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B,IrIofl 3MEuEHHbtE TinoBblE ycJtoBHbrEypABHEHrrt cropoH B rnu.nnrrna[i.i-u -

.""13r"":j^""3:lr:i-ll.ll qopMy,l nonpaeox xooplaaar [2] l rr_,,wpD,c t'odnbre ypaBHerrr.jlr croooH u arpexuxoHHurx yiaae Il]npt_vpnqroi B Tc{ cJryqaax, ror,ab :aAanno..AupexuroflHbre yrJrsrcTopoH, pacnonoxeHHbrx Mexay onpe4engeMrl|rvlt nyHKTaMX, He

Prc. I Urnb rpeyrorbHrxos c rlepruvH rnpexuHoH.HNMI yrraMnyqacrByror 
_B Bbrqfic,reHHn np[6r[xeHHr,rx ]<oopll{Itar, To ecr6 

qB-"'rrro-rcr u36brroqHhtMlI, Ec,,ru xe srl, ArpeKqr,roHfihre yrJri 
,cnorb-3,oBarb_KaK Heo6xoauMhre, ?0, oqeBrraHo, uauensr cgoi BLu
rj Sop_\Iyr6| nonpaBox, (oopar.rHaT x ycjosHbre ypaBXeHrr.
....: puoo"" l-ll noKa3aHo. qTO 4!'rr cocTaB,,leHr,ts rrnoB[rx ycnoB_

Hbrx ]paBrieHDt a nb6oi cerr rpxJrarepaurH AocraroqHo r,r3vtlxrb
saxoroMeplocrr.r Hx cocraBrelrq B qensx rpelmoJrrtrxor, paicuo.
Tp v uen{ TpeytonbHuxoB, B xoTopux 3alaHbr lrpeKr{HoHrrbre yr.rH car'iyroullty cropoH, flycrb a uenl rpeyro,ruaaxoB (prc. 

-l)
xoopnfiHaTbr nlrxroa /. ll, Ill Bt t\ucJletor no axpeKuuogHoMvyriy arf u cropotrav tr, s2. sr, s( sj. nlnxrns /|/,'V, Vf _ nit
crttt -rv I s6. s& se. s,0. sr v \yqxtoB VII, VIII, lX _ no rLvt_wt,
I'l sr3, s,r s15, s16, su. CTopoHbr si l.{ sr2 36bnoqHbre,

rronpaBXx 
-xoopnHHa,r nyxxros | 1/, /1,1 onpe,4e,rrror no 60o_M)ftv {lt. (2): (41. (5), npHBeleHHhrM s pa6ore l2l.tcnu np!6,tlxeHHhre KooprxHarhr nynxra I raxb,qar or onoe_

,ucr-ceMofo r no croDoHF^sr, coenhHtlouei i a ft, I nupexuloxaorvyyr,!y o&, To QopMy,rbr 6ra u 6rA, oqeB[aHo, no,rvvrjM l.r3 coBMecT,fioro perueHfir ypaBHeHflfi nonpaBoK cropoH6r sj x nxpexuuoHHoroyrra ci,i.



3riaqur, tlrr nonpaBoK (ooptrlHar y:dt\.roB IV I Vll
6''rv:cos orrr,ry!6+6trrr; 6ri':sin orrtrva6+6Artr;

6.ryrr:cos or,'r,'rrL,1j+6.ryr: 6ryrr:s jn ay r,v I ra B+ 6A v t. (21.

(DopMy"r6I nonpaBoK KoopluHar nyHKroB V, VI, VIII, IX safi-
!eM, peulat nonapHo ypaBHeHrt nonpaBoK cTopoll ss It se, s$ !1 sl!
,st. n sr5, s10 u str c yqelbM (2). npnBoAnM ,rnrllr, qrop y,rbr 6ryr,
6!v!,3trx' 6grxl

6x:'r: a\1or-an!!r+ae.,e_ds0s- lde cos 9+alr cos (9+10)].,6+

+6r,,r; 6gvr-' b{!r+b\ran-6o[r,+rs!'s+ [r, cos 9+

Onu rveror anr:
6x{-co. o,,u I a,l , by :s I o ., + 6r-, (t)

+rrr cos (s+ l0) I u6+ drrrr,

rAe a,,:_i#;., ,,::ffiv, h:rs$an,
cos or,yr , cos orr,vr,3:/s 0"1 : ,rr - .---:-. ,jo- -_---:_-:

(3)

t::s:h nb$, bs:T*$b{; (4)

6,t11:rr1,t-"*u* *ri5r'i5-rrauG+ lcra cos l8+

-r,..o! rl8 | lq)lJrJ. 
^xr 

r:

6 A*: - rl n rt t * tl stt rt- d $! $ + d !,x ! [dr,, cos 1 Bf
+dr6cos (18+ l9)1u13+ 6yvr.

^ s:l ar r r.lJfleLb .r: 
"_rJ 

." _ -^-: !,"-/'. i..r.

