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OBIIAA XAPAKTEPUCTHUKA PABOTbBI

AKTyaJbHOCTh TeMbl. lcciienoBaHusi TEOPETHMUECKUX M MPUKIATHBIX MPoOIeM
TEIUIOMACCONEPEHOCa, CBSI3aHHBIX C  COBEPIICHCTBOBAHHMEM  JHEProcOEperaronmx
TEXHOJOTHM TEPMUYECKOW CYIIKH, HECMOTpsl Ha camMoe IIUPOKOE BHUMAaHUE U
JUINTEIBHBIA TEPUOJ pealu3ali 10 HACTOSIIEr0 BPEMEHHM [0 MHOTHM  acleKTam
OCTaIOTCS aKTyaJIbHBIMH 3a/ladaMH MPOMBIIIICHHON TeriodHepreTuku. C X perieHuemM
HEMOCPEICTBEHHO  CBSI3aHO  pa3BUTHE W KAYECTBEHHOE  COBEPILIEHCTBOBaHHE
BBICOKOO((EKTUBHBIX HKOHOMHUYHBIX TEXHOJIOTMM B I1EJIOM psJ€ COBPEMEHHBIX
IPOMBIIIUICHHBIX OTpacieil, BKJIOYas MHILNEBYIO MPOMBIIUIEHHOCTh, B YAaCTHOCTH, HJIsi
KOHCEPBHOTO IMPOU3BOJACTBA MUIICBON MPOMBIIIJIEHHOCTH B YHCIJIE MEPBOCTENEHHBIX IO
BOXXHOCTH CTOMT IMpoOjeMa KOMIUIEKCHOTO MCIOJIb30BAHUS CEIbCKOX035HCTBEHHOTO
ChIpbsi, 0o0Jiee TOJHOTO BOBJICYCHMSI BTOPUYHBIX MaTEpUATIBHBIX PECYPCOB B HAPOJHOE
norpebnenue. PanuoHanbHOE MCHOJIB30BaHUE TMOOOYHBIX MPOAYKTOB U OTXOJIOB
MIPOM3BOJICTBA SBIISETCS BAXKHEUIINM PE3EPBOM YBEITUYCHHS BHIPAOOTKH MPOAYKIUHU H
NOBBIICHHS ()PPEKTUBHOCTH IPOU3BOJICTBA B MUILEBON UHYCTPHUH.

[IpobGiiema coxpaHeHuUsI U MepepadOTKU TIJIOJIOBBIX KOCTOYEK, KaK IIEHHOTO ChIPhs
JUTS TIEJIOTO PpsAZla OTpacieil MPOMBIIINIEHHOCTH, PEIIaeTCs UX CYIIKON Ha TUI000BOIIHBIX
IPEITPUITUSIX.

HccnenoBanusm B 06acTi 00pabOTKH IJI0IOBBIX KOCTOUEK U MX SIAEP MOCBSIICHBI
Tpyasl yueHbix A.K. OnenuxoBoii, K.X. I'agypona, A.K. I'amkuesa. Mx ananu3z nokasadn,
YTO B HACTOSIIIEE BpEMs BOMNPOCHI 1O BBHIOOPY palMOHAIBHOTO crocoba u
COOTBETCTBYIOIIUX PEKUMOB CYIIKH KOCTOUYEK, C YYETOM MX CTPYKTYPHBIX OCOOCHHOCTEH,
HE PEeLICHBI.

VYiydienue mnokasareneil mporecca CyIIKM IUIOAOBBIX KOCTOYEK, B YaCTHOCTH,
COKpAIllEHHE pacxojia dHEPropecypcoB, MPOJOKUTENBHOCTH MPOTEKaHMs Mpoliecca, a
TaKK€  MOBBIIEHHME  KayecTBa  NPOAYKTa,  BO3MOXKHO  IyTeM  MPUMEHEHUs
KOMOMHUPOBAHHOTO crocoba ¢ wucnoiab3oBanueM uH@pakpacHoro (MK) narpeBa wu
BuOpaimonHoro BoznelctBus. [Ipu Takom crnocoOe TemnoBoi 0OpabOTKH JOCTUraeTcs
MakCUMajbHas TOBEPXHOCTh HWCIAPEHHs, PABHOMEPHOE HWMITyJIbCHOE HarpeBaHue
MaTepuaia, 4To MO3BOJSET UCTOIb30BaTh BBHICOKHE TEMIIEpPaTyphl, a TAKXKE BHICYIIHBAThH
MaTepHall JI0 HU3KoW octaToyHo# Biaxknoctu (1,7...5%).

AHanu3 W3BECTHBIX HAYYHBIX HWCCIIECJOBAaHHMM B  00JIaCTH  MPUMEHEHHS
UHPPaKpaCHOTO HarpeBa M BUOpAIMU MOKA3bIBAET, YTO MEXAHM3M HX BO3JCHCTBHUS Ha
CTPYKTYPY, PU3NKO-XUMUYECKYIO U OMOJOTHYECKYIO0 MPUPOAY MHOTOCIOMHBIX MUIIEBBIX
IPOAYKTOB BCE HE U3Yy4YeH. B 4acTHOCTH 3TO KacaeTcsi HarpeBa CJI0KHbBIX OMOKOJIIIOUTHBIX
MHOTOKOMITOHEHTHBIX CHUCTEM, K KOTOPBIM OTHOCSITCS M IIJIOJIOBBIE KOCTOUKH.

HccnenoBanusi MexaHu3Ma IEpeHOCa TEIUIOThl M BJard B IUIOJOBBIX KOCTOYKaX
MOKa3bIBAIOT Ha CIOKHOCTh 3TOTO Ipoliecca. AHATUTHUECKOE PElIeHrEe TaHHOW 3ajauH,
T.€. HAXOX/ICHUE JIOKAJIbHBIX 3HAUEHUHN TEMIIepaTypbl U BIAroCoJep:KaHusi KOCTOUEK MPU
UX CyIIKe HWH(PaKpaCHbIM HM3IyYEeHHEM B BHUOPOKHIIAIIEM CJIOE, CBS3aHO C pPEIICHHUEM
B3aMMOCBS3aHHBIX AP PEPEeHIINATBHBIX YPAaBHEHUH PACTIPOCTPAaHEHUS TEIJIOTHI U MACCHI.
Peanuzarus mOMy4YeHHBIX TPU OTOM pEIICHWH, IS CIy4aeB CYIIKA MHOTOCIONHBIX
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KallWJUIIPHO-TIOPUCTBIX TEJI, BBI3bIBAET OOJBIIME TPYJHOCTU U SIBISIETCS NMPAKTUYECKU
HEIPEOOJINMON.

[IpuBeneHHbIE COOOpPaXEHHsI CBHUJIETEIBCTBYIOT 00 aKTYaJbHOCTH TEMAaTUKH
JUCCEPTALMOHHOTO HCCIIEA0BAHNUS.

[lepcieKTUBHOCTD TpenaraéMoro KOMOMHUPOBAHHOTO CIOCO0A CYIIKHU TUIOAOBBIX
KOCTOYEK HH(paKpacHbIM H3Iy4YeHHEM B BHOPOKHILSIIEM CJIO€ U BHEAPEHHE €ro B
IPOMBIIIICHHOCTh TpeOyeT NoaydeHus (pru3ndeckoi MoJeNn Ipolecca Ha OCHOBE CUHTE3a
DKCIIEPUMEHTAJIBHBIX ~ MCCIEIOBAaHUM, YTO  ONpPENENseT  aKTyaJIbHOCTh  TEMBbI
JUCCEPTAllMOHHON paboTel. MccnenoBaHus MO3BOJSIOT NPEUIOKUTH PallMOHAIbHBIC
PEXKHUMBI CYIIKH U CO3/1aTh COOTBETCTBYIOIYI0 KOHCTPYKIUIO CYIIMIIBHON YCTaHOBKHU.

Hear wu 3amaum wucciaenoBanus. llenbio paboThl sBIAETCS HCCIEIOBaAHUE
KOMOMHHMpPOBAHHOI'O Tpollecca CYIIKM IUIOAOBBIX Kocrtouek MK-uznmyuenuem B
BUOPOKHUITALLEM CJIO€ U pa3pabOTKa CYIIMIIBHON YCTaHOBKH.

JUIst TOCTH>KEHUS TOCTABJIEHHOM 1€ HEOOXOUMO PELIUTh CIEIYIOUIUE 3aJaUH:

- MPOBECTHM HMH(POPMALMOHHBI 0030p HAYYHO-TEXHUYECKUX HCCIEIOBaHUI B
00J1aCTH TEMIOPU3UYECKUX MPOLECCOB CYIIKM BTOPUYHBIX PECYPCOB ILIOJOOBOIIHOIO
IPOU3BOJACTBA, B TOM WYHCII€ IUIOJOBBIX KOCTOYEK, [Jisi BBISBICHUS NEPCHEKTUB
pa3paboTKu pecypcocOeperaronmx TeXHOJIOTU;

- OCYLIECTBUTH TEOPETHUYECKOE OOOCHOBAHUE BIMSHUS NAapaMeTPOB BUOpaLUK Ha
XapakTep MEepeMEIICHNs IUIOJ0BbIX KOCTOYEK I10 BUOpPHpPYIOLIEH MOBEPXHOCTH KaK
(dakTopa, BIMSIONIETO HA TEPMUYECKYIO 00pabOTKy MPOIYKTa;

- pa3paboTraTh anmapaTypHO-METOAMYECKUHA KOMIUIEKC JUIsl  UCCIIEJOBaHMS
TEIO(U3UUECKUX U (UBNKO-TEOMETPUUYECKUX XapaKTEPUCTHUK, BIUSHUS IapaMETPOB
BUOpallMM Ha XapakTep BHOpOIEpeMEleHUsl, U3MEHEHUS! KUHETUKU CYIIKH IJIOJOBBIX
KOCTOYEK;

- OCYLIECTBHUTHh MOJEJIMPOBAHUE IIpolecca CYLIKHM IUIOAOBBIX Koctouek MK-
U3Jly4eHHEM B BHOPOKHMILAIIEM CJIO€ C NOPUMEHEHHWEM METOAAa IUIAHMPOBAHUS
NOJIHO()AKTOPHOTO IKCIIEPUMEHTA,;

- ompenenuTh Teriopu3nyeckue M (QU3HKO-TEOMETPUUECKUE XAPAKTEPUCTUKH
IUIOJIOBBIX KOCTOYEK B TPOLECCE CYIIKM C UENAbl0 TMOJYYEHHUS JMIUPHUYECKUX
3aBUCUMOCTEN TEIUIOBBIX MapaMeTPOB U COOTBETCTBYIOUIMX MaTEMaTUUYECKH MOJIETIEH;

