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MATEMATHYECKAS MOJEJIb KBAHTOBOI'O U3MEPEHUS

B pabote mocTpoeHa MatemMaTHyecKkas MOJETIb PEAYKLHU BONHOBOH (yHKunu. B ocHOBY
MOJICTIH IOJNOXKEHBI HJeH, pa3BUThle KIMMOHTOBHYEM, M HPHMEHEH METOJ CTOXaCTHYECKOTO
KBaHTOBaHHs B ¢(opmymupoBke Ilpuroxwuna. IlpemnoxeHo ypaBHEHHe, YYUTHIBAIOIIEe
HEOIPE/ICIICHHOCTh HAYaJIbHOTO KBAHTOBOTO COCTOSHUS. M3 3TOro ypaBHEHHs IOJIYYCHO
ypaBHeHHe Dokkepa-IlnaHka, pemieHHs KOTOPOIO M CBHACTENBCTBYIOT O HAIMYHMH DPEXYKIUH.
Bubswmorp.: 9 Ha3B.

KiioueBble cj10Ba: MaTeMaTH4ecKasi MOJIENb, KBAHTOBOE U3MEPEHHE, BOJIHOBAs (DYHKLHS,
PEIyKISL.

IHocranoBka mpoduembl. B cBI3M ¢ pa3BUTHEM KBaHTOBOM
uHpopmatuku [1] mpobOremMa KBaHTOBOH TEOpPHH W3MEPEHHUH, IMOCTaBICHHAS
Kak OJJHa M3 TPeX BEIHMKHX NpoOieM TeopeThdeckod ¢u3ukm 21 Beka erme
B.JL. T'un30yprom, crajxa BHOBb aKTyalbHOW. B o00macTh mpuKiIagHBIX
HCCIEI0BaHNI — KBAaHTOBOW MH(OpMaTnKe, pabOTar0T MPHUHIIMIIBI, JIS)KAIIUE B
OCHOBE TEOpPUHU KBAaHTOBBIX H3MepeHHH. IIpuknanHON XapakTep KBaHTOBOM
MH(OPMATUKK ¥ MHOT000EIIAIOIINE MTEPCIEKTUBBI NOCTPOSHHsT MPUOOPOB Ha
€e OCHOBE IpUBEJIM K TOMY, YTO B IOCIEIHEE BpPEMs BONPOCHI KBAaHTOBOM
TEOPUH U3MEPEHUH M MHTEepIpeTalyd KBAaHTOBOM MEXaHHKU BHOBH aKTHBHO
pa3BUBAIOTCA.

Co BpeMeH 3HaMeHHUTOU paboThl DitHmTelHa, [logombckoro m PoseHa
CTaHOBUTCSA Bce Oojee TOHSTHO, YTO JAaTh MHTEPIPETALMIO KBAaHTOBOM
MEXaHUKH — 3HAYUT OOBSCHHUTH, KAaK B KBAaHTOBOM MEXaHHWKE IOHHMAETCS
peanbHOCTb. Mcmonp3oBaTh Ty HWIM HHYIO HUHTEPNPETAUI0 — 3HAYUT
OOBSACHATH KBAaHTOBYIO PEAITBHOCTh TE€M MM HHBIM CIOCOOOM. DTO MOXKHO
JleNlaTh Ha Pa3HBIX YpOBHSX. boiee mpocThle YpOBHU (K KOTOPBIM OTHOCHTCS
KOTICHIareHcKasi HHTEPIIPETaIsl) JOBOIBHO JIETKH JJISI BOCIIPUATHUS U yIOOHBI
JUId TPaKTUYeCKOTO NPHUMEHEHHs, HO OHM HEJOCTaTOYHO TOYHO MEepeAaroT
CMBICII KBAaHTOBOH peanpHOCTH. bosee cepre3Hble YpOBHH (B TOM YHCIE
HHTEpTpeTanus JBeperTta [2]) mepenaroT 3TOT CMBICHI TOYHEe, HO TPYAHBI IS
BOCTIPHSATHS, a B MPAKTUIECKON paboTe (I pemIeHus] THINYHBIX KBAaHTOBO-
MEXaHMYECKUX 3aJlad) CKOpee MEIaloT, YeM TOMOTaloT. DTHUM OOBSCHSETCS,
MoYeMy MHTEepIIpeTanust DBepeTTa Tak J0JI0 He HCIOIb30BANIACh (PU3NKAMH.
Tem He MeHee, B MOCIEIHUE [ECATUIETHUS OHA CTajlla MO-HACTOSILEMY
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BOCTPEOOBaHHOM, B YAaCTHOCTH, B CBS3M C IIOSBICHHEM KBaHTOBOI
WHPOPMATHKH.

