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I. AnH868THqeCKllH no~o~ K 38~8qe Tpex Ten TpaAMUHOHHO Hc~onh-' 
3yeTcR B 8TOMHO~ H MoneKynRpHo~ ~3HKe. 3TOT MeTO~ no~y~ pa3BHTHe 

B 3a,aqaX Me308TOMHOli CPH3HKli, CBR3aHHhIX C np06nel1iOM /,1t:xJHHoro KBTaJlH3a 

/1-2 • filnepC¢ePHqeCKBR BepCHR a~86aTHqeCKOI'O nO~0~8 nepBOHaqanhHO 

6una npe~oxeHa ~ OTIHC8HHR cneKTpa ~BYKpaTHo B036y~eHHhIX COCTOR

HH~ aTOMa renn; 3 , 8 Ta~e ~R P,8CqeTa pa3nH~hIX xapaKTepHCTHK H 

~pyrnx aTOMOB 4/. B pa60T8x 5-61 6uno BBe~eHO rnnepc<f}epHqeCKOe 8.lU'!a

6aTHqeCKOe (HSA) npe~CT8BJ1eHHe, opHeHTHpOBaHHOe Ha paCqeTll Me30

aTOMHhIX npcueCCOB H xapaKTepHCTHK Me30MOJIeKyn. 3 3'rHX pa60T8X BnepBble 

~aHa nOJIHaR KJJaCcHqiHKaUID! cocTomrntl liSA - 6a3Hca , 8cm.ml'OTHqeCKH 

COrJIaCOBaHHoro C iflli3HQeCKIDvrn rp8HlflffiWvrn YCJIOBHm,rn 38~8~ rCCeRHHR. - t ( !HS A - 6a3HC onpe~eJleH KBK nOJIHllii Ha60p H3 L S x 5.3 H 38~8eTCR 
C nOMOWhlO pewelli!il: cneKTpaJIhHOii 38~8'll! ~ ~BYMepHoro 3JIJlHnTHQeCKOI'O 

onepaTOpa C Hepa3~eJJRlOum:r,mCR nepelfleHHh[f,m. 1 ,18Tel~aTHQeCKll KoppeKTH8R 

nOCT8HOBKB 3~i~' COnOCTaBJIeHHe KJJ8CCHlfmKBUHH COCTORHl1l1. co CT8l!~apT
' HUM 6a311coM 2 H nepBoe ~CJIeHHOe Hccne,UOB8HHe CXO.lU'!MOCTH HSA -P83

nOlKeHHR ~aHll B pa60Te /7/. 
H8CTOR.lll8R pa60T8 nOCBllllleH8 Bbl~cneHHIO B H 5 A-l1o~o~e K03diliH

UHeHTa npIDIHl18HlIf! WS MI00H8 K renHlO B pe8Kwm.: ~ ~ 
J "* .~ 'I~l +j' +rl 

J~ -----+ ~e(Jlft +1' ~1/IUe. + n, +Q . (I) 

06~ee ~cno UHKJJOB .;M - KBT8JIH3a, KOTopoe O.lU'!H /,,,- -Me30H ycneBaeT 

OCYW9CTBHTh 38 BpeMR KH3~ r = 2.2' 10-6 
C, 06paTHO np0110pUHOH8nhHo 

BepoRTHoCTH llpWIilllaHIDl / S . II03TOMY BeJlH~H8 Ws RBJJ.ReTCR KJlIOQeBol1: 

,llJI.R BblRCHeHllR Donpcc8 0 B03MOlKHOCTH np8KTHQeCKOI'O "CnOJIh3UBBH}i )1 IlUOOH

Horo KBT8nH3a. 

l1MeeTcR PR.ll TeOpeTHQeCKllX oueHOK K03cWlHUHeHTil /pH.~nEIDlR, nOJlYQeH

HhIX B paMKax pa3nwffihIX 110~O~OB H npH6nllA(eHHii /9-1:3 , BKJllOQaR He~aBJl11e 
nperm3HoHHlle BBPH8UHoHHble paCQeTll rlJ.s= J , !:lS59,ro- 2 /14-16/ . Pe3ynhTa Tbr 

3THX Bll~cneHHit cornaCVlOTCR MelK,ll,Y C060M ,01Irla,lW npeBllllli::UOT 3KCneplUl!eH'l'aJIh
• ~tP e'lPll -of - 2

Hoe ::lH8QeWleW :1..15 loR) ~(O.49~o:~O)'10 , 

3~eCh W,/,,(P = ( 0 ,35 -7- 0,45), ro-2 - HaonlO~8eMW1 B 3KCnepw.,leH

Te K03cWmmwHT llpWIilllaHl1R /I7,IS/ , 8 R. = 0 , 28 ~ 0,36 - BepoRTHoCTh 

CTpRXlffia~ ME)OH8 C "'He, 38BHCill.U8H OT l1JlOTHOCTH CMeCR ~ =0 , 1.;.- I , 2 
/8, I3, 19 • Ta Kl'lM OOpa30M, pe3ynhT8Tll TeOpeTHQeC KliX paCQeTOB npeBWlJa IOT 

3KcnepllMeHTaJIhlilie 3HaQeHl1R oMee 'ieM H8 ::!7ii . • 
,IL7m Bll~CJIeHIDI Be POHTHOCTH npWll!IlaHllR W5 lIliOOH8 K renHIO 0 6 ii'ffiO 

HcnMh3YlOT npH6.1illl!\eHHe BHe38 l1HhIX B03:,\yllteHHil: /20/ , KOTopoe ,llJI.R peaKUlm 

