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I. Ilomanoafta sq.qpqx. Ilpuuepu

Paccuarpuaaercf, rrpoqecc pacnpocfpaHeHxfi BonH (Haap]tuep,cef,c-

urrrecxtrxrarycrtrqecruD( n r.n.) nnyrpn nrocrofi o6aactn G (prc.I),
oltpaHItreHHofi KoHTJpou or cocTofiql{x 13 flpfiroJtr[HefiruD( oTpesroB n

.qJn orp}rf,Hocrefi. aTtt orPe3lc{ l{ AJnn uonyr 6nrt cao60AEorn n gKpa-

HlpoBaHHErr4: r€rla,n roqra cBo6o.uHon npaHxtlH f,BJlaercf rcrorfil,tKolr
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c(€pxqecKofi BoJrHbr B rlol.eHT BpefleHr{ t=O, oKpaHt,lpoBaHHHe Wacrtor
roHTlpa BoJrH He nopor.qprr. Cpegg npeAloJrarasrcr o.S{opoAHof , cfto-
pocTb pacnpocTpaHeHxs BoJrH X - nocTorHHofi.

Craarncg gagaqa o nocrpoeHnt{ ftapr}rHll BoJIHoBono npoqeccarT.e.
06 om[carufi .qBlreHls o n r 6 a D q e fi Bo.rtr{ (4 p o n n a n$i
g r B r A x c r a n r H) B saBlro,ruocrn or BpeMeHn t.

Ararornrnaa (neeronaro 6oaee npocras) aq.qaqa BosH[ftaer B Ma-
lrrHocrpoeHxn npn o6pa6orre rurocKr{x Aerarefi Ha craHK&( c VIIV [I].
3gecr ana,norou BorHoBopo {poHTa BHcrynaer cpesaeMbr, sr(B}rE{craHr-
HO CJrOfi uaTep[aJra.

IlocraarleHHas3qIIFe&cBfisaHac petreHneuJrpaBHeHufi 9 F K o -
HAJIA

(q)a + tt)'=tr, (1)

rAe(yHKt-Es6= (x,y) HasHBaetca xapaKT epll crn e€ -
c K o fi (nar xapamepnclnrofi) AJIa BonHoBono JpaBHeHrr n onpeAe -
Jrf,er B npocrpaHcrBe ryt xapanrep[crlqecryD noaepxHoctu [2].

Ha pnc.2 n 3 nso6paneHtr xapaftreprcrltqecrne noBepxHocru Q ;trff
ABID( npOCTbD( CnJ {aeB. 

0

4

x ul

Puc. 2

Ecan rfpotrt noponqaercf, orpest(or (nanprrep, I-2 na pnc.2), ro
xapar(TepncrnKor cnJnorr nrocrocrb, npoxoAflqafi qePes oror orpeSoK I,l

HaKTOHeHHAfi ft ruIoCl(OCTr{ ry nOA yFnOM yr ctgy = f3
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r-a.t r-xr
xa-rl Xe-Xr

+If,t, Q)

rAe

( r.-r., ) + (r.-r.)
A= (r.-rr)(r.-rr)

o

5

t v

I _:/g)

Pnc. 3

fua erpanr.rpoBanHolo orpesra (nanpnuep, 4-5 Ha prc.3) xapanTepr -
ctrqecraa nJrocrocrb Beprhr(aJrbHa (f=o, 15!- ).

Ecrx {poHr nopo[rqaer A)ma orp1aHoctt{ ( auryraaa nfl BorHy -
taa), ro xaparteprcrflqecrofi noBepxHocrbr cnyrnr KoHyc

(r-*o)2 * (rro)t = (n I ft)z, (3)

rAe rorX6 - Koop!flHarH qeHTpa oKp]mHocrH, an - ee paAryc;R > O

Arfi EHnJrKron AyrH r Bso- Arrs BonHJmof,. (Ha pnc.2 ronyc e Ayrotr
2-3 - eunyraHfi; Ha prc.3 rourca 4 r,r 5 - ToqeqHlre xcror6uro{r,l BoJrH -
aBJIfiDtcf, BepoltHaun BorHJmbIx ronycoa. )

Ilpocrof, npoBeprofi uornro y6e4mrcR B r[oM, qto QyHKr$u t =

= (rr y ) rnafiAenrme trs coorHoueruf, (2) ra (3),ynouerBopf,Dr JpaB-
uennn ( I).

