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NOCT'O'HHLI }I B3AIIMHO

nep[eHA]rKyJIspHI',I M arHI',ITIf o I4

eJIeKTpuqecKO noJle c npolr3pouuo

pa3nPeAeJleHue uo ocTa Ha I

efleKTplrtlecKl',Ifl BeKTOp

Munqo BaqoB

Haunouaten l{enrtp no Xnruena' CoO'"i

l. BtseAeHue 
]

.[ncunaqnnra Ha eHeprst u tA"1^:1::i9y" t npouec' np]'l

xofi.ro KHHeTuqHaTir'KoMnoHeHTa 
Ha riefisara r"rexaHjauna eHeprHtl ce

npeo6paryna BIB BlTpeurHa eueprrar []'.
B [2,3]. "r,i"A'ut 

o6paten npouec' "p'I-1:il::1:: "t 
BtrpeurHara

eHepru'EcI4gTeMaTaHaI43KycTBeHMoAe[..np.o6pu3yBaB*urreru.|HaeHeprufl
Ha BbprennBo MaKpoABrxe"ne, KoflTO a, u*y"ynrpa B c craBHI{Te TeJIA Ha

crdcTeMaTa.
AAucunatnBH[rr npouec ua npeo6pa3yBaHe e ycTaHoB( H 3a 3aKpI'Ira oceBo-

cuMeTpHtltla cllcreMa qpe3 I't3cJIeABaHe B 3aMecTBaul nnoc

.[orasauo ', 
tt *'i" ra3oBt4 iloHt't c Hl4cKa KoHueHTp

TonJIuHHo ou'**"t-*o'q 6t'npafina nJIocKa AI'IOy

noBbpxHocr Ha rBbpA HeMarHhreH U nAearleH efleKTpHqecK

cTBHe Ha nocToflH*',' *o"o"nHl'l h B3aI4MHo nepneHAplKy
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r efle*rp'qecKo (^E) noJre, ro fiosrre n3BbprrrBar no""nr{ro.ren 4pe[Q c xpafi-
Ha cKopocr. B regu ycJloBlrt rorrJrr,rHHOTO ABI4 KeHng Ha fionure 

""u-a"aKoMnoHeHTr,t, KorlTo ca pa3nr,rqfiMfl. Oceen o6lqaftHara xaorTprqHa
KoMnoHeHTa,fiouhte uwar u MaKpocKonr4'{Ha KoMnciueHra Ha rortrJrprHHo
ADHxeHI4e' B noonnpaHa il ycraHoBeHa cflcreMa ABere KoMi[oHeHTu Ha rorrJII,rHHo
.qBHXeHr,re ca He3arr,rxBarr{}r, a KrI{ Ha a[Hcunarnnri{ro npeo6pasyBaHe e
e4nHuqa [3].

.{pefiQtr sa ftouure n HanpeqH' MarHr,rrHo , .n.*rpd"ecKo noJre e HapeqeH"HeAHCHrrarHBeH Mar(pocKonHqeH npeHoc" GIM[). vclorroro orpeAeneHr,re"HeAUCHnarnBeH" 
e BbBeAeHo n [2] rcaro ocHoBHa ornrvnteaHa xapaKTepfi crvKa

Ha Bce'.H npeHoceH flpoqec,3a no,uAbpxaHero ua rofiro 
"d., 

rr""purna pa60ra.Ilssecrtru ca ABa,.He4ncnnarl,tBnr,r" t:
HacoqeH npeHoc Hia ycKopeH u frouu"tfl.T"T:flrpoqe$a' 

Te ce orHactr ao

HacoqeH npeHoc na fionpr B HanpeqHr,r MarHr,rrHo
"He4ncunarr.rBeH', npeHoc fionure ry6rr or Kt,tHer]I
eneKTpo MarHItrHo r,r3Jr6qBaHe. Cne4onarenHo yn
"Hegr4cunarvBeH" eBHHarIz ycJIoBHa H T, eKopeloHa
eneKTpoMarHHTHa eHeprr,rfl, Konro ce u3JraqBa n npoqeca]na HM[I.

HMn e npoqec Ha paspeAeHftre fioHHs upa'u pra" 
"l"u.rnrso none. Toiie |{ npoqec, KofiTo MoxeAa 6r4e roruuecrBeHr) oqeHeH a{o 6r4e pa3rpaHr.rqeHor Bcr'rqKr4 Apyrv rrpeHocH' npoqecu. B'.r.rxu Ap irH nfrro"r, npoqecr ca

ruc*narvBHr' r4 Te 3ar,xBar a*o 3a rtxHoro no44l,pxpne He ce rr3BbpruBapa6ora.
Brs scsxa cncreMa or pa3peAeua frounzwpa"" .p"fu r{ MarHilrHo noJreMofar Aa cbrrlecrByBar napaneJrHo KAKro rhcufrarn},nJ ru*a vt,,Heaucnna_

T',BHH" npeHocHr,r npoqec'. B eAua r43on'paHa , ya"drouaHa cr4creMa orpa3peAeHa fioHasupaua cpeAa H MarHlr.rHo noJre HrMa yc.tQiltunu AHCUIIA.TflBHH
npeHocHr4 rrpoqecH. HO B cncreMara Moxe ycr,ofivuno au]""u1".r"yBa KpbroBHMn na fionu. Kprronurr HMrI sa fionn . p*"ro"..o_- fo-oopnr"M nper'oceH
Mar(ponpoqec [3].

ErnaropuaJrHara o Jracr B MarH,Toctpepara 
"u 

J4"u nJraHera MoxeonpocreHo Aa ce cBeAe Ao 3aKpura oceBo-cr4MerpprqHa c{creMa c nocroqHeH
npHToK Ha eHeprur (or xo'','4qecKara parua\us) xrfr,r o6paryBanqara ,,pa3peAeHa fiouzsupana cpeAa B MarHr,rrHo noJre. I

B [3] e o6ocHosaHa re3a, qe '{p$ ,eficrnuero 
"u 

*pu.oi HMrr eAHa raKaBa
3AKpura cHcreMa c nocrorHeH [pnroK Ha eHeprfir 

""o 
pu{""uecHo crcroqHHe

Ha oceBo BrpreHe, xoero e eAHOTUnHo c paBHOBecHoro {raro""r, Ha oceBoBbpreHe Ha ctulara. Ho H3oJrr{paHa c}rcre ua. kI s
MaTHHTHOTO H3JIbqBaHe B ChcTeMnTe, B T.rl. npailn,il\]4
ca TOqHo KoMneHcnpaHH CbOTBerHo qpe3 [pr4ToK Ha
o6parno npeo6pasynaHe Ha eneKTpo MarHr4THa eH epr
Torasa eHeprufina sr Gatanc,u 

"r"*, Apyr flpoqec
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HflMa Aa 3aBncn oT eJIeKTpOMaTHHTHOTO It3IbqBaHe. .{UnaUU[aTa Ha BCI'tqKl't

Apyrn napanenHl,I npoqecu Mo>t<e Aa 6rAq crarncTuqecKu tl3cnpApaHa' Karo He

ce orquTa flpoqecbT Ha eJIeKTpOMaTHUTHO I,t3JIbqBaHe. TOrasd TOqHOcTTa npLl

e.IIHo cTaTncTl4qecKo tt3cneAllaHe Ha HMII HxMa Aa 0e HaMaJru +Ko npHeMeM' qe

ilosnre He H3JIbqBar eJreKTpoMulrHHTHa eHeplfis'
Tyx u1e H3cJleABaMe Kpbt oBr4 npouecli Ha rIMII CaMq B yCTaHOBeHH

sar(ptrrl,r oceBo-cl4MeTp[tlHU cl4cTeMH, KOI,ITO Ca l43fpaAeHlt oT pa3peAeHa

fionnrupaua CpeAa H MaIHHTHO noJle n npH npeAnOJIOXeHue, Fe CI4cTeMI'lTe HIe

lI3JIb qBaT eJIeKTpO MaTHHTHa eH epf ltfl .

I{elra Ha ra3}I pa6oTa e Aa c I cb3AaAe MeToA ra riPra6lu3uTenHa
KOJil4qeCTBeHa OI{eHKa HA eKBaTOptIanHaTA KOMnOHeHTa Ha KptroBl',lfl [oToK c'T

fionn (HMrI) n rtlarnn'rocoepHTe Ha ecTecTBeHI4Te I(ocMl'IlecKH TeIa qp03

peuaBaHe Ha eAHoMepHil napaMeTpplqHa 3aAaqa.

flo-xourpeTHo 3aAaqaTa e La ce cb3AaAe MSTOA 3a qffcnpHo npecMflTaHe

Ha MaKpocKonuqHara bflroBa cKopo

Ha ftoHu B ycraHoBeHu 3aKpLITI,I OCeB

HA BbHUIHa eHeprnt noA AeficTBll
eneKTpl4qecKo noJle, KoHTO IrMaT npoI43BOJIHO pA3npeAeneFHe no ocTa FIa

eleKTp14qecKuq BeKTop.

2. Pa6oreH MoaeJI

PaborHaqr Moqen (PM) e 6esxpaen nnpcbK aHaJror Ha

ycTaHoBeHa 3aKpuTa cHcTeMa, n3rpaAeHa oT 3aTBOpeH uunt'IHApuqeH

oTpaXaTeJIeH Kopnyc, pa3peAeHa cpeAa oT ra3oBI,I itowu nocTpsHHo MarHI'lTHo

noJre, Koero e roJrtpn3t4paHo aKcHaJrHo H uMapa1nanHo pa3+peAeneHl4e [2].

Vqacrrr or 6$KpaeH IIJrocbK PM e npe4craBeH na t[rr' f .

OnncaHuero Ha PM u{e 3anoqHeM KaTo onpeAe.nl{M noHq'rl,leTo "pa3peAeHa

fiounrnpaua cpeAa" (PiiC).
PftC napravaMe Ta3H cpeAa, B KotTo aKo Tn e noA geficrdue Ha MaIHHTllo

noJre, qeCTOTLITe KaKTO Ha eneKTpI4qeCKHTe B3aHMOAeilQtnUr OT MatKI4

pa3cTOrIHI,Is, TaKa v Ha, yLApHIlre B3al{MoAeficTBl,tt MeXAy o{.Uennure fioHH s

cpeAara ca MHoro no-MaJIKl,I no croftH
Cnenosarenno PftC I4Ma cBoficrBa, 6JI

I4scneAsaHero Lqe HatrpaBHM nPI't

Ha HAeanHa TeqHocT. Toraga KoJrl4qe

noJlyrrHM, ule ce orHacflT 3a cpeAa 6e3 B

6'a4ar reoperur'rHo eKcrpeManl{I4 tto cr
Cera ule o6ocHoseN{ KpalKo IIPex

MOAen Ha r43CJreABaHe.

B:axpnrun oTpaxaTeneH LlnnI4HAbp Ha I,I3X9AHl4fl MoAen ficrsa aKcHaJIHo
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MATHHTHO fIOJIE, KOCTO NPH B3AHMOAETCTBHC C OTPA3bHITTE ftOHH CI,3AABA BqeHTpanHo'to HaITpeqHo ceqeHHe Ha qHnHHAbpa eAAHI KOaKcHaJleH noToK OT3apeAeHr qacrHqn (HMn) l2l. Taa
[oToK Mor(e Aa 6bAe OnpeAeneHa no
noBspxHHHa Ha rlHxtrHAbpa qp

Hera'o6pasyBarerHara Ha
oT HeroBHf, paAtrye. Torasa cpeAHOCr
u noJreTaTa B MOAeJta e TaKOBa, qe pa
eKBHT'MfieparypHo, eKBfiCKOpOcrHo r,r eKB]rnoreHq'ar]io npocrpaHcr'o [2,3].TaHreuuuaJlHara cKopocr Ha KoaKcfiaJrHuf, noroK uoxb aa 6r4e onpe4eJreHaqpe3 pe[aBaHe Ha AByMepHa 3aAaqa Bbpxy 3arBopeH+ KpHBa r'tHvt'., Korro
" HanpeqHo Qeqesue Ha tlilnilHll.bpa.

