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I. BrieneHHe 
Ilpe.n;cTaBJielille O IlOT6Hl0!8JibHOil BOSMOJKHOCTH K8K oco6oM CBOttCTB0 

~HSlfCiecrunc o6~eKTOB 6Wio BBe,n;eHo B KBaHTOBYJO Mexaimey B.rettseH6epro~ 
H 38T0M o6cYJK,D;aJIOCb MHOrliMli (lJH3liK8MH H qllIJIOCO(l)aMR (CM., HanpRMep/Ii). 
~o H8CTOJill{ero BpeMelill Il0Hl'ITH9 llOT0H~!lJil,HOi.J: B03MOJKHOCTH HBJI.H:9TCH Jilillll, 
0

8JI9M0HTOM ~ll3ll~0CKOil llHTepnpeTa~ Teop:im, He liM0:iomE'.M npnMoro M8T0Ma
TlfCI0Cirnro npoo6pasa B Tp~OHHOM qiopMaJIHSM0 KBaHTOBOi.J: M0X8HRKR. 
BOSMO~HO, ~TOSTO CBH3aHO C TeM 06CTOHT0JibCTBOM, ~TO cos.n;aTeJib MaTe
MaTH~9CKoro annapaTa I<BaHTOBOtt MexalillKH - .ll;!t. ~OH HeffMaH npH,IJ;ep,lGIBaJI
CSI oco6oi.J: ("IICHXOJIOrH~0CKOtt") HHTepnpeTa~/Z/ KBaHTOBOtt MexaHRKH, 
He COBila,I!aIOII19:li C "KoneHrareHCKOtt". 

B HaCTOJill{0:li pa6oTe MH nepewopMYJIRpyeM H9KOTOpli9, a C WR3lf'I9CKOtt 
TO~KH speHM - B9CbMa Ba]Kl:!H9, pesyJibTaTH Klillrli/Z/ Ha OCHOB0 Ilp0.Il;CT8B
JI0HHH O noTe~HaJib_HHX B03M0'1tHOCTHX. CaM T9pMHH ."TeOpM B03MOJltHOCTH" 
SaHMCTBOBaH HS TeOpliH He~eTKHX JIOI'HK, o6cyXQ:taeMHX B CBH3H C B03HHK
mai1 B HaCTOJill{ee BpeMiI Heo6xo.n;HMOCTb!O o6pa60TKH Ha !3BM HH(l)OpMal41lll, 
co.n;epl!tantei1 pasHoro po.n;a H90IlP,0.Il;eJI0HHOCTH H3M0pSI9MllX BeJilfCillH ltlm H0-
~8TKO onpe.n;eJieHHHe norui:THSI/37. B o6cyXQ:taeMoM s.n;ecb ~ae neonpe.n;e
JieHHOCTR o6ycJIOBJI8Hll H0B03M0'1tHOCTb!O ne~e.n;aTb B M8Kpoo6cTaHOBKY TO~HYJO 
HHWOPM~ o ~HCJieHHOM sHa~eHHH ,n;Byx HeKOMMYTHPYJOIIIHX Ha6~aeMHX 
(T.e. COOTHOlll9HH0M Heonpe.n;eJieHHOCTH rettseH6epra),KJm, ~TO TO Ee CaM08, 
TeM, ~o MHOI'l'l:0 "xopomo sapeKOM9H.n;OB8BmH8 11 ce6H B MaKpOCKOllll~8CKHX 
MaCll!Ta6ax llOHHTHSI (Koop.n;nHaTH, RMnYJibCa R .n;p.) CTaHOBHTCSI H0~0TKO --
onpe.n;eJieHHHMH B MHKPOMlipe. 3.n;ecb MH npo.n;OJilltaeM 06CYXQ:t81ill0, liatmTOe B

14~ 
rAe 6b!JIO BB9A0HO llOHHTHe RH(l)OpM8WIOHHO-H038MKB:yTOi.J: CHCT0Mll ll cqiop-
MYJIHPOBaHa OTB0~8JOlllaH ett .Il;llHaMHKa. Tenepb Mll KOCH0MCSI H0KOTOPHX, ~nc
TO JIOI'H~0CKIDC 38KOHOMepHOCTett, CBH38HHHX C npo~eCC8MH nepe.n;a~ RH(l)Op
M8nHH. 

2. MHOJteCTBO MeM8HTaDHHX BllCK83llBamra EA • JlOI'H'll8CKK0 
onenamm n, n,n:n, HE 

0CHOBI:!HM llOHHTH0M, CBH3YIOIIIHM T80peT~ecKHtt ( de dicto ) ll 
3MllHPl!'l:0CRHtt ( de re ) ypoB!m: OllHCaHWI B KJI80ClfCI8CKOi.J: ll KB8HTOBOti 
Mexammax, J!BJIH8TCSI Bl:lCKa3llBaH.He P 8 TmI8 "na6_JJUJ;88MM A II,PRHBM80T 
3H8~01ill9 a B RHTepBaJie 68 ". :wm . COKpanteHHO * 

*Mb! 6y.n;8M CTapaTl>C.fl npH,ll;9plltHB8Tl>CH o603Ha~end, ll,PHHJi'l'WC B KHar/5/. 
I 



pa .. (A, Oa) • 

B ,l(8JibH8illueM Tarui:e BHCK83liB81ll!.fl 6y;rryT YIIOMHH8Tl>CH B o6cy~aeMHX 
llC'!HCJieHIDDC BHCK83HB8HR:11 KaK MeMeHTapHlle. 06JiaCTl> l!3M8H8HM Ha6JIIO
.naeMott A 6y,neM o6osHaqaTl> VA , a MHOJKe?TBO Bcex 3JI8M8HTpaHllX BliC
K83liB8Hlltt, OTHOCHII.tHXCH K 3TO:il Ha6JIJ0,11;88MOH, o6osHa~ EA 

