
06bE.llHHEHHbltil HHCTHTYT Sl.llEPHblX HCCJlE.llOBAHHvl 

J1AEOPATOPH.H TEOPETW-IECKOl1 ct>H3HKH 

,-.,.· .. --c•.'- __ 3.·_-.---1,·.'G ·_·-.-.)_-.. -· .. ,I . ' ' , 
......... --•·' 

. _, (1~563'.' 
~~k-----~· __ L_,__ -~ . 

J1.H. TioHoMapea 

ME30ATOMHbIE TIPOUECCbI 
B XHMH4ECKHX COEilHHEHH.HX 

:-:'' 

2402 

AaTope¢epaT AHCCepTaUHH Ha COHCKaHHe yqeaoft CTeneHH 
. K8HAHA8T8 ¢H3HKO-MaTeMaTH'ieCKHX HayK 

Hayqabrft·pyKoaoanTenb -
AOKTOp ¢H3HKO-M~TeMaTnqecKHX aayK 

C.C. fepurTeHH 

Lly6aa 1965 

•,f 



n.H. noaoMapeB 

2402 

ME30ATOMHbIE TTPOUECCbl 
B XHMH~ECKHX COEnHHEHHHX 

ABTOpe~epaT nuccepTB~BH Ha COHCKBHHe yqeaoA CT8Il8HB 
K8HJ:IBJ:18T8 ~H3BKO-M8T8M8TBqecKBX aayK 

HayqawA PYKOBOJ:IHTenh -
J:IOKTOp ~B3BKO-M8T8M8THqecKHX HBYK 

C.C. repmTeffa 

/-~~··.~/ .. '-:-~;::_:;~~::-.;~~:,:~~~ .. , 
1 ,,_: ... ~ •. ,,.,:J,._i:_.,,;:::iA, ..:L IEJCT..;,d f1 l 
j 1·: ,,, ., :.Lt L~;;:<:!~~;,1rt~1:~f, f. 

~ f~:b';;5)2~1~-rf Et~,~;; 2 ,::·--~,;:,:-~~~---
nyoaa 1865 



l13y'leHne B3BHMO)lel!cTBHII Me30ll0B llH3KHX aneprnl! C nemecTBOM nanno Y}l(8 Bbl)lenn

nocb B CBMOCTOIIT8nbHYID H llOBOflbllO oomnpHyID B8TBb ¢n3HKH Me3oHon. Ee 3HB'leHne onpe

nen11eTc11 npe}l(ne ncero TeM, 'ITO no HeooxOllHMOCTH H3y'lenne ncex aneMeHTapHb!X nponec

con npOHCXOllHT B nemecTne. TTpn 8TOM O'leHb 'IBCTO !l)lepHble nponecc1,1 cymeCTBeHHblM o6-

pa30M onpenem:IIDTCSI npenmecTByIDmHMH HM Me30BTOMHb!MH H Me30MoneKyn11pHblMH 11nneHHII-

MH. HanpnMep, XOTll 3BXBBT K - -Me30HOB 11/lpOM 6onee neponTeH H3 2p -COCTOIIHHH 

pK- -Me3oaToMa, cnenn¢nqecKHe Me3~aTOMHbte nponeccbt (MexaHH3M llall, CHoy, Caqe

/1/ 
pa ) npHBO.llHT K TOMY, 'ITO 3BXBaT npoHCXOllHT H3 nS -COCTOl!llHl!. 

TTo8TOMY npe}l()le 'leM n3yqaTb TaKne ¢YH.llaMeHTBnbHble nonpOCbl, KaK, nanpnMep, npo-

nepKa V-A napnaHTa ynnnepcanbl!Oro B3aHMO)lel!cTBHl! <t>epMH .llnll µ· -3axnaTa nnn oc-

HOBl!ble 3aKOH0Mep11ocTH cnnhHblX B3aHMO.llel!CTBHl! npn HH3KHX aneprHllX, HeO0XO.llHMO H3Y

'IHTb no'neneHne Me30HOB B nemecTne, T.e. H3Y'IHTb nee CTBllHH B3BHMO.llel!CTBHH Me30HOB C 

nemecTBOM, npeamecTByIDmne stnepHOMY 3BXBaTy. 

