OT nepeBoIUHKA.

s nepesooa Ovin 63am mexcm ¢ cauma http://everettian.chat.ru/English/paper1957.html u
ceepen ¢ KCepoKkcom opucunana cmamoi. Bapuanm nepesooa knrouesozo nowamus “relative
state” kak "coomnecennvle cocmoanusn" nepesoouux enepavie ycaviuwian om E.B. I uxosyesa.
Panee (cm. "Heoonosnaunoe muposzoarue”
http://piramyd.express.ru/disput/lebedev/text/titul. htm.) ucnonv306ancs npeoroIHceHHbIl
B.O.I'naovuesvim éapuanm "coomeemcmeennvie cocmoanua”. B mexcme yumensi
JumepamypHo-peoaxyuonusie 3amedanus u npasku I1.P.Amnysnsa. Ilepeoo ocywecmenen 6
saneape-ghespane 2005 2ooa.

I0.A.JleGenes

@opMyIMPOBKA KBAHTOBOW MEXaHUKH Yepe3 ''COOTHeCEHHbIE
cocTosiHuA'" *

Xb10 OBeperr 111

[TanemepoBckas Ouzndeckas Jlabopatopus, [IpuncTonckuii Yausepcuret, [Ipuncron, Hero-/xepcn

1. BBEJJEHUE

3ajgadya  BBEIEHMS ~ KBAHTOBBIX  mpencraBieHuid B OOmyto  Teoputo
OTHOCUTENBHOCTH, KaK TOJBKO OHHM HENOCPEICTBEHHO NPHUMEHSIOTCS K CTOJb
(yHIaMEHTaJIbHOW  CTPYKType, KaKk TE€OMETpHUsl  IPOCTPaHCTBa-BPEMEHH,
MOJIHUMAET CEPhE3HbIE BOMPOCHI O CMBICIE CYHIECTBYIOMIEH (HOPMYITHUPOBKH U
MHTEpPIpPETALMM KBAHTOBOM MEXaHUKH. JTa CTaThs SABJISIETCS MOMBITKOM BHECTH
SACHOCTb B (OPMYJIMPOBKH KBAaHTOBOM MexaHMku. OHa MpeacTaBiseT coOoi
nepeopMyIMpOBKY KBaHTOBOM Teopuu B (opMmy, KOTOpas, Kak MOXKHO
HaJiesaThes, OyaeT mpuMenumoit B O0meit Teopun OTHOCUTETBHOCTH.

[lenb HE COCTOUT B TOM, YTOOBI OTPUIATh WM BCTYNAaTh B MPOTHBOPEUHE C
0OBbIYHON (HOPMYIMPOBKON KBAHTOBOW TEOPHUM, KOTOpas IMpPOJEMOHCTpHUpOBaJa
CBOIO MOJHOLIEHHOCTh B MOJABIISAIONIEM OOJBIIMHCTBE MPOOJIEM, a CKOPEE, B TOM,
9YTOOBI MPEATIOKUTH HOBYIO, O0Jiee 001y 0 ¥ OTHYI0 POPMYIHUPOBKY, U3 KOTOPOI
MOKET OBITh BBIBEJICHA OOBbIYHAS UHTEPIIPETALHS.

B3aumooTHomIeHNsT 3TOM HOBOW (POPMYIMPOBKU C MIPUMEHSBIICICS paHee — 3TO
B3aMMOOTHOILIEHNS  METAaTeOpUM M TEOpUH, TO  €CTh, IIPEJIaraercs
OCHOBOTIOJIATaloOIIasi TEOPUsi, B KOTOPOH MOTYT OBITH MCCIIEIOBAHBI U MPOSCHEHBI
U CYIIIHOCTb, U COTJIACOBAHHOCTh, U 00JACTh MPUMEHUMOCTH CTApOU TEOPUH.

Hogas Teopust He OCHOBaHA Ha KaKOM-TO PAJUKAJIBHOM OTCTYIUIEHUH OT
0oObIuHOI. B HOBOM Teopuu OIMyIIEHbI CHelHallbHbIE MOCTYIAaThl CTApOil TEOopuH,

CBsI3aHHBIC ¢ HaOMtoJeHneM. TakuM 00pa3oM, U3MEHEHHAs Teopus MpUOOpeTaeT
HOBBIM  Xapaktep. W mpexne, dYemM CcTaHET BO3MOXKHBIM  KakKoe-JIn0o
KOJIMYECTBEHHOE OTOXKIECTBIECHUE PE3YJIbTATOB HOBOW TEOPHUU CO CBOWCTBaAMH
HKCIIEPUMEHTAIBHOTO MUPA, 3TH U3MEHEHUs JOJDKHBI OBITH MPOaHATIU3UPOBAHbI
"B cebe u nmnsa ceds". Korga »To cienaHO, OTOXKJIECTBICHHE BO3BpAIACTCS K
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OTHOCSIIUMCST K HAOJIOJICHUIO OMYIIEHHBIM MOCTYyJlaTaM OOBIYHOW TEOpHU, HO
TaKUM CIIOCOOOM, KOTOPBIN Pa3bsICHAET UX POJIb U JIOTHYECKOE TOJIOKEHUE.

MBI HaUMHAaEM C KPATKOTro 00CYX AeHUS OObIYHON (DOPMYITHPOBKHA U HEKOTOPHIX
MIPUYHH, KOTOPBIE MOPOKIAI0T MOTHBBI IIOMCKA MOTU(PUKAIIHAH.

2. OBJIACTb IPUMEHHUMOCTHA OBBIYHOM ®OPMYJIMPOBKH
KBAHTOBOM MEXAHUKU WJIX "BHEIIHEI'O HABJIFOJAEHUA"

Mgl Oepem 0ObIUHYIO (HOPMYTUPOBKY KBAaHTOBOM MEXAHHKM WJIM "BHEIIHErO
HaOIr0IeHUA" CBOJIAIIYIOCS TIO CYIIECTBY K cleaytomeMy' : husnueckas cucteMa
MOJIHOCTBIO ONMHUCHIBAaETCS (PyHKUMEN cocTOsIHUA V , KOTOpas SIBISIETCS 3JIEMEHTOM
['mnpbepToBa TPOCTpPAHCTBA, WU, KPOME TOTO, AaeT HH(OPMAIHMIO TOJIBKO O
BEPOSITHOCTSAX PE3Yy/IbTaTOB PA3THUHBIX HAONIOJACHUHA, KOTOpPHIE MOTYT OBITh
C/eNlaHbl HaJ CUCTEMOW BHEIIHUMH HaOmonarenssMu. EcTh ABa NMpUHIMIHAIBHO
Pa3IMYHBIX ITyTH, KOTOPBIMU MOKET U3MEHUTHCS (DYHKIIUS COCTOSTHUS:

Ilpoyecc 1 TlpeppiBECTOEC W3MEHEHWE, BBI3BAHHOE HAOIOACHUEM BEIUYUHBI C

COOCTBEHHBIMH cOCTOSIHUSMH @, ¢,,..., B KOTOpOM cocrosuue Y Oymer
2

M3MEHEHO Ha cocTosHuE §;, ¢ BEpOATHOCTBIO ‘(\p ,0 ].)

Ilpouecc 2: HenpepblBHOE, NETEPMUHUPOBAHHOE W3MEHEHUE COCTOSIHUSA
M30JIMPOBAaHHOM CHUCTEMBI CO BPEMEHEM COIVIACHO YPABHEHUIO  BOJIHBI
Oy /0t = Ay | rne A - TMHEHHBIN oneparop.

Orta ¢GopMyJIMpOBKa OIKCHIBAET BCE pa3HOOOpa3ue >KU3HEHHOTOo omnbiTa. He
W3BECTHO HHUKAKOT'O AKCIIEPUMEHTATHLHOTO CBHUCTEIILCTBA, KOTOpOE
MpOTHBOpeUno Obl 3ToMy. HO HE BCe MBICIMMBIE CUTyaIlid COOTBETCTBYIOT
CTPYKType OTOH MaTeMaTHdyeckoh G(opMyaupoBkH. Paccmorpum, Hampumep
M30JIMPOBAHHYIO CHUCTEMY, COCTOSIINYIO W3 HAOIIOJATEeNs WIM U3MEPUTEIHHOTO
npubopa, MIrc cucremMa o0bekTa. MOXeT JIn U3MEHEHUE BO BPEMEHHM COCTOSIHUS
00vedunenHol cucteMbl ObITh ommcaHo [Ipomeccom 2? Ecnm »To Tak, Torna,
Ka3aJ0Cch Obl, HUKAKOW MPEPhIBUCTHIA BEPOSATHOCTHBIN Mporiecc Tuma [Iporecca 1
HE MOXET UMeThb MecTo. Eciam HeT, Mbl BBIHYXIEHBI MPHU3HATh, YTO CUCTEMBI,
KOTOpBIE cojiepkar HaOJr01aTeIIeH, HE SIBJISIFOTCS cyObeKkTamMu
KBAaHTOBOMEXAHHUYECKOTO OIMCAaHWS TOTO JKE CaMOoro BHJA, KOTOPOE MBI
JIOTTyCKaeM JIsl BCEX APYTUX (PU3NYECKUX CHCTEM. DTOT BOMPOC HE MOXKET OBITh
HUCKIIOYEH KaK JIEXKAIUN B 00J1aCTH IICUXOJIOTHH. bonpmmHCTBO "HabMr0maTenei",
o0CyXTaeMbIX B KBAHTOBOM MEXaHWUKE, OTHOCHTCI K (OTOdIEMEHTaM,
dotorpaduueckuM MIaCTMHAM, W TOMY TMOAOOHBIM  YCTPONCTBaM, 4Ybs
MEXaHHCTHYECKasl CYITHOCTh €Ba JTU MOXET ObITh ocmopeHa. B mocnemyromem
KaKJIbI 4UTaTeNlb, €CJIU y HETrO0 HET JKEJIaHWUsS paccMaTpuBaTh HabOromaTenel B
0oJiee TPUBBIYHOM CMBICIIE, MOXKET 02PAHUYUMBC SMUM KIACCOM Npobiem Ha
TOM K€ CAMOM MEXaHUCTUYECKOM YPOBHE aHAJIN3a.

Kakyrwo ke cmech IlpomeccoB 1 u 2 oObr4HON (DOPMYITUPOBKH HY>KHO
UCIIOJB30BaTh B Cjydae, KOIrJa IIPOM3BEACHO TOJBKO MPUOIU3UTEILHOE
U3MEPEHHE; TO €CTh, KOTrJa mpuOOp WWIM HAOMIOJATeNb TONBKO Cil1abo u
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OTpaHWYEHHOE BpEMs B3aUMOJICHCTBYIOT ¢ cUCTeMOi 00bekTa? B cimydae Takoro
MPUOJIM3UTEIHLHOTO HU3MEPEHUST HajJiexarias Teopus oJbKHA omnpeneiuth: (1)
HOBOE COCTOSIHUE CHUCTEMBI 00BEKTa, KOTOPOE COOTBETCTBYET BCSKOMY YaCTHOMY
pe3yibTaTy, 3aMKCUPOBAHHOMY NMPUOOPOM, U (2) BEpOSTHOCTH, C KOTOPOUH ATOT
pesyiapTaT Oynmer moaydyeH. @®on Heliman mnokaszan, Kak 00pa0OaTbiBaTh
CHeNUaIbHbIA KJlacC MPUOIUZUTENBHBIX W3MEPEHUM METOJOM MPOEKIIMOHHBIX
omepatopoB’. OIHAKO MOXHO TOKa3aTh (CM. pa3zien 4 HACTOSIICH CTaTbH), YTO
oOl1asi TpaKTOBKAa BCEX MPUOIU3ZUTENbHBIX U3MEPEHUM METOJIOM MPOEKIIMOHHBIX
OIEepaTOpPOB HEBO3MOXKHA.

Kak ke npuMeHsTh OOBIYHYIO (POPMYJIUPOBKY KBAHTOBOW MEXaHUKH
HEMOCPEJICTBEHHO K F€OMETpUM MpocTpaHcTBa-BpemeHu? IIpobiema craHoBUTCS
0COOEHHO OCTPOM B Cllydae 3aMKHYTOM BCEIEHHOM . J[71s1 Toro, 4ToOB! BCTAaTh BHE
CUCTEMBbI U HaOI0aTh 3a HEM, TaM MPOCTO HET HUKAaKoro mecra. I BoBHE HET
HUYEro, 4TO MOIJIO OBl OBITh NMPUYMHON TEepexofa OT OJHOTO COCTOSHHS K
apyromy. M naxke 3HaKOMO€ MOHSITUE UCTUHHOTO 3HAYEHUS JSHEPTHH MOJHOCTHIO
HENIPUMEHUMO. B BBIBOJIE 3aKOHAa COXPAHEHWs SHEPIrUM  TOJHAs JHEPTHs
onpeensieTcss MOCPEICTBOM HHTErpajia, KOTOpPbIM Oepercs MO MOBEPXHOCTH,
JIOCTATOYHO  OOJBINON, 4YTOOBI BKJIIOYWTH BCE YaCTH CHUCTEMBI M HX
B3auMozeiicTBus®. Ho B 3aMKHYTOM TIpOCTpaHCTBE, KOTrJa TIOBEPXHOCTH
BKJIIOYAET Bce OoJblle U OoJibllie 00beMa, OHAa, B KOHEUHOM CYETE, MCUe3aeT B
HeObITHE. [TONBITKYU ONpeeNIUTh MOJHYIO YHEPTHUIO JIJIsl 3aMKHYTOTO MPOCTPAHCTBA
CBOJIAATCS K IMyCTOMY YTBEPKICHUIO O TOM, UTO HYJIb PABHIETCA HYJIIO.