AHanu3 auteparypbl. OIHAM W3 MEPBBIX ¢ KPUTUKOW KOTICHIareHCKOW
MHTEPIpPETAA KBAaHTOBOW MEXaHMKH, OCHOBAHHON Ha aHalHM3€ Ipolecca
KBaHTOBOTO m3MepeHus, BeicTymmn H. OBeperr [2]. OH oTMmeTmi, dYTO
W3MEHEHHE CO BPEMEHEM COCTOSIHUS KBAaHTOBOI CHCTEMBI, COCTOAIIEH U3
CHCTEMBI JJIEMEHTAPHBIX YacTHIl ¥ M3MEPUTENBHOTO NMPHOOpa, OMHCHIBACTCS
ypaBHeHueM lllpenunrepa. PemieHue 3Toro ypaBHEHHs €CTb OJHO3HA4Has
(yHKIMS BpEMEHH M, CJIEAOBATENIbHO, PE3yJbTaT M3MEPEHUs IOJDKEH OBITh
TaKXKe OJHO3HAYHBIM. OJTO MPOTHUBOPEUYMUT KONEHTIareHCKON MHTepHpeTanuu
KBaHTOBOI MexaHHKH [3]. CorylacHO KOTOpOW pefyKIHsl BOJTHOBOH (YHKIIMU B
mpoliecce U3MEepeHHst HOCUT clIydaiHblil xapakTep. Co BpeMeHeM NOSBUINCH
paciMpeHHble KOHIENIUU DBeperTa [4].

OKCIEepUMEHTAIBHBIC IAaHHBIC TOBOPSAT B IIOJB3Yy CTOXACTHYECKOTO
XapakTepa PeayKIMH KBAHTOBOTO COCTOSIHHS B IIPOIIECCEe U3MepeHHs. B cBsa3u
C 3THM BO3HHMKAeT MpoOiieMa MOCTPOCHUS TaKOH MaTeMaTW4ecKOW MOJIENnn
nporecca KBaHTOBOI'O M3MEPEHHs, B KOTOPOH 3TO IpOTHBOpeune ObIIO Obl
YCTpaHEHO. OBEpeTT MPEATOKWI CTPOUTh MaTEMaTHIECKYI0 MOJIETb HCXOJI
13 TOMCKA TaKOTO alropuTMa ycpenHeHHs pelieHus ypaBHenus Llpenunrepa,
KOTOpBII TpuBen Obl K peayKuuu BekTopa coctosiHus. OH jaedcTBOBa
aHAJIOTUYHO TOMY, Kak noctymnan [lyaHkape mbITasch ycpenHATh TPaeKTOPHUU
KJIACCUYECKUX JTHHAMHUYECKUX CHCTEM C IIeJbI0 IIOJIy4YUTh BO3pacTaHHE
SHTPOIHUH, TIOCKOJIbKY HaOJII0aeTcs MPOLecC BO3pacTaHusi Mephl Ha (a30BOM
MPOCTPAHCTBE JMHAMHWYECKOW CHUCTEMBI, C IIOMOINBIO KOTOPOW BEIETCS
yCpeaHEHHe.

IMombiTkn Ilyankape BBeCTM B MEXaHHKY SHTPONMIO HE YBEHUAINCh
ycriexoM. [opa3mo  ycmemrHee  OKasaycsi  IIO/XOJ, OCHOBaHHBIM — Ha
CTOXaCTUYECKOM KBAaHTOBAHWM JWHAMHYECKHX CHCTEM, IPEIUIOKEHHBIN
JlawxeBenoMm, OiHmreiiHoM, ®okkepom u Ilmankom [5]. OTMeTum Takxke
MOAX0J1 pa3BUTHIH KimMoHTOBUYEM [6].

