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A 1 • o r a u 1: a 

fipMII.JltJDI ,J;H lle1'0){8. p&C'I81& 3&JRCIOIOC%M 'l&ctO!W yCKOpD

·•trO HBnp~SeHaa o~ apeuesa (BRa or yrAa no1opora ·~•eroca 

xoqe1carepa) • cxJxponu.aorpoae,. noxaaaao, 'I!O ap••• yeaope

••• •• sa•.c•r ot sapn~a H M&cc•· q&crxu. 
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» n e A e u M e 

npH CliHXpOI.U!t:JIOTpOltHOt.r peltKlte ycJ:OpeHHI 'laCT028 HanpJUteHU 

sa JJ.YtiHTe ~131.wnne·rca B onpc.neJt esttoN JUiana30Re, BJCJtD'Ian•eM a ceoa 

Ba'18A:t.H)'iJ H KOHCtUfl'D qaCtOTU 06pauteH)IH yCKOpBeMHX qaC'ntU. JitarO.D.8.pJI 

DpKHlU'lflY O.BtC$l,SiipO'Er~.H B CM!!XpOitHF'.JtOT~>OHe JCKOpRe!CJI qHC'JIO \18CTlll~, 

,I.OCtS.TOtlHOe Y.Jt.fl npoBe;:eBBft .MBOrHX 4lR8JN9CR:ItX UKCnepoeRTOB ;taXe npK 

,uutei;O RC OllTUMO.JlbHOI t&e.C!'OTHOI nporpn101e. HO !SIC KAK 800016 HS-38. 

MO.Jcy'JUUUU! 'le.CtO'l.bJ CpO,!UUd! ~0!\. 14 CHHXpi)l\HKJIOTpoHe HeBeJIIK \npHMepuo 

B TlllCll'ly pa3 ME:Hhl!;O, QCM B r(!tUOTpOHe ), '1'0 XeJ'.aTeJiaHO IIM81'h B Cllll

xpOUUAOTpOHe M8.KC~1Ma1IbHO 803MOl':Hlil T·)K, BeJllttU!H8. KOToporo ODp8.A6-

JS8TCJl• IJO-BH.J!.W.OiQ', ,.''Oit<H:yC'tiJ)Y()fUI.t JY.~altrBK8M DpOC'lp&IICT88BHOfO 3a• 

paJV:l crycrua llacran BOJtlt3" neH1'pa ycxopiiTUJI. C stol roqx • 3peaas 

AU8KO He 003p8.3J11t11HO, ICBKOJt BM HU88t 3a!BCJUOIOCTh UCTO'fU 01' Bpe

UeHI!. liaMj'tiNiel dy )!.e1' TB.!taR ItpitB8Jf 'lllC!O'fll--lpeiUI, npM KOTOpOil UOJl

BOC'fhD OTcyTCTBYDT ~SOBWe notepa JCKOpiGUHX qaC'fKQ, t.e. DOTepa 

K8-3a cy•eHM~ 00AaCTH ~SOBOl yctolqMBOCTH. npHqey Bp8Mn ycxopeBal 

n,qxa AO AOHeqaoro ~MJca .aon~RO 6HT~ RaKM8RamMM, qTOOH 88 DOHK31A

C11 Cpe]4HH:1 TOI• H3-3a yw.es"meHIUI '18.CT01'N MO.l'.YJI!IlHJI. Kp0148 TOro, 118. 

B&qaAhROM yqacrxe RaKAOH xpHBOI ~OA%eR COOTBeTCTBOBath RaMAyq~ 

JCAOBKHM saxaara qacTHn a pex.Me ycxepeaaA, a B xoane ycxopeaKa 

ooecueqHBf~oTb Jt,ocmoroqNo OoJJbraoe apeJu RaMHBaHBB crycrm 11acrau ua 

JOllll8BJt.Bru!Ha!tttHI xapa.KTOpH~KttOR npottecca JCKOJ:'OHIUI BBJUle'fCA 3aBH

CJUIOCtb i\OCHHY ca. paBHOBeCROlt ~.SH 01' pll}..II.YC&• !lleJIHO DO BJIAY 3TOI 

&aBKCUMOCTH MO~HO C~eAaT& 8aY~O'I8Kie 0 &8Aaqaa KIK OttyTCTiKK ~ao

BWX UOI8pb, 0 rJOJlltlllel ua Kalol AJIBl'fiJihROC%14 IIJ'IA Ra Ba.XOJi,e. OOIA-

HO rpataa cos <!; = j ( R) paCC11ftiUHL.I ca no J&e D8DUMCI xpaBWM 
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•acrora-ape .. , noc•e ~ero •vacxaaoc~ ~&&aa as aax Goa.ae cooraer
C!Bftt npe.a;•aueKJMI tp8c:10BaiM.fUie 0,188&0 CSOJJet Dp&IUJ.IUIM OUO dW, 

C~OpJly.1111pOB&B rptdOBaJUUI Ha OD!HMtiJUIYD 3&BICDOCT. C 05Cfs 0'1' 

· pa~ayca, aenocpexcraeauo paccqarar• KPKB~ qactora-ape•a, orBeqac

JtYIO aro rpedoauaax. 

