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B i3 E 1l E Ii M E 

B l·tacTo1!E.lee :npe?r\P. ~mm rums~.ffi rrpe,1tcTaJWieT 00601! o.nay na 
H8Jt60Jiee pa3Bl~Tl:lX 06JiaCTe:ti tpl!3mm. llilfPOI00.1 iflpoHTOM lle,l[yTCH HC

c,,1e.n,o:BaBIDI l\S..f{ Ha ~€M1le, Ta.K R B l\OCMOCe. :Bo3RIDanrut c DOffi3Jieffi!aM 

nepBI:D: ROCMU"ttec t-:"f"X annapaTOB B03MOJrnOOT:& Henocpe;aCTBemrax liISMe

:Pemrl\ DJr83MN BP.e .. 1a60pBTOpHHX YCT8HOBOR npKBe.na l< noHMemm pp,:
%1 HODILX Ean}:a.Meuan. KoJI:aqe e;Tno rry6.1!1IBB.Itiirli e!'\ero;nno :napacTaeT. 
noaTOMY cnetmMRCTY B 06.nacT'-! l{OCMnlie~KHX .nyqe~ H iV,rnmm ROCMO

ca He06XO,nBMO MMeTl> ,, H3HROM11 (f>R3mtl!l IIJ!83MH, opl!eHTapQBa.Tl:i'.!H 'B 

ocnoBBo~ rrpo6neMaTmce. Trut, narrptr.Mep, Tmn1-qno~ ::ia.zi:aqen cpR3PllCPr 

1JJU13MH Kair JJa6opaTOPHO:H' TBlt ff ROCMt!"leCKO~' RF..JI.F.8'1.'CJI D03HRKHO

:aeime ''EeMa..KCl3eJIJIO:BCF.Z.X XBOCTOB" na tPYHJUt'1H :pacrrpe,ne...JTeJUTJi, KO

i'Opa.R' B ~~3~1<8 I'=OCMO~...a <Po JlMYJIPrpyeTCH Ka1{ sa.na-qa ycitopemT.R ROCMH

t!ecF..HX .nyqe~. Hatr60JJee pacupocTpaHemmP. E aacTofill\ee BperodR no.n

XO.?t - CTOXBCTH'CleC1t0e ~pMUeBCROe yc1wpemm Ha 3a.n;amrax )J,BimymBX

cn Ma!'P.UTHl1X ReOl(HOj)O,lUiOC'!'.RX - He mur....a:eTCR CaMOCOr.TW.COBaHHHM ' 

TB.R i\al\ cm.m MaI'HHTElie nOJUJ onpe.ne.nmYrl'.'R ~Bl!..'!:eHI!eM 'l8.CTHD. • .noc
TtrrHYT~ 3a noCJlenHee _ Bpe~..a nporpecc B pememrn cru.irocor~acoBaH

HUX 38;tat{ npirnO)tHT K iry'tfiiler.r:r TIOF.IIIMEHnm Ha6JDDJJ;aet.ru:x cneKTpoE R~ 
r.m~eCKUX ~e:ti l! COOT:BeTeT:sy!JU111>: cneRTPO-.B S.1IeRTPOMarmtTHl:lX He

())U{OpomtOCTeti. Henocpe.ucTneHHO .llJIJI H3~ettruI I<OCMnt1eclm.X o6!be.K
'l.'O:S IDiTepec npe.ncTaBJ"I..cz.m, B oc uoBHOM, nponeccbl B .rasoBon n..izas

Me' Ha ltOTOPHX Ml:l E: cocpe.rtOTOqllM OCHOBHOe BHmdtllnle. ae aaTpa.rtt

)38.H •rrume o6JiacTu RB.K, HanpHr.mp, Wia3MeHHl:le aqrl'>eKTU B r'f,in:s;rae no
JIY!IPOBO.?U-w.KOB R MeTaJL'JOil. 

CwcTeMB. 3ap.mtreRHLLX qaCTHil Ha3uBaeTCH IIJia3MO", ec.:rm: CBott
OTBa ~Tof! CUCTeMll D 3Hai:n~Te.TI:br!Of:l: CTeIJemI onpel(a.lRJJ'fCR KOJIJ.IeR

THlllillM E3aJrMo.ne"ikTBReM t!SC'TITTt c c::lMOCOr.lfA.COBaHr.:HMI{ 3JieJ{TpKtrec

ron.m H MaI'HllITHH?-J£li noJUIMll. IIpii J40CTaTO'qJIO mcoKo2 !DrO'Z'HOCTH sa

f.lfilIOB D r.iJTam.i;e .nruKe Mt:1Jroe npor'l'paliC'!'Demme pas~eJiettlll:e saPJmo:B 
IlpllBOJUi'!' It TIOJIBJieHim oqe:a; CHJ'~HUX 3JieKTJ'1fqec r:zx nCJiet~. TI03TOMY 

,il.OC'NlTOttHO It1!0THM IL1!83M.B .no~:m c oxpaEJITl> RBa3IrneHTp$J1bHOCTL: 

w.c..i10 MeF.TpOHOP. B e,i.finnme 06'be~'!8 .D;OJJJ!HO np~6Jili!33Te,ThHO paBW!'I'lr

CH "CIBc.ny uoHos , YMHOn.ermm.zy rm cpel{Hee sapsrn.oBoe traCJio Hona. 
HrumeM xaJ:.e,KTep;:me npocTpaHcTBeEHli1t H BpeMefmoil r.tacmTe6u 

.i;as.ner.emm 3a.Pf\D,oB B IJJia3~~re, He..Xa,1VIII{ettcH n6Jrr.laH TepMo,mrnap.~ec

Roro pa1m0Bec1u1. Ey;neM CtraT8TI>. 1ITO JTJIE.3Ma COCTOiiT ~3 M8KTPO-

HOB I'! UOHOE EO~opo.n;a. e - saps;n "laCTilllli' n - ltOHD;eIITpaIJ;Y.H 
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(cpe,ttHee 'JVICJ10) qacmm E e.mumue o6'bet.m., T - TefimepaTypa. (n e.l{R

mmax SHeprlUt), me - l/.QCCa MeKTpC>Ha, ml - MRCCa KOHa. IlyCTl> B 

HeKOTopoM 06'.De:.re npoH301IL1IO IlOJTHOe pa3;D:eJieH1!e saprutOB I! B03l!lllt1IO 

o~eR~Pif1:1~KOe noJie E. Tax ltaK E COOTBeTCTBmJ c ypa.BHeffi!eM IJyac
COHa ·div E = 4 r. f , eCJra JmHeft1ma imcmTa6u o6.JiacTn pamra r , TO 

E/ r = 41ine H IIOTe:n::mYB.71 B OMaCTH pasnenemm SaPfQlOE 

':!- 4Jrner2 . B6Jm3n Te~OJIIDIB.MlfClecitoro pa.imo:oocM noTemtl!a.r.a
Haa saepl'IDi ll.BCT~ B 3.neR'!'pf.t~eCROM IIOJie Re ·MOJ!:eT npeBYIIJB.TL ll 

ImHeTlI'tecicyJ> cmeprmo - T. Tio3'l'OMy xapl.RTep~ i:;esMep 06.t1acTn rn > 

B ROTOpoft MOJSeT npol'ICXO,I(HTl> pas;n;e.neE-m:e 3a~a, MOEIO O.~Tl> 

1!3 yCJioBrJI lf '=' ej· ""' 4ii ne2ri-T ~ OTicy",l{a r-n ~ (T / 4) i ne ?. / '2 . 
Demma r;, Ha3hfEB.eTcH .u;ec>ae:acJGl'M pa,nnycoM rn .ne6ae:acKo~ )J)m-

ao:a (ime;neHa .UedeeM npK ~SYtiel!ZH Cll.ll:&HHX 3JleRTpoJmTOB). Xeput
Tepuoe Epe?.'IJJ. ~ Te:qemre ROToporo Moa:eT cymer.TBOBaTii .neRor,meHca
IXKH aap~OB :B6JmsH Tepr.~O.IDrnaMH'leCROro j:B.BHOBeCWJ t nonyqID4. pa.3-

~eJm'.B f1 Ha CROpoCT.b 60.Jiee 6UCT}J1U 1i8CTUit (M.eRTPOHOB): 

t~ <T / 41fne2 )V2 / ff / me )h = ( rn · J,rrne 2 )fl?. . BeJIB"'tHHa 

W p = ( 4JTne 2/ m 6 ) V2 Ha3HBaeTcH IIJia3MeHHot. HJm JieH!'MJ)POBcKo.tt 

~aC'l'OTOi!. JL;rr..q Ma.CmTa6oB BpeMeim t. ;-.:> .,.J~ i lI 11pocT~C'l1BeHI!.W:: 
MaCruTa6oB r· .:? rll B6Jrnsn TepMo;ioma.MRqecxoro paBRo:aec BH DJIB3Ma 

KBaSHHe~Ha. 

n ROCMO<flt!Si!"CieCRH:X rrpHJIOKeHID!X 061:[qHO llpl'IXO,i4llTCJT BMeT!l ,neJIO 

c gea.JILHO~ wiasMoa. Ilpl! 0TOM IDlfi'YPl!pye·!' IIBCJIO lJaCTitll B ){e6aeB-

c:1tol cc!>epe: NJ> == ~ 'Jin r'1J5 • Ib!a3Ma F.a:urnaeTcH s;aeSJILHOf!, eCJm 
N:n » I . Ilpz mmOJIHemm aToro yCJIOBJur KyJ!OHo:Bcitas! aHeprrur :ssa

m!o.ne~cTWJI -qacTnt w.aaMu ( .... e2n 4/3 ) MBoro MeH:Ome ax TeII.TloDo~ 
BHeprRR ( - T). Ilp~epoM HeEJ(eaJil:iHOt!° Ma3MIJ MOryi' C~T.b aJieR
TpOJWTll. 

IlnaSMa H83UDaeTC'S! impogemrn! r eMVI MHHa B().]liill .ue Epoi1r.n 
l h (me T fV2 (r;ne h - nocTomrnaJI litrrum.a) npe:smnae.T cpem1ee 

Me11qacTl:!1lltOe pacc'To.mm:e I" - n - •1 !l • Ilapa.MeTp Bi:lpO.l',Ilemta 

x. = h2n '1:s_/n\.~ T ==- EF l'T , r,o;e E.r - aHepru ·)epMn. )L1ur 60.11.b-

l:!ll!RC'l'Ba ROCJmtJeCRllX 06'beKTO:S (RpOMe DeileCTBa cnep:xnJIOT~ :mes.n 
TlTil8 6e.mu. itapn-i"ttoB) X (..<. 1 B WIB.3Ma 8:R7UieTcJI He.BHpo~eHEo! • 
.wpoJQiemmJI WiasMa HayqaeTCR B ffi.R3i!Re wep.noro TMa. 
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r JI a. D a I.. CTEITEII1 HOiiH3AlU1H IIJIA3Ma 

QTene~E l!OID!3£UXITTJ wra3MH H93liB8eTCJI OTHOrueHHe 'mC-118 SB.Pff
xeHHHX qacT~ K nepBORaqaJrDHOMY qv.CJIY a~OMOB. ~atm onpe~eJie-
liHR~ CTene.Hn ~RO!ill3ail1Hf IlJlS.SMH SI:B1U!eTCJI nepBoi! ~ KOTOpy!l IIPKXOJtHT

CH pemaTI> npa H3y-t!emrn Toro ;r.J&n mroro n,.1asMeHHoro o6'lieRTa. B 
Roc~.nrqec:KL--rx o6'beRTax, RpoMe aoaoc(flepu 3er:.mz n n.na.HeT, MH ~eeM 
'AeJIO c cKJU>ao ~OHR30B8HHof. :rma3MO~. OcHOB..JfiiMlr rrponecca.Mll aoBZ
sawm .fll\MJ)'!'CJl l!Om!SattIDI MeKTpomoot ~poM (A+e -'> A+ +2e) ~ 
nomrnamtJ?. ~~eHHeM (A+ h·~.;A + +e) (3.n;ecJ> cmmOJI A o6o3HallfteT 

aTOM, A+ - KOH, e -_ Me::tTpoH. h~ . - <I>c>TOH). KaxxtoMy li3 S'MfX ITJ;X>

neccOB oTse~aeT o6pa.Tlil:I! rrponecc - pexoM6KRBnJnJ • 
.._ __ ,,, ___,.,_ 

§ I. <klJWY'J(a Caxa 

B_QQ..C~o~ TepMo~ec1wro pan.-qoaecm:r Ro1m,aR'.t'p~nm1 sa
psme~ .1!acTmt Ji.ni-H.ir~wHo.ft n.rr~2Mli onpe~eiuieTcJi 1)opey-Jioli Gaxa 
(no ZMeHll BHJIP.11cKoro acTpoifm3mta , :enepnue ee rrony~u11nero) 

nA ... ' Ile In"== f (T ). (I.I) 
r,ne J f T) - cfiymam.st TeMrre:pe.Typu. IlpHBe;!leM KBa3mtJiaccs-qec~ llli

.Be.n <f>ofMYJIH Caxa 1'I orrpe.neJIKM { ( 1 ) • D COCTO.HHID{ TepMOJU1llaMH-

qecxoro t.EEHOBeCRF! 

- nAne·k.MCll ( T) = nA+ · n~Kp<! ... ( T ) {1.2) 

IlycT» I - aRepr~R HOH~Sa.tt.?..B STOMa.. l!KCJIO arreltTpOEOB E ROH
TRHyyMe ( OO'beim (f.aso:aoro npocT~HCT.Ba.. B ROTOpOM 3H6prIDI ll8CTi'f

~ MeiUieTCSi Henpept1.BHO) B IDJTep:e.a.tre ~.lTlJCO:B ( p: p . (lp ) 

dNe·= ~~ exp\-~~) ~ i~ e. d ~ KuHT (I.3) 

r.ne 9,,, - CTaTBec OCHOBHOro COCTORHWi aTOMa, E -
3Hep!1ru! a.ieRTPOHa., OTC1DITaJIH8Jf OT OCROD.r.toro COCTOHH.HJi 8TOMa, 

ct~t\(HH - CT8'!':B8C ROH~ ('tllCJTO KBS.HTOBllX R:treeR :B o6'beMe r_Ja
St;).BOI'O llJ)OCTpiHCTEa dp dr ' paBHOe B CJ!JIY DP?.HllKna aeonpe.o:e-

.neRHoc•rR Nseu6epI'a d pd,-: / c ?.;I h ) 5 , ~e = 2 - CTaT.aec a.neRTpc-
ua C.ime BOSM~e opReHTaIJ;llR CIIRMB. a~eRTPOHB.), ~Ai· - CTaTBeC 
OCfiOmtoro COCTOmrwl ZOH8, NI\ - 'qHCJIO Heeos6:P..Jl6HHUX eTOMOB. 

IIOJIHoe -n!CJro 3JieRTpoROB B RORTRffY'J'Me B RSOTpOnHOM CJIJ"1ae t yttUTH-
BaJl, 'iTO ..,..> 

J e:q.> l-p2/ 2 rnT} .:f '.ii p2dp = ( 2 TrmT )'~ ' 2 , {I. 4) 

0 

.. / 
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N = N 91 ~e ( m T )3/2 . -1/r J d-: 
e A ~A \ 2. It n2 e r • (I.5) 

f d r - 06'DeM, JllJHXO.ttmndCJt lia. O.U:ZB SJieKTpOH. ECJm OTCYTCTEym 

.n::ayxpaTHO 3apgemrne IIOHH IJ I'a3 IlJ)(>CTJJa-fiCTBeBHO o.nnopo;rteR, B 
cpe.JIHeM aa aJierrpoH np:mtO.JJ;ZTC.F! 'l'aROtt .ae o6!beM, KaK H Ha HOH: 

J d r = I In A' OT.icy:na no.nyqaeM 
ne nA+ -= 9i ~@ e-lf-r ( n~T., ):;/2= f (T). (LG) 

n,.. ~A 2,, -n .. 
l3oJiee CTporo cli<>pMYJrS Caxa :BI:raOimTCH o6u1mim MSTO~ DMrr~elJKOft 
TelJdO,nmiaMmrn. 

B paapezeBHoii JJJIB.3Me 1JaC-'l'O pea;msyeTC.Jt CJiy'?aR OTKptlTHX CRC

TeM, KOr.l{.a li3JIY'Ieime c:ao60.l(HO mDCOJmT HS Il.1Ja3MH (t:orut3attiUI ocy
mecTBnJieTCH, B OCHOBHOM. npH COy)lapeHIDIX aneRTpoHOB c 8TOMru.rd, 
pe.KOM6HIIBJJ;KF- - B OCHOBHOM, c Ks;:ryqermeM). Toma B CT8!IftOnapHOl~ 

COCTOltIDUI: 
nAne KHOH (T)-= nA .... ne KpeK (T) 

H n"i·/nA :::Kll~(T)/K~Kn )= const . 
J[a.HHoe COOTHomeEme HOCHT HaS13aHZe qie>p.1Y.:ut 2'i~BepTa . 

(I. 7) 

(I.8) 

llponeccY BOmt3ru:imt 11 peK01'16fiTHEU!P."ff Krpam onpe.neJI.B'.!l.!.flV poJr:Ei 
B itop.mpo:aaffi!E 110HOC¢eps - nepXHett UO!rn30l3a~!Of qacTff t:1TMO*pu 

wulHeTH. 8etctIM Boao$pa pas.11;eJI.P.eTcH Ha T!eT!:lpe c.110H ( pzc. I. I) 
D , E, r1, F2 , KomteHTpartwr MeRTpoHo:a B imTopux C}lJibHo :eap1>1r
pyeT B 3aB:rrcm.mcTn OT BpeMeHP. CYTOR P. COJIHe1u:o~ e:KTKBROCTJl. 

h.t<M IQ?> f04 !03 11 _n~,,-J 1Q3 l04 

a 

850 ~-
l-l o 4b 55Q ~ Jl!!Hb 650 

450 

5Qt..__ ______ ~----~---' 

~ 
450 f 
250 t_ 
6 

Tue. I. I. Pacnpe~e.11e~e Rom~eHTpa~I MeKTPQROB n no BNCO
Te h B 1maoc<fiepe cpe.n;mn: mupoT, a - Ho-ql>Jl, 6 -.qner.~ 
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Ho.rmsazxnst HeATpa.JIDH!Q: COCT~ STMOC4:iePH !U::IS!lBSeTC8 COJIHeq

~ a~eHBeAt B nOTOKaMH '<ISCTHII {::s OCBOEROM, 3JI0lt'1'POHOB) c 

aHepI"i!ett, 60JU>mea noTeHIU!a.Jia Hoaas~. 
· • 06.7iacTi, D pacnOJiaraeTCJt aa BHCOTa.I: 50-90 RM, a;rewrpoHmUI 

.IIJJOTHOCTn B He! COCTB..BJU!eT Ic2-I04 CM-3. 0CBOBHOI DOJIOJmTeJil)HHf 

llOH -No+~ 6omimym prur:o E ,roraaMlIRe D -c.JIOH KI'par!T OTpmtaTeJI!>Bl:le 

HOHli ( O;; H .IIPJ'I'i!e). 
~ 

06.JraCTl> E KOHOCrpepu, p:lCIIOJIO!temmH B HHTepB8Jle BJXCOT 90-!S) 
EMt RHor.na BB3H:BaC'l'CH .mumMO-C~OeM. B aTo~ oCS...1acT~ 1eR:Y'I' OOJilr
JIMe ropll30HTSJI12HHe (B,ltOJlli no:aepxaoCTH 3eMIDl) TOJm, BH3RBBJ)II!B8 
003M'Jl'IIt0l:Il!e MBI'Hl?THoro DOJIP. 3eMJUI. KoaneHTP8IlIDt 3JI0JtTPQHOB B 

c.n~e B nops3;It'RB I05 cr.r3, npeo6Jia,Ital)T MOJie:KYJIJrplil:le HOIDil No+, o;, 
N; . ll.R<@Y"3M He nrpaeT cymecT:eeHHoil pOJm :s .ztHH8MDe HOHlI3ru:nnI, 
y ROHIIeHT~Wi s.n:eKT}JOHOB onpe~eJIReTCR H3 y:pa:BHemur: 

_oN/pt =_9-L _ 
r,ite Q - C.KOpoC'l'li BOEJJ3a~mJ, L - CROJ;lOCT:C peKoM6HH8.llPrH • 

{I. 9) 

.B 0'.fJ11ft[Ue OT o6JiaCTl! E, l(mfaMRlta HOm.t381lHH CJIM F, ROTOplill 
p;e.JIHTC.ti Ha FI (::sYcOTl:l 150-250 RM} a r2 (:esme 250 RM), B sBaqn
TeJil>Uo9. CTeneHH ODJ)e~eJIHeTCJ! BOCXO.ItfllllllMH K B'KCXO~ llOTOP:a.MI! 
HOHOB H aneRTpoHo~. MrumKMYM ROHiteBTpanv.11 - 106 CM-3 BaxO,llHTCJI 

a.a mtCOTe ...., 300 RM. C:Jtopocn pea.R'.!{K! ~eTfraaol pe1toM<Sir~K 
ltQH~:S o\ _!'4 t OT •e ~ O+ h\) • N .. + e - N + hv no~ ro-I2 
cM3/c. ~a CRO~CT_!J MHoro Memme cxopocTel ~a.xnd ,ll1lCCOllKRTHB
H6J1_ peJ10M6imsrum-MOJieKY,1i No+' 02. N ~ ( _. ro-Pf cri3/c) 
Na+ ... e ~L. N .-r 0, ·o; + e ~ 0 +-0 , N~ + e ~3 N + N . 

Il03TOMY ncqeaHOBeFrae ROHOB o+ RN+ IrOOHCXO;JtHT B ~Ba STa.na:nen-
mnt - nepe3&J)lmlta noa-aTOM o•+Ni~NO;·N(p.-2 \0-12cM 3/c) -

o+ .. o/~- o; +O{p2-210-i1CMs/cJ, N+•o2.&...No ....... 0 ( p!l-5 fO-iOCM~/C), 
z BTOpo~ - 6HCTpa8 JU!CCO~aTitBHSJI peROMOKHSitWJ. D CJtOe E B Jmlt

ueA 1:1acTJrI CJIOSi F cRopocT:h peROM6mranmt 
L = o( J'f' n2 , 

cLE c< .. 11(1\JO+)t-o..2n(O~)+ol3n{N;) 
3Cf> = n (NOT)+ n {op+ rd Nn 

(I. IO) 
r.ne 

tX'r, = o<1n(NO+)+<X2n(O~J 
atp n (NO.-) + n ( O~) 

T.e. lIMeeT MecTo R:BSJtPaTB'11lnll! 3B.KOH peKoM6mtarom. B :sepxHefl 
qacTP.: o6.7Ia.CTM F, , me n ( o+-) » n ( N 0. ) t n ( o;), pea:a::am nepe-
3a}lSlliltn onpe~eJLCU>T cRopocTb Bcero JipO~ecca s 
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(I. II) 

r.ne p~q..) c: }~1 n { N2 ) ~ Fi~ n ( O~) , T. e. c:n:opocTI, pexoM6mm.IDm ;nrnen-
Ha no 3JieitTpoHHO~ DJIOTHOCTU. 

Ha EHCOTax - 700 KM ~f EHIIIe 60J[i)myl) J>OJU) JT{.lruOT pea.Kr(lrn ne

pesa~ H++ o' == H+ ~ a . 
06.naCT:E. t.JOHOCq>epfZ, r.ne .uownmpyJ)T 30Hl:l W-, !IJ)RHRTO H83H

Ba.T~ npoToHoc!peno~. 

KpoMe paCCMOTpelliii:DC OCHOBHlil pearo:nr~. B rrpouecca.x HOHli3a

ID!OliHO-peY.OM6;rnruurnmmro prumo:aecnJI Heo6.xo.m1Mo yqiiTI:IBaT.b .necsrr
rot .IUJYM!X pea.m:nra. 3a.na'<JR Ta!W!'O TITT!0. pemaMl'.'.Si B R8C'l'OP.lllee Bpe

Wi c trpHMeHeffiteM 3BM. 

r JI a B a 2. OlUlOtfA.CTift!HOE ilHffiJIHkEtME 

CocTaBHUM e~eMeHTOM pemeIDI.R MHOrRX· sa.na~ ~Il3\lIRil KOCMRqec
F.Ott rurasr.m .a:J3JUieTcH paccooTpetrae .~.BIDIEHIBJI qacTtm B s.ue11:TpoMa.r
ElitTiraX IlOJIHX It ITOilCK TOtfHHX ll npll6JIDeHP.l:IX (~a6aTV.'<ieCRl!X ~!F.Ba
paaBTO~) v._HT_~rpci.no~ }µlim.enIDI. KocMeqecRcUI MaaMa, KaK npa.BMo, 

.HPJISieTcR 6ecc•r0JI1moJ3ttTeJII,Hoii. K pem•'iHHe KKHeTH'<iec1t0ro ypaBHemtn 
- npo1!3130Jf'flHaII ~ ZHTeTpl.TlOB ltBlttemt.J!. 

§ I. Jllml\emte 3apm:.:ellifuA ~acTKil B aneKTpoMarnaT!Il:IX I!OJUOC 

Ypg.B!te}me .UBmie1~ ttar.Tmw c ~ccc~ no1con rn c ~ saproroM e 
B MeETpt-rtrnr1<0M nciJte E ti: ;;:arJrnTH0:\'1 B ~MeeT Btm: 

. d - ~ {' ·- --
( - - rn lf = el- + ____, [ lI B] (2. I) dt " c , 

me 111 == m0 / ( I· 1r 2/ c'2 } 112 , 1r - cI<:opor.T.o 11acT~mu. c - c1mpocT:Ei 
cneTi:L B nponsBofilID:lX 1.i:oop)V{tta.Ta>~ X1 ypaIIBemrn (2. I) ~~:MeeT :mm: 

d ~L al 
dt -'3 x ·1 .: ax,- l 

(2.2) 
,, 'A -?--

r.n:e Jia.I'J}aHEmrn L =- - m0 c2 ( I -1f'""/ c2) 2+ elf A /C - e 4> , 
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f - e - )2 "" :a sepe.1Ui'l'ltl3~CTCROM - H ,,.. 2m t p -c- A -+ e...,.·) 

dp1/dt=--0H/~X; , dXj/dt=bM/<Jpi. (2.3) 

06mee peweHBe (2.I) npeAcTaB.ilH.eT co6oft cBCTeMY mecTH ~YHJOll!l
~o~p?8IDrB;~ ·~~:e11- OT :s:oo~RiT, cF.op0cieA~ Bp~1~eBB 
B mecTR nocTOJDmlll, onpe~eJIJleLm:I. nOJIOJEeHHeM ~ CROpoCTbD 118.CTl!I[S 
B . HatiaJlllmd MoweIIT apeMemr. L~e TpaHc.runommioft cnMMeTpmr 
(ria~Ml>mrlt CJtBiir}_ CO~eTCJI Jl}lOeRIXIDi ~JII>_q8 __ ~!! OCI> C,l{EH-

ra Pz = ~~ = m:Z + ~· Al '= ~onst _ (2.4) 

B:~e 8l<CW!BJ!bHOI cBMMeirpn (cEMMe'l'pmI noBopoTa) COXJBHRe'!'cn 
M~e~c~~JJ;Buemm 

Py= 3L/of = mr2~-r ~ rA~ =Const. 
1 

.) (2.5) 

• bi.)t~<L_He~ 3al3RCll~ OT BpeM.eHI!, TO mt'l'erpa.rl .o;Boemra -2Heprrur 
'18.CTIID;li E=mc2 + eef.> :2 const (:s Hepe.J!SiTlnmCTCROY. 0Jry1!ae 

·m v2. m 
f w-~j" €T=con~t ). ~-~moe DOie DOC'l'OS!HHO B rrpoC'r- -

paBC'l'~e. ae sa:BHCHT OT B!JeMemt m ~O~, TO llfl :o const , m=const , 
v,

1 
= const H YJ:GBHetme llBUeHruI ~ 

= ~ ' m v =* _g_ [ 1f B J ~, c2. 6) 
- ·- J.. c .L 

ffMeeT perueHRe: ~ 1 ~ _ _ [ _ _ ] 

1J J. - • We r , (2. '7) - - -r.n;e w6s;-e8/rnc • r - pa.znryc-BeKTop nwnm:npsrqecRoit cRCTBMH KO-

opmrliS.T. Mo.uy;r:r, yrJIO:BO! CROpOCTll Ci.ls= eB/mc ( e - MO.ItYJI~ SB.Pfi

,Jta) F.a3Hl38.eTCH I@RJIOTpOHHO~ 1UlCTOTO!. ~aCTm::ta pal3.HOMepHO Bpanta
STCH no ORpymtOC'm, HaSHBaeramA J18pYropo:sCKOi!, c yI'JIOBO! qac·ro'l'Oit 

Ll8 H :paBHoMepao ,JtBue-rca ~~ MarmrTHoro .uoJIJI. B ne.110M • . Tpa
exTopu 'q_acT~ . npe.ICCT8l!JIJ.leT co6ott c~ (pnc. 2. I). PaJteyc --
Jia.p.!opoBCxo:A O.Kpy:g.HOC'l'B' ,..l = lf.1. /Ci.Jg • Ma.rHRTmd'. MOMeHT "JiaP-
M.OpoBcJ<oro xpyxrui" 2 

u =JS = _!_ eV.i r. r 2 = rnlf .L. ( 2 .B) 

B 
.,. c, C 27i rl.. L 2. B 

:BeRTO.PHO~ IDoPt1e 
- Ji== - ( mlf~ / 2 B2 ) B . _ (2 .. 9) 

&~ mt1eeTc_! nocTcmmoe Me:KTplI'teCRoe nOJie E , nepne:uomyJIP.psoe 
Mlll'lm'l'HOMY B, TO pemeHRe sa.naqu n0Jcy1JaeTCSi npz: nepexo.ue B cac
Tet.\V' ROOPlUIBa'r, ~ CO CKOpoCTI>IJ Vd , :B ItOJ!Opoft 8JI0R

'l'pnecxoe nOJie E
1

=0 ; E'=(E+ ~ [Vd BJ)/( 1-v;/ c2)1/2 =O, 
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PKc.2.I. ~eRTOPB:JI .ttDHZe
mm qac'l'm:tH B no
dTOHHHoM J2;ItHOpo~
HOM nOJie s; 

l 

Pl!c.2.2. T];e.exTopKR. ~emm qac
'l'Bllll B cxpememmx O.ItH..Q
po;nHHX &JieRTp~eCKOM E 
H MarHirTH01-t B no.r...sn: 

(2.IO) 

B .nrumoM cnyqae (pmc. 2. 2) ].tBmieIDie qecTl~ eC'l'll cynepno!3mrar-r 
,n.ayx .IUJHXemrA: .1t13DemtJi no_crmpruur R pallHOMepaoro :npm.tomme:rmo
ro J;Blmemut co ci-:opocnll vd _ . HeTpy,D;Ho BH,IIeT:D, ttTo ec.rrn 
EMeccro aJie:ttTpnecxoro nOJIFI E RB qacTBizy J:te~cT:syeT nocTO.ffHHaJI 

cRJTa Fl B (aa.npm«ep, cwra TD~~T:e:). TO llaCTm:ta 6y.n;e'!' JtPe~qmaT}) 
CO CROpoCTMJ yF == '~ [ F B] • (2.II) 

d C' eB2 
liRTepeCHO OTMe'l'nTJ:i' qTo B 0JieltTprrcteCROlf no.ne tJaCT'r.'!lfl .npe:t~YDT .B 

0,1UiOM H TOM ~e nanpa.EJieHY.Z H c O)U!Of z TOI xe CROpOCTb~, He3a
BHCJ!MO OT 3HaRB. sa~. l3 rpal3H'l'~OHHOM no.ne CJ\OpocT.D Jipe~ife 
onpe.neir.JieTCSI 3H8J(01/. sa~ ( a.ne1<Tpol!li Pl lWH!l .npe~@YDT 13 !lJJOTll
BOno~Ol!HHX nanpe.BJreHrurx) (pnc.2.3). 

88 
l 
E 

s8 
L 
m~ 

nfOl 
e.JHHHUL 

{QO' 
, QPJUZ Q.,. e 

Rrc.2.3. ITpoe~H TpaeY.T~pm! JtBn&:einIJI 
aona 1 R BJieKTpoHa. e Ha 
IJJIOCROCT~. nenneH,ltIIKYJLliJJHYD 
MarHRTHOMY rroiw ~ _ilpR J!pej.lme 13 SJteRTpRqecROM E. R rna
BHTa.ttHOHHOM m9 nomrx:. CTj:ie.n
RSMi! yJWSa.HH rumpa.MeHrur ,Ir;BH
.zelflUi 
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B <1~slIB'.e KOCMoca qacTo npv.xo.nm :!H Y.MeTn .neJro c .zr.naemte1'1 
qaCTKJlH B llOJJ.flX J.tOBCJibtlO C..'IO:JJ-fO~ lCOHc'f1~rn, r.ne nano. lta.K 

npaE~JIO, npoBOW.Tl> tni'MeFmoe aHTH7prpoBmme ypa1meHiIH (2. I). R 
T8.,'"<0lf.Y TITTJY 3PiT81:! OT!IOCllTCJ! 3 r :..;,aim illTepwmpa - ,IIBJI!teHHe 'laCTilllH 

'D noJTo M3l'HHTHoro JtITTIOJIB. Pememrn (2. I) Mo.7lteT 6UTJ> c nocTaT01IBOI 

}J)JJI npaxT1P1ecxoro ncIIOJlli30Bamra Toqaoc-.r:FJlO imberro B c.rryqae, n:or
'JJ/3.. Wil'lffiTHOe TIO.TI.e CRJIDHOe II Me.IJ)IBUHO MerureTCH B rrpoc·rpa.HCTBe H 

EO Dpeue1rn, a 3JreKTpKqecRoe - c;ra6oe. D sa.u.a-qe npl{ STOM MoryT 
6STI> E!:U(eJieHH MBJrne .napa11.e•rp!i. Ir penmmre Ha.:fi,D;eHo MeTo,n;SMH Teopn-z 
EOSl'rIYUleim1~ .. EcTeC'1'BeHHo:t1 Me:po9. Wi7.IDl B sa.na:qax .zta.BEoro 'l'filla :ttpo
Me r l. JtBJU!eTCS ~I = tTIC' 'tf 11 I e B I !'J.(e v II - ClCOJ>OCTl> .tt:m~xeHl!F. 'l:IBCTH-

ttf.:l !W.OJU, Mfil'Hl!'THoro noJlP., !>.1epoft BpeMeHH - w;,1 • EJl(eM cql?:TaT:n, 

'J'rO \ rL CJB\ 'r~, as\ 1 ·~ :~ r:: - 1 '1 ~?B l \~~1 M \·~< ~ (2.I2) 
B ax , B J x , l:. 0 )C. 1 • • • ~ i3 0 t., I, . E at 

Ma.KCHM8JJDH8Jl 7.3 C4Tll.X BeJIL"ll!H SIBJI.F.eTCJl rrai;a~eTPOM MMOCTH 3B.llatm 

C « i . ITmm-!!~~;rn_e 1 ._l L lSQ.1'0};10.M CII}1al3€.WiHEO f'23JIO:i«eRXe pememur B 

~ ~ ~a~eTJiY 8 , Ha~UBa.eTCR ¥v.a6a•n-tt1ecruIM. KaR n~l3~.no , 
oo..iry~mmc?- SCv.MIJ'l'OTHtiecR"°e p.RJW. ~ Ha npaxTBXe ~cUOJI])3yeTc.fI 'J.W!Ir 

KO nepBa1i ITOP.'DlOR pB3J!O:rlernrn no £ . T\ y ('.JIOB"IDIM (2 .. T2) ,Uo6ru3md 
yCJio.mie ~OCTH RSMeHeHrui CROpOCTil qaCTmlii aa Bpe.MSl nopff,!Ut3(~~: 

I c ~ \ << v. c2. r3) 
l1~eliEme . il3MeJi~F@e no.n:e! nosBw.meir npe,ncTa:Bl~T~ ,IUlHXecz0 ~aCTVUU:i 

~( -~ l~y~eHife_ p ( L) c Me~~BIIQ ~.Me~{mJICR ~H1JCOM w 'laC
'rOTO~ ~KP.Yr _p~p~~e_m8JY.ne!'OCR ueuTpa r· ( L) .Jap,tOpoBC-K02 _QltpyMHOC
TZ:, l'!!l3~~MOI:'O Be)zylr!HM neP.TpoM (pHC. 2. 4) • .UoEOJl:bHO rpoM03,Ill<M 

!lllone.nypa ycpe,n:RemtP. (2. I) no 6ucTpoMy JTap.10poPrC1<0M; Bp.qmemrn 

?TJ'lHBO~ k CJI:.ey!IJteMY pe~ymTBT-y: 2 
cl r: 1 

;::; v h i ..!_ (h ~(~ ·- \/ ~ f h ,., ) h -~ y 1- ) l ( r ) 
d t. u '-·->a m -.. 11 \ v 2 B . 1 , · .. (!. I4 

_ _ .z _ = · ~ .. ,_,t(~ ~.. "l r~s · & !'.)le:,. qp 
d£ _ eE dr· + 1rnV 1.. 1JR '\ (2. I5) 
d.t. - dt. 2B at ., 

I 

' 
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PJlc.2.4. TpaeKTOPWI ).tBDeBlJ;t tre.C'l'BI(ll a a.mra6amqecitoM npm1ma:emm, 
~- pa.ltHYC BeRTOp ~aCTBnH, 
f' - pe.lOO'C .. Be~To_p IteBTpl. 
BpameBHJt, A. ;; r .. .f 

vt,~{ . vV.~V . (,.(_(('. U.~- U-< ~ 

dp /clt = 0 . , (2.IS), 

r.ne h =B/B, (h"vfh= N/Rc - _ 
BeKTOP JtP.imlraHH CltJIOBoft mmmr ( h -
ewnnt'!illil BeRTop HO!MBJIII, Re - J>EWIYC 

RpKBRSml) t v 11 B v j_ - crJieJtemme npoeJt[tHJI' CROpOCTH qacirm:nz Ra Ha

npaBJiemre , napa.JI.i1e.JI~Hoe a nepne~oe MS.rHHTHOMJ DOJII> B 
ToTJXe Ha~o~emm Be.IQJlnero neHTpa., g - ycpeJ{IlemmS! aRepru. (2. I5) 
MOXeT 6U'l'.L npH.Be,lleHo R lU'flJY ' 9LA . J-..C· (..& 

d p 11 I d t = ( e E - .fl v B ) h . { 2. I?) 
Tpa t?Jiemi., BXO.nmIIRe B :eeJt'.t'OPHOe DpOH3Be;l(emie B (2.I4), OIIBCJma
ll'l' .npe~q, nonepeR cHJI01ua .nnlid reoMS.rIDITnoro nOJIR. IlepM ,naeT 
MeKTpRltecm .npeE!P co CROPQCT:DD (2. IO), B'l'Opof - ae.aTpo6emud! 
.za>ettq>, CBKSBRHtm c noiB,,1eimeM npw xpiraOJimteftHoM naemm neRTpo-

2. -6eaHoit cn::rm FN ==rnV 11 N /Re (pHc.2.5)., 

\id = r;;~Y~ (B, ( Bv )B) (2. IS) 

~~ - r1peJtHeH~ ~pencT>_ (pHc. 2. G), CBJI3amnd c Heo.n;Hoyo~ocn1> 
MaI'HllTHOro nMrt no BeJIHtIKHe, 

--V v8 = _me Vt r B B ] (2. 19) 
c{ ~e8' L 'V • 

Jlpe~BaP. Teopnsr MoxeT OHTL o6o6meaa ua c;ryqe! CKJil>HHX no-
nepelllimt aJie.KTpnqecKHX nOJie1\ E i. ..., ~ B , eCJrn 

· lr B / (2.20) E II << c . , 1J I c ~< ' • 
l 

K B!lpru!eHnm (2.I4) rtpll! STOM Jl06aMHeTCJI 'V!eH 

v d = - ;1~2 [ w B ] ) (2. 2I) 

r.ne w~ c [EB l/82
, \~ = !~ + ( ~f v) w KOTOP~- IDITepnpeTBWeT-

CJ! Ke.I< .npe:M> no.n ,JJ:eftCTMeM CWIU UHepue:a - ( - mW ) • B llOCTOmlliO~ 
o.n;nopo.ItHOM t1.er1mTHOM nMe R = B 0 

(2.22) 
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0 

Pwc.2.5. Tp:lexTopJUI .n;pel~ qac- Pac.2.6. 
TRinl B neO.IUiOpoJtHOM no 
H~eIDOO MarHKTHOM 
no.ne B • R c - pgimyc iqnr
:aKSm.t UOJIJI, F" - tteHTpo
CSeJl..it8Jl cH.118 , v - cRo
pocT.D irac!'lllnil 

Tpa.exTopwt Apen~.a 11a.c
TB'.ItY B HSO,ItHOpO.tOiOM 
no BeJI~e MBrmrTHOM 
nOJie 8 . v B - rtia.I(HeHT 
MarmITBOro .fiOJIS( 

·§ 3. AJnta6aTJP!eCRrte ruraa.pHB.HTH H MSrl:UJ'l'ffi:le JIODytlllm 

r~ rru.mJI.DtrOHe. H(p,q.,A)(P=Pw-,Pn; q, ~ q. 1 ,. •• ,CfniA=ll) 
oc~:a .I(irna¥.lPiec1wit cP.cTeMH. SamtCJDilefi OT Me~e;mo neBJI
meroc.sr rm.pru.teTpa J.=£t, co.neplm:T BpeMS: t 11 He coxpa'UieTcH. ~
~ 'J (p,q,~ ). ~~eT_ca ~a6aTnec.nw mrnapHaHTCM Cll'CTe~. 
e_~ IlPl! M8JWX £ ~tmHa 'J(t}:: 'J[p(t), q(t.), ) (l:)J __ Ma.'10 Me-

8:JleTCR 3~ ~pelf.a t-1/€ (zsMeRemm 1 g H npH 3TOM KOHe'tnm). Tipw 

<}lllBCQO'BaHHOM A npoxo,nsmtl!e ~epes p0 , q 0 .nmmJ:J ypomm aaepre 
H ( p, Cf,>. ) -~ H ( p0 , q..

0 1 
). ) OI':peumtra13Sl'11 HeKOTOPYJ> 06.iiacTl>, II.110-

~ KOTopo.Cl 2 'Ji I ( p
0

) ~«> ,1' ) B ecT1> a,IU1adM·l!'lecrum mrnapnrutT. 
r.1te I - nepeMeHHM .nelcTBI!ll MK .ne~C'l'BB'e. Ms a.n~a6aT~eoxoii 
IIH.B-9.PKB.HTROCTK '.S~ tt.e CJiel(yeT; BOodme I'OBOpH, 1JTO OHa JIJ!aJIO 

Merore-rcs 3a Heo:rprumt!eHHoe Bpewr npH rfitl'Jl:cRpoBaHBOM MBAOM E • 3'ro 
CBRSaHO c B03MOXHOCT~D BaKO!IJieffiUI MaJIUX H3MeHemll3. eJUia6aT~qec
ROI'O IDmapKaHTa. 

Hs (2.IG) BliTeKaeT coxpaae!:me MaI'HITTRoro MoMenT8 lVlCTmIU. 

Tait Ka.Kj.J. npv. c.ne.neRHl:LX npe)J;TIOJI.OJtemucc c TO'?HOCTbJ> .I(O KOHCTaHTH 
~BeH fpdq » cncTeMe, r.ne Be~ i:teHTP noROJ!TCJi, -~HRTHillf 
MoMewr HB.1Ule7cSt a,mm6aT&qecxm mrnapzawroM. 

B cwry coxpa.Hemtfl f' A11JI onzca.ttia npo;nOJI:Mmro ~e:mu1 -qac
'l'm:tf& (2. I7) M~eT 6~T:& .BDUesa afP;peRTltBHM noTem;in:a.JlbHa.a ~mep
WJI U =-)-J B • W!H Ha.npJmeHHocTi, MarHBTHoro nOJIH llMeeT r.\e.RcH-

--------· 
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MYJ',fil lUtOJJ'l:i CRJIOBon AHHID! (pHc.2.7), TO qacTm:ta MO&eT COBepmaTb 
ycTOMRBHe npo;l{OJl:&HHe ROJie6amur. -

__ Ilycir.r:. L - xapa.KTepmm mc.nrra6 MB.MlllTHo!"o no.ru;;, E = o, 
?>B/ot=O I! X= t-Jl« ~ . ex - yr0.11 Me7!JIY BeRTOpOM cKopoc'l'~ 

'tSCTHilH K Hanpa.BJJe!meM ME!rHZTRoro llOJI.fI, tm3unael'vUff. rraTq-yrJIOM 

qacT~.- 8 .nrumOii cilyqae 1J 11 = (u2 - 2.~ B/m ) th ECJIK c~ecT"ByeT 
TOtma Ha MaTHHTHOti CiLJIOBO~ JIIDnm' rie lf n; 0 I T- e. c<. = Ji / 2 SI 

v l -= v ' TO ~aC'l'Hll8. ll.BimylJlCU!CH ~wn, MB.rRHTHOft Cl!JIOBO~ JIRmm B 

CTOPORY BOSpa.CTalJU{ero TIO.JUI, OTpa3nTCJI B ~TO.ti Tolll\e H IialffieT .rtB~-

raThCH B npGTBEOilO.lIOlCHOM Hanpe.Memm. 06Jtac TB CY.JU:,HOrO MarifffTHO

ro llOJIH Im3.Lll3aDTCSl MBrHiIT.Hl:lM11 aem~8.,!UlMR wm MarHZTHNMB ITD06l<ruvm. 

0Tpa.geHHe qacTm:t OT MB.I'FrnTHUX rrpo6oR ZCllOJI1>3yeTCff np~ cos.mu-mtt 
B,l@a6arnqecKHX (OCHOBaHHllX Ha SJ47i368TR"treCRIDi HE.Bapt.raHTa.."() Mar

HJ!THHX JIOBymeK. M?...rmITHOC rro.ue 3eMJIH Y. MHOrmt ,n;pyrnx l<OCMl'f'leCKUX 

o6'£eRTOI3 JtB.11JIJ)TCR xapa.RTepHWMU IllJl.fltiei:er.~ Ta..KnY. JIOBYJD.8.K. Ee~ 

B m~x - MB.!'ffilTHOe nOJie B npo6:r.e. 'l'O or.rpsa£'l'Cff nee t?acm!IUI, y Ko

Topm.: :a o6JraCTl:T., ~e B = Bmm , 
'!. - jtC~ o(. =cx'Kp = arc sin ( Bmrn I Bmo.x) V2 . (2. 23) 

o( 1o;p [ij)KHI!TO 1·18311BaT:b yrJIOll. paC'l'BO_I)a KOHyca IlOTepI>. Ee.JUI 

ex: <of. KP , traCTl!Ila yxoitnT lf3 Jronyrmrn. Ha puc. 2. 8 .IIOK23a.HB cxe11.a 
,ttBnze!Il!.R: qacT1uu1 B pa.1n1aUR0Hnmt noaca."C 3e&mn. tl,av'!'mtG. 6_!!crrpo npa
ll!8-~~ ~OK~ CMo::so:n mIJratJ ~Hl~TfI_O~O _noJUI, COBepmaeT KOJie6a
.amr MeJUtY rrpo6xru.m lf npe~yeT D HeO~Hopo)W-OM M8I'HIITHmii IIOJie 

:BCRpyr ocri Jio:Eiymror. Ka.uoMY JtBKXeffim cooTBer.r1~~BYeT cnoe xa~K-
Tepiroe Bpe;.Jr: 'ti::: 2Tiw~ - nepuo.n Jra~opo:sc1mro Bpa!ltemrn:, 'T. 2-

z 

PMc.2.?. A'fa.rJmTHoe rro.i1e 
~rra6aT~ecKofi 
JIOeynnm B 

s e 
) 

) 
® 

Pzc.2.8. CxeMa ,n;B;merum qacTm:tl:l B pa
.wrru:urnmrux noswax 3eMJn~. 
CTneJIRBMH noKasam-1 !ffiili:e..PJie
HH.tr Jq)e:fiqa a.Jrei\Tpol!OB H 
ROHOB . 



- I? -

neuzo.n Ko.ne6rum:tt r1.e.w sepP:8.JU,EW.m TolffiB.Mil, 'I..5 - nepno~ J:U>e~c}>o
no~o .ttBit!l:e~.R BORpy:i:1 f..a:PHHTHOft OCH. Fi.SR ~MO, 'C1 « '[2. « L 

5 
B COOTBeTCTEKB 0 TpeMSi TRIISMI! IlOlfTH nepmo,mrqecxnx .n;a~eHHit B 
npo6KOTPOHe BBOWlTCa Tpa: amia6aTlAecimx mraaptmHTa. ITepEmt Ii = p • 
- MarHi!Tmd MOMeH'l' lfRCTHI[ll, pa.Bmilt c TOtraOCT:&D .ltO WCJieBHoro 
hfiiOJCltTe..!IJt llOTOKY Marlll!THOI HBJtYR].:tB"Z qepes IllIO.IIIBJUi JiaJ».fOPOBCKoro 
1tpp.Kar :BTopo'A I 2 ::: f p 11 ct e. - c OOT130TCTBYeT KOJie6amt..JDd MC!!;Ir.Y 

~OORSMH 2 -

12- 2 rn vJ ( ~ -B2
( 0 I B~l\;<X )if2 de , (2. 24) 

~ ' r.ne mITe.!JI'P*POBrume Il])OBO.IUITCII MeJIOJY TOtmaMB' 01'~. Tpe'rltli-
DO'l'PROBWl HHBa,PKa.HT, :B HyJie:BOM npH6mmemm: pB.reH IlOTOJty Marmrr
HOrO DOJJ'Ji (MarH&'I'BB:tt llOTOK -qepes C01lemte ~AqloBO~ noBepXHOCTR), 

OXBaTHBE!eMOI'O 'l'pc'leKTOpBe! liE!CTmnt !).; . -
I 3 ~ t A~rd ':P. 7b¥~r c2.2s) 

§ 4. Toq-aocTb coxpal:ieim.R a6uadaTn-qecxHX nB:BapwaHToB 

JlpettiPQBoe npnc.tm!%eJme He OTB0lfB.eT Ha BOD])OC 0 ToqHOCTR co
:xpaHerum: a.mra6aT5PJ8CRRX tnraapna.HTOB. BRemmte BOSMYDtemm npIDIO

JUl'l' JlPe"'..liS Bcero R Hapymemm T!)eT:&ero IDraaPffaHTa. C a'l'HM rrponec
COM C~O, nanpm~ep. ~pimpo:arume ~BI{tIOBHBX iIOHCOB SeMJIJif. 

furoo.p1IS.HTHocTb I~ ncrrOJIB3yeTcH npz- paccMoTpemm aarpe:ea ILJia3Mb! 
B a.naadaTirCJecKBX .iIOByIIIRaX IJY'l'eM MarmrTHoro czm.Trur. OcodHil mITe

pec npencTB.BJIJreT cTene~ coxpa.~eHRSI nepBoro a,u;ira.6aTH"qec~oro KB
Ba.pxairre. 13 xopomo OTRattruI:Ioit .11oeymRe. co;n:epzame:a MMO ~ElCTHit, 
ffilT"r-yrJlOB&.r:r ,neqxpysrui: B pesy.1I1>T8.'l'e ~est MMNX HSMeRe

mrn _,.A.I JrBJIJieTCf! OCHCBHHM liCTOqffi!KOM IIOTepi! '18.C"l'~. JIM O'tl0Hb 
Sne~ I!pOTOBOB ~OHHUX QOHCOB 3eM1ra TO'Ui'OCT~ coxpaHe
HruI p HEJISeTCSI onpe:n:e.llSDJllllIM ~opoM RX ,ItlllDlemIJi. 

:n.11.ApHOJIJ:i,It CTJmro Jt0RaS8.11, 'ITO IIlYff ltOCT8TO'tlHO 60JThmoii HR
npst!eHHocTH MBI'HlITHoro nOJI.H sapmgeRHaa qacTm:ta ocTaeTCK sanep
'?oi! B El.KCltaJI:LBO crn1.MeTVttllliOf Ma!'HH'!'l!oa JIOBYJDKe neorpruraqeHBO 
ltOJII'O, 'I'. e. CC..'IH 

. X = r L / R c < X KP ,. ( 2. 26) 
YJL/B $lBJ!.~eTc~ Ee~ e.nna6aTH11ecimM Hlm.9.pWB..HTOM. CooTnomeHKe 

(2.26) n~o Ha3Bal:Il!e itpriTeprur ApHOJIE,,na. Xt<p onpe;ne.n.aeTcs:r 3lt
cnepm.ten'Z'~Ho wm B pe3j'JIM'aTe tmCJieHHoro c1:1eTa. Ha pe:c. 2 •. 9 
t'.XeMaTatiecir.ir IIORaSaH!L pesym,Ta.Tl:i OinlTOD c .. H. PoltllOROBa IIO II3Mepe

mm ll}JeMeHH EitSffil 'L aneJtTPOHOll, B03milWDIIUIX npa paCII8,lte JBJOIO-



~ ~ "~·V 
_xJCpv.:.T 

~ 
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1'!c.2.9. 3aB;tCBMOCTJ, .BpeMeRB usmrT 
MeltTpoHOB, :eosmraamm:x npH 
pacna.ne paJUr08ltTHBHOro 'l'pHTIDI, 
OT BeJmllHRH MllRCBMaJil>BOro Mar
fUITHoro no.rur :B Jio:symKe BmQi..v • 
Pa.3im'IH!:le RP~He COOTBeTCT.BYJl'l1 

J;>g3H01! CTeneHa OTRalU\11 
lPI < P2 < P3 - ,nauem!e ocTa-
TOllHoro ra3e) 

axrn:eHoro TJ)RTRH B sa:mrcm~oc~ OT DeJiei:nm:s Bma): B JIOB}~e. ITpM 

HeKo'l!opoM Bn;e1. 11 Bpet.m usmt aesaBiI<im110 O'!' CTeneHlt o'l'Raqxa cRatt

KOM YEe.mrcnrDaeTCH~ 

B a.ItCHBJII>HO cm1.MeT~HO:tt JIOBYlfiKe MOlleT l30SmtKHYTi> HMID!ef

mrli: pesoa6H<nrpo)lOJil>HHx · 1<0Jte6atnrn MelrJIY-WHY.Tnm.m npo6RaMH ~ 
JiaJ:Mopo:acitmis Bpametme?i. IlycTI> w - ycpemreHHan: no npo.u;oJL&RHM 
xo~e6a.mr11M ~a~opo~cRBJr qacToTa, 2 - qecToTa npo.u;OJII>HHX ROJie6a
mdt. YCJio:eire pesoHa.Hca - _ 

W = '2n2, (2.2?) 

r.n;e n· - nop.s!l(oK · pesoHanca. FesoHaHc KBJLJreTcJi HeJIRHetmma, 'I' .. x. 
'tlS.CTOTa ROJieCSamrft 3al3liCHT OT aMIIJm~ ( B ~OM c..nyqae OT 11.ar
mtTHoro MOMeTITa). Ilopg.uoit pe301mHca B Jio:eymxe O'lfeHI> 'Bblcororft 
( 'L 1 <<. 'C~ ) • Ilepexo.n qacT~ OT OJXHoro pe3oOOHca K .I(pyrOP.'J (a, 
CJI6,l(OBaTeJI!:iHO, B CZJll,ROe ~3MeHe!me .l (,l ) B09MOl'.eH, xor.n.a urupinru 
pesoH.a.HooB cTB.HOMTCE 6o.nme paccTomm:tt M~ tmMH. OTJJ;em,1:We 

He.mrne!lme pesoBB.Hcu {B OTJliPUfe OT mmeaiioro c.nyq8SI napa.MeTpB
qecxoro pesoBtJ.Hca) npnBO.JVIT JllIIIII> K orpaaHqeH:HIDr'J KO~e6a.ID1JIM 

1-t coxpaaemm qacTOT 2, w . 3-rv. ROJie6amur Ha3BBa.DTCJl iiiasoBUMI!. 

Ha pHc. 2 .. IO HB llJ!OcxocTH i:l, Q cnnomimMH ma:uruIMn noRa3a.EW peso
HaHCH (2. 27). B rutc.aairI:iHO c~eTpStqgofi JIOBYII!Ke Toqim:MH l!HTei'J:e.

Jia.~ ,IV3ID!eRILJi .frnJIJIDrCH v z yrJIO'.BO~ MOMeHT. Ha pwc. 2. IO rry::nt
Trr}) - nj)OSl\IUfR noEepXF.OCTH HHTerpanoB .n;:anxeKK~ Ha WlOCROCTD 

_ ~;a ct.4{~ ~l V-Q HU-€ 
w hf\01"o~c~ PRc. 2. IO. CxeMa nepenpHTIDI RemmeY.mrx pe-

! I r _J SOHa!ICO.B Ha WIOCKOCTH -qac:TOT 
' w, Sl • CIIJiolIIIIHe .mnmz - peso

;.r.aircu '<l =-2n 2 , rrym<T~ - npoeY.
IUISI DOBepXHOCTH KRTerpaJIOB )Um
&eH7Jr V= const, j.l =-canst. 
Ba II.JIOCKOCTn qacTOT, ~T'De.rtRn -
<IX3aol3Iie ROJie6mmn .. 
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qacTOT, CTpe.1IKH no.KaSU:Ba.D'!' ~30EHe ROJie6SHRJl Ra H8JraHe::tHilX pe30-
aaxcax. Tipn nepettpsTWK pe3oBaHco:e B03iUntaeT "6Jiy.1.Uam1e" TJacT~ 
no pe3olia.HCrut.. :& ... m!l :e pesyJil>TaTe Taxoro 6Jryx.D,amisI _,AA yMeHiillla

eTCP-, qac-rmta' D ROHUe KOli!lOE, Dl:lXOW-T ll3 JIOBYil!KK qepes MarHZT

HHe npoOKU. Ha p1·rc.2. II cxeMB'l'~ecrut rroKe.srura aa..mrcmvmCTl:> Ma.r

mtTHOro MOMeBT8 qacTTIIJ.U OT n:peMeHH ( t. = 0 COOTB8TCTByeT npoxo~e
mm MeAffaHHO~ ItJIOCKOCTR JIOBymRR) • OCHOBHOe ll3MeHemte lr!B.1.-,mrTHoro 

MOMeHTe npcmcxo,In~T eyn npoxo~emm qacT;me~ Me.Itmumo~ rIJIOCROCTH. 
nsr.teae1me MarHHTHOrO MOMeHTa Sa 13peM.q ROJie6aimfr Me:KmY npo6:nru.m 

~ i.I { o/ } ti\ .J.i = A exp - x Sin 'f' 0 , (2.28) 

rJ.te A - M.l!o.~wre.J"ll>, srumcmrw;:tt OT nepSMeTpoB Cl!CTeJ\.m, q:> 0 - <Iase. 
:Bpamemm no JiaJl"'CpOECICOMY Kpyx.Ry B MOMeHT npoxo~eHM qepes Me

,ttRaHHyiJ l!JlOCKOCT!>, \}' -~ <f>0 • ..B,n.aJm OT pe30HaliCO'B ¢'0 

6UCT].)O il3MeIJ.fleTCH (pa3MeIIIK138HKe rro cJia3a.M) ~ J.!3Me}1effil.<l ~ j.J He 

~.\TC.f.£. Ilpw Ha.JllNmiI pe30R8liCa (2. 27) Be.Jmtnrna j.J RC!lH'l'H-

MeT 60JILr.rne, HO Orpa.I:TIJqemme (n3-3a HeJill!feilRoCTZ) KOJJe6a.mIR. 

Pure. 2. II. 3aBv.cm.mcT1> MB.I'rutTHoro MOMen
ra"" OT :speMemx t. rrpH o.n
HOM KO.te6a.tnllI M~ TOqJ<aM~J 
OTpaEeIDI?.: :B rrpo6I<BX 

l\or~ Wl."J)illta pe30.Ha.RCB CT8HOB~'l'CH 6Q.1Ib
me paCCTOS!RRJi MeIVfY pe30Ha.HCa.MK, ,llBM-

1.':eJille OT ,JtKHaM1rqecxoro nepexo,JUiT !~ 

cToxacTmecRoMY. H3MeHemrn }J npm!Cxo-
t w=rT IIO .nzcpfly:nroHHOMY 3alt0liY c K03tfxl'.Z

ItHeUTOM ~H~(PYsfm 
D::; ~J-1 2 21 r,. (2. 29) 

B B.KC~aJJ'~HO necIDM.teTpRtiHO~ Ma.I'Fm'THO~ ~oByTIIPte c~cTeMa OCH0.9-
HRX pe30Ha.HCOB onpene.ru:teTca ypa:BHeHReM 

w-2n2 -t- m2~ = 0 1 (2.30) 

t',Ite b sc'l . - C£3GTOTa 83mtryT8JIJ)HOro m:>eif(f:a. I~ - ycpe,n;He~ no 

Jij"Je:1~11mzy H IIpOJto.n:t>~oMy .n.Bhemm mntnoTpo!masi tracToTe, Q - yc
peJ.tHe?.liaJ! no m.:>e~!POBOMy .U;Im:Xeb"lm "!aC"rOTll npo;a:O]I])HJ:lX ROJie6atrnt!. 

l\a~(if1 ~8 l)e30HaHCOD (2. 27) pacmeIIJIJieTCSi RB. MYJ!bTllIUieT ( Ra plIC. 
2• 10 !!OP'A38.!io Tflltoe pacmeIIJiemte 0,1Uloro na pesorumcoB). 2 lrnl -
'l:fil!CJro .1uu~ E l\~Jil>T1mireTe. CK()Jfl) yro,ItHo CJia6a.R: neo,ItHopo,D;HocTL 
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JleJtaeT B03MOEilliM .I(BlUICIDie llaCTU?ni ~Mo pe30HBHC2 (2 . 27) ( r:oxpa

rmeTCR TOJI.DKO :meprrrit) • 13o3mntaeT .D:BI"3em-!e' E KOTOpoM T'lH I~3Me
aemrn _p coxparr..He'!'cSi w /22. ·~~af:!-:t.ae 6...'IyxJlaUIDi tffiCTltID.i JmCJI:o 
pe3oHam~o:e Ha3!1J3(!Ifrl'CSI ,nn@JT3i!el1 ApHom.mL lm~i~ flprro;1J;,na -

Me,II,Jiea~ npoae~c. Koscp:~eHT .J:Ui~!IB 

D- exp{-a exp ( g /x ;} , ( .~. 31) 
~e (l 3a13a'.CaT OT rrapa.MeTJ)OE CE:CTeM1l tiaCT~a-rrOJie' f3 - OT 

mrT't-yr.rta tJaC'l'r.nN. nm;1eysrur Apn0.11:&,n;a ~paeT onpe~eJiemcyr:; POJtb B 

romaMITTte tiaCTIUI, paitmunromn.:x IlOSiCOB C 3He:prum.m D COTHit ; '[3B. JfrUI 

~BCTmt Mem,mmc 3Heprm! OCHotmo:fi DMB.Il B mrT1!-JI'.1IOBY!) ,t:(l!ry~·y3;~11 

BHocm· p&3J"ralllme rurasMemme Heycirof:tmBOC.TV.. 

r JI a :a a 3. Ia-IliETI·~lWI 11 MANITOTI1JJ.R)J!Jfil.l\~,.li~~I~\J 

MOm~mi KOCH!it!IDI<Ot! TIJLASMH 

JTJJ6aJI peaJI:OF..a.H, B TOM tmeJie ROC~.fil'tiecKaa:, wra3f.:'£1 JTI?JI.fieTCJI 

neo6.IRat'Eo cJIOJ!HO~ cncTeMo~, O;niruto, MHorne ee BanGrue c-aoiicT:ea 
MOryT 6H.Tl> omn~aHH npocTw.m Mrutpo~:r:orraliec1rnr.m ypaEne.rn~m..n:. 

§ I. '~JI pacnpeneJiemm ?. miTerpa.n: CTOJIKi-IO!lern: fi 

Ilpu oum:·aHIDt WJam.ru Meer.Ro ncxoroi-TI> H3 imoroqar·T~ '·tnroi: '~!FIB

~ picnpe~MeHl~H. 0,lllla.KO B np8XT!i!'Cle r.K}fX ue.ruo: OChf!l! :O W~XO)JJIT 

irn O,mIO'lBCTnimof ·;zyrmn:m pacnpe,!leJieHr-JJ (m'iae ~ 6y;ueM n~~~:rneTll 

ee IlpQC•rQ Q)YlU\Uf!efI pa.crrpe.Jt0JieHI1JI) f o: ( r 
1 
lf, t) ' 0-pF,!1; -·'l'a.BJ1.fll0-

me~ co6ot1 rmoTno~T:t 'ttacTun .n;rumoro c·op'!'B. o{ B wec'tlf:vi.e_p:mr.1 $1-
aonoM nPOCTpa.HCTBe (r., -1.J) . f<r, U-,t)dt~dli> pa.BRO R~nqo£..T13Y ~ac
Tllll, mtaeIOntHXCSi D MOMeH'r BpeMeIDJ t ~ 3;;eMe.'i're it.e30.Boro OO'beMEl 
{ f 1 rt d r) , ( lf, 1f + d lf ) . ()npe;neJrnM IlJIO'!'ROCTl> 11aCTTIIt !" .. ax 

n°'cr,tJ;a:ffCF,-iT,Ud.v ~ 
cpe.JUIIJ!) CKOpoCTn 

\i::>( ( r-, t) 2 < u >~ = *c( f 1f f ~ ( ,: , v, t ) a ii , 

( . . I) 

(:3 . 2 } 

Y.SOTHtleC!cy]O CKOpOCTJ, _.. _ _ 

u =11-Vcx. , (3.3) 
TeMIIeparcypy (:a aHepreT~ecron: ep;1~) 

T (-- ~ 2) I J rn.- ·""".' -- z - ~ -
ot r,t)=3<u -=n"' y-tu-X<) Jo<(r,v~t)du, 

){B.BJlemte 

~ cr,tJ·°'~<u2>=~f <v-i ttcr~,iJ~1 t, ~ 1r:. (3.5) 
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B (3 .. t)-{3. 5) unTerpnponatme npono.nrrTc.n no ncer.zy- o6'b€My B npo

CTJ:eHCT.BC mmpocTefi. 
F;~m cTomrnoneH~..fI B IIJia.3Mt: OTcyircTBy-m, TO no TeopeMe JiirJ-

wr.,,w 0 0oxpaaemrn MCJv.eHTe rpa30BOro o6'LeMB, B COOT:BeTCTlUU!· c 

KOTOt>Ol! P.JlO.rtI> AmiflMHl!t!<:'I\OE TpaeRTOJJRi! iJ)ymanm paCilJle.D:e.1Iemrn oc-

-rae-T~-R noc Tommo!r. D () f . l1 f . ~ 1 
f _:__,+ t. -+p - ::. Q 

DL -- (") t i ox, • aP. ' 
(3.6) 

r,ne no IIOFTOpm:imLmrmr 1.n;:ne1maJV1 npoEO~P.TCR cy.•,Thmp0Bamre;Xi,g<1_;i:.2, 
3) - ROC)~11lliaTa l~ ~!1'.myJI!tC COO'rBeTCTBeRHO. B nepeMemmx r I tr 

(3.6) UNeeT DM.n 
(3. '7) 

ITp~ Ba.J!I'itnm cTcmmcBemffi MoxeT nsMeHHT:OCR m~:&c p qac

Tmn:, SI qac'!'mta, llCqeS!zyB 13 Totme ~30DOro npoCTpaHCTM. ( r~, µ ) I 

fiOHB.i1JreTCP. B !!'Of.JR€ ( r, p' ) , ttac rnrta MOJ~e'l' B03Hffi-.:fcyTI> n '!'Otnce 

( r, p) (uomrnaz.tV.JI) wm ~c~e3rryTT:. (peitoM6RHf1Ifr!l!:). B 3T~.~ CJ:ty"'me 

'DJ /D t ~ 0 • Er.JIU $le.( .naeT CKO.POCTD po~nmmF. lVIZ Y'rllfti'l'O.Ee~..H 
'laCTmt B !(ru-:uo!t TOlllte riasoDoro llPOCTpaBCT:aa, TO (3. '/) 38.IV!€H.HeT-

cst Ha -
31~1 ot ?-V- of QC / ~r: + l F°'/rne< Hof ct .1 ()v) =st?'. (3.8) 

;n;.,11! qaoTm:t oopTa o<. • 3.nec» S Lol -== [St°' A • B pg;ne CJIYllaeB 
J' r 

St°".P· :rneeTcs: rrpencTa:m1T.L .B :aime ll:iTerpa.rra, co,n;ePJ!alltero B no..u-
"?.nTerpam.HoM BI~emm ~pymtni3! f ~" it fp. , nosToMy S Le.( 

/3 
tmcTo 

H.9.3i:D3am HUTr:rpanoM ~TOJtKHO:Bem1r. .. Tipa yrrpyrux CTOJIXHOBelillKX 

r.:Tommo:auTe.rrii::w::: 1VleH:u y.zto:s..ieTl3opmoT yCJIOBJffiM 

J 5t.xp dv = o , (3. 9) 

(3. IO) 

J 
rn v2 . -2_ St~ .. -c d1r = O , (3.II) 

J rn-;.( V 5t.~ ... p dv ..-f nip 1f-5tJs~ dV =0, (3. !2 ) 

r ~-= St _. dv ~- j m,~ V 2 
··t d1f = 0 2 °'f' 2 ~ pt< • (0.I3) 
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(3. 9) JIE..'!EeTc.F- CJie;I(CTBneM coxpanemtR tmc.rui qacTm:t, (3. IO) ~~ 

(3.12) - l!?.tiry"JI~~a. ( 3. II) u ( 3. I3) - a Re prr-rn npH ynpyrnx c~o.Tffi
Ho11emrn:x • 

.B ype.EHemm (3. 8) F o( - ycpe;rneh"Jl!Je M11¥.f.OCr:omr'IeGRne cu-
Jlu. C.Jiy'!::ili.HBe Mlr.repOTIOJU! OT,uem..UI:IX qaCTm:I, DXOMT B ITHTerpan 

OT0..fr:-\1:i03eFttI11. &.JIU H~ ttaCTm{y roraarvm He ,ne~CTByxiT C~IJlli He3JIC!\T-

puqec1w.~ ITPff PO;Il;H, TO F ex= e« ( E + ~ [ ¥ Bl ) . r~e E ri B -
3Ha-qe1m.FI noJiei!, ycpe~emrne no o6JiaCTHM, CO](ep;mllU·YM MHoro -qac

Tmt. o6JiaCT.HM c pa3Mepa.Mli e , r..8.!'vrrlOL'O npe311Il.l.2.t.J!W·1Mtl pa.CCTO.FIP-llR 

Me:JtrJcy 1;ffiCTID¥1Mil n - 1/3 
t HO MHOT'O rreRDl.Jw.1.a.Y r D • 28.lvleTRM, \!~C' 

B DJia3Me npoBO;Il;HTCH Malq)OCROJm'qCCKitl! yqeT :c~ex 'rOKO.B n' Ka.K npe-

' BJlfJIO' He pa3JT_H'qa!_l"l'.11CJI MarHV.THM mmyxu~rn: li Hanp:citeHHOCT.b MfiI'h~T

HOro nw-v.r. 
B COCTOHHP.H Tep.m,n;ruJa.MHG:ecicoro paBHO:BeCUR rfyma:m.P. pacnpe

.ne.nemm JrBJIReTCH MaI<CBe..VtOBCROVo: 

f f 0 nC&' l rrt,..(11- vo<) 
2

} = = I _, exp - . (3. 1'1) 
rx oc ( 2 If °' I rntX. ) v2 2 T 

JTe:eag tfBCTb (3 .. 8) npn no.n;cTaHOBKe (3.H) o6pantaeTC.fl B ffYj!l>. CJre
,l.(OBa.TeJI!>HO, l<BROB 6H mr 6wr mu~ CTOJIBHoEaTeJII:iHoro qmma, npB: 
IlO,I{C'l'a.f!OBI<e B iie~O (3 .. I4) OP.' .UOJL,teH 06pru!iaTI>CH E HyJU,. PeJIB.Kca

ttnH (np:m.'.SJrn'-1'.emre if>ymmmJ pacrrpe;a:eJiemrn I< IlllaKCBe..lfJrOBcKoP.) rrpo~ c

XOJUIT 3a Bpel'vlfl IlOpsm,lta cpe,IJ;Hero H'HTepDaJia BJ'.)eMemt M.e'E}zy CTO..lIRHO

DeffiffIMH 1: • I{yJI0HoEC1me CTOJIKHOBe1rna :s rura::n.~e He .F!BJIRJO·r~;r 

MI'HO:Befll!UMH CTO..ll1CHOB8HPfJIMH. 1'13-sa ,Aa.IIbHO,UeliCT.BHR ICYJIOiiOBCKffX C~l! 

B38.llMOJifffiCTBHe riieo,y- 3apmtemrnr.ru tzacT~n:.t;a.M~~ rrpon-cxo.nJ~T He npeptmHo. 
i1oaToMy ITO.!( 'L nomrr.1ruoTcR .BpeMeHa, 3a KoTopue naKruIJnraaK>TCR 
rrsMeHeEm.fl B Hanpa.BJie.mra c1mpoc nx Ha yr OJI nopfJ..D.FJ\ e.~mm1~11. )J.,.JIR 

.tcaqec'l'138IDH.1X OI.teHOK MOlUIO Ctra"TaTil, IITO Slflf>el<T~rnHOe Ce1:?elllle pa0-

CCHl.1HH npa KYJlOHOBCit.'IX CTO.JrKHOECffi!.F..X npm.1epHO Ha DOpR;I(Olt Dpe30t~

XOro!':' Be.mrqHny JT ( e , <i 2 / f. ) 2 , r.ne e 1 e,2 - sar.Jt.ItH c Ta.J!-

;arnaJQUUrxcR t::acTmt, t. - aueprHJI me oTHom~TemHoro .IIBmr.emrn. 11 
IlOJ11-IOCTl:i1') lfOH;rsor'IC!.HHOil !I..lla3.Me .ROMIIOHeHTH fiJ!a3M!i ( 3JJeH.':'TX1=l..!:X H 

noHH) 06~.mIDm~'!ID'!'CR aHeprueR Me1NJS co6oi" ca Bpen~?~.:t f Te, . . , 
!'O,Pa3,1J.O 6o.i1ee KO.POTKne, 'ieM BpeWI o6MeHa 3Heprv.e~ Me~ aMr · 
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Ha>.tl~ lf HOJiS.l\fil ( 'Le l ) • Ee.JU{ Tercmepa•rypu Me'KTpoiiOB n RO.BOB O,UHoro 

no~. TO CBOOO,IUllii npo6er J onpe.ne.7IF.'.eMfID SHeprHe! tJaCTHU, .nn.q 
MOHOB H sJteKT!>OliOD HMeeT o,n.a.H ll TOT ;;:.e IlOp;I!(Ol< !1E?.i~!ir t a Cko-

poc~TH y t:rOHOE n ( m 1 I me ) '12 pas Melffime, tteM y C>JieKTpoHoB. 

Ilpz cTOJIKHOBeHiiflJ Her~oil ~ac-

Tt.'lll-l c 'l'm:tMOH rrepe.n;aeTM )J;OJI.n 3HeprlIB Il0p.Fl,1U\8. OTUOill8HH.l-l HX 

MD.CC. Cne.no:aa.Te..'l!imo. 'rei"" (mi /me) Lee . Trur.l!M o6pa30M: 

'tee; Lii ~ ie1,.... t : (rn1 /me >'12. (m-1 /rnc) K .. 1ol<a.1I0Hoe IV'.a.rtCBeJL1IOBCKoe 

ng.enpe~en:e~~ie BBYTPH l<SJl\n02 ll3 KOMilOHeHT IT.1Ia3Mlil YCTaHa_PJIJU3aeTCR 

.oucTpee, qeM M~ KOMTIOHe!iTru.m. Il03'l'OMY B Teopmt llaCTO il:rta'YP~-
!JJ'JJ'l' eT.n:e.tnHo sJieKTJ)OHnru:r Te H WOHHM Ti TeMneparrYPH. 

Ee.ns cfJYR:Rqrui ~crrpe,ne.;remrn. 6mrs.Ka 1c Ma.Rcne;u1onc1<0ii, B npoc
TeilineM c~ae HCTIOJILsyeTCR 't - npa.dJraZelliile .ii)t.q EliTerpa.,~a CTOJt
ICEOBemtil 

St = - (f - j°) /t . (3. !5) 

Ilp.a !JCilOJf.b3onarum (3. I5) B pememra: mmeT~-qecKoro ypa.P..HemrH ue-
. ~ 

o6XO;D,iWtO co6Jm,n:aT]) onpe]{eJICHeylO OCTOpoXHOCT:b H B~6apetT1' L B 

3HBllClr?JJOCTK OT l\OHRpeTHoil IlO~T8.HOBilli sanaqz. Tax, HEUipnMep, IIJJll 

}:>accMoTpemra TOKon B rro...rnoc'l'llm ~rom~3o:BaHHoi! rLrrasMe L - Lei 
IlplI HBXOiiJ(filUHi aJieW!'POHROE Tervionpo:e.o.nu·Moi:~TU :IYJKHO yi!MTI~T:b 

CTOJlltHOBemm SJleit1£'pOHOB .f"l..PYT' C ;:ij)yI'OM t1 C MOHS.MU. U ~OHOCiJ>epe 
on!Je;I{eJL~UU~M'f( 6YJ.f.!!T CTOJIKllOBerr.m HOHOB H 3JielC'l'po!:O!! c nerrpa;rs

r.w., U03T01.ey' Bl10J:t.FLTC?. cooTBeTCTBeHHo Len • 'C;n • EC.JU!" 'l1pe6yeTc.R 
npOBO~RT» paoqeTH c 00.JThlllOQ TOtraOr.Thln, D rOJrHOCTLJD HOH~SOBaPJfO~ 

1Dta3Me 6epeTC.fl HHTe..rpa..1 CTOJIKHOBeim:li :S rJ]OpMe Jirur.n;ay 

r~e ./\. - KY-1\:::>HO~Rlll~ Jiorapiilj1.~. paBHI:Zii JiorapH"qr.:y oTROl!IeH">'f.f.!' M:t;t.l<

CJJMt=.i..1~1-roro l•J P.1i!ID!MaJlbHOI'O rmpaN.eTpOB C"l'O.!IKHOBemnI: 
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f\ =en ( tlmt'(). I Bmin). t min onpe.neJuteTCH B npe,nno.no~mm OTK.ll.0-

Hemrn 11ac1rmJ,N Ha yroJ1 DOpP.')'LRa Ti 12; Bmin _. e~1f2>{m::.::: el/ 5T i 

(npz 60Jillmnx 

cxopocTHX aa.n;o cSpaTl> Memmee 3Haqmrne g m<Xx , on:pe.neMeime us 
yc~OBITR CpnI~Il'fMOCTV. yr~a pacce.mnta c ero KE8.HTOBOfi Beonpe~eJieH-

HOCT!tlO Dn10tx :::: rJ) e 2 I h v ) . BmiR.HUe MaI'HlITHOro llOJIJt 

Ha a.ICT roJUCHOBemm B .Bhlpa.F.emtPI (3.IG) He ~"1THBaeTCSi, 'ITO crrpa-

13e,!VlllP-O' I~or;na paneyc KplmH3HH TpaeKTO.pi!il qacTlntu BeJlllK no Cf-eB

HeHmo c ,ne6aeBCKOft )J.JIH~OP.. 3'ro YCJIOBHe npiraO.IJ.HT l{ COOTHOIIIeHmo 

Wsc < lJp , r.ue Wse - lijlltJIOTpomrrut izacTOTa aJie!<TpoHOB, 

w P - DJia3MeRF.M qacToTa. B CMY .norapuqi.m:qecKofi sanncm..iocTH 

cetremrn paccerum.f1 OT paccTomnu!, Ha ROTOpoM IIJ>mroxo;rr;uT o6pesa.
mre, e.munmeM MarITTITHOro no.ilJi Ha n:pouecc MO.mto npeRe6petU>, 
Kor;na 

En (Wse/Wp) <A, (3.I'7) 

CoO'l'HOllle:nte (3. I?) ae 111:mOJIH.ReTCH TOJil>Ko B o-qem:, c~m:&1w.x Mar=r.!T

HUX no.mrx:. 
i!JIR onnca.mrn: rura3Mem1on oncTei\ra R ypa.BHemurM (3.8) .no6eMJI

mcn ypa:BHemm: Ma:KcBeMa: 

div E =47ife, 

divB=O, 

- i OB rotE =- - -c i:H. 

rot B = .!_ 0 E + 4 Tt T 
c ~t c (.1 

(3.18) 

K COOT:aeroTByEim!e ffB'q8JTI,HRe R rpruri~e ycJro:erui. ECJrn: HapFI.II;y c 
mcy'l'pemrm.m nOJIRMU aa IIJiaar.cy- .ne:tcTDyJ>T BHetmme nOJIH Eex, Bex , 

B cKcTeMe (3.8). (3.I8) .nMaeTc.R saMeHa E-E-tEex,B=B+Bex. 



f,. 

c..u0• < t <. 1 , To Y})a.TllleHuR (3.8) nepexow.T B 6ecc:TOJIKHo-
mTe.itl>mie ypro:meJIB.fI &acona: 

"'.=i. I" - ~ f e - I -- a f ~+1f "'~ + ~(E +-(lrBJ)~=O. 
0 t 0 ,... moe c a lf 

(3.I9) 

IlpH l < w~f r:JiepyeT yqMTh'BElTh r.ruoroqac'ffllrHhte ROppeIDDli:m. Ilpu 

t > L. CTaHOBUTC.FI B03MOXHHM MB.rillrTOrn,1.(pO,rtmmME"ttecRoe omr.-::ruu~e 
ILJffi3MH. 

F.c.n~ .nn:mm CBo6oJmoro npo6era ) = u-T '[ (r,u;e 1fr - TeMOBruI 

CI\OpOcTL) MHOI'O c50JIE1Ile JiapMopoBCKOro paneyca IDm 

(3.20) 

( (3. 20) uasuBBJOT RPRTepv.eM sazer!IlP=leSHOCTWJ")' TO TpaeKTOPJ·ISI lffi.C

Tm:J.l:l 3a n:peMFI l ycnenaeT CBeprryTI>CH B 11imi10'BYID JIBFmKll II MOJ!

HO no...nsow.TLC.fI ;n.pe:ttcIX>El:lM rornern-qeCRm.J! ypamrem~eM Jr)I.FI £Jlyma:{Tll! 
pacnpeiteJieFm.f! neHTpo13 ;r~pMopoB<:m·rx Kpy:iKKoB B !l'J!TRMepHor~ qasoooM 

npocTpar!CTBe: J (r, 1111 , fl) , r;ne r - rJaJVryc-BeRTop 
ueR1'pa JiapMopo:s<.moro Kpyx:ca, v., - cRopocT:L JID~emis: sapsma 
B)t()JU, e\I.l!OBOli JTI!lfint t jJ - McJ'RHThrllI MOMeHT: Ii' ' 

/ t 
/ 

o f 1. ( -- f ) F11 ;) I c -- + l IV- Lid + - - =- vL 
f}t r m aw. ' (3.2!) 

.nrefic!a neprremrm·:YJI.Hp;m Ma.r~THOMy rroJUO. St - ~mTerpa.n CTo.n:K
HOBegjtj? - JtOJi:+:eii sasaceTO OT ( tr11 , ;U ) . B '!'aI·:OM omrca.mnt, xpo-

Me TOF..e. jd = en Va , co3,na:saet110ro nepeMememreM neHTJ11)~ 
.'lap.mponcm;x !tpy.~on, na.n;o yqHTIU."\aTJ. Ton, ~03~aBaeMU! ;o;aaMa.i.'
HllTHL!M MOMen•.rm~ j-t , npru:m;rr,mmrti R oCJ"ia6Jiemm Ma.I'ID1THoro nOJIH 

-- - B: na neJnJt.raey 4 Tr n _,µ Cit.• = -_,;U R- ) . 
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Ero DJIOTHOCTI> 

(3.22) 

Fie.nit IIJIOTHOCTl> H TeMnepaTYPlJ. qaCTIDI He 3aBaCSIT OT KOOp.IVIHaT, TO 
llOTOKa qaCTKIJ; llr.'JTPH WIBSM!l ReT, XOTff JIOTOK ueHTpo~ J1ap'l~opon

CKIDC KpymtOB eCTl>, eCJm rro..rre HeO,llHOPOlUIO. ~filr.mrrmrti n neHTpo6er.:
HUl! ;L4pei!qr.l npoJm.JiroOTc.R nprt a~'OM Rat< xpaeBUe 3@lel<Thl, co3,n;a:oo.n 
o6TeimAK!Iife rroTmm qacTMil Ha rprunm;e o6JiaCTK c nocTommoi ruroT

aocTIJD H TeMIIepaTJ"PQ~. 
IlpH o,n;v.aaKOllblX Tel\filepa.zypax R AJIHHax cno6o,u;aoro npo6era 

·- 'A r' Wse Le ={m;/me) ~ Wt-ti l.. i t 1!03To;.:y B ll1Ia3~.!e Ot{efl~ tiaCTO BLI-

i!Omu.DDTCP. yCJioB~JI. rwr;u;a s.lieitTpoH:Ii aru.~P.I'm!tteHR, a 1mHH - HeT. 
Ta.Ra.1! cz~JI xapamepHa, HanpHMep, wra E-CJiosr v.oHoe>i'eP~. rr.na3-
MH MI:U: reHepaTopoB. B CJioe F lJOHOC<f>epH, Ma:I'HJiTOc':Pepe 3eM.'l!i! H 

Ml!Orlrx ,n;pyrnx ICOCMoiP.m.=m-qec:KifX 06'heRTB.X 3ElMffi'RJf"'leHU u S..11$¥.'I'POHli 

a HOHli. Ec.TIR xapaKTepP.11e Bpe:t.eF.a ~ec.rre;uyer.rux npoileccoB < w~' 
traCTKilll MO!WO cm1TaT:b Eesar.1a.J'mrqemmr.m. 

§ 3. Ypa.BHeHKH rrepeHoca 

YMH01W? (3.8) noCJie.no:aaTem:ro Ha (V )
0 (V)\ (lf )2 

u T • .n; •• 
no.rrytmM nerro'l:Jl\Y ypaBHe.tum m.a MOMeHTOB Q°?YHF.rtHIT pacnpe;ne.nemm. B 
lCSJ'.JlCM noc.11e,n;yromeM 313e:re itenoqim 6;,:rr:yT rroFIB.7LJIT1'CR MOMeHTE :see 
OOJiee Bl:lCOKilX no~o.B. 06wmo B1:m1c.Ttemm npoDO.TI;.'!T .n;o TpeTMfX 

MOMeHTOB cllyHKinrn pi:'lcnpe.u,eJiemrn rr. n 3a"B~cm,mc~r OT RoKRpeTHHX 

Tpe6o.BBHID! sa.n.e.tiu, ,i1)fE. ee 3~00\.El.U1nr yc~ruiaBJIW"~ .ncrroJIHli'l'eJ!:Er

mte cims;i Me!Uzy r1.axpor;xona-qec:I<:m.m rrapaMeTpa.Mit ~'"lE.lrLtrfiill: no1u::-...n
KOB. IlpM: BUBO.rte Ma.I\POCKOl1tftleCKi:X ypa:=iHeimft .IVIF. COKpaniemr.R s.arm-
c~ 6y:rr;eM onyc:m~TI> mmem:: copTa qacTV.It • 

YMHomrr.t (3. 8) Ha I H npoirnTerp1pyer,: no J.1} • Ta.E RaK 

J 
CH - o f. - on .,._ dv=- j c{1r = -uy Dt ~ at. 



(3.23) 

Ilepnu.n q.nen B (3. 23) pa.BeH .HyJ[I), Trut KaK ~.JI pacnpe.ue.neHHJI 
oqeHI> 6~CTP.Q y6~eT Ha 6ecl\ORetn-JOCTH: llTepo~ - TaD.e p:meH Ky

JII>, T.l\. 3~ =()Fi = ~ (eEi + ~ (if Bl·) ==-0 {MeRTp~ecKoe no.ne 
o!f- ~Vi (>V1 C t 

ae sa:enm1:r OT c1topocT11, a i. -JI l<O~moP.eH.Ta cnrill Jiope.HitS lie co.ne:tr
DT V1 ) • TB.ID!M o6pa30'M, OROWISTeJil>HO DOJtyttaeM ypa.BRemJe Herrpe-

PIIBHOCT1I a.i1B 3a.ROU .. coxpa.aeH~ 1JHCJia 11acTmt: -... £. .·: J- :.;.V~· . J ' . 

t -Sn·1bt -*:dw1-iiv~Jst~ . {3.24) 
.EcJIK npoHcXo.ltffT Eeyrrpyrae rrponeccu, TO ~ r:rpa.Bott qacTa (3.24) 
.UOJIXHH CTOBT~ KCTOtnml\'.ll H CTOKll. IlpH paCCMOTpeHRlt nponeccoE D 

HOHOC~e,pe B IijJ8.llOit ~aCTH (3. 24) 6y:n;yT CTOJI'rl> CKOpoCTl> l!OHH38I(Klt 

MZeyC CKOpOCTl> peROM61rna:wm: Q-R . IlpH ynpyrux nponeccax B CH
Jry (3.9) npe.BM "!SCT:& (3.24) pa.nae :JyJIJl. B naJr.&HebeM, B OCHOB
C!OM, MU 6y,AeM IIBTepecOBaTI>CJI 3'1'1™ CJJY'tlaeM. YMH0.218K (3. 24) H8. 

Macey qac~·H~ ~ 3QpR:Il COOTBeTCT.Beru!O, .IlJISI M9.CCO:Boa _ IIJio:r~C'l'l! 

p= rnn u l!JIOTHocrn aap;ma _(Je noicy-tim• ype..mieHKK {j = en V ) 

op/ ot+ ct1v ( fv > ,.,. o } C3.2s> 

Ofe/ot+ d ivj ~ o.. (3.26) 

.Ir.11.H no.nyqemut ~aemu:r nepeHoca mmynca YMffODM (:3. 8) aa 
rinr a npoE:HTerpKJJYeM no d if . TIOJIYtlHM :BeRTopHoe: ypa.Bae1me. EI:'o 

COCTa.EJIJRmrut no xoop,iumaTe j mieeT 1m..u:: 

wf)_ C\ ~~ .() . . J. -- , :at {:tnf:l '1) .,. 6 x, ( mn< Vi :'UJ> )- -~ <. av; l Fi 1~)) ==' m~ St. chr . (3 .2?) 

Tax RaR <-elf -u;; > :((ui +vi)( ud •VJ» -= < uiuj > + V1 Vj 1 

B Cl!JIY ypawemra Henpepin!F.OCTU CJ'MM.a nepBoro H BTOporo tLTreHOB 

(3.2?) 
,~V.i on ~ _ . onV, 0V4 V m ri~ + m'r.. ·=--.- - .+c~-. (rirn ( t:Ml · ) ) + mVJ· --- + mn \ = ·at · J lrt -~~ i ' d cJ x , a xi 

~ I J . 

. ' t " 
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d V: ·(jV ' 
= n~ n bl ~mnVi ox~ f\rnn< u,uJ)), 

- i: ( _Q_{Elf· )) ~- ~(f, ·~) = 
'1' () \J( I J l1'l I 0 lfi 

= -~ ( 1~ t;J ) = - n ( Fj ) = - en ( E + i [ V B .I ) A 

( 6iJ - CIDl.BOJr I~poHeKepa). BBener.t 06osHB11ei:rnR: 

P,J = m n ( U; UJ) .:;-po1r Ji·J 1 Rj = J rrt "l'j Std ii ) 
r,I!e pij - Terrnop DO.TIHOI'O .rt;a.B.l!eiilffi, h jj - TeHBO!J Bf!3RliIX HaTmteH~ 

(crurnamii!fr c orrr. ... 10HemfeM !PY"Hl·:Ua pacrrpe.u;e;rrem!.6 O'l' c<I:elJ~P1eCitofl 
cm11MeTp~rn) 1 R - ci~Jia Tpemm. ORo:Na.TemHo :a BeRTopuo:n cpopMe no
.nyqaet.t • BBOM cy6cT~O!!aJ!hHYJO ~ J!eI'paE!:eBy !ij>Oll3BO~!J, 

d 0 0 () --
dt-= ~t +vi OXi = ot + ( V'V) I ypanHeirae ;gmraeHVJi 

. p . - ' __., --- , - t -~'?. ~ 

'~ 111ndV/clt=rnn[oV.10L+(Vv)VJ ~ -vP+e1'LE+clVB]) +R, (3.2.8) 

rne 'V P = v Ji+ 'V p 
::t r pa.n,u.eBT CRBJTJ!y.:e_ p . l:JaCTO :BCTpe-qaeTCB ~M f!>opMa srumcn 

(3. 28) : --- - - ' -- -
_p dV/dL= -vJ1 - vp +en{E+ c [VB j ) + R c3 . 2~) 

II.PH ll30Tpomru xao·ra'tlec1rnx c1mpocTefi Ji= 0 . B cJry-qo.e ynpyrnx 
cTOJI1moDemrfi, T.1c. R'==- lmuStd·li i\ll =L.R« p B c1t.JIY (3. 10), 
(3 .. I2) ·~ - p . 

R"<>t = 0 1 RQ(r.- = - R i:.gi; (3. 30) 
B npocTeiimert. C".Jfl.{'{ae , anruror~HoM 'L -n:pH6JlY2:emno, 

R .... j~ = -r\~ 111°' ( v9. .,_ v(~ ) / TIX I!- -
(3. 31) 

JJ;m naxo~e:arE !3'l'Oporo MOMema mrne'l"H'tICCKOro ypamremm -yw.-
,, ) m·tr2 rn ( '} 

HOJK.1'1M (0 . 8 Ha -2~ -= 
2 

U ..._ _. 2 U l~ + V 2 ) ~Jrjtri!M 

o ( nm<u2) nmV2) ~ l' (1f: mv 2. )) ~ +---... n ·-- ~ 
Ot 2 2 C XI I 2 
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"~ 2. 
r}te q. ? n <.. u m ~' > - Il1IOTHOCT1> llOTOF.a Terma. (nepei!OO 3Hepr~ 
xaoT~ecxoro ,u.BrJXe.ffiiH B cRcTeMe noop.IUilrdT , r~e ras_ qacTm.t Reno
.mm:!eH). Tpem.fi GJieH pa:seH - n< f.if- >==-en Cv . lbreH E npa
:BO:ti 11acTll paBeH a c.JIYlJae ynpyt•HX. CTOJIItH0Be1mn Q ·•· RV 7 , I'J(e 

I m u2. -
Q = ~ St. d ·lf ::- ~e~~!ffi'e 'l'.ellJ.!e sa cqeT CTOJIKROBeHKfi c oo-

TSJibmDrm 'lt3._C_Tun:ta.Mn. OKoHttB.Te ... nao no.JryqaeM ypa:a."ieIDle ne12eHoca 

turn:, 

+ 1rv + ~ 1 = en f v + R v • \~ _ <3. 33) 

Ilpa.Bl:le 1i8CTIT (3. 32) . {3 .. 3:.n .fffi.'IIJllOTCJI CyJAMOt. 3HerroEN.nGJJemtii, 

CBH3CillHUX. c padOTO~ 3neRTp~ecimx C;JJJ , Ca.JI TpeRllR v. Te nJIOBl:I,Ile
JieHWr sa cqeT cTOJIKFro:seF.IDi. He 'l·pmio noitasaT:o, qiro B c..nyqae 
ynpyrKX co~npe:mt! _ __ _ ._ ·1 

Qotp t- Q_f)t< +-RixpV" ·1 R""' v1l =- 0. 

Ec..tm l'!3 ypam1eF.llJJ (3.33) c llOMOlill>!O (3. 26) ~ (3. 29) VfCl \.r"iJO'IBT!l 

iiSMeHeHIJ'=1 KiG!eTlltreCEOi! aueprmr n ITl v2 / 2 • TO TIO;r.rIH'!'CJi ypaBHe

ime 6a;raaca. irerma 
~- ~ ~-- nr t d iv '~ nr"v') ., nf d1vV _,_ 
2 3t.. \ 2 

r (Jlv} V"T" drv<t -=0 1)
1 
~ (3.35) 

r.ne or~· fv = k~J \ WJ / ih' i ) ~ Jr ypanue:mre .IVIJ! TeMnef,aTYPU 

~ n ( d T / d L ) .. 9 ·-nT d i v V - (Ji v ) V - d 1 v cf . ( 3. 36) 

lIBoW- :se.m!TfITT!Y ~) , c TolfHoc?1>10 .no nocTomtHon panHJD snTpomra, 
npaxo)Ulllleii CR Ha OJIHY qecTm:ry, 5 = en (T 3/2 / n ) "" f n ( p ~:!! / n :./2 ) , 
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(3.3?) 

CMS» 11 iJ , q , R , Q c n , V , T Moxuo Ha!Tn JIRCSo <PeH0MeHo
JIOr11Iqecuor, Jre6o MeTo,nru,r.i1 KMHeTmtr. rry"rer.t npi?r6.naenHoro J!ORBJibHO

ro pememm: mrneTnttecKa ypru3HeFIBi! npn yCJioBmir l.a.1ocTH BCex rpa
JJ.2:0H'l'Ol3 H Me,1L11eBHOCTR HSMeHemu:r acex BeJI.r..-rcnffi BO BpeMemr. B no

CJ!e,tUJeM CJ!J11Qe MOl!tHO HCKaTb pememie B B~.I{e 

f ( t r V ) = f-o ~ j I ·I· -
0:. ,, QI.~ " l 

(3.38) 

r.Ite f ~ mt.eeT mu:i. J!9Ita.1I:bHoro :.~21teBeJIJ10BcRoro pacnr~.nenemm 
(3. I4). B ROTOpoM v°' ' not ' T,.;.. SrBJUIJ>TC.fI TyHKIIJl!SMU Koop,mmaT 11 

BpeMeFm, H 1 f~ \ « r: - MBJJOe ·B~~~MymeSHe OCHODH02 T:?BCTi! ~-

mm :pacnpe,ll;eJTemtR. I!onpamta f: nponoprrrloRanF.a TeM cpaxTopa.M, 
KOTOptie Hapyma.~ f/.altCBeJLJIOB1"!ROe pacnpe,n;eJieime (aJieRTpll'IeCIIDM 

llOJI.RM, !'pt!J.J;H6HTrut K T. ,n:. ) • }l)m JJ;OCTS.TOtraO T!pOCTl:lX CJiyqaeB YJJ.J3.
eTCJI HaH'!'iJ R03qrpm~i~eHTH nepeaoca, T. e. Bl:lp8.3HT:b MOMeSTH !3HCm~nc 

nopsr,mto:e ttepes MOMeHTbI mrnnmx r.opFJ.ItKoB n- saMKHYTii neno"D'ty Mar
:tm'l'OI'RJU)OWiF.S.MirttecKP.'X ypa.B.t:Iemtlt (3. 24), (3. 29). (3. 33) . .ne!

CTEKTeJILP.o, npll yc;mmrn 

\ 
..Y..Il~ I \ 'V v~ .

1 
\ v r-.x \ ,<. _l_ \ 

n ;,,. i VO'. > To-:: e()(. 

I__!_ on,;,.l I_!_ av~ l 1_i__ ~Tc>< 1· <<.. ;~- .. 
n.,c 3 t , V,,. ~ t, I, I T.,.. ~ t Loe; (3.39) 

:r)(e t°' , 'C.,. - J{JUTfil! CBOCSOAP.oro npo6era R nper.~ Mel!IDY crrOJIKHo
:eeHIDU,ra, rIOJ4CTa?Jtrur ~ pa~rrpe.nCJJemm B BI!Ae (3. 38) B ~
Hetme (3.8) oo CTOJ!RliOB1n•eJI~JillM q.iteHoM (3. I5), E eyJtenoM np~-

6.Jm!:eruru 6y,1teM !me~b 
[ -- °" J iJf; _('t 

lfWn JV - .,) c>'. (3.40) 

OcTa.T!l>HHe 'Viena: B C~.YJTY (3. 39) c MeKTptttrec:we IlOJie C'UJTruY!'(:H 

i-.m.nmm. JI e:BCUI tta i::Tz, ( 3 ..i.o ) o6pamae·rr-R :s ey.llL .m:6o.fi c1'e p~e(:Jt~ 
cm.tMeTJiatmo:t! Q:iy:fl'JlBefi cICopocTeM. MaJm~e.n..'!DBc F:oe _pacnpe;nMemre 
o6paIQeeT B Hy.Tm CTOJlKHOBI!TeJIE>roffi qJieH (paccMO'l'petnrn JJpOBO,m!TCE 

B CHcTeMe Roop.nmmT, r.n;e ruraaMa noKOllTc~). E 0 .. 11e.nyIDI!J.eM npu6;rn:
xeHim' JJ;OC!aTO"tfHO ytret::T:O B f.!8.Jir.&:Y.. tLJleHax TOJlliRO e I n_pene6pF.-
rM l t ' a B CTOJ!KHC:SB:TeJr.&HOM q;reE'e )tOCT2TO'tIHO yqeCTl> qac1l'l> 

c< f. I JmHefurylo no «~ . ~pa.~ c noMOllU>m ypaBHemrn nepeaoca rrporr3-
BO)tHile no BpeMeFrn 1.1epes npocTpanc'!'Bemrue npoaSBOAfil:,le, B pe3YJI'I>-
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Tarre JJcmyqeeM .ir.me~oe P!RTerpo.imrI$:peHnita.JI1'Hoe ype.BHem~e :a nno-
• -cT~CTBe cRopocTeil .1t.1LH f • Ero perne1me 6y:neT ;nme!tuo arum-Joi; -

ceTl> OT npocTprulcT:semmx npon:3BO.IUIHX nl;>(" , Vet. , Too: • Ilo.ncm.EnB 
H&E;nemroe f; B B~emuJ JUI.fl noTORo:s TellJia, m,mymca H T • .n., 
MH aaMLIRaeM nenoqxy Mfil'ImTorlUlpo~ec1nrx Yf.BBHeBd nepeHoca. 

§ 4. ll:syx:mr,mtocTHa.R: imrmITEiaH ranpo~raMKRa 

BmrmneM CilC'L'eMy yp&BHeHrd·\ nepettoca ,lJ,1IH wmsMH, COCTORIUeil 
113 O)t"'dOSapsmmnc ~OHOB o.n:1mro copTa K SJieKTpoHOB. f,y.neM pacOMaT-

1m:ea'!1:b )J;OC'l.'aTOtf!!O Me,ttJieHHae IlJ)O[(eCCH, \'.ITO ll03BOJraT npeHe6peq1i 

TORaNM cMememra P. ypromemtRX ~·.mc:Be.iua. B Ra.t1ecTBe rrepeMeH!!ta B 

T3XYD cHo•,·eMY nof!.JzyT ne • n i , Ve , V1 , Te • TI , Pe • Pi , (Pe= f1e, Te , 
P1::;n i T1 ). 

One / at +v(neVe) =0 l 

on1 I ot T v (n1V1) = 0' 

mene[OVe/ ot -t- l Ve v )Ve.]= - tJJle-VPe-ene( f +-l~BJ/c) +- R, 
.,,,_ 

m1 l1 1 ( t)V, I ct .. (~ 'V ) vi) =-V 1I1 - 'Vpj +en, ( E ·1-1vl B l/C )-R, 

~ ne(are/ c)t -.. {VevHel=Qe-Ped1vVe-lTr€v.lVe - divqe, 

drvE =4ile{n1-ne), 

d1 vB ,,,.o, 
-- I ()B 

roLE =-cat, 

t -B " Ii o ( --v· n V ) f"O -= -c- e 11 1 1 - e e 1 

me R = )rnev Ste 1dV: 1 1i~Ke= rnene.<uKuc. >e - PeSKc , 

11,K( = m .. h 1 < ux. ut. ">1 - Pi SKe ., 

0 (3.4I) 

(3.42) 

(3.43) 

(3.44) 

(3.45) 

(3.46) 

(3.47) 

(3.48) 

(3.49) 

{. 3 .. 50) 
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" - - m , , .. 
o=n(u~) 
·r~ e . ?. e 

Cte.:= j n;-= Cu- Ve i'~Sle,dv, Qf=.1 r~ ~fif-vfSt.u~~ dl;. 

ToF.oM cMe111eim.R B (3. 18) MrnKHO rrpeHe6pett1>, e~.'llt 1fZ '( •2 • .nen-
CTBme.nr-10, cJ.(e;raeM pa3MepHOCTHl:Ie ouemui. ITyc:TI> L , t - xapru-:
TepR1:1c rrporTI.:G.HC'r:BeHmili u l3peMeHHoli MacmTa6li sa;ua\'flir. Tor.na ~s 
(3 . I8) CJie.nyeT. lITO TOKOM CMet!\€!:t!R MO~HO npeue6peqb, eCJIJJ 

B / LY~[ /ct rum B» iE . 113 (3.49) DO..l!JYlaeM l:: / L,..,H/ct 
T. e. L '"" t H • C;ieJtoooTenHo, (3. 50) cnpane.n.mrno, ec;m v 2« c2 . 

~ 5. 0.n;HO~OCTHM MRrtn~'!'!Ia.H rrurpo.mrna.Mlraa 

Hpl! omicamm MHO!'JIX Me;a;mHHUX nponeccoB :e KOOMI!qec1t0:P. n.naa

Me HFtT He06XO.IU™OCTU pemaTI> OT,IteJibHO ypam!emm ,Jt!J:fl t!OROR "f ~JieR

TpOHOB, i.1CF..?.C orpaimqtofTI>C.R O,ll,HOJ!{lr!.10\0CTHOit MO.D:M»D IIJiasr.m:. K.BJUm

me~cs ot5o6memteM oCiuquo~ ruJJ;po,zun.YaMrr1m W:i <::Jiyqal! np<YBo,riame~ ~

KOCTH. OcHOBHJll'm nepe111!!HFil:lMR IlPli Ta.ROM 01m~amm 6yrryT ItJ!OTHOCTli 

!~CCH (.; :;_ ~ 11\ x n
0 

H r~JJOJO;uiatt.T-=Je : ·JmJ! CnOpCCTl> 

V- - I f\ , -\! V.-~ -P 'a- , , a n 0 1 • f) z c:ru:rnant5 ypa11:1e1 rneM Henpe-

plIBHOCTl~, MTopoe no;ryqaeT"R npn cy:-.-:1r.npo:c<1mm (3 . 25) ;:r,.1.JI Bcex 
Rm.!TIOHeH'T' 

c) r' / 0 l _._ d I\' l f' V ) ~ · 0 . (3. 51) 
<lJ!eK':'p!1:1ec1<0ro 3ApR.na p

1 
}~ e

171
11(1 n aneRTpllliec-

J~ .=. r e~riu Va CDH3arri.; C-OOTHomermeM, UO.nyllfl-
i:;; 

(''YM?."IBJJOR~uurn (3. 26) JVl.R Brex rrnr..morreHT: 
liOl'O TOl\a 

of; / ol -i- div i o. (3.52 ) 

O~Hif'l!Ilr1~H c..~aeM t iwr.na rura3M8 COCTOT~T lf3 Olt1103Rpsrn;RRX iWHOB 

o.mmro rop·ra ~ 3.IImtTpoHoB (HeTpy,Ano npoP.e(''!'S= o6o6c;eFn!e Ha cxy
~mn ECCRO.lffiltn copTOB HO HOB) . Tor .D,a f) .,,. ~ ( n l - n e ) , - - ~ +- - - )CJ 
J ~ V 1 e n ~ ~ V 1 Ve ) . f.y){eM ,u.a;rF-e npe.IUJo.11araT1>, ~To 

ITJH:t3Ma !rn2:·meI1T~LHa: j~r - e(r1 1 - n~) .:., en~ , n, :.-· n'i;'. n 

( npt-! 3'!'0M J "'"" -~ n ( V • - Ve ) ) • n pr~c .. MF.TptnID'rl> mime .no r.Ta-

TOtJHO Me)J..:r B~!HHe !1pOU6C'C!it, i\01']7,a B (J . fi2) M021tl?O npe He6petih 
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~ (.} / 0 t • a B ~1.EHeffi!.RX ~JB.l(CBe.JIJia - TOIWM CMememm. TO:'Jl:.El 
J~ -

rr.a t"Sy.n;m.! rrMeT:Ei: 
d 1v1 ~ o, C3.:=.:. ) 

~ -
- f dB 

rot E = - c fl t (3. 54) 

rot B-= ~·- .·;!:__ --J ( ) r . 3.55 

d iV ~ = Q • (3. 56} 

C!>Aa lie EOIIl.iiO y:prumemre d 1 V f .~. l 1 fi f~ . P.axpr~TII:te 3Jiet<TpJrtteCICre 

nOJTJ! onpe.IIe.rumTcJI (3. 5·1): no'l·euIJ;vrruu.Jil1e, B03trnRaJOutrre E pcsy .. n.
TaTe MMO~ HeJ<01,~mmcm.tiUJ nruroJK•ne;u:,m .. !lX ~I OTPHUaTeJrHffiX :m pmtOB, 

onpe.m::.rutmc.n yp?.'BiH:h'liUIM~T ,n130.:emrn: 1-r yr.JroBaeM (3. 53). YpaB11en1e 
IIyaccona vrcnOJlli3yeTcst, '!To6s no tt3E~CTHOMY a.l!eR-rpnqer xouy noJI!l 

na.l!TH f!. . Jlr11-~ ITOJJT!eHr.-fi ypam~~i-rrrst .n..~mite:m.r! E OJ(Romr.JmocT~m · 
Ilf.r¢JJ.e.rre L1cno.,1r,syeM srutoH coxpaHemis m.my . .tl.I:iCf! .B woJ.:Wle (:1. 2,..,). 
JLur iCB.J:;I{Oi1. ROMiiCHeliTH {a~ e , i ) ere A~OXEO nepemtcaTl> B pj~;rre 

_l__ ( o V ) - ;J n o. K ~ .... r <··. ~· - ) 
d t Ja {H, - (t Xe a,:. l 

r.rce nu~e "' fa<.. 1r l(, 1Jf, ) - JI at<~ + a ·tt.l P0 + ~ V (7..f\ ,; Yue • 

Crum,JUI..BaJI ypamremur Jr;Bn:xemm ,n..rrJI :~o.HoB n aJteKTpoHoB, no.nyimeM 

~\ { f V • .J r.: - adx~ [ne'<f'. + n,Ki 1+ r'!K"'' F,t< • (3. 58) 

JfeB~'"D qar Tb ( ~ . 58 ) rrpeo6pasyeM B coo~\BeTcTEIB c (3. 5I ) 

~ l, j::J V )=I) J Vr. -V _"_L l o V):::: 
) t lo; o t ~ a:x e J e 

1 oVx V ovt< ) ~ V V ) 
= f ' ·rr + e c, x ~ - ~ x ~ l f ~ e • 

J"npoul!:IJ1 '.BHimemre B CK06KaX D npaBOil -qacT;T (3. 59 ) t IIOJI;(t111M 

neKr nii(t - pV..: Ve = JieK~ + fiit<e ·d)~e (P~ ~ P1 }+ fe ·Vet<. Vee. t · 

· o V V 
T } I I ~ 1€ 
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,__ ~ !" ( n · ) Pe .P (Y V ) Jlet<.r+ ,h11<t'·OP'.t re.,..pl +-y.:- ,~- e1.; x 

~ ( V,e-V61e) = )iKe+ 6Kv.( P~+P1 ) 

TeH30p Ti OT C}'MMU ~JieRTpoHF!oro a liOiffi'.O!'O TeHsopo:a MSROCTH OT

Jil.{qfleTCJi ae60Jilll!loii Rre;upfiTrPrno! no c1topocTu .no6amt0il, npe;n;cTaB
JiruDUtei! co6o!{ Rarr~emm, E03HL"'R3l>lllHe sa c~rnT o•rHocwre;r:onoro 
.itm!J\effil..J! HOHOil i! aTifiKTpoHO.B. B K:samrne!Tpa.1IbnOfi l11.tB3Me 

Pe .n ( v -v )( v - v ) - m ~ rn ~ . _, . . ·-r ff{ ~r( it et ~ m£!-. mi ng- j~Je. . 

Cvra' ,neTI:CT:By1l!l113Jt Ra It7Ia3My' pa.BRa ( CMH TpeHil.H COltpruual)TCH) : 

- - - ~ -- - - -
Fe + t- 1 = ~61 1 - n e ) E + c L( en, V • - e ne Ve ) B ) 

- l -- -==· j:>[ 1--[ i BJ. 
'}' C e 

Ta.K(!Tht 06pasoM
1
0KOHqaTeJ!liHO nonyqaeM 

f° oV/3t =- ·vp+ t [JB J ~ ! (3.60) 

r~e p = PQ + P, - !lOJrnoe ,n;a.Menz:e. a B r EX0,7T~'1' M3ROCT1>t s.neK-
Tplfqec1me CEf~ ( ~! MoryT m:o;mTl> mi~ne Citmil He_ a.neRTpH11ecxol! 
npwpo,nu, Hanpm11ep. ~wa Tsa:ecTu JJ~ , r.ne 'J - ycxopemre cno-
6o;n;noro na;ne:mR). 

MarHIITHY!> i! rme1tTp~eceyt1 carry B (3 .. 60) y;n;o6Ro npe)tCTaBH'T:b 

c 'Ictro.Tf.Qsooo.mrnM Teasopa Ma.RCl3eJL..10BCKF.X 1 -mTmrn1...-rr!'~: 

...,... - e. l f I .. [2+ B' 
li.j = l ij + •J = 4ii (Bi BJ +E iEj -oiJ-2-) , (3.6I) 

f ..... ... o T· l o t c - - ) c l J B ] l + _R/ i "" 3f- - c2 ~t.. \4 Ti [ E. B 1 i . l 

r 'J 

(3.62) 

c - --
r.ue 4 Ti l E B J - .BeKTOP YMO'Ba-TIO~TnH!'a. 

B np~6,Jr~e~;m O;ItHO!l'.lW.OCTHO!\ MroWtTHot.i rn.npoiraaa:.nnrn :pac
cMaTprr"BC.r~~~ 6o.nbm~e· Macurra6~ a ~~He cRopocTa }!Jill BH3.Rl!e qac
TOTH nponer:coB. Ilrm.3:i-m E sTn:x yc.iIOimmc rro'fTn ima:mneflT!-~Jt:E>Ha a 
1~3o'l·porma. Il03TONY B (3. 60) MOZF.HO npeae6pe1Il> '.B.f!3KOCT1'D i! E~Jrn:-
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av ' -- --
f1 - - - =-v p +- - r 1 B) . iH:_ - c l 4 · ' 

(3.63) 

HalbleM y_CJIOB.VUI, upa J<OTOPHX MOXHO llOJf.b30BaT1'CJ! (3. 63). B craTn

qecr.ofi rum: MeJVIeHl!o JlB~ellcJI rJJie.srv:e, wm B Wia3Me 6es MarmIT
Horo DOJLCI, en E -- 'iJ p , T. e. r: ~ T i eL , r.ne L - xapa.KTepH!d1 
MacwTaO cucTeMs. Tru< I<aK B crory ypa.Bttemur Ilyac~oHa ~ """ f / 4 J 1 L , 

'rO ~ /en.., rb2 / Lr • 06:pa.Ti!M BHllMarrne HB. 'l'O' 'qTO B ltoC~ecrurx 
ycJIOBllHX ,nalilla.H oue1ma WIR E MOZeT He 6llTb CrqmBe,ILJmBO!, mt

P"JiIEeTCR IrnB.3HHei!TparUiHOCT.b a D03Hmt8JlT 60.uinme MeKTpUliec1me 

IlO.l!Ji • .Ec..1111 fTJta3Ma ,IJ.BIDKeTCJI nonepeK MarmITHOro DOJIF., B03HHRaeT 

9Jl'eKTp~ecltoe nw.e E ,.., VB I c . JI;IJI .n;oc'!'aTO'IHO 6ficTplil nponec
coB -qacTOTH C...) c1mpoc•r:& IL>JaaMu oeye;.a;eJIReTcSI ea nRe~f3.ll n cn
.r.ro2 Ar.mepa. Tor~ Wfy .. tJB, j- cwpV/ B, d1vJ--- cwpV /BL . 

'.!'am!M o6pa30M. Clt~ / c't ..._, w r(? '""' t \E I "" L <.<. div r I ec.nn 

w VB BL I Bl - - =- ~--«.I 
-4 JIL c cr.upv c2 -~rip 

Be.,1r1tru.Ha. • " . _, _ _ Ii ... f 

.. ;.-?~Ff?? C3.64) 

~.a:m.Bc?.eTrn <l.JT"..l·Btmo:nc1w.H cRopoCTl>Xl. Ta.KnM o6pasoM. (3. 63) MO%IIO 

no;n,so:ooucn, ec.JnT V't <<- c 2 • .Hamme yc110B~e nprutTlllleCRB 

BCerna BHITOJI.BR~TCR .KaR B ~aoopaTOpHon. TBK R B ROC~eCRO~ .IIJia3-

Me. 0Ho 1v:o11eT P.apymaTJ:>r..K To.ll!RO 'B oqeHI> pa3pexerum2 ITJIBSMe, Ha

xo.ztmnefic.f1 B CI!Jibl:iOM MarmrTHOM TIOJJ'e -

Y~H~J:i~e _ne.:pes.oca ~Hep-nm B o.u.Ho.D)tROCTJiO:ll MOJteJIZ nOJcy"mM, 

cJioAirn ypam1emur nepeHoca sHeprmr WJJl ~Jie.l\T-POEOB- R· HOHOB:. 

~ 1 ~f Pov; + :; P. ) i v [ l & vo2 + ~ P ) V + 'n- \at \ 2. 2 u • \ z. 2 a. o 

-+- ·y,- V • o J } -= ' ( e n EV ... R V + Q ) a a fa ~ (IC n (1 ~ n a. • (3.65) 

Tax RaK rn,? <<.m i l p::: ft 11 V -~ V; , ro 

P2 v3 / 2 -t r-N~ 12 ~ (J v.2 ;2 ~f v212 
J e "' JI ' ! i • ' 

J~v;ve/2~ 1~v12.~ 12 ~ fv 2 v 12. 
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Il.PH Te - Ti M3~0CTJ> noHo:a Bcer,na ropa3JlO 60JWne, t?GM 5.iieRTJ.)Ol!OB, 

ll0ST01~ BHSKOCTb n.~a3MN ne.'IllltOM Onpe'AeJUieTCH HOHaMH 

Ti; vi+ Tie~= Ttiv, ~ JIV . B cwry C3>U) L RciV~ + Qa= o. 

(3.66) 

Ypa.Bi:.f eIJJie. daJianca TeJJJra llOJiyc?aeTcH CJioEemteM YPa:BHemrA 6BJiru1ca 

Ten.na .IV"l.R. aneKTpC>ROB H ROliOB 

1lt 3
3PL + ~ vh~ V:> ... PaVVa + (flv) Va i' vq i· Qa} = 0. 

'l .. 

3a 5 - 3 ~- - J --~ .. a~. + 2 v ~ pV )-2 v( n~ j) • pvV-pe v ( nel + (Tiv )V + 

+.~(q> ~l )-Qe -QI= 0: 
~ ·5 - - J -~ ·a~ +-'2 v(pV)+pvV =-v~- en vpe-l1lv)V+ Qe .. Qi • 

TeIIJIOB!:l.tteJiemJe 3a C'ieT coynapenirf B crury (3.3I) 

Qe +Qi= R (V1-Ve):f1< ne2letfm~ )= J2 /cl 1 

HO SairaC8Tb B DH:II;e: 
• •O 

3 d 'ip - - J - r ~. _e, + - V V = -vo - - Vp - ( lrV) V + -:-
2 dt 2 l en e 6 

Hs ype.BHeWAF. RenpepYBHOCT3 
-- t · ~ - 1 d n 

v V "" - P ( ot, + V v ) p = - f df . 
IlOSTOMY 3 ~- - ~ J:_ dp;:: d p ~ [en ( p I Jo%) 1 

2 dt 2 f dt ~ dt 

H ypgBHeime 6aJUUica Te1tt"ia rrpKo6peTaeT :mm: 

'5 d p -- -+- r t 2 CIT" (en ?5'3) =--- vq -('ifv) v- en vri~ + 6 • 

{3.67) 

(3.68) 

(3.69) 

(3.70) 
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EcJilI Jl11CCtmaTRBHUe q.11eHU B npaJJon qac'l'~ (3.70) MaJIH, TO HMeeT 

MecTo a.msa6a'l1a c noRa3aTeJieM 5/3. Ifa ypaBHemtll 1.mcBeJIJia (3. 53)-

(3. 56) npRE«~ B~ + {~ ___ \ _ -.·:~ 
C1t 8 ri V 4 11 [EB] J - -[ ,j • {3. ?!) 

CJro=mB (3. 66) lI (3. 7I), no.itytnIM sanon coxpru;emra noJIHoti :meprtrn 

(3.?2) 

OT.t:rOCHTen.onM po;r:E> ,n..~cc1maTirnillIX rrponeccoB TeM 60J'J.bIIJC, 11eM MelTh

me pasMep czcTeMU, T. l<. ocyu~ecTivrn:eM1lii: liMM nepeuoc ::ineprxm MMe
eT .n;mi¢T-momm:n xapaxTep. furn npeMeaa .tm r.cmmTWBmIX nponeccoB 
BS..lllllfil no cpannemuo c o6pe.THillJIH Be.lIBt'fliIH&m qaCTOT ,D;DH.F..eHitll B 

1111B.SMe wra L I\/ • r.n;e t. - xaprucTepm..d1 pasr.mp c1-rcTe1·.11H. TC Mo:mo 
.upeHe6pe~ ,IU~CC ~I'IaTfilIBIDJru: 't!JteHal\fil n C'l::£'.Vi'aT'b, "!TO p/p% ~ con~t . 

JtnccanaT11Bl-We nponeccu yne.mrn!na.XJT sm·p0m!1J H BH3Nnam saTyxmme 
Mmtpocit0IJ1It[ec1mx JU)liltemd! g .BO.JIB B ItJiasMe. · 

YpaimeHne Cia..11aHi::a SETpomre npH T1 ~ Te ~, T OOJIY1IBM, CJIOSB 
(3. 37) p)Ui 3.1Ie~TPOHOB H ROBo~, 

oS / ot+v lsv-sejlen-r(q~/'V l T} =e, 

rJJ..e 8-=T ~{-(~~ ... ti! )v en T +Ge ... Q, ~ - pc~emrn 3HTpomnr, 

s = 5e 1 s I = ne en (T~l~/ne)+n i en{ T~12/ni) - 3HTpornm e;u;mm:ro.i 

§ 6. 06o6melilil-ill srucoH Or.m 

R ypaBHermm~ o;u1o~ocTHO.°fi MarHRTRqf{ !'lf'AlJOw.Ha~ neo6xo
.Itl!MO .TlooaiiiTi- cooTHomemre, crurntman111ee MeRTpiftteClflrf1 'l'OK c a..1eJ<
lfjll't!ecnEM IJCJieM H l'p:utHeHTOM .naa.ieHltfl - 0600111e:aH~ 3al<OH Ot.m. 
Y~~"fi..'!B llf.Ja.13YJJ Pr JienYJ) t?acw (3. 57) Ha e« l m

0 
H c.~omra. noJ1ycmM 
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t 3.?4) 

1IJieH B JieBOi! qacTH paBeH a j I a t . Tu.F. lca.F. me«. n I I iJ EHJTO.TIH.HeT-

C1t yCJioBHe RBa3t:me:ftTp?_.1;,Ho~TH, TO ~ ei 11 E ·~ n ~'2 _ [ 
L n1 11 tt mo 

~ e - e ~ --
L m: Ra~- rne R :.:::: · ) / Le i , 

Cl - d 

IlpeHe6perM VIeh~ KBa.z~pa.TlrnlWtrn. no V • nOJiyqa~M o6o6n~mnm 
saxoH OMa - · 

I•· 'Le, ~l =6 CE .. -&-[VBJ- n~c [fB 1 + ~e \I Pe). (3. 75) 

ITpPI B ~-o · B CTBl1JJOHapaoM pemme ~pli v p = o IDJteer ?:~ecTo rrpocToi! 
- - e 

sa.KoH OMa j = 6 E • a 
F.c.mt llpH B .. 0 H vpe"" 0 ?Jt yt 0 , 'l'O (3. 75) onpe;ILeJIHeT 

y;D;eJI:&noe CO!IpOTrwteHne nepeMeHIIOMY TOl\-y. paBHOe 1/6 + ·, w·l.~i / 6 = 

::::: i / o + iwm~ / ne 2 , r,11;e w - qacTOTa ll'.3MeHeHRR al!eKTpl{ttecKoro no

.TUI. ilpH W'i:e1) ' t T. e. ROI',na traCTOTa uponecca 60.1Ibllle qaCTOTU 

CTOJIKHOBemr~, rumyKTKBHoe conpoTlIB7leHHe npe:B1.miaeT or.uPree1rne. 
~HH'.rHaH nuux>JI.~rnaMm<a paccMa.Tpz.BaeT Me.u.nemrue npoueccH. 

