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1.BBe,JteBBe 

IlpH KJIBCCJDim<Bltm! · lmTSrpHpYSMilX HSJIHHSAHHX SBOJIJ)U,HOHHHX ·. yp8BH8mtll: 

[1] 'iBCTO. BOSimK88T HS06XO,l!HMOCT:b pemeHHH ·rpoMOS,ItKHX CHCTSM 
no.mmOMHan:&HHX ypaBHemtll:. B 'iBCTHOCTH,.ycnemHoe pemeHHe BTOA npod~eMH 

nos~eT no~ocT:&D npoKJiacc~BBT:& MBoronapBMeTPH'i9CKHe·ceMeAcTBa 

9BOJIJ)U,H0HHHX'YPBBHSHHA BlAB [2-51 

ii~ .=A~+ F'<:x,ii1 , •••• ~~1 .a1 , ••• ~>· 
r,lle 

- . 1 II - diij . 
u = (u •••• , u ) , u:L-dx:L , 

A-TIOCTOHHHBH Ma~a 11•11 C pas~ H ~~ OT HY~ C06CTBSHHHMH 
SHB'i9HHHMH, a B9KTOp F- llOJIHHOMHB~HO SBBHCHT OT CBOHX aprYM9HTOB. 

B pa60T9 !5] paCCMOTpeHB S8,1(8'i8 KJIBCC~Bltm! .H9JIHH9AHHX, CHCT9M ·. 

THnB CBHSBHHOro ypaBHeHHH KopTeBera-,lle ·BpHSB (KAS)*: 

ut=1..1 ~+a1 uu1 +a2vv1 +a3uv1 +a4vu1 , 1..1;£1..2 , . (1). 
vt=1..

2
v

3
+b

1
vv

1
+b2uu1+b3vu1+b4uv1 1..1Fo, 1..2 ;o!O, 

/B pesy~:&T8T9 KOTOpoft dll~. llO~'i9H TIO~ CnHCOK lmTSrp:HpYSMilX CHCTSM 

(1), T.e. 06~8,ll8~ BllcmHMH CHMMSTpHHMH. 
Ue~bD · H8CTOmii9A pa6oT!l ... HMR9TCH llO,I(p06H09 HS~Oil8HH9 

Bli'IHCDTS~HHX acneKTOB pemeHHH CHCTSMH . nomoMH~bHHX ypaBHemtll: HB 
napBM9TPil C9M9ACTB8 (1), BOSimKa~el KBK C~S,I(CTBH9 Y~OBHA 
HHT8rpHpY9MOCTH. C~9,l!Y9T OTMSTHT:b, 'iTO BOnpocaM 8MOpHTMHS8ltm! H 
peaDSBI.tm! B CHCT9MBX 8HBDTH'i9CKHX Bll'iHC~eHHA MSTO,llOB'TO'iHOrO pemeHHH 
CHCT9M no.mmoMHan:&HHX ypBBH9HHI.Y.ll9~HeTCH B noc~e,llaee BpeMH ocodoe 
BHHM8HH9 [6]. :3TO odyc~OMSHO KBK dllCTPllM poCTOM pecypCOB :3BM, TBK H 
llORMSHHSM HOBllX KOHCTPYKTHBHHX MSTO,llOB llOJIHHOMHB~HOA aMedp!l. Cpe.I(H 
TI0~9.llal'IX HBH60~99 OdlltlW H paSBHTllM . HMH9TCH llO,ItXO,ll, OCHOBBHHllA HB 
llOCTpo9HHH 6aSHCOB I'pMHepa [7]. :3TOT TIO,ItXO,ll llOSB0~9T, H8IlpHM9p, sa 
KOH9'iH08 'iHC~O maroB· HCC~S,llOBBTb COBM9CTHOCT:b SB,llaHHOA CHCT9MH 
IroJIHHOMH~blmx yp8BH9Hmt, BllHCHHTb,KOHS'iHO HnH 69CKOilS'iHO 'IH~O eG 

~IH . tly.a;eM paCCMBTPHBBTb B I<S'IeC~e CBII38HHOro ypaBHeBBII K.u;B. TOJibl«) Te 
CHCTeMH CeMeltCTB8 (1), B I<OTOpux OC58 ypaBHeBBII IIBJUIJITCII ae.mmelmom. 
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pemeHHA H, B CJIY'i89 KOH9'1HOrO 'iHCJIS . pemeHHA, npeoC!p830B8Tb eS K 

SKBHB8JI9HTHOMY BH,!IY C "paa,neJISBHHMH nepeMeBHHMH". B H8CTOflll!99 BpeWI . 

npo~e,nypa fiOCTPQSHHR C!B3HC8 rp9C!Hepa p98JIH30B8H8 DpaKTH'ieCKH BO BCSX 

p83BHTHX. CHCTeM~ 8H8JIHTH'i9CKHX. BH'iHCJieHHA, TBKHX, Hanp:HMep, KSK 

liACSY!lA, REDUCE (BepcHR 3.3), MAPLE H .np. [8). 

Henocpe,nCTB9HH09 np:HMeHeHHe CYm9CTBY~ fi8K9TOB ,nJIR fiOCTPQSHHR 

C!83HCOB I'pee!Hepa B KJI8CCH4mCB~OHHJlX . 38,ll8'i8X, O,nHai<O 1 He DpHBO,ItHT K 

ycne:xy. STO · oC!yCJIOBJI9HO, BO-fi9JlBHx, T9M OC!CTORTeJ!bCTBOM, 'iTO 

fiOJIY'i8~9CR no~OMHBJ!bHHe CHCT9MH HM9DT 69CKOH9'1H09 'iHCJIO pemeHHA, 

H, BO-BTOpl:lX, B CHJIY HX rpoM03,nKOCTH Bl:l'iHCJ!eHHe C!83HC8 I'pSC!Hepa 

TJlSC!yeT He:HMOBepHO C!OJ!bmHX pecypCOB SBM. C .npyrol: . CTOpoHH, cne~a 
KJIBCCHifm<B~OHHJlX 38,ll8'i fi03BOJIR9T DpHM9HHTb MeHee OC!IIliDt, HO · ropaa,no 

60JI99 ~KTHBHJ:la MeTO,ll pemeHHR fiOJIY'iS~CR fiOJIHHOMHSJ!bHI:lX CHCTeM. Ml:l 
H3JIOICHM STOT M9TO,ll · HS DpHMepe KJI8CCHifm<8~ SBOJJil~OHHJlX CHCTSM 

