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p-AINUYECKUUN U ANEJLHBIN
TAPMOHUYECKUE OCIINJIJIATOPLI
C 3ABUCHIIEN OT BPEMEHU YACTOTOM

Pa3suTn kmaccugeckuii M KBAHTOBEIN (JOPMAN3MEI IS P-aMAYECKOT0 1 A IEILHOTO rap-
MOHMYECKHUX OCUIILIATOPOB C 3aBUCAIIEN OT BPEMEHN JaCTOTOH, U MOJIydeHsl obmue $op-
MYJIB U OCHOBHBIX TeOPeTHYEeCKUX BeJUYnH. B wacTHOCTH, HaiimeH p-ammdecKuil mpo-
IaraTop, NOKa3aHo CyMeCTBOBAHKE IPOCTOr0 BAKYYMHOTO COCTOAHMA U aeJbHOI KBAHTO-
Boit muHamMyKy. OTMedYeHL! MMCKPETHOCTL TPOCTPAHCTBA U HAJIMYME p-aIAIECKOi KBAHTO-
BO-MEXaHIIECKOH (hasnl.

1. BBEAEHWE

B KBAHTOBO-MEXaHNUYECKNX SKCIEPMMEHTAX, KaK 1 BO BCEX M3MEPEHUAX, UMCJICHHLIE DE-
3yJILTATLI JIEXKAT B [0JIE€ PAIMOHAJILHLIX unces (Q. B mpunimmne coorBeTcTBy e reoperuyec-
KM€ MOJIEJIY MOTJIY ObLI OLITH CO3MAHLI C TIOMOIIBIO TOJLKO (Q, HO OHM mOTepAIN GLI TpU 3TOM
OOBIYHYIO () PEKTUBHOCTE M KPACOTY MATEMATHYECKOTO aHAIM3a. Takum 06pazomM, BMECTO
Q TPAIVIVOHHO MCHOJIL3YIOTCA IIOJIE ﬂeﬁCTBI/ITeJ’ILHLIX quceJa R B K.HaCCI/ILIeCKOﬁ MEXAHUKE
n nosie KomruiekCHeIX uncesn C B kBanTOBOR Mexanuke. R — 910 nonosnrerne Q mo meTpuke,
MHIYIMPOBAHHON abcomoTHbIM 3HaueHueM, a C  amrebpawmdeckoe pacmmpenve R. B mo-
Gapyenre k R cymecTByroT mous p-amrdeckux uncen Qy,, apasomuecs nonosserreM Q mo
p-amadeckoit Hopme (p — npoctoe uncio) [1]. Coraacro Teopeme Ocrposekoro R u Qp (mns
BCEX ) NCUEPILIBAIOT BCE BO3MOKHBIE nonoierns Q. Takum o6pazom, mose Q Bcromy mnoTao
He TOJILKO B R, HO 1 B kazknoM Q. B nocmennue romut nossumics psazx pabot [2 5], B KOTOPBIX
VICCJIENOBAJIUCH TEOPETUYIECKUE MOV C P-3 IUIECKUMU YACIIAMU.

Nwmeercs obmee ybexxneHne, dTo i (U3UKY BAXKHO HE OTIEJNLHOE MPOCTOE YKCIIO P,
T.€. HeOOXOIMMO PACCMATPUBATL P-aAAYECKUE MOAEN IUISI BCEX TPOCTLIX umncen. fIcHo, uTto
Pp-aanveCcKre MOaeJv, UMeErIe (i]I/I3I/ILIeCKI/Iﬁ CMBICJI, OOJIZKHDBI 6LITL KaK-TO CBA3aHLI C O6LILI—
HBIMU (BEINECTBEHHBIME ) MOZeIAMHU. IIpocTpancTBo aneneil A [6] sBiIAeTCA MATEMATHYECKAM
VHCTPYMEHTOM, IIO3BOJIAOIINM HaM PACCMATPUBATL BEIIECTBEHHLIEC 1 P-aINYECKE YMCJIa OO
HOBDEMEHHO U Kak emHoe mesoe. CIenoBaTenbHO, €CTECTBEHHO OXKUAATE, YTO aIeJbHLIA
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240 I.C. I2KOPIKEBWY, B. IPATOBM1Y

noaxon 1acT GOJIEE TOTHOE TIO CPABHEHUIO C OOBIYHBIM IMOAXOA0M OMUCAHKE (YU3UIECKON crc-
TEMEL.