Hapll.llY C 8THM H3y'leHne .HH3K08HepreTH'leCKHX B3BHMO.llel!CTBHl! IT,-.µ - H K -Me3o

HOB C nemeCTBOM npencTannneT H caMOCTOl!TenbHLlfi l!HTepec, T.K. naeT H0Bb!e cne)leHHII 0 

cTpoeHHH nemecTna n npnnonnT K p11ny cnoeo6pa3HblX npoueccon, naupnMep, KaTann3y llllep

HblX peaKum1 µ -Me30HBMH H T.ll. 

BcstKHll npouecc nornomeHHH OTpnuaTenbHblX Me30HOB B nemecTBe BKflID'IaeT B ceol! 

cnenyIDmne cTannn: 

1. 3axnaT Me3oHa H3 HenpepbIBHoro cneKTpa !' llllCKpeTHb!l!. 

2. TTpouecc nepexona Ha HH}l(HHe Me30BTOMHbie ypoBHH (nnn nepexnaT npyrnMu· enc-

TeMaMH). 

3. HnepHa11 peaKUHll. 

OcHOBHOfi 'naTepec O0hl'IHO npencTBBn!leT H3yqenne nocnenae11 CTBllHH, HO .llnst Toro, 'ITODbl 

OllH03HB'IHO HHTepnpeTHpOBaTb pe3ynhTaTbl Ollb!Ta,, HeODXOllHMO H3Y'IHTb H npe)lbtllymne CTa

ntlH. 3Toir nocnenaefi 3anaqe ITOCBl!llleHo MHOro 8KcnepHMeHTanbHblX H TeopeTH'leCKHX paooT. 

nnccepTBUHH nocn11meHa 0/lHOl! H3 TaKHX 3Blla'I: OD~l!CHeHHID ocooeHHOCTefi nornomeHHll 

OCTBHOBHBlllHXCH 1T -Me30HOB stnpaMH nonopona; BXO/llllllHMH B COCTaB XHMH'leCKHX coenn-

HeHm1 Tnna Z - ff ; B Hell TBK}l(e pe111eHbl HeKOTOpb!e MaTeMaTH'leCKHe nonpOCbI, CBSl38H-
Hble c paccMaTpunaeMol! 3anaqefi. 
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Cornac110 TaK 11a3bmaeMOMY 
/2/ 

Z --38KOIIY <l>epMII II Tennepa OTIIOCIITenb11a11 BepO!IT-

110CTb 11ornome11u11 Menne1111b1X " -Me30IIOB 11npaMH pa3nH'lllblX aemecTB, 11axon11muxc11 B 

cMecu HnH B XHMH'leCKOM coenuneauu, nponopnuonanbna 3ap11ny Hx 11npa Z H nenHKOM 

/2/ 
011penen11eTC!I CTannell I) nepBOH8'18nbHOrO 38XBaTa. CTpH 3TOM, cornac110 1 OCHOBHbIM M8-

X8Hll3MOM, npHBOnstIIIHM K 38XB8TY, smnst.eTCSI TOpMOJKeHHe M830HOB B BblpOJKnennoM ra3e· 

aneKTpOHHblX o6onoqeK. 

