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AnHOmayua: ¢ TOMOUIBIO YpaBHEeHHUS SIkoOM TOCTpOeHa IeToYKa 3aMKHYTBIX CUCTEM OOBIKHOBEHHBIX
T QepeHIMaTbHBIX YPaBHEHUH TIEPBOTO MOPS/IKA, OMMCHIBAOIINX IBOIIOIHI0O MOMEHTOB, HaualbHEIC yCIIO-
BHA K KOTOPBIM MOTYT cofiepkaTh ocTosHHYIo [Imanka. [TokazaHo, 94TO 3BONFONHMS MOMEHTOB Pa3HBIX MOPSI-
KOB IIPOMCXOJUT HE3aBUCUMO JpYT OT Apyra. [lokazaHo, YTO HMCTOYHUKOM AMHAMHYECKOTO Xaoca SIBISIOTCS,
B YaCTHOCTH, HEHYJIEBbIE HadaJbHBIE YCIOBUSA K CHCTEME ypaBHEHHH IJIi BTOPBIX MOMEHTOB, TaK KaK Cpej-
HUE KBaJ[paThl PIYKTyaluii KOOPJUHATHI M UMITYJIbCA, KOTOPBIE SBISIOTCS MEpOil «pa30eraHus» TPaeKTOpHH,
BO3pACTAIOT SKCIOHEHIMAJIBHO OBICTPO B 00JACTH OTPHUIATENbHOI raycCOBOM KPHUBH3HBI MOTEHIMAaa. Tak
KaK pelieHusi ypaBHeHUs SIKoOM JOJDKHBI SABISATHCS MajbIMU TOMPAaBKaMU K PENICHUIO ypaBHEHHS Oinepa—
Jlarpanxa, To oOpaTHOe BIMSHHUE 3TUX MOMPABOK Ha pelleHHe ypaBHEHHUs Oinepa—JlarpaHxa MoxeT OBITh
YYTEHO C IMOMOINBI0 PO3bIrphIima (MeTox MoHTe-Kapio) qTuHaMHYeCKIX MePEeMEHHBIX, YTO, B CBOIO OYepenb,
MIPUBEJET K MOABICHHUIO HEHYJIEBBIX HAYAJIbHBIX YCIOBUI 111 MOMEHTOB BBICIINX TOPSIIKOB.

Kurouesvie cnosa: ypasHenue Ditnepa—Jlarpamka, ypaBHeHue SkoOu, 1emodka 3aMKHYTBIX CHCTEM
OOBIKHOBEHHBIX TU(PepeHIIMATBHBIX YPABHEHUH MEPBOTO MOPSIIKA, CPESAHUX 3HAYCHUN KOPPEIATOPOB Omepa-
TOpa KOOPAWHATHI U UMITYIIbCA, AMHAMHUYECKHN Xaoc.
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Abstract: using the Jacobi equation, we constructed a chain of closed systems of first-order ordinary
differential equations that describe the evolution of moments, where the initial conditions can include
Planck’s constant. We showed that the evolution of moments of different orders occurs independently of
each other. We demonstrated that the source of dynamic chaos is, in particular, nonzero initial conditions
for the system of equations governing second moments. This is because the mean square fluctuations of
position and momentum, which measure the “divergence” of trajectories, grow exponentially fast in the
region of negative Gaussian curvature of the potential. Since the solutions of the Jacobi equation must be
small corrections to the solution of the Euler-Lagrange equation, the reverse influence of these corrections
on the Euler-Lagrange equation can be accounted for using the Monte Carlo method for dynamic variables.
This, in turn, leads to the emergence of nonzero initial conditions for higher-order moments.
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B pamMkax HOBOTO MOJIX0/1a K TIOCTPOSHHUIO KBa3HKJIACCUIECKOTO MPUOIMKCHUS B KBAHTOBON MEXaHUKE
B [1] Ob1a MoCTpOEHA 3aMKHYyTasi ccTeMa OOBIKHOBEHHBIX IH((epeHITHaNbHBIX ypaBHEHUH ITEpBOTO MOPSI/I-
Ka JUId CPeJHHUX 3HAUCHW KOPPEJATOPOB OINepaTopa KOOPAUHATHI U UMITYIbCA, KOTOpas HE CONEPIKUT SIBHO
roctostHHOM [Inanka, a HaganbHBIE YCIOBHA K 3TOH CHCTEME YpaBHEHUH YIOBIICTBOPSIOT CHCTEME 0000IICH-
HBIX COOTHOIIICHUH HeompeaeeHHocTed [erizenbOepra. B [1] Obuta mocraBieHa 3ajada MOCTPOSHUS TOYHOM
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MEXaHU4YeCKOH aHaJIOTMU 3TOH CHCTeMBl ypaBHeHUH. B HacTosmell paboTe mpeacTaBiieHa MONbBITKA PELICHUS
9TOH 3aja4i.
[Iycts HaM maHO ypaBHeHHUE Diinepa—Jlarpanxka
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CTBEHHO:
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BunHo, 4To ¢ moMomipio ypaBHeHUs SIK0OH (5) MOTYT OBITH MMOCTPOCHBI 3aMKHYThIC CHCTEMBI Audde-
PEHIMATBHBIX YPABHEHUH MEPBOTO MOPS/IKA I TPEX HOBBIX JUHAMHUYECKUX MEPEMEHHBIX:
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U TaK Jaiee.