PaccuorpHM ,aaa MttOAa pacqera 1p1•oM qacrora - apeMa B saJKCH• 

MOCTK OT n&paMetpOB yCKOpiT8A~. 

llepawU WttOA OCKOB&I H& pacqete q&ctOTH B ~yKKn»K P4AKYC& paB

IOB8CHOi opOIITii H Ollp8)l8AIIU 3tLBKCJUIOCTJI Bpt.IUJII yC&OptHiUl 01' pa

,lllyCa, B p83YJ1ltfl:t.TI 'Utl~O MO&BU llUCTIJOlftlt KpKBYD ti&Cl'OT& - Jpeua. 

Btopo.i4 CHOCOd 3UJloqaetCA .I HetOC}li.4Ct.I8JUIOil KKterpKpOB&HHif 

npoa31o;uol d0j , BKpueasott 113 t;~op»yJiw AAA cos fs . 
Tax xax &paayn qacror~-~~eMA o~wquo aa»tpa~r xax ~ya~n•~ 

c1 -yrna no»opora aapaaropa •acrot~, a M&c~rao apexeaa onpe~e~aer 

'18CTOTa MOlYRRUKK ~M , TO q&efOTHYD DpOrp&MMJ Oy~lt KCX&t• I 

JJUe f = f (o<) • PaccaotpK» Buaque nepw aetO.Jh 

l. P!C!tl JtP.,!BOM f = t' (t) __:_ 

IlpK p&C118f8 &pRJOii f = f (f) . nepBIIUl M8TO.l01l ltOOXO.lJOIO B&.K!a 

S&Jacauocr• ape»taa yc~opeaas paagosecxoro aoaa or ~ayca op6arw, 

a rax xe 3ABMCKMOCT» qacroru ero oop~euxs or p&Axyca AAI 3&A&Haoro 

MarJUtTHOrO noJJa • .B})elUl yc&opeHKJi Oll,P8.l8JUi8fCI B OCIOBHOM MUCJUI&a•

HO-B03MOXHYM H&Oopox qacraue~ ~uepr~K 3& oOopotZe ~4~ I KOCKHy

CON paBHOBeCBOA ¢63He ~eM OoR••e ~TK11GCKKK aa6op 3H8prax 3& oOo

pot :t e VW'(;!~ cos <fl. , re.a JatHJtlle :apeu ycxopeuuaa • .B HA118..uJBOii ctaJU1K 

JCKOp&HMA MA&CKMaRaK0-108MOZHMi Ht.i60p SHtpraa Be p&B8B ;?ze v: t 

r.a:e l.{ -ycKopiiiJltlet .aanpoeHae, a :ce -aa.pu 'IACTJ~.UH, a snuu1erca 

pacryl{ei <PYBlUieit puxyca ,a.aiUUltor•~eca• upJld.auaac• x o2 :< e Vy 



-'-
• paaowe J*.lJ11Cta, Go.a•nx 60-70 e,,ll. 

lla pac•eta apeMeHH yc¥opeaKft aeo6xGA..O 3HaRKt 3&a•caxocrx 

M&KCMMBA~Ho-BosMoXRoro a84opa asepra• •acr•nel aa o6opoT 
.'? e V::. ... )( = -Z -e ~ ... )( ( R), DO.Ili•IYJIClt JtOtopoJ 1&1&.1.\tll Bl.lll'IIHY oi.Jfd R 

no&asw»aro~n CKOR•Ko ooopotoa c~enaer ycxopae.aa qactxna np1 H3Meae

BII pa..aayca opOatw aa a' R • no.-e.aaa npHp&llUit saepra11 paJHoaecao

ro MORa npa u•.tBtJUII ptUHyca ero opoar.w ot R JtO R -1 o1 R aa Ha

~op saepr•• sa o~aR o6opot, no~yqaM: 

d}/ I 

otR otR (1) 

rAe E [3tj - noJIBAII eseprwa aoaa. 3aBJICIMOCtt> ci~R ot PIUJIYC& 

B&IJttM Jtlf.P¢lfp811UIPOI&IIUtK lllpaUBIJI lJUI noJIHO~ IBtpriK HOB&, Jtll-

arllt~OCR B M&rRifHOII llOJHt E -= ;I (z e II R) 2 
+ E: : 

olE 
. o!R 

£ 2e 2 11 2 R (I- n) 

f/(.ile lfR) 2 
-1 ~2 

(2) 

rJte t:o -suepraa noxos, f( -HanpiiXtHIOCt~ .araataoro nons; 
n := _ R . d/1 '< H ol R - noxe.3areJfa Cna.J:a M&riiiTHoro llOJIIII 

