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MATOMATbBIKA, ®I3IKA, BIANOrA

YK 517.925
A.B. POro/iEB

AHANN3 NEPNOOVYECKOIA KPAEBOI 3AOAYN
ANA CUCTEMbl MATPUYHbLIX YPABHEHUI
TUMNA PUKKATNW

oty denbr KOHCTPYKTHBHBIE JOCTATOYHBIE yCIOBHS OAHOIHAYHON PA3PELIHMOC-
TH IIEPHONMYECKOH KDACBOH 3aJaYH JJIA CHCTEMbI MATPHYHBIX JHGQEpPEHIHAIBHbIX
ypasHeHHE PHKKATH,

Baenenue
PaccmoTpuMm kpaeByio 3agauy:
“’g’tgaxl(z)xwm1 (1) +X(S, ()X +8,()Y)+F (), (1)
%:A2 ()Y +YB, (1) + Y(P, ()X + P, (1) Y) +F, (1), (2)
X(0) = X(w), (3)
Y(0)=Y(w), (4)

rae te[0,@], X(1),Y(1)e R™", Matpuuel A, (1), B,(1), S,(1), P,(), F,()) (i=1,2)
OIIpeliesIeHbl ¥ HEIIPEPBIBHBI Ha IIPOMEXYTKE [0,w]; @ > 0.
B pabotax [1-3] Ha ocHOBe IpHMeHEHHSI MeToma [4, . 3] B ciyuae

det f A;(r)dr =0 (i=1,2) npoBeneH KOHCTPYKTUBHBIH aHAIM3 3a1a4K (H-(4).
0

B pabore [5] 3anaya (1)-(4) usyyansacs B ciayuae detIB, (r)dr =0 (i=1,2).
B nanHON pa6oTe, ABJAIONIENCS POLOJIKEHHEM U passutueMm [1-3, 5],
3aj1a4a (1)-(4) ¢ momombIo yKa3aHHOTO METO/Ia U3Y4YeHa B CIIyYae, KOT/Ia MaT-

PHILBI IA,.(r)dr, —J'B,. (r)dr (i=1,2) nonapHo He UMEIOT OGLIMX XAPAKTEPHC-
0 0

THUYECKUX YUCEJI.
OcHoBHAs 4acTh

HpI/IMeM ceayrounime 0603HAYEHHUS;

D={(tX.Y):0<r<0.|X|< p,[Y]<p}. M, = ["A, (1) dr,
N, ==[;B.()dr. 7] = |0 ()], o =max]a, (1)]. £ = max]B, (1),

8, =max]s, (O] 1= max|® ()], = ma ] (). 1, ~max|r (o),
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« 1

a, =y, [E(al + )y + B +26,p, +é'2p2)a)2 +(26,p, +62p2)a)},
* 1 * 1

a, =y, 62pla)(5(al +,Bl)a)+1j, a,, =7’zﬂ1pzw(5(az +ﬂ2)a)+1),

« 1
n =V {5(0‘2 +:Bz)(az + B, +mp, +2,u2p2)a)2 +(,ulp1 +2,u2p2)0)]

e t€[0,0], p,p, >0, ®, — uHeHHbI onepaTop, ®,Z=M,Z-ZN, I -
100ast OAXO/AMAs HOPMA MATPHII, HAPUMED OJIHA M3 TAKHX HODM, IPHBe-

JIeHHBIX B [6, c. 21].
TeopeMa. IIycrs BrrmotHeHE! caeayoLue yCIOBHA:

1) mMarpruer M, N, (i=1,2) monapro ne umeror o6mux xapaxreprcrh-

YECKHX YHCEJ, (5)

* 1
2)r 1{5(0‘1 +ﬂ1)|:(051 +,31)p1 +8,p1 +8,0,p, +hx:|a)2 +
+(6,p” + 8,0, +fa)w}ﬁp1, (6)
* 1
e z{g(az +ﬂ2)[(az +ﬂ2)pz + 1,00, +.u2p:§ +h2Ja)2 +

+ (,ulplpz + iP5 + hz)a)} <P,

3) @, <1, det(E-A)>0, (7

rze E=diag(1,1), A= (a,.j),

Torzaa sanaya (1)—(4) ozgrosnayro paspemmnma B o61actu D.

HoxasatenbcTBo. CHayata BOCTIONb3yeMCs TEM, 4TO MaTpulbl M,, N,
(i =1,2) momapHO He UMEIOT OBNIMX XAPAKTEPHCTHIECKUX YHCET (cM. ycnoBue
(5)), 1 BBIBE/IEM COOTBETCTBYIOIIYIO CUCTEMY MATPUYHBIX HHTErpajbHbIX ypaB-
HEHW, 9KBUBaJIEHTHYIO 3amave (1)—(4).

W3 ypasuenus (1) Ha ocHoBauuM yciosus (3) nmeeM

IAI (2)X(c)+ X(r)B, (¢)dr =—I[X(r)(sl (7)X(2) +8, () Y (¢)) + Fy (¢) ] dr.

Bocrnomssyemcst ToxectBamu trma [4, c. 47]

IAI (r)X(r)dr = IAI (t)drX(t) - ‘I[IAI (G)da}dx(r) +

(oo xco ®
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I (r)B (r d‘r X(t)IB r)dz' I dX(r) {IB (O')daj

+ j (dX(r))( j B, (O')do-J. (9)

Toraa Ha ocnose (8), (9) B cuny (1) momyunM rocsenoBaTebHO
MX(1)- X (1)N, - I(IA (a)da)dx(r)+T[TA, (a)doja’x(r) _
s fpto1ae [ Jiax(o) T oyae -
= J[X (S, () X(0) +8.(5) ¥ () 4 (5) e
M, X()-X(1)N, = jﬁA, (o-)dO'J[A, (z)X(z)+X(7)B,(7)+
X ()(S, (1) X(2)+ 8, () Y (2)) + , () e —T{TAI (a)daJ[Al ()X (c)+
+X(7)B,(7) + X(r)(S1 (7)X(r)+8S, (T)Y(T)) +F, (T):’d’l‘ +
+;f[A1 ()X (r)+ X()B, () +
X(2)(8, (1) X(2) +8, () ¥ (2)) + K, (r)](:[Bl (a)daJdT A (0)X(2) +
+X(7)B, (7) + X(7)(S, (r)X(z) +$,(r) (1)) + F, (T)]UB1 (a)dajdt -
-I[x(f)(sl (£)X(£)+5, () Y(r)) +F,(¢) ] (10)
Tak kax matpunpt M, N; He HMEIOT O6IIMX XapaKTePHCTUYECKUX YHCe,

TO, cormacHo [7, ¢. 207], omepatop ®, obpatum, npy 5TOM oreparop @,
SIBJIAETCS JII/IHeI/IHI)IM u OFpaHI/I‘{eHHI)IM Ha ocnoBanuu obpatumocTn ore-

patopa @, or ypasaenus (10) mpugem k CIeIyI0EeMy YPABHEHUIO:

X(t)=o," {j(;"Al (O')dO'J[AI (7)X(r)+X(7)B,(7)+



MAT3MATBIKA, ®I3IKA, BIANOrA 7

+X(r)(S, (‘r)X(T)+S2 (1)Y(z ))+F T):ld‘r IUA (O')da)[A (T)X(T)+
+X(T)B1 (T)+X(T)(SI(T)X(T)+SZ(T)Y(T))+F] (T):]d’l’+
+j;[A, ()X () + X(¢)B, (r) +

X(2)(8,(r)X () + S, (T)Y(T))m(r)]@]s, (a)da)dr—T[A, ()X (s)+
+X(7)B,(7)+ X(T)(S1 (r)X(7)+S, (T)Y(T)) +F, (‘r)J[TB1 (O’)dO’JdT -

(XS (X)) ¥() +F<r)]dr} (11)

AHAJIOTUYHO IOJIyduM CJIeAyIolllee UHTErpalbHOE YpaBHEHUE:

Y(1)=®," {jUA o-)do-]l:A (1)Y(r) + Y(2)B,(r) +

t\r

+Y(‘r)B2 (T) + Y(T)(P] (T)X(T) + P(T)Y(T)) +F, (‘r)]d‘r +
+;':.[A2(7)Y(r)+Y(T)B2 (r)+

+Y(‘r)(P] (r)X(r)+P, (T)Y(T)) +F, (T):ld‘l' - T(TAZ (O')a'o-)l:A2 () Y(r)+

Y(2)(P(7)X(7) + By () Y(0)) + F, (r)][jsz (a)dajdr (A0 Y()+
Y (7)B, (c)+ Y(2)(P (1) X(2) + B, () Y () + Fz(r)][TBz (o)da]dr -

f [Y(O)(B()X(2) + () Y (7)) + (T)]dr}. (12)

Bepno u o6paTHoe BCSIKO€ HENPEPBIBHOE PEIIEHNE CHCTEMbI MATPUYHBIX
VHTErpatbHelX ypaBaenuit (11), (12) apnsercsa pemenvem samauu (1)—(4).
ITO MOXHO TIOKa3aTh € OMOIIBIO HECAOKHBIX BBIKJIAOK.

Hccnenyem pazpemumocts cuctemsl ypasrenuit (11), (12). 1y cucremy
3anMileM B oriepaTopHOit dopme:

X=L(X,Y), (13)
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Y=L,(X)Y), (14)
rae yepe3 L,(i=1,2) 0603HayeHbI COOTBETCTBYIOIIME HHTETPAIbHbBIC OlIEPATO-
psi B (11), (12). 31u onepartops AeACTBYOT Ha MHOMKeCTBe C(I,R™ x R™"y.

[okaxem, yto u3 ycaosuit (6)—(7) crenyeT BhINOTHEHHE 0GOBMIEHHOIO
[8] mpunnmna Banaxa-Kawunonnomu [9, c. 605] cxumatonmux oTobpaeHuit
Ha MHOXecTBe D= {(X(t), Y(t)) Al < fo Iyl < pz}.

Crauana nokaxeM, uto (£(X,Y),L,(X,Y))e D, eciu (X,Y)e D. Brmou-
HUB OILIEHKM 110 HOpMe B (13), (14), uMeem mocaenoBaTeIbHO

j[A (o)daJ[A, (7)X(c)+ X(c)B, () +

la(cv) <@
+X(2)(8,(r) X () +S, (T)Y(T))+E(T)]dr—f[TA, (o-)da)[Al ()X (c) +
+X(z’) B, (T) + X(T)(S1 (z’)X(r) +8S, (T)Y(T)) +F (T):]df + ',i.[Al (T)X(T) +

+X(7)B, (7)+ X(z’)(Sl (r)X(z)+S, (r)Y (T)) +F, (T):'[-!T;B‘ (G)da}dr _

w

—I[A1 (7)X(2)+X(7)B,(2) + X(z)(S, (r) X (r) +8, (z) Y (7)) +

i

w

+F, (z’)][:JU.Bl (G)da)dt - I[X(T)(S, (7)X(7)+S, (r)Y(r)) +F, (T):’dT

0

<

sll@s‘ll{j (f I, (a)ﬂda][ﬂm @M )B, ()] +
AXEIS XIS (U )+ )+
T e 1, Mo ol - ol N -

AR U N 8 6Nt I, XXl )
XS A X (YO I I o e

+T LA @@L+ X @B, @+ % @l (% ()] +
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AR Y5 ] [ o i
Tl OO Bl Y ) e
S| (R R R M T
Jen(o=0) (@ + WX+ 8O 0 X (1]
of el - B S + 2 XY ) 4 e+
o Y R It e e pyy
ALK 8 X Y4 Jar) <

* 1
<y .{5(05. +B)(a+B)p+ 8,01 +8,pp,+h 0" +(8,5 + 5,00, +hl)w}- (15)

Ananorndnble ONEHKH BBIIOJIHHM JJISl OIIEPATOpa L,:

o (x v)|<[@,”]

f[in@e [ 0ve) v, 0
SY(@)(B(OX(2) + B(D)Y(r)) +F, (T)]dT_IfUAZ (G)dGJ[Az(r)Y(r)+
Y (2)B, (1) + YO (R(X(E) + By (0)Y () +  (¢) ]dr +J[A2(T)Y(T)+
+Y(T)B2(z‘)+Y(z‘)(PI(T)X(z')+PZ(T)Y(Z'))+F2(T)](IB2 (o-)dcr]dr _
—IT[AZ(Z')Y(Z')+Y(T)BZ(T)+Y(T)(PI(T)X(1)+P2(T)Y(T))+

+F, (r)]UB2 (o*)do-]dr - I[Y(r)(P,(r)X(r) +P,(0)Y(2)) + F,(7) |dr

<
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<fo. f{{ fin e [la.Hveon oo
HY@IR@NXO]+ YR+ |F, (2)] ]z +
Il [ @Al e, o) vt
ISRV 6+ 10 T (Al
AINAREAK O YA o ] I e

w

Al @I @Y Elle. )+

HY@R X+ YOIl @)+ F, (r)ll]@ [, (o)l!alffjalr+

+;f [IY@lIR@lIX@] [yl Y] + [, (f)!l]df}s
e (e BN N O o
(o) (e BV XY O e ]

[ (ORI e O T ey
St VO XY O ¥ 1]
Sl Oy @ |
<7’ {%(az + ) (@ B) oot pyps + pap? by | +

+(/J,p,,02 +,u2p22 +hz)w} (16)

W3 (15), (16) Ha ocHoBanum ycaosus (5) (6) cienyior cooTHOMEHUS
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laxY)l. <o, an
l(Y)]. <. (18)

Manee u3 (13) MMeeM LISl TPOM3BOMBHBIX (x?),(i,\?)e b
q(m)-q(m:q-l{I@A,(a)da][ A () &=%)+ (-8, (1) +
+(Xs X - %s5,%)+(Xs,¥ - Xs Y)] IUA (o-)daj[ A (r)(X-%)+
+H(X-%)B, () + (Xs X _5<s15<)+(5<s2§_5<s2?)}d1+ I[A () (%-%)+
+(§_x)B,(T)+(§sli-xS,x)Jr(szsz@_sz?)}[iB,(a)daJd,_
_T[Al(f)(i_x)+(§<_5<)sl(f)+
+(§<s5c_2slx)+(§<s2§_5<s2?)]@sl (a)da]dr—

—af[(f(s,f(—5(5,5()+(>:(sz§—5(sz?)]dr}- (19)

Brimonnus OLIEHKH I10 HODME, ITOJTYyYUM

Nq(;(,@)-4(x,y)“g,,q,l-lu“ml(a)daJ[Al(T)(i-xn(i_x)B,(,)+
+(Xs X - %8,%)+(Xs,¥- ks Y)] j[jA (a)daJ[A ()X -%)+
+(X-%)B,(r) + (ks X —5(815()+()~(SZS:{—)~(SZS~()]dr+ J[A,(f)(i_xh

+(f<_5<)s,(f)+(§<s,i<_>zs,5<)+(§<s2§_>zs2?)ms,(a)dajdr_

_T[Al (r)(X-%)+ (X-%)B, (r) + (X8 % - %5,%) +
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+():(S2\:(—XSZ?)}(TBI(a)dcrjdr—f[()z(sl):(—XSIX)+(§SZ§—XS2?)}d1 <

<lo 1 T o |
+|Xs, (% - X)‘.+“(i- X)SIX..+“):(82 (Y-v)
Jlhseac |

(X- X)SIX“ + “f{sz (Y- \?)“ +U(f{ - )”()sg?’

A (7)(X- %))+ *

(X-%)B,(r)

(f(-i()szif(

+

Jdr+

xs, (X - %)

A(7)(X-X)

+

(X-%)8B,(x)

:'dr+i-l:

xs, (X - X)” + ”(f{ ~%)s %

+

+

+

A (7)(X-X)

+

+u():( - )~()B1 (7)
+.((§( - X)szif(H[D]Bl (o-)”do-jdr + ,T[
xs, (¥ - s?)” + “(f{ _ X)Szi’m@”Bl (o-)”do-]dr N

s

< 7’1*{[%(0!1 B e+ B +28,p+5,0,) 0" + (26,9, + 52p2)w}"§_5(“0 '

+52p1a)(%(al +ﬁ1)w+1J”‘:{’ Yﬂc}

Orciona cienyer onenka

Jo(:9)-5(%5)

+

+

XS, (v- ?)”4»

A (r)():(—X)..-#..():(—X)BI(T)

+

R (-0 [R-Rs %

+

+

+;f{”):(s1 (X- x)“ +”():(—)~()Sl)~(

xs, (¥ - ?)u + ”(5} - X)szﬂ

1
) <y, {[E(a, +8)(a + B +26,p, +6,p,) 0" +

+(26,p, + §2p2)a)J”):(— f{“p + 62,016()(%@1 + )+ IJ”{(— f{ﬂc} (20)

AHaJIOrMYHO TIOTYYUM OIICHKY

) < y;{,ulpﬂ[%(% +B)o+ 1]”)?—5&”( +

-{%(% + B ) + By + oy + 21,0,) 0 + +2,u2p2)a)]”\:(—?uc}- (21)

£(X,¥)-4,(%,%)
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anumem (20), (21) B MaTpu4HOM Bu/IE

R<AK, (22)
rape
[le&)-cxw) ) (jr-
K- K=,
e (x9)-4,(%¥) -y

C

Hcnonpsys ycnosue (7), MOXHO IOKa3aTh HAa OCHOBAHUH [7, c. 370], uto
XapaKTCPHCTUYECKIE YMC/IA 10JIOKUTEIIBHON MAaTPHIIBI A PaCIIOIOKEHbl BHYT-
PH CIMHUYHOTO Kpyra ¢ UEHTPOM B Hauase KoopiuHaT. TakuMm o6pasomM, Ha
MHOXeCTBe D MMEIOT MEeCTO COOTHOIIeHUsI (17)—(21), siBnsiromuecs ycnosu-
em obobmenHoro [8] npunnuna Banaxa-Kauunomnmoau [9, c. 605] cxumaio-
IIMX OTOOPAKEHHU IIPUMEHHTETHHO K CHCTEME ypaBueuuii (13), (14). Ha
OCHOBAHNHU 5TOTO 3aKII04aeM, 4TO pemenne X = X(r), Y = Y(¢) aToii cucremsr
Ha MHOXeCTBe D CyIIeCTBYeT U €[MHCTBEHHO. B KOHEYHOM CUeTe 5TO 03HA-
Jaer, 4To 3axaya (1)—(4) ogHo3HayHO paspemuma B obaacTu D .

3ameuanue 1. Bmecto ycnoBus (7) MoxkHO IpUHATb Tpyboe ycnoBue
|A] <1, 1o Gontee yno6rOe 115t HpUMenens.

Ans OCTPOEHUS pelleHus: CCTeMbI MATPUYHBIX UHTETPAJbHBIX YpaBHe-
Huit (11), (12) (cm. takxke (13), (14)) BOCHOJIb3YEeMCSI KJIACCUYECKUM METO-
JIOM I0C/Ie/0BATeNbHBIX NpubIukenuti (cM., Hanpumep, [9, c. 605]):

X, ()=, {j[; A, (O')dO'J[Al (7) X (7)) + X, (7)B,(7)+
+X, (T)(Sl (7)X,., () +S, (7)Y, (r)) +F, (T)]d‘l' -

—.T(TAn (O')do-)[Al (T)Xk—l (T) +X, (T)Bl (T) +

I\7

+X,., (T)(S1 (7)X,. (z)+8S, (7)Y, (r)) +F, (T):, dr +

+Oj[A,(T)xk_, (2)+ X,y (2)B, () 4%, ,(7)(5, (1) X, , (£) + 5, (7)Y, (7)) +
+F, (r)](j:Bl (a)do-)dr _ T[A, (£)X,.,(c) + X, ,(r)B, () +
+X, (T)(Sl (7) X, () +5S, (7)Y, (T)) +F, (T)][TB] (O‘)dO’}dT -

—I [Xe1 (2)(8:(5) X, (1) +8, (1) Yo, (7)) + F, (r)]dr}» (23)
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Y,(1)=0," {I[ A, (o-)do-J[Az ()Y, () + Y,y (2) By (2) +
+Y, (z’)(Pl (r) X, (r) +P, (r)Yk_1 (T)) +F, (T)]dl’ -

_T[T Az (O')dO-J[Az (T) Yk—l (T) + Yk—l (T)BZ (T) M

T

+Y, (T)(P1 (7)X,, (7)) +P(2)Y,, (T)) +F, (T)]d’l‘ +

+j[A2 (7)Y () + Yo (2)B, () 4, () (B () X,y () + By () Y () +
+E, (T)]@Bz (o’)dajdt A )Y (05 Yoo (7)B, (1)
Y, (2) (B (7) X, (7) + By (0) Y, 1 (£)) + F, (T)][IBZ (o)dajdt _

—I[Yk_l (r)(P1 (7) X (7)+ P, (7)Y, (r))+F, (T)]dl}, k=12,., (24)

rae X(7). Y, (¢) — mpousBosbHble MaTpHuHBIe DyHKIMK KJacca C[0, w], mpu-
HaJyIe)xalue MHOXKECTBY D .
Vcnons3yst ycnosue (6), HeTpy/HO MOKa3aTh, 4TO BCe MPUOTMKEHHbIE pe-
IEHNS, TIOMyIeHHbIE 10 alroput™y (23), (24), npunapiexat MHOXeCTBY D .
M3yunm BOMpOC 0 CXOAMMOCTH TIO/y4eHHOM MOCeH0BATEIbHOCTH. Cle-
Ays U3BECTHOMY IpHeMy (cM., Haripumep, [10]), 5ToT Bompoc 3aMeHNM 5KBH-
BaJIEHTHBLIM BOIIPOCOM O CXOAMMOCTH PSIZIOB

Xo +(X =X )+t (X, ~ X, ) + ooy (25)

Yo+ (Y, - Y) o+ (Y, =Y, )+ (26)

Jloxaxem paBHOMepHy™o 110 ¢ €[0,0] cxomuMocTs psitos (25), (26). dna
9TOT'0 MOCTPOUM CIIELUANbHBINA CXOAAIIMICA MATPUYHBIN CTEMEHHOMN p4, Ko-

TOPBIif MaXOPUPYeT Ha [0,w] ykasaHHbIe MaTPUUHbIe QYHKIHOHAIbHBIC PSIIBL.
U3 (23), (24) umeeM coOTBeTCTBEHHO

13

X o-X, =@ {J.(_IAx (G)dGJ[Al () (X = X) + (X, - X, )Bi(7) +

0

+HX S X, - X, S X, )+(X,S,Y, - X,_S,Y, | )]dr -

g (T A (@doj[A, ()X =X} (X, - X, ) B, (2) +

+H(X,S X, - XS X, ) +(X,S,Y, - X, S,Y, , )]dr +
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+;”:A1 (T)(Xk - Xk—l ) + (Xk - Xk—l)Bl (T) +

+(X,S.X, - X, S X, ) +(X,S,Y, - X,HSZY,”)][ |8, (o)do}h -
0

_T[Al (2)(X, - X))+ (X, - X, ,)B, (z) +

+HXSX, - X, S X, ) +(X,S,Y, -X,_S,Y, )]( [B, (a)daJdr -

0

—[[(X,8X, - X, S,X, ) +(X,S,Y, - Xk_ISZYk_I)]dT}, (27)

H

Y.-Y, =®," {!(IAz (U)dU][Az (T)(Yk -Y, )+ (Y, - Yk—l)BZ (T) +
+H(Y,PX, - Y_PX, ) +(Y;PY, - Y, P,Y, )]dr -
_‘TU A, (a)arch[A2 ()Y -Y,_ )+ (Y, - Y, )B,(7)+

+(YPX, - Y, PX, )+(Y,P,Y, - Yk_lPZYk_l):]dr +

+i[A2 (D) (Y = Yo ) +(Y, - Y, )B,(z) +

+(Y,PX, - Y,_PX, )+(Y,PY,- Y, P)Y, )]UB2 (o-)do-Jdr _
-T[A2 (D) (Y - Y.)+ (Y, - Y, )B, () +

+HY,PX, - Y, PX, )+(Y,P,Y, - Y, PY, ):](TBZ (o-)do-Jdr -

_.”:(YkPlxk - Yk—lPIXk—l) + (YkPZYk - Yk—IPZYk—l )]d‘r}- (28)
0
Briroshus onenku mo Hopwme B (27), (28), noJy4yuM ouenku tuna (20), (21):

i
”Xk+1 - Xk”c =N {[E(al + ﬂl)(al +B,+26,p + 52p2)a)2 +
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1
+(26,p, + 52p2)a)]”Xk - X, +52p1a)(5(a1 +B)a+ IJHY,r - Yk_lnc}- (29)
. 1
”Yk+1 - Yk”C <y, {,ulpza)(a(az +,62)a)+ 1)”X,C - X,H”C +

+l:%(a2 + ﬂz)(az +5,+ Hpt 2/12p2)0)2 + (:”1/31 + 2/12p2)a):'”Yk - Yk—l”c}' (30)

3anumem onenku (29), (30) B MaTpuyHOl dopme

ZkSAZ,H,k=1,2,..., (31)
Z :(”Xkﬂ _Xk”c}
C U - Y,

Jlanee Ha OCHOBaHWM PEKYPPEHTHOH OIEHKU (31) umeeM sBHYyIO OlEHKY
Z,<A'Z, k=12,... (32)
ITockosIbKy XapaKTepHCTIYECKUE YHCIa MATPUIBI A PacCIIOIOXKEeHBl BHYTPU
CMMHUYHOTO KPyTa, TO, HCNOIb3Ysl ONEHKY (32) U COOTBETCTBYIOIIME MAXKO-
PaHTBl 11 pAnoB (25), (26), ¢ momompio [6, 9, 10] MoxHO moKasaTh, uTO
MOC/IeNOBATEMBHOCTS {X, (t),Y,.(t)}: CXOZUTCS PaBHOMEPHO 110 £ €[0,®] K pe-
INEHMIO CHCTEMBI MHTErpaibHbIX ypaBuenuii (11), (12), npu stom umeer me-
CTO OIl€HKa

rme

Z,<(E-A)'A'Z,,i=0,12,., (33)

Zi _ (”X - Xi”c].
[y -v].
Hcnonbsys onenky (32), HETPYAHO TOIYYUTH OLleHKY 00J1aCTH JIOKaJTH-

3aumuu pewenns sanauut (1)-(4), onpenensemyio anrroputmom (23), (24):
Z<Z,+(E-A)'Z,, (34)

(i 2 (v )

3ameuanue 2. Vcrnombays ycaoBus (6), (7), aHaTIOrMYHYIO OLIEHKY MOX-
HO NOJIy4HTb, NCXOAsl U3 CUCTEMbl MHTEIPAIBHBIX ypaBHeHuit (11), (12).

B camom ziete, BBINOTHUB OIEHKH 10 HOPME B TOKIECTBAX (11), (12),
MOTYIUM

rae

rme

Z<AZ+F, (35)
riae F=colon(ﬁ,f2);
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N 1 . 1
fi=vy 1hla)[5(al +ﬂ1)a)+1), fH=7 2/126()[5((12 +ﬂ2)a)+1j .
Vcnonp3yst nosoxutenbhyio obparnMocts Matpuib E— A, u3 (35) moayunm
OIIEHKY
Z<(E-A)'F. (36)
Kax BuanHo, onenka (36) siBisierca koapdunuentHoit. UTo6bl BOCION-
30BaTbCA OLEHKOM (34), cielyeT oMy uTh OUEHKY A Z,, Z,, T.€. 9Ta OIleH-

Ka MeHee ynoOHas Uil NPHMEHEHMs, yeM omeHka (36). Oxnako B ciIyyae
X,=0, Y, =0 umeem Z,<F, 10 ectb (34), (36) nal0T 0AMHAKOBbIE OIEHKH.

Onenka (36), oueByyHO, OyieT 3(heKTHBHOI, eciut (E-A)'F<R= colon(p,, p, ).
3ameyanue 3. OTMETUM, YTO €CJIM B COOTBETCTBUH C 3aMeyaHueM 1 pu-
HATD [A] <1, To OLeHKa 0BIACTH JTOKATU3ALMNA PEMIEHUS MOKET GbITh nosy4e-

na B suge |Z|<|F|/(1-|A]). X sra omnenxa Gymer sddexTHBHOMN, eciu
I¥]l/(1-|A]) <|R|. ps sTom BMecTo MHOKecTBA D CJIE/lyeT TPUHATL MHOKECTBO
D* = {(X(t),Y(t)) :||1z| < ”R”} - 3necs npunsTa crremyromas Hopma: [|Zf| =X, +[Y]...
AHanoruyHas ouenKa MMeeT MecTo s Z :
“z“s”—A””—Z‘)” i=0,1,2,....
1-[Af
3ameyanue 4. IIpubiMIKeHHbBIE PEIIEHHS, TOCTPOEHHBIE TI0 aJITOPUTMY

(23), (24), BooOIIE TOBOPS, HE YNOBJIETBOPSIOT KPACBBIM YCIOBHAM (3), (4).
B ¢Bs3u ¢ 9TUM cJlefyeT IOJNYYUTh COOTBETCTBYION[HE OIEHKM IS

”XM(a))—XM (0)”, ”Y,M(a))—Y,chl (0)” Ha ocnoBannu (23) umeem

[Al (7) X, (7)+ X, (7)B,(7) + X, (r)(S1 (7)X, () +8S,(7)Y, (r)) +F (r)]dr =
= dX,, (7). (37)
Orcrona noayyum
I:Xk ('r)(S1 (‘r) X (7)+S, (T)Yk ('r)) +F, (T)]d‘[ =

=dX,,, (r)—I:A1 (z)X, (7)+X, (7)B, (T):'d‘l'. (38)
Honcrasnss (37), (38) B npasyio yacTs (23) U BBINOJHUB 3aTeM HUHTETPUpPO-
BaHUE TI0 YaCTSAM, MOJIYYUM

X, (0)-X,.,(0)= —IAI (2)(Xei () - X, (7)) dr -

a

- j (Xe.1 ()= X, (7)) B, (7)dr. (39)

o]
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AHAJIOTUYHO Ha OCHOBAHHH (24) IOJIy4UM CIIeyioLee COOTHONIEHHE:

Y, ()~ Y, (0)= —IAz(r)(Y,H, ()Y, (z))ds -

w

_J.(Ylwl (T)_Yk (T))Bz (T)dr' (40)
0
Beimonuus onenku o Hopme B (39), (40), IOIyYUM MOCTEAOBATENBHO
”Xk+1 (a)) - Xy (O)” s (al +p )“)“Xm -X, “c , (41)
[Yei (@) Yoo () < (@, + B )] Y,y = Y, .. (42)
U3 (41), (42) na ocnoBanuu (31), (32) umeem
A, SQA'Z  k=0,1,2,..., (43)

T/Ie
A,., =colon (”Xk+1 (@)X, (0)

l’l Yi. (a)) =Y (O)”) )

Q= diag((a1 + ﬂl)co,(a2 +ﬂ2)a)).
Cootnomenue (43) npezxcrasisier co6oii OLEHKY ITOrPENIHOCTEN B YCJOBUSX
(3), (4) nna npubAVKEHHBIX PEIEHUI, OTIPENEISIEMbIX COrTACHO aJNTOPUTMY
(23), (24).
3axIoueHune

PesyubTathl aHHOil PabOTHI 3aKJIIOYAIOTCS B CELYIOLIEM:

— PpasBuTa KOHCTPYKTHBHAA METOJUKA TIOTyUYEHHS CUCTEMbI SKBUBAJICHT-
HBIX MHTErPabHbIX YPaBHEHUH /I UCCIEYEMO KpaeBOM 3ajauu B HEBBI-
POXXIEHHOM Cily4yae ¢ ABYCTOPOHHEI peryJjspusanueii;

~HOJTyYeHB! K09 ULIMEHTHbIE JOCTATOYHBIE YCIOBUS OJHO3HAYHOMN pas-
PEITUMOCTH YKa3aHHON CHCTEMBI;

TUCCJIEAOBAH aNTOPUTM IIOCTPOEHUS PEUICHMS 3a[add, OCHOBAHHBIN Ha
KJIACCUYECKON BBIUUCTUTENBHON CXeMe;

~ BbIBE/ICHBI K09()(PUIMEHTHBIE OIEHKH 06/1aCTH JTOKAIM3AIMNH PellIeH .

Takum o6pa3om, pa3paboTaH KOHCTPYKTHBHBIH METOJ aHAMM3a 32/1a4H —
B PaCCMOTPEHHOM CJIyyae.

ITepeunciieHHble pesy bTaThl MOTYT GBITh MCIIOIb30BAHEI IIPH PELICHUN
COOTBETCTBYIOIIMX 3a[a4 TEOPUH YIIPABJIEHHUS.
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Iloctymuia B pepakumio 30.11.2010 r.

YK 517.925
AH. BOHOAPEB

AHANN3 MHOMOTOYEYHOWN KPAEBOI 3AOAYN
And MATPN4YHOIro YPABHEHUA NAMNYHOBA
HA OCHOBE KOHCTPYKTUBHOIO METOOA
PErYNAPU3ALNIN

llozny4enpr KOHCTPYKTHBHBIE JOCTATOYHBIE YCIOBHA OJHOSHATHON PaspeiHMOCTH
MHOTOTOY€YHOH KDAEBON 33784t ANA MATPHYHOIO AHQOEPEHITHANBHOIO ypABHEHHS
Jlanyropa. /lar HTepanuoHHBI a/MTOPHTM KIACCHIECKOTO THIIA HOCTPOEHHS DeliieHHH.

BBegenue
PaccmoTpum MHOTOTOUECUHYIO KpaeByIo 3a/ia4y /IJIst MATPUYHOTO YPaBHEHMST
%:A(t)X+XB(t)+F(t), XeR™, (1)
k
D MX()=0, 0=t,<t,<...<t, =0, (2)

i=1
rie 4, B, FeC(I,R™), M, — 3ananHble noctosHHble MaTpuisl, I =[0, o).
i %

B nannoit pabote, ABJAOIIENCS MPOIOMKEHHEM U PAasBUTHEM [1-4], ¢
NOMOIIBIO METOAA [S, 1. 1] U3yYeHs BOIPOCHI OHO3HAYHON Pa3pelIMMOCTH
3agauu (1), (2), mocTpoeHus: penieHUs U ONEHKH ero 061aCTH JTOKATU3ALIM.

OcHoBHas 4acThb
Bynem uccnenopats 3anauy (1), (2) ¢ nmoMompio MeTona MHTETPaJIbHbIX
ypaBHeHUH, pa3BuTOro B [5]. IIpu 9TOM A/Is1 MOMyYeHHS COOTBETCTBYIOIIETO
SKBUBAJICHTHOTO MAaTPUYHOIO MHTErPAJIbHOTO yPABHEHUS BOCIIOJIb3YeMCS pac-
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menieHuemM MaTpuilsl 4(f) B Buae

A(r)=4(1)+ 4, (1), 3)
rzie MaTpuLBL 4 (1), 4,(¢) BHIOHpAIOTCS ONpeeNIeHHBIM CIOCO6OM, HaPUMeD,
corsacHo [5, ri. 1]. JloctatouHo 3¢eKTHBHLIM SBIAETCS MPeICTABIEHUE
Matpuilbl A(1), B KOTOPOM B KaueCTBe MaTPUIBI 4, (#) ncnons3yercest puaro-
HaJIbHAST YacTh MaTpuibl A(¢):

Al(t)zdiag(a“() a5 (1)..na, (1)).

B03MOXHBI 1 Apyrie croco6bl pacuienIeHust MaTpPUITbI A(r) [5, 1. 5], B
TOM uucIe U TpUBHaNbHbIE: 4 (1)=0, 4,(¢)= A(t); 4,(r)= A(t), 4,(1)=0.
IIpumem cnenyiormue 0603HaquH5{

H:;:MIU(Q), yzuH_lu, m, =||M|, /11=m’ax”U(t)”, lzzm’ax”U‘l(t)”,

p=max|B(0)], 1=max|F (o]

a2=

k
q=rh4 (e, +B)oY mu, N=pll, thm, u, ||x|.= mlax”X(t)”,
i=1

tne i=1 k| Hampumep, ai06ast U3 HODM,
npUBefeHHBIX B [2, c. 21], C= (C(], R"X") — 6aHax0BO IPOCTPAHCTBO Helpe-

PBIBHBIX (nx n)-Matpuiy, U(f) — dynnaMeHTabHAs MaTpHIa ypaBHEHUS

au
Al =4 (t) (4)
Teopema. Ilycrs BbitosIHEHBI creaymoLIHE YCIOBHA:
det H #0, (5)
q<l. (6)

Torzaa sagaqa (1), (2) oxrosnayna paspennima; ee perrere X ( t) IIPEACTaBH-
MO Kak 1pesesl PABHOMEPHO CXOAAINEHCS IOC/I€40BATEIEHOCTH MATPHYHBIX
QYHKIHH, OIpene/ITeMbIX DEKYDPEHTHBIM HHTEIDATBHBIM COOTHOIIEHHEM H
YAOBICTBOPAIOUIHX YCIIOBHIO (2), IDH 3TOM CIPaBEATHBA OIJ€HKA

N
-q
HoxaszatenscTBo. cmons3ys yeaosue (5), CHavaIa BHIBEAEM C IOMOINILIO
MeTOAMKY [5, I 1] 9KBUBaJEHTHOE MaTpPHYHOE MHTEIPATbHOE YpaBHEHHE,
COOTBETCTBYIOIIl€E NIPUHATOMY pacuieryienuio (3).

