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BBEIEHNE

B OCHORE KIacCHuYeCKo#i Teopuu TEpMOYNPYyrOCTH JEexaT:
I) NudbepeHUUaIbHHE COOTHOWGHUS MEKAY KCQMIOHEHTAMU CMEWEHWT ¥
HanpaxeHuA (OCHOBHHE ypaBHEHUA) , MOXYUSHHHE C NMOMONBD OCHOBHHX

3aKOHOB MEXaHWKH B MPE/MOJOREHUAX KIaccuyeCKod Teopuyu YmpyrocT#
aTij o v
+p i =Pz .

o %) 3 T L =I,2,3. (0,1
rae "C;j— KOMIOHEHT TeHsOpa HampaAxeHus, W= (Uy, Uy, Uz ) -
BEKTOp CMEueHud, F= (;fi) gf‘-';, g)_i,)- MaccoBad cura, P - IIOTHOCTB
cpe i, 1 - Bpems;

) ypaBHEHWe TEMIONPOBOAHOCTH, MONYUYEHHOE B IPEZI TOKEHUM

MaJIOCTH OTKJOHEHUA TeMIepaTypH 1’9=T- To M CKOpOCTH €T0

L1 .8 ek s
% %eww‘x@,_o, (0.2)

rne Q -~ WHTEHCUBHOCTH 'IIEEHJIOBOI'O ﬂc'rowmca,% - KO3(uUUEeHT

TeMOepaTyponpOBOAHOCTH, q:‘%ﬁ)ﬂ:@ddp&,ﬂ—' Ko3(PUIMEe ™ JWHE fi~

HOTO TEeMIOBOr0 pacimpenusi, K - KO3(PuIlME HT TEMIONDPOBOAHOCTH.
1) saxom Nomexs-Heiimana - ycrTaHamIUBAoNMi JUHE AHYD 3aBUCH-

M3MEeHeHUA

MOCTH MEEZLy KoMmmonenTamu nedopmanuy, TeMIepaTypoil ¥ KOMIOHEHTa-
MA Hanpﬂmeﬂnﬂ '
()\Z -1)9)+2 e (0.3)
)’
rIe A, ]“l - nocwonﬂnue Jlame (paccmampmae'rcﬂ U30TPONHAA ONHO-

pozHas cperna)

‘d(w’t) E(aug:(:i't) @u,az(;f’t) —  KQMNOHeHTH ZedopMalui,
3% - cmuBox Kpouekepa.

JlsyueHuD 3a7ad KIaccHuecKoll TeOopuK TEpMOYMpYTOCTH NOCHBALEHH
MHOPOUMCJICHHHe pagoTH: KaxHuauBWIHN (1),(2) ,Komamenxo (I).Kympamse,

Bypuyaanse (I),(2).Kynpaase,lerexaua ‘BameJe MmBWIK ,BypuyIanse
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(1),(2).nedezes (I), Mausenr I, Chadwick 1 , Dafermos 1 ,
Hetnarski 1 , Ignazak, Nowacki 1 , Jemtsch 1 . Melan ,
Parkus 1 , Nowacki 1 ¥ 7D.

B ocHOBe TeOpuMM, M3ITOKEHHOH B AuMccepTaluOHHO# padore, KOTO-
pPyD KOpOoTKO OyAeM HasHBAThH TEPMOMOMEHTHO! Teopueil ympyrocru,
JeRar:

1) nwuddepeHIMATbHHE COOTHOWMEHWUT MEXKAY KOMIOHEHTaMH CMeue-
HUA, BHYTPEHHET O BpalleHusd, CUIOBOr'C ¥ MOMEHTHOT'O HaNPAKEHUA,
MOAYYEHHOE C [OMOWBI OCHOBHHX B3aKOHOB MEXaHWK{ B ITDEANONOKEHUAX

uomeﬁfrﬂon T€ OpNU ynpyroc'm
Z 9Ti¢ ? F_ = p a Ui
09X 3t

.{
QHH Y Fw;
2 4 ) & Tix et ; (0.4)
Z ; LK So L P
rae w = (w,w, wh)- BEKTOp BpalieHuA, U - MOMEHT HHEpUHHU,

vy K - cumBoJ JleBu-UnBHUTA “3 (ﬁ,ﬁ,ﬂ)—l&accwuh MOME HT .
F= C?'g’ 5’) - M8CCOBaf cuIa.

3
(») (n) P .
(scr}.) Z ',}1 @,n;, T, )= l'.z:i Lﬁ(m’{)nt

KOMIOHEHTH MOMEHTHOI'O M CHIOBOI'O HalpPAXKEHHA, COOTBETCTBEHHO!

) ypasHenne TemromposomHocrs (0.2).

) ofodmeHmuii 3axon Nimexs-Heimana, ycTaHaRINBEOILHHA
IuHEiHOe COOTHOWEHME MEexLy KommoHeHTamu JedopMaumu, KpyueHuA
U3ru6a, TeMIepaTypH M KOMIOHEHTaMy CWIOBOT'O U MOME HTHOO

HanpsAKe HUA :
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T‘-:j (ax,t) = g‘{j(l Z‘ u KK (x,t) =y Q(m"t)) +(‘1-ol)ud‘ (x!t) +( “""Ol) uU (ﬁnyt);

3
HCJ (,‘I.‘l;)=§u P ;wm( (oc51) + (3 +€) w‘:\ (o, t)+ (5"8)"?{("&(0. 5)
rae \ , F. . A ? v Yo € , V - yOpyr'ue MNOCTOfHHHE
oo Luy QU 2
Uji = &+ 7 (53t - Cr 3 KZ; Exjiwr
W

P
Wit T g
TakuM 00pasoM, B TEPMOMOMEHTHOH TEOpUM YHNPYTOCTH YYTEHH

KaKk TeMmepaTypHHE Tak ¥ MOMEHTHHE HalpsXeHusd.