ISi 
3KcnepHM8HTbl nocnenanx neT IIOK83b!B8IOT, onHaKo, 'ITO Z --38KOH Bhmonns,eTCSI 

nnoxo. OcooeHHO pe3KO 011 napywaeTCSI B CHCT8M8X THl!a Z-11 , conepJKamux aonopon 

UH Ol , Cll 2 H T.n.). B '18CTHOCTH, OK83bIB8eTCSI CHnbHO nonaanennoll aepoS!T-

llOCTb 30XB0Ta "- -Me3oHa stnpoM aonopona, ecnH aonopon BXOnHT B COCT8B XHMH'l8CKOro 

coemrnenHH, BnepBbI8 TaKoe nonaaneuue (a Lill H •C 2 H
4 

) 11a6n10nan TTaHoq>cKull
141

.(npo

uecc obrn uonaoneu nacTonbKO c1mb110, 'ITO ero 11e ynanocb naJKe 3aperucTpupoaaTb, 11 na

rm41cKHil nan TOnbKO BepXHIOIO onenKy nm, ero BepoS!THOCTH). 

HaH6onee HOllHbl8 KOnH'l8CTBeHllbl8 pe3yllbT8Tbl B aToil o6nacTH nony'leHbl B nocnen11ue 

/5/ - /6/ 
ronu TTeTpyxHHbIM, CTpoKOIIIKHHbIM H JlpyrHMH H '18CTH'IHO T8KlK8 rpy11no1i H3 CERN•a 

CymeCTBYIOIUHe B .3TOil o6nacTH 3KcnepHM8HTbl MOlKIIO P83nenHTb Ha nae rpyHHbl, 

TTepna!I rpynna OHbITOB IIOCBstIUeaa H3M8p811HIO nenH'IHHbl OTHOIII8HHSI p B8pOS!THOCTH 

38XB8T8 oc,aHOBHBIIIHXCSI " -M830HOB stnpaMH nonopona, BXOnHIUHMH B COCT8B Xl!MH'l8CKHX 

aemecTB THll8 z - II ' K BepoS!THOCTH aaxnaTa 'IHCTblM nonoponoM. '0Ka3anOCb, 'ITO 

)'lenb Mano H pan110 (npn Z .$ 10): 

Wz-11 
p 

½WH2 

-3 
~ z 

p 

1p11 3TOM BB)KIIO cne1:ty10mee: OTII011Ie1111e p ue 38BIICIIT OT nnoTHOCTII, arperaTnoro COCTO!I-

HIii! nemecTBa II 11e601IblllOil no6aBKH 11p11Mecell npyr11x B8IU8CTB C 6onbIIIHMII 3apHnaMII z. 

3TH ~lBKTl,I SIBllSIIOTCSI conepme11110 l180JKl!nan11bIMII, T.K. yKa3blB8IOT na onH03118'111YIO II 

:11nb11y10 38BIICIIMOCTb nepostTIIOCTH stnepnoi\ peaKUHII OT XIIMll'leCKoro COCT8Ba nemecTBa. 

BTopirn rpy_uua 011b1Ton uocasrmeua' 113yqe111110 uponeccon 11ornome1111sr 11 -M830110B B 

:011ue11Tpau11Hx ·Czo 

:Mecsrx raaon Tnna 1¼ + Z0 H Z -H + Z 0 
/7/ 

• 0Ka3anocb, 'ITO C poCTOM KOllll811TpanHII 11p11Mec11 

' a T8KlK8 B lKH/lKOM nonopo/l8 HpH ae6onbllll!X 

Czo OTIIOCII-

:enb11asr nepOSITIIOCTb 38XBaTa 11 -Meao11a sr1:tpoM nonopona TaKJKe uanaeT, 110 conepmeuno 
I 

ro npyroMy 38KOIIY, KOTOpbii! 011penenS18TCSI TOnbKO KOIIII8HTpau11eil CZ II cna6o 
I . o 
IT aapsrna 11pl!M8CII Z o • KpoMe Toro ( 'ITO oco6e11110 IIIITepecuo), B8pOS!THOCTb 

3BBl!CHT 

aaxaaTa 

" - -Meao11a 0611apylKIIB88T CBOflCTBa 118Cb!IU8HIISI IIPII ·C z > 1. 
0 

TTepBaH '18CTb Jll!CCepTanHII IIOCBSIIU8118 a11an11ay H OO'l>SICIISHIIIO 3TIIX 3KC118pHM811T81lbllbIX 

aaub1x. B rnaae II01lpo6110 06cylK1laIOTCSI II auanH311PYIOTCSI "KCHepHM811ThI, CBSl381111hl8 C 
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I 

nornomeaueM MenneHHbIX " -Me3oaon n oonopo1:toconepJKaIUHX ae1necTnax, H pa3nH'IHLie 

