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BBe.1temrn 

CerO,llHJl MH SIBJISleMCH CBll,Il;eTeJI.AMH 3HaqJl'l'8JIDHOro Il0,Ii;'I,8M8. HHTepeca 
- K QCHOBamlllM KBaHTOBOll Teop:im, BH8BaHHoro He,D;B.BHID.m SKCnepRMeHTaMH 

no o6Hapyxemm HapymeHID\ H8p8.B8HC'l'Ba EeJIJia B OIIHTax C !p()TOHaMH. 8TOT 
HHTepec sa-qacTyID npHHHMaeT <POPMY H8.D;OYM8Hrul, cpB.BHID,tOro C aqxlleKTOM 
Ka.Tacrrpo(pli B llepHoCSwze. Ka38JI0Cb 6H,3a 60 JieT Cy!Il8CTBOBaHWI KBRHTO
BOA T80PHH K Hett ,Il;aBHO y-;r.e IlPHBblltJIH K8.K K 'tl9MY-TO BnOJIH8 06H,ll8HHQMY. 
TeopeTmtaM C ee noMOIJU,D y,naJIOCb npe.n;cKaSaTb MHOE8C'l'BO SKOnepHMeH
'l'MbHHX q>a.KTOB KaK B TeOpHH aTOMOB H MOJI8KYJI, Ta.It H B TeopIDI.aTOMHO
ro R,It,Pa H 8JI8M8HTapmnc -qaCTHU;H ,llWKe B aCTPoq>H3HK8 H KOCMOJIOI'HH. 
M BOT B.ItPYI' BblHCHHeToH, 'qTO CaM oCS~eKT, OimcblBa8Mblil: KBaHTOBOii TeO
pHett,- MHKpooCS~eKT 80Tb H8'qTO OOBCSM He TO, 'qTO O H8M MHOI'H8 ,JzyMaJIH. 
Bnpo-qeM,OOHOBB.TeJIH KBaHTOBOll Teop:im 8ttHIJITettH, Bop, rettaeH6epr, OOK, 
BRrHep C CaMoro Ha-qaJia ee 003,Il;a.HKfl BHCKa8blBa.JIH CSOJIDmOe Y.ItHBJieHHe 
H He,lloyMeHHe IIO noBo.n;y Toro, -qTo xe Ta.Koe MHKpooCS~eKT. Ho nocJie,u;yio
mue npaKTH'q8CKH MblOJIJ'!IUH8 IIOKOJI8HIDI, OTJIOlmB npoCSJI8MY HHTepnpeTamrn 
Kl3aHTOBOii TeopIDI Klllt qiHJIOOoWCKyID. BnOJIHe Y.nOBJISTBOPHJIHC:& CT~pblM KJiaC
CH'i8C.IWM R3HROM, corJiaCHO ROTOPOMY MRRpoo6~8RTH - STO 'iTO-TO Bpo.n;e 
mapmtoB, KOTOpble 11HaJll!ITaDT".ru>YI' Ha ,ru>y:ra B OIIblTax no pacoe.fllDm, "oCS
JI8,IJ;aJOT11 aap.ff,ll;ru.m, OIIHHOM, MRocon, Koop,TJ;RHB.Tott, HMIIYJ!l>COM, SHepmeii. 
M BOT cero,D;HH TO, 0 'q8M Ha.C np8,JlYIIP8JK,D;aJUl: 11 0Tm,I KBaHTOBOtt 'l'eopHH", 
BC'l'aJIO nepe,ll H8MH BO B8Cb POC'l'. 

3KcnepHM8HT8Jil,HOe IlO,Il;TB8pQ8Im8 np8,llCK8.8HBR8MOro KBRHTOBOlt Me
xamncoft HapymeimH Hepa.B8HCTB BeJIJia ,ll8MOHCTPHPY8'1' CJI8,ItYlllltliI8 OTJmtJllll 
KBaHTOBblX oCS~eK'l'OB O'l' KJiaocn-qecKHX. 

a) CBoltcTBB. MHKpoo6~8K'l'OB H,6oJiee TOr01 CaMO IlOBHTH8 MHKpoo6~eK
Ta (HBlIJ)HMep, 'lll'.!OJIO -qacTHU) cymeCTByIDT JIHIIl1, nocTom.Ky, nOCKOJll>KY 
OHH aa6Jil),ll8.IOTCH,B· He cymeC'l'ByID'l' 6e30THOCHT8Jil,HO npn6opa (HRCSJill,llaTe
JIJI). 8T0,06CTO.fi'l.'8Jll>CTBO .B TepMBHaX KOil8HrareHCKOi1 HHTepnpeT~ 06-
Cy,r.Itae'l'CH B § 3 HRCTOHlltllX Jie~. 

CS) HeJIOKSJil,HOCTb. J);m CHCTeM ,ItByx H CSOJiee -qaO'l'Hll llM88TCH,CBOi1CT
BO ~eJioro, cBJiaaHHoe c onepaTopOM nepecTaHOBKH, KoTopoe coxpa!IJ'l:eToH 
,llaJte npK paaJieTe -qac~ Ha 60JI1,IIIH8 pacCTOHHWI. Ilo9TOMY ,I{JIJi CEMM8TPH-
80BaHHHX, COC'l'O.fillHI HapymeJme H8PaB8HCTB Eemm M0m3'1' 6H'l'D npo1nrrep
np&THpOBaHO K8K H8KO'l'Opoe HeJIOKSJll,HOe :8.IIHJIBl!8 O,D;HOA -qac'fll OltCTeW:l 

Ha ,IU>yryD 6ea·npOTHBOp8'1JIDI c IIPHHUilllOM·npHtJHHHOCTH ( § 3 ). 
B)-Heo6xo,u;m,1ocTb HCIIOJI1,SOBRHWI BMeCTO B8POH'l'HOCTH B KBaHTOBOii 

Teop:im aMIIJIK'l'y;lOi B8pOHTHOOTH (BOJIHOBOii qi~). 8Ta ocoCSeHHOC'l'b 
KBaH'l'OBOff Teop:im o6ycJIOBJI8Ha H8,TJ;RCTpH6yTHBHOC'l'DD pemeTKR CBOitCTB 
KBRHTOBOit OHC'l'8Mbl - § 3, § 7, § 8, § 9. 
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' r) HeBOBMOJitHOCTl> JIOKSJII,HOH TeopHII cKpHTHX napa.MeTpOB - § 4. I 
B eTOM ~e naparprupe tmTaTeJIIJ npe,llJiaraeTCH o6sop cero.n;Hml!Hero noJioxe- \ 
HID! B TeopHH CKPHTHX napaMeTpoB. 

8KcnepHM8HTaM no Hapymemm HepaBeHCTB Eemra He npOTHBopetmT He
JIOKaJII,HaH TeOpHJI OKPHTHX napaM8TPOB ( HanpHMep. MO.n;em, EoMa, §' 4) • 
HO 'APYI'li0 He,ll;OCTaTKH 9TOH Teopmi: .n;eJiaJOT ee H8KOHKY1)8HTOCilOC06HOH 
C KBaHTOBOH TeOpHell. 

B IlOCJI0M0M naparprupe Il0,IU)06Ho HBJiaraJOTCH llPHBilHIIH KBaHTOBOH 
normw: H .n;eMO.HCTpHpyeTca BOSMOJKHOCTI> nocTpoeHHH MaccHqecruoc oncTeM I 
(aBTOMaTOB), HMl'ITHPYJOlllIIX KBaHTOBHe CHCTeMH H Hapymemrn H0PaB0HCTB ' 
EeMa, tJTO IlOBB~T B 6~eM oos.n;aTl> "KBaH'l'OBHe KOMill,IOTepu". 

§ I H § 2 ~moTCH BBo.n;Hl:lMH H co.n;epxa.T HeKoTopue oTcyTcTByx,mRe 
B ytJe6mmax CBe.n;eHHH O tJaCTOTHOll HH'l'epnpeTamm H pe~ BMHOBoro 
naKeTa. § 5 H § 6 nocBmiteHH HHTepnpeTamm KBaHTOBOH TeopHH Ha HBHKe · I 
aHcB.M6Jiett qacTH~ n HH'l'epnpeTamm 8BepeTTa-YHJiepa-.n;e BllTTa. 

OcHOBHHM y6eJE.I(eHHeM aBTopa HBnH0TCH y6eJE.I(eHHe B npaBHJU,HOCTH . 
KoneHrareHcKott HHTepnpeTamm, cornacHo KoTopott HadJIIJ.n;aTem, nrpaeT 
npHHQHimaJil>Hy!O PMI>. 8Ta ero pOJil>,IlO MHemno aBTopa,CBHBaHa O 6yJieBott 
JIOmKOH OOBHaHHH ll OOOTB0TOTByroillero npH6opa, He OOBil8,ll;8lOll{8ll C He6y
JI8BOH JIOmKOfi MHpa. 

§ I. OcHOBHHe IlPH~ KBaHTOBOll Teopmi: 

B 8TOM naparprupe MH KpaTKO nepetmCnHM H0KOTOPH0 OCHOBHH0 npHH
Itl'IIIl:l KBaH'l'OB01i Teopm1, OMH HS KOTOpliX .RBJlmOTOH IlOCTyJiaTarvm:, .ru>Y
rHe ~e MoryT 6HT1> .n;oKasaHH. 

I. CooTOJUlKJI KBaHTOBOH CHOTeMli OIIHOHBaJOTOH HOI)MHpOBamIHMH BeK
TOpaMH I'HJI1,6epTOBa npocTpaHOTBa. OTO npocTpaHOTBO npe.n;noJiaraeTCH 
KOMIIJieKCHOBHatJHHM, XOTH BOSMOXHH <I>oPMYJIHPOBKH Ha HBHKe Be~eCTBeHHo
ro rHJil>6epToBa npocTpaHCTBa ll npocTpaHOTBa KBaT0PHHOHOB. CnpaBe.zt?IW3 
IlPHHQ:llll cynepnOBHUHH! JII06ott HOPMHPOBammi! B0KTOP rnn1,6epTOBa npocT-' 
paHCTBa ¥::: Q:1.1.l'J. -t- "2.'12. 1 r.n;e 't'"~ ,l,l,'2- - B0KTOPH,OilHCHBaxJIIIH8 coc-
TOHHHe CHCTeMH, q:I. ,a2 - KOMnn0KCHH0 qncJia, TaIUte OIIHCHBaeT H8KO
TOpoe COCTOmme CHCT0Mli. 

HcKnIOtJeHHe npe.n;cT~T npamLIIa oynepoT6opa .n:nH .n;HCKpeTHoro 
H HenpepHBHoro c~aeB. HanpHMep, cynepnoBllQHH cocTOHHHH c pasHHM 
9JI0KTPHtJeoruwrsapH,JJ;OM HeHa6.7J'.IO,I{aeMa H He ecTl> COCTOHHHe CHCTeMH. 

2. Kru!t.n;OMY HaJ.7J'.IO,I{aeMOMY qiR8HtJ0CKOMY OBOtl:CTBY A COOTB0TCTByeT 
9PMRTOB onepaTop A , .n;ettCTBYJJIIlHit B rHn1>6epTOBOM npocTpaHCTBe 000-
TOJIHHil. Ha6.7J'.IO,I{aeMHe A , B OOBMeCTHH, ecJIH COOTB0TCTBYJJ111H0 onepa
TO.PH A ' £ KOMMYTHPYIOT. 
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3. HsMepeHHe Ha6.7J'.IO,I{aeMott A .n;aeT O,ll;HO HS co6cTB0HHHX BHatJemrti 
A . 

onepaTopa A • 

4. SB~ BO BpeMeHH B0KTopa COCTOHHHH ~ no.n; .n;ettcTBHeM 
BH0111HHX CHJI KayBaJU,Ha H JIHHettHa, T.e. no :Y (t) O,ll;HOBHatJHO onpe.n;eJIH-
0TCH °Y:' (t') 1 TaK tJTO ecJIH 

°W (t) = G\.1_ tl'J.(t) + C\z_ :1.'2 (+) 7 

TO -w (-t ') = a q, (t 1
) -t-·ct ~ (t') 

:I. :I. 2. 2. • 

8Ta 8BOJJDIUIH OJIHOHBaeTCH JIHHefiHHM ypaBH0HH0M Wpe.n;HHrepa 

H iJ! (-t) = i r =;;r iJ! {-t--) , (I.I) 

T.e. -yr (t-) = exp {- t Hr}Y.10 , r.zte ~ = -,Y{t)j 
t; =1"o 

II.PR 9BOJillitl'lH coxpaHHeTCJI HOPMa B0KTOpa ""!J! (t:) • tJTO npHBO.n;HT K yim:Tap
HOCTH onepaTopa 9BOJI!lWm. 

5. IIocTyJia'l' pe.n;yKUHH BOJIHOBoro naxeTa ll HH,It8T0PMHHHSM. Ilpll HS
Mepemm BOJIHOBM WY~ Yf(t) CKatJKOM (HH,IteTepMHHHpoBaHHo) npeBpa-

A 
maeTcH B co6cTBeHHYIO !J?YHKI{HIO onepaTopa Ha6.7J'.IO,I{aeMoi!: -A •. To ecT1> 

ecmi: 

TO Ye' {t)- U.._. 

A 

:f1,u,.=a.,u11 (I.2) 

B c~ae HBMepem I po.n;a llOBTOpHoe HSMepeHRe C BepoHTHOCTl,IO I .n;aeT 
pesyJI1>TaT a.... • BepoHTHOC'l'l> onpe.n;eJieHHoro pesym,TaTa naMepeHWI a.n. 
H nepexo.n;a B cocTOJ'Ume u..,_ onpe.n;eJIHeTcH Ka.K 

Vl'.=l(u ~)J2. 
k. 11.' 

(I.3) 

B tJaCTHOCTH, eoJIH Ha~TeJI:E, "He llOCMOTpeJI" Ha IlOKasaHHe CTpeJIKH 
CBOero npH6opa. KOTOPOMy COOTB0TCTBY0T o.n;Ho HS tJHC0JI 0.11. ' TO OH 
CKaJteT, tJTO w., eOTl, BepOHTHOCTl, llOKaSaHRH OTpeJIKH C\h • Ta.Kott 06-
JIB,ll;~ H0llOJIHOtt llliq>OPM~ett O KBa~OBOtt CHCTeMe Ha6.7J'.IO,I{aTeJil> 6y,IteT 
OIIHCHBaTl> CHC'l'8My y,r.e He B0KTO.POM B I'HJil>6epTOBOM npocTpaHC'l'B0 U11.. , 

a MaTPHil81i IlJIO'l'HOC'l'H f • 8Tott MaTPHil0 OOilOCTaBJ!H0TCH CTaTHOTHtJec
KHA onepaTop h = L w P. 'r 11.. .._ ll,._ J 

A 

r.n;e p "- - npoeK'l'OPH Ha OOC'l'OHHHH ... 
CBOIC'l'Bm.m: 

LL 11 • MaT.PHila \ o6Jia.n;aeT 

a) 8PMH'l'OBOC'l'l> f = f, 
5 



I 6) HOpMRpOBKa. &p f ·'" .:I.. > 

B) IIOJIOJ!WT9JII,H8H O!Ip9,Il;9JI9HHOCTI, ( ,.Y, i '.I.') =3:- D , 4:f Y! e 5ft J 

r.n;e <1+ - mm.6epTOBO rrpocTpaHCTBO. 
B CJ!Yliae nsMepemm, rrpoBe.n;eHHoro c IIOMOlllI>X> rrpn6opa, Ho He sa

qll!KCHpoBaHHoro Ha6.1I10,M.TeJieM, COOTBeTCTByJO!l1aH Ma.TpHIJ;a IIJIOTHOCTll f' 
Ta.KOBa, qTo ee co6cTBeHHHe tmcJia CyTI, BepO.R:THOCTll w ..._ • 

HTaK,B CJiyqae HeIIOJIHOtt llHq)OPMartnn 06 ll80JIHPOBaHHOtt KBaHTOBOtt 
CHCTeMe BOSHHKaeT MaTpHIJ;a IIJIOTHOCTll, OIIHCHBaIOlllaH "cMeCI, COCTOmmit": 
:HMeeTCH JIH6o COCTO.R:HHe U.:1. c BePOHTHOCTl:,]I) W.1. , JIH60 Uz. c Bepo
JiTHOCTl:,]I) Wz , JIH6o ~ c ~ n T.;a:. 

MaTpHIJ;a IIJIOTHOCTH BCTpeqaeTCH eme rrpn orrncamm: no;a:cncTBM KBaH
TOBott CHCTeMH, HO aTa MaTpHIJ;a IIJIOTHOCTH BOrrpeKH ,Il;OBOJII,HO IIIHPOKO pac
rrpocTpaHeHHOMy sa6JI~eHHIO He OIIHCHBaeT CMeCb COCTO.f.IHHH. n•ocIIaHI,Ji 
:ai'I/ rrpe.ItJiaraeT pasJIHqaTl:, COOTBSTCTBYJl]Itlie CHTYartnn ,BBOM TepMHH i•co6-
CTBeHHa.R: CMeCI, 11 

( proper tnin"re.. ) H "HeC06CTBeHHaH CMeCl:,11 

(cM.HWKe II. 7). 
COCTO.R:HHe OIIHCHBaeMoe BSKTOPOM B mm,6epTOBOM IIPOCTpaHCTBe ~, -, 

- qncToe COCTOmme-cooTBeTCTByeT qaCTHOMy CJ!YlialD MaTpHIJ;H IIJIOTHOC-
A 2.. 

rn f , Ta.KoMy, qTo cTaTncrnqecrutli orrepaTop ecTb P~ , a 1 = i . 
()qeBH;a:Ho, qTO B 9TOM CJ!Yliae 

B o6meM Ee CJ!Yliae 
'fr{·= Trr-=.J.. 

Tr( ( 1
·) n ... 

A A 

neilCTBHTeJII,HO, ecJIH Pc> = ..Ew .... P1.1 , r;a:e 0 ~ w, 4 :L E.w:h.-=.:l 
' , "' , I n. 11. 

TO T.-(,:,2.)=.i. _,. L..W/=J... , O'l'lty;a:a LWn{.:1..-w.,)= 0 
I ~ h 

, tJTO BepHo., 

Kor.n;a Bee w., = o , KPOMe o,D;Horo, PaBHoro e;a:nmme. HHor.n;a B CJIY-
ttae BlipOlr,lleHHHX co6CTB8HHHX SHaqeHlllt MaTpHIJ; IIJIOTHOCTH ,n;aHHott MaTpH
~e IIJIOTHOCTH COIIOCTaBJI.R:eTCR He o;a:Ha, a MHOE8CTBO CMecett COCTOHHlltt. 
Ilpn 9TOM COOTB8TCTByIDmHe COCTOJllDllI ,nJISI O,D;HOI CMeCH HBJIJmlTCJi JIHHefum~ 
MH KOM61rnaqn.1IMH COCTO.R:Hd .n;pyroft CMecn. IlpHMepoM HBJIReTCJi CHTYB.UHH 
,nJISI qacTHIJ;H co CIIHHOM J./ 2. • B 9TOM CJiyqae MaTp;ima IIJIOTHOCTH B TepMH

HaX ;a:Hpa.KOBCKHX 6pa- H KST-B8KTOPOB MOE8T 6HTI, aarurcaHa KaK 

/J=~ ln,r>Pn.<h 1 f"I, 
4 ""•,.. 

r.n;e 'h ' r ) - opTOHOPMHPOBaHime Ke TH, JIH60 

P==- ~ lm,s>4 <m,~I, 
t ""', 5, WI 

a;a:ec1, r , S - HH;a:eKCli B!ip0'10!;8Hllll. 
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}1)m CIIHHa 2 r= ic! :) 
eCTb f=½[IU-t><ll+\+ llL)(U_\] 

llJIH f == i [ I Y+ ><v+ I+ I Y-><v_ I ] , 

HJill f=½[lwt><w+I+ IW_?<w_,J) 

r;a:e IU±>, Iv±>= i (IUt)±.. /u_ >) ; 

/w:r) = ± (IU+'> ± i Ju_>) 

co6CTBeHime BeKTOPli npoeKqHll CIIHHa Ha TPH BSWIMOOPTOrOHaJIDHlie ocn. 
IlOCTYJiaT JI... pe~ BOJIHOBOro IIa.KeTa .· 1mor.n;a qiopMyJIHPYDT Ka.K 

"npeBp~eHHe qHCToro COCTOHHHH B CM8Cb rrpn HSMepemm". nettCTBHTBJII,
HO, MO.lltHO CKaaaT1:,, qTo TO o6CTO.R:Tem.CTBO - 11IIOCMOTpeJI Ha6JllD;a:aT8JII, 
Ha CTPeJIKY rrpn6opa HJIH He IIOCMOTpeJI'!.. CB.R:3aHO C npeBp~eHHeM H8IIOJIHOtt 
HH({JoPMa.unn Ha6JilD,Il;aT8JIJi B IIOJIHYXJ, HO IIOCTyJiaT y rrpe.n;nOJiaraeT HeKOTO
PYD OCo6YD MB.TeMaTnqecKyD orrep~, COCTOmIIYJ) B CJie,Izyll!leM. PasJIOl!WM 
BOJIHOBYD ~ Y!' (x) IIO OpTOHOpMHpOBaHHOMy 6asncy HS co6CTB8HHHX 
cp~:11 onepaTopa ~ 

~(x)=X:.. ~"- u.~ (x). 
n. 

q)yHKUlllJ ~ (x) COOTBeTCTByeT MB.Tp;ima IIJIOTHOCTH 
IlocTyJiaT .Y.. osHaqaeT rrpeBp~eHHe 

A, - f A r= f>.., -- r =~'\>II .. P" .. ] 

r.n;e 2 

f = i, 
2. 

P' -1 r z 
I rf J Wh.= /Q.nJ. 

. /\ 

F = P't' 

(I.4) 

OrrepB.UHJI (I.4) He OIIHCHBaeTCJi yHHTapmn.1 onepaTOPOM BBOJIXJinm, Ta.K qTo 
p' = IA. f tl-.i., n IIPOTHBOpetJHT IIOCTyJiaTy 4 JIHHSi!:HOCTH SBOJilDIUlll. 

HTaK, B KBWITOBOtt MexaHHKe cymeCTBYDT np~am,HO ;a:Ba paSJIHtJ
HWC cnoco6a HSM8H8HIDI BO BpeMeHH BeKTOpa COCTOHHHJi: 

I) ,Il;8T8.J)MHJmpOBamnn1, corJiaCHO ypaBHeHHlD Illpe;a:nHrepa (I.I), 
2) CKatJK006_pasimtt, corJiaCHO IIOCTyJiaTy pe~ BOJIHOBoro na-

KeTa (I.4)/I,8/ . 

6. qaCTOTHaH HHTeprrpeTB.UHJI. 
EcJIH MHOroKpaTHO CTaBHTI, O;a:HH n TOT ~e OIIHT C KBaHTOBott CHCTe

Mott, TO roBOPHT, qTo ycnOBHJi 9TOro orraTa aa;a:alDT H8KOTOPYD BOJIHOBYD 
cpymmmo KBaHTOBott CHCT8Mlil, CaM OIIHT orrpe;a:eJI.R:eT Jlpm'OTOBJieHHe orrpe.n;e
JieHHoro COCTOHHlllI, a COBOKyrrHOCTD TaKHXO;a:HHa.KOBliX OIIHTOB orrpe,n;eJIH
eT aHC8M6Jll:,. 
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IlpliMepoM npHrOTOBJleHHJI TaKoro 8.HCaM6JIJI qacT~ c O,IUIOtt H Tott ge 
BO~HOBOR q>yHKUHeH Y! CJIYUT, Ha.IlpIIMep, a~eKTPOHHWl nymKa, BHCTP~
B8Dlllrui no O,IUIOMY a~eKTPOHY qepes HeKOTOpwi npoMegyTOK BpeMeHH. 

~acTOTHaa: HHTepnpeT~ BO~OBOtt WY~ COCTOHT B TOM, qTo ec
JIH y qac~ TaKoro aHcaM6JIH (aToT aHcaM6m, He c~e,ey-eT nyTaTb c MHoro
qacTHqHoit BO~HOB0:11: q>YHKUHett) IlPOHSBO,ItHTb HSMepeHHe Ha6JIJD,IUleMott A, KO

A 
Topott conocTaBJifleTcH onepaTop A , To qacTOTa onpe,ae~eHHoro noKasaHHH 
npH6opa Q. h. eCTb 2. 

w" = 1 c~, uh) l . 
TaKHM o6pasoM, KBaHTOBWi Mexamma no ,D;aHHofi BO~HOBOR q>y-HKUHH noSBMH
eT npe,ac:KasaTb BnOJIHe onpe,ae~eHHoe co6HTHe - qacToTy Toro rum HHoro 
noKasa.HHH npH6opa ~ HeorpaHHqeHHo 6o~bmoro qHcna qacT~, npHroToB
nemrux o,ItHHaROBWA o6pasoM. 

QnHO BpeMH' qacTOTHaH HHTepnpeT~ K8.38Jlacb OT,D;MbHHM IlOCTyxa
TOM, O,D;HaRO IlOTOM PMOM 8.BTOPOB /Z, 3 6WIO ,D;aHo ,D;OKaSaTeJll,CTBO 8TOtt 
HHTepnpeT~ (CM. npw.rQ;KeHHe K ,D;a.HHOMY naparpacpy) • 

HeKOTOpHe HS SHa'IJeHHA U.i,. BCTpeqaIOTCH qatlle, 'APYrHe - page. Cpe,a-
Hee apHqMeTHqecKoe SHa'IJeHHe . A COBila'AaeT C MaTeMaTHqecKHM 
o,m,urumeM A , BH'IJHCJIJieMHM B c~ae BOJIHOBott qi~ ~ no npa.BMy 

A= (-.P, AYI), 
I')J;e CK06KH OSHaqaIOT CKaJ.Lli.PHOe IIPOHSBe,D;eHHe B I'H~b6epTOBOM npocTpaH-
CTBe. 

EcJIH ycxOBHH OnHTa HSBeCTHl:l HeTO'IJHO H MOEHO npH~ 
roTO~Tb c pasHott BepoHTHOCTbD paseyD BOJIHOBYJO q>yHKUl'Il), TO aHCaM6Jll, 
npHrOTOBJieHHH KBaHTOBOli CHCTeMH OilHCHBaeTCH cMeCbIDCOCTOsmd, npe,D;CTaB
~eHHol H8KOTopol M8TpHnet IL710THOCTH_f. B 8TOM_MY'ffl8 CPJ.IUI8e apH<i;Me
THqeoKoe sHaqeHHe A onpe,D;eJIJieTcH q>OPMYno:I! A = 'T'r f A • 

7. Uenoe H qacTH. 
CocTaBHaH KBaHTOBWi CHCTeMa HS )tByx qacTeil: ll , V OnHCHBaeTOH 

B rH~b6epTOBOM npocTpaHCTBe, HBJIJiICJlleMC& TeHSOPHHM npoHsBe,D;eHHeM I'HJ11,-

6epTOBHX npocTpaHCTB cJf Ll , 1l v • 
EcJIH IlO,D;CHCTeMa ll HaXO,ItHTCH B 'IJHCTOM 

CHCTeMa V- B 'IJHCTOM COCTOmmH ~ (x;) 1 

HoBoii ~en ~ (~, X2)= ~-.<x1.)YjC~) 
JIHl:IRMll u., , vj , nexoe MoateT Ha.Xo,ItHTl>cH 

ttmi: ~ 
(

_.., _,_ -- _. 
'!i' X¼.,X2 )=~. C.iil,\,(X1.)Vj(X2 ). 

",J CJ 

COCTOmmH u., ( i<~),no,D;
TO nenoe OilHCHBaeTCH BOJI
• Ql:uraRO I Hapsij:ty O COO TO
H B COCTOmmH oynepnosH-

BosHHKaeT Bonpoc - ecJIH CHCTeMa HaXO,ItHTCH B COCTOmmH C BOJIHOBOA 
,.., + .. 

q>YHKUHett °'¥ ( X !. , )( 2.) 1 TO B KaKOM COCTOHHHH HB.XO,ItHTCH Il0,D;CHCT8Ma U. 

8 

/ 

(HJIH V )? EcJIH A-H8KOTOPWl Ha6JllO,l{aeMaH CHCTeMH V ' TO ee cpe,IUiee 
SHa'IJeHHe B COCTOHHHH ~ eCTb: 

- "' * I\ 
A= <"Y:'IA I~>=.~ C.~C.r6 <v,l<1.tjlAlv'r>ll-l:;>. 

'J rs 
(I.5) 

C 'A'PyrOit CTOPOHH,8TY BeJIH'IJHHY MOltHO BH'IJHCJIHTb B TepMHHaX MaTp~ 
MOTHOOTH I no,acHcTeMH Y , r.I{e I onpe,I{eJIJieTcH c~e,eyl(JlltBM o6pasoM. 
EcJm 

~i=~ 1vr>1"'::.>Pr5 •. <vi.1<1.t~\ (I.6) 
\ 'j r::. I 1 

1 'j <J 

P .. = c c* 
\ r~ 1 'J rs ~ 

TO 

f' = Tr (u.~.L = ,!- <'-'-i- I f ~ I ut- > , (I.7) 

T.e. npOHSBO,I{HTCH ycp8,I{HeHHe no CHCTeMe l,l 

Tol')J;a - ~ * ,'\ 
A= Tr 1A=tr° c.~c:.rj <vilAlVr). (I.8) 

IlpH 8TOM Trt ~.:L, 

np11qeM paBeHOTBO HMeeTCH B qacTHOM c~ae, KOr,I{a BOXHOBWi q>yHKUIDI 
·cHCTBMH eCTl> npoHSBe,I{eHHe BO~OBHX qiyHitl\IDi tJaoTeit. 

MOltHO JIH, O,I{HaKO, HHTepnpeTHPOB8,_TI, MaTp~ MOTHOOTH f IIO,I{
CHCTeMH Y Kalt OIDICUBaDizylO CMeCb COCTO.mmi? He'fl)y,I{HO ,mmeT1>, "ITO 
HeJll,SH. 

.Uei!:CTBHTeJll,HO, ecJIH npemro~OltHTl> HHTepnpeT~ OMeCH, TO ,I{OJil!HB. 
OytlleCTBOBaTl, HeKOTOPWl. Ma'l'pHUa MOTHOCTK f "'•,,. TrutaJI 1 "ITO ,I{JIJl Ha.6- · 
JllO,l{aeMoii \.l H Ha6Jrxl,D;aeMott V 6y,u;eT BepoHTHOCTl> S.c~ o6HaPYJKHTl> SHa
qeHHe I~ Ha6JllO.l{aeMOA l'Pr-,><11'13:I IIO,I{CHCTeMH U. H B8POHTHOOTb s .... n-

SHa'IJeHWI I ~ Ha6Jllll,D;aeMOtt lf,.><f., l OHCTeMH V 

f", .... = l'P"') lt..,><11'.cl<f..., I · (I.9) 

Tol')J;a BCH CHOTeMa, OOCTO.flll18JI HS IlO,I{CHOTeM" t:.l. t V' ,aomma Oill'OHBaTI>
OH M8.Tp~eit IIJIOTHOOTH' 

(.)I= z:_ f-<.,. S)a<, h1. 
\ o<1 m J'. 7 (I.IO) 

r,I{e P-<1n - oooTBeTCTBYJ)!!!He Beca. 
Ho f' He OIDICHBaeT qHOTOe COCTOHHHe ~ ' O'IJemutHO, He COBIIa-

.I{aH c ,~ = l':1!')('4' I • BOJiee npooTo BOSHmt8lllllYI> OHTya,wm MOEHO noHc-
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HHTh Ta.K. EcJIH no~CHCTeMa C HeK0T0pott BepOHTH0CT»D HaX0,nHTCH B C0CTO
HHHH ui.,c ~yrott Bep0HTH0CThlO B U2. H T.~.' TO H ~eJioe C HeK0Topott 
BepoHTH0CT»lO 6y~eT B O~0M C0CT0HHHH, c ~yrott Bep0HTH0CT»lO - B ~y
roM H, cJie~OBaTeJihH0, HHKa.K He MOEeT 6HT» B "IHCTOM C0CTorunm. Co6c~
BeHHHM tffiCJiaM MaTpR!lH IlJIOTHOCTH f MOlKH0 ~aT» HHTepnpeT~ BepoHT
HOCTett nepexo~ B C0OTBeTCTBYIOmHe COCT0HHHH npH H3Mepemm no~CHCTeMH. 
3,nech HaPJUY c npo6JieMott pe,IzyK.QHH BOJIHoBoro na.KeTa MH eme pas CTBJIKH
BaeMCH C npHHIJ;lfllHaJil,HOfi POJihlO H3Mepemm. 

8. Ilepexo~ K RJLa.ccHtJecKoMY npe~eJIY. 
KJiaccHtJeCKaH g)HSHKa Hee 38.KOHH no~aTCH H8 KBaHTOBOfi qJH3HKH 

B HeKOTOPOM npe~eJie HJIH B HeKOT0POM npH6Jmllemm:. O~HaKO, B OTJIHtJHe 
OT nepexo~ OT PeJIHTHBHCTCKOtt qJHSHKH K HepeJIHTHBHCTCKOtt B npe~eJie 

C - OO , B KBaHTOB0tt Teop:rm OCTaeTCH P.fllt Hepememmx BOnpocoB. 
IlpH 8TOM nepexo~e K KJiaCCHtJeCKOtt Teop:rm MOJltHO B~eJIHTh TpH 

MOMeHTa. 
a) TeopeMa 8peHq>ecTa. }J)m npocTpaHCTBeHHHX cpe~x cnpaBe,n;mm 

Il-ott Sa.KOH HbroToHa; 

ell) --- F 
dt - ' (I.II) 

r~e 
r = ; ~ '-i* (x)v~ Cx) i 5

x, 

F = - ] 1i"*(x) (vY-(X)) ]! (x)d:sx (I.12) 

3,nec» Y (X) - noTeHURan:. ()qeBK,IU{o, tJTO ~mtteHHe no KJiacc~ecKott 
TpaeKTop:m n~aeTcH B qacTH0M c~ae, Kor~a cpy~ 11[ ( x) Ma.no 
MeHHeTCH B o6JiaCTH, r~e vV OTJIHtl'HO OT HYJIH (HJIH vV ecTh IlOCTO- . 
HHHaH Be~:r.ma). T8.KWI CHTYauHH HMeeTCH, HanpHMep, B KaTo~ Jiyqax. 
B o6meM 1te cJIYtj'ae, o~o, cnJia F He coB~aeT c vv (x) KJiaccH
tJecKott Teopo. 

6) KJiaccHtJeCKaH qJHSmta CJie,IcyeT H3 KBaHTOBOtt B npe~eJie t - 0 • 
Jvm 8TOro, o~o, ffY'RH0 pacCMOTpeT» BOJIHOByJJ ipymunm BeChMa 

-s; 
cne~@ltJeoKoro BH,ll;a - B KBasHKJiaccHtJecKoM BMe !I:.'= a.e,. 1i, r~e Q -

Me.JJ,1IeHHO MeHRD!laHCH ~- ToI',lta,IlO~CTB.BJIIDI 8TY <PYHKIOm B ypaBHeHHe 
lllpe,nHHrepa H npeHe6peraH tJJieHOM ] 

2 

a. A Cl ( "KBaHTOBHM IlOTeHIJ;liMOM11 
. 

B Teop:im CKPHT, o/.a.MeTpOB/ 4 /), ;OJ!Ytj'HM B CJ!Ytj'ae o~on tJaCT~ 
BO BHemHeM noJie 5 : 

~.5 +_;!_ 
~-t- 2m 

2. 
(v.S) + u = o 

1 

""cJ C\. + _g__ V 1:, -+ A.. V ::, V a. = 0 . ~-r 2.tn m 

10 

(I.13) 

~ 

I 

I 
il 

IlepBOe YPaBHeHHe - 8TO KJiaCCHtJecKoe ypaBHeHHe faMHJI»TOHa-ffit06H, BTO
poe Il0CJle YMH0'1teHHH Ha 2. Cl. eCT» ypaBHeHHe HenpepHBH0CTH 

2 :;i + drv ( a.2- vnf) = 0. (1.14) 

3,nec» a.2. = \ ~ t - IlJIOTHOCT» BepoHTHOCTH' vs = __E_ - KJiaCCHtJeCKaH 
- rn tn.. 

CKOp0CT» V tJaCTR!lH. 
B CJiyqae 6ose-tJaCT~ ypaBHeHHe (1.14) M0'1teT paccMaTpHBaT»CH KaK 

peaJI»HOe ypaBHeHHe HenpepHBH0CTH.JJ,1IH 11KOH,IJ;eHCaTa"' COCTaBJiemroro HS 
HeorpaHHtJeHHoro tJHcJia qacT~ B o,nnHaKOBOM cocToHmm: ~ • Tor~a a!' -
8T0 peaJII,HaH IlJI0THOCT» CilJIOillHOit: cpe.m,r - 11KOH,IJ;eHCaTa". 

HTa.K, BK.IUIO, tJTO npe~eJIOM KBaHTOBOtt MexaHHKH CJIY7FJlf.T He TOJihR0 
(H He CTOJll,RO) KJiaCCHtJeCKaJI MexaHHKa 0~HOtt qacT~, CKOJI»KO KJiaCCH
tJeCKaJI TeopHH CilJIOil!HOtt cpe.m,r. 

Ilpe~eJI i; -+ D , o~HaKo, mntaK He saTparHBaeT npHHUHII cynepno
smzym. Bonpoc O TOM, tJTO npoHCXO,nHT C npHmzy!Il0M cynepnOSH!lllli .JJ,1IH MS.K
p0CKOilHtJeCimX TeJI ocTaeTcH ~o cHX nop HepemeHHHM (nap~oKc "mpe,nnHre
poBcKoro KOTa"). 

B) Ilepexo~ R KJiaCCHtJeCKOtt qJH8HKe Ra.K nepexo~ R CHCTeMe C 6eCKO
H8tJHHM tJHCJI0M CTeneHett CB060.m,t. B an:re6paHtJ8CKOM no~o~e K RBaHT0BOtt 
Teop:im Il0Ka8HB8.8TCH, tJTO .JJ,1IH CHCTeM C 6eCKOHetJHHM tJHCJIOM CTeneHett 
CB060.m,t nosmJllmTCH OC06He Ha6JilO,W1eMHe, K0MMyTHPYIOmHe co BCeMH 8JieMeH
TaMH aJire6pH JI0KaJI»HHX Ha6JilO,W1eMHX CHCTeMH. 8TH Ha6mo,n;aeMHe ,n,,m He,
npHBO,nHMHX npe~cTaBJieHHtt aJire6pH :,mTcH yxe He onepaTopru.m: ( i -
tffiCJiaMR) , a o6HtJHHMR C - tffiCJiaMH/ (5 • KJiaCCHtJeCKHe Ha6mo,n;aeMHe , 
B qacTHOCTH,eCT» HHTeHCHBHHe BeJm"IHHH TepMO,nHHB.Mmm (IL7IOTHOCTb tJHCJia 
tJac~, IL7I0TH0CT» aHeprmr H T.n.). CTPeJIKa Mrutponpn6opa co~epimT. no
pR;IUCa tffiCJia ABora,Iijlo aT0M0B H,Kasan:oc» 6H,BilOJIHe MOEeT paccMaTpHBaTh
CH KaK 6eCKOHetJHaH CHCTeMa. JI,,m 6ecKOHetJHHX CHCTeM B0SMOMHa .9B~ 
BO BpeMeIDI, npH KOTOpott tJHCT0e C0CT0HHHe, HBJIIDJIIleecH cynepnOSiflll!ett, 
nepeXO,ItKT B COCT0HHHe, He0T,~oe OT CMeCH (npH noHBJieHHH TaK HaSH
:saeMHX ,ItK3'LllHKTHHX COCTO.l!HHH 7i ) • TeM CaMHM M0'1HO 6HJIO 6H OllHCaTh pe
,ItyKltHD BOJIH0Boro Ila.KBTa. Qr(HaKO 8'A8Ch MOryT 6HTb c~eJiaHH CJie,IcyllUU'Ie 
SaMetJaHHH. JiomtJeCKH ·- "IHCTOe C0CT0HIDie He M0'1teT 6HT» 8KBHBM8HTHO 
CMecH, TaK RaK tJHCTOe C0CTomme - 8TO o~o cocTomme, a CMBC» - HBC
KOJI»K0 (I~ 2). (ABTop npHSHaTe~eH D.M.Ma.KCHMOBY sa 8TO SaMetJaHHe). 

C ~yrott CTOP0HH, OKa8HBa8TCH, tJTO BPeMH 8B0JIIQql:ll{, npH KOTOp0M 
tJHCTOe COCTOHHHe nepeXO,nHT B CM8C», 'A0JIJKH0 6HTb 6yKBaJI»H0 6eCKOHetJ
HHM. ToJIH Ee OH0'KOHetJHO, TO Bcer:na MOlltH0·HBitTH Ha6mo.n;aeMYIO, .JJ.1IH K0-
Topott paSJIHtJHe tffiCTOro C0CTOHHHH OT CMeCR OKa3HBaeTCH 60JI»JlllIM. 

Bee 8TO noKa3HBaeT, tJTO .JJ,1IH .rrm6mc CHCTeM, co~ep'1t8lltllX 6oJihmoe, 
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HO KOHeqHoe 'IJHCJIO KBaHTOBHX qacTHit,npo6JieMH np:wmmza cynepnoamnm, 
HHTeppepem:tmr, pe~ BOJIHOBOro IIaKeTa OC'l'aJlTCH HepememmMR. 

Il~ozeime K § I 
nOlt8.Sa'l'eJll,CTBO qacTO'l'HOtt HHTep~eT~ BOJIHOBOtt W~• 
IlpHBe.n;eM nOKasa'l'eJII,CTBo, cJie.ItVH 31 . 
Ilycn HMeeTca RBa.HTOBM CHC'reMa B cocTorunm IS) , Tait q'l'o 

(SIS)= .i. Ha.It CHC'l'eMott 6Yl,IY'! npoHSBO,Il;RTI>CH HSMepeHHSI Ha6.Jm.na-
A 

eMott It 'KOTopott COllOCTaBJmeTCH onepaTop A C co6cTBeHHHMH <PYHK-
.urumm I i > , TaK qTo ,.. . \ . 

.Alt)=o.., \.>. (AI) 
PaccMOTpm.1 MHO!t8CTBO ~eHTHqHJiX CHC'l'BM B COCTOrumH \s.> H llOC'l'pOHM 
HS HHX aHCaM6nI>, pasJlliqaa, onHaKo, KW£ro'll) HS 9THX CHCTeM C llOMOlltf,JD 
HH;IteKca rl!. : { ••• IS , oC > ... J, c< = ~, ... ,ll. BeKirop coc'l'OHHHH aHcaM6-
na N O,Il;RHaKOBO npHrOTOM8HHHX CHCTeM 6Y)teT 

N IS ) = IS, J. > ® IS, 2. > ® 1 s, 3 >@ ... ® IS, N >. (A2) 

YcTpeMHM qHCJIO N K 6eCKOHeqHOC'l'H H BBeneM B8KTOP COCTORHWI aHCaM6M 
c 6eCKOHeqHHM 'IJHCJIOM CHCTeM: 

IS->= IS,l.> ® IS,2.) ® ••• (A3) 

OcHOBHHM YTBe~eHHeM HM&eTCH TO, q'!'o B8KTOP (A3) 8CTI, co6OTB8H
Haa ',PYHKitWl HeKoToporo oco6oro onepaTopa, oo6cTBeHHoe 'IJHCJIO KOToporo 
JIIM88T CMHOJI qacTOTll nOJiy,:IeHWi pesyJII>TaTa a. i. npH HSMepemm A 
B OOCTOSUllm °'±' H COB~e'l' C I< k \ 8) 12. nM i = k • 

Onepa'l'OP ,f(K) qacTOTll, c KOTOpott BCTpeqaeTOH 'IJHOJIO ctK B 6ec
KOH8qffOM aHCBM6Jie (A3),eCT:E, 

"' (IC) oo I!. oo 
cf IS>= l<KIS)I IS > , (A4) 

rne -'\ (IC) A { k") • • > . > " cf = lim cf ... _fut., f--. '~4,i.>h2.,2 ... ''N,N . 
N+• ~ N-.oo ~•z•·· i,. (A5) 

( i.. " ) . 
'¥ ~ L &Ki ol'I N10,H., N-~1 •.. < i4-, j_,. 

.(::I. i,( ' 

B8JIHlD!Ha B ORO6K8.X 
CH B OOO'l'OJ'IBBH k 

ec'l':E> nOJIR coc'!'ommft I i.:1. > ... / i"' > , aaxo~-
A (~ -• Onepa'l'op f H ,11elCTBye'l' Ha I s > lt8.K 

12 

' \ 

I /\ (K) A (K) 

➔ 1s°")::a.f IS"'> Q9 l5 N+i.) © 1s,N+2)® ... 
tf N ' 

(A6) 

noKallteM B npe,IUioJIOJKemm cymecTBoBaHHH npe~ena (A5) (qTo,BnpoqeM, TO-
- ze MOJKHO ~OKaSaT:E,) ' qTo 

. A ( ) 00 A (1<") 
/Jft<J:5 )-l(KIS)l2.IS

00>JI= fimJl.fN )S)-N-- (~) 
- l<1<1S>l2.IS-)II =-0. 

Ms (A6) MOJKHO HaimCaT:E, (A7) KaK 
Al~ 2 

II -f I ~-) - I < I< IS> I Is-> 11 = 
A (K) 

=b llcfN ISN)-l(KIS)l2.15N)II 
N .... - N J 

(AB) 

r~e II ... II N - SHalC HOpMH B I'HJI:E>6epTOBOM npocTpaHCTBe N CHCTeM. 
Ms onpe~eJieHHH (A5) H bpTOHOpMHpOBaHHOCTH COCTORHHn CJie,IzyeT 

~ KBa,Iij)aTa HOPMl:I B (AB) 

[ 
N -2 .~ ,./ -:t. L L (N Jl('L Jk"i -2J<K)S>1E..l'I 81<i+ 

L i <><,~ =.:i °' s «=:i °' ~-·· N I r 

. 4 . 2. • 2 
- /<1<15>1 ] /<ldS>l ... /<tNJS>J • 

(A9) 

3aTeM llPOBOnHM CYMMllPOBaime no i.L, ... , iN , HCllOJII,SyH llOJIHOTy CHCTe
MH Ii> H HOpMHIJOBKy IS) • PaocMOTpHM OT~eJII,HO CJiyqa.H ..(=r-, ,o<'.:tp, 
H BllnHWeM COOTB8TCTBYJDIIU!8 qJieHI,I, Torna llOJIYlJHM: 

A (K) ,_ 2 oo e. 
11,f / 5 > - I < I< I s > I I S > 11 = 

J., 
= f;m [ \,, N {<1<I.S>l2.+ ~ N (N-~) {<klS>J -

N•oo N · . N (AIO) 
-4 4 

-2.l<K!S.)I + l<KIS>I J==D. 

TaKmll o6pasoM, ,ltOKaSaHO, lJTO ecJIH llOHHMB.T:E, yKasaHlildi 6ecKOHeqmrlt aH
CaM6JII, KaK O~HY HH;llHBH,ltyWll,HYBJ CHCTeMY C 6eCKOH8lJHHM 'IJHCJIOM CTeneHeil 
CBO6O,ml, TO ee COC'l'OHHHH IS-) ecT:E> CO6CTBeHHHe ,IVUl onepa'!'opa qacTO-
Tll Ha6~eHrul A = a. ~ • _ 

Ho H peam,Ho Ha6~aeMBJI qacToTa·pesyJI:E>TaTa a., ecT:E> pesyJI:E>TaT 
Ha6moJteHruI Ha,II; 60JlDJilm,! lll!CJIOM qacTmt, npHrOTOBJieHHHX B onHOM H TOM 
lite COCTOrumH, HH;IteKC lite d , pasJIHqa.DJld 8JieMeHTll aHCBM6Jm, eCT:E, 
HH;lleRO MOMeHTa.BpeMeim, B KO'l'opwt npHrOTOBJieHa·tl"H;llHBH,ltyaJI:E,muI CHCTe
Ma. IfaIIpllMep,ecJIH 9JI8RTPOH npHrOT8BJIHBaeTCH B 8JI8K'l'pOHHOtt nymKe, 
TO HH;ll8KC ol COOTB8TCTByeT TOMY, qTo B MOMeH'l' -t; .:1. llPHrOTaBJIHBaeT-
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Cfl SJieKTPOH B TOM ze COCTOmmH ~, H Tenep1, y Hero HSMep.fieM A t 

TO xe ,u.eJiaeM B -t":::5. H T.,IJ.. 

§ 2. HeBO8MOltHOCT!, o6McHemm pe,IcyRUIDI BOJIHOBoro IIa.ReTa 
,nnHrutmqecKRM npoueccoM 

To o6CTO.fITeJII>CTBO, qTo B ItBaHTOBOil: MexaHHKe BMeeTC.fI ,ItBa IlPHH
Ul{ImaJII,HO pa8mr<iHUX cnoco6a HSMeHemm BOJIHOBOH WHKilHR, npH'!eM pe,eyK
UK.fi BOJIHOBOro naxeTa He MOJlt9T 6HTI, OilHCaHa ,IJ.HHaMH'!eCKRM ypaBHeHHeM 
lllpe,IJ.HHI'epa, MHOI'RM npe,IJ.CTaBJIJieTC.fI CTpaHHHM. He eCTI, JIR HSMepeHHe 
npocTO qlRSH'!eCKO9 B88HMO,IJ.eloTBHe C np:a6opoM, a TaK KaK BSaHMO,IJ.eil:CT
BHe ItBaHTOBOH qaCTl!!Ul C OKpygemreM OIDICHBaeTC.fI ypaBHeHHeM lllpe,IUIHl'e
pa, TO noqeMY ze BosmmaeT aeo6xo~ocTI> B O006OM npouecoe, He oIIR
cIIBaeMOM 9Tll:M ypaBHeHHeM'? 

BnepBH8. H8BO8MOlEHOCTI, OB8,IJ.8HH.fI npouecca pe~ K ,IJ.HHaMRqeo1toil: 
SBOJIIOQHH 6wza IlOKa8aHa q>OH HeflMaHOM B ero KHHre 8 )I)JH. c.nyqaa: qnc
TOro COCTO.f.lHH.fI KBaHTOBOtt CHCTeMH. 3aTeM B CXeMe ~eaJII>HHX HSMepeHHtt 
I po,u.a, Ta.KHX,'!TO IlOBTOPHOe H8MepeHHe o6HapymmaeT CHOTeMY B TOM xe 
Co6CTBeHHOM COCTO.fIHHR, B KOTopoe OHOT8Ma. nepelll.7Ia npR nepBOM HSMepe
mm, Blil'Hep IlOKSSaJI, qTo 11HSMepeHHJt, OCT~e CHCT9MY o6'LeltT IIJIDC 

npH6op B O~OM HS COCTO.fIHHtt c onpe,u.eJieHJWM IlOJIOJlteHHeM·cTpeJIKH, He 
MOryT 6HTI, OilHCaHH JIHHe!mn.m SaKOHaMR KBaHTOBOil: Mexa.HHKH~

1 

HaRoHeU,B o6meM OJIY'Iae HSMepemtll: II po,u.a 9TOT pesym.TaT 61:lJI ,IJ.0-
KasaH .u•acnam,.i/ .9 I. B OB.fISH c OTOYTOTBHeM nepeBo,u.a srroi, Ha HWll 

BSrJIR.JJ;,,IJ.OCTaToqHo BaJEHOil: H .fICHO/;n,caHHoA pa6OTH, 8,IJ.9O!, MH npBBe,IJ.eM 
paco~eHHe ns crraTI>B ,U•aonaHI>H :J • . . . 