Teopus ynpyrocT, B KOTOpO# HapAZy C CWIOBHMY HANPAME HUAMY
yYMTHBANTCA TAK¥S MOMEHTHHE HANDAKEHUA, HO HE yYTEHH TeMnepaTypHue
UsMeHe HMs, HOCHT HasBamue MomeHTHO! Teopum ynpyrocru. (cm. Kympazn-
se, Teremua, Bawexenusuru, Bypuyaazse (2), Koiter (I) ).ory
Te OpMK HASHBAWT TAKKe T€Opueil Koccepax{ TeOpueil yNpyrocryu MUKpO=—
nonspEx cpen ( cM. Nowacki  (I), KyuuH (Ij, HE cUMME TpMYHOH Teo-
pueft ympyrocru (cM. Aapo, Kysmumckuii (I, MaxhmoB (I), Nowacki (ID)
¥ np. O60CHOBAHUD MOMEHTHO# TE€OpWUYM yNPYTr'OCTH IOCBANEHH MHOT'OHUCIEH=
nwe paGorh: AsposKysmumcxuii (ID,Kysuu (ID,Jomaxmu (I),Mlaxsmon (1),
Casuu (I),Grioli 1 , Koiter 1 , Mindlin 1 , Mindlin Tier-
szen 2 , Nowacki 1 , Voigt 1 u ZD.

CueTeMaTuye CKOe U3JOKeHUe MareMaTHyecKdi TeOopuy MOMEHTHOH
yOpyroCTH, 4 Takke INOAPOCHHE JUTEpaTypHHE CBELCHUA MO STOMy BoOM-
pocy meprcs B KHmrax Nowacki - (ID,Griodi (I), Kymu LTy,

Kympazse , Terexua, Bamesemmsuiu, Bypuyaazse (2).

x/ B padore Koccepa (I) ,moBuzMMOMy BHEpBHe H3JaraoTcsd Qusnieckue
ocHOBH 37O Teopuu (CM.TaKKE yoigt (1) Je
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B HacroAmee BpeMms MOAPOGHO MCCAEJOBaHH BCE OCHOBHHE COCTOA-
uua (craTuuecKoe, KogefaTeapHOe ¥ AHHAMUYUE CKOE) MUKDOMOJSIPHHX
yOpyIuX cpei. MsyyeHH COOTBETCTBYONUE TPAHMUHHE ¥ HAYaJbHO-
rparnynbe sagzaun (oM. Tlereana, UYuuuHazse (I), Kanananse, YnuuHaz-
se (I), Maucana (I), Maucana, Yuumnazse (I), Hamermapumse (2),
Upuyurazse (2) Fichera (I) Jesan (I) Koiter (I)
¥ Ipyrue.

B zuccepTalUMOHHON padoTe paccMaTpUBaeTCA MUKPOMOJApHas ynpy-
ras cpeza, NPy dTOM YYMTHBADTCA BJAUSHAA TENJOBHX WUCTOYHUKOB ¥
U3Me HeHUA TEMIEepaTypH, mpoucxozAmue B mpouecce nedopmarmy - (TepMo-
MOMEHTHAf ympyrocts). MccrezyoTcd HEKOTODHE OCHOBHHE MaTeMaTHdec-
KKMe 3azayu dToll TEeOopHu.

B TepMOMOMEHTHO} yNpyrocTd Kaxiasd TOYKa CpeZil XapaKrepusyeTcd
cembp Beawuummamm: xommomeHramu Uy , Uy , Us Bexropa cmemenus U,
KOMIOHEHTaMU Gy , Wy, , Wy BEKTOpa BpANEHMA «O M OTKIOHEHWEM TEMre-
paTypH B . Nam xapaxTepUCTHKM HANPAKEHHOI'O COCTOAHUA BBOAATCA
TeH30pPH CUIOBOI'O HANpAKEHUA ng ¥ MOMEHTHOI'O HampAKeHUA H;j
LA W

B pa6oTe paccMaTpuBaeTCA OXHOPOZAHAA U M30TPOHHAA MUKDPOMOIAD-
Hasd ympyraf cpeia, ofiazanmas HEHTPOM CHMMETDWH (cM. Nowacki
( 1 ). Kynpanse, Terexua, Bamexewmsurnu, Bypuyramse (2) ).

Yopyrue cBoiicTBa Takoil cpesH XapaKTepH3yohTCA WeCThO MOC-
TOSHHEME N , H , &, @ , }f , € yuacteyommu B Gopmyxe (0.5).
Crass Mexdy Beamuummamm W , W, . 6, er . Tgy » ocymecTsas-
erca coorHomeHuamu (0.4),(0.2),0.5). Ecnu BHECEM 3HavyeHHA
‘UQS n ‘Aﬁi us (0.5) B (0.4) u mpucoezuum4 eme ypasuehme (0.2),

nony4ymM
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cucTeMy M3 ceMu AuGIepeHUUaNbHHX ypaBHEHUi, CBA3HBANIIYIO
Uiy Ugy Us, Wy, wJ,wB,Q , KoTopas B BEKTOpHOii (hopMe 3aNnuCH-

BaeTcAa B BHIE:

(prdd AU+ (ArH- d)ﬂm"uwu*'zolwtw-vgwol@ +J:Jd‘- Paz%,
(X+E)Aw.+([3+x g)anaolohvw j:[d«.w-r Qo{tdtu-'rfi\?j r‘lfﬁtz »{0.6)

{1 38 ‘ K8
AD-o & %tabwu* Q=0.
Bcau BReZEM MaTpUUHHI Aud@epcHUua b HHI OmepaTop
LK
B @ i01)=]| B Goertt) g0 1,1 - 1,23 (0,7)

rze
2

B“-—-nBeJ oy B =S e0=p 2] Op ez
BL 1B o B =203 £

B = |Be s » Bey =V

p= B>

BB ey B =8 0~k 9 2]« (b1 )am .

