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§1. B B e A e H H e 

3a TPH rona, rrporuearuHe co BpeMeHH, Koraa Ha roao6HoH KOH~epeH

UHH B XaphKOBe aenancSI o6aop rro ~yHt:taMeHTanhKOH rrpo6neMe HyKnoH-HyK-

/1 I 
noHHOrO B38HMO):l€HCTBHSI 1 TeOpHSI Sit:tepHbiX CHn (B rrepByiO O"'epet:th, 

8TO OTHOCHTCSI K M€30HHOH TeOpHH Sit:tepHbiX CHn) rrony'mna 3H8"1HTenbHOe 

pa3Bl1THe, HeKOTOpaSI 'l8CTh MHOrO"'HCneHHbiX OpHrHH8nbHbiX pa6oT, ITOCBSI-

rueHHbiX aToM TeMe, o6cyMaanach Ha 

/2/ 
HarrpHMep, B faHHCBHnne , ToKHO 

pSine 6onee 
/3/ 

1 ny6He 

ll03):!H~X KOH~epeHUHH, 

/4/ /5/ 
H MoHpeane • 

/6-9/ 
0rry6nHKOB8H TBKMe pSit:l 0630pHbiX CT8T€H 1 B KO"Opb!X OCB€lli810TC SI 

Te 11n11 HHble acrreKTbl HyKnOH-HyKnOHHOrO B38HMOt:teHCTBHSI H llpl1B€):l€Hbl 

MHOrO"'HCneHHbie CCbinKH Ha COOTB€TCTBYIOlliYIO nHTepaTypy, 

8 CBOeM 0630pe SI OCT8HOBn!OCh 1 rnaBHbiM o6pa3C M, Ha peaynhT8T8X 

orry6nHKOB8HHbiX 38 ITOcnet:tHHe t:lB8 rona pa6oT, Ha OCHDB8HHH KOTOpbiX MOM-

HO ):!8Th OU€HKY cyrueCTBYIOlli€H CHTyaUHH B TeOpHH Sit:l€:JHbiX CHn 11 orrpene

nHTh OCHOBHbi€ T€Ht:l€HUHH ee nanhHeHruero pa3BHTHSI, Ho BTOpOH "18CTH t:lOK-

naaa 06CyMt:l810TCSI rrepcrreKTHBbl llpHnOM€HHSI M€30HHOH TeOpHH HyKnOH-HyK-
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ROHHOPO B38HMOAe~CTBH9 K TB~eRb!M BApaM B CTaTHCTHqecKOM rrpu6RH~eHHH 

ToMaca-¢lepMH. B a·~oti: CBB3H 6yayT KpaTKO H3no~eHbi pe3ynhTIATbi rrocnea

HHX pa60T ITO HCITORE30B8HHID CTaTHCTHqeCKOPO ITOAXOA8 K CTpyKType ROpa. 

BBHAY 60RhiiiOro qHcna HCCReAOB8HHM MO~HO 6yaeT RHWh oqeHh KpaTKO 

KOCHyThCB pe3yJihT81 OB Ka~AOM H3 paCCMaTpHBaeMbiX B ABHHOM 063ppe pa-

6oT. TeM He MeHee II HaAeiDCh 0 qTQ rrpHBeAeHHble CHCTeMaTH3HpOB8HHb!e 

CCb!nKH Ha OpHPHH8RJ.Hb!e pa60Tbl IT03BORBT 38HHTepeCOB8HHb!M RHU8M nyqrue 

OpHeHTHpOB8ThC9 B D!HpOKOM ITOTOKe rry6nHK8UHM ITO ABHHOM TeMe. HeCMOTpB 

Ha BCe MOH CTapaHHH, CITHCOK RHTepaTypb! HeH36e~HO BBRBeTCB HeiTORHbiM 0 

OCo6eHHO B qacTH 0 K lC8IDUleMC9 CTa THCTHqeCKHX TeOpHti: RAp a. D 09TOMY 9 

3apaHee npHHOWY H3I•HHeHH9 TeM 8BTOpaM, KOTOpbie cnpaBeARHBO ITOJiaPaiDT 0 

qTo HX pa6oThl 3Ae<h TaK~e cneaoBano 6hl ynoMBHYTh. 

§2. ¢leHO .1eHOROPHqecKHe MOAeRH HYKROH- HYKROHHOI'O 

B38HMOgeti:CTBHR 

Dpe~ae qeM nepeti:TH K H3RO~eHHID nporpecca, AOCTHI'HYTOPO B Me30H

HOM TeOpHH BAepHbiX CHR, He06XOAHMO OCTaHOBHThCR Ha qucTO cpeHOMeHORO

rHqecKOM llOAXOAe, B H3BeCTHOM CTeneHH TpaAHUHOHHOM ARB npo6neMbl HyKROH

HYK~OHHOPO B38HMOAEMCTBHR. 

KaK XOpOWO H3 3eCTH0 0 BeCbMa norrynRpHb!M HeKOTOpoe BpeMR TOMy Ha-

38A HyKnOH-HYKJIOHHblM noTeHUHaJI XaMaAbi-n~oHCTOHa, AOCTaToqHQ xopowo 

OllHCb!B8IDIIIHM CHCTeMy ABYX HYKROHOB B WHpOKOM o6naCTH 9HeprH~ ( AO 

400 M9B), npHBOAHJI K 3aMeTHbiM TpyaHoCTBM rrpH npaKTHqecKoM rrpHMeHeHHH 

ero B pacqeTaX MHOrOHyKJIOHHbiX CHCTeM. 3TO CBR38H0 1 B rrepByiD oqepeah, 

C HanHqHeM 6eCKOHeqHo TBepaoti: OTTaRKHB8TeJihHOM CepaUeBHHbl paaHyca 

= 0,49 <jlepMH 1 a, BO-BT0pb!X 1 C COITyTCTBYIDUlHMH TaKOM cepaueBHHe 

60JihWHMH rpaaHeHTaHH rrpHTBI'HB8IDUleM qacTH ITOTeHUHaJia ( pHc.1) • 

/10 11 I 
Do9TOMY B ITOCJ eAHHe I'OAbl 6biJI CAeJiaH ps!A ITOllbiTOK 

1 
MOAHcpH-

K8UHH noTeHuHana XaMaAbi-n~oHCTOHa TaKHM o6pa3oM, qTo6bi, coxpaHBB 
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cTpyKTYPY H xapaKTe_J ei'o rroBeAeHHSI Ha 6onblllHX paccToSIHHsrx, yMeHblllHTb 

ei'o CHHI'ynsrpROCTb Ht. ManbiX paccTOSIHHsrx. B pa6oTe Po'l:nHaepa H EpKeneR

/10/ 
ua 6bmo rroKa3aH ) 1 'iTo, ecnH rronOMHTb V ( r) =6 I m r 2 rrpH r ::;;. d H 

V ( r )= V X-D(r) IlpH ~ > d 1 I'lle m -MaCCa HyKnOHB 1 a d = 0,675 cpepMH 1 TO 

Ka'l:eCTBo orrHcaRHsr ::n:crrepHMeRTanbHhiX aaRHhiX no yrrpyi'oMy N- N paccesr

HHKJ rrpaKTH'l:eCKH He .f3MeHsreTcsr. K aHanOI'H'l:HOMY BhiBOAY rrpHlllnH Epeccenb, 

/11,' 
KepMaH H Poy6eH , 3aMeHHBl!lHe 6ecKoRe'l:HO TBepayKJ cepaueBHHy rroTeH-

UHana XaMa.(lbl- n)I{OH :::TOH8 Ha rrpsrMOYI'OnbHbie 6apbepbl ( pa3nH'l:HOl!: Bb!COTbl 

AnSI pa3nH'l:Hb!X COCTO f!HHl!:) C lllHpHHOH 0, 7 cpepMH. Ha pHc.1 rroKa3aHo 

IIOBe.(leHHe UeHTpanbHI•IX. 'i8CTel!: H8 ManbiX paCCTOSIHHSIX STHX SKBHBaneHTHb!X 

IIOTeHUHanoB AnSI CHH :-neTHbiX 'ieTHbiX COCTOSIHHH ABYXHyKnOHHOH CHCTeMbi. l13 

pHCYHKa BHAHO, 'iTO, ~OTSI H CHHI'ynsrpHOC'fb OTTanKHB8TenbHOl!: 'l:aCTH IIOTeH

UHana 1 H I'paAHeHTb! f pHTSII'HB8KJl!leH 'i8CTH yMeHblllHnHCb, OHH BCe el!le OC

TaKJTCSI 3aMeTHhiMH. IIpeacTaBnsreTcsr aocTaTO'l:HO oqeBHAHhiM, 'iTO MOMHO 

el!le 6onee CMSII''l:HTb OTTanKHBaTenbHYKJ cepAUeBHHY H CAenaTb IIOTeHUHanbi 

6onee I'na.((KHMH Ha lv anbiX paCCTOSIHHSIXo 

IT oapo6abiH aaar H3 SKcrrepHMeaTanbHhiX aaHHhiX no N- N paccesrRHKJ c rro

MOl!lbKJ cpeHOMeHOnOI'H 'leCKHX IIOTeHJlHanOB C MSII'KOl!: H TBepAOH cepaueBHHa

MH, yKa3biBaKJl!lHH Ha IIpHMeHHMOCTb MSII'KHX CepAUeBHH, 6hin C.(lenaH B pa6o-

• /12/ 
Te PeHAa • PeH.a rrpHlllen K 3aKnKJ'l:eHHKJ, 'iTO ansr TO'l:HOI'O OIIHCaHHSI cpa3 

pacceSIHHSI He.((OCTaTO'IHO 6paTb noKanbHbiH CTaTH'l:eCKHH IIOTeHUHan B BHAe 

CyMMbl UeHTpanbHOH 1 CIIHH-CIIHHOBOH, TeH30pHol!: H CIIHH-op6HTanbHOH 'i8CTeH, 

a Tpe6yKJTCSI eme KBt . .(lpaTH'l:HbiH CIIHH-Op6HTanbHbll!: 'l:neH H, MOMeT 6hiTb, 

.((OIIOnHHTenbHaSI 3aBH ~HMOCTb OT MOMeHTa COCTOSIHHSI. 