Kak xe MOXXeT ObITh CeaHO KBAHTOBOE ONMKMCAHWE 3aMKHYTON BCEJICHHOM,
MPUOJIM3UTENBHBIX U3MEPEHHM, U CHCTEMBI, KOTOpasl COJACPKHUT HaOIromaTess?
OTU TpU BOIpOCa HMMEIOT OJIHY OOIIYI0 OCOOEHHOCTH, TOCKOJIbKY BCE OHHU
TpeOYIOT TaKyl0 KBAHMOBYIO MEXAHUKY, KOMOpAas AGIAemMcs 6HYMpeHHel No
OMHOULEHUIO K U30JIUPOBAHHOU CUCTEME.

VY 00b19HO HOPMYTUPOBKUA KBAHTOBON MEXaHUKU HE CYIIECTBYET SICHOTO IMyTH
MPUMEHEHUSI K CHUCTEME, KOTopas HE SBISETCS CyObEKTOM BHEIIHETO
HaOmoneHus. Bes uHTEepnipeTupyronas cxema 3Toro gopmManu3ma onupaeTcs: Ha
MOHSATHE BHEIIHETO HAOMIOACHUS. BeposSTHOCTH BO3MOXHBIX Pa3IUYHBIX
pe3ybTaToOB HAOMIOCHUS MpeNucanbl ucKiIounTeNnbHo [Iporieccom 1. bes atoi
gacTu (¢dopmain3Ma BOOOIE HET HHUKAKOrO0 CpEJICTBa, YTOOBI MPUIKCATH
busnueckyo nHTEpHpeTanuio o0srdHbIM cTpykTypam. Ho Iponecc 1 naxomutcs
BHE PACCMOTPEHHUS I CUCTEM, HE MOBEPKEHHBIX BHEIIIHEMY HaOIIOJICHUIO’ .

3. BHYTPEHHSSI KBAHTOBA S MEXAHUKA U30JIMPOBAHHOM
CUCTEMBI

Orta craThd TMpearaeT paccMaTpuBaTh YHUCTYI0 BOJHOBYIHO MEXAaHHUKY
(uckmrountensHo IIponecce 2) kak nmonHyro teoputo. Iloctynupyercs, 4To nonHas
MaTeMaTH4ecKasi MOJeIb Kaxa0i 0e3 MCKIIIOUYEHUs U30JUMPOBAHHOM (hHU3HMUECKON
CUCTeMBl OOecreunBaeTcss BOJHOBOM (yHKIMEWH, KOTOpas BCIOAY U BCeraa
OMMCHIBAETCS JIMHEMHBIM BOJHOBBIM ypaBHEHHEM. Jlaiee MOCTyIupyercs, 4To
KaXJasi CUCTeMa, KOTOpas IOJIBEpraercsi BHEIIHEMY HAOJIIOJIEHUIO, MOXET
paccMaTpuBaThCs Kak 4acTh OOJIbLIEH U30JIMPOBAHHON CUCTEMBI.
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BonnoBas ¢dyHKIMsS B34Ta KaKk OCHOBHOE (DU3UYECKOE OBITHE Oe3 anpuopHoll
unmepnpemayuu. VIHTepripeTaliysi TMOSBISAETCS TOJBKO nOCle WCCIEI0BaHUS
JIOTUYECKOU CTPYKTYpPbl TEOpUH. 31ECh, KaK BCErAa, cama Teopus YCTaHABIIUBAECT
CTPYKTYpy AJia ee uHTeprnperauuu’. [ns moboil mHTeprpeTanuu HEoOX0IUMO
MPUBECTH MAaTEMaTUYECKyI0 MOJENIb TEOPUH B COOTBETCTBHE OMbITYy. C »TOMU
LEeNbl0 HEo0XoauMO CcOopMyIHUpoBaTh aOCTpaKTHbIE MOJENN HaOiroaaresnei,
KOTOpble caMu 1o cebde, B Impeneigax TEOPUH, MOTYT TPaKTOBaThCS Kak
(u3MYeCKUe CHUCTEMbI, PACCMOTPETh H30JUPOBAHHBIE CHCTEMBI, COJAEpKaILIUE
TaKUX MOJIETFHBIX HA0JI01aTee BO B3aUMOCHCTBUY C IPYTUMU TOJICUCTEMAMHU,
BBISIBUTh M3MEHEHHUS, KOTOpbIE TMPOMCXOAIAT B HaOIOJaTesie BCIEACTBHE
B3aMMOJCHCTBUS C  OMKaWIIUMU  MOJACUCTEMAMH, W HHTEPIPETUPOBATH
M3MEHEHHS Ha 3HAKOMOM SI3BIKE OTIBITA.

B paznene 4 uccnemyroTcsi IpeaCTaBICHHUS COCTOSIHUS CIOKHOW CHCTEMBI B
TEPMHUHAX COCTOSHUN COCTABJIAIOIIMX MOJACUCTEM. MaremMaTuka MNpPUHYXAACT
OCO3HaTh TOHSTUE COOMHECEHHbIX COCMOAHUU B CIEAYIOIIEM CMBICIE: HEJb3s
CUMTaTh, YTO COCTABIIAIONIAS TOACHCTEMAa, HE3aBUCHUMO OT OCTaJbHOM YacTu
CIIOKHOW CHCTEMBI, MOXET HaxOJIUThCA B KAaKOM-TMOO €IUHCTBEHHOM YETKO
ONpEAEIEHHOM COCTOSIHUU. JIF0OOMy HpPOU3BOJIBHO BBIOPAHHOMY COCTOSIHUIO
OJIHOM mojcucTeMbl OyAET COOTBETCTBOBATH EIUHCTBEHHOE  COOMHECeHHOe
coCmosiHue OCTaJIbHOM YacTU CIIOHOW CHCTEMbl. DTO COOTHECEHHOE COCTOSIHHE
OOBIYHO OYJIET 3aBUCETh OT BHIOOpA COCTOSHUA sl IEPBOM MOJACUCTEMBI. Takum
o0pa3oM, COCTOSSHUE OJIHOM  TNOJCHUCTEMBl HE HMMEET  HE3aBUCHUMOIO
CYLIECTBOBAHUS, HO  OIpPENEISeTCS  TOJBKO  COCTOSIHUEM  OCTaroLIEHCs
noJcucTeMbl. J[pyruMu cloBamMH, COCTOSIHHS, 3aHATHIE TMOJCHCTEMaMH, He
HE3aBHCHMBIC, HO KOppeaupoganHvie. Taxue KOPpEIsIUU MEXKIy CHCTeMaMu
BO3HUKAIOT BCSKHUI pa3, KOrja CUCTEMbl B3aMMOJAEHUCTBYIOT. B cymecTBytomieit
(hopMyIIMpPOBKE BCE MPOLIECCH U3BMEPEHUS U HAOJIIOICHUS! TOJKHBI PACLIEHUBAThHCS
MPOCTO KaK B3aUMOJEWUCTBHUS MEXIy BOBJCYCHHBIMH B O3TH IHPOIECCHI
¢u3MUeCKUMH CUCTEMaMH - B3aMMOJECHCTBUS, KOTOpbIE MOPOXKIAIOT CUJIbHBIC
koppesinuu. C 3TOM TOUKM 3peHUs aHanu3upyercs npocras, no Pon Heitmany,
MOJIENTb U3MEPEHUSI.

B pazgene 5 naercs abctpakTHasi TpakTOBKa MpoOeMbl HaOI01eHUS. UTOOBI
PE3yJIbTAThl UMENH CaMyI0 OOJBIIYIO OOIIHOCTh, HCHOJIB3YETCS TOJBKO MPUHIIUIL
CYNEpHO3UIMU U 00IIKEe MpaBuia, MO KOTOPBIM CIIOKHBIE COCTOSIHUS CHUCTEMBbI
(bopMHUPYIOTCS M3 COCTOSHUN IMOJACUCTEM U MOTOMY OHM IPUMEHUMBI K JHOOOH
dbopMe KBAaHTOBOW TEOpPHHM, B KOTOPOM COOJIIOMAIOTCS OTH TMPUHIIMIIGL
HckmtoueHneM SBIAETCA TOJBKO COCTOSHUE HAONIOAaTessl, COOTHECEHHOE C
COCTOSTHUEM HaOJI01aeMOr0 OOBEKTa CHUCTEMBI. Y CTAHOBJIEHO, YTO BOCIPHUSTHS
HaOmroaTenst (JIGHTbI MarHUTHOW MNamsiTH, BBIYMCIMTENIBHOW CHUCTEMbI, U T.J.)
HAXOJSITCS B TOJIHOM COTJIACHMHU C TpPEACKa3aHUsIMU (POPMYIUPOBKH KBAHTOBOMU
MEXaHWKH, ocHoBaHHOM Ha [Ipomecce 1, pans oObIYHOTO  "BHENIHETO
HaOmrogaTens".

Paznen 6 pestomupyer (HOpMYIMPOBKY KBAHTOBOM MEXaHUKH B TEPMHUHAX
"COOTHECEHHBIX COCTOSIHHUM .
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4. KOHUEIINA COOTHECEHHOI'O COCTOAHUA

Teneps MbI UCCIEAyeM HEKOTOpbIE MOCIENCTBUS (hopManin3Ma BOJHOBOMN
MEXaHUKH CIIOKHBIX CUCTeM. Eciu cioxkHasg cucreMa S COCTOMT M3 JIBYX

nojacucteM S u S, cBI3aHHBIX ¢ ['WibOepTOBBIMU TIpocTpaHcTBamMu H, u H,,
TO, COMIACHO OOBIYHOMY (OpMaAIU3My CIOXKHBIX CHUCTEM, [ HUIbOEpTOBO
NPOCTPAHCTBO Ui S CUUTAETCs TEH30pHBIM mpousBeneHuem H, u  H,

(3amuceiBaetcs kak H = H, ® H,). U3 3Toro cieiyer, 4To, ecii MHOECTBA
N N o
{€'} u M, "} - monHble HAGOPBI OPTOHOPMANBHBIX COCTOSHMI it Siu S,

COOTBETCTBEHHO, TO O0OIlee COCTOSTHUE S MOXET OBITh HalNHMCAaHO Kak
CYNEPIIO3ULUA:

v =) a4 &) (1)

13 (3.1) cmexyer, 4To, XOTA S HAXOAWTCA B ONPEJCIECHHOM COCTOSHHH \ °,
nojacucTeMel S, u S, He 007aJal0T KAKUM-TO MOJOOHBIM OIpPEdeICHHBIM
COCTOSTHUEM HE3aBUCHMO JpYr OT Jpyra (KpoMme CHEelUaIbHOrO Ciyyas, MNpu
KOTOPOM BC€, KpOME OJTHOTO 4, ;, HYJIb) ¢ .

OmHako MBI MOXKEM JUIsl JIFOOOTO BBIOPAHHOTO COCTOSHHS B OJHOU
MOJICUCTEME,  €AMHCTBEHHBIM  00pa3oM  ONpPENeNuTh  COOTBETCTBYIOIIEE
coomuecenHoe cocmosnue B Ipyroil noacucreme. Hanpumep, eciiv Mbl BoIOMpaeM

&, Kak cocTosHME s S, B TO BpeMs Kak CIOXHas cucreMa S HaXOIMTCS B
3agaHHoM (3.1) COCTOSHMM W °, TOIrJa COOTBETCTBYIOIIEE COOMHECEHHOE

cocmosinue B S,, (Sz;reli‘,k,Sl) , OyIeT PaBHO:

W(Sz;relﬁk,Sl) =N, 2. .an; 2

rage  N,- 1OCTOSHHAs HOPMAIM3alMHM. JTO COOTHECEHHOE COCTOSHUE &,
nesasucumo ot BblOopa Gasuca {&,} (i #k) mo OTHOIIEHMIO K OPTOrOHAILHOMY
pomnonHenuo &, M, CIIEN0BATENbHO, E€IUHCTBEHHBIM 00Pa3’oM OIpeaesIeTcs
ToibKk0 &, . ITodTOMY, It HAXOKIEHUS COOTHECEHHOIO COCTOSIHUS B S, JUIs
IPOM3BOJIBHOIO COCTOSHHS S,, IPOCTO BBHINOIHSAETCA  BBINICYIIOMSIHYTas
IPOLIEAYPA C UCIIOIL30BAHUEM 000 Takoi mapsl 6asucos s S,u S,, KoTopas
COZIEPXKUT JKEIATEILHOE COCTOSHUE KaK OJWH M3 DJIEMEHTOB Oasuca auas S, .
Yro0Bl HAWTU COOTHECEHHBIE COCTOSHHUSA B O, OTHOCHTEIBHO COCTOSHHU B O,

HYKHO IIOMEHATH S, ¥ S, B OIMCAHHOM MPOIEaypeE.
B 00b1yHOII (QOpMyNIHpPOBKE KBAaHTOBOM MEXAHHMKU (MpU "BHEIIHEM
HaOmoaenun"), cooTHECEHHOE cocTosHue B S,, Y (S,;reld,S)), mna cocrosuus
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¢* B S|, maer pacnpejeneHHsl yCIOBHBIX BEPOSTHOCTEH Ul Pe3yJbTaToB BCEX
u3MepeHuii B S,, npy ycioBuM, uTo S, OBbLI U3MEPEH U HaliJeH B COCTOSHUU
TO €CTh, uTO ¢ — coOCTBeHHAs (DYHKLHUS H3MEPEHHS B S,, COOTBETCTBYIOILAS
Ha0JII01aeMOMY COOCTBEHHOMY 3HAYCHHUIO.

