Hpnnoxeﬂne 1. E,E[I/IHCTBeHHbIﬁ IIYyThb B KBAHTOBOM HHTErpaJie.

IlocTpoenre KBAHTOBOIO MHTErpaJia IO IYTIM JJIsi OMUCAHUS KBAHTOBON IBOJIIONMU B COBPEMEHHOM BHJIE
OCHOBAaHO Ha JIByX OCHOBHBIX ITOJIOYKEHUX:

— OTCYTCTBHUH <IaMATH» O IPEILICTOPHI M3MEHEeHNs BOTHOBOM (pyHKIMH !;

— O raMIJIbTOHHAHE, KAK 00 OlepaToOpe, OIPEIEJIAIONINM CKOPOCTh N3MEHEHUs BOJTHOBON (DYHKIINUA B TOUKE
Ha OCH BPEMeHH. 2.

IlepBoe M3 UCXOMHBIX IMOJIOKEHUN IO3BOJISIET MPEJICTABATHL U3MEHEHHE BOJIHOBON (DYHKIMHU 33 KOHEUIHBIN
MMPOMEXKYTOK BPEMEHU B BHJIE COBOKYITHOCTU M3MEHEHUN B TEUYEHWU IOCJIEI0BATEBHOCTU JTFOO0TO KOJIMIECTBA
boJtee KOPOTKUX BPEMEHHBIX WHTEPBAJIOB. DTO, B CBOIO OYEpE[lb, MO3BOJsieT pemuTh ypaBuenue 1lIpémunrepa
JJId 9TUX KOPOTKUX MHTEPBAJIOB M 3allUCaTh pelleHre JJId KOHeYHOIo IPOMeXKYyTKa BpeMEHM B BHUJIE IIpejesia
KpaTHOI'O HHTerpaJa
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[Jle YUCJIO0 PABHBIX BPEMEHHBIX MHTEPBAJIOB 1 — 00, & UX JJIUTEJIbHOCTD JUIUTEJNbHOCTD € = (t, — tg)/n — 0.
Vpasuenne lIpénunrepa onpejesisier HEKOTOPbIE CBOWCTBA MATPUYHOIO IJIEMEHTA OIIEPATOPA IBOJIOIUU B KO-
OPpIMHATHOM IIPEACTaBJIECHNH [IJIgd KOPOTKOI'O IIPOMEXKYTKa BPEMEHU BPEMEHU, KOTOPbIE ITO3BOJIAIOT HHTEPIIPpETU-
pOBaTh STOT MAaTEeMATHIECKUN O0bEKT MPUHIIAIIAAIBEHO UHBIM 00PAa30M.
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BriGepeM MaTpUYHBIN 3JIEMEHT ONEpaTopa 3BOJIONUM 33 MAJBIA MPOMEXKYTOK BPEMEHH € CO 3HAYCHUSIME
KOODJIMHAT T} U Tp_1 B COOTBETCTBYIOIIUE MOMEHTBLI BpeMeHHU tj U tp_i U PACCMOTPUM ero, Kak (pyHKITHIO
HaYa bHBIX 3HAYEHMH KOODJMHATHI M BPeMEHH IIPHU YCJIOBMU, YTO B KOHEYHBLII MOMEHT BpeMeHH lj 3HadeHue
KOOPJIMHATHI Oy1eT . Biarogaps aToMy yc/IOBHIO KOOPJWHATA U3 HE3aBHCUMOIl IepeMeHHOl IIpeBpaliaercs B
dyHKIMIO BpeMenu, KoTopas, Kak nokazaJ 2K.3unn-2Krocren, nucxoas uz pemenust ypasaenust Ipéaunarepa ays
KOPOTKHUX ITPOMEXKYTKOB BPEMEHH, SBJIAeTCs JuHeiHo#. Takoil B 3aBUCHMOCTH MOT Obl OBITH IpEJICTABJICH,
KaK Pe3y/IbTaT JBMKCHHAS HEKOTOPOTO MATEPHAILHOIO HOCHTENS BOJHOBOM (PYHKIIUH C IIOCTOSHHON CKOPOCTHIO
HA KOPOTKOM MHTeBaJIe, opeesaeMoil Kak (xy — Tx—1)/(tx — tk—1). OJlHAKO ¢ YYETOM CJIETAHHOIO paHee IPeJ-
MOJIO?KEHHS O CILIOIIHOI cpejie B BHJe MaTepUaJLHOIrO IOJs, JJIs 9TOT0 HeoOXO0JAUMO, YTOObI B KarKJIOi TOUKe
IPOCTPAHCTBA B JII000I MOMEHT BpeMeHH HaXoujach eJMHCTBeHHas MHAUBUIyaJbHasd ToYKa. Torma npu puk-
calluy Tj B MOMEHT BPEMEHH tj, HeOOXOIUMO, 9TOOLI OHa B MOMEHT BPEMEHH tj_1 HAXOOWIACh B €IUHCTBEHHOI
TOYKE NMPOCTPAHCTBA, Tk_1, TO €CTh OTJIUIHBIM OT HyJIs IPHU MPEJEILHOM Iepexoe K GECKOHETHO MaJIOMy HWH-
TepBaJLy BPEMEHHU JOJXKEH OCTATHCA ¢IUHCTBEHHBIA MATPUYIHBIN 3JIeMeHT. UTOOBI yOeIUThCS, 9TO JeJI0 0OCTOUT
HMMEHHO TaK, PACCMOTPUM MHOXKECTBO BCEX MATPHYHBIX 3JIEMEHTOB, UMEIONIUX O/IMHAKOBbIe KOHEYHLIe KOOP.IU-
HATBI T}, B MOMEHT BPEMEHH tj, 1 pa3JIndHble Tj_1 B MOMEHT BpeMeHU tj,_1. 3aTeM BbIpa3uM 3HaUeHHe BOJHOBOM
QYHKIIMK B TOUKE T B MOMEHT aBpeMEeHH tj depe3 Bce e 3HaueHns B 6ojiee paHHUI OJIM3KHUIT MOMEHT BPEMEHN
tr_1. [osb3ysich OTCYyTCTBHE MAMATH y KBAHTOBOI 3Bosmonuu, corsmacHo 2K.3unn-2Kiocreny nmeem
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w7 1/ (zp—ae1)®  V(zp) + V(zs_1)
:gg% py— exp 5 m 9% + 9 € \I’tk,l(xk—l)dl“k—l,

