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Pa6oTa Bbln01IHeHa B Jla.6opaTopnn TeopeTH'iec~~:oil ¢n::mxn 06'be

AHHeHHOro HHCTHTyTa l!p;epHbiX HCCJiei];OBaHHiJ H <l>nnH'ICCKOM ¢aKJllb
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AOKTop ¢HnnKo-MaTeMaTn'iecKnx aayK A.C. lliyMoacxnil 
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AOKTop cf>nnHKO-MaTeMaTn'ieCKHX uayK A.B. Aap;pces 
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p;oKTOp cf>nnnxo-MaTeMaTH'iecxnx aayK B.H. Pynacoa 

(HncTI1TYT cneKTpocxonnn P AH) 

Bep;yiQaJI opraunoaQHJI: 

<l>nnn'leCitHH HHCTHTYT Axap;eMHH aayK, r. MocKBa. 

3ali.\HTB AHCCepTaQHH COCTOHTC.ll " " 199 rop;a HB aa

CCIJ;aHHH Cnennannnnpoaaaaoro coseTa K047.01.01 Jla6opaTopnn Te

opeTn'lecxoil cf>HnHKH 06'bep;HJICHHOC'O HHCTHTJTB llp;epHbiX HCCllep;OBB
IIHH, r. ,ny6ua, MocxoBcB:oif o6nacTH. 

C p;nccepTaQneil MOlKHO (X)HaKOMHTbCll B 6~t6nnoTeKc O&beAHHcnnoro 

HHCTHTJTa llp;epllbiX HCCJICIJ;OBaHHiJ. 

AaTopecf>epaT panoCJiaH " 

Y'ieHbiH ceB:peTapb 

CneQHaJIHanpoBaHHoro coseTa 

_____ 199 C'OAa. 

KaHp;Hp;aT cf>nnHXQ-MBTeMaTH'ieCitHX HayK 

rlll'JJoY:~ f_:) 
~ Ilop~B 

OBIIJ:A.H XAP AKTEPHCTHKA P AB 
' 

AxTyanbHOCTb TeMbi. 

B wecTHp;ecj[TbiX rop;ax, xorp;a ,Il)KeHHC H KaMMHHrc 

JIO)KHJIH MO)J;eJib aTOMa, B:JaHMOp;eHCTBJIO~ero C KOHe"'Hl 

KBaHTOBaHHOI'O ::meKTpOMarHHTHOrO llOJij[, nap;a"la B OCJ 

MeTO)J;OJIOrH"leCKHH XapaxTep. ,Ilsap;~aTb JieT CllJCTj[, ( 

BHTHIO TexHHKH axcnepHMeHTa, Mop;enb ,Il)KeHHCa-KaMJ 

BnepBbie 6biJia pean:H:JOBaHa C llOMO~biO BbiCOKOB006y 

6eprOBCKIIX aTOMOB, :JaKJIIO"leHHbiX B penoHaTOpax Bbl 

HOCTH. 3TH 3KCnepHMeHTaJibHble H npep;weCTBJIO~He ' 

pa60Tbl llOCJIJ)KHJIH Ha"laJIOM HOBOro HanpasneHHj[ B KBa 

- penOHaTOpHOH KBaHTOBOH aJieKTpOp;HHaMHKH, B paMK: 

CJiep;yiOTCj[ TOHKHe a<J><J>eKTbi KBaHTOBbiX <J>nyKTJ~HH 
BOOHHKaiO~He B npo~ecce B:JaHMOp;eHCTBJij[ aTOMa C l 

neM Hnny"leHJij[. C10p;a OTHOCj[TCj[ npo6rreMbl nop;asrrei 

WJMOB, HepanpywaiO~HX KBaHTOBbiX H:JMepeHHH, p;eTei! 

KpOCKOllH"leCKHX "wpep;HHrepOBCKHK KOWeK" H T. p; •. 

npHKrrap;HOH acneKT, CBj[:JaHHbiH, B "laCTHOCTH, C COO)J;aJ 

nepOB - HOBbiX HCTO"'HHKOB H:31lJ"leHHj[ C HeKrraCCH"leCK 

"leCKliMH cso:HcTBaMH. 

TaxHM o6panoM, HCCJiep;oBaHHe KBaHTOBbiX HerrHHeil 

penoHaTOpHOH arreKTpOp;HHaMHKe j[8Jij[eTCj[ aKTJ~bHbll'o 

c TO"'KH npeHHj[ TeopeTH"lecxoro Hay"'Horo nHaHHj[, T: 

CKOrO npHMeHeHJij[. 

I.I,enb pa6oTbl. 

Hccnep;oBaHHe B1lHj[HJij[ Ha"laJibHbiX ycnosH:H, HaJIH'l 

(xepposcxo:H) cpep;bl, xorrneKTHBHbiX a<J><J>eKTOB H T. p;. m 
H cTaTHCTH"leCKHe CBOHCTBa aTOMHOH H norreso:H nop;cF~ 

cax B:JaHMOp;eHCTBHj[ aTOMa (HrrH rpynnbl aTOMOB) C 

norreM Hnny"leHHj[ B penoHaTope. PaccMoTpeHHe sonMo: 

Hl!j[ HOBbiX KBaHTOBbiX ~eKTOB B TaKHX npo~eccax. 
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BblnOJIHeHa B Jla6opaTOp~H TCOpCTH'ICCJ(OH tj>mlHKH 06'be· 

HHCTHTyTa llp;epHblX HcCJiep;osrumii H <l>mm'lecxoM tj>axynh-

PYJ(OBOAHTeJJH: . 
.oppecnoHp;eHT PAH npotJ>eccop H.H. Boromo6os (Mn.) 

tj>HOHKo-MaTeMaTH'IeCKHX HayK A.C. lliyMoscx~ii 

AHp;pees 
(MrY, MocKsa) 

tj>Hl:lHKo-MaTeMaTH'IeCKHX Hayx B.H. Pynacos 
(llHCTiiTYT cnexTpocKomm PAH) 

opraHHORQH.R: 
•-..Prwu~ HHCTHTYT Axap;eMHH HayK, r. Mocx~a. 

