
P6 - 9073 

U.BbiJIOB, JI .A.BhiJioBa, H.AToJIOBKOB, B . n . oc~meHKo , 

MJ1 .<l>oMHHbiX, B.r .'lyMHH, B .C.AJieKcaH,npoB, 

B.M.ropo:lKaHKHH, lll .OMaHoB 

COEKTPOMETPHH M3JIY'IEHMM 

PA~MOAKTMBHhlX HYKJIM~OB 

C nOMOmPID OOJIYOPOBO~HMKOB~X ~ETEKTOPOB 



r(J 

HHCTHTyTa .HAepHbiX 

ll B TOM, 'ITO TeKCT rrpeiipHHTa 

B KaKOM • JIH60 HaY'·IHOM )f(ypHaJie 

4634/2-75 np. 
cne,ZJ;-

asneH 

enlleT 
~CKHX 

~Jll!M . 

X HeM 

IUIH 
1ee -

1 ro,ZJ; 

Ha 

, 

P6 - 9073 

U.BhiJIOB, Jl .A.BhiJiosa, H.A.roJioBKOB, B.n.OmmeHKo, 
MJ1.«1,)oMHHbiX, B .r _qyMHH, B .C.AJieKcaHApos, 7 

B.M.ropo)l(aHKHH,2 lll.OMaHOB 3 

COEKTPOMETPHH H3J1YqEHHH 

PA~HOAKTHBHMX HYKJJH~OB 

C OOMOll.{biO OOJJYOPOBO~HHKOBhlX ~ETEKTOPOB 

.. 

HanpaaneHo B c6. "npaKnaaHaH HaepHaH c neKTpocKonaH" 

1 BHvB1M HM . .U.Yl.MeHaeneeaa 
2 BopoHe)f(CKHA rocyaapcTBBHHhlA yHHBepcaTeT 
3 CaMapKaHaCKHH roc yaapcTBBHHbJA yHHBepcaTeT 



Upone~ypa nocTpoeHHR cno~Hwx cxeM B036y~eHHWX 

COCTORHHB aTOMHWX R~ep Tpe6yeT, B nepsyJO O'lepe~L, 

H3MepeHHR 3HeprHi E H HHTeHCHBHOCTei I raMMa-ny'lei 

c B03MO~o MeHLmei norpemHoCTLJO. YcosepmeHcTsosa

HHe TexHonorHH H3roTosneHHR UU,D, /1/, a TaiOKe mHpoKoe 

DpHMeHeHHe 3BM ~nR o6pa60TOK CDeKTpanLHWX nHHHB 

D03BOnReT ODpe~enHTL nonmKeHHe MaKCHMyMa DHKa p C 

norpemHOCTLIO ~0 - 10-3 KaHana /B 3HepreTH'IeCKHX e.JtH

HHUaX DOpR~Ka HeCKOnLKHX 3B/ H nnmna~L DHKa S C norpem

HOCTLIO - 0,3~/2/.0~HaKO ~OCTOBepHOCTL CODOCTasneHHR 

p-E H S-1 CBR3aHa C MO~enLJO BW'IHCnHTenLHOB npone~ypw, 

C Ka'leCTBaMH DpHMeHReMWX HOpManei 3HeprHB H HHTeH" 

CHBHOCTei raMMa·ny'lei, a TaK~e C MeTO~aMH y'leTa 

3~eKTos/2/,HcKa~aro~x ~opMy annapaTypHoro cneKTpa. 

l.J,enLJO HaCTORIUei pa60TW RBnReTCR ODHCaHHe MeTO~HKH 

H3MepeHHR 3HeprHi H HHTeHCHBHOCTei raMMa·nyqei C 

MHHHManLHOB norpemHOCTLIO. MeTO~HKa paCC'IHTaHa Ha npo

Be~eHHe 3-5 cepHi H3MepeHHB, 'ITO OTBe'laeT peanLHWM 

3KCDepHMeHTanLHWM ycnOBHRM. 

I. HOPMAJIH 3HEPFHR FAMM'A-JIYqEJl 

B Ka'lecTse HopManH 1- ro nopR~Ka s peHTreHOBCKoi 

CDeKTpOCKODHH DpHMeHRIOT ~nHHy BOnHW peHTreHOBCKOB 

nHHHHK (W)/3/. 
al ' 

AWKa
1 

=0,2090100X.*. 
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Tor,ZJ;a c y'leToM nepeBO.ZJ;Horo MHO:>KHTeJIJI HanpJI:>KeHHe -

.ZJ;JIHHa BOJIHhl I /J/. •a6A. 351 

EA =he/ e = 12398,301 1731 3B A* 
HMeeM 

EWKai= 59,31918 1261 K3B. 
3Ha'leHHe E W K a I MO:>KHO nony'IHTL H nyTeM Henocpe.D;

CTBeHHOrO cpaBHeHHJI BeJIH'IHHhl ,\ W Ka I C OllTH'IeCKHMH HOp

MaJIJIMH. Tor,ZJ;a /4/ 

EWKai = 59,31881 1221 K3B. 
c y'leTOM ,\ w K a H 6onee paHHero 3Ha'leHHJI E ,\ = 

= 12398,10 1131 3ll A pacc'IHTaHhl .ZJ;JIHHhl BOJIH MHOrHx 

peHTreHOBCKHX JIHHHH /s/ • a 3aTeM H 3HeprHH aTOMHhiX 

ypoBHeii /6/. 3TH 3Ha'leHHJI npHMeHJIJOTCJI npH onpe.D;eneHHH 

3HeprHH raMMa·KBaHTOB llO cneKTpaM KOHBepCHOHHhiX· H 

c1JoT0-3JieKTpOHOB. 

2 . .RoepHa.R cneKmpocKonu.R 

E.ZJ;HHCTBeHHoii ecTeCTBeHHoii HOpMaJILJO 3HeprHH raM

Ma-HJJiy'leHHJI, 3Ha'leHHe KOTOpoii llOJIHOCTLIO onpe,D;eJIJieTCJI 

ciJyH,ZJ;aMeHTaJibHhiMH llOCTOJIHHhiMH, JIBJIJieTCJI 3HeprHJI aHHH· 

rHJIJIUHOHHOrO H3Jiy'leHHJI /3/: 
m.,c2 = 511,0041 1161 K3B. 

Tor,ZJ;a :meprHJI aHHHrHJIJIUHH noKOJI~erocJI no1HTPOHHJI c 

y'leToM nonoBHHhl 3HeprHH CBJI3H cocTOJIHHJI So pasHa: 

2 
+ + 2 mec y- ,- hy- = me c - -:r 

8h 
= 511,0007 1161 K3B. 