C9M9JI:CTB8 (1 ). MCXO,nHI:le fiOJIHHOMH8JibHH9 ypa~SHHR, B03HHK8~9 KSK 

H90C!XO,ItHMH9 YCJIOBHR HHTerpzpyeMOCTH [5J,nOJIY'i9HH C fiOMO~D nporpBMMH, 

HanHCBHHOI: HS R31:lKe FORMAC [4). Bee OCT8JibHH9 pBC'iSTI:l, CBR38HHH9 C 

8H8JIH30M fiOJIY'i9HHI:lX fiOJIHHOMHSJ!bHI:lX CHCTSM, C!l:lJIH Bl:lnOJIHeHH B 

HHTepaKTHBHOM peZHMe HB SBM EC-1061 C noMO~D CHCTSMI:l REDUCE-3.2, 

KOTOpBR :HM99T B9Cb HeOC!XO~_BCTPQeHHHa H8T9M8TH'i9CKHa 8IIII8p8T •. 

2. Ilpe,AB8pll'l'8Jlhm18 811118'181001 

KBK JierKo BH,neTb, ceMel:cTBo ( 1 ) HHBBPHBHTHO oriioczTeJibHO 

cJie,ny~ npeoC!paaoBBHHa 

1) t • at, x • ~x. a# 0, ~ # 0, 
2) u • ~u. v • vv, ~ # o, v # o, a.~.~.v E a:, 

'iTO fi03BOJIR9T 'i8CTH'IHO ~CHpoBBTb napaM9TJlH'ieCKHa npoH3BOJI B (1). 

8 'IBCTHOCTH, mace Ml:l 6y,neM HCfiOJ!b30B8Tb CJie,nyDilHe COOTHOmeHful: 

A.2 = .A-1-1 • . . • (2.1) 
ECJIH 8

1
#0, 8 4#0 H 8 1b 1=84b 4 , TO 8 1=84 , b 1=b4 , (2~2) 

ECJIH 8
3

#0, b
3

#0, TO 83=b3 • . (2.3) 

OTMeT:HM, 'ITO .. "KSJmC!poBKa" . (2.1) BHT9K89T H3 HHB8pH8HTHOCTH 

OTHOCHT9JibHO . nj>eodp830BBHHR, 1 ) H 6y,neT HcnOJib80B8H8. HB npoT99Jn?l BCe2 

p86oTI:l. KaJIHC!poBKH (2.2) H (2.3) ci.ne,nym . H3 HHBSpHaHTHOCTH 

OTHOCHT9JibHO npeoC!pa30BBHHR 2) H HOCRT . 8JibT9pH8~ xapaKTep. B 

,llSJibHelmeM B KBZ,!lOM KOHKpeTHOM CJ!y'i88 Ml:l C!y,neM BH6Hp8Tb O,nHY H8 . STHX 

.nByx KSJIHC!poBOK, 

2 

q 
I 

I 
I 

I 
I· 

I 

Y'iHTI:lBBR C:HMMSTJlHD (1) OTHOCHTSJ!bHO 38MeHH 

U 0 V t A.1 0 A.2 t · 8:f. 0 b:f. I 

BBe,nSM TSKZe·B paCCMOTp8BH8 onepa~ CODp.RJISHHR: 

de! 
I(u,v,a:f.,b:f.,A.1 ,A.2 ) - !(v,u,b:1,81 ,A.2 ,A.1 ). 

3.K8BOJIII'I8CKBe IJJlO'rllOC'!'II . 

B paMKax cHMMeTPH2fioro no.nxo.na, 

Dp:HMSHSHHoro B paoOTe [5) K CSMei:CTBY 

OnHCBHHOro B pa6oT8 ( 4) . H 

(1). . HS' SBM 6l:lJIH BH'iHCJISHH 

CJIS,nyDilHS WIOTHOCTH K8HOHH'i8CKHX 38KOHOB COxp8H8HHR 

R1=81u + 8 4v, R1=b1v + b 4u, ~=~=0, 

~=y1u2+y2v2, ~=y1 v2+y2u 2 , R4=r4uv1 , R4=r4vu1 , 

r.ne 

Y,=6A.t83b2+(A.,-A.2)(8~+84b2), Y2=6A.,b382+<A.,-A.2)(81~+a4bt). 
H 

r4~(2A.~+SA.1A.2-A.~)83b3+2(A.,-A.2)(4A.,-A.2)a3b3+5(A.1-A.2)2at83 

(3}. 

• . . 2 2 
+ <A.,-A-2 > (-7A.t+A.2 )a4b3+<A.,-A.2 > a4b4-5 <A.,-A.2 > 8 18 4-6:\.1 (A.1+2A.2 >~b2 • 

HeoC!XO,ItHMHe YCJIOBHR HHTerpzpyeMOCTH CSMSI:CTBB (1) HMellT BH,n [5) 

(R1 ,R1 )t E IDID, ID ~ ~ , (4) 
IlpH 1=1 +4 YCJIOBHR ( 4) 9KBHB8JI8HTHH CJ!e,ny~ yp8BH8BHRM HS · napaMeTJll:l 

ceMel:cTBa (1) 

81 (a3-84)=a4 (b3-b~) (5.1), b 1 (b
3
-b

4
)=b

4
(a

3
-8

4
) (5:1) 1 , 

(2a3-a4 )y1-b2y2=0 (5.2), (2b3-b
4
)y

1
-a

2
y

2
=0 (5.2)', 

a2y1-(2b3-b4 )y2=0 (5.3), b
2
y

1
-(28

3
-a

4
)y

2
=0 

3A.1 (a2b2+83b3 )+(A.1-A.2 )(b3+a1 )a4=0 (5.4), 

3A.2(~b2+a3b3)+(A.2-A.t)(a3+b1)b4=0 (5.4)', 

r4=0 (5.5.), r4=0, (5.5)' 

KOTOpHe TSKZe C!HJIH fiOJIY'iSHH HB SBM. 