3.(leCb cneayeT :::Ka3aTb HeCKOnbKO CnOB 0 IIpHHSITOl!: B HaCTOSIIUee Bpe

MSI TepMHHOnOI'HHo HlliiOMHHM, 'iTO H3 CaMbiX o6IUH X Tpe60BaHHl!: HHBapHaHT-

HOCTH cneayeT, 'iTO ]~ -N IIOTeHUHan .((OnMeH HMeTb B KOOpAHHaTHOM rrpea-

CTaBneHHH BHA 
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Koa<l><l>HUH8HTbl V IIpH CIIHHOBbiX OI!epaTopax B Bblp8)!(8HHH ( 1) MOI'YT ... 
aaauceTh rrpoua~onbl!biM o6paaoM oT cKanSipHbiX rrepeMeHHhiX r , p 2 , L2 

Ecmr V = V( r) , To rroTeHuuan Ha3hiBaeTCSI noKanbHhiM cTaTH'IeCKHM. CTpo-

ro roaopSI, mo6aSI aaBHCHMOCTb OT p 2 
unu L 2 

rrpHBO.UHT K aecTaTH'IHOCTH 

HnH HenoKanbHOCTH JIOT8HUHana, .0eil:CTBHTenbH0 1 'lneH C HenoKanbHbiM B38H-

MOAeHCTBHeM B ypaE HeHHH llipeAHHrepa BCer.ua M0)!(8T 6b!Tb IIepeiiHCaH C 

y 'leTOM p->=- i V ( 11 = m = l ) B BHAe H8KOTOporo KB83HnOKanbHOI'O HeCTaTH

'IeCKOI'O a<t><t>eKTHBHOI'O IIOTeHUHana, 38BHCSI!ll8f'O OT HMIIynbC8 1 

.... ~ ..., i<i'-1>P 
J d .::' ' V ( .::', ; ' ) 'P r ' ) = (J d r ' V ( r , 1 ' ) e ] 'P ( ;) = 

(3) 

v <; ,-p > '~~ en. 
a<t><t>. 

o<t>cpeKTHBHbiH IIOTeHUHan Bblp8)!(88TCSI B o6meM cnyqae B BHAe 6ecKOHe'IHOf'O 

pSIAa rro cTerreHSIM A f<l><l>epeauHanbHoro orrepaTopa p , co.uep)!(amero acne.u

CTBHe apMHTOBOCTH ronbKO 'leTHhie cTerreau p • B aa.ua'le HyKnoa-HyKnoH

aoro aaaHMOAeHCTBH ~ orpaHH'IHBaiOTCSI o6bi'IHO rrepBbiMH ABYMSI qneaaMH 

9TOI'O pSI.Ua, T,e, 3ar HCbiB8IOT IIOTeHUHan B BHAe 

( 4) 

Y!MeHHO TaKoil: BHA K:>a<t><t>uuueHTOB V(r ;'p 2
) cne.uyeT H3 Me30HHOH TeOpHH 

SIAepHbiX CHn, I'Ae 
... 2 
p -3aBHCHMOCTb B03HHKaeT KaK IIepBaSI penSITHBHCTCKaSI 

rrorrpaBKa rropSIAKa p 2 I m 2 o TipHHSITO f'OBOpHTb 1 'ITO B TaKOM cny'lae 

IIOT8HUHan SIBnSieTCSI KB83HnOKanbHbiM 1 aaBHCSifUHM OT HMIIynbCa, 3TO Bbipa

)!(8HHe HMeeT TeM 6onblllee OCHOB8HHe, 'ITO, KaK H3B8CTH01 IIOT8HUHan ( 4) 

B 38A8'18X pacceSIHHf M0)!(8T 6b!Tb 3aMeHeH 9KBHBaneHTHbiM noKanbHbiM IIOTeH-

UHanOM 1 38BHCSI!llliM 1 O.UH8K01 OT IIOnHOH 3H8pi'HH k 2 
, T,e. V(r ,k 2 

) 

Meaee uaaecTHo, 'IT) rroTeHuuan (4) 9KBHBaneHTeH, KaK arrepBbie 6hino rro

/13' 
Ka3aHO oeil:KepoM 1 noKanbHOMy IIOT8HUHany C TBepAOH OTTanKHBaTenbHOH 
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cepllUeBHHOi!: H 38BHCHMOCTb!O OT op6HTSJibHOI'O yrnOB li'O MOMeHTa V (r, ( 2 ). 

HellSBHO STOT BOITpOC BeCbMS ITOllp06HO 6bin pacCMOTpeH ewe pas B pa6oTe 

/14 I 
KanOll)l{epo 

/12/ 
nosTOMy, XOTSI ITOTeHUHSJlhi, paccMaTpHBaeMhle F el!:llOM • 6hinH (jlop-

MSJibHO CTSTH'IeCKHMH 1 TOT {jlaKT1 'ITO llJISI K8)1{ll0I'O CO:::TOSIHHSI CHCTeMhl llBYX 

HYKJIOHOB ITOll6HpancSI CBOi!: He3aBHCHMb!l!: ITOT9HUHan, 03H8'189T B ll9MCTBHT9Jih

HOCTH 9~9KTHBHYIO 38BHCHMOCTb ITOT9HUHana OT HMITYJibC8 1 HJIH H9JIOKSJibHOCTb. 

/15/ 
B pa6oTe TaMaraKH accJiellOBaJIHCb CTaTH'Ie<:KHe noKaJibHhie no-

T9HUH8Jlbl C MSII'KHMH C9pllU9BHHSMH pa3JIH'IHOI'O THIT8 1 H 6binO ITOK838H01 'ITO 

C9pllU9BHH8 B BHll9 rayCCOBCKOI'O pacrrp9ll9Jl9HHSI IT03BOJISI9T HerrJIOXO OITHCSTb 

N -N B • /16/ 
paCC9SIHHe rrpH HH3KHX H Bb!COKHX 9H9piHSIX. ttHI'eJib paCCMOTpeJI 

H9CKOJibKO pa3p9lliHMb!X B cny'!ae S -pacceSIHHSI ( L =0) CTSTH'I9CKHX ITOTeH

UHSJIOB C '19TblpbMSI rrapaMeTpSMH H HS!lleJI, 'ITO CyWeCTByeT MHOI'O Ha6opOB 

STHX rrapaMeTpOB 1 KOT0pb19 IT03BOJISIIOT XOpO!liO OITHCST! S -{jla3hl B o6naCTH 

I 
SHepi'HM 0-400 Mss. 0'19Hb ITOllp06Hoe HCCJI91lOBSHH9 OITHCaHHSI SO {jla3b! 

paCC9SIHHSI HS lliHpOKOM KJiaCCe ITOT9HUH8JIOB C TB9pllb!HH 1 MSII'KHMH C9pllU9BH

/17/ 
'HaMH, c p 2 -aaBHCHMOCTb!O H 6es aee, nposelleHHoe M~o~nnepoM H llp. , 

ITOK838JI01 'ITO 1 ITC>-BHilHMOMy 1 TOJibKO ripHJIO)I{eHHe K MHOI:'OHyKJIOHHb!M CHC

TeMSM (Sill9pHOM MSTepHH) KpHTH'IHO K oco6eHHOCTSIM ]~ -N ITOTeHUHana Ha 

I 
MSJihiX paCCTOSIHHSIX ( B OTJIH'IHblX OT S

0 
COCTOSIHHSIX ll CITOJib30B8JICSI ITOT9H-

UH8Jl XaMallhi-.n)l{oHcToHa). 

B SToll: CBSI3H saMeTHM, 'ITO o'!eHb 6onb!llaSI aeo~H03Ha'IHOCTb npollOJI

)I{aeT ocTaBaTbCSI xapaKTepaol!: '!epTol!: scex (jleHoMeH~JI Jl:'H'!eCKHX N- N no

TeHuHanos. nosToMy npellCTaBJISieT onpe~:teneHHb!l!: HHTeJeC pa6oTa EeHHa H 

Ill _../18/ 6 
ap'l'a , B KOTOpOi!: ClleJiaHa rrepBSSI ITOITb!TKa rrpSIM )1:'0 pellleHHSI 0 paTHOil: 

3alla'IH N -N pacceSIHHSI Ha OCHOBe Teopaa Map'!eHKO. PaccMoTpeHhi rroKa 

TOJlbKO H9CM9lliHBSIOWHeCSI BOJIHbi. 

