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Be.uyrqeft opraHu3arluu - @eAepiurbHofo rocyAapcrBeHHoro 6roAxerrroro HayqHoro

f{pex,[eHr4r <Bcepoc cuitct<nfi. HafrHo-r{ccneAoBareJncrufi IrHcrI,ITyr rexHoJIof}II4

KoHcepBtrpoBaHur) (OfBHy <BHI,II,1TeK>) Ha Al{ccepraul4oHHy}o pa6ory

)I(YPABJIEBA Anexcen Bnadutvtuporuqa Ha reMy: <Hayuuoe o6ecne,teuue u

paspa1omrco pecypcoc6epezanryLffi Mou.tuHHbtx mexuonozuti cytaKu ducnepcuutx

npodyxmoe s 3aKpyqeHHor4 nomoKe mennoHocumenfl (meopun, mexHuKa,

ynpaaneuue)>>, npeAcraBneHHyro Ha coracKaHr.re yuenofi crerIeHI,I AoKTopa

TexHuqecKr4x HayK rro cnequanbnocrrr 05.18.12 - <llpoueccbl I,I arlraparbl nl{rqeBbrx

irpor,r3BoAcTB)

Arcrya.urnocru paborrr
OAuur.l r.r3 ocHoBubrx HanpaBrenufi TexHr,rqecKoro tlporpecca Bo Bcex orpacnqx npoMbrru-

JreHHocrr4 qBrqercr coBeprrreHcrBoBaHr.re rexHoJrorrir{ecKux npoqeccoB [yreM rIoBbIIIreHI{r lrx e(p-

$exrunnocru.
flurqeeaq u nepepa6arbrBaroqar npoMbrrxneHHocrb sBJrrercs cucreNaoo6pa:yiorueft c$epoft

oKoHoMr{Kr.r crpaHbr, (popuupyroruefi arponpoAoBonbcrnennrrfi pbIHoK, npo.uoBonbcrBeHHylo 14

gKoHoMr,rqecrcyro 6esoilacHocrb. llpoAonomcrBenHa;I 6egonacHocrb sBJUIercs cocraBHoft qacrrro

HarluoHanbHoft 6esonacHocrr.r crpaHbr. B Poccun, KaK LI e 6omuluFlcrBe crpaH MI,Ipa, o6ecneqeuue

6egonaurocrr.r qBJrrercq BaxHbrM HanpaBneHr4eM rocyAapcrBeHHoft nornrurll, 3aKoHoreopuecrofi

AeqrerbHocrr4, Har{HbIX I,IccneAogaHuft .

3naqurelrHoe yBenurreHze o6reNroe 14 TeMna npor.r3BoAcrBa BbrcoKoKarIecrBeHHbIX oKoHo-

Mr4qecKr4 KoHKypeHTocnoco6nrx nkrrrleBbrx rrpoAyKToB HenocpeAcrBeHHo gaBucur B ToM tII4cJIe It

or co3AaHvs pecypcoc6eperarouux lpoueccoB cyrrrKr4, or paspa6orKr.r HayqHo o6ocnonaHHbrx Me-

ToAr4K rrpoeKTr4poBanus, o6opy.uonaHr4s AJr.rr peanr43arllrlr Marrrr.rHHbrx rexHoJlorl4fi, or Aamirefiruero
pa3Byrrufl TeoperlrqecKr,rx ocHoB rrpoqeccoB TenJro- u rraccoo6MeHa. Tarrau o6pasort, pelxenue Bo-

rrpocoB pecypcoc6epexeHlrfl B rrpoqeccax cyrxKr4 qBr.sercfl aKTyanbnofi npo6nervroft, uuercrqeft

BaxHoe reoperr,rqecKo e r{ crparetl{qecKoe npuKnaAHoe 3Har{eHI,Ie.

[ncceprauuoHniur pa6ora Xypaenena Arexceq BraAHrrrrapoBllqa rpeAcraBnter co6oft o6-

rxr.rpHoe r.rccJreAoBaHr.re, HanpaBJreHHoe Ha peueHr{e eaNHoft npo6reltrr, aKTyaJlbHocrb Koropoft ue

BbI3bIBAET COMHCHPIS.

[ocronepnocrb noJryqenHbrx pe3yJrbraroB, ocHoBHbIx BbIBoAoB rI

peKoMeuAaquft, rr3Jro)KeHHbIx B Arlccepraul{u
Colepxarqr4ecr B pa6ore HayrrHbre noAxoAbr, rronoxeHr4s r4 BbrBoAbr ocHoBaHbr na Syn4a-



MeHTaJIbHbIX HaWHbIX rloJloxeur.r.nx r.r reopr.rf,x. Onra 6asupylorcs ua o6nlelpr,rHrrbrx reoperlrqe-
cKI4X 3aKOHOMepHOCTSX, OnI4palOTCfl Ha nonrreHHbre colrcKareJleM SKcrrepHMeHTanbHbre AaHHbre r4

tBrtlorcq KaK ronaqecKl,IM o6ocHosaHuervr nyreft ux nonyqeHr{.rl, TaK r4 cJreAcrBr,reN{. }Icnomso-
BaHHbIe coI4cKareJIeM MeroAI4Krl SKcrrepraMeHTaJrbHbrx r,rccJre.uoBauui4, MeroAbI r{ cpeAcrBa rrpoBe-

IleF.vrx ltslrepenufi, KoHTpoJIg, a raKxe crarrrcrprrrecKr,r AocraroqHoe Korr.rtrecrBo rroBTopHocreft
zsuepennft He Aaror ocnosaHr.rfi Ans coMHeHprs B nx AocroBepHocrr.r.