:3TO ,IJ.OKSSaTeJII,CTBO oco6eHHO BaaHO, IlOCKOJII,Ky HHOI')tll roBOPHT, . 
'ITO BC9 ,IJ.8JIO B TOM, 'ITO B OTJm'IH9 OT g/OH Heit:MaHa B CM3H CO CJIOX
HOCTI,D npH6opa KaK Ma.Rp006'L8KTa, B3aHMO,IJ.8ICTBy:oll8rO C OKpyJt8il!IHM 
MllPOM, ero npe,IUIOJIOJIWT8Jll>HO HeJibSH OilHOliBSTI> BOJIHOBOl ll!YHltlU18i, 
HO yge ,IJ.O BSB.BMO,IJ.e!oTBHH C MRKPOO6'LeKTOM OH OilHOHBaeTO.fI•H8KOTOpoA 
Ma.Tpmi;el WIOTHOCTH. Ilo9TOMY OHOTeMa O6'L9KT-npH6op-Ha6JIIJ,IlaTe.JII, BOer
,u.a OilHOHBa8TCH Ma.Tpmi;ett IIJIOTHOOTH. He MOX8T JIB OKSSaTI,OH, qrro B pe: 
syJII,TaTe 9BOJIJJUlffl 9TOtt MaTp:runi IIJIOTHOOTH, OilHOHBaeMOA no npaBHJIBM 
ltBSHTOBOi Mexamntll'., Il~TO.fI HyXHBJl MaTpnua IlJIOTHOOTB, TaK qTo 
C pasHOI B9p0Jn'ROOTI,D CTPeJIRa npn6opa 6y,It8T HaXO~I,O.fI B onpe,u.eJieH
HHX noJiozemmx:, a BHTeppepeRUHoHaUe qJieau ucqes~ HJm 6YlQT'.l' MaJm? 
OrpmtaTBJII,HJrlt OTB8T Ha 9TOT Bonpoo ,IJ.aJI J{'3cnaHI>.fI7 9 I. 

O!casaJIOOI:,, qTO JJ,lI.H ll3M8pemtit Ka.IC I po,lla ( He M8wmllWC OOCTOJlll:01l 
06'L8KTa)' TaK K II po,u.a MaTPmta IlJIOTHOCTH. IlOJIY'IaeMM yHHTapaol 9Bo
JIDUH81, OTJIHqaeTC.fI OT HyXHOI, TaK qTo CTpeJIKa npu6opa H8 MOEeT HaXO
,IUITI,OH B onpe,IJ.8JI8HHOM IlOJIOJltemm (HHTepipepeHUHomme qJieHH Bemnm). 
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Ha.KOHeu, HHor,u.a IlHT8.IOTCH "o6MCimTl>11 pe,I(YR!nlIO BO-JIHOBOro IIaKeTa, 
npHMeHruIJ }Wn6opy ynp8.BJl.flll!nee ypaBHeHHe KBaHTOBoii cTaTHCTHqecKofi 
Mexamutlf (O BMeCTO yprurneIDIR lllpe,IJ.HHl'epa HJIH YPaBHeHH.fI (pOH Hefu..raHa 
_(wra MaTPHinl IlJIOTHOCTH). IIpn sToM He o6j;)amruoT BHHMa1me Ha To, qTo 
caMo ynp8.BJl.flll!nee ypaBHeHHe no.nyqaeTcH ns ypaBHeHH.fI lllpe.n;nHrepa c no
MOI!II>IO pe~ BOJIHOBoro naKeTa. 

IIepBOHa~HO ,IJ.MilM H806XOAI™Illi }J,}IJl MHHOil pa60TH KpaTK.IB OO3Op 
TeopID1 J!8M98Jll,HHX .Vi.3Mepemrlt, npe,IVIaraeMolii., HanpID.1ep, Jiaimay :a Jru:(;J-
lillilt0M / 5/. • 

IlyCTJ:, ~ - KOOP,IUIHaTa annapaTa, l1CIIOJII,8yeMOro IIpli H8Mepemm 
/'.'.' 

(Hanpm.rnp, IlOJI()jj£8HHe CTPeJIKH). C't!HTaeM j o6Jia,IJ;anuen ,nHCKpeTH!,lM 
ll H8BHPOM8HHHM CIIeKTPOM. Co6CTBeHHl,le COCTO.f.lHHH §' o6osHa'!a.IOTC.fI j.l'\.• 

CooTBeTCTBYIOmRe co6cTBeHHl,le WYHitI.J;m'!, o6pasyromne nOJIHyIO cncTeMy, o6os
Ha'!ax>TC.fI f;; (J:) , r,u.e :> COOTB8TCTByeT KOOp,IJ.HHSTaM npn6opa. Ha't!aJTh
HOe COCTomm:e HCCJ1e,zzyeMOH MHKpOCKOIIHl:JeCKOil: CHCTeMU ;3 0CTl:> Y.' ( i) , 
r,u.e 4, - KOOp,IJ.HHaTa s . l:Ia.'!am.Hoe COCTO.f.lHHe co6CTBeHHott CHCTeMH 
L = S -t- npH6op (,u.o H3MepeHH.fI) eCTI, 

"Y:-'(!l,J ,=; (;) • (2.I) 

3Ta BOJIHOBM cpyHKUruI MeHHeTC.fI BO BpeMeHH corJiaCHO (IIJ)HtmHHHM) npe,u.
CKasammM 88.BHCJllllero OT BpeMeHH ypaBHeHH.fI ll!Pe.nnHrepa. IlocJie B3a.HMo
,netl:cTmm MH M()jj£eM (paccMaTpHBaa: ee Krut q>YHKilIDO ;r ) paaJIOiKHTI> ee 
no ~ (J) n Hrum:caTI> B B,me 

£-fn: Ci) F;, (J), 
I'\. (2.2) 

r,u.e 1toscI$IlllieHTH -=f n B pasJioJKeHHH - Wymw;HH ~ • 
~eel> HaCTY,IIaeT CYIIteCTBeHHHil: MOMeHT B CT8.H,ll;apTHOM OllHCaHHH npo

uecca li8MepeHH.fI/5/. CorJiaCHO 9TOMY OIIHCaHHIO RJ.IaCCH't!eCKM 
rrpnpo,na,rrpH6opa IlO3BOJI.fieT CKasaTJ:>, '!TO CHCTeMa ~ "He OIIHCHBaeTc.fI. 
BCeH O-yMMOil:, HO TOJIJ:>KO O~ '!JI8HOM": 

cf h. (!!,) ,=;, ('!) . (2.3) 

HailHCaB 

=fn (4,)= Clrt. 'Pn (£b) 7 (2.4) 

r.ne (<pn, 'f11.) =- l. , HaXO.n;HM H3 (2.3) H (2.4), 'ITO <fn {!l,) eCTl:> HOP
MlipOBaHHM BOJIHOBM <PYHKUiffi CHCTeMH j nocJie Toro, Ka.K npOH8Olll.7IO ll8-
Mepemre. 
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B cTaB;D;apTHOM mmcamm HeH,Iteam.HHX HsMepemrlt 8TH 4> no (~), o,mm
KO, He RBJI.RIOTCH BSaHMHO opToroHaJn,HiilMH,Krut B 6oJiee H,IteaJmSHPOBaHHHX 
TeopIDIX. BOJiee TOI'O,(Hs-sa BOSMYJlleHHH, BHSBaHHOI'O npH6opOM) HX HeJII,SH 
oTolK,IteCTBHTl> c cocTOJmH.RMH '!l!n. , KOTopae, 6y;zzy-trn: no,ItBeprHyTH HsMepe
mno TeM xe npH6opoM, .n;a.;ItYT c onpe,n;eJieHHoCTl>IO SHat:IeHIIe ~ n. • 3TH ~ n , 

TeM He MeHee, TaJOJte CYllleCTBYJOT H o6pasymT IlOJIHylO opTOI'OHSJll,Hyl) CHOTe
MY <WIIKWlli• TeM CaMblM, Kor,n;a B COCTOHHim ]:' ..,_ c,n;eJiaHO HSMepeHHe BeJIH
t:IHHH j ' 'lliCJIO ~ n IlO.l!BlITCH C BepoHTHOCTl>IO e,IUI~a H KOHet:IHoe 
COCTOSlllHe CHCTeMH :E. eCTI, 

lf.., (~) Fn (y). (2.5) 

Kor,n;a TO J!te Ca.Moe HSMepeime (T.e. BSB.llMO,n;ettCTBHe MeJ!OtY $ 
H npn6opoM) HMee~ MeCTO B COCTOrunm 

y = L.. ct,.,_ ?P'/1, {JJ-) 
n (2.6) 

CHCTeMH 5 t BepoHTHOCTI, t t:ITO .} npHMeT SHatJeHI:Ie j n t 6;rneT 
f a.11. la H CHCTeMa .E:.. COOTBeTCTBeHHO nepeXO,IUIT B COCTO.lllme 

<f11 (.:g) ~ [J) (2.?) 

CoBMeCTeH JIH nepexo,n; OT YPaBHeHHH (2.2) K (2.3) c 061llHMH SBltOHB.MK 
KBa.HTOBOtt Mexamnw:? :BMecTO Toro, tJT06H OTBet:IaTI, IlPJWO Ha 8TOT Bonpoc,. 
MH HCCJie.zt.YeM 60Jiee o6ll{ltil: H 6oJiee pea.,mcmt:1ecm CJ!Yl>ait, ecJm ~ pac
CMoTpemm Jia.H;nay H .lIHip]mUa Sa.MeHIM OIIHCaHHe npH6opa B Tel)MHHaX onpe
,n;eJieHHoit BOJIHOBOit <pYHKWfH OIIHCrumeM, HCllOJil,Symtl{eM llOHfITHe CMeCH. 
()qe~ott npHt:IHHOit 8TOMY CJIYDT q>a.KT, t:ITO H8.III8 SHaJme O Hat:Iam.HOM 
COCTOHHHH npH6opa HellOJIHO. Il08TOMY BBe,n;eM aHoaM6JII, npH6opoB, OIIHOH
BaeMHit MaTpmteit IIJIOTHOCTH. COOTBSTOTBYJJl!tKK aHCaM6JI1, OOCTaBHOtt OHOTe
MH L. OllHOHBaeTCH MaTpmtett IIJIOTHOCTH .:b t HSMeWllllllettcsi BO BpeMeHH 
no xopomo HSBSCTHOMY ypaBHeHHIO lllpe,IUIHrepa .ttJIJI MaTPHil IIJIOTHOCTH. Bon
poc COCTOHT B CJIS.ltYl)llleM: "MoJ!teT JilI CMeCI>, OllHCHBaeMaH llOCJie BSaHMO
,n;eitoTBHH~OZIRCHBaTI,CSl Trut xe, K8lt CMSCI, OOOTOS!HHtt C onpe,n;eJieHHHMH no
JIOJ!teHHRMH ,3. n. CTPeJIKH' H BOSMOJ!tHO JIH 8TO npH JDJ60M BH6ope HatJaJII,
HOro OOCTOS!HW'I: ~ (!Ji) OHCTeMH?" 

Hat:Iam.Hoe OOOTOJmHe npH6opa A xaprutTepldsyeTCSl MaTpzuet llJIOT
HOOffl M . ,llHaroHa.JIHSYH STY Ma.Tpmzy, llOJIYt:IHM sKBHBaJieHTHoe ozm:crume 
B TSPMHHaX OHOTeMH OpTOHOp!,mpOBa.HHHX BOJIHOBHX cpyHltUHtt ,F" (f) {/) 

H MHOJ!teCTBa t:IHCeJI pp > RaZ,Itoe HS KOTOPHX eOTI, BSPOSlTHOCTI,, t:ITO llPH'."" 
l (P) 

6op nepBOHat:IaJII,Ho Ha.XO.ItliTCSl B cooTo.runm F 1 ( J) a .n;ammM sHa-
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I 
t:IeHHeM \ • Tor,n;a, ecJW CliCT6Ma $ HaXO,n;HTCH nepBOHatJa.7U,HO B O,I(HOM 
HS ~.., ( ~) , BD6,I(6HH1:DC B npe~ynieM pas;a:eJie (O,I(HOMll TOM lle )tJIH BCeX 
t:IJieHOB aHcaM6JIJI), TO COCTaBHa.Sl CHCTeMa z::. nepBOHat:IaJIJ,HO HaXO,ll;HTCH 
C BSPOHTHOCTI,IO p I B COCTOSlHHH 

(f) 

~ ... (!!) F (;) · (2.8) 

B pesyJI1,TaTe BSimMO,ll;eRCTBIDI 8TO COOTOHHHe nepeR,I(eT C onpe,n;eJieHHOCTI,IO 
(B COOTB6TCTBHH C npe~ pas;a:eJioM) B COCTOHHHe 

(f) 
~ {:g) ;: (;;-), (2.9) 

(f) 
r,n;e OII.fITI, ,: - qiyHKr(RH, OIIHCHBa:Klll\li6 COCTOHHHe CTpemw:, H r,n;e, B 06-
ll{SM t ~ 4 ~ • IlooJie BSaliMO,IJ;ettcTBHH ,IJ;OJIH p (" CHCTeM :E. B aHCaM6Jie 
Il08TOMY HaXO,n;HTCH B COCTOHHHH (2. 9). ClTMeTHM' t:ITO ;a:aHHOMY sHatJeHHIO fl 

. ~ 
COOTB8TCTBY8T ,IJ;aHHOe llOJIOE:eHI:Ie CTpeJIKH, O,ItHHaKOBOe ,ItlIH ncex F;._ (]) 
c TeM JKe CaMliM ti_ •. Tene_pI, (s;a:ec1, H B ,IJ;aJII,HeihneM MH IlOt:ITH 6YKBaJU,HO 

• CJie.zt.YeM ThirHep/11/) . .. f ff)(J) R 1::,'r'J (-;r) opTOI'OHaJll>Hll, 

~ecJIH I?.. F 11. r , T .K. OHH COOTBeTCTByIOT pasJIHtJHHM IlOJIOJK8Hlimll CTpeJI
?-,.... KH. C ,n;pyroii CTOPOHll, ,IJ;JlJI f .e tr ~ - 'Pn ( q,,) ;=; ff) ( ;-) 

~ :a ~ { f;) /;; (f 'J (J J· IlOJIYtJaIOTCSl ,TeM :xte cairnM ytmTapHHM rrpeo6pasoBaHHeM 
C) (OIIllOHB8l011WM HSMeHeHHe BO BpeMeHH) HS ql~K !:1'11, (¥,) F <f') ():) 
">t-- (', ') 

H .!f'.., F f ( J") , , KOTOpHe BSaliMHO OPTO-
"" roHaJn,HH' T. e. I;,. (f} (J) H f, ( f 'J ( l") OPTOI'OHaJII,HH ,IJ;JlJI f 'r fr • 

Tor,n;a MH M0'1t8M HanHCaTI, 

( r.:rf>(-....) Frf'J(~J)= 8 S 
tt ,> , n' ? n.n' ff' ' (2.10) 

({') 
XOTH CHCT8Ma_ F;_ HS o6nsaTe~I,HO noJIHa. 

TenepI, paCCMOTPHM OJIYlJaR, Kor,n;a npn6op BSaHMO,IJ;ettCTByeT He C OHC-
TeMott s B ;a:aHHOM COCTOHmm Y! rt. ' HO C CHCTeMOH L) B COCTOHmm 

J1f (j) = f a.11. 'Y=n (~) · (2.II) 

AHca.M6JII, Ha.i:JB,Jil,HWC CQC~BBHHX OHOTeM MO:xteT paocMaTpHBaTI:>OSl Ka.K aH-

C8.M6JI1, CHOTeM, Pr - ,n;OJIH KOTOPHX HaxO,n;HTCH B OOCTOHHmI 

F rr>("t-)L Qn. 'l'~ (q) = yC1) <2.12) 
,;> n. ., 0 ' 

HHS JIHH8HHOOTH SaKOHOB KBaHTOBO:ll MexaHHKH CJieeyeT, i:JTO aHcaM6JII, KO
H8tJHHX COOTaBHHX CHCTeM COCTaBJieH HS CHCTeM B COCTOHHHHX 

- , ... _ ::,:~ :{~~::; ) 
-~,,, , ... 11 .... c;lk.-~ 1 

-~ ·~-=.• J: ~;:i·i /\ l 
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fQ_h Gi_(f)("f)<PH. (q)-= y (j) (2.13) 

T8.10lte C BepoHTHOCT!,10 -pf • BosmmaeT BOIIPOC: MOXHO JIH OTOllr,Il;SCTBHTI, 

8TOT aHCaM6Jll, c aHCaM6JieM COCTO.fIHlrli THIIB. 

2c /m, l<J = f X t• l<J I;;, If!(;-) I",. ( ff,) • (2.14) 

T.e. c aHCaM6JieM COCTOsnmit, Kax,IJ;Oe HS KOTOpHX COOTBSTCTByeT onpeAe
JieHHOMY sHaqemm j- m KOOP,ItHHaTH CTpeJIKR H onpeAeJleHHOMY COCTOSi
mm '1',n 8JISKTPOHa? (2.14) - HaH60Jiee o6mee BHP8.llt8HH9 ,ltlIH TaKHX 

COCTOsnmit. 
,lJ.7IJI TOrO qTO6H aHCaM6Jll, 1 OllHCHBaeMHii MHOllt9CTBOM COCTO.mnrn V~ 

( c AaHHblMH BepOHTHOCTSlMH) , 6WI 6H aHOaM6JieM, omrnimaeMHM MHOJleCTBOM 
COCTOsnmit "i. ' Heo6XO,nHMO (H AOCTaTOtlHO)' no onpeAeJiemno, 'qT06H 
sHaqem,:e JII06oit Ha6.mo,naeMoft H~RJzyaJII,HOit CHCTeMH, ycpeAHSHHOft 
no BCSM CHCTSMaM aHCaM6mI, 6WIO 6H OAHO li TO ll8 AJISi O6O:ioc aHCaM6Jie:ll. 
Heo6XO,nHMHM ycJioBHrr_tm1 aToro HBJIHeTcSI, 'qTO6H u i. 6WIH 6H JIHHefi-
HHMH qJyHKUlIBMH V-' I • IlO8TOM! OTB9T Ha H8IIl BOIIPOC MOllteT 6HTI, IlOJIO,'- . 

cm. n.> ycP) 
JKRT8Jll,Hl:lM TOJl!,KO' ecJIH z. . - JIHHettHHe qJYHKC(Wi I ' 

l .... K) 

T • e • eCJIH CYJlleCTByIOT HeKOTOpHe KO8q$IUHeHTH U. i ' , 
("1,1<) _ , (tn,K) y (\) 

~ -r "r ' 

TaKRe,'l!TO 

· (2.15) 

T.e.( (i) 

l:Xp tn,1<:) 1/f)(f) ~ (g,)=! ui(/11,k)Clh F,; r~) 'f,, (q.) 
t' \ m hr (2.16) 

(f) 
T8lt K8lt no (2.10) ~ {J) JIHHe:lrlHO Hesammm.m, 9TO Tpe6yeT 

T.e. 

C 

(m,k) (m,k) u.r ci ti. == s x , 
It, tT1 r 

Cln. = ~ -t°' (m 1 k) 
n,tn f 

(m 1<) (m,K)/ (m ~) 

-ti I= ..x(' / llf , ' 

(2.17) 

(2.18) 

(2.19) 

!"Ae (2.17 H (2.18) He CJieJtYeT CyMMHPOBaTI, no tn . OtieBHAH0,(2.18) 
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He MOl!teT 6HTI, BHilOJIHeHO' ecJIR 6oJiee '!!SM OAHO HS CL n. OTJIH'C!HO OT HY
JISI. 3TO noKasHBaeT, qTo aHCaM6JII,, OilHCHBaeM!m CMSCI,10 COCTO.IIIIlUf (2.13) 
(He B8JKHO, tlTO 8TO OJlHCaHHe He e,ItHHCTBeHHO BO MHOrHX CJIYtlaSIX),He MO
l!t8T 6HTI, ormcaH K8lt CMeCI> COCTOSllilIH (2.14). 

Pesn.mpySI, MH BH,nHM, '!!TO AOKaSaTeJibCTBO BHrHepa JierKo o6o6maeT
CSI ,n:o :ira.mero cizytJaSI,IUIPH E!3lII0X IlPS'AIIOJIOJKemmx . yTBepx,IJ;eHHe. qTo CTpeJI
_Ka npHHHMaeT onpe,n:eJieHHoe nOJIOllteHHe, He COBMSCTHO C 06ll!HMH SaKOHaMH 
KBaHTOBOR Mexamnm. 

MHome qlHSinm ,n:o HSKOTOPOR CTenemr COSHalOT OllHCaHHYJO Tpy,n:HOCTI,. 
BcJie,n:cTBHe np1u~na cynepnosmnm a -pnori aTa Tpy,n;HocTI> BilOJIHe BOS
Momra. MHome HS 8THX qJHSHKOB TeM He MeHee IIPRA9P'1WBaIOTCSI MHeHIDI, 
'!!TO TPy,IJ;HOCTI, HS cepI,93Ha H tlTO OHa ncqesHeT, ecJIR HSCKOJI!,KO OCJia-
6HT!, HanJH Tpe6oBamm. BMecTO Toro, 'C!T06H Tpe6oBaTI>, 'C!T06H IlOCJie HS
Mepemm cTpeJIKa saHHMaJia "c noJIHoil AOCToBepHocTI>IO" onpe,n:eJieHHoe no
JIOJKeHHe ~n. (c OllIH6KOH L:,.~"- , ecJIH ~ HMeeT HenpepHBHHli cneKTp), 
OHR roBOpHT, tlTO OHa 11IlO'l!TH ·onpe,n:eJieHHO11 saHHMaeT TIOJIOllteHHe 
( ~ ...._ , ~ ..._ + ~ ~ n. ) Hap.rmy C Ot19HI, MaJIHMH aMilJIHTy,n:ru.m saHHMaTI, 
,n:pyrne IlOJIO:atSHHH. EcJIH 6H TaKOe ormcam,:e 6WIO BOSMO:atHO, TO HmtaKOH 
KO~eTITyaJII,HOR npo6JieMH B ,n:eitCTBHTeJII>HOCTH 6H He BO3HmtaJIO. 0,n:H8lto 
ceitqac MH IlOKallteM, 'C!TO 8TO He TaK. 

~TO6H no,n:o6aoe onncaHHe 6HJIO BOSMO:atHO, Heo6XO,nHMO, 'qT06H CMecI>, 
ormcHBaeMaJI Y ((') c BepOHTHOCTSlMH p I° , OilHCHBaJlaCI, 6H TaK :ate,KaK 
CMSCb COCTOJUm~, COOTBSTCTBymmwc qiymtUrulM 

r rm,k"~ £..X (rn,K) F ff)(.'t"' 11' ( ) .,.. 
t. - f m .>./ m .f, r 

+£. y <m,v, 1<) E ffJ(j) r.fJ. (4) (2.20) 
(',V"l-m r JJ" p 

C (m, 1'~ k) 

yf 
~ _x (ITl,K) 

r (2.21) 

()rurrI, HeO6XO,n:KMHM ycJIOBHeM, 'C!TO6H 8TO 6WIO BO8MOl£HO, HBJISISTCSi 
Tpe6oBaHHe, t1TO6H ;l f (m, I() 6WIH JIHHSHHl:lMH KOM6Hlta.nHRMH Y ff) : 

I (m, K) (m, k) (j) 
~ = Z::. u" Y f I , 

(2.22) 

T.e., TaK Kalt 
(j) 

(, JIHH9HHO H93aBHCHMH: 
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U (m,K) = :X (m, ><) 

\ a.m r (2.23) 

(111,K) y (11',M,K) 
U. Cl -f n- f (2.24) 

.wm n:/m. 
8TH COOTHOmemm npHBO,IUlT TeM He MeHee K TOMY, tJTO .rtJISl n #-m 

fm,n, 1<) Yr . , ~ (m,K) 

/xr 
= Q11./ Qm 

1 (2.25) 

Ta.K tJTO HepaBeHCTBO (2.21) He MOJKeT 6HTD y,Il;OBJieTBOpeHo, ecJilI O,IU{O 
H8 Q.. He HaMHOro 6om,me BCex OCTaJII,HHX, tJTO He .f!BJU!eTCR 061IIHM CJJ:Ylla
eM. 3To ,IJ;oKasHBaeT, tJTO KapTHHa npo~ecca HSMepemm, oIIHcaHHoro 8.IJ;ecb, 
He 6oJiee COBMeCTHa C JilIHettHHMH 88.KOHaMH KBaHTOBOtt MexaHHKH, tJeM OIIH
CaHHM B npe.IJ;H.IJ;YllleM pa8,D;eJie;asMepeHHe He OnHCHBaeTCR KBaHTOBOtt Mexa

HHKOtt. 
§ 3. Hapymemte '.HepaB!3HO'l'B BeJLJiaH 1toneHI'areHCK8Ji 

HHTepnpeT~ KBaHTOB_OA TeOplO! . 

B CBR8H C He.IJ;aBHHM CTOJieTHeM co ,IJ;HR po21r,Il;emm Hrun,ca Bopa 
H 50-vl8TH8M BHXO,IJ;a B CBeT CTaTbH 3:!timrreiiHa.-IlO.IJ;OJibCKOro-PoseHa oco-
6eHHO a.KTYaJII,HHM CTaJI Bonpoc o TOM, tJTO npe,IJ;CTaBJIReT co6ott KoneHra-. 
reHCK8Ji HHTepnpeT~ KBaHTOBOtt Teopmi:, C08H,IJ;aTeJUIMH KOTopott 6HJIH ·. 
3HHmTettH H Bop H B noHHMaHHH KOTOPOH OHH CHJIDHO pasomJilICb, KaK cor
JiaCHO 3TOtt HHTepnpeTB.Izym H~O o6'LHCHS!Tb Ta.Koe He,IJ;aBHO OTKPHTOe RBJie
HHe,KaK HapymeHHe HepaBeHCTB BeJIJI8. B OnHTax no o6HapYJitemnD KBaHTOBHX 
KOPP~ Ha Ma.KPOCKOnHtJeCKHX paccTorumsoc'? 

3.IJ;ecb MH IlOnHTaeMCR ,IJ;a'l'b H8JIOJKeHHe 3TOH HHTepnpeTaqmI, cnerorram,
HO BH,IJ;eJilIB H8 IlOJISMHqecKHX coo6pazeHHtt HeKOTOpHe Heo6wnme H IlOTOMY 
He OtJeHD H8BeCTHHe ,IJ;Jm MHOI'l'IX i,pHSBKOB ee qepTH. 

I. HapymeHHe HSpaBeHCTB BeJLJia H onepa.uHOHaJIHCTHtJeCK8Ji HHTepnpe
T~ 111toneHrareHCKOA HHTepnpeTaqmi". 

HapymeHHe H6paB8HCTB BeJIJia ,wIR xapaitTepHCTBK, OIIHCHBaeMHX He
KOMMYTHPYJO!llHMH onepaTopm.m (,wm HHX B8PHH COOTHOmeHHII Heonpe,IJ;eJI8HHOC
T6tt reAseH6epra), Be,IJ;eT K CJie,n:yl)lll8MY qlyI0taM8HT8JII,HOMY CJie,IJ;CTBEJD. 

CBoliCTBa Mmtpoo6'l>8KTOB, COOTBeTCTByxJll!Re 3THM xapaKTepHCT:mtaM, 
a TaKOBHMH RBJUDDTC& KOOp,ItHHaTa, HMllYJll>C, 3HeprHR, npoe~ CIIHHa 
Ha pasHHe OCH, tJHCJIO qacT}Ill H JIOKaJII,HaR llJIOTHOCTb TOK8. (B KBaHTOBOI 
TeOPHH llOJijl), He OyJlleCTByx>T "oar,m no ce6e" • Olm CyJlleOTBYDT (:wm 
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11B08mnta.IOT11
) JilimD nOCTOJibKy, IlOCKOJll,Ky OHH HSMepm>TCR. Jlmm, OTHOCH-. 

TeJibHO npa6opa, HsMepJilOlllero tJHcJio qac~, MOZHO c1tasaTb:"CyJ11eCTBY8T 
O,IUIH 3JieKTPOH11

• 0THOCHT8Jll,HO npH6opaJHSMepJilOlllero IlJIOTHOCTD SJieKTPOH
nosHTPOHHOro TOKa (cM. paccyJK,1temm B712lo cxeMe Taxoro OIIHTa), HeT 

- imeitirposm.:.~a::eo.!l'li 8JIBKT!lO.H-nos:upomroe noJie. 
EcJilI HMeeTCR npn6op, H8Mep.momr,m y qlOTOHa npOeKI\HIO OimHa Ha onpe

,IJ;eJieHHoe HanpaBJieHHe, TO npH B88.llMO,IJ;eHCTBIDI C 3THM npn6opoM y qlOTOHa 
BOSHHKaeT onpe.IJ;eJieHHoe sHaqeHHe npoe~ crm:Ha. Ho,MoJKeT 6HTb,Y qio
TOHa "oaMoro no ce6e" CyJllBCTByeT Ka.Koe-To Heonpe.IJ;eJieHHoe 8HatJeHHe 
npoe~ CIIHHa 11,Il;O H:,Mepemm"? HeT, H 3Toro Cita8aTb HeJll>SR, Ta.K Ka.K 
CaM qlOTOH 11 6CTb 11 TOJll,KO llOTOMY, qTo OH "npHrOTOBJieH" B onpe,IJ;eJieHHOM 
OilHTe, OTHOCHTeJll>HO KOToporo MOZHO roBOPHTb 06 onpe,IJ;eJieHHOCTH rum 
Heonpe,IJ;eJieHHOCTH TOH HJIH HHOtt ero xapaKTepHCTHKH. Bes 3TOro OIIHTa 
HST "Toro", y KOTOporo MOrJia 6H 6HTb Heonpe,IJ;eJieHHM npoeKqWI CimHa. 

To, qTo CBOHCTBa, OIIHCHBaeMHe HeKOMMYTHPymiID,m onepaTOPBMH, CYTb 
OTHOmeHH& K npH6opaM H He 11CiyJlleCTBry,T" OaMH no ce6e, ,IJ;OKaSHBaSTCR 
CJie,IJ;yx>IIIIDll BHBO,ll;(?M HepaBeHCTB BeJIJia ( 31, cnpaBe,ll;JllIBHM npH II CyJlleCTBO
Bamm" 3THX OBOilCTB. 

IlyCTb HMeeTCR o6MKT, xapaKTepnsyeMHH TpeMJI B6JilitJHH8MH 
A , B , C , npHHHM8lOIItm,m 8Hat1emm,= I . H OIIHCHBaeMHMH B KBaHTOBOH 

/.\ .-'\ .A 

Teopmi: HeKoMMyTHPyxJlllHMH onepaTopaMH A , ::5 , C: • Tait KaK oorJiacHo 
KBaHTOBOtt Teopmi: He CyJlleCTByeT qiy~ Y:' , co6CTBeHHoil: cpasy .wm 

A --'\ _.,_ 
A , "& , C:, H ecJilI CtJHTaTb, qTO COCTO&HHe MHKPOtJaCT~ OIIHCHBaeTCR 

qi~en ~ , RCHO, qTo 0,IU{OBpeMeHHO BeJilitJHHH ,4 , J3 , C cy-
~eCTBOBaTb B 8TOM COCTORHHH He MOry-T. 

QI(Ha.KO npe,u;nOJIOJKHM, qTo qacT~a OOJI~eT O,IJ;HOBpeMeHHO 
A , B , c . Tor.u;a,paccMoTpeB aHcaM6m, O,IUIHaKOBHX t1acT~, o6osHa

qag A+- cJiyqai, Kor,u;a -A npHHHMaeT sHaqeHHe I (aHBJiornqHo .wm 'B , C') , 
A - ecJilI A . np:e:HHMaeT sHaqeHHe -I, :e: npe,u;nOJiaraR cnpaBe,u;JilIBOCTb 

06HtJHOtt 6yJieBoii JIOI'HKH .wm KOH'l,10~ 11H11 H ,JJ;H8'1,IO~ 11HJI1I", nOJIYtIHM: 

N ( A°tB-') = N ( A-t-B-<!.-+) + rJ (A+~-!!:-) J · (3.I) 

r,IJ;e N - tJHCJIO qacT~ C COOTBSTCTByxJlllHMH CBOilCTBaMH. Hs paBeHCTB 

,J (a-c!..-t-) ==1' (A+/3~+)+ N(A_a-~·t) / (3.2) 

d (A+c:-J = N(A-+B.,.CZ-J + t./ (A+a_c:_) (3.3) 

21 



otJeBH,IUio cJie,DyeT 

r-J CA+ if) ::. ,J ( e-·c+) + tJ <A+ c-). (3.4) 

3KcnepHMeHT onpoBepraeT 8TO HepaBeHCTBO: 9HatJHT,Jm6o CBOHCT
Ba 4 , 'B , C He cymecTByIOT orotoBpeMeHHo - KoneHrareHCKWl HHTep
npeTau;rur, Jm60 "H", 11HJIR11 TaKOBH, tJTO 

,q f\.('3VC) -:f:. ({J./\6~V(A/\C') 
) 

T.e. HapymeHa ,wiCTPH6Y'flIBHOCTI>, tJTO COOTBeTCTBY8T KBaHTOBMOrHtJeCKOH 
HHTepnpeTa.IJ;lm. 

1!TO TaKoe MHKpOtJaCT~ H BMHOBa.H ~. HX OIDICHBaJDllla.H, 
C TOtJKH spelll:Ul KOileHrareHCKOtt HHTepnpeTa,wm? 

HHJII,c Eop HeOrotOKpaTHO IlO,D;tJepKHBaJI, tJTO ,JlJlll HenpOTHBOpetJHBoro 
TOJIKOBalll:Ul annapaTa KBaHTOBOtt Mexamnm cymecTBeHHO HCXO~TI, HS OT
CtJeTOB, ,D;eJia~ Ha npH6opax IlPH ~IlMHe onpene~eHHHX YCJIOBHJDC OilH
Ta/ { '1 • c. 5311 • B ;iu>yrOM MeCTe / { '-/ • 0- 4061 OH IlHCaJI: "Ka.It 6H ,ll;~ 
JieKO HH BHXO~ RBJielll:Ul sa paMKH cpHSHtJecKoro o6ucHelll:Ul, Bee OIIHT
HHe·namme ,ll;OJIEHH OilHCHBaTI,CS! npH IlOMOJitK KJiaCCHtJeCKHX IlOH.!lTHtt". llett
CTBHT8.1IDHO, tJTo TaKoe ipHSHKa c aTott To1JKH spelll:Ul,KaK He ycTaHoBJieHHe 
KoppeJIRI.tHil: MruJmY Hamm.m Ha6Jm.ll;e:HHRMH H8,II; OKpyxax,mHM MHpoM, KOppe,;,m
~. IlOSBOJIJDODtWC npe,D;CKaSaTI, pesynI>TaTH 6YAYIIU1X i:m6~emni H CBS!SaTI, 
MruJmY co6ott cTapHe? Hanni Ha6Jm.ll;eHHSI Bcerna KJraCCHtJecKHe H nonycRBDT 
BHI)aJ!teHWI Ha ecTeCTBeHHOM S!SHKe, HCilOnI>SynneM IlOHS!THS! KJiaCCHtJeCKOil: 
ipHmnm. 

lloBO,llH 8TO pacc~eHHe ,ll;O Komi:al { 5/, MH CKBJJteM (XOTS! CaM Bop 
imKorna Ta.K He roBopHJI), tJTO cymecTByIOT (eCTI>!) TOJII,KO KJraCCHtJecKHe 
o6'LeKTH, MmCpO'tlaCTHD; xe HeT: MHKpo-qacT~ HJm KBaHTOBHe o6'LeKTH -
STO cnoco6 pasroBopa O KOPPeJI.fillHJDC M8Jlr,Ity KJiaCCH'tJeCKHMH MaKpo06'LeKTa
MH. B HaCTOJmtee BpeMSI STa "onepauJ{OHBJIHCTHtJeCKS,f\11 TO't!Ka speHH.R: BH
paJJteHa B MOHOrpaipHH HeMe.QKoro TeopeTHKa ./bWraral f 5"/. 

EnliSKOH K HSJiaraeMott ~HTepnpeT~ JD3JIHeTCS! KOHIJ;8IIIXWl aMepmcaH
CKOro TeopeTHKa KpaMepa/16/, corJiaCHO KOTOpott MHKpOtJaCT~ - STO, 
CBS!SI, M8Jlr,Ity IlPHrOTOBJIR1!llltHM H HSM8PsmltHM npH6opaMH, o6ycJIOBJI8HHru.l: 
BJmJIHHeM 6y,eymero Ha nponmoe. HcnOJII,sya H'A81> YHJiepa-4/eitHMrum B sJieK
TpoJJ;KHaMHKe 'o BOSMOJltHOM cymeCTBOBamm BOJIH, H.ItYJltHX HS 6y,eymero 
B nponmoe (no;iu>o6Hee 06 STOM CM. CTaTI,D aBTOpa 1171, 
KpaMep BBO~T IlOWITHe MHKpo-qacT~ KaK "TpaHcB.KWm",o6ycJIOBJieHHOtt 
KOMIIJieKCHOI (a IlOTOMY H8Ha6~eMott) BMHOil:, conocTaBJISI8MOtt ~ - qiyH
~- HH;IJ;eT8PMHHHSM KBaHTOBOtt Mexamnm npH STOM MOlleT 6HTI, CBS!SaH 
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c Hanm:M H89HaHHeM 6y,nymero, KOTopoe HaPJI.JlY C HaCTOmitHM BJllffieT Hape
syJII>TaT Ha6JIIO,D;eHHR. 

BOJIHOBa.H qi~ rpr '!'!:MM IlQI:OCOI48 OIIlICIDB.el' He MHKpoo6'LeKT , KOTO-
poro HeT, a "rutca.M6Jll> HSMepeHHii". HanpHMep, ecJIR MH MHoro pas o,wrna

-KOBHM o6pasoM BKJIIOtJaeM SJieKTpOHHyIO nymKy, TaK 't!TO npH STOM TepmoTCH 
sap,H,IJ; e H HMnyJII>C p , TO sa,u;aH aHC8.M6Jll>. KOTOPOMY COilOCTaBJIReTCS! 
BOJIHOBa.H ipyHKIUrS! "aJieKTPOHa" C HMilYJII>COM j3 • Ha6JIIO,ll;eHlllO Ta.KlKe co
IlOCTa.BJIBeTCR "aHCaM6JII> Ha6JIIO,ll;eimil:", KOTOpml: 6yneT pasHHM B SaBHCH
MOCTH OT Toro, tJTO Ha6JIIO,D;aeTCS!. IlpH ST<.>M MH HMeeM CHTY8.UHIO, KaK ecJIR 
6H HeKTO MHOrO pas rumaJI MOHeTy ('t!TO B Teop:im BepORTHOCTeii HaSHBaeT
CR 11HCilHTaHHeM"), HO IlOTOM HHTepeCOBaJICR 6H He MOHeTOH, 0 KOTopoii OH 
BHCKasaJI 6H yTBep,imemrn, t1TO ee HeT, a OJllYllleHHeM B naJII>~ax. Torna 
HCilHTaHH.m/!, conpOBOJ!t,I\aICIIIHMC.fi O,IUruM H TeM 2t8 omynteHHeM, OH 6H Mor 
COTIOCT8.BHTb onpe,D;eJieHHyIO BMHOByIO cpymcwrn. Tax KaK B 8TOH HHTepnpe
TB.UHH BOJIHOBa.H q>~R He OilHCHBaeT OT,D;eJII>Hml: o6'LeKT, TO 9,ll;8CI, HeT 
pe,IJYKUllH BOJIHOBOro naxeTa, HH,JJ;eTepMHHHSM llte KaK Henpe,D;cKasyeMOCTI, 
6y,IJY1Uero OT,D;eJII,HOro Oll(Yll{eHWI (Ha6JIIO,D;eHHR) eCTI,. 

KoppeJI.RilHH MelK,ll;y MaKp006'LeKTa.MH 6HBaIOT Tpex THTIOB: 
a) Koppe~, nonycKaroutHe "HOCHT8JIR", ,D;BIDKYlllerocR no onpene

JieHHoii TpaeKTOPHH B npocTpaHCTBe-BpeMeHH, HanpHMep, pyKa 6pocaeT 
KaMeHI>, KaMeHI> rra,n;aeT B BO.DY - MelK,ll;y aTHMK Ha6JIIO.D;eHHRMH eon .wm, 
BO BCSIKOM CJiyqae,B09M0'1tHO Ha6JllO,D;eHHe JieTJmtero KaMHS!. 3TH KOppeJI~ 
CTporo ,D;eTepMHHHPOBaHH - OTCyTCTBHe ,D;eTepMHHH3Ma ,JlJlll HHX CBRSaHo 
C HalllliM He3HaHHeM JIH60 HatJaJII,HHX YCJIOBIDi, Jm60 38.KOHOB ,D;BDeHHH. 
OHR OTIHCHBaIOTCS! KJiaCCHtJeCKO:lt Mexammott H CTaTHCTHqecKoil: cpH3HKOtt. 

6) Koppe~, He HMeJOll1l'Ie HOCHTeJIR, ,D;BIDKYllterocR no onpe,D;eJieHHon 
TpaeKTOpHH, HO ,D;OnyCKaroutHe BOSMOXHOCTI, o6Hapy,iteHHR B o6JiaCTH npocT
paHCTBa-BpeMeHH MeJ!UtY Ha6JI1DJtaeMHMH RBJieHHR.MH CHJI, npe,D;CKasHBaeMHX 
sapaHee, nettcTByIOIIU1X Ha npo6HHe TeJia (sapJmH) - ,rvm HX OTIHcaHHSI Hc
nOJiiayeTcR R3HK IlOJIH - aJieKTpOMa.rHHTHOro H rpaBHT~OHHOro. 3TH K9P
PeJl.filUlli TaRll9 CTporo ,D;e'l'epMHHHpOBaHH. 

B) KoppeJIRI.tHH MeJimY MaKponpoSIBJieHWIMH, He HMeJOll1l'Ie HOCHTeJIS!, 
,ll;BWKj'lllerocRilO onpe,D;eJieHHott TpaeKTOPHH,H He o6MCHHMHe TIOJieM. EcJIR 
B npocTpaHCTBe-BpeMeHH M82t,D;Y Ha6JIIO,ll;aeMHMH RBJieHHRMH noMeCTHTI, npo6~ 
HHe TeJia, TO IDIKB.KHX CHJI, ,D;eil:cTByIOIIU1X Ha HHX, sa HCKJIIO'tleHHeM o,D;Horo, 
IlpHqeM, B006~e· roBOPR, sapaHee HeHsBeCTHO KaKoro,MH He o6HapyJ!WM. 
().!(HaKO .,ll;JIR RX xapaKTepHCTHKH B03MOlKHO BBeCTH HeKOTOpHe O'tleHI> MaJIHe, 
Ho BilMHe onpeneJieHHHe napaMeTpH - Macey, sap,H,IJ; H CIDIH ( onpe,D;eJIRe- · 
Mm!:, HailpHMep, TIPH IlOMOlltK MarHHTHOro noJIR) H IlOCTORHHylO lIJiaHKa. 3TH 
KOppeJIRI.\HH 6y,D;eM Ha3HBaTI> MHKpoqacT~aMH. 3JieKTPOH C 8TO:lt TO't!KH spe
HWl ecTI> Kappe~ M82t,Dy CJIOlKHHMH MaKpoo6'L6KT8Mli - 8Jl6KTpOHHOtt 
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nymKott H HeKOTOPHMH Maimny~ mm 8THM o6~eKTOM - H m>Y'Il™ 06~
eKTOM - qi<)T08MYJII>eHett, r'Ae no.fIBJI.lleTeR llRTHO. CBRSI, (HJIH OTHomeHHR) 
Me]K,ey llRTHOM H nymKott H eeTI> aJieKTpOH. MaKpoeo6HTHe, eoeTORil{ee Bon
pe'AeJieHIIHX MaHHny~ Ha,It aneKTPOHHOtt nymKott, MbI Ha.SOBeM npnroTOB
JieHHeM BOJIHOBott WYH!tUHH aneKTPOHa. Ma.Kpoeo6HTHe - Ha.6JI10,IJ;eHHe ItiITHa 
- H8.SOBeM HSMepeHHeM. IloSIBJieHHe OT'AeJII>HOro llRTHS.,eonoeTB.BJIReMoro OT
'AMI>HOtt qaeT~e, eeTb eo6HTHe llOJIHOeTI,ID enyqattHoe H Henpe'AeKaSyeMoe. 
Moxmo 61:iJIO 6H enpoeHTI>, IIl)H qeM TyT 8JieKTPOHHM nynnta, eeJIH 61:i TOnb
KO He TOT (paKT, qTQ 8TO eo6HTHe, B eHny eIIl)aB~OeTH Teop:im: OTHO
eHTenbHOeTH, He MOXeT HS.OTynHTI> paHDme, qeM qepes HeKOTOpoe BpeMR 
noene BKnroqeHHR nymKH, nonyqeHHoe 'AMeHHeM paeeTORHHR MeJK,Jzy qioTo-
8MYJII>eHeil: H llymKOtt H8. eKopoeTI> eBeTa. O~o, SHaR Ma.KpoxapaKTepHe
THKH nymKH, MOXHO eTporo npe'AOKaSaTb m,yroe eo6HTHe - qaeTOTY paeno~ 
JIOXeHHR nRTeH noeJie 'AOOTaToqHo 'ADnrOtt pa60Tli nymKH B o,zumx li TeX xe 
yenommx. HTaK, r'Ae llOJIBlITeR O'AHO llRTHO Ha qi<)TOMemte, HeHSBeeTHO, 
HO r'Ae HX 6y,n;eT 60nbme, a r'Ae MeHDme. - Momo npe'AeKasaTb. 

ITpoTOHH, MeSOHH H T.n. - 8TO KOppeJJ:RUIDI Melll;Ity 6on,ee eJIO.lllll,IMH 
Te:xmiqeeKHMH o6MKTaMH H MaHHnyJISlltllJIMH e HHMH: yeRopHTeJIBMH, peaK ... 
TOpaMH, HCRPOBHMH li nySHPbROBHMH RaMepaMH.O;rtHaKo IlO'A06HaR ROHD;en
~R, qTo eeTb TOnbKO MaKPOTeJia H He06HqHHe ROppeJI.m.Um B HX llOB0'Ae-
HHH, Ha.SHBaeMble MmtpoqaeT~aMH, MOXeT BeTpeTHTb BOSpaxemre, qTo 
8JieKTPOH - 8TO RoppeJUlllHS! He TOnbRO Mew 8JieKTPOHHOtt llymKOtt H qi<)T0-
8MYnbeHett, HO, HallPHMep, H Me'1i,lzy oeBemaeMott aJieKTPOMarHHTHb!M HSJiyqe- ·.· 
imeM noBepXHoeTbro TBeP'AOro Tena H woToaMy-JII,eHett H T.n. 

IT08TOMY eeJIH Mli XOTHM OIIl)e'AMHTb aJieKTPOH B TepMlmax Toro, ":JTO 
MH11Blf.W™ 11

, KOr'Aa ynoTpe6JIReM 8TO eJIOBO, MH 'AOJIJ1tHH B~eJIHTb HeKOTOPmi 
MaKpoeKonHqeeRHtt HHBapHaHT, o6ntmi ,wm Beex 8THX aJieKTPOHHHX nymeR, 
yeKOPHTeJiett H T.n. EcJIH 6H 8TO y,IJ;aJIOe:r, O'AHOSHaqHo e'AeJiaTb, H8.M6H 
Y'AMOeb llOJIHOeTbID 11'A0MHeTHqJHUl!pOBaTI>11 RaR aJieRTPOH, TaK H Bemtyro MH
RpoqaeT~, onpe'AeJIHB HX KaK: mmo e'AMaTb TO-TOH TO-TO e MaKPOT0-
JiaMH, '1T06H YB~eTb e m>YI'HMli MaKpOTMaMH TaKOe BOT eJie'AeTBHe. 

IlO'A06HaJI "'AeMHCTH~" WHSHRH HallOMHH8.0T IlOllHTKy "'AeMHeTHWH
Rauim" MaTeMaTHRH B KOHeTpyKTHBHOM aHaJIHse, r'Ae,eJie;izyR ~ee KpoHeRepa, 
npe~araeTeR OTKaSaTI>eR OT ynoTpe6JI0HHR eJIOB, He 'AOnyeK8.IJlIIW{ Henoe-, 
pe'AeTBeHHott ROHCTPyKTHBHOtt IIl)OBepRH. O'l:le~HO, qTo o61llHMH ,wm Beex 
8THX yeTaHOBOR 'AOJIXHH 6HTb TaKH0 yeJioBHR, 06ffqHO eBRSaHHHe e eHJII>lili~ 
MH HJIH BlieOKoqaeTOTHHMH aJieKTPOMarHHTm,JMH IlOJIRMH HJIH BHeOKHMH TeMlle~ 
paTypaMH, KOr'Aa eTaHOBHTeR HS.6JI10,IJ;aeMOtt BenHqHHS., B KOTopyro BXO~ 
TaKHe "KJiaeenqeeKHe xapaRTepHeTmtH" MHRpoqaeT~,RaK Maeea, sapH,11;, , 
enHH (HO He ero IIl)Oe~ H8. TY HJIH HHyro Oeb) H, ROH0'lHO, noeTORHHaR 
Il.Jiamta. BoSHHKHOBeHHe RoppeJUIIUm B 8THX yeJIQBHSOC MOJl0T 6HTI> HS.SBaHO 
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"polK,IJ;eHHeM MHKpo-qaeT~" RJiaemrqeeKHMK T0JlaMli H llOJIBMH HS BaKy;yMa. 
He'AoeTaTKOM TaKoro paee~eHHR, O'AHaKO, oqerumHo,6y~eT To, qTo sapH,11; 
yMeHDnru:TeR npH polK,IJ;eHHH aTott qaeT~li HS. e , a Maeea Ha me. Crroeo-
6H xe nonyqeHHR HHqiopMauim MaKPOHa6.mo,n;aTeJieM 06 8TOM yM0HbID0HHli MO-

- ryT 6!iTb eaMHMH pasHHMH. II08TOMY BOSHHKaeT Bll0tiaTJieHHe I '!TO Bee xe 
y,n;o6Hee roBOPHTb O HeKOTOPOM oeo6oM "o6~eKT0 11 

- 8JieKTPOHe, a He 06 
yMeHbrueHHH sapH,l];a B O'AHOM M0CT0 Hero YJ3eJIH'!eHHH B m,yroM. 

llsMepeime 8JieKTPOH8. MO!teT 6HTI> llOHRTO Taruite RaK YJ3eJIHqeHHe sa
pH,lJ;a, Maeeli .liJIH TO HJIH HHOe HS.6.mo,n;eHHe•aHOMMHH B IlOBe'AeHHH SJieKTPO
MarHHTHOro llOJIR, o6~ReHR0MOe HSBeeTHHMH napaMeTpaMli 8JieKTPOH8.. 