Ha.r60J1.i>unril KHTepec rrpe;D;cTB.BJl.f!eT .KBa3HCTatUIOHapr-nm c.nyqai!, 1wr}ffl 

af; at.,,.dV/Ol>O • n cTOft. CJrY'{ae MOXHO c ytrBTOM (3.63) 3armcaT:& 

(3.75) B CJie.eyDmeM Bn.ne 

(3.76) 

rum. nepeXO,ll)l B CZCTeMy ROOPJUfHaT, ,Itr~st BMeCTe (" J;IOHPJtfil, 

nwcy-·rn:M ( 3. ?6) 11 Eli,Ile 

j ~ 6 ( E ' - v ~ / n e ) , ( 3. 77) 

r.ue E1

.,., E +[VB J /c . F.cJm v r~ st v r. napa.rr..rreJrI>Fw, To us (3_63) 

cJie,nyeT, qTo v~ 1 J , :w yps.33Heirae (3. ?7) no.n;p.<is.zte,,.11sreTc.R na ~m 
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E' I E' , l = v p I n e • 'l'. e. ROMIIOH0RTa l. He C03).J.8.6'1' TO-

l\a. OHa yi:aBHOBenmBaeT r~eHT aoHHoro ;zw.arieHHa, o6ecne'llD'laeT 
KBa3KHeilT~HOCTl> ri.1la3Mll ( iIOHH He MOryT OTOp:OO.Tl:lcst OT SJieKTpo-

HOB). . . 

&-m v, P:~, H of I at= 0 ' T. e. B CTaJlHOHapHOM H 0,l{HO,PO).U{OM 

c.nyqae, (3.75) MOlIHO sa.rmcaT:D B CJie.lJYDllteM Bl{.Il;e 

T == GJBe'te 1 lJh] = d E 1 , (3. 78) 

r.n;e h - ewm:wtrli~ 'Be.K'!'OP B P.aIIJ)9.B.i1eFJ.rn PMiI'HlI'l'HOrO IlOJJJi Ir CMS!> 

TOR.a c arreli'!'piflleCJWM nOJieM mieeT Bll,n 

Ji.:: ~-IK EK ') (3. ?9) 

r.n;e Te!ISOP npOBO~ID'10CTlJ 6 RMeeT BiUl 

&wse'Ce1 
·I+ ( Wse 'Le1)2. 

0 

6WRe'Ce 1 6 0 
~ +(wse 'Le\ )e i + (w~ l.e1 )2 

0 0 611 

On= 6 - rrpo.n;OJll>HaJI fiPOM.IU'IMOCT]), 6p ""6/ [ • + { w8 " Lei )2.] 

_,.,,.. \ 

' .. 

IIe.n;epceHO:BCru:i-R npoBO)UIMOCTI>, 6M =6l.Jse'Le1 /[ ~-+ {wseLill )2 ]- XOJIJIOB-

.... --, - . -- ~ 
cRM npoBO.mJMOCT.1>, j 11 =611 E11 , j .L =Op EJ. - 6H [El h ·1 . 

B ll.J10c:KocTH, nepneH.U.JriF.'JJIHPIIoil: MBrHRTHOMY nOJIIO, TOR aanpaBJieR 

no.n yrJIOM K E~, paBHH?tt o:rct~ (6H/61 )= arc t~(WseLed . 

A6COJmTHB.fI D~ TORa CBR'.3BH8 c MO.nyJieM aJieRT.PHt!eCKoro llOJIH 

cooTnolllemreM i = 6 E ~ • B ROCMO<Pmnme BMec-
a 1 l i .. (Wse 'Le.i)2 ] 1/2 

TO BpeMeJH! M0'-"JJY CTOJIKHOBeH~{ HOBOB B arreRTPOBO.B 'Lei 1:£e1I[e BC-
,\ ,- -I 

IlM!isyeTCst OOl"e.THM e:.w Be.nwmHa "ei = l.ei - qacToTa CTOJLKHO-

P.emrll ROH OB c aJieI<TJ.X)HSMH. Tor.n;a 
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CJre.mreT OTMeTRTl:i, tJTO BI:ldop CWIB TpemI.H B :BH)le 
R-= -men Ve1 (Ve ~ v, ) , npe~OJ!araeT, tiTO IIJJR C?.'OJIKHOBe-

HHH 3JieKTpoHOB c HORB.MH B CliCTeMe KOO~aT, ,ttBzxyrr(e~cF. co CKO

pocTb!:J ~ ::: v . CltopoCTl! OJleRTPOHOB. llOtITlt He MeH.ruiC:b no Bemt-

1nme. xao'l'if'C!ecJOJ HSMeHmJT cBoe H.a.11J?8.Memrn, •~ 38 Bpe~ur 'Lei 
SJiel\TpoH TepseT C~)) .}TIOpR.IJ;O'lieHHYI> CKopocT:L OTHOCRTeJU .. HO lrOHOB. 

T. e. mmy.nI>c mQ {Ve - Vi) na itaZJJ.Wi aneRTpoH. Ha CSM_.EM .n;e;re npn: 

.ne~CTBmI MeR'l'PR"JeC.ROro llOJI.R:, Ra.npru.vleHHoro D)J;OJU, B • rI>YlIBJ.\Iffi 
pacnpe.ne,,1eHEJ1 Me.KTpoHOB He sraJIHe~C.f.l'. MBltCl\eJIJIOBCimM pacnue.n;e.11e

mieM, CltBKBy'l'HM Ha ~€ O'l'HOCHTemHO IIOHOB. llit3Baa0 3TO ;a:BllCM

MOCTbl) lla.CTOTli Ky.JIOBOBCtarX CTOJIICHOB0He11 OT 8Hepnnr (~~- ·u- 3). 

EHCTpHe MeitTpoIIH no.n ,IJ;e:ACTBReM SJleKTIJHt{eCKOrO IlCV!J! Clt1rl)Hee 

CJ(BID."aD'l'CH OTHOCllTe.JUiHO HOHOB, qeM Me,WreHIDle. ~no:nra pacnpe.nar1e

Hl!.R'. Rc.RaxaeTcH Ta.ImM o6pa3oM, ~TO B nepeHoce arrexTpw:IecRoro TO
Ra OTHOCHTeJll>JiO 60Jil>myI> pom, lil'pulT 6UCTplle SJleRTpoHli, ll o6~ 

RO~eH'l' Tpemut no.nyqaeTCSI MeH:Lme, iteM WU! C,D;J3ffiiY'l'Oro MaKC
Be.r1JIOBCKoro pacnpene.neHJl.fi. ~ O~HOSRPfI,I(HUX MOHOB YMeH.bmeHHe KO
aqrpm:nie:HTa TpeHWi )ta0'1'CH MHOUTeJieM 0,5I H Il]?0,40Jlli.HM npo.BO,n;a
MOCTl> B .noo paaa MeH.Dwe nonepeq}lo:a. Btmo.n o6o6:!..ieHHoro 3rucoue 0MEJ 
c yq:eTOM aToro <llaKTopa CTa.HOBHTCH HeCKOJI!>KO 60Jiee rpoMOS,IUQIM H 
npK.BO,nRT B CT6.IOfOH8pHOM CJiy't[ae R DRpaJKeHKI> {3.?9), B ROTOpOM 
611 ;: 0, 51 6 • Bo MHOI'RX pac11eTax ,naBBHii MOMeHT Be HBJUieTCR CYII\e

CT:aeH.ImM H MOmtO IlOJil>30Ba.T:&CJt 611 = 6 

§ ? • MarmrTHruI I'lI,DJ>O,ltHmlllfima TpeXKOMJJOHeHTHoli IIJUlSMU. 

IlpoB0,14iIMOC'l'l> .B HOHoccpepe 3eM7Il! 

B xoCJimlleCRHX ~cCJie,noBS.H:WIX qacTo npHXO,!tiJTCfi m.teT~ .ne.no c 

Hen01IHOCTl&D HOIDI30BrumlDI rasoM. TEU\Oti CKCTeMo1! .a:BJ.LR:eTCS! B:OHO

cqie :pHaSI llJlasMa.. EcJm Hettrp:urLHidt ras H0IIO,IU3DeH B MOXHO npene-
6pett:> nponeccru.m HOHB'38.ItlD! H peROM6muuura, TO pe.CCMOTpemm MOll

HO npoBO.I{HTD c noMOJitld) CB:CTBMll ypaBHem!!, OT~aDQte~CH OT (3.41)
{3. 50) .no6an11emteM tVIeHo:e, OIIRCs:B8DIItB'.X B3WlliO,IteAcTBKe 8Jl'e}{Tpo

HOB H ROHOB c HehpaJ!m.m. 0)tH21Co, eCJIZ Ha TrutyJ:> ClICTeMy ,IJ;OC'm

TO"lHO no.nro ~ettCTByeT rureRTp~ecKoe nOJie, TO 1Heft'rpurbffile llB.CTll
LJ)i npK cTomrno:eemurx c noHaMH llIJI.m6peTam 3Ha't!HTOJibHHft RMDYJLbC, 
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n ".PJ.8 HeJ!:!'9J! Orpa.ErntlZllaT~CR IlpHOJmJtetnreM, uor,na Cl<OpoCT]) liefi-
'l'pMOB V n paEHa HYJOO. 0rpam:rtrnMCH np~! mmcamrn TaRofi CllC'l'e-

Ma cnyt:taeM TpOffHO~ CMeCfl ( TB.K tiaCTO )IeJIBJOT Ilprr irnyttemm 3JieF.TpO

JmHa!'.fi1"'1eCKKX npouecCOB .!3 HOHOC(flepe) ' COCTOsre1e~ R3 ow.oro copTa 

OJ(H03apffl'i.HHX J.10TIOB. 3..11€KTPOHO:S ll OllliOI'O c:ovra Beih'parr.omor <ra.<>
Tm:.t Maces mn H 1c01m;eHTpawm n,, • Ey,naM C"qHTaTii. 'tlTO llliIIOJi

mmTM ycJI'OBiffi KBB.SHHe:IlTpa.m>HOCTl! ' MOXHO npeae6peq.D TeH30pOM 

'B.'i3:0lIX H!lTSD!temtil l{ Te1.mepaTypH [{WfJ{Of R3 KOMTIOHeRT U3BeCTtill .. 

Ypru;~~;mF. ABt!EeHII.R 'A-11.q Trumn wra3MU HMem BH.JJ; 
~V - I .... - - ...... - .... 

·O ~.Le =-VB -en(Et-c[V~BJ)-n21~ (Ve-Vi)-nnni' (Ve-Vn) 1 (3.80) Je u'-' ~ . 01e /Jen 

(3.8I) 

(3.82) 

Pi ·~ m ·n 
I ) 

I 

~ie =--
11 

m1 rne ~ me "\I 
mi ·1 me n 1e 

Pememre c1~cTeMH (3. 80)-(3. 82) c ylieTOM YJ)aEHellil11 aenpepi:U>HOCTa 

.ATLH 1\CUQl:Oi~ RO!'.IDOHeHT!l .IIDe.n;r.Ta.B.i1..R.0T J i(lli( DJ)a.BV1.TlO' ~fJDOJlDHO CJT0&-

11-yl'J SNJ;aqy. B 3cG::1£!cm.mc~r OT 1<:0HKpeTHOrO X3pa.!!Tepa. 9a,IJ;a'llr 

:SHO.!frqT(;JI HOBi:!e nepeMemmo R BH6HpeeTCH COOTBeTCTBYD!!lrur r!JOJ;t.\'la 

3amICn. Ji.11.Horire 3a_naq11 MO/KfiO pellfilTh D CHCTeMe OTC1IeTa, r.n:1= Heii

TJJ8.TIH HeDO,lµ}Hr.:!ill. EcJrn PfiCCMa.Tp:rnnmcfl' Me.IJ)Iemrne ycTaHO.EHBnm:eM 

.iJ;BiT.~eHTIR, TO npomrnO,n;HHe no BpeMeFm l3 Jie::eux tza.CTJIX (3.80)-(3.82) 
OJiyCl\a!OT. }I;JJt UOHOC'i>e:PHO!i rura3Mii qTlC'.TO xapax'!'ep1m yCJIOBitfl, ROI'

.na rpa.i-uterrrm.s~ .narvremrn: Trucrit:e Mo.-mo npeHe6pettb.. Bo ::aceM Jili•repro
Jle BHC OT t r.u.e Heo6xo:rmMo y<mTUBaTl> CTOJIKHOBefrn:R ttaCTim, (EH!!Ie 
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1000 KM OT noBepXHOCTH 3eMJilI wrasMa !IP..JIJieTCSl TJpE.lRT}fq6Clm 6ec-
CTOJIKROBHT~Oft). n < nn • DO~TOMY B npam.zx tiaCTRX (3.80) -
(3. 82) MO£HO o:peHedpetJl> CWIO~ Tpemm 3JI0KTpDHOD 00 l!OHU. B pac

CMSTps!BaeMOM upm:S.iumemra 

• ..-! E I E L [B ft] J = 011 II +Op l T OH B {3.83) 

r.ne 

) , 

Ws1 ) 
m1 -w-b~2.-.,.--~-.2-- • 

Pl In 

H ~03-

UIIKa.eT 3Ba.1UITBJillHB.S: XO.JIJIOBCRaJI npoBO.Il;ml.OCT~. c Bl:lCOTOM ~aCTOT~ 
"Ven H 'Vin yMeRI>lllaDTCSI. c y:se.mtqemreM BHCOTU: ~cTeT npo.n:o.r.u,-

IlaH npoBO~OCTl> H yMeHbl.IIBDTcst ne.nepceHOBCKafl" B XOJT.lIOBC!ta.H 

(pMc.3.I). Pacnpe;iteJieHE:e lll'OBO;IUJMOCTK :B BOHOOq':Jepe 3eMJIH CMbHO 
HSMeHReTCJi B Sa.BHCV.MOC'l'R OT BpeMeFrn CYTOF. • . nmpoTbt T0q}{~ rm6mo
.n;erm.ff: 1J YJ?OBRa comre'lHOil aKTH'BBOCTB. Ha 60..n,nmx TillipoTax. r.n;e D 

3eMHYJ) aTMocq:.epy BTOPI'a!>'l'CP. Mounrue llOTOKil ttaCT~ K ropRT IlOJIHp
ffl:le Crumrui, B HOtIHOit HOHOC~pe npoBOJUIMOCTJ:i pe3KO y:BeJIWII!l1c'leTCfi 

H Telcy'T CIUil>mle TORPl. 
TSE :KaR 0 11 'B HOHoc~pe Ha ReCROJt:b'KO TIOpR'.!U{OB rrpe:BI.zlllae•r 

Gp H' 6H , cn.rroBue .n1rnz:.i rvc.arFmTaoro llOJ".aJ! MOJlHO C'CillTHT.o :-:JRBIJ-

noTeHI{EIMl>HHMK, T. e. Ha lmCOTa.'"< }, 90 KM KBaancTunaoHnpnue 
MeRTpINecKae no.m npa:KTKl!ecu ae sanHcJ=IT OT BLlCOTH. IT0:1T0My 

;rJ.JIJt BHtra:CJie.HWt TeK'Y'lllY.X B WOHO<.~cllepe TOROB ue.necoo6pa3n0 ~BeCTH 
UHTerpa..i1.bHHe no BUCOTe IlpOBO.n;HMOCT~ 

(3.84) 
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i /ni9 Sn 
eci.crcM 

6p
1
6w 

...... t0 __ _.11__..__,__10~.-,6__._~----, ... 
0

--1-5 "'--'.__..__ ...... ,
0

-_-..,.--=-. __:....-~,0-r3 en crcM 

~c.3.I. PacnpeRMemre 11pODO,IU-!'IVIOCTll B ltoHOCrf.e~ 3eM.JIB 
no .sacoTe .a ;ItHemme :spet.m: B cr.e.zumx nn~poTax. 
6 f' • \$1; • 6 .. - cooT:BeT~T:Bemto rre~epceHoEeRaJr, 

X0.1!1!0.BCIWJI 1'f npo,n;OJII>Hrut :KO?vfilOHeRTU r.poBo,nITT.10CTt-r 

~e 5!ETerpHJ)OBa!flfe npo:so.uaTC:Ji B,U;Q..i11> CllJIOBO:ft JIJ.rnmz Maf'HJ.'1THOI'O 

UOJ!.ct.. B noHoc©epe B.Hcomoc nmpoT c11Jiom~e mnnrn Hanpe.B71eHH no11T1r 

BepTl:r.F.BJI.liHO H IDITerpi:rponrurae MOXHO Tif>OBO)UIT~ TTO Beprmta.nn. Blil-
1IBC.n.eHIT1:le TaKtiIM o6pasoM rrpoBo,n;m.mcrn n .nuemrne npe.Mn cocTaB.1Lft
.m - ~ I O CM-I, B HOtUll:le qacH - Ha nop.H.T'(OK r..teni,me VI B ,eyre.x no
JISJpHOT'o CKHIU!.fl - l3 HeCROJl:&KO pas 60.11:.,i.:1e. 

Gtrn'l'flJl t 't!TO ~m,~f'!'HOE: f'f8Me!{e :-me ITTOTFO<:'rr: TORR MOr::e'r :s j.~r~r

m!·~o:ru,u.r10Jt;.ma.M1-r:;ecit0M nri~~6JIIlF.emn~ npOl!30f'!'U 38. F.pi:>MH '>'.':- L e I J 

:.:mn;ymeM o6o6me:trnli: 3mwu 0.tJB (3. 7G) F f!"JOp;.m 

; =6( E ~~[VB] - _t_LIB' "l-t 'Vp_, 'i 
rJ c nee d ..) J l e . (3.85) 
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,U;Tur ·roro, tfT06u A"CR.t'llNstTb aJieRTpH11ecl(oe nOJie, :so:.n1MeM rot 

OT o6en:x qacTe~ (3 .• 85) a yqTeM ype.:eHemm: Mal<cne.vra (3. 53) -
(3.56) : 

rotl-=_ = _...!_ ~ + J_ rot [VB]+ J_ rot__!__ oro.d n -
c$ C oL c C 11 d •e 

- J_ rot_!_ rJ~B J 
e.c n " 

o B --- c ( ~ - .... · ) - =rot[VB ]- 4 ,.... rot n (rot Bx B 1 -
~t 11e. 

c2 I - e · 'VP 
- 4 Ji rot 6 rot B + e rot( ~) . 

IToc .... 1e.nnd~ 'IJleu :s II!Jfil\O! qacTK (3. 86) M.oY.:10 yupoCTR'rl>: 

rot ~~e =roq v Te..- Te vnn }-= rol \Te v;;) = 

~ 1: rot v n + [ v { ~ ) " v riJ = ·~ [ \7 Tex v n J -

- ~'i ( v n >< v n J -= -h [ v Te \7 n J . 

0KO!ftiaTe.nbHO llo.eytl8.eM 

~~ . -- ~ t -at =rot tv B ]- ·4 r. rol6 rot B -

c (' -- ) c - 4Tierot r::drol.B-.:B] ... en- lvnvT~]. 

(3.86) 

(3.87) 

OuenRM, npw Karu::: ycJIOillUIX MOjl!HO npeHe6petr:o T!JeT.Dfil~ u tJeTBepTWt. 
tmeHa.JVm B npa.l30f qacu (3.87). Ey.p;eM CtffiTllT.b. l!TO XBpaltTepP.oe 
npocTparrcTEemroe ll3MeHemre npoIIcxo.1U1T Ha MacmTa6a.x "" L . Ilep
i:hli:i 'VJeH B ~ft ttacTH (3.8?) MHoro 6rurcme TpeTI>ero, er.1m 

VL4.Jine /cB » 1 

VLeB cle » ,I 

» MHoro 6oJibffie tteTnep-roro, ecJI.H 

Ta..im:M. oapasoM. rrpu .llOcTaToqHo 60Juillmx 
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L MOXHO OTiyCTHTli 

(3.87) 
@lf*i-' 

Ec.mJ 6 i=con ~t, 

c 1. - c 2. - ~ f ·~ 

4 - ..l rot rot B == - 1 ..-.r ( oro.d div B-!\ B )=--- 6 B 
_..r V -t JI I.} d 4 Jj 6 

~ cpo~.zyJia (3 . 88) 111J1'fE-0;1f11.CR K :asu:x;y 

, oB ---- cz -
Jt~ =rot [VB I+ ,

1
fit, ~ B 

(3.88) 

(3.89) 

flpOCTOii BR.TI; ypa:BHemr.H (3. 89) npFIBeJI K TOMY. WO 60JI1illI00 q:JJCJIO 

aanaq NArfillTHoli r·llp;po~1aMIIm pemanoc:n c rrp~eHem!eM npa:6Jluxe
Hffii, c,ne.rraHHHX npz NlBOJJ;e (3. 88). F~.JIH L - xapaxTepffili1 pas
Mep m3MeHemm napa.Me'l'];)OB rmasMu, To nepmrtr tLJieH IDAeeT nop.i:r.noR 
VB I L I a BTopon c2-B / 4 ·;;o L2 • 0THCmerrae ~TIO: remmm 

(3.90) 
-~~ 

I F.,c.rrn Rem<<. ' ' MOXBO OiiY\' '.ril'I'D nep:euii tmeH B nianHe1nnr (3 .. 88) 
IT DOJ-zy11i~T.O ypan..ttemJe .nmpl)y:3i!OHHOro T.ITTla 

c, B" c2 ·
-- -~ -- b.B ot 41i6 

(3. 91) 

B !tOHIIOM CJIY"tfflf! nponc XO,JJJfT OMirqecR.aJI )JJ'fCClffiaI{IUI Texynr.r..\ B TIJI8.3Me 

TOKOB H, cooTBeT~TBemro, y.10Hl>~emre renepnpyeMoro aTIDim TORa.MtJ 
r.lJ.I'l:mr:'HOJ'O no..rm. RIDI: ypaEneHtL~ (3. 91) Il03EOJ1JieT yrroT:,pe6HT1' no

rnu ue .nmI~r.mw MEI'I-mTHoro no.n:a: B n..msr.zy. CooTneTCTBYJOII(l!tt um:il}
<1J11w~ eHT ,TI;m;:!I;Y3irn paBeH 

(3.92) 

n Bperm np0Hrumo:Be1-m.R no.i1.f! Ha TOJilltZ!iY ). cocTal3J!ReT 

1'.2. ' ~6 ).~ t - - -- = ~i 11 ~ __ :__ 

• I D ,>'- . 
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EcJu1 rrponcxo.zmT nepHO.n;llt!ecrurn- rrpoo;ecc o -qacTO'l'o! w , To ~ 
Mmer.~ no.nytWTb xapa.l\'repHY!) TOJI.UUrnY npoca1uraahv. MarlraTHoro uo.,,IB 
:a w1aaMy ,- TOJimID!_! cy.5:?1~Jro!:{, } ~ ( J) /w) th = c /( ~ ir 6w) 1/~ • 

Ko3~eHT .IIHQY.{lymnr (3. 92) qacTo Haal:raaD'!' xo~e11ToM r.mrim'!'
ROii BJI3KOCTH '1 0603.Hatra.m' CJ.1.M:SOJIOM ~rn • Ta.KM TepMHHOJIOrll1i 

06'hf!CHJieTCR a.Ha...1orB:eE Me~ ,nH{fifly3HeY. Marm!THoro IIOJ".U: H _B.'13l<RM 

npoca~eM poTopa CKOpOCTll B o6Y1IHOE rlf.lQ)(>.Il)tEBJ~Ke W3-3a 
06I:RHOD IUI3ROCTH. 

~HlCIViH J'pmm }J)IJi CieCROHeqHOro npocTpa.HCTBa 

G(-- I f. ti7-r1 )2 -j 
r- r', t)""' (4 Ji D t ) 3/ 2 exp C -4 ilD t (3.93) 

OIIlICI1B9.eT npouecc .ItZ<j(py3Im' ~OB RS KOM!IOH0HT MEU'HlJTHOro UOJJJI. 
B pe3ymTaTe , Ha tmJibH<>e nOJie B ( ,~, 0 ) co BpeMeReM pa.clJJIBBaeTcH 
BOKpyr R~O"H HCXOJI){OJ! 'l'Otfl<Il r' DO raycCOBOMy 38.KOHY C 38.BllCR

uteR OT ::npeMeHH llili!)llHOi! I!potj>wrs1 ( 4 r. D l )'1'2 
B ( r, l ) -= rG-t r -r4: I' t ) B ( r•, 0 ) d 5r 1 

• • ( 3. 94) 

D I!J_)Onecce ;n;R1Jj"JY3HB rpa.n;Het:Tli no.1111 yMeFWDBIDTcsr, npoTHaonOJiomto 
HaIIplPJieHR&e fi<.\i"IR CJIHBalOTC.fI H: raCRTCJi (TOR ro~ccmmpyeT) • 

Ee.mt Rem » f , TO B i:ume 3BJJ;aq MOl!HO npeHe6petr» BTOpl:.iM 

1'JieHOM B ypaimemm (3 .. 89) u C•UIW.Tl>, liTO 6 .-. C>'° • 3aMe'?ID1., t{TO 

Tru<oe IIp1'!6mutemm TIOHif.EaeT IIOpR..n;OK ypa:BHemm (3. 8~) R HeaKKypaT

HOe ero npliIMeHemrn MoJKeT upirnecTB R aeFepH.Wd pesyJ1bTaTau.. ITpu-
6Jn~e1rne, rrpH ROTOport. onycRaeTCSI ;n,t!CClillaTlrnHhT:il tL.lleH B (3.89). 
qacTo HcnOJLDayerrc-;r mm ormcmnm MarffilfTHHX none:n B icocMoce, r.IIe 
sa C"'le'l.' 6oJi:oumx pasMepo:a L MarFI'PfTHoe tmCJio Peib!OJU>.D;ca rimoro 
60JLhrne e~ JJ:IDKe npM ,IJ;OBOJI])HO WIOXO~ IIpo:BO,JffiMOC'l'K.. Ypa.BHemm 
(3.89) npM 3TOM IIPffo6peTaeT ~~ . 

as /o t. -~ r·ot Cv E 1 (3 .. 95) 

~ Has1maeircn- YI>EIBHemrnM BMor;0aemmcTli! .. .iiJIH EHJicHemu:r tf»>1s~ttec1wro 
c>.ruCJia (3. 95) paOCMOTJ>HM HSMeHeHHe co :BpeMeHeM MBI'HK'rHOro ITOTORa1 

npollit3HEruOOlero J(B~CJl !\M0CTe c Ma3MOE ROHTyp (pHC. 3. 2). 
MeirHHTO:t'KAPO.IU-utar.m:qec1<0e UvUJJ:) npz:6.rro:emm onzcJIBaeT JOOUYJ), xo
pomo TIJJOBO.Il,FililYX>_ ~OCT.b, Il03'l'OMY MOJ!IBO rODOP~Tl> oo H3M0HP.m!I!. 

Marmrrnor•o noTOJ<a, npomrn!IBaJ)mero .u;a.mtl11i ;rpm.1Kyw;1~c.FI :.r:Jr.ItKiril KOH
Typ. IlyCT!> IJI1B L = 0 RO¥.Typ coBnn,n.aeT e sm.a<HyTo:n Kp1raoi~ c , a 
trepes BJJetl-.'t Ot 1\0.HTY}), GMeCTHBDIHCl> C X~I]V\OCT:SD rt.a V Ot 1 sa-

ag,,,1 ITOJIOO\enue c' • ITycTr~ d ~' c - 8JieMeH'l' npoKSBOJ!llHot~ noEepx-
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Pffc. 3. 2. KOH'f'Y.P c u el"O HOBO€: IIO
Jl(l~emm c' , B 1\0TOpoe 
~iOfnOCTh rre~xo.n;~T ~er~s 
:epeMa llt . ~~ - a~neMeH'r 
.Dy.l1H C , V_ - ClCOpOCT.h 
JK.Yl'.IJ.ROCTU. 8 - MB.I'JUiTHOe 
rrOJie. 

uocTH, HaTmryTon Ha c 1 a d Sci -
3JieMeHT npoll3BOJ11'110ll no.BepXHOCTll, 

ua.T ruzy!l•oii Ha c 1 
4 ::trreMen·r .n;yrrr 

H:OHTY}Ja c ' rreper.1teCTHEillMCl> Hli. pac-

, :t•om1~e V 5 tJ • OffilCl:lOOeT 3JmM€ffT ITJrOll~a.ml [ d f x VS . J C HOp-

:1.a..nI::!01 illlllpallJi.eHHoii Happ.y. B CI-!Jiy ycJivBM!-! (3. fi6) lI TeOpeMl:l Tay-c:
~( .. , nOJIHUii TIOTOR MffI'fH{~"ftOI'O no.11Ji 'iep8 3 JI!)jy&:J 3a.JIJ!JUfljTYJO nOBeJ:'.IX

HOC'l':b :a~er·~2 pa.EeH HyJL~J. flo3TOMY \ B ( t~ bt ) ct Sc - f B 1 t .. DL) d ~c' -

- - - ~ ~ -f BI t _;_O l ) l ct e 11 V .I ol - 0 i1 ff:.1Me!-i.errne no•r<)t<a qcpe3 ,nnmr.y-
c -

uu~nc~ ;.:on TYP 3~ BpeMa o li 

0¢~ f ~{t..-oU .~ st' - I B (t, )dSc - J[f~t·· fit > - .Blt)idSc -
~c ~c S<: 

- B't. fB ( t J I df, 'V J ~ fit . 1l l ~ d~c: - J roL ! 'ix BJ cl Sc } . 
"C' he (3. ·9G) 

ITr1ti ~rno.ne (3. 96) r.~ pa.&1omtmi :s p.~ B ( l ... ot) I OTOpoc~!JIH 
u_i:e m,: - {i~t)2' f1 !!pfl~\~eH;VJH T':lOJJf.lMY ~;TOICCa l\ 1Ui'!'8rfll1.TJY 

f Bld{,.v J=f(V){ Bidf . il c~TIY (3 .95) H<.P =O • Ta:Km.~ o6.P8-
c -

3 0M, MaPHWl'l:l ffi! UOTOK t1epe3 Jun6oii ROHTYP, ~H:ntj'U{\ttl~ c '1\UJT.ROCTl>IO, 

He~.ta:s~5c~::o -O'l' BH,n,a B u OOJLq · cICopoc·reii v- . no<~TOJUieH. B'..~q)!o
l\eHHoc~I> Mo1.tl1c HHTeprrpeTHpona-r.o Rfl-1< ,i(Ert;:.eHue Br.tecTe co cpe.n.o~i 
Mm'l'i-~~x C~OW.JX .ljlfHJfH (oTrm.na n rIOfiBB.'lr!fi 'l'ep.~~f"rl J31.mp0geHHOCTl>). 
Ta.K Kal< o - ,,.._-:-. , ..roodoe cKOJI~ yro.n.Ho Ma..rroe rr0J1e Bws~BaJio du csec
Kone~uo 6om.·~mte l'Olrn, no2T0My B s1.nea1r:bl!O Iijxmoitr..!!tef! JL1IP.9Me 9Jter.
Tp~ecKoe ll0.!!6 r.. COnyTCTByn~.1.eil C'1CTeMe ROOp,n;m~aT p:l3HO h"YJ!JJ 

--; - i - - - ( --E "" E -+ C: l VB 1- 0 . B Herro.n.mnirnoi-i · ~cTeMe Koop,iV!P.U.T E = c [ VB J 

l:! Clwp<Y~T:E. ;J;BHJ:{8IlliH B uanpaBJiemm ' nepneH.rumy~lJffPHOM ITO.IJJO, 

{.1 . 9?) 
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BlipaJKettue {3. 97) COBlUWleT co CKOpGCTbD SJieT<Tpai:teCJ<OrO .Jt.OOt!~ B 

.npeli1f;oBoA T.eOpHl{. &l'OT ecTeCTBeHH.!:Il! pe3y.;IbTaT (AJlO~nyJl CKOpoen, 
Mll Haxo,nHM HS Tpe6oll8.HlUI pe.EeHCTBa Hy.mo 3J!eh"TpaqecKoro nOJrP. B 

.I!BKSynte~c.fl oHcTeMe KoopronraT) noMoraeT np;.r pemcmrn psrJJ.a s~q 
J(OCMOl~3Hl01. Tum ype.BHem:rsI {3. 95) COBIIa)le.eT c .IUmaMH'ieCKKM ypa.n
HeHHeM JV11{ BllXJUi w =z rot v B it)J.eaJil>liOii 7m.IU<OOT1{: 

OW/Ot =rot(Vx W] , D03TOMY MeTO.IJ;ll pactteTa BIDCpeBHX l(Bimemtl! B 

H.D;9aJU>H01i ~OCTK Henocpe~CTBemm Il]JHMemIMhl R pememm Sa,,l{alUI 0 

~~eITTIH WI8~MH B yc-JTOBrurx c) - 0-0 .. Ilpeo6pasyeM ~EHeru?e (3. ffi). 
1LruI 3Toro yqir<™, q'i'o rot[VBJ '"' ([v)v- (Vv)B+Vdrv E'- Bd1v v 
FI B crury 'Y.P9J3Helill.ff HerrpepHBHOCTlf 

-- f ( ~ - ) i !!£__ 
_ _div V :;> ~ J5 ~t -+ Vv f == - p dt . 

Tor.na !~ +{Vv)B- 1~ * ~ (Ev ) V WIH A-( s )==( ~-v)v. 
dt f . f 
d • 

Ec.m~ cJCooocT}) Ha MeHR:eTCJ! imam, B • To ~- ( f) ~ o , ir.e. 

B/ f =con!>l Ec.JIH ll.1Ia3tt«.a cJKHMaeTc.fi, To Ha.npmtteIDloC'l'l> norUI B He~ 
nos~cTneT, ec.JIAJ paoompR.eTCff - y6l:IB8.eT. Ilpa pememra (3.89) y;noCi-
Ho 61-I88e't BBeCTH BeRTop-noTeuro-1M ( ·s = rot A ) u npomPI'e.rpKpO-
BaT.b o.u;im _pa3, 'l'Or,J{a 

dA - ~ c2 -
Tt=(VrotA]- 4116 rQtrotA-v'Y l (3.9B) 

r.ue ~ - npov.sDOJThHM c1(8..rmpttaH f!lymm1m Koop.n;w&aT n BpeMeH'.J, 

KOTOpaH He MruteT Ra B • IlosToMy MOJKHO nono.m!Tl> ee pa:sHoil HYJi!J. 

TB.K liTo A~ con~t. ~ Jiroon o6TJacT~. r.u;e v.:; 0 K j = 0 • 
B npncyTCT:BID! OMll'!eCl\011 mrqxpy3FUf HeJibSJi roBOpBTl> 0 TIOCTO.HH

Hoi\' CM311 OT,neJll:iEHX Mfil'i!HTRUX CILJIO'.BHX Jrnmffi c onpeAe.1IeHHl:IMl! OJie

MeET8.M.H Jr.li.D.l<OCT~_T .. .it. CTPfY.Typa no.;m ~sMeMeTcsr. B ttacTHOM CJPJ
tiae, xor.n;a rot [VB J TotI.no c6aJID.ucv.pOBa.H .n:~V:OBHJJM G:JreHOl.t 

c2 - -
•1 ri ~· !::. B , CllJIOBae ,,,-rmum MON.HO ctrnTa'l'::& aeno,n;n~H ( B ~ consl), 

a ~~W.OCT}, - ,TU3IDr.1JJUenc.H OTHOCHTe.;rJ>HO CWlOBifJC mum1! co CKOpOC'!'bF.l 

V • IloaTOMY gcnOJr_})30BeTb reoMeTpffi:lecr:yD Ro~ermmo MarlIBTHll.V. ~w

JIOBh!X Jimm!, O,!Ul03'H8tlli0 CIU!3a.s:nmx c Ma.TepHSJfl>lil:lMPl TOtI!taMH t B03-

MOlr.HO TO.l!l>RO B npoeTetmmx c;ryqa.nx. 
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0 ~- DpHomuKem~e l{y-fo.u,-46eprepa-Jioy 

.B f11I'll Ilp}16.r.n.iRel:!trn ,T\2:3.'l (Hme Ctn-1TMTCH CRaJIJl!JHO}i i]Jyrucu.Heli 
l\OOW{1UiBT ~ :epeMe:m I 4'!10 COOTBe'l'CTByeT clJj!IlUfl..F.M r..acnpe~eJi6lliUI 

no cKopocTRM, 6;msm1M R ~3oTpon ... 1fUM. 8 CSeecTOJIBHO:S!!T€.JThHOti rura3-

Me KCnOJtl>syJOT ;we~J.JO:Eoe fi}JJJO.•rnii\errne. F,c;rn :a,nOJlb CSUIOBUX .11lfHl01 

MSrHBTHofo i.io..rr11 naJ..al\ieTJ.)J:: wra:.:ir.~u U3MeHmOT1~.R .rtoc·ra•ro't!no Me.TOH~HHO, 
TO MOJEHO HCil0JlL30P~T}) lipHMll.1\e!Hie amrnoTpoJIHoi~ M&.l'liliTHOH rv..upo

,Ul!Ha.M!!ro!, pa3EW!'0{: p l~lJOTaX r. <Ii. qy .. M.J!. fo.m,n.6eprcpa, .rr.. E.Jfoy 
( coKpamelilio Haai:maer.~oe -reop~ek tirJI) • B 2Toi~ Teo_p11li cqt:r'l'aeTCF. , 
t!TO _nps! ~0H~~ ~r ttaC'l.'1-!!l COX!~U!.9'.R)TCR rrepBuii FI BTOpoi! a..ttim6aTw~ec

:ime l!HMpimHTH. YpaEHemIB Tcoprra aMe!OT :B~t.n ypa:mmH'lit o;nHo:iieUI.-
!tOoTHOit M:ll'!illTHOii rl1.npo,rurnaMIIB1Jt, B r.OTOp!:lX v p 3ru~mwteTCH H.a 

div P , .r;ne 

p ::::: (~' ~' ~ ) 
0 0 !~ , 

Ilpt6JtueaBe trr'JI mmo,nwz•c11 np11 yCJIOBKZ npeHe6pe;t:emm Tea3opoM 
TeWioBoro noTOKa B yp...~~Hemm coxpanemu1 3Hepnm. 'T. K. f\ npo
nopnHoHSJII>HO 1!} ' ycpe,n,Hel-:HOMY no B~frM tiEl.CTiUiaM H II1IOTHOCTH 

f , TO M3 HHBap?.aHTHOOTLf _µ (':Jie.TI,ye~·' qTO ( 1r} > npODO:pu?tC-

HaJJbHO B rs Pi. - < H} ) r-p R ' O'rI<~a rro,,iyqaeM yparureirae co-

CTOmut11 d . . 
dL ( p1 / _p B ) = 0 1 (3.99) 

KO!l'Opoe :BmIOJIP.ReTC.ft Bli.0.1Il> TP,':WI<Topmt ,D;mv.temm. 

IaccMO'!'Pi-Ill1 Tpy61cy 6ec1wHe"qHo MBJioro ceqeJIBSi d S , o6paso
B8!!Ryl0 CB..i10BUMU Jn'IHIDIMR Mfil'ID1.THOI'O DOJIJI. BuyTpM Tpy6m1 Mal'ffi!T-

tra:i! IIOTOR d¢i ~ BdS coxpaHReTc.R. noaTOMY ee nonepett.?{Oe cel:le-
:me o6paTHo nponopquoHa7IbHO B • TiycTI:i e - npoT.ctr.eHHOC'f!> SJie
Mewra ifiI.nEOCTg l\nOJll> C'LJIOBO:li .i11UHH1 ii 1111 e CoXpa.IDieTCH. 06!:leM, 
SBHi!MQe~ t?aC'!'ID.tl:l.MR, ~eH OV= eds . T.K. cs .. , l/ B ll o6'heM, 
SmJHMae1.'IJ:d1 lfeC'!'filR~ .. M~{. o6paTHO npoUOpntIOHBJieH I1X ItJtO'l'HOGTil 

f""' B/f . TaKm~ o6pa~OM, Daj:WI,,1eJI1'HM COCTaB.'lffi!Jnrut MBJ1eHIDI 

p
11 

.... f' < V.~ > ..... f 1 ~2 .... p 5 / sz t OTK~ yps.BHemtr.~ (:ocToHHiu1, 

on1>e)4eJimllliee p • B nn~!tJ...-rn:,;:e~~ra tIT'Jl BMeeT DU'A 
!I -

d { i~, sl) = D • 
Jt. \ r,, ( ~1. 100) 
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Tpe6oBa!me MeJJ)IeEIIoc1·rr z sMenemm D;II.O.Tih Ml\rrr.rrm.LX cirno:eux _rrmrnit. 
P.aiJaT•aer.~oe ycJIOBY.ei.1 npenecipelf\eH;J.R. TeH3opm.~ Ten.1I0Doro noToRa. 
Cn.JI:&Ho or·~urntnul.8.eT H03MO.iTJ10CTJ::. npBMeHemm 'ITJI np1r ormcaH~rn: 1-:oc
MU~ecKHX od·M::?\'fOB. O~HnI<o .B KOCMoce imcTo I>CTpecmror:cF. yc.r!onm1, 
l\Or)la Pt 4 n. . 3Rat:Jwre.i!bHf1R amrnoTpOIUUi l(aBJlelli!H ( ~ 2) Mm~eT 
t=_a6.100.n.aTHVl B COJr.rieCffiOM Be'l'pe*). 

r JI a .B a 4 • lvlA_TIDITOCTATil:KA. 

IIpvr pemeHliYi ae..n.aq :B pa.MY.ax r.tarm1TOBLUIJO'Ai!HaMH1:mcJ.<oro no.n;xo
.n;a nu . .neJJ.rreTcfl Mt:.L~mToCTHTirna - onpe~e.Jierme ycJiont!it oyulecTBomHrrsr 
panHOB8CHHX Tt.7!a3~.~eHH.UX J<OHW~· 

§ I.. YpaEHBFme Ma.I'HFITOCTRTJ{qeexorio pa.LHOBer..1u1 

IIo oTHOCHTf'.JililiO:R" po;m ~mepums Bee npo~er;cu E ITJra&m ,nHJLfIT

C.P.. Ha 6HcTpHe i1 Me;IV!eHHHe. B 6ti1cTpID: rrpottecCBx 1rne:pmro.mm~ u..;teH 

B (3. 89) '!'OI'O ae IIOPH,n:ta Bemrtonuz, tiTO H O~T8JfPRHe lJJreH.H. B Me;n.

J1eHHHX fiJJOllf! 0 0;3X Cli!Jl..11 RHepUmr MHOI'O MeH.lillle M8I1i:l.HTHHX ~HJi 11 CY..Tf 

,n;rumemur, ROTop1:1e Tif.aRTW-!ecRtr Y!'..&BHo:ae:nnL~m't!-I. O~em~M CkO.POCTH 

.nnwne.HUP. IiJlaaMH, rr~ KOTOpwc nponecc Moatto ~tn-rTan Me.n;neffFruM. 
riycTb L - x~f.eY.'!'e.Pflllii ~sMep masMs, L. /V - xapp,.J<Tep:Hoe EperoAf:l 
npouecca. lil-Iepuv.oBHHM tLJi.eHoM M.omro JJI!eRe6petn>, ecmr 

y2 P B2 
PT ( (L , 4 i1L ( 4 . I) 

*' C0.11:-ietzmIM BeTpOM M31ffia.eTCSi CBepxRFTt:OBOe '~r;'t•eqemrn l1JI83Mbl 

CO.illietrHOli KOl){)HH. Ha or.6aTe 3eM . .lIU BeJI.HtfilHa »OTO.Ka. .,.,.,, ff18 - [QIO 2 - J:" ... 

mr"'c-1
; C:KOPQCTL l"!OTORa ..... 200-900 1<1it/c; Ho1&0T:tOCTh ~::~CTir&.~ 

n J ·1-100 c:r3 ; MeRT!JOilliM TeMnepaTypa 5. rd~-rn6 °K, Z:OHHM 
'3 " 

TeMnepaTljpa - 3. IO' -I0° °K ; HaIIf.lREetffiOCTD MfU'~i:! ·rHo~,o no.EE 

~· 2-80 J (Ir = I0-5rc ); cJi~BeH.OBCKM CKOpoCT~ 
VA -=Bf(~ iinm P )''h ,..., 30-150 F.M/c; OTHOCWI'eJIBHoe co.n;ep>IB-

m1e re.Jra.E 0, 0-0, 25 t!liCJIO Ma.xa (oTHonreHHe cRopocTe: noTOI{Cl IC 

TE: iIJIOBoY. cnopocTn) }I &ITT:iBeaoucxcoe "IBCJTO Ma-xa ,.... ID. 
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IlpR Z)bffio.mtemrn (4. I) s rma3F.ie MaI'ffifi'Hoe none n C1f.T!a ~ar-.11:t1:ur..n 

c6.e..i:rurcHpoBaHF., YI Me;n.JieHHoe .n;3m!ieHne ni1esM& 06yCJro:e..1reilo in: r;e-
60.JJ:OIIIOi! HeCJ<OMil0HCllpoBeHHOY. qacT!.,J:) - cymecT:aye'r MaI'HaTOCTRTif1:Ie(' 

KOe pa:mm:aecae. YpaBHemrn MB.rHHTOCT2TiNecxoro pa.BHOBecYJI m~eeT 

Ill·L!J, 

---- v p = t [jif J (1i.2> 

CucTeMa ypaBHemm MarIDJTocTaTmm, KIJO:·r.e (1!. 2) , !U\.IIm~ie'!' ypaa"'-le-

- 2 .,--
rot B = -~:L J , ( •:!. 3) 

d1 vs - o . <4 . . l) 

Ypa:aHeffiI.ii ('1. 2)-( ·:1. :1) onpe.n,e.rrmoT pasHoEecHue r.~arIIW!'OcTaTK1teCKl!~ 

1<0u<!.~ryoomrn. 

Hs ( 4. 2) c.Tf e.nyeT, tn•o 
Bv p-= O, jvp =< O, (-!. 5 ) 

T. e. Mar mrTH.!-1e !~~moBHe .wmrn H Jml:urn TORB .nexaT Ha no.:oopXHocirtr 
ITOCTOfilillOrO .rtaB.iiemm, Htl3lL~teMhLX Ma.7.Hf.ITHUMYJ DOBepxilOCTS!MR. R 
I\Oc:rinqecF.l!X yCJtomtRX a jJa6oraropmrx y o Ta.HOEl\8.X HMemcH pa:ammec
m1e n.11a3MeHirue ltOH(pHrypa!tlili. .H3(Vll!po.'Be..!-im:lf.! OT OKpp.H¥'.l!{0 PO n po-
C T}XlHCTM. MaT'JrHTITUM no.rrel\1. K.x, I~\ c.i1e.n:yeT r:rs {4.5}, MO!:JIO np5JJ.

CTRBtiT:b ceOe 13 DH,l(e COBOKyilfIOCTH JlJ!.OJKeHhl:lX OW,:: T" ]J,J?f!'YJJ MaI'IDl'!'-- -HMX nonepYJIOC.Teii. Cwro11ue •. JU!Ellll Maf'HPITHoro noJIR B ( r ) orrpe.ne-
JI.mJTcR imI\ ,1\By-.i.!Iapru,~eTpH'WCI\Oe ceMeitCTBO pememtll ;zo3yx ypa.ruF:mm 

dx dy _ dz 
:B~ ..: Ii; - B1 (4.6) 

.1f)UI lta.r.:)101'10 ri)~rn:cRpoBaFfHOrO MOMeHTa BpeMelfil L • rIBTer_pa.ml ( ·1. 6) 

_ f ( x , lj , e. ) ·· C4 , ~ ( x, 1~,? } =i c :> II]_Je;ItCTa.BJUt.JOT co6of! noBepxHo<;TH, 

cocTomqHe H3 c;mon~ mmr..n. lix nepe·~etieHRe onpn,u.eJmeT op:.-r..y c~t
JTOBJ10 .. 'lmnr.-o. )J,pJ{ onncaHl!E MaI'HH'l'HOro TIOJ"Ji yJI06HO IlCITOJlb30B8.T!, 

noTemrna.ri!il 31Liepa F" ii G (r.ne F ~ G- - CRaiUipHHe cfiyr:IKI.t~) 

8-= r v F}; v G J , C4. ?) 

Tipc~CTUBJremre B~a (4. ?) (pHc. 4. I) a.BTm.mTMlleCRK ~o:a.1eTEopgeT 

ypa.BHemm d Iv B = 0 : \7 \L v F x v G J) =ii v G [ v l' V' F J v G r v J( v I- ] ·-= 0 

ifiJTe::rpa;IaMlI CBCTeMJi (4.6) !JPH Ta.ROM npe.n;cTaBJiemm 6y:zzyT 

F= const • G := const {o6paTHoe HecnpaBe.r+mtlio: ne Bcmuie :mi-
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Tue. 4. I. IJepecetreHKe nooopxHoc•reft, onpe
;nc.rumnee .IIMOEeHrte CMOBOfl .11IDUI'd 
Ma.I'HllTHOI'O DOJIJl 

Terpa.llhl f . ~~ CHCTeMll {4 .. 6) ,na':OT 8 npl 

no~C'l'aHOBRe B (4. 7).. Sa.MeTHM. "!'1'0 npr Blil

DOJIHemra yc;iomm c~ ·- c,.c" <>P'JiepoBH noTe~
aJIH y.zt06HO KOllOJII:i30:eaT:b ilpi! srurncu Y])B.!lHBHHB 3MOfOXeEHOC'l'U (3. 95) 

~t [vFxvG] =T'ot[V)\ [ VF1<VC1 } ] 
1 

[vFJ(v ~~] - [vGl\v~~] ;:, roL\vF(VvG-}- vG(vvF}}== 

( V v G) rolv F +[ v(V v G-)x v r. ]-(Vv f ~rot v G - l v( V v F ),. v G ·1 

-:'. tv(VvG) ~ vr=)-[v l Vv F ),;9 G-1 • 

Tru< Kalt clF/dt='dF / dt+VvF, clG/d.L=oG /ot-..vv G , 

dG . d F 
TO r v F .< v d t- l = [ v G ·" v dt i . < 11. a, 

dF dG 
Jfa MHoxecTBa pememrn (4.8) w6epeM ca?itoe npocToe ct L. :; dt =-0 , 

Trucm.t o6p&30M, noreHnHanu &-Niepa H c~fJIO:s:te Jimnrn nepeuocJJTC.R 
BMeCTe c :lJUJ;i\OCTl>J). 

IlpH orraca.mm ROCMli1leCl-:JfX MaI'HHTHHX UOJieii umpo1<0 npHMeH.ReT0H 

(CM. § 9 !'JI.3) IIOH11Tl!e MaI'ITT!TROi! CR.t10.BOR Tpy6IGs. BliyTpH rrpy6FJJ 
MBI'HRTHI:.dt rr0To1< d <P =-Bd ~ coxpaHHeTcH, K mm He MoF.e'l' o6op
BaTI>CSI (Ho MO:Z6T pacmermT.OCS!, l\al{ aTO IlOKa3aHO Ha !JVfC. 4. 2 B oco

OHX TO~). FJCJIB nOJte .;ieryJIP.J)HO B OKpetTHOCTH oco6oQ TO'IlUI, 

~.e. QUHOSH811HO B Henpeplf.BHO, TO HanpmgeHHOCT~ llCUIH ~ Hen Ao.Jl:mifi 

o6prunaT:DCSI B Hy.JI.!>. ECJra Tfil"Jle TO'q]IB Ha

XO,w!TC1i Ha nosepXHOC'!'B Ma3Ml:I a Marmt'l'

noro TIOJr.R'., TO 06par11emre nOJIJI 13 Hy.111. ue 
OdSI3aTe.t1liHO. 

Pac. 4. 2. PacUieDJieIDie MarHl:tTHI:DC c:wromnc 
Tpy6oJ<. GTpem<a.Mi3 Ilo:iW.38.HO 
H&II:i::rumemm MarHETHoro nOJlJJ 
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Y.n-eJibnutl 06'h8M MartmTHO"l! Tp:y6Im w {>Fl:BeH OTHOmemm reoMeT-

pJNilCROro oCi'ber-'13. Tpy6K0 ct v I\ ~artraTHOMY ilO'l'ORY, npoxo~er.IY 

Bh-yTPl·! Hee , W =- r1. V Id <,ti , ILJIH, Y'flrT!Il~ coxparreime rroToKa 

BHYT.Pll Tpy610l, 
W=-{ dS"~= r~, 

. d Sn B B 
(4.9) 

r)l;e d Sn - n.noqM:o Hop.m.n1>Eoro cettellU! TP'J6KH E HHTerpa.n 6epe-r
c.n B..I!OJfI> BCe11 CltJIOBOi! .. tmHHH, eCJm OHR He SaMitlf..VTa, WIK Me~ 

yc.nommMH '!'O"ll<a?1'tl~' COOTDeTCTBY'JOIJIID,m aaqa.ny K l<Olazy Tpy61ur (:w,qa

JI.0 n 1<0Heu Tpy6itn orrpeJJ:e.1JJ00TOR o6JiaCTI>JJ, saHJtTo:P. llliasMoil} • 

§ 3. l~.rH-aTHOe HaT.fl'lilemte ~ MBJieJrae MBI'Ifi!T.HOro noM 

B MD.rHHTOCTaTrnce qacTo Il!»'fMePJieTCR MflrffiITHaJi qac~h TeH30pa. 

· Mru<c:eeMOBr~1mx r.a Ta:temrit 
~ ~ -- I . - - · l -- - £1>

2 

-c[J B ]-= 411· [rotR " B.l =rr(Bv)B-v 81i . (4.IO) 

C y~eTOM ( ·'.! . IO} ypaEHerrne ( 4. 2) npno6 peTaeT BIUJ; 

{ g2 ) g2 n (4. II) 9 p + 811~ = 1• Ti Re ' 

r.ne n - Hopt.r!..1r.o n c11.nooo~ Jmmm. Re - pa;m:yc ee KpIIBMSJm. \J1t.iia, 

odyc.n.o:wzew.-ta.rr RPHIDf3HO:fi MBrlrnTHHX cHJioBux Jimra~, rrpoH:B.l1H.eTcJ! xax 

m1_1r~emm cY..nom.nc ;rnmrn. 0Ha cl(epmrnaeT sec6a;raucwp0Brumy10 .n.o.TJY.J 
nwmoro .ua.BJie1m11. :Ee.JIB CHJIOBl:le J1muu1 nOJIJl npHMRe, ( 4. II) .naeT 
p .... B~/ 8~ = COP !'.,{. CJre.uo:ea.TeJU>HO, ecmf ,ll;a.HHaR'. wrasMeHIIM 

ROHcparypa.,n1m JAep!l!Ba0TCR .Bi-!eurmnt. Mat'fmTHHM Il0JI8M 1 TO Ma!'h~THOe 

ita:anenue , Heo6xo,IUIMoe MR Y.U.e.PJK8HHH, onpe,ne.Jt.JreTc11 H3 ycnomm 
B~x / B Ti = p ( C'l¥TaeM, '<!TO Ma.rHJiTTHoe .nrumeHRe BHYTPZ Wiaa-

1.w MHoro MeHbrue Mm'HY.THorc ,.naPJietm.R BHe Ma3Me). B J<atrt~CTBe na

paMeTpa ~j}el\TL~HOC:TH :rneJlitie:Um.R HCllO.l1..b3yeTCR OTHOWe!-l..He MBJieHIDt 
wraSMl:t K Marm~THOMY .U.fuV.e.tm~ 

f3 = 8Tip ,/ g~ . (4. I2) 

B SSBUCHMOCTH O'l' 3Hatlemm f3 B!:l.I(e.romT IJJ183MY lra3KOrO ,naM6HrtII ( r {( I ) 1t .BU~OKOro .nan.i1emLH ( J3 )) 1 ) • .B nepBOM c.JTY'1ae ~mr.e
HUe 'laCT.un onpe~e.l.!HeTcR nnemm~.m Mar.trwrmoor TIMRMlr 11 Momio npe-
lreopeqt;. -mmme~~- 'l'~~ B ITJIH3Me na EtternHee MarfmTJ_LOe .!_~~1.'!e. Bo- -

.aropofi-=.1wliz'l'!ioe nOJie (·Jrauo :a.rrmreT- aa -i:E~=«eH'vre tia\'Tm:J. a -l ;i'lMO 

O~.lxMReTCJI ~. j(Fni_fi~f?~!?_r(.. JT .. ~R y;Ile~'1HH~rolaBMLI .U.OJD.'.F.0 :mno.niifl'l'J>
CH YCJIOMe f < ' 



\ 
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ITpeo6pa~yeM (4.II), B~o.tr,R TeHsop 

:r.r:e p = F -r B 2 
/ B '.Ji l . . 

S ~ fl1 ~~ \ Bi B1< 
1~ "' r

1 
t iK - - R :i... r1 r~I st'.; , 

B2 , , , P. ~~ p- / 8 H 

" 

(4.I3) 

0 . 
= - - - (~ = 0 
~ X , IK 

npHo6peTaeT :sa.n • ~19..rmrI·Hoe DOJie B rronepe11.noM Ha-

DpaB.Tiemnt OI".B.3llBEl.eT .na.rureFme, a B nyol(oJIEiHOM - c o3,11:r~eT HaTmKem-rP. 

ITpoTilBOUOJioErue ;n;el!cTmm MEU'HiITHoro Affi3Jfemu1 n HaTf!F.eHHF. MOI"']'r 

CiWMIIeHCltl:poBaTli ;n:.pyr ;npyra B,i.lOJffi ow.ore Banpa._TV!eHHir. TeopCMfa Ei~

!Jll8.1!8 YCTB.Ha.B1Iif.88.CT He:S09MO~l0C'l':0 TC!l<Oi~ i\OMIIeHiierzym B.llOJ!b .Be ex 

iif.!.Jipa.B.T!emtl1 OJtJiOB~Mem-rn. JJ;m ee lt;OKc1.38.TeJUi<'TP.8 R0!10..-~Ei3~re:.~ TOE

,I.(CCTBO 

:-..dx_ ( x K o,K J-· 8;~0lK ·t- x/'al!lv ~ UiK v-IK • (-~. :L..J ) 
lJ I ' I 

~lHTerpl-!py.JI (4. I4) no oeiMMY V , orpa:.n~treHHcMy noEepxHo~T:t.JO S , 
no;r.r~eM t ei KA t< d S 1 = j 8 1 cl V . 

$ y 

(.; . I5) 

D t B, eq R, B, 0 
'V I = p!. , 3 - gr-; -t- R.-s?-= L P1 -+ P~ I l 

COOTHOllleHiie 4. I"' ) I!pJffiHMaeT PKII 

f l c, (FclSJ · tr,, P) i Bri~:d.s, J '.ll 21{•p,, ldV 
il'Jll! s " 

A \ ( .. ~'l__)-d-Z -- «g-;: )( id ·s) ~ = .f I ~ + ~2 ' d v J' i P s ~ r - B 2 J · -P a ·11 ' • 
'i 

Ec..'!£11 BHe Q(;'beM2. v I Bamu .. ~aetviOI'O ilJ133MOll I p - r if :s.ge f'.:JIR3i'.1l l 

He'!' ::;;:d(:T.KW'i npoBOA1fil!WB c TOI\OM' TO nprr y c Tr:K:M.lielUm rro-ae_pXIiOC 'I'ff 

rm'!'eT'pUflO"BCUiITii E Cicc KOH8tfHOl '. TL rroPepxnoc ~ma.: m1~.· erp3.7r fJC>DiiTHTC:H 

II i 1 ~:.rn:., .. 'Tm<. lt:E' X TIPfl'BaJt '18'~ T:C 01.It3 ) 68.r:wr~ ,ry.TI.R. 1 pa?8 HCT BO ( ~.I6 ) 

HCTI03MlliKFTO. 1'a.KllM o dpa:JOM, o rpa.mPI£:• PJ [aE }:vLB:IOiF •CE«L<:; iW H ;-~l~YP'-llfiUl. 
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f,LJJ.a3M.!i c M3.PlillTHNM n.oJieM MOSeT cyme•.::TDO.B'lTI:i .1Iffilll> TIJ.l~ Ham1 tmn 3a.

r.nen.neHlldX 11JJOB0~'5KOB c TOROM, HHTerpaJI no TIOEepXHOC'T~ .KOTOpHX 

l;· 3oti,!J;eT B !1pa3j-'10 qac TL ( 4. IG) • 
119 TeopeMB BI·!pPirura CJie.n:.veT, l!TO paBHOBecHoe .n;aB.rremte B 06-

Jia,:;TH c yc1meHill1M MaI'ff.0THHM TIOJi€M ~OJ"'.LJKHO 611T» MeB..Drne JI'lBII8Hrut B 

ORpyEal!ll!~e.ll wrasMe. Ma.rimTHOe l10Jie Ha Co.rn·me CHJI.bHO IW~eHTPI1PY

eTCH B coJme~un~rx J:LqTHax - o6Jiacrrm: coJIHeqHo2 <J!oTor.dJopu*) r. norm-
1.teHHOE Ter.mepaTypofi l! zs~e;meM, a no TeopeMe swpmura "1' o nom1-

11teHHiiM ras oEUM .1"$.M e ffileM. 

§ 5. lfmflm TI 6eCCMOEHe Marlil!THHe nOJJH 

Ilpff Ha6JID,n;emLqx ROCMHqeclme o6~eRTH 't!aCTO HMelOT HMTeJllmrryto 

crrpy;-<T'.TPY. ITo:lTOMY paccMoTpRM 60Jiee no.n;po6Ho yCJioB~.H IJflBHOEecz..q 

I{tt11IlP.JJ..PU"qec1mro ILlra3Memmro lllHypa WIJ~ rnm:qa (oT aHr.1mi1cRoro 
to pinch - c:r.v.MaTL). By;n:eM :aecT~ paccMoTpeID!e B U~Jnm.n;pw:recRoli 
CllCTeMe J<oopu,-r-mr:'.!' r , 1:f , l (:pI-.1c.4.3) c OCiiiO z B,ltMl> OCH llIHYPfl 

ll cttn-TaTl>, 'ITO Bee BeJratnfh'1il 3a.B~CP.'.T TOJI..IiKO oT r • T~ ¥.aK 

d ~ f d ( . 
IV J -= - - l"J } ~ 0 r c~r r 

TO Br=. consL / r > J ,~ -~ urns!.. / 1· _ Orpa.:.r1~eHRocT:o no.M a ToI<a Il11H. 

r-=0 .naeT B,. ,J'. ) = 0 • Hs (1i.3) e.i1e.n;yeT, qrro 
11r 

r 

Jmo.IJ)I 'Jl ( r) = r Jl 2 Jr rd I' 
a 

*) COJIHetW...a..e: aTMocqiepa (BHell!HRn t ODTlflleCRH TOH.Kiili CJioli) ,l4€Jll1'.1.'

CJ! Ha q:<>TOC(J>epy t xpoMOC<j)epy lf !toporzy. Is q.IOTOC.q)epe - CJIOe TOJI
uurnofi OKOJIO 500 KM - npo11cxo~T nomraemte TeMGepaTypl:l .no Mepe 
rrpO,n:Blii&emr.q FIBPYif:Y H c.f;o_p\1n:pyeTe.f! lpftaym'O<jleposcmril cnel\'!'P JIH
Hnii. Ha.n.. iPOTOC<Vel-IO}~ .D.O BUCOT IIO~ !500 KM npOCTK,PaeTCSl 

xpoMoetT>9pa - 60J1ee ,paspmmHHM o6JraCTI>, D I\OTOpoY. TSM.IlepaTypa 
!!OBronaeTCH JI.O ,..., ro4 01{. MeEOcy" (Ixnocq)E:poti l'l .xpoMocQiepoi1 m.teeT
C.R od.rlacTI:. 'l'eMTiepaTypsoro MmrnMy"Ma. Rinne xpoMocrpepa pa.cno.i10-
J!\eHa c~JU:iHO Heo.~opo.wmR qac•rI> cOJmetrnofS. aT:~ocq>eps c rrermcpa
Typen - I06 Ol< - C<.\JIHG'tJHM I-:OpOiia. 
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.PHc.4.3. GHCTeMa ROO~HaT ,JtJm paCC"fOTpeHHH 
urrasMeRHoro mm-qa. Oc:& l Ha.IIpur
.neHa B;nOJI!i OC~ IIHIPra, r - pa.u;ByC-

BeK'l'Op, \fl - aSID"YTaJibH~ yrOJI 

Ypan.J.Jemre (4. 3) np;illliMaeT B~X.!{ 

d B~ I dJ~ 
dr (p+ 81' )= 2 J; c2r2 ~ 

'Er-....JIH r 0 - pa.neyc nmypa, TO HHTerpRpyR rro qac
TfIM. no .. rryu..aeM 

~ Q ? J ( fH Bi /8Ji) 2.Trrdr--71r02 (p+Bi / 811 rc:ro 

0 
i 2 

= 2 'jz ( ro) . 

TOR -retteT BJtMI> ocn 2 1 u ~.u1 m.~eeM r- -ITpa B z = 0 , (tv = 0 
mmq (pzc. 4. 4a). l!k'.Jill p { ru) .: 0 B IlOJJHOCTbi> ~IOfilt30BaHHOl1 

ll.l.Ia3M0, 

llOJIHOe traCJIO SJieKTPOHOB 

COOTHOllfeHi.1e I·eHHe'l.'Ta 

ro 
a N,. r u1 1 -+ ne ) '2. i1rdr

u 
'i ~tOHOD Ha e.mrnm~v JI,Jll!Hlil' TO Mlil IlOJiytl60M 

(4. I7) 
Pa~HOBeCHM l<OH{fMI'YIJamtn y:uep1mnaeTCH IlO.lleM IIJ10~0JibHOro TO.Ka. 

ThJm ji! - 0 M TOJC T€lif:T TOJThRO E [-HlflpaBJiemrn lf ' TO Mhl 

!1M8e!c! TeTa-mth"tt ( yrOJI B HTI.mIB]]J)ifti8CJUrX KOOPJJ.IUiB.Tax paF.I>we l!aCT() 

06o:rnal!c.1.1:1cf! 6J'RBOli 8 ) (plic.4.46). FiC'Jm p<r0 ) = O : TO 

- B- 2 ? 8 - o 2 I • ~ /8 .~ + · .,_ I i• -==-- u t. 1 r i 11 

~illM ITpo.U.OJT:CRYM rcOJieM. 

f:cJTP. p "" con:~ t , To Ml:l mJ1eeM Ciecmwo1;oe MUJ'H~ITHOe rmne 
(pnc. 4.-ln). B Ite'ropor~: (j;' ; j lf. = ~ ..! .. B.si , T-e. cMoBue J!IDTY.K &U.~t>-
1nT rn.u cIIllpai-reii, ne.J:eJlJ!eJil>F:bIX omf z II.PM f° ""- 0 ~ rrepneH;llzxyJTJIP-
mo.: l\ .He2 npv 60.11.cl!1~nt , .. 

r11arH!ifTHOe no.ne Ji83rra&eT<'.f! 6CCCU • .tlOB!iM B HeKO'l'O'OOit 06JiaCTlf 

rrpoc'rpaHC':':Ea, eCJm [ r BJ - 0 • H3 Y<'.JIOBtrn l1m'~Wl40CT8.'I'~ftie ( ·-
:toro pa.BHOBeca.H c..ne.uyeT, •!TO rs ::i Toi-1 onnacTu v p - J , a n 60-
Ji t:e o6m.eM CJ'fyr\Se J:€3Y.1ili '!'H~na.ii I1cex u 1.·opomm::x r;1t.i1 (.ra301rnHeTH

tte<'mn:, rpaB1~·1·amroIDt!lX R T.,n. ) paBHa Hy JIID . 3 6r. ccSLJt0.30M nMe 
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tz 
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\ __ 
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I1w. 1t. 4. Pacnne.ne.n:eH1Ie TOIW J 
B a--~ -rmH~e. 6 
JIOBOM JKi.I'HUTHOM noJie 

}·//B 

Ii r.ta.t'IrnTHoro nor.Jr B 
e -rmHtte. B - 6ec:mr-

TOKH Teley"T B.nOJT...b Mal'RllTHHX Cl!JIOBW:: mtmrY.. y C.TIOB~fe [ J BJ = 0 

BWIOJIHlteTCsr. ecJTFI rot B === ce ( r I B 
"'£ lr) y;uo.BJ1eT.eopneT, B Cfui:y div B ==0 

' r.ne Cl{8.)!F.p1U11! <Jzym:r(RH 

' yCJrOP.I:l!> : B v C1Z = 0 
Ta:K 1ITO ~ - llOCTOIDIBO B.llOJT.h KaX,Il;OE MarP.JtTHO:fi cu.11osoQ JH1!llii-! 

{ tUo 3DJraaJieHTHO ycJio.mm coxpru1emm sJTeRTp;ri:rec1<0ro TOIW. T .1<. 
~ c --j = 4 Jr ce B ) • 1$.cT!illi! CJIJ1iaD <.i! ·~ ccmsL Ha Bcex mrJIOB!ilX JU1:-

iHfJIX COO'l'BeTCT.ByeT MaKCl!M8.iThHOli IIJIOTHOCTff MHI'lillTHOZ eHepnm np~ 
3aJl~uaoft mmpocT~ ee .IJ.HCcimarr1m. ~13 TeopeMH BHpHa.i1a Me'JJ:YeT, 'ITO 
6eccno.Boe Ma.rHnTHoe rroJie Mo.Jt~'l' cymecTBOBaTll JmIIIL .B t:acTrr fllJO
CTpaHcT.ua. teccHJioDue ~r:!I'fm rnue KoHrfi~trn.-'"'lltllH corJiacHo PW Teo-
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p~r2 xapw.TepHN .JVtR ~0.1u:etraHX npoo:y6eprumeB*) ~ .upyI1nx 1wcr.m'tle0-
KY?..{ 06'beKTOB. BH;I{ 6eCCiUOBOro MarltlfTHOro IlOM .B nwraH.npl~eCRO:ll 

reoMeTp11~, nct<asan:-um .Ha pac. 4. :1u , HanoMHHaeT ''Mar:raTmr.H "RXJT". 
BOJIORHa KoH.ItenCHpo:BF.U:!IOro neruecTBa B KOCMOce HadJI!UI~.KITCn no ~s
JIJ"lemoo, KOTopoe Olli ucnyCl\fUOT H IIOl"'JlO!!!,a.!'l'l' . H' ttaCTO RMem :BH]l. 

Taru!X :KryT03. 

§ 6. TOKOBHe CJIOH 

ITpn o6Temunm cOJrne~rillM .BeTpoM reoMEl.l'HilTHoro ,nHTion:R o6paay
eTCJl Ma.I'UlITOCtf>efe. 3e~f.]llf. 11a PU'). 4. 5 00Ra3a.Hl:l OCHOBID:le CTpy:KTypbl 

13 MarllliTOcifl~pe ~:W.:MJHl. fIOTOl\ C03IHCtIHOi! IlJia.3MT1 C)!G!MaeT MB.l'lUlTlille 

CWiOBHe .mm1im c ,rrneBHOii cTopot:IH n BHT.srr~maeT KX Ha RO%of!. CTpeJI
maMH rIOKfl.38RH ·re~'{lU.~e 8 MP.J'JmTOCmepe TOlm. B C}.Je,UHeM, o6panteHHM 
1\ COJL;nzy !'paLt"""WUa MBI1HWI10C@epbt HaxOl(llTCR 11a _lX\CC'!'OHf-Hfii - ?-I2 f'.. i. 
( RE. - pa.rmyc 3et.:i.11l'I). BuTnHyTYJO ua HO'ili0¥. 1~'!'op0He qacT:h MBJ'l:IITT'~ 

c !fiep?J na3!:s'"B8.m' reo.MaftmTHl1M XEOCTOM. X:aocT rlO~HO npoCJie,IU!ITl> ;I{O 

pa0c·rMHJ.tli -... :moo RF . BHelllfl.IDl rprunma MarimTOt'(fie:pu Ha3r.r~eTcn 

:,~a.!'illITOnaysofi ( T0.1III(ID1a MaI'HHTOrray3!..t ......, 100-200 KM). ThrOTEOC'rb 

1J)fa3MH BO BHerrnmx 06JI8CT.f[X MB.!"'!iU'l'OCclie!Tt1 Ha IlO!lR;I(OR MeH.Dme Tt1IO'l'

HOCTH wraaMN D COJIHel!i10M .BeTpe. n~pe,n; M8.1'WATona13oi! Ilf.~ T0!~10Xe

mm c~rmetrnoro Be1rpa MarilltTHUM rroJieM 2ifJM.Jm :aosmmaeT f!TQf{qBji 

y,n;apHa.H BOJl.1-ia. 06JI.aCT!I Me"Vi;t/ OTOEt1eil ymipHOi! Il0.7fHOll ~ MaI1ffilTOila

y3oii Hfl 31LT38.eTCJ! ~'BI'ffiI'!'OCJIOeM i!.m~ nepeXO.IOlHM CJIOeM. 0Ha c o.nepm.iiT 

11arpeTyn rora3MY cOJilletffforo BeTr~. Mar mITHOf! no.lle B nepexo)J;Hon 
ccJ.TJaCTU TJ'p6yJie:JTMO.. l{or-.:rreti!l'P8.JUUI n.rra3M1! ~ ~ IO CM-J ' SHep.!'Wi 

l!OHOF 100 aB, 3.r.eKTpO:IOB .._, 30-60 ~B. Ha ,IJ,Ile.EIIO~ CTOpoHe B Mfll1HMT~ 

HOM rro.11e mt.~IOTCP. BOPO~l\006pa3H!Ie OOJTac·r:z co c.rra6UM Mar~•~THUM IIO

J!err:. B KOTOPli..X pa2.Ue.!LfIDTC.fl !IB83tUJ,:lUOJILiille ~1 yxo.nnmrre B XBOCT ;,m.r
nHTFftie ".:iL1t\IBi:1e .mrnm-! - .mremrue irecnu ( mrnomnvru - KaCilli, rw .. uipHYe 

l\af :Iru, Mfil'HrtTOCifjep.1ue K.IT8Ll~'Il). Yamf.iil CJIOi! 3a Ma:i'fm:Tonaysoii, TO!JO

JJO::L'!P:ei:!K~! CM3a1-i1U.rff c 1\8.~J1al',~I' B !WTOpoM MRI'ffif'!'nOe ilOJie perymrp

HO, no .zaJ.tl.'{TepzcTmm n.,1a3M!l 0.Jm3KU K nepexo.~1mz o6JiaCTH, Ha3hIBa
JOT norpaH.lftfiIIH CJIOeM. 06JrPCTl> 1~,....a;;~mo;1...LHOr-O M~-!'HFITHOI'O DOM c 

*) !Iporry6e~eM Ha3HBam' OO~eW!' .E- 1 ~ 0JIHetU1of XpOMOCtf,eJJO MTI i<O

poHe. KOTO.l/i:ill OTJllftraeTc.n OT OKp~.'l\P.JOITJ.e ! 'O llf:.aqec11B3. 6CJiblUei1 
II.inTHOCTI:iJ) l! C5o;ree fJ.A3Rof'. Trumepa.Typofr. TipoTy6epaHIJJI .ne..rir.Tr~fi 

rra CTIOKO}h7fle ii rrpoTy6epaHI.Ul aK'ntTIHl.lX 06}IaC TeE. l.1 .1rn11e paT:fP" 
npe,wraraeTCR HeCRO.l!.bKO Tl!llOB MaCCJ{1D:IJKal!~ill rrp0'11yc5erzi:meE. 
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CMJIOBHMl! JlllliliSilrGf. nepeceKruJUU1MH no.sepxHOCT.b 3eMJill Ha HB3.KYiX H 

cpe.nmu nmpoTax, SarTOJIHeHa UJIOTHO:fi XOJio.nnoi! IIJiasMoil (c =~mepntei! 
,..,. I 3B). 3Ta o6Jiac-r:n na3HBaeTcJJ IJJia3Moctjlepo:l!. IloBepx.aocT:b n.11as-

Moc1pepH H33ifEIP....m' IIJie.3MODaysott. Ee TOJil!O{Re. COCTaEJLC[eT ,ItOJlli 3eMHO

ro p2,!{Hyca. XBocT Ma.I'HHTocqepH COCTOHT 1{3 AByx nepmpeplri!.HWC qac
TeH • . "npFU.(eii" Ci".JIOBHX JIKBitl! ' TOIIOJ!OrnecKU CM3aJIP.H.X c llOJUIP

HOfi ma.mco:P. i! noqTa He co.n~ClIU'IX ITJTa3M!:Z v. !l7!a3r1.e1moro CJI.OJJ c KOH

qeHTpanrrei! qacTnn; ~I cM , aaepritei! nono:a ~ I-IO KSB, a.rreRTpo

HO:B '"""'o. I-I KaD. IlpoeKitID! WI83MeHHoro CJIOSI Ha 1lliCOT!:l llOHOC<j;epn 

3e1VJJH .n.a.eT n peayJil>TaTe BHCHTia.inrF. qacTm.t o:ealI no.ut.JJE!RX cacurd. 
Mfil'HBamie CltiIOBUX JIID!l~ Ha HOqny!) CTOpony o6yCJIOB.7I0HO Reih'pa.in

HHM TOKOEHM c,,1oer.~. B KOTOpo?d TOK TeqeT c YTpa Ha neqep. 
Ra pllc. 4. 6 rr01ca3aHa cxeMa rocpp~poroHHoro TOKOBoro c.noJI BO 

BHyTpeHHen qacTR cOJIHel:JHo! cacTeMhl. Toxom:rn: cnoQ. pa.3~eJI.HeT Me~
n.TiaHeTHoe Mfil'HK!I'Hoe I!OJie Ha ,I(Be o6JraCTR, c npoTtiBOJIOJIOJ!tHO Ha

IlpaBJiel-IHHMH" MarHilTHUMH cruromrMVl JIHHIH!M~~. B o.n;Hot! oe5JracT~ r.mrlillT

HOe nOJ1e HaIIpa.MeHo K Co.liflnY, B .npyron - OT COJT .. Hrta. 3eMJIJJ naxo

.D;KTCR: OO.lfl'r3lot aKM.TOplrn.JioHOi! o6JIRCTH CoJn-~a. no Hac<1..nJO,TI;F.!HHJ!M B6.rm-
3~ 3eMJw.. t/.arFmTHOe DOJie COJIHe-qaoro "BeTpa COCTOV.T }{3 HeCROJrl>)(UX 

ceKTOpoB, B ~OTOPHX Mal'HRTHOe OOJJe Hanpa.BJJeHO npem.cymecTaeHHO R 
COJrHDY MH OT COJI!I!Ia B.ItOJtl> ap-JCln.te.n;oBo2 crrn:p?_irn ( xrs-~a Bpamemrn 
Comma). ,Il.Be pasJnJtIB-He nOJcyccpeptl COJIHrta o6illffio v.MeIOT npoTH.Bono
JTO!iliO ttanpaMe.:1Hue MarwJTJille nOJUl. i\.w...ru:dl pa.a, Kor.na 3eMJU:I rrepe
ceKaeT TOKo:sWi CHO~, O'rMe"t!aeTcH npoxo7.JJ.eHKe t1epe~ rpamuzy ceRTO
pa.. Ha pMc. 4. 6 KSo6paxeH c.nyqaii .n.rur tJernpexceKTopaoii CTpy-ttTY.PJ:I. 
Cwlonmue H rryHRTHp1rne .JliITraH H30t'.5pa.acaiOT TOKOBI:ti:! CJrO:li, pac:IIOJia.raD

U{n:i!CH COOTBeTCTBeBHO lia,D, H rro.n 3F.BaTOpaarr:.cnof.i .Il1IOCKOC'I'hl'.l-

Tuc.4.6. CxeMa rocpp~po.Ba.H11oro 
TOKOBOro C.'IOFJ BO 
EnyTpeHHefi ttaCTU 
CO..II.Hetrnoi! CHCTeMli 



- GI -

IlpK H3yttemnr l'"CT01f.1~BOCTH TOKOBOro CJrOH B XBOCTe r/JaI'HlITO

cq)epll ~Mlllf. B nepBOM npn6~emra, pacc~.aTprrna.eTCR .tmy-MepHrur 3a

,naqa (p0c.4.7} o paBHO:BeCHll IJJIOCRoro Hei'!1'~JI~Horo CJIOH. B TaRow 
CJIOS MB.I'illITHoe nOJle mmpaMetto no ocn --;: , a Bee BeJ!V.t1mw se..B11-

CH'l' TMhl<O OT x • IloaToMy w.arw~THOe no.Ile B::: rot A Sa.!laeTCH 

o,nHOii ~OMTIOHeHTO:£ neKTop-noTemri1H3.,1a A 'j ( x) • Ilo oci.r y •retreT TOR, 

noAAepsr.salOllli~il cymecnscBa.1rne Ma.rtmTHoro rroM. Tru< .Ka.K F 6eccTo..1-
K.'iO:SJf'1'eJr:nHOll ll.1la3Me 1rn·rerpa.raaMH ,UBWKeillffi HBJ'&'.ATCH :)Heprirn: nnr2h 

n ·~ -EoMnoHeHTa o6o6menHoro m1my;uica p~ =m1i~ 1" ~ A~ ( X) , a 

~ff J~crrpen.e.n:e:rnR MO~eT SaBHCeTb TO~LKO OT ITT:JTer}:eJIOB ltBHEe
Hl1Si, TO B CJjJ-1\:Jae pa.EHO:aec~rn Xapprma, 1mr.n;a cpym:rum pacnpe.n.eJre!!HS! 
cqm-aeTC.'! 6JIJ{3Y.Of I\ Mal<CBeJIJIOBCRO:fi' OHa sa.u:ae•rc.EI B 'B~e 

j {. mcj )V2 l" mO( v2 u"' PtJ rn()l u~ 1 =n -- exp ~· ---+---~-
f;( 

0 2jif~ "' 2T°'" Toe. 2.To: 
(4.I8) 

HJJlI 

t~!:n(x)~;,~~ r'2 exp{~~ [lfA2 +(lf~-UQC)2+~2J}, (4.I9) 

r,n;e n(x)=n0 exp[€~l·leo:A~(x),(cTcx J. 

Ec.Jffi L - TO.rillllina c;ron n B0 - Ranpa:~mHHOCTJJ nOJIR MWr~ OT CJIOP.:, 

·ro Ha yc.110:.mu:r KBa3H P.ebpWI!>HOCTH CJI.eJ:r:yeT, "lTO 

Ma ypa"BHeHM MmtCEeJIJia ( 4. 3) r. .... 1e.nyeT ypaDHeIDie wm. BeKTOp-noTeH

ItHa.n.a 

Pememrn 

d2 A 4~· 
~=--'''en u . dx2 c ~ °' o< ot 

(4 .. 20) ,nOJI!G:O y,noBTieTBOpH1rli rprumqHHM yCJIO.BH.RM 

dA 
--1_ \ = 0 A -- ± B x npl), x - o£> 
d X x=O ' ~ o 

~ruem1'e (4. 22) l!JlH rpaliY.lUili."< yCJIOBHHX (4. 2I) HMee~ l3H.1L 

(4.20) 

(4.21) 

Be:-= B0 th(x/L); n:n 0 /Ch(x/L)) (4.23) 

r.ne n0 (Te + T 1 ) = B 2 / 8 fl . Ha pwc. 4. 8 IlOKa3aRli saBHCHMOC-

•rn Bi • B~/ 8 11 M p B paccMoTpeHHoM c..rry:rae. 
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B 

PHc. 4. 7. flrroc1rnfr TQICOBID~ 
CJIOfi. Tol\ J TetieT 
Il;I,O.lll:i OCH 1J , fv?
HZ-THOe ITO.'lle H 
liallpa.R'!e::!o :3.fi;O.n.h 
OC:-! Z i'l' 3F...B~C. a'.T 

OT X • 

?.ttc .. 4. 8. 3aBHCHMOCTl> fKtCllJ~,!l;eJieHWI 
MarITT!THOl'O no.,'Ifl l\ ~ Mar
Hlt':'HOro .nanne:mIR 82 I 8 fi 
H .naBJie!!HSi IlJi83MU p OT 
~oop,znma.Tl:I x nonepeR 
IIJIOCKOro TOKOBoro CJIOH. 

§ 7. OcHOBliOe ypaBHemie 

Teop1rn MBI'lillTOC1:€PHO-HOHOC•-:PePHliX B38l!MOnefCTBIDl 

B <Irnsm<e l\:ar'HLTTOCr;epr:: 60JII>llfY10 pom, HI'pa.DT TORR, TeKynw.e 
l\llOv'll> CllJiOBilX ).lHIBH reomarmrTHOro llOJ"IB. Ilpo,nOJrl>3He '!'OKK CM3H.Ba

m roP£NY}C MaI'B~tTOClp8pHylO IIJra~MY H TOK013yJ') cncTeMy :a XMOAHon' 

Ma6o i-roH.HsoBaITHo:ll rurasMe ~mnoclj>epH .. C cymecTBoBa.JmeM npo.UOJlbITTDC 
TOROI> CM38HH upoueccu' npl1BO;n;mt11e K ycKopemm qaCTHU I\l[OJI:D CMO

:BNX mmnii reoMarmrTHoro nOJrn ff noSUIJiem!?) ,IUlCKpeTHNX ~)()~ no.iuq>
HHX c".mmf... /\ 

Tiyc~ L. ::. TeRaop npeiRHTer{)BpoBatmof.i no mwoTe ffOHoc¢epHoii 
Iij)OBO,IJ;ID.!OCTH R E - MeKTpK'leCJ<Oe nMe 1' KOHOC~pe. Tor.na npmm-

TerpHpoBa.JU:ilL1 no _micoTe n0Hot1I:.epm.& noTOR paEeH 5 ;:a [ E . 113 

ypaBRemu-:1 HenpepIIBHOCT11 ;n,JlH TO:<a J; nonoc~pe d 1 v J~-=-= o 
e'l', C?TO npo,IJ.OJU>?...nzf. TOJ\ Ha r•pamrne MelR'..!fY f'OJlR'1€i! WU'HHTOCcpepHOf.i 

P...1Ia3MOR H XOJIO)tHoii ~OHOC<Iiep1mQ Wia3MO~ pa13t:H 
-- 1\-J II ~ - DI v '[E , ( 4-. 24) 

r~e Div - .zi;:nyMepHa;t .Ir;RBeprem:r~H. 
bYJT,eM npe.n;nOJJa.raT:bt 11TO rop.R"trM MB.I'HHTOC~PHM ITJI83Ma Haxo

,iUITCSl E COCTOmnm 7''1fil'i-H{TOC'!'8T~ecKOl'O OOBROBeC~S:l B o:rmcHBa.eTCH c 

IlOMOlf(EiJO ypaBHemrtt (4.2)-(4.4). JJ.;m HaX~e.mra -J. B Ra'tleCTBe - " OJVIOro K3 noTeB!{KaJIOB 3Ja.nepa corJiacHo E. A. 'l'BepoKa.ty YJ(o6Ho Bll-

• 
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6paT:c ;na.DJiem~e p • Tor;n;a 
B=[vp vG]. ( ·'l. 25) 

YMitor..M (4.25) I!eKTopao n.a B 
nm'":pr.R:fJif.VlO B 

, no.nyqaeM n.n:oTHOCTh Tora. nepneH-

[ = t [ B v p] I B2 
(4.26) 

Pa.cr~10T!JUM TOffiC1fl) CI!JIOilYKJ TpyCixy' orpamPieHi.ryio no-sep>:HOCTRMI'l 

(p,p+Op),(G,G-+OG) (p~c.4.9)_ Corr.acne· (·1.26), Ji Tet.ieT MeE

JJJ/ noBepx.HOCTSMIT pru.moro .n:aBJieFIB.f!, rrosTOfi.'JY .B TOimBl•~ drwranc mmo 
roumtra.Tl> TOK~ qeps3 ( G, G •oG) H i=:.n:o.i111 MarH~T"loro nOJIJi. ~IJreMenT 
DJiom.a;nsr no3epxHocT11 d S ~ cte ·Oh , .r.ne de - ~1i'I>:!Jepenu;1aJT .,uyrn, 
0 h - paCCTOrom.e Me:r.:cy p ff p + 0 p .. 

p 

PYrc. 11. S. CifJTo~ Tpy6Ka Me<..rmtTHoro 
no.rJ.£ I) , or_pP-Ziti8HRan 

noEep.wocTffi'tfil (p. p +op) 
n1G

1
G+CCJ. ) 

TaKRa.K Op={LB14vG]vp}<)h/1(BvC]I, 

oh=Op\[B·vGJI (f B.tv GJvp), 

TOK qepe3 rronepx.HoCTI> 'l'py61rn G-= con~t 

I =j Cd1 \I G ), (Yhot =cO J vG[B~p.~[B.vG 11 ., 
'1 l vGI p lvGIB2{[BvGJ"-'P l 

r.n;e KHTe:!'pa.JI 6epeTCJI M€!C..1zy TO'ffi81fil BXo.-.rtemm CWIOBOfil Jilfi:imt E te
BepH'lJD PI lmKHYJO rro.nyc~jX:?pu. Yl.JFfTl:ZBBll, tITO nepecTfU-TO.Bir..a .itByJC MHO»l1-

Te.11en B cMern<UinOM rrpmfs:se,uemrn rrpw:sO.nRT F. U3Me.He!·m.10 '3Ha..KF.l '1 '.[iop
M!JfY (4. 9), ttOJiytiaeM 

lc,.=-ccYpf dBr ~ - cdpW(G,p) .. 7' 

AHOJIOI'lNHo nOJJyt£aeM ·- _. - - ~--
[a.+ er a = c5 p w ( ( G ... c1 C ) , p ) . 

IT001r0My TOK, BUTeKal)unffi U3 Tpy6lli! B r.eBepHoe ({ FJ:llilloe nOJTymap1m, 

&..iit! YCJ°{OBIUf B ce:aepHOM H 
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ICJ!UiOM no.riym.spHJLX ororna.1mBH, To 13 ~oe HS HHX noTetJeT 0,5 alG 
Ee.mi dS0 - ceqe~e Tpy6Kvr y ec OCHO~U.fi HM ~roaoapepo~, 'l'O 

B CHJiy coxp.u-!effi!_q MaI'fIBTHOro TIOTOlm ~SoB==OpOG IIoaTOMy 

• C\ ~ I , A s . ~\v Ju = 0,~ v &/\J._ 0 ~0,sc oG B. 

ow ow {"' 
Ytfit'l'H?M, ~TO v w;: 0 p 'iJ p + () G v j, BHpru;:emre (~l. 25) 

n, BB0,11)! n -D!Jl\'!'OP EHeumei! EiOpr.mJrn K lJOHOC(iiepe, OKOH'!f!.'l'eJI.bHO 

EOJiyqm.~ 

->- J .. ==o,sc (nLvWvpJ) . c4.27) 

: I 15.Bo,IVI ¢i - ().7Tel<TPH'!eCRIDi IIOTe~an 1) 'IOHOCfI:>epe, IlOJTY1IB8M OCHOE-

~ Hoe yprumelllie Teop:an MarHHTOC<JiefH0-•10HOCtpepHID: D32.flM0,1{e~CTBITT! 

\ div Ev cp :; ~ c Cn l v w v p I ) < 4. 2a) 
-.. . ...... ,. ......... 

I" JI· a B a 5. ITIIBPAW1ff MA.TIIHTHblX fIOJLr-;il B HOCMOCE 

MIJJ. no~o;i nosl\o.mzeT oT:seTHT!l Ha :Bonpoc o MexaHnaMax yc~e
mm u no.lll{ep:'!.ttmm l<OCMH'l!ecKmx MarmrTifilX no.11e"fi. 

Kor~11ti~~ecm~e MarHITTHHe nOJlfl '~3MeJ.)WrJ':'GP. i<aR aenocpe.n;cTuemw 
r:t8.I1HFrTOMeTp:t.Mn Ha dopry ltoCl\'m'!eC!mX an 1apa'l10R ~Mfil'HVTTH!:.!e DO.It~ B 

cOJIHet!F.O~ BeTpe s.t WJ·lr.J.rn:12oocpepax !!.1ia!:e·1' , Tdl< H n pe::iyn'liqTe Ha-

6.mo.u;emt11 cne!t't'p?JibHJlX x~. PfL';{'!'l3,P1WTHR 1rn.nyt!a!Cll!HX n norJioma.nr.F:.t. 
OO'be!\TOB (:Mirm~THHe fiOJl.R CoJmr,-a li '3BeSjl, MElI'lillTHOe no..11e ra.naRTfl-
1rn). liar!p.q::e.ru!OCTb ?021I'ImTHOI'O i10..ruJ 30M.l!R COCTaP.JI.ffeT " ' 0, 3 fc Ha 
8R?ilTOpe :-: •v 0, fi I'c Ha !!OJllOCax. 3 CO.TJ:Ue\!HO!! Cl1C'l'e!·::e 3Ap:rHCTpH

fK>'OOHH c w,,1!>Hue coocTBei-rnue MarH'1THl:Ie IIOJT.fI y ~-'a:WTep& ~t CaTYI)Jfa u 

CJ1aooe y MepI<Yim.JI. Ma.rmtTHoe nOJJe B coJI1ie'1HOM neTpe nopUIBa He

cKo.!'.J>lillX re.MN l ~ 10-5 re) . Co.!IH!!e OOJ!a,rr.aeT "JiOltHOi! CHCTer.m~ 
Ma.J'FlliTiillX IIOJtefi C Hanp.~(eHITOCTLlO OT f Ji.O I03 

I'C, l\O'l'Opllil MO.°'iieT 

6BT:i3 rr1~e.ncTa.MeHa l(fU\ KOMOITTlnUl.ffi c.na6ux upOTS!.1i\.8HllliX yITTrilOJIR.flHliX 

06.i1acTe~ 11 1\0MJ'laRTHUX i-IHTeHC~Bl::HX oGJ!HC'l'(lj~ c TIOJUIMH npOTHTIOfiO

JIO~HOf I!OJIRpHoc1·n. Ctrne pRoe n im:rnoe nc-.Jiywa p~rn Comma sawrm. yH11-
no;u1p1-n:lMlf oCiJl=.:1,0'IJIMtI npoT~norroJlO~Hi)~ :rOJUlpHoc·nr. Ii :7'!'8 !TOAAfJHOCTi:i 
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-MeuseTCJl c nepso.uoM, npe:6.ltH3HTeJibHo paBHHM II ro,I4B.M .. lla CeJrii.7. 

&<ap.-1HI<8X o6HapyiteRll MarHKTtrue TIOJIJi HanpmleHHOCT:bll IO -!08 re' 
ny.JTJ>Caplil OMBJla.iOT ME.rlraTIIHMR IlQ.7!.RMH JJ.O roI2 re. )lUCK ra.nru<THKH 

npOHK38.ff MaI'HHTilliM nOJieM Han~eHHOCT~ ~ 2-3·10-6 re .. 
3Hepi:mr, Bli.I\~.QJ!....lLHe;:u:ax . s~es~ ~--'8 . pa3yn:raTe 

Jle·t\c'l'BM RJ.CepHIDC H I'paBwranuoHmnc cv..n, BU3H P.aeT P.Bror.eHue .raa.a 
Mif ~OCTit, B 1<0Top».x MOJteT ~TeI<a~!i ~~J.(_T.mfi~CJ\d TO_!<. JtB~
:J.teirae m;lQ130JUiP.~. ij~pCf Jii.syeTM- B a~ep.ri!J:> aJieJ<~poMarHRT!:IOl'O ~n~q 
Jioc~&S,!~QM M.~~ff!t~OB, - o6ie.tiliaeF.iUlY. 06UU™ H83Ba.H~eM ,ffilli2MO (IIO 
ai~~o'i~-~- .QQ~_!!Qi' . AJIHBM~~MBJDBHOA). . . 

iis ypa.BHemus: (3. B?) c.ne.nyeT, ~To R reuepauJm MarHHTHoro no
.tLJ? .MO.Ee'I' npirno.IUfTI> nepmlll 'LJieH, cooTneTCTByxtrmti! .n;:Bmtemoo cperi,li!, 

n noc.i1e.n..irni, B c.nyqae , ROI'.J¥i v f e n v n HeF.o.1r.mmeapHL1. HeKOJI
mmeapHOCTL v Te If '\l n , a TaKXe prur Hey-rTeHHlilX HaMR srI.rj>fH<TOB, 
o6yCJIOBJieHR.RX pa.ImOfl..l\TlfBHO~ '1 xmmqecKO~ liP.O;IUiOPO.D:HOCT:D!l, JIPHBO
wW t< B03Hltl"Ji0Bemno CJia61..'X "3aTpaBOttHHX" DOJiei! B KOOMOCe' ROTOp~e 

saTeM ycJurKDruJTcR npi;! ,IU3DeRuz :BemecTaa. B JJ.aJillHefimeM MU paOOrfO'l'

pm~ no.npo6Hee m.teHRO 3TOT ~'WeKT. 
Kcµ::.l!~? 1 ~ . ~o~tlfi!'!ecmrx 06'I>e1cTax, Tmmx RaK n.TJa11er.rix " 

s:Be3)Ui, IlJIOTHOC'!'h sHeprrm Ma!'ffi!THoro no.rm Ha.MHoro MeF..lillle IIJ1ox-. 

Ho(j'fH." ~J{Cp!'KK Be1uec'D:&l. noaTOMY tffiCTO M01KHO llp~Re6pe~ o6paTHllM 
:smrffiiieM reHep~rpye.MHX MarIDrTHUX nOJJe~ Ha JIBIDCeime a pa6oTaTl> B 
nj'im'~ rumer,iaTII1ieCKOro ,i.UIHa.Mo~ tJTQ COOTDe'!'CTByeT sa.nanmo no
.AA'-CxopocT~~ Y B ypaBBemm (3.88). Tor.na (3.88) ecTii inmefuioe 
~f!emte -01rnocHTeJll>HO B . Ta.Koe npK6.r~e1urn onprumaHo, ecJm 
MeKTPOMarHWl'HM CH.."'Ia B ypaIIHemm (3 .. 63) MI!Oro MeKbme ~pyrRX lV!e-

HO.B, T.e. f l.!2 / 2. '>> H2 / 8Tr t~Jm p » H~/ 8 'if. 

EomiwHe ~31rtepu KOCMHliecmr.x OO'heKTOB rrpKBO.tr,HT lC 60JIIillIHM tmCJiaM 

PeimQJU,,Jtce: Rem)) t , noaToMy tiacTo paccMoTpemrn MOJCHO orpami-
~Tl: ~HeHHeM BMopo•emrocTH. E~m.~ C1ll1TaT:b ){JlJI npocTOTbl, 'lTO 

6 =const B IIOJib30BaTI:iCH ypmaeHI~eM (3. 89). True KaJ< reHe~-
o~ 'Pl:eH rot [VB] B (3.89) n~IIBOW-T K H3MeHemm nOJI.R: as 

ar,eWI ...., L/V , a lll!ccznaTRBmil! ])Ii B npHBO){ilT it .n,Kcc1rnru.um sa 

Bpe:.ut a Rem pa3 60JII>mee - L 2 /D , )U3mr.e!!.Ua CJ>e.Ithl aa. ClleT HH.IJYK- J 

THBHOCTli M0'1eT rrp1rno,14,{Tl> K 3HaqBTemROM".f ycIDiemm fl())tJi. v 
ECJJK CRO,POCTb TeqemUI v MaJl.a IlO Cpa.BHe.mm co CROpoCTUI , 

3.l!YKa Vs - ( p. f) 1/2 , To 'IP.CJIO Maxa M ~ V / V5 (< 1 11 MolE!lo J 
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l-ICUOJ'Ili30DaTl> upH6.i1MeIDte HecXW&teMOCTH 

d1vV=O. 

t TO J!,HHSMO HaSUBUeTCH CTru:inoHapm-1M. 

(5.I) 

,, Ilpoc •rei'...wr.~ BU).i,OM ,l{BUJKeElfR, l\OTOpoe npsrnO.IT.Wl' K yc.H.net-mJO Mar-

/ Hwmoro noM ffBJTneTcJt CJU!ITT'OBoe .zrmmemte. IlycT:h rrpH t.,.cO B=l 0,01 B0 } 

I n cRopocTl> V ={ Yxl.z),0,0} (puc.5.I). YpmmeFme BMopoJKeHHOCTH 

'

I )lae'i' 0 B., - ii l' v B ) () (V B ) () B'J 0 ( ) a S:z Cl { ) 

\ 
\ 

~t: - o~ x ~ + ~ " L ' at..= ox VxB~ ,M==-~ VxBi!. 

Femem!e C0'CTeMH rrpHBO,IJ;V.T .K 

Bz = B0 , B~ = 0, (5.2) 

r..e.pTH'Hfl CHJTOBH'X JIHHUU F CJI~ae 1 eCJllI V'I. ( l) OTJm'tHB OT ffYJIR l!pU 

le (~ z. 0 l c 0 ) , noRasaHa rui pRc.5. I B P.8\!a.rrDnliii MOMeFIT cuomie 

Ji~nrn: npnMue. Sa.TeM A.BWKeHffe "BlilT.fIT'liooecr" clmo1u~e mrmm an;om, 
Y - pacTeT Bx -KoMIIoHettTa. TaxllM o6paaOM, no.ne re.Hep~pyeTCJI 

.u:mrayiueiicR IlJla~:i~10i1. O.nr.ruco 3TOT pocT ue MoJKeT nporrcxo,n;HTh .Heor
pa.mrqe1rno. Y1.1eHHliemrn MB.Cl!lTa6a OOJI}l !!IlH'BO.IJ;PJT ic BMD'leHJm Ol\mt?ec

KoJ.i ~cc~maIDlH' '!'. e. BKJnO"laeTC.fi q]!'eH D AB • n ac~u.n:rroT1'P{eCKOM 

D 3Vx 
peilUnt.e ~B,. ~ - B0 3 ~ H Bx;;::: Rem Bo» B0 , T.e. ycTa-

HffBJmE<i:::~c.a 3HatteHHe no.rUJ. BO MHoro pa.3 npe.awnruoicree lift'Qall:bHOe B0 • 

-Zo -

PHc.5. I. l!JrJloBue JmH~H MarHHTHoro 
DO.l!.R .no (ITVHJtTRp) B IlOCJie 
( CilJIOITIHHe .innurn:) HB1JrlJia 
9ABifI'OBOro 'ABY.MemrR no ocv. x 
X B irnTepEBJ!e ( - z0 , Z0 ) 

Eo11ee cJlOEHt.LM H mHpo1<0 pacrrpocTpaHeHHHM .l{BH1<emreM, nptrao.nJI
l!UfM R ycu.rrernnn i!OJJR,HB.1IRCTCH .nmfxpepem:nnunHoe .apamrume {p11c. 
5.2a,6), T.e. apau1emrn, np~ F.OTOpoM yrJIO.Ba.F. CKOPOCT:& Sl. 3aBHCi1T 
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0~ Irtlcc·1•0P..HHP. .. 10 oci~ Bpaqe;.T:.s.. ,..ffJro:6l:ie Jm?.ffit. coe.mmfJl)t11He ;{Fe 
TO~, AeJ!\alll~e Ha ~SJratfHUX paCCTO.F.Hi~F.X ITO pa.rr.h7CY O'l' OCH npau1e

:1l:!F.. co Bpe1.ma:eM paCTFII'lfBa!O'l'CR F.l 8fn![;9JH~. 

) 
B B 

a 
Puc. 5. 2. Cxer·.tA :r: ~r.riem~g ~1ia.rHHTHoro no;m B ! rrpouecce 

Jtl!r[r'.1bpe::urrMJ:iHO!'O BP&!ie!Hrn l. a 11 0 - KOHf~.v.:iypa
mnr MarE:~T:JLIX Clf.ionux .rrmm~ .l(r) 1·1 IIO(:. .. Jie mr.11toqe
mrn ~I.u~:KelHUI COOTBBT\.T"SeH:-w 

He. p~e . 5 • .:i (a, Cl) UOTID30H!.l cxeMu cTpO'JH~.H 1; 01m.u::i. f.i ~1'f .. 1IA"". 

1'eopeTW!ec1m npe,!V'F'..t'=J.38HA aa:m10~0CTii Sr OT r~.cc'!1omnrn .n;o cePrpa 
Co.."HI.ti!, ~a_'l=<v.· ~ u;,10 1-' T:O .. ) l OT umpOTH !:a6.1n\o.~e ·r n .• .. '. r:ocpe;i:n ~ TBemro. 

ITeptTO'A BJ::e.q e !G!F.. ,;o.rrHIW cocTH3.THi .. eT OT :r;5 :n,o ~5 c:n or.. Yr;1o:BM CI\0-

poo!!•J:i y TI0.7HC<·oB f~B32 2/3 yr.~:oBo.H CRO..POf~T~~ ua 8i\Ea~OfR.. -~ 1-·opOC '!'.b 
.u.ulrjf\enr."..ti j::M,JY.OCT~~ Ea noBe_pxHOC 'I'~ :.lPP.iHoro n-,n;rm cocTaB.l~.nc·r .... 'J , :1 

MM/c • .iOr.po 1?Jmae·r·cn MeMeJ-rnee Ma.HTHH. B mrn1mx !UVifJOTa:{ BnyTl)(m

HruJ 'iE!.l"."!'b !!,!I.pa_ 3!)':1 1! ~l~TCH ChmTpee' YeM ero TT01WfC'\HOC?h. 

B cr"(' !!i'r'4CCI\O~~ Ct1CTet.'e lWOP;Jf.lli8T r·. e > I f1 napar-~eTfiU j [_qr,:e i-:o-

TOpof~ PD!:\ffi.I OOOTEt!TCTBBHHO h, "= ' , ha = r . ti'f' = 1 ·~ 1 n 8 1 

tiia.rHM'l'HOt~ m;.'ie !mpa.~..aeTr·n tJ~ pes !3~Ji;Top-no•re!ll.!;~aJ! C.Tie..eyl'JJ.:l~ otiy:a-

30M: 

Bw=l_ f oAr _ _? ( '..:_~-) 
.,. r \ o G er 1 

B _J_ ~rA~) i nA ,. 
8 - r' j r• ':3H1 $ l~ 'f1 . 

l {or.mo:HesTy l Br--:?,"r -r B ~ e~ ) 
UOJre~·, KO:..UIO.!~C~TY B.'f ~ 'f 'T'Opmr.n;a.r.LH!.l: 1. 
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Ko PA 

a 

uo.;1oa;na.irrarur ::m\~noneHTa no,,m Oi!pe.ne;umi:1•·n TO.JLonO A~ , noaTOMY 
5 Kal!er-TT.le nap-aMeTpo:B YJIOOHO :Cil6pa1n /\ ,1 _ B,r • Y:paBHemte Wu1 

A ·F 6~.71e•r , : o~epM.aTl> TOJI one ,naccmmTHn~-!ffi; q_~eH 

J ,\q . D t ( <l2, t ~ a ( . -El J ~ ) A 
t)t, - "'-- r ~ r-r "r' ~ in a <rn· ~ l rl a€i J tp • (5.3) 

l rot[~])\f==-- :e ( J"l~inBBe )- i~ gr (1·
2 ~ ~rnGBt.) = 

b . I ~ · I j o . =- 30-( Q ~inG r or l,.Alf)) .. r Cl- ,,r2 ae sm 81\'f) = 

~ 0 . 0 ( 8 :\ )) 0 I c) ~A ))] 
= r l ~ ( ::>2 i)r r ~11i l~'f ~ -0,: ~ _t J~ t 1 .. Stn c 'P -= 

~ i\ S{ 0 ( , ~ Sc ' = - [ -..:.-- - rs1nOAt!l)-t-. -"""3' - r .. s1n8A,o)l = 
r o G or ... iJ r· u 8 ,. 
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ypa.Eae_:me .ivu1 B~ npx Sc F con!.it 6y:ueT co.u.ep:m'!'I> RaK reHepaitaoH-

~. Ta.l( ;r .WWCHD8TRBHlrl:i l?Jtem~: 

3 B" - - I' [ B ()Q l\«;'2 l t l ~ 
....,,_,.--· - - ., 111 \!I a a 8 + ~ Br a r .._ Dr a r 2 1 + 
dt. 

flalliP!He .nmfif:.epem:nIMl>ROl'O Bprunemu1, T8Ri!M o_6pa.so~ .... J1110&eT .IIpll!eC-
.,,,,,.,--~-~~·-- . . 

~Ti' :K poc!Y._ Blf • Ha pKc. 5. 4a, 6 noKasruru nepaoe:a.qaJlI>Ho ,u;imOJiz,ffl:ie 

~~RTH.Ue. CHJI013Ne JIHIDU!, Hso.reyTue !!f;!OJtHOPOJJ.HllM Bpall{eHl:eM, .!COrJl,a 

EA}'TpeIDLRR T;fUCTJ:, CfPepH EpamaeTr.:H 6HCTpee B!tel!IHetl. B CJiy1iae SeM

aoro ma.pa asHMyTSJibHoe no.rre MoxeT cocTa.BJl.FITD ~ IOO re. ORo He 

fl 

•• · r-1 :~ · e u.e.~nim r.~r·ntTHH:< no.nPti rr...iu:rneT, a - n~pB,-,Wl \{HJib-
11 • .mi noJtLHoe nOJTP, ti - '103,na-q;.~P a:n!MyTMnHor f' nMsr K3 

·• ., ·i) i.o1.r. Jrnmri1 Jl~DW'. ! ·t i or·ri, m .. 1J .A P·:·.11eJJ.<'TBim H~c.nHopo1morn 
. ! . J. ~ l 1PiW.rI :!,!lpB, H - Jie<i10pw:- rurn o~~MYTaJihRHX CU.JIOBhlX ;an·rntt 

.v 1r i!'li .1 .:~! .:-i ~f..diJ '. l ' vuir7.1.m -- · H Jtt:I J-f f'~~.,..'i'r."E!M1m lrctPfuq:tMH, r -
l l p '. !l1P m ·1- ~!.~ i O flHX JHIJ-JUM rr0pm~.rtf-l-'I},lf0f'{1 fi(}.JI.R .. ITFf:fi..lJo, 

rr · i ~~ rnvr.H.· t· 1· r;ereHepA.Utrn j10.1!m'iita.i1tHoro n•UR 
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MO'-teT npomraayT:D aa npe.n:e.m-i n.npa B npoBOlVfil!YJJ Ma.HTHE, T. It. eiey 

COO'l'Be·rcT.Bytn' no.nmuteJ?bHUe TOirn. TioaTOMY Ta.Koe TIOJie HeJii>3fl HR-

6.nD,I(aTl> aa no.aepXHOCTil' 3eM.:11t. (~tecT.ByeT Tolf.KB. sperom. eorJiactto 
ROTopo~ asm.rr.arrl>Hoe nOJJe ·jOJIHUa MO=tJio na6JJlO,IJ.8.T:& 13 B;me !lt:lCTyna

J'.ll\UX Ha ero IlOBe.:P.,'(HO<"Tli 611noJT..apHHX MO.T'"mITHIDC oCS.iW.CTei\. OJY~CliTH

poBa.HllliX B nrapoKoM Harrpa.ruremnr. Asm~a.1:i;HHe 1'~mo11ettTi:t T!OJT.R He
noepe.ncT.BeHHO Ha6man@TC.fl B .mwxe faJIBKTlfl\r;r. YCTAAOBH1.m1eecF. KP.S
SBC'l'a.I.{liiOH8 J"1HOe sHatte~rne Topo•PJ.BJILHoro no~ B.~ ~Rem i\ 'l' / L 

IloCJie .nocT~u1temu1 ~ToPo at1aqeHHR sa BpeMH t. - L 2 /D no.rre .tmcc~-
rmpyeT (zcqesaeT nOJIOif.IlaJIHroe noJie). TioaToMy npocrroe .g1·1~xJ1epern:m

rnaoe Bpa;1~e1rne MoReT nplfE~.n¥TlJ ~Mnrco if i:!peM-e:llioMY ycHireHHlll no
JISI. 

§ . j . AH'MUJJma.Mo ·reopeMU 

ilJrli{BO-

.IJ;KT K He.D0::1M()J(HOCTH B03EUOOiOBeIDf.ft OCe(·F!M!'.m TpV.lIHOro Mfil1I-nl'!'HOro 

rroJIH. ,llnHHoe y'Ff\epw.,-1~ e!-11:;e r>HJio ' ~fPOpi'l.'.fJitt [l0nuHO £ 30-e r o;.tu J{ayJrm-!
I'OM ~ !JChl!J~lUIO f!&3BaRHe Teopervr!ll l{ay.1!mlT'a. HeB03MOEIOCTI:i iurnaMo B 

CJiyqae WlOCI<oro ,!U3m:ceB11n no1ra.3BJI .:-1. E .. 3eJI:o.zr;onHl!. ilycT:D 

V = ( Vx, Vli, 0) , TOrl!(~. ypa.BHemte (J . 8~·) pacna,r.i,B.e'l' '.:R Ha ,!U38 
He:B3ruIMo.u,ellcTBYlltl!I1e crr~TeMl->1: ow.o wrn B ~- a .n=a crurt3aHf!.!£.:. wm 

Bx n B,j • ilpH . d IV v :;; 0 

a Bl _ c t - ( v v ) isl ,,. D l , Bt . < 5. s ) 

Y:Pa.nHemre (5 . 5) MIMeeT 11a11 ypa:~11em~.P.: Te'!l:i1onpooo~oc·1·;ii u Bz - lJ 

llpij t- r..,c • il.Pli B l .. 0 BeK'rop-rroTeffi(aaJI m.1eeT TOJ!HO O.JlHY 

ROM;rnHeHTY A:_ , AJIR KOTopoU 

"d A"i_ , o t+ (Vv)At=T>/.\A 1 , (;; . 6) 

T.e. Ai--- 0 npu l-<>'=- vr 3aTYXaeTHa_1'0JILr:o Bi, Ho H fsxlB~-
... o6mer& CJI~f: r1JiX5oe no.nf) c.KopocTe:fi V , .lll1H .t<oToporo Ii 1 v V = 0 , 
MOJttlt O 38M.CaT:b B DUJ{e 

(5. 7 -Ta.K, 1!TO .Bel<'rop V Jie~wr Ha nepeceimmrn: rroBepxnocTe:il § = cons t, 1 

r; - consL • E:CJrn rmnepxHOCTI> ~ -:o cons t. (a.irn ~(~co nsL } BCT::O 
:WlOC!{OCTI> H;tH c q}epa, TO .!OffiaMO HeB03MOi1Ul(, . 
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Bo.ui,moE HHTepec .B npo<1neMe reHepau;m! ManrnTHHX noJJe:ii npe,n,
c1'e.Wuie~r ;nBi!'~eH~!e' · B KoH:EeimtBHID: Jil!efu\ax. &Jrn c,.,10R &U.mtO.CTij 
iill{rasa HaI'peTb CHH3Y, 06pa3y))TCSl CTatU!OHepHble ItOHBeKTiIBHl:le 

JUJiliettim. Ma-3~ TerrJio.aoro pacmupemtR HHJDrne 60Jiee Jiertrn:e CJioH 
c~pe~s:f-·'.fIOMeHR~:bC~- MecraMI.f C Bep.YJIID.fil T~eJIUMH. D CJIOe, ITO)J.0-

1 ~eM'ot~1ur3,Y z ox.Tiru:r.n;aeMoM CBepxy, l.U!Pl-:JJunnroEHoe KOHBeKTKB
HOei )'1.Btf>l':efflfe Imnpepill3HO rrepeHOCV.T TernroBoL~ llOTOI{. CJio.i1 BHrJIR,IUIT 

COC'!'aBJJ.ein~1 tr3 r.mcroyrOJiliHHX JNeeK, KOTOpue npli ,nocTaTO'lHOH OJ.(

HOpo,llHOC~lf CJIOR no 'l'OJil!t"me I-{ YCJJOBH~ no.n;orpeBa npti6JJH~CR: no 

tflPJ:Ne ~ npatH-rJJbHRM mer::TliYf'OJ!l>li!iM rtplfSMaM ( cM. pnc.5.5). Ta.Koe 
I<OlUieJ(Tff"BHOe ,Dl!kfii\emre f!BSHP.8.eT~R 6eHapOBCKOit KOHBeJmilef!. c y-Be

JtitqeiraeM Tew10Boro noToRa )l-.Bm!teHue npHHnMae'l' aepef'YJIJIPHID1 ff.iiH 

TYP(Sy.'IeH'WUii xa p&K'rep. 

)f(t,iAKOCTb 

~ 
fA3 

~c.5.5. 1~pi1a ROHDeRTHBHl:DC .f{qeeK. CTpe~1.MPr 
n01msaH0 Hanpa!i..lieime .u:enaeHYi.R 

Teo}:l0R KOJrne:cumt orrnc1i1naeT ycTowrnBHe cocTOHRHH, ycTaHOBITT3-

mKec.Fi B lmHBErKTITT3HO HeycTO:ti."tJrrnux Hemme:fu:rux CIICTeMa.X. CtiHTW:1TC.fI, 

qTo Ha6.11E1Aa.er.rue na Co.1l1me rpaHYJLRnltfl, cyrreprpaHyJT.JIU11R a rera.HT
CKBe srimi!lm .JIBJLrnoTo.H npoJIBJreHV.eM co;meq}lo~ KOHBe:KqZH. IToBepx
l!OcT:b Go.rrmta :BIIl'JIJUJ.HT Kfil( coBoRymroc TD JiPKI-IX a ... ·reMeHTOB - rpa_i;ry-JI, 

pas.n.a11e 1m~ 60.nee TeMlf'"clA~~i npoMeA-yTi<a.M;f. XaprutTep1me pa.aMepH rpa
HyJr .. ..., IO'"' m .. t. B newrpf.: rpaHyJill CynteCTByeT BOCXOA.ffinWH DOTOR co 
CKOpocn.:o .,._. o. 4 m,1/c. CJ.:opoc•rJ> ropr1soHTa.Ir1'Horo pa9Teruum.F. 
- o. 25 rot/c . Ilpo;n;0.1JEFrTeJI.DHOC'rli ~3HY. rpaeyJI- ..... 8 MllH. Ha CIIeKTpo

rem~orr.aMMax ·~m.mra. xaraKTepHaJ.I ceTKa, cooT.BeTCT:BJ'D.!lB..q: o6JiaCTSiM 
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JIO!\arr bHOro ycl!JieHHH :£I'E'1TI!Oro TIOJU!. flqe:fum 3To11 CeTRZ - cyn~p-

c 
r:rx:n1;r .. 11h! - m~em: xapr:!l·:Teps!:..~ pa3Mep , IO· :rJt. n IipeMa &.1!3ffit ,-../ cy-
'!'OK. XapaRirepH.B.S. cKopocTI, ropH30R'Z'B.'!LHHX .n;amz:emfi! ..... O. 3-0, 4 !C<'/~, 
nepTi~F.8.Jilima: - 0, I-0, 2 ro~c. H B rpcHyJia>: n .e cyrreprpruryJrax Be

mecT:so DO.I!HHMa.eTC.A. B QeHT:pa.11LHO~ u.acTH wrnf.am H OlJYC~eTCJ! Ha 

nep.ri'f~epmr. Pacnpe;ne.r.BhLe rutTIIa!.fllX o6JlacTefi B C.i!a6HX Mar1raTHUX 
no.r1ef.i ~:ta CoJIEile, cornac!-lo PP.Jt..V aJ3Topcrn, onpq.ne.n.ReTcn cncTeMo:i! 
fiIT'ru!TC!Gll rprury.rr. me TJtnWUil:rn pa3Mepu ,_., I05 

a.qt a ClWpOC'!'.b 

..... o. T KM/c. 
----g c..~ae aJ(HH6aTv.qecRoro .D.B~;'f;CHV.:J yG .. ~OBI!fi Il03Hlm!!OI!8illUI KO!-!

EeKTHEHUX JJl!lmemrl .LJ;0DTCH KpHTepaeM lli33.pr;mi.lrb,na 

d T , d l ( 0 , I d T,/ cb I (5.8) 
!';Jtf1 Qt'! -. ·~ Hanmrvr e!·~a MUTITRaJI'&HO DE ... JiY. ' d TI d .J:. - Bep·m-
ABJr:Oll~ rpa.u;1ieHT 1reM2:epaTyJ.Y • l d T ' d ~ I 5 - sep1•uKa.l!b-

rruj! Pf.Ja!7,Il0H'!' npr. m~o~wrpo~ecicoM JJ.m~:;r::emm. Dpn Bimo.rrn9mm {5. 8) 
aJ!f?Ml?HT eemeCT.Bi:~, o•r.KJiolm::B!IJrifo.ff OT Cl30t!rO nepBOH2.1IEUThHOrO l!OJIO

;i:,e:nm .!Jnepx R H3i.!emrBifilifH C13010 IJ.lIOTilOCT.b no B.IDT36aTift!eCKOMy 38lCO

Hv, .. nwze 1rcP. 60.rr.ee ro~ H MeHee nnoTHHM, tieM OKPYJIBJOIUlli1 cpe;u;a, 
no3'l'm:1.;.' OH 6y1!/' 'f :-:p.-.r!lDmmT!:. 3CI1JIJ:IB.S'!'b. ~Jierr.EmT J~emecTBa, OTMO

HKJmm:hr. a mm~' Ol<&Ct,; l'CH 60Jiee XOJIOJl!IllM lf 6oJlee IlllO'!'rTIIM, "!eM OH.PY-

3(8J(llllElR opeixa, n 6y;neT npo;n;OJT.JKaT:& TOHyT:b. B c.!!yqae Hec~.m.meMoti 
n:mcocTn I d T I d l I ~ = 0 ~ (5. 8 ) cBow.·rcsr R nep:aoMy yc.nomm. 

TeopeT«qemme ucc .. 1e.noBaHnJr deRapo~cY.o:E !<o::Bem.um npoDOJVI'!'C: t:, 
mm npaBUO, B np1.r6mt2':e:rr~n~ Eyccimecy.a: ntorrHoc-TJ... BemecTBa ctm'!'a
eTc~JI ~He~ TOJil>.KO TerMiepeTypr.a ( T. e. npe.mio.;rarneT~.n uecr.:m.if e
MOCT:&). CorJiacno TeopeTu'<leC-FJIM np-e,ncTaMemu:r_M B m·:'l'epEMe rJrJCiMH 
Co . .rr.Hna OT ro3 .uo ro5 l\'.M aemecT:oo nocTomnw .xopomc nepeMeum!laeTc.q, 
Till'- t!TO OHO noqTl{ ll303HTJ)OiillWO. Th!xe o'l'Oll SO!ill m,~eeT MeCTO l<OH

Be.r:'!'l!.EHO YOTOll'ilrBOe pacnpe~eJiel:IBe S!-!TpOI!R~! Y. 'l'e!mepaTyp:.J .. dbllllE:-

w:-1 RM ID.f.ee'l'C.R. r •''YCTO(rtiilll!:ffi CJioil, r,ne aHTpomrn pae:TeT lt.lili3Y, H~
i'.) MOT.PF.: Ha nepe~.~e~rne. T€!rtJJ€y.!Typa B 1mH.3e1·r:·rr!JHol1 :wae Jom'iga 
U8r.-:eH.F!E!TCJ1 OT IOJ OK .n;o IO(J ol{, a UJ(O'r.HOC'l'li - OT IO-? ,no IO- L 

r/c r.~1 , T. e. Ha 5-6 uoprmxoE. TtlRae nepenn..uu .ne.-:-rmJ~ 1r1en1mr OAHllM 

P.p~(J .. rrrrJ:Cemre EyccmiecRa, tJTO 38.TPY.IOIRCT IlJlP..l/!Qf; rrri•meHeHue TeopeT~
'"leC: lG,!X pacti:eTon K KOiiP.eRT1!!3HOH 30He Co.:rr-~. 

GiwpocTJ> I'l1.Il.J>OJU!Fr.a:tut1!ec1wro '!1eqemrn rrp11 2. ~t.Uawn:rx Btte!llim.X yr-.,,.
JHH3iHIX onpene.'IL>l'2TCR: 1f,Qj)MOii ~f MBCmTaOCM .mm.n:er.m!. <l.l()j:Ma R Ma~WTa6 
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onreJI.eJtHlnT rrem·o:=-0n noTOit, nef..ePoc~MHil 1w1rne1crtIIeir. Ilo;n IIJlaHif{}trt.oil 

KOiiBeI<Tl'1l3nOii Fi'Ieilli.il noH~r.:aI:JT t ':· F ~Y <:?e ropu30H'l'aJI.bHO'M upoeKI.{m~ H 

~'!o_~a.irM3aIJ.i1iO ~ei:JCz rro -ser~;rn. :::>.1ia oJlofi or~HH"!eH c~epxy .ntccT

KOf! J]J13CTilHOfr, TO B03HITTWe'r ~· ~ c ·rer. ric Bf!BJ~aRmUtXCR l"Opn30H'l'a.TI.bHHX 

~r.oE. n GEC1Iepl1MeHTf.:..X co CBOO'JJlJ! OJ Jl OBCpYJfOCTl>ID .B03HITT<B.JOT me·~ T"5'
f!'~ThH!Jf: Jr~eiil-.:r1. Vyme«_: •rBemzyio pc'.~h 1:rpaeT rrp;r oTOM TeMnepaTypH~Ji 
·SF.\'f'UOUMOCTh [!(liiepY...HOCTfiOro H!lT.>t:T.P-:i• m ~ ~J!.llbHB.R. Ter~mepaTypHa'! sa

J3(i r~HMOC'l'L 1nrneMaTw-:&€:CRO~ BR3ltOC'I'IT ( mmeMe.T~qecmot IDi3ROCT:OJl) ~ 
!f~3!iBae·r~!r .,IUU®.m<Ief;Klli! H.~·KO(:T .h , l ,€'.J&eHHe.fl Ha WIC•THOCTb: ~ .:: ~t/.fJ ) . 
Ee.rm Br.i3Ror;'l'h yMe!fhl1~aeTr. B: r- ·.re~.mepaTypof (RC!K B CJIY'lae r.:i~l!KOOTH'}, 

'!'C1 nemec'l'BO nomnu.me~·c:H 13 neHTpe mecTirpo.nl>HO:fi .frtieihrn' fi onycm3.eT
eff TIO !C-pa..t:.a,~. fu~fi B.fr..HCOCT}) pacTeT C Ter.rne:paTY.POH (R81< y rasoa), 

TO Ha6.lJ](l){aeTcrr o6pa.Tim.R n:a;1·fi11m. Ta.H.m.~ o6 p:;.3oM, Ha6~eI-m.H Go..iIB
n• yRa31i.Ba10T na uanpaRIIemm mr:ptcyJUII.Urn B rpmry.rra.x u cyneJ;irpmry

.l!ruc, i\OTOp<.1e Y...apa:Y.'rCpHO ,WUi C.~OCTP.'. Toplit30HT8Jr:&HH~ pa3Mep H'le

eit :BCeP]J,a OllliOl,o nopn:n;-ta c .eepTi:KaJihHI:IM, ttaute .BCero ropt!30HT~

Hlffi pa~Mep ~ef.:Kv. B T.P'i pa3a 6om,me ee ne:rmntaJTI>Horo p:1SMepa. 
01; HOBi!"la'1·:;! nepa;1~€'l'J;.~.MM t cn.pe.n;e.i-rJmllVIMH ROHE0Kflill), .H..BJimOTr..~J! 