K co:>KaneHHJO, acnonLJoBaHae 3Toii BeJIH'IHHhl JaTpy,ZJ;

HeHo H3- 3a CJIO:>KHOH ciJopMhl cneKTpaJILHOH JIHHHH /1/ , 'ITO 

YCTaHaBJIHBaeT npe,ZJ;eJI MaKCHMaJILHO .ZJ;OCTH:>KHMOH TO'IHO

CTH. ll03TOMy B Ka'leCTBe 3HepreTH'IeCKOH HOpMaJIH 2-ro 

UOpJI.ZJ;Ka, ciJopMa cneKTpaJILHOH JIHHHH KOTOpoii He 3aBHCHT 

OT BTOpH'IHhiX 3cllciJeKTOB, BLI6paH y -nepeXO.ZJ; 411,8 K3B 
B I

98
Hg lo6 apryMeHTaX BLI6opa CM., HanpHMep,/4/ 1. 

To~IHoe 3Ha'leHHe 3HeprHH 3Toro nepexo.ZJ;a /s/ 

Ey 1411,81 = 411,794 171 K3B. 
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onpe.D;eJieHo c noMo~LJO 6e3:>KeJieJJioro 6eTa-cneKTpoMeT

pa I p = 100 cMI npH cpaaHeHHH 'Lm·JIHHHH clloTo3JieKTpo

HOB BHeWHeii KOHBepCHH raMMa·HJJiy'leHHJI y411, 8 H 

K -JIHHHH y± B ypaHOBOM pa.D;HaTope 171. 

3. CpaeHeHue HOpMaAeii 1- zo nopJH)Ka 

Cxo.ZJ;HMOCTL HOpManeii 1- ro nopJI.D;Ka MO:>KHO npoaepHTL 

KaK Henocpe,ZJ;CTBeHHhiM CpaBHeHHeM 3HeprHH O.ZJ;HOH HOpMaJIH 

C .D;pyroii, TaK H CpaBHeHHeM 3HeprHH HOpMaJIH 2- ro UOpJI.D;

Ka, onpe.D;eneHHoii B WKanax HOpManeii nepaoro nopJI.D;Ka. 

TaKoii aHaJIH3 npoBO.D;HJICJI HeO.ZJ;HOKpaTHO /4,8,9/ a peJynL

TaThl rOBOpJIT 0 XOpoweii CXO.ZJ;HMOCTH HOpManeii /8/. IlpH 

3TOM, O.ZJ;HaKO, Hy)KHO UOMHHTL CJie,ZJ;yJO~ee: 

A. CaM:oe TO'IHOe HlMepeHHe 3HeprHH y 411 ,8 ocHoaa

HO Ha cpaBHeHHH C "y3KHM" KOMUOHeHTOM aHHHrHJIJIUHOHHO

ro B3Jiy'leHHJI, a 3KcnepHMeHTaJILHOrO .ZJ;OKa3aTeJILCTBa npH

Ha.ZJ;Jie:>KHOCTB 3TOro KOMllOHeHTa llOKOJI~eMyCJI ll03HTpOHHIO 
HeT /7/; 

Ji. Hy:>KHO C OCTOpO:>KHOCTLIO OTHOCHTLCJI K ,ZJ;aHHhiM, 

nony'leHHhiM npa cpaaHeHBB 3He praii y - nyqeii c E W K a 1 • 

IloKaJaHo, /ro;'ITO peHTreuoacKoe BlJiy'leHae W, acnycKae

Moe nocne {3 -pacna,ZJ;a 
1

1l2 Ta , C.ZJ;BBHyTo Ha 1,8±0,5 3B 
OTHOCBTeJILHO "HOpMaJILHOrO" lecTeCTBeHHaJI B30TOUHaJI 

CMeCLI peHTreHOBCKOrO B3Jiy'leHBJI W. 
Cxo.ZJ;HMOCTL HOpManeii 1-ro nopJI.D;Ka MO:>KHo npoaepHTL 

B nyTeM cpaaueHBJI 3Hepraii raMMa-nyqeii, onpe.D;eneHHhiX 

npB Up.JIMOM cpaBHeHBB C HOpMaJIJIMB 1 B 2 llOpJI.D;KOB 

IHOpMaJIH 3 UOp.II,ZJ;Kal. C UOMO~LIO HOpMaJieii 3 
nop .. .D;Ka nony'leHhl 3Hepraa pJI.D;a nepexo,ZJ;oB I3HepreTa

qecKBe penephll, 3Ha'leHBJI KOTOphiX npBMeHJIIOTC .. npH 83-

MepeHBB 3HeprHH raMMa- nyqeii. 

4. B1>r6op 3Hepzemu'lecKux penepoe 

MeTO.D;HKa H3MepeHHJI 3HeprHH raMMa-nyqeii c noMO~LJO 
IIII,IJ; OCHOBaHa Ha cpaaHeHHH nono:>KeHHii MaKcHMYMOB cneKT

paJILHhiX JIHHHH C UOJIO:>KeHHJIMH HOpMaJieii H penepOB I.D;n .. 
Kpa'iKOCTH .ZJ;anee 6y.ZJ;eM npHMeHJITL noHJITHe penephll. HaH-



6onee nonuwu ua6opou penepoB B npe.~V~ono>Keuuu y411,8 = 
= 411,794 (7) N!JI 3RepreTR'IeCJCO:i o6naCTR p&.ltRO&ICTRBHhii 
HYICJDI~OB /30-3.600 K3B/ JIBnJIIOTCJI ~a,uuwe Xem.
uepa, rpRHBy~a R repJCe, ICOTOpwe npRBe~eHW B /12/ 
aa6.11. 1. 0Tnu'lue uexoTopwx ~pyrux pexoueu~oBauuwx 
penepoB oT npuBe~euuwx B aa6.11. 1 noxa3auo ua puc. 1. 
B o6nacTu ~o 1000 K3B ace penepw cornacyJOTCJI a npe~e
nax omu6ox. B o6nacTu >Ke swme 1000 K3B BR~a •pxo 
awpa>Keuua• cucTeuaTR'Iecxa• pacxo~uuocTh ~o 0,3 K3B 
/npu norpemuocTu 0,05 - 0,08 K3B/. BuyTpeuu•• corna
coBauuoCTh ~auuwx aa6.11. 1 no~Taep~aeTcJI cxo.~tRuocThJO 
xacxa~wx u np•uwx nepexo~oB, nonyqeuuoi xax B pa6o
Te /12/, Tax u a uamux R3Mepeuu•x. 

II. HOPMAJIH HHTEHCHBHOCTEJl y -JIYqEJl 

B uacTOJIIQee apeMJI uueeTCJI l(enw:i pJI~ uyxnu~oB, 
aJCTRBHOCTh I A/ xoTopwx a cuny npocToTw cxeuw pacna~a 
MO>KHO R3MepRTh pa3nR'IHhiMR MeTO~&MR C norpeWHOCThiO 
1- 3.~ I aa6.11. 1/. 3TH ~auuwe 'lame acero ucnonh3YJOTCJI 
N!JI R3MepeHRJI 31CCDepuueuT&nhHOH 3aBRCRMOCTR 34M!JeJCTRB
HOCTR rauua-cnexTpoueTpa a 3a~auuoi reoueTpuu /13/. 
Kpoue Toro, npu uccne~oaauuu :J4M!JeJCTRBHOCTR cnexTpo
ueTpa HCUOnh3YJOT OTHOCRTenhHWe RHTeHCRBHOCTR rauua
nyqe:i, B03HRJCaJOIQHX npu pacna~e 182Ta, IIOmAg R 56C0 

jaa6.11. 1/ /npuueuJIJOTCJI ~auuwe c yxa3auuwuu omu6xa
uu/. 3aueTRM, 'ITO aonpoc ucnonh3oaauu• 3Ha'leuui oTuo
cuTenhuwx RHTeHCRBHOCTe:i R3 pa3nR'IHhiX nRTepaTypHWX 
RCTO'IHRICOB JIBnJieTCJI cnO>KHWM, R 3TO HnniOCTpRpyeT puc.2 
/a JCa'leCTBe 6a3uca ucnonh3YJOTCJI ~auuwe /12/ , xoTopwe 
nonyqeuw B 3apauee Bw6pauuwx ycnoBRJIX ~n• cpaBuuaae
uwx uyxnu~os/. Bu~o. 'ITO: 

a/ pa36poc TO'IeJC uaxo~RTCJI a npe~enax ±5~ u 3TOT 
c)axT cornacyeTcJI c npuBe~euuwuu omu6xauu; 

