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1!3BeCTHO /I/, 'iTO y M~SOMOJiet<yJI old/f H di!"f cylll9CTBym B03-

6Y>r,n;emme CJIB.60CM38Bmt9 COCTOJ'IIIM C KB8HTOB!IMII 'iHCJiaMH UOJIHOrO Op-

6HTaJibi!OrO MOM9HTa J = I H BH6:pat~HoHHoro . ,!U!IIlltellltR tJ' = I c aHep

rnell CBHSH Eu (~) = -I,96 aB H Css (<i'o/<) = -0,64 aB, 3TH OHep

rHH SH8'iHTeJll>IIO Melrnlle 3H9pi'HH HOHHS!W)tlt 3JI9ltTpoH8 ( - I5 aB) II OHep

rHH ;IIHCCOIIII8ll)III MOJI9t<yJIII Q), ( -4,5 aB), ilOOTOMY OHeprmo, OCB060><

)!.81JIIYilCH Ilpll 06paSOB8HIIH MOJI9t<yJIII d.e(;v , MOJI!HO nepa)J.8Tl> TOJDoltO H8 

BOS6ya,JJ;eHHe ltOJie6aHIIII ltOMUJI61tC8 L ( d.i//'1) ct 2eJ , ltOTOpHII o6pasyeT

CR Ilpll CTOJiltl!OBeHHH M6308TOM8 .(/' C MOJI6t<yJIOI! 0 2 corJI8CHO peatt

Iij!II 

(I) 

3HaqeHHH flQHHHX 3HeprHI CBCT6MH B Haq~HOM H ROHe~OM COCTOH-

III!JlX paBH!i -

E· = E+ E E.r = c,:t +E,.. (. () > •. ' 

r,11e E.u - 3H6pi'lVI COCTCRIIItR ( J = I, iT = I) CMSII MOJI6t<yJIII ctdjr; 
~- aHepi'lVI ttOJie6aTem.Horo cocTOJOO!Jl: 11 ttOMUJiettca /( ddft)o/.?e],.. 
£ - 8H6pi'ltl! OCHOBHoro COCTO.mnm Mo.nexyJm ~z .; C - KHH6Tlfli6CRB.R: 

ssepriDI MeaoaTOMa ct,.. . lis yCJioBlVI pesoHaHca £.· ~ Er CJie,~~yeT, 
'iTO pe8ltll)tli (I) ~3MOJ<H8 JIIIIII1> npii ltiiH9Tll'i9CltOI! SHepriiH M9308TOM8 c/f'1 

C0 - E~, + f".- -E. , KOTOpaJI MOX9T He COBn8,118Tl> CO Cpe,IIHel! SHepriiell 

TeiiJiosoro ,ItBDemm ~, .::. J k T, B BCJie,ncTBKe aroro :aepo.R:TBOCTl> 
paattiij!II (I) B IJ;eJIOM ,IIOJ!llH8 BOCnpoliSBO;IIHTl> pacnpe,lleJieHHe MattcBeJIJia 

no 9B9pi'lVIM M9308TOMOB dj'f , . T8KIIJI 38BHCIIMOCT1> CltOpoCTII 06paaOBeHlVI 

A.tdty (T) M930MOJI9t<yJIII dd'jLf OT. TeMUepaTYJH Cpe,IIB B ]l9JIOM cor

JI8cyeTCR c sttcnepiiMeHTOM /Z/. 

~ftPOB9,119HHHX ,110 CIIX nop T90pOTII'i9CltiiX paC'i9T8X /I/, 3KCU9p!IM9H

T8X 121 peJIBTHllilcTcKJie si!xl>eKTH ae npl111liM8Jll!c~ BO BlllDIIll!lle, XOTH pe

JIHTIIBHcTctt<ie pecl!leMe!Uie yPoBHell . 9Heprm!: r.ies<iaToMa dM
1 

II MeaoMOJie

KYJIII d.o/J'f COcTaBJIHeT Be.Ji:nqHey UO]lHlll<S ~ 0,05 sB/3(, 'iTO cpaBHJI..: 