p-Ayeckue yncsa NposBIAIOT YIALTPAMETPUUECKUe (HeapXUMENOBLI) CBOMCTBA, KOTO-
PBIE MOTYT OLITL PEAJIM30BAHLI B KBAHTOBLIX CMCTEMAX HA OUEHDL MAJILIX PACCTOSHUAX. Bo3-
MOKHOCTD TOrO, UTO IPOCTPAHCTBO-BPEMSA HA TNTAHKOBCKMX MaCIITabax NPOABIIAET P-aMAdec-
KyIO (M1 QIeTLHY 0 ) CTPYKTYPY, ABJIAETCS OIHAM M3 OCHOBHBIX MOTUBOB /IS MICCJIEIOBAHVIA
COOTBETCTBYIOMUX MOIEJIEH.

s TOro YTOOBI OCYIMECTBUTE CUCTEMATYECKUN IOIXOM K P-aIMIECKUM MOIEJIAM B KBAH-
TOBBIX CUCTEMAX, ObLIa CHOPMYINPOBAHA P-aAMYECKasi KBAHTOBAs Mexanuka [7, 8]. Ksaurro-
BaHue npoommrcs no Beitno. CoorBercrByiomee ruin0epToBo mpocTpascTBo La(Qyp) co-
NEPXKUT KOMILIEKCHO3HAUHLIE KBANPATUYHO NHTErpupyeMule ¢yHkimm Han Q. YpaBHeHue
[IIpemvmrepa HEe UCIOIL3YETCA, & MMHAMIYECKAS SBOJIOIA U CTIEKTPAJILHAA 330448, CUCTe-
MBI CBA3LIBAIOTCH C YHUTAPHBIM IIPEACTABICHUEM oneparopa ssosonnn Up(t) va Lao(Qyp).
Kaxk 060061menve v 00 bLeavHeHne p-aamyeckKor 1 0OLIYHON KBAHTOBBIX MEXAHWK HEIABHO ObLIA
chopMyIMpOBaHA aeNLHAA KBAHTOBAA MEXaHUKa [9].

Jlo cux mop B p-aIMUECKOR M ANeNILHON KBAHTOBLIX MEXAHMKAX OBLIO PACCMOTDPEHO CO-
BCeM HeOOJIBIIOE UMCIIO CUCTEM: HEPENATUBUCTCKAs CBODOAHAS YacTra [ 7], rapMOHUYecKuit
ocuvLATop [7, 9], wacTuua B HOCTOAHHOM nOJE (8], MOIEesLh MUHK-CYNEepPIPOCTPAHCTBA 1€
Currepa nns Beenennoii [10] n peastusuctckan ceobonHas yactuna [11]. HecomuertHo, uto
PACCMOTPEHME APYIUX (U3NYECKUX CUCTEM, KOTOPLIE IPOSIBIIAIOT P-aAMUECKUE U A ACIILHDLIE
CBOMCTBA, MO3BOJIAT NO-HOBOMY B3TJIAHY Th HA IPOOJIEMY B LIEJIOM 1 HA M3y YE€HVE TAHKOBCKIX
MacImTaboB, B YACTHOCTH.

B 3T0i cTaThe paccMOTPEHLI HEKOTOPLIE CBOMCTBA P-aIUUECKOrO U ANEJILHOIO TAPMOHM-
UECKUX OCLIAJLISITOPOB ¢ 3aBucsmeit or Bpemenn yacroroit (O3BY). Moznens 'O3BY nmve-
eT DOJIBIIOE KOJIMUECTBO NPUIIOKeHnit (0T KBAaHTOBOM onruku [12] 10 KBAHTOBOM KOCMOJIO-
ruu [13]). OmEako MHOrMe CBOMCTBA KJIaCCHMYECKOrO U KBAHTOBOIO IBUKEHUA MOIYT OLITL
BLIABJIEHDI 0€3 KOHKPETU3AMUY BPEMEHHON 3aBUCAMOCTH YACTOTEL.

2. p- AIMYECKUWE UNCJIA 1 ANEJIN

Ilammm BHAuUase KpaTkuii 0630p HEKOTOPLIX OCHOBHBIX (DAKTOB M3 TEOPUM P-AMAIECKUX
qrices1 U anesei.

JIxo6oe pammonaanbHoe uncio & # (0 MOXKeT OLITL IPEACTAaBJIEHO B BUuae & = pYm/n, rae
v,m,n € Z 1 p— 33aTaHHOE TPOCTOE YUCJIIO, HA KOTOPOE HU M., HU N He mensTes. 1o teopeme o
Pa3102KEHNM HA ITPOCTHIE MHOXKNTEJIN 11EJI0€ UMCJIO V ONpeneaaeTCsa e IMHCTBEHHLIM 06pa30M.
ITo onpenenennio p-amuyeckast HOpMa OT T UMEET BULI

aly =", 0l =0 (2.1)
n HpI/I 3TOM BLIIIOJIHAECTCA CTporoe HepaBeHCTBO TpeyFOJ’ILHI/IKa
&+ ylp < max(lzlp, |ylp). (2.2)