Jlns moGoro Beibopa Oasuca B S, {&,}, Bcerga BO3MOXKHO IIPENCTABUTh
coctosiue S, (1), kKak eduncmeernyo Cyneprno3UIIMIO MMap COCTOSTHUM, KaXK1asl 13
KOTOPBIX IIOCTPOE€HA M3 COCTOsHHMs Oasuca 15,5 B S, M €ro COOTHECEHHOIO
cocrostHust B S,. Takum o6pazom, ucxoxas u3 (2), cootnomenune (1) MOKET ObITh
3amucaHo B popme:

v =Y UNE N (S,;relE,,S,) (3)

DT0 — 4acTO UCHOIb3yEMOE BaXKHOE MPECTABICHHUE.

llooseoenue umocos: Boobwe 2o6ops, He cywecmsyem Kako2o-1ubo
€OUHCMBEHHO20 ~ COCMOSIHUA ~ OOHOU  NOOCUCMEMbL  CIONCHOU — CUCEMDbL.
Iloocucmemul He obradarom cOCMOAHUAMU, KOMOPbIe SAGNAOMCA He3a8UCUMbIMU
OmM COCMOAHUU OCMANbHOU YACMU CUCTNEMbl, MAK YMO COCMOAHUSL NOOCUCTEM 8
obwem ciyyae Koppeaupyromces opye ¢ opyeom. MoxcHo npoussonrbHo evlopamb
cocmosiHue Ons OOHOU NOOCUCHEMbl, YMO Npusedem K COOMHECeHHOMY
COCMOosAHUIO 01 OcmanvHou uacmu. Takum obpazom, Mbvl CMAIKUBAEMCS C
DYHOAMEHMAIbHOCBIO COOMHECEHHbIX COCMOSIHUL, KOMOpPas noopazymesaemcs
Gopmanuzmom crodicHvix cucmem. bBeccmvicnenno cnpawusams 06 abconommom
COCMOAHUU NOOCUCNEMbL - MONCHO MOJILKO CHPOCUMb O OAHHOM COCMOSHUU
OMHOCUMENbHO OCMANbHOU YaCMU CUCEMBI.

B aTroM myHKTEe MBI paccMarpuBaeM npoctou, no @on Henmany, npumep,
KOTOPBIA CIY>KUT MOJEIbI0 mpolnecca usMmepenus. OOCyx aeHue 3Toro mnpumepa
MOATOTABIMBACT MOYBY I aHanu3a "HabmomeHus". Mbl HAUMHAEM C CHCTEMBI
TOJIBKO C OJTHOM KOOpJMHATOM, ¢ (TaKoi Kak MOJOKEHHE YaCTHIIbI), U TTprbdopa ¢
OJTHOM  KOoOpAuHATOW 7 (Hampumep, TMOJIOKEHHE HU3MEPHUTENIbHON  HIJIbI).
[Ipeanonoxkum nanee, 4YTO TNEPBOHAYAIILHO OHHU HE3aBUCUMBI, TaK YTO

00beIMHEHHAs BOJHOBAsA (YHKIMS HMEET BHA W, =¢(q)1”|(l”), rne $(q)-
HauaJdbHAs BOJHOBas (yHKUUA cucTeMbl, W N(7)- HauvaneHas npuOOpHas
¢yukuusa. ['aMuIbTOHMAH B 3TOM Clly4ae TakKOB, YTO O3THU JIBE€ CUCTEMBbI HE
B3aUMOJCICTBYIOT HUTZI€, KPOME KaK B MHTEpBase BpeMeHu oT =0 ngo t=71, B

TEYEHUE KOTOPOrO TOJHBIM [aMUIIBTOHMAH COCTOUT TOJBKO W3 IPOCTOrO
B3aMMOJICHCTBUS,

H, =—-ihg(d/or) @)

Torma cocrostHUE
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v 1S+A (q’ I") _ (I)(q)n (I’ . qt[3ameanue—nepeeodun1}) 5)

SIBJISIETCS peleHneM ypaBHeHnus [penunrepa

ih(oy ™ /ot) = H y ** (6)

1

JUTSI YKa3aHHBIX HAYAJIbHBIX YCIIOBUN BO BpeMs ¢ = 0.

N3 (5) cnenyet, uro mocie BpeMeHU =71 (MOMEHT BpEMEHH, B KOTOPBIU
B3aMMO/ICHCTBUE TMpEKpaIlaeTcs) HeT OOJbIe HU KaKOro-mudo OMpeneIeHHOTO
HE3aBUCHUMOT0 IPUOOPHOTO COCTOSTHUS, HU KaKOTO ObI TO HU ObLIO HE3aBUCHUMOTO
COCTOSIHHS cucTeMbl. [loaToMy mpubOp HE yKa3bIBa€T HUKAKOTO OMPEIEICHHOTO
3HAUYEHMS] U3MEPSIEMOro mapameTpa CUCTEMbl OO0BEKTa, U HHUYEro MOJA00HOTO
IIpoueccy 1 He mpoucxoaur.

OpHako MBI MoOdceM PAaCCMOTPETh TMOJHYIO BOJHOBYIO (DyHKUHIO (5) Kak
cynepnosuyutro map COCTOSHUM TOJICUCTEM, KaXIblii 3JIEMEHT KOTOPBIX HMEET
ompejeNieHHOe 3HaueHHe 9 ¥ COOTBETCTBYIOIIEE IEPEMEIICHHOE COCTOSHHE
M3MEpPUTENIbHOM wuribl Tmpubopa. Takum o00pa3om, TmOCiae B3aUMOJICUCTBUS
coctosiaue (5) numeeT hopmy:

v, =[d(g)(qg—gm(r—qT)dg )

KOTOpasi SIBJICTCs Cymeprosunued cocrosuui Y . = 0(q—gm(r—qT).

Ka}K,HBIﬁ N3 TAKUX JJICMCHTOB CYIICPIIO3UIINH, \Vq', OIMKUCBIBACT COCTOAHHC, B

KOTOPOM CHCTEMa HMEET ONpee/IeHHOE 3HAYEHHE ¢ =¢ , U B KOTOPOM IIpUGOp
MMEET COCTOSIHHUE, B KOTOPOM M3MEpUTEIIbHAs UTJla MepeMelleHa U3 HavyajabHOTO
COCTOSHUSI Ha BEIWYHHY, ompeaensemyo ¢71. B »Tom cioydae, 49TOOBI

chopmupoBath monHoe coctosuue (7), onementel Y . momemarorcs B

cynepnosuiuio ¢ koddpuuuentamu ¢(q ).

B mpotuBOmonoxkHOM Citydae, €ClIM Mbl CTPEMUMCS K TPEACTABICHUIO, MPU
KOTOPOM ONPENEICHHON SIBISACTCS MpUOOpHAs KOOpOUHAmdA, Mbl 3aluileM
BbIpakeHue (5) Kax

Wit =[N K (g)8(r—r)dr

[

rac

&"(g)=N,o(gn(r —qT) ©



[N = [ (@) (@n ¢ ¢TI —qT)dg

.
Torna a (q);{BnﬂeTc;I byHKIIUEH COCTOSHHUS CHCTEMBI®, COOTHECEHHOM C
cocTossHMEM npubopa & (r — '), onpe/eNnsIonero BeIuuuHy =7 .

Eciu T siBisiercst moctatouHo 6ombmrim, wim N () mocratouno OCTpoii (0KOJIO

0 (r)) Torma S C)R— (g—r T

[ 3ameuanue—nepesoouur 2}

), 1 COCTOSIHHASI COOTHECEHHOU

CHCTCMBI &’ (Q) - TIOYTH COOCTBEHHEBIEC COCTOSTHUS JJI1 BEJIMYUH ¢ = I"/T .

Mpb1 BHzIE€NH, YTO BhIpaKeHHE (8) — 3TO CyNnepro3uuus COCTOSIHUN V -, 01

Kaxc002o0 u3 Komopwix TPUOOp cIenan 3alucCh ONpPENeJIeHHOro 3HAYeHUS r', U
CUCTEMa OcCTajach MNPUOTUZUTEIIBHO B COOCTBEHHOM COCTOSIHUM HW3MEPEHUS,

cootBerctBytomeM ¢ = /T . [IpepbiBUCTHIi "cKkadoK" B COOCTBEHHOM COCTOSIHHH

€CThb, TAKMM 00pa30M, TOJBKO OTHOCUTEJIBHOE CYXKACHHE, 3aBHUCSIIEE OT crocola
pa30ueHusT TOTHOW BOJHOBOW (YHKIMKM B CYNEPHO3UIUU, WU OTHOCHUTEIHHO
KOHKPETHO BBIOPAHHOW COOTHECEHHOW MPUOOPHON KOOpAUHATHL. Tak 4To mojHas
TEOpPUsl TMOKAa3bIBAET, YTO BCE DJJIIEMEHThl CYNEPHO3ULUUU  CYLIECTBYIOT
OJIHOBPEMEHHO, U TIOJIHBIM IIPOLIECC COBEPLIEHHO HEMPEPHIBEH.

[Ipumep ®on HelimaHa - TONBKO CHEUMAIBHBIN ciydaii Oosee oOriei
cutyauuu. PaccmotpuTte m1000# U3MEPHUTENbHBIN PUOOP, B3aUMOACHCTBYIOIINN C
moboil  cucteMod 00bekTa. B pe3ynbrare B3aMMOJEHCTBUS  COCTOSIHHUE
M3MEPUTENBHOIO pubopa O0JbIlIe HE CIIOCOOHO K HE3aBUCHMOMY OIPECIICHHUIO.
OHO MOXeT OBbITh NIPOBEAEHO TOJIBKO OMHOCUMENbHO COCTOSHUS CHCTEMBI
oObekTa. J[lpyrumu ciaoBamMu, B TAaKOM OTHOUIEHMM CYIIECTBYET TOJIBKO
KOPPEJSAIUs MEXKIY COCTOSHHSIMH 3THX JByX cucTteM. Kazajmochb Obl, HUUTO HE
MOJKET OBITh PEILIEHO TAKUM U3MEPEHUEM.

Takoe HeonmpeneneHHOe MOBEAEHUE MPEACTABISETCS COBEPIIEHHO OTIMYHBIM
OT HAIIMX HAOIIOJICHUH, Tak Kak (u3nueckue oObEKTHl BCErJa MPE/ICTABISIOTCS
HaM HaxOJSIIMMUCS B ONPEEIEHHBIX MOJI0KEHHUIX. CMOXKEM JIM Mbl IPUMHUPUTH
C ONBITOM YCOBEPLICHCTBOBAHHYIO BOJIHOBYIO MEXaHHUKY, OCHOBAHHYIO
UCKIIIOUMTENBHO Ha [Ipomecce 2, mim ciexyer OTKa3aTbCsl OT TEOPHUHM Kak
HecocTosATeNbHOU? UTOOBI OTBETUTH HAa 3TOT BOMPOC, PACCMOTPUM MpoOIeMy
HaOJII0/IEHNS] HEMTOCPEJICTBEHHO B paMKaxX CTPYKTYpPbI TEOPHH.

5. HABJIIOAEHUE

Mbl wMeeM 3a7ady COCTaBJICHHUS CYXKICHHS O SBICHHH (DEHOMEHOB
HAOJFOAATCIISIM, KOTOPBhIC B TPEACIIaX TEOPHH PACCMATPHBAIOTCS MPOCTO Kak
¢busmyeckne cucteMbl. UTOOBI 3TOrO JIOCTHUTHYTHh, HEOOXOIAMMO OTOXJISCTBUTH
HEKOTOpbIC CBOMCTBA TAKOr0 HAOJIIOJATENS B HACTOSIIEM C OCOOCHHOCTSIMH €TI0
MIPOILIOTO OTIBITA.

Takum oOGpazom, 4TOOBI CKazaTh, UTO HaOmoAaTenb (0 HaOMIOgAN Clydaid 4@,
HEeo0XoauMoO, 4TOOBI cocTostHUE 0 M3MEHMIOCh OT €ro MPEKHEr0 COCTOSHHUS K
HOBOMY, KOTOPOC 3aBHUCHT OT 4.
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Jlns Hammx 1enei OyAeT MOCTaTOYHO IMojiaraTh, YTO HAOII0AaTeNIn 00J1a1af0T
MaMsThiO (TO €CTh UMEIOT B CBOEU CTPYKTYpE YaCTH OTHOCHUTEIHLHO MOCTOSHHOMN
MPUPOJIBI, COCTOSTHUSI KOTOPBIX HAaXOISATCS B COOTBETCTBUHU C IPOILIBIM OMBITOM
HaOmrogateneit). [{ns Toro dYTOOBI CyAWTh O MPOIUIOM ONBITE HAOIIOMATENs,
JIOCTATOYHO YCTaHOBHUTh, HACKOJBKO 3TO BO3MOXKHO B Ipejeax MaTeMaTHYeCKOn
MOJIEIIH, CYIIECTBYIOIIEE COICPKaHUE €ro MaMsTH.

B xadectBe Momenu s HaOMromaTenaeld MbI, €CIIH TOXKEIIaeM, MOXKEM
paccMaTpuBaTh aBTOMATHYCCKH (DYHKIIMOHUPYIOIIME MAIMHBI, 00JIaIafoIIHe
YYBCTBUTEIBHBIM JATYMKOM, CBSI3AHHBIM C PETUCTPUPYIONIUM YCTPOMCTBOM U
CIIOCOOHBIE K PETHCTpalldd MPOILIbIX CEHCOPHBIX JaHHBIX W KOHUTryparun
MaIuHbl. MBI MOKEM Jajiee MPEeaIoIORKUTh, YTO MalllHa YCTPOeHa TakK, 4TO €€
TEKYIIHEe IEHCTBHS JOJKHBI OBITH ONPEACICHBI HE TOJBKO CEHCOPHBIMU JTAHHBIMU
HACTOSIIETO MOMEHTa, HO TakKe W COJIep)KaHHeM ee IaMsaTd. Torga Takas
MaiMHa OyJneT crnocoOHa K BBITIOJTHEHUIO IMOCIEA0BATEIIbHOCTH HAOIIOCHUN
(u3mepenuii), u, Oojiee TOro, K TIPUHIATHIO PEIICHUS O ee OyaylmXx
AKCIIEPUMEHTaX Ha OCHOBE IMPOIUIbIX Pe3yiabTaTOB. ECIM MBI TOIOXKHM, YTO
TEKYIIIMEe CEHCOPHBIE JaHHBIC, TaK e KaK KOH(Urypalys MalluHbl, HEMEIJICHHO
PETUCTPUPYIOTCS TTaMATBIO, TO JEUCTBUS MAITMHBI B JAHHBIA MOMEHT MOT'YT OBITh
paciieHeHbl Kak (QYHKIOHAS TOJBKO COJIEPKUMOTO €€ TaMATH, B KOTOPOHU
COJICPKUTCS BECh HCOOXOIUMBIN OTIBIT MAIIIUHEI.

