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PEIIEH3T4fl

Ha Ar,rcceprarlr4oHHyro pa6ory <Paspa6on<a v pacuer IILIKnoHHo-BI4xpeBoro

alnapara Anfl rrpoBeAeHr4f, coBMerrleHHbrx npoqeccoB uaccoooueua vr

nbrJreynaBrrvBaleufl>> Topcxoro AH4pex Oleronvlua, rpeAcraBneHHylo Ha

cor4cKaHr4e crerreHrr AoKropa Snnoco$uu PhD no creIII4€uIbHocrH 6D072400 -
TexnonorpFre c Kr,re MarurrHbr z o 6 opy4o B aHI{e.

Pesylmaru pa6oru coorBercrByror npr4opLITerHoMy HarIpaBneHI{m

<PaquogalbHoe ucrroJrb3oBaHr{e BoAHbrx pecypcoB, }KLIBorHoro LI pacrl4TenbHofo

Mr{pa, sKoJrofHr)) [o cneu]raJrH3rrpoBaHHoMy Har{HoMy HarlpaBneszro <<cucTeMbl

OIII4CTKI,I CTOIIHbIX BOA, |A3OOIIHCTKI4 VI TIbIJICYJIABIILTBAH.I|I5>>, V3 III,ICJIA

SopvrrapyeMbrx Bucruefi HafrHo-TexHurrecKofi xotr,tuccuefi. npu lIpaBI{TeJIbcrBe

PK, a raKx{e HarrpaBJreHHbre Ha pe€urr43arlnro Crparerzn <<Kagaxcra:r'-2050>>,

rrocJraHr,rr fraeH rocyAapcrna <Tperb.rr MoAepnvrcapfl, KasaxcraHa: ruo6albHafl
KoHKypeHrocuoco6Hocrb)) or 31 flHBapfl 2017 roAa, 4eficrnyroulefr s 2015-2019
roAax focylapcrneHHofr rporpaMMbr r4HAycrpr{aJrbHo-HHHoBaIIuoHHoro pasBvrrufl

Pecuy6nuru KasaxcraH H upuuxrofi lr'a2020-2025 ro,qrr.
Arcrya.nsHocrb reurr. B Hacrof,rrlee BpeM.rr rexHoJlofl{qecKkIe cxeMbl IIo

BbrrrycKy npoAyKrlr4rr r4Meror B cBoeM cocraBe o6opy4onaHvre trlrfl. yrLrlrusa\vvl
orxo,qoB rrpor43BoAcrBa. !.nx [poBe4eHr{.rr npoqeccoB ra3oorII4crKI,I HaIUJII4

npr4MeHeHr{e pa3nr4rrHoro poAa rlr4KJroHbr, rroJrbre Qopcynounrre crcpy66epu,
Tapenbr{arbre r4 HacaAorrHue (co crarlr4oHapnoft HacaArofi) auuaparb\ pa3rI4r{HbIX

Br4AoB poroKnoHu, cxpy66epu BeHrypu u Ap.AHarug pa6oru raKrIX anraparoB
loKa3€ur, qro B 6omruuHcrse cryqaeB yK€BaHHbre a[[aparbl He orBerlalor
coBpeMeHHbrM TpeooBaHr{flM rro TaKr{M napaMeTpaM, KaK MaTepu€uloeMKocTb,

oHeproeMKocrb rz e$SercurBHocrb. Kporr,re rofo, annaparbl MoKporo rvrna ilpu
or{ucrKe fa30B, coAep)Kaulux aAre3HoHHbre rrbrJrr{ co3Aaror npo6nenay, cBf,3aHHylo

3apacraHr4eM BHyrpeHHr4x ycTpor4cTB OTJIo)KeHI4fl]l[.'{LI, HC|ATI4BHO

cKa3brBaercf Ha e$$exruBHocrr4 r4 oKcrrJryararllroHHofi HaAexlrocrn pa6ortr.
llpe4naraeMar B Ar,IccepraIlnonuofi

TIT4KJTOHHO-Br4XpeBO|O AeI{ICTBIdfl, rrO3BOJrreT

flpoqeccbr nbrneynaBrrnBaHufl. u a6cop6qnu B aBToHoMHbrx cryneHtx c

Aocraro.{Hofi e$SercruBHocrbro. llpu.revr KaxAarr Lr3 cryueuefi ucnoJlb3yer
nau6olee sQSexrueHnrfi MexaHH3M. l{urnon:aafl. cr)rreHb qenrpo6exHrtfi
M€XaHI43M OqI4CTKI4 fa3OBOrO nOTOKa OT TBepAbIX TIaCTITIU, a MOKpEUI CTyIIeHb -
enxp e nofi MexaHH3M 83 aI4MoA e itcr:r.ufl. IIoroKoB T asa vr )KLIAKo crtl.

