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AHHOTAUHH 

.[lonycKaeTC~[ CYU\0CTBOB8HIIe CBepxTsnKeJIUX 8l1eMef{T3pJiblX, 'I8CTllU H ,naeTCSJ MO,llllcplI

u-npona1JHoe · npe,nc-ram1eHn:e 4.,.x Mepnoii ll30TOmP1ecKoii Teopllll CanaMa-nonKHHrxopna. 

I .•• 

PaccMaTpI-rnaeTcSJ /\ -rnnepou KaK neiITpan1,naH KOMIIOIIeHTa onuoro TpnnneTa co-.. 

I .y+n-, 
nep;>Karuero cnepxTH}Kem,1i1 ,;::, .i :.. / - rnnepOH. 

1 
LVrno :noic"a3aTenbCTBO Mennen-

uoro pacnana cnepXTS1)KE\noro netiTpan&noro W
O 

-Me3ona. 

B Teqenne nocnenm1x IISJTH neT Ha6monancSJ pSI~ S1Bne1rni:i[t) '(21,._Q:iJ,, KoTopbie c 6onb

lllOH nepOHTHOCTbIO MQ;>KHO 061,SICIUITb K8K pacua,u Hllll nornorueune cnepxTmKenbIX aneMeHTap-

H bIX 'I8CTHU / Me30HOB / (A) o , lu-±. / H f'IIIIepOHOB / i-1· , _("2- / • H enaBHO ony6JIHKOB8HHbie 

pe3yJibT8TbI CnaTepa, XapTa II EnoKa (
3
] BeChM8 y6e.nHTellbHbl no OTHOUJeHHIO K cy_meCTBOBa

mnoCBepXTSJ)K eJibIX1ietiTpA.lI6HhlX. / lJ" I H 3apmKeHIIhiX / w- / Me30HOB. Pe3yllhT8Tbl 6bmll 

nony'IeHLI npn IIOMOlUll IIOTOKa 11 -Me30HO£; C 91-Ieprnei'i 1.9 Ban Ha EpyKxeBeHCKOM KOCMO -

Tpone. vl30Tom1qecK851. cxeMa renn-M a1rna(
4] , no.n.Tnepm.nennaSI na6n10.nenmIMH, co,uepmHT 

a ce6e cnepxTH)l{eTihie aneMenTapHhie qacTHUbI no.no6noro po.na, Cl)enhnMaH fp] , M apKOB 
6 u 

TepneuKniI (7] 11pe.nnonara10T, 'ITO nepeHOC ClllihHi,1x B38HMoneiicTBIIH Me)Kny HyKn~HaMH ~ 
,--, 

K8CK8.llHbIMH / ,:::,i / r11nepoHaMH MO)KCT ocymecTBIITbCH T8K)l{~ ll nocpencTBOM 3apSI)l{eHHbIX 

cnepxTSI)K enbIX Me30HOB. KnaccucpHK8UIHl aneMeHTapHblX 'IaCTHU, ,nannan B nocne.nHee BpeMH 

ronhnaHCKIIM l3], conep>KHT TaKA<e cBcpxTSimen1,1e Me3oHbI JI rnnepon1,1. 1..J:eTbipexMepnoe 

II30IIpocTpaucTBO j" CanaM-n OlIKHHrxopna [
9
] t O g ecTeCTBeHHblM of5pa30M BKlIIO'IaeT B cef5g 

no.n.o6HbJe 'I/1CTHUbl f.i 0]. KaK II3BeCTHO, npencTaBne1rne BOJIHOBbIX cpyHKUlill, no OTHOUJeHI-lIO K 

'jl/ paBH03H8'IHO npencTaBneuuro 3THX cpyHKUHH .. tO OTHOill enmo K nByM TpexMepHblM pa'3m1q

HbIM n3011pocTpaHCTBaM j 3~ H J; . Ecnn ucKn10,n1Th .nnoiino3apHm enm,ie aneMeHTapiiue qac

THUbI, cymecTBOB8HHe KOTOpbIX ne IlOLJ.TBepm.neuo no CHX nop Ha6n1oneHHSIMH, OCT8IOTCSI TOnb

KO cneny1owne 4 B03MO)KHOCTH .[{JISI npencTaBneHHH BOlIHOBbIX cpyHKUHii:: 

1. Cinmop1,1 B3HTbI a cpopMe cMelllaHHh1x cnunopon X I -i,J. , l 2 I nH.n.eKCbI KOTop1,1x 

i:1.-= 1.,2 l2. = 1., 2 o6o3H8'I8IOT lIX KOMIIOHeHTbl 110 OTHOllleHHIO K 13-1- H COOTBeTCTBe1r-· 

HO K ':f 3 . B 'J4 X (i /. , i ;z,) 
11 npencTaanenue rpynn apa1.uemrn 

cooTBeTcTBYlOT H30Ton11qeciuie qeTbipex-aeKTop1,1 X A 

OJ/4/ TIIIl8CZ) /1/2, 1/2/, ... 