23 ”E)e IB”M - HyJeBasg MaTDUIA ;

31 3 CEC
=’fbejlix3’ B = Hag %)

= ||B - HyAeBasf MATPULA
33 s W, . 4B
B™ - onoomeueHTHas MATpUUA C DIEMEHTOM Dyy = A= = o

TO TOrZa cucreMa AudpepeHIHaIbHHX ypaBHEHU (0.6) B MaTpu-

Hoii hopme 3anucHBaeTCA CJeZymuM 0G6pasoM

BGxrot) =X 0.8)
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U: (U., o, 9)'-: (un U Ul;)) Wy, Wy, W35 9),

Ko (0 2O (g5 1 - 0)

SaueTHM, YTO B MOMGHTHOR TEOpHM YyHNPYTOCTH UHOTAA MPUMCHI-
eTed WSBECTHAA U3 KJIaccuyeCcKoil TeOpUM CBA3h MEXAY BEKTOPOM Bpa-

leHusT 1 cuelie Hud 1

5Ty HCOGOCHOBAHHYD CBA3H MOKHO COXpPAHMTE M B TCPMOMOMEHT-
Hoii ympyroctu, Torza 4uCIO meussecTHUX B cucrene (0.6) MOLHO
70BECTH 70 YeTupex. B Hacrosmel padoTe BEKTOpAMU CMEUCHIA U
BpaleHua HUKaKas CBA3h HE MPEAnonaracTCd; OHM HE3aBUCHMU ADyT
OT Zpyra.

Kpoue TOro, MHOTZA, B CWIy MaJOCTH q_ , B TEODPHU TEPMO-
YIPYTOCTH. AOMYCKAWT, YTO 11=?O , torpa cucrema (C.G6) pac-
menafercd.locrennee ypasHenune CYZEeT COZEpiaTh TOMALKO HEM3BCCT-
HY 10 © u, TeM camim, ¥ HCCACAOBANME 32734 SHAUUTEJIBHO YIpO-
maetcd, TuKkoe jonyueHue MOXHO CAEJETH U T TEPMOMOKE HTHO TeopiK
yIpyrOCTH, TOTZAA UCCHEZOBAHUE CHCTEMU (0.6) cpomuTca (AKTHUECKH
K uccreroBanuo ypasHeuul IlyaccoHa M CHCTEME ypaBueluii MoueHTHOk
yopyrocru, Teopus, HOJyYeHHAsS TaKUM o6pasou, COOTBETCTBYET

pasneapnoil (He cBA3HOR) Teopuum TEPHMOYNPYTOCTH. D muccepTanuon-
Hoii padore yrasaHHOE HPEANOIONCHME HE ACJIACTCI I, CAET0BATC IBHO,
pacciaTpuBaeTcsa caiAsHas Teopud TEPMOMOLIE HTHOIl yIpyTOCTH.
ypapsenws (0.6) Gunu busezens B.Hosauxi (oM. Nowacki W [1] ¥

B TepMOMOMEHTHOH yMPYrOCTH MOKHO DPAaCCMATPUBATE BCE OCHOB-

HHE COCTOAHUA: CTATUUYECKOC, rojedarenbHoe U ZAHHGMUYECKOE.
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JiccaenoBaHue CTATUYECKOT'O COCTOAHMA - KOTZa BEJUUMHU, BXO07s-
mue B cucreMy (0.6) He 3aBMCAT OT BpPEMEHH , HE MPEACTABISET
MaTEMaTHYEe CKOr0 MHTEpeca, TaKk Kak Torfa, Kak W B pasfiedbHOf
Teopuu, cucrena (0.6) pacuenigerTcd Ha ywe HMCCIACAOBAHHMC ypaBHE-

Hud,
MaTemaTHye CKuif UMHTEpEeC MpEeACTaBIANT 3a7auu KoaelaTeabHOro

M AMHAMUYEcKoro cocToAHuA. lccrezoBanie HCKOTOPHX M3 OTUX 3azad
npuBopuTCs B HacroAmeil padore. 3AeCh NOKasaHo, 4TO METOAH TCO-
PUM TOoTEeHUKHasa M CHHryﬂﬂpHHx UHTET'pANBHHX ypaBHeHuil, pasBuTHe

B xuurax Kympamse, Deresua, Bameseuusuau, Bypuyramse (I) u (2),
BMOJHE NPUT'OLHH I M3YYEHHA 3a7a4 TEPMCMOMEHTHOI ynpyrocrH,

B TO BpeMsi, KaKk NPUMEHEHUE METOLOB I'MILGEDPTORHX NMPOCTPAHCTE,

B CWIy HECcaMOCONPSKEHHOCTU Omneparopa B (r?gc,@t ), 3aTpyAHU-
TEJBHO.

[ nepmoil riape Mccrepywrcd sazaun Koaedamus, a B TPETHCH
raaBe - 3aZadd AMHAMMKM TEpPMOMOMEHTHOI ynpyrocri. BTopasld TMaBu
nocpAmaeTcd SOPEKTUBHHM peleHnAM. PeueHusd 3azad KoJeCaHu B
CIy4ae BCEI'0 NMPOCTPAHCTBA C WAPOBOIl MOJNOCTEW NMPEACTABIAETCH

B BuZE a6COJOTHO ¥ PABHOMEDHO CXOAIWKMX DAZLOB.
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' 17838 8 1
SAIAUM CTAIVOHAPHHX KOJIEBAHUA

§ I. AkcmomMaTU3auuf TEOPUU

InA KOMMAKTHOCTU W3NOHEHWS YZOOHO NPUAEPXUBATHCA CIEAYI-
meiff TEPMUHOJOTHMU:

I.1. Onpezenexue. Ynpyroil cpezoit Ha30BeM 00NACTH o@ U3
TPEXMEPHOI'0 ©BKJNWZO0BA NPOCTPaHCTBA E‘3 ¥ YINOPAZOYEHHYH COBO-
KyMHOCTH NefiCTBUTENBHHX 4uCel ?, 2, P, B, ¥, t, Qf,

3, 3¢, Y| , JYAOBIETBOPAKUUX YCIOBMAM

g) >0, ‘4>0, 3R+2[*>O, ¢J>0,X >0, §>O, 9e+2?f>0-(1.1)

9Ty cpeay GyZeM 0603HAYaThH uepe3 D (e, A, ", 6, % €,
1

Y, 3, 2, 1 ) u;M mpocTo uepes D -
o . )
lIycTs @;67{ " (;,9‘.” t=1,2,3 - meilcTBUTENBHNE CKAlAp-

HHe (yHKLMW, ONpeleNeHHNEe Ha MHOKECTBE gm‘f: s o= [t..t]
(0., g:, %9 : gxg—:—)Ri R - wuHO®ecTBO ZelicTBUTENBHNX UM~
cen). b

