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06IItHe xapaKTepHCTHKH pa60Tll 

AKcyaJI:&HOC'l'E> npo~6]le~MU • 

3a,naqa ~yx TeJI nrpaeT qiyH,naMeHTaJl:&HylD'POJil> KaK E KJiaCCHtJ6CKOH, 

TaK HE KE8.HTOEOtt qiH3HKe. B KEaHTOEOH MexaHRKe EaJ£Hoe 3HatJeHHe HMe

eT pacCMOTp6HHe CEHSaHHoro COCTCJmIM ~yx 3SPflX8HHHX tJaCTHtl, ESa

HMonettCTEYDIItHX qepes aJieKrpoMarID!THoe noJie,- Eonoponono~o6Horo 

aTOMa. 

MccJienoEaHHe Eonopononono6Horo aroMa, E tJacrnocr..i ypoEHei 

aHeprHH,Il03E0.1IlleT C 60JI:&moa roqHQCT:blD npoEepHT:b OCHOBHHe Il0JIOX8HM 

KEaHTOBOtt aJieKTpO~HHaMHKH H Pe.1IIITHEHCTCKOH reopHH CBHSaHHHX COCTM

HHA, a TaKXE! IlOJ!YtJHT:b ~OilOJIHHTeJILHHe CBe~eID!II O CTpYJ(rype aJieMeH

rapHHX tJSCTHtl. IlpHtJHHa TaKoro BU~eJieHHoro Il0JIOZ8HM Bonopo~onono6HUX 

aTOMOB COCTOHT E TOM, 'JTO,c o~off CTOpOHll,~fillHOHHHe H peJIHTHEHCT

CKHe IlOilpaBKli K KJJIOHOECKHM YPOBIDIM MaJill H MOryT CJUT:b BllqHCJieHU C 

BllCOKOH TOtJHOCT:blD no reopHH B08MymeHHtt/I, 2/. C npyrott CTOpOHll, aHep

reTHtJeCKHe ypOEHH 8THX aTOMOB ~occynHH aKCil8pHMeHTaJI:bHOMY HCCJienoBa

HHD C nopasHTeJI:&HOtt CTeneH:&D TOtJHOCTH • 

CpaBHeHHe reopeTHtJeCKHX H 3KcnepHM8HTaJI:&HHX pesyJI:&TaTOB Il03EO

JIII8T npoBepHT:b cnpaBe~EOCT:b KBaHTOBOtt SJieKTpO,mIHaMHKH Ha MaJIUX 

paCCTOHHHHX. Ila Mepe nponEn~eHM E o6JiaCT:b MaJIUX npocTpaacTBeHHHX 

llHTepEaJIOE DOHBJIHDTCJI MHorotJHCJieHHUe Tpy~OCTH. O~a HS HIIX COCTO

HT B oneHKe OTKJIOHeHM OT npencKaSaHHH "tJHCTOH" KBaHTOBOH 3JI8KTpo

,llBHaMHKH no~ BJIMHHeM CHJI:&HUX H CJiaCJllX EsamwneffcTBHff. 

B.mumne CHJI:&HllX ESaHMO~eflcTBIIH Ha Ha6Jill,ItaeMUe EeJIHtJHHH npOHBJIII

JDTCJI B ytJeTe BKJianOE CTPYKTYJlEl anpoHoB H anpOHHOtt IlO.lIIIPHSamrn Ba.Kyy

Ma. TaKott Y'leT Bll3UBaeT cep:&esHHe Tpy~OCTH ll3-sa OTCYTCTBHH IlOCJie

~oEaTeJI:&HOH reopHH CHJI:&HHX E3aIIMOnettcTBHtt. 
_______ _J ___ __ 

oo·i,e;;; . ; r,;;i;~ I 
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B CBeTe BHWeH3JI0~eHHoro HCHa aRTyaJll,H0CTI, npoBepKll 0CH0BHHX 

IlOJIOJKeHllH KBaI-IT0B0il 8JieRTp0.I(llHaMllKll Ha OCHOBe peMTHBllCTCK0tt TeopllP. 

CBR3aHHHX C0CTOJnlliil C yqeTOM nonpaB0K Ha CHJII,HHe B3aBM0,I(eilcTBIDr. 

