
Orrrrn

oQnquanbHoro olrroHeHTa, KaHArrAara rexHlrrrecKux HayK, craprrrefo HafrHoro

corpyAHLIKa orAeJIa aspoKo cMrrqecKkl x ABnrareJrefi (De4ep€LrrbHoro

rocyAapcrBeHHoro yHnTapHoro upe.qrrpwtrvrs. <I{enrpanrnrrfi krHcrrrryr

aBrraquoHHoro MoropocrpoeHlr{ }rMeHr{ II.VI. Eapanona> Ape$reea KoHcraHTkrHa

IOp r en z.r a Ha Avrc cepraIILI oHnyro p a6 ory 3 ap anrce BLr qa LIsrcu An4p e enuu a

<<rlzcrenHoe I{ gKcrreplrMeHTanbHoe MoAeJrLrpoBaHue rrpoqeccon n 4nyx$a3HoM

)KTIAKOCTHO-|a3OBOM gX(eKTOpe [pLrMeHLrTeJrbHO K I{CrrbrTaHr4f,M peaKTr{BHbIX

ABurareJlefi >>, npe4craBJreHHyro Ha con cKaHr4e yrenofi crerreHu KaHAuAara

TexHIITIeCKilX HayK

no c[equzlrrbHocrrr: 05.07.05 - <<TennoBbre, gneKTpopaKerHbre ABurrarenuvr

gHepf oycTaHoBKrr JreTaTeJrbHbIX aulapaToB).

Ha srane coBpeMeHHoro pa3Bvtrvrfl rexHonornfi co34a:r^vrfl. €lgpoKocMrrrrecKurx

ABrlrareJleft 6onruryro ponb Lrrparor lrx ucrrhrrankrs. (rar nccreAoBarenbcKlre, TaK u

KoHTponbnrre), peaJllrcyeMbre B ycJroBE X, MaKcrrMarrsHo npu6JrrDreHHbrx K HarypHbrM.

flpu I{ctlblTaHrrrx peaKTLrBHbrx 4nnrarenefi BilKHoe Mecro 3aHLrMaIor BbrcorHbre

vrcrrbrraHtrfl,. rlpoBoAlrMbre [pLt rroHrDKeHHbrx AaBJreHvrx oKppr(aroqefi cpeAbr.

CogAasze BhlcorHblx ycronnfi rpe6yer ucrroirb3oBanr4fl. pa3nlrqHbrx rexHzqecKzx

ycrpoficrn, oAHrrM

flpeurvryqecrBaMr{

ABkIxyrquxct qacTel{, HaAe)KHocTb ooJrbruou cpoK SKcIIJIyaTarIUkr, MrrHr{MzllbHbre

u3 KOTOpbTX rBJrrroTcr xQrAKocTHo-r€t3oBbre 9xeKTophr.

9)KeKTopoB rBrrerc.f, rrpocrora ycrpoficrna, orcyrcrBlre

perJraMeHTHbIe pa6orrr AJrf, TexHuqecKoro o6crryxnBaHLrfi., Bo3Mo)r{Hocrb rrpoBeAeHlrrr

AnureJIbHbIX zcuntanufi, BhrcoKar rexHoJrorlrqHocrb Lr npol{3BoAlrreJrbHocrb.

Cnegyer orMerl{Tb, rrro rrpu HeKoropbrx vcrrbrraHnflx peaKTI{BHbrx ,qnurarerefi

TpeoyeTcf, co3AaBaTb BbrcoKyro cTeneHb pa3penreHr{.f,, rrTo TpeoyeT LrcloJrb3oBaHurr

BbrcoKorrpoLl3BoALrTeJrbHbrx sXreKTOpOB, AIrfl KOTOpbTX MaccoBbrkr pacxoA

g)KeKTLIpyIorIero pa6ouero reJra Mo)Ker 6urr Ha HecKoJrbKo nop-nAKoB Bbrrrre, qeM

ox(eKTllpyeMoro r€Ba. lloerorray noBbrrrreHue sQQerruBHocrkr olKeKTopoB {BJrrerct
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BaxHofi 3a4a'tei1 Korop€u He Mox(er 6rrm pelreHa 6es AeranbHoro H35nreHr4f, cJrolr(Hbrx

TLIApOALIHaMUqeCKUX U fa3OALrHaMLrrreCKLrX npOqeCCOB B IpOTOTTHOM TpaKTe

g)KeKTopos. Y.rzrrrBat gro, peuaeMar B Arrcceprarlr4oHHoM LrccneAoBannvr :nay.trHafl

3AAaI{A COBepIXeHCTBOBaHUT MeTOALTK pacqeTa 14 SKCleprrMeHT€LrrbHar rrpoBepKa

pe3ynbraroB ql4cneHHoro MoAeJrkrpoBauLrfl rrpoqeccoB B AByxQa:Hux )Kr4AKocrHo-

r€r3oBbrx crpyfi nux arrrraparax -f, BJrf, erc.f, arcryal r n o fi .

