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BhICbIJiaIO BaM OT3hIB ocpMU:MaJihHOro OIIIIOHeHTa, HaqaJihHMKa OT)l.eJia rHI( 

<t>rYIT «U:eHTp KeJI)l.hIIIIa», )l..T.H. Pe6poBa CepreH rp11ropbeB11qa Ha )l.MCCepTau:mo 

MeTeJihHMKOBa A.A. Ha TeMy: «KocM11qecKaH Jia.3epHaH 3HepreT11qecKaH ycTaHOBKa Ha 

OCHOBe BOJIOKOHHhIX Jia.3epoB», rrpe)l.CTaBJieHttylO Ha COMCKaHMe yqeHOH CTerreHM 

KaH)l.M)l.aTa TeXHMqecKMX HaYK no crreu:MaJibHOCTM 05.07.05 «TerrJIOBI>Ie, 

3JieKTpopaKeTHbie )l.BMraTeJIM M 3HeproycTaHOBKM JieTaTeJihHbIX arrrrapaTOB» . 

ITp1111o)l(eH11e - 0 T3hIB Ha 4 JIMCTax, 2 3K3., Hie. 

IO.JI. CMMpHOB 



OT3LIB 

oqrnu:m UibHOro 011110HeHTa, ,llOKTOpa TeXHHqeCKHX Ha)'K Pe6poea CepreH rpuropLeeuqa Ha 

.UHcceprnuHoHH)'lO pa6oTy MeTeJILHHKOBa ApTeMa AJieKcau.upoeuqa « KocMJPiecKrui: rra.JepHrui: 

3HepreTHqecKaJI ycTaHOBKa Ha OCHOBe BOJIOKOHHblX Jia.3epOB», 11pe,UCTaBJieHH)'lO Ha COHCKaHHe 

yqeHoii CTe11eHH KaH,UH,UaTa TeXHHqecKHX Ha)'K 110 Cl1eUHaJibHOCTH 05.07.05 «Te11JIOBbie, 

3JieKTpopaKeTHbie ,llBHraTeJIH H 3HeproycTaHOBKH JieTaTeJibHblX a1111apaTOB» 

AKT}'aJILHOCTL TeMLI uccJie,aoeanHH 

Cero.um1 .um1 perneHm1 3a.uaqH oqHCTKH oKorro3eMHoro 11pocTpaHCTBa OT <iJparMeHTOB 

KOCMHqecKoro Mycopa (<l>KM) paccMaTpHBaeTC.SI 11pHMeHeHHe KOCMHqecKHX Jia.3epHblX 

3HepreTHqecKHX ycTaHOBOK (KJ13Y) Ha OCHOBe TBep.uoTeJibHblX Jia.3epoB Ha OCHOBe KpHCTaJIJIOB H 

XHMHqeCKHX Jia.3epOB. Pa.3BHTHe COBpeMeHHOH: TeXHHKH 1103BOJI.SleT HCl10Jib30BaTb ,llJIH perneHH.SI 

OqffCTKH OKOJI03eMHOro 11pOCTPaHCTBa OT <l>KM H BOJIOKOHHbie Jia.3epbI, KOTOpbie, KaK H3BeCTHO, 

o6rra.uaroT pH.LlOM 11peHMymecTB no cpaaHeHHIO c TBep.uoTeJibHbIMH H XHMHqecKHMH rra.JepaMH. 0.uHaKo 

B COBpeMeHHblX pa6ornx, 110CB.SillleHHblX KJ13Y Ha OCHOBHOe BOJIOKOHHblX Jia.3epoB, OCHOBHOe 

BHHMaHHe y.uerreHo no.ucHCTeMaM, pernaromHM 3a,Uaqn reHeparnrn: rra.JepHoro H3rryqeHHH H ero 

Haee.ueHHH Ha <l>KM. ITapaMeTPbI 110.ucHcTeM, 06ec11eqHBaIOlllHX pa6oTy TaKoii ycrnHOBKH, 11pHBO,ll.SITCH 

Te3HCHO HJIH BOBCe orrycKaIOTC.SI. ITo.uo6HbIB 110.UXO.U He 1103BOJI.SleT yqecTb acex orpaHHqemi:H:, 

HaKJia,UbIBaeMblX Ha 3HeproMaCCOBbJe xapaKTepHCTHKH KJ13Y, a, crre.uoBaTeJibHO, CTaHOBHTCH 

