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I. EFtrerue

B u.rcrornofi aror porExanxEe [cnorbsyD?ca .E,Ba Brtrta er.roclHro(
crplarryp c rroAallrrrilr Erexrarn: retarr-Fas-reta.nu (!l-IJl I I ] r
Etarrl-ras-[rareftrprt-Erarr (I-I{-l1r) 1e,a]. B ors. crplmr}pgx
B peoyrb[ete rgru6a nporcroAr! Aarralrxe noABnlHE nlenor rpr6an -
gmerbno neprcHnxryrf,pHo cBorr rl!@noc?fl. llpn ,erox rrsEnFlcfi
IOt4[Ha SanOIHeHnE( nasor qPOrerJrlrOB, 'r!(j6o fsrGHnalea emoctb
crpyx"]rp. Asrrenne nreHots crprrlyp, Eoropo€ xoer 6rnr Eepe4aHo
Ha EHeEID rexaHxtEerryD Heq[r8Ry, HaPflrur C [Sr€HeH]rer err@!!r f,B-
rfierca ocnosofi npeo6pasoaamg ereE?pxrpcron orcpFtrx B rexegrrpc-
r1o pa,6or5 r nao6qlm. Tamrr o6pasorrpaccra?pr{Eaercp cr?ymypH
no oco6emrocrx gJrerrponexaHlrtocrcono rpeo6paso aanrfi gHeprnn analo-
r.rtr$r Eresalrrpcrxx oJrerrprrpcrnr ralrrax c pa6oumr Bagopaxlr Eepe-
leruroil rornynur r.e. eltr@lHux ranltHar c rexaHrqecftfir Eormaft[ol
poaopa t,t cra[opa [4], a.uer,rpo{arrnr{la.r n rqqyrclnBrru( xa[trHax c ra-

"m{xcf, 
poropoF' is3.

B euroctrnoc il-I-ll<lpyrrypax nsormra rcr,qJr reraJJraulr o!,Ho -
poAna, 6ranoAapa qery oHx o6aqg,ant arporofi oJretaptrrecrof, cta6rar-

Iloncmx: s ll-I-tqJ+lpyrcrype ar6o nepaufi xellaJrr - troABnrnaf, re-
ra.lJlnrEcnafi rrJIeHEa, a tmpnuf, Alranerfpr{K n mopofi reraJr, - He-
uqganrnrf, Mer€uulr{rEc rcufi aJrertpoA, uorpmr& ArraJlerTplrrDcxof, ruren-
rofi; ar6o nepBufi ueraJIJI - HeIro.qBrfiHrf, uetraJuu{qecrrfi eaerrpog ,
a rmp4ufi AuoJleftsprr n Esopofi Mefarul - noABxrHas reralUrilerlpo e
BaHHafi .qr{9JleftTPr{qeeBaa IIJIeHTA.

*)Co*po"ru HasBaHr{r, l{crroJrbsyeubp B oprrlHaJrbxur pa6oro< [4rbj.
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H@TbD. fua ropramrono rfi5nrxqroru{poBanxfi raru ctpyrrlry rco6rcolr-
uo o6ecnerarrb ycnoBr{a, rc&DwDq{e racaxxe retarrnrterro( pagHo -
HMeHHO sapfifeHHE( IIOEeIrxHOCre[. HO npr.r Tarto( ye.loBr{fi sp]trHo 4o-
crnqr 6olruoro trgreHeHxa exxocrr, tr.e. BHcoKof, anepretrtrecxofl er[-
derrlreHocrr. fiosrory ll-IJ<lpyrr]rpH Haxogm rq)xreleHxa a o6rac -
rE( Texrurr.rr FAe gHepnetnrpcraf, e@rtnnnoc?b He nr?ael 6orslol
pontr, Harrpr{uepr Eptr cosAaHilH m"plq ueu6pamcx xqAyJrmopoa crera
AJIfi ErpOE@rpaHHtD( IeJteBXSnOrrHbrX JTCTaHOBOK rfl{ lDtaHOEOr BBOna

AaHHE a gBlt [I ], npn cosgarorn ueu6parcnx sepraJr reJrecftotroB c Jm-
paBJrrreuo-no[Br,rrxon noaeg:cnocrrn [6 ].

B erarocrnu. (-I-/{-l{+q]BryTa( Aonycrruo corq)HrocHoBeHr{e
(rormarr) trorcpr(Hocref, rera.trra r Ar{rrrerrpr{Ka, r grorc qgnof, cropo-
HH, Jmpoqae! BoIIpocH noHclpJ/rrpoBaHxf, eH€pr€lrrEcKr{ ermerlraru
nJreHoqHE( gnenTporexaHnr€cKro( ]rcl1)olbrB c 6orburo. lrglGHeHxer €r{-
Kocnlr, B Tou qrcre ]fil{BepcaJrbHEB ABHnareJref, n r€Heparopoa [?].Ho,
c qpyron ctopoHbl, KorrllaK! SEpLoFo Angrefttpxra c xeTe,Inou rq)l{Bo -
Ar,rr B raxri{ QrentEcrrx, He lrileDq{L rocra B M-l-ll-crpyrt}?alc f,ule-
Hr{f,r, t(at( HaKonneHr{e oCTaToqHE( 3apfi[,oB Ha FpaHEIe pasAera re8 -
rBepAun q,nsJlerrprr r B odreMe rrcpAono .u,ttarert?ltra, tr qAnesrra ire-
laJIJra tr Aru,rerspt.tra B rnctax ltx KoHlalma. 0ctatotrnp 3apflH tr ag,-

r€st{f, - @,mopu, BruluBanq{e necta6mrnoclr a pa6ote rtaeHotrHEc ex-
K@IHHX Ctp}rEtlp c IIoAB[o[H[Drx IUIeHI(ail[. lloOrouy llepctreKrxBE llplt-
MeHeHrr nleHoqHHx el.Ir@tHEo( M-I-A-tt{-crpJn([Jrp xJrr,{, IIo c]@ctByrlue-
HOqHOR A.tleErporexaHl,Itrr OnesaJlneb B trpflaon 3aBrcHMocSI{ m peEeHllfi

3q[,aqr{ o[I)aHxttHxa BJIIIEII,Ifi OClrATOqHbD( SSFa!.OA r aAFeSrtl,l npn 6oar-
lrlrtx SHa(El.tt{fi gJreEtprtEcBono noJra B naSoBbo( ItpoLaEf,}r[Kax - pa6oum

saaopq.
l,IsrecrHo [8], tmo B llnenototux exnoctHbDc crpyrtypal( c noABni-

HHrr{ rureHramr 6ranogapa ratrBl rotrlqIHax At{grerrpntFcKtfi ruIeHor Aoc-
Trfi{rH 6olee gtportte orerlpt{tDcrlle notrf,, qef B luacctttEcr}tx emtoc-
rHro( Marrr,rxar. floarony grcpn@taxocrb rrrenoqxrx cfp]rr"yp Br[e, qex

oHeproexKocllb KJraccnr€cBr(x exr()c'lHtD( r Aae nHAyrslxBE[ raExH.
Maretrpo aarure Erenoulul( are tclpoctaltrrtc rto( rqqnra?opo B, ocHoB-

Hn x KoHcspymxBHEl.l{ strercHrarx Eo[opr[ aBrolci llJfl+tpymy-
prr, norasaro [9-II], ttro err ycrpofuraa ronJ^! Axr{reJlbnoo Bp€rfi p8-
6ocars ur rcpertHHoFo Harrpremrr 6es sarrerHoro lrgreHenf,a srenrpo-
rexalrHrEcKlfi xapaKrep[csrdK IIp}l xaRcmerbHor gHartsHxr ar9tslfprrcc -
Kono noJIfi B nasoBbx trpor€rJmrax (cyrox BosAlrx trpr{ Hopraltnor .!,aB-
aennn) g6 I,5.IOta,/u (rpr gtor srattHlre florfr B ruteHf,e nt trorxllr-
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rclrteperfta.rete cocraBltf,ei 5. IO' n/r) . tsear,rtuna nort I Aocrrnaeuafi B

pa6oer sasope rraccrttcrltx gJletrpocrattrqecrtq uanrn [4-]' SHatol -
letrbHo reHure yrasauHoFo sHatpxxfi (e uaurte Tparma - I0?e/M; s ua-
nrur A.Q.[o64e - Ir5'I0? alni s raurHe Oe.rrru - 612'107a/x).Ho err.t

pesyrbratu .[ar]! rmb RaqccrB€HHoe npertcraBrlexre o pa6orocnoeo6xoe-

ttr M-P{{-at?y6typ c EonBmHEux me*raxr.
fu a no,ryrrrrr,rfi EoJrxrNBc,! BeHruo( xaparrepnctrr r1n6yercf, co3Ilarb

arcrreprugn[arbnlE r€lr olltrlr nccrego BaHxfi ocHoBHb8' . grempouexarorqec-

Rtt( :cBoRctE M-I-l{-I+qyKT)rp c floABrilHron{ IIJt€HRBwr ttogBorm@re

JlcAAHOBTif b npe.qerbHEE gHaqeH!{R gneKlp}ttFclt}fr noJ!6 n. Hatra.uo co3Aa-
HrD ?arcnc l€Tor,nn 6uo nonoreno a pa6ole [3]. lierm Hacro@R pa-
6o,lu ealaetcn Aarbrsrbee pagBxrtre aTrx r/Eaonrr.

