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!-O§~rut xapaKTCE_HCTHKa J>a6<>Tbl 

AKTYaJibHOCTb npo6neMhI 

B nocneµ;m1e rop;hI MenoaTOMHhie II MeOOMOJieKym1pHbie npOI.\eCCbl CTaJIH 

npeµ;MeTOM nnaHoMepHbIX 11ccneµ;0Bam1f1. lIHTepec K aTou o6nacTH 6bln 

CTuMynupoBaH pa6oTaMu rpynnbl TeopeTIIKOB OlUIH, KOTOpbie npe;a;cxa

nan:u BbICOKYIO aq>q>eKTIIBHOCTb npo:u;ecca MIOOHHOro KaTaJIIma B CMeCH ;a;eii

Tepu.11 u TpIITII.II. 8To npe;a;cxanam1e 6blno BnepBbie noµ;TBepJKp;eHo axcne

puMeHTaJibHO B ,[I;y6He, a OaTeM u Ha napy6eJKHbIX MeOOHHbIX q>a6puxax. 

B HaCTO.!Il.l.\ee BpeM.11 pa6oTbI B 0TOM HanpaBneHI~II Bep;yTCJI npuMepHO B 50 
na6qpaTop1rnx B CCCP u na py6eJKoM, Ha'Ian: unµ;aBaTbC.II cne:u;HaJibHhill 

JKypHan: "Muon Catalyzed Fusion", :u;enuKOM nocBlll.l.\eHHbIH axcnepHMeH

TaJibHbIM II TeopeTn'IeCKUM npo6neMaM MIOOHHOiI q>IIOIIKII. 

8Ta HOBM o6naCTh, BOOHllKWM Ha CTbIKe aTOMHoii, .llp;epHOll 11 Mone

xynHpHOII qmnuxu, nocTaBima pHµ; opnrnHaJI~HbIX. nap;a'I u noTpe6oBan:a 

panpa6oTKII TeopeTII'IeCKIIX II axcnepnMeHTaJihHbIX MeTOp;OB µ;m1 on11ca

HIIH HOBOro Knacca q>IIOII'IeCKIIX .nBneHIIH .. 

B 'IaCTHOCTH, µ;1111 onucamrn BCeI'i COBOKYilHOCTU npo:u;eccoB,nponcxo

;a;lll.l.\IIX Ha CTaµ;xm naMeµ;neHHH MenoaTOMOB OT HeCKOllhKIIX µ;ecHTKOB aB 

µ;o TennOBbIX aHepruii ( ~ 10-2 aB ), Heo6xoµ;nMo pelllIITb _nap;a'Iy o Me

p;neHHbIX CTOllKHOBeHIJ.nX C nepepacnpeµ;eneHIIeM B CUCTeMe Tpex xynoHO

BCKIIX 'IacTn:u; co cpaBHIIMbIMll MaccaMu: · p;Ba .11µ;pa u MIOOH. Ee peweHII.II 

ucnon1,ny10TcH p;nH pac'IeTa Taxux MenoaTOMHbIX npo:u;eccoB xax peax:u;uu 

unoTonHoro o6MeHa II nepeBopoTa cnima MenoaToMa, ynpyro~ pacceHHIIe 

MenoaTOMOB Ha Hp;pax, a TaK:.Ke y'IeTa BllllHHII.II anexTpOHHOrO axpaH11po

BUHlI.!I u MOnexynnpHoii CTPYKTypbI Ha CKOpOCTH MenoaTOMHbIX npo:u;eccoB. 

C µ;pyroii CTOpOHbl,Oap;a'Ia O Meµ;neHHbIX CTOllKHOBeHHHX B CllCTeMe Tpex 

xynOHOBCKIIX 'IaCTHD; co cpaBHllMbIMII MaCCaJ.:111 ( B Mel30aTOMHOll q>unuxe 

napaMeTp Heaµ;ua6aTU'IHOCTII, OTHOWeHHe MaCCbl MIOOHa m K Macce np;ep 

M, paBeH 1/M = m/M ~ 0.1 - 0.2) npeµ;cTaBn11eT TaKJKe CaMOCTOJITen1,

Hblii IIHTepec, KaK y;a;o6~blil II µ;ocTaTQ'<JHQ CllOJKHbiiI o6'beKT µ;m1 0Tpa60TKII 

MeTOp;OB peweHirn MHorm.1epHbIX II MHOroKaHaJihHbIX oaµ;a'I pacceHHUH. 

Ilpn'IeM, ecnu K HaCTOHl.l.\eMy BpeMeHll naµ;a'Ia O CBHOaHHbIX COCTOH

HHHX CIICTeMbl Tpex Ten B MenoaTOMHOll q>unuKe uccneµ;OBaHa p;OCTaTO'IHO 

xopowo ( Bbl'IIIClleHbl c pexopµ;HOII TO'IHOCTbIO B aµ;ua6aTII'IeCKOM u Bapu

a:u;uoHHOM no;a;xoµ;ax ypoBHU 0Hep:r1m II BOllHOBble q>yHKD;IIII Mel30MOlleKyn, 

KOTOpble IICll01lbl30BaJIUCh µ;1111 pac'IeTa CKOpocTeii penoHaHCHoro o6pano-
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BaHirn: II µ;eaon6y:aq~emrn: Me:J0M0IICKYII, CKOpOCTCiI n;a;epHbIX peaKQUH a HUX 

II K03<pq>UQlICHTOB npIIIIUilaHirn: MIO0H0B K reIIUIO B peaKQllllX MIO0HH0r0 Ka

Tamma ), TO naµ;a•m O MCp;IICHHbIX CT0IIKH0BeHUIIX B CIICTCMC Tpex KJII0H0-

BCKIIX '1aCTUQ µ;o HacTon~ei1 pa6oTbl nccrreµ;onarracb rrnwh an1moµ;11'1ccxn • 

OcHOBHM QCIIb pa6oTbl 

I.J;errbIO pa6oT,bl 6bIJIO pewemte MHOrOMCf)HbIX u MHoroxaml.JlbHbIX naµ;a'1 

pacceirnun, aonmmaro~ux B <pnmme MenoaToMoa, n npuno:;KeHne panau

ThIX MeToµ;on µ;nH paC'ICTa CC'ICHUii 11 CKOpOCTCiI panJIU'1HbIX MenoaTOMHbIX 

npoQeccoa, Heo6xoµ;nMhIX µ;mi: HHTepnpeTaQHH n nnaHnpoBamrn excnepI1-

MeHTOB1 II B CMe:;KHbIX o6JiaCTJJX KBaHTOBOll q>II:JUKU. 

Hay'IHM HoaunHa 

B µ;nccepTaQUU Il0JIJ'1CH pnµ; H0BbIX penyJihTaTOB npIIMCHIITCJibHO K 

1macCH'1CCKOH naµ;a'le KBaHTOBOii: MCXaHUKU - naµ;a'le Tpex TCJI C KJJIO

H0BCKIIM BnanMoµ;eiicTBlICM. Tax, nnepBbIC c<popMym1poBaHbl rpaHH'1HbIC 

ycJI0BlIJJ µ;rrn MHOroKaHaJI,bHOH naµ;a'III paccenmrn, BO:JHUKaIO~eii B aµ;11-

a6aTU'1CCKOM npeµ;cTaBJICHim npu onucaHmI MCp;JICHHbIX CTOJIKHOBCHHH n 

CHCTCMC Tpex KJJI0H0BCKUX '1aCTUQ, B npeµ;ene MaJibIX (R - '0) 11 60Jib

llIUX MC:lK'bHp;epHbIX paCCTOlIHHil ( R - 00 ). Ha 0CHOBC HenpepbIBHOro aHa

nora MeToµ;a HbIOTOHa panpa6oTaH HOBhIII MeToµ; peweHIIH eToii naµ;a•m, 

c er·o IlOM0~bIO BnepBbIC BbIIl0IIHCHbl }.fH0roypoBHCBbIC aµ;ua6aTH"ICCKllC 

. paC'ICTbl np0QCCCOB CTOJIKH0BCHIIH C ncpepacnpeµ;eneHIICM B CHCTCMC Tpex 

KJJI0H0BCKUX 'IaCTiiQ. BnepBbIC uccneµ;oBaHa cxoµ;nM0CTb aµ;ua6aTU'1CCKOro 

panJI0:lKCHIUI: npUMCHIITCJibHO K naµ;a'le 0 MCp;JICHHbIX CTOJIKH0BCHIIHX B Cll

CTCMC Tpex KJJI0HOBCKIIX "IaCTII~ co cpaBHIIMbIMU ·MaccaMII. 'Cxoµ;HMOCTb 

npoµ;eMOHCTpnpoBaHa Ha npnMepe plIµ;a MC:JOaT0MHbIX CUCTCM II B naµ;a'le 0 

pacceJJHIIU BJICKTpOHOB Ha IlOIJHTpOHIIII, rµ;e napaMeTp Heaµ;1rn6aTI1'1HOCTII 

paBeH 1/M ~ 1. 
C noMo~bIO panauTmi: Bbl'IUCJIIITCJibHOll cxeMbl BnepBbIC 'pacc'IllrnH pHA 