rae € = tp—tp_1. YITEM, 9TO XapaKTEPHBIN Pa3Mep HEOITHOPOIHOCTH BOJTHOBON (DYyHKITUHU MOPSIKA TJIAHBI BOJTHBI
ne-Bpoitiist, n nepeiinéM K MHTEPBAJAM BPEMEHH JJIs KOTOPBIX <IIMHPHHA» FayCCOBCKON (DYHKIMH B IIOIBIHTE-
rPaJIbHOM BBIPayKEHUH MHOT'O MEHBIIE 9TOi HeomHOPOoAHOCTH. Torja mociie/inee BhIPayKeHIe IPUMET BH

m (:Ek — 1’1@71)2 V((Ek) + V(xk)
\Ijtk (mk) = \Iltk,l(xk 1 511—% ’/ 27‘(‘h€ (m % + 9 3 dl’kfl, (1)

rie U (7x_1) cpenmee 3Hadenue BOJTHOBOI (DYHKIMH B OOJIACTH, I/ HOJIBIHTErDATbHAS IayCCOBa (DYyHKIT
ormmana ot HyJs. [locsreauit mHTErpas — rayccoB WHTErpasl BUIA

L3ech u gajiee yoGHbIA 1 JOBOJIBHO YaCTO MPHUMEHSIEMbIl TEPMUH MapKOBCKHUIi IIPOIECC MO OTHOIIEHUIO K KBAHTOBOI SBOJIIOIII
HCIIOJIb30BAThCS HE OY/IeT, IOCKOJIBbKY HIPEIMHIE€POBCKAsT IBOJIIOIUS — IPOIECC JETEPMUHUCTUYIECKUAN U OTHOCUTD €r0 K OJHOMY W3
THUIIOB CTOXACTUYECKUX IPOIECCOB HEKOPPEKTHO.

206a 9THX HOJOXkKEHUsI otparkeHbI B ypasHenuu 11Ipémumrepa, KOTOpPOe dale BCEIO PACCMATPHBAECTCS B KAUECTBE OIHOTO U3
IOCTYJIATOB HEPEJIATUBUCTCKON KBAHTOBON MeXaHUKHU
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Jlajiee BOCIIOIb3yeMCS TEOPEMOIL O CPETHEM B BHUIE

7 f(x)g(z)dz = f(c) 7g(x)d;v.

[Ipenmonoxum Termepb, 9TO UCKOMBIH IIYyTh, OIPEAEJISIONINN MATPUIHBII SJIEMEHT ONEPATOPA SBOJIOIUN IS
m . .o

KOPOTKHX HHTEPBAJIOB BPEMEHM, COOTBECTBYET KOODAMHATE X' ;| MaKCUMyMa IayCCOBOI KPUBOW M OIPEIEINM

3Ty KOOP/IMHATY U3 yCJIOBUS
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B pesynpraTe momyanm
T, =T+ ———¢°. 2
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Beipasus xj, depes z}' | u3 (2) u HOACTABUB B IOIBIHTErPAIBHYIO TayccoBy dyuknuio (1), s byukmmu f(c)

