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Ilponeccu, npOHCXO,IiH~He npH OCTaHOBKe OTpHUaTenbHO aapa

xeHHWC M83OHOB B Be~eCTBe, B nocne,IiHHe rO,IiU CTanH Ilp8,IiM8TOM 

OXHBn8HHWC ,IiHCKyccult, 3KCnepHM8HTanbHWC paCloT H TeopeTHtJ8CKHX 

HCCnB,IiOBaHHlt, liHTepec K 3TOlt oClnaCTH ~H3HKH onpe,IienneTCH H8CKOnb

KHlffl OClCTOHTenbCTBrum. 

Ilpe:llt'Ae Bcero, ueaoaToMHue H MeaouoxexynnpHue nponeccu 

B Be~eCTB8 HHOr,Iia cy~eCTB8HHUM oelpa3OM onpe)ienHDT nocne)iyD~He 

CTB.nHH aaxBaTa OTPHUaTenbHl:OC M83OHOB H,IipaMH aTOMOB/I/. 

KpoMe Toro, IlOBWlleHHe TOtJHOCTH H3MepeHHR ~YH,IiaM8HTanbHliX 

KOHcraHT ~H3HKH aneMeHTapHwc tJaCTHti (HanpHMep, raKHX KaK MarHHT

HUe MOMCHTl,I npOTOHa H JI{ -M830Ha) TpeClyeT yt1eTa ,IiOBOnbHO TOHKHX 

. aqxllexroB, oClycnoBneHHWC uonexynapHw cTpoeHHeu cpe,Iiu, B KOTopon 

IlO,!iOClHue U3MepeHHH npoBO,IiHTCH/21. 
nanee,oTpHUaTenbHl,18 M83OHI,[ nocne OCTaHOBKH B Be~eCTBC oOpa-

3YDT C H,IipaMH ero aTOllOB BUCOKOBO3OYlt,l1;8HHU8 ueaoaTOMU, HaytJaH 

cnexTpu xanyt1eHHH no,Iio6Hwc ueaoarouoB, MOlltHO nonytJHTb HH~opua

UHD o pacnpe,IieneHHH anexTpHt1ecxoro aapH,Iia B H,!ipax/31. 
HaxoHen, CO3,IiaHH8 Clonee COBepmeHHOlt 3KCnepHll8HTanbHOlt anna

paTypu IlO3BOnHno ycTaHOBHTb H ,Ii8TanbHO H3YtJHTb raKHe aqxlleKTU, KaK 

BnHHHH8 XHMHtJ8CKOlt CBff3H li8llt.IiY aTOMAMH Be~eCTBa Ha BepOHTHOCTb 

H,Ii8pHoro 3al1BaTa 1r--ue30HOB/4- 61. C TOtJKH apeHHH npelltHHX npe,Ii

CTaBneHHR o uexaHxaue ueaoaTOMHUX nponeccoB oCluapyxeHue Taxoro 

po,Iia aqxlleKTOB 6uno HeKoTopoR H8OlltH,IiaHHOCTbD, IlOCKOXbKY XHMHtJec

KHe CBORCTBa Be~eCTB onpe,Ii8XHDTCH BH8filHHMH aneKrpOHHUMH oClonotJ

KEWH, paauepu KOTOPl:OC ( ,--./10-8 cu) HaMHOro npeBW!laDT pa,IiHYC 

,D;eRcrBHH MBPHWC cxn ( rv ro-I.3 cu), a TaKllte BenH'IJHHY ueaoaTOMOB 

(Nlo-11cu),c ypoBHelt KOTOPUX npOHCXO,IiHT H,Ii8pHHlt aaxBaT • 
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IlonliTKH HHTepnpeTHpOBaTb nocne,v;HDD rpynny q>a.KTOB npHBenH· 

K cy~eCTBeHHOMY YTOqHeHHD KapTHHli saxBara OTPHUaTenbHliX Meso

HOB B Be~ecTBe/7, 81. 
IlepBaH CBH3HaH KapTHHa npoueccoB, KOTOpue npOHCXO,D;HT npH 

TOpMoxeHHH H 3axBaTe Me30HOB B Be~eCTBe, cnoimnacb K aaqaJiy 

60-x ro,v;oB nocne paOoT wepMH H Texnepa/9/, BallTuaHa/IO/, Ila

Ho~cKoro H .v;p.lII/, nsa, Cnoy, Caqepa/121, ansenoepra H Rec

cnepa/IJ/, ReoHa H BeTe114/ H ,v;p. CornacHo npe,v;cTaBneHHHM, pas

BHTW4 B sTHX paOoTax (cu. rnaBy I ,v;uccepTaUHH), npouecc Topuo

xeHHH H 3aJ:BaTa Me30HOB Sl,llpOM npOHCXO,D;HT B HeCKOJibKO CT~Hll, H3 

KOTOpliX OTMeTHM rnaBHlie: 

I. 3aue,v;neHHe M830HOB OT CKOpOCTeff ,r~c ,D;O CKOpOCTeff 

'rT~.J.. C. • 

2. TopMOllteHHe OT cKopocTeff ,r,-, .I..C. ,D;O TenJIOBHX ir saxBaT 

H3 HenpepliBHoro cneKTpa B ,D;HCKpeTHHR, TO ecTb nepexo,v; B BliCOKO

B030YJt,D;eHHOe COCTOHHHe uesoaToMa. 

