
PEUEH3r4fl

Ha [vrcceprarlurc Topcroro AH4pex Oreronrra Ha reMy <Paspa6orra u pacrler
rIr4KnoHHO-Br{XpeBOfO anlapaTa [nfl rrpoBeAeHr4.f, coBMeIIIeHHbIX npoqeccoB
uaccoo6ueHa vt flbrneynaBlrvrBaHvrfl>>, [pe,qcraBneHHyro Ha coI{cKaHI4e creneHu

AoKropa QunocoSraz PhD ro cneur4arrbHocrr4 6D072400 - TexHororuuecKlle
Marur4Hbr ra o6opyaoBaHrle.

I,Is nepeuH.rr npr4opr4TerHbrx HarrpaBJrenuit pazuLrrvrfl, HayKLI SopvrupyeMblx
Bucurefi HayqHo-rexnur.{ecxofi r<ounccuefi rtpr4 llparurerbcrBe Pecny6nuxu
Ka":axcrau, [peAcraBJleHHbre B Aucceprar\w Marepu€ulbl, coorBercrBylor
HanpaBJreHraro <<ParlrroHanbHoe r,rcnoJrb3oBaHue BoAHIIX pecypcoB, )ItllBorHofo I4

pacTHTeJrbHofo Mr4pa, SKoJrofH.rr)), B KoTopoM r4MeeTc.f, cnerIH€uIZ3I4poBaHHoe

HafrHoe HaIIpaBneHIae <<Cucreuu orII4crKLI crorIHbIX BoA, fa3oolILIcrKLI u
nbrJreynaBIrvrBannfl>>. Kpovre roro, pe3ynbrarbr coorBercrByror 3aAaqaM

focy4apcreeHHofi nporpaMMbr r4HAycrpr{€urbHo-r4HHoBallI4oHHoro pa3BrTvrfl.

Pecny6nuru Ka:axcraH Ha 2020-2025 ro4u H llocraHzrc llpesuqerra PK or I
ceurr6pr 2020 foAa <KasaxcraH B HoBofi peanrnocrn: Bpeu.s Aeficrszfi).

Arcrya.nuHocrb reMbr. B uacro.qrqee BpeM.rr rr3BecrHo 6omuroe Korl{qecrBo
pasHoo6pa3Hbrx no KoHcrpyKrlr4rr r€L3oor{HcrHbrx annaparon, 4eftcru4e Koropblx
ocHoBaHo Ha pasrrvrrrHbrx MexaHlr3Max: qeurpo6exHoM (Ilzxnonrr HI4IrIO|A3,
III4OT, CI4OT, crpy66epbr rleHrpo6exnoro geitcryus c BoA.rrHofr uneHrcofi, c

BHyrpeHHr4Mn 3aBkrxpr4TeJrrMr{, c rIeHTpaIbHbrM rroABoAoM opolxeHrlt u c

6oKosrr\a pacuonolreHr,reM SopcyHorc), yAapnou (pororJloHbl, crcpy66eprt [ofilr,
crcpy66epu yAapHoro Aeircreufl. Lr Ap.), cKopocrHble (crpy66epu Benrypra),
Br4xpeBoM B3ar4MoAeitcrswu rroroKoB (annapamr c perynrpnofi noAslaNHoft

uaca4r<ofi). B rexnoJrorr{qecKr'rx cxeMax orrr4crKr,r raKne alnaparbl, B put3JILIqHbIX

correraHr4rx, o6ecneqnBaror cHraxeHr{e nrr6pocon rBepAbIX r{acrI4II u
rasoo6pasHux BerrlecrB B oKpyxarou{yro cpeAy. llpu sroM B HaH6olee
pacnpocTpaHeHHoM BapHaHTe KoMrroHoBKr4 cxeMbr olrLrcTKI4 npI,I ylraBnvBallvru
TBepAbrx v ra:oo6pa:Hrrx upuuecefi r43 ra3a nepBbIM IIo xoAy IIoroKa
ycraHaBnr4Baercf, o6opy4ona*r4e 4nx cyxofi oqHcrKI4, a 3areM uorcpofi.

