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I0.A.JIebOeneB

D®opMyIMPOBKA KBAHTOBOW MEeXaHMKHM Yepe3 ' COOTHECEHHbIE
cocrositHus" *

Xbto OBeperrt ||

[ManemepoBckas Ousnueckas Jlaboparopus, [Ipuncronckuiit Yuusepcurer, I[Ipuncron, Hero-Jlxepcu

1. BBEAEHUE

3agaya BBEICHHUS KBAaHTOBBIX TipeacTaBieHnii B OOmyrwo Teopuro
OTHOCHUTEIBLHOCTH, KaK TOJIbBKO OHHU HEMOCPEJACTBEHHO MNPUMEHSIOTCA K CTOJb
dbyHIaMEHTAIbHOW  CTPYKType, Kak TEOMETpHUs  MPOCTPaHCTBA-BPEMEHHU,
MOJHUMAET CEPhE3HBIC BOMPOCHI O CMBICIE CYIIECTBYIOIIEH (DOPMYTUPOBKH U
MHTEPNPETAU KBAHTOBOM MEXaHUKH. DTa CTaThsl ABJSETCS MONBITKOW BHECTH
SCHOCTh B (OPMYJIMPOBKM KBAaHTOBOW MexaHWku. OHa MpencTaBisieT coOoi
nepeopMyJIMPOBKY KBAHTOBOM TeOpUH B GOopMy, KOTOpasi, KaK MOXKHO HaJIEesSIThCS,
oynetr npuMmenumoit B O0men Teopun OTHOCUTETHLHOCTH.

Ilenb HE COCTOUT B TOM, UYTOOBI OTPHIATh WJIM BCTYIAaTh B MPOTHBOPEUHE C
OOBIYHON (hOPMYJIUPOBKON KBAHTOBOW TEOPHUH, KOTOpas MPOJAEMOHCTpPHUpOBaIa
CBOIO TIOJIHOLEHHOCTh B TOJIaBJISAIONIEM OOJBIIMHCTBE MPOOJIEM, a CKOpee, B TOM,
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YTOOBI MIPEIOKUTH HOBYIO, O0Jiee 00IIYI0 U MOJHYI0 (OPMYIUPOBKY, U3 KOTOPOH
MOXET OBITh BBIBEJICHA OOBIUHASI HHTEPIPETAITHSI.

B3aumooTHoOIIeHUsT 3TOM HOBOM (POPMYIHPOBKH C MPUMEHSBIICICS paHee —
9TO B3aMMOOTHOIIICHUSI METAaTeOpUU U TEOPUHM, TO €CTh, IMpeJIaraerTcs
OCHOBOIIOJIAraroIasi TeOpusi, B KOTOPOH MOTYT OBITh UCCJICIOBAHBI M TIPOSICHEHBI U
CYIIIHOCTb, U COTJIACOBAaHHOCTb, W 00JIACTh MPUMEHUMOCTHU CTApON TEOPUH.

HoBasi Teopusi HE OCHOBaHa Ha KaKOM-TO pPaJUKaJIbHOM OTCTYIUICHHH OT
0o0bIyHOM. B HOBOW Teopuu OMyIEeHbl CHENHAIbHBIC MOCTYJIAThl CTAPOM TEOPHH,
CBSI3aHHBIE C HaOmogeHueM. TakuMm 0O0pa3oM, MU3MEHEHHas Teopusi MpuodpeTaeT
HOBBI  xapaktep. W mpexnae, dYemM CTaHET BO3MOXKHBIM  Kakoe-JIHOO
KOJIMYECTBEHHOE OTOXKJICCTBJICHUE PE3yJIhTaTOB HOBOM TEOPHUH CO CBOMCTBAMU
AKCTIIEPUMEHTAIBHOTO MHUpPA, 3TU WU3MEHEHHMs JIOJDKHBI OBITh MPOAHATIM3UPOBAHBI
"B cebe m misa cebdsa'. Korma 3To ciaennaHo, OTOXIACCTBICHHUE BO3BpAIIACTCS K
OTHOCSIIIIUMCSI K HAOJIFOJICHUIO OMYIICHHBIM IOCTyJIaTaM OOBIYHOW TEOpUH, HO
TaKUM CIIOCOOOM, KOTOPBIN Pa3bsACHIET UX POJIb U JOTUYECKOE MOJT0KEHHUE.

Mpbl HauMHaeM C KpaTKoro oOCyXJAeHUs OOBIYHON (OPMYIUPOBKH U
HEKOTOPBIX MPUYUH, KOTOPBIC MOPOXKAAIOT MOTHUBBI MMOMCKA MOAU(DUKAIIUH.

2. OBJIACTH IIPUMEHUMOCTH OBBIYHO ®OPMVYJIMPOBKH
KBAHTOBOU MEXAHUKHW NJIN "BHEIIHET'O HABJIFOAEHW A"

Mps1 Gepem 00bIUHYIO (OPMYITUPOBKY KBAHTOBOM MEXaHUKH WM "'BHEIIHErO
HaOJIFOIEHUs" CBOJIAILYIOCS IO CYHIECTBY K CIEAYIOMEMY . (DM3UYECcKas CHCTEMA
MOJIHOCTBIO OMUCHIBAETCS (PYHKUUEH COCTOSHUA Y , KOTOpas SIBISETCS DJIEMEHTOM
['mnpbepToBa NpPOCTPAHCTBA, M, KPOME TOro, JaeT HH(POPMALUIO TOJIBKO O
BEPOSITHOCTAX pE3YyJbTAaTOB pPAa3IWYHbIX HAOMIOJEHUN, KOTOpbIE MOTYT OBITh
CeJIaHbl HaJ CUCTeMOW BHEUIHUMHU HaOmonareiasiMu. EcTh JBa MPUHUMIIUAIBHO
Pa3TUYHbBIX MYTH, KOTOPBIMU MOXKET U3MEHUTHCS (DYHKIIUS COCTOSHUSA .

Hpouecc 1 HpepBIBI/ICTOC NU3MCHCHUC, BBI3BBAHHOC Ha6JIIOIICHI/IeM BCIIMYUHBI C
COOCTBEHHBIMH COCTOSTHUSAMH f 1 f 530+ B KOTOPOM COCTOSITHUC Yy 6YIICT HU3MCHCHO

2
Ha coctosHue f , ¢ BepoATHOCTHIO |6/ f j] .

Ilpouecc 2. HemnpepplBHOE, JCTCPMUHUPOBAHHOEC H3MEHEHHUE COCTOSHHSI
W30JJMPOBAHHOH CHCTEMBI CO BPEMEHEM COIJIACHO YPAaBHCHHUIO  BOJIHBI
Ty /it =Ay ,rae A - IuHeHHBINA omepaTop.

Orta (HopMyIUpPOBKa OMHUCHIBACT BCE pa3HOOOpas3we >KM3HEHHOro ombiTa. He
HA3BECTHO HUKAKOI'0 AKCIIEPUMEHTAIEHOTO CBHUJIETENLCTBA, KOTOpOE
MPOTUBOPEUSIO Obl 3ToMy. HO HE BCce MBICIMMBIC CUTYallMH COOTBETCTBYIOT
CTPYKTYpe JTOH MaremaThdeckoi (opMyaupoBku. PaccMoTpum, Hampumep
W30JIMPOBAHHYI0 CUCTEMY, COCTOSIIYI0 W3 HAOIIOJATENs WIM W3MEPUTEIHLHOTO
npubopa, IIoC cucTeMa 00beKTa. MOXKET U M3MEHEHHE BO BPEMEHH COCTOSTHUS
00veduHennou cuctembl ObITH omucaHo IIpouneccom 2?7 Ecnu 310 Tak, TOrna,
Ka3aJ10Ch ObI, HUKaKO# MPEPBIBUCTBIM BEPOSATHOCTHBIN Mporecc Tuma [Iporecca 1
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HE MOXXET UMeTh MecTo. Ecnm HeT, Mbl BBIHY)XICHBI NPHU3HATh, YTO CHCTEMBI,
KOTOpPBIC cozepxar HaOIromaTele !, HE SIBIISIIOTCSI cyOBeKTaMu
KBAaHTOBOMEXAaHWYECKOTO OIMMCAaHWS TOTO K€ CaMOoro BHUJA, KOTOPOE MBI
JOIyCKaeM JUII BCEX APYTHX (PU3WYCCKUX CHUCTEM. DTOT BOIPOC HE MOXKET OBITh
HUCKJIIOYEH KaK JIKAIIMKA B 00JIaCTH IICUX0JIOTHU. bonpmmHcTBO "HabmromaTesneit”,
oOcyXlaeMbIX B KBAaHTOBOW MEXaHUKE, OTHOCHUTCA K (OTORIEMECHTaM,
doTorpaduveckuM  IJIaCTUHAM, W TOMY TIOJJOOHBIM  YCTPOWCTBAM,  Ybs
MEXaHUCTHUYECKasi CYIIHOCTh €/1Ba JIU MOXKET OBITh OcropeHa. B mociemyromniem
KKIBI YWTaTEIh, €CIIM Yy HEr0 HET JKEeJIaHWsS pacCMaTpUBATh HAOJIOIATENCH B
00J1ee IPUBBIYHOM CMBICIIE, MOXKET 02PAHUYUMBCSL SMUM KAACCOM NPoO.iem Ha TOM
K€ CaMOM MEXaHHCTUYECKOM YpOBHE aHaJIn3a.

Kakyio xe cmechp IlpomeccoB 1 um 2 oOblyHON (HOPMYITUPOBKU HYKHO
UCIIOJIB30BaTh B ClIydae, KoOrja TPOU3BEJCHO TOJBKO IPHOIU3HTEIBHOE
W3MEpPEHue; TO €CTh, KOIJa TMpuOOp WIM HaOJI0aaTeb TOJBKO CJIabo u
OTpaHUYCHHOE BPEMsI B3aUMOJICHCTBYIOT C CHCTeMOW 00bekTa? B ciaydae Takoro
NpUOIM3UTEIHOTO M3MEPEHUsT HaJIeKalias Teopus JoJbKHa omnpeneiautb. (1)
HOBOE COCTOSIHHE CHCTEMBI 00BEKTa, KOTOPOE COOTBETCTBYET BCSIKOMY YaCTHOMY
pe3yabTaTy, 3aUKCHPOBAHHOMY TpHOOpOM, U (2) BEpOSTHOCTh, C KOTOPOM 3TOT
pesynapTar Oymer monydeH. @don Heiiman mokazan, kak oOpabaThIBaTh
CICIUANBHBIA KJIACC NPHOIU3MTEIBHBIX H3MEPCHHA METOJOM IMPOCKIIMOHHBIX
oneparopos’. OMHAKO MOKHO TOKa3aTh (CM. pasfen 4 HacTosIeH CTaTbH), YTO
oOmrasi TpaKTOBKA BCEX MPHOJIU3UTEIBHBIX U3MEPECHUH METOJIOM IPOCKIIMOHHBIX
OIIepaTOPOB HEBO3MOIKHA.

Kak e mnpuMeHATh OOBIYHYIO (OPMYIMPOBKY KBAaHTOBOM MEXaHUKU
HEIOCPEJICTBEHHO K T€OMETPHH TPOCTPAHCTBa-BpeMeHH? [Ipobiema cTaHOBUTCS
0COOEHHO OCTpOii B CIydae 3aMKHYTOH BceleHHOM °. J[jist Toro, 4ToObl BCTaTh BHE
CUCTEMBI U HAOJIOJATh 3a HEW, TaM MPOCTO HET HUKAKOro Mecra. M BOBHE HET
HUYETO, YTO MOTJI0O OBl OBITh NMPUYMHON TEepexoga OT OJHOTO COCTOSHHUS K
apyroMmy. M make 3HAKOMOE MOHSATHE UCTHHHOTO 3HAYCHHSI SHEPIHH IOJTHOCTHIO
HEMIPUMEHUMO. B BBIBOJIC 3aKOHA COXPAHCHHS DSHEPIHUM  IOJHAS DHEPrHUs
OTpeeIsIeTCS TOCPEJACTBOM HWHTErpaja, KOTOPBIM Oepercs 10 TOBEPXHOCTH,
IOCTATOYHO OOJBIION, YTOOBI BKJIIOYHUTL BCE YacTH CHCTEMBI H  HX
B3aumojelicteus ‘. Ho B 3aMKHYTOM IIPOCTPAHCTBE, KOT/a IIOBEPXHOCTh BKIIIOUAET
Bce Ooiplie U OoJiplie 00BbEMa, OHA, B KOHEYHOM CYETE, MCUYE3aE€T B HEOBITHE.
[TomBITKM OTPEICTUTH MOJHYIO SHEPTHIO JUIS 3aMKHYTOT'O MPOCTPAHCTBA CBOASATCS
K ITyCTOMY YTBEP)KJICHHUIO O TOM, YTO HYJIb PaBHACTCS HYIIIO.

Kak ke MOXeT OBITh ClIeJJaHO KBAaHTOBOE ONHMCAHUE 3aMKHYTOW BCEJICHHOM,
MPUOJM3UTEIBHBIX W3MEPEHUH, W CHCTEMBI, KOTOpas COJCPKHUT HaOIromaTess?
OTH TpH BOMPOCa UMEIOT OJHY OOIIYI0 0COOCHHOCTD, TOCKOJIBKY BCE OHH TPEOYIOT
TaKyl KBAHMOBYI0 MEXAHUKY, KOMOPAs A6IAeMCs HYMpPeHHell N0 OMHOULEHUIO K
UBOIUPOBAHHOU cucmeMe.

Y 00bI4HO# POPMYIUPOBKH KBAHTOBOW MEXaHWUKH HE CYIIECTBYET SICHOTO
NMyTH TPUMEHCHHSI K CHUCTEME, KOTopas HE SBIIICTCS CYOBCKTOM BHEIITHETO
HaOmoneHUS. Bes mHTEpIpeTHpyromas cxema 3Toro (Gopmann3Ma omnmpaercs Ha
MOHATHE BHEIIHEro HaOMOAeHHUS. BeposSTHOCTH BO3MOXKHBIX — Pa3IUIHBIX
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pe3ysbTaToOB HAOMIOEHU Mpeanucanbl uckiounTenbHo Ilpoueccom 1. bes aroit
gactT ¢opmaiu3mMa BOOOIE HET HHUKAKOro CpelCTBa, YTOOBI MPUIHUCATH
¢bu3nueckyo uHTepnperanuio o0buHbIM cTpykTypam. Ho Ilponecc 1 maxomurcs
BHE PACCMOTPEHHMS /I CUCTEM, HE MOBEPKEHHBIX BHEIIHEMY HAaOIIOICHHIO .

