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1. BBeJIeIDle 

no HaCTOHmero npeMeHll ~3MepeHnfl Z~OTO[rnqeCKnX CJ(DnrOD /I1C/ Ha 

~nHnflX HeilTpannHHX a1'OMOi Gd rrpOBOJI~nCn MeTOJIOM KHaCCnqeCKolt HR
.' ,. r-4/ TA 

Tep~epef~OHHO» 1'eXHnRn • fl10TOrrnqeCKne CJInnrn qeTHo-qeTHUX 

R10TonOB Gd H3MepeHbl CiMee 'leM na roo J1UHlifIX, OJIHaIW MelK,I(y pe~y~n

1'aTaMR pa3HblX aB1'OpOB RMeIDTCfl paannqnR, ITpeBblWaID~He nHOrJIa 200
300 MI'u. 

He Jly'lwe C:I1Tya..IU1R n B accaenonanaa cnepxrorucoro pacuienaeuas /c:rP/ 
UTOMHblX ypoBHeJi Gd • 0 CTP B01CiylK,I(eHHI1X COCToflHHJi cyUlecTDyeT JIRWn 

'JaCTnllH8R HH<lJOPI,~arum /5,6/. ITMylleHHM K TOMy xe llHTep(~etJellJ(ROHHotl 
Texmmolt C IJJ:OXMM paapeuieaaev R OTHOCRUl:JflCH K MIllJOMY qncJly ~mIRJi, 

npIDl8,llJI9lKBJ11KX ['33HblM TepMaM. TOJlhKO KOIiCTlllITbl CTr OCIIOHilOro a9n o 

MYJlhTVlIlJleTU GdI OQpeJIMeHbl C oOJJbwoll TOlllIOCTbKl MeTOJlOM Marlll'lTHOrO 

p0:10IlaHCa B 8TOMHOM nyllKe /7/. 
D c~y He,Jl,OCT8TO'lIlOll lllIll10PMIllUlH 0 1l10llMii IlJlHI1HHI'I D0:10YJKJ{eHHux 

TopMon JI 0 CMeUnmaHJlH pa:mLlx IWII'lJHPypauHU 8 J\ILJlbHOllwee JlCMCJI,OIlU

IIl1e I1C II CTP D cnexrpax l;\TOMIlPIIOPO Gd • 1I0COMlleIJIIO,npoJ\cTllllJIneT onlJe

JleJleHfluR IIIlTepec. 

IJ lIllWOU Ilpo,llLlJl.yu\eA [lUCiO'fO /9/ MeTO,IlOM JJn10rJlIOU pe:1olluncnoA (~yo
pOCnOlll\lHl HIl llTOMilOM lIy'lKfl unepnue CJ\OJlt1IJU JlOTfLllbllue lI:1MepmllUi HC 
~ GIlOpX'rolllwll GTpyllTypU IIU '" CIIOJ(TPllJlbIlIlX JIIIII\I1TX QdI • ua ()CIIOUllIIJl~ 

IW'fO\IIlX OIlPOJlOJIOIIU W1MCIIOlllliJ CP0,QIIOJ{1I11JIpn'J'1I'11l0l'lJ aapnnonoro p~Hyca 

\,
 

lJCOX CTl.I(\WJLIII1X WlO'fOUOJl (:rt • II IInCTOJllllr:lI pnOOTfJ IIPflJlCTllnJlOlIU JlflJlb
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2. 3xcnePWMeHT§nbHaH MeTOnRKa R HSMepeHMR 

~CUanb30BaHHaH HaMR 8xcuepHMeHTanbHaH YCTaHOBXa OCHOBaHa Ha MeTO
ne ~asepHoH pe30HaHCHOH ~yopecueHUHR D .aTOMHOM nyqxe. H~yqeHHe 

nepecrpaaaaeaor o .naaepa na xpacareae , tIaCTOTY xcroporo MOlKHO cxaaa
ponaTb B nRanaSOHe nO 30 rru. nepeceKaeT KonAllMMpOBaHHHM aToMHHll 
ny'lOR. B03HHKaIDWRR UpR 3TOM peSOHaHCHaH ~yopecueHURR neTeKTllpyeTcR 
'Il3Y. pa60TaJOIIl1lM B pelKl1Me csera 0nRHO'IHblX tlJOTOHOB • .I1asepHoe 1II3~YtIeHRe, 

aToMHun rryqOR H HanpaaneHMe cuopa ~yopecueHTHoro CBeTa j1al1M,0 op
TorOHanbHU. YCTaHOBKa 11 ee UapaMeTpbl neTanbHO OURcaHU R 9,10. 

Bee 15 l1CCJIe,ll,OBaHHbIX ~l1Hlln Hax0nRTCSl: B CUeKTpaJIhHOn OOJI.1.CTl1 pona
Ml1Ha 6lK R BMIO'laJOT nepexons MeJKnY OCHOBHbIM 4f75d6s2 a9n° 11 u030YJKneH

4:r75d6B6p z9FHHMR 11 z9n COCTORHRRMl1. Cxeaa HCCJIeJ\JuJIIlllIX uepexonoa 

B GdI upenCTaBJIeHa Ha pllc.I; 060SHa'leHI1R CorJIaCIIO 8. ClrMCTHM, 'ITO 

.tO J ,.
F. 

4t75de.IP 

z l D5 
PRC. I. Cxeva HCCJICJ\onaHHWC nepe,. ,& XO,ll,OB.-

J--  J- 

1lJ\eHTH~:IlKauMR IlepeXO,1IOB C ,1IJIMHOA), 
I I BanHbl 5709,42 ~ ! a9n~ - z9p5!'Iii!! .