Hopwma co cBoiictBom (2.2) HA3LIBAETCSA HEAPXMMENOBOM MM yILTPAMETPUYECKON HOPMOIA.
Kax noe p-amrueckoe uncisio & MOXKeT ObITh €IMHCTBEHHLIM 00PA30M MPEACTABIIEHO € TIOMO-
L0 KAHOHUYECKOTO PA3JIOKEHUA

o
m:p”z.’nipi, z; €{0,1,....,p—1}, o #0, veELZ (2.3)
=0
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Paznoxkenne (2.3) cxoomres o METPUKe, MHIYIMPOBAHHON p-aandecKoit HopMoit dp(z, y) =
|z —ylp-

B ocroBHOM CyIIecTBYIOT IBa THIIA aHAMM3A HA (), 6A3MPYIOMMXCA HA ABYX PA3INUHLIX
orobpaxkernusax: Q, — Qp u Q, — C. Mo ucnonnsyem oba 31u ananmsa.

DJIEMEHTAPHBIE P-AIMdecKne QYHKIMM, TAKUE KAK €XP X, SiN T U COS &, 3a0aI0TCA PAga-
MU TaKVMU K€, KaK 1 B BEIIECTBEHHOM ciydae. OmHako uX 00JaCTh CXOOMMOCTH IOBOJILHO
p < |2|p. Ipons-
BOOHLIE P-aINYECCKU3HAYHLIX [i]yHKL[I/Iﬁ OIIpeneJICHLI TaK 2Ke, KaK 1 B BEeIIECTBEHHOM C.quae,

Or'PAHUYEHHA U IJ1 IePEYNCIIEHHDIX () YHKIH ONpeneiseTCsa yCAOBUEM [T

HO VCIIOJIL3YIOT P-aAAYECKYI0 HOPMY BMECTO ADCOIIOTHOIO 3HAUEHIUS.
1A KOMITJIEKCHO3HAYHLIX (YHKIMI P-aqMYecKOro apryMeHTa UMeeTCsa XOPOIIO OIpemne-

JIEHHOE MHTerpUpoBaHue 1o Mepe Xaapa. B uactHocTH, MBI MCIIOAL3yeM rayccoB uHTerpadt 3]

[ xlas?+ s =
|:E|p<p"

pYQp"|Blp), lal, <p~?,
= _1/2 BQ v B _ou (24)
Ap(@)|2aly " xp(—52)Q(p ‘%‘p), [4al, > p~2¥.

B ¢opmyie (2.4) dpyukmma xp,(u) = exp(2mi{u},) p-ammueckuil anINTUBHLIA XapaKTep,

rze {u}, obo3nauaer npobHyIo YacTn, u € Qp; Ap(@) — apuPMeTHIUECKas KOMILIEKCHO3HAY-
Hast YHKLVSL CO CIIeMy FOIMMMY OCHOBHBIMU CBOMCTBAaMMU [3):

Ap(0) =1, Ap(a*a) = Ap(a)

1 oaeny (2.5)
Ap(@)Ap(B) = Apla+ B)Ap(a™" +877), [Ap(a)|es = 1.
Pynxmmsa Q(|ulp) B (2.4) — xapakrepucTraeckas QyHkmms Ha Zp, T.€.
1, Julp <1,
Q|ulp) = ' 26
(= { g 7Sy (2:6)
rne Zp = {z € Qp : |z|p < 1} — KOIBLIO P-aMMIECKUX HENILIX YUCEL.
Anens a € A[6] 10 GeckOHEUHAS HOCIEAOBATEILHOCTD

a = (0oo,02,...,0p,..), (2.7)

e oo € Ru ap € Qp C OI'PAHUYEHUNEM, YTO Gp € Zp IIJIsI BCEX, KPOME KOHEYHOI'O MHOXKECTBA
S, mpocteix uncest p. MHOX)eCTBO Beex aneseil A MOXKHO 3ammcarh B popme

A=JA®S), AS) =Rx []Qx [] Z» (2.8)
S

pES p¢S
MHO}KGCTBO A TOIIOJIOI'MYECKOe HpOCTpaHCTBO, ABJIAIOIIEECd KOJILIIOM ITO OTHOIIIEHNIO K I10-

KOMIOHEHTHOMY CJIOXKEHUIO U yMHOXKeHn0. CymecTByer ectecTBernoe 0000menune aHaImsa
Han nossvm R n Qy, no amanmza Ham A.