2,nceB!lOBeKTOpb! 

Tnna X ( -f- ) • B rJ L/ 

no OTHOllleHIIIO K 1a ..,: ll CKan~pbI n.o ~TH~~-Ie~HIO. K 13·.:.' T,e. qiyHKUlilf 
--,.(+) X . COOTBeTCTByIOT ll30TOlllI'ICCKJie, aHTHCIIMMeTpll'.'IHhle II 
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caMonyanbHhte qeTh1pex-TeHsophl x;f)' H npe.ncTaanem1e Ot /4/ THna Cl) 11.01. 
. ,. )N . 

3. ncea.noaeKTOpbn~o :.o~n9meHHI.Q.JC ·--~~--H ,.CK81ISIRhl no OTH~llJ8HHIO_ K . ~:'" •. -r.e. cpyHKUIUf.. ·-r--. 

'=t(-) .· • B "f'I' . X(~J COOTB8TCTBY~ ~~OTOllH'IJ8CKII8, aHTlICIIMMeTpli'lffhJe lI TIIIla 
. . . ' (-) . . . . ·. . . . 

8HTHCBMO.nyam,.Hhl8 '18Thipex,.-TeH30~hl X A_µ H :nP,~.nCT8BJ18Hil8 01. 141 Tlma '7) /0;1/. 
'.! .. ..,.. . 

4. CKanHpht no oTaowei:m·~ K ~ u ::/2- • T.e~· cpyHKUlrn THna, oc .B ell/ X 
Cf!_' 10,01, c TBYJOT itsoTonif'lQCKue cKannp1,1 X II npe.ncTaaneHHe 01. /4/ THna 

• ~-j . ·'. . ·., ~; ,. 

CHHrneT, 

C00TBeT-

· T,e,, HS0-

JlonycTHM, 'ITO He cymecTBYlOT aneMeHTapHbJe '16CTIJU~I, B0JJH0BhJe cpyHKUHII K0T0pbIX 
. -

HME!JJH 6l>J npei:icTaaneane qeTBepToro. THna, T,e. X . nycTb 1: . o603HB'IaeT TpexMepHhI1i 

ncee.n 0B8KT0p 1 

_KoMn:~,:h{I K(::o)ro 0(6:as~:)T 2x2( ~aT;)~l naynn 

1: ..,. 1 0 , ,i, O J o -1 } ' 

, T,e. 

/1/ 
d I· r,-

a E. osuaqaeT 8.1lHHH'IHYIO 2 x 2 MaTpnuy. Tor.na a npocTpaHcTaax J; 11 'JJ M0:>KH0 
. /➔-\( • 1• ) (-) { • 0 

) 

onpe.nemiTb H30CUHH0pbI X'. t-1.·:.t. 't X t-,2;fz qepe3,C00TH0llJ8HHSJ 

) • ) -,. )-.. l+> X l + {-i 1.j1 = 1: {C. :L}°l. . :1:; . . ; - ----~ ) L-) • • ) -~ ( .• . ) .-,., (·• . 
.i~ c t,:z Az ::: t. · :.~ J~ .. · •-1.- • 121 

· .,WnyphI"' H30CUHH0p0B 
. (+) (-) 
X , X ~1cqesa10T T0:>KJleCTBeHHo. Cne.1l0BaTenbuo TaKme: 

· ::x:. '•> ( i1. l1, f: x. c-J( (i i;;/'J) x. t-J ( z.}{)zz'2J) .. .. ~ (•J( t.~-"-'\.~ )~ o >. 

/3/ 

· "',(-),l.· ,-. )': ,.,..(-t;\·-·.'···,7·('}+-,.,c+J(» <1J~-ci>1· 
-~ ,. 2 v.z, ....__ ·· J.. '--1. r'-- '-'L <-.t I .. · 

-'") (II-I) 
X c ( 'tt . (1. )~ 0 • 

J 

T,e. He M0:>KeT cymecTB0BaTb npSIMOe CHnbH0e B38HM0}leiicTBlle Me:>KJlY 0}lHHM Me30H0M 

- . -~ '. 