AHCCCpTaQHH COCTOHTCll " . " 199 rop;a Ha l:la· 

Cnel{HaJIHOHpOBaHHoro coseTa K047.01.01 Jla6opaTopnH Te

•'lecJmii tj>HOIIKH 06'bep;HHCHHOrO HHCTHTyTa llp;epHblX HCCJICIJ;OBa· 

• fu6Ha, MocKoscxoii o6nacTH. 

lcceoTatmeii MOJKHO Ol3HaKOMHThCll B 6H6nnoTexe 06'bep;HHCHHoro 

_____ 199 rop;a. 
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OBmA.H XA~AK!EPHCTHKA PABOTb~ 
'~· 

;. ''[': 

AxTyanbHOCTb .TeMbl •. 
B wecTIIgecxTbiX rogax, xo~ga ,U:)KeHHC II KaMMirnrc BnepBble npeg

JIO)KliJlll MOp;ellb aTOMa, B3allMOp;eHCTBYJOW.ero C KOHe'lHblM. 'lliCJlOM MOp; 
KBaHTOBaHHOrO 3JleKTpOMarHUTHOro .UOJIX, :Jap;a'la B OCHOBHOM HOCillla 
MeTOAOJIOrii'leCKIIH xapaKTep.,,I(Bap;n.aTb JieT. cnycTX, ;6Jiarop;ap~· pall; 
BIITUIO · Texlluxli · 3xcnepiiMeiiTa, ·. Mop;eJIL., ,U:)Keiiiica-Kai.!Mnlirca . ( M.,U:K) 
BnepBble 6blJia · peruurooBaHa· c:. noMOil~bJO BblCOKo:Boo6y)KgeHHblX· .pug~ 
6eproBcxux- aToMoB, riaxniO'leHHblX :B prooHaTopa.X·Bblc·oxoii ~o6poT
HOCTII. 8TH 3KCnepuMeHTanbHble H npep;wecTByrouru'e :TeopeTII~~CKIIe 
pa60Tbl noCJiy)KHJlll Ha'lanOM HOBOro HanpaBJieHIDI B_ KBaHTOBOH onTIIKe 
- prooHaTOpHOH KBaHTOBOII;aneKTpop;IIHaMllKH, B paMKax-KOTOpOH nc~ 
CJiegyiOTCX,. _TOHKIIe 3<f><J>e~Tbl KBaHTOBblX; q;n:yKTY~llH .n;: K0ppellXIJ.llH7 

._ ~ , • U : '" I • -- • • A • 

BOOHllKaiOW.He B ,npon.ecce :BilallMOp;eHCTBHX: a TOM a C 'KBaHTOBblM UO~ 
JieM li~iiy~~~~nx, ·. 'ciO~a OTHO~HT~X. npo6~~Mhi' nop;~heHHX . KBaHTOBblX 
wyMoB, Hepacipyw~W.HX KBaHTOBhlX n::JMepemiii, p;eTeKTHpoBaHHX Ma- . 
xpocxonn'lec~nx "~pep;nHrepoB~KHK .xowex"·: w T: ·p;.; :-Ba:>KeH · TaK)Ke~_-/ 
npnK~~p;Hoi'I. acnexT, CJ3XIlaHHblH, B qac.X:HoCTII, ~ co~p;aH~~M ~IIxpoMa~ 
:Jepoa:;·_HOBbi:J:C HCTO~HIIKOB l~:Jn:yqemix c iiexnaCCII~eCKHMII' c;aTIICTII-
qecxu'i{-ri'' c:BoiicTBlWH. . · · 
'' ·: TiinM<o6pai:ioM, :iiceneAoaimne xBaliToBhix .H:eilliiie:H:Hbbc·~.s::B~emi:H. B 

' '.-.. '""' -~-,. -..,_, ·. v .'<. _,.. : ""] .• -"• • ·, ' ,... • : ; .• -. .,,. ·,·,.-,; -; '.· •. -~. / • 

proOHaTopHOll 31leKTpop;HHaMHKe XBJIXeTCX ~TY~bHblM II Ba)KHblM KaK 
f-,_.-· .. _ . .,. ,---~~~-· .•. , ,•· ..•.. ~·.,- •. · cl''"''"/·.:,· ~-' ·:'!-~{t~·· .:'" 

C TO'lKII 13peHUX TeopeTII'leCKOrO . Hay'lHOrO :JHaHIIX, TaK .II npaKTII'le~ 
it·. ,., ·' UE:·~~--'--

c:Koro npiiMeHeHnx:' 
.- •. ->· 

IJ;eJib pa60Tbl .. ', .. , :·· ._; ,: .'.Sc}, · .• _'c''· , .- · . .. ·• :;c .. -" . ,,-,·: • .: . 

