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Brenenue. B nociieiHee BpeMs B CBSI3U C pa3BUTUEM METOJIOB aHAJIUTUYECKON Teopuu auddepeH-
HUATBHBIX YPABHEHUM U COBPEMEHHBIX CUCTEM KOMITBIOTEPHOM MAaTEeMAaTHKH 3HAUUTECIBHBIN HHTEPEC
BBI3BIBACT MCCIICAOBAHUE KIACCUUECKOM HBIOTOHOBCKOM 3ajaun IBUKEeHUSI MHOTUX Tel [ 1, 2]. MaTepec-
HO TMPOAHATU3UPOBATH (KaK AHAJUTHYECKU, TaK U YUCICHHO) Pa3JIMYHBIC PCUICHUS, BO3HUKAIOIIUE
B JIAaHHOM 3aj1a4e, a TAK)Ke MUCCIISIOBATh KAaK HHTETPUPYEMbIC, TAK U HEMHTEI PUPYEMBbIE CITyudau (3aBUCS-
e oT HabopOB 3HAUCHHUH KOHCTAHT MEXKYACTHUYHOTO B3aMMOJICHCTBUS).

Pemmenue 3agaun 0 IBMKEHUU OHOTO TeJla COACPIKUTCS y>KE B MEPBOM 3akoHe HpioToHa — 3aKoHe
unepuuu [1].

Pentenue 3amaun ABYX Ten Takxke 0b1I0 oiaydeHo HeroToHoM. Oniupasich Ha 3akoHbl Keruiepa j1Bu-
JKEHUSI TUIAHET U HEKOTOPBIC APYTUE PE3yNIbTaThl CBOMX MPEAIICCTBEHHUKOB, HBIOTOH OTKPBLIT 3aKOH
BCEMUPHOI0 TATOTEHHS. McXoas W3 3TOro OH J0Ka3all, YTO HE TOJIBKO IIAHETHl ABUXKYTCS BOKPYT
CouHIila, B IEPBOM MPUOJIMIKEHUH B COOTBETCTBUU ¢ 3akoHamu Keruiepa, HO U JIBH)KEHUE CITYTHUKOB
BOKPYT IIJIAHET, a Tak:Ke KoMeT BOKpYT CoJHIIa MOAUYUHSAETCA TEM K€ 3aKoHaM JuHaMuKku. EctecTBeH-
HO, 9TU YTBEPKJCHUSI CIIPABEAINBBI B pAMKaX HEBO3MYIIICHHOW TUHAMUYECKOM MOJIETH, T. €. B paAMKax
3a7a4u JBYX TEJ, KOTJla HE YUUTHIBAIOTCS B3AUMHBIC TUIAHETHBIC MPUTSHKEHUS [3].

B otnuuue ot 3aja4yu ABYX Tel, 3ajiadya TPEX TeJl He JOMycKaeT OOIIero PeIIeHHUs, ITO3BOJISIOIETO
JUJIS TIPOU3BOJIBHBIX 3HAYCHUN KOOPAUHAT U CKOPOCTEH Tesl B HAUaJIbHBIM MOMEHT BpeMenu ¢ = 0 mpen-
CKa3aTh TMOJIOKEHHUE KAXKIOr0 U3 TPeX Tell ISt Jr000ro Oyayinero MmomeHnTa Bpemenu ¢ > 0. 1 310 HecMo-
TPsl HA TO, YTO BBUJIY CBOCH Ba)KHOCTH 3ajiaua TPEX TeJI PHUBJICKaa K ce0¢ BHUMaHUE MHOTUX MaTeMa-
TUKOB 1 MexaHukos: JI. Ditnepa, XK. Jlarpanxa, I1. Jlannaca, K. fIkoou, A. [lyankape, J[». bupkroda.
B 1912 1. ¢punckomy maremaTuky K. 3yHamaHy yaanoch HOCTPOUTH 0OlIee pelieHne HbIOTOHOBCKOM
3a7auu JBUXKCHUS TPEX TEJ B BUJIE CTEMEHHBIX panoB [4]. Tounee, eMy yaanocs onucarh aaropuT™M Ha-
X0k IeHust uxX ko3 duimenton. OnHako, kak nokasain J. bemopuikuii [S], 1151 BEIYUCIUTEIBHON acTpPO-
HOMUU JJAHHBIC PSIABI HE MPEACTABIAIOT HHTEPECA B CHILY TOTO, YTO CKOPOCTh UX CXOJUMOCTH YPE3BBI-
YyallHO Maja.