; tlr:Tr ndn,
sin 23 sin 23

(5)

(6)

OopMy,rhr (3) cocrorr ]r3 l-lR)x qacrei?. flepnar colepxtr no-
npaBKn c'fopofi qen}{ TpcyrolrrbHr(oB, (oropaq cocar.ra,ler nynKr
/,f c neo6xoAruuu r'lxpexqrouHul{ yrroM urrrr ry,
poHy so.,B,op.r 'rac.1 1^\,,r I J4r,,) rvcer r.. +opvvry {41 B

paoOIe [:l) noardnrU c.opoH lpn r rle\ lo.-l,Hl ron, .o.n Ht|o.rr i
nyH(T //1 c ficxotrHr,rM onj, n o6pa3yeTcr no rrDecrfi],tM IpaBUraM

t2



[2]. flepnaa qacrl noa,lfiHqctcg reM xe npaBtnaM, ei,u nynr<r
/// vc,roD'ro .rtr.arh rtc(o,qHbrM,

Oopnry,rll (5) c yqeroM (3) uMelor rplr qacrlr' Tperle qacr!
cocrour ra nonpaBoK lrenq rpeyronlH KoB,3aKnior{eHHoa M,exAy
Ircoo\onHyb \r ri,poxUro 'no,t 

yrroM ov/, vrr v niH{roM IX, u

raxxe o6pa:v"r.a flo npaB r,raM [21. ec.nr nyr*r /1 ycroaao cvl-

TaKdM o6pa3oM, sco6- {
xoanMble Atrpefiquosllble
yrnH , cBt3yroultx cTopoH .

Ienrr QopMyrbl nonpa'
BOr( KOOpAnHar. Ha Ue3a'
DUCqMbre apyr or Apyra
'racrr. Ka)xlyro ," yl p*. 2. Uer6 rpeyfojbHh,oo c h.6"roqed!tr
MO)XHO 3an CaTb, no'tlbly_ cropoHaMtr or. s5, sc h sr.

tch nDaBHJr2Mll, rl.]10x' g-
rrbrMh B pa6ore [2], np 3ToM nyHKT, pacfio'loxenlrblii Ha KoHtre

CTOPOHbI C HEO6XOAIIMBIM AUPEKqIiOIIE6IM YTJIOM, N KOOPAI{HATI'I KO-

roporo BHq[c,'lilor 6e3 y.Iacrl'It 3Toro afipe(qfioHlloro ynra, cr'le-

Iyer ycJroBHo cqlllarb lrcxoallblM- Ec;I B ucn]r rpe]-onoH r{oB (pHc. 2) KoopnllHarbr n}-H{roB /
x // ol p"D "rrTb or rcxolHbrx A 4 aAj- noa)tvHalu Vl. V v

IV - oi B u qr.vr, a koopauHaibi III - or IV c ucIronb3oBaHl'IeM
arv, rrt, "ro ycroBHHe ypaBHeH[q xs6irTo'JH6lx cTopoH sr, s5, ss H

ss no"q]9f\1. ra^rLHtlB B ypaBHedH9x. nonpaBoli 9rux cTopoH no-
oDaBKfi XOODAxHaT nyUKrOB .i./, Iyl y fiX 3Ha'.FHr'ltllfi no npaBU_
aiu, 44r:xn_u B pa6oie [2], !i ny8Kra 111 cornacHo (1).