- TPOBECTH SKCIEPUMEHTAJIbHBIE HCCIEAOBAHUS KWHETHUKHU BIJIATOCOJAEP)KAHUS U
TEMIIEpaTypbl B NPOLECCE CYIIKM IUIOAOBBIX KocTouek M ux saep MK-usmydeHuem B
BUOPOKHUITAILIEM CJIO€ B 3aBHCHUMOCTH OT IUIOTHOCTH TEIUJIOBOTO NMOTOKAa M IMapameTpoB
BUOpAaIuy;

- MIPOBECTH AHAJU3 BIUSHUS TEIIOYU3NUECKHUX MapaMeTpoB Mpolecca CYIIKU Ha
XUMHUYECKHE XAPAKTEPUCTHUKHU IOJYYEHHOTO Macjia W3 BBICYLIEHHBIX SAEp IUIOJOBBIX
KOCTOYEK;

- MIPOBECTH HCCIEAOBAHUS KOJIMYECTBEHHBIX 3aKOHOMEPHOCTEM MpOLECcca CYLIKH
IJIOJIOBBIX KOCTOYEK, Ha OCHOBE aHajIW3a JIAaHHBIX 3KCHEPUMEHTAIbHBIX UCCIEIOBAaHUM,
JUTsl ONIMCAaHUsI KOHBEKTUBHOTO TeruiomMaccoooMeHna npu Bo3zaeiicteun UK-nyueit;

- pa3paborath CocO0 M KOHCTPYKIIUIO MPOMBIIUICHHON YCTAaHOBKHM JI CYIIKH
IJI0JIOBBIX KOCTOYEK C YYETOM MOJYyUYEHHBIX SKCIEPUMEHTAIbHBIX TAHHBIX;
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- pa3paboTaTb MH)KEHEPHYI0 METOJIMKY IIPOEKTHOIO pacyera IPOMBIIIIEHHON
CYLIWJIBHON YCTaHOBKU C Hcnonb3oBanneMm K-narpesa u Bubpanuu;

- IIPOBECTHU BHEAPEHUE PE3YIBTATOB MCCICIOBAHUM B IIPOU3BOACTBO U ONPENCIINUTD
WX COIMATILHO-3KOHOMHUYECKYIO (P PEKTUBHOCTD.

OO0bekT wuccjIe0BaAaHMI — IIPOLECCHl TEIUIOMACCONEPEHOCAa B  TEXHOJOTHUAX
TEPMHUYECKOM CYIIIKHU.

IIpeamer ucciaenoBaHuil — MPOLECC CYLIKH IUIOAOBBIX KocTouek MK-uzmyuennem
B BUOPOKHITALLEM CIIOE.

Metoabl wucciaenoBaHusi. [lpu  BBINOJHEHUM  JUCCEPTALMOHHOM  PabOTHI
UCIIOJIb30BAIMCh METOJUKHU JUIsl OMpENeNieHUs TEXHOJOTUYECKUX M Teruiohu3n4ecKux
apaMeTpoB MPOLECcCa CYIIKU TUIOAOBBIX KOCTOYEK. JKCIEPUMEHTAIbHBIE HCCIIEI0BAHUS
OPOBOJMINCH,  HAa OKCIEPUMEHTAIILHOM YCTaHOBKE, CO3/laHHOM Ha 0aze kadeapsl
00OpyZOBaHUsI THUIIEBBIX MPOMU3BOACTB C TMOCIEAYIOMIEH 00pabOTKONH MOJyYEHHBIX
pe3ynbTaTOB.

B xone BbmosiHeHHA pabOThl NMPUMEHSUIMCHh KOMIBIOTEPHBIE TEXHOJIOTHU: IS
CTATUCTUYECKOTO MOJICTUPOBaHuUs - TabnuuHbIi npoieccop Microsoft Office Excel 2015,
JUTSL BBITOJIHEHUS rpaduyecKoro Marepuana - npodecCHOHaIbHO HAlpaBlieHa IporpamMmma
AutoCad 2016, mis maTeMaTH4eckod OOpaOOTKM DKCIEPUMEHTAIbHBIX JTaHHBIX -
nporpamma MathCad, s aBTomMaTH3anMd BBOJA PE3YJIbTATOB OKCIEPUMEHTOB U
rpaduyecKoro Marepuajia - CKaHUPYIOIIUE YCTPOMCTBA M CHUCTEMOM ONTHYECKOM Oro
pacrio3HaBanus Fine Reader 8.

ITos10:keHMsA, BBIHOCHMBIE HA 3AIIUTY:

- MOJIeJb Tpoliecca CYIIKHU MI010BbIX KocTouek MK-nu3nmyuenuem B BUOPOKUIISAIIEM
clioe;

- aHauu3 OMIIMPUYECKUX 3aBUCHUMOCTEH TEIIO(PHU3NYECKUX XapaKTEPUCTHUK
IUIOJIOBBIX KOCTOYEK B 3aJaHHBIX JUana3oHax TeMIEparyp M BJIArocoAepX aHui M
CTATUCTUYECKUI aHAIHN3 (PU3UKO-TEOMETPUUECKUX XapaKTEPUCTHK;

- pe3yJabTaThl BIMSHHUS TapamMeTpoB BHOpanuu padoyero opraHa Ha XapakTep
NepeMENIeHHs] TUIOAOBBIX KOCTOUEK Kak (akTopa, BIMAIOIIETO HAa TEPMUYECKYIO
00pa0OTKy MPOAYKTA,;

- pe3yJbTaTbl MCCIEIOBAHWM KHWHETUKH BJArOCOACPXKAHUS M TEMIEPATYpPbI
npolecca CylIIky II0I0BBIX KocTouek U ux siaep UK-uznyduennem B BUOPOKUIIAIIEM €TI0
Y aHAJIU3 MOJTyYEHHBIX JaHHBIX;

- pe3yabTaThl BIMSAHHUS TEXHOJOTMUECKUX M TEIIOPU3NYECKUX [apaMeTpoB
npolecca CyIIKM Ha XUMHYECKHE XapaKTEPUCTUKH MOJTYYEHHOIO Maciia U3 BBICYLIEHHBIX
A/1ep TUIOJOBBIX KOCTOYEK;

- paspaboTka crocoba M KOHCTPYKIMHM MPOMBIIUIEHHON YCTAHOBKHU JI CYILIKH
IJI0JIOBBIX KOCTOYEK C YYETOM IMOJTYYEHHBIX SKCIIEPUMEHTAIBHBIX JAHHBIX;

- BHEJApPEHHE pEe3yJIbTATOB HCCIEAOBAaHUN B MPOU3BOJCTBO M HMX COLHUAIBHO-
sKoHOMUYecKas 3(HPEKTUBHOCTb.



Hayuynasi HOBH3HA OJIy4YeHHBIX pe3yJIbTaTOB.

1. Tlomy4yeHsl HOBbIE JAHHBIE O BIUSHUU TEXHOJOTMYECKUX U TEIUIO(U3MUYECKUX
napamMeTpoB  mpouecca  (MPOJOKUTENBHOCTH, TEMIIEpaTypbl,  BIAroCOAECpKaHUs,
IUIOTHOCTH TEIUIOBOTO MOTOKAa WMH(PAKPACHOTO H3IY4YCHHs) HA MHTEHCUBHOCTb CYIIKH
IUTOZIOBBIX KOCTOYEK; YCTAHOBJICHBI OOIIHME 3aKOHOMEPHOCTH Mpollecca B BUAEC KPHUBBIX
CYILIKH, CKOPOCTH CYUIKA M TEPMOIPAMM, XapaKTEpPHbIE JJI1 CYLIKH IUIOJOBBIX KOCTOYEK
IPU pagualliOHHOM TEIJIONOABO/E.

2. BmepBble momydeHa MoOJeNb Mpolecca CYIIKH —TUIOJOBBIX — KOCTOYEK,
CBA3BIBAIOIASL MPOJOJDKUTENBHOCTh CYIIKHM, IUIOTHOCTh TemioBoro mnortoka MK-
U3Jy4EHUS], HAYaJIbHOE BIIAroCOAEepKaHUe MPOyKTa U aMIUIUTYAY KoueOaHuM.

3. BriepBble U151 MIIOIOBBIX KOCTOYEK M UX AJEP ONPENCIIECHbl TEIIOPU3NYECKUE U
pAa  (PU3MKO-TEOMETPUYECKUX XApAaKTEPUCTUK U OCYIIECTBIEH HMX CTATUCTHUYECKUN
aHanu3. IlomydeHbl ypaBHEHUsT pPETpecCUM B BUAEC MYJIbTHUIUIMKATUBHBIX MOJEIIEH,
KOTOPBIE OMHUCHIBAIOT KOJMYECTBEHHYIO CBSI3b MEXY JUHEHHBIMU pa3MepaMu KOCTOYEK U
anep U ux oobeMoM. Ha oCHOBaHMM aHanM3a CTATUCTUYECKHUX OLEHOK CJI€JaHbl BBIBOJbI O
XapakTepe pachpeleneHus] OTACIbHBIX XapaKTEPUCTUK U TECHOTY CBSI3U MEXIY HHUMH,
UTPAIOIIME BAXKHYIO pPOJIb IPU OCYIIECTBICHUH MOJIEIUPOBAHUS IMpoliecca CYIIKU
IJI0JIOBBIX KOCTOYEK.

4. Tlomyywnn pa3BUTHE HayyHble TMpeAcTaBieHUs 00 3(p(exkTuBHOCTH
UCIIOJIb30BAaHUSI ~ KOMOMHUpPOBAHHOrO  mpouecca cymkun —  HWK-uznydyenus wu
BUOPALIMOHHOTO BO3JEUCTBUS C LIEJBIO MOJTYYEHHs] KaUECTBEHHBIX IOKa3aTeslel CYILKH
IUIOJIOBBIX KOCTOYEK M MX COCTaB/MIOMIMX. YCTAaHOBJIEHO, 4YTO IIPOLIECC CYLIKU
UCCJIETyEMBIX IIJIOJIOBBIX KOCTOUYEK 1€1eco00pa3HO MPOBOIUTH MPHU IIIOTHOCTH TEIIOBOTO
notoka MK-uznydenus B auamnazone 400...900 B1/M%, 9TO MO3BOJSIET JOCTHYb BHICOKOIL
MHTEHCUBHOCTH IIpollecca C COXPAaHEHHWEM KadecTBa Macia, COJAEpXaLIerocs B sSApax
kocTouek. [lomydensl ypaBHEeHUsI 00OOIIEHHBIX KPUBBIX CKOPOCTH CYLIKH, OMHUCHIBAIONINE
KOHBEKTUBHBIN TEIJIOMaccooOMeHa TMpU B3aWUMOJEHCTBUM TeruioBoro moroka WK-
U3ITyYEHHUsI HA POIYKT.

