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COOTHOUJEHME HEOnPE)J.EJIEHHOCTM 3 HEPf H51 - BPEM51 
B HEPEJI51THBHCTCKOA KBAHTOBOA MEXAHHKE 

1. Hap5I.D.y C COOTHOllleHHeM HeO lpe,'l.eJieHHOCTH , OTHOCHIU,HMCH 
K n:oop .n.unaTe q H HMnyJibCY p, s KBaHTOBofi MexaHHKe paccMarpusaercn 
T3K)I{e COOTHOWeHHe HeOnpe.n.eJieHHOCTJI napb! 3Heprmi- BpeMSI. 

Oepsoe COOTHOWeHHe B 4JopMe HepaBeHCTBa 

Jz 
!1q . ~p > :! , (I } 

f ,!I.e ~q H t3.p- COOTBeTCTBeHHbiC CTaH,'l.apr bl *, a h- ,!l.eJieHH35J HJ 2~ 
IIOCTOHHH3SI 0JiaHKa, BbiTeKaeT, K3K H3BeCTHO, HellOCpe.D.CTBeHHO H3 
KBaHroso-MexaHuqecJ<oro cpopMaJIH3.\Ia. Yro .>Ke KacaercH o6bllJHhiX pac­
cy.>K.n.euuii 0 T3K H33b!B3CMOM MHKpOCKOlle feit3eH6epra, 06 Onpe.D.CJIC­
HHH CKOpOCTH npH llOMOIU,H .LJ.onnJiep-3cjJcpeKTa H T. n. , TO OHH llO cy­
IIJ,eCTBY HMeioT u.eJibiO BhiSIBHTb CBH3h Mem.n.y H3MepenHHMH KOop.u.uuar 
H HMllYJibCOB H KB3HTOBO·MeXaHHlJCCKHM cpopM3JIH3MOM. 

Coaepmeuuo HHaqe o6crour .u.eJio c cooTnomeHHeM 

(2) 

r,'l.e ~H- CT3H;:tapT 3HCpfHH, ~T - HCKOTOpbiH npOMe.>KyTOK ape.\teHn, 
a 3HaK ,____ 03Haqaer, ttro Jiesan 'Iacrh no :..tenhmeii :-.tepe nopSIJU<a 
upaBOH . 

.il.JIH ero o6ocuosanHSI o6blttHO ccb!na~rcH ua rpHBHaJibHOe cooruo­
meuue ~-~- ~T- I, CBSI3biBaiOIU,ee «HeToiiHOcrh > ~-~ H3MepeHIHI qacrorb! 
MOHOXpOM3THlfeCK0fO K0.1e63HIISI C npoMemyTK0!\1 spe~!eHH ~T, B Te"'e­
IHfe KOTOpOrO H3MepeHHe npOH3BO,'I.IITCSI, C OJI.HOH CTOpOHbl, H Ha COOT­
HOllleHue: auepruH = k1, c Jlpyrofi. 

0}lH3KO y>Ke HeOJI.HOKpaTHO llO.ll.11epKHB3JJOCb TO 06CTOSITeJibCTBO, 
'ITO B HepeJIHTHB~CTCKOH KB8HTOBOA MeXaHIIKe U.eJieC006pa3HO C4HT3Tb 
auepnuo «ob servable» a CMbiCJie .Unpa~;:a, coorsercrsyiOill.eif oneparopy 
faMHJibTOHa .n.aHHoA Mexanut.~ ecKoA cucreMhl. Opu raKOM onpeJJ.eJieHnn 
HeJib3H, KOHe"'HO, OTO>K.D.eCTBJ!HTb 3Hep rHIO C )'MHO)KeHHOH Ha h 48CTO­
TOH MOHOXpOMaTH I.J eCKOfO KOJie6aHHSI. n oaroMy YK333HHOe o60CHOB3HIIC 
repSier cuny. a ca Mo coorHomeuue (2) nepecraer 6b1Tb CO.!lep)KateJib­
HbiM. 

YIHor .n.a s:..t eCTO aroro CCbiJiaiOTCSI ua KaHOHH"' eCKYIO conpSI)KeHHOCTb 
9Heprul! H s p eMeHH. Ho raKaH pacnJibiBI.!aTaSJ CCbiJIKa spSI.ll .HI M:O>Ker 

CliHTarbc~ co.n.epmaTeJibHOH: y>Ke no Oli.HOMY TOMY, t~ro 3.!leCb ocraercH 
OTKphiTbnt Bonpoc 0 TOM, '-ITO HY>KHO nOHUM3Tb fiO.ll j.H II ~T. 

