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OBILIASA XAPAKTEPUCTHUKA PABOTbBI

AKTYaJlbHOCTH TeMbI HccJieqoBanus. B skoHoMuke Poccun 3agava pa3Butus
HHEPTETUKU SIBIISIETCS CTPATETHUECKOH, a MoXkapHas 6€30MacHOCTh 00BEKTOB dHEpre-
TUKH U pabOTAIOIIEro Ha HUX NIEPCOHANIAa — aKTyalIbHON U KU3HEHHO HEOOXOAMMOM.

3a nepuon ¢ 2009 no 2015 rr. Ha TIpeANnpUATUAX SHEPTETUKHU 3aPErUCTPUPOBA-
HO 2762 moxapa, u3 KOTOpbeIX 61 moxkap B 3JaHUSAX HHEProdOJIOKa TEIUIOBOM U TU-
paBiuueckoi anexkrpocraniuu (I'9C). B pesynbrate noxapos norudiio 32 yenosexa,
a Ttaxke 100 uenoBek ObLIO TpaBMUpOBaHO. [Ipu 3TOM mpsMONl MaTepHUaTbHBINA
ymiep0 coctaBui 420377 ThIC. pyo.

bonee ueM B 70 % ciyuyaeB, COTJIaCHO CTaTUCTUKE, IPUUMHAMU THOEIH JIOAEH
Ha II0’KAapax SBIIETCA OTpaBICHUE IPOAyKTaMu ropeHus. Iloatomy B CBs3u ¢
paciiipeHreM 00JIaCTH UCIOJIb30BaHUsI MaTEPUATIOB HA OCHOBE IIOJUMEPOB, TOPEHHUE
U TJICHUE KOTOPBIX COIIPOBOXKIAETCS BbIIECICHUEM OOJIBIIOTO KOJIMYECTBA TOKCUUHBIX
MIPOJYKTOB TOPEHMS, MATEMAaTHUYECKOE MOJEIMPOBAHUE PACIPOCTPAHEHUSI TOKCHY-
HBIX MPOAYKTOB TOPEHHUS MpHU MOXKApe Ha THAPOIIEKTPOCTAHUMUAX W pa3padoTka
3((PEKTUBHBIX MPOTHUBOMOKAPHBIX MNPODYUIAKTHYECKUX MEPONPUITHII CTaHOBUTCA
Bce OoJiee akTyallbHOM 3a7ayueil.

OOBEMHO-TIIIAHUPOBOYHBIE M KOHCTPYKTHBHBIE PELICHUS MPOU3BOJCTBEHHBIX
3nanuii ['9C nomkHbl o0ecriednBaTh O€30MACHYIO0 HBAKyalUIO JIIOJEH MpU MOXKape.
JUig peieHust TaHHOM 3aJaul He0OXOJUMO YMETh JOCTOBEPHO PacCUUTHIBAThH JUHA-
MUKY HM3MEHEHMS KOHIIEHTPAlMi TOKCUYHBIX IIPOJYKTOB TOPEHMS IpPU IOXKape
B nomemeHussx ['9C u Ha MyTAX 3BaKyalluH.

MopnenupoBaHue pacHpOCTPAaHEHUsT TOKCHUYHBIX HPOAYKTOB TOPEHHs IpU
noxkape Ha ['OC onupaercs Ha MPOTrHO3UPOBAHUE JUHAMUKHU ONAcHBIX (PaKTOPOB IO-
xapa (O®II). B Hacrosiee Bpemsi MaTeMaTHYECKHME MOJENM pacueTra JUHAMUKH
OOII (B TOM umcClie ¥ KOHIIEHTPAIIM TOKCUYHBIX MPOIYKTOB TOPEHHS) B IIOMEIIEHUHN
JOCTaTOYHO Pa3BUTHI AJISl PELICHUS MPAKTUYECKHX 3a/1a4 M0KapHOM 0€30IacHOCTH.

Opnako wucxogHble JaHHble (0a3a THUMNOBOW MOXApPHOM  HArpy3KH)
MO BBIJAEIEHUIO TOKCUYHBIX MPOAYKTOB TOpPEHUs, UCcob3yeMble npu pacuere ODII,
nonydeHsl B 1970-2000 rr. M He YYWTHIBAIOT HOBBIE BEHIECTBA M MATEPHUAJIBI
(B 0OCOOEHHOCTH TOJIMMEPHBIE), AKTUBHO UCIIOJIb3yEMBbIE [T OTJENIKH ITyTeH 3BaKyalluu.

OObeM BBIICHSIONUXCS TMPOAYKTOB TOPEHHUS OMNPEIESIETCS XUMHYECKUM
COCTABOM TBEPJBIX U KUAKUX TOPIOYUX BELIECTB U MATEPUAJIOB, a TAKKE TEPMOras3o-
JUHAMUYECKUMH YCIOBHSIMU T0Kapa.

VY aenbHble KOA(P(GUIUEHTH BBIICICHUS TOKCUYHBIX Tra30B MPUHATHI TMOCTOSH-
HBIMU M HE 3aBHUCSIIMMH OT TEPMOra30JMHAMHUYECKONW KAPTHUHBI Pa3BUTHUA IOXKapa
(KOHILIEHTpalMs KUcIopoaa, Temrneparypa u T.4.). Kpome Toro, B paznuuHbIx 0a3zax
JaHHBIX  BBIIIEYKa3aHHbIE KOI(PQGUIMEHTHl 3HAYUTENBbHO OTJIMYAIOTCA  APYT
OT Apyra, a CBEJACHUS O TEIJIOPU3UUECKUX M XUMHUUYECKUX MOKA3aTeNIX I MHOTHX
COBPEMEHHBIX MaTEPUAJIOB OTCYTCTBYIOT.

Benuuunsl yI€IbHBIX ko3¢ puIeHTOB BbIJICTICHUS MOJTy4EeHBI
B MaJIOMACHITA0HBIX 3KCIIEPUMEHTAJIbHBIX YCTaHOBKaxX. OHAKO M3-3a2 HEBO3MOXKHOCTH
[IOJTHOTO BBINIOJHEHUS MOJOXKEHUM Teopuu noaoOus HpH IMepexoae OT Majomac-
IITaA0OHOW MOJENH K HATYpHOMY IOMELIEHUI0 OTCYTCTBYET HayyHOE€ OOOCHOBaHHE
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paBEHCTBA  YyJENbHBIX ko3 purreHToB BbIJICTICHUS B MTOMEILIEHUSIX
C CYIIECTBEHHO OTJIMYAKOLIMMHUCS Pa3MEpPaMH.

Takum oOpa3zoMm, pa3paboTKa HKCIEPUMEHTAIBLHO-TEOPETUUECKON MOJIeTu
pacuera paclpOCTPAaHEHUS TOKCUYHBIX MPOAYKTOB TOPEHMS, YUHUTHIBAIOLIEH
MaciTaOHbIA (DAKTOp U TO3BOJIAIONICH ONpEAeNUTh BpeMsi OJIOKHMPOBAHUS MyTen
ABaKyallud TOKCUYHBIMU MPOAYKTAMH TOPEHHUS B IeNIIX oOecrnedeHusi 0e30macHou
ABaKyallMu JIIOAEH W3 TMPOU3BOJACTBCHHBIX 37aHuil ['DC, sBIAeTCSd aKTyaJbHOM
HAYYHOH M NPAKTHYECKOH 3a1ay4eil.

CreneHb pa3padOTAHHOCTH TeMbl HCCIeA0BAHMS. 3HAYUTEIBHBIA BKJIaj
B TOHMMaHHWE TEPMOTra30JIMHAMUYECKON KapTUHBI ToXapa U oOecredyeHue
Oe3omacHoil 9Bakyanuu Joned u3 mnomemienuid BHecan HO.A.  Kommapos,
10.A. Tlonskos, C.B. Ily3au, B.U. Tlpucaakos, B.M. Ecun, W. K. Chow, T. Tanaka,
S. Yamada, K. Matsuyama, G.D. Lougheed u np.

B pa3paboTky HaydHbBIX OCHOB TE€OPHHM TOPEHHUS MOJUMEPOB, TOKCHUYECKOTO
BO3JICICTBUSI NPOJYKTOB TOPEHUS HA OPraHU3M YEJIOBEKa, METOJOB HCIBITAHUM
U KOHTPOJIA TMOKAPOOMACHBIX M TOKCHMYECKUX CBOWCTB BEIIECTB M MaTEpUAJIOB
BHecmn A.A. bepmun, ILI. Jemumo, B.C. Wmmuxkun, A.S. Kopoapuenko,
J.B. Tpymkun, H.H. Cemenos, B.A. Cumonos, JI.M. Illadpan, I1.II. Illernos u np.

OpHako B HACTOSIIEE BpeMs 3TU MPOOJIEMbI TOJHOCTHIO HE PEIICHBI C Teope-
TUYECKOW U OKCHEPUMEHTAIILHOM TOYEK 3pEHUs H3-3a CIOKHOCTU (DU3UKO-
XUMUYECKUX YCJIOBUU MPOTEKAHUSI MPOILIECCOB razuUKalMi U TOPEHHS, a TaKKe
HEOMPEICICHHOCTH XUMHUECKOTO COCTaBa COBPEMEHHBIX CTPOUTEIILHBIX MaTePUAIIOB.

HayuHo-000CHOBaHHBIE METOJUKH pacyeTa YAEIbHbIX KOA((UIIMEHTOB Bble-
JIEHUsSI TOKCUYHBIX Ta30B C YUYETOM KOHKPETHBIX TEPMOTA30AMHAMUYECKUX YCIOBUMN
noxapa (TemmnepaTrypa, KOHIIEHTpaIus KUCIopoa U T.1.) OTCYTCTBYIOT.

Takum o06pa3zoM, HEOOXOAUMBI TEOPETUUYECKUE U IKCIIEPUMEHTANIbHbIC HCCIIe-
JIOBaHUSI BEJIMYMH KOHLEHTPALMII TOKCHUYHBIX Ta30B U TEMIIEPaTypbl B CMECAX
MPOJIYKTOB TOPEHUSI M BO3/yXa, 0Opa3ylIIMXCS B MaJOMacIITaOHONW SKCIepUMEH-
TalIbHOW YCTAHOBKE, U PAaCCMOTPEHHSI BO3MOKHOCTH PACIPOCTPAHEHUS MOTYUYEHHBIX
PE3yNbTaTOB HA peajbHOE MOJTHOMACIITA0HOE TOMEIIEHHUE.

OO0beKTOM HMCCIeI0BAHUS B JUCCEPTAIMU SBISIOTCS TEILIOMAcCOOOMEHHBIE
MPOIECCHI, MPOTEKAIOIINE MPH MOKAPE B MPOU3BOACTBEHHBIX 3/1aHusaX [ IC, KoTopbie
SBJISIFOTCSL OCHOBOM JJIS BBITIOJTHEHUS pacdyeTa BpPEMEHU OJIOKUPOBAHMS TyTEH
ABAKyallid TOKCUYHBIMH MPOYKTaAMU TOPEHUSI.

IIpeameTom mcc/ieIOBAHUSA SBIISICTCS BpeMs OJIOKUPOBAHUSA MyTeH dBaKyalluu
TOKCUYHBIMH TIPOIYKTaAMHU TOPEHUS MPU MOXKape B MPOU3BOACTBEHHBIX 31aHusx ['DC.