HUccnenosanust 3aa4u Tpex TeJl BCTPEUAOTCS TaKxke B paboTax [0, 7], B KOTOPhIX MaTeMaTHUECKasI
MOJIe)Ib IBUXKCHUST N TeJ 3alucaHa B BUJEC CUCTEMbI, cOCTosMIeH n3 N 00bIKHOBEHHBIX nuddepeHiu-
aJIbHBIX YPaBHCHUH BUA

m=N rr
C_y:; :22 anm—gngm N }’lZl,..., N-
m=1 Gu T Gm (1)

m#n

3aBUCHMEBIC INepeMCHHBIC G, =G, (T) SIBIITFOTCSL KOMILICKCHBIMH. KOHCTaHTBI B3aHMOHeﬁCTBH5[ a,.
arpruopu MpoOu3BOJIbHBI, 3a HCKIIFOYCHUCM Tpe6OBaHI/I$I CuMMeTpum a, =4a, .

I/IHTepec K HCCJIICJOBAHUIO CHCTCMbI (1) TaK>X€C BbI3BaAJI CJ'IG,I[YIOH_II/Iﬁ q)aKTZ IpHu OTOKIACCTBIICHUHU
KOMILICKCHOM G -IIJIOCKOCTHU C q)HSHHGCKOﬁ IIJIOCKOCTBIO U IPU PACCMOTPCHUHN BeI].IeCTBCHHOfI nepe-
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MEHHOH T (MHTepIpeTHpyeMOoe Kak «(pusnueckoe BpeMsi») IBHKeHHE N TOUeK G, OIpelelseTcs perie-
HHUEM IJIOCKOHM 3aJ]aul MHOTHX TEJ, ONMUCHIBAEMON HBIOTOHOBCKUMH YPABHEHUSIMU JABUKCHUS C UHTE-
PECHBIM CBOMCTBOM TEPUOJUYHOCTH (@ UMEHHO, CPEIU TaKUX PEIICHUU 3a]laud MHOTUX TEJl HMEeTCs
MHOTO PEIICHUH C TIOTHOCTHIO TIEPUOIUYECKUMH TpaekTopusmi [8, 9]). Cirenyer Tak:ke OTMETHTb, 4YTO
B paborax [7, 10] Oblnu TOTy4YEeHBI HEOOXOJUMBIE M JOCTATOYHBIC YCIOBHS HAJTUYHUS MEPOMOP(HBIX
pelIeHni B IJIOCKOM 3a/1a4ye Tpex Tel.

Hecmortps Ha kaxymryrocs mpoctoty dopmyi (1), aHAIUTHYECKOTO PEIICHUS 3a/1a4H B 00IIeM BU/IE
nast N >3 moka He HaliIeHO.

B nanHol paboTe paccMaTpuBaeTCs IIOCKAs KJIACCHYECKasi HBIOTOHOBCKAS 3aja4ya O JIBHIKEHUU Ue-
TBIpEX Tell.

U3 (1) [7] BugHO, uto ieHTp Mace Z = Z(1),

Z:9+%+%+%
4
JIBUXKETCS] paBHOMEPHO. JleficTBUTENBHO,
Z"=0,

Z(t)=Z0)+Z'(0)t=Z(0)+ VT,
rae V —moctosHHasg. Ilomoxum
A, =0y =0a,a,, =a; =¢,ay, =a, =d,
4y =ay, =b,ay, =a, =e,a,=a,=f.
CyIecTBYeT TaksKe HHTErpall ABHKEHHUS (4TO HEMOCPEACTBEHHO cieayeT u3 Buaa cucremsl (1)) [6]:

P

2a 2b 2¢ 2d 2e 2f
1@2@3@4(91 gz) (92 _93) (93 _Ql) (94 _Ql) (Qz —Q4) (€3 —Q4) 'f-
Beenem xoopuHaTEl OTHOCUTENIBHO LEHTPA Mace #, =G, —Z, n=1,2,3, 4. Torna BeIoIHAETCS YCIIOBUE
u, +u, +u, +u, =0.
s ynoO6cTBa 0003HaUCHUH MTOJIOKHUM
U =X, Uy=Y, Uy =2Z, Uy =—X— ) —Z.