2. Esocmm M-l-ll-l{+rp}4r.}}?u c Haftarrox

r aonnoo6pasxotr.ge@puaqrefi rroABr.rf.HrD( rureHoE

l(cno eu,eatrlb ,qBa rtttta enopr€rrqecrr, efi@rrnamx t{-f-{JL
clpyrEyp, B Eo[opEc'B pesyrb?are roH[arera soBlxHocrel rera.u.ra Il
! Eopr,ono [!t{, JIeElprEa Aoc!f, laBtcs 6omnoe [Er€HeHr,te euroc[I,r, c?pyt-
?ypy o Hararolr r ctpymypy c aoanooftlasaof, gerfopuaqreil nogarmrux
ILIEHOE.

Csplmly?a c HeEatoil (prc.Ira) co,qeprnr noABnxlryD mexry 1 r
HeEon,sllf,Hd onerrpol 2, norptrrufi AHoreRrptrlpcKon n eHrofi. [IolsrE-
Haa luegfta 1 tractrrturo corrpttxaceercff c Afla.renrpntrcroi uenroil. K

Aa)

6)

s

I

2

r(orqy nogBt{rrrofi ruexrr trprr -
Klxrrureno rerosopoe re.to 3rcay-
na.we AI8 cyuxr{poBaHx.( ctrr.
Ero rorsoina3Ba?b roJlrgntopou
(a HHnxrarop![ [g-Ii] poJrr,

STOFO leila BHIrOrIH.f,eI CeIA nOA,-

BH[r{Afi IUIeHKarrSOrHJrlafi B Brr-

Ae neleJlb pasantnofi r[qlror).Ha
pnc.Ira floABl{rHafi n eHKa 1 ]o-
aoano rso6paena c HepoBHe -
rm,aa. 0ro c.q,eJlaflo .qlfi tono,
uro6u noguepm]rlb, rtTo B KoH-
rarrHbr M-I-I-f,-crpyrrypax sfi.
(pruaHoe oneKTpocratnqecKog
Boauxo.qencrBxe qpoucxoAur Ha

BecbMa MaJrbD( paccTof,til,rE(, ITptl
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r(olopbD( Heoo(oAHxo l rxrHBatb HepoBlroclrt rrJreHon r greElpo -
qoB.

IIpn nogruncrcrn crpJmqpu c Hararotr nogammof, n enrrr E ro-
TotrMKy HanpfireHt,tfi nog gefictarer atefitT@la?rrpcrrcr ctrr ymJltttfl -
Baeacf, rrroqa[,b EoHrarc[a norr,Br{rron rureHKH c [polr{B@xerrpolor. Ilpn
gToM Ha KoJrneftlrop AelblBlres cr.[a I coEglllaelcs rerarorrocraR pa6o-
ra (.u,arnarear). Ecan oJlerrpxtDcroe Hatrpgrexxe oa.[HqHo ot rryrs ti
qenb cTpyKlITH pssoxrc0lar a crltra, AenctB]Dqafi Ha Korerrop, rIpH-
BOAI{I K JDTeHHIeHID IIIqa[x NO}ltema, llO A.ler?plttsCrafi gHePrnArHaF

Rott^[eHHaa B err@!r{ crpyrct]DH yrcrtrrn{Bae,rcf,. 0?e oHepmf, rractr,rq}ro
xorer 6ttlr nepegana B a.[errprqecryD qem (rereparop).

Clpyrtlpa c BoJrHoo6pasnof, ne{orpuqrefi nolsnnol EreHEr{ (cr.
pnc.Ir6) coAelrrn! troABrtrr0/D rr.EeHKy 1 , nenonaurruf, gleKTpor, 2 ,
norpuufi .q,rurremptrrEcron lrreHtsonr tr rotrf,exlop 3.

llao6puem{as ra prc.I,6 crpfcypa - rpxtpp crplrr!}?E c Botr -
noo@asrunr rsrr6or norsnrofi rureHrr 1 . lloc.reAnaa rmet trpocJrof,-
rX Hg nSOIrp],DqprO Iatepf,e.fa, CrpeIIIeHHE C IIIeHEOI tal(' ttllO EtC-
ta cEpellIemir IIo Fp!€f, norlxnoclr,r nJrgHrr I{e co8[Ia[,am c Ecra-
xr{ ctqrnaeruf, no ee rurHefi troBp:cHqctrl, ,!.e. pacclsrprBaeuatr
crpyErypa [treeI onnH caof, rnronocaolnof, ctpynTypH rrreHoEroro 9Jr€Br-
poctarrqecroro Aanrtalean [7]. fipopccu s laronocrolEtnc c"p]rxr]?ax
c aonroo6pasHEa l{3nfi6or rrJreHoE npf,r{qr[ra.lbHo Hr,trEr He ollr|laryrcfi
ol fipoqeccoB B oAnocroftruc c4ympu.

Ecau c!P]rm)?e c aomroo6pasnof, tretloprcqrefi rtoAre€Ha K nc-
rorrrxKy HalrpileHxs npr crue, gefictayo$f, Ha norremop psEHon lfy-
.[D, ro rq)o[cxon]rt l,lsFx6 noABrf,Hofr rueHrrr nog gellctarer gJlerEpo-

cta?xrEcEroc cr,rr (neped ?arc! ABr{Fa[erR) r B pesy.[blare Eslq)ono B

clp]rr"]rpe Herarur BrrerrcE rexaHxtpcraf, prcpnxs. fipr xanpaeHxf, rpaB-
H(tr HyrID, 3tA FXaHTtECXAfi AHepltnf, qACtrtrHO rpeO6paSyetcfi B rqre-
Hn€cKyD pa6oay (elopoil lart gnnnatear).

Ecnx npe.qaspl{.lerbHo crar},D Brc[rrcn crrofi crpyttrypy noAttlD-
rll{'rb R nctoqHxE]r HnIIPfieHxf,, to oHa Sallaca€t ]terolopoe EolltrEc[Bo
onerrprtpcrof, enepnrr (neparil rars! neHeparopa).[pr paBpHF oJlera-
pnwcrol qenl,t n JileHHrreHr.n{ BHeuHefi cruu Ao Hyrs noABlllHafi rrreHKa
pacrlpm{rr€lca I{ sleKrprtpcEaf, oHepnfif, B el.r(r'rr cfp}rtclypH yEJIII -
r{rBaerca. {ha enepnne qacrntrno ncet 6*lr nepeAana B grerfpr{t{ec -
KJ,D qenb ( aropoi ram reneparopa).

Crpytrypa c BorHoo6pasHon gerfopuarlrefi rurexrrr rorer 6ETb l,rc-

rroJtbSoBaHa B KarEcrE aE Kyll yn f,T op a sHepnr}r. B orar -
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qre s! o6ilfiroFo ltoqq,eHcalopa ora c4)yRlypa HaKaIuInBaeT sHepltrD He

rotEKo B Br.q,e oJleKlpl{lEcroR sHepn}rH Koqq,eHcaropa' Ho t{ B Bl([,e l€-
xaHr{tEcron aHepml [gnr,r6a nonBffiHof ruIeHrtr. Ora rexanr,recras enep-
nra, 6y43rw upeo6pasoaar+ron I arertpltlBcx1rDt uotet 6ml nepe.q,aHa

B 0rertrpnrEcl(],D qetrbr rex lr afieRlrpntFcKaf, aHepFxa Ko4q,eHcaropa.

