Koncnekr aeknui
Tema Ne 1 «cxoaubie MIOHATHA U 001IIME CBEACHUSA 0 METOAaX
nporuo3upoanus O®PII B nomenmeHUsIX»
Jlureparypa

1. Kommapos HO.A. «IIporHo3upoBanue omacHbIX (PakTOpoB ToOXKapa B
roMetnieHun» Yuednoe nocooue —M.: Axanemus I'TIC MBJI Poccun 2000. 118 c.

2. C.B. Ilyzau MaremaTuueckoe MOJCIUPOBAHUE Ta30/IMHAMUKH H
TEIIoMaccooOMEeHa TP PEIICHUH 337ad I0KapOoB3pbIBOOE30MacHOCTH. - M.:
Axagemus I'TIC MUYC Poccun, 2003.

3. Kommapos F0.A., 3otoB FO.C., u np. JIabopaTtopHblii IPaKTUKYM I10
kypcy «lIporHo3upoBanue omnacHbIX (HaKTOPOB IMOXapa B IMOMEMICHUSIX» -M.:
MUIIb MB/J] PO, 1997. 68c.

Bomnpocsr:

BBenenue

1. OnacHeie GakTopbl OKApA.

2. Kputnyeckre 3Ha4eHHsI OTTACHBIX (PAKTOPOB TOKapa.

3. Ponp mporro3a nuHaMHUKN OMAcHBIX (haKTOPOB MOXkKapa.

4. MeTtoapl TPOTHO3WPOBAHUS OMACHBIX (PaKTOPOB MOXkKapa.

5. Uctopuueckue acreKkThl MPOrHO3UPOBAaHUS OMIACHBIX (PAKTOPOB MOXKapa.

OnacHuie ghakmopul nodxcapa.

Cormacao @3 - 123 O®II Bo3aeiCTByIOIIME HA JIOJEH M MaTepUabHBIC
LIEHHOCTH SIBJISIFOTCSL:

- TIJIaMs U UCKPBI;

- -TEIIOBOM MOTOK;

- MOBBIILICHHAS TEMITEpaTypa OKPYKarolen CpeIbl;

- TOKCUYHOCTh ITPOJIYKTOB TOPEHUS U TEPMHUUECKOTO PA3JIOKEHHUS;

- CHIDKCHHE BUJIMMOCTH B JBIMY;

- IOHM>KEHUE KOHILICHTPALIMU KUCIOPOa.

Kaxapiii O®PII B KOIMYECTBEHHOM OTHOIIECHWU NPEACTaBIEH OJHOM WU



HECKOJIbKMMHU BCIIMYHMHAMM.

I1amMs 1 UCKPBIL:

- F, M — o4ar ropeHus;

-, KI/C — CKOPOCTb BBITOpPaHHS;

- Qnox., BT - MOIITHOCTH TETUTOBBIIENICHNS;

-y-Li , Kr/c - KO - BO TeHEPUPYEMBIX 32 CIUHUIY BPEMEHU B ILUIAMEHHOM
30HE TOKCHYECKHX T'a30B, T1ie LI - KoJI - BO I-r0 TOKCHYHOTO ra3a, 00pa3yromierocs
NIpU CTOPaHUH SIUHHIIB Macchl [.M.;

- y-L KT/C KOJ - BO KHCI0pOoaa MOTpeOaseMoro B 30He ropenusi, rae L -xo -

BO KHCJIOpO/a HEOOXOUMOE JIJIsi cropaHusi (OKUCieHus ) ell. Mmaccel [.M.;

HITx M2
C

-y-D, - ONITUYECKOE KOJI - BO JAbIMA, 00pa3yIOIIErocs B oyare ropeHus,
rie D - npiMooGpasyromias criocoGrocts .M., Hir-M/kr.
[loBbilIEHHAs1 TeMIiepaTypa Cpelbl, 3alOJHSIONIEH NOMEIIEHUE, SBISETCS
napameTpoM coctosausi. O6o3nauaercs (T), K wu C°.
Tokcu4HbIE MPOAYKTHI TOPEHUS. ITOT (PAKTOP KOJUYECTBA XAPAKTEPUYETCS
HapuuanbHON MJIOTHOCTHIO (MM KOHIIEHTPAIUEH) KayKJ0T0 TOKCUYHOT'O Ta3a.
bIM.

OTOT $aKkTOp MPEICTaBICH ONTUYECKON KOHIIEHTpaIe apiMa, 0003Ha4Yar0T

u, Herep/M mim Ha3bIBarOT HATYpaJIbHBIM TOKa3aTeaeM ociaabieHusl.

| =238
BUJ, P

ITonmxenue KOHOCHTpAaIMK KHUCJIIOPpOAa B IIOMCHICHHHU XapaKTCPHU3YCTCS

3HAYEHUEM MAPIUAIBHON TUIOTHOCTH KHUCIOpOAA Pl UM OTHOIIEHHEM €€ K TUIOT-

HOCTH Ta30BOU Cpeabl B IOMCIICHUU.
i
Xi = Pl
P

T =fi(z); p1 = f2(7); 1 = f3(7); poz2 = fu(7);
COBOKYITHOCTB 3TUX 3aBUCUMOCTEN COCTABISIET CyTh TMHAMUKU ODIT.

Kpumuueczcue SHAYEeHUA ONACHbIX (j)aKmopoe noaicapa.