MC:J0aTOMHbIX npoQCCC0B II B<pq>CKTOB B <pll:JUKC MenoaTOMOB 11 B HCKOT0-

pbIX CMC:lKHhIX o6nacTnx KBaHTOBoii <pnnnKu. BhlnOJIHCHhI pac•reTbl n 1in- , 

µ;aH aTJiac ce'1eHni1 MenoaTOMHbIX npoQCCCOB B oµ;Hopop;Hblx· CMCCJJX Imo

T0ilOB B0µ;opoµ;a B o6nacTU BHepruii CTOJIKHOBCHIIH 0 - 100 aB MC:JOaTOMOB 

c nµ;paMn, aT0MaM1111 MonexynaMn cMecu. ,ll;o HacTOlI~eii pa6oTbl BTH npo

Qeccbl uccneµ;oBanncb JIUWb ammoµ;n'lecKn. Ilpeµ;Jio:;KeH MeToµ; pac•reTa c1m

pocTeii nµ;epHbIX peaKQ11i1 B MC:J0MOIICKyrrax,c IlOM0~bIO K0TOporo BnepBbie 

Bbl'IIICIICHbl cxopoCTII nµ;epHbIX peaKr.i;11i1 11:J Bon6y:lKp;CHHbIX COCTOHHIIil MC-
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:JOMorrexyrr, a TaK:lKC J'1TCHbl B<pq>CKTbl BIIUHHIIH CIIIIbH0ro B:JaIIMOµ;eiicTBllll 

II Heaµ;ua6aTil'1HOCTII p;Bll:lKCHIIH nµ;ep B 3TIIX COCTOHHlI.llX Ha K03<pq>IIQUCHT 

npnrrnnaHIIH MIOOH0B K rem110 B peaKQIIHX MIOOHHOro KaTarr1ma., BnepBbIC 

Bbl'IIICJICHbl cµ;anrn ypoBHCll 3Heprnu Me:J0MOIICK)'.:JI na C'ICT norrnp1maQmt 

arreKTp0H-Il0:JUTpOHHOro BaxyyMa II yKanaHO Ha BO:JMO:lKHOCTb ux BKCnepn

MCHTaJibHOro ImMepemrn. 

Panpa6oTaHMCTOµ; paC'ICTa lip;CpHbIX peaKQUiI "Ha rreTy" B MC:JOaT0M

HOii: u aToirnoi1 <pnmIKe Tima tµ + d - H e4 + n + µ u d + D - t + d + e B 

o6rraCTII BHeprmi: ,CTOIIKHOBCHilll OTO µ;o HeCKOJibKIIX xaB, c Il0M0~bIO KOTO

poro BnepBbIC BbIIl0IIHCHbl KBaHTOB0MCXaHU'ICCKIIC paC'ICTbl 3TIIX peaKQIIH 

u o6Hapy:lKeHo penoHaHcHoe ycurreHue peaKQIIII tµ + d - H e 4 + n + µ npu 

BHepruII ~ 70eB. Hccrreµ;oBaHa npupoµ;a aToro a<p<peKTa n BO:JMO:lKHOCTII 

ero npOHBIICHIIll B µ;pyrux K~aHTOBbIX CIICTCMax. 

Ha OCHOBC BTIIX panpa60TOK npep;IIO,KCH HOBbIIi: MCTOµ; pewemrn MHO

roMepHoro ypaBHCHirn Illpeµ;1mrepa 6en panµ;erremrn nepeMeHHhIX n µ;aHa 

ero peammaQnn µ;m1 µ;ByxMepHoro u TpexMepHoro cny'laeB. 

IlpaKTlI'ICCKM QCHH0CTb . 

PanBUTM B µ;nccepTaQIUI Bbl'IIICJillTCIIbHM CXCMa µ;nH MHOroypoBHC

BbIX aµ;ua6aTII'1CCKUX paC'ICTOB npUMCHUTCJibHO K naµ;a'le O Meµ;rreHHbIX 

CT0IIKH0BCHilllX B CIICTCMC Tpex xyrroHOBCKIIX '1aCTIIQ ycnellIHO llCilOIIb:JO

BaJiaCb p;Jill onncamrn'panm1'1HbIX MC:J0UT0MHbIX np0QCCC0B: ynpyroe pac

CCJJHIIC MC:JOaTOMOB Ha JIµ;pax, pcaKQIIII 11:JOTOilHOro o6MCHa u nepeBO

poTa cmma MC:J0aTo~m B TUKIIX CT0IIKHOBCHIIJIX. ,ll;aHHblil noµ;xoµ; IlO:JBO

mm TaKJKe J'ICCTb BIIIIIIHIIC BIICKTp0HH0ro 3Kpam1poBaHirn II MOIICKYJI.HpHOII 

cTpyKTYPhl Ha aTn npoQeccbl. IIorry"IeHHble penynhTaTbl .HBII.HIOTCH B Ha

CTon~ce BpCMlI Han6orree T0'IHhIMU n IlOIIHbIMII no o6'beMy. PaccqJUaHHbie 

CC"ICHIIf u CK0p0CTII MC:JOaTOMHhIX. npoQCCCOB HCo6xoµ;nMhl, 1t "JaCTll"IH0 

Y:lKC IICilOIIb:JOBaJIIICb, p;JilI IIHTepnpeTaQUU II nnaHnpoBaHirn BKCnepUMCH

T0B B MC:JOaTOMHOil II MC:JOMOIICKyrrnpHoi1 <pll:JIIKC. HeKOTOpble 11:J norry

'1CHHbIX penyJihTaTO~ Y:lKC noµ;TBCpJKp;CHbl BKcnepIIMCHTaJibHO u µ;pyruMII 

HC:JaBHCUMbIMU paC"JCTaMU. 

Ilpep;rrmKCHHM Bbl'IIICIIIITCIIbHall CXCMa UCil0IIb:J0BaJiaCb TaK:lKC B HCKO

T0pbIX CMCJKHbIX o6rracTJIX KBaHTOBOil qmmIKn, "ITO xapaKTcpunyeT ee µ;o

CTaTO"IHYIO ymrnepcaJihHOCTb. Ilpoµ;eMOHCTpnpoBaHa cxoµ;UMOCTb MCTOµ;a 

B naµ;aqc o pacce.11H1111 erreKTpoHoB Ha nonnTpomm, rµ;e napaMeTp Heaµ;n

a6aTn"IHOCTII paBCH 1/lvf ~ 1, u ero npllMCHIIM0CTb B naµ;aqe 06 BIICK-
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TpOHHOM 0xpam1poBaHn11 uµ;epHbIX peax~mi cnHTena T1ma d + D B o6na

cTu 60JiblllllX 0Heprnii ,cTOJIKHOBCHIIJI 5 - 10 xaB, rµ;e µ;Bn:iKeHne JIµ;ep y)Ke 

Tpyµ;Ho corJiacoBaTb c r1m0Teaoii a;a;11a6aTH'IHOCT1I. B paMxax aToii Bbl'UI

cJinTeJibHOii CXCMbl BblnOJIHCHbl paC'tJCTbI CKOpOCTeii JIµ;epHbIX peax~uii 11 Ha 

JieTy" B MenoaTOMHOii u aToMHoi1 qnmnKe T1ma tµ + d -t H e4 + n + µ 11 

d + D -t t + d + e. PeayJibTaTbl pac"<JeTa nocJieµ;Hei1 peaK~11u Haxoµ;uTcJI 

B xoporneM corJiac11u c pac"<JeTOM no MeToµ;y KJiaccn"<JecKnx TpaexTopnii. 