B pa6ore orcyrcrBylor B3aI,IMHo nporagopeqarlr4e rroJroxeHr.r{ 14 BbrBoAbr.

flolyvennue B Anccepraquonnofi pa6ore pe3ynbrarbr gKcrrepuMeHTaJrlHbrx uccreAoeaHufi
HafIHo o6ocnosaHbl 14 tBJltlorcq HoBbrMra. Arrop [oATBep.qr4n AocroBepHocrb npeAnoxeHHbrx Ma-

TeMarI4r{ecKLIX MoAeneft uponepxoft na aAeKBarHocrr. Coucxarenr paspa6oran prA HoBbrx rexHr4-

trecKux peureuufi , 3arrluqeHHbrx rrareHTanru P(D.

IrlcxoAq I,I3 3Toro Ha) {Hbre IIoJIoxeHLrr, BbrBoAbr r.r peKoMeH1ar\pra Ar4cceprarluosnoft pa6o-
Tbr cneAyer cqr4Tarb o 6 o cH osai{HbrMl,I r4 Aocro BepHbrMr.r.

Hayvnaa HoBrr3Ha paborsr
Pa:pa6oraHa coBoKyrlHocrb HayqHbrx noroxenufi, npeAcraBnflrorqux cncrelrnsrfi ros-

IlerlryanbHrrft uoAxoA K co3AaHLIrc nrrcoxos0(feKTr.rBHbrx pecypcoc6eperaronlrdx Marrrr.{HHbrx rex-
nolorur cyurKl4 AI,IcuepcHbIx rIpoAyKToB B 3axpyqeHHoM noroKe rerrJroHoclrreJrr, HarrpaBJreHHbx

Ha I4HTeHcLISuxaqnro, c6epexenue u pallHoHanbHoe r{cnoJrb3oBaHlre Marepr,raJrbHbrx pecypcoB, rrro

Aocrllraercq MolenupoBaHpleM r.r onrr,rMr,r3arlueft nepcneKTzBHbrx KoHcrpyKrluit cyltul:',Hbrx ycra-
HOBOK.

BrrsereHo BTLLaHLIe BJIaxHocrLr r,r reMneparypbr Ha $H:trro-nrexaHnrrecKr4e, crpyKTypHo-
cop6quonnrre, renloSI,I3LIqecKL{e ra onexrpo$u3uqecKue csoftcrsa ceM{H pacroponupr, aMapaHTa,

pafica, rpequxu, Apo6unu nocnecnl4pronoft sepHonofi 6aparr. flpelnoxeHbr MareMarr4qecKrle
ypaBHeHIl{, aAeKBaTHO OlrICbIBarOqr4e nonyqeHHbre 3Kcrrepr,rMeHTaJrbHbre 3aBr4cr,rMocTl4.

YcranoereHbl ocHoBHbIe 3aBldcl{Mocrr4 rr{ApoAr.rHaMlrKn B3BerxeHno-3aKpyr{egHoro cnofl.
BrrqsreHrr MexaHI43M I{ ocHoBHbre 3aKoHoMepHocrr,r KlrHeTr4Kr4 oyrxKr4 ceMrH pacroponruv, aMa-
paHTa, palca, rpeqprxu ra Apo6prnsr nocnecrrupronoft sepnoeoft 6apasr B 3aKpyr{eHHoM noroKe ren-
JIoHocLITeJIq, HecrauuoHapHocrb nonefi TeMneparypbr r4 BnarocoAepxaHr{s qacrr4u npoAyKTa;

onpeAeneHbl tIlIcJIeHHbIe 3HaqeHldfl U I'r4ana3OH r43MeHeHr4r OCHOBHbTX KrrHeTr,rqeoKr4x xapaKTepr{-

crLIK; no pe3ynbraraM nnaHl{poBaHr.rs gKcrrepr.rMeHToB u cratncruqecroft o6pa6omu oKcnepr4MeH-

raJlbgbx ,qaHHbIX ycraHoBJIeHo BJILIrHr.re pa3nr4arHrrx (famopoB Ha KraHerr{Ky rrpouecca cyrrrKr4,

npoBe'qeHa Teoperl,IqecKat onTlrMl{3a\vfl. cyruunbHbrx ycTaHoBoK r.r BbrrBJreHbr parlr4oHanbHbre r4H-

TepBaJrbr pr3MeHeHr4r napaMeTpoB rrpoqecca.

Paspa6oranbr r4 gKcrrepr.rMeHTiurbHo aupo6r.rpoBaHbr :

- MareMarplqecKaq MoAenb Ar{HaMr4lrecKofo r43MeHeHLrs noleft TeMneparypbr r{ Bnaroco-
Aepx(aHuq B ycnoBllqx conpf,xeHHofo renJroMaccoo6uesa B rrpoqecce cyrxxr{ ceMrH aMapaHTa Bo

B3BeIIIeHHO-3aKpyrreHHOM cnoe;

- MaTeMarl4rlecKat MoAenb npoqecca cyrxKr{ ceM.f,H panca B arrlapare c 3aKpyqeHHbrM rro-
ToKoM TenJroHocr{TeJrr r4 CB9-eneprorroABoAoM;

- MareMarllqecxat MoAenb paclpeAenenus noreft cxopocreft TenJroHoclrrers, v rpeql,rxr.r B

rlunr4HlpoKoHu.{ecroft cyruu:mnoft KaMepe ;

- MareMarr.rqecKar MoAeJrb fipouecca cyrrrKpr Apo6HHbr rrocnecnnprosofi :epnonoft 6ap,urr
B arlfiapare c 3aKpyqeHHbIM noroKoM TerrJroHocrdrers n 6e:pasuepHoM KpzrepuurnbHoM Br;rAe.