MO C ltiiH9TII'i9CltOJ! SHeprHell ireMOBOrO )lBii:.lemm (- 0,04-0,05 aB) H 

.IJ;qJI!I'BO ~ltRT:& B OlfP6~eJI6HHHX yCJIOBIDIX K 3HS,~T~H0My . R~M6B6Hlm 

KIIH9TIIJ!II 06.P3SOB8l!IIJ! M930MOJieeyJI . d.d.J'f • . ' . 
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HaBecrno, 'ITO ypoBeHD MeaoaToMS pacmeiiJlfreTCJI Ha .ItBB- no.uypoBBH, 
xoropHe xapexTepllsyDTOJI SHB'!OBIIeJI uoJIHoro OliBlla F = 3/2 ' y2. a co
cTomme (J = I, tJ" =I) MesoMOJieKyJJII ololr peCIJlewmeTCII 3 Ha wrr~> 
UO.IlYJ>OBHOI! TOBKOI R CBepxTOBKOI! CTpyl<Typll (CM. pRc.I), ToHROI! CTpyl<
Typon COCTOsnmn B p8CCMaTpaBaeMOM cny'lae MOXHO upeHe6pe'll>,T8K K8K CO
OTBeTCTByllllee paCIIIeiJJ.teHJie ypoBHeJI COCTBBJISieT ~ IQ-5 aB, 'iTO Cp8BHJI
MO c HX mnpm!aMit. B aTOM upn6JIIllteHIIII HepeJIJiTJIBI!:CTCKd ypo
BeHI> Eu pecllll'IIJU!e;'.CII TSK!te HB .ltB8 no.n;ypoBHH, KOTOpHe XBpettTepxsy
llTCII HOJllllill CUIIHOM S MOJIOKyJIII o(IJ!/'f , 

TBKBM o<Spes011, BMecTo o,ll;liOro yCJIOBilll pe8Kil;Hll (I) 

E.,= ~r+E, -E. (2) 

cyliiOCTBYOT '!OT!ipe yc.noBIU! 

E.(/) : cu(t"} + E,- -E. 
C p880HaHCHliMJI 9Hepi'IUIMI!: 

E..M ;;:;, o,oo~ ~8 (F= %'~ s: %), 
E. (2) "" o.o2't 78 (t::~J;-. S:;%)• 
c;, (3) =oc o. os-o ?8 (F:%~s=-k) 

" .z • 
<f. {y) z O,Oi"Y ;>8 (F: ;%~s:!:f). 

Tax K8K M8.1<CHMilJ!loii8H CROpoCTI> peSOHSHCHOrO 06paSOBSHitR: MOSOIIOJieKyJI 

'i>ol.tr ,~~;ocTHraeTOJI upn snF E, {t'): ,t kT a ee B8JilAllll8 
o6paTHO upoUOpn;HOH8JII>H8 11M ; 

,c<> ''""' .1 / (3) 
/1 ol..l /" ~ / t; (.:.) ' 

TO CROpoCTI> OOpeBOBSHitR: 6y;JteT M8RCIIM8JII>HOI! upn 9H8pi'IIR £.([),_ 0,002 sB. 
PesyJII>TIIpyi001WI samrcBMOCTI> CKopocTI! o6paBOB2HitR: 

A.l.lr (r) = 2" 1A1 x::,..~,.. (T) 
.IIBJ!JreTCII cynepuOSllllllell CROpoCTel! )o'itl" (r) C BeCBMH ~ J rmm
IIH CTa'l'liCTJI'leCBIIM saceJieHHOCTSllll UO.IlYJ>OBHel ''f)8KyJIII o{.,(/"f 3 

, 
Ha 8H8J!H3a SRCnepKMeH"8.JIJ>!WX JI8IIHHX pe6oTH CJieJIYO" , 'iTO MIIRCI!MYM 
~8Kil;Hll >..t.t,. fr) pecuOJIOZeH IIJlll a&epi'IIR F. ;;;: 0,05 aB, a &e upx 
lll!8pi'IIR C<> = 0,002 sB, K8K 9TO MOJ<JIO 6HJIO OD,D;!lTI> H8 OCHOB8BIIB llpe
JIYJIYBlerO SHeJIBsa, <!TOT SRCUepKMOHT 6HJI BHUOJIBOH upH ,11;8BJI8Hllll ,D;efTepiiJI 
p 0::. 40 8TM. I!px TBKOM JI8BJI0B11H CROpoCTI> nepexo,D;a ). J. ll3 COCTOJUIHH 