0TMCTIIM Tax)Ke npnMeHUMOCTb no;a;xoµ;a u B 06JiacTu µ;ucxpeTHoro cnex

Tpa CHCTCMbl Tpex KYJIOHOBCKIIX 'tJRCTll~- B µ;aHHOM noµ;xoµ;e paCC'IHTaHhl 

CKOpOCTU n:µ;epHbIX peax~mi B MC:Jm.mJieKyJiax, KaK 11:J OCHOBHbIX ,TaK 11 11:J 

Boa6y:lKµ;eHHblX COCTOHHUll, II a<J>q>eKTbl BJIHHHHH CHJlbHOro B:JRUMoµ;ei1cTBllH 

II Heaµ;ua6aTll'tJHOCTII µ;Bll)KCHUH JIµ;ep B 0TUX COCTOHHUHX MC:JOMOJICKYJI Ha 

xoa<J><J>n~neHT npuJiunaHHH MIOOHOB K reJIIIIO B peaK~ll.lIX MIOOHHOro xa

Tamma.Bce nepe"<JIICJICHHble penyJibTaTbl B npeµ;eJiax oaµ;aHHOll TO"<JHOCTII 

corJiacy10Tc.1I c 6oJiee nooµ;HnMn Bapna~noHHblMU pac"<JeTaMu. 

Ha ocHOBe BbI'tJIICJIUTCJibHon: cxeMbI,paopa6oTaHHOii Hai.,m µ;JI.II perneHU.!I 

MHOrOKaHaJibHbIX oaµ;a"<J,BO:JHHKarow.nx B MC:JOaTOMHOH <J>1mnKe, npeµ;no

)KCH II pean1moBaH µ;JI.II µ;ByXMepHoro II TpexMepHoro CJiy"<JaeB HOBblll MCTOµ; 

pernemrn MHoroMepaoro ypaBHCHU.!I Illpeµ;narepa, He µ;onycKarow.ero pao

µ;enemrn nepeMeHHbIX. Ila ripocToTe pean1ma~nu oH 6mmox K "npaMblM" 

MeToµ;aM KOHC'tJHbIX 0JICMCHTOB II KOHC'IHblX paoHOCTei1, HO npeBocxoµ;nT 

IIX no CKOpOCTll cxoµ;UMOCTH.' 8TH µ;Ba o6CTOilTCJibCTBa, a TaK)KC TO, '<ITO 

aµ;ecb, KaK u B "np.!IMbIX11 MCToµ;ax, µ;onycKaeTc.!I anpuoparui o~eHKa ero 

TO'tJHOCTH, ;a;enaIOT MCTOµ; npUBJreKaTCJibHbIM, KaK µ;11.!I pernemrn oaµ;a"<J,pac

CMOTpeHHbIX B µ;aHHOii µ;uccepTaQUH B aµ;na6aTU'ICCKOM noµ;xoµ;e, TaK 11 

µ;pyrux oaµ;a•1 KBaHTOBOii <J>n::111:Ku·. 

IlpaKTII'tJCCKaJI OHa'tJUMOCTb penyJibTaTOB ;a;nccepTa~IUI noµ;TBCp:lKµ;a

CTC.!I IIX ycneUIHbIM ucnOJibOOBaHUCM B paoml'tJHbIX Jia6opaTop1rnx KaK B 

CCCP, TaK u na py6e)KOM: OIUIM, IIA8 IIM.M.B.Kyp"<JaTOBa, JIMJl<t>, 

MTB<t>, JirY, Ha~IIOHaJibHblli IIHCTIITYT .1Iµ;epaoi1 <J>xmUKII MTaJIIIII, MH

CTUTYT nM.Il.Illeppepa (IlIBe1i~ap1rn), MHcTnTyT <J>uouxu cpeµ;m1x :mep

rnii ABcTpni1cxon: axaµ;eMim aayx, MacTnTyT n:µ;epami <J>1mux11 11 TCXHUKII 

(Ilonbrna). 

Anpo6a~1rn pa6oTbI 

PeayJibTaTbI, Borneµ;rnne B µ;uccepTa~nro, µ;oKnaµ;bIBaJIIICb Ha Me)Kµ;yHa

poµ;HbIX xoa<J>epea~n.11x no aTOMHoi1 <J>xmnxe (Pnra 1978, ToKuo 1986 ), 
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Me:.Kµ;yaapoµ;HblX KOHq>epeH~II.IIX no Mal'IOHOKl'IOHHblM CUCTeMaM (T6unucu 

1985, CeHµ;ai1, Jlnomrn 1986, BaHKyBep, KaHaµ;a 1989, 8Jib6a, MTan1rn 

1991), Me:.Kµ;yHapoµ;HblX c11MnoanyMax no MIOOHHOMY xaTanuny (ToKno 

1986, raT•mHa 1987, <l>Jiopuµ;a 1988, BeHa 1990), Me:iKµ;yHapoµ;HoM cnM

noo11yMe "BnanMoµ;ei1cTBIIC MIOOHOB II nIIOHOB C BCUJ.CCTBOM ,, ( ,I(y6aa 

1987), Me:iKµ;yaapoµ;aon: UIKOJie no aKOOTII"<JecxnM aTOMaM ( 8p11"<Je, l!Ta

JIU.!I 1989), BcecoIOnHbIX KOHq>epeH~II.IIX no Mal'IOHYKJIOHHbIM CllCTCMaM (Jie

HIIHrpaµ; 1983,KneB 1985), III Bcecoronaoii: rnxoJie no Mano"<JaCTII'tJHbIM 11 

KBapK-aµ;poHHbIM cncTeMaM (IlanaHra 1986), ceccn.ax OTµ;eneHn.11 .aµ;epHoii 

<J>1m11K11 AH CCCP, cecc1rnx cex~1111 Y"<JeHoro coBeTa OMJIM no TeopeT11-

"<Jecxoi1 <J>nm1x11, Ha aay"<JHbIX ceMnHapax OMJIM, IIA8 HM II.B.Kyp"<JaToBa, 

JIIIJl<t>, MT8<t>, B HCKOTopblx napy6e)KHblX Jia6opaTopxrnx . 

Ily611uxa~1m. 

OcHOBHoe coµ;ep:ammie µ;uccepTa~uu oTpa)KeHo B 30 ny6JinKa~n.ax, xo

TOpble np1rneµ;eHbl B CnIICKe JIUTepaTypbI. 

CTpyxTypa II o6'beM pa6oTbI 

,I(uccepTa~U.II COCTOIIT un BBCµ;emrn, IlilTII 
0

rJiaB II naKJIIO'tJCHII.!I. Oaa co

µ;ep)KUT 145 CTpaHu~, B TOM 'tJHCJIC 21 pucyHbK Ha 19 CTpaHH~ax,'12 Ta6Jin~ 

u 6116n11orpaq>u"<Jecxmi cnucox nn 149 HatiMeHoBaHmi. 

ABTop oaw.mu;aeT: 

1. IlocTaHoBKY rpaHII'tJHblX ycnoBnn: µ;nH MHoroxaHaJibH01i naµ;a"<Ju pac

ce.aH1rn, BO:JH11Ka10w.ei1 B aµ;11a6aTH"<JeCKOM npeµ;cTaBJICHUH npu onuca

HUH Meµ;neHHbIX CTOl'IKHOBCHIIH B CIICTCMe Tpex xynoHOBCKHX "<JaCTH~ 

B npeµ;eJie MaJibIX (R -t 0) 11 6011brnnx MC:iK'b.11µ;epHbIX paccTOHHHii 

(R-too). 

