I'maBa 1.1 BoanoBasi dbyHKIus

Koto4geBoit mpobiieMoit KBAHTOBOW MEXAHUKM SIBJISETCA MPHUIAHUE (PU3MIECKOTO CMBICTA BOJHOBOM (DyHK-
nuu. VIMeHHO OTCYTCTBHUE TIPSIMOi OTHO3HAYMHON CBS3U 9TOH OCHOBOIIOJIATAIONIEH KOMIIIEKCHON XapaKTePUCTUKHI
KBAHTOBOI'O 00bEKTA C KAKUM-JINOO KOHKPETHBIM (DU3MYECKHM CBONCTBOM €6 MaTepuasibHOIO HOCUTEJIsI W II0-
POXKJIaeT TepevuncieHHbIe BbIile MpobsieMbl. BeposTHOCTHAsT MHTEpIpeTaInsi BOJHOBOM (DYHKIINN, OUYEBUIHO, HE
MOXKeT OBITH JOCTATOYHON y2Ke BBUIY KOMILJIEKCHOCTH IOCJeaHeil. B KOHTeKcTe paccMaTpuBaeMOro IMOIXOa,
9TOOBI UCKJIIOYUTH CIYyYIARHOCTh M3 OMUCAHUS OObEKTHUBHBIX CBOICTB MATEPHUH U, CJIEIOBATEIHHO, U3 OIPeIe-
JIeHUsI BOJTHOBOH (DYHKITMH, MOJIYJIb BOJIHOBOW (DYHKINU OyIeT MHTEPIPETUPOBATHCS, KAK IIPOCTPAHCTBEHHAS
IJIOTHOCTD MepBl HEKOTOPOTO PACIIPEIEIEHHOTO B IPOCTPAHCTBE MaTepHaIbHOro HocuTesns . Ilpu sTom cieayer
HepefiT K JIPYyruM eJIMHUTIAM M3MepPeHHUsI MOJLYJIsl BOJTHOBOM (DYHKIUM, 8 MMEHHO HOJOoKUTh p = |W|2, uTo jumb
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U3MEHHUT HOPMUPOBKY MOJYJISI Ha JIMHEHHYIO f pdr = 1. DTa NJIOTHOCTH MEPHI B YCJOBUSX B3AUMOIEHCTBUS C
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OIUCBIBAEMBIM CTATUCTUIECKH MAKPOCKOITMIECKUM ITPUOOPOM IIPOSIBIsETCS B (pOpMe IJIOTHOCTH BEPOSITHOCTH.