C moMoIIbI0 HECIIOKHBIX alredpandecknx NpeodpazoBaHmii MOXKHO TENeph 3alucaTh YpaBHEHUS JIBU-
skerus (1) mpu N = 4 u unterpan quxeHus K B HOBBIX IEPEMEHHBIX X, ), Z

2a(x+V)(y+V)_|_2C(x+V)(z+V) d(x+V)(x+y+z V)
xX-y X—z 2x+y+z
__2a(x+V)(y+V)+2b(y+V)(z+V)_2e(y+V)(x+y+z—V)’ o)
xX=y y—z X+2y+z
__20(x+V)(z+V)_2b(y+V)(z+V)_2f(2+V)(x+y+Z—V)

xX—z y—z xX+y+2z
K=G+MG+)E+V)E+y+2-V)(x-p)“(y—2)" x
x(z—x)2x+y+z) (x+2y+2)*(x+y+22)”,

e x=x(t), y=y(t), z=z(t), t=1—1,, V=2'(0), K =const.
OcHoBHast yacTb. PaccmoTpuMm nuddepeHnnaibHyo cCUCTeMY MIeCTOro MOpsIKa
PR _de(x+z)’
X—z 2x+z
j}=—2ax(y+V)+2b(y+V)Z—Ze(y+V)(x+Z), 3)
X z xX+z
PR _2fz(x+z)’
X—z x+2z
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KOTOpast ABJISIETCS MHBAPUAHTHON OTHOCHTEIILHO 3aMEHBI IEpeMeHHbIX (¢, X, V, z; €, X, €, ), THe €—
napameTp. Cuctema (3) sABIASICTCS YIPOIICHHOU 115 (2).

3ameuyanue 1. Cucrema (3) momyueHa myTeM 3aMeHbl IEPEMEHHBIX B cUcTeMe (2) ¢ =¢€t,y =gy
npu € — 0, rmee— mapamerp.

[Ipeobpa3yem BTOpoE ypaBHEHHE CUCTEMBI (3)

j}=—2a§(y+V)+2b§(y+V)—2eiiz(y+V),
IR VL VA Pt
y+V X z X+z
WHTerpupoBaHue MOCIeAHEr0 YpaBHCHUS JaeT
y=Ax 2 (x+2) -V, @)
rne A — Ipou3BOIbHAS IOCTOSTHHAS.
PaccmoTpuM Temeps epBoe U TPEThE YpaBHEHUS CHCTEMBI (3)
PP Xz _2dx(x+z')
xX—z 2x+z 5)
5 oc Xz _Zfz'()'c+z')
xX—z x+2z

CornacHo pesynbrataM padotsl [10], cnpaBeniuBa
JHemwma 1. Jna nanuuus y cucmemut (5) ceoticmsa Ilennese [11] neobxo0umo gvinonnerue 00H020

u3 ycnogui .

l.d=f=——, ¢c=0;

2
1

2.d=0, c=f=—5.

CornacHo pe3yabTaTaM paboThl [6], cipaBeaInBa

Hemma 2. [na mozo, umobwr 6ce pewienus: cucmemvl (1) aéraiuce mepomopuvivu ynkyusmu
nepemennou t, Heobxooumo, umoobwl ece noxkazamenu I',y,,B,, n=1,6, n — nopadkoswvii Homep s1e-
MeHnma, onpeoensemvle uepe3 Koncmaumel a, b, c,d, e, f ¢ nomowwio coommnowenui

2 1
=T > Bn = —261

:2+a+b+c+d+e+f’ T

no
n

20e
3 1
a, e —2,—5,—1,—5,0 , a=a, a,=b, a,=c, a,=d, a;=e, a;=f,

NPpUHUMAIU Yel0YUCTEeHHblE UTU bOecKoHeunble 3HAUeHUs.

[lycts ¢=0, d=f = Y Torjaa cuctema (5) mpuHUMAaeT BUA

)_C__)'c()'c+z')
2x+z
6
z_z'(ic+z') ©
xX+2z

1 UMECT COOTBGTCTBYIOH_II/Iﬁ HUHTETpPAJI ABUKCHUS

__ pG+y)
(x+22)2x+z)

HenocpencTBeHHOI MOJCTaHOBKOH B cucTeMy (6) JIETKO IPOBEPHUTH, YTO JaHHAS CHCTEMa MMEET ooIee
pernieHre BUaa
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x=£ﬁ+4ﬁ+%,
6 @)

z= %13 +Byt’ + Bt + B,

rae t=1-1,, T,, K, 4,, A,— NpOU3BOIbLHLIE IOCTOAHHBIE, a BEIMUUHBI B, B/, B, onpenensiorcs
U3 COOTHOIIEHUI

B, =24,
_ 3K4,
boo24,)
_ 3K’4,
847

U3 nemm 1, 2 u paBencts (7) cnexyeT, 4To 115 HaIn4us y cucreMsl (3) cBoiicTBa llenneBe HeoOxo-
JIMMO, 4TOOBI a, b, ¢, d, e, f TIpUHUMAaIIK 3HAYCHHUS, IPUBEACHHBIC B Ta0II. 1.