" 
puuuo npr.lQnH)KeHr4e Ha 3aTBOpeH
c orHocHTbJrHo ror.sM pa1uyc t4n lpocrpaHcrBo e.roap Ha 6errpae" nno.r*

orpiDKaren c npHnexauo nJlocKo-flapanenHo eKBMnpocrp{Horao. B rosr cryuaficKopocrra Ha HMII y^o_ro" Aa ce orpeAeJlu { ;MepHa
napaMerpaqHa 3aAaqa [2], uanp. no ocra Ox na .. l.

PasHHHara Ha qeprex(a or OHr. I ctnnaAa rn .rOv

Our. I

Ha AflcHo op'eHrfipaHa npaBobrbnHa KOopAHHarHa cnQteua xyz . Xopnzoi-
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TaflHaTa 1u1t4s, != lo npeAcraBntBa ycJtOBHo I,l3O6p0(eHlIe Ha fiesKpaeH nJlocbK

ABycTpaHeH H AHoy3eH oTpaxaren Ha ftoHs. c npeKibcBaHB ItuHAu

! = /i*Qc-1,2..,n) B ropHllfl (i:l) I'I B AonHI'lt (i =2) nonyo6eM ga PM ca

npeACTaBeHH AtIcKpeTHH 9KBIIHHBa. TyK IIle fi3noJl3BaMe lil cnoMaIaTeJIHI'I

eKBHHuBa, KoHTo ca ycnopeAnH [I 6e3KpaftHo 6rtt{Sro Ao tl3cneA$aHoTo eKBuHHElo

/.1*, Hanp(Mep orpax(areJlHHTe noBbpxHocrr4 Ha ABycrpaHHllg OTpaxaTen ce

HaMHpar Ha HHBa, KOHTO Ca O3HaqeHI4 ycJloBHo Ha qepTexa d., .Yrc*r.91 !zo*r,
Karo lim4.+e=%, Koraro e <.< l(e + 0) .

Tyn qe npHeMeM, qe cTofiHocrl,lTe Ha Banuvl1.HvTe t6 9a npeABaPhTeil-

HO }I3BECTHH.

oIIpeAenHM.q,onbJIHaTeJlHO B TeKCTa. Ha Qur.l e nOgcHeHa cfMo TtxHara rrr)-

nflprttga,t\t4t qpe3 ttpaBo a o6paruo ycnoBHo 03Haqer|ue, KoHTo oa

83aUMHOH3KntoqBalUU.

Kamo B l2l, TaKa H TyK u1e HanpaBHM H3cneABaHe qa HMII caMo B

paBHHHaTa (LB) Ha MarHUrHo B3ar4MoAeficrBre, T.e. B xQy. El,no raKolla

u o.n[qecrBeHa oueHKa Ha HMf[, 3auloro BcHq-

K TABHlrr)' I]peHoceH npoqec cb H3BbpLuBtf BW-

lI opMarlHa HA B . Heu{o noBeile - KonHqecrBe-

HhTe oueHKu, KoltTo ue [oJ]yt{t4M ule Ce oTHacflT eAHSHaqHq H Ao aHanonus-

HH Ct{CTeMU, B KOIITO n(OnflpH3auuflTa HA ABeTe IICTIeTa e noqTofiHHa' Ho B3a-

uMHaTa opueHratluf Ha BeKToplt'rc B v E e nponanolua. B ro34 cnyqafi HopMan-

HaTa KoMnOHeHTa, flonyqeHa oT pa3JIoxeHHeTo Ha BeKTOp E np flocoKa Ha BeK-

rop -B 3aeAHo c'bc cbtqgt BeKrop B onpe4ensT naJrHo HMII. {pyrara KoMIIo-

HeHTa HA E, Ta:;vr KOITO e CbOCHa Ha .8, BOAH AO AHCHnaTHBeH [peHOC Ha fiOHI4

no HanpaBneHHe Ha cBojaTa oc.

flonepusaqvrrTa vt pa3npeAeneHnero Ha ABere fioJlera Eio^ Bk ute

,{nnxeunero Ha BceKu orAeneH ilou c tuaca miw efleKTp4qecKh 3apflA Qi,
rOero roft H3BtpuJBa B paBHHHaTa Ha MarHnTI{o B3aHMoAeficra{e u1e onpeAennM

c eAHa BeKTOpHa Bernr{HHa no creAHl,tg HaqI'IH:

(l) io2
vijk =viike''- -;

KbAero j e nuarunepHa eAnHnqa; 'i,o =?
n

virvlF;

KOMIOHeHTa Ha cpeAHaTa TOnJIHHHa cKopoCT, KOtTor s PM e npuCtufa Ha BCe]KH

fioH or BAA i, Koraro r()fi oe HaMHpa Ha eKBHTeMneparypHo lnao !.1e, ri.i*'
reMneparypa Ha fioHHTe or BHI( .rHa HHBo !i*, k'KoHcTaHTa Ha Eo'nUMaH, q-
MOMeHTHa cTofiHocT Ha paBHhttHnfl brbJl, KoftTO BeKTOpbT ViilHA oTAeIeH ftr3H

cKflrorrBa c noJro)rcrreJrHara nocoKa Ha ocra Ox n<> nocoKa rfa lacoeguKoBara
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crpenKa ($ur.l ).

IIoBbpxHIlHH.

2.1. Orpaxarel

fltpnoHav aJrHo H3 cJr e4taHero rrle r,r3Bbp rxu M 3 a
HararbK n :a PM, B xoilro orpaxarenrrr e orcrpaHeH.

2.2. f4oueu ras

ll0

Hexa Aa cH mpeAcraBHM, qe ca Hr,r r43BecrHt{ KaKTo 4mntnrylure vijk, TaKa
I4 r4i{TepBanHTe or 4eficreureluu croftHOCTH Ha apryMelrr.a <p 3a BCrKa roqKa
(xyz) s 3aKpHTHr o6eu Ha PM, nxfioqHTerHo Blpxy oTpaxare-qHrre

MepHa qaAaqa, KosTO onpeAenq
fion, r{ra 14 ABHXeHTltero Ha

Ha eAHa no4o6Ha eAHoMepHa 3a1La.ra.
Hrzre reJra u npQqecure s pM.

Mexaunqsr,rflr orpaxarer (yo) p 
"unpu"." 

orf rBbpA
HeMarHr'rreH Marepr{ar Ha rdAeaJreH eneKTpr.rqecKra zsonf,rop. Tofi e oesxpaeH,
f rrocbK' TbHbK, AByCTpaHer{, HenpoHnqae}i, u Ar,rtfyseu Qrpaxaren ua r,iouu.

orpaxarelrr pa3Aenr MexaHr,rrrHo pM na ropeir r{ AoneH nolyo6eu.
sa fronure cneA yAlp ca cnfvafiHfi r4 paBHoMepHo
aHcTBeH brbJr or Zn crepbalraHa. flrocxilqr
ycnopeAHo Ha BeKrop B(Quf.l). Torana rocoxure

eHr,f e B paBHnHara xOy ca cnluai.tnu H paBHoMepHo
pa3[peAeneHv B Tpaqvtr-lH o'r g =0 lo g = n pa[uaHa B ropHr4s noryo6er'l rzor (p=n4orq=)n pa4uaHa B AonHr,ts noryo6eu. OqesHAHo e, qe ryK
upeneoperBaMe rplreHeTo Ha rzounre rrpH [nb3raHe Fo noBbpxHocrra Ha
oTpa

TeJIt c or'ax(a-
aTeIHa no-Bbpx rrypHa (Tiio = { = const) pa3AenrrrenHa

rpaHHqa MexAy raBoBara pr Aneleropr4.c.:Hara cpeAa r Ptvt. Torana crz]TucT}t_qecKoro lr3cJreABaHe ua HMII Moxe Aa ce urnrpruta rpr4 o[pocrsBarrlo
AOnycKaHe, qe H BCeKr4 OT.U,eneH aKT Ha OTpaxeFrr4e e enacrizuHo n:anuo4eficrBue
I2l.

P\4corpaxareJr,ano-

MHoxecrsara Ha r7oHure M 0,, ABere crpaHr4 Ha
HenpoHrdr{aeMilfl n eKBr4TeMneparypeH orpaxaren ca vd*ar,r"Ho pa3AeneH[r.
ftoHure or ABere crpaHn Ha orpaxareJrr ocbrrlecrBrBar Hg3aBr4cHMo ,ronJr,HHo
ABIrXeHIte.

Bcsxo MHoxecrBo M e orpan'qeHo MHoxecrBo o iiouu elzc). orpa-



HuqeHoro MHoxgcrBo tW =ZMi @c6cron or rpon3BorreH, rr,o ofpaHuuen 6poft

noAMHoxecrB a M, (i= I,2".'..).9ucrom r e orpann.reno orroire qpe3 ycnoBnero

ga PfrC.

Bcrxo noAMHolr€crBo M, ce cb

pnqecru sapr.l ( ei) izoau.

Cyruapnara Maca Ha iionure or

Haqr,rH c M =ZU, ulnt M .

Ternonara KoHrleHrpaqns Ha fioHnre or M v M, t\e osfauuu c

(2) s,=*.
Bcuqrn fioHn s M eao""*r"trio ""!{run " .urn6y.{o-orpaKarerlHara

noBbpxHocr B cBor nonyo6e:u .rpes 4eficrar4e Ha AByKounonenrino BeKTopHo noJle

(ELB ). Torara uplr cBoero ronJrHHHo ABrxeHLre BceKrl {on ocrrqecrBt{Ba
nocJreAoBarerHo yAapu c orp:DmareJnr. IlocneAoearenHocrra Ha yAzipure e ctc cJI) raeH

lrrrrepBaJr Ha noBTopeHne\qlxflTo [poArJrxrneJrHocT o0 n3MeHr oT IryJIa Ao BpeMeBaTa

[poAbmKHTenHocT Ha nepHoAa Ha eAHH nbJreH c]cTaBeH ULIK:bJI,

flepuoAm Ha eAHH qbcr,aBen Tpaxo[AaJreH rlrrrcbrr e ()[peAeneH $a nceru rzg fionn
( n , , Q ;) oT pa3rpeAeJleHl,Iero Ha MarHHTHara I{HAyKqun B,nn na PM.

[I]e npuerueM, qe MaKcuManHurr BeprnKaJreH pa3Max ria rpaxon4aJrHuTe
TpaeKToprl[ na ftonure (axn. aa BuA lni= /Z*n H Q i = {n." ) B lonvooeMa e

no-MaJrrK cborBerHo or ( ! r n - ! o) unu or ( y r - ! rr ),(Qur. l ). QnegosareJrHo HrBa

/ru u lz, npeAcraBsr ABgre nbHrrrHu rpaHHuH na PM.
Ovenu4no e, rre Kor{rreHTparrurra no fiouure B Ar,ara

oT MaKCHMyM Ha HHBaTa Ha r)TpEDI(eHne AO HyJIa Ha BbHrrrHHTe

Ha Koero $opuanxo ure oGAnnuM ABere cnpaxarenHu Hr,r

<[ropr'ranno HHBo Ha MaKcHMaJrHa fionsa [JrrrHocr s PM.

