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AHHOTAIUS

Jlokanu3zoBaHHBIN aHCaMOJIb CBOOOAHBIX MUKPOYACTHI paclpocTpansieTcs Kak npu auddysun 6e3 TpeHus,
YIOBJIETBOPSIONIEH NPHHINIY OTHOCHTENBHOCTH. AHCAaMOJb KIACCHYECKHX YacTHIl B (IyKTyHpyromeMm

KIIACCHYECKOM CKaIApHOM Tojde AudyHAUPYET aHAIOTHYHO,

U J3Ta aHaJorusd MCIOJIB3YETCA UIAd

¢dopmyupoBku nuddysronHoit kBanTtoBoU MexaHuku (JIKM). JIKM BOCHPOU3BOANT KBAaHTOBYIO MEXaHHKY
IUISL OXHOPOJHOTO M TPaBHUTALMIO IJISI HEOAHOPOIHOTO cKamsgpHoro mons. ITotox muddysum u mmotHOCTH
BEPOSATHOCTH CBsI3aHBI 3akoHOM Drka, koddduiment nuddy3nu NOCTOSHEH U MHBapHaHTeH. [ aMIIbTOHHAH
BKIIIOUAeT B ce0s «TEIIOBYIO» JHEPTHI0, KWHETHYECKHe dSHepruu aperda u auddy3snoHHOTO mOTOKA.
[ToTHOCTE BEpPOSTHOCTH M (GYHKIMS JeHCTBHS Apelida oOpa3yloT KaHOHHYECKYIO Mapy M KaHOHHYECKHE
YpaBHEHUS Ui HUX TNPHBOAAT K ypaBHeHHsAM [amunbpToHa-SkoOM-MazmenyHra um HempepwsIBHOCTH. [Ipm
KaHOHHYECKOM IIpeoOpa3oBaHMH B KOMIUICKCHYIO aMIUIUTYLy BEpPOSTHOCTH OHHM O0pa3yloT JHMHEWHOoe
ypaBHenue lllpenunrepa. [IKM 0ObsICHSIET MOSBICHUE KBAHTOBOW CTaTHCTHKH, YHEPTUH MOKOS («TEIUIOBAs»
9HEpTus) U rpaBUTalin («TepMoaudy3us») U BeAET K MEXaHU3MY MaJlOi MaccChl Ul COCTaBHBIX YaCTHIIL.

1. BBEJEHHUE

KBaHTOBas MexXaHMKAa OCHOBaHA Ha MaTEeMaTHYECKHX
aKCHOMaX, a He Ha (PU3NUECKUX IPUHIUINAX, BEITEKAIONINX U3
9KCTIEPUMEHTOB, U IO3TOMY JI0 CHX HOP IPECTaBIIAIA COO0H
TOJIBKO YCICLIHYK) MaTeMaTU4eCKyH0 MoJelb. BeiBox eé
dopmamm3Ma W3 (QU3MUYSCKUX IPHHIUIOB OBLT OXHOU W3
[JIABHBIX TPOOJIEM KBAHTOBOW (DU3MKH, IOCKOJIBKY 3TO
3aBepIIMI0 OBl JONTYI0 WCTOPHIO CTAHOBJICHWS! KBaHTOBOW
MEXaHUKH Kak (yHIaMEeHTalIbHOM (U3NYecKoil TeopHH.
KiroueBblM 1maroMm K 3TOMy sBisieTcst  OOHapy)KeHHe
¢u3nyeckoro  MexaHu3Ma, BEIyIIEro K  KBaHTOBO-
MEXaHW4YeCKOMY (hOpMaln3My.

dakTHueCKH, MEPBBIM LIarOM B 3TOM HalpaBjeHUH Oblia
ruApoaHaMudeckas Qopma ypaBHeHus lllpenunrepa,
HaiinenHas MagenynroM [1], a BTOPBIM [IaroM - OTKPBITHE
Operdecrom [2], lpenurrepom [3] u Oroprom [4] aHamorun
C HEKOTOPBIM JU(HY3UOHHBIM MPOIECCOM.

OHH 1OKa3ajy, 4T0 CBOOOIHBIE MUKPOYACTHIIEI HE TOJIBKO
GIyKTyHpYIOT, HO ¥ IUIOTHOCTh BEPOSITHOCTH B HX
JIOKJIN30BAaHHOM BHayaje aHcaMOje pacnpoCTpaHseTcs B
MIPOCTPAHCTBE KaK HEKOTOPHIH U(Gy3NOHHBIN MpoIecc.
Takas muddysus nomwkHa ObITH 0€3 TpeHHs, TO €cTh
KOHCEpBAaTMBHOM,  Kak  3TOr0  TPEOYIOT  MPHUHIMII
OTHOCHTEJILHOCTH (T.€. JOJDKHA MTPOUCXOIUTH aHAJIIOTHYHO B
mo00f MHEepPIMAIbHONH CHUCTeMe OTCYETa), M CHUMMETPHUS
OTHOCHTENIFHO  OOpamieHust BpeMeHH. JIeHCTBHTENBHO,
TPYNIIOBast CKOPOCTH BOJIHOBOTO IIAKETa, OMHCHIBAIOIIETO
3TOT MPOIECC B KBAHTOBOI MEXaHUKE, OCTAETCS IIOCTOSHHOM.

OpmHOM W3 TEepBBIX MOIMBITOK HANTH KOHCEPBAaTHBHYIO
1 dys3Hro B KITaCCHYECKUX CHCTeMax Oblla cToXacTHYecKast
TpakToBKa [5,6,7], o0cHOBaHHAs HA COYETAHHUHU JIBYX CEMEHCTB
OpoyHOBCKUX ABMKeHHHA. OZJHAKO 0Ka3aJ0Ch, YTO KBAHTOBAs
MEXaHWKa HE CBOAWTCS K TaKHUM MPOCTBIM MapKOBCKHM
npoueccaMm [8-9]. Tem He MeHee 3Ta NONBITKA NpHBENA K

¢bopmanu3my KoHcepBaTUBHOW auddysun [7], KOTOpBIX
c1a0o 3aBUCHT OT MeXaHM3Ma (QIyKTyaruii.

Ananoruss ¢ guddysmeii. B €€  HHTErpalibHOM
MIPECTaBICHUN TAK)Ke JICKUT B OCHOBE MHTETpalia Mo MyTsIM
Oeitamana [10], koMIJIEeKCHOW BepcuW HMHTerpana BuHepa
Ut 0OBIIHOM MU Py3un. Ho 1 3TOT MaTeMaTHdecKuii METO
He uMe GU3UUECKOTro OObSICHEHNSI.