HOHblTKH HX 061,~cHeHHSI, TToKa3aHo, 'ITO HH onua !13 cymeCTBYIOIUHX cxeM upoueccon uorno-

IUSHHS! 11 -Me30HOB He MOJK8T OD'l>HCHHTb BCIO COBOKYIIHOCTb 3KCUepHM811T'11lbHbIX naHHbIX. 

noKa3aao, 'ITO n xHMJl'l8CKHX coenmien1rnx, T1111a Z-H , conepJKaII111x nonopon, 3axaaT Me-

aoHon 11po11cxon11T 11a 06m11i! yponenb nceil c11cTeMbI .Z - 11 , a ue na ypoa11H naon11pona11-. 

HblX Me3oaTOMOB. 

/8, 
B CBH311 c aTnM yKaaaao, 'ITO 11eo6xon11Mo nepecMoTpeTb 11peJKa1010 oueHKY BailTMana 

1:tnst an11a6aT11qecKoro aaxnaTa 11 -Me30118 H3 neupepbIBHOro cneKTpa B n11cKpeTllbii!, T.K. 

oua ae Y'IIITbIBaeT BllHSIHIISI BTOporo stnpa B MoneKyne. 

C y'leTOM ij>aKTa 38XB8T8 Me30H8 118 BbICOKllli ODIUHfl yp0Be111, CIICT8Mbl Z - II, npe1:tno-

JK8118 MOnenb 60,n,IIIIIX Me3oMoneKyH, OCIIOBlloe conepJKUIIl!e KOTopori 3aKnIO'l88TCSI B cneny10-

meM: n nonoponoconepJKamnx nemecTnax oT11ocnTenb11asi nepo11T11ocTb aaxnaTa 11- -Meao11a 

sinpaMH paanH'lllhIX nemecTB onpenenHeTCSI ae cTan11eil I) 11epao11aqanb11oro aaxaaTa (KaK y 

<l>epMH-Tennepa) a CTamrnil_ 2), T,e. upoueccoM nocneny10mero 11epepac11penene111rn. Ha-aa. 

11apyIIIeHIISI ue11Tp81lbllOil CIIMMeTpllll nonH CIIIIMaeTCSI aaupeT 110 op611TanbHOMY MOMeHTY nnH 

pamrn11no1111ux uepexonon, H oHH na10T oc11on11oi! nKnan n nepostTIIOCTb nepexona 17 -Me-

30118 C o6mero ypoBIISI CHCTeMbl Z- II fia YP9,BIIII H30llllpOB81111bIX M8308TOMOB p,r II 

z"-

C IIOMOlllbIO TeXHHKII, pa3BIITOii B rnaae III , BLl'IIICllSIIOTCSI BepostTHOCTH TaKHX pan11a-

UIIOIIllbIX uepexonoB II 11axon11TCSI Bb!p0JK811118 nnsr p , KOTopoe oKaar,rnaeTcsr .. z-• . TeM 

aam1c11MOCTb npouecca srnep11oro aax-caMbIM 11onyKon11qeCTBe11110 061,stcneHa peaKasr z 
BBTB 1T -M830110B stnpoM nonopona OT Xl!Mll'18CKOro CTpoelll!SI BeruecTB. 06cy)l(naeTCSI 

BKll8/l 1:tpyr11x B03MOlKHblX M8X8HH3MOB nepexoi:;a M830Ha 11a IIHlKIIJie ypOBIIH, BllllSllll!e aKpa

llllpOBKII aneKTPOllllblMH o6ono'IK8MII, a T8KlK8 upoueccbl 38XB8T8 B Cl!CT8M8X Tlllla Z I - Z 
2 