Bunno, 4To 3aMKHYTHIE cUCTeMbI ypaBHeHU# (6), (7) 3aBUCAT OT pelieHUs ypaBHeHUs (4) U 3BOIIO-
LMOHMPYIOT HE3aBUCHUMO JPYT OT Apyra. Tak Kak pemeHus ypaBHEHHA SIKOOHM MOIKHBI SBISATHCS MaJbIMU
MOIIPaBKaMK K PELICHUIO ypaBHEeHUs Dinepa—Jlarpanxka, To oOpaTHOE BIMSHUE 3THUX TONPABOK HA PEIICHUE
ypaBHeHHUs Dinepa—JlarpaHka MOXKeT ObITh YYTEHO C MOMOIIBIO pO3BITpHIIa (MeTox MonTte-Kapno) auna-
MHUYECKUX [IEPEMEHHBIX, YTO, B CBOIO OYEPEb, IPUBEAET K MOSBICHHIO HEHYJICBBIX HAUaJIbHBIX YCIIOBHUH IS
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MOMEHTOB BhICHIMX MopsakoB. Ecnu mdx = dp, To cucrema ypaBHeHUH (6) C TOYHOCTBIO O 00O3HAYCHUH
COBIIAJIa€T C CUCTEMOM ypaBHEHMH [1], koTopyro 3amumiem B Buze [3]:

d—
5722 — 28575
dtdx mdxépx

dﬁ 1 - )

E&xépx = %ép)% — Uy (x) 022 . (8)

d A CTACA

—6p2 = —2Uy, (x) 6%6py.
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C moMOIIBI0 BOTHOBBIX (PYHKITHH, MUHIMH3HPYIOIINX COOTHOIIIEHHE HeonpeaeaeHHo cTel I erizendep-

ra, BBIYHCIICHBI Ha4allbHbIE YCIIOBHS K cucTeMe nudepeHIualbHbIX ypaBHeHHH (8):

5%0pe|,_o = O,
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Hccnemyem Ha yCTOWYUBOCTD PEHISHUS CUCTEMBI TU(GepeHINATFHBIX YpaBHEHHH (8) Ha HEOOIBIIIX
BpPEMEHHBIX UHTepBaiax X(f + At) ~ x(¢). Pemenus cucremsl ypaBHenwuii (8) OyaeM MCKarh B BUJIE:

0%2 = AeM
0%0p; = BeM (10)
% = e,

rne A, B, C — mocTosiHHbIC HHTETPUPOBaHHs, a A — MMoKasarelns JIsmyHoBa.
[MoncraBum (10) B (8) 1 momyuum:
2
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AC = —2U,(x)B.

Haiinem Tpu KOpHS XapaKTEpUCTUYECKOTO YPAaBHEHUS:

A1=0
. [ —Ux (x)
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BuaHo, 9TO HCTOUHMKOM TUHAMHUYECKOTO Xaoca SBIISIFOTCS, B YACTHOCTH, HEHYJIEBbIE HaUYaJIbHBIC yCIIO-
BHA K CHCTEeMe ypaBHEHHH (8), Tak Kak cpenHue KBaaparsl (UIyKTyaluid KoopauHatsl u umiyisca (10), koto-
pbIe SBISIFOTCS MEPOH «pa30eraHus» TPAaeKTOPHH, BO3PACTAIOT AKCIOHEHIUAIBHO OBICTPO Ao > 0 B obmactu
OTpHILIATENIBHOM rayccoBoil kpuBuU3HbI oTeHnuana Uy, (x) < 0.
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