(I) HMeeT BRn / 13/ 
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1 

iJs :: IS JJ'l ¥; If(ti) Y; (1/) I! 2-, 

r,ne '?t'i ('i) =¥«'~ (t, R)h =0 - BO·JlHOBaa cFYHKl.lWi MIOOH'a 1l "le30MO

JIeKYJIe J~ B TO"lI{e n 8pHoro cOY,llapeHJ1H (eli) . Yt(;;)=eI.J·t?tf-We~) 
- BOJIHOB8R IPYHKllJiJI Me308TOf..r8 "A'tJle C mmYJIhCOM 1/ = 5. 846 .M. Il.~ 
B CHCTeMe U8HTpa HHepmrn (CM. pHC. I). IIPH 3TOt.! Ha nepBoM STane pac

'ieTOB 061i'iHO npeHe6per8!OT sqxpeKTaMH. o6ycJloBJIeHHHMH KOHe'iHHMll pa3Me

par.m R,llep H ROHe'iHliU pa,lllfYCOM ,lle1!cTBHfl R,llepHllX CID!. a T8KlKe H8J111'l:Her.1 

OROJIOrrOp~rOBorIH:WtY R,llepHoro pe30HaHca B roMer.:YTO'iHOM (SH l-/") 
-KaHaJle . Y~K nOKa3aHO B HenaBHeH pa60Te /16 • Y"IeT R,llepHliX CHJI yBe

JIJI'l:HBa 8T 3Ha"leHHe Kosr!xiJHIlHeHTa npHJlJmaHWl; Ha 4 ""5 % • OU8HKa TO'iHOCTl1 

YRa3aHHliX ITpl16JUllKemll \ ,naHa, HarrptlM8p, ~I3/. Onp8,n8JI8HYl8 K03qxp~neHTa 

rrpWUlTIaHM B paMKax ~88BCJ{llX ypaBH8H..Uid 11 CPOTB8TCTBYKlll88 B1ipa
o 

Ji!eHHe.lIJlfl W,s B nepBoi.l 60PHOBCROM IIpJ16JrnJK8H1fl1l C Y"leToM ,llOnOJlHHTeJlb-

HOro pe30HaHcHoro K8HaJl8 naHli B pa60Te /2 I/. Heo6xo,lllfMOe .lIJlfl SToro 

MHRpoCKonWleCKoe paCCMOTpeHHe "ep.H01\ peaKUIDI h. + ~Ill. B,+ t- 
a,lllfa6aTH'l:eCKOM nO)pCO,ll8 ,llaHO B 227. 

8~88ca paCxollUt8H118 M8liU1Y SRCrr8pl1l'il8HTaJIhflliM 11 T80P8Tl1'18CKHM 3Ha'i8

fu18!/1 wS,8Ml1 ITPl1HRTb BO BHlofM8.IDl:8 BHCOKyro TO'iHOCTb BaPl18UHOHHHX: pac

'l:8TOB 111-16/ , MOJiUiO 06'hRCHl1Th O,!{HHM H3 B03MOlKHHX clDpnpH30B"TeopeTH

'l:8CKOH qmSHKH/23/. TaK. Hanpl1Mep. npH Bli'l:HCJIeHllll' ~OJlHOBOi1 qJjrHKUIDi 

Ha"laJIbHoro COCTOfIHHa Heo6xo,lllfMO RoppeKTHo 3a,naTb rpaHlf'1H.b!e YCJlOBHR 

He TOJlbKO B TO'iKaX napHHX CTOJIKHOBeHHH. HO H B TO'1Ke Tpo~oro cOy,lla

peHHR - ueHTpe l1Hepmrn Me30MOJleKYJlIi "~. TaKYlD B03MOlKHOCTh rrp8,noc

TaBJJ5I8TH S A - no,nxo,ll. B KOTOPOM TO'iKa Tpo~oro coy,napemm mmeJIReT

OR RBHO C nOMOmblO BBenetlHR U Ka"l8CTB8 a,lllfa6aTH"IeCKOH nepeMeHHOH rH

neppa.n;Ifyca .£ :: VH /?1.+ rtt't£ '/5.6/. KOppeKTH8a !lX>PMYJIEPOBKa MHOrOKaHBJlh-

Hoil T80PllJ! pacceflHHR B HSA - npe,llCTBBJleHl04 . COrJIBCOBBHHaj C rpa-

HHtnrnMJ! YCJIOBl1RMH. BliTeK81O!1lIDJ1H H3 ypaBHeHliH OO.u.neeBa. ,naH8 B 24/. IIep

BaR nOllliTKa , CnOJlb30BaTb .nJIR oueHKH rHnepC~pH'ieCKOe anza6aTH'l:eCKOe 

nPH6JIH1lteje 25/ 6e3 y~eTa Hea,lllfa6aTH'l:eCla!X rrorrpaBoK, 6WIa npe,nnpIDiJiTa 

B pa60Te 26/. UeJIblD ,naHHoH pa60Tli RBJJ5IeT OR HCCJIe,nOBBHlie B03M03HOCTell 

HSA-no)pCO,lla .lIJlfl BH'l:HCJIeHHR BepORTHOCTH Ws npHJIIDIaHHR MOOHa R 

reJIIDO B peaKUID! (I). 

2. YpaBHeHli8 illpe,llHHrepa .nJIR paCCM8 TpHBBeMOa Me 30MOJIeK;yJlHpHOll 

CHCTeMij B rHllepcg,epH'ieCKKX ROOp,llHHa Tax..---=--------. 