R 58CY2,92 i	 ! a9n~- z9F1 ! lie 
cosnanaer C npl1HHTojj n paoo\iI I I II \ 

. "no _ ~.~ ~.ld_ 
Tax7I,II/.OHa YCTaHOBJl8Ha HaMl1

H§?~~H f.~tUU 
Ha OCHOBaHRR aHaq8H~ aHeprHR

•	 nepexona H pesyADT8TOB H3uspeIll", 1II1111 KHA cBepxroHKol CTpyKTypH He'lOT
,,'M.. /	 HHX llS0TOnOB,H3 KOTOpbIX aHa'lUH~a 

MOMeHTa MeKTpOHHOn 06anO'lKI1 J 

onpS/\eJI.lIeTCR OnH03Ha'iHO. 

J
 1I0JIywHpllHa peaOHaHCHllX JIMIIM"
 
'lvlyopeCl\eHl(lUl or-paaasaaanacs 

)lOILJlOPODCKlIM yurnpeHileM aTOMHO
1'0 lIy'lIl.lI H COCTaIlJIRJla N 25 M1.'I\. 

HPM pIHHI'('tl CI o(jl'lI:lIl1lMl1 Mll'l"IJIJIM'IIHillOl'O' 1M llO'fllO'I'IHlIIIIOro 1II10TOllHoro co

C'1'illlll HTO 1I0:1I111J1I1JIO 'W'I'I((] 1I1~I(IIJIJI'l'I, II 1lll'I'WHHlIlOM (11I01(1'pe nI'lKM. C001'
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Jl1llCb 'rUIUI.l:	 I1:\MllPOIll-111 () OOPUllilOM, OOul"llllnlllluM IhfJ(ltl IlO ')0;1;1. • 

BJlR yqeTa HeJIHHe~HOCTR CKaHllpOBaHRR Ha aHaJIM3aTOpe CllHXPOHHO C orr
TR'leCKHMH CneKTpaMH SanMCHBanHCb ~aCTOTHue MeTKH, nOUlY'leHHble C no
MO~~10 KOHWOKaJIbHOrO RHTePWepOMeTPa ~adpll-nepo C nOCTORHHOn 150 wru. 

3. CBepXTOHROe paCWeITJIeHHe 

ilpMMep 3KCUepl1MeHT~1bHUX pe3YJIbTaTOB no 1l3MepeHRD CTP npRBe~eH Ha 
pac.za, L1JmHO. 'ITO B aTOM e.rryqae /KaK R B dOJIblill1HCTBe HCCJIe~OBaHHWC 
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,lV'lll: aepxxer'o ypomur! Ii pacuiennemer HIiJi\llerO II nepxner-o ypOBHH Ipnc.2B/.
 
llonenenae CTP 060nx nCCJle,n:OBaHIILIX MYJIl>Tnl1JI€TOn TIO,U'II1HHeTCJI onpcne

JleHllhIM 3aKOHO~~epHOCTf{M. ).l.Jur MYJLbTVJlIJleTG. z 9po 1l0JIHOe CTP YMeHl>WaeTCJI 

C yneJlfi'lRBaHneM J,n KOMllOHeHTLI CTP C uUrrbweil P' OOLl'!HO I1MeIDT 06nb
rnyJO eaepraio • .J].Jur MyJILTI1l1JIeTa z 9n, aaooopor , nonuoe CTP yneJIWnmaeTCJI 

C pOCTOM J,v. 13 od~eM CJly'lae MeHbWl1M F' COOT13eTcTByeT OOJIbillaR 3Heprl1H 
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~ 
\!;)ECJlll He i:plUUlMaTb no ElHIMaIIlIe a'Pi,eKTLI OOJIee BHCOKO£O nopanxa, TO c

l!')CTP nannoro ypOBHH OTIlICblBaeTCH 1I3BeCTHhIM BUf)3AeHlIer,1 /121	 H 

1"1 

l!')(5e 3/4 e(e + 1) - I(I + l)J(J + 1)	 ~ A IR ., A2" + B	 /11 toF 21(1 + 1) J(J + 1)	 H 

~ 
I={ 

r,ne .1 W - ncnoxenne lCOMTIOfleIITLI C 1l0JIHllM ~,lmWHTOM P IIO OTH01lJ8HlIlO K
F 

neHTjJY T!1?WCTM CnejlXToHKoti CTDyKTypLlj e = F(F+l)-I(I+l)-J(J+1) ; l:i 
III. 50- 157	 <l>

I - cnnn J])\P:l, PI1HIIU!l 3/2 ,I\JIH l1CCole.nO:S3HIlllX r.acronoa I 0Gd PI Gd; l:i §
A 11 13 - IWilGTI1I1TU, OIlL1CIlBOJO~e COOTBeTCTneHHO MarllllTHoe ,n1111OJIl>HOe 11 II: III 

<l> ... 
.,. 0 

3JleKTjJw.leCIWe J\lIQ,n:PYlIOJIbIIOe B3a11Mo,neJ:icTBl1e 3JIeKTpoHHor1 OOOJIO'lIm 8T() 1:I 

Ma C 1l0JICM eI'O nrrpa, ~lJ{cllepl\MeHT8.JJbHO onpenenmorca I C~l. pEC. 21 pa~' ~ t1 
o 
rn 1"1HOCTH 'WC'!'OT	 u, 

~ 

2 ~ 
L1 'V (P" ,J") = Ll W - .L1 W	 121 o <U 

FII F	 l:l .., 
o Iii 
~ ..