OAHarco B Hacrorrqee BpeMrr pe3yJrbrarbr r{ccJreAoBanufi, npeAnaraeMofi
KoHcrpyKrlr4u ra3oor{r4crHoro annapara orcyrcrByror. B cssgu c orI{M, I,I3f{eHue
fr4Apolr4HaMrarrecKr4x xapaKTepr4cTr4K, napaMeTpoB IIbIneynaBIrLrBaHVs. 14

vraccoo6ueHa B annapare rlr4KnoHHo-Br{xpeBoro AeficrBufl, co3Aanue Mero,quKl4

pacrrera vr peKoMeH.qa\uit rro [poeKTr4poBaHr4ro rrpoMbrruJIeHHbIX annaparoB
rrpeAcTaBJrsloTcfl aKTyanbHbrMr4.

Hayunan HoBu3Ha pa6oru.
Ocnoetreascr Ha 3aKoHoMepHocr.f,x ABI4xeHr4.f, Ta3a rlo anupalrvr u

paooTe KoHcTpyKI{I4rI annapaTa
ocyuIecTBJUITb oAHOBpeMeHHO



BHXpeBoM B3anMoAefi,crswu rroroKoB ra3avr )cH.qKocrl4 npu o6reKaHvrr4 peryJltrpHo

pa3MerrleHHbrx TBepAbrx TeJr, nonyqeHbr ypaBHeHI,Ifl, 
''ns. 

pacr{eTa fl4ApaBnurlecKofo

conporrrBJreHu.rr 3oHbr geitcrluux qeHrpo6eNnofi cI4JIbI, 3oHbI Bl4xpeBoro

B3arzMoAeitcrsux ra o6ulero co[poruBJreHl4fl annapara. [lts HacaAor{Hoft gosu

[onyrreHbr ypaBHeHrrr Ans pacrrera Korl4rrecrBa yAepxI4Baevofi xrrAKocrl4 v

f a3ocoAeplr(aHrr-f, cJlo.f, .

C I4crioJIb3oBaHI4eM ilvraeunarnBHoro noAXoAa Lr OCHOBHbIX TIOJIOXEHIII'I

nonyrreHbl pacqerHble

3aBr{crrMocrr4 crpyKTypHbrx cocraBil{ioqux NIaArofi Qasu - ToJIIIIHHII ITJIeHKI4,

Ar,raMerpa crpyfi r4 KarreJrb, a raKxe xoeSSzqHeHToB MaccoorAa-.rvr B ra:onofi 0*.
B HaCaAOr{HOH 3OHe alnapaTa.

reopr4r,r o ror<a,rrHofi nsorponHofi ryp6yneHTHocrl4

KOHCTpyKTI{BHbIe COOTHOIXgIILTS. BHyTpeHHI4X 3JIeMeHTOB Lr

[apaMerp, xapaKTepl{3ylotllnfi cocroxsl4e rlblJleras oeofr cMe cI4.

ocaxAeHr4{ qacrurl B 3oHe Aeitcrleux qeHrpo6eNnofi cI4JIbI, frl4TblBaloqat
Pa:pa6oraHa MareMarrlrrecKa.f, MoAenb IleHTpo6exsoro I4 I{HepI{HoHHoro

OcHonrre afl.cb Ha ryp6ynenrHo-auQQy3l,IoHHoM MexaHI43Me yJIaBnI4 BaHlafl

TBepAbrx r{acrr4rl B HacaAorrHolr goHe annapara, noryrleHbl ypaBHeHvrfl, AJrfl pacqera

xoe$Suqr4eHra ryp6yleurHofi aHSSysnu qacrllq v e$SexuaeHocrl4

ilbrneynaBlruBaHufl.

focroeepHocrb u o6ocnoBaHHocrb Hayr{Hblx no.noxenufi.
O6ocnonaHHooTb ypaBHeHrrt Anfl pacr{era rurnpaBnuqecKoro

corrpornBJreHr{rr 3oHbr geitctyux qenrpo6exsofi cHJIbI 6a:zpyerafl. Ha H3BecrHbIX