1mc.na PeJ1eR u H~JUVUI R=9•:XATd~ /'.~'\> • p =~/£ , r.ri;e ~ - y e-

pe1rne Cltlfhl TffitCf"T:rf' c/ - K08rf4°J0I.(lleHT ocheMHOro TeIDlOEOI'O pacum
pemu:r. t:. T - pa3uocTJ) TeMrreparryp MeJK,IJJT filfA.He:H K Bepxne~ .rpan11-
I.\UMiJ CJJOR, d - TO.IHli_tHia CJ[OF!, i£ - T8MTiepa•.ryponpo:BOJJ,HOCTn. ··~ -
kPUreMaTtirt1ec1{[1R M3ltOCT.h. Femezme ae.mraefu:rnx Y!:-8.BHemrlt onpeJJ.eJIJie'l• 

Tetrem1e c HeIW'l'OP.UM.U TIJ:le,lJ.TIOtf!'jj'TeJl.DH.i:.Wrn fe3Mepa.MK a p ( R t p) .KOH

I:leKT;mHH.X ;rqee!t. 'Ec.1m uatr~_,.1I>Hc•e .B03MY1J.temre KMe.i10 Elf.1{ R"tteeR, xa

pax•re_p~rne PG3~ept-i l WTOfoilX B oP_p~emmil 06.!IacTn He co:sna.n,a..im c 
Op • To npmrcxo;nwr nepecTJJOHKa Teqemt.fI no .xapexTepHllM pa3MepaM. 

i1a COJ!i!!te (~JlOi~ !'.PaHJJ1ffillIB m.!eeT TOJlll!UHy ...... ro3 KM' a cyneprpa1zy
JI.m.nm -.... I04 

:RM, T. e. BCe .HT.reillt.tJ 38.HHMam no EHCOTe MBJrYJJ qacTl> 

l<o:rne:KTHBHOi1 SOHll. PactreT rrouasu:saeT, qTo .B ltapTKHe COJIHeqJ-Io:a 

kOH.BemmH. cy1necTByeT B3am.moe 11noHHKRo:eaBKe JAeeK 003HllX Macnrra-
6oD. - -

§ 5. Topon,w.m;mrfi :mrxp'b TBepcRoro 

iaQ~T~ L'eHepan;2D MaI'B1i\'Timro rrOJUI JJ;IJHz~mr~_ -~i!TJ.e. _Topq~
.ilAnH:?l"o "Bit;q\SI, KoT'Opcie ·ocymecTrumeTc:a 13-Y.oR:BeKTHBElil' 11qe1ffiax Ee-
:ta:pa. By.izeM- tiP<{rfuoJiaraTI>, rrTo ~r.u1{ocT:& r.ecoimerl.i~ · Tr..aei<To.Pms 
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.!m,ItKUX qacTHn HE.iU!DTCP- KORD;eHTpBqecKroim OKpyxttOCT.Rill.I1 B COBORyn

HOCTil JillfH1f11 TO.Ka onpe.IteJreHHOI'O parmyca o6pctsym no:EepxHODTH RPY
roBtcr TOpoB ( piw. 5. 6)" BBeJieM opToroEaJ!:Dey1J TO fsOlUJ.8J1nHYLJ CtrC Te My 

Plm. 5. G. Topolf,11;8J!limi:! sw.xp:o TBepcKoro. r , y. , 1p - opToro-
Ha.JI:oHBR TOpo~aJL&arut CPIC'l'ef/.a KOOPJD'fH2'r t a - pa
~c o:KpYJti.HOCTH r = O. CTpem:PJ.m noRaarunr ua
npa.Memm ~ms:emJ.F. 

Koop,7re"RaT, B :KOTopofi IlOJiOOtemrn 'l'Ol!IW E IlpOCTpclHCT:Be onpe)l;eJIJieTC;Jl 

llOMpHH.~d Koop..mruaTat.m r H· J. .B nprn::TpaHCTile JillHHi~ TOI<a M asa
MYTB.Jr.Pi'.HM yr.110M 'P • ilapaMOTp!:.l JLmr1e ::>TOE: CifCTer,~ I<OOp.zr,IDiaT m11el0'!' 

ERD. hr-~ l • hx = r , h'f =a+ r cos):. , rile a - pa,JUiyC oRpy:;K-

ROC'l'R = 0. 1<o~.~I!OH0HTI1 CKOpocT~ Vr ~ v'f = 0 ' a Vs, cnpe-

.14eJtJIPTCSi "0:3 ycJIOBnR HecmIM.ae11.0CTl-f 

Hoc·r~ r ~ 1·0 <ct o6pama.eTCJ! .B HYJII> • .[s~emrn B03IDIBaeT np~ t = 0 

R llMeeT Rem ·= 4 fl 6 V0 t0 I c2 )> I , r.n;e V 0 - c pero-1ee arr.a tie

Hlle MO,Ity.JUi CROpoCTH. 3.-~eM ypaBrre~me RMO:pOJRel:lliOCTR 13 KOMTIOHeH-

Tax, c.neJraB aru~eay B ~ = B" / ( l +- ~ cos$. ) . IlOJiyu..aeM 
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a Br Vo (r) oBr 
~t = - ---,.---- o~ ' 
v r ( t + Cl cos.x· ) 

(5.9) 

as'f Vo ( r) -=- ,.. at r ( ' + a: co~.x ) 
(5.IO) 

\ [ ()B~ () - -j • V0 (r) ;llP + a ~ ... V0 (1) Br . a+ r cos.,-; u l v, 
(5.II) 

0603P.B't!KM S2 ( r) = Y 0(r·) Ir I! 6y,neM HCIVlTl> pemeime· MeTo.J:J;OM 

pa:;;ne.neHID! nepeMeHHW: B Brt,Ile f (r,X) <=exp{ 1rn'f + rwt} 

iwf ( r x) ;::. - Q (r) ~ 
• 'I \ I+ ~ cos.X ) a~ 

a f ( ) iw ( r ) ima ox(en r,x-) =: -S-l{r) l+(icosx. 

O~h~a f(r,.x)=A (r}exp l - ~,..)(X+ ~ sln.xlj. 

Hs yoJrOBiiR rrepHOJUi'lfliOCTH peweHIDJ no x c.u.eJC"eT, qTo 

Wn (r) ~ n S'2 (r) • r.ne n = o. ± t,... ~ 

:f., = exp{ in ('f. -1 ~ sinJ)} opToroaam,ml no .f.· c :secoM 

H + ~ cosy;) : 

2'.iT 

1 fnfn,ll+ ~ COH}d.x = 
() 

2'1 

-= J exp\i \ n-n')(~+ -!j s111x)1 it· - ~ cos.x)d...,: = 
0 

2r. 

= J exp1-i (n - n·)~J} d\11 = 2fr ann' \ 
0 

l'Jie Onn• -;::~ np~ n=n ' ; 011 n1:0 npI! n.:# ri' • Ta.Im1 o6pe.30M, 
fn JiBJUieTCR. ITOJIH0:2 CHCTeMO'!i f!!Yl~l'..~ y: E: rap.ttOHi!KH llOJI.H RMe-

111' Bl!Jl. 
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r.n.e A r m n l r ) , Alf m 11 ( r) - ITJlOK3BOJlJJHNe <~t-nr 1 • • Tio~cr:ra'B-

Jtrui 3TK EHpaP.;emm B (5. II), no.nyqaeM 

o B.x mn 
at 

V A . . . d .Q ir.m'P+n.nr: 1 
-1n 0 (r) rmn s1nJ;+int dr Armn1 Jn(r1.x)e 

Ilpn n :1= 0 

{ \ 
t -. I 

B.xmo = B,...rno t.-=o + a.., r cos,:- [ 1rr1V0 (r) Bo'f (rl + 

d V - B ( j-1 im'f' + a. dr o (r) or r) j e ., 
I 

, B'+>mc = B o'f 

(5.I4) 

(5.!f;) 

(5.I6) 

(5. I6) cJieJzy"eT, qTo B.x ( t.) co~eps;!'!' OCW.JIJIBpy:;PT~ nJieH, ru.m..-rra
TYM RO'!'oporo .mme~..Ho pacTeT co BpeMeHe?.t, a npocTpa!ICTBe1-JHHt. ne
p~tOll: no r c TeqemreM BpeMei-rn yMe.Hl>l!IaeTCJI. tfa yCJro:mm drv B = 0 
no,;1y-qaeM CBSI3:D M~ B0 .., , B~.p ll. B.x mo lt::O 

~ 1 ~ ( r (a ·1- r co s.x) B0 r ) ) + 
r (<X ... rcos .1) l v r 
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I ' '( () I} + irnr( P· a COS.Ji l Boti1 r)+ 3.)'." (u+rcos.x)B.xmo t=O = 0. 

lmTerpupyn (5. 17) no Y. OT O p:o 2TI , nOJiytlaeM 
d . t'" I Cir r B0r ( r) + 1 rn 0 B o'f ( r) = 0 . 

rro.ncreBJJ.P.JI (5. !8) :e (5. I?). nOJlf!2eM 

[ 0 .. 2 B· ln1r2.. I ] 0 r cos$ ar t or-+ -0: - Bolf' ;::- o~ l (a+ , .. COSj) B.trno\l=O] 

1' •• mI 

cos.1·r-B0r =-- aax [ (a+ r cosx) B.x-mo tt.~o 1 

ii.H'NU'pl!PYR no :I , IlOJiytraeY. 

. . \ rBor sin~ 
B1.1no t=o =- a ... r cos~ + a.+ rcos~ 

(5. I7) 

(5.I8) 

(5.I9) 

rAe Aox - KoacTa.HTa IDITerp~po13e.1uu1. Ilo~CT8.B.1IHJ! (5.IB), (5.!9) B 
{5.IG), noJiy'tfaeM 

B . = { _ rB0 r 51. n X + _A""""ox_( r_ .. )_ -t- t 1-
'.>:mo l a+rcosx a+rco~.x o-rrcosj. 

+ AotJ.!j__ _ t. [ V. , Bor- + d Vo(r) B 1} irn'f _ 
a+rcosi= a."* rcos~ a olr, r 0 ctr or e -

-{ rBorSinJ: Ao;1.(r) t.iaBor dil"l 1rn'P 
- - a .. rcos,: + cx~rcost + o: .. rcost cir e · (5.20) 

1al\~!M o6pa30M, paCTYfilM co~-B~MeJ~reM qtrCT'h B ;~_() ' ID.1ee1' DK;D; 

dr·Borlr) d.Q{r) _ t tm'f 
a + r cos :I d r e , T. e. npocTpaHCTReFn-me pac-

npe,neneFrae ycllJillB.9.eMoro co BpeMeHeM nOJIJI ocTaeT~P. HeH3MemnlM. 

:AapaJ<TepHoe npeim: .IOICCHII.alUm na Ma.CDITa6e r 0 nop;:r....ru<a rJ6 / c2 

Il03'!'0My ~cTymee pemeime m~eeT Mee To npz B,; \ t) <<. Rem B0r l 1·) 

~ npl! 60JiblIIl:D: Rt! m .B03Momro sHat:raTe.n:oHoe yc•memie nrum • . !'~I~ 
OOpa30M, TOpoH,UBJI:bHHe BHXpH KBJIRlOTCJl oco6HM, ompoKo pacnpocTJ,:e-
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HeBID:iM RJ18CCOM Tetie~ t c_:ioco6~:__ ~RepiiJX>Ba'r.P Mal'ffil'r.EHe OOJIR. 

YCiiiimaetioe~nOJie COXpa.HJieT npoCTpaHCTJleruzyil noppeJI.m.UllD na pac-· 
CTO.mm.JIX nop.cu:tRa MBCmTa6e BlixpJi B He SBnReTCfl opTOrOHBJIT,HUM R 
Hal:faJll,HOMy rtOJIJ). 

_ 6. feHepa.I(0}1 no~OB)taJihlio.ro nOJUi 

Ko~KTHlllme .ImmleHHJl MOIJT npHBOJ(HT:& K Peuepan"m nOJtoz;rr.aJll:

Horo .MB.I'HHTHoro noJI.R iIB Topon;~MlJtoro. Boq,xo&~e _J;Wm.i:em1e _ U).\

ROCTH B KOHBe;i~~a~Qil srqeifKe ymre~~T ~Be.PX o~_QBHe Jtmurn . asRMY
TaJJJ,HOr o nO:,-ui, coa~aBa.R -lia ·rn,:x BW-.yMOCTl'., m.1eiomJ1e 2 ~OP1..Y 
(pzc. 5. 4a).·Jl.ei!CTEE:e C rozH l{apHOJIJ.!Ca IlO:SOpCl'tlruY'..-ieT neTMJ B Mepa_nu

OH8.t11'H)"D IIJIOCKOC'rl> .. 13 neJIOM, CWlOEM JUUUU! TOpOI-J,I{M.bHOro IIOJIH 

rrpe:spamaeTcs:t :a crrapaJU> (pFJc. 5. 4r). Trut3M 06p.--i30M rrponcxo,w.T pe
reae pa.ttB:.R IIOJIORAaJI.hHoro noJIH. 

rreF.OMeRo.110rr.p:recKHe ypB.BHemm, pea.JIH3YJXI{a:e CBSJS:& MeJ!UJY IlOJIO

B,,UB.J'"Il)HOi! Bp n: Topmr.na.m:,Boil BT I<OMIIOHeH·raMlI Ma:rmr'l'Ho~·o nOJur, 6u
mI npe~OJReEH E.IlaPJ<epoM ll HMem mm 

a Br - B D o a Sp r ~ ]) B 
<) t = 1 R p + fl DT , a-t =I C l:Sr -i · fl p , (5.21) 

r.ue r R - Ma~eHT pere:tepar~mf 'I'Cpo~a.-ThEOI'O llOM ~'JS IlOJiOH

.n;B.JlbHOI'O 3a ctteT .ItHtM:epemum.n::>HOrO .Bpamemm. re - l\OSqtflmtHeBT 
:perenepa.rnrn iIOJICY,.nfJibHCro rro.i1.q ns TOpOH,ll8.11b'HOro 3a Ctt0T KO.ff.ESK

W'fli. ITpn Rem)} i ypaBReIDUl (5. 2I) m11em pemetme BJt®. 

Br, p ~ exp ( r~ le I t, ) 

K ypamiemmM BY.:na (5. 2!) npB'l:IO)mT Teop!rn CJ:a6o a.m~MMeTp~
Horo J.UJHaMO C.H. EparY..HCKOI10. B aTof Teop1m 

(5 .. 22) 

r.ue V(r,9), B ( r,9) 

U ( r 9 'P ) t r e tp ) - .Ma.Jiue a.c!!MMeTpJfClHRe .noOanK.!·!. C""'eAium no .. ~ , , , .}:' 

c.p OT lta..~o! 1!9 Tpex I<OMilOHeHT u npe}:Ul0Jta!1aJ1BCb pa..>ntoil ny.:m 
t 2'il < Ur).;: 211 J Ur(r,9,'f > d lp = 0, <Lie)-== 0 ~ ( U'i') ~ 0 . 

0 

Dia.BHOe .neiiC'I'BHe a3mvtyTa.%HO!i CY.OpOCTli v'f (r, e J W.It.n:JqaeTC.f! B 

re He paumI CMliHOr<l a3lfMYT8.1I:bHOrO llOJU! B'f ( r 1 e ) ~3 np~Cy-TCTBYJO-
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mero npoHsBOnbHO :.ta..~oro MepH:l!HOHaJinRoro no~R. 

§ ?. Ty¢yJieHTHoe ~waMO 

Cyn1ecTBemrue ynpomemr..q B Teor1irn 1umaMo nocTarru')TC.Ft npu pac
cMOT~~- reHepru:~Hlil IlOJ!R B Typ6yJieHTHOe cpeite. Typ_6y;J.0HT~_mM ~ 

6y,neM. ~3-~::'_!:i ,JOJIDr:e~·~ ~- B ltoTO!)OM 

v(~ t) =< v ( ~t)_> + il_'(r, ~).. <.li '\r,t} > =.o. C5. 23> 
~---- -- .. -

Yope.nnemte B (5.;~3) npo:Bo~'l'cn no BpeMemI B ,naHIIoif TOtn<:e npo
cTpeF.CTB<l (::iMeCTO ycpew,emrfl no "BpeMelill MOi!CHO !!O.ITh30Ba'!'liC.F! yc
.Pe,IDfemteM no rrpoC'!'p:lHCTBjT wm IIO 8.HCfiliOO')). Ty¢y.neHTHOe )LB-Ue
mte MOXHO paCCJ\'JaT!>ll'DaTI> KaK COEO.ey!IHOCT1l IfYJ!bCBWIB pasHHX p.~cDJ

Ta6oB, Bsa~tMo,neiicT:B:Y10liUIX Me'H.TJY co6oil. 06021rBl!l!M t1epes ). Macnrra6 

nym,caI{Hil, 1r,, l h >. - cpe;I1.!rae MSMeHeHH.FI C:KopOCTM II IlO.TI.fl' Ha pac-
CTMHIDIX nopmora }. • B Tpe.XMepHOM c;r~ae rmrpo,nITTiaMKqecl\O~ 

T.Y¢YJI811THOCTR ,JU;ID.temre MRCIDTaOa e pacna~aeTCH Ha 60Jiee MeJilG!e 

BHXJlI!, TIOKa He ,ItOXOJmT .no Ma.CffiTa(ja ,._ ;. 0 ' Ha KOTOPOM ERJIIOTJaeTC.ff 

BH3KOCT.b. }1I!'repl3a1! MaClll'J.1a60B e )'> A)) ].. 0 Ha:m:saeTCH ~mepi:umH
FIHM ' (:s HeM HeT ll1D<a.ICOM ,14KCC~). 3ueprv.R e , .Il.HCCmmpyeMM 

B e,1?.lU{lU{y BpeMeHH E e.nmnn::te MaCCH P.mJI,KOCT~. qepnaeTCR H3 KpyrnlO

M8CnITa6Horo J:i;:F.n~eHHR, O'!'l4:Yt(a ITOCTenemm nepeM'tflIBaeTCH :so BCe 

MeH:&m~e Ma.C~a6H, IIORa HC ll;0'CCKillf pyeT B MacmTa6e ... ). 0 • B r~po
~HFtM~qec:Koii Tep6yJieHTHOCTPI crreR·rp MOl!!HOCTH fIYJII::caw& ROCl!T ymI-

BGpoa.7IIiJrull xaprum~p ). 5/3 n 6wr rro.nyq:eH A.11. KoJIMoropoBI:.'M us 
coo6pa.l!temtii pa.sMepaocTH. B .ItJ3YMepHon Typ6y~eHTHOCTH noTOR aTiep
rim H&..tpal3JieH OT MMHX M8CWTa6oB l\ 60.n,mv.M. B OTJnrfme O'r Y'fiP!Bep

O~EIOI'O KOJIMoropoBCRoro cneKTJ:a B rroux>.tnrnaMHRe rma3MeHHM Typ-

6yJieHTi!OCTI> X8pa.KTep1rnyeTDJ1 60Jil>llIHM lMCJtOM pP~Hoo6pa.sHHX yCJiomrl! 

K napru,1eTpoB. 
YcpeinrerraHe xapaKTep~CTnKB" .mnmemra: :a Teoplm TYJl6YJieHTHOCTI! 

3.a.ztaloTC.FI Dpil ITOMOUtfi' l(Oppt'..JIJilJ;~mHHRX Teasopon 

Kol1~ ff, r') =<-u:c cr-nrfo tr·)), 
K ( r r' r 11 ) =ClJ t r~l IJ l r 1 ) II i t:"u) > 

C.-. j~J' I l 0:, f ~ ' . J ' ' l 

r~e ot, J3, t = t ,2 , 3 • :sc.11a rryJI:ec~arurn o.J;Iwpo.t;rrn, 1·0 K~P 3a
BSrcwr 'I'OJil>I{O O'l' i r -r· I • eMH 3:30Tponml. TO K.:, &OBCTpywpy8TC11 

JI'~ •s .IIBp. ~eH30JX>B 6i~ • I ri - r: I l rJ -1 I . 
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Il Teopuz TYJ)6y~enTHoro .n;wHaMO ctraTBDr sa.JiaHH:iM no~e cRo
pocTea c MeJIRIU.m ME.CmTa6aMP., KOTOpHe B096YJ!O{aJ>T rJraJI.Koe Ma.I'R1IT
Hoe nO.Jle c 14~cmTaOoM L • Pa36n-B8J! MarHRTHoe nOJie r:ra perymtpHyD 
coCTaBJI.SI!lleyJ) c Macnrrad0t.1 L - B ( .. t , t ) 11 cTo.xacTtttteCtcyl1 - b ( i, t.) , 
38.IDijlieM ypal)Hemte {3.89) B BB~e 

() f. -- -
Jt- ~ rol \< VfJ' >)+TluB, (S. 24 ) 
a8 · --- -at =rot ! ~ B J +Dll ~ . 

Ilpo:BO,wt I1p(h\i03,n;in!:e BI:.£qHCJierom, MOXIlO C~CTB ypa.BHemre MR t<pyn

HOMaCmTa6H0.'1 COCTaarum4e~ K Bli}.{y 

~B . -at =rot( ..i B ) ~ Dr+ D) A B 
1 

(5. 25) 

r.ne ol. = - t ~ V ( t ·1 rol V ( l 1 T ) > d'l • DT - 1coa~m:zyrel!T 
) . 

TY,P(.'Sy.1"IeHTHo~ .ItJJ:(J.tpysn ( DT ~ < V 2) '( / 3 , r.ne L - KOppe.JIR-

ItHORBoe npe:.~), Dr >> D • TypOyJieRTHOCTl> cpcJlu TIJlKBO.lmT I~ TYP-
6yJieHTHO:i! ~~im R 6ucirpoii ;mccmra.rum rrorur. Ec;m Typ6yJieHT

HOCTn rllpoTporraa, T.e. npe~cTaBJIEeT co6o~ CTaTn~THqecrur!i arr
CB.M6Jll> :a;yxpei>.. Ra~Wl l!S KOTOP!:lX BMeeT npeRMyllleCTBe.HHoe HallpaE
~eHHe BpameHrul ~ 9eBRCHMOCT¥. OT Ilarrpa.BJ!effilff CEoero IlOCTYIIB.TeJil>

aoro .IU3U~eHMR, oHa cnoco6sa o6ecne~Tn ycWieFrne g noAaepgaIDle 
Ma.rHBTBoro no.1'.1!. 

r JI a B a 6. BOJlllli J~ PA3HII3H B MAI'HliTHOP. I'MJ1R).100IAMllliE 

§ I • Mr.rt DOJrffil 

PaccMoTpZM lmSRoqacTOTh~e ~o.nedamm, cnoco6H&e Eos6~T:o---- . -CH B pacnj>ocTpaHRTbC8 B Wia3Me, :n,i!J! OTil!c8.H~R ROTOpUX MOXHO 
IlOJil,30DaT:&C~ MeTo,ttru.m 118.rHRTHOa rli.iij)O.!(a.EaMllltH B O~OllR,IIKOCTHOM 

npH6.mutemm. Orpamr-mMcH ne_p:eo!'fa'1a..1hHO paccMOTpeIDJeM JIFIJielbmx 
KOJie6rumi!, T .. e. 6Y;IteM ctrnTa1:&, qTo saheHo CTartHoBapHoe pemeaue 
Ma!'mtTOr~IJtPO)U!naL!W!eCRRDC_ ~BHemll!, Ba KOTopoe H~Cfi Ma

Jrue 'E03My~emm. M8J10CTl> B03MYflleHH~ U03BOJIJI0T JIIDieapHSOBaT:b CKC

TeMY ypaBHerorfi. !MeCTO yprnHeHHlI nepeHOca TeWia 6y;neM C1mTaT1', 

tITO 'AaBJletnle onpe'AeJlneTcs ROl:l!teHTpa.!Olef Il.1Ia3Mli u noKa3aTeaeM 
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~· c O"' I - zso~epMa, ~· =5/3-BJlJl[a6aTal. Ta:ru!M o6pe3or.~ lmeeM 11c
xo)IRJ'1) CWCT8l~ ypa.BF.e~ B npe;o;uo.noxemnr ll.lteP.JrDHO£ npo~O,IDIMOCTH 

)[r · .: " ' !, 
f G. I) 

:\ J: ( .<(1 

dV \ - -
P- -=:.. -vp+ -.:. Lrol B .8 J J dl ~ " ~ .., t ·-· 

i . ~ 
(6. 3) 

- ... ~ ~ J 

>· '\ (6.4) 

()n(TaeM, qTo l3 cocTORHllll pa!!HO!:iecru:: Heno.IJ.B!~HM ( V0 = 0) tua:,w~. 

paBHO?a!epao 38rr0.1I!meT Bee npocTpa:CTBO c IDIOTHOCTEiD fo ~ llo / rn i 

:n;CBJ.teHtre11. p0 • MaMmTP.oe noJ!e P; u o.mmpo.r.;:ro ~ uarrpaRlJeHd 
¥0..U. OCR ~ .n;eKB.PTOBOil Cl!:CTeMH ROOp,I(liIHaT. ~iM!ie B03f1zy!UeIDJJt 

v ' p ' n . B Oin1CHJ3a.JDTC.R: JurneapLl30Ba.HHO.li Cl-!CTC: ~oi1 ypamiemm 
(rsm npeae6per-;nr !f..E.an;pa·r~ 1ureHaMR) 

(6. 5) 

(6.6) 

(6. "'.') 

(6.8) 

Pell!eJme CHC'reMil (6.5)-(6.8) Mil IIOJiytrJM, DBO,IVI CMememre IIJJa3r.HiI 

Ra · • -- - • Tor11a "v-= ~ ~ JtOJiozeHU pa.BHoBecu -z = "l 1 • 'Z 11 ...... u "' B ypc.n-

Hemte (6.5) rrpzo6pe'l'BIJT mu; 

(6. 9) 
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a yprumeHIIe (6. 7) 
..... 
B =rot [~\Bo 1 =rot f ?:".. s,) I = 

- ( B
0 

V ) ;:;, l - ( =i V) B0 + ;;: 1 d IV B0 B0 div .. ;l. c 

ai 
;::: -~ d1v.:Zl r t\, a/ 

(6.IO) 

IlyCTl> r;-:: B ;' B - 6.l(RHWnnill BCRTOP B).tOJ!J> ei Y. h 0 - eJ.(1mn!illil 

BeKTOp B,IJ.OJI!:, OCH l. . 

(6. II) 

Tor.n;a 

(6.I2) 

r.ne V' 1 = v - h ( h fiJ ) - nonepetrP2rl! rpa;:meHT • 

c yqeTOM (6.9), (6.I2) ypa:a?.e!!rre (6.6) ~eeT BM~ 
2 -- ~2;;-0 "l · 2 . . - 2( ._ Oc,) ---;;-- ~ V c. v ct' v ·1., + V.. \ v.l cl 1 v ~t-1 .. ------;;- ~ 

atr. .,, "" a.! "' 
(6.I3) 

r.ne v r:. = ( r Po !po) Y2 - CROpOCTl> s:sy-.r.a, y A= Bo / ( 47' fo ) h~ 

8Jll>BeROECR8JJ CKOpoCTn. YpanHe.h1!_~ ~~.I3} orrac~~T _TP,Jf T~ 

DOJIH - ElJTl,~eHO"ECKYlO. 6uCT.PYD H MeA11~HHYJ) MarHE:T03ByJtOBiile. 
r B a.nI>Beno:ecRoi! i\omre ~1 = 0 Ef .zunmenJJe B nonepeliHOM Ha-
; 1 .npaBJiemrn HWLHeTen HeC:&nMael\ruM: div 7,~ = o (p~c. 6. I). YpaBHe-

ime, OIIHCirnaI011tee SJI])Ee!JO.BCF.He OOJIHl:l, HMeeT DJtn ypa:suemra ~J?JIW:. 
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PB:c.6.I. CMemeII.He IJJI2.3MJ:J. B 8.1JbBeHOCKO~ 
~OJI:He 

(6.J:4) 

1'5:!3HtJecKB STO 06yc:-.JIOBJieHo ua.nrrqneM H8-

Tstr.eff¥.SI . CWIOEliX JraffH~ MB.rffiITHoro no.rut, !C RO'l'O.PLlM "npmtJiee1u1" 
q&CTQIIH remecTBa (sa C'l{eT BMopoxeHIIOCTPJ). AJ.t;1,:se.HOBClUie. B.OJH·:i:i 

~tmQC_T~~p1!, T~~ --~9:-!I~ _MBXU_~~~ __ c~.~9J.T.dx_ aifislt. ~ 
: ) . · Ilp11 i,,"' 0 ypa!lllerure (6. !3) pacll8J(aeorc~ Ha .lt1le ypaBHeBl!!I 

·a?.iu .!?.. ( 02 ~,1 d . - ) ( 
()t2. =V.s a~2 + i32. d1v"LJ. l 6.!5) 

(6.I6) 

(JUIH JIOJry1feHHJ1 (6. I6) 6epeTCll J]lIBeprem.nm O'l' nonepel!HOJt COCTaB-

:B C!iYtf~e lt7f88MR HW3Roro ,naMe"ffiTJr, ~OI'JJ;a p-- Vt/ v: .<.,__I l 

ypa:s~;~e ( 6. b) mAeeT EJr.1t 

(6.I7) 

II OmtCl:lBaeT Ma.f:mT03eyKO:B..lle EO.i?'Hl:l (pliJc.6. 2). 'll.armoe HaSBaHlle 

CBsr3ruio c RamrtmeM ,na.BJieim.B' MBI'HilTHOro IlOJIJ! w pacOMOTpem1eM 

v A Ital< CROJ)OCTll seyxa B cpe.ne c pc: B 2 
.. / ti.IT • f ;; f 0 H' 0 : ~ . 

/ / 

&rc.6.2. CMe~enwe ruraaMu B Marm!T03BY
KODO! :so;me 

TipE" '"l.. 1, = O R :smto.:1He.W.JS1 yc.noB~R EMopo
~eHHOCTH r&l!'mr?HOe nOJie 0'3MeHReTCR npo-
rroprmomu:tl>HO MOTHO~TH M B,,_/8 'Tr nponop-
uPIOHaJII>uo KBBJIPC1TY mrOTP.'OCTH. YpaBHeHne 
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(6. IS) no2Bo.rr.'ieT onpell,eJmT.h MaJtoe npo.uo,,n.Hoe cMenteHHe B MB1'HHTo-

3BY:-<OBOI BOJIHe. EcJIW ct I v --;:z J_ = 0 ' TO ( 6. 15) 1MeeT BHJ{ 

'},2 ~2. 
u 't11 - v 2. ~ • 
ate - ~ c):!2 

(6 .. IS) 

OimmmaeMUe .lI.P..RBUM ~BHemreM BOJIHl:l aasUEaMC.fI ~_9Hij9_-3:ByROBWim 

I! npe..u;~~ go6ofi seyx, ~QllpOCTpaH.BlllID!iiCSl B,ItO.."Th Mar?.RTHOI10 

n~:~~~,HZTHoe ~o.lie Iipu aTo~ · ae B03MYfilaeTcR (pnc.6.3). 

Pac.6.3. CMemetme wta3MU l3 HOHRO-SByKO.Bl:lX 
ROJI86al:IBRJC 

IlpJJ ~OJf:&IllllX p 6y.neM ucitan pewemie 
(G. I5), (6. !6) B :B~e :peanoEeRM rro J!JlocxzM 
BOJIF.aM. Torlla ~"': nponopunoHaJil>HO 

exp t 1 (Ki" - wt,)} z 

, 2 v12 Q 2 -- -
( W - s K11 ) 'Z. 11 - K 1 Vs ( KJ. "l.!. ) "' 0 , (6.I9) 

(6.20) 

ll.PJJPa.BHH:BaFI ~ HyJID onpe.n:e.JIWreJtL CHCTeMH (6. I9). (6. 20). XIOJiyqa

eM .zmcnepcaoHBoe yp.a.EHemrn 

w4- ( v; + v;) K2 W 2 -+ v: Vf K~ Ke ;: 0 1 (6.2I) 
~ -- - . 

pemeHKeM KOTOporo HBJL'!J)TC~ 

(6.22) 

- VA'l V.s2 K~ f<~ ] Vi?, 

v.;;- COOTBeTCTBYeT ycRopeHHOI MBrHHT03BYJCOBOn ~OJ'IHe, ROTOpas:I 

npH p«.1 nepexomt'l' B MarHHT03BYJtOBJD, w~ - 3B.Me,ttJleHHo~ 
MarHHT03ByROEOtt llO..'IHe' ROTOpaJ{ npw p <.<. 'I nepexo.u,wr B l!ORHO-

SBYKOB~"J'.J. IlpR npo.z:tOJl.Eii:fOM paon:pOCTpa.Hemm I< = K ~ l!r 
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(6.23) 

llpr. nonepemtoM pacnpocTpat:emrn: Kil '= 0 

w} ~( v; + v;--J K2 , w_"-- =- o. (6.24) 

~-~0p-ol!-~- ¥.~ ·= ~- z rpy.rjn!)~Q~_Ql<9PQCTll . 

- lfu =pm~~ OT yrJI& 9 MUJcy' TteKT'?P-8.t! ~ . .J_ ~ff!~~ _15!.

~Uf.E-~ ~!f.L?_!_et~~ - ~R~Pw.1'.~~ I!P~~-Tcn ¢asooo~ 
? L._~~~C?~ 6_.46) IJOJtiipaMrt cooTBeTC'!':Betrno. ~-

30! ]tfu.f\paMMa .wm C5lilC'l'pofi ~.ID.!'F.IlT03Byl\OBOfi :BQ.llHbl HMeeT B~,!\ 
oilaJia, cnmoceyToro B,IJ;OJI:b aanpa.EJTemur MaI'ffiifTRoro no.n:.e:, ]I)Uf. Me.zr,
JieHHol! - ,UByx CODIJmtaCaR>I!UIXCJJ OBaJIOE, CWOOCHYTl:IX B nonepelffiOM 
Hanpal3J~elnnt. .IVIE a1IbBeH0Bc1mn - .Il,1iyx coni:imw.cru)w,..-'lXCH oi<pyxnoc
Te!. JI,r~ 6ucTpof Ma.I'H~TOSDJROBOll BOJ1Hii rpynIIO.BaJ! IlOJI.f.!'PB. m1.eeT 
rw..n. awmnca, MeWtemmit MarmITosByxoBoi! - nyx Kplillo.mmeitmix Tpe
yrOJII\mmon, IVlH aJIDBe!iOECimi\ - BUpoz,naeTCH B ,nBe TOtUm. Tpynno
.aott riOJIHpo~ y.no6Ho UOJibSOBe.T:bCH npH paccMOTpeHITTI pacnppcTpaaeHRS: 
BOJ1HOBllX IIBK8TOB. 

/l111k.wtJ/l('AO.Ji. 
B11111m 

0. 

he. 6. 4. 4i>a30BaJI (a) R rpynno:sa..q ( 6) rrOJI.Hpw 
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Mr.IT Bomm Ha6..~TCH B MexwraHeTHOM npoc-rpa.HCTBe H MarJ:m
TOC~epe SeMJrn. B MeEJJirureTHOM IrpOCTpaHCTEe aHeprPlR EOJIH qe.cTO 

CJJBBHlrMB. o sneprwei't it_pyrraowcmTa6Horo Me.rimTHoro nOOIJ:t H Te.TDio
:ao:.P. :meprne~ wrasM~. HenpeJl:lEHBe 4inyKTyBllllH MaI'Hl!TIIoro nOJIJI B 

,DJIQ3Me COJllietraoro EeTf.113. .'fB.1JSIDTCJI npeHMYuteCTBeHHO aJil,EeHOBCRID.m 
~JIHBMH. XOTOpHe renepupyx>TC.S: B0Jm3J.il COJimxa. 

§ 2. J1o~ .3~~ 

Ilpit6Jntxe1me a_neaJU,HOi! npoEO.l{KMOC'l'R COOTBeTCT:SyeT ('Jiytia!J 

B.H.1s0Tpozruo~. ao ae· )4ncneprnpyJJ!llea cpeAe - ~30BS.Jl cRopocT~ 

pecnpocTptiH6Hl!.F.: ~A.lll..i.X· EOSMJDl8Hid! Sa:BZCllT OT e t HO He OT' KI . 
.Ibm OI!pe.D.eJteID!JI ,W5Cnepci.1H l!OJLH :B nepBOM npH6o1Tt1.ilemrn L10ZHO 

JIOJI:},30158.T.DCJi .103y:atlODtOCTHOI t'B.llPOmmaMHJtO~. B Ra.11ecT11e npHMepa 

paccMOTpHJJT :c:ommfi 3:BYJC· DPK f ~1. t Kor.na MOX.'10 npeH~dpe% B03· 

ti1Y11temrnM MB.I1H.HTHoro IIOJIH Jr .·rot E ~ 0• • TI.PK STOM E = - v 'P 
( lf - noreHIIHBJI). PaccuoTPfM ~ T1 <<.Te , npeaedperaJ? 
Hh~pJUJel MeRTPOHOB H IX CTOJlltHO»eRIDIMH c llOH.aMH. Tor.u.a :B ]f,EyX· 

lt~TIOP.~HTRO~ Ma3Me, COCTOrnite~ i[3 0.11;li03a~ KOF.O!t O,l(HOI'O 

copra H aJreR'l'pOHOB • 

(6.25) 

(6. 26) 

dV1 e e -
d L c::: - m, v 'f + 1r11 c [ V1 Bo ] , (6.27) 

~ -- .... 
0 = - v ( ne Te)+ en~ ( \i' tf + c [Ve B0 ] , (6.28) 

6. '-P = - 1-t 1i e· ( n 1 -- n e ) . (6.29) 

rrpo)l;OJI!lHa.11 ROMnoneHTB (6.28) .naeT 

(6.30) 

T. e. lUJ.O..lib CWIOBO:J\ JrnHlm' SJieKTpoHH l!Mell'!' 60JibllMllliOBCROe pac

npe~e.i1eRRe. ,Il,ruI MaJtliX KO~e68HR~ 
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(6.3!) 

PacCMOTpBM BOS~eHI!e TIDID nnocimx BO."IH exp t 1 (K~ - wt.) l • ~.., J, 

HBIIpallH:B EeKTop K :anOJI:& ocm X , K11 :11 Ki, Kc.= K 11 • Tor.na :e:s 

ypallHeiid (6.25), (6.26) llOJrYl!lJ'M 

Wg
1 
V}X - iw VI'\{= 0. 

:·GT!eyl{a nQ,nyqaeM 

d- V IW e 2..10 
lV 11 = - 2.- -Q.- m t( J. T • 

W -C..t,;Bi I 

'11s ypumemta: (6.25) nwryqaeM 

- i Wni + n0 d1v Vil+ n0 i K 11 Viz= Q 

:r)te v; 0:: T. /m· . e I 

Hs Y.t>aDBeHW! (6.29) Ha.Xo.nmt. 
2 2 e'f "' -

K ill M0 - = n1 ~ n 
Te e, 

(6.32) 

(6.33) 

(6. 34) 

(6. 35) 

(6.36) 

(6.3?) 

(6.38) 

(6.39) 

(6.40) 
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(6.4D 

IlpK K J. ~ 0 1 K = K fl · 

(6.42) 

.Ilpa K 11 - o0 W/Ku 

aa'lllniaeT j"Me~TbCS H B II:pe.){eite CTpe'Ml!TCH R Hj'JIIJ. IflrrepeCHOfi 
oco6eHHOCT1il> Truan: F.Q.r&eCSamr! JI.BruleTCH TO' 'ITO ~mettTpoEH B cpe.n

ReM HeUOlUllJCBH. Hx .na:BJleHHe ROMIIeHCHJJYeT ~eftCT3He a}IeKT~ecxo
ro nOJUJ. I\OJie6JimCJI TOJI.LKO IJORN. ll:pit w 8j = 0 • T. e. D OTCYJ:

C'l'BD rrm....'"BBTHoro nomr, ncnepcBJI iIOHHoro 3~ onpe.ne;r.qeorcsr <~p
JIYJlOI 

(6.43) 

B odme1i1 c.zryqae 

w2 == 01S(wii + w;)-t. [ 0,25(w~, ... w: )- (6.44) 
... 2. 
1
'- II 2- .2 ] Cf2 

- ~Ws1W·>'- • 

Ilpa Wp\ = ( 4T1n0 e 2/m 1 )f/2. » u.> 81 .llllCIIepcBOH!iBJI Rpirnru! !IJm:-

Be.D;eHa Jm pate. 6 .. 5. 0'!".de'l'DI, qTo YCJIOBBe Te »Ti liBJllieTM f<',JIO

BRe• CJia~oro saTJXB..Hl!R aoHRoro 3Byxa. 

Pltc.6.5. ,llllcnepcM iIOHHoro 3BYRS 
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§ 3 • Mr.II paspllBH 

IlDH J:eC_~J?:2.C~llll.a!l~~- BOJIH 001rall()11 aMIIJIHTY.ltH :B n.nas~e pe.spaB
JWe aa~~; B r~e yMOBWi llPlfl30)tRT x BOsmmaoBemm cE:aq
;0~arlii'ron;Iij)O,n;RHalira'lecimx BBJ!lf\ilIF.. TaRJW CRatOO!: B03M<Wm, 

~CJxbKO--ROr.tte ,IU!q¢epeRIIHM'DHRe ypaBHemtR. OIIl!CllBalJJl\P!e Cl'!IC'reMy' 

o6Jla.uw xapaF.TepHCTKX.aMB (.B I!pO'l'lraBOM c.n:yqae BOSMOZHO 8HBJIJJ'l'l!

tteCKOe :npo.nanserrne Be.mfq'I.~. ormcl:lBanttnX TetteJrne, ~ Jtoimra m.<eT» 
M~C'!'O- aerq)epiiBHOCT:O Te'!emra). ~ noBepXRO~Tlll It JIHHIDIX _paS.PJ:l:Ba 

MP...l"Jnf10rKl(p0,nliF!aMKtiecime ypaBHeITTIR He CIIpa.Be;z;vmm ff irpe6yeTCR 
itlffieT"Y,qecP:O~ J)S.CC1~0Tpeime •. 0'AHSRO MO~O orpamrotTl>Cff pememteld 
~~;o~)ipo)UIRaMIAecKKx ypiBHemtl!, It KOTOPJ™ .zto6aIVteao cem 
(µo -'ll!C:V- irepeMeaHI:iX) ~ yCJioEB"! Ha r~o:ft rro:sepxsocu 
(~~-I§JJ_~~- -· PcaccMOTpID.4 SJit'lMeH'r noBepXHOCTB paSp!ffia l3 CBCTe

Me KOOIJJUnfaT, .t03RZYme~C.R: w.ecTe c ~TBM MeMeHTOM (p:e:c.6.6). 060-
sna~HM CR.atJOK BeJiztrn:1:m A HS noBepxnocTH paapH~ { A_} = A 2 - Ai 

Pffc.6.6. 2J!eMeHT DOBepXHOCTH pa3IJ9Ba 
B CHCTeMe KOOp,t(miaT, JJ:BHXY
mef!OJL ~Me~Te c STBM aJJeMeH-

(2) TOM. Vn • VL - HOIJM3Jl},H8Jl H 

TaHrem:tffaJiliHBJi KOMil~P.eHTli 

CltOPoCTll. n - BeKTOP HOP-
MaJU'5 

Ha no:aepx1mcTM pa3pima .nOJTJKJm 6HT.L Henpep1mm.i. HOfMaJI:OiiaJI ( IC 

JlOBepxHocrn pa:3pRBa) COCTaBJimllla.a DeiTopa-MOTROCTll IlOTOM Beme
Ciz'BS. 

lpV11 }=0 (6.45) t 
a~'In • o6o:rnat:.:....aq: norroK wraaMu j rn :: j;) V n 

~ ljf =0. 
li~~~~Ho:_Tl>. noTo~~ i;r,\myJI!JCa itaeT 

(6.·i6) 

l n:J r1 J 1 == o, (6.4?) 

(6.48) 
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a n - BeRTOP BOIMSJ!ll Jt IJOBepXHOCTH pa3Jrdli8.. CooTHomemre (6. 4 7) 
llpHBOlmT R .u;BJMepnoMY BeRTOpRoMy If Cl\BJ!Rpnorey yc.no:sv.m. 

' { p. f v: + ~1i ( B~ - B~)} ~ 0, h .. ., ~r. -·. I I (6. 49) 

- f - • £ f Vn Vt - 4 'ii B n Bt- } = 0 , (6._50) 

rJte n 111 t o6os1m"ttB.JlT aop,m.nbHYJ> a TBBreHIUIMl>HYD Itor.moHeHTH 
EeXTOpoB COOTlleTCTBeHHo. -~~~PRB!_?CTL HO~aJI~Ho! KOMllOH8HTH no
'1'0Ra. 8Hep!'il'H 

" . ...... · - - I 2 c -- .._ ' 
W =: f V ( 2 V + W-} -+ 41i [ E B ] , ( 6. 51) 

' s . 
r.JJ;e '. __ ur 2 2 p / p, l - Temro:Ba.R: ~ynK!llU{ e.ItflBJIT...(U ~'8CCI:l, s BTopo_n 
'?JieH COOTl!eTc:rByeT DOTORY 3JleKTPOM8.I'HHTB011 aueprmI, ll B CJ!Yl!8e 

.... i ---
1!,II.eMLHOI WU"mITHOE r~po.IUHiaMIIBiJ npe E = - c [ V B J npKBO;nRT 
R COC'THOmemm 

{6. 52) I 

(6.53) 

K Tal:IT'0Bitl!an::&HB.Ji COCT8BJIJDml8.H a~eKTplfCleCROro nonR 

{ BnVt. - Bt Vn} = 0. (6.54) 

(6.45), (6.49), (6.50), (6.52)-(6.54) ~T ceMIJ Reo6xo~aMlLx rpa
mrqnm: Y'CJ!O~~.f. FaccMoTpeHHM cBcreMa xoop.mlliaT ¥1rncHpyeTcH JimDl> 
~ - . ·- ---~ · · -

CBOei CROpOCTbD B~OJ!b HO~ K DOBepXHOC'rlt paspm:.a, _!!03TOMY 
MOEJo nepel'&.TH B cRC'l'eMY KOOPJZKHB'l', ,D;:BH2!"Lj''l!{J11:1C1£ B,IJ;OJffi v. , B Ro

Topoi! V H B na~eJI:DHH :s cpe,l\e {I). B cwry (6. 54) ~mt 6yrcrT 
napa;IJienLHH B B cpene (2). B TaROf C?.CTeMe ROOpl{RHaT ycnOBHe 
(6.52) HMeeT Em:t 

\ {: V2
-+ ur} ~ O • (6.55) 

/B MaraHTHOI:\ rn;:i;po,;u;KHm.mI<e B03MOllmi KOHTrut'l'HHe, TruII'eHJIHaJil>HHe, 
i 
T E~TenHlie (nJI:e: 8.JibEeao:ecKHe) pasplilUil K y.napmm BOJIHH. 

"----·~ 
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B KOHTa.KTHOM ~'3.3 PliBe J rn = 0 n !'pa.Hmmte ycJIOE~.FI 'AlU>'l' 

(6.56) 

KoHTrutTHUfi pa3pl:U3 xapaK1·e p1rnyeTCJJ cHa:'Il:tOM .mo6ott TefMO.In!HBMntJec-

1mn 13~. KpoMe ;n;aMeWl!P.. :1 npe . .ncTaaJUteT co6o.1:! rpamm:y }::€3-
.ne.na Me1!.JJY cenoJIB~!:'P:HL!M7. CDe~ .. Mt~ c pa.3.m~11uMn Il.7IOTROcTmvm u TeM
nepaTYpaMrr. 

i3 TaHreHIDU:l.Jl:DHOM pa3ptrne d rn = 0 H Bn = 0 rr rpa~e yc-
JJOI;iff£ (6. 115)' (f.. 50)' (6. 52)-(6. 5-1) Bill10.1CHHJ>TC.Jl TO.a,uecTBeIDrO. 

~Ja (6. 4-9 ~ DOJIJl!a€:.1 

P t· B~ l =- 0 
:~ 11· t. I (6.57) 

~ · Citp~OR flCilliTUBSDT 

~ Vd :;= O, (6.58) 

~) BO E£.ama:re.1I.DHOM it1m a.ribBeHCBt::KoM pa3prme J rn -r O u 

{ J~} -='O I I!OSTOr.r-1 l v~J } ~ 0 ' t=r YCJIOBliie (6. 54) c Y'Ie'l'OM 

(6. 53) MOF-tIO 3~UiireaT:n B !3rr.Jle 

B-11 \ V l '} = Vn ~ Bt} , 
·a- yc~:oBne { 6. 50) 

\" V ' Bn \ B \ ,j !fl t. J ~ T. ·~ t J • 

0Ti:~a rro;1~r-qae?.~ 

V,, = ·· ~ . 8 r1 . • · 

~-- ·~( -~1 '~ 1·21~ 

T. ::_:-io~IB.ITT.f{a.f! l tO:iimoHenTa CKOpOCTV. paBHa 2JrLBeHOl301(0ii 

l VL} .. : ± { Bt.} { 4 Jl_i )) 
4

( 2_ . 

Yc ... 10.mm (5. ·iS) upHo6pew.IDT E!l;J; 

p 1· • 2_ IJ 2 • -:: 0 • 
.'3 F 0

t:. 

(6.59) 

(6.60) 

(6. 6I) 

(6. 62 ) 

(6.63) 

, .n cn.ny (6.52) ~ (6.55) 
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(6.64) 

O~a CJJe.DYeT~ ttTo { w} = 0, \ P} ~ 0 H lB~] = 0 , T.e .. 

{ Bt) = 0 1111 {I BI } = 0 • TmrnM o6pa30M, HenpeI)I;BHli acSC_o,1IJJTR8Ji 
BeJIB'ntHa BeKTopa. MB.I'1IBTHoro nOJL.q B yrOJr., o6pa3yeMI-.rlt mJJ c no
Bep._'"{HOCTDE pa3pHB3.. 

B y:gapIIllX DMHaX (t rn "" 0 , t f } i- 0 • B CHCTeMe OTC'qeTa, B 

- v -
n:oTopoa Vt = -

8
" Bt. , cn~eJJ.JIHBO :s CPLJIY (6.50) cooTaomen:a:e 
r-. 

I B;, -l ( f - 4 II J m~ -) Bt. l = O . (S. 65 ) 

IloaTOM,Y_B. y,n.apno~ eoJrHe aeKTOIJH Bt 
JieJ!LfW. Be:nrorm MarBJJTHoro no.M B 

B cpe;nax (I) 111 (2) rrapa.n
B cpe~ax (I), (2) e: nop-

Ma.JI!> R DOBepxHOCTH pa3pUBa JieJKB.T B OJJ;HO:la JDlOCI\OCTi~, T ... e_. y:nap

Jrne E9JL...lrf4 wrocROilOJ1E]:l3MBruru. BUJteJUmT nape.JIJieJit,HyD, nepneiwt

KYJ"J!PHJ11) B-ocoBYiS .. ylr.B.JjHue -i3oitfilz.] rn nal?SJIJle.nI>HOi! y,na);lHOft l30JIHe 
_.., ..... ~ '~ -- -
B tln ' Bt. = 0 • B cacTeMe O_!Ct:ieTa, r.Q.e vl n Bt. lP CKOPOCTl> 

'?~lUl napaJIJieJt"...})HS HOpMBJra R v t, = 0. 
( / > B rrepneft,1Il!Ky.MJ?HO~ y,n.aptto~ BOJI!Ie Bn = 0 z He c ymecTByeT 
\ ._,;oo. '"' -.. -

CRCTeMt:l OTcqeTa, E ROTOPO~ Vt II Bt ' ~ pa3ptrr~ OOKOZTCJ!. ~3 

(6. 50) IlOJIY'W.eM \ Vl }-= Q H MO~.HO ~~CipaTll C~CTeMY OTC110Ta, B KO-

TOpOti Vt. = 0, T.e. CKOpOCT:h v HanpaMe.Ea B.IJ;OJU, HOpri'8.7rH n 
. B ~ y:ttapHoi·! EOJI.He BL = O no O.llsy cToposy o'l' no:sepx-
aocTE" pa.spl:IOO.. 113 (6. 65) CJie.eyeT, tzTo no ;rr;pyryIJ cTopoay 
Vn ~ V;,..n - HOpMe,,1bf!Ol\ RoMnoHeffTe auBeP.OBCKo~ c~opocTH. B CHC-

TeMe OTCTieTa, r.ne Vt. I\ st, , ~ -= v:A . Truan.~ o6pa30M, v = v,,. 
lfa~eHE~~Lnapa.MeTpoB J1)lP.. y:napHHX BOJIE .B 1i1arffi!THOa rRJU>O,nH

HeMmte MOJCHO Ra!T.it 1!3 ypa.Brrem~a y;napHo! a.n;na6aTU. JJ;tg TOI'O "IT0-

6~ ero n~T»,Sa.MeTm.., ~TO c ~eTOM (6.53) yCJXOBHe (6.Se) 
BMeeT B~ 

(6.66) 
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8 yt-..no:aB:e (6.54) 

B n \ Ve J ~ ,j rn l ~t } • (6.67) 

YCJIOEHe (6. 52) MOAHO 3aIIHCaTi> B tPopltte 

2 - 2. -2 -- --. t ... ~ + ~ + ~ l ~ B~ J S V 1 . Jm v.r e pi. 2 4 fr f j 411 l t t. J 
J 

(6.68) 

(6. 69) 

1 11 B cuy ltOJIJIKHeapaocTH Trutre~a.i11>HILX KOMilOHeHT MarmtTHoro no

M a l~PHO:.t BO..'ffie 

·12 { .Bt_} B~ ! B } (6. 70) 
<Jm f = 4JI l t • 

Jrfc:MJ.TCiaH Vt. ea (6. 68), c noMOIIU:i1D (6. 6?) no;ryiraM 

{w}+iz!{~.} .. :, ;d~l- 52,,~j~ {&n~o . (6. ?I) 

.~CJ!o:asfe (6. 49) aanmneM B :arr.ne 

r l 2 1 I } . I B~q Q 
l p J + Jrn l f + ff l t- J = ~ 

J. 2 ~ P~ Pi. [ "' P} + ~'-= '-l'. '62 1 l . 
Ill l ,~ } l 8 I t.. j 

(6.?2) 

C yqeTor.t (6. ?O), (6. ?2) yc.no1me (6. ?I) ~mxrro sarmcaT.1> B Ell.Ile 

(6.?3) 

7- 0 ' 



- ~ -
Otty,Ite. 

'- l wq \P j 
~ .1 ~ F' } -- ( o _o I 

t i:: r Cl " 04 - . ,- . 
u ,, £. · • - -

t / 

(£. ?4) 

CooTnomerrae ( 6. ?4) nri;:aeT pc.Jn.. YJ)S.EHemrn I'mrorrao B o6wr.uo~ 

r».n,po.zmHBMiIB e. 
Jl,M y,napa.HX Bo.rill cnpa.Ee.wmna '!'~opeMn UeM:rmeH_a, corJJacRo 

~OTOPO!! B YJXaPHOf .BOJ"me ,lta.!.1Jletme z .IlJlCTHO - 'l':b ;J'"3QJnrq;:F.aB)T('5I. 

T. e. ~apHaJI B0..11Ha e CTL BOJIE.-'l CFBTl!H ''> ~! )> .?4 . Ilp~ 3.!'0M 

Il~~OJ19I'aeTCH, qTQ 

I .I j 1 ) :ti r) ~ \ - JQ .-. '- ,.. ;, l ., ~ \. ~' (6. 7 ) 

r.ne S - auTpOmIJI e;n;arffmt!l MaCC!i. Tf\oper.~a UeM:i.r.eHa m:i.i1.f!eTr:s (' .. rxen-

CTBlleM 3aKOH8. B03paCTSHil?. :nnporm~. OF.EEeM ee OT n:poT~BHO:L'C. 

Torna Q .~ 0 

·ro 

' I I '-i - 1 )ti ! ~ .rrpennono.:trn.~ . tr To J·) .:. _ -:
:::. .l ' 

npH R -;. O R ~1 .:. 0 np;.1 P. - C • 

iJ . ) 
~ P~ . , 

f: ' I") 

! 

{6.78) 

B cwry (6 . ""'5) z H3!1.lcro npell,rroJro;,;:e i':?.H ~ , ! ~ p I > () .. ) 
;:: 

o6pa30M, np~ ~iIBC~po:SriP.HOM 11 Y7'1CH11meime {~ rrpir.BC,Il.tT !( 

yMeHiimemrn P2 • a, !"'.Jie.no:E.&Te.ni,no, B cwiy (6. 'lo), .no.mnre 
yYel:WiltiT:OCn 3HTpoIDlfi , T. e. S::i s , • tITO rrpcTIIBope-qeirT 301rnny B03-

pacTeHHH awrpomm. 

,Iln.a B03MOXBoc•m perurt:iHo:ro cymec'!'r:onarnrn: Mr.IT p.~ 3pIIBa Reoo
... 
' xo,nm.~o Btmo.mremrn yc.i10BnP. ero yr:TO~lllf.BOCT~. Pa3puo, Ylt:O.B.1"IeT.Eo-

pm:11tlITT1 Tpe6ona.inm 6eC!<OHetrHO M,'JJIUX 1rnMeHerrntl np~ 6e c}~OHCtHJO Ma

J:UX BC3MYmt?iUUIX, 1ras1:rsaeTM :;.rno.JIJ?qimHrru!~~- ErJT~ 6ef'J<OHcqPo 1e..1He 

B03MYtnemf.il Bbl3HBB.ll'?' ROHetrHliC ;!3.MP.H--~IHIR' pa3f-!i1F.a, TO paspw HP.3U

ooeT('.)1 H~8BOJlll!lHOHHWs1. H.a pH'C 6. 7 IlO!W.8aHO parJltJ?rl)I~Hze r ·KHtffia 



---"'"------1- x 
t ·O t = 8 t. 

PHc. 6. 7. PacmeMemre ctmtma IIJIOTHO<:. Ti1. 

a-t. "' 0;6-t, - J t, . 

wtOTHOCTH. Bo3Mymemte f) .J' c pa3y CTaHOBt-fTCR 60JlLUIHM, XO'!'Jl ITJ_)P." 

MaJilD:· QC OHO .. 10R8.1UT30BH20 B MaJJDt1. 06.i"mCTl! npoC'Tj:~IW:~ T"Ba OX • 

·ECJlli ( v; ), ( v~ ), V.;_: ) - 1feSOBNe Cl-\OPQC'l1Z Me)'.VleHHOf 

t.~ffi:J~'"3EYtrOBo!!.. aJThBeHOBCKOti tr 61iCTpoil MEr'h'1!T03l:iJROB011 BOJ1H c 

Eeln'.Ci}>0M Kiin (V,P <- v; .. v1:p ·1. To np:n mmo;rneH~rn yc.noBd 

v,,, ~ ( v.; )• , ( V4~ )2 < Vn 2 < ( vtJ-: )2 (6. 79) 

Ym!Pitaft BOJTlla HaBUBaeTCn 6H0Tpo~. Ilp~ El.mOnHe F.IBE yc..ioBH'I 

(6.80) 

Y~a}:ittrur nwum aaaUBaeT~R iv.eJt.AeHHo~. BHe IDITepBa.JroE (6. 79), 
(6. 80) y:o.apirne BOJTHu Hea:io,,1101urornI1:1, T. e. pe.cnn,n;amca aa He
C·KOJn,Ko pasr1t·:DOB. ~~~!-rilTHOe no.ne Ha tflpoETe 6w:!Tpoi! BOJIHH: Ha

pBC'l'P.eT t n Ha qrpOHTe Melt:ieHHO~ y6HBaeT. fiplt Me.rua WHTeHClrnHOC

Tmr OHCTp:w n Me.IT)!em:a.rr y;napmze BOJUm rrepexo.lJ)'iT E 6acTpyJJ n 

Me.JX.J!eaHyJD Mal'IDJT03ByROBUe BO..inm. CxopocTl> ~PHO:i:i BU11Hll 'l8CTO 

XEt.PaK!re:pa31eTcn: trnCJior.t i'M;m, ,PaBHHM· O'l'Homemno c1mpocTH -cl}poHTa 
8 

cnc'l:er1.e orrc.tJeTa, :e 1miropoi! rr.Jra3Ma nepe.n, rppOHTo~.~ Heno)tlmmta . J< 

CR~JjOCTfl COO'l'JreT~TBnm?ef (6UCTpoz wm Me,n,.rreroro.rl ) MarHRT03BYJ<:O
BO! :Sti.ilmt. 
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Bee nu,m..t MI'J:. ~~p~rnou o6sa~~MIO'!'Nr ~ Mer.:D.naEeTHOM nr10-
CTp<.iHCTEEf, l~ B f!elWTOpHX .C-.lf?-lftHX .II.CID'!.' OCHOBHOi! BK.':JM l3 B03My

uteHPOCT.D Mel{f'iJia.EeTHOro llpOr.TpCiP.CT.Ba. !,T,II paspum~ !10.fE\Jl.ffi'Y.I'CE rrprr 

Oc°STeimJ;tH~ UJifiSMoi~ pB.3.ITT!qfilD'. T~.n, mm E3a~Mo.nefiC'l'mm MaI'HlfTOcrf1-·r 

rv!aHeT ~ co.nHe'tnw: .neTr10M, :2e.m!OMCT.iG';'Ocrt;ertll c rne"-3Be3;:r,frur.t rn-
3C1M. TIDH Bsa1~ito.nei:cTBJT.~ r.raI'H7:Toc•f,tpl:I : er.ma c coJlHe'tmm.~ BeTpo~.·i 

o6pa~yeT·";r CTO.F-tJaq y:uapnan i30Jr.H8. {B .'IT~TepnType B TpertillUTCR Tep
MK.Hl:.l: ro.rroB!·la.fI y1wpHen :soJrna. oTomc)l.nr8Jl y:uap1mE TIOJma. n2orHyT~ ?. 

~'Ti#.PW.!E :t.lOJn:ia). B tfirr3iin<B co.ru:ret:rnoro .ncTpa 1~rrryp~pYfJ'.:' TeJ.\\~lIBil : 
uopume:r:.a.cJ. rr BSp!ill:m.11 . npRMr.R n oopaT::caJ! y;:r..apllle .BOJIHhl. I1orm1He.PE-R 

y.napHaq no.mia B0!3Hmte.eT nprr .IJ)ITITe.T.Lh..4ot: m~e"KU:rn ycRopeHHoi~ wrn B
Mu. J1;1R Hee xaprunepno ,!l;a.J.iliHe;-imee B03pa.(" '!'EUH!e r&Jro•mocTv. n r.1w

por:Tn IT.1Jfl 2MH IlOC'JIC f-8 !JROT'O CK8t.tl(3 u.::. ·f)po!!Te .BOJUU:!. lfamyJI..bcilHe 
B03MYI.QCIIi'lff B6..>m.3~ COJit-mR reuepv.p~l"JOT B:.~p!IBHile B0.111:1.U (p"1 r. .. 6. 8 ). 
Tio r.:..lIB pe3Imro 1303 pac Tmm.n F.2 cppO!!Te IUIOTHO"'Tb H Ci<OpOCT!l .B TaI<Cii' 

3 {\]{He y<5HreDT. ~ y~apimr:i EOJrF.J;f p&cnpo<'TP!lH.FmTCJ! OT LO}iHJl3., 

o6paTii !:Ie - '~ CoJI:my :B f'RCTer~e Dl11\01r TI:!!aSMH rrepe,n mpOHTOM l~O.T!H.bl 

( p1~c . 6 . 9 ). TuK Jt.a~ CKopof"'TI> co.mre',ilioro Berroa . ~ oo m.Vr. , 0Trro-
(·;~Te..1Hlo 2.eMJIH o6'}:1r'lTHliC y:rm.p1~e I·~l!Tr: f r.1-oryT Te1~~~e pur·r:po-:- 'i::c-

t~l\CrnbtE MIH~ ll 
Ml.IHMTHoro 001\c;l 

l-IAnP/\8M:MUE 
CKOPOCHt nM~Mbl _ _ -t 

-.. -~- -...... t 
¢>POtlT Yb.APHOU 

'"'- . \_ 

BblCOl<OCk.OPOCI llOH 
n<HOK 

f 

I 

/ 
/ 

r :' ' .. (;.A. C:<8M[!TlftieC-¥.ah MPTtrna ::l0~'·'7,7 ~ermf; j,-1f~:m..rr :meTno;: 
rura3:.~l.i coime'!Ro~ r· ·: mi:..JJ(o~: 
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~"' :-.tfoHu.k~ :9~1e:icTpo:.1armrTHoro . no.lT.R. MaJlli ao cpa.nHernuo c ax paBHO'::sec-
~i Xu 11;u :. ·~ - - .. · 
~· '· ·r. _,.;... ~:ta:r.re~;~JTMM. 

r~ . . 

~ ' 

~l1~ 
Jl npm~m~::emm o;.ri:ropo;n,m)if nJra3i',·'.i.l:J He ytm.·TUis-ae.TcR n..n:nmfi·Hl 

~. ; ~6:9.iti{o.Qo1u16cTe i{ mip.::!r.mTNB .aJW3P.lli M r pa1.!Z1nl.!.u yc~om1i1 ua B0J1-

, :~~roi;l_J:rn cnotiCTEfl c11 9Tcw~1. ;J,aruwe U.fllHJJ1IDK$lrae n_-pm.~em.{·i'.~o, 1tor.n;:;t · 
1 ~ftmnia' ~oJIHu rt ·..UJIDHfJ ee 3azyxamut Cwat Hawcrr~unmJ MJ.Ioro Me~e 

: ~!;lJlt1RT.EJ.P~X M?COJTa60B HaO:IJ;HOpO.I~HPCTei! I!ita3MU' a ee nepHO,ll· R BPe~ 
' Q~-11 i?'ftTyX~tmF. (B.TiK ~fi:!CTaIDU?.) MHOI10 MBH},Ilje X8,PSKT9pEoro BI)e~ 
t ~~~eillt HZ.MeH0ltitlB oapaMB'l'POB flJra3Mf:l. -

It .' !foxo.ru-m.n CHCTBM.f;I y paBHelill!: nMoeT Bz.TI. 

r·ot E ..;; - J_ ~ B" c dt 

_. I dE 
1·ot B :::- - --- .c a"t 

-di:v E = 47ife , 

divB=D, 
(I.H 
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.iTatt Ra'K ypaBHelLHJI Ma:n.cBemm ~ett!m OTHOCHTeJThHO cp~.IU:Utx T0-

1 KOB Jil sa,PR;!\OB IrJIS3mz, JmOliSpH3B!I;m{ I!O~BepraeTM TOJThRO 
y_pa:aueHRl3 )J.JUI 4iY100.tID1 .PErarrpe.o.e.treHRn ttacTliu J ~ 

Jot· (r: V, t) =fern( V) + f~f ( F, [. t J, \ f«• \ <<. f«o • 
r.n:e f et f - MaJI.as OCIJ}Lr.LJmPYlDUlEISi Jl06!:_Dlta J.o: paBHOBGGHOit @Yfil{-

ttRil pacnpe,l.(eJIGimsr J°'o . B (I .I) B0 - .Pf.lBHO~CBoe Mar
HZTHae no.ne, E • v , B - E03MY1I1erm.a .sJ1eRTPK''recKoro 
no~. CF.QJOCT'd ll- MarID!'l'ROro llOJIJI CO.OT.B9'ttC'!!B9.HliO ( ff"O =0, 

Yo =0) •· foi:o y,n;oBJieTBO,PJleT J.UUieTB:'IeCKOMY ypam:errn:!O 

.. eoe. ·[v p; ] :c)_f~o = _ w a fe.tC? = 0 er.-:.) 
mell'..C · 1 ° d-Y · Bo: a lf ~ 

r.n;e w~ - UKXJio·TpoHlraH -qacTOT3 i.racTZD; copTa o< , If -
aamzyTaJmm:iii YI'OJI B npocT~HCTB9 CKO,POCTeii '(B npo(JT,00HC'1"l:!e 

cxoppcTai aeno-m,syeTcn ~1:1,zu»1~ecxan CRCTeMa . 'KOOP.l4IDIEi'r c 
oc:D!O 1 ~o;n, Be, ) • Ma (I .2) CJie.ztYeT, t!TO fci(o = f «o{~11 , V .L), 
r.ite V11 , V 1 - n.poeKUJ!E cr:opoc~- B aanpamremm MaI'IDi'DHo-

.ro llO.Jm l~ nepn~E,?tiley.JLq:pHo eM1! COOTB9TCTBeH.H6. I!oCJie JlKOHe
·J>ll3SitQ C~CTe.Ma ypaBHeH.Hi (I.I) ,CTll:lOEUTCSI Jiiir.Heif.HOii .cmcTe

MOD ,ltHTarpo,n;1,p;fiepeHI.r;Mm.HJ:iX ypaBH81-IBia c IIOCT0'3..ilHHMJr{ 'K9Si._ 
tfllll1ReHTaM.K . ( OTHOCETeJI.OHO B.P9M0HK la KOOPJtID!O T). ll03T9MY 

npocTpaHcT-BeHlio-apeMeHHYJO · sas.acHMOC1'~ E . V , -B , f ~ 1 
MOi.'JlQ IT,P0,1.{CT.9Bl!Tl> B san:e pB3JIO=:\eimF. no ilJ[OCRllM ao.rmaM:· 

exp { ·, twt- 'Kr>} , I';lle w - ~ac.ToTa BOJJ.ll!i:, 
K - .aoJmosoii l3aKTC5,t>. B OlI.iIY JmHefuioc'l!kl ypa1memift c~RB!2 

QJIOTHOC'm TOlta -qa·oTilu CO.PTB of. c 3JI9I\.T.Pll~ec:Rl!M IlOJISM 

RMeeT mut j·, • G~ (w, K) E.J 

i ' j :::I,2, 3), (I .-3) 

r.ite TeHsop 6~ ( l.r.J, K ) H83.llBaeTc.H Ten30.POM tt:p::)B_o.rm-
MocTH*) • BBo,IUi sJiexrrp11-tecRy10 ~ 15 

*) Hasa.'3HKe "TeBsop npoBO.J&tMOCTn" upoacxo;IVIT O'll ~'PpMaJI:LnoJ.1 

0li.9JIOI'llll c o6w~~ 331.tOB_OM Oli.tt"l, HO }lfMeeT B 6eccTO.Jrr'J10-

MTGJiliHOH nJia3Me ~..Hoil qGf3iil.!8CY.JUi CMWCJI - JmJIJi.eTCJI, xa pa.:c

Te,PHCTRKOt! Kl!lQ'ltT;I~F.OCT'.H IWw 3aitw. B 6ecc'roJP-....=goBRTE.-JIDH0 i1 
rtna3Me npoBO;ltmnOCT.'.b ,fI)I.F. llOCTO.as:Hbro '.L'Ol\8 6.~Cl<Oiie'!flO .se
Jm'.l~l :E,D,OJll> nocTo.RRH0110 MarEH'rHoro no.1IJ.I ll pa.Ella ~ JI'5J 

nonepe:r. f!ero. 
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~:oi~t:; 4ir/ +af / ot , D =E • 41f~ lw 

1·' ~ ,-. ,.. _ MOllOXf.i::>MaTs~rncKOM .BOjlllli M3Jl0~ aM!IJ!HTj,l!l:i 

• CI.4) 

D· =r t> Cw Kl Ed· ( i , d4 

=I, 2,3), CI .5) 
I 'J ' . 

1 11~\~·Jl.e C: ij ( w, i( ) - TaHaop .n;R1JieKTPHl!.eCRoii npommaeMOCTR· 

.~~!3M&. Crursi, G·1J R 5 iJ HMeeT EUt 

8iJ. = ·B;J ~ k 41i~~ I w , CI.6) 

8"1~j - e~ Te113op. B:so.u;t nO'l.~3atr~JII, npeJtOMJIOIDt.R; 
. N =-CK / w pa~mtll O!Horuemuo cRopocTH ci3eTa 

;~ l i{'. ~30BOll CitOp0CT'..d BOJIHl:l, H3 y paBJ:Iemri Mal\OBeJI'Jla 'no.,zy'la9M 
r 
\ .\A 
1...~'.1 11 

~'~ . ; 
·I,. 

'~~~~ ~.PE(BHeu.ma· (I. 7) onpe;tBJIJteT c·ocScTBelilllie BeKT,Opfl, O~CCJESIOl.Uma 
1
" .co6cT.BeF.Hble @Jte6a1IHJ1 rumsMH.. YcJtosue pa31iellll!MOCTtt on.Hopo,uao'i! 
\:·· ·,t~foTeMi:i JffiHe.Ma:zx a.nredpoxqacxax ypaJm.eBHA (I.7) .nxa .EJ npe.n-

1- .• 1i"'Ei1'3nJUreT co.6oft ,wtcneocKoHHoe y 003He1me JT,J!JI 3.7leKTpoMarliE.'l'Hlil 10 • • 
~rri · rre~..,m B Eilm30Tpormoh cpe~e 

1:~1 · ~ A::;det.. \ AaJCi<,w)1::: O (I.8) 

'' " ~, · ._Y,PA:BHe~_e (I ~B) onpe;n:a;rj:!'aT co6cTBeill:!lie saaqeana 3aixatm. E_CJm 

~ _i~ ewaeTca- 3a;~a~ o pacl1£0cil'P9HeBlll11 BOJIH onpe,tteJteHlioi! '~acTtJTH, 
~~ ,r ~To U.B) onpe.n.cl.Jme'.1' I< (w) • ECJIY& p·emaeTca sa,llcM:a o cod-
·1~c "i· . - . . . .. .. •• . .... 

,) .CT:Bt l!TIUJX KOJte6BH.WlX n.i1as.ru1emto~1 CllCT.eMH, TO I<. C'tlltTaeTCJl 3a-

: i-?i t~IDrLIM R _CI .8) orrpe.IteJIJleT w ·( K) • B 'l{OCM0~3R°Ke KcnoJI:b-
~" ·3Y~TC,J! oCia no,iixoJJ;a, nepm1i1: - npli pewewm sa}:(atw onpe.neJiemtf[ 
t~\ ,ruap_nMe'r:pOB OJfllSMEl pa,n.motli:tC'l'OTfiID.ttli MO'rO,ztaMH, BTOI=•OR - ll:Pff Hsy.;_ 
J? '!-ieITTrn x~pa1t•reP3 rro:m,neHliH KOCMO~Sl{t{(fClW~ n.rraaMe~ CHCT9M. 

1~\ Bii,11, ·rel:t3()p.~ £ lj onpe;24GJUi0T cao2cTBa C06CTB!IIBl1X KO-

'~/ jrecJauui1, ux IJOJT.E,P]l:.;au;mo ~. coeicTEeHEl:le 3Hatremut w ( K ) • 
r~ J a odllleM c.rrsnme (1 ~8) J.tt;leT l<.or11.IT • .o'H:lltc.:lille. OOdCTB8Hllli0 3Ha.119Bl!Jl 

. ~' w =Re..W +- ilmw , r.D;e Rew= wr - qacTO-

:\~ 
1 
··r.a _v.o~e6aHH.U, Im W = .~ - ,ne1<.peMeHT 3BT:fXBli14st (aapaeTa-

, ~f. H~~I) BO.rah! • llpM w2 » i' B~Boi:t o HaJmllllW rror.rrouta BJUKX 

- ~~' . · _ P-~O"fiCTB cpe.u.r:z MOXHO C,ll~~Tlt 603 pemelm.Ji )UI.cnepCllOH.Horo 
If. ypaa11eJii!R, Kcnom.syF. 0Ci1I\1tU ~ Te11sopa l iJ • PliMmia11 

·~" ( I .. 
I I I ' 

1r. ·. 

(· 
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f, &j ,fi~ a!JvtilTOBy t'~J n 8HTK~p:.1HTO$Y .. ~ ,·~ ~ac'$ 
l 'l I . . C: II . II . · . ft• ) · ·. . . . . . .. 1t 

. :d = t~ "+ 'c- IJ! , , c: ,J = o.s <:~~. -~iJ , .s1A ;; o,s -~ii( cia } 
Il · pacCMa TpilB8R: snaprruo no'!TH nepzoJ:u~tr.ecJ.:or. Bomm, nol'JIO-
~ i::mim n GJil1lmlJ..1' B.PfJi\'ICHi:i cpe,u:i:rQ·, !mTo~aa onpe,~eJqie'11 c!'r 1 cp~;u -
~lll!.~ ·no ~z.cpBO.lzy OT CK:£1 ... W.PHOro fl!JOt133e~mm Flt?KTOp!l ' IT.r'IOT'"t:_QCTH 

- .,;,p - - ·- . 

"TOit.a J. HB ,I;eKTO.P ~Jie.KT1Jllli'301~G>l'O H.(),zli1 S(}JIFH:l f~ 

fi.OJ!jTT-!!:1 eM 

(I..~) 

T.C. rior .. "IOIU8trutM€l (H..1Ul U311lYT.iBIDll~ite) c:a0j1,{!TD<:l cp8,!tJJ · orrp(~;!te~ 
.T~'L'Cft r::?tI.IJ;OM HHTl!9_p:~mTuil0~1 't!BCTli TtJH3Qp.3 .rnnnmwr.paqem·:o!! ' 
npo.~·rxaeMOCTl!. l$ c~rra60!1or.11omamiue~ cp:e~e. (,iJ >~ € t . - , 

.no~aTm1:y -D . .nnonepcB_ouHoM Y.Pf.!Br-1emrn (I.ar MH~~ibie ~raroQM!le. 
ltiaJiH : uo cf.:(3ru.:.e:ID:L1Q c ~e!iteC·~e.n:~.a.~, rr •. e. Im.A« :ReA. 
Tor:na, ·eC-J1i1 Hae ru1Tepecye'I' nos.eJ.leillfe noJI.ci EOJ!Hh! 130 :Spei.f~mi 

(ua:traJffiH~Ui ::>aitaqa) I rro njii!OJ!WleHHOe p~e1m.e ypc:JBH~RZ1i. ;\.'·L S) 

MOJKliO aCMTJ, B t1~<:1 U.J ::::o <.i.>1• + f.l • r;:;.e w,. -~·: . .la~'!-
B0Hlill~ !CO.P,!U! ~· paBHHh'1Ul 

Re A ( c.vr, K ) -~ ,Q -

Im A ( W'r , . K ) 
a Re J\. (Wr' K) /() t..J 

U .. II} 

B ADJihHeirhlleM .IL.'IR :vnpo:i~elll.Ht ::tcrr~1xm, rIGp80603mi11itM Wr- ._._,G..)' . , 

w go~ w dy;n;eM' OOill1!1~:3'l'li ,J;e~_iCT.Sil'l'l.) Jll,m•m '.!:CTb !.WC.,TOTLl. 

llpa art.3 .. '!Y.3e npccTp.·rnc,;·t.BcMHt.:H'O M 1r,;~: m.11i!R E·:>Jili~ a :m;n;arrHo:,~ m.111;.;.; 
pa~1e1:nut ypanachne U .a> pern~eTc.'l 0'11Hoc;r·re.1r.!!H:) Ke <w L 
Cr.u.e a - ~.t ro..r.t i.~{J~.w;y sa~1x:H~~.s : . ~m ;..'!i?. B.11eH!!t=~1i -:~ ne1-:TopoM K ) . 
Hp.H :lTOJ.1. 

}..~ Ff !i.~ '."~o : . .;~(~ l.ii!r: ~.ImO.P() n;t,m:: T5HSOp_~ ,J..."l:M C: l~T ~JH '!~C!~0.1 
:: !'•O!Un.t:J i:;!i.:n::Tl't i:a,!40 E~~p:..i <:1i:Th { ot 1 '!~ .i'Q~ (' .:~"oco r:1s .r.o.;.. 

·-·JahO:.. ;10.'Ii. l:l0.1u~1:!. )t.'!£& •lOHOXp0:)~3TM1ieCKOii BOft.Ht.J 
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- c ... - 1. c v BJ ;:: _i f" c K' v) • :i.. l"K fl B""" w (K,£ 1, c . , w , w , ,.. 

il JmOHe,PH30:BaffiiOG Km!e1'Ut!eC!(Oe ypam1emrn llM00T BB.It 

() JcC1 i f - ;-r ) f --- + --. \ W- K v o£ ·1 -
.(} 'P CaJg:.t 

(I.!3) 

13 CltCTaMe :KOOp,IUIBa.T c OCli!!'.> z. :a.n;~ll> IlOCT0.fillHOrO· MST'!mTHO!'O 

.no.fut 8'0 , B KOTopo..H ~~(Kl., 0, K 11 ), 

W- KV= W-K11'<..J 11 -K.LV~l COS t.p, El .. 14) 

pemell11e mrae.i1Roro y ~:a11emu1 ( ! . I3') c ytt.a.TOM (I. 14) nMee'l1 BM 

r.n;e KOHC~:3HTB IDIT0rpPI.,POBatmJJ . c ;n0.1Diti-IEI 6H'l!l> .B.i:l6paaa M3 yc.i10-

Bll$l' f«d tp.., 2rc) -==Joe• l 'Pl • C,ne;raB aaMt:nry rfepeMeH-
IiHX lf' =- lf- 'C , MO~.F.O :tamrnaTL (l.I5) :s Bir)le 

K V C·'fl ' 
I = eoc e-i ~·~ Sin'4' r { ·~(f- ci<v' ) + V(~E)J' 1( 

J:;<4 motC.UB.t. j . W . W 
0 

{ IJ< V j ( ,,. J oL.. -;-->· ~ ' +sln(lf'-'t}+ ;:-.-;;--- 1<11V1, -w) 1:.. 
-- ·~ e ·:.&. &co: .......... dt . {I.IS) 

MROTL'r9J!!.s nep8A 3KcnoHettTott :B rrQ;nJrnTe.I.'.PllJIDHOM .B1ipa11emm co;o:e; 
Ja~l' CYMMY " ' c.os ( 'f-'C)..,. . • • Sin ( 'f-'t.} H .itCJIJleTca 
II€lpHO,!(.:-NeC:KOi1 (~y.H:Klllie~t 4' ' no~TC.l?.lY ltJIJi Toro J "!TC):6b? f. I 
6wro nepnoJJ;lttre.c1·:oi! no c.p • .noc'11aTotnto, 'li'l'o6r.t npeAeJW mITet' 
~1pona~m..c1 ·ne 3aa11ce .... rm oT c , T.e. ·c _., .,. • Ilo.eyTiaeM 
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r- '=' e.,,. - e{-\~1tiiit 'HK.V11-w)'f'+ 'te"V,S1o'fJ} • 
J~ i mcit w'°' -

exp{ i l.5in~P} = ~ Jn .(.A)expJin'~l, 
n.3111· .. _. 

I ·-sinl.f:exp{ i.A ~ i n lf l =- I 2. tj ri1(llex-p t 1n 'f) , 
n··-

cos 'f. exp{ 1J..sm <f} = !: ~ (J)exp( Ln lf) .. 

r.n.e ~ • K4V .1.; / "->s« 

'Jn' · ~ dTJ n Id! 

-n::;:-- . 

.ciic (n·).==[ Ku VJ. ~f..ta .+ l i' - Ku Vu .) a f..co .]· !!. ':1n.{J) 
W oVu W · oVL .).. . 

a~(n)=( ;K"VL ~· f~o + (i -- _K11V,, ) ·_afoi:o J i~~ °tA) ' 
w av" .w. av1 - · · · 

CI ~ I7 ) 

(1.J9) 

az (nJ~ . af~o' «Jn(.,\-)+ { J<-11 Yu a f~o _ K.iV;. '.of~c ) !:!...~n(A) 
a Yu · w a V1 W. 9 v,,. J. 

• ' (I.20) 

~c~, CKOpOCTJI KOTOP!.iX Y;ItOEJfST.BOpmDT (I.20~ HB B_b[E.~10 ·rc;r 
fJG30ll3Hr.fillMZ. rtpn n =O M:M88 '1' MecTO '!epel:llWEC!·:.«t! -pe30BO.ffC, 
IlJflir n ~o - "IIHlLJlOTpoFIRflli. Ilowre;D;Fm~ COO !l~.€TC'I'E'J-8T yc.no:sma 
p..1 MH(,t 'FE8 t:f$.C:'l'OTbl BC>.tnru 'i!3CTOT8M1 1\f)ST.EiliM ~!1.w,IO'f-IJOHHOI~. 0 

yqeT,C>M .n;offi1l'epoBCi\~rt> OM8l~td:IBF.. Ilp;: h .> 0 HMeeT MeC~'b 

HOj,')MaJ!bl-!HY. ,I{O,rt~itEJ.P-::>t[4~R'l', llplt n <. 0 - Sf.IOMF.JJI:!,Hl:l~. 
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x~,C~ 'BO~, 1~01'.D.a 13 C.liCTCM~ OT011e'l'El, r;ne_ J30JlH~ I!e ~lrnteTCrI 

.J~· "frq~ .Marmtmoro no;,m, ee L!a(}'tQT~ pamta w' =.W-K,;V11 <: d 
.~~.m~~~~ : ~o~a ... ThfiCM 3<Wit:Wre .Iron.n~~ M~~.ny-q~,e s~JIR - 't!'ac_:nn~Mli npo~,~~ 
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:l:11 _ 'A <•l'J - "' .. m,. ,.,. J v., il v, " av. 

't' _ ,. jl 11 ( V) . · _:b; b·Jlf o~; V,'f ~ . .f~a ) d\i J 
~ '"' W.-Kn .V11-n~~ ~ · , « VJ, aV1 ' 

A 
' !,-:?. ~ .;- ·..;.. . . 
1.lfi!t_e. b· = :&·_ /B 
~ .. , • . - 9 . 0 

~/f, 

:!~'l J 
<; ' 

· c) · ·l-!' l • . 
~tr~-~J (V )· ?= ,! ~ 1 v/1 -~6~ jnt1~ 
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V nwiic ':12 

II K..c. n 

,,~ 'j'.2 
V1 n -W y tj ... tj I 

II L n n 

l/-2 p,f 2. v,, -~: ri 

a.21) 

i"B . 
'\ ' "CiOO 'l'F.~'C'!:fuU c n~BMJIOM mnu:.tJY k1Ra.1arp~ pc1BE1 .i:IR~ B (I.2l) 

- ~liii:.Ci'.itoil~TC$1 01.' - q.o .~o + °"° c 06XO;IJ;OM ocotiux TOtteR 

. ~"-i,~~~1 ?(W-nW~)/K 11 CDJ11 3 j' Il:llil K
11 

> Cf H r~~Bepx;y II!lli 

";~~~ ~ . K .. 11 <:: 0 · ~ · IlJ,!ll <J !OM :y:JJ;q(~"O Jf'C1!0Ji1,3 Q.BH% Ci™BOJlii'-T~CK,VIO 
~t :1~~·(; .... , 
( ·Si>l l ,!,,l' • .1..• o • 

~ ·1 r . ~-1 ~. · , ~ : (]' 
~( ~ .. v "' - -iu5(6;t-~11 v1,-n·Wsc,.) , CI.22) r ~~:~ Kj1 ;,-nw6,. W-<., ,11 -n Wg;,. 

,j 
·ll'l : 

· ~ 
[ . 
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.r·4e CMMBOJi ~ o6oai;atrneT rl'Ul13Hoe sna~emw . C.naI'~eMue c 

5 - (pyBKEi:Ae:tt OOCTffB.JlfilOT BHTn~pMl'l TOBY 11acn TSHSOpa )Vl~
JieKTIJHtJ0Cl(Oli. npo~a eMoc'r.kl, 01'BeTcTDeHIIyro 38 norJIOH{e1me 
(pac1\...1'.'4Xy) ·BoJil:! B rora;3Me, lf ;na10rzicJ1 :eupn;«e..;.niE.iM 

C'~1 • __ 1~ ~. 4r. e! , S '- . a fct" + w-K .. v,, ofo:. o ) • 
GI J - . 4- ·m w~ \ k'.11 ~ V V "'V 0 n-=_;- oc t7 II J. u J. 

(I.23) 

l1H'l1f:!I'fmp:1Bf.JJL~e B (l.2I) MO}ii:HO npoBeC'.l']l, C:JCJIII :fO'~ JIBMG-T

C.H MG~~(~~JL1rOBCKO~ -qzyl!illJ,!Iet!, n 13 p;me ~PY1,l1X Cl1~~JI~ 

0.1Jy:i.rr:um2;.>noJIY\!.aeM!lf. onpe;U.eJn?:TGJµl A RBJI.a.eTM ,noBQ~rr.wm . 
Mo:-::.no,f q)y!i!-"J!,He.ia tr.ac.To·ru JS Bb.r!ll1jnoro B0RTOfJB. Tioa'.!!GMY till<:JlP 
TV&OB C06CTB0ffiri.D: _pem~..a:W - BEt T31.?~ !(o,1is6 E:1mHi - MOY.BT 6llT:b 

6ec1mnot.mo 6om.tmr.M .. O,rr,Eai<o, no.ir}:.BJTsmIU,ee 6.om.ilmtF.CTBO aeTfie~ 

KOJlO-Ciarmt! SrBJlRI(ITCR C.litJThH038 'cyXCllOl!,tI!.MR. ~1CJIO Tm!O.B c.rrt-:603U
Ty)Lll~ I\OJie6aim:n OI'p.?Ill~lleHOt l.JTO J.I03BOJIJ{8'r pOCOMS'l'.PHDSTb 

OTJ(eJILHlJ6 BeT.Bll C06CTE€Ul..U.HX KOJl'eOaffiiln. 

Paacr~t:T,piraat! BQJI:IW, q,a~o:saf! CROP.OCT:& l<OTOPliX MHO!'O 

cs·oJI1illle TenJioBo!l ci<opocm %'C'r;U! ( B a TOM c..."tyq'a.e ,~~or.o=ro Re 

y~TU~Th ..B.Jrumnrn '.I'eI1JtOBOI'O M~~HHH \jaC'l'filI. if~ :pacnpoc'Tpa
HeID'te J30.iTl:l ) , ~ rTpoBo..n;n ~1.1:t11 erp.vipoE.aH.He CI .2I), ITOJIY'Gfl 8M au

pa:Kemte JtJTJ1 TeH3opa ;zu10.n:ewrp1Prnc1w'0: npommaeMo c"flt XOJTO)!,'l"" 

HOJ! MaI'Hli TOetK'l'l·lBHOll. rww ~.hl 

*) ·B ~~11ae MS.KCM.MO.SC:KO!'O pacnpe.rre.i1e1m~1 t!!i'l'6r.PMJJOl!fiID10 B 

(1.2I) npOlaO,I¥1TCJI c UCCI0.1J.L30E.:HiHeM B"l10 1JOro. 3!\CiioHem:rwa.TJ:b-
rICro HHTar_paJra Be6epa . 
-- . ' i ( 0

2
.f 6~ ( ci &· ) J exp'(-p?tl)~nCctL). ~n(bt)t.dt= 2.p2. exp - ~pa )In 2Pa 

0 

l',n,e ar~p~ 7i /-4 , In ('X) - 11tdAtiq;i.uwpoMHHt1.n q1yw..u,1u1 
.lS€cce.lJ:i, a rmTerps.rra sepOH~ocrrGP. 

z. 
lJ.r (2) = exp(~ 2.2)(i + 27i-Vz i J exp t 2dt. ) 

0 



- I~ . -

CL i~ ·o 

) 8.iJ I -I~ Ei 0 , 
0 0 f;" (I.24) 

~'6 · : ~ . .n' ... B :to11op6Ai He y~rn'm:u:a10TC.H C~OJLJ\HCl'S0I:rnst,- SIBJt..'1.eT\'}.fl cpe;.,. 

~ :W: 6e? · no.Tepi,. BoJIHH no.1!8.Pl!SOJ~a.HH .3JL.1IHllTifllecmt .01pir _pacnpocT• 
.ftt!~ :BJlOJID noAA np Kpyry), ~-a i!CH.moqernteM ao1m. pacnpoc'?
ff~csf IIG,pnerum:KyJUlpHO MfJT'RliTHO.MY fiOJll). 3TO Bhl3BBHO 

i' ~~.~~. ".!"~0 y!)SZ\HCfUt(.': Aij E.j = 0 Jfti.ru.-3.fl' m:m ITOMOl!U'I ~noBOPQT::l 
· ~ np~~BecTi.·! K 'BUJCY ·~ i Ed . (:r . .!(E 1w oyPr:t·U:?p:>Ba-

-~'. FH3 ITf<D BO.Il.h'fC~) • C.BOtitC'.rEO nJia!'::IMhl ~J.i:i'L' h H~ '.l!OJt.hKO ~H!.rt.'3 0.T

,-·mmn, tto .a rn¢'J1p6illtoi1 (onirw:rec1ci t1K:i.'n.t:i11on c1)\t.rcon) rrmp01<0 
~W.f.!r>3y1~ ~ c.Fr n .Ko cM1tti!~ cR111x Vz:Ca:'..ri:s.uo.Br:imrJix. IlpH w- I W&oi: l 
~fJ..~•;:;.Hu0 (I. 24) rr cnp1·m~1'3HllMo 11 neocx~J.J.J.11M yrr6T Teu.rm.ao:.1:io- nmt-

."~l~HlHi :m C!.~lCT o 
~;:;'> ' r!O'AGT1'3a n_'iiJ ·r~!.lJ :.;p {I.~4) .a (I.8), no;n:y<raeh1 .11Hcnepc:.tWl:l-

wrQ:¢. Y~P~BHOHl-tE: ,u,JIJi XOJro,!U!ol. M~1.rm-I'l'fH1RTR:BRO :ff f1JU13Ml:l 

-~tf1f·· J • ./\. = A N-4 .... B NZ+ c. = O· , 
' ~ . 

,1~). ,· ~ A = £.,isin2 9 + ·E 11 co~l-e , 
~· · 1 "-:~f4· -1 • 

. ' ~,i;ll~ s·· . (' 2 c2 2) . 2.9 
- "'1' ::: ... &1 E, 11 'f 1+ C.OS G)-(c;.L-~ sin , 

~~ C ~ E .. et:f- ~') . 
tf: . f ~}-W.. .£ "· A ~ ' Lt . .1.;• J,r- . t 1.;.,. \ ~. - L Ld.. 1 t / ' .t. -·•-.I " !. .-
f'1 - ! . ; • , , ~t I 
f(,::, ;! ·J~~ t• ,-~~ ~ .-..( • CA- ' ~ -i ·' .• J V t..- . 1',' 

(I.25) 

. t , ' ' f ' "lo 

( .\ l,(f;,:e -··, ~ .~ ~ .. ~~ ; / U.--1 ", . jJ ,• 

.. 1 . 
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9 - yt'OJJ Me!oJ:Y :so_JIF.OJ.H:li'JI a ex11o_p6M K H B0 • l1~:i (I.25) 

c.rie;u,yeT, 1.!TO B03MO.ii\li0 pacrrpoc 1r~1H~mrn JJ,BYX BOJUI c 't!aC~'O

TO.it w u norwsa Te.~ npe.IIOMJieffiUl 

.N2. -= - E ± ( :s2
- 4AC \ '12 

:!: . 2A (J.26 ) 

Ec:mll .3a~aH BOJrao.ao! SeKTOP K , ~'O (1.26.) onpBJJ.BJUit1 1r .n-e
CsrrI> CO(jC'?BeH..libf.i'~ qacTOT W ~ (K, 8 ~ ~ · Il.HT:b ll0Jl01.il1TBJD.,R.!i.'( 1'1 

n.R'I'Ei OTp.mrc3T.eJf.bmD::. PacrJMa 1r_pt-1:~Jl TO.ttI-M [!0JJ08li'l' l2.Tid:·F.fl.JEl ' co ~

cTBeHH.blB t!aCTO'I'hr, IT0;.1"!Y4MM n..crni ·aeTBeil 1m~iie6c:i HHI . XOJIO]J.ROH 

MF.l!1.l:lli'l1081t'.M1BHOVi TI.JiaBMH. Vi.cc~11e.zcyeM yp£JBH8lik'ltl (I.2§). ll,.'L'l 

eToro .orrpe.neJmM N nrm A - o. tf8 \'.~TOTt1, rr_pz 1(0,!!'0.P~ 

N 2. =0, it 3Ha-110..Hl!fl N trpl! W - 0,, e0 • 

ll_pg A - 0 , N:: :....;.. B I A , N ! ~ C / B 

T.e. OCT~eTO.fl KOREtlID:lr.t. 1Iac.TOTH, ITpH l(OTOpf:C{ A- 0 1 P.a
ama!DTCSI rHCiW.JtEU:iMH z..rnt ltira3M 0~ peaoHaa.e.m.m. Ilp~t npHci
JmY.emui i< pe30Haw~uoli tra CTO"Te 3JI8 ltTpOM0!"1"TTHD El BOJlllbl CTB-

1:!0.B.ITTC.R: rrpc•,tto.:1b HUMl! • T .• c. lWMJlOH eH Ta E B,llO.Jtb K 

'[.t = 'i( (KE )/1< 2 cTaHOmtTCJ! 3!-1'13~Teo1"GHO 0 0Jlllli!6· 1<0MnOH€~ 
-g rrepnc:~-=y~1umRofi. K - ft. . ;I(eitc•r_sz:Pe.ir.b,H9, JMA:d:¥.~u1 
(I. 7) c:<a.rr.Epuo .ar=i K . no;ryll~t eM 

E := - K1Gij E-q (I.27) 
e t< A 

r:ne A :i K-
2

Ki &y Kj = f.J. ":>in2 9 + l 11 c.os2.G 

11 l Ee I Et \_ - ~ rr_P.H A - O • tisi)Jlr. \p l! ff 
C~JIR:PHllH H BeKTO.PHll'fi !10'l't1liH;lilEJ.iTh! 3."Ie~T)IOMO I.lffi'f Tr!O!'Q ·no;rr;i~ 

no.JI'~IT!a9M fe =- ~ ~ --. i it~ Et-= ·rot ff-=- i [ ;r Ii J 

Taro~ OOpa3oM, nPH A -.. o :<oJie6amrn n;i.aa~n; C?.l:Hicrn;n•-

9.f.l KS83Y.~1r.$I-~T.POCT~nw.rnclGIMil-. JI;r11 ri.m.l3Mtt, cocw.rmmtt 1rn 

3.1If.mTj;'IOHOB l1 H'.OHOB O;UJ.!Oro COJ;)T'i.1 ' n1::1BH8EU! e A ::. 0 11MG6T BM 

w::ie'. w~t w~. 1- c.os2s- ·2 · 2 sin2 9- •w2 r..os2 a -w2 
· w - wse 

~ 
Uo)pl ' ~t.\ - 0 
2 ~ 51n JJ - • 

W --w81 • (I .28) 

'.KO.PH.f.ID"JI! y .PoBH8.!raP. TPG·Tl:~M CTen (;: fill O!rHOCv...TO..-ThHO w 2. .RD-:-

.r!ffiQTOR Tpn nr6PxiJliUi~<' 'tlfl C'. TO 'rhr W = i.J.;J (.S) , J =!,2,3. 



tJ ~· ~ 

'?J ' - I5 -'! ·. !E_6'.'.n e "HG 6.llll31'l1 I( '.Ji/ 2 .11-'lll. w ~~ 6.m!3KO' K Wg; I Y'lll~ 
. .TLIJja.q-, "l. ro me Im i <~ i- , uo.;iyt!a t:J!\,·. 

l .~ :w.'.:,'(eH~ (W~e + W~el•~H~·W:if •·4w:iw~ecos29)~2] ~2 {I.29) 

~ <2>(n)_fl1 .2 -L\2)-i[( c ')2_t 2 ~ 2Qj~.1l~l , (.l.-r.3-O-) ~ wt;i'> l'1 - u \Wpe + Ws_e . (!, Wpe·+ w,e .. W~Wee cos J 

HJ - ) · (~) ' -( - . l \ f) _..... 0 , Wr:P = mcii(~?e' \ Wtse I -. , W~~mtn r.Jpe., t..iJ8e 

e OJfilSttr..M ·1-: 'ii 12. 7J c.os2 e >~ ·me/ml 

tJ"' - ( --w~ ·wz ) •12 ~ - pe" st · (I.3I) 

(I.32) 

. e~r.12 

a e- ·~; /2 

(I .;3t!) 

(I .35) 

38BlllO~!M0CTh peMmrncHUX trac·ToT OT 0 UG1~13aH.a Ba pHc.I.I. 
l!acToTa "CI .31) llE:t3liBrteTcn aepxr:·eil ru6p~oii tiacToTo:t!. T.f.ecTo-
!ra (I.34), JCO'l't•pa.rr npn Wp1 » w81 , Wp( >> W.gt 

RMeeT Im;n ( W:ge Wa., ) ftl. - ID:.1ii.l:l~tt I'l16~o-n. BdJfilSH pe30U31!

co:e. ~30BBP-. CKOPOCTJ, BO.l!H 3:Irai::mTW!EliO' Me:Er:Eime CKO.POC'l!ll CBeTa J 

~ llMeec.r Mec~o ::lq£{1SKTll.BHOe B3aklMO.tteRcTBMa BOJIH c iIJ1aSMOfi. B 
.ITJ!d3M(:! t COJJ:e_pn:nino.il H0.Clt.0 .. 1ThRO COJ>TOB HOHOB, TlllCJIO rn6pu,wrnx 
·~1.::JCTOT, COOTD0TCTBeHliO, yeeJmtim~e.Tcn:. 



~ -IS-. 

w!!!(eJ 

I 

I 

W.oH 

'WLH 

I 

,Puc._I.I. ~::lB}l"Crmmcn p030HSHCHHX 11BCTOT npo.noJf.bHbfX• :rm;re6a
r:rn.ll .XOJlO;JJ;HOt. nJID ?M~ n M:U'HH THOM noJit.l OT ,yrm 9 
.MeJIUO' .:.Bc.>JrB0.8blM eew.ropoM :D HatU~BJl'eH.llI_9M Marl:flt moro 

rm.rm. WvM Wu.- - El3:P!Ut~r(.)pH,I0!::1~ ~ iiMJlt-

He rm:SpSiJ{H.a.R tt'BCTOTR CQO~.BJ3T.O'l!B.eBHO 

01q:u~J,!!.OJ'Lr.M ttaC.'.!101'!.:f, IlJ.)i! !WTOj)bOC N'2• ... a • 01i8BJ.T,IlHO, 

no JJMee1' Mee To, I<or.n,a c = O • IT.peHe6peraa .rt:a.i!HM DKJI2-;rtOM 

·~!OHO~, fiOJlY'ql]CJ\~ 

w~0 = ( w:.e + 0,25·w:, )11z+ O,Slw~el (I.36) 

Pf.lCCMt:?TpEM 
TO 2 ~ 0 

. .. 

(I .37) 

U.38) 

II ECJnt w - QID 

H ·N-- l 
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SSID!caMOCTJ:i 'KBa.n,paTa ncntaaaTeJi;r npe.iloMJie.t:ra.R o.T tmcc'Ifo
Tll B X0~7l'OJU[Oft: MarlIBTOaKTilI3HOti llJI83M0. IIpj! k)..;t- O·l ~({/2 

l:i:-r r~) ··- · ·_· · · . - · 
R w 0 <. W,,.., : A. I.M3, MH, (), EH - am.BeHOBCKaJI, 

6b1CT,P8Sl Ma·rHll'l'03BYI\l.l'~R:. M9)J)IEIHHBSI _Heo_Ci_HKI_lOBeHH3H i1 . 

61-JC'rOOR He061IRHOBeEHaSI -BeTmt COOTBeTCTB0HEO: np~ 

c.;!~> > v;!:.). MH-BeTB.l> rro1~.~l3~Ha eyfIR'fflPOM·· 
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Fxc .I .3.. CxeMa ·~rt-!ecmt~f Bl8Jl a..8allcwttoc!.r.it co6cTneliHHX tmcToT 
:tto.11e6a1m~ .xoml!F.oia MaranToaKTl!lBHoa mrasmR ti.J OT 
BeJmt:nml:l 1:10.rraoEoro Be1c1·o_pa It'. IT.PM 9-= O, 7i/z. ~ 

w ~s) < w!,!' : · oyHRmp - MH Bellr£6; .np.a w~ ~' > w.!!' 

Ha pnc.l .2 1! I.3' A - a..7rhBBHOBCKa.R BeTBh , 1M3 - 6ucTpa.H M~r
UM TQ3BYKOBa:ri.:~ MH - Me.n..rrem:ttu:r Heo6lill.HtJB01lllasr, O - o6a fl'.HOBeH-

RaR., EH - Cih1CTp~1 sr BGOCliii•:OOBemran. "Ee.rm wW » w<2' • • 

TO TI:PM w!)' '.; w <. w~!S} p:.JCTI!'.X)C:J:'_t;l:ieHlU;-BQJ!U 

HeS03Mv:~mo· .- T-.l(. w<J•c K, e) MO!:!OTOHHO p !:1 CT0 T e j.X)C~10M 
K , 13 XUJ10,1U-H11t ILi18 !~Me MU ilC~l'J¥.l IDYl9 E!M HOPMH.l.ll:sBj'lll :li~C-



~ 
- r 

~ Il0..PCBTO, M yroJJ MGl\ItY J-tartpaMOrurnM pl:lCIIpoCTp9ff€rHtF. B-OJD:ili l!i 

~ ~;!JYrIDOBOl1 ·ClWIJOCT:&IO V~ = 0 u.>/Ok BCer,na _ MaB:EIUe '1i /Z .• 
ii . ~ .· Pa-cnM0·1I·'P1™ c.JI"JlI.aH ~c·ro rrpo~0nHO:ro i1 tnlcTo none_p@tt-Ho-
~~ l -po .P~ .ClTPQCTpaflelUln • .!Ipz 9 c 0 

-~~.,l . A= ell t N.
2

·- ~1 - ~ ·HN'- c.L+ ~ '~ o. cr.40) 
i~. · 'Y._tieBHe:.m:e S 11 # 0 .ZMe eT _penre:,;..ae 

t1 W (i<) = ( ~J;e -t w;. ) i/2 (I .4I) 

\ .~1• Tamrn iwJrfl6amrn Ha 3LIBatoTCH. .n:eHrMtopoBc1.:m"1K. Offill IDvl~JOT . Mec.sro . :i t . - ... 
I (' ~ 6e~ MBrffi!TFIOrO noJUI ( B.., lie OYJ33lffi0i:V11 BJIIDUilHl. Ha Tl_PO.ItOJTh-

i . ;r:rae KOJitiOal:lllf~ ap:;1· ·e = o ) • Yf)(JBct-emire N2 =- C..i ±. -~ .rta ~!I· 
-~ . . . w.e lt.J2. )] - N ~ = 1 _ · Pe . Pi 
\ : 

1 
W{W-IW&e I ) W(W + W~1) (l.42) 

(1.43) ~, 
\I ,06e BOJlllil llMP.TOT lCpyl'OBylO IlOJ!Rpll:38 IOOO, fiOTf.El3.9 T0.JlK npeJIOMJ181illJ1 

{ ~(I.42) R (I.4_3) .lilMSlOT OD060rill.OCTR Ha 3JI8KTpOfi-HOH 1J,H1\JIOTpCH-

' ~ ·:loft J:t ~oHH.U.i:i trait1!0TDOaioli ~10To·ra~ cooTBeTcTBeimo. ]t.ifff a_o.J!lill, ' .. ... . . -
~ ~· . ltbTOj;itrtt BffitTQ.P .E apa14aeTCP. n T.y JKe CTOjlOHy, ~~o R .HOUH, 

) .O.co6ellliOCTli BOSRKY.aeT 11JZ! W=We,j ' $Jl$RTpoRhl - o.tm W=IW.M \. 
~· ,n~ri:sasr .BCrJlHa nasb!BC1errcs o6LW.ao:se::-.J:Ioi! 11 .. ·m R -.a.o.imo11. Bre-

, ~·p:arr ·Heol.ibf1rnone11uoil -rum L. ~soJJJi.oil. ITpl!t. W ~<. Wsi .cKo-r 7poc•11M !KJCilpOCTpaH8Bt.fl. OcJUKHOBeHHO~ .J.1 ileo6umronemtoif BO.tm: 01'

'J!'HqaJO!.l'CR M8JIO, .1IG3.TOMY "B03MOUO pecnpoc,'l'p8Iieillle Jill:W:.! HHO IIO·

'~pE'.$0:S1.UUiO~ no.Tl.Ha c Me,n..rre~ B.Pmnrorn:eM I'!JJ'Octtoc~ 11omw1rnm:cirn. 
~Ilpn n9nepe~!HDM ~<.:.tl.poC.T!JaH0HIDI G -=:= 'ii/'(.. t .DJ{Cfl~J;lCHOlillOe 

·., fy.pa.BH9l:WE ~Clll3,lJ..fietl'Cff HEJ )'.tBa 

N~ = 6 11 (I.4.4) 
N2.= (6 1- ~~)/&i. 

(I.4.5) 

HopB,Uti ;ll;$ e T noKa!~a!!1e;r.o npe .. 10M..ireHIDi . .lll!HeEilo noJt.r:rPHBo~arurni 

-06HlGiQB€HBO.M BOJIHH C E 1l .B0 ( r10$TOMY 80J.!J:Ul 11. ll0.1!;'/!fiI--

Ji'a a;,3;sa111rn o6NKH0!W:B.Roit ) . fl.Pl! nonepetrriOM :{lE1crn:poo1rpaHemrn 
:Rcttesa e~ aJib.BE-HOBCiraff Bt. •c.:a13. 

·_ , -1. ,!j_? _: 
~! 



··- 20. -
:§ ·3. 3a';l'yXBHM. ~ BO. .. l!ll ,B mta~MB 

ECJm XOJlOJtHYlo llJraSMY· neJIL3Sl C't{l'l'rarr!) CSeCCTO~O~TeJI:I:i

,tiott. TO·· B rrepBOM Ilpli6JillJIG.HIU1. M0'1Ji0 no;ey~Zb Sl~ "TeH_aoI)a, 
~·3Jl0RT!fil'CISC1{0H: UPOP.JUJ,aeM,O.CTli, BBPM lOreB -m~ (Ve -v,) J 

(r.n:s \l - t!8CTo.Ta ~'!:OJr.t\HOBGHHi! 9.i!e'KT.POHOB c Mc>HaMH ~ 
~ . . . . . ·- . -

V~ , \1 1 ~ I'B;llJXl~HfHviWi90KHe Cl tOpOC'm. BJieKTpG)HO~ .~ 

apncis) B y.paBHel:':ZU ~:+:emut .• 3•.rci !!p~BtrJteT K 38M€He 

wt- w ( w ... i ')) ) '.B T8H3 OJXl E, lj R lJORBJteFrmo 3a 'cyXfl-

•J-llUI BG-Jfil .B trpoc~paHCTDO l!Jm ~o ~.PSMeHR (B sasri.GBM,OCTH o~· · 
nocTE1rtOBIGf 33',nll.tIH). AliaJ!O!'lftr..J:lO pSC(1Ma1.'Pill3aeTCF. o.ey\I<:iJ;f~ · 

ROr,1(8 11006~.IU~P ~l~'l'b . C'l)()JD:\.HO;B~Enm aJteKi'~poH.oB H ·ic.OHO.B 

·c· HeWi·~JJBMla:. n.oq.ne,l!,H.}!A CJTJ~a~: tapakTGPEsH ,It.ii£ R90rrp0.C·Tpa

.HQI1lH1 .BO,snl B HOHO~epe 'SeM.rm ... 
Il.Pl·i ylfeTe TenJ!OBOrO ~Jie .. mn . ~racTlm, . B 6ecC.Tt?~t.HOBVI

'T€>.JffiHO:i1 pBBHO.'BeCHO~ rr.till3Me, 9H.0frlHI BOJnili yMe~aa·TCst a 

·pesy.1Thi!a 1re 3EJT'yXBIIDH1 Jl[H~HY H 1'ID\JIOTI:>Ol_lHOI:O :.{aTyX'aRKst. 

p~ CCMOTpMM Il0,IUJ06H00 3M'YXffHM.e BHM:tto\!8.qTOT.:UiX 3Jf~XTpo-
CTtJT!Jtf00lfl!X KoJie6~Hldi n~3MH ( E = - " ~ ) lip.ii :&~ -= ~ ·o~ • 
Ilp;! 1rnc..n.e.l:tOBaliIDl BbtCQI<OtJC'.fC'!'OTfiln:. 'KQ.Jiedamtii MOJttHO !t.peH~6~% 
~n'-te1meM KQllOB, · 1~~Topr:ze cos:nan'i' o;n,1rnpo,1Vfcm rro'ti'm ~eno,II,-

mt.mtud! @QH. B· cncTeMe 1coop.~mmT e oc:oro z B,no;r~ ·.K 

J.l'.ZOHe.rnofso:safilia~ mfCTC:lMa y.pa.nHerrk4t .CI_.I) O,ItHOM8,J;JY:la. n. ~YJ.eeT 

rum 
~· ~ ei ..:;. o~e1 + .iL. nt0:3:ieo __ a· 
~0 c- + v ·37- me v T ~ > 

A.~ = 1+ i' e.J fe1 clV (I .'16) 

ifa YCJIOlll1.fI }:'.a:BpenmMO.CT]i (I .45) Il.GJiyt!aeM ,n,ucnepr.toHHOe 
ypa.BHer-rn e 

f-(r<,.w)" i ·~ :~~~ r ?,!..;!K~V =0 , (Vl'7) 
- 6CI! 

,J(Jra OI(pe~eJieilliH l(OHTypa RHTe:rpl1p0B8Imfi B (l.47} !PB~~10~1™ 
~-w.n;su.y. c aa't!aJT;OHUM" y~Jiomuu..m. IIycTii. np~ · t = Q'. Qo2,n:aRo 
H~ qaJThHoe B03MYIU'liILMO ~· ( v, x ). • Tor,na B UJXlB),.10 t.iacTh 

!cwmeTM.tteoKoro yp;£tBHOimst · ;to6aBJU1e~cn ~ ( v, x ) . 6 ( L} 



.- ,;2! ;-

· ~r o6oa;
' llOJIYtffi9'1 

(I •. 481 

iJi\ti~ea.m~1 1~ (IA?). npeoCSpaso:ruum·G .11.amraca (YMROJrJ~M 11a 

, 9,t npoHH'~.PHPY ~ o 'l1 IJ ,I{o c.oo . ) • oc;~ua ttaR 

ti , f Kp (V) • J e-P\ ( v, i.ldt. , t.P•P = J e-pt'I'. (t.) dt , . 
. \ ' - . . - 0 0 

'}\.: ~'f10~~11 

;t ~}i r _ !h_ (V) + _K __ g_ d f t?o tp . 
I,. "'J t~p :- ip-KV lp-i<V me av i<p • 

nq.rcy 1:1a eM 

CTI.49) 

(I.50) 

npoBO,Jzyr'l'C.H B n~.BOJi liOJcyfiJ{OCl,{OC.-

p == - iw ) , no.rcyqaeM 

lfdD+ '16 . . . ~ .-0: 

lP,. (•·J=2eJ e·IW ··[tJ j_~(V)dV]d·w 
K " K2 '"(·Kw). , w- rc.V . ' (1.5I) 

•)' ' (i ~ f· 

~~ -~·~ --
~: ~Pl(B ID!T€I'PI-t.POBL!fllI8 no (iJ Uj)OBoiltH'fCR p B6J)YJ:teft noJcyn.'/l'Oc-

!f<.i 1 ··rt~c~. Tait Kal( IDITe11papoi:.1H.He npo.ao.u;RTci-J no .aceM w · 
/ ., .CT.ll01'6 !'Ol'!OPI!, on_pe)J.9.tfulilo.11 CBl!3TI w c x :Be cymec'l'Bye'l'. 
~;~~', ' ' O~HaKo, . e~- . . ~ l V) 1:1e m,,eeT OC060HllOCTeff, TO amIMn'ront-

\* ~~ xa (! .51) .npz: d~_ t 6y;n.e'! 01.rpe;.t;e.rutTl)cst .rryJTmJtH G (K,w} , 
,( l•J . ~~ f K ( t) H tp K (l.) 6~' ;zy T n_pono PQ:aOH2JlliHN 

I ·•.;::;:. exp,( i c.vt( t, ) , rita W,.; onpe,I1.t?.JDni>'l'C.Ff .n,ncnep--
.11 ,. 

~~; . .,,,,. ~ ;:MOH!!.bl1~ ypllnrreukteM (1.47), rrpHtrEiM e ( w, i<) a no.nHHTEU'P'lJr~,-
'l) ", .. <ftC.>M a!:rpat;eSJd,f (1.f..)I) eC'l'l> aaJ.(aHHa.H. B Depxnei ITO.lIY!lJipCKOC'l'M 

J 

N~ ~ 
]:1.~\( / 

I ~~t' • 

,~' ~ -·-~ 
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~YHicr.IR.ii KOMWreRCnOi! nepeMe;moft w • 3TO o~rnaqaeT, t!TO 

B6Jms~ )T.eZC'l.!Blt Te .. 'lb!iOR 0 CM m . .,,D;O 38MBHllTE (J.) -...w• i~, r.n,e 
-Y > a • V!crro.'IThsy.rr cnM:e0~'1ec1cy10 ; samrc:Ei-, 

-- ~· .L_ - fl i O(W-KV) (·I.5·2) W-t<V W-t<.V . ' 

I\~e ff - r.rraBHOe ;;iF.a!!e:ute, ,ItaKIUee rrpamuro oc5xo.nn no.mocoa 
lrnH,IJ;::iy, rro.n:yttaeM 

(I.53) 

3aM@·'l'WI, t.tTO M;:iJioe aa'.l"',j}'.El!·me BOJIRH, aBJt3BHEOe co C.TO.rr!QlO

EeliliflM?i, n:Pll:aO,IJJfT .K Ta:KOJ.-yY ..e npamijry o6xoJW no;;nocoB -
£II)'.li · ~mTe..rpa,po:samm nq v { K > ·a ) oco~eHHOC'!'l:i HB)(O 
Mxo.a;mT.h em.J.s-y • n.rm B0 ?- O auaJI0rHtnto no;rrytro eTc.11 npa:BMJI:o 
o6ioJ.ta· no.TDoe;oE ,(I.22) B M,aI!HV.ToaKTZBHo.tt nJmaMrh Ha .. imtnre 
MHHMOit qacTl1 B (I .53) oo·o.T.!SeTc'r.By·eT S€f TYJreffiif.lO Jialti~ay. Ero 
"Be.rm'Tnrna IIJ.JOIIO~TlWW..iThHa Ofo I av .B TO.'tfl{e v = w /K· 

l'.UEi CKO.PO:CT!> \!EiCTm.1, conrw.n~eT c ~ao:Boii CHOpOCT.b!O Bo.mm. 

'COO-!!'HPWe!me (I .53) .n;aeT BC.3MOJKI!OCTh BlitG_rc.mtT!J s~:sv.-

Cl™OC~'l!:h w OT K l:i 3~1~ryxzrnHe ll,.TCH JIGH...T'MID,POBC.1-'.Z..X Kb.~e-

6mm.a c ytie.TOM . . T0rr.'l!OBOI'O J:{BV\1K6lflHr ,;:IJIEfKTpor.oB,. .lDI:H 

f- m . mV 2 2T )V, e~=no2r.T exp(- 2T) .H W'.>>KVro(Vro=(.,.,e a) 
(l.53) .IIpMHI1:MSE!T l:lM.n 

~ _ fAJge ( i + 3 K2T ) _ ~ 1i e2 i1i° ~ f o \ . -: U 
wz mew2. K2me av V=-W/K' , 

{I.54)' 

; r el '0 D0W.C!-!M e JIG e T 

(1~55) 
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;,x;.n.e rb l
(fil~ 

•'ff.ble areHrMFJP.0!30K1te BO .. i..tiH 'Ci4 l!i,HO 2a;Tyxam rrp11 K-\ ,. rb 

' -B OTJn~\i~' OT 3acyx.al:ll.n BOJil:I Ilp! CTOJOOf013erm.q;:ie, ·saTyXamte JlBH

.n ,;'lf,,ay odpal"AMO, T. R. B 6etcTOJ!FJ{OBMTe~?Thlli:D.:. Upo.~0.CC'~X !Hr'rpormii 

i ~· cqxp~saElTCR. (.B COOTBOTi::TIDrn c H-TeopeMoft ro;1ThWi1fri rrli). B c.eyqa e 
' . ·~aTyxa1m·.n JiBIJJJ.BY iU.H3t3T M8CTO 06pamem11~~ ~rf¢eKT Tul.BllJ!OOO--qe .... 

~' .J1BHI\O,BH - npo·~ 0;(0,!UiT nornromeHY. e EOJQJ pe3 l'.>H8F1CF.l:IM1I l{£1 CTW~~iill •· 

1t 'Ia'C~IJ!.JH' npoffitl.\M CK()j?OCT9li ROTO,pfll{ 'Im aanpallJI8!{1{9 ;pacnpocT'

; '.1 :f18 .l~E!.!.iHf BO.Jlfill .1!8~!3'~ B )~TITe.P,BaJie -f2e 'f/m2) 11
'.2 .<: V-''i <(2e 1f/m~f': 

~1 : : rr.". ena.n:a !OT B •.no ~.·emt1e m. 1 l:!}fhi e. P.MJ> BOJIB.~t:Z.. 3TL~R Tpo!ill , exo po. : · . C·T ~ .. 
( :-1\0'rOp~x HGCK0.:1ThKO rtpefilmlaf~ T . W·IK ' OT,JJ.f!~P C30JO· SH~.P-

~ 
1

, ·t-RJO rrpli o·T!»f)K0RID! otr. nt:i:rC::'ffu.m~JibHOr.o 6a p-Dep~; a· 0T'e:'fa10mne 

: _:_.rr .. OJ{TpOHll Il0)1'!'3JlltriBa,JOTCR 6apr,epo11., 8 B.6Upe·.Fi SHC WnIIO Y BOJIIIhf .. 