.{nccepraquoHHar pa6ora cocrorrr }rs BBeAeHI{r, Tpex fJraB, 3aKrroqeHLrn, crrvrcKa

coKpalrleHnfi u ycnoBHbrx o6osHaqennit, crrr{cKa Lrclon*yeMbrx rrcrorrHlrKon zs 183

HarrMeHoBantuit,Lr3JroxeHa Ha 101 crpaHurlax MarrrlrHorrlrcHoro reKcra, BKrroqarorlero

60 zrnrocrpaqzfi u 2 ra6tur1u.

Bo BBeAeHLrkr aBTopoM HaAnex(arqr4M o6pasovr o6ocnonaHa aKTy€rnbHocrb

pa6orrr, cQopuyru{poBaHa rleJrb kr3a4a'r;v LrccJreAoBaHLrfl, orpa)KeHa lrray-u;nafl, HoBz3Ha,

IIpaKTIlI[IeCKar 3HaqkrMocTb, a TaKxre [prrBeAeHbr rroJlo)KeHr{r{, BbIHocrlMbIe Ha 3aIrII{Ty.

B uepeofi rJIaBe rrpeAcraBlen o6sop JrvreparypHbrx LrcrorrHrrKoB, [ocBrrrleHHbrx

LIccJIeAoBaHuflM 4nyxQa:nbrx xtlrAKocrHo-rut3oBbrx g)KeKTopoB c ) reroM rrplrMeHenvfl,

B aBnarluonnofi Lr paKerHofi rexnuKe, a raK)Ke o6utefi [poMbrruJreHHocrrl. Kar 6uno

IIOKTBaHO aBTOpOM, B HacTorrqee BpeMf, OTCyTCTByeT eAVrHaA TeOpUr Vr

craHAaprrtoBaHHbre MeToALTKLT pacqera p.nfl. xorAKocrHo-ra3oBbrx oxeKTopoB. Ha

ocHoBe alr.urvr3a nrrreparypHbrx LrcroqHLrKoB, coLrcKarem o6r.f,cHrer gro cnoxHocrbro

[poqecca cueceo6pa3oBalnus. u HeonpeAeJreHHocrbro csoficrn noryraeuoft

4ayxSa:nofi crraecu. B uepeofi rJraBe aBTop yK€BbrBaer, rrro rrcrroJrb3oBaHr4e ra3-

f€tsoBLlx g)KeKTopoB rrpu [crrbrraHLrrx peaKTLTBHhrx ABurarenefi nre.rer 3a co6ofi

cno)Kuyro ranQpacrpyKTypy n ueo6xoArrMocrb B H€rrruquu 6omruux 3arracoB r€BoBoro

pa6o.rero reJra, rrro He BcerAa Mo)Ker 6urr pe€IJrLr3oBaHo B ycJroBlrrx ncrrbrraremnofi

6agu. flpu zcuoJrb3oBaHnu 4nyxQa3Horo o)KeKropa cyulecrBeHHo yrpoulaercr r{

yMeHbrxaercr creHAoerrfi KoMrrJreKc, 3arparbr Ha ero co3AaHr4e u o6cnyxvrBaHua

Kporrae roro, LrHTeHcrrBHoe nepeMerrrvBaHne ra3a c pa6ovefi xra4rcocrbro B KaMepe

cMerueHzr co3AaeT ycnoBkrr AJrr oxJrax(AeHr4f, Lr HellTp€rJrv3arluv npoAyKToB cfopaHlrr,

a Tarur(e cHux(aeT rryMbr or paoorbr ABrrfaTenr.
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,IIUA|HOCTI4IIECKLIC KOMTIJICKCbI