Yto KacaeTcs KOMILIEKCHOTO MHOXKHUTENsI, TO OH BO3HUK B PE3y/IbTATE IMOMBITOK MATEMATHIECKU OIHUCATH
crernuduIecKoe IPOCTPAHCTBEHHOE PaCHpe/ieeHIe aKTOB PETHCTPAINE MIKPOYACTHIZ B YCIOBHAX BO3MOYKHO-
CTH WX HONAJAHNS KayKIyIo TOUKY IIPOCTPAHCTBA MO Pa3amIHEIM IyTam®. CaM GpaKT BOSHUKHOBEHHS IIPU STOM
nHTePMOEPEHITMOHHON KAPTUHBI JJIs OTIAE/IbHON MUKPOYACTUIIHI BBIHYUJI OIICHIBATH €€ He JIOKAJILHBIMHI XapPaK-
TEPUCTUKAMU, & HEKOTOPOIl IPOCTPAHCTBEHHON (DYHKIIMEN, KOTOpas B YCJIOBHUAX OTCYTCTBUS 3aBUCHUMOCTH OT
HaIpaBJIEHUsS B MIPOCTPAHCTBE MPUHAIA (POPMY CKAIAPHON KOMIIJIEKCHOW BOJIHBI U YCIIEITHO OIMUcaJja HaOJII01a-
eMble sIBJIeHHs. Y2Ke Ha 3TOM dTalle M ObLIO 3aJI02KEHO TJIyOOKOe MPOTUBOpedre, 3aKJ/II0YaioIieecs B TOM, 9TO
JIOKAJIbHBINT MaTE€PUAJIBHBII HOCUTE/b B KaXKJIBIi MOMEHT BPEMEHH MOPOXKIAET HEKOTOPYIO (DU3MIECKYIO BEJIH-
qUHY, PACIPEIEIEHHYIO B IPOCTpaHCTBe. Bostee TOro, B COOTBETCTBUN C MHTEPIpeTAlineil HHTePGhEPEHITNOHHON
KapTUHBI, KaK IJIOTHOCTUA BEPOATHOCTH OOHADPYKEHUsS KBAHTOBOU YACTHUIILI B BHJIE€ MATEPUAIHHONU TOYKHU, ITOT
HOCUTEJIb JIOJIKEH MI'HOBEHHO OKa3bIBATBCA B JIIOOOH TOYKE IIPOCTPAHCTBA, IJie HAOJIIO/IEHNE €r0 3aperucTpu-
poBaJio. Paccykienune o TOM, 9TO OHa W HAXOJWJIACh UMEHHO B TOIl TOYKe IIPOCTPAHCTBA, Ile ObLIa U3MEpeHa
KOOPJMHATA HECOCTOSATEIHHO IO CJIEIYIONUM COODpakeHusIM. Perucrparius 9acTuilpl 3aHIMaeT HEKOTOPOe Bpe-
MsI, KOTOPOE, KPOMe MOJYJs BOJHOBON (DYHKIIAU, OIPEIEsieTCs IyBCTBUTEILHOCTBIO IPHOOpa. ¥ BeJIndnBast
9Ty 4yBCTBUTEJHHOCTH, MBI MOXKEM B IIPHUHITUIIE YMEHBIIUTH BPEMS U3MEPEHH JI0 JII000r0 CKOJIb YTOIHO MAJIOrO
3Ha4YEHUs B JIIO00I TOUKe IPOCTPAHCTBA, I/le BOJIHOBas (PYHKIIN OTJINYHA OT HyJsd. TakuMm 00pa30M MBI MOXKEM
3a, JTI000i MaJIbIit TPOMEXKYTOK BPEMEHU JIOKAJIN30BATh KBAHTOBYIO YaCTUILY B OKPECTHOCTH JIIOOOI TOYUKU IIPO-
CTPaHCTBa, TO €CThb B OOIIEM CJIydae «IIepeMeCTUTby JYACTUILy Ha KOHEYHOE PACCTOsHUe. PaccyKJeHusi O TOM,
YTO NI IPU3HAHUS HEOOXOAMMOCTH TaKOIo IIepeMeNeHs Hy KHO 3HATH IIPEJIbLILylee HOJI0KEeHHe YacTUllbl (U,
CJIeZIOBATELHO, BHECTA MCKAYKEHWUS B BOJIHOBYIO (DYHKITMIO COOTBETCTBYIOIIMM H3MEPEHUEM, OTUEr0 OHA yIKe
HE «CMOKET» OKa3aThCsl B YUAJEHHOH TOYKe IPOCTPAHCTBA MI'HOBEHHO), He GoJiee YeM CXOJIACTHYHAs YJIOBKA,
ITIOCKOJIBKY CaMO IPU3HAHUE CYIIECTBOBAHUS MUKDPOYACTUIIBI, KAK MATEPUAJIBHON TOYKH, yKe MPEIIoaraer eé
HAJIM4YUe B KaKOH-1MO0 KOHKDPETHOH TOYKe IIPOCTPAHCTBA (M BOBCE He 00A3aTe/bHO B O0JIACTU U3MEPEHHs) B
3aJaHHBIN MOMEHT Bpemenu. Ul st 3T0#l KOHCTaTAIMM HUKAKWE W3MEPEHWs He TPEOYIOTCs, KaK OHU HE Tpe-
OyroTCs JJIsl OIIpeJIeJICHUsT BDEMEHN €€ [ePeMeIeHUsl B TOYKY PEruCTPaluy — OHO PABHO HyJIO (TO, YTO OHO
MeHbIIIe BPEMEHN HEOOXOIMMOr0 CBETY, YTOOBI IPOWTH COOTBETCTBYIOIIEE PACCTOSIHUE IIPOBEPEHO yKe IKCIIEPU-
MeHTAJIHHO). EauHcTBeHHON BO3MOXKHOCTBIO n3bexkarh nporusopeunsi ¢ CTO sBisiercs: TpU3HAHIE MUKDPOYa-
CTHUIIBI IPOCTPAHCTBEHHO PACIPEIEIEHHBIM O0bEKTOM — CILIOIIHOM Cpeoil. 3HAMEHUTOE «PaCILIbIBAHUE» BOJI-
HOBOT'O TIAKeTa, IpeJicTaBIeHHoe je BpoitneM, n #e mozsonusiree LIpéauarepy mociaenoBaTebHO JTOBECTH IO
KOHIIA, CBOIO PEAJIMCTHIECKYI0 WHTEPIIPETAINIO BOJHOBOM (DYHKINM, HE MOXKET PACCMATPUBATHCS B KAYECTBE
HEIIPEO/IOJIMMOr0 apr'yMeHTa IPOTUB TAKOI'O MpejcTaBjenusd. JlocTaTo9HO TPU3HATH MIHOBEHHbBIH XapaKTep 3a
peayKuueit BOMHOBOH (QyHKIMN (ITO MOYKHO CUMTATH MOITBEPIKIEHHBIM IKCIIEPUMEHTAIBHO) U OTHECTHU 3TO sIB-
JICHUE Ha BHYTPEHHUE CBOMCTBA MUKDPOYACTHILI (B 9TOM Ciydae HeT HeoOxomumocTu coorHocutbesa ¢ CTO B eé
COBPEMEHHOM BHJIE BOOOIIE).

[TocmoTpuM Tereph, KaKyo HHMOPMAIMIO MOXKET JaTh KBAHTOBAS IBOJIIOIHUS, IPEICTAB/ISIEMAsT TP UITHOH-
HOI KBaHTOBOI MEXAHUKOM, JJjI XapaKTEPUCTUKA MEXAHUIEeCKOrO JIBUYKEHUS HOCUTEJISI BOJTHOBON (BbyHKIINN —
CILJIOIITHOM Cpeibl KBAHTOBOM YacTutibl. [lepBhiM n3 haKTOB, KOTOPBIil CJIEIyeT YI€CTh, ABISETCs CYIIECTBOBAHNE
HEBBIPOXKIEHHBIX cocTosAHui. 110 HEBBIPOK IEHHBIMHY, ITOAPA3YMEBAIOTCH TAKMe, BOJHOBAas (PYHKINS KOTOPHIX,
COOTBETCTBYET €IMHCTBEHHOMY HAOODPY (pusndeckux BeaundnH. Takum o6pa3oM, 3HAUCHUS (PU3NIECKUX XapaKTe-
PUCTHK YaCTHUIIBI 00Pa3yoT 1oJisi. B 3TOM ciiydae m HOCUTE/Ib ITUX BEJIMYNH — CILIOIIHASI CPEJIA, TAKKE sIBJISEeTCsI
[IOJIEM, TO €CThb JOJIKEH PACCMATPUBATHCS B KAUECTBE €IUHCTBEHHOIO (IIOCKOJBLKY JPYToil MaTepUasbHBIA HO-
CHUTEJIb JIOJIZKEH OTJINYAThC KAKUMU-I00 (DU3UUECKUMU CBOMCTBAME), TO €CTh KaXKJOH TOYKE IIPOCTPAHCTBA

ldynnamenTanbaas CBA3b MEXKIy MATEMATHIECKHM MOHSATHEM MEDPBHI ¥ BEPOSTHOCTLIO JIErJa B OCHOBY 3HAMEHHTOH KHUTH
A H.Kommvoroposa «Teopusi BeposiTHOCTEH M MaTeMaTHIeCKas CTATUCTUKA. .