00BH11.H:1!0My, 06mero, BbiTeKaiOIU,ero H3 OCHOBHhiX IIOJIO>KeH~iH 
KBaHTOBOH Mexam! KU 060CHOB3HHSI COOTHOUieHJISI (2) HJ!H ..lpyroro 3Htl­
.10fHliHOfO COOTHOUJeiiHH Heonpe,'l.CJieiiHOCTH, OTHOCSIIU,erOCSI K SHeprHH, 

.to CHx nap ,.1auo ue 6b1JIO. B3a\teH aToro paccMaTp Ha a.mch cneu.HaJih­
m>~e CJiy4aH, npH4e.\t }l.JI5J K3)KJI.Qf0 H3 HHX )1.3B3JIOCb CBOe, OTJIHI.JHOe 

* CraHJlapTOM, KaK 113BeCTIIO, H33biBaCTCII KOpellb KBa.llpaTI!b!H lj3 COC;tllero KBaJl,­
• p3 TH'Ill01'0 OTK.10JJeHHII OT CpC.!l,llf I 0. 
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Cooruowen1tc lleonpc,'tt'.1CHH<>cru 3Hepntll- speMll 

OT Cliy'laH K CJiy'laiO, Onpe.ZJ.eJieHHe aeJIH'lHH tl.ff H tl.T H nOK33biB3JIOCb, 
'!TO onpe,neJieHHble T3KHM o6pa30.M BeJIH'lHHbl y,nOBJieTBOpSIIOT COOTHO­
WeHHIO {2). 

2. UeJib HacroHmeli 3aMeTKH- yKa3aTb o.nHo secbMa o6~ee coOTHo­
rneHHe Heonpe.neJieHHOCTH JI.JIH 3HeprHH, KOTOpoe, KaK H (I), BblTeKaeT 
H3 KBaHTOBOrO cpopMaJIH3~fa, HO C y'leTOM ypaBHeHHSI illpe.nHH!:'epa. 

B ocHose ero JIC)KHT cJie,nyiO~ee coo6pa)l{eHHe. KaK H3BeCTHo, noJI­
HaSJ :meprHH 33MKHYTOH KBaHTOBO-MCXaHH'IeCKOti CHCTCMbl, B0061Ue 
fOBOpH, He HMeeT, B IIpOTHBOOOJIO)f{HQCTb KJiaCCHKe, O){HOfO onpeJJ.e­
.-1eHHOrO, fiOCTOSJHHOfO BO BpeMeHH 3H3'1eHHH. 3,neCb nOCTOHHHOif 
OCTaeTC.H Be p 0 SI T H 0 C T b H3MepHTb K3)KJJ:Oe H3 B03M Q)I{Hb!X 3H3'lCHHiL 
3HeprHH cncTeMbi. B 9TOM H cocronT 3aKOH coxpaHeHust 9Hepnm 
B KBaHTOBOfi MeX aHUKe. 

TOJibKO B '!aCTH0:\1 C•1Y'!ae 'cra~HOHapHorO COCTOSIHHSI 9Hepnui Bll0,;1HC 
onpe.neJieHa. I Io a 9TOM c.1y'!ae, Kai< JierKo su.neTb, ace .nuHaMIP-IeCKHe 

BeJIH'IHHbl ll.1H, HHa'le, HX cpyHK~UH pacnpe,ne.lCHHSI OCT310TCH fiOCTOHH­
Hbl:'>fH. 

J1HbiMH C.10B3MH, onpc.neJICHHOCTb IIOJIHOH 9HepnH1 CUCTCl\lbl 
B.le'leT 3a C060fi Ji 0 C T 0 H H C T B 0 BO speMeHH BCeX .ZJ.UH3MH'!eCKHX 
PC"1H'l HH. Y)l{e n3 :noro MO)I{HO CJI.eJiaTb 3aKJIIO'IeHMe, '!TO cymecrsyer 
o6maH 33BHCMMOCTb Men<{~ .nncnepcHeA nOJIHOfi 9HeprMH CHCTC~Ibl If 

H3MeHeHlfeM KOOp,nriH3T, H.MfiYJJbCOB H T • .n. BO Bpe~1CHH. 
CoorHomemre HeonpeJI.eJieHHOCTH. o KoropoM H.ner pellb, .naer KO­

JIH'!ecTBeHHYIO cpOpMyJI!ipOBI<Y 9TOii 33BHCHMOCTH. 
nycTb R H s o603Ha'lalOT }~Be KaKHe-Hu6yJJ.b BeJIHl!HIIbl H O){HOBpe­

MCHHO COOTBeTC fByiOlUHC H\1 9pMHTOBbl OnepaTOphi. KaK H3BCC rHO, 
cnpaBe;I.JIHBbl ,naa CJIC.li.YIOilJMC COOTHOilJC HHSI: 

::.S·::,.R>:. ~IRS-SRI, (3) 

r.ne ~S H !:J.R - CTUHJJ.3pThl BCJIH4HH S H f<., a ropH30HTaJibHaH llepnl 
o6o3Hall aer, KaK o6bi'IHO, ·KaaHTOBO-MexaHHtiecKoe cpe.nuee, n 

lt 0H.=i(HR-RH) (.f} 
i}t 

(ff - r3:>.1H.1bTOHH3H CHCTeMbl, He co.nep)!{3lll,HH HBHO BpC\ICHH). 
no.1araH B (3) S:::; ff, Mbl Ha OCHOB3HHH {3) \\ {4) II0.1Yli3C:\f JICKO­

MYIO cpOp\ty.mpOBI\Y COOTHOilJCHIISI HCOnpe)J.e,leHHOCTII JI..'!Si 3Hepnm 
B cpop:-.te C.1C!tYI01Uero HepaseHCTB3: 

!1H·~R>.!!.. jaR.I · (5) 
- 2 or 

3TO COOTHOilleHHC CBSI3biB3eT TaKUM o6pa30M MC)I{,ny C060f.i CT3H­

JiapT tl.ff nOJIHOH aueprHH 3aMKHYTOA CHCTCMbl, CTaH,napT tl.R Kai<OH­
IIHOy.nb ,nHHaMHllecKoH: seJin'lHHbi u H3MeHeHHe cpe.nHero 3Ha'!eHH51 3TOii 
BeJIH'IHHbl. 