~ ~=VI'1R't+m'l/ , 
Hi 4:yy .ttl ~ = t~[(ifrrt] , 

11 ::~[(;;·R)/'tR]
Pao .I 

2 

I1MeeT BH.IJ: 

Hy j~O(J.,J.,~):; £ yj;o(~,d" try , 
(2) 

r,ne 

A - i /. ? IfJS d h('If))H- - Z 1<,5 ?.t "" d~ + ;]V 


-i M -1 -1 -1. ( )-~-1-M = t +- MJ,m = H-t +!1,/ + ~ , 

Mi = 5496,918 m.e.' 11/ = 3670, 481m.e • in/,,= 206,7686 me.' 
R.= *:: ~=J. 3.llech h (12) 8CTb yrJlOBaR ,{8CTh r8!1!HJIhTOHH8Ha Ha 

ccpepe S (01.) 1j-). 3BBHCffillaJI OT .f2 KaR OT napaMeTpa: 

hJJ<) = T(.2) +~-dV(,J"V), 

T('£)=-.....L .~ (~$in~2+.L2· ?)
j, ~ 'l Stn t of, l~ol ;;eJ, s.ifz '/J ~lJ Sift lJ"'d zj-, (3) 

V(J.,7J)=..i!E- [ ~ (11 1":I",!cJ. + ,f11..;. . -:)11]
Wldfl.L ft., h1. ~a T -£Jfyfrtdjf~lJ'+(PJ +1 

[i = I1J / (H-t +11'/), rtl:::. H-t / (H-t +#,,'). 
IIOTeHrmaJlbHaJI llHepIWI j(, -1. V(<<., 'JJ') o6palU8eTOR B 6eCROHe'iHOCTb B 

TOQRe Tpo~oro cOY,llapeHRfl ~ = 0 H B TOQRaX napHHX cOY,llape~~ "Iac-

THU: 

(~) 'if::: ~. dj olA :: [t Vmli1, ,£ '" 166.16: 

( 4)(J/) 7J- :; 0 . ot~h =fJVin/l1~ oL=1SS.28~ 
(-/;j) ?J- E [0, ']f] , ~ = O. 
B Ka"leCTBe ' t1 51\ - 6a3HC8 HcnoJlb3yeTCfl nOJlH~ HB60p perneHHa

{p~}~ E L% (Sl) .ll.BYMepHo1! 38,ll8'l:H Ha C06CTB8HHh18 3Ha"leHHR , 
, ~ =1 

h (~) pi 

O 

(cJ- )1J'; /.):: EL (t) p; (0£, 1J'; £) ) 
( 5) 

{.t,?!} E w=[ Ot.,£~;rC, O ~ V-.(:tCJ ) 
Hoplvrn:poBaHHHX YCJIOBHeM 

<p; 11>; >= IJ'l:{~)p: *{ci, 1j-;~) p; {ot, 1t ;~)=r-ij , 

3 

I 
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Pac. 2. Ha Pl1c. 2a i1 26 11306palKellli H5A-1!YHl<llJlil rp; (ct., 'IY;~) IIP; la., 1Y;~) , 
3a)taHHlle B o6J!aCTI1 W' = (O£,"-6,TT , 0" O'~ w 1 Ilpl1 3Ha'leHl:lii rrapaMeTpa $2. =1. 
Do OCI1 x OTJIOJi(ellli 3Ha'leHWl yrJIa rS-, no OCl1 y - yrJIa 7.r. Ha pliC . 2B H 

6 2r l1306palKellli COOTBeTCTBeHHO Te lite \PJ11.KW!ii npll 3Ha'leH.Il..l1 napaMeTpa 

R. = 20. 
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_3,i .3 
d'C (J?) == t (mM) ~ Sitt"l.sitt ?J'1tf,t/1Y, 

(6) 

3,neol> £ i (J,) - coClcTBeHlUle 3HB'ielUU1 (TeIl&1), a8Bl!cstlIl:Be. napaMe'1'

pwleCKH 0'1' Jc. MR cPHKCHPOBalllioro HSClopa KB8HTOBWC TiHceJl t • I'pa
Hl'I'iHllle YCJIOBRR, BbIp8J!t810111He orjl81UJ'ieIDIocTl> B~Orl1 ipyHKlllm H8 rpalm

l.l8 06JlBCTH W ,3S,n8IOTCJI CJIe,DyilfltHM OClpaSOM ?: 

IMn sin 2r£ ?cf>; =0 I!im sin 7t ') cp; =0 
,.j. ... o,,r dol. I v--a:;r ';)]j . (7) 

I • 

f)," :r.. 0 H 
PaSJI0X8lme no.1lHoR BOJD:IOBOl!:!flyRJunm X tI~ no SA - 6a3Bcy 

(4) liMeeT rum 

?fi"O(~,cL/lJ') -; 5l-J.~ Xi (~) P: (01. J 1J'; I?,) . (8) 
'. : 1. 

l1CllOJIl>30Bawre nmeppa.n;Byc8 ~ B KB'I8CTBe Me,lJ)leHHol1 nepeMeHHol1 

n03BOJI.f{e'1' JlBHO BhI.lteJIllTh '1'0'11<1 '1'potbiOro coy,sr~ - neHTp IDlepmm ~ 
lit ,Y'IeCTb JIOrapHqr,mtiecKjlKl OC06eHHOCTl> ~KB 2 B J./S A  npe,nO'1'8:a--

JIeHlm 

11) X" + ~ r I)Xi (~) -; Z ~ r ii,o l£ 1

"0 
r,ne 

r.. (~) =L r:.~) d) of;+ L.. L. F. , ~,s) /J) il.!n §.~srt, t-o J( (, (,,, J'C. t "0 .:Jfv <" /
1; : 0 f;~t $=1 . • 

( 9) 

IIepBble I«Hlq$HlHeHTH pa 3]l"era (9) lIPB \IlHKOHPOBBHHOM 3na'lemm I'Kllep
MOMeHT8 X () npKBe,neHH B 6 • 