T/13 ODI1



Temmneparypa, t°C 70

TermIoBo# NOTOK, Br/m> 1400

IapupansHas WIOTHOCTb, KI/M

- KHCITIopoja pi 0,226

- OKCHJIa yriiepoja pi 0,00116

- nuokcumaa yrnepoga pi - 0,11

-XJIOPHUCTOTO BOJIOPOA Pl 23-10°

Omnrryeckas IIOTHOCTD AbiMa, 1, Henep/m 2,38/,

T =400-450 °C paspymenne XXBK.

T =300-350 °C pa3pyiieHrue oCTeKJICHHUS.

Ponb npocnosa ounamuku onacneix pakmopos nodxcapa.

B coBpeMeHHBIX yCIOBUSAX pa3padOTKa 3KOHOMUYECKH ONTHUMAJIbHBIX U 3(-
(EeKTUBHBIX MPOTUBOIOKAPHBIX MEPOIPHUATUN HEMbICIMMa 0e3 HaydyHO 00OCHO-
BAHHOTO MPOTrHO3a AMHAMUKH OMacHbIX (hakTopoB noxapa (ODII).

[Iporunozuposanue ODII HeobxoaUMO:

- NIpU pa3pabOTKe peKOMEHAAIui 10 00ecreueHn0 0€30MacHON ABaKyaluu
JIOZEH TPHU MOKAPE;

- IpU CO3JAaHMM W  COBEPIICHCTBOBAHUM CHCTEM CHTHAIM3AIMU |
ABTOMATHYECKUX CHCTEM ITOXKapOTYIICHHUSI,

- TIpU pa3pabOTKe OMEPATUBHBIX TUIAHOB TYIIEHUS (TIJITAHUPOBAHUH JIEHCTBUN
00€eBBIX TOJIpa3IeICHHI Ha TTOXKape);

- TIPU OIICHKE (PaKTUYECKUX TPEEIOB OTHECTONKOCTH; JJISI MHOTHX JIPYTHX
LeJen.

Memoowvl npocno3uposanusi OnacHvlX Gaxmopos nodxcapa.

Mertoas! nporaozupoBanuss OPII pa3nuyaroT B 3aBUCUMOCTH OT BUJa MaTe-
MaTUYECKOW MOJIENM MoXKapa. MaTemMaTH4ecKrue MOJIENH MoKapa B MOMEIICHUN
YCIIOBHO JENSTCS Ha TpU Kiacca (TpU BHJIA): MUHTETPAJIbHBIC, 30HHBIC, MOJEBbIC
(muddepenmanpHbIC).

I/IHTeraJIBHaH MO/JICJIb ITIOKapa II03BOJISICT IIOJIYUYUTDb HH(bOpMaHHIO, T.C.



cAelaTh NPOrHO3, O CPEAHMX 3HAYEHUSAX [apaMETPOB COCTOSHHS CpEAbl B
MOMEIIIEHUH ISl TF000T0 MOMEHTa pa3BUTUA MoXkapa. [Ipu 3ToM AJis TOro, 4ToOkI
CONOCTAaBIIATH (COOTHOCUTB) CPEIHHUE (T. €. CPEIHEOOBEMHBIE) TAPAMETPHI CPEJIBI C
X TpeleibHbIMA 3HAYCHUSAMH B pabouell 30HE, HCMIONB3YIOTCS (HOpMyIIHI,
MOJIYYCHHBIE Ha OCHOBE IKCIIEPUMEHTAIBHBIX UCCIIEI0BAHUIA MPOCTPAHCTBEHHOTO
pacnpeneneHusl TEMIIEPATyp, KOHUECHTpAUUKA MPOJYKTOB TOPEHUS, ONTHYECKOU
IUIOTHOCTH JIbIMA U T. 1.

30HHasg MoOJENb TMO3BOJISIET TMOJYYHTh HH(OpManui0o o0 pasMepax
XapaKTEePHBIX MPOCTPAHCTBEHHBIX 30H, BOSHUKAIOIIUX MPU MOKAPE B MOMEIICHUH,
U CPEJHUX MMapaMETPOB COCTOSIHUS CPEMIbl B ’TUX 30HAX. B KauecTBe XapaKTEpPHBIX
MPOCTPAHCTBEHHBIX 30H MOXHO BBIJICJIUTh, HANpUMEpP, B HayajJbHOM CTaauu
noXkapa MNPUIIOTOJIOYHYI0 O00JIaCTh MPOCTPAHCTBA, OOJACTH BOCXOMSIIETO HaJ
OYaroM ropeHus MOTOKa HArpeThiX ra3oB M 00JacTh HE3aJbIMICHHON XOJOHOU
YacTH MPOCTPAHCTBA.

[ToneBas nuddepeHmanbHas MOIEIb MO3BOJISET pacCUUTaTh I JHOO0TOo
MOMEHTA Pa3BUTHS MOXkKapa 3HAYEHUSI BCEX JIOKAIBHBIX MTAPAMETPOB COCTOSHUSA BO
BCEX TOYKAX MPOCTPAHCTBA BHYTPU MMOMEIIICHHUS.

Hcmopuueckue acnekmul npo2Ho3upo8anusl ONACHLIX hakxmopos noxcapa.