CpaBHHTeJibHO Manoe '!Hcno 'IHCTO (jleHoMeHoJIOI'H'leCKHX rroTeauaanos, 

C0ll9p)I{SWHX 38BHCHMOCTb OT HMrrynbCS THITa (4), HCCJI91lOBSJIOCb B ITOCJiell-

9 



/19 20/ /19/ 
HHe rOAhi ' • E pa6oTe EponnH 11pOTOH-11pOTOHHOe pacceSIHHe yc-

11elllHO Ol1rl:Cb!BBeTCSI KOHe'!HbiM B Hyne 110TeHUHdJIOM1 COAep)K8lUHM 38BHCH-

MOCTb OT HMI1yJibC 8 H HMeiOII!HM HB 60JiblllHX paCCTOSIHHSIX BHA 110-

/20/ 
TeHUHana OAHOI1HOHHC ro o6MeHa ( OPEP). P a6oTa A1111eng HHTepecHa 

TeM, 'ITO B Hefi Bl1e~Bhle HCI10Jlb3yeTCSI 11pH ~eHOMeHOJIOJ:'H'!eCKOM 011HCBHHH 

N-N pacceSIHHSI HeUEHTpanbHhiii CI1HH-HMI1ynhcHhiii 110TeHuHan (i:Jp) V(r)(ap) , 

CJieAyiOIUHH, K8K H3B<lCTH0 1 H3 Me30HHOH TeOpHH. 

YKa)KeM Ha pSIJ: HccnenoBaHHii, 110CBSIII!eHHhiX HenoKaJibHhiM ~aKTOpH

/21-23/ 
ayiOlllHMCSI ( ce11apa6e JibHhiM) 110TeHUHanaM • KaK xoporuo H3BeCTHo, 

HeAOCT8TKOM TBKHX <peHOMeHOJIOJ:'H'!eCKHX 110TeHUHBJIOB SIBJISieTCSI OTCyTCTBHe 

HX TeopeTH'!ecKoro c·6ocHoBaHHSI. B To )Ke BpeMSI 9TH 110TeHuHaJihi 110Jih3YIOT

cg H3BeCTHOH 11011YJI5pHOCTb!01 TBK KBK OHH 1103BOJ1SIIOT 110JIY'IHTb 8MI1J1HTYAY 

ABYX'IBCTH'IHOJ:'O pacceSIHHSI B 38MKHYTOM BH8JIHTH'!eCKOM BHAe. 8TO B 3H8-

'IHTeJibHOH CTel1eHH C•6JierqaeT HX HCI10Jlb30BBHHe 11pH 011HC8HHH y11pyroro 

N- N pacceSIHHSI H oc o6eHHo 110MoraeT 11p11 'IHCJieHHhiX pac'leTax B aana'!e 

Tpex Ten, HaH60Jiee cymeCTBeHHb!M B TBKHX paC'!eTaX SIBJISieTCSI B38HMOAeii

CTB!fe B S -COCT05:U:HSIX 1 IJJISI KOTOporo XapaKTepHbl 11pHTSJ)KeHHe HB 6oJIJ,lllHX 

paCCTOSIHif5!X H KOp01'KOAeHCTBYIOIUee OTTBJIKHBBHHe. Ce11apa6eJibHbie 110TeH

UH8Jlbl1 1103BOJIHIOII!He yqeCTb o6a 9Tii 9~4JeKT8 1 paCCMOTpeHbl B pa60TBX 

/21/ /22/ u 

Ta6aKHHa H ill1'po6eng • Eonee 110JIHhiH aHaJIH3 ~aa N -N pac-

ceSIHHSI B o6naCTH A<> 400 MaB, BKJIIO'IaiOmHi1 OI1HC8HHe cocTOSIHHii c J :::;. 4, 
/23/ 

11ponenaH MoHraHoM • TlpH aToM yaanocb OI1HCaTb He TOJibKO ~a3hi pac-

CeSIHHSI, HO H ITOJiy'IITb 11p8BHJlbHOe ITOJIO)KeHHe B KOMITJieKCHOH ITJIOCKOCTH 

9Hepl:'HH AeHTOHHOJ:'O ITOJIIOCB H 8HTHCBSI38HHOJ:'O COCT05!HHSI1 11pHBOASIIUeJ:'O K 

l 
pe30H8HCy B S

0 
~aae. CnenyeT, 110-BHAHMOMy, C'IHTaTb, 'ITO HenoKanb-

Hhle cerrapa6eJibHhlP 110TeHUH8Jlhl MOJ:'yT AOCT8TO'IHO XOpOlllO 81111pOKCHMHpO-

BBTb AeHCTBHe JIOKBJ!bHblX 110T0HUH8JIOB. 

~TBK, OCHOBHbl~H HarrpaBJieHHSIMH p83BHTHSI ~eHOMeHOJIOJ:'H'IeCKOJ:'O ITOA

XOAB K HyKJIOH-HyKJIOHHOMy B38HMOAeHCTBHIO SIBJISIIOTCSI! 11011b!TKH yMeHhllle-

HH5! CHHJ:'yJISipHOCTH CTBTH'IeCKHX ITOTeHUHBJIOB HB MBJlbiX paCCTOSIHHSIX, y'leT 
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B03MO)I{HbiX HecTaTH'IeCKHX a<fl<lJeKTOB, yny'lllla!OIUHX onHCaHHe N -N pacceSI

HHSI, H DOHCKH DOTeHUHanOB 1 D03BOnSIIOIUHX rrony'IHTb S:BHOe aHanHTH'IeCKOe 

pellleHHe anSI MaTpHUhl paCCeSIHHSI. 

§3. n OTeHUHanbi oguo-6030HHOI"O ot)MeHa ( OBEP) 

no CyllleCTBY B TeX )l{e HarrpaBneHHSIX1 HO Ha 60r:1ee Bb!COKOM rrony<fle

HOMeHonOI"H'IeCKOM ypOBHe pa3BHBanaCb B rrocneaHee 3peMSI Me30HHaSI Teo

pHS! Sl.llepHbiX cHn. EonblliOH nporpecc, aoc'l'HI"HYTbil!: n JH TaKoM nepexoae 

OT 'IHCTO <fleHOMeHOnOI"H'IeCKHX MOaenel!:, CBSI3aH, BO-nepBbiX1 C ny'llliHM 

rrOHHMaHHeM MeXaHH3Ma HyKnOH-HyKnOHHOI"O B3aHMOae 1CTBHSI1 a, BO-BTOpbiX, 

C COOTBeTCTBeHHO 6onee yaa'IHOl!: rrapaMeTpH3aUHel!: SlttepHOI"O ITOTeHUHana. 

B OCHOBe MOaeneH oaH06030HHOI"O 06MeHa ne)I{I:T, KaK H3BeCTH01 

rrpeaCTaBneHHe 1 'ITO SiaepHbie CHnbi Bbl3b!Ba!OTCSI o6Me !OM Me3oHaMH C pa3-

JIH'IHbiMH KBaHTOBbiMH 'IHCnaMH. i1cxoaHhiM <flopMaJIH3MOM SIBJIS!eTCSI arrrrapaT 

KBaHTOBOH TeOpHH rrOJISI 1 a HMeHHO <fleHHMaHOBCKHe I"pt <flhio l13-3a TpyaHOCTH 

y'leTa BCGX B03MO)I{Hb!X I"pa<floB B MoaenSIX OaH06030HHOI"O 06MeHa CyMMH

pyeTCSI TOJibKO rroanocneaoBaTeJibHOCTb rpa<floB necTHHqHoro THrra. CymecT

BYJOIUee HHTei"paJibHOe ypaBHeHHe anSI aMrrnHTyahi HyKl OH-HyKnOHHOI"O pac

CeSIHHSI rpa<fJH'IeCKH H3o6pa)l{eHo Ha pHc. 2. EopHOBCKaSI aMrrnHTyaa oT o6-

MeHa aaHHbiM M830HOM OrrpeaenS!eT ITOTeHUHaJI1 a y'le1 BTOpOI"O 'lneHa 9KBH

BaneHTeH pellleHHIO ypaBHeHHSI lllpeaHHI"epa c aTHM rro"eHuHanoM. EcJIH Me

aoHOB HeCKOJibK01 CyMMapHbiH rrOTeHUHall OrrpeaeJJS!eTC!I CYMMOl!: oaHOMe30H

HhiX I"pa<fJOB 1 a HTepaUHSI HHTei"panbHOI"O 'lneHa Ha. pHC, 2 rrpHBOaHT K necT

HH'IHbiM I"pa<flaM 1 ., CTyrreHbKaMH" KOTOpb!X S!BnSIIOTCSI Bee Y'IHThiBaeMbie Me-

30Hhl ( CM. Ta6nJiUy 1 ) • 

Eonee TO'IHOH <flopMynHpOBKol!: 6hmo 6hi TaKoe ypaBHeHHe anSI aMrrJIH-

Tyahi N -N paCCeSIHH~ 1 B KOTOpOM a<fl<fleKTHBHbiH ITOTOHUHan onpeaenHnCSI 

6bi He rrpOCTO 6opHOBCKHMH aMrrnHTyaaMH 1 a BCeii COB JKyrrHOCTbiO HerrpHBO-
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Jli:IMbiX I'pa¢JOB 1 BKnJO'I810llli:IX1 HanpHMep, I'pa¢lbl C nepeCeK810llli:IMHCSI M930H

Hb!MH JIHHHSIMH, Ho aTo np1:1aeno 5hi K 5onbiiiHM MaTeMaTH'IeCKHM TPYilHOC

TSIM 1:1 SIBJISIJIOCb 5bi BbiXOJlOM 3a paMKH MOJleJIH OBEP OJlHHM 1:13 JlOCTOHHCTB 

KOTOpOH SIBJISIIOTCSI M8T9M8TH'I9CK8SI IIpOCTOTa 1:1 COOTBE TCTBYIOIII8SI tPH31:1'19C

K8SI Hai'JIS!JlHOCTb, CymecTayiOT apryMeHThi, onpaBJlhiBa om1:1e y'leT TOJibKO 

noTeHuHanoa OJlHo-5o30HHoro o5Meaa. TaK, ecn1:1 o5Me zy OJlHoii 'lacTHUeii 

OTBe'laeT noTe HuH an c paJlHYCOM JleiicTBHSI r "'1i I p. c TO 05MeHy JlBYMSI 

'18CTHU8MH OTB9'189T IIOT9HU1:18J1 C paJlHyCOM Jl9HCTBHSI r;;:1i/(p.
1
+p.