COOTHOilJeHHIO (5) MOn<eT 6h1Tb npH)I.aHa HCCKOJibKO HH3SI cpopM a. 

0Ho He HapyillHTCH npH 3aMeHe a HeM se .. 1H'lHHbl j ::I BCJIHlfnHaMH !~ 
iJR 

JIJIH --. 0pOV.HTerpuposaB ero 3aTeM OT f .li.O f -t ~t, H npHHHB 80 
iJt 

BHHM3HHe, I.JTO ~ff nOCTOHHHO, fi0J1Y'IHM 

~H M>.!!.. I R, +~t-Rtl 
-2 j,N 

(5a) 

r.D.e cnpasa B 3HaMeHaTene CTOHT cpe~Hee 3a speMSI t1f 3HalleHne cTaH­
.napra J.R. 

• 
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.11Hor.n.a (oco6eHHO s c.1y4ae Henpepbra'Horo cneKTpa co6CTaeHHhlx 
3H34CHHfi) ueJieC006p33HO OTHOCHTb H3MCHeHHSI cpe,nHefO 3HatJeHHSl 
J<aKoi1-HH6y,nb aeJIHtJHHbl K ee cTaH,napTy. TaKoc cpaaHeHHe n03BOJisteT 
s psue cJiyt~aea cy.nHTb o6 s<Pc~eKTHBHOCTH npoHcllle.nlllero naMeHemui. 
1{JISI HJIJIIOCTp3UHli MO>KHO COCJI3TbCSl H3 HeCKO.lbKO 3H3JIOfH4HOe nO.lO­
>KeHHe, c KOTOpbiM Mbi H~1ee'1 ,neJio npH or~eHKe paapernaromeA cno­

co6HOCTH OUTH'!eCKHX HHCTpyMeHTOB. 
B 9THX cnyt~aSix y.::r.o6Ho aaecTH cneuHaJibHOe o6oaHat~eHHe tlT 

1.JHI MHHHMaJibHOfO BpCMeHH, 33 KOTOpOe cpe,nHee 3Ha4eHHe HeKOTOpOH 
BeJIH'!HHb! H3MeHSieTCSI Ha aeJIH'!HHY ee CTaH,napra. ~T \IO>KHO H33B3Tb 

cran11,apTHbiM apeMeHeM. 
C 3THM o603H3tJeHHeM (5a) MO>KeT 6b1Tb H3flHC3HO T3K: 

h 
~H -).T--... -:;· (5b) 

113 (5a) CJJe,nyer, tJTO JI.JIH TOfO, '!TOObl KaKaSI-HH6YJI.b ae,1HlJifH3 
H3MeHHJiaCb, Heo6xoJI.HMO He TOJJbKO. 4T06bl ~H-!-0. HO tJT06bl 6h!JI 
OTJIH'!eH OT Hymr H cpe.n.HHfi CTaHll.apT ca~10fi ae.lHtiHHbl (ecJIH 
~H=I= oo) *. TaKHM o6pa30M, JI.HH3:11HtieCK3SI BeJIHtiHH3 He MO>KeT H3MC­
HSITbCSJ, OCT383S!Cb see apeMSI .1H rneHHOH )I,HCCiepcnH; 3TOT pe3y .lbT aT, 
OlJeBHll,HbH! JI.JISI CJIY43SI JlliCKpetHOfO cneKTpa, He SISJISieTCSI TaKOBUM 
JI.JISI cneKTpa HenpephiBHoro. ,'Lanee, H3 (5a) cJie.nyeT, HanpHMep, <n) 

ecJIH s KaJ<oH:-Hw6y.J.b ~10:11eHT apeMeHH JI.HcnepcHsr aeJIHtJHHhl R pasHa 
aymo, a cpe.nHee 3HalleHHe ee He ocraercst nocTOSIHHbiM, TO sHa'!aJie, 
r. e • .LJ,Jist M3JihiX t:J.t, CTaH.u.apT H3MeHSieTCSI 3113tJHTeJibHO 6h!CTpee, qeM R. 

XapaKTepHoA 4epTofi npHae.u.eHHOro cooTHornenHst Heonpe,neJieHHOCTH 
,ll,.'ISI 9HepnUi SIBJISieTCSI TO 06CTOstTeJibCTBO, "'TO B Hero BXOJI.HT npOH3-

BOJlbH3SI aeJIH"'HHa R, H t.ITO uo3TOMY ero <J>H3H'!ecKoe co.nep>KaHHe 
pa3JIH'IJHO B 33SHCHMOCTH OT Bhl6opa 3TOH BeJIHtiHHhl. 