Bce »TH MOMBITKM OCHOBHIBANIMCH Ha O0OImIeH waee o
GIyKTYyHpyIOIIeM KJIacCHYeCKOM (OHOBOM TOje, IIpU
B3aMMOJICHCTBHA C KOTOPHIM KJIACCHYECKUE YaCTHUIIBI
nproOpeTaroT KBaHTOBBIE cBoiicTBa. Kimaccuueckuii xapakTtep
4acTUI] U (POHOBOTO TOJISI PATUKAIBEHO YIPOCTUJ CHTYAIHUIO,
NOCKOJIBKY MCKIIOYMJ TOT DJJEMEHT HUppalHoHaIN3Ma
CTaHIAPTHON MHTEPIIPETAINH, KOT/Ia «KBAHTOBBIC)» YACTHIIBI
SIKOOBI 00J1a]1a]TH CIIOCOOHOCTBIO (DITYKTYHPOBATh B IIyCTOM U
OIHOPOJHOM E€BKIHIOBOM IIPOCTPAHCTBE 0O€3 BHENIHEH
NPUYHHBI, CIIOHTAHHO MEHSS CBOIO JHEPTUI0 U HMITYJIBC.
HauBHBIC TONBITKM TPUNHCATh TOSBICHHE BEPOSTHOCTH
HEKOMY HaOJIOJaTeNl0 JIOBEIH A3TOT HPPALUOHAIM3M [0
abcypaa, MOCKOJBKY 3TOMY HAOIOIATENI0 MPUIUCHIBAIACH
BBICIINE CIIOCOOHOCTH, HAIpUMeEp, CO3/1aBaTh aTOMHbIC
YPOBHH U BCEX aTOMOB BO BCEH BCEIICHHOH U, OoJiee TOro,
BO Bce BpeMeHa. DIyKTyaluy KJIACCHYECKOrO MOJs Kak
MIPOTSHKEHHOTO 00beKTa 60JIee eCTECTBEHHBI U IIPHEMIIEMEI C
(bu3nyecKoil TOYKM 3pEeHHUs, IIOCKOJIIbKY CIIOHTAHHOE
YBEIIMYCHUE JHEPTUH TIOJIS B OJHOM MECTE MOXET OBITh
KOMIICHCHPOBAHO TAKUM K¢ YMEHBIIICHHUEM B IPYTUX MECTax.

B mo0oli U3 TPakTOBOK, KOTOpas BBIBOIUT KBAaHTOBYIO
MEXaHUKy U3 HEKOTOPHIX Oojee o0mux (QHU3HYECKUX
MPHUHIUIIOB, KBAHTOBAas MEXAaHWKA HE JOJ/DKHA H3MCHSTHCS
MIPH ONMCAaHUM M3BECTHBIX IKCIIEPUMEHTOB, KaK cuuTai bop,
HO JOJKHa OBITh JIONOJHEHA KAKUM-TO (U3NISCKUM
MEXaHM3MOM, U3 KOTOpOro ciexyer e€ ¢opMann3Mm, Kak
npeanonaran DiHmTeldH [11]. ®nykryanun MEKPOYACTHIT U
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mudPy3noHHOE TOBENEHHE WX aHCaMOIs, aHAJIOTHYHBIC B
000 MHEPUIHMAILHONW CUCTeMe OTCUETa, YKa3hIBAIOT HA TO,
YTO 3TOT MEXaHHU3M MOJKET OBITh CBS3aH C QIIYKTYHPYIOIIUM
KJIACCMYECKHM I10JIeM KaK MCTOYHUKOM (IIYKTyallid YacTHIl,
1 9TO 3TO TOJIE JOJDKHO OBITh CKAISIPHBIM HOJIEM, YTOOBI OBITH
WHBapHAaHTHBIM. Tak Kak CKaJIIpHOE IOJIE PEIIMIoO psij
(yHOAMEHTANBHBIX TpoOieM (U3WKM YacTHI, TO TaKoi
MEXaHHU3M B KBAHTOBOH MEXaHHKE TaKKe BIIOJIHE YMECTEH.

Takasg TpakTOBKa KBAaHTOBBIX SIBJIGHUH Ha OCHOBE
B3aUMO/ICHCTBUS KIACCHYECKHUX YacTHUI] C (PIyKTYUPYIOLIUM
KJTACCHYECKAM CKaJSIPHBIM TOJIeM Oblia mpemioxkena B [12]
KaK oughgysuonnas keanmosas mexanuxa (JJKM).

B nmanHO#l cratke, mocne kpatkoro omucanus KM u
1 dy3HOHHOTO  OOBSCHEHUS ~ OCHOBHBIX  KBaHTOBBIX
SIBIICHUI, MBI Oo0Jiee MOIPOOHO MPOaHATUIUPYEM €TI0 HOBBIC
cnenctus. Jnddy3uonHas rpaBuUTalMs, HEMOCPEIACTBEHHO
BeITekaromas n3 JJIKM kax TepmomudGpy3us B HEOTHOPOTHOM
CKaJSIPHOM T0J1e, OymeT paccmoTpena B [13].

B pasmemax 2 w 3 paccmarpuBaioTcs (UIUIECKUE
npunnunel JIKM, BeiBoa popMainizmMa KBaHTOBOI MeXaHUKU
U KBAaHTOBOH CTaTUCTHKH. B pazmene 4 oOcyxmarorcs
HEKOTOpbIe HOBBIE ciencTBus JJKM.

2. KBAHTOBO-MEXAHHWYECKAS 5BOJIOIMSA KAK
KOHCEPBATUBHAS JUODY3UA

2.1. ®uznyeckue npuHnunsl JKM

l'eomerpuueckuid  mocrynar, JexaliMidi B  OCHOBE
KJIACCHUYECKOM M KBAHTOBOM MEXaHHMKH, UYTO (hHU3HYIECKOe
MPOCTPAHCTBO HEMPEPHIBHO, OJHOPOAHO H HW3OTPOITHO,
octaércs B cwie u B JIKM. IlpuHIMI OTHOCUTENHHOCTH,
TakXKe Kak B KIIACCHUCCKOW M KBAHTOBOI MEXaHUKeE, OCTaETCs
nepsvim Qusuueckum npunyunom JKM.

Ecmu noBenenne ancaMOIsi KBaHTOBBIX YacTHUI] MOJOOHO
Ha crenupuieckyro MuGPy3u0 KIACCHUECKUX YACTHUIl, TO
HEOOXO/IMMO BBISICHUTB, B YEM COCTOUT 3Ta crieln(rKa U Kak
MOXXHO OmNHCaTh ATOT TN 1uddy3un. Jlanee, kKak U B
HEPEeIATUBUCTCKON KBAaHTOBOM MEXaHUKE, OrpaHWIMBAEMCS
HEPEIATUBUCTCKIM TPUOIIDKEHHEM, YTOOBI OTAETHTh YUCTO
KBAaHTOBBIE 3()(EKTHI OT PEINSATUBUCTCKUX YCIOKHEHHUH.

B ciydae oObr4HOM (AuccunaTUBHON) 1M QY3 4aCTUIIBI
B cpeJie, ra3e WU KUAKOCTH, TPEHHE UTPAET CYIIECTBEHHYIO
poJb, M CHCTEMa IOKOsI 3TOW cpenbl (Wim e€ 4yacT, Tie
qacTHIBI TUGOYHAUPYIOT) SABJSIETCS BBIICIEHHOW CHCTEMOMN
orcuéra JuIg 3Toro ancamOsa. TpeHue MOCTENeHHO CHIKAeT
HadaJbHYI0 HEHYJEBYIO CKOPOCTh npeiida, W aHcaMOIb
CTaHOBUTCA MOKOSIIMMCS OTHOCUTENBHO cpefbl. B oTinune
OT JAWCCUNMATUBHONW 1u(Qy3uH KBAHTOBBIE  SBJICHHUS
MIPOMCXOJAIT OJMHAKOBO BO BCEX WMHEPHUAIBHBIX CHCTEMax
oTcyéTa B CTPOrOM COOTBETCTBHHM C  TNPHHIUIIOM
OTHOCHTEJNFHOCTH. TakuM o0pa3oMm, mepBas OCOOEHHOCTH
HOBOrO BHAa Auddy3nuu cocToMT B TOM, YTO OHA IOJDKHA
ObiTh 0e3 TpeHWs, KOHCepBaTWBHON muddysueid, uTo
O3Ha4yaeT TIOCTOSIHCTBO CKOpPOCTH Jpeiida B aHcambie
CBOOOIHBIX YACTHII.