JIyist TakvX MaIuH OMpaBJIaHO MCIOJIb30BaHMUE (Dpa3 TUMa "MalivHa OIIYIacT
A", unu "mamuHa 3HaeT A", eciu sBIIeHWE A TPEICTABICHO B MaMTH, TaK Kak
Oymyliee MOBEACHHWE MaIluHBI OyaeT ocHOoBaHO Ha sBieHHMH A. Kak xopormro
M3BECTHO JIIO/SIM, pa0OTAIONIUM CO CIIOKHBIMH aBTOMaTamMH, (aKTHUYECKU BECh
OOIIENPHUHATHIN S3BIK CYOBEKTUBHOTO OIBITA MOJHOCTHIO NMPUMEHHM K TaKUM
MalinuHam, U, o0pa3yeT caMblil €CTECTBEHHBIN M MOJE3HBIN C1OCO0 BBIPAKEHUS B
CITy4asiX, KOTJla Mbl UMEEM JIEJIO C UX MOBEJICHUEM.

Korga Mbe1 mmeeM 11e710 ¢ CHCTEMOM, B KOTOpOW HaOJI0IaTeh MPEACTaBICH

KBAHTOBOMEXAHUYECKH, MbI IIPUIKCHIBAEM eMy (yHKIHIO coctosaus . Korma
COCTOSHME  \/ 'ONMCHIBAET  HAOMIOAATENs, MaMATh KOTOPOIO  COMEPIKHT

npeacrasiaenuss coobituii A4,B,...,C  Mbl  0003HagaeM 3TOT (akT, BBOAA
MIOCJIEIOBATEILHOCTD ITAMSTH KaK JAOIOJIHEHNE B CKOOKAX, U 3aIICHIBAEM:

0

v [4,B,..C] )]

[Mostomy cumBoimsl  A,B,..,C |  xoropple Mbl BPEMEHHO I[PHHUMAEM,
CUMBOJIU3UPYIOT  KOH(QUIYpalUIO MaMATH, HAXOJSAUIYIOCS B COOTBETCTBUU C
MPOIUIBIM OMBITOM HabOMOAaTeNss. DTH KOHPUTYpallMd MOTYT PacCMaTpUBATHCS
KaK OTBepCTHsl B OyMa)kHOH JICHTE, CJell B MarHUTHOM KaTyllke, KOH(pHUrypauuu
NEPEeKITIOYAIOIINX pelie, U AaKe Kak KOHQUTrypaluu siuyeek mMo3ra. Mbl TOJIBKO
TpeOyeM, 4TOObl OHU OBLIIM CIIOCOOHBI K MHTEPIIpETAIy: ""HaOII01aTeNIb UCTIBITAI
nocneaoBarebHocTh  cobbituit 4, B,...,C." (Mbl WHOTAA THIIEM TOYKHA B
HOCIICIOBATEILHOCTH TaMsATH, -..4,B,...,C | yKka3biBas BO3MOKHOE MPUCYTCTBHE
OPEeNbIAYIINX BOCIOMHUHAHUN, KOTOpBIE SIBISIOTCS  HECOOTBETCTBYIOIIMMHU
paccMaTpuBaeMoOMYy CIIy4aro. )
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B pamkax crpykrypsl [Iporecca 2 BOJHOBOM MEXaHUKH MaTeMaTU4YecKas
MOJICJIb CTPEMHTCSI PACCMOTPETh B3aUMOJICHCTBHE TAKUX CHUCTEM HaOJI0/aTens ¢
IpYruMu (PU3HMYECKUMHU CUCTeMaMH (HAOJIOJACHUS), U BBIBECTH IOJYUYarOIIUECS
KOH(UTypaIuu naMsaT, KOTOpbI€, B 3TOM CIydae, JOHKHBI HHTEPIPETUPOBATHCS
KaK 3aIlKCH MPOILIBIX OMBITOB HAOJIOAaTEIEH.

Mpb1 HayHEM ¢ ompeereHus TOro, 4Tto MpeAcTaBisieT coboil "xopoiee"
HaOmoneHrne. Xopoiiee HaONIOJCHWE BEIUYMHBI A, HUMEIOIIeH COOCTBEHHYIO
Gyukmo ¢, B cucteme S, HabmOgAaTENEM, HAYATIBHOE COCTOSHUE KOTOPOIO

COCTOMT BO B3aUMOJICHCTBUU, KOTOPOE, B YKa3aHHOM IPOMEXYTKE BpPEMEHH,
npeoOpasyeT Kaxioe (TOJTHOE) COCTOSTHUE

S+0 0
Vo =ow (10)

B HOBOC COCTOSHHUC

S+0' {3ameuanue—nepesoduura3}

0
\V = d)z\lj [...a; ] (1)

rie d, xapakrepusyer’ cocrosuue ¢,. (CumBoi (. oTpaxaer, Halpumep,

pEruCTpanvii0 COOCTBEHHOrO 3HaueHus). Takum 00pa3oM, BO-TIEPBBIX, MBI
TpeOyeM, 4YTOOBI COCTOSIHUE€ CHCTEMBI, eciu 3MmMO COOCMBEHHOe COCMmOsHUe,
OCTaBaJIOCh HEU3MEHHBIM, H, BO-BTOPBIX, UYTOOBI COCTOSHHE HaOII0IaTeNs
U3MEHWIOCh TaK, 4TOObl omucaTh HaOoJaTessi, KOTOphId "3Haer", W3 Kakou
COOCTBEHHOW (YHKIMM OHO TIOJYy4eHO; TO €CTh, B TaMATH  HaOIOJaTeNs
3apEeTUCTPUPOBAHA HEKOTOpas XapaKTEPUCTHUKA THIA COOCTBEHHOTO 3HAYCHUS,

xoTopass mpucyma ¢,. TpeGoBaHue, 4TOObl COOCTBEHHOE COCTOSIHUE CHUCTEMBI

OCTaBaJIOCh HEW3MEHHBIM, HEOOXOAMMO, €Cli HaOJII0JCHUE JOJKHO OBITh
MHOTOKpPaTHO TOBTOPHMBIM, a TpeOOBaHUE, YTOOBI HAONIONATENh YCTaHABIUBA
M3MEHEHHE CIIOCOOOM, KOTOPBIN OTJIMYACTCS AJI KaXJA0h COOCTBEHHON (PYHKIUH,
HEO0OXOJIMMO, €CIM Mbl MOXEM Ha3BaThb 3TO B3aMMOJCHCTBUE HAOIIOJCHUEM
BooOme. Hackonbko OJMM3KO OOBIYHOE B3aUMOJICUCTBHE  YIOBJIETBOPSET
OTIpeIeNICHUIO XOpOILIETOo HAOII0ICHNUA, oTpesensiercs, BO-TIEPBBIX,
OCOOEHHOCTSIMU 3aBUCUMOCTH B3aUMOJECUCTBUSI OT AMHAMHYECKHX IMEPEMEHHBIX
CUCTEMbI HAOJIOAATENsl - BKJIIOYas MEPEMEHHbIC MaMITH - U JUHAMUYECKUMHU
MEPEeMEHHBIMA CHCTEMBI OOBEKTa, M, BO-BTOPBIX, HAYaJIbHBIM COCTOSIHAEM
CUCTeMbl HaOromatess. YuuTbiBas o0a ¢akTopa, MOXKHO, HalpuMep, pEIIUuTh
BOJIHOBOE ypaBHEHHE, BHIBECTU COCTOSIHUE CIIOKHON CHUCTEMBI MOCJIE OKOHYAHUS
B3aUMOJICUCTBUS, U MPOBEPUTH, OCTAETCA JIU CHUCTEMa OOBbEKTa B COOCTBEHHOM
COCTOSTHUH, KaK TOTO TpedyeT MOCTyJaT BOCIPOU3BOAUMOCTH. DTOMY MOCTYJIATy
yAOBIETBOPAET, Hanpumep, Mmoaenb @oH Heiimana, koTopas 006cyk1anach BHIIIE.

CHauyana, ucxoli U3 OINpPEACNECHUsI XOPOIIero HaOMIOACHUS, Mbl YCTAHOBUM
pe3ynbTaT HaOMIOACHHUS CHUCTEMBI, KOTOpas He Haxooumcs B COOCTBEHHOM
COCTOSSHUU HaOmrojeHus. VI3 Hamero omnpeaeneHuss MBI 3HaeM, 4YTO
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o 0 0
B3aMMOJICHCTBHE Ipeobpasyer cocTOSHHS QN ] B COCTOSHMSA Oy [oy] »

CJICI[OB&TGJIBHO, 9T PCHICHUA BOJIHOBOI'O YPAaBHCHHA MOI'YT OBITH ITIOMCIICHEBI B
CYICpno3nu, AJar0Iyr0 KOHCYHOC COCTOSHHC I Cliydas IIPOU3BOJIbHOI'O
HA4aJbHOI'O COCTOSIHMS CHUCTEMbI. Takum 06pa30M, €CJIM Ha4dYaJIbHOC COCTOAHHC

CHCTEMbI SBISCTCS HE COOCTBEHHBIM, a OOLIMM cOCTosHHMEeM ), 4,9, monHOe
KOHEYHOE COCTOSIHUE OyIeT UMETh PopMYy:

S+0° { 3amevanue—nepesoduux3} __ 0
v - Ziai(l)zw [ondt;] (12)

IIponoibkuM NpUMEHEHWE 3TOro IPUHLMIIA CYIEPIIO3UIUU B IPUCYTCTBUH
JOTIOJIHUTENBHBIX CHUCTEM, KOTOpPbIE HE B3aUMOJCHUCTBYIOT C H3MEpPAEMON B

TeueHue uzMepenus. Takum 0Opa3oM, eCiiu CUCTEMBI O, ,..., , TPUCYTCTBYIOT
S S

e 7, @
€IMHCTBCHHOE, B TEUCHHWE BPEMEHU H3MEPEHHs, B3aUMOJICHCTBHE HMEET MECTO
mexay S, u 0, u3MepeHne Mpeodpasyer MOIHOE HAYalbHOE COCTOSHHE:

S
TaKk K€ Kak 0, C OpHTIHHAJIBbHBIMH COCTOAHHUAMH \I] ,\|]

S +S,+.+85,+0

y =y iy Py g (13)

B KOHCYHOC COCTOAHUC:

'S +S, A8, +0 Sh., S S, 0
v =2.ad v as)

rae a. :(d)iS‘ W Sz) u ¢’ — cobcrennpie (yHkiME HaOmogeHus. Takum

o0pa3oM, MBI TPHUXOAUM K OOIIEeMy MpaBwiIy JUisi MpPeoOpa3oBaHUS TOTHBIX
(GYHKIHMI COCTOSIHMSI CHUCTEM, B TpeneiaX KOTOPBIX MPOUCXOISIT IPOIECCHI
HaOIIOEHUSA:

N
IpaBuio 1: HaGnonenue Benuaunbl A ¢ coOCTBEHHBIMI QYHKIMAMU (. B

cucreme S, HabmogareneM 0, mpeoOpas3yeT MOJHOE COCTOSHHUE COTJIACHO CXEME:

Y S\V > L\ S’w [(.)..] — Ziai(l)isw K S\ Snw [(-)nﬂf] ()

e @, = (07 y%).

Ecan TCIICPb IIPCAIIOJIOKUTDL, YTO CACIIAHO 6mopoe Ha6JII-OIICHI/Ie B ClIy4dac,
Koraga Halm€ 1moJIHOC COCTOAHUC ABJISACTCA cynepno:smmeﬁ, MBI MOKEM ITPUMCHHUTDH
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[IpaBuno 1 OTHENpPHO K KaXXIOMYy JJIEMEHTY CYNEPHO3UIIMHU, TaK KaK KayKIbld
AJIEMEHT OTJEJIbHO TMOJYMUHSAETCS BOJHOBOMY YpPaBHEHHIO U BeleT cels
HE3aBHCUMO OT OCTAIOLIMXCA 3JEMEHTOB, a 3aTEM €r0 PE3yJbTaThl MPEICTABUTH
TaKK€ B CYNEpPHNO3ULHMHM [UIsl TIOJYYEHHs OKOHYATEJIbHOIO pEIIeHUs. Mbl
(bopMyIHpyeM 3TO TaK:

IpaBuno 2: IlpaBuwino 1 MoxkeT ObITh MPUMEHEHO OTICIBHO K KaXKIOMY
AJIEMEHTY CYINEPIO3UIMHU TMOJHBIX COCTOSHUWA CUCTEMBI, & pe3yJbTaThbl, OyIydH
PACIOJIOKEHHBIMU B CYNEPHO3ULIMHU, TAIOT MOJHOE KOHEYHOE COCTOsiHHUE. Takum

S.
oOpa3zoM, ompeneneHue BenuduHbl B, ¢ coOctBeHHbIMU GyHKIMsIMU M), B

cocrosiaum S, HabmomareneM 0 mpeobpasyeT MOJTHOE COCTOSIHHE

Ziai(l)iSIW > -\ Sn\V [(.)..,a,.] (16)

B COCTOSIHUE
S S S S 0
Zij al.bj(l)l. nvy .y Wias,) (17)

S S
roe b I (nj2 W ), koTopoe ciemyeT u3 mpumenerns [Ipasmia 1 K KaxaoMy

Snie Sy Sprg 0
HIIEMEHTY (1)1. L/ /] "\V[.",ai], M 3aTeM pacrnojaraeT B CyHEpHO3HLUIO

MOJIy4EHHBIE PE3YIbTaThl C KOdppuuueHTamu d, .