Te~epl> ,l(OBOJI!,HO ecTeCTB8HHO onpe,neJrnT!, CJIOJKHOe BHCK83HBaHRe 
p A * 't o6pasoBaHHOe ll3 npoCTliX npH IIOMOIIIH JIOI'H'IeCKOfi onepar~rn MJIH 

(o6osHaqeHHe v) 
PA=~ Pa= (A, U Sa) , 

a: a 
KOTOpoe ~TaeTCH TBK: "Ha6JIJ0,11;aeMaH A npHHHMaeT BHaqeHHe B o6JiaCTH 
'\= R fi

8 
". 0Tp~aHHe SToro yTBe~emm (lIJIH YTBe~eHRe "Ha6.mo-

.naeMaH A He nonaJia B 06JiacT1> i1 P ") 6y,neM 06osHaqaT1>~P A n onpe-
,neJIBM cJie;rryrol!IEM oqeBH,WruM o6pasoM: 

,...pA = (A• L1~• ) • 
l 

r.n~ Llp .. VA - ..1 P TeopeTllKO-MHOJKeCTBeHHOe .nonOJIHeHne o6JiaCTll 

Lip B VA • . 
JiornqecKaH CMS.Ka M (o603HaqeHne /\ ) ,1VIH BHC.K83liB8Hllfi PA ll 

qA onpe,neJmeTCH TaIOKe npH ITOMOIIIH COOTB8TCTByromett eil TeopeTllKO-MHO-
~eCTBSHHOfi onep~ nepeueqeHWJ: o6JiaCT9fi, BXO,IVll!U!X B 3TH BHC.Ka3liB8Hlili 

PA A qA = ( A, Lip n ..14 ) • 

B ,l(8Jil>H9f:!llleM Mli npH,IteM K H806XO,IU!MOCTll IIpllllllCliB8Tl> BHCKa3liB8HHfIM 
PA H qA • IIOMID.10 o6HtrHllX (llCTllHa H JIOJK!,) llCTllHHOCTHliX 3Haqemn'1, HS

KOTOplie npoMeJey"TOqHHe 3Haqemm, JI8Jlt8111He B HHTepBaJie [O,I], KOTOplie 
6y;rryT Tp8KTOB8Tl>CH .KaK BepOHTHOCTH peaJIII38Izyrll COOTB9TCTBYJO!llHX JIM BHC
K83liBaHllfi (npn 3TOM llCTHHe ll JDKH 6y;rryT OTBeqaTI, BepOHTHOCTll Ill 0 
COOTB8TCTB9HHO). MMe.II B BHJJY 3MllHp:irqecKYJ() llHTepnpeTawrro BHCKa3HBaHntt, 
6y,neM TaIOKe Bcer.na IIO'AP83YM8B8Tl>, qTo HCTHHHOCTH8H dlyHrunm 

hA: [PA]-{wA:O~wA~1] 

y,noBJieTBOpJieT CJie'AYJOlllHM YCJIOBIDlM genpoTHBOpetmBOCTH HHTepnpeTamm:: 
I) hA ( ~ p A ) "" "' h( p A ) ; 
2) Ecmi: .dp S Aq , TO h( PA )~h(qA) • 

*·Jl:,JJ,i o6osHaqeHHH BHCKaSHBaHntt 0611!ero BH,Ita (npOCTliX llJilI CJIOJltHhlX), 
OTHOC~CH K Ha<5.m;maeM0:11 A B KaqeCTB8 HH.neKca 6y,neT HCIIOJJl,30-
BaTl>CH caMa HaOJIJ0,11;aeMaH, a it.m\ o6osHaqeHllJI npoCTHX - ee HSltoTopoe 
SHaqeHne a • 

2 

-, 

,:. 

3. ;,irHOBSHHOe H3M8H8Hlle 0Il.lfC8HM CllCT8Mli 

Xopomo lIBBeCTHO. qTo B .KJiaccmecKofi M8X8HllKe yqeT Toro o6CTOHTeJU,
CTBa, qTo HHT8pBaJI, Oa HMeeT HeHYJISBYJO npOTHJKSHHOCT!, (T.e. yqeT onru:
OOK ll3MepeIDm), B 60Jil>lllHHCTBe CJIY'I88B IIpHBO'AUT K H8B03MOlKHOCTll npe.n
CK838Tl> ,l(alKe npH6JIH3llT8Jr6HO BHaqeHlle Hael~aSM0:11 yJKe qepes H8KOTOplift 
KOHeqHHfi IIpOMeJey"TOK BpeMeHR (CM. • Harrp. / 6- 8/) • MMeHHO 6Jiaro,napa 3TO
MY OOCTOHTSJil>CTBY H,ItSH MrHOBeHHO peaJill3YlQID8il:CH BH60pKll HeKoToporo 
SJISMeHTa ll3 MHOJiteCTBa llOT8Hizyr8JI!,HliX B03MOJKHOCT8H (.zwyrrum CJIOB&ra -
rrepexo.n IIOTeHU.lfaJI:E,HO CYll!8CTBYJOlll8rO B CYll!8CTBYIDll!99 aKTyaJI:E,HO RJIH nepe
xo.n B03MOJKHOCTH B ,nei!CTBllTeJII,HOCT!,), ll3B9CTH8H B T90prm BepOHTHOCTe:tt 
C MOM9HTa ee B03HHKHOB8HM ll npucyTCT~~ B KB8HTOBOfi MexaHH.Ke B 
g_JOpMe rrpoeitTHBHoro rrocTyJiaTa qioH HettMaHa 2 , BOlIIJia Terrep1, u :a .KJiaccn
qecKYJ() 'Al!HaMIUty * 