3. BHYTPEHHSII KBAHTOBASI MEXAHUKA N30JIMPOBAHHOM
CHUCTEMBI

Ora craThd TNpemaracT paccMaTpuBaTh YHCTYH) BOJHOBYIO MEXaHUKY
(ucxmrountensHO [Iporece 2) kak moyiHyro Teoputo. IlocTyaupyercs, 4To moaHas
MaTeMaTudecKass MOJICNIb KaKI0W 0€3 MCKIIOUCHUS M30JMPOBAHHON (PU3MUYECKOU
CHUCTEMBI O00CCIICUMBACTCS BOJIHOBOH (YHKIHMEH, KOTOpas BCIOQy M Bceraa
OIMCHIBACTCS JIMHEHHBIM BOJIHOBBIM ypaBHEHHEM. Jlajee mocTylmpyeTcs, 4To
KaKIas CHUCTeMa, KOTOpas IIOJBEPracTCs BHENTHEMY HAOIIOACHUIO, MOXET
paccMaTpHBAThLCS KaK 4acTh OOJbIICH N30JIUPOBAHHOW CHCTEMBI.

BonnoBast ¢pyHKIMS B3siTa KaKk OCHOBHOE (hU3UYECKOE ObITUE Oe3 anpuopHol
unmepnpemayuu. VIHTEpHIpeTanysi TOSBIACTCS TOJIBKO HOCAe WCCICIOBAHMUS
JIOTUYECKON CTPYKTYPhI TCOPUH. 3/1eCh, KaK BCET/a, cama TCOpHUs YCTaHABIHNBACT
CTPYKTYpYy A ee UHTepnperaumuu’ . Jis m1000# HHTEpHpEeTalud HeoOXOAUMO
MPUBECTH MATEMaTHYCCKYIO MOJEIb TEOPHH B COOTBETCTBHE OMBITYy. C 3TOMU
[ENBI0 HEOOXOAMMO CPOpPMYyITUPOBaTh aOCTpPaKTHBIE MOJETH HaOII0IaTeNeH,
KOTOpBIC caMu 10 ce0e, B IIpejIiesiax TCOPUH, MOTYT TPAKTOBATHCSA KaK (hH3UUCCKUE
CHUCTEMBI, PAcCMOTPETh H30JIMPOBAHHBIC CHCTEMBI, COJACpIKAIUE TaKUX
MOJICJIBHBIX HaOJfoaTteeli BO B3aWMOJACHCTBHM C JPYTUMHU ITOJCUCTEMAaMHU,
BBISIBUTh HM3MCHCHHSI, KOTOpBIC IIPOUCXOMAT B HAOMIOIATENEe BCICACTBUE
B3aMMOJICUCTBUSA ¢ ONMKAHIIMMH  TIOJCHCTEMaMH, W  HMHTEPIPETHPOBATH
W3MCHCHUS Ha 3HAKOMOM SI3BIKE OTIBITA.

B pasznmene 4 uccnemyroTcs MpeACTaBICHUS COCTOSHHS CIOKHOW CHUCTEMBI B
TEPMHUHAX COCTOSHHHA COCTaBJIIOIIMX TIOJCHCTEM. MaTeMaTHKa MPUHYXKIAaeT
OCO3HATh TOHITHE COOMHECEHHbIX COCMOSHUU B CIEIYIOIIEM CMBICIE. HEIb3s
CUHMTaTh, YTO COCTABJISAIOMIAs TIOJICHCTEMa, HE3aBHCHMO OT OCTaJbHOM 4YacTH
CJIIOKHOW CHCTEMBbI, MOXKET HAaXOJMThCA B KaKOM-THOO CIMHCTBCHHOM YETKO
OTIPEICTICHHOM COCTOSIHMH. J[100OMYy TpPOHW3BOJIIBHO BBEIOPAHHOMY COCTOSTHHIO
OJTHOM TIOJICUCTEMBI OYAET COOTBETCTBOBATh EAMHCTBEHHOE  COOMHECEHHOe
COCMOsIHUe OCTAIIBHON YacTH CIIOKHOW CHCTEMBI. DTO COOTHECEHHOE COCTOSHUE
OOBIYHO OyJIEeT 3aBUCETh OT BHIOOpA COCTOSIHHS JUIS IEPBOM MOJCHCTEMBI. Takum
o0pa3oM, COCTOSIHHE€ OJHOW  TIOJCHUCTEMBl HE HMMEEeT  HE3aBUCHMOTO
CYIIIECTBOBAHHUS, HO ONPEIEISIETCS TOJIBKO COCTOSIHUEM OCTAIOIIEHCS TIOJJICUCTEMBI.
JlpyruMu  CJIOBaMH, COCTOSIHUS, 3aHSTHIC IOJCHUCTEMaMH, HE HE3aBHUCHUMBIC, HO
KoppenuposanHvle. Takue KOppeNsauyd MeXIy CUICTEMaMH BOSHUKAIOT BCAKHIA pas,
KOT/Ia CHCTEMBbI B3aMMOJICHCTBYIOT. B cymiecTBylomed (GopmymupoBke Bce
MPOIIECCHl M3MEPECHUS W HaONIOMCHHUS JOJDKHBI PACIICHUBATHCSA IPOCTO Kak
B3aMMOJICUCTBUS MKy BOBJICUEHHBIMH B OTH TPOIECCH  (HHU3UICCKUMU
CUCTEMaMHU - B3aWMOJCHCTBHUS, KOTOpBIC TOPOXKIAIOT CHIbHBIC Koppemsiuu. C
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OTOM TOYKM 3peHMs a”anusupyercsa Ipocras, no @on Helimany, Moueinb
U3MEpEHUS.

B paznene 5 naercs aGcTpakTHasi TpakKTOBKa MpoOsieMbl HaOMoAeHUs. UTOObI
pe3yabTaThl UMETU CaMyl0 OOJBIIYI0 OOIHOCTh, HCIOJIB3YETCS TOJBKO MPUHIIUIT
CYNEpHO3UIMA U OOINHE TMpaBuia, MO KOTOPBIM CIIOKHBIE COCTOSHHS CHUCTEMBbI
GbOpMUPYIOTCS U3 COCTOSIHUM MOJCHCTEM M MOTOMY OHHU NMPUMEHUMBI K JI000H
dbopmMe KBaHTOBOW TEOpUHU, B KOTOPOM COOJIIOAAIOTCS ATH  MPUHIIUIIGIL.
UckntouenrueMm sBIsSieTCS TOJIBKO COCTOSIHME HAOJIOAaTeNsi, COOTHECEHHOE ¢
COCTOSIHUEM HaO0JII0/1aeMOro O0OBbEKTa CUCTEMBI. YCTAaHOBJIEHO, YTO BOCIPHUATHS
HaOmogaTeNs (JICHTHI MArHUTHOM HaMSTH, BBIYMCIMTEIBHONW CHUCTEMBI, U T.J.)
HaxoJSTCS B IOJHOM COTJIACHHM C TpelcKa3aHusAMU (OPMYJIUPOBKH KBAaHTOBOM
MEXaHUKH, OcHOBaHHOW Ha Ilpomecce 1, mus 0OBIYHOTO “BHEIIHETO
HaOmomarens'” .

Paznen 6 pestomupyer ¢GopMyIUpOBKY KBAaHTOBOW MEXaHUKH B TEPMHUHAX
"COOTHECEHHBIX COCTOSTHUMN .

4. KOHIOENIWA COOTHECEHHOI'O COCTOAHUA

Tenepb Mbl HccneyeM HEKOTOpbIE MOCIENCTBUS (opMaiu3Ma BOJIHOBOU
MEXaHUKH CJOXKHBIX CHCTeM. ECIu CIIO)KHass cUcTeMa S COCTOMT U3 JBYX

noJcucTeM Su S, cBa3aHHbIX ¢ ['miapbepToBBIMU NpocTpaHcTBaMu H, n H,,
TO, COIJIACHO OOBIYHOMY (QopMaU3My CIOXHBIX cHCTeM, [uiabObepTOoBO

MMPOCTPAHCTBO JIA S cuuraercs TCH30PHBIM IMPOU3BCACHUCM H1 u H2

(3anmceiBaetcst kak H =H, A H,). W3 storo cnemyer, 4ro, e€cium MHOMECTBa

S S o
{x>} u {h j } - momHele HAGOPHI OPTOHOPMANBHBIX COCTOSHHH IS Su

S,COOTBETCTBEHHO, TO O0IIEe COCTOSHHE S MOXKET OBITh HalUCaHO Kak
CYIIePITO3HUIINS .

T RAIRLY (L)

U3 (3.1) cnenyet, 4To, X0T S HAXOAUTCH B ONPEAEICHHOM COCTOSHHH Y °,
HOJICUCTEMBI S M S, He 001a7al0T KAKUM-TO NOJOOHBIM OIpEAEICHHBIM
COCTOSIHHEM HE3aBHCHMO JApPYr OT Jpyra (KpoMme CIeHuaabHOro Ciydas, Mpu

a
KOTOPOM BCE, KPOME OJTHOTO &, ;, HyJllb) .

OIIHaKO MBI MOXCEM OJIA JIF0OOT0 BBI6paHHOI‘O COCTOsAHHUA B OIIHOﬁ
IIOACHUCTEMC, CANHCTBCHHBIM 06pa30M OIIPCACINTD COOTBCTCTBYHOLICC
COOMHECEHHOE cOCmosAHRUe B npyroﬁ IIOACUCTEMC. Haan/IMep, CCJIN MbI BBI6I/IpaCM
Xk KaK COCTOAHHUC IJIA Sl’ B TO BpCM:A KaK CJIOKHAA CHUCTCMaA S HaxXoJUuTCA B

saganHoM (3.1) cocrosHMm Y °, TOrga COOTBETCTBYIOUIEE COOMHECEHHOE

cocmosinue B S,, Y (SZ; rel X, Sl), OyJeT paBHO:
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rie N, - m[ocTosHHas HoOpMalaM3alMU. OTO COOTHECEHHOE COCTOSHHME X,
Hezagucumo ot BbIOOpa Oaszuca {X.} (' k) mo oTHomIEHHIO K OPTOTOHAITBHOMY
JIOTIONTHEHUIO X, , H, CIIeIOBaTeJIbHO, CAMHCTBEHHBIM 00pa3oM OMpeaesseTcs
TONBKO X, . I103TOMY, JUIS HAXOXICHUS COOTHECCHHOTO COCTOSIHUSI B S, s

IMPOU3BOJIBHOI'O  COCTOSAHHA S

) 1 IIpoCTO BBITIOJIHACTCA BBIIICYIIOMAHYTAA

IpoLEAypa C UCIONb30BAHUEM JIF0O0OM TakoM mapel 0a3ucoB Mg Su S,, koTopas
COJIEPIKUT JKEJIATEIbHOE COCTOSIHUE KaK OJJUH U3 3JIEMEHTOB Oa3zuca st S, UToOb!
HallTU COOTHECEHHBIE COCTOSIHUSI B S OTHOCHUTENBHO COCTOSHUM B S, HYXHO
IOMEHATh S U S, B ONMCAaHHOU IPOLEAYPE.

B 00br4HOW (GOpMYyIMpPOBKE KBAHTOBOW MeEXaHWKH (MpH "BHEUIHEM
Habuonennn”), cootHecenHoe cocrostuue B S,y (S,;relf ,S), mst cocrosnus f >

B S, JaeT paclpeleieHMs] YCIOBHBIX BEPOATHOCTEH il pe3yslbTaTOB BCEX
M3MEpEHuii B S, Py yCIIOBUHM, YTO S, ObLI H3MEPEH U HaiineH B coctosuuu f
TO €CThb, 4To f ®— coOGcTBeHHass (QYHKUUS U3MEPEHHsA B S, COOTBETCTBYIOLIAS

Ha0JII0/1aeMOMY COOCTBEHHOMY 3HAYEHUIO.
Jlns mobGoro BeiOopa Oazuca B S, {X,}, Bcerma BO3MOXHO NpE/ICTaBHTh

coctosinue S, (1), Kak eQurcmeeHHyl0 CyNepIIO3UIIMIO TIAp COCTOSTHUM, Kakaas u3
KOTOPBIX TOCTPOCHA M3 COCTOSHUS Oasuca {X.} B S W ero COOTHECEHHOTO

cocrostausi B S,. Takum o0Opazom, ucxons u3 (2), coornomenune (1) MoxeT OBITH
3anMcaHo B popme:

y °=a. UN,x% (S,;rex;,S) ©)

DT0 —9acTO UCIOIB3YEMOE BaXKHOE MPEACTABICHHE.