'C 
1

BOllHOBOil, cpy~~U~~A THna X(+) H Me30H8Mll C B0nH0BhIMll cpyHKUHSlMll Tllna X (-J, a T8K:>K8 

Me>KJlY 0.QHHM M830HOM C aonuoaoii cpymtuneil: THna .x.<-> H Me30H8MH c· B0JJH0BhIMH cpyHKUHSI-

Mk THna .x c+J. npHnHweM Ka:>K.n9MY H30T0ilH'I8CK0MY npe.ncTaBneHHlO 0.QHHaK0D0e 'IHCno 
,.: : J . rqJ 
6apaoaoa ,i{ Mesoaoa. HHhIM nyTeM K TOH :>Ke H,neHH npnwnH B •. BoTpy6a H M .floKaH'IeK"' • 

Corna·CHO /l'/ u /2/ 

x<:t) .~ J.i}::: -x<t>(22) = :x._;±); .1::'±'(12: = X /=>_ (x/t~. x'~'<:zt)~i It1;i.,;xl=J;l;f/ .. 

O603H~1fflM qepes 'fl H C00TBeTCTBenno, 'Iepe:3 cp B0JJH0Dbie cpyHKUHH 6aplIOH0B H M830H0B, 
l"""'lr . . 

n ono>KHM }laJJee; 'IT0 npe}lcTaBneuHe 1/ 0XBaThIBaeT HyKn0HhI, ~-r1mep0HbI· II K-Me30Hbl, Ha 

CK838HH0ro HSMIJ BblWe HM88M .npa CM8W8HHbJX usocnnnopa C K0Mil0H8HT8MH: 
. . . 

{

'lf!<.t,1)= J(\ 1(/(2,{)=){ 0
; 'l{./(f..-2}=8 "; '\f-:=(2,2)=:J; 

.-h(lt)=K,I,· rl'\(21.)::K"· ¢(1.2)=Kl!I· c/0-=-(~2)::.K-· "t' t J'-t-' I I , . ' ., ) 

/5/ 
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0onoiKIIM, 'ITO upeLtCTD.BlleHII8' 2/ 'ox.EfoT'bIBae·r °Z · -rnuepOHbI II j'{' +.·Me30UhI. I1M(;!eM T8K)Ke 

> . ) ' 
LI Ba{, ~~:i~l;~~: ~;~+)(2~)(:; o'.'°M;::;l;;;;d r, +. ·1/J(+) ( 21f~iv-z·r-. 

, :.4>(.,., r ~1) :::--1-'(•) (22.) ~ :r.c., cp (+) c 12)1/i ~ ·\" ·rp(+J c 2 iJ ~-rz 'Jf-. 161 _ 

0 ono,KHM _Tenep_b, __ 'ITO /\0 
- 'rmiepOH o6paoyeT CO t\:\epXT5DK8Jlbl!Vlii rrmepOIHlMll •' 7f +, .ft_, - . ; 

. .,.f, ; . : . ; ; . ,·,.,-, .' 

TpmineT B rrpocTpa!lCTBe' J3- 13 11pei.1-cTa'~j1~mm 3/. B' Teopirn CanaM~Fruri1~~-i-Jtrxcl1:iid/ ·non~·;·on,<;•,1 ' 

cp YHKUIHI /\ o -r~nepoHa: paCCMaTpHnae•;;~ K8K 'ICTbipeXMC~Jlbill, nqpc1<,8J15'1,P, JJ,ll51 _,K5>T1
9.poro 

_rrpencTanneHIIe 0
1
/4/ ·ecr1> nma '7) 10,0l, T.e. n3oc11urneT .• Uonyc,:uM_ TaK,+:e, 'ITO 9yme9T~Y'.7 

eT CBepxTmKellbill 1-ieiiTpBllbHbifi Me30H lJ 0 
' KOTOpbIH o6pa3yeT C 3apsrn<e1IHLH.m cnepXTSJ:>Ke)1bf;MJI 

M e30H8Mll (,J..f- ., W- -TpII11lleT B ':f"!,- B rrpeLicTaBnemm 3/. M ac?a, fHo MO}~eT 6bITb ~H~CllTenb-
.,_ ·-1· ' .. 

HO Me!Ib_Wr, ,MaCCbl W.,.. • Jl:onyqaeM TaK}Ke LI.Ba II30cmmopa ,TllIIa ·: ::X:, C Kf,MllOHeHT8MII: 

111[ .. 1 <HJ ==-1V'-1(z2)=A"· '-11(-), 12)= rzz+_ "lJf'->c21.) =-'12,52,-. 
J l J . ; 

H .. 

