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BBEAEHHE 

I{OIlJleK ,1BHble KBCiAPynOJlbHble Vi OAHO~aCn14Hble CTCnCHI1 CBOOOAbl 

RBIlI1IO TCR l~cH16oJlee CYUleCTBeHI~bIMI1 AI1R Onl1CaHl1fl cBaiic TB HI13t<0I1elila

II\I1X B036Y»IAt:HHblX COC.l0RH~~ aToMHblX RAep. nO:nOMY IlI05aR MOAem. 

RAP<I, npeAflOlIH!HHaR AJ1n Onl-1CaHI1R CI1a60Bo3GYlKAeHI~bIX coeTORI ~1I"1. 

AOJ1Mia 8KIl~4aTb B paCCMOTpeHl1e Kat< OAHO~aCTI14Hble. TaK 11 KOIlJleK

Tl18Hble nt;!p~MeI1Hble. ~1x pa3AenbHoe paCCMOTpeHl1e RBI1110Cb nepBblM 

war(\/.\ Ha nYTl1 nOCTpOeHI1R TeOp1<111 I1AepH0I1 CTPYKTYPbI Hi) YlKe aHi)

11113 CBoAcTS HC4eTHblX aTOMHblX AAep nOTpefioBal1 Y4eTa B3dl1MOCSR3M 

KOJlJlel<111B Horo KBilAPynOJlbHOro 11 OAH04aL TI-14HOrO AB I1H1CHI<111. 

PaCCMOTpCHl-1e CBO~C1B HM3KOnCliIaUll1X COCTOAHI<1I1 4CTHO-4CTHN 

AAep npOBoAI1Tefl 8 OCit"BHOM B paMKax KOJlllCKT.18HOV, MOAenl1. '-lTO 

n)3B0I1Ael AOC1~1"t- Ka'4C!;TBeHHOro, a 3,1laerylO 1<1 KOJmLleeTB€'IIHoPJ 

COrllaCI1 A C 3Kcnep~111eHTOM. OAHat<o MOAcnbHblll raMHnbTOHlldH. 3<1BI1

flUlI1J;J TOJlbKO lJT KOJ1JleKH1BHhlX nepCMeHHbiX. 3TO n!'lWb OCHOB(l AflR 

COBpeMcHHoro aHaflH3a CTPYKTYpW LleTHO-4CTH~X AAep. Cn~AYK~I1 ~ 

war - BKllI04CHI1.c B paec'~OTpeHl1e 0AH04aC T I1LlltbIX nepeMeHHblx. MO)t(HO 

BblAel111Tb PRA ~$,eKTOB , AnA paccMOTpeHI1R KOTOPWX BHAI1MO. 0(0

6CHHO Ball<eH Y4CT CBR311 KOJ1neKTI1BHOrO ABI1»1(?H"1A C 0AHOI~ilC H I4HbIM . 

OAH~ 1-13 TaKMX npl1MepOB paeCMdTpl1BaeTCA HHliIe 

Y 4eTHO- 4e TtiblX RAep. Io1MelOlI\l1X cCflepH4eeKYlO ¢Of)MY B OC HOBHC',M 

COCTORHI1 I1, nepBoe B036Y)t(ACHHoe COCTORHl1e I<1HCe T KBaHTOHWL Lll1cna 

,1I _" 21. a ClleAY~U\l<1e TPI-1 B036YliI,QeHHblx coe TORHI1A - KBaH rOBble 

~~lCJ1a I" = 0 , 2 • 4' "1 3Hepr 1111 B03fiY»lAeHI<1R, 6>l\13K"1f' K YIlBrell

1101' :mepr 111-1 Bo~GYlK,t:leHI1A nepeoro 2 - COCTOAHI1R. Ho B P'lAP AflCP 

BU36Y~AeHHoe 0 -coeTOAHHe CI1I1bHO nnYCKa~TCR no 3HeprH"1, 11 Aa)t(e 

CTaliOBI-1TCR nepBblM B035Y)t(ACHHLIM eoc rOAHi'leM I'" r;t> I ~10Z' . ~1f;M()/. 
B AaHHO~ pa60Te MW I1ccneAyeM eBo~eTBa O'-B036Y)t(AeHHWX COCTCA