lloosedenue umoeos. Boobwe 2o060ps, He cywecmsyem Kako2co-1ubo
eOUHCBEHHO20  COCMOSHUA — OOHOU  NOOCUCMEMbl  CIOJNCHOU  CUCHEMbL.
Iloocucmemvt He 0bnAOQIOM COCMOSHUAMU, KOMOPbLE AGIAIOMCA He3A8UCUMBIMU
OMm COCMOAHUL OCMANLHOU YACMU CUCTEeMbl, MAK YMO COCMOSAHUSL NOOCUCTEM 6
obwem cnyuae Koppeaupyromcs opye ¢ opyeom. Moocho npouseoibHo 8blopams
cocmosinue O0ns O0OHOU NOOCUCmeMbl, YMO Npugedem K COOMHECEeHHOMY
coCcmosnHulo 011 0CmanvHou uvacmu. Taxum obpazom, Mvl CMAIKUBAEMCS C
PYHOAMEHMATLHOCIBIO COOMHECEHHbIX COCMOSHUL, KOMOpas noopa3ymesaenmcs
Gopmanuzmom crodxichvix cucmem. bBeccmvicienno cnpawusams 06 abCONOMHOM
COCMOSAHUU NOOCUCEMbBL - MONCHO MOJLKO CHPOCUMb O  OAHHOM COCHMOSIHUU
OMHOCUMENbHO OCMANLHOU YACMU CUCTIEMb.
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B stom myHkte MBI paccmarpuBaeM npoctou, no ®on Heilimany, npumep,
KOTOPBIM CIIY)KUT MOJIENIbIO TIporiecca u3MepeHusi. OOCyKJIeHHe ATOro mpuMepa
MOATOTABIMBACT TMOYBY ISl aHaimu3a 'HaOmoAeHus'. Mbl HaYMHAEM C CHUCTEMBbI
TOJILKO C OJHOM KoopauHaTol, (| (Takol Kak IMOJIOKEHHE YaCTHIIBI), U Ipudopa ¢
OJHOW  KOOpPAMHATON I (HampuMep, IMOJIOKCHHWE HM3MEPUTEIbHOW  WIJIBI).
[Ipeanonoxxum fanee, dYTO TMEPBOHAYAIBHO OHU HE3aBUCUMBI, TaK YTO
oObeqUHEHHAsT BONHOBas (yHKius wumeer Bug Y o =f (q}1 (r), rne f(Q)-
HavajgbHas BoOJHOBas (yHKIUS cucteMbl, W h(r)- HayanpHas npuOOpHas
¢byHkusa. ['aMwibTOHMAH B 3TOM CJydae TaKOB, YTO OTHU JBE CHUCTEMbl HeE
B3aMMOJICUCTBYIOT HHTJE, KpOME Kak B MHTepBajie BpemeHn or t=0 go t =T, B
TEUEHHWE KOTOPOTO TOJHBIA [aMUIBTOHMAH COCTOMT TOJBKO U3 MPOCTOTO
B3aUMOJICHCTBHUS,

H =- ihq(‘l]/‘l]r) (4

Torma cocrossHue

y lS+A(q, r) —f (q)] (r _ qt[S’aMeltaHue— nepeeodtmkl}) ©

ABJACTCA PCIICHHUCM YPABHCHUA Hlpem/IHrepa

Ih(ﬂy 1S+A/ﬂt) =H Y 1SJrA (6)

JUTSL YKa3aHHBIX Ha4aJIbHBIX yCoBUH BO Bpems t =0.

U3 (5) cnemyer, uto mocie Bpemenn t =T (MOMEHT BpeMEHH, B KOTOPBIH
B3aMMOJICHCTBHE MPEKpAIaeTcs) HET OOJbIlle HM KaKOro-JIMOO OINpPEIeICHHOTO
HE3aBUCHUMOTO MPUOOPHOTO COCTOSIHHSI, HU KAaKOTO ObI TO HU OBLIO HE3aBHCHMOTO
COCTOSIHHSI CUCTeMBI. [loaToMy mpuOOp HE yKa3bIBa€T HUKAKOTO OMPEEICHHOTO
3HAYCHHs] U3MEPSIEMOro TapaMeTpa CHCTeMbl O0BEKTa, W HHUYEro MOJ0O0HOTO
[Ipoueccy 1 He MPOUCXOAHUT.

OmHaKO MBI MOdceM PacCMOTPETh IMOJIHYIO BoJHOBYIO (yHkIimio (5) kak
cynepnosuyuto Tap COCTOSHHUHA TOJCUCTEM, KaXKIBIA DJIEMEHT KOTOPBIX HMeEET
OTNpe/ieICHHOE 3HaueHWE ( M COOTBETCTBYIOIICE IEPEMEIICHHOE COCTOSHUE

U3MEPUTEIbHOW Wbl mpubopa. Takum o00pa3oM, TMOCIe B3aUMOJCHCTBUS
coctosinue (5) umeer popmy:

y: = (aq)d(g- q)h(r- qT)dg @

KOTOpasi SIBJSICTCS CYNEPIIO3UIKMEH cocTosHud Y g =d(q- q')h (r- q'T).

Ka)KI[BIﬁ N3 TAKHUX 3JJICMCHTOB CYIICPIIO3UIINHU, y q’ OIIKMChIBACT COCTOSHHC, B
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KOTOPOM CHUCTE€Ma MMECT ONPEACIICHHOC 3HA4YCHUEC ( =q‘, U B KOTOPOM HpI/I60p

HUMCCT COCTOAHHUC, B KOTOPOM U3MCPUTCIIbHAA HUIJIa IICPEMCUICHA M3 HAYAJIBbHOI'O
COCTOSAHHUA Ha BCIIMYUHY, OIPCACIIACMYIO qT . B »ToMm ciIydac, YTOOBI

copMmupoBaTh TOJMHOE coctossHue (7), dJJIeMeHThl Y ; TOMEIaloTCcs B

cynepnosunuio ¢ koddppumuenramu f (q) .

B npoTHBOMONIOXKHOM Cllydae, €Clid Mbl CTPEMHUMCS K MPEACTABICHUIO, MPU
KOTOPOM OTIPEJCICHHON SIBISCTCS HNpubOpHasi KOOpouHamd, Mbl 3alulieM
BeIpaxkeHue (5) kak

y S = d]/Nr,)xr' (q)d(r - r')dr'
x"(@)=Nf (@h(r - qT) ®

N, f =g (@f @h"(r - aDh(r - qT)dg

X . o
Tornma (9) aBnseTcss QPyHKIUEH COCTOSHUS CHCTEMbI®, COOTHECEHHOM ¢
cocTosureM npudopa d(r - '), onpenensiomero Beauuuny  =r .

Eciu T sBasercs moctaTtoddo OosbmiuM, wiad h(r) IT0CTaTOYHO OCTPO

(OKOJ]O d (r)) Torna Xr (q) - HouTH d (q -r '/T[S‘a/\fzewm-me- nepeeuz)vuxZ})

r
COOTHECEHHOM CHCTEMBI X (q) - MOYTH COOCTBEHHBIE COCTOSIHUS HJI BCIIMYUH
q=r/T.

Mbl BHEnH, 4TO BhIpaxkeHue (8) — 3To Cymeprnosuuus COCTOSAHMH Y ., 014

, U COCTOsSHUA

Kax#cO0020 u3 KOmMopwlx TPUOOP CHeNal 3aluch ONPEACIECHHOTO 3HAYeHHs [, U
cucTeMa oOcTajach NPUOIU3UTENTbHO B COOCTBEHHOM COCTOSIHUM H3MEPEHHUS,
cooTseTcTByromeM (=1 /T . IIpepbIBUCTHIi "cKkadok" B COOCTBEHHOM COCTOSHHM

€CTh, TAKMM 00pa3oM, TOJBKO OTHOCUTEIBHOE CYXJIECHUE, 3aBHUCAIIEE OT crocoda
pa3OueHus TMOJHOW BOJHOBOM (YHKIMU B CYNEPHNO3ULHUH, U OTHOCUTEIHHO
KOHKPETHO BbIOpAaHHON COOTHECEHHOW MpUOOPHOW KOOpAMHATHI. Tak yTo MoiHas
TEOpPUSl MOKAa3bIBAET, YTO BCE DJIEMEHTbl CYNEPHO3ULHMH  CYIIECTBYIOT
OJTHOBPEMEHHO, Y MOJIHBIN MPOILECC COBEPUIEHHO HEMPEPHIBEH.

[Ipumep ®on HeliMana - ToNbKO cHenUaNbHBIA ciaydail Ooisiee o0O1Iei
cutyanuu. Paccmorpure m000i U3MepUTENbHBIN TPUOODP, B3aMMOIEUCTBYIOMIUM C
moboil cuctemoit oObekTa. B pe3ynbrate B3aMMOACHCTBUSL  COCTOSIHUE
M3MEPUTEIBHOrO Npudopa 0oJblIE HE CIIOCOOHO K HE3aBUCUMOMY OIPEEIICHUIO.
OHO MoOXkeT OBIThb IPOBEAEHO TOJIBKO OMHOCUMENbHO COCTOSHUS CHUCTEMBbI
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oObekTa. JlpyrumMu ciioBaMH, B TaKOM OTHOILIEHHU CYIIECTBYET TOJIbKO
KOppEeTsilns MEXAY COCTOSHUSAMHM 3TUX ABYX cucteM. Kasamoch Obl, HUYTO HE
MOKET OBbITh PEUIEHO TAKUM U3MEPEHUEM.

Takoe HeonpeneneHHoe MOBEAEHUE NIPEACTABISAECTCS COBEPLUICHHO OTIIMYHBIM
OT HaIIMX HAOJIONEHHUM, TaK KaKk (u3HUecKue OOBEKThI BCETNla MpPEeICTaBIISIOTCS
HaM HaXOJSIIMMHUCS B ONPEEICHHBIX MOJOKEHUAX. CMOXKEM JIM Mbl IPUMUPHUTB C
ONBITOM  YCOBEPLICHCTBOBAHHYIO  BOJHOBYIO  MEXAHUKY,  OCHOBAaHHYIO
UCKIrouMTENpbHO Ha Ilpomecce 2, wim cienyer OTKazaTbes OT TEOPUU KAk
HecoCcToATEeNbHOM? UTOOBI OTBETUTH HA 3TOT BONPOC, PACCMOTPHUM MPOOIEMY
HaO0JII0ICHUS] HEMOCPEJICTBEHHO B paMKaxX CTPYKTYpPbl TEOPHUHU.

5. HABJIFOAEHUE

Mbl uMeeM 3a7ady COCTaBJICHUS CYXKICHUS O SBJICHHM (DECHOMCHOB
HaOJFOIAaTeIIsIM, KOTOPBhIC B MpEACiiaX TEOPHUH PacCMaTPHBAIOTCS IPOCTO Kak
¢u3udeckue cucteMbl. UTOOBI 3TOTO JOCTUTHYTH, HEOOXOJMMO OTOXICCTBUTH
HEKOTOPBIEC CBOMCTBA TaKOTO HAOIOAATENIsI B HACTOSAIIEM C OCOOCHHOCTSIMHU €TO
MIPOIIIOTO OIBITA.

Taxkum obOpaszom, 4TOOBI cka3aTh, uTo HaOmonarens 0 HaOmomaN ciiydait a,
HE00X0auMO, 4TOObI cocTtosiHie O M3MEHUIIOCh OT €ro MPEKHETrO COCTOSHUS K
HOBOMY, KOTOPOE 3aBHCHT OT a.

JIist HamwMx meseld OyIeT J0CTaTOYHO IMoaraTh, YTO HAOIIOAATEIH 00J1a1al0T
namAThI0 (TO €CTh MMEIOT B CBOEH CTPYKTYpPEe YacTH OTHOCHTEIBHO IMOCTOSHHOMU
MIPUPOABI, COCTOSTHUS KOTOPBIX HAXOJATCS B COOTBETCTBUH C IPOILIBIM OIBITOM
HaOmogaTeneit). Jas Toro 4ToOBI CyAWTh O MPOIIOM OIbBITe HaOJII0aaTENs,
JOCTaTOYHO YCTAaHOBHUTH, HACKOJIBKO 3TO BO3MOXHO B IpeJeiax MaTeMaTHYECKON
MOJICIIH, CYIIECTBYIOIIEE COACPIKAHUE €r0 aMSTH.

B kxauectBe Momenu s HaOIrodaTeNIEM MBI, €CIM IMOXKEIAEM, MOYKEM
paccMaTpuBaTh aBTOMATHYECKH (DYHKIIMOHHPYIONIME MAIIWHBI, 00JIa1afoIIne
YYBCTBUTEIIBHBIM JAaTYMKOM, CBSI3AHHBIM C PETHCTPUPYIOIIUM YCTPOHWCTBOM U
CIIOCOOHBIC K PETUCTpAIMHM MPOILIBIX CEHCOPHBIX JaHHBIX W KOH(UTyparui
MaIuHbl. MBI MOXKEM J1ajiee MPEATON0KHTh, YTO MAalllMHA YCTPOCHA TaK, 4TO €€
TEKYIIUE JEHCTBHSI JOJDKHBI OBITH OMPECICHBI HE TOJHKO CEHCOPHBIMU JIAHHBIMU
HACTOSIIIIETO MOMEHTA, HO TaKXKe M COJIep)KaHUEM e¢ aMATH. Toraa Takas ManimHa
Oyzer crmocoOHa K BBIMOJTHEHHIO TIOC/ICI0BATEIBHOCTH HAOMI0cHUH (M3MEpEHHIA),
", OoJjiee TOrO, K MPUHATHIO PEIICHUS O €€ OyAYIIUX IKCIEPUMEHTAX Ha OCHOBE
MPOIUTBIX PE3yJIbTaTOB. ECIM MBI MOJOXKHM, YTO TEKYIIHE CCHCOPHBIC JTaHHBIC,
TaK K€ KaK KOH(QUTYpalus MAIIWHbI, HEMEIJICHHO PETUCTPUPYIOTCS MaMsIThIO, TO
JCHCTBUS MAIMHBI B JIAHHBIH MOMEHT MOTYT OBITh PACIICHCHBI KaK (YHKITUS
TOJIBKO COJICPKUMOTO €€ TaMsATH, B KOTOPOH COJEPKHUTCS BECh HEOOXOIUMBIN
OITBIT MAIIIUHEL.

JIJIst TAaKUX MaIlIMH OMPaBIaHO MCITONIb30BaHUE (Ppa3 TUMa ""MallliMHA OIIYIIaeT
A", unmun "mammuHa 3HaeT A", ecnu siBIeHHE A TIPEACTaBICHO B MaMATH, TaK Kak
Oyayiiee TOBEICHHWE MaIlMHBI OyAeT ocHOoBaHO Ha sBieHMM A. Kak Xxoporno
W3BECTHO JIFOJISIM, Pa0OTAIOIIMM CO CIIO)KHBIMH aBTOMaTamH, (aKTHUECKH BECh
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OOIIETIPUHSITHIA S3BIK CYOBEKTUBHOTO OIIbITa TOJHOCTHIO MPUMEHUM K TaKUM
MalllhHaM, U, 00pa3yeT caMblii €CTECTBEHHBIM M TMOJIC3HBIH CIOCOO BBIPAXKEHUS B
ClIy4asix, KOrja Mbl UMEEM JIeJIO C UX MMOBEJACHUEM.

