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Bonpoc o npeae~HoM nepexoae oT KBaHTOBOfi MexaaHKH'K.KnaccuKe 

· HMeeT B9CbM8 B8lKHOe· 3H8'I9HHe; T,K, B KOHe'IHOM C'IeTe TeCHO CBSI38H C .opy

I'HM B8lKHbiM 'BOITpOCOM ._·, 0 <jJH3H'I9CKOfi TpaKTOBKe KBaHTQBb!X BenH'IHH x< 

. B nepaoM pasaene Mbi . _paccMoTpHM · npeaenhHbifi . nepexoa, . CBSI.;. 

38HHbifi C Henocpe.QCTB9HHbiM nepeXO.OOM K KnaCCH'I9CKOMY ypaBHeHHIO faMHnb-
. ' 

TOH8-.HK06H, 3aTeM 06CyAHM BOITpOC 0 TOM, B KaKOM OTHOIIJ9HHH K · i:taiiHOJI.!-Y 

npeaenbHOMY depexo.oy aaxo.oHTCSI. apyroq npe.oenbHbifi. nepexog,. smnSIIOnmfic SI 

ITpHMbiM cne.QCTBHeM TeopeM 3peH<jlecTa, .QnSI 9TOI'O, _B 'q8CTHOCTH 1 , Mbl pac

. CMOTpHM ycnOBHSI 9KBHB8neHTHOC!H CHCTeM. ypa~HeHHfi ~BH~9~HSI1 ~TBe~~J?.;_ 

IIJHX 9THM . .OBYM cny'I8SIM, 

Mbi yKalKeM TaKlKe Ha B03MOlKHOCTb BBe.oeHHSI HeKOTOpbiX HOBbiX ycnoBHfi, 

o6e~ne'I·aaaiOIIJHX fl8HHbie npeaenbHbHil nepexo.obi, 3aTeM aa npuMepe rapMOHH-

'IecKoro ocuunnSITopa aeTanbao npocne.ouM, Kor.oa aapywaiOTCSI H3BeCTHbie 

R .HO.Bbie ycnoBHSI, H noKalK:eM, B 'IaCTHOCTH, 'ITO oaao H3 ycnoBnfi, o5ecne

'IHBBIOIIlHX npeaenbHblfi nepeXOA Ha OCHOB8HHH TeopeM:. 3peH<jlecTa1 He MOlK:eT 
·~ 

6biTb B 9TOM cny'Iae .Bb!ITOnHeHO B. npHHUHne,. 

§ 1. llpeaenbHbiH rrepexoa or ypaBHeHHH Illpeannrepa 

K ypaBHeHHIO F8MnnbTOHa-RKo6n 

PaccMoTimM yp~BHeHue. llipeA_HHrepa _(a KoMnneKcHo c;onpSilK:eaaoe eMy 

ypaBaeaue):. 

x/ . . 
"'KnaCCH'19CKI!e Ben~'II!Hbl AOnlKHbl Bblp8lK8TbCSI qepea KBSHTOBbJe, KOnb -CKOpO 

Mbl C'IHTaeM, -'ITO KnaCCH'IeCKSSI MeXaHHK8 AOnlKH8 p8CCM8TpHB8TbCS! KBK npe
AenbHb!it cnyqafi· K.BBHTOBOfi MeXaHHKI!,-
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at/1 . . h 2 2 : l 
ih --;:-- = [ --.-V.. +U (x,y, z, t) t/1 , 

'iJt . 2p.. : 

~.. .. ... \. ~ ·:J. 1 '~ 

,..'!"'•• (i.1) .... ;. 

a·'·* h
2 

2 '];'."* -ih-~=[----v:.+U(x,y,z,t) '~"'·' at 2~· .'1•:., 

(L1 '). 

OpencTa~~M. nanee BonaoByiO <jlyHKU~no .p B Bnne 

"·· 
r/J = exp (-iS/h), .(1.2). 

:.. , ~ 

rne S - KoMnneKCHaSI .. <!JYHKUHSI. Torna Ha ocHOB<?-HHH ypasueauii (1.1) li (1.1') 

6yJteM .HMeTb nnSI ,<jlyHKUHH S. H £* cnenyiOIIlHS !lB8 _ypaBHemui: 
,· ... 

,. 

-:'"a.£.= -;i- cv- s J2+ uric, ~. z, t J+ __i!:__ v 2 s, 
. () t .· . 2~ . . . 2p.. .. . 