WNHuTerpanbHas MOZEINb MOKapa Kak B CBOEH OCHOBE, TaK U B JETaJISIX ObLia
pa3zpaborana B cepenune 70-x rr. u onmyosiukoBaHa B 1976 r. Kommapossim FO.A.
(tpynst BHUUIIO, nayunsie otuetst BUIITII). Cnycts rog mocie 3toit my0mu-
Kaluy OblJla HarleyaTaHa CTaThsl HA ATy TeMY SITTOHCKUM ucciienoBareneM T. Tanaka
(Takeyoshi Tanaka "A Mathematical model of a compartment fire un modele
mathematique de Il'incendie d'une piece"). Crates T. Tanaka mOBTOpsIIA
onyonukoBanHoe npod. FO.A. KommapoBeiM, comeprkana psiJi MOTPEIIHOCTEH U
HOCHJIAa HE3aBEPIIECHHBIN XapaKTep.

CyuiecTBeHHOE  pa3BUTHE M JOMOJHEHUE TMOJy4yusia HHTErpalibHas
MaTreMaTthyeckas MOJeNb mokapa B padotax yueHukoB mpod. FO.A. Kommaposa

A.B. Marttwomuna, CU. 3epnoBa, B.M. Acranenko, }0.C. 3otoBa, A.H. llleBnsikoBa,



N.JI. T'ycko, B.A. Ko3noBa u nip. B yactHoCcTH, HHTErpabHas MOAEIH MoXkapa Oblia
nonojgHeHa AuddepeHuaibHbiM  YpaBHEHUEM, OINUCHIBAIOIIUM  HU3MEHEHUE
ONTUYECKON KOHIICHTpAIUK JbiMa B moMenieHun npu noxape (3oros F0.C, 1988).

[TepBast 30HHAst MOJIEITb TTOXKapa ObLIA MPEJITIOKEHA B AUCCEPTALIMU MTOJBCKOTO
unkeHepa E. BomanunHa, BBINIOJIHEHHOW T10oA pykoBoacTBoM rmpod. FO.A.
Kommaposa (Bonanun E., 1982). B mnocneayromme roasl 30HHBIE MOJIENU
MOJTYYHJIU CylllecTBeHHOe pa3BuTHe B paborax E. Bomanuna n B.H. Tumomienko u
Ap.

[ToneBas Mojienb MOKapa BIEPBbIE B 3aKOHYEHHOM BU/IE (/111 OTpaHUYECHHBIX
ycioBui) Obula peanu3zoBaHa B auccepranuu A.M. PrepkoBa, BBINOJHEHHOW B
1982-1985 rr. moxm pykoBoactBom mpod. FO.A. Kommapoa. DTta Mozenb
pa3pabatbiBaniach B nocieayromme rogasl .M. AcTaxoBoit U psIOM MHOCTPAHHBIX
uccnenoBareneil. CyleCTBEHHBIM BKJIaJ B PAa3BUTHE METOAA MPOTHO3UPOBAHMS
MMapaMeTPOB IOXKapa Ha OCHOBE MOJIEBOM MOJEIN BHEC TAKXKE 3a MOCICIHUE TObI
A.M. PbpkoB, MNpOAOKHUBIIMK padOTy, HayaTyl emie B KaHAWJIATCKOU
nuccepranud, a Takxe mpod. B. JI. Crpaxos u C. B. Ily3au.

Tema Ne 2 «MHTerpasibHas MaTeMaTH4YeCKas Mo/ieJIb M0Kapa B
MOMeIIeHUI)
Jlureparypa.

1 Kommapos 10.A., «IIporno3upoBanue omacHbIX (HaKTOpPOB IMOKapa B
noMerneHun» YueoHoe mocoodue -M.: Akagemus ['TIC MB/] Poccun 2000. 118 c.

2. [Iyzau CB. MaremaTtnyeckoe MOAECNUPOBAHUE Ta30JUHAMHUKA U
TEMmJIOMaccooOMEeHa TP PEIICHUH 337ad [0KapOB3phIBOOE30MacHOCTH. - M.:
Axanemus I'TIC MUC Poccun, 2003.

3. Kommapos 10.A., 3otoB FO.C., u ap. JlabopaTopHblii MPaKTUKyM IO
Kypcy «IIporao3upoBanue onacHbIX (HaKTOPOB MoKapa B moMenieHusx» -M.: MUITb
MB/I P®, 1997. - 68c.

Bompocsr:

1 I/ICXOI[HBIG IMOJOKCHHUA M OCHOBHBIC IIOHATHA HMHTCIPAJIbHOIO MCTOJAA



ONMCAaHus MoXKapa.

2. JlnbdepeHnmaipHbie ypaBHEHUS MTOXKapa.

Hcxoonvie nonodicenus u OCHOBHbIE NOHAMUS UHMESPATbHO20 Memood
ONUCAHUS NOdCApA.

WNuTerpanbHas MaTeMaTuyecKas MOJEIb MoXKapa OMKUCHIBAET B CaMOM 00IIEM
BHJIE MPOIECC U3MEHEHUSI COCTOSIHUSI Ta30BOM Cpellbl B MOMEUIEHUU C TEYCHUEM
BPEMCHH.