Kornma mMb1 umMeeM Aeno ¢ cCUCTEMOM, B KOTOpOH HaOMroAaTelb MpeacTaBiIcH
KBAHTOBOMEXAaHMYECKH, Mbl NPHUIIUCHEIBAcM eMy (QyHKIuIo cocrosaus Y °. Korma
coctosHne Yy ’ommMceiBaeT  HaOmIOAATens, [AMATh  KOTOPOTO  CONEPIKHT
npeactaBienuss coowituit A, B,...,C  Mbl 0003Hauaem 23TOT (akr, BBOJSA
MOCJICIOBATEIBHOCTD MMaMSITH KaK JIOMOJHEHNE B CKOOKaX, U 3aIICHIBAEM

0
y [AB....C] 9)

[ToaTtomy cumBonel A, B,...,C, koTopple MBI BPEMEHHO MPUHUMAEM,
CUMBOJIM3UPYIOT  KOH(PUTYpalMi0 MaMsATH, HaXOJMSIIYIOCS B COOTBETCTBUMU C
MPOILJILIM OINBITOM HaOMoAaTeNsl. ITH KOH(PUTYypalluu MOTYT pacCMaTpUBaThCS
KaK OTBEPCTHSl B OyMa)XHOU JIEHTE, CJIeJl B MarHUTHOM KaTyllke, KOH(Uryparuu
MEePEKIIIOYAIONIUX pelie, U Jaxe Kak KoH(urypamuu suyeek mo3ra. Mbl TOJBKO
TpedyeM, 4TOObl OHU OBUTM CTIOCOOHBI K MHTEPIpETAIuU: HAOJII0JaTe b UCTIBITAI
mociieoBaTenbHOCTh  coObITHil A, B,...,C." (MBI uHOrga MHIIEM TOYKH B
Mocjea0BaTeIbHOCTH mamstd, ...A,B,...,C, yka3piBasgs BO3MOXXHOE TPHUCYTCTBUE
MPEABIAYIIUX  BOCIIOMHHAHUN, KOTOpPHIE SIBISIOTCS  HECOOTBETCTBYIOIIUMU
paccMaTpuBacMOMY CIIy4alo.)

B pamkax ctpyktypbl Ilporiecca 2 BOJTHOBOW MEXaHUKM MaTeMaTHyecKas
MOJIEb CTPEMUTCS PACCMOTPETh B3aMMOJIEHCTBUE TaKUX CHCTEM HaOIromaTess ¢
ApYyruMu (U3NYECKUMHU cHCcTeMaMu (HAOJIOJCHHS), W BBIBECTH IOJYYarOIIAECS
KOH(pUTrypauuu naMsTH, KOTOpbIe, B 3TOM CiIy4ae, JOJDKHBI MHTEPIPETUPOBATHCS
KaK 3aIMCH TMPOIIUIBIX ONBITOB HAOI01aTeIeH.

Mpbl HayHEM C OmpeaeieHus TOro, 4To MpeacTaBisieT coboi "xopormiee”
HaOo/IeHne. Xopolee HaOMofeHne BeIWYuHbl A, HMeElomeld COOCTBEHHYIO
ynxumio f. B cucreme S, HaGmomareneM, HA4aIBHOE COCTOSHUE KOTOPOTrO Y °,
COCTOUT BO B3aMMOJICCTBUU, KOTOpPOE, B YKa3aHHOM IIPOMEXYTKE BpPEMEHH,
npeoOpasyeT Kax1o¢e (IMOJHOE) COCTOSTHUES

S+0 _— 0
y =f iy [..] (10)

B HOBOC COCTOAHUC

S+0 { 3ameuanue- nepesoduuxa3y — f 0
y =Ty [a] (11)

7
rne A xapaktepuzyer  coctosnue f . (Cumson A orpaxaer, HampuMep,
PETUCTPALINI0 COOCTBEHHOTO 3HA4YeHMs). TakumM o00pa3oM, BO-TIEPBBIX, MbI
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TpeOyeM, UYTOOBI COCTOSIHUE CHUCTEMBI, eciu 2mo CcOOCmeeHHoe COCMOosHUE,
OCTaBajJOCh HEU3MEHHBIM, M, BO-BTOPHIX, YTOOBI COCTOSIHUE HaOJIOAATENs
W3MEHUJIOCh TaK, 4YTOOBl OmucaTh HaOIIOAaTelNsl, KOTOphIM '3Haer", W3 Kakou
cOOCTBEHHON (YHKIIMM OHO TOJIY4eHO, TO €CTh, B MaMsATH  HaOIrOJaTENs
3apeTrUCTPUPOBAHAa HEKOTOpas XapaKTepUCTHKA THUMA COOCTBEHHOrO 3HAYCHUS,

xotopas npucyma f . Tpe6oBanue, 4TOOBI COOCTBEHHOE COCTOSHUE CHCTEMBI

OCTaBaJOCh HEU3MEHHBIM, HEOOXOAUMO, €ciIu HAOIIAEHUE [OJKHO OBITh
MHOTOKpPAaTHO IMOBTOPUMBIM, a TpeOoBaHME, YTOOBI HaOJIOATENh YCTaHABIMBAI
M3MEHEHHUE CIocOO0M, KOTOPBIM OTIMYaeTCs IS Kaxa0h cOOCTBEHHON (YyHKIIHUH,
HEOOXOJIUMO, €ClIi Mbl MOXEM Ha3BaTh ATO B3aMMOJEWUCTBHE HAOIIOAECHUEM
BooOme. Hackonpko OaM3KO OOBIYHOE B3aUMOJCHCTBUE  YAOBIETBOPSET
OIIPEICIICHUIO XOpOLLETO HaOJII0IeHN, onpezaensercs, BO-TIEPBBIX,
OCOOEHHOCTSIMU 3aBUCHMOCTH B3aUMOJEHCTBUS OT JUHAMUYECKHX TEPEeMEHHBIX
CUCTEMBbl HaOJIOATeNsl - BKJIOYas MEPEeMEHHbIE MAMSITH - U JUHAMHUYECKUMU
NEePEeMEHHBIMH CHCTEMBbl OO0BEKTa, M, BO-BTOPHIX, HayaJIbHBIM COCTOSTHUEM
CUCTeMBbl HalOmroaatens. YuuTbiBass oba ¢akropa, MOKHO, HalpUMep, pEUIUTh
BOJIHOBOE YPaBHEHME, BBIBECTH COCTOSIHUE CJI0KHOM CUCTEMBI IOCJIE OKOHYaHUs
B3aMMOJICUCTBUS, U MPOBEPUTH, OCTAETCS JIM CUCTEMA O0OBEKTa B COOCTBEHHOM
COCTOSIHUH, KaK TOr0 TpeOyeT MOCTyJaT BOCHPOU3BOJAUMOCTU. DTOMY IMOCTYJIATY
yIIOBJIETBOPSIET, HanpuMmep, Mmojienb @on Helimana, kotopast 00Ccy»k1ainach BhILIE.
CHauana, ucxols U3 ONPEIEICHHUS XOPOIIEro HaOMIOACHUS, Mbl YCTAaHOBUM
pe3ynabTaT HaONIOAEHHUS CHUCTEMBI, KOTOpas He Haxooumcs B COOCTBEHHOM
cocTosiHMM  HaOmogenus. M3  Hamiero omnpeaeleHUs Mbl  3HAaeM, 4YTO

. 0 0
B3aMMOJIeiiCTBHE mpeobpasyer cocTosHHA Y . B cocrosmus fy L]

CJICI[OB&TCHBHO, 9T PCIICHHA BOJHOBOI'O YPABHCHUS MOI'YT OBITH IIOMCIIICHEBI B
CYHICPIIO3NIHNIO, JAIYHO KOHCYHOC COCTOJAHHUC I CiIydasad IIPOU3BOJIBHOTO
Ha4aJbHOT'O COCTOSIHUSL CUCTEMBI. Takum o6pa30M, C€CJIM Ha4dYaJIbHOC COCTOSIHHC
CUCTCMBI MABJIICTCA HC CO6CTB€HHBIM, a O6H_II/IM COCTOAHHUEM éiani, II0JIHOC

KOHEYHOE COCTOSIHUE OYyIeT UMETh (hOopMy:

S+0°{ 3ameuanue- nepegoouux3}y —_ 2 0
y =d i&f Y al (12)

HpOIIOJI)KI/IM MNPUMCHCHHUC DOTOTO0 IIPUHIOUIIA CYIICPIIO3UIUNU B IIPUCYTCTBUH
OOIIOJJHUTCIIBHBIX CHCTCM, KOTOPBIC HC BSaHMOHeﬁCTByIOT C 1/13Mep51eM0171 B

TeueHHe H3MepeHHs. TAKHM 00Pa30M, €CIIH CHCTEMBI 5 O, 5.y O, IPHCYTCTBYIOT

Sy S s,
tak ke kak 0, c¢ opuruHaJbHbIMH cocTosHMsIMH Y Y T,....Y 7, a

€MHCTBEHHOE, B TEUCHHE BPEMEHU HU3MEPEHUs, B3aUMOJEHCTBHE HMEET MECTO
mexay S u 0, usmepenune npeodpasyeT MOJIHOE Ha4aIbHOE COCTOSIHUE:

y S+S,+..+5,+0 =y Sy SZy Sy [(.)“] (13)
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B KOHEYHOE COCTOSTHHE:
'S +S,+.+5,+0 _ 28 S, 0
y =a |a1f igy Y Sy [..a] (14)

rie A :(f isl 8% Sz) u fisl— cobcTBeHHbIe (YHKIIMU HaOmoaeHus. Takum

oOpa3oM, MBI TPHXOJMM K OOIIEMY MpaBWIy [JIs NPeoOpa3oBaHMS IOTHBIX
(GYHKIUHA COCTOSHUS CHUCTEM, B TIpeleiiaXx KOTOPBIX IPOUCXOIAT TIPOIECCHI
HAOJIFOICHUA .

Mpasuno 1: Ha6monenne Benmumuuael A ¢ cobcTBeHHBIMU GyHKIsamu f isl B
cucreMe S HabmonateneM 0, mpeodpasyeT NOIHOE COCTOSTHUE COTTIACHO CXEME!

y Sy Szy Sy [(.)..] ® éiaf isy Szy Sy [(.)..,q] (15)

me & =(F2y ).

Ecnau Temeps mpeanonokuTh, 4TO CIENIaHO 6mopoe HAOJIOACHUE B Cilyyae,
KOTJ[a Hallle TIOJIHOE COCTOSIHUE SIBJSICTCS CYNEPIO3UIlIMei, Mbl MOKEM MPUMEHHUTH
[IpaBusio 1 oTAECNBHO K KaXXJOMY JJIEMEHTY CYNEPHO3UIIMH, TaK KaK KaKIbId
AJIEMEHT OTACIBHO TIOJYMHSIETCS BOJHOBOMY YpaBHEHHMIO U BeAeT cels
HE3aBUCHMO OT OCTAIOIIMXCSI 3JIEMEHTOB, a 3aT€M €ro pe3yJbTaThl MPECTaBUTh
TaKkKe B CYNEPNO3UIMU JJIA TIOJYy4YeHHUsS OKOHYATEIBHOTO pelieHus. Mubl
dhopmyIHpyeM 3TO TakK:

IIpaBuno 2. IlpaBuno 1 mMoxeT OBITh MPUMEHEHO OTMAEIBHO K KaXKIOMY
AJIEMEHTY CYIEPIO3UIIMUA TOJTHBIX COCTOSIHUM CHUCTEMBI, a Pe3yibTaThl, Oyaydu
PaCIIONIOKEHHBIMH B CYTIEPIIO3UIIMH, JAIOT MOJTHOE KOHEYHOE COCTOsSIHHME. TakuMm
oOpaszoMm, ompeneieHne BeIUYUHBI B, ¢ coOCTBEHHBIMU (YHKIIUAMHU hjSZ, B

cocrostHuM S, HabmoaareneM 0 mpeoOpa3yeT MOJIHOE COCTOSHUE

a af y Ly vy [(.)..,aq] (16)

B COCTOAHUC

é-ij a1bjf igh Jsly %y Sfy [(.)..,a,-,bj] (17)
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— (h > S,
rae bj — (h iy ), KoTopoe cieayer u3 npumeHenus [IpaBwia 1 k

2y Yy
Ka)KIIOMy 3JICMCHTy f i%’ " y [...,ai] , 1 3aTEM pacnonaraeT B CYHepHO?)I/II_II/IIO

HOJIYYEHHBIE PE3YIbTAThI ¢ Koo dunmenramMu d, .

OTu 7aBa TpaBWia, KOTOPHIE HEMOCPEIACTBEHHO CJEAYIOT W3 TMPHUHIMIA
CYNEpPMO3UIIMH, AT YIOOHBIM METOJ [JIsi ONpeNeseHUs TOJHBIX KOHEUHBIX
COCTOSIHUHM JIJIs1 JIFOOOTO YHciia MPOIeCCOB HAOMIOACHUS B JTIOOBIX KOMOMHAIUAX.
Teneps Mbl 0OpaTUMCs K uHmepnpemayuy TaKuX MOJHBIX KOHEUHBIX COCTOSTHUIA.

PaccmoTpum mpocTolt ciiyyail € JMHCTBEHHOTO HAOJIOCHUS] BEIUYUHBI A ¢
coboctBennbiME pyHkmuamu f. B cucteme S ¢ HavyalbHBIM COCTOSHHEM Y °H

0
Habmonaresnem 0, ube HavabHOE cocTostHue Y ;. KOHEUHBIM pe3yabTaToM OyJIeT,

KaK MbI BUACIH, CYIICPIIO3UITUS

y 5= é. i a1f y [(.)..ai] (18)

W HeT Oosblile HUKAKOTO HE3aBUCHUMOI'O COCTOSTHUSI CUCTEMBI UM COCTOSHUSA
HaOmoarens, XoTs o0a CTall KOPPEJIUPOBAHBIMU WHIUBHIYATbHBIM CIIOCOOOM.