J. Ilpoueccli ,v;eB030Yllt,lleHHH (nepexo,v; M830HOB C BliCOKHX opOHT 

VI >>1. Ha cpaBHHTenbHO HH3KH8) H, B qacTHOCTH: 

a) pa,v;uauHoHHHe nepexo,v;u (sHeprun nepexo,v;a yHOCHT 

'( -KBaHT)j 

o) oxe-nepexo,v;u B usoJIHpOBaHHOM aToMe (sHeprun yHOCHT 

aTOMHliR 3JI8KTpoH). 

4. PeaKUHH uex,v;y Sl,llpaMH H M830H8Jffl Ha HHlltHHX ypoBHHX 

M830aTOMa. 
liaKOHen, npH CTOnKHOB8HHK uesoaTOMOB C "HopMMbHLWH" aTOMa-

MH MoryT npoKCXO,D;HTb peaKUim: 

5. IlepexaaT, oOpasoBaaHe uesouoneKyn, Sl,llepaua saxaar ueso

HOB npH CTOnKHOB8HHHX uesoaTOMOB H T • .v;., KOTOplie B pSl,lle cnyqaeB 

cy~eCTBeHHO H3MeHHDT reqeHHe CT~H2 J) H 4). 
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CY111eCTBeHHo, qTo B usnoxeHHoa cxeue nponeccoB HHr,v;e He 

npHHHMaeTCH BO BHHMaHHe TOT q>a.KT, qTo Be~ecTBa, KaK npaBHJIO, 

nocTpoeHu He H3 aTouoB, a H3 uonexyn. Ilepaoe yxasaaue Ha To, 

qTo q>a.KT 3TOT yqHTliBaTb HeOOXO,D;HMo, Olino nonyqeHo B onuTax Ila

HO~CKoro H ,v;p.lIII, HO HHTepnpeTupoaaao HenpaBHnauo. B ynouaHy-
. 

Toa paOoTe usyqanaca peaxuua nepesapa,v;KH 

w--tf 1r• _ n + L.zr. (I) 

(OcoOeHHOCTb 3TOff peaxnuu COCTOHT·B TOM, llTO OHa H,D;eT TOnbKO 

Ha Sl,llpax ·. BO,D;Opo.v;a. IlpH norJI0~8HHH 11:--11e30Ha npoTOHOM cnOlltHOrO 

Sl,llpa u.v;eT ,v;pyron npouecc - pasBan Sl,llpa.) 

IlpH 3T011 OKasanoca, llTO peaKUHD (I) MOlltHO HaOJID,D;aTb TOJibKO 

B llHCTOM ao,v;opo,v;e H2. , B TO BpeMH KaK B ~coe,v;uHeHHax THna l,H 
H llO,D;00HliX HM Olia no,v;aBJI8Ha ,D;O ypoBHH I0-2 H HHllte 0 IlaHO~CKHll 

H .v;p. oO'bHCHamr 3TOT s~eltT· nepexaa:ro11 JT--MesoHoB no peaxuHH 

fr + i! - i!-.- + f ' (2) 

HO HHltaKHX KOnH11ec:rB8HHHX 3aKOHOMepHoc:rea He BliHBHnH. 

B paoorax/4- 6/ Ouno noKasaao, llTO aepoa:rHOCTb peaxuHH 

nepesapn,v;KH (I) B ao,v;opo,v;oco,v;epx~ux ae~ecraax THna &.mH11 no,v;aa-. 

H -3 
JI8Ha no cpaBH8HHD C llHCTlill BO,v;opo,v;ou .,i B OTHOfil8HHH W""::, Z . 
IlpH 3TOM ouno ycTaHOBneHo, llTO OOHapyxeHHaH 3aKOHOMepHOCTb He 

3aBHCHT OT nnoTHOCTHJarperaTHoro COCTOHHHH Be~eCTBa H He H3Me-

HH8TCH IlPH· ,v;oOaBJieHHH npuuecea THll:eJiliX sneueHTOB. · . ·,; 

Eonee roro,oKasanoca, 11To BeponTHOCTb peaKUHH (I) B rH,D;pa-

3HHe ·H£H1·no,v;aaneua· a-JO-pas no cpaBHBHHD c Ton·xe pear~uea 
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B 3KBHBaJieHTHOll uexaHHlJeCKOll CMeCH ~ f- 2~ /I.51. Bee yuoirn

HyrHe q>aKTH BHHYl',Jl;aDr K npe,1tnOJIOlll:8HHD, 'ITO npH'lHHY OTMetJeHHllX 
:!· 

3aKOHOMepHocrell CJie,1tyer HCKaTL He B peaK!lMH (2), a B ocoeleHHOCTJDC 

XHMHlJ8CKoro crpoeHHH Bell(eCrB. 