Tabruya 1. 3HaYeHUe KOHCTAHT a, b, ¢, d, e, [

2] 0 0| 2|-=2]|-1 0 0 | -1 [-32(-32] 0 |-3/2|-32| 0O 0 |-12| -1 | -1
0| -2 0 | -1 0| -2|-2]|-1 0 |32 0 |-32|-1/2| 0 |-3/2|-1/2|-32| -1 | -1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
=12 =172 (=172 | =172 | =172 | =12 | =12 | =12 | =1/2 | =1/2 | =1/2 | =1/2 | =1/2 | =1/2 | =172 | =1/2 | -1/2 | -1/2 | -1/2
0 0| -2 0| -1 0O | -1 | -=2|-21]0 |-32|-32]| 0 |-1/2|-1/2|-32] 0 | -1 0
=12 =172 (=12 =12 =172 [=1/2| =172 | =1/2 | =1/2 | =1/2 | =1/2 | -1/2 | =1/2 | =1/2 [ -1/2 | -1/2 | =1/2 | -1/2 | -1/2
-12| -1 0 0 | -1 [ -1 0 [-12[-1/2] 0 [-1/2] O 0 [-12 0 [-122]|-1/2| -1 0
0 0 | -1 0 |-12] 0 | -1 | -1 0 [-122] 0 |-1/2] 0 |[-1/2]-1/2] 0 |-1/2] O | -1
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
=12\ =172 (=172 | =172 | =172 | =12 | =12 | =12 | =1/2 | =1/2 | =1/2 | =1/2 | =1/2 | =172 | =172 | =1/2 | -1/2 | -1/2 | -1/2
=32 0 0 | -1 0 [-12]-12] 0 | -1 | -1 0 0 [-12] 0 [-122]-1/2|-1/2] -1 | -1
=12 =172 =12 =12 | =172 | =12 | =172 | =172 | =1/2 | =1/2 | =1/2 | =1/2 | -1/2 | =1/2 | -1/2 | -1/2 | -1/2 | -1/2 | -1/2

~ |0 [0 [N |0 [

IIpu c= —%, d=0, f= —% cuctema (5) IpUHUMAET BU]T
Xz

x—z’
X H(E+2) ®

¥=—
°" xX—z x+2z
n UMECT COOTBGTCTBYIOHII/Iﬁ HUHTETPpaJI ABUKCHUSA
o Xx2(x+2)
C(x—2)(x+22)
IIponuddepenmnupyem neproe ypaBHeHHE CUCTEMHI (8):

Xz Xz X—2Z)xz
oo B (i-2)

x—z x—z (x-2)°
[logcTaBuMm B mociieiHEe ypaBHEHNE BRIPAKECHHS I X U Z , B3SATHIC U3 CUCTEMHI (8):
- %z’ X’z xZ(X +2) . X’z Xz
(x—2) (x—2) (x—2)(x+2z) (x-z)* (x-2)*

HpI/IBOI[SI HO}IO6HI)IC cj1aracMbI€ B HpaBOP’I JaCTU NOCJICAHETO PAaBCHCTBA U YUUTBIBAsA BBIPAXKCHUA OJIA
HWHTETpajia ABUXCHUA I/ICCJIC,ZIyeMOI\/’I CUCTEMBI, IOJIYYUM

X=-K.
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Paccyxnast aHanorndHsIMH 00pa3oM HONXY4YUM JUHEHHoe nnuddepeHnnaibHoe YpaBHEHUE TPETHEro
MOpsiIKa ¢ TOCTOSSHHBIMU KO3 (GUIIMEHTaMU U U1l QYyHKLUH Z:

7 =2K.