6/ uamu ~auuwe /14/ o 152 Eu /xanu6poBJCa IUl.D; npoBo
.~tRnach C UOMOIQhiO OCrH/ xopomo cornacyeTCJI C ~&HHW
MR /12/ , R CRCTeM&TR'IeCJCR:i C~BRr - 2~ - CBJI3aH, no
BR~MOMY, CO 3Ha'leHReM RHTeHCRBHOCTR HOpMRpOBO'IHhiX 
DRICOB 122, 344 K3B/; 

6' 

B/ pacxo~uocTh a Iy /l 4/ ~n• nepexo~oB 186 u 
295 K3B 226 Ra CBJI3aua c ycnoBRJIMR R3Mepeuui B /12/, 
r~e, no-B.R~MOMy, He BhiUOJDIJIJDICh ycnOBRJI p&BHOBeCRJI 
~o'lepuux npo~yxToa; 

r/ HY>KHO OTMeTRTh nnOXYJO CXO~MOCTh pe3ynhT&TOB 
npu uccne~oBauuu :J4M!JexTuauocTu Ge (Li) -~eTeJCTopoa c no
UOIQhJO ~auuwx /15/ /ua puc. 2 ~auuwe ue npuae~euw/. 

III. METO,/UfKA H3MEPEHH1l 

MeTo~uxa R3Mepeuui :Jueprui rauua-ny'lei c nouoiQhJO 
IUl~ ocuoaaua ua cpaBHeuuu c :JuepreTR'Iecxuuu penepa
uu. llpu 3TOM oTnR'I&JOT ~sa no~xo~a a pa3pa6oTJCe npo
rpauu xanu6poBoJC c noMOIQhJO 3BM: a nepBoM cny'lae 3a
aucuuocTh Ey oT uouepa xauana ~n• Bcero cnexTpa onu
cwaaeTcJI nonuuouou cTeneuu n·: 

n . 
Ey =.! A(i)p 1 

•=0 
BO BTOpOM Cnyqae 3Ta >Ke 3aBHCHMOCTh OUHCWBaeT"JI Ha 
orpauuqeuuou y'laCTJCe cnexTpa /ueTo~ cnnaiuoa rr./ 1. 
Cne~oBaTenhuo, o6a no~xo~a Tpe6yJOT npuuemuBaHRJI 6onh
moro 'IRena penepuwx nuxoa B uccne~yeuwi cnexTp, 'ITO 
DpaiCTR'IeCJCH HeB03MO>KHO B Jl~epHOCDeJCTpOCICOUR'IeCJCRX 3JC
cnepHMeHTaX u3-3a 6onhmux ucxa>Keuu:i annapaTypuoro 
cnexTpa /2/ . 

Pa3pa6oTauuaJI uauu ueTo~uxa npe~nonaraeT ucnonh-
30Bauue TonhJCO 6 :JuepreTR'Iecxux penepoa. llpu 3TOM 
ueo6xo~uo npe~BapRTenhuoe uccne~oaauue uenuue:iuocTu 
u :J4M!JeJCTRBHOCTR cnexTpoueTpa B 3apauee Bw6pauuwx 
ycnoBRJIX /Ko34MIJRI(ReuTw ycuneuu•; Tenecuwe yrnw; no
rnoiQaiOII(IIe c)unhTpl.i; :J4M!JexTw, RCJCa>K&JOIQHe c)opuy anna
paTypuoro cnexTpa/2/ I u annpoxcuuupoaauue ux auanuTu
qecxuuu awpa>KeHRJIMR. B 'l&cTuou cny'lae, xor~a cno>K
uoCTh cnexTpa no3aonAeT npuuemuBauue 6onhmoro xonu
'leCTBa penepoB, ueTo~ nepexo~uT B o~uu R3 Bwmeyxa3au
HWX no~xo~oa. 
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~ /2 I 1. HeAuHeuHoc•b cneK•poMe•pa ' 1 

HenHueiuoeTL eneKTpoMeTpa ueene~yeTe~ B npe~ono
>KeHHH, 'ITO ~Ba npOH3BOnLHLlX l"onopHLlX"I nHKa pa3HLIX 
3Heprai ne>KaT ua np~Moi, Ko3clMPH~HeHTLl B (1) a B (2) 
KOTopoi uaxo~~Te~ H3 ypaBueua~: 

E1p2-E2P1 E 1-E2 
E=B(l) +B(2)p B(l) = ---p;=.-p;- B(2) = ,.. _,.. . III 

3aTeM no 3TOMY ypaBHeHHIO paee'IHTLlBaiOTe~ nono>KeHH~ 
MaKeHMYMOB nHKOB e H3BeeTHOH 3HeprHeH H eTpOHTe~ 3a-
BHeHMOCTL 0 = p- Ppac'-1. OT HOMepa KaHana ~~ · 

llpo~e~ypa noeTpoeHHJI H annpoKeHMa~HH KPHBOH uenH
HeHHOeTM noKa3aHa Ha puc. 3 H eoeTOHT B ene~yiOII(eM. 
~n~ Ka~oro pe>KHMa Bw6paHw noeTo~uuwe "onopuwe" 
nHKH H H3MepeHH~ npOBO~~Te~ e nOMOII(LIO pa3nH'IHLlX pene
poB, yKa3aHHLlX B ma6.11. 1. llporpaMMa npe~yeMaTpHBaeT 
npoBe~eHHe HeeKOnLKHX eepHH H3MepeHHH, npH'IeM eyMMap
HOe KOnH'IeeTBO nHKOB BO Beex eepH~X < 500. 3Kenepa
MeHTanLHLle TO'IKH annpoKeHMHPYJOTe~ nonHHOMOM IBeea 
TO'IeK B pae'leTaX npHH~TLl O~HHaKOBLlMHI: 

M . I 
8. = 2 A(i) ~-

! i=l p J 

r~e M = 2-:- 5. OnTHManLuoe 3Ha'leHae 
Ke Bw6apaeTe~ no auanH3y 3Ha'leuai 

8i = 83Kcn. (pi) -8pac'-!(Pj ). 