AlrcllepcHocTkr noToKa MeToAoM

rronefi cKopocrefi AucnepcHofi

Btopax rJraBa nocBflIrleHa onlrcaHlrro MareMarlrqecKr,rx MoAenefi Nm. qucreHHbrx

pacqeToB xapaKTepucTrrK xr4AKocTHo-fa3oBofo 3x(eKTopa c r4crloJrb3oBaHueM

rrporpaMMHoro rraKera ANSYS CFX. B pac.rer€tx nplrMeHeHa coBpeMeHHas MoAenb

ryp6yreHTHocrlr SST k - al. AeropoM nplrBeAeHbr ocHoBHbre pe3yJrbrarbr pacqerHo-

TeoperarrecKoro rrccJreAoBaHvrfl AJrf, MoAemHofi ycraHoBKu B Avrana3oHe MaccoBbrx

pacxoAoB xrLrAKocrLr or 170 r/c 4o 275 rlc rpu nocrof,HHoM AaBneHr{Lr Ha BXoAe oKoJro

2,7 NIIa. Pac.reruHMr4 Mero4aun onpeAeneHbr cKopocrLr AByx$asHoro rroroKa Ha

p€BruqHbrx paccrornkrflx or cpe3a fopcynru v npv pa3rurrHbrx MaccoBbrx pacxoAax

)KLIAKocrlI. Bertlr.ruHbr cKopocrefi uorora HaxoArrcfl,B Akrana3oHe or 29 rr,r/c Ao 4l vlc.

B rperreft ruaee [plrBoAlrrcf, cxeMa rr ourrcaHlre creHAa, a raK)r(e uMerouluxcr B

pac[IopffKe}IvILr coLIcKaTeJIt cpeAcTB ALIaTHOcTIIKI,I Anfl I43MepeHLts napaMeTpoB

4nyx$asnbrx rroroKoB. Cre4yer orMerLrrb, qro aBTop ucrroJrrcyer coBpeMeHHbre

AIrfl CKOpOCTHOU BrI.4eOCbeMKLI,

M€rrroyrnoBoro pacceuBaHur, PIV MeroA

Sarrr, renesofi MeroA orrpeAeneHrdfl

.quclepcHofi Sasu. llpunogxrcs pe3yrbrarbr LrcrrbrraHr{fi pasrur.rHbrx cMeclrreJrbHbrx

3JIeMeHTon. llonyreHa xapaKTepucrlrKa MaKcLrM€rJrbHoro p€l:pex(eHnfl, co3AaBaeMoro

MoAeJIbHbrM 9)KeKTopoM. floryrenuoe MLrHkrM€r[bHoe 3HaqeHlre a6comornoro

AaBneHr{f, Ha BXoAe B 3xreKrop cocraBJr-ner rrpuMepHo 0,002 MlIa upu MaccoBoM

pacxoAe )KlrAKocrkr oKono 270 r/c. Buuonneno cpaBHeHlre pacqeroB c

oKcrIepkrMeHTaMV, Koropoe rroKa3aJro paccorJracoBaHne se 6otee 7 Yo.

Ha ocHoBaHr{I4 aHaJru3a pacrlerHblx pI gKcneplrMeHT€rrrbHbrx AaHHbrx MoxHo

cAeJlarb 3aKrroqeHlre o roM, qro pacqerH€Ir MeroALrKa o6ecne.rzsaer xopouee

rrporHo3rrpoBaHrre napaMerpoB pa6ouero rpoqecca B 4nyxQa:nola xr4AKocrHo-

r€l3oBoM s)KeKTope. Anropovr o6ocHoBaHo rrplrMeHeHue rrpeAnoxeHnofi MeroALrKr{ LI

TIOJI}TTTCHHbIX PE3YNbTATOB HA PAHHLIX gTAIIAX IPOEKTUPOBAHLT'I }KIIAKOCTHO.|€I3OBbIX

4nyx$asnux sxeKTopoB Anr creHAoB BbrcorHbrx ucnr;tralr.nit paKerHbrx kr

Lr3MepeHr4t

LI3MepeHIitf,

pul3MepoB

aBLrarIrroHHbIX ABUfaTeJreu u r{x a{pelaToB.
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llay.uran HoBusHa onnoHrrpyervrofi pa6orrr 3aKlroqaercr B cJreAyroqeM :

1. llpone4en anurvr3 rrpuMeHeHurr xtLtAKocrHo-ra3oBoro crpyfinoro

a[[apara (X|CA) Anr BbrcorHbrx prcrlbrraHLrfi pearruBHbrx ABurareJrefi n cpanHenvrvr

c y)Ke cyqecrByroullrMlr X|CA Lr ra3-r€l3oBblMn crpyfinrrrrav al;.ilaparaMvr.