Tprok bl HHTETpUPYs 00a ypaBHEHHS TPETHETO MOpPsiAKa HailaeM BUI QyHKUMH X, z. [logcTaBmss noy-
YEeHHBIE PELICHUS B cUcTEMY (8), YCTAHOBUM CBSI3b MKy MPOU3BOIBHBIMH MTOCTOSIHHBIMU U 3aITHILEM
o0l11ee pereHne 3To CUCTEMBI B BUIE

K
x= —?ﬁ +Ct* +C,,

2
Z=£t3+Dlt2—(M]t+C3: )
3 K
3K°C,-8C;
e D, = G 5 G ,1=1-1,, T,, K, C,, C; — IpOM3BOJIbHBIE IOCTOSHHBIE.
8C,

CortacHo emmaM 1, 2 u paBeHcTBaMm (9), 3aKirodaeM, 4TO JJIs Hamu4dus y cucTemsl (3) cBoicTBa
[lenneBe He0OXOAMMO, YTOOBI KOHCTAHTHI 4, b, ¢, d, e, f IPUHUMANN 3HAYCHUS, IPUBEICHHBIC B TAOMI. 2.

Tabauya 2. 3HaYeHUs1 KOHCTAHT &, b, ¢, d, e, f

-2 0 0 | 21]-=2]- 0 0 | -1 |32|-32| 0 |32]|-32] 0 0 [-1/2(-1/2| 0
0 | 2 0 | -1 0| 21]-=2]- 0 |32 0 |32|-12| 0 |-32|-1/2|-32] 0 | -1
1212|172 | =172 | =172 | =172 | =172 | =172 | =172 | =12 | =172 | =12 | =12 | =12 | -1/2 | -1/2 | -1/2 | -1/2 | -1/2
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 | 2 0 | -1 0| -1]|-=2]|-=2 0 [3/2|-32| 0 |[-12]|-122|-32| 0 |-32]| -1
1212|172 | 172 | -172 | 172 | -1/2 | -1/2 | 172 | 12 [ =12 |12 | -1/2 | -1/2 | -1/2 | -1/2 | -1/2 | -1/2 | -1/2
—1 0 0 | -1 | -1 0 |-172{-1/2| 0 |-1/2| O 0 |12 0 |-12|-1/2| -1 | -1 | -1
0 | -1 0 [-12] 0 | -1 | -1 0 [-172| 0 [-12] 0 |[—12|-12] 0 |-122] -1 | -1 0
—1/2 | —1/2 |12 | -172 | -1/2 | =172 | =172 | -1/2 | =172 | -1/2 | -1/2 | -1/2 | -1/2 | -1/2 | -1/2 | -1/2 | -1/2 | -1/2 | -1/2
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 | -1 0 [-12(-12] 0 | -1 | -1 0 0 [-12] 0 |-12|-122|-1/2| -1 0 | -1
—1/2 | -1/2 |12 | -172 | -1/2 | =172 | =172 | -1/2 | =172 | -1/2 | -1/2 | -1/2 | =1/2 | -1/2 | -1/2 | -1/2 | -1/2 | -1/2 | -1/2

~ |0 [0 [~ |0 [

PaccmoTpuM Teneps OmsTh BTOPOE YpaBHEHHE CHCTEMBI (3), KOTOpOe, KaK ObLIO IMOKa3aHO BBIIIIE,
MOJKET OBbITh 3amucaHo B Buje (4). B coorBercTBuu ¢ Tabn. 1 U 2, HENOCPEICTBEHHOM MOJCTAHOBKOM
B ypaBHeHHE (4) HAOOPOB 3HAYCHUH KOHCTAHT B3aMMOJCHCTBUS ¢, b, e, MOXKHO 3amucarh 38 mpocrei-
mux auddepeHnnaibHbIX ypaBHEHHH IEPBOro MOPSIIKa:

l.a=-2,b=0, e=0; y=Ax"-V;
2.a=0,b=-2, e=0; jzzAZ—4—V;
3.a=0,b=0, e=-2; y=A(x+z)' -V;
4
4. a=-2, b=—1, e=0; j}zA%—V;
5.a=-2,b=0, e=—-1; y=Ax*(x+z)* -V;
2
6. a=-1, b=-2, e=0; yzA)ZC—4—V;
2
Ta=0, b=-2, e=—1, j=a%FD _y,
z 4
8. a=0, b=—1, e=—-2: y-:A@_V;
z
9.a=-1, b=0, e=-2; y=Ax’(x+2)" -V;
3 3 ’

X
10. a=——, b=——, e=0;, y=4A—-V;
2 2 YA
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11. a:—%, b=0, e=—%; y=Ax(x+z)’ -V;