[TpyHOMI OTHOCUTEIBHOCTH U OZHOPOJHOCTH IPOCTpPaH-
CTBa M BPEMEHH NPHUBOJIST K TOCTOSTHCTBY ¥ HHBAPUAHTHOCTH
koo duimenta mupoysuun D , koroperi omnpenernsercs
3akoHOM Duka, TOrga Kak COOTBETCTBHE C KIACCHYECKOM
MeXaHHKe TpeOyeT ero MpPONOPLHOHAIBHOCTH MOCTOSHHOW
ITnaaka D =#b . Ecan monoxuTh KOHCTaHTY HPOMOPIIHO-
HAaIbHOCTH paBHOH b=1/2m, , rme m, - HekoTopasd

«KBaHTOBO-IH((y3NOHHAST Maccay YacTHUIIBI, TO 3TO MaéT
D:h/2mq. DKCHEepUMEHTHI MOKa3bIBAIOT, YTO OHA paBHA

uHepTHO# macce: m, =m, [14] u 0603Ha4uMM €€ Kak m .

B xmaccmueckoit (QuBHKE €CTh TPUMEpP  CPEIBI,
(QuyKTyauu  KOTOpPOW HWHBAapHaHTHBI M MPOHCXOMST
OJITHAKOBO BO BCEX MHEPILHUATIBHBIX CHCTEMaxX 0TCUETa. ITO -
¢GykTyupymlomee KIacCHYecKoe CKalsipHOe Ioje, Ife
SBOJIOLMS BO BPEMEHH JIOKAIM30BAHHOTO  aHCaMOuIs
B3aMOJICHCTBYIOIINX C HUM KJIACCHYECKUX YaCTHII SIBJISETCS
TIPUMEPOM KOHCepBaTUBHOM nuddysun. B aTom cinydae, ecnn
HayajbHasi IUIOTHOCTh  BEPOSTHOCTH JUIsi  aHCamOus
CBOGOMHBIX YacTHI B MHEpUHanbHON cucteme orcuéra K
Mela rayccoBy (GopMy U HYJIEBYIO CKOPOCTh Apeiida V=0,
TO B JpPYroil wuHepuuambHOM cucteme orcuéra K' |
neuwkymeiics ornocutensio K co ckopocteio V , 1eHTp
pacripeaeneHus OyAeT NBUraThCsl C TIOCTOSHHON CKOPOCTHIO
npeiida V'=—V . U Haobopor, ancambis B K' ¢ Takum ke
pactpenenenvem u V'=0, muddynmupyer kak B K , HO
nBuKercst otHocutenbHO K co ckopocThio apeiidha V=V .

Takum o6pa3oM, YTOOBI TOCTPOUTH UGG Y3UOHHYIO
TEOPHUIO KBAHTOBBIX SIBJICHNH, HAM HEOOXOANMO pacCMOTPETh
ONMCaHNe IBIKCHUS aHCaMOJisl KIIaCCMYECKUX YaCTHIl B
KJIaCCHYECKOM CKaJISIpHOM 110J1e. CIie10BaTeIbHO, OCTYJIAT O
CYIIECTBOBaHUH (daykTyupytorero KJIACCHYECKOTO
CKaJISIPHOTO TI0JISl, KOCBEHHO ITOJITBEPKAEHHBIA Ha OIbITE
(axTOM KBaHTOBBIX (IyKTyanuidi cBOOOJHBIX MUKPOYACTHII,
SBIsIETCS 8mopuvim Qusuveckum npunyunom JIKM. Torna,
Kak Oy/eT MoKa3aHO HWXKe, TUAPOJAMHAMHUYECKas KapTHHa,
rae coorBeTcTBytomas IudQysust omMceBaeTCs TOJIBKO
IUVIOTHOCTSIMH M TIOTOKamHM, 0e3 yka3zaHHsi €€ MCTOYHHMKA U
MIPUPOJIBI, TIO3BOJIAET BBIBECTH (OPManInU3M KBaHTOBOM
MEXaHUKU U OOBSCHUTh KBAaHTOBOE NoBeneHue MudyHIu-
PYIOIINX KITACCHYECKUX YaCTHIIL.

2.2. Kunemaruka u quHamuka JIKM

Knaccnueckne  9acTHIbBI,  B3aMMOJACHCTBYIOIIME  C
(GIYKTYHPYIOIIMM —~ KJIACCHYECKHM  CKAIPHBIM  TIOJIEM,
IOBIDKYTCS XAOTHYECKH, W COCTOSHHS OJHOYACTHYHOIO
aHcaMOJsi OMKUCHIBAETCS TUIOTHOCTBIO BepositHocTH P(X, 1)

HOPMMPOBAHHOM HA €IUHUILY:
[ p(xHyd*x=1. 1)

Eciu mnotHocts p(X,t) pacnpeneneHa HEOXHOPOIHO M
€€ rpaJIuenT OTJIMYEH OT HYJIS, TO BO3HHUKAET TP y3HOHHBIN
NOTOK Jjp, =Up , tme U(X,t) - 9TO nOKambHas CKOPOCTH



Lug@y3zuonnas mpakmoska K6anmogou MexaHuku u eé ciedcmeus

mudoysun. Kak u B moboit auddysun j, ~—Vp u norok

MOJYMHSCTCS 3aKoHY Auddy3un (3akoH Puka):
. [/
Jo=up=-DVp=——Vp. )
2m
OT0 HaéT BEIpaXKEHHE I U ¥ OTpeneisieT e€ CBOMCTRA!
(1 :jupdgx =0, qupd3x #0. (3)

DTH CBOMCTBA U JAIOT COOTHOILIEHUE HEONPENeIEHHOCTH
U1 uMIyJsca quddy3unoHHOro notoka P, =mu (X =0):

P 2[p, 5 = (mDy|[vpxa =1 (@)
4

OTH COOTHOIIEHMSI 03HA4alT, 4TO0 AUGPY3UOHHBIH TOTOK
CTPEMHTCS YMCHBIIUTH CTENCHb JIOKAIU3ALMH aHCaMOIs
YacTUIl BOKPYT LeHTpa Jokanmm3auuun X =0. Uem MeHblie
o0iacTp JIOKAJIW3aLUM, TeM Ooiblle U , HampaBJIeHHAs
npotuB Vo, ¥ TeM OOJIbLIe CPEAHss KHHETHYECKast SJHEPTHs

muddy3nonHoro notoka U,

2 2 2
- p 3 " (Vp 3
U, =|—Lpdx=|—|—| pdx 5
o= Joepdx= Sm( e 5)
[ostomy osmeprus mnotoka U, ~p’/2m pasha sHepruu

nokanuzamun U, ~(Vp/ p)? , koTopas Oblla mepejaHa

loc
aHcaMOJIIO TIpH JIOKaJIM3anuy OoJbIeil 4acTn e€ JacTull B
KOHEYHOM 00BEME (CTEeHKaMHU AIIUKa, BHEIIHEH CHIION U T.
o) U,=U,..
OHa (PaKTHUUYECKU €CTh NOMEHYUANbHAS IHEPRUSL IOKATUZAYUU.
Ecnu BHemHsst cwia mepectaér JAeHCTBOBAaTh, TO 3Ta
MOTeHIMAJIbHAS DHEPTHs reHepupyet 1uddy3nOHHBIN TOTOK,
KOTOpBIN JiesioKanu3yeT aHcamOib, npuBoas k U—0 wu
£ —> p' ~const.