0
OnHaKo B KaXJI0M 27eMeHme CYNepno3ulluu fy [.a] COCTOSIHHS CHCTEMBI O0BEKTA

€CTh 0COOEHHOE COOCTBEHHOE COCTOSIHUE HAOIIOAECHUS, U, OoJiee mo2o, COCMOsIHUE
cucmemvl  Habmooamensi — onucvieaem — Haoawoamens KAk — ONpeoeeHHO
0CO3HAIOWE20 UMEHHO 5MO0 0CO0OeHHOe COCTOSIHUE cucmembl. ITa KOPPEIISIHs
COCTOUT B TOM, YTO ITO3BOJISIET MOACPKUBATH MHTEPIPETAIIAIO B3aMMOICHCTBHSI
KaK BBIMIOJTHEHHOTO U3MEPEHUS.

PaccMoTpuM Temeph CUTyaluio, TpH KOTOPOHW HaOJroIaTeabHas CHCTEMa
BXOJIUT BO B3aWMOJICHCTBHE C CHUCTEMOW 0OBEeKTa BO BTOpoil pa3. CoriacHo
[TpaBuiny 2 MBI MPUXOJUM K CIACAYIOIIEMY TOJHOMY COCTOSIHHIO TOCJIE BTOPOTO
HaOII0ICHUS.

"S+0 . 2 0
y -a ia if y [.d 2] (19)

0
CHOBa KaXIbIl DJIEMEHT fy [.a,a] OIMCBIBAET COOCTBEHHOE COCTOSHHE

CHUCTEMBbI, HO Ha CEH pa3 OH TaK)Ke OMHUCHIBACT U HAOIIOAATENs, KaK MOJTYYHBIIETO
mom dfce camwvlii Pe3yNbTaT sl KaXJAO0ro U3 3TUX JABYX HaOmoaeHuil. Takum
oOpa3zoM, I KaXIOro OTIEIbHOIO COCTOSHUS HaOmrofaTelis B KOHEYHOU
CYNEPHO3UIIUU PE3yJbTaT HAOIIOEHUS TOBTOPUM, JTaXKe MPUTOM, UTO OTJIMYAETCS
JUISL pa3fInYHBIX COCTOSIHMM. DTa BOCHPOMU3BOJIUMOCTh — CIIEICTBHE TOTO (pakTa,
YTO MOCJe HAOMIOACHUSI cOOmHeceHHoe COCTOSTHUE CUCTEMBbI JIJIsl CIeLIM(PUIECKOTO
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COCTOSIHMS HAOMIOJaTeNsl SBISETCA KOPPECHOHAUPOBAHHBIM  COOCTBEHHBIM
COCTOSIHUEM.
Tenepr paccmorpum apyryro cutyanuto. HaOmrogatensnas cucrema O, c

0
HAaYaIbHBIM COCTOsHHEM Y [, M3MEpseT OfHY U Ty K¢ BEIMYHHY A BO
MHOYKECTBE OT/ICIbHBIX UIEHTUYHBIX CHCTEM, KOTOPhIE TIEPBOHAYATBLHO HAXOMSTCS
S =y S = =y S =31
B OJHOM M TOM e coctosgHuu, Y =Y ~ =..=Y —aia1fi (rme fi, Kak

00bIYHO, coOcTBeHHbIe GyHKIMK A). Torma mnonmHas HadanbHas — (QyHKIUSA
COCTOSIHUSL UMEET BH/I:

y 031+Sz+...+8n+0 =y Sy Szy Sy [(.)"] (20)

MBI TpejanonaraeM, uYTo M3MEPEHMs BBIIOJIHEHBl HA CHCTEMAax B
TIOCIENOBATENBHOCTH O, O, ,..., O . Torma, cormacHo IlpaBmny 1, momHOe

n

COCTOSHHC ITOCJIC TICPBOT'O U3MCPCHUA 6YIICT

y 15l+52+...+5h+0 — éiaf isgy SZy 5hy L -

(re &' OTHOCHUTCS K MIEPBOI CUCTEME, Sl).
[Tociie BToporo u3MepeHus MoJIHOe COCTosiHuE, 1o [IpaBuny 2, Oyxer:

S5 +S,+.+5,+0

0 Sif Sa, S S\, O
> =, 2af 1Y Py Y e @

W BooOmie, mocae mpoBenacHus ¢ m3mepenuit (r £n), IlpaBuno 2 gaet
pe3ysbTar:

— o Sl S2 Sr Sr+1 Sn 0
y ro a i,j...ka"iaj "'akfi f j A k y -y Y [..ala?..al] (23)

MBI MOKEM JaTh 3TOMY COCTOSHHIO, Y | , CIENYIOIIYIO MHTEPIPETALHMIO.
OHO COCTOUT U3 CYNEPHO3ULIMHU COCTOSTHUM:

" —f Sif S Sy S+ Swy O
y ij...k _fi sz"'fk y ly y [al,a2,...a]] (24),

KaXJ0€ M3  KOTOpPBIX  ONHUCBIBaeT  HaOmojaTrenss ¢ ONpeneleHHOU
1 2 r
MOCJICIOBATCIIBHOCTBIO  ITaMATH [a1 a ,...,ak]. CooTHECEHHBIE C  HHUM

(HaOmo1aeMbIe) COCTOSTHUS CHCTEMBI HMEIOT COOTBETCTBYIOIIHME COOCTBEHHBIC
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Sif S, S,
byHKIIIHN fi fj f k , a OCTarolIUeCs] CHUCTCMBI, Sr+1,---,Sn,

HCHU3MCHHBI.

Tunuuneli >nement Y ij.k KOHEYHOM CYNEPIO3UIHUH OIKMCHIBAET TAKOE

COCTOsAAHHUC [CJI, MPHU KOTOPOM Ha6JIIOIIaTCJIB, O4YCBHUAHO, ITOCTUI'AJ cnyqaﬁHon
MMOCJICAOBATCIIBHOCTL OIIPCACICHHBIX PE3YJIbTATOB JIA Ha6JIIOI[CHI/II>'I. KpOMC TOTO,
CHCTEMBI OOBEKTAa OCTABaJHCh B COOTBCTCTBYHOIIHUX COOCTBEHHBIX COCTOSHHUSX
Ha6JIIOIICHI/I$I. Ha panHom »sTtame MNpCAIIOJIOXKNUM, YTO BO3MOXHO IIOBTOPHOC

onpezeneHue Ooyiee paHHErO HAOIIOIEHHS CHCTEMBI ( S| ). U3 atoro ciexyer, 4ro
KOKIBIM  9JEMEHT  MOJydarollecss  KOHEYHOW  CYNEepHo3WIMU  ONUIIET

V) 1 | r | )
HabmoaTens ¢ koHdurypaunueii namsata Gpopmsl [a, ..., 2 HC I aj] , B KOTOpOit

Ooree paHHsA MaMATh COBNAAAeT ¢ Oojee MO3AHEH, TO €CTh, COCTOSHHS MaMSITH
Koppenuposanvl. TakuM 00pa3zoMm, HaOIOAATEN0 OYyIeT Ka3zaTbCs, YTO KaXaoe
HayaJIbHOE HAOJIOJIEHUE CUCTEMBI 3aCTaBIIsIeT €€ ''MepecKakuBaTh' B COOCTBEHHOE
COCTOSIHME CIly4allHBIM 00pa3oM ¥ TOCIe JTOr0 OCTaBaThCS TaM [
MOCTIEAYIONINX H3MEPEHUH B TOM K€ COCTOSHHH, KaK OIMUCAaHO TUITUYHBIM
AIIEMEHTOM Cymepno3uiuu. [103ToMy — OCTaBUB B HACTOSIIIUKA MOMEHT B CTOPOHE
KOJIMYECTBEHHBIE  BOMPOCHI ~ OTHOCHTENBHBIX  YacTOT -  BEPOATHOCTHBIC
yrBepxkaenus llponecca 1 mpedcmasnsaromea 0OOCHOBaHHBIMH HaOIIOATEIIO,
OMKMCAaHHOMY THITHYHBIM 3JIEMEHTOM 3aKIIOUUTEIBHON CYNePIIO3UIINH.

Takum oOpa3om, MBI TMOJNy4aeM CIEAYIONIyI0 KapTUHY. BCIOAY IO Bcel
MOCTIEIOBATEIPHOCTH TPOIIECCOB HAOMIOJEHUSI €CTh TOJNBKO OfHA (U3NYECcKas
cUcTeMa, MpeACTaBIsIoNIas HaOMroAaTeNs, XOTS U HET HUKAKOTO €IMHCTBEHHOTO
VHUKAIbHO20 — cocmosinusi  HaOmromarens  (3Tr0  ciuexpyetr w3 hopManuzma
B3aUMOJICHCTBYIOIIMX cHcTeM). ECTh, OJIHAKO, MPEICTaBICHHE B TEPMHUHAX
cynepnosuyuu, KaXIbI SJIEMEHT KOTOPOW COICPKUT OMPEACIIEHHOE COCTOSHUE
HaOMOaTeNIsI M COOTBETCTBYIOIIEE COCTOSIHWE CHCTeMBI. TakuMm oOpa3om, ¢
KaX/IbIM TOCJCIYIOIUM HaOmoaeHneM (MM B3aMMOJCHCTBUEM), HaOJIFOIATEIb
"BeTBUTCA" BO MHOXKECTBO Pa3jMYHBIX COCTOSHUH. Kakgas BeTBb MpeacTaBisieT
co00if HHOW pe3ynbTaT HU3MEpPEHHs U coomeemcmeyioujeco CoOCTBEHHOTO
COCTOSIHMSI ~ CHCTEMBI O0BEeKTa. Bce BeTBH CyYIIECTBYIOT OJHOBPEMEHHO B
CYNEPIIO3UIIUH TIOCIIE 000 JaHHOM II0CIEN0BATENLHOCTY HAOIFOeHHn™ *

Takum o6pazom, “Tpaektopuss’ KOHGUTypauuu MaMsiITH HaOI0AaTens,
BBITIOJTHSIONIETO  TOCJIENOBATEIbHOCTh ~ M3MEPEHHH, eCTh He  JIMHEHHas
MOCTIEI0BATEIPHOCTh KOH(HUTypalluii maMsTH, a BETBSIEeCs JEPEeBO, CO BCEMHU
BO3MOXKHBIMH pe3yJIbTaTaMH, CYIIECTBYIONIMMH OJHOBPEMEHHO B KOHEYHOU
CYNEPTIO3HUIIUNA C Pa3TUYHBIMU KOd(DPHUIIMEHTaMH B MaTeMaTH4ecKo Mojaenu. B
JF000M H3BECTHOM 3allOMHHAIONIEM yCTPOWCTBE BCIEACTBHE OrPaHUYCHHOU
€MKOCTH €ro MaMsTH BETBJICHHWE HE MPOJOIDKAETCS OECKOHEYHO, HO JJOJIKHO
OCTaHOBUTHCSI B HEKOTOPOI TOUKE.

YToOBl YCTAaHOBHUTHh KOJMYECTBEHHBIC PE3YNIBTATHI, MBI JOJKHBI MPHUITHCATH
HeKoToporo  ponxa wmepy (BecoBoil Kko3(pduIMEHT)  AIeMEHTaM KOHEYHOU
CYNEPTIO3UIUHA. ITO HEOOXOAWMO I TOTO, YTOOBI OBITH B COCTOSIHUHU CHENaTh
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YTBEPXKJEHHUSA, cojepxalme B cebe oOomucaHusi TOYTH BCEX COCTOSHUM
HaOmofarenss  4epe3  JJEMEHThl  CynepHo3uiuu. Mbl  XOTUM  JienaTh
KOJIMYECTBEHHbIE YTBEPXKIECHHUS 00 OTHOCUTEIBHBIX YacTOTaX BO3MOXKHBIX
pa3IUYHBIX PE3YyIbTATOB HAOMIOACHUS, KOTOPbIE 3aperucTpUpOBaHbl B NaMATH
TUIIUYHOTO COCTOSIHUSA HAOMI0JATeNs; HO JJIs JOCTHXKEHHSI 3TOTO MbI JOJKHBI
MMETh METOJl BbIOOpAa TUMHYHOIO 3JIEMEHTAa W3 CYNEPHO3ULUU OPTOTrOHATBHBIX

COCTOSHUH.
[ToaToMy paccMOTpUM OOIIYI0 CXEMY YCTAaHOBJICHUS MEPBI IS DJIEMEHTOB
o [o]
CYIIEpHO3ULAU OPTOTOHAJBHBIX  COCTOSHUU aiani . Ham  tpeOyetcs

ITOJIOKUTCJIbHAA (1)YHKI_II/I$I m OT KOMIIIICKCHBIX KOC—)(l)(l)I/II_II/IeHTOB 3JICMCHTOB

CYMepHO3UIUH, TaKasi, YTOObI m(aJ OblJIa YCTAHOBJICHHOM MEpOU dJIeMeHTa f i.

Jlnst Toro, 4toObl 3Ta O0IIas cxeMa ObUla OJHO3HAYHOM, MBI JOJIKHBI, TPEKIIC
BCEro, MOTPeOOBaTh, YTOOBI CaMU COCTOSHHUS Bcerja ObLIM HOPMAaJIM30BaHBI TakK,
YTOOBI MBI MOTJIM OTJIMYHUTH KOIPGUIMEHTH OT cocTosiHui. [loka, ogHAKO, MBI
MOXXEM ONpPENEeNsTh Kodpuyuenmsl, B OTINYHUE OT COCTOSIHUM, TOJIBKO C
TOYHOCTBIO J0 Tpou3BoJbHOTO (akTtopa ¢aspl. [losTomy, uT0OBI H30EKATH

neyemeiciennoctedt, ¢yukimsa [T gomkma 6bte GyHKIHEH TONBKO aMIUTHTYN

ko> Puuuentos M(a ) = m(|q |) .