BosHHKaeT Bonpoe: qeM OTJIHqaeTeR TaKOe llOHHMaHHe MHKpoqacT~ 
OT TOqKH speHHR eyeBepHoro qeJioBeKa, yTBep'1t,11;9.IOJllero, qTo OH peryJIBI)HO 
HS.6JI10,IJ;aeT KOppeJUIIUm M9]K,ey nepe6eraHHeM.'!epHott KOWKOtt 'AOPOrH H He
npHRTHHMH eo6HTHRMH ero JmSHH. OH Taruite He B~T 11HOeHTeJIR", eBR8li
B8lOlllero ROWKY e 8THMH eo6HTRRMH. Co6HTHR TOXe, RaK OH roBOpHT, JIBJIR

IDTeH eTaTHeTHqeeKHMK. OTJIH'!He, O'AHaKO, 6y'AeT B TOM, qTo 'AJIR m,yroro, 
"HeeyeBepHoro" HS.6JI10,IJ;aTeJIR 'AeTepMHHHPOBaHHOil: eTaTHeTmtH He 6y,n;eT. 

IT08TOMY "o6MKTHBHOit RoppeJUIIUm", HS.6.mo,n;aeMoit,B npmm:ime,BCeMH,.IVIH 
SJieKTPOHa S'Aee:r, He 6y,n;eT. Ho MOXHO Sa,ItaT:r, BOIIl)oe: eYUleeTBOBaJIH JIH 
Bee 8TH 8JI8RTpOHH, IIl)OTOHli, MeSOHH H T.n •. 'AO XX BeKa, KOr'Aa He 6HJIO 

"npHrOTOBJieHHR" HX HSOlllP0HHliMH Te:xmiqeeRHMH yeTaHOBKaMH? OTBeT: 'Aa. 
OHli eYUleeTBOBaJIH B KOeMoee, r'Ae OeYill0CTBJI&Jlll KoppSJmUHli MelK,IJ;y Be
meeTBOM 3eMJIH Hee aTMoewepH e m,yrHMH MaKpoTeJiaMH - CoJIHD;eM, sBes
'AaMH, nyJIDCapaMH H T.n. H Ha.SHBaIDTeR eonHe'!HHM BeTpOM, ROeMH'leCRHMH 
JiyqaMH H T.n. 

ITpe,wraraeMOMY TOJIKOBaIDllO 11KOII9HI'areHeROH11 liHTepnpeTauim RaR 
6y'ATO npoTHBopeqaT 'ABa YTBeplK,IJ;eHHR WHSHKH: I) MaKpoTeJia "coeTORT 
HS MHKpoqac~". a He H8.06opoT,MHKpO'!aeT~ - OIIHeaHHe CBOtteTB COBO
KynHoeTH MaKPOTeJI; 2) HS KBaHTOBOH WHSHKH MOXHO llOJiy'!HTI> B RJiaeen
qecKOM npe'AeJie (HS.npHMep, YPaBHeHHe 3pempecTa H T.n.) RJiaceH'leeKyro 
WHSHKy. 

O;ltHaKo Ha nepBmi BOnpoe MOXHO OTBeTHTb, 'ITO CJIOBO "eoCTOHT" 
Ha,'AO Sa.MeHHTb,KaK H B WliSHKe 8JI0MeHTapHIDC qaeT~,Ha "npeBpama:roTeR" 
HJIH 11B08HliKaIDT 11

• IIpH onpe'AeJieHHOM BOS'AetteTBHH H8. MaKpoo6~eKT, HallpH
Mep, H8. CTOJI,BOSHHKaroT ROppeJUIIUm M8'11'.JJY MaKpoo6~eRTaMH, HanpHMep, 
M6'1i,lzy Bee TO:lt ,ice SJieRTPOHHOii IIymKOtt,eTOJIOM H qi<)TOMemtott, H8.SHBaeMHe 
8JI9KTpOHfiMH. 

ITpoTHB HaHBHoro ynoTpe6JieHHR eJIOBa "eocTOHT" roBOPHT y,ice TO 06-
eToRTenbCTBO, qTo ~alle MOJieRyJIH He HMeIDT qiopMH, TaK KaK corJiaCHO 
KBaHTOBOil: MexaHHKe onepaTOpli KOOP'AHH8.TH ,wm MOJieRyJili He KQMMYTHPyIDT 
C raMHJll,TOIDiaHOM MMeKyJIH n, eJie'AOBaTenbHO, TOJII>KO paspynnm MOJieKyJiy, 
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MH MOJ!t6M roBOpHT:& 0 ee KOOp,IJ;HHaTax, CTOJI xe HM66T npocTpaHCTB6HHYJO 
g}OPMY• To Jlt6 B8PHO H ,It7IJI aTOMOB,'.K ;D;JIJl 3JI6M8HTapHHX tJaC'l'~. Koop,IJ;HHa
TH y. , tj , z BOJIHOBOfi ipymcrnm MHKpoqac~, Ka.It IlO;a;tJepKHBaeTCH 
BO MHOI'HX yqe6HHKaX no g)HsHKe 3JieM8HTapHHX tJaCT~, ecT:& KOOp,Il;HHaTH 
MaKponpH6opa, C qeM H CBHSaHO HCilOnbSOBaHH6 rpynnH IlyaHKape. 

Ho tJTO B TaKOM cny-qae npe;a;cTaBJIJmT co6ott ipyJntWm '£ ;a;JIJl cBepx
npoBo;a;HHKa, KorepeHTH08 COCTOHHHe 3JI8KTPOMarHH'l'HOro IlOJIJl H T.n., 
ecJIH OTKasaT:&CH OT o6HtJHOro IlOHHMaHHH CJIOBa· 11COCTOHT"? 

CorJiaCHO KOileHrareHCKOfi HHTepnpeT~ 3TO SHatJHT, "iTO npH onpe
;a;eJieHHHX aKcnepHMeHTax co CBepxnpOBO;D;HHRaMH (BOS6y,it,JJ;eHKH 3JI8KTPOMar
HHTHHM IlOJI8M), HCCJI8;D;OBaHKH MarHHTHOro IlOTOKa 6y;a;eT IlOHBJIJlT:&CH Be
JIHtJHHa 2e, HHTepnpeTHpyeMaH KaK KynepOBCKaH napa. 

BoJiee H8TpHBHaJI8H BTopott Bonpoc - IlOtJ8MY HS KBa.HTOBOfi TeopHH, 
KaK T80pHH B6C:&Ma pe;a;KO BCTpetJ~CH B HaJIIliX S8MHHX YCJIOBID!X KOppe
JIH[(Hii M8J!t;a;Y MaKp06'I,eKTBMH, BHT8K8.IOT KoppeJI.HIUIH MaCCHtJ8CKOfi !pHSHKH? 
B npHH[(Kne,MHC~H CHTy~. Kor;a;a M8'1UtY 8THMH KOppeJIHI.U'LfIMH B00611te 
HeT mntaKHX CBHsett (Ka.KB cny-qae npHMeT cyeBepaoro tJeJIOBeKa) HnH, 

Ha06opoT, HS MaccHqecKott g)HSHKH CJI8;a;yIOT KBaHTOBHe KOppeJI.HIUIH (TeOPHH 
CKpHTHX napaMeTpOB). OrBeT,IlO-BH,IJ;HMOMY,CBHSaH C TeM, "iTO B IlPOIIIJIOM 
MHP (BceJieHHaH) po,IJ;HJICH B 3KCTP6MaJI:&HHX yCJIOBID!X BHCOKHX TeMnepaTyp 
H CHJI:&HHX 8JI6KTPOMarHHTHHX H rpaBHT~OHHHX nonett. Onpe;a;enHB: "npom
JI0611 Ka.It aa6op KoppeJI.RUHfi M8Jlt;a;Y Ha6JIIO,Il;aeMHMH cero;a;HH MaKpoo6'I,eKTBMH, 
MH BHHy,it,JJ;eHH 6y;a;eM IlOJI:&SOBaT:&CH 6oJI:&mKM KOJIH"i8CTBOM KBaHTOBHX Koppe
~tt, HaSHBaH HX KBa.HTOBott nJiaHKOBCKOtt spoil, snoxott HH~ H T.n.,: 
Ta.K "iTO TOnbKO npH onpe,IteJieHHHX SHa"i6HWDC BpeMeHH 0CTaDTCH, B OCHO_B- . 
HOM, (npHtJeM TM:&KO .If.ID! 3eMnH.C ee ooo6eHHOCTBMH Tima CJI0H OS0Ha,cJIOH 
Bali .AJmeHa H T.Il.) MaCCHtJecKHe Kopp6JI.HIUIH. 

HaKoHeQ, T0tJKe spemrn 110TCYTCTBHH HOCHTeJIJl" BOBMOJKHO BOSpWKeHHe,, 
"iTO Ha KBaHTOBYl(l tJaCTliQYM8J!UtYIIPHrOTaBnHBax>nnIM H HSM6P.flXllltID,'I npn6opaMH. 
MOJKHO no;a;ettCTBOBaT:& BHemHHM MaCCH"i6CKHM IlOJieM - 8JI6KTPOMarHHTHHM 
HRH rpaBHT~OHHHM,H npH 8TOM HSM6HHTCH pesyJI:&TaTH HSMepeHHH. B qacT
HOCTH1MOJKHO IlOCTaBHT:& nperpa;a;y Ha IlYTli "ny"iKa KBaHTOBHX qacT~·~ H 
0ruIT:& MH YBH;a;HM HSMeHeHHe,KaK ecnn 6H tJaCTHQH CYlll6CTB0BanH. 

0,IUI8.KO C KOileHrareHCKO:li TO"iKH speHIDI MOJKHO Ha 8TO OTB6THT:&, "iTO 
Koppe~ M8Jlt;a;Y MaKpOT6JIBMH, HaSHBaeMHe KBaHTOBHMli qacTHQBMH, MeHH
DTCH, ecJIH B npocTpaHCTBe M6J!UtY MaKpOT6JiaMH npH60pOB IlOM8IItaT:& )U)yrHe 
MaKpoTeJia HJIH MaccnqecKHe IlOJIJl. KBaHTOBaH xe tJaCTHQa OllHCHBaeTCH 
TM:&KO BOJIHOBOtt (pyHKQHett, HO BOJIHOBOfi !pYHKQHH (cM.HWKe) He COOTBeT
CTByeT K8.It06--JIH60 co6HTH6 rum Ha6op C06HTd B npooTpaHC'l'B8 MHHKOBCKO
ro. 

Tenep:& Il0ilHTaeMCH o6MCHHT:& C T0"iKH speHHH 8T0:li HHTepnpeT~ 
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Hapymemre HepaBeHcTB BeJIJia B onHTax c woTOHaMH H B miyrnx aHanornq
Hh!X OnHTax. OOTOH - 8TO 0THOmeHHe M6ili,Izy ;a;BYMJI, TpeMH, tJeTHpl:,MH 
H IlHT:&D MaKp006'I,8KT8Ml'l: 

I) ycTaHOBKOii, "ncnyCKaI0111eil: napH g)OTOHOB", 
2) ;a;BYMff aHaJIHSaTOPBMH, 
3) ;a;BYMfl cqeTtJHKaMH. 
Ey;n:yqn 11 0THOIIleHHeM", g)OTOH MerureT CBOH CBOHCTBa npH HSMepeHHH 

Toro HJIH HHOro MaKP006'I,6KTa, HailpHMep, ppn IlOBOpOTe aHanHSaTopa. Ma
T8MaTHtJ6CKH 8TO BHIJruK8.8TCH B pe;a;yKWiH BOnHOBoro IlaKeTa: eCJIH O,IJ;HH 
HS aHanHSaTOPOB IlOBepHyJIH, TO BOJIHOBaH ipyHKQHH, xapaKTepHSyrollla.ff KOP
pe~ C )U)yrHM aHaJIHsaTopoM, MeHJI8TCH. Ha6.mo;a;aT8JI:b CKruKeT: 8CJllI JI 

noBepHyJI aHanHSaTop, TOH ;a;pyrott aHanHSaTOP H CtJ8TtJHK, ;a;axe eCJIH.OHH 
OT;D;eJieHH OT Merur npocTpaHCTB8HHOno;a;o6HHM HHTepBaJIOM, HSM8HHT CBOe no
Be;a;eHHe. 0.uHaKO )U)yrOH Ha6JIIO,Il;aTenb BToro MOero'BJIH.f!Hirn11 He SaMeTHT, 
H BCJI"HeJIOKaJil:,HOCT:&11 o6Hapy,mTCH JIHm:& nocJie "cpaBHemrn" noKasaHHJI 
o6oHX pas;a;eJieHHHX ctJeTtfflKOB B 6y,IJ;Y111eM. 

Pe;a;yKWiJI BMHOBoro naKeTa KaK npeBpa.IIleHHe BOJIHoBott WYHKIUIH 
B co6CTBeHHYJO ipyHKQHD Ha6.mo.naeM0H B6JIHtJHHH npH HBMepeHHH B OTJIHtJHe 
OT ;a;eTePMHHHP0BaHHoro HSMeHeHHH sTott WHKWIB no YPaBHeHHD illpe,IJ;HHrepa, 
Ror;a;a HSMepeHHH HeT, eCTl:, npocTO npaBHJIO ycTaHOBJI6HHH KBaHTOBHX K0P
peJI~tt MeiK,Izy MaKpOTeJiaMH. roB0PH 0 MHKpotJaCTHQax Ra.K KOppeJIHQIDIX 
MaKpoTeJI, Ha;a;o K MaKpOT6JI8M ;a;o6aBHT:b eme 0,IUiH "06'I,8KT" - BaKYYM, Pas
Hoe "oTHomeHHe" K nycToTe MoxeT nopo,IJ;HT:& pasmm Ha6JI10,IJ;aeMHe HBJieHHH, 
HanpHMep, ct,eTtJHK, ymwpeHHO ;a;BHJKYIItHHCH B BaRY,YMe, HatJH8T CtJHTaTl:, -qac
THIU,I - scfqJeKT Yapy. KBaHTH peJIHKT0Boro HSJIY'q6HHH, He HMelOlllero HCTO'q
HHKa, TOJ!te Ha,Il;O noHHMaT:& Ka.K OTHOill6HH6 K BaKYYMY• C 8T0fi TOtJKH speHHH 
Il0HHTHO, IlOtJ6MY Bop BOSpruKSJI npOTHB ynoTpe6JieHHH TepMHHOJIOrHH "HSMe
peHHe cos;a;aeT CBO:liCTBO o6'beKTa". )leiiCTBHT6JI:&HO, TaK KaK 06'I,6KTa -
MHRpoqacTHQH - HeT, TOH HeT "cos;a;aHHH" npH HSMepeHKH cBoficTB, conoc
TaBJIJieMHX H6KOMMYTHPY10lUHM onepaTopaM, ecT:& TOJIJ:,KO H3M6H6HH6 KOppeJIJl
rnrtt npH HSM6H6HHH ,BH6illHHX ycJIOBHH, onpe;a;eJIHeMHX MaKpOT6JiaMH. 

Ilpe~e tJ6M nepefiTH K KPHTHKe STOH ROHQ6nQHH, yKWK6M Ha TO, B Ra
ROM CMHCJie 8TH KOPP8JIH!UiH MOryT 6HT:& He~ORaJil:,HHMH 6es HapymeHHH npHH
~llI!a T80pHH OTHOCHT8JI:&H0CTH O H8B03MOJKHOCTH nepe~atJH CHrHaJia co CRO
POCT:&ro 60JI:&me CKOPOCTH CBeTa. 

neftCTBHTeJIJ:,HO, paccMOTpHM c~e;o:yrouintt BHBO~ H8PaB8HCTB EeJIJia. 
, r 

IlycT:& HMeIOTCH -qeTHpe BeJIBt,HHH A , :E> , A , .:B , HSMepaeMHX 
M8.KponpH60paMH, HS KOTOPHX K~a.ll H8SaBHCHMO npHHHMaeT SHat,eHHe + I. 
]erno BH;a;eT:&, t,To Tor~a 

f r r r 
AB+ AB~ A B - A .B = ± 2 • (3.5) 
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Tor.n;a, CtJHTM 0TH BeJIM'l'MHbl CJiy-cl'a.HHHMM, 

i:rf 'r rrl N r, \( Ar l\.+ Ar ~r + ,4r 1:1!\-Ar ~r) ~ 2 
r,.:1. 

,) 
(3.6) 

/P{,A,B)+ P{lf
1
E,') + P(A ~ B)- P{A ~ E, ') / ,< 2. , (3.7) 

r.n;e P(A,:&)= 
J L _i_ L!-JI,,. "Bn. 

N N-eo ha:l. 

8RcrrepliMeHTaJII,HOe HapymeHHe 0THX Hepa.BeHCTB ,I(a.JKe ,I(JIJJ: CJiy-cIM, KOr,n;a 
rrpm:5opH' H8Mepmoll!He A , 'E, , A ' , 13 ~ OT,I(eJieHH rrpocTpaHCTB8HHOIIO,I(06-
HHM HHTepBaJIOM, 08HatJaeT OTCYTCTBHe H88aBHCHMOCTH A , B , TaR KaR 

Ha.n;o ctJHTaTI>, tJTO ecJIM A = I rrpn: E, = I, TO rrpH rroBopoTe rrpm:5opa :B , 
Ror.n;a OH CTaJI Br , B8JIMtJHHa A He MOrJia OCTaTI,CJl'. I, a ,I(OJI.lKHa H8Me
HHTI,CJJ: Ha A = -I. YsHaTI, 06 STOM, O,ll;HaRO, MOJltHO, JIHlilI, cpaBHHB ']!, , A 
B H8ROTOp!lli 6y,Il;Yll!HH MOM8HT BpeMeHH. Ees TaROro cpaBHeHHJJ: 06Hapy,KllTI, 
11BJIMJJ:ID'Ie" O,n;Horo rrpH6opa Ha ,I(pyrofi HeJII,8Jl'., II00TOMY rrepeHOC HHqiopMa
wm sa CtJeT HeJIORaJII,HOCTH HeB08MOJJteH. MMeHHO IIOSTOMY IIPH'l'MHHM CTPYR
Typa rrpocTpaHCTBa-BpeMeHH rrpe,n;rrOJiaraeTCJl'.'H8H8M8HHOH. KBaHTOBM Mexa-' 
HHRa rrpe,I(CKasHBaeT HapymeHHe 0THX HepaBeHCTB. 'TaR,,n;JIJJ: .n;ByxqlOTOHHOrO 
cocTORHHR "Y! c rroJIHHM OIIBHOM cl = I poJII> A , B , Ar , :6' MOryT Hr- ' 
paTI, rrpoeKqllll CIIHHa ©OTOHa Ha HeKOTopyro OCI, rro.n; yrJIOM ~ KOCH)( 
B IIJIOCKOCTH x~ . CooTBeTCTByroll!HH orrepaTOP eCTI, 

( 

CQ.S 2.C\ sin 2.ct O ) 
Ao.= ~ri 2a ccS2C\ 0 , 

0 0 i 
AHaJIOI'HtJHO ,ll;J!Jl'. .:Be, • Ero co6CTBeHHHe BeKTOPH ecTI> 

c}t = (GS Qaf x t- sin "cf J ' 

d- = -sny" -t- cas 'b,/J:J , 

dx = ( t) , J~ = C:). 
Tor.n;a KoppeJIJn:tHOHH8.H ©~R 

~ ( Aq Be)= ( tJf [A., 138/ 1/1 > == C,pJ' 2 {ct-1.). Tor.n;a BH6Hpa.a 

2(a - B), KaR yrJIH 2ct= o0 , 2B, = I35°, 2c = 45°, 2ol= 9rf, IIOJiy
tJHM HapymeHHe HepaBeHCTB, TaR KaR 

1 + ,/2/2 + {2 /2 > 2. · 
8KcrrepHMeHTaJII,HOe HapymeHHe HepaBeHCTB EeJIJia HHOI'.Wl TaKJJte HHTeprrpeTH-
pyroT KaK CYJl18CTBOBaHHe B KBaHTOBOH TeopIDI KoppeJIRQira .n;JIJJ: tJaCT~ 
ll MaR,POC06HTHH,HMH BHSHBaeMHX,He o6~JJ:CHHMHM 061I!HM rrpOJIIJIHM tJaCT~. 
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)lefiCTBHTeJII,HO, rryCTI, p ( Q.. I\ S j - BepoJJ:THOCTI, perHCTpau:,m rrapH 
tJaCTHq, TaR tJTO O.n;HH II,PH6op B IIOJIOJKeHHM a. perHCTpHpyeT O,ll;Hy tJaCTH
ey, a ,I(pyrOH (Ha rrpocTpaHCTBeHHOIIO,n;o6HOM paccTOJl'.HHM OT Cl ), HaxO.n;RCb 
B IIOJIOJJteHHM 1> ' perHCT,PHpyeT ,I(pyryro tJaCTMey. 

Ilpe,n;IIOJIOJKHM, tJTO HMeIOTCJl'. CTaTHCTHtJecKHe KOppeJIJJ:u:,m MeJJt.n;y Cl H g , 
TaR 'ITO p ( q "8) ;z{ pea) p ( b) , H 0TH KOppeJIJJ:u:,m o6ycJIOBJieHH TOJibRO 

061I!HM rrpOll!Jib!M - ycJIOBIIRMH cos.n;aHHJJ: nap qaCTHq, EcJIM HCRJIIOtJHTI, 8cpl)8KT 
0THX yCJIOBHH, co61:lTHJJ: B o6JiaCTJJ:X, r.n;e H8MepmoTCJl'. Cl. H E:. ' ITOJIHOCTI,IQ 
HesaBHCHMH. EcJIH MH o6osHatJHM aTH ycJIOBHR rrapaMeTpoM j , To corJiac
Ho TeopHH BepOJJ:THOCTH YCJIOBHM CTaTHCTHtJeCKM H88aBHCHMOCTI, ("JIORaJII,
HOCTI,") Tpe6yeT , 

p (a/\€ IJ)=p(cilj)p(&lj), p(qAg)=jd}P(aWp(e1;)fG)) 

r,n;e f> (a II~ I}) - YCJIOBHM BepORTHOCTI, COBM8CTHOrO C06HTHR C\ H € 
Il,PH YCJIOBHRX .} • f 

0608HatJM p(ql))=A, p(6'l))=B, p(q'/))=A 1
, p(B'/.A)=13J 

ITOJiy-qHM ,ll;J!Jl'. k{j)= A [A'( ~-13) + (l. -A 1)(:L- B 1)] + (:J. -Jt)[A'B!+(d-A1
):B] 

HS H8,PaB8HCTB O :S' A ~ :I. , 0 ~Ar~ :i , 0 ~ B ~ :i , o ~ :B '~ i 

HepaBeHCTBO O $ k {),) ,S :! , , TaR tJTO :0:8 YCJIOBHOH CTaTHCTH'l'eCKOli 
He8aBHCHMOCTH IlOJiy-qHM H8,PaB8HCTBO KJiaysepa-XopHa (o,n;Hy li8 pasHOBH,n;
HOCTefi HepaBeHCTB EeJIJia). 

TerrepI, IIOCJie H8JIOJKeHHJJ: B08MOJltHOCT8li HaJJJefi 11HHTeprrpeTau:,m" KOil8H
rareHCKOli HHTeprrpeTau:,m rrepeH,I(eM Kee KPHTHKe, 

HecOMHeHHO, MO~HO YRa8aTI>·06JiaCTI>, r.n;e rrpHXO,n;HTCR rOBOPHTI, 
0 MHKpoqacT~ax KaR o6~8RTaX 6es yrIOMHHaHHJl'. 0 KJiaccH'I8CKHX TeJiax. 
3TO TeopHR B8aHMO,ll;8HCTBHR SJieMeHTapHHX qacT~. EcJIH BS - MaT,PHtJHOli 
ITOCTaHOBKe CaMH qaCTfil\l,I KaR CB060.n;HHe tJaCT~H MOryT rroHHMaTI,CJl'. Ha H8-
JIOiKeHHOM BbllJ]e Jl'.8h!K8, TO B8aHMO,ll;eHCTBH8, OITHCh!BaeMoe .n;n:arpaMMaMH <PefiH
MaHa, rrpe.n;rroJiaraeT, HarrpHMep, o6MeH ©0TOHOM Me.lli,n;y .n;BYMJI eReKTPOHaMH, 
rrpe6HBaHHe tJaCT~ B H8KOTOpOM rrpOMeJJtYTOtJHOM COCTOJJ:HHM H T,rr. ~OTOH, 
KOTOPb!M o6MeHHBaIOTCJl'. eJieKT,POHH, y,ite He eCTI, KoppeJIJJ:qHJJ: Me,io::i;y KaIWMl'I
JIHOO MaRIJOTeJiaMH. IlpHIIJJIOCI, 6H CKaaaTo, tJTO 8TO KOppeJI,HWIB Me,io::i;y KOP
peJUJI(RHMH, KOTOpHe MbI Ha8BaJIM MHKpoqacTHnB,MH. Y.n;HBHT8JII,HO, O,ll;HaRO, 
'l'TO STa KOppeJIJn:tHJJ: BO MHOI'HX CJiy-qaJJ:X Be.n;eT ce6R B TOtJHOCTH,KaR orrpe
,I(eJieHHrui: C IIOMOlllI,IO MaKPOT8JI MHKpotJaCTHqa. 3.n;eCI, Ml:l roBopHM He O BHP
TyaJII,HHX qac~ax, KOTopue IIOTOMY BHPTYaJII,Hbl, tJTO OHH H9BHpaallMH 
KaR KoppeJIJJ:u:,m MeJJt.n;y MaR,POTeJiaMH, MbI roBOpIDII O IIPOMeJJtyTOtJHHX COCTOff
HHJJ:X - He Ha6JIIO,n;aeMHX B TOM HJIM HHOM KOHRpeTHOM OIIHTe, HO npe.n;rrOJI0-
2KeHHe O KOTOpHX ll08BOJIJJ:eT rrpaBHJII,HO rrpe.n;cKaSaTI, pesyJII,TaT Ha6JIIO,I!;emm. 
BrrpoqeM,BHpTyaJII,HbJ8 qacTHI:(H: T021te· no psmy CBOHX CBOHCTB (cmm, sapmc, 
Macca, XOTJJ: p2 ,;I 1'>'12.) HaCTOJII,KO IIOXOJm Ha 06:w.Hble tJaCTHI:(H:, tJTO 
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ecTeCTBeHHO Ctru:TaTb HX TeMH Jlt8 wmpoqacTHIJ;aMH, HOC HeKOTOPHMH HSMe
HeHHHMH CBOi!CTBaMH. C ;zuiyroll CTOPOHH, tJTO Ta.Koe KJiaccnqecKHe TeJia? 
B pR;Ite cJiyqaeB, HanpHMep, B KaTO,IUIBX Jiyqax, aJieKTPOHH MOryT pacCMaT
pHBaTbC.fi Krut KJiaCCHtJeCime tJaCTHIUl, OIIHCHBaeMHe KJiaCCHtJeCKOH ~SHKOi!. 
B OIIHTe illTepna-repnaxa KJiaCCHtJeCKHM npH6opoM SIBJIHeTC.fi HOH cepe6pa. 
HTaK, KJiaC0UtJeCKOe TeJIO - He O6.fiSaTeJibHO MaKPOTeJio, Ba.JK!IO JIHJJII,, tJTO 
B onpe;neJieHHHX aKcnepHMeHTaJibHHX CHT~ OHO OilHCHBaeTC.fi TOJibKO 
KOMMy-THpyIOJitID,m onepaTopru.m. CnpanmBaeTC.fi, a O8.MO Ma.KPOT8JIO - OilHCH
BaeTC.fi JIH OHO TOJibKO KOMMy-THpyiomm,m onepaTopaMH? YcneXH Ta.K HaaHBae
MOtt Ma.KPOCKOIIHtJeCKOfi KBaHTOBOtt MexaHHKH yRaSHBWOT Ha TO, qTo 8TO~no-
B~OMy,He Ta.K. To Jlte OClCTOHTeJIMTBO, q'J.'o MH He 88.MeqaeM KBaHTOBHX 

CBOllCTB OKpy,italOll(HX nae TeJI, Tor~ Ha,Il;O CBHSaTb C ycTpottCTBOM H8Jllero 
TeJia, opraHOB qYBCTB, Hrpa.iontRX POJ!b npHClopoB, noaBOJIRIOlllHX HSMepHTb 
TOJII,KO OOO61:m THn KOMMYTHPyIOIIUIX naelJIIWJ;aeMH.X no q>OH HettManyl 8 7. 
Ha "ca.MOM ie ,IteJie" eCTb ;zu>yraH, "TeHeBaH" tJaCTb Ma.KpopeaJibHOCTH, 
,ItJI.fi HaelJIIO,IteHH.fi KOTOpott HYJKHb1 ;zuiyrne opra.HH•'q'YBCTB. BOSMOlltHa ,I(pyraH 
TO~ apeHHH, corJiaCHO KOTOpofi HCTHHHO KJiaccHqecKHe TeJia OIIHCHBMTC.fi 
Bcer,Ita TOJibKO KOMMy-THpyIOlllHMH BeJIHqHH8.M0:. SJieKTPOHH H HOHH cepeelpa Ta
KOBblMH He .fiBJI.fiIOTC.fi. OrmcaHHe 8THX HCTHHHO KJiaCCHqecRHX BeJIHtraH ,ItOJIJlt
HO npOBO,ItHTbC.fi C KBaIITOBOtt TO~ speHH.fi na .fiSHKe HeaKBHBaJieH'rymc 
npe;ncTaBJieHHll anreelpH naelJilO,ll;aeMHX H HeHHBapnaHTHoro BaF.;yyMa.16 • 
STa nporpa.MMa, OmraRO, HaXV,nl!TC.fi B e111e naqaJ!bHOtt CTa,Il;HH CBOero paa
BHTHH. 

HTaK, BHill8CK88aHHO8 nOSBOJI.fieT Y'J.'Bep~Tb, qTo MHKPOtJac~ -
8TO oel~eKTH, CY111eCTBYXlll1Ke H Clea KJiaccnqecI<HX TeJI. Ropoqe roBOPH, Ha
PJm'Y C Ma.Kpm.mpOM HyJ!tHO npe,wIOJiaraTb 00O61:m, nOJIHOCTbJO K HeMy He CBO
~C.fi MHKpOMHp. CJIOBO "CY111eCTByollile11,o,ItHaKO, He 00.fiSaTeJibHO osna~a
JDlqee "CY111e"cTBYI0111He B npocTpaHCTBe-BpeMeHH. CBoi!CTBa STHX MHKpooel~eK
TOB, OIIHCHBaeMHe HeKOMMYTHPYJO!ItHMH onepaTopa.MH, HYEJIO noHHMaTb KaK oT..: 
HomeHH.fi M8l!O{y 8THMH oel~eKTBMH H MaKpooel~eKTB.MH - npnelopaMH HJIH, CKa
JlteM 60Jiee onpe,IteJieHHo, KaK oTnomeHHe M8l!O{y KJiaccnqecKHMH oel~eKTBMH. 

HTaK, Mli Tenepb no,ItXO,IU™ K HeKOTOPOMY CHHTesy Mell,Ity KJiaCcHqec
KHM H MllKPOOHTOJIOrHSMOM, KOTOpHH,:nO-~OMY, HaHCloJiee ClJIHSOK K Clq
POBCKOtt H,Itee QeJ!bHOCTH MHKpooel~eKTa H npHClopa B KBaHTOBOtt TeopHH •. 

MHKpoqacTHI.la - STO 0006ml: oel~eKT, CBOHCTBa KOTOporo xapaKTepH
SyIOT OTHOmeHHH M8l!O{y KJiaccwrncKHMR oel~eKTBMH. Ilpn STOM, OmraRO, Bon-' 
peKH Eopy, HaM npn,IteTC.fi ynoTpeelJIHTb CJIOBa 11H8MepeHHe OO8,ItaeT CBOficT..: 
BO MHKpOo6~8KTa". HHTepnpeTaqwI Jlte KBa~OBOtt TeOpHH CTaHOBHTC.fi HH
TepnpeTa.IlHett q>OH HettMaHa7 8 I, BHrHepa/ 11 I. . 

IlOCKOJibKY Tenepb CY111eCTByeT oel~eKT-MHKpoqacTHIJ;a, TO, KaK MH ~e 
CKasaJIH BHille, MOJltHO rOBOPHTb HO CBOHCTBax CaMOro SToro oel~eKTa KaK 
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0 CBOHCTBax ero CaMoro no cede (sapJm, Macca, CIIHH), TaK HO CBOHCTBax 
- OTHomeHWDC K npndopy (npoe~ cmma Ha paaH1,Ie ocH, Koop,ItHHaTa, HM
nyJ!bc, aHeprHH H T.n.). 

2. POJib O08HaHH.fi nadJilO,ll;aTeJIH. 

BOJIHOBaH qiy~ OIIHCHBaeT MHKpoqacT~ Hee OTHomeHHe K npHdo
PY (npHrOTOBJieHHe H HSMepeHHe). 

oTa BOJIHOBaH IP~, O,ItHaKO, MeH.fieTC.fi, KaK MH roBOPHM, ,ItByMH 

npH~IIHaJ!bHO paaHHMH cnocodaNill: 
I) ,IteTepMHHHPOBaHHo,no YPaBHeHHIO.llJpe,ItHnrepa; 
2) CKatJKOM npH HSMepeHHH, Kor;na OHa c HeKOTOpott BepO.fiTHOCTbJO 

cTaHOBHTC.fi codcTBeHHott qiyHK!lHefi HadJilO,ll;aeMott. 
EcJIH QqHTaTb, qTo HSMepeHHe - STO BSaHMO,IteHCTBHe od~eKTa-MHKpo-' 

qaCTHUH C ,ItPyrHMH _od~eKTB.MH - TOJ!te MHKpoqaCTHll;aMH, HS KOTopmc Tenepb 
yJKe 11 COCTOHT 11 Ma.KpoTeJio, KJiaCCHtJecrure CBOHCTBa KOToporo MOrYT dh!Tb 
nOJiyqeHH HS CBOfiCTB MHKpoqaCTHll; no npaBHJia.M KBaHTOBOH TeOpHH MHOrHX 
TeJI, TO Bee OIIHCHBaeTC.fi YPaBHeHHeM lllpe,ItHHrepa. OrBeTCTBeHHOCTb 
aa pe~ BOJIHOBoro naKeTa (B tJaCTHOCTH, npeBpanteHHe BOJIHOBOfi qiyHK
wm od~eKT-npndop B ~aTp~ IlJIOTHOCTH npn HenOJI,OM HSMepe~)/HeCeT 
cornacHo qioH Hei!Manyl 8 , Jlo~ony H Eayapyl f 8 , BHrHepy' 62 coana
HHe HadJIIO,D;aTeJIH. MMeHHO CBOHCTBO COSHaHHH:- OT,ItaBaTb CaMOMy cede OT
qeT B CBOeM COSHaHHH - OO-SHaBaTb (cnoco6100Tb HHTDOCne~) - OTB8T
CTB8HHO 38 pe,ItyKIU{IO; TaK, ]OH,I:(OH H Eays/ 8/ B CBOeM 8HaJIH88 OilHTa. 
llJTepna H repJiaxa npe,ItJiaraJOT npHMeHHTb KBaHTOByIO MeXaHHKy K CJIOJ!tHOfi 
CHCTeMe "od~eKT X , npHdop Y , Ha6JilO,ll;aTeJ!b Z ", OIIHCllBaH STY CHC-
TeMy BOJIHOBOH <I>YHK!lHeii !l[X/J,i) = r_ak u1< (x) ~(~)w" (i) > 

. K 

r;ne Wk('.l-) npe,ItCTaBJIHJOT pasJIHqHl,le COCTOHHH.fi nadJilO,ll;aTeJIH • .Uanee 3TH 
aBTOphl roBopHT: "~YHKitlla Y{X,!J, 1) npe,ItCTaBJIHeT MaKCHMaJ!bHo noJIHoe 
OmICaHHe CJIOilUIOro od~eKTa, COCTOJID1ero HS COdCTBeHHO oel~eKTa X • 

npHdopa ~ H HadJIIO,D;aTeJIH ']: : O,ItHaKO npH 8TOM HeHaBeCTHO, B Ka.ROM 
cocToHHHH Haxo~TC.fi od~eKT J( • HadJIIO,D;aTeJID HMeeT coBceM ;zuiyryio Toq
KY apemrn:: ,ItJI.fi Hero TOJ!bKO OdMKT J( H npndop j IlPHHa,Il;JieJKaT od~eK
THBHOMY BHemHeMY MHpy. HanpOTHB, C CaMHM COdOH OH HMeeT OTHomeHHH 
coBceM ocoelh!e: OH pacnoJiaraeT xaprutTepHoH H xopomo aHaKOMott cnoco6-
Hocn10, KOTOPYJO MH MOJlteM HaSBan cnocodHOCTbJO CaMOHadJilO,ll;eHHH (HHTpo
cneKQnett): OH MOJlteT Henocpe,ItCTBeHHo OT,ItaBaTb cede oTqeT B CBOeM'cod
CTBeHHOM COCTOHHHH. MMeHHo B CHJIY 3Toro "Henocpe;ncTBeHHoro 8HaHH.fi11 

OH IlPHCBaHBaeT ceele IlPaBO paapeaaTb ll8Ilb CTaTHCTH'q'eCKHX CBHSeii, Bhlpa-
JKeHHHX IPYHKI.llfett ~Q1<u1e(x)\/..,(~)Wic(2J , KOHCTaTnpyH:"R HaxOlKYCb 
B COCTOHHHH wk" HJIH" R BHJKy ~ =~ K,. ( ~ - IlOJIO.llteHHe CTpeJIKH 
ITpHdopa ), IDm ,Ita.JKe np.RMO ~ -= 1'" K " ( cf - xapaKTepHCTmta Od'I>eKTa) ". 

C TaKOH TO'IKH apeHHH Me~ npHClopoM H od~eKTOM He CytiteCTBY8T 
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B38.liMO~eHCTBHJI, KOTopoe Il,POH3BO.D;HJIO du BO B.PewI H3Mepemm BOJIHOBYJO 
qi~ '!JI f CHCTSMH. TOJll>KO C03HaHH8 Had.mo,n;aTeJIJI MOJ!teT BJmeJIHTI, ce-
6.H H3 CTapoit ~ !If [x, Y, 7:) J IlPHilHCHBM Od'beKTY HOBYJO <I?~ 

':JI' {x) = u ("') • Ta.KHM odpasoM, corJiacHo Jio~oHy H Bayspy, CBoitc-
TBO HadJIJJ,Ita.T8JIJI OT~aBaTI> OTqeT O CBOeM COCTOJIHHH, JIBJIIDJlll99C.H OCHOBHOit 
xa,PaKTe,PHCTHKOit C03HamrJI, BH3HBaeT pe;,zyKWID BOJIHOBoro naKeTa ,ll;JIJI KBaH
TOBIDC CHCT8Mo 

HHor~a 3a,ItWOT BOnpoc: He CBO~TCJI JIH 8Ta oco6M pom, C03Hamm 
Boero JIHllil> K qJIIKC~ H3 MHOI'HX B03MOJKH1:Dt CHTya,ud o~ott, HMe1001eit 
MeOTO B ~e:liOTBHTeJll>HOCTH? OtieBH,ItHO, qTo Ha 8TOT BOil,POO npHXO~TOJI OT
BeTHTI, OT,PHIJ;aTeJll>HO. EoJIH Ha~aTeJII, He IlOCMOT,PHT Ha CT.PeJIKY Il,PHdopa 
(qJHKOallBJI He npOHSOlllJia), TO paOCYE,IJ;M O KBaHTOBOli OHOTeMe, npHdope 
HO cede, OH He IlOJiyqHT BOJIHOBO:li ~ Y'-==~QICU .. (x)\fl<'(~)W,..('c)_, 
a OKallteT, qTo c Bepo.R:THOOTI>JO I a.1. J 2· peaJIHsyeTCJI HeKoTopM <pYJ!KlijiJI 

U.1. (x)v.1. (:J) wdr)) , cocTO.HHHe u2 (x) ~ Qj)w2 {ii!') c! Jqa.l 2 
H T.~. 

trnoToe oooTo.HHHe !l!" "o ToqKH speHH.!I Had.mo.n;aTeJIJI" yxe ~o pernoTp~ 
npeBpaTHJIOQI, B OMeor, OOOTO.mmi, OilHOHBaeMy:IO MaT,PH.Ueit IlJIOTHOOTH.; YJ!te 
OaMa 11BOSMOJ!tHOOTh 11 OOOSHamr.R: B pesym,TaTe HeKOTOporo sxonepHMeHTa TO:li 
HJIH HHOit xapaKTepHOTHKHKBaHTOBO:li CHOTeMH OKaaHBaeTCJI He6espasJIHqHo:li 
,ll;JIJI 8TO:li OHCTeMH. BOJI CHOTeMa 06'beKT + npu6op + Ha6JIIQIJ;aTem, MeHJieTCJI 
no cxeMe: BOJIHOBM ~ "Yf nepexo~T B CMecr, 00 CTaTHCTHtJeOKHM 

A 2 " 
onepaTopoM P = ~ I Q 1e I P" v. w n saTeM npn qJIIKCa.IlHH 

i k I< 1< J 

B HeKOTOPYJO ~ .._ = U1oc (x) vi< Ot) WI( ( :). 

Ha6JIIQIJ;aTeJIJI MO.lltHO saMemrTr, npH6opoM, o~o npH6op Kalt 06'b8KT, 
HSCYll!liH BOSMOlltHYJO HH<pO.PMwnno ,ll;JIJI Ha6JIIO,ll;aTeJIJI, c TOtJKH spemm Ha6JIIQIJ;a-
T9JIJI "npeBpantaeT" tJHOTOe COCTOJIIDre B OMeor,. . 

TaKHM o6pasoM, qJIISHKa HenOJIHa 6es IlCHXOJIOrHH H TeopHH COSHa
IDrH. Il,PH60pH - 8TO MaTepHaJIH30BaHHHe BOil.POOH C03HaHWI. CBO:liOTBa 
MHK,POtJaCTH.U - OTHomeIDr.R: K npHdopaM - 8TO OTHomeHIIJI K pasHHM BOnpOOaM . 
003HaHWI. 

Ha Ra.KHe qJIISHtJeoKHe BOil,POOH He MOlteT ~OCTaTOtJHO JIOHO OTBSTHTJ":, 
8Ta HHTepnpeTailBJI? 

Bes KJiaCOHtJeoxnx npH6opoB, corJiaoHo Bopy - 6es npHroToBJieHWI ., 
H HSMepeHIIJI, HST -yr - ~- Ho ecJIH BO BoeJieHHOH B npOlllJIOM 6HJia. 
KBaHTOBa.H. apa, xor,qa MaK,POTeJI He 6HJIO B006llle, TO tJTO TaKOe MHK.POtJac
TH.W,t? 

MHTepnpeTaium <pOH He:itMaHa OTBe'laeT: eoJIH dH MR nonpo60BaJm 

S~Tr, Bonpoo IlPHPO~e B TO :apeMJI, TO MR 6H Il,PH 8TOM 11Il,PHMHOJIHJIH 11 He:
KO'l'Oporo "BH.PTyaJII,Horo HaOJIIUtaTeJI.R:11 

t no OTHomemIJO K KOTO,POMy H onpe- .. · 
,qeJieHH qacTHIUi. K7Iacou-qeoltd: IIpH6op - He o6.m1aTeJIJ":,HO "MaKpo"npH6op; 

rJiaBHoe, ll'l'06H OH OilHOHBaJIOJI KOMMy'l'H!)y:IOll{l:IMH onepaTOpaMH. Ilpu 8TOM 
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o6pamaeTcJI BIDIMaIDre Ha To, qTo B OIIh!Te IIITepHa-repJiaxa "npH6opoM" JIB
JIJieTCJI HOH cepe6pa, no KOTO.POMY Mli Cy,m!M O OnHHe 8Jl9KTPOHa. 

C03Haime 3a,ItaeT OO'beKTHBHOMy MHPY Bonpoc, Ha KOTO.Pllli MOlKeT 6HTI:, 
IIQJIYtJ8H OTBeT: ~a :wm: HeT. Bonpoo, Ha KOTOpllli OTBeT IIQJIYtJSH OHTh He 
MOJlteT, HaII,PHMe.P, BOil,POC O CBOil:CTBax CJ'T - Me30Ha B 8TOH KOMHa.Te 6e3 
npHdopa, 0 IlOMOIIU:,JO KOTOporo MOlKHO IIOJiyqliTl> OTB9T "~a" rum "HeT" 
o CBOHOTBax cJt - Me30Ha, JIBJIJieTCJI 6eccMHOJieHHHM. CBoii:CTBa Mmtpoqac
THIJ; eCTI:, OTHOlli8HIIJI K OCMHCJieHHHM BOII,POCaM C03HaHIIJI H KO.P.PSJUimm M8Jll.nY 
oTB9TaMH Ha 8TH BOil,POCHo CJ'lll9CTBYJOT JIH Mm<poqaCTHIJ;li He KaK OTHOllieHHe 
Mel!QlY 8TIDffl BOII,POCaMli? ,1{a. Ho B KaKOM CMHCJie? Hanpm.rnp, qncJIO qacTHIJ; 
mcasHBaeTCJI TeM HJIH lIHblM (B tJaCTHOCTH .HyJieBHM) B 3aBHCllMOCTH OT BOII-

/' 
poca. OnepaTO.P tJHCJia qacTJmN He KOMMYTH,PyeT C IIJIOTHOCTI:,IO TOKa ~JUI 

sapJIJKeHHHX tJaCTHIJ;, C onepaTO.POM HaIIp.R:lKeHHOCTH IIOJUI ~JIJI qJOTOHOB H T.n. 
H, cor~aCHO ~OKa3aHHOMY Bl,lllle, tJHC~O tJaCTHIJ; He eCTI:, xapaKTepHCTmta 
qacTHIJ; CaMHX no cede, HO xapru.cTepHCTmta OTHOllieHHJI K Il,PH6opy, T.e. 

K :aonpocy. 
MOJKHO JIH cxasaTr,, tJTO :aonpoc, sa.ztaHIIIDi npHpo~e, poJ!\ll;aeT onpe~e

JieHHoe tJncJio qacTHIJ;? 
~a, ecJIH BOII,POC COOTBSTCTBYeT II,PHI'OTOB~eIDIJO BOJIHOBOil: WYHKWlli• 

B qaCTHOCTH, BOII,POC, onepaTO.P KOTOporo KOMMyTHpyeT C tJHC~OM qacTHIJ;, 
a TaKJKe Bonpoc o q:0:cJie tJaoTHIJ; :a pesym,TaTe OTBeTa Ha HHX ,n;aIOT qiyHK
IWIO, co6cTBeHHyIO ;II.JIJI onepaTopa q:0:oJia qacTHIJ;. 

CnpamHBaeTCJI, 11~011 3a,ItaBamm BOIIpoca IIPH.PO~e, KOr~a BOJIHOBM 
(l)YHKUW! He 6HJia II!)HI'OTOBJieHa, "-qacT~" 6HJia HJm HeT, n H3 qero oHa 
pOJlt,ll;aeTCJI IIPH npHrOTOBJieHHH? KoneHrareHCKM HHTepnpeTailf!JI B JII06oii 
ee <})opMe, KoHetJHO, OTBeTHT: HeT, He 6HJia. B WO.PMYJIH.POBKeWOH Hei1:Ma
Ha, BHrHepa, a TaIOKe YHJiepa BOII,POCH C03HaHH.R:, Ha.lWTO,PHe OHO MOJKeT no

~yqHTI:, OTB9T H KOTOpl:le OilHCHBa!OTCR H9KOMMYTHpyI<I.qID/lll onepaTOpaMH, no
po~aIOT OO'beKTH - MHEpotraCTIDJ;H,°CBOitCTBa KOTOP!iX onpe~eJI.fIIOT xoppe~m.urn 
MeJr.JJ;y OTB8T8Mli Ha 8TH BOil,POChl. Bo H309.:itairne ynpeKa B IlOJIHOM cy61>eKTll
B.113Me no.ri;trepKHeM, O,ll;HaKO' lJ:TO STll BOIIpOC!:l o6pameHH K H8KOTOPOMY "He<IT0 1

~ 

ROTOpoe BO BCJIKOM CJIYtJae He JIBJUieTC.R: HaJIIHM C03HaimeM H IlOTOMy JIBJIJieT-
0.ll OO'beKTHBHOM ,PeaJil>HOCThIOo MMeHHO 8TO 11HetJT011 ~eJiaeT H900XO~I1MHM Ma
Te,PllaJIH30BaTr, Hallfil BOil,POCH B CTOJII, rpOM03~e ycTaHOBKH, T.K. TOJll,KO 
C HX IlOMOIIU:,JO MOlKHO IlOJIY'IBTI:, OTBeTH "~a", "HeT" Ha BOII,POCH, CB.ll3aHHHe 
C KBaHTOBHMH OO'beKTa.MH. B peaJil>lillX qJII3HtJeCKHX OIIh!Tax STO "HetJT0 11 

npe~cTaeT KaK KJiaOCHtJecKHe MaK,POTeJia JIHOO BaKYYM ll nOJie B HeM. 
Ho:ami: acneKT .POJIH C03HaHWI B KBaHTOBOH TSO.PHH B03mntaeT B 8KCIIe

PllMeHTax THna 8iiHlllTeiiHa-Ilo,D:OJll>CKOro-PoseHa, KOTO,PHe CTaJIBTCJI c ~em,10 
llpoBepKH HepaBeHCTB BeJIJia/22 I. 

33 



IlyCT:E, liMeIOTCR ~e tJaCTHI(U co CIIHHOM ~ B CliHI'JieTHOM COCTomnm. 
1ia.CTHI(U pasJieTaIOTCH Ha npocTpaHCTBeHHono.n;o6Hoe paCCTO.iUWe ,Iij)yr OT 
,Iij)yra (CM. pnc.I). Tenep:E. nyCT:E, B TOtJKe I npoHSBO,IUlTCH HSMepeHHe 
npoeKQHH S-z. H OHa OKaSBJiaC:E, PaBHOH i/2. CornacHo npmnmnaM KBaHTOBOit' 
MexaHHKH O.D;HOBpeMeHHo B TOtJKe 2 c TOtnm speHHR Ha6.7Il!UUlTElJUI BI BOJI
HOBaH W.IIKUHH tJaCTHI(U 2 npeBpaniaeTcH B co6cTBeHHyD WYHKUHIO .Si!" , co
oTBeTCTBYIOllzyIO npo~ <-½). Ha6JIIO,ItaTem, I OKruiteT, lJTO ecJilI ,Iij)yrOH 
HaOJIIO,ItaTem, HSMePHT npoeKitW<> onnHa S = y tJaornm. 2 B JII06oit noa,zunm 
MOMeHT BpeMeHH, TO OH 06HapYJ!WT s C = - ¥.2 , 0 tJeM MOJltHO YSHaT:E,, 
BCTpeTHBI!IHC!, B 6Y,eyllleM c 8THM ,Iij)yrliM Ha6JIIqIJ;aT6JleM. 