JlokanbHbIE 3HAYEHUSI OCHOBHBIX TEPMOJWHAMUYECKUX MapaMETPOB COCTOSI-
HUs (IJIOTHOCTh, JIaBJICHUE, TEMIIEpaTypa) CBSI3aHbl MEXIY CO0O0M ypaBHEHUEM
Kunaneiipona, T.€.

p = pRT,

TI€ p - JIOKAJIBHOE JIaBJICHUE, H-M'z; p - JIOKQJIbHAS IUIOTHOCTb, KF-M'E; T -
JoKaibHas Temneparypa, K; R - razoBas nocrosinHas, I[)K'Kl“_l' K.

CpenneoObeMHasi MJIOTHOCTh T'a30BOM cpeibl B MOMEIICHUM TPEACTABISICT
co00¥1 OTHOIIIEHUE MACChI T'a3a, 3aMOIHSIONIET0 MOMEIIEHUE, K 00beMy TTOMEIICHUS,

T.€.
M -3
Pm=7, KI'M
riae M - macca rasa, 3aIloJIHSAIONIEro ToMeIIeHue, Kr; V - cBOOOIHBIN 00heEM
TOMEIICHHUS, M".
CpenneoObeMHas (yaenbHasi) BHYTPEHHSISI DHEPrusi MPEICTaBIseT COOOM
OTHOLIEHHE BHYTPEHHEH TEIUIOBOM 3HEPIHUU BCETO Ia3a, 3allOJIHAIOIIETO MOMEIe-

HUE, K 00beMy TTOMEIIEeHHUS, T.€.

_ U 3
Um - ;1 I[)K/M )
rie U - BHYTpEHHsI SHEpPrus BCEW Ta30BOMl Cpeibl, 3arOIHSIONICH

nomeniexHue, Jx.
DTOT KOMIUIEKC IIPEACTABIIIET COOOM MapamMeTp COCTOSTHUSI pacCMaTpUBaeMOM
TEPMOJMHAMUYECKON CHUCTEMBbI, KOTOPBIA Ha3bIBACTCSI CPEAHEMACCOBOM TeM-

repaTypoi ra3oBoil cpebl, T.€.



U

m cyM
CpeaHeonTHYecKas IIOTHOCTL (KOHIEHTpAIMs) AbIMa MPEACTaBIsSeT coboi
OTHOILIEHNE ONTHYECKOr0 KOJIMYECTBA JIbIMA, HAXOAIIErOCs B IOMEIEHNH, K 00b-

CMYy IIOMCIICHH, T.C.

-3 -2
.um—;: HH.M '

rae S - ONTHYECKOe KOMHYecTBO abiMa, Hir-M?, WUm - CpemHeoObeMHas

OIITHYeCKast ITOTHOCTH biMa, Hir-m™. 31ech cokparerrem "Hi'" 0603HaY€HO CI0BO
"Hemnep".

OnTryeckas IIOTHOCTh JIbIMAa W JAIBHOCTh BUIUMOCTH CBSI3aHHBIX MEXKIY

co0O0M CIeyIOMNUM MPUOIMKEHHBIM COOTHOIIICHUEM

2,38
[4:370i

~

rae g, - TaTbHOCTH BUIMMOCTH, M.

Jlugpepenyuanvnvie ypasnenus nodxcapa.

VYpaBHEeHus mMoOXkapa OIMCBHIBAIOT B camMOM OOIIEM BHJE HW3MEHEHUE
YYCpeTHEOObEMHBIX MAPAMETPOB COCTOSIHUSI Ta30BOM Cpelbl B IMOMELIEHUU C
TEYEHUEM BPEMEHH (B IIPOLIECCE PA3BUTHSI [10KAPA).

VYpaBHenue OanaHca ra30BOM Cpeibl:

d(pmV) _ B
dr - Ge+ 1,[) Ge;

VYpaBHeHue O6anaHnca Macchl kKuciopozaa: Q)

d(p1v)

i == XlgGg — XlanZ - l,bl_li’]

VYpaBHeHue O6anaHca TOKCUYHOTO MPOAYKTA TOPEHUSI:

d(p2v) _
Y YLy n— X6,

VYpaBHEeHHE OajlaHCa ONTHYECKOTO KOJTMYECTBA JIbIMa:
d(pmV )
—_— 7 :D -
dt l/)

YpaBHEHUE SHEPrUM MoXkKapa

umn3

G. - k. Fw.

pm



1 d
(k—-1)dt

(pmV) =N QII-JI l/) + ie l/} + CpeTeG@ - Cme mGe - QW

HavannHble 3HaueHUS JJIA OTUX q)YHKLII/Iﬁ 3a1al0TCsA YCIIOBUSIMH, KOTOPLIC

MMEIOT MECTO B IIOMEILICHUH NIEPE] HAYAJIOM I10XKapa, T.€.
Pm (T = 0) = po; pm(t = 0) = po;
p1(T=0) = py; = 0,27xr - M3;
p2 = (T = 0); (7 = 0) = 0.
Tema Ne 3 «I'a3000MeH nomeieHHH U Te10(pu3nUecKue PyHKINH,
He00X0AMMBIe Il 3AMKHYTOI'0 OIIUCAHHS I0KAPA»
Jluteparypa

1 Kommapos 1O. A. «IIporHo3upoBanue onacHeIx (hakTOpoB IOKapa B
nomernieHun» YdaedHoe nocooue -M.: Akagemus ['TIC MBJI Poccun 2000. 118 c.

2. CB. Ily3au MaremMatnueckoe MOJEIMPOBAaHUE Ta30JUHAMUKU U
TENJI0MaccoOOMEHa MpHU PEIIEHUWH 3aJad MOKapOB3pPHIBOOE30MACHOCTH. - M.:
Axanemus I'TIC MUC Poccun, 2003.