. , .. llccJiep;oBaHIIe BllllXHIIX: Ha'laJlbllblX. ycJIOBIIH, Hanll'liill HeJIIIHeHHOH 
(~eppba~x()iifcpeAI>i, xonnexT,~riH~-~<P<PexToB II T~ p;~ mi p;IIiiaMwiecKIIe 
n CTaTH~Tii'leCKIIe CBOHCT~~·a:.roMHOHll none~oii 'rioACMCTeMB npou.ec
cax OOaiiMOp;eiicTBIIX aTOMI:i. (:Hnii rpyrinh1 aTOMOB) -~- ~B;,w,;~BaHHblM 
noneM· iilliiy:qeHWr -B ·. prooliaTope: PaccMOTpeHIIe BOilMO)KHOCTH·n'oliB.ire
HllX lio:Bbrici:KaaHTOBhix 3<l>4>eKTOB'BTaKIIX npou.eccax;,· 

. ~ . ~ 
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Hay'IHM HoBmma'n npaKTli'Iecxrut ~eHHOCTb pa6oTbl; 

. BnepBble nccn:ep;o~aHo nnMeHeHne CTPYKTJpbi Bono6HoBn:~HIIii KBaH
TOBbiX OC~IIJIJI.li~IIH Pa6II B :JaBIICIIMOCTII OT Ha"'aJibHOrO COCTO.liHII.li 
aToMa, xorp;a none npii t = 0 Haxop;IITC.li B xorepeHTHOM cocTO.liHIIII. IIo
n:y"'eHo aHaJIIITII"'eCKOe peiiieHIIe )l;JI.ll nap;a"'Ii 0. B:JaiiMO)l;eikTBIIII aTOM a 
c ri~neM B penoHaTope, n'anon:aeHHOM xeppoBcxoii~cpe;o:oil. BrrepBhi:e·rro

xanaHa BO:JMO:tKHOCTb ycnn:eHII.li C:tKaTIIH KBaHTOBbiX ¢n:yKTya~IIII c~eTa 
p;ByxypoBHeBbiM -aTOMOM B penoHaTope. IIccn:ep;omiHo .liBn:eane aHTII

rpynnupoBKII_ It cy6nyacco!IoBcxoii tTaTIIcTIIKII ¢oToaoa; IIpe;o:cxanaao 

HMII"'IIe cBepxToaioii· cipyxTyp:bi' cneKTpa ¢n:yop·ecu;eH'u;mL· BnepBble 
nccn:ep;oBaiio·noBe;o:eane KBaHTOBbiX ¢n:yxTyau;Iiii ¢anbl nori.fl.B peo·oaa:: 

TOpe:".YCTaHOBJieHa ux· CB.li:Jb C,.liBJieHIIeM.KOJIJianca U BO:J06HOBJieHII.li: 
Pa6II~oc~nn:n:.llu;nii. :'· " · . '· · · . •. · · ·" 

· MHoriie II:J non:y"'eHHbiX B ;o:uccepTau;mr penyn:bTa TOB: o6ycn:oBneHbl 

KBaHTOB~M xapaKTepOM IIOJI.ll II:3JIJ"'eHIIH U HI-IKaK He MoryT 6b1Tb BbiBe-' 

;o:eHbl na-non:yxn:accu"'ecxoii TeOpiiii~ IIo:JTOMY. IIX :JKcnepnMeHTaJibHM 
npoBepxa · npep;cTaBn:.lieT.' 6enycn:oimhlii nHTepec · KaK e~e o;o:aa Bo3Mo:tK-'
HOCTb IIp.liMOrO .yc'raHOBJieHII.li · o6n:aCTII. IIpiiMeHeHII.li nocn:ep;Hei:J; . 

,I(n:.li :JaiiJ;IITbl Bbl)l;BIIraiOTC.li cn:ep;yiOID;IIe OCHOBHble penyn:bTa T.bl;': · 

''.:'. ,. ·,~--;<··.:·o_· . ._::") f~:-.·;· :·,<:~-~ .. ~-
,1. ,ilOKa:J~HO, "'TO :JBOJIIOIJ;IIH)I:J Ha"'MbHOrO COCTOHHII.li,np~Jl:CTaBJI.li

.. ~liJ;ero ~o6<>n. Korepe~TJ:i<>e. n'one 'xi a-Tor-i ~-.K~repeHTI;IOH -~ynep
::_ non~k:~ ~~H~~Hor~ ~ Boo6y.:tKp;eHHo~b coc;·~mmii, np~~op;IIT :K 
~~n:eHIIro xonn:anc~ II Bo~o6H6Bn:e~II.li ricu;~fin:.liQIIii Pa6II. 'IioB.oro 

' '; > / >.~.f.- •• • 

TIIna. 

2. · B nap;a"'e o Bna~Mop;eiicTBIIII ~ByxypoBHeBoro aToMaenoneM uti~ 
''ny"'eHII.li B xeppoBcxoil cpe;o:e BriepBI:Je'non:y-.ieHo aHanaiii:.recxoe 

• • , • • • • • ·- ¥ ·- "'I • ' . . • • - ~ 

peiiieHIIe, ·nooBOJI.liiOIIJ;ee yTo"'HIITb II:JBeCTHble paaee "'IICJieHHble 
proyi:bia.r:bl.~··:: · ·. • · ;;.· ·,· ·• · · · · ·::•. · ; • 

' ~. 7 .; 7' } 

·-3~· BnepB~e ·noK~aHa BonM6:tKH6CTb yciineaii.li .. c:tKaTII.li· KBaHTOBbiX 

¢n:yxTyau;IIii cBeTa ;o:syxypo:BHeBbrM a'ioM:oM B penoaaTope. Onpe- . 
p;en:eH OIITIIMaJU,HbiH pe:tKHM ycum!HII.li. . 
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4. Hll.iip;e~bl y~1r6~i~~:. npiiBO)l;HIIJ;ne K reHepauu1I cy6-nyaccoH~BCKOro 
... II:3JIY"'emui ~BYXJpOBHeBbiM aTOMOM B penoHaTOpe. 