2
)c , .UnH 

HaH50Jiee TSIJK9JIOI'O 1:13 05bi'IHO y'IHTblB89MbiX M930HO~- w -Me30H8 8T8 

oueaKa JlaeT r "' 0,25 ¢lepMH. B o5nacTH paccTOSIHHii r > 0,25 ¢lepMH 3a-

MeTHbiii BKJ18Jl OT MHOI'O'I8CTH'IHOI'O 05MeHa MOJK9T Jl8 rb TOJlbKO o5MeH 

JlBYMSI HJIH TpeMSI C8Mb!MI:I J19I'KHMH M930H8MH-lll10HaMl , 0JlH8K01 KaK noKa-

38HO B pS!Jle pa50T1 2 17 -05MeH B 3H8'11:1T9JlbHOli: CTeieHH :3KBHB8J19HT9H 

o5MeHy OJlHHM CKaJISipHbiM a -Me30HOM c Maccoll: "' 51)0 Maa, A HMeHHo, 

TaKoll: Me30H acerJla BKJIIO'IaeTCSI B aaaJIH3 JlBHHhiX no ynpyroMy N-N pac

ceSIHHIO c noMOlllbiO OBEP. l..JTo KacaeTCSI pon1:1 aepe3caaacaoro 3 17 -o5Me

aa, TO OH8 1 nO-BHJli:IMOMY 1 H93H8'1HT9JlbH8 B paCCM8 Tpl B89MOH 05JiaCTH 

paCCTOSIHHli:, 

POJib 05MeHa JlBYMSI1 TpeMH 1:1 5onee M930H8MH 1 COH9'1H01 BeJIHKa B 

o5nacTH MaJihiX ( r < 0,2 ¢lepMH) MeJKHYKJIOHHhiX paccTOHHHii, CooTBeTcT

BeHHO HeT TeopHH, npeTeHJlYIOlllell: Ha JleTaJibHOe on1:1ca me N- N B3aHMo

Jlell:cTBHSI B :3TOH 05JI8CTH. 0JlH8KO MOJKHO H8Jl9S!TbCSI 1 'ITO BHyTpeHHIOIO 

'18CTb IIOT9HUI:I8J18 Yll8CTCSI OIIHC8Tb nyTeM BB9Jl9HHSI O.lHOI'0 1 JlBYX ¢leHOMe

HOJIOI'H'I9CKHX napaMeTpOB, 1:150 05MeH TSIJK9Jlb!M B9KTO JHbiM W -Me30HOM1 

o5JI8Jl810llli:IM 50J1biiiOJl: KOHCTaHTOJl: CBSI31:1 C HyKJIOHOM1 ~03Jl89T a¢J¢JeKTHBHbiH 

OTT8J1KHB8T9JlbHbiH 5apbep, :3KpaHHpyiOllli:IH Jl9T8JlbHYIO ~TpyKTypy U9HTpaJib-

HOI'O nOT9HUH8J18 Ha M8Jlb!X pace TOSIHH SIX, 

EcTeCTBeHHO onpe)leJIHTb :3TH napaMeTpbl C nOMO llb!O BBe)leHHSI B MO

Jl9Jlb OBEP ¢lopM-¢laKTopoa HyKnoaa no oTHoiiieHHIO K \.1930HHhiM noJISIM, 
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aaanOI'li"IHhiX aneKTpO 'v!8f'HHTHbiM <f>opM-<f>aKTOpaM HyKnOHa, !13 9KCIIepHM8H

TOB no N- N pacceSIJIHJO npH O'leHb 6onbUIHX aaepru SIX H3BeCTH0 1 'ITO aTH 

<f>opM-<f>aKTOpbl yMeHblU810TCSI C pOCTOM rrepe.OaBaeMOI'O HMIIynbCa, 3TO 03-

Ha'laeT1 'ITO B 8MIInH''y.Oe O.OHOMe30HHOI'O 06MeHa 

p r(q) p+q 
-----.;.---

1 .... 
lq 
I 
I 

-~~-r:-; 

2 
r ( q) 

(5) 

BepUIHHbl B38HMO.Oefic rBHSI SIBnSIIOTCSI KOHCT8HT8MH TOnbKO IIpH ManbiX rrepe.oa-

--+ 
qax HMrrynhca q 1 B TO BpeMSI KaK 1IpH nocTaTO'IHO 6onbUIHX rrepe.oa'laX 

\ q \--+ oo B38HMo.oefict BHe cTpeMHTCSI K ayn10, Cne.ooBaTenbH01 MO:>KHO nono

:>KHTb1 HaiipHMep1 H T:iK 06bi'IHO IIOCTyiia!OT 

2 2 2 r (q)=g Giq)=g 
\ 2 --+ 2 
1\ + q 

(8) 

3.oecb g - KOHCTaHTa CBSI3H Me30Ha C HyKnOHOM1 ,\ - napaMeTp1 orrpe-

.oenSIJOUIHfi BenH'IH ay ~opM-¢aK Top a G ( q). 

Tor.oa1 Bhi'IHCn!ISI 113 6opaoBcKofi aMrrnHTY.Ohi noTeHUHan 

. --+ --+ 
1 q r 

(7) 

BMeCTO H3BeCTHOI'O !leHTpanbHOI'O IIOT8HUHana lOKaBbl 1 OTBe'l810lll8f'O cny

'1810 G ( q hd ( B3SIT !!epenHTHBHCTCKHH npe.oen ... p 2 I m 2 ... 0) 1 

-fJ.r 
V (r)=g 2 ...£-

c . (8) 
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rrporpeCC OTHOCUTCR fe TOnbKO K Ka'JeCTBeHHOMy IIOHHMSHH~ MeX8HH3Ma 

RAepHbiX B38HMOAenCTBUH 1 HO H K KOnH'IeCTBeHHOH CTOpOHe BOIIpOC8 1 TeCHO 

CBR38HHOn C npo5neM )H OAH03H8'1HOCTH IIOTeHUHana, napaMeTpbl IIOTeHUHa

na HMe~T 'leTKHH cfJu~IH'JeCKUH CMbiCn KOHCTSHT CBR3H Me30HOB C HyKnOHa

MH, Heo5XOAHMO IIOAGepKHYTb 1 'ITO XOTR HX 3Ha'JeHHR H onpeAenR~TCR H3 

cpaBHeHIIR c AaHHhlMH no ynpyroMy N- N pacceRHII~, Te :lKe caMhie Ben11-

'IIIHbl MOI'yT 5hiTb onpeAeneHhl 113 I'pOMaAHOH COBOKYIIHOCTII APYI'IIX 9KCIIe

piiMeHTanbHbiX ASHHbi::: aneKTpO-MSI'HIITHbiX cfJopM-cfJaKTOpOB HyKnOH8 1 pac

CeRHIIR aHTIIHyKnOHOB Ha HyKnOH8X 1 IIIIOHOB Ha HyKnOHSX II T,A, noaTOMy 

ASHHhie napaMeTpbl RllnR~TCR IIpiiHUIIIIIIanbHO ny'lllie onpeAeneHHbiMII 1 'JeM 

rrapaMeTpbl n~5oil: 113 'IIICTO cfJeHOMeHOnOI'II'JeCKIIX MOAeneil: RAepHbiX Clln, 

KpoMe TOI'0 1 KSK OK83biBaeTCR1 Me30HHaR MOAenb C 8-10 rrapaMeTpSMII 

CTOnh :lKe xoporuo om.chiBaeT HyKnoH-HyKnOHHoe pacceRHIIe 1 KaK cfleHOMeHo

norH'JecKIIe MOAenll C 30 He UMe!OlliiiMII cfJII311'JeCKOI'O CMbiCna napaMeTpaMII, 

B Ta5nHue 1 IIJ=HBeAeHhi Me30Hhi 1 Hall5onee 'laCTo IICrronb3yeMhie B 

MOAenRX OAH05030HHC•I'O 05MeHa 1 II HeKOTOpble IIX XapaKTepiiCTIIKII, Bapb

llpyeMbie rrapaMeTpb! 05BeAeHhl :lKIIpHOH niiHHeil:, J1 HOI' AS B paCCMOTpeHIIe 

BKnJO'JaeTCR AOIIOnHII1 enbHO OAIIH 1 ABS Me30Ha, HaiipiiMep, aHanOI'II'JHbln W -

Me30HY BeKTOpHbiH rp -Me30H, 11m1 1130BeKTOpHbiH CKanHpHhiit 0 -Me30H, 

BMeCTe C napaMeTp8MII 1 BXOARIUIIMII B cfJopM-cfJaKTOpb! 1 · 051Uee 'IIICnO IIOA

I'OHO'IHb!X napaMeTpo:~ He npeBhiruaeT o5bi'IHO AeCRTH. B HacToRmee BpeMR 

e!Ue TpyAHO I'OBOpun 1 KOHe'JH0 1 0 AOCTaTO'JHO OAH03H8'1HOM onpeAeneHIIH 

'IIICneHHhlX 3Ha'JeHIIH BCeX 9TIIX rrapaMeTpOB, 

0530p ony5niiKOB8HHbiX 38 rrocneAHIIe ABS I'OAa pa50T 1 IIOCBRIUeHHbiX 

MOAenll OBEP 1 Ha'IHE•M c UIIKna uccneAOBSHIIil: pa3nii'IHhiX acneKTOB aT oil: 