231ech U nasee pedb UIST TOTBLKO O YACTUIAX OOJIAIAIOIIMX MACCOL.

3Tepmun 1myTh ynoTpebasercs s 0603HAYEHHsT COBOKYITHOCTH TOUEK MPOCTPAHCTBA, 3aHMMAEMbIX J[BUXKYIIEHCH TOYKOMH MaTe-
puH, B COOTBETCTBHU C ypaBHeHusiMu asuzkenus z(t),y(t), z(¢) (s ynpomeHus MaTeMaTHIeCKOTO OMMCAHMSI B OCHOBHOM OyIyT
HCIIOJIb30BATHCS OJJHOMEDHBIE Iy TH Z(t).


https://reallib.org/reader?file=507152&pg=15

JOJIZKEH COIIOCTaBJIATHCA €JUHCTBEHHDBIII MaTepHaJIbHBbIIl HOCUTEJb MOJIS — HHAUBHAyaJIbHasd TOYKa, a UX CO-
BOKYITHOCTb PaCCMAaTPUBATBHCS B BHJE MaTePHAJIBHOro mouid. Jlajee ciemyeT y4ecTh HNPHUHIUI CYIEPIO3UINH,
KOTOPBIE O3HAYAET, UTO CILJIONIHAS CPEJIa MUKPOUACTHUIHI MOXKET (hOPMHUPOBATHCS COBOKYITHOCTHIO MaTEPHUAJIb-
HBIX I10JIell, NHIUBUTyaJIbHble YACTHUIIBI KOTOPBIX MOT'YT HAXOJAUTBHCS B OJIHUX U Te€X K€ TOYKaX IPOCTPAHCTBA
W HUKAK He BJIUATH JAPYT Ha Apyra. lakoe, MPUHIUANHAAJILHOE OTIMYNE WHIUBUIYAJTHLHBIX YACTHIL CILIOMTHOM
Cpebl MUKPOYACTHUIBI OT AHAJOTUIHOIO O0BEKTA KJIACCHIECKON CILIOIIHON CPeIbl CBSI3aHO C TeM OOCTOSTENb-
CTBOM, 4YTO IIepPBble ABJIAIOTCA HEOTJeJMMON YacTblo KBAHTOBOH IeJIbHOM MHUKDPOYACTHUIIbI, U HE COCTABJIAIOT
CaMOCTOSITEIHHON (DU3NIECKON CYMHOCTH (CAMOCTOSITENILHOTO MeXaHm4Ieckoro obbekTa). OHn He Gosee, ueMm
3JIEMEHT OIHMCAHUs HEPA3eJUMOI0 MaTepHaJbHOIO IMOJIS, TOIJIa KaK KJIaCcCHYecKas WHJIWBUYyaJIbHAs YaCTU-
1a 9TO OTJEJbHBI MEXaHUIECKUil 00BEKT, 00pa3yoomuii HEKOTOPYIO COBOKYITHOCTH OOBEKTOB, OMUCHIBAEMYIO
KaK KjaccuuecKas civiomuas cpeaa’. OTMeTnM, 4To B Ka4ecTBe 3JIeMEeHTa, OIIMCAHNsS MATePHAILHOIO MO, Oy-
JyT PaBHOIPABHO HCIIOJIb30BAThCA IOHATUA WHAUBHAyaIbHAsd HacTUlla U UHAWBU/LYyaJIbHAasd TOYKA, IOCKOJIBKY
[OHATHE WHJUBHUIYAJIBHON YACTHUIBI OyIeT IOoApa3yMeBaTh OECKOHEYHO MaJIblil 110 pa3Mepy JIEMEHT MaTepu-
aJIHOTO TI0JIsi, KOTOPBIi B Ipejiesie MPeBPaIaeTcsi B WHANBUIYAJIbHYIO TOUYKY. DTO TeM 0OoJiee OIpaBIaHO, TaK
KaK BBUJY IEJIBHOCTH BCErO MaTE€PUAJIBHOIO IOJIsI MUKPOYACTHUIIBI WHAUBHUIYAJIBHBIA 00bEM BOOOINE He 00Jia-
TaeT cOOCTBEHHBIMU WHEPIIMOHHBIME CBOMCTBAMH, & JUHAMUKA JBU2KEHUsI KAXKJIOTO JIEMEHTa MaTE€PUATHHOTO
II0JIS OIIPEJIEJISIIOTCS MACCO BCell MUKPOYACTHIBL B 1IeJIOM (HA 9TO, B YaCTHOCTHU, YKA3bIBAET 3AKOH KBAHTOBOM
9BOJIIOINN KaK B MM PepeHInaIbHOM, TaK U B HUHTEIPAJIHHOM BHJIE, & UMEHHO: U3MEHEHHe BOJIHOBOU (PyHKIUN
B KaKJI0#i TOUKe IPOCTPAHCTBA 3aBUCUT OT MACChl BCErO KBAHTOBOIO 0ObekTa). Crerudukoil HEBBIPOXKJIEHHO-
0 KBAHTOBOTO COCTOSTHUSI SIBJISIETCS OTCYTCTBHE 3aBUCUMOCTU YHEPTHUU OT KOOPJMHAT MPOCTpaHCTBa. TO ecTh,
MeXaHUYEeCKUEe YHEPIUH BCEX UHIUBUIYAJIbHBIX YACTUI] MATEPUAIHHOTO 110Jis PABHBL (CM. HpujiokeHue 2). 1o
00CTOATEIHCTBO MO3BOJIAET 3HAYUTEIHHO YIPOCTUTD AHAJIN3 MEXAHUIECKOTO JBU2KEHUsI MATEPUAIHHOTO IOJIS,
HCXO/i U3 KBAHTOBOH 3BOJIIONINY BOJTHOBON (DYHKITNH, KAK €r0 XapaKTePUCTUKH.