PaccxorpeHxbe BbEe perxxu pa6mu M-I-ll-!{<qycryp c BoJIHo-

o@asuau'ngFr6ou B Kaqec|rre ABI{rareJIar reHeparopa It afiKyuynmopa
yg,o6Hu IIPr oftcnepxr€HaaJlbHlfi l{ccJt€AoBaHxfi cIPyET}? Anf, JrclaHoB -
teHrls fipeAerbHrfi SHaqemtR gneKrpt{qecEono non8.

3. eaerrpouexanr{tEcroe rpeo6paaoaarore gHeprnn E

l{-IJ{-ll-crpyrriQ$( c nor,BmHblMr lulennari}t

tta,r y rcaaccrr€cftlfi em(@tHbtr xaurx [4 ], ocHoBHon xapal(lepr-
ctrrof, gJrenrpoxexaHrrtpcroro rpeo6pasoaams gHeprlrtr paccua[pflBae-
i.Hx ctplctlp aBrrGtcfi saBrrcruoc?b eapflLa Q o4 gJleftspntlecKono

Harq)fi,eHra Ha cr?yrrype u ta or eurocrrr c"pyrrypbr c . B paccral -
pnBaetror crl rae rco6rogrxo rarare yqlrruaaru .u,eficrane )rcpeAHeHHoro
SleE?petHoro HalrpfieHr,ra, cBf,BaHHono c HanorlxeHxell @TaToqHlD( 9a-
pflAoB B.u,norrertpnte [2,3]. lds coorHmeruil gan grert'pxwcrnx noref,,
lrcnoJlbsyeru B 

"eqpxn 
erercperoB [I2], c.reg]€r parcHcrBo

o=co(u+u"), (1)

rA6 (, - IrIOlH@llb 8apf,A Ha rGt&[JrXrECrnr O6Uq4rax; u0 - oren!-

peiHoe HallpEf,ellxe; ". =;ft;, 3geca d., e- ro.uIE{Ha r Ar-

o.[efrEpn€cEaa rrocTortrfiaa Aralempl{tDcron IIIeHKtr cootBe"ctFttrtoi
de - !or![,rHa gesopa rerI,y ]terarx]rrEcron o6ftrqAKon-[ noBepxHocrbD
gia.rerrpr,ecrof, ruenrr - arertrperai ao = 8r85.Io-12 Qy'r. dro pa-
pHctBo flcnorbg)rBtcf, rlpr{ de = coast.Ecn[ cwrarb saaop ale nepe-
!€HHroa, !o, t{Hserpnpya JFB},D t{ IIpaB}D qacrfi (I) tro IIJIoqqA[ Kary -
EBFoctr RoHrarma I (cr.prc.I), nor5nraeu

Q=c.(u+u"), (2)

PAe
aLs

fiaxoxeq, pas.q,erl{B reB},D t{ [paB],D ,Iacrr (I) Ha s, norl)nfiu

Qo = co'(u + u" ),

q = [as; q = | c..ls; u" = [ ""u"a.s/[(6) (6) (S) (S)
co

7
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rAe Qo = Qy'S - 8epf,A Ha eAxrtrqy ruqqqx f,ul@nocfi EoHral(la IIo!,r
uxrrtof, rr.IeHru x C, = C/A - efroctb Ha el,ru{Itqy IIIoqq[n ru]EFnocf,
roHtlercla trog,EDrHon rueHf,r. Hg (2) r (3) BxAHo, rl?o ]rcp€gHeffioe
irIeK[peTHOe HanpEeHxe C)mup]mror C HallpfieHtleu g . ?.C. Ha
.)rEl[cTypE .u,enCtB]reT HaIIpEeile U,X = U + U-.lipn ll@loEtrrr{x sHarI}-
;rrfl ue rlo nrqag,r E8f]4eFocf, EoHllrta. !.e, UDH u- = q, ao-
(arbHoAetbrB]r€t Hagp8erore U, = u+Q tC = c(ur), co = col u").
lic.[x Ee rh oaB14clt! orr troopgxgat ruloqAAr,r rgytlpr@f, Eo]trSrrar tlo
-i4!l{cr{uocf}r erEocTe[ ot Aelb.|lByDFno HSIrpEeHrf rcHo prccratpE-
rarb Kats HeKoropoe npx6nmerore.

3aarclorocrn C{(q )-u, x qo=co(uA).uA rrosBormt! paccxa[pr-
rlatb oHeprle?rqecrre coo[HmeHnf l,rs ct]ymyp, pa6otaDqo( B ]rxasan-
.{60( perxrSx .[BllPalera, neHeparqpa, arEyrJrlmopa, aHaJlor[qHo [ot(y,
(aK 3!O paccrafp!{BaaTcn, Halrlrl,rrep B arcKl?oranHnlq LI3] ( Q - co-
'7TTTCTByeT IIOrOKocqenrOHrD Y, 8 h - lory r).

lla prc.2 rrprrrcAeHl Axaqpenorl,, nora,suBaDqdc npqecc orenTpo -
IEXAT|I{TDCKOnO rqrO6pasoBaHrf, oHepFnr Ha ocHoF rspeftteprc"rn Q =

I = c(u)u .qnn

ctp]rR8lrp c Hare-
lolr Q=C(U.
P).u Arn crpylt-
lJD c BorHoo@as-
not neQopraqrefi
rroABE:Hr[ IIre -
nqlrnqOP-Cn-
ra, AelbrByDqafi
Ha rcol.reEaoP B

cr?lrKr]?4.'c Bor-
Hoo6pasHoR Aeoqp-
ilaqrel IIIeHoB
(rqxxmo P ) 0,
ec,Ilr oHa HaIIpaB-

JIeEA BHXS, Cll.
pnc.I.6).B cgasr
c !e!{r q.!o [pl{
vs/0rpot{cxo-
nxt! cABrr xapaR-
repucrr{ft Q(U) ,
a(u,P) no oct{ u
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Ha FrxrrxHy u"r AoctarotHo paccxolpetb olrl .q,xalpaml rlptl u? =0,
q!o6H flpe.qcraa;lr rx ]r trpr uol o. Tar rar aHeplxf,, noctytaniqga ,
cfpyKt]lpy r{3 .r{crotrHxr(a lran nepeAaBaeEs B t{c.lou{rK l{8 cfPJm[ypbl,
paBHa ,uidt=ruaQ t{ HaEdurBaerarr B clp]'r!]pe gHeprt{8 BceFna ro-
f,et 6E!b orrpe.q,eJrene, [o, sHaa gaBl{cfir.@Tlr q(u), Q(u,P) [p]r pas -
JrnqHq coclofiHnfi cfllyrmyPhr, rofHo oqpe,qetr tb [Iporr3BoAl{lltD eD

onersrpxqecft),D t,tJtrr uexaluwctcyD pa6oru.
Ha prc.2ra rso6puena AxaFpa"ura gnerrpouexanr{recroro npeod .,

pasoBanr{fi gHeprl{]r .qra crpyrr]?H c aarcarox noA,Bxf,Hoil ruei{Ior, paeio-
laDqefi B pernre Aaxnareaa (u_ - crawoo6pasHo rrpr{rnar,HBseuce ,r

crpyrr)rpe- Harryfif,eHxe ,"no*oni"; sl , s2 - coo'rBercrBeHHo rucnln,r{n

Kar1,rlprocfi EoHlaR.[e a gaqanrrnrf, r a nouermuf, rorrenfu q)er€il{, S2>

, S.. ).llepaen KplrBafi - gro saBrcnx@Tb Qr = slco(u).u , mopaa -
oro saBrrcrruocrb Qa = s.co(u) g . fls6$,[,b 06a - ero Epot{sBoAltr.tarr

flonesHa.s MexaHrqocran pa6ma. Ilroqggr 0a6 - aanacaeubp gnerrptr -
rECKafi }l liexaHr{rEcrafi oHept|xx ge@puarlnr noABI,IfHoR rrJreHK[ B KoHeq-
Hbrfi MoMenr'apeuenn (npn S = Sr), Kofroprp ffpar[ilqecrx He MonJn

6rmr ncnorrsoBarru. Ilaoqqg,r Oan - aro norepfi eremptrqecnofi aHep-
pl{r.r B conporxBremrk gnerrptaqecrof, qen]r crpyrr]?H. SgepnnR, nocly-
naDrIEfi Hg rlctoutrrna, oqeBr,rAHo, coorEerctB]rer rrJloqattra 0a6n.Ha 4na-
IPaMMe xOpOulO BI,rLHbl COOtHOoeHxA ie!tr)r yEagaHHbtu gHepnn8ux !r r/E-
xaHrrpc6of, pa6orcfi.. Hqnflirep, garracaeuaa B crpyrgr)?e sreftEplrqecraa.
ol€pnrs a KoHewrbf, MorreH,t Bpet eHx 6oarue qpoxsBoAnf,of, crpytrlpofi
lpxaHffqecrofl pa6oru ]r r.Ae Ecrr rpnnna,qHB{rrb ft crpyrrJtre Harrpfif,e-
HXe t{CAOt{HUEa He CKaqKOO@aSXOra ruISBHOt rO IIOSePH gHepnr{fi B CO-
npoTr4MeHilr,r SneKrp[qecKon qeflx cTp]rK[ypH 6yget nexruerqeM 9To co-
orEercrByer ruroqa,qr Oer.