Hycts X=X (t) — pelieHue 5ToM 3ajauu. Toraa UMeeT MECTO TOXAECTBO
ax
dr

rae X (7) ynoBieTBopsieT ycaosuio (2).

|x]. < (7)

——=A4(1) X+ 4,(1) X + XB(1) + F (1), (8)
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3anmmeM Tox/AecTBO (8) B ciIeAyIONIeM BUJE:
L 40X+ P(), )

rae P(t)=4,(1) X + XB(1)+ F(¢).
ITo mMeTonuke [5, c. 71] pemenue X (r) kpaesoit samaun mst (9) ¢ yeuo-
BHEM (2) TpencTaBUMO B BUJIe

X(t)=U(x)H-éM,.U,jU-I(T)P(T)df

X(t)= U(z)H-‘gM,U,jU-‘ ()[4 (=) X (r)+ X (r) B(z) + F(r)]dz, (10)

rie U,=U(t,).

Takum 06pazom, Besikoe (Kmaccuyeckoe) peleHe 3a1aun (1), (2) aBas-
€TCs1 penreHueM MaTpUYHOro WHTerpanbnoro ypasaenus (10). ITokaxem 06-
paTHOE: BCAKOE HeNmpephIBHOE pelnieHue ypashenus (10) sisisietcs pemenuem
Kkpaesoi 3azaun (1), (2). [na atoro cHavana npoanddepennupyeM 1o ¢ 06e
qactu Tox/ectsa (10). Toraa nomyunm

B o 40X+ 0@ S MU O] 40X (1) X () B0+ F ()=

=A4(1) X + 4,(1) X + XB(t)+ F(¢),

T.e. MaTpuIa X (f) yxoBieTBOpseT ypaBHeHuo (1).
Otciona umeem

[ 4, (r)X(2)+X(z)B(r)+F(r)]dr =dx (z)- 4, (r)X(r)de.  (11)

Hanee Ha ocrosanum (11) samuumenm Toxectso (10) B CIeAYIOUIEM BUJIE:
k 1
X()=U(H Y MU, [U () dX (z)- 4(c) X (r)dz].  (12)
i=l [
Bermonams, cormacuo [6, ¢. 52], nHTerpupoBaHue 10 YacTaM B (12), mosryunm

X0 =0 () S MY [0 (0 X (0-U7'x, -

= H Y MU ()X (0)-U(0) B S M., - X()-U()H" Y MX,

rae X, = X(t). OTciona HETPYAHO TOJYYUTH COOTHOWEHHE (2).

Cuexyst MeTosivKe, NCIO/IB3YeMON B [2], peleHne ypaBHeHHs (10) 6ynem
CTPOUTHL C NOMOUIBIO AITOPUTMA € BBIYHACIUTENbHONU CXeMOH KIaCCHYECKOTO
METO/Ia MoC/Ie/ioBaTeNbHbIX IpubKennit [7, c. 338], [8, c. 605]:
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X,()=U()H Z I () 4(2) X, (2) + X, () B(z) + F(r) ]dr, (13)

p=L2 ..
B kayectse HayanbHOTO IPHOMMKEHHS IPUHIMAEM IIPOU3BOJIBHYIO MaT-

-

puy X,(1)e (C(I, R"x"). Ouesuzano, anroput™m (13) onpezenser mocaefosa-

TeJIBHOCTh {Xp (t)};0 c C(I, R"X"), IIPU 5TOM {Xp (t)}:o c (CI(I, R”X").

Chauana rokaxem, uto gynkmuu X, (1), X, (¢),... yAOBIETBOPSIOT Kpae-
BoMy ycnoBuio (2). Ha ocnoBanum (13) umeem

D0 _ 4 )x, (0)+

H“ZMUU () 4() X, ())+ X, (£) B(t)+ F(1)]=

=4()X,()+ 4 ()X, (1)+ X, (1)B(t)+F(r), p=1,2,... (14)
OTcroga uMeeMm

[AZ(T)XP—I (r)+ X, () B(z)+ F(z')]dz' =dX ,(z)-4,(7) X, (r)dr. (15)
Hcnonsays (15), cootHomeHue (13) Ha ocHOBanuu (5) MOXKHO 3alucaTh B
CIeAYIONIeM BUIE:

Xp(t):U(t)H_IIZ:I::M,.U,.jU_‘(T)[pr(z')—Al(T)Xp(T)dr:l. (16)

Bomonnus B (16) nnTErpHpoBaHye TI0 YacTsAM, HOTYYNUM IIOCIENO0BATETBHO

P

X, ()= U(t)H‘liz::MU,.jU“l(r)[pr(T)—Al(r)Xp(r)dr:l=

)H‘ZMUIU 7)dX,(z)-U(t ZMUIU (1) 4 (7) X, (z)de
:U(t)H‘lgM,U{U_I(r)Xp (T)!: +jU_1(T)A](T)Xp (T)dz'J—

—U(z)H-‘gM,U,.jU“(T)AI(T)Xp(r)dr=

=U(t)H—liZi:M,U[U—‘(t)Xp(z) U)X, IU‘(T)A X(r)dr}
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—U(t)H"'Z;:M,U,jU"'(r)Al(r)Xp(r)dr -

- U(t)H“IZk:M,U,-[U“ ()X, ()-U"(1) X, () ]=

=X, (t)+U(t)H‘liM,.Xp ().

OTtciona nmMeeM cOOTHOLIEHHE .
U()H" Y M X, (1)=0

i=]

$a0,0)-

Crano 6bITh, BCe YJICHBI NIOC/IC/I0BATCIBHOCTH {X (t)} YAOBJIETBOPSIIOT Kpa-
€BOMY YCJI0BHIO (2).

H3y4nM BOIIPOC CXOAMMOCTH 3TOil nocieoBareabHocTu. Crreays usBecT-
HOMY npuemy (cm., Hanpumep, [7, ¢. 54]), aTOT BOIpOC 3aMEHUM SKBHBAJEHT-
HBIM BOIIPOCOM O CXOAMMOCTH psifia

Xo () + (X, (1) = X (1) +- + (X, (1) = X, () + ... (17)

JloxaxxeM PaBHOMEPHYIO TI0 f € [O, a)] cxoxumocts psiia (17). dast storo

Win

OCTPOMM CXOJISIIMICS YMCIIOBOH psill, KOTOPBIH Maxxopupyet Ha [0, w] mar-

PUMYHBIH pyHKIMOHANBHBIN psix (17).
U3 (13) umeem

X,(t)-X,(1)=2(X,)-£(X,.), p=L2..., (18)
rae
(1) =U() B Y MU, [U ()] 4 (1) () + ¥ (2) B(c) + (<) .
BemosHnuM onenku 1o H(,)pMe B (18)

X, 0l =e(x,)-2(x,.)|-

X,
_ U(t)H—ngM,U, jU—'m[Az(r)(X,,(r)—X,,_l<r>)+
+(X,,<r)—X,,-l<r>)B<f>}df :

<Jo)lla

[Az(r (X (r)- p_l(r))+
+(Xp(r)—Xp_l(r))B(z')]dr

<
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<foffer13;

+(Xp (r)-X,, (T))B(T):Idl'

M.U,jv-%r)[Az(r)(Xp(r)—Xp-l<r>>+

<

Ol IS fo @460 (- %, ()

+(Xp (r)- X, (r))B(T):Idr <

ol oo @A) (x 0- ,.0)+

<

HX, (0) = X,4(2)) B(7) ]|

Ol Sl O, (-, 0)

<

+(Xp (r)-X,, (T))B(T)”dT

i !
slo@ile il o Olla @l 1B, () - X, (| <
k w
S m o @O, - <
i= 0
<yAA(a, +,B)a)zk:m,.u,. “Xp - Xp—lnc'
Ortcloza IMeeM OIIEHKY -
[ <ol -2 o1 (1)
Ha ocHose (19) umeem siBHYI0 OlEHKY
|, - %, <a’|x-x,].. p=12.. (20)

IIPU 9TOM ”X, ‘Xo”c =“£(Xo)—X0“C.
Hcnonssyst (20), MOXHO 0Ka3aTh ¢ HOMOIUBIO U3BECTHBIX TIPHEMOB [6-

8], 4To Tocsen0BATENBHOCTD {X r}: CXO/IUTCS PaBHOMEPHO 1o { €/ K pee-
HUIO MHTErpajbHOrO ypaBHenus (9), HPU 3TOM CIIpaBeAIUBa OLleHKA

¥ - x|, slq—r”Xl—XO”C, r=0,1,2,... @1)
S :
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Ha ocnose (20) umeeM olieHKY 06s1acTH JIOKATU3AUK penieHuss X (t),
OIpe/iesiTeMyI0 COIJIaCHO ajiropurmy (13):

x|, <], + Eo =Kol 22)

C 1-

HokaxeM, uto us (22) npu X, =0 caeayer ouenka (7), Ipu 3TOM
”Xl _XOHC = ||Xl ”C :”’S(O)”c
ITockomabKy

e(o)=

<

U(t)H‘liM,U,.jU“ (z)F(r)dr

<

s||U<z>||nH"U“gM,U,jU*(r)F(r)dr

<

<l Ol [l [0 ()7 (s)e

5

<

ol ISl flo ()r e)ed

<l [Sflo ()7 c)ar) <

k
< ;/Allza)hz mu, =N,
i=1

10 u3 (22) umeeMm (7). Teopema IOJHOCTBIO OKA3aHA.

3ameuanme. AHAJOTHYHO C IIOMOIIBI0 MeTofia [5] MOXHO HCCIIEN0BATH
samaydy (1), (2) na ocHOBe pacmielIeHust MaTpULbl B(f), 1160 OIHOBPEMEHHO
MaTpuil A(t), B(t). Boibop criocoba paciielienusi, pa3syMeeTcsl, TECHO CBA3aH
CO CTPYKTYPOii U (PyHKIMOHANBHBIMYU CBOMCTBAMY STHX MaTPHIL.

Jist MAMIOCTPanK IPUMEHEHHUS HOJIyYeHHbIX Pe3yIbTaTOB PacCMOTPHM
KpaeByo 3amady (1), (2) B cnyvyae n=2,k =4, nonaras

0 0,02 ¢ 0 -0,03-¢* t 1
A 1= . B = s F = 5
(7) (—0,024 0 J () [0,03-:2 0 ] (1) (1 —tj

1 0 0 0 0 1 0 0
M1: > Mz s M3: s M4: s
0 0 0 1 0 0 -1 0

2
t1=O, t2='§



26 BECHIK MAY imsa A.A.KYNALLIOBA Ne 1 (37) @ 2011 o

B kauecTBe HOPMbI MATPHII IIPHMEM CJIEAYIONIYIO HOPMY:

4] = max 3 ja,|
J
IIpuMeHNTENIBHO K 9TOH 3ajiaye MMeeM
0 0,02-¢
4 (t):(—0,0Z-t 0 )

a, =0,

¥ =1,0050154539880318,
u, =1,0015987193176064,

( 0,9951000196081431

cos(O,Ol-tZ) sin(0,0l-tz)
- —sin(0,0l-tz) cos(0,0l-tz) ,

0,99998799502402 J

-1,0015499997339987 0,9899988866661064

=0,03, k=15 m =],
A =4, =1,009949833750832, u =1,
u, =1,009949833750832,

u,; =1,0048879754158768,

my=1, m =1,

det H =1,9866858876837914, ¢=0,12351921044131459.
AJTOPUTM IOCTPOEHUS! PEINEHMs] TaHHOI 324U UMEEeT BIJ

X, ()= U(t)H‘g:M,U,jU" () 4() X, (c)+ X, (c) B(z)+ F(r)]dr,(23)

r=12,...

B nauHoit pa6ote 1o opmyie (23) nomydeHsr npubIHIKEHHbIE pelleHust
X,(¢), X,(r). Onn 3necy we mpusesens BBUAY ux rpomosaxocti. Haiizen
pUOJTIDKEHHOE pelllenue X, () B Toukax f,=0,1-i (i=0,1,2,..,10). B xaue-
CTBE HAaYa/IbHOTO MpuOIMKeHus X, (¢) BO3bMeM HYJIEBYIO MaTPHILy BTOPOTO
nopsinka. PesynabTar npuBeneH B tabaunax 1, 2.

Tabanna 1
dnemeHTH X, 1) (1), X, 2012) (¢) mpubamxennoro pemenus

t,‘ Xz(ll) (ti) X2(12) (ti )

0 —0,40461276293323084 —0,41944082034484176
0,1 —0,3996393912868289 —0,3193705299736899
0,2 —0,38470034068119235 —0,21914738674909562
0,3 ~0,35975360627183317 —0,11876070757865137
0,4 —0,3247390042753695 —0,01821304256591938
0,5 —0,27957813961841194 0,0824761234328372
0,6 —0,22417440898175825 0,1832666270426665
0,7 —0,1584130492416436 0,2840938404883197
0,8 —0,08216124140956582 0,3848648438032236
0,9 0,00473171972845199 0,48545455547448313

1 0,10243417997382287 0,585701822035576
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Tabauma 2

Onements X, (t),Xz(n) (¢) npubmmxennoro pemenus

l Xy () KXoy (1)

0 —0,29854410251524444 0,6654591376137617
0,1 —0,19849727397500389 0,660496652621814
0,2 —0,09833402696718319 0,6455854457718603
0,3 0,00197205761350866 0,6206762927639276
0,4 0,10243417997382281 0,5857018220355759
0,5 0,20304863414673652 0,5405765139547438
0,6 0,30379107833966174 0,4851967354836388
0,7 0,404612762933231 0,41944082034484165
0,8 0,5054367162700921 0,3431692048199803
0,9 0,6061538885120704 0,2562246294099066

1 0,7066192540098511 0,15843241668288183

TouHoe pemieHye MaHHOMN 3aa4y UMeEET BUI

X(1)=U () X(0)7 (1)+ U(t)_jU" () F(c)V"(2)dz ¥ (1),

cos(0,0l-tz) sin(0,0l-tz)
—sin(0,0l-t?‘) cos(0,0l-t?‘) ’

cos(O,Ol-t3) —sin(0,0l -13)

U - -
() sin(0,01-4°)  cos(0,01-7°)

()_ ~0,40461746796776654 —0,41944459652234517
~{-0,29854160700593724 0,6654682243002575 )

JocTaToyHO TOYHOE YKC/IEHHOE PEllleHHe B TOYKAX t,=0,1-i (i =0,1,2,...,1 0)
NprBeieHo B Tabauuax 3, 4.
Tabimna 3

Onementn X (1), X,,(t) To4HOrO YMCHEHHOrO pemeHus

l; Xll(ti) X (ti)

0 —0,40461746796776654 —0,41944459652234517
0,1 —0,3996440972092917 —0,31937428143684726
0,2 —0,38470505269025623 —0,21915096807263745
0,3 ~0,3597583261041974 —0,11876382519432843
0,4 —0,3247437030051736 —0,01821524932868618
0,5 ~0,2795827081333032 0,08247541693028215
0,6 —0,22417859336401252 0,1832680903110931
0,7 —0,15841639469542243 0,28409805955467926
0,8 —0,08216308984504772 0,38487198928610994
0,9 0,00473210658732021 0,48546379949754503

0,10243726778801321

0,585710405989753
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Tabrnna 4
Onementrt X, (¢), X,,(r) To4HOTO WMCNEHHOTO pemeHus

l; (1) Xn (1)

0 —0,29854160700593724 0,6654682243002575
0,1 —0,19849476897813462 0,6605057337543789
0,2 —0,09833145698706436 0,6455944846231736
0,3 0,00197480436326347 0,6206851995492142
0,4 0,10243726778801321 0,5857104059897532
0,5 0,20305224863073856 0,5405843893737063
0,6 0,30379532951600047 0,4852031794912206
0,7 0,4046174679677667 0,4194445965223451
0,8 0,5054409908818707 0,3431683882729506
0,9 0,6061554602622046 0,2562164955838843

1 0,706613395506161 0,1584134885444778

[l1st cpaBHEHHUS TOTY4eHHOrO NPUGIUAKEHHOTO PELIEHUS C TOYHBIM npu-
BejleHbI TabauLb! 5, 6.

Tabawna 5

CpaBHenye NPUOIMXEHHOTO PEIIEHUS C TOYHBIM

lel (’:)_ Xz(n) (ti)l

}XIZ (ti) - X2(12) (ti )’

0 4,705034535701369-10°° 3,7761775034117484.107°
0,1 4,7059224628220875-10°° 3,7514631573420942-107°
0,2 4,712009063878586-107¢ 3,5813235418347134-10°°
0,3 4,719832364219467-10°° 3,1176156770618135-1076
0,4 4,6987298040757075-107° 2,2067627667987644-107°
0,5 4,568514891278852-10°° 7,065025550423432-1077
0,6 4,184382254274199-10°° 1,4632684265936113-10°°
0,7 3,345453778835772-107° 4,219066359556489-10°°
0,8 1,8484354818992799-10°° 7,145482886328214-107°
0,9 3,8685886821765436:107 9,244023061905082-10°°

1 3,087814190338989-107¢ 8,583954177021624-1075

Tabwia 6
CpaBHeHue IpHOIHKEHHOTO pelIeHus ¢ TOYHBIM

t,' X21 (ti)_XZ(Zl) (ti)‘ ’Xzz (ti)_Xz(zz) (ti )‘

0 2,4955093071987733-10°° 9,086686495796137-107°
0,1 2,5049968692680835-10°° 9,081132564925376-10~°
0,2 2,569980118827253-10°° 9,038851313314389-10°°
0,3 2,746749754811706-107° 8,906785286644237-10°
0,4 3,0878141903945-10° 8,583954177354691-10°
0,5 3,6144840020457814-10°° 7,875418962521863-10°°
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OkoHyarne 1261, 6

l; ‘le(ti)"Xz(zx) (ti)‘ {Xzz (ti)_Xz(zz) (ti){
0,6 4,251176338732066-10°° 6,444007581818401-10°°
0,7 4,705034535701369-10°° 3,7761775034672596-10°°
0,8 4,274611778543047-10°° 8,165470297138988-107
0,9 1,5717501341550033-10°° 8,133826022271862:10°°
1 5,85850369017038-10°° 1,8928138404039616-10°°

OreHKa MOTPeNTHoCTH BBIYMCJIEHNH, I0Ty4eHHasT Ha OCHOBAHWH Tab/IuI]
5, 6, uMeeT BUL

| % (£)- X, (r)] < 1.8928138404039616 - 10,

3aMeTuM, 4TO COOTBETCTBYIOLIAsl OLIEHKA, HOTy4YeHHAs Ha OCHOBE Teope-
THUYECKOH onenku (21), rpybee sToit OLleHKH, a UMEHHO

| % (£)- X, ()] < 0,01677521042683583.

TeopeTnyeckas olLeHKa IIOJTy4eHa IPIMEHUTEIBHO K 06IIeH OCTaHOBKe
3a/la4M, 1IPU ITOM SIBJISIETCS PEe3yabTaTOM Dsijla IPOMEKYTOUYHBIX OI[CHOK.

3akaogeHne
AHa/IN3 Pe3y IbTaTOB BBIIOJHEHHBIX BEIYMCICHUI [TOKA3bIBAET, YTO noJIy-
YeHHbIe yCJIOBUS OAHO3HAYHOM Pa3pelIMMOCTH M MCHOJIb3yeMBIH KJIaccuyec-
KMi{ aJTOPUTM HOCTPOEHUSI PENIEHHUs IPUMEHUMbI UISI OTHICKAHUS ¢ 3ajlaH-
HOU TOYHOCTBIO MPUOJIMKEHHBIX aHATUTUYECKHX peleHnit HCCJIelyeMOl Kpa-
€BOM 3a/]ayil B PAaCCMOTPEHHOM CJIyyae.
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YK 512.548
AM. TATTbBMAK

BEKTOP-MATPULbI

Ynopazovernnsie nHabopsr (A, ..y A”H ),V KOTODBIX BCE KOMIOHEHTHI A, A”F1
ABAAOTCA KBAAPATHBIMH MATPHIAMH OJHOIO H TOTO XK€ IIOPAJKA HAX IOJEM KOMIT-
JIEKCHBIX YHCeN, paccmaTpupar 3. Iloct. Takwe HaBOpbI OH HA3BIBA M-aAHIECKHMI
(m-apHbIME) MaTpHamy. 9T0 HazBaHHE 00DACHAETCS T€M, YTO Ha MHOXECTBE BCEX
m-apubix marpun 3. Ilocr onpegenus m-apHymo OnmepanmIo, ABATIOIYIOCH
IN-apHBIM AHAJIOrOM OITePALHH YMHOKEHHA OOBIYHBIX MATPHI. OTHOCHTENBHO ITOH
M-apHOH OHEPALHH MHOXCCTBO BCEX M-apHBIX MAaTPHL, y KOTODPEIX ONPENCAHTETH
BCCX KOMIIOHEHT OTJIHYHbI OT HYJId, ABJIAETCA M-apHoH rpymiod. Ilpescrasadger un-
TEPEC H3YYeHHE YIIOPAAOYEHHEIX HAGOPOB MATPHI], KOTOPEIE B OTAHYHE OT Habopos,
u3yyapmuxca 3. Ilocrom, paccmarpusaroTcd Hazg IIPOH3BOJIBHBIM KOJIBIJOM, HE 0693a-
HEI OBITh KBAZAPATHBIMY, U PAsIHIHbIE KOMITOHEHTEI OJHOIO H TOro e Habopa MoryT
HMETb HECOBIAZAIOIIHE PA3MEDEL.

Crenyromee ompestesierne 0606maeT noHATHe m-apHOH MaTpHUIIBI U3 pa-
6oter 3. ITocra [1].
Omnpenenenue 1. Iycts P - xombio, k — uenoe, k > 1. YnopsinouyeHHbIiH
Habop
A=(4,..,A4) €Y
k matpun A, A, pasmepoB mg x 1, .., M, x 1, C 3NeMeHTaMi u3 P
Ha3bIBACTCA BEKTOPHOH MATPHIEH WA BEKTOP-MATPHICH pasMepa (m, x n,
o M, x n,) HAZ P.
Bektop-marpuirsl Buaa (1) GyneMm HasLIBATh TakkKe k-KOMIIOHEHTHBIMH

BEKTOP-MaTpHUIlaMH.
HOHHTHO, 4TO 1-KOMITOHEHTHBIE BEKTOD-MaTpHIIbI — 3TO OObIYHbIE MaT-

PHIIBL.
Bektop-matpuiia (1), y KoTopoif BCe KOMIIOHEHTbI A, .., A, — marpupl
OZIHOTO M TOTO K€ Pa3Mepa I x 11, Ha3bIBACTCA BeKTOP-MATPHIEH PasMepa m x .
Bexrop-matpunia (1), y KoTopoii Bce KOMIIOHEHTHI A, ..., A — xBanpar-
HbIC MaTPHUIBI IIOPAAKOB 11, ... , i1, COOTBETCTBEHHO, Ha3bIBAETCSH KBAaJPATHON
BEKTOp-MaTpHLeH 11opaaka (1, ... , 1,).
Bextop matpuna (1), y KOoTopoil Bce KOMIIOHEHTBI A, ..., A — xBagpat-

HbIE MAaTPHUIILI OJIHOTO M TOTO XK€ IIOPs/IKA /1, HA3bIBACTCS KBAAPATHOF BEKTOD-
MaTpHuer nopaaka .

Onpenenenuie 2. IIponssegernem snementa € P Ha BEKTOD-MAaTPHI[Y
(1) masbiBaercs BexTop matpuna M = (A4, ..., AA).
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Onpenenenue 3. Cymmori pexrop-marpmi A = (A,..,A)nB=(B, ., B)
OIMHAKOBbIX Pa3MEPOB Ha3bIBACTCS BEKTOP-MaTpPHUIA
A+B=(A +B,.,A,+B)
TOTO XK€ pa3Mepa.
IIOHATHO, YTO MHOKECTBO BCeX A-KOMITOHEHTHBIX BEKTOP-MaTpHuI[ pa3me-
pa (my x m, .., M, x n,) COBNAJAET C JEKAPTOBLIM MPOM3BELCHUEM
M(n, x m, P)x .. x M(n, x m,, P)
MHoxectB M(n, x m,, P), ..., M(n, x m,, P) Bcex mMarpuu Hag P pasMepos
my x 1, ..., my x 1, COOTBETCTBEHHO. Tak Kak MHOKECTBO BCEX MATPHIL OTHOTO
M TOTO XK€ pasMepa Hajl IMOJIeM P, paccMaTpuBaeMoe BMECTE C OIepalUsaMu
C/IOXKEHMST MaTPUI U YMHOXKEHUs] MAaTPULIbI HA CKAIAD, ABJSETCS JHHEHHbIM
IIPOCTPAHCTBOM, TO UMEET MECTO
Hpexnosxenue 1. Muoxectso Beex BexTop-ma TPHI[ OJIHOIO H TOI'O JXe Pa3-
mepa (m, x n,, ..., M, x 0,) HAZ 0071eM P B19eTcs JnHerinpmM IIPOCTPAHCTBOM
#ax P ¢ omepannamn wsz onpegerennyi 2 v 3. H YJIEM 9TOIO JIHHEHHOTO IIPO-
cTpatcrsa apiderca sexrop-matpuua 0 = (0,, ..., 0,), rze kommorertsr 0 g 0, —
HYJI€BbIe MATPHIIBI PASMEPOB M, X N, ... , M, x 1, COOTBETCTBeHHo. IIpoTH-
BOIIOJIOXHON V1 BekTop-Matpuiisl (1) apigercs pexTop-maTprya
~A=(-A4,., - A),
Y KOTOPOH KOMITOHEHTBI = A,, ..., = A, ABAIOTCS MPOTHBOIOIOKHBIME /i
MaTpuy A,, ..., A, COOTBETCTBEHHO.
Hna o6o3HaueHHs MHOKECTBA BCEX MOCTAHOBOK MHOJKECTBA {1, 2, .., &
HCHOMb3YEM CTaHapTHOE 0603HaueHNue S,
Onpenenenne 4. Eciu k> 2, /> 2, 6 — nojcTaHOBKA U3 S,
A=(A,.,A) i=1,.,1
— k-KOMIIOHEHTHBIE BEKTOP-MATPHLBI HAJl ACCOMATHBHBIM KOJIbIIOM P Takue,
4To s Jmoboro j e {1, ..., k} onpeneneno npousseneHue
Y;' - A1.1A2c(/) A(I—])o"‘z( j)Aza"‘(,/)’ (2)
TO TOJIOKUM
[AA, Al ={Y, .Y} 3)
3ameuanue 1. Ecu B onpesesenns 4 Bce KOMIIOHECHTbI Matpui A, .., A,
SIBIAIOTCA MaTpUUaMy 1-ro mopszka, To onepauus | | 1, « OTIDE/IENIEHA HA Jle-
KapToBOU cremenu . Takum 06pasom, omepanuio [ 1, , U3 onpenenexus 4
MO’HO cuuTaTh 06o6uieHneM onepauui | | 164 13 [2, 3]
AHanornyHO 6MHAPHOMY CITyYalo, paBEHCTBO (3) onpenenexo He Bcerna,
a TOJIbKO B TeX CJydasX, KOIZa A/ JIOObIX COCCHUX COMHOKUTENCH B IIpa-
BOIi 4acTu (2), YUCJI0 CTONBLOB NPE/ITECTBYIOLEr0 COMHOKUTEIS COBIIA/IAeT

C YHUCJIOM CTPOK IIOCJIEYIOMEro COMHOKHUTES.
Ilpumep 1. [ycts k=2,/=3, 6 = (12), P=127,

_2 3 1 (-4 -5 -2 10
A=((3—4),[ 1 _1)),1;:((_1),[3 1J),c=([3 P 5}(56)).

Toraa
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[ABC]3,(12)’ 2 = (Yp Yz)’

-4 -5\(-2 10

n=(-3@[ ) J( 5]=@—90%)
2
1

rage

1JL 3 -6
3\( 1 s o -25 =30
—1/i-1 (56) 0 12)

-25 =30
10 12)7

Takum obpaszom,

[ABC]3 (12),2 = ((9-9095), [

Ilpumep 2. Eciu k=2,1=3,6 = (12),

A- ([“‘ J ["3J), B = (b1 bo), (b3 by)), C = ([c‘ J [ﬂ),
a, J\a, ¢ fley

a SN ¢y
[ABChaA2=([ J@ah)( }[ J(hbﬂ[ j)=
a, ¢ Jlay 4

~( aiby ayby Y ¢ ) (a3 azb, Y ¢y )=( aybyey + abye, ) (asbicy + azbye, )
ayby aby \c, S\ ab, ab, e, aybie, + aybyc, [\ aybie, +abye, )

TO €CTb

TO

ajbscy +aybyc, \ [asbics + azb,ey
aybse; + aybye, [\ aghics + asbye,

[ABCl5 (12),2 = ((

IIpennoxenwue 2. IIycrs
A, =, ..4),m=1,..2]-1
— k-KoMIOHEHTHBIE BEKTOD-MATDHIEI HA/ ACCOLHATHBHBIM KoJbrioM P, ¢ —
HIO/ICTAHOBKA 13 ), YAOBJETBOPAIOWas ycloBmio o = o. Torga, ecau onpe-
zenena k-KoMIIOHEeHTHAS BEKTOP-MaTpHIA
(A, ...A] A .. Ayl g @)

Lo k"1
10 1 aroboro i = 1, .., I = 1 onpegenera k- kommonentias BEKTOD-MATPHIA
[Al tte Ai[lxi+l e Ai+[]1, o,k Ai+l+l te A21—l]l, o,k (5)
H BEPHO DABEHCTBO
[[A, ... A[][’G,,{A[+l AZH][’G,,{:
AfAu Ao A Ay (6)

= [Al te i i+ttt l o,k i+i+1
Aoxkaszarexscrso. Ilycty onpenenena k-koMmonenTHas BEKTOP-MaTpuIia
(4) u nosoxumM

[TA, - A) A A, =R, ..., R),

1o,k 22 B 201
(A, ... A,]Lc,k=(Yl, vy V)
Torma anst moboro j=1, ..., k- 1, UCIOJb3YsT CBOMCTBO G' = G, NOJYYUM

1
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R/‘ = Y}A(H])o'(/) . A(Z[—])o'[_l(_j) = Alezo'(j) e A]()'[_l(j) A(1+])0'(j) v A(Z/—])UI_l(j) =

¥

=4 ]_,-Azg(/-) - Aic’“l(j)

(i+1)a"(j)A(i+2)a"*‘(j) A/a"‘(j)A(1+l)a(j) A(i+1)a"(j)

A(i+1+1)c"*'(j) e A(21—1)6H(j) -

=A1jA20(,-) A/c”'(j)
(r+1)a"(j)A(i+2>a"*‘(j) A/a"‘(j)A(l+l)a’(./> A(wl)a”‘*’m

A(i+1+1)c’*'(j) o A(21—1)c’“‘(j) -

= AyAoog) - -- A

A . e A ;
G+’ () (i+2)a(a’ (1) 6™ (a' () A(wl)a’*‘(a'(j»

A(i+1+1)o’*'(j) e A(21—1)0'”l(j) )

TO €CTh
RjZAleZO'(/') .. A

o ()

A o A o A _
(1)’ (1) (+2)e (6 () 16" (' (j) (i+he™ (& ()

A(i+1+1)a"“(j) A(21~])0'H(j)' @)
HOJIO)KI/IM B II0CJIeIHEM paBeHCTBe
Zc"(f> - A(i+1)c"<;‘)A<f+2)c<c’(f» Alc’“’*‘w"(f» o A(f+1)o’*‘(c"(j))- (¥

U3 (8) BunHo, uTo omnpesenena k-KOMIOHEHTHAS BEKTOP-MATPHLA
[Aii ... Aiidli o k= (£, ..., Zp).
Ioncrasus (8) B (7), nomydum

By = dydooy .. 4,01 e (pAasrne iy - Aaretiy
a 9TO 3HAYHT, YTO CYNIECTBYET k-KOMITOHEHTHAsI BEKTOP-MaTpHIa (5) 1 BepHO

pasenctso (6). IIpeanoxenue q0Ka3aHo.

IIpennoxenwe 3. Ilycrs

A=A, . ,4),m=1.,2]-1

~ k- KOMITOHEHTHBIE BEKTOD-MATDHIIBI HAJ ACCONHATHBHBIM KOJBIOM P oo-
HOACTAHOBKA H3 S,, YAOBJICTBOPAIOMAaA ycaouio ¢ = o. Torza, ecam q1s
Hexoroporoi =1, ..., 1 — 1 onpezerena k-kommnonentras pextop-marpuna (5),
10 onpesesieHa k- xoMnoneHTHas BekTop-mMaTpHnia (4) n BepHO (6).

Aokasarerscrso. Ilycts onpefencHa k-KOMIOHEHTHAS BEKTOP-MaTpuifa

(5) u monoXKUM

(A ATAL AL A Ay = (S S),

i+ /o, k
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IIYCTb TaKXe€, KaK U B JIOKa3aTeJIbCTBe IIPEAJIOKEHUS 2,
A, A=, ... 2).
Torna mas moboro j= 1, ..., k Bepro
8= Ao .. Aoy Aimenaniiy Aarnetig =

= Alezc(/) v Aic’“'(./')

(z‘+1>a’(f)A(i+2)a(a’(.f)) Ala"""(a’(./» A(z‘+/)a"'(a'(/))

Zo’(/)
A(i+l+l)c'”l(j) A(21—1)c"'(/) =
= Alezc(,-) Aic"'(j)
(i+1)o‘i(_/)A(i+2)0'i+l(j') Alcr"'(j)A(1+1)<f’(j) A(t+/)a’*'*"(./)
A(i+1+1)o'*‘(j) A(21-1)c’“‘(./) -
= A]jAzc(/) . Aic”'(j)
A<t+1)a"(f)A(t+2)a"“(f) Ala"l(j)AU“)"(/) A<i+1)a"(/)

G+H+De™ () " A(Zl—l)cr'“l(j) =

= Al./Azc(j) Ach-l(_,-)A(Hl)o(_/) A(21_1)51*'(,‘)’

TO €CTb
5= Ay Alcl“'(j)A(“'l)U(f) A(21—1)01“'(j)' )
Ilonoxum B nocieHemM paBeHCTBe

W3 (10) BuzaHo, uTO CymiecTByeT A-KOMIIOHEHTHAs BEKTOp-MaTpHuIia
[A, ... Al =, ..,T).
IToacrasus (10) B (9), nonyynm

S = YA@1yo(y - A(zl—l)c"'(j) ’

a 9TO 3HAYMT, YTO CYNIECTBYET A-KOMIIOHEHTHas BEKTOP-MaTpuiia (4) u BEPHO
paseHcTBO (6). IIpennoxenue goxasamo.

Ipennokenns 2 u 3 M03BOASIOT CHOPMYINPOBATH CJIEYIOIIY IO TEOPEMY.

Teopema 1. ITycrs

A=A, ..4)ym=1,..,2]-1

— k-KOMITOHEHTHBIE BEKTOD-MATPHIEI HAX ACCOIHATHBHBIM KoJbrioM P, ¢ —
HI0/CTaHOBKA H3 S,, YAOBJETBOPAIOMAA ycaAoBHio o' = . Torza, ecam s
Hexoroporoi = 0,1, ..., 1 = 1 onpegenera k-kommonenrras BEKTOD-MAaTPHIIA

[Al te Ai[Ai+1 i Ai+l]l, o, k Ai+1+1 it A21—1]/, ok
10 A1 moboro j = 0, 1, ..., | — 1 onpegenena k-kommorenTras BEKTOD-MAaTpHIA
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[A1 Aj[A/'H Ajé'/]/,c',kAj*I-#l Azm]/, o, K
" BEPHO paBEHCTBO
[A1 Ai[Ai+1 Ai+l]l,c,kAi+l+1 Azm]/,a,k:
= [A1 Aj[Aj+1 Aj.},],)c)kAN+1 AZH],’G),(.