B npe4craereHHofi ,qr{cceprarluonuofi pa6ore BMecro AByx an[aparoB AJI.a

cyxofi u rr,ror<pofi oqr4crKr4 npeAnaraerc-rr ycraHaBJrraBarb oArIH rcou6zHzponauHrrfi
r€r3oor{r{crHofi arrrapar, uueroulufi ABe cryneHn ronrarra. B suxHefi .c":acrv

xonrarrHofi cryrreHr4 r4crroJrb3yerc{ qenrpo6exHrrfi MexaHr43M ylraBnvrBaHtrs,

TBepAbrx r{acrHII, a BepxH.'It npe.qHa3Har{eHa AJIS npoBe,{eHLIrI

TenJroMaccoo6ueHHbrx npordeccoB B ycJroBr4.f,x Br4xpeBoro B3auMo4eficrevs. Ta3a u
)Kr4AKocrr4. Als rarcofi KoHcrpyKrIr4H ra3oorrr4crHoro annapara pe3yJlbrarbl

14 c c Jr eAoB auuit lr Mero.qLr Kr4 p acqera orcyrcrByror.
B cesgu c err4M, [peAcraBJreHHbre B Arrccepralll4oHHofi pa6ore Topcroro

A.O. pe3ynbrarbr r{ccJreAoBarruit rro r{3freHr{ro rr,rApoAr4HaMuKr,r? rlpoqeccoB
nbrlreynaBrrurBaHufl. rr Maccoo6uena B TIHKJToHHo-Br4xpeBoM annapare, rIoJIf{eHHhIe
ocHoBHbre pacqeTHbre 3aBr4cr,rMocTrr onp eAensroT ee aKTyaJIbHocTb.



HoeusHa pa6ornr.
Ha ocnos anvru ycraHoBJreHHbrx 3aKoHoMepnocrefi ABrDKeHrr{ 3aKpyr{eHHoro

[oToKa ra3a, B3ar.rMoAefi.ctsun f€t3a Lr )Kr4AKocTr4 npr{ Br4xpeBoM oorexaHnra
HacaAorIHbIX SJIeMeHTOB nonyrreHbr pacqeTHble 3aBI|IckrMocTr4 Anr onpeAeneHu.rl

rr4ApaBnrlrrecKoro conporr4Br.enzrfl. B 3oHe gefi.crr,wx qenrpo6eNHofi cr,lJrbr,

frrApaBnr4r{ecKofo corrporrrBrreHur, KorHr{ecrBa y,qep)Kl4Baeuofi )oIAKocru v
ra3ocoAep)KaHlrfl. cJro.fl 3oHbr Br4xpeBoro B3ar,rMoAeitctsus, [oroKoB ra3a u
)KI,1.IIKOCTII.

flpuuenx.a [r4ecvrrarranurrfi noAXoA vr rroJro)KeHr4f, Teopuu o ror<anlnofi
nsorpouuofi ryp6yneHTHocru, a raKxe r4cnonb3y-s 6alancoerre ypaBHeHr4r,

lonyr{eHbr Sopnrymr Anq pacqera r<osSSuqueHroB MaccoorAarru e ra3oeofi $ase,
roJrrlr{Hbr rrJreHKr4 Ha noBepxHocTH HacaAKv\ ArraMeTpa cTpyv u cpeAHero

Ar4aMeTpa KarreJrb.

OcHoerrea-scr Ha ypaBHeHr4flx onpeAen.srcullrx KoHcrpyKTIlBHbIe
coorHorxeHkrfl uraxrousofi cryneHr{ vr lao4r,rSraqvpoeaHurrfi zuepunoHuufi
rrapaMerp, xapaKTepusyroqrafi cocro.trHr4e rrbrJrerasosofi cMecn paspa6oraua
MareMarr4rrecKar MoAenb qeHrpo6ex{Horo H raHepqr4oHHofo ocaxAeHr4r qacrr4rl B

UHKJIoHHofi cryueH H afirrapal a.

floryveHu Sopr'aynbr An.q pacrrera roeSSnqueHra ryp6yneuruofi az$$ysuz
14 onpeAeJreHrrr sQ$exruBHocru nbrneynaBrruBaHufl, ezxpenofi cryneHr4 KoHTaKra,
B ocHoBe Koropbrx Jre)Krrr Mo.4enb ryp6yneurHo-4uSQy3r4oHuoro ocaxAeHr4t
TBepAbIX r{acTr4rl.