Paspa6oraHo MareMarllqecKoe orrllcaHue [poqecca ABr.rxeHr4f, Ar4cnepcHoro [poryxTa B

KoJIbIIeBoM KaHaJIe euxpenofi KaMepbr, ycraHalnlrBaroqee cB.r{3b Mexly srrcorofi KonbrleBoro Ka-



Ha.JIA V MI'IHI{MaJIbHbIM paCXOAOM TenJrOHOCr4TeI-fl r{ OnpeAenrrcIllee MOMeHT yHOCa qaCTprrlbr r43 Ka-

Mepbr rrocJre Bbrcyur.rBaHrrr ee B gneKTpoMarH'rTHoM none cBrI.
Paspa6oranbl KoHer{Ho-pa3HocrHbre cxeMbr Antr qucneuHofo r4HTerpnpoBaHr4fl ypaenenufi

au$$y:uonno-(funrrpauuonrioft MoAenr.r A.B. JIrmoBa c corpqxeHHbrMr4 rpaHr,rqubrMr4 ycnoBr.rr-

Mu, c noMolrlblo Koropbrx non) {eHbr Ar,rHaMr,Iqecxlae pacnpeAeJreHr,rr noleft TeMrreparypbr, BJraro-

COAepXaHu.t{ I,I AaBJIeHLIq, IIO3BOJISIOUIUe OnpeAenl4Tb BII,IsHue I4x CTpyKTypbI Ha KI4HeT[IKy tBJ]e-

ttuit ilepeHoca B rlpoqeccax cyrxKpr B 3aKpyr{eHHoM noroxe renJroHocnTeJrff c CBr{-
9HepfonoABoAoM.

Pa:pa6o'raHbl rpofpaMMHo-rorr{ecKlre anropktrMbr (fynxquowrpoBaur.rr cr4creM yrrpaB-

JIeHLI' rexHOJIOrUqeCKUMu rrapaMeTpaMr{ fipoqecca cyrrrKr{ B annaparax c 3aKpyqeHHbrMpr rroroKa-

Mr4 TenJroHo cr{TeJrr c r4cnorb3 oBaHr4eM Mr.rKponpoqeccopH ofi TexHr4Kr4.

ilparrnuecKafl 3HaqltMocrb rr peaJru3auuq pe3yrbraroB pa6oru
Onpegenenu u o6ocnoBaHbr parllroHanBHbre rexHorofuirecKue pexr.rMbr npoqecca cyruKr4

ceM.f,H aMaparTa, parlca, pacroponur4, rpeqrrxr4 lr Apo6prnrr nocnecnfiprosofi sepnonoft 6ap.qu n

3aKpr{eHHoM IIOTOKe TerrJrOHOCr.rreJrq, a TaKXe c [pr.rMeHenpreir,r cBq-3HeprorroAno4a. Paspa6oran
KoMTIJIeKc 3KcnepI,IMeHTaJrbHbrx creHAoB, geftc:rnyrorurrx MaKeror, npu6opoB r4 MeroAtrK rlrs. vtc-

cneAoBaHl4s rrpotleccoB aHTeucr.rBHoro o6egsoxunanv.s. AkrcrrepcHbrx rrpoAyKToB B 3aKpfreHHoM
NOTOKC TETINOHOCI4TEJI'.

Paspa6oraHa rlporpaMMa AJIx 3BM (cnnAeremcreo PocnareHTa o foc. perr{crpauuu
Ns2015615868) u npofpaMMHo-rofuqecKlre anropuruu (narenr P(D J\bl.lb 2290583, 2547345 u
2239138) (pynxquonupoBaHl;Is cr{creM, rro3BonsrcilIue o6ecneqr.{Tb MHoroKaHaJrbHoe MHoro}?oB-
HeBoe yupaBneHple I4 nonyqarr rorosrrfi npoAyKT BbrcoKoro Kar{ecrBa 3a crrer orrrr,rMr43aur4l4 Tex-
HOJIOTI4TIoCKI4X IIapaMeTpOB IIpOUeCCa CyrrrKlr Ar40rrepcHoro MaTepr,rana B 3aKpyr{eHHoM rroToKe Ten-

ronOcprrers.

C qeluo noBbIIrreHHr s$$exrzBHocrr4 npoqecca cyirrKr{ H o6ecne-{eHraff pecypcoc6epe-
xeHut paspa6oranu: cnoco6 aBToMarr.rqecKoro ynpaBneHvs IlpoqeccoM cyrrJKr.r 4ucnepcHrrx Ma-

repllanoB B BLIXpeBoM pexLIMe (narenr PO Ns23357I7), cnoco6 aeroN,raruqecrofo ynpaBneHr4s

npoqeccoM cylxKu rIoJII4AVcnepcHbrx MarepuanoB Bo B3BerrreHHo-3aKpyrreHHoM cloe (nareHr P(D

Ne2340853), cnoco6 aBToMarl,{qecKofo ynpaBneHu{ rrpoqeccoM cyrrrKlr A}rcnepcHbrx MarepuanoB B