(5.3)', 

(5) 

KpoMe TOrci, 'i8CTH'IH08 HCfiOJ!b80BaHH8 YCJIOBHR (4) .1W1 1=5 ,ll88T SDt!J .nBS 

ypBBHSHHR 

r 5 =0 (5.6), r
5

=0 1 (5.6)' (5) 
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r.zte 
3 2 . 3 r

5
=3A1 ((A1-A

2
) -3A1 (A1+2A2 ) )(a3b3+a2b2 )+3A1(A1-A2 ) a1a3 

. -9A~(A1 -A2 ) (A1+2A2 )a3b4-(A1-A2 ) (2A~-30A~A2+A~)a4b3 

.+9A~(A1 -A2 ) 2a4b4-2(A1 -A2 ) 3 (2A 1 ;A2 )a1 a4 • 

..J 

4.PemeBHe CHC'l911Y (5) 

CTJlYJ<Typa IJJIOTHOCTel" coxpBHeHHR (3) ecTeccTBeHHHM. o6pa3oM 

rrpKBO,llHT K C~9.llYmmKM 8~bTepHBTKBHHM B03MOEHOCTRM 

(1) UycTb a1 ~ O, a4 ~ 0. 

(1.1) ITpe.ztno~oEHM~ qTo a3 ~ a4 , b3 ~ b4 • Tor.zta H3_ (5.1),(5.1)' 

MS,llYeT a1b1=a
4
b

4
• IlpHM9M K8~6poBKY (2.2) H pBCCMOTJlHM ~ei"Hyll 

KOM6HHBUHD A?•(5.4)- A1 • (5.4)', KOTOpaR rrpKBO,llHT K ypaBHSHHKl 
A

2
a1 (b3+a1) +_A1 b1 (a3+b1 )=0. (6) 

H, Me,llOBBTe~HO, K .llBYM IIO,llC~yqaRM: 
(1.1.1) b

3
+a1 ~ 0, a

3
+b

1 
~ o. Tor.zta H3 (5.1),(6) c~e.ztYeT: 

b1=-A21A1•a1, b3=a3-(1~A21A 1 )a1 • BHpBEBR H3 (5.4) DpoH3B9.zteHHe a2b2 H 

no.ztcTaMRR no~emme coornomeHHR H Ka~6poBKY (2.1) B · (5.5), (5.5)', 

(5.6), (5.6)', rrpHXO,llHM K ypaBHeHHRM BH,llB • 
2 2 c1a1 + c

2
a1a3 + c3a3 = o, c1=c1 (A1 ). 

fiYCTb, HarrpHMep, det((5.5),(5.5)',(5.6)) o6o3HaqaeT onpe.zte~Te~ 

MBTJl~ ~ CHCTeMH COOTB9TCTBY~ yp8BH9HHI", paCCMBTJlKB89MHX KBK 

~e:l!:mie OTHOCHT8~HO _TpGX "H9H3B9CTHI:lX": a~, a1 a3 - H a;. ITOCKO~bKY 
a1 ~0, TO TBKBR ~ea-HaR_CHCT9M8 ,llO~B HMeTb HY~9BOI" onpe.zte~T9~b, qTo 

rrpKBO,llHT K no~OMHB~bHOMY ypaBHeHHKl H8 A1 • AHa~OrzqHO, paccMBTJlKBBR 
.ztPyrH9 TlXli"KH ·H3 yp8BH9HHI" (5.5),(5,5)',(5,6),(5.6)', no~qHM, B 

qacTHOCTll *: 
HOl<det[(5.5),(5.5)',(5.6)l,detl(5.5),(5.5)',(5.6)'ll= 

-2A~(A1 -1)(2A1 -1)=0, 
B c~ (1) a (2.1) "' 1 ~o. ).. 1 ~1. Me.ztoBaTe~Ho,)..1 =112. 

llO,llCT8~R no~qemme COOTHOill9HHR B (5~5),(5.6),· rrpHXO,llHM K 

npoTKBOpe~oa- CHCTeMe 

a~-a1 a3+a;=0, a1 (a1-3a3 )=0. 

~ 3n9CL H BHZe HO~ oaaaqaeT HSH~o~mzft 0~~ .zte~Te~. 

4 

n 

I

' 

~qal" (1.1.1) He HMe9T M9CTaa 

(1.1.2) b3=-a1, b 1=-a3 • M3 (5.4) c~e.ztYeT a
2

b2=a1a
3

• PaccMaTpHBaR 

yp8BH9HHR (5.5),(5.5)',(5.6),(5.6)' KBK'~9:1!:mi9 OTHOCHTe~HO a~,a1 a3 , 
a;, H acno~sys KanH6poBi<y (2.1), no~aeM 

HOl<det[(5.5),(5.5)',(5.6)l,det[(5.5),(5.5)',(5.6)'ll= 

144)..1(9)..~-9)..1+1)=0 ()..1~0) • 
(7) 

P8CCMOTJlHM eDle O.ztHY B~TepHBTKBy, CBR3BHHYJJ CO CTJlYJ<Typol" IJJIOTHOCTel" 

~·R-:3. . . 
- (1~1.2.1) · ~=JS=O - y1=Y2=y1=y2 ,;0, C yqeToM np9.llll.llYD1HX 

COOTHomeBmt )..1y 1-)..2y2=()..1-)..2 )(a
2
-a

3
)(A1a

3
-)..

2
a1 )=0. lloCKO~KY )..1~)..2 ,. 

HMeeTcR ,llBe B03MOZHOcTH: )..1 a3 =)..
2

a1 ~ a2
=a

3
• B nepBoM c~qae · 3BM9HB 

a3 HB A21A1 •a1 H HC00~30BBHH9 KB~6poBKH (2.1) B ypBBH9HHRX (5.6), 

(5. 6)' rrpHBO,llHT K ypaBHeHHil HB A.1 , H9 COBM9CTHOMY C (7) ~ Bo ; BTOpoM 
cnyqae H3 pBBeHCTBB y 2=0 c yqeToM a1 ~o·no~qaeM a

2
=a

3
=:oO. Tor.zta (5.5) B 

KBJJH6poBKe (2.1) .ztaeT A1=2/3, qTO npoTKBopeqzT (7). , 
. ~qal". (1,1,2.1) H9 HM99T MeCTB. 

(1 !1.2.2) R3~ HI~.JS~O. Tor.u;a He Bee y
1
,y1 (1=1,2) '06p811181lTCR B 

HO~. PBCCMBTJlHBBR ypBBHeHHR (5.2),(5.2)',(5.3),(5;3)' KBK ~elmie. 