B ocHoBy Taxkoro anan3a moj0KUM UHTETPAIbHOE YPaBHEHIE KBAHTOBO 9BOJIIOIUH C SIIPOM B BUJIE MHTETPa-
JIa TIO Iy TAM®, TIOCKOJILKY OHO OIIEPHPYeT TePMHHAMI I3MEHEHHs 3HAUCHHI BOTHOBON (PYHKITUH B IIPOCTPAHCTBE
W BPEMEHH, 9TO TO3BOJIAET 0OJiee MPOCTO JIOCTUYD YKEJIaeMOro pesysbrara. [Ipu 3ToMm ciieayer uMerh B BHIY,
YTO IIpe/CTaBJICHIE KBAHTOBOI 3BOJIIOIMY B BHUJle MHTerpaJia II0 IIyTAM He BIOJIHE ABJIAeTCH IIPOCTPAHCTBEHHO-
BpemeHHBIM. JleficTBUTENBHO, 9TO He OoJiee, YeM IIPeCTAIEHIE si/Ipa NHTErPAILHOTO OIIEPATOPA IBOJIIOINN CO-
CTOsIHUY B TMJIBOEPTOBOM IPOCTPAHCTBE, BHIPAXKEHHOE Yepe3 IepeMeHHbIe KOOP/INHATHI U BpeMenu. VIMenHO
TaKOIl MMOJIXOJ peajim3yeTcs Kak B 3HaMmeHuTol mMoHorpadun P. @eiitnman, A. Xubc. «KBanToBasi MexaHuka u
WHTErpaJibl 10 TPAEKTOPUSIM» , TAK U MATEMATHIECKH OoJiee KOppeKTHOM uzJjioxkernn B Kaure 2K.3unn-2KocTeH.
«KonTtuayaspHbIil nHTErpaI B KBAHTOBON MEXAHIKE»

WNurerpanbHoe BOJHOBOE yPAaBHEHUE MMEET BT

Uy (z) = /Kt,to(x,xo)lllto(xo)dazo, (1)

— 00

fAnpo umrerpansaoro omeparopa B (1) Ky (x,x¢) ompemenser m3MeHeHHe BOTHOBON (DYHKIUE OT MOMEHTA
BPEMEHH tg J0 ¢ U 3aIMCBIBAETCA B BUJE MHTErPAJIA 110 ITyTAM

Kuto(aa0) = [ exp (3:Sla(n)) da(r)), (2)

31ech u masee, KJIACCHIECKas IEPEMEHHas BpeMeHU OymeT 0003HadaThes T, a OyKBoil t OyayT 0003HaIATHCs TUOO
duKcHpoBaHHBIE MOMEHTBI BPEMEHH, JIHOO0 TIEpEMEHHBIE, OIIPEeJIeJIsIeMble TEM WU UHBIM 00Pa30M KJIACCHIECKUM
BpeMeHeM (MHUMOE Bpewmsl...). [lycts W (x) — HeBbIpOXK IeHHAsT BOJTHOBas dyHKIUsA. TOra, ecin COXPaHsITh IPU-
BEXKEHHOCTh I'HIIOTE3€ CYIIECTBOBAHUS MATEPHUAJBHOIO HOCUTE IsI BOJHOBOW (DYHKIMU — MATEPUAJBHOIO IIOJIs,
eé 3HaUeHNEe B HAYAJIBHBIII MOMEHT BPEMEHU B HEKOTOPOU TOYKE MPOCTPAHCTBA SIBJISETCSI XAPaKTEPUCTUKOM CO-
OTBETCTCBYIOIIEH MHANBUIYAJBHON TOYKN. DTO 3HAUUT, IYTO B JIFOOOM MOCIEIYIOMNIi MOMEHT BPEMEHN 3HAYEHUE
BOJIHOBO# (DYHKIUN JTOJ2KHO U3MEHSTHCS B 3aBUCAMOCTH OT JIBUKEHUS UMEHHO 3TON WHIMBUTYyaJIbHON TOYKH, TO
€CTh OIIPEJIEIATHCS eIMHCTBEHHBIM IIYTEM. Y YUThIBas 6€3YCIOBHYIO CIIPABEJINBOCTD YPABHEHUN TPAIAIINOHHON
KBaHTOBOM 3BOJIIOIKMK, 3TOT IIyTh OJHO3HAYHO JIOJI?KEH OIPEIe/IAThCs KOHTUHYAJIbHBIM UHTEIPAJIOM, KOTOPBII,
KAK HECJIOYKHO YOeIUThCs, 03HAKOMUBIINCH ¢ puiozkennueM 17, npuauMaer hbopMy (byHKINHI KOOPIHHAT I Bpe-
MEHU HaYaJbHOTO U KOHETHOTO TIOJIOXKEHUS WHINBUIYAJbHON YACTHUIbI, TPUIEM BUJT 9TON PYHKIIUN OTHOZHATHO

4TlousiTre MaTEPHATBHOTO TMOJIST BBOAUTH B ITOM CIIydae He TPeOylOTCs, TaK KaK GECKOHEUHBIC HAIPAYKEHUS OTTATKHBAHUS,
BO3HMKAIOIIME IIPU COJIMKEHUN WHIUBHUJYaJbHBIX YACTHUIl, UCKJIIOYAIOT JIOO0YI0 BO3MOXKHOCTH (POPMHUPOBAHUS CILJIOJIIHON CpeJibl
HHAaYe KaK B BHAJE MaTE€PUAIHLHOTO II0JIS.

5Takoe npe/crasienne (MycTh, Kak Gy/leT TOKA3aHO HUYKE, U HE BIOJIHE) SKBUBATCHTHO auddepentmanbaoMy ypashenuio [TTpé-
JUHTEepa, U COBIIaIaeT C IIOCJeJHUM B YaCTU OIUCAHUS IBOJIIOINU COCTOSIHUM, CBA3AHHBIX C MEXaHUYECKUM JBUKEHUEM MaTepHaslb-
HOT'O HOCHTEJISI ¥ OIHMCHIBAEMBIX KOMIIJIEKCHBIMH IIPOCTPAHCTBEHHBIMU BOJIHOBBIMU (PYHKITUSIMH.