MrHOBSHHOe llBMeHeH:ire B ommamm CliICTeMH, OCYlll9CTBJJHIOlll98CH cpasy 
IIOCJie IIOCTyllJieHM B MaKpoo6cTaHOBlty umpOIJM8WIII O TSltyllleM SHaqeHHH 
H80JIJO,l(88MOfi, WOpM.aJll,HO 38Il.lfCHBaeTCH B BH,Ite qiy~ npncBoeHHH llCTllHHO
CT!lliX BHaqeIIB:il /,;A : EA-.,.. [ llCTllHa, JIOJK!,} • 

Heooxo,nHMO 00060 rro,nqepKHYTl>, qTo rrpHCBOeIDJe liICTllHHOCTHl:lX 3Haqe
Hlilfi BHcKasuBam TeopIDI He HBJIHeTc.11 npocTott Jiornqecgoit oneparmeil:. 
TaK Kalt OHO Bcer,na ITO'AP83YM8B89T HaJIHqHe H8KOToporo peam,Horo B3rurM0-
1I9HCTBM cHcTeMH H rrpnoopa, maIDll!ero c:11cTeMY cTaTyca CYlll8CTBYJOllle:lt 
H838BllCliMO OT OKPYJKaIOll!efi MaKpOOOCTaHOBK:11. TaKRM o6pa30M, CK~ 

hA Mli ,l(OJJJ!tHli CBH38Tl>,, no KpafiHefi Mepe YM03pllTeJil>HO, H8KOTOpli:11 llBMe
PllTeJil>Hlifi IIpll60p. 

4. e.n;rrafiHHe llCTllHHOCTHHe SHaqemm 
B CBeTe :aurneHSJIO~eHHOrO cpasy B03H:IIKaeT Borrpoc - RaKoe HCTllHHO-

CTH09 3HaqeHHe rrpHiraM88T PA , 8CJill nmpopMaWIH O Ha6JIJ0,11;aeMOfi A 911!9 
He IIOCTyrrWia B MaKpoo6CT8HOBlty? QqeBH,ItHO, qTO 8TO :IICTHHHOCTH09 3Haqe
HH8 He MOJKeT COBll8,l(8T!, HH C t (llCTHHa), HH C f (JIOJU,). IIpe,ncTaBJill:8TCH 
ecTeCTB8HHllM (H T8KOfi B03MOJKHOCTl>IO, BH,It:IIMO, HSHBHO llOJil>SYJOTCH OOJil>!DllH
CTBO qJH3llKOB), BB8CTH TD8Tl>8 HCTRHHOCTH08 3HagelU{e 1 (He onpe~9JI9HO). 
O~HaKO, IIOCKOJI!,lty BOSHH.KaJ'OlllaH IIpll 8TOM 3~3HaqHaJI JIOD!ta OOJia,naeT pR'.D;OM 
HeTpHB:llaJII,HWC CBOHCTB ll llOCKOJll,lty OHa K TOMY ~e MOJteT 6HT1> no.nyqeHa 

* OcosHaHne H800XO;D;lll!IOCTll yqeTa onm:6oK RBMepeHIDi (a, c~e,noBaTeJI:E,HO, 
R C8MOrO H3Meperum) CT8pJIO ll 'APYryJO rpaHl> M8JJUCY' .KJiaccwrecKO:lt :II 
KB8HTOBOfi MexaHHKOit. ,lleitCTB:IITeJI!,HO, Tenepl>,:11 .KJiaccwrecrore CHCTeMH 
BpR'.D; Jill MOcyT paccMaTpllBaTl>CH KaK CYll!8CTBYID11l:118Per ae • 6e3 
~eTa rue HH~OpMaql!OHHOli CBHS:11 c M8Kpoo6cTaHOBKO:lt. IIoa~OMY, CaMa 
'KoneHrareHCKaH" llHT8pnpeTanwt, IIOCTyJill,PYlOll!alI COCYll!8CTBOB8HH8 KBaH

TOBoro n o6wrHoro .KJiacc,HqecKoro cnoco6a onHcaHIDi, c aamett TO't{IOJ 
speHHH, ,nOJDKHa OHTl> nepecMoTpeHa (cM.mme). 
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B Blf,IJ;8 8CT8CTB8HHOrO npo.n;OJil!teHIDI o.n;noro PH,I(:il 60Jiee npocTblX JIOrim, 

liM8!0lllHX npospa'IIJY]D BepOSITHOCTIJY]D IDITepnpeTaIJ;ll]O, OTJIOJKliM ee o6cy.ln,IleHll8 

.n;o 6JIIDK8.:tlm8li ny6JJJIBau;mt ll cpasy nepett.n;eM K paCCMOTpeHillO H8KOTOpofi 

4-sHa'IHOit CHCT8Mb1 JIOrmlli, nMeromeli .n;Ba HCTHHHOCTHHX 3Ha'I8Hllil "He onpe

. ,ll;eJl8H011 *, 

Ey.n;eM C'IHT8Tl>, 'ITO CHCTeMa HaXO.n;HTCH B TaIWM COCTOHHlrn, 'ITO npn 

npoBepKe llCTilHHOCTil yTBePJl,It8Hil9 PA= (A, Ll) Mbl llHDrna 6y,neM no.ey:-
. ~ p 

'I8Th 8H8'I8Hil9 t 
I 

a IlHOrlia f • .ltJm Ov03HatJ:eHIDI 3TOrO CBOfiCTB8 CHC-

T8Mb1 npIDinM8Th npn ll3Mepemrn pasrnHHe HCTHHHOCTHH8 SHa'IeHIDI BB01I9M 

. c.ey:tJ:aliH00 'l'.HCJIO U , KOTOpoe noKa He acconimpoBaHO HH C Kaitofi Bepo-

HTHpCTHOfi Mepott. OtJ:eBH,IJ;HO, ~TO yJKe anpnopn cymecTBYST eme o.n;Ho CJIYtJ:8li