HOCKOJ’IBKy U 3aBUCUT TOJIBKO OT O , TO

loc

v(x,t)
3aBUCHUT OT [JBYX (DaKTOPOB - BBIOOpa HHEPLUHAIBHOU
cHUCTeMbl OTCU€Ta W CKOpPOCTH, IIpHoOpeTaeMoll IpH
YCKOpeHHH B moTeHimaize V IIpn KoHcepBaTHBHOU
muddysun, u3-3a OTCYTCTBHS TpEHHs, V aHAJOTHYHA
CKOpPOCTH B Kjlaccuueckoi mexanuke. [loatomy cyiectByer
¢byukims neiictBust apeiida S, cBsazaHHas ¢ ApeldOBbIM

JlokaneHast npeiidoBas CKOPOCTb  YaCTHUIIBI

HMIIYJIbCOM P, =MV Kak:

ITockonbKy monHAs JOKalbHAas CKOPOCTb B aHcamone,
ycpeaHEHHas 110 JIOKaJbHBIM (QIIyKTyanusM, paBHa V+U, To
¢byuakums Tammwisrona H , BrIrovaromas IOTCHIHAT
B3auMoieiicTBus V , UMeeT BUJI:

H = j\/iw pdx =
1-(v+u)?/c?
(e ™
:I(mcﬁ Py +&+Vjpd3x.
2m  2m

3atem, ucnons3ys (3) u (6), momydaem:
[E] +V [pd®x.  (8)
8m{ p

3mech  Hamumume — (QIYKTYHPYIOMEro  KIaCCHYECKOTO
CKQJISIPHOTO TIOJISl TMPOSIBIISIETCS B IOSIBJIEHUM IUIOTHOCTH

H= I mc? +—(VS)

BEPOATHOCTH p , dHeprun auddysuonnHoro noroxka U, u

2
SHEPruM MOKOst MC”, KoTopast OyIeT MHTEPIPETUPOBATHCS
KaK «TeTJIoBast SHEPTHs» (PIyKTyaluii YacTUIIBL.

2.3. Kanonnyecknii popmamusm B JIKM

Jnst onucaHus JBHKEHUS KIACCUYECKOM 4YacTHULBI B
[YCTOM IIPOCTpaHCTBe Tpedyrores eé koopauHatsl X(1) u
uMIyJabchl P=MX. Ho npu koHcepBaTuBHOU nuddy3un B
GbaykTyupyromeM moje 0osiee yI00HO THAPOIHHAMUICCKOE
omucanue ¢ ¢ynkipeit amunsrona H (8), rme p wurpaer
POIb 060OMIEHHOM KOOPAMHATHI (KaK MoJIeBast epeMeHHas).

IMockoneky H B (8) comepskur, kpome o0 , TONBKO S ,
cBsi3aHHOW ¢ JpeiidoBoit ckopocteio VvV (6),
000OIIEHHBI UMITYJIbC, KAHOHUYECKU CONPSDKEHHBIH K P |

TO Kak

MOKHO IPUHATH IMeHHO S . Torma B pa3oBOM IIPOCTPAHCTBE
(p,S) cxobku ITyaccona onpenensitorcs Kax [7]:

{AB}=| (iﬁﬁ—@i’*]d x ©)

{o(x,1),S(x",1)}=5(x—-x",
{p(x,1), p(x", 1)} ={S(x,1),S(x", )} = 0.

COOTBGTCTByIOH.II/Ie KaHOHMYCCKUE YPABHCHHUS UMCIOT BU/I.

s oH Op oH
S_sHy=-2=, LoppH3=2S. @
o {5.H} 5 o {p.H} 55 (11)

(10)

IMpu noncranoske H u3 (8) B (11) u mpeobpazoBanuu myTéM

BCTaBKH IOJHOW MPOU3BOAHOHM  (Mcye3aromiero mpH
HHTETPUPOBAHUH):
\V4 A 1/2
[ p] 2v[ p] Ao, (12)
P P
KaHOHHYeckue ypaBHeHus (11) npuHUMArOT BUJ:
2 2 1/2
@4_ @_{_V _h_A(pf/z)zo, (13)
ot 2m 2m p
%)+V(p-VS/m)=O. (14)

3nech (13) - 10 u3BecTHOE ypaBHeHue ['amMuibTOHa-SIKOOU-
Magenynra [1], a (14) ectb ypaBHEHHE HEIPEPHIBHOCTH.
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HEITWHEHHBI
OnHaKo, OHHU

Kanonunueckne yYpaBHECHUSI (13)-(14)
OTHOCHTEJILHO KaHOHHMYECKOW mapul 0, S

JIMHEAPHU3YIOTCS IPH KAHOHMYECKOM TIPe0Opa30BaHuHM:

W= pJJZ eiS/h’ (15)
OCYIIECTBIAIOMEM Tepexol OT (asoBOro IPOCTPAHCTBA
(p,S) k dazosomy npoctpancTBy (7, 1), 0OpPa3OBAHHOMY
KOMIUIEKCHO-CONPSDKEHHBIMU  AMIUTUTYIAMH  BEPOSTHOCTEN
w ¥y . B pesynbTare nBa N€HCTBUTENLHBIX KAHOHMIECKUX

ypaBHenus ((13)-(14) o006pa3yloT OOHO KOMIUIEKCHOE
ypaBHEHHE, KOTOpoe siBisiercst ypaBuenueM Llpenunrepa [1]:

el n’
ih—2=—— Ay +Vy. 16
p om AV VY (16)

IockonbKy OAHO W3 KaHOHMYECKHMX ypaBHeHuil (14)
ABJISACTCA ypaBHeHI/IeM HerepLIBHOCTI/I, CBS3bIBAKOIIIUM 8“0
¢ S, TO 3TO MOATBEPXKAACT BHIOOP S KaK KaHOHHYECKOIO
UMITyJibca, MOCKONBKY OH mpencraBiaser 0,0 B H uepes

OJIHO U3 KAHOHUYECKUX YPABHCHUM.

2.4. Tuddysuonnas anreGpa Had.110gaeMbIX U OlepaTOPHAs
aaredpa

B ruaponMHAMHYECKOM OIMCAaHWH KOHCEPBATHBHOM
muhysun Habmomnaemas A sBisiercs QyHKIMEH p u S B

¢azoBom mpoctpanctee (p,S), a B (pa30BOM MPOCTPAHCTBE

(v, w) oma npuBogurT K OunuHeilHol dopme A
coorsercrByromeit pyukimn A(X, X") = A(x', x) [7]:
A(p,S) = j j v (X)AXX, XY (x)d3xd ", (17)

Ha6J'IIO,I[aCMBI€ SABJIAKOTCA BEIIECTBEHHBIMHU, ITIO3TOMY MOKHO

A

BBECTH SPMHTOB orepaTop A, NeHCTBYIOLIMN Ha aMIUTUTYLY
Kak:

(Ap)(x) = [ ACx, Xy (x)d (18)

Toraa Gwimueitnast ¢opma (17) mpuHHMaeT CTaHAAPTHBIN
BHI:

Ap.S)= [y Ap()d*x=(v. Ay).  (19)

B uwactHoctH, ckoGka Ilyaccona aByx HaOmromaemsix (9)
NPUHUAMAET B OUITMHEWHOM (GOPMBI OT COOTBETCTBYIONIETO
KOMMYTAaTopa.:

{AB}=(/in)(y.[A Bly) (20)

B yacTtHOCTH, cpelHee 3HaueHHE KOOPAMHATHI YACTHIIBI B
TPAaeKTOPUH, KaK HabIF0AaeMOT0, MOYKHO 3aIFCaTh KaK:

?(t)szxd3x=<n//,xy/>. (21)

TpaHCIAIMOHHAs WHBapUAHTHOCTh X'=X+8& IPHUBOAUT
K COXPaHEHHUIO HUMIIyJIbCa, A KOTOPOrO HMEET MECTO
CTaH/JapTHOE ONEPaTOPHOE BBIPAYKEHUE !

p=(w.pw), p=(nli)V (22)

B muddy3nonnoit kapTuHe 3Ta HaOMIOgaeMasi IMEET BH/I:
P(p.S) = (p, +ip,)pdx=[pVSd®x  (23)