5. , B paMxax onpe;o:eneHim Maa;o:eJI.li IIccn:ep;oBaHo .liBJieHne aiiTnrpyn
riupoBKII ¢oToHoi3. IIoxanaHo, :qTo yKanaHHoe · JIBneHne MO:tKeT 

BOOHII~HYTb npu Bonp;ei'tcTBIIII iia p;Byxypo:BHeBoil aToM.CIIJibimro 
non:.li' B ·xaoTii"'~cK~M ~bcToJI~I~ir. IIpn :JTOM a¢¢exT~· c;;ZaT~I.li -~~ 
cy6~nyacc6HoBci:oii c~aTiicTiiK~I iie BO~HIIKaio.r. ' '.' . . . ; 

·- .. , . ' . . . . .._ ... - . _; ~ .. : ,_ -· ~-

6. liccn:e;o:oBaiia cTpyiTypa· cneKTpa ¢n:yopecu;eliu;mi'a'Tpex'ypoBHe

BOM a TOMe, B:Jan:rvm;o:ei'tcTBYIOIIJ;eM c Jl:BYM.li ,Mo;o:aMII nonH. IIoxa
oaao, ~ITO JBeJIU~eHite UHTeHCIIBHOCTII IIOJI.li npiiBO)J;llT.'K. COKpa-;;· 

IIJ;eHnro ~mcn:a 'cneKTpan:l>HbiX mmuif:oT ;o:eBJITII ;o;o Cf:MII.: IIoxa

naao aan:n'Ine cBepXTOHKoro paciiJ;enn:eHI·IH cne~Tpan:bHbiX mmuft, 

o6ycHOBJieHHOro ,KBaHTOBbiM XapaKTepo:M IIOJI.ll. 

.7. B . paMKax; KBaHTOBoro onpep;en:eHlHI ¢anbl non::H, npe;o;n:o:tKeHHOro 

IlonOBLIM~.flpyHitHbiM~llerroM-EapHeTTOM,· ycTaHOBJieHa ; CB.li:Jb 

Me:tKp;y :lBOJIIOD;IIeii pacnpep;en:eHIIH•. ~JIOTHOCTII BepO.liTHOCTeH It 

¢n:yKTyaiJ;Itll ¢anbl II JiimeHIICM KOJIJian~a ·u B0006HOBJieHil.li OCIJ;IIJI

JI.liiJ;UH Pa6u. liny"'eHo BJIU.liHIIe oTcTpoi'IKII OT penoHaHca II Bbl-

.. 6opa ·· lla"'~bHOrO COCTO!IHII.li_, a~OMa ~a posep;eHIIe ¢anbl . II . ee 
¢iiyxiyau;xii'1. ·· . " · ·. 

. 1·~ '. ~· • . . . 

8. U~CJlep;oBaHO BJili.liHIIe KOHC"'HOll p;o6poTHOCTII prooHaTopa HaXa~ 
p~:K~ep ¢n:ykTy~~;~ii $~~: IIo~ah'aao, -~-r6 ~~~<ixpaaean~ ·"'x~cn:a 

. ,·: ';. -·-~, ( >u'' } .·,_· ,. ':· ·~; U :-:(;:.',' ·. '·' ,~: ~- -.',;:.;.',. __ ,. -~-- . '· ' '.:::~: 

BO:J6y)Kp;eHIUIBep;eT K 6biCTpOit XaOTII:JaiJ;Itii pacnpep;en:eHii.li <t>anbl.: 
: • .• --~.• "':,>:·:·:1 ~:~.'~·-·:·,:,·:, 0 •,:~·>.: ,•" ~-.:~i.!. 

0 
'•.~T',\·~~--.;_~~~,::~··;, '_J'.' :.·· , .•.• · •. ;,: .~ .... ?_:-;.} .. :) O 

9; 'J(n:s cncTeMbi un p;Byx p;ByxypoBHCBbiX aToMoB J:iiu'i~eiiopeweFiiu!· 
:nap;a"'n illpep;nHrepa npn,y"'eTe oTcTpoiixu OT prooH:aaca. l:Ic

'.CJiep;oBaa npou;ecc~nepepacnpep;en:eH~Ui'J:i.oo6y)Kp;eHUS MeiKAY aTo
~ M'aiu~. 'H~p;~H cnei<Tp' <t>hyopec~eHtixluinoxa:iaHo, 'ITO B CJ:ICTeMe; 
; aTOMOB p;syx copToB' :y8cn:u~iuaae.Z.cs: ~mCJio cnelcTpMbHbiX KOM- ' 

· '·: II()HCHT: ~aaa orieaxa·.~mcila cneKTpMbHbiX lco!dnoaeHT B cncTeMe ; 

.. c riprinnB'on:bH~ ~mciioM · aToMoB. YxamuninaaucnMocTb · nHTeH-

- CUBHOCTU qmyopeC~eH~III OT xapaKTepa BOOfiy&p;eHU.li aTOMOB. ' 

( cnM~~Tpii"''Horo · xmn ~e~UMMeTpii"'~oro ). · Haii;o;eHo pacnpe;o;en:~:. 
HUe IIJIOTHOCTII Bepo.liTHOCTeH ¢an:bi'Jt CB.ll:Jb ¢n:yKTJaD;IIll .<t>Bnbl 