·.., _ #-,Pli afeo I 0 y: l y o::!V/K > ol rro~rr~AHHX cJOJ11illle 1 l£ElM 
(:i i i uepaa.~ H: .BOJrU.fl' 3aTyXaer:c • .Jirurnrmoe aa 'l'y.xaIDie Jia~y cym:e.cT:Be.H
. / '.. _ ao. TQJ!bl{~ ~ITE. BO.ITH ' M:Ci'JIOtt aMJI..'lliTy,ir~ c 
.( ' (: e 'f/me} <<. rL/i<: . (I..57) 

~ ~ ; .»1.c.rr·o:i:l'Re (I.5?) os-Ha'!ae'l', ti.To BO~tl.Ha ycnenci e.T 3e'!7/XHYT.b aa 
·t :~.peritR Mrror_o Mem:.rnGB nepRo.n.er ~~~e6a.Etit4" 3Jr8KTpoHoE E ___ rroTeH-

. ~!m3.~HO~ .HME! 'l.- K-1 (e~Plme) · 12· • ECJ.m (Lb?). He 

~ . BilllOJ!EJ1eTcn, T. e. HM01t:.r-p.P. uoirHJl .itoHet£ll.Oit oMn.n..l~/l:Y.I\H, ~repea: 
t( ~ -~perMJ .... ~ trac~, l\Q'.~op1w o-tcrrrrnaJ!l~ OT aq.rn1Br -a :mTqpr.rx 
( r (ihl.11'0 6Q.n'.31U9 , Ha~.?.~T ()Il9.P9.~9 Th ;BbJTllY H np'.0 CTO:lnt.}iOBeEU!l~ 
.1 :· ' co CTe:rKO:f. n91je~rJ;iraJGHOro 6~£ff:i9,J;la 0'1',Q31LJT eJt (;:309) SH8pI'.HJIJ . 

f , , '~oaT01.1y _ss. TyXaJrtN ~en~fl'l' sOO!t , 1<1 ifBMeTCit o<'.41'!JmliJ!Yil:Ue~ 
\i : qf~e.VI BpeMemL B .e)'L.J1Y 3C?BUCl'lMOCTii .nep1rn.na KOJie6arrv.t~ 
~- . ~acTIDJ, B IlOT8H.$°0JU.Hciij w.8. OT YX ::>Heprirn ll]JOHC):o~T ~3M13-

~)) 1 1j!Ji~'B8I-IZ6 'CI3CTm.;. ITO ·cpasOBo:it fl . ..1IQ'CROC'fl1. ·tfuCJiO tUlCT~'iJI. ,.UmI~'~ 
~I · . , 
J .. .... ~xc.n C·l:lCPPG~ H M~1eI!He~ :a_oJIHH, BblpaBHi~B.SeTCH, saryxa?me 
~ ~ ·p-peKpatrt:3eTC.ft, .ii E ITJ!83Me yc~~ma~~1Ei TCst _EOJIHa TIOCT(Hil:Utolt 

~j l.iMX).!!l!T,Y1J,H • B()J,JOJiTJ;I OCT:?. "B() '1$_P'l 1'a " Ci! c TeMJ; B ll CXO,ll.l!M coc-

(1·,. ·- ' i 'rO·.rn:filEl n:P~~ 6.0J_rhlliOM - 'lJ.1.r.~I!? t!aiJ;Tiill. btreHE Mfi.rre (BJ>9MJi '':B03'""' 
\ . · .. a~ i·a" . &.pe3aHoqa filio l3'e.rrrmo) • IDa~lOBoe ps3rv1G11mB~Ullrn nplrao.n;~tT 

.~.~;,'. 1,K M&Ji:R<JMeemTti 6!1HM ocrr,rur.n.mniRM Ha ~Hm.nrn p3 cnpe,ue.n:emur, 
~f ? . 1H' CT8IIO:SUTCR cymecTBem10H l .i.1-l¢¢Y311$L B FIIJOCTp8-iH>'l'Ee C!\O,PO~ 

J ·: '1\4?!{ B pesy .. Tu'la'rs cTq.m.ruo~e_nM'i! ·tracrnm, KoTopoM p.am1!!1e :Moiiilio 
~ ~ · 1/ 
( "R. ·~~l4(..f,..f./J 

~ ~ .~l ~~jj 
~ · } · 

"r J' r:-r> 

" 
.- ... :' .}' '2 
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·61.Dlo ll%H't36pe% .• CT0~1o:aemu1 cr.n:a~JG'f mepo~o~TE>CTH Ha 
'®'~ pa cnpe,n;BJtemqt. ffIIB 3'TOP( aHT,POiU1.fl. l·Ie C.OX~·HJreTCSi ' 

a npon~cc cTa;Ho:sz.fog lie~ tteo6_pam.n:tM. 
·B!xmB. pac.riMa TpMBaJiOCb tJac':riaoe pewemte. :Hao.mm rio.mro:ro 

ypaBHeHM: (~.46). Odme.e pemerute DK.mD~meT pemeEm:e O,tr;Ho
po)J.Roro y.paBH&HH.fI 

fi~ = n~6 ·KO~(w-KV-)exp{ i (wt - ;<:;) 11 (I .58) 

me n ~QS. - nJiOlra.BOTLE>Ha.fJ no~~pJIH.HaR 01!.l:lOC~_Te~lffiHO w 

f .~ . . OlllH)lilBa eT 0,7.tHOCKO:PO CT!:IOH MO).cyjrn.poBaE:rt.flil 'nytl) K ~.rum...;. 
Tpono:s, Cl·topOCT:b KO:Toporo tu/K ' a [J..TT01'HOCTD nres 
Tal<l!M o6pa:roM, o6ll{ee J;eoorma KMeeT B~ 

'f = (_P __ - :eKtfJC :·fu +drl's.r.t>K6(4>-KV)j. • 
te ~· c.,.>• KV rn.e a V · 

• exp ti {wt -Kx )} , (l.59) 

H ,nHcrrtipCHORHOe. YJlaBHeime HM~H:lT mr,n 
~--

1 + :4~ e 2 J °' <Ho/CIV dV+ 41(e d =: O· 
i'ne_K . 'J· w-·KV 'K;:·lKl re::. '(I.60) 

-a.ii · 

B. ·ypaBRe.Hma (l .60) metotCSi ,I!;i3e He3aBHCit~e J3~Rij (.a.) 

lr d .rP.$ t 1\ar.'~YNJ 1rn lC:Q'l'O_J)biX Il.IJM 3a,7J.'~l!HO~ .K MO.:tr!O 

paccMa 1rp·ma~ .'H.a1t «~H""~!O · .n:py110~ • . I103'foMY )l.iiH .l"J'.o6oro w 
MO]KHO 'no;no6pa'.1rD Ta1cym rtiIOTfJOC'Th po~OTWHCHYX ~acnm. 

( d re_s ) , rrpli ~ofo po~ pe~e~eM (I. 4:6:) 6yAG T ne3a 'cyxa10-
1lla.F. BOJU~~ c q.~H!T()~Q.ti w • -~Jrule:· BOJIH~ ;'l~B3hlB8_13'l'Cj1 B0.1IF.J3MMI 

Btut-1\aMnel{.a r J3 ~E>JIH~X Ba£-l{aMIT£iHa ~ _pesoaarteHHM t;t·F.ICTZ:UaM~ 
3BX;Ba~l0JiaHM BOJmO! H3 M8RCBeJLllOBCI<OJ1 ' f!Jfa3~. J;I,oqaBJieFrn 
pesommcmie ttac'l!lllJ.H Mo-.:nY;mpoBaH.Horo nyqxa, 1<0fimeJ:icM:pyBll.(1!e 
sa•cy;:.:nrne .fil1u,!1,fl.Y. JIEiH.rMJO_Doacmte .uoJIIDi H r~o'.mru B.Hi-l\.aM11oaa 
B 6.ecoTO.T[.KHOBHTeinsHOX D.Jia3Me 6e8 M8:):'1IHTIIOro rio.rrr. B rrpe

He6peJKeM1Ui ,u;snlKemIQM HOHOB cqCTallllSDOT ll.O.l!l.IH~ uaeiop, ' T.e. 

;nooo.e ,B03MY!g0i:ll59 M0'1WO pl-~3).(0~··.ni no 'a'J!OMY H~l1opy · cpyUYJ.tlll1. 
B. MC:fbm1l'Pait:rv;:O:aon !lJia3Me nw n rfi. 0 B (I .20) V.Me~T 

MeCTO lJ;traJIOTPOIDfr1.1't, P-030.HaHC ll, B pa3HO.BBCl:UI.X . yCJto.curnx -
IJ;:iiil<.f!OTPDH.HO.e nol'lJIOIUl::l:ll'te BO~n:H peraOHSRCHhtMF. tta CT'itiiaivm rrprt 
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;~t · -we yqe'l'Oi TartJIO.BOI'O )tBR:£eff:}lH 3JtGKT.POffO!) I~lieCT.BemJO MOH.a'BT 

I '1f' 

. ·-trol'Jeae.mre no:Rasa TeJIJl npe.noM.7relili'.Jl B p6nacm ~,~'lc5.P~ peao
_aancos: noKa3arre,m, n.PeJtoMJieHrut se ocspamaeirQ1! ~ decitC)a~ocn, 

xo-l-st z ocTC:leTGFr aHarutTeJibHO 60.n::btue .e~, B03mu<aeT 

P,Wll>Hoe norJroutemre BOJIH-• 

. Jiex~Meam 6egcToJIK.'iOBRTei1lbnoro 3acryxmmst c.rtado BaTY-
.~IHU.ltt BOJIH B.ii1:lllCJimPTCf£ no q:o~yJie '(I .!I) • 

\}; 
~ r· MHl'ImTO.aK''l'lt5B'Oit w18::iM0 

J •P ' 'IlPI! j'<l!\Ta Tel!JIOsoro JlBUE!lllUl '18c'rlm UCIMl!MO paccuo!l'pliil-
• (~~- ~ -~ B § 2 .rurm eenel ioJie6aHd, DOJIBJDIDTCJI aoBH8 CJISO<>aaTj
' ' ' . :.O">J(UliJUme BSTBM :!CoJie6aHR.W .. B o6JI.B'C'.l!R IIKSKKX qacTOT rron:MrieTc.n 
\ ' ·~~ ~ 3,.BYlt.O.Ba'.R: :aa-'l'~», . a Ha ttaCTOTSX cJm!3im:x J{ -izyIJ~1fOT.!JOH1JLil\1 H n 
it~ ~, ~ raJMo.mnr.aM - . KBS3MIJO;l\~.·'!:Et.eHe KO. Jredaf!l!R~ . pac1rpoc_~Hmomn_ e __ c;n 
r- ,' ' rrenepel< MC'lrl!.KTH0110 TIOJIA (rtRRJ!OTp()llJ.ilil(J BOJIH.bl t!.'Iµt . MO,l.l;l:l Be:fill.;.;. 
~ W-Te!Fra) • 

l fl\ ·fij>l'I Te » Ti R w <<. Wse cynteCTBylO'r 'rplll 

l,. fir,'· cJiil603aTyXOJOOUte ,nJmimOBOJJH6aue ( Kr&~- <..<. t ) Ba!J:cai.I 

,(1 > KM€t!!amtlf - !IJibBeHoBCKa11 CA) , 6blc$.ir (al:;!) R 1'1!Wl!llillaP. 

I 1 ' :(MM3) Ma:I1BKTr;ssyxoB!:le1o IlJ.Ui K ~ 0 orut- c00T.Bei•c1•.Byt(>T 

'l'f . · .MarHHTOr~po~mwrqe?rotM & .. TfbB8HOBOKOiJ 6hl6Tpoi1 J~. M0;1+1!SRHO°ft 

' ~ Mt:t~03'ByttQ.B.mt. B 06JraCTH KOpoTIG!X ).J.Jm.H BO .. tm WHM~ -

__:,.. w81 COS 8 , lC())!ec5tUmst a·JibBeHODQf«>i BeTBli n _epexo,D,JIT 

:a .He3aM8Pf!R110liHlit9 lll)Hfil).;....~rnyROBhTe, a l.M3 Be'T:Bb - B Clm.eTHµtzi! 

a'TMoc@BP'ffi (cM,. rJJam 2 ~ 2) .. 
IlpM T1 »Te 8 ::- fi/2 l! W »> W81 

cymecTBy€T E0TB'& KODO'r.KOBO.truOBiiX. ( Ki'"si » t ) 
.BblC0l{O'tJ3C'!O'!'lW:X eJT0RTPOHH0-3 BYJC0l3UX l(OJie6a~J' a npa: 'w. c<<.. Wgi 

.- Ell3.KO'.t!aC1'0.TllliX 3JI8iCTpDHH0_..-3..ByROBliX KOJieCiatmii, .fmJl.RlG

lQCJ.ffC~ IqjO,llOJUJteH.HeM D 06JiaCTJ, KC:lpQTK\lX BOJm ( K rgi ~ f 
a.IThB0HOBCI<O.ii aeTml. 

ffiuLJIO!I'.POHR!ilS .BOJlHbl' p:lCilpoOTp9'R'SlTJJll!eCsr nQnepeK: M~rHK'.i1-

HOro ·nomi, ne -PIMer.>T r.a30JG1He.•m.qec1<0ro aim..rIOr'a. i!a.cTOTY 9TR:r .. 
BOJIH 6Jn!31f.~1 lt ll;K:o(JIOTPOHH!ZM li li'X ra!=MOfiiiu~:iM. 3aB11.CID.10CTn 

w /K. ,(pac.1.4) onpe,neJI.SieTc.R napaMaTJ:.aM~ llJJa3Mli lt Mo-

meT ¢H'.l!n uatnoea aaa~·1·w.iec1ai ,lVJJl IIJta3MH MaJioro .tt21vrnffiln. 
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W/Wa; W/Wee 

5 5 

4 4 
('__ 

3 .3-

~ 2 2: 

·1 

0 0 I 

2 4 6 .B kr8i 2. 4 6 B krae 

Pi!c.I.4. Cx~Ma-TIDrecia!M mm 39BJ4C~OCTB ·X{8_CTOT 9T BOJµIOBOro 
B~I<Topa : a - nooBo..;.~:l<JIOTpC)HBb10 iBOJIHH' 6 _; 3JI0KT
,POHHO-tnm.1IOTpoHHlie BOJllUi 

§ 5 • . KoJie®:i""HJt R, ~9Jl1lhl B :neo,llHOpb,n.;tq.Z OJia3Me 

3a;IV3'18 -3~a~_Te~Ho · yc.nomrne_.Tca, ec;m '.II.JmHa, BO.JI:HH Bo3-

MYuteHlUI'. cp.q~ c x~paRT.apHott AJIHHOJi aeo,IIBopo_.IUIOC.TjI 1IJIS3-
Mbl' a v.;,-1 c X.S:PaKTepHliM :SpeMeHeM R3M9H0HRSJ e,a napa-
MeTpo:B. II.Pa paanpooTpaHaHHH ·B. aecT~.UK6HapHoit aeollHo-

Roc•.f.b: O.P.e.Il.H y:t{li·ij1·a'°'a eTc:f1 sa~cm~10c1'1:ill L~OMII•)H~HT. '.!'~Hso,a 

W.3Jlf: R'l'Pll:4.9CK0:1t il_DOB:m::J.aeM°ocm OT I\O"O.PJOHlblT ij BJlGMe!fl! .• 

Il.P~ ~TOM:, , IlQJI:y'-!bE.~t f:i CTtO:i:"ZX 11e?Jt0!-lli:~ '!H GTb conpnnteRO co 

:rn-a ,rmrellbHHM~ Mt:i ireMaT1frrnc100rn TFJ.itHocTm.m, IlO:!'TOMy wr.no-
1co licno.7Ih3J'TOTCn n,Illi6.rnucem1~e MeTo)Ul. E!?'.JID Bblll0JnrneTc11 

YCJIOBBi3 
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r,, -Sli \ ae. n~ \ + 2..ri \ vtn~t« i ·c,.: W ot K ) > (I.61) 

~.rte 5 - JIOOOi:! CKaAAp, xapmtTepil:3_y1oomi! ~OHOBYIO IJJia3MY 
_(IlJIOTllOC-TI>. TE!MIIO.(>STypa .lI T .n.). TO '1.. Rl3JUI€TC-.fl MaJihlM 

_g_~Jpm.~aTpOM 38).(atfn,, li . . MO.lit8T 6UT;& UCI!OJih30BLl.l10 rrpH6JIIDKOH.Z~e 

I'SOMeTpifl!'CCRO~. OrtTilIG1 .. P.eWflHHe mne1!1CSi !l BVJJ;e 

E (r, t.) =Re [EO(r; t) eifCr,t)] 

B ( t=, t) . == Re [ B0 
( r, t ) e i'f'C,.' l) ] ' 

(I .62) 

.. r.n.e E 0 
• 8° - aMII.IDtTY.ILli 3JI8KTP~PISCKoro Ji MarI:mTHoro no;rei! 

' BOJ"lllL&, a ·qJYHl~ \V(r,t) HCJ'SblBaBTCB sthmHS-JIOM. I1p!i STOM 

l<(r, t) = vo/ ~ w( r, t) =- o~/dt (I.63) 

1 v w + at<Iot = o. (I.64) 
L. -

_ijpHdJIBjjteI-me reoMeTp:0:tree1..:0z. OflTMIIGi TIIHJ)ORO I!:Cil0JII:i3teTCfI nim 

peCCMOTpemm pa_CJ;I.POCTP13·H@Hli.fl pa.mrnBo::rrn B liiOHOGf.I.H3.P~. 'MaI'rra

yocwepe 3eM.lfltr, 90JIBetr.F.OM _aeTJie v. co ... metrao:a Kopoae .. 
Ilj;m: !Ia.IJlrtnm Ppa,21;W0H-TE)B 11.1IP'I'HQC':'I%HJID .TF.IMn_epa'l"jJii:l B 3a'"'." 

r _~SJ.'tqrqemtoil DJTJ33?.1e trac~ COB!J.!llJBilT JJi.Peml:)O..BH8 ,IJ..BH~GIDIH, Ia 

ti iflJIOOMG Mory·.r B036y:f'Jt4i-ti.'bl.!R: 11 pac:rrpocTpaHHThCSI none!)0J<. Mar
' _ .im~·Hoi'o IlOJi.Ji BOJ!filt, ~30.3El.f! mcopoc~.b KOTbphlX !IO ,rTO,P.fJ.W i3e

Jratrn:flu pa1ma- JI.pe!cjloBof.t m~opocTE:. TuKMe BO.nHH na3.}maroTCR 
~.igpe'.ijr$OBHMK. 

PaccMo'l,.PVi.M ·;D;'pej .powe Bo,l!H~ B rrJ.asMe !Ili3Koro ,n;aBJieHVtR 
( me /m\ :<~ 8 7inTe Is!<.<. ' ) , COCTO.fiiU6~ ·Ra !10-

, JiSI~X 3 .. ireK'l':WfiOB ~ '.i:~Mnep~i'Typott Te K X!)J!O)UI#X n:oRoB, ..,.. 
~·6MemeHH~fi , B o,imop0.m10e Mar.rmTHoe rro;re B

0 
l\ z • 

tnt5e)trroJ!O;iG~M., 't{TO lIJIO-THOeT.b I!.i"Ia3r.1~ H3MeHne'i'C.ft . TOi.iTul~O B;'.qOJTh 
~ . ' . -

«ieit x , T.e. n 0 ;::n 0 (X) , a TeMne.pazypa B 1cm~nott 
~ fotn<e O;ItHa H Ta. r.~e. ~crro .. ~3YS1 npueiJIH~Elllie .lUJYXJ:WJ{KOCTHOM' 
,•L!§ilpO;ICrna~nfiill, ITOJ!Y'Cia e?'JI' ·ttTO .il yCJro.mrnx P?BHO~SCtfJl !JPM Ra-

. Jl\~POO'.f r_p=;rrl:!eP.'ra .na~eHMSI, ~KOJ~_{1T·h ,n.p~Mrfl.8 ~~Tit:RTpC>HO.B ff~,XO,TIY-T-



<;,SJ M3 'YPDBHSIDUI 

e - - vPe ·O=--lv B] - -c » ne 

- cTe .f dno -
VJ).;:- e"B no~ e'j (I.66) 

T.Uf::J e~ - e.Il,HiilPfilI:di cB~KTop BJJ.OJI!> ocm. E~m pa:Bnonec.ue 
'11Bpyme.I:t6, 7ro so~ut.y1Ue1um pa3BFrBaJOTCR corJiac.Ho cnc·.reMe ypa:s
uewdt.i ~~J.WC'l'HOR ~.n 

a.V. - -- - r~ s J ) . n~ m« ( c)t' +vet v vii() =not ect ( E + ---c- -v P°' , 

a not ·+ 'V n v. -= 0 
<)t, 0( ct • (I.67) -vE=41i'Le n · Cli( . _.1:1( 0C I 

- . t ~E' 411 -rolB=-----i·-L:n e v.. · c at c ac: Of. i:IC er. 

ECJni ~130.BaJ>! CRPPoC'l'-.b. BQ;JIHLi, L~crrpoc-TptlHHTi.!Lll aiiCn 13,no.irL 
M.8I'HBTrtOrO no.mi, MHOl'O MeBElie aJI.LBGHOBCI(Q~ ( W/K1.. <.< ~A ) 1 

!i'o BOJIHH rre '!J03?~1rtfl10T M8rml'J'H00 no;re H E • '- v ~ 
r,ne t.p. - · noTeHUJrra.lI aiteKTp.H'l'fecKoro JIOJIR. B . <".JIYlia e M~n
Jiemw.x :ao..lII! 3Jre'KTpOR:J '.rf! !JAa.1IMa:YiJ11c11 a.u.o.rn, cMbal:iX JrnmUt :z 
llOl('mltfOOTCI! .Tw.OHep:a30~1tH0My Y.Pf.l .BEICH\!.10 B:>~lllia 

n .,,_ n0 exp(etf'/Te) ~ n0 ( t~ e4.f>/Te). 
J.Vr;i .rntmHtH'.ll.( .B03MYJltsfiltli Hll;Il!.'1 exp (I (wt-K!I Y - Kl 2 }) 

. - . - e. e --
' CJJ V, = - I K ~ mi + mi e ( Vi B0 ] 1 

- <Jno i w nt - 'no1l< Vi ;. V1t dx -= o. (I.68) 

0.Tl\j'lJ,U tto.IJ)"·ifJ9M B03MYlU9Hi18 IUIOTROC'l'd WOHOE 

_ ( 'K!! Kl) I!~ cf) e •f 
n~ - Mo w + w Te. (l.69) 
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':ii .· 
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n yttTeHo, r.r:ro· w·« Wt1 

.s ypaBUe!ilLB rtyacceM; n0.ey11:aeM 

·w 2i-WK!IV:o-~d Cf 
c:o2 

.(I, '10) 

A~!O~ W!O!lepOil.OilHCl G ypaBHGHH0' Jt.lIB npo;n;ommrx HR3lt0"!BOTO·Tiil!X. 

·gpe~f!~i:lX ~.Q.JIH it }];IP. .nmtFm0;50;i!HQBOtt. MOM ( K? c~ < W'~ ) 
O!jO ,.l™Geip ~mm 

w'LwK!I vlJ - K~ c~ = o (I.7I) 

ll K!f = .Q '0Tit 130JIHH rrepmC0,II;flT B RO_Il:Jlb-

··.s~yK0~8 -. IlPJJ l<z '"'---• :Q cy~ac·~y.ie·r · .Jt-6.3 ROprul 

W,i = K:1 K~ , ~~- '1f - K! c-t /KH v» . 
coo1~e'i'c1Sy·1~\1 ·i'rsc~o·ra. 

rr. 72> 

06~0 Ha3_btBf:ltoT a.rreKTPQ'1JlHt~ Jlpatpp,em.m JQ.mrnr~ ~ 
"id' II I V · · - . . 
ti' ' :PJJ w' Kz - A Eip~1JQ~OJ1~ B03MY,nteft:H9 .Mar-

; ~ 

~,.) ' ' '.i~OI'O no~IUlt TI:im· ytra:Ta JtaBJt61;Jfff HOROB a w "j 0 

~ .a.m:.B&HOllCKan ae~J> ne:pexo;t{H'l! n a.1Je1(Tpo1rnyi0 ,I@Elitr!>oBYJ:J BoJIHy 
:.rffi frl:>H K1; ~ 0 , a Il,Pll ~ ~ 0 H Kz __. 0 
J i ' B . Rmrny10· ~paMc.fioey10 BOJC...ry c q-gcTO'l'Ot\. W'*·~ ~;.... w-i( Tl ./Te • 

~· je.-1'.ll ~omi K!<!l?lOT . 'i'-91.llJe])!lTY.PY :1Jr.iaey1!l K 9.lt!lK'l!~<1il, !l'O tfiaso
,1~' :~'"-f, ~Hi C~G>POCW!l .1@.~fltflOBO~ somru-nopn.n~ !{ie:nJtano.tt li?HHO:ft, H 

: ~1 13~ieynae"T a .nalo'l'.Bne cn.rrwndt MaxaJ!liaM sacyxaH.ME lhumay BOJIIW 

h .H·a. E:OHax. !!03TOMy BOJIHa H0 MO,ilt8T .PDCllptJC'l':IJ8IfHT.Ll.1Jh 
' { 
4~ . 



r JI a B a 2, 3JIEKTPOMA.IllliIBl:lE BOJililil .B·'KOCMO-

mI13WIEOFl1X OBhEKTAX 

,l{n:c11e.p0:H0Hh1i9 CEOi!CTBa 60-7IH IDJfl)<JRCI ~cno.n::r,3yroTCH lfJi}1 

~ay-qamm KOCMl·rtracltorio [!J;lOCTJXHtcTOO. IIpoBo;IJ,:mJ.FI 201;r,11,upo:salli1e 

KOCMWISCl<el ITJIS·3M1l C 3eMJTII·1 HCRY CTBGllliHY. Cl~\l'Tffill~O.B 3eM,/Il~· 

(ZC3) .li aBTa.MaTmeCM.X Mf:}fifMHe 1raux CT8H~ (AMC) • :Vfr1yqa 1-01r

ca: C~8Jll:l 8t) T8CTB9HHOro !lJIOrl CX(.'i~i:lilll.A:. Ilpn ;rsyt!eID!,.11 npm:w

M88MHX CR.l"HSJ[OB He0_6XO,$tMO -Y~Vi.~1iBOT:.b ax rtC"I\a.g BliJdR ltp13 J)8 c

n:po.cTpaF.eBJill .B i--:ooMJift?ecKo7. IOIB3Me. Pacce.a..tra~ so.mt npv.rao.n;.rT 
I( M~ycn yB8Jra\ft>3.HIDQ J'.!1JIOJ3iiX pasMepoB RCTOt.fHHKOB, BLlSN

~err ym.tpeID!.e ti.f) CTOT.HOI10 crtelti!1pa i·tGJFy"ti88Mwt BOJIB ' g .)'Bf!;mi:re

ffiie .n;J.GiT0Jlh!iOC'l't! ltpaT.KOB!)eMEJilllh'X BCilJil~CKOB. no~TOMY np1itmr

Ma:eML1i!" 'Cill:HBJI IIOSBO:rme~ rIOJIY\ill·Tb IDfl.~OJ'.JMB~ 0 ~.P~?i'!'ep~.C'm

KaX rriI.aaMH H~ nyTR e:ro ~cnpocrrp:su=iemm. IIpn aTo~ npnMeH.F-8'.C
cs Te_op.Mrr .,1")8cnpoc 1rpaHeffi!n: Bm~ B c11a'1!!1c: 0rlrt:re.cmr Beo,1u:ropo.rr.HI:iix 
c,pe,11.a#. EcToo~e.HKbie n3J!y'-Hali~r1i: D:03BOJIPJOT nbJIYllli.Th ;rn;}oIX·1m

~ o wrasM'3.EillrtX nponeceax: :e o·6.nac·m itx r tn1gpant-r•r ~ Ha nyTil 
pa~cnpoc·rP,3naa~ • 

.n.n.n p a,ITJiOCM3L1 v. ~lOEOC¢mpH0!10 SOH.t~'ipOBB ffi1.F. ll:PKMe'HK.QT-

CR, B OC.HOB:iOM, BOJIBl.i c w ,,> I Wge \ (B aol:lo~pe 

fee== I Wse I I 2'ii ~ I r~ ) , -rio~T•)MY MOE.HO 1:l2 y;ra:T!:i.E<.1Tb 

.BJmmma: M~rmr.rao1\1 noPJ?. Mow..ao Ta Y.:..11te .!lf.1eRM~13 t{b ire nJIOB!lM 

;ItEtr.iitGH.Jd'.eM rioHoE j\ Ma.;ru noup.9Bt-:;~, :.c.Bf.rBa rr1:1.frn o TenJio~UM )1,BM~€-

1nH~M :3.iH3'KTPOHOB H. n l?-TOJPUJDB0HHS!Mli c JI.PY!'l'll.lli' ~acTRQ~M!1. 

Ilos.TOMJ, B nepBor~i npn6J.Gi1Kemrii t 

N·2= 1 _ 41i e~n 
me w2 (2.I) 

r.n.e ROH1.J.f?n~ n.lla3M~ n 31.mltc.;n' OT . aiioc.>m ·.11. r opH-
s on~JlllR..!iX ~oo_p;n:mra'l'. 

ll,PR Ra1\.~0HTlOM .nt1~e.w1~ HCl UOHOC@e pni»:tt CJIG.~ no;n;: yr1JIQM 

of. 0 1 n.o.rromelt.i:e 'I'Oi:rM IIOBOpOT8 .rry ~!3 ( OT,Pf.t:!t9filte) o,npe,ne-
JmeTC.ft ~rn ycJroB.n;r N2 = Sin20( 0 , Y/Y!!opoe J.taP.m 

lC!JMTITT'l?CRylO '\.H;JC~.,1'l"J ft< (cl) JlJTS! J.t8lin0 ~ lCOHII.t;-HT.Pf!Iw• 
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f < ·f ~ BbJtHa ttope3 CJ!oi{ .ae npoxo,ltRT. 

'Y IO M!'n) cooTBeTc'rByeT Ma.RctiMa·Jr:baol .KoHUea-

·~~Itlut CJIM F i!OHO~Pbl npu .aep•rm\3.JffiHOM na)4eILTA no.71HH, 
~~o JtpM. ·f > f: OTpEl~ef!UR: He ;.003HITT'.B8T. Ilo:~nm:.y MElTPOBii~ 
i:ioJrro.l Hcnom-..Sp.JTC.ij :s .P.9)1..kIOaCT.POHOM.D, r;:pu nPJ![eMG CWiUlJIOB- c 

.ii -~~cs ·r. AMC. l13MGPJlf.t yt10JI P0<Pii..:lKUW!J MS'l'p,omnc BO.TIBt orrpe,tte.~oT 
~~ ~~i3rpanaoe CJ,n.eplK::iH1{0 S.110.KT,POHOB B :9ti:[)Tai\8;illi!i0M. CTO.rrde HCIHO'-

·~ i~Pl:l .. H3Mepe.aRe paceeSIH.KB: nos:B·oJTJ1e'r onp£J;il:MH't'.b xapaKT0p:nc-
: .~ :;~n~ Moaocwsprnrx HeOJJ;Hopo.o.HocTeit-. 
\'l '(j' ' ,I(e_KBM~'!'.I)OBSe .PWOBO.llBii (o_OIRHO H8SClB3eMW0 -KO.POTIGU.m 

:,\ . ":KB) ' l!CllOJDl3YlQTCSl .~ .:na.1IbHe:2 pa~OCBR;H~ .~ MCRyCTDf!IlllOro B<:l3-

,~~ ·li0ACTBl18' Mbil:tH.blM ija3eMH.YM V.3.rrytr8·TeJiaM H~ ~QHOc@epy c U0Jll>IO 

~ '.isMr~meHM eii I11!):'JM0TpoB. Il!JR ..A < 30 M CllpSE,e,ltJMBO yc;;J..0-

::] ~1 ~~~~ ' f >. f e,e - • B pesyJifaTaTe _OTP!-.l)Kei:Irui OT ITOB9PXHOC-

! •rrn ~~ n ' ~lIOJt f ·•oHo~pu C 3eM~ Iit CJioa E , CJio:eB 
.\ J t H' F ) 11 ROHoaj)e_pe B03Momro ~:.iorooRat!KOMe pa.cr.rpoc-
il? •. !:PaHemJ~ pa.o;aoBO;iIB. PaCilpoCT,PaHeHHe pa~OBO~IIH B MOHocq,epm.ax 

:~I :i()CJJBOBO,li,$ ltCfiOJP->:iye:t'M .l£.1lli caemam.Heil .pEJ'Al!O• 
:! 

1 
~CBaa.K. 

I
~· ·Jl;ta K3yt:tarmi! l'IOHOC~epaol a.-rraa~ rrpHM0HSIV!l'Cst MC3TO,!Ul pa-

(J ·~ ~!fn630HJ{Hpo.aamui a p:i,IIHO.)IOKan;rui c 'KCII9Jll:i30BaHl.i6M HCTOqHJlROB 

. ~ ,. ~9GMRqec11:01io pa',IllloK3JIYtfeHIDI, Hasmo11rnx nepe.rr,c:rrmmoB ,Ii. cxr.Ha~. 
· ~ , .~J3 e IilC-3. Ilpu a-OHJ411po:erunµii: ·lf cno.1Ib3":/{lTc,,ci a@ieRT no.mroro OT
~) ( J ).a.*ei:iZJl Q1' itQHO~~pHoro qJIOi!, ~ ROTOpoM ,,l{..'1Ut ~H.HO·ti w 
·• ) JOl((-33aTeJLb rrpeJloMJiemur (2.I) 06~zua_e'fC~ :a ttyJII,. tr1rn.·ro~a " uc:... 
, \ ~ <~cI<a_eMoro JdMJJY.1Ii>Ca DJiaBHO HSMeH!ie!fcx, u BPeMSl 38P~3A£lllaHlUi 
h \ (B.P0MH Me:;acy Mr)M0li.TOM MsJ!ytieIDtSI 1~ MOM&B'l'OM llPfiXO,Ita ,BO°]ffibf 06-
~1 ~ pa THO B rry llt9 TO'T;{l{y) ~riapyeT"ca KBI~ qzyH.KJ.T,iHl tlaC-TO.T.lf. llo.Jjy-
5 -'L£a0MaSI 3armci. aasrmaeTc.FI MoHorpauJMoA, a arrnapaTYpa - nouoc
r ~ :.~PHO! C'!'aHD,Rel.. lfoHo~epHaF! CTaH~il M 3eMJre liCITOJib3YeTCfl 

1
SrJ .WIJl· ~3Y\leaMR .B~pxHe~ -qacTtI :aoaoaj1ePH (.n;o MaKmIMyMa MOff F 2 ) • 

' -. .41,[Jit yC"l:.9ROSKe a.a 11C3 Olia ff~f[oJI&3yeTCSf Ma H3ytJeW!R B~J.lXHett 

LfSCTH .:H.OHOC<lJGPY H H33tmaeTCP. CTatm;teki .aaaJllHero 301::1Jnl.PQ.B8IDUI. 

t~· _I!:pH TitOHOc.J.lepMO!lt 3011,IU!tpo&HIXR M3Jrytr80TCJ1 B0;:7JJW JW.H0!.iiO~ !IO.,"iJi~ 

p? ' . 1,)~3au;r•, KOTOJ>DH MOE9T 6UT:O rrpe.z.tCTtlBJl.0Ha KBR _cynepnos~ur 
,,l. .Jr:BYX HOpMBJn;liblX BO.ml - OOHKHOBeHHO.I 'H 1'1e06HKH.OBelilIOit OOJUi-

~ '.•1 . ' 
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pH$8ItillI. Paamt'ille B pacnpocT_pam:iIDm aTHX BOJIB :B pe~yJI~.;.; 

TaTe ·BJmJtl:IlIR MaI'HJ.fTllOro flOJL'I 3eMJm UpKB.1,nH'l1 lt !lOR.Me$1lO 

;n;ByX CJie,llOB Ha llOHorpaWvle. Bepx.K!H' CJIB;D. COOTBGTOT.ayeT BOMe 

o6l:lKHoBeHHoz uo.1Ulpa:~a1m.M. IlP-M 30H.lnt.P'J.aai-nm c KC3 H3.1J'Y'Ia-roT
c11 . .BOJIEH Henocpe.n,pTBemto B 11J$3MY. Il03'l'OMY .MOcyT o036~Y,Afl1'.b

Cst OJia3MeHllll9 BOJ.I;B:N, COO.T.BQTC 1ray100tHe pesortaHCHiiIM crac'roTaM. 
ECJ.ili ilOHoC41epaan: :c'fa~iH BHeurttero 301:r.nHpr~rna1mR H3.nyqaeT 
CM.I'HaJI c .nepeMeH.Rr.1i t{3CTOTOZ, TO peBOH8HCl:l H3y.JTIO.nH :OTCSl, 

KO~a qacTO'.Ila HCTOtJHlllW notrTU CO_BIJ~:n;aei:r c · D.JI.B3Me.H!IOlt-, 3JIGR

T_pommi $lt.1IO'l'.P9ll1IO~ H sepxnet rH6pl,~c:rt 'tfac·~_oTaM11. Ec.IIR 
qacmTll 30.Ep:mpoaaID!.f,I nocTOJ;il.f.J:U1, 1.t'o pesoaaae B03HM1'~eT npa 
rrpoxo29r,Lterum :e:oHocdJepao!1 cTal:lllZe:ft o6Jiacm auaoci}H~pw c 
ITQ.IJ,Xd;D.smtRM~ c.ao!;cT.Baf.m. llK\J.xPY3.ElRI CJIG.Ir. Ha' liOii0rjY;lMM€1 · Il03BO

JI.fi9'1', orrpe.rte.1ll!'l'b napaMefl'P~ lionocft)ep.IP-.I'A Heo~.a:o po4RocTe.n. 
·npa H"oH001.1JepaoM 301utzpoBamm: c. MC3 n,lll·IMeaJiIOTc.;r MeTo.n Ko
repenT-1JLtx t?acTe'l' B M9TO~ -r·pynnoBQ.!10· sarra3.nw;aHMJt. B rrep-
BOM c.rry 1.iae, ITE.P~MeTphl Ii.1IB3Mrl B,UtU1t~.1IitET(JJ1 ·no .ll'.3Mepemrn paauoc

TH ~3 . a.a ~yx qaciroTax. -311 BTOIJOM - pa3HOClTS1 t:r;>yn:IbB.l..'X 
l!yT0!. 

Ilpa fIEJienHR no.1J:Boro oTpa!tamu.t per.McTpiipy13MHe _pa;n;mmoJI
HH UM8!0T Ta~/16 6o;rraUj:<J mt'l'eH.Cl-t.BB0c'l'h, '4TO MOcyT OLl'fb ~c
Ci'0~'Lh30BaHll ne.pe,naT'I'A.Kn lielio.Jrhmo~ MOmuoc·m. ECJrn HCIIOJP..:syerzi
crr nape;ll.3T'tll1K 60JI.DIIIOZ MO!JUiOCTH, TO MO:n!O acc;re.noMTb l'.'OJ).~3-

.no 6cmee CJia6ue oT,paiKenmie cm"aaJru, B03Hlffie~e npri ttao"Tw-I
noM oTpa~emrz. OT 11-oRocr:pep.a. E_cJ!l iapaK'repffidi p;i3M9.P tted.!(BO

po;.n;aocTM .a :Ho.aocg)epe r.moro Cie;tbme cpe.JIHOO:'o l)S·c·cTO.P.Jra~ !l!e.w.;... 
:iry 3JlaltTpo:rnMrr .U M.H.Oro MSHI:illl~ .ItW.Lt BOJiml, TO M~o.n H£l3H

-:saeTCSI MGTO:ZXOM 'tlaCNtrrioro osrpamemHr. ECJm 0Tpa'1ti31nm:FI so.JTHa 
n:pe;ttcTa-E..rJEeT 00601! Bo.mry, pacoe:fIEiiiY!O R03amw11Mo o~_eJ!hWJ-

M"'~ a~eKTJ)OHa~H, TO M0TO~ ll33liB80TCS MGTO~OM BeI<OrepeHTrTVrO 
_pace-9,mraa~ B MeTo,n;e u~xor•epeHTRO!'O pacce.mrasr ~aM~peE'!e mr
TeHoaBHOCT~ paA!fr):e-0.:n~ paoce,a:HRH:< xaoirwrecrur ~ffn-m~uWR 
,S.TieKTpoEtUm, !I03·T:Y..>JI.aeT onpe:zteJ!lil 'fl,, M:X Kv?.U.ta!iTpamt·a'> • ~~C'l'0~1.H.htti 

cnewrp P::lCCGHF.1il:lX BO.l!l! ;11.ae.T TGMIJ &pa •cy_py 3.1!a.KTIX>HO"B (no .n:~1rr-
JiepoBCltOMY ynm,Pt.1mm). Ee.mt l > rl>e (r.ne rlle 

,I.(968i3Bc1w.fi _pairnyc), '.?O ns.rry 1mHMe s.neKTpo.HHoro o6Jial(.S- Mome'I' 
CTC;JTl> l{Ol'Spe!fTIIlf.11, H .HHTeHCl1BHOC'l!L pacceJ-LHn.liX j)1:l,I1,.i:tOB1).1ffi 
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.o·ippa:N:te_·r T01JJI0Bli9' @JryRTyauaa I<OHUSHT:p8u;ID1 KOBO!h tJjo~~a CJleK
!$ pacbamtl:WX BOJIB - TElMnepaTypy 'PlOHOB llJfl3M!i[. 

§ 2. HH3KO\la CTO'.t'HNe aJieKT.POMsrmmrae BOJlliY B 

M8I'HTrIT0Q~epe SeMJUJ 

Il.PH W <.< Wpe , Wpe >>I Wg~ \ 9 Be CiJm3-

;Jt;:)M K 'ii /2. K w < I ~Bo' eos9 ~ w~> , Mo~eT pac-

fipOCTpa:H.P.'.C·:DCR:- 'T-OJibRO ,, 6!iCTp~ur W3I'.lill'.T03Byl{0""8'8>1 BOJll:l.a .0'. 

w·:o N2 ~ ____ ...;....;;;;. ___ _ 
W ( I WgQ 1 cos 9 - W ) (2.2) 

Jl .n;aHH.~M cJI"rrne . !10EOpsrr o KnaaHllpo.ztom,HoM pc:1cnpocTp9Hemm:. 
{l~6Jra1.iit9lli1e, KOTOpoe npY~O~lH~ Y. (2.2), H83lU18"GT011 OB~C'.J'OBntM, 
!.!_ CB.MY .BOJµIY' pacrrpocTp;rne1rne KO'l'OpO:lt Bo3MO$B.O npH 

l Wae \ CO 5 9/ W > 1 - C"SM CTO'.BO a ( CltHOmt?..s: cn:zp~.Jrhl:L:l ff 
--D0.7!h'n~ :rt~JT.iHCOH, -caac TO.Bfl.fI ~~1.1Jta). 3aBHGl[M.0CT"';, u)(K, 9) .4Jifl 

·CBllCTOBO.ti BOilIE.11 ~aeTClS OOOT1mmemte M' 

(2.3) 

2. 
N2.:::- Wpg -

W \.Wge \ cosS 
(2.4) 

CC>_oTP.omem!~ (2.4.) .a .. lJiiTepaType [I{) CB1'tC'l'.HJ!UiM STM0~'9Pl'lREIM Fra-

3t.maeTca. 1~0i1'Jly.n:o£t C1ropK. JIJ1-F- (2 .4) 

-- W ( K e ) = I Wg~ \ 00s 9 C2K 2 
" . ~ Wp~ 

(2.5) 

'I!. e. (J..} llpol!Oprtt10H.tUir.H-':l K 2. • ,IVrn (2 .4) rpy·ImO'S::lJ:i t! 

~;130.B<'J.H c: ~J>OCT.11 C~R.:Hiifill COOTBOllll?.RHQM 

(2.S) 
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-· .MaKe~a.II.h~ Y1.9·ii. MSJUtY V~ M 80 paB0H 19°281 

t ll03T0-

PifY IlOTOl( 3H0prmd .CBktCTOBUX Cl!rIIBJIOB H~ MOJlt9T OTl<'JIOHfl'.T.DCH 

OT 0RJIOBOfi .r.nmKI! MarHiiiTHOI'O IlOJI.F! domme, T.f6M ·ffa ~TOT yroJI:. 
C reHepaUHe~ B'()JIB B .lUI8Jl830He CBl!CTRII\BX STMOcij)epa:Ko~ 

cB}'faaBH · MHorne npouecc~ B 1\tarRHTOet)epe· 3ewm. HaiJ6o~ee 
Hec.ne.n;O'Bf3HH :a HSCTon:mee Bp?MR eJ3iHlT.!:l 1 B03I:Un<'a!ilU!Me 11,PR 

W_3J)SmBX MOJ!JiiIB K pacitj)OC,T})aH~ecsr ·llJin'6Jm3HTe.nhHO 13.UOJI!D 
cRJioBH.x Jnnr?Jt reoMal"HliTHoro no;r.JI. Ha pMc.2.I a noKasarta 
Tpae.K~OPJ.f.A: CBZCT.mi\ero aTMOt1<Iie;p11i<a, . a 1m pirn.2.T '6 - ero 
conorf)aMMa, T.e. s-a.nRcn~mcn tracTom np:axona mrrnaJIB OT 
speMeilll. 

4 6 

-2~ 
CE SEP HOE 

fO)l(HOE rtOA!IWAPlriE 

f~.\.~I 
0 ~ 4 t:,c 

a 

PBc.2.I. CBB.C'f.bt, BOSamtamtHe II.PR paapstnax MOJ!Hd: a - CHrlia
JrJ:Z Had.monaeMue B COll.PRltSHmlX '1'0111.taX B TpBSRTOplUi. 

cSHcT.mnero ·a'!Mocwepri.a, 'd - c0Horpa1.wa cmtcira· 

Ilep:ao99 tl9J!bRo C;U'HaJJ ,n'.3-;:ryt!aeTCSi ua 13cex ttacToTax • .IIocJie 
npoxo~eimH 't.£epas : ManmToc~epnJ'iO r:r..w:13-MJT H3-sa ;IG!cnepmm 
c_pG-.ruit Cfu~JI socrrpmmMaeTc~ B rpm~xoroaopmreJie npHeM.IIIIlW 

RaK .CBJWT c llOH.HlK810meftc& ll8CTO'l'Oit, (nepBOE~aJ!l*fili 
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1:Sj a 

~1 
5., ;· c;ITiH13Ji: - ~epmt - Bocripmm:MMTCR: 1ca:K 'T:pElCK). ·EcJru !IOSE.if.9Hl1Jl.l 

~
'-' , ~:ClfilCT~J .npe)J,lileQTBGT <>i>e.PJili, TO ·Tairae CBffC-Tll· 5£13LIB8.ioTC;T ,I{Jillli-

~!liiMJ·:· ~ •. 9- CJ.m- HeT. - I\O . .. POT!GTI_.,'tll. .(Pl·IC.l2.I ' a J·.· . CB .. KC.,'ffillli·!·e· a TM_ oo.p. e
~ . -j»T!.:H. OTpa~+u:l rOTCll U'.!' ~QHOC~ep!:l B conpn..i\i:i EECIX TOtraaX El rIJX}TtraO-

~~~ ~ ·1io;JIO:mHX rro.nyma~t!X ~ clio;e.a . noJIBmilo~c~ <'Hry?T:r HeKoTopo_e_ J?pe-
•! MH. TpaeKTOJ.lvIB l(ID1:i(~1$M! BO.r1H03.l:lX neKeToE, COBepilaiO!!\llX KOJie-

.? "" _6B1'1'.M lls· o.n:iertt r eoMBrirn.THo}1 . no;iTyCib&phl B ;npyryro, 6.1Iltaki~ It Mar-_ 
'( -- - ' . -_ ' - ~ -

~ Wt'EHliM c.u.:rrG)'Bh'M .Jl11.[IB.ra.1.. 'lill\Oe pa Gll.POCT_palierllt9 130~MO.:KRO ITJ!R 

.. -~ " ;py@eCTBOBarurn B ~iafiIB_'l'O(:qJepl3 ll00.lJ.HOPOAEOC'l'8il KOllll.8ll'rpaIJ,ID1 

1~l '.~!lJ;tg'BI~ <rnJlliHO. Bi:iT.;frr,'/~fl:< E'AOii.!:i .reoM~r.H¥.'i'!10I10 110.1rn, - ~MJI'HlrTP-
·f ., · ->;-,,; ~£1H1:E~ ao.rraoBO'AO~, Ha_31n1c'~ ~~Hu ,lJ/:llt'l~r.lli • . _ . . . . . 

r ] ECT$CTB8W.~3e .i13JIY'rGlli.Hf Mi;ll},B.11'.'l'OCq}epH B 'Cl.IBCTOBOM ,mral!a-
'l ~"ii·..;; faoE.e aaaJlBa!OT.CSi. QI{q-liJ3Ryl!O.IDHiM:i·r -i ' Pe:imcTpMpyiUT'C'~ 'l' tm OCHO~~ 

"r 
}f; . Jl}t). rima OH1l-iis.n:ytte:ani1: . mfureirM! - Eiertpeph!:snHe :tt3.eyrJeEDUl, J:j 

~~ .·um:po1·:0M .n;n:omrnoHti f.!acrorr, np?JJ.OJ!ii'~1 1oiJ.1!~ecsr 01rnJJ.o i.m0a; x.opl:l 
~I) "coBOKyIIll08Tb ICOj;)OTlill;X Bcnir.ec!COE a B03paCTflmutt!Mt1. tfnCTO'Da?iim; 

J~~~.;~--= ~~~c1\pe1'H!:ie ~13.Jiy-:remrn c AJrMTe:IIihHOc'l'hJO ..... I c, c y3.Kii.~ cneRT

~. ;~; ~"' J?~M, u .. ;3Me'.HB"J-'11.v~_ MCH :3_0 3.Pe.Men.n • . EcTe .. ·cTB .. e11~µ5 Ott 1i n3.rryqem1r1.·· P? c-

:~;) :r. .~nr:ic1r'p3f:UL9'!'C~1 no 'fpq.e_RTO:PiUi'Jl Toro ii\~ ~me , t:fTO 1t l~Bii!.Qtt!:l. 
~ ... -:re. .'! ,... _ -

'-~~,-~.~.\-~ ~~ ...... ... Mar,mtT~ Ot~P ... ·~ .K 1WH,, oc-~eve (itp. OM.e Em. · ·*"e-11 eo_~--. . · I<~O. · fv'J{i!·· .. ·.). ~~no~-
;1' J(:,I 1 ~fiB 'l'CB. yc110:ane ·Wp~ _;>) "1-Wae l ' IT .IIJHl ~.ffiT0PE:a.ii8 trar;-
\~I,~~· '.fo•11

. I - 2t1 KJ..1.4 :wpe >·>" <;J , rto::>::i~oMy llllliMSID1MO r(pl1C.t7ru~ef<j!f3 . 
~/1rna31H:rpo.zto:1t.::ii:io,m pacrypocTpaHem!n. ti_pw cos 2 9 ~ I 

\Ci . rJ. . V~ ~ 2C w: (l~el~ w)S/2 ' 
~ ·,!:\ -~ P~ Be -

J 1[ .. iz:iro · npJ.1 f < IO KI'h · .li~eT 
~~ '1 

I 

-~ - (2 .'8) 

·B .mtTet:iaTJ1J-ie . .Bcirpe~eTcj:f 60.-:iree ·C.noirta.FI KiiaccI1!lJm~aumr OHY 
·(0'-!0a:& !GI3Ro•w~TO'l'Hux )- -U3JLY'~eHfl_~. Co6c~emro oHr.I coo,TBeT-
c~yeT ,lzyU1!1930H 5 + 15. 'F-fu, KHtr (,itpuatre ;il!3lW~80TOTHOMy) -

c[ f :5 ltf.u. 0crro;n,~yB:~·~rr it'at~t~e Te~m·H YIN (yJTbTp,a :fij;f~ll-:o_~ 
'W c·TOTR!:lC) ll3.l£Jt.IeHilll ( 3 I1u + 3 i'i-CJ'U) • 
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(2.9) 

r.n;e HUTel,pKpoBaime n_pi:rnO,IO!TCSf B,ltOJLb CRJIOBOi! JIUJllIH. OT_lcy
AE~ ITOJJJt{LHlM 

(2.IO} 

r:ne ''KO~SHT D 

$OPMYJIOi 
P.33HBB8'1'M .[tRCnepcv.efi ii lJ.SiiTC.fI 

(2.II) 

Ms (2. 7) CJie.nyeT' cy;Uec'rBom1me rnox v9 KOTop.LFI 
.noc•rJUla eTc.H npi f ::: f tt f,., J:I.aaimaeTCF. uocoBoli. 
'!8CTOTC!Jt. El: COOTBeTCTBye.T HaDli?ROUJee apeMsr rpyil!lOBO!'O 

sr.mas.zumamur (pRc.2.I. (6)). JI.Hqx~e~Prum:HPY-R (2.7) n np~!
..PEIB~sr rrpo:K3BOJJ;HY10 l~JDO, noJiy'-W9M iN:;; l Wae \/81i = f 8e/'4 
H3MG.P~ 'B.Pl.iJMK M0'1Uzy npa:.<O,IJ;OM . Cil'H8.i10B. HOCODyiO i:1ac'l10Ty' 
,ItMcnepc~ CltI'Ha.;ta MO~O Ol!.Pe.Ite.JmTl~ napaMBTIJJ:.i ra!33MU Ha 

~TH paenpocTpaHemLq CnRCTa. BTOT cnocoo a3MepeHH8, KOH

ueHTpcla;mI wrasM~ B MgmmTo~epe Se?v,1JIIif J.U.aPOKO n~JcIMeliJOI~n 

.u;o HattaJ.Ia llpmill:lX }l3Mepelll:l~ B KOCMOCO vt npi&.MeID!~'.!'C.A .n.o 
Cltx nop. TIPH onpe,.ueJremm r N .Ha.Il;O Il:PO'BO~ll'!'h Yi~pe,n_ue-
:aEe ITO CI~JIOBOK ' ;mmrn. 0,ttz:taKO, MO:!HO UOKa3BTl>1 tITO 0CP.0D-

ITOfi BlWJ( B .6 t~ IT.PH f -~ f N BF.OCSI'r. BG p!.lfiUllilie 

qac'l'H TpaexTor.mi, Tait trro f N • orrpP.n;eJ!JieTc.f! f Se 
B Bepmme cJruroao~ ;oonm. 

Hap;my c RaHa.tr.&aHpo:sa.HE.WvJor, B :r.oCMoce Ha6Jf]),],{a~TOP.. 

·.raK.~a He.KaHa.llH3V.po"BaHHJ.iIO c·aiw•m. Fk:r:ana.r&~tposarun.re C!Ull'.c :r.ff

ur.ie STMOC(pGJMIOf He r.toriy'l' npO!.i.i!KH'JTD ~epti3 1-IOHO_G-(pepy i! 

Ha 36'.t:fie He Ha6.mgn;a·!OTc;r. 
iloHBJ!elI.E1e OITT-cll!1H8J!OE o6yt..iIO.BJI0EO ~-3.1IJ"'1em1eM a.;zaR

TpoHoB . B MarH.W!'OC\.llE!.PHO'.?. rma;:>Me .np11 .neitCTBllit rmpe!!KOB~oro 

u Ma!'ill!TOTo.r:Moa!:Ioro MeY •. 1:H!ll3Jt!OE r!.3JLytrerum •. OHO c.BF..3al!.O 

c cymecTClQ:Bal-rafdtl HBTEHTirTJ:OEO:i! k0MrIOlieH'!1ll 3~':1.K'i'IX:>.HOB c 

Ha'AT~!.UltJBhiviit ru~opoo T;JMl!. 
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§ 3 • feOManIJ;t-T3YS ·rcy J1l:iC3UHll 

Ilpn w << We.i .H KC<.< Wpi nOKa3aTeJIH hpaJIOM-
Jiemm 6YC'L'POI ?vtar.HHT03BY'itoBOtt .a ·aJlllBeEOBCKOH BOJIIi B 6eCCTOJI

.I"J:IOmtTt!JGHO~ nJP..lsMe ~atOTCSi Bijpe"t~HR.f!MU 

N2 = N!::.. c2/ vf, (2.I2) 

N2 = N~/cos2 e. 
. CeoTBeTCTBGHHO. 

W ( K, 8 ) = K V4 , 

w (K,9) = KVA co~G. 

(2.I3) 

{2.14) 

(2.15) 

TaJtJIM o6pa3oM, .a .CJJYqae 6eccTOJJKHOB.arreJIDHdl n.."'Ia3MH Eni1par.:emur 
.[t,JI.ft t!8CT0T Cil:lCTl)O·~ MarmtT03BYKOBOit n aJIJ:iB0HOBCI<Oit BOJJB . COB-

. aa.na10T c no.nytmHlraMP.I n MarimTHOR rrmipo~aar..mxe nim V,. >) Vs 
B CJIYtrae 60JIE1Io.M q.3cTOTH coy.nape1mi. 

MaI'FG:Torsm.po;ItMH_!Mi!qecKUe· BOJIHH B MarIDITOO.~epe · 8eMJIH 

o6Y~O per~oTpnpyKiTOH MarmrToMeTpaMlt, no·s.TOMy omt no~ 
Has.aaRHe reoM&rRHTHH:X nyJibeau;td1. Bo2Mymemtst pel'HcTpl!.pymTCJl 
:a mmnasoae qa'cTo'l' OT . 10-3 .no· 3 n.t H M.MeioT :SMIIJJX-Ty.JtH OT 

0, 01 ..D;O HeCKOJiblWX COTeH l'SMM ( I ( = I0-5rc) • reoMSrmITHIIEl 

rryncan;RE po3;IteJLHIDTC.FI Ha ,IJ;Ba ocHo_Bmix mna: Pc - npo.v;o.mm-
TeJIBHHe ti ,ItOBOJThHO n_pamuCDHue 1wJie(i3HWI K P; - HpperyJIJip-
aue KOJieCi~HJ!.q. Ila plic.2.2 .llO'KB33H.a 33BHCHMOC 1r:o 3Mr!Jll'!Ty):(I:.l 

'~ .·, ,remmr1m.111H;l:IX ny;u,r,an,lt! OT tracToT!i. MarHKTOI\paMMH C.sa.aPio~oc
T".d Hl;lll,P.RA?eHHOCTM .MarmtTROro no~ll.\41 . O'r BpeMe~) prota · 1t0Jte6~fmtl 
:a Jmana3cme Pc·- r HanoMHs:JJ if .ueri:oqxy c>yc~ aamisaHHux Ha 

HHn •. ·lfa-3a ~Toro· cx0,1.tcTBt1 Ta.rum MRKponyJllican;rut ·6WD! Ha3Ba
HU iKGMtzymnm-Lm. IloJIB.JreFrne ny.iu,ca~tt Pi -· 2 CB.f!BtmaeTc.n · c 
Ha't!aJ!OM B03M3'll(eiil:Hl Ma'I'Hl'I'l'HO!'O !IOJUl 3eMJm .n.rm.•re.rt:LHOCT_»lil 

I - 2 u..aca, ll~;iI:lEHl~Mlil'Jl. ey66y,P9i, (Ma!'mt'rH..bH~ BP3My!Qe~m Ha 

M&rJUt:'l'O:t'paMMe m,~e!D'l~ ~Op!vty ~ 6y.X'.l1&). l{,.rr.H t{S,CTOT f > IQ-I c-I 
.npH. IDITepnpeTaue:R 3iccnepHMeuTaJiblillX ~HilllX. n~i.1em!MO npHCS
JmY.eHHe reoMe·.rpwt£acJto~ onTww, npH f <.<.. ro-1 c-I .M'.IDIS 
BOJIHi:l ni-~B~ma.e'l· !a_pl1KTepHHhle MpCUl 1ra61:4 Mal1ill1ITOC~epH. IIoa'l'OMY 
rrpl1 C03Mlilm T90pmi· MIIKpony.ID:>C9IIRi1 Haprozy c ~Cil0J;.b30:BaHBeM 



100, 
~ TISO-GOOe 

~ 10' · T ltS-ISOc 

O,Qto,0001 r.•,o 
l • r" 

- 3S -

(00 

Plic. 2.2. BaBl!Ck!MOCTl> aMioio 

rr.n:H'l'YlW reoM?.S' ..... 

10~0 

. llli~ rry;0:<.:a.
WI~ l3 OT iU 

tLaCTOTH f (fu) • 
IlepKOJJ.li: 

Pc I - (0, 2-5c). 
Pc 2 - . (5-IOc) ~ 
Pc 3 '"'." (IQ..;...15c), 
Pc 4 - (45-I50q), 
P~ 5 - (I5~00cJ, 

Pt I - t5-40c}, . 
. Pi 2 - (40-15013) 

KJuecR1!eeKax pe3y;µ,m·roB o re1rnpa~ I{OJI~6a.wrn .n ao.mr peao
HaHcHw.m -qacTml;.~MM ,, a.eo6x_o,IU1MO perua~,; 3a,n,t:tg:a o ~.06.&r=Be.H.H.HX 

pro onaacmr.<- KOJ1e6a1J;J1.RX MaTijH Toetj}e ~- ( Ko:ne6an.rut Pc 3 , 4, 5:) • 
reHeplUtLHI 1'0$ a JVS8'Ila30He Fe I o6yCJioarreHa Sffi'l!30TponH.Wii 
=<ap,l'KTepoM pacnpeJlMe.HZ.g HOHOB B.H2tITP.8ro pa:n;M:3ImOHliOI'O 

no.flea 3eMJm*) ;1 .t<OJniU,eBoro TOI<~rieE) • 

*" Pa.zta:artBbHHHe U.OSIC.S 3eMJIH 1303mt:KaJOT .B _pe3yJIDTBTe 38XBBTa 
qacmn B reoM3r&Taoi Jiosynnca. BliyTpemm.il .PSltBar.tROHB!iJ 
noao ·uaxolilJTCSI aa paccTo~. (I,2-4, 5) R.E, r.Ite Rt'- pa
.1.myc 3ewm, l! oo,nep.imT qacTmJJ;l c sae~ a aec'KOJJ:bKO · 

MnB. Bnemmti - pacno.nOzeu B o6.1Iac~ (4,5-6) R·E n sam>Ji
HeH -qacmnaMB -c saepl'HSIM'Pl OT 0,2 K3B .no I M3B, 

*) Boxpyr 3ewm sa sa.na.IJ.· Teqe1 ·'i'oK, oc:JIB~A' ee MarffilT
Hoe no.ne. OH BO.Smn<.aeT B pe3yJrbT3TG i(pefij)a B M&I'ImTocwepe 
3.e~ uonoa H-9 sana.IJ., a sJieitirpoHoB - H& .socToK. 
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I 

'~TMqaiie.P~ · Q()JIHUS R coJIHe'D!0!-4· aeTpe 

·~,J. BJ.Ia:ro,ttapst 6.mlsocn: K 3e~e CqJIUI(e s=taJl'.1l9TCR e,D;ltHCTBe~-
~;~ Jtoft 3B83.lOA:, KOTOPYJO MOJIWO' ua6JIDJ'-8'1'b c BKCOKHM .npo_CTp.:lHCTB'eH~ /~ 
' ~· · . HHM· pa-spememISM B pa;mtoJIHanasos:e .. HadJm.n.t:KHa .PB.zt!OH'3.~cyi:i~;ums 

, ~ , OoJIHI:(a c 3eM.ml· orru1Bl{T{ElHO co . CTOOOHbt s:a:~IU1X qacTOT - .HOH0-
• 1 ' . J!"'' -

1L·,... ·cQ?epo.«. a eo cTopoml Biico1tri - Tponoe<pepo.tt. Jtnana3oH qacToT 
'\t . . . 
' (i J _µ{OCMH"i90l<Oro . .PfJ.ftll()R3.JcytielIH.R, ~OCTyIIHOrO ~ Ha3eMHOrO Ha6Jm-
·: · ~aTemt. rrpocTHpae't'C!I OT - 15 Mm JtO ·~O TI'o;. Pa;IJ;HOR3Jiy-;reJme 
· t~ . c·o~a ~0Jlpa3~emte1•csi aa H·~Jll"leHHe cnoxoleo_ro CeJIBUa·, JioRBn-· 
I \. ' ltHX. !CTO'llBHiv.>B. Jll Qnopa.u,ntJ,ecKOe. -
~~: ·.· . ·HaJiyt!etme cnoxoftH01•0 CoJJHJ.ta onpe,neJfileTcs. To~o3H!iM 
~) ~ MG;1&9HH3MOM (isMeHeErae CI<opoeTH 3JleK'l!POHOB rrpR CTOJOOIO:Bemm 

!
1~, . e KoB.aMHJ. lfa~mm:e 1m.CTOTH f B03Hru<aeT Ha ypoB.He f ~ f p t 

1
tri ' ;<~.ne fp=<..;p/2.'r - nJIB3MeRHaa ir~cToTa) ft BHIIIe. MeTpoBae· 

.i:· ~··1- BO~ reaepMpymTCJI B R()ppHe, ~~~eTpc;>~Ye - B nepeXO.!f,ROI: 
~:~ CSff.THM<;:T.poB~e : - B X,POMO~epe. Pacnpe.]4eJreHKe ff~'l'aH-
~; ' CHBHOCTR no COJIHetraoMy ~ CKy 3:~:BMCH'l' OT _pa_cnpe~~JJ'9HB:Sl 3JI.~R
~ ~ · 'TpoH!loit: OJIOTHOCTR, K 'l'eMIIe{la'l'YPhr· BJXQJI'b pa3JmtraHX T,PaeK'lOPHI 

~H J ~I. Il03TOMY pB.ItifOR3.nyqeHlte CIIOKolHoro Comma OJ.iYmtT on;
%j~ Rm..· R3 MeTO~OB' ;o;RaI'HOC'l'RICK· napaMeTpGB eOJUielllCOI xpoMoaj>epH 
I~ ~ .'Ropomt .. 

~1· . t Jtpyr1™- TMIIOM CO.mtetJHoro :p8;nlIO_H3JIYqemJ4 .fIJ3JU(9TCR Me;n-

~ . .! .iJl'G~;EtO ,MSRmO~CR: wm s -K0MllOH.eHT. s """.ltC>Ml'IPH0HT· npe.n:-
~ ~· · crraaliiieT co6oit tcMJI01frlOe ireruroaoa H3.7fY~emrn · 113 a~THJmlPC 06-
1 ·~ •.·Jm:crreA Ha Co.1Il:me Ha. 08HTHM0TPQBhiX H Jte.ttUMeTpo:Bilx ,UJllIH3X BOJIH • 

. ~ ' HnTeHCKBHOcTD ~ -RoMnoHeRTa cIDII,ao ROppe.nipyeT c tniCJtoM 

'

I ·' . OOJIH€i1IDHX. IInTeH. ·OcHOBHHe xapDRTepllCTHXK· 5. -KOMIIOH9HT8 

Q'6'1:->R:CH.FOOTC!! TefI.JIPBblM uruuroTpoHHHM' MexaHH3MOM. 

Ywra CQl@HKaini:R 'l'l!fiOB onopa,n.Hqec:KOPO H~.n:yttamt.R CBH38·Ra 

' ~~ npocTJ)aHCTlleHHo-.apeMeHHon ·o1.PYKTYpoB II ,$Moil EOJiffii HSJry-

qeHRSI ." K ocnosmiM TM!IaM crropa.ttHqecxoro pa.n;HoH3nyqeHHS! Comt
~ ' ~ !ta OTHOCsi'l'C.R. .?.Ut'KpoBOJIHOBU0 BCMS.CKH, tirJMOBHO 6ypa 1 THlla' I , ·B9tr.JiecKH II z III TmIOB, pa.n;Koa3;ryqeimst IY .K Y THnoB. 

1~ ·MRKpo:aoJIHOBHe BCIIJI0CKH HB6mo,na!OTC1i B umpoKOM .IU!Sll8.30He 

't-. < 

'/' . 
~ .. (~~;-·! , i rr~~ t . 

,,' 1"~ ~ '· ' ~!. 
~ 
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C8H'l'lt'vWl'pc1nax ;n;.T!lUI . .B~JIB. Mal<CHMYMl:l MH'1'0H.CKBriCICm!I HaCi.1f10.D;a.IOT

CK IIp .. .mrn_pHo O)l;HOB,peMemm H8 pa3JIH"qE!£X i!'~lC'l'O'l'a'.X. Ifa.nytiemrn 
Br.JlJieCJ{OB ~~-M9eT HeTeJIJIO.Bo.e IlpolieX.OAi],eFrae·. Ero l!CTOqttl-ItCOM 

.HBJIJi9TC.R rHp0.¢IDUPOTpOH..1iOe ns.rrytte.mte 1 reH9J;il1PY.0MOB 3.1I'3l(

T.f.JOHEIMil B o6oracrm !J9JI.tl'.fH.BH.C!l'CKt1Z aaep:rn'ft-*' .. 
111yMoaaa ·6ypsr ~ TJotna ~ocp~~oqeH.a a .no~oca qac~oT 

- IOO Mn.t MeTpoBoro .inta na30Ha. 0Ha npe,n:cTa~.Jtf!eT 0060.P. 

Reipo'rlllie scnJ£0clU! c F.960J.t1illlo~ nmpr-mo~ rroJiocs ( acn.liecrur 
I THrta) ' HSJiogeH.HHe Ha '1JoHOBii'1 KOHTY.HyyM. bOJrb!ilRHCTDO 

llfYMO.BhlX 6ypl> o6Jra.n;a!Jrr· 6mi:moli K too% xpyronott noJr.fI1IkI8a

Il,Me~. 

Bc!lJleCKM II T-1f·na J1.1m Me.n;.rzBaao .npe~qiyrounrn ncn.irecKH 

npe.n;cTaB.li.'!!OT co6oft Oo~l.lme BOSJ'.i1YUte-h"Z.fI B .!(J!Bl1fJSOHe M~Tf.JOBUX 

t! ;1.t.e!f.aMeTpoB!:LX. 130Jnl, l<OTop:ae JJ.Pfl«q1ymT OT' BU:COKRX o.a c TOT lt 

HHSKZ?il. 11.x lrCTO"CiHAI< .Plilr.!IIOJIOnte.H. .Ha 60JIDl.lll!X .P8'0CT0.f.LH1MI.X : OT 

Comma ~HecRo.JII>Ko .n,:e<;>tt'1%6.B eomre-1mhl.X .paJI;Zyco.a). TI., Bepom
Ro' .f.IB.TtlIG'l'CH 6eC0~¥0.ltKHOBRTkiGllOH yll.,S..PflOi! Bomto:0:, odptF-
3:,:rou.te!cst ' BO BpeMsr B(;[TtilliilW Ha COJI!l[\e. ~t1eCT9 co BCIJJietnmMu 

III n1ma, acn.m:ici1ra II TIDla ·Ira :zre..::i:aMt~ec~o~ cneR~po11_paMM~ 

(saB"ll·Cm~oc~~ f OT t ) li80'l'O odpasyWT 9JIO' fHY10 CT.P~""R!!.~.PY. 
Bc.tIJiec:10o1 III •rliuta HJill Ci&C'i'.PO.l\!)B ni~1100.u-rs Bctutec.KH · -

O":leR!! p~cnpocT,PBHmmoe .RB.Jl$m!e .:Ia MO'l1pO~!J.X H A9Y.8Me'l),P'OBID: 

J{J!IDJG!X BOJIH. Jibe npo.n;Q.1f!t .a'l'eJI.hEC~ CTL COCTa&~e'l! 0 '.: O'AHbtl .n~ 
Hed1~0JI'btotx ceeyH,IJ.. HsnyqeRRa III n~a CBii3HBS.eTcst c npeq6_pa-
3.0BaHMezv1 m1!33MGHB!t! 'BoJIH' r'Ellii3]:!R.PYl1Mt.7. U"Y'·!.K9MK o.m:H\TPOHO'R 

·Co Cl·:opocTlli.\la ~ 0, 3 c, Il:PXl · ~9C'~ :a M8RTpOM~!'fWT'f!rife. 

Pi:.13HOBZ~oc1•JIMn BCttJiec1wB III 15ma ~.:rmwrcm. U -odpn3l:UJ.li 
n J -o6pasHI~ nc~eqFJ.t. 

Pa:zu:tolii·3Jtytremrn (H.iZP. .sc1urecl\) IY Tit:na CBF.a~mo 90 Ecnmn
RO~ Ha C6JIEUe. Ben.11'ec1< IT mna nr1e:n:0Ta.BJT.lfe1· co6oit npo;no;m:a
T8.lThH:n!· P,3;ItEiOBCil.lll:1CK, Blcil<)lj;9m!,1:rt1 KOMl'fO!!~H~, <":OOTBB1'CTBy~ 

n:me pti3HbIM H.CTO~~MM ·~· MeXBifT13MriM :U3Jry'te.llHi!. Mln(p0DOJ!UOBJIJ1 

*) IlpH e < m c2 D3Jry\iGl:ll.1G S.ILB-KTpoH.a Hf;} l 'l1 pr.tO.Hlcnt.~X ~-11.0 T-
,POFI!.IO}l ttacTbTU m~31:iErJ6Tca ~~rpo1"~.ifY t (erme?t;. Ilprrr 8- mc2. 
:zs;ryqeBR.~ upo,JJ:o'l.·aa;rneT co~it:1 n 6oJThm~e rnH:Jio c.'JlltB'1r'JIUi~x;csr 

!'i:l Pv10!tltlt }t !lD 3iiB3 P. TC fl ~"!.mfXPQ TpOHTibat! . Ilp<jMe~j '.!!OWU.i.i1 C..trytl8 ft 
llO.i:rytWJI Hf13B.:.3mH~ .I'f&'[)OCHRXjXrTJ>Ol!HOro F. 3.1r.V,t! f'Fra£. 
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BCITJIGCR rY TRrra ( TY ~ ) BtraMH, B:z,iµ.tMo, I'Mpoc_M.B.X.PoT.lX>FllihlM 

KS.J!Y~rnRl!taM aeo6blRHo.Be£Hbtf BOJll!H. l(euz_\1e-TpB~ (IY dm ) • Be
.POHTHO. o.6pasye'l'eR 2a cTie'l' _paccem:nYtr rurasMemlllX EDJIH·. 3J1aK 
e110 noJ-m,pt'tSaUlU! COOTEeTCTByeT 06iil'".tt-"iOBeH.Ho:fi SOJffi.0. :Ha MeTpo
Bl:DC JJ,Jnma-x. !)a3Jnrr.:r.a~:>TCil nepBMema~ecsr Bcrr..trecm1 TY Turra 
( IY mf> ) Id CT8WlO~,PHHe ( IY IT1 A ) • 

Bcro1ec1toM Y TmI~ tras~.BaeTcn umpoxonoJiocHoa aen.pePli!U!os 
1.3~'-teime, K0'l10,P00 rrp6.n;o.meTCFt OH.0.110 MliHYT.CZ JlO(!Jl'.~ '110$7re

mrn Bcn..rrecR.a III TZnB • 

:B JIB°'!'epa'l';)•pa Momm ipn 1m CioJtee no,JtP06.HYIQ Mecc~imw
llldID nlflOB COJIHE!l.J.ilOrO pEl.T(ffOHSJT.1t!e:Ut·5L, .E'.OTOpaff llOCTo.mmo CO

BeplJietrCTBYGTC.A:. PF.IJn10~3JiytJeHiie Co.mu.a rreceT nitqx:>PMailiUQ 0 

napDM6TWJ.X COJIHetru.oit II.Jre8MH H trpO.ilCXO;:u:mtru( Ha Co.mrr-le rrpoLJ.ec-
0£JX • Ylc<mr;;:r.oBJ:tmre pa.n;noi!s.Jry\!eHiur cnoxommro Comm;a no3Bo.TJHe'l' 
no~J> ,u;aH.Hne o pacupe;TI:eJremm im~enT!JBIJ;km 1'! TOMn~paTy.PJ 

COJIHe'IHO.it KOJ>O!:l!:l. l13JIYti€lHJd0 M9,D;3r0RHO M9.l:LJl'iW1t3rO.CR tr.oMr!OHGHTl:l 

"S'!BJUieTCJ.l OJl!mM K3 MeTO)ICIB 011Jie;uEmeHlfrt Martm·Tffil9x I!OJre.M ':B Bepx

B.€Lfi xpoMo:::(f!epe. Cue:rt'l'JJY ,Pa.D.llOBOl1JJ8Cl<o:a III TVilia JffiJI..m.DTCii. 

E.CT0111Dfl\OM CBe.n;otm~ 0 uOTepm: 3JI9RTpOHOBt l·IID!leKT.H,POBalilil:LX 

:raa aRTH.BRhtX o~acTe.~ ·co.nmta a T .,n. 
J{a COJr.dl.J.~ rea:e_pt·!pyeTc.cr r.rrnpo1rn11: crrer:Tp rv~JtPoM-9r1H'V!TI:.ihlX 

BOJIH, np:i! ,r.':3C,:t~T0 KOTOporo Y'll'ITliU38eTU$ BO$JAO:+'J10.CT.D r'e.HQpa

cr,m 'J;I:8Bli,T8lli'10lIB.!-lX BOJiH YI HeO;tHOJlOltf;IOC~b Ot)Tu!e\fi:lOff ainmc

t]epu. IIlapOKO _p:=:icn.pi:>e.TpaHeH.a 2r0'4lta ape.tra.:-:, COl."'.iIBCHO ImTopo:tt 
.[iilocnna111tfl e'i'KX- BoJ.IR ooecnettti'w:.ae'l' J:ta!'peB co.JIIl0'tll1ofi x:poMo
clPaphl n l~QJXiH.bl. 

B coJIHa'.tffioM BeTp~ c noMOllll>l!J np:a60pu:s, yC'l'BHOAn"emuzx. Ha 
l~OCMl!l'H~Cl~"X a nua pa 't'aiK, 6btJil~ o6Im PY Jlt(-:Hli ~JEE,~~HOBCfil1 a E Ma..rtm-

1ro3Bym:1:al:le 1'0.7IfCH' ;.mmt0-3BYI<ODSe " ~IOHHO-UlliOIOJ'DOIDtHe, :90JI

HH C..SHCTOBO?O ltft8 ff')30Ha K .PH.n ~pynr:c Ilp2 per.HCT.Pf.lTJml a.mJ
B6JiOBClGiX BOJill l1CII0.1Th3yeN.F£ CBOil.CTBO· 0.'!1cyTcTmur qmyKTyal@tt. 

l<Ol·m;e nT.(h':lll.Yll B '3'.rMX BOJIH.8X 11 i!apEt.'I.i1@JTLHOCTb (vr;m BHTllnapaJL

JI~~HOC'fl>) rpyrmoaqfi CKO,POC'l11 B MarrmTHO~O ITO.iUi· COJ!H0q}{QrO 
~C'l'pa. A.iThBElHOBCKUB BO.i'IHH c 1 » rs, rrp:;tl<TW.tecj.t: Re 

3B'cyxaFJT, n03'roMy 1cpy1moMscnITa6HU'e a.'IJ'.h'3eao.ac1Gie ao.,1JThi MOryT 
pacapocTptlitftTLC.R B M8:JKl'L'TBfle1!'HO.f.i C~f;3 HS ~OJ!J:fimC pucc~ommr.. 

Tip<;;1,llITOJ".L8r2 f:3'!1C'....fl, CJ:TO_ l1X MCTOU:rilUtOM RJ3Jl.nt!TC.A'. B OCHO.BHOM' <J:o
'r0Crtep~m H ~Y .o eprp.'.Hry.rrsm;n:R. 
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B 1<09MOCe Il.JtaSM~ HSXO.T,tHTCst, K81<. n~BMJIO. :a Hepamto.Bec

'BOM COCTP.Rl:lltK. lfaMeHstlD'l'OP.: ·B rrpoc~pSRC'l'Be IlJl.OTliOCT.h-, TeM1IG•

'paTYpa t !lall.PmteHHOCTl:i: M0rffilrTHoro llOJm. Ha !IJia3MY BJilllmOT BHe~
mta CR3IOBUe IIOAA, KOTOpue Bll:3lffi310T rio10im tWCTiIU, m.myJILca 
i'1 3.HepI"lIB. 0.6utB'f.i aHa.-rn3 ycroAt!nBocTK pa.BH.oaecn_o.« I1Jl'a3MeHHott 
ROHitmI'Yparnm Tpe6yeT pacq}i10Tpemni: MaJIHX 0 11'l<JI()H~ ~a~Me'T
poB M;3~~ OT ~BHOBecJ:WX. ECJili!: a~ oTM6HeEmst Ha~c·1~a:lT 

co B,peMen~. TO II.11R3M~·Heyc'l'o!tra.Ba. TaK RaR IIJta3Ma
0

SIBJUieTCSi 
cHcTeMO:lt o 6ecKoHetmHM tffiCJIOM C'l1ei'renei! . c:ao6o.ntit, :B He:tt .Moxe'l'. 
pa3mraa,ne.a 6oJiliWoe tmo~'tO pasJWtIHux · EreycTcHtuJIBGOTeit. MeTo-
;IJll· O.DlfCamrs n.ila3Melili!ix HeycToruBocT.rut, .a:o.JI:r1eH.Hue rrp1~: 
ROCJtG~·oBaH.RRX Jia60'P8'I!OpHOi IIJI.33&, lllHJ.101(() ncno.IIb3YlO'l'CSi' B 

KOCMOtliKSID(6 K IIQCTO.fll1HO co:eepueHCTBYIOTC8. B CBmm :CO' cneqit

ctmxol KOOMO<Pil3H"!ec~ · 06MRTOB. II.tta3MeHHHe F.eyCTOl!'mBOCTH 

06}lt!'H0 lt3yq~!OTC$1 Te.ope'I!mlectm. PeayJ!bTS'TE TeOPKU J'JpOBEiPSDDT

cn· rt;Pt:l .na6opa•roPHOM ,Mo,nem~posamm KOCMO~Fl.e-cKZX r?Jta3-
Mea;Hij:X KOH(JrHry~lt. 

'B Hey.cTO:itmBo'ft cpe~e JIOKam~a0BaHH00 B03MJUJ.6Im0 MO~eT 
pasmma TDcS! ,t(Byt\Ui crraco6a~~ EcJ~ ~~_eTa~ :m.myJ!bc y,lta
.n.HeTca. oii MecTa BOSlili.KHOBeh-an ~al(, qTo :a JII06Q~ 'qnutcTttpo;aaa
Ho.i TOl!:Ke ll,PCYC-TpaHCT.Ba BO~MYUteH:ll_e 3B'TYX8€T co P.PatwteHeM, TO 
HeycTom:aoq:Tli ea~nta~eTosi .KO_HBe:t!ft!BHoit. Ec:.1m ,B 1<a~ol -·1'0'¢1~ 

lte npo.CT:PClHCT.Ba EOSMYUleima pa CTeT co B.Pf1M9H€1M' TO Heyc

'i!OltntBOCTI> aasusaerr·ca · a6comomof. Tax RBI•: peaJ!hlwe cl!e·r~ 
.HMetoT i<oiie'!HHe pasMepH, npH .HaJmlllm TotJeK OT.p!'J:truma ~H

BeI('mBH!UJ He.yCT0rnBOCT:b MOJlST CT8'1'L· a6COJIIOTHOI. A6C0.1IJJ.~~ 
HaH H0JCTO~BOCTb B orpaHHT:!eHH.oll Cl.iC'TeMe MOJ:eT OF.a~aTMH 

CTa~HJCH3RpOBaHROft. 

]3 Jia_Tepa•eype BCT})et£aeTc11. Hecxo.rrnxo cnooodoB Knaccn<Pf
KBll;m! .IIJfBSMeRrun HeycTbfunmoci:reii. l;ffioTo HeycT·ottimBoc·rn ne
AATCH Ha ,IJ;Be 6oJrh!IIi!e rpymr.H: KeycTo:INHB0C'ni JipOCTpBHCTBO:FI

HO 0.n;HOpo,11.Hott n.r.ra3Mlil }l HeycTO.ti'tmBOCTR H90JUIOPO'A!f0R i1J18~MU. 

13 CJijtiaa HeycTotr.nmocTe! B O;ij.HQ,PO,l{HOit lrJia3Me OT!t7iOBeim~ OT 

paBliOBGCM npoltCXO~lT ·a ll.POCT:P3HC'l!P.e CY.O.PO~T'en. u KCTOttmt-

'KOM ~l.H3prRZ srBJl'HH'TCH UOTORH sap&.1\\~fHiHX t?8C'flllt •!Jrn anv.soTpo-
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rrn.;1 racnpe;1e.1IeHJfa no CKO·.POCTmt. 13 npoc'l'J;lcHic~eHHo 

ueo,D.ROpQ,JIRO~. rIJZEH3.W.0 HCTO~\.if CB060.it.HO:ii 3Hefirtm c~ma.HB c 

n-pocTparrc'I'BeHJ:I.IDim ·a3Mr:.memHIMn qma.tl't1ec1.jf.x .Be;rainm. !3Ta aliep
rn BflCB060.:1UJ.a eTC.Ff II0 -Me pe IlPR~Jm.AC0H.MJt TC O,nHOJ10ltROMY COCTOn

frnlO Te!lf1'0,tl.a.Hl3Ml'ft1ecxoro p: .. uraoBecM. HeM!Opaa aey.om~cm o; 
e:opb,IJJtcift nJ1~3Mli M~'t OS'TJ:> OUiirCJll1H· M.."·lraITT'OP~O~i8M'.i~CiGIMH 

y paBHeim~r..Ji'1, 6p.tt91nrncTBo - Tpe6y!O'l! m.eftrt!ecKoro orrucamrn .• 
lio BIDlY B03MYIU1'3IDr!r 9JleRTpif':fec;Koro llO.TlSi aeycTOittmBQC'l!i1 .I:)a3-
,ItB.IDilOT Ra 3JIG'KTpc>CTO".T.~rne01<n:e H SJISRTpOMEr!iRTHKe • 3JI€:KTpQ-

CTB 'llitie cim e He._ycTOfttnmocTkt: - aTo neycTo~ocrn, .CBJl3<.:HLme. 

co CJ(0!1Ji€Hll&M saps;;n.os, ~meI\'!'po.M8I1IHTHJ:i0 - e H8p0CTa!fileM 

rIJtOTJ;IOcTZ Toru:.. Ilrm;oo.nee r~ crrpocT~l.IeWfaji I<Jiacc:11qm1t:in;nsi 

IDiaSMe!IBID.: fft~YCTO~NHEOC-Ttil ¢B$3HD c T.eq,PeTK'ff6CIDJMH c~eMa-

Jii1 't ti fMMeli:ReMJ:t\lli ,Ii.JI"J-1 ~: 0 .rraca fi1U1 • y pa Bil t:.filtH OJU[C)l-:ll;l:(KO CTR Ott 

Mrlt nosao.ii.ruo"T Mcc.1re.n.cr1~-Tl> M111 liUIK· r~ooM.ar.rmTRHe aeycTOti
trKnoci'li·. Oim CBH3Bl:!H .c Mi'lK.POCI<om~'.\iec~ rrepeMenteHllHMH 6o .. '71i-

nmx yqacTIWB IL.rra3Mb1. mm ~e.rroro. Eo.;m npi.! 3·.r0111 Re ytnirTE.tBae1•-
ClI l\QJi(;'l'.lil.'.:)Ji npo:ao.zua~10 C Tb IJJI33MJ:.l, TO r oBOp.A:T 06 nea.rr:MU.lX 
Heyc.rroittnmocT-SlX, 'ecmi yu.:KTHl3«30TCSI - o ~nccllll3TRJ3BLIX. :B pBM

MX :n.BYX~.OCTH01t I'MJ?O;m.urrtMID~ Yi3Jli8~TCn .l@e~O:al»O m::iyc

T.ciHtliLB0 1YrPL' 'Ror,!(a rrpoac:r;:o,n.n'.T !tl?.,P8M9UlGE'Me 3JfeI<TpoH.OB Yc ltOHOB· 

co r.KopocT~ rrop.CJJU<a APei,Ylo.sta:. HeyeTo.am!BOCT.H. .n;tH·· ~m1C9-

r-nrn: KO'!!O.Pl:l.X Tpe6yeTc~ peme~e Kim6'ra1te·c~ JP9.BHeirua (npo;;.c
xo,D;Y.tT pac1·:a'f!co Ro.rr.e6ar.n~ .~1 B(Vill OTJI,uEhllh:ivUi .!'pynn8Ml!I peso
uaHCH!IX lfficTID.l\ HB3ImSIOTC~ Rtme.Tl~e ckmm. II1)11. npoxoU.~J::tiul 
qe_pi?3 l!JIBB~~y ClLIJLµJi.'< e.._rreRTpOM!.:U'H.liTllliX BOJD.I, B pesy,"/IbTaTe 
~bJreoam~ sap&t..emu.rx qac'PVif! noJreM· BOJilin Mocyrr ~~3BilBBTM~fI 
napaMe'l'PW-leC:F...M·e lieyc·r·oW-m:Bocn:. B RCiCMOgllI;;W-i0ClGtX Od'lleR-

~ax .. lf.aR f!JJC11UiJTO' .PG!'HC.TpMpye1'c.cr Ci>S3Y. He<.•.KoJThKO f;:''8:3.Jmt!SHX 

mnoB Heyo'l'O~tnrnocTai! .. ITpu ~·1°6M ~3:S-trme OWaO~ Y-siwt!HJte'I' 
yCJiomrn: ,Il..lIJ! pB3E.ZT'Ai! .JU5Yl'Oi1. Hapn c.T~ .r.mi-Pie sosMymellli.n as.MeHJilOT 
c:soneTB3 llJ!'13Mt:l II MOryT npn.BeCTH 1( o6pa3'0BatmJC ROEO.T.'O paB

HOBecnoro cocw.r:JUIE, ycTo"tt-:;rnoro no omHowe.HillG It na_pacT-am~K> 
MO)tH, _nJmBe,u,melt l< paspyure1illi0 i!CX0,!1,fforo COCTOF.HlHl. 9TOT .1wo
nec·c fI;e6yG.P Hemrne·v.J1oro aHa.T!lt3:a. 
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§ I. -MrJI . ae·ycTolgsocTn ~meaJIM!o npoBo~ett n~as~ 

IlapBHM waroM II.PH l!ccJrr.J;.tOBamm yc~oA~~OCT~ ;tsHiio'it 
!TJI~3MeHHoi CZCT8MLI $1rJU~TCJI pacQMO '.!!pelme .a paMi(.aX Wtea;n,-

R0if M3l"'ffiJTEOij I'Y~.~lUlSMH.iW • flyCT.b f ( r, ·"t ) - 6eCKOHeliliO 

Ma:Jtoe OMemeEHe 3J!e?,!eHTa rvmsMii HS noJioJ!CeHlU! pat3ao.Eeo.H.R: 1!t 

V.., o·~ /(}t. -- CI<OpOCT.h Ta.Koro CMt1nternisr. J!Mo_HepK?Y.F! 
CHCTeiey ypaa·He!ffifl1 BJt93Jll:iH01t MI:rt IlPJIYtIBBM 

&'! + div fo~ • 0 , (3.l) 

.fot =-vbp ... j'Ii [rot(&i)xiJ+ -~ rf ,c 8&] ~ (3.2) 
0 

GP= (Po Of I.Po , ('3·.3) 

S.s~rot[~ic B0 )', (3.4} 

r;ne f 0 Pa ' io . r -· i:lt3B03Mynti:iH.Htte sna ttemtH 
0 "' . . -

DJIOTHOCTH, .I(aB..nemt.fi, M~rmr~aoro lTOFa..fl l! 't'Olta B ll.r.i.B3M0, 

O.f ' GP , OB - B03MYillGRM MOTHOC'nt, .1laB1!9.ID1H z 
MBl'HH'l!HOX'O no.m. ~fa {3.1) cJie.n;yeT, qTo 

- OJ>-:f0 div ~.,. f V Jo , (3.5') 

a Z3 (3~3) H (3.5) 

oP.~(f:da\I{- ~ V'Po . (3.6) 

flO,D;CTCl'BJIM (3.6) 1! (3.4) B (3.2), llOJIYtzaeM . . " "i =-·K { t (3.7) 

I\ ff -- . if- --- . 
r.ne K =-fat V(f~0 div$• ~V?0 J}- ft, {c .. [Jxrot[~xB0 l]• 

- lt
1
1i [B0 ,:rot.rot.(rirB0 l]!. 

YpaBH0Hmr (3·. 7) aKBnna.rraRT.Ho ypaaaeRmO, onRCliBaKll{GMy :r:..aJIUe 
RoJie6.mrKR lleO,nHopo;n..Hott ynpyrott cpe,Ji:IiT c . o6o6meHHHM R03!Will-

·" roteHTOM ynpy:r.10CTi1 K • COOTBeTcTBy1ama$! l10Tt'UfltitaJiliHa.SI 

·9Hepnm MBJitu. KoJJe6at-m~ 



(3.8) 

r;rr.e ·V.JiTerpHpoB31me npo.BOlUI'l'C£ .no o6'beMY IlJ1a3MS. ECJm 8'U ~ o 
J1)Iff. .acex ~ I: 0, -To OTMOHeHllff O!l' llOJIOntemI.F- pEJBHOBeClUI H9 

MOITjT·· 1{8,P9Q1raT.b CQ _1lp~MeHeM a ·JL'rd3Mi:l M3'fihn'l'OI'lmP0JmH8M~0C

KH ycTo~a. ECJm o U ~or..:eT npl4HHMa'I'l> OTJliRV"!'l'eJ!l)IDie sRa-
-\teffiia, .TO CHCTtiMa. :Ht:?ycTo.t.f:'i~Ba. B :sb1pa~emre .ILiffi OU Bxo.z1;s1T 
;z(Ba CJ!araeMhtX, COOTaeTCTBy100tne )J,EyM q.ry.pmtM CKo6l(aM B ·Dl:lpa-
JKelJM~ MH K • H'epBoe-ormc&r.aaeT HoycTo~oc-m, CBE~BR:Jil-.W 
:c Id3MeHetmeM B!!yTpeHHea TSDJIOEOli snep:!:'lm ll~3MH, .B_TCJpoe .... 

~e MarnuTHOti aHo,p:rm~. J.unmoe paccMoTpmme no~'-m..iiO nasBt.tiille 

'.~He:pre~ttecmoro np11;:n;ama. Ec.!m -Haup~e.mtc1c'O> fillrlnn'UOI'o rroJTst 
:y6::@aeT .<?T rP.S.tm!I!l n.m~3Ml:l Hapy;.cy, nOJiomeIDie r.t:eR!1rltH oKa31i
:aas~csr $.ayc•.rofttt'tUltilM. H Itm~3_Ma OT;n'6J!l>HliMK l!Si:ntaMM BJirTGKaeT .B 

.OCiJIO.CT'C. 6Mee CiIMol'O ao.:ibl • .lt7la HaXO:ij\J.l,~IDr.a r,pmr:w.w ycTo.:ft-

mtBOCTli pemaeTM y:r,ia.BRe1me -~-g = 0 • Ee.ml sa.tmcmnocT:b 
~ 

~-- OT BpeMeHM HM90T BH;D. exp (iwL) , TO 
41 

w2 ~ = R[ l C3.9) 

w2= J [ K f IJ ~2 d·r. (3.IO) 

~> ~\· TJ' c (3 If'\) -- - . 2 ~ • j.; g 
, i n3 · • u- cJie.ny0'l', \iTO w .F.£B.mt'?TCJI ll131!CTmi~F.1.'lf!:tHO.r.i B~Jm-

~ ~ ' fIKH.- ' . ott.; ll00TOMY GCJ!ll.' HeycTO!i<mBOCT:b MOJKe•r p83Jl. ~B3'!':0CSi, ·TO 

1:'_ r Q.illl HBJt:RB'l'CP.: (iileptIQ;J~W!9CR0'1. AftFl.i"n~TMtfSCRH 38.D.JJ.ll"u MO!teT 

tf ,; ~ Ol~'l·l) pemeHa T0.11'.bKO lt.lIH OHC'PeM c 1'0P'l'B1'0tffi:) npoc'l!.O~ reqMeT-
1 I , T\'U -w ~e:a. 

;, ~- P~ 32,nair Teopxw. r11,DlX>~'~rliT-tTBOI: yc'ro!1umocT:t:t MOUT 
~ ';~ ObfT:h cse;;e~ -K c.rcy-ra;o aeycTo-Li.'t!XBoc'l'R Pane.FI -- Tei1J1opa -
~ HE":yc.·ro~-!noc:. in1 T.mKe.mlt ~ocm H~,n; Jtertto:tt n no~tre. Tmtecm. 

tr.pvt- M@Jioft ,ue''l10.IJl~li1.l;ID1I 'llOB8J:xHC>CTl! .P33,n:e.rm Sl3EIT<Jt~ TJijKE).110~ 
ln.l:LAROC!flol orry CKSIDTCft, a .nerKO~ - -BC!m£fEl:lliJT. Hattni~M 1GKp13-

'M8HT ~lTOj! fiOYC'.!'O:lt"':i';.Bocrn. tranpe~~M ocrs x .r: epnean;P.Ry.1IRpliO 

PJk'Uim~e pa~.I(eJ~a- m.;yx Jr0ttr;11:oc.Tejf. Yc.i1oBne paBHOBecH.n l!MeeT 

aim 
d Po = 0 o 
d X J 0 'd 

. (3.II) 
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Tn ~ J:tm!JKetrnH n.o .. -zyttaeaJ :!3 c.~e 1:1ea.*:w.~a 6'Mo:a ~~m~oc:m 
CM3]) [ ~ ~2.PV.8Wll! MBJI9HlUt 

r div r = 0 ' 

lJ>ot =-~&p . 
.ll.JIJT B03Mj'Il{f.mttn c B0 .. 1II10Bl&."'f\1 EeI<TOPOM ·K> 0 B.nOJG y 

"'13 (3.!4) - (3.IS) nOJ):y'ffieM 
2- -
~2 + K2~ = 0 dx . sx , 

orpaHHq-emu.re_ Ha °"° pemo.rmff 1<0Topo110 _npa x > o 

(3.12) 

(3.13) 

(3.14) 

.(3.I5) 

(3.I6) 

(3.I7) 

MMeJUT :e~ tx = ·s: exp (-KJC) • ¥13 (3.Il) .UMeeT\'i. G.SSIZ:b 

Op= Sx d p(dx = Jo~·~x . {3 .. :rn) 

113 (3.I5) u (3.!8) CJJt1Jcy'6T .n.ur.n!3pCli0r-:HOe Y!leBI10Hll8 

W'::: - K~ . (3. 19). 

Jtl-H'.llltee MH.E'Ml:l9 C06CTB8HH11e 3H9ll0lilln, CO.OT!39'!'9'rbY1DTmrn 

3Kcrro:ae~.7ThHO _paCTJ1UlliM BO B,PeM'31-:H psmet-:Em~t. 

ITp~ auaJrasJ: ·paBHOBe«mr. !L;La3M81:i.H0r'O cryCT.Ea B MOr

lHITHOM no..rte .POJn:. cmru Tmt0CTit M;)!tGT ~i!'_pc)'.!"b nspr:eHJJ,K

r~JlJ{j)H3st R Ma!'.lmTRori,'y no;m Cl·i.Jra, .n.ezc·rn~e · ttowpof1 H€l! 

38'.BHt~T OT S}fa~a :mpm:ta. B HN>.Il.HOJ.lO.n;IlOM ~~'U'lill'!'HOtl~ no.ne 

aTa crr.m csn:~aua c l\p11mrn11o:t.i cJtnonta .ru~FITT~ a rJam1en'l10;,; 
Martrn'!'HOrO .:nOJUL floeTOMy, ec.Jra V,~ ;~ V·'Z' - c~-B~9 
Y.B~ltj'.'..a.Tu c.t(OpOCTK npO.D;OJU;RO!'O P. none_pii:U.J:!i:.>ro Ma.rrri-lTHO!cy . 
nomJ ;.r,Bmit£ImJi Lif.I CT~m. a P11 · H PJ. - .u.a.s.nelills: BJ.to.1111 

ITOJI.fl ]l II fipnem:i;rt!'.yJIRJllW t:MY COO'rB.e TCTB.SJU!"O. TO 
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. PM ·R - pa;n;tcyc :<,Pl'.iruisIDl CIDJOBO~· .mum.l!I M,a.:mfir.'l'.nc>:ro :noAA. 
f1a (3~20) CJie.nye.T, T;(TO BH.rry!titah. rpamm:a n.itaaMH CSy;ite.i;r Heyc
'.I'Oft'tra.Bott. By;:cyt_ra ',IJ;JmM3ra_eTllKoM, IIJJa3Ma c'rpatimmca pacnpoCT.J.>9-
H.i!'l.'l>Cst B C'l!Q,POey 6oJiee c.na6pro MIJrHH·moro rromr • 

. -AHaJiot m1 Mei!UJ;y aeye1!oittn1Bocn10. PMe.a - -Te~o~ z Heyc
_Tofti:mBo cThio. p~s'!{(}tt. r pa HRWl n.trasM~Jm_o.tt ROHWK.'cy ~I.1,1rn, . y~epJKHBa e. 
rdoi! MBMTH!lM no.:iaM. (a :ttammM cr.yi:ra~. MarJm-THoe no.Jie HrpaeT 
.POJib heBecoMo.ff JlaiJlKOCTH C- ,ila.S..iI.eroteM B~ I 8-'Ji . :~ O~i~O-~T--
P.H I~ ' EO~Myrg_e.I_mliM, BlllTmryTHM BJJ.Om, ?&lt'IDl'l'HOJ:'O IlOM, (M~I;mt'!'Roe 
noJre np:z !lJ,JQBe~rm:zltl 8HEIJ!OI'ID! Ha'AO H3IIpamtTb ITO ·OCH .• y ) • 
B omey BMq:po:a~~aocrn, o'opaaoEe!ill·e rurrrsMeHHoro ~IilKa non-epij.t-: 
M21'm!TElif.{_ C}:Z~'f~Blff.. ~ :MOX{eT H0: Il:pH.BO;zJ;i't'!1:b }( HGY,CTO~OCT.l. 

r p·a.Hmni. fiµ 3TOM Rt:l·,W-J p~e .. 'l"h~O -_p!i C_(;M8 TlM-?8 ·~ l1JrB 3~.~y _BblC0-

•1(01'0 ;n;aBJie.ftllil' )- -I ( } ; 8'ffP / 82 ) • n !L'lfB3MJ. Illi~Ic.oro 
,itM3JIOffi1H J3 <~ L 

Eo;rn p - I, o6pa3.0B?lmt:ia oT,r:e.1'!hao.ro 8;301-:B n};'ll.BOAP!'I1 

'.K Ul.,,!<pmMaHl!KJ mIJI03HX m1FtR« c yr.;e.rml.t-e;raaM Marlm'l.'l:lP:ft sa.eprv.11 • 
. C.oo·me·~cTByrntt~ r. .P':ldoTa apoaaB0,Jtw11oa parnlllfp~t:s~CJt aJtasMo-;1 
6.'lfaro,nr.1pr1 ·ei:i . Te11.1ro3Qil aF..e p:rnrn. ,UalllI&l fi :~rnycToi1"tl~t~o.r..:·r:h ·!!p~.Fra-. 
.;'tiIB.TCr.: 'l' ·::> ~Th:.0 B ·re.x Hai1pa:a=reP.Yu1x-, ll m>-TopW:..ic _Ma!'Em.TBoe ~0;.19 

ycif~ Ef[' o ~ .r~,.?9.IDlU)il llJIASMU, 1!~ ~Met;; T : ~ · JIO~.n:blt::IX .Tt8WO?At=n.ml 
'flri:i.a ".1:1u.LtYM1mxc::r nya ~.Pfftt". Ilo~TOMY _OH~. ~·ro.rrylllum . .f.£f3381ll1e 

_6a.~OHllOf MO..lli. Ha pitc .3.I llOF.asfi T:t BM 803MY!itiji:fitq rpmmµm 
~83Ml.i 11: r.•.arf.rnTTrn~o Il0111! [[pll ,pE13E~tT~!it .6,S-J[JlO.ITTJO-:M' !~~0.lJ.J~. 

Pnc.3.I. "'.PasF1>.T1fa BOaMy.!Uemttt 
TipPI 6~JL1rOHHOft Heyc

TO'K(ilJ BOC TZ 

~~'IE J"<.<. I, B03MY"~9Hl1JI n .1l9Str.hl He ~~oryr BI:C3B-'3'1'1> UC-

. :<il :· :~eF..ui ii);)~~H:l ~lMOBbLX Jrt.mtlt. JIO.@Jlli3ae ti03MYiil0RIU! T"-11118 snu

!(03 H~ pa3rl :oi~:·:>'!'CS!, Pi Mdey 1r J_)agBKaaTnCF! '!'0.1f.hl\O &')~~MY il\einUI, 

.J;IOC.ftltr·1~ xrl,P!J.K'.NJ,P fi13llOC'l'aHOatG1 UGJmx c.tsC~Sld Tl)j' 6~K. Pcao~MO'l1p~1 



- 48 -

Martm'I!ffY!'l .cMoayl!) Tpy6icy., 3~mo~TI.HaHHy10 llJif.l3Mon c j3 « I. 
B>aMO:mm.m ~Test: 1'aime ,nB'A}.;ceHH.FI Tpy6KH, npM tCOTO,P.bDC 

r.!!H'Ha'.rHo"e rro.i1e ocTae'l.·cg HeH::JMeH.nHM. Ee y.u.e.JIEHufi M11i3M, 
T.e. 06':3eM, C00'1'De'l'CT.8y!OD~lil'-t e.IOtmroiOMy Ma:r'HY.THOMY ilbTJKY, 
PBBGH w ~ J de I g • B nportecce rtei:;eM61i1'3?:14U! 1',PYO~~ 

( - p w ) .it!'p.~err .PO..n:.D. 8RaJI.Or.lltrn;)'Y.> ·ll0T0BUZ3JI&l?Oit SH~p-
I'ID1. ECJm p • p ( W) , 'i'o IIJie3Ma uaxo.m!Tc;r R 0oc-
Tomnm _pal3Ho:aecl!$I. PaccM0 1rpm11 .cr.,.gn4eHlr1e .ll.JU;l3MH aa ?t'IBJioa 
.PErccrorome, n,P'1 KO'~OpoM Olia pa3~Ir~eT O•~'l·1·JJJDH.Ue Tpy6:oa. 
B peay.irbTaTa amH'.t63.mq8CKOI!O pacnrz1mmm ,w3BJier&.e B T.Ps6Re 

li3MGH11TM Hl:l d p ~ -0 p5_W/ w d • J{a~l(eill!e E Ol-~PY3t.alil-

~ix •r.pyCSxa~ paBHO ·p (W+ ow)• p+ de dW • ECJ!lt 
SW dp -1P-w < Tw dW , TO Tpy6:Ka (ly,ner !3bITf:JCfUI'l':bC:l . 

06,Pa'r.ElO B OT1),POBY p9aaosec:Kn, H mr~t;3Ma dy;neT yOTO~'Sa. 
Ec;:m: BJ:JnOJIH.St-eTc.a: o6ps~aoe COOTHOU16H1·rn. p!l3B\1B1l!UTCJl l:l()3My:&te

~ iiMeEEXt.~ Blll.!t BUTft!!YT!l.x. B;n;l).rm 1v1armimoro no;r:s; me .. 106-
KOB, H He'yCTOittmBCJC'L'L H83U:S.':18".CC1I :tCClJI06ROB01! I T. 0. YC.."!05M9 

B03Hmt.ttOBGHJU ltM06KO!;JOi HayCl'O!t-filBOCTtl lrneeT B~ 

!:!!_ <- te.. 
dW 'W (3.2!) 

~3 (3.21) 'Me;ey&T, tfi'O CT..1~3Ma, HOXQ,It;fll!J,9JtCJi B 06,;JIO(!'l'~ 

min B ,.(s .1'a60prlTO!)HOK !l.JTB3Me ra~i! O~J"'JJCT'.? Ha3:.t-
MeTCiI MarH~TlloH' RMol), ycTOi:t"tr1.u~a. nu owomemuo J< pasBMTHJO 

liteJI06Y.OBJ:lX B03MY~Ell-U~tt. AH:l.i!O!!ltq,H~fii HeyCTOfuBOC'i.S 1303• 

.H.lt1\ae.T, ec.m1 ,y,a.l{IWC'l':a no.n;o:ipa.BaeTC.!l crr~~ry, rr:)~TOl·lf1J 

8 

Plic. 3.2. !e.no6RoBu:e ~om.ir.,1 -.. 
meHlHI LIJI.3.3M.:.:J 



t I~ 
~9JI06RO~~H HeycTOittntBOCT~ qaeTO Ha3I:lB89TCH KOHB0KTHBHO~, 
a TaK I<SR CMOB&re TpyCiim M,9HSIDTCSI MecTaMH - nepeCT3HOBOqHOft. 
Ilpf! pga;auH.ld ~~P6KOBHX soaMyuteH!{~ npoiiCXO.ItRT p1~.p;,1euae no
l3epxnocTH n.na~Ml:I B,ttoJr& O·HJIOBYX J!ii.JmA C..PH~•3.2). B Jia6opa,irop
aol II.T:a3M9' AJm 60.PbCS!l c Jt0JI06KOJ3oft H6j'CTOl1ntBOO'l'h!.l HOUOJI.D-

3Y10TCa Mal'HHTHH9 JIOJ3YIIIKB c ming , B t<OTOph(X MSI'Hl!TH00 

rro.110 .Hapa.cTaeT o•.r rteHTpa t< .!IQp£;pt3pE.». I~orite J!B.'lltl!iV..JI B Roc
ra~ecxoa IL."I83Me MOZHO CB833T}, 0 pa3BRTMBM 21t0JI06ROBHX B03MY

II{eI.mit. 

Jpy~oa xopomo K3yqeHHo~ MI'JI aeycTo!'!HBOC'l'L~ ~e.Tc.R 
mrn111oar1n. B .n;am10M e.nyqae, 3HepreNt1ec~ pe3epsya.poM c.rry
m~T :3aepT-1!11' MarJ-UITHoro no.II.>1. Ha PKc.3.3 noKasmm. ,Pa3Brd'.Tila 
BmtTOBliX S03MyUtaHM~ B nn;:.1s·MeHHOM mHY.Pe e TOROM ·S npt;,n;6.1ll>HOM. 

M2I'Hli'!'l:!OM no.ile. B aaqa.llbffid MOMGKT OHJIOBY0 JmHlill- M3I'HBTHoro 

a. "'' I 

PHo.3 .3. 3BOJ1l01J.M nJia3MeliHoro may.[il npn pa3BiiTl'1H BlUITOBHx 

B03MY!l\~Hmit. a - t =O. 6 - o6paaoBaHue BV...HTOBOfi JieH

'l'l:l, B - o~pa30Ba!CT9 ·1·py::5q,3s:ioU: l<O~(ifu""'Ypau;ru!; CTPM-

D - MarotBHe ca.1o•e -.&D11 

no.JL~ JISJIR.1t11rc-11 BlUtTOB.hlb.fi.. AHamrn no:r.a3uaae.'r, qTo oosMyl{eIDIR. 

'?.~K.'fte SGJISlTCR BH.H'l'OBHJnH (WHyp :ratnraaGT 1!3elrBBTI>Csr)., n .B03.

MY.lllfliU1€', aMemtee Ma:tonMantrutt HHK.PGMes11 cosna.Itaeir c maroM 
cii.110Bc5It. ;m.mm :ia rpaimI~G lDHY~..1. B-!HTo.e:re '~li.iIOBUe JDUOOi Mar-
iiitTHOI'O· I!O.M (piiC.3.3 3) CO'.K,PfGDTCH J! .Itl3<l>oJJ.1H-



pyIOTCJt' Taru~M 06,Pa30M, tzTO .. niesJ;1JlS9'1'QJI u , K.PRBZSE, .• 

B pe~ry .n:r, Ta •11e 1 Qcl!.110BSq munw. Ma !'mi T'Horo noM Mory T pa c:
rrpR?.u!T'&cn., ·a n.im~MeHHYit mayp.-npmurr.o 'Bl!.'.!t ;regm CP,nc.3.3 Ci), 
:a. a MHattHOM ctreTe, It.7ta3Metnla! Tpy-6101 (pac.3.3 :S). Ma--
.n&e BRWPOBl::le P.$~~M8rt;IDt b6tlt:JT10 orricY.Bf.1JOT0:R: BI:l.P8!t0ImGM 

.B~a ~ ~ ~xp ( i lm ~ - Ki)) , r,Ite oc:& l a:arr-

paBJleBa B;ltl)Jib nmypa, m =I,2,3 ••• ' tp - 83llMY1'f.iJr:bR!i11 

,yro;g. m=I COOT:.Be'~C~:Byer O.ItH03BXOJtHOMY BruiTy ,m =2 -
.n;ByxsaXO'ANOMY ·'Pl T • .n •• B p9Bij0B9¢;lll: COC 1ra.BJLcmtli3.1I a3H.My
TJ:l,ffhffb.!'O MaI'FraTliOI'o· no;im oT¢YTC·'l8yeT, .H ~meprnsj no:..m 

' ITJ!Zlil1MfH:lT .fl'~aJThHO 1303MO:itt£Ue SHa'!erum. T&R RaR .UIHyp 06-
.ira.r.taeT saMeTHb!f KfiliST.ITTte01<0tt ::iueprael!, Bee:& npouecc 6yp,eT 
HO'C}t.T!. Ko.rre6aT.eJI'.bI:U:flt x.'3P.8RTep. Ec.mr nµ;yp IIMeeT KOHGT{Hym 

...immy L , 'l'O n.PM m =I ycrrott'l'Pt:a!i aosMyn~el:il!R c 

&.,Isl > ·2'iia/L.. , (3.22) 

r;D;e a.-paJI~IYC .mrtrtta. C<>oTBomerme. (3.22) aa3bJ389TC.>T. 

KpnTe~(eli.1 Kpyclta.iI8 - IIJa.e:p9HOBa. ltnn ycTo.ftt:nrBo:crn war 
CHJIOBb.ff .lllnfim ;TtO.i!:'.leR d1:.1T'E . 60 .. Tibme . L ' 1r. e. I1JI33M9B-

Hd ~ ycTO:titmB TOJThI<O upn' H~.illif'llrn: ;J;OCTll'l'O'G'HO 6GJffiIDOf'O , 
~ . l 

IlJ)O,ItOJrbHOro IlOJlJ!. " . ! ' ' 

I\.aR B JraCSop:l'!'OpHo.tt, '!'Bl\ l( .a KOO~eCRO~ rura~MS;· :rr.nas
MG.illGlEf JiqByJll(H M01tyT 0C'JJI8;ItA~ .. npOBO~~ TO.I)O.SMR (aa'tt.PRMep, 
aoMo~epa 3eMJl'.a) UI DnWOM, '.l~.e • . rroi3opoT0~1 0J.1;1!0.aux .rra!trtlt 
paa11oaecHpro Marfill.TRoro· nomr. IT;Prr aToM, B03mn<.aeT· B03il."°:JK
soan cTa6!'.lJJl13·iiLUrn Mrl( ueycTo~ocTe~... EOJm Clli10Btle .mr-
1-!U. BMOpo:atemr Ra CB01IX KO~X, Jl65'3\.10im0 rrepeCT·Ei'BUT.b 

'.zme ,~£py:6rox ,C)e3 3a:tpyqrm.~HH.>l ClMOE.liX .m:tru~~ . ~ COOTBG'l'C 1.rBYYJ
ll{BI1l) yBP-.Tffi'ierum MSr!IllTHOi aseprmr. IIl.l.d'.p B ll;!.re3M13 BO:~mu·.aHT, 

ec..110 fa ·&
0 

~ O. Me:po! ~pa c.ny·!GI'l1 yr,OJI. non0"poTa ·muroBOtt 

.~ Ha ·.V..1Dffie .Bt::O;IUJO:QO,i.UiO.c~: Il.,lj'a:SMJ:l 

e = ( -4rr1c" r L -J. B- 1--s2 • .. c · ~3·) 
' . 0 0 0 ::J • .G · 

Ilp~f Ra.~ ·IID!.PH rre:oo::tMOY..liO paa~m-~e r.teJI06XOBO! J:!EIYCToftqu
.BOCT~ ws-~1a •roro, q·ro war em.tro3o~ J1K1mt.r .1:t'.3 1w~o~ Marm1THoft 
no.BepXHocm p.r:1si.mi.reH- v. .~Ju1 D()!3lr.~nw0Eeffin1 ueycTo.tt1-r:raocnt n:,1-

.no m~1~a28Tb Mar.rm·1'1me rro;re. Pasr...mTrae rprH1.ru.n.; rums1.ru TetRJile 
IIJmBQ.mtT K cm6:tr;rn~3aium Mm rtey c::wtr,.m;w -~'I'9~l. 
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Ml"ll HeyCTOK':rn:Boorn :B CJU 'iae 6 = ea H8'3HB.~IOTCH 

AliCCli!!BTtraHliMI!. KY. HeOOXO.f.tHMO pa.ccMaTpRBa1'h, 'KOr,n;a ITO,,IUC-O;IJ. 

.H,neam)tm:h Mr.n ronopHT 06 Y,CTO:t"1KBOCTM ,naHHo~: DJra~Melillo.lt. ROH

~ll!rypamm. 

·Cpe.I(ll ;n:irncan.a.TKBHUX_ FrnycTOW.fillBOCT9.ft B~0JLFIJOTCSI rpaBH-
!J'amlOHRB.H ~ '1'01(000 - RORBeK'mBHBfl. t YlCTO•umKOM 

lf.J'-Fi' ROTO'.Plf'.i{ SD3JtffeTCJl 3Hi:?,{lrHR '1f.1.nir.OBO.l"O pBCUllftiel'!M.>1 ILJ!f.t3Mli, 

a 'Mar~oe ~no.ne n01r•J!K H9 B031'f;YIJWeTOJl, T·. e. E a -v lf • Ec-
:m.l B CJiy!ffia G - o- pa::rnrna10Tcm TO.GKO KOHB.ett'l!ll..BHhle .ne-
~pMat.nm,, opaeHTR.POBiElHmie · C.Tpono ano.IIh B

0 
, 'ro ripxt- c$ ~ c0 

nomutfre'!'CR B03MO·~OC'I'I> peC~l_)OCTpaHEHriH KOCUX l303MYilfBHR.i1 c 
E.0 nGtlliWJi K z. • 

B CJiy'!:ffie rriatmTSr.tHCBHPi! Heyc.rott~OCTH ·~rt'JSRT Itpmra3-

HY Ma'l'ID!THOro f.TOJU.1, Tttltlte RaK a B. 4eJl,0.6ROBP'li, Y,'m'l'HB90!l'e.R ~e.;;. 
)te~~~M· 3rfrt'eK.Tm3HO.I ;CH.Jrn TSJK€CTB (OTl<J')la K rtpo'HCX:O',!Ut'r nas~;;. 

11
•• aHe rpe:EiZTal1,lioll!iflH). PpaBKTt:umo1nwe .aoavyutaHHSI pa3attaa»Tcsr • 

GCJJ;R a T_py:6Ke; HB.T ripo,n0J!bPIOi'o TOKa. J{m.'Jl6penbH.Hoe . cooTHoJJie
HHe, IlOJIYq_aGMOe aHaJTo.r:a ti.liO . ( 3. 19-), C yliGTO'.M IWH_eW-oi npoao.
;Zil!MOCTll JlMeeT· B"ff.1.4 . 

2 • . - . 2· 
W + I W.\ W + ·W ~ = 0 1 c:a.20 

if :~ 11,aOTOS! COOTHOme1meM . (~l.20). Il'.pH 

;n;aeT m.iI<p~MeH.T Et1JI961m:eon ~9-YC'l'o:ft~oc~ i : ~~. 

B CHJI:L~o 3BMl:lrru.Jttf>Hll9i .Ma3Me ( Ws~ 'tei :>> i . ) 

W& » w.2 « ! .;.. .:. iw ~ w31ws« W3 • KocNe -aos~y-

memur. c He 01.1eHD "MaJJJlM Kl /' K~ aeJI!>3S:t cTa6lt1nta~poBaT.h 

npn rtOMOl!Ut urnpa • 
Ec.7m E · pa-BlfonecHoM cocTomm:iit no ILila3Me Tatre T: TOK 8.tto.m;. 

MfiI'~rnTnaro. npJIB; a B · aarrpaB.Tre·H'l!Z; neprreEW!h.-Y~~PHOM - ,B0 , - cy
ntecrr.ByeT rpa~ffte.HT '.!'BM.nepaTYpµ, - TO MOatl;)T B03m!~yTit TOKQBO. -

ltOHBeRTH:iLif2·~ . aeycrra . .ttiGmoc·!i!b. :ra~~e ~},{ a cnyttae rJ)aB..w1~a

IIHORH6lt Heye'l'ottmoc·m, B n.1Ia3Me: pa:uuruamTM KOO.bte · .tte¢i0PMS:
~i· 1 ao TJianuyici i~om, · i;r.pallfr KB Bo-sMYiueHlia ·ruro.TifocTlt, a Bos-
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MyIIieHR.ff T8M!I9,P8Ty p~ H 3Jl9XTporrpo.Eq;z~Hocm. Yirnc_peMeHT. ~iTO~ 
Heycrroitru..Bocrm paaeH 

CE 
-

1(.u I d;,J-
f = ' . ·s: K: G~ ~ (3.25) 

r.ne Ee - HeB03Myu{eHHoe s.11e1\TJ)Rt.Iemto~ no..rre, 6a - npoao-
JillMOCTl>. ToRono - itouBe:KTll.B.Hf.Lff :HeycTO.h'llllBocn S!BJl'JteT,CH 

~CCKilBTPI.BUl:lM 8HaJIOI10M Bl'l' .. HTOBO'.A HeyCTORYfil!OCTH. 

Ec;m. IIJUl3MFJ paao~pe.P,.:aeTC.R ,n,1r.r'ry.TI&El{7v1 TG!IJIOM Teicy-

11\~0 no nett TOI-@, TO MO.Jtte~- B03IIB:Kli"yT:b neperpeirua~ }ieyc
TO-ft1IH.Boc'.l'b. Ec;ra rij)OBO;ItliMOCT'° pacT6~ c T8MII0P2TY.POit TO 

l:ieycToHt!i$ocT1> rrpofr:B.r.!SieTc.fI B oCipaso:aamrn UHTett noBwlleij
HO~ llpoBO;IUIM0CT.11 (11 TOKa·), BNTRfiYTH:X B)!;OJr& CSUOB!:tt JnLF...P..ft. 
Ma:ri:m.THoro rrom1. Ec.im npoBOW!Mocn na,I(ae•r c noc·rroM TeMne
pa TYPH, IIOJmJIS'iBJTC;r tte.Pe~y!O.l\M-=icsr C.JlOJd no.Blillllemtoit 1'1 rroffiiI
:;ce1mo~ _np9~0.nnMoC,TM. 

Cp~.Inl .ItHcc¥.naTl!BHI:IX aeycTo!~.ntsocTe~ n JmcMo<jln-sKRe 
Hali~O.TI9S R3.Y\JeHa TlipJL'il' - MO~a {OT a.H.rJµr.ilCKOro ~eo:rin~. 
_paspl:m), nPH koTopoi! nponcxo.n;n "pas.P~" Cll.~9~~ .~!M . .lt 
Maim'.'ii.Horc» iio.ml. PasopooIIHHe "Konnµ" -cMJ10BliX .rrmrn:ll ao~AH.;. 
UF~i6.a:- c .dfu'rRMi·r CE:.l!OBI:IMZ Jl'.ll.iillfiLfil. 3TOT n,Pon;ecc .!lpID!J-lT·o 
HaSHBaTI,. nepecoe~HeH.IIIeM • 

...-·PacCMp rrpiM pr~3BHTHe rw.p1mr~110.1tE1 n n.7!oc1<0M pa:aao
necHoM Heii:TpBJffiHOM TO:KOBC!M CJioe, B ROTOpOM . Marim'ri.roe no.:rre 

ff8ll:P~.rn.11eHO B.U,OJJ:b . 0Cl1 r. ' a B0e .aeJmtmHhT samrc.11T TOJ!EJ-

·KO OT' x • Ibroc1Gli TOK0.3.ITTt C.Tio! Ha PRC. 4. 7 lt.. I • 
MOJKEIO rrpe,a.cTa.BMT.b B BUJJ;e HCJ6opa 9Jl8M6HTBpHbtX TOKO.B~ RHT0i1 

c OJlilllSK0!3HM J:tauprn:rureIIBeM 1.roKa. BMe.rtcTBMS ~sam~rat>ro npa
Tw.emu:r .ToKoBux irurrei! pacnpe,n;G:1Ieli::tl:Il1 T_OI<C).Bl:liit e..Trol'! aeyc
TOitu..z:.n IIO OTHOllH?JmJQ K t{X rron~pHOMy CJJllil~H:Ddr.) - J'IO°l-0-BJThROMY 

IIliffi1l8B3Hl:l)') ; Ilp:a pB.SBiiTIDI TR.PIDU""'\ - ?.tO,l.l.l:l MarID1TEOe IlOJie . 

MGHF.:eT CBO!) TO!IOJiorm:i: B6.7JH3,Y. [ll.:iMTpa.trbHOro CJIOJI O~JIO c.mm-
1.feBBmmx TO~OBl:LX !UtTeti, 06l)P,3YJOTCJ! 66.11a C'nl 3aMF°JlYT'.!:l.X ~F3I'

HE'l1HID.: CltJIPBblX .iram:r.i ~ MarfmTllHEI OCTpo:sa (pr.dc .• 3.4). 3aep
.rHR TZJOO:JI' - MO;nl:l ~aBHF.l OyMMe :mepr:rui MBrmIT.HOrO. 110~?- R 

a.Hepmm IlJ!~TrDKBmf . .fl a~0M9HTapmix TO~OB_fIX Hlf,!l'eft:. ECJW pa3Mep 
TOKOBHX IDJTElii B,IJ;QJI& ~ 3.l:l_a'IltTGJffiilO npeawnat:T 'I'o.rmnrny TOKO-

Boro CJ!OR L • yMelrhllleHHe 3HeprH,i1 KOHtP,Rcy_pail;ffi1 OT 
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z· 

.~c.3.4 •. KoHtj?uryp.:n.nUJ MSI'H:Wi'HOI'O ·llOJm B TRPfilll' - MOAe 

'. c.mmaHH~ mtTe~ F.qMiloro n.IJeBocxo.n;rrr y.Bi:;.,nrqemrn ;:>Hep:r.RR· ni;>tt 
.co·s.namm B0"3~fflUeHEoro MerHRT~oro noM. 3To nosooAAeT ro:ao
·pt'ITh' 06 OT~ST9:JI:BROK 3Hft}>P.H.i! TA,PVJil' - MOJJ;bt • .lI106an Jm.~ru~
narntli 3He,l)I'lm 1¥.pHHJ; - fv10~ .ttbJT.iima illfil-BO!(ll.Tl> r..: YBe.mPiemrn 
ee a~TY~· B ITJJ.a3M0 CO CTOJill.JiDBGftlf.ffivW Tll!\851 ~_,Il;UCCaf!a.UJUl 

. o6yCJIOBJieHa KOHelllio~ cl ' .a B 6e.cCTOJLiuiOBHTfJ~Hot .- OCHOB

-~·IO_, po;n, ·Ytrpa!O_T npou;ecchl 6ecc.ToJna.10.avr.Teo11bHoit ~cc:m:ia:mw. 

B noc.11en.H@M c.srytraa He06XOJI;lV.iO "ytraT&B8Th qepeliKOBCKOEi B3a:tL\10-

ll~'liCTB"d0 ttaC~ .c BOJTH8Ml1 B6.rrll3i5 Y3KO~ OJ<peCTH01~TR UJIOC-

1~0.CTR X == · 0 TI.PH DWIOJIHeH:IDI· yc~iro&a: pe~oHinwa w =KV 
;IT),r:fi ktHt~yp~I.Wn, ormoUEaeM9j1 : pr~BHQB~GHeM Xappl!c;a .( (4.22) 
q .l ;} .o6~trn c·Th qe_peH1<oacRoro .Bs;im~:o.ne~c:T.Llli.fr: 

(3 .• 26) 

~,!(s rg°' ~ Jil:lpMO.POECll'JlZ pa.n-r.:yc q_B.CTIDl copTa cl • AayMeJ>-

~iioe '.EoeMyute:ffite .aer:~opHo.L~o noiremnra;m A1y (x, z, t) 
N 

A,(x) exp (iw·t ~ i1<.z) rro~tttufP..eTc;t -ypanHemuo 

ot:? A4'.J .2 A . 4 r,: t. 3 j o A . ) 
ox' - K . i~=--c \a Ao 1 ~+Ji > (.3 .. 27) 
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Tbl'.a B CJtoe. jc - uea,ttHa6a Tll.lqecitas. JrJm .PM!{pe;nGJreE:as 

IlOJI.SI BH;Iea (4.23) q..I 

J, (X) = C Bo/4ft LC h2'(x / l.) . (3 .28) 

II03TbMY 0 jo I a Ao: - - 2jo I Bo L • OT!ty;Ii,a no.ny·qa_eM 

d2A- . 
- . t . [ 2 ,2; J - 41t ":' 
dx 2 · + -K + L~ch2i~/L:) A,, =~ -c J4 ' 

(3.29) 

;r~e j. {x,~,t ).=J4.(Jc-) ex;p(i~t- IKZ > 
·(3.29) m1ee 1l' B1Ul · yp.'!l:SllellWI "UipeJ.UUri1epa c alf.(jieit'l'.liBflUM rroTea.
JUraJIOM, no;ccasamun11 sa I?KC.3.5: , ~.IJ;e V0 (x)=--VL.2ch2(X/L) 

rtomelilnlilJibHasr .RMa TeJI.rropa n V1e orr_pe;.r;eJJSiaTc1r CJe.peF.Ro~ 

e!CHM ·Bsa~o.ttel.cTmteM B ya:KOM. "GJlOe (3.~§). Ha ,PKb~3.5 ·raR
xe no"Ka3BHo pt?memte YP0.Bf£FJHRR: (3.29) :B s.BBKCKMO.CTli OT X • 

v 
~PHc .3 .• 5. l:ftl>eKTM.BRllloi IIO '1'8Hi.J,l.\~JI 

_ypamre~ TKIT~ lUpJ;!,:utH• 
r.e pa H. ~pri1..a e!'O :pEPJ1emu1 
lf.M ~OSMymeana B21~TQP-

V~(X) no:ro lloTeRl.\fillm:i A,.r~> 

~x 
0 -

Ha ·r.Pa~e ,Iils~ena cOJIBetmoro Be'l'pa :e:· MarliH!?occpepH 
Sewm DpOHCXO,ItRT no:Bopo~ DOJIJI aa KOHSTffilrll yro.JI., a He llSMe
BeHKe Ha·npaB':Cemia-no.JI.H H8 n.PoDoono.11om1oe. B JtSHHQM c:.n:yiiae 
He0-6xo~o yqR~'l':& ump ·MSr}IBTBOro llOJUI B B0.3~9Hl!~ 3JI9K

'?po·c~aT1fClecKOro :noTe.HIJ;S.SJia. KoBifm,rypanu MSI'Bil'l'B.O!'O ttOJJ.R aa 
pl;rc~3.4 . 6~1m~KB R cyni~c~yn.lll{el! a xaoc·r.e Marim.TocJ:pepii 3eM.~ 
x. MO:!e.'!' pe.a.JIH3.o.sa'l'b~~ J3 aTMoc·J>.epe co.,wn:a. .B .xao.¢Te lVIBI'IIl5-
'l10·0\1)ep1:1 CYllt0CTBQllHO s.amrn11e llOlJv'BJIHmfi J\.OMClOH011Th! : Bn eJt 
.B 'l,'Ot<OBOM CJJOG _, I<OTO.P00 M8HF.ST XBpaKTOp ,nBltliOP.:ilP.. \l~fPTl!J'. ~. 

ECJru 'an I P:ro > ( "r 6e I L ) l/2. ' TO . 3.;rekTp.')He aatYlai,HM.'ile-

HI:i, H ,I™CCKiltlltl'1n aHepnm T'A.PIUI!' - 'MO,llli rrp0~¢~0].0!LT B 



" ' ~·.Jr 

r ~ -
~/~ -55-

~~t:W-.. '.ta.Te 
1 

'!Sp0futeBoKOro li3ailMo.n;e!tTBl'l.a: c llOl!aMil:, pa::rnJIBaeT
:~~ , ~omrd1r mpmrr. _, M6~a. Ee JnrapeMeHT a {mi /me.)''" ~is 

.r&~-e .KI:filpeM(.)rITS aJieJ~TpC>IniOi!. -

~ ' 

iJ r": § 3 • .l!Peli~:a~e l!eycTo1!t!JmoCTll 

~ j l ... TI.PK HaJnl'lm.R a n .. 11:13Me rp.~,u;:t.!eHTO:B rrmo·rnocm 1Mii - ~·eMne-

'.t~~typg MoryT p.~a:Btman,c?. ){f'aili.PQBble ~eycTbittrn.Soc'flt. Ee.rm ;rmc-

1

, r icmmU>Ui 9I;Ie!J)!'ffit .BO.'IH o6yCJIOBJieHa C'l'OJIKHOB0fiH!iMR 1 pa._CCMOTj)e

~ <~e, ~ Ta~x Rey_cT~funrnbcTe~. MOiKHb Il_f)OBO~ . .a paMF.2x ~y,:x:..am
: ,~o-1o·z M.i!I'HBTHOR rn,I@O.D;lmawnm, 0CJm ,n;I!!CCIDIBUIHI ody<MODJie-

i ~a ·'iej>eHKO.BCRHM R 11;1UU!OTj)OHllHM ~3aIDt.O;JJ.!3tt_CTBH0M BOJlli e roiaCTll-

1~~/~· ; ~ Tpe~ye~osr I<ID-!eT.BliecROe · _pe1ccMo ~rpeaie. Bes· }''qeTa Cll.i'lll 
·!t)P.ey.ir.st ~Me~.ny 9,,~e_K:!l.'pOH~Mll ~ U.,OlffiMH ~1:1~.mre .BQJIH~ trpe~i)traB

•·.· ~-~ C'O"<~Qft rapMOIDil!9C.Ka9 ROJfe0a)mSI, pa6II]?OCT]_)BHfflomH.GCff ees 
":ifyxa.i:ilif.[ lt'lli H.a pa c·1ra1'ftta. Y'tte.T OV.JII:i T.Pefffifl i'l.PMBO:tn:T rt ITOSrB

: . effa.IO MHliMOI~· ,11,068-BIOI "K 'mCTOT.e K .~ C.l\a .tfl(9 ,npa.~OllliX BOJIH • 

' ~HCTBetIHr.nii1 ycJiomreM pa~Rt.ri:nti! 5IB7m.eTe'Jl H00mI9.PO,IJJIOCT.h pac
~ . .. ~J:te.Jf0Hl!H IµIOTHOCTM li.lIH Tf:"JMil_GpaTYJll:l, UOSTOMY Jf).!If. Talat:< 

) ~~'Y;Q.TO:ir.rn..BOCTe~ npz~iell;IGTCR :tepMli~ yrut.Bepca;?G!ffie. 

P!1 C(;}M01'.PliM p)te_K'.!1P9C'ra 'ClittecKy!O .zu:i~Ift'GJ:sylD HeyCTQKtm$OCT1; 

T =con st ·M 9[MGeTC.f! ·no ~- na (x) 

·~rs:0 ~ -cons.t • · CH:cTeMY ypaSHeffiil ,llByX.~\OC.THo:V,i M8rmtTHC:Hl 
~~.:.frUr;po)ttmaM.mm, npeHe6pe1'a.11 R.Hepr.J)de~ 9JH~KTpo.HoB, 3ommieM B im.n;e 
~-i~ .. . ~ . 
I(; . ... -en - ~ me J 

0=-vn -enE--[V . B ]+ --- (3_· .30}· re C e, o c 'te\ .. 

(3 .-31} 

-O'n/dt + div-nV1 = O , (3.32) 

drvj = , o ;• (3.33) 

~ =-'Q'\f> 

"~~ Oa'.PEOM rt.P~tOJniI'~Qmm, (~11.PeP.e.ir.neT.·cP. ·3~1ft!1<'!'PI-P-!9CK11M ~tlrpo?w1 

Vi =-C r Bo, v q> J / B~ • (3 .• 34-)· 
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Ilyc'l.'1' B C.,'!Oe ruta:~MU BO·SmrF.J!O· M3JIOe BOSM1Juterma 3 BH;IJ,e lL1IO.C

KOtt BoJII:Icr ex-p{i(wt-K!fy-K.z.l), (n=na•n.,p=Pa""P•,.~0 ... 0, Vi. =-Vi). 
lfa (3 .33) rIOJJY1iBeM 

j•z = - id iv ju/Kz . (3.35) 

YMHO~sr (3.31) Be"&TOpHo Ha B
0

, 6y.n;eM m~e'r.J) 

(3.36) 

Tup:r ~eprerm:rno OT (3 .36) n Yt!lt'I'b!BcUT, irTO div [a)( f] =; - - . - -= · Srot a - a rot g l! rot v p, ~ rot·B
0 

= 0 , no.rryqaeM 

- -op 
Hs (3.34} CJie;n;yeT, tiTO V1=-iK~ClV.ix/BG 

-- . . - 2 B0 rot n0 (X) Vt = K~ c n0 '¥ H 

' 2. 2. LO/ D 2. Ju: s wm1C K~. no, Co K!. 

·Yt3 (3 .~2) fiOJIY"tJ.aQM 

· C. dno 
1wn4 + 80 1K1JY d>< ·::: 0. 

1'13 {3 .30) HMGOM B ni:-i.oeI<IJIDI 1ra oel':I z. 

-iKln 1iez=-enoiK.i'¥+ ;;.~ij~l , 

ll03TOMy 

i K~ I<~ c, Te cl.d~o t¥ =-enoi Ki"P + -w- --e::- ,. 

0 -TKy )la nor1TJ i.ta eM 

"' "" ' dn mam, C' K.~ ,~~-,--1):;.-j+ ~""'~-- "' 
w e80 n., dx e2 B~ ~ei 'l./w 

06 H,., 2 . 't I ~ 03 i:J1Jf:lJI :rnp:ss W!:> .. Kz~._9 4Ja, e• K~ , 

, Il03TOMY 

H yti:.ilTl:ffifm, Cf.TO W*=-t<.~CTe(n-:,'dna/d:<)/eB0 > 

(3.:J?) 

(3.38) 

(3.39) 

(3.40) 

(3.4I) 

(3.42) 
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{3.43) 

(3 . .-44) 

11
l ee l~ Heyc!oai:nrnocTE na:mnaeTCR: ;npe~lOBO - .mtCC,'1'.1118'!".J.3.HO~. 

~ · ·,JJ.lll'l w .. » : "' w* + i w! /w~ . (3.45) 

. • . ·'.M :POCTOM TE!Mne.pa·'ry pH rtl1!33~~E:J run\~~MeHT aeycTottt.rn.BocTH .rmJJ;a eT. 
~ --~l@i> rrprrno,r~T ·K YBWIH%HR10 &®teRTRBHoti a_~.J1w:urnH K,. , a. 

, ~l!I~Jl0DSTSJ!bHo, z- Ws , T .e. cTa6u.:1JY.~RpyeT Ht;y.crrQrn.aocT:&. 

r 
' 

t 
1' 

t: 

1iE!YCTO!\'ilfBOCTI:i, o6yCJIOBJ!6.HHEJ;r rpa$eH.TOM irsMne11aicy prr, 
~~3llOOeTOSI TSMIWp~ny_pno - ~pq:ttrJxrnof.i. B CTOJ!.KHOBTI'TaJI.'&HO.i( ' 

Il..ria3~e oua HM E!eT ·MeCTO I ecJm '1. - d e nf Iden n .> ·2/'!s 

B. : e:seccTO.lIKHOBHTe~HO'i'! - IIVi! '?. > 2 ~JLC! K~ rgj <.<. ~ H 

et > I ·.l.VIJ! K~ ,:. r,, ~ I . Il.P.lf W ~ n· w 81 ~- .HGOJJ;Ho-

iJPAHO! ILm\3M0: MO.fyT ,Pa3"BM·B8T.bC.Fl. )JJ)e'l!qltJEO - ~lLJ!OTPOiihtze 

,!1,..ey·Q.110iitm.BOCTII_. Tipu J!.Jia3MElHHOM 'iiapaMeTJ)e p >. me /Int 

m.-,uo y-cmnn}3T.E aono'.1't:IIIl;Ra~1Thrmn .xa~'J(TBp. ,n:pet.rrpo3it{ .Bo-sMy
D!eR~r~; ' B '.EreO,lU!_OJ'O,IUlOK J:L.r:ta3MO MO~eT p.3CIUl.tIIIB£1TD0.f.r ,I.{pe~a>o:eo 

~~jn,:BeHOBCKaSl Rey CTO!hrnBO.C't'"li -l~ p.q:r]. JU>YrK.\. ~peifq>o_BtitX HeycTdlt
·~}fBOCTeih 

.._., . 
~- ~ 

~ O,miopo~n ['LriaSMq, aanO.Till.'IDU3.F! Bee t:rpOCTI)aHCT-BO. MO;tte~ 

._. ;6k;T.D ReJCTO.£ro!Bofi. ec;II;i qi:y:HKLl,"Zfl .pacnpe;teJieHHR. no ·CKOpoCTnl11 

• 1'e.'.l'.i"fil1:taeTCSi OT MaKCBeJlJif.l:SCRO~. Psrn; : HeycTO~fH,BO.CTelt TB!ROff 

:td"93Ml:i MO~eT (jl&.1, .H3'j''CIOH ·I ·B ,P.9Ml<P.X MPrHR_'!!HO~ rnJU)UID.IBaMRI<li. 

~ B rt..77a:~Me c. HeO.n;HO,PO.UHI~M ·O.Pl)tl.li1JreM cl\Opoc•n\ MOH.ST pas-

"Bina TBCfl. l:!BYCTO~ltn1BOC.i;D CRO.Ttb!3.ffil.UC{ rro·tcntO.B H.!m mnycTO~-
~· -
'.i J 'BO'_CTL Ke.7IJillm1p - D9.1Thi'.v~I1C1JD)Ut1. Pa0.cMOTPVl'.M a•ry Heyc_rro«lJ.K:B.OCT:b 

·Jl_"npocTei!mBM· CJryi:rae i;roTGHIDmJJnnux BOmeym.e1m.fi ( E ---'9 '-P ) 



- . 58 -

DJI!l3Mh1 6e3 MC:l!'EHTHOf'() ilo .. 11.P.:, B tmTo~H- XOJ!O.[(mte s~rrrn:T_poHµ 

.I$R.'icyTCJ1 B'AOJTh OCn' c CO CKOpOCTLlO V0 = V0 ( X) , 8 TIOBii 

Heno.u;oo:;u.m. HeycTo.tttmnocTh ·MOW-Ho ,P!:CCM91'p¥LBS!rc a ;pa.Mitax 
',lt'.By::3{.I(KOCTR01! rH.It,P.OJtllH3Ml4Rl1, Cmc1'eMa. ypa;aHer.:nf RO'rbpe>U 3 
,PBCCMBTJ»!BaEIMOM c.ir;~ae V&MeeT Blot 

on ~ 
'<H +div lriV) =- 0, 

0:v + l V'1 ·) v ·=--Lv ~ at m , 

A 1.P =-4.'fi.e ( n-no) , 

r..q.:e no - Heno3MYllt~Haa.A IT.1TOTROCT1.. B ~....uteit!or..ii II:P~6Jmltelilm 

n""no..-n•, V.-=:: Vo+V• ., I n,l<<..no, 1v. \<.< \V0 l 
PacC.W.l"TIJ'ffiast B03?1.ofY1USlmf:L IDmti ~p. (it c.vt - K~f~ - Kz. l )) , 
.llOJIYl{E eM 

' ·,w n, -i Kz,Von.-:- iKi Vu.Ma- h<.~V·~no- :~ (no V,x )~0, 
. e . a\p 
I (W-V0Kz)Y1x = - ma7', 

i ( W - V·0 Kz) Vi~ • t ~ V~ •r , 
(3.47~ 

' . · . V d~ . e 
t\W-VoKz) u + V..,·x dX :;1-m K!.lp, 

o2 \.f> 2 . 

0 x2 -(Kg 41- K~ )~ .... A7ien 4 

CKc.TeMa- (3.4?) n.[JHBo~c:.s. K BHJJ:'J 

a ( c a w ) c· 2. 2 ) ,. 10 0 a.x . Lo ax - Ki +-Ky Oa.,. = 1 (3 .. 148) 

:r;ne 
wz 

6
0 

= 1- P 
(W-Kl. V0 )

2 • 

PaccMCT.PliM C.Jryqali; kor.I{a n 0 = canst , tJ 

Vo{:<) :JV, . .X:< o 
. LV2 x >0. 

(3.49') 

CIQlt.tOI< CKOj)OC'TM D.POlilCXPli,ltil' B ysROM CJI.Oe TOJI11t11Hij Q, fv'.aJJ:b.i:i 

no cpaaHeHlU'.> c rronepetinF.tM pa3MepoM no To.Ka. .Bita.m~ d'i' . c;;rron. 
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~~·{ ~ .~:-
~· .:~ . ttt cna;w,eT no 9KCilOH0HT9 

(~ '~ .(x) = 4>0exp(-£1x' > , ('3.50) 

':jte 0£' = ( K 2 + K 2.) •12 H Herrpepmmo rrpH x =- o , 7.. a<< l • 
!'· . ) 1' ~ ':J ! 

~ t :,, :,~·TuBaSI ae.npepHB~OC'l'l:i t.p B nepexo,ItHOM ~~oe H WiT€l".PftPYil ' 

. 1 .. ~~3:.~8) no cJiom 1rom~aon · G , r.ne o <.<. o <<. z-• 
~ ., ; ·npeae6Pf.!r~R 'lJieHaMK nopFatKa ~a ,_ .IlOJTY "IB 0M 

( E.c; ~~ ·n~~ = o. (3.5I) 

w; wa 
2 - Cw t< V ,~ ( . P V )a = 0 . (.3 .52.·.) 

- l 1 , W - K ;t . ·~ . · 

. ~~~H~ime ( 3 • 52) HM90T 'I empe KO,pHR w ( t<.) • .[Ba: 143 Im..x: 

·, ( . ~~CTBlt.TeJI'.hfillG, J4B0 ~pyoo - KOMDJ!eKCRUG ( 9TOT pe3yJII,TaT 

, .tdE>EO noJIY.llltTl:i aBaJUtszpyst ·(3.52) rpa~acKH). He:ycT.o1ttmEocTtf.. 
'B03ffincae'l', eCJm J.tJimia 'BO.lili'&• B03M3'1ll6~.ft .l(O~Ta'TO'CiijO BMEW H 

(3.53.) 

1"' = 2·M~ w (3.54) 
amet.>e p 

EcJm ,naE.neHM_e rt.rrasM.U erurn0Tp01IH0 ·, rro B 1:1e.:tt MOat(fT 

~f,a:amtBaT:hCJI IDJI3iit'OBaH H.e"'jCTOit'IlraO\;T'.b. Ha.lineM ee nopor rt 
~peMeliT B ITpHGJlB.lKemJz. 1iy-I'oJtb,ndeprepa-Jioy (rJ'I. II § 9 
·"!-.; 'I ) . 'Taz 1\t'3K -dV · . t - ...... p d ·t, = - div P·+ :47i (rot B ~ B 1, , (3.55) 

..... ,...... -+' ........ 

P--= P.1 r + tp,,- PL) h , h= B/1 B \ , l - Q;nmll'tl-

. ~.Ft Rit3HO':it'.1 CTOtl.WX ;B03Myme£H~ c w <<. Ws,, 

~ K'2 B' . 
W =- fo ( arr + PJ.. - p,, ) . 

rlOJr,{tl_EJ GM, 

(3.C?) · 
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An~pao.D)ttleCRSSi HeyCTOit-ll!BOC'l'L B03HRKa0'1', eCJIH npaBa.R: 
lUICT.h (3.5?) MeHhll!a RYJIJI, T.e .• 

P11 »p1 + .S2/4f (3.SB) 

)lamran aeycTolt!:nBocTl> no.nyq:n~a cBoe aa3samte no aiia~ormt 
c .none.iteHBGM IJ!JtaHI'$, no KO'l'OlX>MY DO,wie'!'CSI MOu.tH.aH CTJ>YR so.:.. 
;Dli. 

BoJIMroit MaCC IIJUl3Memna: Heyc'.l'Oit'mBOCTel COCTSBJI.fDOT 
nrtKOBHe HeyC'l'Oltm:Bocm. PaCCMOT.PHM I'HJUX>~aMHqecRyD ny'l
ROByJ> HeycTOiilWBOCT.h, .ROr_wl ny11ox IlJIOTHOCTl, n1 - o(.n~ 
npoXO,l\}!T trepe3 IlJUlSMY .!IJIOTHOCTM no co CRO.POCTllJO Vo-.... 
npR 80 = O • AaaJiorB't{(i() paccMaTprI,BaeTc.a c.nyt~ait. KOI'-
,Ita. io -- 0 ll Yo I·, Bo . II.peae6peraa EOHHHM mw.noM 
(npa paccMOTJ)eHilH Bt!COY.O_tfaCTOTHllX RGyCi'OittmBOCTeii ltOHH 

Mozao ctm:TaTl> ,aeno,u;Blll!HHMM) lJ Mo~py.a: CI .24) c yqeToM 
Toro, 'CITO Blt1tn.IJ. nyqxa BMeCTO (.J 6y,tteT CO,lt~p:r.8'l'I> 

, no;cy-qaeM 
2 2. 

c • I - WP• o( Wp~ :: ( 3 h9) 
vu 1 w~ · (W- K

11
,Vo)2 O. : .u .• 

IIpz· K 11 >> Wp,/V0 Bee peoreHBSt (3~59) Beilte,crraeHlill. 

Heyc~im<BOCTl> H81.fB.HaeTc.fi npn Kn <. Kap , npH KO-T0P0"4 

(3 .59) HMeeT .u;BOlt.Hoit BeuteCTBeHHidi KOpGH:&, ll03'i'OJl.G' Ha 

rpamme .YCTOitt!HBOCTR ~(fA.>~P' Kip)= O; { ::; )w·~~p,K .. •Kap=O. 

OTRy~ 

K2p = WPft ( i +-oc f/.s ) $/2 , 
Vo 

W~p = WPe ( i + ot."ls ) 1/2 t 

('3 .60) 

(3.SI) 

KopoTROBOJIHOBHG B03t~yuteHru1 c K >Kap ycTOiNHBY. 

MaI<rui.Ma.,n,HHft KHICpeMeHT BMaeT MeCTO n_.PM BWIOJIRemm pe30-

HaHClloro YCJIOBWI K 11 V 0 = Wpe • OH .()aB0B 

(mcu = Wpe(54fz 2-'4/$) ct'IS· (3.62) 

llaHHoe npH6.riruKemte npmM~IDIMO EI.PM MaJIOM TeJJJIOBOM pa36poce 
~ A Vo « r ~1(,11 • ~fa (3.62) c.ne;zyeT, tJTO 'l'e!IJIOBOtt 
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.pas6poo ny"tU<a MM, ecm1 

A Vo /Vo <<. o<V.s (3.63) 

AH_a,rrorH't!HO pacc"Ma~.PMBaeTcst · CJIY'tlaij, xor.na 'iepe3· IIJIBSMY .rrpc
XOJ.tH'.1' H.ecKQ ... Thl(() ny'\fKOB. 13 peaJrbHOM 3K-cnepHMeJ:i°Te ttyt!OR orpa-
9lftleH S)(OJili c:Boeli ;zr.mnm KaTO.ItOM H paciioJimtceH.HbIM Ha pacCTOH-

:mm L aHOJJ.OM. Ee.rm rro.T0m.r;na.mr KaTo.na .a ~ao,na <tMxCHpo-
13.Efau (aa~-qa iIRpca), TO npH wPlir > TrV0 IL Boalml(aeT 

He.ycToltnrsocTB. E~ pas6poc qacTKI.t nyttKa _He y)loBJieTBOP.ReT 

~- {3 .• 63) ', ueo6xo~o lOO!enrneckoe paccMoTpelm e. 
F;pJIH XOJl'O;ItHJ:le GJI~KT.POHl:l 1JJ!a3liolN ;l:tBJ!JKyTCst O'l'HOCHTSJI!>HO 

.XOJIQ,11.HHX HOHOB co CKOpOC~l>X> v a • T. e. B IJJ1BSM0·. maeeiresi 
~-l TOK. 'l'O MeH:eT ,P83]lf!Ba TbCSI 6"eHeMSHOBCK8.fl ney.crxott"tIHDOCT:b • 

• 
~-' - . 

'f 

' •' ' 
' ! 
l' 

~· ' 

. PaccMaTpnsa.a ~1Yqai! 80 • o (;moo -~ \l B0 ) 11 ·yqMTHBaH 

B (I .24) -l:lKJia.!t llOHOB , Il0JIJ"!3eM 
2. 2 

(! = t-=- WP·\ . - C4Jp, = ·O . (3_- •. 6_4) 
G . w.2 ' { b)..; J( ,; Vo )2 

.. AHa.mI3 ( 3 .·64) M,QJKHO n:poBGCTH B HSJIOI'lrtIHO anaJm2y (3. 58) • 
1 'M~K$1MSJn,HJ:lR lU!KpeMeHT. .nocmrae'l'C.a: npM K11 = wfte / 'V0 • 

1·0H -paBeH 

'(3.65) 

PaccMoTpeHHl:le B .ztaHHOM naparpa®e HeycTo:fu:nraoc'l'H pa3-
BH~JOTC~ ducTpo ii R3MeHmJT co.cTosnme !IJiasM.bl aacTOJIDKo·, irTo 

, :Jpe.GyeTcfl' K.V...aemqec.Koe paeCMoTpe.HKe. 

§' 5. ·KRHeTMtrec1are ueycToiitnis0cTK 

Pe30HaHCHoe B33W"10,lteilcTm+e tt_aa~ -C l'OJie6aHHfiMiit M BOJ!

lfKlM~ npaBO,IJ)IT K l<H.HeTfll!e_Q.Km.1 FleycToit1llta·ocTRM. Co6cTBeHHHe 
-~CTSTU 1'!_ IUIKJl9MeHTU T"altlo: H6yc1·o~ocTei! aaxo.nsr; <JH8'Jm.3h'-

PY~ ROMllOHeHTt:l s,iJ Teaso.i::a ;iUi:lJJ8KTpl!liGCK011 npo~eMOC-
'.'£1!1: (.I.2I), Cpe;D;i1 rotHe~'H'!ecKM.X neycToiromocTe!t o,naopo)Vloit 
tt~aSM.ll M0'1ti10 BJ:I.D.e.TmTl> rrytn<OBH'.O. TOKO:aue ~1 amrnoTpomwe. 
.AJiH!Jfun1qecxoe paCCMOTpFJlllfe MO*eW (l~Th npoBe~eHO ,zr.;r_a c.lt.BHHy
~OTO MElIWBe.JIJIOBCKOI'q pacrrp9.U.e.JIBffxLJ:l f

0 
-{)Xp[-m(V-V

0 
)
2/2.T j 

trrirt!I·~QBElf.i M 1r01<0.BHe neycrrol~ocTH) H Eum.soTporiHI::ZX pscrrpe-
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( m )S/i f ·( mV2 m v.2.- ). t = .\ .. 2-Ti TJ. T;,.~ exp _. 2 ..,..: - 2 T: , 

f0 = 2tTi\/J. o{V~ -VJ.o) 0 ( V11 ) ·• 

(3.86.) 

(3.67;) 

Jt;ru.r aHB'.IDS3a yeTOitmBOCTn peamHHX g)ym:ttKa ~CIIpe)t,i?..l[ellHJl 

_npooo;ztH'l'ca, KaR ,npamtno, qnC.i!eHiiw,2 aaa.mt3. PaoOMoT.r>nM 
HeCROJibltO 11.PHM0poB i~emqecmpc H~yc~O~OCTeli. 

Ha plitc:. 3 .. 6 noKas~H B~~ q:ym(LOUf pa cnpe;neJJeB.Hsr n.rraa-
Ml:l· c pl3\UiT.blM nyq1wM. JleHIW>poBcime:· B"C).n:tr.ll reaep;Kpy1>TCH ~ 

npu: 3fco /"oV> Q . • Hmtpe.MeH~ H~yCTO~OCTR npz'"S0 = 0 ~ 
aaxo,IU!TCR no <»o~y."Ie (I. 53). Ou paBeu ~ 

f (y) 

0 

_ 'Ti c...J:e . . ofa \ ) r= 2 n
0
;Ka W lv"~Pe /K • (3 .• 6.8 

PHc.3~6. 3aaucxMocr~ ~ 
pa0npe~e..iremH:1 OT mm
pocTH lll)lt Ha.mltIIDl pa~-

MlJToro n~. Bo~c,;J 
T~SI • .Jm:IDl.R . • 

o6;raCTB rem~pan;mr JI~Hr
MlO,PO:acKKX. _I{OJ1e6atnl*1 

ECJm B o6JJ'EicTH reHepaUIDI JienrMlOpoac1<ruc Bo.rm Mo:mo rrp$l1e.~peqt> 

Br:.m~Jl0M ITJia3M0H!llI:X :qaCTZU B. t!Jym..1:i;mo fBCI!peJJ;eJletmH, 

TO B 3TO~ OOJraCTJl f q ._ r:jl n0 / ( AV0 }2. , l'.D;e o! -

OTHomeim:e II.i10T.HOC'm tro6'rntl ITylJ.!:W K 1Li10'rHOC'l11l b .. 1Jfl3Mfi, 

& Y0 - ,P836poc qacrrn.u nyqi-:a .no 01rnpocTm.h IlosT.OMY 

(3.69) 

Cpe;n1 mme•mireclG1X TOxtoBux EieycTo~ocTett Ha:;r6o.riee 
H3Y1feHa aoHH0-3BYI«>BaH, pa3.ru~Ba!U@JIG.st- n_r;H 8

0 
1= 0 M· 

Ti «. Te • KoP.2¥J a.1Iel(Tpoa~ JIBlii:{.j'Tca o.THOCKTe.rr.oHo 

KOHOB c TOKOBO'M Cl<OpOO'l'h!O Va ::..-j /ena , (r.n.e J -
rTJIOTHOCTT, 'l'OKJl). ]l.Jrsr. iCOJTe6amtH c K2 rt- << t 
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3.Tott Heyc.Toiri'TIIBOCT.ll. pa.Be.a 

(3.?0) 

1.fQfffiP-3BY-1~oBaa .aeycTo~cT.b pa::n:um.~e''I'CH, .tmr.tts Harrpa.D.1.leH~ 

,~?::i! ,¢Ropoc~ aJ!SlCTpOlfoB JIJJlifBUlliaeT C.KOPOCT1' SByM • <B I~OCMil-
. ~:;tijl:fxdt: _ilJI33.Me qacTo pe.aJmSYlDTC.fI ycJIOBlu:I, ItOr.n;a TOI-: TetreT 

f'-if'?.n ll) . lVm ·Kl. :0 0 MarIU!'l'li08 ll0J[8 He 1).1.o!ROT Ha pB:lBPI-

41~~· 1_1ey c'rottr.mBocTM. Ilpm B0 ~ 0 MonteT i:a·amraaT:&eR no~o - . 1.00<
' ~,.~. -~1;t'ppHtt.a~q neycrxoltC!Jll3·ocn, rr:riri :Ko'l1opot .neAcm1rreJIOHarr ttac!Lf.D 

!.'i~c~:~ '¢o11ID3l<a K HOHHOtt lllflt.IIO~JJOH.HCH ~ IIopbr 9TO~ Rej',CTO·M:q}ll

. ':ild~~TR .Me:a:ntne nopora 'HOHHO - 3BYKOBOJ, OHa p.eriBJma9TCH npR 
. ~nl)Oaa:aoJrnuoM r, / re 
. \ -· 

.B :Kocw.rqemto:ff DJIE8M8 ~3CTO B03flltI<.9eT Bt:"1I30T,POIDUl pac

e', .~:P.e:D;'eJtemu:r qacTml rro cmpocTstM. TIJm a,nPiaoanrtiecKOM C)i't.'JTD 
,' .flf'?. ~JPUPflFmH.), :a .pesy.TIDTaTe Me,IV!eWiO!'O 'YBaJmt!e~ (yMeffh
w~~) IIO:?IP. I Bo l ~CTtiT (Y!'JleHLW~eTCSl) rro1rnpetrHan 9H(;p!'-

. "~lf 'ttSCTlm, :0 rliYHKOtSI .P~Cll:p~1)teJieHHJ! CTl:lHOBHTCff aP.lI30T,PO!IH.Ott • 

.'f ~3bTpomtf!~03H.m<ae'lJ npz CBOdO,rWOM p.:rnaopeIDUL ITJro8Mhr n,no,m, 
:io :B· R1Utt0lm;ru! nonepeR Ba • n ·a:rttial1aTllft.I0t;:Im.x ,,10.ByDIKBx, 

,,1 '
1;0]HM9pOM KOTOpdl a:BJIReTCil BHyTpemutH .t.JB'CTL M8J'liliTOCqJeps 3eM

' iii, cpyUI<UIHI pacnpeAeireIDlst amrnoTponaa· B cv.;ry cymecT.Bo:eamm. 
.,,. ....... ~.}.· - - -- . . 

·>KOJ!iYQ3 IlOTf.J,PI:i. Ha pHC. 3.? rrom13a1;a ~8BllCllMOC'l'_:h ~ pac-
.-.jtpe,p;_~Jier:HJl o~ nonepetmott c1<0J,>OcTH rrp~ HaJilttUll! KPffYC!a 110Tep1 •• 

... 
' I 

J.. 
• 

I t 
' ~ 

' ::a 
~r 
- J ... 

. f(VJ.) 

Vo 

P.zc. 3 ~?. 3a:encm..oc•ri. qzy:rm
rom pacnpeAe~emur 

OT nonepet:raot o~o
.POCTl~ Up.ll. s.a,mp.:n.m 

i'oayr..a noTe_p:r, 
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CyuteccrBOB.9HKe a1ms·6Tp6.funlx W,V·BI~Ji pacnpe,n.eJiamtSI .npRBo,itft1'· 
x BOBHIDUtOBemm pa3Jmlllilil I<l!HeTBqeciarx HSjCTOtt"tllmOcTeit, 

HR:KpeMeH~ _RO'l'O:pHX npx .ItaHRliX' afo/av., t elf 0 /BV1 

BbrtraCJfJllOTCrt no tI>og.iy.JWIM (I .II), CI .21), {I.23). 3Ha.tw ill!.;. 
K.PeMeHTOB OIIpG~emm>T.cst M ·'l'erpaJraMli" B CY.MMe npaBolt :qa.c.Ti! 

(I ~23) • llOJij'T.f8eMiiG 'B.blpa2CeltIDl 0'6NtIBO . HM0lOT ).tOBOJIDHO rpa;.. 
:MOa~ailt BM. ·Hx 3HSJ!li3 ' ynpo!L\8 9TC.fl, eCJm H4B9C:'THB O.PH~H:tTa
~il BoJIHMoro BeK'ropa (1-1.arrpm.~ep, B c;ryq.ae r;a,,n!r;m:R .l(aKTOB) 

K pacCMa'l'PPIBae'l'cil on:Qe,1\eJieH.HFIA qacTo~a .aHanason. CBo£1-
cT:Ba .reHepHpyeMUX :imJI.e6_aHJiit n ~omi :a 3lia'mTem:.Hoii. cTettemt 
OrfpeAeJU!JjTC.fJ .qJia3MGHHLIM nap::!M9TpoM .} = 8'1ip/ B! 

ECJIH , <.< I , BOSMY\lleIDJst B riJ.ra3Me· CJIHIJIIWM CJta~N' gT06l:il 

K3M9Hl1:Th MBI'ffi1THOe no.ne' H pa 8Bli.BalOTCfI ~JieKTpi:>CT8.TRtrecme 

HeycTol~OC'm. fl.PH M8J10M, HO ROHBtt.HOM p BOSMOJ:WO 

paaBPlTKe ;3Jre"K'i'po.,.artm:rtll:lx. aeyc~o~o~_Tett. B n.:ra3M0 c Ma.~. 

p pacrtpe.neJieime T.ruia zsoopa'iteRHoro u.a pit~ .a .• ·7 npJra_o-
~T K ·PS3BHTruo 9.1IeKTpoCT~TJ1f%CTtOtt HeycTOmraBOCTM c K11 « ,K1 

J3 :CJ'i'Yl!ae ro,Plm-...x 'ZoHoB aeycxoit1m.BH 3.11eKTpocTa. 'FinecR.ue ·~.i!~_-

6alll!f! Ha rllJ:MC!Ilm.a:x -!'IOHP.'Oft rli;pol!aCTOTH n Wg, I\lL.'II()'l?h . .no 
qa·cTOTH H:z11mero rn6prui;Horo pesomrnca. B C.TJytrae ro pa--cmx 
3JI9f<Tp0HOB B036y~SlOTC11 a-.treitT.POCTa iJ'R'leCKP!.e 1(1'.>JleCiaH.Hll ,B o6-
JI3 CTH aJrsK'rpoHHhlX lUJF.;IIO'l'po.mua: raJiMOHHI~ n \ e,v8• \ H Bepx.

liero rH6j)H,ll,HOI'O pesoHaH.ca • :l:i(JOJllOAlH'JMEUt Jia 3RCnepl1MCHTi3 .re-
116,PaltlUI 061:lKHOBe.Efuoi ::>JWKTpoMarHHTHOH .BOJllW D.PM w ·~ w~, 
.H aeoCSID\HOBO!IHOi: aJieKTPoMar~TH.O-a BOJI!ra Il.PJd w ~ I c.v,e:' 
o K 11 i ~ . cooTBe~cTByeT lllfl\..7!0TPOHHO~ HeycTojl"trzBo.cTJ!l. 

JLna pacn,pe,n.eJie_E.HSI BJ.t.:na. {:3.66) R,pllTepHtt Heyc·TogtUfBQCTli "FIMeeT· 
BB.I( 

T oe. " 
__ .1- _ - ~-a... ( i _ T _L..,,, ) < 0_ ~ ) 1'1._ W Tu""' ~3• ?I 

.ltJIR 00bOO!OB9HiiO.£i BOJIID:l IWXJ!OT{X>Hfil!J? HeycToit:rvrnocTD HM'GS't' 

MOOTCJ rtpl:: • T[ < T,7 ~.;n.1 T.,' <" Tl ' ;!!JUL lH306W-::UOB~E-

noB. - ripR, o6~THOM COOTHom£H.mI ·Ma:iUtY TeMlle_glrcypaMB. }L.r!.Ff 

_paorrp.e.n;e.mm.i'1J1 c lWFty\~OM .rroTepb ,UO!IU pacxa-tm..aa10·i1 06UF.BOBElH

HyJO BOJllly' a 3.-rteKTpoHH - ueodtirKHO.Bt3HHYJO. ~1rcremsa ttITTtJLOT-
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'' .~~ ;~,)ID.~!!: Bey CTOll'lilBOC 'l'I! nOSBOJll!JIO 061.11cl!ll Tl> MllOI'll e xa pa l\Te
!*··. - -~ Q}ftI J.fsJiyqemlll JiJ I!BJt.POMar!mTHllX nyJ!bC3I[HI .B 'M~I'HHTO-

'pe 3eM.rrn. B xocMog,'1sn:qacm IlPHJJOJKElHHHX nPH peoCMQTpeH¥..H 
: ?~~:l!HTRS! u;IK7IOT,POBIIOR 1 RGYCTOirmBOCTH Heo6:to)U!M yqeT l:laJm'!:fiJJi 

(1_~ ;o~oit ljloHOBp! W1113MN. IlpB '( Wpe/ .\W6~\.)- 0 ,P83BKBalOT-

. !;1> ' ·e~.sJ}:eKTpoMarmtT~e rteycToiNHBocm Ha mn<JIOTpomttri pesonea-
~ ' • ~;, ,:x::. llpa 3TOM, Heo6xomw ylJeT peJJSITMBU.CTC!GL~ s@>eKTOB (sa-
iv: ~ .J\¥~~4~C·Tb .Npo~aCTOTH O!r S~apt'IDT iJ8C'z:m!H). J{aill!aR HeycTe~-
1 '\ [.2 .. ~aoeT'l:i npJmJiel<.9 STCR npR OQ'bf!CliSlllm pa,D;l1!0llf3JIY:qelil!.fl llJia'. ' He T. 

iv· ' ; 't / ]~. HGO,JtHOpo,ttHQ~ IIJl'&SMEJ" Ra.P~ ycJI9iKH.R0'l'CH. MoryT paa-
~~) ·"~ , ·!I'M& nyqJ<OBO - ru>eiit.IX>BaJt, KOHJ'CHO - ,l{PE).«q-JOB;:lH B ~rxe 
1 ~\ 

1 
~: . . ~~qeo.KHe Hey~'l'Qt'tllUJocm. XapaI<Tep IUta3MeHHHX ~eycTolm!-

' "i ~ ~ ·S',~~T.el ·HaMelU!eTCP., a·~ E n.1IB3Me .He~6~o~o yqHTI:lB8Tl> CTOJII<-

•'' e, ft~]feF.TiI11 qacTHU · Me:tIIY co6oit H. c IIel.Tpa.ttaMH. Ilor ... Tie,D,Hee xapax
··ao .w HeycTom.eocTel B zoHouftepa 3eMJm, r.ne :a pe3yJI:h-

I
;. ·a . .fip6T.&KBHH.R !PO'KOB tronepEiK 'MarMMTHoro noJIR H .BOSRKKBOB.a-

1 1 I
1

. ( . :Jm. ·~: ':rya;!\110HTOB KO~!!. ~Tpatnnl' ' . pa3BH.Ba .. . ·:_toTC?." ney,cTOi!~BOC'm, ~.PE' ~. t: ~Jl;RIIIZe K oyuteCTBO.BaH1UO WTStHJTRX ~OJI'h MBrmtTHoro ftOM MOHO• 
1 

R ~c,;pffH?: , aeo,IJ;Ii.O.IJO,llf!oc.iJ:'e!. YqeT rrpo.uecco:s noimsanl.m M pe_RoM-
,,/':. '!ll·~~'~t· nplIBO;ItaT K 'OOJtBJieBKIO Mt.1or-0wcJ1mttna HeyCTOiromO~Tett, 
P' I .. , - . . .. · . . . . -

( , ~.fJ{~,~~a<:}Ml:lX B qra:S11k2 HOBOCfPepiiz it' raaoBoro pa3p.ftl(a .• 
(~ ' 

:{'} } '1, 

'fl. · 
J~ 
'rt>.~~... :B x0cMo<tm3HKe -qacTo B03.l:[UKaR'JT' 38.naq:a, CBSI3amurn c Bo3-
ri{ *~C"J.'Bll(;M Ha JJ.BH!!!ll! 11Jla3MBl!IU.lil 062.i:IM liOmt KOilB'IHOl! aM!1llllTy~, v ~~ 'ii! IµrE13r.1e B036yJmaeTCS BOJ!.Ha KOHe~uol aMDJmTy;D;H (B_CJllia ' 

I ~" '• H.t\:~~m;.:r). H·e.•Iira~i~OCTJ> .ao .. "IIDJ !lpH:BO.n;HT K nopli0;!1.il 1WC"KOB MO.ltY-

~1 ·~c) ' ~, : -. '. :napaMeTpoB rr.1Ia3MH. lip.a 3TOM co<SCT,BeHm:lG MO.It!i MO!'yT 

\"' ,. ~ ~,: ~3.a·ncs1 rrapaMeTpaqecKH OBn33IDiliMYi u Hai:nma£0T :1apacmT:b c 
J~ 1 ~<r> _.,,~~ftJioBOT'O . yp:rnH.R, 110I'JIO~a.s1 .BOJ!RY rtaxa~-m: •. Heyc.fo~ocTl! Ta
i ' ' ' ' ;R~~ !l'llfla H83l~H!J.TC11 trapaM9T.PHl:l9CKH.MK. IlpOC'!'t'!&iliM TlmOM na-

1 l' , -·~ ~\e,~paqe·m<ott Heye•iioft\ntBocm P.BJI.P-aTca pacna;n;BBH HeycToiNR-
. ~ 1!2~'1~~. npn KO TO.PO!. BOJIHa tl5Ra1fl<.H 'c -qacTOTO_i (~o tr Bo.mo-
' . ;~•tt.i'.'EleKTO.POM K"0 _ pacna.JV.:i·eTCJ=l .Im ;nae co6.CTBemllle MO,IJ;li JIJm3-
. ~ t ·~ ~:i!~"P tiacTOT8M.Il w' ' Wz 'H EOJU:IOB~M.&l BeR'i.'Ojla~ i(, • t<"i 

- ~:,. 'f- 11£~tll:maTcTBermo. YCJI0B1u1 pacna,n,a ZMe10T sn11 
) ..: _' .' 
1rb .. 
~lco' 
!L~ .....,'.· .... _...._. 
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(3.72) 

B UJ!33Me 6e3 Ma'.Il!:!~l'l'IiOI'O ll0~11JI ec~ Tp g ; p:.E~.;~x J3.C '.C3,1 KOJ!e

Ciarrn~· : 9JJ€ll\.TJ.lOMBr'!rn.TllBH ( t ) , aJfiJ~Tj)CruWB rr,1Ja3MGID·Jafi ( e ) 
n rt!OKHO - 3ByKOBa.8. ( ~ ) • ]?aQM.r;(Ffhre yMo:Ein.=! y;.to.BJie .TBOpmoT~ 

cit n.µn. ~':! C!f.ClAB·X 

t~t' ... e; t-t'+~, ~- .e' ... s i (3.73) 

t- ·t.re.' t- f, + 'S ·; {3.74) 

IT_pa a'Tort., (3. 73) c00TBe•rcTByeT n.~llt.rt.eHHQI.~~ ~ce.e.filll!1o 
l!O.'IllR HaltaG"KH .npyroi EeTabJO C06CT;B,ORiiclX .. KOJie6rmJ1it. 

'B rtLEl:r.RJ!7.l'OB.Tt'I'llBHOZ ll1!B3?M3 !filCJIQ . B03:MOmu:rx nfi~!11i8T])H"lecmrx 
pac1:_a,noB· RaMHor9 6oJr.bwe. B l;i9 c·romuee .apeM.i:r xo pomo 1.m~e.m: 

pacna;IUiI a~"JI:bB01iOBCKOa .BO.mt.hi !;I~ 1-lJll:iBe!lOBOR~llO li lVJa!1ffi{~03BYl~O

BY!C ~I pacna,ttH BOJllJ CBi1CToBoro ;U)tam::i301111. Ilf..ll-'1 Cio~< · aM-

rr.;ira ·~y;n;a.x HBtta\UtM MOcy1r B03}U1!r1) T.D H 8j)e'aOHa H'Qrthre. MO).l,~1. T. e.. 
30..'l'.M, 1~01'0Pl:i0 He cyuiecTBy1mr i3 D..1!83Me ·s: OTCY,TC'I'.B.t'Ti1 Hal<a\!

!Gt. Tia:P9M.e.TpK"tiecK~Ie HeycTOJ!trnBOCl'li a }f.11(\. IlP3BTI.'IO, -llMEf:i)T 110-

:Pf.>I'll no l1MltiraTY.ne BO.n:HI-l F~:<atnm. Ow, onpeitai.?.JOTCn .n,Accx
!laa.H~:dt !:)Jtepr.IDt FrapacTtHeu~p;: BoJlli. B rJdlr.leM -c.rt,f4as, BOS!\m'KeH 
1?~3 omnrc c B1I c.J001M ra }l\1or:m<aMJii B0.1IB.bl HEH'~ m\Jr. y c~JIOlli!il t~o?o
p0ro I1Menrr Bil):( n W0 = w1 ~- ,,,,,,2. , n K'

0
""' K', + K-2 ,. 

I',Ile n = L, 2 1 3 ••• . 0,n;Hf\KO IlOJ?Or Heyc'Jip~r~·lBOC Tt1 pacTe"T C 

pOCTOM n , a llliltp<:)MBHT HBYC'l10 itr-rnBOC'Mi! n -..!'0 no fi.R:Zt,Ka 
nporropu;i:rOH-£1 JI0H n -oti CT9Jl(:)i:IB aMn.lnl,Ty;Il)i, rro'$TOMY U~i11':'1'~Pier.-

,...nf1 rut Tepe e npi':i~CT~BJWJ(IT TOJI!)!-:{:) C'.Jr,p.H~t n ==I. 2. 
Pa cqMOTpaM no.uponma~' 1t31~ P.()3Hillv1:DT OOOTHO!D.©IDI}! ~1~IT'd 

( 3. 72) • ECJnI ;lf;!crr.epcnrn B~ > .. 'l.lili TiO~B.ii!TCSI COO! HOllh1F.V!'N 

• r,zte 

o( ( K) -.;.., cirnraeMoe, OID(C!lBiJ lCXIl08 OTILJIDHCJu.!8 (jT .rc~l,if~ii.l'iO.L'O 

3fl !(l)JI.a Jt~C!!epcW!' ·E FU1 cpe,a.y Hr:iJIO:+:taHO naj)i-l i·le~pli'>It3C.KOS 2.03-

6y~en:&. e c ~q-a O.TOTO'.tt Wo i1I 130Jrfif/B'.:!M S'QKT(1J_.)OM Ko 

B o,rr,;idM~pe!OM C.fIY•tla El B03My-ll.(cm1e ·!'LITcHMH u ilO.IT,'\fl!ll)!E=tTOR: 
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(3.75} 

... _., ~.zte rf - JIIDieibm~ OIIepa'l'op. Y'Ul'l'liBa.lllVil OTl<.1I.PHem1e 
~·:rtr; irAHehoro 3a1toml ·Jl'HOilCpclr'd. B (3. 75) MO;tyJWpyeTCR il'a30-

;-. . . ..... .. 
. ~.R ;cxopo'CT» J30;!1ltH. Ypar;Helme· (3. 75) n:arm:e'l'es1 0696mru.meM 

l ~~ ~QJmOBYfil ·cpe,n;y ypa·BHeHM .Ma'l!.M .•.reopim. uoJie!jamtit~ Ilspex:o~ 
:) • ~ ;it qiyp_i,e KOMilOH

0

eHTBM LI,< ~.s U exp ( i KX} d X ·J.l ytm-

,U .')f~a, 111'0 cos ( ~ t -K0 'X ) =-~ '[exp{i (W0 t- K0 X)) + exp(-l ·(~t-t<.,x))J , 
• s~ ~eM HMe'l'b 

~ · · d2·u .c a . £ z. 2. . • .. 
[ . d 't2 + Wl(UK=-TVq,{Kc,-K) exp(-tWot)UKO-t( -

Ir ' 
6 2 ( 2 • - z V. K0 +K) exp(1w0t) Uic.0 +K. (3.76) 

r ~3.76). }fMee.T Jm;l1.· ypsamnnrn J(OJ?edaHlll raprvtm~aqecROrO OCllDJtJISI-
:•'' :tO:pa no.n. .n;eJtcTBHeM l3snyqaimte1! cwJra_. :&l.Hyltl\ffilll(Et.fl cRJ.Ia · 6y)teT 

I ·, .. • . .. 
I ~'B f.>83.0HaHce c COcJC'l'.BSBHOi! tfBCTO~Oi! ·ocURJLi'!RTO~I, eomt 

'X ,_ 
(3.77) 

:· -\ "' ~8; lt8Jr&Hebe•~ Efy.rteJll pa-ccMaTpHBaTD c;nyqa.fi, Rona B. (3.?7) 
'' f~;l'_QH..c~: saaK M~p:ryc. lt.m BO.TIHht u KO-I( t GIH8JIO!'littHO DOJIY1Ul9M 

_to, ' 

(3.78) 
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(3.?9) 

Ta1mM . o6~1.30M, rrapaMe'r,PIRec.IG·1 c.:sn.off:tL1UM ~! oREisrmair.iTc;r :aoJrabtJ 

ttaCTOTY 'Z BOJl.HQBlie !:10K'l'OPJ:l KOTt:>pux YJl0BJ"!€! 1!BO!)ffi!)T COOTllonre

RU.AM .W0 "" W1 ,. W2 .li K0 = Kt+ 1< 2 , T. 9 . Y0JIOBi1JTh1 (3. 72) 
B O;D;HOM0!).HOM .CJiy'tfae. HuteM .Pelll~ID1l:G CMCT9!lbl (3. ?9) B ffi\IJ.e -UKi := Uilt)ex.p[-.iwK,t..1 , r,nu Ui< ·1 - ~1e;It11'BHHO Meli$H~a.A:c~ :so 

BJ.J0M~1:UL aM.ll..~'l'y.I(a CBira.9Hl:Llr.f. Bo.:im"? Ytm 1r'!Ecl.'r Me~TatH:IlIOCTb 
H3M.eEe.:r~q: UI(., IIO.rry·•raetJ! 

{

-2 iw. , ~. · =- ~ 1<~ v:, U~exp(-iAwtl, 
2 . d U2 6 2 \t2 U · t ) ( 3 .80) 

- \W2..(t't, =-2 K4 ~~ ~exp ( 1AW , 

r~e ~ W-= W0 - W~ "."" W;! • . Pem0Hl1'3M CHC'I'0M~ (3.80) 
- t.J .... AW .,.) 

llBJ!fl!OTCR u\ - exp(.-., A 2. t -to v'l.), Uz .... exp ( i 2. r.. -4- yt,)., 

.r-,ire -., = < o a_ t.d .• J2 I 4 ) i/2 .. , 

(3.SI>' 

6. w 1iM8bIB1:1e·rcn l l!ii C:.TOTott paoc•rpothol. ITp1'J' A w- O 

T .e. cTPQroM BJ:mo .. Tinemrn pacn.s.r.urux yc.noz.n..1, aM.JI.TffiTJ';l.l;H 

n, H u~ ·~ROfiORP.~JII,HC Hlil~CT8!0'1' c lolHl{pG-

MeliTOM 0 . PacoM0 111per~})fJ. c.nyqa.tl coi:1TBeTcT3e'I' 

Wo > (.{.)t 1 W2 • T.e. 'B0 -~.6r~u.~ ! £Ui(l "tqXlCHHX ca 1re..rr.riR'I!OB". 

J3 rp:!3~I.Ke ROCMOca 11syttt!l:ute napaMe'l'pztiecrui..x -n eyc'l'O~
·rnrnoc:Teil. oi~~ :~HO, npe~e ncoro, c ·130?,neHCTF~ie,,1 Mo:i.u-tm 

fJa;D;~lOBOJJll Ra KOO!\UftH:Cey:{l, (B ODH03HOM, l·~oHociJepFrJ~) !i.iWS-

My H pacCMOTpemreM Il.JI39MeHn:oV. 'Fjp6'yJrt:.H.THO.CTl1 'B R()OMOQn!aWW C

KHX o6'he!\Tax ( cM._ ~JI.. 1 q:~ II). 
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I' ~ ,.. 1 t ' .-B ROCMO!j!BSJ!1i0CK11X o<h>&RTSX 'qSCTO Ha6Joo,n:Sll'l'C.R BOJqm 

·'2 • . .., __ . . • Qtl SMlLlll!_'l'YJt!i' CBQICTBS· 'ltO'.l'Opsx. ~a~e np:e:6J.mriRBO H0J[l,-

~· -- ~fn[OST:D JmBeibm1.m ypaBBeHBm.m. Il,Pll 3TOM, .CITYSD;IJt CY1JleC'l'-

'.' ~:~·!o ·pa~;nrcme-rc~ ivm JtHODePI'_HPYDitHX cpe,ll x cpeA '6ea ~c~ep
' ~lfJJJ.: H_e~nettBooT:L~ T .e. 3a~cmitocir:o ~0Be.llemu1 B~JIHJ:l oir_ ee 
~~)O:J, ~aJiaraeT· onpa,neJieHBNe c:asra11. sa .. 4>83.H l! SMIL!tKTY.Itli 
\')'ifp9B_!D<. Il~ pacnpo~T~Hemm BOJIBH KOHsqzroit .aMIIJilITy,IUi 

: ,.tili~g~o.ztKT reHepa:o;:wi :mlcIII¥.:x. rSj>MOHHR, Boe a:oJIBJI.RJQIURec.s: 
~ ' ~ J nnum OCTallTCJI B ;P~30BaHce .n:pyr :c .zu>Yl'OM, ]! .B03,MO~a 
C' .. -iJ. ne,paKa"«IRa 3Hepnm O'-' Olt.Bl!X rapMO.tmX R .npyr~ BDJ.rOT:b 

. _ •Qtt-polm;tUf.Bamtst, ·r.e. noSiBJiem1si OecxoHe'CJlWx ra~o-mm, oT-

..• :o~M- 10Iltruc B03mntHC>B0Blt10 ocoCSeHHOCTSl Ha 11.PO!f>ltJ&e BOJIHH. JJ.uc
.•.- ·. .• T. e. 3amte.HMocT.b tflaso:soa CKOPOC-TH O'? BOJIHOBOI'C> -BeR

- .. ·· -; MoxeT ROHKYpl!IpOBa'l!b c HeJIHaeilliocTl»ll, ocTaaaBJmBa'l'L yx-
-~~~ims: lit onpoKH,JI,YBam!e Bomw. B CJra6o.D;HcneprHpyuneA cpe.Ite 

) xoTOJllil. BeTMX RoJie6aru Mo:zeT yci'aBaB.:IIlJBanca .Itl!Haim
·~~KP~ WBHOB9CR9 M0lF.,11.Y Be.mureRBocTl)I) lit ,lOicnapcKOlllillMil s<fxliex

.-; (~~:. BOSHHRSET nepKol'OP[ecKHe BOJJml l{ .cOJDITOlW. Yl!e'? .u;mecH.IIa