U JEeWCTBYyeT KaK IeHepaTop CIBUTOB Uil KaHOHMYECKOMH
Tapsl:

op=o0a-{p,p}= 5a-% =-da-Vp, (24)
58=6a~{8,ﬁ}:—5a-?=—5a~vs. (25)
0

[IpomsBoxHas 1o BpeMeHH HaOIromaeMoil B JBYX KapTHHaX
paBHa:

dA oA oA 1, oo
=L AaH=L Sy [ARY). (26
a o A at+ih<"’[ ). @)

3. KBAHTOBAS CTATUCTUKA KAK CJEJACTBHE JKM

3.1. Knaccuyeckast cTaTHCTHKA H ABe (pOPMBI KBAHTOBOIT
CTATHCTHKH

B cratucrtuueckoid mMexaHMKe, M3ydarolled CHUCTEMbl U3
OUYEeHb OOIBIIONO YUCIA YACTHIl, MCTOUYHUKOM (GIyKTyarmit
SABJISIOTCS XAO0TUYECKUE CTOJKHOBEHUS (WM ApyrHe (GOPMBIL
XAOTHYECKUX B3aUMOJEHCTBUIA) B CUCTEME MHOTHX YACTHIL.
®a30B0oe NPOCTPAHCTBO cucTeMbl U3 N wacTuil pasensercs
Ha MaJible suelkn, u juis onpeaenenus P{n.}, BepostHocTeit

sanondenus M COCTOSIHUM C YHCIAMH  3aIllOJTHCHHS

{n}, i=1..,M, Hy®HO uKCcIO CTOCOGOB (CTATHCTHIECCKUI
Bec) Al', KoTOpBIME OHE MOTYT OBITH 3amonHeHs! [ 15].

B kmaccudeckoil cTaTHCTHUECKOHW MEXaHUKe, BO-TIEPBHIX,
YaCTHUIILI B ITyCTOM MPOCTPAHCTBE CUUTAIOTCS PAZIULUMBIMU,
Bcex M cocrosHmi

a BO-BTOPbIX, BCPOATHOCTHU Wi

CUYHTAIOTCSI OAMHAKOBBIMHU M paBHbIMH W=1/M . Bosbluoe
gqucno coctosHui, N <M , m Mamsle cpemHme duCIa
3aI0JIHEHHUS COCTOSIHUI IIO3BOJIAIOT CUUTAaTh, YTO YACTHIIBI
pacnpeneneHsl HezaBucuMmo. Ecmu kaxgas u3 N gactun
Haxomutcss B omHOM w3 M cocrosHumid, TO 3TO gaér
MM n,!n,1..n, ! Bo3MOKHBIX pacnipenenenuii. Ero ciemyer
pasmenuts Ha N !, 9mcio mepecTaHOBOK, M TOTA BEIUUYHHA,
oOparHas cratuctuueckomy Becy Al pacnpenenenus N

gactu 0 M cocrosumsim, naér Pg{n}:

P {n}= 1 M VNI @7)
MEERT AT, nInt.n, !

Tpebosanme makcumyma surporuu S =INAT B cocrosHuu
pPaBHOBECHs TMPUBOIUT K KIACCHYCCKOMY PpaCIpPEACICHUIO
JUIL PaBHOBECHOTO Ta3a - pachpeieneHuto Makcsenia-
Bonbimana (MB) A, =e 5/

B ¢dopmanm3me KBaHTOBOH MEXaHWKH BEpPOSTHOCTH
peanmaum/l paSJ’II/I‘IHBIX COCTOS{HI/Iﬁ CHUCTEMBbI YaCTUILl TaKXKEC
CUHTAINCh OJMHAKOBBIMH, M OTJIHYHE OT KIIACCHYECKOM
CTAaTUCTUKU CBOANJIOCH TOJBKO K ABYM HOBBIM CBOﬁCTBaMZ a)
YaCTHUIBl CYUTAIHUCH HEPAZIUYUMBIMY 1 O) YHCIIa 3aTTOTHCHUS
He 00s3aHbl ObBITh ManbiMu. OKa3aloch, YTO CBOWCTBO
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HEPa3IMIUMOCTH U3MEHSET CTATMCTHYCCKHIi BeC COCTOSHHIA
TakuM 0O6pa3oM, 4TO BMECTO KIACCHYECKOM CTATUCTHYECKOM
MEXaHHKM TOSBIACTCA OAHA M3 JBYX (OPM KBaHTOBOI
CTaTUCTUKHU. JIJisl aMIUTUTY/l BEPOATHOCTEH, CHMMETPHUHbIX
OTHOCHTENILHO TIEPECTAHOBOK T1ap YacTHIl, 3TO MPMBOAMT K
craructuke Bose-Ditnmreiina (B3) ¢ i, = (5" —1)™, a m1a

AHTHCUMMETPHYHBIX - K ctaTucTuke ®epmu-/Iupaka (O/]) ¢
n =5 +1)" [15].

3.2. KBaHTOBasi CTATHCTHKA KOHCEPBATUBHOI 11 dy3un
KJIACCHYECKHUX YACTHIL

B KM uacTuipl SIBISIFOTCSI KJIACCUYECKUMH U TO3TOMY
OCTaIOTCS pa3IuduMbiMiL, HO, TEM HE MEHee, BOSHUKAIOT 00e
(hopMBI KBAHTOBO# CTATHCTUKU. 37I€Ch, B 'a3¢ MUKPOYACTHII,
€CTh JIBa THUIA BEPOSTHOCTHBIX 3aKOHOB: B3aWMHbIE
CTOJIKHOBCHHUA qJacTuly IMPpUBOJAT K CTaTUCTUYCCKUM
3aKOHaM, TIOHOOHBIM  KJACCHYEeCKOH  CTaTUCTHKE, a
GIyKTyalud  YacTHIl B CKaJSIPHOM  TIOJIe  Medcoy
CTOJIKHOBEHUSIMU TPUBOAAT K KBAHTOBBIM CBOMCTBaM
cuctembl. Cle10BaTeNbHO, €CITU IS KJIACCHYECKUX YacTHll B
IIyCTOM MPOCTPAHCTBE BCE COCTOSHUSI PaBHOBEPOSITHBI, TO
JUIl OJHUX M TeX € 4YacTHl, (IYKTYUPYIOUIHX MEXIY
CTOJIKHOBEHUSIMU, BEPOSITHOCTU HE YXKE HE OAUHAKOBBI.

DTy pasHUIly Jierde YBHUIETh Ui aHTHCHUMMETPUYHBIX
COCTOSIHUH, KOTZ1a B OTHOM COCTOSIHUM MOXET HaXOAUThCS HE
Oosiee OJHON YacCTHIBL. IJTO CBOWCTBO HE CBSI3aHO C
MHOTOYAaCTUYHON MPUPOJION CUCTEMBI U UMEET MECTO Jaxe
JUUIsl CUCTEMBI U3 JIBYX YaCTHII, T.. 3TO KaK pa3 CIEICTBUE
¢durykTyanuii ckanspHoro moist. [1o3ToMy A TaKuX CHCTEM
BMECTO umcla pachpenenenuii M" Heobxomumo Opath
TOJILKO 4HCio coueTanuit u3 M snementos mo N u BMecTO
(27) xombuHaToprka 1aéT:

1  N(M-N) 1

Po{n}= , N=—7p=— (28
FD{ |} AFFD M1 PEI ] ( )

1.€. pacupenenenue Mb 3amensiercs pacnpenenenuem OJI.
Ilpyunna nosBienuss craructuku BE B cucreme
KJIaCCHMYECKHX yacTull Obuta oTKpbiTa Tep3oddom u baiiepom
[16]. BmecTo yciioBHst paBHOM BEPOSTHOCTH OHH B3sUTH OoJiee
cnaboe ycioBME W TONYYWIM pacmpesesneHne bD B
KJIacCHYecKoll (m3mke. BBUIO TPEANONIOKEHO, YTO 3TH
BEPOSATHOCTH HMMEIOT IPOM3BOJIbHBIC 3HA4YeHUSA W,...,W,, ,

OTpaHUYCHHBIE JINIIH OOBIYHBIMU CBONCTBAMH BEPOSTHOCTEMN
M
O<w <1, ZH W, =1. Toraa Hy>XHO YCpEIHUTB IO BCEM UX

JOIIYCTUMBIM 3HAQYCHUAM, T.C. NPOUHTCTPUPOBATH II0 Wi y

YUHUTBIBAsI TO, YTO CYMMa BEPOSTHOCTEN PaBHA €UHUIIC.