Ha prc.2r6 Hso6pa[eHa AHaFpaxMa Arrs crpyrrypH c HaftatoM B

pe[rMe reneparopa ({ - nocrorrHoe gnater.rfle sapaAa IrpH paaoMnHy-
rofi qenr crpymlryu). ibr yre 6u,no cxasano, Epr pasomffiy.rofi qenr
crpyKr}?E B peoynbrare AellcrBns crnH N Ha KonneKrop (pr.rc.I,a)
npor/rcxoAr{T yMeHbrleHxe ruoqall}{ S o[ oHaqenra Sr Ao sHar€Hxfi S.
(s, > s.). llaoqaflr 06a - nprapaqpnfie enettprrpcrofi oHepr[r crpyrc-
tyryu. ilaoqa,qa 0a6 - gHaqeHfie areftTpl{qeeftof, oHepltrrr B HaqarbHilfi
MO!,!eHI BpeMeHX (s = sr ), a nAOq&AA OaA - gneKTpr4qeeKafi gHeprus

crpyrr14pbr B roHewrbrft MoMeHT BpeMeH[ (s = sz).
Ha puc.Z, e r,rao6parena 4[aI?aMMa oJlexTpoMexanr{qectono flpeo,i..

pasoBaHufi gnepnttn AJrr crpJrrr]pbl c BorrHoo6pasHotr geQopMali{[efi nneH-
ttu (pnc.I,6), pa6orarqefi B pexuire ABilrarenfi. iLrorqg,q,a 06a (saflr-
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pI{XOBaHa) - HaKaIUIrBaerAfi EXAHilTECEAA Ar€pF}r8, Koropa.fi qacTrlrrHo

Mo,rer 6hrrb npeo6pasoBafia B r€)xaHrwrcr],D pa6osy.llaoqAAr 0a6 - sa-
KaruIr{BaeMaf, B em(@tx clpyn8}?H gneKfpxrEcKaf, oHepr[fi, KoTopafi B

pen[Me ABJD(raKrHono ABxraleJrfi rcpserca.IlrqA!,r 0a6a - Bcs Hararr-
JIlIBaeMaa B ctp]rt?ype arpprlrf,, aJlerrpn€crafi n MexaHuqecraf,. Au-
aqpar{Ma, nao6paxeruraa na pnc.2,a oTpaf,ae! pa6my crpyl(r}QH c
aomoo6pasnof, AeQoprqnef, n eHEn .rarce H B per}lire aKKwynmopa
oHeprnr. IlaoEAr 0a6a - sallacasrE eJleKrpl{qecEaa (naqqAa 0a6)

n MexaHxqecrar (nloqgr 06a) sropnrn, a ruIqaa.a 0a6n - eHeppnfil
Tepf,eMas B colll)qlnBf,eltrtx areKTplrtaqKoR qent{ npH IloAlulDqeHxn

crpyr(rlpu r cratroo6pasHo HapacraDqerry HaIrpffieHxD u.. l'ls qpoBe-

AeHHED( nocrpoerufi BrrqHo, trlo B eMlc@rHou al(l(Jn(yJlmoPe c noABl{tHH-

Mrir rurenrarm aanac@uaf, alppnxfi 6oaule N'/2.
Ha puc.2rr rao6puena Ararpamra pa6onu ctpytrypH c BoJIHo-

o6paaHofi geQopmqreil ttreHrx B perrMe reHepelopa. Ihoq4o 06ar -
rp!.rpa.qeHre ener?pl{tpcttof, snepnrr crpyltrJfpHi llroqqqb 0a6 - sHaqe-

rMe sneKtplrr{ecKoR sHeprxr flepeA qnulox, cooTBeTcTB],Dry{M }tsMeHe-

HnD clrJrn P Ha Korrrertrope dr P = Prax Ao p = 0 rpn pasomtHlmofi
qeru,t (t = oon"t).

B crpyrty?e c HaEaroM noABrrtnofi IIJIeHtrT' pa6manpf, B pe,rtrl€

ABttrareJrn (prc.2,a), r{p[pareHxe r,rexaH[qecroil pa6otu 6yger

UUaa

6a- = (s * m) I co(u) uau - sJ'co(u) uau =
'o*

= u"ic;(')ax, (4)

nfle x = tzi?, x, = tJj/2, c;(X) = co(6)
Aaa etofi xe crpyl([]rpu,pa6oraoqefi a pernre r€Heparopa

prac.2r6), npxpalrpHr,re onenTpl4qecrcon oHeprttn paBno

xr
err, = 6J cl(x) a:(,

( cu.

(5)

rAe x. = (r,)2/?,
ConaacHo (4) r,t (b) , MofrHo Brecrx noHmrf, yAenbHon iexaH]trdec-

rcofi pa6mu Harata aH x )4q,enbHofi orlelcrpxqecroi eneprrr naralla wH !

IO



tn=trH= c3(x)dx. (6)

B ctpymwe c aonnoo6pasnoil geQopuaqtrei florBnrnof, rutenrr'pa-
6oranqefi B peri{r€ ABnnatena I{ arrJuynmopa (pnc.2rn) HaI(aIrJIrBae-

Ma.fi SHepnxf,
Q^ U. 

^ ,,2 n tt2 Ut

w = f uae = e,u" - J*o =*:t+- 
Ju* ]. (?)

n"n"* r{JreH B (?) - oto aJlerrpltrtcraa gueprr{fir Har(aIUI[BaeMafl

B eMxocn{ crpyrfypbl, a acopofi ruea (a cro6ra:c) - olo rrraHxqeerafi
SHepn}tfi.

Mexanuqecrag gHepFxfi nerfopuaqnn n:IeERtr Br{ragnrcfi

*, = tli - |*", = s[c3(r.) ," - ].;r*)ax ] =A2oo

F'-0.

= s[ x.a cl . (8)
J

Ha ocnom (8) uonno

Brecrlr rroHflrxe ygeaanofi
t€xaHrtEcRofl axepnur ge-
Qopuaqrr rureHnr,r

c!
On

I
t=J x.rc;. (v)

u

x.

I

6

"o

a

o

c I
o

n

x o x tla prc.J,a norasaHa
a) 6) xapartepncmra c|(x).

lts (6) cJIe.q,JEr, qro pac-
Pnc.3 flormerfiaa Hr{rf,e KpHBof,

nnoqa,Ab 0aan - yAenbHa"E

irexanrlqecra.f, pa6ma Hatara fu. r{xr eJrertpr{qecrarl oHepnfir Hanara
wH ; a us (9; cneAyer, ttTo pacflorceHHafi Bme aroft xpnaofi s.lerrF,Ab

a6a - ygeaoHaa irexaHr{qecnafi gHeprtrfr Ae@puarlr{}r tuleHrrt th . Ilao-

w
A &H

II



qaAb 06an - s?o aalacaerar B errocrn( c{pym}? arerrpnrpcrafr axe-
prtrs, qpreroa,qaacs H8 egxrflqJr rrroqA[n RarJqBnoca RoHrett?a. Tenepr
BllI,Ho, tlt[o rEr 6o.rtne, Harlpnt€p, gHeprHf, rgr ?or EHb[re pa,6o!a

"nl ., nao6qrm. Otcnna c?aHoBn[cr o.eangndr l1oA xaparmpilcllrr
c;(x) B ct-?ynlyper c Hartalor x B cl1]Jm"lpar c Bo,[Hoo6paanoh .qe-
Qopxaqre I no4atc,Hu rrreHor, o6eeneruaaaqrf, erc orlm al€pne?nr€e r],D
eQ{emranocra rarasfi r! }qr.