JlJIH Oelt,.flCHeHHH ynOMHHyrblX HBJieHHll ClHJia npe)tJIOllteHa "Mo,1te.irr, 

ClOJILWHX MU30MOJl8KYJI"/"l/, KOTOpaH fi03BOJIHJia HX Ka'l8CTB8HHO Oelt,Hp

HHTL H KOJIH'l0CTB8HHO onncarL. Mo,1t8JIL OCHOBaHa Ha )tByx npe,1tnOJIO

l[8HHHX. 

I. IlpH ropMOX0HHH orpnuareJILHWC Me30HOB B XHMH'l8CKHX Be

ll(8CTBax rnna 2m H,, tJacn nx npn nepexo,1te H3 HenpepHBHoro cnexrpa 

B )tHCKperHHll 3IDCBaTHBaercH BHatJaJie He Ha Me3oarOMHHe ypoBHH H30-

JIHpOBaHHblX ue3oaroMOB ,,,- H ~'j,- , a Ha M830MOJl8KYJIHPHHe opelH

TaJIH ecell cncrew Z rH e ueJioM (cu. pnc. I). Taxoe npe,1tnoJio

xeHHe pa!IHOCHJILHO yreeplt,lteHHD O B03MOllCHOCTH CYJ110CTBOBaHHH ycroll

lJHBOll CHCTeWi .l.,. '/f-H,,) COCTO.flll(81l H3 JJ,l1;0p1 3Jl8KTpOHHOlt OelOJIOlJKH 

H ue3oHa, "pa3J.ta3aHHoro" no rpoua,1tHolt oelJiacrH ~ 500 ~ ( qr~ 
2.Io-II CM - M030arowaa 0,ltHHHUa )tJIHHH). 

IlpH nepexo.1te Me3oHa B ,1tncxperHHlt cnexrp OH xax Clu 3aMell(aer 

3Jie1trpoHH B cncre:u:e z"' .,-H,, , fi03TO:u:y lJHCJIO :U:830HOB, nonaBlllllX 

Ha Oelll(H8 ypoBHH J/ CHCTeWi ~-H,, , cpaBHHT0JILHO H0B0JIHKO 

H nponopunoHaJILHO lJHCJIY BaJI8HTHllX 3Jie1trpOHOB. OrcD,Ita xe CJI8,1tyer, 

lJTO B CTB,I\HH nepBoHalJaJILHOrO 3rutBara M830H He :u:oxer 3axBaTH?LCH 

Ha ypoBHH H30JIHPOBaHHoro ye3oaro:u:a f"-, nocKOJILXY B XHMH'l8Clt0M 

coe,1tHHeHHH y nporoHa Her "ceonx" aJiexrpoHOB - ero e.1tHHcreeHHHlt 

3JiexrpoH or,1taH Ha oelpa30BaHHe XHMH'l8CKOR CBH3H. 

B rJiaee II )tHCCepraunH no,1tpo6HO H3JiaraeTCH Cyll(eCTBO MO)t8JIH 

60JILIIIHX M830MOJI8KYJI H CJie)tCTBHH, K KOTOplill oua npHBO,IJ;Hr. Kpowe 
roro, Ha OCHOB0 3TOll MO,IteJIH npoee,IteH aHaJIH3 MHorotJHCJieHHIIX 3Kcne-
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i1 
PHMeHTOB/I6/ no norJIOII1eHHDJ11--Ue30HOB B XHMHqeCKHX C00,llHH0HHHx, 

KOTOpUA_ ~ 0.ll!f_Olt CTOpOHll_,llaeT ,llOnomm:Tem,HU8 nO)lTB8p~eHHH UO,lle.:.. 

mi,_ a C 'Apyrolt. -: n03BOJIH0T nOHHTL UHOrHe OCOCIBHHOCTH ynOMHHYTUX 

npo:qecco~, B, ,qacTHOCTH,. aHOJ.!aJILHO C1on1,moil BMa,l.l k;,-cepHH J«-Meso

peHrreHOBCKOro H3JiyqeHHH B xu:i.mqec!G!x COeAHHeHHHX. 

