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Pe30HaHCHaR ~1Iyope c~eH~I1H aTOMOB B OnTHqeCKOM l\l1ana30He mHpOKO 

I1CnOJIb3yeTcH nJIR 113Mep eHI1~ 11 30 'rOnl1QeCKI1X CnBl1rOB 11 CBepXTOHKoro pac ­

U\enJIeHI1f1 aTOWHblX ypoBH e~ . 3 '1' 11 113MepeHl1H n03BOJIKDT onpe~8Jl11Tb C BblCO­

KoA TOtIHOCTbD pRn B~HI;X XapaKTepl1CTI1K aTo~oro Hl\pa - ero 3apHl\OBblA 

pal\l1yc, CnKH 11 3JIeKTpOM ~ rHI1THble MOMeHTbl/1 ,2 . Onl1H 113 weTonOB, noJIy­

QI1BmI1A pacnpoCTpaHeHl1e B nOCJIel\Hee BpeMH. OCHOBaH Ha pe30HaHCHOM B03­

6~neHl1I1 aTOWHHX ypOBH e~ CBeTOBblM 113J!Yt1eHI1eW JJa3epa 11 perl1CTPaQMl1 

CnOHTaHHO I1cn~eHHHX rPoTOHOB. COCTa BHo A QaCTbD 3Kcnepl1MeHTaJIbHOA YC­

TaHOBKI1. OCHOBaHHoA Ha TaKOM MeTOl\e. HBJIHeTCH yCTpoAcTBO l\nH nOJ!Ytle­
HI1R nyqKa CBo60l\HblX aTOMOBI1CCJIenyeMoro 3JIeMeHTa. ~JIH 3Toro o6~0 

npHMeHReTCH HarpeBaeMbli Tl1 r e JIb . B KOT9pblA nOMeU\aeTCH I1CnapReMoe B~ ­

~eCT B O . He nOCTaTOK Ta Ko r o yCTpoAcTBa CBR3aH C OrpaHl1QeHHbIM Ha6opow 

I1CC1IenyeMbIX Be~eCTB. xap ~KTepI13~U\I1XCfI C I ~ B H I1Te JI b H O BblCOKI1M l\aBneHl1eM 

Hac~eHHblX napOB npl1 YMe peHHb~ TeMTIepaTypax Tl1rJIH . ~ cnO~b30BaHl1e B~­

COKI1X Te MTIe paTyp . KOTopbIe npl1BeJJl1 6w K pOCTy 3Toro naBJIeHl1f1 ~JJI1 Kpa3­

JIOE8HHD COel\~HeHl1~ ~cc ne~ yeMbIX 3JIeMeHTOB He Bcerna QOCTynHO, T.K. 

OHO Bbl3blBaeT YCJIO~H eHl1e ;/CTaHOBKI1 11 YBeJJl14eHI1e ~H a 0'1' CBetleHHR T~rJIR . 

npel\CTaBJIHeTCfI nep cneKT~BHblM HCnO JIb30BaTb nJIH aT0Ml1 3~11~ I1CCJJeny­

eMOro Be~eCTBa B naHH O ~ ~e~OnHKe BMe c TO Harp~BaHl1H Tl1rJIH I1wnY1lbCHoe 

JIa3epHOe 113~eHl1e. Dp l1 B03neAcTBI111 Ha nOBepXHOCTb?o6paa~a JIaa e~HO r o 

H311j~eHl1R C nJJO THOCTblO MO~HOCTH B~e noporoBoA ( TO - :0 BT/CMf l\JIH 

paaJll1t1HblX BeU\ecTB) o6pa3yeTcH BNCOKOTeMTIepaTypHl.A n~a3M~p. crycToK, 

COCTO~HA 113 He~Tpanb~ aTOMOB, 110HOB 11 311eKTpoHoEf3-5 . Taxl1M cno­

C060M MO~O 3~KTH BHO I1cnapRTb npaKTHQe CKI1 ~~ 6bl e. na~e Ca\fule Tyro­

nJIaBKl1e Be~eCT Ba, pa3JIaraTb coenl1HeHHR 11 non~ aTb I1HTeHCI1BHHe nYtlKI1 

CB060l\HbIX aTOMOB . 9 naHHoA ny6Jl11KaIQHH npl1BOQI1TCH OnHC aHI1 e yCTaHOBKI1, 

OCHOBaHHoA Ha TaKOM c noc 06e aTOMH3~HI1 Be~eCTB a. 11 pe3YJIbTaTbl 3Kcne­

pl1MeHTOB l\JIH OnTI1M113~I1H pe~I1Ma ee pa60Tu. 
a onHCblBaeMO" yCTaHOBKe nJIH pe30HaHCHOrO B0 3 6~n eHI1R aTOMHbIX YPO ­