OTHOCHTe~HO Y 1 , Y 
1 

(1=·1 , 2) , rrpHpBBHHBBR HY ~ HX onpe.zteJJHTeJIH: 
det ( (5.2), (5.3) ).;,det ( (5.2)', (5.3) • )=0, 

H DpHHHMBR BO BHHMBHH9 COOTHOID9HH9 a
2
b

2
=a1a

3
, rrpHXO,llHM K·ypaBHemm 

a~-3a1 ~+a;=a. , ,_ · · . . · 
BHpBEBR H3 OOMS,ItHero ypBBHeHHR a~ H OO,llCT8MRR ero ·a ·(5.5), (5.5n 
no~ a3=-1/3()..2JA.1 ~1)a1 • Tenepb·ypaBHSHHR-(5.6),(5.6)' BHnO~RmTCR. 

BBTOM8Taq9CKH B C~ (7). B KBJJH6poBK9 (2.1) H3 yp8BH9HHR (5.2) C 

yqeTOM pBB9HCTBB (7) H COOTHOilleHHR a2b2 =:'a1a3 BiipB3HM ~-H b2 ,qepe3 a1• 

IlpHHHMBR BO BHHMBHHe, qTo )..1 ~eTCH KOpHeM ypBBHem (7), B_
1

, HTOr;'9 _ 

no~aeM cJ!e.ztYJ:IIId .oKoaqaTSJibmdt.BH.zt pemeHHR ~ .ztBHHoro_rio.Iic~as: 
\ ' ' < • • '."'" ' ~ 

)..1=(3±-.15)/6,. a1~. a
2

=a1 (9)..1-7)/(12)..1-1 ). a
3

=a
1
/(3)..1 ),. a4=a1, 

b
1
=-a

1
/(3A

1 
), b

2
=a

1 
(371.1+1)/(9)..

1
-7), b3=-a

1
, b

4
=-a

1
/(3)..1) •. ·- (B) 

ITOKB:EM, qTo pemeHHe (8) C TOqaOCTbll .llO MBCillTB6BHX npeo6pB30B8Hd 

l) ,2) (CM. pB3.ll9~ 2) COOTB9CTBYeT H3BeCTHOI" HHTerpHpye'M<ia- CHCTeN9 

lpHBlle~b.llB-CoKOJIOBB [ 9] :. 

l7H . . 
Ut=(m3+2(UID+IDU))mJ!!! 4(8U3-3V3+<4~3UU1 -12UV1 -6VU1 ), 00 . . 
Vt=4(m3+2(VID+IDV))BV e 8(V

3
-6U3+6VV1 -24VU1-12UV1 ), 

H=16tF+v2-12UV. 

5 



flepenHm9M STY eHeTSMY B M8~0M ~e 

. .·. ]i' =24(8UU1-2UV1-VU1 ), 
' ( 32 -12] 1 . 

. U:: AU+ F'(U), U=(U,V), A= .:.:49 8 ' F =48(VV -4VU
1
-2UV

1 
). 

t . . . . 2 1 

noene ~aroaaJIRs~ero npeo6pasoBBHHft 
. ~ 

U - - B [ 1 (Y'S-1 )/4 ) =BU, U=(U,V), = 1_Y5 1 
- . 

paCC!,1aTpHB86MaJl CHCTGr.1a I!pillillM89T. BV.o.A 

ut=AIT ~ B- 1 F(BU)~ A=d1ag(A1 ,~), A1,2=4(5±3Y5). (9) 

nocne npeo6pasos8Hd t* '-11"5/120 t, X* 1X, u-a1ut2, v• a1 (1-1"5)v/2 
eReT6M8 (9) nepexo~T B eHeT9MY (1) C K0~6HT8MH (8) • 

(1,2) S::}=a
4

, OTKY~B BeRny (5.1) cne~eT b3~b~. 
(1.2.1) .IJ;onyeTRM, 'iTO b

3
=b

4
"=0. Tor~8 HS (5.4)' a2b2=0 H HS (5.4) 

a
1 
a 

4 
=0, 'iTO 0poTRBOp6'iRT HeXO,ItHOMY: npe~OJ!Oli9HRD a1 #0 ,· a 4#0 • 
(1.2,2) b

3
#0. TBK K8K a

3
#0, TO MOJIHO HCfiOnbSOBBTb K8JIR6poBKY 

(2.3). B 8TOM cnyqae HS yp8BH9HH2 (5.5),(5.5)' eJie~eT ~b2=a~. lanee, 
HS yp8BHBHH2 ( 5. 4) , ( 5 ~ 4) ' BHT6K8M eOOTHOW6mul . · , 

7A
1
- ~~-· .. , '7A2~ A1 

~= ~· ~= ~· A2 :- A1 . A1 - A2 . 

no~eT8BnRH nonyqeHHHe paseHCTBB B (5.6l.,(5.6)' H HBKna~aa KanH6poBKY 
(2~1), IIpHXO~ I< ~yM H6eOBM8eTHHM yp8BH6HRRM, eo~epEBIItHM TOnbKO A1• 
Cny'ia2 (1,2) HB HM66T M6eTB·· 

. \ 
·(2) a

1
#0, a

4
=0. B _STOM ~nyqae HS (5.1) BHT9K89T a3=0,. SBT9M RS., 

(5.4) a
2
b

2
=0, RS. (5.4)' 'b1b

4
=0, RS (5.1 )' b1b3=0. flocne~e ~8 

p8B9HeTBB DpRBO~HT K p8eeMOTp6HHD ene~~ no~enyqaeB: 
(2,1) b1#0o Tor~a b

3
=b4=0. floeKOnbKY a2b2=0, TO B eRny (5.3)' 

nonyqaeM a2=b2=0; 'iTO ~8GT paen~8~ft eReTeMY 

Ut=A1~+a1UU1' (10) . 
vt=A2v3 '+'b1vv1, 

npe~eT8BJUUillYil eo6o2 ~8 HBeBHSBHHHX yp8BH6HRR K.ztB .• 
(2,2) b1=0. COOTHOW8HR6 a2b2=0 npRBO~T K pasBRnKe: 
(2,2,1) ~#0, b

2
=0. JrmiebaH KOM6HHBUWI A2 • (5.3) . + A," (5.2)' 

npHBO~T K ypaBHemm 

6 

(a1-2b
3
+b4 )(A2a1+A1b4 )=0, 

TO eeTb K HOBOMY p8SB9TBJI9.mm: 
(2,2,1,1) b

4
=2b

3
-a1• J.i:3 (5.3) nony'i89M b3=0 R, eOOTBSTeTBeHHO, 

b 
4
=-a1 • Bee ypaBHeHRR (5) BHnoJIHeHH • 

(2.2.1.2) b
4
=-A2a1/A1, b4#2b3-a1• Yp8BHeHRe (5.3) ~8GT cne~ee 

eoOTHOW9HR9 H8 oeT8nbHH9 napaM9TpH: . 