x) Baopon t,tg Bogilof,Htrx cnwaeB ToqeqHoro ltcrorrHuxa - Bept.rHa Bon-
H1mono yraa (roura 6 tra prc.I).
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Xaparrepncrrtqecran noBepuocrb cocrorrr r{s 6 r xa pa K -
T e p x c T l,t ft, npoeKryrl{ ftoTopHx Ha rurocRocTb ry f,BJIflDTcfl n y-
q a M }t, T.e. npf,rronxHefHbrux opronoHaJlbHHMt{ TpaeKTopHsr,fi ceMeii -
crBa +poHToB. t(ar.qaf, ns 6nxapaxrep[crt{r( cocraBrfier co cBorrM nJrqoM

ylon Y.
Xaparrepncrnqecrcre noBepicHocn{, rroctpoeHnlre &Jrfi or.q,eJlbHbD(

oneMelrroB noHtypat nepecexanTcr no pe6pau, npoerr.pl.t KoropbD( Ha

Iulocrocrb xJr cocraa:tr0or c r( e JI e r KoHTJrpa. .(pynraura cJroBa-
MH, CKeJrer npe.q,cTaMf,sl co6ofi o6Be.qrHeHr{e Bcex nnHr{F nepeceqeHr4f,

QpoHloB or orAeJrbHDIx oJIeMeHToB. (B uanrnocrpoeHrx creJrer EoHTypa
onpeAeJlaeTcf, KaK neoMeTpHqecRoe MecTo Tor{eft qeHTpoB oKpJmHocTefr,
BnrcaHHbrx B noHTJp x racanqnxcr ero no KpafiHef Mepe B AByx pa3nnq-
nu roura:< [I].)

Ecar [ssectHa xapaxTepncr[r{ecrafl noBepxHocrb, To mo6aR us
9KBn.q{craHT o(tr) (pnc.2r3) uoret 6ura rlon] {eHa npoeKrixefi Ha

IUIOCTOCTb :cy JII{Hl{}r nepeceqeH}rf, rurocKocTr{ tt. c 9Tofi noBepx-
HocTbn. Ha nparrnre gKBr{IflcTa[rTH qaqe Bceno cTpofT n]meM cMeqeHnff

Ha EeJII{qr{Hy ft nnylpl r(oHT]rpa HeKoTopofi ceTKH eno npaH!.rr{HhD( To-
uer. fipr etou rios]iltrar! nerJn{, aHaJrr{B r yIAJreHne r(orophD( eocraBJlr-
DT ocHoBHlm crorHocrb rarotx a.,InoprrMoB. 3Halo{e creJrera nosBoJrfler

JmpocTnTb aJInop[TM nocTpoemif, 9KBt{.q.IcTam.

2. Ilapanerpn3ar[rs ltcroAHopo noHr1pa. llocrpoerue creJrera

llpr o6clmgenr{l{ BosMorHHx [o.e(oAoB K peueHrrc c@puyn[poaaalofi
BbEe saAaqx c.H.IoAnroam, 6Hro npeArroreHo renonb3oBarb HeftoroHm
napaM e!npu3 aqr{n ryqe fir l{cxo,qEu[o(r,r3 ToqeKga,qa,H-

Hono roHTJ(pa. Bu6op rofi l.tarr rHoF napaxetprsa+rx rrorer .qflKroBarbcf,
pa3n[o.r coo6paremrru[, Hanptluep, e.qlxoo6pastrex omrcaHrr paaHornn-
HbD( OJreMeHtoB, npoctoTofi arroplTMa &,If, pe[leH[f Hcroropofi qactHor

snIAlIl{ l,l T.n.