BHeA (ee 6~OK-cxeMa npBeneHa Ha pl1c.1) HCnOJIb3ycT CR Henpep~BHblA ~a3e p 

Ha KpaCHTeJIe C nepeCTpaHBaeMoP. l\JlI1HoA BOJ!Hbl. Pe r I1 CT p ~l1f1 ~TOHOB. HC­

ny~ eHHMX CnOHTaHHO B036~l\eHHblMH aTOMaMI1. npO~3BOnHJI U Cb rpOTOyMHO~I1Te­

JIeM C HH3KI1M ypOBHeM myMoB (~3Y-79), pa60TaIV~I1M B pe~I1M e C4e 'r a Ol\I1HO ­

tlHNX ~TOHOB. Onl1CaHl1e STI1X QacTeA yCTaHOBKH 11 I1 X napUMeTpbI npl1BeneHbI 
B pa60Tax/6,7/. 

nonyqeHHe a TOMHOrO nyqKa ocyn\eCTBJIHJJOCb C nOMO~b lO I1MTIynbcHoro 1Ia­

3epa Ha I1TTpH"-aK~MHHl1eBOM rpaHaTe (Tl1na nT~n~ -7 ) . Xapa KTe pl1 CTI1 KI1 

2 

fK AHM~3ATOPY	 a r oro JI!13cpa : I\JII1 H<l BOJIHbl CBe TOBOr O 

113JIytleHI1H r , 0 ,"> MKM. I\JII1TeJIbHOCTb I1M­

nynsca TO HC, QaCTOT ll CJle n,OBaHI1H 1\0 t\ PE ~HAHCH.~ 4>1I>O PEI: l1EHl1~~ 
M1H~A <:a-	 100 I1.(. MOlllHOCTb B IIMIlYJIbC8 .1\0 5 1'11:3 '1' . 

M~WEHb \1 06JIytlaeMM MI1111eHb HllXOI\I1JIaCb BHyrpl1 
mr E~b ~~:o~,!,,~nAPAKlU\ffilIlA3EFll

TaHTaJIOBO~ Tpy6KI1, KOTpM c JI~I1 JI aij .roMHbl~ nY'lOK 
l\JUI rpOPMI1POBaHl1H liTOMHOrO nyuxa 11 

3aIl\I1Tbl ·"3Y OT I1HT CHCI1BHOrO CBetleHI1f1 
~ 'J'j nE P[crp.~~ . l Mor ll ~ A>U·. 

nJIa3MeHHo ro cryc'I'Ka no DpeMH B3a11­
PI1 C. T. !:>nOK- CXCMU MOl\e~ CTIlI1H naaepn o ro JlyllU C Be:I\eCT­
3K CnepI1MeHT aJIbHO~ yCTaHOBKI1.	 BOM. JJ u3c pHoe 113 JIYQeHI1e rPoKycl1poBa­

1I0Cb HU Ml1 lUeHb C nOMO '~blO JII1H3bI. Pa3­

Mep CBe TOBo r o nfiTHa MO~HO 6bIJIO Me­

HHTb 0 '1' 0 , 2 l\0 3 MM, Ba p bl1pyfl TaKl1M 06pa30M B WI1POKI1X npe n,e JIllx nJIOT­

HOCTb MOU\HOCTI1 JIa3epHOrO 113JI~eHI1f1 Ha MI1lUeHI1 . 

ATOMHbltl nyvox rtepecetcan non npHMbIM yrJIOM CBe TOBO~ JIyq 0'1' nenpepu­

BHoro JIa3epa C nepeCTpal1BaeMO~ l\JII1HO~ BOJIHbI. Pe30HaHCHO pacceHHHoe HU 

3 TI1X aTOMax 113JIYtleHl1e C nOMOU\blO CI1CTe MbI 113 UByx JII1H3 rpOKycl1pOBaJIOCb 

Ha rpOTOKaTO l\ ~ dY. ~JIR CHI1~ eHl1f1 ~HOBoro CBeTOBor o 113JIytleHI1H 113 06 JIy­

tlaeMotl MI1lDeHI1 Me1KUY JlI1H3 aMl1 nOMeU\a1lCfI I1 HTe p'pepeHq I1 0HH bl~ rpl1 JIbTP C umpl1 ­