HOe RCTHHHOCTH09 3H8'!0Hll9 ii , KOTOpoe HaXO,Il;HTCH "B npOTJIBDql888
11 

C 

u , - ecJIH u npHHHMaeT sHa'IeHHe t , TO ii HMO saMem1T1> Ha f 

H Hao6opoT, BosMOJKHOCTh TaKoro anpuopHoro onpe.n;eJieHHH cBHSaHa npocTo 

c T0M o6cTOHTeJil>CTBOM, 'ITO Bcer.n;a cymecTBYST .n;Ba npOTJIBOilOJID.JKHHX BH.n;a 

annapazypbl, perncTpHpyrollt:l'IX'Ha6.1.llQnaeMYID B llHTepBaJI8X ~A ll VA - AA 
** COOTB9TCTB8HHO 

Ha OCHOB8Hllll 3TOfi HHTepnpe'TanMH CT8BllM cJie,IJ;yIOmyIO Ta6JIHIJY ,Il,1l.fl 

JIOrWieCKOli onepaUlill OTp~aHIDI 

Ta6J.wD;a I 

~ ! 
f I~ l~l~ 

YtJ:llTblBWI CKoppe.,mpoBaHHOCTl> HCTHHHOCTHHX SHa'Ielrnfi u ll ii 
a T81C'lt9 o6bl'l'.HH9 T86~ .n;Jif! OCHOBHHX JI0rn'l9CKHX onepanMli, 

Ta6J.wD;a 2 

PA t f f t 

_qA f f t t 

tj> f t t t 

V t f t t 

A f f f t 

- f t f t 

-*To' .'ITO Heo6XO.n;HMO IIOTpe60B8Tl> cymecTBOBaHIDI KaK MHIDIMYM '<I8THpex 
IlCTHHHOCTHblX SHa'leHHfi, 8CJIH Mb1 XOTID.! HM9Tl> Jiormey,o6Jia.n;aIDmyIO Bepo
aTHOCTHOfi HHTepnpeTaUl{8li, CJie.n;yeT ns paCCMOTpeHIDI npocTeibnefi CTO
xacTR"<I0CKOtt CilCTeMbl-o6HKHOB9HHOfi MOH9Tb1. llCTHHa B 3TOM CJIY"I88 COOT
B8TCTBY8T a6cOJIKJTHO ,Il;OCTOB8PHOMY C06¥Tnii-BHIIa.n;aeT opeJI llJIH peIIIKa, 
JIOlJCb-H9B08M02ltHOMY (Hll opeJI, IDI pemKa) ,.n;Be Heonpe.n;eJieHHOCTll OTB8"<Ia-

- JOT OP.JIY Il pemKe COOTB0TCTB8HHO. 
**Ecmdyro.n;Ho, 3TO sMIIHpll'!ecKoe onpe.n;eJieHHe o6JiacTn n ee .n;onOJIHeHIDI, 

Ec.im CHMBOJIY t conocTamtTh_e,rurnmzy, a f saMeHHTh eyJieM, TO, 
O'l8BH,IJ;HO, HM00T M0CTO u = 1-u • 

4 

'I 

,. 

cpasy JKe H8XO,Il;UM npo.n;OJIJKemrn 3TUX JIOrWieCKl1X (!JYHKUIIU Ha o6JiaCTh c:ny
'I8il!IHX UCTUHHOCTHUX 3H8'!8f!llii 

Ta6~ 3 

PA u ii f f u ii t t u ii u ii 

qA t t u ii u ii u ii ii u f f 

9> t t t t t t u ii ii u ii u 

V t t u ii u ii t t t t u ii 

I\ u ii f f u ii u ii f f _£ f 

u ii ii u t t u ii f f ii u -

5. 3Mrrn:pwrecrorn smwHbMepnocTn lIJIH rrocJienonaTeJil>HHX HSMepeHHil 

PaCCMOTpl!M KB8HTOBYID CHCTeMY, .n;Hll8MII'I9CKaH 3B~ KOTOpoii npe

pHBaeTCJI B MOMSI!TH Bp9M8HU t, ·' t2,... U3MepeHIDIMU Ha6.1.llQnaeMb1X A1 , 
A2•··· COOTBeTCTBSHHO, onepaTOpH KOTOpblX B o6meM CJIY"I88 MOryT He 

KOMMYTI:!pOB8TI, .n;pyr c .ruiyroM. IloCKOJihity HBC 6y.n;yT l:IHTepecoBaTb 'IlICTO 

JIOrl:l'IecKHe oco6enHocTH npouecca nepe.n;a'Il! 1rncpopM8UJill * , 6y.n;eM C'Il!TaTl>, 

'ITO t 1+1 - t 1 -+0 • 
PaCCMOTpl:llv! Tenep:r, HeKOTOpHe (j_)U8l:l'I8CKUe 38KOHOMepHOCTH, KOTOpble, 

B npmn.ume, Mor.mi c5b1 Ob1Tl, ycTaHOBJieHH yJKe 'IUGTO 3MIIUPWI8CKHM nyTeM, 

CJie~e .n;Ba CBOITCTBaJIBJVIIOTCJI de re aHaJioroM ll3B8CTHOro B T80pllli 

KBaHTOBhlX H3MepeHnfi npoeKTHBHoro noczyJiaTa woH Heim,aHa. 