121 

M Ha ~aHHOM yqaeT-

qHeno yqaeTKOB ~n~ annpoKeHMa~HH Beea KpHBOH HenHHea
HOeTH ~ 5 · 

B Ka'leeTBe npaMepa ua puc. 4 noKa3aHa noeTpoeHua~ 
KPHBa~ uenHueiuoeTH ~n~ eneKTpoMeTpa e Ge (Li) - ~eTeK
TOpOM ~~Hana30:U 30 - 1100 K3B; onopHLle TO'IKH -
122 K3B - 57 Co u 834 K3B - 54Mn I H o6naeTH ee an
npoKeHMa~a. 

8 

t 

.... ~. 

2. 3dif/ieK•ueHoc•b cneK•poMe•pa 

A. A6eomoTua~ 3clMPeKTHBHOeTL 

3clMPeKTHBHOeTL eneKTpOMeTpa eTpOHTe~ e nOMOII(LIO 
a6eomoTHO-KanH6poBaHHLlX HeTO'IHHKOB B eTaH~apTHOH l3a
pauee BLl6pauuoi /2/ I reoMeTpHH. llpa 3TOM npau~TLl 
Me pial ~~ yMeHLWeHH~ B03MO>KHOH OWH6KH H3- 3a MeTO~HKH 
H3MepeHH~: norpeWHOeTL reoMeTpH'IeeKOH BOenpOH3BO~H-

' MOeTH yenOBHH H3MepeHHH ~OBe~eua ~0 BenH'IHHLl - 0,1~; 
yqeT MepTBOrO BpeMeHH eHeTeMLl Be~eTe~ e npHMeHeHHeM 
Tai:wepuoi eaeTeMw TRIDAC -C, BpeM~ ua6opa BLl6apaeTe~ 
e Y'I,TOM Tpe6oBaHH~ nony'leHH~ MHHHManLHOrO 3Ha'leHH~ 
8 S/S 21; Bee B3Mepeua~ npoBo~~Te~ B Te'leHae BpeMeHH 
< T I/2. ATTeeTa~a~ a6eomoTHoi aKTHBHoeTH eTau~apTHoro 
ua6opa ocru e BLleOKOH TO'IHOeTLIO npoBe~eHa BO BHH.HM 
HM. ~.H.MeH~eneeBa. 

llpo~e~ypa noeTpoeua~ KPHBOH 3clMPeKTHBHOeTH noKa3a
ua Ha puc. 5 H eoeTOHT B ene~yiOII(eM. ~n~ Blal6paHHLlX 
yenoBHH H3Mepeuai ITeneeHLlH 'yron H cllanLTp nornoll(e
HH~I paee'IHTLlBaiDTe~ 3Ha'leHH~ a6eopiOTHOH 3cllclleKTHBHO
eTH 

S/r 
f a6c = 

Ie -At 131 

r~e S - nnoll(a~L naKa ~auuoi 3HeprHQ; r - BpeM~ H3Mepe
HB~ I cl; I - 'IHeno y ·KBaHTOB ~aHHOH 3HeprHH B 4 rr 3a 
I c; A = &t 2/TI/2- Bepo~THOeTL pa~oaKTHBHoro paena~a 
I 1/lJHI; t - BpeM~, npowe~ee oT MoMeHTa aTTeeTa~HH 

~o MOMeHTa H3MepeHH~ I lJHI. KonH'IeeTBo KanH6poBO'IHLlX 
nHKOB $. 70. KouTponL Ka'lecTsa Ka~oi H3MepeHHOH TO'IKH 
f a6c Be~eTe~ no auanH3Y BenH'IHHLl: 

~ =1(~)2+(~)2+(~)2+(~) 2+ 
l I s . t T 

( 0,~93 8 t,2+( 0,69,3.2t.8T)l )2 I I/2 

I/2 T I/2 

141 

3~eeL Bee 3Ha'leHH~ ~aHLl B ~. 

9 
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B. 0THOCHTenLua~ 3~eKTHBHOCTL 

B uexoTopLix 3a~aqax 3~eKTHBHOCT.L cnexTpo:weTpa 
HCcne~yiOT C nOMOII(LIO OTHOCHTenLHLIX HHTeHCHBHOCTe:ii 
y - nyqe:ii p~~a H30Tonoa I •a6A. 11. llpH 3TOM pa3~en~IOT 
~Ba nO~XO~a: CB~3L C. a6COniOTHLIMH TO'IKaMH f a6c H CB~3L 

· c 6a30BLIMH TO'IKaMH uexoToporo uyxnu~a. B nocne~e:w 
cnyqae B nesy10 aeTBL 6nox- cxe:wLI nporpa:w:wLI I puc. 5/ 
BBO~~Tc~ ~aHHLie BLI6pauuoro uyxnH~a luanpH:wep, l52Eu , 
226Ra , l60Jb H ~p./. 

llpone~ypa nOCTpOeHH~ KpHBO:ii 3~eKTHBHOCTH COCTOHT 
B cne~yroll(eM. )l;n~ Ka>K,IJ,OrO HyKnH~a paCC'IHTLIBaiOTC~ 3Ha
'leHH~: 

( OTH = s I I 151 

H C nOMOII(LIO HOPMHpOBO'IHOrO MHO)I(HTen~ q nepe~o~~TC~ 

B a6conroTHLie IHnH 6a3oBLiel 3Ha'leHH~. BenB'IHHa q onpe
~en~eTc~ Cne~yroii(HM 06pa30M: C nOMOII(LIO nporpaMMLI BH
Tepnon~nHH napa6onaMH no Tpe:w 6nH)I(a:iiWH:w TO'IKa:w ( a6c 
~~ TeX nHKOB, 3HeprH~ KOTOpLIX y~OBneTBOp~eT ycnoBHIO 

£ a6c.i 
E a6c,min<E<E a6e,max· ,paCC'IHTLIBaiOTC~ 3Ha'leHB~ q i=---- ; 

f OTH. i 
- 1 n 

nony'leHHLie 3Ha'leHH~ q 
1
• ycpe~~IOTC~: q o: - .! q 

1
· , r~e 

n t=l 

n - .'1Hcno ua:ii~eHHLIX TO'IeK. llocne pac'leTOB acex cepH:ii 
3Ha'leHH~ f BLICTpaHBaiOTC~ B nop~~~e B03pacTaHH~ 3Hep-. 
rHH ~n~ nocne~yroll(e:ii o6pa6oTKH. Cy:w:wapuoe xonuqecTao 
nHKOB BO BCeX cepH~X -:s_ 350. 

B. AnnpoxcH:wanH~ xpHsoii 3~eKTHBHOCTH 

llpone~ypa annpoxcH:wanHH xpHBo:ii 3~eKTHBHOCTH aua
norH'IHa onHCaHHO:ii ~n~ HenHHe:iiHOCTH H npOBO~HTC~ C no
MOII(LIO nonBHOMa: 

M i-l 
£n ( . o: ! C ( i ) Pn E . 

J i=l J 
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r~e M o: 27 5. OnTH:wanLuoe 3Ha'leHHe M ua ~auuo:w yqacTKe 
BLI6HpaeTc~ no auanu3y JHa'leHHii 

10 

td%] 
f a6c - f pacq 

fa6c 
IE i 

qHCno yqaCTKOB ~~ annpOKCHManHH BCe:ii KpHBO:ii 3~eK
THBHOCTH -<.5. 