B [16] Bompoc o ToM, moyeMy paBHOBEPOSATHOCTH JOJDKHA
OBITh  3aMEHEHAa  yCPENHCHHEM 10  IPOHM3BOJBHBIM
BEpOSITHOCTSIM,  OCTAaBAJICSI  OTKPBITBIM, IOCKOJIBKY B
KJIACCUYECKOM HJI€aIbHOM ra3e JJisl 3TOro HeT OCHOBaHUi, a
B CTaHJIAPTHON KBAaHTOBON MEXaHWKE YACTHIIBI HE SIBJISIOTCS
knaccuueckumu. Ho JIKM 0OBSICHSIET 3TO €CTeCTBEHHBIM
00pazoM, MOCKOJIbKY MEXIY CTOJKHOBEHHSMH BO3HHUKAIOT
JIOTIONTHUTENbHBIC (pIyKTyanuu. D10 U JaéT TOT CIyYalHBINA

pa3bpoc, KOTOPHIit HY)KHO, BO-TIEPBBIX, YI€CTh, 4, BO-BTOPHIX,
YCPEIHUTD 110 BCEM 3TUM OTKIOHEHUSIM.

Takum obOpazom, B JJKM ¢ pa3smuuuMbIMH YacTHIAMHU
yCIOBHE  paBHOW  BEPOSITHOCTH  CleIyeT  3aMEHUThb
YCpEIHEHHEM C BECOBBIMH Ko3(duImenTamMu, T.e. Kaxioe
COCTOSIHHE HMeeT B3BEIIEHHYI0 BeposATHOCTh {W.} ¢

OOBIYHBIME OrPaHUYCHUSMH HAa BEPOSTHOCTH. B pesymbrare
BEpPOSATHOCTD B (27) 3aMeHseTCs Ha:

P{n.}=N! l_M[ij‘dwi-wi”i ) 1—%‘Wi . (29)

n!

1
3meck MHTErpajnbl CHeAyeT BBIYMCIATb, BKIIOYHMB B HX
npenensl orpaHudeHus Ha W, , T.e. B3iB 0<wW, <1-w, mpu

M =2 wut. 1. Kaxmslii mocieyronuii HHTerpal HMeeT BUT

j dw-w" (a—w)" (30)
0
U, BEIUHCJICHHBII PEeKypCUBHO, B KOHIIE Aa&T pe3ynbTar bO:
1 NI(M -1)! _ 1
P n = = y ni _—— . 31
e} Ay (M +N-1)! g G

Takum o0pa3oM, B Ta3e pa3IMYUMBIX  YACTHII,
JOTIOTHUTEIBHO (QIIYKTYUPYIOMIAX MEKIY CTOIKHOBEHUSIMH,
umeeT Mecto pacnpeneneHue bD. Koppemsamuu wmexny
YaCTHLIAMH B Ppa3HbIX COCTOSIHUSIX, OTCYTCTBYIOLIUE B
KJIACCUYECKON ME€XaHUKE, BOSHUKAIOT M3-3a B3aUMOJEHCTBUS
Y4acTUI] C TMIOOANbHO-ONPENETIEHHBIM CKASIPHBIM TIOJIEM.
HepaznuuuMocTs 4YacTull B  KBAaHTOBOM  CTATUCTHUKE
3¢ (QeKTUBHO TMpPOSBIACTCS KaK CIEACTBAE Y4éTa OTHX
JIOTIOJTHUTEIBHBIX ~ (IIYKTYAllMid W KOPPEJSIIHA  MEKIY
YaCTHULIAMU YE€PE3 COCTOSHUS CKAISIPHOTO MOJISL.

[IpuHuun wuckmouenus Ilaynu nns cucrem yacrtuil,
OIMCHIBAEMBIX AHTHCUMMETPHYHON BOJHOBOH ()yHKIIHEH,
SIBJISICTCS. HOBBIM CBOWCTBOM KBAHTOBBIX (DIyKTyarlHid.
He3aBucumo oT geraneil B3aMMOCBSI3U MEXAYy CIHUHOM M
cratuctuxoi, JIKM omnuceiBaeT MpoLecCchH aMIUTUTYAaMHU
BEPOATHOCTH W, TakuM oOpa3oM, JOIyCKaeT TaKue
COCTOSIHUS, HE3aBUCUMO OT MIPUYUH UX BOSHUKHOBEHUSI.

4. HEKOTOPBIE HOBBIE CJIEACTBUA KM

4.1. ®ayKTyanuu 4YacTUI CO CKOPOCTHIO CBETA W IHEpruei
(aykTyanuii Kak JHepruH NoKost

MUKpPOYACTHIBI, JBIKYIIHECS B (QIYKTYHUPYIOIIEM
KJIACCHYECKOM  CKAISIPHOM  IIOJIe, HMEIOT  CKOpPOCTh

(uykryauun U, ¢ HyneBbIM cpeaHuM 3HaueHneM U, =0 wu
OTIIMYHBIM OT HYJS CpPEIHEKBaJApPaTUUYHBIM 3HAYECHHUEM

Us >0. HOCJ’ICZ{HCC JOJIDKHO OBITH HWHBAPpUAHTHBIM, a 3HAYUT
IIOCTOSIHHBIM Ué =const. B cromHeIX cpeaax OHO OBLIO

6BI IPOTIOPIMOHANEHO Temnepatype: Us ~T .

[Tockonbky  QuIyKTyalue  KJIACCHYECKMX YacTHI[ B
CKAIAPHOM TIOJIe MPOMCXOJSIT AHAJIOTHYHO B JHOOOM
WHEPUUAILHON CHUCTEME OTCYETA, TO MX CKOPOCTh MEXIY
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B3aMMOIEHCTBUSAMH C TIOJIEM JOJDKHA OBITH HHBAPHUAHTHOM H,
CIIEIOBATENBHO, PABHOM CKOPOCTHU cBeTa. [103TOMY uacTUIBI
W3HAYANBHO 0O€3MACCOBBIE M TONBKO HMX  CIydaiHOe
ONyXJaHue B MPOCTPAHCTBE M3-3a B3aUMOJENCTBHSA C MOJIEM
TPUBOJIAT K SHEPTHH TIOKOSL.

AHcaMOns CBOGOIHBIX YACTHI[ OINUCHIBAET, KAK U B
KBaHTOBOW MEXaHMKE, IIocKas BonHa i ~expli(px — Et) / 7]

S(x,t)=px—Et u
u~Vp=0, 1o p,=0, U, =0 . Takum oGpasom, s

U 31ech p’? =const. Tak kak

CBOOOIHBIX YACTHII SHEPTHSI IOKAIU3AIMU OTCYTCTBYET H [IPU
B3satur V=0 (B cUCTeMe IOKOsI) TIOJHASI PHEPTUS CBOIAHUTCS

TOJIBKO K «TEIIoBOi» sneprum: U, ~ ué ~c?.