( 1.3)' 

(1 ~3') as* 1 · * 2 · . i h · 2 * 
--::-::-: = -- (V S ) +·U (x, y, z,.t)- -- V S at · 2p. .. · . . 2 j.l. 

06hi'iHO a.· paCCMaTpHBaeMOM nepeXOJle. onupa!OTCSI TOJlbKO Ha :ypaBH9HHe 

( 1.3) ,· ioTopoe no BH!lY oTnuqaeTcSI nocnenHHM qneaoM oT· ypaBHeHHSI faMHnh-· 
.. ' . . ! . ,,, . ·.,. . .. /1 2/ . 

TOHa-.fiK06H. 0pH ,9TOM I'OBOpSIT (eM~,' HanpHMep, ' ), .. 'ITO !lJlSI TOI"'O, 'IT0-

6b! nepeiiTH K KJ18CCHKe, cnenyeT OT6pOCHTb nocnenHHH qnea· K8K M8Jlb!H no cpaB-

'ae.HHID c .1 /2p. ( V S )-i • ilanee ua ycnoBHSI. " 

I< V.SJ 2 I>>IihV Sl/ ( 1.4) 

nony'laiOT ycnoB;~e x/ · 

ca I ax <<1 .( 1.4a ). 

: "npHM9HHMOCTH paCCM8TpHB89MOI"'O ijpH6JlH)K9~~oro peliieHHSI ypaBHeHHSI llJpe-
", .. , . . ~ .... , · .. ~ ..... 

nunrepa. 

CneayeT, onnaio, aaMeT!i~h, : qio ecnu na)Ke ycnomre ( 1.4 f Bhiiionaeuo, 

Mhl. BCe )1(9 He 6yneM. HM9Tb eliJe nepexona K KJ18CCHKe • ( H, B '18CTHOCTH 1 'ue'. 

6yneM HM9Tb eliJe ycnOBHSI ( 1.4a)). DeiicTBHTenh'Iio, KnaccuqecKoe. ypaE.aeaue 
' . ~;' 

" 
x/ - . . 

3neCb 11 B A8JlbHeiillleM ,I:IJlSI J:18I"'JlSI,I:IHOCTH Ha KOHe"'IHOM' STane MbT. 6yAeM· 
·' ·._,. • ··~ > nepexonHTh. K cnyqaiO onHoro nsMepeHust. 
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faMiinbTO.II.a.;..HKq6H - STO ypaB.IIe.IIHe ~nsi BeUleCTBe.II.IIOH tPYHKilHH AeHCTBHSI, 

Do_STOMY ~apSIAY C yc~OB~e~· (1~4 j c~eAye~ .T8K)K~- riOTpe60B8Tb 1 HanpnMep,. 

BbmonHeHHSI cneAyiD_mero HepaBe.IICTBa: 

lv(Re.S>.!::>>I V(lmS) I 

Bonee nocneAOBaTenhHbiM cneAyeT C'lHTaTh TaKoii_ nyTh,_ KOrAa · caaqana nony

_'laiOT ypaBHeHHe THIT8 ypaBHeHHSI faMHllbTOHa-.HKo6n AlzSI AeHCTBHTellbHOfi 'laC-
, . .. . . . . . . 

.. TH cpyHKUHH · S a 3aTeM y)Ke; OT6paCbiB8IOT K8KHe-T_O 'llleHb!, 

DpeACT8BHM C STOll UenbJO cpyHKilHIO · S B BHAe 

.. s = s I+ IS " ' (1 ~2') 

rAe -S I n S" - BemecTBeHHbie cpyHKilHH, TorAa ypaBHeHHSI (3) n (3') sann-

IIIyTCSI B BHAe 

. ;_::._+i _;_s---=~ <vs:)2 + !~ vs~v-s•~- ~ <v·s~~);+u: ~ v 2s~-_::_ ~;s~ 
at at ·21L ll 21L _2/l ~~.~ 

dS' dS" · · " • 1 s 1 ) 2 .l {7 s I s 0 1 {7 s 11) 2 u f h {7 25 1 h 25 0 
-~-·-z.:---- =- (V --v· .V ---(v + --- v :---V . 
at at 21L 1.1 2/l. 2t.t 2t.t · 

CKna.Qbi~aSI .H Bbi'lHTaSI nx, nony'IHM 

•(1.5) 

. -

~-!C =.:LV S~ VS"+ -l!..- V· 2s' 
a :t ll . , • · · 2 fl. : ---

(1,6)' 