Heabo  ucciaegoBaHusi  sBIsSETCS  pa3pabOTKa  AKCIEPUMEHTAIBHO-
TEOPETUYECKOM MOJIEIM pacueTra BpeMEHW OJOKUPOBAaHMS IyTEeH HBaKyalluu
TOKCUYHBIMHM MPOJAYKTAMH TOPEHHS B MPOW3BOACTBEHHBIX 31aHusX ['IC, yuuThiBa-
fomeld  MacmTaOHbI  (akTOp, HAa OCHOBE COBEPIICHCTBOBAHHUS CTaHIAPTHOM
METOJIMKH ONPEICICHUS] TOKCUYHOCTHU MPOIYKTOB TOPEHUS.

Jlnst moCcTHKEeHUST TIOCTAHOBJIGHHOW 1€ B paboTe HEOoOXOIUMO PpelIuTh
CIEAYIOIIE OCHOBHbIE 3a1a4MH:

— TIPOBECTH AaHaIU3 JUTEPATypPHBIX MCTOUYHUKOB [0 MPOTHO3UPOBAHUIO
KOHLIEHTpalui MpOJYKTOB TOpPEHUs Ha moxkapax B 3aaHusx ['9C, mo Bo3aeicTBUIO
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TOKCHYHBIX Ta30B Ha OpraHW3M YeJIOBEKa, MO METOAaM HCIBITAaHWN BEIIECTB U
MaTepUaIoB Ha TOKCUYHOCTb IIPOTYKTOB FTOPEHUS;

— €O3aTh YCOBEPIIECHCTBOBAHHYIO 110 CPABHEHMIO CO CTAHJAPTHBIM METOJOM
OLIEHKM TOKCHUYHOCTH IMPOJYKTOB T'OPEHMsI MajJOMacITA0HYHO SKCIIEPUMEHTAIBHYIO
YCTaHOBKY JJIsl ONIPEAENICHUS TOKApPHOM OMAaCHOCTU BEUIECTB U MaTEPHUAJIOB MPU UX
TEPMHUECKOM Pa3JI0KEHUHU, UCTIONIb3yeMbIX B ['DC, 110 yCIIOBHO répMETUYHON CXEME;

— pa3paboTaTh MOAM(PHUKALIMN HHTETPAIBHOM W 30HHOM MaTeMaTUYEeCKUX
MOJEIIEH, YUUTHIBAOIINE MacCIITaOHBIN daktop U UCIIOJIb3YIOIIHE
AKCIIEPUMEHTAJIbHbIE 3aBUCUMOCTU IJIOTHOCTH TOKCHUYHBIX T'a30B OT TEMIIEpaTyphl
B YCIOBHO TEPMETUYHOM CXeMme, A pacueTa BpPEMEHU OJIIOKMPOBAHUSA MyTel
HBaKyallMl TOKCHUYHBIMHU MPOJYKTAMHU TOPEHHS Ha TMOXKape B MPOM3BOACTBEHHBIX
3panusx '0C;

— pa3palboTaTh METOAMKY pacyeTa BPEeMEHH OJIOKMPOBAHUS IMyTEH IBaKyalnu
TOKCUYHBIMU TPOJYKTAMH TOPEHHUS C MCHOJIb30BAaHUEM MOAU(PUIMPOBAHHBIX
MHTETPabHBIX U 30HHBIX MOJENIEH;

— pa3paboTaTh HaydHO OOOCHOBAHHBIE PEKOMEHJAIMH IO pacdyeTy BPEMEHU
OJIOKUpOBaHUSI IyT€W SBaKyalldd TOKCHUYHBIMH MPOJAYKTaMU TOPEHHSI C Y4YETOM
peaJlbHOM TOKapHOM Harpy3kH, OOBEMHO-TUIAHUPOBOYHBIX M KOHCTPYKTUBHBIX
0COOEHHOCTEH MPON3BOACTBeHHBIX 31aHuii [ IC.

Hayunast HOBH3HA pabOThI 3aKJII0YAETCS B CIETYIOIIEM:

— TPEMIOKEHO YCOBEPIICHCTBOBAHHWE CTAHMAPTHOM CXEMBl HCIBITAaHUN
HAa TOKCHYHOCTH, ITO3BOJISIIONIEE B JOMOJTHEHHE K HW3MEPEHHUSIM KOHIICHTPAIUA
TOKCHYHBIX Ta30B M KHCIOpOJa HU3MEPSATh CKOPOCTh Tra3u(uKaluu TOPIYEro
Marepuansa W yIeIbHBIM  KOd(pPUUuEHT o00pa3oBaHHUs TOKCUYHBIX Ta30B,
HE0OXOUMBbIC TIPY pacyeTe BPEMEHH OJIOKMPOBAHUSA MyTEH dBAKyallud TOKCHYHBIMU
MPOAYKTaMH TOPEHUS;

— paspaboTaHbl MOAU(UKAMKA HMHTETPAIHHOW U 30HHOW  MOJCIICH,
HCIOJIb3YEMBIX IIPU pacueTe BpeMEeHH OJOKHpPOBaHUS MyTeH IBaKyalliil TOKCUYHBIMU
NPOAYKTaMHU TOPEHHUS, B KOTOPHIX C y4E€TOM MAacIITaOHOIro (pakTopa HUCIOJIb3YIOTCS
HKCIIEPUMEHTAJIbHbIE 3aBUCUMOCTH IJIOTHOCTH TOKCUYHOI'O T'a3a OT TEMIEepaTyphl O3
petenust A depeHInaIbHOrO ypaBHEHHs 3aKOHA COXPAHEHUST MaCChl TOKCUYHOTI'O Ia3a;

— TOJY4YeHbl HOBBIE OKCIIEPUMEHTAJIBHBIE U TEOPETUYECKUE JIaHHBIC
0 3aBHUCHUMOCTH IUIOTHOCTM MOHOOKCHJAA YIJIepoJia OT CpeAHEOObEMHOM
TEMIIEPATyphl, BEIWYMHAM YACTBHOW CKOPOCTH Ta3U(pUKAMU ¢  YACIHHOTO
kodddunreHTa o0Opa3oBaHUs MOHOOKCHJIA yriepoda sl APEBECHHBI (COCHA),
TpaHchOpMaTOPHOTo Macia U 000JI0YeK Kabesiel B YCIOBHO I€pMETUYHOM OOBEME,
HEO0OXOUMBIC TIPY pacyeTe BPEMEHH OJIOKMPOBAHUS MyTEH dBaKyallud TOKCUYHBIMU
MPOIYKTaMH TOPEHUSI.

TeopeTuyeckasi 1 NpaKTHYECKAsI 3HAYMMOCTH PA00THI 3aKTI0YACTCS B!

— Hay4HOM OOOCHOBAHHMH UCIIOJIB30BaHUSI B MaTEMaTHUYECKON MOJIENIN pacyera
BpeMEHH OJOKMpPOBAaHUS NyTEeH »5BaKyalldd TOKCHUYHBIMHU MPOIYKTaAaMH TOpPEHHUS
B MPOU3BOACTBEHHBIX 3/aHUAX ['DC 3KCnepUMEeHTaNbHBIX 3aBUCUMOCTEH MIOTHOCTU
TOKCHYHOTO Ta3a OT TEMIIepaTypbl, MOJIYYEHHBIX B MajJOMAacIITaOHOIl yCTaHOBKE,
C YyYeTOM MacmTaOHOro (akTopa © OCOOEHHOCTEH TepMOTra30MHAMHUYECKOM
KapTUHBI TTOKapa B MOJHOMACIITAOHOM MTOMEIIEHUY;
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— COBEPIICHCTBOBAaHMHM HAYYHBIX OCHOB OOECTICUCHHS O€30MacHOM IBaKyalluu
JIOJIEN MU MOKape B MPOU3BOACTBEHHBIX 31aHUsIX ['DC;

— CO3JIaHMM DJKCIIEPUMEHTAIBHON YCTAHOBKM ISl OMNPENEIICHUS TOKAPHOU
OMAaCHOCTM BEHIECTB W MaTepUaloB IMpPU UX TEPMHUYECKOM PA3JI0KECHUH,
IPUMEHSIIOIIUXCSA B CTPOUTENIBCTBE, HA OCHOBE OLICHKHA MO JAHHBIM XHUMHUYECKOTO
aHaiau3a C UCIIOJb30BAHMEM YCOBEPUICHCTBOBAHHOW METOJMKU IPOBEIACHUS
UCIBITAHUM, YTO TO3BOJIUT PACIIMPUTH 0a3y [IaHHBIX TOpIOYEH Harpy3Ku
10 CBOMCTBAaM COBPEMEHHBIX CTPOUTEIBHBIX MaTEPUAJIOB;

— CO3[JaHMM METOAMKU pacyeTa BPEMEHU OJOKHPOBAHMS NYTEW 3BaKyaluu
TOKCHYHBIMHU TMPOIYKTaMH TOPEHHsSI Ha OCHOBE MOJU(DUIMPOBAHHBIX HHTETPATHHON
Y 30HHOW MOJIEJIEN, UCIIOIB3YEMBIX ISl PACUETA MOKAPHBIX PUCKOB.

Meromosiorus HW  MeTOAbl  HCCJe0BaHMA.  METOI0JI0rHYECKyIO
U TEOPETHUYECKYI0 OCHOBBI JUCCEPTALMOHHBIX HCCIEAOBAHMM COCTaBUIIM TPYIbI
yUYEHBIX B 00J1acTH TerioMaccoooMeHna u nporuosuposanus O®DII, a Takke HayyHbIE
pa3pabOTKH, MOCBSILIEHHBIE METO/1aM UCIIBITAHUN Ha TOKCUYHOCTh MTPOAYKTOB TOPEHMSL.

OCHOBHBIMM METOJAMHU HCCIEHOBAaHUS SBISAIOTCS METOABI Ta30MHAMUKHU
U TEIUIOMacCoOOMEHa,  OAKCIEPUMEHTAJIbHbIE  METOJbl  TEIJIOMAcCOOOMEHa,
YUCJICHHbIE METOJbl pPEIICHUsl cucteM AuQQepeHInaIbHbIX YPaBHEHHM, METO[bI
o0paOOTKM M aHaiM3a pe3yibTaTOB TEOPETUUECKHX M OKCIEPUMEHTAIBHBIX
HCCIIEIOBAHUM.