CJie)lyeT ocoelo OTMeTH?L, qro' HesaBHCHMO OT ,ll8?Melt_Teope-
.- . . 

rHqecKoro HCTOJIKOBaHHH cau cp8.KT pesxolt saBHCHMOCrH peaXItHH (I) 

o'i BH,lla XHWne_cKWC c'oe;nHH8Hld1, B xoropux OHa npOHCXO~T, nosBo- · 

JIH8T Ha,l.leHTLCSI,. , qro co, BP81!8He~ peaKUHH (I) CTaHer 0,llHIU.( H3 

MeTO,llOB HCCJI8,llOBam1a CTp08HHH B8lJl8CTB H CTPYKTypu 3JI8KTpOHHoro 

oelnaxa Hx ~onexyJI/IS/. Cpe,llH Ta!G!x HccJie,llOBaHHR.uoxHo oru~THTL 

CJl8.llYDlllH8: TlJlaT8JII,H08 usyqeHHe CTa,l.lHH·~epBOHaqan1,Horo saxBara; 

BUSICH8HH8 nol38,ll8HHH X03cpqJHitH8HTOB aL B qiopuyJie (J) j !I3Yll8HH8 

npouecca nornOII18HHSI 1r-- Me so HOBB HsoaJiexrpoHH!:IX uoJiexynax 

(CHI/_, NII,., If;, o., ·HF) :, B rouoJiorHqecxHx PMBJ!: ( C,. H211+a., C" H.z,,_, 
c., H2,

11
-2.) ? B UHKJIHqecKHx yrneno,llopo,llax, irny~eHHe cnasH OH 

B KHCJIOT~X, OCH~Bamrnx H_ KpHCTaJIJIH3a:qHOHHOlt. BO,ll8 H T.,ll. UO,llOCIHU8 

HCCJl8,llOBaHHH nnaHHPYDTCH H yxe B8.llYTCH B_ HaClopaTOpHH M8pHllX 

npoCIJieu orurn/Is< · 

Cpe,1tii' llHdroqHCJI8HHHX uesoaro_WillX npoueccoB ocoelult reopeTH'l~C~ 

IG!lt HHTepec .BU3UBaDT npoueccu CTOJIKHOB8HHH uesoaroMOB BO,llOpO,lla 

f J'- (HJIH ero H30TOllOB "/"- H -1:r- ) C H,llpaMH aTOMOB BO,llOPO.ita 

f , o( , t, i,fJIH ze c MPaUH l .llPYrHX aroMoB. .. 

TaxHe npoueccu noqrH :i3 qHcrou BU.Ile peanHaynr KBaHTOBouexa

HHqecxyv sa,llaqy rpex ren, BaaHMO,lleffcTBYDlllHX no saxoHy KyxoHa, 

n~CXOJILKY MaJiaH H8'1TpM,bHaSI CHCTeMa ' fl"- , llO,llOCIHO aenrpoHy, , 

ClecnpensircrB8HHO npoHH3UBaeT 3JI8KTPOHHU8 OCIOJIOqKH arouoB H ll0%8T 

BnJIOTHYD'nO,ltXO,llHTb K HX MPaM• 
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Ilpoueccu CTOJIKHOBeHHH fl' -MesoaTOMOB ,llOCTynHu DKcnepm.ieH

TaJibHOJLY HCCJie)lOBaHH✓191 •. 3To oClcroareJibC'tBO xpaRHe iipHBJieKa

reJII,HO, nOCKOJILKY OHO noaBOJiaer cpaBHHTb C onurou ,llOBOJlbHO rpo

M03,llKH8 rpexreJibHUe pacqeru. Ho paapaCIOTKa MeTO,llOB BUqHcJieHHH 

ceqeHHlt npoueccoB, npOHCXO.llHlJIHX B cHcreMe rpex ren, Ba.xHa ellle 

H no ,1tpyroR npHqHHe. leno B rou, qro HeKoropue xapaxrepHCTHKH 

rpexreJibHllX npoueccoB onpe,ll8.IIHTL B 3XCD8pHM8HT8 ,llOBOJlbHO rpy,1tHO 

(HanpHMep, xoHcraHry nepexBara ,1tJIH npouecca . f p- + t -tft-+f 
Hs-sa pa,l.lHOaKTHBHOCTH TPHTHH H r.,1t.). B 3THX yCJIOBHHX ocoCleHHO 

Ba!:HO HM0TI, aaCJIYJ[HBaDlllHR ,llOB8pHH anropHTM pacqera rpexreJibHWC 

peaKIUIR DO,!tOCIHoro THna •. 

IlpH M0,l(JI0HHWC CTOJIKHOB0HHHX B CHcreue rpex reJI, xor,l(a ,l(JIHHa 

BO.IIHU qacTHU ,l(e EpoRJIH cpaBHHMa C pasuepauH OCIJiaCTH B3aHMO,l(elt-
~ 

• CTBHH H H80CIXO,ltHMO yqHTUBaTL B3W!WIOe BJIHHHH8 BCex rpex qacTHU, 

CYlJl8CTBYDlJIH8 npHCIJIHXeHHUe M8TO,l(U pemeHHH KBaHTOBOMexaHHqecKolt 

3a,l.lallH rpex T8JI H8Y.llOBJl8TBOpHreJibHU. 