Tenepb -Mu~Ho y)Ke 6onee KoppeKTHo CBeCTH ypaBHe.IIHe ( 1,5) . K ypaBHeHHIO · 

faM~nhTOHa_-HKo6~ AnSI (AeiicTBHTenbaoii) ¢YHKUHH S I, 3To, o'leBHAHO, MO)KeT 

6biTh CAenaao, ecnn Bbmonaeao ycnoBne 

/ 

_(L7) 

H~Hi B 'laCTHOCTH 1 ClleAyiOUlHe AB8 ycnOBHSI! .. 

jvs~I»IVS"I (L8) 

( 1.9) 
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.· 
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LfTri KaCaeTCSI Hepai;e~C;Ba (1,8}, TO OHO MO)KeT 6biTb HCTOnKOB8HO .TaK: 

. OTHOCH'renbHOe H3MeHeHHe. aMnnHTYtlhi ~onHOBOH <!>YHKUHH . ((:XP s "I h) Hth>a'c

CTOSIHHSIX nopsrnKa .nnHHhi. BOziHhi nomKHO 6hiTb Mano, · npH 9TOM I'OBOpSIT 

. (eM~, HallpHMep, ;4;), '{TO B paMKaX pacc~aTpHB89MOI'O npH6n~>K~~H~ Mhi 

HMeeM neno C BOnHOBhiMH. naKeTaMH 1 conep>K8IUHMH UOCTSTO'IHO nnHHHhie UY

rn,'aonu' x/. 
KpoMe TOI'O, OTM9TH~, 'ITO iipH )laHHOM nilenenhHOM nepexon'e o6bi'IHO 

Tpe6yiOT; T8K>Ke BblllOnl!eHH~: cn9!\YIOIU9I'O ycnOBHH: · 

<vs')2 >~·~1v,2 s' I (a~/ax~<l). 
(l.lO) 

0nnaK0 1 KOnb CKOpO npeUbiUyiUee padCMOTp9HH9 He naeT B ·o6IUeM-TO HHK8-

-~ 'KHX oc;:noBaHUH p.nn ei-o B'Bene~HSI, Mbl BhiHY>KileHbl'icqaTaTb ero .,I'HllOT9TH"'eC

KHM·~~,; 
·~ ... ,. 

•,. 
~ ~ ' -

§2. · CpaaHeHIIe aayx cymecrayiOll(IIX npeaenbHbrx' nepexoaoa .. - . . . / . 

. Ha ocl!oBaimH ypaBHenHsr faMHnbTona-HKo6H nnsr':<j>yHKUHH neftcTBHSI 
,,· 

··~ ·S ' , nony'lennoro c noMOIUbXO. pacc&!oTpel!Horo Bhiille npenenbnoro nepex~na 

. (f.H), 6yneM HM9Tb UBa ypaBH9liHSI UBHlKeimsr 

dx .J.._ ( - ' _it§.:_ ) 
JL ax. 

.. · (2.1) 
dt . 

d2x au 
JL ad=.~ a;; (2.2) 

\• ,, 

x/ . . . . .. ·· .. 
· CnenyeT, onnaKo, aaMeTI1Tb 1 'ITO paccMaTpaeaeMoe ycnoeue (1'.8) srensreTcsr 
neo6xotU!MbiM 1 no uenocTaTo'!HbiM npuanaKoM eonuoeoi'o riaKeTa. Hapsmy c 
HHM nomKHO Obi Tb; Bhirr'onne'iiO TpeOOBaHR9 · M~nOCTH pa3MepOB BOm!OBOI'O naKe
Ta no cpaBHeHR!O C pa3MepaMR. oonaCTI! ABRlK9HRSI '!8CTRUb!, no9TOMY 1 CTpOf"O •· 
roeopsr, npii ,ManbiX 1!1\tnynbcax. nalKe npu Bbmonuelmu ycnoe.nsr · ( 1.8) Mbi · ne 
tSyn~M ll~!eTb.'BOni!~Bb!X naKeTO~. . . . ,. • . . ..• 

Eonbllle·, Toro; ycnoene ( 1.8). MOlKeT e~o6m·~ Ire BbmonnsrTbc'H, a· pac
cMaTpueaeMoe npii6mnKeuue, .T;e. nepexon· oT ypaeHeH!IH ( 1.5) K ·ypaBHeHHIO 
faMUnbTOI!8-SlKOOii 1 BCe lK9 oy/:leT· l!l\19Tb MeCTO l~a OCHOB8HI!!1 'ycnOBU SI .< l. 7), 