3aKpyqeHHoM rloroKe rerrnoHocurens c CBr{-eneproiloABoAoM (nareur PO N2547345), cnoco6
aBTOMaTLIqeCKOIO ynpaBneHuq npoueccoM cylrKr4 AraclepcHbx MaTepr.ranoB c peqprpxylxquefi
rerJroHoclareJlx B anrlaparax c axrnnnoft rr,rApoAr,rHaMNnoft (nareur P(D Ns2350866).

llpoeel€n 3K3ererl,Iqecxuft auall43 rrpouecca cyrxKt4 B 3axpfreHHoM rroroxe, cBr4AereJrb-

crnytoqufi o repMoAI{HaMLIvecKoM coBeprxeHcrBe paspa6oranHbrx cnoco6on npou:eogcrna. Bu-
noJIHeHbI pacqerbl n pa^:pa6otaHa KoHcrpyKTopcKaq AoKyMeHTaUVs. Ha cyu?rnKr,r co B3BerrreHHo-

3aKpyqeHHbrM crroeM BCX-300, BCX-1000 (uarenr PO J\e2338981).

Paspa6omnbl pecypcoc6eperarorurre MarrrlrHHbre rexHonon4r4 KoMnrtercroft uepepa6orru
o6terros uccneAoBaHllfl: TexuoJron4qecKas. rprnr4s.6emoeo-suraMr.rHHofo KopMonpoAyKTa r.r3 rro-
cnecnl{proeofi sepnonofi 6aplu (narenr PO Ne 2307I55), cuoco6 6esorxo4iroft uepepa6orxu ce-
MtH aMapaHTa I4 TexHorofrqecKarr ilrrHvrs. Anq ero ocyuecrBnenur (narenr PO Ns2426713), rex-
HonoruqecKar lrprHlrs.6esorxoAHofi nepepa6orKr. ceM{H panca (narenr PO 11b2494141); npoeege-
HO I4X CT4CTeMHOe npoeKTlrpoBaHr.re.

PearrsoeaHbl rlllueH3rzIz (.uoronopsr }lb PA 0065317 or 03.06.2010 r.,Jrlb Pn 0076125 or
04.02.2011 r., Jrlb PA 0068245 or 10.08.2010 r., N PA 0119399 or 21.02.2013 r., JI.A. Np 27110
(HOy-XAY> or 20.08.2010 r.) na npaBo I4cnonb3oBaHr,rr LrHrenneKryanbnofi co6crBeHHocrr4



upeAnprqraflM.rr OOO <AnaHrapA)), OOO <Tr.rrponufi opex)), OOO <KopMonpoAyKr>, OOO
<3ueprnr llpnpogu>, OOO <Texunuaur> ro rrarenrau P(D na uso6pereHprr Nsl"lb 2312280,
2327 09 5, 2338981 u 2425311.

flolyrennrre pe3ynbrarbl Ircnonb3)'rorcq e yve6nou [poqecce B KatrecrBe Marepr4urnoB
KypcoBoro u .qlrrrJroMHoro npoeKTr.{poBaHr4r.

Crpyxrypa.u o6rdtr pa6orsr
{ucceprauut cocrollT I,I3 BBeAeHI,If,, BocbMr4 rrraB, ocHoBHbrx BbrBoAoB r4 pe3ynbraroB,

cnl4cKa nureparypbl z rlpl4noNenufi. Pa6ora pI3JIoxeHa :rra345 crpaHr4Uax MaIrrr4HolucHoro reKcra,
coAepxl{T 298 pucyYKoB I4 55 ra6nraq. Cnucor nr4repar}?br Bxrroqaet 252 Har4MeHoBaHr.rr, B ToM
r{I'IcJIe 36 sa LIHocrpaHHbIX q3brKax. llpunoNeHr4s K Azcceprarlr4t4 rrpeAcraBJreHbr sa 133 crpaHr.r-
uax.

Bo nnegennrr oxapaKTepll3oBaHo coBpeMeHHoe cocro{Hr4e npoueccoB cyrrKn rrr4rrleBbrx

Al4cnepcHbrx npoAyKToB, o6ocnonaHa aKTyanbHocrb reMbr Ar.rcceprarluonnofi pa6oru, Ha1n{Hafl

HO Br{3Ha r4 npaKTr4qecKas 3H aquMocrb BEIno JrHeHHbrx uccle,qonauufi .

B uepnofi rJraBe cl4creMarl43l{poBana rantpoprr,raquq o coBpeMeHHoM cocrorHr4r4 TexHr4Kr4

cyIIrKI{ AIlclepcHbIX npolyKToe, cuoco6ax v afirraparax AJrs rrpoBeAeHr4q npoqecca cyruKr.r c r4c-
rIoJIb3OBaHI4eM 3aKpr{eHHbIX TIOTOKOB TerrJroHocr4Tetrr, fr4ApoAr4HaMr4Ke annaparoB c 3aKpr{eHHbr-
MI'I TIOTOKaMI,I TeIIJIOHOCuffenfl; paccMorpeHbr ocHoBHbre Bo3MoxHocrr,r coBep[reHcrBoBaHprfl lr trB-
rencu0uxaquz [poqecca cyIxKI4 H co3AaHHr errcoroes(feKTlrBHoro cyrulrnbHoro o6opyaoBalrrfl;
paccMorpeHo B3al4MoAeftcreue MLIKpoBonHoBbrx gJreKTpoMafHr.rrurx nolefi c rrr4rrleBbrMr4 npoAyK-
TaMu. HarrcnonaHlal,I [poBeAeHHofo a*aJrkrga csopuynupoBaHbr uenb 14 gara.rtv Ar.rcceprauuosnofi
pa6oru.