Brcoras gr€pr€lxrpcraa er!{errranoefb Eex paccratprBaarcfi
clpyElyp saBner{!! 0a EErorHeHrfi eF oAHono AotrorHxiarbHeno yclo-
Bna: Bm{rrr,rHa exroctn c3(r.) Epf, u = ur, FAe u, - larcrraluo
Aotr]rcrxt{oe sHatFEre AolblqlDlpro Ha4pEeHxfr, AeEHe 6rar drnsra r
ErrqrHe eeo,/d. - larcxrarbHo BocrcHeR lEe.IaHofr err@tr crpya-
!yP. BmorreHr€ o?ono J,BroEri BoErcHo IIpr trpnEHcltf,f, l@teloqHo
loHnot. noABrurrnc rrrenor. Il@rory rcne Foootlrrb o trpotBreHrx paa-
lcpnorto Qrsrrocrono etffierra - rGxarr@rer:lpocfe?nttcrono a@rra -
Btpotsor greBtporeraHrracror BSat.lroAonellmrt |roHrE rrr€Hor B c"pylt-
Typax EoE4eHcelopoB.

Ecrr nsmerHa lexarsecran aHopFrfi.qe{opnqrr eAxmqB Ere-
qq4x noABrrrHoil nnenrn qil , coorB"crB],rlEafi yrreHbreHrfi! pa6o*no
sasopa ae .q,o lryrs, to ycroBre rereH@rer"p@?alnqeeroFo erffierta
uGxo c@prqyrnpoBaib laf,: ,t = h. I,f,a nory.rrma aHatrllxtpcBono
BbpereHna k neo6:rogrre BFcrlr ?e tlrx xHE nal]aBrpHl xapar?ep[-
3]rDry{€ HepoEHOCEn rIIefiOE B f,CrO.q,HCr notrCeHrr, f .e. AO geQOpnqnr.
Ilpegnoacru, Ha[plrrcp, tno rcponnocrx nogBrcnon rueHr{ trnDa BHg,

cQepHtlPcErG ryfioroB c pqAxJcanr EpxBrsHH R r trlo alx r]mora Pac-
norcenu no trloqgfl,r rrrenrcr ilrretryD npyr R Ap]Ty. Ecax a*ota ry-
no.,roB, coolrtcrByDr1afr EEclrE bnory sHe€xI@ pa6otrno gasopa de,

ueHbue loruprru trren&l h ( lrcaoare pasaeplunanqgf,ca nox)IxHoctn

[I4]), ro (cr.[3]) rreer rccto

*._ o(1 +rJ-. (1o)-w 
Ra

F.[€ D = \b,'/M -qHfir{q,prqecRaaf,r.q,rocrbi h, p-coo[BsrclFH-
lro uo[yrb 0xra n roaffilnerr llyaccoxa ratepnara nogBrmlel [trenrl{.

'iilemr],r sHepnrD 4e@pmqnr tueHrr rcHo rypasr?b Kar AoJD
HararurrBaellon B em@!I{ ctpyEt]rpH yqe$nol oreKltpr{tBcnof, ouepnnr

w" = k.cf (x.).x, = k.co(u.). v:/2 , (u)

,

\2



rAek<1 (r =0,Igaacrpyrrypc Hararoun k = I4aa crpyl(rlry
c aoaroo6paanol .u,eQopuarlnefi noABttrnof, mennr) .

lls (I0) n (II1 cneAyer

,=oI@, (Lz)
'12kp".".dr

F[e ps.c.= eeosl/2 - pacqeTHoe oJleftrpocraTr{rrecKoe .qaBJreHlrei

E! = u./dr . 0qeurx noraaHB&vr, tmo R = 
(I02-I0')n rq)[ [crIoJIb -

SOBaHnlI nJIeHOK Kaft n8 !El&'rJlOB, Taft n Hg rc[8JUlIlSttpOBaHHHX IIoJIr-
MepHbo( MaIep[a,IoB.

oopmy{a (I2) nosaoarEr rpoBecr}r tpy6JrD oqeHry Heo6xor,t4r,sDc He-
poeaoctefl noABr{rHHx rureHor rar eerecrBeHHDD(r tarc H [cltyccaEenHo
cogAaaaeuhrx. Ho ns nporcAeHnoro ftrle paccuorpeHxf, Bru,Ho, qro rpe-
6oaartrrR, rpeAtfiBJlfiercE K EJn{qrHari neo6co4nm* nepoanocrefi, Mof,Ho

yrou{,r8b I pesyJlbra[e pagcuorpeH]rfi grccnepl{MeHtaJlbHo nonwaeMDoc xa-
paBlepncrl{K c8(x,P )1 npftmr.ran B pacqeT t{ !.arctlMa.[bHbE 3Harpffif,
erofi emocrlr.

Ha ocHoge oreneplircmaJrbHu( xapaxTep[cu{K c3(x,P ) uorno
cqelurb coorHoNnerue pa6otu cxJI TpeHxfi c nonegHuMlr pa6oramr ntru
oHepr[sxx. Ha prc.3,6 noxasaH fipru€p xapaft[epficrl,trtrl cl(x), no-
.nyuaeroil rpn y*nfiqeHxr{ t,t nocJreAJmpu JmeHbure]rtrr Be,rnqr{Hu X .lllo-
rl1Ab Fr{CIepeSrca a. - 8Io pa6oaa crUI [peHnfi, rlacT[qHo cBtgarcIafi
C qAneSromlbrull aBJleHxf,titn [3 ].

l[eroAnra oxcnepmielmaf,bHono noJr3 &H[rR aolrrQapqgnmr rapan -
TePncrnK C(U }P ), no K(}rqpHDr B pesyrbrare nepecrEta Monyl 6rmr
florynpHbl xaparsleprcrraru cl( x,P ), onttcana s [I5].

4. MeroArra srctrept,tleHraJrbnono onpeAeJreH[fi
clrJlbr u pa6mu HaKaEa

ts pa6ore [3 ] rcparro otrlrcaHa Merogrra rsMepenr{fi o,ra a l{-I-[-.M-
crpynrJpe c HaKaroM rrJreHoqHux aenr. B Hacro4efl pa6ore sra ueror,x-
Ka nsueperufr. cnJt n pa6oeu Har(ara orucaHa 6olee nogpo6no.

Ha pnc.4ra fiona.saHa cxema JrctraHoBrtrr AJrfi t{gliepeHnfr cr{r B ctpy-
Krype c HaKaroM rurenorrnoR aemu (1 - Me'[aJrnxgrtpoBaHHefr nor]trcpHafi
rlreHoqnas JIeHTa; 2 - uoerrfi MoHoJrrtHHf, sJrer?poA; 3 - naocraa npy-
tnna; 4 - MnKpoBrHT c KoHraKroM AJrs nsl€peHxfi nepercrerufr uoABtrr-
Hono Korula nrocrof ry]rrlrru; c - BHat1epte yrJla M9IAJT IUI@Eoctbn
SJIeKTpOAa I IuocrOCTbD Herq)I,[raTono K 9nel(rpoAy KOItrla JIeHTHi co -

I3
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HaqaJrbHoe gHaqeHx€ JrFra a ; I - nepe!,eqeHre nolBlrf,Horro ftotfllq.
re1rr[xHui 8 - g;ItlHa HaftaTa ruenorarofl JIeHTH, L - .qnrt,tra JIeHIH).

Ilprpaqgme pa6otu cl?yrr]?u rner Ha yrcJrnrrcHxe er€prrr rsrn-
6a npynuHu n ynpynofi srppnfir nsrr{6a rureHoq{ofi neHTbl Ass.r r.€.

a"b.d.e = t[.b.al + d\s., (13)

nle b - Erpt{Ha JIeHlbr; [ - cruIa, AelblByDqgs na egrnr4y rlr,rpr,rHhl

Eor[MepHofi JreH[H. Erpaxemre AJrs y[pynof, gHeprur neHTbr Ans. =

- 2bVffi O.-cos 4D cne.u,yer Hs peueHr{s EqAaqil nsnr6a sarerireHd

Hof, anlrmron JIeHrH, p{rc[fiFnBeeron BtreE]Bf, cnnon lt, Eoropaf, Aencr-
Byef nOB JEJIoM s K IUIocKoCIlr salp!{rlerurfi Jrernu [16].