8Uurerparn mo myTsim Gepércst B cBOeil HaubosIee KOPPEKTHOH MATeMATHIECKOH (hopMe KOHTHHYATLHOTO HHTHETPAJIa, TTPEICTaB-
serHol B MoHorpadun 2K.3unn-2KiocreHa (CM. CIHCOK OCHOBHOI! JIUTEPATyPHI).

"3mech u masee, 9TOGHI He 3arPOMOKIATE M3/I0KEHHE OCHOBHON MBIC/H BCE BCIIOMOTOTETLHBIC MATEMATHIECKNE BBIKIAIKH U UX
dusngeckue 060CHOBaHUS Oy/1yTh BBIECEHBI B IIPUJIOYKEHUSI.


http://physics.gov.az/book_K/Feynman_Hibs.pdf
http://physics.gov.az/book_K/Feynman_Hibs.pdf
https://djvu.online/file/zDb9kqgVk1BSB
https://djvu.online/file/zDb9kqgVk1BSB

olIpeIeJisieTcs JIeficTBUeM Ha eJMHCTBEHHOM IIyTH, COOTBETCTBYIONIEM MUHUMAJIbLHOMY Aeiicruio ™ (7) (B Jasb-
HeifmeM GyIeT NCIIOIB30BATHCST HECKOJIBKO «XKAPTOHHBIH», HO 60JIee KOPOTKUi TEPMUH «MUHUMAJBHBIH YT ).
BanucaHHas TaKuM 06pa3oM aMIUIATYAa (2) mpuMeT BU

Ky (2, 20) = 6(1:(1?) — xm(t)) exp %S[aﬁm(T)],

rae 6(x(t) — x™(t)) — & dbynkums Jupaka.

Tor dakTt, 9TO KBAHTOBBI WHTErpaJ MO IyTAM Oepércs B oOIeM BUe, HA MEPBBIN B3V, 00€CKYpPaXKu-
BaeT U Kaxkercs HeBeposTHbIM. OCOGEHHO YIUBUTEIHHO, UTO OIPOMHOE YUCJIO MCCJenoBareseil, paborasmux (u
paboTAIOIINX) C STUM MAaTeMATHIECKUM O0'bEKTOM, BKJIIOUasl YIEHBIX BHECIIMX DEIIAIONIMIi BKJIa B ero hpopMu-
poBaHMe B COBPeMEHHOM Bujie, Takux Kak P.Q@eituman u 2K.3unn 2KrocreH, sroro He ciesaju. EauHcTBeHHON
[PUYHUHON, KOTOpasi MOXKEeT 9T0 OObsSCHUTH — a’priori 3aJlaHHOe MPEeJICTABIEHNEe O KBAHTOBOM JIBUYKEHUU, KaK O
«CJIyJaitHOM OJIyKJIaHUW» KBAHTOBOW YACTHIILI, AHAJOTUIHOM JIpeitdy OGPOYyHOBCKOI YacTHUIILI BO BHEIITHEM CH-
JIOBOM TIOJI€. DTO MPEJICTABICHIE YCTAHABINBAECT HEBEPHYIO, I10 CYTH, AHAJIOTHIO ME2K/Ty KBAHTOBBIM HHTEIDAJIOM
110 Ty TsIM, ITOPOXKIAEMBIM JIETEPMUHUCTUIECKOM KBAHTOBON 9BOJIIONMEN, n nHTErpajoM BuHepa, B OCHOBE KOTO-
pOro JIEXKUT CTOXACTUIECKOE ITepeMellieHre OPOYHOBCKOW YaCTHUIIBI. DTO TepEMEIEHNe OIUCHIBACTCS TOCIEI0Ba~
TeJIbHBIMU BEPOSITHOCTSIMU ODHapPY2KEHUsI B 00JIACTSIX ITPOCTPAHCTBA B COOTBETCTBUM C (POPMYJIOH DUHIITENHA-
Cwmouryxosckoro (M.Kar, «BeposgTHoCTb 1 ¢MexKHBIE BOIPOCHL B busnkes ). HecMOTps Ha aHAJIOrHYHYIO MaTeMa-
TUYECKYIO CTPYKTYPY KPATHOTO MHTErpaJia Jjis GPOYHOBCKOTO Apeiida, eCTh CYIIeCTBEHHOE OTJINYUE, a8 UMEHHO:
OPOYHOBCKOE J[BUYKEHUE 3aBEIOMO IMPEJIIoJIaraeT CyIeCTBOBAHNE BO3MOXKHBIX PA3JUIHBIX ITyTell mepeMereHmst
YACTHIIBI U3 HAYAJIBHON B KOHEUHYIO TOUKY HPOCTPAHCTBA, a MHTErpaJ ditamrreiina-CMOTyXOBCKOTO «BbIIEIs-
€T» I'PYIIIIbI 9TUX IIyTeﬁ C IIOMOHIIbIO MHTETPUPOBaHUA 110 OI'PaHUYIECHHBIM /IHalla30HaM KOOPJAUHAT JJId KazKJI0TO
W3 KPaTHBIX WHTErpajoB. Takum o6pa3zom, OPOYHOBCKMIT MHTErPAJI ONPEJEIsieT YCIOBHYI BEPOSITHOCTD IIepe-
MereHus 9acTuIlbl. [lepexos oT yCa0BHON BEPOSTHOCTHU K TIOJHOM (hOPMAIBHO JOCTUTAETCST 3aMEHON KOHETHBIX
peJiesioB Ha GECKOHEYHbBIE B KPATHOM HHTErpasie. [Ipe/iesibl MHTerpupoBaHus B KBAHTOBOM KPATHOM MHTErpaJie
Beeria 6ECKOHEIHbBIE, YTO OTPAYKAET HEBO3MOYKHOCTH (DHKCAIIUN TPOMEXKYTOIHBIX KOODJMHAT KBAHTOBOI 9aCTH-
IbI, TOCKOJIbKY IIOCJIEJTHSIST TIPEIIOJIAraeT MpoIece PEIYKINN U MOJTHYIO0 TPAHCHOPMAIIIO BOJHOBON (DYyHKITHH.
NMenHO MHTErpupoBaHre B OECKOHEUYHBIX IIpejesiaXx U IIPEBPAIaeT MHTErpaJsl Mo IMyTsSM B IEIMOYKY I'ayCCOBBIX
WHTErpaJjoB, YTO MO3BOJISIET €ro B3sATh B 00meM Buje. VIHTerpupoBaHue 10 BCEM IIyTsIM JIMINAET, KAKOro-JIn00
buU3NIECKOro CMbLIA caMoO MOHATHE MHOXKeCTBa IyTei. C MareMaTHIecKoil ke TOYKU 3PEHUs IeJIecO00pa3HO
BOBCE OTKA3aThCsl OT ITOTO MOHSTHUSI ¥ MPEJCTABUTH KBAHTOBYIO aMILIUTY/Y Mepexojia B BHje (DYHKIUMH KOOP-
JIMHAT TIPOCTPAHCTBA U BPEMEHH, KOTOPasi TOXK/IECTBEHHO PABHA 3HAYEHUSIM HEIMOYKH KPATHBIX WHTEIPAJIOB JIJIsT
Pa3/IMUHBIX MOMeHTOB BpeMenu®. Torma mpeesbHBI Iepexo] K GeCKOHEUHO MAJIOMy BPEMEHHOMY HHTEPBAJIY
[MO3BOJIUT OIIPEJIEJIUTh €INHCTBEHHBIN IyTh, KOTOPBII MOXKHO PACCMATPUBATH KAK PEajIbHBIN IyTh WHIABULY-
AJIBHOI YACTHUIHI MATEPUAIBHOTO 1MoJist. COOTBETCTBYIOIIAS POIEyPa TPUBOJAUTCH B TPUIOKEHUH 1.