3 Teoperuueckas u Maremarndeckas (usmka, . 124, Ne 2. 2000 r.
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3. KIIACCUUYECKUU OCIUJIJISTOP: BEIIIECTBEHHDIN,
p-AINYECKUUN 1 ANEJLHBIN CIIYUAU

Kanaccuueckuii 'O3BY 3anaercs narpamxuanom

_ mw?(t) ,

Lz, @,1) = %72 -, (3.1)

roe m € Q. 3aBucaAmas 0T BpeMeHr 4acToTa

w(t) = Z Wpt"™,

n=0

rue wy, € Q, npexnonaraercs ananutryeckoit pyrakmmeii Ha Do C Ruua Dy C Zjy, nns Bcex
p. Ipyrmvm cnosavu, w(t) € A(S")nput € A(S),rme Su S’ KoOHEUHLIE MHOKECTBA TIPOC-
TLIX unces p. B BemectsenHoMm cayuae m, z, &, t, w(t) € R = Q (masee uamekc 0o o6o-
3HAYAET BEJIMYUYMHLI, OIIDEOCJICHHLIC Ha.l R nJIn C) " TaKasd 2XKe CI/ITyaHI/IH BLITIOJIHAECTC OJIA
P-aIAYECKUX AaHAJIOTOB. VI3-32 (JOPMALHOM CXOKECTI AaHAIN3A UCCIIENOBAHIE CUCTEMDI C JIa-
rpamxuaroM (3.1) IpOBOMMATCA ONMHAKOBO KAK B BEMECTBEHHOM, TAK U B P-AIUUECKOM CITy-
yaax. Takum 06pazoM, B 000UX CIIydaAx ypPABHEHUA ABVKEHUA OYIyT UMETh BUI

i(t) + w?(t)z(t) =0 (3.2)
¢ 0By pemermen [14]
(t) = G(t)[Cy cosy(t) + Ca siny(1))]. (3.3)
Avmmryna G(t) u pasa y(t) yIOBICTBOPAIOT ypaBHeHMsM
G3(G () + W2 ()G (t) = C?,  4(1)G3(t) = C, (3.4)

rze C - xorcranTa (0 < C € R, C € 1+ pZy), KOTOPYIO MOXKHO IOJIOXKNTH PABHOMN €IMHNMLE.
Meu1 uHTEpECyeMes aHaTrIecKuMY pertenamu (3.3), korna G (t) uy(t) 6ynyT cTeneHHbIMU
paAnaMu 1o ¢ ¢ pamoHaILHLIMU KO3 dprimentavu. dudpepenmmansuoe ypasaerue st G ()
sABJIseTCS HenmHeRHbIM. ) IHAKO OHO HE NPUBOIUT K HEJIMHEHAHLIM aare0pandecKuM ypaBHe-

HIIAM HA HEM3BECTHLIE KOB(P(uimeHTsl (), B PA3JI0KEHIN

G(t) = > Gnt",

n>0

u n1060# (G5, MOKET OBITL NPEACTABJIEH KaK PAIMOHAJILHOE YKCJIIO, OJHO U TO K€ B BEMIEC-
TBEHHOM U BCEX P-aMUYECKUX CIYUAAX. 3aMETUM, UTO OOBIYHBIE PALBI C PAIOHAILHBIMU KO-
s¢PprrmenTamu, KoTopoie cxomaTca Ha Do, C R B BEMIECTBEHHOM CJlyuae, ABJIAIOTCS TAKIKE
P-aIMyecKy CXOMAIMMUCA B HeKOTOpoit obnactu Dy, C Zj,.

B kauecTBe mimocTpammm asanTudeckux pemennii ypasuennti (3.4) (mpu C' = 1) pac-
MOTPUM IBA MPOCTLIX TPUMEPA.
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PrMEP 1. Hycts w(t) = wo/(1 + at)?, roe wo = b=?ua,b € N. Torzna

1 ¢

G(t) =b(1+at), ()= itar

Tak xak QyHxuws 7y (t) ABAAETCS APryMEHTOM TPUrOHOMETPUYECKUX (yHKumii B (3.3), mouy-

vaeM, 9T0 00mas 061aCTb CXOMAMOCTY AV BCEX AHAIMTUHMECKUX PA3JIOKEHU ecTs |t, <
2

|2b%|,, s Kax mOro p.

Mpumep 2. Iycrs w(t) = wo/(1 + at), roe wo = b~ 2(1 + a?b*/4)* /2 ua,b € 2N. Torna
IO AHAJIOTHH ¢ IpUMepOM 1 ommygaem

1 1
G(t)=b(1+at)2, () = —zIn(l+at), |t < 1262,
Takrm 06pazom, CymeCcTBYIOT HETPUBUAJLHLIE aneanHbe pemenvsa nisa G(t) u y(t), u, cue-
noBatensHo, s (1) B (3.3).

s onpeneserns koHCTAHT C1 v C'o MBI ICIIOJIB3YEM [IBA TUIA YCJIOBUN HA KJIACCUYECKY IO
TPAEKTOPUIO.