Caasr ueqgSr BeJrnqrHau[ s r{ I cre.q,yGr rts peEeHHr r€oMerp]r -
qecron gqq,aqlr, BHreraDqefi lrs paccxorpeHrg cxeMH ycraHoBrr{

1=L-a.cos(to- (r,-e) 2-s2sin2ao (14)

I{eaecoo6pasHo ncnoJrbgoBarb ycnoBr,re a ( L, nplr KoropoM r.rs (I+1

cJIeAyBT, qTO

a)

I4



ar = [ (l-coa cro) + asintao 
].ds

(1s)

llpr,r uanu< aH AJInHa Hara'la JIeHTbr s uaJla I'{ [qoToMy' connacHo
(131 n (I5;rr,,reeu

an = N(1-cos oo) + h\e(1-cos 
jl)(t-"os eo). (16)

Coorynouerue (16) nyreu Hopiir,rpoBon MoilHo trplrBecr]r rc BrAJr

Do=tr +t-1/z, (r?)

rge no = No/zi n = N/zi No = 1/(1-cos co);z=[rn6'(L-cosco/Z) i'/';
kn = aN/al - ros@m1neHT, xaparrepnalmupril [ecrroctlb nnocron rPyrul-
HbI.

3aaficrarrocg n ofr no fiofta3aHa Ha prc.4r6. Torlta "o, Ha Kplt-
aofi gaaficruocrlt a or no xaparrepf,g]rer nopoFoBoe sHaqeHfie Do =

= I,89. Conaacno (I?), enouy noporoBor{y sHarpHrm coorrcTcrByer pa-
6ota aarata

., = 1 ,ggkz/tDt/t (l-cos ao)(l-coa eo/z )2/t. (1g)

Ilpn rnnnrrrur sHarEHr{E( EJIr{ruH, Eo(oA@D( e (Ig); h=4.I(15 u;
nn = 4.ICPH,/u2; eo= 25oi h= IrZ.Id tdn'- noponoB@ sHarfHfie

a6 = If3g6r/ut. 3ro pacqerHoe snarpm{e no tropaAny Eerr{qrcru paBHo

orcnep[lreHlaJbHo noryqaeuuM BHarEHr,rmr pa6otu Haftara. AocrrnaemB
B gKeneprli,EHTe SHAr{eHnr pa6oru HaKatIa npn 6omrnrcr HaTmer{lrE( Mrro-

ro 6oarme oqeHeHHono noporoBoro gHaqeHfia, noorolry Harxrfle fiopona
pa6oru Harcara B paccmarplrBaeuofi ygfanoBre He fiatrrelca ee cnonbro-
Hn6y!,u eJ@eTEHHHM HeAocrarftou. Ota oqenra rafire floragbrBaer, qro
npta Toflp{He nneHoqHoi JTeHTH llo 20 xrlr EentaqilHofi flprrpaqgnxs gnep -
rru ngrr,r6a reHru B (I31 i{srt{a npene6pero, trptl eroM ne (I31 r.r (I51

cJreAyer, q[o

a* : u[(1-coa cro) 13 siaz eoJ . (1 9)

I{s (I91 Brr,Ho, tmo pa6ma Harara uoxer 6mr o[peAeneHa no l,tsr€pfr-
eMbIM sHaqeHr.rfiM cffJrbr I{ 14 AnilHe Haftara IUIeHoqHof, JIeHTH Ha eJrerrpoA

I5



llran, !{H r{reer. .u,Ba HegaBlcnrooc cnoco6a oqpeAeJrenna Frt,tqr4Hbr
pa6olu Harara: no nsuepfiexon erficocrtl cl (6opuyna (6)t ra rro nsue-
paeuofi cnae r (6opuyaa (I9l).

5. Ilpegearnbp sHarpnxfi Hartpffierurfi nn]r Harq)Elemr@Tefi nofifi

l,laBectHo [I7], *ro B Teopntl Hqgernocr]r HoHr,eHcaropoB K,rDqe -
BHM Bo[pocoM fiBJIfielcf, yctaHoBJlenxe ggatreanil nanpmemfi ruIn Hanpfi-
,rerutocrefi noJla, coorBercrB]rDlry{x Hat{aJIbHbrM lt rqutlrrEcltttM r{acr}tqHHM

paspfiIlau. Pa6otge HanpfieHxfi lrntr HallpnieHHocat,t noJrfi AorrrHH 6mr
MeHbEe tq)[Il.ItecKro( oHa€Hl,lfi. B cay,rae ruIeHoq1bp( tco4q,eHcatqpoB Me-

TOArtKa OrIpeAeneH]rE rq)lrTn€cRnx p&3pgAoBrocHoBaHHafi Ha nsuepeHx]r

napauerpoB cayualhmr nMnyJlbcoB rora, rpe6yer qyrcrBxlenbnof, affIa-
parlpu [I?'I8]. B cly.Iae ruIeHoqHEC MexaHl{qecrrc( eurocrrua crpyft -
r1p 6.nanogapr @mopau ABxreHrdr (crnu, nepeueqpnnfi), xotopre uyr
cTBr,rr€JtbHhr K [epepacrpeAeJreH[D sE)ru,oB, clraJlo BoSr{ofHHM cogAaHI,Ie

6olee npocrofi lre[oArrxr,r oqpeleJleHufi rq)lrrurrcxl{x nanpmennfi ta Harr -
pEf,eHrrocrcn noas. Tuc)b r€Toar{Ey r(orHo nocTpontrb, HarlpHMepr Ha oc-
HoBe cpaBHennr pa6otu Hanara, Bttrf,rcremtoil no lrgrrepf,eMofi errr(rctil
(6) x no xs!{eprpuon cilJIe narara (I9).

Ha prac.5 lrol(asaHu xgp+ftTepHrc saBrctlMocrr: ynerbHofi eurocrt{
co(u) i pa6otu Hara?a 4"(u ) , au,a,tcaemroil no uarepneuofi ct{Jle

Haftarai pa6mu Harara 4')t, ) , au,ucneruron no em(octr cl( x ).

ar, l$/t12 . rot, Q/nec o
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Otr saBrcnr,rocr[ non1 €HH llprr HenpepuBltou y*nxleHrrt{ HafiPfifiellxa B

cTpyrlype C HaKaToM Anfi l,eTa.[JIxsrpOBaIrHOR nJlenotfi{Oft JI€H|rH xs nO-

nrasf,Jrenrepe{nutara rolqI.IHoR 4 mor a cpeAe snerasa GF. ) npn eno

.q,aBrrexrn lgut/rt. I,lgrpttc.5 BlAHo, qao Ao Hanpffiem{fi u = uo saa[-
orrocrl{ a['/(u) r.r q!,t/(u) qparrrqecnr coBnqAaDr. Ilpn nanlinreman

u > u^a. xoA orxx gaBxcllt{oc[en pasHHR. Ilpr.r nanpme]orn u = uB pocr

eHarEHxR 
"j, 

t)ful rpeteaqaerca (uacrqBrue pa6otu xarana). Ilp,

u > uB noc?oaHcrBo BeJD{qnH .jt)tul CoIpaHsercs Ao &rqpaH}{a cJloa

reraa.lrxsaqnx non[MepHoR aerftu. Tame oco6emrocttt saarcmcreft
a*(u) xaparrepHu Arf, crpJmrJp' HaxoA@fics B epe.q,ax. Kar eJlerasa'
r'an r aosglxa flpn xx AaBJrerMr ororo lO5ry'# ran fipx noJlmxterbHon,
Tar( I{ npn otprqareJlbHon trorf,pHoc,tn HarrpEeHxr Ha cJroe uelDaJlxgar$I{.
Ho a rexruwcnou Batlryr€ (gauemre 666ne IF5ror Es) ugtpo @rrcn-
pl?T9r.Harpffieru{e u = U1 r .q,o Kotopono saBrcl{rloc?r a}l'(U ) r.r

$" (U, fipaKlxtpcrr corla,Aary!' a Hactqpnlrn pa6oau Haftel,e

"[')tul Ao B'nopaHilf, cJrofi i,rerrl,rsaqr{lr He npo[cxonm.
" B n.6r.I npegcraBrreHu snarrBmra uoi no, uo,/a.ieEo; .[') =

= a[z) [pr u = uA; uB; "[t) ,,n" u = uB, norJrr€HHbe B crpf(ry -
Ta6anqa I

Xaparreprcrrrn saslcnxocrefi 1(U)
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paJ( C HaKaTOM MeTaJrJrr,rSr{poBaHHbD( JreHr }rg rroJI.t0rr{JreHrepe(plaIara toJr-
lS,lHOD d. =4'10-6 M B CpeAax BosAJma I{ eJlerasa.[p[ AaBJreHflr{ n.c-
neAHI{x I05 n,/r,rz tr B cpeAe BaKJ6rMa np6 AaureHlr I0-5 ror H6. Bce
ncnbmyeMHe JIeHTH 6brJIX Bbtpe3aHbr us oAHoFo H tono [e rureHoqHoro py-
JIOHa n nepeA onbma!{x He noABepnaJlrlcb gJreETprrEcKOR |npeHrpoBre. B
Ta6n.I rarcfte yr(asaHH noJlapnocrb Ha cJroe ueraJur[gaqx]r tr BrrarHocrb
B03Alxa.