/24-29/ 
MOAenll, npoBeAeHHhiJ: fpuHOM C COTPYAHIIKSMII , TaK, .UapeBII'I II 

r /24/ 
puH CpaBHIInH acfJcfJeKTbl pacceRHIIR B S -COCTORHIIRX AnR cfJeHOMeHO-

norll'leCKOI'O noTeHmrana Mop3a 11 AnR HeCKOnbKIIX OBEP 11 noKa3anll 1 qTo 

Me30HHhie IIOTeHUIIanbi 1 KSK II cfJeHOMeHOnOI'H'IeCKIIH IIOTeHUIIan C MRI'KOH 
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Cep.QU96HHOA, Il03BOn:IlOT nony'IHTb OTpHUaTenbHbie 3H8'19HHSI 4Ja3 paCC9SIHHSI 

/25-27/ 
npH 5onbiiiHX aHeprHs:x. B pa5oTax fpHHa H Ye.Qbi HCcneaoBancg 

BOilpOC 0 CyiUeCTBOBE HHH H BH.Qe M930HHbiX <lJopM-<lJaKTOpOB HyKnoHa, ObinO 

Haft.QeHO, 'ITO BB9.Q9HJ19 4JopM-4JaKTOpa yny'IIII89T cornaCHe C 9KCITepHM9HTOMe 

r /28/ 
fepcTeH H pHH rroapo5Ho paccMoTpenH B paMxax MO.QenH OBEP HH3-

xoaHepreTH'Iecxoe N -N pacceSIHHe. HHTepecHoe o5cy~.QeHHe rrpo5neM, Boa

HHKBIOIIlHX B M930HHOH TeOpHH SI.QepHbiX CHn, IlpOBe.QeHO B pa5oTe CaBB.Qbi, 

/2U 
DaAHHCa H fpHHa • 

B pgae pa5oT r:poBe.QeHo ycrreiiiHoe cpaBHeHHe peaynbTaToB pac'leTa 

no MO.QenH OBEP c ~xcnepHMeHTanbHbiMH <tJaaaMH yrrpyroro N _N pacceSIHHSI 

B IIIHpoxoil: o5naCTH <•HeprHA 0::; E :_350 MaB, KHIIIH, CaBa.Qa H 

/30/ 
BaT a-

OT 06-PH COXpBHSinll , HapSI.Qy C IlOT9HUHanaMH, B03HHK810IIlHMH 

MeHa IlHOHOM, .LIBYI-iSI CKangpHbiMH M930H8MH H J:IBYMSI B9KTOpHbiMH 

M930HBMH , TB9P.LIYIO OTTanKHBaTenbHYIO 

r c "' 0,3 <tJepMH. 6a5HKOB H KHceneB 

rroTeHUHanbi nocTOSIHHbiMH V( r) = V( r 0 ) 

cep.QU9BHHY C pa.QHyCOM 

/31/ 
rronaranH Bee Me30HHbie 

npH r 5 r 0 = 0,5 <tJepMH H 

BKnlO'IanH B 5opHOBCI:OM IlpH5nH~9HHH 38BHCHMOCTb IlOT9HUH8nOB OT HMilynb-

ca, HO OI'p8HH'IHnHCb paCCMOTpeHH9M paCC9SIHHSI TOnbKO B COCTOSIHHSIX 

/32/ 
c L >I , KHaHr, DpecToH H Hrr y'lnH p

2 
-aaBHCHMOCTb rroTeHUHa-

noB TO'IHO, HO 5binH BbiHY~.ll9Hbl H3-38 paCXO.QHMOCTH TeH30pHbiX H CllHH

op5HT8nbHbiX CHn BBOCTH .,MaTeMaTH'I9CKYIO" TBep.QylO Cep.QU9BHHY ManOI'O 

paaHyca c 
= 0,074 4JepMH, 0HH HaiiinH TaK~e, 'ITO nony'leHHbiH H3 cpaB-

HeHHSI c aaHHbiMH N -N pacceSIHHSI rroTeHUHan .llBeT yaoBneTBOpHTenbHbie 

OU9HKH .Qnfl Cpe.QHeft aHepi'HH CBSI3H Ha HyKnOH H paBHOB9CHOH rrnOTHOCTH 

SI.QepHOH MaTepHH, 

AHanorH'IHbiii: aHanH3 N -N pacceSIHHSI H SI.QepHoii: MaTepHH rrpoBe.QeH 

/:i3/ 
B pa6oTe HHr6epa • Oco5eHHOCTblO .llBHHoro Hccne.llOBaHHSI SIBnSieTCSI 

Henocpe,llCTB9HHb!H y·IeT CllHH-HMITynbCHOI'O 'lneHa (2) 1 'ITO CyiUeCTB9HHO 

M9HSI9T COOTHOII19HHE M9~.llY a<lJ<lJeKTHBHbiMH UeHTpanbHb!MH H T9H30pHb!MH 
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IIOT8HUHanaMH ( CM, TaK)I{8 pa6oTy 0 aK r /34/ 
EeH Hpa '· Xopornee corna-

CHe c aKcrrepHMeHTanbHbiMH <lJa3aMH N- N pacceSIHHH rrc ny"'eHo B pa6oTe 

/35/ 
EpaiieHa H CKoTTa , KOTOpbie HCIIOnb30BanH OBEP B BH.Qe cyrreprro-

3HUHH IIOT8HUHanoB lOKaBbl C p 
2 

-3aBHCHMOCTb!O B U8H'~panbHbiX qneHax, 

BBe.QeHHe <tJopM-<PaKTopa ( A 

XOAHMOCTeH B V ( r) H V ( r) , YAoBneTBOpHTenbHOe ccrnacHe c 9KCII8pH-
T L S 

M8HTaMH IIO yrrpyi'OMy HyKnOH-aHTHHyKnOHHOMY paCC85!H~!O Ha OCHOB8 MO-

genH OBEP c go6aBneHH8M 4JeHoMeHonorH"'8CKoro rroTeHUHana rrornomeHHSI 

/36/ 
rrony"'eHo B pa6oTe EpaiieHa H ¢HnnHrrca • KaK H3b·~CTHo, N -N rroTeH-

UHan oTnH."'aeTC5! OT N- N !IOT8HUHana o6paTiibiM 3HaKO VI IIpH qneHaX, CO-

OTB8TCTBY!OIUHX 06MeHy 
, /34; 

G -H8"18THbiMH M830HaMH • 

84J4JeKT BB8.Q8HH5! 4JopM-4JaKTOpa paccMaTpHBanC5! B paMKaX MO.QenH 

/37 I 
OBEP TaK)I{e 'feBeHe , a B paMKax MeTOAa K -Ma rpHUbi KHKyraBa, 

/38/ 
BaTapH H VI OHH3aBa ; 6Lmo IIOKa3aHo, "'TO TaKaH rr )OUegypa yny"'rnaeT 

COI'naCH8 C 9KCII8pHM8HTOM !IpH HH3KHX H BhlCOKHX 9H8pi'H5!X, 

no-gpyi'OMY paccMaTpHBanaCb CaMaS! BHYTP8HHSISI •aCTb N-N B3aHMo

/39/ 
geltcTBHSI B pa6oTe JloMoHa H ¢ern6axa • EcnH Ha cpaBHHTenbHO 6onb-

lliHX paCCTOSIHHSIX HX IIOT8HUHan COBIIa.QaeT CO CTaTH"'8Cl:OH "18CTb!O M830H

HhlX IIOT8HUHanOB 1 TO B3aHMO.Q8HCTBH8 Ha ManhlX paCCTC5!HHSIX Y"'HThlBa8TCSI 

IIyTeM BB8.Q8HHSI I'paHH"'HbiX ycnOBHH gng BOnHOBbiX lPYHKUHH Ha pa.QHyce IIO

pS!.QKa 0,7 <lJepMH, Ha Halli B3I'nSI.Q 1 TaKOH IIO.QXO.Q Tpe6yeT BB8.Q8HHSI .QOIIon

HHT8nbHbiX IIpOH3BOnbHbiX IIapaMeTpOB 1 TBK "'TO T8pS18TC ii O.QHa H3 HaH60-

nee !IpHBneKaTenbHbiX oco6eHHOCTeH MO.QeneH OBEP, a 1M8HHO Manoe "'HC-

no B8pbHpy8MbiX IIapaM8TpOB1 HM8!0IUHX K TOMy )1{8 SICHI>IH lPH3H"'8CKHH 

CMbiCn, 

Y!ccneAOBaHHe a<tJ<lJeKTOB o6MeHa HeKoppenHpoBaHHbMH rpyrrrraMH gsyx 

H Tpex IIHOHOB 1 T,e, H3Y"'8HH8 C!IpaBe.QnHBOCTH MO.Qenefi O.QH0-6030HHOI'O 

o6MeHa rrpoBOAHnocb B pa6oTax Xapaua H 
/40/ /41/ 

illapMa , BopTMaHa , 

¢ypyH"'H, Yega, BaTapH if YloHe3aBa 
/42/ 

, ¢ypyH"'H 
/43/ 

• B rrepBoM H3 
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:3THX paooT paccMaTt=HaancSI TaK*e HepeaoHaHCHbiii: o6MeH 77+ "1 H 77 + a 