Peanuszanus padorsl. MaTepualbl quccepTalyy peain30BaHbl IPU:

— pacyeTe MOXKapHBIX PUCKOB U pa3paboTke IiaHa O€30MacHON 3BaKyaluu
mone mnpu moxkape B riaBHOM koprnyce Qummana OAO  «Pycl'uapo» -
«Humxeropoackas ['DCy», pacnonoxeHHoro mo aapecy: Hukeropojckasi 001acTh,
['oponenkwii paiioH, r. 3aBOJIKbE;

— pacuere MOXKApHBIX PHUCKOB, pa3paboTKe IulaHa O€30MacHOW 3BaKyallH
JIOJIEN TIPU MOKAPE U MMPOEKTUPOBAHUM CUCTEMBI IBIMOYJAICHHS B MAIIMHHOM 3aJ1€
Ha HoBoBoponexckoit ADC, pacmoyiokeHHOW 10 aapecy. Boponexckas o011,
r. HoBoBoponex, npom3ona, u Ha Kypckoit ADC-2, pacnonoKeHHOW O aJpecy:
Kypckas 061., miiomaaka «MakapoBkay;

— IIPOBEICHUH HAYYHBIX MCCJIEIOBAHMUN 10 Pa3BUTHIO U COBEPIIEHCTBOBAHMIO
WCIIBITAHUM BEUIECTB M MaTEpHAIOB HA TOKCUYHOCTH MPOAYKTOB T'OpPEHUS
(. 86 mnana Hayunoit padotel Akagemuu ['TIC MUC Poccun na 2015 1.);

— pa3paboTke (POHIOBBIX JIEKIUH, MPOBEICHUN JEKUHUOHHBIX, JJaA0OPATOPHBIX
Y MPAKTHYECKUX 3aHIATHN CO CIyLIATENsIMU, KypCaHTaMU M CTyJE€HTaMHU AKaJleMUU
ITIC MYC Poccun mno pucuuruiuae «lIpornozupoBanue omnacHbIX (QaKkToOpoB
noxxkapa» mo temam «OCHOBbI HMHTETpaIbHOrO Meroaa mporHo3upoBaHusi ODID»
1 «OCHOBHBIE MOJIOKEHHUSI 30HHOTO MOJICIIMPOBAHUS TI0KAPAY.

ITos10:keHHs, BBIHOCMMBbIE HA 3AIIIUTY:

— YCOBEpILECHCTBOBAaHHAsl CTAHJIAPTHAs CXE€Ma MCHBITAHWA HA TOKCHUYHOCTh
IPOAYKTOB TOPEHHMsI, O3BOJISIIOIIAS B JOMOJHEHUE K H3MEPEHHUSAM KOHILIEHTpalui
TOKCHUYHBIX Ta30B W KHUCJIOPOJAa M3MEPATh CKOPOCTh Tazu(UKaIMU TOpPIOYero
MaTepuasa 1 yaeabHbId Ko UIueHT 00pa30BaHus TOKCHYHBIX T'a30B;

— pa3pa0oTaHHas YCTaHOBKA JUISI ONPEAeTICHHs MOKapHON OMacHOCTH BELIECTB
U MaTepUAIOB NOpH KX  TEPMHUYECKOM  DPA3JIOKEHUH, MPHUMEHSIOIUXCS
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B CTPOMTEIILCTBE, HA OCHOBE OLEHKH JAHHBIX XHMMHYECKOIrO  aHalIu3a
C UCIIOJIB30BaHUEM YCOBEPUIEHCTBOBAHHON METOAUKH MPOBENCHUS UCIIBITAHUI;

— MoauduIMpoBaHHAs 30HHAs W MHTETrpajbHash MOJEIN, B KOTOPBIX
UCIIOJB3YETCSl JKCIIEPUMEHTAIbHAS 3aBUCHMOCTh IUIOTHOCTH TOKCHYHOTO Ta3a
OT TeMIIepaTyphsl 0e3 perieHus: TudPepeHInalIbHOrO YpaBHEHUS 3aKOHA COXpaHEHUS
Macchbl TOKCUYHOTO T'a3a;

— pe3yJIbTaThl COMOCTABIICHUS SKCIIEPUMEHTANIBHBIX U TEOPETHUECKUX JTAHHBIX
0 3aBUCUMOCTH IUIOTHOCTH MOHOOKCHJA YriepoJa OT CpeaIHe0ObEeMHON
TEMIEPATYPhI, IKCIIEPUMEHTAIbHbIC JaHHBIC 110 YACTbHOW CKOPOCTH Ta3u(PUKAIIUU U
ynenabHoMy Kod(h(duUIMeHTy 00pa30BaHHS MOHOOKCHJA yTiaepoia A JPEBECHHbI
(cocHa), TpaHCHOPMATOPHOTO Maciia U 000J0UEK Kabesneil B yCIOBHO T€PMETUYHOM
o0BeME;

— METOJMKA pacyeTa BpeMEHHU OJIOKMPOBaHUSA IyTEH 3BAaKyallM TOKCUYHBIMU
OpOAYKTaMHU  TOpEeHMs, pa3pabOoTaHHas Ha  OCHOBE  MOJU(PUIMPOBAHHBIX
MHTETPaJIbHOM 1 30HHOM MOieiel ¢ y4eToM MacluTabHOro (akTopa;

— pe3ysnbTaTbl YHCICHHBIX OKCIEPUMEHTOB [0 CPAaBHEHHMIO KOHIICHTpaLWi
TOKCHYHBIX IIPOTYKTOB TOPEHUS B IOJIHOMACIUTAOHBIX MMPOU3BOACTBEHHBIX 30aHusIX ['OC
U MaJIOMacIITaOHON 3KCIIEPUMEHTAIbHON YCTaHOBKE;

— Hay4HO-00OCHOBAaHHBIE PEKOMEHJIALIUU 110 pacyeTy BPEMEHU OJIOKUPOBAHUS
nyTel 3BaKyallud TOKCHUYHBIMHU IPOAYKTaMU TOPEHHUsS IpU MOXKape Ui Jrojaen 0e3
CPEICTB HWHIMBHUIYAJIbHOW 3alIUTBI € YYETOM OOBEMHO-IUIAHUPOBOYHBIX U
KOHCTPYKTUBHBIX OCOOEHHOCTEN MPON3BOACTBEHHBIX 31aHui [ IC.

CreneHb JOCTOBEPHOCTH MOJYYEHHBIX Pe3yJbTATOB O00ECIEUHBACTCS
HCIIOJIb30BAHUEM TP MPOBEJECHUU HKCIEPUMEHTOB IOBEPEHHBIX  CPEJCTB
M3MEpPEHH, anpoOMPOBAHHBIX METOJO0B OOpPabOTKH pE3yJbTaTOB 3KCIEPUMEHTOB,
anpoOMpPOBaHHBIX (PU3HKO-MATEMATHUYECKUX METOJOB aHAIIN3a, & TAK)KE YMCICHHOIO
pemieHuss nudgepeHIUanbHbIX YPaBHEHUH B YaCTHBIX MPOU3BOAHBIX. [lomyueHHbIe
AKCHEPUMEHTAIIBHBIE JTAHHBIE UMEIOT JAOCTAaTOYHO TOYHOE JJISi MH)KEHEPHBIX METOJIOB
pacueTra COBIAJEHUE C TEOPETHYECKUMM JTAaHHBIMH, IPUBEACHHBIMHU B JIMTEPATYPHBIX
HCTOYHHKAX.

JInunblii BkJIax aBtTopa. B pabGorax, omyOJMKOBaHHBIX B COaBTOPCTBE
B U3JIaHUAX, peKoMeHI0BaHHbIX BAK, Bce pe3ynbTarsl, COCTaBISIOIIME HAYYHYIO
HOBU3HY U BBIHOCHMBIE Ha 3aILUTY, IOJYyYEHbI aBTOPOM JIMYHO.

AnpobGanus padorbl. OCHOBHBIE pe3ybTaThl ObLIN J1010XeHbI Ha [T Mexay-
HapOJIHOM Hay4yHO-TIpakTHUuecKkor KoHpepeHuu «lloxxapHas 6€301MacHOCTb: TEOPHsI
u npaktrka — 2012» (Yepkacu, AkanemMus MOKapHOH OE30MACHOCTH WM. T'epOCB
YepuoOsis, 2012); XXI MexayHapoaHOW Hay4YHO-TEXHUYECKOW KOH(pEPEHINH
«Cucremsl 6e3omacaocta — 2012» (Mockpa, Akagemust I'TIC MUC Poccun, 2012);
MexyHapoJHOU HAayYHO-TPAKTUYECKON KoHpepeHIInr MOJoAbIX YUEHBIX U CIEeIH-
amuctoB «I[Ipobnemsr TexnochepHoit 6e3omacaoctr 2012» (Mocksa, Axanemus ['TIC
MUC Poccuu, 2012); MexayHapoJHON HayYHO-TIPAKTUYECKON KOH(DEpeHIuu, Mo-
cesmeHHoil 80-neturo Akagemun I'TIC MUC Poccun «McTopuyeckuil  OIBIT,
COBpPEMEHHbIE MPOOIEMbI M IEPCIEKTUBBI 00pa30BaTEIbHON U HAYYHOH AESTEIbHOCTH
B obOnactu obecriedeHus: moxkapHoii 6ezonacHocti» (MockBa, Axkamemus ['TIC MUC
Poccun, 2013); VIl MexnyHapoqHOlH HAyYHO-PAKTUYECKOH KOH(EPEHIUH
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«ITonmumepHbie MaTepuasnbl HoHMKEHHON roprouectu 2013» (FOxubIil henepanbHbIii
yHUBEpCUTET, Taranpor); MexayHapoJHOW HayYHO-IPAKTHUYECKOW KOH(EpEeHINH
Momnoapix yueHbIX U crnenuanuctoB «lIpoGrembl TexHocdepHOU Oe30macHOCTH
2014» (Mocksa, Akagemus ['TIC MYC Poccun, 2014); [llectoit poccuiickoil Haluo-
HaJIbHOW KOH(pepeHuu mo teriomaccooomeny (Mocksa, MDU, 2014); MexnyHa-
POJIHOM Hay4YHO-TIPAKTUYECKOW KOHGpepeHIIMH MOJObIX YUYEHBIX M CIEHUaIUCTOB
«IIpobnemsbl TexHocheproit 6e3omacHoctu 2015» (Mocka, Akanemus I'TIC MUC
Poccun, 2015); XXV MexayHapoaHOH HaydYHO-TEXHUYECKOH KOH(EpEHINH
«Cuctemsl 6e3omacHocTr — 2016» (MockBa, Akagemust ['TIC MUC Poccun, 2016);
V MexayHapoIHOM Hay4YHO-TIpakTUuecKor KoHpepeHmn «PoiTMaHOBCKUE UTEHUS —
2017» (MockBa, Akagemuss ['TIC MYC Poccun, 2017); VIII Mexnynaponnoi
koH(pepenunu «llonmMepHbie MaTepralbl MOHUKEHHON rOpPIOYECTH MaMATH aKaje-
muka b.A. )Kybanosa (Anma-Ata, Kazaxckuii HarioHaIbHBINH YHUBEPCUTET UM. ajlb-
®dapadu, 2017); MexnyHnapoaHoit koHbepeHuu «CoBpeMeHHbIE TTPOOIEMbI TEILIO-
¢busuku u sHepretuku — 2017» (Mocksa, MOU, 2017).

I[Iy0oaukanuu: 1no pe3yibTaTaM JUCCEPTALMOHHOTO HCCIEIOBAHUS aBTOPOM
omyONMKOBaHO 22 Hay4Hble paboOThl, B TOM 4Yucie 4 CTaTbl B W3JIaHUSX,
pekomeHnoBaHHbIX BAK s omyOnukoBaHusi pe3ylbTaTOB JUCCEPTAMOHHBIX
UCCIIEOBAaHNN, | CTaThsi B MEXIYHAPOJHOM PELEH3UPYEMOM KYPHAJIE U3 IEPEUHS
Scopus, 1 moHorpadus u 1 mateHr.