Tax kax yo6ast TTOACTAHOBKA G € S, TIPE/ICTABUMAst B BUJIE IPOU3BEICHUS
HE3aBMCHMBIX 1IMKJIOB, [JITHA K&KIOTO U3 KOTOPBIX He HPEeBOCXOauT 2 (II0AcTa-
HOBKa G JTM0O OCTaBJIsIeT CUMBOJI HEITO/IBIKHBIM, JIMG0 MEHSIET /1Ba CHMBOJIA MeC-
TaMHU), yZIOBJIETBOPSIET YCJIOBHIO G° = G, TO, ToJlarast B Teopeme 1 [ = 3, HOJIYYUM

Caencreue 1. ITycrs A, B, C,DuE — k-kommonerrisie BEKTOD-MATPHI[EI
HaZ acCounaTHBHBIM KOJbIOM P, 6-1104cTan0BKa H3 S, IPEACTABHMAS B BIIE
NpPOH3BENCHHA HE3ABHCHMBIX LHKJIOB, JJIHHA KaXJOI0 H3 KOTOPBIX He Ipe-
Bocxoznt 2. Torza, ecn onpenesena oqna H3 BeKTOP-MATPHII

[[ABC], _ DE], ., [A[BCD], E]. ,[AB[CDE]

3,0,k 3,0,k 3,0,k 3,0, k]3, G,
TO oIpese/IeHbI H JBe Apyrie B(?KTOp-ManHlIbI H BEDHBI PAaBEHCTBA

[[ABC], A DE], .= [A[BCD], .E], , =[AB[CDE]
Honaras B cienctsum 1 &k = 2, 6 = (12), nonyunm

Cnencrsue 2. ITycrs
A=(4,4),B=(B,B),C=(C.,C),D=(D,,D),E=(E, E)
— 2-KOMIOHEHTHBIe BEeKTOD-MATPHIIBI HAJ ACCONHATHBHBIM KOJIbLOM P,
6 = (12) € S,. Torza, ecn onpezerera oqna ns BEKTOD-MAaTPHI]

36,0

3,0, k]3, o,k

[ABC]3, (12), ZDE]3, (12),2° [A[BCD]3 (12), ZE]3, (12),2° [AB[CDE]3, (12), 2]3, (12),2°
TO onpenesIeHbl H ABC APYTHE BeKTOD-MATPHILI H BEPHBI PABEHCTBA
[ABC] DE] =[A[BCD] El, 15, = [AB[CDE], ,, o) 2,2

3,(12),2 3,(12),2 3,(12),2
O6osnauum wepes M(n, k, P) — MHOKECTBO BCeX k-KOMIIOHEHTHDIX KBajI-
PaTHBbIX BEKTOP-MAaTPHI[ MOPSIKA /1 HaJl aCCOLMATUBHBIM KoabLioM P, SIcHo,
4TO MHOXecTBO M(n, k, P) cosnamaer ¢ k-oi JN€KapTOBOW CTeMeHbIO
M(n, P)x...x M(n, P)
k
psinka Hag P

MHO)ecTBa M( 2, P) Bcex KBafipaTHBIX MaTPHL] 2-TO TIO-

M@, k, P)= M(n, P)x...x M(n, P).
k

HanomuuM, uto [-apusrit rpynmoua < A, [ ] >, B KOTOPOM ISl JII000To

i=1,2,.,1— 1 BbINOJHSETCS TOXIECTBO
(la, ... aja,, ... ay,1=1a, ...ala,, ... aa.,. .-.a,l

HasbIBaetcst [4] [-apHo# moxyrpyminod, a lI-aphas onepauus [ ] B aTom ciyuae
Ha3bIBACTCS ACCOIHATHBHOM.

Tak kak /I acCOUMATMBHOIO KOspla P MHOKECTBO M(n, P) c onepauu-
el YMHOXeHHs MaTPUIL SIBISETCS TIOMYTPYIIIION, TO, MoJaras B TeopeMe 3.2.2
u3 [3] A= M(n, P), nonyyum

Ilpennoxenne 4. Ecmir moscrarioskac € S, . VAOBJIETBODAET YCIOBHIO G = G,
P — acconnatuproe xo/bro, 10 < M(n, k, P), [ | Lo k> ~ l-apHag mosyrpymna.
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3aMeTHM, YTO MPEeJIOKEHHUE 4 SIBJIAETCS TaKKe HEIIOCPEACTBEHHBIM CIIe][-
CTBUEM TeopeMbl 1.

3ameuanne 2. CormacHo Teopeme 3.3.5 u3 [3], ycioBue of = ¢ aBasercs
HE TOJIbKO HEOOXOAMMBIM, HO M JIOCTATOYHBIM JJIS1 ACCOLUATUBHOCTH l-apHoii
onepauuu [ |, .

IIpexae yem cdopmyTupoBaTh CleayONIYI0 TEOpEMY, TPUBEJEM OIpese-
JIeHUA HEKOTOPBIX TOHSATHIA.

JluneitHoe mpocTpaHcTBO A Haj moneM P ¢ onpejeseHHOH Ha HeM
l-apHoii onepanueii 1 HasbiBaeTcs (2, [)-anre6poit Hax P, eciu BbIMOAHAIOTCS
caeLyolye YCAOBUSL:

1) ns moboro A € P u mo6bIX a,, ..., a, € A BepHO

M(a, ...a)=n((ra)a, ... a) = N(a(Aaya; ... a)=...=n(a, ... a_(ra));
2) l-apHas onepanus 1 JUCTPHOYTHBHA OTHOCHTEIBHO OTIEPALIHH CIIOMKEHHUS
BEKTOPOB, TO €¢Th B A Juisi moboro i = 1, ..., / BLINONHAETCSA TOKIECTBO
n@,...a_(b,+b)a, ..a)=n(q, ... a_ ba, ..a)ytn@, ..a_ba, .. a,).
(2, )-Anrebpy < A, +, 1 > Ha3BIBAIOT: ACCOLUATHBHOI, €CJIH [-apHast ore-

pauus n accouuaTUBHA; abeneBoi, ecnn B Hell 7S J060H MOACTAHOBKU O
MHOXecTBa {1, 2, ..., [} BBIIOJHSAETCA TOXKIECTBO
[aa,...a]= [ao(l)ac(z) e dl.
INIEMEHT a (2, I)-anrebpsl < A, +, 1) > Ha3bIBAIOT, €€ eJHHHIECH, €U TS
J06oro x € A BepHO
[xa..a]l=[axa..a]l=...=[a..ax]=x;
—— —— ~——
I-1 1-2 I-1
ee i-M JeqHTeaeM HYJA, eClU CYMeCTByIoT b, ..., b_, b, ..,b e A oranu-
HbIe OT HYJISI, TAKHe, YTO
[,...b, ab, ...b]=0.

Ecnm snemMeHT a ABAsieTCS i-M JeuTenreM HYJIsL VI Kakgoro i € {1, ..., [},
TO a Ha3bIBAIOT JeaHTeaeM HyJAdB < A, [ ] >.

Muosxectso M(n, P), Tie P — 1oiie, SABISIETCS aCCONUATHBHOI anre6poil
Hax P Iloatomy, ecn B Teopeme 3.10.2 us [3] nonoxuts A = M(n, P), To
CIIpaBe/ITNBa

Teopema 2. IIycrs P —nose, k> 2,1> 3, k gexur! — 1, 6 — gurr gammsr
k uz S, Torza< M(n, k, P), +, [ ] Lo x>~ accogmarnpraa Heaberepa (2, 1)-
anrebpa Hax P, B KOTOPOF HET eqUHHI], H BCE S/1€MEHTHI KOTOPOH ABJIAIOTCA

Aerureaamu ee Hyas (0, ..., 0), rae 0 — HyJIeBas KBaApaTHAs MATPHLA N-IO
k
TTOPAJKA.
Honaras B Teopeme 2 [ = k + 1, mosyyum
Crencrue 3. Ilycts P — noxe, k> 2, 6 — guka gamwsr k usz S, Torza
<M, k P), +, | 1,.,s ,> — acconnatupnas meaberesa (2, k + 1)-arre6pa
HaZ P, B KOTOpOH HeT eZHHHI, H BCe 5/IeMEeHTBI KOTOPOH ABIAIOTCA JCIHTE-

Jsamu ee Hyaq (0, ..., 0).
—_

k
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3amevanne 3. YacTHblif cryyaii BEKTOP-Matpull (K = m — 1), y KoTopbIx
BC€ KOMIIOHCHTBI ABJIAIOTCS KBaAPaTHBIMU MATPUIIAMH OJHOTO U TOTO 3K
nopanka, paccmatpusan Iocr [1]. Tam xe ans rakux (m — 1)-koMnoHenT-
HBIX BEKTOD-MaTpPULl ONpPe/esieHa m-apHast OTepalyst

[AA, .. A]=(,..Y )
rie
V= Aoy A Ay Ay =1 oo m— 1.
JIerxko 3aMeTuTs, 4To m-apHas onepauus IlocTa SBJIAETCS YACTHLIM cIy4yaem
[-apHoit omepanuu | 1, 0 €CIH B Hell mosoxuTh k=m -1, [ = m,
c= (12 - 1) [ ] = [ ]111,(12 w m—1), (m—1)"
ITonctanosky 6 = (12 ... k) B 0003HaYeHUH onepaumd [ ], , Gynem omyckars

W IUcaTh [],, , B HacTHOCTH, Tonaraem []M’(lz.__k)’k= [ ],m,k. Taxum o6pazom,
onepauus [locra copmanaer ¢ onepaumeii [ L ot

Homnarast B crencruu 3 6 = (12 ... ), HOJYYUM

Cnencreune 4. Ecan P - noze, k> 2, 10 < M(n, k, P), +, [ lioy > — ac-
conHaTHBHAA Heabexesa (2, k + 1)-aure6pa vax P, B KOTODOH HET eAHHHLI, H

BCE JIEMEHTBI KOTOPOH ABIAIOTCH ATHTCISIMH €€ HyTa 0, ..., 0.
—

k

Honaras B cneactsun 4 & = 2, nomyuum

Caencrsue 5. Ecrir P — nosre, 1o < M(n, 2, P), +, | 1, , > — acconmarus-
Hasg Heabenesa, (2, 3)-axre6pa wan P, B KOTOPOH HET €JHHHI], H BCE 3JeMEH-
Tbl KOTOPOH ABAAI0TCS geantensmu ee Hyas (0, 0).

PafoTa BhInosnHeHa TpH TOEpKKeE Benopycckoro pecnybmukxanckoro
bonaa pyHraMeHTanbHLBIX UCCIENOBAHMI (poext P10PA-002).

CIIHCOK JIHTEPATYPBI

1. Post, E.L. Polyadic groups / E.L. Post // Trans. Amer. Math. Soc. — 1940. —
Vol. 48. — Ne 2. — P. 208-350.

2. l'ambmax, A.M. MHOTOMeCTHbIE aCCOIMATHBHDIE Orepaly Ha JeKapTOBLIX CTe-
nensx / A.M. Tanpmax // Becui HAH Bemapyci. ~ 2008. — Ne 3. — C. 28-34.

3.Tanbmak, A.M. MuoromecTHbIe ONEpAallMU HAa [EeKaPTOBLIX CTENEHAX /
AM. Tanbmak. — Munck : Uan. nentp BIY, 2009, — 265 c.

4. Pycaxos, C.A. Anrefpanyeckue n-apusle cucremsl / C.A. Pycakos. — MH. :
Hasyxa i Toxnika, 1992. — 245 c.

Mocrynuna B pepakmumio 30.09.2010 T.

YIK 514.75
B.I. UBAHOB

AVNALA B NPOCTPAHCTBE v,

Hpu onmcannn cucrem orcuera B reoprn TPaBHTAIHH HIHPOKO HCIIOJIBIYIOTCA
PASTHIHEIE (YOPMATH3MbI (METOZBI), CBA3AHHEIE C COOTBETCTBYIOIHMH DAaciiellre-
HHAMH 1IPOCTPAHCTBEHHO-BpeMeHHOro MHoroobpasns [1, 2]. Ero guazuoe 1+1+2-
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pacuieilyieHHe pPaBHOCHJIBHO TarxXke p&'CCMOTpé’HHIO B IIDOCTPAHCTBE-BPDEMEHH opro-
HOpMHpOBaHHOI/I 11apbl BEKTOPDHBIX oyred HJIH, HHAYe, JHaapl. B Hacrosmern p&60T6’

merozom I'D. Jlanresa [3 — 5] crpontcs reosmerpus muans B IIPOCTPAHCTBRE V4 .

1. OcHOBHBIE TIOHATHUSA ¥ yPaBHEHHS

CTpyKTypHbIe ypaBHEHUS IIPOCTPAHCTBa lV4 UME0T BUA (i, Js o el,4):

Da)i=a)jAa)ji, Da)ijza)ik/\a)k +R kla)k/\a)l (1.1)

e Rijk | ~ TEH30p KPUBHU3HBI IIPOCTPAHCTBA (TeH30p Kpydemust T, J ¢ =0).

1-cbopMbr a)l n C()-’/ OIIPEAESIIOT IJIaBHbIE JIMHEHHBIE YAaCTH OTOO AKECHUA
4

COCEZHETO JOKATbHOTO NPOCTpaHcTBa 'R, (u+du) Touku A(u+du) Ha mc-
xomHoe 'R, (u) [3].

IIpu sTom Ag;; =dg,; -8 a)ik -8ir a)jk =0, rne g;; =¢ -Ej u (A,Ei) -
PEIIEp JIOKAMBHOTO KacaTeNbHOIO IIPOCTPAHCTBA lR4 (A) TOYKM A € 1V4.

B cryyae opToHOPMUPOBAHIOrO MOABUKHOIO perepa ¢ METPUYECKUMHU MaT-

punamu
” 8ij “ = ” gl ” = diag“ £; “ (31 =gy=e3=—gy=1 ) (1.2)
HOJTy4aeM
w;' =0 (He cymmupoBats!), &;w; o gjo; =0 (=)). (1.3)
YpaBHenus

dA = a)ig,', dgiz a)ijf—:j (1.4)

3a/lal0T MHQUHATe3UMANTbHbIe CMeIeHUs penepa (A,e,-) JIOKAJIBHOTO Kaca-
TEBHOTO MPOCTPaHCTBA 'R, (A) (BRZOJID KPUBBIX MPOCTPAHCTBA 1V4).

HAuanoit npoctpancTBa lV4 Ha3bIBAeTCsI OPTOHOPMMPOBAHHAS TIApa Bek-

TOPHBIX TOJIEH {G, ;} IPOCTPaHCTBA. BO3aMOXKHLI ciiexyronue cayyan:
D u'=v'=1 u-v=0 ((++) - guaza);

2) u'=1,vi=-1, u-v=0 ((+-) - guaza).
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IIpoBeziem YacTUYHYI0 KAaHOHM3ALMIO OIBUKHOTO PEIepa, COBMECTHB €ro HAYATI0
C TOYKOi M, a GasuCHbIE BEKTOPHI €a, U €a, (1 Sapap <4 a;= a2) -

C COCTaBJSIIOINIMMU U U V  BJIEMEHTA JUabI (M, u, v) (penepsl HyJEBOTO

nopszixa). ITycTs Takxe HHAEKCH @, f, ... € 1,4 \ {al, a 2}. B ciyyae 1 mox-

HO, HAlIPUMED, MOJNOKUTh a1=1, a3 =2, B caydae 2 — a;=3, a, =4.

Teopema 1.1. Jugppepermansusie ypaprerns auasr {G, ;} = {(:«a] , € az}

npocrpatcrsa | V4 HMeIOT B periepe Hy1eBOro HOPSAKA CAETVIONIHE BHL:

a, _ a4, I a, a, i a; _ a4, i
Wg =Ny 0, 0, =A% 0, @, —Aaz @
(1.5)
a _ a i a a i a; _ a, iy
(rn wal _Aal i? waz _Aa2 P9 wal _Aal i? )
a1 a; Jif 2 J a,
(dAa P T Ag " — A, ; +(Ra i
— 4 a, J o
AazzAa jja) )/\a) =0,
a2 _ a2 'B a2 J a,
(dAa P T Ap T 0a" - Ay el (R - (1.6)

e

Ai’j=0 (#He cymmupopars!), g[A[i + ngj ik =0 (i=/). (17)

HoxazatenscTBo. Dukcanus sieMeHTa (M, u, v) AMafibl, B CUJLy ypaB-

Henuit (1.3) u (1.4), obecreyrBaerca paBeHCTBaMU

i_ af _ arl _ al _ al_
o'=0, (=—5a18aa)a )—a)a2 (=—£a28aa)a =

a a
=0, | =-g,6, o '|=0.
al 1 2 a2
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CrenoBatensho, (opmsl (1.8) sABISIOTCA /1S pacCMATPUBAEMOTO reomer-
puyeckoro obpasa riaBHbiMU. [IpUHUMAs B KauecTBe Ga3UCHBIX dhopMbI @',
notyuyuM ypasHenust (1.5), a Taxxke paseHctsa (1.7). IIpoBoms nocjaenymouiee
SaMbIKAHWE C YYETOM ypaBHEHUM CTPYKTYphI (1.1), IpHzeM K KBagpaTU4HbIM
ypasHenusm (1.6).

Teopema noxaszana.

Teopema 1.2. Cucrenma pesmymnn

a, a, a, o4 o a,
{Aa i Na i Aa2 i} (wlu {Aal i’ Aa2 P Aa2 1}] (1.9)

06pazyer reoMeTpHyeckui 0ObEKT — QYHAAMEHTATBHBIH OOBEKT IIEPBOro
OPATKA JHATBI {e a,, € az} npocrpancra 'V 4. I710 Tersop (3], uz KoToporo
BBIACAAIOTCS 10/ TEH30PBI:

N a, (1.10)

aa’aa’Aaa'
2 2“1 2 %2

MoxazarenbcTBo. CumBon auddepeHIupoBaHus 10 BTOPUYHBIM I1apa-
MeTpam 1P (PUKCHPOBAHHBIX NIEPBUYHBIX TapaMeTpax 0603HAYMM Yepe3 &.
Ilpu yuere nemmbr Kaprana us ypasmenuit (1.5), (1.6) u (1.8) monyyum

(HpI/I P =0, (5))

a4,

a Y AR Yo B
SA, =N, pma’ —Ag lyﬂﬂ = 0A, a, B a "a

_ IR a, g _ a,; a, Y _ a Vo
=06A, 8 A,B a, Ta _§Aaﬂ A}/ B7a ~Ng Yy =

= SALL — ALY P = sAM A n B = sA

a a, B a, 1 B g a, a

S ST N R L )

a, p a; 4 a4, 2,
Hemnocpencrsennoii npoBepkoii ybexmaeMcst B TOM, 4To crcTeMa ypaBHe-
uuii (1.11) BnosHe MHTErpUpyeMa. ITO OKOHYATEIBHO HOKA3HIBACT TEeOpeMy.

I1pou3BOTbHYI0 KPUBYIO IPOCTPAHCTBA |V, MOXHO 3a7aTh YPaBHeHUs-

MU [4]
0 =1"0, me DO-0,0. (1.12)
Kpussie (1.12), ynosnersopsiiomue ypashenusm (1.5) u ( 1.6), HasbIBa-

10TCA JIHHHAMH, IIDHCOCAHHEHHBIMH K JHAAC { €a,, € a2} IIPOCTpaHCTBa 1V4 .
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Teopema 1.3. Cucrema sermuin {l’ } 06pazyer OTHOCHTEIbHBIH TeH30p

[5] srarmit, npucoesnnentsix k quane { €a,, €a, } , H3 KOTODOIO BBIACJIIIOTCS

a a
HOATeH30pbI A1, A2

HOKa:iaTeJIBCTBO TEOPEMEI CJIeIYET U3 PaBEHCTB npun 71 = @1 d)):
p y p
SAM At = 6A% 4t g =507 1% g, 2P m % =0 (1.13)

(em. (1.1), (1.5), (1.8) u (1.12)).
KacartenpHpiM BekTOpoM kpuBoii (1.12) siBisieTcst KacaTelbHBIH BEKTOP

Pa3BEPTKHU STOH JIMHUY Ha JIOKA/IbHOE KacaTeNMbHOe TPOCTPAHCTBO | R +(M) [6].
On umeer Bug

;z—zliél‘ =lalgal+ﬂazga2+la5a, (114)
Teopema 1.3 u paBenctsa (1.14) I03BOJSIIOT BHLIENUTD CHIeyIOIINe UH-

BApHaHTHO CBA3aHHbIE C JUAJON KpHBbI€:

2% 20, A% =290 (ea, — JuHHH TOKA); (1.15)
A% 20, 2M =229 (Ea2 — JIHHHH TOKA), (1.16)

At =2%2 ( A% ) # 0 (oproronaisasie TpacexTopmm auansr). ( 1.17)
2. YacTHBIE KJIACCHI AHAL

2.1. Muana {eal, eaz} IIPOCTPAHCTBA 1V4 Ha3bIBAa€TCA  €a,- (Eaz-)

HOpMHJIbHOﬁ, €CJIN HOPMAJIbHBIM SABJISIETCS BEKTOPHOE I10JIe { €a, } (HOJIC { Ca, })

IPOCTpaHCTBa. BeKTOpHOE 1107Ie TICeBAOpMMAHOBa IPOCTPAHCTBA Oyxer Hop-
MaJIbHBIM, €CIIH OHO [IONyCKaeT CEMENCTBO OPTOrOHAIbHBIX THIIEPIOBEPXHOC-

Teit [7]. AHanormyHo, camy auany {eal, eaz} [IPOCTPaHCTBa lV4 bynem uHa-
SbIBATb HOPMAJTbHOM, €C/IM OHa JOMYCKAET CEMEeHCTBO OPTOrOHANbHBIX
2-11oBepXHOCTEHH.

Teopema 2.1. IIpusnaxu guags {eal, eaz} IIDOCTPAHCTBA 1V4 HMEIOT
BHZ: ¢€a - (€a,-) HOPMAJIbHOH —

a a, a a, _ a a, |\,
A[a ,5]_0’ Aa az_Aa2 a (A[a ﬂ]_O’ Aa al_Aal a)’ (2.1)
HODMATbHON —

A[aalﬂ] = A[a“zﬂ] = 0. (2.2)
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HoxasaTembcTBo. B mepBoM ciyyae aocTaTodHo yOenuThCs B IIOJHOM
a
VHTerpupyeMoctd naddosa ypaBHenusa °'= 0 (ypaBHeHMs o % = 0).
B cinyqae BexTopHOro mnoss {eal}, HaIpUMep, TOJIYYUM

2y
a,

a a a a a
Da)'/\a)‘—(/\a1 - A, )a)a/\a)‘/\a)z+

[24

(em. (1.1) u (1.5)).
B nocrennem ciryyae nmpuxomuM K yCIOBUSIM MOJHON MHTETPUPYEMOCTHU
CHCTEMBI YpaBHeHHH o '= ©®?=0 (cMm. (1.12), (1.15) wu (1.16)). meem

+ A a‘ﬂa)a/\a)ﬁ/\wa‘zo, A[a B] =0, A

a, a a a,

a, a, a, _ a, a Jij a, a, a,
Do '"neo'Aw _Aaﬂa) Ao Aot A ? =0, A[a ,B]‘O’
a a a a a Yij a, a, a,
Do *ro"'"A0?=A ", 0% 0P Ao A0 =0 A = 0.
a B > Pa gl

Teopema nokaszana.

2.2. lnana {eal, eaz} npoctpanctBa |V, HassiBaercs ea,- (ea,-) reo-

Ae3n ‘.IECI(OI/Y, €CJIN TeOIE3NYECKUM ABJISAECTCA BEKTOPHOE I10J1€ { €a, } (HOHe { €a, })

IpOCTpaHCcTBa. BEKTOPHOE MoJIe IICeBI0PUMAHOBA IPOCTPAHCTBA OYAET reote-
SUYCCKUM, €C/IM TeONIE3UYECKUMH SIBJSIOTCA ero JUHUM Toka [7]. Hduanmy

{ €a,, eaz} MTPOCTPAHCTBa 1V4 OyneM Ha3bIBaTh I€0ZE3HYECKON, €C Teo-
JE€3M4ECKUMH SIBIISIIOTCS 00€ ee COCTABIITIONIIX — BEKTOPHBIE 10,15 { €a, } u { €a, }
TeopeMma 2.2. [Ipusnaxm gmazsr {ea,, ea,\ mpocrparcrea 'V HMET
1 2 4
BHA. €a,- (€a,-) IeOJE3HYECKOH —

Aal =A a, :0 (Aaz =A a, :0)’ (23)

a a, a, a, a a, a, a,
reoqe3HYeCKOr ~ OAHOBPEMEHHOE BBIIOIHEHHE yeaoBHIf (2.3).

HoxazarenscTBo. B ciayuae e a,~JINHUI TOKa Auaasl quddepennyan Kaca-

- a -
TEJILHOTO BEKTOPa 7 = A 'ea, —

dr =dA% ea +[A * 50 +A % .5, ). 2% 0
2 a; a; a2 a; a, a -

OyzeT mapajuleNbHbIM BEKTOPY 7 [8] npu ycroBusax:

a a a 1 a
A : Ehga Ea A : = 0, A =-———A ! = O
a,; a,; 1 2 a, a, a,; a, a a a; .
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AHAJIOTMYHO PacCMaTPUBAETCS CIyYal 110Js {ea2 } Teopema nokasana.

2.3. Jl517 IpoU3BOJIBHOM IMamKoit hyHKIMM fumeem df=f; 0. ITostomy

I

(—1)4_i(w1A Al A ...Aa)4/\df) =f,-(a)1/\a)2/\a)3/\a)4)
A

(CMMBOJT i O3HauaeT, YTO MHJIEKC i TPOIYIIEH) H, CJIEJOBATENBHO,

A

S =(—1)‘1_"(5()1 N /\0)4)—1 -(a)1 Ah@ A rna? Ad f).
C 1pyroit cTopoHbl, BeKTOp rpauenta byHKIMN f grad f = f; el v f,

_i PR o o
rae e =g’/ e, a v — obobueHHbIi mudde eHIMAJIBHBIA OllepaTop, 3a1aH-
g J P

HbII OTHOCUTEJIBHO IIOABHKHOTO peliepa (M, ei) NIPOCTPaHCTBA lR4 (M)

CpaBHNBas IIO/yYeHHBIE BbIDAKEHNS, IPUXOIUM K (opmye

-1
Vz(a)l/\ 0)2/\ a)3/\ a)4) X

| ) (2.4)
XZ(—1)4—iél(wl/\ wA® A A Y A d).
i

AHBepreHyiio H pOTOp BeKTOPHOIO 105 { v } npoctpaHcTBa !y 4 ompe-

NleuM paBeHCTBaMH divv=V.v , rotv=V AV, e v - oneparop (2.4).

B cuny ypasnennii (1.2), (1.4) u (1.7) Oy YUM

Ve a, a  _ _ 2y ap a;
dlvea]_Aal 2, T Aal o gal(gazAaz a, T8 A(a 8 I
roteal_Aalje /\e,—Aal a]e /\eaZ+Aalae Aea, +
+A % e AegtA % e ae e @ GF
a, a o a « a

pel A eq = (2.5)

(B cayvae nosus {eaz} B (2.5) IOCTaTOYHO BBLIMOJHHUTD MIO/ICTAHOBKY HH/IEK-
COB a; ¢>a,).
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3necs Jajee: g o B~ MeTpI/I‘{eCKI/IIL/'I TEH30D NOJAIIPOCTPAHCTBA [M, € a:’ c

c 'Ry ( M), umelonii MaTpuiy komnoment (cm. (1.2))
leapl = |e°”| = ding]e. | pue,=2,=05=-c,=1). 26)

Huana {eal, eal} npocTpancTBa |V, HassiBaeTcs €q .- (ea,-) coreromn-

,ZZH./YbHOI/Z €CJIN COJIEHOUJAJIBHBIM ABJISIETCS BEKTOPHOE II0JIE { €a, } (HOJ’IC { €a, })

IIPOCTPAaHCTBA, T.e. ecH diveal=0(divea2=0). AHaloTU4HO auaja

{ €a,, eal} Oyner ea - (€a,-) MOTCHUHANBHOK, €CIU TIOTEHIIMATBHBIM OKa-
JKeTCs BEeKTODHOE IoJIe {ea,} (none {eaz}) MPOCTPAHCTBA, T.e. €CJU
rotea, =0 (rotea2= 0) [9]). Aunany {eal, eal} Ha30BeM COIeHOHAAIbHOH
(rrorernmanbHOM), ecan CoIeHOMAAMbHEIMY (COOTBETCTBEHHO, MOTeHLHAD-
HBIMHM) OKa)kyTCsi 00€ COCTABJISIONINE AUATbl — {ea]} u {eaZ }

OueBusina

- - 1
Teopema 2.3. IIpuswaxn guazsr | ea,, €a, TPOCTPAHCTBA ~ V4 HMEIT

BHJ: €a,- (€a,-) COJICHOHAATBHOH —

a, a, a, o (a

a a a apf a _
A "2 4+ A =—£al(£a2Aa2‘a2+g A 1ﬂ)J—O
2.7

a a a apf a _ .
(Aa21a1+Aa2a —saz(salAal 2al+g A(a 2,8))_0)’

ea - (Ea2 -) morennmaisHoK — (2.1), (2.3); coreronaabHOH — OZHOBpDEMEH-

HO€ BBIIOJIHEHHE yC0BAH (2.7); MOTEHUHAJIBHOH — OAHOBPEMEHHOE BHITO.I-
HerHe Beex yeaopri (2.1), (2.3).

3. TeoMeTpus KPUBBHIX, HHBAPHAHTHO CBSI3aHHLIX C JUANOH

3.1. lucbdpepennman kacatebHOTO BekTOpa 7= 4% o o mHnn (1.17) umeer
BH/I

a7 = (A gy ea, +A 2 e, Ja22t e+ (42427 0,%)eq

(cm. (1.5) u (1.12)). D10 MO3BOASAET OIPEETUTD COIIPHKACAIONYIOCS 2-11710C-
Kocts kpupoi 11, (M) = [ M,z,dr J

OpTOTOHA/IBHYIO TPAEKTOPUIO TUA/IbI {Ea,, Eaz} IPOCTPAHCTBA 1V4 Has0-

BEM Ie0fe3HIECKOH JIHHHEH, eCIU ee CONPUKAcaloliasicsa 2-TIockocTs 11, (M)
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[IPOXO/IUT Yepe3 HalpaBjieHHe, KOMIUIAHADHOE BEKTOpaM JHajbl eal u eaz,

T.e. €C/IM BeKTOp dr ~ (M. 2a] | | T, M T€0Ne3MIECKOH THHHET (B abcoarorHOM
a

CMBICJIE), €CI BEKTOP dr B 7. Jlunuo (1.17) OyneM Has3bIBaTh eal- (eaz-)

aCHMIITOTHYECKOH, eCI ILI0CKOCTD [T, (M) nepleHankyJIspHa BeKTOpY Eal
(BexTOpy e4,) [7, 8.

Crpaseminba
Teopema 3.1. Ilpusnaxu oproronansHerx Tpaekropust quazsr { €a,, €a, }

IIPOCTPAHCTBA 1V4 HMEIOT BHZ: €a - (€a,-) ACHMIITOTHYECKHX —

B a a,p _ .
Aa' 24P =0 (Al a9 =0 ), (3.1)
TIeoJqe3H4YeCKHX — 1IPOHOPITHOHA/IbHOCTD
a B a .. .
(cu + 1l w, ) . (/1“), (3.2)

reozesmngecknx (B abcomoriom cusicae) — (3.1), (3.2).

Opt muuun (1.17) umeer Buj

a_
o= |as =n o=
(1.17) A/ (1.17)

BEKTOP I1€PBON KPUBU3HBI

= =dTo _ a a , B a,
F70 o T M p AT
i ) ﬂA _ (3.3)
(9]
FAG APy d[L]+[LJwﬂa L
A/Z A/ A/ A/®

Bexropst (... )-€a,, (..)-€a,, (-)€a u3 (3.3) HazoBeM COOTBETCTBEH-

HO BEKTOpaMu Ea] -, Eaz - HOPMAJIBHOH KPHBH3HBI N BEKTOPOM [€0Je3HICCKOF
KPHBH3HBI OPTOIOHA/IBHBIX TPACKTOPHH Ana/pl CaMy OPTOIOHAJIBHYIO TPAeKTOPHIO
Oy/IeM CYMTaTh reoAesHIecKoH mHHer (B aéca/HOIHOM CMBICTIE) — eC/IM 0OpaLIaeTcs B
HYJIb BEKTOD (3.3), IPOCTO ICOAEIHICCKOE JIHHYEN, eal - (ea2 -) acHMITOTHYECKOH
KPHBON — €CJIM CTAHOBATCS HyJIEBBIMM BEKTOPBI Te0/€3UYECKOi KPUBHU3HBI, CO-
OTBETCTBEHHO BEKTOPBI Eal - (Ea » ) HOPMaJIbHOlM KPUBHU3HBI KPUBOH [6].

Teopema 3. 2 Ilpusaaru OPTOTOHATIBHBIX TDAEKTOPHI AHAZBI { €a,, ea }

npocrpancrea 'V 4 MMEIT BHZ: €a,- ( €a,-) acumirrornyecknx — (3.1); reo-
JACIHYECKHX —
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d [L] . [ﬁ] 0, = 0; (3.4)
A/ A’

reofiesHyeckux (B abCOIIOTHOM CMBICTE) — (3.1), (3.4).

O6a moaxoxa (teopemsr 3.1 u 3.2) PaBHOCHJIBHBI MeXy coboit. B camom
nene,

B ARdAY
dL A2 a’ﬂ =L.dl“+ﬂﬂwﬂ“_la.gL___ . (3.5)
A’ A’ A’ guv At Y

Ecin Boinonnsercs yenosue (3.2), te. dA%+ 48 ﬂ“ =x-1%, T0 K03-

unment x =g, , A4 dAv /g4y A*AY, U B COOTBETCTBH C PaBEHCTBOM (3.5)
TIPUXOUM K NPU3HAKY (3.4). O6paTHO, MU BHINOIHEHNH YCIOBHS (3.4) ipu

yuere (3.5) moayuum d A% + AP a)ﬁa =(gﬂvl” dA" /g, AH 1")-1“, T.€
npusHak (3.2).

3.2. OpTOI‘OHaJIbHyIO TPACKTOPUIO JTHAIBI «{ €a,, €a } MPOCTPAHCTBA V4
OyzieM Ha3bIBATh €q - (eaZ ) Jinrnerf kpusHsHbl 1-ro poja, ecnu ona Hallpas-
JIeHa BIOJIb OAHOTO M3 IJIABHBIX HATPABJIEHUH TeH30pa A(a ) ( A(aazﬂ )).
Jlnnus (1.17) Gyner apnstoes eaI - (e €a,-) JIHHHEH KDHBH3HBI 2-I0 poza,
ecmu tugpepeniman Touky 1-MepHoit HopMau [ M, e a, ] (HOpMauTn [ M, Eaz J )
KOMIITaHApeH BEKTOpaM Juajsl [6].

Teopema 3 3. lIpnsraKaMi OpTOroHATLHBIX TPAEKTOPHI AHAZBI {e a ea }

npocrparicrea ' v 4 ABILAIOTCA CEAYIONIHE NIPONOPUHOHATBHOCTH, /I €a, - (€a, -)
JIHHHH KpHuBH3HbI 1-ro poja -

(A 2? ) e (2a) ((A(aazﬂ)ﬂﬂ)”(ia)); (3.6)

AT Eal- (Eaz—) JIHHHH KPHBH3HBI 2-I0 poja —
(Aaalﬂzﬂ);:(/la) ((Aaazﬂlﬂ)::(la)). 3.7

3nech u fanee: A, = 8ap AP = 4@ /€4 (cM. (2.6)).