PemeHHe 3a~'l:» (5)-(7) o cymeCTBn&]lOCh MeTO,nOM KOHB'l:HHX SJleM~TOB 

C HCn OJIl>30:arumeM 584 BOChMHY3JIOBI:DC BsonapaMeTpH'leCKHX MeMeHTOB ? / . 
KoHeqHO-SJIeMeRTH8R CeTKa co,nepaaJIa 1800 YSJlOB. TOqsOCTh BCnOJll>syeMol1 

cxeMhl 0 (h.."w) • r,ne h.w$(U. - xapaKTepHliA mar CeT.KB. PaC'leTH npoBO

JtHJlHCl> B CJIe.JlYilllll!X TO'lK8X n o nmeppa,ltBYcyJe.: o,r ( O,I)21 ( B CK06K8X 

YK8S8H mar ). TO'IHOCTb BIi'mCJIeRBJi TeJl40B E~ (.£) ::; ro-5 M.a .~. 
(i ..4(. a.e...5626. 51 sB). Ha pBC. 2 H306p8J(eHli HSA - qJyHKlJlm 
-h ~ (. / 'tf' ,,t,) i := i. t , 3a.It8JiHl,Ie B o6.nacTH GJ • llPE ,ItBYJC \IlHK
'1:" .. """ " I'h tD SACHPOBaHHHX 3HaQemooc :rnneppamryca .:f<. = I :B 20. IIPB M8JlHX t7V H -

if)yHiOlIID'I n epexo.IIJ{T B mmel1:H!ie KOYJBH8U1m CTaH.I!BpTRHX X - ra~HJ!.K  t 

c06cTBeHH!lX 4JYH.KIIlrlt y r]IOBOA 'l8CTB onepaTopa JIalJJl8C8 Ha Lt(S:)"'i/IS;5~ 
KO'1'oplie llPB j::;. 0 CBO,ltRTCJI K nOJIHOM;y H860py ipyHKUd H3 LL(Sl(w)). 

6 

COOTBeTCTBeHHO TepMH Ei (jQ) OTIpene]lffIDTCR 3Ha'leHHeM rHTIePMoMeHTa~ 

E~ (J() == :x (X+'r)/2~ 2 + EfJ/£ + ... 
(J,) ,£'-'0 (IO) 

rne E. - KOpID! ceKYJIRpHoro ypaBHeHRR onepaTopa TIOTeHllHaJIbHO~ sHep

I'IDf V /6/. IIpH 60JIbIIlliX.I!, HSA - IPYHKJ.J;Jrn TIepexO,ltRT B JUffiellHble 

KOM6HHamm ipyHKllH~ pa3'bemrneHHIlX ~ H ~ 8TOMOB. KOToplie JIOKaJilll

3YJOTCR B OKpeCTHOCTH TO'leK napHI:DC CTOJIKHOBeHHH (4) (CM. PJ~C. 2). 

COOTBeTCTBeHHO TepMhl E i (~) npH 60Jlb1llHX.t nepeXO,ltRT B .mepIml 

~ H J,.# 8'1'OMOB 

(0) (2) ( )-£Ei-f (£) = Eif + Ei f ~j2 /vm +. ,., (II) 

E 
(0) .1l-. oo

_.l -i -~ 
r,ne(t) i p = - mp Ifnt I rttp =H p +"7'< I f::t,I. KBa.npaTH'lHble TIOllpaB~ 
E if eCTb c06cTBeHHlie 3H8'leHRR ,nHTIOJIbHOrO HHTerpaJIa .ltB~eHRR Ji ) 

/6/ . I'paqmKH ~KTBBHoro nOTeHllHaJI8 U 1..1. (.£) H if)yHKlIHHX! (~ 
TIpe.ncTaBJIeH~ Ha pHC. 3. 

-0,6 tU" (9{ I 

·0 ,4 

-0,8 

-0,9 

-1~0 1 ........2 8 10 12 14 1'6 18~2';.:u---y[ 

-1,1 

-1,2 

FHc. 3. 
~KTHBH1ili nOTeHUR8JI U~ ~ (£) H pa.ItBaJlbH8.fi 

WHKIlM X 1. (~) • 

IIo.ncT8HOBKa H S A - pa3JI0lK8HIDl (8) B ypaBReHHe (2) TIPHBO.ItBT 

K CHCTeMe pa.ItB8JIbHIiX ypaBHeHKn BH,n8 

.. It A " JX If." ) A -I~X + ux + QI i +,~ ~QX ==2· [, J·X I ( 12) 

7 



Ta6Jmn,a I. 3aBHCHMOCT~ 8Hepnm OM3H E. 00 (B 3B) 

x (o ) :: X (00) :: 0 . 	 (13) 
.. ~ A 

3.n;ecb I . U . lX - KBa.lij)aT liN!! MBTp!UIN • KOTopile onpe.n;eJUIlDT

c.a 	 COOTHowaHKiUdH I ij =: dti ' i,j =: 1.2 • 

·, - \./ \ H 1. If)-trU"J -	 vv, a'i + 'i - 7( ~ d'i 
W~ 	 = 2E, + ~~-t , 	 o· 
H~i =Up = fJ'[; (I.) ~1' ~ 

0 

W 	 0 

Q:i - _Q. , --frl'! / dJ) A;~tt ~ (j) .
'0 - J' '' - w l .x '±'l. W 

(14 ) 

-f ~-2r:i ,
d 

_.J. 	If) - 1 I , , 
2 iN. 0 V . 