IIOB08'1'j!118 .1.{'1 CO CUIIHOII F = 3/2 B COCTOlllllle C F = I/2 p8BH8 
2,3•ICJ" C-I II, 'iTO UO'l'l'll H8 UOJlll,ltOR up8BiiDI88T CKOpoC"" pee- f"--

II ilpH BII'DICJI8Hllll ).,(~ )jf, (/ = 1,23•10-3 ,p (aTM.) IIJliiBHMUOCI> reo
p8'l'll'l8CR08 BH8'18BIIO ).; = 4,6•10? c-1, BII'DICJIOHHOO B pe6oTSX /4/, 
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M630H8 ( )., = 0,45•I0
6 C-I) H B 'lampe ]J83a CKOpoCTl. 06]J880Baiii!Ji Me-

30MOJI6K1JIH d df< npa f 0 := 0, 05 sB. II08TOMY B S'fiiX 8KCITeplllleHTaJ!I>

IIIlX YCJIOHI!J<X SBCeJI6HHOCT~ COCTOl!lll!li MeSOBTOMB olf' CO CITI!HOM 

F = 3/2 yMeHDWaeTca. B 'iempe pasa no cpaBHeHKD co cTaTHCTI!'<eCKol " 

HltJI8.ll cKopocTel .X 1'~.1,. ;JJ;JIH nepeXO.IIOB F = 3/2 - .S = 3/2 " 

F = 3/2 - .S = I/2 s cKOpo<>j~; AJJr {T) 6y,11eT c1L11I>HO no.lU!BJleH, '<TO 

H H86mQAeJIOC~ B 8KCITeplllleHT6 2 , 

B npomeonoJiomOM CJ!Y"9e, HaiTpllllep npa .lU!BJl6HHH noplWCB oJJ.Ho! 

aTMocq,epa, 
\ I ;:. A "6 I~ ' -1 
"'" v.., . v c ' 

HltJI8.ll B ),. JJI' 6Y)IYT ,IIBBBT~ B OCHOBHOM nB8 nepBHX pe30HBBC8 ITJlll 

c., = 0,002 sB H E. = 0,024 sB. 

IlpoBe)leHHe 8KCI!epHMeHTOB no HBy..eHI!Il CKOpoCTH 06]J880Be11R!i Meao

MOJI6K1JI ol.f/'< ITjlll HHSKIIX JJ.IIBJI6l!HAX ( p;:; I aTM.) H T8Mil8]J8TY]J8X 

(20-I0oPK)'ipeSBH'i9!RO HHTepeCHO,Il0CK~y,onpe,li6JIRH C 1%-Hofi TO'<HOCT~ 

8MitJ!HTy.liY pesoHBHCa IipH 9H8pi'I!ll Eo ;:. 0,002 sB, MH TeM CBMIIM Ollpe-__ 

,lleJIJreM nOJIOJ<eHHe STOrO peSOHBHCB C 86c0JIIl'l'Ho! TO'iHOCTl.lD noplWCB I0-0aB 

(CM, CCOTHO!neHH6 (3)), JJJl1i cpaBHeHIU! HBilOMHHM, 'iTO C)IBHr ypoBHJ< 

8Heprn MesOMOJieKYJIH ol cl /"' c KBBI!TOBHMil 'iHCJIIlMJI J = I, <> = 1 '18 

C'i6T nOJIIIPHSSllllH l!BK1YM9 COCTBBJIHST BeJlii'IliiiY nOplWCB ~ I0-2 aB / 5/ • 

CHcTeMB ypaBHeHd, OllHCiffi8D1liD< KHHeTHKY o6pa80ll8HIIJ:I Me30MOJ16K1JI 

doll" , npa .lU!BJleHIU!X cpeJJ.H noplWCB OJJ.HOII aTMocijlepa, KorJJ.II sace.rreH

HOCT~ COCTommll F = 3/2 H F = I/2 M690BTOMB o/.j" MOJ<HO C'ii!TBTl. 