·-:. 
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. If. Bhipa)l{eHRe llnSI · no'imofi · sneprRR 

'. · /:.- '.· a·s~ .. ·~ ' · 
~.E.=.--(--.) +U(x) 

. ' 2p ' ax ' 

. ( CHCT~Ma ypaBH9liHfi f,ij), . : 

C llpyro:R CTOpOHhl 1 Ha OCHOB8Hlili TeopeM 3peH<flecTa 6ylleM~:HM9Tb .cne_- ·•• .. ' 

.. llYIOIUYIO C\{CTeMy pa~eHC~B! ; .. , ,; . 

. 1 
--- = --

' ( 

dt 

1 -E=-· p 2 ·+U(x) 
/.l. X 

;. }ll9Cb Mhl T8K)I{9, ll068BHnH Bhlpa)l{e.~Ii~ iJ.nSI cpelliJeil ( n~nHOll) SH9pr'HH, 

B hmonHeHRe ycnosHil 

. '3 - ·-'··' . au(x.·) a. U(x) I ~~-I» ..L: I.-· ~·I ·f-1 x 2 

ax· 2 ax3 
'.I.-

t ·'~. 

1 .· . !1 P~ .. 1 . a 2 u ( i) A x 2 I . ·I-· P 2 +'Uf; J I» I ---+ -- -~--. u 
· · 2p x . 2 . 2 . a x:2 

p ·• 

(2.4) 

(2.5) . 

(2.6) 

. (2.7) 

l2.8) 

llOn)I{Ho o6ecne•msaTb npeaenbHhifi riepexoll 'llpyroro THmi (8) oT i<sanTosoil 

., 

MexaHRKR K KnaccuqecKofi. EcnH yKaaaHHhie ycnosuSI Bhm~mHeHhi, ·To .ypasne- ·;..; 

HiiSI (2;4)-(2,6) MOJ:'yT 6hiTb nepenHC8Hhl B BHll9 · • 
' -· ..... 

dx · ·' 
--. ..:=_Lp,, 

d( . ·v.·. X -··,_. 
t'·,, 

·d 2K- ' ·.· a :Ucxr 
p -- =-- - •· 

· ·dt 2 . ax .'(3) 

.. :,; - ' 1 -2 ' 
E = - p . + U ( x') . 

2,1' X 

. ' 

..... . '. 

•, 
, .. 
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. _;~ : 06cyAHM Tenepb aonpo'c o ·ToM, a :KaKoM oTiiomemili ilPYI' K: llPYI'Y na-. . . . . . ~ . 

XOilSITC:SI ·nony'I~HHbie TaKHM o5pa3oM cHc·Te~hi_ ypaa1leHHii. (r.H) H ( 3). • 

·· t.!TO KacaeTCSI CHCTeMbl. ypaBHeHHii (f.H); '1.'0 OHa CIIpaBe}lJIHBa JlJlSI ll!OOO_: 

ro x (c~a:lKeM, B paMKaX BO.llHO~OI'O 'naK~Ta). B'To :lKe 'Bp~MSI ypaanenHsi (3) 

, :· '-:·oiiHChiBaroT ~onbKO noaeAeHHe it .xt. OnHp~SICb }lanee :Ua .ToT '¢aK·;;· ~To 
ecnH ypaaiieHHSI : ( r~) BhinonneHhi • AnSI mo5oro ~·-· , · orpaHH'IeH!ioro. paMKaMH 

·BOJIHOBOI'O. naKeTa, TO OHH )lOmK Hbl obi'J'b cnpaBellriHBbl; B '18CTHOCTH, li "AnSI 

.. : .. ... 

x = x , .Mhi MO:lKeM nepenHcaTb. HX a aillle 

·.a;.· _L(- as'<'i>) 
JL · a·x · ··' dt 

.a2;: au(xJ 
/-!-__.. __ =- '., 
-· cit2 ax· (rH'J 

· 1 · as-~.L;1)2 · -E=---.<-- _'::..1 · +U(x). 
· 21-1 a:x. 