5. BriepBbie noJTydeHbl 3HAaU€HHUsI MaCCOOOMEHHBIX KO3(P(MULIUEHTOB U KPUTHUYECKUX
BJIArOCOAEPKAHUMN, XapaKTEPUIYIOIIUX MEPEMEILCHNUE BIaru BHYTPH IJI0JIOBBIX KOCTOYEK,
MO3BOJISIOLIME ONPEIETUTh HHTEHCUBHOCTD MPOLECCa CYIIKH.

6. BriepBbie ycTaHOBIIEHAa B3aUMOCBSI3b MEXAY TEIIIOOOMEHOM M MacCOOOMEHOM
IpU MOMOIIA OCHOBHOI'O KPUTEpHsl KMHETHUKM Ipolecca CyIIKH - KpuTepus PeOunaepa.
OnpeneneHbl 3HA4YEHHS] HM3MEHEHUs YIEJIbHON TEIUIOEMKOCTH, YAEIbHOW TEIIOTHI
UCHIapeHusi, TEMIIEPaTypPHOTro KO3(pPHUIMEHTa CYIIKU II0OBBIX KOCTOUYEK B 3aBUCUMOCTH
OT TEKYILETrO BJIArOCOAEPIKAHHUS.

IIpakTHYeckass 3HAYUMOCTH PadOTHI.

1. Pa3paborana wuHXeEHepHas METOAMKAa pacyeTa CYUIWIbHOH YCTaHOBKH,
NO3BOJISIONIAs ocymecTBiATh MIK-HarpeB npoaykra mpu UCIOJIb30BAHUM BEPTUKAIBHOIO
BUOPOTPAHCTIOPTUPOBAHUSI.

2. IlpemnoxeH HOBBIA CHOCOO CYHIKM H  pa3pabOTaHbl  KOHCTPYKIUU
MPOMBIIIUIEHHBIX YCTAHOBOK ISl CYIIKH IJI0JIOBBIX KOCTOYEK;

3. Co3naHbl M 3aMaT€HTOBAHbI CMOCOO CYIIKM M KOHCTPYKLMH MPOMBIIIJIEHHBIX
cymuiaok. HoBH3Ha TEXHMUECKMX PEIICHUM 3allMIleHa TpeMsl JIeKJIapalMOHHbIMU
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naTeHTaMu YKpauHbl Ha moJiesHyro Mozenb: Ne 95859, TIMK (2014) A 23 L3/005
«Croci6 cymriHHSA TIomoBuUx Kictodok», Ne 95857, ITIMK (2014) A 23 L 3/005
«Bibpamiitna pamiamiiina cymapka», Ne 21856, IIMK (2006) A23N 4/00, A23N 12/00.
«IIpoTrpanbHO-CyIIMIBHUY arapar.

CreneHbp J0CTOBEPHOCTH W ampodamusi pe3yabTaTroB. JlOCTOBEPHOCTH
MOJYYEHHBIX PE3yJIbTATOB OOOCHOBBIBAETCS KOPPEKTHOCTHIO TOCTABICHHOM 3ajlayH,
UCIIOJb30BaHUEM (PYHJAAMEHTAIBHBIX 3aKOHOB JYYHMCTOrO TEIUIOOOMEHA, W3BECTHBIX
3aKOHOMEPHOCTEN TEOPUH CYILKHU.

OCHOBHBIE ~ TIOJIOKEHHUSI  BBIIIOJIHEHHBIX  MCCIEAOBAaHWWA  JIOKJIA/bIBAJIKCh,
oOroBapuBainCch W ObUIM OJOOpPEHBI Ha: MEXIYHAPOJHON HAyYHO-TEXHHUYECKOU
koH(pepenuuu  «IIpobiieMbl  pecypco- U SHeprocOeperamImmx TEXHOJOTHH B
npombinieHHocTr U AIIK» (1. UBanoBo, Poccus, 2014 1.), VII MexaynapoaHoit HaydHO-
TEXHUYECKON KoHpepeHmn «HuzkoTemneparypHbie W muIiieBbie TexHoJlornu B XXI
Beke» (r. Cankt-IlerepObypr, 2015 r1.), Hay4dHO-TIpaKTUYeCKOW KoH(pepeHIuu
pernojaBareyeil 1 acCnupaHToB JJOHEIIKOro HallMOHAIBHOTO YHHUBEPCUTETE SKOHOMUKU U
ToproBiau uMenn Muxauna Tyran-bapanosckoro «IIporueccsl 1 000pya0BaHKE MUILIEBBIX
npousBoactB» (T. Jomenk, 2010-2016 r1.), MeXIyHapOIHOW HAYYHO-TEXHHUYECCKOU
koHpepeHuu «lloBeimenue 3¢pHEKTUBHOCTH MPOLIECCOB U allapaToB B XUMUUYECKON U
CMEXHBIX OTpacisX MPOMbINIUIEHHOCTH», (I. MockBa, ®I'BOY BO MI'VAT, 2016 r.),
MEXIYHAPOJIHOM HAayYHO-TEXHUYECKON KOoH(pepeHIuu “MamumHocTpoeHue u TexHocdepa
XXI Beka” (r. Cesactomnons 2016 T1.), MEXAYHApOAHOW HAYYHO-TIPAKTUUECKON
KoH(pepenuuu "SBNeHus mepeHoca B Mpoleccax MU anmaparax XMMUYECKUX M TMHUIIEBBIX
npousBoacTB» (Boponex, 2016 r.).

B mnomnHoM o0Beme auccepTaliMoHHas paboTa 3aciylIMBajach Ha HAyYHBIX
cemuHapax yHuepcuteToB JJoHHY DT um. M. Tyran-bapanosckoro, JJonHTY, TonHY.

IMyoankanuu pe3yabTaToB ucciaenoBanmid. [lo reme nuccepraruu omyOIMKOBaHO
29 Hay4yHBIX paboT, U3 HUX 5 craTel, Bxoasmux B nepeuenb BAK JIHP, 1 monorpadus u
3 maTeHTa YKpauHbl Ha MOJE3HYIO0 MOJEIb.

Ctpykrypa um o0beM auccepraumu. JlucceprainmonHass paboTa COCTOUT U3
BBEJCHUSA, TISATU Pa3liesioB, BBIBOJOB, CIUCKA HCMOJb30BAHHBIX HMCTOYHHUKOB U
npunokeHnii. OCHOBHOM TEKCT paboThl m3nokeH Ha 155 crpanumax, comepxkut 50
pucynkoB u 28 Ttabmur. CHHCOK HCIMOJB30BAaHHBIX HWCTOYHUKOB BKItouaeT 189
HAaNMMEHOBAHUM.

OCHOBHOE COIEP KXAHUE PABOTbI

Bo BBegeHnMu 000OCHOBaHAa aKTyaJbHOCTh TEMBI JHCCEPTAMOHHOW pabOTHI H
chopMyTUpPOBAHO HAIIPABIICHUE MUCCIICIOBAHUMN.

B nepBom pa3znesie nuccepraiuu «O030p ¥ aHAIN3 JTUTEPATYPHBIX UCTOUYHUKOB T10
nepepadoTKe BTOPUYHBIX CHIPHEBBIX PECYpCOB B  TMHUIIEBON  MPOMBIILICHHOCTI
PacCMOTPEHBl BOMPOCHI O CYIIECTBYIOIIMX HAMpPaBICHUAX HCIOJIB30BAHUS, CIIOCO0aX U
o0opyioBaHUsl [IJIsi TEPEepadOTKH BTOPUYHBIX CBHIPHEBBIX PECYPCOB ILIOAOOBOIIHOIO
MPOM3BOJICTBA.
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O6ocHOBaH BbIOOp 00BEKTA UCCIEAOBAHNN HA OCHOBE MOJTBEPKICHHBIX JAaHHBIX O
MOBBLIIIIEHHON MHUIIEBOM W OHOJIOTMYECKOW IIEHHOCTHU IUIOJOBBIX KOCTOYEK, OOOOIIEHBI
CBEJICHUSI O COBPEMEHHBIX CIOCO0aX CYIIKM M MPOBEACH aHallM3 OCOOCHHOCTEW CYIIKHU
KOCTOYEK, a TaKXe BBINOJHEH MOKWCK PalMOHAIBHBIX CIOCOOOB CYIIKH IIJIOJOBBIX
KOCTOYEK.

BrisiBiieHo, yTo Hanbosee 1eaecoo0pa3HbIM CIIOCOOOM CYIIKH MIOJOBBIX KOCTOUEK
siBisieTcs komOuHanusi MK-u3nydenuss 1 BUOPOKHUITSIIIETO CIIOS.

JlokazaHa HEOOXOIUMOCTh JAbHEUIINX TEOPETUUYECKUX U AKCIEPUMEHTAIBHBIX
WCCIICIOBAHUM BIUSHUS pa3IMYHbBIX mapameTpoB K- uznyueHust 1 BUOPOKUIISIIETO CIIOs
Ha KHHETUKY U MPOJOKUTEIBHOCTh CYLIKH IJIOAOBBIX KOCTOYEK, a TaKXe YJCJbHBIC
AHEpPro3aTpaThl U ONPECIICHUS PAlMOHATIBHBIX MAapaMEeTPOB MPOLECCa CYIIKH MIJI0I0BBIX
KOCTOUYEK C MPEAJIOKCHUEM KOHCTPYKTHBHOIO PEIICHUS amlIapaTroB JJisl MPAKTHYECKOTO
BHEJIPEHUSI UCCIIEIOBAHHBIX MTPOIECCOB.

Bo BTopom pasgene «OKCIEpUMEHTAIbHBIE YCTAaHOBKM UM METOJMKHU
UCCIICIOBAHUM» TPECTABICHBI OOIUME METOJUKH HCCICAOBAHUM: TEIIOPU3HUECKUX U
(U3UKO-TEOMETPUUYECKUX XapaKTEPUCTUK IJIOJOBBIX KOCTOYEK, TapaMeTpOB BUOpaIMu Ha
XapakTep MepeMEeIICHUs] MPOAYKTa, TEIJI0-MaccooOMeHa (CYIIKH) TJIOJIOBBIX KOCTOYEK
NK-nu3nyyeHueM B BHOPOKHUITAILEM CIIOE.

Onpenenenue kod(pdUIIMEHTa TEIIONPOBOJAHOCTH OCYIIECTBIISIOCH 30HIOBBIM
mMetoaoM B cootBercTBUH ¢ JICTY b B.2.7-40-95, TOCT 30256-94.