~~~Jlt)lm_p)n!T :R o6pasosamm y;napmrx. BOJIB ·,· 

Hr · · .§ I. YpaBHaHHe KopTeBera - .D;e BpRsa ·- •' ..., 
r\ ! 

j · , fle_pBw maroM tti;jB paCCMO'I'pemm Hemmemooc .e:BJremdt MO-
, , ~t~; , · citjon n:Pe.D;JioiteHHoe KoprreBeroM z .ne · B.PH3oM yI1po111eliBe 
~~~Eor~ y:P.a.Baemy:r, ytm:TH.Bamutee Hemraelbme H .mtcnepcHoH.H.Ue 

-~ . ~§}!.~ :e · O,ItHR3KOBO:I CT0Il9HJ:,B'.J 'I!OlJHOCm • . Iipz 3TOM, O.DJ[O .JI TO 

~ ~:fj~~Y,)~~eitle omtc~na_eT · f!BJieH.l!Ji pasJmrimoli cpaa:H~ecxott np.e:poJllil • 
. tl :.- 11,PBBe.It&M 13HB.O~ I<.u,B ypaBH9Hru;~ KCXOM KS BOJiiiOBoro ypaB-

-~r·f!~J!l.Yi>I '"BR.zta ,.. .,,. 

(4.I) 

t;:1: :~~eb~mero pacnpocTpaaelll!e mme.lnoi! BOJIB:Iil co cKopocT:hr> 
_ _ .; ~ . · : 11,ll 0 · B cpe.l{e 6es .o;accMIIamnr 11 ,ItHcne_pcKR. KoiIRpeTHHe 

.' '~i~f~~ cpe,nu B (4 .I) onpe.neJimOT BeJm'tll!HY U. 0 • Y_paBHe-
, ~· (·~~. l) OlmCl:a~9'1' pacnpocrrpaae:a:ze BOJlliS H01![3M9RHO:A ~aMµJIB-Ty-
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IIS. TOJlltltO 39 TOT OTP6301t BpaeBB, xor,1tS 110.ZHO trpeaedpeu, 
sease1Hocn1>, .D;HenepcmeA • JtBCCBlIStntel. ·Jlaccmr~ IJ~e.t{~.'1' 
x SSTYXSBJ[J) sOJmH, Jtitcnepcu - K pa.CDJIHBSBD> .BOJ,UJOBOro 

uaKeTa, se.Jmliebocn - yitpy'Cle.BJll) (ppoBTOB. Pememre ( 4. I) 
111188'1' BlJJ( 

·'Y s J.t.'4 (X-·Uot) + '+'2 (·x + Uot l (4.2) 

JI ormc~H .D.Be BOnmr, 6eryutBe \8 pEiaHHX aanpaBJJ:e!fUX. 
Y11e.'f ~.10A uemmeAHocm B .lD!cnepcn nosBOJtSe'.r pecCMSTPJ!
s_an BOJIHH, CSerylI!Be B pa3HHX aanpaB.7Iel!HBX, B0SSB11CBMO. 
(Ta1Gl0 :so.mm .U:OCT8TOQO 6HC'l'po J.tBDY!CSl 11.P1r O~OCl.TeJJl>HO 
.u;pyra, • HSKODJles:He nonpa:BoR He ycneBBeT IIROHCXO,ttKTl>). 
'I<auaa lls BOJIB (4:.2) y~o~eTBP.~e'l' yPQBBemm nepao:ro IIO.PJDl
xa. Ey,neM pacCMaTJll~T:& 'l'OJIL~ BOJIKY, ·cseryume a aoJto.a
T~aoM aanpaanelfO, TOr.u;a 

oo/ u a'+' :is a· o't + o ox . . (4.3) 

HaB,uiiM nonpa:BKB K (4,.3), B03mRBDJIHenpI .}"leTe H$JDUleAHoc:m 
B JIICnepcn. Onpe.tt0JllD4 BB.SqaJie IIOJip&BKY,, C~8HHyl> ,C 

JJ)ICriepci!eii. Ilyc~· TO'qHH·f saKOH JtltCJiepcD .90J!H B C.Pf3.tJ;9 

nee'? BBll w- KU(K) • Ilpa K-+ 0 " u-- Uo • 

B 0~IQeM OJIYlffie, Ult<) - aHSJmTJASCRB.st ""Hlcttu K , 

pBSJIODMBSi no CT0DOHRM K • 3aROB ,D.Hoae:Pcn: iIOJiy118STCJl 

B . pe3yJIM'3T~ pemem CltCTeMY .m.u!el.imx .a.HCP.l>e.PEHiltHAJrDRHX 
ypansemtl c B911(9CTB9Bmmm Ko3q$tmt9H'1'8MK, . JtaD!el 38BIU~ 
MOOT» ( if~ ) OT { i I< ) C B0Ux9CTBeBllYMB Ko3-eH-

T81illl. B O'l'CyTCTBHe .JJllCCllD8D;Hl! w B8Dl9CTB$HHO, B pas-
JIOZ.0Hn0 u MOJreT H,IlTH ·TOJtI>lto 110 qeTHID.! . CTeneB.RM ( lK ) • 

IloaTOMy 

(4 .4.) 

Ms (4.4) Clle.IU'eT, ~To o<So6lilemte (4.3) Ha c~WJ3 c ncnepcBe! 
~OJIJKHO KM0Th .BH.I1 

a"" aw a5.y o-t + Ua oJC + ~ t):;:r = Q' (4 .• 5) 



~-.4~·;~~ 
-;__~'J 'D . ' ; ,,... - 7l -

~. · ~~'H!t,olll!HelillocTI! ll01'll0 npollllllBCTl'I 3al.!~'1'1!.B, '1'1'0 ll 6S3A!1CCB

~,..I ~Mi - 14UlQit cpe,ne BCeVJta i,JMe:OTC.F. TO'Ilme saRoRH coxpaue,ems ae-
~:: · 

1 
;<<~ BeJIKlmll. 3aKOH coxpaHeHWr HMeeT Ban 

-..1,. ,,-. 

ai.v a· -- ·-+!.L -=-0 ot. ax . (4.6) ~ · l · 
. ' ~, :r-]fiHslBoM no 'fJ .npH6JIDemm: R3 (4.5) .H .(4.6) no~-qaey 

~~ · ,~CllMOCTI> llOTO!ta j OT 'I' Bll,Jla j " U0 lfl + J (12'!'/i\x 2 

L~'1 ~J!l"l~llllleM n. PRCSJIH:l!emm II01iBJ1JteTc11 K.Ba;npa .ftI~.. rro 'i" 'UISa: 

,; · · J==-u,,'f;i.po?'i'/oxa• cl'f' 2/2 \ r.u.e ct=- ccinsL • 
' ~ •;:) 

-~ -«' ' .. -~~lfOMY HCROMOS ypaBHeHJ!e c ytleTOM aemme!BocTIS B .mt.crtepco 
f · • t fi ,:''1>mmo: i!MeT:& s11;u_ 

f/ . a'iJ + u d.'"' -+ B a~~ . + ol"l' do/ = o,. 
. ~\ . ~~ a t n () ~ J" a x 3 . a J( 

,,,_,. 

(4.?) 

.~: · : ~·~ea8 5: = x- U otr , \II= p~ lot IlpllQ.llHT {4. 7) 

. '.& _·'""~)~~aa,napTHOMY B'QY-ypaBHeBM KoP'l'aBera - .ue B,PH3a 
~~~ " 
~(_ r t a-n QP, d3 h 

irr:~~-~ ~- . a~ + ~ a·; ~ a~~ = 0 . (4.8) ·t ~~~eime (408) 6llJIO I!llEeJ(eHo nepi>oHa'!a.n:&!!o Ma :eo.llii illl 
~~· . ·Mie.tl . BO)le, 

,..:\ :,.:~ ·µJX>lWDDCTpm:pyeM po'ftiteime. mzcnmx. rapMoimK .B pe31Jll:iTaTe 
,~'t!(~e~oeTH aa npm.1epe peme1WJI ypaBueJWI (.4,.S) 603 JUICDeP
hlt,!·~~9poro ·lU!eHa MeTa~oM rroexe;no.~aTeJµJH1lX ,apm6Jnntteiid •. Pewe
~· ~ .'l :~~A~ ypan.aeium 
~~ o 'l + t> a~ = 0 ) 

, ~ at \. a!= (4.9 
_) 

_...,i dl'i.e.PaoM np.H~mtJtemm, B pa3JIOlK0HHM- .ao rap.16lmRBM JiBJ!ReTCR 

) ' ~. <· 1 ~710-:,in :~5 • Bo .amOpoM DpH<Smi.'1!9}llUf -

3~~ . K · 
'""ii. -.. - ,.;:- K7_?. s·rn K~ COS!<~=- l ~i ~n 2K~ ~ (4·.IO) .--....-. ot, o ) a 

:l~ 'R -~~I.me~ .. (4.IO) ~0TCR JlllHestli_() _ napacTaBJD~~UI BO BpeMeHl! BT0-

11 • · ~~; - ~~f.'AOmu<B. tzepe3 Bp01¥Jl t- fK ~o )-t ee ·aMIIJmTY'AS cpaB~ 
, -- ·~~~~J\l· C: nepsotl. Ilpo;nom.taa nPone.nypy, MbT nOJl'Y1il4M TpeTI>!h 

~~!l':~~p'l'yJD ·i. '6oJtee BtlCQK.'19 rapMOHmtff. .ll.mu'a>IC:b 6bTC'!1pee OCHOB-
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HOl T-a}JilOHH.Nt·, BHCUIH9 r.ap,1.olil!KR npZBO.IUlT .K UCHSJCQIDm npo~
JIJl BOJIHllt ero yRpyttemm;. B HeKOTOpllitMOMeHT .yKpytreEme .noc
mraeT ypoBBn, xor.u;a a1 Io~ - od , lt BOJIH8 onpoKR
llHBSSTCSi, T.e. :B c.tre,nymtlie MOMeH'.?li .u,aHHOMY s cop,._. 
:ae'?cTBye'i' Hec:ttOJI»Ko aaatJ_emJ~ ~ • Y'leT .n;HcnepcBoHHoro 
"l'Jiea.a ~ewteT xapaitTep pemeHB'.1£, no.sm.nmoTCJt neplto,nirqecY.ne 
11 y9,D;HHeEHWe BOJimt. 

§ 2. Ileprrn.nz_qecma aomrn K coJIHTOHll 

ilpo~HaJDJrrnroreM pemelilie· ypaBHarum KnB a pa3Jm1ml£< 
r.JIY1iBSIX. PacCMOT.,PBM _pemeHRe (4.8) B' mma 6erynnn BOJIB: 

~ ..... 1 (5-ct)_:i~ {'t) • (:r.Ite c - qi130BaSI CltOJ)OCT:& BOJIElll 

B CHC~Jile .ore'ieTa. ,nmrxym~ttcn- co .cKC>pdcThD .Uo ) • 

Jf.M TaIGtX BOJIB ai,/ot, =-~oti/Cl! • H '(4.8) CTSHO-

~ilTcil 06UXBOBSHHUM ,IUiipf,epeHJ:XHS)ll,JWM ypaEHeHHeM .BR.Jla 

d3 'l d'! d•t 
d ·l.5- + ri cf'C - c ~ -r = 0. (4.Il) 

11HTerp11pyS1 (4.II) z IlOJiaI18Jl 6es &apymeHWJ 061ItBOC'l'H KOH
CTSiiTY· rui!'erpzf)o.BSmur paBHOit ayJm, llOJiy1:J3eM 

(4.I2) 

Y',PaBHemte (4..12) MO~eT - 61ltTh npe.n;cTaBJreHO B :mtna 

d 2 'l ·aw 
. d'r.2: = - ""3il \ 

r.tte w ~ - ct + r (4.!3~ 

YpaBHeElte (4.I3) coBII_B.l.(aeT c ypaaaeH.HeM .ll,Boemur He.mtae~aoro 
OCiij!JU]'JI'l'Opa. T. a. MaTepPia.11.baoit .1()-qn 0,I(lUilltraOit MBCCH B no-

TeH!lM8Jll>HO:tt RM0 r.ny61Uloft w . IlpH 3'.l'OM 't flBJlF.:eTCJt 

aaaJioroM apeMetm, '1_ - ROOp.n.KHaTN. ~:3amicRMocT}) W""' (~) 
noitasaBS ~ pB0.4.I a. w =0 . IIJlH 'l = O/Sc l! IIMeeT 
MHm!MyM .apu '1 -=- :2. c. • IlepBHlt HHTerpa.rr (4. I3) comra.naeT 
c RHTerpa~OM &Hepru:H qacTHIJlit c e.ltR?J!'D:!O~ MaCCO~ H OOJIHOI 
3Heprnefi· f, • 
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a. 

0 ~~ ~ 
( '~ _; . 0 
~5 . 

f.~";t' ~- - - -
.It~·~·.~~, . ~~papo:eamte COJmTOHOB ll .ltHOJtnSJJJiRHX BO.JIB B IIJT.a3Me: 

-. 

a - 3BB!qBMOC'rl> _aqq,eK'l'HBHO.U noTGHD;l!BJil>.HOil aaepJ;'Blt 0'1'.· 
~oop,mtHaTH, o - s.n pGmeHRS. ypaBHeHIDt KJtB nps paa~ 
~.x £. . 

t ( ~i )2. = 6 - w { ri) (4.I4) 

(CM. pl!C.4.~ . a), BOJJRB '1BJLH9TCSI nJ)BKTlJll0CXH 

(pac.:4 • l d) H 

(4.I5) 

ij :~ ~. e2 B03l:iliF.l:l0'1' aemmefiRaH KHOKII . .9naan B0-1IHa 

~J1 
• • t . 'CS) , a .iIPH f, = 0 B0plmmi • 7. ,Pa3HOCR'.'l'CJ! 

~!l~Q~etmo cSoJIDmoe paccTomme. B aosmmae'l' ye,nRHeHBB.ft 

'~ Mt ;;i~, '.!!JIB. COJfil'l'OH {OT aarmmCRoro ,, solitary w~ 'If! II ) • 

;~tf.N1ohcTaBO.Bi"°tt MOXIIO l!poBe,PKn, q'l'o B 3TOM· CJIYl!30 
C:..D -,r 

. 7. =i
0
ch-2 ('L/AL (4.I6) 

{4.I6) B (4.I4) Il,PH c = 0 .nae'? 
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(4.17) 

B fipllpam!BB8R K03~-Y1ll!THB:aK, t1To stb~ = ch2x ~ t 
ttR9B'l'H npH OJU!,HS~B!a'. ~TeneWDC C h { t /A ) , IIOJly'tfaeM 

D.2 
- 4/ c, 

h ~ 5c . 
(.0 

lfa (4.IS) .H ('t,I9) CJie,IJye'l', · trro 

A 2 ~- o = t _2.:~ c.onst : 

(4.IB) 

.(4.I~) 

(4.~0) 

T.e. npoH31'e.n.eime aMIIJIHTYJUit coiaroHa aa ~paT er:o mil .... 

,l3Hi:IH 0C'l'.b B~Ha llOCTO.Rlm~.Ui. \ieM 60JI&We BMILm.f'l'J.tta coJiiuro
,ga, ·qieM 1 .0H ,Y.t;J. B cpe.n.e_ o OT,PHil.ClT0..1ThHoi1 .imcnepcReti Eai.uipi-. 
1Mep, B ·c;ny1tae Holllio;,..3.eyKoBoil, aJl.baeaoBoxoii., none.PettHo£t -· · 
MarHHT03_ByKoBO)i BOJIH)' IT.PK J > 0 • ~ > 0 (COJDITOB Cl{a-

TiU{). B. :~PeJte c no.nouTeJI:&Hoi~ JtHCJiepcue~ {aanpID.tep, B' CJIY.
ttae RO.CGAt M3-I!HnT03ByK01JOit ~()JIB.1-J)' .n:pz P< a • 'l > 0 ' T· .• e. 
MOryT pacfipc>cTparutT.DCst TOJihRO ·~cOmt'l'OHH pa3peJttemtSi". 
ECJiil .npli t - 0 C03.I{Se'l'CJi ·B03MY~emre 3M!lJJl1TYlUl ''1(OJ=7o 
H WK_l)H.Hh[ .6 • TO ero• 9BOJI1Ci!.I,M onpe,IIeJOiSTCR BeJIHcm-. 

HOA napaMe'l'pa 

(4.2!) 

IlpiJ 6 <J:. 1 Bo3MYtq9lilte ~o:mo C~T9T:& JDIHa~ .• OHO 

6YcTpo pacna.Diaeirca Ha ;u.aa. 6eryiltRX B pa:uwe cTopo~ ~o 
CRO.POCT::&FJ, ,6JIH3KOti R ul) • ECJIH ct,~ I • H npo[!Ium 
S03MyUl91WI COOTB0'l'CTBye-'l' flx>IUYJI0 (4.I6). o6pa3yeT~st COJIHTOH. 

Tipa c,· >> i ~03MyUleiUie paccwseTcSi Ra cQmtTOHU u ciia-
6o H0:m-IHeHH!ti1 BOJJHo.aott na.K0'1'. lIJ)lt .J3. > 0 COJP!TO-: 
Hl:l ()y1X'JT ASHraT:&cst co CKopocn10., oom.1neit Ua , t<O'ropaa: 
T_eM 60.lffim.e, 'leM 60JI!:ilU9 Jtt aMIIJmT:y.n;a, a BOmfOBOJ> JJaKeT, 

pacrrmrna,.q;c .:, co BpeMe~eM H~ yr.1eHr:sm_asrcb ao · a'trtn.JD!~ne, ·oTcTaeT 



~~~r:~~'~f1\ ; , l~ -
ii1~~ :' , .... -t 
V'I\' l - 75 -
l'I ' • I .... If f I _ 

; :~~' idi ,,., ,;~ X= Uo t , IlPK ~ < 0 - I<ap'm!a 06,PS'l'WUt. lJ.aKHaJt 
:~~:·:a. , ~o~'l'h ~wm IIOJrylleaa B pesy.n'l'aTe 1iHCJieBHoro eirerpH-

~'.1, (•. 8) c ·sa.naamom rpaBlt11BliMB yc.110B1LCDm. 
·1 ' ~tmCJiemme pac11eTH DOMSHBSl>'l'' 11'1'0 COJmTOH BO MROI'HX 

· ··~, Sa.Ito paccMSTPHB3~h DR qac'.l'lmJ'. EcJIH B38iDIO.ll0ICDyD'1' 

:;._ . ~ ·JtOC'l'a !oillio CBJII,HO 01.'Jml!BDIUl.9C.a'. no SMII.Jm'l'Y;It9 ( COSTOB 

: ' .,o(" ~'ey,IUi · ,l(OroueT COJDlToH MSJIOI SMILlJR'li,icH). '1'0 apozc-
";..,o;'- < ··-~,~ - M ·; - - . . . - . ' . . 

;,.,~~ ". ~R. dl:l n~.xo~emte OlJ,llOI'O COJIHTOHa CRBOSli .IlJJYl"OI, 

1

fR ... ·.: IIpH aepece11e~ COJDl'l'OHOB oynepnosmam ~0.3MYIIle~I 
'. , ~d r " Cnf.Ma~JI aMIIDma Me~e CJ:MMW 8MILD'!'yJI,) ' Kor~a 
,;;~ . . ~~;.'. ~ 6Jm3im, . npa no.uo.n.e aa 6mt3Koe . paccTomme cSo.n:ee 
: ~n • . ;,!?J" '. oo~TOH neP_e.JtS~T WO~ B0SlfYII{0HU B .aax. Q~CJ! 
f· •' i'. ;;<,.,-. :~· BJIM d<>J!ee M9ltll9HBHI COJIB!OB. B pesy Jil>Ta'l'e. 119M0mmft 

i ~
1

"; ·~ : jeKopileTCH, a CS!ZCTpixit - SSM0JJ;Jm0'?CSl. Iloc.rie B33DO-

... ~: nOJI1l{Bl>TCi1 .1038· COJIH'lOHS t B 'l'01mOCTH OOB!lS.D:SllQH'e 
,..........._ . ~ ~ - . ' 

-.:?~r 'l'·e. COJIHOHH coxpawmr CBOH xapaltT9PllC'l'ltKK 
·. ~~SBllM().UeftcTBM'.. 

~-- '; ,· · . ~~C-~O~j)9UHH9 peme.8-KJ[ OTHOCSl'!'CSI K ~J) MSJJOI BeJIB-

i y _11.~:g~ Kor.u.a ,ItBcnepgBC>lUWS ~~l<'l'H MOryT 0~_'1'8BOlmTl> -
~j'~ o • , . • . ,_, ' ' !:Ute BOJIHbl. Ec.nB H0J!llHeitHoen B9JmlW' BO UHOI'ltX 

~~ .. f _ -.: : pe.meHHe ·sa.nau Tana Moa:e! 6H'l'I; cBe]leHo ~ ,pauieu~ 
J!r~~ em ma (S.!4) c saJtaHmrM w {'l) • llpu aroM, onpe-

·1 : 1~ .. : .'i'tin xp11Tillreoitaa aMIIJll!TJ.nB BOJ11lhl ( aaaJtor· ~c.na Maxa 
'" .!l(:,_;;.-t·~ 

'~I I -' . ~ . ~ =V'*' I Cs . • r.ne c$ - CltOpocn s:ay.Ka), llpH· 

!.', . -.·.-. ~ .. ---.... -. ~ RO. TO. pol ,lJ;l!Cll.apcwr' He MO.ST OCTSBOBB'fif onpolU!-
~ r: '"' "'~--.1.;, r B- · · COJDl~OHH HS O(jpa3JIJTCJl. 
'•:i { ~ ~~ ~yMepmil COJJB.TOH .B . aJfS3Me npe;o.c!SM.JIST codoit. 'BHXpl>. 

fit ' .·.· ")QM ABH~!?CS! 3JI0KTPQHli 'it' BOHbi • • Kor.na COJIITOH .n:oXOltHT 

~), ·.~, :t ·;~hol TOlllOt npocTpasc~, B ,sea B03~eT mncpenoe .ium-
1 1e11e. ·'B HOii cnyqae, 00.IHOBH ·B IJ.188118 so MROrOM 

.Jtcf om!:· ea coaToHH soJI.H ·Pocc6,e, a rH):ijX>~DI<e, xowpue, 
~i ~.C~o eOBJl9M0Bl.IW npe,ncTaBJieHIDIM, OmtCHBSIJ'l' aft.TmnUUIOHH 

11 ...,,."'- ",. . . 

· ;_ p~ amoc¢'epe, Eo.7Ill!Doe KpacHoe Ile:THo ea ·IOmITepa x 
~ ~ ,~ ~ ;}!~) . i'·MT&q" H~ Drm~epe a Cairypae. 
~ ' .... "'O'/ -

i/t_/ ~ I 
~ 
r:" -
lb 
),! 
. ( 
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He,,ni.m::rnroe ypaBn8:LXe KAB ni:mHn1preJ1LVtT K ltJJaccy noJmocTEK> 

1rnirerp:t.iipyeJM£c ,lI,l.l11'Jn3p&u1nt.aJffillilx yr:xrnHeHiiI'H. l1axo~eHJte .aro 
pememrn MO::teT 6errh eBe~eHo It peum1u110 .rmat:1 r1F.oro mrreriJ.aiithtto~ 

1 10 · y~l3Hem~·J1 M~To.n,oM odp:J 'l'Ho~. 3n,r;utta _pacct:!RH:l:lii. 
HanoMlmM, Iv.ilR p ellla8_Tcit 3i:t,t\a"!tt p..~ ccea.tml1 aa sa:naau01 .. , 

T10TBHn;t-fa~El u lX., t) B !{F.l!HTOBo A Me:<~lilli{I? . II.yc'F.D :SO.iIHb.Ban 

qJyH1{l[U!!I 4' ( x,t..) IlQJJ.'qllH.11€'TCH ·q;mOMttIJHOMY yp:-.iBm::imrn llipe-

(4.22) 
I\ 

r,ae H - aIJMU!rOB· onep.-=JTop, .cooT.Be'1'cTBY~~ I"'<lMKTffiTOJ:rna-
ny pFJ·CetVlarrpH.B%~1il sfl,na'ill. Ee.rm t - ap.M~~TO.B oriePR'l'OP. 
Q,T:SetraIOLUYitt H0l<~•TOjX) t:i {f!l13~t({0CRO~ ..se.1lll'illlie, TO 

,.. I\ 

d L iJL _ i!t" 

d°T=at + i[Hl..l., (4.23.) 

I\~ I\,._ "'" A 

r,n,r, .[ H L 1 = H L- LH . Ec,1m dL/dt =-Q , 10 ,... 
Ol.fi?]Xii'Op 1- He 2a n11 cnT O'T Bp9MOim, u ero co6c.TBerrdMe 

A 

3.Etat.i·l?!i!1Jr .>.. , onpj ;.r,r::.rr.11eMLie cooT.tH?llieIDiaM L '¥ - ).. ~- , 

He 3E1'B.HCHT oT 13peMe1rn. ECJllt A =-4io5/ox3+3ilu~x-+ :~u) 
,.. {\2. 

~ L-=- - U 
a~a 

, TO ( 4 • ~3 ) DJ>il.80;10\ ·reg ~: E-!VI:y 

fx~ •[(-Jd-U J \.J) = 0 . (4.24) 

ECJIZ u I '1'0 

.. l > 0 

IDtif, D .A rt O - F.e npe-p.r!ErnirP. • Dp11 u -: 0 
ack1.Mrr::.10T~ T r oc1we J:.1emeHZf:l ( 4.24) 

\{Jn =- Qn l t) e·~nK. ' 

\i) = 0 (L)·{IKX+B (t,)eit<.,( 
K t< • I( ' 

(4 .25) 

. v~ , 
;; ,!J, ~ J? n =. J. ,, K = ( - J.. ) {2 

tft~i tHHi. b J11E-;1Cpt?1'1WM CI! t":RT.Q0 , 

Jn - CO·'.)CT39H.ilU€ 31-ift

.. t<.. 0 - B iW!IpC:p~H(>M. · 
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(4.22) np;I x- !:.~ maeeT pemeHBJ! {4.25), :s KOTOJlllX 

.On { l) = 0.n (.O) e 4 Cl!~t , 

()l((t}= OK(O)E?i~rc!t.., _gK{t) ~ ~I< ['QiJ eilti<'L. (4.26) 

·(>meime sl( (~> = ~K (l.)/aK. (t) 11.o:r.rro psce11.aTpHBaT», xatt 
~ -· ~ ---- &HT O.TpBJF.0.HH.ff .1tJLR na.n.ammel H9 6eCltOH81fHO'C'.l'H JIJIOCKOI .,
1
." : :,~~- Ha .aoTemmaJI u. { x, t) • ~s o6U1eti: 'l'eopHH pacceSiEI!SI CJie-

, :~e:~~: 11To_ 3aaqemisi SK. .ItJ1Jl Henpepim.Horo cneKTpa D ~r1 , 

• .. ·. '., '>G:ii. JµIJl. ,u;HeKpeTHoro .ztOCTaTO'!l!O ,it/Ill' BOCGT8B' OBJIGmta UOTeB-
rM~. . tJ t x, t ) • 06osBa'tlasr u -~ -6 7. , x '!I' s , npnMofi 

"' ' •t'¢l~HpB1<0'1. B (4 .. 2~) noJIY't!aeM ypaBaemre (4.8) .. OTKY.na R c.i1e
·A•e'l'o.n. aaxo~eHHJI pemeWISI ypaBHeHBJI Ku,B npR sa;taHlioM ~. (~ 1 0) .. 

l ~xo~eHKSt aWtJmTyJl COJIH'l'OHO,'S, Ha RO~OJ'liS pa306I>eTC.S 

:~~siJ~ ·imoe tl c~' 0 ) I .n:ocTa T01ffi0 Bai!TM C06CTBeWme 1.,; ypaB• 
?rem ::;~4 .24) • Ilpt!: 3TOM 'DICJtO COJIHTOHOB N ... i,Jt; • { r~e G 
, ,i.i< -~- ·~rrcS.t eooTBomeHReM ( 4 .2!)) • a .aMnJIHTY ,rJ.a coJmTona nponopn:Ho-

... ~, An ) • JII06oA nOJJ'.onrremJndt .manym,c ttopo~ae'l' XOTS! 

-~ 'PH COJIHTOH, T .. K. ( 4~24) .BMe;eT XOTJ! 6u O.n;RH ,D,ltCKp_e'l'HHft 

} < ' :•~. O'?PznaTeJThmdi RMfiYJll>C na MO:ir:e !J! nopoIDJT'i> RR O,JUIOI'O 

. . ·~l$~~f)H{I. 3aTeM, IIO B3B0CTU0.1 38BHCilMOC'm Cl." H 5.c OT 

~-~~~. onpe.neJIS1eTc11 ~( -l~, tJ . 
J f- § 4. Y.n.apmie BOJIH.bl ~ CJI53CSo.ItHcneprxpyll1GDC cpenax 

:-Y'reT. sa TyxalmJl· npHBOllRT K .a~1deaeim1> xapaRTepa pemeHB_.ff 
i r.!J!eaoro ypaBaemur .. B npocTe!meM cnyqae yqeT BF.3ROCTlit npu-

. .. ~~~T ·R ypaBH9HHJ) BJma 

. ~+r 3~ -t- · a~'l = 02.'l 
at. l as a _~ s ') a52 (4.27) 

' f~; ~ - 'KBHeMa 'l'B1i6CIOdi R03~$HT BSi3KOCTR. IlpoBe.n,g 
. !~:CCl.iOitpemte J1JrSl BO.rm T.Ma ~ ( 5- ct) , noJry11aeM aaaJiot'lilrHo 
· ( §' ~2 .J(a.H.Hoit rJiamr 

· d2 ri . d 'l aw. •12 
d. 'Li --v d.1' ::i - a ri :; c~ -y · 

(4.28) 
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w 

8 

PBG.4,2. ~J;l&lt,lX>Balla9 y.napmnc BO.JIB B Wl83?.t0: ·8 - B"1t aqxpeR
'rHBHO:tt noTemntaJll>HOI mm B· Cpe'Ae c ,I(HOil~pc.iteit H 
,ItKCCEiatmel, 6 - y.napHaR BOJ1H8 B ope~e c .OTfll!IUI~ 
TeJibBOi Jµ!onepCBe., s - Y3ftapaa·a ;B0.1ma a ·cpene c 
noJiom~ol a.cne~ejt . 

c :aa Tyx:nm~1. · J{BM.~effite ·1vra •!•ep~aJffilio:M: '.rollim i3 aa.rr,aHaoM .Il6'11 t:tn~ 

rr;RaJie R BH.JJ; no.eyq1t'e~ pemeHID! » cpe;µ.a~ ~ OTl:MIJ,a'l'eJtEie:o:a. ! 
rr0.119'-l.ne.1!bHO~ ,n;ucn_epc~e~ nn.1r.Qs:aH ua. ~c.4.?. lloCJie npo-. 
xo~eHWi cyra BOJIH oocTomrae cpe,l{H MeHHe1•csi. 3a li\1M- Bemec•r;;o;_ 

:a.0 . .n;BHiKeTcH co cI<oJ>OcTiilO -~0 :ir. 2c • ,U:aFDioe peuremte' rrpe~c;ra~ 
Jiiii3'l' co6oi! ynapnyro ~OJD:JY c o.~"Pmpyme-11 ·cTPl'RTY po.th UpH 
JIOCTaTO'IHO 60J!hllJOM ~ O.Cll.\UMJDJ;ID! KCtresari'l'' ·Il.POUa.cp 9Ta~o- ' 
.BK'l'csr anepn9.u:~Necltlit.t n omicrimaeT'csr ypaBHeID1eM J3IDpre:Pc.a 

.ECJm ar.m.n:HTy,na B0.11Hl:l JJ;OC'l.'8TOqJ{O ~eJllHQ:.t, JT~)MlillapayKt T90Plll10 

'14BPHO! BeJT.HEl CIOCTpOHTh ue y;~a8TCS!. B 11JlS3M9 :aoamma-e·r a.Ha~ 

nor rumpo.1IllllaM1f\!~cxo!10 Te~eBlt51 :r·Hrta ripw1n< . .s ·so,n;cr g;m · q(')pa-, 
n_p.e,nc-ra~i! co6o'.A. nep,exo;n;HyID 06.naC'l"h lmHeqjion TO.lllUM1li:i. 
ITpli napexo.u.e ttepe3 91'Y o1.nacn YAO.BJieT.Bopm;Tcst coo'l'!u:l'r.CTBym .... 
nµ!:i 3~1tOEW coxpaHeWOI (.CM.. ~ 3 r JL 'Yl lJ • ! ;) .. ·A.IDt .· 
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, ... ,~~a .yJt.sprmx a1:>.;m um poRo ~c:nOJT..b3j' F.lTc.lf '-m c.neHHoe Mo,L.ta.711!

. ) • . 't'OJ!!U"'AU.;J 66CCTOJO".ff0~2 ·TBJI.hl{Oti y~apHO:{ BU.fil!.Y-rtO.PS!l!.l~ 
. . _: '1~ .na ~10po!:fo1mx ~,D,1-1yco'B J4oHa . 

~ b. Mo;rzy.rrsm.E:OHHaH HeycTot!rumoc11'JJ a coJ.IH T·omit -

oo.mt'.rl)iil:l RB.~1'CR. B 119K0'.1'0POM C-MHC!

He OOJIEJJJU)'r BffYTpe!illeti (JTpywrypo,n. 

~ ;:g~1e"Tii orn6a i0.l.U8 R BOJIF.OBoro rrmwTa .. 
~. 06p:i30B8HIDO OO .. J~TOHOB - orrr613RJIIiiX np~IBO,rty;:T 1Irnp0KO 

:· ~ ·a,eMa.A ·a: Roc;Moqms~em·mtt -;m1.'1'€ pa TYfJB MO.TJ;:f J1.ri1.1JJoillfafI Hey.c
:~ ; .oc •cr, ivr~ .caMQCAV3Tiif9 EOJ11:iOEoro .ll8ReTS . Pacq.V10TpYIM rr.rroc-
'. 'QJrao.-ar;f m.lKeT c W?..l{JteHHO ·t!\BP.fDOOJ.lt\ 'tffC.:r ?.Mn.:r!Wl'Y--

... q;:.13ofl. ~nr<~M c~a'fi>, tt!!'O aMwuriry,zta BOJIBH Be:ae:mma, n. 
~ -amm.. He C}l.ilhHO 0'1'..J~e·rcP. O.T UKeyCOM;n~.l?'bHO~ c u.acTOTOlt 

o R· tvt Bo.ruto DHM a e:ttTOJJOM K • .ID~crr.eJJCI!OHiwe ypasr.~fute r. ·-· 
~ll11J ~mwii i30JIHli 1:1M66T BH.U 

(4~0) 

A 

~;· .• _:, ,J.~1;Ty,t-Q ~O.mIDf. Ee~ K H A R3M€HR?J:L'q..i:t c x r T. G. 

~-)~ ,ti);c ··tJ ( X) , TO 

'· o K aw oi< aA2. 
~=-ox =--V~ ax +c<~ (4.31) 

v~ = awK/tJK 

tt'TO 

<lA
2 a (. 2 O 

----- -+· - V A ) == at ax ~ · (4.32) 

~tra~rbiC.bJJ na MO!!O'A pOM9 Tl-!'-l0Ctr.yJJ 30.liJ:tj' C· E O.mIOl'.iilM 1l10JKiM Ko 
' ~; ~~ •rpi;a.il . A0 :MG~rro e1 B03MYJU8EUe 

(4. 33) 
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(_4 .• '34) 

I'l{a w. <<. ~ , K~ <.<. Ko - qacTorra H Bl.)~1IHOBOG 

qJICJrO MOJJYJ11!ll'D.. B mweftuo~ upHO:Jm;ie&im, ~a (4.;JI.) ' · (4.32) 
6JreJf$eT ,D;liCtTepct.foHHQ0 ypaBH~H~H:s-

[ V + ( . 2 ~· )Ve] CJ.), s ~ - OlA!l ai< . K• • (A.-35') 

1UU30'0~ 'l!\'mf.1 pa36new1.a Ha soJTRbnue rtaKe1·u a PflfyiOCJKJJ~~Ji • 

BOJIBOBUX fta·K9TOB. 
HaH.doJlae no,npoc5Ho MOJcy.7li!!m,OI·i'Ft.aiF. neyo:'l'Pittu.f,aacT:D ~s·y~ 

'HUtaC!b Afi.F.t JteH.!r'MIOto1DCIG'lX ¥-OJie6a-~lt • .1111ff Bhf'!Jic.nemut MO.lfY~ 
JJ~ fiJrOT.IJOUT.M B .•.:HiI'tl~Op.?BCltalf Kq~1l6SW.rU!X BbEtG!CJ1Dl en..tiy, 
,It8llCTJ3YlDllij110 ua 3JieR'rpoH B aeo,W.rop:OroioM BUOOKO'WCTOW-OM 

no.ire (~i:i.:r.y M¥Jt.lISW) a OJtHOf.t1&.Pff'.OM CJtytra-e,. Paa6nBEl.R. Koo~-
lll:l'J;'Y a.neRTpc111!1 x Ha 6iic1'.Po MGH.t!~mcm qac'l'b i ·~ 

MtUJ.,}IeR.f{t) Mea.~IDCSI 1U:1 CT.b x ~ • 113 y~mrnmra ,JJJ3H~~Hi1Ul 

m~x --eEt;;-eto(X) cos wt ,i.(Jm 6Hcfi•po MeH1LU!te1tea 

qacTZ ttMef* x =--e l!/me w2 , a ,[(.rt.rt Me.iIJtem;ott . .COe-

TaB~e·it-mexC?=. - < e_~ o f:rd~ ). • ":" C) (ea E:/ 4 mP. w 2 ) / (j x . 

Tm~. o6~30M, a:a aJieK'l'-POH .tteJte~ye1~ y·ope.nI·te$.Iasr cu.na o 
rro-Teu1~rn~o~1 

~u~. e~: /4m0v;t. e?-4 &~->I 2 m8w~. 

B 113orrejJY1HtJecKo:f.t !L.~s111e ~na ~ltlia Jto.11:~ua :YP~BiioB01111u3~nc~ , 

rpa)meuii·OM ~£~~1!eH~Jr. nP~ T~·='T1 ~r .-nau ;ax :I 
;i; a (2T6 n) I ~x • r~e 5 n - Mamu1 Bapaa~ IIJIO .Tf!OO~ 

TH h • OT~,mi nOJcy\!aeM 

e 2 E2 n On= - . a 2. -~ 
8m~W,s0 T (A.87) 

r.lta w~ == 41i' e~n I m C! • $orrepcHOHHoe YJ>a:aHeH~e 
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(~,38.) 

C.4.39) 

, 'M0.1i\0T pa 3B:KB8TMJ:I 

~:iOR.HaR fieycroKt!li.BrJCT..h. 00.'!I:I c:TH JIO:rtaJill3aLWH do.rree 
;; ttcbftqElH.TP.~umr 'BOJillCIBOl! 3a8 p!'RH' H3 . KOTOpli.X- no.zi 
~µ Cltfill l3bTCOi<Ot?ACTOTliOI'O It8BJl9UID1 Bl:iTeCHe.H.a ilJ.Ia3-

,~ 'HH3B:..iHHe .· rq;IBeim. .llaH~:)MJ!Ci(a ·o~pa3}'10illlfXCJi ItaBepB. 
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fl.PB H3~emm eocTommn KOCMOqiRSH'i9Clti!X OMC'l'OM, R8lt 

npamtJIO, fiPRXO,IUiTCSl IIM9Tl>· 'AE!JIO c ll.1Ia3MO~ • .B KOTO.PO'ft aMrI.Jm

TYJnJ B(J.mi cymecTBeHHO llpfJBH!lltilOT ypoBGH.b T'enJIOBl:UC KOJreoaH.H.A, 

a H.X ~:.n.1 CJiy';ffftbffi. TattJre COCTOmntR nJia3Mii Ilp~HHTO M83YB8'r:b 

Typ6yJieHTH!iM!!. B peay.1IhT9'i'A 003BMTRJ:r Tl'~YJreHT.HOCTB :a ruras
MB Hc:c:aif::Jr.;Tc.n \f}yHRJJ;L!.Jd pacrrpe~e..lieTmst \Ul<fTitll, R rrporrcxo.nnT 
aa_ollllaJliiHo cswc't'p!:rlt nepeHoc nepneH)GIJ<yJIHpHo MarmaT"ttOil.Y rromo. 
Ee.mi· mU(po,DJ4.mrnnqecKaII TypdyJicmTRocn npe,nc'raaruiarr codo~ 
uaoop 6oJIDIUoro ttHCJra Bsa:KMoitencr.BYiO!Il?.X BKX.pe~, wr.sr ~a3'M.N 
x.apal<T8:PRO BOBdy~arure Mfll)!'HX MO.D, 1(0;1Ie6aima, ·CJIO~O B30llMO

;n.elicTBytoiIGIX M0~ .c96ott, :a TypdyJie!iTROe ;J:U3.U.'itGH~Ie M()'iKeT 

CitJThHO OTJiltltJ:·lTi>e.:=t O'l' r.HJrnP.rornaMr~eckoro. I1JrA3M19HicyJO ~yp'jy

JIHHTHOCTI> OT - '.l'YP6yJieHTHOCT.H rtJ!,l(I\Cl.C'nl o-r.mrrraeT Ta:!'cr.e TO, 111'~ 

E IIJia3MS ).t~MBllirpylQQY-,IO po.IIl:i MO:tteT .Cl"'1J>fiTl> 8\fllleKT ' pa:{OH8HCHOI'O 

B3~HiMO.t(eftcTBiU! B0.11H c qc CTm:tn~a. ~ ::B J!.!:lHHOM tJJ1a3M0IDJOM 

o6'heMe ReycToittDIBoM oKa3r:.reaerrcH, 13 OQHOBH~M, 'roJTh1to o.1ma 
BeTlU1 KO.ire6amdt, TO roBOJ)nT 0 '1yp6y.,'{eRT.HOI~ COCTo.mnm, COOT

B~'rCTByJOil.(QM ,naHHo~: MO,l{e '(uaJpnMep, 0 Ji:HmtKlpOBCito:ii, KOIU?C> -

SBYKO·Bf.)i!, CBHCTOBon Typdy.T?eRTfl()C'l'M) • IT.pa E~!Xj)0BOM 'ABMGill{n 

B ~""jJ~po;l\•CWH~·me O'r;!teJIDHHe BHXJIH Ma.,'l"J nep3M6UUliPTCf! B npodT
pt}HCTBe, m ~·'li\l¥1H 0'?'A8.1fbHtm B~Dt.Ph AJETl~Jl.bHO ·B3,3KMO;neacny&T 

ca CBOUMK COCe.Jl)Thm; aMeeT Mee TO CMJJ::DHOe ~'lSHMO.u;eitcT3.~e 'B03-

~y ;104t-:ID1R ' a~ C00 1rJ3(::)TCTBenrto, CMl>ffiUl -rypOyJieRTHOCTb. Il!)K BOJ!

!:OBOM mW.JfC9Him OT}{e.1I.hf.Ih!e 30 .. "l'HOlahl& m:lKe~·b{ ~a B}'JeMff. C'Boero 

cymecTBt113811Hil y ,crreBOlOT I-~'=J30ltTi!C.& Ra 60.IIIid!!H.e paCCTO.RIIH.FI, 

B33HMO.ItettoT~te OTA8.irhll:)tt MPH .BQJIHO~liX naKeTOB M0JtUIY coc5oa 
ORl:l3!lBaeTM CJL96UM, H Mr>~o r0.90.PnT:b 0 CJia6o~ ~p·jyJI0H1'P.OC;

~. Pa.n. ITJra 3MOHHU>: saM<I 1toc1~io©ft:.unm ( mmp11r-.1e p, nn:'rtr-Jl'JIO

B~.n · .n;~rwl>Y!.Hl.fi 'l.aC!'rut 13 p.~ .mmrm:oHHLIX nO.fICaX: 3eMJW) MomeT CiliTh 
peme.n B p.1MKa>: XOpOlliO .PiJ:?Sl{TOro :a iiaC'P.0.RlltBe EP<E!Mn n~t6-

JI}'!;j\~R¥-~ - Qmr6o..B TY p6yMliTnor.Ti!. IloJIHntt ~om1t1ecTBeHHo~ 1l'eopmr 
CB.J!lt/-!1)l.\ Ti p6yJI€HiT.HOCTK rtOita ;rn CYll!EiCT.ByeT. !lpa ee tIOCTpo€lilm, 

-- a:p,rt\1MO. 6y:rr:;rr 06'be,!Ol1!1:rnu JtFll-1 cymecTayioomx no.nxo~n - comi
TOH~l~ .H ~H'OxacTE:trBCltHtt~*). 

---··---- ~ ---~---·- · ·--- -----
(*) OcuoBirou upo6JT,.~Mr»~ s T1~opm1 TY,!)dYJI9UTHoc.TH, .B peruemn: _ 

i.:0~0pc~ 30 FtOOJI8,!J.l:!ee .speWI C!:JJI no.11Ytt0!1 pJVJ; tPYi-Oll1MeH
Ta.rwm1x JJS3j'Jffi'I'a'roB rrp'tl npzMeHeHWi tfJ.1CJ1~:UU£( MflTCJlOE, 
:ftB.J!.t-!e'l'M rrepe~o,l.1, O'l' J!!IW;lMM"'-113CKOro orrucaUllH QJJICTeMll l< 
cTo.;.:::1cTll1.!ec:coMy. 
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~· ~ n• 
L(. . ,,I ~C.,"IPt B !L1It:l31\19 p!l3mra.%TCS M~!3.!'0 MO~, CJIOi!tFIO :ssamvto~el-

,i,~~ltDC 'M~W co6oR, Tpe6yeTCf£ CTaT"dC'l'.i!"'I0C'KUR . nQ.tr.<O,!J, ,IJ)!H 

;'~~:~ npo~ecca. Ilp~ 0 1.J8HlJ CJ1a6oil Typ6yJieHTHOCTK YPOBeab 
f""'~ -·~tDJ.lll!XC>l UJYMOB 'M03K'3T 6l:lTI> HaCTOJI:DKO HR3KJ4M, lfl"-0 O'J.1,U.eJTh-

- M$.:LW Ro.rre6.i:rruili npanTM11ec~ He 6yJcyT BsanMo'AeffCTBOBB'rb 
. ·y ·¢06.of, T. e. Hi M()1t1'Jlo :>n'3:c!l38 '.[1) :s mme11HoM rr pH.6Jim~9.l:llru.. 
;'~~sitillcnM'e so~rm aa qacTlrUbt nita9MH :Mo~.T "Tax E3MelU1Tl> <lJyHK-
~. ~ ~~~,J~ ~ . 

' ,~@ ~1'cn_p8,ItM91£.1S lIClCT".dlt no C·KOpe>CTBM, '1Tr.J H:.lpaC'l'3Hl!e ruyMOB 

·;"':: \:Pa.WHTca. llpz STOM HSMeHeJrae pacnpe'AElJl~.mrn pe30FtaHCBHX 

. ;.. no. Cl<Of'OC'l'RM llMOeT xapaKT8p .ItPicf.xFJSIDi :B npocTpaHCTBe 
.J~TEtA. Y'leT am1m1RJJ. 1~0Jrs6am aa ycpeJIHi?.H!IYro <fJYI-tK!nl10 

~ ,. :e'in;aJieHn.;: tt!lCTID,t no CKOpGC'J.1.ttM np:ra .100101mOM OilHCarum :KO

" ~·l\~hnil! ,110.rryq:HJJ sa3aa:rme xaaa1uiilliel.Horo n,Pll~m1xeimR. 
'.Pa:e~MOTp!!M · 1ma3M;nm .. rtt.Ho0 rrp»6J!il!«eHl!e H.a npHMEiJ:pe ssa.a

•MJ!'· ~~b-TBUJI ,c rum 31~0 ff 11errrMiOpoS6KHX KOJJe6a'tniij npn. e0 • 0 
-{. f o H- ~ - ·- - -

'0.D;IlOpo,ltltOH' a ltOJIMamrn.;..6,D:tfOM~.PH..~MJT. IloJIHasr 
ypamremm :aMeeT npK 9TOM, B~ 

df af e 1-0"P)/a.f) 
~+V ox ... -m-; ,a-; \av· = 0, 

~:~ =4r.ne ( i- JfdV J, (5.I) 
/J 

' ·~,, ;~~f ·t (._x, v, t) - 'cllY!l.KI.zyrS pJcn_pe.D;eJieHZSI OOI9:KTpQHOB, '-P.(x,t).
~9.~~TIWffiJI ~oreY.TpRtiac:Koro no.rut · E • Ecin1 nepi10.u. Jr.0JIMaliltl1 
;~iq&:~OUf.lRCli!LX :3JieK'rJ>OHOB, 3 BXD31lE!EHllX no.7IeM BO.n:li.ii! 'CK . ~ - t= _t 2 me/ e K2: If>; ) «fr<" 1 , rAe 'f: - aMJJJU!,-

/ ;~;lla.· ... .ooTt:niD;tita.w=:, f K. - MHK~MeH'l' .:aap..qcTailH.R: JU~Hrr.uoponcm1l Bo 
, , '- · HHi ' ¥Q sa ft.por.ur 1<0.n:edJ.nnta aMI!Jra'!jt){a !!o.rnrn, M3Mel:!.Fl<lTC.F. M.a.rro • 
. , ~ •. ~111l .B · rtJra:3M8 Bosdy~ae.TtH MHoro · BOJUl, 1l181'~, tfT:'.> .nQT01trJ,t1a,7Il-a

~ii~ !Th~-l .co.ce,IJ;Irnx Bomr rrept:m:.prmaJo'!'C.>!, u,POKCXO,IU-l'l' "KoJDieR'l!H-
. ~ · - · 

Ej:~~-Q":gHn" pesowmcmrx: <:tacimn;; CJ{opoc'n, -qac~ ~w!r"tlTHaae'~ 
.~?f.V;~~l:l9 J!!J 1.iJ '~llP.lr1. : £, ·tt~) '~r.lpbir~~ HCII0.1fh"3',Yfl CTa TMCTYo'tfOCRlifl no~

~ ·*~~ .. PJJr:>F.i;iO OI!1tC"8'.t'b B ,lij!~~-Y3ROHHOM · npH6.IDU&0lillll. llycTb B rtJr.23-
. ,. ( ... . 
Ilia. 13136y11ta.es HS(iop n.n1'.i3MeHmrx. w.·r~6aml£1 c ~aoBSMR c!mpoc-

~ d 'iHMli. ·:B iot1ITep.Bt'3.liB ( W/K )min <. W/K < ( W/K >ma.x , 

3JK:K'l•pJrCiec:Koe rro.rre Bo.mm 
E(x,L>-~ EKexp[iw~t-iKx]. (5.2) 
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T.K. E ;te!tcTBK're;JI:bHo, LK= E~ , w_t(. =- w; 
Ec.rr..n 5 t< - _paccT.oJIHRe Me:«,ey coc·e.n;mnm liariMOira.KaMn tto 
cpa3oBoit ctwpocTn, l EK \2 - cne1cT~.ITT>H'a:n .nJtb·THoCTh 

:.1llepmJJ· s:.i1eKTpH·qeoKOro ttoJUt, To noTeJi.OltaJI o.'J!,ne.iThlroii ra,PMo--

muw - ( \ EI(.\' 5 K) V2 I K • IIoarr6My yc.noBKe- ne.peRJllilBaHltf~. 

_p930HSHC0f> KMeeT" BH.l( 

l e
2.1Etc r~5°K 1 w 

2 2 Hf>lrL me K .(5.3} 

.r.ne 5 (w./K) - pac~c1roa11rire Me;;uzy c~oe..ttHHMrt rapMoa..ttI~MK ·nc:, 
'«}>a30Boii eKopoc·im, '.L' .. e. a'J!q pacC'l'O.FU:IMEJ MliOI'O MelibmG J;Im:PWfl" 
nomaunvraJrMml_ 1™l:l 01'4e.ITT:iao~. BO.IIRl:i. B .ILJJ.asMoH.RaM o6'beMe c 
_pasMepoM L , 8 K c:: 1t /L HB.'Ute.TcJI, ItaK rrpaBRJio, rraqroJI}.-
1<0 Mam~. \!To ycJiomte (5.3) BWlOJIHJieTcf! c .60.11.huraM 3anac()M. 

~litOHHOS npn6.mtltem.te ~ OillfC8!001 ABK/K~Jl traC'J!lttt cnpa
:se;It.TtlmO' ecmt ampnH.a llffK9T~ BOJIH: c ·6.mlsKmliH 1JK<:.POCT8:-,Ul ~A:BO

ro Me'HLIDQ nmpmru BCi3rfJ CITTm~'P.:3 B0~6y~a eMH:{ BOJDI. J3oono.1JJ;
syeMC.fl MOTO,l(OM Bs.rt-;n:ep-IloJIJ! p~3].(eJI0H.ll,R BO 3,PeM0HR Cil:lt.T~:ro· 

H ·:M13,D;Jfl3BHOrQ rrpo.ueccOE 3ll,lt·'l'tfK. OOC"TP!B~ ::1'00Jl.0CCOM sfB.TtHBTC.a: . ., "" ~ ' 

R3MGHeJme cpa3H P.'=l30liaHCHO~ 'Ia CTlUIY B no.rre BOJit:ttir. Me,D,JI9H~lllVl --

f!B.JlP.~TC.a 43Meaeime 3Mtt.tra·cy.n "J'p.&e - l:TaJY.tlfOBHK IlOJTJI Ii yq;pe.y;..;. 
~9ID.10fi ~ i:ecnpe.neJremur tfBOTilll. ITpe.n;cTa~!fruJ (iyU.l~:IO 

pacrrpe~e1rnlUIH 'it:lC'l'HI.1, B: ffitite cy~ Me;JJ.Jie.llUO ·It 6linT.PQ MeHS!lO-
llilt.X:CR qa C.Teft ' . 

(5 •. 4)-

ycpe.it.afI.ff no npm.ie~rr<y apffMeH:a, ~OJICWOMY :Io .cP1;u:meUA:10 c 
61iCTpllM BJ)eMeHGM sa.natJR l! MBRl.'1lr91r'iY' "tleM B}ieMSl ~f3MGll0l!Y.Ji 

f o ( < f >. = f 
0 

( v, L) ) , ~t npe.He6pera·si \!JleuoM . 

t eE/m~d l<lft /8 V ) , .IL.11.FI f, IiJ f0 noJiyqaey 

a ft 0 f c e . a . f. o· --+V----E- < > == at ax m~ av ., (5._b) 

a fa = ~"<. E ()f, > 
at me -av " 

r.na < E > = 0 



nctto3a10T 13 

(5.9) a (5.8)' llOJJY\l'aGM 

~·~ -~ aav D(Vl~~ , 

(p.7) 

rq».1-

{5.8) 

(5.9) 

(5.IU) 

(5.11) 

9. lil it.JieB :a !llITTW.PHO~ CR06It0 (5.11) }'tfY.1't'YBaeT OT.Kiil'.U\ £IS}>e

f "''~attciilix qt.f C'l'.m.t tta aMITJJli•.ry,tty Bo.m ( Ka-K npamLJio, RM rrpeHB6pe
;"7{ii">~ Y~:, ~iropo.n - p€f30RaHCllii.x. B (5.II), y·rmTYBa.a, trTo . .ltJ!IDia 

- ~- t J~.!Jl~ioro 0 O'beMa MHOI'O OOJmUJe. ;IJ)Ili.1;ill SOJIB.H, ·nepexO,nl!}ll 

;'.~YMMl'!.POBm!~Ul "l\ HHTe!Tpii!poaa.R"H!> c JIQ~.t01ltb!il COO;THonremuJ 

,, ' :it~ }-;, JdK :'" ; J dK • IlpOiiSBO,nSi llB'l'erpB,PO.BaHMe 
~ · ~ ' I - d 

:d ~ ·~~p .m:I) lJ T-0! 11!1:fi3a~:
0 

ttTO 5 (f ( )()) = 5 ( x-- Xo) Ila r I ox l, 

(5.I2) 
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a l El( t ~ = 2.f . 1 c. .. ,.a· cH. r< ~ ' 
(5.13.) 

- ·'ii _ W I Wpe)2 d f 0 \ r r<; - 2-n 0 K \ I( 0 .V V ~ W.c l k • (5.14) 

Yf.ia.BH01mH (5.IO), (s.12·) - (5.14) l~ cocTaBJiroaT ~aMRHY'l'YlQ 

CZCT0~~y ypamrn.wt.ll KBt\3l!tlGJl!~mtoF. TBOJ;l~!.il ~ll)IJ! .11eRI1MIOpoBC1m:X 

!tOJr£3 ·:5BIDTli. 

PaccMbTp~ pt)MKca~m posMwroro· !;)Jiel\!rpofil!or·o 1!y;Il\a 
B n.a'1sMe (t.Jic.5.I). Ila cfrJHKU,llii· p.13cnpe'AeJI~1.urn BO::ii.IID'..aEiT 

BOJIRa Pl:l..ii~:ll<.CBIUm. BMel!ll.(aR. BUJ.J. . c~rieru,KP. o· KpYTflM ¢ipoHTOIY: 
)! pacn_pooT_paH.AJO~~tsrc.R ·B oc>ira· <:~ 'l'b MaJnH cr.opocTein. (p:lilc.5oI) 

V0 w/k 
t 110 

Pl~.c.Su.I. l\n:.rnjJr:m0!iHnI1. pe.n;n:car..T"H:F. r.1.t :3'.'.•~T :uso .oyttr<ti .e tlJ"!8~

~1s u o6pnoB.'It_.:me MIB'W R~ 1)yo::Krom p~ cripe,no.i-reffiUt 
f ( v ) ·• & IC, - en (j1{ T.I1l .J'GHtl-5! TIJJO Ta 0 CT'I) :m v .P!'Wl B(J,IJn 

o~p8,rreJT.?'!\:1'r:'! ~ta yc:JTo:Jr.;i coxpg :rew1.R trno,,1N ~D ~T:.~ a npo.ur:loce 
RBa ~;Vi,t4·i F.e ~llio n .I¥i~f.y~nni 

Vmait. 

s f)V,O}dV =f~~(Vrno.i :- Vn,.ri) 1 (5. !5) 
Vmin 
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fjj l,fVrna..,;, 0 J= fo(Vrn1n, 0) ~f0~ 1 Vmin == 'JT VT -

, + - . i~·.rr . CKOPOC.111' qacT¥1.ll, Vrnav. ~ Vo - CKCf.OCTii · rfytffia 
Vmci& 

;- r ;<<, • l,.:;r-_.0 • .Ee.mi J. r ( v 0 } d v ::: n • ' T.'AP. fl I - \G.1 CJIO tra c-
J, , lo , , 
~ 1- _ , _ _ Vrn1n q11 

~~~ih'' !IY'tf!-:e, T. K. ~min <(· v maic ' Jl'O f 0 == n,i I Vo • Ha 

- . : ~:·y~e1firn BOJUI rrytlOK T.P8TIIT. 1/3 CBOSH 3:19~~.t-rn. 
~ d~~_:m •. lIZ!re~mH1 •.reopm npnMeFrneTCil 1\ pa3~1'lM ne'.J.'B.f!M 
1~~fni >i .:rJrn:.~Mli. . Ilpm4eawr .se .. ltJIJl • oro1o·aJiM· p:1 ~-i.Tilt<iilli.'C 
~-~~!'iaC.Kii.'X CHCT~M H3.i;{O TOJL!;KO llOMilllT:ti, q'!'o t'Jta CilJ-~Be.IJ;
:~~1 ·o~~ifh m\3KOM yJ.'X)BHa myMOB '3 ·O:J"JEaMe. B 1mcMoif>~13mte, 

~J~-~~~fiefuiaR !reoprui_ !!OJIYtiH.~ mh1d0Jrmee pa8a~r~.e _ .npit ~maJIH-
o ,.,. ~ - ~~(1i1mmeru10tt ~!r.lYlJY3m~ i:r;1 emu B I<OHyc no~rep:r,. l"~asnJmBel.-

~ !~-~O;JJ, ·mtieeT ;IJ;OBO..rThHO yrmyK: OCiJraCT:& 0rrp~:i'J1eH'~MOC~, .!t'.,,1{. 
ig{iH!:lS' :as.:nIM~~~·itC'r§IDl I<OJieda1mti Ha.'!lfP.~ID!r ~Jait'll 3aMeT

;mqj$ j·y,e np~! ae· Ot!E!Hh 60.n:hmlt.X 8M1IJlJ4'1'Y,D;aX BOJ!l.t. 

§. 2. C.i!a.6a!t rrypc5yJI9HTHocn 

'.Ecmt ypOBGB.b uryMOB He aacl'OJII:.I<O L.~a.11, tJTOOH dYJIO orrpa-

' <ao · · ~a~JLIHe.?ume rrp:t6JLJ.;Kemrn, T.e. H-eo6xo.D;HMo ·ytntTFIBan· 
·b~e:lkTB2:1:i BoJIH Me.ruiy co6o:tt, t10 11 He m1"c'l10JI.1RO ne.mn,, 

'-=;- !$·,ii ;cJlllteCTBeHRO E~.r:a a:;J .~~c11e .pclll'.pH.T:Ih!e c,Bi:>ficT'Ba rIJra'3MH, 

_)yl~Ht™O n;PR6.lllJKerUll~ 'CJtacio~ 'Py_pt)y.neWHOZ'l'lt. llfJR -aTOM, 

_ nd !ryMoE ,noJV!tna 6HT.!:i Mnoro Me!llil.Ue ;iraIL"!Jbso~ ::JH9prn.li 

_:·; C.rr.a6a a TY.P6YJ!ei-ITHOC:Ti> cye.n.c1.raEJ151eT co6o.!t cynepno.-. 
-.· r~OHOXJ.>0Mclmec¥.J1X .TLrrbC"f~x -B0.1TH c pt33JI~tr.IHH~K~'. ·K 
~]!ax .arxrm c TCJ\.J!-!OCT!bR> .u.o :IJl8JI!iX V I.eHOB 'CJiji~ai!mr W! 

:· ;'e'fu,qec:1Gi He3aBYimwJl.. B paMKax Teop:;.ru cJTr16q~ cyp0yJteHT

,: l¥'~~ ~Jra:I :J rro .. T.&soBaTM.fi •reopHe~ _r,o::-1M~~\B~:Y.ti, ~rrp~1;ao,nw11·.1' .Pa.3-
_. l~~~~~-e Y!~Pltemrn .no Ma.i10My rrapa."1~'i'PY, p.~&e·OMJ' oTHomeIDllD 

- ~a.~a!~: rua UM04e.tt-c1l'B11R Me;iUf.Y !30.1frlaM~ ·!( H.X [!O ;T!HO~ Sfleprim • 

. ·. · ~it~ 1ntam-tse npoueceoB -s P9.NL'<.9-X c.1m1on T:}rpdyJit:JHTHOCTE 

I ~~~()~i_!o .pacCMt'lT.PtiM.Tli nadop 3Jl8M6Il11Spm1x.. Mo.Ji - ' OOWLJI..iIF.TOPQB, 

· · :::,.:;~~t1~aa~~:nrnac!DID c anepruo~ w 11 mmy;n,coM K (s'l!O 
,O{)~ : -~aTcT:Bya1' KBali~O;BOtrSXf.lr!l!f·H3CI-:OMy rm;::oc0,11Y .B CllCTaMe 13ra -

:J;-;, - ~r~e nocTOr.)UU1R IJ..n:aPs.a pa3n:i :OJ~Hm:ue) • Th 3 a.rt9MOHTapJi.UX 



B0JIROBHX ~IDJtemra 38.ZV:JCTCR 1furt'.1Jtl'.nHlll pa cnpe~e.irim11_q KB2lHTOB. 

·onp+.1;rr.gJielilloro TKD.a N:,e ( t, K) • llpii aToM N·K = Br..l cUi< : ., 

r,:ge & K - cneli.T_pa.l'Jl>Hoe pa.crrpe;rr.eJic:nnte no BO.l!HOBt:lM ~c~ 
JraM Cn;JT.ff ~;ra1{TPQ<J_Tt:1~eol-".liX .ao.mr .G.i< =-I EK l2. /87i 

.D.Jtr.I wer;rnp0MafimiT1thrx 6~ -t\ £""'2 + I Bt1. \2/8TI. ) • CX'eMa-'5ftlec:Kn 
1GrReinrqec:koe y_paB'HeJ:IKe ):(JI.'1 trn.CJtc.i 1(.EatfTOB MO;F.U.IO BarmcaTI:, 
·B F.TI,i;.e 

(5·.I6) 

!'.Il;El S·ll { N KJ - H'HT'3r'1\9Jt CTOJllUiOBeaflB .8?J1I! C 'SOJ!Ha;.;; 

~ll, T. 9:. pea·y.JIDTaT BeJmH611triCIJ;IO 'B3a,ID.i01iettc·TBPLfI BO.JIB ~·.P:'fI' 

c zjzyroM. 1D1eH 2(-t< N..: _ ymnaaa0•11 H~.i<atncy ~Hepl"aE -B 
•rypdy.n'.eH.TEOC'l!.b aa Cl.iST HGyC'.l!Olt-01'..EOCTll * UOI'Jt0Ul0W.k'fe BOJ1H 

tracTM.l;-.:1M.l1. riu.JIK 3CJK011 ~V}cnepcim !3s~.:H!MO,i1,(:ntcTByrc1'fnE<; :B0iIJI 

Z1;ouyr.m:aeT !l.1peXBOJUIOBoe , Baa.w.o;u.eifoTBze_, nrrn; Itoirop~M -~0.JI;...; 

·llf.Jfl~·cJ:r. _,~c.rraJJ.HHe yc_Jtr.>~ (3.72) , .. ~Grp;1.rr: c;,Tci.1rr.s.ri_OB.E!JD!z 

$t{ NS . MQEHO Cl!,.MJ,1QJ11!'1~ CKL-! 3fl fllte;JT.D 1\3'.K 

J d.K1d'l°;t V (ifc, K2 , KJl--li(, ·N~ ;r;D,·13 V(~ ,Kl ,K) -.. 
Ma.T[.>Jr~ra 3Jl8M.aHT Bl'3 a;-n-7'0.11.e~cTB~1$! • . 1Lrm rro.1ry ~ernu1 EM.;t(a, V 
J1cuo.ll.l:r3yeToE YI~BHemrn crap:iMeTJm:~ecl\Oft, ;:i 0 y ,0Toil•·ui3~cn1 

B npe;IJ;no.rroJK'<:H!.11.~1 o cJrylf!:1~lliorx wa3ax Esmu.m,n•alkTByIQl$lX. 
B(, .TJ11 fl M~;r:v1em1qM liaMeHemfil ir.X. 8.MILifilTY.D. ( '~/W,(\ << i· ,) • 

..- - + .. .-
T • T\o ·l Kt• K~\< \KA' 1Kz I , ~ _BOJlli c. ;ut=tfillHM 38KOil0~1'.>1 ~tq-
ffB.PCU.H p ra cl1i3.JmH(i yc.i'To.B'u:.rr wn(_1,tU1.mnTc:.a 11,:i!n: c_newrpos ~.;~13. 

A FL B rr:t pnc.5 .. 2. CrreK'J'P~ :::Ht,'Ua C u D n;i J)}W. 5.2 >Ifu~TC?J 

Pi!:c.-5.2. C-llSR.Tpti KOJI86a~lf. 