Mo}I{HO nli C'IHTaTb cHcTeMhi ypaanenHii (3) H (r.H') 9KBHBaneHTHbi~m ~PYI'. 
-~pyry? C U~nbro ~TB~~a na nocTaane~Hbiii aonpoc na ocnoaaHiili. ( 1.2), ( 1.2') 

1i. ycnOBHSI (1.8) npeilCT8BHM p a BH)le 
X 

. :·,.- . ·. ·h ''81/1· . as'- . as" .. as; . as': 
p: =''fl/J*--·.,....---·dx=-Jl/J·*t/1(- +·l--)dx...-fl/1*--: l/Jdx =--. 
·x . . i ax ax ax ax . ax 

· l1 crtonb3Y st pa3JIO)I{eHHe 

-~5- ... a·s'r.'X, ·.1 a2s'tx) . - i ;33.:s~,;, · _;' 2 . · -- .. =-== "t -~- - -· { x- x )+ -:--·---)..;';L (x- X.)· +.,, a-x ·CJ.x 1! ax2. 2! ax3 . 
nony'IHM Aanee,. 'ITO 

. . a·s'(x) .1 a3·s'rx')'. ~ . . . 
P. =-·-:-a-:-:.-:. - ·-:--2, ··a -.3. ·6.,-x ·_·-: .•.• 
. x X , • X 

0TC!Oil8 c O'leBHJlHOCTb¥' cneilyeT, 'ITO p~~CMaT~HBaeMbie CHCTeMbl ypaa1leHHii · 

., 

... (f,H) 1i (3 ). 6YilYT nonHOCTblO 9KBHBaneH'rHbl .UPYI' ilPYI'Y 1 ecnH abiilOJIHeHO, · · ~- ·. · · · ·• · x.x.; . · · · · 
.. ':. nanpHMep, .uonon.HHTenbHOe ·ycnoBH_e_' . 

~- . 
B 9TOM. CMhiCne C!iCTeMY. ypaBHeHiiH (rH) MO)I{H.O C"lliT8Tb oonee oomefi 

no cpaBHeHIUO c. C!iCTeMOH ypaBHeHitll: (3). . . 
xx/ · ' ·· · . · 

B TOM cnyqae, ecnli aapanee Bhmonneno TO.nbKO ycnoBHe (1.7), .napg.ny c 
(2.9) cne.nyeT Il0TpeoOB8Tb BhlllOnHeHii£! HepaBeHCTB 

a s~;xJ I'>> I ~s~rx1l; 
a x a x 

1 ·a3:S"(;)I ~:i.2 -. 
-j-,.---=.3 ·. 
2 ax 
8 
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(2.9) 
'.. 

Haao, O.QH8KO, HMeT~ B BH.QY cneityro~ee. XoTsi' rr~ny'IeHHbie ~ IIOMO!Ub!O 

aayx pasnH'IHhiX rrpeaenhHhiX irepexoaoa cHi::TeMhi ypa13uemiii, orrHChiBBIO!UHX ·. 

KnaCCH'IeCKOe .QBH:lK9HHe 1 rrpH ycnoBHH ~bi!IOnHeHHH (2 ,9): .MOI"YT 6~ITb !IpHBe-:-
• <. •• ' ) • 

. .QeHhi K ,O.QHOMY, H TOMy :lKe BH.QY 1 Mbi BCe :lKe ue' 6y.QeM rr:L:eTb rronaoii 9KBH-. ' 

BaneHTHOCTH · paCCMOTpeHHbiX rrpe.QE:lnbHhiX rrepeXO.Q~B, lleno B TOM, 'ITO yc_;, 

nOBHHj· o6ecrre'I.HB8IOIUHe HX 1 6yayT Hapylll8ThCH B pa3HbiX cny'IaHX, 

K cnyqaiO rapMOHHqecKoro OCUHnlHITOpa. 

·Hallie rrocneayroruee paccMoTpeHHe Mhi rrpoaeaeM Ha rrpHM~pe oaHoMep-

,~ . HOI"O. I"lip.~OHH'IeCKOI"O ocuimnHTOpa •. 

~BoabMeM C 9TOfi. UelJhlO BOnHOBYIO cpyHKUHIO t/J (X, .t) 1 OliHChiB8IOIUYIO 

!IpOHSBOnhHOe COCTOHHHe OCUHnnHTopa, 0Ha MO:lKeT 6b!Tb rrpe~CTaaneHa B BH.Qe . . . . . .· ,. ·- . . 

cyrrep!I03HUHH BOnHOBbiX cpyHKUHll t/J n (X) CT8UHOHapHbiX COCTOSIHHii: 

~ ••• > (· 

.1. . '<' C . ·j;;nl) 
'f' ( x 1 t ) = ;; n t/J n ( x ) exp (- 1 -h-- .. 