UeJII, paelora: I) HCCJie.zt0BaI-IHe Hexoropax .BonpocoB peMTHBHCTCKott 
. ' 

REaI-ITOB0Ji Te0pH:U CBH3aHHHX C0CT0JIH:UJ;i .ztBYX qacrmi; 2) BHqHCJI8HH8 

cneRTpa 8HeprllH (n;tt) -aT0Ma B paMRax KBas:unoTeHI:(HaJII,HOro Il0,I(X0.zta 

JioryHoBa-TamceJIH.zt3e; 3) HaX0lll,Il8HH8 "nonpaBOR Ha ~0HBYJ) Il0Jilipll3~lO 

BazyyMa R ql0T0HHOMY npoi:rararopy H BHqHCJI8HHe C ero Il0M0ll!},lO BKJia.Ila 

a.ztpOHHrill noiIR:pH~H BrutyyMa B aFioMaJII,HHff MarHHTHHtt MoMeHT MDOHa 

H JI8MCloBcmifi C.ztBHl" MDommx aroMoB. 

Ha:V,HM H0BH3Ha H npaRTHqecRM geHH0CTI,. B .I(llCCepTar(H~ BllepBHe 

BHB8,I(8H0 ToqHoe BHpaEeHHe lI,JIH ll0JIIOCH0ro BKJia.zta CBH3~Horo C0CTOH~. 

B ,I(ByXtiaCTH'!HylO 4!YHKUHD rpHHa C H~Il0JlI,30BaI-ill8M_HaBCl0Jiee oelmero.onpe

.zteJiemur K00p~a! ue~Tpa Macc_H 0TH0CHT8JII,HHX R00PJtHHaT qacTHU. 

B paMRax RBaHT0B0tt 8JI8RTP0.ztHH8.MHRH BHB8,I(8H0 npe.ztCTaBJI8HH8 

THna .IfattcoHa-lllBHHrepa lI,JIH H,Ilpa ypaBH8HllH BeTe-COJillllTepa H Fa ero 

0CH0B8 ll0CTpoeHo npH6JIHE8HH08 BHpaXeHHe lI,JIH H,Ilpa C yqeT0M 3qlql8KT0B 

CM3aHH0CTH. 

3To BHpaaeHHe HCOOJII,30BaH0 3aT8M .ItJifI BHqHCJI8HM T0HR0tt CTPYK~ 

TYPH H JIBMClOBCKOI'O C,I(BHra (nJ1) -aT0Ma B paMRax KBa3Hll0T8Hl.nlaJII,

H0ro no~o.na JI0ryHOBa-TaBX8Jlll,I(38. 
' 

Ha OCH0Be oelpael0TKH H0BettmHX BI<CnepHMeHTaJII,!WX .Zlaiilfi:lX 0 .ceqeHHH 

aHHHrHJiaUHH et e - B ~0HH Hatt.zteHa ll0ilpaERa Ha ~0HHYID Il0.1IllpH3a-- . .. ' .. 

OHIO BrutyyMa R ql0TOHHOMY nponararopy. C ee ll0M0mI,]O BnepBH8 Baq:a:cneH 
. . . . . 

BRJia.zt a.ztp0HH0! U0JllIPH:3aUHH BrutyyMa B JIBMCl0BCKH! C.ztBHr MIO0HHHX aT0M0B, 

PacCMOTpeHHH! M8T0.zt ll0CTp08HIDI .ip:tpa YP,fillH8HIDr Bere-COJinHT8pa 

uoaer HailTH npHMeHeime B Tex sa.ztaqax, r.zte Tpeelyercn qacrHqHoe CYM-

MHpoBaH:ee HenpHB0,I(HMHX ,I(llarpaMM a.npa, B qacTH0CTH 

ceamur. 
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HeCOMH8HHYIO llpaRTHqeCKYD_ ueHHOCTL npe.ztCTaBJllI8T np0B8pRa_Buq:uc

JI8HB0ro C.ztBHra yp0BHe! aaeprHH ('Jij~) -aT0Ma, oelyCJI0BJI8HH0ro pa.zt:ea

UB0HHHMB H peJiliTHl!HCTCKHMH 8qlql8RT&!H,H BnepBue no~eHH0tt HaMH 

nonpaBRH Ha a.ztpoHHYD Il0JilipK3aUHIO B~ R C.ztBHry j' -yp0EHll MIO0H

HHX aT0M0B. BRJia,It a,Jij)0HH0.l! Il0JifipH3aUHH Brutyy.Ma yu oelHapyzeH B aHO

MaJil,H0M MarHHTH0M M0M8HTe MD0Ha H B ceqeHHH 3JI8KTp0H-Il03HTp0HB0il 

ammrHJIIIUHH B MIO0HHYD napy. 