3. Kommapos FO.A., 3otoB 10.C., u np. JlabopaTopHblii TPAKTUKYM I10
Kypcy «lIporHo3upoBaHue omnacHbIX (PaKTOpoB MoOXkapa B MOMELICHHUSX» -M.:
MMUIIb MB/I P®, 1997. 68c.

Bonpocsr:

Beenenue

1 JlonoysHUTENBHBIE YPABHEHUS IJISl pacueTa pacxXxoJ0B YXOASAIIMX Ta30B U
ITOCTYMAIOIIETO BO3/IyXa Ye€pe3 MIPOEMBI.

2. JlonoiHUTENbHbIE YPaBHEHHUS ISl pacieTa CyMMapHOIO TEIIOBOTO MOTOKA
B OTPaXKICHHUS.

3. Metoapl pacueTa CKOPOCTH BBITOpaHUs TOPIOYMX MATEPUAIOB U CKOPOCTH
TEIJIOBBLACICHUS.

Jlononnumenvuvie ypasnenus 011 pacyema pacxo0o8 YX0O0Auwux 2azo8 U
NOCMYynarnuje2o 6030yxa uepe3 npoembi.

[Ipu mokape MpoOUCXOIUT ra3000MEH MOMEMICHUS C OKpY’Karolleh cpeaon

qacpe3 IIPOCMbI PA3JIMYHOIO HA3HAYCHUA (OKHa, ABCPHU, TCXHOJIIOTHYCCKHUC



OTBEPCTHUA U T.]I.).

[ToOynuTenemM NBYOKEHHS ra3a 4epe3 MPOeMbl SBISICTCS Mepenaa JaBICHHM,
T.€. PA3HOCTh MEXKIY JIaBJICHHEM BHYTPH MIOMEIICHUS U TABJICHUEM B OKPY KAFOIIICH
atmocdepe. [lepeman naBneHuidt 0OYCIOBIEH TEM, YTO MPH TOXKape IJIOTHOCTh
ra3oBOM CpeIbl BHYTPH ITOMECIICHHS CYIIECTBEHHO OTJIMYACTCS OT IUIOTHOCTH
Hapy>XKHOTO Bo3ayxa. Kpome Toro, HEoOXOIMMO YYHTHIBATH BIIHMSHHE BETpa Ha
BEJIUYHMHY ATOTO Mepernaa.

BriBo (hopmyiiel, OTpaskaroIe pacipeeIiCcHHEe JaBJICHUN 110 BBICOTE CHa-

PYXH ¥ BHYTPH IOMELIEHUS.

Zh

¥B

YH

Puc. 1. Cxema momenieHuss M pacupenesicHHE AaBJICHUNW B HAPYKHOM
Bo3ayxe. OOo3naueHus: OY - koopAMHaTHass OCb C HA4aJOM OTCYETa Ha
MOBEPXHOCTH T0J1a; 2N - BBICOTA MOMEIIEHUS, M; ) - KOOPJAMHATA, OTCUUTHIBaeMast
OT TUIOCKOCTHU TOJa, M; Yy - paccTOsHHE MEXIY JABYMsI MapajuieIbHBIMU OJIH3KO
PacnoJIOKEHHBIMU T'OPU30HTAIBHBIMU TUIOCKOCTSIMH, M; ), - KOOPAWHATA HUKHETO
Kpasi mpoema, M; y, - KOOpJIMHaTa BEpXHETO Kpasi Mpoema, M;  p,, - CpeIHe0ObeMHas
IIOTHOCTb CPEJIbl BHYTPH MOMEIICHHS, KI-M °, P, - INIOTHOCTb HAPY’KHOTO BO3/yXa,
KD-M > pg - Hapy>XHO€ JaBJIEHUE B OKpYyXkarolieil atMocdepe Ha BBICOTE, PaBHOM
TIOJIOBUHE BBICOTHI ITOMeIeHst, H-M™,

[TmocKkOCTh paBHBIX AABICHUN U PEKUMBI pabOTHI IpoeMa
Pm — Pa

Yo =h———"
9J(Pa — Pm)



1 uP=Pen - Puap

i3

ez hE:(l

0 P
Puc. 2. Cxema moMemieHus ¢ TpeMs IpoeMaMu, PaCIIONIOKEHHBIMA B TPEX YPOBHSX,
smopa  gaBienuil. OOo3Hauenusi: Yy, - koopauHata [IPI;  pm, Py Tm
cpemHeOOBEMHBIC TapaMEeTPhl COCTOSIHMS Ta30BOM CpeApl B IOMEIICHWUU B
(bUKCHUPOBAaHHBII MOMEHT TIPOIECCa PA3BUTHSI MOXKapa; CIUIOUTHAS JIMHUS Ha SIIOPE —
pacnpe/iesieHie HapyKHbIX JIABICHUNA Pyap IO KOOPJAMHATE Y; MYHKTHUpPHAs JMHUS -
pacrpenesicHie JaBJICHUH BHYTPU TOMEMICHUS P, Mo koopmuHare Y .CTpenkamu,

PAaCIIOJIOKCHHBIMU B IIPOCMaAX, IIOKAa3aHO HAIIPAaBJICHHUC IBHKCHHA I'a30B U BO3AyXa.