OTH ABa mpaBuja, KOTOPHIE HEMOCPEICTBEHHO CIEAYIOT W3 IPUHIIUINA
CYNEpIO3UINHU, NAIT YIOOHBIA METOJ MJIA ONpEACNICHHs] TOJHBIX KOHEUHBIX
COCTOSIHMI J1s1 J1I0OOT0 YKciia MPOIIECCOB HAONIOACHUS B JIIOOBIX KOMOMHAIUSX.
Teneps MbI 0OpaTuMCs K unmepnpemayuu TaKuX MOJTHBIX KOHEUYHBIX COCTOSHUM.

PaccmoTpuM mpocToil ciiydail € IMHCTBEHHOTO HAOJIOJCHUS BEJIMUYUHBI A C

coOCTBEHHBIMU (QYHKIMAMH ¢, B cucreMe S ¢ HayajdbHBIM COCTOSHHEM VY °H

0
Habmozarenem 0, ube HavanbHOE cocTognue V. KoHeuHBIM pe3yabTaToM OyeT,
KaK Mbl BUAEJH, CyNIEPIO3ULIHS

v = Zi ai(l)i‘"] [(.)..al-] (18)

W Her OOJbllIE HUKAKOTO HE3ABUCHMOI'O COCTOSHUS CHUCTEMBI WJIM COCTOSHHUS
HaOMrogaTeNsl, XO0Tsa 00a CTaM KOPPEIUPOBAHBIMU WHIWBHUAYAIBHBIM CITOCOOOM.

0
OHAKO B KAKIOM 21eMeHme CYIepuo3unun QY ..a] COCTOSIHHASI CHCTEMBI 00OBEKTa

€CTb O0COOE€HHOE COOCTBEHHOE COCTOSIHHE HaONIOACHUs, W, Oonee mo2o,
COCMOsIHUE cUCmeMbl HAO00amelisi ONUCbleaem Habaoamesi Kak onpeoeireHHo
0CO3HAIOWe20 UMEHHO MO 0CODeHHoe COCTOSHUE cucmemvl. ITa KOPPEISIHSI
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COCTOUT B TOM, YTO MO3BOJISIET MOJAAEPKUBATH UHTEPIIPETALIMIO B3aUMOACHCTBUS
KaK BBINIOJIHEHHOTO U3MEPEHUS.

PaccmoTpuM Teneph cuTyaluio, MpU KOTOPOM HaOtoAaTelibHas cucTema
BXOJHWT BO B3aUMOJCHCTBHE C CHCTEMOW 00BEeKTa BO BTOpoil pa3. CormacHo
[IpaBuiy 2 MBI OPUXOJIUM K CIEAYIOIIEMY MOJHOMY COCTOSIHUIO IOCJIE BTOPOTO
HAOJIIOACHUS:

"S+0 0
vt =2 00w Lot ,] (19)

0
CHOBa KaXXIbId 3JIEMEHT (I)ZW[...,a.,a.] OMUCHIBAET COOCTBEHHOE COCTOSIHHE

CUCTEMBI, HO Ha CE€H pa3 OH TaKXe OMUCHIBAET U HAOJIOAATENS, KaK MOJYyYUBIIETO
mom Jice camblii Pe3yabTaT A KaXIOro M3 ATHX JABYX HaOmogeHuil. Takum
o0pa3oMm, Uil KaXJIOTO OTAEIBHOTO COCTOSHMS HaOmonareiass B KOHEYHOMH
CYNEpIO3UIMU  pe3yJabTaT HaOIIOACHUS MOBTOPUM, [JIa)K€ TMPUTOM, YTO
OTJIMYAETCS [l Pa3IUYHBIX COCTOSIHUN. JTa BOCIHPOU3BOAUMOCTb — CIJIEICTBUE
Toro (akra, 4yTo MOCHe HAOIIOJAEHUS COOMHECeHHOe COCTOSHHE CHUCTEMBbI s
crenu(uIecKkoro COCTOSHUS HAOMIOAaTeNsl SBIACTCS KOPPECIIOHIUPOBAHHBIM
COOCTBEHHBIM COCTOSIHUEM.

Teneps paccmoTpuM Apyryro curyauuto. HabmonarensHas cucrema 0, ¢

0
Ha4aJbHBIM COCTOAHMEM /| |,

MHOXCCTBC  OTACIABbHBIX HIACHTUYHBLIX CHUCTCM, KOTOPBLIC JIICPBOHAYAJIBHO

U3MEpPSIET OJHY U Ty € BeIWYuHy A BO

N N S
HaXOJATCSA B OJHOM U TOM JK€ cOCTOsHMHU, J ' =Y = =.. .=y " = Ziaid)l. (rme

(I)l. , Kak 00bI4HO, coOcTBeHHbIe PyHKIMU A). Torna nonHas HavanbHas (QyHKIUSA
COCTOSIHUSI UMEET BU/L:

S1+8,+..4S5,+0

v, =y Sy Ly g 20)

MBIl mpeamonaraeM, uYTO  W3MEPEHHMs  BHIIOJHEHH Ha  CHUCTEMax B
IOCNE0BATENBHOCTH D, ,...,5 . Torma, cormacuo Ilpasumy 1, monHoe
COCTOSIHUE TIOCTIE IEPBOT0 U3MEPEHHs OyIeT

S| +85+.+8,+0

v, =200’y ey

1 )
(Tie @, OTHOCUTCSA K IIepBOil cucTeMe, S )
[Tocne BTOpOTO M3MEpeHus OJIHOE COCTOsIHME, 110 [IpaBuny 2, Oyaer:
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Si+8,+.+85,+0 Z (I) Sl(l) Sy .S Sivie 0
2 = 2440, 0,V " \V[...aga;]

(22)

U BooGwIE, mocne mposeneHus ¥ usMeperuii (7 <n), I[IpaBuio 2 maet pe3ybTar:
Sl S2 r+1 Sn 0
W Zz e k '"' k(l) (I) (I)k .“\V W[...a}a?...a,?] (23)

MBI MOXeM JaTh 5TOMY COCTOSIHHIO, \[J ~, CIICAYIOLIYI0 HHTepnpeTaiuto. OHO

COCTOHUT U3 CYNEPIIO3UIIMN COCTOSHUIA:

Yk (I)Sld)sz (I)k HI"W Snw[i,gjajz,ma;] (24),

KaXJI0€ W3  KOTOPBIX  OMNHUChIBaeT  HaOmogaTedss ¢ ONpeeieHHOU
1 2

IMOCJIEAOBATCIBHOCTHIO  ITaMATHU [ai,a j,...,a,: ] CooTHeCEHHBIE C HHM

(HabmromaemMbi€) COCTOSIHUSI CHUCTEMBI MMEIOT COOTBETCTBYIOIIHME COOCTBEHHBIE

0,09, S,igseeesS
byHKIMH i PP 2 OCTAIOIIHNECS] CHUCTEMBI, BITETTTPYS NN

HEU3MCHHBI.
TurmuHbii seMeHT ;| KOHEYHOW CYNEPIO3UIMM ONHCHIBAET TaKOe

COCTOSIHHE JIeJl, TIpY KOTOPOM HaOJI0aTeNlb, OUYeBUIAHO, MOCTUTAN CIIy4alHYIO
MOCJICOBATEILHOCTh ONPEICIICHHBIX pe3yIbTaToB /i HabmoaeHuit. Kpome Toro,
CUCTEMBbl OOBEKTa OCTABAJIUCh B COOTBETCTBYIOIIUX COOCTBEHHBIX COCTOSIHUSX
HaOmoneHus. Ha paHHOM »9Tame NOpeAnoJio)KUM, 4YTO BO3MOXKHO IOBTOPHOE

olpeeneHue 6oJee PAHHErO HAOTIONCHHS CHCTEMSI (D ;). VI3 9TO0rO Crienyer, 4o
KaXIbIA  DJIEMEHT  MOJIYYaIOLIECWCS  KOHEYHOW  CYNEpHO3WIMU  OMNHIIET

o 1 i i .
Habmonarens ¢ koupurypamueil namsata Gopmsl [4; ,...,d ..., @, , A, ], B KOTOPOIL

Oosiee paHHsS NaMAITh COBNAJaeT ¢ OoJjiee MO3AHEH, TO €CTh, COCTOSHHS MaMsTH
Koppenupogansl. Takum oOpa3om, HaOmogarento OyAeT Ka3aThCs, YTO KaXKI0€
HayvaJgbHOE HAOJIIOICHNE CHCTEMBI 3acTaBiseT e€ "mepeckakuBarh' B COOCTBEHHOE
COCTOSIHME CIy4YallHBIM 00pa3oM H© TIIOCJIEé JTOTO OCTaBaThCS TaM JUIA
MOCTEAYIOMMX HM3MEPEHUl B TOM JK€ COCTOSHHH, KaK OIUCAHO THUIMHYHBIM
3JIEMEHTOM cynepno3unuu. [103ToMy — OCTaBUB B HACTOSIIIUNA MOMEHT B CTOPOHE
KOJIMYECTBEHHBIE  BONPOCHl  OTHOCHUTENBHBIX  YacTOT -  BEPOATHOCTHBIC
yrBepknenus [lpouecca 1 npedcmasnsaromcs 0O0CHOBaHHBIMU HaOIIOAATEINIO,
ONMCAaHHOMY THUITUYHBIM 3JIEMEHTOM 3aKJTFOUUTEIBHON CyTepIIO3UIIHH.

Takum 00pa3oMm, MBI TIOJIy4YaeM CICIYIOIIYI0 KapTUHY: BCIOJIY IO BCEH
MOCTIEIOBATENILHOCTH TPOIIECCOB HAOMIOACHUS €CTh TOJIBKO OAHA (U3NYecKas
cucTeMa, IPEeJCTaBISIoNIas HaOII0AaTeNsl, XOTS U HET HUKAKOTO €IMHCTBEHHOTO
VHUKANIbHO20 — cocmosiHus — HaOmongarens (3To  cieayer w3 Gopmanusma
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B3aUMOJICHCTBYIOMUX cucteMm). EcTh, oIHaKo, MNpeacTaBlieHHEe B TEPMUHAX
cynepno3uyuu, Kaxaplil 3JEMEHT KOTOPOU COJEPKUT OINPEIEIECHHOE COCTOSHUE
HaOMroaTeNsl U COOTBETCTBYIOLIEE COCTOSIHUE CHUCTeMbl. Takum o00pa3om, ¢
KKJIBIM TIOCTIEAYIONIMM HaOJoieHneM (WM B3auMOJEHCTBUEM), HaOII0IaTelNhb
"BeTBUTCS" BO MHOKECTBO PA3JIMYHBIX COCTOSIHMU. Kaknass BETBb MPEICTaBIISIET
coOOM WHON pe3yJbTaT MU3MEPEHUs] U COOmeemcmayouje20 COOCTBEHHOTO
COCTOSIHHSI ~ CHCTeMBl OOBeKTa. Bce BETBM CYIIECTBYIOT OJHOBPEMEHHO B
CYIIEPIIO3UIIMH [IOCIIE TFOO0N JAaHHOM MOCIIEN0BATENBHOCTH HaOMI0 qe U™ ¥,

Takum o0pazoMm, "Tpaektopusa" KoHUTypaluu NamMsATH HaOJrOJaTeNs,
BBITIOJTHSIIONIETO  MOCIEAOBATEIPHOCTh  M3MEPEHUH, €CTh HEe  JIMHEHHas
MOCJIEIOBATENILHOCTh KOH(UTYpallUuii TaMsATH, a BETBSIIEECs JIEPEBO, CO BCEMU
BO3MOKHBIMU PE3YJIbTaTaMH, CYIIECTBYIOIIMMU OJHOBPEMEHHO B KOHEYHOU
CYNEpIO3UIUU C Pa3IUYHbIMU KO3 PUImeHTaMu B MaTeMaTU4yeckoi monenu. B
J000M HM3BECTHOM 3allOMHUHAIONIEM YCTPONCTBE BCIIEJICTBHE OrPAHUYECHHOU
E€MKOCTH €ro TaMsATH BETBJICHHE HE IPOJIOJDKAETCS OECKOHEYHO, HO JOJIKHO
OCTAaHOBUTHCSI B HEKOTOPOU TOUKE.

YToOBl yCTAaHOBUTH KOJWYECTBEHHBIC PE3YJIbTAThI, MBI JIOJKHBI TIPHUITHCATH
HEKOTOpOoro  poaa wmepy (BecoBoil KOADPUIMEHT)  dJIEeMEHTaM KOHEYHOMU
CYNEPIIO3UIUU. ITO HEOOXOJUMO [JISi TOTO, YTOOBI OBITHh B COCTOSIHUM CHIENATh
YTBEPXKACHUS, COAepKalmue B cebe OmucaHus TIOYTH BCEX COCTOSHUM
HaOmrojaTeNnst  4Yepe3  dJEMEHThl  CyNepro3uiuud. Mbl  XOTUM  JIeNaTh
KOJTMYCCTBEHHBIE YTBEPKICHUS OO0 OTHOCHUTEIBHBIX YacTOTaX BO3MOXHBIX
Pa3IMYHBIX PE3yJbTaTOB HAOIIOJEHUS, KOTOPBIE 3apErUCTPUPOBAHBI B MaMSTH
TUMUYHOTO COCTOSIHUSI HAOJIIOAATENs; HO I JOCTHKEHHS 3TOTO MBI JIOJKHBI
MMETh METOJi BbIOOpa TUIMYHOIO 3JIEMEHTa W3 CYMNEPIO3UIUU OPTOTrOHAIBHBIX
COCTOSTHH.