B pesyabrare 3T0ii Mporeyphl peaan3yeTcs Mepexolt K OMMMCAHUIO JBUYKEHUs] MATEPUAILHOTO TIOJIST METOJIOM
Jlarpamxka, a IMEHHO, BMECTO WHTEI'PAJILHOIO BOJTHOBOTO YPABHEHUSI, OIIPEJIEIISIIONIEr0 BPEMEHHY 0 3aBUCHMOCTh
BOJIHOBOM (DYHKIIUU KaK IEJIbHOI'O MaTeMaTUIeCKOIo 0O0beKTa, BO3HUKAET IpocTast (POpMyJia Jjisl 3aBUCUMOCTH
OT BPEMEHHU BOJIHOBOH (DYHKINM, KAK XaPAKTEPUCTUKU WHIUBUILYAJILHON 9acTUIBI (CM. COOTBETCTBYIOIIEE TIPH-
MeuaHue B IpUoKeHun 1)
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rae S[z™(7)] — o6bIuHOE MEXaHUIECKOe JeficTBre Ha Iy Th £ (T ), KOTOPBL OIPeeIsieTCsl IPUHITUIOM HANMEHb-
1ero JieicTBusd

0S[z(1)] =0,

DTOT 1epexo K JTArPAHKEBY OIUCAHUIO, OJHAKO, PEAN30BAH B PAMKAX JIBYX CYIIECTBEHHBIX IIPE/IITOI0KEHMUIA

—B KadeCcTBEe HOCUTEJS BOJHOBOI (DYHKIIMM pacCcMaTpUBAJIOCh MaTepuajIbHOE II0JIE;

— OCHOBOI1 BBIBOJIA SIBJISIETCS OIIEPATOP SBOJIIOIINHN, IIOCTPOEHHBIN Ha (popMain3Me KOHTUHYAJIb-
HOTI'0O MHTErpaJia 1o Iy TsaM, 9T0, KaK Oy/eT MOKa3aHOo HMXKe, HAKJIabIBA€T HEKOTOPbIE OrPAHUYECHUS
Ha (pU3HIecKHe yCJIOBHsA, B KOTOPBIX 3TOT (pOpMaau3M yMecTeH.”.

«Ybepém» cHadasa mepBoe u3 orpaHmdeHuii. /[js 3Toro paccMOTpUM YCJIOBHUE, IPU KOTOPOM MaTe€PUATBHOE
TI0JIe COXPaHSETCs C TeIeHNeM BPEMEHH, TO €CTh B HEM He BO3HUKAET PAa3PBIBOB U B IPOCTPAHCTBE OTCYTCTBYIOT
TOYKHU, B KOTOPBIX OJTHOBPEMEHHO HAXOJUTCS OOJIee OJIHOM MHINBUIYAJILHON YacTUNBI. B oTindne oT Kiraccude-
CKUX CILJIONIHBIX CPEJI, TJIe 9Ta MpobjieMa perraeTcs: OJiarojapss HaAJIUYIUIO HANPSKEHU, B HAIIEM CJIydae, KOraa

83Ta BO3MOKHOCTL OGECTIEINBACTCA TEOPEMOi O CPEIHEM.