CDOpMYJ]BI I pacducTa pacxoa0B rasa, BBI6paCBIBa€MOF 0 4CpEC3 IIpAMO-

YFOHBHBIﬁ IIpocM

2 3
Gr = 3b329Pm(Pa = P[0 = )2 = O = ¥.)2]

2 3
Gg = §b \/ 29PaPa — Pm) (Ve — Yu)?

Jlononnumenvuovie ypasnenus 0715 pacuema CyMMapHO20 Menio8020 HOMoKa
8 02PadHCOEHUL.

HpI/I6J'II/I}KeHHa$I OICHKA BCIIMYHHLI TCIINIOBOI'O IIOTOKA B OI'PAXKACHHA

Qw = ©Qnox



Qw = Qcten + Cnorton + Cron

SMHI/IpI/I‘-ICCKI/Ie MCTO/JIbI pacdCTa TCIJIOBOTO ITOTOKA B OI'paXACHUS

-upu 1,<7,<333 K

4
Qw = oy Fa(T,, — Ty) — b(Tm - T02)3

-npu Tm > 333 K
Qw = ayFa(Ty — To) — b(T, — Ty?) exp a(Ty, — T)
Tema Ne 4 «KMaremaTudyeckasi HOCTAHOBKA 3a1a4u 0 AuHamuke ODII
B HAYAJIbHOM CTAINH MOKAPA)
Jlureparypa

1 Kommapos 0. A. «lIporHosupoBanue onacHblXx (PaKTOpOB IOKapa B
nomerieHun» YaebHnoe nocooue -M.: Akagemus ['TIC MBJI Poccun 2000. 118 c.
2. CB. [Ily3zau Marematnueckoe€ MOJEIUPOBAHUE  Ta30MHAMUKA U
TENIOMaccoOOMEHa MpPH PEIICHWH 3a7ad I0KapOoB3pbIBOOE30MacHOCTH. - M.:
Axanemus I'TIC MUC Poccun, 2003.

3. Kommmapos 10.A., 3otoB F0.C., u np. JIabopatopHblil MPaKTUKyM IO
Kypcy «lIporao3upoBanue onmacHbIX (aKTOPOB Moxkapa B momemnieHusx» -M.: MUITb
MBJI P®, 1997. 68c.

Bonpocsr:

Beenenue

1 MuTterpanbHas MaTeMaTHYECKast MOJENb HAYaJIbHOM CTaluu MoXKapa.

2. PacdeT KpUTUYECKOI MPOAOKUTEILHOCTH MOXKapa.

3. Pactipenienienne  JIOKaNbHBIX TMApaMeTPOB  COCTOSIHUA IO  00BEMY



IIOMCILICHU .

4. Pacuer ko3 duUIIMEHTA TEIUIONOTEPb.

HHm@Zpa]ZbHdﬂ mamemamuyeckdasi Mooelb HauyaabHOU cCmaouu nooastcapa.

Oco0eHHOCTH HauadbHOM CTauu MoXapa

G, =0
Apm
— =0
dt
PmTm = Topo

Benmuuunel 7, D, R B HauansHO# cTaguu noxapa ocTatoTCsl HEU3MEHHBIMU.
YpaBHEHUS TT0)Kapa U1l HAYaJIbHOW CTAINU MOXKapa B MOMEMICHUAX C MAIOU

IMPOCMHOCTBIO MOJKHO CYHICCTBCHHO YIIPOCTUTD. Onn IIPUHUMAIOT CJ'IGIIYIOH_II/Iﬁ

BUJI:
dPm
V— =9y — G,,
e Y — Gy
YQPkn — CmeGF —Qw =0
dp; P1
—=—yYLn——G
dr YLin o d
dp; P2
V—=—yYL,n——G
dr YLyn o d
dim, 1
V—=vyD — —G
PpTm = poTo.

Pacuem Kpumuuecmd npodwlofcumeﬂbnocmu noasrcapa.
KpHTPI‘l@CKa}I MMPOAOJKUTCIBHOCTL ITOKapa €CTb BPEMA AJOCTHIKCHHA IIPC-

JIEIBHO JOMYIICHHBIX [ uenoBeka 3HaueHnit ODII B 30He npeObIBaHUS JTIO/IEH.






Pacnpeoenenue nokanvuvix napamempos cocmosiHus no 06vemy nomeujeHus.

®opmyna M.I1. bamkupiesa g pacueta KPpUTUHYECKOTO 3HAUYCHUS CPEIHEN
TeMIepaTyphbl.

®opmyna T.I'. Mepkymkunoi, .C. 3otoBa, B.H. TumMomienko st pacuera
KPUTHYECKUX3HAYECHUI BCEX CPEAHUX MapaMETPOB COCTOSIHUS Fa30BOM CPEJIbI.

Pacuem xosgppuyuenma mennonomepeo.

Kosddmment Ttemmonorepp ¢, MPEACTaBISIET COOOM OTHOIICHHE CYMMAapHOTO

TETIOBOTO MTOTOKA B orpaxkieHns Q,, K CKOPOCTH TEIUIOBBIZICTICHHUS B 04are TOpeHMst Qo

Tema Ne 6 «OCHOBHBIE IIOJI0KEHUS 30HHOT0 MOJAC/IMPOBAHHUS T0KAPOB)
Jluteparypa

1 Kommapos 0. A. «lIporHo3upoBaHue omacHbIX (haKTOpOB MOXkapa B
nomernieHun» YaedHoe nocooue -M.: Akagemus ['TIC MBJI Poccun 2000. 118 c.