IloBame_mre roqaocTH nMepeal'ltt n reoperuqecR:wc. pacqeroB cneKTpa 

SHeprBH MJO0HIIHX aT0M0B ,I(0JIEH0 TaKne npHB8CTH K npo.lIPJI!HHIO a~eKTa 

a.ztp0HH0H Il0Mpll3aUlUI BrutyyMa. CooTB8TCTBYlllili8 8RCnepHM8HTB npe.I(IlO

JraraeTCH npoBecTH B ;raelopa ropunx L AM Pf CJioc-AJJaMoc), S l N 
(U10pl'IX), PN AL (BaraBM). 

Anpoelawm paelora. PesyJII,TaTH .ztHCCepTaUHH ,I(0RJia.!lHBaJIJiJCI, Ha 

Me:B,DyHap0.ztH0M ceMHHape no qlll3HR8 BHC0RHX 8HeprKA H reopnm Il0Jili 

(CepnyXOB, I978), Ha mecroa Mel!,llyHap0.ztHOtt R0HqiepeHUHH no AT0MH0tt 

wzsuRe (PHra, I978), Ha ceMHHapax ~T<Ii OIDil1, BIDIBmH (MocRBa) H 

or.zteJia Teoperuqecxoi\ qius:uKH HJI<Ii AH YsCCP (Tall!ReHT). 

IlyelJIHKa.gHH. no pe3yJII,TaTaM .ztHCC8pTaUHH onyelJIHKOBaHH qerape 

cTaTI,H. 

OClMM pa.Clora • .UUccepTar(M C0CT0H'l' H3 BBe.zteH:ea, Tpex I'JiaB, 

saKJID'leHIDI :e .ztBYX npnnoaeHH!, C0.ztepuT 88 CTpaHHU Ma.lllHH0ilBCH0I'0 

T8KCTa. BH6JIHorpaqiuqecRd CilHC0R C0CT0HT K3 90 Ha3BaHHtt. 

Co,nepmmie pa.Clam 

Bo BBe!eHllK .ztaH RpaTRd 0el30p MeT0,I(0B 0ilHCaHHa CBH3aHHBX C0CTO

mm! B RBaHT0B0! reopHH Il0Jia. llbap0RO H3B8CTH0e R0BapHaHTH0e qerupex

M8pHoe ypamieRHe Bere-COJinHTepa/3/HMeeT cymeCTB8HHllff H8.zt0CTaToR.cBH-
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3aHHflH C rrepeMeHHoil OTHOCHTeJinHOro BpeMeHH (rum OTHOCHTeJinHOH SHep

rHH). lloqTH BO Bcex rrpaKTHqecKHX rrpliJIOllteHMX ypaBHSHIDI Eere-COJIITR

Tepa .norrOJIHHTeJinHHil rrapaMeTp OTHOCHTMnHoro BpeMeHH TeM HnH HirnM 

crroco6oM HCKJIBJt!BJIC/1, ffim6onee rrocne.noBaTeJinHO sro 6uno c.neJiaHO 
/4/ 

B KBa3llITOT8HUllaHbHOM rro.nxo.ne ]oryHOBa-TaBXenH,nse. 'KBa3HITOT8HUHBJin-

JrnH·MeTo.n B Teoplill rro.nil:'RBMSTC/1 BeCnMa sifxl)eKTRBllilM cpe.ncTBOM He-
. . /5/ /6/ 

cne.noBaHM KaK CBOHCTB CBH3aHirnX COCTOJIHd, TaK R 3~q pacceaHruf. 

KBasnrroTeHUHWinHllH rro~o.n COBMemaeT npocTocy H Har~ocTn rpex

MepHoro OITRCaHIDI'HepeJif!TllBllCTCKOH KBaHTOBOH MexaHllKH (ypaBHeHHe 

illpe,nHHrepa) C KOBapRaHTirnM arrrrapaTOM KBaHTOBOH TeopllH rrona. 

IlepBaa rnaBa rrocBmueHa RCCJIS,llOBaHHID CBOHCTB .nByxqacrnqHoil 

qJYHKUlill rpHHa. 

