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[MpegucaoBue

JU1s npaBUIBHOTO MPUHATHS pelleHus B OO0 aesTensHo-
CTH YEJIOBEKA, B TOM 4Hcle B 00JIaCTU MOXKapHOH 0e30macHOCTH,
HEOOXOZIMMBI Cephe3Hble HccienoBaHusa. CTeneHb Nno3HaHHS 00b-
€KTa UCCIIEIOBAaHHA BO MHOTOM ONpEIENAET yCIeX NPUHATHSA pe-
IIEHHA. ITO 0COOEHHO aKTyallbHO IMPU Mepexone K ruOkoMy Hop-
MHPOBAHHIO, OCHOBBI KoToporo 3anoxkeHsi B CHull 21.01.97*
“IloxxapHas Oe3omacHOCTh 34aHHH U coopyXeHHH. B naHHOM
ciiydyae OOBEKTOM UCCIIEIOBAHMS SBILICTCS MOXAp Kak TepMOraso-
AUHAMHUYECKOe sBJIeHHEe. B u31aHuM npuBEOEHBl Pe3yJIbTaThl
HCCIIE0OBaHUH B 3TOH 005acTH, N0 MHEHHIO aBTOpa, Haubolee
NPUMEHHUMBIE U NPaKTHYEeCKUX Leled obecnedeHHs Moxap-
HOM 0e3011acHOCTH 00BEKTOB, B TOM YHCJIE H B 00JIaCTH HOPMH-
poBanus. Ilostomy B paboTe HeT aHaIM3a “HOJEBBIX” METO/IOB
MOJI€JIMPOBAHUS, HECMOTPS Ha TO, YTO aBTOP CUHTAET UX BEChMa
IEPCIIEKTHBHBIMH.

TeMm He MEHee KHMra MocBslieHa “OAHOTOYEYHOMY  Mojie-
NHUPOBAHHIO (3TOT METOJ €LIE€ HA3bIBAIOT “HHTErpajbHbIM ), KaK
B HacTOsALIEE BpeMs JAOCTATOYHO [OJHO MCCIENOBAHHOMY, H pe-
3yJbTaThl, ITOJYYEHHBIE C MOMOLLUBIO 3TOTO METOAa, MAKCHMAJIBHO
FOTOBBI JJI1 UCMIOJIB30BAaHUS B HOPMATHBHBIX JOKyMeHTaX. B pa-
0ote 00CYXHaloTCs KPUTEPHM H METOAbl HMX ONpEIC/ieHI,
110 KOTOPBIM OLIEHHBAETCS KaYECTBO IPUHUMAEMBbIX PELICHHH.



Bo3M0OXHOCTH MPOrHO3UpOBaHHS AWHAMUKH I0XKapa B I110-
MELIEHHAX 3[aHUi pa3/IMyHOrO Ha3Ha4yeHHs MO3BOJISIET BHIBECTH
MCCJIEIOBAHHUE MOXKAapHOH OMacHOCTH OOBEKTOB Ha KayeCTBEHHO
HOBBI JTall pa3BUTHs, 0OCCIIEUUTDh NMEPEXO] OT CPaBHHTEIIBHBIX
METOAOB K IMPOrHO3HAIM, YYHTBHIBAIOLIUM YCJIOBHS 3KCILIyaTallMH
O00BEKTOB. DTO MOXKHO CYMTATh €Ille OJHHM IaroM Ha MyTH pe-
IIeHHs IpobJeMbl 00eCIEUeHHS IOXKApHOH 0€30I1aCHOCTH.

B yxazanHoM HampasneHuu paboraer 0OOJBLIOE YHCIO Y4E-
HBIX Kak 3a pybexoM, Tak u B Poccuiickoit denepanun.

ABTOp TNPHHOCHT OrpoMHYIO 6OJlarogapHOCTh BCEM CO-
TPYAHHKaM, C KOTOPBEIMH OH COBMECTHO H3yuasl JAHHYIO IpO-
onemy. OcobeHHo OmarozapeH OoH OyAE€T TEM CHELHAIHCTaM,
KOTOpHIE 3aHHTEPECYIOTCS 3THM u3naHHeM. Hacrosiimas kHura
HE JIMIIEHA HEJOCTATKOB, MO3TOMY aBTOP € MPHU3HATEILHOCTHIO
IPUMET 3aMEeYaHHsA M IMOXEIaHHSA, KOTOpble CMOTYT YJYYIUHTh

nanbHeiyo pabory.