Jnst ompeneneHusl IUIOTHOCTH IUIOJIOBBIX KOCTOUEK M HX SJEpP HCIOJIb30BAIU
MUKHOMETPUYECKHUI METOJ C MOCTOAHHON MeTKoK 100 mut.

st onpeneneHus yAeIbHOW TEINIOEMKOCTH TIJIOJOBBIE KOCTOYKH PacCMaTpPUBAIUCh
KaK TIPOJYKT, COCTOSIIIIUN M3 CHACAYIOIIUX COCTABJISIONIMX: BOJbI, Maclia, OCJIKOB,
YTJIEBOJIOB U 1eUTI0I03bl. KaXkaas i-Tas cOCTaBIIAIONIAsl UMEET CBOC BIIMSHUE HA OOIIYIO
YAEIBbHYIO TEIJIOEMKOCTh TPONOPIIMOHATIBHO MACCOBOM 10JIU @; B MMPOIYKTE.

B kxadectBe 0a30BBIX T'€OMETPUYECKUX XapPaKTEPUCTHK IUIOAOBBIX KOCTOUEK M HX
SJIep OMNpEeNEsIUCh JIMHEHHbIE pa3Mepbl, Macca U O0beM CiIydyailHOW BBIOOpKHU. Jlis
KOCTOYEK U sijiep a0puKoca TaKke ONpeIesisuiach MIOab MTOBEPXHOCTH.

AHaIU3  TOJYYEHHBIX  (PUBUKO-TEOMETPUUECKUX  XapPaKTEPUCTUK  ILIOAOBBIX
KOCTOYEK MPOBOAWIM METOJIOM MaTeMaTHYeCKOW cTaTUCTUKHU. [IpoBepka rumoressl O
HOPMaJIBHOM pacHpeAciCHUU JMHEHHBIX pa3MEpOB M MAacChl KOCTOUEK W HUX SJEp
OCYILECTBIISUIN 10 KpuTeputo ITupcoHa, mokazarensM acCHMMETPHUHU U dKcliecca. TecHOTa
CBSI3eM  MEXAYy  OTIEIbHBIMH  XapaKTEPUCTUKAMHU  OLEHUBAINCH C  MOMOUIBIO
kodhdummenta koppemnsiuu. KomudecTBEHHBIE 3aBUCUMOCTH MEXIY OTIACIbHBIMU
XapaKkTepUCTUKAMH TMIOJYyYEHbl C I[OMOIIBI0 METOJla HAaWMEHbIIMX KBagpaToB. UMx
aJIeKBaTHOCTh MpOBEpeHa KpuTepuem Duilepa, TECHOTA CBS3M AKCIEPUMEHTAJIBHBIX U
pacyeTHBIX JaHHBIX — KOI(POUIIMEHTOM KOPPEISAIUH, 3HAYMMOCTh KOd((UIMEHTOB
perpeccun — kputepueM CTbIOJICHTA.

JIns  uccnenoBaHusT KHUHETHMKM MPOLECCa CYWMIKA IUI0AOBBIX Koctouek HK-
U3JIydeHUEM B BHOPOKHUIIAIIEM CJO€ U OIpeeiCHUs PalMOHAIBHBIX IapaMeTpOB
npoiiecca ObliIa CO3/1aHa dKCIIepUMEHTaIbHAsl YCTAHOBKA, MTPECTaBICHHAs Ha pUCYHKE 1.



a 0
Pucynok 1: a - BHEIIHUI BUJT SKCTIEPUMEHTAIbHON YCTaHOBKH;

0 - IpUHIMIHAIbHAS CXEMA SKCIEPUMEHTAIbHON YCTAaHOBKY /ISl CYIKH TUIOJJOBBIX
koctouek MK-u3nyuenuem B BuOpokumsiieM cioe: 1- 6ok uznyqareneit (TOHoB); 2-
OTpakaTesu; 3- MUIUHAPUIEcKas cTalbHas CKOBOpo/a; 4- BUOparTop;

5- aBTOTpaHchopmarop; 6- cToiika; 7- mpoaykT; 8- morenmomeTp KCII-4;

9- pama; 10- yactoTHBII peoOpazoBarensp; 11- npyxruHa

B tperbem pasgene «MopenupoBaHue MpolLecca CYIIKHU IJIOJOBBIX KOCTOYEK»
IPOBEJCHO IUIAHWPOBAHHUE MOJHO(PAKTOPHOTO HKCIEPUMEHTa, 00paboTKa pe3yslbTaToB
AKCIIEPUMEHTAIBLHBIX UCCIICIOBAHUM U BBITIOJIHEH UX aHAJIN3.

BrisiBneHre palMOHANBHBIX YCJIOBUH NPOBENEHHUS Mpolecca CYLIKU IJI0JIOBBIX
KOCTOYEK OCYIIECTBIISIIA METOJIOM pPOTaTadeIbHOr0 KOMITIO3UIIMOHHOTO TJIAaHUPOBAHUS
BTOpOro nopsijaka (rian bokca).

OyHKIMEH  OTKIMKA,  XapakTepu3yloled  mpouecc,  Obula  BbhIOpaHa
MPOIOIKUTEILHOCTD CYIIKHU T (C).

3anaveil uccaenoBaHus SBISUIOCH ONpeAeNieHHe HEOOX0AUMOM MPOI0KUTEIIEHOCTH
mporecca CYIIKH IUIOJOBBIX KOCTOYEK /O PaBHOBECHOTO BIIATOCOACP)KAHUS TPH
paIlMOHANBHBIX PEKUMaX 00PabOTKH.

JIist  BBISBIEHUST ~ CYIIHOCTM  JIGMCTBUSL ~ OTAENBHBIX  (AaKTOpOB  Ha
IPOAODKUTEIBLHOCTh MPOLIECCa CYIIKM HCHOJIb30BaIM TPEX(PaKTOPHBIM 3KCIEPUMEHT,
pean3almio KOTOPOTO OCYIIECTBISUIM CIEAYIOIUMMHU (akTopamMH: X; — amIUIMTyJa
BuOpaunn A (M); X, — IUIOTHOCTh TEIUIOBOro motoka ( (BT/M); x; — HadaibHOE
BJIArOCOJIEpPIKaHUE UCClIeayemMoro mpoaykra U, (%).

B pesynpraTe cozmaHust MaTpuIbl IUIAHUPOBAHMS OKCIIEPUMEHTa, pPAacueTOB
KOX(PPUITMEHTOB PETPECCHH 1 IPOBEPKU X HA 3HAYMMOCTH TIOJydeHa CIeAYIoas MOJIEb
IpoIiecca CyIIKH TIOI0BBIX KOCTOYEK abpuKoca:

r=38-10°-A.q-91-10°- A* +4,48-10" - A+4552-9* -2,86-q-u, -1,2-10°-q-0,27-u’ +19,2-u, —111. (1)
[TonydeHHOE ypaBHEHUE PETPECCUM IS IUIOAOBBIX KOCTOUEK YEPEIIHA UMEET BU/L:

7=6110°- A’ +13-10"- A-q-4,78-10*- A+90-q° —353-10° - q +1,2-u’ —57,36-u, +1,15-10° 2)
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B u4erBeprOoM pasgene «Pe3ynbTarhl AKCIEPUMEHTANIBHBIX  HCCIIEAOBaHUMN
MPOIIECCOB o0pabOTKM  TUIOJIOBBIX ~ KOCTOYEK»  MPEACTABICHBI  PE3yJbTaThl
DKCIIEPUMEHTAILHBIX HUCCJICNOBAHUMA TEINIOPU3MUECKHX U (U3HKO-TEOMETPHUICCKUX
XapaKTepUCTUK IIJIOJOBBIX KOCTOYEK, BIMSHUS MapaMeTpoB BUOpallMd Ha XapakTep
MEepPEMEILICHUS] TPOJYKTa, KUHETHUKU BJIATOCOJACPKAHUS W TEMIIEPATYPbl TPHU CYIIKE
TJIOJIOBBIX KOCTOYEK MH(PPAKPACHBIM H3TYYEHUEM B BHOPOKHUIIAIIEM CIIOE.

3HaueHUsS TEIUIOPU3NUECKNX XapaKTEPUCTHK: TEIJIOMPOBOJIHOCTH A, YICITHHOM
TEIJIOEMKOCTH ¢, TUIOTHOCTH p, KOI(PDUIIMEHTa TEMIIEPATYPOIPOBOTHOCTH @, TUIOAOBBIX
KOCTOYEK B IPOIIECCE CYIIKH IMPH Pa3IUYHBIX 3HAYCHUSX TJIOTHOCTH TEIJIOBOTO MOTOKA
NK-o6mydeHus moaydeHbl COTrJIacHO, ONTMCAHHBIM BO BTOPOM pa3jielie METOIUKaM.

[Io nonydeHHBIM JaHHBIM B MareMaTHueckoM makere Mathcad nposencHa
aTnIPOKCUMAITUS TTOJTMHOMAMHU C TOCSYIONIMM BBIBOJOM COOTBETCTBYIOIINX yYpaBHEHUM
perpeccun. OOpaboTKa MaHHBIX OCYIIECTBIUIACH TMPHU HCIOJIB30BAaHUHM BCTPOSHHOMU
byHKIIUU  regress, Kotopas Bo3BpamaeT Kod(DPUIMEHTH TOJMHOMAa CTEIEHU 7,
CIUIAKUBAIOIIETO TOYKKM METOJIOM HaWMEHBIIUX KBaJApaToB. B pe3ynbTare MOTyYeHbI
SMIIUPUYECKUE 3aBUCUMOCTH TEIUIODU3NYECKUX XaPAKTEPUCTHK ILJIOJOBBIX KOCTOYEK B
pabodem Auana3oHe TeMIEpaTyp U BJIarocoAep>KaHui.

YpaBHEHUsI perpeccuu 10 TEMIIEPATypHBbIM 3aBHUCUMOCTSAM TEIUIO(PU3UUECKUX
XapaKTePUCTHK IS TUIOJIOBBIX KOCTOUEK adpHKoca:

- MIPU TIOTHOCTH TEIUIOBOTO moToka 400 Br/M%, nuarasoHa temneparyp 24...71°C,
JranasoHa Biaarocoaepxanuii 28,7...9,2%:

A=-177+019-t—6,5-t*+9,4-t*—4,9-t* R* =0,97;
c=-8,25-10°+997,4-t—338-t*+0,49-t*-2,5-10°-t*, R* =0,967;
p=-144.10°+2378-t-81-t°+012-t*-6,16-10*-t*, R* =0,972;
a=-4,46-10"+53-10°.t-18-10° -t* +2,59-10**-t* -1,34.10**-t*, R* = 0,977;
rac R2 - BCJIMYMHA JOCTOBCPHOCTH aHHPOKCI/IMaHI/II/I;

- IPY TIJIOTHOCTHU TETUIOBOTO motoka 900 Br/M%, nuarmasoHa temneparyp 24...119°C,
JranasoHa Biaarocoaep:xkanuii 29,8...5,2%:

A=04-0,013-t+34-10™-t*-3,4-10°-t* +114-10° -t*, R* = 0,994;
c=2,62-10°-455-t+11-t* -0,01-t* +3.45-107° -t*, R* = 0,988;
p=13-10°-20-t+0,5-t* =5-10°-t* +1,7-10° -t*, R* = 0,994;
a=16-107-4,37-10°-t+11-10™°-t* ~11-10 -t +3,5-10 ™ -t*,R* = 0,994.