2. Paopa6oTxy MeToµ;a pernemrn MHoroKaHMbHOII oaµ;a"<Jn pacce.amrn, 

BOOHHKaroru;eii npu onucamm B aµ;na6aTn"<JecxoM npeµ;cTaBJICHHl-1 Me

µ;rreHHbIX CTOJIKHOBCHIIII B CIICTCMe Tpex xyrroHOBCKHX "<JaCTlI~. 

3. '9:IIcrreHHoe nccrreµ;oBaHiie cxoµ;11MOCTU aµ;na6aTH"<JecKoro paorroJKeiI1rn 

B naµ;a•1e O Meµ;rreHHhIX CTOJIKHOBCHII.IIX B CIICTCMC Tpex KYJIOHOBCKHX 

"<JaCTU~ co cpaBHIIMbIMII MaCcaMII. 

4. PenyJihTaTbI pac"<JCTOB CC'tJCHilli MCOOaTOMHbIX npo~eccoB B oµ;Hopo

µ;HblX CMCC.IIX 11:JOTOnOB BOµ;opo;a;a, KOTOpbie nnµ;aHbI B BIIµ;e aTJiaca 

MenoaTOMHhIX CC'tJCHmi µ;rru o6rraCTII 0Heprnn: CTOJIKHOBCHH.!I 0-100 0B 

MenoaTOMOB c .a;a;paMII, aTOMaMII II MOJieKyrraMn CMeceii H 2 , D 2 II T2 • 
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5. PeoynLTaThl pacqeTOB B MHoroypoBHeBoM npn6nmKemm aµ;ua6aTu

qecKoro noµ;xoµ;a ce•1ettni'1 ynpyroro pacce.llHirn MeooaTOMOB u cKopo

CTit ltOOTOilHOro o6MCHa B CMCCU µ;e:ii:Tepxrn. u TPUTIUI. 

6. MeToµ; n peoynbTaTbl pacqeTa CKOpOCTeii Hµ;epHhIX peaKQnii "tta neTy" 

B MeooaTOMtto:ii: u aTOMHmi ¢uouKe Txma tJt + d -+ H e4 + n + µ u 

d + D -+ t + d + e B o6nacTn 0tteprnii CTOJIKHOBCHirn OT O µ;o HCCKOJib

KIIX x0B. 

7. MeToµ; II penynbTaThl pac•1eTa cKopocTeii Hµ;epHhIX peaKQmi B Meno

MoneKynax, a TaKJKe 0¢q>eKTOB BJilUIHU.ll CUJibHOro BnanMoµ;eiicTBlUI 

II Heaµ;na6aTII'IHOCTII J:\BHJKeHIUI Hµ;ep Ha K00q>q>IIQIIeHT npummamrn 

MIOOHOB K remtIO B peaKQltHX MIOOHHoro Ka.Tamma. 

8. HoBhIH MeToµ; pewemrn MHoroMepHoro ypaBHeHirn IIlpeµ;1tHrepa 6eo 

paoµ;enemrn nepeMeHHhIX u ero peammaQmt µ;nH µ;ByxMepHoro u 
TpexMepttoro cnyqaeB. 

11.Coµ;ep:>Kauue µ;uccepTlli.-u11 

Bo BBeµ;emm K µ;nccepTaQmt µ;aH KpaTKmi o6oop MHoroMepHhIX u MHO

roKaHanbHhIX oaµ;aq pacce.llHIUI, B03HIIKaIO~lfX B MeooaTOMHOlI q>nmIKe. 

0TMeqaeTC.ll, qTo QCHTpMbHOe MeCTO oµ;ecb o.aHIIMaCT _oaµ;aqa O Meµ;neH

HblX CTOJIKHOBCHIUIX B CIICTCMC Tpex KYJIOHOBCKHX qacTIII~ - "MeooaTOM 

+ Hµ;po", pewemrn KOTopoi't He()6xop;nMo nHaTb p;n.ll TeopeTnqecxoro o~u

CaHHH npOQCCCOB pacceHHUH MenoaTOMOB Ha Hµ;pax, aTOMax It MOJieKynax 

Bop;opoµ;ocoµ;ep,Ka~ux cMece1'i:. 0Tl'.reqaeTCH1 'ITO µ;o HaCTO.ll~e1'i: pa6oTbl 

0Tlt oaµ;aqlJ lfCCJieµ;oBMHCb JillWb 0mmoµ;uqecK1I. ,II;aeTCH KpaTKilll o6oop 

ItMeIO~HXCil peoynbTaTOB. Bee OHU nonyqeHbl B oµ;HoypoBHCBOM II µ;By

xypoBHCBOM npn6m1JKemrnx aµ;1m6aTnqecxoro noµ;xoµ;a. 

,II;aHo onncaHue CTPYKTYPhl µ;nccepTaQmt n: xpaTKoe onucamte no rna

BaM. 

B ThaBe 1 "Aaua6amu'l(,eC?COe npeacmao11,e11.ue aaz onucauuz Meaaeu
'11.blX cmo11,1e11.ooe11.uit o cucmeMe mpex 1eyaouooc1eux 'l(,ctcmu-q" ncxoµ;HM oa

µ;aqa B WCCTIIMCpHOM npocTpaHCTBe ( r, R) 0 Meµ;neHHblX CTOJIKHOBCHIUIX B 

CHCTCMC TpeX KYJIOHOBCKUX qacTUQ ( r - KOOpp;HHaTbl MIOOHa, a .R, - pap;1tyc

BeKTOp coeµ;nH.llto~nii Hµ;pa) ¢opMynnpyeTc.ll B aµ;1ta6aTJ1qecKoM npeµ;cTaBnc-

6 
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"" 

HUH KaK MHoroKaHMbHM oaµ;a•m pacceHHUH 

{( 
cF J(J+l)-2m2

) _ 2 } , N 
dR2 - R 2 Di;+ k; - Uii(R) y~(R) = ~ U;;(R)y;(R) 

(1) 
C 6onbWiiM 'IUCJIOM OaKpbITblX KaHaJIOB It CltnbttOli ( HeCTaHµ;apTHOll } CB110bl0 

B aCIIMilTOTil'ICCKOll o6naCTII: npn 6onhWIIX Me)K'bilp;epHbIX pacCTOHHUilX 

R -+ oo 0q>q>eKTIIBHble noTeHQUaJibl U;;( R) IIMCIOT Blip; 

1 1 
Ui;(R) =A;;+ B;; R + C;; R2 (2) 

B § 1.1 OilllCblBaeTC.ll npoQeµ;ypa nepexoµ;a OT MHoroMepHoro ypaBHeHirn 

IIlpeµ;1tHrepa µ;nH ncKoMoi't BOITHOBoii q>yttK~mt cncTeMbl "MeooaTOM +aµ;po" 

'll(r, R) K MHoroKaHanbttOJ'i: oaµ;aqe pacce11ttna {1) c rpaHitqtthIMU ycnoBit

HMII npn R = Rm -+ oo 

y!">(R) = { jJ(k!N) R)i5;., + nJ(k!N) R)t;.,, 
exp( - I k!N) I R), 

rµ;e s- 'UICJIO OTKpbITblX KaHanoB, v = 1, 2, .· .. , s. 

i :::; ~' 
i > s, 

(3) 

Cneµ;yH pa6oTaM 1, noKaobIBaeTc.ll, 'ITO B npeµ;cne N -+ oo acuMnTo

TnKa (3) CUCTCMbl ypaBHCHIII[ cornacoBaHa C ¢1mu•1eCKUMII rpaHJiqHbIMII 

ycnOBU.llMII oaµ;a•1u pacce.llHIUI 11 MCnOaTOM + .llp;po" 1 TO CCTb ycTpaHHeTCH 

Hep;ocTaTOK oµ;ttoypoBHCBbIX u p;ByxypoBHCBblX npu6mtJKCHini aµ;ua6aTII

qecKoro noµ;xoµ;a: HenpaBimbHhIIl nMnynhc k; u HenpaBUJibHoe Haqano oTc

qeTa BHeprun B, KaHane. 06e 0TU Tpyp;HOCTII ycTpaHHIOTCH npn KoppeKTHOM 

yqeTe CBHnH KattanoB {2) B acnMn~oT1P1ecK01i o6nacTII. Tax npu N -+ oo 

BblilOJIH.llCTC.ll. COOTHOWCHUC: 

k-+ k(N)-+ k, rµ;e P = 21\1t:, k[N) = 2MN€, k2 = 2Mc, 

MaMb 
1\1= Nfa+Mb' 