(A1 -A2 )2~~ - 12A~b~- 2A1 (A1 +2A2 )a1 b~=O, (11) 

npR KOTOpoM Bee yp8BH9HRH (5) BHnOJIH9HH • 
(2,2.2) a2=0. Yp8BH9HRR (5) BHnOJIH9HH • 

(3) a
1
=0, a

4
#0. Iris (5.1) R (5.1)' eJie~eT b3 =b4 R b4 (a3-a4 )=0. 

EeJIR nonoJCRTb b
4
=0, TO npH b1#0 nonyqHM Cn1'i82, "eonp.11ZeHHH1!:~ (T.e. 

eOBn8~8~ e TOqHOeTbD ~0 S8M9HH a
1

• b1 ) e yze p8eeMOTp6HHHM eny'i89M 
(2.2)

1
8 npR b

1
=0- enyqa2, "eonpazeHHH2" enyqan a1=a4=G, KOTOpH2 6y~eT 

p8eeM8TpRB8Tbeft HRE9. l8nee, nyeTb b4#0. Tor~a HS (5.1)' SBKnD'i89M, · 
'iTO a

3
=a

4
• B K8JIR6poBKe (2.3) HS (5.5),(5,5)' a2b2=a~#O,' HS (5.4) 

A
2

=7A
1

, 8 HS (5.4)',(5.2) b1=a2=-8a3 • llpH 8THX 8H8'i9HWIX nap8M9TpoB 
y

1
=Y

2
=1

1
=0. Tor~8 RS (5.2)' e y'iGTOM 82#0 ~oJIJ!Ho ene~oB8Tb 12=0. 

0JtHBKO npm.~oe ~eneHRe noK88HB89T, 'iTO y2=-6A1a3b2#0. TBKHM o6p8SOM1 

cnyqa2 · (3) H9 ~8GT ~OBHX pemeHHA • 

(4) a
1
=a

4
=0. Iris ypaBHeHd (5.4),(5~4)' H (5.1) noene~oBaTenLHO 

BHT9KBDT p8B9HeTB8 a2b2+a
3
b

3
=0, b 4 (a3 +b1.)=0, b1 b3 =0. 

(4.1) UyeTb b
1
=0. Tor~a (5.4)' npHBO~T K a3b4=0, 'iTO nopo~aeT 

cne~e anLTepHaTRBH: 
(4.1.1) a

3
=0. Iris (5.4).s8KnD'iaeM; 'iTO a2b2=0. 

(4,1,1,1) a
2
=0. 3TOT cnyqa2 ~KnD'i89Teft B (2,2.2) • 

(4,1,1.2) a
2

#0, b
2

=0. B eooTBBTeTBKR e ypaBHeHRRMR (5.2)',(5.3) 

DpHXO~ 91JlG K ~yM no~cny'iam.l: 
(4.1.1.2.1) b

4
=2b

3
• Bee yp8BH6HRR (5) BHnOJIHBHH • 

(4.1.1.2.2) b
4
#2b

3
• Iris (5.2)' R (5.3) ene~eT Y1=Y2=0. 3TH 

paBeHCTBB C yqGTOM ~~0 ~BDT b3 =b4=0, 'iTO npoTRBOp6'iHT b4#2b3 • 

(4,1.2) a3~, 'iTO C yqGTOM (5.4)' ~BGT b4=0. 8aA K8HOHH'i6eK02 
IIJIOTHOeTR R

3 
(3) npRBO~T K ~onommTenbHOMY BBTBJIBHHJI: 

(4.1.2.1) y
1
#0 HIHJIR y2#0. PaeeMBTpRB8H ypaBHBHRR (5.2),(5.3) KBK 

JIRH62Hyn eHeTBMY OTHOeHTenbHO y1,y2 H. npHpBBHftB HYnD eG onpe~eJIRT6nb, 
nonyqaeM_a

2
b

2
=4a

3
b

3
• lanee, HS (5.4) b3 =0, T.e. y2=0. Ho TOr~B· H3 

ypBBHBHBH (5.2) BHT6K86T y 1=0, 'iTO npoTRBOpe'iHT e~enBHHOMY· 

npe~onozemm • 
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(4.1.2.2) y 1=y2=0. PaseHeTBo Y1=0 e yqGToM a3 #0 ~aeT p2=0, a 

ypaBHeHHa (5.4) IIpHBO.nHT K b3 =0. IIoeJie "eonpnzeHHSI" ~BHHHA CJ!Y'ial: 

BKJ!Il'l86TeSI. B yze paeeMOTpeliHWt CJ!Y'ial: (4.1 • ~ .1) • 
(4.2) b1 ~o. Ha ypaBHamii!: (5.1)',(5.4) H_ (5.4)' noeJie~osaTaJ!bHO 

BSTeKSnT p8BeHeTB8 b3=0, ~b2=0, b 4 (83+b1 )=0. 

(4.2.1) b
4
#0, b1=-83 • (5.5) H )5.5)' B K8JIH0poBK8 (2.1) ~SilT 

DpOTHBOpe~a yp8BH8HHSI HB ;\.1 • 

(4.2.2) b4=0. ECJIH b2=0, TO IIpHXO,ni!:M K CJIY'l8Jl, KOTOpldt noeJie 

"eODpSilK8HHSI" BKJIJl'lSeTeSI B (2.2.2_). EeJIH ze b2~0, TO 82=0, 'ITO DpHBO,ni!:T 

K yp8BH8HHJJ y2=0, KOTOpoe e yq(!TOM (5.2) ~a(!T 8
3
=0. B STOM CJiy'iSe 

(5.3)' BSUOJIHSieTCSI JlHIIlb npH yeJIOBHH b1 b2=0, 'ITO DpOTHBOp6'lHT C~eJiammM 

np6,1tiiOJIOlKeHHSIM. CJly'lal: (4.2.2) He DpHBO,ni!:T K HOBRM pemeHHSIM • 

5 • .AHaJJHa BHCIIIHX · YCJIOBd Bll'l'BrpHpYBIIOCTII 

Bllmml8M Bee pemeHH!l eHeTSMI:l (5),KpoM6 pemeHH!l (8) H TPHBHBJ!bHOrO 

pemeHHSI B eJIY'lBe (2.1) (008 OTBe'lBilT HHTerpHpyeMRM CHCTeMBM): 

(4.1.1.2.1) 

(2.2.1.2) 

(2.2.1.1) 

(2.2.2) 

81=83 =84=b1=b2=0; 82#0, b 4=2b3, 

83=84=b1=b2=0, 81#0,82#0, b 4=-(;\.2/;s..1 )81, 

(;\. 1 -;s..2 ) 28~-12;\. 1 b~-2;\.~(;\.1 +2;\.2 )81 b3=0, 
83=84=b1=b2=b3=0, 8~#0, 82#0, b 4=-81 , 

8z=a3=a4=b1=0. 