HokazatenscTBo. YenoBus (3.6) Kak pas u O3HAYaIOT, YTO MMHMY (1.17)
HallpaB/IEHBI BJIOJIb ITIABHBIX OCEMl COOTBETCTBYIOLIETO aCUMIITOTHYECKOTO TEH-
30pa KpuBOi. MOXKHO TIOKA3aTh, YTO UX HANIPABJEHUSA COOTBETCTBYIOT SKCTpe-

MATBHBIM SHAYCHHSAM €a,- (eaZ ) HODMAJBHBIX KpHBH3H (CKaNSPHBIX CO-
CTaBSIOIIHNX BEKTOPOB €a, - (ea2 ) HOPMAaTbHOH KPHUBH3HBI, cM. (3.3)) —
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s n  ga,p
() Aa'p AT (@_p) . (38)

lgap 227

Ilepenucas paBencrBa (3.8) B cTpouHOM BuE:

H

(A(aalﬂ)_gk”(al)gaﬁ ).Aa,lﬂzo, rge ¢ = Sign(gaﬂ 1 ﬂ,ﬂ) =+ 1,

1 ITPOBEPUB YCJIOBHUS CTALOHAPHOCTH BEJIHYUH k n( a) : 0k n( a) /0A% =0,

MOJIYYUM YpaBHEHUS: ( A(aal B¢ k n( ) 8ap )-/1 s =0, IpUBOASIINECA K

(3.6). Ina Bemuuun k n( 2) IIPOBEPKA OCYILECTBJSETCS aHAJIOIHYHO.

B ciyyae, nanpumep, e,, - THHUI KPUBU3HBI 2-TO POLA UMeeM:

d ( M+x-éal)

o = () Ba, () T, + (la” A lﬂj .

a4,

o
/1+xAl/J,

(cm. (1.4), (1.5), (1.7) u (1.12)), 1. e. cooTBeTCTBYIOMWHMIT npusHax u3 (3.7).
Teopema noxasaHa.

£
AP =0, Ag-eqaxh g AP =0, A AP =,

X

HeobX0onuMBIM 1 LOCTATOYHBIM YCJIOBHEM COBMANCHUS THHUIL (3.6) u
(3.7) ABNAETCST HOPMATBHOCTD THAJBI {eal , Caz} IIPOCTPaHCTBA 1V4 (cM. Teo-
pemy 2.2).

4. VlHBapuanTh mepBoii AuddepeHnuanbHOl OKPECTHOCTH THATET

DynnameHTaTbHBIE 06BEKT TEPBOTO MOPSAKA AMALBI (1.9) comepxur

20 xoMnoHeHT. IMeeTcs Takxke BCero OfuH BTOPUYHBIN [apaMeTp 7, B To-

9TOMyY B 06mieM ciyuae [OJMHAs CHCTeMa HHBAPHAHTOB EPBOik anddepeniu-
aJbHOM OKPECTHOCTH MBI TOJDKHA COAEPHKaTh 19 DYHKIHMOHATBHO He3aBH-
CHMBIX BEJIUYMH.

113 xapaKkTepUCTHYECKUX YPABHEHHUH €q, - ( €a,- ) ACUMIITOTUYECKUX TEH-

30pOB

tdet| A, g = A8ap “ =421 A+1,=0,

(4.1)

+ det

A '3)=*8ap ” =A2-I34+14=0

HaizeM Bemuunnbl /1-4. CocTaBUM COBMECTHYIO JUIST STHX TE€H30POB BEJINYUHY
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a

Is=g%Pg#V A, o AG T (4.2)

a a
13 KOMIIOHEHT KOCOCHMMETPUYECKUX TEeH30POB Ay ! g 1 A z g)> CBA-

3aHHBIX C HOPMAJIbHOCTBIO AUabl (CM. TeopeMy 2.2), 06pa3yeM BeTHYUHbI

1 a 1 a
16 :EgaﬂA[a lﬂ], 17 :EgaﬁA[a zﬁ]’ (43)

TNe &4 g — OPUEHTAIIMOHHBIN TEH30D ITOAMPOCTPAHCTBA | M,ey | 'R, (M ,
B ~OD P pocTp 4

Eqp = {ea1 €a, €q e/}}— KOCO€ IpOM3Be/eHNe YKa3aHHBIX BEKTOPOB.
IoxseM u onyckanue HHAEKCOB @, f, ... OCYIECTBASETCS MPY MOMOIIU MeT-
pudeckoro TeHsopa (2.6).

a4

C KaXIBIM W3 BEKTOPOB Xa (: A, LA AR

, , AL AT ]
)’ a a,” e a,” o a’ e, a
(cM. (1.10)) cBsxeM Takxke IO IBe BEJMYMHBI BHLA:

a
J1<Xa):ga'BXaXﬂ, Jz(xa)=g“ﬂgﬂVA(a oy Xu Xy (44)
uMeeM:
_ a _ a; ), _ a,
Ig=J, (Aa al)’ Ig=J, (Aa al), Iip=J4 (Aa az),

a a a
111=J2(Aa 'az); 112=J1(Aa Zazj 113=J2(Aa ;2);
(4.5)
a a
114=J1(Aa zal) 115=J2(Aa ;J;

a

a
he=J1{A, g ) Iip=Ja[A" ).
2 B 2

Yurem u aBe ocraBumecs B (1.10) BeauunHbBL
_ 4, _ 4
118—Aaz 2 119_Aaz 2’ (4.6)
Teopema 4.1. Cucrema pernynn
Iy, Iy, .., I 4.7)
obpasyer B o0mem crydae moJIHyIo CHCTeMY HHBADHAHTOB IIePBOH JHQpe-
PEHIHATbHOH OKPECTHOCTH JHATBI {ea,, €a, ( MPOCTPAHCTBA 1V4.
HoxasaTerbcTBO. VIHBapHAHTHOCTD BEJTHYNH (4.7) (em. (4.1) — (4.6)) mo-
XKeT ObITh TPOBEPEHA C YYETOM yPaBHEHMi (1.11). Besmuuna I 6y et ABasTHCS
WHBAPUAHTOM NEPBOit anbdepeHnanbHoil OKpeCTHOCTH AUajIbL, ect & =0,
Y6enumcst B hyHKIMOHANIBHON HE3aBUCHMOCTH YKa3aHHbIX WHBapHaH-
TOB. PaccMOTpUM ycioBue:

Mo | = el o ] 48)
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a
TR€ A, — PasInyHble COOCTBEHHBIE 3HAYEHHS TEH30pa Ay ‘ ) - B atom

CJydae CHMMETPHYECKHIT TeH30p 06JiaaeT CUCTeMOi B3aMMHO OPTOTOHATL-
HbIX TJIaBHBIX HanpasiieHu# [10]. Bross Hux u HanpaBiieHb! 6asucHbIe BEKTO-

PBI e o HOABUXKHOTO penepa (M, ei), T. €. IPOBE/IEHA €T0 MOJIHAS KaHOHM3a-

IS
B curyauun (4.8), He Hapymaromeil o6mnocTn PaccCMOTPEHUs, orpeje-
jurenb 19-ro mopsaka

o (1 Iz, oy Iy )
a,

a; a; a, a,
a(Aa B aZﬂ!Aﬂ al’Aﬂ az,AV £ Aaz jj

TPHHUMAET KBasHIHATOHATbHBIN BUJ M PaBHSETCH (C TOYHOCTBIO 0 3HAKA)
POU3BEACHUIO CJICMYIOIIMX, BOOOIIE rOBOPsI, HEHYJIEBBIX ONpefe/InTeNeH:

det

b

(1. Iz, I¢) t o(13. 14, I, 17)

G(Aaa‘ﬂ a2 p j a(Aaazﬂ j

o(/1(Xa) /2 (Xa))
o(x )

det ) de

det

a,

_ a; a, a, a
(Xa—(Aa a;’ Aa a,’ Aa a,’ Aa a,;’ Aa2 aj}'

Teopema goxaszana.
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YK 533.9
AB. BOJ/IOCEBUY

ANMEKTPOMATHUTHDBIE BUXPEBbLIE CTPYKTYPbI
B KOCMWYECKOIN NMNA3ME

B pabore nccaezyerca gopmupopatise a1€KTpOCTATHICCKHX BHXDEBBIX CTDYKTYD
B MarHHTOCQEPpHOH nnasme. PaccMOTpena qByXKOMIIOHEHTHAS ILIA3Ma, COCTOAINAA 13
XOJIOZHBIX STEKTPOHOB (HOHOB) H HEH30TEDMHYCCKHX TOPATHX HOHOB (: SJIEKTPOHOB),
1IpHYeM JBHKEHHE XOJOAHBIX 3aPAXXEHHBIX YACTHI DACCYHTLIBAETCS B APCH@DOBOM
npubmmxenny. Ilokasaro, 4To B Tako¥ mrasme GOPMHDYIOTCS BHXPEBEIE CTDYKTYDHI,
ABHXXYIHECA ITOYTH OPTOrOHAJIPHO HAIIPABJICHHIO MATHHTHOIO IT0JIA.

Ha ocHope ananmsa KoI@@HUHCHTOB ypapHeHHS, ONHCBIBAIOUIETO IBOIIOLHIO
BHXDEBBIX CTPYKTYD, HCCICXYIOTCA BOSMOXHBIC KBA3HCTALHOHAPHBIC PEICHHS ITDH-
MEHHTEJIBHO K MarHHTOCepHoH 11asme. IIpOBENEHBI OHEHKH HPOCTPAHCTBEHHBIX
MacIITaboB JOKATH30BAHHBIX CTPYKTYD H CKOPOCTH HX ABHxMenmsd. Pes 3 YIBTATEI YHC-
JIEHHBIX MOAEJICH MOLYT IIPHMEHATECS [IPH AHATH3E PE3VIbTaTOB KOCMHYCCKHX IKC-
IIEDHMEHTOB 110 HCCACAOBAHHIO0 MATHHTOCQHEPEI Jemi,

BBenenue

Teoperuyeckoe n sKcrepuMeHTaIbHOE HCCIIELOBAHME SABACHUI 1 1po-
11eCCOB, 00y CJIOBICHHBIX HEJIMHEIHBIMI B3aHMOAEHCTBUAM, SBJISETCS Baj-
HOH aKTyaJIbHOK 1IP06JIEeMOIi COBPEMEHHOI (DMBHKH: THAPOLMHAMUKY, TUZIPO-
MEXaHUKH, acTpodu3nKu, TeoHU3NKH, HUUKN 1Ia3Mbl, arMocheps, pusznkn
JIa3epoB ¥ ApYyrux objacTeil Hayku. B pesynbTaTe 9THUX HCC/IEMOBAHMI GBLIO
YCTaHOBJIEHO, YTO (pr3MYecKas IpUpoza Bo3GyKaeHus, (hOPMUPOBAHHS U BO-
JIOLMY HEIMHEHHBIX CTPYKTYDP B PAa3JIMYHBIX CPeaX UMEEeT MHOTO OBIIero u
UX IMHAMUKA OIIMCBIBAETCS MOXOXKHUMH 3TAJIOHHBIMU ypaBHEHHUSIMU.

Oco6plit MHTEPEC NpeACTaBIAeT HCCIeI0BaHHe (bopMHUPOBaHUSI HETMHEN -
HBIX BUXPEBBIX CTPYKTYD, KOTOPbIE XapaKTePHBI JJIs XUAKOCTHU B TOJIE TSIO-
TEHUS, 3aMarHNYCHHOM I1a3MBl, @ TAaKXKe /UIs1 aTMOC(EPHBIX H OKEAHNIECKHX
Te4eHui. BUXpeBble CTPYKTYpBI MIPAIOT BakHYIO POJIb B (DH3MUECKUX po-
lieccax, MpOMCXOASAIMX B MarHUTOC(hepHO# masme. PacripoctpaHsascs B cpe-
A€, BUXPEBbIE CTPYKTYPBI MEPEHOCAT YacTh BEIECTBa B BUJE 3aXBAYEHHBIX
HaCTHUIl ¥ MOTYT CUJIbHO TIOBJIMSTH Ha IPOLECCH MEPEHOCA U TeM CAMBIM SIB-
JIATBCS BaXKHBIM 3JIEMEHTOM ApeiihoBoi TypOyIEHTHOCTH B ILIa3Me.
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B pab6ote nccnenyercs mexanusm ¢opmupoBaHua BUXpEBBIX CTPYKTYD B
MarnuTocepHoOil nnasme, cocTosmelt U3 ABYX COPTOB 3apAXKEHHBIX YACTHII,
XOJIONHBIX BJIEKTPOHOB (MOHOB), KOTOPblE PAcCMATPUBAIOTCA B apeiigoBom
MPUOJIMXEHUH U SIBJSIOTCS 3aMarHUYeHHBIMY, APYTOH COPT 3apsKEHHBIX Ya-
CTUI[ (HOHBI (9/I€KTPOHBI) SIBISIOTCA TOPSYUMU U HEU30TePMUYECKHUMH.
B Hacrosiniee BpeMA B KOCMHYECKHX 9KCIIEPUMEHTAX Gbii 3aperucTpupoBa-
HBI HEJMHEHHbIE 9I€KTPOCTATHYECKHE CTPYKTYDHI PasiIMYHOTO THIA, B TOM
HCJIe M COMUTOHHBIE CTPYKTYPBI 31€KTPOCTATHYECKOTO ITOTEHI[MAJa.

30 T T T T T T

¢2 :@; [mvl

E,, [V/m]

i3 i L 1 i L
49.100 49.105 49,110 49.115 49.120 49,125 49,130
1 [us]

Puc. 1. TIpuMep 3/1eKTPOCTATHYECKUX COMTHTOHHBIX BOJIH,
3aperHCcTpUPOBAHHBIX B skciiepuMenTe LAPD. Ha Bepxueil naneu
[oKa3aHa CTPYKTYPa JIeKTPOCTATHYECKOTO MOTEHI[UAA,

Ha HIDKHEH — a/IeKTpocTaTiyeckoe moe [7]

At =214 ps

4
l «7Ep = 6.5 my/m

bl
ps

Ok

2F At= 214 p.s/

4 F Epp= 3.6 mV/m

0.0000 0.0005 D0.0010 0.0015 0.0020 0.0025

®
Puc. 2. SJICKTPOCTATHYECKHE COMTUTOHHEIE CTPYKTYDBI,
3aperucTpupoBanusle Ha cyTHuke Cluster [7]

MHorounceHHbIE SKCIIEPUMEHTBl B KOCMOCE C HCIIOJb30BAaHUEM YCO-
BEPIIEHCTBOBAHHON TEXHUKH C BBICOKHM paspelneHreM Mokasaay, 4To Gop-
MHDPOBaHNE BUXPEBBIX 3JIEKTPOCTATHYECKUX CTPYKTYP B 061aCTH IIPOTEKAHUS
NPOJOTBHBIX TOKOB SABJISAETCA O/IHOM M3 Ba’KHBIX 0COGEHHOCTET Maruutocgep-
HOIT TJIa3MBbI.

Hanee paccMoTpum TEOPETHYECKYI0 MOfiesIb (hOPMUPOBaHUS 3JIeKTpocTa-
THYECKUX BOJIH B MarHUTOCQEpHOH IaasMe 151 Hanboee THIUYHBIX buzu-
YECKUX YCJIOBHUH B KOCMUYECKOI ILjIa3Me.
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1. TeopeTuueckas Mozenn

Huxe paccmorpum dopmuposanue ABYMEDHBIX, BUXPEBHIX 3JIEKTPOCTa-
TUYECKUX CTPYKTYP. IlpeamosaraeM, 4To IIa3Ma HAXOAUTCA a MATHUTHOM
nose 3eMnu. [IBuxkeHUe 3apsKEHHBIX CTPYKTYP IIOIlepEK MarHUTHOTO II0Jis
06yCaB/IMBAET UX JBYMEPHOE JBHXKEHIIE.

Bynem npenmonarats, yTo BOJTHOBBIE BJIEKTPOCTATHYECKHE CTPYKTYPEHI
MMEIOT 4aCTOTy HU3KYIO 110 CPABHEHMIO C LUKJIOTPOHHOH YacTOTOM 3aMarHu-
YEHHBIX HaCTUII, KOTOPbIE CUMTAEM XOJOAHBIMHU U UX JHHAMHUKA OIUCHIBAIOTCS
MariuTOTHPOANHAMHUYECKON CUCTEMON ypaBHEHUIT (MTI-npeiidoBoe npu-
6mkerne). B 9ToM ciiydae 3aMarHmyeHHbIe YaCTHUIIbI IBUXKYTCS OPTOrOHAIb-
HO HAlpaBJICHHIO 3JIEKTPOCTATUYECKOrO M MArHMUTHOLO IOJIA C JApeidhoBoit
CKODPOCTBIO

V.=[E,B]/B. (1)

Huxe paccMoTpum 1wasmy, COCTOALIYIO U3 9JIEKTPOHOB M MOHOB, KOTO-
PbI€ HaXO/SITCA B IIOCTOSTHHOM MarHUTHOM Tiojie B = B,e,, HanpaBieHHOM TI0
ocu Z . Eciu a/1eKTpuyecKoe Tosie SBisgercs 3JIeKTpocTaTnyeckum £ =-V
(@ — anekTpocTaTuyeckuii IOTEHNHAN), TO fApeiidoBasg ckopocTs omnpeje-
JIUTCS

V. =[é.,Vo,1/B,

€, — eIMHUYHbIA BEKTODP BAOJb OCH Z,

B aToM ciryyae MoxkHO cunTaTh IIA3MYy HECKMMAEMOit, TAK KaK BHITOJTHsI-
eTCA yCJIoBHe diuVE =0 M ZBUKEHHE HOCUT BUXDEBOU XapakTep. B CUJTY BBI-
IIOJIHEHHUST yCJIOBUA:

rotV,, =(A,p), #0, (2)

o* &
3fiech 0603HaYEHO A, = 5.2_4.8_2_
X Yy

Kak usBecrro, cymecrsyer xBa tuma BUXPEBbIX CTPYKTYP — CKaJASAPHBIE,
KOTOpble (POPMUPYIOTCA 3a CUET CKATAPHON HETMHEHHOCTH T.e. WICHOB IO-
2

psIKa (@ — BeIMYMHA ONUCHIBAIONIAS BONHOBOE 1I0J1€) U BEKTOPHbIE,

ox’
KOTOpbIe (POPMUPYIOTCS 3a CUET BEKTOPHOH HEJIMHEHHOCTH T.e. [Va,Vb] (a,b —

BOJIHOBbIE BeTMYMHBI). OTCIONA CIEIyeT, YTO BUXPEBBIE CTPYKTYPBI SIBJISTIOTCS
HEO/JHOMEDHBIMU.

CkansapHast HelMHEHHOCTD NPUBOAUT K 3TAIOHHOMY YPaBHEHHUIO THUIIa
ypasnenust Kopresera se Bpusa (KiaB) u CTPYKTYpPa HMEET COJIUTOHHBIN xa-
paktep — “ckanapuble Buxpu”. IIpocTpancTennas JIOKQTU3auys CKaIsIPHBIX
BUXpeit 06yCI0BIEHA COBMECTHBIM e CTBHEM JByX KOHKYDHUDVIOLUIUX Mexa-
HU3MOB — HEJIMHEHHOCTb, KOTOPas IIPHBOJIUT K YKPYYEHHIO BOJTHOBOIO (ppon-
Td, ¥ NCIEPCHY, BeAyNieid K ee PacIIbIBaHUIO. BeKTopHas HelmHeiHOCTD
IIPHBOJIUT K JIOKAIM3ALMK BOJH 1 06Da30BaHUIO YeINHEHHDBIX Buxpeil. Takue
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BUXDH XapaKTEPHbI /U1 TUPOTPOIIHBIX CPell — Bpaliamouieiics atMocdeps,
OKeaHa MarHuTocdepHoi 1 nonocepHoi mIa3Msl.

3ameTnM, uTo GOPMUPOBaHHE BUXPEBBIX CTPYKTYD Ka4€CTBEHHO OTJIMYa-
€TCA OT yeIMHEHHBIX BOJIH, TAK KaK TaKMe NOTeHIMAIbHble CTPYKTYPHI Mepe-
HOCAT YaCTHIBI U 3aXBATBIBAIOTCS BUXPEM (3aXBayeHHbIE YACTUIIBI). DTO NIPH-
BOJIUT K aHOMAJIbHOW TEILIO- U 3JIEKTPOIPOBOLHOCTH, a TAKXKe K aHOMAJBHO-
MYy CONPOTUBJIEHHIO, YTO HPUBOAUT K YCKOPEHHMIO 3aPSDKCHHBIX YACTHIL IIPHU
ABUXXEHMM UX B MarHutocdepe.

2. DNIEKTPOHHO-aKyCTHYECKHE BUXPEBBIE CTPYKTYPHI
2.1. [luraMuKa 5JE€KTPOHOB

Paccmotpum mpocreiinnyio mogens MarHuTOoCEepHOH MJIa3Mbl, COCTOSIIEH
M3 3JIEKTPOHOB 1 MOHOB, KOTOPbIE ABUXKYTCS B ITIOCTOSTHHOM MarHUTHOM IIOJIe
1 3JIEKTPUIECKOMY 110JI10, KOTOPOE OPTOTrOHANTBHO MarHUTHOMY moJito. Ilpes-
II0J1araeM, YTO 9JIEKTPOHbI ABJIAIOTCA 3aMaTrHMYEHHBIMH U WX ABUKEHHE OIH-
CbIBACTCSl MAarHUTOTUPOJMHAMUYECKON CHCTEMOH ypaBHeHMil, u CKOPOCTD
ABVDKEHHA 37IEKTPOHOB B paMKax ApeiihoBoro npuOIMMKEHUS OIpefelnuTes
COOTHOIIIEHUEM:

52 zﬁpe +VE +Dez’ (3)

e U, — CKOPOCTb HOJSAPU3ALHOHHOTO Apeiica, HaIIpaBJIeHHAsE OPTOTOHAJIb-
HO HANpaBJIeHnio, V, — CKOPOCTb 9JIEKTPHYECKOro apeiidha, omperenennas
ypasHerueMm (1), U,, — CKOPOCTb 31€KTPOHOB BIOJIb HAIPABJIEHHS MATHITHO-
ro 1oist. CKOpoCTh NOJAPUBAIMOHHOTO Apetiha MOKHO OIIPEIeNTh TIpH yc-
JOBUY HU3KOYACTOTHOTO BO3MYIUEHUS, IIPH BBINOIHEHNH YCIOBHA @ <K @),
(g, — rMpOYACTOTA 5JIEKTPOHOB)
3 1d. 1 4 4
By Byt @
w,, dt w,, dt ®, dt
Ile IPUHATO 0603HaYeHHe
¢? =k,T /m, — ckopocTh 3ByKa B IJIa3Me IO HOHHOIX Temnepatype, (k, —
nocrostaHas Bosbliana), npu ycnosuu T, < 7, onepatop NMONHON Ipous-
BOJIHOU OIpeNessieTcs: CAEAYIOUHM COOTHOIEHHeM

0
<9,y (5)
dt ot
IIpennionaraem, 4To 111a3Ma HEOAHOPOIHA BAOAb OCH X, U MbI paccMmaTpu-
Bae€M CTalMOHapHble BOJIHbBI, PACIIPOCTPAHSIONINECS BIOJIb OCH Y ¢ HEKOTO-
poil ckopocThio V, B 3TOM c/ayyae NOTeHIHAT ONpEeACNUTHCS:
9 =¢(x,5), s=y+az-Vr. [lanee ypaBuenue HeNpepbIBHOCTH /151 SIEKTPO-

HOB IIpeCTaBuUM B BHJie
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a’;e FnVB, +0,Vn, + Vi, =0, (6)

WM, YYUTBIBast U, = U,, +V;, ypaBrenue (6) sanuurem B BUzE:

0

;78 +n,VG,, +Vno, =0. (7)

IIpu Hanucanum storo ypasenns Y4TE€HO, 4To v, <V, 4T0 BHIMOJHS-
€TCs IIPYN YCJIOBUM HEC)KHMEMOCTH I1JIa3MBbI divV, =0. Takxe Ipu HaMUCAHUK
HOCTEAHEro YieHa cooTHomenus (7) yuTeHo n, = n,. lloxcraisisi B ypaBre-
nue (7) cootHomwenue (3), TOJIyqnM ypaBHenue (7) JJIs1 3JeKTPOHOB

d’n, ¢’ n,d’ AD
+.“
d . d

Be
¥ OKOHYATEJIbHO 3aITUIIEM SBOJTIOIMOHHOE YPaBHEHHe 15l 5JIEKTPOHOB B Jpeii-
¢doBoM npubimxennn

+Vno, =0 (8)

0 2
—(n+ ;Z nAD)+Vn i, = 0. (9)

Be

" e
31ech BBE€IECH HOPMHUPOBAHHBIN norenuuan O =*¢, kb — HOCTOsAHHAA

T
Bosbumana. /g nonyyenus YPaBHEHHS, OMUCHIBAIONIEr0 GOPMUPOBAHUS BIX-
PEBBIX CTPYKTYD ONPEE/IMM CKOPOCTD 37EKTPOHOB BJOJD HarnpaB/IeHUS Mar-
HUTHOTO NOJISI U, , UCIIO/Ib3ysl YPABHEHUE IBIKEH IS 5JIEKTPOHOB, HCHOJIL3YS

MarHUTOTHAPOANHAMUYECKOe HpI/I6JII/DK6HI/Ie

95, +5,V5, =292 (10)
ot m, Oz

ITO ypaBHEHWe NPU YCAOBHH V pe € 0/0z MOXHO 3anmcarth B Buie:

2
5 +vvi, + % _ e o (11)
ot 0z m, Oz

Hepexons x nosoit nepemennoii n=y+oaz-Vt v NCNONB3ysa MeToJ 1oC-
JICA0BATEJILHBIX NPUGIIIKEHH, B TIepBOM NpUGTIIKEHUN onpexeanm v, :
aC! = a’C?

b == -0, (12)

Hcnonwsysa nepemennyio s, NIEpenuineM onepaTop, onpeaeJeHHbI COOT-
Homenuem (5), BBOAS HOBBIi oreparop

d° o 0 =
— —+V,V=V(Z=-V.V)=—VD. 13
dt or  F (as £V) (13)

OkoHyaTesIbHO Tepenumem ypaBuenue (9) B Buze
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2
D(n, +c—“2n0Ai(D)—%VneDez =0, (14)
Be
IIaJIee AJIA TIOJIYYEHUS 9BOJIOLIMOHHOTO yYpaBHEHHUSA HeO6XO[[I/IMO olpene-
JIATE IUIOTHOCTD SJIEKTPOHOB A, . [I71s1 9TOr0 Mcrob3yeM ypaBHenue Ilyacco-
Ha a4 AJICKTPOCTATUYECKOTO I[IoTeHnuasaa, KOTOpO€ 3allvilleM B BHJe

2 2.~ o~
AD=w, /C (7, -7), (15)
Ie 7, %, 0603HaYeHb! BOJHOBBIE BO3MYILEHNS ITOTHOCTH SJIEKTPOHOB, HOHOB

COOTBETCTBEHHO, @], = e’n, / £;m, — IIA3MeHHAS YACTOTa SIEKTPOHOB. M3 9T0-
IO COOTHOIICHUST MOXHO ONPEAETUTh BO3MYILIEHHE IIJIOTHOCTU DIeKTPOHOB

i, =(C} | @’ )AD +7,. (16)

3aTeM BO3MYyIliecHHE IIJIOTHOCTH HUOHOB olpeneyimM n3 paccMOTpeHHusa AUHa-
MHUKH NOHOB.

2.2. luHaMHKa MOHOB

/lnst yNpoueHust OTPaHUYMMCSL PaccMOTPeHHeM (DOPMUPOBAHMS IITEKT-
POHHDIX CTPYKTYpP, KOTOPble PACHPOCTPAHAIOTCS C BBHICOKUMH CKOPOCTSIMH,
II03TOMY IBHXXEHHEM HOHOB MOXKHO NpeHeOpeyb, T.e. CYUTATh UOHBI HENOJ-
BHIKHBIMM B 110JI€ 9I€KTPOCTaTHYECKOH CTPYKTYPEL

Kpome Toro, cuntaem MOHBI 10CTaTOYHO rOpsIYMME U X JAMHAMUKY OIIH-
CbiBaeM (pyHKLMEN DaclpeleNeHns ¢ y4eToM HeM30TepPMUYHOCTH, KOTOpast
uMmeer BuUJ [4]

2 2 2

f(v)= S P 2420 lexp -% Z+20| (an

(1+3a)(27n),.2)5 v

1 1

e o o
rpe O = —(0 HOpMaJIM30BaHHBINU SJIEKTPOCTATHYECKHUHN NMOTCHUHA, U, =
bt

TCILIOBasA CKOPOCTH MOHOB, 7] — TeMIlepaTypa MOHOB, U= U(Uy,U,,U,) — CKO-
POCTb MOHOB. OTHOCUTENbHAS! IIOTHOCTh HOHOB, COOTBETCTBYIONIAS pacripe-
nenenuio (17) umeer Bug

~ n, _
A =—L=(1+ 4D+ [°D*).e°. (18)
nO
3xecy mapamerp ﬂ:l 4‘;‘ OlIpEAeNsAeT CTElEHh HEU30TEePMHUYHOCTH, n, —
+ 3

PaBHOBECHASA IIOTHOCTD SIEKTPOHOB, U @ IPOU3BOJIBHBII apaMeTp, onpee-
nAo1mii HopMy GYHKIMM pacipeneseHus, KoTopas MokeT OBITh BBIOpaHa U3
9KCIIEPHMEHTA.

3ameTuM, YTo IpH 3HaYeHUH B =0, GyHKUUA pacipesesieHusi YacTHLL
II0 CKOPOCTSIM COOTBETCTBYET MAKCBEJJIOBCKON (DYHKIIMM pacIpesesieHus:, |,
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COOTBETCTBEHHO, paclpesiesieHnio BosbuMana a1 mioTHoCTH 3apSKEHHBIX
yactiy. Ilpu 3HaveHun S — 1 GbYHKIUS pacnipenesieHus (17) omuceiBaer
ABA T1yKa 3apSKEHHBIX YAaCTHIL, ABUKYIIUXCS B POTHBOTIOIOKHOM Halpas-
JIEHUH C OIMHAKOBOM CKOpOCThIO. BBeenue dynkimu pacripe/iesleHus HOHOB
1T0 CKOPOCTSIM TO3BOJISIET UCCIC0BATh PA3IHYHbIE BO3MOKHbIE pexumsl op-
MHPOBaHHs BUXPEBBIX CTPYKTYP IPU Pa3IUUHBIX ¢busnyeckux yciaosusix B
Maruurocdepe 3emi.

3. ITaJI0HHOE 3BOMOIHOHHOE YPaBHEHHE BUXDEBBIX CTPYKTYp

A5t uecneoBaHNS BO3MOKHOCTH BO3HUKHOBEHIS BHUXPEBBIX CKATSAPHBIX
CTPYKTYD PaCCMOTPUM MPOCTY0 MOJE/b JBYXKOMIIOHEHTHOMN 11a3Mbr. B ypaB-
HEHHE, OTIMCBIBAIONLIEE TMHAMUKY SEKTPOHOB(14) moacTaBuM BRIpakeHwe 11st
TIPOJIO/IBHOM CKOPOCTH 371eKTPOHOB (12) 1 BbIpa)K€HUeE /LI BO3MYILEHNS 10T~
HOCTH 2J1eKTpOoHOB (16). Jlanee, noacrasisist BO3MYIlleHHE IIJIOTHOCTH UOHOB
oupeaemuM cootHourenueM (18), ¢ TOYHOCTBIO 0 YiieHOB BTOPOTO MOPSiAKa
MaJIOCTH 110 MOTeHIHATy @, T.€. YYUTHIBAS HEeIUHEHHOCTE BTOPOTO TIOPSIfIKa,
IIyTEM HECOXKHBIX IIPe06Pa3OBaHMUIl MTOMYHM 3BOTIOLUOHHOE YPaBHEHHE 151
9JIEKTPOCTATUYECKOTO TOTEHIIHAJIA:

2 2
e

Dlin(n,) + = (1+ A )~ 40 +a,0°] = 0. (19)
a)Oe Be
3neck 0603HaYEHO:
a’c?
G=l=f-=5= . (20)
1 , a’c? a’c?
=+ -—5(1-p+ =
aZ 2 ﬂ ﬁ Vz ( ﬁ 2V2)

IIpn Hamucanuu aToro ypasHenus yd4sm cootHomenue (13), a Takke npu
BETYNC/IEHNH BTOPOTO 4sleHa ypaBHeHUs (14) 6BLIO MCIOMB30BAHO yCJIOBHE
D~d/ On, YTO CUPaBEINBO /I TIPOAOIBHOTO ABIDKEHUS JIEKTPOHOB.

IIpoananusupyem spomounonHoe ypasnenue (19). Ilepssiit unen ypas-
HeHus (19) yuuThIBaeT HEOMHOPOAHOCTD IIAZMEl — 3aBUCHMOCTh paBHOBEC-
HOI TIIOTHOCTH 3apSIKEHHbIX YacTHI[ OT KOOpAMHATHL X, n,, =n, =n, . Bro-
Poil 4jeH o6yc/oBIeH HOJAPU3AUMOHHBIM ApeiOM 3/1eKTPOHOB, KOTOpbIE
[IpeAnoaraeM ruipoantHamMuyeckumu. Koadbduuuent w;,, | @}, onpenenser
BOSMOKHOCTB JIOKaJIbHOTO OTKJIOHEHHS OT YCIOBHS KBa3HHENTPATbHOCTH 1143~
MbI, NIPU BHIMOTHEHUH YCIOBUA @), /m, <1 3TOT adexT HecyecTBeHeH,
T-€. B C/lydae He CIMIIKOM IIOTHOH IJIa3Mbl # GOJIBIIOTO MArHUTHOTO 10JISt
MOHO CYNTATh 11JIa3My KBa3HHEHTpanbHON. HeanHeHOCTE B ypaBHenuu (19)
00y cI0BJIeHa YIeHOM nopsaka v,Vo,, T.e. aBisercs CKaJIIPHON HeMHEeHHO-
CTBIO, KOTOPAAA BOSHUKAET BCJEACTBUE KaK TIPOLOJIBHOTO, TAK U TIOTIEPEYHOTO
ABIKEHHUA XOJIOAHDBIX YacTUll (971eKTPOHOB). Taksxe OTMETHM, YTO HEU30Tep-
MUYHOCTb HOHOB BHOCHUT CBOM BKJIa/] B HEJTMHEHHbIH wieH cooTHouenus (19)
U YYHTBIBAETCA B KoaddpunneHTax a va,
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3.1. BoaMOXHEIE pelIeHNs 3Ta/IOHHOTO YPaBHEHHUS

Ocnosnoe ypasuenue (19) SBsieTcss 5TaTOHHBIM yPaBHeHHeM BUXPEBbIX
CTPYKTYP, KOTOpOe GbLIO IOJIYYEHO MMIS PasTMuHbIX CPel. JTo yDaBHeHUe
OITUCBIBAET IBOJIIOIMIO DJIEKTPOCTATHIECKUX BUXPEBBIX CTPYKTYP B 3aMarHU-
YeHHOW 1ma3Me. IIpuyeM B IasMe 3aMarHMUYeHHBIMH SIBJSIOTCS XOJMOLHBIE
9JIEKTPOHBI, & MOHBI IIPE/IOJIArAIOTCA TOPAYUMU. B 9TOM cayyae BOTHOBbIE
BOSMYIIEHHUS SBJSIOTCA HM3KOYACTOTHBIMU II0 OTHOWIEHMIO K TMPOYACTOTE
9IEKTPOHOB @ < @y, . TaKsKe PeAIIONAaraeTcs, YTo CTPYKTYPH (POPMHPYIOTCS
B IlJ1a3M€ HU3KOTO aBjeHus, t.e. f=8x(T,+7T)/ B;.

. B otoM cayuae Bo3MyuieHnms MOXHO CYMTATh MOTEHIHANBHBIMU H
£ =-V¢ Taxxe BOSMOXKHO CyIIECTBOBAHHE Kak JJTHHHOBOJIHOBBIX k pl <1
Wi k*p? <1, Tak ¥ KOPOTKOBOJHOBBIX BO3MymeHu# ( p,, p, — paguycsl Je-
6asi ISt 9JIEKTPOHOB, HOHOB).

11 Oy 4eHys SBOMOIMOHHOIO YPABHEHSL, OIMCHIBAIOIIETO WOHHYIO JIMHa-
MUKy (MOHHbBlE CTPYKTYpHI), B ypaBHenuu (19) crexyer cuenats 3aMeHy:
O —-ep/kT,, c] > ¢ =kI,/m,o, - ©,,0, — o, COOTBETCTBEHHO U3MCHS-

0i >

toTcst Koapuimentsr a;,a,. Ilepermmem ypasrenue (19), BBojs napamerTp p,:

Dlin(n,)+ 5*A, @) - a,® +a,*] = 0,
. C w?
pr == (1+—22),

Oe a)Be

IIpimeHsst oneparmio BeKTOPHOTO MHTErPUPOBAHUS [5, 6], ypaBuenue (20)
MOXHO IIPMBECTU K BUIY

In(ny) + ;A @) - a®@ +a,®* = g(x-x,).