3.1. Pemenne c TpaHUYHBIME yCJIoBMAMM. Kiaccudeckas TpaeKTOPHs, CBA3LIBA-
OIAdA IBE MPOCTPAHCTBeHHO-Bpemennnie Touky (1) u (27, "), omacoBaeTca popmyoii

G(t) z’ 7 z /
sin(y — 1) @SIH(W —-v(t) + @Sln(W(t) -7 (3.5)

x(t) =
roe ' = x(t'), ' =x({t"), G' =G{'), G’ =G{"), v =v{") uy" =~({#"). 3ame-
THUM, UTO B BEMECTBEHHOM CJIyUae MOJIZKHO OLITL BEIIOIHEHO yeaosue 7' — ' # mmw, m € Z.
Hanomuanm takxe, uro |y — /|, < |2|p. Kak Mul yBumv nasee, mOIE3HO 3ammcaTh COOT-
BETCTBYIOIMIA NMITYJILC B OpME

mG(t)y(t) [z" z’

k(t) = mi(t) = mG(t)m(t)+ S0 — 1) Vel cos(y(t)—v") — a cos(fy“—v(t))]. (3.6)

3.2. Pemenune c HavyaJIbHBIMU ycCJIOBUAAMMU. Hanaras mavaianunie yCJI0BUA .’IJO =

z(t%), k¥ = ma(t°), HaxomIm 3BOTIOIMIO KJACCHYECKOTO COCTOAHMUA B CJIEIYIOMIEM BULE:

o) = |G costo) =47 - F0E singr 1) - %)+
+ GO Gty 10,
ko) = (S L) costr ) - ) (3.)

BN )
- m<G(tC),G + G(gz(t)) sin(y(t) — 70)]3304—

0 .
+ % [G()3(2) cos(v(8) —7°) + G(t) sin(y(t) — 7*)]K°,

3*
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rme GO = G(tY) uy° = 7(t°). Honaras cravana t = ¢/ u 3atem ¢t = ¢/ B mepBOM ypaBHe-
mm (3.7), moxno maiitu 20 u kY xax ¢pysxkmm ot 2’ u 2’ Honcrasnaa 2° = 2°(2’,2") n
kY = kO(2’,2"") Bo BTOpOE ypasrerue (3.7), monyqaem dopmyay (3.6) mia k(t).

s ynoOCcTBa BLIUUCIEHNST COOTBETCTBYIOIIEN0 KJIACCUYECKOTO NeHCTBUS

g(x//7 t”; .’13',

5/, (t) — w?(t)x2(t)] dt (3.8)

CJIEyeT UCHOIB30BATH MHTErPUPOBAHKE TI0 YACTSAM U yPaBHEHME mBrkerns (3.2), uto npu-
BOIWT K BLIPA2KCHUIO

S "2l ) = %(m”.’is” — i), (3.9)

B cuny ypasrenus (3.6), KoTopoe naet 4 Kak (yHKIMIO OT &, MBI HOJIyYaeM AEACTBYE B BUIE
KBaxpaTtnaHoit popmer o '/ m ', T.e.

97 at/
G g, 1y T Y G 172
S(ﬂf ;t ,337t)—5|:<7tg(7"_7/)+a)33 —

OSATTAT Sy G/
— VT T g (— )22 (3.10)
tg(y

sin(y” — ')
e NCII0JL30BaHO paBeHCTBO
G//,Yl/ G/,Yl

GI + GII

= 2y/y",

HOJIyYeHHOE ¢ oMOUBIO (3.4).

3aMeTnM, YTO IPUMEHEHHLIH BLIIE P-aANIeCKUi (JOPMAJIN3M UMEET Ty 3Ke (OPMY, UTO U
€r0 BEIIECTBEHHBIN aHAJIOT, WK, APpyruMuy ciaoBamu, kiaccryueckuil I'O3BY unBapuanTen
OTHOCHUTEJILHO 3aMeHBI YMCIOBEIX HoJel R u @y, nia Becex p. 9T0 MOXKHO PACCMATPUBATE KaK
HEODXOIMMOE yCJIOBUME CYIIECTBOBAHUS aaeabHOro Kiaaccudeckoro 'O3BY, koTropwiii Mot mo-
crporM caenyommM criocobom. Ilyctn koopanuaTa x, ummnynne k nBpems ¢ Oyay T aneILHLIMEA
BesmurHaMuy, Kaxk (2.7). CooTBeTcTByIOmMIA 8 neLHLIA JIArPAHKIAH 33 1A€TCA B BUIE

L(,I’l:,”l:t) = (L(mmaimytoo):‘L(mQ:j’lQ:tQ):' e 7L('7’.p7',t1)7tp)7' )/

rne L(zy, @y, t,) = m[i?