A. IlmrrOTOBJlfilOlllee CBOHCTDO ll3MepHTeJihHOil: npoue.11Vpb1 

ECJIU npol!3BO.n;RTCfl IlOCJI9,Il;OB8T8Jil>IIHe H8Mepemm. o.n;HofI Ii TOii ]!{8 Ha6-
JIIO,Il;88MOfi, TO IlOCJie IlOJiy'I9Hl!H HHC})O,PM8UIIB O pe3YJil>T8T8 nepBOl,O H3MepeHIIH 

pe3yJil>T8T BTOporo MO]K8T 6b1Th npeACK838H O.n;H03H8'<IHO. llcnOJll,8YJI (lJYHKIJ;lllO 
liCTUHHOCTHblX SHatJ:emrfi, 38IlIDII9M 3TO YTB8pli\Il9Hl:19 B CJI9,ll;YK.lll8M BU.n;e 

eCJIH hA,i(Pa} E { t,f) • TO hA,1+1(Pa} ,. F((hA,i(Pa}) • 

r.n;e F - HeKOTOpM H8CJIY"I8fiHM (lJYHitUIIH, 

E. BoSMOJKHOCTh ocymecTBJieHIDI H8B03MVI!laIOl!lero :lt8Mepemm 

WIR. llOCJI9,Il;OD8T8Jil>HHX l!3Mepem'ltt O,Il;HOfi U TOH JK8 Hac5.mo.n;aeMOH HCTHH

HOCTHHe 8H8'I9HHJI Bb1CK83b1B8HHfi, llOJiy'IeHHHe B npe.n;h1.lIYllleM H8Mepemm, no.n;

TB8Jl1K,It8IDTCH ll B IIOCJie,IJ;yIOmeM: 

hA,1+1(Pa} • hA,i(Pa} • 

* 'lliTaTeJIH,lI~TepecylCII!erocH .n;HHSMWI8CK.ID.ITT acneKTaMH BOIIpoca, OTCWlaeM 
K pac5oTe/4/. 
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I 

CBOHCTBa A n B npe.I(CTUBJimOTCJI noqTH OtzeB~HllMH. IlOCIWJU,ey IIMII. 

KaK npaBIDIO, o6Jia,n;8lOT li li3Mepemm, npOH3BO,D;llM!ie Ha.n; ~.,al{pOCIWITM'IeCRJiMlI 

06'.b8KTaMH. 
JJ,7IJI (!)O.PMYJIHPOBKR TpeTJJero, cyry6o KBaHTOBOl'O CBOiiCTBa, JIBJIJI[(Jlllero

CJI 8Mnlipll'I0CKHM amlJioroM TeopeTWI0CKOro npe,n;cTaBJIOHIDI O H0KOMMy-Tllpyro
ll!IDC onepaTopax Ha6JIKUtaermx, y,n;oelHo BBecTn cJie,n;yIOlllee 
OnpeneJieHHe. HaelmmaeMl:i0 A1 lI A2 Ha31:iB1UOTCJI C OBM0CTHW.IH, OCJIII ,n;JIJI 

nocJie,n;oBaTeJII,HOCTll li3MepeHH1i A1, A2, A1 HCTUHHOCTH1!0 3HaqeHllil 
BllCKa31:iBaHHH, OTHOCJIIIilI0CJI K A1 U IlOJIY'I0HHl:ie B nocJie,n;HeM H3Mepemm, 
COBlla,n;aJOT C HCTUilHOCTHl:iMli 3HaqeHIDI),Uf 8TUX Bl:iCRa3HBaHn~. IIOJIY'{eHIIHX 
B nepBOM li3MepeI!llU. 11HHMII CJIOBarm ,B 8TOM CJiy'Iae HMeeT MOC TO 

hA
1 

,1+2(Pa) = hA
1 

,1 (Pa) . 

EcJIH HO CYIIl0CTBYST H3MepUT9JII,HHX ycTpOfiCTD, ll03DOJif!IOll[lIX y,n;oBJieT
BOpHTI, 8TOMY yCJIODmO, Ha6JllQllaeMl:iO Ha31:iDaIOTCJI Il0CODM6CT!lliMll, 

B. CymecTDOBaHH9 H9CODM0CTH1lX gael.mgnaeMl:iX 
)J,Jm npOH3BOJI1>HOH Hael.mo,n;aeMO.i1 Ai H3 MHOJK0CTBa Bcex Hael.mo.n;aeMl:iX, 

OTHOCJIIIIUXCJI K CHCTeMe, cymecTBYOT B 8TOM MHOlK6CTB9 H0KOTOpaJI HaelJilQllae

MaJI Aj, c Heii ile coBMeCTHaJI. 
CTporo roBOPJI, Ml:i .D;OJDKIII:l llOTpeeloDaTI,, 'IT06H OT!l0[])0HU9 CODMOCTHOCTII 

HaelJIJO,D;aOMblX Clwro OTHOrneiraeM ::mmIBaJieHTHOCTII ('ITO COBC0M HG O'IOBU.D;HO, 
eCJIH lICXO.D;UTI, Henocpe,n;CTB0HHO lI3 cc,popMYJIHpOB8HHOro Bbl[])0 oneparurnHaJII,
HOro orrpe,n;eJieHHJI COBMeCTHOCTlI, a He lI3 npe,n;CTaBJieimfi O KOMMYTUpYJOOlllX 
onepaTopax HaelJIIQllaeMHx), T.e. neoelxo.D;IIMO noTpeelonaTI>, 'ITOClli Dl:lIIOJIHJI

JIHCI> CJI9.llYJOIIIR9 TpeeloBaHIDI: 
r. PeilvJeKCHBHOCTI, (cJie,n;yeT lI3 A lI E). 
BcJIKa.fI Hael.mo,n;aeMaJI COBIJIOCTHa caMa c 006011. 