HO~ nponyc KaHI1H 10 HM. ~MnY1lbC bI C ~3Y tlepe3 TpaKT 6WC T PO ~ 3JIeKTpOHI1KI1 
( YCI1JII1Te JIb , UI1CKpI1 M11HaTOp , cxe Ma nponyc KaHl1H) nOuaBaJI I1Cb Ha BpeMe HHo ~ 

aHa Jll13aTOp , pa60Ta KOTopo ro 6w1Ia CI1HXPOHI130BaHa co CKaHI1poBaHI1eM l\nR­

Hbl BOJIHbl aen pepuasoro naaepa na KpaCI1Te JIe. 

MepTBOe BpeMH 311eKTpoHHoro TpaKTa COCTaBJlRJIO _TOO HC. dTO n03 BO­

JlRJIO pa60TaTb C BblCOKI1M11 (601lee 10 6 : / c ) I1HTe HCI1BHOCTflMI1 I1MnYJIbCOB C 

~3Y , KOTopble I1MeJII1 MecTO npl1 npOX01Kl\eHI1I1 c rycTKa I1CCJIeQyeMbIX aTOMOB 

tlepe3 CBeTOBO~ JIytl HenpepblBHoro JIa3epa. ~3MeHfIfi QJI I1Te JIbHOCTb cTp0611­

pYJOIJ1e r o I1MnYJIbCa , nouaaaeuor-o xa cxesy nporrycxanas , 11 ero aanepxxy 

/lOon 
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PHc .2 . 3 aBI1 CHMOCTb 4HCJIa I1MTIynbcoB C ~3Y 

1O 

, ~ 

(Ha Onl1H HMnyJIbC JIa3epa nTMn~-7) 

0'1' BpeMeHI1 3aQe~KH cTp06 11 PYlO ~erO 

I1MnYJIbCa CAt ) . HHlK HHR mxana ace­
~HCC nOKa3 blBaeT CKOpOCTb aTOMOB 

npl1 l\aHHO ~ 3al\eplKKe. 

.6 - Sif¢eKT 

0 - tPOH 

' 0 
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01'HOCI1Te JJhHO CBCTOOO!' OCTIblID KII I1 MnyJJhCHOI'O .naa e pa , MOlJ(HO 6blJlO Bhl6npUTh 

TaKoA pe*I1 M pa60 1'bl aHUAI1a aTo pa, 4T06bl C4e T I1MnYJlhCOB C ~3Y np0113 BOnl1 ­

JJ CR TO.'1 hKO B 1'01' I1HTe p Ba Jl 8pe MeHI1 . xor-na nyuox I1ccJle:J,yeMbIX aToMOB ne ­

peCeKUJJ JIa3 e pHhIA JJy4 . 31'0 IlO:1 BOJUlJlO c ytI1e C'l'BeHHO CHI1.'3I1Th epoH 01' CBe 4e ­

HI1R nJla..1MeHHoro CI'ycTKa. pa CCeRHHOI'O J1a3epHO l'0 113JJY'-!eHI1R H lUYMOB <1?JY. 
B nmH4HLlX axcnc pavea r a x 113Me pRJla Ch 3aBI1C I1MOCTb 1.Il1CJlU pe 30HaHCHO­

paccemraux rjioTOHOB 01' IJ, JJI1 Hbl BOJIHhl a enpepusno ro naa e p a Ha Kpa CI1'1'eJle . 

31'0 1.Il1CJJO ortpene.nano I1HTeHCHBHOCTb cB060 I\HbIX a r ouo a , I1cnapRlOl11l1XCR 11:1 )
Ml1lUeHI1 . J$Pe KTI1 BHOC'1'b YCl'; UIOBKI1 6 h1J1a TaKOBa, 41'0 OI\HOMY HMnyJlhCy C 

<1?3Y COOTBeTCl' BO BaJlO OKOJlO 108 BhlJleTe Brnl1X 113 MHrneHH aTOMO B. OHa BKJOO ­

p'Hr t-JuHn 
----, 

150 6 

'00 

500 200 'M8ZH2 

BaHI1eM KpUT8 pa 11 ,vx .vnIlJ8Hl1e M YC JlOBI1 I1 nJUl 

06 pa30BaHI1R nna :lMHJlIIO I'O Cl'yCTKIl. 