MClIV\Y .IlIlJ(JI,lInll J(OMIl01IUll'l'ilJl1Ll F'll 1"" 130:JoYli\!l:eHHOrO ypOBHH. '" ~ 
~-1/1:l'jellllJl IWII<:'l'dll'1' A " Jl .1~JIJj .IVlllHOrO ypOI311.H J BLI'!HCJIeHH MeT0.1\OM	 ~ ~i 

o 
lrallMO/l"III~X 1IIIIV\j!Il'l'OIl 111't' 1l0MOillJol ypauHeHlIti III 11 121 C HCllOJII,10HI1IllWM 

:" CI 
fHll:.lJ(CIIOjlIIMOII'I'llIll,IIUX "II:I'I(;II~j.j .L1 yO" ,l"lt) 11 HX CTflTl1CTlI'leCIUlX OIUWJOIC 
~ ~ 

InopJI,I(]{11 L - H MI'IV. :111:1'(('111111 110111:'1'11111' A ,I B 1I01UYlKJ\eHIIUX MYJl!,'l'11LUIIl	 I' 
() '" 

'fOJI z'J, ~ 7.'11J ,11)111 '",'111X IIO'((:'I'III,IX H'''I'I'OIIOII Gd IljlP.)\C'l'l1ruIeHU D THCJJllll(li	 III 
'l

:" l ..... 1.	 'l'IIM )IW "1'11110.1(01"1 0'1'11111110111111 A( 1:l?)/A( r:'!I) Mill'/lHTIIIJX ,nI1IlOJlh/lIl.X ~ iJl 

"I
lJ(l~{1 )!Il( I: I!I) :ull'h 'I'jI'1'(( '1'1(\1X If 1I.'I,I(I'Y"IlJII,/lIJX I{OIIC'I'IIII'I' 11 HX lnJl(~lllC/lIIIW 

Cl1CJ\"~(: '1/1:1'1(;111111 110 ]IC(iM IIlIjlIIXOJI,IIM. (J1I11 IIIIXOI(JI'rCH II O'If:Il!, XOjlOlliliM 

~ CU!'JI"?,I; II (:OO'I'I\(I'I'I"I'IIYllllllllM~ I''1'IIOIIII'"I1J1M~ JtJlJl 01'11011/101'0 M'yJII,'I'~IUlI.i'l'll 

a9no I; A( l:i/)!A (I:,:,) 1.::II'l:\(;:~I) ~ H( 1:,'/)/Ii(l:,',) - 1,(X;~,:1I1(:i). e.
Ih II:1M(:jlOIIIIIJX "/lII'II!lIl1i' r'III'II~'I'IIIJX 110111"1'/111'1' MOil..,'" 011jlIIJ(:.I1 11'1'1, <:II0I'X ~ 
TOUJCyKI 11I1()MIIJIl1ll1, 1I1'I1I1I1MIIlI ,1(.1IJ1 MIII'III1'I'IIIIX M(lMtJII'I'OIi 11,11.1"1 'III:I'IIII1~II, 111'11 ~: 
Be.n.eIlHIJO 11 1 1:1/ . 'l'OJII,llCl ,1VIII YI'(I111111 v,'IB. CIIC'I'X'I'OIlIOlIl 1\lIIIMIJ,J11111 111'111111

'. I~ir, rm 'I 
MaeT :llill'll:lIl1tJ, :1I1i1'IWI'lUll.r11l "1"'1I1J111111111110tJ 1I111~lOll.Y 11 A : (1, II,,) 

O,83('1[i)X • 

c- to ........1........
co to 
H H ..............
 
r:Q ,.:Q 

r--ln ........1........
In to
 
H H


:;;;':;;; 

-;: 
co 
H 

~ 

........
 
c
l() 
H 

:;;; 

........
 
LC) 
to 
H 

(11 

........
 
I[) 
IC) 
11 

~r1 

JIl 
(l.n, 
I' 

1 ,I
I) " 
\:1 
:1; 

h
,"I, 

........	 ........
 
H ................ cry 8 N~ to ~8 
H '<l' to H '<l' io C\2 C') C') '<l' ....... .............. ....... ....... ....... ....., ....... ..............
 

l!') H a m co r-~ ~ 8 l!') to co to S3 to l()a a a a a a a o a a 
H H H H H H H H H H 

........ <Dca ................ ........

N~ co to C') C\2 l!') m ~cry .............. ....... ....... ....... ....... ....... ....... ....... .......
 
C') co C') to co r-- l!') H C') H 
H H a H m C\2 H m H H 
C') C') C') C') C\2 C') C') C\2 C') C'). . 
H H H H H H H H H H 

........
 
to a mM~ H m H t-:' L()· . . a H H C') H HN<oHO .......
 
m t:::' ~ (5 'en ?;)t:::''Hoom· . .co C') l!') '<l' H C"i en co· In- N 
c- to ~ 

, 
g

I 
OJ' t't~~i:::1 

.-... ,-.. ,-., ,-." ........................
 
........ L{) H LO .-... .-...
 

~ ~ ~ g:J to H C') C') r-- H 
........, ........, '-' '-' ....... '-' '-' '-' ......" .......,

C') r-- r-- H m o H C\2 l!') co S; ~ ~ ~ ~ . . . . . 

c- '<l' H8 ~ ~ i '-I ~ m ~ Rl
C')	 H H I H H 

I I I I 

,.-.. ,-.... ,-.... ,-.... .-...c.ooroQ<.n ro '<l' C\2 H a. - - . . . . . 
a ~ 

H H C') C') , , C\2 '0 C\2 '<l' 
'-' '-' '-' '-' '-' '-' ......" ~ .........
 