2 2 _ -
—w(ty)zy]/2cv =00,2,...,p,... 1 |L(xp,&p,tp)|p < 1 mna
BCEX, KPOME KOHEUHOTO YMCJIa, MPOCTLIX uncest p. Bee apyrue npencTaBieHHbIe BhIe BeJIu-
UMHBI, KaK BEIIECTBEHHBIE, TAK U P-aIMYECKUE, TAKIKE MOT'YT ObITL 060BIIEHD! 10 8 AebHLIX.

Hanpumep, amennbHOE KiIacCUYeCKoe OeiiCTBYE 3aIMIIETCA B BUIE

S "2 ) = (Sl thei wlhe, 1), S(ah 155 a5, 15), ..., S(xy b ah, 1), ...,

Yoo Yoor Voo y piTpslp
(3.11)
IZIe BEIIECTBEHHAS U P-aiuvIecKue cocTaBisomme nmeior sug (3.10).
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4. KBAHTOBLIN OCIIMJIJIATOP: BEIIIECTBEHHLIN,
p-AINYECKWUN M ANEJLHBIN CIIYUAU

EmmucTBenHbIl opMainiM 0OBIMHON KBAHTOBOM MEXAHUKM, KOTOPLI AOMyCKAeT P-aau-
YECKIIE U a1eJIbHBIE 0O0DIIEHNS C KOMIIIEKCHO3HAYHBIMY BOJHOBBIMU ()Y HKIIAMU, €CTH TPOR-
ka[7,9]

rne Lo(R) — rumnbepToBO IPOCTPAHCTBO, Zoo — TOYUKA BEMECTBEHHOTO KJIACCHYECKOTO (a-
30BOro mpocTpadcTBa, W(zo,) yHMTapHOE mpencrassenve rpynnl Befina TaizenGepra na
Ly(R),U(too) yHUTAPHOE IPENCTABJIEHUE 3BOJIIOMOHHOrO oneparopa Ha La(R). Cnenosa-
TEJLHO, 10O P- aI[I/I‘-IeCKOﬁ n aﬂeJILHOﬁ KBAHTOBLIMU MEXaHUKAMU MBI TIOHNMAEM - aI[I/I‘-IeCKI/Iﬁ
v azennHbli anamnoru (4.1), T.e.

(LQ(QP)=W(ZP)=U(tp))= (42)
(L2(8), W (2),U(1)), 4.3

cootrercTBeHHO. TakuM 06PA30M, VIS HAXOK ICHNSA AIeTHHBIX COOCTBEHHBIX COCTOSHMI 1 X
sromommn st ' O3BY, 3ananso0it ¢ momonmio nponaratopa U (¢, t'), seobxomivo permts

yDaBHEHVE
U ) @ ) = xla(y" =N ' 1), (4.4)
rae @ = (Qoo, @2, ..., Qp, . . . ) — ALEJILHBIA AHAJIOT SHEPIUN,
x(u) = H Xo(ty) = exp (—27iuso) Hexp mi{up}p)
v p
u
W (2,1) = 0 (200, too) [T U5 (@ t) T nls). (4.5)
peES PES

Oposmommonnsiit oneparop U (t”,t") = ], Uy(t),t,) meficTByeT MOKOMIIOHEHTHO CJIEIyIO-

vV

mmM 0Opa3oMm:
U0 = [l s )0 1) do (4.6)

fmpo K, (x5 x,, t,) onpenesieno (eAHMAHOBCKAM MHTETPAJIOM IO TPACKTOPUAM

1
el i t) = [ (=301 D =
1 [t
:/X,, (‘E/ L(mv,iv,tv)dtv) [T dat), (4.7)
ty, to

rme h  mocrosuuas [Inanka. fAnapo K, HaspiBaemoe Takke KBAHTOBO-MEXAHNYECKUM IPOIIa-
raTOPOM, UI'PAET MEHTPAJILHYIO POJIL HE TOJLKO B OOBLIYHOM, HO U B P-aIMYECKON U aNeILHOR
MEXaHUKaX.
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p-A mraeckuil GeHMAHOBCKUM MHTErPAJI IO TPACKTOPUAM IS KIACCAIECKOrO NeHCTBIA,
kBazapatunasoro o &/ n 2’, Beramcsen B pabore [15] n mmeet Ty ke GopMmy, UTO U €ro Be-
IMeCTBeHHbIH aHasor. A mMerHo, ecym nefictsue S(z)), 15 o) t)) kBaapaTuaso o z)) u ),
TO

gy (L _0°8 \|1_o°S
o(TustoiTusty) = o <_ﬁ8w;’8w; > ‘E ! Oz,
re Aoo (@) = (1 —isigna)/v/2, Aeo(0) = 1 u BLmosHmIOTCS CBOMCTBA (2.5).
Ipumvensa popmyay (4.8) k 'O3BY u ncnonnays (3.10), nomyuaem