B KOHKpeTHUX pac~eTax OrpaHH~BaDTc.a nepBID~ AfJt qneRaMH B pa3RO

lKeHlm (8), 'ITO npHBO,I(l'lT K CRCTeMe A',!2 y paBHeHl!it. ITMy6ecKoHe'iF!1Jd1 

HHTepBaR no nepeMeHRol1 ~ € [0,(0) 3aMelUleTc.a KOHe'llU>lM [ 0, £~J. 
B HacTomue~ pa60Te Mli pa cc'lHTaRl! aHeprmo CM3H Goo = - (t'i -(jtl.(~

'tnflRtt , Rtf: I3, 605804 3B. UJ. J..{oD) . 0,963748 ..u. «. t!. , Me30MoReKYJIli 

~i~ (j~ 0) B .n;Byxy poBHeBoM npH6~eHHH. TIPH qJ!CReHROM pemeHHH 

3a.n;a~ (12 )MeTo.n;oM KORe'iHUX aJIeMeHTOB HcnMb30B.aJmCb KY6H~ecKHe KO

He'lliHe MeMeHTIi ( cTeneHb 6a 3HCHoro MHOrO'11IeHa n.o =: 3) , 06e cnetm

BaKII!He TO'lllOCTb 0 (h~ ) OTHO CHTeRbHO c06CTBeHRUX SHa'iem (s.n;ecb 

h~=Qi - ,llJlHHa aJIeMeHTa). B Ta6mrue I rrPHBe.n;eHa 3aBHCHMOCTb 3Hepl'HJll 

CM3H 	COO (B 313) aT 3Ha'le1lliR npaBOH rp8.1U1ll,li lOl.HTepBaJl a 

IDlTerpapOB8HYUi J<,. Ma4. (npl'l \Il8KCHPOBaHROM ware ceTKH hR :. 
=: 0,1). 3aBI'ICHMOCTb Coo aT ~CRa MeMeHTOB n.~ ( np.l!! J2~ = 
: 50) npe.n;cTaBJIeHa B Ta6Rl!ue 2. B~CJleHHOe B .n;ByxypoBH8BOM npH6~

lKellliI~ (npH &- mMC =: 80 1'1 fI, £ : 800) 3Ha~eHl!e aHepI'Hl'l 

CM3H Me30MMeKYJlll cli,;u paBHO: E.. 00 : 317 ,42 aBo YKBEeM 

Ha HeKOTOpl:le ,lUlYrHe P83YJIbT,TH: t:t = 317,04 aB - .n;ByxypoBHeB08 

a,I(l'la6a T.I!!~ecioe nE1'I6J!lVKeHHe 26/, E trcIIJ = 319, 140 sB - Ba.PHauHOB
HJ:.tlt paC'leT 15,1 ,29/. 0 K8~eCTBe :~CJleHHHX BOllHOBIDC q,yliKUl!2 X~· (.£) 
MOERO CY,I(I'ITb Ta lOKe no Cpe.n;lU1M 3Ha~eRH.iIM <~ > l! <: J(} > , KOToplle 

COOTBeTCTBeHHO paBHH 9,18 H 92,I4 ~.a.~. • na~~Reawee yTo~eRHe 

aHepI'HH CM3H Me30MOJI6KYJI1,i B J.lSA - no.n;xo.n;e CM38HO a BHXOa'r 
.n;OM 38 paMI<H .n;ByxypoBHeBoro IlPH~elmSl (T . e. C j"ieTOM CRe.n;y1!JllKX 

060JIO~eK), a T810Ke C YTo~eRHeM a CKMnTOTHK ~KTHBHUX nOT8HUHaJIOB 

npH 60JIbWIDC 3Ha'leHRlIX I'HIIe ppa.ItZY ca J?, . 0 

3 • .lJ,nR Bl:l'IHCJIeHID1 BepoRTHocTH npmmrraHWl W $ MDOH8 K r eJllllD 

MIl HCnOJIb3yeM npH6Rl!lKeHl!e BHe3allROrO B03MYUleHHR,B KOTOPOM aMllJIHTy.n;a 

8 

aT 3HB'l8m1R.£rMZ4: IIpH tPm<CApoB8Fi:BOM Ware ceTM 

h." 	= 0,1. 

IbJCJlO£00 ypaBHe- g(~
1 	 iOO! 

3D 40 50 

I 317,35241 3I7,35500 317 ,35500E., Of) 2 317,41824 317,42080 317 ,42080 

nepexo.n;8 nponop~oHa~bHa HHTerpaJIY nepeKp~THR Me~ ¢yHKUHe~ Haqa~b

Horo H KOHe'IHOrO COCTORHH~ : 

Al ~ =fJ3Z?ftlf(Z)~(2) 1 ( 15) 

r.ue '¥'f ('l) BMHOBa.R: rflYHKLUm KORe'UlOrO COCTORHHR 

Vf (r[) = 2: RnL ('l))j 0 (If, fI).e i r z, (I6)

'If" (ii ) - BO~HOBaR ¢Y~J<llKfI Ha~aJIbHOrO COCTORJillR 

( 17)¥: (Il) =# Y:: {l, 'i)k=a 

a N HOPMHpOBO'IHaR KOHCTaHTa - i./,e 


# == [ fJJ't. J~ (o,il)ltJ . (I8) 

3.n;e Cb f( /t...t ( 'l) - Pa.rr;HaIlI>HaR tWHIDnffi BO.n;OPO.n;OIlo.n;06Horo 4-%_ HO-

Ha, y~ 0 - c<PePH'IeCRB.R: r aPMOHl'£Ra , ( 'f I = 5,8460 -«. ~.~. 15/, 
y~, (0 ,'1.)= t:'b Yo: (~,~) , r.n;e '¥,, ((if) B~OBa.R: WHK-