C\2 r-- co C') to (n C\2 H 'il co. . - . 
<D 10 H H 
1:'-	 C\l 17 ~,p ;B<1'~ ~ ~ I H H~ I I 

........
 ........ ........
 
~~~~'3~ L1 f~ ~ ~fT> 

'-' ... ..,.., ........., ....- '--' '-" ........, .........,
 
C'	 C') 
<D S; ~~ ~~ ~ :~ S, ::B :B <0 
'(1	 l) f-t"J~ ~,.~ 'f '0 :y<0	 (1) t: I I ~R 
(\j I I It I 

I 

I i "I l') Ol;1' II) ~ 'I fI J .. JI q I If} 

n, "	 "f\ 

V' I '" f '\lII r- ft) I I I) "'r
~f: u} r ~ I I • I -.J Il I ( '1 ~ i ) 

f)~ 

'''I I" ."· . . 
r I I" fll ~'~ ~-\': M t' "I

~'I	 , I 'V
I' W v' :~~ ~ f I" '(I :,.( 

I ~ 'f , ,I I' I I 1 I I II I' Ii 

........
 
C') .......
 
'<l' 
to a 
H 

........
 
H .......
 
io 
H 
C') 

H 

'.	 :l 



4. 2am1clll,IOCT:D He 0'1' 1l0JIHOrO MOMellTa 3JICKTpOHHOll OuMO'IIm 

l130TOilWleCl'llH C,UBl1r aTj'lHOrO yponna COCTOI1T 113 MaCCOBoro /MC/ 11 

1I0JIeBOrO /1lC/ C,IJ;Bl1rOB /14 • B nepaon 1Ip110JIl1lKeHIUI OIm l1MelOT COOTBeTCT

nennc OJJ;11HaKOEUe 311all8liliH ,IJ;JIH acex ypomren ,IJ;aHHoti 'lI1CTOll KOHY.i¥lrypar.uUl. 

O,IlHaKO MHOrO'II',CJJeHHI1e nClle~~JMeHThI. B TOM 'licJIe 11 WlII pe,n;K03el.1eJI:DHllX 

3JIeMelITOB Er /15/. Eu 16. I • Dy 718/. Sm 197. UOKa3HBaJOT :ma'lI1TeJI:D

nse pa:JJI11'lIlH E 3Ha'leHIIHX 1.13CCOBOro H noaeaoro C,IJ;m1rOB JJ;JIH passux rep
i,WB .I\3HHOfi KOEiJ!I1rypar~Im 11 ,IJ;aJKe .n;JIH pa3HUX YPoBHeJ:l onaoro repva, Teo I
peTI1'IeCKII 3'1'0 CM:'lUBaeTCfI C peJlJITI1DI1CTKP.JA11 3w1eKTaMI1 MaCCOBoro CJJ;Bl1ra. 

II. J3 HepeJIHTI1DICTKOM cnyxae , C llepeKpeCTHHM11 :J(,;!j)eKTaMll aroporo 1I0pH,!(

xa, 06YCJIOMellHHMll IlJUHIHl1e:A CMellIl1BaHl11I ,n~:Dlmx ,0HiJrnrYPaJJ.l1ll na onepa
ropu noxenoro c.n;Bl1ra Jl 11arlll1TIlOH 3HeprIUl 20.21 • 

J]CClIepw.leIlTtl.ll:DHlJe I1CCJre.n;ona1I11H 3\[.l.i!eKTOB nroporo nOpH,IJ;Ka rpeoynr 
O'lellb TO'IIlHX WJr.1Cj)CIII1i1 KOlC Ml11rnMyM aa zreyx nepexozrax C Oc5II1J1M HlllKHJlM 

/nepxIHu,l/ yponllcM 11 jX131Iw.m nepXJIl1Mll /1ll1iKH>lMI1/ YPOBHRMl1. KaK B1I,nHO Jl3 

pnc , I. CIIClC']'IIa!lhllue IIepeXO,IlhI, na KOTOpllX Il:'lMepiIJIIIC:D nc, auopanu B 

COOTfl8TCTlUlIi C :J'1'J1M rncoonanaen. 3'1'0 n03nOJlHeT BWIBI1T:D 33DI1CI1MOC'1'b 

llC 0'1' TC£~fl Jl 0'1' l1OJIllOl'O MOIAeHTa 3JleKTpoHHOfi 060JIO'lIrn J / J -3aBI1CH

MOCTh 12 1)(l1fT coce,nlllu:: yponHetl scex 11CCJIe,nonaHHllX repnon, 
lIeuocpC)(C'l'IClIllO Ollpe)\e.JJ.JIJII1Cb nc ncex qeTHo-qeTHllX 11 'IeTHO-He'lCTIIIJX 

nap. )l.11Jl lq'n'l'IWC'1'11 H 'r:1(iJ1l11\e 2 npencraanenu peayasraru TOJILJW .I1,J1H 

TPCX 11:I01'OIll1'leCl(JlX uup, 01111 OTHOCHTC1I KO ncea ,ICCJIe.uonaIIHUM nepexonaa 
11 Cl'PYlIlII1P0Dl.Utbl TIlIC, 'lTOeJU nspexonu C P3:'lHhIME B03uYJK.nCHIJI1Mll TCPMIIMI1 

()[jJ111 I\LIJ\CJlClIll 11 IJllIl11 IlI1,/Ul:1 J-:WBJlCllMOCTb B01oY)I\Jl:eHIlLlX z9p H z'I p 

~1YJI]:1'11IUIeTOII. l<l:1 TCX )W caMllX pe:'lyJlbTaTOn MO)J[(lO CY.IlI1Tb 11 0 J-:llllll1