B Ka'leCTBe npH:wepa ua puc. 6 noxa3aua nocTpoeuua~ 
KPHBa~ 3~eKTBBHOCTH ~~ Ge ~Li) -~eTeKTopa 137 cM 21, 
a TaK)I(e o6nacTH annpoxcH:wanuH. 

IV. OEPAEOTKA PE3YJlhTATOB O,lUHIOqHOTO 
H3MEPEHHJI 

Bnox-cxe:wa nporpa:w:wLI o6pa6oTKH o~HHO'IHOro H3Me
peuH~ npHBe~eua ua puc. 7. llocne y'leTa uenHue:iiuocTH 

cnexTpo:weTpa lxoppexnH~ p; -. p j I, no MHK npoH3BO
.QHTC~ pac'leT Ko34M!JHnHeHTOB B xanH6poaoquo:ii np~:wo:ii 

E; o: B (1) + B (2) p j 171 

c nouoii(LIO ~aHHLix ~n~ 6 penepHLIX nHHH:ii. B xaqecTae 
BecoB HcnonL3YIOTC~ BenH'IHHLI (~ET+[B(2) ~pi ] 2)-~ 0WH6-
Ka O.QHHO'IHOrO H3MepeHH~ 3HeprHH ra:w:wa- nepexo~a paCC'IH
TLIBaeTc~ no c)op:wyne: 

2 2 2 2 I/2 
~E;o:IL\B(l)] +[~8(2)] P; H P;+[B(2)~pi] I ' 181 

B KOTOpo:ii 3 nepBLIX 'lneua onpe~en~IOTC~ KOpH~OpOM OWH-
6ox npH npose~eHHH xanu6poaoquo:ii np~:woii I r pi - xop
penanBoHHLI:ii qneul, a 'leTaepTLiii - norpeWHOCTLIO onpe~e
neHB~ nonO)I(eHB~ MaKCHMyMa nHKa. 

KouTponL xaqecTBa 3KcnepH:weuTa ae~eTc~ no auaJIB3y 
~E i =E i - E i pac'l, r~e E i pac'l- nonyqeuuoe B pe3ynLTaTe 
KaJIB6pOBKH 3Ha'leHHe 3HeprHH penepuoro nHKa; E i - BBO
.QHMOe 3Ha'leHHe 3HeprHH penepuoro nHKa. 

0THOCHTenLHLie HHTeHCHBHOCTH ra:w:wa-nyqe:ii B HX OWH6-
KH BLI'IHCn~IOTC~ no c)op:wyna:w: 

s. IH ·~I o:l I --, I.= -~--S-/lH 
I ( i H 

T 
. ~S i 2 ~SH 2 

y(--) +(--) ' 
s; s H 
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rAe E i - 3clxbei<THBHOCTL cDei<TpoMeTpa An.& y - nyqei c 
3Hepraei E i ; I H B S H - BHTeucBBHOCTL• B DJIOIQaAL DBI<a, 
BWOpaHHOrO B I<a'leCTBe HOPMBpOBO'IHOro; Si - DJIOIQaAL 
I<aJIB6pyeMoro DBI<a. 

B pe3yJILTaTe o6pa6oTI<B ua AIUIY BWBOAJITCJI 3Ha'leuaa 
Pi ; ,1 P i ; o i pacq ; S i ; ,1 S i ; E_pacq ; E i ; ~ E i ; I i ; 
,11 ; ai =2,354ai B(2). llpBMep oopa6oTI<B cDei<Tpa y -nyqei 
DpB pacnaAe 5 6Co , II OmAg , 1921r , 207 ·Bi B ua6opa 
BCTO'IHBI<OB ocru /puc. 8/ DpBBeAeH B •a6A. II. 3aMeTBM 
cJieAyroiQee: 

a/ AJIJI HarJIJIAHOCTB DpBBeAeHW AaHHWe, OTHOCJIIJpleCJI 
I< B30TODaM ocru, 56 CoB llOmAg; 

6/ I<OJIOHI<B 2-6 - Aauuwe o6 3Hepraax, Donyqeuuwe 
npa o6pa6oTI<e c pa3JIB'IHWMB ua6opaMB 6 peDepoB B3 
OCrH /BCDOJIL30BaHHWe peDepw DOMe'leHW I<peCTBI<aMB/; 
A- .Aauuwe c BCDOJIL30BauaeM I<pasoi uenaueiuocTB, Do
CTpoeuuoi TOJILI<O DO TO'II<aM OCrH /14 TO'Iei</; Ji -
AaHHWe C BCDOJIL30BaHBeM I<pBBOH HeJIBHeHHOCTB, DpOBeAeH
HOB 'lepe3 62 TO'II<B, CBeAeHBJI 0 I<OTOpbiX DpBBeAeHW 
B •a6A. I; 

B/ xapai<Tepuwe I<o3clxbB~HeHTW aDDpOI<CBMBposauuwx 
I<pBBWX HeJIBHeHHOCTH H 3clxbei<TBBHOCTB /I<pBBWe anDpOI<
CBMBpOBaHbl OAHBM y'laCTI<OM/ 

cnyqai A 

cnyqai 1i 

12 

A(l)=-3,524673 

A(2) = -8,236195 

A(3) = 5,694439 

C(l)=-9,453329 B(l) =-2,668707 

C(2)= 6,572416 ,18(1)=2,083.10-3 

C(3) = -3,433892 B(2) = 0,5157 484 

A(4) =-1 ,320537 C(4) =0,6472691 L'fl(2)= 1,0265.10-6 

A(5) =0,00233769 C(5) = -0,0440858 B(2) = 1 ,0265.10-6 

A(l) = 3,530652 

A(2) =-8,254420 

A(3) = 5,653887 

A(4) =-1,281474 

A(5)=0,0745985 

AJIJI I<OJIOHI<B /2A/ 

B(l)=-2,668547 

,18(1) = 3,5383.10-3 

B(2) = 0,5157438 

,1 B(2) = 1,7432.10-6 

/AJIJI I<OJIOHI<B /2Ji/ 

IV. 01>PA.60TKA PE3YJihTATOB MHOFOKPATHI:JX 
H3MEPEHHi1 

Pe3yJILTaTw OABHO'IHWX B3Mepeuai ua pa3JIB'IHWX nn,n, 
CDei<TpOMeTpB'IeCI<BX Tpai<TaX B DpB pa3JIB'IHWX I<03clxbB~BeH
TaX YCBJieHBJI OOpa6aTWBaiOTCJI DO CJieAYJOIQBM c)OpMyJiaM: 

I Ei(_!_) 2 
i=I ,1 E . 

E = ...!__+E
0 n 

I ( _1_ )2 
i=l ,1E. 