6JIHsKOJ K CTBTHCTH'i6CKOII ( 0 npiiJIHll8l!HeM0 
/" - -MeSOHB K npo.IIYKTBM peBK

HHH CHHT638 B p{,{/' I!peHe6peraeM),HMeeT BH)I: 

J. "' -JT = - (;. •• >...)Air ... ~q N.t"'r' 
y, ~ 

c/A/Jr { ~ ) ~ .;t. 1 ,V. I ,.V. "• 
M : - ).D + ..\JJI' /1/.t/' + 3 Ao /' + A,/ "/' o 

Jt..t,/' ( ~ )d~ 2\,.V,: 

:::::2:: - ).. ~ >..~..~,. .. A.l /V,/1' + 'i' "'• "'' 
tit 

ell/., 
,{t -

::\!tee~ BBe.llellbl CJie;ll)'llllHe c6osHaqeHIU!: ).0 = 0,455·I0
6 

c-
1 - cKopocTl. 

]J8CnB.IIB /'f- -MeSOHB; rf= AI/..V,.- OTHomeHH12llJIO~OCTR rBSOBO! OMeCH 

K llJIOTHOCTH liH,li;KorO BO,IIOpoJJ.II N;. = 4,25•I0 CM ; ). 4 ( ).: )- CKOpoCTl. 

8BXB8T8 /'f - -MeSOHB H8 K-op6my M6SOBTOMB c{ f" llpH llJIOTHOCTliX OMSCH 

/II H llJIOTHOCTR ltlW(OrO BO,IIOpoJJ.II Jl/., COOTBE!TCTB81!l!O; )..( ( ).';, )-

CKOpoCTb nepeXO)IB M630BTOMB elf' CO CnHHOM F = 3/2 B COCTOJIHIIe CO 
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"'::! ' "' ~,., 

r+'-Ptc~ ~ : ~= :;', 

Pile o I Tom<BJI 11 cBepxTom<BJI CTJlYXTYPS 
ypoBHel M8308TOM8 o{~ II M830MOHexy~ 
dclf' 0 

Pllco2 3aBI!CIIMOCT» CKOpoCTel o6paSOBaHIIH '''i., (E) ~ _.. ~"' OT T8Ml1epa'cy1!H Cp8.!(!i 
B OTHOCHT9~~.e~; 
Co (I) -;c 0,003 sB, 
E. (2) 0,024 aB, 
C'

0 
(3) ~ 0,050 sB. 

f 
0 (4) r::. 0,074 a_B. 

Pllc.3 CKCpoCTI. ). J,(r (E) 11jlK paal!llX 
,Ita.BJISHl!HX B CMeca. 

F Cl111HOM I= = V2; ). dot~ - CyMMapaM cKopocTI. o6paaoBaHIIH MeaoMOJiexy-cl r F•Ji ~'~ 
~ o/. f' 113 COCTOJllliiH t= M8S08TOM8 c/ f"t ; N_,_,.. , A/.rJ'" -,llOJlH M8308TOMOB ol/"' B COCTOlll!IISIX CO Cl111HOM F = I/2 II 3/2 COOTBeTCTBeHHO; 11/.(,t/<- o6Iqee 'D!C.JIO o6paSOB8BII!IIXCJI M880MOJ!8K.1JI «d,t4 ; A{,- 'D!C.JIO HeiiTpoHOB, 06pa30B8I!IliiiXCJI B p88KIIIIII CIIHT888 B M8SOMOJ!exy.JI8 c/.tl{/' ; J.!<i - CKOPDCTI. pe8KIIIIII CJIHTesa B lf8SOII!OJ!exyJie <lo{/f , Cire.ey>r pa6oTe (S/, H8TJJY,Il8~ WTII pemeBIIe 110JJY'IeHHoll CIICT8lfli ypam!8-Hill , yttTHB8Jl, ll'l'O 