Huso;Vo,

![t*, A !2r)*r, a

Ty* tqe [prreMeM, Ere BeJrprr{[rHHTe mi, vr gi ca H3BecrH

2.3. BerropHo roJre

ule ce H3M9H'

H3secfiIo e f2] ,'Ie cso6oAlrate fionu f eaxpr't o6eu sa
6esrpafino.qrarr
pa3npeAeneHhe pr

rdnJIHHApuqeH M

r[rlxara oc Oy.

MOAeJT qbqrBsTgT'Ba,

CneAosaremro s o6eMa Ha PM AeficrBa BeKropHo noJre c eneKrpnqecKa H
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ManHHTHa KOMnOHefrra. 3aAaqnre Ha noBbpxHocreH u ceo6 AeH ApefiO Ha fiouu qe
perxnM npu 4eficTeue Ha BeKTOpHO noJre, KOerO Ce n3MeHr cfuaano IIo ocra oy. C

\, a \ * qe o'r6er gss ane 2 *cnnaa Ho AByKoM non""t"o 
i "eKrop-Ho 

nore, Koero
I

e 3aMecrBauo Ha AByKoMnoHeHTHo BeKTopHo noae I w c nenpe-K.bcHaro
pa3npeAeneHHe no ocTa Ha eneKrpr{qecKHr BeKTOp.

PaupegeleHaero 14 nonrpu3aur,rrra Ha Wtrrl rue onppaennM 3a BcRKa roqKa" \tn) 'l--
(xyz) n o6ema na PI\4 qpe3 cJleAHHre cKarrapHr nporr"" 

"*rf",

(3)

lzu<! <ln Yrrs y3 yrn*r-",i=1

-@<z<@ Ytr2Y2-Yrru-,,,j=2

za j= 1,2 u k:0,1,2,...n- l

E(xyz)e.r = E(xyz)e, =0
KaKTO a npH cbxlr4Te ycnoBHt

I

a(xy)e" = B(r)e" = B jr"" = B jr ={: :::'":-: [:::: 
B*,ttG"")

._ const<0,'yorno B,)le"
I

i

i

i

KbAero o^,o, u ez caeAHHuqHH BeKTopH no rpr,tre ocn sh xyz; Eu , Bir ca

4aofirca paqnoHanHH .t\rcra, KoHTo onpeAenrr 
"pes 

cnd" 3HaK u crofiHocr
cborBerHo flonspH3arluATa U fOJreMHHara Ha ABere norLron""rn ua w,^ , e

npor43BoneH AHcKpereH cloia (jkk+l) na nlocronuo*"nJ"" 
"*ur"oo"n.'*"',BerropHoro noJre He e onpeAeneHb Ha srHruH"r" rpuriruu(J/t, n yrn)ua'l

PM, eauloro no ycnoBue raM nrua ftosa. 
i

Tyn tqe npueMeM, qe BeJruqr4Hure E,n w El ,o ca HssdcrHr.
I

Or (3 rurnoHeirru nu W(rn) ca Bn-
Haru B3auM uenolslaue o3HaqeHue \ro),
To Bl.rHaru crBar l,n rsofrrcu B3anMHo

n2



B [2] sa.qaqara sa noBbpxHocren gpefiQ e peueHa npn 4eficrBue Ha

eAHOcTanaJIHo Beh ropHo noJle \, ,t.e. npu 4eilcrnue ua nerrQpHo IloJIe' KoElfo

e xoMoreHHo B qeJILtt o6eu na PM ( }(rl = const sa i=1,2n kl0,l,..,n-l)'
Tyx u1e I,l3loJBBaMe peueHllero, HaMepeHo u [2] r'r raronallqe 4eSuunpaue

wttlno aFrajrofHqeH HaqlIH [I npu cbllll{re [IoAycnoB}lr (3), a drvrenHo

repneHAl'tKy nflpl[BeKropH 1 E O L Brr ).

B(xyz)e-=B(xyz)er=o

B (4) cne nr6parn eAHa Asofixa pauuoHanHH qHcJIa (firoa ,Bto) or (.1),

Korro xapaKTepI,I3I,Ipa BeKTopHoro noJle Wtrl B IIe.lrHs ooerr,| Ha PM.

2.4. CwatapHo nore s PM

AlrcKpereH cnofi u Ha BctKO AI4cKperHo HI,tBo

Tyx u1e [I3rpaAlIM eAHo floile or uuqneHu Belrkrvrrrvr

(cxanapra H nceBAocKilJlapn [4]) U t[yuxqnu H& Lxapalcepu3upiarqu AEHxeHHeto

Ha qacTHu[rTe B IIenHt o6eu na PM s creneH, KOST0 no3Bonfqa [pecMtTaHe FIa

eAHoMepHa (no q ) saaata.

B rosu CMIICIJI MOXeM,qa npt,tqucnnM KtM cxaJnapHoTo noire r PM t,l scuqmll

AsoftxnpauHoHaJrHH qucJra E ip w B.*"u W(rrl or (3) unu ra3l4 Ha Eru u Bronpu

4eficruue Ha l\t or (4).

Cxalapnoro no;Ie s PM qe n3rpaAuM c BSJIHIIHHI,I, B q[ll4[tg o3Har{eH6fl l4e

BbBeAeM TpH- HnH uernpflpa3ptAHll HHAeKcpl. Benn'luHHrP c rpHpa3p[I.ila
t4HAtIKatIHfl ( 4;r ) ufe onpeAennM 3a BceKH nn4 (r) fionu u Hal:a scsxo AucKperiHo

eKBHHHBo !ir . BetnqHF{nre c qerHpHpa3ptAHa nHAI{KaUIn ( Tl4p ) u1e

onpeAenr.rM aHarorn'{Hp no r, Ho 6 sa"/n o6eua Ha npou3BoleH plofi MexAy eAHo

n3xoAHo Hr4F,o yjk u eAHo rpaftno HnBo y jt Q= krl, kt2,..,n).
fltpno llle OnpeAeJluu CeueficrBaTa Ha palIHoHaJIHvTe lfvcIIA, KoI4To 3a-

AaBar napMopoBcKLITe qecro'tu ({x ry) na fionure or BceKH ln.u (i ) BbB BceKI{
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Q,B ,o [- const > 0 aro

(5) oa* =@lik*t-n=; ={=const<o aro

Tyx rrre H3noJBBaMe caMo ogHaqesne @rj*.

QiB* >

g,Bi,r < k:0,1,..*1 .

0

0 , i:1,2,

3a qac'rHHq clyvafi, Koraro s PM Aeficrsa xouoieuuo BeKropHo none
napMopoBcKr{Te qecrorr{ He 3aBHCfr OT BepruKaJrHara rpoplauara y, TaRa qe

a.B.^ I

@iik =0r.lo = 
ai"to -const 5 0i.'mii

I

I

Aunlxry4ara ,iirra BeKrop v-r 6ewe onpeAeneHa ! {t) *^to eAHo3HaqHa

Qyurcqnr Ha reMneparypara T;ip na npou3EonHo 
"rrd liiy Ho HanpeqHara

KOMnOHeHTa Ha cpeAHara ro[JrHHHa CKOpOOT 
" ""np!n""Hara synral}rr or

Hara Ha 3apeAeHara qacrriqa , s{qoto rfl ce ABHx(rl B
qecKo noJre c nonflpr{saqnr no opra Oy. tlapaneJrHara

TW u liio Hu no3Boflruu .qu 
",rardBHM 

eAHo ABycTpaHHo
paBeHcrBo, Koero cBbp3Ba Ar,rcKperHnre HHBa e pM no 

{n"orldfl 
HaqHH

'l

(6)

i

LI ior*, = .l/ i* - I i**r
i

' Afli**-t=I7-/i*-r
I

I

Tonasa HeKa Aa 
''p'neMeM, 

qe 3HaeM TeMneparyp na llio Ha HfiBo !, 1,.Aro
3aMecrHM Tiir n rni B cpeAHara qacr ua (7) H r npecMei"e", ,o rlle nonyqHM

l, tikr,n(7) vijr = FV-o;

crofisocrra ua v-k B rflBara crpaHa Ha paBeHcrsoro. crda roBa axo 3aMecrHM

B ArcHara crpaHa na (7) HsBecr/\
Lt io ulLy io u ) ^ 

peIrHM paBeHcrBor

tlrcJreHara crofiHocr n nenpevuara c/\
npnpaBHHM vii*a\Lvii*4 

J 
na cpegHal

cnptMo reMrleparypara B noAKopeHHara BeJrHrruula, ro ule noJryqHM

eKBr4reMneparypHara crofisocr r*.r(r*_r). Aro inooorrn rM, ro or

rl4



/r\/\/\
T,n.,\T*-,)MoxeM Aa onpe/rearM rr7**r(A nro-,) n T,u.2lTar-r)ur.n.

CreAosarerHo aKo 3HaeM (erunupu.tHo)T* uailouure or oud .tHa eAHo H caMo

eAHo npor43BoJlHo eKBrrHI,rBo !it, To upee (7) nne rvroxe[ra Aa H3rpaAHM

nocneAoBarenHo cKarapHoro noJre a PM no crofiHocrnre IW n T6 aa BcI,|qKH

HlaBa w 3a BceKn enl(i ) fionx.

II{e sanurueu (7) sa etBnTeMneparypHoro HHBo Ha otparira'rerr

(8)

_1, @l_f , 
- 

rt 
- 

t, 
- 

t:v ii] - v,lo - Y iZO - lx\l nnr, 
| 
-

PeureHncra na (8) HtMa Aa ce npoMeHcr axo cu npeflcratl,IM, qe o'r-

parrarenrr e PM e orcrpaHeH. Cropocrra vijk e Herrperctcnard BenuqnHa B pa-

6orHuc o6eu u seftHnre c'rofiHocru ca nHBap[aHTHIl or rooa 4tf.nu Ha HI,IBoro Ha

MaKcHMaJrHa fioHua nJrx,rHocr ( y) uua Hrlt HtMa erunrenaileparypHa Mexa-

Hr,rqHa flperpaAa. Tasu uHoapt,taHrHocr noKa3Ba e.qua Soprrlar[a QyuxqHoHaJI-
Ha Bpb3Ka MexAy flpeHocHure npouecH np[4 noBbpxHocreH h cso6o.qeH (6eg

orpaxeHre) ApefiQ sa fioHu.
Paseucrso (8) e aHaJIHTur{Ho onucaHlte Ha eAHH qacreH cayuaft

(Qi,\znr,xoy'5, xoino Moll(e Aa 6tge o6o6qeH B eAHo arpngpHo rBtpAeHHe -

eAHaKBure H cso6oAHr.t MltKpoqacruqu or ABere crpaHu Ha e4BureMneparypl{a

MexaHUqHa nperpaAa B eAHa ycTaHoBeHa cHcreMa I4MaT qAHaKBH CpeAHH

TOnJIHHHT4 CKOpOCTn.

Cera ure norbpcuM HaqilH Aa onpeAenuM rpaHHuHTe, B Kgllro ce h3MeHi[T

ll5

l' Alrot = J/o - /2, > 0'

T, = T'iir: const

croEuocrn're Ha apryMeHra q or (l).
Be4uara MoxeM Aa Ka)KeM, qe [HTepBan]T Ha CTOIIHOCTH HA

I BrB BceKfi nonyo6eu, a cJIeAoBareJIHo n B l{enut o6ev sa PpI e uenpeKbcHar
HHrepBaJr c rorreMuHa or (p = 0 ao Q = 2n pa4uaua([0,2n]). TBEHO C

Aa onpeAenHM nHTepBaJrure orAefic'rsfiTeJlHl4 orofiHocru Ha (p , CbOTBETCTBIIT

Ha BcflKo AHcKpeTHo ttuu<> )/ ip .