O.I@OpO,I(llO~ tcira3MYi 
A. 'I'r B - pacpc~,ll.Hf:.l~, 
·C :a .D - . aepacn~JWe 



,. 

- 89· -

' ~i • 
. ~ ... . T~tC\• R B pes·OS-BHC c 1fEICT~a\fil (I!p>i qepeHJ«>BCROM pe-.... ~ ~.- ..... ) 

·c.J-~ :t w~ = { ~, .t 1<2 > v • He06~o;IJ;11MocTil 
~: 'Ct3ffinta:cri.ttr.< llj)0~9.0CPB 166y~rw:s.11eria '!'eM, t!TO B POBOHaHC 
· ·t~ pa3HOCTl!ffit tracro·fe F.dCt3'KOii_a C',rO!thlb(x BOJE 1C 60.11'.0TIID-

nrJ.'11.~i et<Oj)oCT.fIMt.t MOHoP.·!' IT0.!!8 CT!> OCHO'.SHaJI M8CCB T01IJIO

\~ ITJW8MH;. Tio~'r.OMY p€130RDHC Ha 6}!ElffiHIX Md-jitaif 0Ka3a.•n

',J~r.:I . C~8CT38nRWJI B ,r:~~Ul8M0:KE! cnen~Tp.9 -BOJIH • . B xml,HTo'Bo-

.•. ~Kqia an:A~rrorru1. npu .3'1JOM upm1Qxq)J,IIT norJioll.leID1e · 1!Bc-
-. .- '1:1$ c_ ii3Cfr-0T()n WK; 11 -~cnyc1~me '!~TS c: '-!SCTO-

~v.~ , T .• e. KJ¥l.·yr_tn·poBa:m0e pac:ceSlliRe. 
~ 1:E~:fii pscrtanliH~ y<MoBzn, .ltJU1 TJ.)ex :Bo.na Ha J3i:m¢.irtl.e.::u:~, 

r · ~ 
0- I (:' t ' 

·~if.!h3a:T.t> qoTUp~ 30.1mH.: K' =c [,,. K'2..+ K'~ , ~ ~ w~ + w~"" w3 , 

·-e 'l.'p.TBY!Ol411ji mt•rer.pa41 CT-oJI:ir.Ho:Bem!il· HMee·T ~m.u; 

,;~;( tt~~d.~3 V(..K',. il2.)<"5 .,K>Nt N;-;a;N~ 

~~'~ * ~, .. ~oaHO:H:~ ::~:::
9

:::c~
0

~:::::;::~:::::T-
~ ~v ~w -~_.~-~.llfl ' - ,n _eo~_p:1TR_ Ma.a nepe,n:CPi=1 aaeprm~ 11:3_ .. e~erreaeR en_ 060-

t .J -~~O'l'OpJ!liX ll,P.OllCXO~J.;.r oos<1YJ.itnemm,. B C!I'8II0Hl1> c::eo60J{H, 
1

i_ {1,1 ·~--~~c~o.IUI'l' a:~TYXflRMH. Pem.emi~ sa.J:(atrn: o .1."'M.ITJ>O~IDM.llTieC-
1(~ ·~1~~y.1r8H.Tl!()C'rJI M02r':f:!'l' 6bl'ltl> no.rrytreRQ TO~!ffiRQ tll!QJIBH,fillMH 

~~\./ ~.~.~tJ;lt,~i't\~. t KOT·'l'hi9 il~Ka He,D;OCT8TO'!HO P83BV.T!l. Il03TGMY Halido . ..::. 
-. g( ·' ie:~~ "tf_4;ii9;iU-tH9 oue:IYJrr OCB01l0!lli • IIOl<a Ra coci6pa:itf:S,q:( pa :~.M 9P-
~~f~~ :· : .. ~; , cnyu,ife CTtfl.ti1.0HClpi:!Oft .rcyp6yJ1aH'rHc)_C.Tl:L, .T.e. npH Ha-;·. 

~- &- i t l3H8lilliHX : MCTOt!.IJ.MKOB· :me.prrt~· . H0IJPf.l.Pl1BHO nepe.n.aPJ.ltllX ee 
( 'U -~~' "·~t~~~y ltpy1UIGM::l0lll'l't:J6HOMY JI.BV!·JK0nm'J, . GCJTii ee MO;!HO CtIHTa'.t'h 

j~J . ~-)J-Hl ot. ;_i _H. s 0. T. · p. OIU!O-E ' _ K lit'-T __ o!fE!ll_· . :~ R[-Jymr . . 011. ~S CllJ1'a_ 6. ' R- o_ ro (MBJlil8 wr: . 1. _· ~_'iV1.P6y.;1~rM'iWI'O .It5J~·:t_~EmH Q-T,UaTIYH OT ' 06.UMTl'.J, J;.1,lte Tj p6y-
,'> > J~~ lf.B~!P.tEH:lJUi 61::lCTJ» $8, ,~Xi:l'!> 'L' (6C)JJ:b!!llte K ll Ma.ffiie ,n.nRHli 

l
~fo·j~ ~c~:J~3a. YBQ.'!fi'!B&ll! 'Bl!:rnoll: ](l!CCM!Ia!J;l'!ll B MeJD>Wi: MS.CilJTa6ax 

,r t~·'. ~ 
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( eM • .PRc.5.3), B .KHepu;IrnHiiQM rucrepBB.rre: 3HQprrui nepe1-cacnume 1r-
cn OT MElr-lll:iX K K 60.iThllm?.1 B .pe~yJilJTa''l'S, He.nMRE! ITTIOl'O J:tpo~Jre-

HilR MrilClllTa60.B BtUpfJ~ .. IlOCTO.F!HCT,130 IlO'l'OF.a m·l0p!'vl"l'r 8 m1epW.mB-

HOM RHTepn.!'.l.ne 110$BOJIJti3T ~ii"I'J1 3-aID?CH.i~OCTh gK ( t<) 

PMc.5.3. Cxe111ra·w1ec...l\.idt B.Pl;lt 

tk gaB.Hcl!MOCT.ll C.rl9RT.pa 

TY p6yJreH·THOCTil F.., i< 

o:T BOJntOBo r.o tmc..im· 

I( Ilplt llfi {Ji:;ltElfltfr 

3H8 pr.ml ~~a\nJ o·Ci
Jl.OCTHJvUil pac,KallltH 
A l~ 3EleyXt:iIDHr c B 

-ID:te~OHBOM -trnTep-

B}:1Ji0 B . 

.tte~CT131'l '11em.no, lTOCTO.RHCTBO !IO'l'OKa 3Hepr'.!:.{ llO 01191\'.l'py 03Ha

'tl.a8T, 'i!l.'0 

8~ K/t.K == cons't, (5.I7) 

r.n.e. 'Lt( - A..1p3K'MpHO E1. B!~et~i.~ rrepeil.alillli 3Heprnll, ,K/'LK ":' 

CKOpOCTD nspeHoca B 'K -flIJOCTp:liiCTBE> .. '1'81·~ 'KaK .IlJl(>iJ,ecc 1T&

peK21irul D!::3~UI H•?.•tralleiIBHM ' CiJ"Ia raettlUM B_ YP99H0!!.lrn 9itiI<:!pa 

,( V.K "V )VK .. KV: , 113 · cdo6paJitr3P.'YI'~ (l93htepHO_CT.H VJ/f,K: ... K v;, 
r.- ·i . 

T.e. l,K - t<VI( ' r.u;o VK - cx0poc1':Q TY...PCl,VJIO!lTH.l:JX 

llVffiCaIJ;Klit Mi:1CliITa6S. K.-1 • 3Hepfit:I t!YJThcalij1M KE,c-fV~' 

r.ne .f - II.7IOTHO'CTb, llOM~OMY rr,; 1
- I<. [ Kf,i<ji/J! 

O·rRy,n,a IIOJIY' taeM aaxoH A .H .XoJ11i11o:r:opoBa - A.M.06y.xosa 
.UJ"i.H ~PCJ:t~Ui~IM.."l'!e cxo'ff. Typ6y~rreUTHOC'l'~~ 

(5.19) 

m'Jl 'l.!YP6Y:rreliTHocn OTJII!I"lli9TCfl OT O(h·ItIBOJ! I'ZJ.tPOJt.1Hil::lMJ.!

t£eCY.1:d1 TOM, 1:!·.l!o .D I"JI.,:U,.PO;lP!P.RMRRe .J{BU:«mme OCHOBH•)!'O ~.ac

i.e•r.'i6a ne cKa3l:lnae'l'CR. <.:ymecTB8HHWil: oopasoM ua cBottc.TBaX. 
MgJLi(OMUCUIT8 0Hl:lX rrynca~f. a ~. MBrID!THr:>f i r~po,n;Rfillf.'GtKe 

]'\',~rmtTHOe no.1J.a . OCW>BHOJ;O Mf1CmTa6a BJ!JtSii?.'r - Ha ;n.tm-

jjtetme 3~~ff>:. OCTB.~IDLX. tt.::'lOillTa~OB~ MrJL 'l'Y.P6YJI1~HTiiOCTh MOlti:IO 
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VA - aJr.hB~moacKBn QI<apocTL. 
,(}3 m!E$3ME:! i.!J;i(>CTOH 38IlH.C1.fMOCTM T1iHia (5.IS) IlOJJy'il!J.Tb, 

. "'"" - ~t)p He y,J:trieTQE. 3a.B11C6'.MOC-Ti. G (K) MOXHO EiaHTll TOJLbliO 

Jf3y.~wHn .onpe.u&JkiEHoro !!lli!a BOJE. 

... Q-g~RT.P 1'10'HR0-3ByKOBO.fi cry_p6y.rreaTHOC~ - pacrtaJµlhtlt. Il.PM-
~J!~:<"' : _Jj_3?HMO,neticTBm.o BOBJIBKaKrl'C.H KOJI_f~6atn1.fi c ffO"q'J'H KOJJ.lm

W'1~~ !OJIHOBUMH BeKTOpaMld" TI,pouecc 1topoTKo.BoJIR0Bo\it .crepe-

, . ; .ti~'S'J~ co C..1U1f!likH:lM MflHO-:.uzy·KOBliX RB.91ITO:B (i;PoHOHO{B) • 

;\<;~ · ' 'i " 1~~ ,.iMeerr EH\Ili . ,,,, ~,, • ·~ ~-~12. 
Gii( - " • (5.I9) 

. ~' .nerU1M!OprJscm.rrt Ty ~y .. 'IBHTHOC~ OCHOBHhlM HCXO,D;IDL\1 npo-
F • ~ S!ft;JJ.m3TC.fl pa cna.n: JieSI'Mlt"')jX)BcKOtt "BOJIHI:i Ha .zrem'M2'.POBCY.yh1 

.- ' C?' - 313YKO~YfJ (B li30T0PMJ.1.tlACl~O~ !IJI~3M9 B pesy.ttbTa.~re 
~.n.·~;n~g 1-tollHoro 3ByKa - ~wipoBaHRoe pac.cemme .Ha .Hoaax) • 
i alllioe Bsa~1'>;U.9i'1cnme B Jl01il'M~:.BCKOt!.: TypdyJWHTHOCTR 

'.oso:ita,aeT'C:.a II nrJK~aoaetraeM J!t!.Im.ilOpGBC!m.X it~afiTO'B ,, ( ITJia3-

.. ,....,~t~i'~""·<~. T.a. nepeY.;vut .>tl ~H8f.JI'lUL :B 06.nar; 1~ J(J"IHHR3X BOJiH Po 

-~ix· rf><:l3CBR:<. r.mOpoCTe!l, tn~ HeS03MOr.i110 peSORaHCBOe 1lOr

irie so.rm 'tfBCTHl.J:aMK. 06pa 3yeTOil ,!i.,,1'11'1.FiHOBOJt!JOBUH "rura3-
- ~-~flit -R9H;!\13HC::JT.". ~ HeM NO.l!l8T D%ffi!3 :!1 T=. 1lfl M0.IzyJ1.mJ;iiOliEasr 

.. ~~~'~'r.oltti~~BOO~. tfe p(:J'3 M&C!l!Ta6N u:-1!!pU,i10ID-IOro HHT8.PBaJ.t8 MO

"J~rtOllii09. HeycT"oili:m:BrYCTll JJeH!'M:!OpO'BCK3R ::meprn.R npOHOCRT

. '.!:cr-:otomm.n~:filTIM.1t1 on KnBePJ:raMii. Cne2·:~p TY !:l<>Y"WH!!!HocTn s 
'~J1P,0HHOM li!iTepOOJid H.i\1.e.~T 13.lf,U, 

" Otl, ,,_ K-S/a . (.5.20) 

---------------
con po ·rsrnJiemrn 

Il'OI'Jr0~0ID16 BOJID MO.l\BT npP.:BrJ~tT.h R yc1topeim:JO .rp,yTIID:l 
lr3(!T.!,fU ('9TOT O'IJOllCCC. MC! lXlCOMO'l'pEM B 0JTfl.~J lOlll C:?~ r.nase) l!)'(il 
'i' • 



K yBemtt.teffino " t~pe.n:iw.a xao'51_qect<o! cRopo <.~ Tt1. Iloc:rr~.n;Hrdi~ t(pouec~ 

ll0¢l!~ HM .. Mmrn 'l'"JJ>6y~eH.'!'HO.r'O w~r_pe.Ba. 

0JtH:BM H3 cnoco6Qa. ·TY p6y~1t.E.mTitor.o Ha,rpena ~e'i·cn .Jlor
JiolUeP.Me BO.ml ~C~mln:'Di rt.Poi! pa3Fi!JrmIB TOK9J3!:lX HeycTbllti";ilfOcTeJi • 
.B $"1HHOM CJiYLf.ae, r;t!1'1!llrnoa neycro:ltr11B¢c'rH .R1li.11i!0TOH tr:r>E?BI:l!!I~lllte 

HeK9Tpporo K.PKTM•!ec.Koro 3HlPieffiifi TO'Ra. Uo2T0My, £:x.laBK_'~!e 

t-reycTotttm.Boc·TM. ;rtom:r..irn npN]3oJJff.Tb l\ .!11ex.~fttif3fill"'Y. orparaPnt:I?._a·~(f;... 
MY poc'.r ·'l·oM, no sKB~Ha,1r:ea:Tno ·no.ftB.irl:.!HJ. o Be1ww poro ~or.ro.n~ 

lruTemiKoro. coitpo"I'lrB~1rom.m, nat:m~::JeMot-o atmr1ta ... u,~rnM . ·13- :p·e~Ms: 
aHoMa.tthuo.!'o corrpo'Ft1..D.1lm-m,;:; 0JfeK'l'I;10HiJ, nepe21oc.:rur}i~ . 3JJ~·KTI'l!.;. 

\fe.cit.1.A Tox, lJ .IJ.Ol1'0JIH~!um K no're;ie MMrry.rn,oa 1~3'_;38: I.IEpnt.t.'(·
c'i'oJIRlioB01rni-1, mpJni>~ H..l\myJIDc 6.:rB7oJJ;a_pn Y3Jtylft~lli-t-El . ao;.l!l:!, K~.:,,. ' 
TOPU€ norJio[!.l~1uTca ub:n.aMP!. Bi.m . :ao.,1I>T- uw:repi:wB: xtipax1.r~,P.~cT~f
KB np11 pa·3BU.Tffilf aa.0Ma1/ThHo:ro ccmpo~nM~: lil1F!., noMaBu ~_. p~c~ 5.~.!: 

J 
J=·envr, 

·E 

Pric.5.4. &i~;te.m.m.c 'l!.z: rt.'IIO Ttio •; zr 'l'Ol\S j OT sJI€, 1tT.::'llne cy..~Jr10 
.rtO.i1r1 E :a ~oe~Me a.=toMa.:!:h=:urio corr pc~ n1Mr:~1:r~:-

E ~ - .K_pn'Nf\tec.t«.' e 3tr;;l"ltl:n1e- 3.irr11u ._p11ctecF: 1r 1J uo;ur,. 
V 0 - 1qMT1i! tiec?.oe 3Bal!.<:Frne ToI<v bi.>~ CK.O.P.~c:Tli . · 

B c·:sm11 c nJYJ6.:t~M'Jf.i a·!loMaJLbHdro eonp~THBJli~ wrn .i:a ac.:r.1e ~~p~n·r.i~~1-

csr PJOI !f,eyc'l'oiJtrmsocTe:~ ( Oyn eM:3HOBC!F..SiI, aPHH0~3 sy1coaa;:r·, 
it-J:l-1-HO'-I.VL~OTP.>Rna.r;r i~ T •. n. ) . CT_poro e pr ... ~: .-!_e sa,Ut.it'ii! MO~!i! 



-~~-~I''"' : ~ ' > ~ ~ . it , . - ~ ; .I 9 • > .;..,' .-.,; - \j ' ' ~ · :;> -
_,, I: l 

~! ~~ ·;r!·:~~ifY · f:i~li 1:> . B -C:Jt~rr ~l 0 T;t;~9Hl1MO'C T14 Ciji~~hinmHa:>t C.i!3 00~ ·1ry,p-
Vi' c-~ .i: ~Jl!'10 C 'l% .O-i?t·l B030~' ;tUJ.t3H .•. r, ~ HC>BF.\0'-:3 ?.YJ!0311.X ·BOJlli B i1.ii.::J_3t.KJ 

J K'l' .Qit trfJ C~tMM ·no.iTEf.1·. il.f,H~ _;3 l't)M £111.•r.llAO.RS!'a-8T0}1., tJ 'N) _pG,n~o 
r . i ~•!?_~iMI ClitOCO<'.imJ noJ.UJ,11 j)JKii001'.b Ma.J(t:$S~IJ.i'OB~r:~K\ -. cllo,;:t.~y _.{;y.f:ill-
\ , J,}i[, ;!.iP,~_cq;pi:;,I(iJ.fIOH!m MH-:>B JiJ 3.Jiet\'l'fxJHo-P.. B yc;rolfilnX i<ocr~m\.le.c-

~ t*~B'l~ .. -":.m~M.fl, -~~'K. ·npa~o. CTOJil:!lOBeJmf] noJIRO.C'rhto OT<;y~~··tay:0•1\ 
t \~ ~. 3a.If.~~\4a ii'IO~(.i'!T, tih!Tll 01'.,PO'!'O J'.IP.UJ8 1-L.1 'lln ,l!blW ;rl,JIJ.l TOW}, TEmjll ll<IDO 

~ } .:~ :fie;oo'p{il< ·1v'..3l"PJ!'moro noJT11 _ -

J,. 0.6Wntf1Sl fP.>~YJIH ,ll,.ill l ni:>o~o.ll)~MOC 'I'M B O'l'CYTC ·~{1 (arl.H 

~J~.- · ~m.c. , o~l Ma :rTill.'.c.HOro TIO.rm 6 -:" n e2 /m()V CO:l!t;PD'l' lffiCl'O-
·r~:1~ - .:- - _ 

'{(~j1.,: -- ~0.7fRJiOB9'mtfi ·Y c :trn) c: 6.eirn;j lfiUHM.H rJ,Grf'l'paMit.t. rlpi\ aa.oM-~im;.HO~ 
~f ), ' i'.' 

) " l!0''N~:1)~' ITM1~y.;n,ca ~J1a:r.:T_D_1ei.fm.'ll li M3yJd,1'~t·tt•3 i)QS$:1l'M 'i'oi<o-
( ~ - .. - - .l""' ~ :j::: ~ )J&ye'\'.()l!\CllBOC-'!'B. V- Yer.r • CpeJl!W! HoTepn ;~1eyJibr~i 

.· i.-· , fJJi~i;ruzy E!iBMeHli· Verf" me no \t0 ~ - F;P , r.£te ·v;, - 1fr.)~ 
'~>~ · . - - . . 

'. ~ · \~Bel.,J; CKOp0C,g.h ¥1 F"Tp - c~~J.:R .T;P6FJJf!·• iJ CJ1llT!::Efj1~•M8n ~-314'.TJ-O-
. ;~~.fiM2 . E BJ('1iruzy. :BpeM1E:ill1. pa£?.ax ·miili'cyJll;i\'~Y BOJ!H t ~rn.Jly'!n '3~lt=.K 
·~ {~ -

' ]<~'".llfl~'.l'pol{.fl lltfl B e)\Mnm:y -D]iG-Mt:El a fr~ .c,J(, ( KIWK') dK/{ 2fr >5, 
~·,)~e r~ - BJ'~f.3JJ; ~:J teitTJl0¥.0il B JH~l~pat.1 <1HT neyr~~'.vW-mEOGTli - ~t:-f..;. 
:~~ ~Q!C.:.JJe':iHHii c MltllOUlLE Iq3~s~nrne;i!Hoi! Teoj'ilm. OT-J<y.n.a 

) ·. · , . ~2 · . · "K fr d'; d r Ve.ff = men o'.llcf J d'it ~~«( 4'; l_c.h i~ · · ·C 5. 21) 
\~ .\ 

. } '!;-·· 
~: 1~ f!.T .o., .~..rt.FL .. ., ~ YP. fo'~·~JL·. : ~m:-r Vhrf Hr~o6-xo.u:1.MO 3:tan f, K B . ~~~~e 4 U:.i~~ iSIDt.P. Hey e 1'0~1n:.3D<; ':'"J o £:, r< Mc)~0 'l'. 6ti'i:~ H~M,ltQff}a ·B J.Xl~Y-
} '. :. ~~~~ TOOI>Jm' c:JL..~dott •ry pdy.w1 U£ tiTHO(;!'Z·. B · e.ny~a r • CH.llb!iOn 'Jr':J,p'!ri-

\ - :1r1)..l-!~h.v -. ·!!l:J !!pl1J1Vic1ID.3iOTC~ p a 3M0pHOl!Trrll-fl 011.Hfil<i!. AlloMa;rrt.rroe Bbl-

- ~~ .)laJt5Wie ir~;:;ir.:• p:umo J ~ / ~:eff .; ll:'l}{ np11mtJ10, B ~·pouecce 

~
1 \ ~.i.11f'J16yJieg:r1-1o·t·o F.l:~ ;r·1~BB 6lilCTJliee· y:,Be~qM.JJae·wJn 'r i:i7.me,µ:t 'cypu 

} ~:J .ite:-:·rpo1:DB. . . . . . _ 
. - Tp~i~Ot!'51., .B03 !lllli.8 1if~lte J!_pll: .P\1!!iftJm~: ::la;J.91!H 0¢ SH0MaJID-

' ., ~rpM ,coripJ-Ti•rn.11eRi1lt iLJ)i·! lotOl~Cl_-:rEy.!<OE'i'J~{_ T)'.f,-c;jt,1l{*TflOC~ ' B dee--
~~ 1 ·w~oJwJ_m!ill·r i.:: .. niRoi! rr.JmaMO, ..-~~tudc'l1.P :rpY~!l.' riac: .5:.;{> • .Pasr;u~e 'I'Y.P
~ .., ·~jj'v1 . .;iHTHWX rrr,:·r.t-O Gi;OB COlllJ•JEOJi(i~UtJ1icR }!(!f:£ur.e~.;U·1lii ill~'HKtIB-" j;'.# (;-

~ _:· -.n118;1X •. •.nmt;a.st ~-. 1 ;·1tTl"lf)rVJ3 11 J.£qi m.&, ll.'(, ;n,a!i'-;.j Il"lMfilIH~mio, fi~~ir:b~H1 

~
·~. ,.~· .: ." ~l:Jct !,i''· f'l' 'b .:·W l\C.M :;J.ilOBCKl:!Mll. ~CJCll Hp! t ii 0 llM!:lflTCR CJrb~u-t;y'T<:UI 
'-.I'.),~ .; ,;-, , 

-1?1~~ ' 
~~··;, 
;;ii:._~ ;!, .... ti 



- 9_4 -

Ba Vo OTHOCHT9.7Il>HO M8.KCBeMOBCKOtt lfJY~ paci;tpe.:u;eJIEUllU{ itOHOB 

f 1 WYilltttWI paenpe.n;eJieHM MeKTpoHoB f e (pl!c".5.5.), .so.mm c 
tPa30BOR CKOpoc TJ:i!) w Ir< , ' BBBKMO.It~iicT:eya: c 3JieKTpc>HaMa' llPRBO.ItlIT 
K 06,PaSOBallltib IIJIBTO B Y3KOM IIJl'OCKOM o.JIQe II,POCTpaBCTBa CKOpoc-
'reil ( KV~ ,Ct) ) • ;ECJIZ ~s6yueiw BOJIHJit B mrpoxoM yr11e -

paonpocTpa!iemtH, n,poKCXO,D;HT H30TJX>mt3an;Ha 'Fe E nm:poROM. 
aeepoo6pa3 HOM CSKTO pe n,POcTpaHOTBS ClCO.POCTeil -(Ha pRC. 5 .5 

PB-e .5 .·s. Jl.BYM9PHSJl F.apTHHB npocTpaHCTBa c1«5pocTeD II.PH ZOHHG-
3BYKOBOtt 'l'YP6YJieHTEiOCm 

'OH samTpKXOBaH) • Ho .a HOHH0-3~yKO_BOM cnel<Tpe OTCy'I'c'l'Bym•r 

BOJ!Hli CO CR0.POOTJ001 ., M0HhDIWllH· RPHTH'tl0CKOi ( W/K ~ Vt<.p } , 

g np1t V< v KP aaasrMo.naiicTsue BOJIH c 3Jie'KT}:5oHaMn .c:BH3aHo 
e aemuieimlMK 3fqieKTBMZ · CJISJXYl(ll.tero 3a V.Ba3dJiliHe!tHHM nPHd:mt
~eHRSi. K ITOJtBJI9IIllkJ o6JI8CT_i$. B KO TO.PPM KOH.Ho-:.myI<OBH0 'BOJIH?:: 

He B036y1KI(BJOTCa, 1Tpll80.IU!T· Talc.\e OT.CYT.CTBH8 pac!<f.rttKK BOJIH 9 - ~ - -

K 1 J • B Koayce fij)OCTpaHCTZlS CJr:opocTetl' r.u.e HST 
BOJIH, 3JIGRTpoHH CB06o.rwo ycKOpm.JTC.rI noJieM E ·(y6era1om,He 
~MeKT.POHJ:l) • B .PeJoHaHcHoii 06.nacm n.,POiICXO.ICHT"'-CHJI:bu:oe I<.Baali
.mmetraoe ZC:Kage.Erae f i • Ecmf SMeeT..C$1 CJiadoe MarmtT
HQe rto.na. nepneau,m<y.lIRpHoe TORY (Hanp_ru.,ep, E <M:Y~aa 6ec
CTOJIKHOBHTOJI'.bffi11x y.n-apHiiX. BOJJH )' 1 OHO .p.93M0tnY.&10T 3JISKTp0Hll 
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_,_-' ·fFJIBM B rrpe.noTBpal!.laeT ye$aramte sneK'l',POHo.B, ao ne ycne:aaeT 
§'OrJeiilHBaTD lfOHl:l. VlOHH00: pacnpe;n:aJI9Hi10 CHiIPHQ HCK8Jta0'l'CR. 

-:;..."" · ·~~~· ...... - .... 
.. : ~~ 1. J _ Y.zt9!4I'C.FI -:-rIO.nyq:HTli j_ ( E} B KBB3ltm!HetiHOM 

·· ~emm. Ee.rm Ba I\ J , He06xo:imMo IIOJThSOBaTbCSI tmc-
_,, _ _ ! M0TO;ll3MH. 

1, w . .BHCTphlll na_rpeB UJI33MI:l .B pemme SBOMBJI:bHOrO conponxs.nes '.Ji'fi!i - ~~a'l'py,ltRSleT S03MOZHOC'l'l> Ea6JriUtE;JHlUl JtBJie.Hd TaKoro. TIDIS 
·: -'lCM000. 

:) 1 
r iI a B a 6 ~ MEXAHH3~~ YCKOPEHRfl 3AP5mEHI!w. TIAC'OO.t 

B KOCMOCE 

, HaM~Hemte 3H0,prm! . qacTllll;bl paBHO padoTa-, np01taBOltHMOI 
·Tpn't0CKml. noJie~ BlIOJI& -'l'peeKTO,PD 1i3C'!'mlEI. 1I03TOMY RJia~ 

·-; - litJ:tjr, M9XBHH3MOB ycxopemtfl - ~Bff;38HB c npzpo.noii B03mmB1D-

. ~' '.3JI0RTPlrn9CRRx itOJieit. M~.xaJntaMii ycRopemr.fl lI0JillTCH HB pe
,,_ ..... x'._'. ,' ,v· ~~piIHe, npR ·KO'l'OP!lX cpeJtHee M;eKTpg;qecROe µo.11e <._ f) -; 0, 

._, , ~Y..aemecme, nPii ltoropux < E 'i = o, <. f 2 > ~ ·o 
~~~p,BE>M CJIY'tlaB npoP.CXO,IUiT MOHOTORHOe ys·eJ!lNe!m~ ·(rum Y'~~His

·~~~~~ ~Hl;):PI'? BMX -qac.'l'mJ,, BO B'l'OpoM - co B.P~MeHeM pa_cTeT 

~~~ K.J3aztpaT np:e:pamellll.!i sHepnm, z iWHR!IHst · paan-pe~e,neHrui 

-l~~:e,~e'l'.c.R s- pe3yJID'l'aTe ~~.i:pysn qacTJclll B npocTpaac'TBe 
1~;-~~-i11J;POB. B PMS~ c posBlITlH~M Teopn:e: TYJXS~JIBHTHoft, nJia3MH 

t«<>lij)()6HO pa3pa6amBail'CSi, B OCHOBHOM, BTOpo:K TRII MexatmSMOB, 
~-pei-:6 nplf.BJie.Kasnmlca ,7J, .. 7UI 06!hi!CH'eHRJ1 ycKp.peHHSi KOCMlfq0ClGE( 

I ~ett. 'OH CBJJSBH co. CBOH~'l'BOM TYP6Y~BHTHOlt w.rasw. ~cfxI!eK'l'llB-
. Jt.~ nepe;aaBBn aHe.pnuo MSJiott' .no..rre qacTiID;. B AaHRolt r.naBe 
·:g'YJQ'T ltpaTKO pacCMOTp0H1:1 .OCHOBlU:le Tnlli:l MGXBBl13MOB ycKopeHl!Si 

-~a:9,~ B KOCMOC9. .pa8Jm'CIII.f1e MO,IUI~HKamnt l(OTOPIDC. IIPR.BO,ll.RT 

X~ ;~e~epawm ~ . ycR~peBl!I.lO RocM,KqeCJQD{ .nyqeft. 

§ I. YcKopeane npoOHHx t1ac'!'Bn 

Ha naPBl:lX. ~Tanax ncCJie.u.o.aamut ycRopxTe~HHX MaxaJ.m.s-
1M0~ ~ xocMoce o-r.pa~a.rmc:h o.u.ao~_cTl!t8il:lM npz6JIHYi!'.e~meM, 

Ttor.n.a MO:ar.HO npeHe6pe% TOltaMll z sap;uaMK 6HCT
.Il paccr..a Tpn.Ba Tb Rx.- JJ.BH.:::ceJm·e a sa.n;aHlil:l:X 3JI9KTpo-
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M!!'HllT.HNX noJUt(. 
il.POCT0MliliiM CJrj'J480M 1tBJJ".H0TQ.R ll])(>XOJPJJ;eWie traCT.imeft 3a

,1lBHHO}i p.93HOeTr. . llO·'l'6anKBJIO:a _c;;. ~ t itor.na .Otta 'rrpzo6peTaeT '_ 
a.rreprmo e .ti ~p • llpli 6e!raTf,i6HHOM yc1<.opemm B C.Jmcso ae
cTauuoaapHH"l M::lI'RK'l'HHX m:m.srx- fr' .=. p~ I B0 ( t ) -= c.onst) 

l'lte _µ - MarrmTHIDI MOMBHT, Pi - nepneH,11).teyJL=rpnaJt CQC-· 
'T8~.fl aMIIYJlbCB. AmtrancI> B MSrlmTHOM noJie qa_cTR.Ua MO.:. 
:t<eT RJMfHilIT'h Ha.npaB..Tr.emrn cBoero JJ.BlU<emm, -ec;w oRa .n,1m~~cst 

'.BJJ.O;ill, HQlq»JBJIGliHOH .11.wr.liuH9i! ClMOBOR JIK1iliH HJrd 0Tp8r.ta9TC.ff 

OT MarimTHOil npo6IGl. ge-.rm MBI'ffitTHOe fiOJIQ MeJJ,JleHifO ··a3Me!:Ui:aT~ 
C.H. no Bp0Me!i.li, a fi9CTH.Ua ·co:sepmaeT K0.1Ie6aHR1l Me:i\..1.1.y ToqKEJ

MZ oTpaiimtilUi, ooxpaasretcR aTopoii a.1U1a6a.TH11ecl.GI.£t 11-Haap~a·a~ 

'J II = 1-p P11 ere ... eor1.&f.. • Ec.im paccTomnre Me:my Toi:mf}l\'!H 
. L I ( a. ) r - ( Jl . .. fP' O'l'!)allt~liHR = .... .;.. • TO pll'-'"' • . aIJ1II-m Mexa~3M 

ycJ<:opefll.H HOCZT !Ja3aa11..lie peryJI}rpuoro ipepMMeac~oro l!JJK cfi~p- , 
MKG.BCl\Oro nepBGro pona. Pa·ccMo~peHHBe Mexamt3Mhl DOJO.iOC'TblQ 

06.PaTHMH, T. e. B cnytrae nepm:o~t'tlec1<pro npoueoca -B3MeHelllllii

s.;rraxrrpoMarrmTHoro no.rut ycI<opeiilUJ He npoHcxowr?. llo11R iroro, 
ttT06LI ·qacTH.1.U3 ycKopPJrac1, aeo6Y.O,IJ,HM yt.teT n:poueccoa, np~_o:n.st-: 
lll~X J( aeo6pa THMOCTa. 

Hr;iMonee PftcnpccTpaH0mtliM Mexa1wsM011,, ytmTUBa!JC™ ~-~o-· 

XB"G~th.17' RBJI.ne.Tcsr CTOX8C'l'HT!9ClGflt IJ)epM.ii6BClW'-i ·wm lfiapMKE!.BC'KHii' 
BTOJ)Oi'O po.na - ynpyroe OT.Pf.I JtteHirn qr:JCTA!l OT .n;BH~.l.llliXOSl · . r.;er_, 
ffi1TH:irx. 06JJa1~nB. l!!c;ra ij - c:r..opocTh .nmrn:rmlur 06.na.t<a, a 

v - t!BCT.imli' TO OTHO_!Ilfllilie 3Hepritri 4aC'I'Hinit w ~ nocJie 
-CTOJJI\H0B0H.ZJJ !~ ee nepBGJiO'tlaJihHO(~ ~H.apr;ut W1 paBHO . 

W2 i .. 2 l 1°J v t / c 2 ,, u2 1c z 
-~:r:~ ~ -~t - ut , £ 2 . (6.!). • 

.!!!c.;ra U 2 I c ~ .-;< t i~ Y - .n..rmua cBo6o.rnmro npooera, '.l'O .• 
n .~tf1,f1 j ·~p.emv...n.m1HUM npl!OJilUKeH~M 

(6.2) 

Hp~ ~0110HS!:al~HX CTO.rmaoaei-nmi CV.O!>OC'rl> qacTMtru YMB£Iltt1Jae ·r

C.R, Uf:i·1 EC'l'P€•ttfIH;\ - yae;nKtuma~TC.fl. J!'iCJD1 Mfff'HRTUl-:e 06JI.al(.Q 

' BK~~~rrmt :i: F!:oTnT.fecKH, ·ro nrx>Hex.o.nHT r mt .. ·;y:m;i B npocT~~C'l'Be 

• 
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(6.3) 

' . ·:~'fi{q~CKM~ q1ep.meBclOli? MBX8HK3M OTHOCKTCH 1t MS.l(JI9HHO 

· ~~,.,, trpK ero npneaemm Heo6xo;nm&o yimwBB n noTepK 
:· ~ac~ B pe3y.7Il:t'l'8'Pe KyJIOHOBClGJX CTOJOOIOBeBl[a. :e: 113-
~. D03TOMY OH HB'!RHae'!' 3qx}>e'KT~{BHO ycitOJmTl> 'tlaCTRIOi) 

: c HSKOTOpoit :nzepr.tm, Ha3HBaeMOH -~HE!prHe:i! lUUKe~. 
·: .. ee ycKdpmoTCJi TJUKeJWe RORH. B ltOCMOCe .to.mx.YD!BMHCff 

, ,~TJ11{MK . Heo.mtopo.u;BOCTSDDf JtBJIF.UOTCSI ·~rrn 1:1~. 'R pasp):JBH. 

· § 2.. M.arHllTHa.a HBRain<a 

• ROTOpoe ESMeHReTCSi c 
f{80'1'HitH. 

H8KS't1Rll ll0Ra3SH8 aa· pnc.6.1. 

t 

Cxe11m, JIO.fICHmwta.R .ne·!cTBHa MarHHTHO~ aaRBqim; sa 
BepxHeM imcyai<e H3MeHe.Hllte Marimmoro no-
M s ct:> .spGMeaeM t. , na Hl'lii<HeM - qiyaia:tRJI p~cnpe
;neJiemm B npocTpancrne CRO.POC~:i· 
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Ecmt· ill»~ t ~ O nMeeTcsr R?OT.POllliOe pacnpe,ne.neima.··qac.iiql_ ·nQ 
Im'R-yr.RaM. a 3a. nepz_O.II OT t, JlO t~ .MOI'H.HTR09; IlOJIB .6tl.P'l'.P0 
aapacTae'r OT Bo .no "&1 ' TO B "pe3yJi:bTaTe :.a.ettoTBKR :(SeT~T..:. 
pC>Hnoro PtiexaHBsMS: ~~tP. pacnpe;ne;rema cTaHomrTcsr aHB.so.11..:.. 

pollHOM. OT t2 ,110_ t3 rt:POJ!cxoitMT H30Tpof!E3AUWI q:yuxmn~; pac·~ 
n-p~)t~enu 0.6 IJE33YJID'l'a'i'e pas8Hma a1m3o'l'ponawc HeycT()-~iwt>_c
. ~e}i. Ilpl! Tat«>it HSOTj)(>.lDI38n;ruJ· llBCT]) llOJIT-l9HHOii . nor1epetm0Jt 
3H9prln! npeBpan:taeTC$i· B npo.n;0:71DHy10, .H IIpl! yM9H.I>Ule8ID1: B (t.) ' 

,s·a B'peMSi O,T t S· J.(0 t't ) fl9 ll3MeHHeTCH • . OT l4 'AO .r..s . 
npoMCXOlIHT H30TpOim38JnlSI 1 ~ URM IlOBTOpsteTCsr. l<oJm~rncTB~. 
311epr1m, Te~0Mo'M" '<lac~al\m sa apeWI OT :t, 5 .no t" • M_e_~m~. 
aaeprmt, np1m6peTaeMo~ BM"d aa apeti&a ·OT t 4 .no t .2 • no~To~ 
r.rs qac.TID..Ui, s c_pe,n.K~, ycxopJil>Tcn:. 1UuieTnecRoe _ypaBHeffi{e, 
OIIBCl:rna!Om~e r.~rHWrHyiil H8lta'!Ky m.,eeT mJlJ, 

<Ho + V a -~ + -OpJ. ofo +~a Fo =Sit 
a t, _a r a t. a P.1. a t. a p II ' 0 · ' 

(6 .4) 

r.ne dp1/rlt. = P.i..~ /2B, d p,, ld°t.. -- 0 1 

""' B Ctffi.Tae_TCJI 32.lI.aHH"Ot1 :tfYHi<mf:GR t s· - ·on-e.pa -~_o:,p~, p_f@~ 
CllMJl'.lI{Ilit M~OTpoilii3au;H,R) rpywm;K"k} pacnpe,neJieSW'i nrm ' P83'~~'l!lnl 

. DaCOKO'q8CTOTllO:lt iz;ypt;yJl8nTHOCTH' ypoBeB"h lto·ropoti~ qa·~,o-cor

.naQQBaHllUM o6:r>asOM OO:Pe.zt9Jtf!eTc:t WHKimez to • 

§ 3. 'fyp6y.n:eHTHOe yCl<OP,9HHe 

Jlpa pa3B!i.TRMI ~ [LJIS~MO T,yp6yJieU.THOCTR, ¢.Y£Itr.mff J;.'90µpe~ 
.rreJJeHM Z3MeHrr~Tcn B co~·,raeTcT-Bm!· c ii,Kcpb:~300HHYM y_pa-an~~e~,,: 

dJa· ~:L D·· ~fu. (£.5) at aPj 1J a,.,j , 

r.ne D,J - TSH30P .!(U!µj.>y8'm B rtpocTpatreTBe ~JThCOB, 
Qttp~.n.eM9Mi1ti :B~m,oM TYp(iyJieHTaOc'I'~ ~ cn~i-:Tf.OM &k (t<) 
KOT0,Phi.i1 ea.MOCOI\7IDCO.B3HHUM 00pa30M Onpe.n.eJI.H9TCJ1 Brul:oM fo~ 
I) c.rryqae K30TJXHlfiO ~i Typ6yJieR'1'!iOCT~1. P130Tp0IlII331,Ur-Ji qa~~ 

·OcymecTBJUI0TCR OUCTpee. qeM H3MeHei:rne :u !:>H('-tpl''lnl, ITQ3'1'0~ 

(~.6) 
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~ ~- ' . . y;,.,e ~~et{SJI0.01> B r.naBe 5, 31-lASita MO:ttaT - CSH~l> P9iD9H~ 8.H~-
, ~.J ;!- \ ., ~t!JG! B npH6J!HJlt0@m .CJ1'.a:6oR TYP6YJr0;HTHOCTH. B OJI83Me CSes 
~(- ·~ . . .~.Hora fiOJUi MOJKGT -RMen M9C'l'O y¢KO-,PeHl!0 qacTml HQHHO-

~·i - ~· -- -- Soi ·Typ6yJreHTHOCTl>D, pa3Btt'l'i!e JI9HrMJJPOBCKOi'f "iY p6yJESHT-
;~: ,,.. ~ · c':.Tif. m:tiRBaneT K npeliM~9CTD9HHOMJ' yCKOpemm; aJI0K'l'poHo.B. 

~' :f~.~.~ae MO,lcyJI.RI.O!OHHOit HeycTOff-q}{BQCTK, 3JI0I<T.POHH· MOI'j'T :3<fxJ>eK

~ -·"- .,;~ ~ - .YC:KO.PllTMH np:e. B3BHM0,1le~CTB1U! c IIJIB3MGHHb1Ml! ltaB9j)RBMlt. 

~ . . , }~~l'ie c. MSrHHTHHM llOJieM DPQH~XO,IOIT yc1<0pemte MrA . (.npenMy-

~, , ,. ~!YI. §J. Jll ... o ·.· am>ae~. _ OBCI<. o.·ii·)· 'r.f. pd.yJ1e.t1T110CTI>ll. 3TO YCY.O. peHHe 6im3KO 
~·: ~~t>~S.QKOMY ~e.P-meBcKoMy ycxopemm npk pa.ocemmz qac~ 
· _i e1mscKOil aoJmol aa MaJible yrJJH • .Pa.ccemme. ~ d.oJlllUIHe yr.ml 
. 'i>Cl1-rca ·\{ MeXBHlt3MaM B38ID!dOJieZCTB}lSi c CKm>HOlil Mm T1}p6y3Iea·T-

•. - ~ifl>,., ~ . H .noRa He MOXST 6yn . paCCMOTp$BO. caMocor.n.acoaa.HHO. 

lr•I 
( '.~ 
~~ - ~·· 4. Y'CROpeH.Re Ha y,u.apma: BOJIBSX 

~ _ ( 

:{ . '!-_ ·, ,o~ R;3: aax6oJiee· pacnpocTpaHaHHlix R~neifiu.lx JlMe~tt B 
( -i·~~?Q:C~f M()?UJO 'Cqii!TBT:& .y.IJ;SPID.;16 SOJJ,HH. I3 M~l\!I~}f.eTaoi cpe,lte 

. \ l!~_HepHpYJ>TQH COJlH&"ffibfMH Bemmll<aMll K B peayJD>TaTe OQTeK.as .· ectme'Il:WM MT.PCM ~.armtTOClbep .DJVlHeT (ctosrcme y)I.a~e : 
I . .' "'" .~?· ~ . B ~npo6Jie~e ~cKOPaHW? RocMaqecKZX._ ~:efi 60JF:&lllID. :< 3.HeP-
~· 'QCHQBHYID J.)OJII>, B.\tllJdMO. Brp:!l>T y.napH&e BOJIHH, o6pa3y.Dijli.eCR 

~' . ~, .~~.~ ~. c.~x HOBHX_ R CB.~p~. ollHX 3B03)l, 'J. cxo~emte - Ha cppoHTBX 
1~ i,~ ~QTOJIKBomtTeJI&ma y,napmnc BOJIH SIBJIR!3TC.FI OltHHM 113 ocHoBHHX 

J" . . . . • • . 

l( ~:!!~MQ,B ycxopelraJI ItOC~GCKKX .rryqeU. 
~·.:; · . ' - ,Itpm nepeceqemm cllpoaTa YlJ.8'.PHOii 'BOJIKll, ~ac'm;ijS AB~eTca 
~·~~- .~MeliHOM ~JI~K.~1.»MBrmtT"dQ.M lIOJI~· · B Il(JD~P9t(HO'ft· Mil[ BpJme. 
~(· . ~ac'l!R.i.J,l:l · nOIIM0'tO'T sa. tppoHT · R nepeceKa1>T ero. ECJm (2) -
;) !J~~:: ; . -·.·~~ :{a cppoHTOM, a (I) - 06.rtacTD nepEi,Jt cppoHTOM, TO npz 

1 
r>-" ~OJl.HOKpa'l'HOM nepeca'f:lemra. 

~ . 

1 ~~ W21 = ~ 
~; . • 

1 Wu ~. (6.7) 

'.:!~ .·aepe.n:gTRBHCTCKOM CJIYtfSa H 
-~ ~ c ' . • ' 

'·S .? ~/ · wh _ r ~) \12 
~ ' , . Wti. - \ B~ (6.8) 

~~JR'I'BEifC."TC"KOM. IT.PH .o,nHoKf..iSTHOM sa$Wlo.lteR¢rrmm '180~ c 
~Mfoa ·y;n.apHol .ao.JIHot. ea saapraa ae MozeT yaeJm'l~TJ>cn oo.naa, 

' ' :~ . ,7, pa3 B lf0;PeJUiTl'iBMOTCK0M CJIYqae 2 60.rree. q'9114 B 13 pa·3 
- I ~Qa@~ ~~ . 

';. ~;..·' r\• 
-~~ ' l 1 ·,I .1 

c ;j l'>t 
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B peMTllBZCTCl<OM. Ilo:noMy ,n..TUI 9Fiatrn:T0JIBIIOI'fJ Ba60pa '3H0praH ' 

qacTKUBMH H~P6X();IUIMO MHO'toK-paTHOe ITOBTOpeHR0 JIG'~'.GTmm 3Tbt6 
MexaHa2Ma • MHorC>K.Pf:lTHoe aepec.ett_eHHa 11aa'fm:(eA q>poliTa y;lJ.apao;R. 
BOJIRbr :MO~eT. HM0TD Mee.TO npa :E!°3aUM6.n;eitcTB:ITTI l!BC'ImJ;bt c a_HCBMO-

JieM )'"JJ;ap.tilix BOJIH HJIH ITIJB B03Bpall.{emra lfacTilinl BS cp_pOHT OJ.QIO.i.t 

y~apao.~f BOJIHiit B pe3yJIJ>TaTa pacc'eSililUi TY.p6yJI~HTHUMR MarmlT
Bli'MZ noJI.fIMJif. IlOCJI0.tJ.H98 ZM09T MG.CTO llpll :pacrrpocTpa-i!Gril!M -y.n.11p
IIHX BOJIH ·B rryp6yJieHTHO~ 'cp_e.ne. fipH, 3TOM .D,OlIQJIHZTeJil>ROe yc

KopeI:rae .B03~1t80T zg~~a C'l'QJIKHOBBHM c M~U'miTHNMi Heo.n;Bop0:n.

HOCIJ.'SIMH, - ;u.amcynU!MHCR c pasJll!tUWMH c:rto.P()CTSThm no pas1we cro
TO.BJ:Z <l>.POHTS .BOJIIW. B pesyJll>Ta'i'e CHO ca "q8CTfill no Te~temno 
l!JUI yckoperura aa y,napHi:lX aoJIHax, .xapaxTepime BpeMJ:t ycKOJ)(~HHSI 
R BliXona Z-3 peiit'HMCJ ycKopemm o,u.tlorn no_p.a;n;Ra ·Be.rtlPmHHj, :a .'t>oP-

-MEpyeTCH .cTeneHHoi 3Hepremqeclm·M cnettT.P tracmn. 

§ ·5. Ycxopeime "tJacTKU. n:PM rrepeco~.IWRS~. MarH.ZJh1/X 

cruro.arz;:. ·JiliHll·U 

B 'l'OKCBliX CJionx npncyTC'?.BY!lT ClVLi>HHa 3JISK'J:'.pifqec1we , 

llOM B C0.6CT.B0HHO~ CKC'T9M9 KO_Op.D;3-HaT llJI8-3Mll. 'Pa3pime1:me TO

_KCBl:hC CJtOeB conpoBo:;r;n.aa'l'M Bo3dy~eli.neM CJCUThHHX -~Oll
m.iX 3JI9J(T~i:qec-1W:x IlQJrSH. Il03~QMY- c ripoue:ccoM ·nepeC'OJ;p,!.H_eHM 
9BJI3ano ycRopeHHe qacTmJ. B KoCMoce. B o6m.eM ~ae, npone:cc 
MarHHTHoro nepeco~,II.mieHH.R:, T.-e .• aapywemrJI ycµrq:SRR BMGpo!:eR

aocTZ c H3M0~EU\ii9M ·TOllOJlOrIDl Ma:.rlilITH!IX CB:JIOBHX- Jm.illIA, npone

XO~T ~6JIJ,i3ll 09Q6NX CliJIOBliX JllIBllti. HaB.00-Jiee HSJ"l-eH CJ.ry~a:.lt~ 

·KQr~a TOlV napaJLi.e.t.teH ayJieBOM' mumn :ManmTao-ro noJtil. 
CTa·imol{apHli~ :_pel:l!M nepe.coe;ItHHBP..rut B l.!.BYM9PHOM cJlyil.ae 

HJL7f!JCTpEpye.T pac .6 .2. B pe;nt:Me cTau;aoHaj>Horo nepecoe~~HHJI 
I!JI:a3?1ta c BMO.POJKeHHW MarB.ZTHUM noJieM BTe~eT B . CJ!OH co ~I<O-

POCThIO v g H BUTexpe_T C:O CKOJ>OCT:blO v c1 • HaJmtm0 rfPOBO~~c-
TllJ G a CJroe o6ecne~eT KBCt3_KQT8o;HoHapHoe nep~aar~rme 
ce CKO .POCT:blO v g is c 2-/ 4. Ti G'Ct • llo.n.- ;nenc'I"BReM i BB T.RxeIDtsi 
MarmtTHH:c: CH.l'lo~ux JmHM}i H rpa.iweHToa rasoBoro .naanel:IIDJ 
ttJra_3MH Bu6pt;m!il3a,eTc11 a3 ,cJ1on co c1t0pocTI>10 Va. • ~3 ~c.n0B1u1 
.cox.paReHRR ~c.na oqacTR!l CJrejzye"r. q.ro ' 
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y . 

~) 

.crr:;o-:.rnct~ i:3utty~eimoro nepecoe.ItH-
;HeaIDi. MarliRTHHX CHJIOBliX ..JJmmK: llJI83Mfl co Cl\OOOC'n,RJ . 

V' BT~Y..a eT ·a cnol no era JURpc>Ro~ n0Be,pXHo~,m lI -
·~u~e·x.aeT co cxopocT1'!0 Ya q~p~3 ere Y3KHe Ko~ 

(609) 

e2. v ~ v (.---- _...,...._ 
-~- - o. lrh'<'b g Vo. (6.IO) 

• 

.(6.Il) 
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r.ne t - lml<p8M:eHT pel3BllT"l!lff TMp:w.tr - MO~' TO B03~9'1' 

paapHB TOltOBoro CJ!O.fr. Ha He.mmeii:Hot CT<l.u;Iim .Bos6y~D.J3ETCSJ: 

aJie1<Tpi1q_eoKHe IIOJm c aanpmttEiB.HocTDJD E .... (Vo le. > so .B 

06JIBCTH, r.ue MarmITl!C)e noJie oopamae'l'CSI .B HYJJ:h. Ee.m e -
;It.JIRHa TOROBOI'O CJIO.Jt1 TO Bee tmCTL-"Itii npao6pe~aiOT aHeprim 
tto.PJUll<S et -E 

PaccMOTpG!-IfilI.I! M0XtUllI3M paapa6aTUB8GTCH B KOCMO_ljm3mt& 

·:a CBSraJiI c npod.1!0MOH reHapaUEJ! 6UCTpliX "iBC'mt! B co~e~ . 
BCilliI!Il<Bx K y,c:KopeHl!si -qacnm B Marmt'l'oc@epa 3eMJm. 

PacumpeHHe t:rJia3M!il B pesy..rrbTaTe-6titcTporo JIOR8minoro 
H.arpeaa '3 o6~cn, saRS?'cyJO paspel!teHJioi! xoJio,llHot IL.1IB3Mo'R, 
MOZ9'l' fi,PtmO.IIliT'l> "K IlOHBJl:0li.i!1D 6!lCTpl:lX ROROB. ECJIR B H~60.tn>-
ruoi1: 06.nacTli: npORCXO,!UfT 6HCTpuli aarpeB SJ10KTpOBOB, " TO ni:m "pae
mHpE!IDm 11Jra3MH 3JI€JRT,POBll 6yµ;yT CTparmTltCSi p6_<>rn.an HOHU, 

l! C03,14BJOTCSI ~JI0!(Tpl!'({9C~a llOJI.H, yoKop~e HOHH. B cpe.n-

HGM, ·HOWi a 3.neKT.POHB ,It.BIDey'Pca co cRo_pocT:&IO V5 -= {Tt1. /m1 >''~ • 
lfuc'l'!b HOHOB M:OJTCe'l' rrpl!OO.PSC'l'li CKO,POCTh Bll7!0.'l'b ,TI,0 Clt~poc.-
Tei! nopso:tI<a s.ilaTpoHRol!. Ilpz pewemm aa~atm, Katt .npa_BMo, 
npe.n:no.rrarae-Tcn, "tJTO MOTttHo npeHe6_pel!D BJm.J:I.BXeM Ten.110Boro 
pa36poca liOHO.B, T.e. ~ HOHOB :a OJJ.IIOMep.ttOM ~1Y'lae np.H 
ll3CDJR.P0illm· B)tOJib X 

an; ' 0 t'li'V1 0 
dt- + ax = - , 
.aVi. +V oVi --~ Cl .'P (6.I2~ 
ot I ax - rn I ClX > 

rJJ,e n i • v I - l<ORU0H.Tpan;MSI Ii! CKOpoCTD- iIOHOB, ~ - 38.P1QJ. 

llO.HS' '-P - trO'.i'eHil'd3JI 9JI91<.TpllT£9CROro ItOM, a .• iimt 3Jl0RTPO

HO.B npaMemu1110 KB83Hcira·racrec1me ormcaH:H.e, T.9. 

f e ( V,, 1 VJ. .x ,t.) = feo{me t Vxl+ Vf)/Z--etP(x. l))1 

Ilpe~uo.rJSI'al3T$>t Ta:~e, tlTO Cit!~iBe;z:r,-!JKBO YCJIO:a;Ie KBa3H.He.tt-
TpaJI:bHOC~, ':r., e. n e "" n 1 • E.CJIH MMGJO'rC.fl BOnY B0CKOJil>lO!x: 

CO.PTOE., TQ D.POlJCXO,rutT ycxopemrn npmvteCHUX HOHOB. 
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~~ 0.ztRRM lt3 HSll60Jl90 c:wn,mix: .HeJmH8HltblX m:IJiermii :B Iura3MS 
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MHorooopam1e acToo~rn.mmxcH_ .!;ll i~PBTYJlEl Mexa~~B. 
YCKOpellls] 3ap~e~; ' qqCTml ~ . odyc.iiOBJJE!Hq pa~ 
cBOaCTBaMH T0X ~31Nt>CJ~: · ~1',CT0M • ~ KO'!'O~ ·~B.B pac.1pT8_1JT. 
aHapr.Ra YCKOpHeMU.X qaCTMU ~I ~c~~ ycKopHT0~blllll -~X~a~ax 

'i0pDBSTC5i l~~ ~l:iepl~· :KpYIµ!~~B.CUJT~-~ ~~mU!· iji1_fa~Ml¥ ·9 
nosToMy ~oJi!roa · peme1~ ?3~.na110 ·tt 'tl>OpMHpe~mnm cnel<Tpa 
HeTErn~rio:a~ ~_acTHU !31~~9.~ pacCMO'l'P~mio ~ama~ np0ueccoa 

· nepe~al!lt ~Heprim ~a)ta:nl91•0 ·JtPYJlHOMaCWTaOlloro· ,liBmicemm· 
11e~~11brnQR~· rpy!li"re y,9Kopije~· ·~acnm~ Tai<oa pEJcOMo~e~e itciK~ 

·at>SM0~9 . ;f\8JIQ~O .' He 'BO BC0X·. eJiyqamc .• P.fl~ sa.n_f!-~ ABHHO:r'9 ~a 
pac_c11i0Tp9H mtite·. 

T:.K. ea~pfiBSI, : llpMOd~TBElM~S ''({@CT1'Jll.8t!'.' 4e:; fP8Bli8 ·paoo·re 
s~ool<TPiNeC'Roro.- no:rm F. B.ltoJIB TpaeK'rowm ,IJ;i?~_mi>i 'tacTfil.Ul 
u~B=e{Eviiit -. r.ne. '?. V: - . 3~p~ q~CT~ ·l:f. e~. pi<OpOCT~J. TO 

·o·OYtLi:zo.- MexanH?w_", y'C!Copemm J.te~SiT ~a :·P~ry.rJtpu~e. , tiplt1 - I<o.Toput· 
:~pa,p;Hee 3JI0RTp~OClt00 DOJIG' <E>;i!O, · H, CTQXacmernwe, npH 
i<o'foj)Hx <i)do. .T .K. pa,nHyc .JJa~;opo-fJcKC9. opdiim qac~ 
pa~T~'!' · c ; po_CTvtt:' :atteimrn' ~· ·Oo.nhumo 9Jltll<Tp1UIB~~ 1D~JlH 
mie~t1' . Ma.Jtble· rr.po,cTp~c·..raemrua ·Macru·Tao~, c·fox~~~~Q·~~e 
M0';8~MY , :l<SK npeBlMO. fi!niB.1IOlt8JOTCSi , ~JLR · OO'hHCHeID~fI -
YCKbpBHlf·fl 'l_S$'l:~m °JJ.O OOJlbllrnX 9He,P.rmt (npoc:5JfeM~ YCROJ)eH:1'fl 1 

• ,KOCMLttle~ Jiy"Ie~). ·O:nmlKO, He ·H~eija .BOaM{)liQ:te~TD ' 
Clrni~CT80a<l11.~·P. n& BceJJSHlio.e.. npo~~CCOB . yc1<op_ff10ilU.iX · '-ia¢~ 

. ~ry;i>lIJ.t'.filMH s .11el{'!'J11{qec.K!dWJt ·; IToJi?MTI .JJ..O ~uct)KP.1'° iiJ cl3GpXB!iocimx. 
. sJieprn~·;. 

Kpy.IllloMa.cwTa_g~a. ;CS~Diefillff . BeUlec1:aa B0 ~c~Jiel1:!1q~ 
!'!0~0JilICH:R&W't 9Y;I!l~C~EBID16 B Jl1JE;J3Me rpEi.m,teHTOB p~~~IWilil:IX 
nap~e.TpoB . ·J.! npHBQJVi'r. I( . . Be3llHKHOB0HIDQ ·~·OKOB · ' : H 

CQO'l'BefflC"r~YJtllUtt a'l~ TO'!<aM· Mcirlfininn: · n~Jisit.. J113.Mt~apRoe 
M.0~J3HiSe, K~ rrpaDWlO, OKEl3lil.BS0TCH H0YC4!'0~, ' H 

....;J;10sCSyJ1UteiO'J'c.ff paanwmue Elf.!Ul ~aa~~oit TypCSy.nenTab_c'lil~. IlpYl: 
MUJUiX JJ03M.YUJ.eliliP..X ~EHi11t> 'llJlfl~MN' H_9CH'r HeperyJlSJpHHR 
xupai<Te.p;. . Il02'i'0~;y .BO~MOlKlIO · rrp1W0H~mre MBTG.I{OE' CTSi'MCi1Nec1coR. 
tlM3m<"· K pe~eHIDJ 3fJ.na'™ oo YCl<Qpemm ·'IClC'I'lfi.t. Bos~ymemcit 
ioHe~o_a - ~IJJMTY,~ MOrYT HOQHTh JJ~iaJilmR xspa1<T_ep • .. T.
,E03M}~IJlemutM 9TBeq3~ pal"'yJlnp'Hhre 8JlaKrj)H~ecKHa TIOM • . 
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JtaK- rrpaim~o . ; ~~~l]Hj:!~e~e H~ aK~mep~~~~ - j9Kopemrue 
;qac'l'Hiw· ;~8~~~~- .. ! · }~~~)!~-~.~~~- ·_:!lt!}\_<?T• Ul ~~OJJbIDiX 
_M_e~a~-~PB' YCKO~~~ ": ~.£t1'Q~~ ;119lllfrl<H .no~.C-'f'4lfQB~b ~JlbKO no 
3'Spa~TpHJ)9-B.~~OMY' cµalC'l'PY- ~ y;~J<Opv.1'~JiblJC)l'6 . ~xmmaMa 
~Ta~~~T~ff C- '.~~~-~ :_~yJm.p_qT_~. T0_M 664.tee, ~-To BH.n, 

.cne~Til.a- ee- pr(pSJJ.~JJ.ffEiT~ff :10~1<6. '.Tmio.M yel<op'ii'i'eJlbHoro 
· Me~~~r~ .• -s ·,3a~ciilt ~9rn- iJOT~~ lr" ycJiomta-;~:r;.e.piamhf H BYXo.n:a 
'1~9~- 0~ . . o_(5~8CTlJ l;:qi<QpOWUI. . . . .. "' • 

HaCTO_mqee · noco6~0 - noes•lfcz>· SHSmrayr._QOHo'BHHi-t~lNGOKHX . 
9cooem10C-1ea·. ·-im11<Sonea qa: ·T.o: rrpm3.nei<aeMill -IiJui. --ooMcHe!mst 
:aa0Jllti.ttE1eMlif.i :YCl<opemllii :-~acriU _=yeKf>GHTEJJJ&~-~--~MSJ.Cr)aH3MOB. 
~aMo:eT6~fe~~~-e · ;~~~~alc~r.tn~~~~ : -~ . - ~~~i~~p1~~~9;..-- . nq.cocs~A npi1 · 

~~¥\JG~ ~lWC~ _ .~~~~ f'.JJBS.~ li_O(}~~fi)C~OtQJ JJPQCTj)aHCTBa" 

nb~~T· e5o.n8y, f fi:l~~·.0 1'13Y~h. ~onpo,c ·:-Od ;YCKOJ)eUW,)~ s_ap~HHUX 
~~c1!!t: ~ .. ~Pc~~~.!h . .R_BJIH~er~f! · gep_™f.Yt~M(:>~1 -coc~olt- .'nlC'tbJO 
P.6m..e~'. '3AA~~ ~~- _l{PC#~$.HilecJ<~ . CICTS~~-. 
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J~P~.'.P9PHUMlf BP.fl~m~;' ~mm-· q_ac~ B '· ~~f:JYW.El: apeM9Hl3"1· 
Q0opoT8 no: JJ8JlM()poi3CKOA. opditT~ 2'zttwB (r,Ae Wa,_: '1ID(JtOT}JOHH8fl 

'IBCTOTa 'IBCTHI.Ui B MerBZTHoM noJJ~ ·. B). ''te ~ BPS~)Hf · ociniliiuftma 

11ecTHJ.ui Me?w- M~THH?tm npo6~BMH a 'ti!> ~ apeMeim ooxo.n:a 
tl.aC'.i'Huli Boxpyr U911TJ>t=! 'Jl_QB~A B P93YJ11.1TST9 :ljpa'.imeHTHOro 
jj;peAtfia It .Jtpeatl>a ~e .· C'leT . K}lltBH3Hll N8rBHTHOro. ·no.JUI. KaR 

npa~. -w~ 1 -«rt&«'t~. ~~~e . ~acTJru.U Mor~T · 6WTb 
v ~KTRpOBSHH BHYT})L JIPBymJ:qt 38 ·cqeT pacrIDJ{El ReftTpoHOB, 

.NOryT UOr;t~~'l'b B aee ~ TC>puos ( upk· iJ.ettcTmm YCKOpHT0JlSHUX 

;M9X~3MOB H.E1 .' 'l'OPl.l8~) HJIH c nepl!~pKH ~JI~ayunra. ~. nepBOM 

~q~e saeprmi tiac~ ieo·mo ~ccH_POBaHa' · M onpe.nenRa'i'cs; 
cnekTI>QM p~cna.naiOOIHXcst ua·~uoe~ .J*' 1:1_TOp<:>M ..; · _sH_epranmoa 
HC.TO'lm!Ka. a B 3-eN - BHJl~ cneKT.P8' qa~ Hfl1 

• ~.PM@pHM 

·.nosymltil. IlpH- ;nB"mtcemnt 'ISCT~ 0B odJiaOTb c .~OJJhUm~~r B npu 
COXpaHeamr !16pBoro H· BTOporo 8,lIHa6a~eC'Klt,X 1-Um.ej:waHTOB. 8'!18 

SHBpI'Hsi BapsqTSST H :cmewrp~ C'l'SHOBH'J,'Cff 6oJJae. JKaCTIG™. 

IlOCJie}Uildt i'M0XaBM3M ~09»T ,p¢BOBHOA ' ~an a: cix>pwrpoeaBHe 
pBJGI8.IIROHHliA llORCOB BEl_~· H ijJJ8H0T - noTOI<OB -~H0prH'IHlll 

sa.P.RJ!Cemrux 'Iac'l·~ e oOJJa~TJL'l aaX:Baqeimoa PElJtR~~-· 
Pacnpe.ne!Jetui~ n9T0Ka .qacTRLt. o oope.ne"1eHitoa . ~HAp~e1t a 

aB~e~Td_ ·pT paccTtiroms .oT" ueHTpa ~aHeTH ~~~13.rr: o~ ftLIIZ 
aeqKOJthKQ i ~J(C~MOD. ' BoSRmaiOBe~e ~OTQpl:lX: oCSyc.nq~Jef{O 
KOHKyPt;ill.CcfeA: npoueccbB y:c1mpe~. rrpM qHOC~ 'l!JC~ B od.naCTM 

QoJibtllHx Ma:M«rl*HUX ' noJla~ .;n ,IlpoUBCOOB UO'l'Spb. Ha pHO 1 .1 
tlOK83aHY 38BMClUl.OCTR IIOTOKOB: IlpO'l'OROB, a Ra · ~c 1 •. 2 -
~JieK'lj)OHOB B MarimTo~pe se~. npo•rom; . .l! aJJhli)a qacTHULt 
DOilS,Jl81DT B . ~aqM~lrn~HYIO JIO~y~l(y H~f COJiHe'lliOf'O BfJ.Tpa. Hap9.JlV 

C. COJIH0llHU14 B0'1'pOM· E!l'OpUM ' K.c'i'o'ilnmOM nPQ'i'OHOB .H: ~Jlit)e 

TSJE9~ HOBOS fiBJtSi0TC~ ael«H~SI ~OHO$lJa ! Ha KOTOpolt ·~acnmu 
BUTHrHBalO'J'CSJ H yt;i<ppHIOTC.R. 8Jl$KTpHt1ecl<..IDdH .UOJUIMH- -BJ(OJro 

Martmr~ CWirJP~ .IOO::C4ft.. 3rroT- He To~ .neacTBY9T, B 

OCHOBHOM, HS 1'1e_pn@pifil .JlQBYUOOi H,. ~O~T K oqpaaotiamno 
lJCtRH!lX pa,m!ie~oHml~ rtOftCOB. 3eMJM-; . a· reoMarH?ITHOa JIOE%Y11LJ(e npH 
3H0pntSIX >40 :,1~B H8'llllt8S.T 'fi'P9Tb poJlh HOlt'l'poB;lnln pacila,D.

:00JJ8C'rb ITOBW!le.Hllci~ . KRTSH~OCTH npO'l'OliOB p ' a110pr~rnw1 > t 00 
iteB HM0eT 1 MSl<CH. ... y:M ·(HO MOJI!l..~ paC(]ToffHdSlX :o·f 3t;.iMJG1 rrpH 

:aaepr1rnx >40 "18B HaCJUO.liae·rcff H&60JUiIDt)~ STCJpPtl M8'KCHMYM);. 
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0 2. 

-,oa -

0 - -- 2. 4 6_ -

8 RJRE--

8 R/RE 

Pac. f.1. 
38mtcm.tac'rn 
~OTOKOB 

IIpOTDHOB OT 
·~01.{e_H'l'pH--

~ec~pro 

pa·cc'l'OffUBSf 

(R:g-~-c 
-aeM.nH> 

PKG. 1.2. 
~~~CTH 
l'.JO~()KOS 

l)JJeKTp0HQJ3: 

QT reorte.B
'fpiP!ecl<oro 
pacct'Omm.R 

.·xapaKT0VdQ2 OC(}6BHP.:OCTbl) 88BHCliMCOTH - UO'l'OKOB- npoTOBOB. _OT 

raoueHTpW!eCKOf'O p8CGTOlllmfi HBJIR9'l'CR y.se~eillte KpYTHSlW 
BHeunm_ro ~pall JIOJiCB It ' rtpH~HH~ ~8RCHMYMB' K ~MJJO c pocToM 

-' ~.Repr-.m. JI~I)eHUl!BJJhID.dt- ~Ilf;tic'.rp . upO'l,OHOB' BdJ1.ij35i WtOCKO-C'm 

aJ<aaTop~ MMee·r Biul-

'tJI01lis=S0 eAJ)·C-£/£0 >. (1.1) 

' fipH saepI'MSit(. 60J1bWlfX H0KO'l'Oporo KpHTH\laOKOl'O 3HS'l0HHff .B 

:3HBJJI'9'l'~0Cl(0M- ,ll,1"1arra"aOH.e 0' 1.--30 MaB' BSJIINHHa so H3MBHRBTCSI ~ 
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a ·ypmmeHfie cHJloB<>a .mnnm W.OeT Bl!;lt 

·R=R~ s~2~, (1 .3) 

r.ne napBMeTP 'L onpe.it~~ReT ; ~cc1omme OT' ~ CWioaoa 

.mmim II.O ueHTp~ 3eMJJJ:t, H3~~peJ:!Hoe B ~e~ · p~cax RB. B 
noJie JIHll<:>Jlst .. a~cliMQC'l'h_ rrepuOJJ.a Jl(>_.nr<).Pqpro . ,tij)e~ 

'Ct? =2~pv ~ . (.r.ne v., ~ 'Ct<OpoCTJ., JtOJII'OTHOro ;upeMaJ OT L H 

9lle~~SC~ . £ Onpe)(e.nReTbs:i. COoThOiD6HH9M 

't~=ctl9 c-'.6.)11£·, (1 .. 4) 

r.ne KOHCTBHTB ·c ci.n86o 38B.Hc~: ot snepnm; (H3M01Ul8'l'CSJ B 2 
: peas rq:il!· rtepexo~ O'l' . HG:p0J1RT.KBHCTCKHX K 'peJJaTJ&ml!CTCKHM 
saepri!HM)., --ewm~ I ui" ("6m) <?I;lpa)t0JISl9~ 3~HCHMOCTb 'tf> OT 

,ompont 39pKBJibHOft TOtnm {?t/2~~) :M ~~M9Wl0TCH OT ' «JP ('lt/2 )=1 

H8 SKBBTOpe JJ.Q ·(J9 (0)~l,5. 

~ CJTy-qae . 3ewmro ~QJµJ · ~R ·tiscTmJ, c_ :.aHeprnmvm a; 100 

MSB 'tt?»~e~i 1 
·, . ~ Tp80ff',l'PpHH : ti:acTlJl{ SMOJlliff!Y.r . 8l(CHSJIDHO 

C~9TpJmzyi) .v;pe~BYIO OCSOJJO'fi<Y. . '0TKJJOR0HH0 Marmmmro IIOJIR 
~MJIH OT TIQJJSI J'.(mlOJJJi. CBH38.HH08 ·c reoMarmtTHHM 
Ji\K.if~UvjQ, pacctmrimaeTcJJ -· no M9TOM raycc~ -~ H<mO.Jlh30BSfill0M 

paSJiolKeH:rut. no·· ~jJWUlCI~· .~~~OimKBM. Ha ,PBCCTORHH~ OT 
:U9Wrp8 3aMJJH > ~15 · -RB CHJlbno CK~~~lO'l'Cfl. ·H~8JK9HIDt noJJSI, 

BH3lmB8MhlS TOI<BMM B QKpYJCSnne·~- - I1Jt89Mt>. c· Jnl~BHOft CTOpC>Hhl 

no.De no~aT.O B , P€f3Y'JII?TST9 . 961ie1<am!R MBi'HMTO$p}ii COJiaS'lHYM 

Be•rpoM. c BO'IHO~ ,;.. MBrmt'l'HUe ClfJtOBlle ; .nmnm ·awTsmym M 

oapE:l3~~ reo~a~T~a, x:aocT:. E:c_JUS a cJr~ae: · ,noJJH .romoJm 
1:fac'l'Ji!W:i .c pa311WtHJ:J.~ ,,.;a'MtH~ M6Mtm-r'mm µ.. u BTopiam 
HHB~pHBH'i'SMn I& H~P.nRTC.Ji tiapabi!OtUJJtbllO ua ·0,nOO~-· . •pt TOA !CO 

~HJJoeon. .mmmt. oHi 13 n.a.nh1teanteM, ~nwn c pa3I!UM1'l 
CI<OpoCT.flMJd, 0YJIYT 3anoJJRHTb OJI.rrJi H Ty Ee ~niwBYJO 060J10'IBY. 
IlpH· BToM ro.BopstT 0 BlipOlK,11;0Hm"I .npe~am· OOO.nO'IAK. B paaJrhHOM 

no.ae T8KOO Blipo~eJrne CHHM8BTCst.: ·qacml,l.U c pa3HHMM µ " I(:> 
.npe~ ·no· pa3ID™ oCSo.r:o"ll<eM'. T.e. o~oJto'iKH pacman.nRm'CR. 
IlpH STOM, eCJtH 'MCJ(S2t0ffiofff .. DOJ!!i ~OJJR HeB8Jll-ilUh TO, KW\. 

noKaaan. Mai<-~~, @&a®B.ast ~Jto'IKa 'lSCTHtµia cJtaOo aaBHCHT 

O'J' llfHPO'l'l:l -TOtraH OTp8!i;;tIDJSl. COipaHem.te µ - H -r& JJim· ,ltmfltIDIDm 

q _aC.Tltllbi· fi03BOJTHJ10 MBK-KnBBRHy .BBeCTlf C~tCT0MY KOOp~aT 
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'~ · yrJ1omn.i 'paonpe:neJfeaHeM , a 1CIJ,el<'ll)(~M s n.noc!Coc'l'H aKBaTopa. 
Ee.mt .: /(L,p~<lo) - ~~ff: paettpe.neJteHH.A ita.c'fflu: '9 DJIOCkOCTM 

. . . . . ' ~ . . 

sKSaropa, .r~ B=Bmrn ·cp - mfilyJJhc . . , ~~Ti4UH, a0 -
SICB8TC?JmBJibfll:tll JmTq"".'yrOJI) •. TO B. TOllKe CWIOBOI .mnnm. r.ne 

~SnpSIEeBHOCTb no.AA PE}BHB !!. 
f (L,p,a)=/ 0 (L~p.~cg:l,nl (s1n~a Brnu/B) 11?1 ) • ( 1 .6) 

B B8~~9M qaCTHOM c.nyqaa. KOl"A8 fo:q>(p),S1nvao, ;~lUlfl /;; 
- cJ>Cp)s1n~a(B/Bmin>-v1~. rr .. e. yrJioBQ~ l! - suepreTmecKoe 
pacrrpe·1.eJ1emu1 'l&CTHJ.t OyiJST, O.IJMH8l<OBU~ no BOSA CJ!Jtoaol 
·JIHHim, ij '~ nnom.ocTb HS"1~;nIBfiTC1l RBK' .(B/B'fllin)-1-)12-. 

nPH nepexo.ne_ c MarH"HffiOR OOOJI.O~ L Ha M8J'im.TH.Y'KI 

ol'X>Jto'li<y L' · HMIIYJibC. \1ac"Tmiµ , HsMe'Hse.rrcSI ·KaK p' =p<LIL' )312 

IijJH a0=;(), .a ·rrpu p1 ::;;Q. B cwiy co.xpaaemui .BTopor0 mmapHaHTa 

p'=P.LIL' • . c o-imJoi<oft· M~He·e 3%. Kor.na· Totrim 01'pBJKeimf1 JieJ{aT aa 
. o: - - . -·.. ·. - -- -

umpoTax ~o • ocaoBHoA BKJIBJl: E H3MeHems:e 3HeprmI qacTKUbl 

BHOCHT .OeTS~HH00 ycKopm~e , ~H, p' -P(L/L.· ) 3~2 . - "BoJiblillIDCTBO 

11ac'l'ml -a Ma~THol CR!.IOBon TPY6:t<e · -~eeT T0100f o-rpaEemu1 na 
.~'1'~ MeBhJU_~ : 30a t~c;)~CS~l(B/Bmin)- 1121o/'31N36°). llpll 
J{$0Tl)OJIHOM_ pa~Jte.ne.ai.fif Tmti!e l!SO~ GPCTtfBJijrlOT Goi OT 

OOD1e:ro 'll!cJJa tiacTm.(, a n:pn f.o<a0>~1n2a0 ..:. ~- no~noMY np~ 
wyqe~ JWB~ 'OGBOBH01! . MSCCH qacT)lU· MOJKHO "ublUIJCNU'J1h 

yr JioB.Oe pacapaJl.e31emfe H· B£Secitl'l ; ~ma~do peonpeJI.eJiemrn 
6·(J,L, t) TSKYiO, q".ro BeJlHt.nma · 0(J"1L, t.)dcldL" )taeT tmCJJO 'i8C'l'H!l 

Mez.ny o6oJio.'n~a~ t. L+c!L B :mrrepaane 3Batlel:illa J=pL312· OT J 

"/J.O tf+CJ1 ~ ,-

§§. Yc.<oB~ . t!u4f/J:Jst;w. ·~ nonepe1c 
OpeOipoB'µ:l: 060.(~M 

){aJt~KO HS BCffK•;:)e BO~MYJU0f.H0 JTPHBO,ItH't K .WilM!Y.SHH qacrnu 

nonepeK .upeRlI>OBIU ~10JJO't18K_. ECJll:i ,xapai<Tep:ac;>e· :speMf! 
BOSMyfueJilln )J;OCT8.TO'!HO B:eJlllliO' ('t"''tp) .wm ao~iMYlllBHH0 HM00T 

-aKcHaJlb:Ho cHMMeTpli11Hllit xapai<Tap, ;D;BMJ!{0~e · tiacTHUµ oopanmo , 
T.e. rqm Bcqosaoaefll!R :BOEMy~amrn qac'PHI.t8 e0s.sjiamaeTcR ua TY 
JK~ .apeRitx:mym o6oJIO'lKY. B" napBoM ·c.ny\u1e cox_pansre'icfl ,,.-peTH2 

'\J a)J;ffaOaTmeclG!R 1'IHB8p1iBIIT - M~. IlOTOlC qepe3 JWB-atlPBY., 
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I 

\ ~'. 

· i ~ 
!~>· · . 
!(; ; 

~I 

l \ 

~ I 
fQ~ 

-i'paeK'ropmo. H npM ~e,t.JPpMal.tffHi . ~~BO~ o(X)~o'ntJ.f JlPSa¢0Bafi · 
.Tpae1cTopMR CJI9JlV0T sa H3Mea~imii;IB . o&>.riolOO!~. rtp.K · ai<CJi!ani:.S.o 
imMMSTpJtNlillX B03MYllt0JlHSIX COxpB1ill8.TCfl iijJoaKtiPfH·: 00o0D(SHHC>ro 

MeMeHTD HMilYJtbca li=l~Ci>+eA(f?) :~ . Er7(0· r~p.e · _-: -P~.ItHY~ a~1<Top, 
HMIIY JibC 11 38PM qacTHg!); e1 ~ CI<:OfJO~Tb ~B0Tf:l. .·A -~~~'J'OJ) · 
llOTemuitaJJ tlOJIR,-·) Ha O!Jb CMMMBTI"JHI!. T .. l(.. B- .ijpB~EOM : 
npHOJ,lm!WHHli: ~tVc»p (AcC.8~ " cp/ eAar Llr«1 ' r~e: ·.r - MB~WT8<1 

H00,ID10pO.!XflqC'l'H no,;m ) , c ~'@OCThlO '. J.J,O ~edo.Jib~ OCWLiLJf~ 
np~i .na~ap0J3_CROM, spamemm lz::::rsrrt'f} A9 =ct;na,t. nocJt{:)J!l!ee 
aupa•eHiia -:·w.Re·Tcfl . .YpaettemJaM · :~1J1oaon Jilliil.ti:5. 01'1~.n:a c;ne,nyeT. 
"ITO 'Ui'CTHI.la 'hpli· l:lKdaaJihB:o c~~8Tp~X IlQJIHX .n;B»Jt£'i'Tc.R: ~ecTe ' 

c : CMJJOUO~ .JilUW01t· H ID)' Ol<OIJltaIDI~t .B03~1YmeJ:rn.R SOaBpautaaTcH. 'HS 

i~exo;uiy.rri o66JiO\!KY • TalffiM oCSpasoM ' riepBblM YCJlOB~iSM 
'tteoopamM6ro ).tB:PcKatrRst \iacrtfil.-. nonapei< ,JIPeiq:omq oC.R>Jio'ieK 
~1ieTc~· Hapyn10ffit9 ·TPeThBrn ·8JJ;Iila~aTIAecHorri .·mmapmmTa, a 

.~~OJJliM· ycJio~e:o1d · cyTite£TBo_amm~ Jio~o'!'Hon RoM!!oH~~~a 
9Jl0KTpWISCI<Oro: UOJUl, 3.8BHmnne:R: _OT ~OJII'OTU. 

Tpe'l'l:lW yCJ10.m-t~M •ysmr RBJJ.aeT9~ · :pe~_QHf:IH~ 
~3HMj'rE1Jl9HOl10· .qBHlt<fJHffS qae'l'Hll H B03MYIJl0JiHR SJ10Wl'pH'l90lCQro 

flO.l(~ •, T. a. '.HS.;n.NHG :·a CI10KTpaJ1h.£$X, .flJYHKl.USfl~ . ·~OJirO~ . 

rapMOHUN ~yp?e .3Jlf KTpHtieCKQ!10 H{)JfH .)(C>p'l'BT0.~0 OOJlbuoct 

;~Oa'MYlllEi~· Ela . \!aC'rO';raj 

(1 .7) 

rile. m HOMOp )lOJO'OTHOE . rapMOl!lIB:lil. t.>D 'CKOpoCTb 

fl3HMYTOJibHOro )UJ81t(Ja lUJCT~UH •· fkiJ1ytnnd STO yc.nomm ,n'.mt CJl~aH 
~~~ 'lec~i~ .~ - 9K.13eiop~a:ig:l16~ r:Jioc1<ocrn · iipH · Ha.mnnm I l 1 

{ ;~ £:?3MYute~J aJie1c·rp1¥:rn-c1<:~ro noJI~ • . · B ·pa9c1.taTpimae~9M, 
~I .' fl .YPBBH~ffilff ,n;BJ!lK0H.lJU1 1.1apTHI..l,H l!M.8JO'J' BM,U 

C~?e 

1J'·1 drldt~ E,/B, <lq~t.di=c Er/ B, :( 1 .EH 

I
\~ r,ne Er' E~ - I<OJ't1llOHeH'Jll IT0Jl.P. E. flpH MSJIHX CM0Ulemrnx 38 BpE>MR 

[r~ O)U!Cit'0 1 000p0T8 ~8CT1.'J:&.: C 118CTOTOR (]' BOKpyr ~MJ11M·· · · •.. . '1' .. e. np~ 
~,1) ' t;+2t1 /0 
~~ I OJ I ~ cEIB) /n1 l,dt I «t JWH JIIQOoro· t. B JJYJifiBOM. npH6J,IM.!C9IDrn 

~ · t 
\•. 

r=r os::CODS.t ' · (1.. 9) 

IS 



r.Ae <fa . -:-Ha'lan1>.11~ '·yrJtoBPe~ noJIC>JCSJnie; .qacTinlbl .. Di)-31.V~ 
:qacro1'a oopalJ¥lHHst 'leeTi1~1r .soKP,~· ·uenTPa · _~oiil. µ -
,y'EiPBHT!tiia. MOM~RT .i .B. neprid,.~ . ~npi!Ommamm·.' 

flrldt=;E, (:r0.~~t+q>0~tFB. -·t. c1.10> 
~ - . - - . . p . -- ·- -- -- .•; 

.:P83JJaraR ~'. :a -P.SJ.ll '~~&e. p()Jw.1i~a~~ . ~ -· -- ' ,, -.·: · -·', · - .. --
' °t · .,_. 

T-r:o~ cB~·1 IIt!<r:-9~·~1 ·9,qs:tm ':' (l;l)~-t:m w0+11 .E~Q11'6) ).: ~~;. ( 1 • t 1 ) 
- _o ·~~, -- • 

·E.~ · O~@:e · :tAo_ ape~~· no.,n~ (~;>~PJ :a. 1er.Q ®JYWi'yewm He 

~aiw.9Sf"T OT~ sj>E)M,~1µ1 ·cctat.U!paapHf#t "spro~· npc.>ue:~c >. !fa 
~ ~ 

<r:-r0>~.. ·.<(r-r0}2>~tc1Bi2·~~Cr0,m. ClD), ·(1 ·.12) 
11l' 

·rJi~ ?'(1:-0 ~m flpf;: f~,(.r0;.,t ~) ~~~f0 ,,'t+:~) ~~"(~ tJp:t) cf't - ClleKTp 
.e; --. 

i~oc'm 
1 

$1iyic~~~ ;f:l3If}K'I'pH'l0CKOr.O IlOJIH . c~ · Cl!JJY 
!)~JW~~~af3~9R· ~~-~oa~pRg~~ .. mx;>u~~~ ~ ~~· ·-~~~~c~en · O:T t > • 

1:M~ 1¥ffl8~fill9 {f . :, ?J ·CJJe.uy:a_T, ·'lT~ KO~~~H.T pa.D;l19JlhHOR 

·•ys~ · ,JJO~ ll~•cJ'~EJ.-~ .. ~Y:~'ya~:, '~Jl~~TPQ.C'J.'~'l!l{qeCKoro no.nH 
~. ~n~:Jt:T~ ~l!laOC'Xff PB QYA~,_. , -

..,E'' -. - - T~s~rim( n ' ) ' 
llJJL« .4 .~ rJG m ••,D • .. (1.13) 

a~dKo]bxo aoJiee =CJiomme }>accMo'rP0mle· ~JJn ~YKTYal\VfA 
, , ... . _ - _ .- ,.'!'"~-- . , .;,_ ;; · -: ,• ..._ _~ --.'"r • • _ _ .:. .. -. )t _ 4 _ i::: M ~ • · • • 

.peoMartmTHOro fIDJISI ee. CII9KTp0M ~ iMODIH~C.TIJ! ~~·: ftp~o.mrr K 

~HpaJK8~· 
(1 • 14) 

~~.· -~~~~ :_t)tµ/iJJJJafJ,s " 7u10. {Jeilcm8ue..i 
:8Ue'3ar:my.±· ;~yA6CO~ 

B '~a!WTO~pe; llOCTomllJO -·Had.1110)iamc.R SJJeK'i'pIDle'Cl<He UOJlfl 

AOCfaTOtmo· ·uOJibUrnX 8MiiJllfTyJi~ .HO . sril iioJin eocpe~otiaim wa 
6oJft:,oo -L{)G-7 h r ,lie ,rW4Xfiy3itn ;•1acTiu 110 :{i HOCH~!< B. O~HOBHOM. 
·SJfE>Kf]:>oQTa#ll~~Kd . . '.Xapf~.IC~~p. .!3i> BHY-Tpe~~a . :M?I'HW1'0$pE> 

EMITJrnTY ~ iifl,qy-K'l'y:m,Utl! ·BJwK'.r.poc•raw1n1cK~. flOJJEiA He 'l8CTOTflX. ' ·. . . .. ' ' ·- ·_ , "/ .. : . .,... .. - -.· . • . . ,·... ";. . . . , · ._ 

~rnux tJ~cTO~ BPfJJJ!~fil1~ " '!-~G'l'WJ,S ·~(')JCPYr :oc1-1 ,JnttlPJiff, pesRo 
YO.~BtllO'l' ~ .peayJJb'J1f:i're ·9KpE.lmtpOJ3I,C£1. BJ~Y'l'P1:3HRe'R :MarmiToalJl3pbl npH 



.~~~~ "Jaci.·'!ll nne~:~~~~ouq _pJJo~~ ocn~sng~, p~Blf. : .:8-
· ~PJ"'.ftIX>,a13RY.e .v·a.rm~~oiJIDi:( --~.R~J:1 . ~~- ~~· ~~c-~~@ .. 

·~mM_eHefillH MflrliHmoro fiPJ}sf, 'BQ~M°~B~!!9 ' '.rtp~ - -B3~1'1~M~1'qTB,iQ'. 

:M?I'mtTnc¢6pt.f c MelffiJlatt.e·~"Y.;;zia~~ ::eo.nH• ·H ·ppspim~~ '".; 
• mtesamwe: miiI~91LciJ ' .(pKc• 1'.~ ) .; a· ·~pe-syJib,'i'a'Te' _clkarrim, WiJ!, 

h(t) ~ T 

'i&10C 'f. 

,fEC. 1i ·.3;, ; &umc~OCTh· 003~ 

~~~~~r~~M~r~ 
,·lm~?J:<! ~·~G.~~ ,.GT 

~?~~!1¥~ "Ufl~' I 

~~~~na~~ 

·~-!ihce~ 

:iPBc_®'!pemuf ~•fl;Mm.Tcic<Wp1:: lnoc.ne.zuia:e. ;nj:JoPl(fxoJ!K'_( _ s.Hatn.tTe:rtLno~ 

,:pel!!.~ ·> , ·~a.nm_n.ma· Mal"ID1Tlioflo." from.fl ,:na .:a·caa ·nnaaefue :H'aM'eFrnaTbi tfa . 
!I0::-.40i'. ~f .(fi:::1'()1"'"5rc~ .• : Bpe,.,~iriraa.· napaM1izji1f Bi>sMY1ile·ffiI!-t'i cllii:.uo 

:a-tfWd_~~M,'iaW = fu?aq{iJ( IlpoMci e,zwT. - s·a: 'l ~$ t,.m:H·~ 'a' 
BciccTai-r~BJiemie ~ ,.3a f ·qan ~1 : ;Oo~~e:_~ . ~ a-aeaam~e: -~yJJ1.1"c1~·-
~a~~amc_fl -:~ ~~~ -~ .a .. ~ .. ~m~i~9+:1X' · 9~-8K9~M .. ~P~~qM~ 
~KO,~l?Jlbl0 ' J'IOJ10m'IT9Jlbmi0 ~y J~C~ Eµl3I:lBBJrJT ·q~JtpUJH~ ~93Mflllf).mtfl 
:~-~f!ll~~9T~~i~~"Wff' - i!: OpOlt~Jl~~~~~~~m;rbJQ . 'Q.KOJ10 'CY.T9~( . ~ 

1~~!'j~~e 'OYplf-. Ort~W~.·p- ~~Wl:iQ!'Q ·1™rtY .. 'fl:i.C~ :cog'fBeTCTB~~·T 
~~9J3fl!-iP.Y · ,Q_ Q®,p:aff_Qf! M,aQ:~qn1 q:ac.~ ' •nbsiCOB. Uepuc.i( ;ltOJJ!'OTH-0~~'.: 

:.zijj~~ . ~rac.'i1~11l· ; c ali~~PPf.11.:dt B~:· 1 MoB np1( ~4'7P ooc;r'a~i:teT -ORoJio· 
iH3_: .~tu. 'Tar;t-tM., ~op~fac>M -Bp.eMJf -c~a'il<·~· · M;aoro MeH1wa. a.1 speM.cl.-
11o_cc·raHoBJietmn wm:ro. ooJti,iue fn~_pHo~os : . i)~oJII•aari1bro ;@S:n(IJa 
llaCTMI~~ nosieo8~ · ,lilfucaiam. , MiimrnTtroro 1.ricf.Jfll Iqfil~ 'Bit'a{i!lrumM; 
iiMfijJibt:·e ooa;ilti!iaaTCSJ H3· o.niiopd,nHOro 100 W'· no.mt' tKOTOpoo 
B c.1ri~Y, a1foea.nbaott c~i:Me~ ~~ . .liae'i' ~~1di8.tia ·a = .. tie~enO'~ - ~ ~ 
M~~hT~CXllp~ •. '~1~~9.nefJ ·· ~~I~~~~~o~ . xapM~~0~ "0 TO'ilC~ 3~~!~ ' 
·~~P.G~C)ca .~JI~~CSf .~~~YilRJfli c ;;~f:l_fHH~M; none~ 

b.:r ·;;~o·HJvL2;~~.C coscp~ f:t .. 1:5.) 

G.c't;:iJrnBW;j 1t.BltJ[1y110J11.,HFJa- ,~airu· 'BHSliu:JalW itil.I!..YKl~Ull.u:.I~ 

3Jl0R_Tpfi'-leCKUA. rTO~H. -;ib.Jtrp'l'Jhze 1{or..mo.HeWrhl :1<0Topl:li 
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1 8aTHCJdMM0.Tp~ OTHOPHT~JI.bHO. Wl09-it()C'1'H ' s~aTopa. IlpH 8TOM 

~~ooe CMe.me~R qac~ B . pe,m~a~H~ H~llpaB.nemm B 
IlpO'l'HB~llOJIO~ 'lIOJfYIJl_Sp.HJi:X' ~m pa$~e 3H819f Jr!' .B38HMHO 

~'l'oJCa.mca. 1i.nemt c~ ao.n~:e Bhlc9Ko" MYJibTBfiOJJbHocTb10 <lNCTpO 

. YONB8~ c YMGH.bllle~e'.M i. llJJR O,itH05H8~oro onpe.naJlemtR DOJIB B 
HS yC.JJoBrofl rotE=c- 17Jb/at . :Odwnto ~~Ha.naraGTCSt J,tOll0.mntT0JJbH00 

Y.cito8}ro ocs· H,ItSaJrbHOI . . upDBo~OCTH SJlOJI}J MBI'fm.Tlnix C.HJIOB}ll 

. .mllnnt. SKBHBSJ18HTH00 YCJJOBHm CMememtR 11acTill:{ · BM0CT9 c ; · . . . 

CWJOBY.twm JIHHHHMB. . Ha pHC. 1 • 4 noK8~8HO )tBDSHHe - '18C'J'l!U npH 

soSmllmonemm BHE>~8!JH<?ro ~Jihca. Bo ·epeMR <5UC'l'p01 fl)a:au 

-

~a 9acTHI:tbl' HBXQNUJW90R ' HS Jl;llBtlllO'.R c'l'opoae ~ CMF-JntafOTCji no 

H~8BJl0HMJ) K 3eMJJ0 npH CMTHR ' Mar8:Hro$pu (Y,Jl8JIST10TC8 IJinl 
pacnmpemuO • Ha aoqeoa cTdpoHe. 11Mee'i- MecTo oCipaT.EiaH Kap'l'ID:la. 
IlJ)H 9TOM, .JlliJlllm L=const ~TCB KSK OU HBBCTpG"lY \18CTlIU8M· 

' B peayJrbTSTe, npK cxanm Mal:-mr.roetfiepu qaOT-HUU, nepaoHa"laJthHO 
Haxo,JIBBUIHeca H8 ,IUieooA cTOpoHe, non~)'.(amT Ha TpaeK'l'oprm c 
MOHbumMHe 8 BB HO'-IHOit c Oo.nbmm.m-L no cpaBlieliHJO c HCXOJtHI:lM 

L. T .i<. noCJte cHa~a · no.ne ·MSPJJeTc!i Map;JeHHo. no ·cpa:eeemno c 
rre·pHO).(Ofl. )lOJiro'f:HO'rO JijJ9~ q.acT11tl, TI)e~r'\ MH:aapl.JaHT 

COX}ialiste'l'Cff. HQIUie 3Hatt6HHSI ·L_. "3~bpa~aJ)TCSt" ~ .H \laCTHlW 

paCXO.D,SITCSI no !fOBiilM .npe~B.Wd TpaemropH.RM. nporoHH MJIH 

aJJ0K'l'pOHl:l. nepe6Haqa_JihHO ;ape~saBume rro. OecKoHeqim y31<0n 

IS 



o6oJio'D<a. pacnpe.AeJIHJt;JTc~· no ··~DJ;>: _1t0He'¢0n ifoJml!1'!'!:_~· ;.: T .R·._ 
SM11my,na cMeutemut Ob!t' EtB, a JtJm ;<B03MYt.qE.ltmn .B~a (111 .1 !? > 

' . ·. . . 2 . . = - . . • . . ):.3 ·--- . ·. . -5 ~ ' 
l~l«L, lrot~fcxlE/Lf«l .~l • TO ~a!J -- , H . . T."R. B~ I. , "TO· ~~ll , H. 

DLLa: L10• TaJ:O?d oopasoM · 1~oatiitn~m
1

HT- ~Y~~t ·no~ .n.eftcTB~e~ 
aileaammx MMUYJJbCOB O~A~-1J~9TCfl ' CTe.n~_J!hl> .. B~'fP.'!l\J 
S03MYIIl0HHSI M8t'HH1H()l"Q. nC>JljJ H ·:p£!.cµp9)leneim~M BepoSJTHt~c'(e~ 

~ .. 'lbCOB pa~'!Hl:IX SMnJIHTY,ll 

(, .1·6.) 

r.ne D
0 

tte sBBHOHT or aHepf'IDf 2 -. copTa 'lacTID.:t, eCJIH n rtepiio.II 

m>e~ yJi:OBJl0TBopiieT aepEiBeHCTB!lr.t 1 Mmt ~r.jj"' iiac. 
:-3Kcrte)JHMsliTa.1ihlma · Olij)S~~Jiefu; D

0 
IIJmBO.ltft'l' I< 

D0~(5-10)_'-1c:f""t•Rffc~ _. 'I( -~~~ome~ . 1(L16> llpKBO.ltHT 

:.n~CT8'I'O~O -~~~. ,p~ccqe'f:• npl'I l<O'l'OpoM . _CHS'IBJIB 

<?llp0:1J;0JJRB'J'CH -~OHHOS rro:.ne -e(> OT ~ IlOJlff ·mma ( 1 • 1 $) lJ a· 

. S8T9M paccM~Tpmu~eTCH: )JB~~e ~E:ICT!tJl . B 3Jlel<'f,P~SCKOM ·Ji! 

~1c~~~HliOM ~flrlm.r.B'o~ - ~OJiff:x. no.nria~~ · BliJl_a~muf ·ycp~~cir 

:no ~aM HaqSJ'.lbHOr0.1 ;I(B_~9.$U! qa~Tffq .QT. O' )lO . 21t it : tI8XO,D.R'rCR 

cpeJIH~. '!;£ 1'1 · ' cp~JtH~KB8JWBT~Oe ~Z- CMefi(~mtR .'l0CTHQij. 'Ee$ ·'f. 
-.o:- ~ apeft1Sl ~ew .nB.Y~ii ilt>cJJ9~oBa'I'e~ mttrJJib.c·ar.m, .!1'0 
· H.3tdette!1H~ aB9j{eHHbA a 42 ®mt~ pamrpe,UeJtemiJ:r.; ormcHB8aricH· 
· ypamieiweM (tlc)Kf<epa--ttnaHJ<a· 

~ .ae tl· · o 
- .:; - . 200 ~ --aa .. + 'Q ~. ( 1 • 1 r~) 
llt .. ·iJ~ lJL _ -

-. ' . ... 2 " 
r]Jtt ·D=O,S<ll /'f>, U=<WT), q-;.. · MO~pCT~ ·HC'l'OtnmKoa: 'i~(!Tlllf.l, 

a· · .. ~opocrrs noTepr:. Pacc'lleT .• ~aeT · AL2=!lCAr,_>2n;1P·, 

@=..:JaCATJl2L9
, .rn;e a=cpnat=2_5/9f3_. a tirr'T);-Tl*. -rr=o< t )/Be 

(B6=0,3 re· . - noJJe ea a_eMfioM ~KBaTopeJ, TJ• ..;. C'l'8T1".ll&Ql<_aSJ 

· ac~eTJ>Hfl no.nn, OOypJ{oBJ1e11°'HaH noctr<;>mmoa cac·'l.'aBJiftlllneit · 
coJJHeQ:Boro se'I'j:>·a.. fiB.pl:h;re JIBS tt.ne11e a npaao.A: ~acrii· ·c ~ . 17 ) 
MOEH'o ; aaMemi-Th lfo C-oP/tJL>, r.na·: "!! - JU·u~y3HOHH!ii'.n:~ noToK 'Iepe3 
o6oJJ6t.u<y c ffa~aHHliM L 1 ripvt 

. . . ['iJft" 2 ] 
P:::;-D L10 ~ T -. _e • - - o iJL L · . . 
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~l'.'~e •i>0=o .. sa<lA:q{~/r.)); ;. fliiPameime; {t -: 1~·'1 co~~piG!T perynsrpHUa 
,ooTm«" ,qacTff4 ·K- S6Wie0i;t ~~& iracTo :re.oii.e~~e1ma , ~l<T. 
,~Ji~~~- 9 ~M. ~ ~<.!" - ~&~c~::~· ,- j~ ~<?!-~jx>~ :~~~~ ll~!Ji9WT 
~Tph . .ftBHHOt! Q~JIO~. ~O~bllle ·~ 11e~ . c,>_OJJB~·~a· ' 3_afUl'l'8fl 

yx0;i;m~~~1 lia: o60JlQ'l~: , 9'~~TID.J.a¥~:. f]opR~9.~; Be.Jllftt:roru 

: ~~fil)8~~~o~9 po-ro~a · oi",iD(b_L)JBL. -if ... '_ . ~~·~-~ ~o~; .t5 ·, cpe~ 
_no~};<~ ·ec ~~ •. "OTCYTQTBP~ ~-a~~Q_~T~ ,Do . OT aiif:i~: H COpTa 

'lilP'l'Hij oOy.~JioB.neH~: B_ q.ny'qa~ ~$He3fil!RH'X. -~!Mey JibCfj'B~te.~' \f TO Ha 
. .. . ' . . . 

·.C~a,iijni- ·'CMEfn{eJruiJ qac~ .n'Bifit~T-Cff :g ' SJi0-HTfllN9CKOM DOJJe, 

iqKOpOOTh~ i.tpoaqJa , B , l<OTOj;>oM: o.ulJHaKriaa idJln· :oc~X ilac·TWl~ -8 Ha 

nocJ16iiYnmn cil'a;it\Y?X . JI;B~iute. ".odycJioeiiaeo coxp~ilemier.. 
'Tpe'i'bel'o fuapi!8HTa, Bamttnffia J'RoTciporc:r .Tataee 110 , sanHmrr 0'1· 
~~pa_KTepa q~"·· ' " 'P~cnzm,:fieLHH~. qd6Jio'l!Ca eioli~aeTcs H3 
·CMeritetfltH . c~o~t~.' JIHHim,.--;- ,lLOOCK;C'I"~c -· 9; mJ'l'Opa· Ha .IiHGBHOA 

:~~P6~9 o.rr M ·~ H~a~~jl- ~~~~~~- .;·~~- ~ ·~-Q~~~~ noJtA 

'.~;lk- ~~9M6JM¢~e·: ' G~1 ·: O~OBO .JV.JR, :BC~~-; ·'~~C'J;MU Ha; AaHHOR 
· 9.HJI<?BQ~ ~,, a ·O~ ' saB~O.HT . PT '.~ r~,-:tJ-yPJ18_ :~~q~Hlthf. B CJIY'-186 
-aa~sa~x HMt!YJJbQOB... ,IVJSI ~QT6p~xr _·BC~ :f'ap~bll»KH . D'OJt.R 

.tiDl~.~rpoBfilill, D'(a='lt/2)/D((t~(J)~f.7. -'.B .~aa jC~omeC1Cill. ~a 
OT.U~Jri>Hi1ie . jjpeMeaiillX r~~ci1~ ,- -~o~eitT' .$f!IrW3mt MSi 

·ti.~2 H:cLnop~it6~ :60.nhWe ; -i'!CiM JIJui· :a.:.-e. ~ .. . · -· · 
3JiaqeJ.tti9 -Ih :oripa,neiIR.1'cs ·no ri'pIDYn™· 'i3t;1a~irvJiM · B110samrux 

iMMilyJlhcciB. ~ ~: ;CKOpoeTRPI pj:icmpbC'l'JlaH~RM~ ·~~yo1~ ·BO.JIB. 

UocJ1ome 003HIDUl~'1'. KBW ~3~·fu,'l;aT '- CKf:l'fKOOfJpaaimx· ~3M~m.nnll! 8 
·~ .. 8 ;rpa!J¥f_~e. )~i®Y~Hg~~~ ·. ;?0Ji~c~1l~ - -~Ha- n~p~Mq·1.ntdt!:_ - .e-=D0 tl,8 

I_IP.~J!.ltT · , .?J?B8HIJlf!1~:. () :.:l,.f} ·rrpu ~ Q.=<;,=O ~~ 'a~~9'MO),XBJ!la_IJOMY En\nY. 
1p~!J!~nw.~- f:lBTO~fo,Jla.~.Hor~~ YP~~~iF. .,nae·'l1: ~~JnWPttHY,,iQ · .ttP~Y.?HoHHY 10 
~001J:H9.. pa·cmJ:>qcT·par.111£!l.Q,t1<>e11! K ~~~e • . BpeMfi paqJ1PO.c-rpllHe.mrn 

~.«f.P0Lel~Y·, - :l' iwt-k1i,5 ape~.sr -ne·-peHo.ce coc·rawu:ieT .nottTH 200 
J.Ia'.i'. ~ UoJJY'HlaMoe ·no l!al:UWM. o .Dl1(MJys1101.ftrul .,180.!1m:ix ~Ha!!eirne D0 
·Jiaxo.l.GtTcJI, a· xopc)ruaM cor' Jiacmi '·c ,tiaaiuOO, no. 8He3aIDWM 

,, • ~JJ1'Cf1M. 

Hapfl.llY c· COJUretlHUM e·er.poM1' 1nm09Jiee; ldQiltH~.M · HCTO\fil~UiOM· 

'-!3C.:'l'!.Ul B_ M8T'Im'iiqc.¢epa RBJlfla,.c.~ ~()HO$p_a • 31~ HO'l'Ottmnrn 
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I 

~1 . 

paOOTalOT He OOJll:itllltX L . oCOJIO'qKSX If eXO)lHT' ·a J(a~eCTB~ 

rpruiwumro c.IIeKTpa. !ijllt pem1-J!m~ ypaaa9m1iF1 .ztt1rppya~~ Bo 
BHY'rp~m;e~ MarHRTO$pe ,namcTByeT BCTO'ltrnK OT. paCI!BJl~ 

HaArrpoHOB tlJl:b~J{O KOCW!\l8CKHX .nyqe~. KO'l'Opu:R MOJKeT ON'!'~ 

s.aJlaJJ El:lpammmePA 

Q=Q Cµd~. (1 .19) 
0 

Ta1<aS1 3afil1cHMoc1·:1> HMaeT Me9Tc ? CJJY'lae c:ter:temtoro 
au~preTH'fecRoro cneKTpa M cTertetm<>R'.. saaw;HMOC'l'H np.rumro 
tfi!CJI.fl pollWll!X!U~XCfl B 9l.tl!ffi{IJ,~ OO'nElMa <JEJCTHU OT .L. aB.9JlGFme 

HCTO'U:ill.KB ' ( 1 .19) B- yp8.B,P.0HM0 119pGHOCS ObaBOJl.HGT C 

J.(OOTSTOllHO,A T~inIOCTh10 OimC8'i'.h car.!W\ Bliy•rpei.IBJ.l.0 • rrp0•r01l.Jni:A 

·no.RC, M~KCP.MYM .K01rbpord H8:(COJ.[WJ'CH Ha IF1 ,5. 
.. PamrnI~~)liJ:iU~ n{)SlCS :a cp€1~0Mo. CTannomJpHY. a 1l'tt8ICCZMYM1i1 

,Ytl!T9HC"BHOC~H a_axBa4eBDHx qacmu, KBK . npaB!IJlo;" -~OCTS-'rOtmO 
y ~aJteHH Q'J' Sf,MJIM. T.a!<a~ ,enTym.ura · 03Jiaqae'l', 'I To m.eerr ·Mr:mTo 

,l(IDJa~1tteCY.09 paIUIOBSCHS M.GW .l{ITTic.lWNt3Cl6tM llOTOKOP4 H 

.YTe'ffiaMJ.r . HBCT1-1U. MaJ.:Cl!MYM!i "19CTIDl. O~J{e~emto~ SH0pl~m! 

.ne>Kai'· TaM, r.ne Bi:JeMH JtHlfltJy~=nn1 rfWrMepHo paBµo· :aimMeHH. !(Hmm. 
Hact.toT1u1 'Ha e50J1bwy10 yrJI011yro aRHaoTpomm npo'l'oH:-.iHa Jt M.oliHHa 
pa~m.woHaue noRc-a · a~ .9\!eT ~anQra tr~~.na . 'lacTmt a rpy6J<e , l<aK 
rrp8BHJ10 f ~OTOR'tl~ Q.THOcMTB.JlbHO ' padl<-a~'Ul csOJIH. .St m6aJI:b 
11acrnu npH · OOJIJ:smP..X•' fl_Heprnstx :,npoMcto.rnt'l.' 3a c'ieT ·1mfil.raaUMoiiHo-
. - ' ' ' ' ' ' . &.. 

l'O -TOPMO!$Hllfl. a npY.· MeHhumx ( tx200 KaB) HainmaioT HrpBTb ~Jlh 

rrpoua~w nape.aapftJ.U<•t. Xapawre"PHbe. apeM.R J<YJtoHoecRoro 

ij'opMq!:emrn rrpcaiJ:'oiia Tiponopt.tRoliaJl:&Ho ,Ky6y .i.Mny.,'lJ.ca ~ ·no~·mr.,y 
rqnf Oti6ce arJJYCih Mfl.MlllTC.1c$:J_p!i npoTOHB c .I{amru~., ,, 'sp0M~ ~3m'f 

rrp~s noc'ro.rurnon nJioffiocrn xg_JioJJ.Hott rrna2Mu yBeJIHlllmae'ron ·Km< 
r;-912 • T8K mm · gpeMs. _Hepa noc~ . pac_TeT Kl-lR. L-~, HEl'lir~tu1 c 

Eet(OToporo L. ·rlle BJ?0MR · 1wpeaoca cpaammae·rcs, co apeMeReM 

TOpMO:!r.0IDili., pocT ·l~TeHCi.t13noc'!'M IIJ,Ji'IOCTaHaBJrnBa:e·l'l.~Sl' ~ Ha 

M0Jlhurnx L l.!fl'l1e HcHBHOCTb yO®~e1 ~ W.~pr.mpyeTcP. MaKClmyt,t 

nosma. fJOJlOJKGUl~e· tl.aKCXMyMa nostca Lm CBRS~HO c 9H~prHeA upn 

noc·roRHHO~ flJIOTH(JCTH XOJJ~P;flo0 ITJ183MU COO'l.'HOlU9HWJM 

L a: ,t<U 16 • .( 1 .2Q.) .m . 
np" ~eJJ.aHHo"~ · Slieprmt .nJU1 HHP~Jh1htB11cTt~Kot? 'iacTM1tH c· aToMHUM 
eecoM A ·~. 3ap.R110M ·z. apeMil TopMolKemrn 'tc (£ ):o: A"'- '' 12z-? _ B 
CJJY'l<la n \iaC·T~lU (A=4, Z::c2 ) BpaM~ 'rOJlMOlK01n1H B 8 pa3 MOHb~e, 

•teM .ILllSl npoToHoB · To~ .. JKo aHopr.am, a EpeMjJ ;n;l'1IfllJY3iffi He aam1clt'l' 
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. eT :·aaepnil!'·; nosTc>Mf.· t,taKc~y~ ~q~a Q· = qac~~ ·P~.cnqJioaen a 
· a1!3~1 ,-a·· p~faa: .u.a:niwa of 3eMJm, ~~ia : · M~~1YM: !lP,9'J'9HHoro no11ca 
1T~1f :~ s~ep~. 

Y:Te'<IKa sJI~-~·rpoJ!oe · it3·: lllieniHero paJn-YalUJo!mo:ro noHca 1i 

-~· .sa3o~ ~~~ ,~~<?I?> -Ii~~ff~~tt ·6Hcfyee ~Hof\'HiarUioHiioro Topr.iol(e-
\~ m.ui: H. ~eHsaa.a· -~ ~e9o~p~eim0M Mari!l'urliore . MoMenTa npu 

~t:mMQ..n~~TB~. c ~~1ar.& ~ Jlo.mfo.n. :'TeopHst ·raEoro 
~~?tf~Q;ztettcira1~;i e~e: ;llt)JJei<~ · p•r: · :e~-~~e~~ -. -~~e:fr.uemui. • iJRa .noL'lma 
~afh~aTL ait.JJa;1.t . - ~epein<oe~orq. ~ _l.lm,\JIOTpOHitoro· . j:iasoHaHcoB 
:Soiis ·o · t:iacnn(aMH· npYi BlirtQJtHe~~4f>ea9~aij~~ y~oaM# 

urk1~r~nwa• ' 11=0 .• ~-~ · , :i_~ !' . • . (1 .21) 

·(~,iie __ .·~.kl - . qac'.l·oTa · M - npijit.o.JIJ,~ast :'J.<QM!l_Qiten·ra: eoJIBoaoro 

B~~·1·op~; ·v· - -- ~ -~~~~aR ~~~OH~~~.a- c~6.l),o.g'l'H, _ 'ISC~~ W8 -
~G,;~poffil~,H q~eJGTB.) JlJlff ~ce:l- .. aanp_aBJ~h~' k;_ rattepau.mo noJtH 
~a S'!~~ ~~oTp<?mm: pacrrp~JtemeHWi ~ac'tinJ.; "- · npouecca ux 
pa·onpocTpaHeID!!f "' ·O~p8TH00 ' ~ffime . .so.mf iia' q~·nft1'!LW M .. HB~9H8 
IiHemaroc ·acTotIBuKos · eom~ooor0 113.iJftlemrSi ~ MHlli~e 0co6emwcirn 

,~acri:p~~e~H~;fff . BJ10~'1'p9~0~r. :~ fi8~~0~ UOSfCBX, y llS.TIOCb 

CtO'hffCEWlh_ ~~ p8M15BX: • ~~3H~E'.!~91t· Te_~p~ • t).mtJtOTµ<.lF..HOR 

. ReycTo~'I'H- p~)Jjfatnt2~ DCUJCOB ·y: ~~0.!0M· ?~CIDl.OCT;t 
·oTpaJKall!Unt :oao.Rc't:S~ liciE.q$phl, .~»T. ~.aCTQTlll m.mru. Ann 
·DIIY~Hirero :9.TieRTp9imorq ·~a~oHor,<:> noffca. ~:3'-~B y-ae.Jtw.mlill.R 
• 1ifwE!!iJ~8.JrbHei1 pe·aali8HcuoR-. a'He_pt'MK ttac~~-!'.J. . 9 yMeillilIJ~UlmM L ae 
·B03IDil~8,~T. l ttmuIOoqXJllFfliX. :'.pG.SOHaHC~ BSSm~p~e·ttcTBUn C 

· ng~,~~o~~ n~q~S9f~ . BBYTPii ·nJIBSMCJ$-pii .. hn~8MO$plllJMlt 
. ;nnmeimH~!'., ooecne'WBa~· 1IDlT:'!...,yt.iioaym" .JiM@>y:a~ ~ rroTepJn 
·~~-C~ ;8 - OqJra

0

~'!'H· ~a~_~p~ -H ~Q ·~ffefu}!a' TIOHC-0 ~ .~j : .OOHOBHYiO pDJTb 

: ~ti'paeT :l>EiQ,M.Rtme lJP.~ - ~YJ19HOBCKHX _ s3mm~~o1!cTD~S?X. 
B. pa~oa:~ MElKP~YMa_. frOO'l!o~ro · i:rOJlee· HriTeHc11alioc'I'h 

- · · - ~ ' "' - ' · • - __J . , • . • 

·qac1'2U. 6.~a«a · K;_ ~Y:TW-te_~l\~A~ }IBOO~o~qa .;fl'H . pacKa'n<H 
M.bseHOBP!Gtit BO.mi. He'tloJibUIH~ ·. B~PH£PUPJ· rrorr~1<9~ · .. JWOTOHOB MJm 

J<dlMtxbmumHTS OTpalt\emt'H . eOJnt o·r~ i!(J}iO$Plil '·BG3UBSJDT reuepHUHll 
:PacnpocTpan~ionmic.A. n110Jib . ~afilliTHut m,tJJOBilX ~.1ufn · ooJmooox 
P'~BT?.B· ~~CT,P~yeMI:lx ';. ae 301"1.ne. B ,f?~0 ,cy;flh,~e~« TIIDS Pc1 -

~ltrnY.iCH.ff; B3•.i!~Ac.'li3!oie' c iCOTQpbWt ' ~3HBaeT BNCUll~.aHREI 

"'130_YTK8· llp9r9HOf:l .. 



r n- s 8 ih 2 ~ 

1( ~ 

-.. 
:l':CRopeHRe : T:.f&C~· ~o~-
' · -~ - "'C -~ -- ' --
:s~e~~'I~~~- nemum D?• 
:.n.epe~~~~mm ~ ·cwiomil 
-~! • 

Mai;}iji.~-~ n~poc·~~etiiieM ·Wni ,ne~co·eiu.mem1aM N~!HT~ 
cWlomi.x- . .mW-HI aa3una~fosi· 1 i'l'eqemie. n.nasM!l. 'conpqao.~a)JII4.eeca 
l!3MIJH~EH9~ 1 ~9.flO_JlOT'IDl > ·.~ar~s_Tiiilic : CR.11000.X. .mnntn,.. PaaJIJNSIOT 

·c.ny~'l~>!- . ®~~m19ro '~ :cµo~TfJ)moro . H0pecoe,llH!iea.Ua.. ·Il}m 
-rulliYiJieHli0M M_pacoe~emnr -RIWKe~o · ~icio;$1T na;D; -;It9R'CTB~eM · 
filiemmix C:lJl,· : rtpH -~DQ~TaaiioM'J ,... . ·~~~?~! ·KBK foay.nbTST 
liedTaCSMJlh_HOOTH" c'~~T0M!i ·. 

Bdnpoc .o -frt1peoo.~JtK,H~innt mal'HHT.n'"HX mtJioalil ·~ - .. .,;. ·· ,-_ -
-~ammaa·'l' · np»=-»3f'lerom ,l1,Bv.memtlt1 nJJa~ c dg.nhm~~ Me~ 
'il:iU:~a~ -PeaHo.illi'Atia 

Rern.~~·w~AUc2 • c.2.1 .> 

~~.ll.~ CJ -.. ~po@>~Tl:i - ~.n_aa~ --~ _ :· VA:?~c/ t~4~J 1·
12

- ~i!fh.~B09ClCS'R 
~o,po~Tb, . ~ .;e -~ap8K~~-~'- MacliJ'l1t-lO. ;p3m<em.ut, c ~ CKOpb:OTli 

· 1 e~~r~· :i>oJU:mMt? ·M~cmrra~li . i<odM~"~CKID: G6'h9K.roe 11]'.».mo,u.stor R 
~yCJ]omm _ Rc?;,f 0l • .- --.cqR'J.;Ba~~~~~~~My- mnop:i1K-9.HHocT1i. Mabm~TH!lX. 
cMoBblx. ~. T .·e. . oqe.Hb BucoJ\OA· ~i'mmoc:Ta IlJla~Mil. 

: llpi!Bb.fumlr:;~ . K _q)Xp~li~~ --~Mrn~~ro -'-~ ~9'l'~Ka 1J9pB3 Jirofj(jft, 
Jij:j~ytile~ca c ttao•muar.t2 u.npsMµ KOHTyp • TJpH Re ».1 - Tf>no.rlor.HR 

' 'r.;ar.F.Hlfmnt ~c».raoa~ :JlHill-13, coxprurnei c.R · :.c~m1 -J<SK · ·~~ µJi>ur~ai_:il i4 
'~~~~aM fJiJia31'1it>. B, Rbc_M~811q!)q~ op'¥JK'rax ~r~f?_to 
!-fad~J;t~TcSI cy6iieccm e l!Oc-ta'i'o~o ~q~m~ L, MR. ,KOTopHX 

p~CC\m~mm(?~ "no ~MyJ!a- .'!(2.M c. 06}l9H0'0 KY!fO~O.~P~OA 
rq),9g>~ocThm · ~~1~ile1ilie .:Re.m~1 (co.iiHe~itffile _ ~~~~-d~Qp~30J81~t~ -
!lJ183MOltgOB; B_ -XB~~-TG :Mar1m-iicY&feWf!3aM.nM· H ,lij)" • . ). HO 
--~~-· ~-- ~~-4:-4"'-P" ~--- -~. ~.~ ~.~-- . -

"'H"_ · .. _ DAA~'£.C~. .~?M?H~~~ . TI;>noJIOI'Jim Marnwraux .. cH.1Jpe·l:lX .rr.rmm. '3 
• 3M .. oi~s~y~~ -' ' tie~Jl!~·~QllHCBIDI'1A= :!.Y_ij M1I B ~aM!_~· 

"' - --~Hil{ea.llb_HO~ - . )tt'10CT.HOO-- :J?tJW:OA~~-- ·M J,~ ~a}.ij_!l\f!p~mm 
'~B?.·~a'Ho c .~eepr~a~Eam~•~_. ~Jl: .. I?~~JlJ1_BDs..Jl ~- (?i~~it no ~·cp§.w1J1.~ c 
'.Ii·) -dKos -_- c~oea. · -
-- .'foitoi!I:IZt cit9H ·,UJi1'tl'l":P!LHOe~ epeMR MoryT· :f(aXO)(WI'hC.R B 
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MST9CTa0i.t.JrbP.OM CQCTOJllil.Ul J•i· :2amlC8Tb 3H2lflr'1'8JihH00 1<0JfK110C'rBO 

aaepiim. B .3aBHc11MocTn oT ~q:ru,u ycJ1oaHR, 
SJitn<TpOnpo.aoJJ;I:ioc'l'H, TenJioiipoao,n.noc~M H T .JJi.: J~o_aMOl!-jlll paSJW\!
HYS. DYTK aBOJI~ 'rOKOBUX CJI09B. fipM pas,prmax. TOKOSRX CJIOe:s 

(pHC. 2. 1i ) ll3THlimB:He ~a·at.t1myBUOOtcJl MU'MiHTffiiX ClIJIOBl:lX 

Pile. 2 • . , • PB3pH.6 TOKOBOI'o 

· ~ 

·=--

z 
Jn-n:rn:n np?irBoJGtT K aaeprH(ffioMy Bij'r~mnno nnasMli ii3 oOJiac·n1 
:paspwa (oc>p;;Jsyto~c·si He&rm.n10HaplW.e Te-qemisl KYMY .. TIST.mHoro 

Tlm~), BOpHm<EltoT ClUihaQB 1m.n.vm.mol:!l:Wa !.tft3!<Tp.H'leCJCl0 00.lffi • 

. 3HepnrA. ~·atiacenHas B .MflrWfi'HOM ITOJJ8. np0BpaII4.98'l!CR B 

-i·emioi;.yro .sRepr~io ruras~. sriapr1m narrp8B..1Iemru.x nJJaaM11:nmnt 
CTpy.R- H 3Hej)5'10 YCI<Opeimwc ~uicnm. 