Pw: .. 1 

MOJKHo, o~o, aa.ztaT:E. Bonpoc: npHo6peTeHHe tJacTmtett 2 SHatJeHHR 
6'Z = - ·½ B O.IUIH MOM8HT BP8M8HH C I ' B H8KOTopott CHCTeMe 

KOOp,IUlHaT, CBH8aHHOtt C I, Si13JIJI8TCH JilI 06'.&8KTHBH!,JM COO!iTHeM? Ilpe,IUIO
JIOJKHM, lJTO 8TO .D;8HCTBHT8JII,HO 06'.&eKTHBHOe C06HTHe B IlpOCTpaHCTBe MHH
KOBCKOro. Tor.n;a BCer.n;a MOJKHO HaiiTH TaKyIO CHCTeMy OTCtJ8Ta, B KOTOpOH 
O~OBpeMeHHUM c C06HTHeM 2 6y;neT HeKOTopoe I~ 60Jiee paHHee, tJ8M f, 
H ecJIH .Si! = - :t./z ~ 2, To ~ I' MOJKHo 6y;neT cKaaaT1,, tJTo S~= 1/2. 
CtJHTaH I'o6'.&8KTHBHHM COOHTHeM, MH HalzteM TaKYJ) CHCTeMy OTC"lleTa, "llTO 
o.ztHOBpeMeHHo c I'6~o 2~ Kor.n;a 5-i! = - i/2. 6Mee pamee, "lleM 2,H T~.n;. 
Pacc~eHHe TaKoro po.n;a IlpHBe.n;eT Hae C H8H868!'.HOCTI,JJ K YTBe~eHHIO, 

tITo y'JKe .n;o HSMepeHHJI tJacT~ o6JI~8JIH onp~MeIDruMI! SHa"lleHH.HMH Sr , 
tJTO IlpOTHBopetJHT KBaHTOBOii Mexamme. HTaK,Co6HTH8 2, 0 KOTOPOM roBo
pHT Ha~aTeJI:E, I, He 8CT:E, 00'.&8KTHBH08 COOHTHe. Ho "llTO JK8 Tor.n;a OHO 
TaKoe? 8To COOHTHe, CYII18CTBYDJ1ee B .D;BJieKott OT Ha6.1Dl,Il;aTeM TOtJKe 2 OT
HOCHTeJII,HO C08HaHHH 8Toro Ha6JDl,Il;aTeJIH. 

ECJilI HCilM!.80BaT:E, aHBJIOrm:J. TO MOJKHO OKaSaT:E., tJTO 8T.O He"llTO THlla 
11

CHO~qecKoil P88JI!,HOCTH". HanpHMep, THrp, KOTOporo ~T tJ8JIOBeK 

BO CHe, CYllleCTByeT OTHOCHT8JII,HO C08HaHHH 8Toro "ll6JIOB8Ka H He 0Ylll8CT- · 
Byer ~ ,Iij)yrn:x. 

HeOOHtJHOOT!, o6c~aeMoro CJlY'JaH COCTOHT,O.D;HaKO,B TOM, lJTO 11KBaH
TOBmi THrp" BlillPHI'lll3aeT HS 11CHa" HaOJIIqil;aTeM I IlpH HSMepeHHH B TOtJ
Ke 3 ,Iij)YI'HM Ha6Jlll,ItaTeJieM. 
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KpoMe Toro, ecJIH CtJHTaT:E. 2 IlCHXOJIOI'H"ll8CKHM COOHTHeM, TO Tor.n;a .. 
8TO npHMep ncHXOJIOI'H"lleCKOro, 88,I{aHHoro B TO"llKe, pacnOJIOiK8HHOfi ,D;a.JI8KO 
oT Mosra Ha6.mo,n;aTeJIH I. 3To ncHXHtJecKoe He cJie.nyeT nyTaT:E. c HHWOPMa
wieil Ha6J1IO.n;aT8JIH IO CHTYaWIH, 06'.&eKTHBHO CJIYtJHBmettCH B TO"llK8 2, TaK 
KaK TOJII,KO tJTO Ml:l .n;oKasaJIH, tJTO B 2 1106'.&eKTHBHoro COOHTH.fl:11 He npOH80-
filJlO. TaKliM o6paaoM, HasBaB co6HTH8 2 IlCHXHlJ8CKHM, MH npHXO.n;HM K CJle

.n;YJOll.lHM Bl:lBO.D;aM: 
a) CYllleCTByeT ncmratJeCKOe BHe MOSra tJeJIOBeKa, CBH8aHHOe co CBOH

CTBaMH KBaHTOBl:lX 00'.&eKTOBj 
6) CBHS:E. Me'JK.ny ncmtJecKHMH CBOHCTBaMH B TOtJKe I H TO"llKe 2 He 

JIOKaJII,Ha. 

3. Ilapa.ztoKc 11,Iij)yra BlirHepa". 
EcJIH COSHaHHe Ha6.mo,n;aTeJIH OTBeTCTBeHHO sa pe.nyKWIIO BOJIHOBoro na

KeTa. TO BOSHHKae_T napa,ItOKC, CWoPMYJIHPOBaHHl:ltt BlirHepoM, IlOJIY1JllBillli::ii 
HaSBaHHe napa.ztoKca ",Iij)yra BlirHepa". 

IlyOT:E, HMeeTCR KBaHTOBaR CHOTeMa, KOTOPYIO Ha0JIIO,I1;aIOT ~a HaO.mo,n;a
TeJIH, HanpHMep, BlirHep Hero ,Iij)yr. 06a OHH CMOTpHT Ha CTpeJIKy npHOO
pa. CorJiaCHO TOJII,KO lJTO H8JIOJKeHHOH TO"llKe speHHR, nepe:xo.n;·B co6cTBeH
HOe OOCTOHHHe HaOJIIO,IJ;aeMo:l,i npOHC:XO,IUlT He·"caM no ce6e" (06'.&eKTHBHo), 
a sa ctJeT Toro, tJTO cosHaHHe qepes HHTpocneKitWO cosHaeT ce6H B onpe
.n;MeHHOM COCTOHHHH, OnHCl:lBaeMOM BOJIHOBOH ~en, a He MaTpmtett 
IlJIOTHOCTH no.n;CHCTeMH, CBH8aHHOH C Ha6JIIO,IJ;aTeJieM. Ho Tor.n;a pasHHe Ha6-
.mo.n;aT6Jlll C pasHHM C08HaHHeM MOrYT OCOSHaBaT:E. ce6H B pasHl:lX COOCTBeH
Hl:lX COCTOHHHRX onepaTopa Ha6.mo,n;aeMott,n HeHCHO, IlOtJeMy ~e pasHHe Ha.6-
JIIqIJ;aTeJIH BH.n;RT o~o H TO xe nOJI011teHHe CTpeJIKH npn6opa? 

B08M0'1ilili pasID.le pemeHHR 8Toro napa.ztoKca. ~HO, K KOTOPOMY,nO-Bll
.IUlMOMY, 6~ 6JIHSOK WoH HehMaH,cocTOHT B TOM, tJTO sa pe.n;YKWIIO OTBeTcT
BeHeH a6COJIIOTHmi cy6,'.&eKT wm "a6COJlIOTHOe a Ha6JIIO,IJ;aTeJIH". CJie.nyH n.n;e
.RM B~aHTl:l Will <pHJIOC~ IIIoneHrayapa,cJie.nyeT CKa8aT:E., lJTO fl TOJII,KO 
0.n;HH, IlOHHTHe MHOJKeCTBeHHOCTH HenpHMeHHMO K cy6'.&eKTy IlOSHaHHR. }J,]rs:r 
a Bee BHenmee eCT:E, 06'.&eKT. 8TO a - BHe 06'.&eKTHBHOtt Bc6JleHHofi H HH
KaK He HBJIHeTCH ee ~aCT:E.IO. IT08TOMY ero H8JII,3H OTO,ir;a;ecTBHTh co MHOfi 
KaK C HoraHHOM, Mapnen, IleTpOM H T • .n;., TaK KaK HoraHH - 8TO yJKe fl KaK 
00'.&eKT, paccMaTpHBaeMl:lH cy6'.&eKTOM. a npoHSBO'JKY pe.n;yro.uno TaK, tJTO Bee 
,Iij)yrHe 06'.&eKTl:l YBH.n;HT TO 11te CaMoe, TaK KaK 11 0HH 11 pe.nyKitWO He IlpOHSBO
MT. Ho aTO a He eCTh a KaK KOHKpeTHmi ~eJIOBeK C onpe~eJieHHHM HMeHeM, 

OTOJK.n;eCTBJie!me JKe H C KOHKp8THl:lM t{6Jl0B9KOM eCT!, H8~08BOJI8HH08 060-
JKeCTB~eHHe JIHlJHOCTH. ' 

J{pyrHM, 6JIHSKHM K HS~OJKeHHOMY pemeHHeM RBJIHeTCH CJie.n;yIOlllee. Ocos
Hrume He eCT!, CBOfiCTBO TOJII,KO Mosra, a eCT:E, :xapaKTepHCTHKa BcMeHHofi 
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r Tllna BpeMeHH. IloaTOMY OC03HaHlle Toro HJilI llHoro CBOHCTBa o6'I>eKTa npo
llCXO~T He TOJII,KO B M03ry Ha6JI10,D;aTeJIJI, HO eCT!, HeqTo, aaTParHBaJO!Ilee 
CaM 06'I>eKT. Hap~ C JlOKaJII,IWMH qiH3lllleCIWMH npoueccru.m OT 06'I>eKTa 
K M03ry Ha6JI10,D;a'l'eJIJI CYll!eCTBYeT HeJlOKaJII,H!:rli MHPOBOH npouecc 11 0003Ha
mm:". roBop.11 cJioBru.m pyccKoro ~ocoqia - llHTYHTHBHcTa H.O.JioccKoro, 
"o6'I>eKT 8Hamm: ID.1MruieHTeH 8Ha.Hln0". Pe~ BMHOBoro naKeTa npH Ha6-
JI10,D;eHHll HMeeT ;ItBe CTOpOHlil. Ey;zzyqH HHTpocne~ett OHa eCTI, cy6MKTllBH!:rli 
npouecc, CB.II8aHH!:rli C TeJlOM Ha6JI10,D;aTeJIJI. Ho B TO xe BPeM.11 OHa eCTI, 
o6'I>eKTHBH!:rli cKaqoK B~oBofi @Y~ KBaHToBott CHCTeMH, sa,n;wmott BHe 
TeJia,H cor~CHO o6cy,it,ItaeMOH HHTepnpeTaumr eCTI, H3MeHeHHe o6'I>eKTllBHoro 
llC:WCHtJeCKoro CBOHCTBa 3TOH CllCTeMH. HMeHHo CYJ!leCTBOBa.1me "06'I>eKTHBHO 
ncHXHqecKoro", He CB.II8aHHoro c MosroM, Be~eT K paapememm napa,n;oKca 
BllrHepOBCKOro ~yra. qMOBeK KaK Ha6JI10,D;aTeJII, OC08HaeT HeqTo BHe ce6.11, 
llOTOMy qTo 8TO HeqTo 110C08HaeTC.II11 B HeM. JIHqHoe COSHaHHe eCTI, npHo6-
meHHe K npoueccy MHpoBoro cosHamm:. MHpoBoe cosHrurue MeH.lleT CBOIO BM
HOBYJO WY~ TaK, qTo6u Ha6JIJO~aTeJII, 6HJI B qncToM coCTO.IIHHll, a He 
CMeCH H TeM CaMHM 6wr 11B COSHaHHll'~ KaK H OHO, eCJilI OT~eCTBHTI, CJlOBa 
"6HTI, B 008HaHHll" H HWCO~TI,C.11 B qncTOM COC'l'O.IIHHll. Paswe Ha6JI10,D;aTeJIH 
BH,!UIT O~HO H TO xe llOTOMy, qTo 8TO He OHH RaK pa3HH8 cy6'I,8KTH II.POHSBO
~ pe~, HO MHPOBOe C08HaHlle KaK e~HC'l'BO Cy6'I>eKTa H 06'I>eKTa 
OC08HaeT ce6.11 He TOJII,KO B cy6'I>eKTe, HOH B 06'I>eKTe, C~Ma.B ero coc
TO.IIHHe qncTHMo HeKOTOpHM o6pa30M ~ MHPOBOro C03HaHH.II HeT pas~ 
MeJK,IJ;y HaOJIIO,D;aTeJleM H 06'I>eKTOM, TaK KaK llCHXHqecKHM 06Jla,n;aeT Bee. Ha6-· 
JilO,D;aTeJII, He MOJKeT cpaay HWCO~Tl,C.11 B paaHHX COCTO.IIHH.IIX, TaK KaK TOr~a 
OH 6wr 6u 6ecco8HaTeJII,HHM. To JKe OTHOCHTC.II K 06'I>eKTy. TenepI, H3MeHe
HHe B 06i>eKTe, BH3BaHHoe Pe.eyRrtHeil, XOT.II H He .IIBJIJieTC.II cpHSWiecKHM 
npoueccoM, ecTI, nponcxo~ee "caMo no cede" c TO~ spemm: Ha6JJIO~aTe:
JIJI H3MeHeHHe 06'.beKTHBHO llClDCW!eCKOro. TaK KaK He Ha6JI10,D;aTeJII, -"npnqn
Ha" 8Toro H3MeHeHH.II, TO paa'e HaOJIJQI(aTMH YB~ o~o H TO JKe. 

Jl'ScnaHM B cnoeii KHHre I I B CB.II3H c HSJIOJKeHHoii HHTepnpeTauneii 
BHCKa3HBaeT CJI8,IzyIOIIly]O HHTepecHy.D MHCJII,. BceJieHHa.11 JlBJIJieTC.II He qili3ll"'." 
qecKHM OO'I>eKTOM, a llCHXOqili3HqecKHM. Qz{HaKo, B OTJmqne OT Toqxn apeHH.11 
Maxa, Ha8HB8.Bmero llCHXO<pllSWieCKHe .. 3JieMeHTH BcMeHHOH OlllYlltSIIlLRMH H 
CKJIOH.IIBmeroc.11 K cy6'I>eKTllBHOMy H,D;ewmaMy, ~•scnam.11 roBOPHT O ~OllMHH
T8JII,HOCTH cpHSHqecKHX H llCHXHqecKHX CBOHCTB BcMeHHofi. ~anqecKHe 

"'" H llQHXHqecKHe CBOHCTBa OO'I>eKTOB pas~eJifI!OTC.II TaK, qTo llClDCHqecKoe qiH-
3HqecKoro o6'I>eKTa BocnpnHHMaeTc.11 KaK "cy6'I>eKTHBHoe" ~yroro o6'I>eKTa, 
Baam,m~eitcTBYIOlltero c ~aHHHM H npHllHCHBaJO!Ilero eMy TOJII,Ko "qiHaHqecKHe" 
xapaKTePHCTmm • .n;onMHHT8JII,HOCTI, COCTOHT B TOM, qTo HHKor~a HeJII,3.11, 
HallpHMep, Ha6JI10,D;aTI, y KaMWi erO<pH8HqecKHe H llCHXHqecKHe CBOitCTBa. 
.7fumb B e~HCTBe tJeJIOBeKa H KaMH.II,B "qeJIOB8KOKaMHe'~ llpOJIBJIJmTC.II H qiH-
8HqecKHe, H ncmrnqecKHe cBoficTBa KaMH.II. 
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STa TOtJKa apemm: npllBO~'l' K HOBOMY B8rJI.gity Ha pQJII, Meara. CoaHa
HHe He eCTI, WyIIImH.II Meara, KaK,HanpHMep,weppoMarHeTH3M eC'l'I, CJI6,D;C'l'
BH8 onpe~MeHHOH O~HeHTaumI CnHHOB aTOMOB JKMeaa. C03HaHHe onpe~eJIJI-
8TC.II O'l'HOilleHHeM Moara H OKPyJKaIOlllHX 'l'eJI. EcJIH BHKHHy'l'I, Bee BHemHHe 
QO'I,6K'l'H BceJieHHOH H OC'l'aBHTI, O~H Moar, y Hero He 6~eT C03Hamm: 
(weppoMarH8TH3M JKe y JKMe3a·ocTaH8'l'C.II). C03HaHH6 BCer~a 60'1'!, C03Ha
HH6 qero-TO BHeil!Hero H,CJie,D;OBaTeJII,HO,He MOJKeT OH'l'I, llOH.II'l'O 6ea 8'l'Oro 
BHemHero. EJiaro~ap.11 MOary B03MOJKHO OTOJ!Q:t6C'l'MeHHe ncIDCHqecKoro C qiH-
3llqecKID4 KaK nepeJKHBaHH.11 BHeil!Hero o6'I>6K!a• )lOCTOHHC'l'BOM ~wmoii llH
TepnpeTawm: .IIBJl.lle'l'C.II TO, tJTO OHa llOMoraeT llOH.IITI,, aatJeM BO BceJieHHOH 
HYJKHbl Ha6.mo,n;aTeJIH, aaqeM HyJJteH Moar. 3.ztec1,,o~HaKo,BoaHHKaeT Bonpoc: 
tJTO MOJKHO CKa3a'l'I, 0 llCHXOqiH3WI6CKOH BceJieHHOH B snoxy ~o llO.IIBJlemm: 
JKH3HH? 

BoSMOJKHlil paaJmqm,ie OTB6TH. JIH6o llOH.II'l'He BpeMeHH, a SHatJH'l', H no
H.IITl:16 "~o" .IIBJISllOTC.II qiopMru.m noaHamm MHpa Ha6JIIO,D;a'l'eJleM. H, 3HatJHT7 He 
HMeIOT CMHCJia BHe Hero, JIH6o Hy,KHO roBopHTI, 0 BOSMO,it}IOC'l'll Ha6JIJQitaTeJIJI 
6es Mosra. HaKoHeu, BOSMO,itJIO OTOJIQ:t6CTBHTI, "MHPOBOe COSHaHHe", OnHCbl
BaeMoe BOJIHOBOH W~eil BceJieHHOH, C STHM Ha6JIIO,D;aTMeM. Ilpll STOM 
CKJI8,1U:lBaeTC.II BneqaTJleHHe, tJTO ~o llO.IIMeIDm JKH3HH BO BceJieHHOH He npo
HCXO~O pe,lzyKilHH BOJIHOBoro naKeTa. BceJieHHa.11 CTaJia ~yroii llOCJie no
.lIBJieHll.11 Ha6JIJO~aTeJIJI. B qacTHOCTH,eCJIH Heo6paTHMOCTI, BpeMeHH o6yCJIOB
JieHa pe.IcyKUllett BMHOBoro naKeTa,. To BpeM.1! 6wro o6paTHMo ~o no.1IBJieHH.1I 
naHH (Ha6JIIO,D;aTeJiett). HMeeM Jm MH no~TBe.PJK,IteHHe tJeMy-Jm6o no~o6HoMy 
B qiH3HKe? EcJIH roBOPHTI, 0 JKH3HH Ha 3eMJie, 'l'O He'l'. 

B cxeMe "MHponoro coaHaHH.1111 pe,JzyKUlif.[ MOJKe'l' nponcxo~TI, ~o "oco
sHamm:" peayJII,TaTa Ha6.mo.n;emm: KOHKpeTHHM Ha6JIIO,D;aTeJleM. KaK MH rOBO.PH
JIH BHme,YJKe CaMa B03MOJKHOCTI, OC03HaHll.lI CBOHCTBa KBaHTOBoro 06'I>eKTa 
Ha6JIIO,D;aTeJleM, KOTOpmi 8TO c~eJiaeT B O~YJ!leM, Be~e'l' K pe,zcyru.mH. Tor~a 
CJie~yeT rOBOPHTI,, tJTO pacna,n;u qacTHU IllJIH,KaK H cero,IJ;H.II, "opHeH'l'HPY
.IICI, Ha 6~ero a:a6JIIO,D;a'l'eJIJI", KOTOPllli C HeHa6eJKHOCT1,lO llO.IIBH'l'C.II BO 
BceJieHHott. IlpH 8'l'OM MOMeHT B03HHKHOBeHH.II JKH3HH HHKaKOH 3aMeTHOH KOC
MlltJeCKOH Ka'l'aCTPQWOH He BwteJIJie'l'C.II. 

IfaKoHeu, paCCMOTPllM HaHOOJiee 8KCTpaBaraHTHOe pemeHHe rrpo6JieMH 
:rurrHepoBcKoro ~yra Ha OCHOBe napHaH'l'a MHOrOMHpOBOH HH'l'epnpeTaumr 
RBaHTOBOH TeOpHH 8nepeTTa-YH~epa-~e BllTTa (no~06Ho o Heil B § 6 ). 
B aTott HHTepnpeTauHH B OTJIHqHe O'l' KOlleHrareHCKOH HHTepnpe'l'aumI cqn-
TaeTc.11, tJ'l'O B pa3JIOJKeHHll "!J! == L c .... I,.\ ., peaJIHsyeTC.II He o,IJ;Ha B03MOJK-,. 
HOOT!, C B6PO.IITHOCTI,IO I c,.12. • Bee B03MO:iKHOe ~eitCTBll'l'6JII,HO, HO 
B paaJIHqWDC HeBSaHMO~eitC'l'BYIOlltHX MHpruc. HMeeTC.II MHOJKeCTBO BceJieHHHX, 
B ROTOPHX 8TH paawe B03MO:iKHOCTH pewmayro'l'C.II. IlpH HSMepeHHll KaJIQ:ta.11 
RBaHToBa.11 tJacTHUa ll Ha6.mo.n;aTeJII, pacmen.runoTc.11 Ha MHOJKeCTBo KOnHH, TaK 
qTO ecJIH B O~OM MHpe Ha6JIIO,D;a'l'6Jll, ~T pewmaoBaHHOH BOSMOJKHOC'l'I, 
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cmrna 8JI8KTPOHa 11BBepx" no OCH Z , TO B /J!..yroM MHPe ero KOIIlI.fI B~T 
CIDlli "BJms" • .U'8cnaHb.ll B CBOeii: KHHri 1 B OTJiliqne OT o6wrnoii: HH
TepnpeTa,wrn 8BepeTTa-YHJiepa-,JJ;e BliTTa npeMaraeT roBopnTI> He o pacme
mreHlilI MHPOB H paSMHOJK8HlilI qacTH.U H Ha6JIJO,JJ;aTeJieii, a O B08MOJKHOCTH 
MHOllteCTBa IlCHXOJiornqecKHX COCTO.rumii: Ha6JIIO,llaTeJI.fI, H8 KOTOpmc OH cos
HaeT TOJII,KO O,lJ;HO. IlpeMaraeTCH CJie,eyromee pemeHHe napa,IJ;OKCa "BHrHe
pOBCKOro .Iij)yra". PasHHe Ha6JIIO,llaTeJIH ,JJ;eiiCTBHTeJII>HO MOryT BH,JJ;eTI, pas
HOe nOJIOJKeHHe CTpeJIKH npH6opa H no-pasHOMY "o6'I>SKTHBHSHPOBaTI>" MHp. 
QnHaKO KOMMYimKa.qlm BOSMO~ JimIIE, MeJK,Ily TeMH Ha6JIIO,llaTeJISIMH, KOTOPlie 
BH,ll;HT O,Il;HO H TO xe. B CaMOM ,JJ;eJie, ecJIH ,JJ;Ba Ha6JIIO,Il;aTeJI.fI npoHSBO,Il;HT 
pe~ noJIHOH BOJIHOBOii <PY~ B pasHHe COCTOHHlIH, TO KaJK,D;wi HS 
HHX npo .Iij)yroro ,Il;O~eH CKasaTI>, qTo OH (.zu>yroii:) HaXO,Il;HTCH B TaKOM 
COCTOHHHlI, qTo B~T He TO noJIOJKeHHe CTpeJIKH, KOTOpoe OH B~T, a 
OOBCeM .Iij)yroe. 8TO npoTHBopeqne MOlltST 6HTI, pemeHO B CJiyqae, KOr,JJ;a 
BOJIHOBM cl>YHKQW! SCTI, e,JJ;HHCTBeHHOe OilHCaHHe HaOJIIO,Il;aTeJI.fI H CHCTSMli, 
YTBe~eHHeM, qTo 8TH HaOJIIO,llaTSJIH npHH8,Il;JleJKaT pasHliM "MHPB.M", M8lll',lzy 
KOTOPHMH HST KOMMyimKawrn. l:1TaK,8TH HaOJm,JJ;aTSJm He MOrYT 11BCTpeTHTI,
CH11 TaK,qTOOli npH 8TOM npoH80meJI o6MeH IlPOTHBOpeqHBOii HH{pop~eii. 
BcTpeqaroTCH .Iij)yr c .Iij)yrOM TOJII>KO Ha6JIIO,Il;aTSJm, BliOHpaKJIIlHe npH HHTpo
cneKQIDI CBOe nCHXOJiornqecKoe OOOTorume TaK, qTo OHlI B~ O,Il;HO H TO 
JKe COCTOHHHe '06'I>eKTa. 8TH t "Haxo,ItRll1HeCH B oorJiaCHH" HaOJIIO,llaTSJm 06-
pasyioT HayqHoe coo6mecTBo. "CorJiaoHe" cne~aJII>HO no,Il;,Il;ep~aeTOH sa 
oqeT MHoroKpaTHOro IlOBTopeHHH 8KCnepHMeHTOB, HS KOTOpmc OT6Hpa.BJTOH 
TOJII,KO Te, KOTOplie IlO,Il;,Il;e!)llUIBaroT "corJiacHe" • .I(OBO,Il;H STY HHTepnpeTa
IlHD ,Il;O YPOBHH nepBoanpeJII>CKOii myTKH, Mli MOJKeM OKasaTI>, qTo BCTpeqH 
H KOHTaKTH JIIO,lleii KaK HaOJIIO,llaTeJieii peryJIHpyJOTCH HSKOTOPHM npHHLµ!IlOM 
OT6opa, TaK qTo SCJIH KTO-TO HS SHaKOMllX Kmtoro-JIH6o Ha6JIIO,llaTeJI.fI He. 
TaK COBSPIIIHJI HHTpoaneKilHJ), OH OOJII>me C HHM yite He BOTpeTHTCH. 

Ha.KoHe~, SCTI, BOSMOJKHOOTI, OBH8aTI, pOJII, OOSHaHHH npH pe~ 
C pa8JIHtJHSM MeJ!OtY JIOrmtOii HaOJIIO,llaTeJI.fI (apHCTOTeJieBoii, 6yJieBoii) 
H KBaHTOBOii JIOI'HKOii MHpa (He6yJieBoii, He,JJ;HOTpHOyTHBHOii). 

Mmtpoo6'I>eKTli npH 8TOM "eCTI>", HOB He06HtJHOM OMHCJie. MM HeJII>SH 
conoOTa.BHTI> 6es BMemaTeJII>OTBa Ha6JIIO,llaTeJI.fI C06liTHH B npocTpaHCTBe-,,. 
BpeMeHH.·Jiormta., npHMSHHMaH K MHKpoo6'I>eKTaM,- He qeJIOBeqecKM. 0Ha 
o6Jia,IJ;aeT CBOiiCTBOM He,JJ;HCTpH6yTHBHOCTH, qTo sHaqHT, qTo "M", "MJIM" 
o6Jia,IJ;aBJT HeOOHtJHHMH OBOiiOTB&m:a:.H,(S l.f.111.l c)/(ayf,)!:£! (a!:!s). .r 

CosHaHHe JKe pa6oTaeT corJiaCHO ,Il;HCTpH6YTHBHOH (6yJieBoii) JIOI'Hlte, B ~o-
Topoil <l !:! (8 ~c)= (ay8)~11 (a~c.) • To,qTOMli, JIIO,JJ;H, 
HasliBaeM npn6opaMH, ,JJ;aeT HH{poPMB.Wm HameMY 6yJieBy oosHaHHIO o He6yJie-,, 
BOM r.mpe H YCTpOeHo oorJiaOHO 6yJieBoii JIOrmte. p~ BOJIHOBOro na
KeTa CBH8aHa KaK 6u c nepeBO,Il;OM c O,JJ;Horo HSliKa Ha .Iij)yroii (He6yJieBoii 
JIOrHKH Ha OyJieBy). 8TOT nepeBO,JJ;,O,Il;HaKO,TaKOB, qTo MeHHeT CMHOJI nepe-· 
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BO,IJ;m,mro TeKoTa, qTo H eOTI,' aKTHBHM POJII> COSHaHHH. CBo:tiCTBO JKe HH
TpooneKQIDI no JioH,IJ;OHY H Eayspy 8KBHBaJieHTHO OyJieBOOTH JIOrHKH Ha6JIIO,Il;a
TeJI.fI. 

.MHorne cJ>lisHKH, O,JJ;HaKO~ ,JzyMaJOT, qTo npH60pli noKaSliBaJIH 6u TO, 
qTO OHH IlOKa8liBaBJT,H ·Oes BOHKOro HaOJIJO,JJ;aTeJI.fI H Bee ',D;eJIO B MaKPOOKO
IlHqHOCTH 8THX npn6opoB. MmtpoOO'I>eKTli-JKe·oymeoTBYJOT·OTHOCHTeJII>HO MaK

poTeJI. B'TOJKe·BpeMH OHlI He OTp:.maroT,.qTO MaKponpH60pllOOOTOHT H8 
aTOMOB H MOJieKyJI, a saaqHT,HMSIOT KBaHTOBlie OBOHCTBa. 8Ta npOMeJKYTOq
HaH TOtr.ta speHHH:npM nceii'' ee ecTeCTBelilIOCTH~. O,Il;HaKO, He HMeeT •qeTKoro . 
MaTeMaTHqecKoro BlipaJiteHHH.· B08MOJKHO,Y MaKpoTeJI cymeCTByJOT KaKHe-To 
xapaKTepHCTHKH,·. B npHHLµIne He onHoHBaeMue KBaHTOBOH Teo_pHeii, .. TaK "qTo ·· 
HHTepcpepeimHOHHlie acJ>cpeKTli·,Il;Jlf! SHaMeHlITOro'"KOTa lllpe,JJ;Harepa" BilJ;)HHLµI
ne HeBOSMOJKHli. Tor,JJ;a.xapaKTepHCTHKH "ecT:&" H 6es Ha6JIIO,Il;a.TeJI.fI. B TO xe 
BpeMH cymecTBOBaHHe'.KBaHTOBHX,CBo:ticTB MaKpoTeJIHapfl.llY·c'aTmxapaK..:. · 
TepHCTHKaMH coxpaHHeT :s:cHJ.Ie HeKOTopae apryMeHTli KonearareHCKOtt HH
TepnpeTa,wrn.;''Ilo MHeHHIO aBTopa~'TaKHe onpe,JJ;eJieHHHe ci=loiicTBa M~poTeJI,' 
BOSMOJKH01CMSaHH C rpaBHTa.IlHett;'Trut KaK Macca MaKpOTeJI OOJII>me TaK 
HasliBaeMoii mraHKOBCKOii MaCCli, ,nOSTOMy HeKOTOPlie 'xapaKTepHCTHKH MaKpo
TeJia. THna KOOP,JJ;HHaTH lf HMIIYJII,Ca ueHTpa Maco H' T. n.' BOSMOJKHo; OIIHCima-
lOTCSl qHQTO KJiaccnqecKH. /b 1/.:: ·· · · ·· ·. '· 

Ho oKoHtJaTem.Horo ·· OTBeTa cerO.D;HH IieT! l:lTaK, qTo Jlte TaKoe''MHKpo- · ·' 
MHp? OTBeT. Ha 8TOT :aonpoc, ,KaK Tenep:& BH.nHTC.ii:,'' nOSBOJIHT IlOW!TI,' He . ;" 
TOJII,KO TaiiHli BemecTBa, HO,B08MOlltHO,HeqTci ropas,JJ;O OOJII>mee.,. TaiiHY 003-·. 

HaHHH H: ,n;yxa.~ , ; . 

§ 4. Ilpo6JieMa CKP,liTliX napaMeTpOB B MHKPOMHpe 
' ' •. \ ~ .'. t , '', 

KaK HSBeCTHO, CTaH,IJ;apTHaH.(pOP~fYJIHPOBKB. KBaHTOBOH MexaHHKU, npe,JJ;-
nOJiara.BJmM, ~To BOJIHOBM.~YHKLUIB noJIHOCTI>IO OIIHCHBaeT cocTorunie·oT
~eJII>Hott • KBaHToBoit cncTeMli; npHBo,JJ;HT K HH,IJ;eT,epMHHHSMy •. B, oomeM cJiyqae 
IlPe,JJ;CKasimaeTOH JimIIE, BepOSITHOCTI, Toro HJIH HHOrO,C06HTIDIC KBaHTOBliM 
06'I>SKTOM. BepOHTHOCTI> B. 8KCnepHMeHTe npOJmJI.fI8T ceOH KaK ~aCTOTa C06li
THH IlPH MHoroKpaTHOM nOBT,opeHHH,,Olll:lTa C .KBaHTOBliM ;OO'I>8KT,OM, npHrOTOB~ 
JieHHHM B COCTOJIHlm ci O,Il;HOtt n Tott' x'e BOJIHOBOH 'w~ett. liTaK,'annapaT 
KBaHTOBOtt MexaHHKH B. npH~IIe· ·He 'MOllte~ npe,JJ;CKaSaTI> ·OT,lleJII>Hlie 'C06liTHH, 
npe,n;cKaSHBM JlHmh TOJII,KO onpe,JJ;eJieHHOe . "co6HTHe'', . COCTO.RII1ee · B . TOM, . · 
'ITO"qacToTa Toro HJIH·HHOrO·COdliTHH'onpe,JJ;eJlf!eTCH:qepes BOJIHOByJO cl>YHK-:-,, ' . . . . . .• 
Qlrn. EcJIH.HM88TCH HaOOp O,JJ;HHaKOBliX.aTOMHliX ~ep nqepesHeKOTOpoe 
Bp8MJ! KaKHe-To HS HHX. paCIIamICI, ;" a KalWe-To HST' ,,TO B OTJIHtJHe OT cl>H
SHKa, XIX BeKa~ cKasaBIIIero csu; qTo .HMeeTcSI "npn•maa" ,' no KOTopoii HMeH
Ho 8TH R,Jlpa pacnaJIHCI,, a He l(pyni~, cJ>li8mt XX· B8Ka CKaJKeT ,' qTO HmtaKOil: 
"npHqllHH" ,lJ;JIH 8TOro HElT, pa.cna,IJ; ripoicxo,JJ;HT "cnOHTaHHoi! • ·, '. i, . 
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HeYJlOBJl8TBOpeHHOOTh .8TOil OHTyal{aeil npHBena H6KOTOPHX g)H8HKOB, 
:a nepi3yro oqepe~ A.oilHmTefuia H,.Ue BpoHJia,K noHcKy TeopHH, RoTopaR Mor
~a 6a npe.n;CR83HB8Th He T~KO qacTOTli co6aTIDl:, HOH OaMH co6aTH.R:. Te
opIDI TaKOro,po.n;a IlMYtJHJili Ha8Ba.HH8 T8OpIDl: OKPHTHX napaMeTpOB. Ha.H6o
nee paaBHTl:ll,rii:°Mo.n;eJI.RMII OKPHTHX napaMeTpOB JIBJISllOTO.R: aero.mm MOJl~JIH, 

npe~OJK6HHH8 .U.BoMOM Hero OOTPy,IU!HKBMH. 
OcHOBHOH ll,Il;eeil 8THX TeopHfi JrBJI.R:8TC.R: TO, , tJTO BOJIHOBWl (t>yHKUWI .n;a

eT JllillJD_ H8KOTopoe aqxlieKTliBHOe OilHCa.HHe RBaHTOBOil OHCTeMH,KaK.,HaflPHM8I?, 
TepMO~HaMHqecKa.R: q>ymtUH.ll OHCT6Mli MHOrHX· qaoT~. Ho no.n;o6HO TOMY_,KaK 
TepMO~HaMHKa eOTh Jll!ll!I,,H8KOTOPO8 ycpe,IJ;HeHHoe OilHCa.HH8,IlOB8,lleHH.R: qao
T~, oIDic.HBaeMIDC 6.Mee r~6oiott Teopneil - oTaTHcTnqecKoi! Mexammoil, 
TaK H.RBaHTOBliSI MexaHHKa,cornacHo ll,Il;88 CKPHTIDC·napaMeTpOB 8OTh one,ll
CTBHe. 6onee r~6OKOi1. Teopmr,. He HCilO~ay:rollleil IlOH.R:THe BOnHOBOil (t>yHK..;, 
Ulllio By:l(eT'Jili STa 6Mee r~6OKa.R: T8OPH.R: .n;eTepMHHHPOBaHHOil TeOpHefi, 
no,D;o6Hoii,Maccn~ecKottMexamme? P.f!Jl ToqHIDC TeopeM -·TeopeMa (t>oH Heil
MaHa, . TeopeMa rJilicOHa H TeopeMa KoxeHa-Ilh:IeK.epa, a .Ta.ruJte HepaB8HCTBa 

> '.' ,, '•' , 

B~a .. flPHBOJl.R:T K IlO.R:BJieHHlO .. C~HIDC orprumqem Ha. MO,lleJm, CKPHTIDC na-
p8M8TJ)OB1. ':X:oTa HeKoTopae HS aTHX MOJlEmeil H He MOryT 6HTh HCKJIXltJeHH, 
OHH o6na.n;a.IOT CTMh IlPHtIYJlJIHBHMH, OBO:ilOTBBMH - HenoKaJII,HOCThIO, 38.BHCH- ' ,• 
MooT.hIO peay~TaTa 1:1a6~eHH.R: OT Toro, KaKM ,D;pyraa .. coBMecTHWl o 'JlaH~/ · 
Hott. BeJmqnHoil:. naMepaeTo.a (KOHTeKoTyWHa.R: aaBHCHMOCTh) , oynteOTBoBrumeM 
"nycToi: BOJIH1:l11

' 1 qTO. C ero~H.R:. BP.f!Jl JIH HX MOJKHO pacoMaTpliBaTh C epheaHH..;; 
' .<>J • ,, '. '• ;. ·.• ' ,, • 

MH. ~O¥1t~8HT8MH, ,RBaHTOBO:li ,':L'eOpHH. MHTepeo, a.THX MO,D;Meil:, ; O,llHaKO, C Ha-
me:li TOqKH apeHH.R:,COOTOH'l' B TOM, qTo ecJIH Mli XO'l'HM npOMOJl8JiliPOBa'l'h : 
RBaH'l'OByIO CHC'l'8My: MaKpOCKOflllqecKoil HMHTW{aOHHO:lt.MOJl~IO ("RBaHTOBOR 
SBM"), TO OHH Jla.IO'l'. MrOPH'l'M IlOCTpoeHH.R: TaKHX MO,llMett •. 

1. TeopeMa q>OH He:ltMaHa O H8BOaMOJKHOCTH OKPH'l'IDC napaMeTpOB 
M.(t>oH He:ltMaH .n;oKaaaJI TeopeMY o·iHenoaMOl!UiOOTH oKpaTax: riapaMeTpoB, 

IlPH OilpaB8JlJiliBOCTH. H8KO'l'Opax: a.KOHOM.' 3TH aKOHOMH one,uyrollUle: , . . . 

a).MMeeTC.R: BSa.HMHOO,llHOSHaqHoe OOOTB8TCTBH8 M8lltJlY Ha6JIJO,IlaeMl:lMH 
H 8pMilTOBHMH onepaTOpaMH ~: , A 

· 6) EOJili' Ha6JIIOJlaeMoil R:•coOTBeTCTByeTonepaTop P. , TO Ha6-
JIIOJlaeMOi1cf (R) ,, r.n;e'7f - HeKoTopaa WYHKUWI, oooTBeTcTByeT.:?(R)'. 

B) EoJili R H .S·, !,;_ npoHaBO~Hlie, Haclm>,Itaewe, ci. , f> - BemecT.:. 
BeHHHe qHona, TO.HM6eTM6CTO oneJly:rolllee OBOilClTBO JIHH8RHOCTH .n;n.R: MaTe-
MaTHqeoKHX' OJltHJla.HHil; . . ) ;· •. ·: ::, . :. ', :,. ' ",', . / <> 

: , . ,. <,(R+ i:,s>,= a·<R> + i:»<5>, 
r.n;e < ) - sHaK MaTeMaTnqeckoro '-OlltHJlamm:. 

Ma 8THX a.KCHOM q>OH HefuilaH ,llOKaBHBaeT HeBOaMO!tHOO'l'h cymeCTBOBa
HH.R: aHCaM6nett o eyneBoil ~cnepcHeil, T.e. IlonHOOThlO ieTepMHHHPOBaHHO
ro OilHO8HH.R: • .UoKaJKeM T8OP8MY q>OH HeliMB.HaB IlPOCT8Hlll8M onyqae .n;n.R: c'nc-
T6Mli. CO OilHHOM !/2 • · .: •, . . .. 
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Ilpe.n;nMOJIWM, . qTo cymeOTByeT CKPH'l'l:lli napaMeTp J , onpe.n;eIDIIOJUllH 
peay~T8Tli BC8X Ha6JIIOJleHHii CllllHOBHX OBOHCTBo .Il;Mee IIl)OBe,lleM C6plll0 Ha,· 

. .· ✓ 

MepeHHil Y O~Ha.KOBO npHrOTOMeHHHX qac~ H HaaOBeM STY oepHIO aHCaM-
6neM. 
_ IJycTh .n;na Boero SToro aHca.M6na J · HMeeT aHaqeHHe J' 0 H npe,Jlno-
nOJJmM, qTo STOT aHoaM6~ C HYneBOH ~cnepcHett. EcJili HM8IOTO.R: 'l'PH Ha6-
JIIOJla8MIDC R ' s H r , TO HM COOTB8TCTByIO'l' 2 X 2 MaTp~ R , s , A .• 

T .. MsMepeHHH aTHX Ha6JIIOJlaeMwc B aHcaM6ne c eyneBoii ~onepoHeil 
B8JlYT K TOMY JKe~o, .. 

R HMeeT pmcnpoBaHHoe sHatJeHHe i () o) , SIBJI.RlOll1eeca co6cJ:_BeH
HHM sHaqeHHeM ,R ... , S paBHo .1- (j.) ""' - co6cTBeHHOMY aHaqeHHIO S , 
7' =.±( .i\o) - oo6CTB8HHOMY aH9:t1emm 'f' • 

TaK Ka.K JII06aa_2 x.2 MaTp~a 8CTh 

..,.. --- -
.X_= o{I,+ f'· G J (4.I) 

r.n;e ✓, P,.t., (3~ , 'r-,~ - npoHaBo~HHe BemecTBeHHHe qHona, I - ~
HHqHM 2 X 2 Ma'l'p~a, 6.:t , gz '· G,!5 - MaTp~ IlayJIH, TO CO6CTB6H
Hlie qHona ecTh 

., ol ± 'I :--,·· · ,·... f . (4.2) 

;',,,,.... ·:.: . .A .• -"-+-~-. :..... -
IlyCTh R':"'6i,S.=-&.z, f-=&•H ,-r.n;e h. = ( I, I, 0 ), T.e. Jn./=.fl'. 
Tor.n;a T=R.+8 ..• Ma_ a.KCHOMH B).n;M!tHo 6aTh (T) = (R)+ (.S>, 
qTO JlOJD!tHO IlPliBO;itHTh K 

'-t ( J,,) = 'l ( )~.+ 5 (;.). 
~ ' . 1 (4.3) 

Ho(4.3) He MOJ!teT 6HTh onpaBeJl,7llll3o, Ta.K Ka.K OO6CTBeHHHe aHaqeHH.R: 
'T == J. n 8CTh ± ,a· H · HeBdsMO!tHO, q'l'o6u 

:t Jz= ±:L ± :L. (4.4) 

2. Mo.n;e~ BoMa cxpHTWC napaMeTpoB, HapymruoumxycnoBH.R: TeopeMH 
qJOH HefuilaHa · · · 

BOMOM, a Ta.IOKe Jl8 EpottneM/ t9 l 6HJ!li npe,n;nOJKeHH MO,n;enn OKl)li'l'WC 
rrapaMeTpOB, Hapyma.IOIIUiX ycnOBH.R: TeopeMH q>OH He:ltMaHa. HapymeHHBM OKa-
smiaeTO.R: · ycnoBHe nHHeilHOCTH ,_ a.KCHOMa 13} . . . . 

IlyCTh OHCTeMe co CIIHHOM J./2 COIIOOT8.Bn.R:8TC.R: Cne,llyIO!lla.R: MO,Il;enh. 
i . . 

a) llaOTHIUI co OilHHOM 2 l!MllTHpymoa BP811t~CJl cqiepB.Mll, JlBID.tY-
IIUIMHoa BJl~ OCH x. CnHH - 8TO BHyTpeHHliil yrnOBOH MOM8HT} KaJ!i,Il;OH 
cqiepH. ITpeJlllMOlilliM, q'l'o OH neJKHT BO BOex cnyqaax B MOCKOC'l'H ( Yr ). .. . 
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6) ~To6u liMHTlipoBaT:& BepoRTHOCTHHe cBo:ii:cTBa KBaHToBoro 6ocTOH
HRR (5\ npe.n;nOJIOJKID/1, 'ITO CTaTliCTli'I9CIWH aHCa.M6JII, TaKHX cipep. _,2IlliCHBa

Bae~ KaK ( t),llMeeT cTaTHCTH'I9CKOe pacnpe.n;eJleHHe B~TOPOB .} • Ta-'

K091 'ITO IIJIOTHOCT:& BepORTHOCTHOro pacnpe.n;eJleHRR, 'ITO;. o6pasyeT 

yrOJI 0 C HaIIl)aBJ19HHeM ~ , 9CT:& 

{ 
f c<2S e , ecmr -~ ~ e ~ ""l'/2-

p (e) = • .· . . 
\ 0 . B OCTaJl:&HHX CJIY'IMX 

(4.5) 

B) IlpII6op, H8MepSIIOlllH:ii: Ha6JI10.n;a9MYID X ;, ·cooTBeTCTByrouzyJO onepa

Topy X B (4.I);ycTpoeH CJle.n;yIOIIUlM o6pasoM: ·oH H8MepReT 8HS.K npoeK

.qIIli J. Ha BeKTop p , YMHOJKaeT TIOJIY'IaeMwl: pesym,TaT Ha I f I 
li CKJla,zomaeT C ot. • ' 

Taxoe H8MepeHHe Bcer.n;a .n;acT pesym,TaT ..('± lf I , K8.K H B KBaH-

TOBoit MexaHHKe. KpoMe Toro, BCJl9)];CTBHe (4.5), eOJ.W: li8Mep&T:& 6:?> 
(T.e. o( · = 0, f = k,- opT B.n;OJII,. ~ ), yrOJI MeJK,ey .J H? 6y,ieT 

MeJK,ey-'1 H"lt/z , Tax 'ITO npoeK.qIIR Ha f> He oTpm:taTeJII>H8. Ho Tor.n;a 

BCe H8MepeHHR )];a,ItyT 6.3 = +!, 'ITO COOTBeTCTByeT TOMY, 'ITO. ( n )-
C06CTB9HH09 COCTORHHe 6 .3 C C06CTB9HHHM 8Ha'I0HH_eM. +!. ' _ 

~eM BepORTHOCTH P£ H Pz !~eHRR pesyJ1:&TaTOB of!+ Ip, I 
H c-£- If I npH H8MepeHHH X = a< It- f> · G • OTMeTHM, 'ITO co6CTB9HHO. 

H8MepeHHeM s.n;ec:r, RBJIR9TCR onpe.n;eJleHHe aHaKa'' ( J- f )' ~- T8.K 'ITO P.at 
H p2 · coBna.ztruoT c · anpHOPHHMH BepoRTHOCTm.m onpe.n;eJ1eHRR sHaKa • 

(l • ffe) , PaBHoro ±1 coOTBeTCTBeHHo. Jl,1IJl onpe.n;eJleHWI fl_(p) HyJKHO · 

coc'IJHTaT:& HHTerpM f (e) n9.samTpHX0Ba1¥10:ii: 06J1aCTH (pHc. 2 ) S0 , , 

T8.K K8.K B9KTOPH )t MOryT Jl9llt8.T:& TOJ!I>KO B BepXHeM IlOJIYKPY-
re • 

. P.i. == j ~-e Je = .i + ~a.s ef' 
~o 

P~<!:. 2. 
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Tax KaK P:1. + p2 = I, TO . Pz. = . j_ - ~ 0 e . . 3TH pesyJ1:&TaTH 

. .n;JIR .. p :1. H Pz. B TO'IHOCTH coBna.ztruoT c p~yJl:&TaTaMH KBaHTOBO:ii: Mexa

HHKH. CKpHTHM napaMeTPOM s.n;ec:r, J!BJl.fl9TCR j\ • PesyJl:&TaT JIJ06oro H3M9-,_.,...,. ' 

peHHR o<I+ & p Ha cipepe onpe.n;eJ1ReTCR ~ Ha aTott cqiepe. • • 

JlerKO Bll,Il;9T:&, 'ITO HapymeHHott s.n;ec:r, RBJIR9TCR 8.KCHOMaq>OH HettMa-- . . 

Ha B). 
-- .U:e:ii:CTBHT9Jl:&HO, paCCMOTPHM aHCaM6JI:& ,c ffYJl9BOtt .n;HCilepcHett qacTKQ 

C j. B.n;OJI:& 6HCC9KTPHCH y~ KBSJU)aHTa H.H8M9PHM ~_2.Il:HOH 'IaCTH 8TO-

r~ aHCaM~, ~ 2 , . Ha• .n;pyro:ii: -: & .3 , a i;a TpeT:&e:ii:- c3 "'1 , r.n;e 

h1 = (O,I,I), TaK qTo .. -'--;> ;• 

_ · ,i;2 ,+ 8,:3 = Z ~ . 
Tax KaK .J o6pasyeT _OCTpHe, yrJIH c ocm.m ~ , ~ , · ht , TO BC e-

r.n;a 6y,neT pesyJ1:&TaT o<+ If I ·,, T.e. ·nsMepeHHe 62 Bcer.n;a .n;acT ....,;.·.:_ 

+I+ <iz> = +I, H3MepeHHe, b.3- ;'O.lK9 +I- q.3> =:_:;, H8MepeHHe tm 
.n;aeT ,/2 + <& ~ >= +./2'. Ho•· Tor.n;a oqeBll,Il;HO, 'ITO < G. rn ) 7'= < a.a>+ < 'l.3 >, 
'ITO H 03HaqaeT HapymeHHe 8.KCHOMH !pOH Hei!MaHa B) • 

. ': 3. TeopeMa· r.1mc0Ha·~•.- IJapa.ztoKc KoxeHa-lIIIIeKepa 

B CJIY'IMX KBaHTOBHX · cHcTeM :s,npocTpaHCTBax c pasMepHOCT:&10 : tn- 3 
B08HHKaJOT HOBHei·no cpaBH0HHJO C i,IUlyM9PHO:ii: ·cHCTeMOH (CTIHH i /2.) 'Tpy.n;

HOCTK:; OKasHBa.eircR; qTo:s oTmrqHe oT-o6HtIHott KBaHTOBOit MexaHHKH. B03-

HHKaeT 3aBHCHMOCT:& OT TOro,'KaKWl,IJ;pyraR Ha6JllD,ltaeMaR, onepaTop:KoTO

poit KOMMJTHpyeT C onepaTOPOM li3M9PR8MO:l1 B9JIH'IHHH, H8MepReTCR o.n;HoBpe-

MeHHO C .n;aHHott. ' .. : . ' 

3HaqeHHe CKPHTOrO napBMeTpa, •Il08BOJIRIOO{ero llpe,ltCKa3aT:& pesyJl:&TaT, 

onpe.n;eJleHHoro H3MepeHRR, MeHReTCR,eCJIH O.n;HOBPeM9HHO.C 8THM H3MepeHHeM 

.n;MaT:& pa3JIH'IHH9 COBM9CTHH9 C HHM H8MepeHHR. TeM Cm.rnM B08HHKa8T npH-
.' • '-. j ,' ,. 