).., ">> ). .I, ). dol,.. 0 

IIHTerpllJThi!HI! BHXO)I· aehpoaoB (npoTOHOB, ~e = TpHTID!) - Y.fc(,_. HS 

peBKDHl! CHHT838 B MeSOMOJieeyJie doff' (B jlaC'IeTe Ha O)IHH OCTaHOBliBli!Hl!-
CH J"'-_..eSOH) MO:B!HO llpeJICTaBHTD B BH)I8 ~ 

\ * \ * 2 \ .I 
'' .Aalolr _ .£ ~ • - ~ . 
1 ddr = /o c 3 >-•. ~" 3 ~.-. )o.J.. 

BpeMeHHO~ CIT8KTp llpO)IYKTOB pe~ CHHT838 B MeSOMOJieeyJie HMeeT BH)I 

JYoiJr % - ).t £ (- )~ -+ '* ) - o.•J..i.)-1. 
-;;r:r- = l-JJr e • 3 J.~,. ,..J.I,. e . 

Hs BHpSZSHHH ~ BpeMeHHoro cnexTpa ~o, ~To ~eT peARTHBHCTCKRX 

~KTOB UpHBO)IHT K 60JI88 CJIOXROI BpeM8HHOM SaBHCHMOCTH ERX0/18 rrpo
~TOB CHHT€38. flCHO TaKZe, ~TO ITpH ~THpoBaHHH SKCIT8pHM8HT~HOrO 
BpeMeHHoro CIT8KTpa npo~TOB CHHT€98 H3BH8Ka8TCH SHa~eHHe CKOpoCTH 
nepexo11a ). J d/'-aToMa HS cocToiiiiiU! c F = 3/2 B F = I/2. OTMe.:. 
THM, 'ITO rrpll H3y<!8Hllll OOpeSOBaHIU! M830MOJI8!<YJIH clol ('1 ITpH MaJIHX )laB
~eHHHX H806XO~O yqHTliBBT~ JE8 H CK0p0CTh 3aM8~8HRH M8308TOM8 olfi 
~0 Te~OBHX CKOpoCTe~, ~TO MOX8T npHB8CTH K HSp,ymeHHD COOTHOW8HHH 

). JJ,. = ). 0JJ,. cf . YKasaHae Ha cYl!lecTBeHHoe BJIIIRHI!e c:P c -ypcB
He~ aHeprm M~so,MoJieeyJI cl d /' Ha npouecc HX o6pasoBaHIU! co)ISpHHT
ca B ~OKX~e /?/. 0Ka3~0Ch, ~TO CKOpoCTD o6paSOBaHHH M830M0~8KY~ 
elcl/' B rase upK 30~ Ha IIBa rropR)IEa upeBHmaeT cKopocT~ KX o6pasoBa

HWr B :nr.n:xocTH. IIpH aToM onpe.neJieHo TB.KJ!te sHa'tleHKe cxopocTH A.~ = 
(4,3±0,I) .ro7 c-I rrepexo)la F = 3/2 ~ F = I/2 B MesoaToMe ol~. 
3aMeTHM, 't!TO 3RCIT8pEM8HT&n»HO R3M8~~8R CKOpOCT~ o6paSOB8HBH M6SO
MOJieeyJIH d.d.,;.. B lltll,llKOM )le~Tepm S B )1B8 pasa npeBHmaeT Bli'!HCJieH
HOe 3HaqeHH8 9TO! CKOpOCTR (CM., HaiTpHMep, /I/), Y'IST peaOHBHCHOrO 

MexaHHSMa o6pa30BOHRff M830MO~eeyJIH o(df1 B lltll,llKOM )le!Tepm YCTpaHHOT 
aTo paccor~coBaHRe. 

BHpa!aD 6]RrO)IapaocT~ B.r,3HHoBy, ~.M.IToaoMapeBy a M.IT.~a!@Maey 
sa rrunesHHe H MHoroqac~eHHHe o6c~eHRH. 
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