Heyt~eroM sroro o6cTOSITeJihCTBa H o6bSICHSieTCSI, noBHll.HMoMy, "'TO 
OT ,neJibHbie KOHKpeTHble 33J1.3"1H, K KOTOpblM npHMeHSIJIOCb COOTHOllle­
HHe (2), B pSI,ne CJiy'!aeB OCT3B3JJHCb 6e3 B33HMHOH CBSI3H. 

3. B KalJeCTBe HJIJIIOCTpauHH pacOIOTPHM TPH npHMepa. nycTb HMeeT-

CSI OJI.HOMepHbiH BOJIHoaoii naKer. Ecm1 noJIO>KHTb R =. q, TOR ecTb ueHTP 

TSI>KeCTH naKeTa, ~R MO>KeT parCM3TpHB3TbCSI KaK ero cpe,nHSISI lUUpK­
H3, a ).T apeMSI npoxo>K.::r.eHHSI naKeTa. CooTHOllleHHe (5b) noKa3bi­
Raer, 4TO TOlJHOCTb JIOK3JIH33UHK BO apeMeHK npOXO>KJI.eHKSI naKeTa 
4epe3 KaKyiO-HH6y.LJ.b T04KY npOCTpaHCTBa HaXO.LJ,HTCSI B npstMOA 33BHCH­
YOCTH OT JUfCflepCHH flOJIHOH 3HeprHH CHCTeMbl H He lfO>KeT 6biTb 60Jib­
lUOH npH M3JIOH aeJIH'!HHe 3TOH flOCJie.II.Hefi, npH"'eM (5b) JI.3eT KOJ1H­

'IeCTBeHHOe COOTHOllleHHe Me>Kll.Y !1H ll {lT. 
OTOT npHMep npHBOJI.HTCSl 06hi4HO H B CBS13ll C COOTHOllleHHeM (2), 

HO 060CHOBUHHe yr<a33HHOf0 pe3yJibT3T3 JI.aeTCSI B npe,nnOJIO>KeHHH, '!TO 
'lBH>KeHHe npOHCXOJI.HT B OTCyTCTBHH BHeWHHX CHJ1. (5b) flOK33biBUeT, 
'ITO pe3yJibT3T cnpaBe)lJIHB JI.JHI )lBH>KCHHH B JII060M flOTeHUH3JibHOM 

HJIOBOM fiOJJe. 
BTopofi H TperHti rrpHMepbl, I<orophle ceA4ac 6y;~yT nptiBeneHhl, 

ro>Kc paccMaTpHaaJJHCb Hepe.ni<o a CBSI3H c cooTHOllleHHer.t (2). Ho npH 
'9TOM .n.asaJIOCb HOBOe onpe.J.eJieune t!.H n tiT, H aech pa36op llleJI BHC 
BCSIKOH CBSI3H C qepBbiM 11pHMepO,t. 3.neCb iKe BCe TpH npHMepa 51B•1SI-

10TCSI 43CTHbiMH CJIYti3SIMH COOTHOrneHHH (5). 

" .QOB0.1bHO '13CTO UpiiXO,.liiTCII p3CCM3Tp1183Tb COCTOIIHIIII, CT3H.ll3pJ .iUeprHII j.fl 
Koropblx 6ecKoHe'!eH (nanpuMep, s rex cny'laRx, Kor.'l.a :lHeprull pacnpe.ae.1eua no .auc-

.. const J _) uepCHOHHOII <fl0pMV.1e ; T3K KaK OJlHMeHeHHC COOTHOIUeHIIR (.:> K TaKHM 
· (H -H0): + r: 

f•1)''1311M CT3HOBHTCSI 6eCCO.leplK3TeJtbllbU!, TO 6bl•10 6bl BeCbM3 iKe.13te.1bHO HalhH 6o­
.Jee o6mee coornorneHue roro lKe nma, K<IK u (3). 

I 

\ 



~OOTHOWCHHC Heonpe:.tCRCHHOCTII 311Cpfllll- BpeMll 1:.!5 

flyCTb HaM .li.3H3 CHCTC~ta C .li.BY~HI CTCflCHHMH CB060,~bl U nyCTb Ce 
raMu JibTOHHaH H (q 1 , q2) HMeer au.u.: 

H(q~> q2)=Ht(qt)+H~(q:!)+u.Hl2(qt, q~). 

EcJIH p. MaJID H.1H eCJIH tJJieH H 12-THna 3HeprHH B33HMo.u.et:icTBHH npu 
CTO.rli<HOBCHIIH .J.BYX ynpyrHX lJ3CTHI..{, TO npHHHTO fOBOpUTb 0 .li.BYX 
CHCTCM3X C O,.J.HOH CTCflCIIbJO CB060.ll.bl, HaXO.li.Hlll,HXCH BO B3aHMO.li.Cti­
CTBHH .u.pyr C .U.pyrOM. 

B 3TH .~ npeJt.noJiomeHHSJX H 1 +H2 -:::::. H; npH H3BeCTHhlX ycJJOBHHX 

1 (npH pesoHaHce) H 1 H H 2 cyll.(ecraeHHO H3MeHstJOTCH ao speMeHH, 
tCiK,lY TCM KaK HX cyM\1a OCTaeTCH npH6JIH3HTCJibHO TIOCTOHHHOH. 