11po6rreMaTH~bIM 011pe.uerrHTb 3QJQJeKTHBHOCTb ee 11pHMeHeHH.S1. ITo3TOM)' uerrecoo6pa.3HO 

pa.3pa6oTaTb MeTO,llHKY oueHKH 3QJQJeKTHBHOCTH 11pHMeHemrn KJ13Y ,llJI.SI oqHCTKH OKOJI03eMHOro 

npOCTPaHCTBa OT <l>KM, yqHTbIBaIOlll)'lO orpaHnqeHH.SI Ha 3HeproMaCCOBbie xapaKTepHCTHKH 

110,UCHCTeM KJ13Y Ha OCHOBe BOJIOKOHHblX Jia.3epoB, HaKJia,UbIBaeMbie 110,llCHCTeMaMH, 

06ec11eqHBaIOlllHMH pa6oTy TaKOH ycTaHOBKH. 3TO o6CTOHTeJibCTBO o6ycrraBJIHBaeT 3KT}'3JlbHOCTb 

TeMbl ,llHCCepTaUHH MeTeJibHHKOBa A.A., ueJiblO KOTOpoH: SIBJI.SieTCH QJOpMHpOBaHHe CTp)'KTYPHOro 

o6JIHKa H 11apaMeTPHqecKHH CHHTe3 KJ13Y Ha OCHOBe BOJIOKOHHbIX Jia.3epoB, pemaromeH: 3a,Uaqy 

O~CTKH BbI6paHHOH op6HTbl OT onaCHbIX <l>KM. 

CTP)'KTypa .LlHCcepTaUHH 011pe.ueJI.S1eTCH pemaeMbIMH B Heil Ha~bIMH H 11paKTHqecKHMH 

3a,UaqaMH. .LJ:HccepTaUH.SI COCTOHT H3 BBe,lleHH.SI, 4 mas, 3aKJIIOqeHHH, Cl1HCKa JIHTepaTypbl H 

11pHJIO)l(eHHH. TeKCT .UHCcepTaUHH, H3JIO)l(eHHOii Ha 112 CTPaHHuax, co.uep)l(HT 34 rn6rrHUbI, 41 pHcyttoK 

H Cl1HCOK JIHTepaTypbl H3 62 HaHMeHOBaHHH. 

B 11epsoH: rnaae npoae.ueH o63op JIHTepaTypHbIX HCTOqHHKOB, 11ocB.S1llleHHbIX 11pHMeHeHHIO 

KJ13Y .UJI.SI perneHHH 3a.uaqH oqncTKH oKorro3eMHoro 11pocTPaHCTBa OT 011acHbIX <l>KM. PaccMOTPeHbI 

npoeKTbl KJ13Y, pernaromHe 3a,Uaqy OqffCTKH 3a,UaHHOH op6HTbI OT 011aCHblX <l>KM: HX OCHOBHbie 

xapaKTepHCTHKH H CTP)'KTypa. Ha ocHoBaHHH 11poae.ueHHOro o63opa rruTepaTypHbIX HCTOqHHKOB 
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orrpe,n:eJieHa CTJ))'I<Typa KJI3Y Ha OCHOBe BOJIOKOHHbIX ml3epoB H OCHOBHbie CB.sl3H Me)l()ly 

rro.n:c:ucTeMaMH KA :u KJI3Y. 

BTOpa.sl rrrasa IIOCB.slll{eHa pa3pa60TKe MeTO,UHKH orrpe,n:eJieHH.sl rrapaMeTJ)OB pe)J<HMOB pa6oTbl H 

3cpcpeKTHBHOCTH rrpHMeHeHHSI KJ13Y' pemruomeii 3a,n;aqy OlfilCTKH OKOJI03eMHOro rrpOCTJ)aHCTBa OT 

orraCHbIX <l>KM. 

TpeTD.sr rrrasa rrocs.srm.eHa pa3pa6oTKe MeTO.UHKH orrpe.uerreH:u.sr Macc1>1 KA c KJI3Y, :ucxo,n:HbIX 

,n:aHHbIX H rrapaMeTJ)OB KJI3Y Ha OCHOBe BOJIOKOHHbIX Jia3epoB, pemruomeii 3a,n;aqy OlfilCTKH 

BbI6paHHOH op6HTbI OT orraCHbIX <l>KM. 