1'1 
l\{N =,= 1 - O'.N' 

M = (m,. + Afa)Mb 
{m,. +.Ma+ l\1b)' 

qTo IlOOBOJiileT KoppeKTHO CTaBUTb rpamt~ble ycnOBUH oaµ;aqu pacceHHllil 

{1 ). B §1.2 ttai'xµ;etta acnMnToTnKa BonttoBoi'x ¢YHKQim oaµ;a•m Tpex Ten 

1 Ponomarev L.I. and Vinitsky S.I.,J.Phys.Bl2(1979)567; Ponomarev L.I., Somov L.N. 
and Vukajlovic F., J.Phys.814(1980)591. 
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w(r, R) B npeµ;eJie Ma1lhlX Me)K'b.!Ip;epHI,IX pacCTO.!IHIIii R -+ 0 11 <f>0pMy

m1py10TC.!I rpamt'IHhle ycJiomrn ::iaµ;aqu pacce.!IHII.!I ( 1) B aToM npeµ;eJie p;JI.!I 

orpaHII'leHHoro aµ;ua6aTU'ICCKoro 6a::mca. B §1.3 cqiopMym1poBam,1 rpa

Hll'IHhle ycJIOBlU[ MHOroKaHaJibHOll oaµ;aqn pacce.!IHII.!I (1) !];JI.!! orpaHit'leH

HOro aµ;ua6aTnqecxoro 6aouca B npeµ;eJie R-+ oo. 
B ThaBe 2 "Henpepb16'H.bli1. aua.1toa .«.emoaa Hb10moua a .«.uoao,caua.1tb-

11,oil. 3aaa1'.e paccezuuz" npeµ;JiaraeTc.!I MeToA pememrn MHoroxaHa1IbHoi'1 

oaµ;aqu pacce.!IHU.!I (1), y'l1tThlBa10mui'1 oco6eHHOCTII (2). B §2.1, cJieµ;yH 

up;e.!IM pa6oT 2 
, oaµ;aqa pacce.!IHU.!I (1), (3) <f>opMyJiupyeTcH B Bnµ;e cu

CTCMhl HCJIUHe11HhlX q>yHKu;noHaJibHbIX ypaBHemu'i 

(11) ( ) 
'P(m) Z = 0 (4) 

v = 1, · • •, s; m = 1, • • •, 5 

OTHOCllTCJibHO UC~OMhlX BOJIHOBOll <l>YHKIJ;lUl y!">(R) II 0JICMeHTOB MaTpllw,I 

peaxu;un t.,., : z = {y(v), t.,.,, c }. 3µ;ecb r.p2 = 0 ii r.p 3 = 0 - rpaHU'IHhle ycJio

BIIiIS'IHThlBaIOmue acUMilTOTUKY CIICTCMhl (1) ( CM.§§1.2-1.3), r.p4 = 0 -
ycJioBne HOpMIIpOBKll . YcJioBue r.p 5 = 0 qiuxcupyeT c = c" TaKHM o6paooM, 

'ITO pemem1e ypa~Hemrn (4) z* coBnaµ;aeT c pemeHueM oaµ;aqn pacceHHHH 

(1), (3) npu c = g* .B §2.2 onucaHa HTepau;noHHM cxeMa pewemrn ypa

BHem1ii: ( 4) C IlOMOmbIO HenpephlBHOro aHa11ora MeToµ;a HbIOTOHa. y CJIOBlle 

<p5 = 0 q>UKCIIpyeT oap;aHHYIO 0Heprmo c = e;• B KOHIJ;e UTepaIJ;UOHHOro 

npou;ecca. · 0TMeTuM, "ITO y6paB aTo ycJioBne no cucTeMhl ( 4) H oaMeHHB 

COOTBCTCTBy10muM o6paooM rpaHU'IHOe ycJIOBllC <p3 = 0, IlOJIY'lllM oaµ;aqy 

Ha co6cTBCHHhle OHa'ICHIIH p;JIH cncTCMhl ypaBHCHHlI (1 ). IlccJiep;oBam1e cxo

p;llMOCTU 11 aqiq>eKTHBHOCTb µ;aHHOro noµ;xoµ;a geMOHCipHp)'lOTCH B §2.3 Ha 

np11Mepe op;HOKaHa1IbHOII oaµ;a•m 1nMe10meii aHa11nTn'lecxoe pewem1e: pac

ceHHIIe Ha noTeHu;m1.JJe Mopoe. B§2.4 npep;JIO:il{CHHhlii: noµ;xoµ; npnMeHHeTCH 

p;JIH pewemrn MHOrOKaHa1IhHOH oaµ;a"lll paccesnurn C p;ByMfl OTKphlThlMll 11 

60JibllIUM 'lIICJIOM O~Kp·hl;~x IrnHaJIOB ( ~ 50I)), BOOHii~·a10mei'1 npu om1ca

Hllil B aµ;ua6aTu'lecKoM npeµ;cTaBJICHllll ynpyroro pacce.!IHUH 11 peaxu;11n 

nepeBopoTa CUUHa pµ-aToMa npu CTOJIKHOBeHIIU C npoTOHaMu. "C!ucJieHHO . 

µ;eMOHCTp11pyeTCfl cxoµ;IIMOCTb aµ;ua6aTU"ICCKOro paaJIO)l{CHirn !];Jill MaKCII

Ma1lbHOro B q>HOUKC MCOOaTOMOB napaMeTpa Heap;na6aTU"IHOCTll 1/M = 
0.2. 

2Ponomarev L.1., Puzynin I.V. and Puzynina T;P. J.Comp:Phys.13 (1973)1; )KHAKOB 
E:n., l\lai.:ape1iKo f.11., Ilym,1111111 ll.B., 3qAJl,4 {1973)127. 
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B ThaBe 3 "llpu.«.eueuue .«.emoaa a.1t.z pac1'.ema ce1'.eHUU u c,copocmeit 

MC3oamo.«.Ub1X npo1{eCC06 6 c.«.ecu· U30ffi0n06 aoaopoaa" paCCMOTpCHHO 

IlpllMeHCHlIC paoBUTOli B rJiaBaX 1 ll 2 Bhl'IIICJillTCJibHOli CXeMhl p;llfI paC'ICTa 

xapaKTepncTIIK npou;eccoB,npoucxoµ;Hmux npu oaMeµ;Jiemm MeooaToMoB B 

BOp;opoµ;ocoµ;ep)l{amux CMCCfIX OT HCCKOJibKUX AeC.!ITKOB 0B µ;o TCilJIOBhlX 

aHepruii c~ 10-2 aB). Croµ;a OTHOCfITCfl : 

a) ynpyroe paccefIHlle MeooaTOMOB B OCHOBHhlX COCTOfIHllfIX 

( Q/l) + ( a, b )-+ (aµ) + ( a, b) ) (5.a) 

b) peaKIJ;IIII llOOTOilHOrO o6MeHa 

(bµ)+a-+(aµ)+b (5.b) 

c) peaxu;m1 nepcBopoTa cmma MeooaTOMa 

a(jj) +a-+ a(j !) + a (5.c) 