B ~TOM c.1yqae roaopHT o nepexoJie 3HeprHH H3 o.u.Ho~ CHCTCMhl B .u.py-

ryro, Ha3blBaH H 1 3HeprHen nepao'L a H 2 3Hepruer1 aropofi cucre\tbl. 

no.lO)I{HM R = H2; Tor.u.a (Sa) noKa3blBaer, lJTO lJC!.f MCHbWe .li.HCnep­
CUH fiQ,lHOi:! 3Hepruu BCeA CHCTCMbl B l..{CJIOt.f, TCM, B006ll.(e fOBOpSI, 
te~.lCHHee npOHCXO.li.HT nepeXO).I. 3HeprHU, HJIH TOlJHee: CTan.u.apTHOe 
Bp~ 5I nepexo;~,a 3HeprHU H3 O.li.HOA CHCTeMbl B .U.pyry•o HC MCHbiUC, 

II 
~eM --. 

2~H 

Har.1H.li.HOH HJIJIJOcrpal..{Heii aroro cJiytJaH MO)I{CT cJiymHTb O.li.HOMep­
HOE coy .u.apeHHe .u.ayx ynpyrux tJaCTHI..{ HCtJesaJOw.ero pa3Mepa u O.li.HHa­
xosoA MaCCbl, H3 KOTOphlX nepaaH HMCCT CKOpOCTb, OTJIH4HYJO OT HYJISI, 
C uaJIOA .U.HCnepcueA, a BTOpaH HaXO.li.HTCSI fi04TH B nOKOe. 

B nJiocKocru q1 u q2 (q1 u q2 - Koop.u.HHaTbi tJacrHI..{) npol..(ecc co­
Y .... apeHHSI npH6JIHmeHHO oro6pamaercSI orpameHHeM orpaHHtJCHHoro H 

flO .li.JIHHC H 110 WHpHHe uyra BOJIH OT 3epKaJia, nOMell.(CHHOI'O flOJl. yr­
JI0\1 45° K HanpaBJICHHIO q 1, npH'lJCM BOJIHOBa Sl «JIHHHSU l..{yra nepneH,LUf· 
J.:)'.1HpHa K q1, a .li.JIHHa H WHpHHa uyra BCCbMa BCJIHKH no cpaBHeHHIO 
C ,.J..lUHOH BO.TIHhl; nyCTb .li.JIHHa l..{yra 3Ha4HTCJibHO 60JibWC WHpHHbl. 
..Uo CTOJIKHOBeHH.SI BOJIHOBaH QJYHKI..{HH COCTOHT H3 I{yra, pacnpOCTp3HH­
!QJI{erOCH B.li.OJib q1 no HanpaBJICHHIO K 3epKaJJy. floKa l..{yr He .li.OlllCJI 
1.0 sepKaJia, H 2 ~ 0. 3areM nepe.li.HHH tJ3CTh Ilyra orpa>KeH!feM saaopa­
•maaercH Ha 90°. noKa BpeMH ~f. IIpOWC.li.WCC OT Ha'!aJia OTpa>KCHHH, 
M3.10, OTpa>KeHH351 '!3CTb uyra 3aK.rJI0'!3CT M3JIOe KOJIHtJCCTBO BOJIH 

l1Hhlr.sn c.1oaaMH, ~H~ a aroil cra.u.un cpaBHHTCJibHO aeJIHKO, a Ht 
ell.(e Ma.1o. 

npu .!!.3.1bHefiWeM npO.U.BH)I{CHUH uyra OTHOrueHHe H:! I ~H2 pacrer. 
nOK3 BCCb uyr BOJIH He nepeJ'.i.u.eT B HanpaBJICHHe q2. JJerKO BH.li.CTb 
TaK>Ke, tJTO npu YMCHbWCHHH .li.HCnepCUH 3HeprHH BCCH CHCTeMbl, '!TO 
cooraercrayer, HanpHMep, 6oJibrneA .U.JJHHe nepaoHatJaJibHOro uyra, see 
COOTBeTCTBeHHbJe BpeMeHa (B ~aCTHOCTH, CTaHJIBpTHOe BpeMH) YBCJIHtJH­
ll310TC51, tJTO T3K)I{e HaXO.l(HTCH B 1<3\ICCTBCHHOM COfJI3CHH C (5b). 