Crpykrypa u 00bem padoThl. /(uccepranusi COCTOUT U3 BBEACHUS, YETHIPEX
IJIaB, BBIBOJIOB, CIIMCKA JINTEPATYphl U NpuiioxkeHus. Coaep:kanue padoThl U3JI0KEHO
Ha 156 cTpaHMIIaX MalIIMHOMMCHOTO TEKCTa, BKJIIOYaeT B cedsi 37 pHUCYHKOB,
11 Tabmuu. Criucok nutepaTypsl BKItoYaeT 124 HauMeHOBaHUS!.

OCHOBHOE COIEP KXAHUE PABOTHBI

Bo BBegennu 000CHOBaHA aKTyaJIbHOCTb TEMBI TUCCEPTAIMH, MPOAHATH3UPO-
BaHbl 0OBEKT U MPEAMET UCCICAOBAHUS, CPOPMYTUPOBAHBI 1IE/b U 3aJa4l UCCIEN0-
BaHMsI, TPUBEICHBI HaydHas HOBH3HA PA0OTHI M €€ MpaKTHYecKas 3HAYUMOCTD,
MOJIOKEHUS, BHIHOCUMBIE Ha 3aIllUTy, JOCTOBEPHOCTh MOJYYEHHBIX B PE3yJbTaTe
AKCIIEPUMEHTOB JIaHHBIE, arpoOarysi paboThl, MPUBEICHO KPATKOE COIepPIKaHuE pabOTHI.

B nepBoii riaBe auccepraiuu «AHaJIW3 ONACHOCTH TOKCUYHBIX Ta30B NpHU
no>kape B MPOM3BOJCTBEHHBIX 3/1aHuax ['DC» mpoBeneH 0030p U aHAIM3 JTUTEpaTyp-
HBIX MCTOYHUKOB, MOCBSIICHHBIX OCOOEHHOCTSM TOKaPHOW OMAacCHOCTH IMPOU3BO/I-
cTBeHHBIX 37aHui ['DC, MeToauKkam ornpeeaeHuss TOKCUYHOCTH MPOYKTOB TOPEHUS
BEIIECTB M MaTEpHaJIOB, a TAaKXKE PACUYCTHBIM METOJaM ONpENEICHUs BPEMEHH
OJIOKMpPOBAHUS MyTeH dBaKyaIllii TOKCHIYHBIMH MPOTYKTaAMH TOPECHHUS.

OcoOCHHOCTSMH OOBEMHO-TIJIAHUPOBOYHBIX W KOHCTPYKTHUBHBIX PCIICHHIM
MPOU3BOACTBEHHBIX 3AaHui ['DC, SBIAIOMUXCS CYIIECTBEHHBIMU JJIsi 00€CTICUCHUS
MO’KapHOW 0E€30MacHOCTH, MOKHO OTHECTH Pa3BUTOE MO BEPTHUKAIM MPOCTPAHCTBO
MAIlIMHHOTO 3aJia, OOBEAUHSIONIEE pa3IMYHbIE YPOBHU MAIIMHHOTO 3ajla B OOIIMIA
00beM, HATMYKME PA3BUTOM CHCTEMBI MMOMEIICHUH (MPOU3BOICTBEHHOTO Ha3HAYCHUS,
KaOeNbHBIX TaJiepeil, olarperaTHbIX MPOCTPAHCTB U MOMEIIEHNUN CHIIOBBIX TypOWH),
PaCIIOJI0KEHHOM HIKE YPOBHSI 10J1a MAIIIMHHOTO 3aJia.

W3 npoenenHoro ananuza aBapuii Ha ['DC ObuUTHM BBISIBICHBI OCHOBHBIE
MIPUYMHBI BOSHUKHOBEHUS U JJAJIbHEUIIIETr0 pacnpocTpaneHus noxapa. [lokazano, 4yto
HAauOOJBIINN PUCK BO3HMKHOBEHMS MMOXKapa BO3HUKAET MPU IKCIUTyaTallud TpaHC-
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dbopMaTOpoOB M MAaCISIHOTO XO3SHCTBA C MOCIEAYIOIIMM BBIOPOCOM Maciia U €ro
BOCTJIAMEHEHHEM, a TaKKe€ B KaOCIBHBIX CETSIX Pa3IMYHOrO Ha3HAYCHUS (CHIIOBBIC
Ka0eyn, KOHTPOJIbHBIE Kabeln, cTa00TOUHbIEC KaOeJIN CBSI3U U CUTHATIU3AIIN ).

OObeKTaMu TOKAPOB dYalle BCETO CTAHOBATCS TEHEPATOPHI, KaOelbHbBIE
KaHaJbl, 2JIEKTPOOOOPYAOBaHKHE, B TOM YHCIE TpaHCPOPMATOPHI Pa3IMYHOTO Ha3Ha-
YEeHMsI, HACOCHBIE YCTAaHOBKHU.

[TpoBeneHHbI aHATN3 00BEMHO-TUIAHUPOBOYHBIX U KOHCTPYKTUBHBIX PEILICHHIMA
pou3BOICTBEHHBIX 31aHui ['IC, a Takke HaXOAIIEHCs MOXKapHON HArpy3KH, MoKasal,
YTO B MAIIMHHBIX 3ajlaX U KaOenbHBIX ranepesx ['9C Haubonee omacHble CIIEHAPUH
pa3BUTHS TIOXKapa.

BBIITOJIHEH aHanu3 XMMUYECKOTO COCTaBa U TOKCUYHOCTH IIPOLYKTOB TOPEHUS
rOPIOYMX BEIIECTB U MATEPHANIOB, HAXOMAIIMXCA B IPOU3BOJACTBEHHBIX 3HAHUIX
I'DC. Onpenenensl Haubosee OMacHble TOKCUYHBIE Ia3bl, BBIACIAIOMINECS ITPH MOXKa-
pax: CO, CO,, HCN, CH,=CH-CHO, HCl u ap.

[Ipoananu3upoBaHbl NOAXOABI U MIPUHLHUIBI OLIEHKA TOKCUYHOCTH MPOAYKTOB
TOPEHHMS BEUIECTB MAaTepUaIIOB. PacCMOTpPEHBI COBPEMEHHBIE OTEUYECTBEHHBIE U 3apy-
O€XHbIE METOJbl MCIBITAHUM BEIIECTB M MATEPHAIOB HA TOKCUYHOCTH NMPOAYKTOB
rOpeHHsl. BBISBIEHBI CYIIIECTBEHHBIE OTINYUSA METOJIOB U UX HEJOCTATKH.

K OCHOBHBIM HEZOCTaTKaM CYHIECTBYIOIIMX METOJAOB HCIIBITAHUWA BEIIECTB
Y MAaTEpHUAJIOB HA TOKCUYHOCTB ITPOTYKTOB TOPEHUS MOKHO OTHECTH:

— HEI0CTAaTOYHOE KOJIMYECTBO TOUEK U3MEPEHUN TeMIIEpaTypbl BHYTpU o0beMa
KaMeppl, YTO MHCKIIOYAEeT BO3MOXHOCTH JIOCTATOYHO TOYHOI'O OIpPEACICHUsA
CpeHe0ObEMHOM TeMITepaTyphl Ta30BOU CPEIbI;

— HEOOOCHOBAHHOCTh TOYKHM OTOOpa ra3zoBOil CMeCH JUIsl U3MEPEHUs] KOHLEH-
TpalMii ra30B, YTO HE MO3BOJSET JOCTATOYHO TOYHO H3MEPUTH CPEIHEOOBEMHBIE
3Ha4YE€HUS KOHLICHTPAli TOKCUYHBIX I'a30B;

— OTCYTCTBME CHUCTEMbI U3MEPEHHUsI TOTEPU Macchl 0Opaslia Mpu €ro TepMuye-
CKOM DPA3JI0KEHUH BO BPEMsI IPOBEACHMSI SKCIIEPUMEHTA, U, KaK CIIEIACTBUE, OTCYTCTBHE
BO3MOKHOCTH OTPEACIICHHs YIEIbHBIX KO3()PUIMEHTOB 00pa30BaHMUSI TOKCUYHBIX
ra3oB M YJIEJIbHOM CKOPOCTH BBITOPAHUS MAaTEPUAJIOB;

— HE YUUTBIBAIOTCS B MTOJIHOW MEPE APYyTrUe TOKCUUYHBIE Ta3bl, kKpome CO.

[IpoBeneH aHanu3 BO3AEWCTBUA TOKCHYHBIX Ta30B HAa OpPraHU3M 4YeEJOBEKa.
PaccMOTpeHbl KpUTUUECKHUE BEJIMYMHBI KOHLICHTPALUM, INIOTHOCTEN U TOKCOIO03 IS
Pa3JIMYHBIX TOKCUYHBIX I'a30B, BBIACISIOMNXCS IIPA TOPEHUM BELIECTB U MAaTEPUAIOB.

BrimonHeH aHanu3 COBPEMEHHBIX METOJIOB pacyeTa HEOOXOIWMOTO BPEMEHU
ABAKyallMU JIIOJEU NPHU IOXKape B 34AHUAX U COOPYKEHHUAX, B TOM YHCIIE pacyera
KOHIICHTPALMi TOKCUYHBIX T'a30B B IOMEIICHUAX U HA IIyTAX 3BAKyallUH.

Ha ocHoBanuu 0030pa JIMTEpATypHBIX HCTOYHHMKOB CJAENAHBbl CIEIyIOIINe
OCHOBHBIE BBIBOJIBI:

— TpHU MPOECKTUPOBAHUM M SKCIUTyaTallid NPOW3BOACTBEHHBIX 31aHui 1OC
poOieMbl 0€3011aCHOM ABaKyaluy JIIOJIEH TIPU MOKAPE SIBISIFOTCS] HAU00JIee OCTPBIMU;

— BBISBJICHHBIE HEJAOCTATKHA CYIIECTBYIOIIUX JKCIIEPUMEHTAIBHBIX METOIOB
OLIEHKM TOKCUYHOCTH TNPOAYKTOB TOPEHUS M TEOPETUYECKMX METOJOB pacyera
BpEMEHHU OJIOKUPOBAHUsI ITyTeH 3BaKyall TOKCUYHBIMU IIPOYKTaMH F'OPEHMS Ha MOXKapax
B 3/IaHUSIX U COOPYKEHUSIX CBUJIETEIbCTBYIOT O HEOOXOANMOCTH X COBEPILIEHCTBOBAHUS.



Bo BTOpOI ri1ase nuccepranun «MeToapl pacueTa KOHIEHTPALMN TOKCHYHBIX
ra3oB Ha IIyTSAX 3BaKyaluu IIPU II0’Kape B IMPOM3BOJACTBEHHBIX 37aHusAX ['DC» npu-
BEJICHBI pa3padOTaHHble MOIU(DULIMPOBAHHBIE MATEMAaTUYECKHE MOJIEIN U METOIUKA
pacuera BpeMEHU OJIOKHpPOBaHMs IIyTE€H »SBaKyallud TOKCHYHBIMU MPOIYyKTaMH
ropeHus IIPH MOXKape B IPOU3BOACTBEHHBIX 31aHuAx 1 OC.

[IpencraBieHbl OCHOBHBIE YPaBHEHUS U YCIOBHS OJHO3HAYHOCTH MHTErPaIbHON
MOJIEJI pacyeTa TEPMOra30JMHaMUKH I10Kapa B IOMEILCHHH.