2. CB. Ily3au MaremaTtnyeckoe MOAECIUPOBAHUE Ta30JUHAMHUKA U
TEIIoMaccooOMeHa TpHU PEIICHUU 3a7a4 IO0KapOB3phIBOOE30MacHOCTH. - M.:
Axanemus I'TIC MUC Poccuu, 2003.

3. Kommmapos 10.A., 3otoB FO.C., u np. JIabopaTtopHbIil TPaKTUKyM IO
Kypcy «lIporao3upoBanue onacHbIX (akTOPOB Moxkapa B momemnieHusx» -M.: MUITb
MB/JI PO, 1997. 68c.

4. ®3 Nel23-®3. TexHUYeCKHUW pEIrIIAMEHT O TPEOOBAHUSX TONKAPHON
oe3onacHocTh. — M.: ®I'Y BHUUIIO MYC Poccuu, 2008. — 156 c.

5. MeTtonyka ornpeeseHusi PaCYETHBIX BEJIMUMH MOKAPHOTO PUCKA B 3AAHUSIX,
COOPYKEHUSX U CTPOCHUSIX Pa3IMYHbIX KJIACCOB (DYHKIIMOHATBHOW TIOYKApPHOM OMacHO-

ctu. [Ipunoxenue k npukazy MUC Poccun ot 30.06.2009 Ne  382.

Beeoenue.
Heo0xoauMocTh MpUMEHEHHUS 30HHON MOJICIIH JIJIsl PEIICHUS MPAKTUYCCKHUX U

Hay4YHBIX 33724 MoKapHO 6e3omacHocTh. PacueT moskapHOTO prcka.



OcHo8Hble NOJI0JHCEHUSL 30HH020 N00X00a K Moodenuposanutoounamuxu ODII.

OCHOBHBIE JOMYIICHHSI W YIPOIICHHUS PEaThbHON TepMOTa30AMHAMUYECCKON
KapTHHBI TIOKapa.

Cxema pacuera TerioMaccooOMeHa pHy Mokape B MOMEIICHUU.

Cmpykmypa 30HHOU MOOeu.

OcHoBHBIC OCHOBHBIC ypaB- JIONOTHUTETBHBIC

YPaBHCHHS A1 HCHHA JJIT 30HBI COOTHONICHUS 30HHOM

30HBI KOHBEK- MPHIIOTOIOYHOrO MOJIEIH

. cros

THBHOH KOJIOHKH l \
Moaens nporpesa Mogenb ropeHus Mozens razuduka-
OTPaKJArOIINAX (peskuM noskapa) MK OPFOtCTO Ma-
CTPOHUTEIBHBIX TCpHala (TB‘?pﬂbm

. WJTH JKHJIKHE TOPrO-
KOHCTPYKLIHH .
YT MaTepHan)

Moaens TEmIoMaccoon-
MCHA YePL3 OTKPBITHIC
MPOCMBI

3o1a KOHBEKMUBHOU KOJIOHKU.

MaccoBblii pacxo/1 O BBICOTE KOJIOHKH 3aBUCUT OT CKOPOCTH TEILIOBBIIECIICHHS,
HU3MIeH paOouell TEemOThl CrOpaHus, yJEIbHON CKOPOCTH BBITOPAHUS, MOJHOTHI
CropaHusi, yCKOpEHUsi CBOOOHOIO MaJIEHHUs1, TEMIEPATYPhl U INIOTHOCTH XOJIOIHOTO
(OKpy’KarolIero) BO3/yXa, pacxoja ra3oB 4Yepe3 IONEPEYHOE CEYEHHE CTPYH,
OTCTOSILIIEE TI0 BBICOTE OT IOBEPXHOCTH I'OPEHUS HAa ONPENEIECHHOE pPacCTOSHUE,
M300apHON TEIMJIOEMKOCTH ra3a, KOA3((QUIMEHT a TEeIuIoNnoTeph B KOHBEKTMBHOM
KOJIOHKE; CYMMapHOIr'0 TEIIOBOI'O OTOKA, OTBOAMMOIO U3 KOHBEKTUBHOMN KOJIOHKH
B Orpa)KAarolue KOHCTPYKIMH, pACCTOSIHUS OT (DMKTUBHOTO MCTOYHHMKA TEIIa J10
MOBEPXHOCTHU TOPEHMUS.

3ona Hazpemozo 3a0bIMAEHHO20 NPUNOMOTIOUHO2O CIIOS.

Jlist pacyeTa XapakTEPUCTHK 3aJbIMJIEHHOTO HArpeToro MpHUMOTOJIOYHOrO
CJIOSl BBOJATCS YIPOILEHUSI PEAIbHON TEPMOra30MHaAMUYECKON KApTUHBI MOXKapa.

YPaBHeHI/Ie JAWHAMHUKH OITyCKaHUS IMPUITOTOJIOUYHOI'O I'a30BOIr0 CJI04.



VYpaBHeHHe MaTepHaIbHOTO OanaHca it TOKCUYHOTO rasa.

YpaBHEHUE 3aKOHA COXPAHEHUS MACCBI.

3axniouenue.