(

Mu npnuennu npocrelrolm (ecrectaen-
nyn) napauerpnsaqxDrnocTaBnB B coorBeTct-
Bne Jlyrry, lcxoAfl{eMy }{3 ltaftor-nnoo TorrKn

orpe8sarAJlttHy I , O'lctn{fHBaeMyo BAOnb ot-
pesKara IJ {yrttcxoAflqeMy !t3 [oqeqHoro l,lc-
tolDlr,lKa, - nonf,pHEli yron g . fun A]mu etn
.q,Ba napaMgrpa cBfsallH oAHosHaqHo lt nepe-
crrxtHBaDTcf, o.qr{H B Apyrofi. Tarnu o6paeou,

AJrf OTpesKa yron g (plKcnpoBaHr &[f Toqeq-Puc.4
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Horo [cror.rHrfta orcJ8crByer AJMHa.lIoxno crmnarb otpesok pacnpfln{B-
Eeficf Aynof , a ror{euftlfi ncrotrHnr - BonHJmofi .qynofirerffiJrrotr B Torr-
xy. Ilpr,r o6xoge KoHrJpa (nanpnuep, nporxB qacoBon crpearr) yroa g
AJIf, BHnyKJrOfi Aynr yBenrwBaeTca, AJrg BorHlmofi yxeHbuaeTcfi .llocroar-
r(y Alma onpeAeJlaeTca HeoAHosHaqHo Koop.qIHaaaMll ee KoHrIoB r{ qeHTpa
(pnc.4),ro 6ygeu trpxm{chrBarb sHaKx ee pqg{ycy: nnmc' - AJrfi BHnyK-
nofi A)rrr,rt "MnHycrr - Arn BonHJmofi.

Ecan rry - roopAl,rHalH reKJnqefl TorrKx Aynr, rorlo - KoopAt{ -
HaTE ee qeHrpa, a I - JmoJI c ocbD r BHJmpeHHefi (no ornouerun r
roHrypy) HopMaJIlr B Tot{fte (rry)rro oqeBlrqflo, rITo

coas=E, Eta*=&f , (4)

nAe R=t x-ro ) * (r-ro)

bc
Paccuorprur napy

vv
.qJrn.rB nCA (prc.5).
B coornercrslrr c su6-
PaHHtn' HanpaBJreHlel
o6xogg r(oHrJpa 6ygeu
o6osnauarr uepes e1
yFoJI HOpIAJIX B TOtIfte

a cnpaBa, a qepes

hr -BroeK€Bcne-
Ba. Aflarol.llrtrlo - _t
x eOC &,Is .qJnn CD.

CoolnoueruR (4)

9A

92A

91 qb

tl
B

Erc. 5

npeAcraBJr@r co6ofi na-
parerpr,rqecto{e JrpaBHeHxa g3nn. SarurcaB rxr Hanptxep, orHocnreJrbHo
Toqr0i B. rS{o-B co8 eBA, y3=yo-B a1a 9"^, rlcEJrDqnu fteop.q{HaTbt
qeHrpa:

1 = 5-B(coa e- cos eBl) = tB r 2R ala F=tt 
"lo 

g * 
-9BA.22

x = I3-R(ala g- aln eBt) = yB - 2R "to ?^ "o" 
.!J34

22
Vnoa HoprraJrx n AJme cBf,BaH c ee,q,,rxHofi coo,rHorlenl{ex:

RAg= X(d-pr) = li-tr = AL IIa BHnft ofi.qyrr Ae >O n R)Or Arrs
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BOnHJmofi - A9 < O lr R4, raK qro n o6onx enJ raEx .qJmHa Aynl.t yBe-
ruqilBaercn npn o6xoge ee B noJlor[TenbHou HallpaBnenx[.

Tar raxrno nperq,nono[ett{p.OpoHT Bo.lrHbt or A)m[ lB pacnpocr -
paHfeTcfi BHyrpb co cropocTbD I = coaat, ro JpaBHeHt,lfi opoHTa MofHo
3arrIcaTb B BttAe:

E..=rB+ueia&jI!A+wtcosg,

r.r = xB - u oos ++ ft sia 9.,.

3gecl E1 rrll - r(oopAnHarH TeHyqefi Torrftx a[poHTat 9r - yron reK]'-
qer HopManx,

u = 2R- sta Qr -'9BA (5'),2

v 
t{acrmlfi cnyt{afi 

"qJlf, 
orpes1a nonJ raercg npr,r pacnpfldne!{ilr,r

AB B Tor{Ke B: R,t +-, el -gel. flpt,r 
"ry 

U -lr - h SO,
1r - reryu{afl grnna (napauetp) otpeax. E, h - ArrHHa B roqre

,!,nR toqernono lacroqHr.tfta nMeeM R.. = O r U = O.