CMMOC'I'11 (WIIOIlLOI'O r,1yJI!>'I'lllUWTrt, I'pylllrnpyH nepexonu C O()UleI'O IICpXlIel'O 

IC PII:III' [f,1 IIHJiUll-lM YI'OllllJlM. Il T:lWlOll(e 2 npanencmi :lll:1'leIlJlfT '1'.11. Ol:Tfl'l'O'I 

HOI'O flC:,diJ A• A', ~V~l:(~;l - ~VJ1M~', 1I0CIUlJIJ.l(y '1IlC'I'OTrj JlCPOXO)11l '1'0*0 

())(a:III/1:1(~'I' IUII1~lIl1f1 1111 W1MP.I'CIIIIUII flC llOCP(~.rtC'l'1l0M II OpMIlJI r.uru:o MllcCOIIOl'O 

1:,/\11111':1 IIIMel [·v. 
(~I'M(~'I'I1M ClliI'lIlJl1l, 'l'I'il 1I1~ IIIIClJllfl,rUIC'I'CJl 1(/tJ[llIl-IILIC'y,rI,L 'lfJT1CIllI :II\1'I1CI1MlICTI, 

113MCI'f1I1I1UX W: liT TIIJIMII. IWTlIl'j;\ ~O T()OPC'IWICCIII1M A1\o/"CIlM ,/\llJ1HIIIII t,u'r" 
110I'JI,IllUI II1lCIU),/II,IU1X r'f1Tllll rll~1 ~,[. :lJl, ' I l: II I1I1 ,\ j) ,A. OI\IIIUW, "'iI'Oc l

:lIlll'1I10 ,YIIII:1l111111<i'I' 11:1 II:UIII'lllll ,J-:IIIIII1CIIMIlI:TI1 II 1'/lt:IlM11TI'fl/llll'MOM C.lIY'11\1I 

IIO:~'(),YII'lI.III1I1IIX 'l'OpWIII I;d • 1(1111 1111,1,110 W, '/'ltlUlMI\II :~, 011/1 "OJIOO CY"(/lIl"'llIll1
t ] \ " 'I

1l:J ,lI,1111 M,yJI "'I'I'\ILJIO'l'11 r: II: 1111:111111"1'1, (J ,1 11 I I _,\)1 ( I. J) .- i\ Ji (11 I) 1I,!I,1
,I" I , J •
 

)(IIYX COCOJillllX 110 .l YI'0llllllll 1I,III"I'11I'II0'/' ·III/I',"IIIolII ::00 _. :1(111 MI'II, JL"" My11l,
 

'I'fIflJl/I'l'1I /,"" ,1- '1111111,'1111111"/", C.llllnl1ll. Ii "I'"I"M CJIY'II111 fj ,l\ 1), 1 I I,IIIII,III/( 
• I .' , 

ro Ml'll 1'\ III1MIIIII'" II I'" 1,1I11l1l/('I' 11l1l·"/lI'IIM/(II"'llliloilYllI IIIlIllillly llil'IUIIJ"l/'m," 1'01'· 

'I'lllUlllll'l' 'l'WlloI(// l'.II,y'llItl.1 ·1,'1 I. I
"11'1'1, 1'11'1.1 1."111'1111,l-:'''11I11CL1M'H:TL1 /1'''1,,/,,,''0 /1 MIW'''"l1l1'O '·1I1111l'1I11 MIII',Y'!' 

TaCilUma 2 

.dV A•A' M30TOilEqeCKI1e C,IJ;Dl1rn LlVA,A'= _L1))~A' 
sxcn ,C 

.n;JIH scex accaenosaanux JmH11:H 11 rpex 1130'rOilEQeCImX nap A.A' 

HllJKHlm DepXHRH 
TepM TepM A ).IA.A' • ~u 

J J, it • R 154.156 156.158 158.160 

9Do 2 9F 1 5802.92 -1704.6(7.8) -1139.9(6.5) -1178.9(6.5) 
2 2 5751.88 -1458.3(5.7) -1102.9(4.7) -1141.5(4.7) 
3 2 5823.97 -1468.8(5.2 ) -1101.4(3.7) -1148.8(3.2 ) 
3 3 5744,66 -1450.1(4.5) -1084.8(4.7) -1132.8(2.tl ) 
4 3 5851.75 -1462.8(4.3) -1104,7(3.1) -IH'0.90.0) 
4 4 5832.16 -1496.1C7.2) -1124.6(3.8) -1163,80.8) 
5 4 5889.57 -1499.°(5,2) -1128.4(4.1) -11'/2 .6(4.4) 
5 5 5709."'2 -1493.1C"'.8) -1121.8(5.5) -1166.1(.,.4 ) 

gpo 3 %2 5701 •.,5 -1l1':J.3C3.4) -851.8(2.6) -tl79,3(2.6) 
3 3 5686 .67 -142fl.1C5.5 ) -1079,1(4.4) -111tl.6(1+.Jj) 
4 3 5791.58 -1429.8(5.~) - 1083,6(4.2) -11~0.4(4.2) 

4 4 5746.36 -1458.0(8.5 ) -1101. ':1(7.~!) -1145.6(7.1) 
4 5 5696.22 -1401.':1(5,'1) -1056.3(4.H) -lOC)7.3('+.8) 
5 5 5851 .03 -1412.20.5) -IOJ5.t>(;!.1 ) -110::'.5(;>.2 ) 
5 6 585(,.22 -145'1.4(4 .... ) -1l01.'1(~).7) -11 ~I\,')(;> .I~) 

IIPl1 1I0MOIIlJl ['pIlIlll1/([\ !{IIIIl'1l /14, I~J/. ECJHl Mil fl'7COM ./1110 CIIOI('I'I'ILlll,II/W JHl