3aKoHax rHApoAr4HaMr{Kr{ u Mexanr4Kr4. O6ocHoBaHHocrb ypanueHufi

rr4lpaBirrrqecKoro conporrrBlreHkrfl., Korl4qecrBa yAepxl4Baeuofi )KI4AKocrI4 vr

ra3ocoAep)r<aHvrfl. cJro{ AJrr HacaAo.iHofr 3oHbI annapara ocHoBaHa Ha HayrIHbIX

orKpbrri4rx B o6lacrn MexaHr4Kr4 ra3a vr xrIAKocrI{. ,{ocroaepHocrb Lrx

noATBepx.4eHa 3KcrIepLIMeHT€uIbHbIMI4 AaHHbIMI{.

flonyveuHbre ypaBHeHr4.fl Anfl. pac*era crpyKTypHbIX cocraBJI.[]oIrIHX NraArofr

Saslr 14 roe$Snqr4eHroB MaccoorAaqr4 B ragoeofi Qase 6asupyrorcr Ha

I.Vrecr4rTaTuBHoM noAXoAe H .gBJrslOTCfl AOCTOBepHbIMIT, TaK KaK nOATBepX.4eHbI

pe3ynbraraMl4 3KcIIepI4MeHTarbHbIX HccJIeIoB anuff,.

O6ocnonaHHocTb MaTeMaTl4.{ecxoff MoAeJiI4 qenrpo6exHoro

HHepur{oHHoro ocarAeHr,r-f, rracrurl B 3oHe Aeficrens IleurpoOexuofr crIJIbI

ocHoBbrBaeTcfl Ha KoHcTpyKTHBHbrx cooTHolrrelluflx BHyTpeHHI4X 3JIeMeHTOB

KoHTaKTHoft crynenu vr r4Heprlr.roHHoM napaMerpe, xapaKTepl{3yrouleM cocro.f,HHe

nruera:oeofi cMecr4. flocronepHocrb ee noATBepxAeHa sKcnepI{MeHTa[bHbIMI4

IAHHbIMI4.

O6ocnoeaHHocrb ypanuenzfi Anf, pacrrera roe$Quql4eHra ryp6ynenrnofi

au$Sysura 14 e$SercruBHocrz rrbrneynaBJrvrBaHkrfi Haca.qo.ruofi 3oHbI arrr'apara

rIr4KJroHHo-BHXpeBofo AefrcreHs ocHoBaHa Ha LIcnoJIb3yeMoI4 MoAeJII4

ryp6yneHrHo-au$$y3r{oHHoro ocalKAeHnr rBepAbIX rlacrvIJ,, d AocroBepHocrb IIX

nuepquoHHrtft

rroATBepxAeHa coIocTaBJIeHI4eM c 3KC[epuMeHTaJIbHbIMI4 AaHHbIMI4.



flparcruuecKafl 3HarrlrMocrb 4krcceprarJLrtr 3aKJrloqaerct B TOM, rrro rro
pe3ynbraraM I,IccneAoBaluuit co3AaHa KoHcrpyKrlr{r annapara rlr.rKnoHHo-
BrrxpeBofo 4eficrnuf,, 3arqr4uleHHaf, rrareHroM PK J\e33662.

llpe4noNeHa MeroAHKa I4HXeHepHofo pacqera annapara r{r4KJroHHo-Br4xpeBoro
geitcrvut, a raKxe peKoMeHlaqz:z rro lpoeKTrrpoBaur{}o v oKcnnyararrywr
npoMbrrxneHHbrx a[napaToB.

Oqenrca BHyrpeHHero eAr{HcrBa rroryqeHHbrx pe3yJrbraroB.
flocraHonxa 3araq, MeroAbr rrx perxeHrzr pr [onyqeHHbre pe3yJrbrarbr

rrccJieAoBauuit coorBercrByror c$opruryru4poBaHHbrM rlenrM v 3ap:a.rratu pa6orrr u
o6la4aror BHyrpeHHI4M eAr4HcrBoM, HanpaBneHHbrM Ha pa:pa6orxy a[[apara
IlI4KnoHHo-Br4xpeB oro 4efi cru4q rr Mero AuKn efo p acr{era.