Creueur o6ocnonaHHocrr{ rr AocroBepHocrrr HayrrHbrx no.noxeH ufi .
Pac.{erHrIe 3aBI4cI4MocrI4 An.'I onpeAeneHnr fnApaBnHrrecKofo

conporr,rBrreHus B 3oHe 4efi.crr'us. qeurpo6exuofi cr.rJrbr, tkrp.paBlruqecKoro
collpornBrrennfl,, KoJrr4rrecrBa yAepxusaeNaofi xrrAKocrr{ 14 ra3ocoAep)KaHrrf, cJror
3oHbr BkrxpeBoro B3ar,rMoAefr,claufl, IIoroKoB fa3a u )KI4.4Kocrr4 .flBrrrorc.fl

AocroBepHbrMz" llp, vx BbrBoAe HcrroJrb3oBaHbr 3aKoHoMepHocrr4 HayrrHoro
orKpbITI4t n o6racrn MexaHl,rKra ta3aH xr{AKocru 14 ypaBHeHvrfl.rnqpocraruKl{.

Vpaeueuue p.nfr pacr{era KoeQQuiir4eHToB MaccoorAarrr4 B rasonofi Qase
.f,BJr.f,ercfl o6ocHosaHHbrM, TaK KaK flonyrreHo Ha ocHoBe nepBofo 3aKoHa @zra c
I4c[oJrb3oBaHr{eM noJroxeHrafi reopnr4 o JroKaJnHofi r43orponHofi ryp6yJ]eHTHocru.
(Dopuynu Anfl onpeAeneHr4r roJr[{rrHbr rrJreHKr4 Ha noBepxHocrr4 HacaAKrr,

Ar.raMerpa crpyfi 14 cpetrHefo Ar4aMeTpa KaneJrb nonyrreHbr kr3 6arasconrrx
ypaBHeHrlfi c racnorb3oBaHr4eM Arrccnnarr4BHoro noAXoAa i4 rroJro)KeHrafi reopuu o
JIoK€uIbHofi usorponHofi ryp6yneHTHocrr.r 14 TarcKe rBJrflrorc{ o6ocHoeaHHbIMI4.

flocroeepHocrb r4x [orrBepxAeHa corocraBJreHrreM c 3Kcnepl4MeHTaJrbHbrMrr

AaHHbrMr4.

Mareuau4r{ecKafl MoAenb qeHrpo6exHoro vr r{Heprlr4oHHoro ocaxAeHrrt
qacrl4l{ e quxroHHofi cryneHr4 annapara .rrBJrf,ercfl o6ocHoeanuofi, TaK KaK B
OcHoBe ee ne)KaT ypaBHeHI'I-f,, ytII4TbIBaIOque KOHCTpyKTLIBHbIe cooTHoIIIeHI,I.[

uI4KJroHHofr cryuenv u napaMerp, xapaKTeprasyroulufi cocro.f,Hr4e rrbrJrerasoeofi

cMec14. ,{ocronepHocrb
3KC[epr{MeHTaJIbHbIMI4 AaHHbrMrr.

|IOJIVqCHHOH MOAeJrr4 IIoATBepxAeHa



O6ocHoeaHHocrb u AocroBepHocrb Sopvryn Arrfl pacqera rcoe$SlrqlreHra
ryp6yneurnofi aHQSysurz Lr orpeAeneHr{r essexrueHocrr{ nhrneynaBrruBaunfl.
6azupyercf, Ha Llcilonb3yeuofi MoAenr{ ryp6yreHrHo-4u$Sy3r{oHHoro ocaxAeHr4-rr
TBepAbrx qacrllrl u ualofi neru.{uHoft nofperxHocrr4 npr4
3 KCIrep HMeHT€LtrbHbIMI4 AaHHbIMr4.

Ilparcru.recKafl rleHnocrb Aucceprarlnr{ cocror4T B ToM,
annapara rlurKnoHHo-Br4xpeBoro 4eft crBu'- 3aurkrrrleHa rrareHToM

pacqerHbrx 3aBr4cr{Mouefr,; pa:pa6ome peKoMeHAa\uit
annaparoB; npoBeAeHr4r4 npoMbrrxneHHbrx ucnrtramuit u
rlr4KJroHHo-Br4xpeBoro 4efi crnu{ npoMbrrrrJreHHocrb.