CHCTeMaMH. 06wHii: BhiBOil TaKOB, 'ITO llBHHhie :a<jJ<jleKThi, no Kpaii:Heii: Mepe, 

npHollH)KeHHO MoryT e hiTh napaMeTpHaoaaHhi o6MeHOM llHCKpeTHhiMH OllH0-

6oaoHHhiMH COCTOSiHHf MH C onpe)lelleHHbiMH KB8HTOBbiMH 'IHCI18MH, 

BecbMa HHTepec HhiMH H nepcneKTHBHhiMH npellcTaanmoTCSI paooTbi no 

OnHC8HHIO ynpyi'OI'O !\ -N pacceSiHHSi C y'leTOM B03MO)KH0CTH nepeXOil8 npo

Me)KyTO'IHb!X HYKilOHOll (pHC, 2) B B030Y*Il9HHbi9 COCTOSiHHSi - H3008pb!, 

TeM C8Mb!M 38Jl8'18 CT8HOBHTCSi MHOI'OK8H81lbHOH H B npHHUHne M0)K9T ll8Th 

TBK)Ke onHcaHHe HeynpyrHx N- N npoueccoa, HllYII!HX, KaK H3BeCTHO, B oc-

HOBHOM 'lepe3 oopa:IOBBHHe H300a.p, TaKOH nOJlXOil pa3BHB!>IlCSi B paoOT8X 

1441 /45/ /46/ 
Cyraaapa H <jloH XHnnensr , BarHepa , BarHepa H BHHHrepa , 

I'lle npHHHManach B p ~c'leT nepaasr N 3~ (1236) H30oapa. 3<jJ<jleKT 6onee Bhi

/47/ 
COKHX HYKilOHHbiX pea :>HaHCOB HCCilellOB81lCSi B paooTe !PypyH'IH H CoKaBa , 

H Obiilo noKaaaHo, 'ITo OH Man, 

Te 

eHa 

Caoeo6pa3Hb!H E8pH8HT M930HHOH MOJlellH SillepHbiX CHil pa3BHT B paoo

/48/ 
I.JHaHra, rnsrii:aepa, X aKa H CaKCeHa ( CM, T8K)K9 38M9'18HHSi Bpaii:-

/49/ 
K :3TOH paooTe), ABTOpb! HCXOilHilH H3 YHHBepCallhHOii TeOpHH 

/50/ 
Cyllapll!aHa , B K :>Topoii nOCTYilHpyeTCSi, 'ITO B OCHOBe BCeX B38HMQ-

JleltCTBHH ll9)KHT OOMe H TOilhKO BeKTOpHbiM H 8KCH81lhHQ-BeKTOpHbiM Me3o

H8MH (nceBJlOCK81lSipHole Me30Hbl nOil8I'8IOTCSi npOJlOilhHbiMH KOMnOH9HT8MH 

8KCH81lhHO-B9KTOpHbiX M930HOB), !1 HTepeCH0 0 'ITO B :3TOft MOilellH 0 CO/lep)Ka

II!eft TOilbKO OllHH noll ~oHO'IHbiA napaMeTp (pallHYC r c TBeplloii V( r) "' "" 

HllH MSii'KOH V ( r ) = V ( r 
0 

cepllU9BHHbl npH r :5 r 
0 

"' 0,5 <jlepMH) 0 Yll89TCSi 

Hennoxo B uenoM onH;aTh :aHepreTH'IecKyiO aaBHCHMOCTh <jlaa ynpyroro N-N 

paccesrHHR. 

p Sill paoOT Oblll nOCBSIII!eH HCCilellOB8HHIO p831lH'IHbiX pellSiTHBHCTCKHX 

/51-55/ /51/ 
:a<jJ<jleKTOB B Me30HHolt TeopHH N-N B3aHMOileiicTBHSi • lllHpXOilhU 

pewall BM9CTO ypaBHeHHSi lllpellHHI'epa pellSiTHBHCTCKHe HHTerpallhHbie ypaB

HeHHSi llllR T -MaTpHUhi H cpaBHHBan nony'leHHbie peweHHR c peayllbTaTa-
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K 
/52/ 

MH MoaenH OBEP. Epaya, .ll>KeKcOH H yo HccneaosanH snHSIHHe yc-

noBHSI penSITHBHCTCKOH yHHTapHOCTH 1 OTnH'I8JOIUerOCSI OT 06bi'IHOro HepenSI-

THBHCTCKOrO ycnOBHSI HeKOTOpbiM KHH6M8TH'I6CKHM MHO>KiiTeneM, Ha !f>a3bl 

N -N pacceHHHSI H aaeprHJO CBSI3H SiaepaoA MaTepHH. 0JIH aarunH, 'ITO !f>a-

3bi Mano'lyBCTBHTenbHbl K aTOMy a!fJ!f>eKTy, a aHeprH SI CB SI3H Ha HyKnOH B 

/53/ 
SIJ:~epaoA MaTepHH ysenH'IHBaeTCSI npHMepao Ha 0,5 Mas. Baaa c uenbJO 

6onee TO'IHOrO y'leTa HeCTaTH'I6CKHX a!fJ!f>eKTOB llpH 06MEH6 TSI>KenbiMH Me-

30H8MH llpOBOaHn paCCMOTpeHHe B HMnynbCHOM npOCTpafCTBe. !lfM 6bin0 HaM

aeao, B 'laCTHOCTH, 'ITO a!fJ!f>eKT OTTanKHB8HHSI BCneaCTB!1e 06MeHa W -Me-

30HOM erue 6onbiiie, '16M llpH 06bi'IHOM paCCMOTpeHHH B KOOpaHH8THOM 

/54/ 
npocTpaacTse. MypoTa, Hoaa H TaHaKa orpaHH'IHmrcb paccMoTpeaHeM 

N-N pacceSIHHH TOnbKO B 
I 

S0 COCTOSIHHH, HO peiiianH 3 neCTHH'IHOM npH6-

nH>KeHHH penSITHBHCTCKoe asyx!f>epMHOHHoe ypasHeHHe Eere-ConnHTepa-HaM-

6y. Uony'leHHble peaynbT8Tbl K8'16CTB6HHO cornacyJOTCSI, HO 'IHCneHHO OT-

nH'I8!0TCSI OT COOTBeTCTBY!OIUHX peaynbTaTOB HepenSITHBH:TCKOrO pacCMOTpe-

/55/ 
HHSI Ha-aa 6onee nonaoro y'leTa a!f>!f>eKTa aanasabiBaHHSI. napTOBH 11 JloMOH 

HcnonbaosanH ypasaeHHe EeTe-ConnHTepa anSI nony'leHH!I a!f>!f>eKTHBHoro 

aepenSITHBHCTCKoro N- N noTeau~~:ana. 0'l:eHb HHTepeCHb e ~~:ccneaosaHHH 

penSITHBHCTCKOH saaa'IH asyx Ten llpH TO'IHOM y'leTe KHH6M8THKH npOBOaHT-

CSI TaK>Ke B lly6ae KaabiiiieBCKHM 11 coTpyaHHKaMH. HaM Ka>KeTcSI, 'ITO pe-

aynbTaTbi aTHX HCcneaosaHHA MoryT OKaaaTbCSI o'leHb noneSHbiMH anSI no

CTpoeHHSI nocneaoBaTenbHOH M630HHOH TeOpHH SIJ:I6pHbiX «:Hn. 

B Ka'leCTBe pe3JOMe OTMeTHM, 'ITO MeaoaHaSI TeopE SI OBEP aaeT, no-

BHaHMOMY, Haae>KHy!O OCHOBY anSI B6CbM8 nona oro H oaf 03H8'1HOrO OllHCa-

HHSI HyKnOH-HyKnOHHOrO B38HMOaeHCTBHSI B o6naCTH ynp)rOrO paCCeSIHHSI 

(ao 350-400 Mas). 
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§4, ~:TaTHCTH'leCKHe MO!leJIH cpsgHe!'O ITOJIH Hgpa 

llo CHX ITOp Mb 05CyM!l8JlH ITp05JieMy B38UMO!letiCTBHH IIBYX CB060il

Hb!X HYKJIOHOB, Dpor"Jecc, llOCTHI'HYThiM B sToti o6nacTu, ecTeCTBeHHO OT

pasuncg u Ha pemeH:m pH!la 3a!la'l HllepHoil: cTpyKTyphi, DpeM!le BCel'o, Ha

JIH'lne B OBEP u pH.le <jleHoMeHonoru'leCKHX ITOTeHUHanoB MHrKoil:, a He 

TBep!lOH cep!lUeBUHbl IT03BOJ1HJ10 ITpOBeCTU lliHpOKHe paC'IeThl Cpe!lHero ca

MOCornaCOB8HHOI'O ITJTeHUUaJia U OIIHO'l8CTH"'HOI'O 6a3HC8 ITO MeTDIIY XapT

pH-~OKa, HcHo, 'ITO AaHHoe ITepciTeKTHBHOe HaiTpaBneHHe 6y!leT pa3BHBaTb

CH ITpH HCITOJib30BaHJ:H peaJIHCTU'leCKHX N-N ITOTeHunanoB H Aanee, Boso6-

HOBHJICH B ITOCJieAHeE! BpeMH TaKMe HHTepeC K paC'leTaM paciTpeAeJieHHH 

HllepHbiX ITOTeHUHaJia H ITJIOTHOCTU ITO MeTOllY ToMaca-~epMU, 

!1MeHHO Ha pa6oTaX, ITOCBHIJleHHhiX paC'leTaM ITO CT8THCTU'l9CKOMY Me

TOllY ToMaCa-~epMH, g XO'ly CeH'laC OCT8HOBHTbCH, llaHHOe HaiTpaBJleHHe 

IT03BOJIHeT 1 KaK MHe KaMeTCH 1 B 60JibiJleti CTeiTeHH 'leM MeTOll XapTpH-~0-

Ka HCITOJlb30B8Tb B ~·eopHH CTpyKTypbl Hllpa ITpeACTaBJieHHe 0 Me30HHOti 

ITPHPOAe HAepHbiX CH '1, lleii:cTBHTenbHO, B pac'leTax ITo Me TOllY XapTpu-~oKa 

HCITOJlb3yeTCH HBHbiH BHll llBYXHYKJIOHHOI'O B38HMOlleMCTBUH1 ITpH'leM COBep-

llieHHO 6espa3JIH"'H0 1 IIOJiy'leH 1iCITOJlb3yeMbiM ITOTeHUHaJI H3 Me30HHOM TeOpHH 