COBCeM .ll.pyroti CMhlCJI HMeeT H3BeCTHOC COOTHOWCHHe, BblTeK3JOlll,ee 
!13 TeOpHH B03MymeHHi%: 

(6) 

r.ne ff10 n H 20 03HatJaiOT HatJaJibHbie aHepnm B3a~iMOJJ.eficrayJOmHx CH­
crelt (u:m '!acrul.{) 1 u 2 a MOMeHT t = 0, a H 1 u H 2 - HX aueprnH 
a MOMCHT t. Be.1HtJHHa H' =H1 +H2 , J<oropyJO Mhl 6y.u.eM Ha3hlB3Tb 
C06CTBeHHOH 3HeprueA tJaCTHI..{, OTHIO.ll.b He pasHa no.riHOH SHeprHH CH· 
CTeMbl H=H1 +H2 +p.H12, TaK 'ITO COOTHOiliCHHe (6) He 11:\teeT OTHO· 
lliCHHH J.: Heonpe.li.CJieHHOCTH !1fi nOJIHOH 3HeprHH CHCTCMbl, KOTOpaH 
JlJISJ BCHKOfi U30.1HpOBBHIIOA CHCTeMbl Ot:TaeTCH nOCTOHHHOH BO BpeMeHH. 

ooJiee roro, ec.1n paccMarpnBaTb He nOJIHYJO aHeprHio H, a JIHlllb 
C06CTBeiiHYJO 3HeprHIO 43CTlfl..{ H', TO ace >Ke, BOnpeKH '!3CTO BCTpe<ta-



126 JI. H. Mau.Je.1bUJTa\f 11 H. E. TaMM 
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JOrneMyCH YT8ep>K.:teHHIO, COOTHOnieHHe (6) OTHIOJJ.b He 03H3'13eT, 'ITO 
ueonpe.n.eJieHHOCTb co6cr8eHHOH 3HeprHH tiaCTHI.\ yMeHbUiaercH no Mept• 
pocra npoMe>KyTKa speMeHH t, 8 retieHue Koroporo 9TH: tiaCTHI.\1.1 
B33Hl'•fOJJ.eHCTBYIOT. 1J.eiicT8HTeJibHO, 8epOHTHOCTb TOfO, 'ITO nOJJ. B.1HSI· 
HHeM 33JI.3HHOf0 B03MyrneHHSl p.H, 2 CH:CTel\ta 33 8peMSI f nepet\.n.eT H3 

H343JibHOro COCTOHHH:SI ·~0 c co6CTBCHHOtt 3Hepmeii H 0' = H10 + H~0 
8 cocrost:HH:e c co6cr8eHHOH 3Heprae:tt H' = H 1 + H2 nponopl.\HOH3JlbHa 

sin: (H' - H ') t h 
OCI.\HJIJIH:pyiOrnCH BO 8peMeHH: 8eJIH:'-IH:He 

0 
• nosTO~IV Be-

(H'-H0'): . 
pOHTHOCTb w (a, t) roro, 'ITO H' 6y.ner B MOMeHT t OTJIH'13TbCH OT H 0 r 
HC ~leHbUie, qeM Ha 33JI.3HHYIO 8CJIH'-IHHY a, He CTpeMHTCH K HyJIIO 

C pOCTOM f. 
Mo>KHO, o,nHaKO, nocra8H:Tb sonpoc no-auoMy. Pa306beM pe3yJih-

TaTbl H:3MepeHH:Sl COCTOHHH:SI CHCTeMbl 8 MOMeHT f H3 ,lt83 KJI3CC3; 
B KJI3CC A OTHeCe~1 Te CJIY'I3H, KOr.n,a CH:CTeMa B :IIOMeHT t OK333Jl3Cb 

B HCXOJI.HOM COCTOHHH:H 'to• a B KJI3CC B- BCe OCTa,ilbHble CJiytiaH. no 
Mepe pocra t 8epoHTHOCTh c.1Y'Iaes A na;'l.aer, npH4eM '!eM 60Jibllle t, 
TC\1 60Jibnie npe8a.mpyiOT nepCXOll.bl CH:CTeMbl B COCTOSIHH:SI, Y.li.OBJie­
TBOpSIIOlliH:e 3aKOHY coxpaHeHnSI co6crseHHOH 3HeprH:H H' tpe3oHaHc); 
H\teHHO D09TO~IY OnpeJI.e.'leHH3Sl BbllllC sep051THOCTb W (a, t) He cyme­
CTBeHHO H3~!eHSieTCH BO spe:~tellll, HCCMOTpSI H3 y:~teHbUieHlfe CO speMe­
HC:\1 cJiyqaes A, coornercrsyiOutnx TO'lHOMY coxpaHeHHIO co6crseHHOH 
3Hepnm qacTHI.\. l1HbiMn C.'IOBa~m, ec.'ln OTKHHYTh c.1y4aH K.1acca A n 
paCOI3TpH:B3Tb OTHOCHTeJibHYIO BCpOHTHOCTb pa3JIH4Hb!X pe3yJibT3TOB 
H3MepeHHH ssyrpn KJiacca B (o6HHM3IOUI.ero H3MeneHHble no cpasHeHHIO 
C H3lJ3JlbHblM COCTOSIHH51 CH:CTeMbl), TO TaKaSI OTHOCliTeJibH351 sep05lT­
HOCTb ·Ws (a, f) pe3yJibT3TOB H3!11CpeHHH KJI3CC3 B, B KOTOpblX BeJIH'lHHa 
I H'- H