B ciydae ycnmoBHO TepMETHYHOTO 00beMa OCHOBHBIC U depeHIaTbHbIC
YPaBHEHUSI MOJIETH, BBIPAXKAIOUINE 3aKOHBI COXPAHEHUSI MAacChl U SHEPIHH T'a30BOM
Cpelpl, a TAKXKE MAacChl TOKCUYHOI'O T'a3a ¥ KMCIOPOAA, UMEIOT BUJL:

dp
V2 oy
dt ’ (1)
dT, .
PaCV — - =N¥Qi(1-0), )
dp
VR -yl
dt T, (3)
dpo
V2R - gl
dr n 0, (4)

rae T, — cperHeoOBbEMHAs TeMIiepaTypa razoBoi cpesl, K; V — 06beM nomernenus, M
T — BpeMsd, C; ¢y, — yJelbHas HM30XOpHas TEINIOEMKOCTh rasza, JIx/(xr-K); pe, —
CpeIHe0ObEMHAsT TIIOTHOCTh Ta30BOM CPEmbl, KI/M’ Prop — CPEAHEOOBEMHAS IUIOT-
HOCTB TOKCHYHOTO Ta3a, KI/M’ Po2.cp — CPEAHEOOBEMHAS IIIOTHOCTh KUCIIOPOJA, Kr/m;
Y — ckopocTh razuduKay roprouero Marepuana, kr/c; L — ynenpHbIil koddduiu-
€HT BBIJICIICHUS] TOKCUYHOTO Ta3a; Lo, — yaenbHbIl KodhOUIIMEHT TOTpeOIeH s KHC-
nopoxaa; QP — HuzmIas paboyasi TEIJIOTa CrOpaHusi roprodero Marepuana, Jx/kr; 1 —

MOJIHOTA CropaHusi; ¢ — Ko3((PUIHUEHT TemIONnoTePb, PaBHbIA J0JI€ TEIJIOTHI, BbIJE-
JUBILIEHCS B oyare ropeHusl ¥ MOCTYyMAaroIIed B Orpa)Aaroliue KOHCTPYKLIHUU MoMe-
[ICHHSI U3 BCETO 00beMa MOMEIIIEHUSI.

Hauanenabie yenosus (nipu T = 0) ans muddepeHnmanbabix ypasHenuit (1) — (4):

Tcp = To, Pep = Po; XOZ,cp =0,23; Xr,cp =0,
rae To — TeMmeparypa B IOMEUIeHUH nepen noxapom, K; pp — naBieHue B momere-
HUU TIepen rnoxapowm, [la.

B pa6orax C.B. Ily3aua, Jloan Brer Mansb (2011) mokazano, uto cpeaHeo0b-
€MHasl INIOTHOCTh TOKCUYHOTO Ta3a (B yacTHOCTH, CO) MOXKET OBITh OMKCaHa CIIEITY-
IOIICH 3aBUCUMOCTBIO, MTOJTYYCHHON U3 aHAJIMTHYECKOro peleHus ypaBaenui (1) — (4)
HMHTETpaIbHON MOAEH Npu G=CONSt u L-o=Cconst:

L
pco:Kﬁ, (5)

rae K — koagpuuueHT nponopuuoHaIbHOCTH MEXAY CPEIHEO00BEMHOM MIOTHOCTHIO
3. .
TOKCUYHOIO ra3a u oTHolueHueM Lco/QP, JIxk/M’; Loo — ynaenbHbId KOd(hGUIIUEHT

BoinenieHnst CO; QP — Husmias pabodast TerUIoTa CropaHus TOProYero Matepuana, Jx/xr.
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KoadduimeHT nponopiinoHaibHOCTH HE 3aBUCUT OT CBOMCTB rOPIOYEro Mate-
puana, pa3MepoB MOMELIEHUS U IUIOMIAA OTKPBITOM MOBEPXHOCTU TOPIOYETO MaTe-
puaia u sBisieTcsa QYHKIHEH TOJIBKO TPeX MapaMeTpoB, XapaKTEPU3YIOLUIUX TepMO-
JUHAMUYECKYIO KApTHUHY MOKapa:

K=f(T..T,0), (6)

rae T, — TeMiepaTypa Bo3ayxa B noMmenlenuu, K.
Jlns paccMaTtpuBaeMoM yCIIOBHO T€PMETUYHOM CXEMBI IOKApa:

25.10° (T, -T,)

K= : 7
l-9) T, 7

[Ipeobpazyem BeipaxkeHue (5) K BUY:
Pco =P Lo, (8)

rame p = K/ Q}I: — XapaKTCpHasd IINIOTHOCTDL, 3aBUCAIIIAA TOJIBKO OT CXCMBI TCPMOI'a3o-

JTUHAMUYECKON KapTUHBI TI0Kapa, TEIUIO(QU3NIECKUX TapaMeTPOB MoxkKapa U roproye-
ro MaTepHana, Kr/m’,

[Tomyuennass Qopmyna (8), BeIpakaromas 3aBUCHMOCTH CpeaHECOOBEMHOMN
mwioTHocTH CO 0T cpenHeoObEMHON TeMIEpaTyphl, HE COIEPKHUT I'€OMETPUUECKUX
pa3MepoB MOMEUIEHUS U MOBEPXHOCTEN TOPIOYHUX MAaTEPUAJIOB M, CJIEIOBATEIbHO, SB-
JSeTCS CHPaBENJIMBOM B YCIOBUAX KaK MajOMacIITa0HOro, TaKk M KpymHOMAacIITal-
HOTO T0Kapa B OMEIICHHH.

Pa3paboTana MeroauMka pacdeTra paclpOCTPAHEHHUS TOKCUYHBIX Ta30B IpHU
MoXkape B MPOM3BOJCTBEHHBIX 3/1aHugx ['DC, KoTopas BKIIOYAET B ce0s CIEayIOMIMe
ATAIbI:

— cOOp HMCXOAHBIX JAHHBIX Ha OCHOBE aHajgn3a OO0BbEMHO-TUIAHWPOBOYHBIX
Y KOHCTPYKTUBHBIX PEIICHUH TOMEIIECHU;

— BBIOOp HanboJiee OMacHbIX CIIEHAPUEB PA3BUTHSI TIOKAPA;

— BBIOOp MaTeMaTHYeckou moaenu pacuera quHamuku ODII,

— IIOJIyYEHHE SKCHEPUMEHTAIBHBIX 3aBHCHUMOCTEH IIOTHOCTEH TOKCHYHBIX
ra3oB OT CpeIHEOOBEMHON TeMIiepaTypbl U BEJIUYUH YAEIbHBIX CKOpOCTEH razudu-
KAl TOPIOYMX MAaTepUajoB, MO KOTOPHIM HET JAHHBIX B CYIIECTBYIOIIMX 0a3zax
JAHHBIX TIOXKAPHON HATPY3KHU WM OTPEIEIICHUE YIETbHBIX MAaCCOBBIX KOA((OUIIUEHTOB
o0Opa30BaHMs TOKCUYHBIX [a30B;

— MIpOBEJICHUE pacueToB Ha DBM;

— aHaJIM3 Pe3yJIbTAaTOB pacyeTa ONPEAEIICHHs IUNIOTHOCTEW TOKCUYHBIX T'a30B U
UCIoNb30BaHueM ypaBHeHus (8) quHamuku ODII;

— oOomnpelesieHue BpEMEHHU OJOKMPOBAHUS MyTeH HBaKyallMM TOKCUYHBIMU
MPOJAYKTaMU FOPEHUSI.

Takum 00pa3omM, IpH MPAKTUYECKOM UCIOJIb30BAaHUU MPEJIOKEHHON METOU-
KM pacyeTa HeoOXOAMMO 3KCHEPUMEHTAIBHO ONPENEIUTh 3aBUCUMOCTH CPEAHEO0D-
€MHBIX MJIOTHOCTEH TOKCUYHBIX Ta30B OT TEMMEPATYpPbl ISl KOHKPETHOU MOXKapHOU
Harpy3ku. [lociie 3TOro BBIMOJIHUTE pacyeT 3aBUCUMOCTH CPEAHEO0BEMHOM Temmepa-
Typbl (MHTETpajibHAS MOJIEh) UM CPETHEOOHEMHOM TEMIIEPATYPHI MPUITOTOTIOTHOTO
cyos (30HHas MOJIENb) OT BPEMEHH, B KOTOPOM HMCIOJIb3YIOTCSI BBILIEYKa3aHHbIE 3a-
BHUCHMOCTH C yY€TOM IMOMPaBKU HAa KOA()(DUIIMEHT TEIIONOTEPH B MOJIHOMACIITAOHOM
MTOMEIICHUH.
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OCHOBHBIM OTJIMYMEM OT CYLIECTBYIOLIMX METOJMK pacdera SIBISETCS OTCYT-
CTBHE HEOOXOJMMOCTH pelieHus auddepeHnnaibHoro ypaBHeHus (3), B KOTopoe
BXOJIUT yAENbHBIN KO3(P(UIIMEHT BbIJEICHHUS] TOKCUYHOIO ra3a.

B BbIBOax 1Mo BTOPOW TJlaBe MPUBEACHBI PEKOMEHIALUU 1O MCTIOJIb30BAHUIO
NPEIJIOKEHHBIX MAaTeMaTUYECKUX MOJIeNIeH NJisi ONpeesieHusl BpeMEHU OJIOKUpOBa-
HUSl MyTeW HBaKyallu TOKCUYHBIMH MPOAYKTaMH TOPEHUSI MPHU MOKape B MPOU3BO/I-
cTBeHHBIX 3ganuax [ DC.

B Tperbeii riiaBe quccepTany « KCIEpUMEHTaNIbHAs YCTaHOBKA JUI OIpEJie-
JIEHHS MOKAPHOW ONACHOCTH BEILLECTB M MATEPUANIOB NPU UX TEPMUYECKOM PaszlioxKe-
HUW» MPEACTABICHO HAyYHOE OOOCHOBAHME KOHCTPYKTMBHOW CXEMbI HOBOM 3KcCIe-
PUMEHTAJIbHOM YCTAHOBKHM U MPUBEICHO ONMMCAHNE YCTAHOBKH U METOAUKHU MPOBEE-
HUS SKCIIEPUMEHTOB.

BrllonHeHa MOCTAaHOBKA 3a/1a4d HKCIEPUMEHTAIBHOIO OIpPEAESICHUs 3aBUCH-
MOCTH CPEJHEOOBEMHOM MJIOTHOCTH TOKCUYHOTO Ta3a OT CpeIHEOOBEMHON TeMIiepa-
TYpbl B MAJIOMACIITA0OHOM SKCIIEPUMEHTAIBHON YCTAaHOBKE.

[IpennokeHo yCOBEpIIEHCTBOBAHME CTAaHAAPTHOTO METOAAa HCIBITAaHUN Ha
TOKCUYHOCTh NpoaykToB ropenHus no ['OCT 12.1.044-89 1n.4.20, ycrtpanstoiiee
OCHOBHBIE €r0 HEJJOCTATKH, [IEPEUNCIICHHBIE PaHee B TJIaBe 1 AuccepTanuy.

Pa3paboTtana skcneprMeHTaIbHAs YCTAHOBKA, peau3yrollasi cXxemy Moxkapa
B YCJIIOBHO F€PMETUYHOM MaAJIOMacCIITaOHOM 00BbeMeE.

CxeMma u (ortorpadus HOBOM IKCIIEPUMEHTAIbHON YCTAHOBKHM MPEICTABIICHBI,
COOTBETCTBEHHO, HA pUCYHKax | u 2.