H~1i1 B O130Tonax Gt' H S" Ip~lC. 1 .21. Ba)l(Hoi1 oco6eHHocTbIO :) l\lX AAep 

RBJlReTCA CI1J1bHaR 3aBI1CI1MOCTb 3Heprl111 O~-COCTOAHI1A OT 411ena HeAT

POHOR, ~e CYlI\eClBeHHO~ nOHl1li1€HI1C npH ~ = 40. 
003MOIIIHbll~11 npl1q"'Hil'~11 onYCKaHHA o ~ -COCTORHI-1R MorYl 6bllb KY

114ect<aA aHrapMOlil14HOCTb HI1"1 CBR3b ABYX¢!OIlOHHbIX 0 '-COCTOAHI1i:i 

C I~OYXKBa3114ac Tl141~b1MI1 o· -coc TORH.1AMI-1 '1 -!I 

I. nOCTPOEH~E rAMHnbTOHHAHA 

(i1CX"Atiblr1 MI"KpI)CK)n'14eCKI1~'1 raMI1J1bTOH~1<lH COAeplKl1T OAH04aCTI14

H~IO 'lac Tti, lIapHO'~ 11 KB<lAPynOflb -KB'lHP~O£lJlt}.9.Q.J3~OAe'-1C TBl1fl 

OHOB • " , - " -', .........t·~ 
H YKn • l ....... r~,...... ".w...l~....; ". )~' '' II.J II 

II II,,' ""UH . H QQ' j, ':':~\~ .':!. ' i~ ..~- ~ )," '.1'" . 
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CneAY~~III~ war COC TOIliT B B~AeneHIIIIII 1113 MHo*eCTBa CTe n e HeA 

CB 060Abi RApa KOnne KT I'I BHblX n epeMeHH blX, onlllCblBa lOU\IIIX KBaA Py n ollbHoe 

ABVI*e HVle. HaVl60nee 3$~e KTIIIBHWM Me TOAOM BWAe n e HI'IR KOlllleK TVl BHWX 

n epeMe HHblX FlBllAeTCFl Me TOA 6030HHo ro pa3110li<e HIliFl ~epM Vl OHHbIX o n e 

p aTopOB /4l B TO ~e Bpe MR 3TOT Me TOA n 03 BonA e T AaTb VI o6~y~ ¢op

MYJllll POBKY n po6n e Mbi MH OrlliX Ten AnA CIliC Te M, COC TOFlU\I-1X 1-13 4eT Ho ro 

4V1 Clla ~epMIIIOHOB , VI TeM c aMWM BKll lOlI Vl Tb B p aCCMOTp eHl'le He TOllb KO 

Konne KT IIIBHwe KBaAPy nOJlbHwe. HO VI VlHT e peC Y~~lIIe Hac ABYXK Ba3V1 

4 aC TVl4Hwe CTeneHVI CBo60AW. 


6 YAeM Vlcnonb30BaTb 0606~eHHoe npeACTaBn e HMe Aa~COHa AnA 
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B /4/ RBHO B~r : 'c aH~ To nbK O Te 4neH~, KOTop~e 6YAYT Hy*H~ gnR 

ganbHe~wer 0 paCCMOTpeHMR. 


p ~ 3YnbTAT~ PAC4ETA 

f aM MnbTOHVlaH /4/ cogep*",T cnar a eM~e, o n Vl C~Ba)Q~Vle r apMOHVl 

4eCK ille KBagpynonbH~e Kone6aHVlR. gBYXKBa3Vl4aCTVl4H~e 0 -COCTO~


HVl~ Vl CB~3b 3TVlX gByX TVln OB ABVl*eHVl~. KOHCTaHTa CB R 3Vl VlMeeT 
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I';.ss til . }. f U '. j ) (u . ll . , - v . v , ) ( ~I S , r ¢ s, ) . 
J J J J JJ JJ 