HJlH H3 "'HCTO <jleHOM O!HOJlO!'U'leCKOti MO!leJIU, D OSTOMy ITpli T8KOM ITOIIXO!le 

He B03HnKaeT gaMe 30ITpoca o Me3oHHoii: ITpupoAe caMocornacoBaHHoro cpe!l

Hero ITOJIH, HaiTpoTun, B MeToAe ToMaca-~epMH cymecTByeT ITPHHUHITuanb

HaH B03MOMHOCTb HE Hb!M o6pa30M OTpa3UTb Me30HHblti XapaKTep H!lepHbiX 

CUJ1 1 HCITOJlb3yH ypaE HeHHH llJlH Me30HHbiX ITOJieH 8H8JIOI'H"'HO TO My 1 KaK UC

ITOJlb3yeTC51 ypaBHeHHe llJIH SJieKTpOM8l'HUTHOI'O ITOJ151 B CTaTHCTU'leCKOH Teo

pHH aToMa, KaK U3BO!CTHO, MeTOll ToMaca-cllepMH B TeopHH aTOMa OKasancH 

O'leHb yciTelliHbiM 1i HJlOllOTBOpHbiM, l1!le51 UCITOJlb30B8Tb 8H8JlOI'H'IHbiH ITOllXOil 

B TeOpHH H!lpa He 51JIJI51eTC51 HOBOH 1 OIIH8KO, ITpe!lCT8BJIHeTC51 eCTeCTBeHHbiM 

BepHyTbCH K paCCMOrpeHH!O STOI'O BOITpoca C IT03HUHM HalliHX COBpeMeHHbiX 

ITpencTaBJleHUil: 0 ITpHpOAe H!lepHbiX B3aHMO!leHCTBUM, 
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Tipe~ae HeCKOllbKO CllOB 0 pa6orax, B KOTOphlX pE3BHBa11HCb He Me-

30HHbie, a CKOpee !fleHOMeHOllOI'H'ieCKHe acrreKThl CTaTHC TH'ieCl{OH TeOpHH 511:{

pa H OCHOBHOH Uellb!O KOTOpbiX 6hi110 He YTO'iHeHHe tPH3JI'ieCKOH llpHpOL{hl 

cpeaHero rrong gapa, a yrrporueHue ucrronbayeMoii: cxeMEI Bhi'iHcneHHH. Ba~-

6 I ' /56/ " 
Hhle pe3yllbTaThl B ::!TOM HarrpaBlleHHH blllH IIOlly'ieHhl >eTe 1 KOTOpbiH 

IIOKa3aJJ XOporuyiO llpHMeHHMOCTb 1IpH611H~eHH51 llOKallbHC H llllOTHOCTH HyKllD-

HOB p(r) B gape. PacrrpeaeneHue gaepHoii: rrnorHocru p(r) HaXOL{HllOCb 

rryTeM MHHHMH38UHH IIOllHOH 3Hepi'HH 51Jlpa KaK tPYHKUHCHalla OT pen H 

HeKoroporo 611H3Koro K peallbHOMY N- N B3aHMOL{eHC1 BH51, 

nallbHeii:rueMy pa3BHTHIO 3TOI'O IIOL{XOL{a IIOCB51!UeH UHKll HCClleL{OBaHHH 

/57-60/ /57/ 
BpaKHepa c corpyaHHKaMH , B pa6ore uccneaoBanacb reopug, 

B KOTOpOH II011Ha51 3Hepi'H51 CHCTeMhl MHOI'HX HYKJIOHOB :JaiiHChiBaJiaCb B BR

ae tPYHKUHOHalla TOllbKO OT JIOKallbHOH 51L{epHOH llllOTHOC"H p (r) - CyMMap

HOH rrnorHOCTH Heii:rpoHoB H rrporoHoB. PeayJibTaThi aaHHoi1 pa6oThi rrpuMe-

/58, 
HHMhi K gap aM c N ~ z . B rrocneayiDrueii: pa6ore aHanorH'iHa51 reo-

pug 6hi1la pa3BHTa ang T51~eJihiX ggep c N -1 Z 1 KOI'!.a IIOJIHa51 3Hepi'H51 

CHCTeMbi HyKllOHOB Bbipa)KallaCb B BHJle tPYHKUHOHalla OT ABYX He3aBHCHMhiX 

rrepeMeHHhiX: llllOTHOCTH HeHTpOHOB p {f) 
n 

H llllOTHOCTH rrpOTOHOB p (f). 
p 

BhiJIH paCC'iHTaHhi sHepruu CB513H ·u pacrrpeaeneHH51 rrno rHoCTH KOHe'iHhiX 

51L{ep, KOTOphie OKa3aJIHCb B XOporueM 06IUeM COI'JiaCHH C 3KC1IepHM8HTaJib-

HhiMH aaHHhiMH, XOT511 HallpHMep, TOJIIUHHa IIOBepXHOCTH JI'O CJI051 IIOJiy'iallaCb 

HeCKOllbKO 3aBhi rneHHoil, PeaynbTaThi craTHCTH'ieCKoi1 1\toaenu ucrronbaoBa-

llHCb TaK~e BeCbMa ycrreWHO B paC'ieTaX yrrpyroro p lCCe51HH51 T51~ellh!X 

/59/ 
HOHOB Ha CJIO~Hh!X ggpax H B paC'ieTaX H30TOIIH'iOCKOf'O CL{BHI'a L{Jl51 

pacrrpeaeneHHH sneKrpuqecKoro aapgaa gaep 
/60/ 

ll1151 HaXO~A8HH51 pacrrpeaeJieHHH llllOTHOCTH H8HTpOHOB H llpOTOHOB B 

/58/ 
c!flepH'ieCKHX 51L{paX peruanacb llp51Ma51 BapHaUHOHH1151 3aL{a'ia MHHHMH3a-

UHH 3aL{aHHOf'O tPYHKUHOHaJia IIOllHOH 3Hepf'HH, llpH'ieM II JOOHhie tPYHKUHH AO

BOllbHO 1Ip0113BOJibHhlM 06pa30M Bhl6Hpa11HCb B BHL{e 
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p 
n,p 

(11) 

3HatieHHSI napaMeTpoB p , t, R, b pacnpeAeneHHii p n H pP IIOAoHpanHcb 

OT~enbHO AnSI Ka~AOr) SIApa (BenH'IHHhl p
0 

~HKCHpOBanHCb 38A8HHhiMH 

3HatieHHSIMH N H 

ITpocTaSI cTaTHC rH'!ecKaSI MOAenb, Y'IHThiBaiOIUaSI MeaoHHyiO IIPHPOAY 

161 I 
SIAepHoro noTeHUHana, ohma rrpeAno~eHa HeAaBHO B Hameil. paooTe , 

ITocTaHOBKa aaAa'IH 5 ,ma cneAYIOIUeil., HyKnOHhi SIBnHIOTCSI HCTO'IHHKaMH Heii.

TpanbHoro CKanHpHoro nonH, KOTopoe o5paayeT cpeAHHil. rroTeHUHan HApa. 

8TOT TIOTeHUHan TipHTfl~eHHH CBH3hiBaeT CaMOCOrnaCOBaHHh!M oopa30M HyK

nOHb! B SlApe, f1 onHaH 9HeprHH SIApa Bhlpa~anacb B BHAe ~yHKUHOHana OT 

TinOTHOCTH 9HeprHH B~I8HMOAei!:CTBYIOIUHX HyKnOHHOrO p ( ;:>) H Me30HHOrO 

cp ( r") rroneil., MoAenh iOCTb IIOAXOA8 3aKniOtiaeTCH B Bhioope KOHKpeTHOrO 

~YHKUHOHanhHOrO BHAlL pa3nH'!Hh!X tineHOB Bhrpa~eHHH AnSI IInOTHOCTH 9Hep

rHH, 8TH tineHhi, XOTl! H He BCe HMeiOT CTporoe TeOpeTH'IeCKOe OOOCHOBa-

HHe, AOIIYCKaiOT Ha ~!!HOMeHOnOrH'!eCKOM ypOBHe pa3yMHYIO ~H3H'IeCKYIO 

HHTeprrpeTaUHIO, 

H3 ycnOBHH MHHHMyMa TIOnHOH 9HeprHH nonytiaeTCH IIpH B8pbHpOB8HHH 

TIO p ( ;) H cp c;) CBH38HHaH CHCTeMa ABYX HenHHeHHh!X ypaBHeHHil. BTOp0-

161 I 
ro nopHAKa, IToKa3hiB ~eTCH , 'ITO ypaBHeHHH MoryT ohrTh paapemeHhr 

TipH onpeAeneHHhiX 3H~'IeHHHX ~eHOMeHonOrH'IeCKHX KOHCTaHT, BXOAHIUHX B 

Bhrpa~eHHe AnH rrnoTHOCTn saeprHH, TorAa rrnoTHOCTh HyKnOHOB rrpocTo Bhi-

pa~aeTCSI tiepea rroTeiUHan 

( ... ) 3/2 ( ... ) 
Z X =y X , ( 12) 

a TIOTeHUHan HBnSieTCfl pemeHHeM ypaBHeHHSI 
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_.) _. aj2 _. 3 [Vy(X') ]
2 