• 

06cylK1la10TCSI H ananna11py10TCSI IIOilbl8 pa6oTbl 110 113Y'l8HHIO µ -Meaope11Tre110BCKOil 

' /9/ 
cepm, B XHMH'ISCKIIX ne,uecTB8X , p83YllbTQTbl KOTOpb!X BBTOpb! IIUTepnpeTHPYIOT, HCIIOllb-

/ 10/ 
3YSI Monenb 6onbIIIIIX M830MOll8Kyn • B 'IBCTIIOCTII, OK83blBB8TCSI, 'ITO C aToll TO'IKII ape-

HIISI MQ)l(HO IIOHSITb lll!Tepecllb[8 oco6eu11ocTIJ 3TIIX Ollh!TOB: 8110M81lbll0 6onblll01I BKll8/l KV .., 

cep1111, OTCYTCTBl!e cpem1eil '{8CTII cneKTpa, 3UllHCJfMOCTb B!,IXOna KV -ceplll! OT aapstll8 

nemecTBa Z , a TD.K)Ke OT BHll8 XHMJP18L.l\.Oro coen11ne1-nrst, B KOTOpoe OHO BXO.llHT. 

B rnane Il conepJKIITCSI <p8HOMe11onor11'1eCKllll 8l1Ullll3 BTopo1i rpynllbl OIILITOB: nor-

nomenne " -Me3011on n ra3ax c- 11p11Mec>1MH npyrnx nernecTB, CT0Kaaa110, 'ITO o6LI'IHhiil 

MeX811113M uepexnaTa "- -M830IIOB 0.,. M8308TOMOB p,r- K srnpaM 1:tpyr11x B81U8CTB (Mo-: 

/41 
1:tenb TTa110¢cKoro ) ue MoJKeT 061,,icn11Tb nee ocoGe11nocT11 upouecca II nom1<e11 61,1Tb no-

/ I/ 
11on11e11 c y'leToM upouecca llasr, C11oy, Caqepa • B aT11x npenuonoJKennsix 11onyqen1,1 <!,op· 

Mynhl, KOTOpble yaonneTBOpHT0nbJIO OIT.HCLIBBJOT 3KcnepHM0HTanhHbl0 nanHbie, B qacTHOCTJI 

OTM8'I811Hl•lli BHllle ¢aKT 118Ch]IU8111!H, a TBK)K8 cna6y10 38BIICl!MOCTb uepexBaTa OT 38pH/l8 lo 
11p11Mec11. 
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TTpennoll{eHHall Monenb 6onbIIIHX M830MOneKyn 8BTOM8THqec1tH DpHBOJlHT K 38)laqe· ABYX 

neHTpOB H, T.K. 110 npennonoll{eHHIO OCHOBHYIO ponb npu 9TOM Hrpa!OT nepeXOllbl C BblCOKO

B036yll{JleHHbIX ypOBHelt, TO K He06XOJlHMOCTH lrn83HKnaccnqecxoro ee pacCMOTpeHHSI. B 

CBSl3H C 9THM B rnaB8 Ill • paCCM8TpHBaeTCll KB83HKnaCCHqec1t08 p8III8HHe 38llaqH 2-X neHT'

poB, a TQK:)Ke HeKOTOpbie npyrne B0llp0Cbl KB83HKnaccHKH. B § I IIOK838HO, qTO o6~qHbIII 

/I 1/ 
cnoco6 npHBe)leHHll B03HHK8IOIIIHX B 3anaqe ypaBHeHHII K KBa3HKnaccuqecKOMy BHllY 

3/leCb He npHM8HHM 0 T.K. OH npHBOJlHT K paCXOJlHMOCTllM ql830BbIX HHTerpanoB H K Henpa