PaccMorpuM yc,,roBfllre ypaBHeElIq cropoH, cBt3aHIibIx c nygK-

YpaBHeHlte cropo'r". s{ hrvcer Brn:

sin f2+3) sin 3 sin 3

-u{1 --.- "r- -l'.- ur+ ----; co> l . t/,+co< b 1r?+
stn z s1n2 sln z

+
sin (av,rv-orr,rrr) sin (alr,rrr-qvr,rv)

rrs+
sin l0 sin l0

, sin (12+ l3)
' sin 13

sin (ovr,rv olr,rir)
sin l0

sin 12. ,.|rt-: :;x
sin (arr,,,r-crw,.rv) . f sin (12+13)

.trr to - ""+ [ .i" 13

sin \ar\rrr-ctvr,rv).
sin l0

sin 10
Xsin 15+

sin (orr,rrr-ov,rv)
cos(ta+15) ] ?,r+l{:0. (7)

IIpuMerlrr npliHrryro B pa6ore [1] QopMy 3anl,iqt runoBblx
ycJoBHLtx ypaBHeHItii. noJlyqaerl

-or+a3q-a2u2+a2 cos 1 . 01+cos 6' 0'? + d101J ro-asus+aslr tr-
-atsor3-[.ru cos l5+410cos (14+15)].'u+l(:o, (8)
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arj:?rr sas, ari:lr:r aas. (96)

iffi?:il,lffiffi
:=,tt,*i*'l *[,1;, {1;-** rjd:tii:i

f,ll,Td{,:1,'"',:il't;ii"##, }iji;i",r* ",*
*t[ l**iry il*]"' ";i'k,A-:' 1,,,ffi ,# ;

iryfi;ffi+*ffiffi*ffi

at:Ts.t, az:Tz ; (9a )
lavt,N-ar r rrt)

sln t{J

sin (ovr rr -a,, , ,, I

sin I0

l'ia""J;liii,,' ?l;,; )))'li1'-:) ll:"-'-"p h J' voH, L,e ),r1u qanp.B-
nl;ll" i jj lit i l,ji, i:1 ;ti t : ". ; i,; ",,J li, ii, i 
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IIy. nlx "onnaB,{ax .ropoH. o6p;trytoulxr np2sbtc IacpgBJrc xtyinoB (HncroT(r B Bx-ry ]r!rbl. o6p.roBa."D.e ("NAoji napoil h..
ooxo.4rv[r\ c onodl. Lcr | 'i(a B QoDMyra\ d,0 j ,s pzJHoct I n _

peKt_irrorrHlrx yr"'roB BbrqtcJrrr! no npaBHJty: aape(qHolrHbrji yro,,r
130LI|o'rJolr c opoHh vt | )c rl0^KUMo I'lb.ii ) roJl ,teo6xo4H\tori,
To B {dl 3rla(rr Koi(prDr-rheHtoB a a. as, 0t,, ai lHu K KogQQHuH-
er{Ta npn ?rjz lleo6xol(fiMo nor{eHtTb Ha npoTllBonoIoxHble, qTo
6ynef coo.Ber.-BoBarb nprB!.r.ry 3HaKoB B tDopMt,le byr. [2].

KO,L!Q UU.t rlr npx u , t)jr q ut, o6pa.yK'tcr no nfaBHraM
o6pa30saHrIq Kolorppu efi oB lqnoBbtx ycJoBHD.x ypaB e Uji cto-
poH Irt.
i CBo6otlHbrM qner{oM Brnol1srrelreuHoro runoBoro ycJroBHoro

yn2BheHHr Lropot'd cJlyx r \Bo60!t'htji qlaH ypoBHF/'q no.lDa-
BOK fi3ObrfoqHOlt CTOpOH l,l.

I,136brro,rHoir cropoBc s5 coorBercrtyer ypaBleHue:

-r,'+cos (5+6).x,7+b$x$ bsL,s+b L\ bBoB-

-lrr cos i5+rrocos (14+15)]01,+lE: , ( 10)

. sin (cv,rv-oe,r,r )rAe ,r0: -- _ - . ;--. ,s: srn luvr,iv-o.r,rri)

b]J:Tr sbs, bB:Tn sbs. ( 11)
I,LIII xe

, sln t0^,//r-uy,ty)rAe ,r0== 

-s 

n-, 0s- srn \aAJ! !-uvr,rv )

sin 10

br:TL sbs, bB:T-:-sbe.

u.T.co, l5J qat -b $-Tbsus -bltut)-bflu\J
*[6i1 cos l5*6rocos ( la+ 15) ] olz+15:0, (12)

(13)

sin(ll+12+13)

nyHKr ll l'Icxo.,qHlrii, no3roMy B (10) u (12) BxoArr nxurb no-
IipaBKx .fopo r. (orolo.e yqa.rBoBar,r B Bbt,-tr."1rHHfl\ np 6nH.
xcll lbx KooplrLrna. nl,h-d ///. nonpJBxa J6bnorHoil ctopo bl
s.. 3r'aKlr KorQO dye oB B ypaBHCH,.rri{ u {poDyy,lbl (ll) 