,I(JIH pacqeTa ceqem1ii aTilX npou;eccoB Tpe6yeTcfl pemIITb oaµ;a~y o Me

µ;JieHHhlX CT~JIKHOBCHII.!IX ( 0Heprirn CTOJIKHOBCHil.!I He npeBhllliaeT nopora 

BToporo BOofiy)l{p;eHHOrO COCTOfIHII.!I MCOOaTOMa ) C nepepacnpep;eJieHUeM B 

CIICTCMC Tpex KYJIOHOBCKUX 'laCTI-Iu;. Ilpep;JIO;KCHHM B npep;hlp;ymux rJiaBax 

cxeMa IlOOBOJI.!IeT TaK)l{C Y'lllThlBaTb BJilifIHIIC aJieKTpOHHOro axpaHnpoBa

Hllfl n MOJieKym1pHon CTPYKTYPhl B 60Jiee cJimKHhlX MeooaTOMHhlX npou;ec

cax Tuna 

(aµ)F + {(D2){,(DT)[}-+ (aµ)F, + {(D2)f,(DT)f}, (6) 

rµ;e i = k, v, k u v BpamaTeJibHoe n KOJie6aTeJibHOe KBaHTOBhle qncna Mo

JieKyJI T2 n DT, I - cmrn MoJieKyJihl, F - cmm MeooaToMa. B §3.1 µ;aeTCfl 

xpaTKlIU o6oop peoynbTaToB,nonyqeHHbIX B aToii o6nacTu K MOMeHTY Bhl

noJIHCHllfl µ;aHHOII pa6oThl. B §3.2 npeAcTaBJICHhl peoynbTaThl Hamnx MHO

roypoBHeBhlX aµ;na6aTit"recxux pac"ICTOB ce'leHun npou;eccOB (5.a), (5.b) 11 
µ;eMOHCTpnpyeTC.!I cxop;UMOCTb MeToµ;a. IlpoBeµ;eHo cpaBHCHIIC C peoyJib

TaTaMu µ;pyrnx aBTOpOB, npeµ;npIIHIIMaBllIIIX nonhlTKll yqeTa Heaµ;na6a

Tll'IHOCTII p;BII)l{CHilfl .!Ip;ep B 0TllX npou;eccax B paMKaX p;ByxypoBHCBhlX 

npu6JIII)l{eHitn. Pac'luTaHHM B MHOroypoBHCBOM aµ;ua6aT11'lecKOM noµ;xoµ;e 

c~opOCTb ·uooTOilHOrO o6MeHa 

(dµ)+t-+(tµ)+d 
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npeKpaCHO corrracyeTCH C aKcnep11MeHTaJibHhIMII µ;aHHhIMU II peoyrrbTaTaMu 

JIJ'IWUX BapnaQU0HHhIX pac'!eToB, B TO Bpeirn, KaK peoyrrbTaThI µ;Byxypo

BHeBhIX annpOKC.HMaQnii cy~eCTBeHH0 OT HUX OTJIU'IaIOTCH. B §3.3 onu

CaHa cTpyKTypa pacc'!lmurnoro HaMu aTrraca ce'-IeHnii: MenoaT0MHhIX npo

QeccoB (5.a), (5.c) B oµ;Hopoµ;HhIX CMecHx unoTonoB Boµ;opoµ;a H
2

, D
2 

u T
2

• 

IIpoBeµ;eHo cpaBHeHue C HMe10w;uMUCH ,D;Byxyp0BHeBhIMH annp0KCUMaQu

HMll. PaC'IlITaHHhle t-MaTpUQhI npoQeCC0B (5.a), (5.b), (5.c) UCIT0Jib00Ba

JllICb HaMu B Ka'IeCTBe BXO,D;HOII 1mcf>0pMaQm1 npH y'IeTe acf>cf>eKTOB arreK

TpOHHoro aKpaH11poBaHirn II MOJieKyrrHpHoii CTpyKTJphI B 6orree CJI0:iKHhIX 

peaKQHHX (6). CxeMa aTux pac'!eToB uorro:iKeHa B §§3.4 JI 3.5. PeoyrrbTaThI 

pac'!eTa peaKQIIii: (6) B oµ;Hopoµ;HbIX cMecHx H2 , D2 u T2 TaK:a..e uoµ;aHhI B 

BJIµ;e aTrraca MeooaT0MHbIX ce'-IeHm'i:. OTMeTnM, 'ITO µ;o HaCT0Hm;ero Bpe

MeHu 9TU pac'!eThI M0JieKyJIHpHbIX acf>cf>eKTOB HBJIHIOTCH eµ;nHCTBeHHhIMH, 

IICKJIIO'IM OQeHKlI acf>cf>eKTa, BhIIT0JIHeHHbie B paMKax Moµ;errJI <PepMJI. IIorry

'IeHHhle penyJibTaThI 'IaCTU'IH0 y:arn HCIT0Jib00BaJIJICb ,D;JIH aKcnepHMeHTaJib

.HhIX µ;aHHbIX. B §3.6 paccMoTpeHo npuMeHemre npeµ;rro:iKeHH01'i: B rmtBa,x 1 u 

2 Bbl'IJICJIIITeJibHoii: cxeMbI µ;rrH pac'-IeTa B0JIH0BbIX cf>YHKQHII TpexTeJibHbIX 

cucTeM (aµ) + b, KOT0pbie 11cnorrboy10Tc1I ,a;rrH om1camrn Hµ;epHbIX peaKQHII 
"Ha rreTy" 

(tµ)+d-+He 4 +n+µ. 

. O6Hapy:iKeHO peooHaHCH0e ycurreHne CK0pOCTII 9TOII peaKQIUI npu aHep

rnu ~ 70 a)3. IIorry'IeHbI np0CThle cf>opMJJibI~ 0ITUCbIBa10w;ue noµ;o6Hble 

acf>cf>eKTbI B Ce'IeHU.!IX Hµ;epHbIX peaKQIIII X( a, b )Y oa C'-IeT µ;o6aBO'IHoro K 
KJJIOHOBCK0MY BOaUMoµ;ex'i:cTBIUI BO BX0,D;H0M KaHarre. 

IIpeµ;rro:arnHHM BbI'IUCJIIITeJibHaJI ·cxeMa np11MeHirMa He T0JibK0 B o6rra

CTU ITOJIO:lKIITeJibHbIX aHeprm'i: CT0JIKH0BeHII.II, HO TaK)l(e u B o6rraCTII OT

pHQaTeJibHbIX aHepruii, ,D;JI.!I Haxo:a..µ;emrn CBH0aHHbIX COCTOHHUII B CUCTeMe 
Tpex KJJI0H0BCKHX 'IaCTHQ. 

B ThaBe 4 "Ilpu.n.o:Heenue Memoda 6 cMe:HCUblX 06.n.acmzx Me3oamoM

nou,. amoMnou u zdepnou giu3u'/Cu" µ;eM~HcTpIIpJIOTCH B0□Mo:a..HocTn Me

Toµ;a µ;rr.11 pewemrn pa□Hoo6pa□HbIX oaµ;a'I TaKoro Tima, B00HIIKa10w;1rx B 

q>HOIIKe MIOOH0B, a TaK)Ke ero npuMeHUM0CTb B CMe:lKHbIX o6rraCT.!IX aT0M

HOll II Hµ;~pHOII cf>u□11K11: B o6rracTn 6orree BbIC0KJIX aHeprHii II npII 0TCJT

CTBHH napaMeTpa MaJIOCTII B oaµ;a'Ie. B §4.1 npeµ;cTaBJieHhI peoyrrbTaTbI 

pac'!eTa B aµ;ua6aTn'IecKoM noµ;xoµ;e cKopocTex':i: Hµ;epHbIX peaKQIIn cJIHTeoa 

B MeOOMOJieKyrrax T.!I:lKeJibIX llO0T0II0B Boµ;opoµ;a u npoB0,D;IITCH cpaBHCHUe C 
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6orree nooµ;HIIMII BapnaQII0HHhIMU pac'!eTaMII . lIHTepec x npo6rreMe MIO0H

H0ro 1rnTarrnoa nocTaBim oaµ;a'Iy 06 orrpeµ;errem1n BeJIII'IUHhI l'xoacf>c{>uQu

cHTa npnmmamrn" MIO0H0B K rcm110 B peaKQU.!IX MIO0HHoro xaTarr1ma B 

CMeCU µ;ei1Tep1rn II TpIITU.II. B paMKaX npeµ;rrmKeHH~ro B pa6oTe 3 noµ;xoµ;a 

c II0MOll.l;blO BhI'IIICJIUTCJibHOII CXCMbI ,IIOJIO)l{eHHOll B rrraBaX. 1 ·u · 2 ,anepBbie 

paCC'-UITaHbI acf>cf>eKTbI BJIU.IIHII.!I CIIJibH0ro B□auMoµ;eiicTBUH u Heaµ;ua6aTU'I

H0CTJI µ;Bu:a..eHn.11 Hµ;ep B Boo6y:a..µ;eHHhIX cocT0.IIHII.IIX ·MenoMorreKyJI ddµ JI 

dtµ Ha Koacf>q>uQIIeHT npnmmamrn. 3,a;ecb npeµ;cTaBrreHbI TaK:a..e penyJib

TaThI nepBbIX aµ;ua6aTU'IeCKllX pac'IeTOB acf>cf>eKTOB IT0JIHpII0aQUJI BaKyyMa 

B Me00M0JieKyrrax, K0TOpbie npoµ;eM0HCTpIIp0BaJIII B00M0)KH0CTb aKcnepu- . 