I, 

Harror~mHM,., ;T,e B .. cnyqae ocuHnnHTOpa, aa H B pMe apyi"nX cnyqaea, i/J n ( x)- . 

. BemecTBeHH~~e.' <PYHKitHH_. - ~ ·- ·· ~· 

• KaK. nsaecTHo, 

, .QnH IIOTeHUHanbHOll 

anst I"apMOHH'IecKoro . ocunnnstTopa ., ·a a II aoo6ru,e · 
' 2 . . . 

cpyHKUHH BH.Qa U ( x) =a+ qx+<?x:,· .QBH:lKeHne UeHTpa 

TH:lKeCTH BOniiOBOI"O II8K9T8 6y.QeT. TO'IHO COBII8.Q8Tb C KnaCCH'IeCKHM .QBH:lKe

,. ~HeM: MaTepHanbH~ll TO'IKH X,f,, 8TO CBH38HO C. T9M 1 'ITO a· 'OTM9'19HHbiX cny-· 
.. ' .. • ., ~. 

' < ' 

'18HX· Bbi!IOnHS19TCH paBeHCTBO 

x/ c 'AP.YI"Oll CTOpOHbi, a.nSI IIOTeHUIIanbHblX ¢YHKUIIH' BUtla 'u (X)'<= I x-1 

unu· U(x) = ~ x3 B paMKax p8cCMaTp~n8.9r-.1or'o npe.genb-Horo nepexo.na r-.1br 
tJ.OmKHbl KOHCT8TUpOB8Tb 1 'tTO KnaCCU'leCKa 'ii MeXal!UKa OTK83biB8eTC SI cny)KUTb 

B6n~3u TO'lKI! •• X:= 0 ·, ra.e HapywaeTCH yc:noBI!e · (2 .7). · 

9 

•, 

_., 
-' 

··.-. 

_., 

. . ~ 
< • ~ • 

, ."·:..· 
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: ,. 

· au(x) · au·rx J . 
___ ..,;,_·=·-.-,_-- • 

a X ax 
•' 

· OcTaHOBHMCH. Tenepb. Ha ycnoaHH · (2.8 ), B qacTHOM cnyqae aemecTaeH

HhiX aMnriHTYA C n. 1 ~OTOpblft ·npHBOAHT K · KnacCH'IeCKOMY KOne6a;e~bHOMY . · . -' . .:. .. . ' . . .. ···.·: . • ... 

ABHmeHli:IO C Ha'IanbHOit ¢aaoit cp = 0. 1' • . ' • ·: . ... . . . ~ ... ~ ,.. . '. 

~ ': X · =·X·(t) =·a COS cu 
Knacc; o 

AaHHOe ycnoaae 6~~~T HMeTb ana· 

· · · -n+l· 2 · ~+1 ·. ·· ··· · · · ', ·, 2 · · 
hw ('i..y---C .-c) »hcuj('i. y--C Cf-'i. (2h+l)C )j. (28,) 

0 n 2 n+I n a n · 2 . n+I n n .. . . ·n :. •. . 

He'l'pYAHO noKaaaTb, 'ITO nony'IeHHOe nepaaeHCTBO HHKOI'Aa He MOllieT.6biTb 

- BhinOnHeHO •. 8TO. HenocpeACTBeHHO C?BH3aHO C TeM, 'ITO aenH'IHHa "KBaHTOBOit" 

-' SH~pi'HU . EKB, = hcu' 'i, '(2n+lj c;' OKa3hiBae.TCSl ace~A.a 6onbiUe aenH'IH~bl .. 
O.n · . --~ .... 

· ;,KnaccH'I·ecKoit" allepi'HH · E Kn c . = h cu. ('i, V!!]l- C 'C.,)~ Tipli ·aToM· • · pa3-
... : . a c.~ . o . ". , · . ,. n+ 1 . . . . . · · 

.. ,.,." :-H.OCTb OTM.~'ISHHhiX BenH'IHH. (KBaHTOBOMeX.aHH'IeCKaSl ll06aaKa K a~e~fHH) c,>Ka~ .. 

aomaeTCH cpaBHHMoit. c aenH'IHHOit EKnacc •• 

·'' 

;; .. 

... 4 ~ •• 

Ho KOnb CKOpO _STO TaK, Mhl BhlHY)KJleHbi .nOCTaBHTb' nOll COMHeHHe npa- : ... 