PHc. 4. 3UBIICI1 MOC'!' 1J tll1cnll I1MlIYJlbCOB C '1>JY 
(A ) 11 se c u a cn ape a aoro Bel11e CTBU (0 ) 

o'r n Jlo ' ~ anl1 Caor o ao ro nff'1'HU a a 1.111 ­

lUeHI1 . Hl1lKHRfI UlIWJla a6C I..\ I1cc nOKa1 h1 ­

na er nJlOTHOCTIJ MOII \HOCTI1 Jla3 e pHOI'O 

113nY"CHI1R npl1 1 ~IlH ll o l1 nJlO' ~a I\11 nR'I'HU. 

uana norepa aTOMO O a a C4e T KO Jl Al1M~I1 I1, I\OJIIO I1X B onpe nexeuaou KBaHTO­

BOM COCTORHI1 I1 11 11Me 1O!1l11X AOJlJlepOBC.Ka ii CI\BHr "aCToThI, He BblXOI\flI11l1 tl a a 

npene nu naa e pa on JII1 HI1 I1 , U T.<iK'Ke 3cfJd€KTI1BHO CTb pe r-a c r pana a rfJoTOHOB 1>3Y. 
Ha pl1c . 2 npCI\Cl' :lUJleHa 3aBI1CI1MOCT h 01' Bpe MeHI1 3aIl,ePJKKI1 CTpo 6l1pylO­

~~r o I1MnYJlbc a BIJXOIVl pC.30HaHCHO- pa c ce RHHo r o 113JIy"eHl1R ( nJlR 11 30Tona 
oOGd ) , a Ta~e rPoHOBo r o c neTOBo r o 113J1ytleHl1R. Ha6 JIIOnaeMaR 3aBI1CI1­

MOCTb COOTBcTcT nye '1' 11 3 BCCTHOMY pac rtpene netra n no CKOpOCTRM Hel1TpaJIbHblX 

aTOMOB B nJlU3 Me HHOM c r ycTKe C Ma KCI1MYMOM npl1 ·t(z3 T05CM/ C/ 5/ . H3 31'011 

3aDI1CI:MOCTIl 6hlJI BIl6pUIl OnTl1WlJlb liIDi ,IUl.aIIa SOH BpeMeHIl: ,D,JlR CX8M1l 

nponycKaHI1R (30 - TOO MKC ) , KOTOpblA cooTBe TCTBOBaJI HaI1J1yqme MY OTHOlUe ­

HH IO 3~ KTa K rfJoHy npl1 I\OCTa T0 4HO BhICOKOM BblXOI\e pe30HaHCHo-pa CCeRHHo ­

r o H3J1Y'-!eHI1R. S ~T OM I\I1 Una30He BpeMeHH 11 npOBo I\I1 J1I1 Cb Bce II, aJlbHe ~ rn l1e 

3 KCnepl1Me HTbl no OnTHMI1 :11lq11 11 pa60Tbl yCTaHOBKI1 - 113Me peHHR 3a BI1CI1MOCT I1 

s srxo ua 01' pa 3Jll1 tniblX napa aer po a I1 MnYJlbCHO rO naae pa ( MOIQHOCTb B HMn yJlb ­

ce , ~HaM8 TP CBeTOBoro nRTHa ) , BpeM8HH 

06J1yt;eHI1R, COCTa Ba MHlUeHH H3 aHaJll13Hpy ­

eMo ro n8111e CTBa . B Ka"eCTBe MHrneHe l1 I1 C- o 

nOJlb30 BaJlCR rnl1 pOKHA Ha60p MeTaJIJlOB (l~ , 

~
 
Ce ,Gd,Th , U ) \I I1X Coe I\HHeHHI1 (OKI1 CJlOB,
 

Pa3 JlHl<HblX C O Jle ~). IToc Jlen»He HCnOJlh30B a­


JlHC b B BHI\e npe CCOBaHHMX Ta6 ne TOK.
 