1/2 1
(-3t ). s

v

— 7 1/2
K (’E“ ! tl) .Y E \/7’/7/ E /7//77 / y
P b e B = A G sin(y =) ) | s =0,

m ,'y// G// 2
X Xl = || ==—— + =7 )2~
2h [\tg(v"—=+") @
g g -/ ~. !
29"y "ot Y G 2
“anr At Yt ey @ ) | 49
sin(y"" =) g(v" =)
UTO CONEPIKUT PAHEE MOy YEHHLIA PE3yJILTAT B BEMIECTBEHHOM cayuae (cM., Hanpumep, [14]).
Mo2KHO SIBHO IOKA3aTh, YTO nponararop (4.9) ynosieTsopseT BceM OOLIYHLIM CBOACTBAM Be-
pOHTHOCTHOﬁ aMH.HI/ITyI[LI KBaHTOBOﬁ YaCTUILI OJIA IIPOXO02K ACHU S M3 IPOCTPAHCTBEHHO-BPE-
MEHHOH Toukm (,,t)) B IPOCTPAHCTBEHHO-BPEMEHHY IO TOUKY (4, th).
CooTBeTcTBYOMMI AMeILHLIA TPONATATOP UMEET BUL

K" "2 t) = [ Kolal), £ 2, 1), (4.10)

rme Ky (2], t); x) ,t)) maetcsa gpopmymnoit (4.9). Iponssenernne B (4.10) pacxomarcs, HO ero
MOKHO PACCMATPUBATH KAK AJEbLHDIA ()yHKIIMOHAJI HA IPOCTPAHCTBE NPOOHLIX ()yHKINIA, B~
asrommxcs o6sraubMy QyHxuuamu [sapra Bproa (e, Taxxe [16]).

B p-amrueckoit KBAHTOBOH MeXaHUKE BaXKHYIO POJL UIPAET COOCTBEHHOE COCTOSHUE
Q(|zp[p) (2.6), koTopoe nuBapuanTHO oTHOCUTENLHO Up(t7), 17,)-ipeobpasopanmit n Mmoxer
PACCMATPUBATLCA KAK P-IAYECKOE BAKY YMHOR COCTOsHME, T.K. y Hero {ayp (Y, — vp)}p = 0.
B cuy (4.5) cymecrBoBanue ¢pyukimu (|2 | p) L1 Beex p, KpOMe KOHEUHOI'O UKCIIA, ABJISIET-
€A1 HEOOXOMMBIM YCJIOBUEM M1 OO'LEIMHEHNA OOLIYHOMR U P-a IMIECKOM KBAHTOBLIX MEXAHUK B
AOEJILHDLIX (i)OpMaX. 9T0 Q—COCTOHHI/IQ CymeCTBYET TOr' Ia M TOJILKO TOT'da, KOT'Id BLITOJTHEHO
COOTHOIICHUE

/| _ Kolef ) ey = 1ely) (4.11)
z,|p<1

Moncrasisia (4.9) c v = p B (4.11) u ncnonn3ys uarerpasn (2.4) mwist v = 0, Mol MOXKeM
BBIBECTU HEKOTOPBIE ycsoBusA Ha Beamansel G(tp), Y(tp) 1 m, KOTOPLIE 00eCIeUnBaIOT Cy-
mecTBoBanue §)-cocrommma. Hanpuvep, ecmm y(t,) = y0 + 1ty +72tn + -+ Yty + -+ 1

/ " ;

G, 18" =), [2m],

Zp|p) cymecTByer musBcex p # 2. Ilonesno 3ameTuTs, uro He Beakuit I'O3BY mueer

To

()-cocTosgHMe U MOXKeT OLITL 0000IIEH N0 aIeJILHOLO.

B kauecTBe npoCTEeRIel MIIOCTPALIMY K TIEPEUMCIIEHHBIM Y TBEPK ICHAAM MOYKHO B3ATD
uacToTy w(t) = wp 1 BLIBECTU PAHEE NOJLY YeHHLIH pe3ynbrar [9].
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5. BAKJIIOUNTEJIBHBIE SAMEUYAHWUA

B coorseTcTBum ¢ (4.5) anennuas sosmoBas Gyakims ¥ (z, t) naet 60abme naGOpMAIIMM O
(hm3mueckoii cucteMe, ueM ee CTaHAaAPTHAA YaCTh ¥ oo (T oo, too ). MBI XOTUM 0COG0 OTMETUTL
MUCKPETHOCTH MIPOCTPAHCTBA Y HAJIMUNE P-aIECKON (PA3LI, UTO 0OOYCIIOBJIEHO K B OCHOBHOM
cIlenyeT 13 a1eJILHOrO KBAHTOBOI'O (JOpMAIM3Ma.