Herca Aa cH npeAcraBuM, qe e4nu fioH, Koraro ce orAareqafa or orpaxatelr



npecnqaHr.tBo y jk noAHrKaKbB trbn <p (Qur. l).
:-' tro rpaxonAalHa rpaeKTopur, rofi ue npeceqe orHoBo

cBoeTo.{Bt4}r(eHue

HHBO, KOTaTO ce
(p'. bmure (p u cA'ca
crofiuocrr e Br{HarH

npu6axxaaaAo orpaxareJrr, Ho noA brbn c Apyra croi
o6paruug crorBerHn BeJIHrrltHu . Bpr:ram MexAy
CJIEIHATA

Tyr ute pa3n[qaBaMe rrJrrd g H uHrep na,u L<p ooi "u 
op""o npeMr{HaBa-

He, Koraro re ce orHacrr Ao npeMHHaBaHe tra fiou npep unro !i* npl or1a_
JIerIaBaHe or orpaxareJlt, T.e. npu orAaneqaBaHe or nlnor:o Ba MaKCUMaJTHa
fionua nJ*THocr. brrure H HHTepBanHTe np' oopar{o rpeM'HaBaue (npr.r
Ao6luxaaane) u1e HapH'{aMe o6parurl u qe rH 6erexarr,t lc <p' , Lg',io ,

B ctulara Bpb3Ka u{e pa3nnqaBaMe ,,81

BcrKo HHBo .l/ y . Elaa qacruqa ce ABu
or MoMeHTa na geftnolo npaBo npeMHH
s rofiro rr npeMuHaBa orHoBo [pe3 c
ycnoBl'Ie (t'2.1) 3HaeM' qe Ha HHBara Ha orp'Kenne (yrol",Jy'z,*,) croftHocrn.re

(9) g'=2n-<p.

HA 
'IflHTE 9 CA B TPAHI,IIHTE HA CJIEAHHTE 4AA TIHTEPBATA HA NPABO

npeMHHaBaHe:

(10)

I

I
I

I

I

KaKTO r.r qe BbB BCeKH OT Trx syHrqrarra Ha pa3npeAeleHra{ ua fiouu're
g e KoHcraHra 

i

(ll) *0,(,p)=rc,,'(Q)=r,,u(e)=*=ronr,, q F{or",}

*yo(e)no

TaKa qe

(r2) I*0,(*)oo = i*,,,(r) & ='i*,,,(d)o = r
arPtu o r I

Aro npunoxr.rrra (9) sa ga npeo6pasynave ( I 0) n ( I 1 ),ro r

Kio(q')na fionur:e B MoMeHTHre, Kor.rro HenocpeAcrBeno
orpDKeHHe, T.e. tfJrrdre, r{HTepBarrHTe n Synxqnr.rre na
"npeuuHaBaHe", a HMeHHo

l16

nonyqilM rQ',AQ',jou

:-AAT T'XHOTO

AeneHr{e npuobparHo



lAd,,* =dlfr.dl'J =(zl,-q,H) {2,-,pl'iil) =zlr-n l
( r 3) 

lod,'*- =.fl$ -rilf.=@n-,pX) {2"-.pX) =r,-o J 
= n =

KAKTO H qE

(14) noo(e') =rro(2n-p)=*or(e)=consF*,
7E

tt 2n

J"r,(*)o = J",'o(q) & = I*,,,(q)ap = r
Agio

a9'ao = AQzo

Eeg Aa AoKa3BaMe rqe o6o6rquM, qe Ha Bccto HtlBo t i* tPI[14 npaBnre Lg ii* H
o6parrure A<p'on uurepnaltH or AeficrsrdrerHt crofiHocrr.l Ha g ca:

- HenpeKbcHarH;

- eAHaKBH no roJreMHHa il B rpaHnqu 0<Lg,io=Lgl',Sfi, raro no

ycnoBne uafi-uarrco Lg,ro^ Lg ,ro l.rMar HyneBu crofiuocru;
- p3afiMHo cr,rMerpil'{Hn B HHTepBana 10,2n ] ua essruoxu{re crofiHocrl{ Fta

tp c qeHrsp Ha cnMerpnr r. I = tt oT MncneHara oc Gp ;

-JlHBepcHr,r no pa3noJroxeHue B ABara nolyo6eua cnprMo r, I = n (nanp.

aKo q=tAq'ol ,ro 0<g<7r,HoaKo qetAqrrolro nSg32n1.
Orxoso ,rpes (9) MoxeM 4a ce y6e4uu, ue Qynrcqufire Ha pp3flpeAeneHHe Ha

fioHnre cborBerHo'no q H p' ua eAHo npou3BoJrHo nnzo !ip ca]Aae c[MerpuqHr4

$ynrcur.rn c oc Ha cuMerplrr npaBara I = n or MhcJreHa npaaorrufiua KoopAHHarHa

cilcreMa q&^(q)ocBeH roBa, recHo Mox(e Aa ce cro6pasu, a lo-HararbK H rr{e

rioxaxreu, qe apryMeHTbr q e HenpeKrcH na n HeJrnnefiua Qynruut mnepruKaJlHara

KoopAnHara Ha qacrnrlara. Tagu H

pa3npeAene"r. *7*(e) n r7*(g') rara
(nx.(10),(13)) na urnara Ha orpoKeHue,

Qynxqur,l or {p utn <p' B rpaHHUHre Ha

Crrrae'rpurra n neluuefiHocrra Ha K jik
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= Ku'*

(1s)
= Kijr

I r t- |
Ho raKa qe I * * (qrdP = lK ,iodg = l.

Atpi* Atp'ir_

{nclenoro npecMrraHe Ha BeruquHure Lgi;*il
HATATGK.

Le i*

(e',)

(q'r)

K Zn-qr)

a

ri Zn - <pr)

A z*Qr

g'r=2rt-9t

Q'z= 211 - 92.

I

!*(o) 
qe onHIneM ro-

Karo **(q)? *r*(.p,).

Cera qe norbpcr.rM Bpb3ra Me)r(Ay KoJrr.rqecrBitu ru fionnre, KoHTo
npecHqar ABe ctceAHrl HtrBa B npaBa (o6parHa) nocona. pqeat4Ho e, Lte or Bcl4q-

rH iloHr.r, rofiro ca [peMHHanr npe3 /i*, Hanpurraep r ripara nocoKa, caMo eAHa
qacr or rnx ule AocntnHar Ao cbceAHo uwao ! ip*1. Tash l.racr e nponopqfioHitrHa

HrepBan Le iilrt or nbJrHl,rfl HHTepBaJl

ua fiosure \l***t, KoHro tIpeMHHaBar

tro cfleAHnr HaudH:

(16)

I

BeluqnHara \ii*r*t qe HapeqeM npaBo npe4aear{lHo r{Hcno Ha AHcKpe-

ren cnofi (ikk+l) . Onrenu4uo e, ve o6parHgTe npeAarafenuu vytcra, Kor4ro ryK

HflMa Aa fl3non3BaMe, Ca peqHnpoqHH Ha \a1***t. 
]

flpanoto npeAaBarenHo qncflo Ha npoh3BoneH rurHpronflacroB cloil (jkl )
MexAy eAHo H3xo,qHo HHBo n eAHo npon3Bonuo uneo yl1 ue orpeAenuM raKa:

t-ti
(17) 0 S\ii*t = \ii***r\4*+t*+2..\yt-rt = [o\i1'***r 

< 1' 1l= k +7,k +2,...,n,

ll8



I

Karo no ycnoBne T16-tn: 0, 3au{oro Hafi-MarKo \qn-r, :O vpef LQ,jr-ro = 0 .

Toraea npeAaBareJrHoro qucJro Me)KAy orpax(arenHoiuneo /;oA eguo

npou3BonHo auto !i1 rqe ce onpeAennTaKa: 
]

k(ls) \p* = !,I70-'" 
]

Or ruere npeAaBarenHn qucra (16) ra (18) uoxeu aa onpp.terr{M rernoBara

KoHqeHTparllrfl Ha ra:rH qacr or ftonnre B Mi , Kof,To ce na{aupa nocrorHHo B

cnofi (iklc+l) no cne4uur-HaqHH:

(19) gi1**t= rao*(l - nr**.,). 
i

Cera rqe onur[eM eAFIa HenuHeftna QyHrqur
pa3cToflHr{eTo MexAy rEoMeTpn'{HnTe r{eHTpoBe Ha e

Hara qHKJroHAaJrHa oKpbxHocr [2]. Croftnocrra Ha

qacrfiqa, ce H3MeHt crbnaJlHo Ha rpaHr,rqara t j* M'

rpaHuuure (.ue6enruam l\l ioru-"1 ) Ha aceru Ar.tcKf

BEIHqHHA

(20)

,(q,
-6

tu)
<l-

9**t

Ak =-

'***(u
<ak<

'a*t(q
A* ='[

t' ii*
AK,

)iir*t
r<a,l

P*u

Ak

Pit
AK

'ii*,
<^
)
l1

/\
Par*on (9,1 =
-CSAKSI
e<<l

l=lm@l :"on,,=co.u

= const : Co# Co

l=l#ffi1:*:cn,*cr



limv;i*-., = r,,o,Ei*-" = E.io-,,8i*-, = Bi*-ria,1n-, = tfn-, , Koraro Lk = -€;
v1i**t* = v|i**ar,Eit*oo = Ei*,81k+tk = 8i1,,@.1**,lr = CI1y;trKor-&ToO<Ark<l-ei

limv4*ot-" = viik*t,E.ik*r-. = Eip,B.6*r-, - Eli*,@,1k-t-,=io*, *or.uto

A.k = I - ei g * ig**r,g* f g**r.
Pagcloenmo paBeHcrBo (20) norasra, rre aKo e

noA QnKcHpaH rrbn g*, ro rofi, npeutHaeafirn n
npoMeHr HenpeKbcHaTo apnyMeHra g Ha cBC,, BeKT

nocoKa Ha eAHa Qnroapana croilHocr go*,(go*, ,.
cneABaluoro AncKperHo trHBo .J/.;**r.ourcnpaunre crofHocruQ* n g**r (or
Lgiitn A$7**,) ca carpsaHr noMe)r(Ay cH qpe3 Hernu$fina raaucuruocr (20),

raro o6patilMo cb,orB€THH rrJtff Ha ABe cbceAHH HHBa.