B rnaBe III ,llHCcepra:qHH paspaCIOTaH H oCIOCHOBaH OCIIIiHR M8TO,I( 

pemeHHH sa.ztaq O M0,!tJl8HHUX CTOJIKHOB8HHHX B CHCreue Tpex reJI, B3aHMO· 

,1(8'1CTBYDIIIHX no saxoHy KyJI0Ha12o-231. Hsnarae:uaa MeTO,llHKa CBO,llHT

CH K pa3,!t8Jl8HHD M830HHOro H H)lepHoro ,llBIUt8HHH H no3BOJIHer. B~e

JIHTL B sa.ztaqe uanun napauerp - orHomeHHe uacc ueaoHa H MBP, qro 

CYlJlecrBeHHO ynpolJlaer ee pemeHHe. 

IIpe,1t.1Iaraeuun uero.ll HBJIHBTCSI nocne,1toBaren1,aoR peanHsaitHeR 

uero,l(a B03MYlJl8HH!:IX CTartHOHapaux COCTOHHHR (uero,lt ~.c.c.) H H3-

B8CTeH ,llaBHO, 0,ltHaKO CIUJI npH3HaH HeKoppeKTHUM ,!(axe B COJIH,l(HUX 

pyXOBO,llCTBax no reopHH CTOJIKHOB8HHA (cu., HanpHMep,1251). B 

,l(Hccepra:qHH noKasaHo, ~ro B03pazeHHSI,oCluqHo B~BHraewe nporHB 

M8TO~a B.c.c.,oClycnoBJI8HU He ero Cyll{eCTBOM, a era H8IlOCJI8,ltOBa

reJILHOR peaJIH3aUHeA; yxasaH nyTL, Ha KO?Opou OKa3UBa8TCH B03~ 

MO%HUM ynoMHHyTue rpy,llHOCTH npeO,ll0~8TL. B qac?HOCTH, llO,llpOCIHO 
9 
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paccMoTpeu Bonpoc o rpa1rntrnwc yc110Bmtx B MeTo;n:e B.c.c. H o. ero 

;n:ByxypoaHeBOM npHOJIH~eHHH. 
;,, .. 

~Jlfl nocne;n:oBaTeJILHOro npHM8H8HHfl MeTo;n:a B.c.c. Heooxo~MMO . . ' 

peWHTL npe;n:BapHT8J[LHO sa;n:aqy ;n:Byx ueHTPOB KBaHTOBOR MexaHHKH, 

TO eCTL sa;n:aqy O ;n:BHX8HHH-OTpauaTeJILHOrO M830Ha B none ;n:Byx 3a

KpenJl8HHUX R;n:8p Z.t H t:z. , y;n:aJleHHUX Ha paCCTORHHe R • 

(- f_ jj't ~ . ;; - ~:) <()11 (~ i) = £,. (R) <e~ (ij R), 
(4) 

r;n:e "Z-1. , 'Z2., · H f · COOTB8TCTB8HHO paCCTOflHHll OT M830Ha ;n:o 
. . -

R;n;ep z1 , Z2 H ;n:o ueHTpa HX Mace. B 00111e1t nocTaHOBKe 3Ta 3a;n:aqa 

;n:OBOJILHO rpOM03;n:Ka, pemaeTCJI TOJILKO QHCJ18HHO H ;n:o CHX nop He ouna · 

pemeHa B 00111eu BH;n:e. 

B padoTax/26-JO/ ~spadoTa~ OOl!IHR ll8TO;n: ,D;Jlfl BUQHC~8HIIJI coo

CTB8HHU~ 3Haqe1udt (TepMoB) £-11 (R) H COOCTB8HHUX 
0

qJYHKUHlt 'fr. (z.; R) 
sa;n:aqn ;n:nyx ueHrpoa, __ a Ta.10te uarpnHux_ s11eueHTOB K.; (i) ~ 0.1 (R) · 

no 3THM BOJIHOB!il( cpyHKUltfll( OT onepaTopOB R;n:epHoro ;n:B~ll:8HHR. 

IlpH 3TOM, 

<f11 (i.;R) = lf., (i ~..,w;P.) = lr,,·X,. {;;//.) Y,. (lt;P.) e,'"'w 

Q.-(P-) "'{J $ 'l',; (~ R.)(- v~) ~- ( :t'; fl) J : .. . 

K.
1

(fl) = Joar,(-z;t) (-t:.i!) ~:ci;~) 
•. 

(5) 

IO 

.. 

'/ . I 
·1 

·, '4 -

j~ 

f . i 
. I 

, 1J. 
-'.~ 
. i 

• I 

! 

;-~ 

a ·cpyHKUHR '.X.('f;R-) 
JlHyBHJIJIJI: 

a Y. ('1;'R.) y;n:os.neTBopJI1>r ypaBH~HHRM .lilTyp:ua-· 

d_ (f ~1.) ~ + [-l(F?:..i) + ff + ..:\ - :2.. ]X = 0 
olf ."f ' . ' ... J,-1._ . 