3
12. a=0, b:_i e:_é; y:A(x+3z) v
2 2 L2
13. a=—§, b=—l, e=0; y=A—V;
AR
14. az—z, b=0, e=—§; y=Ax (x+z)-V;
15_a:0’ b:—l, ez_l;y:A(x-:Z)_V,
P
16, a=0, beet, g3 jo g5y
| 23 2 z
X
17. a=——, b=——, e=0; y=A—-7V,;
2 2 Y=Ap

18, a=_%, b0, e=—§; J=dx(x+z) -V

19.a=-1, b=0, e=0; y=Ax>-V;

20. a=0, b=-1, e=0; yzAZLZ—V;

21.a=0, b=0, e=—1; p=A(x+z) -V;
2

2. =1, b==s, =0 p= AV,

z
1
23 a:_la b:07 e:_E; )./:sz(x-f—Z)—V;
2%. a=0, b=—1, e=—~; j=4¥*2 _p.
2
25. a:_l, sz) e:_la y:Aiz_Va
% z
26. a=- b=0, e=—1; y=Ax(x+z)’ -V;
2
27. a=0, b:—%, e=—1; )’/:A(x+2) v,
z

28. az—%, b=0, e=0; y=Ax-V;

29. a=0, b=0, ez—l; yzAl—V;
2 z

30. a=0, b=0, ez—%; y=A(x+2z)-V;

3L a=—l, b=—l, e=0; y=A>-V;
] 2 z
32. az—z, b=0, e:_E; y=Ax(x+z)-V;
33 a=0, be—t, em—ts yo 43Dy
{ 2 . 2 : z
34. a=-——, b:——’ e=——; y:Am_V,
2 2 2 , z,
35. a=—1, b=—1, e=—1: y:AM_V;

2

36. a=—1, b=—1, e=0; = A —V;
z

37 az_la bzoz e:—l; y:sz(X‘f‘Z)z—V;
2
38 a=0, b=—1, e=—1; y=4%FD _y
zZ

OYHKIIUA X | z ompeaeneHsl papeHcTBaMH (7) U (9), KOTOpBbIe COOTBETCTBYIOT HAOOpaM 3HAUCHUHA

KOHCTaHT B3aumoneicteus (c,d, f):| 0,——,—— |, | ——, 0, ——|.
272 2 2
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Jlerko mokaszaTb, YTO JIHIIb OOBIKHOBEHHBIC NH((epeHInaNbHbIE YPaBHEHUS! TIEPBOrO MOPsAKa
c Homepawmu 1, 3, 5, 9, 11, 14, 18, 19, 21, 23, 26, 28, 30, 32, 37 6ynyT obmanats cBoiicTBoM IlenneBe. Tax-
K€ HECJIO)KHO YCTaHOBHUTB, YTO B OCTAJIBHBIX CIIy4asX NMPH MHTETPHUPOBAHMU yPAaBHEHUI BO3HHUKACT
aorapudmM, a, 3HaYUT, PEIICHHUS JAaHHBIX MPOCTEHINX IudQepeHIalbHbIX YpaBHEHUNH MMEIOT I10-
JBUKHBIC KPUTHYECKHE OCOOCHHOCTH.

TexHnuky oTOOpa ypaBHEHHH TPOMILTIOCTPUPYEM Ha ABYX MIPUMEpaXx.

MIpuwmep 1. Hdns Habopa 3HaYEHUI KOHCTAHT B3auMojnielcTBus a =—1, b=0, e=0 (mopsako-
BbI HOMeD 19) ypaBHeHMe (4) UMeeT B

y=Ax>—V. (10)

[Iycts Qynkums x onpeneneHa paBeHCTBOM (7). 3aMeTuM, 4yTO (QPYyHKLHUS X SBISETCS MOTUHOMOM
TpeTheli CTeNneHn OTHOCHTENBHO epeMeHHoi . CliejoBaTesbHo, GyHKIHsA Ax” —V ecTh HONHHOM IIe-
CTOW CTENEHH 110 Z.

Wuterpupoanune ypaBaenus (10) maet
2 2
AK A A kaz 3AA2 Sy AKA, Ay 2A4A4,4
252 18 15 12 3

y= 26 + (A4, =V )t+ B,
rne A, B —TpOu3BOJIBHBIC IOCTOSTHHBIE.
Takum obpa3zom, eciiu a =—1, b=0, e=0, To ypaBHeHue (4) o0xanaer croiictBom [leHnene.