BOMepHOCTb CaMOI'O npeAenbHOI'O nepeXOila THila {8) 1 · HenocpeACTBeHHO orui:O 

palOillei'OCSl Ha_ AaHHOe .. ycnOBHe, 

§4. JlpHM7HeHHe rrpeaenbHoro rrepexoaa rrepBoro THII8 (FR) 

K CIIY,fl8IO rapMO!fHfleCKOr:o · OCUHIIIIHTOp8 

. TiepeitlleM Tenepb K paCCMOTpeHHIO ycnOBHit, o6ecne'IHBaiOIUHX npe)lenb-
. . . ... . ' . '" . 

lthiit nepeXOil· nei>aoro· Tuna •. 

'l{To KaCaeTCSl. 'IaCTHOI'O ycnOBHSl ( 1,8) ,·~ KOTOpoe TpaKTyeTCS1 KaK Tpe

'6oBaHHe ManOCTH OTHOCriTenbHOI'O '!i3MeHeHHSl aMnnHTYAhl Ha paCCTOSlHllSlX .... ·. . . ' . . . . . ·- . 
no~SJAKa )lni:IHhl 'I~On!th1 1 TO B 'taCT HOM cnyqae BeiUeCTBeHHbiX C ·" . OltO KiOlKeT 

6hiTb mi!penHCaHO B BHile 

li'r-r'il»li'i +r'r ( t'.8') 
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·' 

. ',.· 

3i::lech' '6:Be.neHhr cne.ny10rrme · o6os.ii'a•ieHn5I:· · 
..... . :::1 .. ·... rl ,..,-· , ...... -· -·~>··,·. ··.: ·~-~~·····.~ ., .~. :. .... t-- ~·•":.:· •. ::; ••• 

' .. · . . '·: .. . 1 . . . 3 ' 
•• 1 • r=.Ret/;_(.x,.t).=C 1/f:(x..) .. ~os-...,.·c,r t+·C·t/f· (x:)·cos·-,--cu ·.:t·•F;;,-;•.:~:· 

.· ·:·· · .. · · o o 2 o, ___ 1·1 .. : ·-~?.· o . ··"·'~··• 

. '/:·~ Im;~· (~~-~) F ~0 ~--~ (f/ ~i~· -}.,~.,0 _t; C, 
1

1/!. /d' )si~ .-~: ._cu, 0,.~:.,,~.:r.•. ~·. 
· a ·. ·. ··· · ·, . · ·. · · ·· · 3 · ·· ·• 

r'=--[Rei/J(x,t))=C I/J'(x)cos:.4-w t+C·I/f'·(x)·cos'--.:..w t+ ... n T,Jl, ax o __ o 2 0 1 1 2::.0·,.:,"::,, :l 

· ·HeTpyJlHO BHJl9Tb 1 . 'ITO· yKa3.8HHOe YC?OBHe py,neT, ijapyiiiaTbCsi. B TO'IKaX 
• • • ... ,, • • • • • • ' • ' "~ ~ • .... ··-- ~' .. ' ~ • ' .... 6 ' ' 

nosopoTa (t;~!HI KoTophrx.as:/ax=O),._Kor.na.w 0 t=O ._IWH,..'rr ,._~ aw_.¥cny-

<Jae 6y.neM HM9Tb i= i '= 0 ,H1IH r=r. = 0 . • 3aMeTHM TaK:lKe, 'ITO B03MO;lKHO 

HapyllieHile' .HepaseHCTBa ( 1.8') n B npoMe*yTO'IHOM cny'lae (Uo t = -~ npn 

ycnosnn, 'ITO 'leTii:hre Koa¢¢nuneHThr C
0

, ci·:· .. 6y.nyT 3Ha'lriTenhHo 6onbiiie 

. ~son.x ~~::reT~I>ix ~o6pa Tbes , . nn~ .n.~sr. '.'"' 0 • , .. ,, . , 

. ITepsi:.Iii pesynhTaT 6y.neT cnpase.nnnB n .nnsr rnnoTeTn'leCKO~~,:.Y~liOBHH< 

·(1.10).' ,····.· \"• ···::•.~·.:.-.'· :.: .~:... (.; 
Ecnn Mhl 6y,neM,_, _Ka~, snp9,'~9,!'4,. aToro n ~p,e6y~T ~orn{\a Beiiieii, ~~nonh-

so BaTh BMecTo Y:cnoBnsr ( 1.8) 6onee o5IIIee ycnoBne ( 1 ~ 7 ~· Ko;r,9ppe .tr.~,P~n~-
B BHJle •· . . 2cu 2 . ' .. ·~ • '.·. ',. . . '. ' .,,_ ', 

1-IL_a._ x 2 (i 2 + r 2 ) +, (i • r+. i r ') 2 1 >:> 
"2 . . 