I1.2. Onpezenenue. TepMOMOMEHTHOE AMHAMWUYECKOE COCTOfIHUE
ynpyro#t cpems D (P, A, M>ol, B, ¥ €, &, 9,2, T )
B NPOMEXYTKE BPEMEHU /= [Jf_o,{] , COOTBETCTBYLUEE MACCOBOU CHIE A,

M8CCOBOMY MOMEHTY (é% W TENIOBOMY MCTOYHMKY (L , €cTh ynops-

AC4YeHHaA NATepkKa [U ey T » P 9] , JZIOBJETBOpAkuWan yc-
JIOBUAM?S
I) u :(ui ’ uz» MS) H (w:.»wz» ) T-—- H(L‘LJ 3x3 H

F"Hr{;"m} Uy ; o T:.,r- 6 : iﬁ)ﬂcf—-—-)R
u,w,eecﬁ(my’)nc (FxT ) T, €C (2xT).
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II Z-al‘f—+§3?£=f‘-@-—bit, £T49)

ol oo;
+ Tk \y = e 1
JZ: amd JEESK JK P L (:j afz, (I.4)
1 90
N ’lat olwu+-—-Q 0, (1.5)
3
< QUK oU; YU s
II1 chgedi o (%, *‘\‘ 5 ""L"Q‘*ZE.. \ K"VS o) (1.6
’aw Sw e
HLJ LJPZ . (X“‘E) '*'(H i) - (1.7
rne Ecjg - cmdBoa Jlesu-4usura,
W - HasuBaeTCA BEKTOPOM CueleHw!, G - BEKTOPOM BpAaleHUT,
T -~ TeHsopoM CWIOBOTO Hampsizcwwi, M - TEH3ODOM MOMEHTHOIO

HampsxeHuA, O - Temmeparypa.

(1.3), (I.4), (I.5) Ha3uBAWLTCA OCHOBHHMU YPABHEHWAMM TCpLIO~
MOME HTHOTO ZmHaMuueckoro cocroanud, a (I.6) u (I.7) - saxoH
Ivavensa-HeiiMaHa.

MozcraBnff 3HAUEHUS Lij ¥ Mig us (1.6) u (I.7) & (I1.3) u
(I.4), momydumd:

(R AU+ O —aygreaol divut + %matw vgrad §+
Pg- Patz 2 (1.8)
(ﬁ-ri)Aw-r(?ﬂj- E)ﬂ;zaalalzﬂw—édw&dzotmfwj ‘JM"" (1.9

Ypasuenwt (I.5), (I, 8), (I1.9) mpezacTanBiApT cO60H OCHOBHHE
yp aBHEHUA TepMO-MOME HTHOTO JUHAINYECKOTO COCT OfHMS cpen,uﬁ)(? B Y)
P,d,? H,i (:f Y, %, ) B KOMIOHEHTAX CMEUEeHUd M BpaueHus,CcooT-

F %
BETCTBYKIETO MAaccOBOil cuJe (-7‘ , MAaccoBOMYy MOMEHTY u
TCIIJOBOMY UCTOYHHUKY a, .
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[.3. Ompenenenue. TepMO=MOMEHTHOE CTATHIECKOC coCcToAHNE
cpen @(?,)‘,}hd,?,b’,‘&,‘i V> 95,71) , COOTBETCTBYLUEE MAaCCOo-

BOil cuie , ,MaCCOEOMY MOMEHTY "?7 1 TCIJIOBOMY MCTOYHUKY a .,

ecTh yHopAzoueHHas nATepka [u,w,fc,rx,-g] , JIOBJIE TBOPSio~

mas y CIOBUAM:

I) W= (Ug, Us,Us), w=(°01>w2>wz)’T=“'C£J“3x3) W= |l}‘c‘j“3,3,
Uiy 005, T o, 0: 2R 5 by 1 D€ CONC'@)s Ty e C'();

1) i%%ﬂ;%-_—o, (1.10)
Ji
3 ; g
o Hi)
= + R = (1.1II)
; ’ag:,d Kd:igLJK LJK "‘?%L.— O)

s1ech F= (£.F:.5)) &Y= (Ly.!) L%.J'gﬁ)’ (‘?:) (95» gD~ R)

w
'

Il) CrpaBezauBi COOTHOUEHHA (1.6),(I.7) - saxos Noamexd-Heimana.
Doncranmaa (I.6) u (I.7) a (1.10) u (I.II), momydmd:

(H+d.)Au+()+P-&)3Rao|olwu+2dzﬂtw-v8wcl@+?5‘}o, (I.13)
(K*‘&)Aw*({?:*}j"i)ﬂ’wcloh»vw-éo\w+2dzﬁtu+9‘f7= 0. (1.1

1.4, Ompenee que : Tepiio=iiOME HTHOC xoJedaTeJbHOE COCTOSHUC

cpenH @(?,},F,d, @,X, < ‘j,v,aC, }D , COOTBETCTBYOLEE MaCCOBO
cune F » MaccoBOMY MOMEHTY ‘-ﬁ ¥ TEIIOBOMY JCTOUHMKY Qa .,

rie o = (ﬁ,ﬁ,cﬂ), ‘9: ((gp%,%) (%,‘%,Q@-‘Z:

Z —~ MHO®E CTBO KOMIIJEKCHHX ypceJ) ecTh ymopsijoueHHad HNATEDIa
[u,w, T, {\(, 9] , yAOBIE TBOPALNAA y CJIOBUSAM :

1) U= (UL) u},) U3)) w= (W) Wy )y W3), IITU "313(3:(6; PI:. "}ALJ “3)(3 5
Wy wi,Te, e, 819 — 245 w0, 8¢ A)NC@); 3"‘&@@). (1.15)

)
. ATt e T, o :
IT) & “L’amd + 06 U+ ?i_ 0, (I.16)
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3 3 |
' =7 2 .
Sl S e Sotoap s o0 oxe
= ,U.'.'
AD+ ié—e+£6qolb\/t,t+ al-c—Q:-O- (1.18)

11D) 'T‘:J’ }J;J, u;, wy, 0 cpasamu memay coGoit COOTHOMEHUAMH
(1.6) u (I.7) - saxoHom Jnameus-Heiiana.