AN
. ——1 .
\fo\ 9 \3

Pucynok 1 — CxeMa 3KCTIiepUMEHTAIBHON yCTaHOBKHU: 1 — KaMepa cropaHus, 2 — dJIeKTpoHarpena-
TENBHBIN M3JTydarelb; 3 — AepKarenb 00pasia; 4 — nepexoJHOH pyKaB; 5 — JBepla SKCIIO3UIIMOHHOMI
KaMmepbl; 6 — SKCMO3UIMOHHAs Kamepa; 7 — IIMOepHbIC OTBEPCTHS;, 8 — BEeHTHIIATOP; 9 — 3aCIIOHKa
(meperopojka) mepexoaHoro pykana; 10 — Becsr; 11 — nBepiia kamepbl CropaHus

11 HenmpephIBHOTO KOHTPOJISI TEMIIEPATypPhbl B IKCIO3ULIIMOHHOW KaMepe HcC-
MOJIb30BAIMCH HU3KO MHEPIIMOHHBIC TEPMOIIAphl B KOJIMUECTBE 27 IITYK C UANa30HOM
m3mepenuit ot —40 1o +1100 °C ¢ norpenHocTbio He 6onee £1,1-°C.

I[J'ISI KOHTPOJIA INNIOTHOCTHU TCEINNIOBOI'O ITOTOKA, IMAaJaromero Ha I/ICHBITyCMBII\/'I
oOpa3zell, UCTOJIb30BAJICA BOAOOXIAXKIAEMbIN JaTuyuK TUIA ['OpJloHa U perucTpupy-
oM mpudop ¢ auanazonoM uzMepenuit ot 0 o 100 MmB. ITorpemnocts u3mMepeHus
IIJIOTHOCTH TCIIJIOBOT'O IIOTOKA HE IMIPCBBIIIACT +8 %.
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Jlyist HeTIPEPBIBHOTO KOHTPOJISI COCTaBa Ta30BO3AYIITHOW CPEIbl B AKCIIO3HIIH-
OHHOW KaMepe HCITOJIb30BaJICSl MHOTOKAHAIBHBIM Ta30aHAIM3ATOP, H3MEPSFOIIHMA
KOHIICHTPAIIMIO OKCHa yriepojaa ¢ auanaszoHoM m3MepeHuit ot 0 g0 1 % 00. u
JTOMYCTUMOM morpentHocTeio +10 %, muokcuaa yriepoja ¢ IUarna3oHOM U3MEpEeHUI
or 0 10 5 % 00. u gomycTuMoi morpentHocThio +£10 %, Kuciaopoaa ¢ Auana3oHOM
m3mepenuii ot 0 10 21 % 06. u gonmyctumoit norpentHoctbio £10 % 06.

Pucynok 2 — O0uuii BUIl yCTAaHOBKY JJIS1 ONIPESIICHHS TOKapPHOH OMAaCHOCTH BEILIECTB
M MaTCpHAJIOB IIPU UX TEPMHUYCCKOM Pa3JI0KCHUHN

["oprourie MaTepualibl UCOBITHIBAIMCH B PEXKUME TIIAMEHHOTO TOpeHusl. Pexxum
MJIAMEHHOTO TOpPEHUs 00ecreunBaeTcs npu TEMIIEPATYPE UCTIBITAHHS 750 °C (mnoT-
HOCTb I1aJIAF0IIETO TEII0BOro 1motoka 60 kBt/m )

bein BeIOpaH peXUM IIAMEHHOTO TOPEHHUS, TaK KaKk NpU HEM B OTJIMYUE
OT peXuMa TIEHUS MpPouUcXoauT Oosee ObicTpoe pacmpoctpanenue OOl
10 TTOMENIEHUIO.

[IpenBapuTenbHO KOHIUIIMOHUPOBAHHBIM M B3BEIICHHBIN 00paselr] Marepuaia
MOMEIIAJICS B CHEIUAIbHBIN AepkaTesib oOpasia (BKJIaIbII).

[Tocne BbIXOJ@ AIEKTPOHATPEBATEIBLHOIO U3JIydyaTessl Ha CTAOMIN3UPOBAHHBIM
PEXKUM OTKPBIBAIOT JIBEPIlY KaMephbl CTOPaHUS U TIOMEIIAIOT 0e3 3a7ep>KKH BKJIa IbIII
¢ oOpasiom B Jepkaresib o0pasiia B yCTaHOBKE, IMOCIE YEro ABEpIy Kamephl cropa-
HUS 3aKpBIBAIOT, OTKPHIBAIOT 3aCJIIOHKY MEPEXOHOTO PyKaBa W MOJBEpraroT oOpaszerl
TEPMUUECKOMY Pa3JI0KECHHUIO.

B mporiecce uctbitanuii peructpupyrot nokaszanus konmentpamuit CO (% 006.),
CO; (% 006.), Oz (% 00.) ¢ TeproOAUYHOCTHIO 3 CEKYHJIbI, CPETHEOOHEMHOMN TeMIepa-
Typbl B 3kcnio3uninoHHou kamepe T (°C), namMeHeHue Macchl oOpasiia mpy UCTIbITAHU-
ax Am (r).

VYnenpHblld KOAG(UIIMEHT BBIACICHUS MOHOOKCHIA Yriepoja B KaKIbId
MOMEHT BpPEMEHHU orpeensercs no Gopmyie:

V dp
|_ - CcO
A 9)

rie V — BHYTpeHHHI 00bEM YCTaHOBKH, M.

[IpoBeneHO SKCIEpUMEHTATFHOE OOOCHOBAHHME HAXOXKICHHS MecTa OoTOopa
ra3oBOil CMecH B TepMETUYHOM 00beMe KaMmephbl, B KoTopoil mioTHocTh CO paBHa ee
cpenHeoObeMHOMY 3HaueHuto. [Ipu 3ToM mpemmosiaraeTcsi, 4TO B JTOM MECTE
JIOKaJIbHBIE 3HAUEHMS BCEX MApaMETPOB PaBHBI UX CPEIHEOOHEMHBIM 3HAUCHHUSM.
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[TosmryuyeHbl 3aBHUCHMOCTH JIOKAJBHBIX W CPEAHEOOBEMHBIX TEMIlepaTyp OT
BPEMEHHU TOPEHUS IPEBECHHBI (COCHA), 10 KOTOPHIM ONPENEIEHO MECTO PACIIONOKE-
HUSI TEpMONaphl C JIOKAJILHOW TeMIIepaTypor, COBHAJAIONICH CO CpeaHEOOBEMHOM
TEMIIEPATYpON B KaKJbI MOMEHT BpeMeHHM. [1o pe3ynpTraraM MCIBITAHWUN YCTaHOB-
JICHO, YTO MECTO 0TOOpa MpoO ra30BOM CPeIbl JOHKHO HAXOAUTHCS HA MOJIOBUHE BBI-
COTBI DKCIIEPUMEHTAIIBHOW KaMepbl HAITPOTUB IIEPEXOTHOTO PyKaBa YCTAHOBKHU.

B BBIBOJIaX 1O TPETHEH TJIABE OTMEUEHO OTJIMYHME C HAYYHOM U MPAKTUYECKOU
TOYEK 3pEHHUs pPa3pabOTaHHOW SKCIEPUMEHTAIBFHOM YCTAHOBKH OT aHAJOTHYHBIX
YCTaHOBOK IT0 M3MEPEHUI0 TOKCHYHOCTH MPOLYKTOB ITOPEHUS BELIECTB U MAaTEPHAJIOB
M BO3MOYKHOCTH €€ HCIIOJIb30BAHMS Ui pacyeTa BPEMEHH OJIOKMPOBAaHUS IyTeu
ABaKyallMyi TOKCUYHBIMH NPOJTYKTAMH TOPEHHUS.

B uerBepToii riaBe «VccienoBanue BpeMeHU OJOKUPOBAHMS MyTeH dBaKya-
MM TOKCUYHBIMA NPOAYKTAMU TOPEHUS B MPOU3BOACTBEHHBIX 3maHusx [DC
Ha MPUMEPE MOHOOKCHJIA YIJIEPOJa» IMPEACTABICHBI UCXOIHBIE JAHHBIE U PE3YJIbTa-
THl HATYPHBIX W YUCJIEHHBIX dKCIEPUMEHTOB 10 MPOrHO3UPOBAHMIO AUHAMUKU ODII
B MOJIEJIBHOM IPOU3BOACTBEHHOM 3aanuun ['DC.

[IpuBeneHsl MCXOIHBIE JaHHBIE UII MaTEMAaTHYECKOTO MOJEIUPOBAHUS
pacIpoCTpaHEeHNs1 TOKCHYHBIX Fa30B IIPHU MOKape B IPOU3BOACTBEHHBIX 31aHuAX [ DC.

PaccMmarpuBaiice roproure Marepuaibl, XapaKTEpHbIE ISl MPOU3BOJACTBEH-
HbIX 31anuii 'DC: XBoiHBIE JpeBeCHbIE cTpoiiMaTepualibl, obomouka kademneit [IBX
¥ MacJio TpaHc(popMaTOpPHOE.

Kputnueckoe 3nauenune mnotHoctd CO paBHO Peo . = 1,16 107 kr/m®,

OKCNEpUMEHTBl MPOBOAMWINCH O CPEAHEOOBEMHOM TeMIIEpaTypbl Ia30BOU
CMECH, HE MPEBBIIAIOIIEH KPUTHYECKOTIO 3HAYECHHUs IS yesioBeka, pasHoro 70 °C.

IIpencraBiieHbl pe3ynbTaThl SKCIIEPUMEHTAIBHBIX UCCIECAOBAHUN 110 OIpEaeiie-
HHIO OCHOBHBIX XapaKTEPUCTUK 00pa30BaHusI U PacIpOCTPaHEHHUsI MOHOOKCH/IA YIJIEpoa.

Ha pucynke 3 mpejacTaBieHbl 3aBUCUMOCTH cpefHeoObeMHo# miotHoctu CO
OT MOBBIIIECHUS CPEIHEOOBEMHON TEMIIEPATYPHI B Cllydae rOpEeHUs: XBOMHBIX JpeBeC-
HBIX CTpOMMaTepHalioB, Ha PUCYHKE 4 — MpU rOpEeHUU TpaHCHOPMATOPHOrO Macia
Y Ha pUCYHKe 5 — 00onouku kabeneit [IBX.