, .. 
'cpt-> (1.1) ~ -cpc-J C 2 Z) =- w"; Cf' c->u. 2)== V2 w+; c'p <-> (21.) ~ v£ vJ-. /7/ 

·'.v I13 H8,lll!IX C.OIIOCTaBnem1ii /7 / . cnenyeT 'ITO: 

1 / [,JO He B COCTOSI!llIII paCII8CTbCSl 6bICTpO Ha ff -M830Hbl, {f8K K8K B 8'J'.O_M, C,nyqae, 

K aKr6bmo. Y)i{ e yIIOM51HYTO. ICM. /3 / I, IlMeno 6bI MeCTO 3anpemeHHOe CHnl:,HO,~. _B38lIMO.O,eii-
, • ·'••l • ,, ·•. ' 

CT~Ile Me}KLIY OLIHIIM Me30HOM B rrpencTaBJieHillI 3/ C Me30H8MH B llpOLICTaBneHilll 2/. 3TOT 
,, '_,·,' 

BbIBOLI. Hll~O:llllTCSI .B C
0

00TOeTCTBHII C naonioLiaeMbIMil 4.;:.MSI inneH.lISIMH ~- 2.;.;MSI OT, C1rnxa-Ceu-

ryrrTa [2] lI 2-MSJ OT CnaTep, XapT II E.noK (
3] - KOTOpbJe M~~HO TOJ1KO'j38Tb K8K, M8,UJiemn,1ii .. 

pacrraLI caepXTSI)Kenoro_ neiiTpanhuoro 6oaoHa na aapmKeHHbIH · K-Meaon n bapSI:>KeHHhitt 

xi 
M830H 

,._,..;. 
J\. -

2/ He cy1uecTByeT CllllbHOe <J7pHxmrneiiHoe /m1pTyaJ1bHOe/ B38IlM0A8HC[BIIe,THna rATI. 
BaanMoneiicTnue ·Me)i<ny /\ II Z 
qeTr,1pex mrneiinoJ ;/nanp. iJIJf 'fl 

.ny'leHilSI II llOI'JlOlll8HllS1 K-:-Mepo,1_w~. 

-rnneponaMil, cnenoBaTenbHO, rro MeHbweii Mepe ecTb 

I. Ono ocymecTBnH~TcSI rrocpe.ucTBOM nnpTyanhri'oro 
. : •.. :': ~· .: 

na-

EcnII LIOilYCTIITb, 'ITO KOMllJI8KCHO-cOIIpSI}KeHHaSI q:iy1mr1Il·Sl l, df) , ·:tJ l Meaona ,riaeT 

B OJlHOBYJO cpyH_KUil~~9 ~~~:acTHUhI, TO Il3 141,, 161, 17 I BhITeKaeT: peanbHOCTb UC8BLIOB~~~ 

T OpHbIX cpyHKllllli c:f_:> Il Cf:> • CnenoBaTeJibHO HMeeM: 

(.r?:""") ~- '. r.- -
JI' ·.=Jr · 

I /8/ 

x 1Bo Bc~KoM •cny,-rne; _1·e,opn11, KOTOphl~. yMr,1wne1rno P::·a:~J0,1'._1,aT~qiff~a. ~I?~~;o; a~;: , " , 
cywecTBOBaHHe 'cnepXTSDKC~IbIX sneMeHTapHLIX qacTIHI, He HMeJOT nnsi 8TOI'O ' " " 

n ocTaTo~rnon y6e,nriT.el'Jbll?CTH., OCH'~~~}H~~u, ~q _9M,III1Sll:~tr~t:cp8.K1'.~X:, 1 , 
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npe,llno~o:>Kemrn Llannanop;ra ,~
1

~ , 'I'.I'O He 9yw;ec_TB7e;r ,np~Moe'- <?Hn&Hoe B3aHMonenc'I'atte 

TlIIl8 I K.$'"'K / Bbip8)KlleTC9 qepe3 ycnoBIHI:' ,; .. ~ (, , .... ' 

¢~~<):.~z)cp(~) <1<td~(;/t, (:i>;;q.- \' 
t i.., "., . . •. ,. ;'/9/, 

C.!lenaeM aaanorn:qaoe npci.u~·ono:»<eiine b6 OTCYTCTBHe npS1Moro c1rn&Hor6 B3aHMO.!le:ii:c-rmrn 
. ,, , I . ;. •-·. 

THri~ / fl?..) I(., I, qTo 'abipa:»{ aeTc>l ~iepe3 ycnoang: .· 
I )' 

• ·• l _I ! ~ 

!_;',,, 'li ,,"l /,! ,},j_\! 

ip· (-it,. l~)cp(_~) < ;t .i} :.)cp (.£~· ;/z )~- o.· 
'fr :, . • 1 :r ,·: [ •, '1(; !.: ,. • ' 

1 

, •• \ • • •• 
·/10/ 

··•c1 1 ·"' Y'p'a'naeann . /9 / •1i' 1./l Ol I np:HnbbnT'- npu npeanono:m. ernrn, _qTo cQnpn_>Keeaasi, KOMnne.1tcn!')~ aon

:' iio·iibitl ·tpytiid.tHH 0).lHOr'O 3£1l)Slfil GIUIO!J.!'O KMe30Ha .U aeT BOlIHOByIO' cpyHKUHIO, ere,. a11;rHq~cTH_Ubl K 