Hanpumep, anensHoe cocTosiHue

U(z,t) = ¥oo(Too; too) HQ(|xp|p)

NOKA3LIBAET IMCKPETHYIO CTPYKTYPY IPOCTpaHcTBa Ha mmmHe [g = (hm ™ 'w™1)1/2. Jleiict-
BUTEJILHO, B COOTBETCTBAM C ODLIYHOI MHTEpnperanreil BOJTHOBON (yHKIMM CIELyeT pac-

ematpusath |¥(z,t)|2, B pammoHanTLHEX TOUKax 7 1 t. B HAITEM aNeTLHOM CIIydae MBI oJTy-
yaem (e, )2
Uoo(x,t T € Z,
U(z, )% = |Vo(z,t)]? Q(|z oo oo '
e = (ot 2 [T 0 Bt s

3.11ech UCIOJIL30BAHEI CIIEAYIOMME CBOACTBA {)-(yHKIMN:

») T

02 (J]) =

P):17

ecmmz € Z,n

HQ(|$|p) =0,

p

eciim z € Q\ Z. Takum 06pazoM, 9TO 03HAYAET, YTO KOOPIMHATA I MOXKET MMETD TOJILKO IUC-
kperHple 3Havenus: z/lg = 0,41, £2, ... . J{asa npoBepKu 3TOM AMCKPETHOCTH IPOCTPAHCT-
BA 9KCIIEPUMEHTAILHO HY JKHO UCCIEI0BATE (PU3UYECKYIO CUCTEMY B €€ BAKYYMHOM COCTOSIHNAN
" Ha PAaCCTOAHUSAX MMOPAOKA OJIVNHDBI lO. KOFI[& CUCTEMA HAXOONTCA B CMEIIIaHHOM COCTOAHUN

U(r,t) =Y C(S,a) ¥y (x,1),
S,a

IUCKPETHASI CTPYKTYPa HE MPOABIAETCS U IPOCTPAHCTBO ODHAPYIKMBAET ODLIYHLIE HEIpe-
PLIBHLIE CBOBCTBa. TakmuMm 00pa3oM, IMCKPETHOCTL IPOCTPAHCTBA €CTL KBAHTOBLIN 2 (eKT,
KOTOPBIN 3aBUCUT OT AAEJILHOIO KBAHTOBOI'O COCTOSHUA.

A mennHLIE BOSHOBBIE YHKIMN TAIOT BO3MOXKHOCTL UCCIENOBAHUA HOBLIX ()a3, KOTOPLIE
MOy T OLITL HA3BAHDI p-amndeckuMu. JlelicTBurennHO, Boipaxkenue (4.5) conepxkut §yHKIun

Uy (zp,tp) = Xplap(y(tp) — 70)]‘I’p("31)= 0),

rne Xplap(Y(tp) — 7°)] MOXHO METEPIPETMPOBATEL KaK P-aIMIecKyio IMHAMIYECKYIO (asy.
ITonobuyro paszy MOKHO HADIIONATL, NCCIIENYs TOHKYIO CTPYKTYPY HPOLECCA MHTEP(EPEH-
LT,

Ha peanbHLIX paccTOAHMUAX, OYEHD DOJILIINMX 10 CPABHEHNUIO C [y, p-aanyeckue 3()(exTnt
IponanalOT U adeJIbHAsA KBAHTOBAA MEXAHVUKA CBOOUTCA K 06LI‘-IHOI7[. B 9TOM CJIydae MbIL
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NOJIKHLT nponHTerprpoBats |V (x, t) |2 10 P-aIUYeCKUM KOMIIOHEHTAM aleJILHOrO IPOCTPAaH-

/ dr =1, / W (2, tp) |20 dp = 1,
|Ip|p§1 Q

P

cTBa. Tak Kak

MBI IOJIyYaeM, 4To

[ st do = Wos (s toc) e o TT [ 10yl )2 diny
A(S)\R pes’Qp

2
< T1 [ haala) dry = e o) e e
pigslr

CnenoBaresibHO, OOBIYHAS KBAHTOBAS TEOPUS MOKET PACCMATPUBATELCA KAK 3(P(EKTUBHAS
anmpoKCUMAIs 00JIee TOHKOM aneLHON KBAHTOBOMR Teopuu.

Baaromapuoctu. Pabora Gouia yactuusno nonnepxana PO PU (rpant Ne 990100166) u
CPAHTOM BEAYIKX HAYYHLIX MKOJI. Mol XoTesu Obl nob1aronapnts Hamux koster uz Oraena
MareMaTudeckoit ¢usukn Maremarmaeckoro macturyTa M. B. A. CreknaoBa B Mockse 3a
IIJIODOTBOPHLIE 00CY 7K IEHVI.
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