B qerneprnii rnase o6o6m.eHbI pe3yrr1>TaT1>1, rrorryqeHHI>Ie so BTopoii H TJ)eTI>eii rrrasax, H 

rrpe,n:JIO)l(eHa MeTO,UHKa, II03BOJUIJOIIJ.a.sl rrpOBO,UHTb rrapaMeTJ):uqecKHH CHHTe3 KJI3Y Ha OCHOBe 

sorroKOHHbIX rra3epos, orrpe,n:eJI.s1Tb Macey KA c TaKOH KJI3Y H 3cpcpeKTHBHOCTb rrp:uMeHeHH.sl KJI3Y 

,UJI.sl pemeHHSI 3a,UatJH OtJHCTKH BbI6paHHOH op6HTbl OT orraCHbIX <l>KM. ,[(AA .n:syx op6HT 6a3HpoBaHH.sl 

rrpose,n:eH pacqeT MaCCbI KA c KJI3Y Ha OCHOBe BOJIOKOHHbIX Jia3epoB, pernruomeii 3a,n;aqy OlfilCTKH 

BbI6paHHOH op6HTbI OT orraCHbIX <l>KM, H 3cpcpeKTHBHOCTH rrpHMeHeHH.sl TaKOH KJI3Y. 

Mccrre.n:oBaHH.sl, rrpose,n:eHH1>1e A.A. MeTeJihHHKOBbIM, rro3sorr:urr:u eMy: 

1. rrpe,n:JIO)l(HTb MeTO,UHKY rrapaMeTJ)HqecKoro CHHTe3a KJI3Y, yqHTDIBaIOIIJ.)'10 orpaH:uqeHHSI Ha 

3HeproMaccos1>1e xapaKTepHCTHKH rro.n:c:ucTeM KA, o6ecrreq:usruom:ue pa6oTy TaKOH KJI3Y. 

2. orrpe,n:eJIHTb orpaH:uqeHH.sl Ha 3HeroMaCCOBbie xapaKTepHCTHKH IIO,UCHCTeM KJI3Y H IIO,UCHCTeM 

KA, o6ecrretJHBruoIIJ.Hx pa6oTy TaKoii KJI3Y. 

3. rrpoBeCTH napaMeTpH'-IeCKHH CHHTe3 KJ13Y, paccqHTaTb Macey KA c TaKOH KJI3Y H orrpe,n:eJIHTb 

3cpcpeKTHBHOCTb ee rrpHMeHeHHSI ,UJI.sl OlfilCTKH op6HT c HaKJIOHeHHeM 55·' BbICOTaMH 450 KM H 850 KM 

OT orraCHbIX <l>KM. 

,[(aHHbie pe3yJibTaTbI, a TaK)l(e peKOMeH,UaUHH no BbI6opy CHCTeMbl reHepauHH 3JieKTJ)HqecKOH 

3HeprHH KA B 3aBHCHMOCTH OT BbICOTbI 6a3Hposamrn H pe)l(HMa pa60Tbl KJ13Y, SIBJUIJOTC.sl OCHOBHbIMH 

HayqttbIMH pe3)'JlbTaTaMH, nonyqeHHbIMH JIHqHo aBTOpOM. 

CTenenb o6ocnosannocTu uay11nbIX noJI0:1Keuuu u BbIBOJlOB 

ABTOpOM Ha .UOCTaTOqHo BbICOKOM HayqttOM ypoBHe HCIIOJib3YJOTCSI pa31IH11Hble IIO.UXO.Ubl H 

MeTO,UbI o6ocHOBaHH.sl rrorryqeHHbIX pe3yJibTaTOB, BbIBO.UOB H peKOMeH.uau:uii, H3yqeHbI H KpHT.HqecKH 

rrpoaHaJIH3HpOBaHbI H3BeCTHbie .UOCTH)l(eHml H TeopeT.HqecKHe IIOJIO)l(eHHSI .upyr:ux aBTOpOB. 

OuenKa uosn3HbI u JlOCTosepnocTu 

Hay•IHaH nosu3ua .n::uccepTau:u:u 3aKmoqaeTc.s1 B co3,naHHH MeTO.UHK orrpe.uerreHH.sl Macc1>1 KA 

c KJI3Y H 3cpcpeKTHBHOCTH IIp.HMeHeHH.sl KJI3Y ,nJI.sl OlfilCTKH OKOJI03eMHOro rrpOCTJ)aHCTBa, KOTOpbie, 

B OTJIHq:ue OT cymecTBYlOIIIHX, II03BOJUIJOT yqecTb: 
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1) Oco6eHHOCTH cueHapm1 B03.n;eH:cTBHjJ KJI3Y Ha <I>KM npH onpe.n:erreHHH 3cpcpeKTHBHOCTH 

npHMeHeHHjJ KJI3Y Ha OCHOBe BOJIOKOHHbIX ml3epoe; 

2) OrpattuqeHJ{jJ Ha Maccoeble H 3HepreTHqecKHe napaMeTpbI ocHOBHbIX no.n:cucTeM KAH KJI3Y Ha 

OCHOBe BOJIOKOHHbIX Jia3epoB npH pacqeTe MaCCbI KA c KJI3Y. 