I 

I 2 2 ,1E 1 = al +a
3 +a! 1 1/2 

2 2 2 I/2 L\E 2 = la 2 +a 3 +a 
4 

I 

,11 = 1/32 + f-12 11/2 
I I t' 3 

2 2 
,1l2=lf32 +/33 1 I/2 

1 
a 2 = 

I n 2 
I (1/,1E.) 
i=l 

2 a
3

=p2E2 

I 

I 

2 
a 

2 

= 

0 
1 2 I li(--) 

i=l A I i 

! (-1-)2 
i=l ,1E. 

I 

/10/ 

n 1 2 2 
I ( --) (E-Ei) 
i=I ,1Ei 

0 1 2 
(n-1) I (-) 

i=l ,1Ei 

a 4 = p. 2E 2 

13 



2 
{31 

{33 

1 
n 

I 
i=l 

(1/~1.)2 
1 

K212, 

2 
{32= 

n 1 2 2 
I (-) 0-li) 

i=l ~I i 
- • n 1 2 
(n-1) I ( --) 

i=l ~ I i 

r.u;e n - .'IBCno B3MepeHBii; 3HeprBJI E .u;aeTCJI B I K3B/; 
a 3 - .JIOrpeWHOCTL, CBJI3aHHaJI C DOrpemHOCTLIO DpBMeHJie

:wwx 3HepreTB'IecKBX peDepoB B Dpe.u;nono>KeHBB E (411,8) = 
= 411,794±0,000 K3B /B 'laCTHOCTB, ,u;nJI 3HepreTB'IeCKBX 
peDepos, DPBBe.u;euuwx B •a6.11. I - p = 10.10-6 /; a 4 -
DOrpemHOCTL, CBJI3aHHaJI C DOrpemHOCTLIO HOpM&.JIB BTOpOrO 
DopJI,u;Ka Ey (411,8) = 411,794±0,007 K3B I p. = 17.10~ /; 
{33- norpeWHOCTL, CBJI3aHHaJI C DOrpemHOCTLIO B3MepeHBJI 
3cWleKTBBHOCTB cDeKTpo:weTpa; Eo - noDpasKa Ha oT,u;aqy 
cso6o.u;uoro ueDO.D;BB>KHoro uyKnB.u;a M(A,Z) nocne swcse

'IBBaHBJI y -KsauTa c 3Hepraeii E': 

1 E 2 me 2 
E=-( )---me. 

0 2 m c 2 M (A ,Z) e 
e 

UoDpaBKa Ha senB'IBHY E 0 Cyll(eCTBeHHa DpB BCDOnL30-
BaHBB DpaBBna PBTIJ;a B DOCTpOeHBB CXeM B036y>K.u;eHHWX 

COCTOJIHBB pa.D;BOaKTBBHWX HYKnH.D;OB. 
Uporpa:w:wa o6pa6oTKB pe3ynLTaToB B3:wepeuaii .u;eii

cTsyeT cne,u;YJOII(BM o6pa3o:w: 
a/ ua sxo.u; 3BM DOCTyDaiOT :waccasw E , ~ E , I B 

~~, DOny'leHHWe B pe3ynLTaTe o6pa60TKB O.D;BHO'IHWX B3-

:wepeHBB /'IBCnO DBKOB < 500/; 
6/ MaCCBBLI BXO.D;HWX ,u;aHHWX BWCTpaBBaiOTCJI B DOpJI.D;Ke 

so3pacTaHBJI E i ; 

s/ Dposo.u;BTCJI Docne.u;osaTenLHWii oT6op 3Hepraii, 3Ha
'leHBJI KoTopwx cosDa,u;aJOT B Dpe.u;enax DorpemuocTB fqacno 

DBKOB :;;_ 120/; 
r/ oTo6pauuwe 3Ha'leHBJI E i o6pa6aTwsaJOTCJI DO ~op-

:wyna:w /10/; 
.u;/ ua AIUIY De'laTaJOTCJI KaK sxo.u;Bwe .u;auuwe, TaK 

B paCC'IBTaHHWe 3Ha'leHBJI; 

14 

e/ .ivJJI ,u;anLHeiimeii o6pa60TKB Ha DepcpopaTop BWBO.D;JITCJI 
:waccasw E±~EB I± ~I /cpe.u;B 3Ha'leHBii ~E a~ I 6epyTcJI 
6onLIDBe B3 DOny'leHHWX DO clx>p:wyna:w /10//. 

B Ka'leCTBe Dpa:wepa B •a6.11. I I /KonouKa 1/ Dpase.u;euw 
pe3ynLTaTW 06pa60TKB .u;aHHWX C DOMOII(LIO ODBCaHHOB Dpo
rpaMMW. 3a:weTBM, 'ITO: 

a/ DpBMeHeHBe ~op:wyn /10/ B 3TOM cnyqae HeKoppeKT
HO /pa3HWe peDepHWe DBKB, HO O.D;HO B3MepeHBe/, O.D;HaKO 

'.D;aHHWe BnniOCTpBpYJOT XOpOWYJO CXO.D;BMOCTL pe3ynLTaTOB 
o6pa60TOK C pa3nH'IHWMB KOM6BHaiJ;BJIMB 6 peDepOB Me>K.u;y 
co6oii; 

6/ B Ka'leCTBe oiDB6KB B3JITa 6onLmaJI B3 ~ E 1 B ~ E 2 
/~op:wyna /10/ I - ocuosuoii BKna.u; B Dpase.u;euuwe omB6KB 
BHOCBT CBCTeMaTB'IeCKaJI DOrpemHOCTL DepBB'IHLIX peDepoB; 

s/ B o6nacTB Ey > 1836 K3B /c:w. 56 Co I ua6nJO.u;aeTcJI 
pacxo,u;B:wocTL .u;auuwx B Ey , 'ITO CBJI3aHo c Bccne.u;osa
HBeM nHHeBHOCTB CDeKTpOMeTpa TOnLKO C DOMOII(LIO 
ocrH - .KonOHKa A; DpB BCDOnL30BaHBB >Ke scex .u;aHHWX 
•a6.11. I 3Ta pacxo.u;a:wocTL BC'Ie3aeT - KonoHKa li; 

r I KonoHKa I y I •a6.11. I/ B I pae4 .u;eMOHCTPBPYIOT 
CXO.D;BMOCTL pe3ynLTaTOB ODpe,u;eneHBJI BHTeHCBBHOCTeii y -
nyqeii /B pac'leTax DPBHB:wanocL K = 2,5~/. 