Tenepb MbI HajJaracm TpC6OBaHI/Ie AU THUBHOCTH. MpbI MOKEM PacCMOTPCTH

n '
o) o] V)
N-if CyOBEKT U3, ckaxkeM g af, cymepro3unmu, Kak e IMHCTBCHHBIH YJIEMEHT af -
i=1

af =4 af, (25)

Torma mbel moTpedyeM, 4TOOBI MEPOU, YCTAHOBACHHOW IS f , OblIa CyMMa
Mep, ycraHoBieHHbIX s . (1 ot 1 1o n):

m(a) = Ié; m(a) (26)

Tem cambiM Mbl cBeru BbIGop 111 Tonbko k KBajpaTy aMmmuTYaBI; APYTUME
— *
ciosamu, Mbl umeeM [T Ka ) = A A 6e3 NOCTOSHHOTO COMHOKUTEJIS.
YtoObl yOEAUTHCS B 3TOM, OTMETUM, YTO HOPMAJIbHOCTD f TpeOyeT YTOOBI
Y - * 1/2
w =la &8 ) . Ucxons u3 mamux 3ameuannii o 3asucumoct [Tl Tombko ot

aMILUTUTYAbI, Mbl 3aMEHSIEM a1 ux ammmrygamu U, = ‘31 ‘ . Torna ypaBuenue (26)

Hajlaracrt TpC6OBaHI/Ie
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ma)=m(& aa}*=m(@ u’}* =4 mlu)=4& mu)* @

Omnpenensist HOBYIO (PyHKIIUIO g(x)

Q(X) = m(&) (28)

MBI BUAMM, 4TO (27) TpeOyeT 4ToOBI

9(51 ui2) =a Q(Ui2 ) (29)

Takum 06pa3om, ¢ CBOIUTCA K TOMY, UTOOBI ObITh JIMHEHMHBIM U 0053aTEeJIbHO
uMeThb hopmy:

g (X) =CX (c- xoncranra). (30)

IToaTomy g(XZ) =CX, = m(\/ (XZ )): m(X) ¥ Mbl nonyuun, uro [T
cBOAMTCS K hopme

m(a)=m(u )=cu’ =ca'a 31)

Takum o0pa3zoMm, MBI TOKa3ajid, 4YTO €JAMHCTBEHHBIM BBIOOP MEPHI,
COBMECTUMOM ¢ HamuM TpeOOBaHUEM aJJUTUBHOCTH — 3TO Mepa KBajapara
aAMIUTUTYJbl C TOYHOCTBIO /10 TMOCTOSIHHOTO MHOXHTENS, KOTOPBIA, €CIU 3TO
KEJNaTeabHO, MOXET OBbITh HailieH B COOTBETCTBUM C TpeOOBaHUSIMU
HopMmanu3anuu. (TpeOoBaHue, Moapa3yMeBaroIee, YTO CAMHCTBEHHAs TOJTHAS
Mepa J0JKHA ObITh MOCTOSTHHOW U paBHOM 1).

Ora cuTyaluus TMOJHOCTBIO TMOXOJUT Ha CHUTYyalMI0 KIJIACCUYECKOU
CTaTUCTHUYECKOW MEXaHWKH, TJe MojaraloT Mepy TPAeKTOpUU CUCTEM B (ha3oBOM
MPOCTPAHCTBE, MOMENasi Mepy HEMOCPEICTBEHHO B (a3oBOe MPOCTPaHCTBO, U
3aTeM Jieniasi yTBepKIeHHs (THIa 3PrOJAUYHOCTH, KBA3U-3PTOAMYHOCTH, U T.I.),
KOTOPBIM MOAYMHSIOTCSA "MOYTH BCe" TPAaeKTOpPHHU. DTO MOHATHE - 'MOYTH Bce' -
3aBUCUT B TaKOM Cillydyae M OT BbIOOpa Mepbl, KOTOpas 3[ecCh B3sTa Kak Mepa
Jlebera B (azoBom mpoctpaHcTBE. MOXET ObITh, BIOOP, MPU KOTOPOM TOJIBKO
UCKJIIOUUTEIbHBIE TPACKTOPUH UMEIOT MEpPYy, OTIIMYHYIO OT HYJs, MPOTUBOPEUYUT
MOJIOKEHUSIM KJIACCUYECKOW CTAaTUCTUYECKOW MeXaHuku. OmHako BbIOOp Mepbl
JleGera B (a30BOM MPOCTPAHCTBE MOXKET OBITh OMNpaBJaH TeM (aKToM, 4YTO
ABJIETCS. €IMHCTBEHHBIM BBIOOPOM, JIJIi KOTOPOrO CHPABEIJIUBO 'COXPaHEHHE
BeposiTHOCTH" (Teopema JImyBWIUISL) M, CleOBaTEIbHO, €IMHCTBEHHBIH BBIOOD,
KOTOpBIHN JieiaeT BO3MOKHBIM JIFOObIE Pa3yMHbIE€ CTATUCTUYECKHUE YMO3AKIIOUEHUS
BOOOIIIE.
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B Hamem ciydae Mbl XOTHM CJE/IaTh HEKHE YTBEPIKICHHUSA O "TpaeKToOpHsX'
HaOmogaTeneid. OaHaKO I HAC TPACKTOPHS SBJISCTCS TMOCTOSHHO BETBSIICHCS
(mpeoOpasyrolieiicss U3 COCTOSHUS CYNEPIO3UIUH) ¢ KaXIbIM MOCICI0BATEIIHBHBIM
u3MepeHreM.  UtoObl  UMETh  IOJOKEHHE, aHAJOTHYHOE ''COXpPaHCHHIO
BEPOSATHOCTH" B KJIACCHYECKOM cliydae, MOTpeOyeM, 4TOObI NMPHUHATAS OXHAXKIBI
Mepa TPaeKTOPUH PaBHSIACH CYMME MEp €€ OT/IC/IbHBIX BETBEH B OoJiece MO3THEES
Bpemsi. Takoe TpeOOBaHME TOYHO COOTBETCTBYET HAJIO)KCHHOMY HaMU
TpeOOBaHMIO aIMTUBHOCTH M €AMHCTBEHHBIM 00pa3oM IMPHUBOIKUT K BEIOOPY MephI
KBajJpaTa aMIUIMTYAbl. [103TOMYy Hamia mporieaypa CTOJb K€ OINpaBjaaHa, Kak U
npoleypa u3 KIACCHUECKOW CTATUCTHYECKON MEXaHUKH.

YOenuBIINCh, YTO CYIIECTBYET YHHKalbHas Mepa, KOTopas YAOBICTBOPSCT
HallMM  TpeOOBaHMSIM, Mepa KBajapaTa aMIUIUTYAbI, MPOJOJDKAM  HaIlX
yMo3akioueHus. Torma ata Mmepa aact s K - Toro aiementa cyneprnosuuu (24)

Sl 82 Sr Sr+1 Sn
fi f j f k y y y [a.af,...a(] (32

Mepy (BECOBO MHOXKUTEIIb)

Mij...k :(a1aja'k) (a1aja'k) (33)

TaKylo, 4YTOOBI COCTOSIHUE HA0JII01aTeNs ¢ KOH(pUIrypauuen naMsatiu |_811, af yeony a;J
nomyansio mepy & &a,a,...a,a, =M,

PE3yIabTaT UBMCPCHHUA, 4 HMCHHO,

..k HEMEeNIeHHO MBI BUIUM, YTO ITO —

ik i VeV (34)

Tac

TaK 4TO YCTAaHOBJEHHAs JJIs crnenupuyYecKor Mociae0BaTeIbHOCTH MaMATH
1 2 r
|_81. EC T akJ Mepa — 3TO MPOCTO Pe3yJIbTaT U3MEPCHUSA I MHIUBUIYaJIbHBIX

KOMITIOHEHTOB 3TOW MOCJIEI0BATEIILHOCTH.
Ecte mnpsimasg cBA3b HallEd W3MEPUTEIBHOM CTPYKTYpPbl C TEOpHUEHU

BCPOATHOCTH CﬂyqaﬁHBIX HOCHCHOB&TCHBHOCTCﬁ. Ecnu mwt pacemampueaem |\/|i ik

KaK BCPOATHOCTU  IJIA HOCHCHOB&TCHBHOCTCﬁ, Toraa ITIOCJICO0OBATCIIBHOCTH
OKBHUBAJICHTHBbI CﬂyqaﬁHBIM MMOCJICAOBATCIIBHOCTAM, KOTOPBIC MOI'YT OBITH
IMOJTYUCHbI MPUIIUCBIBAHUCM KAXKIAOMY TCPMY He3a6UCUMbLX BCpOHTHOCTeﬁ
Mi =a1*a,. Tenepb TCOPUA BCPOATHOCTHU MATCMATHYCCKU SKBUBAJICHTHA TCOPUHU
HU3MCPCHUA, TdK YTO MbI MOXKCM HCIIOJIB30BATH eé, nMea B BHIAY, UYTO BCC
PE3yIbTAaThl MOT'YT OBITH BBIPAKCHBI HA A3BIKC TCOPHUH HSMePeHHﬁ.
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Tak, B 4aCTHOCTH, €CJTM MBI TTOJIaTaeM, YTO TOCIEIOBATCIIBHOCTH CTAaHOBSITCS
Bce Oojiee W Oojiee MIMHHBIME (BBIMIOJHEHO BCe Oojiee W Oojiee HAOJIOACHMI),
8cAKas — TIOCIEJOBATENbHOCTh  MAMSTH  3aKIIOYUTEIBFHOM  CYNEepro3UIUU
yIOBJIETBOPUT  JIOOOMY  3aJaHHOMY  KpUTEpUIO Ol OeCHopsa0YHO
CTEHEPUPOBAHHON TMOCIIENOBATENBHOCTH HE3aBUCHMBIX BEPOSATHOCTEH @ a, 3a

UCKJIIOYEHHEM IIOJHON COBOKYITHOCTH HAOIOAECHHUS, KOTOpas UMEET TEHICHIUIO K
HYJI0, T[IOCKOJIBKY 4YMCIO  HAOJIOJEHUI  CTAaHOBUTCS  HEOTPAHUUYECHHBIM.
CrnenoBarenbHO, BCE CpEeAHNE 3HAYCHUS (PYHKLUHI MO 170001 TOCIEN0BATENIBHOCTH
NaMATH, BKJIIOYas CIELUAIbHBIN Cllydaidl IOBTOPOB, MOTI'YT OBITh BBIUHCIIEHBI U3
BEPOATHOCTEH @@, 3a HCKIIOYEHHEM psfia TOCIENOBATENBHOCTEH MaMATH

HYJIEBOM Mepbl. TeM caMblM Mbl TOKa3ajd, YTO CTAaTUCTUUYECKUE MPUTI3aHUS
IIpomecca 1 mpeacTaBisTbCs HAOMIOAATENIO MOJAXOAIIMM TIOYTH BO BCEX
aJIEMEHTax cyneprno3uiuu (24), orpaHUUNBAIOTCS, KaK TOJABKO YHCIIO HAOIIOACHUN
CTPEMUTCS K OECKOHEUHOCTH.

XOTs TOKa MBI PACCMOTPEIM TOJIBKO TOCJIEAOBATEIHLHOCTH HAOIIOACHUN
OJIHOW ¥ TOM K€ BEJIMYUHBI B MJICHTUYHBIX CUCTEMAX, PE3yIbTaT OJUHAKOBO BEPEH
JUTSL TPOU3BOJIBHBIX MOCIEI0BATEILHOCTEH HAOMIOACHUM, B UeM MOXKHO YO IUThCS,
omuchIBas 0osee 00IIMe MOCcIeA0BaTEILHOCTH U3MepeHnit u npumMensis [Ipasuna 1
1 2 TeM ke CaMbIM CIIOCOOOM, KakK MPEJICTaBICHO 3/ECh.

[ToaToMy MBI MOXEM  CYMMHUPOBATb CHUTYyaIlMl0 JJIsI TPOU3BOJBHOM
IMOCJICIOBATEIBHOCTH HAOJIOICHNHM, KOT1a 3TH HAOIIONCHUS CelIaHbl HAJl TEMU JKE
CaMBbIMH WJIN OTJIMYHLIMU CUCTEMAaMU B JIFO00H MOCJIE0BATEILHOCTH, KOT'[a YHUCIIO
HAOJIIOACHUN Ka)KIOH BEJIIMYUHBLI B KaXKIOH CHUCTEME SIBIISAETCS OYEHH OOJILIINM,
CJIEAYIOIHUM 00pa3oM:

3a UCKIIFOYEHUEM IIOCIENOBATEIBHOCTEW MAMATH C MOYTHU HYJIEBOW MEPOH,
CpellHHE 3HAYECHHMS JTI0OBIX (DYHKIMMA MO MOCIEA0BATEIbHOCTH NaMATH MOT'YT OBbITh
OpUOIM3UTENIBHO PACCUUTAHbl IPU TOMOIINM HE3aBUCHMBIX BEPOSITHOCTEH,
naBaeMbix [Iporieccom 1 miist kaxa0ro HayalabHOrO HAOJIOJEHUSI CUCTEMBI, U TPHU
MOMOIIM OOBIYHBIX BEPOSTHOCTEH Mepexoa sl MOCIeAyIOUUX HaOII0AeHUN Ton
e caMoil cuctemsl. B mipezene, korja 4Mciio BCeX TUMOB HAOMIOACHUN CTPEMUTCS
K OECKOHEYHOCTU M UCKIIIOUUTENbHOE MHOXKECTBO UMEET MEPY HYJIb, BRIUMCICHUE
SABJISACTCS. TOYHBIM.

OTa OpONUCh BBIYUCICHMS CPEIHUX 3HAYEHUH B IMOCIEIOBATEIBHOCTSIX
NaMATH C TOMOIIBIO BEPOSITHOCTEN, IPUMMCAHHBIX UHAUBUAYAJIbHBIM 3JIEMEHTaM,
TOYHO COBIAJAET C TMPONUCHIO OOBIYHOM TeopuU “BHEIIHEro HaOJIOACHUS
(Ilpotecc  1). bonee Toro, 5Ta NPONKHCH MOAXOAUT TOYTH JJIT BCEX
nocuenoBarenbHocTel nmamsatu. [loaTomy nns HabOmrogaTens Bce IpencKa3aHUs
OOBIYHOM Teopuu OynyT NPENCTaBIATHCS OOOCHOBAaHHBIMHM TOYTH BO BCEX €r0
COCTOSTHUSIX.