··:-
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c JIBJieHneM KOJIJianca u Bo::w6HOBJieHIIJI ocn;unnJin;ml: Pa6n. 
,• .. ~ ' ' •'.,. • ';.~ • "~-- < 
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Anpo6an;IIJI pa6oThl. 
PeoynLTaThl, nony"leHHhle B gticcepTan;un, goxnagb_IBaJIHCb miMe)!{-

. gyHapogHOliOKOH<flepeHI.I;Hli no 1m6paHHhiM npo6JieJ.I~M CTaTIICTII"leCKOli 
:MexaHiiKn(,I{y6Ha, 1989), Ha Me)KgyHapo}];1r9:M ceMiiHape no C)KaThiM ll 
xorepeHTHhiM cocTOHHHHM (Mo~KBa,, ~990), Iia' ceMxmape B Me)KgyHa
pogHOM n;eHTpe Te'opeTn"lecxoii <f>ImiiKII. (Itci.ly, 199i ), u H:a: Me)KgyHa--: 
pogHOM CeMIIHape no KBaHTOBOH OOIITHKe (Pay{)u..Jn, 1992). . 

J 

IIy6JIIIKall;IIII .. 
ITo MaTepuanaM glic<:epTan;nn ony6miKOBaHO 8 pa6oT. 

_:, .. 
06'beM pa6oThl. " . . 

,ll;nccepTan;HH cocTOHT lin BBegeHnH, Tpex rnaB n 3axnio"leH~H. 0Ha 
cogep)KIIT 125 CTpaHHI.I; MaUIIIHOIIHCHOro TeKCTa, 26.'piiCJHKOB,. 2 Ta-

6nnr(hl II. 6u6miOrpa<fl~"'eCKUH CIIIICOK 0 IIno 221• H~~MeHOBaHIIII. 0 

;1> .r, 

0. 

CO,IJ;EP)KAHIIE PABOThi 

. Bo'BaegeHII~··n'p'~seg~H xp~~~-k~: o6n~p'mrr~pkfyphl; 'cBin~H~OH oc 

paccM:aTpimaew::iM1t~ 'gu~cepT~IIII. npc;6n~M~M'II. II:Jrrci~e~a·l1enb II~
cneAosaiinJI 

0 

c ~6oc:Hoaaii~eM e~ 
0 

~x-i-yan~~-~CTII. Kp'a'rko 'Iinrro~~HO 0 co-

Aep)K_aHII~ Paf??T:r:.J: !:· ,:-:.~:-;·. , .. 'l T .:.e:·c· ,ou ·:·:or~·-:~·,., 
1- ~ •• r;: .. ·,. 'i-· .· -·< -;~·,. -~ --.. ..···. ;; , .~< 

B nepBOH rJiaBe gliccep'l'an;IIII IICCJiegoBaHhl xapaKTepiiCTIIKII aTOM-

HOM ~ogciicTeMhl,, a IIMe~IH~, _B~ji_JIHne ."~a~~~-~~~ yc~o~tiij; ~~P'P.?~cxo:H 
CpeAhl II KOJIJieKTIIB~hiX ~<fl<fleKTOB Ha gHHiwiiKJBepOH:r"HQ,CTe* HaCeJieH.:' 
HOCTeH aTOMHhiX ypOBHeH.. l)zaaa.cOCTOIIT lin ,<J:eTbipeX naparpaCpOB. 

B §1~1 rmJio)KeHhl ,BhiBog .raMHJibT<>HIIaHa ,IJ;)KeHHca~KaMMIIHrca. u 
peWeHIIe OaA.a"ln H~ co6CTBeHJihiC~ ~~a<ieHIIH. KpaTKO o6cy~ga~TCJI cy~ 
Ill;Hoci'b .ii:BneHIIJI.Konmmca II Bono6HoBm!HHJI ocn;~J-mJin;'u:H Pa6u~- · · 

.B §1.2 IIny.JeHO BJIIIJIHIIe Ha"laJibHhiX ycJIOB~H Ha gUHaMJU .. -y H~C~eH
HOCTe:fi ypbB~eif aTOMa II Kopp~tiiiOHHOH <flyHKI.I;liii BTOporo n~pHgKa 
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noJIJI. IJoxanaHo, :'ITO ecnu npu t = 0 ;none HaxogiiTCJI B xorepeHTHOM 
cocTOHHnn, a-aTOM .B co6cTBeHHOM cocToHHnii nonyxriaccii"lecxoro ra
MIIJibToHitaHa, BOno6HOBJie~IIJI OCI.I;IIJIJIJII.I;IIH Pa6II He TOJibKO CIIJib~O no
gaBJIHIDTCH, m) u MeHHIOT CBOII cTpyxTyphl. Ha:HgeHbi noJIO)KeHIIH HO
BhiX . CIIrHaJIOB so:Jo6HOBJieHiiH. IIoxanaHo, 'ITO MaKCIIM~bHaJI aMnJIII- . 
Tyga :B~no6~oBneHn~ B gaHHoM ·cnJ"laenpoiiopn;uo~an,bHa~/ v/n, rge n 
- cpegHee "liiCJio nanonHeHHJI. . . . .... 