JUIsi OLEHKH CTENEHU JOCTOBEPHOCTH MOJYYEHHBIX YpaBHEHHU perpeccuu Oblia
paccuuTaHa CpeJHEKBaJpaThyHas OIMOKa anmpoKCUMAallMW, AaHaldu3 MOJIYYeHHBIX
3HAYEHHUI KOTOPOU MOKA3bIBAET, YTO MOTPEUIHOCTH PACYETOB HE MpeBbIIAcT 3%.

JUisi  KOCTOYeK W WX sAep OmpefeseHbl psal  (PU3UKO-TEOMETPUUYECKUX
XapaKTEPUCTHUK U MPOU3BEACH UX CTATUCTUUYECKUIN aHAIH3.

Ha pucynkax 2, 3 npuBeicHBbI MOJYYCHHBIC BapHUAIlMOHHBIE KPHUBBIC JHUHEHMHBIX
pa3MepoB U MacChl KOCTOYEK adpHKoOca.



11

60 ! I vl

[Tonumma
T 5 1 | |
L A AL Lnpra

PO
5 &
~o—.
—
> )
S|
E
€
g2

30 / / \,/ / . :; ", AL Tnnma
E i I},f L L E :r: j& | 1' /
5 \ 1 -
RS F Y N\ T J°Y S 8 I — X
15 b \ ’ \ 20 7 \
\ / \l 'y 15 'J \ }i \\ /4 \
10 0 1 I I
TN AN R A - 7’4 R
0l 7 R i N ) NS
9 10 11 12 13 14 15 16 17 18 19 20 6 7 8 9 10 11 12 13 14 15
Pasmepst, MM Pasmepsi, MM
a 0

Pucynok 2 - BapuanuonHble KpUBbI€ JIMHEHHBIX Pa3MEPOB KOCTOUYEK
abpukoca (a) u ux siep (0)
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Pucynok 3 - BapuarmonHslie KpuBbIE€ MacCchl KOCTOUEK aOpuKoca U UX sIeEp

JIns Tmomy4deHHs] KOJWYECTBEHHBIX CBSA3€M MEXKIY JIMHEMHBIMH pa3MepaMu
CJIy4ailHOM BBIOOPKM U OOBEMOM KOCTOUEK M WX siiep ObUIM TMOJY4YEHBI YpaBHEHUS
perpeccus B BHUJE MYJIbTUIUIMKATUBHOW MOJEIM C MOMOULIbI0 METO/la HaWMEHBIINX
KBaJIPaTOB:

- I7Is1 KOCTOUYEK abpukoca

V =145,1%"a%° b, (3)
- 115 71ep KOCTo4YeK abpukoca
V — :L80 IO,48 a.ZI.,14 b0'85, (4)
rae V, |, a, b — cooTBeTcTBEHHO, 00BEM, UTHHA, IMPHUHA Ta TOIIMHA KOCTOYKH WK

spa.

CraTucTUYeCKHii aHaJN3 TEOMETPUUYECKUX XapaKTEPUCTHK IIJIOJIOBBIX KOCTOYEK
MTOKa3aJl 1eJIECO00Pa3HOCTh MPOBEJEHUSI COPTUPOBKHU TTEPE]] MX CYIIKOM.

DOKCNepUMEHTAIBHBIM IyTEM OBLTH OMpEETICHBI MapaMeTphl BUOpanuu paboyero
oprasa, MIOITBEPIKIAIOIINE aHATUTUYECKHEC IPEATOCHUIKT 0 XapakTepe
BUOpONIEpEMEIIEHUS:  aMIUUTyAa  KojebaHuii  A=3MM, yCKOpeHue BHOpanuu
a=45...55M/c%, KOTOpbIe OOECIICUHBAIOT MPOTEKAHHE MPOIECCa CYIIKH HMITYIbCAMH B
COYETaHUM MNEPUOAOB BO3aeucTBUA Ha Koctouku HWMK-nmyueit um  «oraesixa». llpum
COOJNIOCHUH TaKOTO peXHMa HCKIIOYAeTCs BO3MOXKHOCTH TIEperpeBa MPOIYyKTa,
obecIieuynBaeTCsl paBHOMEPHOE TOBHIIIICHUE TEMIIEPATyphl B TIOJIHOM 00BEME MPOAYKTa U
3HAYMTENIbHAS MHTCHCU(DHUKAIIUY yIaJIeHUs BJIard U3 HETO.

O06001IeHre pe3ynbTaTOB SKCIEPUMEHTATBHBIX HCCIEIOBAHUIN Mpoliecca CYIIKH
TJIOJIOBBIX KOCTOYEK MPOBOAMIIOCH ITYyTEM aHalM3a KPUBBIX CYIIKH M CKOPOCTH CYIIKH
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(pucynku 4,5), TepmorpamMm (pUCyHOK 6), TeMIepaTypHBIX KPUBBIX, KPUBBIX H3MEHCHUS
MPUBEACHHBIX YHEPro3aTpaT, MPOAOHKUTEIBHOCTA CYIIKH, a TaKKe HU3MCHCHUS YHCTa
PeGunmepa M TemaoBOro MOTOKa, MOTJOMIAEMOTO TPOAYKTOM, B TPOIECCE CYIIKU
(pucyHok 9).
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Pucynox 4 - Kpussie cymiku (1-3) u ckopoctu cyiku (1'-3 ') koctouek
(a- abpwukoca; 0- BUIIHU; B- YSPEIIIHN) B 3aBUCUMOCTH OT TUNIOTHOCTH TEIJIOBOT'O MOTOKA

uH(ppaKpacHOTO 00TyUCHUS:
1, 1' - 1400 Br/m%; 2, 2" - 900 Bt/m?; 3, 3’ - 400 B1/m?

DKCIIepUMEHTAILHO YCTAHOBIJIEHO, YTO TPU CYIIKE sifep U O0OJOYEK KOCTOYEK
OTJENIbHO 3HAYMTEIBHO IOBBIIIACTCS HHTEHCHUBHOCTH IIpoOllecca, Tak s 000JI0YeK
IPOLIECC CYIIKH JI0 PaBHOBECHOTO BJIArOCOJCpPKaHUS MPOTEKaeT B 2 pas3a ObicTpee, s
saep - B 1,17 (pucyHok 5).

45 u, %

i, »  PUCYHOK 5 - KpuBbie cymku (1-3) u

s | ckopoctu cymiku (1'-3 ') kocrouek

\ . ’ abpuKoca, MX 000JI04Y€EK U AP IPH
IUIOTHOCTH TEIJIOBOTO MOTOKA
nH(ppakpacHoro odnydenns 1400 Br/m’:
1, 1'- kocTtouku; 2, 2'- 000JIOUKH;

3, 3'- aapa

\ du
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2
[)
-
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30 50 60 70 80

7/60, ¢
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HOqueHHBIe JaHHBIC IO KMHCTHUKC CYIIKU HMCCICAOBAHHBIX INNIOAOBBLIX KOCTOYCK B

3aBUCUMOCTH OT IJIOTHOCTH TEIJIOBOTO TIOTOKA MH(PAKPACHOTO OOJIYYEHHUS CBEICHBI B
tabmumax 1-3.

Tabmuma 1- JlaHHbIC KWHETUKH CYITKA KOCTOYEK aOpHKOCca

II10THOCTE TEIJIOBOrO MOTOKA,
[TapameTpsl Br/m?

1400 900 400
Hauansnoe Bnaroconepxaunue, % 32,2 29,8 28,7
CKOpOCTb CYIIKHU B IEPBOM TIepuoje, %o/MuH 0,64 0,45 0,26
IlepBoe KpuTHUYECKOE BIArocojiepxanue, %o 20,7 24,8 25,6
PaBHOBecHOE BitarocoiepkaHue KOCTOUKH, %o 4,3 52 9,2
PaBHOBeCcHOE Biiarocojiepxanue siapa, %o 9,7 7,4 13,3
PaBHOBecHOE Biarocoepskanue 000JI09kH, %o 1,8 4,14 7
[Ipo10IKUTEIEHOCTD CYIIKH 110 PaBHOBECHOI'O 84 134 182
BJIArOCOJICPIKAHUS, MUH.
[IpuBenennbie yaenbHbIe 3HEpro3arparsl, Jx/kr 0,6 0,72 0,79

Ta6JII/ILIa 2- I[aHHI)IG KHMHCTHUKH CYIIKH KOCTOYCK BHIITHU

II10THOCTH TEIJIOBOrO MOTOKA,
[TapameTpsl Br/m?

1400 900 400
Hauanbnoe Binaroconep:xanue, % 19,4 21,4 20,4
CKOpOCTh CYIITKH B TIEPBOM TIEPHOJE, Yo/MHUH 0,62 0,49 0,26
IIepBoe kpuTHUECKOE BIarocojiepxxanue, %o 13,3 14,5 17,8
PaBHOBecHOE BiIarocoiep>kaHue KOCTOUKH, %o 2,1 3 6
PaBHOBecHOE Bilarocoiepxanue sapa, %o 2,5 48 7,3
PaBHOBecHOe Brarocoep>xanue 000J104kH, %o 1,92 2,44 5,47
[Tpo10IKUTETEHOCTD CYIIKH JI0 PaBHOBECHOTO 60 94 150
BJIArOCOJICPKAHUS, MHH.
[IpuBeneHHbIe yaenpHble 3Hepro3arparsl, JHx/kr 0,76 0,77 1

Tabnuna 3- JlaHHbIE KWHETUKH CYIIIKA KOCTOYEK YepelTHI

II1OoTHOCTH TEIIIOBOTO MOTOKA,
[TapameTpsl Br/m’

1400 900 400
HauansHoe Bnaroconepxanue, % 27,3 25,4 25,5
CKOpOCTh CYITKH B TIEPBOM TIEPHOJE, Yo/MHUH 0,75 0,53 0,25
IlepBoe kpuTHUECKOE BIarocoaepkanue, % 15,7 17,8 22
PaBHOBecHOE Bilarocojiep>kaHue KOCTOUKH, %o 2,0 2,4 6,6
PaBHOBecHOE Biraroconep:xanue sapa, % 3,1 4.4 8,9
PaBHOBecHOe Brarocoiep>kanue 000J109kH, %o 1,7 2,4 6,1
[Tpo10IKUTETEHOCTD CYIITKH 110 PaBHOBECHOTO 76 114 198
BJIArOCOJICPIKAHUS, MUH.
[IpuBeneHHbIe yenbHBIC YHEPro3aTpatsl, JK/Kr 0,57 0,64 0,87

Ha pucynke 6 mpuBeneHbl TepMOrpaMMbl KOCTOYEK aOpuKoca, KOTOphIC
COOTBETCTBYIOT KpPHUBBIM CYIIKM M CKOpocTH cymkd (pucyHok 4a). Tepmorpammbr 1
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COOTBETCTBYIOT CepeiuHE OOO0JIOUKH, TepMorpaMMbl 2 - 1eHTpa saapa. Mx anamus
MOKa3bIBAET, YTO B MPOLECCE CYIIKA MUMEET MECTO TPAJMUEHT TEMIIEPAaTypbl B CEPEIUHE
KOCTOYEK, MPHUYEM OH HampaBlieH OT O00JOYKM K siupy. Bemmumna sTOro rpamueHra
YBEIMUUBACTCS MPH MOBBIIIEHUH TNIOTHOCTH TETJIOBOTO MOTOKA MHPPAKPACHOTO OOITyUCHHUSI.