MeHTaJibHOro II0MepeHU.II 9TOIUI BeJIU'IIIHbI B crra6ocBm:3aHHhIX C0CTO.!IHHHX 

ddµ JI dtp,. llorro:lKeHHaJI B rrraaax 1 n 2 BhI'Incm1TeJibHM cxeMa npuMe

HIIMa ,D;JIH OilIICUHU.II MCµ;JieHH~IX CTOJIKHOBeHnii H CB.II0aHHbIX COCTOHHUII B 

CHCTeMe Tpex '-IaCTIIQ, XOT.!I 0Ha cf>opMarrbHO He coµ;ep:iKnT orpaHU'IeHllll Ha 

rpaHHQY uccrreµ;yeMOII 06rracT11 :meprn11. B §4.2 aTOT noµ;xoµ; ycnewHo uc

II0Jib00BaJIC.!I µ;rr.11 pac'!eTa acf>cf>eKTOB arreKTp0HH0r0 aKpaanpoBaHIUI B peaK

QlUI d -· D cuHTeoa. 3µ;ecb Mbl npoµ;a11Hym1cb B o6rracTb 6orrbwnx aHepruii 

CTOJIKHOBeHni1 5-10 KaB, rµ;e µ;Bn:a(eHne .11,iep y:lKe Tpyµ;Ho cornacoBaTb c 

rHilOTeooii aµ;ua6aTH'IHOCTU. IIpeµ;cTaBJieHHbIC peoyrrbTaTbI corJiacyIOTCH 

C µ;aHHbIMH.,II0JIY'IeHHbIMII no MeToµ;y KJiaCCil'ICCKIIX TpaeKTopui1. B §4.3 Ha· 

npIIMepe pac'!eTa Ce'ICHIIII pacce.lIHII.II arreKTp0H0B Ha IlO0IITp0HIIII µ;eMOH

CTpupyeTC.!I CX0,D;IIM0CTb aµ;ua6aTII'IeCKOro npcµ;cTaBJieHUH B crry'Iae 6orrb

woro napaMeTpa Heaµ;na6aTU'IHOCTII B oaµ;a'Ie. Cxoµ;uMOCTb B aToM crry'Iae 

o6ycrroBJieHa, IT0-BU,D;HM0MY, MaJI0CTblO Heµ;nar0HaJibHhIX MaTpil'-IHhIX arre

MeHTOB B ClICTeMe ypaBHeHnii (1). 

B ThaBe 5 "Hoablu Memod pewenuz M'ILozoMep'ILoil 3ada""u paccez'ILuz 

6 'IC6ll'H,ffi060il !PU3U'ICe" norraraeTCH HOBblll MeToµ; peweHU.!I MH0roMepHoro 

ypaBHeHII.!I lllpeµ;xrnrepa,He µ;onycKa10w;ero paoµ;erremrn nepeMeHHhIX. IIpeµ;

rraraeTc.11 TaKoe 0606~em1e pacCMOTpeHHOll B rrraBax 1 lI 2 BhI'-llICJIIITeJib

HOll cxeMhI, B KOTOJ)OM ycTpaHcHa Han6orree Tpyµ;oeMKaH 'IaCTb aµ;na6aTn

.. ICCKoro II BapnaQII0HHoro noµ;xoµ;oB: Bbl'UICJICHIIC MaTpII'IHhIX arreMCHT0B 

raMIIJibT0HUaHa B oaµ;attHOM npeµ;cTaBncmrn. IIµ;e.11 noµ;xoµ;a uonaraeTC.!I B 

§5.1. .Il:rrH '-IaCTII nepeMCHHbIX n II0 npocTpaHCTBa He0aBJICUMhIX nepeMeH

HbIX x = { R, n} ucKoMoir BorrHoaoi1 cf>YHKQnu 1J1 ( X) BBo,a;nTcH pa□H0CTHM 

3 Bogdanova L.N., Bracci L., Fiorentini G., Gerstein S.S., Markushin V.E., Melezhik 
V.S., Menshikov L.I. and Ponomarev L.I. Nucl.Phys. A454(1986)653. 
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CeTKa f2;( i = 0, 1, · · · , N j paCCTOHHlle Me:llq~y yonaMU CeTKU XapaKTepn

oyeTCll maroM ceTKII h), OHa'ICHll.!I n; paccMaTpllBaIOTCll KaK µ;ncxpeTHbie 

nepeMeHHbie, a nepeMeHHM R ocTaeTca HenpepbIBHOH. IIcxoµ;Hoe-MHoro

MepHoe ypaBHeHue illpeµ;1rnrepa annpoxcnMupyeTcH npu aTOM cucTeMoH 

µ;mpcpepem~nanbHO - panHocTHbIX ypaaHeHn11 µ;nn BCKTopa {'1';(R)}f" = 
'11(R, n;). PanHOCTHYIO CCTKY n; µ;na "BHYTPCHHIIX" nepeMeHHbIX n MO)KHO 

BBecTn pannnqHbIMII cnoco6aMn. Ilpeµ;naraeMbIII oµ;ecb noµ;xoµ; 6mmox K 

"discrete variable representation" 4. B §5.3 noxaoaHo, KaK B npeµ;naraeMoM 

noµ;xoµ;e nepeHTU K npeµ;cTaBnCHIIIO ,, discrete variable representation" µ;nH 

µ;ayMepHoH oaµ;aqu. B §5.2 oaµ;aqa pacce.!IHll.11 µ;n.11 nonyqeHHOH cucTeMbI 

µ;ucpcpepeHI~HanhHO - panHOCTHbIX ypaBHemu'i cpopMymrpyeTC.11 aHanornqHO 

IIO)l;XOµ;y §2.2 KaK CIICTeMa <pyHKQlIOHanbHbIX ypaBHCHUII 

'f'(m)(z) = O; m = 1,··•,5 

· OTHocnTenbHO BCKTopa z = {'1Ji (R),c:, tt.,}. 
B TaKOM noµ;xoµ;e Bonpoc o ToqHocTu pewemrn MHoroMepHoH oaµ;aqu 

pacce.11HII.11 CBO)J;IITC.11 K Bonpocy, µ;ocTaTO'IHO panpa6oTaHHOMY B Bbiqucnu

TCnbHOH MaTeMaTIIKC1 0 CXO)J;IIMOCTII nonyqeHHOrO B npocTpaHCTBC Xh = 
{R, n;} pememrn {'11; (R), tt.,} K pewemrro UCXO}l;HOII oaµ;aqu {'1'(R, n), t.,.,} 
B X = { R, n}. 3To oco6eHHo np1rnnexaTenbHO, ecnu yqecTb TO 06cTo.11-

TenhCTBo, qTo uccneµ;oBaTb CXO)J;UMOCTb MCTO)J;OB,ncnonboyro~ux panno-· 

iKeH:ne ucKoMoH BOnHOBOI'i cpyaxumr no TOMY nnu 1rn0My aµ;:na6aTnqecKoMy 

( umr BapuauuoHHOMY) 6anucy, MO:,KHO JH!lllb 'IHCJieHHO. . 