Cgeaaeu oAHo sarreqaHne. Ecau Banflearb )paBHeHltfi tlpoHTa

AJrnu B Br,!Ae:

E, = ro + (wt-Rr) coe ert

ol = xo 4 (wt-nr) eln 9,

u Bhrt+rcJrtlTb paccronHle or QpoHTa Ao

(5)

&ynn
rAe
B.

AJrf

D= E.. -ro ) +( nr -yo ) = lwt-Rl l =

E. = xc + v sia ry+ f,t coe g.,

0a = xC - V cos ry- Wt a5-n g..

qeHrpa .qyr[:

lRr-Et - Arrfi Bunyrc,rofi Aynx,

I
[Wt-Rr - &rrr BorH)mofi .q,yru,

To craHoBHTcr f,cHo, rno AJIfi BHoylolofi AJmt,l D > 0 rHI[b Ao Tex fiopz
noKa Rr : wt t r.e. nofta opoHT He AocrnrHer I{eHTpar a AJrr BonHy -
Tofi Taftoro orpaHxqeH[fi Her.

fun Qpoata, nopo4eHnoro l,Jmofi c-D, ypaanexrafl xMeDT B[A:

I16
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')

3gecr E2 rrl. - rooppo€fir rel(yqefi toqml OpoHtsr ge - JnoJI TeRy-
qeR Hop.aJIr,

T = 28,^etn 
9z - 90 . (6t)

'o2

tlpr pacnpmr"* .qr, 6 B Torfte c rreer: B.-., 9e - ec .
Ilpn sror T. < I.-1g > or nAe La - ?eryqgf prrna (napanetp) orpes-
ra CD, la - A/nrxa B ,roqr(e C.

.llflg rraclnoro clJruafi .qJ/pr - ToqeqHono rcrorlotfta - lvggv; B. =

=0,r.e. T=O.
Bylen tenepb crponrb BerBb cxelet€r eoorBercrB]rDqyD Bsarxo -

AeficrBrD OpoHroB, noporAeHmD( .qynarx ib r d6. .IIa aaoro nororltr
E, = E. " 

tl, = rt.. Iloayruu .qpa cootHo[eHxg:

+tt ero Ti "- 
*'l*' 

= (-c-'s) - u ar.a + + r ala ry, (7)

fir ala {L "o" 
Qt]9t 

= (r6-rs) + u ooa 
prlhr 

- v 
"o" 

B.

YrsoraR repBoe Ha coa TL , Bropoe - Ha sta + r,r cfrrra.qpBa;,

rcftJtDr8tra ft:

(t-t) 
"o" "i".{r6-rs)ab 

3a, '.o *" T*^-v srallTlte.(g)

Paccnolprr nooqepe.qto c.lqAJDry{e cnyqar: I ) nepau,r xs pac -
cxarpraeeurrx oJrereHtoB aBnaercfi a) orpesox, 6) pgrna; 2) BTo

pu - a) orpesor, 6) g5na. Cayrafi ynJta, oqeB[Atro, orAelbHono pac-
cuorpeHtrf, ne rpe6yen.

Cayqan Ira. Hesasrc[uuf, [aparerp - AJr[rHa orpesra: u = lt-h.
Ilpn eror 9r = 9BA.

Calnran I,6. Hesaarcmr.Hfi naparerp - lmoJl qi Hoprarx. Ilepe -
rexHafi u auqcrnerca no {opuyne (5' ).

Carnrar 2,a. Vpaanerue (8) onpegorser BeJIrErHy v:

1.-\=v=
(t-rr) 

"o" 
*nl't 

+ (rs-rr) ela 9l+9a-usrnE
22 . (s)

"io 
Qtac

2
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JIA

9ayrran 216. Pacrameil eoofHmerre (8) nogpo6neersaMeHla v qe-
pes oa corJracHo (6').[loayo.ru rpnnoHouErprqecroe JpaBHeH[e Ars yr-

92

2

r(e.) arn#- *er) coaf,3= o, (1o)

nAe

P(or)=-(ra-1r) era err1r.-rs)coaf,.o *"b-2r."*T "o"E ,

Q( or)=-(r.-1r) .o" 3-(yc-rs)ara;'* "-Pr"."-T ara &.