.u. CIIMMOTDWIHOCTI,. 
EcJIH Ai COBMOCTHa c Aj , TC Aj COBMOCTHa c A1 
E. TpaH3HTHBHOCTI>. 
EcJIH A1 COBMOCTHa c Aj , Aj COBMOCTHa c Ak , TO Ai 

COBM0CTHa C Ak 
C KaJK,IUilA KJ!aCCOM 8KBHDaJieHTHOCTH B3aIIMHO COBMOCTHHX naelJIIQllaeMHX 

MOlKHO CBJI3aTI> Tenep1, ITOH.fITIIO ITOJIHoro ll3M909HUR (u COOTDOTCTBeHHO -
nOJIHoro Ha6opa HaelmmaeMHx) , npncBaHBalOlllero uenpoTHBopei::rnB!lM o6pasoM 
(CM. pa3,n;eJI 2) liCTliHHOCTiille 3HatzeHIDI t HJll'l f BCeM BllCKa3HBaHllf!M, OT

HOCJilllllMCR K :JTlIM Ha6.mo,n;aeMblM • 
IlOJI1>3YRCI, llOHJITlI0M ITOCJie,n;oBaTeJII,HHX lI3MepeHH1i, H0Tpy.D;HO IlOCTpOHTI, 

li 8MnlipWieCF.Hfi aHaJIOr BOJIHOBO.H qJyHKII;lili (tzl'ICTOro COCTOR:HIDI) CHCT0MH. 
,UeliCTBHT0JI1>HO, HCXO,!l;R .113 Toro, 'ITO DOJIHOBa.fI <lJyHKII;l{.f! co,n;eplltHT HHc,pOpMa
iuno o 3Ha'!eHHRX Bcex ua6.mo,n;ae1.mx H3 HeKoToporo nOJIHoro Ha6opa, npou.;e
,n;ypy nplil'OTOBJieHWI qHCTOI'O COCTOJIHIDI.MOJKHO on.11caT1> KaK HSKOTOPYIO Milli,-
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J 

1 

CliMaJII,H;{IO IlOCJISJIOB8TeJII,HOCT1> npHCBOeHHti HCTHHHOCTHHX 3Ha'IElHHft t 
8JI0MGHTapHI:lM BllCita3HBaHJIBM Pa ,Pb , Pc , : • • ,OTHOCR:IIIRMC.fI K Ha6JIIO,n;ae-

1 j k MHM A, B, C, ••• 

hA 1 (Pa)= t, h-. 2 (Pb)= t, he J (P ) • t, •.• , • , 1 73, j , ck 
Ilpn 8TOM, corJiaCHO YCJIOBlIIO HerrpoTHBopetrHBOCTH, liCTHHHOCTHHe 3Hatzewm 
Bcex OCT8JII,HHX SJI0M6HT8pHHX BliCKa3HB8HIIft, OTHOCJIIIIRXC.fI R paccMaTpKBae-
MOMY ITOJIIIOMY Ha6opy Ha6JI10,n;aeM!lX, npHHllMaJOT 3HaqeHll'.e f • rro CYIIIOCT-
By 3Ta ~e. TOJI1>RO OCHOBaHHaR: Ha 60Jiee CJIOlKHO.H 3-3HatzHOfi JIOrKKe, rrpon;e-
,n;ypa npHrOTOBJI9HUJI 'IHCToro COCTOiIHIDI OllKCaHa B/5/. . 

EJiaro,n;ap,i:.npnrOTOBJU!!Ol!l8MY CBOiiCTBY npon;e,n;ypu H3Mepemm (cM.CBOft
CTBa AH B), B Ka'IecTBe cJie,n;cTBH.fI MmKHO cwop.,yJIHpoBaT1> cJie,n;yiomee 
CBOijCTBO MapKOBOCTlI lI,JIR nocJie,n;oBaTeJI1>HOCTH nomnnc li3Mepeimii: pe3yJI1>T8T 
ncmwro H3MSpemm onpe.n;e.llffeTcJI JililllI, Ha6opoM Ha6JIJO,n;aewx, OTBetzal<lllWC 
:JTOMY U3Mepemoo, II· HCXO.D;OM llOJIHOro ll:3Mepemm, Henocpe.n;CTB8HHO rrpe.n;me
CTBOBaBrnero paccMaTpHB86MOMY. 

HeKOTOplie 8BTOpbl (CM. ,Hanp., Y'!S6HHR Jl.,U • .Jia~ay H E.M.Jfug;lllHIJ;/9/) 
H8CTaHBaIOT Ha Heo6xo.D;IIMOCTH OTRa3aTI>C.fI ,n;JIJI KBaHTOBHX CHCT8M JI: OT,Ka3a
JIOCI, 61:i,CTOJII, otzeB~IIHX CBOUCTB,KaR AH E. B tzaCTHOCTH, B/9/ YTB8p)K.I{a-
9TCR, tzTO·HliK8KaJI uao.mo.n;aeMaJI, aa HCKJJIO'i8Hli8M npocTpaHCTBeHHOtt KOO,P
,Il;HH8Tll, He RBJllI8TCJI BocµpOH3BO.n;uMOft rrpK IlOBTOpHOM H3Mepemm (TaimM 
o6pa30M, CBOftCTBO r OTpmi;aeTC.fI). B 8T01i CBJI3H He06XO,Il;IIMO ITO,Il;'IepKHy-TI>, 
'ITO.XOTR .D;OllYIIISHH.fI Tlirra A HJm: Ell no,n;paayMeBamT orrpe~eJieH~ ~ea.imaa-
1.(HIO*, B o6H'!HOM onepaTOpHOM WOp.!aJm3M8 KBaHTOBOtt M8X8HHRH 21, He CY1I18-
CTByeT HHRaRHX apryMeHTOB B IlOJI1>3Y TOtzrui apemm, BHCK83.aHHOtt B/9/. He 