Heab cratbu. B Hacrosmield paboTe NpeiokeHa MaTeMaTHdecKas
MOJIENTb KBAaHTOBOTO M3MEPEHHs, B KOTOPOH C TIOMOIIBIO MOJAXOJa
KnumonToBHYA [6] ¥ METO/Ia CTOXACTHUYECKOIO KBAHTOBAHUS B (POPMYIIHPOBKE
paboTsI [S], mOCTpOEHa TEOPHsl, COOTBETCTBYIOIIAS SKCIIEPUMEHTY.

IHonyyeHue peaykuuM BOJHOBOH (QyHKuMM. bynem cuurath, 4TO
JUHAMU4YecKas CHUCTeMa, COCTOsIas U3  KBAaHTOBOM  CHUCTEMBI H
M3MEPHUTEJIFHOTO Ipubopa ¢ OoOmUM raMwibTOHHaHOM H, sBisercs
HEYCTOMYMBOI MO OTHOIIEHUIO K MaJIOMy U3MEHEHUIO HA4aJIbHOTO COCTOSHUS
80>,
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IMockonbky, cormacHo IlpuroxkwmHy, MBI HE MOXEM MPOHU3BOIHUTH
W3MEPEHUs] HAYaIbHBIX COCTOSIHUH IHHAMHYECKHX CHCTEM C KaKOH YromaHo
TOYHOCTBIO, TO JUIi HEYCTOHYMBBIX NWHAMHYECKHX CHCTEM MBI HE MOXKEM
WCIIONB30BaTh cTaHnapTHoe ypasHeHue Lllpenunrepa

..d
1i—|t>H|t>. 1
OItI> |t> 1)

3nech |t> — 3aBUCAIMI OT BPEMEHU KET-BEKTOP COCTOSIHUSI CUCTEMBI. MBI
JOJDKHBI 3aMEHUTB €0 ypaBHEHHEM 0oJiee IPUrOJHBIM I ONUCAHUS JaHHON
curyanuu. J[is storo 6ymeM cMOTpeTh Ha pemreHust ypasuenust (1): |t, a >,
KoTopble Ipu t = 0 OTIMYAIOTCSA Tak Majo, YTO 3TO OTIMYHE HE ITOCTYIHO
M3MEPUTENFHBIM TPUOOpaM, Kak Ha QYHKIIUH CIy9aiHOTO COOBITHS a. To ecTh

[t,a>= exp{—i% HO, a> = exp{—%(H +38H (a))t }0>. 2

Msl cunTaeM, 9TO BCe TPacKTOpHH [f, 8 > HAUWHAIOTCS B OJHOU TOUYKE
|0>, a Bce oTiHUMe CBsA3aHO ¢ (QIyKTyallsaMu ramuinbToHnana 6H(a).

OyHKUIUA
exp{—% (H+6H(a))t}|0>= (H +3H (a)) [t>+3]t, a > 3)
SIBJISIETCS PEIICHUEM YPaBHEHUS

ih d (|t >+3]t, a >) = (H+3H(a))(|t >+3]t, a >), 4

KOTOpPOEe W SBISETCS HCXOAHBIM YpaBHEHHEM palOTBL. JTO ypaBHEHHE
OIMCBHIBAET, KaK MbI B 3TOM yOenumcsi, Ipoliecc KBaHTOBOIO m3Mepenus. Ha
¢bnykryanun SH(a) u dJt, @>, KOTOpbIe BXOAAT B BhIpaxeHue (4) HAIOKEHBI
YCIIOBHS

<8H(a)> = <é|t, a>>= 0. )

31ech ycpelHeHHEe BEKTOPHOM WIIM OmepaTopHoi#l ciydaiiHoi ¢yaknuu f(a)
IIOHUMAECTCS TaK