B §I o6cym.naeTC/I BH,ll8JI8HHe BKna.na CBH3aHHl:lX COCTOJIHlili C rro.mrnM 

- qerupenmnynncoM yJ H Ma.econ M B .nByxqacrw:mym qJYHKUHID rpnHa: 

C-t'·rc._Xc ,,y ... ,.'ft) = -i<ot'Trcy,)"'(XlJ't.,(y.iit<ttJ/o) (I) 

~i 

B cnyqae rrapaMeTpRSrutl'IH o6mero B~a ,It1Ili qacTHU. c rrpousBoJinHHMH Mac-

CaMll: X"" ?,; x,._ f 1r: Xe; , 
. . 

)( = x,,-x,, 

(" 'f 1, "' i, (2) 

·Y-=- 1;,1 ... + '!t.'f,, .J =: y,, : J' ' 
BK~ CBa3aHirnX COCTOJIHlltt BH,IT,SMSTC/1 C rroMomm g -q,yHKUHH: 

(} X- -}f)(o/- jly'/- ~'(.ro-Jt.?1;. . npH. ,., • :-"N'';(3). !·. _., ·yv tI x" x 0 >/. 0

'1' 

. . 0 B ~pyrruc CJJYliM.X, 
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KOTopaa npaBMnHO yqHTHBaeT onpe,lleJieHHoe yrrop!I,ltoqeHHe onepaTopoB 

X O Y" . nona no nepeMeHHl:lM noJIHoro • H OTHOCHTSJinHOro X,., • )j " 

BpeMeHH, Haii.neHo, qTo q,ypne-o6pas qJYHKUHH rp1ma G- HMeeT noJIIOC 

npH r.J>°== E ( P)= r!f3,t+ l1 . .2.' • COOTBSTCTBYianmi m1JI11qHm CllaSaHHO-

ro COCTOJIHIDI: 

I I 

{;(<J!x,y) 
J:J>(x)J:y(;J) =---=---- + 

<><£(1:J{:J>·.: Ef PJ+to] (4} 

+ perynapHl:le q.11eHH rrpH .7->"= £ {1>), r.ne 

UHH 

.,/ i -~ (x) =- R?<f ! ¾ ( :P"'- E(:Pj{l><0

/ -t (7 .. -'(2) x'2] .I ,p ( x). (5) 

Ha MaCCOBOH noBepXHOCTH CBHSaHHoro COCTOJIHM BOJIHOBHe qJYHK
/ J .P (X) COBila,llaIDT C aMIUll!TY.naMH Eere-CoJIITRTepa Jg,(XJ 

B §2 B paMKax KBaHTOBOtt 8JI8KTpO,llHHaMRKH Ha OCHOBe qiopMaJlll3Ma 

qJYHRUHli rpHHa C BHelllHHMH llCToqHHKaMH nruiyqeHO npe.ncTaBJieHHe THna 

~coHa--illBHHrepa ,It1Ili a.npa YpaBHeHHa Eere-CoJIITnepa 

k == i s / Mlt - .ea. s,-1
0c. (1) 'iJ(f ll C- * r;;, (,') ' (6) 

r.ne 3HaqoK (ti-) 03HaqaeT lmTerpllpOBaHHe no .nByxqacTHqHHM COCTM-

HMM, 17 e - .nBYxqacrHqHM Bepmmmaa qiym(urur rpHHa, IV a.. - o.n-

HoqacruqHHfl MaCCOBHff onepaTOp (cM. pllC. I). 
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I'Hc. I 

B C;zytlae npo6JieMH CBH3aIIHl:lX COCTOHHl1tt l1H~prutpaCHl:le oco6eHHOCTll 

He ·Bo3Hm<aIO'l' ,nalKe B np116.llll1KeH1111 "paccMHM", ec.llll HBHo yt1ecTI> aqxpeK

Tll "CBII3aHHOCTl1" B npoMelzyTOlJHl:lX Bl1pTyaJII,Hl:lX COCTOHHMi.7~ 3TOro 

He06XO,llI1MO tipoCyMMl1pOBaT:6 6eCKOHelJHl:le IlOCJie,llOBaTe:JIIiHOCTl1 HenpllBO

,lll1Ml,lX ,lll1arpaMM JI.llpa' ypa:eHeHM Eere-Co1rn11repa, Ta:rwe cyMMl1poBamrn 

rrpmue Boero ocymecTBlU'b, ebJII1 RMeeTCR: .nonomrnTeJibHoe ypa:eHeHRe. 