170 130

L 7T T he 120. s Pl
150 ' /‘Z‘" o ) 1o x?/ . ks
130 i 1° 100 o
LT -
90 ﬁff} ¥1I 2 70 f \‘l_ \L

/ ool } \ 1/

70, 50 /
() I 40 ,
) 301
30 20

0 10 20 30 40 50 60 70 80 90 0 20 40 60 80 100 120 140
/60, ¢ /60, ¢

80

70 = s S o A 2 a ;—
601 i

N
50 f |

40

30

20

T T
0 20 40 60 80 100 120 140 160 180
/60, ¢

B
Pucynok 6 - TepmorpaMMbl KOCTOUEK aOpUKOCa B 3aBUCUMOCTH OT TNIOTHOCTH TEIJIOBOTO
NOTOKa MHPPAKPACHOTO OOTYUYEHUS:
2 2 2
a - 1400 Bt/m*; 6 - 900 Bt/M"; B - 400 B1/™m

AHanu3 KpUBBIX Ha PUCYHKE / TIOKA3bIBAET, UTO MPHU Pa3JeIbHOU CYyIIKE 000JI0UEK
U sAep NPOAYKT HAarpeBaeTcss MEHbIE, 4YeM IMpU CYIIKE LEeNbIX KOCTOueK. Tak,
MaKcuMallbHas TeMiiepaTypa Harpesa sjep coctaniser 128°C, obomnouek - 121°C, Torga
KaK LIEeNbIX KOCTOYEK B LieHTpe sapa - 141°C. Ananoruunasi TeHAeHIUsT HAOI0JaeTcs U
IpU JPYTUX 3HAYEHUSIX TUIOTHOCTHU TEIIOBOTO MOTOKAa MH(paKpacHOro 00IyyeHusl.
e 1 . Pucynok 7 - TepMOrpaMMbI KOCTOYEK

12 = AO abpukoca, ux 000JIOUEK U siAep MpU
, /M\Kw”,,m\ IJIOTHOCTH TEIUIOBOIO MOTOKA ,
:;;) TS — uHppakpacuoro odmyuerus 1400 Br/m”:
W AN = [ 1 - 060s0uKa (B COCTaBe KOCTOUKH);

A | 2 - a11po (B COCTaBE KOCTOYKH);

i\ 3 - 0060J104Ka (OTACIBHO);
' 4 - a71po (OTIEIBHO)

130

110

=
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JIist OIIEeHKM XMMHYECKUX MpeoOpa3oBaHUN B siApax KOCTOYEK B MPOIECCE CYHIKU
HaMHU OIIpPE/AENIeH OJWH W3 OCHOBHBIX ITOKa3aTelied KayecTBa PACTUTENBHOIO Macia -
KHCJIOTHOE YHUCJIO, TMOJyYCHHBIE JaHHBIE MO KWHETUKE HarpeBa IUIOJOBBIX KOCTOUYEK
CBEJICHBI B Ta0NUILYy 4.

Tabsmua 4 - JlanHble 10 KHHETHKE HAarpeBa IJI0JIOBBIX KOCTOYEK B MTPOLIECCE CYLIKU

IIn0THOCTH TEIIIOBOTO
[Tapametpsl noroka, Br/m?
1400 | 900 | 400
Kocrouku abpukoca
CpenHenHTerpajibHasi TEMIIeparypa 1neHrpa sapa, °C 136 99 67
MakcumManbHas TeMmIiepaTypa LeHTpa sjpa, °C 141 110 70
Kucnornoe uuciao, mr KOH/r 3,65 2,06 1,17
KocTtouku BuiHu
CpenHenHTerpagbHas TeMIleparypa neHtpa sapa, °C 125 96 63
MakcumanbHa Temneparypa neHrpa sapa, °C 135 100 64
Kucnornoe uncio, Mmr KOH/r 3,98 2,38 1,86
Koctouku yepermnu
CpenHenHTerpagbHas TeMIleparypa neHrpa sapa, °C 119 105 54
MakcumanbHa Temneparypa neHrpa sapa, °C 137 109 56
Kucnornoe uuciao, mr KOH/r 3,92 2,27 1,79

AHaIM3UpPys NOJYYEHHBIE MMOKA3aTeNIM KUCIOTHOTO YUCHA, COTJIACHO TEXHUYECKUM
ycnoBusim 'OCT 300306-95 «Macno 13 mao0BbIX KOCTOYEK M OPEXOB MHHJIAISI MOKHO
YTBEPKJ1aTh, YTO CYILIKY MCCJIEIYEMBIX IJIOJOBBIX KOCTOUYEK I1eJ1IeCO00pa3HO MPOBOAUTH
MpY TUIOTHOCTU TemioBoro notoka 400...900 B1/M%, 9TO MO3BOJSIET JOCTHYD BBICOKOIL
WHTEHCUBHOCTHU TIPOLIECCA C COXPAHEHUEM KadecTBa Macia, KOTOPOE COAEPKUTCS sIAPaAX
KOCTOYEK.

HccenenoBaHue KOJMYECTBEHHBIX 3aKOHOMEPHOCTEH MpOLEcca CYIIKU ILIOJIO0BBIX
KOCTOYEK IPOBOJMIIM ITyTEM MCIOJB30BAHUS OCHOBHOI'O YPABHEHWS KWHETHUKH CYILIKH,
MO3BOJISIIOIEE PAaCCUMTATh TEIJIOBOM IOTOK, INOTJIOIIAEMBIM MIPOLYKTOM B IIpoLecce
CYLLUKH:

q=poR,r, % (14 Rb), ©)
dr

TJIe: po — INTOTHOCTh CYXOTO MPOIYKTA, KI/M';

Rv — oTHOIIEHHE 00BEMa YaCTHUI] MMPOYKTA K TUIOIIAIN UCTIAPCHUS;
ré — yiejbHas TEIUIOTa UCTIAPCHHUS BJIArW TIPOTyKTa, KJK/KT;

du/dt — cxopocThb cyriku,%/c;

Rb — uncimo Pebunmepa.

MetomoM TpHUBENSCHHONH CKOPOCTM CYyIIKA, Ha OCHOBE aHalIW3a JIaHHBIX
IKCTIIEPUMEHTAIBHBIX UCCIIEJIOBAHUI MpoIIecca CYIIKH TUIOIOBBIX KOCTOUYEK, YCTaHOBJICHA
CBSI3b MEKIY CKOPOCTBIO CYIIKH W BJIIAXXHOCTBHIO MaTepuaina. [l 3Toro ObLIM MOCTPOCHBI
KPHBBIE CKOPOCTH CYIIKH TUIOJOBBIX KOCTOYEK TP HCIOJIb30BAHUU YpPaBHEHHUS
®dunonenko. [ Kax10ro UCCIeI0OBAaHHOTO BUIa KOCTOUYEK HAMU PAaCCUNUTAHbl YPaBHEHUS
0000I1IEHHBIX KPUBBIX CKOPOCTU CYIIKU
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[Ipr mpoBeneHWH COOTBETCTBYIOIIMX BBIYMCICHUH B MAaTEMaTUYECKOM IIAKETE
Mathcad ¢ momompl0 MeTOZa HAaUMEHBIIMX KBAJpaTOB JUII BTOPOTO MEPUONA CYIIKH
MOJIy4E€HbI YPaBHEHUSI 00O0OIIEHHBIX KPUBBIX CKOPOCTH CYIIKHU:

0,198
- Il KOCTOUYEK abpuKoca du/dz = (u u”) :
N 11,77-56(u-u, ™ (6)
0,365
- 1JId KOCTOYCK BUIIITHU du / d 4 = (u _ up) ;
N 959-285(u-u, ¥ (7)
0,403
- AJI1 KOCTOYCK YCPCIIHU du/dz = (U Up) .
N 1222-278(u—u, )" (8)

riae: du/dr — ckopocTb cyiku,%/c;
N — CKOpOCTh CYIIKH B IIEPBOM Tiepuojie, %/c;
U — TeKyllee BIarocoaepxanue, %o;
Up— PaBHOBECHOE BJIarocojiep:kaHue, %.
CpaBHeHHE pacyeTHOTO 3HAueHUs Kputepus Duiiepa ¢  KPUTHUYECKUM
CBUJIETENBCTBYET 00 aJIEKBATHOCTH MOJIyYE€HHBIX YPAaBHEHUH.
VYcTaHOBNIEHHE B3aMMOCBSI3U MEXAY TEIUIOOOMEHOM M MaccOOOMEHOM BO3MOKHO
P TIOMOIIM OCHOBHOTO KpUTEpHsI KWHETHKH Tpoliecca CyIIKu — KpuTepus PeOunpepa,
KOTOPBIN 3aBUCUT OT TEMIIEPATYPHOTO KO3(PPUIIMEHTa CYIIKM (OCHOBHASI XapaKTEpUCTHKA
KUHETUKUA CYIIKW), YJIETbHOW TEMJOEMKOCTH BIIAXXHOTO Tella WM YJEIbHOW TEeIJIOTHI
UCTIApEHUs BIIATH.
Uucno Pebunaepa onpenensiaocsk no Gopmyre:

C
Rb=-".
r

6
rJe: ¢p — yAeJbHAs TEIJI0OEMKOCTh MpoayKTa, KJx/(kr-K);
b=100dt/du — remnepaTypHbIii KOADGUITUESHT CYIIKH,
I';—yZIeabHas TEeIIoTa UCIapeHus Biaru, KJK/Kr.