III1Jl 1\ II ,II r: IW:J1lxj,J}l I\ II OII 'l' /l Ml1 1I11J11I1lOI'O 11 r7111l/'OllOl'(J C,II.11111'Oli 1"\ l-I M
1 

I" ,I II M;\ l;001'llUTC'1'1l01l1l0, '1'0 

b L1 V~'I/I' • (I", - "1)<,\(,;)/1,/1' • (M, - M ) ~::~ 1:1/
" ,I /1/1'
 

A /I /I' /I /I' /I /I' I
l'li" (J<'1 V rj : '1V.· - I\V \' ; A, A .. /tlil l'IJlIIJfI '1111'//11 WIO'I'IIIIWIl'l: 

IUIX IJIlP, II ..1(".) - 1I"MI'lIdlllll "1"'1111/'1(1' JIll' 1'1'/1'11101'" ·''',,'JI,/(lIlIOI'O I'II~ 
IllIYI':/ 11./1.1':1. I, I:JI,y'lIl1'. /101',lI':t 000 Jll1l111l1 LHIJOIII'I' 0.lIJ111 OIJliIIl" ,VI"II"~II", 

(I', - ",1) 11 (M, M,I) 0111'1'.1(/'.1111111'1' "'(\.JlloI(O 1'11.""11(:'1'1, "{I.J111'11111 I" 11 MI~1I11 

(l(IlII1X YI""1111111 " I II I.'III1JMfI ,l • Y/1110HIIIlI ''''II 1"1'01'01111 ,Yl'IIIIlll'lll-Ili /:1/ 1111 

I AA' 1(, A'- All" [:i( I~,II. (I,()1. ""II(:XlIlI,L1M H M?(1~111'111"'III"IIIIIM ·1IJ:1'1""l1J1M .I1JII' ..I" r') 11 I> 1\ v, \' 'I', fl. I( lI1'liMOn 1(11111'11 • I';" 1I:t 1LlIlJ I I UIII'Il.lIIlJIIIf1'I' 

IlIr'"'lI"I'I, (", ",,5, Il '1'0'11(11 ""1''''''''111111111 I' '11'10111 01',11,11111"" (M •.• M.I ) . 
IIPliMUll li'1111'11 "l'IIII1I,I1,11.I1I'\l'I, Mll'l'l'.II.tlM 1IIIlIMPIII,IIIIIX Illlfl,HllIl'I'lIl1 I' ,y'11I'I'lII11 1I111111illl( 

/I (\. \ ~) ',\ '1 II ,1\ /,,' > lI,JliI IIi1JII,lI.lI11 11111'11 IlI'I'II"I(illllllllIlIX lI"I'"XII/\"11 11 II 

.. 'I 



Ta6JIIiua 3 

J -3amlCHMOCT!> IIOJleUOrO Ii CIIeilll1imtIeCKoro MaCCOBoro C.n;Blll'OB .'iJlFl 

B03Urr,n;eHHblX z~ n z9D MYJlbTI1WIeTOB, OTHeCeHHaJI R naoronasecxon nape 

158, 60Gd • ~ cpanHeHllR B Ta6JIIiue npl1Be.n;eHN SRcrrepI1MeHTaJI!>HHe 3Ha

tIeHllR OAV 158,160
J,J+l 

5nc158, 1bO oC'~CI58,lbO 0.6. V 158,160
TepM J ,J+l } • J,J+l ) J,J+l' 

J	 it, R 1.11'1:\ M1'1:\ ~Tu 

z~	 1,2 5802,92/5751.88 -24,0(1,7) -13,8(1,2) -37,4(8.0) 
2,3 5823.97/5744,66 -2,6(0,9) -13,9(0,8) -16,0(4,3) 

3.4 5851,55/5732,16 46,0(2,4) -24,1(0,7) 22,9(5,2) 

4,5 5889,57/5709,42 -0.6(0.9) -5.2(0,9) -6,5(4.7) 

z9n	 2.3 5701,35/5686,67 259,8(13,7) -21,7(2,4) 239,3(5.1) 
3,4 5791,38/5746.36 18,7(3,7) 3,50.7) 25.2(8.2) 

4.5 5746,36/5696,22 -19,2(2.5) -28,8(2,3) -48,3(8.6) 

5,6 5851,63/5856,22 39,4(2,8) -3.6(2,1) 36,4(3,5) 

IlCilOJIL:lODiUllleM OOl1tIHO 7 - 8 SIWrrepliMeHTaJlLHI1X TOtIeK WUI pa,3HHX 1130

TOllli'ICClUtX nap. 3Wl'ICIIl1J! ~(r2)t BHtII1CJICHhI HaMll sa OCIIODa.HlIR ]{eTaJlL

uor-o	 anannnn 31WIlOTHlMCIITMbHHX pe3YJIbTQTOB STOn paooru Jl 6y.n;YT onyo

JIWtOBaHb! IIO:lJKC. 

TIll\l1M ClIOCO(jOM (JWH1 rrOJIY'leHLl anasenaa 1I3MeHeHl1n nozeaoro 

0I1,..l5 fl , H iO = (F _ F ) Ll (r2.>158 ,160
 
~ ,J+l J J ,J+l
 

11 CI1llljl111JJl'IOC1WI'0 MHccolloro
 
s: 1~I\ ,1bO ( 2 
1I CMC J ,J+l '" Mr "'J+l )15A'160 

())\lIl1l'Oll JI,JIJI 11:IOTOIlWIOCIWLl IlllpU 158,IGO , KOTOpLiO IlPI1BO)lCIIU 11 TIl(')JII1110 