AHAJOTMYHBIM 00pa30M HaXOAMM pELICHHUE AJI YPaBHEHUH ¢ MOPSAKOBBIMH HOMepami 1, 3, 5, 9,
11, 14, 18, 21, 23, 26, 28, 30, 32, 37.

1
ITpuwmep 2. Jlua nHabopa 3HaueHuii KOHCTaHT B3aumozeiictust a =0, b=0, e=—— (nopslzuco-
BbII HOMeD 29) ypaBHEHUE (4) TPHHUMAET BH/]
A
y=—-V. (11)

z

Oyukuus z onpenenena papeHcTBoOM (7). 3HauuT, ypaBHenue (11) MOKHO mepenucarh CIeayoumM 00-

pazom:
64

K® +6B,* + 6Bt +6B,

y=

2 v o
P,(t)=Kt' +6B,t> + 6Bt + 6B, ecTh MHOTOUJIEH TPEThell CTENEHH, CIIEI0BATEILHO, OH UMEET 110 Kpaii-
HEHl Mepe OJUH JeHCTBUTENBbHBIN KOpeHb. IlycTh o, — Takoil KOpeHb MHOro4jaeHa F,, Torna JaHHBIHA

MHOTO4YJIEH MOKHO IpelcTaBuTh B Buje: P, (¢) = (t — o, )P, (¢), degP,(¢) =2. C yuerom 3toro Qakra me-
penumiem Harre nuddepeHnnaIrHOoe YpaBHEHHUE B BUJIC

. 6A4 o

Y Cann
(B RO
y—6A((t oc)+P()j V, deg B(t)=1.

HHTerpupoBaHue MOCIEAHEr0 ypaBHEHHS JaeT ero o0liee peleHue

y=6ABln(t—a1)+6Af%dt—Vt+C.
2

Pt .

HezaBucumo o1 3HaueHHUs MHTErpasia I Pl—(;dt, MIEpBOE caraeMoe B MPaBoOil YacTH COJEPKUT JIO-

t
2

rapum. OTcrona cienyer, 4To f = o, — TPaHCLEHAEHTHasl TOUKa, a 3HAYUT, ypaBHeHue (4) ¢ koadduru-

eatamu a =0, b=0, e= =3 He oOnazgaet cBolicTBoM IleHIeBe.
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YuuteIBas pe3ynbTaThl, TOITyYeHHBIe B paboTe [12], 3akirouaeM, 4To CripaBesInBa CIeNyomas
Teopewma 1. [na nanuuus y cucmemot (3) ceoticmea llennege HeoOX00uMo u 00CmamouHo, Ymo-
Obl Koncmanmul a, b, ¢, d, e, f npunumanu 0o0Ho uz 3Havenul maoau. 3.

Tabauya 3. HaGopsl 3Ha4eHH KOHCTAHT B3aUMO/I el CTBUSA

—2 0 | 2| -1 [32|32]|-12| -1 0 -1 |-12|-1/2] 0 |-1/2| -1 | =2 |-1/2|-3/2| -1

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

=12 |12 |12 |12 |12 |-172 | -1/2 | =12 | =172 | =172 | -1/2 | -1/2 | =172 | -1/2 | -1/2 | -1/2 | -1/2 | -1/2 | —1/2

0 | 2| -1 | =2 |32|-12|32| 0 | -1 |[-12] -1 0 [-12|-172| -1 |-1/2] =2 | -1 |32

121172 =12 |12 =12 |-1/2|-1/2 | -1/2 | -1/2|=1/2 |-1/2 |12 | -1/2|-1/2|-1/2| -1 | -1 | -1 | -1

—2 0 | 2| -1 [32|32]|-12| -1 0 | -1 |-12{-1/2] 0 |-1/2] -1 | -1 0 | -1 |-12

=12 | =1/2 |12 | =172 | =172 | -1/2 | -1/2 | =172 | -1/2 | -1/2 | -1/2 | -1/2 | -1/2 | -1/2 | -1/2| O 0 0 0

0 | 2| -1 | =2 |-32|-1/2|-32| 0 -1 |-1/2] -1 0 |-172]-1/2| -1 0 -1 |-1/2] -1

=12 -1/2 |12 | 12|12 |-1/2 | -1/2 | -1/2 | -1/2 | -1/2 | -1/2 | =12 |-1/2 | -1/2|-1/2| -1 | =1 | -1 | -1