2. flpore4eH aHuru3 Brrvtfllnufl B3arrMopacrroJrolKeHrrr gJreMeHToB gx(eKTopa

Ha efo rrporr3BoAlrTeJrbHocTb.

3. flpone4en a'naJrn3 Brrvrfl:nvrfl, Ar{cnepcHocrLr pa6o.refi xerAKocrr4

cMecvreJrbHoro oJreMeHra oxeKropa Ha yAenbHbre [apaMerpbl X|CA.

4. Pa":pa6oraHa MeroAkrKa rrlrcJreHHoro MoAenkrpoBalavfl, pa6o.rero rrpoqecca

xrrrAKocrHo-ra3oBoro 4nyxSa":Horo 3x(eKTopa B rraKerax npzKJraAHbrx rrporpaMM

rurApora3oAr{HaMlrKrr c }nreToM napaMeTpoB cTpyu.

5. llpone4eHa orIeHKa rrorperuHocrr4 gKcrrepr4MeHT€LrrbHbrx AaHHbrx u

cpaBHeHlre rix c pe3ynbraraurqncreHHoro MoAenLTpoBaHkrfl,npoqeccon n 4nyx$a3HoM

- IQTAKOCTHO-|a3OBOM sXeKTOpe.

6. ,{anu peKoMeHAarlw ro MoAenr,rpoBaHlrro 4nyxQa:nux X|CA AIrfl

rroBbrrrreHrrrr eQ$erruBHocrlr rrpoBeAeHr4r BbrcorHbrx prcurrranufi peaKTLIBHbIX

ABLrraTeJreu u oorlelpoMbrruneHHofo rIpLI MeHeHLI{.

lparcrnvecKafl 3naqrrMocrb Al{cceprarluoHHoro LrccneAoBanautfl.3aKJrroqaerct B

TOM, lrTO rrpuMeHeHLre [on) reHHbIx pacqerHbrx v SKcrreplrMeHT€LrrbHbrx AaHHbIX

rro3BoJrrer cHr,r3rrrs ra6apurbr Lr gHeprerlrrrecKkTe 3arparbr crpyfinux annaparoB rlpkI

rrpoBe.{eHvrv Lrcrr:';rralr'uit peaKTuBHbrx ABLrrarenefi. llpoananu3utpoBaHbl Bo3Mo)KHocrrI

r4cnoJrb3oBaHkrfl rrpLrKJraAHbrx rporpaMM ANSYS v MoAynr CFX Anfl pacqera

4nyx$a"rnbrx x{rrAKocrHo-r€r3oBbrx crpyfinux al[aparoB. I4cuomsoBaHl4e rlaKeroB

uporpaMM rrptrKJraAHofi rz4por€BoAr{HaMLrKLr rro3BoJrrer AorronHl4Tb gKcrIepLIMeHT LI

cnoco6crByer 6onee AeranbHoMy ra3freHzro rpoqeccoB r 4nyxQasHoM ox(eKTope.

Anpo6aqnfl rIoATBepxAeHa ) racrueM aBTopa c AoKJIaAaMTI rlo reMarzxe pa6oru

Ha ceMr4 Bcepoccuftcxux u Me)KAyHapoAHbrx ron$epenrlvrflx) a ocHoBHbIe pe3ynbrarbl

Alrcceprarlkrn paHee ony6rzKoBaHbl n 3 peqercnpyeMblx )KypH€ulax.

lloryrennrre aBTopoM pe3ynbrarbr AocroBepnbl, TaK KaK oHu tBJrtrorct



cJIeAcrBLIervr o6o6uleHvrfl. pacqerHblx rr gKcneplrMeHTaJrbHbrx AaHHhrx, [onfreHHbrx

rlyreM TIpLIMeHeHI{s coBpeMeHHhrx MeroAoB r4 cpeAcrB rrccneAoBaHvrs.. B uacruocru,

AOCTOBepHOCTb rronrreHHbrx pe3ynbTaToB noATBep)KA AeT C s.:

q}ICJIEHHOIO AHAJILI3A:

. COOTBCTCTBUEM

9KCrreplIMeHT€UrbHbrM

pe3ynbTaToB

AAHHbIM.

