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oQuquarbHoro orrrroHeHTa

KaHAkIAara rexHllrlecKlrx HayK llumnurona AnerccaHApa Bacumenu.ra

Ha ALIccepTaIILI oHHyrc pa6ory HHrMats.sHoBa Bna4zclana B a4urraoBurra

<Bu6op [apaMerpoB pa3ptAHofi xauepbr BbrcoKoqacrorHoro r{oHHoro ABurareJrD)

rrpeAcraBleusofr Ha cor4cKaHr4e yrreHofi crenen u KaHAuAara

TexHLIrIecKrIX HayK rlo c[elluaJrbHocrn 05.07.05 - "TenloBhre, gJreKTpopaKerHbre

ABnfareJILr H gHeproycraHoBKLr JIerareJIbHbIX annaparon"

Anrya.nuHocrb nrr6pauuofi reprcr.

B Hacroflrrlee BpeMfl oneKrpopaKerHbre ABr{rarejrr4 (OpA) ruupoKo

I{crloJlb3yforcs. Ans, peureHl4t 3aAaq KoppeKrlr4u op6nr KocMr{qecKr4x anlaparoB

(KA), a raKxe B KaqecrBe MaprxeBbrx 4nurarenefi Am o6ecueqeuur

uexop6ur€lrlbHblx I{ MexlJlaHerHbrx rrepeneros. OcHonHbrM [per4MyrrlecrBoM 3PA

rlepeA TpaAI4rII{OHHO npkIMeH.rreMbrMr{ xHAKocrHbrMr{ paKerHbrMr,r ABufaremMr4

()IPD f,BJl.f,erct sHcoru4fi y4emHufi r4Mnynbc. llpnueueuue 3P{ rro3BoJrrer npr{

na6ope sa4anuoft xapaKTepucrlrqecKofi cr<opocru KA coKparrrrb 3arracbr pa6ouero

TeJIa Ha 6opry [prr BbIrIoJrHeHIan MaHeBpa Lr, TeM caMbIM, yBerurr[Tb Maccy

noresHofi Halpy3Kra.

Hau6olee BbIcoKHM yAenbHbrM r4MrryJrbcoM cpeAr{ Bcex rr4noB DpA

o6na4ator pIoHHbIe ABLIrareJIr4 (VIA), no3BoJlf,rorque o6eclerrr4Barb ero 3HaqeHne

cBhIIIre 40 000 tvtlc v roropufi HeAocrI4)KI{M nprr ucrroJrb3oBa1uu 4rzrarelefi
ApyrI'IX cxeM. llouIEuo sToro Ilpoqecc r4oHlr3aur4ra pa6ouero reJra B AaHHoM rr{re
3PA npol{cxoAur He3aBI4cI{Mo or MexaHr{3Ma ycKopeHr4r, lrro rro3BoJrrer go6urrcr

srtcoxofi s00exruBHocrl4 ABl{rarer.fl. Cpe4u Bcex ceroqHhrx 3P.q nau6olee
upopa6oraHHbrMu rBJrrrorcr LroHHbre

BbrcoKoqacToTHbre r,IoHHbre ABI{faTeJrrr

npelrMyxlecTBoM rrocJreAHHX, CyqecTBeHHO

w).

pecypc, tBJr-flerc'r orcyrcrBrle sJIeKTpoAoB B o6nacru I{oHr{3arlur4 - ra3oparprguoft

Kpolre Toro ornaAaer neo6xoa
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AB14faTenkI
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TL[ra KayQrraana Lr

KoncrpyxulBHbrM

I4X HA.UCXHOCTb I4yBeII/1rILIBaIOqLIM
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TenJroHanptlKeHHoro KaroAHofo y3Jra v AononHuTeJrbHbIX HcTorrHnKoB

3JIeKTpOILITAHUA, qTO TIOBbIIUaeT HaAeX(HOCTb I43AeJIU' u CHI4XaeT ero CTOI{MOCTb.