9BornpeKu pacipocTpaHEHHOMY MHEHHIO (DeHHMAHOBCKOE HHTETPAIbHOE BOJIHOBOE yDABHEHNE B YACTH OIMMCAHHUS YHHTAPHOM SBO-
JIIOIMY KBAHTOBBIX 00BEKTOB 6€3 JIOIOJTHATEIBHBIX [TPE/IIOJIOXKEHNN He BIIOJTHE SBUBAJICHTHO ypasHenuio [IIpéunrepa (B wacTHOCTH,
OHO HEIIOCPEJCTBEHHO HEIPUMEHUMO K OIMCAHMIO TYHHEJILHOro sddexra)
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HAIPSIXKEHUST OTCYTCTBYIOT, TPeOOBAHUE COXPAHEHUsI MATEPUAIHLHOIO TOJIS HAJATAET OMPAHIMIEHUs HA CBOWCTBA
€ro MH/IMBHIyaJbHBIX JacTull. Kak moka3aHo B IPUIOKEHNN 2 KOHCEPBATUBHBIE MATEpUAJIbHBIE TI0JIsT 00Pa3yIOT-
Csl UHJIUBYIYAJIbHBIMU YaCTUIIAME, MMEIOIIUME OJIMHAKOBYIO SHEPTU0. DTOT (PaKT, OJHAKO, HUKAK OrDAHIINBAET
BO3MOXKHOCTB HCIOJIB30BAHUS MaTEPUAIHHBIX [TOJIEH IIPU OIUCAHUN SIBJIEHUN KBAHTOBOUW MEXAHUKU, TIOCKOJIBKY
COTJIACHO TIOCTYJIATAM IIOCJIEIHEl JTI060e COCTOSTHIE MOYKET OBITH IIPEJCTABIICHO B BUJIE CYIIEPIIO3UIIH CTAIIMOHAD-
HBIX cocTogumit. ITocieee 06CTOATEILCTBO ONpeIeIgeTcs HabII0IAeMOCTLI0 KBaHToBbIX cocroanmii'’. Crporo
TOBOPsI, HAOJIIOJIAEMOCTh KBAHTOBBIX COCTOSTHUIA MIPEJIIIOJIaraeT B KAIeCTBE HOCUTEJIEH BOJTHOBBIX (DYHKIIUN HEBBI-
POXKJIEHHBIX CTAIIMOHAPHBIX COCTOSIHUI MaTepuaJjbHbIE 0JIs, CYIIEPIIO3UIMSA KOTOPBIX U (POPMUPYET CILIOIIHYIO
Cpeiy KBAHTOBBIX OOBEKTOB. DTO OOCTOSTEIBLCTBO YIETOM JIMHAMUYECKOIO 3aKOHA IBOJIIOIUNA B JIAIDAHXKEBOM
[IPE/ICTABJICHUH MTO3BOJISET [IPUIATH BOJHOBON (DYHKIIUN TOYHBIN (PUSNIECKUN CMBICIT.

BopHoBckast nuuaTepriperamnus KBaapaTa MOIY/IS BOJTHOBON (DYHKIINN BO-TIEPBBIX HE ITO3BOJIET MHTEPIPETHU-
poBaTh Gaz0BbI MHOYKHUTEIb U, BO BTOPHIX, OTHOCUTCS K OIMHMCAHMIO B TePMUHAX 3ilIepoBckoro dhopMasmsmall.
Ho raBHoe 310 mombITKa mpugaTh GyHIAMEHTAIBLHONU (DU3UIECKO XapaKTEPUCTHKE BEPOSITHOCTHBIN CMBICI,
9TO MIPOTUBOPEYUT BCEil OCTABHOI (DU3MIECKOl KapTuHe MUpa. 1eM He MeHee, TOT (PaKT, 9TO KBAJIPaT MOJLYJIsl
BOJIHOBOI (DYHKITUU IIPOSIBJISIETCS] B M3MEPUTEILHOM IIPOIECCe, KaK IJIOTHOCTh BEpOSTHOCTH, Heocropum. 1lpu
9TOM, JIEMEHT CJIyIANHOCTH BHOCUTCS M3MEPUTEIHHBIM IIPOIECCOM, B KOTOPOM yYaCTBYET MAKPOCKOIMIECKU
mpubOP C OTPOMHBIM THCJIOM HEKOHTPOJMPYEMBIX cTemeHeil ¢cBoOoabI. Moyib BOIHOBON (ByHKIIUN POPMUPYET
Mepy B IIPOCTPAHCTBE COOBITHUIl, KOTOpasi M MPOSIBJISETCS B BHUJIE BEPOSITHOCTH TP B3AUMOJEHCTBUE C TIPHOO-
poM (OCHOBA TAKOIO IMOAXOAa K BepositHocTH u3ioxkeHa B kuure A.H.Kommvoroposa «Teopusi BeposiTHOCTEl 1
MATEMATUIECKasl CTATUCTUKA.». ). TO 00CTOATEIHCTBO, YTO BEPOSITHOCTD OUPEIEIACTCS KBAIPATOM, & HE IIPOCTO
MOJIyJIeEM BOJTHOBOH (DyHKITMHU 00YCIOBJIEH UCKJIIOUUTETHHO HEYTATHBIM BHIOOPOM €UHUITBI M3MEPEHUsT BOJTHOBOM
dbyuxUn ([1 NV ] , Te V— 00'bEM IPOCTPAHCTBA) U He JIUIIAET BO3MOXKHOCTH PACCMATPUBATH MOJLYJIb BOJTHOBOM
dbyHKIMM, KAK IPOCTPAHCTBEHHYIO IJIOTHOCTH MEPBI (TO €CTh B eJIUHUIAX [1 / V} ), 33IAIOMIYI0 PACIIPEJIeJIeHIe
MATEPHUU B IPOCTPAHCTBE (Pasindne B 9TOM CIydae COCTOMT TOJBKO B HOpMHpPOBKe). [TomoGHas mmest BBICKa-
3biBajiach emé [IIpéauHrepomM, OJHAKO, He HOJIyYUJIa PAa3BUTHS BBUJLY YK€ YIOMSIHYTOI'O BBIIIE PACILIBIBAHUS
BOJIHOBOI'O ITAKETa [P TOM, 9TO YACTHIIA PErUCTPUPYETCs KaK JIOKAJbHBIN 00beKT. B HacTosiee BpeMsi, Koria
MTHOBEHHBIN XapaKTep PEeIyKIUU BOJHOBON (DYHKIINU JOKA3aH IKCIIEPUMEHTAJIHHO, HET HUKAKUX OCHOBAHUI
JJIsT OTKa3a OT Takoil mHTeprperanuu. Bosiee Toro, arobdsr He Brnacth B nporuBopedrne ¢ CTO, nmenHo Ttakas
WHTEpIpeTaIys U HeoOXOMMa, TTOCKOJIBKY TO3BOJISIET OTHECTHU TIPOIECC PEIYKINU K BHYTPEHHUM IIPOIECCaM B
KBaHTOBBIX YaCTHIIaX (CIIHOIIIHI)IX Cpe}laX). Tenepb, “ITO6I>I CBA3aThb IIPOCTPAHCTBEHHYIO IIJIOTHOCTH MEPHBI C Ma-
TepHuabHBIM HOCUTEJIEM PACCMOTPHUM B KAYeCTBE TAKOBOI'O MaTepUAJIbLHOE IToJie. B MpuIoKeHnn 2 moKa3aHo, 9To
JIJISL TOTO, YTOOBI CILIONIHAS Ccpea 00J1a1alIa CBOMCTBAMY MATEPUAJIBHOIO TI0JIsi, COXPAHSIIOIUMUCS BO BPEMEHU,
HEe00X0IMMO, ITOODBI €€ NHINBUIYAJIbHBIE TACTUIIBI HMEJIN OJIMHAKOBYIO MEXaHUIECKYIO 9Hepruio. B aroMm ciydae
B KaXKJI0# TOYKE MPOCTPAHCTBA B JIIODOOM MOMEHT BpEMEHH Oy/eT HaXOJUTHCS €IMHCTBEHHAS WHJIMBHLYATbHAS
JacTul@a cpepl. Torga mpocTpanCcTBEHHAsT MePa MOYKET ObITh OTHECEHA K MHOYKECTBY MH/IMBU/YAJbHBIX TaCTHUII,
HEIPEPBIBHO 3aHUMAOIIUX 33/ [aHHBII 00'bEM IIPOCTPAHCTBA, TO €CTh K UHMBULyaIbHOMY 00bEéMy. IHaUe roBOps,
MBI MOYKEM 3aMEHUTh TPAIUIMOHHOE WHTEIPUPOBAHUE 110 IPOCTPAHCTBEHHON KOODAWHATE HA WHTEIPUPOBAHUE
[0 MHJUBHYaJbHBIM TOYKAM CILIOMIHON Cpelbl (MaTepuasbHbIM KOODIMHATAM) M, TEM CAMBIM COHOCTABUTH
[IPOCTPAHCTBEHHOM Mepe Mepy MHOYKECTBa WHIUBUIYAJBHBIX YACTHUIl, 3aHUMAIONNX COOTBETCTBYIOMNN 00bEM
npocrpancTBa. Takum 06pa3oM MOJIYJIb BOJIHOBON (DYHKIIMU KaK aTpuOyT WHIUBUIYAJHHON YaCTHIBI HHTEP-
[PETUPYECTsI, KaK IJIOTHOCTH MepPhI 3Toi dacTuilbl. CaMa ke BOJIHOBasl (DyHKIUsI, KaK (pU3MIecKasi BeJIMINHA,
rpejicraBisier coboil Mpou3BeieHre JI0OTHOCTA MEPhI Ha KOMILIEKCHBIT MHOXKUTE/Ib — OTHOCUTEJIbHYIO BEJIMIN-
HY, OIPEIEJISIONIYI0 PE3yJIbTAT CJAOYKEHUS TIJIOTHOCTEH PA3IUIHBIX WHINBUIYAJIBHBIX YACTUIL, HAXOISIINXCH B
OJIHOIT TOUKe MPOCTPAHCTBa 2. B nasibHeiien 3Ty XapaKTepUCTHKY HH MBIy IbHON YaCTUIILI GyIeM HAa3LIBATD
KOMILIEKCHO} IJIOTHOCTBIO, COXPaHsAs HPUBBIYHOE obo3Hadenme W13,