I'Is la6an{u Br.{.q,Ho, tmo B npeAena:( oAHorHnHHx onHToB gHatEHr{a

uA cr{JrbHo oTnnr{8DTcfi. lJHatennn ne u, nMeDT gHaq}rTe.[bHo l,eHblrrr{R

pas6poc. Jnauerurs UB Ans cpeAu sner.asa rpr6.nnsrreJlbHo B I16-I ,?
pas 6onbue, qeM ,[,r8 cpeAH BosA]4ca. &raqemra pa6otu HaEala qpr,r

u = uA Anf, cpeAu gJleraga uonyn 6mr KaK riieHbrue, Taft r. 6onHue ta-
KoBbD( ArIf, cpeAu BosAlD(a. 3na,renra pa6oau Harara r1pn U = UA B cpe-
Ae texHr.rqecrono BaKJ0/Ma a 2-I5 pas 6oaaue, rreu B cpeAo( Bos.q,Jrxa tr

oJleraga. Xora l,ts ra6rrqu BtanHo, mo norfipnoctb Ha Melarnxg[rpoBaH-
HbD( nOrIl{MepHbtX JIeHTaX He OXa'3HBA€T Sa!|€IHOFO BJII,If,HIA HA SHaIEHIIA

xapaKTepHbrx HarrpfifeHnfi, TeM He [,EHee noJryqeHHEx .q,aHHEC eqe HeAoc-
TaTOqHO Anf, OKOHqa[eJIbHOFO BhrBOAar

Pacxo4qeHrae saBrcnum,Ben 
"*[r)1u, , {t){ul rpr u , u^

OKA3AJIOCb BOgMOrtrlHll CBfiSaAb C KpltTl{FQKrMI.l t{s0t}{qlp,tl{ pagp{Ea!{n.
Ecrn srccrn o6parnrc Qynratun u(t)("r) r{ u(2)(a,{. ), [o

u(e)1ar) - r(r)1"") iue r (2o)

T.e. nplr ftal(qoM pa3pfi[,e ' HanpllMep B FasoBoM [poMefJmKe ' Ha

ncBepxHocTlt r.t BHJmpr AlroJteKTprqecKoR IUIeHKU nofiB,lfroTca (rcTa-

ToqHhte 3apfl,q,bl' npfiBOAf,{l{e K BO3H!'TKHOBeHI'I0 SJIeKTpeTHOTO Hanps-

xer!.rn. Eclr,r npeAnoaorf,urb, rrFo Bce ottr gapqAu Ha(oArtcf, Tonbro Ha

noBepxHocrr,r Ar,roreKTp[qecKon ruIeHKXrTo B llpeAenax ruIoqAAn sapme-
nrn [3]

ur=ldr/e.eo r (u)

n.le q - noBepxHocrHan llnornoctb octaroqHilx sapqAoB. Ha ocHoBe
(;li) MoftHo oqeHr,rrb EnrtqxHy rurorHocrn sapqAoB q ta Benuq]rHlr sapfi-
,ioF, BosHr,rKapu[o( Ha noBepxHocTer AnoneKTpHqecKofi IIJIeHKI npn oTAeJIb-

Hi,D( :acruqnbD( paapgqax. Ilpr erou cJleAyet orMert,trb, r.tro Haftar IUI€-
nc trri.'r neHTbr t{a t€noABu,ftHblfi oneKTpqq [poncxoAr4T HepaBHoiiepHorcKaq-
x:;.,r.i. ,iHaruS 0KcnepnMeHfaJIbHED( AaHHED( noI(a3HBaeT, tITo oTl{ cKaqr$l
6uaz.:'" Aaonr(o!.o poga. [lpn crcaqr(ax nepBono poga or KoH{a npeAqqy -
:qei'( .;raqKa lo HaqaIA CJIeAypqenO HanpftreHhe yBeII4I{[BaeTCf Ha 3-
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12 g06r, a EJI[qI{Ha caxrx ctsqqroB HaKaIa coc1aB,If,e1 Ur4J mr

(uaxcnualrHar AIxHa Hanata - Ao d) Mur AJITHa IIJIeHoqHbD( JIeHT

390 mr). err crarru B ABtfieuxt,t MorHo cBagarb c Brlt{f,!{eu pasnnqHblx

HepoBHoc[ef, JreHrbr. Ilpl e9r1 cKaqraJ(,HQ npoHcxoAl{r salrerHono pac-

xotAeHxfi saBxcnMoclen {1'(u) n {t/(u) npr HanPfireHl'rr u s ua
(craqnau B An[He Harata coorE'rcrB3/ra r ctsaqr]r snat{eHxF }T,eJIbHoR

eurocru) .
Crarrn Apynono poAa BosHflKaDr rPn nonAepranl{l{ n@TorlHHofi E-

JI[qlHbr HanpmeHl{s tu![aHl{8, IIpx glnoM AJI]rHa Harala JleHllbl Jn eHblnaeT-

ca na I-4 MM, a cruIa Harara N ttr]t pa6oca Hal(ara aE JnieHbuaoTcs

Ao sHat€m{fi, ftotropbe oHI4 nneJIH npr HarrpfieHrrn Ha 1040 s ireHbueu

HanpmeHl{f, BqAeprrfi. Tarcue cnaqr[ qponcxo.qf,:r fipr Harrpmrerlt,tlr uz uA
(npr,r eror [HonAa J6ae,rcs sar\ierrttb I{cKpeHI{e Ha neHTe). 3rH ctsawu
xoiHo otrol['q,ecTBr{rb c oTpHrlaTerbHrMl{ o,rHocr.PeJlbHo HanprlfeHxE nnra-
ut{fi oJIeETperHbrMx Hanpf,rem[f,Mr,r e 10-40 B, BogHI{KaDq.rMx Ha o6aactn
JreHrH, He 6orbuefi I-4 rw ee .qnnHbr. Ilpn erou, corracno (2I1, q =

= 6r'?27.Ie', x/u, ( d, = 4.I0-6u, e = 3) . Eclr qpnHmbr qro

JrueHbrleHue AI}{HH Harara qpot4cxoAl,lT B pesynbrare oAHono paspEAa u
ruIoqaqb AronerrpfiqecKofi nneHrr.r, paBnafi I-16 mrz, sapnraercfl paB-
HoirepHo, ro sapfr, paapaAa Mo,fiHo or.leHurb EnrqrHof, I0-10-I0-8rtrwo
Tlrtrl,tqHo Ans Kp]r[[r{ecrcro( qacrfiqHbD( paspgqoB (I0-1oH r 6oaee, cM.

lIT,Isl).
Pasxorgegde &aBncr,rM€ren {t)tu) n 1i ') frl Aaer He o6qee,a

roHrq)erHe o[peAeneHue r(pr.rrHqecKto( HanpfiEeHflfi rurl.l Hafipf,(eHHoc{ e R

noJIa.
Hacunqpnre pa6mu Hanara {')tul ronrqHo cBfisarb c BoaHrrro-

Exreu pagpsAa fiauena B garroJrHeffiiboc naaoM npoMexJmKax d.e . iio
npeABaP[rTenbHo cneAJreT cAeJIaTb oAHo Sarireqanne. conaacHo npoBeqeH-
HUM paccl4qeHxm, tr orgnQpr{MeHra.JlbHbrM AaHHHM (pr,rc.5,ra6a.I), aacu-
qBruan pa6orhr Harcara 4']tul BcenAa npe.u,uecra14or Kphrl{qecrcne qac-
nrrrHbe paspEq,u. BosHxranu$e trpll oroM Ha orAenbHbD( yqacrrax gJler(r-
perHbE HaIIpEleHHfi yMeHbrua$T geficla;aoqpe Hanpfl(eHne tro cpaBHeHxp c
HSrlpffieHr,reM HcroqHlra nu[antra (noMosap4q). Ho ero He osHaqaer,qro
Ha Ecex yqactRax nneHot&roft JIcHTbt BogHl,tKam oneKTpe?Hhe Harrpfl(eHnfl.
llosrouy npi{ paccMorperuu paspflrr,os llafieHa B rasoBoM npoMerJmte Mor(-

Ho ucxoAl,rrb Hg [peAnonoierurR geflcnaua HarlpfifteH]rn U , a He Harps-
x(eHrf, u+% .