[TosToMy paccMOTpUM OOIIYIO CXEMY YCTaHOBJICHUS MEPHI JJIA JIEMEHTOB

CyNEpPNO3HUIMM  OPTOTOHAJBHBIX  COCTOSIHUU 2.ab,. Hawm Tpedyercs
noyiokutenbHass (QyHkuust 771 OT KOMIUIEKCHBIX KO3 (ULHUEHTOB 3JIEMEHTOB

CYNEpIIO3UINH, TaKasi, YTOObI m(al.) ObLJIa yCTAaHOBJIEHHOW MEpOM dJIeMEHTa (1)1. :

Jlist Toro, 9ToOBI ATa O0IIas cxema OblIa OJHO3HAYHOW, MBI JOJDKHBI, TIPEKIIS
BCEro, NoTpedoBaTh, YTOOBI CAMU COCTOSIHMSI BCerja ObUIM HOPMAaIM30BaHBI TaK,
YTOOBI MBI MOTJIM OTJIMYUTH KO3PPUIMEHTH OT cocTosHuid. [loka, onHaKo, MbI
MOXKEM OIpeneNsaTh Kodpuyuenmsl, B OTAUYUE OT COCTOSHUH, TOJIBKO C
TOYHOCTBIO J0 MpOU3BOJIbHOTO (akTopa ¢a3pl. [losToMy, uTOOBI H30EXKATH
AByCMbICIEHHOCTEH, (GyHKUuus /71 nomkHa ObITh (DYHKUIMEH TOJBKO aMIUIUTYA

ko> dunuenros m(a,) = m(‘ai ).
Teneps MBI HamaraeMm TpeGOBAHHE aJJUTHBHOCTU. MBI MOYKEM PACCMOTPETH N-

U CYOBEKT U3, CKaXKEM a-(b CYIICPIIO3UINHU, KaK eI[HHCTBeHHBIﬁ DJIEMEHT .
b i 5
i=1

ap =2ad, (25)
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Torzaa MbI HoTpeGyeM, 4TOOb Mepoii, yCTaHOBICHHOU 1 () , Oblia CyMMa Mep,

yCTaHOBIIEHHBIX it §, (i o1 1 110 n):

m(a) = im(ai) (26)

Tem caMbIM MBI cBesM BBIOOP 771 TOJBKO K KBAJIpaTy aMIUIMTY/IbI; IPYTUMHU

%
CJIOBaMU, Mbl UMEEM m(al.) =da. a. 0e3 ITOCTOSTHHOI'O COMHOKHTEIIS.
Yrto0b!I yOeIUThCS B 9TOM, OTMETUM, YTO HOPMAIBHOCTH () TpebyeT 4ToOsbl

* 1/2 o
‘a‘ = (Z ai al) . HCXOI[;[ U3 HAIIUX 3aME4YaHUMU O 3aBUCUMOCTH /71 TOJIBKO OT

. Torma ypaBHEeHHE

AMIUTUTYbI, Mbl 3aMEHSIEM Cll. UX aMIUIUTyJaMu U, = ‘ai

(26) namaraet TpeOoBaHme

mla)=m(Faa)” =m{Fu)" =Fmlu)=Fmu]" e

Omnpenensist HOBYIO (PYHKIIHIO g(x)

g(x) = m(xR ) (28)

MBI BUJIUM, 4TO (27) TpedyeT 4ToObI

g(ZUf) = Zg(”,-z)- (29)

Takum 06pazom, & CBOJUTCS K TOMY, UTOOBI OBITH JIMHEUHBIM U 00513aT€ITHHO
uMeTh hopMy:

glx)=cx (c-xoncranra). (30)
[Toatomy g(xz) =cx, = m( /‘ x2 )) = m(x) Y MBI TIOJTYYHIIH, 4TO /1 CBOIUTCS K
dhopme
m\a)=mlu,)=cu’=caa, 31)

Takum 006pa3oM, MbI MOKa3alid, YTO €IMHCTBEHHBIN BEIOOP MEPhI, COBMECTUMOII C
HallMM TpeOOBaHWEM aJJUTUBHOCTH — 3TO Mepa KBajJpara AaMIUIUTYIbl C
TOYHOCTBIO 1O IOCTOSTHHOTO MHOXHTEJISI, KOTOPBIH, €CIIH 3TO JKEJIATEIBHO, MOKET
OBbITh HaWJIEH B COOTBETCTBUU ¢ TpeOoBaHWsIMM Hopmanuzanuu. (TpedoBanue,
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[0/Ipa3yMeBaKoLee, UTO €AMHCTBEHHAS MOJIHAsl Mepa JI0JIKHA OBITh MOCTOSIHHON U
paBHOIA 1).

Ora cuTyauus @OJHOCTbKO MOXOJUT Ha CHUTYalUI0 KJIACCUYECKOU
CTaTUCTUYECKON MEXaHHKH, TJIe MOJIaraloT Mepy TPAaeKTOpUU CHCTEM B (ha30BOM
IPOCTPAHCTBE, MOMEIIAs MEPY HENOCPEICTBEHHO B (ha30BOE MPOCTPAHCTBO, U
3aTeM Jienasi yTBEPXKACHUs (TUMa 3proJAWYHOCTH, KBA3U-IPrOAMUYHOCTH, U T.1.),
KOTOPBIM MOJUYUHSIOTCS "TIOUTH BCe" TPAeKTOPUU. DTO MOHSATHE - "MOYTH Bce" -
3aBUCUT B TaKOM Clly4ae W OT BbIOOpa MeEphl, KOTOpas 3/€Ch B3ATa Kak Mepa
JleGera B (ha3oBOoM mpocTpaHCTBE. MOXkeT ObITh, BBIOOpP, NMPU KOTOPOM TOJBKO
UCKJIIOUUTENIbHBIE TPACKTOPUU UMEIOT MEpPY, OTINYHYIO OT HYJIsl, IPOTUBOPEUUT
MOJIOKEHUAM KJIACCUYECKON CTAaTHCTHUYECKON MeXaHMKU. OOgHAKo BBIOOpP MeEpBI
Jlebera B (a3oBOM MPOCTPAHCTBE MOXKET OBITh OMpaBIaH TeM (HAKTOM, UTO
ABJIAETCA €IUHCTBEHHBIM BBIOOPOM, JUIsl KOTOPOTO CIpaBeMJIUBO 'COXpaHEHHE
BeposiTHOCTH" (Teopema JIMyBWIIIsA) W, ClE€NOBAaTENbHO, €IMHCTBEHHBIN BBHIOOP,
KOTOPBIN I€TaET BO3MOKHBIM JIFOOBIE pa3yMHbIE CTATUCTUYECKUE YMO3AKIFOUEHHUS
BOOOIIE.

B Hamewm cirydae Mbl XOTUM ClI€JaTh HEKUE YTBEPKACHHUS O "TpaeKkTopusx"
HaOmoatenel. OgHaKo s HAC TPAEKTOPHsSl SIBJISIETCS] MOCTOSIHHO BETBSIILIEHCA
(mpeobpa3yromeics U3 COCTOSHUS CYTIEPITO3UIINH) ¢ KaXKIbIM MTOCIIEI0BATCIbHBIM
u3MepeHueM. YTtoObl UMETh  MOJOKEHHE, AaHAJIOTMYHOE  "COXPAHEHUIO
BEPOSITHOCTU" B KJIACCHUYECKOM cllydae, MoTpedyem, YTOObl MPUHATAS OJIHAMKIbI
Mepa TPacKTOPUU paBHSJIACh CYMME MEp €€ OTJEIbHBIX BETBEH B OOsee Mo3HEe
Bpemsi. Takoe TpeboBaHME TOYHO COOTBETCTBYET HAJIOXCHHOMY HaMU
TpeOOBaHMUIO AITUTUBHOCTU U €MHCTBEHHBIM 00pa30M MPHUBOJIUT K BHIOOPY MEPHI
KBajpaTa aMIuTybl. [loaromy Haia mpoueaypa CTOJb K€ OlpaBAaHa, Kak U
MpoLEeaypa U3 KIACCUYECKON CTATUCTUYECKOW MEXaHUKH.

Y0enuBIINCh, 4TO CYLIECTBYET YHUKAJIbHAs MEpa, KOTOpas YyJOBJIETBOPSIET
HamMM  TpeOOBaHUSM, Mepa KBaJpara aMIUTUTYJbl, MPOAODKUM  HAallld
yMmo3akiarodeHus. Torjaa 3Ta Mepa 1acT AJis & - TOro 3JeMEHTa cyneprno3unui (24)

0.1, bW Ty

(32)

[a] ,a? yees @ |
Mepy (BECOBOW MHOKHUTED )

M, = (aiaj...ak)*(aiaj...ak) (33)

r

v 1 2
TAaKyl0, 4TOOBI COCTOSIHUE HAOMOAaTENs ¢ KOHQUrypanuen namMmaru |d,,a; ,...,a,

nojy4uno mMepy @,a,a,d,...a,a, = M ij..k - HEMEUIEHHO MBI BUIHM, Y9TO 3TO —

pe3yjbTaT U3MCPCHUS, 4 UMCHHO,

M, ,=MM,. .M, (34)

s

rIe
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M, =da,

’[‘all( 9T0 YCTAHOBJICHHAS ISl  CHCLU(HMYCCKOH IOCIENOBATCIbHOCTH MaMSITH
a,a,,...,d,| Mepa— 9TO IPOCTO PE3YIbTaT U3MEPEHUSA /IS MHIUBUIYAIbHbBIX
KOMIIOHEHTOB 3TOM MOCIEI0BATEIIBHOCTH.
Ecte mpsiMast CBsI3p Halle W3MEPUTEIIBHOM CTPYKTYpPbl C TEOPHUEH
I?\SPO}ITHOCTI/I CIy4aWHBIX IIOCJIENOBATEIbHOCTEN. Ecau mbl paccmampusaem
iyt KAK BEPOSITHOCTH IS MOCIEA0BATEIBHOCTEMN, TOTAA MOCIEI0BATEIIbHOCTH
AKBUBAJICHTHBI CIy4YalHBIM TIOCJEAOBATEIBHOCTSIM, KOTOpPbIE MOTYT OBIThH
TOJyYCHbl TPUITUCBIBAHUEM KaXKIOMY TEPMY HE3ABUCUMbIX BEPOSTHOCTEH
M, =a,a,. Tenepp TeOpUs BEPOSITHOCTH MaTEMaTHYECKH DKBHUBAJIICHTHA TEOPUHU
M3MEPEHUs, TaK 4YTO Mbl MOXEM HCIIOIb30BaTh €€, MMeEs B BHUJY, YTO BCE
PE3yIbTaThl MOTYT OBITh BBIPAKEHBI HA SI3bIKE TEOPUU U3MEPECHUIM.
Tak, B 4aCTHOCTH, €CJIM MBI [10JIAraeéM, 4TO MOCIEA0BATEIbHOCTH CTAHOBSTCA
Bce Oosiee u Oosiee NIIMHHBIMU (BBITIOJIHEHO Bce Oojiee W Oosiee HaAOIIOACHUIN),
gcAkasi ~ TOCJHEAOBATEIbHOCTh  MAMATH  3AKJIKOYUTEIBHOW  CYNEpIIO3ULUU
YIOBJIETBOPUT ~ JIIOOOMY  3aJaHHOMY  KDUTEPHUIO  JUli  OECIOpAI0YHO
CT€HEPUPOBAHHOW MOCIEAOBATEIbHOCTH HE3aBUCHUMBIX BEPOSITHOCTEH 4, d,, 3a
UCKJIFOUEHHEM TIOJIHOM COBOKYIHOCTH HAOJIOJICHUS, KOTOpasi UMEET TEHACHIUIO K
HYJIO, TIOCKOJBKY 4YHCJIO HAOMIOAEHUN  CTAHOBHUTCS  HEOTPAHUYEHHBIM.
CrnenoBaTenbHO, BCE CpEeIHUE 3HAYCHUST (PYHKITUH T10 170001 TIOCIIEI0BATETLHOCTH
MaMATH, BKIOYAs CHEUMAIbHBIM CIIyYai MOBTOPOB, MOTYT ObITh BBHIYMCIICHBI W3
BEPOATHOCTEN 4, d,, 3a WCKIIYEHUEM psiAa IMOCIECI0BATEIBHOCTEN MaMAITH
HyJ€BOM Mepbl. TeM caMbIM MbI MOKa3aliv, YTO CTATUCTUYECKHUE IPUTI3AHUS
[Ipomiecca 1 mnpencraBisAThbCs HAOMIOAATENIO MOAXOMAIIMM TOYTH BO BCEX
AlieMEHTax Ccynepno3unuu  (24), OrpaHUYMBAIOTCSA, KaK TOJBKO YHUCIO
HaAOJII0IEHUN CTPEMUTCS K OECKOHEUHOCTH.
XOTs MOKa MBI PACCMOTPEIIN TOJIBKO MOCIE0BATEILHOCTH HAOIIOIEHUI OTHOM
U TOW K€ BEJIMYMHBI B UJICHTUYHBIX CHUCTEMAX, PE3YJIbTaT OJMHAKOBO BEPEH IS
MIPOU3BOJIBLHBIX TOCJIENOBATEILHOCTEH HAOMIOJCHUN, B YEM MOXKHO YOETUThCA,
onuchiBas OoJiee 00IIKE MOCIEAOBATEILHOCTH U3MEpeHui u npumensia [Ipasuna 1
U 2 TeM K€ CaMbIM CIIOCOOOM, KaK MPEACTABICHO 3/1€Ch.