[1~ 38BHCHMOCTH THOMH8 • 
' •·\, , ... ) l. \./.. , 

( K + J* =: .f{..: . ·' 
~ '· } 

-~··• 

(K")*=-1{
0 

',: ;, .. ' / 1 I/ 

KOTOpb1e CBSl3blB8IOT BOlIHOBbie cpyHKUIIII K-Me30HHOI"O ,ny6neTa / K,+ . . ~o . . . . 

f<. _ I-. nonycTHM, 'i'.}'O CB.ll3,b B38HMO,UGHCTBHSI 

/-<..
0 1 C aonHOBbIMII 

cilYHK_umn1u K_-Me30_HHoro aun1.n y6neT,;:1 /. I<.- ·, 

-~ Mei:loJioa···nro(foro T:Hha /; sr ' K. . w I_ C 6,apHOH8MH He 38BHCIIT OT. __ cneuuanbuoro BII,n:a 

, .. "a'oniidsbtX' cpyuidtidi9 6apii:oH"oB,'· a T8K)I{-8 llOJlOlliHM, qTQ Bee .B381IMO,neii:cTBII.ll 06paT1IMbI!3.: 

··§Tn i--iinbTei~i .Il03BOJisi:lOT' npOH3Bec'ru rpy:nnnpoaanne narpaH)KIIanoa B3aHMO,n:eikT~H.ll •. Jlar-

pfia'muaHtI CHl!bHoro: Tpexmi:Iieiiitoro IBIIPTY'81IbHOro/ B3ffilMO,n:eii:aTB.Irn HMelO!I':, cne.nyromII:li, l}IIJ.l: 

it,.·-:, .,.·•;:{ \f"; ,.1 
·.) ff:\ f_')'_; :er i:-.·., 

' ,. '.(!;~ ,{ .; .j/; ~ --::;+) .·' ' : . ' . . l :.. £+}' .· : ; ···t+l· ,:_- ,·, \ :·<c+r••J; .. 
lJi="\Jl(1-J.,-lz)cp (-t1F,.)lf/(f1.1l2)+_y1.Jf (-'iri)<P {-t1Z1.)"'+' ('l1.f1.)~ 

. ) 

.... ,/-~U 

l' ''!£j/5-fr•{ Jt(;'"Jf"" + Vi J(P Ji+} +'ii° {- J(o JiC+ vz Jf-t-'fl-}-i-3:o{so T,~ -i- (;(z.-~j;+J-,. 
,-_,; ,_. ,.,,,.,.,,,·,,: . ::: :: ··• . . ,i . : .. '}' , ... 

- ,-,- ,--, " -+ , -,. 0 - - . - (J . ' .1-2,-f ~ 1i'-0+a ~ Jr-}.ti ~I ti"-L .rr~J+E {)~ 'ii":£ .1i-) .+. 
' .. , (' . 

,,;. . - 1 ~ t,o{r.~ri +_.l+ r,--J ; 
.. , ( ' . . .. ,. . 

··,:1r--

"-~ 

/12/ 

1_1~1~)(1 .{'r ~)•){, ~ "· 
\ ~ T 

I . 

. •"'f 

..;;.. . q) l-) . ' I ~- , < ) 
• • • • . • ' l. (- • . - • ~ • Lw ==iv {--l1,,·t-z) (-i-zfz.)1Jf (-1,1.d,z)-r z7Y ) (t,.e:fz} cj) (l-z ~~)Y( (Zzfz),;:. 

)_} .: : .. · , ' . ·-~ : ·., ~ 

,. =Ji.+{ JI ... w0 -rvz 2 °w~J +.il 0{i0w01•i2 2w+]+ 2°{-~ 0

tv 0 -t-vz]( + w-} + 

: :,.: . ··-j-_~-{-2:~w.0 i- vJJ.J ·~ .·-·} +l/{z.,.w0- l\cUJ+}+S2-{~£~~0 ~Kw"l+ 
. , • '--' , . , 1 . w , , . . . , r _ ,. , j 113 I 

/ +X-{st£,t-z~;1; 
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' 

Lv.. ~ 1P'( -lt. Jz)cf? (j ;., .'i 2) lV r+>t :ti}£ ) + 1./1 tt> ( ti J1. J'-P,>i.( jJ. ,, i 2) 1/J.< ~ 1., -t'.z J+_ 
. ' .. . ' 

.. -. + ¥.( i{·i;}cp (-(,~, ti) y(-\i~ J2) ~-·y (-)t i2if~)'i?*( . .t;1 )i2Y-i+l-(.i~ ;-i~Y · '-. -
I ,•:• _ .... , .. ·., . .- ... , .. :\\. . . . . .. . , ·, .. ' ... 