[Tomy4enst rpadvku u3MeHeHUs yucia PeOuHaepa u TemIoBOTo MOTOKa B MpoIecce
cymiku (pucyHku 8,9).

b, (9)

1400
103
Rb-10 i | 120 I,/i/ 1 I
100 — =] Pucynok 8 - U3menenue uncna Pebunnepa
8 / NI ; I KOCTOUYEK abpuKOca B MPOIIECCE CYLIKU
o jz / P 1 \{é 2 /;\)/‘ IIPYU Pa3INYHbIX 3HAYCHUAX IIJIOTHOCTH
01 A AW /7"' TEIJIOBOTO MOTOKAa MH(PPAKPACHOTO
Py L4 S=s , 2. 2.
R - 1 A / obmyuenusi:1 - 1400 Bt/m*; 2 - 900 Bt/m7;
' 2
A7 3 - 400 Br/m
A\\ L

i, %
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700
oBnd  [1200 . PucyHok 9 - U3MeHeHue TEmI0BOTO
6001100 /

1000 MMOTOKA, KOTOPBIN MOTJIOIIAETCA
900 o
800 7 / KOCTOYKaMHU a0pUKOCca B MPOIIECCE CYIITKH,

/
LA~ B 3aBUCHUMOCTH OT IIJIOTHOCTH TCIIJIOBOI'O
A
,/

500

400700 V4
5 95 30 305 31 315 /|
= i - /
300 / 7 MOTOKa HHPPAKPACHOTO OOTYICHUS:
. 2. :
i pr 1 - 1400 Br/m’; 2 - 900 Br/m’;
160 T e e 3 - 400 Br/™’

0 5 10 15 20 25 30 35
u, %

IarTeiii  pasgen gucceprauuu «Pa3paboTka cnocoba UM MPOMBIIIIIEHHOTO
o0opynoBaHusl JUIsl CYIIKM IUIOAOBBIX KOCTOYEK» OCBEIIAET BOIMPOCHI pPa3pabOTKU U
peanu3anuyd HOBOTO Crocoda W 00O0pYAOBaHUSA MJid CYIIKKA IUIOJOBBIX KOCTOYEK Ha
KOHCEPBHBIX U MACJIOKUPOBBIX MPEATPUATHSAX.

Onucanbl KOHCTPYKIIMU pPa3pabOTaHHBIX alllapaToB, KOTOPbIE MPEIJIOKEHbI IS
00pabOTKM IUJIOMOBBIX KOCTOYEK: MPOTUPOYHO-CYIIWIIBHBIA —amapar, BepTHKajIbHas
BuOpocymmika ¢ MK-u3nydenuem (pucysnok 10).

15 Pucynok 10 - BeptukanbHnas
BuOpocyumika ¢ UK-uznyuennem:
i 1- mmbep; 2- 3arpy304HbIil OyHKED;
3- OTpaKICHHUS C TEIUIOU3OJIAINEH - KOKYX
| pa3bEMHBIN; 4- IOTOK CIUPATIbHBIN;
10 5- UK-uznyqarenu (TOHDI);
6- otpakarenu;7- Tpyba KOHUYECKas;
8- maTpyOOK y/ajaeHus BJary,
12 9- pasrpy3ouHblii 10TOK; 10-cMOTpOBOIA
@ moK; 11-mpuBo MOTOP-BUOpATOP:;
= 12-npy>xuHa BUTas-aMOPTHU3ATOD;
@ — 13- moxncraBka;14-cToiika KpereHus
14
M

11

N (0w & (N | @

KOXXyXa; 15- BEHTUJIALIMOHHBINA 30HT

H | H

Pazpaborana uWH)XEHEpHasT METOJWMKA MPOCKTHOIO pacueTra MPOMBIIIJICHHON
CYLIMJIBHOW YCTaHOBKHU.

IIpoBeneHsl  BHeApEHUs  PE3yJIbTATOB  HUCCIEAOBAHUM B IIPOU3BOJICTBO.
PKOHOMHYECKUN pacyeT MOKA3bIBAET, YTO OKHUJAEMbI Trom0BOM 3(PdeKT pe3ylbTaToB
uccienoBanuii coctasisieT 2142091 pyo.

BbIBO/1bI

1. BrepBele HcCemoOBaHbl KOJWYECTBEHHBIE 3aKOHOMEPHOCTH IPOIlecca CYIIKU
TJIOJIOBBIX KOCTOUYEK HA OCHOBE aHANIM3a JAHHBIX dKCIEPUMEHTAIBHBIX TEIIIOPU3NUECKIX
uccienoBanuii. IlomydeHpl ypaBHEHUS OOOOIIEHHBIX KPHUBBIX CKOPOCTH CYIIIKH,
OTIMCHIBAIONINE KOHBEKTHUBHBIM TETUIOMAacCOOOMEH TpH B3aUMOJCHCTBUU TEILIOBOTO
noroka MK-u3nyuenus s miogoBbIX KOCTOUEK.

2. Tlomydennl 3HAYeHUS] MAaCCOOOMEHHBIX KOI(PPUIIMEHTOB U KPUTHUYECKUX
BJIArOCOICP)KaHUM, XapaKTEPU3YIOIIUX TIEPEMEIICHNUE BIard BHYTPH IIJI0JIOBBIX KOCTOYEK,
MO3BOJISIONIME ONPEETUTh HHTEHCUBHOCTh MPOLIECCa CYIIKH.
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3. BnepBbie ycTaHOBIEHA B3aMMOCBSI3b MEXKIY TEIUIOOOMEHOM M MacCOOOMEHOM
IIPY MTOMOIIM OCHOBHOT'O KPUTEpHsSI KMHETHUKU Tpollecca CYIIKH - KpuTepus PeOunaepa.
JInst 3TOro ompeneseHbl 3HAYEHUS W3MEHEHUS YAEJIbHOM TEIUIOEMKOCTH, YAEIbHOU
TEIUIOTHl HCTMApEHUs, TEMIEPATypHOrO Kod((HIIMEHTa CYIIKH IJIOJOBBIX KOCTOUYEK B
3aBUCHUMOCTH OT TEKYILIETO BIArOCOICPHKAHUS.

4. Pa3paboTaH anmapaTypHO-METOJAMYECKHI KOMIUIEKC [UISl HCCJIEIOBAHMS
TEIIO(MU3NUECKUX U (PU3UKO-TEOMETPUUYECKUX XAPAKTEPUCTUK, OCOOCHHOCTEH BIUSHUS
napaMeTpoB BHOpallMM Ha XapakTep MepeMelIeHUs, M3MEHEHHs] KHHETUKH CYIIKH
IJIOJIOBBIX KOCTOYEK.

5. Tlomydyena Mopenb Impolecca CYHIKM IUIOJOBBIX KOCTOYEK, CBS3bIBAOILIAS
IPOJOJKUTEIBHOCTh CYIIKH, IUIOTHOCTh TEIUIOBOTO noToka MK-u3nyueHus, HayanbHOE
BJIArOCO/IEpKaHUE MIPOYKTA U aMIUTUTYy KoJieOaHUH.

6. BmepBble modydyeHBI M HCCIEAOBaHbl  AMIUPUYECKUE  3aBHUCHUMOCTHU
TEIIOPU3NYECKUX XapaKTEPUCTUK IIOAOBBIX KOCTOUYEK. BBISBIEHO, YTO IPH MOBBILICHUN
TEMIIepaTypbl HarpeBa M IUIOTHOCTH TEIUIOBOro mnoTtoka WMK-u3iayyeHus NpoucxoguT
yMeHbllIeHHEe KO3 (PULIMEeHTa TEIUIONPOBOIHOCTH, YACIbHON TEIIIOEMKOCTH, TNIOTHOCTH U
TEMIIEPaTypPOIPOBOJHOCTH HCCIEAYEMOIO MIPOIYKTA.

7. BnepBble mi IUIOJOBBIX KOCTOYEK M HMX siiep omnpeneneH psa  (U3HKo-
IrEOMETPUUYECKUX XapaKTEPUCTUK M OCYIIECTBIIEH UX CTATHUCTHYECKHUN aHanu3. [lomyuyeHsl
YPaBHEHHSI PErpecCMU B BHUJE MYJIbTUIUIMKATUBHON MOJENH, KOTOpPAasi OIMUCHIBAET
KOJIMYECTBEHHYIO CBSI3b MEXY JIMHEHHBIMU pa3MepaMu KOCTOYEK U sIep U UX 00bEMOM,
UTPAIOIIAs BAXKHYIO POJIb JIJI1 MOJIEIMPOBAHUS IPOLIECCOB CYILIKHU.

8. YcraHOBJEHBI O0IIKME 3aKOHOMEPHOCTH BJIAronoTepb, CKOPOCTU MPOTEKAHUS
mpouecca M TEPMOIpaMM, XapaKTEpHbIE Uil CYIIKM IUIOJOBBIX KOCTOYEK IpH
PaauaMOHHOM TEIJIONOABO/IE.

9. IloaTBepkneHa 3(hPEeKTUBHOCTh KCIONB30BAHUS KOMOMHMPOBAHHOTO Ipoliecca
cymkun — MK-usnydenuss u BUOPAIIMOHHOTO BO3JCUCTBUS C IEJIbIO TMOMy4YeHUs: Ooliee
KAUECTBEHHBIX IIOKa3aTelel CYIIKM TUIOAOBBIX KOCTOYEK M MX COCTABJISIFOLIUX.
VYcTaHOBIEHO, YTO MPOLECC CYUIKA HMCCIEAYEMBIX IJIOJOBBIX KOCTOUYEK LEIecO00pa3Ho
MPOBOANUTH MPU TJIOTHOCTH TemioBoro noroka MK-usmyuyenus B auamnazone 400...900
B1/M°, 9TO MO3BOIAET AOCTHYb BHICOKOH MHTEHCHBHOCTH IPOLIECCA C COXPAHEHHEM
KauecTBa Maciia, COJIEPKaILEerocs B iApax KOCTOUEK.

10. YcraHoBIIeHbI HOBbIE HAYYHbIE JJAHHBIE O pAallMOHANIBHBIX padOUMX MapaMeTpax
npouecca cymku HWK-uznydeHunem B BHOpPOKHMIIALIEM CJIOE: MapaMmeTpbl BHOpaIUH:
aMIUTUTYJa Kosiebanuii pabouero oprana - 3Mm, 4acToTa KojiebaHuit padbodero oprana - 21
I'; yekopenue Bubparmu — 45...55 M/c’; II0THOCTB TemioBoro motoka VK-u3imydcHus B
mmanasome 400...900 Br/m.

11. Pa3paboranbl 3amaTeHTOBAaHHBIE CIOCO0 W KOHCTPYKLHS TMPOMBIILICHHOM
BuOpocymmiiku ¢ HMK-uznydyeHuem ¢  ydeToM TOJNYYEHHBIX TEOPETUYECKHX U
HKCIIEPUMEHTAJIbHBIX JaHHBIX.