B rat{ectae HeseBrcr,ruono apnyrema B srox ypaBHemfl @rypnpy-
etr n{6o lrr ar6o e. (eayurif, I'a. nmr 116).

flpn peuennr.r JpaBHeHxf, ( I0) tpe6yercf, J otrrrBa[b rpaHnqHHe yc-
JIoBrf, AJrf, ynna o. (cu.ta6a.I).

Hau ocraerca Buttt{cJrr{Tb BeJrrruHy ft. .[Ag gtoro yuHofifu JDaB-

nennn (?) coorBercrBeH1o Ha -"111 31?a r coB 
gr+Qa 

n caouu.Ha-
22

xo.tlf,tM:

-(r.-rr)araB,tr.*r)"o"!1}*u oo"ba, t-v 
"orTE rn.ft=

2aLa

llrar, uonno c@prynrpoBarb aJrropxrx nocrpoeHre ;iurorn nepece-
qem{r AB}D( OpoHToB (aernr crerera) Anf, napu aftTxBHbrx gJreueHroB.

I. Ilapanetp nepBoro tts oJlereHtoa napr ( 1., nnu e,, ) nepe6n-
paeM c sqAaHHHr. Earor. B SaIaHHDL( npeAeJrax.

2. Un KafAoro Hs ornx sHaqeHrfi rs 3paaaemrn (9) utu/. ( I0)
onpeAenf,eu coorBetcrByDqee gHaqeHre naparetpa l. nriu e2 BToporo
r,r3 SJIeueHToB nap{.

3. IIo 4op,ryae (II) Buwtcrnex sHetrelo{e f,t.
4. Ilo Qopr,rylau (5) Haxo.qlx r(oopgl{Haru E1 rrll Toutor, reraqefi

Ha l,lcRoMofi BerB[ cKeJrera.

,ll,nn nocrpoenrf Bceno cl(eJlera sa,ql\HHoro ftonr)pa npI,t Karrqou

qrreuponaxxeu sHaqeHrr nepBono napanetpa G., rnn 9r ) uu nepe6r -
II8

9r-9e
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.\na 06rnmrn cnyqafi
0co6uft

( nepexop,
cJrvqafi

uepbs 2r )

hnyxaan i-f
c

tseascbc

cfr
(n ),\au
D

egSg.S2t xs Osg.Sqg

Borxylan

,$tc

,r"-)oct

boso.st

#'
9ggSe.S2n ltJrr OSeast

Ta6anqa I

paex Bce ocraJrbHHe gnexeHTll roHtypa, BHnorHfieii uarr 2r3 I,t orHCKta-

Baer dD ft no Bcex BTopto.{ aJrerextara. IIpr erou creJrer oraguBaer-

I

cfi nporAetDrHu ABar-
.tlL rf,To 6yger cyqe-
C'f BeHHO IICIIOJIbSOBa-

Ho I .qgJbHefiuer.
Ilponaancrpnpy-

era nonJ teHHbte coot-
HOIIEHTfi HECKOJIb IO,IM}i

nprMeparrn.
I. iiapa co-

ce.qlux orpe3t(oB
(pnc.6). Toqrr B r
C coBnsJlanr: ft =

t
D

B

Pnc.6
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= t, trC=
Nre[: Y=-{,

€u: rt = u ct6 bA-t.
2

En = -"+u "o" 
-W-

2

8:Ln

D

c

Prc. 7

B

Prc. 8

lla ypanxerrrfi (5) naxo.qrr:

rg Kpore toro, et = bA, 9a=$. !t" (op,y* (9) c.'re-
(reoxeepruecrl s,!o orreanqno). .(Alee, rs (II) norJrqa-

he-qb
2

br-ec
2

qt = YB-L

Ern.@
2

air

0rcngg r,ueeu:

rr-eB = ..ry (r.-rr) - ypaBHer[{e 6rccemprcu ynaa B.

A 2. tlapauelbHHe orp€rfl: eC

= 9Bl + *. IlYclu,nanPmePr QBI = O,

9C = r x yB =lq (cr.prc.?). Ana-nonnq-

Ho npeADrlyqery ru.eex: v={r. lls (II)

rt = 
*c]'4. 

Ilogcraarna a (b), Haxo -2 r^.2-
&rI Er =+,Or = IB-U - JEaBHe-
Hl{fi oTpesBar [poxo.qflelo [ocpeA,[He
xeilIy sa.qaHHHux otpearann. Ha gror
arruor ( "nreHfte") QpoHtfl 'cxrorrHBaDr-
cfit.