Ota 4acTh SHEPTUM YaCTHI[ XOPOUIO HM3BECTHA KaK MX
sueprust nokos E,=mc’® B (7)-(8), nmosBuBmascs emé B
penstuBUCTCKOi Teopun. CIeI0BaTEIbHO, MBI MOXKEM
OTOXIECTBUTH €€ ¢ IIOCTOSHHOM «TeIUIOBOM» 3HEpruei
qacTHIpl B QrykTyupyromemM mone U, :

U, =mc?>, m=U_/c% (32)
JIKM
HpescTaBIsIeTes Kak oHeprus ¢uykryanuit U, nenénunas Ha

Takum oOpa3zom, Macca dYacTHBI M B

C’ ¥ ONMCHIBAIOMIAs MHTEHCHBHOCTh €& B3aMMOJEHCTBHS C
¢uykTynpytomuM  (GOHOBBIM TonieM. 3aTeM 3Ta  Macca
nosiBIsieTcs B Ko duimente qupdysun: D=7/2m.

C 3T0# TOYKH 3peHust POTOH OE3MACCOBBIN MOTOMY, YTO
IBIDKETCS TpsAMoimHeHo. ToT (akT, 4Tro ero yriioBoi
MOMEHT KBAaHTOBaH, 03HAYaeT, YTO ITOT YIJIOBOH MOMEHT,
TEM He MeHee, (PIYKTYHpYeT.

Taxum 00pa3om, eciii peIsITUBICTCKas MEXaHWKa BBEJA B
(M3MKY HHBAPHAHTHOCTh CKOPOCTH CBETA, a 3aTEM U DHEPIHU
TIOKOSI, WTPAOLINX KIIOYEBYIO POJIb B (DM3MKE YacTHIl, TO
JKM no3BosnsieT riry0xe MOHATh UX PU3HUECKUI CMBICI.

4.2. HoBblii MEXaHHU3M I'eHepaluu Macchbl

B Crargaptaoit Mopenn (CM) QU3HKHN YaCTUIl YHEPTHUS
TIOKOSI YaCTHUIII TIOSIBIISIETCS KaK NOMEHYUATbHAsL IHepausi e
B3aMMOJICHCTBHSA C BaKyyMHBIM KOHJEHCATOM CKAJISIPHOTO
110Jis1. Pa3Hble KOHCTAHTHI CBSI3U MIPUBOJIAT K PA3HBIM MaccaM.

B JAKM »sHeprusi mMOKOsl 4YacTULBl MPOSBISETCS Kak
KWUHETHYeCKast SHeprus € QIyKTyalui, MPOUCXOAIINX 13-
3a e€ B3aUMOJCWCTBUS CO CKAJIPHBIM TOJieM. [1oCKONBKY
pa3Hble KOHCTAHTHI B3aUMOJICHCTBHUS TPUBOAAT K pasHON
WHTCHCUBHOCTH JTHX (IYKTyalud W, CJEJOBaTEeNbHO, K
pasHbIM JHeprusM (MaccaM) TIOKOs, Takas TpPaKTOBKa
COTJIacyeTCsl C TPAKTOBKOI reHepannu maccsl B CM.

IIpu ycpennenun Ha GOJBIIIOM, HO KOHEYHOM HHTEPBAJIE
BPEMEHH CpeliHee 3HaueHHe (IyKTyHpyroomehd dvactu
KJIACCHYECKOTO CKajsipHoro noyst ¢(r,t) obpaiaercs B HyJb

B JI0OOW TOYKe I, a ero CpenHEKBaJpaTHYHOE 3HAUYCHHE
OCTAaETCS HEHYJIEBBIM:

H #(r,t)dt =0, %J;|¢(r,t)|2dt:r72(r), n>0. (33)

Jlarpamkuan TIOTIS COJEPXKUT KOBapHAHTHYIO

2 . 2
MPOU3BOAHYIO |Dﬂ¢| :|(6#—|g(a)ALa)/ 2)¢| ,  KoTopas

BKITIOYAaET KaIHOPOBOYHBIC ITOJIS A/(f) CnenoBaTeabHO,

BeIpaskente (33) mpusoant k Macce m® =g@y/2 w AP

1 U KaTHOPOBOYHBIX IOJIEH 3TOT pe3ynbTaT TOYHO TaKOU
ke, kak u B CM.

Opnako mnsi (EpPMHOHOB UIICH B3aMMOACHCTBHS CO
CKIAPHBIM IOJIEM MOXET BKIOYATh JIMHCHHBIC U
KBaJIpaTHYHBIC 110 ¢) WICHBI, U TOJIBKO MOCIEIHUE, dYepes3

Cpe/HEeKBaIpaTHYHOE 3HAYCHHUE, TIPUBOSAT K MaccaM YacTHII.
Otmetum, uto B JIKM ¢uykryupyromas 4acte moys ¢

NMPUBOJAUT K  KBAaHTOBBIM  (IYKTyallWssM, a  €ro
CpeIHEKBaIpPaTUIHOE 3HAUCHHE ITOPOKAAET MACCy YaCTHIIHL.
Takum ob6pazom, JIKM comepXUT ecCTECTBEHHBI MEXaHU3M
TeHepannuu MAaccChlI, pe3yabTaThI KOTOpOTO ISt
KamuOpOBOYHBIX OO30HOB TOJHOCTBIO COTJIACYIOTCA C
pesynbraraMmu CM. BaxxHO TO, YTO 3TOT HOBBIH MEXaHU3M
TpeOyeT TONbKO (IYKTyanuid CKaasIpHOTO TOJsI, a
CIIOHTaHHOE HapyIICHHE CHMMETPUH HE TpeOyeTcs.

4.3. Tuddy3uoHHbIi MeXaHU3M /TSI MAJIOH MACChI COCTABHBIX
YacTHIL

CM comepxuT OONBIIOE YHCIO TEPBUYHBIX YACTHIL,
(dbopMabHO  CYMTAIOMIUXCS  TOueYHbIMH. OpHAKO WX
BO3MOJKHAsI CyOCTPYKTYpa Ha MaJIbIX PACCTOSHUSIX HE TOJIBKO
nomyckaercss CM, HO Jake JKEIaTeNbHO JJIS TOrO, YTOOBI
HCKJIIOYNTh BHYTPEHHHE TIPOTHBOpedYns. Bo-TepBhIX,
HeTJIeBBIE MOIMPABKH CKAIAPHOTO MOJ PacTyT Kak CTEHEHU
SHEepruu oOpe3aHus, Oyaydd OYeHb OOJBIIMMHU 33aJI0NTO IO
IUITAHKOBCKOT'O MaciTaba, Korja rpaBHUTanus ciaba U He
MOJKET OBITh €CTECTBEHHBIM PETYISTOPOM. DJTa IpoliiemMa
Oyzer pelleHa TOJNBKO B TOM Ciydae, eClii CKaJsIpHOE MoJjie
3¢ (eKTHBHO, a CKaJlsIpHAs YacTUIAa cOCTaBHas. Bo-BTOPHIX,
JaXe eclu IIepBoe IOKOJeHHEe (EPMHOHOB SIBIISIETCS
MEPBUYHBIM, TPYJHO TPHHATH TEPBUYHBIA  XapakTep
CIIEAYIOIINX JIBYX MOKOJICHUH.