CanaocroflTeJrbHocrb.
flpu o3HaKoMJIeHuu c Marepr{aJraMr4 Avccepraq;kru, npoBeAeHrrr4

co6eceEoBanufl 6uno olpeAeneHo, rrro cor4cKarereM rkrrrHo rrpoBeAeH aHaJrH3

KoHcrpyKuuit u MeroAoB pacrlera ra3ootrucrHbrx anlaparoB, r,rcrroJrb3yroqr4xc.rr B
lpoqeccax a6cop6tluu vr nblJleynaBnuBanvrfl; npoBeAeHbr sKcnepr4MeHT€urbHbre
izccneAoBaHvrfl, rI4ApoAI{HaMvrKL\ npoqeccoB Maccoo6ueHa H nbrneyrraBrrtrBankrfl
ailnapara I{HKJIoHHo-BI4xpeBoro 4eficrBufl vr vtx o6pa6orKa B BraAe rpa$zuecrux
3aBllcl4Mocrefi. llol pyKoBoAcrBoM HayqHbrx KoHcynbraHToB co3laHa
KoHcrpyKrtufl ailnap ur a IIrrKnoHHo- Br4xpeBoro 4efr crBrrr, 3arqr4rrleHHar rrareHToM
PK; nonyr{eHbl paarlerHble 3aBr4cr4Mocrr4 Anfl orrpeAeJreHr4fl ocHoBHbrx
rHApoAi'IHaMuqecKI4x xapaKTepr4crrrK, napaMerpoB rraaccooo6MeHa Lr

nblJleynaBIrLrBaHHfl; rlpoBeleHbr npoMbrrxneHHbre ucilbrTaHvrfl 14 BHeApeHr4e
annapara IIHKnoHHo-BIrxpeBoro gefictutttx; npelno)KeHbr peKoMeHAarJuu no
npo e KTr4p o BaHr4ro r4 3Kc rrJry aT arJukr np oMbirxne HHbIX arril ap aTo B.

ArcagenauqecKaq qecrHocrb.
flpu Hailvcannvr Avrcaeprar\r4r4 co6mo4eHu [pr,rHqr4nbr nayvHofi 3TvrKr4, B

rracrHocrl4 HeAoryueHI4e Sa6puxaquu HayrrHbrx AaHHbrx, Sanrcz$uKar\Lru,
rJrarurara, JloxHoro coaBTopcrBa, I4cIIoJrb3oBaHHe nr4TeparypHblx .4aHHbIX 6eg
CCbIJIOK HA I{CTOIIHI4K.

flo4reep]KAeHI{e 4ocrarouHofi rroJrHorbl ny6.nr.rnaqnfi ocHoBHbrx
IIOJIOII(€H tlfi , pe:y.llbTaToBr BbI BOAOB II 3a KJIK]rreHUq AI{CCepTaIIuu.

Pe:ylrrarrt npoBeAeHHbIX r4ccJretroBauuh, Teoperr4qecKue BbrKJra,4Kr{,

BbIBoAbI u 3aKrloqeHkrfl, Al4ccepraquoHuofi pa6our ony6-rruxoBaHbr n 10 crarrxx,
I{3 HHX 1 crart-s B u3IaHVr4 BXoAf,uIeM B Sasy uay.rHbrx )KypHaJroB SKOPUS (no
HanpaBneHuro: Engineering: General Engineering. llpoqenrutrc 31.), 3 crarbr4 B

)KypHaJIax, peKoMeHAoBaHHbIx KovureroM no oSecneqeHr4ro KaarecrBa n c$epe
o6pasoaaHnx u HayKIz MOH PK, 6 crarefi B Marepr4€urax MexAyHapoAHbrx
xoH$epeHguir, a raruKe ilonyr{eH 1 uarenr PK.

HeAocrarKu no coAep)Ka Hu rc u oQopvr,reH rrro Arlcceprarlnrr.
1. Bo BBeAeHHr4 rtpu npoBeAeHzr,r

peuraeuofi uayuHofi npo6leulr> Ens.
ener<rpoSrrnbrpbr lr pyKaBHbre Qulrrpu.
Irpr4MeHrrMo cTr{ TaKr4x a[[apaToB.

<<OqeHxH coBpeMeHHoro cocrorHrrfl
cra4Lru cyxofi oqucrKr,r yKa3aHbr

MoxHo 6ulo 6rr npr4Becrr4 anarrus



2' B pa3Aene 1 paccuorpeHbl KoHcrpyKrlr4kr r{r4KnoHoB , paspa1oraHHbre
HI4I4OfA3, ror4a KaK kI3BecrHbI H Apyrl4e I{LIKJIoHII, HarrprzM ep III4OT, CI4OT u
4p. r{eu o6oc'oean nrr6op qr{KnoHoB KoHcrpyK I'uu rfufurofA3?