/J2/ 
BHnbHOi! q,a3e BOnHOBbIX q,yHKUHII. (C 9THM llBneHH8M CT8nKHBamtCb yll{8 ll8BHO ). B § 2 

npennoll{eH o6mui! cnoco6 11puBeneHHll KBaHTOBO-Mexaauqecxux ypaBHeHHA K KB83HKnaccu
/I8/ 

qeCKOMY BHllY, CB060JlHbIII OT nepequcneHHblX H8JlQCT8TKOB • TTpennolK8HH08 npeo6pa30Ba• 

/14/ 
HHe MQll{eT paCCM8TpHB8TbCll KaK 0606mem1e aHanoruqHb[X pe3ynbT8TOB naurepa DpH 

06ocaona1111H 38M8Hbl f ( f + 1) ➔ (f + ½ ) 
2 

B panuanbHOA qaCTH ypaBH8HHSI lllpellHHrepa 

Jlnll aneKTpOHa B neHTpanbHO-CHMMeTpHqHOM none. 

Hcnonb3yll pe3ynbT8Tbl § _2,B § 3 rn. m MeTOllOM, H/l8ll KOToporo 11penno}K8Ha 

. /14/ /15/ 
UnaaaoM lI KeM6noM , peIIIeHa 38118'18 KB83HKnaccHqecKOro KB8HTOB8Hllll 3a)laqu 

/17/ 
ABYX neHTpOB • B qaCTHOCTH : nony'l8Hbl 38MKHYTbl8 ycnOBllll KBaHTOBaHHll, cnpaaennu-

Bbl8 npH nl06oM M8}KU8HTpOBOM paCCTOllllHH R B 11pe11enbHbIX cnyqagx R.<< 1 H R >>:1 

HallneHbl SIBHbI8 Bblp8}1{8HHll nnSI ypOBHell 9HeprHH :E ( R) M830Ha H KOHCTaHTbl pa3neneHHll 

/18/ 
A B ypaBHeHHSIX 38/lS'IH /lBYX ll8HTpoB;noKa3aHo, qTQ OHH Mano oTnuqalQTCH OT TOqHb[X 

Jl8}Ke JlJill OCHOBHOro COCTOSIHHll, B cnyqae Z I = Z 2 . nony'leHbl oqeab npoCTb18 38MKHY

Tb!e q,opMynbl KBaHTOBaHHll H Bbl'IHCneuo pacmenneaue CHMMeTpH'IHOro H aHTHCHMM8TpHqHo

ro TepMon npu R >> 1. 

),f3 nony'l8HHblX ycnonnll KB8HTOB8Hllll Ha sneKTpOHHO-BbiqncnHTenbHOll M8IIIHH8 nonyqe-

Hbl 3HaqeaHll TepMOB npH mo6bIX 311aqeHHHX R H Cp8BH8Hbl C TQqHblMHo TToKa38H0 0 q'fO 

OTHOCHTenbHall norpeIIIHOCTb KB8311Knacc11qecKHX ycnoBHfi KB8HTOB8HHll HHrne He npeBocxo

JlHT 5% 118}1{8 llnSI OCHOBHoro ypoBHH. 

B § 4 Bblll11C811bl ac11MnTOTH'18CKHe Bblp8}1{8Hllll JlnH HOpMnpoBaHHblX BOnHOBblX q,yHKllHfi 

nucKpeTHoro H- aenpepbIBHoro cneKTpa fT -Me3oHa B none llBYX qJHKCHp?BaHHb!X Kyno-

IIOBCKHX neHTpon C 38pSl/l8MII z1 11 z
2 

B 11pe11enbHb!X cnyqagx R » 1 H R << 1 

KaK '18CTHbli! cnyqai!, nonyqeHbl Bblp8}1{811HH nnSI aCHMnTOTHKH c¢eponnanbHblX q,yHKUHA. 