3" .[Ba lotPtDIHr rcrotltflEa
(ptc.8). lloam Ig = 16 . Tar RaK

Rr = R. = Or ro r{3 ypaBHeHxa (8) traxo-

.q,rM: co' *{tt = o ,t.e. ga=r-,pr.
2

,(g.nee BHtotcnfieH tt = 3jjl , no-
Zcoa 9.

Jryqaeu: r., =*,nr=vr.15t. 9r.
Taruu o6pasor, aEta nepeceqeH[n

B

{poHToB npoxo.srr aHaror[t{Ho npe.0u.q}nqefi, Ho coctolrr n3 ToqeK pa,3 -
HbD( $poHroB.

o
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3. BoaruogercrBle $poHra c gftpanoM

tr{u 6ygeu paccMarp[Barb roJIbKo npilrorrHefimre grpanlpoBanHbre

SJreMeHTbr, npeAnonarafi, qTo Bce Kpl{BorxHeftHHe oKpaHU annpoKcHxxpo-

BaHH XOpAaMn. ftpOue TOnO, Mbr }{Crnnttr{M l{3 paccMoTpeHxs aBJIeHre

"p;rQpau4rrn, T.e. onn6arudR OpoHrou BonH)moro erpana. Orot erJrqafi

f,BJrrercf, naronorleE AJIfl npaKT[qecftnx cl{Tyalflfi: cqrraercf,r tlro
BcenAa Drcxo.qHHfi KoHTJrp rorno pas6nns Ha pflA H e s a B lt c lt -
x br x noAftoHTypoB TaK, qro "&itparqln" ne 6yget.

rrt

Eygeu pasartrarb ABa cnlruas:
I) srpan "He BtlgeHn c Aarurono

gJreMeHTa, r.e. .m6oft r,rcxo.q,f,u+.tfi r,r3

Heno nJnr "npoturaer" srpan c ero
BHer[Hefi cTopoHEt;

2) erpax nBfiger' c AaHHr!.o
oJreMeHTarT.e. o6paqen K Heuy cBoeF
BHyrpeHHeR cropoHoft.

ilepaufi cnJrua0 xe lpe6yer or-
AeJIbHOTO paccMoTpeHrf, nockonbKy
npeAcTaBJISeT CO6Ofi qaCrnutt cnJrr{an

TOr{eqHOIrO }lC,!OqHXr(a: }non B HeqaJIe

xnx r(onqe grpaHa o6pasyercn cannu
aKpaHHmr oTpeSkoM l,! Hopuarbo B

orofl ToqKe K coceAfleMy aJreMeHTy.

[,har, paccuorpuu o6uprfi cnJrqafi

t

Pnc.9 BsaruoAercrBrs AJmx ts cnpflro-
rxHefiton "Brggutot" "*pato,' E

(prc.9). {acrrare cnJ rar .q,rrfi orpesKa r ynna 614,1a caegpaarb }rs 06-
qeno.

liapanerpruecrxe ypaBHelorf, +poHra or AyrH sgBcr y4o6nee Huerb
s 6oaee flpocrou (ncxo.qgou) ange:

E, = xB + R' coa pBA + (gt-n.) 
"o, er,

trr = xB + R, sin eBA + (wt-B.) aln 9r.

fun texyqer ToqKr,r Ha eKpaHe JpaEHeHxs ruer}'r BxA:

Er=rc+vcoega,
Ia = IC + V sln 9a.

9.rC

R

esl
B

(L2)

(13 )
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3.q,ecu V = 1.-1C - napaMerp (gnnna) eKpaHa, (pg - l/non HaflpaBnfl)-
qeno Befiropa BAonb or(paHa.

flogcranana Koop.qr{Harbl ror{Kfl c B ypaBHeHt,ta ( I2), noayuaeM co-
oTHOUerutf,:

=C = h + Rrcoe eg^ + (fta - R.,) coe gra, 
(L4)

xc = JrB + Breln 9BA + (f,tc - Rr) sln 9.a,

cBssuBapqne Berut {tor WtC x gr. . Orcp.q8, aHaJlor[qHo ToM1tr Kaft
gro cAenaHo a $2, cnaqara [crJlnqar rtc, noryr{aeM Tp[noHoMetplqe-
cl(oe JpaBHeHl,te oTHocl{TeJIbHo g rc:

(=C-h - R.coa qn) sfn crg - (rg-rg-Rraln eg1)coa er.=O, (15)

a sareM Ha)(oAfiM Buparemre &,rf, WtC:

rtc = Rr(1-coe(e,.*ge))+(1-rr).cos erc + (rg-rg) aln gra.