Bo nropoft rJraBe rlpeAcraBneHbl ocHoBHHe csoftcrsa ceM{H aMapaHTa, palca, pacroponrxr4,
fpet{uxu Id APo6ptrrt fiocnecrplproeofi sepHoaoft 6apau rar o6rerroB cyrrrKr.r. Irlccle4onanu SusH-
KO-MeXaHI4rIeCKLIe, reuoQusnqecKlre, e:rexrposu3r4trecKlre csoftcrsa. PaccrvlarpeHbr pe3ynbrarbr qc-
cneAoBaHI'Is $oprur cBq3I4 BJIafI4 MeroAoM auQsepenqrranlHo-TepMuqecKoro 14 TepMorpaBr,rMerpr4qe-
cKoro aHanr.I3a.

B rpersefi rJraBe npeAcraBneHrl pe3ynbrarbr r.rccJreAoBaHrzft rrarpoAr4HaMgKr,r r,r Kr.rHerr.rKr4

cy[IKI4 Apo6unu nocnecll4prosoft:epnorofi 6aparr B 3aKpyqeHHoM rroroKe renJroHocr4TeJr.rr.

B pesynsrare uccneAoBa:auit 6svtu onpeAeneHbr parlr.oHanbHbre pe)Kr4Mbi npoqecca cyrrrKpr
.upo6uuu rocnecrll4pronoft sepnonoft 6apau B 3aKpyqeHHoM rroroKe rennoHocLrre1rq.

Pa:pa6oraHa MareMarur{ecKatr MoAeJrb flpoqecca cyrrrKrr Apo6unsr nocnecnr4prosofi 3epHo_
noft 6aparr B arlrrapare c 3aKpyqeHHbIM rroroKoM TerrnoHocr.rreJrr, [peAcraBneHHiur e 6espa:rvrep-
HoM KpLITepI4anbHoM BlrAe, I,I co3AaHo rrpofpaMMHoe o6ecneqeHpre, rro3BoJr.firoruee npoBecrpr -qfvc-

resnufi pacqer rerrJro- u rr,raccoo6lreHHbrx uolefi.
llpunegeno KoM[JIeKcHoe uccneAoBaHr4e KaqecrBa ,upo6r.rnu nocnecnr4proeofi sepHonoft

6apAsr, BbIcy[IeHHoft so B3BeIIreHHo-3aKpyr{eHHoM cJroe. O6rexr uccneAoBanr.i no opraHorelrr,rqe-
OKI{M, Qu:uro-xuMl,IqecKuM noKa3areJr.[M, rlo cocraBy aMlrHoKlrcJror r,r rroKa3aretrrM ToKcr4r{Hocrq.

B uereeprofi rJraBe rIplIBeAeHbI pe3ynbrarbr uccreAoeaHuft rr4ApoAr4HaMr4qecKr4x 14

KLHOTI'Iq9OKI'IX 3aKoHoMepHocre[ upouecca cyruKr.r ceMrH aMapaHTa Bo B3Berr]eHHo-3axp)qegHoM
CJIOe.

B pe3ynbrare uccleAonanufi n4ApoAr.ruirMt4Kr.r B3BerxeHHo-3aKpr{eHnoro cJror ceMrH
aMapaHTa 6rrlu ycraHoBneHbr cKopocrr.r, [epenaAbr .4aBJreHHr, yAenbHarr Harpy3Ka ceMrH,
rIo3BOntrc[II4e peaJII,I3OBarb pIHTeHCUeHbIft B3BerrreHHo-saxpyveril$rft cloft B Cyrlr{JrbHoM
ail[apaTe,



tr4sy.reno BJII,IIHI{e reMrreparypbr rerrJroHocr.rreJrr, coorHorrreHr4r oceBoro u o6rqero
pacxoAoB TeTIJIOHOCI4TeJI', yrna oTKJrOHeHr4r 3aKprrr4Baroqero noToKa TenJIoHocprTeJIs oT
TaHfeHuI4aJIbHoto noJIoxeHI,Iq B BeprlrKanrnofi nlocKocrr{, yrna orKnoHeHr.rr 3aKpyrrl4Barorlero
noroKa rerIJIoHocI,ITer.g or raHfeHrlr4anbHoro rroJroxeHr,r{ B roprr3oHTalrsoft rrJrocKocrr,r Ha Kr4He-

Tr4Ky CyruKr.r ceMqH aMapaHTa.

B pesynrrare MHofoSaxropHoro crarr{crrrrrecKoro a:e'anrtaa ilpouecca cyrnKu ceMqH aMa-

paHTa rlonrreHbl ypaBHeHpltr pefpeccr4r{, aIeKBarHo onr4cbrBrrroq}re npoqecc cyrrrKr4 [o.4 Brr.rqHpreM

lrccneAyeMrx $axropoB r.r rlHxeHepHbre HoMorpaMMBr rnq onpeAeneHprq pexraMHbrx [apaMerpoB
I]pouecca, pe[reHa oIITr.rMr43aqr4oHHas 3a.{aqa.