B cBsi3u ¢ 3THM OBUTH TIPEIIOKEHBI COCTABHBIE MOIEIH
gactury CM (cM., Hanipumep [17]). OnHako y 3TUX Mojenen
BO3HUKJIA CephE3HAs TPYIHOCTH - npobrema maccol. V3-3a
COOTHOIIIEHUI HEOMpeACNEHHOCTH TPU Malloil  00JacTh
JIOKaJIM3alii BO3HUKAIOT OOJBIINE KHHETHYECKUE SHEPTHUU
cyOJacTuir, B TO BpeMst Kak Habmoqaemble Macchl yactuiy CM
3HAYUTEBHO MEHBIIE. Jaxe eci S3Heprus CBsI3U CyOUYacTHIl
B OCHOBHOM KOMIIEHCUPYET MX KHHETHYECKYIO SHEpTHIO,
pasHMIA MacCc MeXIy BO30YXKIEHHBIMH COCTOSHHAMHU
octaTcs OYeHb OONBIION, W, CICIOBATENBHO, CICIYIOIIUE
MTOKOJICHNsI (DEPMHOHOB HE MOTYT OBITh BO30YKAEHHBIMU
COCTOSIHUSIMHU.

[MompiTkm  pemmnTh TPoOIEMYy Macchl B KBAaHTOBOM
MEXaHUKe He YBEHUAIUCh ycrexoM. W3-3a 3Toit mpoOiieMsl 1
HEKOTOPBIX JPYTUX TEXHUUECKUX TPYTHOCTEH COCTaBHBIE
MOJICIM Ka3ajuch OC3HAAEKHBIMA M TMPAKTHYCCKH HE
Pa3BUBAINCH B TEUCHHUE MTOCTICTHUX ACCATIICTHH.
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Omnako JKM xkak Teopus, BBIXOISMas 3a pPaMKH
(opMann3mMa KBaHTOBOH MEXaHHKH, MOXXET PEaHUMHUPOBATH
cocraBHBIe Mosienn 9acTull CM, IIOCKOIBKY IMEET MEXaHU3M
o0pa3oBaHUsi ~ COCTaBHBIX  4YacTWI[  MaJoOil  Macchl,
AQHAJIOTUYHBIA MEXaHU3MYy XHMHYCCKHX pEaKIUH MEexIy
npuMecsimu  [13]. DToT MexaHW3M MO3BOJNISET H30EXKATH
OTPaHWYCHUH OTHOIIEHHUS HEONPEOeIEHHOCTH U, TaKuM
00pazoM, MOKET PEIIUTh IPOOIIEMY MaCChI.

Ecmu nmBa THma mnpuMecHBIX aTOMOB B Tra3e Hadall
muddyHaIMpoBaTh Tak, YTO CpEJHEE PACCTOSIHUE MEXIy
MPUMECHBIMH aTOMaMH OoJbllle, YeM JIHHAa CBOOOTHOTO
npobera aToMoB cpenbl, TO HU((Dy3HUs CHIBHO IOJABISIET
XAMHUYECKHUE PEaKIui MEeXIy dTHMHU npuMmecsMu. OgHaKo B
m000M ciydae, KOrja JiBa MPUMECHBIX aTOMa OKa3bIBAIOTCS
Ha PacCTOSHUH, MEHBIIIEM, YeM JJTHHAa CBOOOIHOTO Tpobdera,
UM yaaéres oOpa3oBaTh MOJICKYJIY 3a BpeMs CBOOOIHOIO
mpobera. 3areM 3Ta MOJEKyna (COCTaBHas YacTHIIA)
muddyHaupyeT, Kak 1 Apyrue aToMbl, HO ¢ OOJbIIeii Maccou.

B [18] 65110 IpeATI0xKEHO UCTIONB30BaTh TOT )K€ MEXaHU3M
00pa30BaHusl COCTaBHBIX YacTUI[ Maiod maccel B JIKM, a
3aTeM 3TOT MEXaHW3M OBUI TPHMEHEH K MpoCTeHmied u3
Mojeneld cybuacTiy; - Mojenu pumoHoB [17]. Drtor
MEXaHU3M, €CII OH KaXXETCS PEaIMCTHYHBIM, TPAKTHICCKU
pema Obl MPOOJIEMY MAacChl, CHeJIaB COCTaBHBIE MOZEIH
gactur] CM COCTOATENFHBIMU. JTO TaKXKe MOXKET YIIPOCTHTH
JIANTbHEHIY0 00beAnHeHNe (DyHIaMEHTaNIbHBIX TIOJIEH.

4.4. I'paBuTanus Kak «repmMoaupdy3us» B HEOTHOPOTHOM
¢onoBoM mose

OcHoBHOe HOBOe cBoiicTBO JIKM, otnuuyaromiee e€ ot
KBaHTOBOM MEXaHWKH, 3TO OOMEH JHEeprueil u MMITyJIbCOM
MEXAY CKaISpHbIM TojieM W IUGyHIUpYOImUME B HEM
yacTuamMu. BaxxHeHINM clieICTBUEM TOTO (haKTa SIBISETCS
BO3HHMKHOBeHHE TepMoauddy3un u3-3a  HEU30EKHOTO
00pa3oBaHuss HEOJHOPOJHOCTEH B (OHOBOM CKAISIPHOM
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mojyie. DTO MPOUCXOAMUT MOTOMY, YTO YacTh SHEPTHH OIS
nepefaéress 000 W3 YACTHII B BHUJAC OJHEpruum eé
(bykryanuii (3Heprus MoKosi) mc?, u B pe3ynbTare SHeprus
CaMoOro CKaJSIPHOTO TOJISI BOKPYT YaCTUIBI YMEHBIIUTCA Ha
9Ty K€ BEIUYUHY mc?.

Takum  ob6pazom,
BemuuuEbl 77°(r) w3 (33) CTAaHOBHTCS MEHbBINE, YeM Ha

3HAa4YCHUC cpeuHeKBaL{paanHoﬁ

MPOCTPAHCTBEHHONW OCCKOHEYHOCTH I —> 00 , U, Ompeaenss
1(©) =17, , moMy9aeM:

n(r) <n(r,) <,

D10 ocHOBHOe cBoiicTBO JIKM oka3anoch HCKOMBIM

(u3MIeCKUM MEXaHW3MOM TPAaBHTAIlH, W 3TO CIIEACTBUE

JKM paccmarpuBaercst 0ojiee MOAPOOHO B CIICAYIOIICH
cratbe [13].

<l <% (34)

5. 3AK/IIOYEHHE

Takum  o0Opa3oM, TMOCTyJaT O  CYIIECTBOBaHUH
(GIIYKTyMpYIOILIETO KJIACCHYECKOI'0 CKAJISPHOTO IOJSl Kak
HACTOYHHKA KBAHTOBBIX (DIYKTyamui KIacCHYECKHX YaCTHIL
npuBoauT K JIKM. 3atem JIKM Bocmpou3BoauT GhopMain3m
KBaHTOBOM MEXaHUKH U MPUBOJUT K PSIAY HOBBIX CIEACTBUH,
BKJIIOUasl TIpaBuTanuio. JIMHEHHas CTpyKTypa KBAaHTOBOH
MEXaHWKH ¥ ©€ HEOObIYHBIE CIICACTBUS, TaKHe Kak
KOPITYCKYJIIPHO-BOJIHOBOHM Iyasiu3M, 3allyTaHHOCTh U T. 1.,
BEITEKAIOT U3 CIIEHU(PUKN KOHCEPBATUBHOHN MU DY3HH.

OCHOBHBIMH 3aJla4aMHu JIJIsl JATbHEHIIINX UCCIICJIOBAHHIA B
pamkax JKM  daBnA0TCS HOPUYMHBI U MEXaHU3MBI
GayKkTyauii CKaqspHOTO IOJIs, a MOCTYJHUPOBAHHE ITHX
¢Gykryanuii kak HaOmoaTenbHOro (pakTa MTPUBOIUT K
NPOCTO# U ACHON (PU3NYIECKON KapTHHE KaK KBAHTOBBIX, TAK
U TPaBUTALMOHHBIX SIBJICHHUH, CYIIECTBEHHO YyIpoulas
CHUTYaIHIO B OCHOBAHHUAX (DU3HUKH.
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