:1. killt 111\)\110, \11'1-1 :IIlll'IliIlI1J1 O'IIHI1. XOPOliiO COI'J1IlCYKl'rCJI C U1tClIOpI-lMOIl'I'llJII. 

IIIJMI-I )\IlIlIlUMll () PU'IIIOOTIiX C1'4 V lS/I, H,() • 'l'1l0JI 1-1 I III :1 IlOlW:lIHlIHJT, 'ITO 

Will IIO:IOYJIV\nJlllliX 1'.'lIr 1\ 7,'·0 M,VJI~.'r~1JloTon: III J -:lIl11l1c .. MoeTb 0'.1 ~),I ,1,\ 

..MllllT IIClMIJlIO'I'ollflUtl xltlJlu('roPi 01 1\ l'ptllll111llX )\11111101'0 MYJII,'rIlIUlflTIi IIll'lI. 

:IJI 11101)1(\)11\1'1, 'lflTltyNI II/,OOO,lItlllllllllllYKI P(UII, 0)11101'0 WI )lllyX ,j~JI('I'OPOII - 1I0)1ll 

1101'0 RJLI1 CIIIJI\1111111'111C1UlI'O MfICI!O'IOI'O (:,1111111'011, Jl01'JI OclU'1lI0 ';'II1'I'/lU'I'
 

l;JlI I.~l. 1',11. '1'1'0 )l,Il'l TJllllll.JIIIX :lJIllMOIITOII .I\OJIJKIIII IIpOOOJIH)lI!Tb J . :1111111011
 

MUC1'h IlllJl\IlIOl'O IllVllu u 1'11. 
iltl l1CIUIIO'lfllll\ IllJ:lMIII~lIllll'I'I" '1'1'0 II Plll1IlMfl1'pllnlluMoM OJIY'I/t() il,' () 0'10111, 

CJLOlKHlIM II','OMIIUM CllnH'I'/,oM II 11 I1I1JIl,IIIIM. 110 1I11.llllll"'/t'I'I1'IIiO 11'1'y'InIlIlIIM IOMO' 

U1I1I1:1I1I1(!M OUC'I'OIIIIl1£l lin 'IL1C'I'YIfI .1 ·-:III1iI1':IIMoI"I'I, IIIlItJIIlIIIIIlIll,'I'1111 )10110.1111'" 

TI1JII,1I0 I1MlllILLO 1!M!1IL111111111l1t1 IHlll'I'OIlIlIl~. 

II 

KalUIopOBKa ll3MepeHHblX liC no lie KX-JIyqell 1'1 cnexrpon Me30aTWOB 191 
rrpEDO~1'IT K 3aKnro~elmoo, 'ITO crreunWlIqeCKIiIT MaccoBHM c.n;BIir ~ 1'IcCJle~ye

MhlX JIRIlliI1 MaJI Ille npeaamaer 80 11II'u!, a 3JleKTpOHIlHfi (;JaRTOp Ej, lorrpe
)J;eJImOlllllM nOJleBOW cnsar/' B cnysae z9p MYJIbTlIIIJLeTa ;mIll!> nesraoro OTJIH

tIaeTCH IMeH~IIIe tIeM Ila 9,5% I OT TeOpeTHtIeCKOrO )J;AH tIllCTllX ns 2 _ nsnp 
rrepexo.n;oD. DOJlbIlll'le OIlll'lOKll STOR KaJIllOPOBKl'I, O)J;HffitO, He n03DOJUOOT cy

.lJ;1lT!> 0 crenean ~IiCTOTll ncczenyeaax yponnelt, TOJI!>KO;II,JIJI rrepexona C 

A == 5709,42 j la9D5 -+ z9P5 I, rzte HaOJIIO.n;aeTcH naaay-nuee coananenne 

sl<crrepllMeHTaJIbHHX 1'1 reoperaxecxax 3HatIeHI1ll crreUl1ij)l1lIeCIWro MaccOBoro 

cnnara IpmlHOCTb rJ 6 Mru! rl Ei Ipa3HocTb 0,3% I, MOlKHO 6WlO 611 

npennoaar-arr., ~TO Oil HBJIReTCH 'B1CTHM:. 

t{TO nacaercrr OCHOBlIoro MYJILTIil1J1eTa a9n0 
.aa ,!\nHHOM STan8 Mli MOlKeM 

TOJl~KO HaCTaIUxiT.b aa Ha.Jlli'UlH CJIaOOH J -8D.mWHMOCTrl ~C. Pe:1yJI!>TaTbl, 

1I0JlYlleHHuo .lJ;JIH KaH,I\oti napu IUlltlIll1X YPOIJHci1: C Od!!U1M nepXHl1M yponaen 11:1 

O(iOI1X I1cCJle.n;oBD.IlHlIX Tepr.IOB z9p }l Z9D , O~I[[\J<O, pac XO;\JI TCR :lIWtIIITeJIbHO, 

XOTR	 II D npeztenax 8KcrrepriMeHTaJlblloI,j OIIIJ1(J/Ul, a ncJcOJilOTIlhle :lHa'leHl1H 

6"LIYJ ,J+l TO;Ke lIoPMKa OIIIllcJKH. 3'1'0 O(jCTOJlTOJLbCTDO He H08nOJIReT C y llC

POJlHOCTLlO pa:l;\eJIllTL BlUIa.n;bI IIOJlenOrO 11 Cllellll'lill'lCCIWl'O MnCConoro cruut

l'OB n HaOJllO.n;aeMoH J-3aBlICIlMOCTH. 

NUT rrOJIy'lCHl1JI oonee orrpe.n:eJ{c;mofi H1I1110PMUlU'\11 MIl l1ClIOJlb80nMl1 oxc

l!CrHIMOIlTiVIbIlLle ~C ITaUJI. 21 }l r)[ICtIeTIIIJe 81Iil'W/I}lH )f,Jlfl O".d).l J J +1 