B dacTHOCTH, MPUHIMIT HEONPEIEIEHHOCTH HUKOT/a HE HApyIIaeTcs, TaK Kak
HOCIEAHEE 110 BPEMEHM H3MEPEHUE B CHCTEME JaeT BCKO BO3MOXKHYIO
uHpopMaIMI0O 0 €€ COOTHECEHHOM COCTOSIHMM, TaK YTO HET HHMKAKOW MpsSMOun
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KOppEeIsiMA MEXJy JI00bIMH OoJiee paHHUMHU pe3ylbTaTaMu HaOMIOACHUS U
nocJieAyonmumMu HaomoaeHussMu. JIroboe HaOmoeHne BenuunHbl B Mexay aByms
MOCJICIOBATEIbHBIME HAOJIOJACHUSAMU BeMW4YMHBI A (BCe Ha TOW XKe camoi
CHCTEME) paspylIUT TO EAMHCTBEHHOE COOTBETCTBHUE MEXKIY PaHHUM M OoJee
MO3JJHUM COCTOSIHUSIMM TaMsATH sl pe3yiabrata A. Takum oOpazom, ais
Yepeaylonmxcss HaOMIOACHUN pa3IuvHbIX BEJIWYUH €CTh (pyHJAaMEeHTAJIbHbIE
OTpaHUYEHUS Ha KOPPEISIUU MEXKIY COCTOSHUSMU MaMsITH IJisi OAHOW U TOM XKe
Ha0JII01aeMOM BETMYHMHBI, M 3TH OTPAaHUYEHHMS BHIPAXKAIOT COJEpKAHUE MPUHIMIIA

HCOIPCACICHHOCTH.
Ha MMOCJICAHCM HIAre paCcCMOTPUM HOCICACTBUA OOMYIICHUA BSaHMOHeﬁCTBHH
MCKAY HCCKOJIIBKUMHU CHCTCMAMHU H&6JIIOII&T€JICI>1, a HUMCHHO. AOIIYHICHUA

HaOMI0aTh OJHY M Ty JK€ CUCTEMY W TIpH ATOM OOLIATHCA IPYr C JAPYTrOM.
ITocnenHee B3auMOACHCTBUE MOXKHO pACCMATPUBATh IIPOCTO KaK B3aUMOJEHCTBUE,
KOTOpPOE KOPPEIUupyeT OJHHU YaCTU KOHPUTYpaIlUu NaMATH OJHOTO HaOIt0AaTens ¢
apyrumu. Korma »Tu  cucrteMbl  HaOmojatenss ObUIM  MCCIIEOBaHbI  C
ucnosibzoBanueM IlpaBun 1 U 2 TeM ke caMbIM CHOCOOOM, KOTOPBIM MBI yXke
IOPEICTaBWIA B 3TOM paszzene, OblI0 OOHApYXKEHO, UYTO 60 @cex DIEMEHTaX
KOHEUYHOU CYNEPIIO3ULINU:

1. Korga HeckonbKko HaOmrofaTesred OTAENbHO HAOMIOAI0T OJHY U Ty K€
BEJIMYMHY B CUCTEME OOBEKTa M 3aTeM COOOIIAIOT Pe3yibTaThl IPYT APYry, OHU
HaXOJsT, YTO UX PE3YJIbTaThl COINIACOBAHBI. DTO COTJIACOBAHUE COXPAHSIETCS JTAXKE
TOT/1a, KOTJ1a HaOJIt01aTelb BBIMOJIHSAET CBOE HAOIOJEHUE MOCTE COOOIIECHUS eMY
pe3yibTaTa Ipyroro HaOIr0IaTelsl, YK€ BBITIOTHUBIIETO HAOIIOCHUE.

2. Eciu pazpemutb OAHOMY HaOJIOAATENIO0 BBINOJHATh HAOJIOJEHUE
BEJIMYUHBI A B cCTeMe 00BEKTa, a 3aT€M IMO3BOJUTH BTOPOMY BBITIOJHATH B ATOU
XKe cucTeMe HaOmrojeHue BenuduHbl B, koTtopas He komMMyTupyeT ¢ A, H,
HaKOHEI], TO3BOJIUTh NEPBOMY HAOIIOJATEIIO0 MOBTOPUTH €ro HabOmoaeHue A,
TOT/Ia CUCTEeMa MaMsITH MepPBOro HaOIromaTeNs B O0IIeM cilydae He MOKaXeT TOT
e caMblii pesynbTaT s oOoux HabmroaeHuit. [Ipousomiexdmiee HaOMOAEHUE
IpyruM  HaOmojarelieM HEKOMMYTAaTHBHOW  BeluuuMHbl B mpensTcTByet
BO3MOKHOCTH KaKOU-TMOO KOPPEIISIIUU MEXKIY ABYMs HaOItoeHus MU A.

3. MoXHO paccMOTpeTh cllydail, KOrja COCTOSHUS JABYX CHCTEM OOBEKTa
KOppEIMPOBaHbl, HO 3TU JIBE CUCTEMBI HE B3auMOAeHCTBYIOT. [[03BOIUM OTHOMY
HaOJII0/IaTeNI0 BHITIOJIHUTD OINpEJIeICHHOE HAOIOJIeHHE TePBOM CUCTEMBI, 3aTeM
MO3BOJIUM JIPYTroMy HAOJIIOAATENIO BBIMIOJHUTH HAOIIOJEHUE BTOPOW CUCTEMBI, U,
HaKOHeEI[, TI03BOJIUM TIEPBOMY HaAOJIOJATEI0 TOBTOPUTH CBOE Halto/IeHHe. Toraa
OOHApYXUTCs, YTO TEPBBIM HAOIIOAATENh BCErJa IOJYYUT OJMH M TOT XKe
pe3yabTaT 00a pasza, W HaOIIOJEHHE BTOPOro HaOMOmaTeNiss BOOOIEe HE HWMEET
HUKAKOT'O BJIUSHHS Ha PE3yJIbTaT HaOI0JIeHUH mepBoro. OUKTUBHBIC MapaioKChl
tuma  DiHmTediHa, Ilogoasckoro W PoseHa®, KOTOpBIE KAacarTCsi TaKUX
KOPPEIMPOBAHHBIX HEB3aUMOJICUCTBYIOIIMX CHCTEM, JIETKO HCCIEAYIOTCS U
MPOSICHSIIOTCSL B TIPEACTABICHHON CXEME.

B mnpenenax mpencraBieHHON CTPYKTYphl MOTYT OBITh HM3Y4€HbI MHOTHE
Ipyrue KOMOMHAITMM HECKOJbKUX HaOmonarened u cucteM. PesynbTarhbl
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MpeACTaBIeHHOro (opManu3mMa "'COOTHECEHHOTO COCTOSIHHSI' COOTBETCTBYIOT
pe3yibTataM, TOJYYEeHHBIM M3 O0OmenpuHsaToro Qopmanusma “BHEIIHETO
HaOJIIOJICHUsI BO BCEX TEX CJIydasiX, KOTJa NMPUMEHUMBI OOBIYHBIC MEXaHU3MBbI
HaOJII0ICHUS.

B 3aximroueHue cieyeT ckazath, 4YTO HEMPEPHIBHOE BO BPEMEHHU M3MEHEHUE
(YHKIIMU COCTOSIHMSI CIIOKHOM CHCTEMBI JaeT MOJHYI0 MaTeMaTHYECKYH MOJIEIb
JUISL TIPOIIECCOB, KOTOpPbhIE BKIIIOYAIOT HieaTu3upoBaHHOro Habmromatens. Korma
MPOUCXOJUT B3aUMOJCHCTBHE, PE3YJIbTaTOM €r0 Pa3BUTHS BO BPEMEHH SIBIISIETCS
CYNEpHO3UIlds  COCTOSHUM,  KaXIblii  3JEMEHT KOTOPOM  COOTBETCTBYET
crienupUIecKOMY COCTOSIHUIO MaMsTH HaOmroaaTess. M1 BeposTHOCTHAs TpaKTOBKa
OOBIYHOM KOHIIEMNIIMYU ''BHENIHET0 HAOIIOAEHUSA , OLEHUBAaeMas IO COCTOSHHIO
MaMATH IIOYTH BO BCEX COCTOSAHMAX HAOIIOmaTels, SBIISIETCSI OOOCHOBAHHOM.
Hpyrumu cioBamu, uucThiid [Iporiecc 2 BOTHOBOM MeXaHUKHU, 0€3 KaKuX Obl TO HU
ObUI0 HAYAJIBHBIX BEPOSTHOCTHBIX TMPEATNOJNIONKEHUN, TPUBOJUT KO BCEM
BEPOSITHOCTHBIM MOHSATHIIM MTPUBBIYHOTO (hopMain3Ma.

6. OBCYKJIEHUE

Teopusi, ocHOBaHHasT Ha YHUCTOM BOJHOBOW MEXaHUKE, SIBISIETCS
KOHIENTYaJIbHO MPOCTOM, MPUYUMHHON TeopHuel, KoTopas JaeT MpeAcKa3aHus B
COOTBETCTBHM C OMbITOM. OHA yCTaHABIMBAET MPOLEAYPY, C MOMOIIBIO KOTOPOI
MO>XHO TOJIpOOHO, MAaTeMAaTHYeCKH, U B JIOTMYECKH MOCJIEI0OBATEILHON MaHepe
UCCJIEeI0BaTh MHOXKECTBO WHOTJA 3allyTaHHBIX MPEAMETOB, TaKUX KakK IMPOIECC
U3MEpEeHUs caM Mo cebe W Mpu B3aUMOCBSI3U HECKOJIbKUX HaOmtopatenei. Panee
dbopmMyIHpOBKa KBAaHTOBOW TeOpuU B ¢dopMaau3Me OOBIYHOTO, WM ''BHEIIHETO
HaOJII0ICHUS ", BhI3bIBAJIa BO3PAXKEHUS HA TOM OCHOBAaHMHU, YTO €€ BEPOSTHOCTHbHIE
OCOOEHHOCTH  MOCTYJHUPYIOTCA  3apaHee BMECTO  TOro, 4YToObl  OBITh
HEIMOCPEJICTBEHHO IMOJIYYEHHBIMU W3 TeOopuu. MBbI mojaraem, 4Tro HacTosas
dbopmMyIHpOBKa "COOTHECEHHBIX COCTOSHUNU' CHHMAaeT 3TO BO3pa)K€HHE, BMECTE C
TEM COXpaHssl BCE COJlepKaHUE CTaHAapTHOW (GopMynupoBkH. B To Bpems kak
Halla Teopusi, B KOHEUHOM CYETe, ONPABABIBAECT HCIOJIH30BAHUE BEPOSITHOCTHOM
MHTEPIpPETAlMd KAaK TOMOIIb CO3[JaHUI0 MPAKTHUYECKUX IMpeACcKa3aHui, OHa
dbopmupyeT u 6oJiee MIUPOKYIO CTPYKTYPY ISl MOHUMAHUS MOCJIEA0BATEIbHOCTH
ATOW HWHTepHperanuu. B 3ToM cMbIciie MOXHO TOBOPUTH O (POPMUPOBAHUU
Memameopuy 10 OTHOUIEHUIO K CTaHIapTHON Teopuu. OHa BBIXOAUT 32 TPAHMUILIBI
0ObIYHOM (HOPMYIUPOBKHU "BHEIIHEr0 HAOJIOJIEHUA", OJIHAKO MPU 3TOM CIHOCOOHA
JIOTUYECKH  paccMaTpuBaTh BOIIPOCHI  HECOBEPIICHHOTO HAONMIOJEHUS W
NpUOIU3UTENBHOTO U3MEPEHHUS.

DopMyIUpPOBKa "COOTHECEHHOTO COCTOSIHUSI NpPUMEHUMa KO BceM (opmam
KBaHTOBOW MEXaHHMKH, KOTOPbIE COAEpKaT MPUHIUI cynepno3uiuu. [loaTomy oHa
MOXKET OKa3aTbCs IUIOJOTBOPHOM CTPYKTYypoi Juis kBaHTH3auuu OOuieit Teopuu
OtHocutenbHOCTH. POpManu3M MpeAnojaraeT cHayajla HOCTPOUTh (HOPMaIbHYIO
TEOPUI0, a MOTOM MPWIOKUTh K HEW CTATUCTHUYECKYI0 HHTEpPHpETaIio. ITOT
METOJI IOJKEH ObITh OCOOEHHO TMOJIE3€H Il KBAHTOBOW MHTEPIPETAIMU €IUHBIX
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TEOpHUH TOJsA, TJAe BOOOIIE HET HHMKAKOT'0 BOMpPOca O Kakoi ObI TO HHM OBLIO
U30JIAIIMA  CHCTeM O0BbeKTa W HaOmromarencii. Bce oOHM mpeacTaBIeHB B
eOUHCMBeHHOU CTPYKType, mose. JtoObie OOBICHUTENBHBIE MpaBUia, BEPOSTHO,
MOTYT OBITh YCTAaHOBJICHBI TOJBKO BHYTPH CaMOW TEOPHUH M TOJBKO 4Yepe3 Hee

HCTIOCPCIACTBCHHO.
KpOMC BCAYCCKUX BO3MOKHBIX ITPAKTUYCCKUX TIPCUMYIICCTB TCOPHH, OHA
NpCaACTaBIACTCA NPEAMCTOM HHTCJUICKTYAJIBHOT'O HWHTEpECa B TOM, UYTO

CTATUCTUUYECKUE YTBEPKJACHUS OOBIYHOW HHTEpIIPETalMK, KOTOpPhIE HE HMEIOT
cTaTyca HE3aBHUCHUMBIX THIIOTE3, BBIBOJUMBI (B HM3BECTHOM CMBICJIE) W3 YHCTOMN
BOJTHOBOM  MEXaHHMKH, KOTOpas CTapTyeT IIOJHOCThIO  CBOOOJHOW  OT
CTaTUCTUYECKUX MOCTYJIATOB.