(20)

3nech GyHKIMS g(x-X,) — IPOM3BOJIbLHA U IapaMeTp Xx, OIPeNENsIeTCs, MO-
AeJIbIO Cpellbl, Hanpumep, x,= 0.
B mpocTeiinem ciyd4ae MOXKHO 3a1aTh GyHKIUIO g(x) B BHIE

g(x)=In(n,)=const ,
Torza ypasuenue (20) cBoxutcst K By
PN, D -a®+a,d* =0, 21
A®-GD+a,d =0. (22)
3necn obosHaveno: @ =a/p}, d =a,/p’.
AAna 9/eKTPOHHBIX CTPYKTYpP YCNOBME HMX CYIIECTBOBAHMS CBOISITCS K
YCIOBUIO

Viicia* >1/(1-p). (23)
Pelerine commronnoro Tima B ofHOMEpHOM ciyuae §% /9 x<< &2/ o’n
MOJHO 3aIUCaTh B BHJE

(1) = Och™(kn/2)

. 24
k=\a, @,=3a/2a, 24
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B 1ByMepHOM cityyae ypasuenue (22) AOIyCKaeT UUIUHIPUYECKH CHUM-
METpuiHoe peuleHne P = P(r), KOTOPOE HA3BIBAETCA “KPYIJIBIM COJTUTOHOM”
U yIOBJIETBOPSIET YPaBHEHUIO

ConnToHHbBIE pemtenus s MarHUTOCGhePHON TTa3Me GbLIH HCCIeioBa-
Hbl B paboTax [1-4]. Kpome otaenbHoro “Kpyrzioro conuToHa” ypaBHEHUS
(22) umeer npyrue pemeHns B Bune 6071ee CIOKHBIX ABYMEPHBIX CTPYKTYP.
Tak, nanpumep, sT0My ypaBHeHHIO YAOBJIETBOPSET NPUOIHUKEHHOE PelICHe
B BUJC IBYMEDHBIX IIENOYEK COMMTOHOB, JIOKA/IM30BAHHBIX B IHOIEPEYHOM
Hanpasyienny [6] (x — HampaBseHMe HeOZHOPOZHOCTH cpensl),

Ecos(o-kx/2)]' (25)
ch(kn/2)

O6wwit BUA pewreHns ypaHenus (25) 13006pakeH Ha puc. 3-4.

O(17) = Doch (k1 2)[1+

et
3

.
—
o

0.7

-0.67-

-1.334

&
(.
-
w

LS

-

Puc. 2. Uenouka cotuToHOB, BRITSHYTBIX BAOJb OCH X NPHU 3HAYCHHSX mapaMeTpoB
€03, 0=v5, X =kx/2, ¥ =kn/2, ®, =34,/24,

Puc. 3. 3nextpocraTiyeckoe mose £, u E, BUXpeBO# cTpyKTYphI NIpH 3HAYEHUAX MapaMeTpPoB
£=03,0=V5, X=ki/2, ¥ =kn/2, ®, =34 /24,
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Puc. 3. DuextpocraTideckoe mose E_wu E, BUXpeBOH CTPYKTYDHI IIPH 3HAYCHUSIX napaMeTpoB
£=03, 0=V5, X=ke/2, Y=kn/2, ®,=3a /24,

3.2. OCHOBHBIE PE3YIBTATH HUCCIETOBAHHMSI dopMupoBaHuA
BHXDEBHIX CTPYKTYD OPH PEAIbHBIX (PM3NYECKUX YCAOBUAX
B MarHUTOCQEpHOM ILIazMe

Harnee paccMOTPHM OCHOBHBIE PE3yJIbTATHI [IPOBEIEHHOTO AHAII3A.

Ha ocratouno janexoM paccTosuum ot yepuHenuoi CTPYKTYPHI, KOT/a
HETMHEHHBIA YTeH CTAaHOBHUTCSI HECYNIeCTBEHHBIM, ypaBHenue (22) MoxHO
3amnucarb B BHJE

A D-ad=0.
Orcrona ciemyer, uto ® -0, IIPA 7 — 00, €CJIN BBINIOJIHSAETCS yCJIOBUE
a=alpl>0. (25)

ITO yCOBHUS ABISIETCS YCJIOBHEM CYILECTBOBAHMS 9JIEKTPOHHBIX BUXpe-
BBIX JIOKATU30BaHHBIX CTPYKTYP. IlozicTaass coornomenue (20) nomyumm:

2.2

1—/3—“V§>o. (26)

ITO yc/I0BUE HAKJIAJIbIBAET OrPAHMYEHHE Ha CKOPOCTb JBUXXEHHUS] BUXpe-
BOM CTPYKTYphl Z, V' /o — (azoBas cKOPOCTh BAOJb HalpaBJIeHUsI MarHUTHO-
IO TOJIA, XOTSA CTPYKTypa ABHMKETCSA MOJ YITOM K MAarHUTHOMY II0JIIO,
a=k,/k <1. IIpu KOCOM pacmpoCTPaHEHHH MOYTH NepIeHANKYIAPHO Ha-
HpaBJICHUH MarHUTHOTO NOJIA &, /k <m,/m,. Ycnosue (26) 3anumemM B Buze

V>ac,\J1-5. (27)
Macmura6 oxHoMepHO# CTPYKTYpBI 1 ero aMIUIMTYY ONIPEIE/IUM, UCIIONb-
3ysl cootHomeHus (20), (23):

2
c,
2
wO e

W3 3Toro cooTHOmEHUs BUAHO, YTO MacmiTab CTPYKTYDBI ONPEJIeNseTCS
llapaMeTpaMi MarHUTOC(Ephl w;, U w;,, T.c. 3HaYeHUeM (HOHOBOH IIOTHOCTH

L~

(1+

Pey o, @, =% (28)

D, 2a,



60 BECHIK MZY ims A.A.KYNSILLUOBA Ne 1 (37) 22011 e

SJIEKTPOHOB ¥ BETUYUHON MarHUTHOTO IOJISL 3eMJIU n,, U B,. Makcumaib-
HOE 3HAYEHNE 27ICKTPOCTATUYECKOTO OTEHIMAIA COOTBETCTBEHHO ONPEEITUTCS:
OTHOIIEHNEM KO3(DMHILUEHTOB a, U a,. 3aMeTHM, 4TO 3HAK 3JIEKTPOCTATHYEC-
KOTO IlOTeHnunasa, npu a, >0 OnpeleauTCs 3HAKOM Koa(dHImeHTa a,, TO
€CTb BOSMOXHBI HJIEKTPOCTATHYECKUE CTPYKTYPbI, KaK C II0JIOKHUTENbHBIM, TAK
1 ¢ OTPUUATEIbHBIM NIOTEHI[HAJIA, YTO ONPelesIIETCsl lIapaMeTPaMH ILIa3MbL.

IIpoBentemM OleHKH I1apaMeTpPOB BMXPEBbIX OTHOMEPHBIX 3JEKTPOCTATH-
HECKUX CTPYKTYp. /sl MapaMeTpoB MarHUTOCQepEI, COOTBETCTBYIOIINM SKC-
€pIMeHTaM B MarHutocdepe 3emiu [2, 7]:
T,=3500K°, T,=1500K°, n,=10°l/m’, B, =5x10" @, =5.6x10'1/s, o, =13x10°1/s
¥, lajle€ BbIYMCIIAA 110 9TUM 3HAUEHUSAM BCE BEJUYUHDI, BXOJISIINE B dopmy-
Jb1 (27), (28), mosyyaeM COOTBETCTBEHHO 3HAYECHUS TEILIOBLIX CKOpoOCTeit
v, =23x10°m/s, v, =3.5x10°m/s,: rUPOYACTOT — @y, =8.7x10°1/s,, =4.781/ s,
panuycos [lebast r,, =4.08m, Tp = 2.67m ¥ THPOPAIMYCOB 3JIEKTPOHOB U HOHOB,
COOTBETCTBEHHO, ¥y, =735m,r, =262m .

Ucnombsya coornomenne (23), MoxHO OIIPEJIeJINTh BO3MOKHBIE CKOPOC-
TH IBUKEHNS KaK 9MEKTPOHHBIX, TaK U MOHHBIX CTPYKTYP. 3aMETHM, YTO JJIsI
VOHHBIX CTPYKTYD B ypaBHeHMe (22) c/leslaTh 3aMeHy & = — @, a TaKxkKe 3aMe-
HUTh KO3QOUIMEHTDI @, U a,, 3aMEHsIA MeKTPOHHbIE NapamMeTpsl aHAJIOTHY-
HBIMU TapaMeTpaMU JIJIsi HOHOB.

2 2
C: Qy;
L=—=(1+-%)/Ja
2 2 1.
Wy, W,

PesysbTarer pacuetoB nso6paskensl Ha puc.4.

a) B) c)
I SR A eeeeee T
= conm ( /"‘ 13f ',"’" 1
11 15 057 . L
I' (é’ : : : | (;:» 12 fan, (i
0 : az 2 3 1'1/——' |
-057 ¢
: 1 ] ] I
[] .

Puc. 4. Cpasrenne mapamerpos 3/IEKTPOHHBIX U HOHHBIX CTPYKTYP:
a) — ko3 buIHeHTH G, M a, TS 31eKTPOHHON CTPYKTYpBI;
B) — K03 dHUIHeHTH a, M a, 1711 MOHHOM CTPYKTYPBHI
C) — MacIuTabbl OAHOMEPHbIX 31KTPOHHBIX H HOHHBIX CTPYKTYP,
BbIMHCIEHHbIe 110 (opmyae (28) u L =/ /20

3.3. OCHOBHbIE BBIBOEI

Ha ocHoBe npoBenienHOro aHammsa MOKHO ceaTh CIEYIOIHE BBIBOJIbI:
1. DopMupOBaHue DMEKTPOHHBIX U HOHHBIX CTPYKTYP BO3MOHO IIPH OI-
PECNEHHDIX CKOPOCTAX MX JBIKEHHS, YTO CJle[lyeT M3 yCIOBUS a, >0. U3
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puc. 4.2 1 pyc. 4B BUZHO, YTO CYIECTBYET ONpeiesieHHas 06aacTh CKOpPOCTeii
V/C, nmu V/C,;, IpH KOTOPBIX TaKUe CTPYKTYPhl BO3MOSKHBL

2. Eciv yOBJIETBOPSIIOTCS YCIOBHUA @, >0 H a, >0, TO (opmMHpyeTCs CTPyK-
Typa € IOJOKUTENTbHBIM NoTeHunasoM. OnHako, ecnu a, >0, HO a, <0 (TIpu
9TOM HH g, HH a, HE JIOJIKHBI PABHSTBCS HYJIO), TO B 3TOM Ciry4ae GopMupy-
€TCA CTPYKTYpa € OTpHLATeIbHBIM NOTEHIHAIOM. 113 paccMoTpenust puc. 4a u
4B CJIeNyeT, YTO JUIS BNEKTPOHHBIX CTPYKTYP CYIIECTBYET AOCTATOYHO M PO-
Kas o61acTh 3HAYeHUH CKOpoCTeil, MPH KOTOPBHIX BO3MOKHEI CTPYKTYPBI C
TOJIOXUTEJbHBIM NOTEHIINAIOM, HO OY€Hb y3Kas 00JIaCTh 3HAYEHUH C OTPH-
LATeTbHBIM IIOTEHINAIOM. [I/11 HOHHBIX CTPYKTYP CUTyalMs IIPOTHBOIIOIOK-
Ha, B OCHOBHOM, (hOPMUPYIOTCSI CTPYKTYPBI € OTPHIATEIbHBIM IIOTEHIIHAIOM.

3. U3 anammsa x0ahPUIMEHTOB 3BOJIOIHOHHOTO ypaBHenus (22) MOKHO
OLIEHUTH MAaCLITabbl OXHOMEPHBIX U M3 COOTHOUIEHUS (25) AByMEPHBIX BUXpe-
BBIX CTPYKTYp. W3 puc. 4¢. BuaHO, 4TO MacutaG MOHHON CTPYKTYPBI IOPSZKa

(1.2-1.4)r,, u ansa snextponnoit nopsiaka (1-1.2)r,,, (r,, = 4.08x, Yo =2.67m

B BbIGpanHoii Mozenu). Takum 06pasoM, JeslaeM BBIBOJ, YTO MACIITA6 HOH-
HBIX CTPYKTYP 3HAYUTENBHO 6OJIbIIE COOTBETCTBYIONMErO MACIITaba JUIsl J1eK-
TPOHHOW BUXPEBOH CTPYKTYPBIL
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YIK 524.7
B.A. KAPIMEHKO

0 BO3MO>XHOW CBA3UN ®U3NYECKUX 3AKOHOB
C PACLLUMPEHVEM BCENEHHOW

Harinerno pemerne 3azaywu o DOPMYTHPOBKE PUIHIECKHX 34KOHOB B pacHupsro-
merics Beerenroti. B kawecrse NIPHMEPA PACCMOTPEHBI yPAaBHEHHS HEPEIATHBHCTC-
Ko#f mexawnkd. ITokxaszaro, uyro JHECPIHSA H MOMEHT HMITYIBCA CHCTEMBI IDABHTAIIHOH-
HO B3aHMOZCHCTBYIOIIHX YacTHI He COXPaHAIOTCA. ITO 06CTOATENBCTBO 06BACHICT
TIIDHPOZY MOMEHTOB HMITY/IBCOB I'AJAKTHK H II03BOJIACT OTKA3aTHCS OT IIPEACTABIACHHS
" Becerernro#,

0 “ckprITOH Macce’
Bsenenue

PaccmarpuBaemblii B naHHOI paGoTe BOIIPOC MMEET CBOMM HCTOKOM [IPUH-
uun Maxa. Ilocte oTKpbiTHA pazberanusi ralakTHK OH aHaju3uposaics u-
paxoM [1], Muntom [2], Bouuu u Tongom [3], Xoitom (4], psoom mpyrux
MCCJIeNoBaTe el U Hallles CBOe OTPaKeHHUe Jaxke B yueGHUKe [3].

3ajiaua COBPEMEHHO KOCMOJIOTHH 3aK/IOYAETCS B OIHCAHNN HabII0IaeMBbIX
CBOCTB BeeleHHOI ¢ MOMOIIBIO N3BECTHBIX (PH3MYECKHX 3aKOHOB. ITostomy oHa
Ga3upyeTcsi Ha CJIELYOMMX UCXOIHbIX NIOCTy/aTax: B Pa3/MYHBIX yacTsax Bce-
JIEHHOM J1efCTBYIOT OIMHAKOBbIE (PUBNYECKHE 3aKOHDI, 3BOJTIOIMS BCETICHHON 1
Habo/aeMbI€e B Heil IBICHUS MOYMHSIOTCS H3BECTHbIM (bUBITYECKUM 3aKOHAM.
IepBbiii 110CTY/IaT KOCBEHHO TOATBEPIKIACTCS ACTPOHOMMYECKUMH Hal/II0eHH -
AMU 1 yKa3blBaeT Ha To, uTo Bcenennas nosnasaema. /laHHOEe mccienoBanue
TpebyeT 3aMeHbI BTOPOTO IOCTYJaTa 06 9KCTPAIOJIALMU U3BECTHBIX 3aKOHOB U
AJIA 3TOTO €CTb OlpeJe/IeHHbIE OCHOBaHUSA. TaK, U3BECTHBIC 3aKOHBI MMEIOT JIO-
KaJIbHBII XapaKTep B TOM CMBICJIE, YTO OHU YCTAHOBJIEHBI U O TBEPIKAEHBI IKC-
[IEPUMEHTAJIPHO HCKJIIOUNTENIBHO B OHOM JIOKaIbHOM 061actu Beestennoit. 3Ha-
YUTENBHO 6OJTee CUJIBHBIM apryMEHTOM B TI0JIb3y 3aMeHbI BTOPOTO TIOCTYJIaTa
ABJIACTCA TOT (AKT, YTO B COBPEMEHHOI TEOPHH IPAaBHTALMOHHO HEYCTOMYUBO-
CTH raJlakTHKU He o6pasyiorcst [6]. K aTomy cienyer n06aButh Takske CYILECTBY-
foIKe Ha MPOTAKEHUH JNeCATKOB JIET HPOG/IeMBI IPUPOBI “CKPBITOH Macchl” 1
MOMEHTOB HMITYJIbCOB Ta/laKTHK [6]. ITO yKa3bIBaeT Ha aKTyaIbHOCTD Pa3paboT-
KU aIbTEPHATUBHBIX KOCMOJIOTUYECKUX TEOPHIA.

B nacrosiueit paGoTe B KauecTBe HCXOMHBIX IPUHATHI IIOCTYJIaT O €INHCTBE
¢usrIecKIX 3aK0HOB Bo Beesennoit n npusimyn JIOKQJIBHOCTH, YTBEPKIAIOI NI,
4YTO B OJHO JIOKaIbHO 06J1aCTH TIpocTpaHcTBa BeesleH ol He3aBUCHMO OT Bpe-
MEHH CIPABETUBbI U3BECTHDbIE (pU3HIeCKHe 3aKoHbI. COBMECTHO C IEPBBIM I10-
CTYJIaTOM 3TO yTBEPKAECHHE SKBUBAJICHTHO CJIEAYIOWIEMY: B 000 JOKAIbHOMN
obsactn Bcenennoit HEHCTBYIOT M3BECTHbIe (u3nMyecKue 3aKoHb. Kak BujHO,
9TO TIOJIOKEHUE SIBHO He UCKIIOYaeT HE3aBUCHMMOCTb 3aKOHOB NPUPOXBI OT 3BO-
Jony BeeneHHOH, HO TpebyeT pellleHns BOIpoca 0 MX BO3MOKHOI CBSI3L.

Huxe nokasano, kak HaGmonaeMble cBoiicTBa BeeleHHON u yTOUHEHHBIE
(OpMyTMPOBKH IIPHHSTHIX OCTYJIATOB MO3BOJISAIOT HANTH 3aKOH KOCMOJIOTH-
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HECKOTO pacIIMPpEHHs, BBIACHUTD HEKOTOPBIE CBOWCTBA (PU3HUYECKUX 3aKOHOB
B pacummpsooueics BcereHHOH M ycTaHOBHTDH aNTOPUTM MX HOCTPOEHHS.
B kavecTBe nmpumepa paccMOTpeHBI ypaBHeHHs HEPEISITUBUCTCKOM MeXaHU-
KH, TIO3BOJIAIONINE BBIACHATL IPUPOY MOMEHTOB UMILYIbCOB TATAKTHK, TO/I-
BCPTHYTb COMHEHHIO CYIIECTBOBAaHUE “CKPBITON Macchl” BO BeeeHHON 1 yKa-
3bIBAKOI[ME Ha BO3MOXKHOCTh 00pa30BaHUs TalaKTHK.

OcHoBHas yacTh
JakoH KocMosormyeckoro pacmpernd. Hanbosnee obume Habmonae-
Mbl€ CBOMCTBa BcesleHHOM BBIpaXaloTcs AByMs YTBEPXKAECHUAMU: IPOCTPaH-
CTBO BcesleHHOI IIIOCKOe, CIIpaBeiuB 3akoH Xa66ia. ITepBoe mo3Bosser
MCIOJIb30BaTh METPU30BAaHHbIE KOODAUHATHI F U BpeMsl ¢ B 3akoHe XaG6ia
ﬂ = Hr, )
dt
KOTOPBIN TaKk NpocTo hOPMYAMPYETCst JIHIIb B OIIpeReIeHHBIM 00Pa3oM BbIG-
paHHO# (xa66I0BCKOH) cHcTeMe OTcyeTa. PaccmarpuBasi wacte Beementof,
OlIpe/IeIIEMYIO0 HEPaBEHCTBOM (dr/dt)2 <<¢?, TIe ¢ — CKOPOCTh CBETA B Ba-
KyyMe, COBMECTMM Ha4alo CHCTEMBI OTCYETA C MEHTPOM Mace J06Oro TeJa,
ABHOKyIlerocs nmo 3akony (1). B pesyibrarte nmosyunm xab6I0BCKYIO cUCTeMy
OTCYETa, MOCKOJIbKY B HEN TaKxe CIpaBenuB 3akoH Xab6iua. MoxHo npen-
CTaBUTh cebe aHcaMbJib XaGOIOBCKUX CHCTEM OTCY€eTa, IIOCTAaBUB B COOTBET-
CTBHE KaX/I0H TOYKe IIPOCTPAHCTBA HabmofaeMolt BeesleHHOM 1x Hayama oT-
cyeta. Huxe mox xaG6m0Bckoit cuctemoii oTcuera NI0/Ipa3yMeBaeTCsl 0601
9JIEMEHT 3TOTO aHCaMOJIs.
3ajiaya 3aKII0YA€TCS B OTBHICKAHUM 3aBHCHMOCTH MOCTOAHHON Xab6J1a
H or Bpemenn ¢. Jlus ee PCILICHUS UCTIOIB3YEM KOCMOJOTUYECKUHA IPUHIATI
OTHOCUTEJIBHOCTH [7], yTBEPXKAAIOMINI €IUHCTBO 3aKOHOB Ipuponas! Bo Bee-
JIEHHOW: B pacmupsiiomeiics Bceenennoit CYWICCTBYIOT CHUCTEMBI OTCYETA, B
KOTOPBIX BCe (pU3MYECKHE 3aKOHBI BEIPAXKAIOTCS Hamboiee HPOCTO U OIMHA-
KOBbIM 06pasoM. Bossparasics Telepb K XabOI0BCKOMY aHCaMOIIO CHCTEM
OTCYCTA, B KOTOPBIX 3aKOH PaCHIMPEHMs BBITJISIAUT HauGoiee IPOCTO, NMPUXO-
AMM K BBIBOAY 00 MX NPUBUJIETHPOBAHHOCTH H 3KBUBAICHTHOCTH OTHOCH-
TeJIbHO Beex (GuU3uvecKkux 3akoHos. C Apyroi CTOPOHBI, COTJIACHO IPUHIAITY
JIOKQJIBHOCTH, B OKPECTHOCTH HayaJa Jiio6oi xa66I0BCKON CHCTEMBI OTCYETA
CIIpaBe/UIMBBI M3BECTHBIE (DUsMYeckue 3akonbl. Onu 06JanaoT HanGosee o6-
UMM CBOMCTBOM, BBIDA’KAEMBIM IPUHIMIIOM OTHOCHUTEJIBHOCTH, B COOTBET-
CTBHU C KOTOPBIM (DU3UYECKW 3KBUBAJECHTHBIMU U [PUBHUJICTUPOBAHHBIMU
FABJISIIOTCS. MHEPLUATbHBIC CHCTEMBI OTCYETA, HE IIOABEP)KEHHBIE BHEIIHUM
BoszielictBusaM. TaxuM o6pasoM, xaG6I0BCKHe CHCTEMb! OTCueTa IpuHaJe-
HKaT KJlacCy WHEPLHATbHBIX CHCTEM, a UX OTHOCHTENBHOE IBIDKEHUE ocyie-
CTBJIACTCS COTJIACHO 3aKOHY MmiiHa;

ar_r 2)
dr ¢t
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B KoTopoM H =¢"'. CripaBeanuBocTh 3akoHa MIuHa (2) B mo6oit obaacry,
OTPaHHYEHHOMH yCIOBUEM p? << (ct)z, IIPUBOJUT K BBIBOJY O €r0 CIIPABEIN-
BOCTH B Habuogaemoit BcemenHoil. dtor Pe3yJIbTaT COIJIACYETCS C Hheelt
Maxa o ToM, 4To HHEpUMATbHBIE CHCTEMBI OTCYETA BBLICSIOTCS yCpeJIHEeH-
HBIM JIBMOKEHUEM HEOECHBIX TeJl.

Hexoropsre cpoficTpa rirobansarx gusmyeckux 3axonos, Vsioxenibe
HUKE CBOHCTBA ABJAKTCS, B OCHOBHOM, CIECTBHAMM 3aK0oHa MIIHA 1 KOC-
MOJIOTMYECKOrO IPUHIIUIA OTHOCUTEIbHOCTH.

1. @usnaeckne 3axonsr operr-kopapuanTHeL. JIBe mobbie xab610BcKe
CHCTEMBL OTCYeTa BCJIEICTBHe (2) cBssaHbl mpeobpasoBanuamu JlopeHna u,
COTJIACHO KOCMOJIOTUYECKOMY NMPUHIIUITY OTHOCHTEJIBHOCTH, (PU3NYECKHE 3a-
KOHBI B pacummpsroineiicsas BeeneHHoll sBistiorcs JIOPEHII-KOBADUAHTHBIMH.

2. Jxepris, a TakKe OTIIHYHBIC OT HYJIS HMITYI5C H MOMCHT HMITYJIECA JII0O0H
ustieckor cacremsr He coxparsrorcs. TIpoCTpaHCTBEHHbIE 1 BPEMEHHbIE TpaHC-
JSIIMK He coflepkatcst B npeoGpasosanisix Jlopentfa. IToaToMy rio6ambHbe J0-
PEHI-KOBapHaHTHBIE (PUBMYECKUE 3aKOHBI, KaK 1 3aKOH MUJIHA, M3MEHSIOTCS npu
TIPOCTPAHCTBEHHbIX U BDEMEHHBIX C/IBUTaX, TO €CTb ABHO 3aBHCAT OT KOOPAMHAT U
BpeMerH. C1e/0BATeNbHO, IPOCTPAHCTBO M BPEMs HEOHOPOAHDI, a dbynrameH-
TaJIbHBIC 3aKOHBI COXPAHECHUsI B PacIIUpsitouieiicsa BceleHHOM He BBIMOJIHAIOTCAL

3. CHpaBesINB 3aK0H COXPAHEHHS JBHAKECHHS HeHnTpa macc. 3akon Mur-
Ha (2) onuchiBaeT HaGmoaeMoe pasberaHne TalakTUK UM HX CKOILJIGHUH, IT0-
STOMY €ro CJIEAyeT WHTEePNPETHPOBATh KaK BRIPAXKEHHE 3aKOHA COXPaHEHHUS
ABHKCHUS LIIEHTPa Macc, MOJBEPKEHHBIX TPaBUTAI[IOHHOMY B3alMO/IEHCTBHIO.

4. Qusnyeckne 3aKOHbI HE HMEIOT JIATPAHKCBOL gopmy.tnposk. Kax no-
KaJIbHbIe, TaK ¥ I106abHbIe (pU3NYecKre 3aK0Hbl KOBAPHAHTHBI OTHOCUTEIHHO
TPOCTPAHCTBEHHDBIX BPALICHH, IPUHAJIEKAIINX TPYTITe IpeobpasoBanuii Jlo-
perna [8]. IIpu HecoxXpaHeHHH MOMEHTa HMITy/Ibca TJIOGATbHBIC 3aKOHbI HE
MMEIOT JIaTPaH’K€eBOLl (POPMYTMPOBKH, TIOCKOJIbKY B IPOTHBHOM CIIyyae, BCIEI-
CTBHE Teopembl Hérep, MOMEHT MMITy/IbCa — COXPaHSIOMAsCS BETMYHHA,

5. I106a/15HBIE 33KOHBI JOIKHBI IIOAIHHATECA IIPHHIHITY COOTBETCTBHA.
Ilonaraa B (2) t=¢"+7, rme ' — Havamo oTcueTa BPEMEHU, U TEPEXos K
npezieny ¢* — o , BMecto (2) NONy4YnM dr/dz =0. 3T0 03HAYAET, UTO PacLIn-
perne orcyTcTByeT. CleoBatesbHO, I7106aIbHbBIE 3aKOHBI B JaIeKOM Gyny-
IIEM NI0/BKHBI COBMAJATh C COOTBETCTBYIOUIMMH, HE YYUTHIBAIONIMMH PACLIH-
penne BceneHHOT, U3BECTHBIMU 3aKOHAMHU.

3amevanne. QyHzaMEHTAIbHBIE PUIHICCKIHE TOCTOSTHHBIE, COAEPAKAIHECH B
H3BECTHBIX 3AKOHAX, HE 3ABHCAT OT BDEMEHH. DTO YTBEPKIEHHE SIBIISETCS CIE]I-
CTBMEM NMPUHLNIIA JIOKATBHOCTH. Y TBEPXK/IaeMas UM WIECHTHYHOCTD (PH3HUECKHX
32KOHOB B IIPOCTPAHCTBEHHOM OKPECTHOCTH HayaJa JIIo60i XxabOI0BCKOH cUCTe-
MBI OTCHeTa O3HAYAET MACHTUYHOCTD YNCJEHHBIX 3HAYEHUH (DyH/TaMEeHTATbHBIX
(bUBNYECKUX NOCTOSHHBIX. VX MOCTOSIHCTBO CJIelyeT U3 TOrO, YTO KaXKADBIH 3J1e-
MEHT XaB0I0BCKOrO aHCaMOJIst XapaKTepH3yeTcs cOGCTBEHHBIM BDEMEHEM.

DopMyIHPOBKa (PHIHYECKHX 3AKOHOB B pacmHpsamomelrics BeereHHOH.
IIpencrasnenne o xa6610BckoM aHcaMbe, yTOUHEHHUE NPUHIIUIIA JIOKAJbHOC-
TH, a TaKXe TpebGoBaHMUe JIOPEHI-KOBAPUAHTHOCTH SABJIOTCS KIIOUOM K ¢op-
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MYJIUPOBKe N0GATbHBIX 32KOHOB Ha OCHOBE H3BECTHLIX 3aKOHOB, KOTOpbIE
OOBIYHO BBIPAXKAIOTCS R epeHIaTbHBIMU YPaBHEHUAMI. B puKcupoBan-
HOi XaG0JIOBCKOIT CHCTEeMe OTCYeTa MK B CHCTeMe Habmofatens K Kaxaoi
TOUKE NIPOCTPAHCTBa-BPEMEHH (r, ) COOTBETCTBYET HAYAO0 XaGOI0BCKOM Cil-
crembl otcyeta K’ wnu noasuxkHas Touka c KoopaumHatamu (0,¢). Taxum
06pa3oM, BO3HMKAET MpecTaBIeHHe o HETIPEPHIBHOM MHOXECTBE TOYEK ITPO-
CTpaHcTBa-Bpemeny (0,#'), KaXuasi M3 KOTOPbIX HE3ABUCHMO OT BDEMEHU SIB-
JIFIETCA HayasIoM XabOIOBCKOH cHCTeMbI oTcyeTa. DTo OTKPbIBaeT BO3MOX-
HOCTb CYUTATh OOJACTIO ONPeNeIeHHs GYHKIMI, IOMYMHEHHDBIX U3BECTHBIM
YPaBHEHUAM, MHOXECTBO NOABMXHBIX ToueK. OUEBUAHO, YTO B 3TOM cly4ae
JIOKQJILHBIC 32KOHBI, COXPaHsIs CBOIO HOPMY HEM3MEHHOIH, OyAyT y4uTHIBaTH
pacimpenne BeesenHoit, nockonbky dpasy “bynknus onpeneneHa B Toyke
(0,£)” Hy>XXHO moHUMaTh Tak: dyHkuua onpenenena B cucteme XK' B Touke
(0,7'). Tloatomy cremyer cumrath, uto nbdepeHIatbHble yPABHEHNS, Bbi-
P2XKalolie U3BECTHbIE (DUINYECKUE 3AKOHDI, CBSI3BIBAIOT GbyHKIMY 1 X npo-
MSBONHbIC, ONPE/eIeHHbIe B TOYKAX Hayana XaGOIOBCKHX CHCTeM oTCyeTa.
Torna yTouHeHHBI TPUHIMI TOKATLHOCTH [IACHT" B pacmupsionreiics Bee-
JIEHHOM M3BeCTHbIe (PUHYECKHE 3aKOHDI CIpPaBEJNTUBLI B TOYKE Hayaja JIo-
00l Xab6.10BCKOI CHCTEMBI OTCUCTA,

Tpebopanue nopemu-kopapuanTHoCTH YCTaHaBIMBaeT B3aUMHO-OJHO3HAY-
HOE COOTBETCTBHE MEXAY KOOPAMHATAMU TOYEK IPOCTPaHCTBa-BpeMeHu (F,t) u
(0,7'), a Takxe MexKIy DYHKIMAME M Hx TIPOM3BOJHBIMM, OTIPEAEICHHBIMI Ha
MHOMecTBax Touek (0,4) 1 (r,¢). YTOUHEHHDIN IPUHITAIT TOKATBHOCTI H03BO-
JPIET OCYIIECTBUTD MEPEXOA OT JIOKATIbHBIX YPaBHEHUH, M3BECTHHIX B Havaje
OTCYeTa JI06OTO aeMeHTa XabBI0BCKOTO ancambss K ", K UICKOMBIM ypaBHEHHU-
AM B cucTeMe HabmmonaTenst K oObIYHBIM 06pa3oM — ¢ TIOMOIIbIO npeo6pasosa-
Huit JIopeHIia ¥ COOTBETCTBYOwIEro TIpeACTaBAeHNs Ipynbl JIopeHua ¢ BekTop-
HIapaMeTPOM, PaBHbIM OTHOCHUTENLHOH XabGGI0BCKO ckopoctu r/(ct). Mopmy-
JIMPOBKA yPaBHEHI HEPEIATUBUCTCKOIN MEXaHIKH MMeeT cnertuguky, o6ycaos-
JICHHYIO UCTIONb30BaHueM npeobpasosatnii Tamunes. Ousmueckie 3aKomby B
pacuupstionteticst Beenrennoit opmy.tupyiores tax IPOCTO JINIUb TIPH YCJIOBUH,
"TO KOOpAMHATHbIE OCH JI1060T0 /1eMeHTa Xab610BCKoro ancambus K’ napaj-
JIE/IBHBI COOTBETCTBYIOUIMM KOOPAMHATHBIM OCSIM CHCTEMbI Habmonatens: K.

YpaBrerns weperarusrcrcrolt Mexannxu u nx crexcrsus. [lnst op-
MYMHPOBKM TAaKMX yDaBHEHUH ClefyeT BBIIEANTb B XaGGI0BCKOL cucreme
Habmonarens K TIPOCTPaHCTBEHHYIO 061ACTD, OTPAHUYEHHYIO cepoit, pagu-
yc KoTopoii R pacter 1o 3akony R =nt/t,, rne r, 3HayeHne R B HekoTO-
PbIif MOMEHT BPEMEHH [ = [,, U CUNTATh, 4TO R << (ct)* unm (ro /t )2 <<l
Torza nBUXeHMe HePeISITHBHCTCKOM HacTHLbI, IPUHAAJIeXaed JaHHOH 06-
JIACTH, OIIMCBIBACTCSI JIOKANBHBIMU YPABHEHUAMI:

d dr'
ANQ'=-4zGp', m'—"— = m'erad’ ! 3
(4 P a' dr & ( )
a Anddepennyuani KOOPIMHAT ¥ BpeMeHU B cHcTeMax K i K' cBsasansr
npeobpasosanmsmu lanmnes:
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dr'=dr—§dt, dt' =dt, (4)

Hn3 KOTOPBIX caeayer, 4To CKODPOCTH
dr'_dr_r 5
i’ dt t ©)

KaK (DYHKIMS KOOPAMHAT M BPEMEHH OIIpee/ieHa Ha T10ABHKHOM KOHTHHYY-
Me TOYeK.

B HepenATHBUCTCKOI TeOPHH rpaBUTAIIMOHHDII MOTEHIHA @', IIJIOTHOCTD
BEINECTBA p' M Macca YacTHUIBl m', HE3ABUCAIHE OT @', a Takxe onepaTop
Jlannaca A’ ABISAIOTCH cKanspamu. Y4er 31oro 0GCTOATENBCTBA, a TAKKE TIpe-
o6pasoBanuii (4) U BbIpaXeHUs (5) mosBossieT 3amucaTh ypaBHeHus 3) s
cucreme Habmonaresnss K TakuMm o6pazom:

ddr r
Ap =—-42Gp, mdt(dt J mgradg (6)
HOCKOIBKY A'p' =A@, p'=p, m'=m, grad'yp’ = grade . Kak BuaHo, ypasue-
HUC OTHOCHTEJILHO IDABUTAIMOHHOIO TIOTEHIMAIA ¢ OCTANOCh HEM3MEHHBIM,
TOSTOMY cuJla mgradg SIBNAETCS HBIOTOHOBCKOH. B YaCTHOCTH, ABIDKEHME yac-
THLBL B IICHTPA/IbHOM I'PAaBUTALIMOHHOM TI0JIe, CO3/[aBAEMBIM Maccoii M, cocpe-
AIOTOYEHHOM B HAaYasle CHCTeMbl HabmonaTe s K, OlHChIBAETCS ypaBHEHHEM

d(dr r)__mMG

Sl s AP , 7
" dt t 37 D

re ¥ — paguyc-BE€KTOD YaCTUIIbI, 7 =lrl. Ypasuenust (6) Mo3BOJSIOT Takxke
3aI1CaTh YpaBHEHHUS:

7

didr r n mm.G ., T
mi;(j_hlJ:-Z’l‘jz»(ri‘rj)J”Fi G, j=1n), (8)

AJI CHCTEMBL 17 TPABUTAIMOHHO B3aMMOAEHCTBYIOMIX YaCTHIL, I[e m, — Mac-
Ca YacTUIBL, #; — ee pajuyc-BekTop, F; — cuia, o6ycioBaeHHas rpaBUTaIlN-
OHHBIM BIIMSTHUEM Ha j-10 YACTHUILy YaCTHIl, He IPHHAJUICKAIIIX paccMarpu-
BaeMoH cucreme.