Torasa aKo flo3HaBaMe Leitru 
"^(q) "u 

.o"d rpo,3BoJrHo HHB', ro
HHe MoxeM Aa onpeAeJrHM Le,1o*, Ag,irn*r, rcr0.,(e) Ha cbceAHo HHBo qpe3
MHOTOKpaTH0 peuaBaHe Ha paBeHcTBa oT Bt{Aa

Kl.aero:

c eAHa qHcnoBa

BEJIl,|qHHA

(22)

120

p,jr(g r) = P7n*,-"(gn*,), (p**r

q, .{a.pro}

(2t)

H3BeCTHa BerHqHHa r peuaBaHe cnpflMo g, .oruoeo v;ies sauecreaHe e (21)
Ha 9r' no Beqe Karo u3BecrHa BeJrHqHHa lr peuaBaHe a yclnoaurra na cnofi (il2)
HHe Mo)r(eM Aa onpeAelnu croftHocrra Ha brbrl e,, Ha HilBo .yi, u
r.H.caeaosareJrHo qpe3 [ocneAoBarenHo peuaBaHe na (21) nne MO)r(eM Aa
cbnocraBnM Ha BcrKa cry.raftua Benr.rqftHa g = go nd eaHo ceN.reic,reo oT
Qnrcupaun crofiuo,cTr'r pp, noA KoHTO OTAeJrHr.rrr fiou u1e llpecuqa EcHqKH
Bb3xoArr{r'r Hrrsa. Toraea ABHXeHHeTo Ha orAensnr fiou a ptvt ce xapaKrepfi3Hpa

. {aq,-.i}

naT o us6npaMe nocneAoBarerHo Sr,rxcnpaHr crofiuocru qa g * or r.i3BecTHl.r.s
HHTepBaa aqrr, sa Aa onpeAennu o6paruuo cborBerHHfe (no (20)) aeru.rvnuu
(p1a' , Kohro npuHaArexar Ha HeH3BecrHHr HHrepBaJr Ag,;p*, .

3a 4a norcnnM, HeKa elu pa{rareaao HilBo yio noA
br6n 9 = Qo,9o € 

tAg,;o I y) noA Apyr 6rbn gr,
qHflTo croEnocr Mo)r(eM Aa o au{ Ha gu u (21) raro

peAHqa , B Korro caMo nbpBnrr qreH ( rp = g, ) e cnyvafiua

eo(q)= (,p = qo),g, ,e2,..,e p,..,9,rt.
q,,.{A,f,r"}



.{rlxnnara Ha qucJroBaTa peAHqa (22) e npoMeHnHBa BenHqHHa. Axo

!1r e Hail-encororo Al4cKpeTHo HHBo, Ao Koero eAnn fiou Aoolflra cIeA aKr Ha

orpoKeHfie, ro BcHrrKH Sr.rrcupaHr.r crofiHocru B peAuqara or 9**r ,qo (Prt ca

Hynu.

CreAosarerno (2 l) e aHarltrnqHo cpeAcrn,o, Koero ifo3BontBa Aa ce

u3rpaAl cKaJlapHoro noJle B PM no nef uunun're Ha

pr*(q) LQ,in,LtP,i**,,*oo(o)" q,;(q)Ha BcnrrKr wnva )/ip' f vpee (16)'(18) n

(19) n no crofiHocrxTe Ha \ii*,.t,\iio*,14 8i1***r.

Cera sera Aa ch npeAcraBnM ABH)KeH[ero Ha orAereH fioH Me)KAy ABe

nocneAoBareJlHH orpa)KeHut. Mex
cno6ogen(6es orpaxeHne) 4pefrQ no4

Bcerm aKr Ha 4uQysuo orpalreHhe npe

cBrqeBpeMeuuo fi AaBa cnyqaen (no <p )

no clcraBHa (Wa) unu npoc"ra (Wt)
napaMerpH ( vik, E.tk u 8.6), Ho ct c clyuafiHa Sasona .qutxnnh . B rosl,t cryuafi

noBbpxHocruurr Apefi{r na ilouure or PftC n PM uoxe Aa 6lrle pa3no)KeH Ha

eAHa rrOcTOqHHa 1,t Ha eAHa c-nyUafiua CKOpOCTHa KOMIIOHeHTa Ha ABH)KSHHe [rO

ocra Ox . 3a Aa h3Bbplxl4M raKoBa pa3noxeHue e neo6xqArMo Aa 3HaeM

IoIeMHHaTa Ha BchqKH Bt:tMOxHn (nO tp ) SarOor nbTnqai H3MnHaBaHH oT

qHKnoHAanHhTe oKpb)r(H6cTl4 3a BpeMeHaTa Ha cao6oAe+i ApefiQ Mex(Ay

MoMeHrHre Ha ABe noc.neAoBa'nenHH oTpax(er,un l2),3a aa Pfl3noxr'rrvr fiouttl'ts

noToK (npu noatpxHocreH Apefi$) 11o cJIoeBe, ule HH e ueo6xoAl{Mo ;la
onpeAennM otqe H Bb3Mo)KHHTe Qaroera flbTHUla BbB BIHIUHHI {iloAo6eM Ha BctKo

urn "r-(t(e)) 
Ha Sfsoar'rr nbr' Kotro

Ha xoMofeHuo nerro$no noJte Wt,l@).

fleMnHara Ha norosHilara or rlarorur

nbT, l43MIrHaBaH OT UHKIIOHAaJTHa OKpbxHocT 3a BpeMeTor B KoeTo r{acTlrqaTa

Ce HaMHpa BbB BbHmHl.tr noAO6eu Ha npOH3BOnHO HHBO lir,lwttOuI4TenHO ?I 3a

!p

(23)

a;ip = (D no,Eir = Ep,B.1*; 8,.(P(,,)
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flo-natamr Oyrrquma 
"r-(€(q)) 

or (23) qe 6erexaM orpc,creHo c

"^(q)'
Oyurqurta 

"*(rp) 
e 4e$r.runpaHa B qenu., r{Hreppan [0,2n] Ha Bb3Mo]r(-

HJIoxl,IMa caMo BbB BIHIITHMTe noao6e-
qacrnrlure e cqo6o4Ho (nrva olpaxe-
Ha noBtpxHocTeH apefiQ Qynrqr.rrra

raBo npeMHHaean$, T.e. 3a trjrr4 o,r g = 0
Ao 9=n B roputrr noayo6eu usabrlrror <p-n !o g=2n B AoJtHr,lf,
nolyo6eu.

Pearno, a qpe3 (23) u aHaJrHTHrrHo, Saeonure nfrn'1u Ha ABe rrpor,_
BoIIonoxHH no 3HaK n eAHaKB[ no Maca u ereKTp]rrrecrrl sapr4 (m,=rn, q__q2)
qacrHuH' KoHTO ,UocrHra'n nuno !.p c eAHaKbB trul $ n npu paEHH Apyft4
ycnoBut ( 4ir = vz.1*, Ei*, Bi), 

"ucBbp3aHu 
no cJreAHHr HaqHH:

",.n(q) = -[" - ",,o(q)].
(24)

oynrqurra 
"*(q) e np,nox(n*a 3a H3cneABaHq H Ha ceo6oAe' (6ee

orpoKeH'e) lpefiS sa fiosa noA Aeficrrile Ha BeKTopHO none l(r1. Tarca na_
np[Mep aKo s PM e orcrpaHeH MeXaHnqHHrr orpiD(arel ( yr) , ro fiourre rqe
H3BbpuBar Apefi$ npu ABH)KeHHe no nbJlHH Tpaxof4AanHn TpaeKropln.
lr'lcrcperunre eKBHHT4BA !.1r urc pa3AeJrrr ycJroBHo re3H TpaeKTopHr4 J[HHH|{ Ha
ropHu rt AoIIHn qacrH. (Darosnre nbrnula Ha MHcJreHa qni<lor.l4anna oKp,b)r(Hocr
no ABere qacrH Ha eAHa ycnoBHo pa3AeneHa rpaeKropHa finnw Morar 4a 6r4ar
onpeAeneHH noorAerHo, B rpaHuur.rre Ha eAHH nbJreH rpafi.or.l4aleH qHKrn, qpe3
peuaBaHe na (23).

B rpaur.rqure Ha eAHH rrJreH TpaxonA:rneH qHKb' 
"r.{"n""utu 

uHKroHAanHa
oKpbx(Hocr Ha orAerHuc froH H3MuHaBa $asoe nrr or 2yt paAAaHa.

Arco peuruv (23)sa rpoH3BonHa croftHocr Ha q B r{repnan [0,2n], ro u1e

o[peAenuM noroBH]Hara ua Qasoeur nbr or eAHara crpaH{ Ha npor43BorH0 HHBO,
Aro npn paBHM Apyn4 ycnoBur peuruM orHoBo (23), uo sa {6par"vo cborBerHara

(9) ua ntpalfl brar, To u{e nonyqr,rrrr rioroeuHara Ha r[rasoarar

Ha cbrqoro uuno. Cyuara Ha ABere pfureuna o6paryua e4no
0

(2s)
"*(e) * ooo(zn--.p)= 

"ro(q)+ 
crro(e')= n, <p'= 2n - q.
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PaeeHcrso (25) aonasoa, ue {yurqurra "*(q) 
e cuHre3lpaHa BflpHo, KaKro

H qe Mex(Ay npoqecl4re Ha,,HMfI" nph roBtpxHocreH r'r cno6o4pu ApefiQ I4Ma oute

eAHa (ocBeH (8)) QoprvraaHa SyHrquoH:rJIHa Bpb3Ka. 
.

Cera HeKa Aa aHann3uparrle $yHrquma o*(q) nra epe$ero, npeAr I{ GneA

Afl HA

viir n
HC HA

o orpeAeJIeHO qpe3 KoMnoHeHTnre Ha

BeKropHoro nOne ( Ei1,,Bi*',), Korro ule Aeficrsar Bbpxy Hefl or nuno )/ip HaralaK.

Ho upes paBeHcTBa (7) w (21) rrloxeu Aa onpeAeJrHM eAFo3HaqHo UtJIaTa

npeAgcropv$ Ha ABI4:6eHHero Ha qacrl'luara Ao !.;*, a [reftuoro 6taeuto

ABHrceHHe Aa npeAonpeAeJrr.tM qpe3 3aAaBaHe Ha Apyfo npoH?BonHo xoMoIeHHo

BeKTopHo noJle, Koero Aeilcrga s

CreAonareluo QyHrqurla
Ha ftonu noA Aeficrere Ha BeKTopHo non

Ctmacuo (3), Wfzr,l ce H3MeHt crbnzlJl

wnsa /1r-, u /.it. MeNAY Te3H ABe HHBa HenpeKbcHarure edJlNqnHI'I I t'l v1*

npaKTHqecKH He ce npoMeHrT, AOKaTo Qasoaara tpynrudr ce H3MeHt cbc

cKoK,TaKa qe

(26) o*-,(q) *o*(q), e<<1.

Tyr u1e 3aBtplul,lM t43rpaxAaHero Ha cKaJlapHoTo noJIe,B?M rlaro Ha BctKo HHB6

Jli* cbnocraBHM no 4ue SyHrqr.r, a,;o-,(Q) ra (x,;t(A), *olrto ca eAHo3HaqHo

onpeAeJteHu qpe3 n3BecTunre C'rofisoCTu Ha BCllqKO CeAeM napalvfeTpllrlHl'l BeJIHIIHHH

(vi1r,E7-r= Ei*-t,E.ir,Bio-"= B.in-r,8.1*,ayr-"=(oi1*-t u @iir) n sa BcnqKn

crofiuocru Ha cBos ap['yMeHr Q B rpaH6qgre Ha H3BecTeH l'rnrepean Ag.it'.

3. Peruesus sa

uoBbpxHocreH

3,.1. Peureuue e

eAHOMepHa 3aAaqa [pu
ApeHQ

nbpBo npu6,luxeur'le

I] [2] e HaMepeHo perueHue Ha eAHPMepHa 3aAaqa 3a

onpeAenrHe MaKpocKOnH Ham cKopocr Ha fioHttTe npn noftpxuocTeH apefiQ

s PM noA AefrcrBue Ha [ocrotHHo H xoMofeHHo BellropHo noJle \tl
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( Eso:const, B,o =onst).