Ilprpaanaeu Er= E. , tl, = 0.r g8r.r€Hffi xa !{ yc ltx BbrpafieHxfi-

uu ( 14). llocae Heroropblx npeo6paaoeanlrfi non1 xitM 2 cootnouerms:
V a1n(9a-9r) = (nr-rta) ela( e1g-er) ,

wtasin(9a-9rc) - h, "ro 
*'l"t 

coe(ga - 91 19rc )
2'2Wt=

aln(ga - 9r)

llepaoe r'r3 Hlrx cBf,sHBaeT HeSaBncl,lMHfi napaileTp gl I SaBxcrlMhrfi v
(sry cnnsa MorHo ycranoBr{Tb n neouerp[qecft[, paccuarprBafi coor -
BercrByDqxe rpeJtronbHxKr, cu.prc.9). Bnopoe coorHorleHre rIosBoJIa-

eT BbltlrlcJlllTb BeJIfiqxHy rt .
l,lrax, ace Heo6xolli{He @puynr ,qrs paccMarprBaeuoro cJl}nran

rronpeHu. Aaropntu BhttlncJreHrf, l(oop.E{Har roqerrJletraqrx Ha cK€JIRr-
Hoft nxHt,ttr (a.qannou cnJrqae coBnqlaDqefi c erpanou), oc'raercf B 06-
ulrx qepTo( npef,Hxu.

llpn Br= o non]^Iemfle (Foprym otr[cuaaDr g3al{MoAeficrBne c 9I( -
paHorl opoHTa BoJIHbr or roqeqHoFo rcroqHrKa.

.[4a cayuan asar{MoAeficrBt{f, c grpanou {poHra or npilronilHefiHo-
po orpeska ooprynr JmpoqalTcf, B pesyJlbrare npeAerlbHono nepexo.qa

npfi Rr- o tr er. - hA. Hanpnuep, ypaaxerore (I5) Ntf,, BHrrt{cJIe-

Hna grc nepexo.q{T B coorHonrerfle, onpeAermqee UC:

lc - h = Uc = (xa-1r)ain or^ - (vg-rg) coe grn.

r22
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0Tuernu, qTo B cnyqae c oRpaHoM Benxq[Ha ft B ot(oHqareJlbrlue

oopMynH He Bxo.qIT, a HJmHa nrulb .q,rrf, Ha)(o,[AeHxf, nln [t no BTopHM

oJreMeHrrir, onpeAensnqeno (npn (prxo,rpoBanHoM nepBoM eaeueate) tot{-
Ky Ha cxenerHofi nnHrn. Orcngg cranoaltrcf, noHf,THEM, .q,rfl qeno Hyf,Hrt

BCe BbrBeAeHHEe B HACrOflqeM napanpaQe @puynu n noqeMy HeJlbsf, oF-
paHuqxTbcf n}{llrb J(paBHeHueM co6cTBeHHo OI(paHa.

B ra6r. 2 n 3 Aana cBoAKa Bcex ocHoBHhrx @puya, ilcnonbayeMtrx
B aJrrop[TMe flocTpoeHxf, cKeneTa.

Ha pr.rc.I npnaegen rr4mrrrufi np[Mep KoHrJ(par cog,epraqero Bhr -
nyl(Jryp r{ BorHyryD Alrr}{, oKpaH x BorHyrbrfi yroa. l,lso6pa^ueHHbrfi Ha pl{-
cyHKe crener nocrpoeH c noMoqbD nponpa.MMbr, pearxslmqefi l{anoneru{En

Btme a[Iopl,lTM.

4. Ilocrpoenre oftBl{ArcraHT

llocae tonorftaK onpeAeneH cr(eJrer noHTyparHe coeraB.,rrer 6oar -
rrono TpyAa nocTpolrTb or(Bt{,uJ,tcraHThr.