Paspa6orana lI aKcnepLIMeHTaJrbHo anpo6upoBaHa MareMaruarecKaq MoAenb Ar.rHaMprr{ecKo-

fo I43MeHeHus nolefi TeMneparypbl LI BnarocoAep)r(aHr{r B ycnoBr.tfix collpqxeHHoro rerrnoMacco-
o6uesa B rrpoqecce cymrn ceMsH aMapaHTa Bo B3BerrreHHo-3aKpyrreHHoM cJroe, rro3Bonqrcuaq
[poBoAI4Tb oIIeHKy cKopocrll ABr.rxeHr.rs rerrnonocr.rreJrr B rlunr4HAp[qecxofi o6lacru cyrrrr4nlHofo
artnapaTa,

Ilpune.qenu pe3ynbrarbl KaqecrBenirofi oqenKr{ aMapaHToBofo MacJra, [onr{eHHoro r43 ce-
MRH, Bblcy[reHHbrx Ha 3rcrleplzMeHTaJrbHofi ycranonre. flolyuenHbre pe3ynbrarbr iloATBepxAaror
coxpaHeHve 14 ynyqueHlze KarrecrBeHHbIX rroKa3arenefi auapanroBoro MacJra Ha ypoBHe, coorBer-
crByroqeM .ueft creyroqeMy rexHonoil.rqecKoMy pernaMeHTy.

flqraq rJIaBa nocBtlrleHa reoperuqecKr4M 14 oKcneplrMeHT€rJrbHbrM HccneAoBaHr4{M Kr.rHe-

TI,rKI4 npouecca cyIrIKI4 ceM;{H panca n CBH-nole B arrlapare c 3aKpfreHHbrM noroKoM TerrJroHocu-
TEJIS,

I'lccreAoeaHo BJILITHLIe ocHoBHbIx (paxropoB Ha Kr.rHerr{Ky cyrrrKr{. B pesynrrare crarr.rcrt4-

'{ecroft o6pa6orxu 3KcnepLIMeHTaJrbHbrx AaHHbx [onyqeHbr ypaBHeHr{r perpeccufi, rro KoropbrM
rlocTpoeHbl I,IHXeHepHbIe HOMOfpaMMbr, a TaKXe rrocTaBJreHa r4 perrreHa 3a4aqa oIITr{Mr43aIIrM.

Pa:pa6oraua MareMarl4rlecKatr MoAenb npoqecca cyrrrKr.r ceMqH parrca B an[apare c 3aKpy-
qeHHbIM noroKoM TeIIJIoHocI{TeJIs r.r CB9-eneprorroABoAoM, no3BoJrrroqar lpoBoAr.rrb Bbrqr.rcru-
TeJIbHbIe 3KcrIepLMeHTbI no oirpeAeneHrrlo HecrarlproHapHbx nolefi BnarocoAeplnanns., TeMrrepary-
pbr r{ AaBneHI4fl, c Uenbro ycraHoBneHtls, vx crpyKTypbr r,r B3ar.rMoBJrnslJ,trs..

llpone4ena KoMrIneKcHas orIeHKa KaqecrBa ceMru panca. YcraHoereHo, irro CBr{-cyurxa n

anrrapare c 3aKpyqeHHbIM rloroKoM TennoHocr,rrenr o6ecueqpreaer cHr4x{eHr,re KLIcJrorHofo u [epe-
KI4cHoro qlIceJI pancoBofo MacJra, He BJrlrrer Ha cyMMapHHft cocras ar4rrHoKr,rcror, a coAepxaHr{e
BI'ITaMIIHa E n cerr,reHax paflca, BblcyrxeHHblx no [pelnaraeMofi rexnolorprrr, HecKoJrbKo BbrrrIe, qro
o6ecnequnaer rroBbrrrreHl,re aHTr.IoKcr4.rIaHTHoft ar<runHocrrz.

B ruecrofi rJraBe npercraBneHbl pe3ynbrarbr reoperraqecKr,rx rr 3Kcnepr,rMeHTa;rbHbrx r4ccJre-

AosaHlafi npouecca cylrrKla ceMsH pacroponur{ B BuxpeBofi ratrepe c CBr{-sneprorrolBoAoM.
flpelnoxena MareMarllqecKat MoAenb rrpoqecca ABr4xeHr4q ArzcrrepcHoro npoAyKTa B KoJrb-

IIeBoM KaHane nuxpenofi KaMepbI, ycraHaBnr.rBaroqa{ cBr3b Me)KAy sHcorofi KoJrbrleBofo KaHaJra H
MLIHI4MtIJIbHbIM paCXOAOM TerItIOHOCr.rrerq u olpe.4enrrcluar MoMeHT yHoca qacrr,Illbr r{3 KaMepbI lro-
cne BbrcymprBanvs. ee B none CBII.

B pesynmare crarrcrllqecroft o6pa6omu gKcnepr.rMeHTilnbHbrx AaHHbrx rroJrfreHbr ypaBHe-
HI4{ perpeccu}I, aAeKBarHo orlncbrBaroulr4e npoqecc CBtl-cyrirxr4 ceMfiH pacroponmn n nuxpenofi
KaMepe rIoA BJrt4f,HLIeM LIccJIeAyeMbrx (paxropoe. llo perpeccproHHbrM MoAenrM fiocrpoeHbr t4HXe-
HepHbre HoMorpaMMbr, a raK)r(e [ocraBnena r4 perxeHa 3ara'cra onrl,IMr43arluz. ycranoBJleHbr pauuo_
HaJrbHbre [apaMeTpbr rrpoqecca.

llponeAen cpaBHl4Tenbrutfi anaru3 KaqecrBeHHbrx rroKa3areJreft ceugn pacroponmr4, Bbrcy-
IIreHHbx Ha SKcnepI4MeHTiuIbHoft ycraHoaKe KoHBeKTT{BHIrM cnoco6otr, a raK)r(e B coqerar{rru c



CBrI-sHepronoABoAoM. YcranosreHo, lrro ceMeHa coorBercrByror ycraHoBJreHHbrM rpe6onauuxrrr, a

KT4CJTOTHOe r4 nepeKI4CHOe qrrcJra MaCJra paCTOpOIIIIIU ynr{IIIUnId CBOLI rroKa3aTeJrr4.