(12.1) 

(12.2) 

(12.3) 

(12.4) 

~ KS~oro H3 4-X THnOB SBOJlllUHOHHHX eHCTeM eeM6~CTBB (1) e 

napBMaTpBMH (12.1 )-(12.4) Ha SBM . ~!lJIH noJ!HOeTbD npoe'lHTBH!l yCJIOBHSI 

HHTerpHpyaMOeTH ( 4) C 1=5, 'ITO DpHBeJIO K ~OfiOJIHHTeJ!bH!lM fiOJIHHOMHBJlbH!lM 

yp8BH6HHSIM HB esoOo~e napBM6Tp!l. PaeeMOTpHM HX B KB:II,ItOM H3 4-X 
CJiy'i86B. 

(12.1). O,nHO H3 ypaBHemii!:, B!lTeKBDIIHX H3 YCJIOBHSI (R
5

) t E IIIID, 
HM86T ~ 

10BA1;\.2b;Rz(;\.2-;\.1)=0. 

0 yqSTOM Rz#O H OrpaHH'le_mii!:Ha ;s.,1 ,;s.,2 B (1) fiOJIY'lBeM b3=0, T.e. see bj_ 

B (1) pBBH!l HYJIJl. I!OCKOJ!bKY BTOpoa ypaBHeHHe eHeTeMI:l (1) - JIHHe~oa, 

Ml:l He~aeM BTOT CJiy'iaft H3 ~BJibHe~ero. paeeMOTpeHHSI (eM.eHOeKy' HB 
eTp.2) • . . . 

.(12.2). Ha YCJIOmii!: (R5 ,~)t E IIIID fiOJIY'lBeM e~e 'leT!lpe ypBBHeHHSI 

8 

r 

I 

I 

r 
J 

TO~ . '11.6 CTpYKTypll; 'ITO. H ( 11 ) , 

e18~ + c281b3+ c3b~ = 0, c1=cj_(;s..1 ,;s..2 ), 

~ ~ KOTOpllX Mll~He. nimso.nHM B~ rpoM03~0CTH. TaK Kaic 81 ~0:: ,TO 

STH JIHHe~e omoeHTeJ!bHO ,a~ ,a~ b3 , b~ .cHeTeMI:l . ~oJilKH!l HMeTb 

H6TpHBHBJ!bHOe pemeHHe. PaeeMBTpHBB!l. B KBJIH0poBKe (2. 1 ) p83JIH'lH!le 

Tpo~ H3 no.riyqeHHHX ypaBHemii!:, DpHpBBHHBBSI HYJIJl ri onpe~eJIHTeJIH 
(3BBHe~e _TOJ!bKO OT ;\.1 ) H BwmCJISISI. nonapHO. HO.l{ STHX onpe,ne.miTaJie~,. 

HaA.ll;(!M, 'ITO so .seex CJIY'lBSIX HO.ll=1 (Ha npaKTHKe ,noeTaTo'lHo· nOJIY'lHTb 

XOTSI Oil o~ TBKO~ HO.l{). PemeHHe (12.2) cooTBeTeTsyeT ·HeHHTerpHPYeMo~ 
,• . " ' ,' . ' 

eHeTeMa • 

(12.3) .B aToM eJIYqae yCJioBHe (R
5

) tEIIIID BWOJIH!leTC!l asTor.iaTH'lec~, 
a H3 YCJIOBH!l (R5 )tEIIIID B03HHKSeT OOW1.C1118ewtoe YP!IBHeHHe HB mipBMeTp!l 

~38~82(;\.1-;\.2)2(2;\.1+;\.2)=0, . 

OTKY~S eJie.nyeT, 'ITO 2;\.1+;\.2=0. IlpHHHMSSI BO BHHMSHHB K8JIH0poBKY (~.1 )1 

· HBXO.nHM ;\.1=1/3, _ ;\.2=-2/3. B cJiem:D!leM. pas,neJie Ml:l noKalKeM, 'ITO 1 · 

fiOJIY'leHHOe pemeHHa · eOOTB6TeTsyeT H3BeeTHO~, HaTerpHpyeMO~ eHeT~!"a, , 
XHpoT!l-CSTUYMI:l [10] • 

(12.4).~ aToro, . Tpe0YD!lero HaHOOJibmero oO~(!Ma B!l'lH~emii!:, 

eJIY'lSSI yqST B!lCmHX yeJIOB~ HHTerpHpyeMOeTH ,naGT: 

(R5 )tEIIIID,(~)tEIIIID • 6,nHHCTBeHH06 ypaBHeHHe 

e5=-2b~;\.1 +(3b~;s.. 1 .:.2b~..:6;s.. 1 b3b~~6b~b~+6b~;s..~.::6b~)81-;s..1 b~8~=0 
(R6 ,R6 ,Itr)EIIIID- BWOJIH!lnTeSI BBTOMBTH'leCKH, 

<R'.r>tEIIIID- DpHBO,ni!:T K CJie.nfD!lHM .nBYM ypBBHeHHSIM: 

e71 =18b~;\.~-9b~;s..1 -18b~b3;\.~+18b~b3;s.. 1 +18b4b~;\.~-18~4b~;\.1 + · 

81 (-27b~;\.~+24b~;\.1 -5b~+63b 4b3;\.~-78b3b 4;\.1+15b 4b3~63b~;\.~+78b~;s..1 - · · 
2 2'2 . . . 

15b3 J+9b4;\.181=0. 