~ y ( X + y ( X ) = y ( X) + - -----
2 y( ~) ' (13) 

KOTopoe pernaeTCH aHanuTn'leCKH, B ypaBHeHHHX (12), (13) ucrronb3YIDTCH 

6e3pa3MepHb!e nepeMeHHbie ,(' = f-L t 

I'tle f-L , g - COOTBeTCTBeHHO Macca H KOHCTaHTa CBH:IH CKanHpHOI'O Me30-

Ha, Po H V
0 

- COOTBeTCTBeHHO nnOTHOCTb H a6conKTH8H BenH'IHHa no-

TeHUHana 6eCKOHe'IHOH HtlepHOH MaTepHH, 

YpaBHeHne (13) oTnnqaeTCH OT H3BecTHoro ypaBHE·HHH ToMaca-<PepMH 

tlnH aTOMa HanH'IHeM nuHeHHOI'O qneHa B neBOH '18CTH Y:)8BHeHHH, 'ITO MO:>K

HO nonbiT8TbCH CBH38Tb C KOHe'IHOCTbiD Me30HHOH M8CCII H HanH'IHeM 'lne-

Ha B npaBOH qaCTH, y'IHTbiBBIDlliei'O oyrneCTBeHHyro B6nn;3H noBepXHOCTH M

pa HeOtlHOpOtlHOCTb pacrrpet:~eneHHH (OTHOCHTenbHO BHtla rronpaBKH Ha HeOtl

HOpOtlHOCTb K 9Hep!"'HH ljlepMH-I'a3a CM, TaK:>Ke HHTepecH:,Ie 3aMe'laHHH foM-

6 /62/) c ( ) arna , OOTHOllieHne 12 COBII8tl8eT C H3BeCTHbllv ycnOBHeM CBMOCOJ"'-

naCOBaHHH B CT8THCTH'IeCKOH TeOpHH HeHTpanbHOI"'O aTO!va, 

PerneHHH ypaBHeHHH ( 13) MOI"'YT 6biTb nony'leHbi B HBHOM BHtle KBK 

t:~nH c¢epuqecKu-cnMMeTpH'IHbiX Htlep, TaK u t:~nH t:~e¢opMffpoBaHHbiX, Ha puc. 

3 npHBe}:leHbl COOTBeTCTBYIDIUHe KpHBbie: y (X) - cnnOllif. b!e nHHHH H Z ( x) -

rn TPHXOBhie nnHHH t:~nH pst:~a Htlep c pa3nH'IHbiM 'lncnoM HyKnoHOB A 

illTpHX-nyHKTHpHblMH nHHHHMH nOK838Hbl pacnpet:~eneHHH ~IIHH-Op6HTanbHOI'O 

noTeHunana y ( x) =y '(x) I x 
LS 

• BntlHO, 'ITO HaHt:~eHHhie perneHHH npasunhHO 

onHCbiB8IDT OCHOBHbie OC06eHHOCTH HCKOMbiX. pacnpet:~enellHH HtlepHOI"'O no

TeHUHana H HtlepHOH IInOTHOCTH, nns cpaBHeHHH IIyHKTHpiOH nHHHeH H306-

pa:>KeHO TaK:>Ke COOTBeTCTSYIOIUee HllPY C A = 200 pacnpet:~eneHHe ¢epMH 

(noTeHuuan CaKCoHa-Byt:~ca), 

B paGMepHblX nepeMeHHblX pacnpet:~eneHne cpeAHero nons B KOHe'IHOM 

c¢epuqecKOM RApe HMeeT.BHll ( R v - cpeAHHH paAnyc roTeHunana: 

V(Rv)=-V0 /2): 
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(14) 

CooTBeTCTByJOruee pa::ITpeLleneHue ITnOTHOCTH ( Rp - cpeLlHHii paLlHYC smep

Hoii ITnOTHOCTu: p( R J) = p0 I 2) 

Po 
p(r)=--~---

[ 1 + ( v-2 - 1 ) .!!e. -.::'0i:.~U-2 
> __ f 

sh ( 11 R P I v'Ti 
( 15) 

Ecnu BOCITOnb30B8TbC Sl :3KCITepuMeHTanbHbiMH aHa"'eHHSIMH LlnSI TonlllHHbi ITo

BepXHOCTHoro CnOSI fLlp8 ( ~ r) p = 2,4 4>epMH H ITnOTHOCTH SILl9pHOH MSTepHH 

r 0 = 1,1 4>epMH ( V 0 = 40 MaB), TO MO)I(HO OUeHHTb Macey H KOHCTaH

Ty CBSI3H CKanSipHorc MeaoHa: 11 c 
2 = 450 MaB, g

2 I 411 = 4,5, 8Tu ITapa

MeTpbi HeiTnoxo corn9.CYJOTCSI c O*HLlaeMbiMH aHa"'eHHSIMH ( Ta6n, 1), KpoMe 

TOI"O, TeopeTU"'eCKOe 3H8"1eHHe p83HOCTH R - R = 1 ,5 4>epMu 6nuaKo K 
v p 

R v- R p = 1 ,3 $epMH, n 0:3TOMY 

Bbipa*eHue ( 14) LlnSl cpeLlHero ITonSI MO)I(eT uciTonbaoBaTbCSI HapaBHe c que

TO 4>eHOMeHOnOI"H"'eC{HM ITOTeHUHanoM CaKCOHa-ByLlCa B paC"'9T8X ITO MO

Llenu o6ono"'eK H B <>ITTM"'9CKOH MOLlenu SILl9PHbiX peaKUMH, 

PaccMoTpeHH851 MOLlenb o6naLlaeT TBK*e cyruecTBeHHbiM HeLlOCTBTKOM, 

a HMeHHO OTCyTCTBH 3M ITOBepXHOCTHOH :3Hepi"HM S1Llp8, 8TO CBSI38HO, KO

He"'HO, C TeM, "'TO 5Llp0 6onbrue ITOXOLlHT H8 HOH, "'eM Ha HeiiTp8nhHbiH 

aTOM, u6o MO)I(eT IT]: HCOeLlMHSITb ITaLla!OIUHe Ha Hero HyKnOHbi, CoOTB9TCTBeH

HO, ycnOBMe C8MOCO:'n8COB8HHSI LlOn)I(HO MMeTb OTnH"'HbiH OT Bbip8)1(9HHSI 

( 12) BHLl. CneLlyeT ·))I(HLlBTb, "'TO SILlepHaSI ITnOTHOCTb LlOn*Ha o6paruaTbCSI 

B Hynb He 8CHMITTOTM"'eCKH, a ITpH KOHe"'HbiX paLlHycax, 8oo6rue, ITOBepX

HOCTb S1Llp8 Hau6one ~ "'YBCTBMTenbHa K paanH"'HbiM ITOITp8BK8M B MOLlenu 

/63/ 
ToMaca-ct>epMu (eM,, HaiTpuMep, pa6oTy Tuca ) • 
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6hino 6hi rroneaao HccneuoBaHJHI CTaTHCTH'IeCKHX v~oueneH: uorronHHTb 

HeKOTOpb!MH CTpOI'HMH TeopeMaMH ( CM, 1 HaripHMep 1 pa6 JTY Ka.nO)l)Kepo H 

/64/ 
CHMOHOBa 1 IIOCB51llleHHYIO BblBOllY He06XOllHMhlX yCJ!OBHH H8CblllleHH51 

51J:lepHhiX cHn) 1 KacaiOlllHXC51 o6mHx cBoikTB 51llepHhiX B3 mMoueil:cTBHH, B 

9TOH CB513H 6o.nbllloif HHTepec rrpeJ:lcTaBn51eT pa6oTa Maiiepca H CB51TeUKO· 

/65/ " 
ro 1 B KOTopoH o6cyMJ:laeTC51 B3aHMOCB513b rrpH6nHMeHHH ToMaca-<Pep-

MH If Kaiie.l!bHOH MO)le.l!H H HX IIpHMeHHMOCTb IIpH OIIHCa flfH ycpeJ:IHeHHhlX 

CBOHCTB 51Upa, 

EonblllYIO ponb B 51Upe MOMeT HrpaTb T8KMe H30B~ KTOpHblH p -Me-

30H. DpeJ:~rronoMeHHe o cymecTBOBaHHH p -Meaoaaoro ron51 B 51Upe rroaBo· 

.!ISleT O'leHb IIpOCTO H H8I'.l!MHO o6'b51CHHTb 9HeprHIO CHMMeTpHH H CB5138H

Hhle C HeH 4JaKTbl cymeCTBOB8HH51 paBHOBeCHOI'O 3ap51ll8 51)lpa H H8.l!H'IH51 

H30TOIIH'I:ecKoro q.neaa (1 T) B OIITH'IeCKOH MO)le.l!H 51llOpHbiX peaKUHH, 

B aaK.l!IO'IeHHe aaMeTHM 1 'ITO B aacTyrraiOmeM )lec5 THneTHH cneJ:~yeT 

OMHll8Tb rny6oKOI'O pa3BHTH51 Me30HHhiX 8KII9KTOB TeOpiiH 51)lepHbiX B38HMO

)leHCTBHJl: H 111Hp0KOI'O 4JpOHTa 9KCIIepHMeHT8.l!bHhiX HCC.l!E)l0B8HHH B38HMO

)lell:CTBH51 MeaoaoB H HyKnOHOB 6onbll1HX saeprHH: c 51J:lpav!H, 
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