3aqoro ro ce orHacfl Ao eAnocrtnaJrHa anpoKcr,rMarrns lqi

HaMupa e r. (xs,/.i*).

npoHsBOnHO pa3npeAeneHHe no ocra Ha eJreKrpnqecKm ae{rop. Ile onuureu roea
peueHHe KaTO H3nOJt3BaMe npHeTHTe Beqe o3HaqeHhr.

Ypaaneuurra Ha ABnx(eHHe Ha orAeneH fion n rp{nraqnre Ha BpeMeBn,,
I4HrepBan MexAy ABe nocxeAoBarenHn npeMHHaBaHur ua] qacr,qara B npaBa H
o6pa'rHa nocoKu npe3 HHBo /.1p nnar cJteAHH, BUA:

l* 
= *u+ vp,* (e{rin(r,,rt - e s.r(q)). sin a,;r (o)] - *t(27) l-. r r[ / z r\ , r.r

lt = /.ir * vp iir(e{cos1ro,,or - a*(g),| _ cosaro(g11,

KbAero xo e a6qxcan-e = JliPe nPaBa
nocoKa; v=l;el - ytHBepclrraB
nocoKara Ha orpaxe flocoKara Ha
[paBo npeMnHaBaHe

npaBo (q) u o6parHo (g') nperuuHaBaH

Koero e npuero, qe HMa HyneBa c.rofiH

Aro HgnoasBaMe, KaK'ro B [2], nbpBoro ypaBHeHHe ir (27), To MoxeM Aa
onpeAen,M cpeAHara apefiQoea cKopoc'ir@) 

"u 
orh"nnura qacrlrqa 3a

Ha uefiHoro npaBo n o6parHrp npeMHHaBaHe npe3
BbpxHocreH ApefiQ no ocra Ox naorAerHara qacrflua

(28) niu@)= vo;roprr(e)# -+= u*(rp)-+
c o*(q)o (2E) e o3HaqeHa, r.Hap. s r.2.4 cnyua]fina KoMnoHeHra Ha

cKopocrra Ha orAerHa qac'r'l.rqa, c Korro rr ce ABI4'(H no ocra 0x na FM npra
noBbpxHocreu 4pefiS no4 geficrnne Ha xoMoreHHo nerrofno ,on" \,1.9ficrosara BeJruqaHa Erc / Brc n (2S) np"o"lurnrBa cborBerHo
nocrorHHara KoMnoHeH,ra Ha .apefif,osar.a cKopocr.

cena ule ce orKJroHHM, 3a Aa a*a'Iu3ilpa^e KpalrKo cgoficreata Ha cny-
qafiHara KoMnoHeHra Ha cKopocrra u*(q) np" noC"pxHocreH Apefi;.
@yHrqunra u*(q)e eAHo3HaqHo onpeAereHa B rpaH4r-r're Ha BpevreBfl,
HHTepBan MexAy ABe nocJIeAoBareJIHH orpax(eHut Ha or4enHara qacrHqa, Ho
rr e clyvafiua Qyxrcqr'rn vper cryuaftHara croilHocr ua ceof apryMeHr g cleA
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BcrKo orpaxeHr.re. Oyurqurru uon(rp) e onpe,[eJleHa caMo BtB BbHlllHHfl

rToAo6eM Ha r,r3cneABaHoTo HABD !ip,3aIUOTO TaM TpaeKTOptlHTe JII,IHIdH He Ca

AeoopMr{paH[ qpe3 oTpa)KeHHs.

MOXeM AA C!nOCTaB4M Ha BCeKH bl-bJl

e B ropHI,It [oJlyo6+M lro eAHH brbJl

npeMHHaBaHe B AoIHHt [onyo6eM.
t^ \a ai.,o\zTE-q) ca qBbp3aHH 3a BcrrKa

(2e) a,ro(2n- q)= -#S r,,o(q) , o=*f".

Cera Hena Aa cH npeAcraBt,tM, qe orptDrarersl e PM e ot'opanen (uln rofi
e craHaJr npoHnqaeM), xaro npr,i roBa Btpxy fiouure He e ona3aHo HaKatcro

Apyno srgAqftcrsHe. B pa6,orHHq o6eN,I qe Hacrbntr cJIeAHHTe u3MeHeHut:

- fiouure or BceKH nonyo6eru qe ce pa3npeAeJltr s o6ular o6er'r;

- fiounre ule ce ABHxmr no nbflHH TpaxoLIAaJIHu rpaentopnr.
PM, a nofiro orpaxarentr e orcrpaHeH, T.e. B ro{'ro e npeMaxHar

"reneparopa" Ha cry,{aiiuu no q orpa:rceHufl Irle Hape'{eM npeBAoorpaKareJreH

raKaBa 4rofixa buru qpe3 (25) u (28) no cJreAHLrt HaqHH:

(30) u,n(q') = aijk(2n- a) = -##l- "*(q) 
.

PM. B PIZC sa rceBAoorpol(areJtHnfl PM ue ce reHepupar clyvafiur,r cbcrofll{Ht

H creAoBareluo rpr6aa,qa npeAnono)I(HM, qe clyvafiua'ra xorundueHra a,,n(,g) ,ru
HyneB npuHoc 3a orpeAensFle cxopocrra Ha fioHure rnpu cno6o.{eu (or orpaxennr)

Apefi$ noA Aeficraue Ha (,1 . flocneAHoro rpeAilonolceHud rue AoKaxeM ro-
HaratbK. Tyrc ure nocoquM caMo, qe cpeAHara apefirloea crcopopr no Ox Ha BcTJKH

I,IBO H

ABAHE

([) l'l

crofi uocrnte Ha Beqe ircee4oclyv ai*ture
aHH no cne.[HHc Haq[H:

EAHaxsara Qoprvra Ha paBeHcr va (29) n (30) noKa3Ba or-rfe eaHa (sN. (E) n

(21)) QoptvtanHa QynrcquoHaJlHa Bpb3Ka MexAy lpeHocufare npoqecu npl4

rroBbpxHocreH H cso6c,4eH gpefiQ.

V tarcpat oue eAHo ceoilcrso Ha SyHrcrlrrru u,n(g). fipet 3aMecrBaHe B^' "-'-r-" -- ---- rJ'- - K \ | ,f

(28) voNeu 4a ce y6ep1rM, rre aKo ABe eAHaKBn, Ho nporl4noiitoloxtto 3apeAr3HH
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qacrurlu (If,t = frz,Qr = -Qz) 4ocmrua
eAHaKrB rrul Q eAHo [por{3BoJrno HH/\
n azi*\g) KaKro B PM , rara H B nceBAoo

HI,I BEqE HAq}IH I

(31) uru(q)=-ffiu,,r.
I

Cleg HanpaBeHoro orKJroHeHHe ue npoAbn*r" otfo"o H3cJreABaHero Ha

(32) f,

' iiktt - -ff=o.

Axo sanuureM orHoBo (32) za ABere HHBa ua orpaxpnrle, To Karo orr{ereM
(l l) u (29) ue nonyqnM

(33)

noBbpxHocrnur 4pefiQ ua fionu noA Aeficrsue ua Wtt . I

Hera 4a y"to*"" 
!2s) 

c 
"*(q) " ou r"t..p"p"ir. nporcBeAe'uero B

rpaHHrrHre Ha uHTepBar a Lg iir, raKa KaKTo roBa e uanpaneio n [2] sa orpaxareJrHo
HHBo yrc. II{e nolyvrrM MaKpocKonr{qHara apefi$oea crcopoc.r (no ocm Ax) aa
Ta3h qacr or ftoHHltrl noroK, KoflTo ce HaMHpa nocrorHHo mf nturuHnr uoAo6errl ua
ttUlO ! ip, a HMeHHO 

i

[ "*(r)r'rrbaq ijk

rf / \, .Erovitoo= *J a'o\A/dP-d
0

2r

v iz,o =* Ju,,o (p)ap - j; = *t "t,Q"- e)dp - + =

= -*Jf*%",,0(q)rftp-*

ABe peueHH,t B n6pBo npu6luxeune (vour) na e4uouepu{ ra4ava, onpeAensqa

v i@l= vtjoo =
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cpeAHara cKopocr Ha fioHnre o"r MinpH noBbpxHocreH Apef$. .{eere peureHl,ls B

nbpBo npN6nuxeuue ce pa3nu"?"tt no eAHH r$yurquoaanerf uuoxt'l'ren npeA

noAnHrerpanHara BeJrHr{[rna a,o(tp),
Or ryx HararbK creneHTa na npr6l xeHHe ue orfemgsaup c uucleH uHAeKc

B MaJrKr,r cro6u, caMo Kon€tro peueHuero ce orHact Ao qrrloro u3cneA-BaHo

noAMHox(ecrno M, uJrH MHoxecrso M(nanp. v,ilo) za M, uttl v j{r1za Mnpu n
-ro npa6luxeHr.re).

Cera uera Aa np[noMHHM, r{e nrocKutr PM e gaMecrBalq Ha eAHH Il3xoAeH

qr.rfluHApr,rqeH MoAeJr , xofir{r nua rpafinu no norgMHHa: nepnupmp Ha HanpeqHo

ceqeHue 12nRioo2n!.io) n o6pasynarerrHa no ocra Oz.Toravl eneKrpnsecKuflr

rorc, rofiro reqe B paAfl{urHHre FpaHHrIlr (R.ioo !'io u Rr* yr) Ha [oHHl.r.q

qHnHHAbp, Mox(e Aa ce onpeAenn B nbpBo. nplt6ltnxeune or Bc.f,Ka crpana Ha

orpoKarens u c ror{Hocrra ( R.io o /is >> ffi ,tzllnu "r""p.{Hufl 
KoaKcfiarl-Ho-

nJlocbK MoAeneH rrpexoA IIo cJreAHHs HaqHH: 
I

(34) Iii(,)= f 
6oo = q,# *^-= E,+#h)

rtAero 1,;11; e n'bpBo npn6rnxenHe Ha TeoperuqHo rurarccfruanuHs eJleKrF 14-

LrecKH roK, nopoAeH or poraquoHHara ApefiQoaa KoMfloHeHta n AeuxeHnero

ua fioHnre or M,' Lt,,o- BpeMero, 3a Koero frouure o'r M, uzuuuazat
orpor(arenHxr nepuMerup ( 2nR,u) ua usxo4Hl,t.fl ulinuHaflruen MoAeJl cbc

cKopocr vl\D.