PCO.cps Kr/M>
0,0018
0,0016
0,0014

0,0012

0,0010
0,0008

0,0006 o-1

0,0004 A—-2

0,0002

0,0000 G#E i . .
0 5 10 15 20 ATy, °C

Pucynok 3 — 3aBucumoctu cpez[Heo6LeMH0171 mioTHOCTH CO OT MOBBIIIEHUS CPeTHEO0BEMHOM
TeMIIEPaTypbl [PH FOPEHHN XBOWMHBIX JPEBECHBIX cTporiMaTepuasioB (IKCIEPUMEHTAIbHBIC 3HaquI/151):

1—F=0,0072 Mm% 2 — F= 00145M : pacuer 1o popmyie (8): 3— ¢=0,97, F=0,0072 M%;
4 —9=0,98, F=0,0145 M35 — pco.p, F—miomane noBepxHocT o0pasua, M
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3
PCO.cps KI/M

0,005
0,004
0,003

0,002

0,001

AT, °C

Pucynok 4 — 3aBucumoctu cpenHeodobemMHoM motHocTd CO OT MOBBIIIEHHS CPEAHE00bEMHOMN
TeMIIepaTypbl pu ropeHnu Tpanchopmaroproro Macna (F=0,01 M2) (KCIIEpUMEHTAIBLHBIC 3HAUCHUS):
1-06=2,85 mm; 2 —6=1,15 mm; 3 — 6=7,3 mm; pacuer o popmyite (8): 4 — 9=0,88; 5— ¢=0,97;

6 — ¢=0,90; 7 — pco.xp; O — TONIIMHA CII0A TPAHCHOPMATOPHOIO Maciia B KIOBETE, MM

PCO.cp> Kr/M°
0,0045
0,0040
0,0035
0,0030
0,0025
0,0020

0,0015

0,0010

0,0005

0,0000 #
0 5 10 15 20 25 30
ATy, °C

Pucynok 5 — 3aBucumoctu cpetHeoobeMHoM 1oTHocTH CO OT MOBBIIIEHHS CPEHE00bEMHOMN
TeMIIepaTypbl Ipu ropeHnn odostouku kadeneit [IBX (sxcrepuMeHTaIbHBIC 3HAUCHNUS):
1-¢=0,97, F=0,0067 M*; 2 — ¢=0,97, F=0,0059 m*; 3— ¢=0,98, F=0,012 m*;
pacuer o popmyse (8): 4 — F=0,0067 M 5 — F=0,0059 Mm% 6 — F=0,012 M, 7 — pcoup
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[Tpu pacuere mo dopmyne (8) BenmnunHa QP mpuHUMAaNach Mo 0a3e JaHHBIX
noxxapaor Harpysku (FO.A. Kommapos, 2000), a cpennee 3HaueHue Lco — 1o
pe3yJbTaTaM MpPOBEICHHBIX HIKCIEPUMEHTOB.

3aBHCHMOCTH YJIENbHOH MacCOBOil CKopocTH Tasudukamum (Y, Kr/(c-m’))
TOPIOYEro MaTepuasa OT BpEMEHH C Hayalla TOPEHUs MPUBEICHBI HA PUCYHKE 6.

Wy, KF/(MZ-C)
0,045
0,040
0,035
0,630
0,025
0,620
0,015
0,010
0,005

0,000

Wy, KF/(MZ'C)
0,035
0,030
0,025
0,020
0,015
0,010
0,005

0,000

LA
I

T, MUH

T, MUH

Pucynok 6 — 3aBUCHMOCTH yJIeIbHON MacCOBOM CKOPOCTH ra3u(UKaIiy rOpIOYero Marepraia
OT BPEMEHH C Hayuajia TOPEHUS: @) XBOWHBIC JPEBECHBIE CTPONMATEPHATIBI:
1-F =0,0072 M% 2—F =0,0145 M%; 3 — . = 0,0063 kr/(m*-c) (FO.A. Kommvapos, 2010);
0) Tpanchopmaroproe mMacyio: 4 — 6 =2,85 Mm; 508 = 1,15 mm; 6 — 5 = 7,3 Mm;

7 —yy,=0,03 kr/(m*c) (F0.A. Kommapos, 2010)

CpenHue 3a BpeMs IPOBEIEHUs SKCIEPUMEHTOB 3HAUEHHUS \Jy,; COCTABIISIIN:
— XBOWHBIE JAPEBECHBIE CTponmarepuansl: ,,=0,0072 u 0,0068 Kr/(c-m°)
(y,,=0,0063 kr/(c-M°) — F0.A. Kommapos, 2010);
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— obosouka kabeneit [IBX: naHHble HE MOJIy4YeHBI M3-3a HEOINPEIEIEHHOCTH
IJIOIIAIA TOPEHUS;

— Macio TpaHchopmaropHoe: Wy, = 0,022; 0,007 u 0,018 kr/(c-m°) (Wyn =
= 0,03 xr/(c-M%) — F0.A. Kommapos, 2010).

CymiecTBEeHHBIE PAa3IM4ys B BEIMYUHAX Yy, IIPU TOPEHUU TPAHCPOPMATOPHOTO
Macjia OObSICHAIOTCS PA3HOM TOJIITMHOM CJI0sI Macja B KIOBETE.

Ha pucynke 7 moka3aHbl 3aBUCHIMOCTH OT BPEMEHH yJIeTbHBIX KOA(DPHUITNEHTOB
obpazoanust CO. CpenHue Mo BpeMEHHU IMPOBEACHUS IKCIEPUMEHTOB 3HaueHus Lco

npeAcTaBiieHbl B Tabuie 1.
Tabmuna 1 — CpenHue 1o BpeMeHUu NpOBEACHUS SKCIIEPUMEHTOB 3HaueHus Lco

Ycnosus Bpewms Pco B KOHIE Cpennsis Lco
I'oproune MPOMEXKYTKA
IIPOBEICHUS OCpEHEHNUs Bennun- | (FO.A. Kom-
MaTepI/IaJII)I OCpeI[HeHI/ISI,
JKCTIIEPUMEHTA Lco, MuH. K Ha Lco mapos, 2010)
5 F=0,0072 m* 11,6 1,16-10° 0,017
ABOIHEIC Apepec- 15,0 181-10° | 0,029
EII;:JII)I P F=0,0145 m* 8,0 5.0-10° 0,006 o
’ 10,9 1,16-10° 0,011
12,7 1,16-10° 0,032
F=0,0067 m° ’ ’ !
O6oouka UM 27.9 30107 0028 0108
kabeeit [IBX 0,012 12 7,6 1,16-10° 0,035 ’
e M 20,0 3.0-10°3 0,05
" F=0,01 m° 35 1,16-10° 0,042
; Z;HZ) — §=1,15 mm 5,0 2,010° 0,056 0122
H‘(’)e cPOpMATOp F=0,01 v 54 1.16-10° 0012 !
§=7,3 MM 5,7 5,1.10° 0,061

AHanu3 JaHHBIX TAOMUIBI | TMOKa3bIBaET, YTO B 3aBUCUMOCTH OT BPEMEHU
OCpeHEHUs1 BenuunHa Lco MOXKET U3MEHSThCA B Cllydyae FOPEHUs] XBOMHBIX JpeBec-
HBIX CTpoiimMaTepualoB B 2,63 pa3a, juist ooosnouku kabeneit [IBX — B 1,8 pasza u mac-
na TpancopmaropHoro — B 5,1 pasza.

Cy1miecTBeHHOE OTIWYME BEMUYUH Lco OT MpefCcTaBICHHBIX B y4€OHOM TOCO-
oun FO.A. Kommaposa «IIporanozupoBanue onacHbIx (haKTOPOB MOXKapa B MOMEIIIe-
Hun» (2010) MOKHO OOBSICHUTH, KaK B Pa3IMUUU YCIOBUHN MPOBEACHUS SKCIICPUMEH-
TOB, TaK M TE€M, YTO XMMHUYECKHMN cocTaB obosouku kabene [IBX u macna TpaHc-
(hopMaTOpHOro B JIAHHBIX SKCINEPUMEHTaX M B BBILICYKA3aHHOW paboTe MOKET 3Ha-
YUTEJIBHO OTJIMYATHCA JIPYT OT Apyra. Kpome Toro, B JaHHBIX ONBITAX HE U3MEPSIIAChH
BJIQ&YKHOCTh XBOMHBIX JPEBECHBIX CTPOMMATEPHUAIIOB.

Heo0xoauMo 0TMETUTh, YTO MPOBEACHHBIE HKCIIEPUMEHTHI Ha MaJOMACIITAOHON
YCTAaHOBKE B YCJIOBHO T€PMETUYHOM OOBEME IMOKa3aj, YTO BEJMYMHBI yAEITbHBIX
kodddurmenToB BeieneHuss CO 3HAYNUTEIHLHO M3MEHSIOTCS BO BPEMEHU C Havaa
TOPEHHS U UX CPEIHHE BEIMYUHBI CYIIECTBEHHO 3aBUCAT OT MEPUOJIa OCPEIHEHHUS 11O
BPEMEHH UCITBITAHUM.
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0] 5 10 15 20 25 30
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PucyHnok 7 — 3aBucuMocTy yaensHbIX KoddduiueHToB 0o6pazoBanus CO oT BpeMeHH ¢ Havasa
TOPEHUs. d) XBOMHBIC IpeBecHbIe cTpoiiMaTepraisl: 1 —F = 0,0072 Mz; 2—-F=0,0145 MZ; 3-Lco=
= 0,024 (}O0.A. Kommapog, 2010); 6) Tpancdopmaroproe macio: 4 —d = 1,15 mm; 5—-8 =7,3 mm;
6 — Lco=0,122 (FO.A. Kommapos, 2010); ¢) o6o10uka kabeneii [IBX: 7 — F = 0,0067 M2;
8-F=0,012m% 9—Lco =0,109 (FO.A. Kommapos, 2010)
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JlJ1s mpoBEpKH TOYHOCTH MPEAIOKEHHOM 3aBUCUMOCTH (8) OBbLI IPOBEIEH pac-
YeT TEePMOTra30JUHAMUKH IMOKapa B IMOJHOMACIITAOHBIX MMOMEUICHUSX MPOU3BO/I-
cTBeHHOro 3xanusa Huxeropoackoi ['DC ¢ UCNoONb30BaHUEM TPEXMEPHOU IOJIEBOM
moenu noxapa (C.B. ITy3au, 2006).

Ha pucynke 8 npencrasiena ¢ororpadus mammnaHoro 3ai1a Himkeroponackoit I'OC.

Jns mpoBeAEHNs YHUCICHHBIX SKCIEPUMEHTOB MO MPOTHO3UPOBAHUIO JHUHAMH-
ku O®@II B npousBoacTBeHHOM 31aHuu Huskeropoackoit '2C paccmaTpuBainch ABa
CLIEHapus MoXKapa:

— TOpeHue TYpOMHHOTO Maciia B MAIIMHHOM 3ajie ¢ pa3mepamu 264x28%20 wm;

— ropenue obOonouku kaberneil [IBX B kabenpHOU ranepee ¢ pa3Mepamu
46%4,3%2,4 M, pacroyioKeHHOM HIKE YPOBHS MAIIMHHOTO 3aJia.

B BrIlpaxenuu (8) B kauecTBE MOMPABKU IPH MEPEX0J€ OT MaJTOMacITaOHOTO
o0beMa K MOJIHOMAacHITAaOHOMY IMOMELIEHUI0O MAallMHHOTO 3aja MPUHUMAJIOCh Cpel-
Hee 3HaueHue kodduimenta Temonoreps Qyz = 0,3, KOTOpoe ObUIO MOJIYYEHO TPH
MPOBEJICHUN YHCIICHHBIX JKCIIEPUMEHTOB C HCIOJIb30BAaHUEM IIOJIEBOM MOJEIH.
B manomacmtaOHOM yCTaHOBKE NpH FOPEHUM TYpOMHHOTO Macja Oblia MoJydeHa
cpenHss BenuauHa ¢, = 0,97.

B cnydae moxkapa B kabOenpHO#l rajepee ok = 0,92 (moneBas Mojenb)
u @, = 0,98 (obomouka kadeneit [IBX).