0TMeTHM, 'ITO pe3ynbTliTbl, nonyqeHHbl8 B rnase m HM8IOT caMOCTOHTenbHblfi HH-

Tepee naJKe 6~30THOCHTenbHO K BonpocaM, 38TpOHYTb!M B JllICCepT8llHH, lI MoryT 6b!Tb !IC

nonb30B8Hbl B nanbHellIIIBM. 

fnasa IV noCBSIIIIeHa TO'lHOMY •rncneHHOMY p8III8HHIO 38Jl8'1H ABYX neHTpOB npH npo• 

H3BOJibHbIX 38PSl/l8X Z I H Z 
2 

• PaccMoTpeHbl pa3nH'lHbl8 pa3n0}1{8HHSI peIII8HHi! no 

cnenq,yHKllllSIM, HX npHM8HHMOCTb II CXOJlHMOCTb. ITonyqeHbl TepMbl llnSI pHllB CHCT8M 

zl ,,-· Z 2 • TTonpo6HO paCCMOTpeHa CHCT8Ma H,r- Li+++ • noKa3aHO cymecTBOBBHl!e YCTOII-

6 

_ __.,.,w, 

'll!BOro COCT0!1Hll!1 BbICOKOB036y}K/l8HHOI1 MoneKynb1He-u+++ ' npn 6onhl1ll!X 3Ha'leHIIHX paB-

HOB8CHoro paCCTOHHll!1 Ro II Bbl'll!CJI8Ha ero 3HeprHSI. 

IloKa3aTenbCTBO ¢aKTa cymeCTDOB8Hl!SI T8KIIX BbICOKOB036yll{JleHHbIX CHCTeM <'BnSieTcg 

OCHOBHbIM pe3ynbTaTOM 9TOi! rnaDbI, TaK K!3K , BO-nepBbIX, 9TO SIDJlll8TCSI npennapnTenb-

Hb!M nOATB8pl!{Jl8HH8M r11n0Te3bl rn. 0 cymeCTBCB8HH_ll T8Kl!X yponHell, a B0-DTOpbIX, 

9TOT c!,aKT M0l!{8T npenCT8Bl!Tb IIHTepec nnH XHMllKOB ll npif ll3Y'l8Hllll KaTan113a Slll8pHbIX peaKn1111. 

n11ccepT81lllSI BKnl0'188T '{8Tb!pe .llplllJO}K8Hll!1, KOTOpb!8 conepll{aT .!'.faTeMaT~qecKl!e ne

Tanl! ll HnmocTpa111110 M8TO)l0B OCHOBHoll qacTH. 

B ITpnno}Ke11nn I naHbI npnMepbI np11Me11e1111g npenno}KeHHOro. n rn. m 
I 

cnoco6a npu

neneHHSI ypaBH8HHll KB8HTODOII MexaHIIKH K KB83l!KnaccnqecKOMY Blllly II 9TIIM M8TOllOM 110• 

ny'l8Hbl acHMnTOTIIKII H8KOTOpbIX cneuq,yHKUHii II OpToronanbHb!X nonllHOMOB. 

B ITp11no"'ennn II nonpo6Ho nano;KeH MBTon KBaanKnacc11qecKoro KBaHTOBaH11S1 ypan-

lll , ll ll , • 
6 

/ 14, 15/ H8Hllll pennHrepa C IIOT0HU1!anoM Tlma llBO HO S!Mbl , OCHOB8HHblll Ha pa OTax • 

ITp11JI0}1{8Hll8 III conepxmT auqncneHne KBa3HKnaccnqecKnx MaTpll'IHbIX sneMeHToB, 

KciTopb1e onpenensr10T sepOSITHOCTII pa1111a11110HHh1x nepexooon n cHcTeMe ZH,r B Ka-
~ 

qecTne nposepKII -H o6ocHOB8HHSI M8Tona BLI'IHCneHIIlf TeM }1{8 cnoco6oM Bbl'IHCneHbl B8pOSIT-

HOCTH nepexona B OTOMO nonopona H cpaBHeHbl C TO'IHblMII. Cosnane1me OK83blB88TCSI xo-

pOIIIHM,c npaBIInbHblMII '~YIIKUIIOHanbHb!MII 38BIICIIMOCTSIMII. 