CHOCKM Y IPUMEYaHUS B OPUTUHAIIBHOW CTaThe

* Jucceprauusi, npeactaBieHHass [IpuHctoHckoMmy VYnuBepcutety 1 mapta
1957 B kadecTBe YaCTMUYHOTO BBIMIOJIHEHUS TPeOOBAaHUMN JUIsl CTENEHU JAOKTOpa
¢unocopuu. bonee panHuil BapuaHT, naTupoBaHHBIN sHBapéM 1956 rona, Obu1
OTIIPaBJIE€H HECKOJIbKUM (U3HKAM, KOMMEHTAapUH KOTOPBIX OBbUIM MOJIE3HBI.
[Ipodeccop Hunsc bop, moxrop X.Jx.I'proneBanba, nokrop Aar Ilerepcen,
noktop A.Crepn u mnpodeccop JI.Pozendensn cBOOOIHBI OT H000M
OTBETCTBEHHOCTH 3a IMyOJIMKyeMblE€ Pe3yJbTaThl, HO aBTOP TEIIO OJarofgapur
UX 3a CJeNaHHbIe Moyie3Hble 3aMeyanusi. Ocobbie OnarogapHocTu mnpodeccopy
Jxony A. Yumiepy 3a ero HoCTOSSHHOE PYKOBOJICTBO M MOJAEPKKY. Bripaxato
npu3HaTenbHOCTh Takke HarumonansHomy @®onny Hayku 3a apyxeckyro
MOJIJIEPHKKY.

t  Hacrosumuii aapec: I'pynna Ouenku Cucrem Opyxusi, Ilentarow.
Bamunrron, okpyr KonymOus.

1. M1 ucnionb3yeM TepMHUHOJIOTHIO U ipuMedanue J. von Neumann, Mathematical
Foundations of Quantum Mechanics, B nepesone R.T.Beyer (Princeton University
Press, Princeton, 1955).

2. Ccpuika 1, I'maBa 4, Yacrts. 4.

3. Cm. A.Einstein, The Meaning of Relativity (Princeton University Press,
Princeton, 1950), third edition, p. 107.

4. L.Landau and E.Lifshitz, The Classical Theory of Fields, nepeson
M.Hamermesh (Addison-Wesley Press, Cambridge, 1951), p. 343.

5. CMm. B ocobeHHocTH 00cyxaeHue 3Toil Touku 3penust H.bopom u
JI.Pozendensaom, Kgl. Danske Videnskab, Selskab, Mat.-fys. Medd. 12, No. 8
(1933).

6. DTOT npuMep MpeACcTaBIIsIET COO0H MOJETh TPUOIU3UTEITLHOTO U3MEPEHHUS.
OnHaKko COOTHECEHHOE COCTOSTHUE CUCTEMBI MOCIIE B3aUMOIEHCTBUS X' (9)
0OBIYHO HE MOKET OBITh BBIBEJICHO U3 OPUTHHAIBHOTO COCTOSIHHS CHCTEMBI f
MPUMEHEHUEM HEKOmMOopo2o IPOEKIIMOHHOTO oneparopa E.
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JlokazarenbcTBO: [Ipe n«zqomn , HAIIPOTHUB, YTO

X" () = NEf (g)=Nf (qh(r - oT

,Te N.N sBISIOTCS KOHCTAaHTAMHU
Hopmanuzanuu. Toraa

E(NEF (q)) = NE¥ (q) = N'T (qh?(r - o)
u E% (q)= N (gh?(r - qt). Ho ycnosue, E? = E, kotopoe siBusieTcs

HEOOXOIUMBIM ISl TOro, YTOoOBl E ObuLIO mpoekiueil, moapa3zyMmeBaeT, 4To
N'/N"h(g)=h?(q), a 510 B 0bIIEM CiTyuae ABIAETCS TOKHEIM.

7. Hy>kHO MOHMMATB, 4TO Y °[...a1] — pa3IUYHbI I KaXa0ro | coctostaus. J{ist
0oJiee TOYHOM HOTAIIUM CJIEA0BAI0 ObI HAIIUCATh Y io [a1 ], HO HUKAaKOM MyTaHUIIbI
HE MOXET BOBHUKHYTh, €CJIM MBI ITPOCTO MO3BOJIMM Y io OBITHL BHECEHHOH B
yKa3zaTesb TOJIBKO MHIAEKCOM CUMBOJIa KOH(PUTYpaIluu MaMsTH.

8 Einstein, Podolsky, and Rosen, Phys. Rev. 47, 777 (1935). Jlns
CKPYITyJIE3HOT0 00CYKaeHHs (u3nkn HaOmoneHus cM. rinaBy H.bop B Albert

Einstein, Philosopher-Scientist (The Library of Living Philosophers, Inc.,
Evanston, 1949).

**  Ipumeuanue, Oobasnennoe npu Koppexkmype. Ilpu 06CYX)IeHUN

MPENPUHTA ATON CTaThU HEKOTOPHIE KOPPECIIOHAEHTHI TTOAHSIIN BOIIPOC ''TIepexo/ia
OT BO3MOKHOTO K JE€HCTBUTEIBLHOMY' YTBEpKJasi, YTO B "JAEHCTBUTEIBHOCTH —
KaK CBHUJICTECJILCTBYET HAIll ONBIT — HET HHUKAKOTO PACIICTUICHUS COCTOSIHUMN
HaOroaTenel, MOCKOJbKY BCErja TOJBKO OJHA BETBb MOXET CYIIECTBOBATh
(daxTudyecku. Tak Kak 3TOT MyHKT MOXET MPUNUTU B TOJIOBY U JAPYTUM YHUTATENSIM,
HIDKE TIpeJjiaraeTcs ciaeayroniee 00bsICHEHUE.

Uto kacaeTcsi BOMpOCa, COCTABJISIONICTO MPEIMET cliopa - Tepexojia oT
"BO3MOXHOTO" K '"NIEUCTBUTENBHOMY' — TEOpHS CHHMAaeT 3Ty 03a004YEHHOCTh
OYEHb MIPOCTHIM CITIOCOOOM: TAKOTO Mepexoja HET, U MPU TOM OH U HE HYXKEH IS
TEOPUHU B COOTBETCTBUM C HAIIUM ONMBITOM. C TOUKU 3pEHUSI TEOPUU BCE DJIEMEHTHI
cyneprnio3unuu (Bce "BeTBU") SBIAIOTCS "IEHCTBUTCIBHBIMH' HH OJMH <HE
[noGaBieno B M.Price's FAQ — E.Sh.]> Gomnee "peanen” uem ocrtaibHbie. He
HY>KHO T0JIarath, 4TO BCE, KpOME OJTHOTO, TaK WM MHAYE Pa3pyIICHBI, TaK KaK BCE
OTJICJIbHBIE JIEMEHTBI CYINEPIIO3UIIUN UHAUBUIYATbLHO MOJYUHSIOTCS BOJTHOBOMY
YpaBHEHUIO C TIOJHBIM Oe€3pa3iuuyueM K TMPUCYTCTBUIO WM OTCYTCTBHIO
("peanbHOCTH" WM HET) JIOOBIX APYTHUX JJIEMEHTOB. DTO IMOJHOE OTCYTCTBHE
BIMSHHUS OJHOW BETBU Ha JPYryl0 TaKxke TMOApa3yMeBaeT, YTO HHUKAKOU
Ha0JII0/1aTeNlb HUKOT1a He OYJIeT 3HaTh HM O KaKOM Tpoliecce "paciierieHus .

Te aprymeHThl, COIJIaCHO KOTOPBHIM KapTHHE MHUpPaA, MPEICTABICHHOW ATOM
TEOpHUEH, TPOTUBOPEUHT OIIBIT, IOTOMY YTO MBI HE CO3HAEM HHMKAKOTO IMpolecca
BETBJICHUS, MOJIOOHBI KPUTUKE KOMEPHUKAHCKOM TEOPHH HA TOM OCHOBAaHHUH, YTO
MOABMKHOCTh 3eMJIM KaK peajbHbIN (hu3nueckuil (akT sSBIIETCS HECOBMECTUMOM
C WHTEpIpEeTalue MPUPOJbI 3IPaBbIM CMBICIOM, MOCKOJIBKY MBI HE UYBCTBYEM
Takoro JaBWXeHUs. B o0oux ciyyasx apryMeHT TEpIHUT HeyJady, Korja
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OKa3bIBaE€TCS, UTO cama TEOpHsl TMpe/cKa3biBacT, B 4YeM (akTuuecku OyAeT
cocTosITh Ham omnbIT. (B KomepHHKaHCKOM ciydae MAOIMOJHEHHE HBIOTOHOBOM
(bu3ukH OBUIO 0053aHO MOKA3aTh, UTO KUTEIU 3eMJIM He OyAyT OCO3HABaTh JII000€
eC IBIKCHHUE).

CHOCKM ¥ IpUMEYaHUsl TIEPEBOTUNKA

a
[locne »nexkTpoHHOM nyOnukanuu nepeBoaa aA.¢p.-m.H. JL.B.Mnpuuen

OTMETHJI OJHY HETOYHOCTh. B TekcTe cTaTbu DBEpeTT MUIIET, YTO «IOACHCTEMBI
S u S, He o007a7al0T KaKUM-TO TNOAOOHBIM OIPEJECIECHHBIM COCTOSIHUEM

HE3aBUCHMO JIPYyr OT Apyra (KpoMme CIeNHMaIbHOTO Ciaydas, IpH KOTOPOM BCE,
KpoMe OfHOro @ ;, Hynb)». (Mnpuues JI.B., YactHoe coobmenue no e-mail or

01.04.05.08.24).
Ha camom pene HeOOXOIMMBIM UM JOCTATOYHBIM YCJIOBHEM HAJIWYUS
ONPENENEHHBIX COCTOSHUM y MOJCUCTEM SBIISIETCS PABEHCTBO PAHTa MAaTPHULBI

aij CAUHMUIIC.

{3ameuanue-nepeBoaunkl} HeoOXOAMMO OTMETHTH, YTO B JAHHOM CiIydac
KoppekTHee Obuta Obl 3amuch He (T, a (T), HOCKOIBKY OyKBaJIbHOE MPOYTECHUE

npuUBeACHHOW (OPMYJBI MPOTHUBOPEYUT TEOPUH Pa3MEPHOCTEH M BBOJIUT B
3a0y>KJI€HUE YuTaTeNsl, KOTOPBIA MOHSUT OBl 3TO BBIPAXKEHUE KaK MPOU3BEICHUE
KoopauHaTel ¢ Ha BpeMsa (. JlaHHasg HETOYHOCTb, BEPOSTHO, CBfA3aHA C
TPYAHOCTSIMU KOPPEKTYpbl. UuTaTenb JOKEH MMETh B BHIY 3Ty OCOOEHHOCTH
OpUTMHAJIBHOW KOPPEKTYPHI MPU TATBHENIIIEM YTEHUH U CAMOCTOSITEIbHO BBOJAUTH
MOMPABKU B COOTBETCTBYIOIINE (POPMYIIBI.

{3ameuanue-nepeBoqunk2} B maHHOM ciydae, Mo NMpUYUHAM, OTMEYECHHBIM
BBIIIE, BEPOATHO, MMenoch B Buay He [/T, a r(T)uim, B cTuie naHHOM

KOppeKTyphl, 1pocto I T. IToCKOIBKY 3TO BHIpaKEHUE MOSBIAETCS B TEKCTE U
Jajee, YNTaTellb JOJDKEH ObITh BHUMATEIICH.

Opnecckuit ¢pu3uk FO.A.CeMEHOB cuMTaeT, 4YTO JaHHBIC 3aMEUYaHUsS MOTYT HeE
MIPUHUMATHCSI BO BHUMAHHUE, MOCKOJIBKY «3TO TO4HO 1Mo (pon Heitmany...Eciu peub
O pPa3MEpPHOCTH - HY 3TO OOOOIIEHHbIE KOOPAWHATHI, OHU MOTYT OBITHh U
0e3pa3MepHBIMU, U BOOOIIE HE pa3MEPHOCTH JJIMHBI - B KOHIIE KOHIIOB y JlaHmay B
MexaHuke €cTh 3ajauyka. HaWTH KaHOHMYECKOe IpeoOpasoBaHUE, TMEPEBOIAIICE
00001IIeHHBIE KOOPUHATHI B 0000IICHHBIC UMITYJIbCHI U HA000pOT (HaBepHOE T/ie-

To MuHyc mnosBurcs)...» (CeménoB H).A., YactHoe cooOmenune mo e-mail or
26.06.06.03.51)

{3ameuanue-nepeBoqunk3} IITprXoBOH HHIEKC B TAHHOM CJIy4ae OTHOCHTCS
He k O, a k cumBonty y B 11esioM. bosiee TouHO rpaduuecku 3TO OTpakKeHO HIKE B

dbopmyie (18).
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Bnagumup Onerosud ['nanpiiies ObUT EPBBIM U3 MHE U3BECTHBIX MTEPEBOAUYHUKOB
ATOU CTaThU DBEPETTA HA PYCCKUM SI3BIK.

B.O.I'magpmmes.

B To0 Bpems (mauano 80-x rogoB MpoILIOro Beka) Teopued DBepeTTa
untepecoBanuch B CCCP ouens HemHorue (cm. mpum. 2 k r1.5). B.O.I'nagpiies
Oobu1 Torma crynentoMm MBTY um.H.O.baymana u mno pexkomeHzganuu mnpod.
B.B.®ponoBa  oOpaTtuiics KO MHE € MPOCKOOH O peKOMEHAAIMU TEMBI s
CaMOCTOATENIbHON Hay4dHOUW paboThl. I pekoMeHJoBal €My HaudaTh C MepeBoja
craTeu OBepetrTta. Bnagumup OneroBud.BbINOIHUAI EPEBO, HO, IO HE 3aBUCALIUM
OT HEro OOCTOSITeNIbCTBAM, Hallla COBMECTHAsl paboTa TOorjaa He MPOAODKUIACH — 5
nepesescsa B apyroit BY3. Hayunbie unrepecsl B.O.I'nanapiiieBa B JanbHEHIIEM
cocpenoroursiich Ha OTO DiiHImITENIHA M TEOPUU THUIEPKOMIUIEKCHBIX YHCEIL.
Ceronnst n.¢.-m.H., B.O.I'magpieB sBasercs npodeccopoM Kaeapbl QU3MKU
MI'TY um.H.D.baymana u renepansabiM qupektopom HUU I'CI'O.
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