B §1.3 n~ny"leHhl. a.'HaniiTII"lec'xile <fl~pMyrihl g~H · noJIO)Ke~HJI, .WII
piiHhl . II MaKCIIMaJibHOH. BbrCOThl cnrHaJIOB ·BOoo6HOBneHHJI 
Pa6H-OCI.I;IIJI~IJII.I;IIII. B cny"lae, xorga prooHaTOp nanOJIHeH. KeppoBCKOH 
cp~g~:H. IIOJ!y~e~Hhle proyii~;aThl nonBoJIHIOT yTo"lHII~b rmBecTHble · 

• ,,. ·-,- •• ' • .·" • < " • ,· : • 

paHee "liiCJieHHhle pac"leThl. 
B §1.4 HaiigeHo p~weHIIe ypaB;eHIIH IIIpegnHrepa gnH ciicTeMhl IIn 

gBy~ gByxypoBHeBhiX. aTOMOB npu y"leTe oTcTpo:Hxi OT ·penmra~ca L).~ 
IlpiiBegeHO peweHIIe gJIH CJiyqaH aTOMOB gByx COpTOB npH TO"'HOM pe-
30IHiHce. IlccnegoBaHo. snuHHIIe K l 0 ~~ HBJieHI~~ xonn~nca ~ Bono6Ho
BJieHlii'ocn;IImiHn;II:H Pa6n .. IloxanaHo, ,'ITo npn-~ecirMMeTpu~o~ Boa: 
6y~A~HHI~ aTO~WB. ~~ann ~;,peno~~Hc~, ~epBoH~"lMbHoe Bon6y~geHne 
nep~OAII"leCK~~~6Meriiu~~e;c~ M~~gy aTOM~HHO Henep~g~~;c~ n~~~: 
- • •• ~· • ,,. • : ' • • • : < ••• ,.' ' "' • ' .. i ./ • • • . ' < - •• .;; -· . ' -· • < 

. ·. BTopaH rnaaa gnccepT~~liii IIOCBHII.I;e~~ ~ay;~eii~I~ -~~~II~H~X CTa; 
. , ... .. . ~ . . .· , . , " - • I •" .. '· . . . -· ' ' ~ ' ', . ·-. . ~ ., , '. ,. . 

TIICTII"lecxnx II cnexTpanbHhiX,CBOHCTB noJIH B penoHaTope. ThaBa co;-
CT~HT nn.~eTblpex napa~pa.q,o~--- n'~ ' ' •• , •• ·: ' ''> .... : : ·' . " 
· ·B §2.1 IIccnegoBaHo BnaiiMoge:HcTBIIe IIgeanhHOr~ ·-c~aTor~·~~e~a, c 

AByxypoBHeBhiM aToMOM a.penoHaTope. YxanaHo Ha BonMO)KHOCTb ycii-
m!~IIH ~a~aJi~ii~:H CTene~~ c~a ~HJI'cp(U)y ·~~CJie ~~irro~~~~Ji::~niiliM6geii-

-·~T~iffi~1bnp~Ae~~H·~llTII~M~H~H p~)KIIM y~~ne~~H;:. : :· . -~'-L -.• : ·.·.~ . 
• - 0 ·' ' ~--- ",'' • ~ 0 .:• '· ..... ;: •• ,,, ,< ~-"' 0 •• ,, • o ,, 0 '. •; ·.~ •• - OoO ,,c, ,A ,;.t ,' M ,..;\ ,. 0" \ .... 

, §2.2 noCBJI~eH HCCJieAOB_aHIIIO IIOJIBJieHIIJI cy6nyacCOHOBCKOH CTaTII-
CTIIKH .II ali~~~pynitlq)o~KII <floT~H~~-~ M,riKnpii p~n:II~Hhlx,~a~~~~ 
HhiX YCJIOBIIJIX.; ~PIITeim:H Q <. o;:~A~'q ~ (il~Top Ma~p;~JIJI,:ixcllonb-. 
·r;~~iuJ' gJIJI··~~pe~eneHIIH_.cy6nyaccoHOBOCTH. ~TaTrt~T~II ;d_. ~p~,:r~pu:H 

a-··(2). ·· 0 
............. • .... •• • •• .. • •· (2) · ·· -~ .. · ., ..... ·:· · · ·· · .. · ··o ·• · . 

8Tg (t, t + r)IT=O· >,Q,_.:rAe;g _,(t, (+:r}._,- gBJXBpe¥.(!JIH~ K~pp~_~::. 
ll;IIOHHaH <flYJIK~~~ IICIIOJihnOBaH, AJIH onp_egeJieHIIJI .. ai!'!'IJ:J.'PY,J:III!JR?BKH 
¢>()'J:'Ol~Oa'_ ~O~~.I;UIO, 'ITO. cy6rry~C~!JH.OBCK~ (:'I'aTIICTIII(a He CQIIpOBO~ 
)KgaeTCJI_ a.IITIIrpynnnpoBxo:H .. : <fl.OTC>HO~: HlliiAe~I.i_.yCJioBtu;r . reHepa.n;l{II 
IInny~eHHJI . c. ?TIIMII Hexnac~n~e~KIIMII. <;Boif,cTBaJ.!II. -IT().KanaHo, -~,'I~-:; 
CTH<;lCTII, . 'ITO, B. OTJIII"liie. OT ~~)KaT~JI .H <;y6nyli,CCOHQB()CTII-,. a.H.TJirpyn-: 

s 



nnposxa ct>oTOHOB :Bo~mnxaeT H npn BO:JAeHCTBHH Ha aTOM cunhHOro 
xaoTH'tecxoro noiDI. IIccneAoBaHo snn . .smne oTcTpoiixn oT penoH;:;,Hca 
Ha cTaTHCTH'tecxue CBOHCTBa nons. . ' ' 