HNanbHeiiiee M3/10KeHNe TOCBAMEHO BBISCHEHHIO HEKOTOPBbIX (usnyec-
KUX CIICACTBUY ypaBHeHUH aBikenus (7) u (8). SIBHAS 3aBUCHMOCTD yDaBHe-
Huii (7), (8) OT BpeMeHH NOKA3bIBAET, YTO OHU He AOIYCKAIOT CTAl[HOHAPHBIX
PEUIEHN U, COOTBETCTBEHHO, H3BECTHBIX 3aKOHOB COXpaHeHHus. ITo 06CTOs-
TEJIbCTBO MOKET OBITh KJIIOYOM K MOHMMAHHIIO CYITHOCTH MEXaHWYECKUX SB-
JICHU# B TaJlaKTHKaX M UX CKOILJICHHSIX.

B ypasuenusx (8) mox rpaBuranuonmo B3aUMOAEICTBYIONIMMY YaCTHIIA-
MHI MOXXHO IIOHMMATh NGO 3BE3/bI U APYTHE OGBEKTHI, IPUHAJIEKAIIHE Ta-
JIAKTHKe, JU6O0 raaKTUKH, 06pa3yoIue CKOTICHNE. “CkpsiTast Macca” ckori-
JICHUH ra/TaKTUK, KOTOPbIE OGBIYHO HPEATIONArAIOTCS I'PAaBUTALMOHHO CBSI3aHHbI-
MHI CHCTEMaMH, sIBJIAETCS CHE/CTBUEM IPHMEHCHUS TEOPEMBI 0 BUpuane [6].
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K ypasuenusm (8), sBHO saBucammm ot Bpemenwy, TEOpeMa O BUpHUAJe He
npuMeHuMa. [1oaToMy HeT OCHOBAHMIT ZUTSL BOSHUKHOBEHHSI peJCTaBIeHUs O
“CKpBITOIT Macce” CKOILJIeHUIT rajlakTHK.

YMHOxas obe yacTn ypaBHeHuUst (8) BekTOpHO Ha ¥, U CyMMUpYys 10
ITOJIyYUM ypaBHEHHE

n n
M M _Ne, M=Srxm® N =SrxF (9
a t part dr part
OTHOCUTEJIbHO MOMEHTa MMITysibca cuctembl M = M(¢). Ilycts nocie HEKOTOPOTO
MOMEHTA BPEMEHU [ B IIPOILIOM MOMEHT BpallleHUs N(t)~ 0. Torma nipu L1
Hanpasiierye M (f) coxpansiercs], a Be/muiHa [M()| JMHEHHO PACTET CO BpeMerem:
M(t)=M(t)t/t, . (10)
ITOT Pe3yNbTaT He 3aBHCUT OT pasMepa CUCTEeMbl W HaeT IPEACTaBJIEHHE O
MPUPO/IE MOMEHTOB MMITYJIbCOB FaJaKTHK.

Teneps ymuosuM 06e wacty ypasnennus (8) mis i -it 9aCTHUIIBI, [OJIaras
F; =0, cranspuo na dr,/di-r/t, a ypasuenwe mns j-if wactuusl Ha
dr,/dt-r,[t, 3aTem pasnenum TI0JTyYeHHbIe PABEHCTBA Ha [IBA, IPOCYMMUPYeM
X COOTBETCTBEHHO NO / M j M CJAOXHM. B pesysnbrate momyumm aHasor

3aKOHa COXPAaHEHUs MOJTHON SHEPTUM B KJIACCHYECKON MeXaHMKe:

r

dr t

o S

i=1 j=1 |F; —I‘j’ 2 i=I j=1 ’I‘i —l‘j’l

— 2

d | s~ dr;
dt| 5 2

)2 2 & mm G 12”: n mm,G
2

3nech BTOPOH YjieH BBIPAKEHUS B KBaJIPaTHBIX CKOOKAX IPeICTaBJIsIeT
co60it OTEeHIUATBHYIO SHEPTHIO, TI03TOMY IEPBBIX YJIEH CJeLyeT UHTepIpe-
THPOBATb Kak KMHETUYECKYIO dHepruio. Kak BHAHO, MoJHAs 3HEpPrusi MoHo-
TOHHO PacTeT Co BpEMeHeM, NOCKOJIbKY [paBast 4acTh CooTHoueHus (11) 60b-
me Hyasa. Bo3MOXKHO, 4TO 9TOT mpoliecC B TEYEHMH IMTENbHOTO BpeMeHHU
cnocobeH U3MeHUTh OTPUTATEIBHBII 3HAK [OJIHON 3HEPTUN CUCTEMBI, HAIIPH-
MeD, CKOIIEHUS TaTaKTHUK, Ha MPOTUBOIOIOKHBII.

AAB1KeHne o6bEKTOB 3a IpeflelaMU TATAKTHKY ¢ MAcCo M ONUCHIBACT-
¢l ypashenuem (7), npusoaammM k ¢opmyne (10) ais MmomenTa HUMITYJIbCA.
YuurbiBast ABHBINA BUA M (f) ¥ OrPaHHYEHHOCTD BeTHYNHBI ckopocty, u3 (10)
TIOTynM, 4TO pacCTosAHHMe 7 70 06beKTa HEOrPaHUYEHHO PacTeT CO BpeMe-
HeM. Kpome toro, us (7) crenyer ypasuenue

dlm{dr r 2_mMG =mMG’ (12)

EZdtt r vt

ananornynoe (11). Ecau cuia, geficryromas na JacTHUIy, PaBHAa CKOPOCTH
M3MEHEHNA HMITYJIbCa, TO, COrNacHo (7) u (12), uMuyabc p u KuHeTHYecKas
aHeprust T wacTuIbI olpenensIOTCS paBeHCTBAMM:

_m(ﬂ_LJ T_ﬂ(ﬂ_lf. (13)
p da t/) 20dr ¢
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Ioatomy ummynbe u kuHeTHyeckas 9Heprust 00O YaCTHILL, IBUKY-
IeHCs 110 3aK0HY (2), paBHBI HYJIIO. Nurerpupys o6e yactu ypasHenus (12)
TIO BPEMEHH [ B Ipe/ieN1ax OT ¢, [0 ¢ U npeHebperast xab6I0BCKOiL CKOPOCTBIO,
TO €CTb TOJIarasi, yTo r/t ~ 0, NOAy4HM

2
1(@) _@_M(;le(mf_ﬁ. (14)
2\ dr 2\ ar ()

ITo NPUGIIIKEHHOE PABEHCTBO He MO3BOJSeT OLIEHUTH MacCy TaJaKTHKU
M 110 usMepeHHbIM B HacTOsI[EE BPEMS 3HAYEHUAM CKOPOCTHM U TIOJIOMKEHUS
00beKTa, TOCKOJIPKY 9BOJIOLHOHHbIN (DaKTOp f, paBHbIH HHTEeTpaJjIy 1o BpeMe-
HU OT £, 110 ¢ C MOABIHTETPATBbHON (YHKIHENH (rt)‘], a TaKXe IOJIoXKeHue
00beKTa 1 €ro CKOPOCTb B MOMEHT BPEMEHM ¢ = 1, B aJIeKOM IPOLIJIOM HEU3-
BECTHBI.

YkazaHue Ha CylecTBOBaHue “CKPBITOH MacChr” CITUPATbHBIX TAMAKTHK JlaIoT
KpuBble Bpamenus [9] u ux untepnperanms. O6brHO IIPEATIOJIaraeTcst, YT0 OObeK-
Tbl, HAGJIIOKAEMbIe 32 TIpeieTaMu TANIAKTUKH, SIBJISIIOTCS] TPABUTAIMOHHO CBSI3aH-
HBIMH C TalaKTUKOM, X IBMIKEHHE OIMHCHIBACTCS HbIOTOHOBCKOH MEXaHUKOMH U
ABJIACTCA KPYTOBbIM. ITpy Takux fonymennsx macca M YAEpP>KUBaomasi 0ObeKT
Ha KPYToBOH opbute pamuyca r, u ero CKODOCTh U CBSI3aHBI PaBEHCTBOM

v’ = MG/r . (15)

Iycts npubnmskentoe ypasrenue (14) cormacyercs ¢ ncTuHHBIM 1BH-
KeHneM obbekToB. Toraa MpeAcTaBIeHne o “CKpBITOIT Macce” Tra/laKTHKM MOjKeT
OBITh CefcTBHEM (14) u Tex momyurenut, KOTOpbIe NPUBOAST K Gopmyse (15).
[Ipubnmast ux, momyuum, yto Tpabas 4acTh pasenctsa (14) pasna — MG/(2r),
NIOCKONbKY KPYTOBOE IBU)KEHUE SIBJIAETCS CTallMOHAapHBIM. B pesyabraTe u3
(14) cnemyer, yto

v* = MG/r +2MG¥, (16)
TI€ v — CKOpPOCTh 06BEKTa Ha KPYyroBoii op6urte. CpaBHuBast (15) u (16),
nMeeM
M=M+2rMf .

3nech “ckpbiTasg macca” 2rMf uponopunoHambHa Macce TaNaKTUKU W
AnameTpy OpOUTBI, YTO KaYeCTBEHHO TIOATBEPIKAAETCS ee HabII0aeMbIMU CBOT -
crBaMu [9]. Jlio6ble HIOAHCHI MOBemeHMs KPUBBIX BpalleHHUs 3a TIpejesaMu
Ta/IaKTHK MOKHO ONHUCaTh hEHOMEHOJIOTUYECKH, YUUTBIBAS, YTO 3BOJIIOIIMOH-
HbIi pakTop £ ecTs MHAMBHAYaTbHAS XapaKTepUCTHKa HabJIiofaeMoro oObex-
Ta, T0 ectb f = f(r). OnHako Takoe oMUCaHHe ¢ TOYKH 3PEHMST MEeXaHHUKH,
yuuTbiBalomei pacimnpenue BeenenHoil, apisercs (PUKTUBHBIM.

HUsectho [6), uTo riaBHbIM TIPENATCTBUEM ST 0OPAa30BAHUSI TaIaKTUK U3
Tasa, pacIUPSIIOUIErocs Mo 3akoHy Xa66a, sIBISETCS eT0 KUHEeTHYecKas: 3Hep-
rust. VIMimysibse u kuHeTudeckast SHEPIHs paCHIMPAIONIErOcs 0 3aKoHy (2) rasa
PABHBI HyJII0 B COOTBETCTBUM ¢ (hopmyamu (13). Dto YKa3bIBaeT Ha BO3MOX-
HOCTb 06Pa30BaHM TATAKTHK BO Beestennoii, pacmupstomnyeiics mo 3akoHy Mui-
Ha. OfiHaKo, pemeHue atoro BOTIPOCa TpeOyeT CHennaIbHOro PaccMOTpeHUsL.
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3akiroyenue

Takum ob6pasom, HabmoaeMBbIe TLIOCKOE MPOCTPaHCTBO BceneHHoH U 3a-
KoH Xab6:1a, a Takxke KOCMOJIOrUYecKUii IPUHIUI OTHOCUTENIBHOCTH U NMPUH-
[MIT JIOKAJIBHOCTH, TIPUHATBIE B JaHHOU paboTe, MO3BOJIAIOT YCTAHOBHTD 3a-
BUCMMOCTb NOCTOAHHON Xab6/1a oT BpeMeHu M Haiitu aJITOpUTM (HOPMY.JIH-
POBKHU TJI00a/IbHBIX (PUBMYECKHX 3aKOHOB B pacuupsmomeics Bceenennoii.
YpaBHeHUS HEDeJIATUBUCTCKOH MEXaHUKH, YUUTBIBAIOILME KOCMOJIOTHYECKOE
paclliiperye, He [OMyCKAIOT COXPaHEHWs BO BPEMEHM IOJIHOIH SHEPIUM H
MOMEHTA MMITyJIbCA CUCTEMb! TPABUTALMOHHO B3aNMOAEHCTBYIOIMX YACTHIL,
VIMeHHO 3TO 06CTOATENLCTBO 0GBbSICHIET IIPUPOJLy MOMEHTOB MMITYJIbCOB Ia-
JIAKTUK 1 OTKPBLIBAET BO3MOXKHOCTb OTKA3aTbCSI OT IIPECTABJIECHUS O TAWH-
CTBEHHO! “CKpbITOi Macce” Bcenennoil. OfHO3HAYHOCTh 3aKOHA paciupe-
HUst Beesiennoit (2) v MHAYIMPYEMBIX UM TI06aTbHbIX (bU3NYECKUX 3aKOHOB
HIO3BOJISIET JIETKO ONPOBEPTHYTH U3JIOKEHHYIO TEOPHIO HAGTIONeHUSIMHU.
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YK 535.51
EM. OBCUIIOK

TPAH3UTUBHOCTb B TEOPUW FPYMMbI
TPEXMEPHbIX BPALLEEHWIA 1 ®OPMANIN3M
CTOKCA - MKONNEPA
B NONAPN3ALNOHHO OMNTUKE

Ilposezen Teopernro-rpymmopost ananms TIPOH3BOIBHBIX ITOJIAPH3ALHOHHBIX JC-
TPOHCTB, OITHCHIBAEMBIX (3-MEPHBIMH OpTOroHaIbHBIMH) MaTprramy Miwo.irepa. [loka-
S4HO, YTO 110 PE3YIbTATY IOJAPHIALHOHHOIO OIBITA HAJ OJHHM 3-Bextopom Croxca
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Matprita Moarepa npubopa @rrcupyerca ¢ rounocTsIO 40 OAEHOIO cBO6OAHOIO ma-
pamerpa. Hoxyuensr gopmyasy, mosporsommne BBIYHCIHTS B ABHOM BHZIE H OJHO-
SHATHO 11apAMETDBI MATPHLBI MIoJIEpa omTiyeckoro sqemernra mo pesyibratam ero
A€HCTBHSA HA Ba Da3HbIX 3-extopa Croxca.

1. ITocraHoBKa 3aza4u o TPaH3UTUBHOCTH B rpymne Jlopenna. Uspect-
HO, YTO NPU ONUCAHUM TIOJSPU3AINK CBETa CYIIECTBEHHYIO POJIb MOXET UT-
paTh Ipynmna nceBA0OPTOTOHANBHBIX npeobpas3oBaHmii SO(3,1), usomopduas
rpynne Jlopenna [1] — [4].

Paccmotpum ussectryio Sajiady U3 peJATUBUCTCKONH KHHEMAaTUKH — TIpo-
61eMy TpaH3UTHBHOCTH TIPUMEHUTENLHO K NONSPU3ALUOHHOMY ¢dbopmanuamy
Crokca — Mioanepa

L(kE) S, =+5",. (1)

Caenyer ormerurs 0COBEHHOCTB, NpUCymyio aToi 3azmave. Ecau ogua
matpuna JlopeHua siBisieTcs pentenyem YPABHEHUS TPAH3UTUBHOCTH LS = ',
TO, IpUHUMAA BO BHMMAaHHUe CYILECTBOBAHUE MAJOM rpynnsel Jlopenna asas

HA4aIbHOTO M KOHEYHOIo 4-BekTopoB Ctokca S u §', MoskHO TOIYYUTh
pasencrso L (L, S)=['..S', u natpue

(L)L L, ]S=S" 2)
Apyrumu cnosamu, matpuna I TPAaH3UTUBHOCTU L S =S’ MoxeT 6bITh
oIpejiesieHa HEOAHO3HAYHO.
Bynem ncnonssosats daxropusosannoe npencrapietue Marpult Jlopen-
1a (puiepKuBaeMcst 0603HAYEHNI, HCIOIB30BAHHBIX B [4], [5]), ypaBHeHue
(1) naer:

AS=4"s", AS=(4)"S", 3)
HJIKM B JI€TAJIBHOM BHUE:
ke —kok kIS ko kK & sy
-k kK ik ~ikllS] |k ky ik, —ik)|s,
~k, ~iky ko ik ||S,| Ik, ~ik, ky ik |||
k5 ik ik kS| ki, ~ik &, ||s

ko ko ko kIS kB ks
ko ko ik ik S|k ke -k ik ||s,
ko ko kS ik R ike|ls)
~ho—ik ik kS| ik ke ks s

(4

CxnaxbiBast ¥ BBIYHTAS 5TH [Ba ypaBHeHuUs, noJty4aeM (MCIOIb3yeM 0603Ha-
uennst ky =n, +im, , k, = —in, +m):



MAT3MATLIKA, ®I3IKA, BIANOrS 71

oy —my o—my —my)ISy| \ny  m m, ms 1S
myon - oy (1S \mp omy on —1)|1S"
-m, n oo S, m, -ny oy n |s"|’
—m, -n, n By 1S5 |my ECEERCR NG

—my - —n, =g ||S)| (my - - —m|S

— —_ — !
oMy my —m)\S| = omy omy —my||s
—h, —my —my,  my ||S,| |-n, —-my my,  m |lS',

—hy omy, —mp —my||S5| |-n m, —m_ my||S;

B pesysbraTe umeeM aBe cHcTeMbl TUHEHHBIX OTHOPOZAHBIX YPaBHEHUIL:

o (Sy ~S')~my (S, +S8")=my (S, +8')~my (S;+53) =0,

—my (Sg+S8')+n, (S;—-S")+n, (S;+8")-n (S, +S5",) =0,

~m, (S +S8')) +n, (S,-S",) +n, S +S)=-n(S;+5,)=0,

~my (Sy +8')) + 1, (S;~S") +n, (S, +8)-n, (S, +S5") =0,

My (So +8'9) =1 (S, = 8" =1, (S, -8") —n, (S, - §'5) =0,

~ (Sy=S8's)=my (5, +8")=m, (S, ~5") +m, (5, -5 =0, @
~1, (Sy=S'5) ~my (S, +S",)~m, S =S"D+m (S,-5",)=0,

—n, (So —S'o)"mo (S3 +S'3)"m1 (Sz —S'2)+m2 (S] _S'1)=O-

2. “Hepenarusuctckue” 3-MepHEIe MaTpuusl Miomtepa. Janbmie pac-
CMOTPHM TOJIbKO G0JTee poCToii (HepensiTBUCTCKHII) Ctyyait S, = § " =1=inv.
Cucrema ypaBHenwuit (5) IpuHAMaeT BUJ (TIOCKOMBKY pellleHue UIneM cpeu
TpeoOpa3oBaHMil TPYMIIBI 3-MepHbIX BPAIlleHHH], TO HAKTAAbIBAEM AOIOJIHU-
Te/bHOE Orpannyenue my, =0,m, =0):

1y (S, =S +n, (S, +85)~n (S, +5",)=0,
o (S, =S") +ny (S, +8")—n, (S5+8'%)=0, ()
By (S5=8")+m (S, +8",)-n, S +S')=0,
- (S1 —S'l)—nz (Sz —S'Z)—n3 (S3 —S'3) =0.

3/eCh YeTBEPTOE ypaBHEHMe He SIBJAETCS He3aBUCHMBIM: OHO CJIELyeT U3 TPex
IIePBBIX:

n, (S5 +S8")—ny (S, +8")=-n, (S, =S,
ny (S1+S'1)—”1 (S3+S'3)=—no (Sz—S'z)’ @)
m (S, +8')—m (S, +S8)=-n, (S, ~8Y).
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[locnennue ypaBHenus sanucwiBaioTcs B BEKTOPHOM hopme
nx(S+8)=-n, (S-5). (8)
Pewienne 1151 n MoXHO MCKATh B BUIE JTHHEHHOTO Pa3yoKeHus 110 TpeM
BEKTOpaM

n=aS+pS'+LSxS’,
Torza (8) naer (o6osnavaem S* =SS)
(@—p)SxS'+ B[S’ S +8'(SS")-§ §2 —-S(88)]1=-n,S+n,S’,
OTKyZa ClIefyeT P =, — NPOM3BOJBHBIA U
n=B(S*+88"), n=a(S+S)+BSxS . 9

HyxHo yuuTtsiBaTh cyniecTBoBanue 1010 THUTETBHOTO YCIOBUSL B BHJIE Orpa-
HUYEHUST /I NIaPaMeTPOB 1. +n” =1, 4To naer

1

2 2 2
R L
d 2(ST+S S (10)
O6mee peumeHue mocjaeHero YPaBHEHUA MOKHO 3allMcaTh B BHzE:
a=——L g5 cosl Tef0,27].  (11)
J2(S? +S 8 S\2S*+S )
Takum obpasom, nmomyqaem:
mnt=1, n=— 1 ¢ g

" s astess)
sinI” cosT’

D= (S+S)+——— " §x§,
J2(S2 +S ) SJ2(S*+S ")

3nech I'e[0,27] — MpOU3BONbHBIMH napamerp. OTMETHM, YTO MOKHO nepenTu
K BEKTOpDHOMY napameTtpy I'mb6ca — ®enoposa [1]: e=n/n,, Torma cooTHoMmIE-
HuA (12) pamor:

(12)

S SxS8'
c=tg  ——(S+S)+———" |

At (HepessITHBUCTCKIX) 4-BexTOpoB CTOKCA MOKHO HCIIONB30BATD TAK-
KE CIIENYIOMY IO TapaMeTpu3annio ( / — MHTEHCHBHOCT MyYKa CBeTa, P —cTe-
IIEHb MMOJIAPU3AIIUHN):

So=1, S=IDN, N*=1; 14)
TIPU 5TOM COOTHOWIEHUS (12) IPUHUMAIOT COOTBETCTBEHHO BUIL:

ni+n®=1, nozcosf—ﬂ,
20+ NN') (15)
N+N’ NxN’

n=sinf—%+cosfﬁ .
JV20+NN) 2(1+NN')
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3. O BoccTaHOBNEHUH HEPEIATUBUCTCKOM 3-MepHOI MaTpuusr Mioje-

Pa M3 DE3yJbTaTOB ITONAPHU3AMMOHHEIX usMepenui. [lockonbky mo mape
(0]

3-BexTopoB CTOKCA CBA3BIBAIONIAS X MaTpulia Miosepa S— 3 S, ¢ukcupy-

€TCA C TOYHOCTHIO A0 OIHOrO IIPON3BOJILHOIO napameTpa, To aad TOTO, 4TOOBI
HaliTu HHapaMeTpEI MaTpuubl MIOJI]Iepa OIITUYECKOTO IJEMEHTA, HeO6XOlII/IMO
0

(0]
HCTIO/IB30BATh XOTS ObI 1B TIAPbI 3-BektopoB Crokca S$,——>S8, S,—— S,

3anauy o BoccTaHOBIEHIH MaTpuibl Miossiepa MOXHO Ipo6oBaTh cop-
MY/MPOBATL KAaK HAXOX/EHHE COBMECTHOIO peleHs YPaBHeHUH 17151 nByx
nap 3-sextopos Crokca. Paccmorpnm chavana Gonee HPOCTOIi c1roco6 pemte-
HHs1 5TOH 3a/1a4M, OCHOBANHBIH Ha HCTIONb30BAH Y napamerpusauun I'u66ca -
®enoposa:

N, +N' N/ xN',

N +NY N xN,

c=tgl + ,e=tgl ; (16)
I+N,N,  1+N,N" I+N,N', 1+N,N,
T.€. UMeeM OJHO BEKTOPDHOE YpaBHeHHe
gl N, +N, N, +N| +N1><N'l _ N, xN/, =0, (17)
[+NN', 1+NN, | T+NN, [+N,N,

13 sroro BektopHOrO ypasHewus, yMHOXasi ero na N|,N'|,N,,N",, coorper-
CTBEHHO, IO/ly4aeM Clle/lyloniie CKaTspHble ypaBHEHS:

b

tgr[ NN, +NY) }_ NN, <N o

1+N,N"Y, 1+N,N",
tgr‘ I_N’I(N2+N’2) _N'I(NZXN’Z)zo’
1+N,N", 1+N,N", (18)
tgl’ \NZ(N"FN")—I +\N2(N‘XN")=O,
I+N,N, 1+N,N",
er| NaN Ny T NN Ny)
1+ NN, 1+ NN,
Orxyna cnexyer:
arep NN N ey
(N, =N )(N, +N",) (N',=N')(N',+N,)
tgI'= NZ(NIXN'l) tgl=— le(N’1XN1) (19)

(Nl“Nz)(N1+N'1)’ (N’1_N'2)(N’1+N1)'

Taxim 06pasom, nostyuaem nocratouro TIPOCTOE BbIpaskeHMe uist tg I BMecTe
C HETbIPbMsT IOTIONTHUTENBHBIMHU YCIIOBHSIMHU, buxcupyommMI MHOKeCTBO nap
3-Bextopos Croxca, CBASDIBACMBIX OZIHOM U TOIf Xe MaTpuueii Mionnepa.
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Teneps paccMoTpuUM pelnienye 9Toi e 3a1a4y B PaMKax yHUTapHOH rpyIi-
nbl SU(2). IToHATHO, YTO OTBETHI He JOJKHbI IPOTUBODPEYUTH JAPYT APYTY.
31ech UMeeM CUCTEMY ypaBHEHHIA:

ny, =B S,(S, +8"), n=a (S +8)+p4 S, xS,

20
M= B,8,(S, 48,  n=a,(S,+S)+4 S,xs,, 20
7160 SKBUBAEHTHYIO €if CHCTEMY
-n0=cosF—1+N—‘N‘—, n=sinl N +N, +cosT N XN . (21D
J20+NN') J20+NN") J20+NN')
1+N,N', N, +N/, N, xN',

Ay =cosl ——=2_-121_ n=sinl ——2——2_ 4 cos .
° V2(1+N,N')) V2(1+N,N") J2(1+ N,N")

Bynem pemats cucremy (21). Hpesxe BCEro, NPUPABHUBAsI ABA BbIPAKEHHS
UL 7y, TI0Jly4aeM OTrpaHHYeHHe Ha BO3MOXHbIE 11apbl 3-BekTopoB CTOKCA,
CBASLIBAEMBIX OJIHOM ¥ TOH e MaTpuueit Mio/repa

NN, =N,N,. (22)
IIpu sTOM BekTOpHOE ypaBHEHUE, 1I0JIy4aeMOe U3 ABYX BBIPAXKEHUIH ISt Bek-
TOPa N, IPUHUMAET BUJ

sinl[(N, +N') = (N, +N',) J+cosT[ (N, xN',) - (N, xN',)]=0.  (23)
OtMmeuaeM, uTo BBHLY paBeHCTBa (22), dopmyana (17) ynpomaercs u MPUHU-
MaeT BHJ
- g D[N +N")=(N, +N',) ]+ N, xN' =N, xN', =0. (24)
DakTuyeckn aBa IOCTEHUX ypaBHeHus (23) u (24) coBmamaior, oTaHYne
TOJIBKO B TOM, YTO (24) He MO3BOJIAET Pas3IMinTh /Ba pemenus (+cosl’, +sinT)
1 (-cosI, —sinI"). YMHO®as (24) na N, N',,N,,N',, nony4aem 4 BolpaxeHus
AJIS1 OIHOTO M TOTO e Ilapamerpa tg [

tgl' = N,(N, xN",) , tg =— N'(N',xN,) ,
NI(N,+N')=(N, +N")] N'[(N,+N')=(N,+N)]
N,(N,xN') NL(N'xN)) (25)

tgl' = tgl'=-

N[N, +N7)-(N, +N'D T’ NLIN, +NY) (N, +N°) ]

W3 nocranosku 3a/laqyy CJIeyeT, 4YTo Bce YETBIPE BBIPAXKEHUS 3KBUBAJICH-

TBI IPYT IPYTY.
ABtop 6marozapur PenpkoBa B.M. 3a coBeTbt u noMoub B pabore.
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YK 631.465:630.175.75
H.B. HOBUKOBA, IH. TUXOHYYK

BIMUAHNE PEKPEALNOHHOI HAMPY3KW
HA COCTOAHME MOYBEHHO-)XXMBOTHOIO
KOMITIEKCA COCHOBbIX ®UTOLIEHO30B

B pexpeannoHHbIX XBONHBIX HACAKJCHHAX B COCTABE JECHOH ITONCTHIKH i BEpx-
HHX NOYBEHHBIX CJIOEB BCTPEYAIOTCA DAa3THYHBIC IIPEACTABHTEIH HACEKOMBIX, KOTO-
PBIC HIPAOT BAXKHYIO DOJIb B PDASJIOKCHHH PACTHTEADHBIX OCTATKOB H ABATIOTCS OC-
HOBHBIMH J€HCTBYIOIHMH 3JEMEHTAMH GHOTBI PEKpeanionHbIx skocucreM, C Leapio
BBIACHEHHS HEKOTOPBIX OCOOEHHOCTEl ITOYBEHHO-KHBOTHEIX KOMILIEKCOB pexpearn-
OHHBIX JI€COB IIPOBOJHIOCH CHOXHMHYECKOE HCCAENOBAHHE GHOrEHHOIO COCTAEA U
AKTHBHOCTH HEKOTOPBIX hepMenTOB B TKaHax Insecta: Carabus nortensis L., Carabus
nemoralis Mull, Geotrupes stercorasus Scr.

BBenenue

OnenuBaTh COCTOSIHUE IIPUPOIHBIX SKOCHCTEM B YCJIOBUAX ITOCTOSIHHO
H3MEHAIOIEHCsI PEKPEAHOHHO-TEXHOTeHHOM HArPY3KH M [TOTOAHO-KIUMATH-
HECKUX YCJIO0BHI HEOOXOAMMO 110 [IAPAMETPaM eCTeCTBEHHBIX GHOICHO30B Ha
OCHOBE (DU3UKO-XUMUYECKUX aHATH30B COCTOSHUS OKpPY’KaloleH cpeibl M
3arpA3HAIOIINX KOMIIOHEHTOB, MO OlleHKe OHOpasHo06pasus (PHTOIEHO30B,
CIIel(pUKe MECTOOOMTAHNUS, YCIOBHSAM POCTA, PA3BUTHS, KPUTEPUSIM CTPYK-
TYPDI, llapaMeTpaM KOMIIOHEHTOB, II0 JXM3HECIIOCOGHOCTH, TIPOAYKTUBHOCTH,
6uoMacce KUBBIX OPraHU3MOB, UX SH3HMATHYECKOL aKTUBHOCTH, TIe KOHEY-
HBII 9Tall KOHTPOJIS — MH(OPMALMOHHO-TOTUYECKHIT aHaIu3, MOZAETUpPOBa-
HHUe TPOrHO3a NOTpebHOCTEl (PYHKIMOHNPOBAHMS GUOTHI [1, 2].

TpeboBanus, npenbaBiasieMbie K 6MOMOHUTOPaM (6HOJOTHYECKMM TecT
OpraHusMaM), — JAOCTAaTOYHO BBICOKAas BCTPEYAEMOCTb B KOHTPOJINPYEMbIX
9KOCHCTEMaX, ONpeJe/ICHHAsT CTENEHb CONPSIKEHHOCTH C 06BEKTOM MHIMKA-
LnH, TOJCPAHTHOCTD K MHAMLMPYEMOMY (PaKTOPY M OTHOCUTETbHAS YCTONYM-
BOCTb K BPEMECHHBIM KOJEOAHUSAM HKOJOTHYECKUX napametpos [2, 3]. Ilexo-
OUOHTHI, 6saroapss TeCHOH CBSI3U C II0YBOH u HaJIMYUIO OTBETHOU peakiuu
Ha M3MCHEHUs! CPe/bl OOUTAH s, IPECTABISIOT I€PCIIEKTHUBHBIH TECT-00BEKT,
IO3BOJIAIONINI Ha Pa3HbIX CTa[UAX aHTPOHOTEHHO TpaHcdopMaiu obHapy-
KHTb OTKIOHEHUA B (PYHKIMOHMPOBAHHHI ITOYBEHHOIO 6JI0KA U IIPUPOJIHOTO
KOMILTeKCa B LesioM. KOHTposIb 32 6MOTOI MOKET OCYIIECTBIATHCSA Ha BUIO-
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BOM, TIONY/IAIMOHHOM M LEHOTHYECKOM YPOBHSIX C HCIIO/Ib30BAHUEM opra-
HUSMOB Das/IMYHbIX TAKCOHOMHYECKHX PaHros [2].

ABnsisich copbenTaMu IPUPOAHBIX 1 CUHTE3UPYEMBIX UJTH TIPUBHECEHHbIX
EJIOBEKOM TOKCHYECKUX COeTHHEHHH, NMeJOGHOHTHI BBIIOJHSIIOT aKTUBHYIO
PoJib B TpaucopMauuy U nepepacrpeesieHun NOCTYNAKIMKX B MOYBY Be-
mecTB. OnpesiesieHne KOppesIUOHHBIX 3aBHCHMOCTel MEXy colepxKaHuem
SarpASHAIOINX BEIIECTB B MOYBAX, PACTEHMSX M TKAHAX >KUBOTHBIX MOJKET
HCIOJIb30BATHCA A/l ONIEPATUBHOTO M IIPOTHO3HOTO 6uoTecTupoBaHusL.

Pexpeannonnas uarpyska u 6uora — OTPEe/IEIAIONINE 3TIEMEHTHI Dy HKI[H-
OHUPOBAHISI SKOCHCTEM B YCIOBHSIX COBPEMEHHOTO TeXHOIEHHOIO IIPEeCCUHra,
OLCHKA CTENEHU 3TOM HATPY3KH Yepe3 aKTHBHOCTh GHOTH HauGoiee aJleKBarT-
HO OTPaXaeT CUCTEMHYI0 HapyLIEHHOCTb (DYHKIHOHANLHBIX CBS3EH B npu-
POIHBIX coobIIecTBax, OTBETHYIO DEAKUMIO U MEXaHU3MbI TOMJEPKAHUS UX
romMeocTasa.

Kommuecrsennas onenxa susumatiueckoii aKTUBHOCTH OMOTHI: pacTeHui,
0€eCTI03BOHOYHBIX KHBOTHBIX He TOIBKO BBIPAKACT CYTh METabOIMYECKUX PeaK-
LUH B CBSA3U C PEKPeaMOHHbIM BIMSHUEM, HO TaKXXe MO3BOJSIET PAcKPBITH
TIPUPO/TY IOYBEHHBIX (PEPMEHTOB 110 X PaCTUTENTBHOMY U MHKDPOOHOMY ITPOMC-
XOK/ICHUIO U3 KODHEBBIX CHCTEM, JKMBOTHBIX TKaHeH U KIIETOK MUKPOGHOTBIL

Pa3/indnble acneKThl BAMSHUS KUBOTHBIX Ha XMMHYECKUe CBOMCTBA IIOYBbI
OTOXIECTBJISIIOTCS C UX yYacTUeM B OMOTeHHOM KpPYroBOpOTE, OHAKO UX POJIb
CHIXKACTCS B CBSI3M C MAJOH BEJMYMHOH 300MacCChl MO CPaBHEHUIO ¢ PUTO-
MAacCOIi, & TAKXKe CO CTATUYECKUM TOJIXOI0M K U3Y4YeHHI0 KPYTOBOPOTa B pac-
TUTEJIBHOM COOBINECTBE, TIPH KOTOPOM MHTEHCHBHOCTD MIOTOKA BEII[ECTB B 3BeHe
“noyBa-pacrenue” PACCMATPUBAETCA Yepe3 3HaYeHUs NPHPOCTA pacTUTeh-
HOM (PMTOMACChI ¥ HAKOILIEHUS B Hell XUMUYECKUX 3TIEMEHTOB, YTO NPHUBEJIO
K CTaTUYHOMY PACCMOTPEHHUIO BKJIA/a JKMBOTHBIX B KDYTOBOPOT M KOHIEIIINH
HECPABHUMOCTH TPOJlyKTUBHOCTH, 6HOMACCHI M KOTHYECTBA KUBOTHDIX C npo-
AYKTUBHOCTBIO M BETMYMHON Onajia y pactenuii [1, 2, 3].