<f(a)>= j P(da) f (a), (6)
Q

rie Qf{a} MHOKeCTBO CHy4aiiHBIX COOBITHH, TNPEACTABIAIONIUX COOOM
HaOoieHNe AMHAMUKH (2) JUTs OJMHAKOBO MPUTOTOBIICHHBIX (C MaKCHMaIIbHO
BO3MOJKHOHM TOYHOCTBIO) HA4aJIbHBIX COCTOSTHUH; P(...) — BeposTHOCTHast Mepa
Ha 3ToM MHOXecTBe. [IpoBens ycpennenue ypaBHeHusi (4) B cmbicie (6),
HOIY4HM

iho|t> = H|t>+ <sH(@)slt, a >. @)
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UtoOsl wucHoONb30BaTh ypaBHeHHWE (7) i1 ONHCaHUS TIpoIecca
KBaHTOBOTO H3MEpPEHUs, pa3jI0XHM BEKTOPHI IO COOCTBEHHBIM BEKTOPaM
HaOJrOMaeMOl BEJIMYHMHBL, KOTOPYIO H3MEpSeT W3MEPHUTENbHBIA Mpuoop.
lammpTOHMAH 3TOTO MPUOOPA BXOAMT ClIaraeMbIM B H.:

=) c®)]i>,
<6H(a)6|t,a>>:ziq>i(t) i >.
IToncTaBuM pe3ynbTaThl pa3ioxkeHus B ypaBHeHue (7).

Zkihck |k>:zk'j|j><j|H |k>+zj®j(t)|j>zzkihfk(cn)|k>, (8)
TO €CTh
G = fi(Cy) - )

[Ipu BeBOme (9) choemaHO MPEIIIONIOKEHHE, YTO (Dj(t) 3aBUCAT OT
TOJIBKO uepes C, .

Ilycts  ypaBHeHus (9) WMEIOT TaMWIBTOHOBY GopMmyily, T.e.
{CI={XTU{P\} u (9) MmoxHO 3anmcats B B ypaBHenuii Kaprana [ 7]:

o0 = (6Q)/(adx") 8Q/(adpy),
e Q = dPdx' — dHAdt.
[epetinem k IepeMeHHBIM J; , o
Q = dJ; A do’ — d(Hy(J) + Ha(Js , o)) dt
u ypaBHeHus: Kaptana npumyT BUA:
0= (0 Q)/(8dJ; ) = 6Q/(add’ ) = do' — ((8 Hy)/(8J; ) H(EH)/(8J;)) dt = dJ; +
+ (OHo)/(dd' ) dt
501858
&' =0 Hy(3D/(83) + 8 Hy(Js,02)( 8 Jy), (10)
jit == 0H (s, of)/od .
Pemras cucremy ypasaenuit (10) meTomoM Teopun Bo3MyIeHui [8]:
Ji= 303N . d=agtag .,
B IIEPBOM TOPS/AKE MIPUOIIMKESHUH MTOTyIuM

jit = OH,(3% a0+ o' t)/dal= zﬁexp( i(n,09t) . (11)
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3nech ©F = (OH)/(0Jx) m MBI paznoxkunu mpaByio dacth (11) B psag
®ypoe. Takum 00pa3oM, B IEpBOM MOPSAKE TEOPUH BO3MYIIECHHH ITepeMeHHas
"nmeiicrBue” OyAeT IMeTh BHI:

; k
1 Cq exp(i(nw”)t)
\J I — A# . (12)
" i(new")

bynem cuutath, uro uneHsl psga (12) I KOTOPBIX BBINOJIHAETCS
yCIoBHe pe3oHaHnca: Ny ®' = 0 He paBHbI 0 , TOT/1A, KAK MOKA3bIBAIOT YHCIICHHBIE
9KCIIEPHMEHTHI, ABW)KCHUE CTAHOBHUTCS CITydalHbIM [9].

Torna ypaBHeHume (9) MOXKHO 3aMEHHTH OKBHUBAJICHTHBIM €My
ypaBHeHHeM JlaHxkeBeHa:

dCp= — (6U(Cy)/0C)dt + dWp,, (13)
rae dW,, — "ciyuaiinas cuna" yJaoBIeTBOpSIONIas yCaoBusam [8]:
<dW,>=0, <dW,dW, >=c p_ dt. (14)

VYpasrenwue (13), B cBOIO odepens, SKBUBAICHTHO ypaBHEeHHI0 Dokkepa-
Ilnanka [9]

b (Co) = Zj{a/acj'(au (Ck)/ 8Cjp(CK)) +1/ 2Q82/(8Cj)2p(CK)}. (15)