,I . ,JY 

4 (d-f') JAi 1-[-f'-{/-~2.). + f ~ _ ,\ 
v,,2. . 

.i-lz .. ]Y=O· (6) 

-1 t: -i ~ 1 1..:5I < oo 

~ 

r,1te f· = - ,ez. E,, {~) . :z ~ 
f / = R (r.z. + i!-1) <' = lffrz-~.i) 

. .J ' 

).. - KOHCTaHTa pas;n:eneHHfl. 

Oele sa;n:aqu - Bl:lqHcJleHHe TepMOB £,.{!?.) H MaTpHQHUX ,3J18M8HTOB 

K.l (R.) H O~- 0) - ;n:oBe;n:eau ;n:o cTe_neHH anropHT!lat a coorBer

CTBYlllllHe HM nporpalWl:l Bl:lqHcJleHHlt peaJIH30BaHU Ha aswce <t>UPTPAH-63 
' . 

npHJ,leHlt.T8JILHO- K BliqHCJIHT8JILHOUY KOMilJ18KCY JladopaTOpHH BliqHCJIH-

T8JILHOlt _TeXHHKH H aBTOMaTH3aUHH omrn/JO/. Cos~aHHe TaKoro anro

PHTMa no cymecTBY siBHBaneHTHO onpe;n:eneHHll HOBoro Knacc·a cne

UHaJILHUX qiyHKUHR, KOTopue MOXHO OUJIO OH Ha3BaTL KYJIOHOBCKHMH . 

cqiepoH,n;aJILHl:WH qiyHKUHlUU1 (no aaanorHH C KYJIOHOBCKHMH cpyHKUHRMH, 

B03IIHKalll!IHMH npH peweHHH KBaHTOBOllexaHHqecKolt sa;n:at!H 00 clTOMe 

Bo,nopo,1ta). . • 

B HacTon111ee npeMR ;n;nR BHQHCJleHHR nvooro Tep1ta E,.{R) B BH-

opaHHOU HIITepnaJie saaqeHHll 

CHTeJILHOll roqHOCTLll C. 

/?. H c sa;n:aHHHM maroM fl R.. c orHo-

ro-9 a nHme AOcraroqHo 3a~aro sHaqe-

II 



HHS! 3apSl,ll;OB ~:I. H Za. , HaOop JtBaHTOBUX tJHC8JI TepMa {1tJ:(1t"i~/tl) 

H HJltJaJILHoe npHOJIHlll:8HHe /" (1.) H A,, (R) • YcJIOBHe opToroHa.,11,Hocni: 

S.; = J".$ '(. (-z; J!) '1 (-i; ,. ) = ~j 

,ll;JISI BUtJHCJISl8lWX f:PYHKUH2 'f; (-i; /?.) BlillOJIHSl8TCS1,c TOtJHOCTLD 

l = 10-8 H Blillle. IlPH 3TOM 3a,J.tatJy BUtJHCJleHKSI uarpHtJHHX 3Jlel4eH

TOB O,i(/!.) H K"•(I-) y.n;MOCL CB8CTH IC tJHCTO aJireOpaHtJeCIOOL onepa

UHSIM H IC BUtJHCJleHHD ,n;Byx HHTerpaJIOB OT nJiaBHOH f:PYHICUHH B KOlletJHUX 

npe.n;eJ1ax/3o1. ~OCTHrHyTaSI TOtJHOCTL BUtJHCJI8HH2 c. = ro-7 H Blillle 

BO Beel oa11acTH H3MeHeHHII R • 

B3SITl:II B ueJiou, paspaOOTaHHl:11 ICOMnJleICC nporpaw ll03BOJISleT 

BUtJHCJIHTL Bee BeJIHtJHHU, Heoaxo.n;Hwe ,n;JISI pemeHHSI 3a,J.tatJH O ue.n:

JI8HHUX CTOJIICHOBeHHSIX B CHCT8Me Tpex TeJI, B3aHMo.n;eRCTBYJllllHX no 

3aKOHY KyJioaa. OKOHtJateJILHaSI CHCT81l8. 00wtHOB8HHUX .JtHqxpepeHUHaJIL

HUX ypaBH8HHR ,ll;JISI CJlytJaSI J/ -Ea.HaJILHOro pacceSIHHSI B CHCT8M8 rpex 

T8JI npHHHMaeT BH.n;: 

..IH + [k/'-
' 

L{L+.i)].f. = I. [~.(i!.)f+2t7V{.e)jJJ 
~ -~ . J . 

,A -

J<;i(1-) = 2.J,{ W.{~) '½· + Ktj (fl-) 2. ()'J. (R) ' 
,e. 

W,(-1?.) = Edi!) + 
21'k -f.. 