R -P~IYC opdJrK. 
' 

YXHozaa (l) aa nepxo~ oopa~eHMn uoaa, noayqaeu apeua, sa KOTO-

poe pa;txyc opOlltH aoaa 113Meaaerca or !?.. AO R -f otl< 

t1 f ol AI. r-=- ~~AI. _L 
ciR - d I< aR f ' 

(3) 

rJte f ::: ;; qaerora oopa~tn•a aoaa 1 Jar Ran oM noJie. 
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KaK aaBeCtHO 
2-e c II 

f - -- -
:cec 1-/ 

f'r~e kR)=2 +=E
0

=2 - -' 
(4) 

r,Jte C - CEOpOCtJ, CJ8Ta. 

TIO,ll;CTliBMB J COOTH01ii8lllt (3) D!:tf•~UUH!Kl! (I), (2) I (4) DOJty'IHM: 

elf ~rr lfR (1-!Z) 

otR c I{..<A.x eog y~ (5) 

llpOIHTtrpHpOBaB 8Yp&a8HMI (5) no }( , H&MA8M 3aBKCK»OGfb Bp8M8HK 

ycxopeuxa or paAxyca opOitW 
/( 

t :; Lr; lfR(t-h_) - otR 
c 0 t{,ct}( f:<7~ ~ 

g 
(6) 

Tax Kax aeRH'IHHbl )-/, n 
' ~,x- H. COS V: B8103MOQO 3tl.ftHCaTJ> 

.$ 

B .sue npoctux rpyuxnxa or R , ro HHterpu .IY'IIIlt BlAHCJUtTL ttHc

JieHHhtM HHterpxpotannM. B11tpaxaa HfiHJ>a.»;eHuocta •r•araoro noJut H 
1 apcteAax, R a cu, VM<>.x - 1 BO.IIatax a npuJOdla cxopocrb cBeta 

paBsor. 3.lo10cM/cex, noRyqKM cne~vu~D pacqeTHYID $opwyny 
I 

- ,R 

-'- . -sjHf'f/-n). 
L feel<_} = J>7T ·/0 V d R L C ,'J.O,f' [/) ' ( C...a) 

o ~<.""-K Ts UG 

3alleTMM, 'ITO I Blip8.XIl1Kt (6) 118 BXO,I,Sit lff.t.CCa qaCtKU.W K ee 3aps,n. 

Otc~~ cJieAYet, qro ape.a yexepeJxa ae saBHCBT ot tana ycxopaeNHx 

CI&CTKU, a onpe)ltJtattCA TOJIJ.XO JftU'KJI1'HlUI II 3Jl8Ktplt'18CKJUf DOJIS1U1 K 

JocxHycou paBHOJteKott ¢a311. Pt3YJI~tte.rv pact~era 3&BxcaltOCTK 

f = f (I? j 3&HOCJ!!CS I re.dJIIll.Y Jtr,JJ;a: 
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~--------~----------------------------------------------1<. [ ('M ] 

-(; [eel<] 

------------------·----------------------------------------f [21! J 

B ry ~e ta6HKny BHocxrcn paccqwraHHa:t no ~OPMY•t (4) qacrora oopa

•tllMSl paBHOBecHoro KOHa. paBJtiUI qacr,>te ycxopavntero GJltlttpaqecKoro 

DOJISi. Qqe&HUHO, ttTO ,ltJUf .ll.p:;roro T14TJ8. f.J.fi.CTMU ,JJ.OC!'&'J.'OqBO p8CC'I.MT8.1'h 

!OJUaKO 3aiKCMMOCTb f = f ( /() , :COTOpas, lt8Jt CJte)l.yet 113 ff;Opu.y

JIH (l~), Ol'JIH'iH8. J;.JIII 'taCTY.U C pa3H10tM 38.pJ!,.ll;OM KJUt M&.CCOM. 3Ha'lfeH1Ul 

H ~ n ltaxo.r..nrc~r l13 Iqnuso~ cna~a ve.rHHTMoro nOJrll no pa,J;Hycy. 