G nasHBacTCSl yaCTOTON KoJeGaHwil, OHA MpexnosaraeTcd MmocTo-
aunolil ;3 W - mexrop cwemenusi; <O - BEKTOP ppapeHns } T - TeH-
30D CHJIOBOT'O HATDAKE HUS ; H —T€H30p MOMEHTHOTO HANsIMEHU ;

§ - reuneparypa.

Coornomenu (I.I6), (I.I7), (I.IB) HasuBaTCA OCHOBHHMH
yDABIE HUAMY TEDMO-MOMEHTHOTO KOJEGaTENbHOr0 COCTOMHUI.
Moncrasana (I.6) u (I.7) B (I.I6) u (I.1I7), moxyuuu
(e A +(1+F~d~)gxao|ou\fu +2dwtw_98;mof@ + (1.19)
6% 1 oF =
+PoUu+p = Oy
(H*E)Aw +(i5+3- E)&}ID\I:UL\/w ~Aoles +3aeabin + e g0 +r9_.,0, i

Ao

20)
. i
'© 9+ iGhdin 0 =
CRS s X (1.21)
coorgomenus (I.20),(I.2I) u (I.I9) HasuBaLTCH ypaBHEHWS L
TEPMO~MOMEHTHOT'0 KOIEGaTEeJLHOTO COCTOAHUA B KOMMOHCHTAX CMCUC-
3o
HUA ¥ BpameHwl, COOTBETCTBYUETO MaccoBOil cuie c?c , Macco-
BOMY MOMEHTY @ , TEIJIOBOMY MCTOUHUKY Q 1 4acToTe KoaelaHusd
Terko noxasaTh, Yro cuctema ypamseuit (I.I9), (1.20) u
(I.2I) sxunTuYecKas.

XapakTepucTuye ckasi MaTpuua sToff cucreMi GymeT:

%(E): “ %ad.nsxa ?



e //2__
Tne

X[, - K DS (el B lrer-sdf

&
X=X X ) sej(ar+e>z=jl (g -9 R
F={8. 55 ;

X (§) - OZIHOBNIEMEHTHAA uanMua C 3JEMEHTOM Z

e "7( "3x3 nxe‘; e
="x£’j Isn : Xn:”xz "115’

HyJ€BHE MaTDHUIH.

| lle

3xy

e llixs’

YcnoBue 3NIUNTHYHOCTM pACCMATPUBAEMOA CHCTEMH 3aKJIHYaeTcd B
TOM, YTOOH XJA IIpOEBBOJH:HHX Ae#CTBUTENBHEX § ?g',_,. YAOBJIET-

BOPAOIKX ycnown ZE = i OHN OTJIWYEH OT HYJAA ZA€TEPMUHAHT MATPUILH
X , HO npuZ‘§ =1
olejc X(E)= (<) (V+) (2+2r)(p+2?() (1.22)

W, clezoBaTensHo, B cuuy (I.I) det X(%)#0-
I.5. Onpenenenue. TepMOMOMEHTHOE MNCEBAOKONEOATENPHOE COCTOfA-

Hnecpezxuﬁ(? A, e o ¢, Y, £, v, 22, ‘7.)

COOTBETCTBYKNEE MACCOBO# cune 5 , MaccoBOMY MOMEHTY %’ W Ten-

Jxoaouy ucrounuky L , TAe J @55{:?’) CC,% (Eﬁ 2%,233
ucof C&‘,Gl ﬁﬁez ecTh yNOpAZOUEHHaH Tpohka [u,w, 6], U= u,,u,_,us)
M 00=(Wy, W, (W3)  JAOBIETBOPAKUAR YCIOBUO U, L, 0 eC (;ej)ﬂC (%)
U CHCTeMe ypaBHeHUMH

f4+¢)Au+(;\a,r-no{)gwgusuuﬂwao{w ogwaIQ ?'L'erf-o. (I.23)
(3+Q)Aw+(?+x_g)gmold;uw—4dw+2o<wtu-%%a+?g‘}=o, (I.24)

AG-—};@—T"[O{LUU%%&:O’ (1.25)
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rie ¢ - KOMILIEKCHOE YUCHo.

Cucrema (I.28), (I.24),(I.25) noxyuyaercs uz cucremu (I,I9),
(I.20),(I.2I) samcHeny B weft O Ha LT .

Kex u B cayyae cucremu (I.I19),(1,20),(I.2I), Jerxo nokasars,
yro cucrema ypasuenuit (I.23),(I.24),(I1.25) saaunTiina,

PaccMOTpUM ZPYTYL Cpeny D (r,')\,f-l,ol,?, 2[, ) 3, v, X, )’( ).

Ham mpujpeTcsl BHUMCIATH HANpAXEHUA B TOUYKax 9TOil CpEeAll Mo JIoGOoMy
panpaBrerun N, rme L= (Ny, Ng,N3) - mMPOUSBOJLHUI €ZAMHIYHEI
BEKTOp. B paccuaTpuBaeMmoil Teopuy HampAkeHWI - ABOAKOI'O poza
CHJIOBHE ¥ MOMEHTHHE. KOMIOHEHTH BEKTOPOB CUJIOBOI'O I MOMEHTHOTO

HaNMpSAXEHHT —~ T(n)(oc ,t)= (‘Cih"(oc,-t), sz(wv‘h; Tah (ac,1)) >

Y.(h}(oc,-b) = (“lin) (ac,t)» ]J;‘)(Qc ) "‘lm(gc,-t))_

3
B TOYKE XL 10 HanpaBIEHUID N B MOMEHT BpEEHH t BUYIHCOIAKOTCS

x)
mo copuymam ( cu. Ky Te Ba By  [2] ): e
3

.T/:itm(.x?t) - E,CE(U (':If-:'t)n«L ) "L:(m)t) :2 VEJ (Oc,t)n[, (1I.26)

Ecxu nmoncrasuM B (I.26) pupamenua C;. , F‘:J' 13 3aKoHa Joamens-

Heiniana (cum.dopuyas (0.5), To \'C,(h)

Up, Wy, 0.