Buecre c reM, B Hacrorrqee BpeMrr, Br{ l4[rycrynaror I,II rvrna Kay$nrana

uo eSSeKTLIBHocTLI. B HLIx 3arparbr rroABe4ennoft MorrlHocrLr Ha r4oHlir3arlmo

pa6ouero reJla [pHMepHo B ABa pa3a Bhrrrre. lloeroMy BaxH oit vr arryalrHofi

flBnaercfl, 3alaqa cHI{x(eHrIt 3arpar gHeprr4r4 Ha co3AaHue ueo6xoAr{Moro r4oHHofo

ToKa ulrkr rflrr4 ABIrrareJI fl I.IIA rroBhrrrreHr{fl KoHKypeHTHocnocobnocru B g LTI npvt

peIxeHI4I4 aH€UIOfLrqHbIX 3aAarl.

[uccepraqrax FlrarMarssHoBa B.B. nocB.f,uleHa gKc[epr4MeHr€rnbHoMy

I{ccJIeAoBaHI/[O BIILIflHvtA reoMeTpI4I{ pa3ptAHofi rauepu (PK), MaTepuara creHoK,

cnoco6a HaMorKH BLITKoB I{HAyKTopa Ha Berurrr{Hy r4oHHoro roKa ABurareJrr, a

TaKxe paspa6otre MareMarll.recxofi MoAeJrz, cnmunarorqefi krHTerp€urbHbre

xapaKrepvrcruKu ABI4rareJIx (rary u yAeJlbHrrfi zunynrc) c napaMeTpaMr{ nJr€t3Mbr

s PK. llozcr uyrefi cHLIXeHLIII3arpar gHeprr.rri Ha r4oHr.r3arlrllo ocyqecrBJrrJrc.f,, KaK

SKcnepI'lMeHT€LJIbHo, TaK v rrncreHHo. Tarzu o6pasoirn, nu6pauuar reMa

AHCCepraIIulI no I4CCneAOBaHI'rlO 14 Orrrr{Mr43ar\uu napaMerpoB pa3p{AHOfi rcaUeprr

B.{ HI .rrBJurercf, arryanrnofi .

,,{zcceprarlr4r coAepxrlT BBeAeHLre, qerbrpe DraBhr,

rlr4rr4pyeMoft rzreparyphr r43 101 Har4MeHOBaHLrA. Tercr
crpaHl4llax xopouo npol4mllocrpl4poBaH rpaSnraul{, pI4cyHKaMprkrraftwlavu.

Crenenr

peKoMeHAaqufi,

cJreAyr0urrM:

o6ocHosaHHocrrr HayqHbrx

o6yc"lon.neHacQop*ry.rrrpoBaHubrx B

l ' Anropoivt npeAcraBJIeH IloApo6nufi o6:op coBpeMeHHoro cocrorHr4,
pa":pa6orox BblcoKoqacrorHhlx I4oHHhrx Inurarerefi H ocBerrleHbr npo6reurr

pa3pf,AHofi ravreprr Ha xapaKreprlcrr4Ku BrI I4A.

2' frpevcraBJleHHble pe3yJlbrarhl gKcrrepr{MeHT€ulbnoro I4ccJrerogaHlag BrI

3aKJIIOqeHkIe 14 CIIIIICOK

Ar4cceprarlurvr Ha 142

no.noxeHnfi,

ArrccepTarlI{tr

BbIBONOB

co3.qaHpr.rr p€BprAHbrx KaMep.

aKTy€rJlbHocrb rrocraBJrennofi

Ha ocHoae [poBeAeHHoro

3aAaqu zccne.uoBalJue

ananr43a o6yclonleua

BrlHflHI.Ifl napaMeTpoB

r4A orJlrrq€[orct 6olrruzu o6reuou upo4erauuofi pa6orrr uo orpeAeJreHr{ro



BIIUflIJU' pasnLIrIHbIX [apaMeTpOB pa3prAHOLr KaMepbr Ha XapaKTepLrCTvrKV

ABkIrareJUI. Aerop onbrrHhrM nyreM [poBepr{n Brrkrflllj.ue MaTeplr€r"rra pa:pr4nofi