ArcaAe*ruqecKafl rrecrHocrb.
Asalug Marepr4anoB AzraaeprarJvrkr rroK€BaJr, qro

co6ruo4eubl IIpLIHIII4III Hayr{uofi sruru. He AolycKanacr @a6pLrKarl1rfl, HayrrHbrx
AaHHbIX, QanrcraSvrKarJ?rfl, rlJlafzar, r4cloJlb3oBaHr4e Jrr4TeparypHblx 4aHHrrx 6es
CCbIJIOK HA I4CTOIIHI4K.

[Io4rnep]I(AeHrIe 4ocrarovHofi rroJrHorbr uy6.nurcaqufi ocHoBHbrx
IIOJIOII(eHU ft r pery.rr bTaTO B, B bIBOA OB II 3a KJI IOqeH l{fl A I{CCepTa q u U.

OcHoeHHe IroJIoxeHVfl Ar4caeprarlnoHnofi pa6orbr, pe3ynbrarbr, BbrBoAbr H
3aKrlorleHuf, ouy6nurcoBaHbl B 10 crarbflx, r43 Hrax 6 crarefi B MarepraaJrax
MexAyHapoAHbIX ronQepeHqzfi, 3 crarbl4 B )KypHanax, peKoMeHAoBaHHbrx
KouHreroM no o6ecne.IeHl4lo Kar{ecrBa B cSepe o6pa:oealufl. kr HayKr4 MOH PK,
1 crarr.s B vrcAa:clnkr BXoA.rrqeM B 6*y HayrrHbrx )KypHanoB SKOPUS ro
HanpaBneHI{Io: Engineering: General Engineering. llpoqeHrutrc 31. llonyueu 1

nareHr PK.
HeAocrarKrr rro coAep]Kanrrrc u oSopnr.neHr{ro Arrccepra lqi,y,u.
1. Bo eneAeHvrvr rrpkr SopvrynnpoBaHr,rr4 rlenr4 pa6orrr ueo6xo4rzuo 6rrlo

oTMeTI4Tb Hapf,Ay c BHeApeHI4eM B rrpoMbrrxJreHHocTr{, BHeApeHr4e nolyrreHHbrx
pe3ynbraron e yue6Htrfi upoqecc.

2. Ha crp. 55-57 rpr{BereHbl corlocraBlrreJrbHbre .qaHHbre pe3ynbraroB
I4ccneAoBalF.uit arnaparoB KAI4T u r{r4KJroHHo-Br4xpeBoro neficrnux ro

CONOCTABIIEHLIU C

qTo KoHcTpyKrlr,rr
PK J\933662.

Paspa6oraHa HHXeHepHas Merorr4Ka pacqera arrrtpara r{}rKnoHHo-Br4xpeBofo
Aeficlsufl' llpe4lo)KeHbl peKoMeHAarJuu no npoeKTzpoBaHrrlo r4 oKaruryararJvru
npoMbrrrrJreHHbrx annapaToB.

OIIeHrca BxyrpenHero eAuHcrBa [oryrreHHbrx pe3yJrbraroB.
flocranoeJreHHbre e pa6ore sallartu r4 [olyrreHHbre B xoAe krx peanu3arJvru

pe3yJlbrarbl rroJlHocrbrc coorBercrByror rIeJrrM u o6la4aror BHyTpeHHHM
eAI4HCTBOM, HaTIpaBJIeHHbIM Ha CO3AaHLte AnnApaTa rIr4KJroHHo-Br4XpeBOfO

4efrcraux, npoBeAeHIzIIo KoMrIJIeKcHbrx r{ccJre4oBauuit, paspa6orKe MeroArrKr{ ero
p acrrera r4 p eKoM e n4a\uit no rrp o eKTr4poBaHrrro.