A Hamux HeJei yZnoGHO BBOAUTH TEPMOLOMCHTHOE HalpAXeHUEe B

5 \1"‘) BHpassATCA Uepes

Touke OC [0 HAmpaBIeHMO (L B MoMeHT Bpemenn t . 9T0 - uwecTu-
KOMIIOHE HTHUHI BEKTOp, MEPBHE TPU KOMIOHEHTH KOTODOI'O COBHAZLA0T

n) { (n)
COOTBETCTBEHHO C “U‘; Lﬂc,-l:),"E,_"em,i),'Q (m,t), a MOCJEAHUE TPU C

2o P, 10ty t)

1.6, Onpenesenue. TepuOMOMCHTHOE HANpAKEHHE  Cpe AH
%(‘J, A, ki,ok.F, X,i,ﬂ,\),‘)!,}])]a TOYKe 9C [10 HampaBJIeHM (L B MOLEHT

ppenenu T , coorsercrsyomee cuemennp WU = (Uy,Ugy Uz) , Bpane-

HIo W= (Wi,0d9)CI3) ¥ temmepaType © , €CTh BEKTOP P@m,n)U

x) Ky T'e Ba By - Kympazse B.Jl.,l'eremua T.I'.,baweneiimumu M.O.,
Bypuynazse T.B.
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r'ae - U: (u, W, 0)= (Ul, Uz, Uz, W1, Wy s u)s,@),

ﬂ)— MaTH MU HHI miﬁJQJe*)cumlaJIbHLm onepartop:

P@Ger) = || P (9 ]l 555
9

"5;(3 ) PQJ (Tu-d\) *ANe ;a—---i'(&l-—ol)n o ,
“P “515 ) P e *.‘2012_‘ E%K U
P = | Pe llaxs » Pu % —'ﬂ@)*
= | Pe;““m P;'= 0>

41_ "

P

3
P [P Fe; =

s

Pzz: “ PéJ “3)(3) g (!""E) *9“2(;?: +(a’ g)nd

Torzpa 12
11 19 13 ( "
8% oy o PP 9 P (1.27)
s (1.27) caenyer, uto T ™M= (PUD:,
}li'n): (PUias mpu L= 1,2,3

o () (
B BeKTOpHOIl (opume T{ ' " sanucHBaLTCA B CIE/YOLEH
P P

cCtn) ')\nolwu +QF (P-d)[rLXTi#AA—_l+2d\DlXW] -vn g, (1.28)
}J -_9 d,u/w-rﬂﬁ— +(5-€)[&XT®D0001 (I.29)

(1.28) u (I.29) B MaTpuuHOil (JOpME NPUHIMANT B

P@x.\)U= T Qo )U- 00> (1.30)

rIe T - onepaTop MOMEHTHOI'O HampfiteHUl (cM. Ky Te Fa By fZ] )

€ s(ni’ g ﬂ-‘3) 0, 0, 0-) ) %:(u' w),

§ 2. Matpuud QyHzameHTAJBHHX DeleHiii OCHOBHHX ypaBHE-

guit KxoJeGaHusi U IMceBJOKoJeO0aHus

TEPMOMOME HTHOIT YIP YT OCTH

ByZeM MCKaTh DEULEHUe OZHOPOAHON CHCTEMH, COOTBE TCTBYLIE if

cUCTEME ypaBHEHFIH (1.19),(1.20),(I.2I) B crenynmeM mure-

At M=d
u-(m)-ﬂﬁ(r*td\) 2){[ 1+H2r A+ Kz)(ﬂ Ka) W@ Kz)
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; 3_6_'1;"_ 0+ lgrod div e B+ AB+ 2930 -
2o

5 2
D @A+ Np)as g ut )+ ”(l* - (A425)X
A+ M=A 2
x|l 3de (A+1K2)A+ WU——A%MH)(AH@]QWH&) @.1)
(@)= Frof 25)(‘“"1“ pflpepod- £
X?’woldi/\/".l‘f(w) t q e D@+ AR+ KDY () -
2 A
T RGO @rP@BNEADS) It de, 29
6
Ble)= - zwzm:lzp) (A3 (2435 A+ As) div D () +
+ g (Ar8)(BNNA+)(B+KIH (), (2.3)
rae @ u Y - HeusmecrTHHE TpeXMEDHHE BEKTOp-{yHKIMH, aH-
HeU3BECTHAA CKaJApHaf OYHKUWA, | - MHUMAA eLUHUIA.
2
9 S 2 g6~ 4a, L6 4
"*zm_f:fr’ Lk Ly K= g Ki:ﬁﬁg' i
Ay W Xy yHOBIETBODART Y GIOBHAM
¢ % 2,4 i6hv 4
A+ Ay = Kby + '%CFEF’ K= K 5 (2.5
) 2 .
2, ¥ Ay = yCIOBUAM
I S 4
. ')\3-!-)‘4-— Kz’i'KJ.‘ (P*&)(x*e) > (2.6)
2 Y6 -4
- NS= Frzy (2.7)

Momcramnas smawerua U ,w, & ms (2.1),(2.2) u (2. 3) B
OZHOPOAHYD CHCTEMY ,COOTBE TCTBYWIYD CUCTEME YDaBHEHMUI (1.19).
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(I 20),(1.21) oruocurexsio ¢ , 4 MO yYIM :

l_l(m) 3@ =0, ﬂ(&ﬂ)%‘ 0, I_](AO\JH 0. (2.8)

C.IIBII,OBaTeJII:HO Komnoaen'm BeKTopOB @ LF , & TaKxe

ckaaApHas Qyskuma H , yZAORIETBOPANT ONHOMY M TOMy %€ ypaBHE-

HUD.
Kaxmoit Tpoitke (@ LP 3 H ), ymomxerBopanmei (2.8), coor-

Bercreyer u3(2.I), (2.2) 1 (2.3) W , &> , & , KoropHe ABAALT-
CA pelie HUAMM OIHOPOZHOW CHUCTEMH, COOTBETCTBYDUEH CHCTEME ypaBHE-
i (I.19), (I.20),(I.2I), Hac mHTEpECyeT peleHue STOH CHCTEMH,

nMe omeif ocOGEHHOCTH BUZA |c>e|_i . Jaa 5TOH UeJu paccMorTpuM
DyHK IO i plel
: H)= Y ﬂ F s
0 Lot ki b
rie 7‘k+5‘ J K =I,2,3, 4