3HAYUMOCTh 30HHOM MOJENM Ui PEIICHHs MPAKTHUYECKUX 3a]ad MMOXKapHON
6e3omacHocTu. [1yTr pa3BUTHS U COBEPIIICHCTBOBAHUS 30HHOTO MOAXO0/A.

Tema Ne 8 «OcHoBbBI TUPPepeHIHaATBHOIO MeT0Aa MPOrHO3UPOBAHMS
O®Il»
Jlureparypa

1 Kommapos 0. A. «IIporHo3upoBanue omacHbIX (HakTOpOB MoOXKapa B
nomernieHun» YaedHoe nmocooue -M.: Akaaemus ['TIC MBJI Poccun 2000. 118 c.

2. CB. Ily3au MaremaTtuyeckoe MOACIUPOBAHUE Ta30JUHAMHUKA U
TerIoMaccooOMeHa MpH pPELIEHUH 3aJad MO0XapoB3phIBOOE30NacHOCTH. - M.:
Axanemus I'TIC MUC Poccun, 2003.

3. Kommapos 10.A., 3otoB 10.C., u ap. JlabopatopHblii MPaKTUKyM I10
Kkypcey «lIporao3upoBanue onacHbIX GakTOPOB Moxkapa B nomemnieHusx» -M.: MUITb
MBJI P®, 1997. 68c.

2.ITyzau C.B., KazemnoB B.M., T'opnocraes P.II., Bapakcun A.lO.
OnpeneneHue BpEMEHHM 3BaKyalldd JIOJEH M OTHECTOMKOCTH CTPOUTENIbHBIX
KOHCTPYKIIMI C y4€TOM MMapaMeTpPOB PealbHOro Moxapa. YuyebHoe nocooue. — M.:
Axagemus I'TIC MBJI Poccun, 2006.

3. ®3 Nel23-®3. TexHuyeckuid periiaMeHT O TpPeOOBAHUAX TMOKAPHOU
oe3omacHocth. — M.: ®I'Y BHUUIIO MYC Poccun, 2008. — 156 c.

4. MeToaiKa OTIpeIeNIeHUs] PACYETHBIX BEJIMUMH TIOKAPHOTO PUCKA B 3/IaHUSX,
COOPYXEHHUSX U CTPOECHUSIX Pa3IMYHbIX KJIACCOB (DYHKIIMOHAIBHOW MOXKAapHOM ONacHO-
ctu. [Ipunoxenne k npukazy MUC Poccun ot 30.06.2009 Ne 382,

Bompocsr:

Beeoenue.

HGO6XOI[I/IMOCTB IIPUMCHCHMUA MOJICBOM MOICIIN IJIA PCIICHUA IIPAKTHYCCKUX



Y HAyYHBIX 33/1a4 MOXKapHOH O6e30omacHocTh. Pacuer moskapHOTO prcKa.

OcHoBHblE NOJIOJHCEHUSL NOJIEB02O0 NOOX00Ad K MOOeIUpOB8AHU0 OUHAMUKU
ODI1.

OCHOBHBIC JOMYIIECHUS W YHPOIICHHUS PEaTbHOW TEPMOTa30IMHAMUYCCKOM
KapTUHBI ITOXKapa.

CxeMa pacdeTa TerIoMaccooOMeHa MpH MoXkKape B MOMEIICHUH.

OcHOBHBIC BO3MYINAIOIINAE TeUeHUE (DAKTOPHI, IEHCTBUE KOTOPBIX IMIPHUBOINT
K CYIIECTBCHHOMY OTJIMYHMIO 3aKOHOMEPHOCTEH TEIIOMaccOOOMEHa OT XOpPOIIO
M3YYEHHBIX “CTaHAAPTHBIX  YCJIOBH.

OcHosHble ypasHeHUs NOIe80l MOOeIU.

1. YpaBHeHne HEPa3pBIBHOCTH:

%, )+a( )+a ' Zo
gt ox PV T 5, \PWy (pwz) =

rac p - INIOTHOCTb, T - BpeMd, X, Y, Z - KOOpAUHATHBIC OCHU BAOJIb JJINHBEI,
HIMPHUHBI U BBICOTHI IIOMECIICHUA COOTBETCTBCHHO, Wy, Wy, W; - IIPOCKIMHU CKOPOCTH

Ha COOTBCTCTBYIOIIIHNEC OCH,

3. YpaBHEHUS TBIKCHUS
oW, 6Wx ow, oW,
P3¢ +PWyW‘|‘PWz 37
b (Gt V?))
d 6W
* 9z G 30x 6y
oW,

0z



3. YpaBHEHUE SHEPIHUH.

JlononnumenvHble COOMHOULEHUS NONEBOL MOOETIU.

1. Monaens razuduKkanuu U TOPEHUS TOPIOYEro MaTepuaa.

2. Mopens mporpeBa orpakJIaroIimx KOHCTPYKITUH.

3. Monens ra3o00MeHa 4yepe3 OTKPHITHIE MPOEMBI.

4, Mojens pagualiioHHOIO TeTI00OMEHa.

Saxnouenue.

3HAYMMOCTH MOJIEBOI MOJICNIH JIsl PEIICHUS TPAKTUUECKUX 3a]1a4 TOKapHOU

0e30I1acHOCTH. HYTH Pa3BUTHA U COBCPIHICHCTBOBAHUA IIOJICBOI'O IIOAXO0AA.