10 Tupamuaeckue ycoBusi HabJIIOAAeMOCTH OyIyT PaCCMaTPUBATHCS BO BTOPOI YaCTH, COJEPIKAIIE OIMCAHNE OTKPBITHIX KBaH-
TOBBIX CHCTEM, B TOM YHCJIE U MPOIECC U3MePeHUsl, CIeruMUIeCKuil 1jisi KBAHTOBBIX OObEKTOB

U Ipencrasienne Diigepa comocrapisier BOJIHOBYIO (DYHKIMIO, KaK (DU3MUECKYIO BEJIMYUMHY, TOYKaAM HPOCTPAHCTBa (I/e HaxXo-
JIATCS MATEPUAJIbHBIE HOCUTEIN BCeX (PU3UIECKUX CBOWCTB MAaTEPUAJIBHOTO TMOJIS - HHAMBU/LYyaJbHbIE TOUYKH) KOTOPBIE CaMu O cebe
dbusnueckumMu CBOCTBaMU He 0O0JIAJIAl0OT U, TEM CAMBIM, BBOJAUTCS JOIOJIHUTEJbHBIA «IIOCPEIHUKY, CYIIECTBEHHO YCJIOXKHSIOIIUI
CBsI3b MEXKJy (DU3MYECKOU BEJIUYNHON U COOTBETCTBYIOIIUM CBOMCTBOM €€ MaTePUAIBLHOIO HOCUTEJIS.

12Hammame MHOYKUTEIS, ONPEIEISIONIEr0 MPABIIIO CyIEPIIO3UINE MATEPHAIbHBIX MIOJI€H, IPHUHIMNINAILHO OTIMYAET CIIJIOMIHYIO
Cpe/ly KBAHTOBOM YaCTHUIBI OT KJIACCUYIECKOMH, YTO CBA3AHO C BO3MOXKHOCTBIO HAXOXKJIEHHS B OJHON M TOU K€ TOYKE IIPOCTPAHCTBA
JByX U 00Jiee MHIUBUIYAJIBHBIX TOYEK.

13PasMepHOCTD 9TOI BEJIMYMHBI B JAHHOM HCCJIEJOBAHIN GyIeT [1 / V].
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