[TosToMy MBI MOXKEM  CYMMHUpPOBATh CHUTYallMi0 ISl TMPOU3BOIBHOU
MOCJIEIOBATEILHOCTH HAOJIIONCHHH, KOT/Ia ATH HAOJIOACHUS CHEJIaHbl HaJl TEMU
K€ CaMbIMM WJIM OTJIIMYHBIMU CUCTEMaMHU B JIFOOOM MOCJEI0BATENIBHOCTH, KOT/Ia
YUCJIO HAOMIOICHUM KaXJAOW BEJIMYMHBI B KaXIOW CHUCTEME SIBIIACTCS OYEeHb
OOJBIINM, CJIEIYIOIIUM 00pa3oM:

3a WCKJIIOYEHUEM ITOCJIEIOBATEIHOCTEN NaMsATH C MOYTH HYJIEBON MEpOH,
CpeIHUE 3HaYeHUS JIIOObIX (PYHKUMM IO MOCIIEI0BATENBHOCTH aMATH MOTYT OBITh
OpUOIU3NUTENBHO pPACCUUTAHbl MPU IIOMOLIM HE3aBUCUMBIX BEPOSTHOCTEH,
naBaembIx [Iporieccom 1 i Kakqoro Ha4aJlbHOTO HAOIIOJEHUSI CUCTEMBI, U TPU
HOMOIIN OOBIYHBIX BEPOATHOCTEN Nepexoia sl MOCIEAYIOIMNX HAOI0IeHUH TON
e caMol cucTeMsl. B npezene, Kkorja 4ucio BceX TUIIOB HAOIIOAEHUN CTPEMUTCS
K OECKOHEYHOCTU M UCKIIIOYUTEIIbHOE MHOKECTBO UMEET MEPY HYJIb, BBIYUCICHUE
ABJISICTCS TOYHBIM.

OTa MpOoNKCh BEIYUCIICHHS CPETHUX 3HAYCHUM B TIOCIICIOBATEIBLHOCTSIX MTAMSITH
C MOMOIIBI0 BEPOSITHOCTEM, MPUMUCAHHBIX WHIUBUYAIbHBIM 3JIEMEHTaM, TOUHO
COBITAJIaCT C MPOMUCHIO 00BIYHOM Teopuu "BHemHero HabmoaeHus" (ITporecc 1).
bonee Toro, sTa mpomuch MOAXOAUT TMOYTH IS BCEX IMOCIEAOBATEIBHOCTEN
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namstu. [loatomy nnst HaGmronaresns Bce Mpeacka3aHus OOBIYHOM Teopuu OyayT
IPEJCTaBIATHCS OOOCHOBAHHBIMU MIOUYTH BO BCEX €r0 COCTOSHUSX.

B wacTHOCTH, IPUHIIMI HEONPEIEICHHOCTH HUKOT/Aa HE HApyIlIaeTcs, TaK Kak
MOCJIEJHEE 110 BPEMEHHM M3MEPEHHE B CHUCTEME JAaeT BCHO BO3MOXKHYIO
uH(pOpMaIIMIO O €€ COOTHECEHHOM COCTOSIHMM, TaK YTO HET HHUKAKOW MIpsIMON
KOPpEeJSUU MEXIy JoObIMU Oosiee paHHUMH pe3yJbTaTaMH HaONIOJCHUS U
NoCIeAyIIUMHA HabmoaeHusaMu. Jlroboe HaOmoneHue BenuuuHbl B Mexny
JABYMsI MIOCJIEIOBATEIbHBIMU HAOIIOACHUSIMU BEJIMYMHBI A (BCe Ha TOM ke camoi
CUCTEME) pa3pyLUUT TO E€AMHCTBEHHOE COOTBETCTBHE MEXAYy PaHHUM U Oojee
MO3JHUM COCTOSIHUSIMM TMaMsTH Juis pe3yinbrata A. Takum oOpasom, A
YepeayIOIMUXCsl HAOMIOEHUN pPAa3MYHBIX BEJIUYMH €CTh (yHAAMEHTAJIbHBIE
OTPaHMYEHUSI HA KOPPEISILIMY MEXKIY COCTOSHUSMU NaMSATH IJIsl OJHOM U TOM ke
Ha0JIt01aeMOM BETUYMHBI, U 9TH OTPAHUYEHHUS BBIPAXKAIOT COJIEp:KaHNe MPUHITUTIA
HEOIPEIeJICHHOCTH.

Ha nocnennem miare paccMOTpUM MOCTEACTBUS JOMYLIEHUS B3aUMOICHCTBUS
MEX1y HECKOJbKMMM CHUCTEMaMu HaOdrofarened, a HMEHHO:  JIONMYyIIEHUs
HaOM0IaTh OHY M Ty JK€ CHCTEMY WU NPU 3TOM OOIATHCA JIPYr C JIPYTOM.
Ilocnennee  B3aMMOAEMCTBHE  MOXKHO  pacCMarpuBaTh  IPOCTO  Kak
B3alMO/JICHCTBUE, KOTOPOE KOPPEIHUPYET OJHM YacTU KOHQPUIypaluu MaMsaTd
onHoro Habmoaarens ¢ apyrumu. Korjga »Tu cuctemsl HaOmroparens ObUIN
UCCIIEIOBaHbl ¢ Hcnoib3oBaHueM [lpaBun 1 u 2 TeM ke cambIM CHOCOOOM,
KOTOPBIM MBI Y€ IMPEICTaBHIN B 3TOM pasjiese, ObUIo 0OHAPYKEHO, UTO 80 6cex
AJIEMEHTaxX KOHEUHOU CyNepno3ULIMH:

1. Korna Heckombpko Habmromarenell OTAeIbHO HAOMIOMAOT OAHY U Ty Ke
BEJIMUMHY B CUCTEME OOBEKTa M 3aT€M COOOIIAIOT pe3yJibTaThl JPYyT APYTY, OHU
HaxOoJsT, YTO UX PE3YJIbTAaThl COIIACOBAaHbL. DTO COTJIACOBAHUE COXPAHSAETCS JIaxKe
TOr/a, Korjia HaOJroAaTeNlb BHIMIOJHIET CBOE HAOIIOICHHUE MOCIe COOOIICHUS eMy
pe3yibTaTa Apyroro HabIIOAATENs, yKE BRIMIOJHUBIIIETO HAOIOICHHE.

2. Ecnu pazpemmTth OJHOMY HAONIOJATENIO BBITIONHATH HAOIIOJECHUE
BEJIMYUHBI A B CHCTEME 00BEKTa, a 3aT€M MO3BOJIUTH BTOPOMY BBITIOJHATH B 3TOU
KE cucTeMe HaOoJIeHHe BeIMYMHBI B, KoTOpas HE KOMMYTHpPyeT ¢ A, W,
HaKOHEIl, TMO3BOJIUTh MEPBOMY HAOIIOJATENI0 MOBTOPUTH €ro HaOmoJieHHe A,
TOT/Ia CHCTeMa MaMATH MEePBOro HaOMIoAaTeNss B 00IIeM cllydae He TOKaKeT TOT
KE caMmblii pe3ynbTar mis oboux HaOmoneHui. [Ipowsoieniee HaOmOIEHUE
IpyruM  HaOmroaTreleM HEKOMMYTaTUBHOM  BelWuuMHbl B mpensarctByer
BO3MOKHOCTH KaKOH-IMOO KOPPETSAIINHA MEKTY TBYMS HAOIIOACHUAMU A.

3. MoXHO pacCMOTpETh clly4yai, KOrja COCTOSHHS JIBYX CHCTEM OOBEKTa
KOpPPEIUPOBAHbI, HO 3TH JIB€ CUCTEMBI HE B3aUMOAEHCTBYIOT. [103BOIMM OTHOMY
HaOJII0aTENIO BBINIOJIHUTD OINPEJEICHHOE HAOI0JCHUE TIEPBOM CUCTEMBI, 3aTeM
MO3BOJIUM JPYTOMY HAOIIOJATEI0 BHIIOJHUTh HAOIIOICHUE BTOPOW CUCTEMBI, U,
HAKOHEII, TTO3BOJIMM TIEPBOMY HAOJIF01aTeII0 MIOBTOPUTH CBOE HabmoieHne. Torma
OoOHapy>XUTCsl, YTO TEPBbIA HaOMIOMATENb BCErJa MOJYYUT OAUH U TOT XKe
pe3yibpTaT 00a pasza, U HaOMIOJEHHE BTOPOro HaOo/aTesnss BOOOIE HE HWMEET
HUKAaKOI'O BJIMSHUS Ha Pe3yJbTaT HaOM0eHUN nepBoro. GUKTUBHBIE MapaIoKChl
tuna OuHmreHa, Ilogonbckoro u  Po3eHa®, KoTopble KacaloTCs TaKUX
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KOPPEIUPOBAHHBIX HEB3aMMOJCHCTBYIOIIMX CHUCTEM, JIETKO UCCIEIYIOTCS U
MPOSICHAIOTCS B IPEJCTaBICHHON CXEME.

B npenenax npeactaBieHHON CTPYKTYpPbl MOTYT OBITh H3yUY€HBI MHOTHE JPyTHe
KOMOMHAIIMM  HECKOJIbKUX  HaOmrojarened W cuUcTeM.  Pe3ynbraThl
IpEICTaBICHHOrO0 (opmannu3mMa '"COOTHECEHHOTO COCTOSIHUS" COOTBETCTBYIOT
pe3ysibTaraM, IMOJYYEHHBIM H3 OOLEnpUHATOro (opmanu3Ma "BHELIHErO
HaOMoJeHusA" BO BCEX TEX ClydasX, KOrja NMPUMEHHMbI OOBIYHBIE MEXaHU3MBbI
HaOIrOACHUS.

B 3akmtouenue cinemyer ckaszarh, 4YTO HEMPEPHIBHOE BO BPEMEHH HM3MEHEHUE
(GYHKIMM COCTOSTHUS CIIO)KHOM CHCTEMBI AT MOJIHYI0 MaTeMaTH4YeCKyl0 MOJIENb
JUIS TIPOIIECCOB, KOTOpbIE BKIIOYAIOT Hcaln3upoBaHHOro Habmomatens. Korma
MPOMCXOUT B3aUMOJICUCTBUE, PE3YJIbTATOM €Tr0 PAa3BUTHUS BO BPEMEHU SIBIISICTCS
CYNEpHO3ULUs  COCTOSIHUM, KaXIbli  3JIEMEHT KOTOPOM  COOTBETCTBYET
cHeu(pUIecKOMY COCTOSHUIO aMATH Habmoarens. M BeposiTHOCTHAS TpaKTOBKa
OOBIYHOM KOHIIEIIIMK "BHEIIHEro HaOJIOJIEHMA", OIICHHMBAaeMasi II0 COCTOSHHIO
naMsTH TIOYTH BO BCEX COCTOSHUAX HaOMIO/aTeNsl, sBIsEeTCS OOOCHOBAHHOM.
Hpyrumu cioBamu, yncTelil [Iporiecc 2 BOJTHOBOM MEXaHUKH, 0€3 KaKux Obl TO HU
ObUIO HayalbHBIX BEPOATHOCTHBIX MPEAINOJIOKEHUM, NPUBOIUT KO BCEM
BEPOSITHOCTHBIM MOHSATUSM MIPUBBIYHOTO (POopMaTH3Ma.

6. ObCYKJIEHHE

Teopus, OCHOBaHHas HAa YKWCTOM BOJHOBOM MEXaHUKE, SIBIISIETCA
KOHIIENTYaJlbHO MPOCTOW, MPUYMHHOM TEOPHUEH, KOTOpas NAET MpEeICKa3aHus B
COOTBETCTBUU € ONBITOM. OHA yCTaHaBIMBAET MPOLELYPY, C IOMOIIBIO KOTOPOM
MOKHO TOJPOOHO, MaTeMaTUYECKU, U B JIOTMYECKH MOCIIEI0BATEILHON MaHepe
HCCIIEA0BaTh MHOYKECTBO MHOIZIA 3allyTAHHBIX MPEIMETOB, TAKMX KaK MPOLECC
U3MEpeHHs caM Mo cebe M MpH B3aMMOCBSI3M HECKOJIbKUX HaOmtopateneil. Panee
(dbopMyIMpOBKa KBAaHTOBOM TeOpHU B (opMaliu3Me OOBIYHOTO, WM "BHEIIHETO
HaOMroeHusA", BbI3bIBAJIa BO3PAXKEHHSI HA TOM OCHOBAHHH, YTO €€ BEPOSITHOCTHBIE
OCOOCHHOCTH  MOCTYJUPYIOTCS ~ 3apaHee BMECTO  TOro, 4TOObl  OBITh
HEIOCPEACTBEHHO NOJYYEHHBIMH M3 TEOpUH. MBI moJlaraeM, 4TO HaCTOSIIas
hopMyIUpOBKa "COOTHECEHHBIX COCTOSIHUN'" CHMMAaeT 3TO BO3paKE€HHE, BMECTE C
TEM COXpaHssi BCE COAEpKaHUE CTaHAApTHOU (QopmMynupoBku. B To Bpems kak
Hala TeopHsi, B KOHEUHOM CYETE, OINpPAaBJbIBAET MCIOJIb30BAHUE BEPOSITHOCTHOM
MHTEPIIPETAMM KAaK MOMOIIb CO3JAaHUI0 MNPAKTHYECKUX NPEACKA3aHHM, OHa
dbopmMupyet u 6oJiee MIMPOKYIO CTPYKTYPY AJsl MOHUMAaHUs TOCIEA0BATEIbHOCTH
ATOW HHTeprpeTanuud. B 3TOM cMbICie MOXHO TOBOPUTH O (POPMUpPOBAHUU
Memameopuy O OTHOLIEHHIO K CTaHAAPTHOM Teopuu. OHa BBIXOAUT 3a TPaHULBI
0ObIYHOM (POopMyNHPOBKHU "BHEIIHETO HAOMIOACHUS", OJHAKO MPU 3TOM CHOCOOHA
JIOTUYECKH paccMaTpuBaTh BOIIPOCHl HECOBEPIICHHOTO HAONIOACHUS U
MPUOJIU3UTETBHOTO U3MEPEHHUS.