Jerko nmpoBepUTH, 4YTO

5
Ve +0, H(A+3\2,<)Ho(m).—_o, (2.9)
5 4

2, Zi“); = g‘i 8 j= ¢,2.3,4. (2.10)

[Toncepeum cPu) L;FMH(, . caezlyommM o0pasoM:

T R T
£ (§)Ho qﬂm -2 0 (e HE (e

Hy= 0-Ho> Hy= 0" Hoy -+ o> Hc-O* Ho> Hz=1'Ho-
| BHOC&I?{”P“’ HHJ(J= 1,2,...7) B dopuyas (2.I), (2.2) u

(2.3) Gymem meTs:

u(d): (d.[:’:lj, <1>2J <P3 '):
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rie

Z ﬂ % = @ =R -2 (ks Ap)+

@QJ 2'\?(’)\*‘2)0(?*"0 p=1 K=l =g b~ Nper
. D |2
'Fﬁ" (52~ (=] gl S

+

2 LJ\ Jee| 2 9 g loe ]y
4] ("’J L _ k- oo ___% _ ) ’ (2.11)
2T (Hed) \ 2y - 13 1| A -3 loci -
mpu €=1,2,3 wj o= 1,2,3

(Aqloc! Ly 5|
by B o e S
q 2ﬁ(f4+oa)(3+e)(x, -28) £ UK By | S .0

npud.-f+5 b.w.Cu 1,43, 0 (c,QJ‘ - cuuBox Jlepu-Yuura ) ;

0 98 (220 -2) BTy | | Nesd3)

mpu €= L.8.2

= (@1’“‘) §5j) @q),

T7e

CAghel iyl

|
q)"d- 2ﬁ(p+a)(3+e)(1i_;g) ;88JK@$K | y (2.1I4)

mpu = I,2,3 HQ= 4.5.6;

| (%2 (2%-2) 2 v L
(I)"’J 2ﬁ(1+e)(F+25)2—‘ - P [(?’*5'5)“" r)‘}.“:d'“]x

P=3 k=i p+l<

. ’82' l)ij|+ Sal 7k o Ll,l’.\cl- gl L'J:,iacl
oy el 2m(j\NFAT 1] x:'-nz- iy

(2.15)
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nmpe | = 4,5,6 = 4.5, 6.
J

@e} =0, mu €= 14,5, (2.16)
b=, -
: 6 h 5 Q;, Ml 6&11 locl |
2R 20 %) 9 | ’ 2.1
mok o« 1.2,3;

éﬂ = 0, npu J = 4,5.6 (2.18)

2 lel 2 _2 (2
= N e Ki= A ¢ 21|

e TV ) IR ok
OZHOpOZHAA CHUCTEMAa, COOTBETCTBYWNAs CHCTEME yDaBHEHUA
(I.19), (1.20),(1.2I) B marpuunoii dopme sammmeTcs B Buie

(2.19)

B (9+6) () = 0, (2.20)

‘B(@w@: ” BiK ”z,xa’ (2.20)

LK
TIe B MaTpuLa :
Q.

11 L 11

:l g +U- &
Bu 1‘ Bﬂljxjﬂ BQJ (F*"L)(A‘*‘Kﬁ )+ P d) m—r—r a,r QCCJ
b= Bé}'lsx’,:’ LJ- QO{ZEQK@:ﬁ >

{ .

B3| B Iy » B;jzﬁv%z;

21 2

2 : /I
B> IB{:‘J '313) B -—QJ.ZEQJKES-&E ) )

BM’ “Bﬁﬂ B =§' «€)(A +K))+(B+Y-2 o .
. j ey Pey QJK 7) (B+Y )%@%.
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23 23 23 3] 3 - il
B = “ E)QJ "3,{1-, BC_]' = O.; IB :'“BQJ‘ “D‘?Jb Bej :LG}[% ;

< s £ & TR 3
B B8 ss Bo0; B 080 320y
Marpnua OyHmamve RTaxbHuX peueHuit ypasnenuii (2.20) sanuuercs
B BUZE:
CP(OC’G) = “ @’PK “5:(3 ? (2.22)
pK

rie ©  umarpuua:

‘}fuz “ ééj“bxa ! @eij: éed'a @‘-ﬁ - ompeznenesy us (2.1I);
§12= I éf—?”BxS ’ ;J?:JEP&,J-*‘S’ i‘«i - ompemenens u3 (2.12);
@13-‘: I @éj"s“ , @‘3113 = @Ef—? : @eF - ompezerenn u3 (2.13);

'fzt:l @%i "3“) éj £ §€.+3.J" @ej - ompezexeny us (2.14);
§u= t §%£“3X3 2 i’%?': §f+3»J*5’@€J - onpezexeny uz (2.I5);

éi’?’: H(:)zf“?)m - HyJieBad MaTpuUIa ;
?31_: “ @%’ "“3, C}Zji:¥+\l’ ¥?J - ompezeaens us (2.17);
§3z: “ ‘?631““3 ~ HyJeBas MaTpuia.

33
P oanosneMeHTHAS MATDHIE, BIEMEHTOM 8; , OIPE NEJCHHUM W3
(2.19),
Kaxaumit cToadel MaTpULH (2,22),paCCMOTPEHHHIT KaK BEKTOD,
3
apusercd peuexneM ypasHexun (2.20) B Kaunoii TOYKE oce 7

KpoMe Hadaja.
Mepexoas ¥ mpezexy B (2.22), xorza 6-—0 B pesyxbrare Bie-

MEHTADHHX BHUMCJIEHWH NOXYYMM MATpULy (OYHZaMeHTaJbHHX
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peme Hu#i cTaTUKM TEPMO-MOMEHTHO! TEOpUM YMPYyrOCTH:

@(@: " §>Pi‘ ”3x3 A @)
pPK
rze § MaTpuia
X _ Sej L | g A
”% “5;(3! QJ[ | H(M‘*&) (] ]-l-
v ; [’”’” ol 428 mm]'
I Oxfom; O\+2}0 4u |l
42 L | . g M lze]
BB e et
S L I ST T
3x1) 4?(3&2*0 X

CPQ!: “CEQ \3){3? § @QJ :

B 1, E
x3'  Le W"Tﬁr—

¥ 82’ (emﬂml '-m_l,l ‘ *m.”mf i)
T TG X1oc] MEY

BN |y B EIEE g FENE N, mzeon wompe

$L l@ ||W 33 - mi.m.