H.qll:IlliaJl:&HaR H90.n;H08Ha'IHOCT:& CKPHTOro napaMeTpa, Ha3HBB.9MaR ero 11KOH-

TeKCTYaJl:&HOH 8aBHCHMOCT:&IO". 

B HeKoTopoM •CMHCJle .:TeopHR .CKPHTHX napaMeTpoB, ,npeTelmyllllWI ii'a. 
I • ' • 

60Jl:&myJO TOqHOCT:&, q9M ;KBaIITOBaR MexaHHKa, OR.aSHBaeTCSI xyxe KBaHTOB0:11 

MexaHHKH, npe.n;cKa3HBaR.HOBYIO 3aBHCHMOCT:& OT·H8MepeHllR.'CHaqaJla·MH 

IlpHBe.n;eM HeKOTOpwl: pesyJl:&TaT rmrcoHa,' /~B~tt ~- yn~~TUM CJle.n;-

CTBH.HM, a saTeM npHMep KoxeHa H lIIIIeKepa. 20 · ·, .. .', ,, 0 · 

HasoBeM "npe.n;JIOJKeHHeM" .n;J1R KBaHTOBO:ii: cHCTew·y,rBepJK,IJ;eHHe, 'ITO 

CHCT9Ma 'HaxO.n;HTCR -B COCTORHHH ll'n:.·· . ' Ta.K 'ITO npH<li8Mepemm o6Hapy

l!WTCR onpe.n;eJleHHoe 8HaqeHHeqiHsHqecKoit Bemr'IHHH,' cooTiieTCTBYJDUiee aTo

My COCTORHHIO. B o6HtIHott KBaHTOBO:lrl,MexaHHKe';"EiCJIH-CHaqaJia CHCTeMa 6HJia 

B COCTORHHH '!l' .. , TO B o6uteM c~a.e'- MO.lKHO npe.n;cKa3aT:& .JIHIIIb BepoRT- 0 

HOOT:& o6HapYJiteHHR V'4 , .-IIpe.n;noJ10JKHM,o,IUiaxo,,qTo cymecTByeTCKPHTwl: 

napaMeTp .} 1 TaKo:ii:, 'ITO MO.lKHo BBeCTH ., "sHaqeHHe HOTHHHOCTH". , 
·•t \ 
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V = V ( <P~ i ¥', ) ) , 
(4.6): 

Tax tJTo V = ·I, ecJm 111:m: .n;amwx cJ! H snaqemm J. pewmsyeTcH l{) h. 

H V ;_= o, ecJm aTo He Tax. 

TeM Ca.MHM I'HIIOTesa CKPHTHX napBMeTpOB l108BOJIJI8T no ~aHHOMy SHa-

qemno ,} TOtIHO npe~CKasaTI>, 6y,n;eT HJm He. 6y,n;eT o6HapYJKeHO lp., • 
( ~ (.f"' ' npe~nOJiaraeTCH IlPHIIa,I{JielK8llleH OPTOHOPMHPOBaHHOH 

CHC'J:'.eMe {<f,} ·• Qlum.Ko Ta.KHX CHCTeM {6,asHOOB) MOlKeT 6HTI, MHoro. 

B tiaOTHOOTH, If' 11. MOlK8T npHHa,ItlieJJtaTI, ~yrOMY. 6asHoy. 

Tax BOT, He~aHHOH 0006eHHOOTJ:,10:TeOpHH OKpHTHX napBMeTpOB 

.IVIJI KBaHTOBHX OHOTeM B npocTpaIIcT;ae ·, ti.~ 3 JIBHJiooI> To, tITo wYHK

~ V, oKasaJiaci saBHomiiett oT,:6asHca {4\} , , T.e. 

V = V ( lfn. ; '1', } , { lfi} ) : . 
. . ,.,,,, {4.7) 

.l{oKasaTeJII>cTBo rJmcona oocTOHTB oJie~eM. BBe~eM noHHTHe He

OTpmtaTeJII>Hoil g}~. 6aSHCa 4 ( Cf11, ) Beca<W' \. : KaK B81Jt8CTB8HHOil: 

q>YHKI{HH .f { ~) - HOPMHPOBWIHHX B8KTOPOB: j,'e 'fl:: , Ta.KOH, tITO eoJm 

{~I< J . - JIBJ6oi1 OPTOHOPMHPOBaHHHil: 6asnc . B ':ti . , TO ~-f ( i ... ) - W. 
, ·· B·l'HJII>6epTOBOM IlPOOTpaHCTBe 4-L ,Tpe.X1 H .60Jiee HSMepeHHil: TOr~a ', 

,· ,,. ' ,I • ' > 

cnpaBe~Bo oJie.izyiomee YTBePJJme:ime.: 

lJyCTI, '11...::s - JII06oe TpeXMepHoe llO~OCTpaHCTBO l'HJII>6epToBa npoc-

TpaHCTBa ~-., T.e. IIYCTI, c:t-b 6y,n;eT npoc'TpaHCTBOMt o6paSOBaHHNM WYH-
KI{liRMH ' ,' ' ' ;3 : .. ' '' •, ' ' ' ' 

~(x) -~ L::.t1 d\ (x) ,. i_ 

; ' i:.f ' : ' ' ) {4.8) ~ (> 

r~e g,,~ ' , ~ 2. ' t ,., ~ ..3 ' - ' JIBJ6He .· TPH OPTOHOPMHPOBaHHHe g}YHRI{HH 

B e:u t o(i - KOMnJieKCHlle tJHCJia. lJyCTI,' R;:s· - JIBJ6oe "BemeCTBeHHoe" 

IlO~pOCTpaHCTBO, 1,-l.3 , , T.e •. 1npocTpaHCTB0,06pasoBaHHOe g}~ 

P'rx)= L x\ i.\;) . . <4 s> 
,~~ ' ' ._, ,.. . 

' r~e X;, - BemecTBeHHHe KOSqxpHIUleHTH, P, (K) - TPH OpTOHOPMHPOBaH..;. 

Hlle ~ B R:3 • '.!,'or~a. HOilOJII>SyJI H88aBHCHMOCTI, g}YHRI{HH cf {,a,I<) 
OT ~Yl'HX §, ,, r BXO,ItSllllHX. B · 6asHc, . ~OKaSHBaeTCJI TeOpeMa, tITO JJD6aH 
HeOTPHL{aTeJII>HaH g}~ 6asHca W"(gi.') · B R.!S ~OJilKHa 6HTI> HenpepHB-

HOil: wy11K1.µ10:li Koa~eHTOB ,X,., , onpe~eJI.R:TOiltHX ~ '{x) • . 
IlpHMepoM Ta.Kott 6asHCHOH g)YHKI{HH J!BJIH8TCJI KBa.HTOBOMexamitJecKaH 

B8POJITHOCTI, WI<= W(f1e) - B8,POJITHOCTI, 06HapYJKeHHJI COCTOHHHJI g;ik 
Y~OBJieTBOp~ 
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a) -f- W (,a,,.) = .:L . .IVIJI JIBJ6oro 6aaHca { !PK J 
6) .0 ~-W(fl<) !::' .:i.. .. 
Hs-Teop~ {y r.7m:00Ha OHa HaSBaHa JieMMOH) rJIHCOHa BHTeKaeT CJie

,nyIO!llee CJie~CTBHe ,IVlJIT80,PHH CKPHTIDC napaMeTpOB. 

- EcJm npe~OJIOlKHTI,, tJTO SHatJe:ime HCTHHHOCTH Y,.._,:;, V (~11,.}= 
=V('Ji', J, g>11.) He Sa:BHCHT OT BH6opa 6asHca, K. KOTOPOMY npHHa,WieDT 1 .. , 
TO aTa WYHltUWI ~oJI.JKHa 6HTI> HenpepHBHoil. Tor,na MeJK.nY :~n. , .IVIJI KOTO-r - r 
poi! V (Wn,):::: .:i , H ~..., , .IVIJI KoTopoil Y (!Ii., ) = 0, ,nOJI.JKHa cymecT-

BOBaTI> f , ,nJIH KoTopoil: v(i) npHHHMa_eT sHatJeHWI M8'li,Jzy o H I, tJTo 

IIPOTHBOP8tJHT ee CMHCJiy KB.K 8HatJ8HIDO HCTllHHOCTli, BCer.na llplilUlMaICIIt8MY. 

TOJII>Ko ~a snatJe:imJI O H I. " ' 
HTax ~ HeBosMOlKHO cyJ11ecTBOBamte WY~ V ( cp n.) · , 'ne saBHcHMoit. 

OT 6aaHca, K KOTO.POMY 11,PHHa,ItlieDT .ll5 11 • IlpH HSMe_}ieHHH 6asHca WYHK..;. 

~ V , npHHHMa.BllW.H SHatJeHHe I, MOlKeT npHHHTI> SHatJeHHe OH nao6o
poT. KoHKpeTIWM ·np~ep~M TaKOH CHTyauw,I JIBJIH8TCH npHMep KoxeHa-lllneKe-
pa. , 

Ilapa,n;o1<c Kox~Ha~lllneKepa. 

1JyCTI>l!M88TCHCHCTeMa C yrJIOBHM MOM6HTOM 

PaCCMOT,PHM · . . 

.JZ:·' Jj: + J; -t .'.J; 
H COCTOJIHHe g> .... '' Ta.Koe ~TO 

. cl;1 g;~ = i; l'n ~m , 
'' ' ,., . 2." 

d}
2 

~"' = j (j+:t.)1 i ... 

H ~.... = _o .IVIJI 1-wd > J . 

J = I. 

(4.10) 

(4:II) · 

~ l1-t1l<j 

Tor~ 2 -z. • · "l 2 · ~ ' · • · · · - -

. ( ~X:_J~ ·-: 5!fJx)W.:.,=:: 1 [ (.!1-m)JCJ+111+2)(j1-1'17+i)• · 

• (~-hl)(j-rn-.i) · ~ m+2-t (i- -.,,)J(j+tti)(j ttrt-J.)(j•n1+ 2,")(j:-rn+ 

----, 

+ i) -9? h\ - 2. 
· . (4. 12) 

,lI;m i ;:: I , J. m:t:2. OTJIHtJHO OT HYJIH TOJlI>K01 80.IDI ~ =. ±r, HO TOI'~a 

(I :t ht ) pa:seH HYJIIO• · 
2 ~- .· 

Z. MTax, ,IVlJl _\ = I 
2 

J,¥ KOMMYTHPY8T C n, H B CHJIY CllMMeTpHH 

C a 'i , a TWO!te C J • . 
z • fla 2. 

TeM CaMHM Jx , C)~ , J ~ . HM8XlT .o~HOBpeMeHHO 0~ H Te lKe 
C06CTB8HHHS g)yHKl{IDie . 
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. 2 . . ' . ' 
OnepaTop a ' t ,n;eiicTBYH Ha Ta.KyIO COCICTBeHHyro WY~, YMHOJKa.-

2 Mz z. 11:z. 
eT ee Ha 2. 1' , -onepaTopbl lK8 cJ X , !J ~ , cl :1: OCIJia,IJ;8lOT ! 0.14HH 

ll3 IDIX C06CTB8HHHM tJllCJIOM, pa.BHHM HYJIIO,·a ,n;Ba,n;pyrnx - C06CTB8HHblM 

tJHCJIOM "'1 z KaJK.n;blii. KoxeHoM H IllneKepoM 6blJI npe,n;JiolKeH aKcnepHMeHT 

C opToreJIHeM, IIOMemeHHHM B 8JI8KTplltJ8CKOe IIOJie poM6lltJ8CKOH CliMM8tPIDi, 

TaK '1TO 8HeprnH B03M~eHH.fI eCTI, :z. 
·, 1-1:;,=G\S;+b&~+c:.~;, 

T.e. ~ : 5 , r,n;e ~ '_; CIIliH. 

EcJIH c~ecTByroT c:itpHTHe rrapaMeTpH, To c rue noMo~IO ·,n;JIH JII06oii 

opHeHTa.Qllll cHcTeMH Koop.14HHaT · X ··~.·• y , :r MOlKHO npe,n;cKasaT1,, ·Ka-
, - ,' ' _.,,, <..- -.-. 

Koe ns Tpex opToroHaJII,HblX Hanpa.BJieHHH eCTI, HanpaBJieHlle n. ' , ,n;JIH Ko-
-z . ' ' ' ' ' ' " 

Toporo J n. = 0 ll Y .,_ = I,. r,n;e y~ ..: sHatJeHll.fl HCTHHHOCTH. KoxeH H 

IllneKep c,n;eJiaJIH npe,n;JioJKeHHe, tJTO MOlKHO roBOpllTI, o npe,n;cKasaHHOM 8Ha·" 

'18HllH ·JJ! (}) llJill Ytt ·( )) 6ea ynOMHHa~.fl O .n;Byx ,n;pyrruc neprrea,n;mty

JI.fl.PHblX Hanpa.BJieHllHX,. KOTOpble BMeCTe c tt. o6pasyroT :CHCTeMy opToro

HaJII,HblX B8KTOpOB • 

IlyCTI, T H Tr - ,n;Be TpHa.n;bl C 0.14HHaKOBblM 8,ll;liHlltJHHM BeKTOpOM tL , 
TaK tJTO T' noJiyqeHa :0:s T Bp~eHHeM Bori:pyr 1t· . IIpe,n;noJioJKHM; z ' 
tJTO .,h (J) ,B 8TOM ~JIYqae HMeeT O,ll;HO H TO JKe SHatJeHll~ H888.BHCHMO 

oT Toro, HBJIJieTcH JIH n. tJaCTI,IO T HJilI T' • 
KoxeH H IllneKep ~OKa8aJIH, tJTO 8TO npe,n;IIOJioieHlle Be,n;eT K npoTHBO-' 

petIHIO. CJie.n;oBaTeJII,HO, CKPblTble napaMeTpbl He:MoryT npe,n;cKaSaTI, onpe,n;e-
2.. '· ' ' ' :· ' ' 

JI8HH08 t O,ll;H08HatJHOe SHatJeHlle J n. , HO Jlllllll, ,D;JI.fl 8a,IJ;aHHOH TpHa,IJ;bl 
._ .- ' , 'Z "Z. z. ' e , '" t l'\. OHll MOryT CKa8aTI,

1
KaK08 HS J)e t, !:J..., , ~ .. 

pa.BHO HYJIIO• i ' 

IlpH ,ll;OKa8aTeJII,CTBe npOTHBOpetJH.fl KoxeH H IllneKep paccMOTpeJill II?> 
paSJilltJHblX HanpaBJieHlltt tL , HS KOTOP.YX HeKOTOplie 6wrn ne~~yJIHp: 

Hbl ,npyr ,n;pyry .{60Jiee rrpocToe ,n;oKasaTeJII,CTBO ClblJIO ,n;aHo B 20 ). . • 
IlpHMep KoxeHa-IllneKepa SiBJIJieTcs HJIJIIOcrrpau.i:ett cJie,n;cTBHH K Teope

Me rJllicoHa, o KoTopoM Mb! roBOPHJIH Bblllle. 
' ,; 

CKpb!Tble napaMeTpbl OKaSblB~~CH KOHTSKCTyaJII,HO 88.BHCHMblMH·- IIO-

HBJIHSTC.fl HSO,ll;HOSHatJHOCTI,, CBH8aHHaH C Bb160pOM 6asnca. 

B tJaCTHOCTH,HaH6oJiee npo6JieMaTHtJHott oKasHBaeTCH CHTYa.IUIB B CJIY7 
qae BblpOJK,n;SHHOro CIISKTpa, TaK KaK 3,ll;8CI, B03M03HO CTpOHTI, pasmrim:ue 

KOM6HH~H <J,iyH!anm, o6pasyH pasHHe 6a3HCH. CKOJII, yro,l.UlO CJia6oe CHHTllEl, 

BHPOjjf,!CeHH.fI ·· yiite IIpHB0.14HT K :imOopy OIIpe,n;eJieHHOro 6a8HCa H, TeM CaMblM, 

onpe,n;eJieHHoro sHatJeHHH cKpHToro · napaMeTpa. • • 
' ' 

4. TeopeMa BeJIJia o JIOKaJII,HHX cKpHTl:lX napaMeTpax 

IlPHBe.n;eM ,n;oKasaTeJII,CTBO HepaBeHCTB BeJIJia, Herrocpe,n;~TB8HHO ~c
IlOJII,SyIOJqee KOH.qen~ JIOKaJII,Hl:DC CKpblTHX napaMeTpOB, IlOKa8blBaIOmee, 
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'qTO Rl3aHTOByIO TeopHIO HSJII,Sff IIOHHMaTI, Ra.K TeopllIO pemITlIBliCTCKoro 

BepOHTHOC.THOro llPOll8CCal2. f t 22/ •. IlyCTI, B HSKOTopott TOtJKe I llSMep.fI

eTCH BeJIHtJHHa A~ , a B TOt:JKe II, oT,n;eJieHHott npocTpaHcTBeHHono,n;o6-

HHM HHTepBaJIOM OT I, - 'HSKOTOPM B g • 06e BSJill~llHbl MOryT IlPllHll

MaTI, SHatJeHll.fI ±I, HHASKCH <1. , €, 08HatJaIOT SaBHCHMOCTI, 8TillC BSJilltJllH 

OT HanpaBJieHHH. HanpID/lep t SCJill HSM81).fl0TC.fI ripoeKQHH CITHHa, Ha'IIeKOTO

PYIO OCI,, TO ct (HJIH b:) - 'asHMyTaJII,Hb!H yroJI~ .n:anee 'rrpe,i:trroJIODM, tJTO 

orrpe.zieJieHHHH peayJI1>TaT (+I) H3f-4epeHHJI A. ~ KpOMe HanpaBJieHIDI "a.", 
88.BHCHT OT 8HatJeHH.fl HSKOTOporo CKPHTOro rrapaMeTpa J\ , pesyJI:hTaT. 

H8MepeHH.fI B - COOTB8TCTB8HHO OT Harrpa:sJieHll.fI "& 11 H Toro lKe _;\ , JIO

KaJIHSOBaHHOro B fia - rrepecetJeHHH CBSTOBHX KOHYCOB rrpomJioro TOtJeK I 
H II. AOKaJII,HOCTI, CKPHTHX napaMeTpOB OSHatJaeT, tJTO A He· saBllCHT 

oT £:i , a 73> He sa.BHCHT OT ct:._ .• • IIoaTOMY JII06ue KoppeJI.f!Ulill MeJK,n;y A 
' ! !'''- ·. . •". ' . ' ".,;. 

1I :B MOrYT 6HTI, o6ycJIOBJI8HH TOJII,KO: 0611.\HM IIPOIIlJiblM t B1 KOTOPOM sa,n;a-
Hbl J • . ' ··\· , 

MaTeMaTHtJecKoe olKll,ll;aHHe ~poHaBe.n;eHHH AQ 11 B 6 saITHmeM KaK 

p ( Aq Bg) ~. \. dJ \ (})'A (q ~}-~ft,/)). 
r,n;e f()) .. · -· BepoHT_HocTHoe 'pa,crrp.e,n;~.n,eHHe nap~eTpoB B 5i?. .• ,· . 
A (Q, .A)/e, (fl, .n - ycpe,n;ff.81!~~-.,IIC?, B98¥()~lKHf:™ ,3HatJSHH.fIM CKPllTI:lX, rrapa

M8TPOB . rrp:0:6opoB {paccMaTpHBaIOTC.fI .·. KOHTeKCTyaJII,HO .· SaBHCHMble ·Teopmi: . 

CKpblTHX'napaMeTpoB!) BSJillt:JllH~. Ae1·· ,·s,, ,,TaK t:JTO /Al~ I, jBJ~ I. r . .. ...... . . .. . . . . . , . . . . ' 
06osHa~ .. a. , 8' . - aJII,Tep_HaT~BHlle 1z 1i , t, IIOJIOlKSHll.fI rrpH6opoB, 

HSMep.fIIO!JlllX A , B • Tor,n;a. cJie,n;yH EeJIJIY. , , . . . . , . : 
" . ' ) .. ' . ' ., 

_ pr.,." B 6) ~ p (Aq -s~·:) = rv, (J) r.icq~~ B cg,~-. · . 
- A (Q 1 ,\)B(8\))]= JcA}{(}){A(a,j) .. j,.(;~'i\)[.i±A(C\~,~)~(€,fl)J}~ 

Sd_} f {;~) f A.(a, 1') :B ( B ~ J)J_i/'. * (~',,:1) BJ 8,~),JJ.· 

Ms IA\~ I, \B \ ~-- IcJie.n;yeT, tJTO 

IP (AqBe)- p ( A~ Bgr}I,.~. ~ dJ, I(,\) (1 ±· ~ (~'7 A).B ( e;~)]+ 
, ... 'j - ' 

+ ~cl) ({~)[J ='= ti {q',") 'B'·(~ ~)] J 
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HJIH / P ( AQ -e,
6
)- p (,4q, ,B

8
,) / ~ ~ + P { Aa, "B8,)-t P (AQ, Bg), 

JP (AQ Bg)- P (AQBc,)l+JP(Aa,Bf,',)-t-P(ACl,BG)/ ... <2 . 

. 5. OnTHqecKHe 8KCnepHMeHThl no npoBepKe Hepa.BeHCTB EeJIJia ,· 
Tenep:& nepell,IteM K OITHcamno OITTHqecKHX 8IIP (8HH111Te:i1:HB.-Ilo,noJI1,CKO

ro-PoseHa) - sKcnepHMeHTOB. CxeMa onTHqecKoro aKcriepm.rnHTa cJie,nyro-
IUM (pHC , 3 ) .. . . 

Jll1ff1,a : :iuHJ(t•' 

~t/11t?lMC'j; ~0;---[!;}~ tlk1na'1J1vf \ 

t?c117 (;///ill J: 
'f}C/TJvl"f"Of! . 

. ·,. . _P.0.c.3 

MMeeTCR MCToqHHK HH~,~9~,Y're~iqec~x -~~ToHo~· (aTOMhl K~:&UHRt?{
2
~ 

pTyTH-198/ 25 /,, PTYTH-202 · 27 · · ; · PTYTH-200/ 2 6 I), pOJ!Ola.IOl!UiXCR, B Rae.:.. 

Ka,nHOM '!Iepexo.ne B aTOMe'. B ''oj:ui:o\v(,nepexo.i:fo JJ = o~ g = I+ !J = 0 .• 
po'1i,Il;a'efo:i:r qJOTOHHaSI napa B :'ciocTORHHH C. BOJIHOBO:!-f qiymci:r,re:ii. OIIHCHilaIO
meiii cynepII03HlJ;mo COCTORHHit Q'. ITOJIHlilM yrJIOBHM . MOMeHTOM 'cJ . ~ ! • 'i.I10TO- .. 
HhI JI'eTRT B npoTHBonoJioJKHHe .cTopoHH · 11 •. npoxo,IJ;RT t1epes aHaJIH3aT;ophl I · 
H 2. EcJIH qioTOH noJIRpH30BaH · no ocn aHrumsa'i'opa, TO aHaJIHaaTop np62..' · 
nycKaeT STOTqJOTOH; ecJIH• ero.IIOJifll)H3aUHR nepneH,IJ;HKyJifll)Ha OCH, TOqJO
TOH He,,npoxo,n:HT. q~pes ner~. Ha6JIIO.IiaeMMi AC\. HMeeT BeJIHqHHy +I, ecJIH 
qioTOH npoxo,miT ,·~epes aHaJIH3aTop ·· A,4..,\ , ·H ·~I~ ecJIH OH He npoxo,n:H'T;: 

1!> B amtrrornqHo. CBSI3aHa C aHaJIH3aTopoM A2. • Tor.na KBaHTOBOMexaHH-
,. ' :, ,, ,: ' , ,1 ' 1 ~ ' ' '. \ . ' 

qecKHtt pacqeT ,naeT ,n:JIR cpe,n:Hero suat1eHHR: · ,. 
,· · . · . A A 

P (AaB!.)= <,JJ/,4~~r, /'¥) = ~2.oe: ,' 

r.n;e ../ = C\ - ~ ·_ yroJI MeJK.UY OIITHqecRHMH aHaJIH3aTopBMH A"- H ~2 • 

IlocJie IIPOX0'1i,Il;eHHR aHaJIH3aTOPOB qJOTOHhl.JIOBRTCR ,neTeKTOPaMH qJOTOHOB. 
8KcnepHMeHTaJI:&HO H3MepReTcR cKopocT:& coBna.n;eHHtt, Kor.na o6a qioToHa 
np'oxo,JJ;RT t1epe3 a001IHsaTOPH,, o6a He npoxo,n:SIT, O,n:HH IIPOXO,IUl:T, a ,IU)yrOil 

HeT. Hepa:aeHCTBO Ee.iiJia · 3aITHCl:lBaeTc.R: B qiopMe 

; /P(A~:i!,
6
)- P(AqBc.)/tl,P{AJ.B6 )+P(AJE>c) I ~2.. 

BH6paB yrJihl 2 Cl= OO, 2 g = !350, 2 C = .450, 2 d = 9QO, ,IJ;JIR C~ 2o( 

IlOJIYtj'HM JI6ByID tJaCT:& paBHOfi 2 ../2, tl'TO OtJeBli,IJ;HO npoTHBOpeqHT Hepa:aeH
CTBaM EeJIJia. B HacToRIUee BpeMR nocTaBJieHo 6 OIITHtJecRHX aKcnepHMeHTOB 
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(Ka.Jmcpo,P.HliHCKHH YHHBepcHTeT,. 1972 r/ 2 21; Te~cc~tt YHHBepCHTeT, 
!976 r/2.S- /; rapBa.p,ncKHft YHHB0,PCHTeT 1 !973 r • . 24 / 11:HCTli~ Teope- · 
THqecKOH H II.PHRJISJ];HOtt OIITHKH Opca, !98! H !982. rr. 26 • ) • 118 mnc 
II.R:TI, IIO,IJ;TBep,n:HJIH KBaHTOByIO MexaHHRy, O,n:HH IlO,IJ;TBep,IJ;HJI HepaBeHCTBa EeJI
Jia (I'apBap,n). 0TMeTHM, O,IJ;HaKo,· tl'TO H6PaB6HCTBa E6JIJia B HeROTOphIX CJIY
qa.fIX (Ror,na HMeeTCR npoHsBe,neHHe o,n:HoqacTHtl'HhIX.BOJIHOBHX g)yHKUHii) MO~ 
ryT-BhIIIOJIIDIT:&CR H B KBaHTOBOil MexaHHRe (cM. B a~ott CB.R:3H IIOIIhITKy 
o6McHeHH.R:'pesyJI:&TaToB .n;Byx sKcnepHMeHTOB·c OIITHqecKHMH qioToHaMII 
ll "f -RBaHTaMH. COBMeCTHhIX C HepaBeHCTBaMH EeJIJia, ll3,KBaHTOBOH Mexa
HHKH B/2 g ,301, HO HX Hapyuieirae BCer,na· 03HaqaeT HeB03MOJKHOCT:& JIO-

KaJI:&HllX CKPhITHX napaMeTpoB. (KJiacclitJecKott KapTHHhl). , 
KpoMe oriTHtJecKHX siwnepHMeHTOB, cTa:imJIHc:& OIIhIThl c j" :-KBaHTaMH. · 

8TH OIIhITH BO MHoroM aHaJiornqmi OIIhITY By, lllaKHo:i:iaf :S.i / no onpe.n;eJieHHIO 
qeTHOCTH 1103HTPOHli.R:·. Ilapa. RBaHTOB po'1i,Il;a~TC.R: npH aHHHI'HJIRUHH 8JieKT.PO
Ha li Il03llTPOHa B COCTORHHH C HyJI6BhIM IlOJIHlilM MOMeHTOM.IIPH pacna.n;e 
Ha -'{ -KBaHThl aTOMa' ITOBHT.PO~- 3aTeM -g"" -:-KBaHT.hl IIPOXO,IJ;RT qepes aHa
JIH3aTOpH (HX poJI:& BWIOJIH!IeT· KOMIITOHOBCK06 pacceSIHHe) li JIOBRTCH ,cqeT
qHKaMH. 'IIpliffUHIDIBJII,HM' 'cxeMa OCTaeTC.R: TOH Jlte, qTOll B OIIHCaHHOM BI:lllle ' 

cJIYtj'ae OIITHtJecm qioTOHOB. B.oIITHqecKHX sRcnepHMeHTax HMeeTc.R: npe
lfMYlll6CTBO B a007IH3aTopax, IIJIO:xm.m Jlte SIBJI.RJOTCH cqeTqHRH qJOTOHOB; 
B OIIhITax C 'i°: ~KBaHTaMli cqeTqliRH JIYtj'IIJe, HO xyxe aHaJIH3aTOphl. 
C '[ -KBaHTaMH ~()(}Ta.BJieHO 6 Oil.hITO,. (~epCHTeT KaTamm, !974 r/321, 
KOJIYM6H,.C~ yHHBepCHT6T, !975 r. 5 3 ; JloH,IJ;OHCKlili ymmepCHTeT, 
1976 r. 34 ; MHcTHTyT qili;HKH ymrnepCHTeTa,EoJIO~.R:, 1977. r/ 3 5 /, 

I98I r/361; ~peMyprcimii yHHBepCHTeT, 1979 r. 3 +1). IlepB.1:m OIIhIT 
He II.POTHBOpeqnT H6PaB6HC'IBaMEeJIJia, HO BO BCex OCTaJll,HhIX 6hIJIO 06Hapy
JlteHO liX HapymeHHe. PaCCTORHl'Ie MeJJ!JlY qJOTOHaMH BO BTOPOM OIIhIT6 6WIO 

25 CMo Ta.KHM o6pasoM, KOppeJIRqHH HamrTC.R: ,ne:iJ:CTBHTeJI:&HO,Ha MaKpO
pacCTORHHRXo lllpe,n:HHI'6p B CBOe BpeM.R: :3B BhICKa3hIBaJI rHITOT63Y O TOM, 
qTo KBaHTOBOM6XaID1t1eCKH6 Koppe.Jim.tIDt ,IJ;OJDKHhl ncqe3HyT:&, Kor.n;a paCCTOR
HHe MeJK.UY IlO~OU~TeMaMH CHCTeMhl, OIIHCbIBa6MOH BOJiijOBOtt WYHKUHefi, CTa
HOBHTCSI .lIBHO MaKPOCKOIIlitl'eCKHM (cM.TWOK/39 ' 4o1-,. 8KcnepHM6HT IIOKa3bl-

BaeT. qTo, 8Ta 'r:imoTe3a ~OJllKHa 6HTI, OTBeprJiyTa. 11TaK, (BMeCTe ·c He,na:a

HHM WPaHizy3CKHM OIIhITOM B Opca) O,n:HHH~aTh 8RCIIepHMeHTOB .lIBHO'IIpOTH
BOpeqaT H8paB8HCTBY · EeJIJia, ,JJ;Ba C HHMH COBMeCTHhl. 

Qi:uiaKo H3 9THX .n;Byx aKcnepHM~HTOB HeJI:&3.R: c,neJiaT:& saKJIIOqeHHe, qTo 
B KaK.0.X-TO CJIYq~ TeopHSI CKPHTHX napaMeTpOB B03MOlKHa. MMeIDTCR cepb-
68Hhl6 OCHOBaHHJi44 / cqHTaT:&. qTo II.PHqHHOH IIPOTHBopeqHSI .lIBHJiaC:& CHCTe
MaTHtleCKaSI OIIIH6Ka npH.npOB6,IJ;eHHH Oil.!:lTOB • .I{eJIO B TOM, qTo KBaHTOBM 
Me:xaIDIKa. npe~cKa8bIBaeT HaJiliqHe CliJibHOH KOppe.Jim.tIDt, KOTopyro MOJKHO He 
88M6THTh H3-Sa CliCTeMaTIIqecKOH OIIIH6KH. 06paTH06 JKe 06HapYJK6Hli8 CllJI:&-
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HOH KOppeJ!J'l:Wlli, corJiaCyI0~8HCH C 60JII,WOH TOqHOCTI>ID C KBaHTOBOH MeXaHll-

KOH, BCJie,Il;CTBHe CHCTeMaTHqecKofi OWH6KH - HeBepoaTHO. . . 

B HaCTos,mee BpeMH IIOCTaBJieH Ha.H6Mee qIIQTHH ai<crrepHMeH/
28 / 121 t 

TI08BOJIBIOUlliH IIO,Il;TBep.i:(HTI, KOppeJI.HWll(l Ha MaKPOCKOIIHqecKHX rrpocTpaHCTBeH

HOIIO,D;06HHX paccTOaHHHX •. 
B 3TOM , OilblTe. npe,u;JiaraeTCH. 3(!Xp8KTHBHO IIOBopaqIIBaTI, O~H amumsa-. ' . 

TOp OTHOCHT8JII>HO ~yroro. B OTnllqHe OT OCTr:HHX OilblTOB, B KOTOpI,!X 

attanHsa~oph!JKecTKO saKpeIIJieHH, :a oIIHTeh8 KaK 6H rrponcxo~T rroBopoT 

~HOro aHMH3aTopa oTHOCIITeJII>HO ~yroro CTOJII> 6HCTpo, qTo HHKaKOfi 

CHrHM He ycrreeT "npe,u;yrrp~Tbi, BTOpOfi aHa.JIH3aTop, qTo IIepB!lli IIOBep

HYT, rrpH IIPOXOJ!i,Il;8HHH !pOTOHOB' qepes o6a aIIa.Jrn3aTopa. CJI~C)BaTenhHO, 

npII STOM HCKnIDqaeTcJI BCHKMHMH;~,os~HOBeHIDI Koppe•fi sa c'tleT 

CHrHMa, ·. CBH8ill,3~ero, o6a :aHa.n1rna.Topa 2.i./ • He~6XO.In!MOCTI> IlOCTaH?BKH . 
TaKoro OllliTa BHTeKaeT II3 saMeqaHHa Eenna 2 J./ o TOM,· qTo B cJiyqae JKec..: 

TKO saKperrJieHHHX, aHanHsaTopoB M~ HIIMH B03MOJKHa CBR3I> sa c'tleT o6Me.:: 

Ha curttanaiw,i' co cKopocTbID,· Melibwen HIDI paBHofi cKopocTH cBeTa, Hapy~ 
·, , '. I " , ' "'\ I 

WaIDtnM HepaBeHCTBa Ewa·. l1CKJIIO"ll1TI> CBR3_I> MO;KHO, JIIDlll>'. . ecJlli oqem, 

tJ)elJJl?it/JJOp rJJtmtZI: mvp 

I __ ___,-, {:,:/{!/11{( 

'------------i~OIJJl{lgt'ft{jl( 1-----------

Puc~4 

6HOTPO·IlOBOpa'tilIBaTh attanH3aTOpH BO BpeMH IlOJieTa qaoTHU. B aKonepH-· 

MeHT/2 8 I aqxpeKT rroBopoTa ,u;ocTHraeTOH noBopoToM qioToHa, sa' oqeT aKy

CTIIKO-OTITIIqeoKoro B8aHMO,D;e_!iCTBHH <pOTOHa co OToaqe:11: yJII>TpasByKOBOH 

BOJIHOH B Bo.u;e. Jl,ml aToro (pHo. 4 ) , npe2K,D;e qeM nonaoTI> Ha 'am0msaTo

. PH, !pOTOHH I!pOXO,Il;HT qepe3 IlOBOpalIIIB8.IOlllee ycTpOHOTBO Cr OJieBa ~ .. 

C2 cnpaB"', r,u;e OHll B3aHMO,Il;9HOTByIOT O ymTpa3ByKOBOit BOJIHOH. IlpH 3TOM 

OBeT npoxo~T .'tlepea. c1(C2) 6es npeJioMJieHHa, eoJIH aMilnRT~a oToaqefi 

YnhTpa3ByKOBOH BMHH HYJISBM, li IlOJIHOOTI>ID IlpeJIOMJIRSTOfl Ha yroJi 2e1', 
r,u;e el!. - yroJI Eparra, ecna aMTIJIHT~a MaKOHMMI>Ha. EonH oBeT He npe- · 

JIOMJIHSTOH, OH nona,u;aeT Ha aHMH3aTop A1<A2), eoJIH npeJIOMJIReTCfl -
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Ha aHanHSaTop B1<B2)· Ilo,u;6IIp!lll COOTB8TOTByIOIIU™ o6pasoM 'tlaOTOTy_ymT

pa3ByKOBOit BOJIHH, ,u;o6HBaIDTCH•Toro, qT06H BpeMH npMeTa (!)OTOH~ p,c-, 

oTomma OT HCToqHHKa ,u;o rro:i3opaqIIBaIO~ero yoTpoitoTBa -t = l. Ir!. (11 28 ·. . 

BPeMR ~ - rropMita 40 HO) 6Hno 60JI1,rue BpeMeHH "rroBopoTa" ( B ' 2 8 I rro

pR,D;Ka IO HO). TeM 08.MHM 006HTHR IlPOXOJ!i,Il;eHHa !pOTOHaMll JieBoro li rrpaBoro 

a~saTOPOB OKa3bIBaIDTOH pas,u;eJieHHHMH IIPOOTpaHOTB8HHOIIO,Il;06HbIM HHTep

BMOM. Y?TPOHO~Ba Cr~ C2 OJieBa li orrpaBa OBHSaHH O reHepaTopaMH yJII>T

pa3ByKa, pa60TBlOll1lIMli Ha pa3HOH qaoTOTe, TaK qTo MOJKHO oqIITaTI,/ qTJ 

OHR pa6oTaIDT HeKoppenapoBaHHO · ~yr o ~yroM • PesyJII>TaTI,I OIIb!Ta 
2 8 

IIPOT~ope?T HepaBeHOTBaM EeJIJia li IIO,Il;TBep2K,D;aIDT KBaHTOByIO MeXaHHKy. 

OilHT 28 rrpe,D;OTB.BJLR:eT sHaqHTeJII,HHH IIHTepec KaK ,Il;8MOHOTPB.WIH Toro o6-
CTOST8JII,OTBa, qTo IlOOTyJiaT·pe,IQ,'KWIB BOJIHOBoro IIaKeTa, BBe.u;e.HHblit (!)OH 

HefiMaHOM/ 8 lB Hep.eJIRTIIBIIOTOKOfi KB8.HTOBOH MexaHHKe, BepeH H B peJIHTII

BIIOTOKOH 06JiaOTli (pIIO. 4 ) • 1ITO Henocpe,u;CTBeHHO li3Mep.fleT 3K'criepHMeH

TaTop B OIIH'l'ax o WOTciHa.rvk 1 IIO npo:sepKe HepaBeHOTB EeJIJia? 
Eona (f - yron' M0el!OU', OII.THqecKHMH 00.ilMH ( ;iByx, IIOJI.flPH3aTOIJOB t R {II) 

- OKOPOCTI, OOBna,u;emtil B IlOKaSaHHax oqeT'tlllKO:s° !p()TOHOB IlpH HaJIHqHH 060-

HX IIOJIBI)H3aTOPOB, 'R;1 ~ OKOpOCTI;' COBila,D;8lil:1l1,·1for,u;a y6paH BTOPOH IlOJIR

pH3aTop, R2 - Kor,u;a y6paH nepBHH, a BTOPOH OOTaBJieH, 'R - KOr,u;a y6-

paHH o6a IIOJIRPH3aTopa, TO aKonepHMeHTMI,HO H3Mep.fleTOR 

.4[R((!>)+R(t)+'R(..(-t-~)- R(c(+t)-R,-Rz] 

S~ R 

Eona BepHH HepaBeHOTBa EeJIJia (oM/43 , 441), 
TO AO:,HO 6HTI, -I ~ .Se,c.,. ~ O; aKorrep'0:MeHTB,JII,HO JKe' Hanrr··1ep B OilbI-
T9 l S.,"P = 0,05 ± 0,008, B om:rrr/27/ .Sex.p = 0,126 ± O,OI4, 
B OITHTef28 l:3<::,¢, = O,IOI ± 0,020. B OITHTax o {-KBaHT~ H3Mepa-
eToa BenR'tIHHa (cM/33 l) · · 

0 P:>)= {N/N.ss} 
R ct, fh:1./Nss}{n 2 /t.i~} ' 

r;o;e N :;.::, - qHoJio OJIYqaeB, Kor,u;~ i,p<)TOHH npeTepneb, .,T KOMIITOHOBCKoe 

pace emme, N - qlfoJIO OJiyqaeB, Kor,u;a o6a cpDTOHa KOMilTOHOBOKH pa.co e

RHH II o6a (l)OTOHa ,u;eTeKTIIPyIOTOR,. l'tj_.:. 'lllOJIO CJiytlaeB, Ror,u;a o6a !pOTOHa 

ROMilTOHOBOKll paooe1rnaIDTOH II -TOJII,KO (!)OTOH I ,u;eTeKTIIpyeTOR, h.2. -TO JKe 

'tIHcJio ,D;JIH. (l)OTOHOB 2~· · a. , b - asHMYTamHHe ,yrJIH, xapaKTepHsyroUUie 

KOt.ffiTOHOBCKHe aHMHBaTopH~ · 
KBaHTOBaH MexaHHKa ,u;aeT 

R (Q,B)= !-_M:1. f':12.P (A~Bf.)75 !L~ M,_M2 c~ 2 (Cl:-8), 
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-
r,n;e Mr, M2 - HeKOTOpHe HHCTPYMeHTaJIDHHe,qia.KTOPH KO~TOHOBCKHX aHa.JIH-

3aTOPOB. B JII06ofi.J1OKaJIDHoii TeopHH CKPHTHX rra~aMejPoB BMecTo M1M2 ,n;OJ1-

JKeH CTORTD HeKOTOpHH KOS~eHT B :!5 MrMi./2' :S,3 ' TaK KaK ,Il;JIR corJla

CM C HepaBeHCTBaMH BeJIJla BM8CTO c:.o52. (G\ - 6) ,Il;OJl)KHa CTOJIT1, BeJIH'IHHa 

~~ 2 (a- B) , r,n;e cf r/[2, B TeopHH BOMa-AapOHOBa/4o/ ... ·. 
B~ M1M2/2,C= I/2. 

6. oBOJIIO~ BO BpeMeHH KBaHTOBOH C~CTeMH co CKPHTHMH napaMeTpa

MH. Mo,n;eJID BoMa 

B CBRSH C TeopHeii CKPHTHX napaMe~pOB PJmOM aBTOPOB Ha IIPOTSDKeHHH . . 

MHOI'HX · JleT pa3BHB?J!aCJ, leor CKPHTHX rrapa.Me'.l'pOB, ITO aHaJIOI'HH C :rn,n;
po,IJ;HHaMHtJeCKOil Teopneii '4 : • CornacH9 H,Ite.fIM STHX pa6oT CYllleCTBYJOT 

TpaeKTOp:im MHKPOtJaCTHq, ,Il;BH)KeHHe. tJaCTHq OIIHCHBaeTCR KJIB.CCH'leCKOii Teo

pneii, BOJIHOBM . .llie <I>YffKI.lWI "ynpaBMeT" aTHM ,IJ;BIDKeHHeM tJepea oco6Hil 

KBaHTOBHH IIOT8HQHaJI, SaBHC.RlllHH OT STOH~~ •. BoaHHKaeT KO.HQeIIUWI 
11BOJIHH-IIHJIOTa~• ~ BC)J!Ha YIIP.~eT ,IJ;BIDKeimeM ~~c'l'·~~Ui, ,YKa3HBM eii,Ky,n;a 

,Il;BHraTDCR. 

· BHa~~e · IlliJIIeTcJI o6HtJHoe ypaBHeHHe W_pe);lHHr.epa
1 

- -t- d,Jf i/: -z.,,r y-.1,. "\, " ~ = - - ·v ~ + :c- -. 
at Zt11 · (4.I3) 

MmeTCR pemeHHe B BH,IJ;e 

t= R e 1,s/i; 
(4.I4) 

2-

~5 + (v ~) + y + ~ = 0 
"""o1: 2111 · ' 

Tor,n;a 

(4.I5) 
-i'Z 2 

r,n;e ~=-ff;, ~R - KBaHTOBHH IIOTe~9:1. OtJeBH,IJ;HO, tJTO JR= /!Jr/ • 
lvm cpymcrum I = R 

2 
, Tor,n;~ noJIYtJaeTCR 

::; + .v <(:?:~) = 0. , (4.I6) '· 

tJTO·COOTBeTCTByeT Yl)aBHeHHIO ,IU3IDKeff!:UI JKH,Il;KOCTH IIJIOTHOCTH f co OKO-

POCTDIO v5/m B Kal!{,Il;Oii TOtJKe.;'KaaHTOBHil' IIOT8.HQHaJI ~ ycTpoeH .TaK, 

tJTo OH.SaBHCHT OT cpopMH BOJIHOBoii <I>YlIItUHH H He MeHReTOR II.PH YMHOJKeHHH 

]F Ha npOHSBOJIDHYJI) IIOCTORHHYJI). oTOMY o6_CTOJITeJIDCTBy npH,IJ;aeTOR 

BaJKHOe SHatJemre, B tJaOTHOCTH roBopHTOR, tJTO KBaHTOBHii IIOTe.HQHaJI orm

CHBaeTCR _KBR 
11
HHcpopMar~m"' OO,Il;ePJK8mMOR B BOJIH_OBOH, qiymuu,m,Ha~anJl.filO

mM .n;BmtteHHe "tJaCTHqH (:rnepnm). Ilo,n;o6Hoe 11ynpaBJ1eHHe 11 MOJKHO opaBHHTD 
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c TeM,KaK MeHReTOR ,Il;BID!teHHe B:BTOMO6HJIR IIO,II; ,n;eiiOTBHeM 3eJleHoro HJIH 

KpacHoro CHrHaJia CBeTocpopa. CaMo q>H3HtJeCKOe BOS~eiiCTBHe, CHrHaJia OtJeHD 

Ma.JIO, HO HHq>OpMa.QHR, co,n;epJKalllMCR B HeM,IIPHBO,Il;HT,K H3MeHeHHIO ,IJ;BIDKeHHR 

aBTOMo6HJIJl. --

CKpHTHM rrapaMeTpOM } JmlIR8TOR peaJIDHOe IIOJIOJKeHHe tJaCTHqH, 

TaK tJTO CKOpOCTD tJaCTHqli 

~ = .1~ c r ,-t) , 
c1t · f CT;t) (4.I7) 

r,n;e J.., (r:t) = t Im 111*(r,-r.) ~r ~(r, r) 

- TOK BepORTHOOTH. 

Ilpe,n;noJ1araeTCR, tJTO KBaHTOBOMexaHHtJeOKOe COCTORHH·e ?I! . COOTBeT-

cTByeT aHC_aM6JIIO COCTORHHH ( r, -Y,) . , B KOTOpHX } BCTpeqaeTOR 

C IIJIOTHOCTDIO BepORTHOCTH f ( r, -r) , • BoBKoe HaMepeHHe eon, corJlaCHO 

H3JlaraeMoii MO,IJ;eJIH,HSMepeHHe KOOP,IJ;HHaTH. 

OTJIHtJHe OT KBaHTOBOH MexaHHKH COCTOHT B BH'lH~JleHHH ope,n;HHX SHa~ 

tJeHHii. HarrpHMep, ope,IJ;Hee aHatJeHHe KBB,IWaTa HMIIyJ!Dca: 

<pa~~=,tr~~~tc13,x 7, (4.IS) 

HO corJiaOHO KBaHTOBOii M0XaHHK9 3TO cpe,Il;Hee BH'lliICJIRSTCR HHatJe: 

.. ,, .,':• i;2 f *-;~, ,:s C . ,z 3 ta 2d3_' . 
(p:z>i ~ - j r V I a )( = j r (vs) d x+ ,S{vR) )(.' (4.I9) 

. ' 
~ ''" • : t.' : ' 1 

TaKHM o6pasoM,npe,n;cKasaHHR TBKOM TeopliIH CKPHTblX napaMeTpoB. 

He o_oBna.n;aIOT o xopomo rrpoBepeHHHMH ,sKonepHMeHTaJIDHHMH rrpe.n;oKasaHruIMH 
:. . ' ' , ,, ;;; ' i ' " '. '. . .. ' . ,, •~/ ' • . . 

KBaHTOBOM MeXaHHKH. Ju)yrHM He,IJ;OCTaTKOM.TaKOM TeOpliIH JIBJ!ReTCR BbUl;eJle-
',' ·, / ' ' ' ,, C • ' c ' ·' '. • ' • •. ~ • : " 

HHe o,n;Horo 6aanoa ~,Koop,IJ;HHaTHoro 6aanoa,,B KBaHTOBoii ,ire MexaHHKe 

BOSMOlKHO, BH'lHOJieHHe ,Wm paSJIH'tJHHX 6a3HOOB B rHJID6epTOBOM IIPOOTpaHCT-, 
r, .,•,'; •., , 1 • . , , J, I .• ' ·' 

Be. 

TeM He MeHee o6oy,n;HM p.gn;, 'oco6eHHOCTeii li1SJiaraeMOM TeOpliIH •. 
J ,,• ,.I•,. C ' • ' ,• ', ' ",_.-' • ,,. • • 

:& •.. BOJIHOBaR qiy~, onpe.n;eJIJlJOlllM BepoHTHOCTD aHa"tJeHHH Koop,IJ;H-

aaT Mmtpo-qacTHil, SaBHCHT OT MaKpoo6oTaHOBKH H,Ka.KHB, Korre~areHOKoii 

HHTepnpeTru~m1,xapaitirepH8y'eT rrpnroT'OBJI.RJOllUiit H HSM~p~ii/rrpmfopb!. '' 

B 'laOTHOCTH,'oaMa BepOJITHOOTD rrpe,n;rroJ1arae;CR o<5yCJIOBJieHH~ii Heonpe,n;e

JieHHooT.RMH, BOSHHKaIOlllHMliI sa oqeT.; BsaHMo.n;encTBHR tJacTnq c MaKpoTeJ1OM. 