Ha p l1 c . 3 npe Il,CTa BJle Ha 3aBHCHMOCTb 

B~xo~ a pe 30HaHCHO- pUCCe RHHo r o H3Jlyt; e HHR 

I\JIR MHlUe HH 113 MeTa JlJll1"e CKOro raIl,OJll1HHH
600 900 1200 l i e 

01' Bpe MeHl1 OCl JIy" eHI1R npa paa na vmrx naa­

PHc. 3 . 3 a BHcHMoCTb "l1c na I1M ­ Me Tp ax CBeTo Bo r o nRTHa (0 ,5 H 2 MM , c o­

IlYJlbCOB C ~3Y 01' npeMe HI1 1 OTBeT CTBylOll\HX nJlOTHOC'1' RM MOI11HOCTI1 2' T09 

nOCJle Ha"a Jla 06Jlyt; eHI1R H T08ST/ cMf) . BHII,HO, 41'0 BblXO I\ n a ~aeT 
np l1 I\l1aMeTpe c Be To Bo r o co BpeMe HeM SHal<HTe nbHO 6 ~C Tpe8 npH MeHb­

xo 

jnRTHa 0 ,5 ex) 11 2MM(A ) H roeM ~ l1aMe T pe CBe TOBoro nRTHa. 31'0 CBR­

Ha pHc . 4 npl1BOnl1TCR 3aBI1C I1 MOCTb BhlXOIJ,U pe30HU.H CHO- pIlCCe RHHO['O 113­

JIytl8HI1R H aeca I1CnapHBwe r OCR neuiec'r s a (!~ JUl 1'0 11 xe MH lUeHI1 Gd 11 To A lIIe 
MOlQHOCTH Jla3 e pHOrO 113 JlytleHI1R ) , ycpeI\H8HHOr O 3U HHT e pBun npe MeHI1 TOO ­
- 300 C, 01' nnoua na CBe TOBor o nRTHa ( I1 JlI1 IlJlOTHOCTH M0I11HOC1'11) . llaonoua ­
e TCR p OCT s srxo ua c YBe Al1 t.1e Hl1eM nJl0 l11u r~ 11 nRTHU I\O 3 ,5 Mr? , U 311'1'8 101 eJllC ­

TPbl~ cnan, f]o-nl1 I\HMOMY, npa nJlOTHOCTI1 MOU\HOCTI1 nw e no po r o soa CHHlIIeHI1 C 

e e KOMneHcI1pyeTcR YB8Jl11 4e Hl1eM 06Jla CTH B3 UHMO !~e « CTBHR naae paor'o 113 J1Y4e ­

HI1R C Be l11e CTBOM. S MaKCHMYMe npeI\c'raBJleHHol1 3UBI1 CI1MOCTH BbIXOI\ COCTa B­

JIReT ... 3 'lOIl a r oe o s n a OIl,l1H HMnyJlbC a cnapa ea ero naae pa , 

Cpa BHHBaR H3MepeHHoe " HCJlO pe 30HaHCHo- p a cc eRHHblx ~OTOHO B C Be COM 

Hc na pHBWerocR Be lQeCTBa npH 0 I\H0 11 11 1'011 lIIe nJlOTHOCTI1 MOI11HOCTI1, MOlKHO 

04e HHTb B HeM nOJl!O CB060 Il,HblX aTOMOB B Bbl6paHHOM cxeMol1 nponYCKaHI1R I\11 ­

aTIaaoHe CKopocTe l1 (T OJlbKO 3TH aTOMbI HcnWTblBaIOT pe30HaHCHOe paCce RHl1e ) . 

f]pl1 I\Ha Me Tpe CBe TOBo r o nRTHa T,5 - 2, 0 101M 3Ta I\OJIR I\OCTHr aeT 20 - 30% 

( OCTaJIbHaR I\OJIR , nO- BHI\HMOMY , np HxoI\HTCR Ha 110HM 11 Be lQeCTBO B KOHneH­

CHpOBaHHOI1 ~a3e) . 

Ta KHe J1(e 3a BHCHMOCTH H a6 COJIIOTHble 3Hat.leHI1R Ma cc~ a c na pasne roc s Be ­

lQeCTBa 11 I\OJll1 B HHX c B060 I\HblX arovo a Ha 6 JIIOI\aAl1Cb 11 I\JUl OCTaJlb HbIX IlC­

cne~OBaHHHX Me TanJIOB.B TO lIIe Bpe MR I\JIR HX COe I\HHe HHI1 XapaKTe pHa 60 Jlee 

pa3Ho06p a SHaR KapTI1Ha. ~JIR OKl1cnOB HMee T Me CTO npH6Jll13HTenbHO TOT lIIe 

BblXOn CB060 II,HbIX aTOMOB npH 60 Jlbrne M Ha no­
_1_nI1Ar ~ .\"ud 

PRI\OK Bece HCna pl1 BrnerOC R Bel11eCTBa. S cny­,..'" Go,o. 
I	 " ae COJle l1 ( XJlOPI1 I\OB, HHTpaT o B, CYJlb~aTO B ) 

