono4Ke. 
nonywl1pi1Hbl Jl11HI1H xapaKTePI1CTI14BCKoro 11311Y4BHI1fl I K a 11 K f3 I COQT
BBTCTBYIOT nOJlHOMY Ha6opy B03MOmHbiX 311BKTPOHHbiX KOH<Jll1rypa~I1H 110Ha 
Ar c pa3Ho11 cTeneHbiO 3anonHeHHOCTI1 L -o6oJl04KI1 loT 0 AO 8 L-ea

KaHcl1111. 
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noHRTb Ha6n~AaeMy~ KapTHHY cneKTpa MOmHO B paMKaX cneAY~~HX 
npeACTaeneHH~. npH naAeHHH HOHOB Ar 17+ Ha TBePAY~ MHWeHb npoHc
XOAHT 6~CTpaR 1-10-17 cl He~TpanHSa~HR HOHHOro SaPRAa 3neKTPOHa
MH npOBOAHMOCTH MHWeHH. npH 3TOM 3neKTPOH~ Sacen~~T o6on04KH 
c 6onbWHM rnaeH~M KBaHTOB~M 4HcnoM, n- q I q - 3aPRA HOHal, no 
3HeprHH CBRSH npHfinHSHTenbHO COOTBeTCTBy~He 3HeprHH CBRSH 3neKT
pOHOB npoBOAHMOCTH e MaTepHane MHWeHH. Aanee HAeT paspRAKa o6-
pasy~Hxc~ MHOrOKpaTHO BOS6ymAeHH~X COCTORHH~ ABYMR KOHKypHpy~
~HMH npo~eccaMH: ome•H paAHa~HOHH~MH nepeXOAaMH. npH Z = 18 
I Z - saPRA RAPa HOHal KOHKypeH~HR Ha Ha4anbH~x cTyneHRX KacKaAa 
HAeT 8 nonbsy Oli<e-npo~ecca H nHWb Ha nocneAHe~ cTyneHH cTaHo
BRTCR cy~eCTBeHH~MH eepORTHOCTH paAHa~HOHH~X nepeXOAOB leepORT
HOCTH ome-nepeXOAOB cna6o SaBHCRT OT n , a eepoRTHOCTH paAHa~HOH
H~X nepeXOAOB B 80AOPOAOnOA06HOM HOHe npH ycpeAHeHHH no f, 
== n-4·5 I. PaAHa~HOHH~~ nepexoA e cocTORHHe c n = 1 npoHCXOAHT 
C HaH6onbWeH eepORTHOCTb~ B KOH~Hrypa~HH, KOrAa ome-npo~eCCOM 
sanonHeHa sHa4HTenbHaR AOnR aaKaHCHH e L-o6ono4Ke, npH4eM AHC
nepcHR 4Hcna eaKaHCH~ eenHKa. TaK KaK Ha6n~AaeMoe e Hawe~ pa-
6oTe HSny4CHHe, no-BHAHMOMY, BOSHHKaeT Ha nocneAHe~ CTaAHH pas
PRAKH BOS6YmAeHH~X COCTORHH~ HOHOB Ar, TO nOHRTeH ~aKT HeSaBH
CHMOCTH ~OpH~ cneKTpa Ia npeAenax OWH60K 3KCnepHMeHTal OT MaTe
pHana MHWeHH H 3HeprHH naAa~~HX HOHOB. 

AnR npoeepKH npaeHnbHOCTH Hsno~eHH~x npeAcTaeneHHH HHTepecHo 
npoeecTH HSMepeHHR c HOHaMH c APYrHM Z. C yeenH4eHHeM Z naAa~

~ero HOHa H3ny4eHHe fiyAeT 3~~eKTHBHee KOHKYPHP08aTb C ome-nepe
XOAaMH IHs-sa - Z4 BePORTHOCTH PallHaUHOHH~X neoeXOllOBI. H neoe
XOA~ 2 ~ 1 6YAYT npoHCXOAHTb npH MeHbWeH Is cpeAHeMI CTeneHH sa
ceneHHOCTH L-o6on04KH, TO eCTb 6YAYT OTHOCHTenbHO CHnbHee CMe
~eH~ oT nonomeHH~ HOpManbH~x Ka -nHHH~. B onHcaHHOH 3KcnepHMeH
TanbHOH CHTya~HH HHTepec npeACTaBnReT TaKme onpeAeneHHe 8~XOAOB 
~nyopec~eH~HH, KOTOp~e MOryT CHnbHO SaBHCeTb OT CTeneHH Sanon
HeHHOCTH BHyTpeHHHX oGono4eK. 