IIoaT.oMy B~JIHO~M ~y~ , saB~OHT 'oT , Te!)MO,IJ;HH~~ec~dre> cooToRHHJI 

Ma!tpOTeJ!a.' CYllleCTByeT HSKOTopoe' Bpewi: peJlaKCB.QHH~ .' aa KOTOpoe' aHeaM6JID 

liaCTHq OT.ll8pBOHa~HOJ:'O.X80Tliili8CKOro p~OIIp8,Il;8JI8H.WI. II8p8XO)UIT K pac-, 

llpe.n;eJreHHIO, OIIHOHBaeMOMY BOJIHOBOfi qiymtUHeii •. BHJ1a rrpe,n;npHHRTa aKorrepH-
, / r ' • , : • ~) -' • ·~ • ·, • • , 
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MeHTaJl:&HWI IIOIIhlTKa o6Hapyu:T:& TaKoe BpeMJI pe.naKcaqiml4i I.• Pesym,TaT 
sKcnepHMeHTa oTpllllaTem,rurtt. 

2. B CJIY'Iae CHCTeM .I{Byx tJaCTllll KBaHTOBHil noTe!mliaJI aeJIOKMeH: 
JieiiCTBHT6JI!,HO, HS Y.PaBHeHWI IIIP6Al!lil'epa 

, t ~ V[ · t'2 

( 2 . 2. VJ -ilr 
l ~ = -~ V~ + Vz ) + ~ (4. 20) 

i.S/-t; 
MH -yr= R e cJie.I{yeT 

z. 2 

~s +(¼.SI+ Cv.e s) + v ~ & = 0 , (4.21) 
<"v-r 211t 2tn 

r.Ite -1-2 . (,.,.2 z , 6l = __ 11 •• v:1. + ~ ) R .: 
· · 2tn ~ .,, (4';22) 

~ + ohv .( p ~ .S )+ diVz (p V2 ~) :co 
'&t ..:1 I m rn · 

·.;' '· , . 
(4.23) 

g>yHK!lWI R eCT:& WYHK!lWI KOOP~HaT ;u3yx tJacuri R ( rr, ~ -t) 
I tJTO IIPHBO~T K TOMy, tJTO IIOT6ImliaJI R HeJIOKaJleJ{. 

EcJIH 4JYHKltlIB' R ( ~ 1 li,-t} He HMeeT B~a IIIJOHSB6.I{8HWI. BOJIHOBHX 
WYHKWIH R, ((,t)R2 (ift) , TO "n:e.noe'' onp~eJllleT noBe.Iteime "tJacTeii" 
HJIH,KaK rOBOPHT 06 SToM·EoM, tJaCTH Be~ ce6H cnellliaJI:&HWII o6pasoM: 
11

COBepmrui: H6KOTOpwt corJiaCoBaHHwt 6aJleTHHtt TaHen;", tJT06I:l HMeJIO MeCTO 
n;eJioe. ·· 

' ' ., ' . : ' ,,, 
3. BOSMOJKHO HBJieime "nycTOHBQJIIIl,1 11

• YpaBHeime Illpe,JtHHrepa OIIHCI:l-
BaeT HsMeHeime ~ ·- WYHKilHH, qacTHqI:,t ):03IDKYTCR no KJiaCclftJecKID.'I Tpa...: . 
eKTOpH.RM. tJTo OIIHCI:lBaeT B 9TOi1 cxeMe '9! - ®'BK!Ui.ff? 0HaHe nepeHOCHT . 
3Heprmo (sHeprino riepeHOCJIT tJaCTHqI:,t)~ ·Ho OHa. nepeHOCHT,Hi$>PMawm. ,· 

IlOSTOMy npeMaraJICH 8KCIIepHMeHT, KOr,I{a Hapsmy C tJaCTH.IleH, KOTO
pott YIIPaBJIHeT ~ . - WYHK!lWI, 1:i' ~yrOM Mee Te, B KOTOpOM tp TOJK~ , OT- . 
JIHtJHa OT HyJIH; IIpeMaraeici YBHAeT:& 'HSMeHeime · B8l)OHTHOCTH npon;ecca 
nepexo'a HeKoTopoil ~yrott qac_THilli H~ ~os6~eHHo~.o cocTOHHWI B. oc.:.. .. 
HOBHOe 

46 I., IIocTaBJieHHwt aKcnepHMeHT, · QitHaKo, .ItaJI OTPlllla,~em,rurti 
pesyJri;TaT~ 

· · 4. B OTJIHtJHe OT KJiaCCHtJeCKOH q>HSHKJ:I~ r.I{e .I{BIDlteime CHCTeMI:l MHO
I'HX tJacTHq MOJKHo npe.z(cTaBHT:& KaK .I{BIDlteime 8THX'tJaCTllll B npocTpaHCTBe 
Tpex HSMepeHHtt, · B KBaHTOBOii MexaHHKe ,· BOJIHOBM WYHK!lHH. 8BOJJDqHOimpyeT 
B KOHq>lirypaqHOHHOM'npocTpa.HcTBe. 11MeeTCH Bomra. B MHoroMepHOM (mUipH
Mep 6 - MepHoM .I{JIH .I{Byx tJaCTH.Il) IIPOCTPaHCTBe,H 8Ty BOJ!Hy HeJII,SH 
npe,I{CTaBHT:& KaK BOJIHy B TpeXMepHOM IIPOCTpaHCTBe. 
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§ 5. O HeBoSMOJKHOCTH aHcaM6JreBoii HHTepnpeTallHH BOJIHoBoii q>YHKilHH 

B HaCTOJil!l6M napa.rpaq>e MI:l pacCMOTPHM aJl:&TepHaTHBY KOIIeHrareH-
CKOH HHTepnpeTallHH, OTKaSI:lBalOmyIOCH OT np~CTaBJieHHH, T:ITO BOJIHOBBJI 
q>JHKqHH OIIHCI:lBaeT HH,WIBH.I{yaJI:&ffYIO KBaHTOByx>'CHCTeMy. CorJiaCHO 8TOH HH
TepnpeTaqHH, BOCXO,I{Jil!leil K SHHillTei!Hy, BOJIHOBWiqiyHI{WUI OIIHCI:lBaeT BCer
,I{a KOJIJieKTHB, aHCaM6JI:& tJaCTHD; •. JieiicTBHTeJII,HO, 8KCIIepHMeHT C ,KBaHTOBOH 

' ' . 
CHCTeMOii npe.I{IIOJiaraeT npHrOTOBJieHHe CHCTeMH - Ha6op MaKPOYCJIOBlrlli, IlPH 
KOTOpmi: noHBJIHeTCHSTa cHcTeMa, H HSM~peHHe, cocTOJil!lee B TOM, tJTo MHO
ro pas y ciicTeMH H3MepHeTc.i3:. o.I{Ha H Ta ]Ke xapaKTepHCTHKa.. IlpH aT.OM, 
np~cKaSI:lBaeTCH tJaCTOTa Oilpe.n;eJieHHoro peaym,TaTa. tJaCTOTa 3Ta,o~eBim
HO, xapaKTepHayeT MHO]lteC;BO 'qac·T~ - Hanp,wjep' IIPH H3MepeHHH KOcip,IUIHa-

J : ; ~. ~ ; ,,,_: ,J ,'; '\< ,; 'i 1 : ; / J ,,'" 's .:~ ' .. ':·•, I ,, ' 

TI:l B O,I{HH TOT:IKH IIOIIa,I{aeT 6oJI:&me tJaCTllll, B ~yrHe ~eH:&me. 
EcJIH BOJIHOBWI WYHK!lWI.ecT:& xapaKTepHCTHKa aHca.M6JIH H oIIHcblBaeT 

., : • ' j' •• •. '· ✓ < .: •• , J '. • -' •• •' ;\ ': ,' •• ' ·! ;, ' t. . . '" ; , ' 

JIHill:& MaKpoycJIOBHH,06UtHe MS! Bcex 3JI8MeHTOB,aHcaM6JIH, TO tJeM .lKe OIIHCH-
BalOT~H OT,I{em.mle; ah~N!8HT1{ aHCaM6JIJI? ~o, I3C~()f,1 c~ae, He . BOJifi()B()H 'WYH
Klllieii. TeM caMHM KBaHToBM TeopH.II HenoJiiia. B.qacTHocTH,BOSMO.lKHH cKpH
Tae napaMeTpa, xapaKTepHSyIOIJ1lie OT.I{eJI:&Hyx> tJaCTllllY • IlpH sToM, o,rimuwJ ·a TH 
cKpHTI:le napaMeTpH He o6HaaTeJI:&Ho nosBOJUIT'BepHyT:&CH K:.n;eTepMHHHCTCKoii 
CXeMe KJiaCCHtJeCKOll TeopHH. 'BaJKHO JIHill:&' tlTO ecT:& "6oJiee rJiy6oKoe'.' OIIH-

• J .,,,,' •• , ·1 ,., . . 

CaHHe KBaHTOBHX OC>'.beKTOB' lJeM·· BOJIHOBaH qiyHKQIDI; ' ' ' 
BospruitruI npofHB aToil TotiKH speHH~;: iA~q)mt yK~sHBai/4!/ l, tJTO · · 

TaK KaK B 3KCnepHMeHTax, c )waHTOBw/ aHCWJ6JieM tJaCTHD;H, BI~JleTQe 
1:1s np1:1ro·TaBJIH:riruomero ycTpoiicT:sa, JieTHT o.I{Ha sa .JU)yroii, He BSaHMO.Iteii-

• , ' ", '' ~ , ' , ' • ' ' ' ; - ' , ·, ' , ' ' l_ ' ' 

CTByH ~yr C ~yroM, TO MS!,. TaKoro aHCaM6JIH HeB3aHMO.I{ettcTBYl()lllHX t:1ad-
Tllll B O~HaKOBI:lX ycJIOBllfIX ·HeT HHt:1ero, tJTO 6a OTJIHtJaJIO; omrcaime 'o.I{HOfi 
tJaCTHD;I:l OT OIIHCaHWI,aHCaM6JIH. 

,Iulyroe BOSpruitemie ,COCTOHT B TOM, tJTO B KBaHTOBott'MexaHHKe npe.n;
CTaBJieime O TOM, tJTO BOJIHOBWI q>YHKQIDI OIIHCI:lBaeT, OT,!{·8,Jll,Hyx> CHCTetzy ~ 
OKasI:lBaeTCfl OtJeH:& IIJIO,I{OTB~pHI:lM. HanpHMep, mo6ae ~p_e.I{CKasaHWI CBOliCTB 
'CJaCTllll, HCXOM HS HaJIHtJHH HeKOTOpoii BffYTpeHHeii'ciiMMeTpHH, HaIIpHMep, 
rpyrum sv (3), OCHOBaHI:l Ha npe.n;cTaBJl8HHI1, tlTO KWK,D;aJI TaKSH '!aCTHD;a 
onHcI:lBaeTc.H BOJIHOBOH qiym~eit. IIproaepoM JIBJIBSTCJ:I npe~cKaaaHHe cBo:i1cTB 
5'2- - '!aCTHD;I:l. ·• . , , . . . 

B HaCTOJil!leM naparpaq>e MI:l no.I{Po6Ho paccMoTpHM 'e:eBOSMO.lKHOCT:& aH-' 
CaM6JleBOH HHTepnpeTallHH, B KOTOpoii OTpHqaeTCfl pe,JzyKD;WI BOJIHOBOro na
KeTa H CtJHTaeTCfl, tJTO qacTHD;a "o6Jia.I{aeT" O,ll;HOBpeMeHHO xapaKTepHCTH
RaMH, OIIHCI:lBaer.rnMH B annapaTe KBaHTOBOii MexaHHKH HeKOIVJMYTHP~ 
onepaTOpaMH. IlpH HSMepeHHH,corJiaCHO 8TOii HHT~pnpeTallHH,HS aHCa.M6JIH 
tJacTH~, o6Jia,n;ruomruc 8TllMH xapaKTepHCTHKaMH, OT6HpaeTCH IIO,I{aHCaM6JI:&, 
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r· 
B KOTOPOM 8KOnepHMeHTaTOP Ha6JIIO,IJ;aeT KaKyIO-TO H8 HIDC. 

l1TaK, nycTI> \IV> .onpe,IJ;eJmeT CTaTHCTHtJeCKHii: aHcaM6JII> O,Wl:HaKOBO 
npnroTOBJieHHliX CHCTeM,KalK,ll;8JI H8 KOTOPWC O,Il;HOBpeMeHHO HMeeT TOtJHhle 
8HatJeHHR ,IJ;JIR BCeX_,Wl:HaMHtJeCKHX nepeMeHHHX. 3HatJeHHR 8TllX nepeMeHHHX 
pacnpe,IJ;eJieHh! MeJK,Izy 8JieMeHTaMli aHcaM6JIR TaK. 

0

tJTO BepORTHOCTI, CJIYtJaii:- ' 
Haro o6HapYJKeHHR ·A= a.,_ ,If,7IR HeKoToporo aJieMeHTa onpe,IJ;eJmeTc.ii npa-
BHJIOM KBaHTOBOii: MexaffiIIlli, ' 

2. 
w l = I < u. i \ 't'·> I ) 

,\ 
A l,li =C\,U; • 

EcJIH HSMe,IimoTCR ~e · .IJ;OilOJIHHTeJiI>Hlie BeJIHtJHHhl A , B · , TO ,If,7IR 

.wi:cnepmm A I+ , AB , mi 8.HCaM6Jie IlOJIY1IaTC.iI° COOTHOmeHM Heonpe,IJ;eJieH-
HOCTeii: refiseH6epra. · 

. 3.IJ;eCI> MH pacCMOTJ)HM npHMep,' Il0,IJ;p06HO HSYtJ~HHh!H i-4.9/, Ha KOTO:.;. 
poM Jie'rno Bli,IJ;STI>, ,IJ;Jm Ka.IOO{ C,1IYtJaeB aHca.M6JieB~ HHTepnpeTauIDI B08-

', k . . : I,.;' •· ,_• "}( 1 ~' • 

MOlKHa, a ,If,7IR KaKHX __ HeT • 
Co6cTBeHHO, -~e B_ § 3 MH npHBO.IJ;HJm

1
Hepa.BeHCTBa EeJIJia - JP8cna

HI>R ,If,7IR Tpei BeJll'ItJHH''.,A , 'B , C •• IIPHimMa.IOIUIDC 'aira.tJeHM ±r, onepa

TOPH' KO.T
0

0pHX He K.?~fHPyIOT MeJK,Izy co'69ii B
1

' CJIYtJa~, edm 8TH BeJIHtJHHhl 
"c~eCTByIOT11 O,IJ;HOBpeMeHHo: 

·''· , . . ... ·. . ,~ -t-

. ti ( At-e,-),~ tJ ( :e,-c..+)+ tvJ-A c.-) • ·- ;· , ' 

HapymeH!fe 8TH~ Hep~eHCTB B K~aHTOBOfi Mexa.HHKe, r.IJ;e eCTI, pe.IJ;yK~ 
~ BOJIHOBoro naKeTa, H SKcinepHMei!TaJII>H0~:06HapyJKeHHe 8ToroHapyme.:. 
HM co6cTBeHHO H wmbioa onpoBepJK~HHeM ''iurcaM6JieBO~ HHTepIIJ)~Ta.I.Olli 11

• 

QI(HaKO paccM0°TpllM • no.iu>o6H~e Ira
0 

npocieiimeM npHMepe ?aHTOBOH . 
Mexam B .IJ;BYM~PHOl'l BemecTBeHHOM BeKTOP

0

HOM. npbcTpaHCTBe '4B / Tlilla 
CHCTeMhl co CIDIHOM ,, 1/2 \ tJTO KOHKpeTHO sa.rrpe~aeT aHca.M6JieByIO HHTep.! 

, , , , ,J , " , , ' r_; :, - ' , ,' -~, , 

· npeTa.qmo. 
, .. CHatJaJia npe,IJ;IlOJIO,iru:M, tJTO y cncTeMH B cociTommn Y! · HSMepmoTcir 
', :,. ~-. ' i,, j .• '. :., , , , .. • , , •• A . ,'\ 

TOJf&Ko ,IJ;Be BeJIHtJHHhl A , B · ; onep'aTopu KOTopux A H B He KOMMYTH-
.; ' ~ ·,.: .l' '. . , .. . . ; i '. 1·' . ; . ' 

pyIOT. Co6CTBeHHhle cpymru;nu 8TllX onepaTopoB COOTBeTCTByIOT .IJ;BYM opToro-
HaJII,0HhlM BeKTOPaM Ha IlJIOCKOCTH' ' .· ' ' ' . : ,, ' ' 

/.I ' ',, . '' ' " 

A la.i> = Q, _1a;::i. 

e·1ei> = 8i.1Ci,> ·• 
(5.I) • .. 

MeJK,Izy BeKTOPaMH q-t , B,.. HMeeTcR yroJI IP= eq - e8 {CM.pnc.5), 

' _ _,,/ 
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It) 'r ": ,i.> 
~ 

/Q+> 

Pu<!.5 

r.IJ;e , 0 Q. - yroJi., o6pasoBaHHHfi Hailpa.BJieHHeM BeKTOpa I _'I') c BeKTO
POM I ct+>, e, "'."' yrOJI MeJK,IQT 1'1-') n 16'-+> • ,Il;aJiee npe,IJ;IloJioDM, 
tJTO O < ¢> <"3'1/z, 0!:0 ~,t, TaK KaK IlPOTHBOilOJIOlKHhle HanpaBJieHHR OTJIH
tJaIOTCR qia.KTOPOM (-I) nepe~ BeKTOPOM, ~TOH~ BJIHReT Ha ero a6COJIJOTffYIO 
BeJIHtJHHY • 

Ha11HmeM pas~oJKeHHR BeKTOPOB no pasJIHtJHhlM 6aSHCaM 

14'> =- case" I a-t-~ + sn, eQ I c::i-'> 

l'I'> = ~ e6' 1 8+> +sine€ 1 g_ > 

, I~+>= (~<P la+> + Sin <P (a_'> 

I~-> =-Si114'/8+'> -1-easl;IC-> 

/Cl.-,.> == ca5 ¢ / C+>- sin r/; I B- > 

I a_>= - sin tP I B+ "> + Ca5 ¢ It_> 

(5.2) 

(5.3) 

(5.4) 

(5.5) 

(5.6) 

(5. 7) 

Tor,IJ;a ,IJ;Jm BepoRTHOCTeH onpe,IJ;eJieHHoro pesyJII>TaTa npH,HSMepe
HHH ,4 , B IlOJIYtJaeM · 

P (A= a+)= eas~ ea. 

P ( ,4-:: a_)= :sin
2 ea. 

P~= €?+) = 

P (B= 8_) = 

cas z. ef 

s;.-,-z.eg 
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(5.8) 

(5.9) 

(5.IO) 

(5.II) 



EcJill nocJie H8Mepemm A H8MepHTI> B HJill Hao6opoT, TO Bepo-

HTHOCTH onpe.n;eJieHHOro pesyJII>TaTa B Ta.Roil: cepHH H8Mepe~, ecJill nep

BoHaqaJII,HO cHcTeMa 61,IJia B Y! , onpe.n;eJIBTca KaK 

2 '2 
P(A=a+,3aTeM °&""B_)==Ca:!. 0asil1 cf> (

5
.IZ) 

p (B = 8_) 2.aTeM A= .a+) = -si,i2-G>g Sil1
2 

<P (5.13) 

CornacHo aHcaM6JieBoil: HHTepnpeTa.q.m BeKTop I'¥) xapa.KTep:0:syeT 

aHCaM6JII> CliCTeM, KruB',IJ;M li8 KOTOPHX O6JI~aeT TOq.HID,7 8HaqeHHeM A 
( Q+ HJill Q_ ) li B, ( €+ lWi e_ ). BBe~eM =f A"B (Cl i) &, ) - .D;OJIIO 

O:0:cTeM B I'+') aHcaM6Jie, KruB',IJ;M H8 KoTopux HMeeT A= Qi B= BJ· • 
't,i= ± . 
()qeBH,Il;HO t 'qTO ' 

q,.s (ai, Bj) ~ o ( i,j =,.±) 

0,4e (a+, 6'+) +cf (a..,.., 6_) = P{A=a-i-) 

TOrM li8 (5.8) - (5.II) 

c-fAB (o.+ 6'+)-t- fAB (a.+€_)= P(A=cr+) = c~2eci. 

c=fA-s (a_ g+) +cf,.
8 

(a_&_)-==- P {A=a_)'= s11
2 ect. 

=fAa Ca+(;'+)+f,48 (ct_B+)= P(B=C+); cas
2

0,: 

~f> (a+ B-) + .f-As ( a_ 8-) = P( 13 = B_) = si'ne0e 

) ' , . 

(5~I4) 

(5.15) 

(5.16) 

(5.17) 

(5.18); 

(5.19) 

HeHsBecTHHMH 'R;BJIJilOTCH -qeTupe BeJIH"tJHHEl J Aa (Qi·, B j ) , o~~o 

TaK KaK Y.PaBHeHHe (5.19) noJiy-qaeTCH KaK CYMMa nepBHX ~yx MHHYC 

TpeTI>e, TO B .n;ettCTBHT8JII>HOCTli HMeIDTCH JilfilII, TPH Y.PaBH8HliH ~ 'q8THpex 

HeH8BecTHHX. B Ka-qecTBe pememm (5.I6) .:: (5.19) MoatHo B8HTI>,HanpHMep, 

c=f AB (a,. 6'+) = <:425.zeQ co.s 2.08 

c::fAB ( a+ {L) = ~ 2 9a 'io,i, 2 0e 

d AB ( Q_ &'+ ) ,;, 

=f Aa ( q_ g_) :: 

. ze, z..,., 
si11 Q CaS =e 

Si1?-eq sji,,-Z 9g 
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(5.20) I 

·l1MeIDTCH,O.D;HaKO,~yrlle peruemm. MOJKHO 6HJIO IlOilHTaTI>CH npoHHTep

npeTHpOBaTI, cf Ag ( Q l , g i) KaK BepOHTHOCTI, 'llOrO, 'qTO li8MepeHHe A, , 
a saTeM B .n;acT pesyJII>TaTH Q. i , g j • 0.n;HaKo :0:s onpe.n;eJiemrn: 

,.=f,,u!, (ai, ({j) Ka.K .D;OJill CHCT8M B aHCaM6Jie., 06JI~aIDII\liX .a., t Bj ' 
CJie.n;yeT 1 'qTO c('.. Ab ( Cl j,, & j) == ~13A ( gj ,Q), B TO BpeMH KaK KBaHTOBM 

MexaimRa 8TOMy IlPOTHBopeqnT, 'qTO BH,Il;HO li8 (5.I2), (5.I3). 
llTaK,~ cooTBeTcTBM c KBaHTOBOil: MexaHHKOil: np:0: H8MepeHHH "cy.:;;. 

meCTByromHX" O.D;HOBpeMeHHO A ~ 'B;. '' orm:cimaeMHX HeKOMMyTHPyIDmHMH one

paTOPaMH ;· Heo6xo,IJ;HMa npl:UlllliITI'laJII,HM MHOI'08HaqHOCTI, OilI'!CaHHH - pasmrti 

Ha.6op c::f-As (al ' g j) .D;OJilKeH I'ICil~JII,8OBaTI>CH npH pa8HOM IIOpR.D;Ke Ha6JIID

.n;emm A t B . <l?aKTI'!'q0OKH a.To YJK0 8aBHCliMOCTI, OT Ha6.mo.n;aTeJIH, KOTO

po! MH XOTeJill H86eJKaTI>. 0.n;HaKO npH BH6paHHOM nopR,IJ;Ke Ha6JIID~eHHH ,4' 
B Bee ~e MO.lltHO IlOJII,8OBa.TI>CH' aHcaM6JieBOH I'IHTepnpeTau,rnfi, .npe.n;noJia

rM ,, ,4 t B cymecTByromHMli 0.I(HOBpeivleHHO, ·pacnJiaTHBIIIlICI, sa STO He,' cy

mecTByromefi B KJiaccH-qecRofi<pHsHRe Heo,n;H08Ha-qHocTI>ID BepoHTHOCTHofi Me

pH. CHCT8Ma "caMa no ce6e" .D;OJDKHa OilHCimaTI>CH O.D;HOBpeMeHHO HeCKOJII,-
. .,.. \·, ' ' ' ·• ' '" . ' 

RID/JHBePOHTHOCTHHMH·MepaMHH COOTBeTCTByIDmHM:0: -qacTOTaMH. llJIJIIDCTpa-

l\I'I0H no.n;o6Hoil: 0:0:Tyaq!'.IH MorJIH 6H::·cJIYJKHTI> HeKoTopHe MHorosHa-qm.e ,Kap- 1 

THHH CaJii::Bimopa .I{a.Jrn; KOr,n;a I'I8 O.D;HliXH TeX JKe 8JI8M8HTOB CKJI~aeTC.H 

TO KapTHHa -qeJioBe-qecKoro -qepenai :·TO MOHaxi/ nepe.n; aJITapeM B xpaMe. 

O.n;HaKo ri cToii XHTPOYMHa& Mo.n;eJII> ·cTaHOBHTCH HeBO8MOlKHoil:;Kor.n;a 

H8MepmoTCH TpH HeKOMMyTHPyIOmH8 <BeJIH-qHHh!; · · · ~ 
PaCCMOTPliM COCTaBHyID CHCTeMy S , COCTOfilIIYlO H8 no.iJ:0:0:cTeM 5,i t 

S 2 B ~YMepHOM npocTpaHcTBe.· 06osHa-qHM Or. ' , {'1 = I,2 - Ha6'-

JIIQD;aeMHe IlO.D;CHCT8MH 5 r , OIIepaTOpH KOTOpHX Or liM0IDT . CO6CTBeH- • 

HHe 'qI'!QJia Or,. , 0 r _ • BeKTOP CI'ICTeMH If> JI8.lltHT B "g8THpeXMepHOM 

TeH8OpHOM npOH8Be.n;eHHH • 

Ii"}= k:1.101+";>:t loz+>.:+ kz ID.~)
1
I02 _>z+ 

+1<3 1 o:i._ >.:1. 102 ... >2. + · k",4 I D:L_ >:1. I 0
2

_ >2. 
(5.21) 

Tor.n;a'.n;JIH BepOHTHOCTeH H8 KBaHTOBOH MexaHHKH IIOJiy-qaeM 

P ( 0:1. = 0:1. 0 = O ) = k z. + 7 2 2.+ 1, (5.22) 

P ( 0:1. = O:t+, 02 = o2 _) = K:- (5.23) 
' ' 2. 

(5.24) P(o1 = '?t-, 02 =Oz+)= k'.3 

P (o:t = 0.1- , Oz== 0
2
_) = I<:- (5.25) 
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B Ka'q80'l'B8 HB.6Jil)JtaeMHX O /'4 BOS:&MeM A 1 1 B-1 , C1 lt,1IJI. S1 
H A 2 1 B 2 , c 2 WUI s 2 • BasRcH Br , c I" 6Y',1leM C-qHTaT1> noBep-

HY'l'HMH OTHOCHT8JII,HO 6as1rna Ar Ha yrJDI. cP • 2 4> , r~e 

0 ~ cp ~9l/..£i • 

Tor~a, 

la.+'> = url rp ie+ > /' - 5iH ~IC.-: >11 r ., .! . 

I a_>;, ~ ;11 i I B+ J- + @ rp_)8-: 'l 
/a+~ = a:s '2rp/c+}: - ~-n 2¢> /c-~,.. 

(5.26) 

(5.27) 

(5.28) 

(5.29) 

/a_}= ~iH2r/J/c+>; .. 1- wE/,/c_ >/ (5.30) 
'. . ,- (" 

K8lKJtHi B8R'fOp /'I'), ~.!OUT, 6~:& saimoa~)3 Bl1Jl8 ,(5.2!), r~e B R8.118CT-

B8 0 j 6asHca MOlUIO B8SlTI, .imd(?I HS. csa~HCOB -,4.J. , , 114 , c ::t , 

a B ita-qecTBe Oz , .6.asHca Jlll6ol _HS :112 ,.A 2 ,, c2 - 6asHcoB. 

HTaK,oeeTc.s: 9 cnoco6oB samrcn ;(5.2!) •... . ' . . 

BY.lleM 0-qH'l'aTJ> corJIB.OHO a.HOBM6JI8BOft BH'l'epnpeTa,nml t 11TO liDl88'i'CSl 

'9! - SB'.OBM6JII, CHC'1'8M O TO'lffimlH 8Ha'l8~ .ilJUI 6 B8Jm-qHH -A£ 1 'B.:1. , 

Ci· , Az , Bz , Ce. • B:ee~eM =f (a.i Bj c,..;ar~.:n•c,,) - ,JtOJli> 

Cl'IC'1'8M "!Jf aHCBM6JI.s:, BM8DIIHX A, = Cl i · B, =- 8 · c - c ,42 = Ch . . "' . , "- J, .£ - k" ' .. ,. 

"Ba= e ... ' .c... a= CM ,· i.,;· k ,e h1 n·.:::. +. 
. •""' I I I J - - • 

Ilpe.u;nOJIODM 

c=::f (a I cj ~K j at ~M C~) ~.0 . (5.3!) 

Eo'1'8C'l'B8HHO IIOTpe6oBaTJ> WUI B8PO.fl'l'HOCT81' 

. P(Ai-a:ai_, A2.~-~j)=5,:.,...f Cai C.,ct; ~/s.., c..,) (S.S2) 

P (A1=ai, B2 = ri,-) = L:..+ (a, Ckce_. a B- c ) 
kfm,-, , 1 '" J " r 

(5.33) 

P ( c1 = c - e:. = c . ) -== Z:- ..,f ( q k g# c. ; am g., c ~ ) 
~ J 2 J kF..... _ ._ 1 i· _, ·(6.34) 

U llE8JIOrB11HO 1IJ1S1 P (B1 -= gi ~Az = aj), P(Az.=a.i ,1! 2 = cj), 

60 

P (ci.: Ci' 'B2 = e,), P ( C. :1.: Ci 
7 

A2-= °j); 

H8R8B8C'l'HHX cpymm;d (5.31) EM88'1'0Sl 26 = 64, ypru3HeHHI Tlma (5.32)
(5.34) 6~eT 9 • 4 = 36. QztHBltO uymro 8Jll8 yt18C'l'J>, 'ITO B08 <bYHE-
ll;HB -:f ltOJDml:l 6H'1'J> HeoTp~TeJU,Hll. IloxueM, q'l'o 0Ylll8CTBYJ)T I~) , 
,1l.lUl KO'l'OPHX pemem ...f He CYJll8CTByeT. 

PacCMOTPHM aHaJlOr Cl'IHrJI8'1'HOro COCTOJDDU[ COCTSBHO! CKC'l'eMH l{Byx 
'laCTH!l CO CIIHHOM i. / 2. : .. 

l'V > = 2-J./2. 
. ( fq+\fCl_).2- jQ_)i.lq+>z) (5.35) 

-:!../2. 

1'1'>=2 (1€+>:1.16\.>
2

-1€_>:1..Hi\>2 .) {5.36) 

-:1./z. ) 
1'1')=2. (lc.+'t':1.lc_>z-/c_>"'-lc.+>z. . {5.37) 

ToI'1ta ,WISI BepO.s:THOCTel HM88M . ~-

P (Ai=a,, Az= cti) = D (6.38) 

P{Bci=-RiJ:13.z=gi)=o (5.39) 

P (<!:1.:/:!, ,_c2 ~ c;) =o (5.40) 

YpaBHeBHe (5.J38) B~eT R TOIQ', 11'1'0 !6 nepeMemmx B U,PaBO! qac

'l'H (5.32) 6m1DI H80T~'1'8Jll,H!OOI BOe o6p8lll1W'i'CH B ff1JIJ>, KOr)tB t=j. 
AHalOrB11HO IIOJIY'IIS8M H8 uyx ypaBHem (5.32), (5.33), 11'1'0 yze 82 
HS 64 .f .;. ff1JDI H T.n. HesyJieBmm 6nr:JT Tom,xo 8 nepeMemmx, xor~a 

Boe aaaqemm pa8JlB11HH ,WISI IIOltCHC'feM 

d~Qt gt ct i q_g_c_) = ...f.i 

d (Qt gt c._ i Q_ g_ C ) = f 2. 
t 

d (Qtg c. ·Cl B c)-r - t' - t - - "1.3 

=S' (~1 g_ c_; a_ 8/ ct)-~ -I •·i, 

=f ( Q_ gt c-t i at e_ c._ ) = -f --5 
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(5.4!) 

(5.42) 

(5.43) 

(5.44) 

(5.45) 



r =f (Q_ et c._ i C\t 6 ~ )=:..f - t ~ (5.46) 

=f ( C\_ B_ e+ ; at 6t- c._) -==f ~ (5.47) 

d ( q_ e_ e_ i Qt . 8 t C.t) =.f8 (5~48) 

MoryT Jm 8'1'H 8 ~ Y]lOBJieTBOPHT~ OCT8.BIIIBMCH Heay~eBBM ypaB
B8IDIJW mma (5.32)-(5.34)? HeTpmo mmen; 11'1'0,:aoo611te ro:aop&,He'l'I 

!e!oTBHT~Ho,HEmBllleM 0118Bll,1Um8 BepB.BeHOTBa 

--f3-t~G ~O 

(.f3-t-fti)+ (-f2+~,) ~ ~2+-f4 

B 0608Ba1DDI, yqH'l'HBM HyJIH, 

.-f3 t--L1 :s:.P(A,=a+, 132.= g+) 

c-iz. +oef' 6 = P_(B:1..= &-t, C2 -:_c+) 

~-z. +cf-ti= P (A;1.= a-t, (!2 ~c+) 

- '· 
Tor,Jta (5.50) B8,lt8T R BepB.BeHOTBY BeJIJia-.1l'8onaiw1: 

. p (A,=a+' "e2.::;; CT)+ P(B1. =._c+-) Ci!=:,. C+) ~

~ p (_.4 :1. = Q +: , <!2 = C +) , 

(5.49) 

(5~50) 

·(5.61) 

'cs.52) 

(5.53) 

·cs.54) 

Cooqe:'faeM an BepoH'l'HOOTK 11,1UI oocTo.RDJI I 'If> :a (5~35), npe,1;-
CTBBJIIB ero B B80R0JIT>RO ,lij)yroM BB,ll8 

_:1../e 
l'f')=2 (5.i11<Pla+>"-IC-t->z + e¢r/> /at->1.. IB_>z. - . 

- cas<P I q_>
1 

I B+ >2 + :s;n <PI a_>-1. t g~·>z 

Tor,ua 

. P{t1 i = q -t- I B2 = ~+) = ½ s;.,24 

62 

(5.55) . 

(5.56) 

To11Bo 'l'B.RJte, sru:mcas 

l'f) = z.- 112
( ~11 4> I g +>"-I~+ >2 + Ca54> I #+ >:1. I c_ >z -

- CasCFIB_>.1./C+>.z. +'Sind>lg_>1 IC_>2 , 

nOJiyqEM: 
p ( B :L = et- J C z : C-,.) = ~ Si11 a ~ 

HaRoaen, aamrcan 
-"/2 ( lir>= 2. ::.i112rj,/a+>1. fc+>z r casE.¢la+>1. Jc_>

2 
-

(5.57) 

(5.58) 

- ea.s.24> Ja_>:J. /c+>z. + :51~2¢ /a_ >:1. /c_)-2 (5.59) 
' 

IlOJIY11R8M: 

P(A 1 =Q+, e-2 = c+) = ~ 'Si11z2.¢ (5.60) 

~Tax. BS (5.54) JtOaHo 6HT~ 

~ si-.izcJ> -t- ½ ~112.,P ~ ½ Sin' 2.~, (5.6!) 

'1'.e. 
easzcp ~ !/2,_ (5.62) 

lt1IJI o < 4> ~ ~ / -4 , 11'l'o,Boo6111e roBop&,HeBepHo. 
B Ka.1180'1'B8 Bwto.n;a C'l'OpoHHHKH aBCSM6JI8BOI JIH'1'8l)JIP8'1'aJXHH MOrJIB dH: 
a) Jm60 paspellll!IT» =f dH'l'D OTP~T8JIJ,HOI, 
6) JIH60 cqe:Tafi' 11TO -A :I. = a t , 8CJIH -,4 t HSM8PJl8TCJI OJtHO-

BP8M8HHO C A z HJIH C z , HO ,4 :1. = 0 - , 8CJIH ,4 Jl8118p&8TOH 
O;IUIOBP8118HHO C Bz , '1'0 80T» ,JtonyCTBTI, H8JIOR8Jll,HOe B08,JtelCTBH8 B8-

M8P8IDIJI J3 2 HR A • 

§ 6. HHTepupe'l'~ 3BepeT'l'a-YHnepa-.n;e BliTTa 

OoodeHBOCT:&D 8TOI HHTepnpeTBJXHH 8BJl.lt8TOH TO, 11'1'0 B O'l'Dllll8 0'1' 
ROD8HI'Rr8HOROI '1'011RH apeHHJI, r.n;e BOJUIOBaJI ~ OIIHOUBa8T "no'l'eH

lUl:aJI:&HHe BOSMOJEHOO'l'H", ll18 KO'l'OPHX peBJIH8f8TOH '1'0JIT>KO 0,1tlla, e.ueo» 
Dpe.ltIIOJiarae'l'CH, l!TO Bee, ~TO B~Ho,- peaJIH8J8TCH, HO TOJil,RO 
B Pasma:"&mpax" - pasma BceJie 2 I. Tax, ecJIH :a~HOBM ~ 

63 



ecTI> cynepnos~ JtBY'X ~ u .L , u. 2. - co6cTBemmx 1I,J1.f! HeRo'l'o-
poro onepa'l'opa HB6Jll)JtaeMol A , Ta.It qTo 

'!J'= C:1. U-1. + C2 Uz. , 

TO 8Ta qiy"~ ODlICHBaeT 0Hf1~ B ,Pyx M:Kpax, B O,lU{OM llS KO'l'O.PHX 
peaimsyeTC.li U ~ , B APYI'OM l,\ z. • IlpH JiISM8,P8ImH Ill)OHCXOJtilT l,laClll0ll
Jiemte MHPOB. aitec:& H8T nepexo,na BOSMOJ!UIOI'O B ,D;eftoTBHTeJII,H08 JiI, KaK 

C'lllI'f'EmT aB'l'OPH 8'1'011 HHT9Plll)0T8llml, H0T P8Jt1RI!;mt BOJIHOBOl'O naxeTa. 
Heo6WIHOA (u 11,Jlii MHOI'HX OTTBJIKHB8.lllll9ft) ooo6eHHOCTI>D 8TOil HHTep

npeTlllJ,ml .IIBM8TC.li· -To, 'IITO Tax KaK B HeA :see B08MOZH09 ,nelCTBHTeJII,HO, 
TO He06XO,l4HMO C'IJHTaTI>, 'IITO B pasJm'IIHWC MBpax HMeDTC.li "ROIIIIH" Ha6JJD
,I(a'l'9JI.II, Ta.It 'IITO ec.mr B O,lU{OM MHpe HBOJil)JtaT8JlI, HSMep.a:eT CIIHH 8JI9RT
pOH8. ":s:sepx" no OCH ~ , TO B .npyroM MHpe ero "KOIIHJl" (o TaxHMB Jlt9 
BHenmm.m '119,PTBMII H naMJtTI,J!l) BHJ{HT 8JI8RTPOH co CIIHHOM "BHB:S" U T.n. 

"PeaJIHSM" 8TOA HHTepnpeTai::tHH COCTOHT B TOM, qTO 8.D;80:& xapaxTe
PHCTHIDI qacT~ "CYJ1t8C'l'l3YIJT" cru.m no ce6e B pasHHX "MHpax". TeM He 
MeHee H S.D;ec:& COSHB.BHe Ha6JnoMTElJIH. :lll'PaeT B9CI>Ma llPHHin!IIKaJII,H:yl!l 

,POJII,. CosHaHHe (llJill cy6~9R'l'HBH08 H) He MOX8T O,tUIOBP9M8HHO OTO!'Jt9CT
BJISrrI, 000.li co BC9MH ROmmMK BO MHOJlt8CTBe HeBSW!MO.D;eAcTBYl)lltlDt "MH
po:s", IIOBTOMY OHO "cJIY'Ia.ftHO" BHOHpaeT xaxoA-To O.D;HH HS mrx:, Ha3HBM 
ero "pe!lJIRmtM", a OCTaJil:.HHe "BOOOPSJICaeMBMH". KpoMe TOI'O, B SaBHCH
MOCTH OT Toro, KaKYJO HS H8ROMMY'l'HPyJ)ll1HX HaO~aeMHX "saxo'lle'l'" HSMe
pHTI, HaOm>.ztaTem,, OH paO!llemn.• MBP (l! C&f "paOlll9IIHTC.a:" Ha Romm) Ha 
pasHHe uaGopH MHPOB, B KOTOpmt MO.llte'l' ceO.II OOHapyDTI>. 

HeKOTOl)He a:BTOPH, HanpHMep ,!1;8 BHTT, C'IIHT8DT, 'IJTO HaOJill.I{aTeJm 
HHtJ9M He OTJmtJEmTO.fI OT Ma.lllHHH, TOr,tta OJIOBO "saxoti:eT", no-mI,IU!MOMY, 
He HMeeT cMHcJia. IIpocTo uaor.n;a BceJieHHa.li pacmeIIJUieTcn no O.D;HOMY da
SRoy, HHor.zta no p;pyrwy, u aTo ee pasHoe pacmeIIJiemi:e HaOJiil,Il;aTem, 
B0CIJpHHBMa8T RaK TO, '11'1'0 CHB'!laJia OH "saxoTeJI" H8M8PHTI, O.D;HY HaOJil),Ita
eMYI), IIOTOM m>Yl'YID• BHKaKoA "CBOOO.D;Oit BOJllI" Ha~aTeJll, H8 o6Jia.D;a8T. 

Rrut n.HTepnpernpye'l'C.fI c 'l'O'IJRH spemm aToll KO~eimBR sxonepmaeR'l' 
SAH!ll'rettHB-Ilo.ztOJII>CROro-Posena, B KOTOPOM HaP~TCH. Hepa:seHCTBB. BeJI-
Jia? cooTBeToTByJ)lllee paccy:t,Itemie npime.1teHo B ·so I. . 

lTyOTI, HM99TC.li CHC'l'eMa JtByx 'IJ20THit <b<>TOHOB, npuroTOBJieHHB.II 
B $ - .;OCTOHHHH y/" - CHC'l'9MH 

s -¼ 
l'l-'>=2 (l+->+l-+>)=1¢+_>+/¢_+>, (6.I) 

'l'e.K l:JTO y 0,IU{Oll 11acT:w:ta npoeKUWI CIIHHa Ha H9KOTOPYJO OCI, 9CTI, +I, 
y ,lij)yro8 OHS. PaBBa -I. HMeIOTC.fI ,ItBa Ba.6Jm,ltaT0JI.li fl , B , , OmICH-

BB.9MH8 .zto HSMepeIDI.fI cpyimitH.m.m I 'I' A [ : : : J > , I 'f' 8 
[ : : : J ) , 
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r~e Bepxim:st CTPO'IIR8 co,ttepim'l' HHqlOPMallHD O npomnOM COCTOmnn! tJaCTH 
CHCT9MH, HHJKHJm - 0 COC'l'O.IIIDIH ;Iij)yrOI'O H8.0JID,llaTeJlll. ~Q BSaHMQ,ll;eficTBIDl 
(HSMepeIDIB) BOJIHOBaH ~~ CHCT9MH H H26JID,llaTeJie8 6HJia: 

\ 
;:!.+A+'B 1 'S, 1 Ac···J>I\V"B, ··· ' '\" >:. ~ ) 'f' . .. l [ .•. ] ,> • (6.2) 

llyO'l'l> USMepemie ycTpoeHO TaK, 'IJTO OHal:JaJ'la HB6Jil)Jl0Bli8 npOBO~'l' A 

TaK 'IITO :sosmntaeT HOB8Ji BOJIHOB8Si ~= 
l'l'S+A

1
+B > = (lcf>+- > l"'PA (.•.~.!.] > + 

+ J 1>-+) / 1r' A[:: ~i] >) /"'fa L: _- J >. (6.3) 

Ha mumoami:ol <b<>PMJJIU BHltHO, 'IITO XOTH. npOHSOmJIO HSMepe1me, Ha6Jill.lt8.
TeJil, B no-npe.lltH9MY C O~HaKOBOft :sepomHOC'l'l>D MOZeT BH)l;8'l'I, +I, -I -
mmaxoro "BJIIDUIHJi" 11SMepeHlffl · A HB 'B S.D;ec1> HeT, HeT n peJJ3RiijDI 
BoJIHoBoro naxeTa. Qn.Ha:ito Ha~TeJI» -A yJ!l:e "pac111enJieH" Ha ,r;a-,x, 
HS KOTOPHX O~H BH,ItH'l' +I, .zu>yrol - -I. IIocJie HSMepemm .s aa~-
T9Jl8M J3 MH llOJIY'lllIM 

l't' '!.+A'+.s>::: 14'+- > I 'f A [ :·. ~J] >I..,,, 13,c:·. ~1
] > t-

+ I q'.> _+>I r Ac:·. -.:L 1 > I If a c: ·. +-_
1 J > . (6.4) 

Tenep1> -na~TeJII> B "pacJ11enHJioH." Ha ,ItBa - HMemcH qerlil)e Ha6Jil>Jt8.Te
JIH., ltJlSl ltOTOPHX pea.imsoBaml :see B081lo&00'1'JI[~ oo,1tepzmllTl80S: B BOJISOBOI 
~ymuum. Pe~ MOK8H'l'OM ,1lJIS[ Boero pacoy,Qemut tmJIH0'l'OJI MOM0HT 
BC'lpe,m KalmX-TO ,nByx na6JIIIJUlTeJlel ,4 , 13, • IIoCJJ:e JISll8P0HWI ]f,pyr 
Jij;)yra ( opaDHetma mnf1op~ 0 ~ ) nOJl)"lll'?OJl HOB8Ji BOJIHOB!Ul g}YBBltfiffi 

I ~&+~
11+B">= l¢>+_)/'YA[ ::~/]>/'1-'a[_·_·:: J >+ 

+ /cp_+>l'+'AC:-:..~]>/lf' 8
[::~;] >, 

(6.5) 

T.a. ORaBHB28TO.fI, 'IJTO ecu aa.6JlillIB.'l'8JI1> A HSMSPHJI +I, TO 1I)!H. Hero 
B8B08MODO BOTpeTHTl>OJl 0 naCS.uutaTeJieM (KOJIH81}, RO'l'Opm\ HSMepmI 
He (-i). o mroa co:opom1,Ha6JID,1t8.Ten E> , 11111epHBllillft +I, mmor~ 
"ae BCTP8'l'H'l'OJt" C ,, HBdJm,J:ta.'1'8JieM rl , KO'l'Oplift 'l'Ollte HSM8pllJI +I, HO 
BOTP8'l'HTCH Jllmtb O na.6JWJtaTeJl9M .4 , UBymi!M B ",Iij)yrOM MHpe", q9M 

Yll~HA paHee, USM8l)Hl3ll1Tlll,l .;.I. Cpa1nnm C napa,tt0K00LI ".v;pyra BIII'H0pa" 
ll § 3 • Ilpomnoe npH HOM oxasimaeTO.li B 0'1'.lifllll8 OT 06Hl:JHOI TO'IJKll1 
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speHWI He e,ttJIHCTBeHHWd. IlpH BCTpe-qe A H 'B BHCSHpaJOT CBOe npOlllJIOe 1 

XOTR,BHWI oCS 8BepeTT-j'HJI8POBCKOfi mr.repnpeT8.IlHH,OHH .n;ora,mm!Ul'J.'CH, 'qTO 
IU)OIILlIOe He Oro{OSHa'l:IHO. 

l1HTepnpeT~ :3BepeTTa-YHnepa-,u;e BHTTa, H8CMOTpsl Ha ee CTpaH
HOCTH, B nocJie,IJ;Hee BpeMB: HatJHHaeT npHBJieKaTI, BHiIM8.HH8 KOCMOJIOl'OB. 

lettCTBHT8JII>HO, Bee CSoJII>me .n;amm:x: noRBJIReTCR B nOJII,sy Toro, 'l:ITO 
BceJieHI!a.Si B llpOlllJIOM npomJia tJepes ItBaln'OBj'X) 0'1'8,ItID). Tor.na ecTeOTBeHHO 
IlOOTaBHTI> BOllpOO O BOJIHOBOH W~ Bc8JleHHol. 

Ho 'ltTO T8K08 BOJfflOBM ~ Boenemro:tt? q,:,o SHR'IJR'l' llPHl'OTOB.Jie
Ime H H314epeHHe TaKo:!l ~? lJTo SHR'IJHT "HomnaHHe• np11 Beposr.rsocT
Ho:lt HH'l'epnpeTattm STOA cpyBKqlm? HrutoHeu, MOJKHO JilI HaCSJm.u;a.TeJIR (XOT.fl 
np:e: qJOHH8ID.iaHOBOKO:it liHT8PII,P8TaIUllI, IlO-Bll.u;llMOMY, MOJKHo!) C'Il!TaTI, CYl1l8CT
BYDit1™ 11BHe" Bcenemmtr? STOT BOllpOC ocoCSeHHo 8KTyaJI8H JJ;JIH SaKPHTOtt 
B:leJieHHoii, y ROTopott H8T npocTpaHCTB8HHoro "BHe". 

SYB-HHTepnpeT~ ,u;aeT CBOA OTB8T Ha 8TH BOilPOCH. BMeCTO Bepo.f!T
HOCTH Hym{O l'OBOPHTI, 0 -qacTOTe peaJII>HO CYl!l8CTBYJ)IIIWC MRPOB C Oill)8Jt8-
JI8HHlalM CBOftCTBOM • 

CaMo CYllleCTBOBamie pasHHX MRPOB ecTeCTBeHHO CBRSaTI, C pasJIHtmeM 
HX reoMeTpmr, B -qaCTHOCTli C paSJIH'qH8M MeTpHR. 3TH MlIPH CYlll8CTBYl)T 
B pasHHX RJiaCCH'IJeCRHX npocTpaHCTBax H noTOMy He BBEUIMO,nettcTBYJ.OT ,IUlyr 
C ,IUlyrOM. CymeCTBYJ.OT JilI npe,ItCKaSaHHH, ROTOPH8 MOl'JIH CSH OTJIHtmTI, 
oYB-HHTepnpeTaumo OT RoneHrareHCROa? Ilo Ham8My MHemm,cyJiteCTBYl)T. 

BOSM0'1tH08 He MOEeT BSEUIMO,ttelcTBOBaTI, 0 ,tteffcTBHT8JII,HWd. PeaJII,HO 
lite CYl!l8CTBYJ.OlltR8 He B8aHM0,1te:!loTBYJJl!lHe cero,n;HH MRPH . MOl'JIH BSam.40,Ite!CT
BOBaTI, B-npoll!JIOM BCSJIHSH HR'tlaJia BoeJiemroa H MOryT B8SlW0,1te:!lcTBOBaTb 
B 6Ym71U8M BCSJIHSH ee xoima (B 88K,PHTOI Mo.n;eJIH ~H,JtMaHR). :3TO BSWIKO
,n;eaoTBHe MOllteT HMe'l'I, MeCTO B CHTY!illHH, Kor,n;a Hyll[HO KBaHTOBaTI, rpami
T~ - HeJmH8AHOCTI, B afum!T8HHOBCROM narpaHm!aHe 'OimCHBaeT nepexQJl 
OT O,ltHOtt M8TPHKH K ~yron. Heay~eBYJ) aMIIJIHTy.Ity-B8PORTHOC'l'H nepexo.n;a 
eCT8CTB8HHO HH'l'epnpeTH!)OBftTI, RaK BOSMOEHOCTI, BSam.to,Ite:!lcTBH.fl. 