06parnucn cHoBa K puc.Z n 3. Xapaxrepncrr{qecraft noBepxHocrb
o r4Meer "nupaurggrrmnfi" Bt'tA. .Urg mo6oro llg gJreMemoB r(oHTypa co-
otBercrByDulaf, rpaHb xapaKTepilcrHKr,t nepeceKaercfl nJrocftocrbD t =

= coaet (O s t S t.) no !fi^Hnnr uuenqeft ftoH4eBEe roqKr Ha pe6pa:<.
flpoexpta gtofi JIrHxlr Ha rrnocftocrb ry rt ectb erangtcranra.llpn f, =

= tr 3Ir,r ABe KoHqeBhre roqru ar,r6o cJrr4BamTcf, B oAr{Vr an6o nepexo -
Art B qenufi orpeeor( (uan 41ny) - cayuafi "ueHrr". [Ipn AarbHerreM
yBerilqeHl{n t AgflHur oJreMeHT Jfine He yqacrByeT B paccMorpeHnH.

fun noayuexr'tf, oKBH.qI{craHTbr or orpesra Aocraror{Ho aHarb Koop-
.q,nHatbr ee KoHrloBi oKB}l,qIctaHTa oT AJtrl,t onpe.q,eJlf,etcfl r(oop.q,nHaTat ]r

qeHTpa .(yrn, sHaqeHneM ee TeKln4ePo paAflyca r Berfiqr{Harun JmnoB HoH-
qeBEx HopMaJrefi.

IIpn aurrrcaenxt.t Aerapro Bbrx r(oop,ql{Har roqer creJrera sanoM}rHa-
DTCa l{X nApaueTp[qecKxe roopArHaTbl U, (uma er) n Ttr. Tenepu
craHoBrrcfi onpaB.qAHHHl, ABofifioe BhFIrcJreHxe cr(eJrera: I.J|rf,. Kaf,Aono
oJIeMeHTa KoHTypa MH nueeM caon "rpury". llguexsR j t 6yAeM nepe6n-
paTb ToqKI,r Ha cKeJreTHofr J[:uHliu A0 Tex [op, nora He or(afeTcf, rtJ s
sgt Srtr*,.3naqerue flapar.elpa U. (ren ?.), coorBercrBJmEee
TOt{Ke nepeceqeHnfi oKB}rAI{craHTH co cxeJleroMi onpeAeJlru npfi noMolllx

nxHefiHof, HxTepnorfilg{u (cu.pnc.I0). .(An orpeere ota rxrepnqlfiIgrs
Tor&raffr AJtf Ayrx - np[6JEfieHHafi; ee Toqttocrb yBeJIXEIBAeTCfi npH 3A-
nlru1eflxn cerftr roqex. Oopr.ryau l"[f, BHrflcnexrfi U. r,t Qr xver'r 8l{A:
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rt-rt j+tU"=u,+l+(ur-ur.r)
wt -wtJ+t

rt-ft
.R 

- 9t, 
.g"=9J*.r*(Qr-er*r)

wt wt
J+l

R-Wt
J+1

3fl,r rppuyru nosBoJrrm oxBarnrb u tot qactrufi cnJruefirftoFAa ABa co-
ceAlIHx oJreMeHTa coe.q,rHrrD{cfi noJ( oA}rt{M n reM re ynnou (aanpntrep,

row(a 9 Ha pxc.I). B erou cnlrr{ae uactu "xptlttn" erauoBt{Tcf, "creH -
Kofit.

rt J+1 rt j+t

J

rtrt J
9J

J*, un

a) 6)
Prc. I0

Ha pnc.I noraaamr Hetoropue tls gxBr,rArctaflT, npoctrrranHue no
nporparrre.

Jlrreparypa
I. IIETP0B A.lI. n [p. ABroMar[slpoBaHHoe npoeftarpoBaHxe rexHo-

aornrr o6pa6orftx Marepr'aloa. -lheacx:'Vprlptrtn'- I9?8.-- I94 c.
2. JIEB,IH B.n., IP0CEEPI p.11. ,[prrffiepenrgarbHHe ypaBHeHxr Ma-

reuaruqecrofi (rmnri. -M.-JI. : Iocrexleopns.qar, I95I.- 5?5 c.
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