'r 
(13)

llorl oclblo cor.rJcvro-(t c \.trt oBn.hHbtyrl npaBHJtalrh,
.[,ra us6uro,u6ii cropouir sn no,ryvaenr

-uo-l co) 7.u,-l | (at tt'- ovt.tvl )q- 
<r | {c, rv-or //,1

' .:n l0 - 
"r, l0 u'o

, f sin (ll+l2l sin 12+[-- 
"," 13 +.ill1.3'

srn (uv,irr-ovr,rw)
sin l0 ] "'*

't- It"t
'15

sin (.12+ l3)
sin l3

sin (ovr,rv-av,rrr)
sin 13 siil i0



.r sinrII+12-l3l sin (12-rl3) sin(ar,,r ovr,,v)

- l[- sin 13 ' sin 13 sin I0 1"1

Xcos r5+sllg!l5!l-tJ-. cos (14+rs) )!,2+/,:0. (14) j
I

3 npr.rlHqHoi OopMe 3an cti ypaaudnue nueer nuA: 
I

-us+cos 7ur' csus+.10o,0-c$ur3+.ul',r- |

-[.,rco" l5+.r0cos ( 14+ 15) ] up+1r:0' (15) 

|
sin {ar r./v_ qv,rrr) sin (av.Iv-av,rtt) - |

rAe .":---:=;;l;:, .r: .i" lo_--' 
I

crr: ?rr-e*1rg-scs' c!:Tl'.slTl-,gcs (16) 
|

I
floKax(eM, ,rro ypaBHeHle (15) fi-SopMy"lbl (16) noaquHrorcs I

vcTaHoBrleHHblM Bblrue npaBunaM. Liuaovl^4eHeHHOe rllnoBoe yc' 
I

.jrouxoe ypaaxeuue cropoH6I se ,aoJI)KHo cocloqrb u3 aayx qaclptl 
l

Oana coqcpxlr noflpaaxy ue. nonPaBI(l] (TopoH srr' s,3 Ir sr,, nol
KoropblM BblqucrltJlucb npuo'luxeHHbte Koopn,'IHalH nyHKTa v' u 

I

nonoaexv cropotru s?, xMeouefi Heo6xoA M6lit aHpeKuLoqHLIfi |
yro.i, 3xixn n $opMy'lbt KorQQ uueHloB 3roi qacln ao"r)KHbl co'I

.oTBeTClBOBaTb npaBrJlaM cocTaBJleHufi TIjnOBOIO ypaBlleHug cTo' 
I

poHbl [l]. TaK qro 
I

-tio+cos 
Ttir+rrT ort-rli ur' -cI cos 15 ' u'e ( 17) 

|

-r!,e "I:ru-", ,Y":f "-t (18) 
|

HeooxoAxMo, qlo6bl BTopai qaclb ypaBnenfie too"p*u" no'l
nDaBKu cTopoH ss s$. s'l sr3 u rtr' Koropble ucnorrlb toBanncb A"'Ifll

s;i,lrc,neH i npu6,1l'jxeHHblx hoopa Hal nlHfia /v iJ trou rlacrrl

.JHaxu KorQQki,leHroB 3aBuctr or OopMy'I xo,QorqfieHroBcsfi r$ 
l

Ec,rru nocragurs ycrroBxe:3Haxt't ir{, /rl put,, sHaxaM 11, ''l'lB {17), To BTopafi qacrb aorxHa uMe15 Bl14 
|

rrooro-rsog*r,1vu,r- clu r',r-[r, cos 1t+1151{iirvcos l5loa I

x xotoofiuxe*Tbt Hyr(Ho B'qdcJltrb 
t'tl

.,0: sin {ov:-/:--av,I). , ": 
*ltii#At 

I
I

.,f:t,,-"c,, r,1v:Tr,-+ca. (ro{

:16 |
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Coe! rHlB {l7i x (19). np Be'q rono6HLIe qrehbl / tronH(rB

cB060^rbLii ttrleH. no,1) lhM (lcJ
ypaBHeHuc (14) Moxuo ranKe 3anricarb B Bnre:

-,,+"o.2,'+."ou-",r,,+ 
(si,"-cx )oo+ t-'i'"+"x l .,,,+

'1 1 i.,i'---",I) cos lS*cro cos (14+ 15)lor'+1'g:0' (21)

sin (ov.,rr-av.rv) sin (ov.rrr-qvr,rv)