KaMepbI Ha I{oHHbIfi rox ABI{faTens. Buro r{3yqeHo B[tLrs]Hvre cxeMbr cornacyroqefo

ycrpoficrna (CV) Ha LIHTerp€rrrbHbre xapaKreprrcrrrKlr B.{ I4A. Hau6olee BaIKHITM

flBIrfler c s e Kcn epl{Me HTaJrbH o e r{ c cn eAo Bauue B rrvrsnvrfl . Q opvrcr p a3prAH ofi rcauep rr

Ha Benr4qr4Hy rroHHofo roKa. lloxa-saHo, qro MoxHo nu6paG TaKyro oopry
pa3ptAHofi xauepu, trPZ roropofi 3arparbr Ha r4oHLr3arlraro 6y4yr MpTHHM€lJrbHbr.

Taxxe 9To orHocvrrcfl IiI K crroco6y navrorKr4 r4HAyKTopa. llolyveHHbre AaHHbre

peKoMeHAoBaHo r{crroJrb3oBarb npu npoeKTHpoBaHkrr{ p€Bp.rrAHbrx

rrep crreKTr4 BHbrx ruo4elefi BblcoKor{acrorHblx kr oHHbrx Asurarerefi .

KaMep

3. Anropona rpr{BeAeH no4po6nrrfi o6:op coBpeMeHHoro cocro{Hlrt

npo0neu MareMarllqecKoro MoAeJrr4poBaHus, Qusuvecrr{x [poUeccoB B pa:px4nofi

KaMepe Bq VI[. B oTJIHtII{e or cylqecrBy}ouilx MeToALTK pacqeroB aBrop

rlpeAnoxnJl I,I pa3pa6oral ylpouleHuyo 6araHcoByro MoAeJrb, Korop€ur rro3BoJrrer

3a KoporHufi npouexyroK BpeMeHH nu6pam Heo6xo4l.rMyro rhoprury paspa4Hofi

KaMepbr AJr.fl 3aAaHHOfO ypOBHr r{oHHOfo roKa ABr4rareJrr, qTO 3HaTIIIITOJIbHO

uzgeluit npucoKparrlaer BpeMr Ha 3Kcnepr4MeHr.rnbHylo orpa6orry

rIpoeKTLIpoBaHLIu. Taxxe B TeKcre npeAcraBJIeHbI 6olee cJIo)KHbre MoAeJrr{,

Korophle He ronbKo no3BoJl.glor orrpeAeJrrrrb Heo6xo4r'tMoe KoJlprqecrBo BI{TKoB

I{HAyKTOpa H ToK B HeM' Ho H nocTpol4Tb pac[peAeileHlle JIoK€lJIbHhIX IIapaMeTpOB

rIJIa3MhI B pa3pf,AHofi ravrepe. 3ro Aaer 6onee Aer€LJrbHoe noHHMaHr{e [poqeccoB

IlpoucxoAtlrdllx B BhlcoKoqacrorHoM p{t":pr4e. Aerop [pzBoAlrr cpaBHeHpre

pe3ynbraroB pacqera rlo [pe,qnoxeHHbrM MoAeJrf,M c SKCrrepuMeHT€UrbHbrMr4

AaHHbIMH, IOJIIIOHHbIMI{ KaK I4M CaMI{M, TaK 14 ApyfLIML{ I{CCneAOBaTeJrrMr{. ErtlO
[poBeAeHo colocraBJreHl4e pe3ynbraroB pacqeroB c gKCnepr{MeHT€rJIbHbrMI4

AaHHhrMr4, rroJr)FreHHbrMr{ Ha Tpex rr.Inax 4nrErareleft, pa3Mepbr u sopua
paspf,AHhlx KaMep Koropblx pa3nLIqHbI. Teu He MeHee, pe3ynbrarhr pacqera aBTopa

AJrs' Bcex paccMorpeHHblx Mo4eleft Anurarelefi [oKzpbrBaror xopouee
coorBercrBr{e c sKcuepI'IMeHroM. B pa6ore TaKXe npe.{craBJreHo cpaBHeHI{e 3arpar
MoIrIHocrI{, paccqLrraHHoe Alrfl, o4HouepHofi MoAeJII{, c gKcnepuMeHT€urbHhrMr4

?