Ho ecJm MHpH BSamvtD,ItelCTBOBaJIH, TO IIl>lI STOM He MOI'JIO (SHTJ, ~pac
IIl8llJI8HIDI" - cne.n;oBarem.Ho, mn<BKJDC JISMepem, mm'?BP~ pe.ztYRIQ 
BOD0l30I'O mute'l'a. KBWITOBM Mexaimxa dwm ,IUlyrott: BCe OimCHBMOCl, · 
TOJll,KO BOJIHOBOil q>y~eft, no~~eftca HeKO'l'OPOMY ypaBHemm (BOaMQK
HO, ypaBHemm YHJiepa7".n;e BliTTa SO ) • 

PacmennemieM.llpOB Ha H8BSWIMo.n;eicTBYJWlli8 9CT8CTBeHHO CBR3aTh C .IDI

qJJI.mtHei' 5'01 ' Ka.K onocoCSOM nepeXQ.Ila K KJraCOH'IJ8CKOMY npe.n;eny B ltBSHTO
BOI rpaBIITauIDI, npil KO'lOpOM BI,J,IteJUI8'1'CJ! He 0.u;HO, a MHOro KJiaCC}l'q8QlmX 
pemem,cooTB8TO'l'ByJJl!lHX MHOI'HM Pa8Jcyl3111m,(OJ! BeeJiem:mM. 

Ka.KOBH BOSpaiteHKR: npO!l'ilB 3Yl3-HHTepnpeT~? OcHOBHHX Bospw,;eHHtt 
.n;Ba. 
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I. IlOHiIMaH pacmeWieHHe CSYKBMbHO,MH noJiy"qHM "pasMHO!teHHe" 'IJaCTH]l 
H Ha6Jli)JlaTenen. TaKoe "pasMHOlltemie• He COBMBCTHO C coxpaH8HlI8M 8JI8lt'l'
plI't18CKOl'O sapJJ.n;a. eoJIH pe'IJl> H,IteT O sapSDKemroft -qacTH]le,H C COXpaH8HH8M 
Ma.CCU. He COBM8CTHO 8TO H C YPaBHeHHeM lllpe.n;HHrepa. BHxo.n; H3 STOi CH
T&mnm npe.n;.,raraeTCJ! B KOJmemnm CYJlleCTBOBamm HSHR'l:IMbHO CSeCKOH8'1JHO
ro 'tllICJia MHPOB C O.n;HHa.KOBOtt BO.lIHOBOtt q>ymt]lllett H O.n;HHRROBHMH ROIIW3MH 
HaCSJIXl,ItaTeJieft. :IlpH HSMepe~ MHPU pacmenmmTC.fl - pasMHOJKa.JOTCR, npH 
9TOM sapR,IJ;. Macca ruut CSwm CSeCKOHe'CJHl:lMll HSHa'IJaJII>HO, Tax H OCTa.JO'l'O.fl 

Ta.KOBHMH nocJie pacmeIIJieH.Wl. 0THOCHT8JII,Ha.!l 'IaOTOTa MlfPOB, I',IJ;8 HM89TC.fl 
pesym.TaT, COOTB8TCTBy:l!JlllHI U.:1. , ecJUI 't' = c, u, + c'Z.. Uz , 

z I~ CSy,IteT I c :1. I , -qacToTa MHPOB, r.n;e peaJIHsyerca 1.-1 -z. , CSy.n;eT I c z. • 

IlpH 8TOM HCnOJII,syeTC.fl apryMeHT, pacCMOTpeHII!rli HaMP! B § I, 0 CyJitecTBO
BaHHH onepaTopa 'tlaCTOTH Ha CSecKOH81tHOM KOJIH'IJ8CTB8 8K88MIIJUI.POB KBaH'L'O

BOH -qaoTH]lH. 
Qz:ure.Ko SBOJm]llIJI BO BP8M8HH lI BlI,11; ypaBHeHH.fl mpe.n;HHI'epa ,n;JI.fl TaKOft 

6eCKOH8'1:1HOI CHCT8MH.CTOPOH!IHKar.m 8TOft HHTepnpeTrunm nO'JJ:POCSHO He pac
CMaTpHBaJO'l'OSI. 

2. Ilpo6JieMa npe.n;nO'IJfflTeJll,HOI'O 6asHca. 
B OTJil'ItJH8 OT KoneHrareHCKOft li'IH'r:epnpeT8.IlHH, r.tte BHCSop daaHca on

pe,IteJIJIB'l'CSI HadJii)JlaTeJieM, npoHSBO.n;m!WM HSMepeHHe COOTB8'1'0TBYJJIIl8I BeJm

qprHU, B 3YB·HHTepnpeTanaB neacHo, no'IJeMy BceneHHM npe,n;no'IJHTaeT pac
ntenJIRTI>ca no o,ItHOMy dasHcy, Ho He no 'JJ:PyroMy. 

HanpUMep, ecJIH HM68TCJ! ClICTeMa .n;Byx '1:18CTH]l co CIIHHOM J. /2. B coc
TO.f!HlilI C IIOJIHID,f ffYJI8BHM CDHHOM, TO ee BOJIHOBYJO cpymt]lHII MOlltHO saIIHCaTI, 
KaK fl¥)= IU+>lv_).- lu_),IY-1-), 

r.rte I U i:: ) , IV±) - coCSCTBBHHHe COCTOHHRH S ii! • Ho 8TY ze ~ 
MOXHO srumcaTb ItaK 

I'¥>= Ju~> /V.!>- tu'_)JV./>, 
r,ne I U ~>Iv t > - coCScTBeHHHe ~ $" • Hs itaKoro npHEmHOO 
l!CXO.n;HT BceJieHHB.Ji, pacmenmmc1> no O.ltHOMy CSasncy. a ae no .IU>Yl'OMY, He
IlOHHTHO,H Ma.TeMaTH'tlecm annapaT RBaHTOBOfl Mexamnm CSes y-qeTa POJIH 
Had~aTem Taxoro npmntima He co.n;epuT. B CSoJiee cnolltHOM BH,Ite aToT 
apryMeH'l'. Honom.syxmtmt CyJiteCTBOBal'm:e MHOI'HX CSaSHCOB, no ROTOPHM MO,lt

Ho paSJIOmITI, BOJIHOBYJ.O !NHR]lIDO .n;Byx -qaCTH]l, a TeM CSoJiee Tpex H T • .n;., 

Bl:l,ItBHraeTCR ,IJ;JI.f! CHCT8Ml:l H3 'IJaCTHim, npnCSopa H HaCSJm,ziaTeJIR. 
RBaH'l.'OBM CHCTeMa BSalIMO~effcTByeT C npuCSopoM H HaCSJii)JlaTeneM, 

'l'ait 'IJ'l'O ecJIH HCXOltH08 COCTomme CHCTeMa. + Ha6Jli)Jla1'em. OimCl:maJIOQl, 
IPaRTOPHSOBaHHOfl BOJIHOBOfl ipymtitlrett °!Y = U. 0 j O • TO B pesym,TaTe 
8BOJimUm no ypaBHemm llfp8,Iijiarepa OHa C'l'aHOBHTC.fl 
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I 
Yf == c1 u,J, + cz. u-z J e- , 

r,IteJ,1. , cf z - COCTORHWI Ha6JilO,Il;aTeJieil. 

OcHOBHOit H,I{eeil HHTepnpeTaQI:m 3BepeTTa-YHJiepa-Ae BHTTa .!Il3JIJI9TCH 
YTBePJI\IteHHe, qTo COCTOmmID "~ COOTBeTCTByeT COCTomme Ha6JI1D,JJ;aTe-
JIRof :J. , KOTOPHH TOrAa 11BH,ItHT" U .:I- 1 COCTOmmIO t.12 - COCTOH-
HHe af 2 , KoTopmt "BH.ItHT

01 

Uz • H ecJIH npe,IUioJioimT:r,, qTo BceJieHHruI 
IIPH HSMepemm "pac11teTIJIReTcn" Ha MH02KeCTBO MHpOB, B KOTOP:WC eCTl, MHO
ro (HaIIpllMep,,ItBa) Ha6JilO,Il;aTeJieii:, TO O,ItlIH Ha6JIJJ.ItaTeJII:, OKasr,maeTCH 
B OAHOM MHpe, a ,iwyroil: B ,iwyroM. He SaMeqa.:!OlilHH CBOero pac11teTIJieHHR 
Ha6JIIOAaTeJI1> "BH,ItHT" npeBPa.IlleHHe HCXo,llHoii: (p~ u o B 1..1

1 
, Kalt 

6u He OllIICUBaeMoit YI>aBHeHHeM Illpe,IJ;HHrepa, Ta.K Ra.KOH He 8Ha.9T O CBOett 
KOTIHH B .JU)yrOM MHpe. BospaateHHfi I H 2 M02KHO HS6e2KaTI:,, coxpaHHB~O,ItHa
KO, CYllteCTBOBaHHe pasJIHqHUX MHPOB B KBaHTOBOJIOI'liqecKoii: HHTepnpeTB.I.lHH. 
PasHHe MHPH M02KHO IlOHIDl!aTI:, KaK pasHl,le COCTORHWI o6~eKTa C onpe,IteJieH
HOfi Maccon H saps,ItoM, Ta.K qTo "paSMHO.lKeHHR" qacTH.Q He npOHCXO,IJ;HT, 
IlIJOHCXO,ll;HT TOJII:,KOpasMH02KeHHecocTORHHil qaCTHIU:l.BMeCTO MHO.lKeCTBa KO
Imil Ha6JIIO,IJ;aTeJIR M02KHO rOBOpHTI:, 0 MHO~eCTBe ncmrnqecKH.X COCTOJIHHil O,It
Horo H Toro Xe Ha6JIIO,IJ;aTeJIR, HS KOTO.PUX OH COSHaeT TOJII:,KO O,llHO, qTo 
CBH38HO C pasJIHqHeM JIOl'HKH COSHaHHn H JIOrHKH MHpa H IlO,ItCOBHaHHR. 

HaKoHeu, HHOr,Ita npHBO,ItRT TpeT:r,e BOS!)al!teHHe·npOTHB HHTepnpeTauHH 
3BepeTTa-Yv..Jiepa-Ae BHTTa, OCHOBaHHOe Ha B08M02KHOCTH CYllt8CTBOBaHHn 
pasJIHqHUX "BeponTHOCTeft" B 8TOff HHTeplII)eT~.B KaqecTBe npHMepa pac
CMOTpHM OllliT illTepHa-repJiaxa, B KOTOPOM nyqoK qacTH.Q pacmeTIJIReTcn Ha 

, 1 ., ~ 

,ItBa, COOTB8TCTBYJOlllHX SHaqemno Ill)OeKIXW{ CllHHa~z= z HJIH Sr - z. • 
IJycT1> BOJIHOBM ~ tJaCTH.Q HCXO,llHoro nyqKa 6wra Ta.Kott, qTo Bepo
HTHOCTI:,S.z i PaBHa l, . Ho ecJIH nponcxo,ItHT pacmeTIJieHHe MHpa ' 
Ha ,ItBa, TO O,ItHH MHp HHqeM sapaHee He Jryqme n He :xy,ite ,Itpyroro. Rasa
Jioc:r, 6u,ecTeCTBeHHO Ill)HIDICaT1> Kaz,IJ;OMY MHPY O,IUzy n Ty .llte BeponT

HOCTI:, i I tJTO Ill)OTllBOpetJHT KBaHTOB/:£!_ MrHHKe • ITOIIHTRa COrJiaCOBaT:r, 
pasJIHtJHHe BepOHTHOCTH Ill)e,IUipHJurra B ~ ( • 

§ 7. RBaHTOBOJIOrHqecKan HHTepnpeTaunn 

B HaCTOfilltee BpeMH B KBaHTOBOH TeopHH IlOHBHJIOCI:, H9KOTopoe Hanpa
BJieHHe, IlOJiyqHBruee HasBaHHe 11KB8HTOBaJI JIOrmm ti. B pe(pepaTHBHUX .lltyp""." ' 

HaJiaX HMeeTCR crreUHaJil>HHH pas,IteJI, efi IlOCBHllteHHml:. 
QlumKo UTHOmeime K 8TOMY HarrpaBJiemno B llllipOKH.X Kpyrax t;pRSHKOB 

H80,ItH03Ha1iHOe. CBnsaHo 8TO B SHatJHTeJII:,HOil CTeIIeHH C .ItBYCMHCJieHHOCTI:,IO . 
CaMoro Tep.mHa. B O,ItHHX pa6oTax 11RBaHTOBYJ) JIOrmty" IlOHHMaDT He Ka.K 
HOBYJ) JIOrHKy I a HeCKOJII,KO OOJiee aKCHOMaTHSHPOBaHHoe HSJIOJlteHHe 
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Ma.TeMa.THqecKoro annapaTa KBaHTOBOit MexaHHKH B TepMHHaX He.I{HCTpH6YTHB
H!DC pemeTOR. B .JU)yrHX .llte pa6oTax ,IteJIWOTCH llOIIliTKH 6oJiee pa,wmam.Horo 
no,ItXO,Ita, B KOTOPOM KBaHTOBaJI JIOI'HKa - ,IteHCTBHTeJil>HO ,JU)yrM JIOI'HKB.. 

HalI60Jiee HSBeCTHHM IIpe,ItCTaBHTeJieM 8TOH TOtJKH speHHH JIBJmeTCH n.~H
KeJII:,CTrulH. 

CBM T9,PMHH "JIOI'HKa" 6WI BBSAeH EHpKI'O\[)OM H qJOH Hei'IMaHOM B llX pa-
6oT/ 5 21, nOJiommme:11 HaqaJio BCeMY 060:yJK,ItaeMoMY HarrpaBJiemno. Tax KaK 
pa,ItHKaJil>mrli IlO,ItXO,It HBHO 6oJiee HHTepeceH ,ItJIH <pl'ISHKOB, TO w H HSJIODM 
HMeHHo ero. 

.8'.BJIReTCH JIH JIOI'HKa <pl'ISHqecKH.X HBJieHHit OKpyxaI()lllero MH!)a e,IJ;HHCT
BeHHoil rum paSJIHqHHe <pPisnqecKHe HBJieHHR cJie,ItyIOT pasJIH'IIHOil JIOrHKe, 
Ta.K tfTO JIOrHKa, Ill)HM8HHMM ,ItJIH O,llHOft o6JiaCTH, OKasHBaeTCH HenpllMeHH
MOit ,ItJIH ,iwyroa, Ka.K 8TO OKa8aJIOCI:, B reOMeTpHH, r,Ite, CJie,Ityn H,I{ee JI06a
t1eBCKOro, ,ItJIH pasJIHqHHX <pl'!Sll'IJeCKHX CHTY~ HyXHO npHMeHHTl> paSJIH1tHHe 
HeeBRJIHJl,QBH reoMeTpHH? Kopoqe, He JIBJmeTOH JIH JIOrHKa, KaK H reOMeTpHH, 
HayR0:11 8KcnepHMeHTaJII:,HOi1? 

B CaMOM ,IteJie,. onpe;iteJIHM, CJI8,Ityfi WHHKeJII,OTErnHY I JIOI'liqeoKHe one
paumI 11H" ( o6osuaqeime A ) , "mm" ( o6osmqeime V ) Ra.K TaKHe, 
tITO ,ItJIH CBOilCTB A, B, HSMepJieMWC SKCII8PllM8HTaJII:,HO, CBOfiCTBO 
C = A AB HMeeToH BCHKH:11 pas, xor.1ta ecT:r, A H Ror.tta ecT:r, :e ; 
1> = AV B - sTo oBoftoTBO Ta.Koe, ttTo eoJIH OHO HsMepJieTOJI, To IIPH 
8TOM eCTD A rum B JU)yr0M SKOIIepHMeHTe npH n 8CTD B. Tol',Ita MOlltHO sa
,ItaT:r, oJie,lzyillllHfl Bonpoo: o6nsaTeJIJ,HO JIH axcnepm.teHTaJII:,Ho onpe,IteJie.mme 
":e:", "rum" 6y,ItyT y;itOBJl8TBOPHTI:, o6HtIHHM npaBHJiaM JIOI'HKH, O!pOPMYJI.HPO
BaHHoft ente ApHcTo'l'eJieM? HalII)m.tep, B 06:ircmol JIOrHKe Bepao npaBHJio: 
m.teeToJI A rum B. 06HapYJ!teHo He B, SHatJHT,BepHo A. OTKWlteMOH oT aToro 
npaBHJia - IlOJI}"mM HOBYJO JIO!'HRy. R7m paCOMOTPHM npaBHJIO ,ItlICTpH6yTlll3-
HOOTH. Tax, no o6HtJHOi1 JIOI'lllte y-TBepllr,1lemrn ( qeJIOBeR A ESWI y6HT) 

/\ (STO C,It8.1IaJI qeJIOBeR B) V (aTO O,IteJiaJ! 'qeJIOBeK C) 
SKBHBaJIElHTHO BHCKaSHBaHHD (A - yOHT) /\ ( C - y6Hilua) Y 

V (A - y6HT) /\ (B - y6dna). 
Or:KaxteMOH OT ,ItlIC'l'P]l:6YTUBHOCTH - IlOJI}"mM HOBYJ) JIOI'HKy. 
CorJiaOHO KBaHTOB0:11 JIO_l'HKe 11H11 

I ":wm:" ,ItJIJI MH:Kpoo6~eKTOB He no.It
'lil!R.IIDTCJI 88.KOHaM o6H'IJHOA JIOI'HKH H DaH'l'OBaJI Mexamnta eCTD pea.mIS~ 
~yroft Jiormm, B KOTopoft BHlll8yR8.Samme ,ItBa OBOffCTBEl He HM8DT MecTa. 
Bo H868llt8IDUT He,ItopasY14eHd cpasy OTM8TBM I tfTO KBaHTOBaJI JIOrmta, 9 A_O
TOpoft nol,IteT pet11,, He COBIIaJtaeT c TP8X8HatlHOft l!OI'HKOI Be~sexepa 'SJ~ 
B KOTopoft H8'1' 88.ROHa HCRJil)q8Hl{OI'O TpeTDero. B KBaHTOBOI JIOI'HKe STOT 

SaitOH BHIIOJIH8H. 
EcJIH OTRTlHTH8 KBaHTOBOI Mexamnm 8CTI:, He TOJII:,RO OTRpHTH8 

M.ntpowpa, HO H OTRpllTHe HOBO! JIOI'BKH, '1'0 TOr,Ita BOSMOllHH lI ,ItpyrHe 
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pewmsa.wm 8TOll ,IIOI'lllW, OTJmq.HHe OT MllltpOMHpa, B KOTOpHe He BXO.n;HT 
llOCTOmmaJ! IlJraHKa, aHaJIOI'HtJHO H88BKJil'IJlOBOff reoMeTpim ~o6aqeBCKoro, 
pea.JmsyeMoll B npocTpaHCTBe CKOPOCTett cne~am,Holl TeopHH OTHOCHT9Jlh
HOCTH H B OTKPHTOll MO,IJ;eJIH Bce.11eHHOH ~H,IJ;MaHa. 

CHatJMa MH, O,Il;HaKO, paccMOTPHM JIHllI1, CBOllCTBa MllltPOtJaCTHU B CBJ'I
SH c KBaHToBott .11orHKo~. IJycTh HMeeTCJ'I qacTnua - wc>TOH, y K6Topoi ns
MepmoTcJ'I rrpoe~ cnnHa Ha ocn X n Y. Tor.n:a cBoiiCTBO S ;< = I V Sl' 
= -I,sKcnepHMeHTMhHO rrpOJ=i:BmlmeeCJ'I B TOM, qTO O.n;HH pas S)f = I, lI:PY
ro:tt pas y Toil JKe qacTHUH $ Y = -I, He osHaqaeT I tJTo ecJIH B TpeTmi 
pas lISMepHTh s; )' ' . TO OH o6J=i:SaTeJII,HO ORaJKeTCR paBHblM I (B03MOJKHO' 
$)( = -I). 0rCYTCTBne o.n;HoBpeMeHHo onpe.n:e.11emmx SHatJemrlt :'!Jx H S;y 
y qiOTOHa cor.11acHo RBaHToBott .11onrae osHatiaeT. tJTo ( S x = I) A 
( Sy = IV SY = -I) - HCTHHHoe BHcKasHBaHHe, Ho 
( s }C = I /\ S .., = I) V ( S x = I /\ s y = -I) - .11omoe BHcKasHBaHHe. 

YKW!teM Ha OTJIHtJHe KBaHTOBOff .1IOI'lllW OT KOneHrareHCKOH HHTepnpe
Ta.uIDI. Cor.11aCHO 8TOll HHTeprrpeTru:nm, ecJIH rrpH HSMepemm OKaSMOCh 
$ ;x = I Ir BO,IIHOBM c_pyHKUW'I tJaCTRIUI CTMa. co6cTBeHHOH .D:.1IJ'I onepaTopa 
3, }C , TO npH STOM xapaRTeplICTHKa Sy npOCTO He CytI(eCTByeT. ITO llPHH-

~IIY OTHOCHTe.JibHOCTH K cpe.n;CTBaM HSMepemui: ifloKa/ '171, OTHOCHTeJII,HO 
O,IJ;HOro npn6opa CYJil8CTByeT Sx OTHOCHTe.1IhHO lJ;pyroro .s~ , O.n;HOBpe
MeHHO JKe OHR He CYJileCTByioT. 

B KBaHTOBOit JKe ,IIOrnRe nMaraeTCJ'I, 'CITO 11CytI(eCTByJOT 11 .Sx H Sy , 
TO.JibKO 11lI 11

, 
11lIJlH 11 6y.n:yT y.n;OB,IIeTBO.PJ'ITh HOBHM npaBH.118.M. 

B HSBeCTHOM .n;Byxme.JieBOM aKcnepHMeHTe C TOtJKH spemm KBaHTOBOH 
.1IOI'lllW ayx!l'.O roBopHTh, tJTO tJaCTHUa c onpe.n;e.11eHHHM HMIIyJII,COM 06.110,ItaeT 
KOOP.D:HHa.TO:lt, KOTOPM eCTh 11Xr HJIH ¼II, tJTO He TO JJte CaMOe, tJTO : 
11H.1IH XI, :wm· Xz 11 

• . ~eCh "IDm". CTaHOBHTCJ'I IlOXOJmM Ha "n". 8TOMY COOT
BeTCTByeT ynoTpe6.1IJ'IeMaR HHor.n:a TepMHH0.1IOI'HR 118.JieKTPOH C onpe.n;e.JieHHHM 
HMIIYJII,COM, OCTaBaRCh TOtJetJHon qacTnuen, npOXO.n;HT O,Il;HOBpeMeHHO qepes 
JJll e 111e.1IH II o 

,Ivm MaTeMaTnqecxoro HCC.Jie,IJ;OBamm .1IOI'HK BHCKaSW311Hli:tt y.n;o6HO HC
IlO,IIhSOBaTh aJII'e6panqecKHe MeTO,ItH, a HMeHHo; K~Oll .1IOrHKe COOTBeTCT

BYeT HeKOTOPM a.Jire6pantJeCKWi CHCTeMa, KOTOPM Ha.SHBaeTCJ'I pemeTKO:lt 
HJIH CTPYKTypott. IIpH STOM pemeTKH, COOTBeTCTBYJO[Wie MaccHtJeCKHM .11orn
qecKHM CHCTeMaM, HaSHB8lOTCJ'I 6y.11eBHMH, a pemeTKH, cooTBeTCTByJOll!He 
RBaHTOBon .11onrae,HasHBruoTCH He6y.11eBHMH. Jta.zmM TOtJime onpe.n;e.11emm. 

PemeTKOH HasHBaeTCJ'I MHOJKeCTBO c JJllyM.R: 6HHapHHMH onepanrun,m 
/\ H V , 80,ItaHHHMH Ha BCeM MHOJKeCTBe H 06.Jt~lllllID,rn CBOllCTBa-

MH: 
I) Acco~aTHBHOCTI>: (aJ\ B) /\ C = a /\ (B A c) 

{a VB) V c = a V (B V c) 
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2) ROMMYTaTHBHOCTI>: a /\ B = B /\ a 
aV B=BV a 

3) 3a.KoH nor.110111emm: a A (B V a) = a 
a V (B /\ a) = a 

4) 06HtJHO B orrpe.n;e.11emre pemeTKH BKJDOtJaeTCJ'I e111e n CYJileCTBo:srume 

IfY.1IH n ~HR.UH a V O = a a /\ 0 = 0 
aVI=I a/\I=a 

5) CynteCTBOBaHHe onepa.wm ,Il;OllO.JIHemIB. !IOHJ'ITHlO OTpHUaHHH B JIO
rmte COOTB8TCTByeT llOHHTHe ,llOllMHemrn B•pemeTKe. ,Il;onMHeHHe - STO 
TaKWi onep~, o6osHaqaeMM mTpHXOM, B pemeTKe L , KOTOPW'I o6.11a
~aeT C.1Ie.n:yillllHMH CBOHCTBaMH. (PemeTEa npe,nn0.11araeTCJ'I c OH I): 

I) a" = a 5)- (a VB)' = a'/\ B' 

2) a/\a1 =0 6) I'=O 
' ' r r 3) (a/\ B) = a V B 7), 0 =l 

4) av a'= I 
Peme'l'lta CBOHCTB RBaHTOBott·cncTeMH o6WJHO paccMaTpHBaeTOH K81C op-

TOilOC8T - tJSCTHqHo ynopsutotJeHHOe MHO~eCTBO C opTO,Il;Oll0.1IHeHWIMH. t.Iac
'ra'lmrli nopsutOK Ha pemeTKe BBO.n;HTCSl Tait: 

a ~ B «- a /\ B = a. 
RpoMe Toro, pemeTKH, COOTBeTCTByJJ!ltKe RBaHTOBHM .1IOI'BK8M, y,ItOB

~eTBOI)J'IIOT IIPHHIJ;mIY aTOMapHOCTH: aTOM pemeTIU'I - 8TO TaKOfi a.JieMeHT 
at o, qTo He CYJil8CTByeT S.JieMeHTa B~ 0 TaKOro, qTO O < B ~ a. 

6) PemeTKa HaaHBaeTcsi aToMapnon, ecJIH JIJJ6ofi ee HeHy~eBon s~e
MeHT a Jm:60 CaM SlBJIJ!eTCSl aTOMOM, JIH60 CYJileCTByeT TaKOli aTOM B, 

'CITO O ~ B ~ a. 
B KaTerop:im pemeTOK BlI,lleJIRIOTCJ'I TaK HaSHBaeMHe ~RBa,uB:OHa.7lhHH8 

RJiaccu, T.e. COBOKynHOCTH pemeTOK, y,ItOMeTBOPHIOlltHX HeKOTOPHM 80,ItaH
Hl:IM TO!t,lleCTBaM. HarrpHMep, aRB~OHaJII,HI:ni Mace ,Il;HCTPH6yTllllHHX peme

TOK Sa,ItaeTCJ'I TO.llt,Il;eCTBaMH: 
aA (BV c) = (a,\ B)V (al\ c) 
a V(BA c) = (a V B)I\ (aV c) 
7) PemeTRa HaSHBaeTCJ'I MO,IJ;yJISIPHOfi, ecJill BbIIIO.JIHeHO c~eJlYl'.)U1ee 

~ofkTBo: a ~ C BJletJeT a /\ (B V C) = (a/\ B) V c. 
Teneph MH MO~eM BB9CTll IlOHHTHe KBaHTOBOft ~OI'HKH.,. 06,eM c.11yqae 

PemeTKa, COOTBeTCTBYJOUla.fl KBaHTOBOft .11or:ime,He MO,IJ;yJIHI)Ha S-'f • B .n;am,
HeibneM MH 6y.n;eM paccMaTpHBaTh JimIII, KOHeqHoMepHHe KBaHTOBHe CHCTellW, 
Il03TOMY 6y.n:eM no.11araTh, qTo KBaHTOBM .1IOrHKa - 9TO Il0.1IHM aTOMa.PHrul 
MO.IJ:YJIRPHM pemeTKa C ,ll0Il0.1IHeHHHMH (nMHaR - osHaqaeT CYJil9CTBOBaHHe 
Toqaon Bepxaen H HHJKHefi rpamr y JIJJ6oro no.n;MHOEecTBa). 

IIo.n:aBJIJmlllee 60.11I>mHHCTBO pa6oT no RBaHToBoil .11onra/ S- Lf I noc
BBI!\eHo ycTaHOMeHHlO lISOMOpqJHSMa Me,ir;zur 8TlIM orrpe~eJieHHeM H o6HtJHO 
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paccMaTpHBaeMHMH B g)H8mte KOHCTpyRnH.AMH (~80BOe npocTpaHCTBO, IIPOCT
paHCTBO COCTOmmit) IIPH paaJIHqHHX .n;onymemmx. 

OpToroHaJibHOCTb onpe.n;eJmeTOH qepea llOHHTHe ,JJ;OilOJIHeHHH: 
a.L B#a~ B'. 
,lla.Jree .n;mmsHBaeTc.a" 55/ cneJtYIOmee y,rBeplf,ll;eHHe: .n;.rut Jm6oii KBaHTo

Bott JIOI'HKHf.CYI!leCTByeT I'HJII,6epTOBO npocTpaHCTBO H H TaKOe O'l'06p8.llte-
HH6 f : ,., ...... U'_-1-1) , r.n;e J., (HJ - COBOeyilHOCTb no.n;npocTpaHCTB 
npocTpaHCTBa H : r 

a) a .L B =I> f (a) = [ r (B)] ; 
6) r (a V B) = ~ ( f (a), r (B)),r.n;e £, - JilIHefiHM 

o60JIOqKa; 
B) r (a /\ B) = ~(a)fl r (B), 
KBJit.n;OMY .n;a-HeT axcnepillv'leHTY B .n;aHHon Mo,n;eJIH COOTBeTCTByeT HeKO

TOpoe no.n;npocTpaHCTBO H , a sHaqnT,H o.n;HossaqHo onpe.n;eneH npoeKTop 
Ha 8TO no.n;npocTpaHCTBO. 

Boo6111e co.n;epmume o6wmon pa6oTH no KBaHTOBOtt norHKe Ta.KoBo: .n;a
eTCH HeCKOJll,KO 60Jiee o6mee onpe,n;eJieHHe KBRHTOBOii JIOI'HKI!I H ,ll;OKaBHBa
eTCH O.n;HOSHaqHOCTb COOTBeTCTBM 8T01i JIOI'HKH HeKOTOpoft 8.JII'e6pe Ha6JIJD
,ItaeMHX; npH 8TOM, O,ll;HaKO, CJie.n;yeT OTMeTHTb, 'qTO, nepexo.n;H K onepaTO
paM B rnm,6epTOBOM npooTpaHOTBe, Mll 8aM9IDI9M nepBOHa.qaJibHHe JIOI'Rqeo
KHe onepru.um uH", "HJm" Ha a.nre6pa.HtJecKHe, TaK. tJTO )la.nee MOJKHO npEMe
liHTD o6lllJHYID 6yJieBy JIO!'HKy. He,ItliOTPH6YTHBHOCTb HCXO.n;HOtt pemeTKH Haxo
,ItliT CBOe BllpruiteHHe B HeKOMMYT~THBHOCTH COOTBeTCTByiolltRX onepaTO.POB 
HaeiJIIO)laeMHX. HMeeTCJ'I TeopeMa 55/ , jTTB9P'1!.namtM, lJ'l'O ,ItliC'i'pPI6Y'fflBHOft 
IlO,lU)emeTKe o6men H8,1tHCT.PH6Y'fHBHOft pemeTKH COOTBSTCTByeT Ha.6op KOMMY
THPyiotitWC onepaTopoB (opTOrOHMbHI:lX npoeKTO!}OB). BcH ~e pemeTKa H80-
MOpqiHa COBOKyIIHOCTH BCeX npoeKTOPOB (KOMMYT1'!PyIO!l1HX H H9KOMMYTHPYlOl!lliX 
MeJK,Izy" co6ott) B rHJII,6epTOBOM npooTpaHCTBe. 

,lJ.Jm Toro, lJT06I:l o6~HOHHTb CBOllOTBa KBaHTOBOtt JIOrH!Gi,IIPHBe.n;eM 
OJie,nyl)Ullitt PHCYHOK 

'+ 

i 

Re!. 6 
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~ecb r, 2, 3, 4, 5, 6.- KaKHe-TO H888.BHCHMHe, He COBM8CTHHe 
.ztpyr C .n;pyroM CBOftC'l'Ba CHCTeMH, HH{popM~ 0 KOTOPHX llOJIYtJaeTCH 
c IIOMO[IIDIO OOOTBeTCTBYJOIItliX npH6opoB. Ta.K, HanpllMep, ecJIH CHOTeMa o6Jia
,IJ;aeT CBOiiCTBOM I, TO srumraeTCH JI8MIIQ'qK8 !, OOT8JII,HH9 JKe He aaimra
IOTCH. EcJm ycTaHoBJieHO 2, TO aaJKHraeTCH 2, OCTMbJilie He srumrruoT.CH 
H T.n •• 8TO o6CTOHTeJibCTBO Mll samnneM KaK ! /\ 2 = :I I\ 3 = I/\ 4 = 

::: I /\ 5 ::: I /\ 6 = 2 /\ 3 = • • • = 5 /\ 6 = 0 , qTo sHaqHT, qTo o.n;
HOBpeMeHHo OHH He 8ai!WI'aIOTCH: I H 2 - H9B03MOllll09 co6HTH9 (HyJieBoe). 

Co6HTHe - 8ruitrJiaCb JiaMIIOqKa 7 - HaSOBeM C06HTHeM 2 HJIH 3, 
T. e. ( 2 V 3) , 'l'aK Ka.K ecJIH noHHMaTb JIHHHH Ha pHoyHKe KaK CB.fISH, H.n;y-
111He cHHsy BBepx1 To JIBMIIoqKa 7 arumraeTCH BCHKHft pas, Kor~a Bal!W'.raeT
cH 2,H BOHKHft paa, KOr)la srumraeTC.fI 3. C miyroft CTOPOHH,C06llTHe -
38"ltl'JIOCb 3 - MOJKHO llOHliMaTD ItaR 7 A 8, Ta.K Ka.K ecJIH 8EUtI'JiaCb_3, 
TO 88.lltrJIHCb JI8MIIOlJKH? H 8. HmtoHe~, ~a.MIIOtffia I sruIUiraeTCH, KOr)la 
arumraeTcH Jm6WI ~aMIIoqKa ! - I2. 

MMe.fl COBOKyIIHOCTb np116opoB, H8YtJM CHCTeMy-, CBOllCTBa KOTOpoll aa
paHee He HSBeOTHH, MH MOJKeM o6HapYJ!WTl:,, tlTO CBH8H "H", "HJm" .n;JIH CHO
T9MH OIIHCHBaIOTCH npHBe.n;eHHHM PHCYHKOM (B qacTHOCTH,HHICOr,n;a He saropa
eTC.fI JiaM11:0tJKa, KOTopyio MOJKH0.6HJIO 6H HaaBaTb(4 HJIH 5\ OTJlli'IH8R OT I2 
H T.)l. ). 

,lJ.Jm H800p8.llteHHOfi Ha pHCyHKe peme'l'KH (a'oHa H806pa.JKaeT CHCTeMy 
co CIIHHOM I' y KO Top on HHTepecyx>TO.fI II!)OeK!lWIMH cnmm. Ha ,n;Be OCH) He 
BlllIOJIHeHo npa.mmo ,ItliOTpH6yTHBHOCTH: 
1: /\ (3 V 4) = d: /\ I = ! /, (1: A 3) V (! /\ 4 ) ::: O /\ 0 = O • 

,lJ.Jm C06HTd i -I2 Hem.a.fl onpe~eJIHTb IlOHHTHe BepOHTHOCTH, TaK 
K8.K Ha-aa H9,ItliCTpH6Y'fHBHOOTH, ecJIH MH onpe)leJIHJIH BepoHTHOCTl:, KaKoro
JIH6o HS C06H'l'd ! ~ 6 KaK ~. TO BepOR'l'HOCTl:, 3V4 6y.n;eT He~=!, 
a!, T.K. BTO BepO.fITHOCTl:, Toro, 'qTO aaropHTC.fI JiaMIIOtJKa I. QnHaKO 
MOJKHO onpe~eJmTb _a.MIIJIHTy.n;y B9POHTHOCTH, Il08BOJIHIOllzy]O HaXO,Itli'l'l:, yc~OBHHe 
BepOHTHOCTH. AnnapaT KBaHTOBOfi MexaHHKH KaK annapaT I'RJll,OepTOBa npo
OTpaHCTBa H 9nepaTOPOB B HeM llOHHMaeTC.fI II.PH B'l'OM KaK pea.JIHsa.tirur 
CTPYKTYPH KBaHTOBOJIO~tJeCKOfi pemeTKH. 

Ha6aBHTbC.fI llO~HOCTl:,D OT Ha6JIIO,IJ,aTeJIH B 8TOft HHTepnpeTa.wm 
He y.n;aeTOR. Pe~H BOJIHOBoro na.KeTa eCTb cJie,D;CTBH.8 paSJIHqM 

Melr,Ity HetJeJIOBetJeCKOfi H9,ItliCTpH6YTHBHOft JIOI'HKOft BHemHero: MR.Pa H qe~oBe
tlecKott ,ItliCTPH6yTHBHOfi ~ormcon Ha6JIIO)laTeJIH, HHTepnpeTHPYDU1ero TO, 
q'l'O OH BH,ICHT c llOMO[IIDIO npn6opoB. 

8JieMeHT'aM pemeTKH, .n;JIH KOTOPHX HapymeHa ~OTpH6yTHBHOCTl:,, B KBa
Ii'l'OBOI JIOrmte COO'l'B9'l'CTBYIJT HeKOMMjTTHpYJOIIXHe onepaTopH. CorJiaCHO KBaH
'l'OBOft ~ormte ll.PaBHJibHO yTBepJr,IJ;eHHe, tJTO o6~eKT 06Jia,ttaeT npoetmHett 
cmum aa oc:i:, X.,paBHOll: +I,H npoeKI:{lUIMR Ha oc1> Y_,paBmn.m +I HJm O,HJIH-I. 
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HeBepHo,o,n;HaKO,YTBep~eHHe, tJTO npn 3TOM o6~eRT o6Jia,u;aeT npoeRQH.flMH 
CIIHHa Ha OCH X H Y,paBlillMH I H r,n.mI I H -I,~ I Ho. 

EyJieB YM Ha6mo,rcaTeJUI,OMaKO,B COOTBeTCTBHH co CBOett JIOI'IIBOH npn
.n:yMHBaeT HeROTopmt napaMeTp - HM ORa3ImaeTCR BpeMR - TaK,tJTO ec.mI 
CllCTeMa "6wm" B COCTOmnm I, TO B ~yron ("6y.nyil(Hii") MOMeHT MO.lKeT 
6h!TI, 3, .mI60 4 

I /\ (3 V 4) = (I I\ 3) V (I /\ 4) , 
r.n:e B npaBo:ii: tJaCTH 3, 4 - "nocJie" I. 

Ilpn6opy npn 3TOM COOTBeTCTByeT HeROTOPM 6yJieBa H6,wICTpH6yTHBHaR 
pemeTKa, C noMOUU,IO ROTopott Cy.n;RT O H8,ltHCTpH6yTHBHOH pemeTRe CHCTeMhl. 

He.ztncTpR6yTHBHOCTI, Be.n;eT K OTCyTCTBHIO o6WIHOI BepORTHOCTHOH Me
phl. KBaHTOBaR MexaHHKa II03TOMy He MO.lKeT 6h!Tl, noHRTa Ha R3hlR6 TeopHH 
BepORTHOCTH/~-6 / • 

§ 8. IlpHMepH MaKpOCKOIIHtJ6CRHX CHCTeM, no,n;tJH~CR RBaHTOBOH 
JIOI'HRe 

ll.~HHK~CTaHHOM/~-8/ 6HnO ycTaHOM6HO COOTB6TCTBHe M6Ji\nY RBaH

TOBOJIOI'lltJeCRHMH pemeTRaMH n rpa$3MH. HanpHMep, He,wICTpn6yTHBHOH pe
meTRe, OIIHCh!Ba.JOmeil tJaCTIDzy co CTIHHOM ~. Y ROTOPOH H3MepmoT ,IU36 npoeR
Will CIIliHa .S : H $ / , COIIOCTaBJIR8TCJI rpaqi C · tJeTHPl:>MR BepWHHaMH ; 

I 

,~-'d '.w 4 ;.3 

I Puc!. !f 

B H8lliliX pa6oTax/S~5?16~ cqiopMy.mipOBaH o6wrlt aJiropHTM IIOCTpOeHHR 
no pemeTKaM rpaqioB n Hao6opoT, a TaKJKe .n;aHa HHTepnpeTa.IlIDI rpaqioB 
B TepMHHax MaKpOCROIIHtJeCKHX CHCTeM, OIIHCh!BaeMHX RBaHTOBOfi JIOrmton. 
06mee npaBHJIO nocTpoeHHR _rpaqia no pemeTRe cJie,nyIOlllee: HyJKHo K~OMy 
aTOMy pemeTRH conOCTaBHTJ, B6PWHHY rpaqia H coe,wIHHTI, .mIHH.flMH HeopToro
HaJIJ,HHe ~yr R ~yry aTOMH (HE:IIOMHHM, tJTO Cl.Lb .. C\. ~ Bf ) • HanpH
Mep, .n:.mr pemeTRH tJaCTHUH co CTIHHOM I C npoeRQHRMH s~. s.:z co
oTB6TCTByIDl!lHfi rpaqi COCTOHT H3 mecTH BepWHH. KW!l',I(OM BepnrnHe COITOCT8B~ 

JUieTC.fI rrpoeKTOP Ha HeROTOpoe co6CTBeHHOe COCTORHHe, u .I('JI"A coe,I(llHR
IOT BepWHHH, OTBetJaromne HeOpToroHaJibHHM COCTORHHRM. 
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j. z. 3 
Ilpe~e tJeM CWOPMynHPOBaTI, o6mee rrpaBHJIO TIOCTpoeHHJI no rpa~y pe

meTKH, Ha TIPOCTOM TipHMepe TipHBe.n;eHHOrO B HaqaJie rraparpawa rpawa C qe
ThlPbMfl BepWHHaMH paccMO~PHM, RaKyro CllCTeMy OH onHCHBaeT H RaR .I(Jifl 
3TOH CHCTeMhl MO.lKeT B03HHRHYTb RBaHTOBM JIOI'llRa. IlyCTb B8PWHHH rpa-
~a r. 2, 3, 4 - COCTO.fIHHfl HeROTOpofi CHCTeMhl (HaTipHMep, 3ROHOMHtJeCKOM 
CHCTeMh! - npe.n;rrpHJITHfl, ROJIX03a H T.n.) H rrpe,n;TIOJIOJKHM, tJTO HeROTOph!fi 
Ha6nro.n;aTeJib XOtJeT onpe.n;eJilITb, B RaROM COCTOJIHHH H~XO,n;HTCR CHCTeMa, 
sa.n:aBM en Bonpoch!. CncTeMa o6na.n;aeT CJie.n;yromHM CBOHCTBOM: OH8 MOJKeT 
OTBeTHTb ".n:a" Ha Bonpoc:"HaXO,n;HTQfl JIH OHa B 2?" - He TOJibRO ecnn OHa 
B 2, HO ecnn OHa B '[ HRH 3. OHa MO.lKeT H3M6HHTb CBOe COCTOJIHHe 0,I(HHM 
maroM, pearnpyR Ha sa.n;aHHhlfi Bonpoc,ecnn H TOJibKO ecnn cooTBeTCTByro
mne COCTO.fIHHfl CBR3aHhl .n;yroit rpa(pa, Jipe.n;rrOJIO.l!WM, O,I(HaRo, tJTO Ha6JIIO,n:a
T8Jib CTOJib pa3YMeH, tJTO .n:ora.n;h!BaeTCfl 06 3TOM CBOHCTBe HsyqaeMofi CHCTe
Mhl, - Tor.n:a OH 6y.n;eT noJibSOBaTbCfl 110TPHU8.TeJioH6fi JIOrHROti". OH CKaJKeT: 
"Cll:CT8Ma B 2", eCJIH Ha Bonpoc: "HaXO.n;HTCfl JIH OHa B 4 ?" OH noJiytJHT 
OTpnuaTeJibHml OTBeT. TeM CaMhlM no OTPHUE!T6JibHHM OTBeTaM Ha .n:onoJIHH
TeJibHhle BOnpoch! Ha6JIIO,n:aTeJib MO.lKeT ysHaTb O HaCTOJimHX COCTORHHJIX Ta
RHX CHCTeM. Ho Tor.n:a MO.lKHO BH.D:eT1,, tJTO HeT BonpocoB, OTPHUaTeJibHhlll 
OTBeT Ha ROTOpHe COOTBeTCTByeT COCTO.fIHHIO "1 HJIH 2", "2 HJIH 3" H T.,n:. 
3T~ 3HatJHT, tJTO"B Harnett "OTPHUaTeJII,HOfi JIOrHKe" "1 Hnll 2" COBna.n;aeT 

. C I - "JII06hlM COCTOJIHHeM". HeJib3fl o6HapYJKHTb pasHHuy Melll,lzy ,n;H3~IOHKUH
S!MH IV 2, 2 V 3, 3 V 4, { V 4 H I. VIMeHHO B 3TOM rrpHtJHHa He.n;nc
Tpn6yTHBHOCTH. I. y 2 BepHo, ecnn 1 BepHo, t V 2 BepHo, ecnn 2 Bep
Ho, HOH He TOJibKO B 3TOM cnyqae: t V 2 MOJKeT 6HTb BepHO, Ror.n:a Ra.It 
t ,Ta.K H 2 JIO.lKHhl. 

06mee npaBHJIO nocTpOeHHJI no rpawy perneTKH, ROTOPM MO.lK6T OR8-
8aToCJI He.n;ncTpH6yTHBHOH, CJie.n:yromee. 

I. B OCHOBaHHH TIOMeCTHM nycToe MHOJKeCTBO. 
2. 

~a C q 
'llepunrny 

3. 

IIocTpOHM nepBHll 3T8.lK pemeTRli HS 3Be8,I( BepWHH rpa~a. 3Be3-
BepmnHI,l \. - 3TO MHO.lKeCTBO BepWHH, CBJI3aHHHX C l. , BKJIIOtJM 
\. 

CTPO.fITCfl TeopeTHKO-MHO.lKeCTBeHHhle o6~e.n;nHeHHJI 8Bes.n:. 
4. JiepeBopatJHBaeM TIOJIYtJeHHyro pemeTKY H 3aM6HfleM KaJK,I(Htt aJieMeHT 

ero TeopeTHKO-MHO~eCTB6HHWJf .n:ononHeHHeM. 

75 



..._,,'-------··---

ITonyqeHHB..H pemeTEa M eCTb pemeTEa, COOTBeTCTBYJOmM rpaqiy. 
TaE, HarrpMMep, ,ll;Jm rpaqia c meCTbID BepIIIMHaMM Ha c.75. 
r. B OCHOBamrn - Q1 • 

2. rrepBim aTruK: [·<1 -:11.iS-6, (21-=-2116) C3J-:."!.45'"6 

[ lI] -=-12 3¼ > ( S"J --:.1 3 £", [ ~] -:: 12 3G. 
3. U]vC2J-:.i2'fS-', (f)v[3]-:.{34S-G, 

( 1] V (1j] -:.1'2:!>½ 5"6, [ -{]V [SJ -:.12:.4 SG (11 V (<;;}-::12145'6 
) ,/ 

(2.1VC.3]~2.!>4Sb > (21V[L(J-:('2JV(SJ-:.[2Jv[q-:12'3.'-csb 

l:."~1 V[4] '=-( 310 t.S]-:. (31 Vt(.) :: 12'14 S-6; ( 4) V CS]:: 12~4~ 
(4JvCG)-:.12'3>4G., CS'Jvc,J-:12'!:.S-G. 

OO'I>e,ItHHeirn:.ff, llOJiy,i8HHH8 B rrepBOM 8TBJ!te MHOJ!teCTB, ,n;am Bee MHO
:HteCTBO BepillMH I 2 3 4 5 6. ITonyqaeM pemeTEy 06'be,ItHHeHIDi. 

Ul/s'-

1 '1 '5"(, 

~Ifs, 

'\2 :>' 

P11c.9 

Terreph rrepeBopaqnBaeM rronyqeHHYJO pemeTEy M saMeH.ffeM ee aneMeH
TH Ha TeopeTMEO-MHO:HteCTBeHHHe ,n;orronHelrn:.ff. ITonyqMM 

12~4s, 

23. 't~-

't 
PHc.IO. 

w 
llTaE, MH BM.n;MM, qTo orrpe.neneHHUM rpaqiaM COOTBeTCTBYJOT He,ItHcTpM-

6yTMBHHe pemeTEM. MMe.ff aacaM6nb CMCTeM, OITMCHBaeMHX EaEMM-nn6o TaEMM 
rpaqioM, aaXO,nml1MXC.ff B HeMSBeCTHHX COCTOJlliIDDC, Ha~aT8Jll,, Ilpmv78Hm:>-

IIIMfi "oTpm~aTenhHYJO norMEy" .Itn.ff orrpe,n;eneHH.ff aTHX cocTO.ffirn:fi, 6y.neT 

ITO.Jib80BaThC.ff qiopManM8MOM EBaHTOBOfi Mexairn:EM, a He arrrrapaTOM o6HqHofi 
TeopMM BepO.ffTHOCTM. B qacTHOCTM,B08MOl!tHa CMTYawI.ff, Eor.na crrpaBe,n;nn
BH cooTaomeirn:.ff Heorrpe,n;eneHHOCTefi refiaea6epra .ItnR rrpoe~fi CITMHa. 
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PaCCMOTpMM rpaqi 

2~4 

1AAs- P ... e.::U 
G 

EMy COOTB8TCTByeT H8,ItHCTpM6yTMBHBJI pemeTKa 

Puc. 12. 

YcTaHOBHM npa.BHJIO: Bepll!MHaM (aTOMaM pemeTKH) cooTBeTCTBYJOT Bon

pocu THna: 1:=Sx=2?, 2: S_y=~? ,_3: Sz;=~?, 4:Sx =-2? 

5 . c! _ I? G· ~ __ I? 
• .:>::, - - 2 · • · ~ z - 2 · • 

B KBaHTOBOil Mexamme aTllM BOllpOC8M COOTB8TCTByIDT npoeKTOPH 
B ,n;ByM8PHOM I'HJTh6epTOBOM npocTpaHCTBe: ~ (~ = I,2,3,4,5,6). BoJI
HOBOil cpy~ '¥ € C 2 COIIOCTaBllM MH0l!t9CTBO B8COB { Cl,;c} 
r,n;e ao( = I pa( 't' I 2. • JierKO llOJiy,JHTl> ,n;JUI aTHX BeCOB COOTHOmemr.H: 

ar + a 4 = ¾ + a 5 = ¾ + a6 = I 
,!.., . z. 