.B::rrr o; .11

oIHO'MeIIH6IX nonpaBxax B nep'
I,lMetor nporllBonoJIOXHlIe 3HaI<U

sin l0

"L":r..,',,,1{:r"-"'u;
B (21) Ko3QQnuneHrLI npn

roir n rropoil qacril ypaBH-eIiul
CpaBHuBaH yPaBHennq (lbl {
{21). nralu, rr'ro YPaBHeHue
riu,r?i (ts) 6o,1ec Yro6go n

eMv. oqeBllaHo, cJeAycT oTlaTb
npiAnourettne. C"'IeaoBare"IblIo'

. ei,nn rrpu6nuxcunue (oopAn_

iarlt r'yu xroe, PacnoJor(eH_
Hhrx Hl rollLLax B36l,ITo'lHor'I

CTODOITLI, BLIq CnqIOT C Yqa-
crtr;M oanxx It rex )(e cropoH'

Puc. 3. CocraBrctsse B!!otrsMeHetsHo-
fctoBBoro vpaBHetst{E

cropoHd sr1

li"&?1,"*T"TJ#ll" rlltil3.o rou*"'q xerarevlb o rMerb

ul;:t"H-'l"ll "rl";4"91'.'J-""";%,,:Bl" 
"fr ;"1^:l';;'1 ":31#;:

ll*,:ll"il+i,*F#{itihilsx"r:j"::i"rI#{i?""r',:
*ri""t"' ";"* l';l :ii i:f ;li" "x"#ff 

- i: iir"";" ";1!ii ; 
": 

"l " ii

iliH'tt*#;#il"$:;';**3i*Jr,"uffi ,.rl:.aff #

l*ir*l;l""ll*ru;ff 1T""j.:"'1?L:fff""1'",'j::::Ii^xK
Hnt cropoHbl [l]-

i***i""';***3l, .fTdi"T: rT,ixr"'tt#:klljtv"{[

f #ingpitilru;qiiffi ly.#*";:qtrlto#rlCeX CTOpOH UenU: 3llaKlt At A2 F As
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i'.$L",l?ll',i",';; "-".;:,:ru1::' 
* npaeue vanpaa're'ur vr.T oa)

iffi ;#+:{}T$Hfr liif,iffr 'd;rr'r'in*;tr*'*+#Vpaoncxre r 
_OoDM!,1hr xorQOfiDre ros ltl4etof B]tA:- uir+cos 14.u,0 -osus-] asos_a7u7+a6v6_a5o j+a\u\_

--asat+azvz-fa, cos t+o! cos (l+S)loi+/ri:0, (28,
s!n (0rv,vr-qrri,v) sin (arv,yr-orr,v)

sin l2
at : T l-ras+T L\t, as: T s-])as+T e_r;

as:Tr-ia6+Ti sas, at:T L.eaolI Leaa;q: h-rar+ T s_7a7, az: T,aai+ Tzr at.

sin I2

(24)

,--_Ta.K-HM 
o6pa3oM.- flpH cocraBreHrl afinofi3MeHeHHUx rllrroBr x

is::5":.'"iii:$,:ifi tx,"xx"""";f iiy*f "txj*"r*#r*xoHqax H3ObrToqHoi cropori6t, Bbr,rfii

iilf +l?xt'trul{""ir $;;l':r- 
" ^, I.-{:x+i###o4urrx ,r rex xe cropoH. l,I a ne6lolr.

;*1"9"",1*;"";*j,iol,ljiiiil; 
ji"il""l:if;S :Jr"""T"li;"T,

,rzrEpArypA 
I_ _ L K" ac"o* 6. n. 06 ypaBHkBamx cer

.::_*i*i;"[;3i'*fl",-.*,,;*,],f"11;Tr"Hill jj.:i
I

i:i"r* fi:"".*,:l*{ll??k; i,ii 
I
I
I

6. n. KaAcHtc- *" *,, .u" I
K cocrABJrEHlrrc rroo".r*.'f.nno,x runoBbrx IycJIoBHbrx ypABHEHLTR g rpHflarrpA,ti-r.r-... I

,.,1f"::#";i:;"J,lf;"iri T.,if#"il:..:::o,,r.'1p_1,e'nh,x,,"no"",* |
"'.or"*o 'iipa",i l"i;'nu;o;;;1" '!i/'ono'u*ou' uverourefr re' I
,, 'oB 
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