.4aHHbIMLI. Pesylilarbl pacqera HaxoAtrc{ B yAoBnerBopr4TeJrbHoM coBrraA e:rtkrv c

sKcnepl4MeHroM. llpe4crarlennrrfi n pa6ore pacqer rrapaMerpoB nna3Mrr n PK, n
paMKax AByMepHOLI MOAeTU KaqecrBeHHo coBlaAaer c 3oHAoBhrMr{ n3MepeilvrflMln,

rrpoBeAeHHbrMLr paspa6orur4KaMu npororrrfloB JrerHbrx MoAenefi Br{ I4I.
B pa6ore raHhl peKoMeHAaIII4I{ no npoeKTr4poBaHuro pa3prAHbrx KaMep

BbrcoKoqacrorHblx r{oHHhIX .rsnrarerefi .

{ocronepHocrb flolyrreHHbrx aBTopoM pe3yJrbraroB ocHoBaHa Ha

I4cnonb3oBaEukr upl4 gKc[epuMeHTalJrbHbrx HccJreAoBaHkrflx ceprnsnqxpoBaHHoro

o6opy4oeaHLrfl U COBPEMEHHbIX METOAIIK C6OPA VT O6PA6OTKU AAHHbIX.

flonyreHHhle B xoAe BbIIroJIHenux pa6orbr pe3yJrbrarbr coilocraB rrflrruabaBTopoM c

AaHHbIMI4 He3aBI4cI4MbIX I{ccneAoBarenefi. Mero4urrE MareMarr,rrecKoro

MoAeJILIpoBaHHfr [apaMerpoB pa3pflIla nepraQuqllpoBaJrr.rcb rro pe3yJrbraraM

3Kc[epuMeHT€rrrbHbrx r4ccJreA osaguir.

[o;ly'reHHble B padore pe3yJrbrarrr o6.ua4aror Hayqnofi Honusnofi.

Tax, [poBeAeHHoe I4ccJIeAoBaHLIe no3BoJrLrJro onpeAeJrr{Tb onrr{M€rJrbHyro

reoMeTplllo lIHAyKTopa, To ecrb qr{cna B}rrKoB, cnoco6a r{x HaMorKr4 tr rroJroxeH'.f,

orHocLITeJIbHo I{oHHo-orru'recrcofi cucreMhl (I4OC). Eulo [oK€BaHo, qro rrpr4

pacnoirox{eHllH I4HAyKTopa s6nuswP{OC LIJru )Ke ero pacnoJrox(eHrre n srrxo.uHofi
qacrl4 pa3ptAHofi rauepu IpI'IBoAHT K cHr4)KeHXro LroHHoro ToKa ABlrraren, ,IIo

r0%' [pyrrae I{ccneAoBaHHbIe BapI4aHThr pacrroJrox eHuflr4HAyKropa He npr4BoAf,r

K CHnXeHI4IO LIOHHO|O TOKa.

6uno [oKa3aHo, rrro r4crroJrb3oBaHr4e noryc@epuqecxofi Qopuu pa^:p_a4noft

KaMepbI cHuxaer 3arparhl Ha co3AaHue Heo6xoAl4Moro r4oHHoro roKa. llpuvznofi
3Toro tBJr'fierct cHLIXeHLIe IrJroIrIaAI4 noBepxHocrl{ creHoK, Ha Koropblx
npol4cxoAzr ru6elb I{oHoB npl{ coxpalenaru o6reua KaMepbr, AocraroqHoro AJ'
nucoxosftQexruenofi voHH3aIIuu. B To xe BpeM{ aBTop rroKa3aJr, rrro
rrctroJrb3oBaEne xourn'Iecroft KaMephI, Koropyro TexHoJIofHqecKrI npoqe
rl3roroBt4Tb' TaKXe llo3BoJlf,er cHLI3lITb 3arparbl MoIrIHocr]I B cpaBHeHHI4 c
KaMepaMa IlanI4HApt'r'{ecrcofi Qopuu. flpz erona pinMepbr KoHr,rqecKofi pasprgHofi