12. PazpaboraHa wWHXEHEpPHas METOJMKA MPOEKTHOTO pacdeTra MPOMBIITUICHHON
CYIIWJIBHON YCTAHOBKH.

13. Peanu3oBaHbl BHEOPEHUS pPE3yJbTATOB MCCIEAOBAaHUN B TMPOU3BOACTBO U
ompesiesieHa UX COIMaIbHO-d9KOHOMUYECKast 3 PEeKTUBHOCTh. DKOHOMUYECKUN IP(HEKT OT
BHeIpeHus coctanisieT 2142091 pyo.
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OCHOBHBIE ITOJJOKEHUSI TUCCEPTAIIMOHHOM PABOTHI
OIIYBJIMKOBAHBI B CJIEAYIOIUX PABOTAX:

[Ty6nukaiuu B Hay4HbIX u3aanusax u3 nepeuns BAK JIHP:

1. Ilonmepeunuit, A.M. Jlo BHU3HAUCHHS IIBHJAKOCTI TPAHCHOPTYBAaHHS TBEPAOI
YaCTHHKM B amapari 3 TpyXHO aehopmyroduM pobounm opraHom [Tekct] / A.M.
[Tonepeunnii, O.1. bapumes, H.O. MuponoBa // Bicuuk JJouHYET: naykoBuii >xypHan
Nel(33), 2007.- donensk, 2007. — C. 93-100.

2. Tlomepeunsiii, A.H. Kunerumka Cymkd TMJIOJOBBIX KOCTOUEK HH(paKpacHbIM
usnydeHueMm B BuOpokumsmem cioe [Tekcr] / A.H. Ilonepeunsiii, H.A. MuponoBa //
Hayunsiit xxypaan HUY UTMO cepus «lIpouecchl u anmapathl NAIIEBBIX TPOU3BOACTBY.
— Poccus: Cankr-IletepOypr, - Nel, 2015. — C. 142-149.

3. Ilonepeunsit, A.H. Kunernueckue 3akOHOMEPHOCTH MPOLECCA CYLIKH IUIOJOBBIX
KOCTOYEK HH(ppaKkpacHbIM u3IyyeHHeM B BuOpokumsmem cinoe [Tekcr] / A.H.
[Tonepeunsiii, H.A. MuponoBa // Becthuk JlonHHTY: wexayHapomHblii Hay4dHO-
TexHUYeCKui xKypHai Ne6(6), 2016. — [lonenk, 2016. — C. 44-52,

4. llonmepeunsiii, A.H. BnusHue mnapaMeTpoB CYIIKM IUIOJOBBIX KOCTOYEK Ha
kKadecTBO mojiygaemoro macia [Tekct]| / A.H. Ilomepeunsiii, H.A. MuponoBa, I1.B.
Knano, C.A. bopoBkoB // Hayunsiii xypuan HUY UHUTMO. Cepus «lIpoueccel u
amnmapaThl MUIIEBBIX MPou3BoACTB». — Poccust, Cankt-IletepOypr, 2016. Ne2. —C. 3-12.

5. Ilonepeunsrii, A.H. Kunetuka temriepaTypHbIX MOJIEW IJIOJOBBIX KOCTOYEK MpHU
uH(ppakpacHoit cymke B BuOpokumsmem cioe: [Texker] / A.H. Ilonepeunsrii,
H.A.MuponoBa // Becthuk JIoHHTY: MexyHapo HbI HAyYHO-TEXHUYECKUM >KypHAI
Nel(6), 2017.- Honenx, 2017. — C. 43-47.

[IyOnuKauu B APYTrUX HAYYHBIX U3IAHUSX.

6. Ilomepeunmii, A.M. KiHeTmka TIporlecy CyIIHHS IUIOOBUX KICTOYOK Y BiOpO-
KUTUITYOMY Iapi  mpu  1H¢pauepBoHoMy HarpiBanHi [Tekcr] / A.M. [lonepeunwi,
H.O.Muponosa // Bichuk XHTYCI im. 1. Bacunenka. — Xapkis, 2007. — Bur. 58. — C. 122 -
128.

7. Ilonepeunuit, A.M. OcHOBHI TeoMeTpu4Hi 1 (i3WyHI MapaMeTpu IMIOAOBHX
kictrouok [Texcr] / A.M. Ilonepeunuii, H.M. Bappapina, B.I'. Kopniituyk,
H.O.MuponoBa // O6nanHanHs Ta TEXHOJOTIi XapyOoBUX BUPOOHUIITB: TeMaT. 30. HayK.
np. — Jlonensk, JJou IVET, 2010. — Bum. 23. — C. 28-33.

8. Iomepeunnit, A.M. JlochimkeHHsT Bi3UKO-MEXaHIYHUX XaPaKTEPUCTHK KiCTOUOK
abpukocy [Tekcr] / A.M. Ilonepeunnii, I.B. XKnanos, H.O. MuponoBa // O6nagHaHHs Ta
TEXHOJIOT1i Xap4oBUX BHUPOOHHUIITB: TeMar. 30. Hayk. mp. / 'omos. Pen. O.0O. Ily6in. -
2014. - Bum. 32. C. 74-82.

9. A.N. Poperechnyi, I.V. Zhdanov, N.O. Mironova, A.V. Shulga. Drying of plant
materials in a Vibro-Fluidized Bed with Infrared Heating// Academic messageat the 4th
edition of BIOATLAS International Conference,taking place at Transilvania University
from Brasov, Faculty of Food and Tourism,May, 15-17, 2014. C. 66-70.

10. Tlomepeunsrii, A.H. Teopernueckue mpeanocbuiku WK-HarpeBa miioq0BIX
kocrouek [Tekcr] / A.M. Ilomepeunwuii, 1.B. XXnanos, H.O. MuponoBa // CyuacHi
HaMpsIMKK TEXHOJIOTIi Ta MexaHi3alii MpOIECiB NMepepoOHUX 1 XapyOBUX BUPOOHMIITB:
BICHMK XapKIBCBKOI'O Hall. TE€XH. YHIBEPCUTETY CLIbCHKOro rocmoaapctsa imeni Ilerpa
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AHHOTAIUA

MuponoBa H.A. DkciepuMeHTalbHbIE UCCIEA0BaHUS NPOIlecca CYIIKH TI0J0BBIX
KOCTOYEK MH(PPAKPACHBIM H3TyYCHUEM B BHOPOKHIISAIIEM CIIOE.

Jluccepranusi Ha COMCKAaHUE YYEHOM CTENEHW KaHAWAAaTa TEXHUYECKHX HayK IO
creruanbHocTH 05.14.04 «IIpombiniennas temnodHepretuka» - 'O BIIO «/loneukuii
HallUOHAJIbHBIA YHUBEPCUTET SKOHOMHUKM U TOProBid HMeHM Muxamna TyraH-
bapanosckoro», Jlonenk, 2017.

B pabote ucciaemoBaH KOMOMHHPOBAHHBIM MPOIECC CYIIKH IUIOJOBBIX KOCTOUEK
WH(ppaKpacHBIM HU3JIy4EHUEM B BUOPOKHUIIAIIEM CJIO€.

Paspabotan anmapaTypHO-METOINICCKHIA KOMILJIEKC JUISt MIPOBEICHUS
AKCIIEPUMEHTATILHBIX MCCIICIOBAHUM TTpolIecca CYIIIKH II00BbIX KocTouek MK-u3my4ueHnem B
BUOpoOKuUIsieM ciioe. MccnenoBanbl KOJIMYECTBEHHBIE 3aKOHOMEPHOCTU MPOIlecca CYIIKU
TUIOZIOBBIX KOCTOYEK HAa OCHOBE aHAIM3a JIAHHBIX IKCHEPUMEHTAIBHBIX TEIIO(U3UYECKUX
uccnenoBanuil. IlomydyeHsl ypaBHEHHsT OOOOIEHHBIX KPHUBBIX CKOPOCTH CYIIKH M 3HAYEHUS
MaccOOOMEHHBIX KOA((QUIIMEHTOB U KPUTUYECKUX BIArOCOJEPXKAHWUM, XapaKTEpU3YIOLIUe
NepeMEIICHUE BJIard BHYTPU TUIOJIOBBIX KOCTOYEK. YCTAHOBJIEHA B3aMMOCBSI3b MEXKITY
TEIIOOOMEHOM U MacCOOOMEHOM MpHU IMOMOIIM OCHOBHOTO KPUTEPHs] KUHETHKHU Ipoliecca
CyHlIKH - KpuTepus PeOunpaepa. YcraHOBICHBI HOBBIC HAy4YHBIE JAHHBIE O PallMOHAIBLHBIX
pabounx mapamerpax mnporecca cymku MK-u3mydenrem B BUOpokutsiieM ciioe. PazpaboraHsl
3aMaTeHTOBAHHBIE CIIOCO0 M KOHCTPYKITHS MPOMBIIIICHHON BUOpocymiku ¢ MK-u3myuennem
C YYeTOM TIOJyUYEHHBIX TEOPETHUYSCKUX U OSKCIIEPUMEHTAIBHBIX JaHHBIX. Pa3paboTana
WHXEHEPHAsl METOJIMKA ITPOCKTHOIO pacyeTa MPOMBIIUICHHON CYITHUIBHON YCTAaHOBKHU.

KiarwueBble cjoBa: mporecc Cymku, WHPpaKpacHOe H3Iy4YCeHHE, BHOPOKHIISAITUN
CJIOM, MJI0I0BBIC KOCTOUKH.

ABSTRACT

Myronova N.A. Experimental studies of the process of drying fruit beads by
infrared radiation in the vibro-boiling layer

Thesis on competition of a scientific degree of the candidate of technical sciences,
specialty 05.14.04 «Industrial Heat-and-Power Engineeringy» - Donetsk National University of
Economics and Trade Named after Mykhayilo Tugan-Baranovsky , Donetsk, 2017.

In the paper, a combined process of drying fruit beads by infrared radiation in a
vibro-boiling layer was investigated.

An instrument-methodological complex was developed for carrying out
experimental studies of the process of drying fruit seeds with infrared radiation in the
vibro-boiling layer. Quantitative regularities in the process of drying fruit pits are
investigated on the basis of an analysis of experimental thermophysical data.

Equations of generalized drying rate curves and the values of mass transfer
coefficients and critical moisture content characterizing the moisture transfer within the
fruit bones are obtained. The relationship between heat exchange and mass transfer is
established using the main criterion of kinetics of the drying process - the Rebinder test.
New scientific data have been established on the rational operating parameters of the
drying process by infrared radiation in the vibro-boiling layer. A patented method and
design of an industrial vibration drier with IR radiation has been developed, taking into
account the theoretical and experimental data obtained. An engineering technique for the
design calculation of an industrial drying plant has been developed.

Key words: infrared radiation drying, kinetics, vibration, fruit ossicles.