!'rao.lI. :V IlO:l()YJI(,I(CIIIIIJX TepMon, lWM(H1Hl1pyil nco Jl08MOJKJlOCTIl II 6CPfl 

CPCJlll}lO naneueinrue :lJlll'reIll1H. llO.llY'lOllllIJe PC:1,YJlh'!'aTIJ 1I0IW81JnnJOT, ll'I'O II 

O'I'JIIi'HI9 0'1' J -:JaHllCI1MOCTM JVIJl IIO:l(IYill,lI,CIIIIIJX MyJ!I,TI1IUlOTOIl, II C'.Jly'lilO ilO

ilO IlIlOI '0 n')no MyJI h'!'MIUI()'rll III\()JIIO,IlIIO'rCJl Ol! pC,II,OJIOIIHl.lJ! :lIUWIIOMC PIIOI:T I,: 
OLlI! ~ ')~,!flO IIO:ljlIlCTIlU'1' C POC1'OM J II MMOW!' CJIfJ.llY'OIIl110 :1I111'101I11J1 III ML'lv: 
C, I(h:O), r:l,~(~I,2), 20"lJeJ,!"i) )l,J1H J" :1, 1 11 ~l COOTIlO'I'C'I'/lOIIII(). 

(fl'MO'I'I1M, 'ITO IJlIUJlorM'lfIlUl 11 'rru{JKO C.lIIl(i,'1J1 :liljI-lCI1MO()'I'L yC'l'1l1l01iJlOllfl, 1lI111

IH1MOP, ,1(JIH OCIIOIlIIOI'O MYJ1LTl11ULOTIl /I Om II~). 
'I'nOJIl11111 ~.~ }l :.l '/0'1'1\0 ,1(OMOIIC1'PI1PY~IT :11111'1 l1'1'OJll,IIII~ IIIUlIl)l IIOPO/(P"I;'I'IIIJX 

;"11.'01('1'011 IIT0I'01 '(I IIOpJl)llW, II 'l'11I(JIlO, 11(1 ]II !olt IiOPOJl'I'IIIIr:'rl-l, Cl1JL hIlOI'O 

CMllLlLlo\ll/l/lHH IlJJ01(TPOIlIlIIX COC'I'OJllllltl II Ollpn,llOJI/lOMLIX 11e. 1I011TOMY HOIIOJI ":11}
11/11111(1 pn:JyJII,TII'roll 11C ,1J,JlJl 11l1·IIIr.JI"II~1H 11:1M/llltlIlI1H OpO,l(IIOIWII,/lplI1'M'IIIIlX :111

1"I,llOIIIIX p/l)(l1yOUII 11,1101' 00:4 y'IO'I'1! 1,'],I1X llt),ljJOI(TOIl MOlllf,'I' IJPI1IiO(~TI1 I( OOpJ,lI:l" 

IIIlM 1I0'I'Il'IIIO"'I'J1M 110 (:PIIIIIIOIIIIKJ o IIIIIIOOPIl,/101'1I01ll1l1M.. llJ(Cl!llpI1MOII'l'llJll,III1MI1 

1I01'POIILlltII:'I'IIMI1 11 II :I/I/I'I01l111IX IlJIOH'I'P"IIIIOI'O '1~1J('I'IlJ11\ 1':1 II IIOPI\lIM IIPI1(IJII1

/l!OIlI1M. 

11 ',l/l!(JIII'IUIII111 '"I'I'1l1'11 1I111111J!I:IIHI'I' 11,)IIII'O,I(IIJ1l1oC1'I, \'.lI.'I'JIllJ1ll1l,Y 11 ~1.1l.(JI'I1

1I111'llll,Y 'Ill III1,1l1(O/,JIII(y /,1\1'"1'11, II 1"1I01lO 11.llil'lOlloll :1/1 1I0Jlo:11I1l1: 1l(,cYlll,/lfllll1l1. 

II 
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III 

TEMATHQECKHE KATErOPHH nYBnHKAUH~
 

OBDE~HHEHHOrO HHCTHTYTA H~EPHYX
 

HCCJIE~OBAHH~
 

HH~eKC	 TeMaTMKa 

1. 3KcnepHMeHT8nbH8fi ~H3HKa 8~COKHX 3HeprHH 

2. TeopeTH4eCKafi ~H3HKa BWCOKHX 3HeprHH 

3.	 3KcnepHMeHTanbHafi HeHTpOHH8A ~H3HKa 

4.	 TeopeTH4eCK8A ~H3HKa HH3KHX 3HeprHH 

5.	 H8TeMaTHK8 

6.	 RAepHaA cneKTpOCKonHA H paAHOXHMHA 

7.	 $H3HKa TA*en~x HOHOB 

8.	 KpHoreHHKa 

9.	 YCKopHTenH 

10.	 ABTOM8TH3a~HA 06pa~oTKH 3KcnepHMeHTanbHWX 

AaHH~X 

11.	 B~4HcnHTenbHaft M8T6M8THKa H TeXHHKa 

12.	 XHMHft 

13.	 TeXHHK8 $H3H4eCKoro 3KcnepHMeHTa 

14.	 HccneA08aHHft T.epA~X Ten H *HAKOCT6H 

ftAepH~MH MeTOA8MH 

15.	 3KcnepHMeHT8nbH8A ~H3HK8 ftAepHWX peaK~H~ 

npH HH3KHX 3HeprHAX 

16.	 A03HMeTpHA H .H~HKa 3a~HTW 

17.	 TeopHA KOHAeHCHpO••HHoro COCTOftHHft 

18.	 HcnonbaO••HHe paaynbTaTo8 H MeTOAO. 
$YHAaMaHTanbHwx .H'H4ecKHx HccneAo.aHH~ 

• CMe.HW)( oftnacTAlC HaYKH H TeXIiHKH 

19.	 6Ho$HIHKa 