-2 0 | 2| -1 [32|32|-12| -1 0 | -1 |-12{-1/2) 0 |-12| -1 |-1/2|-1/2| O

| alf~o (o [o|a |~ |]o [
=)
<)
<)
=)
=)
=)
=)
=)
<)
=)
=)
=)
=)
=)
=)
=)
=)
=)
=)

=12 =172 | =172 | =172 | =172 | =172 | =172 | =1/2 | =172 | =172 | =172 | -1/2 | -1/2 | -1/2 | -1/2| O 0 0
=12 =172 | =172 | =172 | =172 | =172 | =172 | =1/2 | =172 | =172 | =172 | =1/2 | =172 | =1/2 | =1/2 | -1/2 | -1/2 | -1/2
=3/2|-1/2{-32| 0 | -1 |-1/2| -1 0 |[-172(-122| -1 |-12] 0 |-1/2
-1
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3akuouenue. VccrienoBana ynpoueHHas 1Jisi cucTeMsl (2) cucteMa (3), cocTosimiasi U3 TpexX Hellu-
HelHbIX AuddepeHnnaIbHbIX yPaBHEHHH U OMUCHIBAIONIAS MIJIOCKOE IBHKEHHE YeThIpex Tei. Jis nan-
HOHM YIPOIIEHHON CUCTEMBI HallICHbI HEOOXOANMBIE YCIIOBHS HAJTMUMsI MEPOMOP(HBIX pelieHuil, napa-
METPbI KOTOPBIX IPUBEACHBI B Ta0M. 1 1 2.

st o6oux ciayyaeB JleMMBbI | 3alcaHbl COOTBETCTBYIOIINE YIIPOLICHHBIE cucTeMBl (6), (8) 1 Hali-
neHbl ux oduue pemenus (7), (9). Jas Broporo ypaBHeHUs: CUCTEMBI (3) B COOTBETCTBHH C HAOOpaMH
KOHCTAHT 13 Tabi. | u 2 nis GyHKIMH Y TONyYeHbl yPaBHEHHS C Pa3AesIOIIUMUCS TEPEMEHHBIMU.

[lokazaHo, 4TO mpHU yka3zaHHBIX B Ta0i. 3 Habopax 3HaYeHHH KOHCTAHT MEXYACTUIHOTO B3aMMO-
JeiicTBUs 00Ilee peleHne CUCTeMBI (3) MOJKHO 3alucaTh B 3aMKHYTOM BUJIE, a 3HAUUT, BO3MOXKHO OIHU-
caTh HEKOTOpBIE TPACKTOPHH ABM)KEHUS B INIOCKOW 3a7jaye YeThIPeX Tel.

Pabota BeimonHeHa npu puHAHCOBOI moaaepkke benopycckoro pecmyonukanckoro ¢ponaa hynma-
MEHTaJIbHBIX HccienoBanuii (rpant Ne ®14M-148).
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A. T. SAZONOVA

SOLVABLE CASES FOR THE SIMPLIFIED SYSTEMS IN THE PROBLEM
OF THE MOTION OF FOUR BODIES IN THE PLANE

Summary

The introduction contains the object of investigation — the system consisting of N ordinary differential equations, which
is a mathematical model of the motion of N bodies in the plane. The basic concepts are: motion of four bodies, interparticle
interaction constant, Painlevé property, simplified system.

The purpose of this study is to establish the analytic properties of solution of simplified systems for a system of nonlinear
differential equations describing the motion of the four bodies.

The main part deals with the study of simplified systems of a system describing the planar motion of the four bodies.
These systems consist of nonlinear differential equations, each of which is of second order.

A set of interparticle interaction constants in the two cases of the problem under investigation in the plane is found. The ge-
neral solution at these constants can be written in closed (rather simple) form.

Obtained are 15 nonlinear autonomous differential equations of first order with respect to one of the components of the sys-
tem, whose general solution is an integer, i.e., these ordinary differential equations possess the Painlevé property, as well
as 23 autonomous nonlinear differential equations of first order, whose general solution contains a logarithm. Therefore, these
equations are not the equations of Painlevé type.

Necessary and sufficient conditions are established for the existence of the Painlevé property of the studied system that
reveal 56 cases in the problem of four bodies in the plane when trajectories of the given bodies in the plane can be described.

The results can be applied in the analytical theory of differential equations, as well as in celestial mechanics theory.