M= 
M1 Ha.CH,+ N& +JI..H) 

J{;>A (N1 + Hz.) ' 
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(7) 

,.••• 

Ilo MHOrHM npHtJHHau npe.n;notJTHTBJILHee pemaTL He 3TY CHCTeuy 

BT6poro nopJJ,JtKa ,ll;JISI BO~HOBliX f:PYHKUHR. ~ ,· a 3KBHBaJI8HTHYD 

el CHCT81IYH8JIHH8IHWC ypaBH8HHR nepBoro nopsi.n;Ka ,ll;JISl'MaTpHtJHUX 

sJieMeHTOB -1:~•(1.) · uaT_PHUU peaitttHH _ T · . .- TaKall: c11cxeua ypaBHBHHI, ·: 

oooa~an~all paaee H3B8CTHl:lel31/, BUBe.n;eaa B .n;HccepTaUHH H HU88T 

BRA:. 

~ -ly(!!.) = - 'l;,t. ( K.t,"a,, + ,2 flp a,;) 
·. . 

f:,. (o) = O 
'I 

t:~•- ( 00) ,;,. ,,'J. 

Q;_,1. = oi.t. UJ. + -/;-c'J. (!!) l}:i_ 

ctp/ = ' °Ji Up + t:pi (A) 1j 

,_,I f'. / I 
Q:ti = Ii L(f + -1:,jOJ ,r; 
J,-. .A A ,._J., = .1<.t,<P-)- }(,cr:,o) flp = o.., (~) J 

(8) 

r.n;e I,(;, · H ·, ~ - JIHH8llHO-H83aBHCHMU8 pemeHHll Jl8BOI qacTH CHC

T8Ml:I ypaBHBHHR (7). 
CetJeHHSI. pa3JIHtJHliX pear.unit B CHCteue Tpex TeJI B .ria~LHel- .·, 

1!18U BHpaJtaDr~a qepe3 .3Jie~eHTl:I :{;~. _MaTJ)HUl:I peaitUHH f •. . 
OcoOeHHO npocrolt BH.lt 3TH Bl:lpaJt8HHII npHOOpetaDr' .B .n;Byxypo11-

HeBOll npm111HJEBHHH. B .n;ucceprauu:11 oaocaoBaHa npKueamrncr1, :noro 

npHOJIHXBHHll H noita3aIIO, tJTO .n;axe B·3TO:U: CJiyqae yqeT B~ClllHX coc

TO.IIHH!. npKBO,ltHT K npaBHJILHl:IH rpaHHtJHl:llL YCJIOBllll:U: 36,n;atJH. paCC8llHH.II 

I3 

• 

" 
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,f 
C TOtJHOCTl,D ,!tO tJJieHOB ~ M2. BKJIDtJHT8Jll,HO, npHtJeM BKJia,lt OT Henpe-

pLrnaoro cneKTpa COCTaBJISieT ~ I/6 OT tJJI8HOB ¾2 . 
B rJiaBe r/ pa3BHTaa MeTO,ItHxa BlltJHCJiem!lt HCilOJil,3Y8TCSI ~-

,ItJISI peweHHa KOHKpeTHliX 38,11.atJ M830aTOMHOff ~H3HKH/21- 241. B qacr

HOCTH, BlltJHCJI8Hll C8tJ8HHSI H KOHCTaHTll nepexBaxa peaxuua H30Ton

Horo oOueHa 

f 1"- + o{ - c11'-+ f 

,r-+f - ff'-+ f (9) 

,1.I"~ + t .. +r-+°' , 

a TaKXe COOTBeTCTBYilll!He cetJeHHSI H XOHCTaHTll nepexsara )tJISI npouec

COB nepexo.zta 11e~y ypOBHSIMH CB8pXTOHXOff crpyKTYPll Me_30aTOllOB npH 

CTOJIKHOB8HHSIX B CHCT8Max fft1-+f , off"-+,,/ , ip-+ t- • 
Bo Bcex CJiytJaax BlltJHCJieHHSI cpaBHHBaDTCSI C 3KCnepHM8HTaJil,

Hlil!H ,1taHHWIH/I9/ ~ ·pe3yJ11,TaTwm OoJiee paHHHX pactJeTOJ/32/. 

Pe3yJI:E,TaT!l npO,!t8JlaHHOff paOOTll Il03BOJISIDT onpe.zteJlHTl, TOqHOCTl, 

H rpaHHUll npHMeHHMOCTH OoJiee paHHHX BHtJHCJI8HHff, HanpHMep, cnpa

B8,ItJ1HBOCTl, npHOJIHZeHHSI ,ItJIHHll pacceaHHSI B ~3HX8 Me30aTOMHWC CTOJIX

HOB8HHff. 