§2.3 nocB.si~eH H:J)"'eHHio cneKTpa ci>nyopecu;e:Hu;mi B TpexypoBH~
soii AByxMOAOBOH CliCTeMe, rAe panpeWaiOTC.si TOnhKO ABa nepexoAa II:J 
Tpex H Ka~AM napa aToi.m:hlx ypoBHeii CBJI~JaHa co csoeii MOAOH nonJI. 
IIoKanaH6, 'ITO. npn Ha'taJihHOM ci>oxoscKoM cocTos:iu!n nonJI cneKTp 

ci>nyope'cu;eH~IIH. COCTOIIT H;; ~eB.siTH inmnii ,' KOTOpMe coipa~aiOTCJI AO 
ce:M:n · npn ·yae]mqe:Hnu niiTeHcns:Hoc'Tn n6nJI. · .tieTanhiio pa~cMoTpe~ht 
cny'Iaii ABYXci>OT~:>HH<)ro' prooHaHCa, cneKTp.cnoiiTru.I:Iioro II:JnyqeH,IIJI ir 
cneKTp'. cnoH:.TaHHoro pacceJIHIIJI PaMaHa? IIpegcxanaH:o HaJIII'Ine 
csepxToHxoii cTpyxTyphl cneKTpa ci>nyopec~eHn;IIii~~:Bo;;mrKaro~eii, Ko~ 
rAa none' H:JJiy'teHIIJI npeACTaBnHeT co6oii cynepriom~~IIIO cl>oKOBCKIIX 
COCTOBHnii:·. . ' . 

· B §2.4 · uccneAoBaHo sniiimue xonneKTIIBHwx' a<f><f>exToB Ha'cnexTp 
<f>eyopecn;eHIJ;IIII. IloKa:JaHO, 'ITO B CllCTeMe II:J . ~BYX p;ByxypoBHCBhiX 
a'i'oMon panHbiX copTos; qucno cneKTpaithHhlX nnHm! MO)KeT iocTn
raTl.' 16~ ·a: B cnyqae ngeHTH<iHhlX ·aTOMOB npu ri:eHynesoii OTCTpoiiKe OT 
prooH:aH:ca: 9. Ecnii ~ = o; MaxcuManbHoe ~uicno iul~uii yMeH:bwaeTcs 
;o;o 8. IIoc'tnTaHhl noJio)KeHIIJI II OTHOWeHHJI Me)K;o;y HHTeHCIIBHOCTJIMH 
citex.rp·anhHhlX miHitii. IIoxanllRo, 'ITo uiiTeHcnsHocTh. <f>nyopecu;eHn;Im 

:8 CJiyo:iae cnMMeTpn'Ilioro 'son6y)KAeHus aToMoB :a· Asa·pana~ c~JihHee 
'teM B CJiyqae HeCIIMMeTpli'IHOrO. 

. B: ipe.r'~eii' rJiaB~; UCCJICAO,aHhi tpMOBhle :'csoiicTBa non~· B~ pet)OHa

TOpe c no~m~ht0.3pMHTOBOro <f>a:3osoro <f>ppManm3M:a IIonosa~.flpyHnaa
IIerra-J?apHeTTa (IIJIIIB): ~cTaHoBJieaa cam3b iie)KAY 3BoJIIOtineii <i>JIYK
Ty~itii cl>aohl noJI.si II .siBJieHrie:M:'x:oJIJianca H 8ooo6liosJ1eiuisocQIIJIJI.siiJ;liH 
Pa6u. Thasa· c.cicTmiT liD. rii~J m1parp8.cpos. . . • ': · ·. · . · 

B §3: 1 AaH Kp,aTXHU 'H(:TOpH'teCKHU ~ O'tej)K o' panJIII'IHhlX m)nhlTKRX 

COOAaHH.si KBaHTOBoro 3pMHTOBoro onepaTopa <f>aabl.' li:JJIOJKCH~ OCHo-
.. BHble TIOJIO)KeHHJt ~p~lllTOBOro cpanoBOro cpopMMH:JMa •.. '·. . . . . " • , . ·~ 

§3.2 nocssxi\eH Hriy..reiuuo :cpaaoBbiX CBOU~TB anex'I'poM:arHHTHoro 
- noJI.si·, BtiauMOAeii~TBYIOIIJ;ero' c AByxypoBHeBhiM a'I'.oM:oM :8 p.roollaTope. 

Iloll)"leHpx cl>opMYJihl p;JIJI . B~HCJieHHJr. ci>YHKIJ;IIU. pacripe;o;eneHHJI, 'cpe
p;~~ro .o}{a~eHH.si u ·Aricriepcn:H cpanhi:: IIoxaniwo, 'ITo ecnu npi~ .t =:: 0 
noJie ·Haxop;HTC.si ·· !3 KorepeHTHOM · co'ci-ciliHIIu, To B ~ proyJihTaTe B:Jau: 
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Mo;o;eiicTBII.si Ha'taJihHhlii TIIIK pacnpe;o;eneHII.si <f>anhl pac~enJIJieTC.si Ha 
;tJ;Ba TIIIKa, npOTIIBOTIOnO)KHO Bpa~aiO~liXC.si B TIOJIJipHoii CliCTeMe. KO

opp;IIHaT. Kor;o;a OHII xop6mo OTAeneHbl ;o;pyr OT p;pyra, Ha6nrop;aroTcs 
KOJIJiaTICbtj KOrp;a OHII nepeKphlBaiOTC.si, UMeiOT . MCCTO BO:J06HOBJieHIIJI 
0 CIJ;IIJIJIJIIJ;IIH p a6u. . . . . .. . . - . . . · _' ' .. 