- ucrIoJIb3oBaHLIeM B pa6ore fyu4anaeHT€lrrbHbrx 3aKoHoB vr ypannenzfi

f rrApoALrHaMLrKrrr II rasoeofi AI4HaMLTKLT ;

-ucrloJlb3oBaHueM coBpeMeHHbrx, HeoAHoKpaTHo anpooupoBaHHbrx MeToAoB

pacqeTHbrx HCCJICAOBAIJIiII/I IIOJIJ^IEHHbIM

B aaropeQepare Al{cceprarlunB c}Karofi Qoprrae rrpr{BoAr,rrcr cyrb LrccneAoBanvrfl

a ocHoBHbre [onrreHHbre pe3yJrbTaThr.

flo 4zcceprarlkroHHofi pa6ore Mo)KHo cAeJrarb cJreAyroqkr e BaMerr annlafl |

l. I4cuorrcyeMa{ MareMarI4qecK€ur MoAenb Anr pacqeroB MHoro$a:uoro rroroKa

c o6renauofi 4orefi rasonofi Qa"rrr oKoJro 0,9 (xarc yKa3aHo B TeKcre 4nccepraqnn)

I,IMeeT prA HeAOCTaTKOB, a B rraCTHOCTrr:

- He 1^rnTblBalorcr flpoqeccbr noJru.quc[epcHoro pacnbrna )KrrAKocrpr Sopcynrofi

r€I3oAuHaMLrqecKoro Apo6neHux o6pa.:onanlrnxcr KarreJrb B

TIOTOKC;

- B TeKcre Arrcceprar\r4kr He rrpeAcraBJreH MeroA orrvrcanns. Qa^:onoro [epexoAa,

LIMeIOTIe|O MeCTO B rrpoqeCce UCrrbrTaIIVrI{I peaKTLrBHbrX ABI4raTeJreU C krCrrOJrb3OBaHLreM

)KTTAKOCTHO-| a3OBOf O g)KeKTOpa;

- He frreHbr 3aBvcrrMocrlr renno$usr{qecKrrx ceoficrs rasoeofi z xz4rofi Qa:u

oT TeMrrepaTyphr, rrTo Mox{eT cHz3rrTb ToqHocTb MaTeMaTuqecKolo MoAeJrvlpoBaHufl,,

oco6enno trprr BbrcoKVX TeMrreparypax Ha BXoAe B gxeKTop.

2. B Aucceprarluu M€rJro BlaLTlrLaHnA yAeneHo [apaMerprrecKoMy pacqerHo-

9KCIIepLIMeHT€IIIbHOMy IICCIeAOBaHLIIO )KIIAKOCTHO-Ia3OBOIO 3)I(eKTOpa, a B qaCTHOCTLI,

He LICCJI9AOBaHO BJIIft IHI/I€ IeOMeTpLIqeCKUX [apaMeTpOB IpOTOqHOTO TpaKTa, AaBneIIkIr,

noAaqu sxerrupyroqefi xuAKocrrr, MaccoBoro pacxoAa, TeMrreparyphr u

xllMllqecKoro cocraBa g)KeKTlrpyeMoro ra3a. Tarcoe uccJreAoBanne 6ulo 6u

vt [ocneAyroulefo

BbrcoKocKopocrHoM
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rleJrecoo6pa3Ho Arrfl onTlrMkr3arlr4Lr npoTorrHofo TpaKTa 3)KeKTopa, yTorrHeHr.rrr

KoH$Lrrypa\uvr oKcrrepkrMeHrzrrrbHbrx o)KeKropoB u pa3pa6orKr{ peKoMen4arlkrir Arfl

rrocJreAyroqero BHeApeHu_f, .

3. Ha ocHoBe rroJrfreHHbrx AaHHbrx aBTopy creAoB[uro 6u yrorrHlrrb

rrplrMeHlrMocrb xrrrAKocrHo-ra3oBbrx g)r(eKTopoB p.nfl rEcurrrannfi peaKTLrBHbrx

4nurarerefi. Tarcxe aBTopy cJreAoB€uro 6u orpaHlrrrrrb o6racrr ilplrMeHeHr4[

lonfreHHbrx pe3ynbraroB. B .racrHocrrr, AocrlrrHyrbre rrM MLTHLTM€LrrbHbre 3HarreHnf,

AasreHzfi Ha BXoAe B g)KeKTop He rro3BoJr{ror rrpoBoALrrb I4crrbITaHLrr coBpeMeHHbrx

3PA, TaK KaK crerreHb BaKyyMprpoBaHrrr Anr ux ucnr;l;attuit AoJrxHa 6rrm

cyulecrBeHHo Bbrrue. Kpoue roro, ynoMrrryrar aBTopoM Bo3Mo)KHocrb LrcrroJrb3oBannfl

loryqeHHbrx pe3yJrbraroB AJU ycrpoftcrs noAaqu KoMrroHeHToB TonnuBa AonxrHa

6rrrr 6oree AeraJrbHo npoaH€urn3upoBaHa.