(6) .rom; aroro iinpa. PemaH ypa:eHeHne (6) 11repaumIM11 rro Mo,n11~m~11po

:eaHHott TeOpl1l1 BO3My-1UeH11fi, Hafi,neM ·np116Jil1lKeHHl:le BllpalKeHl1H MH H.J:Wa 

K= K'ir +.6JC, 
r.ne IC¥ coor:eercr:eyeT H.llPY O.llHO~OTOHHoro o6MeHa Mem.ny qacTl1UaMl1 

(pl1C, 2), a Ll fC rpa~tJeCKll npe,llCTaEJieHa Ha p~c,3, C:eH3aIIHOCTI, 

K(5)= I 
Pl1c, 2 

6 

' ~ 

,. 

., 
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yqHTUEaJiacI, C noMomoD qiyHKUHH ,•COOTBeTCTBYnrtett JieCTHnqHo-

MY npH6nHlKeHHD. IIo~eHHOe EHpaxemrn .IWI smpa fC BO ETOpott rJiaBe 

npMMeHeHo ,nJIII B!,lqHcJieHIDI pa,nllllUHOHHHX C,IUlHroB B (Ji]~) --aTOMe. 

Bropag rnaBa nOCBmiteHa npHMeHeHHID KEa3HnoreHQH~Horo rron

xo,zra ]oryHOEa-Tanxennnse K EHqHcJieHHID cneKTpa 8HeprHH MDOHHHX aTo

MOB. 

B §I o6cyJK,naDTCH cnennq,HqecKHe CEOttCTEa crreKTpa 3HeprHH MIDOH

lillX aTOMOB, CEH3aHHHX C 60JII,UIHM BKJia.nOM 3ippeKTOB 8JieKTpOH-IT03HTPOHHOtt 

ITOJIIIpH38UHH EaeyyMa H CTpJKTJpH H.npa. 

B §2 naeTCH KpaTKHtt o6aop no npaKrnqecKHM rrpHJIOllLeHHHM KBa3H

noreHUHaRbHOro nonxo.na H IlpHBO,IVITCH HYlKH!le ,ItJilI B~qHcJieHM q>OpMJRU. 

3a HCXO,nHOe npH6JIHaeirne npHHKMai7l'CH 6opoBCKHe ypOEHH 3HeprHH n 

KYJIOHOBCKHe EORHOEHe 4JYHKUHH. C,nBHr YPOEHeit aHeprHH orrpenemreTCH 

no reopnn EOSMJmeHHtt. KBasHrroreHUHaJ.I V cTpoHTM E repMHHax aMn

RHTY.ltH pacceHHM / BHe 8HepreTHqecKoii ITOBepXHOCTH. KBa,3HITOTeHUH

aJII,HOe ypaEHeHHe B c.n.M. HMeer EH,ll! 

( M - V fa2 ~ m£ - V p / + n;r) 1/-/, ( p) = 

·- ( i . ➔ --i fr.) ( ➔) j I' 
- (.;lq/ 1/rP,?_; '1') ~ 9 J 

(?) 

/IA -4 ~ 
rne Fl - MaCCa CEH3aHHOft CHCTeMu, p H i - OTHOCHTeJII,Hl:le HMnyJII,C!,1 

B KOHeqHoM H Haqa;rI,HOM COCTOHHMX. 

B §3 Ha OCHOBe o6mero EHpalKeHHH KBa3HDOTeHUHaJ.Ia, COOTBeTCTEY

rornero 0.IlHOq>OTOHHOMY 06MeHJ, B npH6nnaeHHH pacceHHMkHatt..neHa q>OPMYJJa 

TOHKOit crpyKTypu { ~)-aroMa, o6HapyE8HHO;O He,zraEHC/8/ E aTOMHOM 

pacn~e kI ➔(f-')Y 191. 
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YpaEHeHHe (?) 6e3 yqera CTPYKTYill qacTHUH, ~HllUHOHHHX norrpa-
. · · /IOI 

BOK H IlOJIIIpH3auHH BaKYYMa HaITOMHHaer ypaEHe~e Epeitra. IlpH E.E,IqllCJie-

HHHX y..no6HO HCI10JlI,30EaTI, KJJIOHOBCKyID KaJru6poBey qJOTOHHOro nponara

Topa. OrMeTHM, qro E OTRHqne OT o6HqHoro .ItHpaKOECKoro cneKTpa BO

noponorrono6HHX aTOMOE BUpolll,IteHHe TOHKOtt CTPYKTYPH (;,p)--aTOlvla no 
I 

op6HTaJihlIOMJ KBaHTOBOMY qHcny .f2 OTCYTCTByer. _ f 
B §§4 H 5 EuqHcJieH noJIHHit JI3M60BCKHtt c,IUJHr nopnnKa . .x.l Z -<] 