TOJCQBl:lEl CJIOU Mory·.r B031~<0Th B ·peay.llb'l'El'l'e '1'6 \JetrnR 

.n.itaoMU ·nO.rm3H HYJieBHx H oc()(illx (n_p~!Ra,nJ1emamKX OJlHOBpeMGHHO 
ABYM MarimTHliM oOJtaC'rHM) MaI'llllTHHX cf.1JIOBilX- JJHh"H.I. Ha •rrum .. x 
.nmmmt ;.=;Jiewrpmecn:oe no.ne, soaffima((l!\ee rtpH HSMe.Hemrnx 
MaruR-TH9ro. flOJlH. BHa~aeT TOK . !J3J\OJ!b Jr~mm, t<<>Top~ H3 -s~ 

BSEtl~Mo.nettcTBR.'i c M8l'IDITllliM nonEtM u:IJHHW1.a&T ¢oPMY .J)BllTO'IHOT'O 

TVKOBOI'O CJJOSJ - !ffi331ttO)tHW.epaoro TOKOBoro CJIO.R. pa3}!&Jl.RJfillero 

npoT1tB01'IommHo Han:paBJ1emrue Maf.Hmitua noJIH. 
Ilpoll0CCl:il nep03aMblK8HitU1 MaT'HlITJIWt CIDIOBblX JJ1IlIH.A Hal'IOOJlee 

no.tiHO uccna).\oeanu B cJtyt1ae ~yMapaoa reoMe'!IJIDI. r.n.e y,naeTCSJ 
rrpoaacTH aHaJIHTWIGC1(00 p9CCMOTpe:rna ·Te-qemnt ITJI8G~~. llp11 
S'rOM p03YJibT8.'l'U TBOJJHH .IIOJ1yqaA>T x.opowfJe TI\),ll'l'BGp»mew.,e rrp~j 

.JiaOc?paT()pHoM MO;i\e;mpo~uaH· npo~iec.coa· . trspecoelUiBGHHr.. 
Cyutoc,nreysT HeCKOJlbKO M<"JJ1p.n~A trpouacca uepacoe,mmemrn. 
KO~'IJJJ!il.M O'!'~ 48JOT paaJiv.tnrua UOCTSHOBKl'l 3El'AlitiH . n Pfl3JIM'Jmi6 
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i,1 

YCJlOl:IH~ B . ~JJ~q~\. J>~3pr1~ 'M~~ ~p~ ~-· ··0pz 
onpe~eJieHHOM BlitlOpS':, rrp~~ y~OB~· !I·· .~110.mii ~II.!I8~~ .¥PF~T 
perumaosa~rJ:icij ~c1:BAH0Hapm10 ' p~.,~~-~~ ll!'P~.c;o~~e~~-;. ·JJ~~a~~ 
~TalI.1'Ioaamm~ . Pf.1~1..- ~~pecoe:itm~emtff, · Ta~e 1~~ ''l'_ett:eime · 
IJa1'qeKa', .. rs ito.~poid · .O.~J'JBCfTJ.i , n. µf)P@COe~e~, ; H · 
HerrGpacoa~-~~·ffi.Il:w,,u:~ )datffit~ablli.1•- · ¢ru1013uMH Jf.WmfiMW· p~a;n;eJI~Hl:il 
9TOWU~ -PJJh~eHQJiri~' · y~a~: 7BOJJH~ (*ia srn.tX· BoJlHBi 
rrooacxoiln'i'. pa31ma :noBOJ)0"1i 'MaraHTEHX' 0H.110Bm:: J~). , Ha 

n~pe'Ges~isWI: i!ofopiri~ F!axo~r.fif : tf8;frfa JW1~ffi101ilrnji · 1 oana~~:b, .~ . 
pewe~: .. coimaparm .• -B iCoTopoM:· EBO~Ten · B '2· p~~a oo~~a ~~~~ 
~.lla,pHl:IX · -aeml.- :qeM :B cJiha~ pe,memii! neTqe·;(~ .. H .~BMOZHO 

llW~~~L'° .• -..a - . -· - .. • .. ~~ . • ·• ; -;or 

gep~coe.mm~I~!3 · ·o~GIJ?W,µ:ll .Marim~H~ 119.neR, · TIJe:qy~· 

BNµOJnreiiHSI \ ~-Q_~plPSHJi~ onpe~e:neaHUX:. rp~ yc~OBx~. 

~8.illif~BI~~ . -K()~Op~ - _HMilST 'M~~ _Bepo~THOP'l'~· Ilpl! 
TYp0YJJGH'f:HOM c~~Wao}JapaoM · pe~e nepe~oe~raem!R ( e J>dJl~CTH 
:nepepee;}ll'fii9HHSJ cymeciJ'Bye',l' pasm118H- . TYP0YJieHTHOCTb.o 
'r,ypGyJJflH'~HYR : KsasH¢'i'a1nioliapimn · pa~· ·rm,peooS-.i~mfe.HYJr Eio 
·M.liOrHl CJiyqaf!X CBJlSaa· G' npeBDtlliemiei~. ;'jrol<oM ~ B TOKOOOM cJfoe 
-nopdra oJmot 1-13 ir6!Coa1.,uHte.yc¥~mifcTe:A, .ra napa;.,0.rrpi:1 odJJa~T!f 
nepacoe)WHfHrnH ··MOcyT . , iJo~cTpaRB8T},Cs( rro:n . 3a;ij~iraiie ~- rp~e 
_yoJioBHR<• .Takol! ~-~1 ',oguc~~~~-cR . - oOu~,C? · . ~~Jt(3~0M -- ~~. 
YpEfBHeHHf} ·a~i·~}mito:ro ·f:l~OM~~i:'O: 9Qrrpor_HBJie~R, :Ha~gt'() 

- · ~llp~lil:J~{J:iome.r~ ~ ~YJIOlit!BG!<~e - CQT!pO:Tlij3Jl61:U{~_ . . q!l'O' np~Jnl'l' . K, ~ 
·CPQ'l'~~~TBY. IOO\~.MY· - YPt10Rbfil&i~ R~m.· ~ · KfJ\.!EJ.C'l'BS B03Mf)~ 

H~Y.Q.T~.CNUJ:;OCT.e'~. p~C<JMSTp~i;lm"c:si HQH;HP-313YKQ~.as1'.. ·ftOBHO".': 

.t@~.o~poEf!a~, l~ " rpa..~.~H1'HaR~ TOROBNS' Baycfo!i:iMBO.c!rH-; HMeiOT 
orrpe~eJ1eHP.1i10~· ,uoporit, · uoa·rroMY :'t.oKom~e £JtoiJ Mbl::~'T 'it'&xo.nHilhcit e . 

' cifiQK6aH6~ Jiar)m:HapJiOM. COCTOSilnm f . fioKa <flJIOTRO,CTb mb~a ;lie 
iij)eslicn-r ®pofa · - li~yc·TOA:'IHBoem ~ · Ec'Jm a~ · · . ~~so~e; 'ea 
if~ooJibm~M, y.'18,cTJ~~ c.Uoif,. ·1:9 o~pa3Y~!ea_ · o~J!~O'tf>" .. JTepe-co~~e1~ 

:[\~, MOM<0T ;npq~302TH · ·P83]JliB .'fQ1-<0BQr9 ·OJTOSi. .. Il09TOMy ' pe~ 
'.'8HO,MDJfmor.q·· q.orrpq~HBJl~.lf!tlt ' M<;.1~T &r;:o.D;Wi'b CQCTSBJIOit ''ISCTbl) B 
qIJQH'PaHH!!0 M'3X-81Ui31·1$ nepaCQEl»lliE!•n'llf. 
. . riepacTpOil:{a 'l'pnqJtotim MSfT}jHTHQrO (l0Jtjf '.MbteT :npoiiCXO.mltb 

"''It ITPH Bo~MYiileiIDUiX.. JI;JIHHa. Bb;mm -KQTOPllX ·CpaBHPlMB c TOJIIJUUioa 
'L'OKOBOrO: CJIOR. T:at<aP. 'liGYCTOtt'Il1.BO(}T°b Hli3HB88TCH .. pa3puBHOI ·Wm 
.,r.11p·imr"'"MoJ(o~. ··nepactjx)hKa fonoJtbrmt iio3lri caflsaa~ · c T~M. -i1to 
rl'ps-r'ii'Sl~m1a !~OKOBUX 1 IDfTSA·, HS JcOTOpWc CO~TO~T - - :TOKOmilt·' cJidit, 

' 1 , ' - ' ' . .. . ' 



~20T IlpKBGyTU ~ K HX 9JllmmilUO• fi'p~t · S'rOM M8rHliTliaR 8Heprm=1 
Ci110ff y~eHbmaeTCS? t ii oopa:symcsi M~Tl:UiB OCtpOBf·}. PSBBW!'liB 

.paspwz10R H9YC'rO~.J!BOCTij 13 ·6eCCTO.'OOiOEHTe.Jri:.uo£t .£TJJ33M0 ouwmo 
CSP.SUB80TCH c SBT~xeir~eM !aH,nay Ha JID30HBHCJiux ~BC'fllQSX fipH 
~10.rrt1eHID! · Yl'.i:OBH.R peaciHaaoa W=·kv. T'!JKO~ BSrutMO.IJ.e '1c TBYte 

HMeeT M~CTO JimllL B Y3l<OI MilftCi'H B6Jll~3B rtaa·rpaJl.bliOf} 

nJioci<bcn.J. r.ne MafmITHoe no.Ile oopamoo·rcH B- HYJlh H ae EJ111.ne T 

Ha .aBm1<0J:rae ttacTHU. I3 o,n;HoMepmn:.: J<ofill.wypai.urnx.. KOTOplia 

aCS.comorno Heyci'ottcurnu. ocHoaHoR aqt.flaKT Aae'l' asam,to,n.eRcTBJ:tt1 c 
- . . . . . ! 

SJl0V.'l'pOHaMH. Pe30H8ROH00 ' 8S91Wt:>JJ.t1RijTB•to c aJieKTpoHaMtll 

paspymaeTcn yJKe np~ O'l~Hh -c.11a~JLl., noraepe'lHl:D: t< TOl(Y f noJun. 

B"'. TBKHX .. 'Cf'l'O 'f'KPO'l80TOT8 9Jl0~'1'P'-'JHOB H noJ1e Bn. CTflHOBHTCfJ 

c011f?M~JlUMoA c mmpeMf:lH'l'OM P.eyo1ott·HumcTM i' ~ Ee.mi 3Jl0KTpoHbi 

ssMarHH'le~ , TO MOlKeT ocY,uacTB.IUIThCH pa30HaHc Jiau.n;ay c 

HOHaMH H pa3BH.BpTbCfr ·KOHHC'ift ·r.Hpi.,Er-?tlO,D;a (pMC. 2. 2) • IlPH B n I 

OOJrbfmIT. onpe.l{eJJem1oro KplITH"lec1<oro 3Ba··rnR!IISI. ·ruKOBN~ CJloa 

ycTo:tqi.ffi. T. o. , ~3M€1HHH B n, MoJKHo rrepe,Becm TOtCOBY~ r.:JJoP. ~t3 

C'J'adHJJl:tHOT'O B . H9CTfJ0:Wib11Q0 C()CTOfiffil(:. ·rai<aSt CltTY8lUUi 

f)e8JU13-yeTCff B XBOC'l:e MarHH•110G¢¥3p~ 3eMJm. r.ne ~me'rc!f '!'Oi<CE~ 

cJld~ c ToKoM. Hanpan.n_eh-HHN c YT Pa ll~ Be 1ep. v. r JI& • a 
pesyJJhT8T8 paaBH'!'l-ISl 'Mpl1JIT'-MOp.tl. @jJM,1PYYrCJ? UJ183Mfl HI:U:J.e 

OCipa30BfilmH C 3aMKRYTJ;lMr1 MaFHHTl!Wd\-t CH1.1lOBUMl4 .i1!tmL%~: 

11JJ83f~O~. f'a3BliTJ1e '"owtoV. 'l'HP"1:ir-MOiru ITJ1'.d ~OCTflTO'tHC 

CPIJIEHOM Bn QR83YBae'f'Cff C_TatJ~.J~f3~>BruiflUM B llfKpo~<OM HPTi:ipBe.ne 

napaMrnpoB 39 tJqaT ·B~Opu)f{t'ID:l0C'rl1 MarmtTUOJ'O flOJJ~ 13 
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SJIBKTpOHFIYJO MOMTIOHaHTY. Stl•rpawH · -~~pnm ' ff~ H3MEJH9B'!la 

TIJ!O'fUOC'fM ~JraKTPQSOB 'tlJJlt p83BHT"H¥ ~O~MYIU0Im0 ,Ita.na_er 0f3 

HapacTaHHi3 SHef;I'eTV.'{9Cl\H t:reBln"OJI;BHM. IlpPI &TOM. ~8Mlff(a 

Hf;YCTO£lttUBOCTM OX<S3~saeTCSl ' ttyBOTBHT6JfbHOft K ' BJllUlHKil .na]ka 

O'ISHJ:. M8Jlll7. B{f!I.lelt'n!_BF.H.X. C'l'OJJ_r:BOBEH:il~ • OJUiHM -KS liaJirdoJiee 

fi'(J!!.Ulli.f. ,nec-ra6».:msl.rj).YlwtH.~ 54$3l<roa HBJJf1a'l'Csii l.1exa!m'iecRH°rt 
p630H8Hc ' Me~· rTpo.UOJJbllliM~ H nonepa'llHt.OOt cieneHflMM CBOOO,ItLZ 

ji;BmK9Hml SJlSR'l'poHOB. lJpH n:pH6Jm:!':effin.i K : ·OCtJIBCTFI p030!1~C6 
'l'p~ewropIDi ' SJieJ<TpC>HOE uattmta10T- CTOXSCTH3llpoBBTLCSI. 

npov.,cxo.mrT paccemnm sJJeI<TpoHOB no rmTq .... yrJtm4. 'lTO 

:9Itmma.nsHTHo pacceru1mo npR E3Ell~Mo~ettc?•rmrn c ·rypOy.nea~ocTbJO. 
c JIPOll0 CCOlc! J.JEUtOrIJieHHrr H BllCBOOOFJtBHH~ M0I'lil{t'Ho:R 

a.He pr;1n1 B rr.01coB1iIX 'c.rronx oan'SaH, afipo.RTH9, i! _uax:mmaM 
COJIHS'lliH.."< ECmmle.R. CoJtIJe~e Bcnhi~ B03HID\8E'r B aI<rilaim:t 
oO.harmn coJrn~~o~r E>TMo$,pu.. co.ne p.'Haumx, :kru< npaEnJio, 
eo.nH€qzrue r!F.'l1Ha. Mar~'l'HaP. Teop°Hfl .BCllliUleK npe1IIloJmrae..r, t.1To 

rrpn a.crranw.a~ Bh!;l.leJIS1eTc.R cBO(fo.nm:m 3noprnSi r.fanm'inoro noJI.H. 

·r. a . .a3Cil:iCTOK Marrut'ffidl ~mepI~lil! no opaBHeHHJO c aiI~pmett 

OO'l'f.:i~~-JJibtioro noJJJ;, i~MBsrotrj" · •1·0 Jte HC_~oi:mmw aa , qx>Toc®pe-. 
• 91:'0~ }13<Ju•roK MCITTntTHOA 9Hepnm_ CBSl~ffi.i c TOK-HMM. rrpoTeREllOUUittH·I 

8 KCipOTI•:1 . a rrpo4.;,Ce BCiilllllBK ecTL -npouecc 6HCTpOrO· ~3MSll0H'.K~ 
·BTH.X TOKOB. 

ilpH pacrm,IlS 'l'OKOBOro CJJOH rrpo"1c~OWa'f 01iic1rpa.H 
~ aFmitT'HJlHl.Uoln ·MClI'Hli'fUOT'O !IOJJP.. ~ B03Hm<a10'J' ~HHe 

'1H,ZIYKUHOHHH0 - 9!1J&ICTpW-l9C!ma rroJiP. t a KOTopux iipoHCXO.DilT 

yc1cops1me ~aaTlill• ftp» 3TOM, :xapaRTepHas:t 1<011®'U'ypaUHH 
MHrmtn:oro noJrR l!Meei ~pMY cHfiltyJistPaOA nyJJeno:t't" JJBmm 

' "' MmapOOJIWrnci<oro_ TPrna H.Jill ~ x-.il.HHIDi (pnc. 2. .2 ) . HmKe .NJ:l 

p~CCMOTpHM yc1mp0mie tt2CTltl4 B OKpBCTHOC'rW HYJI6BO°A Jnmmi 

Ma!'In1'l'llOr-O flO•llfJ r!pli pB3BWffill 'I'tipitIIII'-~O,ll;l:l B R8~0C'l'B;a npliMepa 

Ae'1c'l·iwn1 ,lia1moro 'J'lilITa yc1m pm•eJiiilllLlC· M? XfJHl'tSMOB. 

§~L roKO~ue- ~ll'..A4 w<Oy~wau 3.A.elC-
mpu.\/.eCE-ftU. no..<_e.a 8 ciK[JeC11ikoomu.. 
x.::. AWtuu npu JX188umuu rin1.pUH2-.colJbl 

Pacc~<!OTp~tt.! npouecc ycKope1m~ B npocTsiIDtet. JI;BYM0pHoA 
aa~at{e, He' y~uiiTHBat~uott 1~011e\J:HOcTh .nmnru X-JI:Wlirn, T .e. ,oy~eN 
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P'@'l'aTL·. tt1l'q ~•P pOJ1acT1t.. :BJ1o.iri, ;K6Toj)Olf rtpoHcxoJGtT 
ygl<~peirne. M~abiue JtJIHHH:. t;oJiHinm,. qac~ · ·· Il¢Bb)!;RT ·a 
c;>i<pe~'rHOCTH'· x~Jtmn.nt~ ·ti(e ona 1:r.mJ1CeT CBo6o:JfHo ~CKOPflT~CR JmIIJh 

'KOHeiiffoe· apaMil~ ~.A\' . ·a aaT~M fa.# ~~1tc~~-~ .'t?Jl~~ft-~ · ii~ Koneq
aol, cH.Jll.i JiopeBl.ta •, 0~8 maq,itHT • H3 ·see, ~ H~~op: ~elO 8BepMU! _.. - - ... ... ~ . . ~ ~ - . . . ' . 

a8Me~aeTcR ~ ~BiTe~1:i~9 . 1~ · ·~t~imro$.pe ·-ae~ .n;ruma51 
~~e~· ·x~lic?PJO 'ODHOliB~~ .. ~ y~~QpeJme. BQHQ~. . Jtn~ SJleMTp()HOB 
~p;l~ ~· 11GtsHl! ~: 06~acTw · ycKope1nµ1 KQaT_pq.Jmpye! cR aCizt.eft J.t.l'm

l:K?A, X-~·· . J?eme~e; ~atte~ O_. JtHHaMkRO. TOKOBQro •CJfojr-. filJH.BO

Jql~ K H~eH~~; Hanp~HHQ.CTH. B~p;titK~bJIOI: CoCTitBJtsirit{eSt Mflr

~THOr9"'.· 11G~St ~:l.JOa!n1U' co :apeMei1Ql4 ·a: coorrseTcrnmi c saBwcl{
~cTi>~ no1c·aa_$HB~ Ha. p}Jc. 2.3 . .- :Ha ·.mrnaibioif ~se ,D·T t:::O JJ.o 

ittl 

11 

rPHc.2~3 .. q!~M~: pmmr HOp
· 1MFplh~?n ' l<OMllOBenTH 

·Mar.RHmoro no~R 

li{tl~B ·('.Nl.B . co , ' ' . ' .t· . 0 
BpeM,9H~ IlJlH pa3BH-

. TV~ :·TH]JIDrr-r.m,iW B 
Hel'l:'PaJlliHOM TOKOBOM 
o.noe: I - J1HHeaHa» 
'ibaaa·, II :.,,.. Be.Jimien

uaSI .~p~~~ · · ¢tasa. 
'I.t! ... ~3~ . HBCWltBHliR 

(2 .1 ) 

r.ne 1'i, - lmn<p6M0HT.: aeyc~11'nIBoCTH. onpe.neJJS!eMYl";, ·lllMP~6A CJtOfl' 

·:~eMIIepaTYP¥· 9JieKTJ}QHQB it .MOHO!;) "' se.Jlliu..imoA ·aOJIHOBOrO 

BQJ(ll'Op~ I B .l - :n~ptTeH.n;m<YJt~asr K :cJl"O'iL KOMnOHf:lHTS nonil. BO-a: -

r~~;30HTMbH8~ KOMJ]Oi-leH',l•a MarmtTHOI'O no.mt DHe 'CJTOR. c 

MO,Meff'i'S t 0 ~.aCTYD06T liemmeMaSI ~38 . 

[
... _ t-t0 ] .· 

. 61m,(.t,)=b· 1 · I 

't~ . 

(~.2) 
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rAa b•;:b0exp«1Lt
0

>. 't.R - .speMSJ :93jJlma.; Hammeftliajt· ~sa 
38J{BH1UIB8eTCll HB_C&mem!eM H,0YCTOAlm:BoC~ npH _61 ('t)---1. _n 
CHCT0Me KOOP,~8T C OCb~ ~ ~OJib CJlOH C TOKOM,· B~~HBiiM 
MOJlh OCH y. lt 00b10, z ~arrpaBJJeHHO'R none_pe!< CJIOB' ·B ' 00Jl8CTH 

0Jm3KO:Pi l< TO'lKe pB$pii18~ 

('2 .• 3} 

r.ne A : rr.o.mIMBa cJioH, B0 - .aeao.~MYD4eHHoa· . noJJe., HMeOilee 
3aBHCl1MOCT,b .QT Z, CO.OT1i0TCTByiany;ia p8BHOB0Cmo X8pP1ma. Be1<Top 
nomeilll,HM A=.Ae ('B=rotA. E=-c-1 a.A.lot)· TaKorb IIDJUI paean· 

~ ~ 

f 

~ == B0:r:l1f'1 b, (t> .(1-Q.5~2.z2)-.A- 1 ~2 1. (2.4) 
"'· 

YpfiBHemrn :.iumme~.:i 'tll:lCTmu-.t, c y11eTOM co~paHe.Hlffi o6o6oteBHoro 
m.my~ca · B~OJlh O~H y, HMG~T 'BH.U 

xtt = wcb1 (t)Rt>~(t)r, .(2 •. 5) 

v (t) ~ ·k-'w· h ft J - 0 5w Lb <t">Ju2 - A-1z2 ·J = eocs:t, (2.6' 
1J a · 1 ' C: 1 . " 

z~ =-- ltl. v Cl .Jzl A, (2 .1 >. t ·t (/ 11 

r.ns w0=.eB0~/mc (e.m _; 38pHJt. a Mac.car MoHa). ·u oCSJ1acTH. 
- R.- '1 <z-<k- 1 a ypa~emm coxpaHBJnm o6bOmeHHOro l:lMflYJJ.l>Ca 
(2.~) MOJ!GJO ·npe1:1a6pe% TJjeT.hi'IM CJlarae}dYM a Ji9BOR ttac'"- T.K!' 
YCKOpeHHA l!~lCTHil - ript1J~CXOJnlT B. OQHOBHOM i3,1lOJlb OCH. 1J, a 
npgo6peirae~aS;J a s.rieK'ipAA.eo1<<5?J tiQJte MHJlYlU:i;'m 9Heprld.R- qacT~ 

MHOro. 60.ITT:rwe· Tenno:Bon , Moitdio JtvJiOmtTh v < o) i::O. ~3 ypaanemli " -C2. 5) , C2. 'I) CJie.n.ye1•.. ttTo µa~merme no ocM- x He.ycTotNlmo, a 
no OCH z ycT0£!1.i:i.mo. PaaMep KOpH.llOpa dz. B KOTO~M lCOJteOJie.TCSf 

·.'l{SCTHUA MO~ . 0'1'p81KaKiW'IMI't CJIOHMH IIO z. u~pff,D;l(-8 ' Jt0pMopoac1<0ro 
pa~iyca qacTuuu B Marimm~M noJJe ae xpanx Kop~opa. T .'e .. 

. . 1/2 . . 
d NT' 8 . B. 180 =r B Md , OTKYAB d = (r B A) • npM CltGJJBHHHX. 

Z , O:i: ~ :c ·' O:zi ~ . Jt O:c-

~JJ;llOJJ(l)l(G fU1 H..X )$1UK0Hl"3 ITO l<0Ctp)J,l:lli0Te .''C omtc!mat:t.TCR 

.yt)f.lBHemrntim 
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xu~o;M-<t-t0 )/'t.R~.-2~. Jr·ct0>'#s/0, ·.ri<:t0 > csr:~ npH 
! • ., . • • 

· t0<t~·t0+-t/r (2.9> 

~eHolt nepe~aHHol ·i[;,,;exp<11J ·> ypa8Be11He ·,e2 .a> :coo.mi•rc~ K 
.fy~flemm 

(2~ 10) 

peliI_eilMeid·. KOroppro $1BJJH10TCH . ~E>~B8HIDl9 •!«ll~~ Ee,cceJIR 
10:iAri)'1 

- i!.' K~(A't), ~ r~e .· 4=4~0b0i1~.· :fomoMimM, 'ITO 

~~t~>/~=11 c~>. ~o~C.'.J'~-?~x~ '·ct·r · 11; 

IQ(~ )K1 .. (f )+1
1 
CE;>~C! Cf.}=;_~:: 1 , ttpsTqMy· 

~ft)_==A[Kt (A)r>+Ko:CA')x~/~1.r/I9 '('t)+AH.1 (A).'.l'
0::IQ(A >ift1A1L 1Ko('t) 

(2. 11 ) 

(2.12) 

Bae O~Jt8CT.H· -- }f"'1 <:i:<k"'.'"1 
· ym<op0!HJ9: ~JiO.KTHBHO 2 qacTm.tl'J 

·~TC9· .~o ~afiOB~ . TJl~BK~OpHHM. 
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• 
~3 .. ~-y~q ·~~M~~::~ ~~ 

Eb.Irn ' Kr:JB~P:T~ . ~~e~~: ; :(P_S,B.He~ ~~Im#· fci «Jfaj<WJJ!. 
pacnpaJte.,,emiR· ·;iI&c~· ~ 11_ ~.~M~!JT . P - f(r~r,i, ~·» ·CBH3ID!,a ·c 

4:rY-~e; 1 i;ao~:Ue.ife~ii , ! 1 ~ s; ir~-~e~ · t 1:«t· COOT:Rq~_ei:m~.M 
. - ., 

.·D (.~1 ~_r lt) t 

/Cr ,r $ .' t,}.~ = .. _· _ . .. _- -~~~f-1 (:t1 (r.rt·' t ).:,r1 t (r ,:rt. t.X,, t 1 t. ~(2.14) ' 
D.~:r~.x;:t) - , .. . 

~?:!~ _jJ cr.1 ~~1.t )/ B(r,r; > .... HK0~iaB · IJJ?0ciOpa3oarumH ·o'X :·wJ~~a.iihmil 

il~pop~~'f 1. .~ ~c~~Tetf .. 1~ ~m!te~ -- Y,paaHemm. .~mw~ no .. ocffid 
I • .:r'.l_JUZ B .1{8HHOM CJIY'l.~~ He 38B~91™1i .IijJY._r "OT ·:·#PYI'a ~ no~~q1(V.· 

• ! .D.<:r.1 ~r.1 .t,)fO(r •. ~t: ) . =i _DZDllD~; (~. ·1 ._5) 

,. . - u· c'R· <1~ f ,. , ('Jl · t 1;;i,..f. >. c·R; t .1R t.> "{j . . , · · ~tJ- . (., 
·I'J(e · t;:: vX1 .1v~ ·., ~x:, t i..u,t - · ·c.f:C.1 .11l."t · \ Xi .ti;· X .~uM JJ)J!:f 

<I>~m<ttim'. pacnpa.neJieF!Rfi :s.n.oJlb ~pc~- x 

(2.16 ·~ 

I .. IlpSIMQ~ flOJ\~~'BHQf:fKQtl MOiKH9 . YQ~~tT-ECSf.. llTQ RJ(o.QM!ffi· 

!' 1npe,oopa~paam.u1- H Ha _Jl¥Jie£}I10A·: ~i ,~~ He.J~_~oit· ,flla3~x: · ·p~se~ ~1. 
rroJ}araE ·!:{a~aJt.¥:IO_~ , ;f.>ann:pe,E;eJfe!!Ha· ~ap~ . MBKdB!=fAn~Bql®l1, 

f 
0

=·rJr.-:- 1 l.~-t1~'1 ~i0~Zp·( .:.-.C~/t>r)F) ·H. Y'il~TNB~R •: ·\lT9' ~H .C0JibW-1"X '~.; 

r~· (f);:;:,e~ (, ~)/ (21tf_)_.rl'z, tro~seM tft!ll- OOJibl!IHA t CAezjf(J,_if>~1l 
.ua ·mrneaHo~ . iI>Ss.e 

r ~fl $( t)"' (Z'j[) ~'AK~ (:.\) exi:J (~.,_it + 2Ai i.tl. It;' !lBJJl!H&l!l!Olt '1ia.39 

'npiii, , •_(t,:..t,pJ/~tR~1 
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' (2. 18) 

' IlpOIDIT0rplo!pOB8B (2.17) H (2.18') no· CKOpoCTRM. MOJKHO 

rt:o.Jiy1Jll!l'b~ qT.o B o6JIBCTH ycnopemm KOP.I10BTpa_UHfl 'lSCTULt Ha 

JJHHe.IHoft.cf)ase paaaa 

(2 .20) 

r.ne GL. G-,.-z, - tl>Ymctmt yduammH \!CICTHU. n.noraOC'Th qacTHU 

ycsuaaeT B oOJJac'ri-1 yCKopemur sa c'-teT '!'Oro. ~TO ~HJTf:! Jlopenue 
ElilOpacLTBaeT 11ac;°THL\U lrf3 OCiJ18CTI! BvJllt3~1 .x=O. 
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• 

PaceMoTJmM !l'enapb ·aorrpoc. .cid·· lfHapr.9~0-ei<or-1. ~rr~~~ · 
.YC'.KOi)eHHUXi: \fac-rm.IJ l.fu .B@2~.fi (2 .. ~~ ·nOJIYll88M ~n:~pMm 

. .•.. : - ' ~ .. ' . -I'- .--~ ·.-:::: . ; • . . ' 
qac1'HU. YCI<Op~~ ... ~~~~If>· ~.!~£\.'rp~lbH~'1 ~ 

~' = mt1~~;? ·= ·m,-cwp,~. 1 (t:)/~)2 '°;:: · ~c>~r( .t ) ... 

~ eyeHE?JtpeJKE'~mw pa~a:~~~- qKoix;>cTSi~· - ~ce . 'lacw.tl&, 
oc1&.a~.~ocH Jt · 1v10:1.~l!r~Y -t · HeBtIJJ~Te~~'ll ·as oOJJacTH·; yd<ope;mm • 
i~~~10·~ ·.p$~at\c1ay10 ;3HE}.pts-Y .. JCi, ;u .. Ftt cire~'l'P R.~ee±· s11;i1 

. nd 
n!~IU1 .. c&, ;t.J" ~ - ~--- - - - _ -· ~ts-0o1 .L· . N.,.,..L~( f.) -~ eh ~~·~··22) 
""'"'~ • G.L•·NM~"· ) . • . . 

f ,itil 0 (l'} :::" ll9Jlh'lllHfzy'HKr .. uu1' ,T. e • Cll6R'Up ~e~ qpp~1y; ye~OT'O 

roptlq. .:m.00·1·a :!m~1r6poi~o irn~~t. oo ·~pe~!'~~-~ J~c:. -~-'! ~ - .) ·• 

1 n~f.-') nL(f,t). 
I .. 

I t~ti:~ t 0 
I . - · . 

~C. 2.4~. g':.(>J)fym_poB8fU!.e l'H~.pre.TH':leCKOl~O - cnel{~~ y'CKOpeimwx 
. ~.ac#lu rij'JH past™'l;int TMpWIF-MGJW • BIDtcH.~f s. ' 'l~CTb 
pM'.cym<a ~ :i(irmat&uw ~ ·cneK.Tpa. ttaan1ft, -~~o~$1JI1HJCC?R 

1 H€1noope'AG'fa~1nro "B• oo.flacnt' YCKopemu1. B oo:px:HeA~ -
iuitiJFJT~BniwX: i;aq~ -
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~B~Tp BILJl91.'8Etl1HX'. "H3· ~6JIBCTM 'YCKO!lfllru!f ltBCTHU 

«IX>Pf!mPYBTCR' no M~pe Y01m8100J ~aCTm.t e OOJJaCTH YCKOpemm H 
MMe6T MBKCHM0JI1.,ffYl> BH&prJrfJ> 8 MOM0HT BpeM~~ t • PSB.l.IYPJ 

2· s
0

b
1 
(t). ~pMa HX. cneKTpa. 

d rt · 
0 

(2.2.3 ) 

r~ ~ yOl:lBamtfl _.Bllp~eH~ qapa3 0Heprmo 'lBCTHlJ.. 

fio,UCTaBJIRSl B COOTHOW8Hl'l6 (2.19} t=li,.1ln(€/S
0

) / 2, 8 B 

COOTH~filfflil{~ · (2-20> ·t=to.;.'{R[ 1-(8/Eo) -
1121, ll0.JJY'18E'M 

(2 .24 ) 

CneKTj) qacTHU npH OoJlbumx e: Ha · ~1tHoA 1 u HeJIBHeAuoa <llaaax 
1!M00T BH~ 



r,11e ect)::;,Q l'rpH t<O M 0(0~1 npH f>P: - ·C'l'yne~BTM· ~i.Uff{ 

XeBRcaP...n_a. :ITO OKO!Ramm ~99J;lqft·· ®-~l:l HS ~ImKTpG flx>~YeTCH 

H3J!OM np:H s. =Sob; (lJlilc. 2. 4).. O)J,H_al\O. T8K KSK . Jnu1~0JU)ff 4}838 

OYCTpO nepeXO.TmT B 1HeJfimeruIY10. ?aKOtl MSJIOM TpYmtP: 3a~~~~Tb 

H0 8KcnepEM8H'l!0 .. 

M3-ea ,Ape~ l3 c1qm11t'.3mnil. IfoJIHX s _: ·oOJiricTb yci<opali:Wi 
IIOCTOSIHHO OCYilt0CTBJlfU:'ll'CSI IIO)tTOK qacrnu caapxt· .0 Ciillsy. Mc2!\i:ro 
noJ.:~381'b_. ~TO Y'i0T BTOI'O ~K'l'B H3M0Hst0~ tl(>pMY GIISK'I'pl 'B 

oOJJ8C'nt Ma~ 3Hep~. r.na_ ero ®pMa Oy')J.eT ·Jta.BaT:bCR · 
. / . . 

(2.28) 

PaccMo'ipe'ffirae DpoU0CCbt ~opomo OimCJIBaioT BdDJteCKH • 
SHotJi'lPm!:lX qacfrmt. B JWOCTe . MahmTO$IJU 3eMJ!0. Ha 

.SKCTie~eHTe COOHTlUJM )lamioro !rHna o·TBettaeT oopaTliaH 
,w.cnepCBR rrb CKOPoCTRM. 1 Kor;zt~- TiepBORmaJibHO H86.riru~amcfi 
\fBCTHULl MB_~. a ~STGM . 60.Jffimmt 8Hep~. 

XapaKTep cneI<T.pa: -y.mmpeRE.W:. qacrnD.. s-mmq~T OT aaK0Ha, 

no KOTOp0MJ' ' ' 8MI!JmTy J1~ Mfil'lll{THOt'O ' "IlOJIH :Ji3MBHH9TC.R co 
£peiM9?.tJM. ~pMa ·cneWJ'JJEl :cpatme 11YBCTm1T0Jlhlla I~ p0l!00.1Y 
npQl\0CC}.I nep0f~0Ei,JJ;IDI9rpl$J· . 1:lfJ . JIW:{e~oa· · Wcl30. ·B RaWeM 

pacbM0'11fleHlIH CneK'fP H'MeeT <i1'CUOH8litIHaJlh~ BlUi,. "El Ha . 

He.mffi00RoA - CT0ireHHQ.0" UJU! STOM. flx)p,Ma CIT0K1'pf) aa:eH~T " OT 

copTa YCKOp~eMJiX ·~ac·tm.t .. flpii ElHeJIHSe· .&B~C't.$~Jl YCJ<(";pr.Ti3JlbHI:iX 
Mexatrn2lit10.B ~aHI:toro . TH:rra. Kai! npaavu110, ia pacCMaT}!HBciJOT t<ax 
r.BpFlOHa~rnJthHYtO c .. i'8Amtl: npouecca YCK0p0HER. QlKJpMl·1J.lOB~ 

,.UEijIH.LlM' MOXpfill~!MQM .orrewrp y.n;sa'!'Cfi .Ha~.mo.naT.b "TOJlhKO B 

uerrocpe~c'l'BBHHoa 6Jmaocrm OT, o6JJacrn yr;Kopeill!fl, T~K. 
4EJJr.bH6a:waH f>BOJJlQJ..µui: (.l>YHRJ..UG1 pacnp@JJ;E)JT0IDrn MO>K0'.l' 6~Tb Cilstalffia 

c. ;ueAcimHeM 66TaTpVmmro Mexa_11113~,ra HJlil· yc1copeimR Ha y.-El]JHlll 
.oo.mm_x. 
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.• 

;r ; n :8. i3 ·a 3. ~G.lt~~e \~.~c~~- npo,l{o~~
~.ne~TpQ~T~1;H11ec~· no.iµDa,r 

§ J,., He.:7F',.8lin.OtileH(400..ti>HOGrnb. ~VJl1W.ta• 

cwqeu.i: .AtJ.Hwl 

B· K~~~~09f{KX, o'Ci'hat<.Tax Mbze'i rrpoHcxo;m·1·ii 

~~nqcpeJlc~seai=toe : . yq1<opew.s tta·crifit- -<ioJti>mmrm:· iBMmiapmn.~H 
a.J161('..!'J)t140Ci<f!..~ '.il'OJtHMM: B.ilOJib f.t·aI'HWI'ffllk .C~IJIO~I,« Jnpilfi.1 • 

. :89¢'ffin<HO.B6lfii& T:ai<Hf rto.ilt:t£i uapH~. "(~ - ·~MpHHr-;:,;.MO;D;Oi? lf pa3m!TH0M 
; t ... · , ' ' j · 

M9JIKO~CWT80H09' riJJaBMerrho~~ '!11?.dyJiq~'l:HP~~ np11J:tp.znt1' K 

-eap#lllemuo yeno'Bmt BP.t0poll<eBHoc'!!~ Marmrrmq· . ~HJiomix Jutmm. 
-O'i'Jll1meJfbR()ft ocoOeHHO'CT;hl) ' itenc-rav.si T81<0!'0. YCKCpirtTeJTbBoro 
M0iamt3Ma ~H.e~C-R . ·~~~9~~:inie --~ KSB;i~{9-ir~uit9H~ ®ma.~ 
pamipe~Jiemrn q~acm_u. CHJ1b}{_O, .~J!Htla1omnc1i 16'i' MaK-CB0.t1JlOBCKl!X 

·~ · ~ceM . ~an~3~~ .~iiepndh B0.3J:BifKHO:Belme. pasnocrn 
npTenAH~-!tQ!;I -A~ M0Jt.ltY· JtBY~.R 1'.o~~u.rn oJmoa. ·Ma:ni~rnoA · c«Jtoaoa 
~-- fip~.rn!T: K ,.·npHpaiJiemno saeprm1 Bcex ·rncTiid. . ~onaitoirm1x 
-~ Oc;iJTac:~h_ YCJ:<QpGB11St ;'· aa.1 e~<ti., npn f>TOM ·:Mo!(r3T, p88JJ1:A3~BHS:STbCR 
peJ!U:tM, Ror;;.~ · eA~»:'l':. ·Nie ~ - - -r.eMIIspa!fyp~i iiacr4tt c-aanqMiU!M. 
'i10 B : 6eCCT0Jll(H0BKTeJThHci~ nJt~~Me - T~~P.~TypOR IJllKHRTO 

ttasiIBaT.o. ycpaJiHemiYJQ sR·aTfrmo xaoTIJi;'1~9r~ :M}'lo;a1tm~ · JJacTR4 >. 
;n01faJKeM; 'q.J.o B · ~~~qae p~~.eaPfJ~ 1.T .. l!Ei~Mii. T • e . TTJlU3Mt:: • 

.a ~ 1toT'op0A 1.u:mina C!K>OP)lll~r9 , · TIPQO:e~sr · q~9tit!t~t'· orrnocwre.tt'1:Ho 
K}'JJOHDBC~ ~ey11a~mi1t. ~·Hm~HOl'O· ' np~~NillaEtT p~3Mep CHCTQMU, B 

M8!HJ1TH~~)'ft ~B:y~e ·~ry;· ~03H•ffil:sTb . :(foju;!mte pa3HOCT~ 

fi~'l'0~la.JJ9.~ Ma!ff/l.Y B&pDIYJiOI-!.' M~i"rimrll0.a . CHJJOJ:3E:>°~ ·~1 H eo 
OCfJOBrume~ B _q.ri~a9 ·OWC'rfiaI;IC'l't~lUlO . }ia3H£!Ce~ KCTO'l.HUKOD 

a.JreKorponoa: -~ ~!OHOB. - 3Tfrr , npm .. a.~ OuJt ~pa·~~~~~pon A:..rthBeH9M n 
®JThTX8'1.M.0poM KaK JlOl<BS8Ti3JlhCTBO ~OOMOJKROQ~if ~3FUf"z<HOOOHJ.ta 
OOJt'.bWKX. paaHOCTatr rtO'i'OHUMBJiOB ' na Maf'H3THO~ _Oft,l~paoa .mrnm;. 
Ilp_0.l1UOJIOllGtM·, ?ITO: TIJlB3l~B 'CC><tfO~l.ff JI~ ~~HOBc ·0,IJ;RO.rt> V.;. aJJeK'l'pOHOB 

cop_Ta c MBrl™'.1~~ M~MBH'ra~1 ~~ J H µ& ~~1-ae.'l'~Taemto . Ne 
ti'JltBWI'pOH<?B " N~ HOl:lOB l(~JtE:JCi.nsnca Mi:J2KJlY' n_pOfJKaMH· Marffi1'!'HOn 

iioayllilili '. fiP.R'ler.s a '.CM~Y 100me"- He~T.pe.lihJIOC4rl1 ci,ictt(•fffti 
·N -e ... :N 1lec.="o (rJle e_. e{ ~PR.ltU ~EJlltK'l'TlOfft>B lf :ROHOB 
~ -e ~ . e · ~ r 

C!O_O'f96T~T~HHO) .• l,D_JJYII'1t»m.n J<~JieOE:lH11ft· iqa(fa'kU.u1' copni k IJ81:16H 



12 

'tJt =f -clUv)& I , r.ite :~t ~ " BJ1l?'1~~r , ~- Mejrmtpma ' CH.1lOBOft ·JIDHmt; · 
1, 

l1Ii 12- ~CO(;Pil-Ul~'rtf i~~~ ~!Jl>.~0H"Wi. - ~-.- !tOMilQ~~trre 
!IpOJtO.fihHOA Ql<O]JqC'@ 'l~C.T~ ~f'_F'l'fl ~. Sq -~N~ )~~~~ 

l!ac·rHua. ·Ha oTP.e ~~0 . ;a.r c9sl1,ae,~ ~ap~~ ... aq-' =E?~~/'tJ\tJ>& .I • · 
npEl,l\IlOJl~T.'~9. ,qTo. ~~ K8!\J~()M Yll8¢TJ<Q'.. Q.HJJOf~ ... ~ ,~nunl B&Jr()~sieTCSl 

ycnoBHe _ 16as1ttfet\TpaJJbHOCTH • . rt()JJyttaeM yc.n9m?e ·N,e;dl:J·~ftl <dq t ~er •. 
.. .. . . . ··- · . .. . ... .. . ' . .. . ,.. . - . . · . . 

o·~~~ e~~Jl.VeT:~ . tzTO ,~~v el =-~~ ,v.t·U • . '~ ... e. v el~v.<i · · · :rAe 
-a=const. Ypasmume. )i'Bv.»cemu1 'l&GTH"tlH cop'l'a & c .Maccon; mk, npH· 
BRriOJIH.eHV.H JtP0'1¢oooro . .- ~oJLU9ili18 :ilMeeT ~-

~a .. n: 

. . - 2 · 

.1 µ!'?/~e. ~ ·a µ./mt dB cm· 
El ;: ~ ~ . . 2 . - ~ ~ :: -- Kd·z:· 

~ 1/7n~ -t •tl ·tm, UC. 

M~ yp~l'fil.iE!J-QJ~ t~·.S ) 9Jt6)1Ye'l' • . "'r~ ·E1=0. TOJJ.bl(O ec.mi: Ml'!Wdll'l'~9B 
noJLS 0.AHPP9JtHq. T.~. ql?/dl=(?~ .HJIH e~Jm K :!!:(!) . 'T .K. µ~::WaJIB it· 

, ~W~~~2 cm~tm<? > .Wq. • rJte' wkl ~ w~.r ~- :fij'.JOJlO~EtHf.I~. ·11. 

IIE!pneHJI)IBYJlffPHafl .i<bMnr.>P.eH~ Kmi~TH'iedJ(Q~ .~Heptms. J1(}~e;mtee 

w(ft ·Wu. 
--'- - -
~~I - -:.We1 .. . 

<!Oomo~ID!A· ( 3~ 4·) o3HaqaeT·, q'}'o EHHTOBlle .ttmfi.tn ifpaeKTOp~ 
_9JI8Jtri.·Po~q~- i1 .J!Oll9FJ · KM.t:IOT omaKOBJHt mrrq'=yrOJI. °fTp~ -.3TQM,. :o6a 

popTa; q_~cTKg · KOJifJO~IJO'fcsi c . ~.liID1aKo~a: f.lP,MiJIH!Y.Iion_ ·a oTcy-rc~ 
~-!fl~h."'TP~'i.t~ ~11<.9ro n~.nfl. npu :K~q _pa~HOOTb' ITO!f.tmW!8JlOB MSJUcy 
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1 ~b ] [wt I we r .... w e ,~wt i] 
<D. - q> =K(B -B )=e- - - ·1 , 

a b a b B W +W . 
a t I el 11 

(3.5 ) 

r.na Bl:Ip8l!6HH0 B KBa.lq)aTHNX CRo6KSA: OTHOC¥1TCR ft 'roGJ<e a . ECJi:H 

maceKUHR MOJIOB c ayneaoa sHeprne~ nponcxem•T a TO'll(e b, s 
~eKt.UfH a~e~TpoliOB a TO'll<e a, npWiaM Bb>Ba' TO 
(Wel )c!:e(~a~b>. ·(Wei )a:::.O, x coo·raowemte (3.5) llaeT 

e(cl> ~b>={Bti ·- 1]w-.L-w 1 • 
a E r. e 

fl 

(3 .. 6 ) 

COOTHOlllF.tIDf\:1 (3. 6) Il0.K83HBB0T, 'lTO B JlOBYlllR8X C OOJlbllTHM 

i.Jp060l£RIIM OTHOill8Hli0M, T.e : irpH Bb»Ba, e~~-w. 
OCMJOmaHHe pBOOMO"!'pellBOR Mo,n9Jm npR paSJm~m-tnt 

pecnps,A0Jl0HHRX no Cl<OpoCT.ffM KEE0K'rlfPY6MUX B ·JJOBYillKY ~SC'l'im 

IIORll3.liBaeT. "lTO B 0"8CCTOJffi.HOBWr0.1lhH<>R IJJlSSMe MaTHHTO$ p 

~MJil~ H Wl8H6T MOryT c~rme¢T:P.OBBTh aeattli!T&Jll:iffl.19 paSHOC'I'}l 

noTe~aJtQB M0JKAY TOJ)UOM .JIOBYUOO! .it B0puraHOtt Manmrno~ 

~JtOBOR mnnni. TaKHe pa3HGCTH flOT0lll\kl8JlOB MOfyT OHTb 

&NtraCJlel!!l iIO 8HGprHmt 0Jll131".llX K MOH03Hepremqe.CKmM noTOI(Ofl 

SJlBRT}X>HOB. ~TopralfXfilIXCH B PJOHO$py HB BUCOlCalC timp0'1'8X.. B 
M8I'HHTO~b3pa BeMJm TBJGJO llOTOKH 9J16KTpcmcm 51l3llBf.lJO'l1 

nona.nemi•~ JJ;RCKpeTHllll /JJl' noJmpma Clt~. Ec.n.H a He1<01•0p0n 

o6Jtacm MarmrrHoil imsymmi soamm_aeT- npo,llOJlbHOe 

s.11eKTpocTarnqec1co& noJie, ·ro ao.m1ai.r siro~ oo.nacTH JtOJJltOru 
cymecTsoaaTb 3J!&K1rpocTanrq9 CKl-te rtOJJR, ne prrelimtKy .r.srpuua 
MBr'HH'l''SJHM CJUJOBtlM JIHHHRM. Tai-c~m IlOJUl .nettcTBHTe.JffiHO 

SKCilepHM'3HTB.flb'HO HSOJIJOJlaltlTC.H itpM nepecetfel-:IDt cnyTHltlliOM 

riO'I'Ol<Ol3 SJl9K1rpoHOB, YCKOpaam."X BllOJlli MarHHTllliX ~.nomx JmIIIDt 
(pM.C. 3 .. 1 , • Ha npasoR 'q8CTH. pL!C~JIKa Il0KfJ3aHLl xapaKTupHaH 

aWpM8 3.BBMCMMQC'l'~ aHepI'mi - 9JJ0KT]JOHHYX TIOTOKOB. M3M0pRE!MO:R Ha 

cny1rmw.e, OT KOOJ:r,v;rntaTu x .B,llOJTb TpBeK·ropmii noJteTa ;t Brut 

·3mmcHMonTR oT x nonepetmoro a.noKTp11\iec:wJro noJlR. 'ieM siiDJe 
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TipOXO.IOiT TpB0RTOpmt _cnyTfilma. WM IX>JJbllle pe~·itq'rpti!pyetiWe 

a Jt@I<TPl'\'l0Ci<ll0 ITOJIH. 01'CJO.l{Q ·.naJlai 'l'CH Bl«io,tt, q70 llJ;>p.t~ 

CIKBilllOTBRl..U·mJJeA B OOJiaOTH, nepc-tc81<8'E>M01! onyTB'.HK~M. RM00T 

- -----..- x. 
E.ec.-:> t - t0K3B' 

t>Ke .3 . i • ~pd8 5_KBHTIOTea~aJJett lt 3 amICHMCICTH S)-l~p!'lm E~~

IifJK~Cil SJISK'rp~JHOB £ e ~ nonepe'JHUX aJ1eK'i'pH'-iSCKU7. 

UOJit>~ E .1 OT KCiOpJtJ.lH8TU BitOJJh . Tp66 K'I10pl'.M UOJl9T8 

cey! uz:m! .rrpv. . nep.~ca%HJ.tm 1'11r1 cw:>11o:m08 O.il!IOpo~oA 
Jl.Y!'•t iIC1J1Hf.iHOf'O QRjifUUI 

~m.n;. nOK8 32irmcA B .ilSBO! qao ;l'lil pee . 3 . 1 • flpBJJ,CT89Jl9iffil:it) Ha 
p~te. 3. 1 • Oi:'iJlSC'l'K l:nlGl:lIIamtil 8JI&KTIJOliOB TIO.JlY'tM.mI HEl3Bamte 

C'J'pYKTYP TmTa "nepeaepa:noro v~ HJM A- CTpYKTYP.. Xapal\Tepm.'M 
CBO.QlCTBOM 'P8100 IlO'.l'OKOB - ffBJTReTC~ O'L6Hh OOJlLWORl TOK, 

nepeHOCHMUR Eh1CSnalflrtV~31Cff s.neRTpOH8>.IH, KO'toplilft HSMHO!'O 

llpaBUWS~T em1T. r.lle n. f)T - l'OHUeHTpal.\SOi ft . TeMnepaTypa . 

9JJErKTJlOHOB. IlOSTOM~' ft¥.3UK8 oCJpasoaamrn ITpOAOJlbH0'1 pa3HOCTH 

noireuUPiaJI0a .no.1tlKHa OTJIWta'l'hCSl o·r paccMn·rpe:mmro Dllllle 
·H.ne.aJIHali}X)BtlHliO!'O OeCTOKO!lOro CJJY1!8R. 
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Ec.nH a. IIJlas1.t1e Ta'ieT doJ1blll61! · np0.noJlhHWt roi<, ,T. e. TOK 

' B;l(OJIL ManrnTliHx : CKnOBblX Jll~~ :B 11~0~ ... · M~~~f : p88ljHB8TLOH 0.n;Ii8 

·Ha ToKOBlil aeyeii'o~oCieA. ~ (B 38BHCID-'9CTH :QT nap~M0TpOB 
eHcieMli · 111 T@l(c:iaoA, ·cKopocm.: OY'Flet.1aaos01cas:r·,."' HOHHQ~3SfKOBest. 

;~0mio-UffKJJ01'Po~afl H. AP·: ·> ' i lfa aeJIHHe~ott·, "cTa~ pasBUTHH 
~~TOpI:lX ~~ry~ @Op8~0EYB8TbCft oona9rd CJ&JthHHX ~QR8~SOB8lili~X 

npo.110~~ aJieK~cTa·nNemmx Ut>~S! ~ ~~e cJim!. 
Bpa!-nnmo_aeHHe:. c~JJbna:t npo,D,o~.~x troJtel\ ·a . .zteo!Ho.M cJioa 
1(i(jyCJ1o~eso . ltepywaHHeM · ycJJOrdJR. KeasHBe:ITPSJthHOCTH H 
B03P.JIYJ{O~HHeN .doJlhuiHX Oi'Jb£lMHux 3apR,nOB. 

B ·c1mTeM8 o'.tc':leTa. r'lfJ itBo-tnioa - cJioit no1c0nTcR. 

pacnpa~eJJeHl!e fiOT0~8JIB .B .imoaa9Ji . en~~ .Rf:JJJJCl:IC? y~oBJJeTBOPJITb 
·~BBHSHUlo Ilyocccina 

(3.7) 

1rp.e. D:paJ41IQJl<?JKelIO. '11'0 rIJta3Ma COCTC)HT HS. ~f#.001<'rpoHOB ' H 

~).tflo~apH.ill!l:lX Moaon.. Ha f'J)mmitax ocs.rlao.'ii! ·c"Ks'ika no'i'em.&Ta.na 
~OJJESQ :B_UflO.il,(iRTbCH . '<; ,:YC.ilOElll~ KB83HB0t1'fPa.nhHbcTH.' s 

paerrpe.neJJem1a· ~ap;1.nos. · esytjni tJloii. . "i<aK cllf1nc~>1 oT ~, 
_{jixpe,1(ElJiR9TOS( f®. pememut· '·: YpaaHSHd .ztmlJKGmuil ~aq~ IIpl1 

:sa.na"Ili:lit cWHKm.u1x. paci:Jp(~Jte.11amtff Ha ~rp~: PemaR aaJtfl'lY o 

Jil;Hlie!Gm ·'.'1'8CTHU B 38Jl81IHOM IlOT~Hlt;llBJlliHOM noJte. Ol1D0.D.0.i1~fl 
, . . - ·. . •. · - · . -. . . .. ... . 

:m.elicm.t0~'Uh nle OT . ·~- ~ H3BSCTHOM1 p8onp9Jl9~0tmR ·,'Bae C.iJOP. H 

n~.Ile:r~flfl: ~aA"r.~_~e ~OBl\G.HTP~. ~ (3.~·r,, MQ~O -rro.r1y~nTb 
¥J>BBHei:.q_!e .. ;rvm 1.toire~a.na, pememu1 ](()'I'<iJ.POro· .naeT ,aoa~b:ft40CTb 

OnpeAe~tH'~.b 86.JIH'mHY. c·Ka~iUl IlOT0HUH8JIG' 9 . ·CJ1ae Mb li eHeprmo 

eA~. . np~ptlpe'!'ilet.wnf tzapm!.{ea npH nepece'leJ:nnf cJJoif .• 
i:t· Katie.emf] rrpm.,a~: ]l~ccMorj)r..tM. . pewemre aa~aq~ .n.nn 

r.Jt~r. :w1ecteoro oll.f!ot.iepHoro .nnoru~oro 1CJron JJeHrMIOpa. By.neM 
.C~TSTh, qTo OO'l'OK · XOJ10.Wmx aJ!~~9B •. 'r ! a.. a~e1<TponoB, 
'fen.nomze cicopocm ·KaTopllX MRoro M~Hhmo pery J1S1J1mzx. uanpaBJisH 
8 cTopouy· _ Yl30.mNaJm~ ROOp.AKHarn z, - sanptl~J1t1tl!l10R· BJ'.C.rtb 

DOCTOJiHHO:I"Q ,MB>I'H11TllOI"O liOJlff B-; ~ llUTOK XO!JO,llHllX HOH.OB - ll 

CTO_pony YM0Hh111Gmtfl. t:Jpa Be~ B OJUIOM&pHOM p8CCMO'l1p&h-'mt 
~GBHCR'l' TOJr:..RO OT ,,, . $0.rm J e. J ( - no1'o'kff fl.rlaWrpOHOB 11 HOHOB, 
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·ymmpRe:.irux a c.noe, · u0"' , u0 , . ~ TOKOBHe •cKopocT~l aJieKTJ?OHOB l! 

RO.HOB ·BHe MOH, TO CKOpoCTH 9.ROKTpoBOB R HOHOB Onp0l\0JUt~CS 

Ms aa1<0Ha c~xpeHemnr sn~pI'IDI· M. B CHJIY y.paBuemu1 
HOnpeplIBHO_C'nt, 

l :: 1\1 • V\ 

2 1 / 2 2 · i.. · 1/2. 8 rt =J / Cu +2e<b/ m l nc.8=J,tru0,+2e(<t>0~)/m,, l • (3. ) e c f! Oe · · · e ' . " 

T',l.{e ~(Z). ¢>0 - U0~91:!1U-taJI Ha fUty,tJ,HOl l"paJUll,\e .CJIOfl npl! 
pamIOM UY mo KB'l'OltHOM DOTtlBUHf.l.110 • m , - Mace~ 3JJSKTpoHa l'f. e,,. 
11.01!8 :. · n - KOHLteH*l1p~llilUJ ··· SJrSJO:TpOHOB E KB'l'OJiHO.P. 'laCTH cJIOH, 

e-c 
n fa - ROtmeH'rpauast liC.lHOB B 81!0,IJ,HOa 'laCTM , CJlOR .. 

ltB081-!W3-'1TpBJJhHOCTb B lCSTO,tHO:I tJacrrn CJIOSJ JlOJDKHS 

oCiecrre'll!Ba'l•!:ioH HOll&MH, lCOTOpHe O'l'pBlKalO'l'Cff ,IlBOR:m:lM CJI00M. 

&.Jll.i'· Olll\ i\M9!0T TeMrmpaTypy T t c. 3H8lfHT8JU.JfO M,;mmy10 ~Hep~~' 

npMOOpe1·aaMoa 't0UT1-iU0A a CJJOEh TO' Om'! nOl(ti"lm.MlO~'C:J! 

60Jll•U,M8HO}:!CKOMY pacnpe~e.Jiemr-10, 'Sit KX KOF.U.eBTPf.llliut paBHS 

n< r.> :::n~ceXp[-~(Z)/'P C.a 1. (3.9) 

PanJiar~'lF. {3.SJ. (3.9 ) e prut; llJJJ.l MBJJlil. ssattemut.>: .rroTeinuiaJla, 
noJJyitaeM, 'l''l'O IlO.Te~aJl MOlKGT pacnt c YB0.JIH'~emteM z. TOJThKO 

9CJIH 

(3.10) 

(3. 11 ) 

r~e T
0

a - TeMTlepaTYPB snaK't-ponos a aHO.nHcA: qacTH CJIOH. Ilpm 
Y~8Tl3 TflnJIOBfJT'O .n.mrrt:emrn lJaC'THU HOUHoro H 3JI01CTpOHHOro 

. IIYlll<OB. YCJICIBllH (3. 10 ) . (3 . t 1 ) 38MoHHIOl'CR Hfl Y<'~OIDln 

m ul yvT 0+2· _(3.12) 
e Oe ' ec;: ic• 

r.ne r - noxasaTe.nb a.mm6aTY. fioJtcTaBJurn (3 .. 8.) B (3. 7). 
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(.3.14) 

j4. f'~ ·~ 
'b " .I!: ~-

~ 
;I'~ .~=~ldz. B(O)::O·. Bbmo.Jll!~~Jme y~o~st - .E:<<D0 )=0 ·cBH3NBaeT 
.'CKf;i"tOK . IiQTemDt8JlS c 3JI9KT~~ ~: HQ~°M· . · To~~. Dpl~ 

·ea>(j•m,u~, .m.u~6 oopame~e ·· IJD.nsi- a lfPJih Ha .ftimmue cJK>st · 
·Hal(J{a~aeT. :YCJIOBHO ~'- nou~q~ ·a.neKtpqHOB· :8 -Ho:aoa· 

m1 l?._J-.. =. J m 1/2 (3.1_·6 > 
e · e , c. c. . • 

:Ko•ro:poa- H83_UB8EJTCR '.VCJlO~f:JM JTefITTfMP8. J.lpOHHTerpHpOBBB (3. J 6) 
im:CJieHHo, -MO~Q Hal'i'H· · pacnpe.neJ1eHHe noTemiHaJia n ,i.@A:HoM 
~Jloe,. B-PeJ1P.ma1i1t:Tc~~ .~·ae, eooraome~a · c~~:.1· G) :npHo.ripe'l·ae't' 
~· Ji=J~~- Ha (3'.. 1"61 C.JJe~eT. q'.t~ e~JIR ~! ~M~~~Ne· 'OTP'i0T8 

J:!B~a'l·e~IJ . .Bpinme 11. ·3.R0KTpomm~: J:IOTOIGJ Hf) ' C~$'.f38.Hll .A8Hll1M 

Y~?S\1.e.a , . . ~o:Aliolt cJioa._ '.n9mH ~aTbq~ g ·~!:<QR~ CI<owoT1ro. 
tfTOOl:l B. cHCTeMa ,llBQAHG~~ c~~~ YCJIOmta Jlf)HT'.MP.P0 Mor JlO .(S}l 

"13iirIOJmRTbCfl -~ TOJititmla llpHMO'OO ~o~o:ro· CJJ()ft. l<OTO.PSll J.Pr10HC0T 

-: ~J:ITb -nony~eHa: H3 .(~. :tit)}~ 9oc~al3JJ11aT· · a~bJ<Q~j<o JleOaal:lc!Grx 
Jt.rJl«H. 

Scinee cJiommM ~~ff : pscm.to.T~ft;RSI · StBJTS'ieTc.R CJiy'lait 
,n.ByMapgoro HaKJlOHHoro ;D,.Bo~oro cnost. · i3 ''Jl.aKifX_ eJiomc KpOMe 
ic:oMrioiieB'rM s;JJeKT-pH'!ecKorq i)onn, uarrpaB.neHHoR B)lOJtb B, 
CYm6~TBY9T KOlM:IOFteHTB-, .HaUpat:uleli.Ha>J · .no~epeK ~. !<OTOpaR 
oKaaHBaeT.- ~Jm~ie· na JJ;BH>:etme ~acTMU. TO'lH~ peme~ M-.Zta'in 
'I'pS~YeT npO~A~!mfl !GmeT1ii'lec1<orb paCCMOTpSfJHR. HO npM 

~o~~mm ycile>BJitn MaJfocit'i1. HaMsH'emrn B'JI_e'KTp~e_cJ<_oro no.mt Efa 
poccTQmOO! rr0pAJtl<a JiapM(~poBc1<or~ , p~p;eyca ~ti~~ ~Jr.ax · outh 
tipPaa.lleHO ~J\mia~'lSC'f<OG papCM9TP9l:Qle. llyc'l'b. 1(aK ii: B 
CJlY 1U1~ llpSIMOrO ,ttBoti.Joro CJIOff. OC);. . Z aanpfJBJJGHa iUlO.lJli 



$". 

neeTemmoro · ~. O.!J~ , x ·. - . ~~QJ!b..J~ci~sp~'lll~tt ·R · ~.or~P:J:G.~ '.~q~, 
kOMrro~eHTH: ~Jl~~~~.fil<~~rt?~· ~: ~9~ Ex. ·i J3 ~~~~ ~ ~cJJ0.1> ' 
oopaayeT c ~ li~npa~~.er:-t~ MattHHTHOT'Q ""''nOJtR.' yro~ a... Il:P.R. ~y.~eT~ 
IlOJlffllH381UIOHH()l10 ~'® ~ .JlOJI&·= ·El 11·~~elieH~a· 'flJQ~Y 

1IBKJ10'1'po~oro ap~e$jl ·~ ¢9 . BJXlMe_HijM . .na.eTCll B~SJ(amieM 

~, ._ .[· ·~ . ·~~ ~E. :r:]. ·1.12, 
- - <£-. - - -- - · ~ . . . t at · m· ·. CJ.7: • ' ·\ . · k - . 

rJle' wp,,"°=eBl.in1tc ~ UIDtnOT.poHnn_~ . . q~cT<?~a. 'iBCTmllJ 9opTa ~ 
c~~H, eJ._• ~Js · · - ~~PR~ _,1 ~acea _:qacTm~1,-z:; · PTHOOHT~~.ao.e 

i13Meaem.B ¢a~1' ~gopUB~Jm111,110 ·1Macc~. q~cTHUU, qos'°My 
Btcita,nOM' ~O~H:~tOiillO!'O ~e~ ';8-• -1'-SM01l91D'H~· (>831il ;ap~emµ1 · 
3?teKTpcJHc;n~· 1;~0JKliO ;,~He6~qb. .H- Ytm.M .8'l'b 8TOT BKJia,lf ~OJihiCG . 
J¥t 01m~1-~ JJtB~IOOJ · ;l'.fP~QB. ,~ · coo'i·~e~·c'r~ c <a.·1"1), 
HH~~n>a.JR?:M ·· .na111~emuf B no~c'I'o_mffi'oM ~ru.,mt''fiH:OM · noJie~ JIBJisie.Tc.R · B6 
C~C~pbCTb: t:lE)pTISff.$KY.iJSJPHOI'O · Ju.;~9Hij".fl, .. fl. 

[ 
e aE·. ]-112. o: . :r; 

VJ:; ~ .V1 1- ~ . a 

•. ,-m i.~ , dx 

li\3MeH&filte s:a.0prxH fioriepe'tJ;I{ciro_ ,na:mice~nu:s c~o- c · ira"M., -~'l'() 

. cp0.Itimt1 no-rtunnrn.tJ .. . i<§Toput ~a9nl~a. ··~~ir" nplt· MtpqBp~emm 

. oTJ.llttfaeTc.R ( ;)'.!' _nc;>T?I·nmao!l~ .~ rroqxe, :r .n.e p~crmJtq~,Hr :~~ 
~ewrp.· B?-:9PliM' . ~l?rp&JlO~ ~e~fl st$JI$tG'l'bsf cY.MMa 
nq1:~~a.J[bf{o~ ~Hepnm EreJIYD\eJ;'Q ueli1pa :· lf· ~e'rH'lec1&x .. aaeprmt 
npo~o.rumoro · ·~..i\GHHfl '1 TIOJtllp»sai;(Holiiloro ;.rq.teaifiS 

2 
·1 ·1 . s. 

- '""" . _ _2 2 e. ~ r::;w + .zm, tlj." ~ r,, c Ii: •. _{3.1~3") 

~TJ.l9 ace :·80.Jll!'DiRLr O.THOC.RTCR ~ HOH0M, T.K. -BKJlflA9M fiOCJJ~JJ;Ref'9 : 

.t.!JleHft B rrp8B0R qacnr ,ll,JIH'. 8Jl0.K'l'PQHO~~ TSJ~e. MO~p npeHeGpa'lb .• 
1?.E;memm ~~e'h!t1~oicoro . ypaaP.e1nrn . -~ Amntt)M ·CJ]yt1ae MP>im ~?< ESYTb 

3SnHC8HO B ._B~~ rrp0HB_BOJJbllOH· IJ>Ym<U.'1.~- lUiTerpa.noe .1t1»1JC0HHR·, 

_J_I03TOMY. ORO ",TIO.n;HOC'!'bJO Orrpe,tte'JUlGTCst Sar:taffi.1eM . rpam~\JIDIX 
YC~lC>mfit. IlOJJ8t'SSl •: '"ITO . Jl>YHK!..1,1-!P.. pactrpe;neJ!~HStt51 lie· 38BHCHT OT· 

q.ia~~ :r~J,JOTJ>OHHoro epf.lllt01mff qaciliu, rto~ttaeM 



· /(1J 1 .u~) • !°<vi·~~)~ (3.20)' 

rJle t° .--:. d>~'HI<l.U1fl pacnpe,neJTemi.R Ha rpamme c·JI9n. a 
orrpe.11eJIR10TGft M3 coomome1m.n c 3. 18 > , (3. 19 > • 

npoi-tseo.inme BtlllHCJTmoTcR a To'IKe pncnoJKJ;ireillifi r;e;nymero uen·rpa 

'lsc~. rpaHwmoe 3~atJemte ClJYHKmn1· pacrrpe..ne.Jiem.rn imHoB 

.aa)IaeTca rrpM ~0• noaTOMY msJKG -1\nd nepeoOo~Ha'IltN ~0~. 
KOHUetHTpD'qlffi · rrpoJI8'!'HYX. l!O~OB 

(3.22 ) 

rne n ~ '-' 1<0HUeHTpat:.urn "1'0ROB np1i .E 1 =0, npoBQM .mi'tsrpsipOBmma 
·_s ·(3 .. ?1 >. 016pac11saSI tiJJ~mi Broporo -nopsuU<a ·r.ta.nocTn 1-i Hoo1v1 
ttep0M0HHY!U "rt-=Z"--ccx. r.ae a=t,ge. MOJKHO rrpd.TtA K ypaBHemnb 

c:Pe o.2 dt cir• 
(1+ta2

)- ;., - - - = - 4.11.'.C'ln~-neJ, 
drJ2 2 dr1 dt] 

(3.23) 

:rixe C=l +c2 /~ - aJlh.BeH0BcKa51 ;maJteKTpw-tecJ(a.fl IIJXm:ntta~MOCTb, 

u~::=B2 / 4in:n ~mt - Kaa~aT a..nh'Be~1osc.1<0R c~cp0c'M1. nepexo.D,IJ K 

.nepeM!!HoA ~. noJiyqaeM 

(3 .24 ) 

Ypammmm (3.24> o'l'm1,.raeTcsi oT (3 .14) TBM • . qTo a ero Jteooft. 

qacTJ.T CTOV.T MHOllG{T0JTT:,- (l + ca2
) I KOTOpillt O(/~!ffiO MHOro <JO.nhwe · 

1 • BeJG'I'mIIH n~. ne pacC\l~TYB(:llO'fC.A TElR. l<aJ< f)CJ11~ Oil 
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noriepetlHoe. SJJeRTjmqamttie· _no.ne oTcyTc.T.iiOBaJio. ToJJiltHifa 
Jisorutoro c.n?st _npM . 3TOM Bo3pBCTD0T B C/~... paa· .,Jl OOCT~_s_l9T 

H0CKOJibKO ~a-pMdpoacirn:x pa;mcy.coB MOHO~~ 

~3. ¥cwpe1itli;' ~ 6 npoo~ 
.to6yuurox u. 6o~8e>rue: oO~A~ 

C11iRJHmYP y ~uil pacn~eAeJtU,.q 

'llp}i ycl<oPfJHlli~ 9Jl~KTpOHOB. 111 liO.EOB B upRMOM H ·_l!WLJIOBHOM 

.n;aottHHX cnoHX ~PMHI>YJOTcn uy~tKoB~e. pacnpe.zteJJalilUI, 
Y.llIBMBJJbHast slieprun KC>TOpJix onpe,neJJSieMoa nanemteM rioTeHUitiane· 
a CJJoe. SJ19KTPoHH .B cnoI<o~ · ;zyrax noJJHpHOI'O· CJ!mfflfl 

o6.na~aIUT trn±'l-Y·PJlOBliM pacp:pe~eJie:flliBM. 0Jll13~ ·l< M3q1'p0In{OMY. 

TBI<aR nwTpoirnaa~ np:a yc1<opaHm! ~ npo;JtoJtLnOM ttoJJe 
oCiyCJJOBJteHa HeyqTBHH!:iM B §2 d>aKTOpoM - HeOP,.llQJ)o.nHOCThD 

J:lHGIIInero Mar'ID1THOro DO.i1fl B. IJpH pacCMOTp0EIDt CTpYKTYP • 
. pFJsM~pY KOTopu; · Maoro oo~ raapMopoa~:acot.o paJ1Hyca s· 
nonspeqJ_ior.f K Maf'ffifTHOMY no.,110 HanptiaJiemm·" mmap;iaaTB!iMH 
ne:peMSHHUMlit HBJTRirrCft llOJIHBR SHEipiiiR Y8CT~ s H ee f.1a~ 
WJ,MefiT. · B &q'."1X irepeMemmx :.fl>ym<~H · pacrrpe){sJJeimn npoJieTmlx. 
3ilawrpoaoa, 1nt1eni4ux nepnoHat.JaJllino MaJ<c.seJ!JIO~CKOe 

pE:lCIIpB.l11':\Jl9ID1e, rrpno6peTaeT BMl{ 6J - • r-r . t ~ ~ l 
~ ... . _ "" -

(3.25) 
I { ( j '1 1 

r·,ne. n~. Te ...; KOHtt0HTp8LJ>tR ~1 TeMDBpa'!'ypa 9Jt0KTpOHOB Hf1Jl 
OCJlac T.h_M>' y,c1<0pe1u1SJ , J.l Marill1!rh"}ln MOM8BT SJillK'rpoHa. 

IlbHl.leH'tpaUml' BHYrj:m yc1copwreJibHOit oOJiac1·l!I ne= Ifc!F¢. 
Y.mtOJ?RRCb 'a_ qpoJtoit.hH0.£1' _pasnocTM noT~HIDiaJioB, eJieKTpoHH MOl"'YT 

,l{QC'fl1I'HYTb Topua JJOB~.nnrn - HC>liOaJX3pl:l H noMJ6HyTb 'j'~. BU3bl_

aasr CBtJ':l tZIJme ( TflKH0 "lUCTHll!i rrpKH-RTO HEJ'3Uit8'rb EllClll'IaJ\AnliMHCJI) I 

mtGo MoryT o'l·pa3itTLCH r.1~lJ'Hl\'l'H<;>A npo<.'ixon ~ - BepHYThCS! a 
lfCXO.LIHYKI oCJJaCTb. TIOTe psra aue,pMUO' paBHYJO rrp1m0peTe:HHOi:t nPR 
? CI<Opemrn. .YCl<Opemfe B )(8HROM CJJY'i8e MOlK0T . OlitTb OllHClliO 

:t OJtbl<O <rnC'l'O Kv.i=tSTW·l0CJ\l-1 llpl1 , p8CC?doTp0film BCGX B03MOEHlil 

TfJf10K1!0p~in· ' ll8CTIU.l. B CJlY'lDe »Jte.KTpORO~ (pnc. . 3. 2) 
3ano.mtoima· oOnacTeki_ --(tla3oii6ro rrpbc-rpaHc-fsa . npoJtGTW#l.H 
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mv2 ·'----==------~-~ 
T .v,, < o. 'e~c:I> 

mv2 

2 

·R;ic ~ · · 3.2. 00JiacTH : 1tJa30~9~p . 11p9.QT,PSHC~~ ,{ (mu4/ 2')1,IJ.]' 
_ a~iUiM~e~.~.ie · npo~eTnuM11 aJteK'i'pQi:!_a~. ;ItaqtaHoa· 
m•rprut~Bl<©tt llOKSS_SHl.l ()(iJlflC'l'H COQTB_BT~TBYIX11~0 

. _fl!iCl:lflE.UCltt:'Th•Cff • "1~¢'l'HqaM • 

.Ha ·. plfc •. .a. 2 ! ,w3o9lio£1· WTlJ'KlOBKo:£t no1caaaHa oOJiaCTb . ~301:1or·o 
~>CTpaHC'l'BS ilJIR ~Ncmtanfr«Xcs qacTS1U-, o.rJ;mia-pHoA 
Q'rp8'ammx· M.annt~ - fIOJ10M. ' lt :aosBpa1IfeK«Iµ1:X.csi B ' ::~CXO.nHYIO 
tidJJBCTh. B

0
• Bf. =- Hrurp~HHOC°TH ITOJlfJ' .B OOJtac~ ~DT.JtlJia 

yC!foj:>eHmf ff. B · .o~.nacni ~6emI · ~:n~*TpO~toB (1maoc¢epe ~ 
COOTBaTCTB6HHO. YCKOp8RH1i10 nomi ~~1.~9~pHoro ~::rpo~~o~emu1 
o6pa3ylOT . ·HoHJililt iryqoK. - ~.ztf.l'ia a-· pacrrpe;ZI~Memm no~i-n.maJla 
e.troJib CI4JIOBO~' , .rnuooi npH pe1m:rn::vm yp~mH~~Sl ,(3. 7) ·rpe_OyeT 
IqJOMe yq~Ta qeirupex ryymr ~~CTHU, paccMOTf.'9HHJ;!X, •,8 I 2 (fIPO-' 
Jl0T~e~ SJ19l<T:p0Hll ;Ha. ' MtlI'ffiiTO~pµ. f!POJJB'l'Hl{~ HOEW HOllO~P

Boro. -npoHcxolUlemtH, o·rpar.meMue cJJoeM· -a.11ewrp<>B11 : Hc\libe4.li2P~, 
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O~JJ~.~~6Mfie' pJIO~M /,< llOJ!U. ~~ :. ~%~~~~.)·:"_ ._f,i~ta ·~~~~~~~~HJJ~ 
rpyrnr trac•r"'J·h ,.a~~t?_eI!,Hl~X : ~~e~:. · 9~c!i~o~.~ 1P?:T~~~ ~" 

MflPim'PlJQn . (fp0¢kdt-·~ Tipli 'STQM, MQ~~ ~~'l'~ ITGJJY"l0HO pmue.~e~ CO · 

CKatfl\oM TIOTelt$~fJI? .• ; p~l'p1;snf'JTQM . B.D.OJJh ~Efrm1moa: 'C~OBO~ -~-

np'1' MaJlflM· OTRilOHeltiW. 9•r: ~fl.3_M!i9ArP~Jtb'JiOC'l)i5 ~ 

00pfJ3y'il$ieCR ~ fip:» . . rtpoJlo'.~bHOM ' Ydi<ppamµ! - tl>~-

p::tcnpeilaiteliH~ . &JieH'tpoiio~. edJm '1.\ -ilepaQmNaJ~liaff •rf.>MII~ptiTypa ; 

ci1•Jra!!a.11acb· o·r·: n6)I# • . i™e10·r.· fiytll(orif10 ciJ'pyWryPY s npocifpa1:1c'fBij. 
MOWJJH' cl<ciP0c1'11; I:IO. O.riHSK00 K :ll30TpOIDIOMj' lm'l~(!·-yr.iloooe : 
pacnpe)tsJ!atrne EH8 i<OHY,C8:. o'5paTiwro 'lCOifycy IIOTt'fpb; ~ 

~~ pacrrpe.zto~~&R;Hfi np&.Ile~Trmx ·3~aliTi)oij0~= na_ itfnefe@p~ 
Buco·rax IIvR~~flif· R~ - p~~ ~" 3 ~3:-- IlHK 8 l\i~~pe 'c~'T~~c~ByeT 

f-1HC. 3. 3. c~~M8TWi0"(!1.<lrit'. e~. 
~~. rpacmpe:zx~:.. 

.nefrnn ·aJ?0K'rpoHo$ 
. ~otsoiroqe\JHoro ~a 

m!W .ooJiacm· ye~ 
1<6palillst 

'xo.JrOJI,HHM . H~)imC{fE.j:)fUn.t 3~1J0KTpoll_~M. npH Y'WT6 npouec~OJ3._ 
pGJT8K9fll~I Qf? \raq_~. ~axcsa~}nu;x . MB~V· MaJ'.t"glf'I'RO" npq0HO£\' .I'.! 

3JiaK·rpoc·raTwrncl\HM· . ~apbepoM. tPYliltl@st pacnpe)leJIGll!tJ:I 
.nE'.J.lf9pMl,pyi;;l'l'-9fl B' OQJISC'!H· sr.epl~ MBHh,UJHx ITpHOv~·i:e.01ro~· B 
()OJH~c·m yc1copi;+m~:ri , _(\'ms ~T_o . J1bKas·aHo n~ ·:pf.ic. a.~. a, nnJ!o•r& 

JJ.9 oop~:;(?B~1_HH_ff; IIJJ8'i'O ('{:am. 2. 4. .6 ) • '1'~0 ®'Jt:Jt!Um · 
PfJcrrpe,lleJlarrnA :: flE!JiFJuTcSt 'i'~qmIMit .llJis.1 aJJer.T'poHo'B, n1121:.el3atm,lix 
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·csa'leime :B- mme cnoxorum:x· OltHOPo~ JJYT' noJutpl{oro cHmmst. 

OTHomeima aHeprmt, JWHOOpeTa~MOa a npo,noJJbHOM nOJJe. K 
nepBOHaqBJJ'hHOR TSMOBO:I )VIH TB.a"CKX 3Ji6K"rpOflCB OOpSJ.JO<B 10. 

a 

PRic.3.4. MsMaHeHBe ooo~oqaqao'f OTpYKTYJJbl a~eKTpOHHon rl>lriIKl.Uill 
pocnpe,neJtaHHff B pesyJlbTaTe-RBasP!.mrnaAHoa ·.pa.na1ccamm 
H aaxBa-·ra 'lSCTm.t M93Ucr MarHY.THO~· rrpoOKO:I .H 

9 .. '1eKTpOCT8TMtleCJUJM dapbapOM: a l?Jymu.~H 

pacnpe'AeJJelmff c MBKCHMYMOM no MOJIYJUO CKopocm, lj -

d)ym<t.Uut p .SCnp0)\6Jt0IITtUI Ha CTa,ttHH 00paaOB8HHR DJrSTO 

.Km:taTUtJ0oKOS pacCMO'l'pelme J],SeT ft03M02QIOCTb OJJp13JteJiW?!:. 

.C8fl3b DpO.ItOJibllOA pa3HOC'I'it OOT6HJ..tHBJIOB c nepe'HOC~~M 

aJieICTpOIIaMH TOKOM, ll03BOJ18KlllYJO 01,\eHHTb a¢qleK'l'lrmHOCTb .nammro 

ycKopwreJlbHOro M0XBHl'l3M8 npH 38,J:laHHvft JlJIOTHPCTl-t nepeHOCi-™oro 

!'OKa. Er~m J0=en°vT =en°T112/(2'7011 l (V,.. - Ten~oBa~ ct<opocT& e e e e ~ 
e e 

a.neKTpoHO.B > - TOK, 90U"iJOBolK.llaiwm::t cao6o.J.tHoe raaomma1~m~1ecKoe 
HC·Tettemta 3JJ0KTpoHOB i!S Mara1TC>Qfl€rpY B rIOHO$py ' ·ro TOJ( 

YCKopemw.x 3J!9J<'!'pOHOB CBJraaH c 3HeprHa2. npuoOp«=.iT::!OMOR 
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Ha pHC. 3.5.. a n01<asaaa ·aaBHo~c~- /I~:(; '?~ 
reou.6Hipit'lecK01'6 pacoTomnut R0 • ·iia icoTQpoM Jl~o;nut~_H. · eonacTb 
YCKopemu1 (RB = pa.neyc ~MJIK) • ~Ta 8_8BHCI·1MQC'r& <lijCTpO 

----~--- V/Te=2. 

0 '-f __ __........,_ ___ .....__ ____ R-o./ R-E_ 
2 ~ -4 

V/T 

20 ' 

t5 

10 

5 

a 

j ljo = 10 

-----J.ljo = 6 

-------- }ljo~~ 3 
0 · - -- --~- -~-- - Ro I RE 

{ 2. 3 4 
0 

flj:c.3.~. 

a -= .saBHCM:

MOCTb npO-_ 
JXoJrbHOI'O 

TORS OT 
~O~l_!TpH• 
.•-1eacoro 

.Pa9C'!10~ff 

o(j.nac~ ye:... 
KOf)eB'.HSf, 

.0 ~ 3aB~lOH

.MQCTh npo
Jiojit>Boro 
na.nemu1 
IlOT&HUHa.na,. 
lffioCSxo)~HMe~ 
rQ . .l(JlH ~os7-

.nmmn JlBH--

·~m~·o 1l'vK~ 

O'f ,RIRE. 
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(3.28) 

T.e. BH.ll c:eoeo6pa:.moro 3aRoaa "OMa••. ycTaHa'a~Bi€Jllero 

.mmeAHyro CBff3b M0lk,l.lY TOKOM " Il8A~~eM noTeHl!,R&ne Ha 
M8nmTHOA P.HJlOBOtt JJIDIID1. BflBMCHMOO'rb (,3. 28 ). Jl~rKO. riOJif.11J!Tb 

Ha OCtiOB0fum CJl9JlY11'.!lMX. ITpOCTUX, paccyJr:,D.ema\. ec.Jra B 

ymmp~IO OOJJaC'l'b TIOI;il:l,llaI<>T \ISC~ C 3HeprHeR "f e • ·ttM0KlillriE! 

:aaoTpOTIHoe rmT'l-yrJJoaoe pacnpe,n.eJtemte. ·ro noCJle yc1<ope1-mR 
mm 0¥JIYT HM9Tl:i R30TPQllliOe pacnpe.neJIBIDiB B YT'Jle 

Q<e<0
0 

CV)=arc-.sin(V/V+T
6

) (eCJU.J 110 npwmMaTb no BHEMaHHe 

pac~O,nl!MOC'rb Mm"HHTHUX CKJJO:BilX J!~lfl~ B o6.nacrn ycICope~Si) • 
o•r 'BHCO'r, r.zw aanp.tUl<BHHOCT~ .MElrmJTHOro IlOJIH Bo, Jl..O BUCO'!' 

: HOHOc®~, r;ae B=B', ti10~.IzyT TOJibKO ·re traCTrutbl. y KOTOptil 

0<8<0
0

-=arcs_1ntB0 /B<,}. EC.Jm D0- Te.necmllt yroJI. OT.Beqa~ 00 ,, 

a oc - ijteJieCJillit yro.n T OTB0'1811ll[filt e e' TO mi TI0PBOH8qaJTbHOl'O 

rTOTOK8 TOJlbKO ~OJJH 'UICTMU. p8BRl:lft Oc/ Oo, )lOtt;lleT JJ.O ~OHocq,epli 

.llf.lll 0
0 

<'f10 • Tm< KflK fill YCKOPSIRlllYJO 00JiaCT5 csep.xy ITS,ll891' IIOTOK 

9JI01<'rpOHOB -'i:/e. . KOTOpf.iA 38 ·c '4e'l' pacxo.ztm,\(ICl'H MarIDITllilX 

1ClilJIOBlil ·~ yse.nwu,Jicfi o~ _JJ..9 tB, I B
0

>J
0
/e, ec~ OY 'Bee 

qncnn..tH )J.O~JIH JJ,.,CJ HOHO$pH, TO. DJIOTEOCTb TOKa ropwmx 

3JiewrpoHOS (B{/Bo>JoO.c/O(). IlpM Bf./Bo»1 lJ V»Te 
0 /0

0
N02te2.-. (1+V/ T ) (BJB

0
). OTKy,na H lTl.)JlyqaeM (3.28). Ha o · c o e ~ 

JnlO. 3. 5. · 0 no1<aaa11a saaucmrocTb rrpoJLo.Jihnoro na.QemfR 
·rtOTBHU.H~a. Heo<Jxo~tb!'O AJISI C03)(8IDU1 .naHBDT'O 9Jl0KTpcnwro 
T(>RB OT B~COTll 06JIElCT.lri yc1mpeuzn. Jfinl<g m:rpt;I.t0Jl6eHOn BUCJ.OTlit, 

}(8K STO CJ19)JY8T H3 (3 _2r1}. rurn:mmA' •aae de.~KOHe'IHO Ck>JfbWo.a, 
CRS'lOK noTaHQHaJia. He Mow.eT etpopMapoaaTh sa.n~ ' TOK. 
Yc1mpe.ime aJieKTpOHOB . a noJtffµFWX cmoouuc ooycJJoBJleHo 

· .inmaMID<oi" Mari-n1To*plmx~1.q.,oiteccoB, ·1pe6y~fipl1 ~imo~'lH~~ 
l YCJIOBHSl MEll"HM'rocia·nmc1<oro jJHBHOBGCH.fJ H' H0.Jmqm{ 

KpynHOMSCllJ'l"Ci'OliHX aoaMYDteHP!P. CYtll6CTB0BaID~S4 JlOi3o.n LBO oOJiblllHX 
fTJJO.D;OJihlilfl TOl<OB. EC.n;H '58.flWl.i'llla BHT0Rf:lJClUSJ"O H8 HOHOOft'3pht 

TOI<a npeBmD86T Jo. TO )IJI.ff ero IIO.DJJ.OplK8HHH B C~JIY 

orpalf.Httemmc'i'H KO~eCTBa HOCl!'l'eJteA B03lillKBRlT 00.nJ:imHfS 

KBa3HCT<l~1CHapn:ue CipO.UOJJblJHe 118,ll.l3IDU! IlOT0HUH8J10S. B KOTOpm~ 

"' f!POMCXO.o;KT ycKopeime 3.neKTpoHOB. BU3~810UUU TlOSIBJl0!IHe 

CTlOKO~!YX ·.IJ:KCKp0'1'HWt /l:YI' IlOJIHpHO!'(j CHRllliR. 

50 



t1 .fl' a B a 4. fCKOpeHBe 38pD8J!IBlil qacTHll B 

KpynHOll0CfilTB0HWC · H8CT81"$0Hap~ . 

MBI'HHTHHX DOJUIX (118rHHTR811 H8K8~) . 

Mexam!3M yo1<c1p0Wif! aspmKemutt ~_ac'111U npl1 nepKo.ztHqac.Klll 
MaMenemu:rx MarHHTH:QI'O UOJlff B {t) c '18CTOTOA. MHOro Me.Hbm~tr 

WtKJro'l'polilloa tlac•roTu 'lacTRUbl, 6u.n rrpe.McilKEl.H AJlbBSHOM. B 
To1coM noJie coxpaHHtfTCH MahmT1rna MOMeHT -:10cT1filbI, a 
nepnaa,u;mr.yJiHpHaH ManmTHoMy no.mo p 1 \11 napaJJJ?0JlbHBff rroJIK>' pl 
co&~·aBJJflJO!l(M0 HMfiYJlbCa B c.nyqae 0,lU10po~OI'O DOM 

_onp~.ne..ns:norrcR cooTHbwem1HMM 

(4. 1 ) 

Ope.Ir.Hee .s:mqemm Y.MfIYJihCa aa . nep110J[ H3M0Reim-H Marillt'llloto 
rn-:..iJSJ T ocTae·rcH HansMeHffilM (.YBeJm\JEfEMe nonepelffio:ro HMIIYJJbca , 

aa "BjlaMSI HapacrraHifR I10JU1 KQMll0HCHpYEiTCSf aro YMf}HhiU&HHSM sa 
BpeMR c.r1a.n~ , a aapaJJJteJJ.beaa cooTaBJJSfiluaS! lfMIIY .irbca ae 
J.r.3M€1HH0'l'Cff). r:ipo-uecc 1'131\~0B91ll1H HM11Y,1JbG~l upmmMaeT 

imoopairhrn:lR xapa!C'l'ep, ecJm. a 1IJta2r.tE MO:JKeT pacKaq}ffia'l'bC.fl 
TYpOY JJe.w.rnoc'rb, EipHBO.QHDtBR K ·a'1Jtl0KTHBHue! H30TpOIIHsamm 
itiYID<llID! pacnpe,n;eJJOHWH qacTHU 003 ~U3Mr;)Il-3InUl DGJru\llffiu 

mar.;JibCS. IlpH 3TOM, B03MOJKHO 31CCIIQ.HGH1UtaJlbHoe- aapacTaHHe 

IIOJlHOFO ·wmy .nbC.fl p 38 Ctf0T- CieTaTpo~o110 ycJ<epemt~' 

corrpoBOlt.naGM'JrO paccemmeM 'l8CTlJU Ha Ty-pOyJleH~ ro'Jlbeli~HY., 
llOJT.H. J(.HH 8lfil0Jlllf3fnf?. yc.:nosmt Y-Cl<OpemllR ix.mma BOJIJW 

TypOyJieHnmx ny.JJhCalUtl! ITOJi.fi ;z(O.rnKRa 6UT.h C:p3Btll~Mfj c 

c JI~PMC]_)OBcxm.t pa.lll!YCOM qacTHQ!il • 
• U.11.R TO!'O, "il'Odhl fi{>SICHWJ1h Mcixa:t.HSM Marm!TH0'1· HaJ<a'DUi 

pacr:MOTpmt. itSMt:'HtH.D1e °'° BpbM~ii1-; M3rHR1'HOro [10Jl.H c Il0f)1'10JlOM 

T, noKas.amrue Ra pHc. 4.. t • MarmtTHoe aoJle oT t 1 "IJ.O t 2 
( t C!- -t 1-:::'{

1 
).HapacTat1T OT ae.rrn.tmJw B

0 
J.I.O &eJUftooru B1 , 3A BJXIMH 

o·r '2 .no t 3 ( t 3-t :.?.~'to ) - OCTBEJTC.R ITOCTOIUIEWM. a 3tl BpGMSi OT 

t 3 .a.o t " ,YMB!IhW0E) TC-;R ,ll,O CBOtH'O llC;{O.fillOi'O 3H.:ritlHlH!. 13 !icPrn~•Jb--

H!lPt MOMeH'!' t I .m.myJibC !i3BHOt::1SpHO pp..-:rq:~ t\r<J _tttrn :1.~::t,!"~ Tp.f~Mii 
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_f 

Ir I" 
.I 1 11 
I I' 

~c -.~. 1:.. M.?A0JibHB~ a~~~
c~CTh ·¥.BrmrT
Horo DO~ff OT 
~apel.;em1 

cTenerun.m cso6o,i~. ·tBI< 11To p~(t1 )=(2(3)~ -· .f'iUt)=(113>Jlo. 
rl:f.e: Po - nomma. ~Jlb(l ~aCTID.lll: B 'MOM0HT t 1 • :Ew.m-'t - · ~patl,s 
pmmppaQf1J)9~8Jte'EPf.FI aHepr~ no· ~ CTen9HSIM CBOOo,llli llSCTIDUl, 

)! Bml~smTC$1 yc~OihlR w~.1 «'tl .C't-i'to (.r.n0·: WB _: ~0Tpqli'tl8fl 
Y~ctorr~1 '!acTHijµ, · H ' tJPa)ij:tn.J!ar;a_eTcst , q'l'o , ·~pyn:{oMF)C1II1'aC!10e 

-DOJ10. HS I!pOXOmt'l' Ht;; pas . ROJ~l. .TO OT. t 1. 1J.0 t2 ··B coobeTCTBIDi' 
¢ (4. 1:) elf JI.ST. ItpmilCXO.lCH'l'b RapaCTSHHe fionepatrao! ~KOMrIOH9!iTli1 

. m.«JYJihC~ _ H .· B~ MOM0t!'l' . t 2 ·ooJiW<mmi - p~~t2 .):=(2/3')~~. 
pt«t2·>=c113·)~~ _ r~e ~B1/B · . __ l~aJWa·.r µC>J!F!Or<?· . ~.jrb~~: ' ~ 
.MeMF.lH'! · t 2 P8!3.~Hi . p?: Ct 2 )=p~1 :t2k ~/3.. ~To s.Haqezme noJIHoro 
:~¢y~Q~ . ue, H3M0H.R0TCsi 80 Bp0Mi:J ~T ·t 2 ~() t 3 , ·l,IO 38 · 9'.JeT 

. pacce~ IDJOHCX()JJ.Wl' ·H30Tpqrl1'3BIJ>'Ifl pacrrpe~eJletmH' H 'l0C~'h 
f?H6PI1Im. · npHoCSpe'l'e~aR np,H:. OaT8TPQHHOM Y¢RQpeinm sa BpeMH 

· ~.1' n~~)Vl-9.TC.ff napaJJiteJibHO~ . COCTaBJlsiP.itit~tt loo:ty.libca. 'f:BiqlM 

·oq. pasqM ___ _ . · ~ . . ~PMe .. Rrr·_· · __ t ~ . Pi C't. ~ }~ ( 1.,28)/9, ~- < t 3 .}~2p~ '( ~-~2~) ~9. 
llp~ y~eRbWemm nDJlfl OT· t3 Jl.O t.4 nepn0HJJl1KYMp!f8R COCT~BJlstlO-
IIlSff JiiMOYJihCS YMGF.bIQS0TCS!, a : napBJ!Jte.JtbHasi - coxpanseT cnoe 

. SHaqeaEe'. T8IGL\1 oopasoM e~ - M0Melirr.. ~A Pi·Ct 4l=PiH~}_11 PI·ct4 )'= 
=~(h2k)/9.k. KBaJqJaT ·llOJIHOJ"O }'llmyJibc~ : B .MOM~~T t 4· p~~E)_B 
p2(t4_>=ffi,<_5+2R-t- (2/k))/9. ' ~ Bpe~~ .oT ~A fJ.O t 5 . qHOB~ 
np;)ecxe,q&T Z30TpOIIH33l~R· HO ' 3H8"l0_mi~ nomiG>ro 1™llYJrbC_a Ha 

H;3~HRe~c». TaKHM Qc5paso~ B peaym.;'11aTe· O.D;H9ro .. UHK.na_ n~,PHo~ . .::. 
. qecKoro . M3M6H&mfR UOJlfl npoHCXO.iµH' ~CT'· l!MflYJlhCS .OPo· i'Jl~ 

a= (5+2R+ (2/R)) 112 !3 KaK IrpH 8> I • TSK H npH k<1 •• ·npoue'cc 
yCJ:<opemrn npoHcxoJJ;tJT sa-. '.c'l~T ·roro. 11T.o rtoTajlff iioJIHoro 
mdfiyJibca · rrpi-1 cna.ne noJifl as ctterr~ nepexo)ta ripn: rt3oT-pomtsar..um 
qacrif. riepneH.nm.<Y.rii!pHoro ' m.myn6ca a n~paJ1JleJJ1:iHH£t 0KasH:a~e~9ff 
Malib111e. 'leM I1pHoOp0Tem1.e nommro· mmy~ca· rrpH HapacTamm 

nqJIJl ~ · ~ _epeMsl t»P ~ .I!OBTOpH~TCSI t/T ,pas, ,=H iJMill1JlhC 8 
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dpldt=p/T. (4 .. ~J. 

§2~ ~~~aowe ~WieQHce · .PQcc~f.im':: 
~ a V-4bmfXiPe-'~Uf.:11u;~. ~~trwe · 

)IJJst paqcM9TpeJ:i1U:J npouecce Mar~TJoipl ~eSK,am n . 
iOOlemecKoM. rrpnO~rum, :aliBeieM · ~a~JiUIHP.~~a ypa811emi1r )m:~ . 

. f!iym<.t.Um pa~e~eJreJrnfi. 'iacm1.(J.'(~~1" .. t ),, .,_ ;_y.nbTp_S}leJJffTHBHCT~K~~I 
h.nrr~e .~ ~s~Uilt :~enu:aro_ ·?~o?.'.'~oro ·]iec~~oHapH~rp noJrst 
B,Ct) .•. iOQc!s_Ha~" 11epea B ·H ~ ~~KTPH'lEf9KQe ~u . . MBnBETHQe · n0.11si 

.TY:pt$YJI~H'l"HHt TIYJI~~awia. ·~ape3 .··j TPK 'i0CTW :fi.n~~-~ -~ ~- •Jai 

"l<o1i4em'p8i~., · 3arfitm0M · e~~TeMY 'ypamt0'l;{ildf' ~111 no~~l! , ~~ Tl.BC'r.itll : 

_{)f c lJ/ 1 .- . ~lJI 
~ +, 7! p-::-- + .;_~-{~· · + P} --.. ..-0, 
Dt ·e.. Or m· c ~ _ •11-n • . . 0 . v~ 

r.otli = ; - j -t= ·-:.. .~ ~ :~ 
. c c .<J,t . 

t ·BB 
re>tE ::: - - ~ • 

·e~ C ":t 
eq 

.l= ~ Jpfci3p, . n=f/£Pp, P~!g..~-.:. 1 lpHU , 
~-· . 

(4.4), 

r.ne -e: ..:. aapRA · 4acTHt~. c ~ c1<olJOcTb 1.eaerra:. p:=flf'l/ Vl0 9=6'/C·' ~ 
Ce.spsa~epmat : lIOJIHlil ~JlLC ' qacTmthl • S· ..,,. 00 Oeape·::JMepHBff 

!JOJIHaj_l · aaeprHSJ * · e~~ax. m0c?. m0 ~· N.ac~a noKoff 9a~.T~:. 
F ex, ~ex· ,..,.. CO~T~T,CT·S8HHQ .·eliJia : t1 : :mt.~n4:..um1moe . BJ(eI<TPMqaci<oe 

i'IOJlG ' . oCyCJl0BJ19ftHU9 noJleM B,( t) t p - CIJJJB. ~eRCTBYQllBSf ·. !::cl 

'i8CTJflt¥ ~o CTOpolill SJJel<~Jl?M~MrirrHoA· B9~.~E ~~ 'l8CT~~~ 
H3MeHe~-~ ETIO,lllij(!TG . ~~rHWrHoro Dt?JJSJ MHOI'O -~IJSme WB (~~ 

<i.18='rf? t B/ em
0
c - JJapMopoat=I<afl.· ·~acroT~ 'lf:l.QTHl.l.li )'., · · hoJ( ~sumeM . 
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~ex npc>HCXOJJ){T ~sMeffeirne oapnaan;imyJJ.FtpHqit l< aanpaBJJeHlm B 
COCTa&!lffg_ttea: ID.1DyJibC8 118CTHLul p 1 • a .napaJIJte.1lhH8H 

CQCT8BJ1RDit8H pl OCTB9TC.R H0H3MSHHO~ 

dp:l P1 dB dpl 
-=-- -- =O. 
dt 2B c!.t • dt 

£($ ( 4. 5) CJI8JJYEl'f • qTO CHJIS P ex =m0 cap/dt paBHa 

pl dB 
F =mc-~e. 

ex 0 2B d.t p 1 

(4.5) 

(4.6) 

:r.zte e ..-.: e~ B0KTop B)tOJih COCTBBJJsmne.R HM11YJibC8 P1. 
PJ. 

Tip0,ztCT813~ I B we CfMMll CJl:lCTpO (f 1 )P! Me.D,JI~HHO" (/ 0) 

H~MeHRDitHxCR ~acTeR 

(4.7) 

f ,na of 0 / l!Jr=O B CHJIY 0,D;HOJX>,nHOCTH B. fiO,llCT9BJISUJ :( 4. 7) ~ 
~pBoe H3 ypaBneioot qHc'reMhl (4.4), no~aeM 

fJ/o lJf, . c fJ/1 pex <Jfo Fex fJf, 
- · + - -- + - p -. - + - - - ... - - + 
IJt IJt s {Jr m

0
c Op m

0
c Dp 

F fJf o p fJ/, 
+ -·- - -- + - - --o. (4.8) 

m
0
c Dp m0c Op 

010 1ex 610 F tJ/1 
- + - - -+ - - :: o. (4-.9) . 
ot m<:,c op m0 c Bp 

r .aa 'lOpTa caopxy 00o3Ha'laeT ·raxce ycpe,naeime. BbltmT~1.R ( 4 . 9) 

M3 ( 4 • 8 > H oc·raB.n~SJ TOJibKo qJteHli rrep~oro nopH)lKe .ManocTH, 

nonyqaeM 
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.8/1 C lJ/ 1 Fox-()f, P 0/0 
-- t-,.p-1-· -=- -- . - - . 
Dt s Dr m0c 6p m

0
c Op 

{4. ~.·OJ 

E~ '!SCTOTS SJieKTPOMarmtT,HW( BOJJ;H ~o (t~a 0 - ~aCT0Ta 

·KOJie6amtl! BJ. TO sa B})eMff w- 1 sa .. rimrm.ra konst. flos_TOMY B 
(4. 10.): PEixfll!Ef pBl/c M ypaBHemie (4 .10) rtpWmMaeT mm 

lJf 1 c fJ/1 e lJ/1 e [ 1 ).fJ/ 0 
- .- + ~ p - . .._ - .-. --· lpBJ - = - - E + - lpHl - · . _(4.11) 
Dt E or m0£c l1p mtf · 5 ap 

fpm~pleime C 4. 11 )' Jnilie~10, no·a·roMy ~ro pemeFme Mo21CH0 HcKa:rh a 
BH.Zl0 pa3JIO~HIUI B HHT9rpi:iJJ ~La. IToJJYtrnM pamelme ( 4 .11 ) ' B 

CJJy~ae BOJlB. OeryntKX B.l{OJJb M8rnHTHOro llOJm 1il ffMSJOO!HX BH.lt 
e1 (kz~t), r;n.e k=± 1.k I k - a6J1Ho:a.oa BaK!l'op_, ·a och z 
aarrpaBJleHa B}lOJJb B. JLn~ i<a~oro H3 aanpaBJlemtlt 