4 b2 2 2 2 . 6 3 6 b3) e72=-BA1b
4+81 (12b3 4-12A1b3b

4
-12b3b

4
+12;\.1b3b

4
- b

4
+ ;s..1 _4 

+ 

+8~(18b3b4-18;\. 1 b3b4-18b~+1BA1 b~-4b~+5;\.1 b~)-3a~b4;\. 1 ~ 

(Ha)tEIIIID ~aGT HeKOTOpoe ypaBHeHHe e8=0, · BMeeTO KOTOporo . y;ii.oOHO 

paeeM8TpHB8Tb CJie.ztYDIIYil JIHHe~ KOM0H:HB~ . . . '·. ; , .. , . ' .. 
ee-es 2 · · 2 • 2 · · · 2 

e9= ~=81b3b4+3(;\.1 -1)81 b3+(3;\.1 -5)b3b4-;\. 1 81 b3+15(1-;\.1 )b3b4+ 
1oc;s..1-1 )b;=o. 

By,neM e'lHTSTb 81 ~0. B DpOTHBHOM CJiy'i86, KBK H B (12.1 ), Ml:l HMaeM 
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.CHCTSMY ( 1 ) , y KOTOpol O,!J;HO H3 ypaBHSHHI - JIHHSIHOS (B ,JtaHHOM c.nyqae -
nepBOe). Sa C'I!!T pacTHJCSIDUI u • IJ.U Mli BnpaBe · noJIODTb a 1 =1 • Jt,rui 
,JtaJibHSA:mero C'I!!Ta M1i HCITO~SOBaJIH BCTPQSHHHS B CHCTSMY REDUCE KOM~ 
Bli'DICJISHWI pesyJibTBHTa .JtBYX ITOJIHHO~B .z ?THOCHTS~HO Sa,JtBHHOI. nepeMSHHOI 
H · paSJIOJCSIDUI ITOJIHHOMOB Ha H6IlpHBO.JtHMii6 MHOEHTSJIH HB.It fiOJISM 
pauH~HaJibHilX 'IHCSJI. ~.CKJI))tmM HS ypaB~HHI e5 ~e71 ,e72 nepeMemme A.1,b3 : 

resb
3

£resA.
1 

(e5 ,e71 ),resA.
1 

(e5 .,e72 )l= 

207'36·b!(2b~-b4+1) 4 (2~4-1)2 (b4+1)2 (b4-1)2=0. 
(13) 

STO.B~CJIBHHS (BM6CT9 C pa3JIOZ6HH6~ Ha MHOEHT9JIH noTpeOOBaJIO ~0 C 
Bp6M6HH EC-1 061 • ~3 CTpYKTypH ypaBHSIDUI ( 13) BHTSKallT CJIS.JtYD!tHS 
aJibT6pHaTHBHH6 BOSMOZHOCTH ~H napBMSTpa b4: 

,(12,4.1) b4=1. Tor,JtB HS ypaBH9HHH 85=0 no.nyqaeM 
f • -

A.1 = 1 + , b3;o!O, b3;o!1 , 
3b3(b3-1) 

YpaBHSHHH 871 =872=0 BHnOJIHHDTCH aBTOMaT:H'lecKH, 
(2b3~1)(b3-1)=0, oTKy,Jta SaKJII)'ISSM, 'ITO b3=1/2 
8HBJIH3 CO,!tSpDTCH B CJI9~6M pa3,Jt9JI9 • 

a 88::0 ,~ta!!T yCJioBRe 
H A.1=-1/3. ·~aJibH91mHA: 

(12.4.2) b4=-1. YpaBHSHHe e5 =0 nosBOJIHST BaATH A.t .: 
' 2 ' 

3b3+3b3+1 
A. • 

t 3(b~+b3+1) 

no,JtCTaBJIHH BTO BHpaiCSHHS B OCTa~HH9 ypaBHSHHH, HaA:,Jt!!M · 
' 2 

87 t=O ~ b3 (b3+1)(3b3+3b3+1)=0, 

972=0 .. b3(b3+1)=0, 

88 =0 .. (b3+1)(~b3+1)=0· 

0TCD,Jta CJI6,JtY9T, 'ITO b3=~1 H, COOTB9TCTB6HHO, At=1/3, A.2=-2/3. 
~a~HS!m:HS 38KJII)'I9HHH 00 BTOM CJIY'Ia9 CO,!t9p1CBTCH B CJI9~6M pa3,Jt6JI6 • 

(12,4,3) b4=1/2. ~3 ypaBHSIDUI e5=0 HM66M 
12b;-6b3+1 . 

A.t =---='----=--. 
6b3(2b3-1)' 

no,JtCTBHOBKa 3Ha'19HHI b4 H At B BHpBJCSHH9 872 ,Jta!!T 872=1/4, 'ITO 
upoTHBOpe'IHT YCJIOBHn 872=0 • ·' . . 

(12.4,4).flYCTb TSnepb b4 HBJIH9TCH KOpH9M yp8BH6HHH 2b~-b4+1=0. 
llo,JtCTaBJIHH b~=(b4-1)/2 H HCKJII)'IaH H3 ypaBHeHHI 85=87t=872=8a=O 
fi9p6MeHHH9 b3 H b 4, HaA:,JtSN 
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HO~<resb £resb (87t,8a),resb (872 ,88)1, 
4 3 3 

. 4 
resb/resb

3 
(85 ,88) ,resb

3 
(87 t ,e9> D=1024(A.t-1 > =0. 

Ho A.t;o!O·B CBJIY IlpHHSITOI HBMH KaJIHOpoBKH (2.1) H orpBHH'ISHHI Ha. A.t,A.2 B 
(1). CJI6,JtOBBT9~HO, ,Jt8HHHA: CJIY'iaA: H9 HM69T MSCTa • 

(12.4.5) b4=0 •. Tor,Jta H3 ypaBHSHHst 8
5

=o·noJIY'IaSM b3=0, UOCJI9. 'lero 
yp8BH6HHH 87t=e72=ee::Q TBKZ9 Y.ltOBJI9TBOpstllTCst. Hm!e noKa38HO, 'ITO 
,JtaHH09 pemeH:He, KBK H pemeHHe (12,1), IlpHBO,JtHT K CHCTeMe, O,!J;HO H3 
ypaBHSHHI KOTOpOH .mmeiHoe, T.e. HCKJII)'Ia9TCSI H3 HameA KJiaccl!$maUHH • 