,IJ:ocTOBepuocTb norr~eHHbIX pe3yJIDTaTOB o6ecrrequsaeTCH HCnOJib30BaHHeM: 

- arrpo6HpOBaHHbIX B Ha~HO-TeXHHqecKOH JIHTepaType MaTeMarn:qeCKHX MO.n;erreH:. 

- .n;aHHbIX Ha3eMHbIX 3KCnepHMeHTOB no onpe.n:erreHHIO BeJIH1IHHbI c03.n;asaeMOH Tj{ff[ B 3aBHCHMOCTH 

OT napaMeTpOB Jia3epHoro H3JI~eHHjJ, KOTOpbIM 6bIJI o6~eH MaTepHarr. 

- 3HaqeHHH rrapaMeTpOB cymecTByIOII:{HX npoeKTOB KJI3Y H no.n;CHCTeM KA npH BbJ6ope HCXOJJ:HbIX 

.n;aHHbIX H orpaHuqeHHH Ha napaMeTpbI KJI3Y. 

,IJ:ocTOBepHOCTb IIOJI~eHHbIX pe3yJibTaTOB IIO.[{TBepJK,llaeTCH TeM, qro norr~eHHbJe B 

JJ:HCCepTauHH pe3yJlbTaTbI cornaCyIOTCjJ c y)Ke H3BeCTHbIMH H 0606ma10T HX. A BbIBOJJ:bJ, norr~eHHbJe 

B pa6oTe, rrornqeCKH BbITeKaIOT H3 nocrre.n;oBaTeJibHO npose.n:eHHbIX B JJ:HCCepTaUHOHHOH pa6oTe 

pacqeTOB. 

IIpaKTuqecKaH 1na'lHMOCTL .uuccepTauuu 

B .n:arroHeihneM pe3yrroTaTbI .n;Hcceprnum1 MOryT 6oITb ucnoJlb30BaHbI: 

1. ITpH pa3pa60TKe MeTOJJ:OB onTHMaJIDHOro cornacosaHJ{jJ napaMeTpOB H xapaKTepHCTHK CHCTeMbl 

«CHJIOB~ ycTaHOBKa - rreTaTeJibHbIB annapaT» H aHaJIH3a ee 3cpcpeKTHBHOCTH. 

2. B HCCrre.n:osaHHj{X, ueJlbIO KOTOpbIX jjBAAeTCjJ onpe.n:erreHHe xapaKTepHCTHK 3HepreTHqeCKHX 

ycTaHOBOK JieTaTeJibHbIX annapaTOB, pemaIOII:{HX 3a.n;aqy 01IHCTKH OKOJI03eMHOro npOCTpaHCTBa OT 

<I>KM, npH pa3JIHqttbIX ycJIOBHj{X HX HCnOJib30BaHHjJ, 

3. ITpe.n:nplrnTHjJMH, no.n:se.n;OMCTBeHHbIMH rocy.n:apcrneHHOH KoprropaUHH no KOCMHqecKOH 

.n:ejJTeJibHOCTH «POCKOCMOC», nepe.n: KOTOpbIMH CTOHT 3a.n;aqa 3all{HTbI KA H 01IHCTKH 

OKOJI03eMHOro rrpocTpaHCTBa OT <I>KM. 

OcuoenL1e pe1yJILTaTL1 pa6oTLI H3JIO:>KeHI>I B qeTbipex CTaTbj{X B peueH3HpyeMbIX HayqttbIX 

H3.n;aHHjJX H3 peKoMeH.n;oeaHHoro nepeqttjJ BAK. Pe3yrroTaTbI pa6oTbI .n;oKJia.n;ornarrHCb Ha ceMH 

Me:>K.n;yttapo.n;HbIX KOHcpepeHUHj{X. B coasTopcrne norr~eHo CsH.n;eTeJibCTBO o rocy.n;apcrneHHOH 

perncTpaUHH rrporpaMMbl JJ:AA 3BM. 

3aMeqanuH no .uuccepTauuu. 