TAKTIM
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KaMepbr MoryT 6rrru no4o6paHn oop€t3oM, qTo HHTefp€rJrbHhre



xapaKTepucrplKll BblcoKoqacrorHoro LroHHoro ABurarenr c [oJrycQepn.recxofi u

KoHr{qecK ofi p asp xguofi rauepofi 6y4yr cono craBr{Mhr.

SrcnepuueHT€ulbHo uoKa3aHo, rrro Marepr4€rJr creHoK pa3p{AHofi rcauepu He

oKa3blBaer BIruflHLre Ha gHepro3arparbr npl{ o6pa":onaHlrl4 r4oHon. Kponre roro
SKCIIepIIMeHT€LJIbHO yCTaHOBneHO, qTO I.nfl I/lCCileAyeMOr.o Tr4nopa3Mepa ABlrfaTenfl

(100nau) LI3MeHeHI4e qacrorbl Bg-uons B Alrarr€r3oue 1 ,8*2,1 Mfq He oKa3brBaer

BJrrrrrHr,re Ha 3arparbr gHeprr{u Ha o6pasoBaHr4e HoHoB.

lrparcrn.recKafl 3HaquMocrr pa6orbr cocrour B cJreAyroqeM:

l. llpe4loxenu u TeopeTr,lqecKr.r o6ocHosaHrr nyTu rroBhrrxeHlrrr

oQ0erruaHocrll BhlcoKorracrorHblx r4oHHbIX Anurarerefi 3a crler Lr3MeHeHrrt

$oprr'rrr pa3prAHofi rauepn u croco6a HaMorKr4 r4HAyKropa.

2. flora:aHa Bo3MoxHocrb

KepaMHK pa3nIiIqHbIX MapoK c

[o3BOJrteT CHII3LITb 3aTpaTbI Ha

pa6omx.

3. Pa:pa6oraHa npocra.fl MareMarr4rrecKzur MoAenb cBs3H r.rHTerp€rJrbHbrx

xapaKreprrcruK BtI I4A kr

MI4HI4M€LIIbHbIMLI BpeMeHHbIMr4

ocHoBHbre pa3Mepbr.

4. flo pe3yJrbraraM

rrapaMerpoB rrJra3Mbr B PK, no3BoJrrrouluur

v MaTepvuubHbrMLr 3aTpaTaMr4 OnpeAenflTb

pa6oru nupa6orauu peKoMeHAar\r4Lr ro

c

ee

rlpoeKrupoBaHr{ro pa3prAHhrx KaMep B.I [U.
ocnonnue pesyJrbrarbl pa6orur u3JroxeHbr B Tpex HayqHbrx crarbrx, pr3

HIIX ABE B }KYPHAJIAX PEKOMCHAOBAHHbIX BAK V OAHA B LrcAAHLI:f-

r4HAeKcLrpoBaHHoM B Melr(AyHapo4nofi peQeparrasuofi 6aze (scopus), Ha

HaftgenHrre rexHuqecKr,re perueHr{r [oryqeHbl ABa IrareHTa.

oA'aro r padore HMerorcfl HeKoropbre 3aMeqa Hnfl)a r4MeHHo:

1' LlccneAoBaHrre Brrulrnufl KoHcrpyKTHBHhrx r{3MeHeHr4fi na nonHrrfi ror<

n}^rKa ABr4rareff rrpoBoALIJIocb 6es yqera HeKoHTpoJrlrpyeMhrx norepb B

creHAoBoM ycrpoficrne corJracoBaHkrfl (yC) Mex(Ay Bg-reneparopoM u
I'rHAyKTOpOM. Bosnaoxuo, qro tIpI{ r4crroJrb3oBAHV]U Bg-reneparopa

r,r3roroBJreHufl creHoK pa3prAHofi raueprr H3

M€LrrbrMrr paAvraIJvroHHbrMH IIOTep.rrMI4, rrTo

krx r43foToBJIeHLIe npu uccneAoBaTeJIbCKI{X



aBToMarl{rlecKofi floAcrpofiKofi qacrorbr, KaK gro LrcnoJrb3yercr B JrerHbrx

MoAeJUtx, e0{ercrnrHat IIeHa }IoHa 3HarrrrreJrrso 6rr cHlr3rrJracb 14 [oryqeHHbre

3KC[epr4MeHTanbHbre pe3ynbTaThr r43MeHr4J[rCb.

2. He nprrBoAl{Tcs. o6rscHeHl4e 3HaqlrreJrbHoro pacxoxAeHrru p$yJrbraroB

pacqera no 6alancoeofi MoAenI{ LI peyJrbraroB eKcrrepuMeHTa g o6racrz M€rrrbrx

pacxo,4oB. BosNaoxHo, B rlpeAnoxeunofi ylporqeHuofi ruoAeJrr4, He 6;,;"tu yqreHbr

HeKorophre @axropbr pe€urbHoro pa6ouefo npoqecca B piBpf,AHofi xanaepe.

Buecre c reM, npI{BeAeHHbIe Bhrrrre 3aMeqaHr4t He cHr.rxalor uayuHofi u

lpaKTuqecrofi IIeHHocTLI npoBeAeHHbrx LrccJreAoBauuit, p$ynbrarhr Koropbrx

MoryT 6rrTb ucIroJIb3oBaHbI rlpu paspa6orre BhrcoKoqacrorHbrx r4oHHbrx

Anurarenefi.

[uccepraq Hfl, flBlrflercfl 3aKoH.IeHHofi HafrHo-Knalu$uraquonuofi pa6orofi .

Marepual H3JIoxeH lpaMorHblM TexHr{rrecKrrM r3hrKoM, qerKo o6oguaqeu nu.rHrrfr

BKJIaA aBTopa B pe3ynbrarbl uccJle4onaHufi. Pa6ora o6laAaer BbrcoKtrM HafrHbrM

ypoBHeM v OT JrufsAercr [paKTu.{ecxofi HanpaBneHHocrbro.

Tar<uru o6pasou, pellercI4pyeMat Ar.rccepraru4oHH€ur pa6ora yAoBJrerBoprer

rpe6oaanprqM (dloJroll(eHnfl BAK o nopflAKe rrprcylr(AeHrfl yqeHbrx creneuefr,

rlpeAbflBJrfleMblx K KaHA[AarcKrrM A[cceprarluflM>>. I4SroxeHHHfi B nefi
MarepI4aJI CoorBercrByer rracropry cnequaJrbHocrr{ 05.07.05 "Terlontrre,
SneKTpOpaKeTHhIe ABLIfaTenI4 I'I SHeproycTaHOBKI{ neTaTeJIbHbrX amrapaToB", a ee

aBTop' FftEnraarssHon BlaAIacJIaB Ba4uIuowrr, 3acryxraBaer npr4cyxA eluflyveHofi
cTerIeHIr KaHAr4.qaTa TexHI4qecKI4x HaVK.

BeAyrqz[ uayvnsrft corpyAHt4K oraena 4101
<<Hayruo-rexur{qecKoe coflpoBoxAeHr.re
naseMuofi gKcrreprirMenranrnofi orpa6orrrE a
JrerHbx ucnrrranufi ABr.rrareJrbnbrx ycraHoBoK),
KaHAIIAaT TeXHHqecKrrx HayI(

floAnracr oSraqnanruoro ofirroueHTa K.T.H. fftnmHra

frasnsrfi Y.reHrffi ceKperapb OfyII I{HI4I4nraru.

A.B. flunrHr4KoB

IO.H. Cirraruu
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