0
' I a MOMeHT t He :-.H:!HbUie 33JI.3HIIOH se.nHtiHHbl a, 6y.n.er yMeHb· 

UiaTbCH co spe~teHeM. ~op~tyJia (6) u ycraHaBJII·iBaer CBSI3b MC>KJI.Y t n 
reM 3HatieHHeM a= I (H1 + H~) - (H10 + H~0)1. npH KoropoM onpeJI.CJieH­
HaH T3KHM o6pa30:II sepOHTHOCTb 1£18 (a, f) CT3HOBHTC51 CpaBHliMOii C eD.I1-

HHUeH. 
HaM He y.:J.aJIOCb noKa ycraHOPliTb CBH3b :lte)I{JI.Y COOTHOlllCHHeM (II} 

H cpop~t}JIHpOB3HHbJM Bbillle COOTHOlliCHHe:lt HeOnpe.li.CJieHHOCTH (5)- (5b), 
XOTH Mbl H CK.'IOHHbl C4HTaTb cyiU,eCTBOB3HH:e T3KOH CBSI3H BDOJIHe 

sepOSITHbll\1. 
B Katiecrse rperbero npHMepa paccMotpHM sonpoc o wHpHHe cneK­

TpaJibHbiX JIHHHll HJIH:, o6mee, 0 CBS\3ll ~le/I<Jl.Y <'Jl.JlH:TCJibHOCTbiO )I{H3HH• ~ 
Jl.3HH0f0 COCTOSIHH:SI CHCTC:\Ibl •?0 U HeOnpeJI.eJieHHOCTblO j.H 3HeprHH 

9T0f0 COCTOHHHH. 
06o3Ha'1HM qepe3 L npo9KUHOHHblii oneparop, cooTsercrsyiolli.HH 

COCTOSJHHIO CHCTeJI.Ibl •?0 H onpe.1I.eJI51eMb!H COOTHOWeHHC\1 

V( =(Yo'?)· 'to• 

r.ne 

(·!I •.!.1) = J·!i *•1Jdx 
I 0 I 1 0 ' • 

O,nHo H3 co6crseHHbiX 3Ha'leHH:ii oneparopa L pasuo 1, see ocTaJtb­

Hhle paBHhl HYJIIO. nono:-.ty 

F-=L. (7) 

MareMarwtecKoe O)I{H.laHHe L pasuo sepOHTHOCTH roro, '-ITO CHcTcMa 

H3X0.1I.H:TCH B COCTOSIHIHi 'fo; 0'-leBHJI.HO, lJTO L ~ 1. 
Ha OCHOB3HHH (7) 
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o Mepe 
aCTH~l.l 

BJIIUl· 

f!!.eT H3 

•o+H!o 
HaJibHa 

11y se-

or H 0 ' 

K HYJIIO 

pe3yJih­
~-:.1acca; 

a3aJiacu. 
au. no 

ilbllle t , 
\ .il.OBJie­
• oliaHc); 

e cyme­
speMe­
BeHHOj:{ 

cca A 11 

e OCT3Jib-

(7) 

CHCTCMa 

/ 
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nosTOMY COOTHOWeHHe (5) npHHHMaeT JI.JIH onepaTOpa L BHJI. ~ 

t1H · V l - (L)2 > .!!:./ o7..,. (8) 
- 2 iJL 

nycTb npH t = 0 CHCTeMa HaXO)J.HTCH B COCTOSIHUH IJio• T. e. L (0) = 1. 
TorJI.a H3 (8) cJieJI.yeT, 'ITO npH t > O 

HJIH 

1t • • 1 - llH·t 

2 - arcsm v L ( t) > -h- • • 

I j.ff • f) 
L (t) >cost ( h . (9) 

Ec.lH o6o3Ha'lHTb qepe3 -:: speMSI noJiypacnaAa cocTOSIHHst ~0 (T. e. 
I L ('t) = -, ecJIH L (0) = 1.) TO H3 (9) noJiy'laeTcH xopomo H3secrHoe 
2 

(HO yT04HeHHOe B OTHOWeHHH lfHCJIOBOfO MHOiKHTeJIH) COOTHOWeHHe 

• ~t;iKJI.Y ':: li Heonpen.eJieHBOCTbiO tlH 3HeprHH COCTOHHHSI ~0 : 

•·Mf>~h. (10) 
-4 

3aMeTHM eme, 'ITO 8 pSIJI.e BOnpoCOB , OTBOCSilllHXCSI K H 3M e p e­
H H 51 M, COOTHOWeHHe (5) JI.3eT 'l3CTO B03MO>KHOCTb CY.IJ.HTb 0 BeJIH'lHHC 
npoMelKyTKa speMeHH, He06XOJI.HMOM )J.JISI nOJIYliCHHSI JI.OCTaTO'lHOA: «TO'l · 

HOCTH» H3MepeHllS1 B TeX HJIH HH~X ycJIOBHSIX. 
4. CooTHOWeHHe Heonpe)J.eJieHHOcTH (1) B~BOJI.HTCSI o6~qHo .IJ.JISI TaK 

H33biB3eMOfO 'lHCTOfO CJiy'laSI, T. e. B npe)J.nOJIO>KeHHH cymeCTBOB3HHS1 
soJIHosoi-i <J>YHK~HH. To >Ke car.we npe.ll.nOJIO>KeHHe Jie>KHT B ocHose 