2, 1(2 j . 1 ) Y s 

rAe Y s - Vl 3 Be C THa~ KO HcTaHTa~, xapaK Tepl-13Y lOll1 aA CT en eHb Ko nneKT11B 

HOC T I-1 KBa APyn o n b Hor o ,0HOHa ~ 
n pM I-1c cneg oB a HVl Vl CB O~ C TS O;- B036y*ge HH~X COCT O~ HIII~ B Vl 30TO

n ax Ge 1-1 Sf> 6yg e M npe g non a r a H .. I 4T O Bon HOBa R <!lYHKL\l1fl 0:, -C OCT OA

HVlR I-1M ee T Ha p AAY C Konne KT V1 B HO~ /ABa KBaAPynonb H~X 'OH~Ha 
C 171 = 0- / M ASYX Ksa3 1'14 a CTVl YHYIO KOMnOHe HT Y. CB~ 3b KonneKTIoI BHblX 

KBag pynonb HblX Kone6aHIoI~ C AB YXKBa3 11 y aCT IoI 4HblMVl B036Y*AeHVlAM Vl , 

onlolC~BaeMa R Tpe T b l-1M cnara eM~M B / 4/, Mo * e T npiolBeC T Vl, c c nlol OHa 

AOC TaT04 HO CIoInbHa, K onYCKaH ",)Q O;-COC TORHV1R . 

Ha4H CM paC CMOTpeHiol e C Vl ccnCAOBa HVlA 3aB VlCVl MOC TVl K03"I-1 L\ IIIC HTa 

B3aVlMogc~ c T8MA to. (i) = \ (j) / VlHAeKC 1 OTae4aeT Konne KTV1BHOMY 

KBa g py n onb HoMY $d~OHY/ OT 4111c n a He~ T poHoB , n OC KonbKY OAHO~ Vl3 

oc 06e HH o c Te i;' 8 n OBeAeHIoII-1 O2-YPOBHe,;1 B IoI30Ton ax Ge !oI Se ABn~eTCR 
vox p e3Koe o nYCKa HVle s6n lol31-1 N = 1,0. Ha Pi'1 C . 3 n pVlseAe Ha 3aSi'lCVl

MOCT b paCC 4 101TaHHo ro B Aa~' Ho 'i pa50Te K03¢lcllVlL\ I1e IHa t\ UJ OT 4V1cna 

He,::jTpo Hoa gnA Vl30TonOB Ge III Se . BVlgHO , "IT O 1\(0 I~M eeT MaK C11MYM 

n PVl N = 40 , 42 . 
B~6e peM Tene p b cpe AIII ABYXKBa3Vl4aC TVl4H~X KOMnO HeH T Te, KO TO 

pble C llln bHe e APy rVlx CBR 3al-Ibi C ASYX$OHOHHbIMM KOMnOHe H TaMIII. Ka *Ao 

My 1-130Tony Ge Vl Se nOCT3 aVlM B COO TBeT CTBllle Ha lll50nbwee 3H84e 
I\U)

H!oIe 6e3 p a3MepHo,::j KOHCTaHT bl DW .. ~ . X3paK TepVl3YIO~et1
\'2. (1 )- (,) 