JelicTBUTENbHO, ANSL  NPOM3BOAHOW 1O  BPEMEHH  IUIOTHOCTH
pacnpenenenus BepoaTHocTH p(Cp, 1) HaxXoXIeHHS CHCTEMBI B TOUYKE
MOTYIHM:

d/dt Jdc p(emt)f(cnm ) = [dc 8p/at f(cy, ) =1/dt Jdc p(cy )df(crn ) =
= 1/dt [dc,(c, )(OF/(Bcm ) dey+1/2 (8°)/(Cr Cs ) dep;
deg+...) = 1/dt Jdc,(c,) {0F/(dcr) (—0U/(dCy ) dt+dWy, )+
+1/2 (8F)/(0Cy 8Cs)(-0U/(8Cy)dt+ dWin) (-0U/(8cs );
dt+dWe)+ ... }= Jdc a/(acm )(p dU/(Ocy ))f +
+1/(2dt) [dc (8°F)/(6cy, ocs ) pdWi, dWet...}.

31ecs ObUTIO MCIOIB30BAHO MHTETPHPOBAHUE IO HAYaNbHBIM 3HAYCHUAM
TPaeKTOPUil CHCTEMBl M YYTeH (aKT raMHUIbTOHOBOCTH CHUCTEMBI. YCPEIHUM
Tereph MOYYCHHOE BRIPAKEHUE [0 BCEM 3HAYEHUsAM cirydaitHoit cuisl AW, Ha
BCEX CIydYalHBIX TpaeKTOpUAX cHCTeMbl. Torza moilydaeM cieayromiee
BBIPa)KECHUE

Jdc{1/2 (8% p)/(BCm OCs ) (AW dW)/dt+8/(8Cn )(BU/(BCm) p)I,
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KOTOpOe BBUaYy INpou3BojbHOCTH (yHKImMH f u ycmosus (14), sBisercs
ypaBHeHneM ®Doxkepa-Ilmanka (15). Ero cranmonapHoe perieHie nMeeT BUA:

p(Ci) = Cexp(-2U(CI/Q). (16)

Ecmu Bei6pars U(Cy,) Takum 06pa3zoM, 4ToOBI IpH C~k , pasaOM (1, 0, ...); (O,
1,...); ...; OHO UMEJIO Min, MPUYEM

p(Cy) = Cexp(-2U(C,)IQ) =| C, (0, (17)

TO MBI TIOJIYYHUM MPOCTYH0O MATEMAaTHUECKYI0 MOJICNb PEAYKIUH KET-BEKTOopa
COCTOSIHMSI KBaHTOBOW CHCTEMbI B TMpPOIECCE HW3MEPEHUS, MOCKOJIbKY
paznoxenue |t ) , Oymer masath | K) ¢ BepostHOocThIO (17). Ecnu riyGuna

"noteHuuanbHO AMel" B Touke ((Cy,...,C,...,) >> Q, To mpouecc peayKuuu
HPHBOJIUT K OJHO3HAYHOMY PE3yJIbTATy

BuiBoabl. Takum 00pa3oM, OTTanKHBasCh OT OOpPaTUMOTO YpaBHEHUS
Ipénunrepa, MBI MOMYIHIN HEOOPATHMBIH IPOIIECC KBAHTOBOTO M3MEPEHHS.
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B nawiii po6oti moOy0BaHO MaTeMaTHYHy MOZAENb peayKuii XBIIbpoBoi ¢yHKIil. B ocHOBY
Mozeni moknaneHi inei, po3BuHeHi KiiMOHTOBiueM, 1 3acTOCOBAaH METOJA CTOXAaCTUYHOTO
KBaHTyBaHHs Yy ¢opmymoBaHHi [IpurokunHa. 3amponoHOBaHO pIBHSHHA, 110 BpPaxoOBYE
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In this paper, a mathematical model of wave function reduction is built. The model is based
on the ideas developed by Klimontovich and applied the method of stochastic quantization in the
formulation of Prigogine. An equation that takes into account the uncertainty of the initial quantum
state proposed. From this equation, we built an equation of the Fokker-Planck , solutions of which
indicate the presence of reduction. Refs.: 9 titles.

Keywords: quantum measurement, mathematical model, the wave function reduction.
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