Ilpra Uo= 0, T.e. q = 0rra[PnnteHr4e fic1or.IHrl5a patsHo cgrme na-
AeHxfi HanpE(eHufi Ha AnonercTpl4fte rureHowrofi aenri,t iJr ,r HarrprmeHr4fl
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Ha npoMe)iylKe, gallorHem{ou IrSSoit

u.
U"r U = U

d"

il" + it.,/e

d", ffi

cKoJrbKy B paccua[pnBasxttr
cTprmypoc c HaEaro{ rr.[6-
HOtI{ON JIEHIH EHAtFHXfi dE

r{8icH@rcf, B ErpoKrX npoAe-
JIaJ( r'ro yEaSaHHOe paFtotBo
MmHO FpaftrCCXn r.rso6pa-

sntb Ear Eacarfle Kpl{Bof,
ue(de) c KprBon unar(de ).
Taroe rpa@tpcroe n@!poe-
Hre Ha pnc.6 noxas*ro npr
dr= const. B pesyatrare ce-
pHl{ Tarcro( nocrpoer[{R npl{
pesHHx gHa(EHltfil( dr rfi-
HO OnpeAeJmTb SaBrc[roc'[b

rtre.tuev.a./.
u, =E;t-' '"

Pagpfl flauena HacrJma€r B nasoBoir npo{erl/tne npn ue (a") =
= Un*(d") r_oAror sHa(Bnntr de, rge unar(de) -_nanpmirme na-
qaJra paspEAa Ilanena, Earrpxicp,npra gaureruiinasa I05 r/ut [Ig].no-

Ur B

500

roo

,oo

200

100

ol
o 10 1, 20 2,

Prc.6 u(dr).
llaencxrocrr u(di)

Ara BosAJma nptr AaBJIeHHn I05 s,,/rz notasaHa na prc.?, rAe orccnepil-
ireHraJrbHbp roqnn ( o ) - slo gHeqeHl{f, ug r noJIJrrEHHbt B crpyrry -
pa( c HaKaltoH rFTaJrJIrSt,lpoBaHHLD( ruIeHOttHbDC JIeHT }l3 nOJIXOIrJIeHIepe-
rptalara c roJrq{Harx 4,0i 4r4't,614; 8r?; II,6; I2,0; i2 xru ( rpr
JreHrH.loJq,rnofi 4 mu) B cpe.q,e BosAJD(a npr AaBJreHxr I€ n/t. t
BJrffiHocri{ orolo 2Qt. ng erono corrocraBrreHxf, Br{AHo, rrro coBnqAe}r}re

sHaqeHt{[ U(ar) n U, AoctatoqHo xopo[ee, tmo6H ctrilaerb UB =

= U(<tr).
Ha prc.? trorcasaHbr rarfie grcfleprrremrrurbHbp roqrr ( + ) Nta

uA(dr) (nynmrpnaa rcpnaaa) r saBncln{ocrn €&=e%/dr (cuounas
r<pnaaa) r €EA=eIra/d. (nyrrrnpnaa rpnaaa). flpr U s UA orerfp€r -
He HanprrreHre paBHo HyJrD, rrooroMy FnuqrlHu eEo(ar) - gro peaf,b-
Ht€ MaRCHMaJIbHbE 3Hatpltrlfi nOJIf, B 3a3ope IIpH ero tOlrqftre tl" r 0.
Hartpott(a, 

"EB - 
gto Heroropoe pacwrH@ gHaqeHre noJra, [octoJrbry

r{pn U = UB Hafipmemre U" / 0. BospacraHre sHarrnrfl e eo(a.)
flpn yiiteHbueHfir dr oSHarraeT Bo3ttofHocr[b yEe.f,nrEH]rff pa6orcro nonfi

1.u nau

\+ I a-'

/Tr) ar/ i=.

I
I
I
I
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puc.,l

rlpx yrtrrHbueHfil{ SoIr$H AtroJreKfpr{tNecftto( rIJreHoK (paouepxufi 9Q-

Qerr).
Coraacno rsmernu ?eqp€Tr{ttcnrx qpeaefaBreHxo [I9], anare-

l{I,rfi Un* (d" ) , a caegoaalerbHo, r u(d.) AJI8 cpeAH oJleraga .q,oJDr,-

HE 6HTb 6orrne laErq re sHarDm{f, .qIE cpeAu Bos.q)ma IIp}{ oAHolt u

rou re AaBrexxr (I05n/u2) s lfC*G = 2,I pasa ( p - mol -
Hoc.!f, nagoB). KaK 1te 6uro cnagaHo, gto yE.untErme cocraBf,rplr
arua I,6-I ,? pasa (ta6a.I). Ho cne,u,lrcr rt€Tb B BI{AJr, tmo rrpfi Han-
pnneHntr 640-700 B HarrpfieHHoct[b noJra B rrJreHr(ax r{a notltroTt{reHre-
pe{nanara ronns{HoD 4 xrx cocraslsm i,6-I ,7'IOs 'a/t, r"e. 6Jllrsra
r npo6naruu suarrromr [20].

Ha prc.8 rlpeAcfaB,reHa BaBrlcHxocrb s-t(d,. ) , noctpoerataR tro

orcnepxrenlaJtbHtrx snarEHxm. ua( dr ), AJts cnyqafi BaK11tEtoR cpe.q,H
(4aareHle I0-5 mr rg ). Xopouo arana o6parno qponopqnonaJlbHan s6-
sr{crrocrb EJrr,rq]rHf,l eEA o4 roJl4/rHH.rureHoK d. (cnoaa pasuepnufi es
Prt) ' 2l
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6. 3ar.loqenue

Paccuorpennbe B Hae -
lo@fi pa6oae MeroAt,tKr,r ]rc-
cneAoBalfl4n M-I-li-Ltl<rpyr -
al4) c noaBEnHb&ll,r ruIeHRaMl

coSAaDT OCHOBy OrlpeAeneHnfi

napaMeipoB r{ onTnMusarlr4u
ycrpoficrB rueHorfioil gJrerct-

polrexanxrr,r. C yrrerou ornx
rrelo.ur,rK pa3BlBanTcfl H Apy-
NHE B8J[HbE I'IETOA}TKI{ IUIEHOI{-

HOfi SJIeKlPOi/reXaHrKr, HaIIpX-
Mep, MeToAr{Kx onpeAeneHnf,

€EA'1O-8 rs^tt
t

4

2

o

da, u*u

penaKcar{flH cr,rJrH t{Jrn pa6oau
Pnc.8 xarara [2I1. ilo cyupcray,

penar(caqna cuJrbr r,lrrlr pa6oru
Harara orparaer penarccarlm gnerTperHoro Harp6reHrrR.HecomrenHo r,rro
paccMotpeHHhe MeToAxKl{ no8pe6yur c Boeno garrHe foe no pa3BilT]ra, oco-
6eHxo s HanpaB,reHfir{ aB[ouarr,rgarlnn, n co Bpe[,EHeM otu MoFyr Aonon-
Hnab }l3 BecrHbe Mef oAnr0,t hSyr{eHxE c Bonct B AnSJIeKTpHrcoB.

ts garcmrrenne aBropbr BbIpar(aDT nly6oryo 6aarogapHocta T.I. JIe-

BHHofi r,r M.M.0guqoeofi, fipeAocraB[El]rx Anf, Haxruc [ccneAoBagxfl rue-
HOqHr€ MaTepDraJlH.
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