AeTop~ 6naroAaPH~ IO.B.t1apT~HeHKo H IO.H.RenHHCKOMY 3a nnoAo
TeopH~e o6cy>xAeHHR, r. E .lllyKHHY sa noM~b 8 oceoeHHH nporpaMM~ 
11nPocnEKT 11

, A.n.liaTomKy sa noM~b e npoeeAeHHH pac4eToe, B.B.Canb
HHKoey, E.r.ne6eAeBoH H C.A.3Hec6naTy sa noM~b e HsMepeHHRX. 
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A3-11787 

A13-11807 

A1,2·12D36 

HET nM llPOBEnOB 8 BAWEA BHBnHOTEKE? 
Bw MoaeTe no.ayqiTb no noqTe nepeq1c.1eHHYe Hlae KHirl, 

ec.ll OBI He 6111.11 381t838HY paHee. 

TPYAW III "-A)'HepQAIIOA •KO.nw no HeATpoHHOA ... IMKe. 
An~TI, 1978. 
TPYAW III MeliAYHepoAHOro co._.HMII no nponopi4HOHIII~
..,." M APIIIto ... M KIMepiM. AY6HI 0 1978. 

TPYAW VI lcecOIOIHOro co....-HMII no )'CKOPMTIIIIIM IIPII· 
aeHHWX ~CTMI4o AY6HI, 1978 /2 TONI/ 

Tp)'AW V "-*AYHipoAHOrO CIMMHipl no npo5neNeM ... IMKM 

3 p. 00 K. 

6 p. 00 K. 

7 p. ItO K . 

... COKMX IMepntll. AY6H .. , 1978 S p. 00 Ko 

A1,2·121tSO TpyAW XII MeliAYHipoAHOII •KOI"III MOIIO,RWX )' ... twX no ... IMKI 
...COKMX IIHipntll .- 0PMMOPCKO, HP&, 1978. 3 p. 00 K. 

TPYAW VII lcecOIOIHOro co.._.HMII no )'CKOPMTanAM IIPII· 
aeHtwx ~ICTMI4 0 AY6HI 0 1980 /2 TONI/ 

A11·80•13 TPYAW ~ero CO .... HMII no CMCTIMIM M MITOAIM 
IHinMT~ICKMX -MCMHMll HI 311M M MX npMMIHIHMII 

• TIOPITM~ecKoll ... IMKe, AYGHI, 1979 

,Qit-80·271 Tpyj!W MeliAYHepoAHOII ICIOHtePIH14MM no npo«!neMIM 
HeCKOn~KMX Tin I IIAIPHoil ... IMKio AY&tl, 1979. 

.Qit·80•38S Tpy,QW MlaAYHIPQAHoil •KOI"III no CTP)'KT)'pe IIAPI• 
An~TI, 1980. 

AZ·iil-Sitl TPYAW VI "-AYHIPDAHOro co.._.HMII no npo«!neMIM KNH· 
TOP TeopMII nonll. An~TI, 1981 

A10,11-81-622 Tpy,QW "-AYHIPQAHOro co .... HMII no npo«!neMMM MI!IMITM· 
... CKOrO ..,..,..poNHMII I IIAIPHO .... IM ... CKMX MCc:ne,qoN• 

HMIIXo ~' 1980 

A1,2·81·728 TPYAW VI H'*A)'HIPDAHQro CIMMHIPI no npo«!neMIM •MIMKM 
IWCOKMX IHeprMll. 4)'GHa, 1981. 

A17-81·7S8 TPYAW II HeaAYHipoAHQro CMMnoiM)'MI no MIISPIH
npo«!neMMM CTITMCTM ... CKoA MeXAIHMKM. AYISHI, 1981. 

A1,2~82-27 TPYAM H'*A)'HipoAHQro CMMnOIM)'MI no non~~PMIII4MOHHMM 
IIMIHMIIM I tMIMKI IWCOKMX :tHiprMll. AYI5H1, 1981. 

P18·82·117 TP)'AM IV COI ... HMII no MCnon~IOIIHMII HOaWX IIAIPHO· 

tMIM~KKMX HITOAC)e Anll ~HMII HI~HO-TIXHM~KKMX 
M HlpoAHQXOIIIiiCTII- IIAI~. 4)'GHa, 1981. 

A2·82~S68 TPYAW COI~IHMII no MC~OIIHMIIM I o6neCTM 
peniiTMIMCTCKoA IIAePHOA tMIMKM. AYISHI, 1982. 

A9-82-661t TPYAW cOI ... HMII no KDnneKTMI- MeTQAIM 
)'CKOpeHMII. AYISHI, 1982. 

A3,1t·82·701t TPYAW IV HeaA)'HIPDAH<lA •Kol"lll no HeliTPDHH<lA 
~IMKI. AYISHI, 1982. 
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