6, CDJICOK IIBT8rpllpYBI&IX HeJIIIHBIBYx. CJIC'1'911 

B Ilp6~6M pas,Jt6JI6 M1i HamJIH BCSX H6JIHH91Hllx npe,!tCTaBHTSJISI 
C9M6ACTBa (1), COOTBSTCTBYD!tHX pemeHHstM (12.1)-(12.4) CHCT9MH 
no.rnmoMHa~HHX ypaBHeHHI (5) H Y.JtOBJISTBOPSIDitHX· ,JtonoJIHHTS~HHM 

ypaBHSHHSIM, BHT9K8JIIIHM. H3 BHCmHX YCJIOBHI HHT6rpHpY9MOCTH. ·· STH, 
npe.JtCTaBHT9JIH COOTB9TCTBYJJT CJI9.JtYD!tHM 3Ha'I9HHSIM napBM9TpoB C6M9A:CTBa 
(1): 

a3=a4=bt=b2=b3=0, at;o!O, ~;o!O, b4=~at• A.1=1/3 , A.2=-2/3, (14.1) 

~=a3=a4=bt=O, at=1, b3=1/2, b4=1, A.t=-1/3, A.2=-4/3, (14.2) 

a2=a3=a4=bt=O, at=1, b3=b4=-1, A.t=113, A.2=-2/3, (14.3) 

~=B3=a4=bt=b3=b4=0, at=1, Ai'A.~-1, itE€. · (14.'4) 

PaCCMOTpHM OT,JtS~HO K8~09 H3 .BTHX pemeHHI. , 
(14,1) ~9rKO BH,Jt9Tb, 'ITO COOTB9TCTB~ast CHCTSMa C9M9ACTB8 (1) 

ut=1/3 ~+atuut+a2vvt• 
vt=-2/3 v3-atuvt• at•~E€ H at;o!O, a2;o!O 

C TO'IHOCTbD ,ItO NaCmTSOHilX npeo0pa30B8HHA: 1),2) (CM •. pa3,Jt6JI 
COBITS,JtaeT C H3B9CTHOA HHT9rpHpY6MOI CHCT9MOA: XHpoTH-08TQYMii [101 ·. 

ut=~+uut+vvt• 

vt=-2v3-uvt. 

(14,2) B BTOM CJIY'I89 NH HM96M·CHCT9MY 

ut=...:.t/3 ~+uuf• 
vt=-4/3 v3+b2uut+1/2 vut+uvt• b2E€. 

2) 

(15) 

DpH b2=0 OH8.COBn8,Jt89T (BHOBb c.TO'IHOCTbD ,ItO MaCmTS~aHx npeo0pa30B8HHA:) 

II 



C HHT6rpzpyeMO~ CHCTSMO~ 

. Ut=11:3+UU1' (16) 
vt=4v3+1/2 vu1+uv1, 

HailitBHHO~ B p8ClOT6. £41. P8C'l:~T H8 SBM ITOK831iB86T,. 'ITO IIpH IIpOHBBOJ!l>HOM 

b2 YCJIOBHR (R:I.. R:l.) t E ImD ,IWl 1=9+ I5 BlliJOJIHHDTCH • 8BTOM8TH'l:6CKH (HS.T 
coMiieHHR, 'ITO CloJiee BHCOKHe yc~HHR Tmace ClypyT BlliJOJIHHTb.CSI npH 
IIpOHBBOJ!l>HHX b2 ). 0~8KO CHMM6TpHH '16TB6p~oro H ClOJI66 BHCOKHX nop~OB 

CYJII6CTBYJIT TOJ!l>KO npH b2=0 • .fiB~ BH,It CHMM6TpHH 5-ro nop~8 npHBB.zt~H 

B p8CloTax £4,51. 0Jie.ztoB8T6JibHo, B .ztBHHOM CJIY'I8e CYJIIBCTByeT TOJ!l>KO o~8 
HHT6rp2pY6M8H CHCT6M8 (16). . 

(14,3) 8BOJIIlUHOHH8H CHCT6M8, COOTB6TCTBY~8H BTOMY pemeHRJJ, HM66T 

BH.It 

ut=1/3 11:3+uu1, 
vt=-2/3 v3+b2uu1-vu1-uv1, b

2
ea:. 

Be~, 'ITO CK838HO B npe~eM CJiy'l86 OTHOCHT6Jil>HO K0~6HT8 b
2

, 

CIIp8B6.ztJIHBO H .ztJIH .ztBHHO~ "CHCTSMH. flOBTOMY MH ,ltOJimil:l ITOJIOEHTb b
2
=0. 

0'16B~06 M8CWT8ClH06 npeoClp830B8HH6 IT03BOJISI6T IT6p9nHC8Tb. ITOJIY'IBHHYD 
CHCT6MY 

ut=11:3+uu1, 
vt=-2v3-vu1-uv1• (17) 

TOT ~T, 'ITO BT8 CHCT6M8 HHT6rpHpy6M8,BHT6KB6T H3 CYJII6CTBOB8HHR y H66 

BHCIDHX CHMMST~, 0~8 H3 KOTOpllX (5-ro nop~8) BHnHC8H8 .B. p8ClOT6 
[51. 

( 14, 4) BmmmsM BBOJIIll..\ROHBYil CHCTSM'.f .zt,rUI ,ltBHHOro CJIY'l:8H 

tit =)..111:3 +uu, • • 
vt=(A1-1)v3+b2uu1, )..1,b2ea:. 

Ilp6oClp830BBHHe nepeMeHHHX (u,v) .. (u,V), r.zte V=v-b2u nepeBO.ztHT BTY 
CHCT6MY B CHCT6MY 

Ut=)..111:3+UU1' 
Vt=()..1-1)V3-b211:3• 

Y KOTOpo~ BTOpoe yp8BH6HH6-JIHH6~06. flOBTOMY MH HCKJIIl'l:86M .zt~ 
CJIY'IaA H3 HameA KJI8CCHtlm<8UHH {CM. IIpHM6'18HH6 H8 CTp.2). 

TSKHM oClp830M, MH HamJIH Bee pemeHHR CHCT6MH ITOJIHHOMH8Jil>HHX 
yp8BH6HHA H8 rr8p8M6Tpli C6M6ACTB8 (1), COOTBeTCTBYJIIIBro HHTerpzpyeMHM 

H6JIHH6AH!iM yp8BH6HWIM TJ!II8 CBH38HHOrO yp8BH6HHSI K.ztB. floJIHHA CnHCOK 
T8KHX yp8BH6HHA HC'I6pnHB86TCH yp8BH6HHHMH (9), (10), (15)-(17). 
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BOIIpOCOB, 38TpoHYTilX B H8CTO.fllll6~ p8CloTe • 
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