B (lTfl) -aTOMe E Dpl16JIHllLeHHH O,nHO- H ,IUlJ.xqlOTOHHOro 06MeHa C yqeTOM 

anpoHHoit no.na:pnsannH BaeyyMa, paccMoTpeHHott B rperoeit rnaBe. Xoporno 
/2,5/ 

H3EeCTHO, qro npH EHqncJieHHH JI8M60BCFOro C.IlBHra npHXOnHTCH O,nHOEpe-

MeHHO ycrpaHllTo KaK JJioTpa~oJieToEue, TaK n nHq,paKpaclille pacxonn

Mocr:e. 9ro DpHBO.It:0T K TOMJ' qro na npaKTHKe HCI10JII,3yeT.CR, KaK npa

BHJIO, "cMelllaHHOe" paCCMOTpeHHe arott npo6JieMH: HepemrTHBHCTCirne -

E 06.naCTH MaJil:lX qacTOT ~TOHOB H pe.na:THEHCTCKOe - E_o6JiaCTH 60Jlb

UIHX _qacror. BcJie.IlCTBHe arpro EOSHHKaer npo6neMa "curnEaIIM" nonyqeH

HHX pesym,TaTOB. 3ifxpeKTH "minsaHHOCTH" rrpOHBMIDTCH JIHllib rrpn MaJIHX 

IlMDYJioCax BHpTyaJI_oHOro qJOTOHa; IlapaMeTp /I , orµrnnqnEaronn1it Hil3KO

qacTOTHJID o6JiaC~I,, CJie,IJyeT EU6paTI, TaKHM o6pa30M: 

(2o1-))ir << >i <<j'-<. 
Ha npaKTHKe Y.Il06HO B3HTb ;. - l,.,j!. B COOTBeTCTBHH C 8THM HHTerpa.n no 

nMnyJII,cy q,oToHa paso6oercn Ha .ztBe qacru: 

j ·/3 1 o r)·c13 jctJK..]'ll o 
c K. cl IC -= L K -t j , K . 

/Kt<:>. _ 1i<1 >'A 

• IIocKOJII,KJ riiaBHJIO poJII,. B aifxpeKTaX "cEH38.HHOCTil''. nrpaer KYJIOHOBCKOe 

B3aHMO.Il8RCTBHe, TO B Hil3KOqaCTOTHO~ o6JJaCTH HCITOJII,3yIDTCH KY~OHOB

cirn:e /IUHRWill rpHHa HepeMTHBHCTCKoro ypaEH8HM llipennHrepa, MO.Ill!-
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lpRUHpo:eamrue COOTEeTCTBYlOOlJlM 06µi80M. 06JraCTb EUCORHX tJaCTOT MOliteT . 
6UTb OIJHCaHa c IIOMOlllblO 60pHOBCRHX rrpn6.miJKeHHil. CyMMa o6onx BRJia,ltOB 

.naeT IIOJIHOCTbJO CXO~HCH E l'lH¢paRpaCHOH o6JiaCTl'l pesyJibTaT. TucJieH

Hoe sHatJemie JI3M6oBcRoro c,n:enra IIOJllI.nRa e<. {i.. .i}1 
B (~i--)-aroMe 

paBHO 

..6 \,_,t(::_S,;~)-6\,.J(JA1,)= -79,449,ro-3 aB 

B corJiaCHll C paHee rro.nyqeHHHM 3HatJ6HHe✓111. Cxma He BMKReH 
BMa,n pa3MepOB ITHOHa 

11·3 •\I _;g_vt. .t <"' . 
....:, "v f':J..,,,,t - ..3 /1 '3 ( tz_ 'ii) Op., 1 

r,ne /1 , e - rJiaBHOe H Op6HTa.JibHOe RBaHTOBU6 

IIpHBe,neHHM Macca, "Z ,r - 8JI6RTp;MarHHTHUii 

BR.na.n ·cocrwmrnT nopn.nRa I% OT o6mero c,n:enra. 

"'r•l'>1, 
'Jl'lCJia, I/.{=- ), ~, 

~ j.,-t",r 

pa,neyc IlllOHa. 3TOT 

TpeTbfI rrna IlOCBHIUeHa EJIRIIHHJO a,npOHHOtt IlOJilIPll~l'll'l BaKYYMa 

Ha npoBepey REaHTOBOtt 8JieRTpO,nllHaMHRl'l npn Hll3RHX 8HeprMx. 