B celnvrofi rJraBe rrpprBeAeHbr r,rccneAoBaHr4q npoqecca cyrrrrrr ceM.r{H rpeqprxu B annapare

c 3aKpyqeHHbrM rroToKoM TenJloHocr.rTentr.

Paspa6oraHa MareMarr.rqecKar MoAenb pacnpeAeneHr,rq rtorefi cxopocreft renloHocarelrs. pr

fpeql4xll B ul4nl4HApoKoHr.rqecKofi cyruumnoft rauepe, no3Borsrcrqas BbrrrrrcJrr.rrb rcoe(p(puquenrur

TerIJIo- 14 MaccoorAarrr4 or rroBepxHocrl4 qacrl4ubl K TenJroHocr4TeJrro. C noryuenuofi uareuarur{e-
cxoft uoAenbro npoBeAeHbr BbrrrucrureJrbHLre gKcneprdMenru. Pa:pa6orannaq MareMarl4r{ecKat

MoAenB I,I nporpaMunoe o6ec[er{eHl{e rro3Bon{Ior aHanr43r,rpoBarb BJrr,rrHr4e pa3nirr{Hbrx napaMer-

poB Ha rrpoqecc cyrrrKlr.

Ycranoereno, Btllrgnr,re reMrreparypbr rerrJroHocl,rreJr.r{, pacxoAa ranreHrlr4aJrbHo

rIoABo.UI,IMoro noroKa renJroHocr{TeJrf, Lr coorHorrreHnfl. g.uaMerpoB KoHr,rqecxoft qacrr4 Koplyca Ha

KI4HeTlrKy CyrrrKr4 ceMqH fpeqfixH B anlapaTe c 3aKpyqeHHbrM rroToKoM TenJroHocuTels.

B pe3ynbrare crarucruqecroft o6pa6orxu gKcrrepr4MeHTaJrbHbx AaHHbrx rtoryrreHbr

parllroHanbHbre pexr.rMbr rrpoqecca.

B socrMoft rJraBe npr4BeAeHbr pa:pa6oranHbre pecypcoc6eperaroulr4e Marrr[HHbre rexHoJro-

fI4I4 KoMnrrercnoft nepepa6orru o6rerroB r.rccneAoBaHr.rr: TexHoJrofuqecKas rmnrrs. 6elxono-
BI4raMLIHHofo KopMonpoAyKTa Lr3 nocJrecrupronoft sepuoeofi 6apArr, cnoco6 6esorxoAHofi nepe-

pa6omu ceMfu aMapaHTa 14 TexHoJlorr4qecKuur Jruukrs. Anr efo ocyrqecrBneHns, TexHonon4r{ecKarr

IrvtHvts.6esorxoAnofi nepepa6orKlr ceM.rrH panca; [poBeAeHo r,rx crlcreMHoe npoeKTr.rpoBaHr.re.

Paspa6oranbl BblcoKoeS(fenrunnbre cyruunbHrre ycraHoBxr4 c 3aKpf{eHHbrMLr rroroKaMpr

TerlnoHocffTeilt, cnoco6sl ux aBToMaTl{qecKoro ylpaBneHr,rq u [pofpaMMHo-rorfir{ecKr4e aJrfopr4T-

nru QynxqnoHupoBaHl4t cl4creM yrrpaBneHprf, TexHoJrorr4qecKr4Mr4 napaMerpaMr{ npoqecca cymKr4 B

antrapaTax c 3aKprIeHHbIMLI noToKaMlr TerrJroHocr4TeJrr c r4crroJrb3oBaHlreM Mr.rKporrpoqeccopHofr

TeXHI4KH. llpe4crarreHbr pe3ynbrarbr gK3ererrrqecKoro arTurv3a rrpouecca cyrxKn e nnxpenoft xa-
Mepe c CB9-euepronoABoAoM.

llpune.uen nosrrft cracreltrurfi KoHrlenryanrnrrfi noAXoA K co3AaHr{ro pecypcoc6epera}oqr4x

MaIIrI,{HHbrx rexHonorr4fi cyuxu Ar{clepcHbrx npoAyKToB B 3aKpyqeHHoM lroroKe rennoHocr,rreJrr B

paMKax peanr43arlur4 nocraBJrennofi qeln v sa4aq pa6oru.
BrrnoArr orpaxalor ocHoBHbre pe3ynbrarbr Ar{cceprarluornrofi pa6oru.
B upu;roxeHl{I{ nplrBeAeHbr Mareprranbr, rroATBepxAarourre npaKTr.rqecKoe BHeApeHr.re pe-

3ynbraroB pa6orrr.

llyd.nnxaqun
flo uarepnaralr pa6oru ouy6ruKoBaHo 120 pa6or, B ToM qr4cJre 4 naonorpa$nu, 35 crarefi

B )KypHanax, peKoMeHAoBaHHbrx BAK PO, nonfreH 21 narenr P@ na u:o6pereirns u I cBr4Aerenb-

crno PocuareHra o perr{crpauuu rporpaMM Anr 3BM.

CoornercrBrre aBTopeQepara ocHoBHbrM rtoro]KeHusM.

Anrope(fepar noJrHocrbro orpaxaer co.{epxatue Arrcceprarlr4r4 ra o(popnueH B coorBer-
crBvrv c rpe6oeanprflMtr BAK.