y6eJK,D;aeT B 8TOM lI OITHCaHHM TaM KOHRpeTHWi npon;e,n;ypa H3M8p8HII.f! IDIIIIYJII,Ca, 
T8K KBR B npHHltlme MOlKHO npe.n;cTaBHTI, ce6e MaKpOCKOillitzeCRHii c,pnJI!,Tp,npo

nycR8IOlllllfi 'I8CTHD;!:l B HeROTOpOM sa,n;aHHOM HHT8PBM8 HMnyJI1>COB H rrorJIOIIiaIO
IIIRfi OCTaJII,HH8 (aHaJior 8.KpaHa C OTBepCTH8M,ll3Me.PJIIOlllero KOOp,n;HHaey) -
TPY.D;HOCTI, lI3l'OTOBJieHIDI Ta.Koro qiHJI!,Tpa H8 JIBJI/i8TC.fI ITPHHlUUIHaJI1>HliM apry
MSHTOM. C Hamett TOtzRR spemm:,RaTeropK'IeCROe OTmmami:e CBOHCTB AH E 
TOJI1>KO ycJIOlKH.f!eT noHRMaHIIe Toro HoBoro, tzTo nellcTBKTeJII,Ho ycTaHoBJieHQ 
rrpn paccMOTpeHIIH nepexo.n;a OT RJI8CCRTI8CRHX CHCT8M K KBaHTOBUM • .ltnccyc
c:w:r B Y'!961:llllte Jl.,U.JlaH,n;ay H E.M.Jfuqmmn;a OTHOCHTCJI Ha CaMOM ,Il;eJI8 Jmllll, 

K HHTeprrpeTaIJ;Jm COOTHOmemur Heorrpe~eJieHHOCTH 3H8pI'Wl-BpeMR:, CMHCJI 
ROToporo ,n;o HaCTOJil!lero BpeMeHH, rumHMO,He BlIOJIH8 aceH (B. CBJISH C TeM, 
'ITO B RB8HTOBOft Mexamme HeT onepaTopa BpeMeim). 0.n;HaKO 6e30THOCHT8JII,-

*Harrpmiep, H3Mepsm HMnyJII,c no HCRpimJieHIDO K rrocJie.zzyxlllleMy- BOCCTaijOB
JI8HIDO TpaeKTOp:im tzaCT.liID;!:l, MH M0.1lt8M ero CJI8l'Ka R3M8HKTI,. CJie.zt,yH/IO/, 
Hael.mo,n;aeMHe, MS{ ROTOPWC ITPHlmMaJOTCR ,Il;OllYIIl8HIDt Tima A l'IJIH E {B. 

·Tpa.n;:aui,:OHHOM WOPMaJIH3Me 3TlilM Ha6.mo,n;aeMIW OTB8tz8DT 8pMHTOBCRH8 Oll8-
paTOpli), HHOr,n;a HaSHBaIOT KOHI!eilTVaJll,HllMH. 
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HOK perueHmo sTofi npo6~eMH Bee paccyl!f,I(emm HaCTOJilllero pasAe~a saBeAo
MO cnpaBewnmu, ecJm: C'Il!T8T!>, 'tJTO llHTepBa~ BpeMeHH Me;l(,lJy ,Il;BYMII llOMe
~OBaT~HHMK ll3MepeHimMH He paBeH HYJIIO, O~HaKO li3MeHeHire li3MepileMllX 
Ha6JllUJ;aeMHx (B refl:seH6eprOBCKOM npe~cTaMeHHH) B Te'leHire SToro BpeMe!lli 
He3H8'Il!T~HO. 

6. IloTeHUHaJI!>HHe B03MOlKHOCTH ll He'leTKI!e llCTliHHOCTHHe 3Ha'lel!M 

liMeHHO CBOHCTBO B n o6yc~a~BaeT TO HeycTpaHHMoe B03~ei1CTBIIe 
ll3Mep:e:TeJII,HOrO ycTpOiiCTBa Ha KBaHTOBYJO CllCTeMy,c KOTOpllM H.Eop CBll3ll
Ba~ np:e:~ ~OllO~HHTeJII,HOCT;rfll/_ C Hamett TO'IKH spemm, O~HaKo, Tpa,n;u
QHOHHYJ) "KoneHrareHcicyIO" liHTepnpeTa~ MOJKHO 3aMemrn 6Mee rroc~e~o
BaTMDHofi, He rrpe~Mar,alOIIlefi COCYllleCTBOBaHire ~yx H938BIICilMllX ypoBireH 
omrcaHIDI - M8CCH'leCKOro ll KB8HTOBoro, ecJm: UCXO~T!, ll3 rrpe~cTaMeHIIli, 
38\!)l!KCllpOBaHHllX B IJOIIBTIDr KBaHTOBOH IIHQ)OpMaQHOHHO-H938MKHYTOU CllCTeMH. 
~eliCTBllTeJII,HO, H9CMOTpH Ha TO, 'ITO B03MYllleIDie CllCTeMH BHeWHIIM ll3Mepli
TM!>HllM YCTpOiiCTBOM HMeeT MeCTO Bcer.n;a (MeHfieTCH B9KTOp COCTOHHIDI CllC
T9Mll), 06HapyllGIT!> ero MOJ!UIO. ~!, B TOM c~ae, KOr~a pa3M9PH IrnTepBa
~OB Oa , BXO~ B onpe.n;e~eHb:e s~eMeHTapHHX BllCKa3HBaHnl1 TeopHH, 
CTaHOMTCH ,Il;OCT8TO'IHO Ma~II ~ Toro, 'IT06ll rrpoRB~C!, orpalll!'leHim, 
H8Ma,IV:lB8eMHe COOTHOilleHll9M Heonpe~e~eHHOCTll. Hao6opoT, ecJm: TO'IHOCT!, 
omrcaHIDI He BllCOKa - c~ali TllITWIHllfi ~ MaKpOCKOIDI'l9CKIIX CllCTeM, 
06H'tJHOfi ~OrHKH, onepllpy!CIJlefi C ~YMH llCTllHHOCTHll.MH 3H8'l9HMMH t ll f , 
OK83llB89TCH ~OCT8TO'IHO ~ onncaHIIH. Ilpll STOM B03HllK89T H9KOTOpaH 
HJL7IIOBR!l Toro, 'ITO noc~e~OB8TM!>Hll9 ll3MepeHHH Jm:W!> YTO'IIDllOT 3118'l9HM 
Wll3R"I9CKIIX Ha6JllUJ;aeMHX, KOTOplle cymeCTBOBaJm per se eme ~o Toro, KBK 
6~o rrpoBe.n;eHO ll3Mepemre. B TaKoil KapTHHe Mllpa c~afl:HOCTll rrp~aeTCH 
mIW!, cy6MKTIIBHllli CMHC~ - OHa CM3llBaeTCH JIUW!, C HellHqJOp11mpoBaHHOCT!>IO 
H86JllUJ;aTe~ o cymecTBYJ(JmHX o6~eKTUBHO <1eTKIIX ( t Will f) llCTllHHOCT
HllX 3Ha'leHIDIX MeMeHTapHHX BllCK83llB8HllU TeOpIDI, K8KOH 6ll M8~0fi o6~aCT!> 
6a He rrpe~o~ara~ac1>. Ha Hey~oMeTBopnTem,HoCT!> no~o6Hofi cy6~eKTIIB