4.Harpa$zrax, rAe rrpeAcraBJreHo cpaBHeHrre pacqerHbrx kr gKcnepLrMeHT€rJrbHhrx

AaHHbrx, HecMorpr Ha ro, rrro KoJrrrqecrBeHHair pa3Hvrla He rrpeBbrrrraer 7 o 
,

oTrreTJrLrBo rrpocne)KuBaroTcf, pa3nvrlIufl. B xapaKTepe rroBeAeHlrr HeKoTopbrx

3aBuclrMocrefi (4m gKcrrepuMeHTarrbHbrx AaHHbrx - c yBennrreHkreM paccrorHurr or

cpe3a cKopocrb rroroKa pacrer, a Ans. pacqerHbrx - ua4aer). I{enecoo6pa3HbrM

rrpeAcraBJr.f, erc.f, rrplrBecrlr HeKoropoe rrorcHeHne K AaHHovry Sarry.

5. [nfl yAo6crsa Bocrrpr{f,rr4f, pe3ynbraroB AuarHocrlrKlr AByx$aanrrx rroroKoB B

gKcrrepuMeHTax )KeJrareJrbnrru 6uro 6u nplrBecru ALrcrrepcHoe paclpeAeneHLre KarreJrb

Anf, KaXAOTO SKCIIepLIMeHTa.

OrMe.{eHHbre 3aMeqralrrfl He cHr{xaror o6qefi rroJronfl,rremHofi orIeHKLr pa6oru ut

He BJrlrrrror Ha ocHoBHbre pe3ynbrarbr. flvccepraqur 3apanKeBnqa I4.4. -rrBJrrerct

3aKoHqeHuofi uayrHo-KB€rrru$HraqzonHofi pa6orofi, BKJrroqarorqefi nosbre HafrHbre

pe3ynbrarbr, ux o6ocnosaHue v lplrJrox(eHue K 3aAaqaM rrcrrbrraHlrfi pearrzBHbrx

ABurarenefi. I{erlr pa6oru AocrlrrHyra.

,{uccepraqur orBerraer rpe6oBaHurM Bcex nyHKToB floroxeruru o [pucyx(AeHLrrr

freHbrx crenenefi, yrBepx(AeHHoro flocranosJreHkreM flpanurerbcrBa Poccuficrofi

@e4epaqzu or 24 cenrx6px 2013 roAa J\b842, a ee aBrop, 3apanrenzu khrss



Au4peenru, 3acJry)KvBaer rrpucylKAenLrs. yrenofi creleHu KaHAVAara rexHlrrrecKux

HayK no cleIIIl€uIbHocrLI 05.07.05 - <<TeuroBbre, oJreKTpopaKerHbre ABlrrareJrrd r{

SHepf oycTaHoBKI4 JIeTaTeJrbHbrx alnapaToB>.

OQzqnanrnnft orrroHeHr:

Crapnufi Hayrnrrfi corpyAHrrK

orAena a3poKo cMprqecKr{x ABr{rarenefi (De4epaJrbHoro

IOCyAapCTBeHHOTO yHlrTapHOIO npeArrpkrflTl1rfl,

<<I{enrpanrHufi Lt Hcrr,rryr aBlrarllroHHoro

MoropocrpoeHlrf, uMeHrr II.I4. Eapano

KaHAI4.{aT TeXHUqeCKr4 X HayK

Ape$ren Koncranrru lOprenau

(( 5" >> ,-' J rf /r-( 20IJb.

lloAuucr K.IO. Apefrena yAocroBeprrc:

Y.reHHfi ce4perapr (De4eparbHoro

rocyAapcrBeHHoro yHprTapHoro npeArrpkrflTlllfl

<<I-leHrpanrnufi rrHcrr{Tyr aBlrarlr{oHHoro

MoropocrpoeHlrf, LrMeHLr n.V. Bapanona>,

AOKTOp 3KOHO IIEHT

fixataair. Erarepun a B urrop o BH a

(( 7o > ,."u.^/u--r' 2017 r.
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