pacmpoCTP0HGIDJJi (llO IiOJUO H npo'rHB IlOJl.R .) B03MO:&Ura .,ztBG 

K_Pyro~e ~noJisrp~3amu1 ooJIH: ·E-;= :1:1E , rJJ.e 3HaK ~+) 
:z: II 

CQOTl3eTCTBY0T npaBOMY Bpantemm 0JI0R'l'pH'i0ClCOPO n~JISi BOJIHI:l, 

'r •. e. HanpaF .. ne1nuo apamemra npoToHa B no.ne B, a .sHaK <- > -

Jt0BOMY, T .e. Riinp813JI8HUlO Bp8lll.8HH.H SJ10l<'l'poHa. ITqJIJtpmdt yron "'" 
onpBJteJJH0TCfl R3 ypaBHemrR t~E/E:r:==+tgwt ' T.e·. <J>=+wt'. 
irocKoJlbRY E~o:Re(e.:...1~t> =coawt·. ·B,/r:Re(+1e-1wt);;=+s1nWt ~ ~~ 
~~~1f.~l'l!'~~Y.JI) __ Q~~~~ B llpOCTp8HCTB6 _ liMlly.Jlh_29B 
p:::: Cpl ,p 1 ,qH, To_r·~a 

o B cos~ a 
S1n<p-. + --- -, 

lJp rt ·-- {)p 1 p 1 fJ<p 

p!'t=p.icoa<.p.· p"'=p1s1ncp, ~r=P~· (4.12) 

llpH STOM· TJJ8Tb8 CJiaraeMoe B JJeBOa '18C'i'lt ( 4. 11 ) npmnn.feeT Bl-fJl 

(4.13) 

SS 



l".I@ . ·;wB=eJ!~q=~An0sc c~~~Blfn6cJ. ~c,n9.J(hay.~ · . t4 •. f0)j .. 

t9lft:ti:saR •. ·'tTo I ft)/; (lJr=-p ~B/,,lfJz . ii{ lfB9.~~ · ~y.p~·-t<t>Mt1onea1t /~ 

~YfilCUIDl·, / .1 (p, t), QP6o6~as~eM - !f~Bym '1~.CTb .ypEU3aemis1 1iN"~ 1 ( h 

1<0~0.py1> o6o3~W~M · qepaa Li 1, •. K .. s~ 

.~ ~c¥ . ~B fJfk 

LI, == . ~:iwt~+ --=-p~/lf.- - -·= . ('4.1':4) 

€ ~- ·C>tp, 

Jjpa WP6f)asoaa~ npaoon· t.tacm yp~ea:zs C4 .1 ·1:) 

BOCilOJibSYSMCSJ COOTHOW0ml!;3M~ H:o::Ol·l-1 (kEk], -·KoTopoe .CJle)J.Y.eT ·its 

ypasnemtl! ·MaK~-~~.n~~. r.A~ Ek• ~ . - tf>Y?~e ..... KoMiloHea'l'H· iJPJI~~- -E~ H 
H COOTB9TCTB0Bll0. ~. ~TQM ' 

. I\c+e-1'tpl\l=\+e(€~F 1 CplkE~J ]:(~)-1 [ (W,E-GJl'..P.t;_ >~+ck~~)~ ~- · -

: ~ pS3Y~L~8Te, npas_ail ~SCT~ yp~HE>li\Ul ('.4.11 '}. ROTOI)Ylo NH~ 
·.eoosua"IHM· · tiepea· Pf 1 • tipluillMae:~ 'B~ . 

. e, . • ckp.z ' .,,.. ~ I , ck . . . [j_ 

P11 ,,,_ ~)[k li<,}J[tk~"P~ +~"opJ~~itA>~+v.,JBp:h· 
o~ .. . 1tH 

: r.ne ·JJ.JIR BOJIH JEpY"rOBOt! no.risrpns.a-U.HH '.?ic~ ~iEkli. ~CJjOJJbSYR 

(4. t2), ·no~11araf! .(Jf 0/tJtp=:O· (TSK KaK fo as.: CBP.SllliO c BOJIBOR) lt 

:ooo3aaqa_SI· E-2;-=~a..l~~ ... ~axo~ 

Dfo ~-7fJjo E:t. -1 O/o .. . . . P! . - •i,:> 

E -=- + ·E . - · -::. ---' e• 9
- • F.' • . 'D ;'--, +. Ek. 4;P11 ~ 2_·--:: ' E~:e .... _ 

~op ktJlJp · ·2·- '1p. -"kr:- "' • ""' 
s . fl :. ~ 

(~ .16) 

. no;tc'l'as.JJ:ttll (<:t .. 16). ~ H .• r~) l~ TI}l1!pamnman (4 • ,., 5) 11. < 4. 1 4 ) , 
n9JJyqaaM MB tk ~<jl~ ~mnw'tHOe ~~aJlliuoe ' ypa8Hem!(3 
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e .. {'[ ckp. zJIJ/ O· . G.~ .. J. fJ/01· Et n . -t- 1~ -- -- + - - . - e. t:> 
m

0
c. -. ~ .- lJp

1 
Si> :tJp . 2 

· ~e tee_pi.Hd.: 3HBK ·ooamTccrByeT 1:1P~9~ spamemJ, a. ~ ... 

' JieBOMy.; Yim~aSI. ~o .. {J/op:i =2p 1 OJB~ ·H :!J1ap" =2p i'l"P~-· 
·~ ;s~eM (4.17 l ·B BHJ\6 - - . -

(4..18) 

tJ~. -- -+~ 

8 -~ -

. i'.AB. !('alt Mo>Kile rl~K8Sf.lTJ,, , hepBoe CJia:raeMqe B_ .4MryPHOI' CROOKe 

'oCSyc.iI~~JtO JiatiC~teM 81t0KTp~ec~oro UOJIR . BOJJ}W t 8 ()C_T_SJIL~e 

:cJJsrae~ - .i;teA_cT~M · · c~ Jiope·HUa. 
AHFJJIOFH'IHO npeo6pasye·M -rpeirmt ~ KBa)ij)aTH'm!:il!: no 

- ~yp<lyJieHTP.UM ny~oaLUfflM, qnea· Jl yp~aaeID:!it (4.9) _. Y'IHTHBSff. 

: P BJ 
1 

. e .[ --

1
_ d/-

1 
~ . Df k 

--__ .--: = - .--_ :&.·E--1 cp~1 - · = -·[r:~ 
m0 c ap m~c . . DJ> m0 c k -Dp 

(4.19) 

l '#e 11: - KOMltJ.{eKCHO-CG>npneHH~ 'OT '1JYpbe;_ROMIIOJi0HTlll ,k CBJ!lil 



F. KcnOJJb3Yfl ('4'· . 12) • ( 4 • 16) H Y.traTliDfUl, 'ITO' 8 OT JIHtme OT 

Bl k fJ/ k P:± - 1 lJ 
(4.16). E - + E - = - e+it> - -p I .noCKO.TrhKY 

k%Dp k~ap 2 p Dp 1 k 
~ y 1 1 

Of kl~O. rronyqaeM 

o/lc e ckp 1 o· ck o E.. _ 

Ii'~P = ~00{[1- ·sw")P1 op/J + .J'111p:l2- en"/k. (4.20) 

no;nCTa.BJmSl ( 4. 17) B (4. 20) • a 30T0M ( 4. 20} B (4. 19) • 

HCUOJihSYst COO~.fltOWelil"JI 

~+E- = E_E+ = ;~ + ·~11 == 1~1. l~I = w2ow>-2 1h~I 
n ~so,u.q cneK'l1PBJibffYJO · tl>YHKUMJO TYP6YJieHTHOCT"'a'! 

dh2 

~ { lkl) == - = IH 1
2

, dk . k 
(4 .21) 

npeoopasyeM aupe~eHHe (4~19) K BH)Cl 

[ r~ ~ - P ]~ ~-p T P ~] 
P· iJf 1e2: l' k· · ~· ·p on 1· 1op , 

1· l l'!",l z 

~ op = m2c4f![ Cl<P WO . 
0 0 k ·z B 

~--- .. 
e e 

Ilpn CYMMHpOBElIDnlf ' rro k OCH0!3HOR BKJIB'A JJ.a»Y"l" p930mracirue 

"lJlOJID. COOTBeTCTBYKllU!6 pesoHaHClttn.t !':lHB'l~liHstM ao.mroooro 'iMCJf8 

kr: OITp0)1ElJIH0MHM •I3 y<',.IIOBiUI uru<Jl(JTpoHHoro pe3om:wca 

(4.22 ) 

Bocno~b3oaa~cb coo'l'Home1w0M 
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p 

hm-------r··o · ckpz w~ 
w - ·-·- i: - + 11' (J.) ~ ~ -

'8 E E £ 

rAa P no;n1MaeTcJI B eM1i1cJ1e rJtaBHoro ~ilati~mtfl, oJ«>nqaTaJihHO 

Ir0JJY'l80M 

P at 
1 

'lf:,ez. w ·1 a o 
m c. op = - m2-c4E./f.[h~ - Pz)-P· (Jp P1 .. P1ap] >< 

0 0 k l l ~ 

W Of {jf Ckp WO ·\:\ .'l1>) 
x«>(lkl >[[e- - cp ]~ ·+ cp ~]ofw -· _z + .-~. 

k z lJp1 ll'p2: l e £ J 
r.ne CYfJIMHpDB8Fm0 rrpOH3BOlWTCff 110 B90M peS"QHSllCH!lM S}{a'leHH..1™ 

:k:r M f')te .D.Jtsr co1<pamemu1 3Hirac~ is.r aa1&eael:f6 Ha k. lLn.A 'ISCTHU 

Bl:il'.COKRX SHeprmt p030RaHCtrue yCJlOBHff BSIIOJJHHirrCl1 c 
.eirbBOHOBCKO~ 130'l'EbIO l<OJIGOamnt, rI08TOMy B )l8JlbHe!IneM MY 

O~HMCs:I paCCMOTpeip!eM aJJLBeHOBGKOA ·TYpc5YJI0HTHOCTH' ~l'{H 

!<0Topo£t 

(~.24-) 

llJJfl Btruo.ne ypaBHemu;. O?mOJma]OOiero y.c1mpeRP1e 'lacTHU npn 
MClrNHTfio£t Ull.1\3'{!(1) . paCOMOTpID.1 ypaaliamta ( 4. 9). c BHewaea: CH-" 

Jltil. ~aaaeM~.R B:lpalf<e~t?M C·4 ;G) ii KBa.npanNB:liM rro •ryp6yJJe:HT
, inJM ny.'1bC21.ijotHM 'UleHo~. ~asaa.MllM { 4 .23). EcJIH e - D}iT'l-yroJl 

qaGTH~. To p1=JJG1u9, p~=pcose ~ 

{j cose tJ {J s1he a 
- = srne- .... -- -
ap

1 
ap · p ~e' 

- = COSS- - - -;. (4~25) 
Cp

2 
lJp p DO 
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.06osBS11asi ; .a.iB/ dt. D0-'1fl!~S~ - .-n(}c.iJ~· · c~.H}JO'Bamui f4~.23') no 

'930H8H~HYM ·~ • 

r.ue 

Bio ' B[ ' (Jf,. 0 eos0· af o] ielr A 

- - t ps1n&,- S1n0- + -- -- = -2 4 :SJ O' 
IJt 2B Op p t?.0 . m~c . ~ .. 

'(4.26) 

,.. ~_e-:EOCA 0 . {J J. e [ . . fJf O· CJfJ 
S= ._ - . . -_-p .-cp ~. - (cp -&J_c )~ ·- op·.-. - . , 

P op }· · ·· ~PP I cp ~soc I a; A lJp .t:ap-
. 1 ' .l . ~ .A. . .1 -

O=P,/IP.c:I • O=l npn Pa:>O~ 0=-1 Dj_)H. Pz~<O. npu. '3.aimCM npaBP,9: 

q~<mr(4.26) .OOJIO Y~T9HO • . 'lTO OC/(:t) ]=~·:cx.-..~Zl)/ I/' (xn>·I • ~qJlH_ 
. n · . 

lliYH--<UlUl /{x), i1Meerr , ';rOJlb'Ko tl]X>cTlia HY~· BFIJlo y~TeHQ ·T~ .• 
1l'r0~ l<alf ~~.n.YGT · EB yc.noaufi WOCJJ<?TPOHHOro pesoHSHCD· (4 '.22')., 
np~ · I v 

16 
J ,.c A s · cmy.~ae o.n;HoK0~0aeuT.I;oft · npo·rq1moR, Jt.TJe$MY 

·rrpeso~ apamewn:> .. cooTBeTcTBym k>O npH· pz <0 H k<O nplr! · P~>O, 
a .near.My ~a!itaHHJJ - too np11 P:?O, k•:O Jlllll .pz<O. }liiil 
9JieK'rpoHBoii ~ ll(~lll10TI8~. KOI1~8 Wa:<O~ ace ~HSIW ' C.OO~aT 
.llOMeHSITb HB npo.~no.SlOJifffiJ_~ .. T8KBM oOpa~~ ... , BC:pjl!:0Hl1S ~-4 .. 26:) 
COOTBOTCTBfB-T !JCeM• n~~.lN 3Hatie~1 HartpaBJieHHH · ·ltMIIy~p·a 
n noJiaPJIB81..%~ _.PJ)~IJ!! _ 'ff cupaae.JVfimP · KSK ..zi.rm npoTo.HBo9.., Tan " 
Ma sJi8K'l'{JVHHO'a· k<lMITOHeH'l'Ji. . B (4'.2G) -COOKTP.~ G)_( "t°kt=> 
c'"oo.:rseTCTBY.0'1' paac~AHOJ-~, I~ f==«A>~/I cp~ -roc'1·1 • · . 

npe:gcTaBitM ouepa'i'op s a Bll,lte p~~~?llBlWff · IB? M~JiaMy 

n~p-tpy u~Alv. .. ( r.D.B V=Cp/€ - ~Kopo~Ti:i 11SCTlruH) ~ TO':tffOCThl> 

Jf..O ·~J1e~a C'IJJ.2 B1t.11Kiitli'i'a.JibRo·. T.·K.- H-ul .... 1 ~1+tt+u.2'+ •••• 

· ,{;¢>u=0+~(Cl.~i®) u.::0+.(?,su2 tC2~td~2. >·~0+ ..... , :TQ ~MR.fut . "lJif:lllil 

omoro tibp.HAI<a Ma.noc·ni· H· y.tfWl'UBaJJ • qto .H3. (4.25) Bure1(am 
E:OO'l'HOmemIR 

·Pz lJ .lJ o 
. ·~ --pi...-pl.-- .:1 -· - . -sine, 
p_1 op .t _fJpZi sine lJ0 
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(4.2e.) 

c2 D sine· lJ s =--~-. 0 a1n0 De 1cpcose1 oe 

c· fJ M o iJ (l) lJ 

s !: ----- -sine soc [- -- --- - + ----
1 S·Ul0 De "' Ocp i pcose lJS· I cp~ I pcose De 

~ {f E.CAO fJ lo lJ 

- ICP.,I llpJ ~ p; lJpt1PfllIIO IJ9 • 

A c D <DcsocA)2 D €CAo ~ ~ ~cAa D 
s ,=: - -- -s1n0 - - -- -- - + 
~ s1,ne De · cp~f cp.1 ~Pi p1 lJpi 1cp~jpcose Be 

ECA9 D ~€CAO B C lJ ~ SCAO 
+ -- --p ---- - - -- -sine sc o- -- x:. 

p 1 lJpJ. 1 I cpz I op 1 sine lJ9 ~ lJcpz I cp J: I 

B ¢o~yJtax (4.28) f> 6epeTcH npH peaoHaHcma saaqemtax k. 

9~'1'~TCTBYJOOU{X u.=0, T.e. nPM lk l ::(,J~ICP%1 • OrrepaTOPfJ so. 
" ... 
s ~ • s2 HBJifllOTCH qJ1eH&m COOTBeTCTDffHHO HYJIOBOro. nepBoro l{ 

... 
BTO:pOro nopn.llKOB ManocTB no m1paMBTJJY u. OnepaTop 50, 
~¢~p:rlt B03Jt0ftCTBY6'l' TOJlbKO Ha yrJIOBYI> tl8CT& clJYHKUID! 
pacape~e:nemu1, HEl31:lBae·rcH onepi:l'I'Op0M paccefil{l!R. 

Peme.nne ypaaw.;r1raSf (4.26). ycpeJme1moe 3a n&pHoJt 7'=2'1t/O 
~o.naoaHmi KPY rmoMacm'racsuoro noJJfi B < t ) =B0 ( 1 +f}cosOt ) (r .ne 
f3d )". Oy~eM '1CK8Tb B l3JV\e 

61 

,•; 



r.n;e 1. - iiSOTpOIDJ~.ur 'iSCTb .d>YRKJ.U..m p~cnpaJte.1temm. ! 
0 

~ t
0

,.. 

COOTOOTC'l'BEl!IHO c;WMBTpMqH_BR -~ ff.ec~~TP.IMmff 0~9qfrfe.nL:l;ip 

'0=1r,/2' J.tbdaEfi'.l1 K · f,, a Yep.Ta. i BapXY· .OGOSP.f:Nc\J:err· ycpe,n;Herute ll,O 
f~ ~TaK; .KaK . p~e-cemme· IYplIBOJnfT K :HSOTPQJIH3aJJi.Gt ~YIL1<Wm 
. paOifpe~e~BJ:fR. TO 

1 2rr r: 

<! > = ---- f dw Jstno t ·de=O c ~'1'1t .. - ' . ~ . . . 
. . o P· 

Pa30~~IDie.~ yr JJO.BOA: '.:'laorn · a (4. 29,) :aa· /~ 11 · ta, CBfl3f=1HO: g Tett19 

~To . ~soiJ'poffi!3aU).U! rtptmcx.o:n;wr paanwmo n,pM •· :Ha'laJlb~J!i?.:: 

cilMMe~j?INHoM . _Pf llecw4M.eT}l~ JlfiCnfJ0.neJJeMmc. · i~aK tt_TQ 
,,,. 

A 

$ f #0 .• CJ' C: ScJa.~O. .(~ •. 31) 
A 

~cno.m.~y.R ·BlipruKeiille )tnR orrepaTopa pac·C.0ffID:Ifl S0_. M03ffiO 

: !!~Ra~~~b. qro 

.. _~ __ c? {· 11100 «>< 1k_q ·> tJ_f ~1-~1 .. _ .. , 
<S<f > -- -~ .. - ;=CJ .. 

· 
0 ·2 . cp cose ~a ·. 

. 0 

J-0 .32. ~ . 

~eR'cT~~iTeJlhRO, ~.'1'13Hc1-mHQ.CT_l, TypC:SyJJell'l'HOQTH· 11.2« I k~( I kl >·1 
OI'paHl-t'ieB,a npv. Eh::O '1t, Jl,GOROJll>KY. VC.~IOWIQI· Maqnl"ra() 

Typuy.neumoc'l'.w · Mlioro 6oJibme JlapMo~~q1-:n paJWY,coa ~~c~rx 

YacTm.J., ;Ta'.K tt'J!o h.2 yd~aaeT -c poc~oM JR1=wg11 epeoseJ, ._a 
. ·aEl.mPmnn iJf 

0
1aa s)I.oJlh Marl&THoro rroJ1.R :rome. orpat:rKqe)1a -~M 

CTp~~c.s{ }( 06CICOHetIBOCTH Re 6ilctpee. '!SM sin::-1 A • 
.1ImJe·apl{30~~liHG8 1 lGIB0M6Cl<06 ypS!HHSH.He" ~·TUI (/~+/a.) 

µoJJy-qaGM. IlOJ:CCTBB}IRH (4. ~29 i :B: (4.26) ~ .HCITO.Jlb3YR '<~·28 > . 
Ooc.ns ycp&Aff9llli.P. . no TOJl~CHOMY Y!'JJf c_ y~eTOM (4.30~-14.32) 

a KHH8'FIP{er.1<0$ YPaBH6lll:t0 J3XO,rtH'T ·"'l'OJlbKO I a' K .OHO ·ffMee'F mm 



'lit 0. . . . . DI B . • 
<-·· -> ·+. ·µ<s1h2e~·. -~ '=~ O. 
Ct. . - IJp" 2B 

,. · orpa~c.si cJiyte~e·M c~aoro pmcQesums. Korita rsper.111 
. , ~¥ ~- ·-- . " . .. 

-.. K30Tf:l0rm3a~ "t «epeMR _ pace.a~ ·•a.c1'Hq, -~a yroJJ bit). MliOro· 
M~Hb:UJ~. nep.Mo,;na. T. B~liHT~R ('4 .. ~) HS Heycpe;aHetmoro 
~nq :~Pe'JlO.CHOMY j-TJiy.) JIHJiea}JllSQB.EIHHOI'O KHHe.m\!eCKOro . ijlaBHe1m11 
R U?JJf.lr?.sf, . ~'1'0° B CJ1yqaa· c~uoro pacceSIHJiUI 

lJ!o of a. fJf a. 
~ +. - . - -=- <-->9'1(), 
.lJ t l'-t .{Jt . 

aapywe.mta aTaro paseacTBa· 
~ttpQHedpemrnie Ma~ mii·opB.9.JJOB 
cJleJ.l.YlOOtea:i· ypaBHemm: ;zw.JH f 

~03MOJK'P.9 ~OJlbKO B~Y'J'Plt· 

BpeMi;atµi: ·1to~T-. riOn·Y'laeM 

.. . . • . . O · 

Df ~ ~ · 1te~o ·tJ sin2e ~ ;cf' 
. · 2 ·2 . .A 

. ·~ :-- (s:tn 6:.-<sin B>) .· + . · _:_ ---

. · iJ.P' w m~c_z-sine oa ,1 cpcosa1 ~P. 

iJ sinB · ·~ dt 
0 

Xot a .YCJIOBifa · 'to~-'! ;~JIH0T~ff -~"WJl~Jre~ orp~effi1e'M·, ·IlPM 
9£0 mrnq~~-~. K~K ~no · c.ne.nYei' : '1s i<a~ec~anoro 
f ac91Y10l',pefilm ·§I JJPEflOP. ' I'JlBE_~, 8_.JibB0HOSCKUft mm.,n . np~moAH·r k . 

~ .- y~l<~I>9ffi!IO. TaR ~To . npt1Mai1elilie J{affi!oro I1]»1dmacamu1 
f · p~a~~aeTcR mio.Jme -·o.npaa,na~. llJHrerplq>Y.S (4.35) Afiaiwi no 

,. · u ~~ -~.: : y~~r1m~H •· 'ITO < stn2e>~2/3, . aaxo~ti; i 
0 

( 4 ...... . , ~ 

~ fo==Jc+;J·o• · (4.3_6) 

"fff-c2 B of cose sine·· I cpcose I dS 

'10~" aire2 £J>2s "P J ~!w~l~pcosan . ' 

• 



·qTMfl noJIYYHTb ypaBHeHHe lt1ISJ /. llYlCFIO Il9.llCTSBH~b (4 .?9 > B' 

(4.26) H YCp6,n;ID1Th ll0.JIY'10Hli0e YP8BH6mte no TeJleqHOMY YT'JIY H 

no neplm,uy T. Y"IBTl:lBae1Y1. npH sToM. \!To f B/2B=O, Ta.K KaK 
• Q 

corJIBCHO (4.33) B/2&otJ/ ,/lJt .. IlpH T,SKOM ycpa)J;Hemm OOJJY'lE.leM 

<Sf4 >x;;<St!>:r=<51"/>T.e+<Sc/o>T .e;:Q• (4.37 > 

rAe MH,D.eKcu T.e 09aa~a10T dOOTBeTCTB&HHO ycpa)J)ls:aae no T R no 
0. HeTIOcp0.llC'rB0HIDiM MRT0rpMJ>OB0tmeM MOJICHO y60m.1'fbCH, qTO 

(4.38) 

Torna npasa~ -qac'.rb ypeBaemrn ( 4 • 26) noCJte imTarpHIJOE8Hl!R no 
T H no e o6pruqa0TCH B HyJlb. CoxpaHP.S B 3TOM ypas:aem~ \UieHH, 

KB8JWf.ITH'!BH0 no flYJibC8!.tiIF.M c nepMO)!;OM M8T'HM.TH0$1 BaKa'DOI T. B 

f>03YJlbT8T~ no~y~a~M 

Df B llf B fif 
2 c c 

- +ps1n · e<- - > +s1n0 eose<- -> =0. 
Dt 2B Cp T 2B iJp X 

(4.39) 

ITo,&c·raBJJP.SJ ( 4. 36 l · e ( 4. 39) , noCJie ycpe,zmemu; no 'l'eJieCHPMY 
yr.ny llOJIY'!ae"t ypa.BH~~e yctcopemm .~SMoaaoro THna 

lJ/ 1 ~ Of I 
_ = _ - [p2D(p>-l. 
at p2 0p [jp J 

I 

(4.40) 

D(p) 
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§4. 11ocmwt06Ha · OG.cacoe...taco6dkHoa. ~1aooitu o 
cfil?Hinpe co~H u ~ 

IlpJd HB.lllNIDJ 0BpOM81IlI0['0 Manmrnoro !lOJJR MCTO'UnmOM 

IDlTSHCliSUOit Typ6yJJeUTBOC'L'llI B I'IJ183M0 ffBJTR0TC~ I®<JIO'l'pc>ID!Elfl 

aeycTOtttnmOOTL. CBn30Hil8~ c 8Illi30'PpO.ID!iJO yrJJOBOPO 

pAcnpa,neJteHr.'~ no .cKopocTP.?d. Tal(a.R aHHSOTpOrnut np3 cqxpaFiemm 
napBol'O S,llH808trHtt9Cl<Qt'O RHBapltaaTa B03Hlm89T B nepi;IDH8ti.8~G 

M30TpOIIHC>P. rr.na3~~ lTpH )J.BYMepaoM CJt<eTMH paOWHpBHmtJ 

Jiap"topoBCitHX op6HT 'lSCTHU 38 CN0T 1'I3MeHem!P. MarmlTHOro UOJJst • 

.l:IKi<Jio1rpoHHe.ra aeycTonlflmoCTb, OC5YCJIOBJl0HH8H um<.JIOTpOH'FIHM 
pe.SOHEJHCOM M9JK.llY BOJIHaMH n 1UlCTlfU8MZ IJ3 umc.noTpmmo2 1l8C'l'OT0 

.C . Y'l0'l'OM ~KT'a JloIIDJtepa ' nplt· JlOCTElT01IlIO <'.50Jlblill1X CKOpoCTHX 

t1aCTMU B03Hm<!H3T rrp~ BE>CbM8 Manoa 8EM30Tpornm. 1-llil<peMBllT 

neycro'1'Ilmocm l pmmH l::::-I~k21~ (Hek2 > /()w, r~e Ok2 

~~OaBKa K BOJlHOBQMY l!PICJJY o6yCJtOBJletmafl TOKOM awcTpl::L~ 

itaC~lt. Jµm BOJJH KPfrOBOA DOJJJJpHS81.\HH' Oerynmx B~OJlh OCH z 
4'1W> ec 

't= - ReJ , 
c2E~CRek2/CJw ~ 

J j-_ =J :s:±1J :t 7J <Pa:~1P11 )/ k<f3p. (4.41) 

PJlG J ' J - KOMilOH9HTU ·roKa 6~CTPJilX qacnru. E .. =E dE .. a: y ;_ % y 
Ilo~CTBBJJStfl B ( 4. 41 ) Bllpl:llit9Illi0 (4 • 18:) ,It.Jl.R '1JYpb0-KO.MilOH0HT /, 

. K 
.cf>Y.lmuID! pacrrp€1;ne.nmnm 61:IOTplil. '-lBC'riill, BBO.zvl I<oo.p~aTI:l 

mITerp1~Bamm p 
1

• P:g n <p B cooTse-Tcmm , c ( 4. 12 > H 
~erpMpyH (4.41) no cp, noJryqaeM 

~, C.~Rp ~ {'! 0/ J 
4~1ltJ1 +« +~o~ - we l~P~ - l'p~ 

1 ~ -ililoc2a(Rek2 )/ tlw J J ckp --w<..±W~ p~dp~dfff • 
--G) 0 s; 

(4-.42) 

l'il.€l OnyillaH itnt.nGl<C 0 y <I•ymm.~rn pacnpa,nf!Jli3ffi1ff 'i8CTRU • 

.Bt1~1C.Jia1nte HH'I'0pPBJ18 B ( 4. 4.2) nyTeM 06XO,ll8 oco6HX TO'i0K 

3.H~eHOTOJIH npH p
2

>0 1r1 pl!:<O )~Be'! 
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~ ... ' 

~J{a · tto~TetpaJTbHoe ~paiteJrae O~P.~Tcsr · npii :J>esoHfJlibsol.1 
3H9Yeillfa iM!YJibc~ p; -= .c~ ~ w~)~lH~k)2 H np1 ~cnepcimmm?d 
ypiiBHemtH . {4.24_). JlpHMeM" B ,1JJ3,llb_He0meM, q,-o .W.S«W~. . TOrJI~ 
yCJiow.Afi ~JlOT}>OHHOPO' pt130Halipa Ml40Yn' llStUl 

-~ ~ (\l>~/ck>2 • (4·".44) 

· c .y-qe'l'OM. (4.12) ae~a· a., .iapaKTepuay~ast ~it?O'I'pO~ 
. ~YHKUJm p~~)teJ!el&JH·, paBn'a 

.DI Bf fJf 
a-:- - . --- - - - ~ 

,.,._ bp~ -. ~P! - 2p~s~e 9ose ·ae ·· (4 .45 ) ' 

(4 •.. 46), 

B '(~ .46} yqTEi}!O.. 'IT_O BK.liOJl B ffillipeMOHT JICJOT ,aJtbI<O 

CID.w0'i'prr-tH8f! qaqTb ¢>y'fiK1Drn. p~C~J,te.rieJID.fL (4.~9). TOK Kal< 

Hcxo.iwoa Bl:Zpm~:elillo (4 .43) noJJyqef!o ·O~~rpo~eM ~10 . .. J.tBYN 
s~.a'le~fiM. p~ -=pcoae! fiMe1oro.1iM trQOTmlqnoJioEHN~ a~~l!tif, a Be~ 
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.(ff 
a. 

·4 . rm c I (c,,P )2 (B/2BJ O) • ~ -
o A. -s . .J . r = ~ a. , c . -- 'k~~(kJ . . p I df!· 

. . fw~gkl 

(:4 .47) 

' f.1pH ' n~q·~· ( 4 ... ¥'/ ~ 6JU?O M6noJJh3oBaBO pe~OH8HCH00 YCJl_O~e ' 
'1 ·~ <~~,~4_), a ·g~JJY 1<o'i'oporo· sxo~mitaif a · ~~~a (4.36) .JVUI t! 
. ·- -~ .~~K~HaR dJYFJI<ItHfl ~-C~1.cpco~~l >~ti. kl)' orµa B1meceHa 3a 
. ~:~~ ~TS.I"p~e. :.8 BxO,$ll{afi . ·llO;n·· , ~H8K' MHTerpBJll~ .Be~8 ·90s29 

( , ~~~·:apeilcTaBJJeHa a ·mute. g~s2e~cw;.>~Ccpk),~2: . QKopocTl>' poc'i'a · 
.. : .. ijefKijipeJthuoa ~YHRL~M. 1cBflsBHa c ·~pe~H'.TG.M ~Tfib!llEuhser4 

c» 
"'-" = 2-y«>. {.4-. 48) 
4t · . 

l 

"B~~ ~ onpe.l{eJifle·TcH Jl!tmlb L\HOia:!TeJI.0M ( 812-8.>' B . (-4 ~ 47) ~ TBK 

KiiK j~orist aa yi<ssa~ np()Me:v.yroi< speMemJ. Y~TllBaR, 'l'l'(J 
i• . . - I 

~~!~~)'~·-p,6~s1.n0t' noJIC.TSBJUiff (4;.47 )' B (4.4~) H fIP9~3BQM 
""<:::· • ~npP.pO.Be~~ , no.JJyYaeM BYp0JCemie MR cn~®a 

.~1~P.P.~J{6HTHOC1-1!, ¥cpe.roii:fm1tJrO 38 ·P9PH<?Jr !I" ' .. 

• J, r 

i 
f· j\'\ ""'r ~G 

·' 

67 



8 CA co 

~ ~ (3'1C"~0 <w~>2 1k-3 1 J PI dp. 

l<->~okl ' 

(4.49) 

YpaBHemu~ ( ~. 40) .., C 4. 49) 06pa9y11J·1· HCJtoMYID caMoco:rJ1aconauHyJJ 
CHCT8MY ypamtam~ ,IJ,JISJ HBXO!;.Itetma cneKTpoB 'q&CTmJ. H B0.1JH. 

EcJU! 6H fie cJ!JJJO OCipaworo B.ilMHIDU1 S-OJlli P.a ttBCTHLUi' TO 

mmso"YpOrmSJ a
0 

Bl:lsllBaraa 6u 'l'OJtbKO a~aoaTW?er.tiGie ·V.3MeHemu1 

i-11.m-y.llbca B Il0!JE4M0miOM M8rl!l1TIIOM D0.119 li dWla mi O'l!EIHh 136.Jim~a 

.no cpaBHBHillO e eHHaoTpomv;it a I!pli HflJiH'llm CHJlbH6ro 
·pecce? .... qy~- T .o. npu cBJlliROM paccaRJ!JiDI, v.or.na yrJtoBast l{JyHKI.J;;J.ff 

'JlaOnpe,11.eJteims: 0Jm3RB R H30'fPOilBOtl' lll1100'l'CS1 Ma-•Bt!tl it:apeMe'l'p 

0/0:0«1. ITO KOTOPCrMY M03M10 npoEO,lUi'l'b pa3JIOlKetme. flpH6Jll~mnte 

OWJ.!,HO!'O p8GQ0>llmSi, HCIIO.illbSOBafiH00 B. §4, <t>alcTU'lF.lCIG! M 

s:!BJiHSTCR p98J10lSEllIB0M rm CTerreHaM S'!'Oro rrapaMeTpa. YCJlOBHe 

't«T flBJtflGTCR O,L!):IMM 1'13 .YC~OBfil? aoaMOEmOC'rH YC1<0p6HHR.. flpll 
O'l'CYTCTBIDI pacce.mrnR H :np•s: ,D.OCT8TO'-!HO Q()JJ.l:>WOn lCOliUewrpB_Ul.fii 

OhlCTPwt qacTi.ttt mmpeMeH'J' ;r Mom T nBpMv)!,li11ecKH upKmrMa'l'b 

OOJihnm:e no.no&iTeJti:.me saaqemrn Te»O. flpH 70~n spaM.A t 0""'1 l'Yo 
H8p8CT8FllUl lt-OJTG0fl~ B e pas- $.HaqwrGJlbBO MGHbWe nepMOJJ.8 

T=2'1t/O. H lfM0HHO rrp~ 0TOM YGJl()~H pacceS!Hlt!e MO)f:aT 

llpOHCXO.llHTb 38 apeMff ri; ~:T . T .. 0. YCJIOBJfe 1 o~·O HBJ1$l0TC·S1 

HBOO:!.OJ.ti~MUM ;x.nri B03MOJti!OCTg y CKopemrn. 'l'. K. a rrpormmmM 

C .. ffYtlae, Ke>r.na Heyc•roA'ln,BOqTc. pese~s_atncR MeJtJI1.:11mo, pecc13mme 
'lSCTml P.'3 fiPLtEOJmT K JIDJiHO~ H30Tp0!1H3lJIDrn B I<OHl.J.e IJ,IDCJI3, ~ 

aJ!hSfJ.HOBCK00 YCROJ1f?Hl.fe MOJKeT npe1tpaTHTl1Cfl.. YCJlOB~'le ·r o»O 
MO'JK£1T OHTb HODOJ1b30Sa!:!Cl )1,JJH . OIJ,eHH.U · MHffiUd8.TTbnO~ J<OHLlEHITpaJ.rnl-1 

nndn. np.u K01'0poa B03M01RHO YCRO~Ima, upi& STOM lo<nm:l.n)::{l. 

T.o. ~JIH ouamm nrnin H8)40 Biil\IJ1CJm1'b 1uucpeMcm·r i o <w) 

PQ30H_dHClllIX KOJ100ElllIDt npn OTCYTCTmrn p~ccesmr.H - 3alli1Cl1MOC'rb 

1'o (W) MO!GJ.0 flOJJY11W1'b' HCIIOJib3YSl (4. 43) n (4. 45) H y·.rn11"UB8H' 

'-l'l'O Es O'l'CY'l'CTBmi paCOElSiffiUJ yrJtOBBR 'l8CTb tf>ynronm 



~p_rjpe~aJ1einU!· · 9npe:«~JJffeTpst -~JJ~KO· · a..zmao.a~~e~ 
~s~e~~- ~ nepeMe~oM, ;'n9J1~ .• ~npa &TQM 'i'epaf3'i' "vM!:lc.n 
:i~~.gemie ~ -,~ H·- t ~. "H, ~eapnso'.BaRHoe·. i<mtenttit3CI<oi ~ YfJaBHmma· 
#A yr.np-soa • qacrn l'e· n.oc.ne ycpe,ita_emur no 1i10AJ1'eID16~. ixe.Plfu.uY 
1'f.~aeTa~~ 

.- .. I 

lJ/6 fJf B 
- · ~ + p s1n2 e __:.. - =O. 
llt Bp 28 

(.4.5Q) 

~/ Cf f3 fJf 
flo = - .' · - -. - .. = .,.._ - <-cosnt + const). . "r1i p,,; 2p lJp 

(4.40).. B· (4·.51' )" 

.nap• 
~81$Hlm (4.43)'. MomlO; 

. 71~TLmin. (4 ._52') 

,~~~el:J!I~B: J(se_3~renHoe pa'CCMOTpaIDie ~ , npH ·KOT~~M pem~~ 
· i:::l'.ii.HH~0:ffoo : ypaBHemie JIJlff :cn~KTpa 'ta~'!'lm·, a cn.e1;<TP BO.mt· 
:d'..i:GicUIDjJ{CSl B' Jll.IjJf3nsOM tipHCJIHE9tnm • cttpaee,IVnlBO, Kor,48' 
-c.. . . . . . 
~';IWI'Y)la TYp6'Y-!JGHTH!:lX nyJJbCSliIDt fie' ,np9BHJD.a0T BGJlllPIBSY 

:~_c~_ct;J~1?:ro 1tpyrrnoMaw'raCSaor0 MSt'mtTHor·o nonst. 
'M0J;SlIDraM Marml.THOft F.8Ka'DW :nplmne:KaeTCfl ,JlJJff OO'DROH8BIDI 

:¥.£~QPem~st' .YJLbtpapeJJH'l'Mav.cTcKul. a.11eKrrpoHoa B rryJibcapax H 
;~.a~siii[Hoa . '.~YMaHHocni' ym<opoHHR ·.p0.ru:ITHBHCTC~{X 9Jl9RTJX>HOB 

~~!SH ' l)fmTepa. a- T8KJC0 . npw OIIHcmmH npo~ecca YCKOpemt~ . 
lfla,paJilt;HiBHCTClmX UOHOB c &HS'prKR~ nopff)Uta t 0 MS.B/U.YKJIPH :SB 

.~PEiU!i~a~ Fl;)JIH~~·p!i H ~ MemnaneTHo~ · cpe.rta·. 
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f. .11 ff B a 5. C·roxacTWJGCROH yc1mpem1e 

H. Cr;m.1.wco6eH.u.e ~..:m~ c .wckUmo2ulJpo
OuNa..ru'Wc1ru.1u 6oa.iY2J4eH.tLtUU KOHe'lkDil 

a.tn.Atrmyc1bl 

I1pv. CTOXfl<1TM~eCKOM YCKopamm siiaprn.R HedOJJb!IlO:t rpymm 
YCKOpst9Ml:lX qecnru ~epnaeTCR Henocpa~CTBeHllO HS &H~pi':I:m 

nJIB3M£1HHoft TypOyJJeHTF.oo·m. Hc'ropHl:lec:rn napBUM 1'13 

paCCMOTp0mra::I CT0;{8CTIN0CIGIX M8X8!ffi3MOB y c1<opemut 6an 
·M9X8HH3M' lljJ0.ltJIOJtemnill ~pl~. OCHOBElHIDitt Ba pao.CMO'I'pBHim 

CTOJiKHOE0HH~ 'IBCT~ C j,\B.mKy~lCR MaI'IDlTillilliH 00JlaK8MU. 1.1ffi\ 
K8K SJl~MeHTY .ll.aHHOro paCCMO'l'P9lillR BX0.11,HT COC'l'aFlHOA° qac'fblCJ B 

P'R.D. .zrpyr;g M9XSID!SMOB' JrnJ<e ~ p~CCMOTplfM f1iH3t-Ne9r."Tia OCHOB!il 

f113pt&!Bj3Cf<Ql"'O Mex~HUSM9 f Ol<OpGHMP.. 

Ee.Im JJe)'.JM:OpoBCKIIl! pa,ni'fy C l!SCTml)J r L MHO!"'O Mf:lFitJUIO 

xapaKTBpHHX M9ClllT8d0Et H3M0Hemrn m1peMeTpOB TYJ)O,YJJeH'l!.HOC·rn. a 

xapaRT6pm10 apeMtiHa USMBHemtff 5JteH'rp1t1~0CKCll"O· H Mar1mTHOT'O 

noJJe~ MHoro 60J1bwe BpaMems oopame1rnS! qacT»UU n o JtapMapOBClCol 

oeyymrocTlr, 1~sMeHeH.PI0 3uepnm 'iacTmW s Me>ma·r <St:.:T.o. pacctntTa
HO B ;npa~aoM np1m.mllCemm CB .nruruoM paeileJia MY 0rpanit1mMcst 
H0p0JUJTHBV.CTC.IGIM pacOMOTJ)0mt8Ul) 

rml- oB 
l 

- = eER + 
dt 2B ot' 

(5. 1 ) 

J:')J;0 R - CKOpC>CTb ,liS}iJKeIDUl B0AVIIJ.0'! '0 U0H'l'PB I 8 - H8fipRlK9HHOCT!> 

~!8f'HMTHOro DOM. '!lHp~ ~.nea B npaaoa 'l!lCTY. (5 .1 I 
COOTB9TCTBYBT· CY.Of.JVC'rn 1~3M6H0HH.ff Cl!i€!pl'irn iIOJl .D.El~CTaM8M 

aJieRTpw1ec!{oro· TIOJJP. E, BTOpb.0 - Oe'i'aTpoliliOMY YC!<Opemm. 
PaCCMOT})RM c•roJIKHOBflmJH qac'l'Ml.Ui: c MarHH.THrlM V0Jla'1<0M -

Cf'YCTKOM 3G\Mar1rn:ttemto"1 iLllaSt~W • Tal<o~ crycTOK CO.i10P3CWr . 

OoJibmoe 'll!CJIO 1iamw Ma.no:rt. 9Bepn-ru H na:peHocwr· c·1·pyK·rypy· 
MBTIIP.THOro nojfH. 0TMBT11M. ~TO JJ.BHH09 MO,ll0JJbH00 rrpe,ncTaBJta:tma 

nosaon~eT OimCl:lBBTb xapaKTepHl:le CBO~CTBa HOROTopax Mr~ 

C'rpYJ<TYP E KOOMOC8 (Harrpru.m p' Y'~8p.HllX BOJlH ) • BaaHMo,n.eRC'l'Bli8 

OliCTpO:R 'lfJC'l'l~ c TairaM crycTRONI MO!CHO paccMaTpmrnTb K8K 

CTOJIKll0801Ui0 c MBCCHBH0."'1 '!acnmeR. Km< H3Be0TMO. a 
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• 
ci-o:x.aorv.qec1-:0M pCil!UiMa c·romrnoneHH11 -qacT1m :apHBOM'l· K 
p8B~Opacnpt1,ne;1mmno 9H0prHH M0JtllY 1.i8CTMI..t8MH. fiOB 'r<JMY 

CTOJU<HOB0HHSI ~80'1'¥'.l.t c .n;BmeyIUMMRCff r.tarHHTrlttMl~ odna.Kar.m 
IlpllBOJVlT KBK 6lil K ''HarpaBy" ra39 qac·rv.u (SHaJiorHJl 3,A&C~ 

HeCKOJihltO ycJ19BHa, '1'. 1<. ya1mpeHHG npeKpamaeTC.R MHo:ro p_aHhme , 
'16M tJSC'!'filla npHo6pe'i'eT saepnm, cpaal!HMym, c 3J!epnteR Beere 
O~Jl8K.t:1) • Bo3MO!CHH .n.sa 'rln:t8 C'l;'O~rll<HOBe~. llpH nepBOM 
npoHc.to.nJ~ oirpa_menrne 1.1aer~ .na1mymeRc.R MafJmTlm-n npodKO:R -
sept<B.ite_M. EcJIH 'lt!CtMUa ynepltGlB80TOR M0lKll.Y ,llBYM.R MBI'HH~ 

30p~aJ1ElMY1. TO coxpE!H~eTcR BTopon 8,D,liE16BTITT00IG~ mraepliB.HT 

~ _ ·mv ld.-9, T'i® v 1 - npo.n;o.JlllHBA CKopocTb .RBHJRemr~ B0.QYlll8I'o 

tteHTpa, d.B - ~JleMeHT ~ MarHUTHo~ mu1oson JIHHKH. B 
CR£T0M8 OTcqeTa H80Jil}~0T~~H rrp~ OTpD!tefmM. OT 30pRa~~ ~H0prHR 

qac·1·mw M3MenRe_TCR npH yCJtomm _ U.«UI Ha l!E=2mu1v 1• Er .... ;n1 L 
PfJCCTORJil.!9 MSJ<.m' 3epKaJieMa' TO MH11epBaJ1- $M0HH ~eJ:,ey 

09:y~apeimRMH_ ht=Llv ll (1"'.na -v 1 - cpe.n;asm IipO.nDJlhHSff _ cKopo'cTb. 
\{~~~·~..l(l:l). T.K. U=-0,5cIL/dt. cpe.nusrn ·Ct<Opo_c'rb BBMSiiBHHiJ 

m..tcy.nhca 'iacrnu.w Ap 1 /-b. t =2mu1v1 t L. 0'1'1\YJJ.a c.neJ.lYaT. 'lTO 

dpl dL 
- +- - = 0, (5 ~2) 

p·I L 
'!' ~e~ p 1L~const. Ilpu BTOpoM ·Tmro CTOJIKHo.earrd aapn~e1mWI 

YaCTfill,CI JT,Bl1!C8TC.H BllO.llb J.IC.:RplIBJIEJHHOn: CY.i.JIOBOa JIHFilnf t c•AYR -38 

es narnOoM. BcJIH !11JBeRropRR Be.llYllle_:ro uearrpa· np1i ){BDeh~ 

~OJih 8MJ10BoR .1rmnrn np~ nocTORHllOM I BI MeHReT csoe 

F~~aB...r1ewAe Ha npornaono.noJtHoe, TO W:lMeHemte ea ail_epr1-m B 
~.npcre~-e 0 1rclleTll HaOJOO,U.aTeJJR IIpl! u._1.u1_ paBHO e 1~2mtt 1 v 1 • 

ilp~ pea_..'l!him..'< C'l10JIKHOB0Hl-UlX "BM6H01UUI OKOpoCTH t!SCTHUU 

@PMOXO.zti{'J.' Y.8K 38 CllE.!T OTPEJ:«emrn OT Mar1rnTHOtt npooim. TSK ff 

3~ ,~qe~ .lU™~e!rua B~O~b liCKpHBJteHH'HX M0I'liliTHYx CRJtOBUX ·~· 
C[Tiit!!! 'l'ilM·, '!TO IipR C'l'OJll{ll0B8ID!lll nepBOPO Tm18 Rl3M8BSIDI9 

~.lif3}Jn'AH qacrnuu o0yCJTOBJT0BO 00T8TpOHHUM M0X8HH3M(JM 

ymwpemm. 
Ilpl-l MROrOKp8TlillX CTO.iiY.il()BGi~ffX ey?&MapHoe 113N0HE4HH0 

3HG1Jr~m 3EIBMqHT- OT OOOTHOW0Im~ BCTPellIDIX H .noroHRJlll(HX 

Gpy~{lJlf>~. BepoHTHOCTh BC'rp&'llWX C'i'OJIKHCB9mll\'' pamtaSJ 

(Ul't-~.)/2tJm ~ apeBtilm8eT aepoH'PHOCTh ~OI'OHSl~ CTOJIKHOB0Hd 

(·t1,~u. )/2-t•.. Ta.I< t!TO cp6.IIH0e H3M0'H0HMS 3Heprmi 'UlCTHUil 38 
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:if. 
6.E. = 'tJ2€. 1'}«1 .• 

0 
(s .. ·at 

JtnH .noooawc CToin<uoaeimR TJ;=2. ;µm o.nyqa$l ($piiqecJ:G1x ynpyre 
p.accaH8a~ H~o.nHopo.ttHocTeA "rp4/3. .Ec.nH L - cpe.uaoe 
-iiaccromme Me!Ulf ·MarmrniHMH o64'lm~&m. ~o cpe)'.IWISI ci<opoc'l'b 

de [ r.l]. 
- = -· - vs. 
dt - 1) c2L 

(5.4 ). 

S liocMoclirs1t.'1ecruut . ycnomua xpynHciMacwTa6HU0 (~TpYKTYPU 
.M83Me1motit Typ6yJteHTCtOCTH MoryT.. BSnO.JIHSJ'l'}) .-pa.m, tder.mt'l'Hlil_ 
~~B ~.pMli. PaCCMOTpmd ll0l'.C'l'mi8 ·&fiepttmeBcKoro: N~X3UH3Ma B 

. YCJIOBHHX. . ~yiqe CTBOBamrn paSBJf~O~ rv..npoMEl~l~Oft. 

TYfJOy.ne11THocT11. ·s_ ·DJiasMe 'KO~GRTpa~ ~. ,TeMn~paTYJlrt T_~ · OQ~ 

e~~'; ~Ha'!eHHeM ~r:··m'.f,Hor9 . ilOJlff' B npH Blfl!~JI:temnt y~oe~
n-Pd 18~.. nc~M~n2ta'1t <r.ne 1-Ma·cca hoHa. cA-c1<o~c.Th 
TypOy:rteanntx :TIYJJo_OAUJtl!) . B98dYJ\.'l8~T~Sl oneKTP PH.lij)oMSrHWrma 
BQJTr! p03.JJH~mo2 . AJ?ltrm 66 .CROpoCTblO paortpoCTpSH0iUtn, 

.•CA=B/'(4-icp) l/2 •. :Ee.ml r,o - 'OCHOBHCIA M8CWTa6 . Typ0y.1le'iifuocm. TO 

RPYIIHOM8CWT86roie KOJte6aiUUf . c .Ml"'J.iOI: I aomru r L «.hao 0YJlYT 

~J<TKBHO OTpaJKa•rl, ~flCTmlH . c v~.:i • .'t!ao11IDfi. ·38XBB\J6lilllJ& 

Me'ftJI3 ;1lOKaJlb!IllMW M8Krn1MyMaMH , BOJllJ, 6yJIYT ycicop.RTbCs;! npR 

QTp8~mnt' .OT. 90JIBCT0A ' ~cW!eHHm~o ~arm.tTH~ro · IlOJJR ~ Ilpn 

· CHJlhllOM pacce~tt 'i0C~ HS BOJlH~-• ).Vi1ffi8 K<?~OpRX TIOpffJI.1(8· 

JJSpMopoBCKoro PaJUlfYCS 'f9C'l'HU c ~aHM01! CKOpoCTba'.>. ,npOJ-tCXO)J.l!'l' 

~KTID3HOe CTSTHCTH'l0_CI<oe {,tlepldll!9BCK00' YCKOpaHMa·. ·l<oTopoe 

.~~~T 01:1'1'.L QJ:ll.!~BF.Q .KBK ~fllllYSMff 'UICTMU e: HMllYJlbCHoM 

rtpoc-rpaacT8e. ec.1m croJIKR~aemu1 qacTHlt ·c oo.ltiiom.~ n~ke'J'aMl! 

CTBT".atc_T",NecKMT aesamic•twi, 'ITO ooacneq1raae1•c.H :ov.J1bHUM 

paccaRH¥a'r" qacnm. TIPlr!· :awoJGi~mns rrpHHr.wna ·.z\eTaJTl>imro 
~BHOBeC"~st Bepo.flTUOC~'ll HSMeHem~.fl upo.noJibtior.o MMnyJIL.ca' 
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PBBHlil B _pSJtffTKP.HCTCKOM ~ 
~3M0aefflie ·;~ 

o.rmopo)~1mtit ,c;ny~~ ·~e~:T 
OIIHCYB8BTCH ~8Bffi.1(Qi0M 

~ 

--: - .-2 , 
Of 1 {j ('Apl) .. lJ/ 

Ot1 
::: 2· {j~ ·· ~ ;;P:I ~ 

(5.5) 

_ - in~ ·. · ~ :~_ ·pacnpe~eJJemur 6upTfJw: tJacTHU. B .11adopeTopn~~ 
& ii!reMe -~cnc1ieTa - c -rotmoc1rh'Ki JlO 'IJteHotf a: cc .;c ).2 ripu 

~·11Gtiii:Jii3~8mm np3oCipa3o~m¢t .JiopeBtia i< cHcTeMe ~ettcff 
- ~. aFl~~i~a - HeO~OWJIHOCTH, HS KOTOpOft npo~~~O~'l' ynpyroe• 

(5.6) · 

Tpoin_NROn:> liRT~~y-rna e0 < l.'c-Osa0 I ~0.> 
upH KOTOpOM qacTHUa ~ep9cTBGT 

'HMrlYJlbC 
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or a 1 tJf 
- = -2~2E?lv , 1- ·- , 
~t ~pl I ~ Opl 

1coae:<x0 .. (,5.?) 

Yc~opeHHe ·~pm ~K'I!l:iaHO, ecJm apeMH' pac<'..effl!M liacnUJ.U. 
't,8 (p) c lJMIJYJihCOM p Ba yt'OJl ?t MHOro MBHJ:ime BpeMOHH yctcopeHHn 

·'ta n.0 sToro snaqemu1 MMriyilhca. c Y'ie!J'OM paccerum.R ypa.Baelllia 
~I<T'RBHOro y.c1mpemrn 38IIBCHB88TCH B .mi.n.e 

Bf lJ IJ! s 
- ~ = -. -2f32 EC·IP IKCB )-. - + ~/, 
tJt opl . . I ). opl 'ts 

(5.8)' 

... 
r.21.e K(.B,._}=1/1-..{~). orie-paTOfl s ~attCTBYeT HS yrJIOBY'ID qacT_b . 

~mm pacnpe,n;eJIGimR. llp11 CliJihHOM paccerunr.1 f OJUi:.:llia K 

ll30TpotmoR ~ Tai<· q'i'O pa3Jl0Jfi8ID!0 t no C06C'l'B.emt!ilM rliYHICUM~M 

onepaTOpa s npe;ncTaBJUieTcff a BHJJ;e 
-

1 = I {p) + I 0 n (p) tl>,L (S) ' (5.9) 
n;::.1 

npomrrerp~BElB ypaBHe~e (5.8-) no IIOB0pXHOC'I'll €l.IIIDilrtmO"A: 

, c:<lJepu, :noJJY\WM ~ys110HH00 ypaBHem1e .D.JIH .H30T.pomm:a: 

"' t1Jya~UH11 pacnpe,ttEJJ10HUfl. omi.cHBU~ll;ee rrpouecc yc1~ppe1m~ IIJ:IM 

't . . «'t 
B Q. 

IJ/ 1 lJ IJ/ 
- =--D E-p3-
Clt p2 ap P ~'P 

(5.10) 

c l<O&~MUH0HTOM .ID1$llY3~ B npoc:rpaHCTES IDiUJYJTbCOB· Ii=spDF' 
n/2 

r.ns DP:::;2~2c f sine cos30 IK(h)ldG, h=B0 et£fe, K(h ) - onaKTp 

0 
nyJlbCB.J..Utlt. D0Jil1'liffi8 K {-lt-)=1 /A (BJo..) , pE1BHER cpB;II;:-18MY 'UfCJI'Y BOJUl 

c aMIIJrn•ry JI.Oit OOJI!:.lllo h-:.B-80 Hfl e.n:mrnu,y )l.>TT?.HU, MonaT OU'!'b 
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~ 

I'-
) 

'· 

-~,n~~8B._'!fBHB" B" · BKJl~ ~=L~' (h.Jh)v • - P.Jl0 - fim,;B"'-B0 • - -IJ.Jm 9TOM. 

J3e~a fl:p i;rp~aeT BH.It. 

nn ~c ~ 
~;F~2~2c;L~1 I -s_~eco~3e Ch,/Bo tg2f:j )v d62I:'(h.mlBo ). r(v+ t }r c2~'V) ' 

0 - o 

p)la P "."'. ,:reMMa ~YHJ{ImR. V<4. IlpH 1!~ HHT0rpaJ1 D'p pa'GXO,nBT~ff 

im· BSJ5xlieM npe.neJ?e, TaK RSJ< TIPM ~'lt/2 oTpa1cemte · np0111cxo.uwr 
OT aoJIH CKOJTb yI'O,nHo MBJIOR' 8Mr.will'l'Y~, -.H IIplri .D;bCTSTOQBO 

cii~do-a sasHcHMOcTH aMIIJIRTYJJlil oT Macmttaoa .8paMil Mez.zzy 

p~o31~rnoaeHIDIMH C'.l'p0MKTC.lJ K BYJIIJ.. TEOOIM o6pB30M, 'Il!CTO 

~pM'£i9BCl\Ofil YCKOpe1me t T.O ec·n,. OTJJ8lKBHH8 'q8CTID.t 01' .D,rnmIDIX 

~-!ffi, HM90T MGCTO Jlmllh ITpM .I(O_CTBTO~O OJiICTpO Y~liBa~ C 

MElQJJlT_aObM SMil.ll~TY.ll nyJtbcaJ.Urlt (h.(A ) ... q npH A,..aQ 6!1CTp9B. qe}d 

) ~ 112
• 'i'o ec'r.b v<~' T8R ·Kffi:\ h (A )=1\" <MLc:» 1 /v ) • IlpH V<2 

~&rn::mta. Dp~citLoc He .3$BM'.CHT ()T m.myJI:bca' .H KO~eHT 
·~y:ii:w B 1™1fY..!1IhcaoM npocTpaHCTBe nponoplinoaanen ep. WoEHo 
n0:t<a3:EiTh, 'lTO YCJJOBB0 ·CHJlbHOtO pacce·mmsi 't G:'t -=p2 !I>=plED:o a a x 
HaJteraeT orpmmqemffi (,'Rl13Y HS B03MOEHU0 3H8'10BPiff mtriyitbca 
'.¥~op~wx qac~. 

:EcJW -38;1(aqa npocTJ)aRCfJ.'OOBBO B00JUIOp0.D;II8 It TO B ypmmeHHe 
~,Y.3~ HEl)IO ~oOmmTJ~ qJieR1r COOTBSTCB~ rrpOCTp8HCTB8HHO! 

~~Yi?:~ G ~~i!WBI:ITPM gpocirpaHCTBewzmg· ~3HM B 

~Q~QM~PHOM CJrY1~_ae Dz.=V,.A/2, r/.f.a OCb z H_~aBJteHe !JJlO~ 

}i~~2Mfm0ETiOro ITOJIR. T.K. A=2J~2c/Dp, RO~~HT ~.SHH B 

'.~jj . .itbUbM npocryancTae Dz~ (3~c2p/21)Pe. » · ~ Y'feTe o,D;HoMepHo2 

i!P0Grjiffitcrroemmt? R1cfXPys1m 

lJf 1 a a1 t32 c2 p a2 
/ 

~ = .- -D Ep~- + -_-- --. 
lH . .,?- lJp F tJp • 2D.Pe: /J# 

(5.1 t) 

¥•0 q1GJB YPBBHe~e (5. 11 ) HS p H ~·rerpHpyff no B~0MY 
JIP.O<;TP-8HCTBY,- m.myirboO.B. noJiyqm,., J3 HepeJI.R~cTcJ<oN c.nyqae 
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dp/ql'~CQ~·s.t . V.E, CQJifit=f3'et A ·ooBft8_;lla0ifii .cno ·noPit.ztKy -~JtK~~IU' e 
~JlMll~~CK~a , KOHCT8H'l'Ol- 1eup~emdr (5. 4). :'O'fMa~,, . 'IT~ . :itpm~ 
n~T8~Hor;o:~ 'P8BilOQ0Cl.Ul Ha.nBTSeT OfPBIDrnS~ -1\8 cnewttp I. qaq~. 
a . ypaaiieime ,(5. ·1 ·11 ) Ho3BOJU18T BCCJJB;l[OB8Tb ·. a~T(.1TJ1KY ~YllKltID1 . - . . ~"' . .. ... ' . 

pacnpeAeneHY.fl B o6~ac~ ~OCTSTO~Q :OOJT.D~ RMllYJibCOB~ 
· PaecMoTJJ1™· j>eweHHe~ ~Y?~tmmcro ypeiwamut · '!a_a r-i~.T~ 

.Irpocrj>aHCTBe~~A . ~3HH: ~ CJll"t8~ MMnyJlbQHO~Q; B()36Y~'A~~?. M 
rrocJJe.l(ylOOlero saTyx~ui TypCJy.neHT1m:c111. TaK~fl . ' CWr.Ya~fl . MOJlte·T • 
6~Tl) :~pea~so~e·, ~aarrp~.e.:p. iipH . . .BSpiiBe CBEt:pXHOBOl.; flyCT b 

. nF~9: ·flPJ• t~o.~ . ~ t~ ·nP. '.ct<atn<C>M · so.apacrraeT .no .. i<oaeqiforo 
~Ha~eJ:mR-. a aa·TeM . y6~Ba'E}T .-JJ.o uyJm no 3aiit8BROMY 3-aK~Hf. 

(IQJ18ra11 i:=JD~{t' )d.t'. OOJJYYaeM B ;lfape~HCTCKOM CJJYql)~ 
0 , 

. - . ~2- .· 
DJ ~ ,! fJ/ 

-~'t == peiil + '~ : • (5. t2l 

. Y.pae~e~e {5~ 121) :·HMee1': qac'lHble_ orpmmqeHH_He B· syne~ 1?8wemu1 

--~n;n:~ e~x?rp~ 1 J~(?-C£P.,'2 > ~ .r2 -= tf>.vm<uHR BecceJiSI. ·OT-Kf.na · 0flm~~ : 
pelilemte 

- ~ 2 . -
'/(-p,rrh=-[F'1J~(z)e.-• : T J2 c~

1 J.2 ~~· ~. (5~ 1';3'1)! 
.:(5-

'. ClO 

p/0 Cp >= JW (a?)~2· ·<2a?;J 1 12 >a ca. 
q . 

IlpWMeHHfl ~eopeMy ~p-~e~s~cceJtst , nb.JJY.'l~M 
fX) 

WCa!l : _Jp'/0 (p' )J~l~(p• )'~ ·12 1 2lp' .. ) 112-dt2.(p ~ )':11"?-J 
a O> 

~ - 2J/ ofP' )J2L2a?Cp' )112 Jp'·dp'. (5 •. 15J, 
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Jj 

f 

.,. Ji· , 

iio~c!raB.rmB(5. ;16) e (5.·13l it limT9r,ntpySI no ·z. noJJY11aeM 

1 co p + p' ?-r,;;, 
1~,,. 'C}= Tit Jrotp· > exii[- ---'t- ] 12 r-'t-] p·dj;i·. (5.16) 

0 

r.ne ! 2 . .- «XJymantsi BecceJUJ MHHMOro aprfM&HTa. 
1,3 ~ OQJih~C~ 38Jl8'l (OC000mIO acTpOCl&iaHqecKH.x) MOZHO 

fIOJIQ_JC!11L. 'l'l'O ~R HHltEI~ OTJllmta OT HY.M .B o6JlacTH 

~0c1 • flPH aroM. acBM1IToma f (p, "tJ npH oo:nbum:X 't H P•P0 
· ~eEiT ymma.pcani,.mtl BH;ll .. Pas.nerafr 12 a psut Jiopaaa H nOJiaraH 
~(-p'./'t)~1. nonyqaeM 

{5.17) 

~-;;.th · n - noJJHoe 'lHc.no mm0KIJTl.n'V'lB8HmlX. '18CTHI.t B 1 cM-3 • ~~ • 0 .OIJAJ"""" 

~~H~HQCTb 'IBCTHU C HMrlYJt.bCOM >p 

r»' p ri' p3 
~P'l.'= 41t<;Jp3 ! tpoi;Jdp .. 3t'cf't [1 + ~ + 2't2 . + sil] e-Pl'r cs. t 8 l 

p 

~ f~e'J'· , uG!poKoe n.na!!'o npH Ma.mil p/-r. BeJIH'mBa S°(>O) 1n.oc=3't 

·~ij.J:le.i(eJtH9T <fpe,ttmdt mffiYJihC p. 3TOT pB2YJlbTaT MCJPJ10 ITOJJTm'l'&' 

'C' f~IDIOCThlO JJ.O 'DICJIOHHe:ro MHOJG!'l'eJUl H3 ( 6. 4 ) • O)J;RElKO yqeT 
1qiiK&iY;atjmt 'iHCJia BC'rpetffiilX M ,11.0roHfl..l<XUHX CTOJlKHOBaud 

•110kSSl:iB89T., 'fl'O CTI0KTD TRHeTC.ff B OOJiSCTb 3H8tmT8JfbHO 69.JLbWKX 
: :~·;: : Mll;;.6~CRBHOC~b . 08]l~e'.r Ha nop.R.zl()K ~ npg p;:8•t. 3HeprHfl 

· rr~"J.tl·, qacTlotQ B 'l pas B"Nme, 'ieM np" p=p .. 
·B YJibTpE1peJJR11'HBMCTC'J(OM. CJJY'l.aa 

(J/ 1 {j lJ/ 
- = - - p'-. 
~;; rl- <Jp op 

(5.19) 
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o,q1m~ep1fo~ yp~a~mno TetiOOift>Oso.ztHocm. . ®tlJi:~2(p!Di!-. e: 
·~~ott _rpama - .~a (o~~-' .• 't)'.t:{4~r1/20'Xpc-(o~-ti'_.)2/4't. } .• - OTKy;xta 

~Jle,l(ye·T. 'l'l'O npH • yci<opeHl!U qac_~ ·~: . ~ocs.na£m c ·saTy.xaiutea, 
TyPOyJieHTHOCTb., ( 't-'tp DpH f'.-.Q>)\YOT~aBllHB~eTC~ · ·~0K1'p D~a 

/=const -~-3l2expf-~2f,t4-'t0 ). cs-.2q> 

ripu 'tc)~~tolL,pci.1. CnEU<Tp :(5 •. ~0) C1'aHOBWl~Cft O'ieHh . :_JteCTKW~ •. 

T-.e. BHTeacmac1'&· qac·r.Hu 4.,r;p21 na.naeT 011eHh ME3.ltJ19HlfO: ~ 
J>OCTOM SRepi'Blt ~aCTHLt• 

P~wemte 'ypeBHenwI 'y01<6pemui npH yqeTa'·HSJIY'lSHlUi BO;nH HS 
ycKopmwtero. · oO'beMa npimo.1];1'.T 1( · .DJi>YtrOMi .B~ 3eBJtciWOc•m. 
~. pacqpe,tteJI~iIRR. ":.oT-· ~.Jll_)C8. fiOSTGMY' llpmiiGHemte. 
~.PMH~BCKorq MeXEµIK3MB. - ~O~CilBllH:BaJCll.\~ro -~oCTS'.?O\IRO 

~~~e YCi<OpeHHe ~aq~ ·B ~yp6yJIS~Oi'.' OSibSMS;,. JLnSI 

06'1>jlCHGim$J y~t<op6JmF. . "B Jl8HBO,A CHCTeMe Tp00f01'· 3BJ:t0l!llfl 
H~'l8JJl:JHHx H rp~ YCJ1C>l31~. 

Er;Jixi nrn1 tlspMKe"Bct<OM yc~0pemm npouecOll PQso~aa¢Horo 
B3~1iIA.OJ:tBACTmJB BOJIB8-'l8CT.\'ll.\8 ' o<Seche'nraa.it'.H TOJlhKO paccem-j,~e 

"lSC~-!-'iUJ. 1 up~. ;~$~9,neA°GTBUJJ . c· TyJ)6YJI6H'!'HOCTl:iPl, ofl.tpo~ iUJac·c 
YC"J<O,PH'!'e~~~ MeXBl_msMOB, . aa KoTopliM 'aaxpeI11.UTticE · HS3Bam19 

'!'ypOyJleHTR()ro y.cK~peHWi, pacCMa~BBaeT yCI<operrne c.np.alt~t 

s.ne:I{T~9CKWQ.f UOJilfMH trpil, mmoJIHe~ ·YQ~9~ pe30BBHCS. 
,n,ru1 :Ca~OA· u · B~'l'B&A KOJJeoa.mm W(k) MOI'YT BHIIO.ImS!11>Cfl . 
cocT~TC'J'BYKIJtH8 pea~~9,P~e· ·YtJio~, rrosTor.ny '~ ·cooTne~c;::r~1 

.c· s030YJC,nBeMUN ''THilOM TfPOy.ne}ITJ~OCTH rpyn:rm q~c~ ~O»te1r 

YCKOp~TbCR ~9HrMIJPOBCK01t ·1ypoyneRTHQCThE, tnUCHerB6pM,ltl!Oa, 
cmrcToooa H, ·T .it. ~KTHBHOCTL l'CKopem~Si 9ilpaAeJtlieTcsi 
cneRTpOM cooTseiCBy-~el ·TYlXSYJt~wmocm npn yt1eTe· : tioTap.-, H, 
DiDCO,Jt9 ~fRCTl!ll H3 yci<Opml!lett ooJiaCTH. B . KOCM~'!.!10CKla . 
CHC'l'eM~, K~ fiPaBHJIO ~ _ocHOBHaH· .D:OJJR SHe_prmr cocpeJtOT,O.'leRa_ it 
~Ill TypOy~eHTHQ9TH, c. KoT9poft B cooTBeTcTBm:· c pe3oaalic~ 
yc.nC18*~ ~8H<Jo.nee ~~KTHBHO B38!fldOJJ,a'2:C'l'By_J)T . 6~CTplilf3 
'UlCTHUll, ITQB'l'QMY muce ~ doJiee no.DJ>Odif:o paCCMOTjjjw 
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(_5.21 )_ 

i~a!~i ,82 -COO'rBe'l'¢TBeHBO' onepaTOPU ·izy.ne~!'O. • . ne~rp ~H, . r~ <no «c/~I) nopn;tKe ~anob~. B HYJJ9B()M ' i:ql~6Jn~HHH 
·• paccemm11 

iJ/ 0 ~
2e2 1 a· l>tl vcoaa _I l lJ/ 0 . 

at -= . m2c?· sine~ (jG~¥.J.O 
1~cose. 1 ae 

CileKTpSJlb~~~ ~tqUI Typ0YJIBHTBOCTH IlpH 
z,e 38Psm · qacTH4U. ,ltJm 

c ttokas_aTeJJ&M c'!'ene~ · V• ,, .e. np~ 



v ... 
= h~L[JbJ~ I cose I ". (5.23) 

YJ>SBHeffilie (5.22) llpl!HllM80T mm 

fJfo u2e2 h.~Lvv-1 1 (J - - {Jf o 
- - = -- ---- ---:·~f1n0jCOB01"'-· 1 --- {S.24) 
ot m2c2 (fuB)v S1n8 00 t)8 

PameBHeM '( 5 ~ 24 ) HBJIR~TOn CTEll~OH8pHG0 ~30T}JOfiff96 

pecrrpe.ne.ne1me. ~ Twace ~cJ<Pe~umt Hadop aitcnoB~Hl{HaJ1baQ 

_saTyxa1001HX yrJIOBLQ:. rapMoHm<. ·rro.nolKlia /0=exp{-A.~ tl"-~-r)q>n (8.), 

AJ!Sl <J>n.(0) noJJYllaeM ypasHeFme 

"-c.'tfff.Z2 ifn2 Lv't.1-1 1. -a a~ 
--'-'>..2'" (8) = 

1 0 
- -- -sine1cose11J-1~ 5 25 

n't'n. - rTf Ca (Ib>B)v s1n6 a6 aB ( • ·) 

TioJiarast 
m,2 C2 (fuB)v 

1 ,, oo.nyqaeM 38BlIC1™QCTb BpeMemt 

p0ccemmH 'r OT CKOpoC'!'H 'WC"1utU ll,JIR c•rene,w.oro OrI9!CTp8 

Typ<jy JteHTHOC"'-~ 

(5 .. 26.) 

3a Bp0MH t=r mrpBaff rapMomnrn I 01 YM~HlblllHTCR s e pas, T .e. 't 

xapaKTepIIsyeT J43oTponH38UHlll yr JIOBoro pacnpe.u.e.nemm. 

OCTBJlbH!ie rapMOHliUG1 CTIS)l81DT ·OGCTpee '(i\.~=n<n+1 ) • 'tTl =A~'"t/A~). 
CoOcTBe~i tf!YBI<l..tHflWt yr Jtoaoro onapaTopa npaaoit qac'ftl 
(5.25) npli V=1 flBJIHJOTqR no.mmoMH JI0J(fJtz..Jij)a OT coae .. B HYJIBBOM 

npHOJJl2lKemm no aapaMeTpy (c A/v,1}. 'Ji.a. aa BpeMfl 

M30TPQimaamm 1: 8RflprJiJSI 'l3CT.Hiru c V»C A He . M3MOHJISTCSI. 

00aTOMY Bpi! · ~CCJl0JlOBSffi1~ npo4ecca yc1mpemrn 38 Bpe.M0Ha t »'t 

lliYRKlLmll pacnpe.neJteHHR MolKl:lo -CT.JHT8Tb ~30Tpom10it. 
1 n 2n 

nopooOo3Ha'iaff /0~</0>=-J I /0s1n0 dSdp, ycp~J.ql>1.ff (5.21 > no 
4'1to o 

BO 



~00 A 'fJ · 4.0C A f;J/0 
'> ~S2/~~=<~ ·~v.1~ . -- -- >• ;O~t1, ,{5.27.) 

.. · v l _lJv 1 I vr1 I Bv_J. "' 

.' ~~aeM fiapiie~ ycpe~eillu1 .it;~:a110mioe n>asHemi~ : y~epa~~ 

tt?-~29) 

~r-"'iifovnma1 TypOJJiairiB:ocrn BH.tta . (S •. 2-.1). C· yq~TOM Toro, ~TO 
~ '- I" . • , • ... - ~ - . - ,. - ~ • • • . - .. . . ~ • 

. . n / 2 

l\c~5-9)~-~1 de -=-=- - J .("Co~e})vl... 1 "(l-co·s20Jci('co.s.e :)=~1v c-i1+2 >·,. 
9 

.2 
=---- ~ 

v(v+-2) -L-
(5.30) 

(5.31) 

·4i>pMHpyeTcR 

BI 



CileK'l1p B'U{9 exp ( - V,/ V
0

) • SBM$'1'MM, tiTO no·cJJ0J.tlillR· c,ffel('rp 
· xa~ktt.apeH. . 1::ranprtM::ip. ,UJ1JJ Ctt&y.'fpa JJpO.TOHOE . sa dJpoH'l'OM 

y.n,a:pffilX BOJ!it COJIHG'iHID: BCimWBK. 

}I)IR c.ny<taeB MarHJl'l'OrH.npo.JnmaMHtISCKRX BOJIH. pac~cT

p8RiUttm!XCH TO.nI:i1<0 B OJi:iidM mmpaBJJemw. , TYP0YJI0HTIIoe· 
YCl<Ope:mto OTCY'I'CTBY6T. Jie~CTB~T0JlbHO . IlplNitJIO:tt yc1mp0~rn 

sm.nillO'rcR c.nyqmurue aJieKTpldliBCKHe no.;m ~ BOJIE. BpeMrs 
yc1<opa~11 rr

4
o:.(eE>-2• rJJ.e arr~qemte s~RTpJiNecKoro rroJ1~ · 

fCBSI3aHo c MSI'HHTHHM noJtflM so.mm coo•rsomeHMeM EcXC 
14

h.!c • Be~ 
BOJIBll pacrrpoCT}J&H!ilO'l'.CR B O,nHOM. H~SEJlBID~i t '.1'0 B CHC're·Me 
Koop,mma'l'. .lffiIDKYlnGtlC.A f.~Mec'te c BO .. Tf!lCMH, 3J!f3l\TPH'-H:WKOe Jl'Ojie . 

E=Q TI YCMopem19 O'l'CYTCTBY0T BO scex QHCTeMax. JmmHytullX.CJi 

01·µocH'l'SJihHO KCXb,ztt=ron c . TIOCTC>il..:::HO.t! OkOJJOCTblO. 

OTM9THM, "ITO npn lil!pbI<OM oneKTpG BOJIH HapR,ny C· 

Typ6YJTEn:t'l'EHM ycRopeJ:Iw.tM 6:01,eT rrponcxoJUITh cliepMHea~coo 

ycmopaFuie rqm a.n;1m6a'l'Wi6CK0M otjie»temm "-lac"!'lnt oT: 
KJJYnHOM8ClUT86mlAt BOJlH. }IJIR 6T0II0mloro CIT01C'l'pa npH 'V~ 

Ycrnopemm 'lacT:Hu onpSJJ.0Jl.Fl8TCS Kal< TypOyJieHTIDlM, 'l'att H 

«llefJ18Uil3CKHM MSXl.lln!SMBMR. npE v»2 yc1mpeP.J10 orrpe,neJtffeTCJl 

MexamtaMoM. «>ep?om. 
TypayJieu~uoa ycRopeUKe, ooycJioSJie!illoe pesO:IaHCFJ:iM 

B3fillMO.ll0:BCTmteM qec~ c ~JIHti~h ·.fiB.iiHe'.l'CSi YffilBepca.rJ:JHHM 
CRO:A°CTBOt.1 rrypoy.ne.HTBOCTR . tqnf Hefll?8IJW3HOM iJbTOtc9. ~He Pl?IB : no 
.cne1crzrpy Typ0yJ1eHTEOC'.l'JJ :e npocrrpaHCTJ3e BO.Jll!O.BYX. tffieaJI. 
Bsmwo.nettcTBl,9 '13CTM!l (l aoJIHaMl-i Jtrfff yt:Sya·a!'.!U,ero c k Cil9KTpa 

Tl'~YJ!Gl:!T!fil~ rry·JJboeumt .oo_cpe~OTo'ieEo B t<OpDTlCOBOJil:lOBO~ 

o(J.nacrn cne,KTpfl' llOSTOMY atW;KnmHazt .IU'IOCID19UHH CBfl3aHEr 

c XBOC'rOM \l)ymct.nm pacnpe.neJJeHHH M yc1mpeH11G:.t Ma.non ,D.OJU1 . 

OlilCT]JH..it '18CTIDJ,. rpaJmt!HaSI CKOpoCTh ' OUCTpfilX qacn:u 
dnpe,neJtHSTOR BHYT!)9IUIHM MF.tCU!'1'800M TlrpOyJleHTftt>C'rH 

L0ul?.~1 =v01w8 • CrreKTP nyJibcau;v.I -npH R>k
0 

oupuaae1c_.n. iii 

'ffiCTltf!W c t.t>vo. nepec'!'eJOT YCKOpJITbCff us-~a CTCYTCTfnfSi 
pesoHaHC~ BOJIH. 
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, 
-r Jt e· B a - 6. Y(}Rope~e YA3PHWIH eWii!a~ H 

Rpyrutow:acnrtaCSnhlliU!- _cmmae..wm · 
,ttBide_HHmm DJJaSMY 

f),romM '13_ ~8.1100Jl0~ MOIU!:U:l.X. YCKOpHTOJllinwt. MOXa!Ill3MOB 

_?~r,ti8T.<:R - YCJ<Op9HHe Ha YJ.\BpmlX BOJITTax. B Oecc·ro,m-:ao~~·reJU>BOR· 

'ditM ,e JapaKTep p8CTIJXICTJJBH000 .Y~pHoa BOJIHlil OnpDJJ;GJUl~_TCSi 
MSi'JntiMlliM u.Jm an1:ioo110BckllrM 'IHCJ10M· ·M~xa:: ·M A=U/CA (f,zt0 u ~ 

•:Cl(~_j)cibTb IJOJIFW • CA- 8JlbBeHOBCKaR - CROpoC'l'_b) , 

fii~~tT.o3BYKOBBM 'tlMc.noM Maxa 'flf4.J./l't (rile: u !. - cltopocTb 
, •M -~,THOro 3ByKa) ,rr.naaMe~ -nepeMeTpoM (#n'I'l<-B218it) <r.ne n1 

:t . . ~ ~ ROHL\E'HTPBLtlffl H· TeMimpaTypa fLnaeMbl • B - nurrpi:.Jr.eHHoc'rh 
.l -i • 

-~IJ1J~!fl;IO_I'Q ITOJISi) 'P. yrJJOM M~m.ll.Y UOpM_8.!Ib!O K <lJpoH'rY --'1 MElrim.THHM 

~ .: ~~Qi!~~'.. ~ccmia_l.Ufff sa~prmt b6Y¢JloBJJeBa pasmmteM n.nam.;eDHlil. 
_ _-: e'~9-!!'6~PcTen Ha lflpoHT:e ao.Ju:IB. Ha pHc. 6 ~ 1 • rrmmaaH 

-~ pHJtbHo~ y.I(apao~ oomm, pacnpocTpEl.HfIDllestcR nq:.n 

8 , 
I Ir 
I 
1. 
j, 

I' 

IV 

' VII 
I 
I 
I 
I 
I 

Pldc.G.1. IlpalMJJb c:aepx
Kp11mtHlCl<QR ·Of)c

C'1'0~qiffiT9~b~Ol 

y,n;apHoR' BOJIHij. 
er - vu oQ.nacm 
ilJpoHTS) 

~ ~~~-~M ··YrJJOM K ~armi,THOMY UOJUO- J flCRMllTO'nl'i0CKH 

;:.'~m~SM,yu,e:ra_a.R 06nacTb Ha6erannar o Te.t10mrn rrepe:1l llJpoHTOM, 

-. f~ ;_- -"no.tmome.. <root) - oC>JJaCTh Me.n.neBBoro HapacTmmR 

~'~t'Sl~THOI'O ndJrR H rr.nOTilOOTR IIJlfi3MH 6JterOJlRPH 
~p~lj.:aJbruM OT ¢lpOHT0 MOHBM. l ll - "CK8'lOK 1

• (ramp) MEff'Hlf'l'HOt'O 

t!~i~:ij; o6.n9cTb Matcc1'lM&JthE:oro rpa.m1•rn'l'a noJIH. · IV 
~ r.. , 'M~ftCJiMi1JtLlil:llt BUOpoc M8I'HMTHOrro flOJlff ua)l ero 8ClIMUTv'l·ITTeCJi.l1M 

· ~fiaqaHP!eM sa - •1JpOHTOM t-oversnoot >. B KOTopoM · a~.mNijHi:t' 
no.5fJ 01{83(-fiiSSTC.ft 00.lfb!UQ. paCC'fllT8HHt),R no 

?!"Slillltl PJJrolillo , V - a,epau~ MIDrnMYM llvJtH (uilda_rshoo t > , 
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VI ,.. oCSJfBCTh eauH.ILn~, · 38TYXaDJtHX -. c ~ pocTc>M paocrommff ·'OT 
ll!poB'!'.~ 1 Vri - ac~~~ecIGJ~ BQa~lite1maH · 06.nacT·b · sa (tip0im5M. 
IlnasMeHHlile n~pBMaTpH ~ od.JiacT:rut; l! ·~ VII c~sra~ ~~¥~TOI 
I'm'oimp. ilpK838HHHtt Ha pKC: • . 6.•.:1~ · · ~ pe~y~TCH 'l'PJJ;bKC?' 
~ ~CJl_aX Max~ <5oJll:IIMX K!ffl'l'Wt~~o~ (~). B µ~~liqJWTt!'l~~~ 
Y.ll~- . BOJJRa"t C CHJihHOR- ,ZWOCmJ8Ul1S9! OCT8JOTCR T9Jlbl<Q 
O:O~SC'.fll, I ' ·. IU, · VII ·. 

§2~ Bs~Bue t:h4cm~ ~ c 
Jl.(OC.!WO. yQOpHO'fJ.. 60AMofl 

.xapa1d~ep ~ff. . .ztocTaTo~o ouoTpHX ~aC'fi!ll B. 
OKpeCTHOCTit CIJpoHTa· 6aCCTOJIKHOBMT0JJ.bHOA y,itap1mn so.ifi:ffi . MeJlO 

~-~B~CZT 01' . · ·J(e~~~~ "~YRTypli . · itipo~a • . ·~- .Il~f>MOJ:lOBCKd 
pa,nn:yc 'I8CTH1~ ~ore 60JlbWe TO.JillUillli rlJpoBT~' !30 ' 

~~MO~e~pTBHe _ ~ ~p.;moa ~npe~~~.5i€T~R ' C90'l'HOWeFrneM nepm~'rpQB 

~eJK,J!Y odJtSCTffi,(K ~ lt vn, fI(?&"t'.Olzy _B ,naJihHenllleM dyJJ,.eM CllW1'8T:b 

tlJpOHT somm ~o~~. Jl.JIR norrepe!iHol'· y,napaoR BOJIBH, 

pacnpoCTJ:i8HfiR:ttte~~ff BJJ.OJlb OCYa :r:' CJ<Opo'bifh u, rtJiOTriOOTb fL1Jf.i8MH 
p · S1 M8f'HWtHOe hp.fie Ci3H~~ .c00TliOnieIµ1J1MY. 

p2=ap, •' u2-=t.L1/o, Bz:.oB1 • CG .•• r) 
J')\e O - CT6TI0llh C~STHPo 4 aamec·Taa Ha _;ritapHOM • ·cmx>KTS. 
3Jt0K'lJlJirq0C-t:GiS HOJJH 30 H nepe,u; ctlpOHTOM BOJIHH · ·CQmta,nalOT 

~1 =c(~ Lu
1
B1 l=E?=e-1 c~·a2 i. (6 •. 2) 

flpil IJElpet'.V'leHJrn., Y.zt~pHOY'O ~BTB 6H.CT}Jl:l9 'l~C~HlW rfO,IJ; ·BJl~SIFillOM 

rp~;imeRTROI'O ~niIW ' C?dOIUa!O'!'OR B~Jll> 8Jl0K'!'p'1'!00KOrai· nonfl H 

Y.C.K6paJOTcSl · ·(puc. 6 .~) • J.{eTaJ11>'fI¥'1 paccqo'!'. na oc~ooo anaJIMs1:1 

z 

x 
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11acnsiw 
·cbpOHTa 

BOJIH31't 

ttimCJ<o~ 
.n6ilepeqi.10a JtaMH

uapuoi _ )li(apao!' 
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ifP~e ·~o~ :~iraeHHR ttac'l'HUb1 npitSo;JXH'l K coxpai-lamno MarmiTHoro 
ith'l~l<S' o~a'PHBaeMPrO .ftBYMfl )(Yl'8MH TpaeKropm1 'l8CTHI.Oi B 

~a·crn: s·a i; nepe.n tlJpoa·roM sa omm oaopo11
• Oray ,na cireir,ye-r, 

(6.3) 

·30M~TRM, tt'r0 coornomemm (6 .3) He ffBJJffeTcst CJt9;llCTB11eM 

~l:-"P~~B:Ha 1P.!arHRTHOro MOMEIHT8 '!BCTlil.\,U, T.K. B .l{alIHOM CJlyqae 
.~e BHIJOJIHOBO ycJIOID,9 MfJJIOCTV. rpa)nfe'il'i'OB no.n.e'1 HS 

~§RTQffiilfii rropff.itKa naprrtopoapKQt'a pa,nnyca, M ITEpB&R mraapwaHT 
H& JtO.lme.H coxpaHRTh.CR. Haek>p '!BCTHUe~ aaepMrn orpaHH11011 T9M, 

! 'B:·:· ~~a TOJ!bKO O.Dn0Kp8THO nepecet<aeT 4JpoHT .. Herrp:m.mp. eCJnI 
{ . ·t~,:=4' TO B H9Jj9Jtff'CIDmCTCKOM -CJrJ'lae aHepnu1 qac~ 

t~~~~~9'1!CS! B 4 pasa. a B peJIHTHBUCTCKOM - TOJthKO B 2 
"'ti~a:. . ,s'fa ~t;3i\THBHOCTb 1MO!t0T B03p8C'fl1 rrpH pacrrpOC'l1paHeJOOI 
"" · a-fa 1.8 ''l'Yp6YJieRn10a cpeJie. B .c.n.Yqae rrapaJTJteJihl:IoA Y-~apuort 

,-, ;~"1 ,·fi'PHPoCT aReprmr rrp;1 nepeceqemm !IJpoHTa p~a ny.roo, 
·~ . ,peryJJ.HpB00· noJie nepeJJ. M 38 <lJpoHTOM BO.ilHH OTCYOTBYeT 

• I , , - · ~z=~'.h 
,.. , ,., .,. .-:.P.H -pacnpocTpaHerun! B Typ6yJieHTaol cpe.ae '1ElCTHUY 3a 

lf, ) ' :.-P~C,CBP.BDP. Ha M8l1HMTHHX irao.naopo.ltHOCT'ffX MOryT MI!OFOKpaT-

.. -It < ' ~~pec_&Ka'i'b fllpoHT yp;apuon BOJllW. }Lnfl CWihHHX yp;apHlil. BOJIH 

- -- , "-~CA. noaToMy ec.m.1 paccesnnte tiacT1m ooycJioB • .rte:ao Mr.I{ 

" - <;!,' - , .• i :iJe!iTHOC'rbJ!J, r11Elf'ID1'l:Hli0 H€10J.UiOpoJDIOCT.t1 MOmIO C'lliT0'l'h 

·~-~~fJ;tffiJMM a rr.na3MY. Ha pHC. 6.3. IlORS3S.qQ CJiytra:tHwe 
,ls,,;_ ~ - aHM 'IOCTltllY B TypCyJJOl!TH0'1 cpe.ne S6JW3R 4Jp<)HT8 Y.il8pH0$1 

, . ._ , I 

I 
I 

,>J . 
w 

PHc.6.3. Jls1iJ1CaIDJ9 \lBCTHaµ 
B6JIH3lf 4Jpc>HTB 

y~apHO! BOJIHl:l B 
TYP0YJI6HTH0'1 
cpe)le 

-~~ • PBcceffHH6 'lBC't'HlJ HS Heo)i)lopo.nitocTHX Marn.wtaoro noJIH 

- e.ln1T K KX. H30TpOrm3aLUm' a T81Ut9 J180T B03MOICHOCTh 
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MJ:I9roKpa~~o · n~pe-c01ta~b yiap'HUi. ·L'1Jj)Du'l! 1H no~pra~~!'· 
yc~t;)pe~,, "~o,ropoJ3 tto9HT ~Jnt~ecK~· ~xapaic!rel?. E¢~ 

·ape~_aopeq~ BJnµµmeM ouc•1•pux ~acTHU·: Ha cpeJJ.Y , paccemm~ 

q_acT1tt( ~YJ:tQT yupyriw B: c.HcTe~e OTC'l0T8', CBSi_??JIHOft "C_ 

pacM::rraa;111(H~u: u.e11Tpar.m. ·Ms.~(!Heime . ~Jl~~a qacTHUY, 
d.6Yc.JJbBJie}rnoe :ee pacce-Hmte~, pfilmo: AP.=Jp 1 ~pt >Ulv.. U/V«l .(r,tJ.e' 
p1 ,J>1; -- w.filY.11ho1i1. qacTHIJ.bl .no Pr rrocille pacQerntju1. u ~ ci<o:poc_~b 
IIJiasr.ru ) • ,ttByaj>aTiloa nGpace:qetfu·e; ,lfjpoa'ra ;nae-r -~s~~HeHHe 

~JI1>cs . AJ)= .r · ~pJt ~P < )u1 + (p1-~~)'~ J/ v. Ycpe~eiiHe rtoc.iie.nser? 
~upn!tamt;i no· llOTOK~ ':laCTillt B - .cJ1y~ae-. e.c:.tn.1 ;oH OJlliSOK. :K 

H;30TP0mt6My ·~ - ,,qee~ cpe)J;I-1ee lJ3MeHeID1e mm.yJl.bca . sa ltm<JJ 
~yKpeTHoro ne.p~ceq~HH.R ~ y,na~Horo 1cppoHTa 

_4 p · 

<Ap) = 3<~1;.;_U.~JV. '(S;.4;~ 

no·cJie CPB_Sp!iiemifl O'lf:)pe)ll!Ol~<) tw.?<Jt'a "l~CTHU:a· ru.10~'1' ·o~.D.~Jiem~y~ 

BOJ>O'SITHOCTb He BePRY'rb,CS1 K ®°Ji.TY. :rrosT()~ 'il!C,JJO · 'ia~'l'Jif!J 

na.11aeT c pocroM HOMepa !\lfi<Jta ~ ~c.Jrn Pc -= aepoff'.l'!loc~i; 

COBepntemu'i Q'l0p.~JU'toro J:U.ll<JIV, 'Ni l\OJIWfecTBp.' 11,E}CT~ . ~ u~JU.9 
06MMf1·; c . i~MrrYJib.c6M, CSo.nLIID™ ~ '1eM. p - - N·9 •J".e. 'lW-TerpEi3Ib_Hli1'l 
·Cfi0KTP yCI<opeR!-:ffix. 'laCTHU ·l~ (p)' oopeAe.ilff9TC_fl -n3 y,CJJOBllJl 
!{Cp+ti.p)=F. NCp), .;KoTopoe rrm<'a:mBaB'l', qTo KoJilittebrrso ~"~c~n~u. 
' 0 . - . . - .. . . 
onocot?1wx cose.pwaT.:o ( :.~+1 )1 $kit ne:pece"qemrn. flJpoHTa. pEtsHo 
p:po~Ee~~~m 'IBCJia· 'iacTlm. - · coi3epi1~\!f?~ ~· um<JloB~ · ·Ha 

qepORTHOCTl>. coaer~e~~11 CJIS.!lYI<!U~PO ~a~ OTKY,I(~ C~I0ll:.Y~~. .i\J_t~ 
dN, Pc-·1 
·- ·:;:'. - - N. -. J~.$) 
.ap <Ap> 

&:.m: ::{\ .•. 2 .:- aepoHmocTi~ · ao~apa1qeW..F. qac_mµu, 113 ·o_a.na~'l'eA_" 

·riepe.n 3' SS· lllpOH~'OM · t;lOJU;ru. lia y.Jtapaua-. .WpOHT, ·TO· P 
0

=F
11 
Pk. f.13 . 

OOJJaCT.H - rtepe)l IIJpoWI'OM ace 'ilecT~ Ktm:e_~-il:'ra:En1o CHOCR1rcS1 !C 

tlJpoliT~, nos'i'.oMy ''.P ,,=1. B&po8raoch- l?? MCJr.;go :BHpa.~HTL .Y-ep~s 
UO'I'OK TI8CTHll· J l 2 • . tIOCTynaJIJlimit • ~3 06JlaCTs! J e 00.Jiach .2 I :xi 

B8J!P~~9HIIlif:t rr~_:0K __ 'ia~~mt~ ~: 06JJacT.t 2: P2== · (~1 12'""J2>M1·2;· 'Ec,,"IH 
n=d/fl dp ..;. ~paHgHa.JihHEUI IIJIOTHOC'l'~ qacnm,. TO ' ttplt 

pacnpe~.oomm ~8CTHU 3a .. ¢p0Hl'OM. O.rra3KOM. K 0.ItHOpo)J;HoMy w 
H30Tpoimc1My pa_onp&AeJJeHHllJ, ~.12=nvi4 ~ . J2~~2 • OT~~i~ . 



,. 

v 
:p -- =' ·1 -
' 0 

CJl0JlY9_1• ypaBHemte- )t;il.R- n 

d pn. .u2 
--+3--, n=O. 
dp u -u , ? 

(60.6) 

(6 .. 7) 

($.7) 'f!P¥ Y'i9~9 (6 ~ 1:) HBJIHBTCj{ C'J6IIO.HB8sl ~.pymama 

->ci; ::. z;{~ ' r)le: ·r== (0+2) (0..;..1 ) • B&CTp3fl qacTlfl.\f.l, C~?JOOta_BHCb: c ' 
&i~~r pQE~JIB~~{\{ rre:pe~ y a_a WPoBTOM Mar;=mTHJ:l.MU H00.ItHOpO~OCTm,m' 
fiP. ~-6pa;i,$:0T - an.eprnm a~ - ~c'tleT _MexaBlf3_Ma il'Efptm· nepc1o:ro -pq.n;a 
~$ • : -bj<p~Tmi~ O'l'j:>Et1K0IDUI OT 00J?v.Ji8l<IIIKKCfl CTSHOK). .l{alfilWt 

·! \. ,t ... · - • - - ' - - ·· • . - • · ~ . • .. ' . • . • - . . • 

SM rrpmmTOL H.83liBBT& .. _ ~peryJJffPHl:ilM MeXmnta_MGM YCl<OpemtR .• 

~ ~ - - ,· ~sHOffifu'M yci<opeHileM -y ~epHon :BoJIHoR. OH 'paooTa,eT .ili!ite 
_, (. " , . - . - - -- - - - ' -

\, ~- ae, -napaJtJieJibHoA .Y.rtapHol :SOJJmi. ,llJ!a cWibHost· y~ap1J<:iit' 
• .:,;f - - - -- - - . - - - • -- -
_ .. i~;;:..~=- 4 ·M i~2-3. TaKoa noKa3aT9Jih crreKrj>a COOTBeTCTBY0'1' 

JIYq~I: ~ p0.IDITKBHCT~ 
• 

" ·i 

r~l:" ~11 
j ~ lfpou.ecc-tit· nepeHoCa 10UCTpliJt ; aapSlg9innU lJ8CTHU. B 

. '~¥i~•iiat3liol! i.r.naaMS Mo:cyt 6ii'rh -JJ,ocTaroi~o rrosrao otmcafUl aa 
~k~ t: ·~~He8~~ :~~3HoHH~ro ypanHemu1 nepeHoca·, ii'To bOecne'llrf.BaeTc·H 

-.~ ~ii 1 .xaoTINec.~oro . .MarHr1THoro· noJI9. · .nll@>y.311101-:iamt cnoco'cs 
~ ·-- It.. t l -. - · ~ - . ' - - f - . - - - -., 

~- ,/' :. , :~ ·~ ~ ·~Iii; llpllMGl:!JJM'. ec~ A~CT8TO'lll0' V:~CTll'-1 .p~CCBHHHH GHCTplil-

J - - ~i~~ ·~~_Y_. _ .. :.f_I a_ .'. 'H __ e_o,nRqpo~O'CT~ 1

MarBH_ THOI'Q ' _n9JJS1- Jl0JIBXIT .YI'JIOBOe 
, • . '-,.)~teJJem_ra .q'EJCTHU ¢JIH31WM' K :H~OTpoIDIOMY • T8K 'i'l'O 

~ . ' ' ~~~~Re.'t'c*R B03M(l~l-{M Ol'pamr:rnT~CSl nepBlirhm )IWJ1M1 ytJfOB~~ 
l ' , 

1 

t · .. Lli.*~~. a p£iano:-1tamt}!. ~™ pacrtpeiteJtemui. JlJtH Bimo.na 
~~ ·'r -""'· - ~~~ihfs - nepeH-OCS paoc:.iop»M. MBraHTHOe llOJIS 

. f.1:. ~p~~~-~f)';:J30 tr.t)+B 1 (t,,t) (-rl(e IBc><r ~ th::;:B0, <B
1 

(-r.t>.>=0 M 

~ · i<cjJe$eime-. npoao.mtTcfl : no:, aitcaMO.im cJ&lia.bin noJiett J , t ~i_'.~!ieCHM98 S~eHHbi'! IiJJe3l.I09 · Co ~e1l'liiii 1'BIIJlBBJ1aR1IDril. 
'iti{ ~~~~ . ~«~ Cr.n~ c "-""CRopocTl:i cBa·r~ > .; BeccTOJIKHOBHTSJibHoa 

. 'J(Hfi~~~Ja,CK~ .ypam1~e - ~ CHC1I'e:..e K~aT H86JOO,n8T0JIB 



b/ {J/ lJ/ 
- + v--, + P- = 0 (6.8) 
Dt Dr Op 

CO,l.l6p1filiT 'lJ10H. nponopUHOHBJibfmA Clute: F. KO'ropaH CRJia.rwaae'l'CSl 
H3 ~~JIU JlopeHua p, =e [VB J / c itt CBJra, BH3UBa0MOR ID:IJJ.YK~OHHiiN 
3J10l<TIJW{0ClmM fi0Jl0M E--fuBl/C (C'iWI'aeM, qro BJ!SKTJ)H'll8Clm~.m 

TCOJ1S1Ml-! Co0CTB9f!Hlll KOJl90_aaffi! J]Jt83Ml-J MOlKHO npene~pettb) .. T .q .. 

{Jf fJf 

- + v- - BD/==0, (~.9) 

{Jt Or 

e lJ 

r.119 D = ;;[v-u, 0~. YcpeJn1eH1111 (6.9) no c.ny'!al!mlM peamisB1.1ID1M 

Mtlf'HHTHO!'O llOJiSi npH c1·en~sso'A (i):>pMe cneRTPB CJJY'iaA:l·:>ro llOJln 

c ncK_a3aere.neM cTenemt v ~aeT 

fJP oF 
- + v- = B

0
DP + 1L

0
<n21 >D1v-u1 .- 1DF, (6.10) 

Dt Or 

r;no P(r,p,t )c:<f{r.p. fr>. L
0 

pa~1yc KOppeJis:iUW! CJtY'tanHoro 

110.Jlff, '}'=..:112I' (V/ 2)/ 6r.l (v,...1 ) /21 U'JJ.e r ..: raMi.m . fliYHKUH.ff 

a~.nopa) • Ycpe.JtHeHHa~ WYffi<UJUi pacnpe~eJI6Rl(fi OUCTpl:lX qacTY.U 
npH YCJ10Bi2~: · C~JILROl"() pa_ccamnui 0JIH3!<B K U30TPQtIHOa r1 MOlKBT 

6urr1> nps,ncT-aBJ1e11a a. F~u~e: paSJtor.:eit~R B PR.ll DO C¢ep11qec1a™. 
I'SpMOHlll<8M 

f 3 
F<r,p.t ·)=- {N<r,p.t > i· -;:;Vj(r,p,r. >}· 

47t Ve 
{6. 11 ) 

rl{a N(r,p. t ) H j(r.p. r; ) •- > ycpe,lUI6HHW3 l(QHl{BHTprnum !ti OOTOK 

'laCTRU c m.myJlbcoM PE (p.p+dp). Ilo.n;crrattoaKa (6. ·11 ) a (6. 10) 

npID30,W!T I( CHCT6M0 ypABnemr;1' ,.n.mf N H J' RMuI<JllMX. rut,n B 

CHCT0M0 KOOp~aT c 0C~ ano~b ~=IJO~Bo/Bo• n,~f {U/u).boJ, 
~=lb0 ,n1 1 

~ 



'ON {)N . p BN Ou.a 
u 1-~ :---
. '!-or · ·'3 Dp or ' 

. Q .• . fl 
(~.12) , 

ON 
J ,=-;_re . ·- .-. - - "'.""""."""' u · • 
. o .. ~tJ.,. n a IJp " · 

' (6'.1:3) 

(6~12) ,D;JUt J!30Tpolll10~ '18CTH ~ 

'ift/illo 
~3 := . ~a' ' 31t2 ~-"- - ~1 = ~+/!- • 

~3 = o. 

(6. '4) 

npo~er~ ·o:ia-cTH!lU. R0=Q?/eB~. 
oimqiraaeT KOlffielCJ'°' , 'fSC'l'HI.( H3;...~a 

·n.n~3~y Req.zm9pg)tffbc.'l'eR MaMm,-HQ:f-0 noJ)R, 
: ·Q.~~,C.H co q1<opbc'!1hio . u. fiqOJl~,ltHlfR 'IJJSH ·orm.cHB89'!1 

~. : 1 i~uepm . ~'la.cTmw· np11 asmiMO.itelcTmm c~ ~e$tcst· 

· koTopoe TIJl11; o'fcy•rc'tmfit y).lapma · BoJIH . ceo.$1Tcst Ii TaK 
Mb~. ·a~a6aTW1ecKKciMy 3flMe.Iine1nn0 'lacT'HU~ BHpa1'emsa. 

,· i .... . . ~· ~o~~K~ q'~~ c~9TqHi ~: :c~ ~SHOHHoro 
~ · nponopUJ:!.on:a.nI:iHor.o rpa~eHTY. ·N, ~·~ · K~HB~KT~n9~0 

Jtl , W:~.;;3g .tttWllJ\e·1~·F. ·Ma!1H!!Tfm>;:: :l;l~OJPl9PW!JIO~'I'~it • . ~P8E!ffE}Jnt~ 
¢< '.,'9flP.al#f.U.Jl».J?p. RoI:',LtJ.l · MaCUJT~O . ~eo)4Hopo,naoc·T}J :cpa,ne .. L .• /... 

'-~ ~ - T~-~~mt~ ffBJTHe'J'cH . ~aapuBffilM )J.Jlff QUCTp~~ ' qa~THµ (Km< .• 
)m~ep . .. :a. cnyqae .N.uapfio0. aoJiirtiJ, a.To yCJ1oa»e HapywaeTc11. 

"}~ . :&, .~ ~~ · , ;~itae ypRBHe~1e <s·~ 12) Jlo.ifilffio, ObtTh '.nonoJmeHo 
~; &~Y~·~ YCJJOBReM Ra y.napH~ _ if>poHT9. OBH3YB8~ pemeHHfl 

' _ ,~91~ ._· ~BH0ffiUJ no ~e CTOpollll ll!poHTB;. 
"! . 
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~4. .tizetanp ~. yci<o~-- 'n...oc1toD. 
yoopHiotl 60.<Wa 6 mypdy~oa- C'peoe 

PaGC?MOTpm.~ .KBA3miap~e:JihHYIO ru1omcyJO y,n-apn~ ·B0~1 , 
p_acnpoCTIJ~R -B.IlOJIL oc~ x a._ o~mpo~oa cpe.JJ;e. · B cHcTeMs 
QOi<OR ~BT8 (X=O - J<Qop}lliHaTa ·¢ipoHT8) B ~Y3HQJIHO~ 

IIV~O.IIHJ(-~~ ypaBHGHHe · nepeHOC8 ,nJUf i!SOTP,Ormolt 'J8C~ qJym<umt 
p-~cupe,ite.ffl)BIDl J BM0BT BH.n (CMOTpli (6 .. 12) 

{J/ {J/ lJ tJ/ d1 vu fJf 
::--:- == - u- +-~ +---~. 
lJ t lJ:C fJX lJX 3 . lJp 

r:ne ·a? :=- ·ce(p,x ~ .,... tm~e.BT npocTpaHc'tOO!mon. 
B CTBMHOH8JJHOM •O)tBOM8pHOM. CJJY.1l80 B IlJIOCKOit Bo.Jille 

u i(.x)= • {
u1 , X<.0 

- _ u
2

=u
1 

(k-1 )/ (k+1 ) , x>O 

(6. 1 &-> 

(6. 1.6)' 

r)le· k - IIOl<~_38Tem, UOJll!TpOrffi, (k-1)/(k+1)=1/0. Ua (6 .. 16) 

cJte;cyet. qTO c11Vl.J= CtLa-tL1 )0 <.i-» Tak 'l'l'O ypW3J1a~e (6. 15) 
B. d''i'f3UH6H8pHOM CJJy•.zae TJPJ.%™8_0~' rsAA 

fJ/ lJ l)/ Au fJ! 
u- = ~~ - --0(.i')p-, 

fJ:t lJx fJx 3 op 
(6._1'1) 

rAe A=u.1 -~-- ·HHTeI'J:lHpysi: (6 .. 1.7) noq.neHHO OT -MC JJ.O . . ._!Ji . J.t 
yc·TpeMJifIH Ax 1< fiYJII), IIOJlYlmM .nsa rpa~ YCJIOBlU1 

l1=f2, (6-. 1:8) 

~/1 u1 {}f1 tJf 2 u2 lJf2 
)!! - + -,.~ = 2e - + -~. 1 ox 3 op 2ox 3 op 

(6. 19) 

,l']J,a· f 1_:=-/(X=-:-0.)' f 2-:=/(:!!=+0). YCJIO~J.Je (~.18_) OSHa\186-T 

aenpepijBI{OCTh fllYID~U.\m paQnpe.neJiemui He ~HTe lt YCJIOB:ij.0 

{6.19.) HeupepliBHOC'rb ~WPY3~0HHOro · l~ J\('JHBe!<'l'lffi'flOrO 

·noTOJ<Oii a Pelii0Rli0 YP8BHOIDUI (-6. 17 ) P.MeeT Slm 

' r& dX u, 
I t=A<+B=,expJ _ t=1 ,2. 

if,.(:r,p) ' 
0 

(6.20>' 
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0~ ;,Yq~o~. orp8HH't0HIIOCTH f 2 (x.p), IIpH ~· cne,eyeT, 1lTO .B2=0 .. 

,~~~ ~BHH"moe yCJiomte np.a z ... -(IJ. : f 1 (-(IJ,p)=A', oaHB'l~ee· . 
. ~CYT:C~¥~ ~ H9B03MYJJl0RBQM llOTOKe onpe;ueJI&EHoro kO~abTBa. 

Q.~G'tpH.X, . :q~crnu, BCTYTI~ B YCKOpeim~ H BHIIO~ po.Jib 

;, ~R'ntp9J3.mnna qac.THI.\. ~3 YCJIOBBff (6' 18) OJJ8JtYBT. ~TO 

lj,.(O,pl~!.,+B1=A2, B,=A~-•1· DTK,y,Jta no,JJY~80N 
:11 u. 

-fl 1:(<1r. p )=A, (Ji}• (!2 (p )-A, (p) J exp! ~- x<O (6.21 ) 

lr.2 .EX~·P}=-'2 (p)' X>O 

~-· ,(~~ j'9)' IIJJH yqe-re (6.21)' CJl~Jt)'eT. ~TO. 

·' -~ ~1 l!A2 "2 a&z DAc 3r 
:U1· . ~fl -A :,)+~~. = ---p-- HJm - =-(-! .-A_), (6.22) 
*'14~ :-?, 1· 3 . op 3 Bp .CJlnp r-1· 1 c 

Pal!{emte (6.20) npHHHMae'r BHJl 
·p 

f 2(P) = q P-qfA1 Cp' )p'q-1dp' (6.23) 
0 

· , : ~ --6I<aaaTeJ1eM, cne1cTpa q=3r/ Cr- )1 =3u/ (u·1 -~ ) • .IIJtH rp~'Rlmloro 
I ; · '." ~---~~ ~a t, C-m,p)=A1 <p>=c0o_cP:.Po> BMeeN as ~B'I'ON 
r , :p}«!E~~• -B9JIBH cx>a > 

f · .. ' . . c0 ~d-:q 
-~ ~ l2<P> = q- - 8(P-P0 ), 

: Jt, \ .Po 
(6.24) 

,, ,J!A§ the> - tbYHKUHst Xemtcal.na <eCt),;=1 n}m t -<O, ect>==O ~ 
~ ~·~- -~'· · ·ftQJfY'lemmit cTenea:Hott. cneI<TP 'IBC'J'Ht.l xapaKTepeB ~ 

1}fg~~pe:mus y;napHW.m eoJIHaMil. ·.ltnR llJJoTBocn .qacTHU n=4W I 
'~~ -~~et«f. cnel<'l]l n,,.:p-r-. 1=q-'-2. EcJm k=5/3 tH.It~e.JlbHUI r83). · w 

\ ' -~~-~ ~H' n~-2 • 1==2. 14Cll0Jlb30B~0 ypaBHemJSI Il8PeH~C8 (S.15) 
. ~~OJJ8r88T, "iTO MBCWTSO M3MeReB.Kfl cKopocTH llJl83Mi:J L=lu/WI 

. f:.re. r . ~ .:J. l -

~ , .. -~\f!!::~·.eJibHo .Oo.llbWe .B.J®-W npo0,43rs li~CTmW A. 3i;ro yc.nomse ee 
~ ~o~e-T~R ~a y~apHOM ctip0HT8, ITOBTOMY t.m SaMeHBJm er<) 

~~t yc.no8Hm.m (6.1·8'), (6.19>. CTenemnse cne1<Tpl:l 
;~1'~YJOTCS!' KOt'AS A ll r L r.moro 60Jll:iIDe To.nrinhnir y,napuoro 
·~~8. 
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MOH8'1H,OS~b : p83M8poJ?. TO.~~: flJpoI:IT~ .BO'.J1HN; l :~RB<J~~ · ~ 
or.p~e~IQ H_a,. IlfJOI(~t:c ~cKape~n·, . Ror~e · } · -ep~WW.~~'.1'9R: e 
~f:l'Pfµ<T~pRoa .- ~~1J?oa: yc1<qpe~11 .. Xci°"#µ1 ·: PacqMOTp~ .~a~oe 
~W1deH~f:We -~ q1<qpocTM BQ.JUnli.tI.a _x_apaKTeIJH0~ .A$H~· l· 

((;.2JU 

B c'l'aUTribJi.a{iHo;,. C,nf,'lae: YpCW.lleJffia . ('6. 15 ) np_M. : noc1'pron10M ' 
J<C~eaTe ~y3mt 'a!: ~r Tq»i- mmoJIHemm : <6. 25 > nyTeM , 
3iiMafiu fli?6c_if?caac~81mo& ·rrep8Mem10a npm3o~CTca -K im.ny - ' 

(S.26) 

~~e: qµtdl'=~2. cu~ ..:.tk){tt.;:.u~ )(t'.(u_1 ~u~)_ f,C:pae:BO:e:; · yqJtoBli~ 

1 (t'=ti1 'p y =. (r.t</ 4?tp~ ).0 (j)-p~l COO'i'BeTcTaye.'T OneKTpY ~ek1'1tpo= 
Baa'.m~K C5iicT}};.o: qacriru·. ·yC1<op.suamrx~cst Ha :®>01-i're y)tapi.1oa 
Boe.. Pe.UieHw.3 (6.26J HMae.i ·j:fa~ . 

o . . ""qo -· 
f={~1 -u) ·p • (6.27:;) 

r.ne.-_ fit=~?!.,/?~·· Cle~ c~r /~~iJ P:.-1:'. nu~/2.ce j l. ; ~m< '€.Jl"AY~~ . w3 
~6~2;.() , ~H: _'OOJlbllll!X 3Hfl'i_01:i¥HX - "'}MTIYJI~c~·, Cll0K!J'p !t¥0~Y 
G'r~rmm1~~ ~f'A• a ~~lQKf.!~aT_e:ni,_ .91eKTIJ~- pac_Te'f' ·c P,o/9.'!0~·~ -?'9~!~ 

'1Jpa~Ta. np1r_. :r~u2 BJrn'mme to.~ .fllPOH.T~' 9>1f!HbBH;vc~ 
c_vmec·reem:nJM. ·'l' • .l:t. lO:X .. · - - . ---- . -· -· -- · -- a -

·flpl~(ljitf!ii~ITTfS i"TJIOOKOFQ •lJp()H•ra • Bl:lilf.JJlHHBTCH:. eCJitJ 

~.Y~~o~J3ir .iVfi.rn~ y~k~pemr}i :r.a 'nijME(or'o i~1eHh!ire pa~c_a . 

J<lIB'ID~~lil.i. <lJPOifir·a R, - T. e"' ~(u1~lf>' ,,,. 1 ~l: , .Up11 t.~i161f iq)Hm~3ue 
4'PQH'ia, ·- . ..r;.ij •. np11 ie{ut.m- -1 1~ .1 • cfrip~yeTCsl Cil0KT·P'·· Bli~ 
f (p)u:p-.;..3~1uR. 60J1hll1CIH l<PY:'l'lIBHa lCO~opor.o ·Yl<asirsa~_T~ ' itci 
BBS~l<TZBHOCtb ' Y.CJ<ope.Jnifl q_acnru~· 
-- -He~Ta~_~mtt~pHoe~· ypiiBHSFPtt? (6 ~.t5). c .rpauwma~m sr~1013M~~~
«? ·~ 18) , , '(6.J9t). .µ.;m lilC10'tffiifi{~ cJ_UCTfJl~~ 'UlC~rrut '.Q· -ll~l!a~H~ · 

~YT~tea- /p:= <noJ~'itp~)O -(p-p0}S('l: ) · ·qp~ - t."'>Cf./tl· m~eeT pew~m~~ 
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,(6.28) . 

~dp 
+ ~ p .., :itapiiKTef>llee Bper.il! yCKpPe!fitil 

f z (pf = :~~ lj r'.J .. """9 
• . {!pu BTOM, 

' ·: "Al'~ lPJ 
- . 

(~~-29}, 

• 1 •~ - =-:: · -~- - - - - ~ - - - "':.. . ,-. .... 
. , .ansc yisaJIWnmaeTCH co ·BpeMeaeM, no 38KOHY 

-;; - , P=Poe"Xfl{. <uc~ > t. . } • 
' 1 ~~ (a\/U1 )+(41!2/UE >'Ji 
·' . 
l 

-~\~' : Wt~~~ ·~¢.Jli ~~p~_T_epaQI» ~ape~e~ ·Y.C~~pe~s; ·~ tio: 
~l~< ~0~~ 'to~u2 • T .·K. :~u.f.12., ~a.~A/3'U._2 .• ~opoCT;b 

: :,.~_iW.prHPi· ' "1~' fiv.2 /vA. Cp8tJH0~~ ·¢ i'eWlOM_ tfa~opa· ~$~pMnt. 
~~·''fue,Bc1coM: I Mexailli3!c1e. '.(~c~/VN) nc:>xasliiiaeT:. q'.fo: 

meTli. _ YcKoJisffitfi :Ha ~~apHuX BOJiHax~ ii ~pt.Wesc1<orio. 
C'llBBOBif.T.O.R O.tWOrO nop.RJU\8 Be~. 1mx;..ua 

8Mffq~-ClC8H- CK0p0C'l'b BOJn.fil . cpaBmIDlt0TCH 99 -OJt0pocThD 
1tTmn xaornqe·cKHX .nyJibcamut.·; -- ., .-- . -

·:~ .. . . . . B - - n~a~Mti ·: -~aoy;tw..~H· - ~ac~¥,0Jib Y4flP~. · ~JIH-,-. 
' yq~opii'l'~JrhUQ~Cf . l.d!3Xa~_3~B ~~TCR K' 

ttpl!.. l ! CKO}X>CT~ M.a~TH!l~ ·o~JJi;lKQ)3. J'i~• 

ooJnf. Tf!Koe. ·y.ci<ope1rn~ r~10:1teT " .. q·o~cna·4'a1b 

. - ~.Etirnmrua . Hac5op saeprm!. \Jac·hu.i,e;~, fiosTOM.Y Jl8iIHl:ia 
. o.itI.~ 1Mex:ami3M · pacc~mrj):IlJisei•c.H a .'.I<atted·se hca68Horo 

-. :(;:...-~·...=_ ···- . --.-- . • :: ' -:: _ t, - - ,. . • _,.. " I _. . - - · · ~-

' JD•wnt· 'J?PITpOC8 oo yc1<0peHIDt· l;<OC~eeJGIX JTY'iOR ·'(}Qnbmmt 
~ ~ . fffi}i~i~:.--- ,_ . - ' . . - .· . . -· . . 

r,_ \J} ,__: Y~ ,~pirue~ _ s~~ ~ 1<ocMoce -~JUJmcR o~ ·~~ HB!fOoJiee 
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qacTo BCTPella~cR c~bHNX aosMynte~ :. ''k>f>MHpye.Ml:l:a. crteJ<Tp. 
KSK rrpBm:LnO, HMeeT c'l'enemtoA 8',u. YCKOpamt,e Ha y.naptmX 
aoJIHax cnoco6uo nepe.nSBaTb aaaqg'l'eJJhHYlO JJ.o . .JW s1-1epnm 
HeOOJl~OR rpyrme d~c·rpia '!BC.THU. JlaBJZSHMG 9TUX qacTM.n CililCTpO 

sapacTaeT 11 ualmliaaT Mo.nmtm.m:poEaTb ·llopMY rl!pc>H'J'.a ynam1oa 
BOJJml. 

§5. YCIWpeHtLe' 'lQC~ ~O.M0£,~1'l;i..IU ' 

CJrtuoe.mtu 06~~~t.L· ~m 

KpyrmoMaCWT1;10Hbl0 .l(BHJ«1W1fl KOCMH\iecxoa DJ183MH TSKlKS 

MOT'Y'l' nepe.nasaT.c· \fBOJrb csoa-a a11ept1m rpyn:m-. OlicTp~x: ·'lac_'!',ID..t·. 
Ec.Jm. CRopocTM J<pyrrao~a¢mTaCSHHX .tr,Bll!JCemtl! ~ocTaToITTio· 13e;mim, 
qx:>~ymcsi y.napllile· BoJIHli. P~cctt.oTpmri ~Baillie cna·itTpa 
qac'l'ru'.t B c.n.Y'iae KpYTIHOMBCW'l'SO.Hofo Ji:BW!taIDUJ npH d:i VU?O: B 

peryJ!npttoM ManmTHOM . noJte B0 np~· yc.nomra .aNno.TIRemm 

icpearp:,soro rrp1-16.m.tJieum1. T. e. Kor.qa JiapMopoBcK.Ka. pa)J;Hyc 
OHCTpliX 'ISCmtl r L «A. i' .ne A - .]Urnna TpaHCnop•.rnoro npooera no 
OTHomomno IC paccgmra10 M0JII<OM8CWTa6fiw.m H90)J;HQp0~ll;lmqTml.H. 

Ypammr.me (G.12 ) ,I{20T B03Mp~moqTb ~CCJte.u.o~a'l'b : 
B3aIDd0~01'tC'l!BH6 ONC'fPHX ilaCTlru c encaM6Jl0M KpynHOMEi~ll'ITBO~ 

C»rnM80Mlil ~an<e~ ijJl80M!i. ~_CJIH CKO.POC'fb U RBJT_RF.i'TQA 

c~mmoa ~Jlli~OR. .IIJllJ .. KOTOpP~ npH y9pe,c:He11~ rto 
l<pymtOMacw·ra6HYM ,mmE{aHli~ ope~ cnpase.MRBH ycJ1oa,1 .. rn 

-<U>=O, <VU>=O, (Ji.31 )· 

r .n.e C.HMBOJ'J < > - D3Ha'IS9T ycpe.zme1me no C'l'STRCTITT~C¥.01.~· 

encaM<JJUO, - Jd ooHoB1lo'1-_-Macmiraei Ty,p·oy JtaRTRocn1 ,n.nsr c~enniu. 

'cfuJYKTYalilia CKOJXlC'ru B ITpOCTpfJHCTBB ~ BO BpeMelm Lo«1 / Ro, 
R~o• YlJ;oBJIBTBOpR0'1' YCJIOmtlO .Lo»A. TO ~3l'V160KOR' np~oR .. 
YCKopermri HBJJ.R0TCJI IIOHBJr01m0 CJIY'la2m:lx 3Jt6KTpiF--16CJ~ DOJJ~'I 
E--fuBJ / c rrpH !llJJY·I<Tyawrnx c1mpoc1·u u psryJmpaoro J.WmKf.iliHR 

IIJIBBMU. Ymcope'l:rae B03M031\rIO J\8K IIpfl! OtfJibHOM· Jl.1i4'}Y3H0KHC>M 

pacnpocTpa39ffifi1 ~ TaR M ltpH KOHBeKTIIBHOM nepeimce. 

Yct<ppeHHe rrpil CH.ifbHOM .zrn®>Y:3ROHROM pacripocT!JaH~!fiUI 

COOTBeTCTBYBT ~mo. Kor.na BpEiMR '[ct .m~~:3l:lomtoro· 

'pacnpop•rpammim H~ paccTOSlliltle :rroptt)(Ka OCHOBHO.r.O MSCUfTSOa 
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'!'V:p6yJieBTHOCTM J~o . SH8"1¥'Je'~~~B0: M~i:JbW8 ~peM~HH KOHOOIC~o:ro 

·pa6npo.cgpaaemiR \, 

'td/'to =uLt/VA«1 • 

j3• BTOM c~ae; np9ACT8MRff 

P~P+P1 , P;:::<P>, <P
1 
>=0, 

(6.32) 

(6.~) 

,:n9~e Y,qp9)lH8mut (6.12) n:o 8HC8M0JIJ) ' KpynHOM8CUIT80~ 

·.n:B~~· -~ H30TpODHOM. KO~eHT6 ~SHH! Cl!~~Qp 

'.}f~~~~,r~1. 'YP8BJ:le~e; 

/JP _ 1 {; lJF 

~ = ~· + '-2 ~D(p):_, 
·O:t. p (Jp. lJp. 

(6.34~ 

~a. IJ~p·>.~u2 /3vA - KO~teHT ~3HR; B J;IPOCTp8HCTBe 

'3H8'l8HH0 ~ayKTYJ!P~! 

(·6.35) 

-_Y{Pfi\_B~~.BID! , (·6. 12) MOl<HO npeHeOpeqh ·r!pOCTJ>aHCTBeHHO'R . 

~~n~tt. rroc.ns ycpe.ltHellliS? no· KpyilltoMacm..taoHHM H3MeHeliHID.t 
.· ~il'H.· UJ!BS.Mli ypa8Hel!He yCJCopa·HlfH npmm:MaeT BH,Jl 

ilF 1 fJ fJP 
- = - -p2D(p)_;_, 
lJt .,I op. . Bp. 

(f).36) 

1 

L·-, DJ(~ ~9~eH'l' .n:mtif>yamt lJ (p )=p2u/9L0 • IlpH .nor.mmlpymaM 

\';; ~~e!('l'HBBOM nepeHoce KO~eHT JipOCTp8RCTBeHHOA ~3KB 
!t~· · l,ij)o~ fi08'l'OMY DCp>=rlu2 /9a!. 

~ ..... 
~· .• i 

~I '-

/ rr 
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B KPC~q(J~ril D.naa~e C,J@U'~mi~ '1'9'19HHH n.na?~ : o~_µ_~o, 

conposouaJQT'ca Ha.IlTenilo~ noToKat.w s_ap$nK~ID£YX 'la~'rHU~ . 
".PBCCY.OTpJIM ftepBriuaq_aJIDHO' ·Ka'leCTBSlll'.iY!>' 'K8pT~Y: 'Y'QKOpeffM 

· \lac~ ~ ·oO~~-cTlll )tBYMapaoro c:iumroaoro 'l'ettEJEill-H 60.c·croJ1Kilo
·1m~em,no~.. rLnSSMH ilpH H0JIH1llill pacooRBantµiLX. uaH~' 'pO.rTu 

~9T0pi:tX, BWioJIH.min·· CJIYtlf:l~e TyPOYJJE>HTHY&. ae6,Iti1opo;nioc•i11-
M8!'ffi\'!'HOI10 " llOJI~. Ha ' pMC. 7-~ 1. UOK~a®a ~BB~C.l·UibCTb r.:Kopoc'i1H 

trQT.(jKtf ;f!Jla2M!r U, Te'Kyll{13tt 'B. Rf)Iip~BJl0~H· x, OT - J<oopinlmB'l!Ji ·if 

PL-1c. 7 .• 1 • K?P'flW~- ~e'l_e~Uf 

.rr.na~Miil · Ilplf' · H,f:lJm.;;. 

~I .C,l{BHJ'~ -- C~CQ-

B:'B ·poCTH 

• • • . ~ -

A 

Up~ ·H8J1Hq:Jm c;)t8:0ra pKOP9C'l·aa •. T-~ ·~ 1mrl(,~ CKOpoC"!'~' '.IIJia~ 

~SH6HJJ6T:CH · B aartpaBJteH~; ,. nom.ip$qf!OM ea ·~MJ<e~.-- Js~~e~ 
CtlllTaTb:· pacceaHJ!iS · ~8,'C'11~ Ha· Marffi1fr8l{X: He-OlJ;HQpo41iOCTil ynpy
i'lW, a- CKOfk>CTh 'i8CTM.LW V»U. JiBJi.~Jrna :qa_c'l'~ y,noOllO 

IlpBJtCTaDHTb B :s~s.® coaoi(yttl:locTH :J<O)leOmrn:a . r.t9'JtUJ.Y~ JJ;BYM.R 

p·a~ce-~~Jcrinn.m: ·. UeHT;PaMl!·. -TSK, e~ira qac'hu.ta xone6JtE1T(fR fr1~!W' 
!l~HTpBMH .~: a -fh nj)zqeM; u:A»"t3 i a-:11.<~ fp,tc •. '1..1), Tcf .. ~e_pMu1 
ee Oy'IJ.e'l H~p0CT8'1'b, 'l' : K· • . !:tOHTIJ!il ,A Md~ c6.mtlKalOTcst. :1fJIH ueaT\Ja 
B', pacno~p1te~qro c~teTpld~o- tteHT_PY .. !3·- ·.cv~~JJB, x,J.~a= 
=.za-x14 >, ~Tyaiµt~ .<JOp~TH~~f - ttewrpu· A l'J ~- ~ll~p~;_yri~~il } I ·qae
'rlru.a . :TapsteT' .~aeprmo. E~ .t - paCCTOflHMe M0Jt;ny I.t0HTfJ~ .· 

_al./dt :=w - - PTHOC~T0JJhH8ff Cl<<•po<!Tl>~ ~lra9l!H.R pacceMB:l~_s.x _uo:n·1~

-pc;a. TO M:a.MeHeHHB 9H0pr:HPI s 'ISC'rHJ».l c TO'U!OC'!'l)Jl):. )1,0 'l.ll~f199 
~{u/V)a 



(7 • . 1) 

Ha. Bup8z9!!H.fi. (7. 1 ) CJl9JlY6T, 11TO CJMM8p~ BKJ18~ B dsldl OT 

uenTJ>Os e: v. B' nono:mrreneB If - paeee 4eef ( 'l v»-' • IlpH 
ycpejUJemm no, BC0M p~CC0HB8111tmd Lt0Wl'J>SM B pm.n<BX 

.8.DiEt6B~CKOro npz~HHff ~ 'l'O'IHOCTblO U/V yCKopeBHe 
~:.Tcy,Tqfiii,eT. T.e. <ds/dt>=O • IlpM ycpe.aBemm c TOWOCT:&IJ 'JJ,.O 

qJie&QB·~· .ethJ.IV)2 c f'l~TOM ·roro, 'llTO aepoSITHOC'l''b· npoftT~ 'QSCTHU.0 
- - ·- .-:-. , ~- 'J 

·U~TO.; t 6es· paccemtrut ec;Th exp(-1A) Cr.Ile 'A. - AJIHH8 
e•JIJ.IOPO ,npodera) , tIOJIYqB6M ·--. . . .; --· . 

~\~~: <:h ae~ l~f. (7.2) 

~~ . . 

·L " . '8;:;oonst CB same~ rrpocTeRmeM paoCMOrrpemm a=112) • 
; ': .. ~ "' 11\Bil.fta (7.. 2) IIOK831ilB80T, q1b C.KOp()CTh H~Opa SHepl'HH B 

Te~e~a,x iipOITOpUHOBSJibBS .KBa.upaTy pqTopa 
~ - ~f'l~CJ<O! Cl<OpoCTM (B H8DI0M pSCCMOTfJGlilm 

tU:); -=<(~dy )2 ). «'H3iNSCKd CMYCJI IlOJJy-qeHHOI'O P03YJlbT8T8 

. . !l~RCEIHTh .C HCIIO-Jlb30Blil!B8M pBC. 7. 1 • 38 cpeJIHe'e Bp6Mfl 

: '1P.~,.Q.9emrnru.m 't 'UlCTm.ta CMBut80TCR MOJfb aanp8BJiemift ·oc~ 
. . . g,p0JU{ee· pa~C'l'O.mm'.e 'tV/3. ~3..:39 TOI'O. 'lTO CKOJ:>OCTb 
~ "- ... ~ w -, '-~ - .- . . . 

, . , · ,,;~awtnX ~eHTJlOB M_ea.ReT9H rtpR .aTQM na Ba.mrcnmy 
~q~ -~~ ":tJV/3.)-'(dt</dy). ·pacoerume qaOTHUfil (JyjJ.eT oonpoBOl!Wl'l'bCff 

. . .HiieM ee IDf.JIYJlbCS Ha Apex {AU)p/V, rrpmeM IlOJ101lHT0Jth~ 
.-,,'r!, .. - - . • 

: ~~.e~HliA Sil~ SToro IIpHpamemu1 paaaoBepowrtm. 
, .. , lipO~eoc eaJ.tGH9HlUl aHeprmi qacTHl.l HOOH't xapai<Tep. 

• , .,. __ ......._.. H-_,_. ,~ .. '!J'..-= -

. 3~~ ~SC)BOM npociztpaHCTB8 c K0~1ea·roM ,iuulll)yamt 

. . . <Ar/-> "' G3 2 

I>=-.- .Ot tl' - 't. {7 .3) 
"~ • 2At P,Y 

fl' 

'fM~ !{~Pf.i*9inu1 . ( 7. 3) CJ10J(y6T. 'iTO qeM 00.JIJ:ilDHe ll3MeH0HHff 

) .. '!';._,, J.~BaeT ·e:KopoCTb P.JJB3MN u Ha .zuume CBOOO,IIHOro npoOera 
r~v! •ie~: ~~a TaMJJ · yc1<opeH1UT. no SBa.nonm o · oowmo.a 

· \~ •. ~.: :".:-· 69HT0~11iaoa cpe~ol\ npouecc ycxopemm 'lBCTHU B CABHI'OBWt 
.. w ... ~jHif.ffx· .llJl83Mbl qacTO Ha3H.BSIOT ~mHHHM. 



nocJJe.l{ol}a:reJtbnoe Q~caHS'1e :pacnpooTpSliemtn :;dllc'tjmx 
~aCTlUl -B llJJ~SM9 q9CTOH'r -B ocy11tecT1Ule~ .IIpOUBJlYpY ycpa,$:ieruu1 
:'C~TPlt rJt .. ~): TI<t peaJIH_3SUHmf X:abnN'eCltoro MmmTHoro. noon. 
~emte~. ¢nY'l~1> IIJlHJ)o~. SQno.imem1e _ sTo:R - -~~?~·· ~ · 
ypmmo~ .lliiY-mtw Ami cfiY.mcium paenpe,lie.Ji.eimS( · qscn>~ . qac'mg, 
xorop2R HcnliTHaaeT .· .~erume ~ira~~- ¥a -Tex ice _ M~p~aoax. 
11TO· ii Ma:mwrffoa.' noJia; npmio~ 1<' ·_1Gffi8T~0C!(C~Y ypeBHt)~ .• AJm 
ycoe.naeHHot. no ·sb3M<>llBHM ·pem3aruuu .. Marmrmoro noJtil .X,~ 
pa~npeJI~*~HliR F -- . - , - . . .. . 

'DP dp lJP· 
- · +-tyP· + _;_ - ~ ~tP. 
:tJ.t dt ttp 

r.ne v ~ cl(opc>_c'i'h -tiscTHttu B. CMCTSMa l<oop.ztiaaT _ HaO~Jia~e~. a 
m1Terpan crromdloaemm stP omtrilffiaaT ammfute x8o·r.H'-iec1<oro 

• · .. _ . . . . . - , - - - • ' ' . " I _" , ' - · I W ·'l 

.. ,.,arawraoro noJJff Ha· ~ime 1U3e:Ti;u. ttpH· · :sHBo~~- (7.~)' P-~~ 
npaJ(D:O'.i!OmeHo, YTO- peryJi.R:pHoe ' MBI'IIlITHO~; no.fie Q~CY0!l'CTl;tY9'1' .• 
3BimmeM mrrerya~: - GT<?.nKaO~~mmf1 ~epe~ --~p9}JUH8JicHOG_ catte~a~ 
pacqemmsf 4:J. B COOT~T.C.TBZU <? 0~).le~mt6N · ~ 

-~pestil-i~noro P-~¥~iilUl" qJJCJiP CT~ .. 'llG!PBemm' ·npOs-ICX,b,ARJltHi B 
o6~~ ,P·r . -:a - -~eqeime· ;1B'periteim : dt --11 ·conpoao~a-11$U.cfl 

-~MeHe.Bll.GM ~JlhC!J OT: p _,l{O p'. pa~H9 

r.ne ((
0 

- KOHUSB~il qscrnu, H r:aa ~e1ccq~ ~· _Q<&3H~ll~tm 
. ae.mmmu.- B· cmwTcTBj'_JOOllll CllCT8M0 l~~p.mma~. . T,. e ~ - o:. Cl4p~~e: 
·Koop.mfuaT 9 JC<?i;ppefi ~0'.fCR . OTliOCMTSJlbHO H~OJti>;tta'f~JJH. ® 
. ~opocTbJO u . Bo~'lmili r,p_; t·, "'I .. ~u•Pu• fo cafla·afill ,,...JVJ..y co(joft· 
rrpeo(}paSOBf.l.Frn~t - ~opeHUa. t-WM6HBHH0 'lP!CJta '!BC'IM.l.l B . 'odbgMi'· 
d3r -38 Bpe~~ ·dt 
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11ac~.. m0 _ ... _ ee 
iWOtiecca paoceJ!H!Ui ~~a~~~l 

'{i.9)' ' - .. 

· ~Fu'(j>u)/~ ... ycpe;w~~-~Si ·D'Q yrJiaM ··~ 

;.;=:~~0V~OC,)...:.~ .... CpG.Af.189 BAA~. ~0JQI.Y 
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c~™1!posrume. , a H""rl.llei<c u - KpoMe ®'mci.um· P _ JVI.R Kparaoc"m - u -
.Of1Ylll8H. noRCHHM npeo6p830BBHH0 .R0BOA° Ti8CTH YJ>BDH01DUl (7 ~ 4).. 

IlJm· 9TON 0YA0M paCCMBTpH88Tb c.nyqai! HepeJlfl~CTCKHX q~cTuµ, 
.Kor~a V«C, BO Oy,neM Cq]!TBTb V»U. M3M0Heime MM11YJ1h~· C0 
BpE>M0H0M CBff8BRO C H3M0H0HH0M KHH9'l'H'l0CKOa SH6PI1!lt 

B '' H0p0JlRTHffi!P'l'CROM CJJyqae E=mv2 /2=pp/2m COOTHQmel:J;I(tM 

r.ne. v Cl =dr o.ldt. Y'll!TUB8ff. q'f'O B COIIYTC'i'Byllne:R CBCTSMa KOO'p~ 
.ztHHaT llpH ynpyrh, paccemmix'. Cl<OP.OCT.b HS M3MeH89~CRi ·«+.s_. 
duft'dt::rO), no.nlnzaaM <dPpldt );:-Pa (Buj/6r a>. ~.ne (-OUpllJr 

0
) - ·-

,Mem>mamia COCT8BJUJDD.6it ~fl CKOpoCTH IIJ183Ml:l u npvr Y~GJlU'l0I~. 

neprre~yJmpHoft K· r(I Roop,Jtmi8TH "a· IlpH MCilOJlbSO~~ 

.n;mmoro OOTJIOW0~ff T})STb8 CJl~80MQ8 B Jl0BO.B. qa~~ ·.~7: . 4J 
npeoop_asyeTCH ~ BIQtY 

dp IJP u l'pp lJFu l1u0 dPu 
- - = -_ - _ = -P, --~ -. 
c!t Op dt Bp0 aBra Bp11 

(7 .11) 

(Jpu oPu f (Jpu 

rJJ.e ~ = ~~ + - -- .Ma (7 .11) H ("1.9) IIOJJYll80M (7 .10):. 
lJp _ tfp '~ p on _ 

(J . . , "' 

J.tJm IlOJJYC{8HHfi yp8BH0HHll YCKOpemm paa.noF.HM .<m7,P.Kumo 
Pu Cr, p, t ) B p~ no cTeneH~ 011 orpammmaflcb 'IJJe~~ BTQpQI'c:l 

nopwa 
-

Fu(r,p,t) = Fu(r,p,t) ... ~Cr,p,t)Qe1 + ~Cr.p, 't)00011 , ('7.:12.) 

T''Ae Fu(r,p.t>, P~_(:r,p,t), l~(r.p,0 - ayJieBo~. nepBliil ·n 

ar,ropoA MbMtlHTH cf>YHl<lOOI pacnpe.neJiemut ,p cr,p, t). .BYJteM. 
u 

CYil'l'a'l'b, '!TO KOMf!OHeRTU BToporo MONeHT8 y,noBJieTBOpJUOT 

ycJJo.mm F00=0~ IlpH ~TOM HyJJeaon! M0Mew1~ HBJJHBTCR M30'rpormd~ 

F (r.p.t)=<F >. 
~ u 
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(~7: •. ·1~} ~ (_'I .1:Q:l, .1\0MHOEBSI (7. Hl) llOCJl9):tOBEl'I'~Jr6lrO HB 1· , 00 , 

Q~n,~.; lt. ~ycp~~flH no YI'JIY n, no~~eM ypa:6Ha:mu1. CB-nmma~e 

unuoiHiili ,; • "-~' ~ """"~ni: . >it-u Cl op 

(7 .13) 

-~~ ·G~ (JF:,8
1 

OP ~ /Juj· 
VO . - + v - + -. - p ~· ~ + -

O/?.lJr or {Jr - dp (Jr n . iJr 
µ 0 ' , .. 

2 

- - - ~-
't 

·~ -~pppro MOM8RT8 I~ I ccP u· M3 (7. 13) CJl0Jij'e'l'' '!TO ST~ 
~· : .Bmio.JIH.Re'l'C.ff .n.mr .nocwTotmo 6uc-rplil 'lacnnt co 
~~\ .v~u, &CJW CKOJ>OCTb IIJ18SMU MSJJO Memle'l'CH HS 

~ · fflijfl.! nop11)(Ka .n.nmm ~0060.zmoro npooer.a qacrnu. TaK 'lTO 

: '" . ~~h«t.i.. 1Mcnp!Jb3Yit M0TO)\ tro~JtOB81rG~!?~ ~o~~m~· " 
.1J~ifaf,IH 'Ule1m li!O sume E·To.poro nopR.m<a 'rro U/f.l. MOl<HO . 

. ~~H~ HS (7. 13) aupaX<emut ,llJlff MOMeHTOB 
"""' -. 

., 

IOI 



1-1 yPa.BHeHHe . An~ 11s0Tpol1H:(1n ~ac'l'.11 : !liYft~.uim pacrrpe;D.eJiefu.'IR 

lJF'. . 'tv2 iJ~F· 1 . o CF. 

~ ;::=:. - .~ .. , -2 o- _Prvv.P, ~l. · , ~ iJ t -- , ~3 O'f/ p ~ u ) 

I'}l9· TI]JIDUfTO . r 1·=± •' .r 2=11 H J~?S®ruu'ISHT. JtM¢4>Y31'Af ·B HMnYJJl;e~9~ 
npocTJ?aHc.~ 1JP~ Telle~t· ~ ITC?Ksa~1umM :Ha pm~:. 7. 11 •.• JtPr1•3-~'l' .~~.ll 

' ' T .q·. ' l~lliiEITHttecKO:e pacc'Mo'1rpem~a npm3GJJO c 'TOt.{HOC?,i'!:iitO" :JJ.9: 
. '!»c;J:el!Horo r;tao~-iTGJJ# K , T8i<iJMy iCe · aaatiem:m 1'. -q-xcs :it· 

\ K,a~'cTB0mtoe. nepBHA- 'LJ!ee B ·npaBon. 'ISCTlt ; cr:t. 15 ): orm68BaoT. 
npocT~aiie'~ae)jray11:i. 'J{l~~y3mo, BT~~# ~ @Ouec_c Y?~JJBH!fR~ ~ -- -- - . · 

flpw o~ow~ rpf:!HH'l~X-. > ysJJOi:iHff..~ ,ptJmem-ta O_'l'~o~aP.Ho"t"o; 

.ypa~H,~.-~n \~'. ~.''$~) ~e~·r Tf.t>OCTOA' YIDIJ3epca.~~ ~}J,i{ 

p (,p· > ;F- .(- n ·) ~-
- - ~~· .. -q 

:u - µ t'Q . ~ • 

. r)te llOK8S81rej}b· CTI0KTpa qr-3-t1] 3~¥C~'l' o·r !3.JJ.mlC!B~.w:~()I'Q 

napSMeTpa I 11. xapaKTS~~e rel' 3aBHCMMOC'l'b . BpeM!:JHH tt1~~ 
1pa~ca11HM-HMU 't o'T ~J~ca 



' I • -

'li(~fa'J:~t;ir 
ycl<op·effi!st ¢'1~ya~'~fi ,CTBJJB~Olf '~11'.B~Tp' -: 
tCicbdeJIHGCTblD . Y~K?.~~Sl Ha P~B~ 

~ Jia~ . mm~oT:p.<>ID!l1 ·B :yrJtoap~ 

~ 

(7. ta) 

.(7 .20~ 

aup~~!nte ("/. lG), a ~~Mil 
(7. ··~~. I~ttBJlhHO~ YCJt.o;e1nf 
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N 0 
-2 O(P-Po> 
41tn ·ro. 

(7 .2.1 )· 

OTOO'IOO'r CHTY8umt, KOrAa a M.OMe!rt' -sp0M8ID! t !:; to HHJCSI<TttpYJ()TOSI 

MOH03H0JWHtllible '18CTmibl c KOHI.J.etrrpaUHelt N 0. PemeIDie ypaBHemrn 

(7 .~O) M-:>Nl<l TIOJJY'IHT.b MeTo,n.oM pes):\eJ1eh~~ nepaMe~x. OHp 

1'1ld9~'1' BB)( 

. 1-1) .. 

- . N. o 1 ~~-2 [ 1HP. ~Po>-n] P{p,t) = -- -- - exp. - r -,: 

- 4'ltp~ I 1H~l1 .. -rt2T 
-'t) 

-I [~f~l 2
], 

I t+3l)_, I rtTlPJ (7 .22) 

(''f.23) 

flK1prmpyeTCR CTBlJ6HHC'£t crreKTp F~-q G I!OKBSa~JIOM q~1-t ·1) B(l 
_ocev. 06.nac~H Hf\tnyJtLCdB ~o :;a ~fla-q}ru:a: rrpoMaW.:-T'l'Ol~ upm.mm~ 

t
8
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