Cera uera Aa ce BrpHeM KbM nJrocKur PM u aa peunM (3p) m ABe cbceAHH

ausa )/i1, r4 /j**t . ,(aere peureHHs Vir, vt Vq**to, KaKTo 4 npeAaBars;porTo

qltcJlo \A*r*t(16\ onpeAennr MaKpocKo[Irr{Hara cKopocT viikt Ha ra3H qacr

or fionuus noroK, Kosro ce HaMHpa nocrotHHo B AucKpere]u cnofi (ikk+l),a

v ii*n - l1 iikk+t v ii**l ut,
v ijkk+l - 1-rliiu*t

Torasa teruroBara KoMnoHeHra Ha ApefiQoeara cropocr na ftolrare or M, , Kovno

ce HaMlfpar s crofi (tkl<+1), e onpeAeneHa qpes nporcBeAeHnerd na (19) u (35) no

UMCHHO:

(3s)

CJISAHII' HAqHH:

(36) g i1***t vi.1t ** t = \,i, rlv*, - \ryr* ,iyo* ,)
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Ho amo 3HaeM apeilSorara cKopocr
To no aHaJlonnr c (34) ule MoxeM Aa onp
B p4AuarrHr.rre FpaHruH ( &o o lit, $**r
B H3XOAHltr MOAeJtl

(37)

(3e)

r - - M;viiu,tI iikk*t = I ry**tQ i t\ fr;

Torasa orHocrTeJrHt{flT efl j B npon3Boles clofi ua
rccneABaHr4re MoAenH qe nonyq (ll) 

" 
(34) s crrenHfls BvrA:

(38) iijr**t= . i

1

Cera aro cyMupaMe (35) no k u npnpar""" p..j,nr?fia c rrBara crpaHa
ua (33), To llle nonyquM eAHo rbxAecrBeHo paaeucTap, Koero npeAcraBntBa
orHoBo r.Hap. nbpBo npa6lrxeHne Ha 3aAaqura 3a noeJtpxHocreH Apeii$, raro
peueHHero e pa3noxeHo Beqe no refroBu clcopQcr-HH KoMrroHeHTH B

AHcKperHHTe cnoeBe na PM, a hMeHHo:

il-ls
v ii1 -- ./8 i1***rv i1***t

k=0

Marpocrcona'{Hala cKopocr vdl(39) ce orHacs car'r! ao BoAMHo-)Kewzo M,
or M =Z t t,. Crcopocrla vlr; Ha rroarpxHocreH Apefi$ ts rbpBo npu6ruxeuue),

i!c Korro ce ABHXH MaCOBurr ueHTbp (sa nlocrn PM) ua ufroxecr-uoro Muoxe 1a
ce npeAcraBn Karo cyMa or napq[aJrHr4 cKopoc'rHu rounorfeuru t/41;

(40)
s\-€tlvl() = )-, 8 iv a1r1 = L g, L I ijk,*tv ii***r .

ii*=01

i

3.2. Peureur,reB n- ro npn6nr,rxeHde

I

3a4auara ca noBbp
npu6lnreuuf,, Konro cbBnaAar no @prr,ta c

AKo seruqLruure $,1p1,*1 u Vii***t

Ha crbnaJrHnTe KoMnoHeurn ( E.ie,Bi*)
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peueHr.tc B ll - TO npH6JIll)|CeHHe, KOI4TO o[peAenqT CKOpOCTta Ha nOBbpXHOCTeH

ApeilO Ha fioHrre oT ABere cTpaHll Ha oTpoKaTent no,4 AeficTBlIe Ha BeKTopHo ncrne

Mc nponeaonHo pa3npe,qeneHue no ocra Ha eneKTpn'{ecKttt Beqrop, a HMeHHo

n-l

(41) v.i(,\=It,',,r,,,=1t,E iikk+tviikk+t.

3a Aa noscs1M HeKa Aa. npheMeM, qe cMe npecMerHaJlu AppfiQonata cKopocr

vijo, Ha ftonute or M, u'rtxl{ara reuoBa KoHueHrpaqus g,l$ s ntpsna cloil

(T 0l) or e1Hara crpaHa Ha orpol@rens npn Aeficlsne rHo

norre WrlE,,.Bro) , Aro aHaflH3upaMe ABere Ben ) s

pa3rupHar BHA, ro ule ce y6ie4mu, qe re ca HHBapHaHTH Ha

]%1 uantn BbHIIIHOTO UUstt !'.1 Ha cros, s xofiro re ca onpgAeJleHH'

Torasa HeKa Aa ch [peAoraBHM, qe or HHB9 I,,3anowa Aa Aeficrsa Ap:iro

BeKTopHo noJle, KoeTo e xoMoreHHo B'bB BIHuHHJI noAo6eu Ha cbuloTo HltBo'

Ffanpavep HeKa B o6erraa Ha MHoronJlacroBtlt cnoil (,fln) seu$ Aa Aeficrsa norte

c KoMnoHeHru E,, vt B , o"r (3). gpes peuaBaHe na (32\ rr.rox{eu Aa onpeAenHM

ApefiQoeara cKopocr Ha ilonure Vijr, BbB BbHlIlHt4c nolo6eM Ha HIlBo l/i l ltpw

Aefic'rsue ta E,, , 8,, Toralra nponopqnoHanHara cyMa

(42) vi,\r) = Siiotviiot -t 8i1nv11,

rrpeAcTaBnqBa peueHr.le BbEr BTOpO npu6luxeur4e Ha 3aAaqaTa, 3a11o4o ce oTHaCt

Ao ABycrbnaJlHo BeKTi)pHo flofle W121 . l7o-uaraTtK aKo uilcneuo pa3noxHM

BbHurHr,rf, noAo6eu Ha HHBct y I Ha ABa crct (ilz) u (Pn), npPcMerHeM virz t4

giltz sycnoBufl ta E,, tt B,rzaAaleu HIKaKBH HoeH crofiHocru E,, n B,rw (3) ua

noJrero e croil (i2n),npecuerrteM viru npn Aeficreneaa E ,^ Bi' H cyMHpaMe

TerJroBr.rre cKopocrHu KioMnoHeHrn sa iloHure B rpHTe clos ((l0l),(i 12) u (i2n)),

To ule [onyqHM vilsl , "f .e. 'rpe'ro npuolH)KeHHe Ha 3aAaqaTa u 
T'H'

4. flcen.qoorpaxareJleH MerQA

ITonyueuure AoceFa pe3yJlTaru Morlar Aa 6tAar Hs-

froJr3BaHH 3a peuaBaHe Ha eAHOMe

cKonHqHara 4pefiQoea oKoPocr Ha

npocrpaHcrBo noA 4efirctaue ua n

eneKTpH'{ecKo noJle c npoH3BOJllHO p{l:lnpe
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Pe'renuero Ha ropHara 3aAaqa ule AeMor{crpr{paMe irrpao npn geficrrue Ha
xoMoreHHO BeKTOpHO none wl , "r.e.ue noKa)r(err,r e{no peureHr{e r} n6pBo
npu6anxenne rrpeg nceBAoorporareneH

Hera fiosure or eAHo no.rlMHoxe
ren apefiO H4A orpararsrr a pM (

Axo clr [peAcraBHM, qe cMe
oKoKeM HHKaKBo Apyro ars4eficrnue r
or ABeTe cTpaHr,t Ha HHBO yo.

Terrosara KC)HqeHTpauus. Ha ra3n rtacr or fionnr$, Kosro cneA pa3npe_
AeJreHHero, ule cie HaMHpa rrocrorHHo B AOJlHr4r nfnyo6erra e paBHa 

-Ha

orHocureJrHoro BpeMe aa npecroft ua fioxure B cbrqHr no1yo6eu. Taelr rpera no
nua (ryr) rernoBa KoHqerpalluq Moxe Aa ce npeAcraBr H rineo6nasfua qpe3 (25) e

(43) siz=491 =#.1,

cneAHHs Br{I:

(44)

Asalorsqno rerJloBara KoHI{eHTparllrr
nolyo6ev (cae4 orcrpaHrBaHe na orpaxarelr)

,,0(2o- e)dp = 
]#lt" - 

a,,o(,p)Jap .

na ftourlre or M, s ropuux
ttte 6tst

L\ /\
8it = i Jo,,o(q)dP,, 

o

r{p" }roHaflHn Bpb3KH (N),(ZS) r,r (30) Me)r(AynpeHocHuTe eu u crc,6oAen apsf6, KaKro n vpes (33)
ce AoKa3Ba" pocT vn1 ua fionfrre, KonTo ce HiitMr.rpaT
HaA HHBO )'o ne ce npoMeHq cneA orcrpaHf,BaHe Ha otrpaxareJr{, BbnpeK}r
pa3npeAeneHHero Ha qacrnqure B ABara nolyo6eua. AndloruqHo Moxce Aa ce
AoKa)Ke, qe ftoHure noA lo B nceBAoorporareJrHufl pM be ABHxar no Ax ctc
cpeAua 4pefi$ona cropocr y,21,; or (33).

Aro cyuupaMe cKopociure ( vo

flpoflopq[oHaJrHo Ha TerroBHTe KOHU
(33),(43) u (44) npeo6paryeaMe roJryqe
n grofinu HHTerpanM r{ c6Kpart'tM, To

(4s)
1

-s^ -. Erov;(rl= LEiivaul =-E;'

.Ilpcuara crpaHa sa ('45) cbBnaAa no 3HaK u crofinocr 
" 

,frr""r"n reoper'qeH H
eMnlrpuqeH pe3ynra'r. Ccena.qeHuero AoKa Ba, .re,4peftQoear{ cxopocr Ha fioua noA
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AeHCTBne Ha HanpeqHr4 ManHHTHO H eneKTpnqecKo none Aa ce npeAcTaBH

KaTO nponopquoHarHa cyMa oT ABe nceBAooTpD(aTenHH KOMllOHEHTI,I.

peIIIeHr{e Haflcea4oorpaxareJrHurr MeroA no3BoJrrBa Heflporu
clrllaTa 3aAaqa B ycnoBl,tt Ha BercopHo [oJre cbc cTSnaJrHo (3).

3a uema e AocrarbqHo ra onpeAentlM TenroBllTe $ii ffifiottute
e gaara nonyo6erua npu 4eficilBne Ha \2o1 .Payeucma (43) u (44) ,qo6ucrcreAHru
yHHBepcaneH BHA

(46)

KbAero T,/- e cpeAHo BperMe ua npecroi na fionure or cTpaHa Ha

ficeBAoorpaxareJ', T, =Zti - cpeAen rep'oA
.i=l / . .\

nceBAoorpar(arerHur PM, ry-BpeMe na npecroft na

Ukk+l\, qo(q) - qncroBara peauqa or (22), a,jk(q k) il d ii**r-"
ua Qaroaur nbr Ha orAeJreH fton, npecuernaru Bbpxy

ax. (26\, g* H e**r ca ABe nopeAHH Qnxu.rpauH crofiHocru

Toraea cyMara

(47)

so=+
Ti

I

"1a""".
UTE UI,IKJI}I B

HOH B CJIOII

o*,) ca Qy"^'tnt
na croft (ikk+l),

qu(q)
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npeAcraBnrBa perueHr.re e (2n) -npu6lu
cpeAHara apefiQoea cKopocr na fionu (
ManHHTHO n eneKTpHrrecKo noJte c n
eneKTpxqecKHfl Bermop.



5.O6crNa ame Ha noryrreHuTe pesynraru

Hauepeun ca p
KOJILtqeCTBeHa OIIeHKA C )KeIaHa TOr{H

ceo6ogeu apeftQ na ftonn B ycraHoBeH
pa3peAeHa fioHLBHpaHa cpeAa u nocrorHHo MaTHHTHo nole { aKcuanHa noJupH3aqlrt

^ 
pa4vurHo pa3[peAeneH ue.

O6ocHogaH e [ceBAoorpaxareJreH MeToA 3a KoJrhr{ecrBeHa oqeHKa ua fioseu
noroK s o6erua Ha 3aKpr,rr [Jra3MeH \unAHA'bp, rc<lftro ce nrpfa oKono porauHoHHara
cH oc noA Aeficrnue Ha aKcHaJrHo Ma|HHTHO nOle. A(o cu npeAcraBnM, qe

AIrcKperHHTe opAHHartr !i* B nJrccK.rs PM (Srar.l) ca 4ncfrperuvt paA[ycvt R,n na
[na3MeHuf, uHnHHAbp,'ro oueHKHTe x.le Ce OTHaCflT AO:

- TeopeTHqHo MaKCHMaJIHaTa MaKpocKorrHr{Ha bfJIoBa cKopocT Ha nJla3MeHHt
V

uHnHHAbp ( o>(2,) = +, eN.(47));
r<^

- pa3[peAeJreuuero Ha oTHocI,tTeJtHH 11

foJreMI4Ha B KOaKCHanHHTe CJIOeBe Ha qH

- pa3flpeAeneHnero sa fiouure no
LlsnecrHo e npeAnonoxeHr,re, qe Bc a

c nocTorHeH npHTOK Ha BBHUTHa eHep a
fioHuslrpana cpeAa u aKcuaJrHo MarHnr a
TepMoAr{HaMHqHO paBHOBeCHe, npr4 Koero crcraauurB reJra Ha cn4creMara
ocbrrlecrBflBaT cuHxpoHHo poTauHoHHo BtpTeHe [3].