HOfi TpaKTOBKll c~afiHOCTII ~ IlOHilMaHM npnpo~ Heo6paTUMHX HMeHllit. 
yJKe· HeO,Il;HOKpaTHO YK83llB8~0C!> BO MHOI'HX pa6oTaX (cM. ,Hanp.,1121). 
Heo6xo.n;HMOCT!, BBe.n;emm c~afl:HHX llCTHHHOCTHllX 3Ha'lellllfi ~ornrur u ll 

u , c Haruefi TO'IKH spemm,o6yMoBJieHa caMoii npnpo~ofi rrpoQeccoB rrepe
~a'IH llHWOJ)Mawra O KBaHTOBOfi CllCTeMe B M8Kpoo6CT8HOBey*. 

* ~eHa,.KOTOpy:B? rrpHXO~TCfI M8TllT!> 38 rrpeo~OJielllle ynOMllHaBill9HCH 
"M038ll'IHOCTll" OpTO,Il;OKC8Jll,HOtt HHTeprrpeTaQllll, ~orrycKa10meii cocymecT
BOBalllle .n;Byx pa3Jm:'IHHX TllITOB CllCTeM, 38~'l89TCH B TOM, 'ITO Tenep1, 
npe~MaraeTCH, 'ITO iallte MaKpOCllCTeMbl C8Mll qo cede. BHe CM3ll C 
KOHKpeTHOfi npone~po H3Mepemm:, H8 od~arraIOT HHK§KllMll onpenMeHHll-
MH sHa'leHIDIMn Ha6JIJOJiaeMHx. . 

8 

Eo~ee co.n;epaaT~Ho:i ~eTCH, o.n;HaKo, ~or1ma, orrep11pyiomaH He co 
c~aaHh!Mli, a C He'leTIGIMH liCTIIIIHOCTl!llMH 3Ha'leHIDIMH, iwTopaH IJ03B™eT 
CM38T!> C Kruimi,IM BllCI<83llBaHneM TaIOKe Ii Mepy ero HCTUHHOCTII. Ha rrepBllil: 
B3r~ HeomI.n;aHHOe, HO II3 nocJie,IC'IOmero II3~0lltemm ITOHHTHOe, CBOitCTBO 
STOH JIOrHKii 33~-qaeTCH B TOM, 'ITO Ta6JillQl,l ~ OCHOBHHX ~Orli'leCKIIX 
onepaQHii IIMeIOT B STOM c~ae B TO'IHOCTII TOT ;K8 mm, 'ITO ll Ta6JII1Ql:l pa3-
,Il;M8 4, XOTH o6JiaCT!> IlCTUHHOCT!IHX 3Ha'lem1n pacruHpHeTCH rrpn 3TOM C ~yx
s~eMeHTHOro MHOJiteCTBa { 0 ,l} Ha Bee!> lIHTepBaJI [O, I) . tITo6ll no,Il;'lepKHYT!> 
STO pa3m!'Ill9, rrpOII3Be.n;eM 38Meey o6osua'leHID'i IICTll!I!IOCTHHX 3H8'l8HID'i ~o

rnmr 
r-o,· u-,..w, u-w, t-1 

II 6y.n;eM lIX TpaKTOB8Tb KaK Mepy IlOTeHQH8JII,HHX B03MOJKHOCTeil CHCTeMll npn
HIIM8T!> TO wm IIHOe 3Ha'leHne- Ha6JllUJ;aeMOii' IImI KaK BeDO.flTHOCT!> peaJm:3aIDm 
BllCK8311BaHIIli' PA ll ~PA. Ilo-.n;pyrm..iy - W ll W OIIHCllBaJOT,B K8KOfi Mepe 
YTBepl!f,I(emm PA n ~PA npucymn cucTeMe eme .n;o Toro, KaK nHcpopManwr 
0 na0JIIO,!Vl8MOTT A IIOCTYIJMU B M8KpOOCJCTeHOBey. COOTHO!llelllle w • 1-w 
(cM.CChIJIRY ** Ha CTp.4) Tp8RTY9TCR Tenepb Ka.R coxpaHeHne BepORTHOCTH 

oonapylKHTb na6Jiro~aeMyro r~e-nn6y.n;b B o6JiacTn VA. 
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