..... i ·~~ 1 

''I('"' " '')2 ('')2]('2 2 (''' '21 >:;> z z+r r+(z +- r .z +r.)- z.z+r r) , 

TO ·y~HAHM1 .'ITO B OTM9'19HHbiX TO'IKaX, OHO Hapy!liaTbCH He 6y,neT~. 

. . 
B saKnlO.'IeHne HaM xoTenoch 5hr c.nenaTh TaKoe saMe'laHne o6wero 

..,_ ~ .. 
xapaKTepa,, Kor.na Mhi COB~p_E:IaeM npe.nenhHhiii nepexo.n_ K Knacc:nKe no BTopo- .. , .. 

MY . :nyTH (S );- TO<Mhi nepexo.nnM K"-cpe.nHHM. 3Ha'leHHHM Koop,nnHaT H. liM-. 
nynhcos. B To *.e BpeM5I B paMKax npe.nenhHoro nepexo.na nep'soro Tnna 

, (fH) cM:brcn (npnHnMaeMhre 3Ha'leHn5I) yK~saHHhrx senH'IHH ocTaeTcsr HeRs-

M9HHhiM, 

:-:.: · Ta~HM 'o6pasoM·, MO;lKHO yTsep*JlaTh, 'ITO B paMKax pa3HhiX npe.nenhHhiX 

nepeXOAOB CMbiC1I, (no KpaiiHeii Mepe OAHOH H3 KaHOHH'I9CKH ;conpst;lKeHHbiX ·• 

B91IH'IHH) A01I;lK9ft 5biTb pa31IH'leH, 

• ITo HaiiieMy.··;lKe. MHeHHlO, .non*Ha cywecTBOBBTf;o o.nHosHa'IHa5I CB5I3b 

M9lKAY K118CCH'I9CKHMH H KB8HTOBbiMH B91IH'IHH8MH, 11 HhiMH C1IOB8MH;· KriaCCH

'IeCKHe B91IH'IHHhi ,C\01I;lKHbi OAH03H8'1HbiM o6pa30M Bbipa;lKaTbC5I 'lepes COOT-· .. 
:-; 
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' . · .. 
. BeTc·TayiOI.IlHe KBaHTOBbie. Ho ecnH .aTo TaK, To .,OJlHH .H::I paccMoTpeliHbiX Bhime 

npeJlenhllblX ne'peXOJlOB cneay.eT 0,;6p~;H;ho • C Y'l9TO~··.TOJ:'O <!>aKT8; . 'l;O ]lnSI_ 

np~JlenhHOI'O i{~peXOJla. 'I.'Hll8 .. { 8) . B .HeKOTOpb!X cn;'laSIX ~JlHO HS. ycno~'Hfi 
(c~~ §3) He MO~eT 6hiTh BbliiO~HeHO B.· n~HHUHne, Mhi, UO~BHJlHMOMy:·~bi~Y)KJl9~ 
Hb(.~TJl8,Th npeiln~~TElfi~e n~eJle~h!l.OMy' nepeXOJlY THUS. {f.R).'.. . . ,·.· . . . . 

.llnSI OKOH'la'I'en~Horo pew~HHSI sTor~ ao;poca aeo6xoJlHMO cneuHanhHOe 
.. - -~ "' ,;:.• ... ·-. ' .~ ·.: 

HCCneJlOB8H1f9• 

A~Top '6naroi:lapeH a.r. Eapb!lll9BCKOMy;: B.JI. Jli060lllHUy, M~Il. Tioilro_.. 
• • . • ·.' ' I ' ' 

peui<oMy li; B • .ll •. P.S!6uoay sa aHRMaHHe K pa6oTe .H KpHTH'lecKH_e aaMe'laHHSI~ 
·: .... :':- j ~. ~:< 
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· .. :~ ···, 

. PyKonHCb nocTynHna B H3JlSTen&CKH.ll OTJlen • 

25 <jleepan11 1970 roJla, , . 

r~ .>-" -.: • • ·~. t:. • : ·,.-' , 

· .. ··· 
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