MarnurocSepnTe Ha ecrecrBeHlrre KocMHqecKH renh uorar oflpocreHo Aa
ce cBeAar Ao cHc'reMu or ropHur rnn. CleAoBareJrHq, HanpaBeHoro e [3]
npeA[oJloxeHue uua eneAH'Ag oMI4CbJI - eCTeCTBeHnre KocMHrtecKH Tera hMaT
[apaMerpH Ha oceBo B6preHe, Kohro ca ofipeAereun irpea napaMerpHTe Ha
KpbfoBr.rr noroK or fiosu B eKBaropHaJrHara o6lacr Ha {eorra naaruaroc$epa.

Bprsxara MexAy ABere porau[oHHH ABr{xceHV{ 3a cnyqar, Koraro
MarHHTHara oc B 0Hc'reMara Ha KocMHqecKoTo r'JIo crdnara c ocra Hit Mexa-
Hrr{Ho BbpTeHe, HMa CJIeAHHI Rt4I'"

(48) Ko(,n) = K+:= 0o, K<l.

KbAero K e usrerpirJreH roeQr,r4ueHr
Xosn're npr "ue4ncanaruBeH MaKpocKo
orqI,ITa AeficrsHero Ha BcHqKH
MuKpomauMogefrcrerr Ha fioHure s nrt
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MHKpoqacrHIII4Te B MarHnroc$epara, reoMerpfir{Hn orKJIoHeHI,rt HA MarHnTocrpepara

o'r r,rAeaJIeH oceBo-cnMerpfiqeH MoAen I,I Ap.); o(zr) -'bFJloBa cropocr Ha nItBMeHI4-S

rIHnHHAbp B 3aMeCTBarq MOAeJI; (D s - eMrIHpUr{Hara crofiuocr Ha rJIoBaTa cKopocT

npu MexaHilvuo (oceno) rtprene Ha KocMl4r{ecnus o6exr; 4=40 N lio= Io-
eKBaropr4aneH paAuyc Ha MafH'rroc$epara, s rcoil'ro nnbrHogrra Ha fioHarer e

MaKcllMzrlrHa, r.e. 4 e paAuyc Ha MHcJreH nceBAooTpaKaTen; (2r; - peuleHHe Ha

e,4HOMepHa nceBAoorpaxaTeJrHa 3aAaqa B 3aMecrBarr( oAen Ha cbula.Ta

uarHnrooQepa, e rofiro e orqereHo n Aeficrgrero ua

{ugleuoro npecMflTaHe Ha \zo\ or (48) ce flocrnra q peuraBaHe

ypaBHeHHe (47), s Koero BeJlur{HHara 
'Ey 

e zauecreHa c eAu| AByqneH

(4e)

cIlIlH.

qe nonyqKM
C TOTIHOCT AO
(Ds, C KOtrO

HA

ffii9 i*Eip) Eik+-; i-1,2, k=0,1,.",rll,

KbAero 91* e Ar,rcKperHa c;roiiHocr Ha rpaBHTaqHoHHoro ycKqpeHHe B ToqKa or
eKBaropHailHaTa paBHHHa c paAHyc 4oN ! *.

B clyuar, Koraro MarHlrtHara oc Ha KocMuqecKoro'rrro He c.nBnaAa c

eHe, Bpb3Kara MexAy aelavufiure o 
" 

n o1za1 e

ua Eonnre oKoJIo npeqecHpaglara MarHarHa oc
BaropHaJIHa u Ha eAHa [on4pHa KoMnoHeH'ra.

,AxyruyraqnflTa Ha Bbprenr4Bo MaKpoABrDr(eHI,Ie B TBbpAoro [Apq Ha KocMtdLlecKara

cHcreMa ce ocbulecrBsBa caMo vpes 4eilcrwlero Ha ernaropna.{Hara KoMnoHeltra

noToK, cnp4Mo npoqecldre Ha

llcraBuM onpoc'reHo bfroBaTa
HTA NO CNETHHfl HAqHH:

cos@
(s0)

COSY'

KbAer @ e nloctK brbJl uexlty MarHltrHara oc Ha rtJtoro tI ocra Ha HefoBcrTo

r\4exaHHqHo BbpTeHe; Y - uorueH'ftra crofinocT Ha nrocKl,tt 6raJI, x<)firo cKJIroqBa

eAuH paAuyc-BeKTop c eKBaropvarHara paBHltHa,K,ofaro BeKTqpbr ce HaMupa B

paBHHHara Ha MaTHHTHHfl eKBaTOp H Ce Bbprr4 C rrocToflHHa bfflqBa cKopocr o(2r)
oKoJIO CBOeTO HaqaJIO Bbpxy MafHUTHaTa OC Ha CUCTe)MaTa.

,(r,) =t3,,(v)= 0(2,)

Arco nnrerpHpaMe u oc[)eAHHM (50) no crofiuocrute Ha uru.rl Y
BeJrur{HHa, Kosro, cbrjracH() [peAnoJ]o)KeHfiero or [3], e pan]ua,

crofinocrTa Ha MHo)r(HTets tr! or (48), Ha brJloBara cKopocr
KOCMNI{CCKOTO T'JIO OCSilIECTBtrIBA MEXAHHIIHO BbPTCHE
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(sl)

r4 rrsPnuAnYn.l rFlttsPan)I B noJltpHTeTa Ha Ma|HHTHI{TO npneTa Ha KOCMHqeCKHTS
oSerrn, HarpuMep 3a 3eMfiTa ro3n nepuoA e or l0i ao 106 n.[5.|.

EAua nponepra Ha npeAnonoxeHrero, .re rprroinrr roroK or fioHlr s
naarnnroc{epfiTe Ha ecrecrBeHHTe KOCMr,rqecK}r TeJla " d6p"ryruHH' e ocHoBeH

3a nepuoAnqHa HHBepcHr B nonrpn.rera ira MafHHTHHTe ni

Qarrop 3a TxxHoro,oceBo BbpreHe [2,3], rr,roNe Aa ce HsBb Purlr cbc cpeAcTBara Ha
npeAloxeHfi r ryK nceBAooTpot(aTeneH MeTOA.

Hera Aa npeAnoJro)r(HM, qe HMaMe a3xoAHn eMnr.rpl.rqHr AaHHu 3a:
- Macara Qn, ) n snpr+a (q) na fioHnre s se
- 'rerutoBnTe KoHqeHTpaquh g. na Frcnure n

uarHnrocdlepa;
nlaruuroc{repa;

- pa3npeAe.fleHtfrTa Ha MarHltTHoTo. l4 rpaBHTaU[OHHOTO
noJre, B pqAHaJrHHTe rpaHnqn (R,,,Rr,) Ha 3eMlrara qpe3'rexHHTe
cpe,lHra (.ueuoHou{Hu, r'o4r,rruHa) crofiHoc,ru BbB BcHrrKo 2n lplpoitroqKH (rcprrosn
op6mu) R* or eKBaropnalHara paBHHHa;| --jk vr srD.tluptt.r_,tHara paBHHHa;

- cpeAHara reMfleparypa lir= d Ha ruasruara B npeceqHure roqKH Ha
npeqecHpaqara paBH[Ha Ha NTaTHHTHHS eKBarop c erua'rop{arHa op6u.ra c paAHyc
R = R - l-g TeMnenqn/nqr4 D Tnlrurr -y^----- -R,u= Ro,T'e' TeMneparypara B ToqKt'tre 

"u "u*"""-Ha ilo],rHa nnbrHoclf.

" * j' 6,)(Y)o"I' = Ko, t,,rff i#= K^ (, u)# ",-(; * 
X) =' 

",

0.".;
Koperruo e Aa nocoqr4M, r{e eAHa SyHruraouarna nplrra or Br.rAa na (4g) r.rnra

(51) npomaopeq' nnn nafi-uuKo npo'rnBopeqnBo rqe ce plnnacyBa c xarlore3ara

Or ropuu.re eMnfipurtltu AaHHH Mo)KeM Aa n3rpaAHM
none (r. 2.4) t epun 3aMecrBaul eKBHMoAen Ha 3eMHara N

ToK B 3aMecrBaq MoAefl Ha 3eMHara uaruurocQepa.
flcea4ompaxareJrHufl'r Mero4 6n r.r

Ha ecrecrBeHu KocMHqecKH o6exrs ax
[peHocHr4Te npoqecH B 3aMecTBalr.l Mo.4
pa3yMHo CpaBHHMH c eMIIHpHqHH AAHHV
urH Ha raKHBa 3a H3Becruure [6] KpbroBH eneKrpHqecxn rorope B AonHHTe H ropHr{re
cJroeBe Ha cblqara uaruuroc$epa.

Ilcea4oorpa)KareJrHurr MeroA e parpa6ioreH npn npeAnonoxeHne, qe

qHo cKarapHoTO

cKanapHoro none B ypaBHeHHr c HoMepa ao (47\, B Kor,rro p asnrpureua cMrHa Ha
napaMerpnqHara BeJrr.rqHna Er2(yx.(4g)) u cneA TrxHoro pprilaBaHe qe MoxeM aa

r{per nocleAoBareJlHo BbBexAaHe Ha r{HcJreHure u t[yn BEJI!4qHHI{ OT

peurnM H ypaBHeHhe (S l ). CreA npecv flTaHHA,ra u\e AaHHH 3a brloBaTa
cKopocr' paAHanHOTO pa3npeAeneHHe Ha 3apeAeHHTe Vacrn{r H Ha eneKTpHqecKH'
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BcHtrI(H noAMHoxecrBa Mj or fioHr4 prMar ceqeHuflHaMaRcuM4nHa fiouHa [Jrr,T-

Hocr, KoHTo cbBnaAar c HHBo lo ua PM. 3a,qaqara uMa peuQHme r{ Koraro re-
3Lr CeqeHHf, He CbB[aAaT.
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A pseudoreflection method for de(ermination
of the drift velocitv of free ions under
the influence of constant and mutdally
perpendicular magnetic and electric fields
with arbitrary distribution along tl,re axis
of'ths electric vector

Milcho Vatzov

(Sumrnary)

A solution of one-dirnensional parameter
found, which determines with accuracy the macroscopic
drifl,performed by free ions above a mechanical reflector
constant and mutually perpendicular magnetic and electric with arbitrary
distribution along the axis of the electric vector. All other
the problem has different solutions on both sides of the . It has been

reflector determines unflquely the ma
under the influence of the same fields, b
with a pseudo-reflector). The problem
inner friction is negligible. 'Ihe magnet

has been
y ofthe surface
the influence of
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simplified, be substituted by a model, representing an axial-svrnmet-
ric system of thin ionized medium under the influence of
gravitational fields. The so-called substituting model coi

agnetic, electrical and
ides with the working

model that has been used in the study. The surggested ion method
represents an algorithm for numerical calculation of the macroscoplc angu-
lar velocity and radial distribution as well ttte electric ts radial distribu-
tion in the plasma cylinder of the substituting model
for relatively small physical quantities.

initialempirical data
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