Yyactie )UBOTHBIX B GHOreHHOM KPYroBOpOTE XMMUYECKUX 3JIEMEHTOB
B OMOTeOLeH03aX CI0XKHO U MHoroobpasuo. Mcciexopanust MPOBOAUIUCH C
I1eJIbI0 BBISICHEHUS OMOAMATHOCTHYECKHX BO3MOIKHOCTEH MOMUHUPYIOIIUX
BU/IOB HAMOYBEHHbIX (ECIMO3BOHOYHBIX PA3HBIX SKOMOIHYCCKITK YPOBHeH B
aCTCKTe BBIICHEHMS OCHOBHBIX MEXaHM3MOB BO3/AEHCTBHUS PeKpeanmoHHoi
HarpysKH Ha GMOTEHHOCTb MOYBBI M aKTHBHOCTD ¢bepmenTos [3] npu pasiny-
HOIi CTeNleHU peKpeanoHHOM Harpysku. IlosieBble nccnenoBauus Bo3eiicTBys
PEKPEAUOHHON Harpy3Ku NMPOBOANUIHCEH B JIrobyxckom necHuuectse Mory-
JIEBCKOTO JIECX03a HAa TePPUTOPUM HHTEHCUBHOL MIOCEMAEMOCTH, 30HBI MacCo-
BOro OTAbIXa, MPUTOPOAHBIX ABTOMATUCTPATIEil 1 y4e6HO-0onbITHOH Gasbl Mo-
TUJIEBCKOTO rOCYAaPCTBEHHOTO YHUBEPCUTETA M. A.A. Kynemosa B 6os1p1om
MaccuBse COCHOBBIX HacaxaeHuit I-11 60HUTETOB B cOCHSIKAX €JIOBO-MIINCTBIX,
€JI0BO-KMCIUYHBIX, €II0BO-YEPHUYHDIX, C YYaCTHEM B 1-M sipyce COCHBI, ey,
ny6a, B mozyecke u TNOApOCTE ey, JIEUMHb], B HATIOYBEHHOM TIOKPOBE 3eJIe-
HBIX MXOB, KHCJIMI[bI OObIKHOBEHHO, YEPHUKH I 6pYCHUKH B MOI30He rpabo-
BO-Iy60BO-TEeMHOXBOMHBIX JIeCOB benapycu [5].
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OcHoBHas yacTp

Wccnenosanust pekpealyioHHbIX HACAXIeHMI IPOBOJWIM METOOM Map-
UIPYTHOTO M3yEHNs TUTIOB JIeCa B COOTBETCTBUM C OOIIENPUHSTBIMU METO/IIIeC-
knmu ykasanusamu (B.H. Cykaues, 171, IOpkeByy). [l MCCIeIOBAHMSI TIOUBEH-
HO-IPYHTOBBIX YCJIOBHA Ha NPOOHBIX ILIOMALSIX 3aK/IabIBAINCD paspesnl Ty-
6UHOIT 110 2 M, ONMCHIBAIH MOP(OIOTHYeCKHe TIPU3HAKY T€HETHYECKHX ropu-
30HTOB, U3Mepsln raybuny YI'B, or6upam 00pasIbl OYB M PACTEHUH a71s
aHaM3a PU3MKO-XUMHYECKUX, GHOXHUMIYECKHX CBOHCTE 1 y4yeTa MUKPOOHOTBI.

Onpenenenue conepsxanus Cyoor Noguo P, TyMyca: mo Huxutuny, Kvennb-
Aamo, Hlepmany, Tiopumny; N, ., P,O,, no Kopupunay, KupcaHnoBy, kuciaor-
HoctH pH, ., — moreHunomerpuuecku. DepmeHTaTHBHYI0 aKTUBHOCTH OIIpe-
Aensinn o Merogam T.A. Ilepbakosoit (1983). CraTncTHyeckuii anamms po-
BOAWJICA € CIIOIb30BaHNEM IIPOTPaMMHOTO NpoxayKra “Microsoft Excel 2003”.

ITo pusmuyeckuM cBONCTBAM JieCHBIE IEPHOBO-TIATIEBO-TIOL30/UCThIE MTOYBBI
XapaAKTEPU3YIOTCA MOUHBIMY (3-8 CM) CYXHMIL, CPeIHePasI0kKIBIIMMHUCS TO/-
CTUJIKAMH C 9/IEMEHTaMM XBOH, [PEBECHOTO OMaja, Pa3IOXKUBIIMMUCS OCTAT-
KaMy MXOB 1 KOPHEBOH MacChl, INIOTHOCTh KOTOPbIX ot 0,30 710 0,69 r/cm?, 06BeM-
Hasd MacCa MOYBEHHBIX TOPU3OHTOB OT T'YMYCOBBIX [0 HJLIIOBUATDHHBIX
1,05 > 1,44 > 1,72 r/cM3, I0THOCTD MOYBEHHBIX npob 1 MeIKO3eMHOI (pak-
LN JIECHOH ITOACTHIIKU C BNIEMEHTaMU CPeIHePasNoXUBIIeHcs (puTomaccor
COCTABJIACT /L1 MUHEDPATbHBIX TIOYBEHHBIX TOPU30HTOB 0T 2,40 110 2,75 r/cM3,
AL TIOBEPXHOCTHOM vacTm axadotoros — 1,40 > 2,10 > 2,53 r/cM?, Biax-
HOCTD 10 II0YBEHHOMY NTpoGuIo Bo3pactaeT ot 22,30 1o 34,80%, a 1o camum
HOACTUIKAM OT MIIMCTBIX, KACIHYHBIX K YEPHHYHBIM 10 33,60-56,80%, mo-
POSHOCTD OT IyMyCOBBIX K IIOA30JIUCTBIM U H/ITIOBUATBHBIM FOPU3OHTAM CHHU-
xaetcst ot 56,25 10 35,10%, B JIeCHBIX IOACTUIKAX C JOCTaTOYHO BBICOKHM
KOJIMIECTBOM MEJIKO3eMHOM (DPaKUKK IOPO3HOCTD BO3PACTAET /[0 77-80%, pH
CPEbI JIECHBIX TOACTUIIOK cpeHekncas (4,0-4,8) u dhaxTmyeckn He H3MeHs-
€TC 110 TeHEeTHYECKOMY NPOQHIII0 NepPHOBO-IAIeBO-IOA30INCTbIX [OYB, B
WILTIOBUATBHBIX OPU30HTAaX MIIMCTBIX Hacaxnenuit pH HeMHOTO 6imdke K
KHCJIBIM TIpe/le/1aM, TOTA2 KaK B KHC/IMYHBIX U YePHUYHBIX — GIIMKE K CPe/iHe-
KHCJIBIM ITOKA3aHUSIM.

Ilo xuMIyeckuM CBOMCTBAM JieCHbIe A€PHOBO-TIAJIEBO-ITO/[30JIUCThIE TIOUBDI
XBOMHBIX HACaXAEHUH TIPUTOPOXHON PEKPEAMOHHON 30HDI XapaKTepHU3YIoT-
i1 110 CO/ICPHKAHUIO yIIepOsia OPraHU4ecKoi Macchl OACTHIOK OT 16,57 10
37,66-39,28% B €JIOBO-YePHMYHBIX COCHAKAX, 001ero azota — ot 0,95 1o 1,31-
1,44% u BanoBoro docdopa or 0,10 10 0,15%. KomuyecTro JIETKOIMIPOJIN3Y -
€MOr0 a30Ta U NOABIXHOTO (ocdopa B MOACTUIKAX COOTBETCTBEHHO COCTAB-
aser 67,76-117,04 u 18,69-35,06 mr/100 T moACTHIOYHOTO MaTepuana, B ry-
MYCOBBIX TOPH30HTAX STHX TIOYB COJEPKaHMe IOABIKHBIX GOPM a30Ta YMeHb-
maercs B cpennem B 10 pas, pocopa B 3-6 pas, B niLT0BUATBHBIX — coxep-
KaHne 5TUX HJIEMEHTOB [I0BOJbHO HU3KOe: a3oTa 1,30-4,62 u docdopa 1,62-
4,97 mr/100 r moussL. JIerkoruaponusyemplit a30T cocrasJsier 4-6% ot obuie-
ro, cootHouienne C:N B JIeCHBIX TOACTHIKAX 17:1-29:1, 6omnee MUHepaJl30Ba-
HBI IIOJICTUJIKY B €JI0BO-YEPHUYHBIX COCHSKAX.
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DepMeHTaTHBHASA aKTHBHOCTD ompezessieT CKOPOCTh TpaHchopMaluu u
MOOUJIH3AIMH OPraHOMUHEPATbHbIX COEIMHEHHH, a Takxke CIeuu(puKy oxuc-
JITEBHO-BOCCTAHOBUTEILHBIX IIPOIECCOB, I/€ TaKKe (hePMENTHI, Kak KaTaa-
3a ¥ Eru/porenasa, CymeCcTBEHHO TOJEPAHTHBI K BO3AEHCTBUIO 3K30T€HHBIX
dakropos. Katamastas akTUBHOCTB B IeCHBIX TTOCTIIKAX BO3pacTaeT 1o Mepe
CHIKEHUA pEKpealuoHnoit Harpysku 18,30-21,20 > 28,15-33,35 cum? 0, 3a
2 MuH. Ha | T TOACTHIIOUHOTO MaTepuaa.

B rymycoBsIX, HOA30MMCTHIX H TYMYCOBO-TIOA30IHCTIX TOPU30HTaxX Jiep-
HOBO-TIA/ICBO-IO/I30JIMCTBIX [I0YB KaTajlasHasi akTHBHOCTh CHUKaeTcs B 10-30
pa3 u GoJiee, UTO COCTaBJIAET 0,5-09 > 1,9-2,3 cm® O, 3a 2 MuH. Ha 1 r TOYBDI,
B HJULOBUAILHBIX FOPH30HTAX TOKA3aTeI1 KATala3HoM aKTUBHOCTH eIIe Hibke
0,10-0,55 cm® O, 3a 2 Mum. Ha 1 T TIOYBEL

DocdaTasHast aKTHBHOCTb JIECHBIX TOACTH/IOK XBOIHBIX HACaXICHUI MeHee
Bapuale/ibHa ¥ COCTaBJISIeT 2,34-2,47 > 2,65-280 Mr P 3a 24 4y na 1 r IMOYBEI.
B ryMycoBbIX, TONB0IMCTBIX H I'yMYCOBO-TIO30/THCTHIX TOPU30HTaX 3THX IIOYB
docdatasHast akTUBHOCTb Huke B 20-40 pa3 u pasna 0,05-0,08-0,12 mr P 3a
24 4y Ha 1 r TOYBK, e HUXe OHA B MUHEPaJIbHbIX MJUTIOBHATIbHBIX TOPH30H-
Tax 0,010-0,030 Mr P3a24uymalr TI0YBBI, C HEKOTOPOH TEeHICHUHeN yBen-
4YeHHs K TOJCTUMNaIomIe mopose.

Becbma criemudnuna peakiust pasmoxenus IIOJIMCAaXapU/IOB B JIECHBIX
TIOACTHIIKAX 1 N€PHOBO-TIaIeBO-NIOAB0UCThIX 1I0YBAX, ONpeaesseMas 110 H-
BEPTa3HON aKTUBHOCTH, I7ie Hanbosee UHTEHCHBHAS TUHAMUKA HX TpaHchop-
Maluy HabJII0aeTcsa B MeHee 71e(OPMUPOBAHHBIX TIOJICTUIKAX C KUCAUYHBIM
W HCPHUYHBIM HALIOYBEHHBIM TOKPoBOM 30,96-34,20 > 46,90-49,17 Mr r1ioko-
3b1 32 4 4 Ha 1 T TIOJICTHJIOUHOTO MaTepHaa.

Hernaporenastasi akTHBHOCTD JIECHBIX TTOICTUIIOK OIIPeNeNACTCS B Iep-
BYIO O49€pe/b MHTEHCHBHOCTBIO MUKPOGHONOIHYECKHX ITPOIIECCOB pasnoxe-
HUST OPraHOreHHOTo huTOMaTepuasa, yto Hanbosee XapaKTepHO B YCJIOBUAX
KUCIMYHOTO ¥ YEPHUYHOTO HAIIOYBEHHOIO TIOKPOBA.

B Hammx ycroBusix ckopocts AETUIPOTCHA3HOM DeaKLUK BO3PacTaeT B
JIECHBIX MO/ICTH/IKAX B HAlPAaBJIEHWU K (DUTOLEHO3aM C YEPHUYHBIM HAIIOY-
BEHHBIM ITOKpoBOM 0,35-0,74 > 0,80-1,24 mr TDOD (Tpudennndopmasana) sa
24 4 Ha 1 r mogcTHIOYHOTO MaTepuana. B ryMycoBaIX, 1T0A30IUCTBIX 1 TyMmy-
COBO-TIOI30THCTBIX FOPU30HTAX Ha3BAaHHbIX [10YB JETHPOTEHA3HAS AKTUBHOCTh
ymenbmaerca B 10-20 pas u pasra 0,010 > 0,051 > 0,073 > 0,092 mr TOD 32
24 4 Ha 1 T TOYBBI, B WIJIIOBHAIBHBIX TOPHU30HTaX OOGHAPYKUBAIOTCS OYEHb
HU3KHUe, II0YTU “Clef0Bble KOMMUYCCTBRA aerunaporenassr” (,002-0,010 mr TOD
3a 24 y.

Bbinu BEISIBUIM 1107I0KHTE B HbIE KOPpeNALUOHHbIE CBA3U MEXy KOJIH-
4eCTBOM OUOTeHHBIX 9/IEMEHTOB (C, N, P) u xatanasHuoit akTHBHOCTBIO r=0,90-
0,98 (sr=0,04-0,08), ¢ nHBepTa3HOH aKTHBHOCTHIO K03 pUIHEHTBI KOppeis-
umu paHbl 1=0,95-0,97 (5r=0,05-0,07), ¢ akTHBHOCTBIO docdarassr r=0,90-
0,95, ¢ akTMBHOCTBIO HErHIpOreHasbi r=0,73-0,83 (sr=0,09-0,13). Boisipscna
OTPHUIIATE/IbHAsL KOPPEIALNOHHASA CBA3b MeXK/y (hepPMEHTATUBHOIN aKTHBHOC-
ThIO U 0OBEMHOM MacCOii TIOYBEHHBIX ropusonros: r=-0,81-0,96 (sr=0,05-0,12).
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Koppeisiuvonnbie cBsi3u Mex 1y dpepMeHTATUBHON aKTHBHOCTBIO I cozlepxa-
ITHEM JIETKOTHIPOIM3Y€EMBIX M TOABIXHBIX (hopM a30Ta u ocdopa cooTBert-
CTBEHHO paBHbl r=0,81-0,97 (sr=0,07-0,12).

XapakTep B3aMMOAEHCTBUS (hepPMEHTATUBHBIX npoiteccoB TpaHchopMa-
DA OPTaHUYECKOrO BeIECTBa B IePHOBO-I1A/1€BO-ITOA30IMCTIX TIOYBAX olrpe-
ACJACTCS KOPPEJISIMOHHBIMU CBA3SIMU MEXJy IOKa3aTeqaMU KaTaJlasHol,
(ocdaTasHOIt aKTMBHOCTH U AKTMBHOCTU MHBEPTa3bl U feTHAporeHassr: r=0,81-
0,97 (sr=0,07-0,11). IoTennmanbHas KaTasasHas aKTHBHOCTD B pacyere Ha
HOJIyTOPaMETPOBBIN CJIOH [1ePHOBO-NIA/IEBO-TIOA30/UCTOH THOYBBI C y4eTom
MOIIHOCTH F€HETUYECKUX TOPU3OHTOB U UX 06beMHOIT Macchl Ha 1 cM® uMeer
Crenytoune nokasanust: 96,12>153,55>177,14>199,03 cm? O, 3a 2 MuH. Ha
1 r noussr.

B CBsA3M c BBIACHEHHMEM HeKOTOPBIX 0COBEHHOCTENL 9H3UMaTUYeCKOH ak-
THUBHOCTH OMOTBI PEKPEALMOHHBIX JIECOB IIPOBO/IMJIOCH GHOXUMHYECKOe HC-
cJiejoBaHre GHOTeHHOTO COCTaBa (C, N, P) u aktuBnOCTH KaTajla3bl, UHBep-
Ta3bl U ocdarassl B Tkanax Insecta: Carabus nortensis L. (>kyxenuna cajo-
Bas), Carabus nemoralis Mull. (xyxemmma JecHas), Geotrupes stercorasus
Scr. (HaBO3HHUK JIECHOIT) OBIETPUHSTHIMHU Metogamu (TabJuia).

XUMIIeCKUit COCTAB M SH3MMATUYECKAS AKTHBHOCTD HACEKOMEIX HAIIOYBEHHOIO
IIOKPOBA COCHOBHIX (DUTONEHO30B PEKPEAMOHHOM 30HE! I. Morumiesa

Karamnasa, Wusepraza, | ®ocata
I C N P cM® 0, 3a ML IJIIOKO3bI | 3a, mr P
nsecta
2 MUH. 32344 3824y
% Ha 1 r cyxo#i macch
Carabus nortensis 60,80 ~ 0,70 ~
L 25865 | 1,382 | 0,669 | 2,70 ~ 3,00 62.00 0.75
Carabus nemoralis 54,20 ~ 0,91 ~
Mull. 37,110 | 3,498 | 0,863 | 2,40 ~ 2,65 56.35 0.97
Geotrupes ~ 60,00 ~ 0,80 ~
stercorasus Scr. 31,4951 2,149 | 0,750 | 340 3,78 60,55 0,87

B Hamux ncciefoBaHMAX GBI BOISABICHBI BEAUYHHEL COlepKAHHUS yTIJIe-
POla B TKAaHAX HaCeKOMBIX, HauboJee YaCTO BCTPEYAIOUMXCS B MOCTHIKAX
PEKPEANMOHHDIX JIECOB: JKyXeUl[aX U HaBO3HUKaX, KOTOPbIE KOMEBIIOTCS B
npenenax 26-37%. Ilo monorpaduu AL IMokapsxeBckoro “TeoxuMuueckas
9KOJIOTHA Ha3€MHBIX XXUBOTHBIX” [3], Cmin. — Cmax. B TKaHAX KUBOTHBIX 35-
55%, 4TO yKa3bIBaeT Ha AOCTOBEPHBIE PE3YJIbTATHI.

Paznnuus mo cogepxanuio yriepoga Mexy GaKTEPUSAMH, pacTeHUSIMU
1 JKMBOTHBIMH CBSI3aHBI C 6OIBIION “OHEProeMKOCTBIO” SKMBOTHBIX TI0 cpas-
HEHUIO C DACTEHHSAMH, TaK KaK COAepXaHUe YIepofa SIBIAETCS 0 HEKOTO-
pO¥ CTEIeHU SHEepPreTHYECKOMH XapaKTepUCTUKOHU opraHusMa. Pe3kue oTKJIO-
HEHHA B CONEPXKAHUM YIJIePOJa B KMBOTHBIX OT CPeLHEHl BEJIUYMHbI OynyT
ONPEAENATHCS 30IbHOCTBIO XKUBOTHBIX [2]. OTHOCHTEIbHOE MOCTOSHCTBO CO-
A€pKaHUs YIIepoJa y KMBOTHBIX B mpenenax 40-50%, CBUIETENBCTBYET O
TOM, YTO 9BOJIIOLM KUBOTHBIX LIJIA Ha KOJIUYECTBEHHO €IHON YIJI€POJHOM
OCHOBE.
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Ilo HammMm pesynbraram, ColepxaHue yriepofa B TKaHAX HACEKOMBIX
coctaBnsier 1,5-3,5% W, MOCKONBKY, B TKAHAX HaCEKOMBIX, KaK U MaKpOMHUIle-
TOB, BBICOKOE COJIep)KaHUE XWUTHHA 5TH BEJINYNHBI MOTYT GBITH GIU3KUMH.
ConepxaHue a3oTa B HACEKOMbBIX H HX JIMIUHKAX MOXET ONPEeAessATbCS Ha-
KOILTCHNEM HEOPraHMYeCKOTO a30Ta B OPraHU3Me, OJHAKO B I[JIOM KOHIIEHT-
pallMs a30Ta B TeJIaX XMBOTHBIX ONPEACSETCS N0JeH 6elKOBBIX BEIIECTB B
opraHusMe.

B ormmune ot yraepona u asora KOHLIeHTpalus (ocdopa 3HAYUTETBHO
KO/Ie6JIETCST BHYTPU OTAENbHBIX TPYHII KUBOTHBIX. B GakTepusix KOHIIeHTpa-
s ochopa — 0,9-3%, B HaseMHBIX pacTeHUAX — 0,23%, B akruHOMMIETAX — 1,0%,
B mMunenuu — 0,24%, B mio40BEIX Temax — 10 1,5% [3]. Cornacuo Hammum
pe3yJIbTaTaM, KOHLIEHTpanus ¢ocdopa B TKAHAX HACEKOMBIX COCTABJISET 0,6-
0,9%, uTo He mpoTHBOpeunT Ony6THKOBAHHBIM MaTepUaIaM. Dochop ~ snep-
TeTUYECKUH dJIeMeHT U Giarozaps MaKpOIPIUYECKUM CBSA3SIM B OpraHHUYec-
KuX pocaTax MpoOUCXOQHUT AKKyMYJISIMA U Iepeiaya SHEPTHH B KUBIX Opra-
HU3MaX.

OH3UMATHYECKAs aKTUBHOCTb OIpEENAET yPOBEHb TpaHC(HOPMAIIMK Opra-
HUYECKOW MacChl U CKOPOCTb OKHC/IMTENbHO-BOCCTAHOBUTENBHBIX PEAKIIHIA.
B renax macekompbIx, Hacessomux JIECHYIO MOJACTUJIKY PEKPEaLUOHHbIX Jle-
COB, KaTa/a3Has aKTUBHOCTb KOJIeOIeTCs B ITpejiesiax 2,4-3,8 cM® 3a 2 MuH. Ha
1 r cyxoif macchl, uTto T'OBOPHT O JJOBOJIBHO BBICOKOM SHEPreTHYeCKOM IIO-
TEHLUaJIe TIPU COOTBETCTBYIOWUX TKAHEBBIX MaKPOSHEPTeTUYECKUX CAMHUIAX
C - 26-37%.

WHBeprasnas akTUBHOCTD TPaHC(hOPMaLUH YIIEeBOAOB 06aa1aeT CpaBHH-
TEIbHO BHICOKMMH ITOKA3aTENSIMU B TKAHAX HACeKOMbIX OT 54 10 62 MT Iiio-
KO3bI 32 4 4 Ha 1 T CyXOii MacChl, HIEHTHYHA HHTEHCHUBHOM TpaHchopMauu
OPraHUYeCKOTO BENECTBA B JIECHBIX NOJACTHIKAX. QDocaTtasHas aKTHBHOCTD
or 0,70 10 097 Mr P3a 24 yHa 1 r CYXOM MaccChl B Tejax HaCeKOMBIX, I10-
BHINMOMY, COOTBETCTBYET JTUMHUTHPYeMOii KoHIleHTpanuu ¢ocdopa u ero
MOGUIHBAIMHI TIPY PasIMHbIX (bU3MOMOTHYECKUX COCTOSHUSX [6].

3akmoyenue

Buorennsiit morennuan u sHsuMarnueckas AKTUBHOCTb HAaCEKOMBIX [IECT-
PYKTOPOB JIECHBIX NOJICTHIIOK YKa3bIBAET HA BAXHYIO POJIb (hepMeHTaTUBHBIX
CHCTEM KHBBIX OPTaHU3MOB B TPaHC(OPMALMM OPraHHYECKOTO BEIIECTBA M
KPYTOBOPOTe GHOTEHHBIX 3/EMEHTOB, Ha BO3MOXKHOCTD OMOMHINKAIINU TOK-
CHUHOCTH OKPYJaloIeil Cpeibl, aHTPOMOTEHHOTO IIPECCHHTA.

Mertonpr olleHKU ¥ CIeXeHus 33 COCTOSHMEM 9KOCHCTEM C UCIOJIb30Ba-
HUEM KUBBIX OPTaHM3MOB MMEET Psi/l MpeuMyIecTs. I1o CpaBHEHHIO ¢ PU3U-
HECKUMU M XUMUYECKUMH METO/IaMH MCIIOJIb30BaHHe GUOMOTMYECKIX MTOKA3a-
TeJel siBnsieTcst 60s1ee MHDOPMATUBHBIM U TEXHUYECKI MEHEeE CI0KHbBIM, TaK
KaK Jla€T BO3MOXKHOCTDb IIOJyYEHUs] ONEPATHBHON U MeHee JIOPOrocTosiiei
UHQOPMAILIMH O COCTOSTHUU KOCHCTEM B 30HaX, Haubosee MOMBEPIKEHHBIX
AHTPOIOIeHHOMY BO3/I€HICTBUIO.
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H.O. MAKCIOTA

OCOBEHHOCTU ®YHKLUMNOHWPOBAHUS
rMNOTANAMO-TMNO®U3-HAAMNOYEYHUKOBOIA
N TUPEOUOHOW CUCTEM NPU XPOHNYECKOM
CNCTEMHOM BOCHMANUTENbHOM NMPOLIECCE

B nawnor crarse npegcrapiemsr Pe3YIbTaThl HCCEAOBAHHA 3aKOHOMEDHOCTEF
QDYHKIHOHHPOBAHIA THIIOTA/IaMO-THIIOPHS-HAATIOTEIHHKOBOK H THDEOHJIHOL CHCTeM
1IpH CHCTEeMHOH KpacHoH Boxvawnke. H3yyaerca mamerenie ux QDYHKIHOHATBHO aK-
THBHOCTH I10CTIC IIPOBEACHHA KypPCa TEPAIHH CHHTETHYECKHMH creporgama. Ycera-
HOBJICHO, YTO PA3BHTHE ITATOJOTHYECKOIO IIPONECca MPHBOAHT K 3HA YHTEJIbHOMY Ha-
PYHICHHIO HOPMAJIBHOTO QYHKIHOHHPOBAHHA AAHHBIX TOPMOHATBHBIX CHCTEM, OJHA-
KO, renes STHX H3MEHeHHH A0 CHX II0D OCTA€TCI HEBBISCHEHHBIM.

Brenenue

CucremHasi kpacHast BoJlYaHKa (CKB) — ayroummyHHOe 3a60jeBaHue
COCAMHUTENLHON TKAHU U COCYJIOB, XapaKTepPU3YIOILeecst obpasoBaHHeM MHO-
KECTBA aHTUTEJ K COOCTBEHHBIM KJIETKAM M UX KOMIIOHEHTaM M pa3BuUTHEM
MMMYHOKOMII/IEKCHOTO CHCTEMHOTO BOCHIATEHUSA C MOBPEXIEHUEM MHOIMX
OpraHoB u cuctem [1].

HaunGonbuiee naroreneTiyeckoe 3Hauenme uMeror aHTUTEIa K HATUBHOM
AHK (1/IHK), koTopsle, coeunssacs ¢ HEI0, 06Pa3yI0T UMMYHHBIE KOMILIEK-
Cbl M aKTUBUDYIOT KOMILIEMEHT. OHU OTKIabIBAIOTCH Ha 6a3abHbIX MeMGpa-
HaX pas/IMYHBIX BHYTPEHHHUX OPraHOB M KOXKH, BBI3BIBAIOT UX BOCHAJICHUE U
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nospexaenue. ONHOBPEMEHHO ITOBBIIIAECTCS TH30COMATbHAS TIPOHHUILIAEMOCTb,
BBUIETAIOTCA MEAMATOPBI BOCNANEHUS, AKTHBUDYETCS KHHUHOBAS CHCTEMA.
KimHuyeckue nposienenus 3a6omeBaHns 3aBucaT or TOTO, Kakas CHCTeMa
NOpaXkeHa UIMMYHHBIMYM KOMILJIEKCAMH.

B Tepanuu panmoro saGosesanus NPUMEHSTIOTCS  [JIIOKOKOPTUKOUIBI,
Hokazanus K UX HAa3HAYEHHIO JOBOJIBHO IIMPOKH, OJJHAKO UX NPUMEHEHUE He
Beerza apdextuBro. KpoMme Toro, BeaeacTBHe mnTenbHOMN TEPaIuu IJI0KOo-
KOPTHKOMZaMU IIpU OCTPOM nporpeccupyiomem tedenn CKB BoaMosxeH Bac-
KYJINT KOPOHAPHBIX COCY/0B, MH(APKT MUOKapa.

Taxum 06pasom, NeEIbI0 HACTOSIIErO MCCTEOBAHUSA SBUIACD OILleHKa
COCTOSIHUS TMIIOKOKOPTUKOUMAHON (DYHKIIUY HAATIOYEYHWKOB M TUPEOUTHOM
GYHKIMH IIUTOBUIHOMN Kemesbl 0P CUCTEMHOM KPaCHOM BOJIYAHKE HA Ha-
HAJIBHBIX CTa/[MSX Pa3BUTUs BOCIANUTETbHON PEAKIMH U TIPH IIPOBeJIEHN
TIPOTUBOBOCTIATUTE/IbHOM Tepallii CHHTETHYECKUMH cTepouamu. JLis pea-
AU3alnK NETH HCCAeN0BaHHS ILIaHUPOBANOCh OLUEHUTh YPOBeHb 6a3a1bHO
CEKPEINH KOPTHU30JIa, THPOKCHHA, TUPOTPOIMHA Ha TIEPBOM 3Talle U €ro U3-
MEHEHIE KaK B XOJl€ PasBUTHUS BOCIATHTENbHOTO MPOLECCA, TAK U 110CTeE
MPOBEICHUA Kypca Tepamuy CUHTETHYECKMMH CTEPOMAAMM Ha nocjeAyio-
IIEeM ITalle.

Marepuans u Meronn uccaenopanms

O6beKTOM HcCIIe[oBaNYS SIBASTHCH GOIbHbIE CUCTEeMHOI KPacHOH BoJ-
YaHKoM, Habmonasmuecs B Pecry6aukanckom PEBMATOJIOTHYECKOM IIEHTpPe
9-i1 TopoACKoil KTuHUYecKol 6ombHMIE T. MuHCKA.,

Hunarnos CKB (M32 o MKB 10 TIePECMOTpa) JaHHBIM ITAI[UEHTAM ObLI
YCTaHOBJICH Ha OCHOBAaHMM KDUTEPUEB AMEPUKAHCKOH pPEBMATONOrHMYECKOH
accormauun (APA, 1982).

Ilepsas rpynna Brmovana 10 Gompupix CKB ¢ Hu3Koi CTEIIEHBIO aK-
TUBHOCTHU 3a00/ICBaHYs, He TIOTY4aBILNX CTEPOMJIHOM Tepanuw, BTopas — 9 mnaiu-
eHToB ¢ CKB, xoTopbIM 611 HazHavyeH Kypc nipeanusonona B gose 20-25 mr/cyr B
Teuenue 1 Mecaua. Konrposshas rpynma cocrosima uz 17 IIPAKTUYECKU 3]10-
POBBIX 106POBOJIBIIEB.

ChIBOpOTKa KPOBU TOTOBHJIACH Ha 6aze 9-ii TOPOJICKOH KIMHUYECKOH 60JIh-
HUUBI T. Muncka no o6menpunsTomy Merony. 3a60p KPOBU MPOM3BOAUIICS
U3 KYOUTAIBHOI BEHBI ¢ yTPa HATOINAK.

Cozepskanue ropMoHOB onpenesiiu PaZlMOMMMYHHBIM METOJOM B IIOJI-
HOM COOTBETCTBUHM C MHCTPYKUMAMU HO SKCILTYaTaIluK KOMMepuecKux Habo-
POB DEaKTHUBOB.

/L1t onpeniesIenyst ypoBHA KOPTH30/1a HCIIOb30BAH Habop oTeyecTBeH-
Horo mpoussoactBa PUA-KOPTU3OJI-CT, qis OTIpeiesIeHUs THPOKCUHA —
Habop PUA-T4-CT, nns onpenenenusa tuporponuna — TSH IRMA. Bce Ha-
6oper mpoussenensr YII “XOIT UBOX HAH B”.

CratucTuyeckuii aHaIM3 OTYYeHHbIX JAHHbIX HNPOBOJNIICS ITapaMETPH-
YECKUMU METOJaMHU.
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Pesyabrath u ux obcyxaenune
B pesymbrare nposenennoro mccienoBaHus 6buI0 YCTaHOBJIEHO, YTO CO-
A€pKaAHNE KOPTH30JIA, THPOKCHHA ¥ TUPOTPOIIMHA B CHIBOPOTKE KPOBH IIpaK-
THYECKHU 30POBBIX JO6POBOJIBLEB COCTABUIO 4464106 HMOJIb/1, 80119 HMO/IB/
a1 u 1,2+0,3 MME/n cooTBeTCTBEeHHO (taba. 1).
Tabnnna 1

Conepxanne xoptusona, THpOKCHHa, THPOTPOIMHA
B CRIBOPOTKE KPOBH ZOHOPOB KOHTPOJbHOH I'DYIIIHI

Knutineckas Hopma Wsmepennble snavenus,
(Mzto)
Koptusosn, nmouans/1 250 - 650 446+106
Tupokcun, HmMonb /11 60 -140 80+19
Tuporponun, MME/n 0,23 - 3,0 1,240,3

Hosy4yeHHbIe HAMU Pe3yIbTaTHL 110 CO/IEPKAHUIO KOPTU30Ja B KPOBH 370~
POBBIX JIIOZEH COTJIACYIOTCSI C Pe3yJIbTATAMHU TOAOGHDBIX paboT apyrux asTo-
pos. Tak, B paboTax [2, 3] HOpMaIbHBIM YPOBHEM IOPMOHa CYUTAETCSI COAEP-
’KaHpe ero B IIa3Me KPOBM B KOHUEHTPALMU HPUMEpHO 475 HMONb/n1. I1pu
9TOM y 3/10POBBIX JIIOZell GO/ee BHICOKUH YPOBeHb KOPTH307a BBISBIECH B
KPOBH My>4iH — 510 HMOMb/7I, B TO BpeMs Kak y XeHIWH — 435 HMO/b/ N
[3].

B Ho4HOe Bpems cyTOK 9TOT moKasarens cHmKaeTcs B 5-10 pas, Tak Kak
TOPMOH CHHTE3UPYETCs UMITYJIbCAMHU U €0 MAaKCHMATbHOE KOTIMYECTBO o6pa-
3yeTcs yTPOM.

Conepskanne THPOKCHHA U THPOTPONHHA B KOHTPOJIBHOH TPYIINE TaKke
COOTBETCTBYET OOIIENPUHATEIM KIMHIYECKUM HOpMaM.

VI3Mepenue ropMoHaIbHOTO (hoHa Tpex UCCIIelyeMbIX TPYIIL IAJIO CJE/y-
folye pesynbTaTsl (Tabm. 2).

Tabanna 2

Conepxanue KOpTH3OMa, THPOKCHHA 1 THDOTPONMHA
B CRIBOPOTKE KPOBU JOHOPOB TPEX MCCIIEAYEMBIX IPYIL

K Koptusou, Tupokcun, | Tuporponns,
womepesntti | HMO1/% | vons/n | wME/s
P (M+o) (Mzo) (M=o)

Conepxanne B chBO-
POTKE KpOBH [JOHOPOB 17 446+106 8019 1,2+0,4
KOHTPOJIBHOU I'PYIIbI

Conepxanne B  chBO-
POTKE KpOBU GOJBLHBIX

CKB, me nomyyaBmmx 10 577+200* 96+16 2+0,9*
TepalleBTUYECKUX 03

I'KC

Conepxanne B cuBoO-

poTKe KpoBH GombHbIX 9 1154547 70429 3,740,9**

CKB, npomemmux kypc
tepanuu 'KC

* — p <005 ** - p < 0.01
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Brio ycranoBieHo, uTo KoHueHTparms KOPTH30J7a B KPOBU OOJIbHBIX
CKB (mepBast rpynna) cocrasuaa 577+200 HMOs1b/ 71 (p<<0,04), TO ecTs, co-
ACpXKAaHNE TOPMOHA Y GOJNBHBIX HTOH IPYILIBI AOCTOBEPHO BBINIE, B TO XKe
BpeMst y Gomphbix CKB, mpomeamiix KypC CTEPOMAHOHN Tepanuu (BTopas
TPYIIa), KOHLUEHTPAMs KOPTH30Ja GbiIa HIbKe Ha 74% 1no cpaBHeHMIO ¢
KOHTpOJIeM 1 cocTaBua 115+54 umoms/n (p<0,01).

loBbienne ypoBHs 6a3ajibHoi CEKpELMH KOPTH30JIa y MAalUEeHTOB Tiep-
BOH IPYIIIBI MOKET GbITh CBA3AHO C TEM, YTO HA HAYATLHDIX cTaausx 3aboe-
BaHIsl B OTBCT Ha PAa3BUTHE CHCTEMHOMN BOCIAINTENbHON PEaKiiui IIPOUCXO-
ANT aKTHBALUA THIIOTAIAMO-TUIIO(PU3-HANAIOUCYHHKOBON CHCTEMbI.