B §5.3 MCTO)J; npIIMCHHCTC.11 p;n.!I pernemrn p.!Iµ;a µ;ByMepHbIX oaµ;aq: pac

CC.!IHUC Ha HeccpepuqecKOII noTeHunanhHOII .11Me, "gunonbHoe" paccenH11e, 

aTOM Bop;opoµ;a B oµ;Hopop;HOM MarHUTHOM none. Bo Bcex 0TIIX npnMe

pax MCTO}l; CXO)J;HTC.11 6bicTpee,qeM 1/N!. B §5.4 paCCMOTpCHO pernemre 

TpexMepHoro ypaBHeHn.11 ill peµ;1rnrepa 6eo panµ;enelin.!I nepeMeHHbIX Ha npu

Mepe pacqeTa aHeprmr cB.11ou aToMa remrn. B npeµ;naraeMOM noµ;xoµ;e no

nyqeHa µ;ByXCTOpOHH.!I.!I CXO)J;IIMOCTb K pememrro, qTo µ;eMOHCTpnpyeT acp

cpeKTIIBHOCTb MCToµ;a no cpaBHCHIIIO C "np.!IMbIMII" MeTop;aMII KOHeqHbIX 

aneMeHTOB 11 KOHeqHbIX panHOCTCII. 

Iloµ;qepKHCM p;Ba o6CTOJITCnbCTBa, KOTOpbie µ;enaIOT MCTO)J; np1rnneKa

TenbHbIM npnMCHIITCnbHO K perneHUIO panm1qHbIX oaµ;aq KBaHTOBOH cpu

OUKH: no npoCTOTC reHepauuu MaTpIIUbI KoacpcpuuueHTOB CIICTCMbI µ;ncpcpe-

4Lill J.V., Parker G.A., and Light J.C. Chem.Phys.Lett.82 {1982) 483. 
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peHuuanbHO - panHOCTHbIX ypaBHCHUII MCTO}l; 6nuooK x "np.!IMbIM" MCTO

µ;aM, oµ;HaKO cy~eCTBCHHO npeBOCXO)l;UT IIX no cxopoCTII CXO)l;llMOCTII. 

B 3aKnI0'1CHIIII ccpopMynupoBaHbI OCHOBHbIC peoynhTaTbI nony"leHHbIC 

B µ;nccepTauun. 

111.OcuoBHhie JJe0yJihTaThl H BbIB01J;l>I_. 

1. B µ;11ccepTau1111 BnepBbie ccpopMynnpoBaHbl rpaH11qHbie ycnoBirn µ;na 

MHoroxaHanbHOII oaµ;aqn pacce.!Imrn, BOOH11xaro~e11 B aµ;ua6aT1Ne

cKoM npeµ;cTaBnCHIIII npu onucaHIIII Meµ;neHHbIX CTOnKHOBCHilll B Cll

CTCMC Tpex KynoHOBCKIIX "laCTIIU B npeµ;ene ManbIX ( R -+ 0 ) 11 6onb

lllllX MCiK'b.lI}l;epHbIX paccTOJIHIIU: ( R -+ oo ). 

2. Panpa6oTaH HOBbIH MeToµ; pememrn MHoroxaHaJihHOH oaµ;a'Ill pacce

.lIHirn, C nOMO~blO KOToporo BnepBbIC BblnonHCHbI MHOroypoBHeBbIC 

aµ;na6aTnqecxne pac'IeTbl npoueccoB cTonKHOBCHIIJI c nepepacnpeµ;e

neHneM B CUCTCMC Tpex xynoHOBCKIIX -qacTIIU. 

3. BnepBbIC IICcneµ;oBaHa CXO)l;IIMOCTh aµ;ua6aTII'1CCKOro pannO)KCHll.!I B 

oaµ;a•1e O Meµ;neHHbIX CTOnKHOBeHllllX B CIICTCMC Tpex xynoHOBCKIIX 

'IaCTIIU co cpaBHUMbIMll MaccaMII. 

4. BbinonHeHbI pac•IeThl 11 uoµ;aH aTnac ce'1eHun: MeooaTOMHbIX npouec

coB B oµ;Hopoµ;HbIX CMCC.!IX IIOOTOilOB BOµ;opoµ;a B o6naCTII aHeprnii: 

CTOnKHOBeHIUI O - 100 aB MCOOaToi-mB C .11µ;paMn, aTOMaMII 11 MOne-

xynaMII cMeceii: H2, D2 u T2 . 

5. BnepBbie Bbl'1HCneHbl B MHOroypoBHeBOM npi16nI1)KeHIIII aµ;11a6aTU'1e

cxoro noµ;xoµ;a CC'1CHll.!I ynpyroro pacceJIHIIJI MCOOaTOMOB 11 CKOpOCTh 

HOOTOnHoro o6MeHa B CMCCII µ;e11Tepm1 ll TpIITII.!I. 

6. Panpa6oTaH MCToµ; pac•1eTa cxopocTet1 .!Ip;epHbIX peaxuu11 "Ha neTy" 

B MeooaTOMHOII II aTOMHOII cp11ouxe Tnna tµ + d -+ H e4 + n + µ II 

d + D -+ · t + d + e B o6nacTII aHeprnii: cTonKH0BeH1rn: O'I; 0 µ;o Hecxorrh-. 

KIIX xaB. BnepBbie BbinonHeH KBaHTOBO-MexaHH"lecxuii pac"leT aTIIX 

peaxuni'r II o6Hapy:lKeHo peooHaHcHoe yc11nemrn peaxu1m tµ + d np11 

aHepruu ~ 70 aB. IIccneµ;oBaHa npupoµ;a aToro acpcpexTa II BOOMO:lK

HOCTII ero npO.!IBnCHIIJI B µ;pyrux KBaHTOBbIX CllCTCMaX. 
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7. B ap;ua6aT11qecxoM npep;cTaanemm abiqucneHbI BOJIHOBbie q>yHxnm1 
MeoOMOJieKyJI, qTo p;ano BO:JMO:lKHOCTb anepBbie pacc•mrarb CKOpOCTll 
'Hp;epHbIX peaxnnii B Me:JOMOJiexynax, a TaK:lKe yqeCTb aq>q>eKTbI BJIIUI
HIIH CUJibHOro B:JanMoµ;eiicTBJUI 11 Heaµ;ua6aTJlqHoCTU )l;BU:lKeHirn Hµ;ep 

Ha xoaq>q>m~neHT npmi:nnamrn MIOOHOB K rem110 a peaxnm1x MIOOH
Horo xaTan1ma. 

8. Bnepable paCC'IIITllHbl ceqemrn pacceHHJUI aneKTp0H0B Ha Il0:JUTpo
HUU B aµ;1m6aTuqecKOM npeµ;cTaBJieHJm. Ilpoµ;eMOHCTp~1poBaHa cxo
)l;lIM0CTb nocnep;Hero B cnyqae 6onbworo napaMeTpa Heap;ua6aT11qHo
cT11 a aaµ;aqe. 

9. Ilpep;no:lKeH HOBbIH MeToµ; peweHUH MHoroMepHoro ypaaHeHJrn Illpe
µ;11Hrepa 6eo paoµ;enemrn nepeMeHHbIX, 11 µ;aHa era pean11oanm1 µ;nH 
µ;ayxMepHoro II TpexMepHoro cnyqaea. Ila npocToTe pean1manu11 npeµ;
JIO:lKeHHbIH noµ;xoµ; 6mmox x "npHMbIM" MeToµ;aM K0HeqHbIX aneMeH
T0B 11 K0HeqHbIX paoHocTeii:, HO npeaocxoµ;uT nx no cxopocTII cxoµ;n
M0CTJI. 8T11 µ;aa o6cTO.llTeJibCTBa µ;eJiaIOT MeT0)l; npuBJieKaTeJibHbIM, 
xax µ;nH pewemrn oaµ;aq,.paccM0TpeHHbIX B µ;uccepTan1111 B aµ;na6aTn
qecxoM npeµ;cTaBJieHim, TaK 11 B µ;pyrux oaµ;aqax KBaHTOBOH q>11011K11. 
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