KOTOPYIO MOXKHO MHTEPIIPETUPOBATH KAK HAMOOJIBIINYIO IJIOTHOCTD aMILTUTY/IbI TIEPEX0/Ia B IPOCTPAHCTRE Ty Tei
IIOJIyYUM CJIe/IyIolllee BhIpasKeHue:
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Ammnryy nepexoza (1) miist KOPOTKOrO MHTEPBAJIA BPEMEHH [I0CJIE aHAJIOTUYHON 3aMeHbI, MOYKHO [IEPEeIUCcaTh
B BUjIe
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g(z) = Ihe exp (2715(3%1 - x}cn_l) )
Kpowme Toro, 4To mocieamnee BhIpaXKeHne JOKa3bIBAET COCTOSTEIHHOCTD HAIIETO aH3alld, OHO JeIAeT HATJIAIHBIM
TO, KAKUM 06pa30M BO3HHUKAET €MHCTBEHHBII IIyTh B KOHTUHYaJIbHOM HHTerpaJje. Ty 3ajady «pemaeTr» (pyHK-
st g(x)3, KoTopas mpH TpejiebHOM mepexosie € — (0 «Cy’KaeTcs», COXpaHsis IPH 3TOM eJIMHIYHYIO TLIOTIATh
(cM.pucyHOK).

U B Ipejesie

3T'py6o roBopsi, sra byHKIHUs HOKA3bIBAET BO CKOJIBKO Pa3 IIOTHOCTH aMJIUTYJL JPYIUX MyTell MEHbIIEe MaKCHMAIbHOIM.
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IpeJICTaBIsAeT co0o0il (DyHKIMOHAI Iy TH, 33ar0muii 6ECKOHEUHYIO TUIOTHOCTh My TH £ (7) B COOTBETCTBYIONEM
IIPOCTPAHCTBE, U IIpUPABHUBAET HYJIIO IIJIOTHOCTU BCEX OCTAJIbHBIX, TO €CTh

6(x(7') - xm(T)) = {OO pu z(7) = 2™ (),

0 B IPOTHBHOM CIIydae.

OueBHIHBI ClIeAyIONHE CBOMCTBA O0-(DYHKIIMOHAA, HEIOCPEJACTBEHHO CJIEAYIOIINe U3 aHAJOTUYHBIX CBOMCTB -
dbyHKIIMN
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[ 8wt~ am ) dotr)) = 1
| 5(str) = 27 Flatr)de ()] = Flam (7).

Bpra)KeHI/Ie, JUIA aMIIJIMTYABL IIepexXoJia JIJid IMIPOU3BOJILHOIO BPEMEHHOTO MHTEPpBaJIa IIPUMET BT
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_ /5(93(7) () exp <_}1_Ls[xE(T)]) defr]) = 6(x(t0) — 2™ (1)) exp (-ésE[xm(T)]).

B pesysbrare maTErpasibHOE BOJHOBOE yDaBHEHUE




() = / Koug (@, 20) W4, (20) davo,
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IIpuMeT BUJL

U, (z) = 7 (w0 — 2 (2) ) exp (—;sE [xmm)%o (wo)dao,

— 00

e ' = x — s™(x,t,tp)) — KOOpAUHATA IPOCTPAHCTBA JIJIsi KOTOPOIl aMILIATYa Iepexoja B (PUKCHPOBAHHYIO
TOYKY MPOCTPAHCTBA 3a MIPOMEXKYTOK BPEMEHHU OT tg J10 t OTimdaHa OT Hyus; s (x,t,tg) — COOTBETCTBYOIINUIA
Iy Th, JJIsl KOTOPOT'O 3BKJIUI0BO JeiicTBIe MEHUMAaJLHO. IlepenuineM mocieHee Bupazkenne B 60J1ee HarIsiJHOM
¢ PpU3MIECKO TOUKN 3peHust BUJIE
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U, (z) = / (i — (0 + 5™ (20, 1.10) ) exp (—;SE [mm(T)]) W, (o) dzo.
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[TockonbKy aprymeHT nesibra-QyHKIMH COAEPKUT (DYHKITUOHATHHYIO 3aBUCUMOCTH OT IEPEMEHHBIX Tg U T, a
BOJIHOBas (DYHKIIUS SIBJISIETCS XaPAKTEPUCTUKOMN, OTHOCAIIEHCsT K OECKOHETHO MAaJIOMy UHIUBHUIYAJIHHOMY 00b-
€My, HEIIOCDPEJICTBEHHO B34Th IOCIEIHUI MHTErpaJ 0e3 y4éra n3MeHeHus 00bEMa POCTPAHCTBA, 3AHIMAEMOI'O
WHAWBUAIYAJTBHBIM 00bEMOM HEJIB3S.