@opMyIUpPOBKa "COOTHECEHHOTO COCTOSIHUA'" MpUMEHUMa KO BCeM (popMam
KBAaHTOBOI MEXaHUKH, KOTOPBIE COAEPKAT MPUHLMN cyneprno3uuuu. [loaromy oHa
MOKET OKa3aTbCsl IUJIOJIOTBOPHOM CTPYKTYypoil aiiga kBaHTuzanuu O6meit Teopuu
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OTtHocurenbHOCTH. POpMaAIN3M IPEIOIaracT cHavajga MOCTPOUTh (POPMaIbHYIO
TEOPUIO, & MOTOM MPWIOKUTh K HEW CTATUCTUYECKYI0 WHTEPIPETALHUI0. DTOT
METOJ I0JKEH OBITh OCOOEHHO MOJIE3€H ISl KBAHTOBOW MHTEPIIPETAIMU €AMHBIX
TEOpUN TMOJIA, /e BOOOIIE HET HUKAKOro BOIpOca O Kakoh Obl TO HU OBLIO
M30JSIIMM  CUCTEM OO0beKTa W HaOmropareneil. Bce OHM mpencTaBieHbl B
eOUuHCmEenHol CTPYKType, nojie. JIroOble 0OBsSCHUTENbHBIE MPAaBUIIA, BEPOSITHO,
MOTYT OBITh YCTAHOBJIEHBI TOJBKO BHYTPH CaMON TEOPUM MU TOJBKO 4YEpe3 Hee
HEIOCPEICTBEHHO.

KpoMe Bcsgueckux BO3MOXKHBIX NPAKTUYECKHX MPEUMYILECTB TEOPUH, OHA
MPEJCTABISIETCA  MTPEAMETOM WHTEJUIEKTYJIbHOTO HMHTEpPECa B TOM, 4YTO
CTaTUCTUYECKUE YTBEPXKJEHUS OOBIYHOM HMHTEPIIPETAIlH, KOTOpPbIE HE HMEIOT
CTaTyca HE3aBUCHUMBIX TUIIOTE3, BBIBOAMMBI (B U3BECTHOM CMBICIE) W3 YHUCTOU
BOJIHOBOM  MEXaHUKHM, KOTOpasi CTapTyeT [OJHOCThIO CBOOOAHOW  OT
CTATUCTUYECKUX MOCTYJIATOB.

CHOCKM ¥ IPUMEYaHUsI B OPUTUHAIIBHOM CTaThe

* Hucceprauus, npexacrasieHHas [IpuHcToHckomy YHuBepcuteTy 1 mapra
1957 B KauecTBE YaCTUYHOTO BHITIOJHEHUS TPeOOBaHMI JIJIsl CTENIEHU JAOKTOpa
dbunocodun. bosee paHHU BapuaHT, 1aTUpOBaHHBIN stHBapéM 1956 rojaa, ObLI
OTIIPaBJICH HECKOJBKUM (U3HKaM, KOMMEHTAapHUH KOTOPBIX OBLIM MOJIE3HBI.
[Ipodeccop Hunbe bop, noxrop X.[Ix.I'proneBanba, gqoktop Aar Ilerepcon,
noktop A.Crepn u mpodeccop Jl.Pozendenba cBoOoaHsl oT Jt000H
OTBETCTBEHHOCTH 3a IyOJIMKyeMbIE€ Pe3yJIbTaThl, HO aBTOP TEIUIO OJIaroiapuT
MX 3a ClIeJIaHHbIC MoJie3Hble 3aMedanus. OcoOble OyarogapHocTH mpodeccopy
Jxony A. Yuiuiepy 3a €ro NoCTOSSHHOE PYKOBOJACTBO M MOJIEPKKY. Bripaxaro
npu3HaTenbHOCTh Takke HanmonansHomy ®onHny Haykm 3a apyxkeckyro
MOAJIEPHKKY.

+ Hacrosammit agpec: I'pynma Onenkn Cucrem Opyxus, IleHtaros.
Bamunrron, okpyr KomymOusi.
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Mathematical Foundations of Quantum Mechanics, B nepeBome R.T.Beyer
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2. Ccrpinka 1, I'maBa 4, Yacts. 4.
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4. L.Landau and E.Lifshitz, The Classical Theory of Fields, nepeBon
M.Hamermesh (Addison-Wesley Press, Cambridge, 1951), p. 343.

5. Cm. B ocobenHoctu oOcyxnaeHue dToil Touku 3peHus H.bopom u
JI.Pozendenbiom, Kgl. Danske Videnskab, Selskab, Mat.-fys. Medd. 12, No. 8
(1933).

6. DTOT mpuMep MpPeAcTaBiIseT COO0W MOAETb MPHUOIM3UTEIHHOTO WU3MEpPEHUSI.

O,Z[HaKO COOTHECEHHOE COCTOSIHUE CHCTEMBI IIOCJI€ B3aUMOACHCTBUS E’ (q)
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OOBIYHO HE MOXKET OBITh BBIBEIEHO M3 OPUTMHAILHOTO COCTOSHHS CUCTEMBI ¢
MIPUMEHEHUEM HEeKOmopo2o MPOCKIIMOHHOTO onepaTopa E .
Jloka3aTenbCTBO: [Ipennonoxum, HAMpPOTUB, 4TO

¢ (q)= NE¢(Q) = N'¢(Q}"l(”' - qT) rIe N.N SIBJISIIOTCS KOHCTaHTaMH

b

HopMmanu3auuu. Toraa

E(NE}(q)) = NE*(g) = N'd(gn’(r —gt)

u E¢(q)= N"(I)(q)nz(r' - qt). Ho ycnoBue, E>=FE, KOTOpOE SABJIAETCA
HEOOXOAUMBIM ISl TOro, 4yToObl E ObUIO MPOEKUUEH, MOAPa3yMEBAET, YTO
N'/N'n(q)=n"(q), a 510 B 06uIeM ciryuae SBILETCS JOKHBIM.

0 .
7. Hy»KHO moHMMATh, 4TO Y [...ai] — Pa3IUYHbI I KQXKIOTO I COCTOsIHUS. st
(V) 0 (V)
0oJiee TOYHOM HOTAIMU CIEA0BANO Obl HAMMKUCATh [...a[] , HO HUKAKOM ITyTaHULIbI

0 o
HEC MOXKCT BO3HHMKHYTH, C€CIIM MBI IIPOCTO IIO3BOJIHUM VY, OBITh BHECECHHOH B

yKazaresb TOJIbKO MHIEKCOM CUMBOJIA KOH(PUTypalluy NaMsITH.

8 Einstein, Podolsky, and Rosen, Phys. Rev. 47, 777 (1935). s
CKpyIyse3Horo oocyxnaeHus pusuku HabmogeHus cMm. rmaBy H.bop B Albert
Einstein, Philosopher-Scientist (The Library of Living Philosophers, Inc.,
Evanston, 1949).

** Ipumeuanue, oobasnennoe npu xoppexmype. Ilpu 00CYXKIEHUH MPENPHHTA
ATOM CTaTbU HEKOTOpBIE KOPPECHOHAEHTHl MOAHSAIM BOIpOC 'mepexoda oOT
BO3MOKHOI'O K JEHCTBUTEIBLHOMY" yTBEPKAasi, 4TO B "HEMCTBUTEIBHOCTH" — KaK
CBUJICTEIBCTBYET HAIl ONBIT — HET HUKAKOTO PACIICIUIEHUS COCTOSIHUI
HaOJro1aTesneil, MOCKOJIbKY BCErja TOJbKO OJHA BETBb MOXET CYIIECTBOBATH
dakTuecku. Tak Kak 3TOT MyHKT MOXKET MPUITH B TOJIOBY U JPYTUM UUTATEIISIM,
HWKE TIPeJIaraeTcs Cieayroliee 0ObsiCHEHNE.

Uro kacaercs BOIIPOCA, COCTABISIOLIErO NPEIMET CIopa - Mepexoda OT
"BO3MOXKHOTO" K "IEHCTBUTENHLHOMY" — TEOPHUSI CHHUMAET 3Ty 03a004YEHHOCTb
OYEHB MPOCTHIM CIIOCOOOM: TaKOTO MEPEX0]a HET, U IIPU 3TOM OH U HE HYKEH IS
TEOPUH B COOTBETCTBUHU C HAIUUM ONBITOM. C TOUKH 3pEHUSI TEOPUH BCE DJIEMEHTBI
cynepno3uiiuu (Bce "BeTBHU'") SBIAIOTCA '"NEUCTBUTENbHBIMU' HHU OJUH <HE
[moGaBnieno B M.Price's FAQ — E.Sh.]> Gonee "peanen" yem ocrambHbie. He
HYHO I10JIaraTh, 4TO BCE, KPOME OJTHOT0, TAK WJIM MHAYE PA3pyIIEHBI, TAK KaK BCE
OTZIE€JIbHBIE AJIEMEHTHI CYNEPIO3UIMN UHAUBUYAIBHO MOJYUHSIIOTCS BOJTHOBOMY
YpPaBHEHHIO C TIOJHBIM Oe3pa3liuyueM K TMPUCYTCTBHIO MM OTCYTCTBHIO
("peanbHOCTH" WMJIM HET) JIOOBIX JIPYTUX DJIEMEHTOB. DTO IOJHOE OTCYTCTBHUE
BIIUSIHUSA OJHOM BETBM Ha JIPYTYI0 TaKXke MOApa3yMEBAaeT, YTO HHUKAKOU
HaOJII0/1aTeNIh HUKOTIa He OyAEeT 3HaTh HU O KaKOM Ipoliecce "paciiernieHus .

Te aprymeHThl, COIJIaCHO KOTOPBIM KAapTHUHE MHpPA, NPEICTABICHHON JTOU
TEOpHUEH, MPOTUBOPEUUT ONBIT, MIOTOMY YTO MbI HE CO3HAEM HHMKAaKOTO IIpoIlecca
BETBJICHHUSI, MOJJOOHBI KPUTHKE KOTIEPHUKAHCKOW TEOPUH HA TOM OCHOBAHWH, YTO
MOJIBIDKHOCTH 3€MJIM KaK peaNbHbI (PU3NYECKU (PaKT SIBISICTCSI HECOBMECTHUMOMN
C MHTEpHpETAMel NpUpOAbl 3PAaBbIM CMBICIOM, MOCKOJbKY Mbl HE YYBCTBYEM
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Takoro JBIWKeHHs. B o00oux ciydasx apryMeHT TEpIUT Heyaady, Kornaa
OKa3bIBACTCS, UYTO CaMa TEOpHs TMPEACKa3blBaeT, B 4YeM (aKTHUUECKH OyJleT
COCTOSITh Haml ombIT. (B KomepHWKaHCKOM ciydae MOTOJHEHHE HBIOTOHOBOM
¢bu3uKku ObUTO 0053aHO MOKa3aTh, YTO KUTEIN 3eMJIM HE OYIyT OCO3HABATh 000
e€ IBUKECHUE).

CHOCKM U MpUMEYaHUs IEPEBOTUMKA

¢ Tlocne myOnukanuu nepeojia oaud u3 untareneit (JI.B.Uneuues uz Mucturyra

aBromatuku u osnekrpomerpun CO PAH, HoBocubupck) oTmeTun oaHy
HETOYHOCTh. B TEKCTe CTaThl DBEPETT IMHIIET, YTO «IOACHCTEMbI S, u S, He
00J1a/1at0T KAaKUM-TO MOJOOHBIM OINPEEIIEHHBIM COCTOSTHUEM HE3aBHCHUMO JPYT OT
apyra (KpoMe CIELHAJIbHOrO Ciy4as, IpHM KOTOpOM BC€, KpoMe OAHoro 4,
HYJIb)».

Ha camoM pene HeOOXOAMMBIM U JIOCTaTOYHBIM  YCJIOBHEM  HaJIMUUsA

ONPECTIEHHBIX COCTOSHUIL Y MOJCHCTEM SIBIISIETCS] PABCHCTBO paHra MaTpuusl d;

CANHHUIIC

{3ameuanue-nepeBoqunkl} Heobxoammo OTMETHTH, YTO B JAaHHOM CiIy4ae
xoppekTHee Obna Obl 3amuck He 91, a q(T'), mockonbKy OyKBaIbHOE MPOYTEHHE
NPUBEICHHON (OPMYJIBI MPOTUBOPEYUT TEOPHH Pa3MEPHOCTEH W BBOIUT B
30Ty )KICHUE YNUTATENsI, KOTOPBIH MOHST OBl 3TO BBIpAKCHHE KaK MPOW3BEICHUE
KOOpJIWHATBI (¢ Ha BpeMs t. JlaHHas HETOYHOCTb, BEPOSATHO, CBs3aHA C
TPYAHOCTSIMH KOPPEKTYypbl. UHTaTeNbh JOJDKEH MMETh B BHIY 3Ty OCOOCHHOCTH
OPUTHHAIILHON KOPPEKTYPHI MPU JATBHEUIIIEM YTEHUH U CAMOCTOSTSIIBHO BBOJAUTH
MOTIPAaBKU B COOTBETCTBYIOIIHE POPMYIIBI.

{3ameuanue-nepeBoqurk2} B maHHOM ciydae, 1O NPUYHHAM, OTMEYCHHBIM
BBINIE, BEpOATHO, uMenock B Bumy He 7 /T, a »(T)uam, B CTHIE DaHHOM

KOPPEKTYpHI, MpocTo 7 7. IIoCKOJIBKY 3TO BBIpaXKEHHE MOSABISIETCS B TEKCTE U
Janiee, YNTaTeNb TOJKEH ObITh BHUMATEJICH.

{3ameuanue-nepeBoqunk3} HITpuxoBoil HHAEKC B JAHHOM Cily4ae OTHOCUTCS HE
Kk 0, a Kk cumBosry VB 1enoM. bosiee To4HO rpaguuecku 3TO OTPa)KEHO HIKE B

dbopmye (18).