Jln'rHrrfi BKJTaA aBTopa B [oryqeHr{rr pe3yJrbraroB cocror4T B: aHaJrrr3e
JII{TeparypHo-rIareHTHbIX r4CTOrrHr{KOB rro KOHCTpyKUT4f,M nbrneynaBJlr,rBarcqlrx r4

TellJloMaccoo6ueugblx anlaparoB, Mero.q[KaM r4x pacqera; pa:pa6orxe nonofi
KOHCTpyKrI14tr

r{ccJrenoBanufr
annaputa rlr4KJroHHo-Br{xpeBoro geitctB.ux; npoBel.e]F'wpr

fr{ApoAr4HaMr4rrecKr4x xapaKTepHcTHK, eQQexrzeHocrr4
nblneynaBlr[BaHr4fl,, xoeQSuqI4eHToB MaccoorAa.rtkr B ragonofi Sas. z noryqeHr.{r4

ro [poeKTupoBaHr4ro
BHeApeHUr4 AnilapaTa

ilpu ee rroAfoToBKe



fr4ApaBnr4qecKoMy coupoTrrBJreHprro.
COIIOCTAB TIEHVTfl?

3 ' llpzue4eHHble Sopvrynrr An-r pacq era u4npaBJrrzqecKoro conporr4BJreHr4t
Ha crp' 35, ypanHeHl4e (1.80) H Ha crp.58, ypaBHeHHe (2.6) aH€urorr4rrHbr rro
crpyKrype. Moxno 6ruo 6rr ua crp. 58 Aarb ccbrJrKy Ha ypaBHeHr{e (1.g0).

4. B ypanueHr4flx An-a pacqera Ar4aMerpa crpyfi (2.35)14 Ar.raMerpa KarreJrb
(2.43) HMelorc-a qucreHHble xoeSQurlr4eHrbr. Kax onz ronyqeHbr - npu BbrBoAe
ypaBHeHr4 it uttu gKclepr4MeHTaJrbHbru nyreu?

5. B p€BAeJIe 5 rtpl4 orrkrcalLrv [poMbrrxneHHbrx ucnrrraHrzfi anilapara
I{I4KnoHHo-BI4xpeBoro gei'rctaux neo6xo4uuo 6rrlo npzBecrr4 ra6apzrrr r{ efo
TeXHI4r-IeCKHe XapaKTepIzICTI4KH.

CoorsercrBl'Ie Al{ccepraquu rpe6oBaHrrfl M <<flpanu.n rprcyr6AeHr.rfl cre-
uenefr>>.

{HccepraqlloHHa.r pa6ora Topcxoro AH4pex Oneroeu.{a <paspa6orrca Lrpacqer III4KJIOHHO-BI4XpeBO|O ailnapara AIrfl npoBeAeHA{ COBMerrIeHHbrx
npoqeccoB Maccoo6uena 14 [bIJIeyn aBlrLrBaHkrfl), npeAcraBJreHH€ur Ha cor4cK a1r4e
crelreHl4 AoKropa Qunoco$uz PhD, flBrrflercfl r<na-unsuxar{nouuofi Hayvnofi
pa6orofi v coAepx{I4T HoBbIe HayrrHo o6ocuonaHHbre reoperr4qecKr4e u
SKClepI{MeHT€lJIbHbIe pe3ynbrarbr, coBoKynHocrb Koropbrx r{Meer Ba)KHOe
3HalIeHI4e An-f, pa3BvrrLrfl. fI,IApOAHHaMr4qecKr{x ocHoB, rrpoqeccoB Maccoo6vreHa z
NbI JI CYN AB TILTBAHLIA E X O J\A 6 UH I{P O B AH HbIX AIIN AP AT AX.

{uccepralll{oHHat pa6ora orBerraer rpe6oeaHz.uu Kouvrera 11o
o6ecueqeuuro KarrecrBa B c0epe o6pa:oaaHrax u HayKr4 MoH pK,
npeAbtBn-qeMblM K AOKTOpCKI4M Ar400eprarlr{rM, a Topcxrafi Au4pefi OreronH.r
3acJryxr,rBaeT rrpucpKAeHVrfl cTerreHr4 AOKTOpa'AVJIY 

}KKItsAET IIPUCy)KAEHVIfl" CTEIICHI4 AOKTOPA SZTTOCOSNTA Ph
cilelll4€LnbHocrl4 6D07 2400 - TexHorou{rrecKl4e MaIrrI4Hu z o6opy4ouu"ra.

Karofi BbrBoA cJreAyer Lr3 groro

PhD ro
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3an. xa$eApofi MareMarraKr4 14

ran$ opua rurKvr lllrruxesrcKoro
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