BenxqHua VIJ-ro\" onpc.~e.rraeTcsr, KaK otL«ce.Ho n pa6oTe 121, npH'IeM • 

oOuteM c.ay'lae ycxopll»rtee Har.pstr.eHHe N:>xer MeH.RT:.cs • reqeHMe ycxope-

Rille 

2 • P&C!It 3&BICDOCTJ tf!C'f 1lTH YCIC,!l!!!!I[O pDR.U§Bia 
ot 1raa Qe!OQora »a~aaropa sacxorw 

!ax xax aa npaxraxe •••• aetro j~&ccuarpaaanr aaaaca»ocr~ qacro
rw ycxopJIDIIltro aanpoex•• ue or lpeM~txa, a O! yr .. a no1opora Bpaata&l

ltroca &Oilllcaropa, ro npe.~tcra•••er KHtepec RaM!K MetOA pac11era 

qacrou ycaopAI>Illro ll&llpueua 01 yr.aa noaopota aapaaropa JJAa rpe-

OyeMoro H.loaa ••••••••• cos ~ O'l pa.~tayca (npuatoro aa onra-

MIA~RWA). iocno••aye.ca ~OpMJ~Oi ~~ KOCIBfC& p&BBOBtCHO~ y63W, 
.· .~" 

IHIOA &OtOpOI JaB I p840!I ~JJ 

(7) 
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h. I 
3JtCh oOo3Hatteuo k~ I+ 1~ · ;sz , rJte n -aou.ae.re.t• Cll&)l6 

M&raxrHoro no~•, a ~ -orao•esae c&opocrx paaaoaecaoro Moua x 

caopocrH cBera. OT& ~op•yaa noxyqeaa ~.~a lt.teaoro 1&4opa aaepraH. 

Depenxwe» ee » Heczo~•xo .~HOM BMle, yqta •••e.aeaol B&Oop aaeprax 

E ol/ ----;;-.,-- . -
COS' lfs = ~e Vn."'x K f.! ott (7a) 

r.~te f --racTora ycxopavm;ero HaupHJAeH:tUJ, pt.u~Haa }.tJia paasoaecHoro 

•osa qactore oopa~eHHSJ. lUis cJryttaa BapMatopa t~actorw B BJUe Bpautal)

••roca KOH~eucaropa .weeK 

cl/ ct/ !60 f~ 
h7 ,-,., (8) c~t tlo! 

r,.;e ~ -qacro:ra IIOJJ;YARUIIII, m -'IKCJCO naxeroJ poropa Jap•aropa, 

p&BHOe 'IHCIY UKK~OB MOlYIRUKI 3& OAMH OOOpOT ~apK&!Opa. 

no.s.cra.aaa ooot•o•e••e OJ) 1 ( 7a), noJty'IHM noe.ne npeoCSpasoaaJuut 

c~tJYD~ee Bwpaxeaae 

d o1_ 3 6 o F~ - E - -- __,..-

elf - 2 e t:, . .,, ws v; K_(
2m (:I) 

;(JUt 3f.\,!t&llHNX 3H&'I8HIIA M&I'HMTROro 1f t:JJICl:'lpHqeCRoro llOJteii BeJIM

qallH E , e ~"'" , K aouo npaaat~» » 3&BKCIUIOC'tll ot pa;uaycu 

opdHTN paaHOBecaoro MORa, a c•eAOBateAiHO, H or qacrotu ycxopa~~ero 

aanpaxexxa, co»n&Aavme• c qacroroi oopa~e••• paiROJ&CBoro aoaa. 

tpeGyeML&~t onrHM&J~t.~n.rl auoa ttt»eBeiJUl CtJS ~ ot p8Jtayca 'l'a.tcxe 

.atrEo BY.Pfl3Kt:& B ¢yunu 11acrorw. narerp~tpya BwpuaHxe (9) no qacro-

te OT ;: lO L , nonyqwu Kcxox~ onrKM&JiBJD 3&aacauoet• ~~~ J rru-

q&C'tOTK ycxopaD•ero wanpaz•••• or yr.a no•o»ora J&paaropaa 
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(J.O) 

lUll K I npe~Y~Y-IM c.,qae RR!trpxpol~le npOI310~1!CI 'IIC.8HKHM 

118TO~OM X»H rpa¢KqecKI. 

T8JUUI Odp&30if, SHAft OCHOIHWe Xl~p&K!8p11Ct'JUCI M&rJIITIOfO K 

a~exrpaqecxoro no•eu, a onpeA•~•• c toqaa speaaa H&IJyq•ero 38x-

aara H ycxopeaaa qactau onrJOI&.Iaawi aaxoa •••••••• cos~ , 

uoxso pacc~•rars. aaaryq•Jl saxoa •s~•••••• qactoru ycxop•Dmero ua
opueau .ua toro, qroOII ocywtecraatt. ero rell 1.11 IIHHU cnocodOJI M 

DOIWCI!S. a·~tK!aBBOCta yC.IOp.K!IJUI • 

.B sUJm'leaae upaD.Il oaro.-apHCICtlt .H.I • .ii&RaJloay a H.B.EH'leBn 

I& ll8JIHWe .ltpiiT141l8C~Ie 3fl.lfe~aHiUl. 
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