~TI1X MeT aJlJlOB BblXOI\ CB060 I\HbIX aTOMOB, KaK 

np a BHJlO, B COTHH pa3 MeHbrne . Bo3MOlllHO, 

I'0 

20 " TO 31'0 CBR3aHO C HI13K0l1 nOr JlOlQ aTe JlbHol1 

cnoc06HOCThlO Jla3e pHOro H3Jlyt;eHI1R 3TI1MH 

COe I\I1He HHRMI1. ~06 aBKH MeJlKOI\I1CnepCHoro 

..n:; nopounca v r .ne po na 11J111 411PK0Hl1R B KOAl1" e C­

~ c.5. Cne KTp pe30HaHCHO­ TBe 30 - 50% OT Beca 06paa4a cYI11ecTBeHHo 
~CT oT e HMTIYJIbCOB ~a­ 3aHO, O" e BHI\HO, C 60 nc e 6MC T P~M 06paao ­ pacceRHHoro H3JIy4e HHR . YBe Jll11.1l1 BaJll1 BblXOI\ c B060 Il,HbIx a r oxoa I\O _ ' .-­
s e pa 25 ~. 

,.	 :; 



3Ha4eHHA, Ha6~~aeMNX ~nR OKH CnOB. npH 3TOM 60nblliOe 3Ha4eHHe HMeeT Ka­
4eCTBO npHPOTOBneHH~ 06pa3~OB. ~nR nnoxo cnpeCCOBaHHNX Ta6neTOK pac­
XOIl, BeU\eCTBa pacrer , a B~O ~ caooomnrx aTO MOB nanaer , nO-BHIl,VlMOMY, 3TO 
06bRCHReTCR B~neTOM 1'13 06pa3~a ~en~ KpynVlHOK Be ~eCTBa rrpVl B03Il,eAcTBHVl 
H11 aero MOlllHblM aas epnua VlMnynbCOM. 

Ha pHc.5 npeIl,CTaBneH npVlMep O~OPO 1'13 Vl3MepeHHbOC cneKTpOB,ITurryqSH­
1ill1i rtpn o6ny4eHHVl ocpaaua Vl :J (;i203 rrpa yxaaamnrx ssane onTHManbHhIX yCJIO ­
BVlRX (cnoco6 npHPOTOBJIeHI'lR o6pa:Jua, BpeMR 06JIy4eHVlR, Il,VlaMeTp CBeTOBO­
PO nRTHa ) . H116~naeMWe B cneKTpe nVlKH cOOTBeTcTByIDT pe3 0HaHCH~M 4aCTO­
TaM paaJIH4HbiX H30TonOB Gel. IIpH 3TOM sec ac napeaxoro BelQeCTBa aa BpeW! 
H3MepeHHR (I OO c) COCTaBnRn BceI'O OKono 30 MKI'. B cJIy4ae MeTaJInOB pac ­
XO Il, seutecr aa eue MeHbllie . H11 :)TO~ yCTaHOBKe 6hln nposenea pan H3MepeHVlA 
H30TOnl'l 4eCKI'lX CII,BI'l POB B OITTH4eCKHX cne KTpax pe Il,K03eMeJIblillX 3neMeHTOB 
H ~HPK OHHH/8 , 9/ . 

TaKHM06paa OM, OnHCaHHaR yCTaHOBKa C JIa3epHoA aTOMVl3al.\l'leA B eI11e cT ~ . 

Ba Mo~e T ycnelliHo npl'lMeHHTbCR B I'lCCJIeIl,OBaHl'lRX aToMHoA pe30HaHCHOA ~JIy ­

opecqe ~H H llil'lpOKOI'O Kpyra 3neMeHTOB I'l I'lX COe Il,HHeHI'lA, BK~4aH C ill~e TY­
I'OnJIaBK Vle . 

B 3aKJIlO4eHVle 11BTOpbl nupaxao'r 6narOIl,apHocTb I' . H . ~nepo BY 1'1 1O . l{ .Ora­
aecmry 311 ITOnIl,ePJltKY pa 60ThI, 4 . rpIl,e 4H~ H r . B. MbllD Vl HCKOMY 311 nOMO!ljb B 1'13 ­

MepeHHRX, .!1 . J\ .IJornaHOBy aa no neanue 06CYJlt Il,eHVlH. 
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