3aueqanr.rq K Aucceprauu[
1. Anropy cneAoBirno 6sr raxxe paccMorperb B Ar.rcceprar{r4r4 HeKoropbre MoMeHTbr, Kaca-

rolrll4ect ynaBnLIBaHHr MeJrKoAprcnepcHEx qacrrlrl npoAyKTa, yHocr{Mbrx orpa6orannbrM cyrlprnb-
HbIM areHTOM, TaK KaK yCTaHOBKLI C BlIXpeBbrM ABr.rXeHr4eM MaTepl4ana H TefrJroHocr4TeJrr sBJlgroTctr



MOIrIHbrMr4 rrbrJref eHeparopaMr4.

2. [Ipu r4cnonb3oBaunv ypaBneHufi, [onyqenHbrx c noMorrrrrc perpeccr4onHofo a:r'urn3a,

Moryr Bo3Hr4KHyrb ctroxHocrtr v3.ta pa3MepHocrr4 rrr4cJreHurx xoeS(furlr4eHToB. Bonee npaBr{nb-

nrru 6rrno 6rr nrrpa-:urb ypaBHeHua n 6e:pasMepHoM Br4Ae.

3. Karnrvr o6pasonr ycraHoBneHbr ofpanr4qeHr.(q Ha reMneparypurrfi pexr4M rrpoqecca cyrrrKr4

o6rexron uccneAoBanuft, o6ecnequBarounfi coxpannocrb Kar{ecrea roroeofi npo.uyruuu?

4. B pa6ore cneAoBano 6u npunecrr,r p€KoMeHAarIuu no rpaKrnqecKoMy I{ctloiIb3oBaHuro

paspa6oranHsrx rporpaMM Anq 3BM.
5. B pa6ore Bcrpeqarorcr crr.rJrucrlrqecKue Heror{Hocrr4 r,r oreqarxpr.

llpune.u€nnbre 3aMerraHvs, Hvr e xoeft Mepe He cHr4xaror o6rqefi nolro)KlrreJmnofi oqenxu

Ar4cceprauraonnoft pa6orrr, BbrrroJrHeHuofi na BbrcoKoM HayrrnoM ypoBHe.

3arcnro.renue

fluccepraqrroHHar pa6ora Xypaerena Arerces Bra4uvurpoBr.rqa <Hayunoe o6ecneqenue u

pa:pa6orra pecypcoc6eperarouux Marrrlrnnbx rexHo.rrorufi cylrxr{ Ar{cnepcHbrx rrpoAyKToB B 3a-

KpyqeHHoM rroroKe rennoHocr{ren.a (reoplrfl, TexHr{Ka, ynpaBnenze)> npeAcraBnser co6oft caMo-

crofiTeJlbHoe H 3aBeprneHHoe HayqHoe EccneAoBanr.re, o6la,qaer BHyrpeHHI,IM eAHHcrBoM, gBJlgerc.rr

uayurioft xnaru(purauuonnofi pa6orofi Ir cBr.rAerenlcrByer o rurrHoM BKnaAe aBropa B HayKy, a

Taxxe co.qepx{r4T Haf{Ho o6ocnosaHHbre rexHr,rqecKr.re 14 TexHoJroruqecKue pelreHr4r, BHeApeHrde

Koropblx BHecer cyrqecrBeHHrrft sKraA B pa3Br4Tr4e reoprrr4 Lr rrpaKTr,r([ ilpoqeccoB cyrirKrr nr4rrle-

Boro pacruTeJrbHoro cbrpbr. [r,rcceprauu{ coorBercrByer nacropry crrequaJrbHocrpr 05.18.12 -
<flp oqeccrr u arrn aparbr nurrleBbrx [por,r3BoAcrB ).

Pa6ora aKTyaJrbHa, pe3ynbraru y6egurerrbHbr, BbrBoAbr orpaxaror nonyr{eHHbre Haf{Hbre

AOCTVXeHr4'.

,{uccepraqrroHHaq pa6om r4Meer cyr{ecrBeHHoe 3HaqeHue rnfr nsruenoft [poMbrrlneHHocrr4

Lr coorBercrByer rpe6oaannqlr n. 9-10 <floloxesus o [opqAKe rpucy)Kpe:avs. yrreHbrx creneHefi>,

npe4rxureMbrM BAK PO K AoKropcKr4M Aracceprarlr4sM. Anrop Ar.rcceprarluossoft pa6oru sa-

cnyxr{Baer rrp}rcyxAeHr4tr yueuoft creneHr{ AoKTopa rexnr4qecKr4x HayK no cnerlr4aJrbHocrr,r

05,18.12 - nllpoue"cbr r4 anilaparbr rrrrqeBbrx rpor{3BoAcrB).

OrsrIs paccMorpeH r4 yrBepx4en ua 3aceranvpr Yqenoro coBera (DeAepamnoro rocyAap-

crBeHHoro 6rcAxersoro HayqHoro yqpexrreHux <BcepoccHftcxnfi Hafrno-raccJreAoBareJncxuft un-

crl{ryr rexHorlofur{ KoHcepBr.rpoBaHr.rq) (OfEHy <BHZI,ITeK>) (uporonon Jrlb6 or 31 Nraq 2016 r).

Yq€nrrfi ceKperapb

A.C.-x.H.

A4pec: 1427 03, Mocxoncxaq

yn. Lfirconssas, r.78.
E-mail: vniitek@vniitek.ru
rer. (495) 541-08-92

o6nacrr, Jlenuncrnft pafton, r. Bu4noe,