[mokokopTHKONIHBIE TOPMOHDI, ABISISICH MY IbTUMOIJIbHBIME UMMYHO-
PETYJIATOPAMH, OKA3bIBAIOT HEIIOCPE/ICTBEHHOE BJMAHHE IIPAKTUYECKH HA BCE
CTallK pa3BUTHsI BOCHAHTEIBHOTO ITPOLIECCa, TIPOTUMEPAITHIO 1 andodepen-
[IUPOBKY MMMYHOKOMITETEHTHBIX KJIETOK, X CITIOCOGHOCTD K CUHTE3Y U CEeKpe-
[1H, MEHSIOT XapaKTep MEXKIETOYHBIX B3aNMOIeHCTBHIL

Taknm o6pasoM, cuHTes M3BBITOYHOTO KOIHMYECTBA KOPTHU30J1a TIPH CHC-
TEMHOH KPacHOH BOIYAHKE, 110 HAlIEMY MHEHMIO, SIBJISETCS KOMIIEHCATOPHO
PeaKuuel, CHIKaIoIel arpecCHBHOCTb POTEKAOIIETO CHCTEMHOrO BOCIIaJIH-
TEJIbHOTO IpoIecca.

B pa6otax [2, 3] oTmeyaercs TenaeHIms K CHIDXEHUIO CIIOCOOHOCTH KOPBI
HaAlOYEUHNKOB K CHHTE3Y IVIIOKOKOPTHKOMIHBIX TOPMOHOB T10 Mepe yBeJH-
YEHUA CPOKa Pa3BUTHS 3a00J€BaHNA. Ho-Buaumomy, ato obyciosieno neno-
CTaTOYHOCTBIO CTepouaobpasymomeii hyHKIun aZlpEHOKOPTUKOIIUTOB U He-
CIIOCOOHOCTBIO OPTaHM3MA CIIPABJIATHCS C BO3pacCTarIlei HarpysKoi.

B cryyae CKB chmxenne 6azanpHoi CeKPeLMH KOPTU30J1a, BEPOSTHO,
ABJIACTCS CJIEACTBHEM ayTOMMMYHHOTO BOCTIAJIEHUS, COTIPOBOX/IAIONIETOCS
BbHIPabOTKON ayTOAHTHTEN KaK K aIpEHOKOPTUKOLUTAM, TaK U K si/IePHBIM
CTPYKTYpaM KJIETOK, YTO CHUXKAET CHUHTE3 He TOJIBKO KOPTHKOCTEPOMIHBIX
TOPMOHOB, HO U 6€JIKOB, HEOOXOUMBIX JJIsT NOJIEPXKaHUA KIETOYHOH K3~
HenesirenibHocTH [1]. Kpome Toro, MMMyHHbIE KOMIITEKCHI I aHTUTeNa, aj-
COPGHMPYIONNECS Ha IOBEPXHOCTH INTOTIIa3MATHYECKOMH MeMOpaHbl, mpe-
IIATCTBYIOT HOPMA/IbHOMY B3aHMO/EHCTBHIO KOPTUKOTPOIIMHA ¢ pelenTopa-
MU, 9TO TaKXe B KOHEUHOM CYETEe ITPUBOAUT K CHHKEHUIO CO/IEpXaHHUs KOp-
TH30J1a B KPOBH.

B nacrosmiee Bpemst cymecrsyer THTIOTe3a, COTJIACHO KOTOPOI HeoocTa-
TOK TOPMOHOB KODbI Ha/lIOY€YHUKOB OOYCJIOBJIEH reHEeTHYECKH JNeTepMUHU-
POBaHHbIM flepuunTOM 21-THAPOKCHIA3BI — (bepmenta, obecneunsaroiero
o6pazoBaHie KOPTH30J1a U3 17-a-runpoxcunporecrepona.

M3BecTHO HECKOJIBKO TEOPUH peanusanuy AeHiCTBUS TTIOKOPTUKOU/IOB.
Krnaccnyeckast reopust npennonaraer IpOsIBJICHUE KJIE€TOYHOTO adekta ['K
BCIEACTBHE CLENM(PUIECKOTO B3aUMOAEHCTBHS C BHYTPUKJIETOYHBIMU peliel-
TOpaMH.

[moKokopTHKOMAHbIE penenTops OOHapY’KEHbI MPAKTHYECKH Ha BCEX
IJICTKAX He/0BEKa, HO UX IJIOTHOCTh B PA3JIMYHBIX KJIETKAX HEOAMHAKOBA 1
MOXeT pasnnyatbcsi Ha mopsjok. ['K He B3aHMOJIENICTBYIOT C PElENTOpaMu



MAT3OMATBIKA, ®I3IKA, BISNOrIS 85

IUTOILTASMATHIECKONH MeMOPaHBI, U, IBJSAACH BELECTBaM JHTIHIHON IIpUpo-
ABL, CBASLIBAIOTCS B LMTOIIA3MeE C KOMILTEKCOM — TJTIOKOKOPTHKOUTHBIH pe-
HENTop+6eI0K TeII0BOro MIOKa.

Ilocne cpaspiBaHus ropmona c PELENTOPOM NOCJENHUI aKTUBUPYeTCs,
TO CONIPOBOXK/AETCSA OTIIENJIEHHEM HEKOTOPHIX GeNKOB, B YaCTHOCTH cTpec-
COPHOTO 6€/IKa TEeIJIOBOTO IOKA C MOJIeKy IApHOI Maccoit 90 k/[a (Hsp90), u
M3MEHEHNEM TPETUYHOU CTPYKTYPHI PerenTopa.

Hsp90 obecneunBaer npasunbuyio c60pKy penenropa, CIOCOOCTBYS KOH-
opmanum, ONTUMANBHON 151 CBA3bIBaHUS ¢ K. 3atem komIutekc T'K+pe-
LICIITOp NIPOHMKAET Y€pe3 TOPSI B s1/lepHOit MeMGpate B AApo KieTky. B aape
KJIETKU PeLenTop obpasyer auMep u B3aMMO/IEHCTBYET C IVIIOKOKOPTUKOUI—
atdexropurM aementom (T 99) na [IHK, cuumas uHrubuposanue wim cru-
MyJnpyst skcnpeccuto yuactka JJHK. Ha ocBoGogusmemcs yyactke /THK
samceiBaercst MatpuyHas PHK, xoropas moasepraercs NIOCTTPAHCISII{HOH-
HOMY NIPONECCHHTY U NIOCTYNAeT B UUTOILIA3MY, I/le Ha pHOOCOMaX CO3/AI0TCA
HOBBIE benki. Takum o6pasom, TpOsAB/IEHUE KJIECTOYHOTO OTBETa HA MOCTYILIe-
HHE SK30ICHHBIX TITIOKOKOPTHKOU/IOB 3aBUCHT OT KOJIMYECTBA CTEPOUTHBIX
PCHEITOPOB B KJIETKE. AHTATOHHCTBI PELENTOPOB MOIYT HaTPSAMYIO HHIUOH-
poBathb B3aumoziericteue '99, 4To npeaynpex/aeT BO3HHKHOBEH e TepareB-
THyeckoro adexta. Hemoctatok HeoGxoanMbIx s TPAHCKDPUIIIUHN U TPaHC-
JAINK (HaKTOPOB TaKKe MPUBOIUT K CYUIECTBEHHOMY CHIDKEHUIO 3¢ (eKTHB-
Hoctu 'K,

BBenenue ¢ TepanesTuueckoii 11eJ1b10 CHHTETHYCCKIX CTEPOUIHBIX TIpe-
T1apaToB B COOTBETCTBUM C NIPUHUMIIOM PETyAATOPHOTO MeXaHH3Ma obpar-
HOMl CBA3H yTHETAeT CUHTEe3 SHA0reHHOro KOPTH30Jia HaAATIOYEYHUKAMHU, YTO
TIOATECPKAAIOT T0Jy4eHHble HAMU JaHHBIE U PaGOTHI Psizia aBTOpOB [2, 3, 4,
5]. Iockombky neTamm Mexanusma geiictsus TK 1I0CJIe CBA3BIBAHUSA C pe-
LETTOPOM HE M3BECTHB, a 3¢ PEKTOPBI IS TMIOKOKOPTHKOUHBIX Iperapa-
TOB MHOTOYMCJIEHHBI, TO, II0 HAMEMY MHEHWIO, ITUPOKOE HMCIIOJIb30BAHME
TIpeliapaToB 3TOH (apMakoJOrHYeCcKOil IPyTIbL 1Py Tepaluu CUCTEMHOM
KPacCHOM BOTYAHKM He BCEI/Ia OTIPAB/AHBI. [ToaTBepsk/AEHUEM 3TOTO SBIS-
CTCA TO, 4TO KpOMe TPaHCKPUNTOPHOro I'K, cIoCOGHBI BHI3BIBATL H IHe-
TPaHCKPUNITOPHBIE 3 EKTHI, BO3eHCTBYS Ha CUCTeMY BTOPUYHBIX HOCpe]-
HUKOB, JIOKATH30BaHHbIX B UTOMIa3Me. Tak, Hanpumep, YCTaHOBJIEHO, UTO
I'K, BiusAsa na paboTy MOHHBIX KAaHATOB, MEHSIOT GYHKIMIO penentopos
MeMb6pansl [6).

Vsmepenue conepxaHus B kpoBu 6ombubix CKB THpeonanbix TFOPMOHOB
IT03BOJINJIO yCTAHOBUTD CJIEYIONYIO 32aKOHOMEPHOCTb.

Y GOJBHBIX ¢ HU3KOH CTENEHbIO AKTUBHOCTH 3a060JIEBAHMS UMEETCSI TeH-
AICHIHA K yBEIIMIEHUIO CONIEPXKaHUs B CHIBOPOTKE KPOBH THPOKCHHA (96x16
HMOJIb/JI IIPU U3MePeHHOH HopMe 80+19 HMOJIb/J1), TAKKe JOCTOBEPHO BBIIIIE
B CPaBHCHMM C KOHTPOJIEM KOHHEHTPALMsl THPEOTPOIIHOTO ropmoHa (2%0,9
MME/x). Ilocie nposenenus creponanoti Tepalnuu coJiepkaHue THPOKCHHA B
CBIBOPOTKE KpoBHU GombHbIXx CKB cocraBuio 70+29 HMOJIb/J1, OTHAKO, U3Me-
HCHIE NAHHOTO 1OKa3aTe/s He/b3s CUMTaTh JOCTOBEPHBIM. B To e BpeMst
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YPOBEHb THPOTDOIIMHA GBI JOCTOBEPHO BBINIE COOTBETCTBYIONIETrO I0Ka3aTe-
714 B KOHTPOJIBHOM TpyIiie U cocTaBun 3,7+0,9 MME/n (Tabun. 2).

Yeunenve QyHKIUNN TUPEOHIHON CHCTEMBI HA HAYANBHDIX sTanax pas3Bu-
THS 3a00/IeBaHNS, BO3MOXHO, 0ODBsACHSIETCS AKTHBallMed HeclenupuIecKux
afalTallHOHHBIX ITIPOLECCOB OpranusMa. V3BecTHO, 4To st TIO/IIep>KaH U
AKTMBHOCTH KODBI HA/IMMOYEYHUKOB HEOOXOAUM BBICOKHUIL YPOBEHb KOHIIEHTpa-
I TUDCOUAHBIX TOPMOHOB. TOJIBKO B TAKOM CITy4ae B3aUMOJeHCTBIE 06enx
TUIOTAIaMO-TUNIO(U3APHBIX FOPMOHANBHBIX CHUCTEM O6ecCIednBaeT alleKBart-
HYI0 PETyJISAINI0 06MEHA BEWECTB, MOBBIMACT CHHTE3 MHOIHX HEeOOXOIMMBIX
UL NAHHBIX (DU3HONIOTMYECKUX TIPOIIECCOB (bepMeHTOB.

IIpu nanbreliurem guHaMuyeckoM HaGmoReHIH IIOKa3aHO, 4YTO aKTUBHOCTH
CHHTE3a TUPOKCHHA TUPOLIUTAMU C YBeINIEHHEM IIEPHO/A TeYeHNS 3260, TeBa-
HUst CHIKaeTcst [5]. BosmoxkHO, 3T0 HampaBiieHo Ha MemieHHOE yTHETeHue
TJIOKOKOPTHKOUAHOM aKTHBHOCTH aJPEeHOKOPTHKOLHTOB C IENbO CTAGHTH3a-
MU UIMMYHOKOMIIJIEKCHOTO BOCITAJIEHHUS.

[IOKOKOPTHKON/IHBIE TIpeNapaThl CHUXKAIOT BBIPAOOTKY MIMTOBUIHOM
’KeJIE30{ THPEOUIHBIX TOPMOHOB, 4 YMeHbIIEHHE UX KOHLIEHTPALlMH B KPOBHU
CTUMYJINDYeT aKTUBAIUIO THIIO(U3APHOTO 3BEHA THPEOUTHON CHCTEMDI U KOM-
TICHCATOPHOE yBe/MYeHHe CUHTe3a THPOTpoNUHa (Tabur. 2).

CHIKeHHe NPOAYKIMH THPOKCHHA B JAHHOM CIyvae SBJISIETCS CBOEro
PO/a 3aMMTHOM peaKuueil opranusMa, Bepaxaromesicss B GoJee 9KOHOMHOM
pacxo/ie SHepPruu.

Takoe nonasenue cexperopuoii GYHKINM MUTOBUHOIM JKee3bl HMeeT
MIPUCTIOCOONTENbHOE 3HAYEHUe, TAK KAK HHTEHCHBHAS I IIPOJIOJDKUTE/IbHAS
aKTUBHOCTb OOMEHHBIX IIPOIIECCOB IIPU TMOBBINIEHHOM BBIPaBOTKE FOPMOHOB
IUTOBUTHOM KeJIe3bl IpUBea Obl K PaHHEMY HMCTOMIEHUIO YHEPreTUYECKHX
PECYPCOB B TIOPaXXCHHOM NATOJIOTHYECKUM IPOIECCOM OPTaHU3Me.

Kpowme Toro, cunres tupeongnpix ropmonos npu CKB mosxer 6biTh Hapy-
IIEH B pe3y/IbTaTe ayTOUMMYHHOTO HOPAXEHUS UINTOBUIHOMN XKeJIE3Hl, B pe-
3YJIbTaTe 4€ro, BO-NEePBBIX, THPOIUTHI TEPSIIOT CIIOCOBHOCTD K CUHTE3y U CeK-
PELIM TOPMOHOB; BO-BTOPBIX, HAPYIIAETCS HOPMAIBHOE B3aUMOIEHCTBIE TH-
POTPONIMHA, COLEpkaHHe KOTOPOTO B KPOBH JIOHOPOB OGEHX UCCIIETyeMBIX
TPYHIL NIOBLINIEHO, C COOTBETCTBYIONINMH PELIENTOPAMH.

ITo umerontumes B HacTosmEee BPCMSL JIMTEPATYPHBIM CBEACHHSIM, IIPUYH-
Ha yTHeTeHHust QyHKUUK JKesle3 P CUCTEMHOIR KPAaCHOM BOJIYAHKE OCTAeTCS
He BBIACHEHHOI].

B pa6ore [2] na ¢pone TIapEHTEPAILHOTO BBEIEHUS 9K30TEHHOTO KOp-
TUKOTPONIMHA yNANOCh NOCTHYD TEPaleBTHYECKOTO s¢pdexra. IToBhiren-
HBIA yPOBEHb aHTHUTEN, BO3MOXKHO, yrHeraeT ¢pyHkuuro cucremsl I'TH. Tak,
HAlpUMED, U3BECTHO, YTO ITIOKOKOPTUKOUIBI BIUSAIOT Ha XEMOTAKCHC up-
KyUPYIONHNX JIEHKONUTOB M UHTHOHPYIOT MHOTHE HX ¢dynkuun. Ioxas-
/A4 UIMMYHHYI0O aKTUBAIMIO 3THX KJIETOK, OHU MHTUOUPYIOT NMPOXYKIHIO
HUTOKMHOB M JPYTMX MEAMATOPOB BOCIIAJIEHUS U BBI3BIBAIOT Pe3UCTEeHT-
HOCTb K IIUTOKUHAM.
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[II0KOKOPTHKOMABI CIIOCOGHBI CENEKTUBHO BIMATH Ha HEKOTOPBIE 1I0]]-
rpynnsl T-1uMQpONITOB, B YaCTHOCTH, T101aBIISIS bynkuuio T-xennepos 1 tumna
1 CTUMYJTUPY4 aIlONTO3 S303UHOMUNOB U HEKOTOPBIX APYIUX rpynn T-mamdo-
uutos. ITokasano, 4T0 OHU UHTHGHUPYIOT SKCIIPECCUIO MOJIEKYJT aiTE3UN U UX
PCLCITOPOB M 3allyCKAIOT PEAKLMIO OCTPOH hasbl, MPOLYKTHI IIEPEKUCHOTO
OKHCJICHUA JIMIIMJIOB, BbIE/NSEMble aKTHBUPOBAHHBIMU HelTpodunamu, He
TOJIBKO BBICTYNAIOT B KaY€CTBE areHTOB OaKTePULHAHOCTH, HO MOTYT WUTPaTh
POJIb “IIEPBUYHBIX MeIMaTOPOB” CTPeCC-peakuu, aKTUBUPYIOLUINX BhICICHHIE
CTPECC-PEANUIYIOUMX TOPMOHOB [6].

PacTBOpuMEBIE MeMAaTOPH! CLIOCOGHDI CHIKATS YYBCTBUTEJLHOCTD K CTPeC-
COpHBIM ropmonaM. Tak, IL-1 pesko yrueraer YyBCTBUTENbHOCTD T-mumdpo-
IUTOB K MHTUOMDYIOUIEMY AEICTBUIO JeKCAMETA30HA. ITono6Hoe BaMsHUE
okaspiBaioT 1L-2 u IL-4. [Ipu anutensHoM KOHTaKTe ¢ JUMPOLUTAMH inl Vitro
A2HHBIC IUTOKMHBI CHUKAIOT abdUHHOCTD PELeNTOPOB K LJIIOKOKOPTUKOH -
AaM " yMEHbIIAIOT PEAKTUBHOCTD KJIETOK K 9TUM TOPMOHAM.

[Tokasano, uto daxtop TopmoKeHus MHUIpallui Makpodaros (cekperu-
PyeMmbiii Kak MakpodaraMu, Tak u T-ruetkamu) BoccTanaBinBaeT mojaBIeH-
HYIO IIOKOKOPTUKOMAAMHU npoaykunio TNFa, IL-1, IL-6 u IL.-8 MOHOLIUTA-
mu. DakTop TOpMOXKeHUS MUTPALNH TaKxXe OTMEHseT MOJaBJAIoee eH-
CTBHE ITIOKOPTHKOMIOB B OTHONIEHUH Ipoaubepariu T-nmumbouuros.

BrisicHenne MexaHU3MOB BBISIBICHHBIX HapyueHu# GyHKIIMOHNPOBAHUS
THIIOTalaMO-TUIIO(U3-HAAIOYEYHUKOBON CHCTEMbL OyleT ABAATLCH HpeamMe-
TOM OyAYWINX HCCJIef0BaHUIL. ILnanupyercst uayunts takxke n POJIb B 3THX
TIpone€ccax MMMYHOKOMIIETEHTHBIX KJETOK, NPOIYKTOM KOTOPBIX SIBJSIOTCA
MHOTOYHCTICHHbIE IIHTOKUHBI, 061a/1al01I1e HPOKUM CIIEKTPOM 6HOJI0THYeC-
KuX 3 deKToB.

3akarouyeHne

Takum o6pasom, Ha OCHOBaHUU MOJMYYEHHBIX HaMH JAaHHBIX MOKHO
LIPENIIOIOXUTD, YTO Pa3BHTHE BOCHATUTEIbHOMN DEeakMu Ha Ha4yaJabHBIX
CTaIUSAX CUCTEMHOM KDAacHOW BOSYAHKHM BBI3BIBAET YBeJINYEeHUe CHHTE3a
TOPMOHOB K/JIETKaMH{ IyYKOBOTO COSI KOPbI Ha/[MOYEYHUKOB, NIUTOBUMHOM
HKEJIe3bl M TUPEOTPOGhaMU THHOTANaMyca, B JaibHeliiem Habuaonaercs
CHUXEHHE QYHKIMOHAIbHON aKTUBHOCTHU aIPEHOKOPTUKOIIMUTOB U THUPEO-
LIUTOB.

Hasnavenne creponnmbix IIPENApaTOB NIPU CUCTEMHON KPacHOIl BOJIYAH-
K€ NPUBOZMT K YTHETEHHIO 06Pa3soBaHMsA KOPTH30JIA M TUPOKCHHA, OJHAKO
AKTHBUPYET CEKPEI[HIO THPEOTPOITHOTO FOPMOHA runodusa.
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ANOH

(JocTynHo u MCKpeHHE 0 Hayke)

Or penakiun

MBbI OTKpBIBaEM HOBYIO pyGpUKY, ¢ Lebio IIPUBJIEYDb TAJTAHTIUBYIO MOJIO-
ACKD K HayuHBIM MCCIE0BaHUAM. KpoMe Toro, Mbl npuriamaem x pasrosopy
O HayKE BCCX HEPaBHONYNIHBIX K Heli Jfonell. 3aMeTku MoryT COJlepKaTh pas-
HOOOpasHbIe (HaKTBI U COBBITHS, UMEIOLIITE OTHOMICHIIE K COBPEMEHHOMY ecC-
TECTBO3HAHUIO, & TaKxKe NPeNJIOKEeHUs 10 eT0 Pa3BHTHIO.

Py6puky oTkpriBaeT 3ameTka npogeccopa C.B. XKectkosa 06 YAUBUTED-
HOM ¥ 3aXBaThIBAIOIIEH 06aCTH MaTeMaTHIECKO (bu3UKU — TEOpUU COTUTO-
HOB.

C.B. )KECTKOB

CONMUTOH KAK CBA3VIOLUWIA 3NEMEHT
MEXAY ®U3NKOA N MATEMATUKON

ConuTon — ynuBuTeNBHAS BOJTHA, CO3MAHHAS IPUPOIOH, B MIOHATHH KO-
TOPOW CKOHLIEHTPUPOBAHBI JOCTHKEHUS COBPEMEHHOI (DU3UKU U MaTeMaTu-
k. B pesynrrare 6p11a cosgana Hopas o6iacTs HayK{ — TEOPHUS COJUTOHOB.

Ilepsoe nabntoneHue sToM BOJHDBI 6b1T0 crnesnano B 1834 r. motnangckum
yueneiM Ck. Paccesiom. BoT kak oH omuchiBaer 310 sBrenne: “S1 Habmoman 3a
ABHKEHHEM 6ap:Ku..., KOTA BHE3AIIHO 6apa OCTAHOBUJIACh — BCSA Macca BOJIbI
B KaHajle NpHUILTA B ABUKEHIE; BOfla coGpaach y Hoca KOpabisd B COCTOSIHUM
6ypHOTO BOMTHEHMSI, 3aTeM BIpYr OTOpBa/iaCh OT HETO W MOKATHJIACh BIIEpe] C
6OMIBINO} CKOPOCTBIO, IPHHSB BUJ GOJIBIIONO YEAMHEHHOTO BO3BBILIEHUS; OK-
PYTJIBIH, TIIAJIKUIE YeTKO BBIPAKEHHbII XOIM BOJbL NIPOJIOJIXKAJI CBOE JBU)KEeHUE
10 KaHany 6e3 BUAMMOTO M3MeHeHus ¢opmbI uTH yMeHbIIeHUS cKopocT,

Mexny nepBbIM HabIONEHHEM COMUTOHA U TEOPETUYECKUM MCCJIEL0BA-
HUEM 9TOr0 ABJIEHUS npouiao 6osee 60 ner. Jiumb B 1895 . [lBoe ronnanz-
CKuX yueHbIX Kopreser u ne @pus nomyuunu ceoe 3HaMeHHTOE TeIepb ypas-
nenne K/1® pacnpocrpanenns Boin B omroM HaIIPaBJIE€HUHU 110 TIOBEPXHOCTU
MEJIKOTO KaHasla, KOTOPOE COMIEPKUT COMUTOH B KAauyecTBE CBOEro peleHus..
Tem cambiM 6bI710 BIIEpBBIE TOIYYEHO MATEMATHYECKOE BBIDAXKEHUE TS 5TON
BOJIHBI B BUIE KOMIIO3UIIUHU 3JI€MEHTAPHBIX (DYHKIHIA,

3arem Tapauep, I'pus, Kpyckan u Muypa cosganu HoBbIi obmmuit Meroy
TTOCTPOCHHUS COJIMTOHHBIX PEITeHH, KOTOPBII OMYYH/T Ha3BaHHe METOLa OG-
paTHOI 3aKauu paccestHus. OTKPHITHE 3TOTO METOAA ABISETCS YHUKQIbHBIM
AOCTHIKEHUEM €JI0BEYECKON MbIcu. BriepBbie GbL1 paspaboTan o6mmii Mate-
MaTHYECKHH METOJ[ PEMICHUS CIOXHBIX HeTHHEHHBIX YPaBHEHUU B YaCTHBIX
IIPOU3BOMIHBIX, UMEIOIINX (PYHIAMEHTAIbHOE 3HAYeHUE B TEOPETUYECKOi (u-
3uKe. B Teuenune 6yKBaIbHO OHOTO AECATUNETHS STOT METOJ] TpyJamMu 3axa-
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posa, IIlabara, Jlakca, Ab6joBuIIa, Kaymna, Hrroa:a, Curypa, @agzeeBa u Ipy-
TUX yYeHBIX ObLT HOAHST Ha HeGBIBALYIO BBICOTY, CPaBHUMYIO C BBICOYAiimeti
BEPIIMHOM Mupa — IBepectoM. OIHUM U3 BaXHEHIINX CBOHCTB COJIUTOHOB
ABJIACTCA TO, YTO UX B3aNMOJIEHCTBHe (Harpumep, CTOJIKHOBEHHE) HE H3Me-
HAET MX (pOpPMBL. ENNHCTBEHHBIM (haKTOM MX B3aHMOLeHCTBIS SIBJISIETCS CIIBUT
a3, KOTOpLIi 3aBUCUT OT SHEpPreTHYECKUX 11aDaMEeTPOB COJUTOHA (T.€. aMIi-
JUTYABL 1 CKOPOCTH conmTona). [lopasutenbHo 10, uTo (hOpMyJIBL, OMHCHIBA-
IOIME COUTOHBI VIST KJIACCHYECKUX yPaBHEHNI COBPEMEHHOI ¢dusuky, goc-
TaTOYHO IIPOCTBI M JIOCTYHHbI CTyNIEHTaM CTapInX KypCOB.

Eie oaHo 3aMeyaTenbHOe CBOHCTBO COMHTOHOB — 5T0 X MHOTOJUKOCTb.
3a nocieaHue TOABI OTKPBITH U U3y4YeHbl MHOTHE yeJUHEeHHbIE BOJHBI, TI0-
NOGHBIE COMMTOHAM Ha IIOBEPXHOCTU BOJBL, HO CYIECTBYIOIIME COBCEM B MHBIX
YCIOBUSAX.

Ceifyac u3yyamoT cOTUTOHBI B KpUCTa/llaXx, B MarHUTHBIX MaTepHasax,
CBEPXTIPOBOAHMKAX, B JKHBbIX OPraHU3Max, B aTMochepe 3emau u APYTrux
ILIaHET, B ranakTvkax. Ilo-Buammomy, conuTombl urpain BKHYIO DOJIb B
npouecce spomouny BeenenHoit. DiieMeHTapHbIe YaCTHUIIB TOXKE MOXKHO pac-
CMaTpuBaTh Kak comutonbl. CoBpemMeHHbIE TeOpUH 37IEMEHTapHBIX YaCTHUI]
TIPE/CKA3LIBAIOT COTMTOHBI, HECYIMe MarHUTHBIH 3apsial Yike HaumHaeTcs
TIPUMEHEHHE COMUTOHOB JJIsL XpaHEHUA U Tepeniayn uadopManuu. Vcnoapso-
BaHKe yHUKANbHBIX CBOUCTB COMUTOHA MOXET IIPUBECTH K PEBOIOUNOHHBIM
VU3MEHEHUsIM B TeXHUKe CBS3U.

Takum 06pazoM, NOHATHE COMUTOHA CBSI3BIBAET BOE/IMHO (DU3UKY U MaTe-
MaTHKy, YTO IIO3BOJIAET PaCKPHITh HOBbIE TANHBI IPHPODL.

B monorpaduu [1] passur npsimoit metox IIOCTPOEHUSI COJMUTOHHBIX pe-
IEeHUH Pa3NIMYHbIX YPaBHEHUH HeJIMHeHON (bu3MKH, OCHOBaHHBIH Ha POG-
HO-PallMOHaIbHON (DOPMe KJIACCHYECKHX COMMTOHOB. OH NOCTYIIeH CTYeH-
TaM CTaplnx KypcoB M acnupantaM. YToGbl IONYYHTDH IIOHBIE H OKOHYA-
TEJILHDBIE PE3YIbTATHI IO TEOPUH COMUTOHOB NPOBHO-PALNOHATBHOMH dhopmbI 1
TIPUAATh el KAHOHMYECKUH BHJ, aBTOp Ipejiaraer 3anporpaMMUpoOBaTh €ro
TIPAMOT METOJ C TOMONIBIO TPOTPAMM CHMBOIBHBIX BbIUNCICH I Ha KOMIIbIO-
Tepax. ITO MO3BOJIUT IIOJAYYUTD 3aKOHbI PaclpOCTPaHEeHHUs COJUTOHOB, KOTO-
Pbl€ IPEACTABAAIT GOBIION HAYYHBIH VHTepec. Bbl Takxke MOXKeTe NPUHATD
y4JacTue B 9TOM Iporpamme.

lepsaiite, 1pyspsl

1. XKecrkos, C.B. Konerpykrusubie Metonnt TIOCTPOEHHs IN0OAIbHBIX pellieHuit
HEJINHEWHBIX YDPABHEHUI B YACTHBIX MPOM3BOAHBIX : MOHOTPadus / C.B. XKec-
TKOB. — Morunes : YO “MTIY um. AA. Kynemosa”. — 2006.



3BECTKI NMPA AYTAPAY

POrA/NEy
A3mMimpeii Ynadsimipasiy

BOHOAPAY
AnskcaHop Mikanaeeiy

TAJIBMAK
AnsikcaHdp Mixaiinaeiy

IBAHOY
Banepelii Feopziesiy

BAJIACEBIY
AnsikcaHOpa
Ynadsimipayna

KAPINEHKA
Banepbiii Anskcandpaeiy

AYCIOK
Anena Mixaiinayna

HOBIKABA
Hamanns Bikmapayra

LIXAHYYK
lanina Mikanaeyna

MAKCHOTA
Hamanns Anezayna

XACTKOY
Cspeeli Bacinbesiy

— acnipaHT IHCTbITyTa TaxHanorii metanay HAHB

— acnipaHT IHcTbITyTa TaxHanorii metanay HAHB

— KaHAbIAaT Qisika-MaTamaTbluHbIX HaByK, 4aLBHT Ka-
tbeapeb! BbILAALIANK MaTIMaTbIKI Marinéyckara aaspxay-
Hara yHiBepciTaTta xap4yaBaHHs

~ KaHgblaaTt gisika-MaTamaTbIuHbIX HaByK, OAU3HT Ka-
eapb anrebpbl | reameTpbli MY imst A.A. Kynswosa

— AoKTap gisika-MaTaMaTbI4HbIX HaByk, npadgecap MOQY
iMst A A. Kynsiuoea

— AOKTap isika-maramaTblYHbIX HaByk, npadecap Y
BIA “Benapycka-Paciitcki yHiBepciTaT”
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SUMMARIES

Bondarev AN. ANALYSIS OF THE MULTIPOINT BOUNDARY
VALUE PROBLEM FOR THE LYAPUNOV MATRIX EQUATION
BASED ON THE CONSTRUCTIVE REGULARIZATION METHOD.

Constructive sufficient conditions of univalent resolvability of the
multipoint boundary value problem for the Lyapunov matrix differential
equation are obtained. The iterative solution construction algorithm of a
classical type is presented.

Gal'mak A.M. MATRIX VECTOR
The matrix vector are defined and studied in this paper.

Ivanov V.G. DYAD IN THE 'V, SPACE.

Geometry of an orthonormal pair of vector fields (dyad) is drawn in the
pseudo-Riemannian space with the aid of the method of G.F. Laptev. The
fundamental object of the first-order dyad is developed and geometrically
interpreted. Important particular classes of dyads are examined. They are
normal, geodesic, solenoidal, and potential ones. Curves invariantly related to
the dyad are geometrically circumscribed. The total system of invariants of
the first differential neighborhood of the dyad is made.

Karpenko V.A. TO THE PROBLEM OF POSSIBLE CORRELATION
OF PHYSICAL LAWS AND UNIVERSE EXPANSION.

A simple formulation of physical laws in the expanding Universe is found.
As an example, the nonrelativistic mechanics equations are considered. It is
shown that the energy and moment of momentum of the system of
gravitationally interacting particles are not conserved. This fact explains the
origin of galaxy moment of momentum and makes it possible to reject the
Universe hidden mass concept.

Ovsiyuk E.M. TRANSITIVITY IN THE THREE DIMENSIONAL
ROTATION GROUP THEORY AND THE STOKES-MUELLER
FORMALISM IN POLARIZATION OPTICS.

The group-theoretical analysis of arbitrary polarization devices described
by 3-D orthogonal Mueller matrices is performed. It is shown that the
polarization experiment with a Stokes trivector results in fixing the Mueller
matrix of the device up to a single free parameter. The formulas, which make
it possible to calculate unequivocally Mueller matrices of any optical element
using the results of its effect on two different Stokes trivectors, are derived.

Novikova N.V.,, Tihonchuk G.N. INFLUENCE OF RECREATIONAL
LOAD ON A STATE OF THE SOIL-ANIMAL COMPLEX OF PINE
PHYTOCENOSISES.
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Insects are an important part of biota in forest ecosystems. They decompose
plant remnants and return chemical elements in the biosphere. The enzymatic
activity of biota (Carabus nortensis L., Carabus nemoralis Mull., Geotrupes
strecorasus Scr.) of recreational forests has been studied.

Maksiuta N.O. HYPOTALAMIC-PITUITARY-ADRENAL AND
THYROID SYSTEMS FUNCTIONING UNDER CHRONIC SYSTEMIC
INFLAMMATION.

This paper presents results of researches of hypothalamic-pituitary-adrenal
and thyroid systems functioning mechanisms in case of systemic lupus
erythematosus. Changes in the system functional activity after performing
synthetic steroid therapy are studied. The pathological process development
has been found to result in significant disorders in functioning of these endocrine
systems of unknown genesis.

Rogolev D.V. ANALYSIS OF THE PERIODIC BOUNDARY VALUE
PROBLEM FOR THE SYSTEM OF MATRIX RICATTI-TYPE
EQUATIONS.

Constructive sufficient conditions of univalent resolvability of the periodic
boundary value problem for the system of matrix Riccati differential equations
are obtained.

Volosevich A.V. ELECTROMAGNETIC VORTEX STRUCTURES IN
THE SPACE PLASMA.

The formation of electrostatic vortex structures in the magnetospheric
plasma is investigated. The two-component plasma consisting of cold electrons
(ions) and nonisothermic hot ions (electrons) is considered. The motion of
cold charged particles is computed in a drift approximation. Vortex structures
moving at an almost right angle to the magnetic field direction are shown to
be formed in the plasma of that kind. Possible quasi-stationary solutions for
the magnetospheric plasma are studied on the basis of an analysis of coefficients
of equations describing evolution of vortex structures. Spatial scales and
speeds of localized structures are estimated. Results of numerical models can
be used for analyzing results of space experiments in the Earth magnetosphere.
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