.. -X't(A0 ;i-I: 0)1fi:.vz (E+K0 
iw z+.~~}} + ;7"{ t1tc~E")K0 )~Xz':_K:+~ z1-~-)} -_t-

. ' ,. ~ : . . ,. ~ - ' ~ ' ' ~--•, ~,:·.. • • I ~ ;. i· • ' ' "' , t; 1 ,, , ' • . , 

+ ~~f (t/~~o)f5o+~(f:..15--,~·5?-~+)} ~S-{-(Ac;Eo)~~Y2(f1~Kn +~--f{")} ~~·.: -
.' I _, ~:· •••••• t,l: : -~.. ~-~ . - . .<.· -o, ... :· : -~. \ .:..... . ·. ·. t~- ... _: __ '· .. I 

-•·: _ ,t:J@}:,+(.3."K +~)f:K.,")+'12,f,_ (-2 l("-t-J/''!c)•1-£ ().f"'"K.:i-J/ 0Jl0-2°K0~s K~)-t-
' . ..t•,\ ·, .. , h:.~- • ?\ :•_ • : • -·· • > • " , l, ·,; •• ~-I t ' ... • • ~· 1/' • _·,: ··, 

+{z z-r( J.1° ;z+-J{ ... t:0
) -t- rz2-(-2-K" + 2"K")+ A0(}f+1<.-_)/ 0R'.~+Zu0-S 0

~ -r)./14/ 
. :1 ' 

lfepTOtJI{O Ha.n 6yKB8Mll O3Ha 11aeT KBHOHiilJecrrn conp,DKQHHylO ,COOT.BeTC'J'.~YIOU~eii cnn-
• . " • . ·.· .;'• :'., I : ! . ·'.• \ 

HOpHOll cpymcun11. M hi Jl1Hl KpaTKOCTH ne 'nncann D.lIP8KOBCl{lf0 M8TPIIUhI, ·KOTOpLie CBSI3bJ

B8IOT cpymmmr JIO OTHOilleH MIO K lJ0TbipeXM0p!IOMY npQCTJ)8HCT.By M.HHKOBCKoro f I( • BaaHMO-
. ' ' . 

,tj eiicTnirn; Bb1pa)i .. eJrnh1e qepea narpaa)KirnH DK conep)i<aT·, B ce6e Mo,nenn .ansr /\ , Z -
:frinepoaoa;r.rr~e:zi'i1ono)K~Hirb1X1'HeranoBhJM Hi II 'Kptrc1'tu·~51.i'JlarpaH)l(HaHbl. cnnh:aoro qe~hlpex-

I 

. -~)' '· :) 

_,. vz(ft0J{0 -+- z-z-)I:+}+ 1/l t-{-(ji+)/0
+ c::=-)E 0 

-t-. 
. ·, 

+ f2 ( fi+}/(J+ =D•~~)r;•r_ vz(f'Jif+ + =-=oJt1 ~ 
. ,, . ... . . . .. ' . 

/15/ 

. ·!' 

+V2(2°2°+-2-2)z+}:'4 '1252-f(J7+2° + i[0 2-)f\°-t- i/E(}/?{+ +X'°Jf"JQ-} -1-

--· 

0 

/':~~ •A .•~.~ \ \ - ~~_\•••, /~•- -.;_ ,• ( ~~:~ '•, ,) • •: 

1

( i:• •• ,;: : .. \ : • j 

/16/ 
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,c+,-) ,,1(-+-J(, .,;_ )1,t(A • )au·(-> • · • )1-u( • • ) 1,1c-> · · )1Tr( · · p,/f+)( · · ),,!'.( · · ) 
t..,e, = 't· 4 :t.-;,-1. .T,efJ,)/;~ '7 · ·(ht.z T -l:1.,J'!- +,._ (l:tjz r-l1.,fvT-- -£.1.;J-1. 't'lj1.,l,2.. = 

~ ff t.y( i?°Jf+-; 3-.'::;°)A. +IZ ,i{.~;;;•z• + ."2 3,_)(;.Q_} * V2 r,-{(il,"'.,l/~.8•271)" + 

... rzK+3.-i:~-fz.2/' Af"S&}+E" {(!f+Y~-fi:,"J(~- 0~2° _,_ :::;-2-'}((~ 
~ ••I . • ,: _, '· ..,,/ , I ; ·, ,. ·, . -: " 

+ vz(il +~ ~=-f 02/Jl/t+fz ( 2,";( + - ~;: ~J{") 52.-1 + "2 z+{( 2~ 1Y_·+_ ~~:. V "D) BO;+ 

+_q:2°x0
~ ... _.fz:;~;y+z-}..-q·sz.~{(i""~-~~~ A1°2-JE"+vzJt+:;-r;+ + - _ 

-r 12R0 s~zj~; '1;_{{R1f+-ky"-_i 0 2°+8-21Z0 ~vz(K+i~s0 24{;;+. 
\>~-vi,R:~j:_ 2-S0Jt~r ., . . 