B §I HCCJie.nyeTCH BRJia,n a,npoHHott IlOJillpll~ll BaeyyMa B ¢oTOH

HW nponararop E e~-npn6;raJKeHnn/I2/: 

'°;,z) 1;,J = - df i'J (,rJ_ r":_J) 
1.l-1" ( 0 ( (7 '/ 

(8) 

r.n:e 
DO 1 · 

1 Rts>~ 5 
o( '< 

d({')= I.- 3'/i 't s(s-
1

.;+iO) 

.I;,,,;. 
(9) 
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ThrnapllaHTHaH \PYHRUM 

Q 
6't.. 

~r 

I.. 7 0, - 7/,. o<. ~ 
/'f' - -3 s 

HMeeT CMflCJI OTHrnuemm IlOJIHOr'O cetJeHHH- aHHHrHJilIWIH t' .. I:! - B a,npoHH 

6"i. 
Q 

tJ6Hllll 

Ha cetJemie aHHHrllJilfUHll e + e - B MIOOHHYJO napy 0r . BeJIHtJHHa 

rrapaMeTpll30BaHa C yqeTOM HOBUX 8RcnepnMeHTaJinHHX ,naHml±36 ce-

6'j, • B 06JiaCTH POJK.n6Hlli'I P.EYX ITHOHOE cetJeHHe rf/.r. EUpalRaeT-

CH qepe3 REaP,paT MO}JyJilI 3JI6RTpOMarHHTHOro ¢QpM(jaRTopa IlllOHa • .IJJm 

¢opMqJaRTOpa HCITOJib30BaHa napaMeTpl'l3ar.iHH ,lJy6HlltJRH-Memepi:rROE,,
1 

'¥'oporuo 

OilHCUBaIIXl!alI 3RCnepllM6HTaJibHHe ,namme E UlllpOROll o6JiaCTll 3Heprnil 

- 2 raE2!'.:_. S !S:, 4,4 raB2 n o6m.naI<XllWI acnMITTOTHtJeCRHM IlOEe,neHneM . nw i/s. , 'ITO corJiacyeTCH C pesyJ!bTaTaMH·npaEllJI REapROBOro CtJeTa. 

Ilpn napaMeTpll3ar.iHll R_ ytJTeH TOT qaRT, tJ'fO ara B6JllltJHHa .no ifs' ::! 

= 3,0 raB na,naeT, B 06JiaCTll 3,0 !S- VS~ 5,0 raB pacTeT 8a CtJeT polK

,neHWI oqapoBaHHHX tJaCT!,!U, a HatJllHM c VS= 5,0 ran CTaHOEllTCH 

·npnMepHO IIOCTOHHHOtt n paEHoi! 4,5t5,5 •. 

B §2 Ha OCHOEe napaMeTpll8fillllll J2,npnEe,neHHOH B rraparpa¢e I, 

EU'JllCJieH a,npommll BRJia,n E aHOMaJlbHHll MarHHTHHH MOMCHT MBJOHa~ 

a J" (a,npoHU) 
. -9 

(72,I .:!: 6,0).-IQ ,, 

4 

Pnc. 4 
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KOTOpHll HaXO,D;HTCSI B xoporueM corJiac:,;m C 3KCnepID.!eHTMb!illM 3HaqeIDJeM 

H paIIee Haft.neHlil:lMH TeopeTHqeCKID.!ll 3HaqeHHRMHtIG/ 

B §3 E!lqHcJieH EKJia.I{ a,npoHHoil IlOJiflPH38.UliH Bru<YYMa E JI3M60BCKmi 

C.I{BHr MDOHH!IX aTOMOB. Ilpll MaJlllX nepe.I{aHHIIX HMnyJIMaX fi<< ,I; m/ 
l!HBapHaHTHM (pyHI<tl;HSI c{ ( Cj.J.} l!MeeT BB.I{ 

.t 

drc;JJ = j - ~.;~ -~ 
t ..Jlt /?t. k 

('O 

R(.sJ cl . 
r.ne 

( . s • • s.,. J-1~- = .J 
', 1. 