BbiiDenpHBeJI.eHHOfO B~BOJI.a COOTHOWeHHSI (5). 
0)J.HaKO, K3K (1), TaK H {5) cnpaBeJI.JIHBbl H )J.JISI 06IUero CJiy'laSI 

«CMeCH». 3TO JierKO BHJI.eTb H3 CJieJI.yiOIUero. 
l13BeCTHO, 'ITO B 06IUeM CJiyqae CMeCH 

R = ~ P1 f Cf/ (RIP;) ·dv, (11) 

f JI.e cp,- HeKOTOp~e <j>yHKUHH, KOTOpble MO>KHO paCCMaTpHB3Tb K3K BOJI­
HOBble <j>yHKUHH TeX 'lHCTbiX CJiyqaeB, H3 KOTOpbiX C!deCb «COCT3BJieP.a ~, a 

P,- noJio>KHTeJibHbie 'lHCJia, npii'leM .l:P. = 1. 
Mhl coxpaHHM ropH30HTaJibHYIO qepTy 6e3 HHJI.eKca .II.JISI o6o3Ha'le­

HHst cpeJIHero 3Ha'leHHSI KaKOA·HH6y JI.b seJIHlfHHbl F no see A cosoKyn­

HOCTH. n ycTb )J.3Jiee 

Toua, cor JiacHo (11) 

R= EP.« H (tlR)2 = <R- R)2 = ~p,(R- R)~. (12) 

HaKoHeu, o6o3HattHr.t eme 

(tl,R)2 = <R -R/ . 
113 (12) 

• 113 (', B '13CTHOCTH, BbiTeKaer B COOT8eTCTBHH C 06UUI!>t COOlHOWeHUeM MelK.llJ 
<KOpOCTbJO 113WeUellll!l H CTaH.ll3pTOM np01t380JibHOlf BeJIHqHJibl, qro 9KCflOUelll.(II3Jib­

JibiJI: saKOH pacnau I (l) = e- Tt woJKer ocymecrBJt!ITbCII Jilllllb uaqttnall c aeKoroporo 

I ( ht1! ) epeMeRu t, 60•1bwero q~w t lln 1 + 
4

_
1
ff1 • 
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---:=..- ; 
HO T3K KaK i - blii 4JieH cyMMbl He MeHbWe, 'H' M *Pi (R- f<')~ -p1 (U.R)~ . 
TO Mhl noJiytJaeM: 

(~R)2 ...::.1:P; (:l;R)2. 

OyCTb Mbl HMeeM .n.se seJIHLJHHhl N. H S H nyCTb 

<~RF (:l,Sf .::.: a/ ; 

T0f,ll.3 cnpase~JIHBO HepaBCHCTBO: 

t).R)~ (~sr .:: (.~p~a,r. 
Jlei%CTBHTe.1bHO, Bl!H.li.Y (13) H (14) 

(;).R)2 (.~S)2 > ~p, (~;R)2 -.l:p,t (~kSl2 
_ 

> ;~PU'~t { e:~ )"a?+(~~: ra11
2

} + ~p/a? . 

{ t 3) 

( 14) 

115) 

4JieH nepaoii cyMMLI cnpasa co 3Ha•IJ<a~u i H k He \leHbWe, 4eM 
2p;pl<a;ak, OTKy.ll.a Henocpe,li.CTBeHHO CJie~yeT cnpaBe.U.'lliBOCTb COOTIIO· 

UICHIHI ( 15 ). 
IlyCTb s=q. R=p. CorJiaCHO (1) H (14) Cl;=%· no~TOM)' 113 (15) , 

BhiTCKaeT, 'ITO COOTHOlllCHHe (1) OCTaeTCSI CnpaBe.D.JIHBblM II ,li.JISI CMeCH, 
TaK 1<31{ Be,ll.b t:J.R H ~S CyTb CTaH,napTbl COOTBeTCTBeHHbiX BeJIII4HH ,li.JIH 

BCeii COBOKynHOCTa 
4T06bl npHMeHHTb (15) ,li.JIH o6o6w.eHlfSI COOTHOWCHIHI (5), H)'}I{H() 

1IpHHSITb BO BHHMaHHe, qTQ BCe :P; cy Tb peweHHSI O,ilHOrO H TOfO >Ke 
ypaaHeHHSI Wpe.n.uHrcpa. nycTb s =H. T or.ua. c paBHHB3H (5) H (14), 
)lbl MO}I{eM n0.10ji{H Tb 

a--- . ~_~~~(a!?' ) : 
' 4 at 

(16} 

HeTpy.n.ao .n.a.11ee noKa33Tb, q ro 

oR = ""' P (iRi 
;;{ .....J I()/ 

0TCIO,ll.a, npHHliM351 BO BHHMaHHe (15) H (16), BH.ll.H~l, 4TO COOTHOWe­
HHe Heonpe.n.eJieHHOCTH (5} CnpaBe.D.JIHBO li .J.'IH o6w.ero C.ly•JaSI C\feCH . 

<J>HsHqecKHH HHCTHTYT liM . fl . H. Jle6eAeaa 
AKa,D.eMHH HayK CCCP 

.MocK sa 

11 

f -