.... '':" ;,- . . 1-· . ~' 
0 6paayeM Tenepb 4 · x 4 MaTpHub1: [!, .. ·.'•\'.'' 

,. ,.:· ''tf' )( r '1 

.... ,·1 ~:1 ~i C 

t 
- ~ . '=" -.,, (J ::::-'(;" XE o == E X'P·•· .,.,,. 

. J .) . . l l.i.: ';l~T1 

:! il·!.H .. 
,· /18/ 

··1'. ,r a e anaK X 06,9aeaqaeT KponeKepoBo YMHO:>Kenue MaTpHu. n ocp._e aToro npouaBe.neM 

conpSI.>Kenue cMell,laHHoro 
I\ . 

uaocmrnopa X I /41., , ,i.2 I .c O.llHHM _qe;i;:b1p~xK0MnoneHTHbIM 

cmrnopoM X {...l) ; I .A = 1, 2, 3, 4/ cneayroru;HM o6paaoM: 

xc1.,1.)==xc1.>; x(2,1.)=±(2); x(i.2)==,xc3>;. 
,1 ' 

X ( Q, 2) = X ( 4 r /1:9/ 

n OnO)KHM T8K)Ke:., 

,\ . A 

cp (i\)* ==cf:> ( f)C (.fA), ,/20/ 

r.oe 
. r·· 

( peanbnag, spMHToBast n -yan;~PH~SJ · 4 x 4·.:.. MaTpHua. YcnoBHn /9/ H /10/ npunu-

MaIOT cne,oy1ow:nii BH.n: 

A - II l+) . 

(<PCocf>)·<P =Oj (ct>Cfct>r¢<->==o~ /21/ 

TaK KaK 
=>,.,., _..(-) . ) . . -..p t 4> MOryT npHHHM8Tb npoH3BOnbHbie peaJibHbie 3HatJeHHSJ, .TO H3 /21 / Cll~.llYlOT 

38BHCHMOCTU: 
··1 

J, ➔ - ,.,.} -+ -,,-r { - -· Tl· , ____ ·_.. ::::.,.:;:, lC o + (Co) C =.CoC + o ~ 0; . Cf_+ (Cf )_:J G--=eC ;-C~f.;;:: O. 
/22/ · 

•, ~---~ 
'! 

E .lllfHCTBeelioe pewirnue /22/, -KoTopoe oTaetJaeT ycnoBmo 

, 

C = ( i 'r2.) ]( ( L -t-2, ) -=:=. - (h .f z · 

<.' , c_ ,,,. 

(11}. .,_; UMeeT BH.n: 

/23/ 

\ 
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~ . . D~ ' 
OnepaTop C coana.naeT C onepaTopoM,· BBe.aeHHhlM Ban-B.HKOM • !IarpaH>KHllHhI '-'r, 
. ,, . . . . . <. .. X / 

lt., , /..J" M0)l<IJ0 aanucaTb B TpexMepnoil cpopMe 

', :·i·· 
l'lr = (~ ffo/)•cp<➔ ..- it~.ic v~•>cp/ .. '¥c'·>; Lw, h{1¥.fl¥)•i?+1-i,t~gc ¥a:')4f'1+1c'7'; 

. ' . 

LK ==cf ?J)-v(+'+ v l ... ! ($c~il!J+<1f f'c$J-v(-)~ {[J ~-~ :~c~{/JJ;. 
\ a, e, e .= i, Q, 3J; /24/ 

. . . <+•> . ,£-,-) Lt+,-> 
TaK)Kenarpanmuanu.t.;, '-'~,.•. ·s MoryT PhITJ:> 3anncanh1 a TpexMepnoii 

cpopMe: 

l ;· +) = ({i<•J. ,ft 6}(ff V·V' ... >)j, Lt·->=(¥'~>. V°f)(f{jl. ii(-)); 

L ~,-> =cw-u·,. -rtxr lJI. v'-') +(-fi7l-,. f ?)(ll ~-ii{+)). 1251 

Bb1paN{8HHSI /25/ Il0K83hlB8IOT, 'ITO e 9THX cnyqaSlX 0,llHH K-Me30H H31Iy'!aeTCSl anpTyanbHO 

H onuH K-Me3oH nornowaeTcSI aupTyenhno. B IJlf narpaH>KHllHhI /24i · nMeIOT an.n: 

. I 

/24 1 / 

a narpan:xrn:aHhJ /25/ - an.a: 

·/25 1 / 

Mhl nonomunn: 

,ti.ooL) u ::..2:.. i ~ (!i .. 
'yz 0.{.A.0 1 

· Oi-J.O ""C.t) - X l±) - + "" l:!:) 
""-3 - /2. - - '-"'-3'1 

/28/ 

x/ BenH'IHHh1 ~ C\ic. :!It. :t 1 , a:::nn a,a,c, o6paayIOT 1JeT11y10 nnn He'leTHYJO nepecTanoa

KY queen 1, 2, 3, 
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CyuteCTBylOT TaK:»<:e 38:BHCHMOCTII: 

C ===U ... U :;:·u-"-.u* , 
/27/ 

r.ne onepaTophI C II U .aaHbI cooTneTcTaeaHo /23/ II /26/ • Ecnn nono»<MTb, cornacHo 

/4/: 
vi~ t±>(-:t.)-= xi rt>_ i ::ci:.1:r. 