ITpnno"'enne IV nocaSimeHo o6meMy pemeu1I10 ypaBHeHm·,, om1Cb1Ba1mu11x npoueccLI 

K8CK81lHblX nepexonon Me3oHa BHII3 C OllHOBp8M8HHblM nepexaaTOM npyrnMII CI!C':'eMaMn. 

B1,m11cauo o6mee pemeHHe nnsr TaKoil cncTeMbI qepea BpeMeHa ll{l!3lllI II KoHcT.:i11Tbl nepe

xnaTa. 

I 10, 13, 17 / 
0CHOBHb!8 peaynbT8TbI, BOIIIenm11e B lllICC8pTaun10, ony6n11KOD8Hbl D pauoTax • 

n HT e pa Tl'__J)_8 

1. 'I'.B.Day, 0.A.Snow, J.Sucher. Phys. Rev.Lett., 3, 61 ( 1959); Phys.Rev. ~ 
. ( ) - 864 (1960). 2. E.Femu, E.Teller. Phys.Rev., ~ 399 1947 • 

3. H.Eckhause, 'I'.A.Fillipas, R.&Sutton, R.E.Welsh, 'I'.A.Rormnowski. Nuovo Clm, 

I ~ 66 (1962). 

.4. W.K.Panofsky, R.L.Aamodt, J.Handly. Phys.Rev.,81, 556(1951). 

5. A.4>. nynailueat B.H. ITeTpyxnH; 10.n. TTpOKOIIIKIIH, B.H. Pb!KanHH. )K3T4>, 42, 1690 
(1962/. -

V.I.Petrukhln, Yu.D.Prokoshkin. N.lovo Cim., 3,§, 99 ( 1963),; V.I.Petrukhin, 
Yu.D.Prokoshkin. Preprint E-1471, Dubna, 1964. 

6. M.Charbe, P.Depommier, J.Heintze, V.Sorgel~ Phys.Lett., 2, 67 ( 1963). 

7. B.IT. n}Kenenon, n.<P. EpMonon, E.A. KyIIInupeHKo, B.H. MocKanes, C.C. fepIIITeliH. 

)K3T4>, 1£, 439 ( 1962); 

7 

- I 



\ 

O.A. 3ai!Mnnopora, M.M. Kymoxun, .P.M. Cynsies, A.H. 4>11n11nnos, B.M. Uynxo-C11T-
11uxoa, JO.A. lllep6axoi3. :lK3T4>

1 
:li_, 1852 ( 1963). · 

8. A.S.Wighl:rmn. Phys.Rev., TL 521 ( 1950). 

9. B.r. 3nnoB, A.n. Koa1111, A,11. MyXBII, IlpenpBIIT omm, P-2039, ny6aa, 1985j 
B.r. 311110a, n.n. Konuu, A.11. Myxuu. ITpenpBHT O11.RH, f'-2185, ny6ua, 1985. 

10, n,H, IloHOMapes, Hnepuasi !pll3BK81 -£• 223 ( 1985), 

11. n.Ji. naunay; E.M. nuq,mH1lo KsaHTOBilH Mexamrna, 4>u3MaTrH3, Mocxsa, 1983. 

12. E.M.Engers, H.A.Kraners. ZsJ'.Phys., g 328 ( 1933), 

13. n.11. nouoMapeB. nAH, 162, 1023 ( 1985). 

14, A.Zwaan. Arch.NeerJ.. des Seiences, g 33 ( 1929 ). 

15. E,C.Kemb!. Phys.Rev., ~ 549 ( 1935), 

16. c.c. repmTella, B.n. Kp11B'l0HKOB, )K3T<ll, 12., 1491 (1981). 

17. c.c. repmTelln, n.11. ITouoMapeB, T.n. ITy3hlHIIH8, :lK3Tct>, ~. 832 ( 1985). 

PyxonBCb ll0CTynnna B 113ll8TenbCKBil 0Tnen 
20 0KTS16psi 1965 r, 

.~ 