CpaBHeHhl <f>anosoe pacnpe)J;eJieHtte II.HIIB (P) n <f>anoBhle pacnpe-
. gen~Hli.li, nony'!eHHhle npxi imTerpx.xpos'aiiim. Q-qlyHKI.'(Iiu (PQ) .• II w-

. <f>yliK~UU BnrH~pa· (Piv) 'no~ p~;o;IiaJibHOii nepe~IeHH~II: iioKanaifo, ~TO 
xoTJI PQ wnpe •xeM P u Pw, u Pw Mo)KeT npnHnMaT;; ~TpxiU.aTeJih
Hhle ·:JHa'teHII.si, B o6~nx _':IepTax OHII se;o;yT · ce6JI no;o;o~HhlM o6panoM. 
Ilpol3,ep;e!Iocp£limeH:xie ';o;uc~epcmt xocn~Y\~ <Pll3M' ~ ·irx p;~qi'miiKa~u un . 
gpyrilx rro~xo;o;os. IIccneAoBaHhr xsai!Toshle. <f>nyxTyar.'(xm <f>anhl nonJI s 
M,I(K co CBJI:JhiO, nasucm.u;eii OT IIHTeHCUBHOCTil II;;Jiy'teH~IJI. IIoxanaHo, 
'IT(),B.OTJIII'IIIe ().T. CJIY'IaJI CTaHp;apTHOIUI M,I(K, 3BOniOIJ;UJI <f>ano~hix xa-

. pal{TepUC'J:'IIKJIBnHeTcJI .TO'IHO nepnop;uqecKoi'x;: ~:~~ :•· . ; ·• : H .••• 

B §3.3.xmy':xeHo smx;mxeoTcTpmuxxn.oT penoHaHca ~· u.<f>anhl·aToM

Horo ;o;xmoJIJI 17 Ha nose;o;eHue <f>anhi nonJI B penoHaTope, IIoxanaHo, 'ITo 
<lTU <f>aKTOphl llp11BOAJIT KaCIIMMeTpiiaa.u;uu pacnp~gem!Hi~JI <f>~hlB 
npou;ecce B:JaiUfOACIICTBUJI) 'ITO B CBOIO 'oqepeAh BhlnhiBaeT lltlMeHeHne 

.. BO. BpeMeHII. cpegHero. nHa~ieli~iH <l>~hl;. Ta~)Ke noxai3aHo; 'ITO KaK npu 
· ysemt'teHnn ~. ,TaK II npn npo6eraHII117J o~ 1r ;2 p;o 0, <P~a rionJI ~eHs- · · 
eTcH TIOA06HhlM o6panoM. ,Uaiia IIHTepnpeTaiJ;IIJI ;o;syxnuxosoii CTpyx-
•. ,. ~ ·:,><;-~_ > ; .. ;_;<"_,,t- '~ -. ·., ·--~) ~ -· •' '_\_, :·"t.. :·' ~ ·, ... :~.-~--·--.- .·. 

TYPhl <I>YHKIJ;UII pacnpe;o;eneHIIJI <f>anbl c TO'IKU tipeHIIJI <f>opManunMa o;o;e-
~ ._,.· .·~·.: .... ~ .. -.. ,., .. ~~.~-- ·. -' ··:·r::~J.'·, · · ··; 1;", · ·· ; J • ;;·:..., :·· 

ThlX COCTOJIHIIII. . ....... ·: ,, .,,.. . , , , .:, . , .. .. 
B §3.4 paccMoTpeHo snnJIHiie·ahicoKoii.KoHe'IIioii ~o6poTHocTixpe

noHaTopa Ha <f>any noJIJI. PemeHIIe MaTepnanhHoro ypasHeHUJI nony
<ieHo c noMo~h~. ceKy~~pHoro npu6nxi)KeHHJI .. IIo~·a:JaHo; ~;~. yTe'IKa 

•• ' .-"~~-;-.-.~~ ... ~··,,.. !".'~. ;_ '"~-- ,¥.· .• , -~-, .·. u .. __ , ... '~·''.,. ··.·j ~ 

<f>oTOHOB 11:3 pe:JOHaTOpa llpHBO;tJ;IIT,K 6hlCTJ>Oll XaOTimaiJ;UII <f>a:Jhl TIOJI.si. 
§3.5 TIOCB.si~eH IICCneA'Osa~l~IO ~ B~~JIHUC KOJI~eKTH~~ihlX a<f><l>e~TOB Ha 

.· <f>anoshle csoi'xcTsa noim. ,. YcTaHosneiio · o;o;Ho::ma'IHoe coo'I'seTcTsue 
. Me:>K;o;y. nuKaMU; pacnpep;eJieHit.si <f>a:Jhl li co6CTBeHHhlMil COCTO.siHll.siMll 
rwnJihTOHIIaHa no~Hoii cucTeMbl aTo:M+none: CAeJiaHHwe BhiBo~:bt'npo-

. IIJIJIIOCTpnpoBaHhl Ha npuM:epe cncTeMbl !lri ABYX AByxyposHeBhlX aTo
M:os. IloKamiHoi'B 'taCTHOCTII, 'I~O np;ech Ha6JIIo)J;aCTCJI TaKM )Ke ~B_mh 
MeJICAYxBa.H'I'o:BhlM:x; ·<l>iiyxTyaiitiJIM.li <I>~@ u ,1Isix~liiie~{ xomianca i1 so
:Jo6HosneHIIJI OCD;IIJinJIIJ;Ilii~·p~6II,:KaK B: cnyq~e 'o~H<j~:X.o~~HOII .cxicTeMhl. 

\:·"···· 
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B naxmo'IeH:rm KpaTKO c<J>opMynnpo~aHbi ocHOBHhi:e peoynbTaTbl AI~c
cepT~nii, KOTOpbie ll BbiHOCHTCH Ha· oa~HTY. 

. ' . ' . ·" ' ' 
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