B tJaCTIIOCTH, 3aHOBO BHtJHCJI8Hll ,ltJlHHH pacce.RHH.11 ~ H Q u 

,ItJISI CHCT8M fl'-+f , o11'-+ol 1 ~-+t H noKa3aHo, tJTO npeZHHe 

HX BlltJHCJieHHSI/J2/ H8Y.ztOBJieTBOpHT8Jil,HH, IlOCXOJil,XY OUK He YtJHTll

:aaDT ,1taJibH0,1t8RCTBYDI11eB acHMOTOTHKH IlOT8HUHaJIOB \v. (f.) · -::::- ;. · 
Kpo.lle Toro, B CHCT8llax fl'-+f , «f'- +cl H +,.- +f:

onpe.zteJieHO OOI1188 tJHCJIO KOJieOaTeJil,Hl,IJC ypOBHeA B COCTO.IIHIISIX C pa3-

J1HtJHIDdH 3HatJeHHRMH opOHTaJI1,Horo 110MeHra L TpexreJI1,BoA cHcTew. 
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3HaHHe repMOB l"3C~) H uarpHtJHllX 3JteMeHTOB K;;(1t,) 38,11.atJH 

.ztByx ueHTpOB Il03BOJISl8T BHtJHCJIHT!, 3HeprHD CBSl3H OCHOBHoro COCTO

.IIHHS: CHCTeMH e +e- e + (HJIH, tJTO TO xe, CHCTeM!l e-e+e - 121/, 

CM. IlpHJIOXeHHe II). Ee 3HatJeHHe j = 0,33 3B OKa3aJIOCl, B xopo

meM corJiaClfH c HaHOOJiee TOtJHHMH BHtJHCJ18HHSIMH APYF_HX aDTOpOB/JJ/. 

Taxoe COBOa,JteHHe CJie.ztyeT CtJHTaTl, yjHBHTeJil,HllM, ecJIH ytJeCT!, npo

CTOTY HCilOJib3yeiwx MeTO,!tOB, H CJIYXHT KOCBeHHID.I ,ltOKa3aTeJI!,CTBOM 

8,11.8KBaTHOCTH H30paHHllX MaTeMaTHtJ8CKHX MeTO,!tOB cyI11eCTBY H3yqae

lWX ¢H3HtJ8CKHX npoueccoB. 

B IlpHJIOX8HHH III H3ytJaDTCSI SIBJ18HHSI nceB.ztonepeceqeHHSI T8PMOB, 

oOHapyxeHH!le B CHCTeMax .i! ,.-r I npH 'IHCJieHHOM peweHHH 3a,ItatJH 

,ItByx U8HTPOB/261. 3To CBoeoOpa3HOe HBJI8HH8 (KOH~HrypaUHOHH08 
,I 

B3aHMO.zteffCTBH8 TepMOB) 8CTb BHyTpeHHee CBOffCTBO CHCTeMH i!r-r 
H He CBH3aHO C KaKHMH-JIHOO BHeWHHMH ,ltHH6MHtJ8CKHMH B03MYilleHHHMH 

(B CHCT8M8 O,ltHH M830H , a SI.ztpa ~HKCHpOBaHll). <re.KT cyI11eCTBOBaHHSI 

TaKHX nceB.ztonepecetJeHHff Bwtyz.ztaeT nepecM0TpeT1, npe.ztcTasneHHH o 

npoueccax HeCHMMeTpHtJHoff nepesapa.ztKH THna ,,..-+ Z _,.. t.,.- + f > 

nOCKOJll,KY HM8HHO nceB.ztonepecetJeHHH onpe.zteJIHDT XO,lt TaKHX npoueccoB. 

lJISI BlltJHCJ18HHH C8tJ8HHff npoueccoB raxoro THila HeOOXO,!tHMO 3HaTb pac

CTOHHHe Ro Me~y a.ztpaMH z. H z_'' npH KOTOpOM npOHCXO,!tHT nceB.ztO

nepecetJeHHe TepMOB E H E ,1 , H B8J1HtJHHY HX pac111enJieHHH $"£ • 

3aMetJaTeJil,HO, tJTO B8JIHtJHHll ,. H r'E y.ztaeTCSI Bllpa3HTl, aHaJIHTH

qecu/34, JS/ qepe3 KBaHTOBll8 1rncJa ypoBH8ff h H 11 I ' XOTR BCH 

38,11.atJa B U8JIOM, xax H3B8CTHO, MOZeT OllU pemeHa TOJll,KO tJHCJI8HHO. 

JlnOonHTHO OTMeTHU, tJTO 3HatJeHHH 3HeprHH E. B TOtJKax nceB,ItOne

pecetJeHHH R. 00pa3ynr xyJioHOBCKyD cepHD yponHeR c 3apa.ztaMH 

j!_ I_ r H XBaHTOB!lMH tJHCJiaMH h I_ h 

' c~!.z)2. ( ) £ •-- - IO • 2, ,,,_,,, • 

OO~acHeHHR 3TO)(j' ¢aKTY noxa He CYilleCTByer. 

IS 
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