•'Y"'tr 

~ -~ 
ht ii - KBa.npa.T a®eKTHBHo:lt a.npoHHoil Maccu. ,lJ;n:iI m ;.__ npn 11c-

noJib30BaHHO:li Bmae napaMeTpl!38Ul!H R.. Hail.IteHO 3HaqeHHe 

C.I{Bur 

mt·= .i 
L -'7"m,, 

,5 -ypoEHeit MB)OHH.llX aTOMOB paBeH 

LJ ·bJ(11. SJ= 
.f(,<,('l.,();-, J 

3;n1. 3 h1.{ 

ll npeB!llllaeT BKJia.I{ MIJOHHOll neT.mt C TOqeqHHMR BepruHHaMR Ha no-

Pff.I{OK. B Ta6JIHue I npne.neHH qncJieHime aHaqeHM noJIHoro JI3M6oBcKoro 

C.I{BHra H BKJia.I{a a.npoHHott llOJIR:pHaauHH BaI<yYMa E MDOHHOM no.nopo.ne 

(;4 -f') • ( hj'<) -aTOMe. MDOHHOM HOHe reIDUI ( ;_ lft";v) +. 
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OcHOBHHe pesyJibTaru, nomeHHUe B ~uccepTaIJHH 

I. IlOCJie.I{OBaTeJlbHO E.llBe.I{eHO ToqHoe BHpalKeHHe ,llJIII IlOJIJOCHoro BKJia

.na CBH3aHHOro COCTOHHIDI B ,I{ByX'!aCTl!~HYD q\VHKUHD rpHHa C HCil0Jlb30Ba

Hl!eM HaH6oJiee o6mero onpe.neJieHRII KOOp,D;lIHaT ueHTpa Mace n OTHOCHTeJib

HHX KOop.n:irnaT qacrnu. IloKa3aHO, ~ro.Ha MaCCOEOil noBepXHOCTll CBH3aH

Horo COCTOHHHH B03Hl!KaDT o6uqH!le aMilllllTY.I{H Eere-CoJinHTepa. 

2. BllBe.neHo npe,ncTaEJieHHe mna JlailcoHa-IllEHHrepa ,llJIII a,npa 

ypaBHBHM Eere-COJillliTepa,rrosBOJl/IDJlee rrpOH3BO.I{nTb qacrnqHoe·cyMMH

poBrurne HerrpHBO,IUiMllX .nuarpaMM, qro HS06XO,IUIMO, Harrpll!Mep, npH Ha-. 
imqnn CBH3aHH.llX COCTl?ffHHil myx aapglll'.BHHHX qacrun B KBaHTOBOfi 3JieKrpo 

.I{ll!HaMHKe. IIocrpoeno rrplll6JIHJKeHHoe Bllpalll'.eHue .ltJif{ a.npa c yqeroM aqxlleK

roB "CBH3aHHOCTlf" • 

3, B paMKaX KBa3HITOTel!UHaJlbHOro IJO.I{XO.I{a ]oryHoBa-TaEXeJlll.I{3e 

BHqncJieH.ll TOHKM crpyKrypa ll JI3M60BCKmi C.I{BHr ypOBHett imep'rHH 

( n;~)-aToMa B rrpH6JllllKeHHll O.I{HO- H .I{Byxq>oTOHHOro o6MeHa, 

4. Ha ocHoBe rrapa.Merpnaauun ,1Jy6HHqKn-MemepaKoBa JJJIR rruoHHoro 

~OpMi;faKTOpa H C yqeTOM HOB.llX' 3KCrrepID.!eHraJibH.llX .I{aHH.llX O noJIHOM 

ceqeHl!H amrnrHJiflUHH E' t-e - B a.npoHH Hafi.neHa norrpaBKa Ha a,npomiyro 

IlOJif!pH3aUHD BaI<yYMa K'~OTOHHOMY nponararopy. 

5, Hatt,neHHaa MO,IUl~KauM ~oroHHoro nporrararopa n:cnoJib30BaHa 

,llJIII BuqncJiemm BKJia.na a.npoHHott rroJlffpn:iaun:n BrucyyMa B · aHdM8.J.Ib.HHil 

MarHHTHlltt MOM6HT MIOOHa H JI3M60BCKllll C.I{BHr MDOHH.llX aTOMOB, 
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(Jl-:p) 
( lrp)-t1tvH 

i 'fH )t 
( ,'2. f:' t1 

Ta6JIHya I 

IlOJIHU~ R3M60ECKHli 
C.IU3Hr, aB 

D.2108 + O ODDI /I7/ - , 
79,449 • rn-3 

I,5275 ± o,0003/I7/ 

Bttna.n AilB,aB 

I,67•I075 

0,3I•I□-5 

2,6•I0-4 
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