UlL'! Me30MOJl eKYJIH &(~ (J=0) . AMwmTy.n;a nepexo.n;a Af / H3 
COCTORHI'IR J : v =- 0 Me30MOJIeKYJl!.I tI~ B CM3aHHoe cocTomme,/" ~II(. 
1'I0Ha 	 C op6HTa~bJi.bIM MOMeHTOM L H r JIaBHw.! KBaHTOBIiM '!HCJlOM n B 

flS A - npe.n;CTaBneHl!H RMeeT ~: 

.i.rrtM 

A~t=m-J/jk f. fRn,(rr/,tJ,)jtl(1'm-~.£)Xf(£)I'L:; (£)~/J" 
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x!(£) =;VXj{IZ), 
;J[ 

r,ne 

11(f (~) =y~d i(~L'+i)[PI (Cb.1,'tf) ~/(tc9:J.21')p;(~=o, ~i~)sin1f/7,f 

[ 
.3,4.R.mJIAt -+j

N= rn ~ f 1Xi (;2)Xj (~)I~ (£)/~] , (19) 

:Ti

l~ (.9<,) =Jp/)(~ =0,11; 9!-) p; (pl= 0, It; ~)sin Z9'/lP'. 
d 0 0 

rrO~HaR BepORTHOCTh rrpH~HrraHRR ~s Bupa~eTCR qepe3 rrap~a~hHY~ 

c~e.n;y~lJmM 06p a3 0M: 
o 0 

Ws == X-. Wn.£ I 

fl.t 
Wn-L = IA;//£ (20) 

IIpB 1l0~yqeHlffi ~)()V.~, ~u (19) Mill 'y~B TO 06CTOHTe~ECTBO, "ITO rrp>! 

R :: 0 (B TOqKe ITapHOrO CTOJIKHOBeHWI cI B-/; ) rnllepyrOJI 

of, paBeH O. 13 3TOM c~Y'Iae ~ = m --¥tJe ,T.e. nmeppa,rnfJ'C £ 
~KT>!qeCKM COBrra~aeT ( ~ = 0 ,978 ~ I) C Mo.ny~eM BeKTopa ~ 
npoxo,WI1J1ero 'iepe3 lleHTp >!Hepmrn ,,~ ( CM. p>!c. 1). COOTBeTCT-

BeHHO rpYHKllWi Haqa~bHOro COCTORHRfI B HSA -llpa6JIIDKemrn HM8BT BI:Ul 

'!Ii =g,-Jt X:(I2)~O(~=O,1J-;t). (21) 

" tI 
3,uecb Xj (£.) I1MeeT CMl:1CJl pa,nHa~bHo~ , a P; (.l=O, 1J-i.92.) 
-'yr~oBoH @,HKJ..Ulli MlOOHa B rrpe,ne~e 06'he,UHHeHHoro aTOMa. TaKI!M 06pa30M, 

BlU(HO , 'ITO B llpe,ne~e 06'he,ItIDieHHoro aTOMa MeMeHHaR HSA -llepeMeHHaR 

COOTBeTcTByeT 6UCTP0l1 rrepeMeHHO~ 'Z B CTaH.n;apTHOM a,UHa6aTHqeCKOM 

llo.nxo~e C pa3,ne~mo!lm"'!HC.R: rrepeMeHHbIMH /2/. 3'1'0 06 CTO.R:Te~bC'lJBO eUle pa 3 

no.n'iepKlffiaeT cor~aCOBaHHOCTb HSA - rrpe~CTaBJleHWI co BCeMH B03MOlK

llliMH aCHMITTOTl1qeCKHMI! KaHa~aMH 3a~a'IH pacceRHIDl. OrclQIla CJle.n;yeT, 

'ITO K03~~eHT rrpHnHnaHHR MlOOHa K re~Hhl,KOTOP~ orrpe~eRReTCR HHTer

pa~OM llepeKpUTHR BO~HOBUX ~H~ Ha'la~bHoro B KOHe'IHOrO COCTORHl1~, 

H86HpaeTCR B KOHe'IHOH 06~aCTH H3MeHeHWI.£:O<~ <f.Oz<~>. B 

Ta6JIl!l1,8x 3 11 4 rrpBBe.neHu 3Ha'leHWI yrJIOBUX IDiTerpa~oB I~Lj (J?) 
H I ~ (j(,) ,nJlR psI,Il8 3Sa'leHKi1 L,..t I, i J-f j B HeKOTOpux TO'l

KaX llO ~ • BH.nHO, 'ITO M8KCIDII8~bHUe 3H8'1eHWI 3TH HHTerpa~u rrpHlUlMam 

B OKpeCTHOCTll TO'lKM Tpoillioro coy~apeHRR H C POCTOM ~ 6UCTPO y6lffia

lOT. Ha pBc .4 ~aHo Ka'leCTBeHHoe rroBe~eHHe ~HYJ1J'!a X{(~), Rt.o(J2 ) 
R 1001. (.£) . Bl1,n;H0, 'iTO OCHOBHOa BM8.n B Ko3<1$1r.m-eHT rrpwmIIaIUlR 

BHOCHT OKpe CTHOCTh TOqKH TPO~Oro coy~apeHMR. B Ta 6~!le 5 llpllBe
• 0 

.neHU 3Ha'ieHIDI IIaPll.H.q~bHoro KO 3iP:PHrweHTa rrpH.ID!IIaHHR tJ~ ~ 

10 

)0 

20 
100,1911 

10 

• ..,.,,............ I ! 

o ... , 6 8 10 
.................. 