1. 3cpcpeKTHBHOCTb 01IHCTKH op6HTbI OT Mycopa Jia3epHbIM rryqoM 6y.n;eT HMeTb BepOjJTHOCTHbIB 

xapaKTep H 3aBHCeTb OT cpopMbI cpparMeHTOB, CKOpOCTH, MaCCbI, HanpaBJieHJ{jJ HX BpameHJ{jJ, 

MaTepHarra. B JJ:HCCepTaUHH He IIOCTaBJieH H He paCCMOTpeH sonpoc - KaKajJ JJ:OJijJ H3 Bcex cpparMeHTOB, 
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Ha KOTOpoie B03,UeH:crnyeT Jia3ep, MO)l(eT 6oITb 3aTOpMO)l(eHa c H3MeHeHHeM rpaeKTOpHH .UBH)l(eHHSI K 

3eMrre. 

2. llpH pacqeTe napaMeTpOB CHCTeMbI :meKTpomnaHHSI Ha OCHOBe COJIHeqttbIX 6arnpeif B 

no.upaJ.uerre 3 .3 .1 He }"IHTornaeTcsi: .UHHaMHKa H3MeHeHHsi: yrrra OTKJIOHeHHsi: CE OT HarrpaBrreHHsi: Ha 

Co;rnu;e. 

3. llpH aHarrme 3HeproMaCCOBbIX xapaKTepHCTHK ycTaHOBKH crre.uoBarrO 601 }"IeCTb napaMeTpbI 

BOJIOKOHHbIX Jia3epoB, pa3pa6aTbIBaeMhIX H H3TOTaBJIHBaeMhIX pOCCHHCKOH KOMnaHHeH- «I1P3-

llomoc», r. <l>psi:3HHO. 

BbICKa3aHHhie BbIIIIe 3aMeqaHHSI no .UHCCepTaUHH HH B KOeH Mepe He CHH)l(aJOT ee o6meif BbICOKOH 

ou;eHKH. 

3aKJ1IO'lCHHe • 

.ll:Hcceprnu;Hsi: A.A. MeTerrI>HHKOBa .srnrrsi:eTcsi: 3aKOHqeHHOH Hay'lHO-KBarrH<i>HKaUHOHHOH 

pa6oTOH, B KOTOpOH peIIIeHa aKTyarrhHaSI Ha}"!HaSI 3a,aaqa, 3aKmoqruomasi:csi: B pa3pa6oTKe Ha}"IHO

MeTO,aHqecKoro arrrraparn ,UJISI: orrpe.uerreHHsi: pe)!<HMOB pa6oThI KA c KJI3Y c 3a,aaHHOH CTpy-KTypoif, c 

}"IeTOM orpaHHqeHHH Ha 3HeproMaccoBI>Ie rrapaMeTphI rro.ucHcTeM KA c KJI3Y, a TaK)l(e ou;eHKH 

3<P<PeKTHBHOCTH npHMeHeHHsi: KJI3Y .UJISI OqffCTKH OKOJI03eMHOro npocrpaIIcrna OT <l>KM . 

.ll:HccepTaI.J;HSI BbIIIOJIHeHa aBTOpOM caMOCTOSITeJibHO H Ha BbICOKOM Ha}"IHOM ypoBHe. ABTOpe<l>epaT c 

,UOCTaTO'lHOH IIOJIHOTOH OTpa)l(aeT OCHOBHOe co.uep)l(aHHe .UHCCepTaI.J;HH . 

.ll:Hcceprnu;HoHHasi: pa6orn orneqaeT BCeM KpHTepHsi:M llorro)l(eHHsi: BAK o nopsi:.uKe 

npHCy)l(.uemu1 }"IeHbIX CTerreHeH .UJISI .UHCCepTaUHOHHbIX pa6oT, rrpe,U'bSIBillleMhIX Ha COHCKaHHe 

yqeHoH: cTeneHH KaH.UH.uarn TeXHH'leCKHX HayK, a MeTeJioHHKOB ApTeM ArreKcaH,npoBH'l 3acrry)l(HBaeT 

npHCY)l(,UeHHSI eMy }"IeHOH CTerreHH KaH,UH,UaTa TeXHHqeCKHX HayK no cneI.J;HaJibHOCTH 05.07.05 

«TenJIOBhie, 3JieKTpOpaKeTHhie .UBHraTeJIH H 3HeproycTaHOBKH rreTaTeJihHbIX arrrrapaTOB». 

HaqarrhHHK oT.uerra oT.uerremrn 3 
«11 epcrreKTHBHbIX KOCMHqecKHX ,UBHraTerreH:)) 

fH[( <l> fYll «[(eHTp Kerr,n:I>IIIIa», 

c.r. Pe6poB 

IO.JI. CMHpHOB 
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