.c...... a~ = 2 • 
oC:c,1. ..,... 

3TH COOTHOmeHH.H noKaSI:lBB.lOT, qTo .ItJUI aHcaM6JUI CHCT8M C COOTBeT-
CTByDlltliM rpaiJ.)OM H9JTh3fl no~Tl, ~aCTOTI:l co6HTd, y,IJ;OBJI8TBOPJIKJ!UH8 

npaBHJiaM o6HqHoil T80PHH B8POflTHOCTH. 
. 2 

BBe,IteM Ha6JIID,ItaeM!re Ha rpa.qie. l{JIJl aToro apMHTOBOii MaTp~e B C 

-A ( a. 8 ;- ci.) 
= 8-c·, d , 

I',!{8 a, B, c, J - BeuteCTBeHHI:le tJHCJia, COllOCTaBllM 
Ao( == Tr- ( P..c A ) , o( = :l , . · · , fi , TaE qTO 

2At=Tr(P,..A)= ct.+2b+d, A:3,=Cl, 2fl.s=a.+2.c.+d 

2 A2 = ct - 2C ,+ d , 2. A,. = C\ - 2 l1, + d • ~6 = cl . 
Tor,Ita MaT8MaTH~8CKOMY O,m,I{amm £ A = <'PI A I 'I') Ha rpa.qie COOTB8TCTBY-

E • - -8T y,As,.ZtA"'""'-,A 
1 

r;ite A.,,TrA.: A,-t-A.1, ... Azt-il.s-= A..3..-.46 • 

Ha.6op mecTH tJHceJI A.: IJa,itaeT Ha6JlllltaeMYJI). .HanpHMep, A=~ x 

OOOTBeTCTByeT A~ = ~. A11 = ➔,OCTaJil>HB9~=0,eCJIH l?>==.S:,, TO 13a. = 2• 
77 



:5.s = - ~. OCTaJibHHe .23..c = o. Tor~a ;rr,JIR. npoH8BOJibHOro COCTOrunIH \V, 
onPe~eMeMoro mecTbIO Becru.m a.a< ;rvm. ,wrcnepcHH A , B , nOJIY"UIM co-
OTHomeHHe Heonpe~eJieHHocTeii renseH6epra 6es nocToHHHoii IlJiaHKa 

.1J.., A.P't'B ~ t (E-,,5~)~ 
8KBHBaJieHTHOe COOTHOmeHHIO a1a482a5) J<¾ - a6)2• 

§ 9. KBaHTOBMOI'HtJeCKOe OllHCaHHe CHCTeMH .nByx tJaCTHIJ;. 
HapymeHHe HepaBeHCTB EeJIJia 

B CBR8H C KBaHTOBOJIOrH'll:eCKOH HHTepnpeTaI.UiSH, corJiaCHO KOTOPOH 
KBaHTOBHe O6'I>eKTH "CYJ!lSCTBYJDT", HO .JIOrHKa, K HHM npID4eHHMaH, He,llHC
TpH6yTHBHa, Hyxou/441 6~o BHCKasaHo COMHeHHe: He npHBe~eT JW 8Ta 
TOtJKa speHHH K cnpaBe,wnIBOCTR HepaBeHCTB EeJIJia. ,UeiicTBHTeJibHO, nyCTh 
RMeIOTCH ,nBe tJaCTHUH. O~Ha tJaCTHIJ;a OllHCHBaeTCH o~oit KBaHTOBMOrntJeC
KOfi pemeTKOii, ~yrBJI - ~yroii. Ho eCJIH KruK,ItaH tJaCTHIJ;a "eCTb", TO 
npH o6pasoBaIDIH CHCTeMH tJaCTHU OHR npo~OJDKalOT "cymecTBOBaTb11 H BHY
Tpli CHCTeMH. B KBaHTOBOit ,ice TeopHH IDlleIOTCR CRTya.rzyrn, KOr~a cymecTBY
eT CHCTeMa tJaCTHU, omcHBaeMaH cHMMeTpH80BaHHoit BOJIHOBoii WYHKUHefi, 
HO npo OT~e~HYJD tJaCTHUY CKasaTb HHtJero HeJib8H. 1-fMeHHO B 8TOM CJiy-qae 
HapymaIOTCH HepaBeHCTBa EeJIJia. 

3,D;ecb MH ~~ OTBeT Ha Bonpoc Hyxa. ,UMO B TOM, tJTO npH IlOCT
poeHHH pemeTKH CHCTeMH tJaCTHU Hy'1tHO ~O6aBHTb B pemeTKY 8JieMeHTH, co
OTBeTCTBYJDllllle BOnpocaM, KOTOpllM COilOCTaBMeTCH onepaTOP nepecTaHOBKH: 
HBRHeTCH JIH COCTOHHHe CHCTeMH CHMMeTpHtJH!lM HJIH aHT.0.CHMM8TPli'lllliM. 
OnepaTOp nepecTaHOBKH He KOMMYTHpyeT C JIOK~HHMll onepaTopaMH, tJTO 
IIPliBO,llHT K He6yJieBOCTH pemeTKH ~WKe B npocTeiimeM CJzytJae, KOr~a y CliO--

(:L) 
TeMH .nByx tJaCTHIJ; H8MepReTCH TO~KO npoe~ CllHHa 5-l ~RR tJaCTHIJ;ll I 

(2] 
H Sl ;rr,JIR. tJaCTHUH 2. !IO8TOMY C TOtJKH speHHH KBaHTOBOH JIOrHKH "cy-
mecTBYJDT UMOe H tJaCTH~ HO 8TO cymeCTBOBaHHe He,llHCTpH6yTHBHOe. He,llH
CTpH6yTHBHOCTb Be~eT K TOMY, tJTo aTo "cymecTBOBaHHe" He ecTb cymecT..: 
BOBaHHe B npocTpaHCTBe-BpeMeHH MliHKOBCKoro, Ta.K KaK MHOJKSCTBO CO6H
THH Y)l;OMeTBOpHeT ,llHCTpH6yTHBHOCTH. POJib Ha6RIO~aTeM COCTOHT B TOM, 
'ITO OH H8,l:U:tCTpH6yT.llBHYJO CTpyKTYPY "6yJie:mrnpyeT" , TaK K8K 
ero JIOrHKa 6yJieBa, ,llHCTpH6yTHBHa - IlPH 8TOM BO8HHKaIOT CO6llTliR. B Ka
tJeCTBe npm.rnpa CHCTeMH .nByx tJaCTHU paccMOTPHM ,nBe tJaCTHUH co CllH
HOM ~, COOTBeTCTBymmee nocTpOeHHe 6~o c~eJiaHO P.P.3anaTpHH!lM/GO/, 
KOTopoe s~eCh 6y~eT H8JIOXeHo. 

'l'enep:& paccMOTPIDII CHCTeMY H3 ,nByx o6'I>eKTOB, ~ HS KOTOpHX . 
MO~eJIHpyeTCR rpawoM ~ • Tor~a JII06o:l!: 8JISMeHTapmrti BOilPOC K CHCTeMe 
MOJKHO npe~CTaBHTl, K8.K napy BOllPOCOB i. k ' r~e i - Bonpoc K nep..: 
BOMY o6'I>eKTY, a k - KO BTO.POMY. B TepMHHaX KBaHToBoii MexaHHKH 
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BOilPOCY i ~ 6~eT COOTBeTCTBOBaTli BeKTOp B TeH8Ol)HOM npOH8Be~eHHH 

npocTpaHCTB cocTorumii: 

( iW/ = < i I ® < k I . 

IlyCTl, ff - rpaqi, MO~eJIHpymmmi CHCTeMY • BHHCHHM CTpyKTYI>Y 8TOro 
rpruf}a. CorJiaCHO o6meMY npmm,Hny, CWoPMYJIHPOBaHHOMY B § c, BepmHHH ik 
H if I( f coe,ru:tHem--;n;yrott TOr~a H TOJihKO TOr~a, Kor~a COOTBeTCTByIO!Ulie 
BeKTOpa 6YlI,Y'r He opToroHaJiliHH. 3HatJHT, ik coe,llHHHeTcH c i'k' Tor~a 

H TOJihKO TOr~a. KOrM 

(ik /;'/<'> :/:o . 
A sTo BOSMOJKHO TO~Ko Tor~a, itorM (iii'> f. o H (k/k') f. O, 
tJTO, B CBOIO otJepe~. O8HatJaeT, tJTO BepmHHH i ,i' coe,llHH8HH ,u;yroii 
B rpaqie nepBoro o6'I>eKTa, a k , k' coe,llHHeHH ;n;yroi-i B rpaqie BToporo 

o6'I>eKTa. 
l1Ta.K, peuenT nocTpoeHHR rpruf}a II cJie~. IJycTli GJ.. H G,2. -

- rpaqiH, Mo~eJIHpyiomae nepBmt H BTOpott O6'I>eKT CHCT8MH. Tor~a MHOJKeCT
BO Y(I-I) BepmHH rpaqa H 6y~eT npoH8Be~eHHeM MHOJKeCTB V{6)H ¥(~2 ) 

BepmHH rpawoB G.L . H G2 
Y(/.1) = V(Gt~)" V(C.::2-). 

MHOJK8CTBO ;n;yr £ {11) rpaqia ff 6Y7teT TaIUte nponsBe~eHHeM MHO
xecTB ;n;yI' COOTB8TCTByxxnID{ rpaWoB• ,ILmi paccMaTpHBaeMOH CHCT8Mll ,nByx 
tJaCTHU co CilHHOM 2 rpaq> H 6Y)l;eT 4 X 4 = I6 BepmHH. Y~06HO H806pa-

3HTD paBBepTKY Ha llJIOCKOCTH: 
II 12 13 14 II 

21¥ ¥ "K" :')£ ')1l 21 

H =-- 3I~'ii:"' "Jt' )l( Jt 3I 

414(' ~ "JL ')t. · .._., 41 

V y ::::V ::::s, 
II - I3 14 12 II 

0608HatJemm:e owma,KOBHMH HH;lt8KCaMH B8.PmHHH COBll~T. 
!Io o6~eMY npaBHJIY, cij)opMyJIHPOBaliHOMY paHee,cTpOHTCH pemeTKa CHC

TEll,fil .nByx tJaCTHU. 3Ta pemeTKa BHI'JIJPtHT cJie,IzyillllHM o6pasOM: ecJIH ~
raTDCH CBepx:y BHH8, TO IlOCJie T Ha BepXH8M 8TaJK8 16 8JI8M8HTOB. CJie
~ (BHH8) 8TaJK CO'A8PlltHT ?2 8JieM8HTa. 3aTeM 8TaJK aTOMOB pemeTKH 
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(rue I6) H, Ha.KOHe~, B CaMOM HH8y 0. BaJKimM MOMeHTOM SIBJIB:eTCa BBe,Ite
Hlle HeJIOKa.JII,HHX BOllPOCOB (onepaTOP nepecTaHoBKH) B pemeTKY li rpaqi. 

OIIepaTOp nepecTaHOBKH liMeeT ,ItBa co6CTBeHHHX 8HaqeHHa +I li -I. 
3Haqemrro -I COOTB0TC:TBY0T co6CTB0HHill1 BeKTOP <i-1 B H : 

<%-I= 1~ ( eJ2.- e 2 ,1), 

a aHaqemrro +I - ero opToroHaJII>Hoe .ItOITMHeHHe. 
BBe,IteM HOBID:i aJieMeHT B rpaqi G , cooTBeTCTBYIOll{0'.fi Bonpocy : "l!a.c

TlllU,I aHTHnepeciTaHOBOqHH?". Coe,ItHIDIM ero C OCTaJIMlblMH Bepnm:HaMH rpaqia 
no TOMY ~e npaB~: ecJIH COOTBeTCTByJOllllie IlO.ItnPOCTPaHCTBa opToro~
HH, TO He coe,ItHHaeM .HX ,ItyI'OH, B npoTHBHOM CJiytiae - coe,ItHHaeM. 

BuqHCJIJLII CKaJIJIPHHe npo11aBe.Itelllla <4,_ \ i.k > , n~aeM, 
qTo < i- I opToroHaJieH TMI>KO Bepnm:HaM II, 22, 33, 44. IIoaTOMY 
Bepnm:Ha ( st- I ,ItOJDKHa 6HTI, coe,ItHHeHa ,ItyI'aMH co BCeMH BepmHHaMH rpa-
qia. ~ , KpOMe 8TIDC. 

Bonpocy <i+I cooTBSTCTByeT npoeKTOp Ha ITO.ItITPOCTpaHCTBO, opToro-
HaJII>Hoe K <1,- I . Baq:acJielllla noKaaHBa.roT, qTo .ItM Bcex < ik I 

<~-+ I i.k} to , noaTOMY Bepnm:Hy, cooTBeTcTBYlOmYIO < i+ I , 
Ha,ItO 6y,IteT 000,ItliHHTI, co BCeMH Bepnm:HaMR rpaqia., KPOMe < ~-1 

HTa.K, HOBID:i rpaqi, HaSOBeM ero H , 6y,1teT liM6TI> CJie,Ityl!)IJtllli BH,It: 

.d.i ~ 2:i 

:1.2 22. 
i3 25 
.:i-4 2"4 

.:Si ... u_ 

32 -4 2 p"'I! . .1. 3 

33 -4 3 

.34 

IIonpo6yeM nocTpOHTI> pemeTKy,cooTBeTCTBYJDl!lYD rpaqiy H . Hali6oJII>
nm:tt aJieMeHT I - aTo no-npeJJtHSMY MHOJ!teCTBO Bcex Bepnnrn V(H), 
Ha 8TOT pas I8-aJieM6HTHOe. 
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BepXImH 8TaJ!t 6y,IteT COCTOHTI> HS I8 8JieM0HTOB. EcJIH 
(ik) -/; II, 22, 33, 44, TO aJieMeHTH (ik).L€ J., (1-1) ocTaHyTC.fi TaKII

LU! l!t0, BH,Ita /i':tr, *l<'r/, i-i'=2.(moJ-4); k-k'=2{moJ4). 
EcJIH i = k , TO (ii)i= Jr'*,*i~ j-1 . KpOMe Toro, 

<Ji-/° = /II, 22, 33, 44, 1,+/, (i+).L = (i,-). 
OTcJD.ItB. BH,ItHO, qTO BOnpOC <t+) He HBJUieTCH aTOMaPHHM, TaK 

ital< ut+i . ..l = / II, 22, 33, 44, .!f.+ I# Li+) . 
noaTOMY B pemeTKe /... ( u) no cpaBHeHml c pemeTKoii: /.. ( S) 6y,IteT Boero 2 

HOBHX aJieMeHTa: a TOM ( 'l,-} H 8JieMeHT { i +J. 
(Jj-,.) = / ~+ , II, 22, 33, 44 / 

8TH aJieMeHTH coe,ItHHeHH co cJie;izyIOllWMR aJieMeHTaMH pemeTKH • 

118 ( f.+) H,ItyT BHH8 JIHHHH K aJieMeHTaM 
/II, 22/, /II, 33/, /II, 44/, /22, 44/, /33, 44/ 

,U:SoitcTBeHHO' HS { !/;,-) ' KOTOPHH HBJUISTCSI aTOMOM' H.ItY'l' JIHHHH 
BB0PX K aJieMeHTaM: /34, 43/, /3I, I3/, /32, 23/, /I4, 4I/, /24, 42/, 

/I2, 2I/. 
PemeTKa J.. (H) llOJIHOCTI>D OilHCaHa. 
COCTOallll0 ,ItByxqacTHqHOH CHCTeMH 6y,IteT OilHCHBaTI>CSl Ha6opoM Be-

COB { dpi} • EcJIH COCTOaHHe q>a.KTOpHayeMo, TO 4P1 MOlltHO npe,ItcTa-

BHTI> Ka.K npOH8Be,It0HH0 BeCOB: 

d P\ = ~" 3' '\ . 
BepoSITHOCTI, n~eHHH llOJIOJ!!HTeJII,HOrO OTBeTa Ha Bonpoc, 

CTByIDntllii COCTOSIHID) { C. ik"J , MOJltHO TaKl!te BaqnCJIHTI>, ,~ . . 

MaTp~ T;k onpe,IteJiaeTca aHaJioraqHHM o6pasoM: 

COOTBST-

I'\ { I ' ecJIH 
0

l = k .H r = '-b 
Tiic = ~ , ecJIH ( i k).L (p'-l,) 

. - - B OCTaJII>HHX c=aax . 4 .. J. 

wm, qTo TO Jite caMoe: 
P\ - E ~ P!i, - J. H ~1, 

P% T ik' - ...lf ik "Ji" 0( ' 

l'Jte H ik - MaTP~ CMeEHOCTH rpaqia 1-1 , paBHaSI T0H80PHOMY II.POHSBe-

Jtemno MaTp~ cM6lltHOCTH rpatpoB G 
ri . P -! ,., == G. r 

ik I \SJ le • 

Hae 6Y1JYT B ,lUlJII,Heii:meM HHTepecoBaTI> BePOSITHOCTH IlOJIOJ!tHTeJII>HHX 

O'rBeToB Ha BOnpOOH, OOOTBeTCTByDitHe ipaKTOpH30BaHHHM COCTorunmM. 
B 8TOM CJiytiae g'?op.eyJia B8pOJlTHOOTH 6y)I.8T HM8T:& :l3ll.It: 
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- i g I< P!I, I 5' 
P"1,c1 - a. T ik" °' 1>'\. + -4 • C 9.1 ) 

3HatJeIDie KOHCTaHTI:l K = i TaIOKe IlOJIYtJSHO HS YCJIOBIDI P.,,, Q g = I • 

,If.7m HCCJie,IJ;OBaHIDI HepaBeHCTB EeJIJia Hae 6y,IteT HHTepecoBaTh aHTH

CllMMeTpHSOBaHHoe COCTOruru:e CHCTSMH. 3HatJeIDie BSCOB d P!\, SToro coc

TOHHIDI IlOJIY'IHM HS KBaHTOBOMS:xaIDltJSCKllX g)OPMYJI: 

dri= \<yi\'¼'>\z., 

r,n;e 'f'= ,k [l;)©(1)-(;)@(;)] = ~ (_~ ~) - mrrepecyIOIIUrlt 
z. 

Hae BSKTOP B npocTpaHCTBe CHCTS.MI:l CC.2 @<C • Henocpe,n;cTBelll:IIDi pactJeT 

,ItaeT CJie~ B~ MaTPRIUl c:l P'\, 

dP\ = 

O I I I 
4 2 4 

I 
4 
I 
2 
I 
4 

0 

I 
4 

~ 

I 
4 

0 

t 

I 
2 
I 
4 

0 

( ~- 2) 

IIo,n;cTaHoBKa BupaJKeHIDI ( 9.2. ) ,n;JIJI df\ B cJ!oPMYJIY ( 9. 1 ) ,n;aeT: 

P 
_ ..A- <tl,S)..-

a81cl - 2 - 2. , ( .9. 3 ) 

r,n;e <a, €>'t' BI:ltJHCJIJISTCii c IlOMOUU,Xl cJ!oPMYJII:l( .9. 1) . 
!IOKW!teM KaK HapymamTCii ,n;JIJI munen CHCTSMH HepaBeHCTBa EeJIJia. 

IlyCTh )( 'y 'l - HBKOTOPHS SJieMeHTapHHe BOIIPOCH, KOTOpHe 

MH MOlKSM sa,n;aBaTh OO'I>SKTY, xapaKTepHsyeMOMY rp~M Ei • 060SHatJHM 

tJepes X , Y , 1" oTp~aIDIH aTwc BonpocoB. PaccMoTpHM CHCTSMY 

HS ,n;Byx O,n;HHaKOBWC OO'I>SKTOB, ycTpoeHHyX> CJie,IzyDlilHM o6pasoM: ecJIH sa

.n;aTh JIIOOOH HS BOilpOCOB X 'y '"2 nepBOMY H BTOPOMy OO'I,SKTY, TO 

MH Bcer,n;a IIOJIY'lHM O,n;HH IlOJIODTeJII,HHll II O,n;HH OTP~TeJIDHHll OTBeT. Ta
KHM o6pasoM, sa,n;aBM, HanpHMep, Bonpoc X nepBOMY o6'I>eKTY H Bonpoc ~ 

BTOPOMY OO'I>SKTY II IlOJIYtJHB KaKHe-JIHOO OTBeTH, MH MOJ!teM roBOPHTh O ·Ha

JIHtJHH (HJIH OTCYTCTBHH) o6owc cBollcTB X , ::Z: y Kall;Itoro ns o6'I>eKTOB. 

B STOH CHTya.qlm ,IJ;OJilKH!l BWIOJIHiiThCH HepaBeHCTBa EeJIJia: 

P (X', Y1) + P ( 1< 1 '.e,) >,, P (Y, "l- 1 ) 

HJIH, tJTO SKBHBaJieHTHO: 

P (X I Y2 ) + P ( X 1 ~z.) ~ P (Y, iz) , 
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( 9 . .'f) 

r'Ae, HanpHMep, P(X,V~ 08HatJaeT BSPOiiTHOCTh IlOJIY'ISHIDI B ,n;aHHOM COCTO

JIHllli IIOJIOlKHTSJIDHOro OTBeTa Ha BOIIPOC X ' sa,n;aHHHH nepBOMY OO'I>eKTY' 

li oTp~aTeJIDHOro OTBeTa Ha BOilpOC y 'sa,n;aHHHH BTOPOMY OO'I>SKTY. 

KoHKpeTHSHpyeM CHTY.anHID• !JyCTh Bonpoc )( OSHatJaeT: 
11
IIpoeK-

UJIR s )< = +I? 11 ' BOfiPOC y - 11Ilpoe~ s..( = +I?", r.n:e Se( - npoeK

UJIR CIIHHa Ha OCh, npoxo,wnnyro IlO,It y!'JIOM o-<: K OCH '= B IlJIOCKOCTH x-r, 
lI Bonpoc ~ osHatJaeT: 11Ilpoe~ S.-z: = +I?

11
• Tor,1ta aTHM BonpocaM co

oTBeTCTBYJOT CJie,ItyIOmHe Ha6opH BSCOB Ha rpa.(pe Gj : 

X: X - I 
I - 2 ' x 2 = I , ¾ = ~' x 4 = 0 

Y: YI = ~( I + si11 °' ) , Yz =~(I+ Co5~) 

Y3 = ~( I - SiYlc,( ) , y 4 = ~(I - w5J) 

l. : -l,=I, ~z. = I ' 
• I 
2..3, = 2 ' 

- I 
-=4 - 2 

Bee sHatJeHIDI BSCOB no;ryqeHH IIO cJ!oPMYJIS ( ~.I ). 
JJ,Jm BonpocoB Y , 1 HMeeM Y, = I - Yi ; if, = I - Z; • 

IIycTD Teneph cHcTeMa npHI'OToBJieHa B Hdxo,n;HoM cocToHHHH d ri 
( 9. 2 ). Tor,Ita BepoHTHOCTH B cJ)opMyJie ( 9. Lf ) Oy,ItyT HMeTh cJie,n;y-

IOlllllS s Ha tJ emrn: 
P ( 

_ ) _ !: _ (.xv>r _ ~ 
><, 'f2 - 2. z. - 2 

p (x- ;: )- ..L . p ( y "i ) - :L+ ::,inc< 
I ~2. - 2 I :t ~2 - ~ 

IIo,n;cTB.BJIJm 3TH BepOHTHOCTH B ( 9. L( ), IIOJIY'IHM: 

f. - C(rl ..[ ~ 'Si~ o( • ( 9.S-) 

QqeBH,ItHO, STO HSPaBSHCTBO HS Bcer,n;a BWIOJIHSHO, HallPHMSP, ,n;JIJI o(=~. 

HTaK, B paCCMOTpeHHOll CHTYartHil HepaBeHCTBa EeJIJia MOI'YT HapymaTh-

CJI. 
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3a.KJIIO<I eIDI e 

Tenepn MH roTOBH OKOH'laTeJinHO cwoPMYJnIPOBaTn Rainy To<ray apeIDIJI 
Ha KBaHTOByIO peaJibHOCTb. 

HapymeIDie HepaBeHCTB Ee~a. TPy,IJ;HOCTH Teop:irn: CKPHTHX napaMeTpOB 
M MHTepnpeTawrn 8BepeTTa-YMJiepa-~e Bl!TTa y6e,JJ;ll:T8JlbHO c~eTeJibCTByIOT 
B TIOJlb3Y KOTieHrareHCKOH MHTepnpeTawrn KBaHTOBOH Teop:mr. Pea.mICTM'l8C
KMM BapMaHTOM KOTieHrareHCKOM MHTepnpeTa.u;illl HaM npe~CT~aeTca KBaHTO
BOJIOrM'leCKM MHTepnpeTa.nua. CorJiaCHO 3TOH MHTepnpeTa.nHM KBaHTOBHe 
06'beKTH CYlJl8CTByIOT "caMH no ce6e", MaKpoo6'beKTH COCT~eHh! M3 KBaHTO

Bb!X o6'beKTOB. 
KBaHTOB.!:lli 06'beKT OTOJK,IJ;eCT~eTca C H8,JJ;ll:CTpM6yTHBHOM pemeTKoil. 

li/IaKpOCKOTIH'leCKHH o6'beKT - 3TO TOJKe HeKOTO.PM ~OCTaTO'IHO CJIOJKHM He
,Il;ll:CTpH6yTMBHM pemeTKa. EoJiee Toro, MOlKHO CKa3aTb, 'ITO CaMa BceJieH-
Haa 80Tb 60Jibillafl KBaHTOBOJIOrH'l8CKM H8,Il;ll:CTPM6yTMBHaa pemeTKa. 

QlJ;HaKO KBaHTOBM JIOrHKa - 3TO ·He 'IeJIOBe'IeCKaH Jiorn:Ka, 3TO He 
eCTb JIOI'IIB.a C03HaHMa. M.lip, IlO~'IHIUllOJUIIliCfl KBaHTOBOli JIOnm.e,He 80Tb 
Mli!p co6HTMH B npocTpaHCTBe M.liHKOBCKoro, TaK KaK MHOlK8CTBO co6HTMH 
HMeeT ~cTpH6yTMBHyIO CTpyKTypy. C TO'IK.11 apeIDifl 6yJieBa yMa 3TO CKO
pee MHOJKeCTBO pa3JilI'IHb!X MliPOB, KOTOpue,o~HaKo,He 80Tb "napaJIJI8JlbHhl8 
MMPH" co6HTHM, npo KOTOpHe MOlKHO CKaaaTn, 'ITO 80Tb MJilI O~H HJIB ~y
roft, HJIH TOT M ~yroft BMeCTe. PeaJibHOe CTaHOBliTCfl 6JilI3KMM K B006pa
JKaeMOMY, B03MOlKHOMY. 

3aMe<IaTeJlbHHM CBOHCTBOM H8,Il;ll:CTpH6yTHBHOH pemeTKH flBJlfI8TCfI B03-
MOlKHOCTb COTIOCTaBJI8HlifI en rpa.wa COCTORHMH HeKoToporo KJiaCCH'leCKoro, 
TIO~'lliHRIOII\8rOCfl 6yJieBOH JIOrMKe o6'beKTa. 8Ta B03MOlKHOCTb HMMTawrn 
KBaHTOBOrO o6'beKTa KJiaCCH'l8CKHM 06'beKTOM, KPOMe IlPaKTli'leCKoro npHMe
H8IDifI B KBaHTOBHXKOMilbIOTepax, MM88T rJIY60KOe npli~IlHaJibHOe 3Ha'le
IDie. 11MeHHO 6Jiaro~apa 3TOMY CBOHCTBY qeJIOBeK cnoco6eH Il03HaBaTn 
KBaHTOByIO pea/ll,HOCTb. CBfl3B MeJK,IJ;y MaKpoo6'beKTar.m: 3Jl8KTPOHHOli TiymKd\, 
woToSMYJincHe:iI H ~yrHMH KJiaccn<IecKHMH,c TO'lK.11 apeHMa Ha6JIIO,I1;aTeJIR,06'b
eKTaMH - MoryT llOJIHOCTbD liMHTliPOBaTb KBaHTOBOJIOrH'IeceyD p8ill8TKY .JJ,)IH 

3JI8KTPOHa. MaKpoo6'.heKTH·caMM qacTH'IHO COCTORT H3 3Jl0KT.POHOB, HO TI.PU 
onpe~eJieHHHX YCJIOB.11.HX 3KCnepHMeHTa B03HHKaeT KaK 6H rnraHTCKOe YB8-
JIB'leIDie 3Jl8KTPOHa, H Ha6JIIO~aTeJin' CyMeBillHH pea.mI30BaTb rpaqi, KOTO.POMY . 
COTIOCTaBJIR8TCfl pemeTKa 3Jl8KTPOHa, HayqaeT 3TOT 3JieKTPOH. B OTJllltJliB 
OT HMHTa.u;illl B KOMilbIDTepe,r~e CBfl3H M8JK,IJ;y BepnrnHaM.11 rpaii}a OCYlJleCTBJIR
IOTCfl C IlOMOUU,IO MaTepHaJibHOro HOCMTeJIR (HanpHMep, npono~oB),B 3KCTie
pilllleHTe C KBaHTOBOH qacT~efi STU CBR3li He Tpe6yroT HOCHTeJIR. ·HanpHMep, 
B OIIh!Te lliTepaa-repJiaxa sJieKT.POH c onpeAeJieHHo:iI npoe~en cTIHHa $z 
npM MaMepemm: ~ )( MeHaeT CBoe cocTo.rume He aa cqeT KaKoro-Jlll6o q)H:m:
qecKoro npo~ecca, a aa c'IeT pea.miaawrn KBaHTOBofi JioI'HK.11, B KoTopofi 
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BOSMOlltHOCTH nepeBOAa c sramca"He6yJ1eBott KBaHTOBOtt" JIOI'HK.11 Ha .fISl:lK 6y
,11eBOll JIOI'HRH COSHaIDI.fI Ha6JIBJ,llaTeJIR HrpaeT BP0M.fI. IJpH STOM B03MOlltHa 
,ro'CJ1{8. speIDI.fI, T.JTO BPeMfI cn~aJII,HO "npJUtYMNBaeTCH

11 
6yJ1eBHM Ha6JIIOAaTe-

,11eM WIS! nosHalllU{ He6yJ1eBa MIIpa. 
nettcTBllTeJlbHO, yxe CaMO COOTH0fil8IDI0 HSOnpeAeJISHHOCTefi TefiseH6ep-

ra 6 )( b. p" ~ } BeAeT K TOMY, 'ITO Ha6moAaTe.111:,, llteJia.JJll1ID1 sHaT1:, 
11 KOOPJ];llHaTY )<: , H npoeRUIDD HMTIYJI»Ca p JC , KOTOPl18 He CYlJl8CTByIOT 

11

0A-

HOBPeM8HH011, AOJllltSH B OJ];llH MOMSHT BpeMeIDI HSMepHTJ:, X 'B ~yrofi lite 
MOM8HT ~)( y tJaCT~ C Tott lite BOJIHOBOH qi~ett. BoSMOlltHO,HM8HHO no
TOMY Ha6JIIOAUT8JID Bl1Hy!Ql0H "nyTemecTBOBaTJ:, 11 no BP8M8IDI, tJTO npHBOJ];llT 
K aameMY "ABD8llllll BO npeMeBH", llOCKOJIJ:,Ky TOJlbKO TaK ero 6yJieBO cos
aaHlle cnoco6ao ocosHaT» caMoe ce6H KaK MaTepnaJI1:,aoe TeJlo, cocTaBJieH-

HOe HS KBaHTOBWC o6'b8KTOB. 
EJiaroAUPH BpeMeBH 6yJieBo cosaaBHe cnoco6HO paccMaTpHBaT1:, paaJlll'I-

HH0 6yJ1eBll no,m>emeTKB KBaHTOBOJIOI'HtJ8CKOtt H8J];llCT.Pll6yTHBHOH perueTKll 

H ormcUBaT1:, ee B TepMIIHaX co611THfi. 
IlO.fICHlIM STO Ha_CJie,ny101Il0M npocTelbneM npHMepe. IIyCT]:, HM80TCH KBaH-

TOBaH CHCTeMa Anyx tJaCTllll co crmHOM 2• npHrOTOBJl0HHaH B CHHrJl0THOM 
COCTOHIDill, y KOTopott aa6JIIO,llaTeJlb BSMepHeT $~') nepBOit tJaCT~ 

11 $5z_2
)- BTopott. . 

COOTB0TCTByxxna.H perueTKS. 80Tb llO,IU>8ill8TKa (c.81): 

R"~- 1.4-
'P 

~ec1:, aTOM A COOTB0'fCTBY0T npoeKTOPY Ha COCTOJIHH0 (6) (~) ' 
B Ha (~) (6) , C Ha (6) (6) • 1) Ha (~) (n aTOM E COOTB0TCTBY0T 

t {(6) (~) - (~) (5)] , 
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EcJIH Rs pemeTKH y6paTI, aToM E , To OHa CTaHeT .n;HcTpHOYTHBHofi. 
He.n;HCTPHOYTHBHocTI, COCTOHT B TOM, qTo f-i I\ (B VE)::: A i-(41\B)V(IIAI::}~ 
:::: ¢ V cf>":::. cf> , IIOaToMy Ha ll , B _, CJ 1)

1 
E HeJib3H sa.n;au 

BepOHTHOCTHylO Mepy. ('AHa.I<o MOJKHO aa.n;aTJ; HeKoTopue Beca, HarrpHMep, 
I .D;JLJI I= , ~ .Il;JIH fl , ~ .Il;JIJI 8 , 0 .D;JLJI C ll O .n;;m .l) 

8JieMeHT 25 COOTBeTCTByeT ,4 vc ' qTo 08HaqaeT' qTo rrepBmi 
Ha6JIIO,n;aTeJIJ; o6Hapyrum S2 c, > = ~ • ('AHa.I<o aTo eme He 11 srraqnT

11
, 

qTo HMeeTcH A , T.e. Sz'iJ = - ~ , Ta:R muc tJllCJio O .n;JIH C He 
HMeeT CMHCJia BepOHTHOCTH. EcJilI BTopon Ha6mo.n;aTeJIJ; OOHapJiKHT 

s;z) = - ~, TO 8TO COOTBeTCTBJeT 8JieMeHTy 12, KOTOpHfi eCTb 

A D • Ho ( A vc) /\ C A V 2)) ::: A · , tJTo He CBHsarro c BepoJITHOcT~ 
Hoi1 HHTeprrpeTa.traefi, a ecTJ; CJI8.D;CTBlle CTPJKTYPH pemeTKH. 

UoaToMy Heo6xo.n;HM11 $a Ha6mo.n;eIDJ:H :rr.JIH ycTaHoBJieHIIH .4 
, qTo YCTp3H.ffeT rrapa.n;oKc, 06CY}IU(aB!llllficH HaMH paHee B § 3. 

TeIIepb o6cy.n;HM POJib BPeMeHII. EyJieBo C08HaIDJ:e C IIOMOll!bID BBe:rr.eIDIH 
rrapaMeTpa BpeMeHH Y$aHBaeT HapncoBaHHyio pemeTKy. Ilpll 3TOM BOSHIIKaeT 
CTPJKTypa I'HJibOepTOBa IIPOCTpaHCTBa c cynepoT6opoM no BpeMeIDI. B o.n;-
HOM OTCeKe, COOTB8TCTBYI<JmeM t:., '6yJieBo C03HaHHe WilKCHpyeT 

aToM E H HaaHBaeT 3To "IIPHroTOBJieHHeM cocTOHIDIH CllCTeM11 11 , B .n;py
roM qil!KcupyeT aToM11 A , B , C , 1> , Ha KoTopmc sa.n;aeT (Ha .n;HCT
pn6yTHBHofi CTPJKType) BepORTHOCTHyio Mepy. EJiaro.n;apH cynepoT6opy · 

rrpoeKTopu ~ , ,q , B , C KOMMYTHPYI<JT. IloaToMy B08MOXHo rrocTpo
eIDJ:e COOTBeTCTBYI<Jll!llX JCJIOBHl:lX B8PO.ffTHOCTefi. YCJIOBHHe BepO.ffTHOCTH 

A , 8 , C , l> , ecmr 
11
np,rroTOBJieH0 11 £ , orrpe.n;emnoTc.ff BecaMH 

~. !, o, o. lITax, C IlOMOll!bID BpeMeIDJ: ll 11.l(Bllll}e~_B HeM" 6yJieBo C03Ha
IDJ:e 0Kaa1rnaeTcH crroco6HHM "liMllTHpoBaTb" He6yJieBy pemeTKy, Ha6JIIO,n;M· 
CHaqaJia o:rr.HH, a IIOTOM .n;pyr,re ee 3JieMeHTH. He.n;HcTpn6yTHBHOCTJ; Hsyqa
eMOH pemeTKH IIPOJIBJIBeTcH,o.n;Haxo,B crretmqillqecIDix KBaHTOBHX crroco6ax 
BHtmcJieHHH YCJIOBHI:DC BepoJITHOcTefi qepea 'f' ~ WYHKtmro. 

PaaHorJiacue Me,imy He6yJieBofi CTPJKTypofi pemeTIDI H 6yJieBofi JIOrH
Kofi C08HaHIIH Il08BOJI.ff8T IIOH.ffTb, OTKy.n;a 6epeTCR "mr.neTepMHHll8M" KBaH
TOBOH MeXaIDJ:Kll. nefiCTBllT8JibHO, ll8 PHC.14 Bll.n;HO, qTO 3JI8M8HTH I, 2, 3, 
4, 5 H8COBMeCTHH Me~y co6ou. Il08TOMY "6yJieB YM" CKaxeT, qTo 8CJIII· 
3 - llCTllHHO, TO I, 2, 4, 5 JIOXHH. Ho Hama He.n;HcTpu6yTHBHM pemeTKa 
TfllioBa, tJTo IV 2 V 4 '✓ 5 - HCTHHHo. He crroco6HHfi B CHJiy 6yJieBofi Jio
r".tll<H IlOH.ffTb, tJTO ll3 JIOJKHOCTH I, 2, 4, 5 B He.n;HcTpllOYTllBHOM pemeTKe 
MOJK8T CJie.n;oBaTJ; HCTllHHOCTJ; HX ,lUIS'.biJHKLUrn:, Ha6JIIO,n;aTeJIJ; CKaxeT' qTo 
B 0.n;HH"MoMeHT t, 11 

B8pHo 3, B .n;pyroti JKe"MOM8HT t.~ 11 CTaHeT llCTHH
H1!M IV 2 V 4 V 5. Ho Tor.n;a TOT ;ire Ha6Jiro.n;aTeJIJ; cKaxeT, ITOJib3YHCb 
CBoefi JIOrHKofi, tJTO ecJIM IV 2 V 4 V 5 "HCTHHHo", To "Ka:Koe-To

11 
(xo

TH ll H8ll8BecTHO KaKoe ! ) ll3 I' 2' 4' 5 - 11llCTllHHO II. TeM CaM1!M 
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rroRBJI.ff8TCR llH.n;8T8PMllHH8M. EyJieB Ha6JIID.n;aTeJib IIPllilllCtmaeT 3HaqeHHR llC
THHHOCTH aneMeHTB.M pemeTKR. HesaBRCllMO OT Ha6mo~aTeJI.ff RCTHHHa JilIIIlb 
"CTPJKTypa" pemeTKH, CaMll Jlte ee 8JI8M8HTll MOryT 6H7b 'aaBam.t "o6iieK
TRBHO cymecTBYJ)lnHMR IlOT6HIU18.JlbHHMR B08MOXHOCTHMH" 47 • 

HaKOHe~. B npnnoJ!teHHH K § I Mll BH,IJ;eJIH, qTo H8KOMMJTllPYJ!)ll{IIM 
orrepaTOP8.M CHCT8MH MOJ!tHO_COIIOCTaBHTb KOMMYTHPJIDll!ll8 onepaTOPll qacTO
Tll, onpe~eJiemrae 'AJI.ff 6ecKOHeqHoro traCJia KOilHit CHCTeMll B TOM Jlte coc
TOrunill. 8TO 6eCKOHetJHOe 'Il!Cno KOIIHH MQgHo IIOimMaTb KaK COBOKynHOCTb 
o~JmX H TeX xe CHCTeM B pa3Hll8 MOMeHTH BpeMeJm. llTaK, 6Jiaro.n;apR Bpe
M8Hll H6KOMMJTHPYJ)lllHe onepaTOPll ll He6yneBa norHKa nepexo.n;RT B KOMMJ
TllPYJ)lllHe onepaTOPH qacTOT, TaK tJTO rrpollCXO.n;llT 116yJieHSaQHR11 HCXO.D;HOH 
H8.n;llCTpH6JTHBHO~ CTPJKTypH. 

CBHSb BpeMeHH c pasHorJiacneM Mel!Qcy" He6yneBott H oyneBofi norHKa.MR 
MOJ!t8T llMeTb 3HatJelille MJi KBaHTOBOtt KOCMOJiorirn:. Kruc H3B8CTHO,OCHOBHOe 
ypaBHeJme ItBaHTOBOfi KOCMOJIOI'llR' ypaBHeHHe Ynnepa-.n;e BllTTa' He co.n;ep
lKHT BpeMeHH. BonHOBWI W~~ BceJieHHOtt ll.PHIUICHBaeT H8KOTOplle Beca 
paSJIHtJHHM CBOfiCTBaM BceJieHHOH, o6pa3YJ!)ll{IIM H8.n;HCT.Pll6YTHBHYI<J pemeTKy. 
ByneBO COSHaHHe pasBopatJHBaeT STY pemeTRy BO BpeMeHll. HeKOMMJTllPY
IDll!llMll onepaTOPaMH B KOCMOnormr RBJI.ffJOTCR cynepraMHJibTOHllaH ll npoeKTOP 
Ha RBaSHKnacCHtJeCKJID KOMilneKCHyro BOJIHOBJID ~YHRUHID, Il03BOJlfflOIJIYl) BB8C
Tll BP8MR H KJiaccnqecKyro 8BOJlllWflO. 

IlOHRTHe BpeMeHH, O~HaKO, TepReT CMHCJI BOJill3H KOCMOJIOI'HtJeCKOH 
CllHrYJI.ffPHOCTH, tJTO 03HaqaeT rpaHHrzy rrpHMeimMOCTH KBaSHKJiaccnqecKoro 
oIIHcamr» n Heo6xo,JJ;HMocTb KOJinarrca BOnHoBoll WYHKQim BceJieHHOH. 

8THMH KpaTKHMH 38MetJaHHRMH Mll H orpaHHtJllMCH,IlOCKORbKY npo6ne
Ma BpeMeHH B KBaHTOBOH KOCMOJIOI'HK, ~JI.ff KOTOPOH KBaHTOBM JIOI'HKa .n;aeT 
ecTeCTBBHHHH R3llK orutcamm ItBaHTOBllX RBJieHHll, HMeeT MHoro ll .n;pyrnx 
acrreKTOB, BllXO,It/Ill{llX sa PaMKH HaOTORlltHX JieKQIIB. 
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no OJI e CJIOBli e 

3a Bp8MH rro.nroTOBKH PYJtOITHCH K rreqaTH p~oM aBTOPOB (IpnH6epr, 
XOPH, Illil:MOHH, 3emrarep)/63l 6HJI IlOJiyqeH HOB.l:lli pesyJibTaT, HHor.na Ha-
8HBaeMHi1 11T80p8MOi EeJlJia des HepaneHCTBa EeJIJia". ()ta8MOCb, qTo .ItJIJI 

Tpex, qeTupex H 6oJiee qaCTHIJ; MO.lltHO YKa8aTb COOTH0ill8HHH, crrpane.ztJIHBHe 
B KBaHTOBOli TeopHH H H8CIIpaB8,JJ,1IliBH8 B o6wmoi T80pHH B8POHTHOCTe:ii 
C OCHOBaHHOli Ha HHX T80PHH JIOKMbHHX CKPHTHX rrapaMeTpOB. Ba.JKHO, qTo 
8TH COOTHOill8HHH YKa8HBaIOT Ha KBaHTOBHe KoppeJI.ffqllli, .Itnfl rrpoBepKn KO
TOphIX ,ItOCTaToqHH H8C'l'aTHCTH'tl8CKHe H8MepeHHJI, a OHH rrpOHBJI.HIOTCH ~e 
B O,ItHOM H8MepeHHH,KaK H B CJiyqae saKOHOB coxpaHeHHH. 

IIyCTb llM8KlTCH qeTHpe qacTm:u,i: co CillIHOM j: qacTm:u,I I H 2 ,ItBHJEyT
CJl B ITOJIOlmT8JibHOM HailpaBJieHIIH Z , 8 ~ 4 - B O'l'pHqaTeJI:bHOM. I{pe,11;
IlOJIOllWM, qTo aTn qacTmu,t o6pasoBaJIHCb B pesyJI:E>TaTe pacn8,lta q~cTn~ 
co CillIHOM I Ha napy qacTHIJ; co CillIHOM I, KBJK,ll;Wi ns KOTOpHX ITOTOM pac
rraJiaC» Ha rrapy qacTHIJ; co CillIHOM ~ C Z - KOMil0d9HTOH crmHa, paBHOH 
fiYJIKl. Tor.na COCTOHHHe 8THX qeTupex qacTHU eCTb 

14' >-:: -~ U + / 1 f + >z ( -73 I -> - I - /'.)- /z f + >3 I+ >,J . 
~2 ~ . 

3Tn qeTupe qacT:aqH nporrycKaKJTCH qepes 4 ycTaHoBKH lliTepaa-repJia-
. __., 

xa, TaK qTo rrpOll8BOMTCH llSMepeHHe rrpoeKUHH crm:Ha Ha OCb Vl , KOTO-

paa: HaxOMTCJl B IlJIOCKOCTll X 'J H .ItJIJI KBJK,ll;OH ycTaHOBKli orrpe.zteJIH9TCH 
yrJIOM ¢1. • Tor.na HeCJIO.lltH.l:lli RBaHTOBOMexaHHqecKHH pacqeT ,11;aeT 
.ItJIJI MaTeMaTnqecKoro O.lltll.ItaHHH 

EcJIH 

TO 

EcJIH 

TO 

'f' .... _.. _., __,, . A A A A 

E cn,Jn 2 >n 1 ,h.'1):::<'l'f s", s"i sh~ S"')'\'>-:: 
-: - cos ( ¢ 1 + ¢2. -<f>1, - 4>'1) • 

cpl.+ ©2 -<\,> -q)'1 ::_ 0 :, 

E"'c... R h h ')-::-1 h, I t ) ; ) .... 

ct>. ~4>2 -¢1, -q>'I :::.)\ ' 

'!'----, 1 E (n., \l\"L, n1., n .... , -:::+·• 

(IO. I)' 

(I0.2) 

(I0.3) 

(I0.4) 

(I0.5) 

Ha (ro.2), (I0.3),(I0.4), (I0.5) BR.ItHO, qTO HMeeTCH KOppeJIJIUHH, TaK 
qTo 8HaHHe llCXO,ItOB (+I - BBepx, -I - BHHS) .ItJIJI I, 2, 3 ycTaHOBRH 

rrpn HSB8CTHHX COOTHOmeHHHX yrJIOB .naeT 8H8Hne Toro, qTO Il0Ka.llt9T 4. 
Momro CKa3aTI>, 'ITO 8CJI.ll 6H aawrorH'l!HWi CllTY~Si HMeJiac:r, 6H B 'leJIOB8-
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qeCKOM o6~eCTB8, TO Kor.na TPH 'leJIOBeKa BHCKaSHBaIOTCH npn rOJIOCOB8HHll 
"sa" K~Ta, TO 'l8TB8pTl:m o6H88T8Jll>HO nporOJiocyeT "npOTHB

11 

B CJiy'l!ae (I0.3) n "sa" B CJIY'lae (I0.4). 3Ta KoppeJISllUiH, 
o.ztHaKO, ae MO.llteT 6uT:r. noeyqeaa KJiaccnqecKn. nencTBHTeJibHO, rrpe.ztrro
nollWM, Kalt ll npn BHB0,11;8 aepaneHCTB EeJIJia,c~eCTBOB8Hli8 ~YHRUHH 
11,(.:b,\ 6,(<t,8) C~(<pl) 0,,c(f,..,) co saaqeHHHMH ± I B saBHCllMOCTli 
,,,, J ,, .. , , ., 

oT "cKPHTOro napaMeTpa" ( onpe.zteJIJieMoro npommrn) >,. • 
F,cJIH B8PH0 (IQ.2), TO 

ljr- (¢,) B~ (¢,2.)C >. (¢,'.!,)Z>;,. (<t>-. )-::.-1 

:ECJm B8pHO (I0.4), TO 

A >-(<t> 1) 13,. C.¢2.) C >- C¢>~) 2'» C<i>'t )-:: i . 

(IQ.6) 

(IQ.?) 

IlOKa.llteM, qTo (I0.6) n (IO.?) npOTliBOPeqnBH. Hs (IQ.6) CJIS.ztYKIT 

A>,co)8,-Co)C)I to)D,-(o):::-i, 

A>, (ct,) 9>-Co)C,-C<t>):Z\ co)::-1, 

{I~(~) Bi,. (0) C >- (O) 1) )\ (¢>)-::. -1 ' 

f\>,C2-'4:>)B>-Co)C)\c¢)'D)\(,q,) ::-1 . 

HS (IO.a) n (I0.9) 

fi )\ ( '¢>) C :,_ ( 4>) -= (.l:,. (O) C ~ ( 0) , 

A li8 (Io.a) ll (IO.IO) 

A>- (<t>)'D» C<\:>) ~ A>-co)Z\col. 

OTity.na 
c,..c<t>) - C»CO) 
'D1-(q,) - ~\ ' 

T. e. 
c.>-<ct>)'Z>i,.C¢)-=. c>-co)2>,..coi, 

(I0,8) 

(IQ.9) 

(IQ.IO) 

(IQ.II) 

(IO.I2) 

(IQ. I3) 

(IO.I4) 

(IO.I5) 

T.R. '[)>- c<t>) H 'D},. co) pa.BHH ± I H pa.BHH CBOIDJI o6paTHHM. Tor-

~a ns (IO.II) H (IQ.I5) 
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A,-. C2<b)BA<o)C~co,'Z),_£0} ::-i , 

qTo BMeCTe c (I0.8) ~aeT 

/1"(2,h)-:::.fl>-Co\-:::.coi°'st > Vcb. 

Ho 8TOro He MO~eT 6HTo, ecJIR BepHo B (I0.7) 

A}.(8-t-1t)t3}.(D)C;..<8)Z\(D) ::1. 

T.K. H8 (IO. 9) 

f\>, (6) 13,_(0)C,>-CG)D,>-(0)-:::.-1 , 

TaK qTo ~eJIB (IO.IS) -Ha (10.19) HMeeM 

A}. C 8-t-TC)-:: - A}. (0), 

TIPOTHBOpeqamee (IO.I?). 

(I0.16) 

(IO.I?) 

(IO. IS) 

(I0.19) 

(10.20) 

cpRKCHpOBaH TIPH TaK KaK BO Bcex q>OpMyJiax apryMeHT BI' 
<? = o, TO HaCTORI!lllfi BHBO~ cnpaBe~B H ~.ff Tpex qacTHQ. 
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