PldC. 4. Ka'l6CTBeHH08 nOBe.n;eHH8 ~Xr~.l R.l.o(£)v, 1001 (52) 
;MJI paSJIJPnl.1iX KORB'UIlDC COCTOSIIlltlt ~ IfJ.k,)nt B a8Bl!!ClIMOOTH OT 'lIrfCJIa 

AI,f ~rBIiBHHA B OHCTBMB (12). O!rn CpaBH.RBW:lTCJ! c ;!taRIDIMH pa

60T~ /2 ,nony"lBHEUn~ B 0~OypoBH8BOM a.n;H86aTR"IeOKOM IIPH6nHX8HBH 

6ea Y"IeTa liBs,mIs6aTH'l80KHX IIOJIpaBOK. B Ts6Jmne 6 npoBO~TCR opa~e
Me RalllKX peSYJThTSTOB 0 HBROTOPlIMH .n:pyrm.m HSBeCTHliMH OlJ,8IU<8M1it cJs ' 
nony'lelU:WMl'l B paMKaX pa3JlK'lllNX nO)lXo.nOB H nPH6JImr.eHH1!. ~S"IBHHJJ Be

POJlTROCTH IIpwmn8HRH W.s MOOliB K r emm .IJ.Illl OCHOBliOI'O 'If:: 0 H 

nepBOI'O Bos6YJ(.lt8J:mOI'O 'If: i COCTOJlHBA MBSOMOJIel\YJW 01&/ ' nony'leH

IIHB B HaCTOSlll\B~ paOOTe B .nByxypoBHeBOM llpx6JImKamm npH .12_ =21. 
nA. = 52, rt-n = 4, nm4U = 20 , ~mIVIG = 3, L~= 3. 

~/ D (,) -2 ,., I. -2IY£ = 2. paBHH: Ws '/F.. o/ =: O,34D{0 R W.HtT~i) = O,345'IO • 
Pa C'IeT, BHllOJIHe1tH.liA B npeHe6peaerum OTJIHlmBM m OT I. YMeHl>J!laeT 3H8

"lema. Ws li8 0, 003 :C. Ik uOJIh30Bamae npaBHJI CYMMJ llo.n:06HWC / 13/, 
1l0SBOnReT OlJ,8HHTb BKna.zt OT OCT8~bHWC 060JI0"leK, KOTO~ OOCTSBnReT 

ro 25 %OT 8.nzs6aTH"Ie CROI'O rrpB6~HlKBHM. 3'1'0 .neeT CJl8.l(V~ llPH6Jn!

lKeHHYlO oueHJ<Y Ws B HSA -rro)lXo.ne : (O .21f..;- O,3r)· 10-2 C yqeTOM 

BepoRTliocTH CTPRXBBaHRH ~--Me30HOB rrpH TOpMOEeRHH Me30aTOMOB~+~)~ 
06paSyoItHXCSI B npouec c e peSKllIDf eI) . IIony'leHHaJ! aaMB Ol1,81U<8 WS 
HecK~b~ HlWl BMe~r 3KcllepmaeHTa~bHWC .lt8HHHX: (O .3S±O~U7) .ro-UI? 
R (0. 45±0~~5) .10 2 18 . OTMeTmA, 'ITO H3BeCTHHe npBUJfSHoHHlie pac

'l6TJt'13-I ,IIOJ!YtfBliHlie rrPH y'leTe I'OpaS,1(O OOJIblile I'O "IHCJIa cocrOJl:HlJi1, 

BHWe 9KCn epHMeHTSXbRHX .lt8HHHX nPH6~3HTeJThHO Ha Ty ae BenKtfHHY. 

J).a.1Il,HeimJa e YTo"IHelUfe oneHlW;rI,1IJI W.s B H S A - nO)l;Xo.ne CM38

HO Dpaa;It9 Bcar o C axxyp8TBHM yqeTOM He~a08TRtf9CKHX nODp8BOK,T.a. 

BKn~ OT CJIe.l(VDIIHX o6OJIO'leR, R.n;8PllliX OM H YTO"IHeBHeM aCHMIlTOTHK 

aqxJJeKTlUll'WX n OTeBIlH8110B, ae06X0,ItHMhOC ;rI,1IJI rrpemmHOHHOI'O paC'leTS ypoB
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Helt SHepI'llli YI BOJIHOB!1X WYHKUHll I~ . TpeCSyeTCR TaKlKe YTOtUmTb 

Blm BOJIHOBOii cliyHKUID1 KOHet{}{oro COCTOHHHR H C8i'~ iPoP~.lIY (19). YKB

3aHHIii1 Kpyr BorrpoCOB CSy,neT paCCMOTpeH B Hallle"lt cJIe,l{JlOll{eil paCSoTe. 

B 3aKlllO'1eHl'le aBTopH 6JIaro,napHT B.C. l~eJIelKllKB 3a rrOJIe3HHe 06CYlK

,r;;SHllH I H.li.rOBOpYHa Il JI •. i . IToHO;,JapsBa - 3a IHlMSIXilliY paCSoTH. 

TaCSmnJ8 2. 3aBllCHMOCTb SHePI'llli CB.iI3ll too OT '1l'lCJla 

MeMeHTOB ni., (£~ = 50) 

3HepI'HfI 	 T.fl.!CJIO 
f1,A. 