3AKJIJOqEJIHE 

fi~OBe.D;eH aHanH3 CDeKTpOMeTpB'IeCKOB CBCTeMW C 
UU,ZJ;· l~BW6paHW ODTBManLHWe ycnOBBJI pa60TW /2/ , OT
pa6oTaHa MeTO,u;BKa C IDBPOKBM DpBMeHeHBeM 3BM .D;nJI 
B3MepeHBJI 3HeprBii B BHTeHCBBHOCTeii y - nyqeii: /DporpaMMW 
Kana6posoK uaDacauw ua JI3WKe "fi»OPTPAH"/. ITpase.u;euw 
,u;aHHWe 06 3HepreTB'IeCKBX peDepax B HeKOTOpWX OTHOCB-

TenLHLIX BHTeHCBBHOCTJIX y -nyqeii:, KOTOpwe DO MHeHBIO 
aBTOpOB JIBnJIIOTCJI llaB6onee .D;OCTOBepHWMB B HaCTOJIII(BB 

MOMeHT. llpB BCCne.u;oBaHHWX ycnoBBJIX DOrpemHOCTL ODpe
.u;eneHBJI 3Hepraii :wo>KeT .u;ocTBraTL 10-30 3B, a Dorpem
HOCTL ODpe,u;eneHBJI BHTeHCBBHOCTeii - ±2~. 
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Ta6JIH:ua I 
3HeprBB B BHTeHCBBHOCTB raMMa- Jiyqeii, DpBMeHJleMWX ,AJIJI 

KaJIB6pOBO'IHWX B3MepeHBB CDeKTpOB' raMMa-Jiyqeii 
C DOMOI:QhiO Illl)J; 

To 2 npHHHTble 3H8'18HHA 

I leT. l1Ao/c 
To 2 ll-pa E) I K>BI ll-pa 1). ll-pa 

I 2 3 4 :; 6 7 8 

24IAa 432,9(8) n I - 3,3 ~ - 6,35(60) 4 

- II,9 ~ - 0,86(3) 5 

- I3,9 L" - I3,20(35) 5 

- I7,8 Lfl - I9,25(60) 5 

- 20 1 8 Ll - 4,85(20) 5 

- 26,345(I) 2 2,4( I) 5 
l 59,537(1) 3 35,9(6) 5 

57 co 269,8(4) A 6 - 6,46 Kx - 55,3( IS) 4 

- I4 ,408(5) 7 9,5(2) 4 
l I22,063(4) 3 85,6(4) 4 
1 I36,473(4) 3 10,75(30) 4 

I39Ce I37,2(4) n 6 1,5 I65,853(7) 3 80,35(8) 8 

2o3il8 46,76(8ln 6 - IO ,3 LX - 5,63(50) 9 

- 72 0 9 Ku - 9,77(50) 4 

- 82,5 K1; - 2,73(20) 4 
1,5 279,188(6) 3 8I,55(I5) 4 

II3sn II5,2(8) n 6 - 3,3 LX - I3,5(I) 9 

- 24,7 Kx - 96,6(3) 9 

1,5 39I,688(IO) 3 64,4(3) 9 

~37ca 30 1 I8( 10) n 6 - 4,5 LX - I,25(I) 9 

- 32,I X, - 5 ,67(!8) 4 

- 36,5 "fl - I,34(5) 4 
l 66I,638(I9) 3 85 1!(5) 4 

54 lin 3!2,5(3) a I - 5,5 Kx - 25,0(2) 4 
0,5 834,827(2!) 3 roo 4 

say I07 ,4( B) n I - I4,4 Kx - 83,40(32) 4 
1,5 898,021(!9) 3 9!,40(7) 4 

1,5 I836,0I4(37) 3 99,40(7) 4 
·-· 

16 

I 
I 

' \ 

I 

60co 

22 .. 

65zn 

207Bi 

I44ce 

I82Te 

2 

5,275(5) n 

2,602(5) ,, 

245,7(IIJA 

30,2 n 

284 1 4 n 

II5,0(2) n 

3 

I 

I 

IO 

II 

12 

6 

4 

0,5 
0,5 

1 

-
1 

-
-
-

-
-
-
-

-
-
-
-
-
-
-
-
--
-
--
-
-
-
-. 
-
-
-
-
-

5 

II73,208(25) 

!332,4154(28) 

I274 15II( 28) 

B,I Kx 
III5,5I8(25) 

569,689(I3) 

1063,635(24) 

I770,I88(37) 

!33,53 

696,492(I9) 

I489,I24(32) 

2!85,608(46) 

3!,737(1) 

42, 714( I) 

67,750(1) 

84,680(2) 

IOO,I05(H 

II3 1 673(2) 

II6,4I8(2) 

I52,434(2) 

I56,387(2) 

I79,393(3) 

198,356(4) 

222,II0(3) 

229,322(6) 

264,072(6) 

927,6 

IOOI,6 

III3,I 

II2I,272(26J 

II57 14 

II89 1022(27) 

I22I,376{2'il) 

!230,989(28) 

6 7 8 

3 99,74(5) 4 

3 99,85(3) 4 

3 99,95(2) 4 

- 35,2(3) 9 

3 50,6(4) 9 

3 IOO 3 

3 77 ,lJ 3 

3 7,39 3 

3 804 3 

3 IOO 3 

3 2I,4 3 
3 57,0 3 

I2 - -
I2 - -
3 I25,I 3 

3 7,56 3 

3 40,2(IO) 

3 4,92 3 

3 I,I3 3 

3 20,5(5) I3 

3 7,6(2) I3 

3 8,8(3) I3 

3 4,25 3 

3 2I,30(55) I3 

3 I0,3(3) I3 

3 IO,I(3J I3 

- I,B8 3 

- 6,68 3 

- 1,04 3 

3 IOO I3 

- 2,78 3 

3 41i 0 5( 7) I3 

3 7?,3(I2) I3 

3 32,8(5) I3 
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I 2 3 4 5 6 7 8 

I 2 3 4 5 6 7 8 13Ja8 

: 