. I 
1/z. x'±\3) = x/±> +C x~ <:tJ, 

' J 

x·C.±} (2)e::. xr~)? 
/28/ 

TO 38BUCIIMO,CTII /28/ MO»<HO HSillICSTh B cpopMe M8TplIUhI: 

1-13 aaanornlI c /27 / 

X (t)=WX(:t:). _:i"C.±);:::: Jt:t!w-!. Xo<.t;J(a.)::::Xd,±J. 

0 . ) d. (~ 0 '-1.) , 
ca.~i .2,01· W== ·"' -i o '--l 

, I , :J ,2 0 ~ 0 
o6pasyeM onepaTop: 

'' ' 

/281/ 

. (0 0 ') -r-w"'w=w--1.w*=o.:I.O • 
. . ;1, 0 0 

/29/. 

Cornacao . /8/ MM08M 38:BHCIIMOCTII: 

J., c.±) (a)*== J,l-t) ttJ;f ( 6 a), 
/30/ 

KOTop1,1e aaanorlI'IHbI /20/. 06pasyeM. ncen.aoneKTOp -· 't C KOMilOH8HTSMII: 

{ (O-lo q,-= .i -1. 0 J. 1 
'/2; Ol.0. 

~

o -i 0) (J. O v~ j_-iq-i 7 0 0 0 J 
fl O -& 0 0 O· ~1. 

/31/ 

,. (+J "l-) ' 

KOTOpbiii: ODIICbIBaeT II3ocmrn. ttaCTIIU, .a:aHHbIX. C cpyHKUHHMH cp , cp no 
r1<+) 

OTHOWQHIIlO K :J3 1 

':JJ-~ Tor.a:a cne.nytoT cooTaoweuug: 

-rcr r + zr-r === 0) 
/32/ 
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KOTOpbte ananorll'lHbl 38BHCIIMOCTH /22/. l,13 cpaxmemrn /24/, /25/ COOTBElTCTBeHHO c/24}', 
1 ' . '; . . . : . . . ' .. 

/25 / BllLtHO, 'ITO Hall.la llHTepnpeTarurn He OT11H'IaeTCfl OT HHTepnpeTarurn CanaM-nonKHHrxopHa. 

B TeopHII BoTpy6a-~oKauqeK fl ll rn~,,poHhI A0 
, 5-r ;: B O 

, D _. ·;;pa3,~IOT c~o~o6pa3HhIH 
' ,. 

ll30TOnJPIOCKHM KI3apTeT, H30CHIIH IWT<;>pPI"O IIMeeT l1pf1BO.UHMOe npe){CT8Bll8HMe: 

/33/ 

rne f naubI; n /31 I. 0.nuaKo, sTa i-:r:e°,p1rn, a~npeKiI cnoeii nor.x-PtecKn 6eaynpequoii cpopr.rn, 

IICI{n,0~1aeT cymecTDOBamte caepXT5DKeJib!X aneMenTapHbIX qacTHU. 

8 uarueii lIHTepnpeTau1rn IllJOTHOCTb aneKTpH'IeCKOJ"O 3apsina . Q_ ·.naeTC.II: KaK TpeTbSI_ KOM

fl OHet-rTa OJ.1.HOJ'O TpeXMepnoro H30IlC0B,UOBeKTOpa, B C11Y,'lae, KOrL\8 BOllHOBbie q:)yHKUIUI 1iMe!OT 

n pe.a.cTflBneuue l / ero KOMilOH0HTbI HMeIOT BII)l: 

/34'/ 

a B cnyqae, Kor.a:a BOllHOBbJe cpyHKUHII MMeIOT npeacTaBnem1e 2/ Illlll 3 /, er_o KOMilOHeHTbI 

HM0IOT nun: 

/35/ 

Ecnn 06pa3onaTb ennHII'IHYIO 4 x 4 - MaTpuuy: 

/36/ 

TOI'L{8 IlllOTHOCTb KOlIII'IeCTDa 6apnonon BblpamaeTC5I BemJtllIHOii: 

/37 / 

rne 06oaua-'Ia10T onepaTOphI pO)Knem1si n yuntJTomemrn. Bennttnua N OTHOCIITC5I 

/UlK !-X;;!OCKalHip. 
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