CBR3 b KBaAPynonbH~x Kone5a HIII~ C AByxKa831114acTIII4H~M III O' -a036y*

g eHMRM!oI . 3,qecb c..) - 3HeprlllA KS3APy n onbl-loro ¢loHoHa. Ha P IIIC, 4 npVl

seAeH~ 3H3 4 eHMR KOHCTaHT~ nUl B 3a BHCHMOCTIII OT 4Hcna He~TpOHOB 

AnA Vl 30To n 08 Gr. ", ~,e TaM)He YKa38Hbl KsaHTOBble 41.1 Cna n, l' • 1 
AByxKaa3V14acTVl4H~X KOMnOHcHT, Anfl KO TOPblX KOHCT3HT3 Dll) M8KCH 
M3flbHa B ,qaHHoM ",30Tone . BHAHO, "ITO DUl CVlnbHO 3aBHCMT OT 4HC

na He~ T poHoB 1-1 npVlIIHMaeT Halo160nbwee 3Ha4CI-IHe npVl N= 40,42. 
31'0 r OBopVlT 0 TOM, "ITO np1.14101Hoi1 CIoInbHoro unYC I<aHI-1A O k-CO CI ORH III ,::j 

8 Vl30T o nax Gt! III S~ C N = 40 MOlKeT 6blTb CBA3b KBaAPynonbrlblX KO

ne6aHIII~ C ABYXKBa31114aCTIII4HblMV1 O+ -B036y*gPHVlRMH. 

PaCC4111TaeM 3Heprllllll B036Y*AeHMR 0 2 -cOCTORH~1~ B npocT ei1weM npVl-

6nlll)t(eHIIIH, KorAa BonHoaaA ¢lYHK4",R MMeeT TonbKO ABe KOMnOHeHTbl: 

KonneKTIIIBHYIO III ASYXKsa31114aCTi'l4HYIO. OAHaKO 6YAeM IIIMeTb B BVlgy, 

"ITO B TaKOM nplll6nlll*eHIIIVl He Y4111 T biBa e TCA Bnl1AHl11':! PflA8 4neHOB MO

Aenb Horo raMVlnbTOHlllaHa. Hanpl1Mep, Y4eT Ky6MyeCKO,::j KBaAPynonbHo~ 

aHrapMOHVl4HOCT1.1 n pl1Ben 6~ K Aon onHMTefl bHOMY onYCK3HVllO 2 '-COCTOA

HillA. n 03TOMY B paC4eTax 6 YAeM IIIcnonb30BaTb 3Ha4e l-lllle w , donbwee 

3Kc nepIIIMeHTanbHo,::j 3Hepr llllll 2~-COCTOflHIIIA' Mbl <!lV1KclllpyeM B paC4 eTa~ 
TO 3Ha4eHllle W , npIII KOTOPOM HalllnY4WIIIM 06pa30M 6YAYT On lllCbtB3Tb CA 

3He pr VlV1 0 2-COCTOA HI1~ . 3aTeM onpeAenl1M 3H34eHMe KOHCT8HTbt Ky6111

4eCKO~ aHr apMOHI14HOCTVl, He06xOAHMoe An A o6DACHeHIIIR pa3fllll4VlR Me*
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Ge Se 
PHc . 3. 3aB HCI!l'10CTb KO HCT3 I1 T1.1 \(Il OT 'LlIC ILl IitCii T PI111l'1I 
A!1f1 H30-ronou Ge 11 5e , 

AY w V1 3 KCn e p l1Me HTa nb HblM 3H a~e H V1eM E(2 ), V1 C Ha~1AeHHbIM 3Ha ~ e1 
HI1eM KOHC Ta H T ~ Ky6V1 ~ ecKO~ a Hr a pMO HV1~HOCTV1 pacc~V1TaeM 11 C pa BHI1M 

C 3KcnepV1MeH TOM Te xa paKTe p V1 CTV1 KV1 AApa, AnA KOTOP~X K y6V1~ecKa fi 

aHr apMO HV14H OCT b flBnfleTCfI on peAenfl~~C~: KB aA P yn onbH~~ MOMeHT 

2 ~- COC TOAH V1 A V1 BepOATHOCTI1 E2 -nepexOAOB Me~AY H I1~a~Wl1MV1 Kon

neKTHBH~MV1 COC TORHV1RMV1. 
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