I0 1 9(I)n 6 - 30,8 x. - - -
- I257,390(28) 3 4,38 3 

- I273,703(28) 3 I,86 3 

- I289,I26(29} 3 4,05 3 

- I342,7 - 0,76 3 

- I373,8 - 0,64 3 

- I387,4 - O,I9 3 

- 35 13 Kfl - - -
- 53,12 - 3,2 16 

- 79,6 - 3,7(4) I6 

- 80,998(8) 3 56,1(57) 16 

- 160,59 - I,4(2) I6 

- 223,22 - 0,66(2) 16 

- 276,397(12) 3 II,35(25) 16 

I92Ir 74 ,02(IB) I4 - I36,340(3) I2 0,22 3 

- 20I,28 3 0,55 3 

- 205,77 3 3,86 3 

- 302 ,851( I5) 3 29,4(6) 16 

- 356,005(17) 3 IOO I6 

- 383,851(20) 3 14,3(3) 16 

- 295,949(6) 3 34,64 3 

- 308,445(7) 3 35,77 3 

- 3I6,497(7) 3 IOO 3 

- 374,47 3 0,88 3 

- 4I6,450(8) I2 o,8o 3 

- 468,062(10) 3 58,0 3 

- 484 1570( II) 3 3,8I 3 

- 489,06 3 0,48 3 

- 588,572(I2) 3 5,52 3 

- b04,40I(I2) 3 I0,04 3 

- 6I2,450(13) 3 6,55 3 

- 884,523(I8) 3 0,36 3 

- 106I,48 3 0,07 3 

160Tb 72,3 a 3 - 86,786(2) 3 46,80 3 

- I97,030(4) 3 17,20 3 

- 2I5,64I(4) 3 13,05 3 

- 298,572(6) 3 88,89 3 

- 309,56 3 2,73 3 

- 337,35 3 1,14 3 

- 392,49 3- 4,34 3 

- 765,26 3 6,63 3 

- 879 1364( I 8) 3 100 3 

- 962,295(20) 3 35,37 3 

- 966,151(20) 3 84,80 3 

- 1002,87 3 3,47 3 

- III5,I2 3 5,05 3 

IIOmAg 255,0(8la IO - 446,79I(IOl 3 3,6(2) I5 

- 620,342(I6) 3 2 1 9( I) I5 

- 657,744(I7) 3 IOO I5 
- 677,60I(I8) 3 I2,0(4) I5 

- II77,934(24) 3 52,1 3 

- II99 1 90 3 8,28 3 

- 1271,850(26) 3 26,0 3 

- 1312, I6 3 9,99 3 

- 686 ,998( I9) 3 7,3(4) I5 

- 706,669(20) 3 I7,3(5) I5 

- 744,254(20) 3 4,6t>(20) I5 

- 763,928(I9) 3 23,8(6) I5 - 8I8,0I8(22) 3 7,7(3) 15 

- 884,667(II!) 3 78,9(I5) 15 - 937 ,483( 20) 3 36,2(8) '15 
- 1384,267(29) 3 27,6(6) 15 - 1475,757(34) 3 4,47(15) 15 - IS05,006(32) 3 14,7(3) 15 

- 1562,264(33) 3 1,31(6) 15 

56 co 78 1 76(12) 11 6 - 787,84 3 0,33(3) IS 

- 846,751(19) 3 100 17 

- 977 ,4I 3 1,440(15) 17 

- 1037,815(22) 3 14,00(1~) 17 

- II75,067(26) 3 2,280(20) I7 

- 1238,256(27) 3 6?,60(40) 17 

- 1360,175(29) 3 4,330(40) 17 

- 1771,303(37) 3 15,70(15) 17 

- 1963,669(40) 3 0,710 3 

- 2015,133(40) 3 3,080(30) 17 
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I 
E (!IIG~.1) 

.l 

-"6,7!Jl(10) 793(10) 
657.7-\4(17) 7~2(12) 

677.601 (18) 596(12) 
686,998(U) 990(12) 
'106,669(20) 665(12) 
7-\4,254(20) ~(13) 

'763,928(19) 928(13) 
ma;maczz> 068(16) 
8M.667(18) 652(15) 
937,483(20) ~5(16) 

I3M,267(29) 259(24) 
1475,757(34) 775(26) 
1505,006(32) 005(26) 
1562.264(33) 263(31) 

I I I I I I I I 

.... 
"' ..J "' >-< N 

C) 

Ta6JIHu;a II 

(II .... 
C) . 

.... 
"'"' - ..J 

> z 
0 

~ 8 
I o 

,nauuwe o6pa6oTKB 3KcnepBMeuTam.uoro cneKTpa raMMa
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AsTopw C'IHTaiOT csoaM npaJITHLIM .D;OJirOM no6na
ro,D;apHTL COTPY.D:HHKOB JIBTA r .H.MaKapeHKO, 3.A.JionaTH
HY H KOJIJieKTHB 38M "MHHCK-22" 38. 60JILIUYIO DOMOII\L 
npa pa3pa6oTKe a oTJia.D;Ke scex nporpaMM Kana6posoK, 
T.B.Ca3oaosy a C.B.C3nMaaa - 3a aTTecTa~aiO o6pa3~o
swx cneKTpoMeTpaqecKax y -acTo'IHHKOB ;ocru;. Mw acK
peaae 6Jiaro,D;apHM r .E.ll(yKHHa 3a DOJie3HLie 3aMe'laHHJI DpH 
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PyKonucb noc•ynUAa a u3oa•eAbcKuii o•oeA 
16 UIOAJI 1975 zooa. 

.- ~' 

Y CJIOBHJI o6Meaa 
llpeDpHHTW H coo6IQeHHJI OHJIH pacchiJiaiOTCJI 6ecDJiaTHo, Ha ocHoBe 

B3aHMHOI'O 06MeHa, yHHBepCHTeTeM, HBCTHTyTaM, JJa6opaTOp&JIM, 

6H6JJHOTeKaM, Hay'UIWM rpynDaM H OT.l{eJJJ.HWM y'leHWM 6onee 50 CTpa&. 

Mw OlKB.l{aeM, 'ITO DOJJY'IaTeJJH H3.l{aHHii OHJIH 6y,l{yT caMH DpOJIB

JJJITb HHHIUia THBY B 6eCDJJa THOB DOCWJJKe Dy6JJHKa.llHii B ,ZJ;y6&y. B DOpJI.l{Ke 

06MeHa DPHBHMaJOTCJI Hay1{11We KHHrH, lKypHaJJW, DpeDpHBTW H HBOI'O 
BH.l{a Dy6JJHKaUHH DO TeMaTHKe OHJIH. 

E.l{HHCTBeHHWB BH.l{ Dy6JJHKa!lHH,KOTOpWii: HaM DPHCWJJaTb He CJJe.l{y

eT,-:no peDpHHTW /OTTHCKH CTaTeJ:, YlKe ODy6JJHKOBaHHWX B Hay'IHWX 
)l(ypHanax/. 

B pJI,Ile cnyqaeB MW C~.MH 06paiQaeMCJI KDOJJY'IaTeJJ.IIMHanJHX H3,1la

HHH C Dp0Cb60ii: 6ecnnaTHO DpHCJJaTJ. HaM KaKHe•JJH60 KHHI'H HJJH 

Bbii!IHCaTJ. ,llJI.II Hamei 6H6JJHOTeKH Hay'IHWe lKypHaJJW, H3,1laJOIQHeCJI B HX 
cTpaHax. 

OT~e~~e 3anpoc~ 

H3,1la TeJJbCKHH OT,IleJJ e)l(ei'O,IlHO BhiDOJJHJieT OKOJJO 3 000 OT,IleJJbHWX 

3anpocoa Ha awcwnxy DpeDpHHTOB H coo61UeHHii OHJIH. B TaKHX 3a

Dpocax cne,llyeT o6JI3aTen&Ho yxa3wBaT& l!!f.l{exc 3anpanmaaeMoro 
H3,1laHH.II. 

A~peca 

llHCJ.Ma no seeM aonpocaM o6MeHa Dy6nHKaUHJIMH, a TaK)I(e 3anpo-

cw Ha OT,Ilen&Hwe H3.1laHH1l cne,llyeT HaDpaBJJJITb DO a,llpecy: 

101000 MocKea, 
FAaeH&til no'liiQMII, n/11 79. 
HaC>allell&cKuiJ o11C>e11 
06'bec}UHeHH020 UHCIIUIIYIIQ 
Jlc}epH&IX UCC/IeC>06QHUU. 

A,ll;pec .llJI.II DOCMJJKH acex ny6JJHI<auHii B nop.ll,lli<e o6MeKa, a TaK)I(e 

,llJJ.II 6ecnnaTHOH DO,IlDHCI<H Ha Hay'IHWe )l(ypHanw: 

101000 MocKea, 
F11aeHwi1 no'lllaMII, n/11 79. 
llay'lHo-•exHu'lecKaJI 6u611uo11eKa 
06'beC>uHeHH020 UHCIIUIIYIIa 
Jlc}epH"'X UCC/Iec}oeaHUU. 