Pucynok 8 - O6muii Bun mamma=HOro 3a1a Hikeropoackoit '9C
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Ha pucynke 9 mpencraBieHbl 3aBUCUMOCTH cpenHeoObeMHoM mioTHocTH CO
OT cpeIHe00OBEMHON TEMIIEPATYPHI, MTOJYUYEHHBIE C UCTIOIB30BAHUEM MPEI0KEHHOTO
noaxoja (BeipaxkeHue (8)) U MoJIeBOM MaTEMAaTUUECKON MOJIETN pacueTa TepMOora3o-
nuHamuky noxapa (C.B. ITy3aud, 2006).

PCO.cps KT/M®
0,0008 -
0,0007 1 2 3 4
0,0006 -

0,0005

0,0004

0,0003
0,0002

00,0001 | /
O | | | | | | | |

0 10 20 30 40 50 60 70 80 90 100 T, °C

Pucynok 9 — 3aBucumoctu cpenneodnremHoit motHoctr CO OT cpeqHe00BEMHON TeMIepaTyphi:
kabenbHas ranepes (o6osouka kabdeneit [IBX): 1 — dopmymna (8); 2 — mosnesast MoJienb;
MAIIMHHBINA 321 (TypOuHHOE Macio): 3 — gpopmyna (8); 4 — moeBast MOJIeITh

N3 pucynka 9 BHIHO, 4YTO 3aBUCHMOCTH CPEAHEOOBEMHOW IIIOTHOCTH
OT CpeAHEOOBEMHOM TeMImepaTypbl B MajJoMacIITa0HON 3KCIEPUMEHTAIBHON yCTa-
HOBKE U B TOJIHOMACIITAOHOM TMOMEIIEHUN COBIMAAIOT C TIOIPEIIHOCTHIO, HE MPEBbIIIA-
routeit 20 %.

MoxHO clenaTh BBIBOJ O TOM, YTO PE3YJIbTaThl SKCIEPUMEHTAIBHBIX HCCIIEe-
JIOBaHUN B MaJOMAacITaOHOM 0O0beMe (ISl paCCMOTPEHHBIX MCXOIHBIX JTAHHBIX) —
aHAIUTHYECKOe BbIpakeHue (8) MO3BOJIAIOT MPOBOAUTH pPacueT CPEeIHEOObBEMHOU
MJIOTHOCTH MOHOOKCHJIA YTJIEPOJia U PACHpPOCTPaHATh UX Ha MOJHOMACIITAOHOE TOo-
MEILIEHHUE C YYETOM IOMPaBKU Ha KOA(PPHUIIUEHT TEIIONOTEPb.

Takum 00pa3om, IPeAJIOKEHHBINA MOAX0T (BhIpaxeHue (8)) Mo3BOISET yUECTh
MacmTabHbIN (HAKTOP, T.€. CYIIECTBEHHOE OTIMYNE PA3MEPOB TOMEIICHHM.

B BbIBOAax mo 4eTBepTOM IiIaBe€ OTMEUYEHA Hay4yHas U MPAKTUYECKas HOBU3HA
Y 3HAYMMOCTbH TTOJTYYEHHBIX PE3yJIbTaTOB.
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3AKJIFOYEHUE

1. Ha ocHOBe npoBeeHUsI TEOPETUUECKUX UCCIICTOBAHMIN:

— BBISBJICHBl OCHOBHBIE MPUYMHBI BO3HUKHOBEHHUS M JaJbHEHIIEro pacrpo-
CTpaHEHHMs MoXKapa B MPOU3BOJCTBEHHOM 3/1anuu ['DC, a Takke HauboJiee omacHble
roprovre Marepuaisl (TpaHcGopMaTopHOe U TypOMHHOE Macio, 000JIOUKH KaOeseH,
JIpEBECHUHA);

— MOKa3aHbl CYIIECTBEHHBIE HEJJOCTATKU CTaHJIAPTHOTO METOJa MCIbITAHUHN Ha
TOKCUYHOCTh TPOAYKTOB TOpPEHUS, KOTOpbIE OTPaHHYMBAIOT HCIIOJIB30BAHHUE €TO
pe3ynpTaTOB MPH pacyere KOHIEHTPAlMid TOKCUYHBIX Ta30B TIpU IMOXKape
B MIOJIHOMACIITAOHOM TOMEIICHHH;

— BBISIBJICHBI HEJOCTAaTKM COBPEMEHHBIX METOJOB pacuera BpeMEHH OJIOKHpO-
BaHUs MTyTeW IBaKyalliy TOKCHUYHBIMH MPOTyKTaMH TOPEHHUs, KOTOPBIE HE TTO3BOJISIOT
J0CTATOYHO JTOCTOBEPHO YUHTHIBATH CBOMCTBA TOPIOYMX MATEPHAIOB U MACIITAOHBIHI
(dakTop (OrpaHMYEHHOE KOJMYECTBO FOPIOYMX MATEpHAJIOB B 0a3e TUIIOBOM moxap-
HOW Harpysku, MOCTOSIHHAs BeIMYMHA KO3((PUIIMEHTOB 00pa30BaHUsl TOKCUYHBIX Ia-
30B, OTCYTCTBHE OOOCHOBAHUS MEPEHOCA IKCIIEPUMEHTAIbHBIX JAHHBIX, TOJyYEHHBIX
B MaJIOMaclITa0HOM yCTaHOBKE, Ha TIOJTHOMACIITAOHOE MOMEIICHHUE).

2. Pa3paboraHa 5sKCHEpUMEHTalbHAs YCTaHOBKA, pEAJM3yIOLas YCIOBHO
TFepPMETUYHYIO CXEMY TE€PMOIra30/MHAMUKU TOKapa U B OTIMYHME OT «CTaHAAPTHOTO»
METO/1a UCTIBITAHUI Ha TOKCUYHOCTh MPOYKTOB TOPEHHUS TO3BOJISET:

— 0oJiee TOUYHO M3MEPATHh CPeAHEOOBEMHBIE 3HAUEHUs TEMIIEpaTyphl (3HAYU-
TEIbHOE YBEIMYCHHE KOJMYECTBA TOYEK H3MEpPEHUHN) W TUIOTHOCTEH TOKCHYHBIX
ra3oB (00OCHOBaHa TOYKa 0TOOpa ra30BOM CMECH);

— U3MEPUTH yIETBHYI0 CKOPOCTh BHITOPAHUS BEIIECTB M MATEPHAJIOB;

— OMPEACIUTH YJeTbHbIe KO3(PPUIIMEHTH 00pa30BaHUsI TOKCUYHBIX Ta30B;

— UCTIOJB30BaTh MOMyYEHHBIE HA HEW SKCIIEpUMEHTATbHBIC JaHHbIE JIJIs pacyera
BpEMEHU OJIOKMPOBAHUS IMyTEH IBAKyallid TOKCUYHBIMH MPOAYKTAMH TOPEHHUS.

3. BnepBble mosryueHbl 3KCIEPUMEHTAJIbHbIE 3aBUCHMOCTH CpPEIHEOObEMHOMN
IUIOTHOCTH MOHOOKCHJA YIJIepoJa OT CpelHEOOBEMHOM TeMIepaTypbl, a Takxke
yAENbHBIX KOA(h(OUIIMEHTOB 00pa30BaHNs MOHOOKCH/ 1A YTIIEpOia U YEIbHBIX MacCO-
BbIX CKOpPOCTEH Ta3u(UKaUU OT BPEMEHM HCHBITAHUM NpPU TOPEHHWU BEILECTB
Y MaTepUajioB UCHOJIb3YEMBIX Ha TUAPOIIEKTPOCTAHIHIX.

4. IpensioxxeHsl 1 000CHOBAHBI MOAU(DUKAIIMKA UHTETPATHLHON W 30HHOW MaTe-
MaTHYECKUX MOJIEEH, UCTIOIB3YIOIINE YKCIIEPUMEHTAIBHBIE 3aBUCHMOCTH TUIOTHO-
CTe TOKCHYHBIX Ta30B OT TEMIIEPATYPHI, a TAKXKE YIACIBHBIX CKOPOCTEH BHITOPAHUS
MaTepHuasoB U yJIEeIbHbIX KO3(QPUINEHTOB 00pa30BaHUsI TOKCUYHBIX ra30B OT BpeMe-
HU UCTIBITAHUHN B MaJIOMacIITaOHOHN yCTaHOBKE.

Pa3zpaboranHbie MOAM(UKAIIMN TTO3BOJIIOT PACCYUTATh BpeMsl OJIIOKMPOBAHUS
nyTel dBaKyallil TOKCUYHBIMU TMPOAYKTaMU TOPEHHS B IMOJHOMACIITAOHBIX MOMe-
HICHUSIX TPOU3BOACTBEHHBIX 31aHuil ['DC, ucnonb3ys pe3yibTaThl MaJoOMacIITaOHbBIX
HKCIIEPUMEHTOB C y4€TOM TOIpaBKU Ha KO3 UIMEHT TEIUIonoTeph B MOJHOMAC-
mrabHom momeimnenun  (popmynaa (7)), He pemias ypaBHeHue (3) 3akoHa
COXPaHEHUsI MaCChl TOKCHYHOTO ra3a.
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5. Pazpaborana mMeToaMka pacueTra BpeMEeHH OJIOKUPOBAHMS MyTEH BaKyalluu
TOKCUYHBIMU TMPOAYKTAMH TOPEHHUSI C UCIOJIb30BAaHUEM MOJIU(PUIIMPOBAHHBIX
MHTETrPaJIbHBIX U 30HHBIX MOJICIIEH.

6. DkcriepuMeHTaJIbHbIE MCCIEIOBAHUS IMOKA3alM, YTO YJEIbHBIE CKOPOCTH
BBITOpaHUSI MaT€PUAIOB U yJIeJIbHbIEe KOA(MOUIIMEHTHI BBIJEICHUS TOKCUYHBIX Ta30B
CYLIECTBEHHO 3aBHUCST OT BPEMEHHU TOPEHHSI B MaJIOMacIITaOHON YCTaHOBKE.

VYCTaHOBJIEHO, UTO CPEIHME BEJIMYMHBI BBIIICYKA3aHHBIX IAapaMETPOB CYIIe-
CTBEHHO 3aBUCAT OT BpPEMEHU OCPEIHECHHS M 3HAUYUTEIBHO OTIMYAIOTCA
OT 3HA4YCHUWH, MPUBEACHHBIX B COBPEMEHHBIX 0a3ax MaHHBIX IMMOXAPHOW HATPY3KHU.
Tak, HampuMep, ocpeHEHUs BeIWYrMHA Lco MOXKET U3MEHSTHCS B CIydae XBOMHBIX
JPEBECHBIX CTpoiiMaTepuanoB B 2,63 paza, miig obonouku kadeneit [IBX — B 1,8 paza
U TpaHcpopMaTopHoro macia — B 5,1 pasza.

7. Pa3paboTanbl Hay4yHO OOOCHOBAHHBIE TIPAKTUYECKHUE PEKOMEHIALMH
M0 pacyeTy BpPEeMEHHU OJOKHUPOBAHMS IMyTEeHl 3BaKyallM TOKCUYHBIMH MPOTyKTAMU
TOpeHus MpU Moxkape JUIsl JroJel 0e3 CpelCTB MHAUBUAYAIBHON 3alUThI ¢ YYETOM
00BEMHO-TUIAaHUPOBOYHBIX U KOHCTPYKTHUBHBIX OCOOEHHOCTEH MpPOU3BOACTBEHHBIX
smanui I'OC.
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