) Uy AT
M= ( D+e)) ’“‘(“Fr?x ’

PaccMOTDMM MaTPUYHHIA nnq}@epenuuamnw omepaTop pasMepa 7x7

g PK“ (2.24)

Bowre) = | B

3x3 )
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rae

I§i1 11 12 512 15 ”‘5 “3}(1, Bed- LG;, 5 et
X9 22, 3 *23 gt
E)ni Qi éﬂ.’! B é'? = || Bed “3,(1-’ HyJeBasfd MaTpuua ;

* 34 ¥ 31 2 ¥39 %32
¥ “ ¢ “1;43; B{“:Dé‘&j; B:"Bﬂ”b@' HyJeBas MaTpHLA ;

33 L6
- OZHOBJIEMEHTHafd MaTpuua ¢ aaeMeHToM A + ="

YpaBHeHUe
¥
E(Qx’G)U('JcbO, (2.25)
*
re .[) - CEMHKOMIIOHEHTHad BEKTOp-DYHKIUA, HasHBaeTCA CON3-

HO# pna ypasHenua (2.20),
MaTpuua QyHZaMeHTanbHHX pemeHuit ypasHenuit (2.25) noayuaercs

u3 Marpunn (2.22) nyrem B3auMHOll NepecTaHOBKM CTpPO# ¥ CTONGIOB

u 3a¥euoﬁ % Ha =—9C ., Odo3HauymM DTy MaTpULy 4Yepes
@(oc, G) - Gymem miers:
* ¥ Pk
@(&,6) - " é “3,{3 < (2.26)

Cunrynsprue uvactu marpuy (2,22) n (2.23) OZMHAKOBH ¥ MMEIT

BUL:
S S
$ = "%Pknaxa* (2.27)

T

R

:le U ] o »edled | P —d Fo;
@ l§ ”3;(3 CEEJ zm[ed (}A_H)Qﬁgr);ml (r+d)(1*9r)lﬂcl3])

22: +2YrE L BHY-T weiX;
”i ”3:6 é)ed qn[eJmlml 66*‘&)(?*25)?;13]
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333 1

@ - OIHOSJEMEHTHaA MaTpHUa C DIEMEHTOM —— ¢
P 9N o)

P& by 2 1E b 1301, B 1T,
éza "§ ”3)(1" @3‘2 "i) niﬁ - HYJEeBHE MaTDUIH.

Jlerko noxaszaTh CHpPaBeAJIMBOCTH. C.ISI[.}{RJIHHX TEOpPEM.

2.I. Teopema. SaemeHTH MaTpul

H(2,6) = (=9 - Do), L}J(x,s) q>(:c,6) @(:x:)

B rTouke OC =0 orpaHWYeHH, a NMEpBHE NPOU3BOLHHE WMEOT W3 QIUDOBA H-
HHEe O0COGEHHOCTH BHIA loc|‘1.

it Teopema BTOpHe HpOHBBOJI.HHe.SJIEMBHTH MaTpHuIl:

%J (,6)= @ (x,6)- % ()
I—P (oc,G) @J(oc 6) - § (Oc), L,J =1,2,3

9JEMEHT MaTPULH 'f’(m,ﬁ):t}((gcﬁ) B OKPECTHOCTAX TOYKH OC=O menT
O0CO0EHHOCTH BUAA lml"l. a BTOpDHE MPOM3BOZHHE JJIEMEHTOB M3TpHI]
'—IJ(‘:.?:,G " (,6) - orpaHuuess.

Szecr uepes (oc) ofosHaveHa MarTpuua, KoTopas marydaeTcs
u3 marpuus (2,23) ee. TpaHCHOHMpOBaHWEM M 3aMeHoll OC Ha -OC .

2.3. Savevanme. W3 (2.27) BUAHO, YTO MaTpHULA @(x). pasme-
pa 6x6, KoTopafd noJydyaeTcs M3 MaTpHULH @(90) BHYEDKUBAHUEM B Heii
ce IpMOff CTPOKM M ceapmoro cronfna, WMEET TY X€ CUHTYIADHYL 4YacTh,
uTo U Marpuua QyHZSMEHTAIhHHX DEemeHU!l ypaBHEHMH CTaTUKM MOMEeHT-
Hoit Teopuu ynpyroctu (cM. Ky I'e Ba By [2],, ra.0l).

2, 4, Teopema.Marpuua DyHAaMEHTAIBHHEX peWeHuil ypaBHeHU
ncesnoxkonedanua (I.23),(I1.24),(I1.25) noxyuyaeTcA M3 MaTpPULH
(2.22) samenoit € na iT.
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§ 3. ®opMyJH mpexCcTARIEHUSA DETVIADHHX
pe lie Huid

3.1. Ompezexnenue. U— (U, w0, B) - HasuBaercs PeryasapHoit

BGKTOp—EI)yHKIIHEH 39D *, reed * - OrpaHMuye HHAA 006JacTh U3 E.
eciu UE C (?.)-*)ﬂ C2(d") 1 ROx6)U
unrerpupyems 3P,

3.1. Teopema. IycTs U‘(urw; e, V-(M; o, 9)
rre W= (U UgsU3), o= (wistgswz), = (Uys uﬂ.-’ Us),

&= (&'5,; (I)z, Cos) - % BeKTOp (yHKIUM & uf- CKaJXAp HHE
®yuxuuu, peryrspuwe 3P*, Torma mueer MecTo paBEHCTBO

S(v BU- UB1)de: = i(v RU-URVYHS,  op

r'ne S - rpanmma oda::ac'rn H*,
R - warpuumnii nu@PepenuuanrbHH omepaTop pasmepa 7x7 ;

R =R (3.2)
R,PK=PFK, p=1,2; K=1,2,3; ( m.(I.24)) . 3_:

R”- | 33
- HyJZeBHE MaTpMUH, a <~ - OLHOSIEMEHTHAA MATPUIA

JEMEHTOM — ,
on
*

K - Marpuua pasmepa 7x7, Koropad NnoJyyaeTCS M3 MATPUIH
C 3aMeHOil B mocienHeMm ee crondue. \V Ha LGP‘l :
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