3' B pasaene I Ha crp. 33 no4pasren r4Meer H€BBaHue <<Memodut pacvema
nwneyroqumeneil 6vxpe60eo deitcmeun>>, Tof.{a KaK B coAepxaHr4z
paccMarprrBarorct B ocHoBHOM arrnaparbr c pefyn.spHofi no4nzNsofi Haca4xofi.flpe4cran r['ercfl, tITo raxofi 3aroJroBoK oxBarbrBaer 6onee ruupoxufr KJracc
o6opy4oeaHzrfl.

4' B Pa3Aele 2 .tpu corlocraB lreH:au pe3ynbraroB rrccJre,uoB a11uitruilpaBnw{ecKofo conporl4BJleHl4.f, a[naparoB r]r4KJroHHo-BkrxpeBofo $eitcrnux uKAI'IT nepxHtzfi npeAen I{3MeHeHI4r cKopocru ra3a Ha BXoAe cocraBJr.fl et 40 yt/c.
flpoeo4uJll4cb JIa xort 6rt oqenor{Hbre 3Kcnepr4MeHTbr npr{ cKopocr.rrx 1ottee 25trlc 4lx Barxero annapata?

5' llpz I43y{eHI{rI uaccoo6ueHa BaMr,r [poBeAeHbr r{ccJreAoB aHL'
xosSSraqI.eHToB Maccoorr 

'"u B rasoeofi $a:a, qro, KaK r43BecTHo, BbrrroJrH flercfl4lx a6cop6ryuu xopoltro pacrBopl{Mblx ra3oe. Esrro 6u qenecoo6pasno npoBecrrd
r4ccneAoBaEnfl KOeQQnqpreHToB MaCCOOTAAIa B NZ4XOfi 6ase, r4 TOfAa MoxHo6rtlo peKoMeHAoBarb anlapar 4nx acop6 r\HLr rpyuHo pacrBopr4Mbrx r€l3oB.

CooreercrBrle Alrccepraqur.r rpe6orur,""*,,ilpu""n [pucpnAeHrrs cre-
nenefi>>.

{zccepraqzx TopcKoro An4pex oreroaz.{a Ha reMy <paspa6o rKa vrpacrrer
III4KIOHHO-BI'IXpeBofo anlapara Anfl npoBeAeHr{r coBMerrleHHbrx lpoqeccoB
naaccoo6lteHa H nblneynaBlrzrBaHufl>>, npeAcraBJIeHHa.[ Ha col4cKaHrle creIIeHI,I
AoKropa Sznoco0az PhD, -sBJlterc-f, r<eanrzQraraqzoHuofi nayrHofr pa6orofi z
coAep)I{I4T HoBbIe HayrIHo o6ocsonaHHble Teoperrzr{ecKr4e 14 3xclepkrMeHT€urbHbre
pe3ynbrarbl' coBoKynHocrb Koropblx I{Meer Bax{Hoe 3HaareHr4e Arrfl pa3Bvrrufl,
|I4ApOALIHaMI4KI4' npoqeccoB uaccoo6uena u nhlJleynaB IrLrBaHun B a[laparax
rcou6uuupoBaHHoro aeircrnnx.

fucceprallkloHHa-f, pa6ora orBeqaer rpe6onanzxu Kouurera rco6ecne'{eHzro KarrecrBa B c@epe o6pa^:onaHux u HayKr4 MoH pK,
npeA:bfBn'IeMblM K IOKTOpCK]IM rr4cceprar\LrflM, a Topcr<ufi Au4pefi oreroez.{3acnyxr{Baer rrpr4cyxAeH]r'n crerreHra roKropa Qznocoszz phD ro
cnerII4€LIIbHocrI4 6D07 2400 - TexHoJloraqecKrle Marxr4Hrr z o6opy4ouu""..

K.r.H., acaoqr{r4poeaHHrrft npoSeccop,
3aBeAyroulzfr xa$e4pofi <TexHoJrorr4

6-qlf-11".;yh
Qaplraqeerr4rrecKoro npoi{3BoAcr
IONno-Ka3 axcraHcxofi MeArr ur4Hc
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