CB.iI3ll 	 ypaBHeHHM 
200 400 600(3&) 

I 317,35491 317,35496 317,35496
t oo 2 317,41434 317,42076 317,42081 

TaCSJIHIJ8 3. 3aBllcllMoCTh 3Ha'1eHHlt llHTerpaJIa I Lt,; (aJ 
OT :rnrreppawryca .fl )J.JL'l HeKOTOp!1X 3HaqeHHJ:i ~£;j 

~ 1 I'j 
0,1 0,5 I 3 6 IO 

0 0 I ,196E+2 , 793E+0 ,I03E+0 , 393E-3 , 735E-6 , I06E-8 
0 0 2 -,239E+1 -,I4GE+0 -,260E-1 ,712E-4 -,838E-6 -,133~8 
I I I ,6IIE+I ,2471':+1 , 32IE+0 , 122E-2 , 23IE-5 ,349E-8 
I I 2 -,747E+I -,437E+0 -,8IOF~1 ,222E-3 -,262E-5 -,427E-8 
2 2 I , 938E+2 ,380E+ I , 494E+1 ,I88E-2 , 354E-5 , 525E-8 
2 2 2 -,II5E+2 -,671E+0 -,I25E+0 ,34IE-3 -; 4DIE-5 -,489E-8 
I 0 I -,437E-6 -,503:2-6 -,522E-6 -,I8IE-7 , I05E-B ,I72E-IO 
I 0 2 -,244:2-2 -,20IE-3 -;385E-4 ,526E-5 -,254E-6 -,120E-8 

12 

TaCSmm,a 4. 3aBllCHMOCTb 3Ha'1eHHH HHTCrpaJIa .I t (.£) 
OT ~rreppa.ll;lIyca ~ )J.JL'l HeKOTOpu..X 3l!a'1eHlIi-l " llJ 

. 	 fR, 
~ J 0,1 0,5 I 3 8 IO 

I I , 345S+4 , 566E+I ,956E-I ,I39E-5 , 492E-II , II5E-I5 
I 2 -,422E+3 -,998E+0 -,24IE-I , 247E-4 -,56D-II -,I35E-I6 
2 2 ,516E+2 , 177E+0 , 608E-2 , 455E-7 , 665E-II , 224E-I6 

• 
Ta 6JIl'! IJ8 5. 	 3Ha'1eHHR Koscf$llllleHTa rrpHJDlrraJUUI tJS(B rrpOl.\eHTax) 

Jl~R pa3JIHt{}{!1X KOHet{}{b[X cocTommil ~ ~J.k)n.L 
B 3aBllClIIAOCTll OT 'illCJIa Af~ ypaBHeHllll B CllCTeMe 

(12) (Y'1eT rrepBolt OCS'"lJIO'1Kll). i?m.M = 21, 
fl.n = 4, /t.A, = 52, N(IF:-o) = II27,8, 

Af(V=1.) = 820,1. 

J=O, '/f"= 0 :r-;:.O, 'IF=i 
nt AI. J() ~= I 	 ~ = 2 ,t,;=I ~= 2 ~ 

i.S 0,13 0,2673 O,277I 0,2719 0.2821 
lS 0,02 0,027I 0,0282 0,0275 0,0287 
2p 
3S 

0.0008 
0,004 

0,0095 
0,0077 

0, or or 
0,0080 

0,0087 
0,0078 

0,OI02 
0,0081 

~p
jJ 

0,001 
0,8E-4 

0,0031 
O,28E-5 

0,0033 
0,I9E-5 

0,0032 
0,30E-5 

0,0034 
0,2IE-5 

45 0,0032 0,0033 0,0033 0,0034 
I(p

'I' 
0,0014 
0,I8E-5 

0,0015 
0,I3E-5 

0,0014 
0,2oE-5 

0,0015 
0,I4E-5 

r1J t.JID,t 0, 156 0,319 0,332 0,325 0,337 

x)naHHUe paCSOTH /26/, rrarry'1eHHHe B O,nHoYPoBHeBoM anHaCSaTaqeCKOM rrpHCS-
JIHlKeHHH CSe3 Y'1eTa Hea,llHaCSaTaqeCKHX rrorrpaBOK. 
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c 
TaGJlHlID G. Be POilTHOCTh npHJIHuaH¥il MlOOHa Ie reJUOO Ws 

( B npoueHTax) .lJ.lI.i! J =if=0 COCTOilHHJI Me30!.10J1eKYJlbl
ciy x) • .fi~= 21, "'" :: 4, n,~ = 52 

.1!.aHHail 
~t /I.!./ / 13/ /141 /15/ /IS/ pa60Ta 

1S 0,689 0,6502 0,6932 0,6826 0,6825 0,2771 
ts 0,099 0,0934 0,0992 0,0979 or 0978 0,0282 
2p 0,024 0,0233 0,0241 0,0238 0,0238 O,OroI 
JS 0,030 0,0284 0,0302 0,0297 0,0297 0,0080 
Jp'
JJ 

0,009 0,0086 
0,0003 

0,0087 0,0086 
0,0002 

0,0086 
0,0002 

0,0033 
0,2E-5 

~S 0,013 0,0121 0,0128 0,0127 O,OI27 0,0032 
~p 
4'~H 

0,0837 
0,0003 

0,0039 0,0039 
0,0001 

0,0039 
0,0001 

0,0015 
0,2E-5 

SS 0,0066 0,0065 0,0065 0,0017 

Bce 0,031 0,0241 0,018 0,0200 0,0200 0,007
,!{py:rne 

0 

Ws 0,895 0,845 0,897 0,8860 0,8859 0,339 

X)3HaQeJille ';;s .lJ)I.i! COCTO.I!HHJI C j:: 0, 'IT = I Me30MOJleKYJIli ely , 
no;ry~eHHoe B HacTORlllel1 pa60Te B .nByxypoBHeBOM rrpHOJIHJKemm, paBHO 
0,345 • ~s:rne H3BeCTHHe pe3YJlhTaTbl .lJ)I.i! STore COCTORHHil : 0,848/13/, 
0,8896/16/ • 	 . 
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