YcaoBHbie 0603HaveHus

T, —Temnepatypa (akena, K;

T, — cpelHsas TeMmepaTypa razoB B oyare, COOTBETCT-
BYIOILAsi MOMEHTY OKOHYaHHs Ha4aJIbHOM CTaAWH
noxapa (HCII), K;

T, — TeMneparypa razoBOM Cpeabl Ha BHELUHEH rPaHHLE
NOrpaHHYHOro CJ104, 3a NpeesiaMy o4ara rnoxapa
H 332 KOHBEKTUBHOH KOJIOHKOH, K;

T, —TeMmneparypa Ha BHELUHEH rpaHHLIE IPUCTEHHOTO
NOrpaHUYHOIO CNOS NMPU CTPYHHOM TeueHuH, K;

To — HayanbHOE 3HAYEHHUE TEMIlepaTypbl, TEMNepaTypa
Haberaroiero notoka, K;

T, — nokanbHOE 3Ha4YeHHe Temnepatypsl, K;
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rPaHHYHOTO C/IOS, M - C';
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0
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Yo — cpenHsas ckopocTb Bbiropanus B HCII, kr - M2 ¢l
M, - cKopocTh BBIrOpaHHua MaTepuaia NoXapHoH Harpys-

KH, KI * c";
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h

OCHOBHbBIE HAINMPABAEHHSI MOAEAHPOBAHMHSA
TEMNAOBOI'O U TEMIIEPATYPHOI'O PE2KHMOB
MO2>KAPA B INOMELUEHHSAX

1.1. Obwas xapakrepuctuka merogos
u npakTuueckue obaacTu ux npumeHeHus

MopaenupoBanue no)xapa B IOMELIEHHAX OCHOBAHO
Ha MPEACTaBICHHH MoXkapa Kak (U3UYECKOro SABJICHUS Tepela-
YH TEIUIa U MacChl B COOTBETCTBYIOLUX YCIIOBHAX €r0 pa3BUTHA.
YcnoBus pa3BUTHS M0XAapa XapaKTepU3YIOTCS BUJIOM NMOXXapHOH
Harpy3kH M KOHCTPYKTHUBHO-IUIAHUPOBOYHBIMH XapaKTEPHCTHU-
KaMH 34aHuA (IIOMeleHHs). B 3aBHCHMOCTH OT TOro, Kakum
00pa3oM ONHUCHIBAETCS M3MEHEHHE NMapaMeTPOB COCTOSHHSA IPH
no)kape B ITOMEILEHHAX, Pa3jIMyaloT ABa OCHOBHBIX IPHHIIHIIA
MaTeMaTH4YeCKOro MOJAEIHPOBAHHS ITOXKapOB.

MozaennpoBaHue Ha ypOBHE YCPEIHEHHBIX XapaKTEPUCTHK
HJIH, KaK BCTpe4aeTcs B JIUTEpaType, “HHTerpajbHoe” MOJENH-
POBaHHE, NMPHUMEHSIOT NPH ONHCAHUHU IOXKapa CpPeIHEOOBLEM-
HBIMHU NapaMeTpaMHu COCTOSAHHS (BaXXHEHILHMH H3 KOTOPBIX AB-
JIAIOTCA: NMJIOTHOCTh CpPE/Ibl, JaBJICHHE, TEMIIEpaTypa H KOHIIEH-
TpalHs KOMIIOHEHTOB ra30BOH Cpebl).
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C noMouIbl0 ypaBHEHHH pa3sBUTHUSA IOXKapa, KOTOpPbIE BbI-
BEJEHbl U3 OCHOBHBIX 3aKOHOB (PH3HKH — 3aKOHA COXPaHEHHUS
MacChl U TNEpPBOrO 3aKOHAa TEPMOJMHAMHKH, OIpEleseTcs W3-
MEHEHHUE CpeIHEOOBEMHBIX MapaMeTPOB COCTOSIHUS BO BpeMe-
Hu. CucreMa aud@epeHUHAIBHBIX YPaBHEHUH, OMHCHIBAIOIIAs
pa3sBHTHE [10Xapa, BKJIIOYaeT CIeAYIOUHe YPAaBHEHUS:

ypaBHEHHE MaTepHanbHOro 6ananca

d(z';'V)=GBMH—Gr; (1.1)
ypaBHEHHE KUCJIOPOAHOro dajaHca

d

E(melV)=Gsxla -Gomx; - M nL;; (1.2)

ypaBHEHHe OajlaHca IPOAYKTOB FOPEHHS

d
;,}'(mezV) =M, L, +x,,G, ~n,x,G ; (1.3)

B

ypaBHeHHe OaaHca HHEPTHOrO rasa
d
ypaBHEHHE DHEPIrHH
)
dr\ k-1
= h|1]Qf{’+cp,ﬂ§'"c,oGB + LMy ~me, . TG ~ g, =g (1.5)
YpaBHEHHE COCTOSIHUSA

Py = pmRmT, (1.6)
YpaBHEHHE TEIIONPOBOAHOCTH

o _a(,er\ af(. ar) a(,or),
‘é}'(""f’r)‘ax(?“ax%aa»[lay%az[laz]w“’ o

HayaJlbHBIE YCIIOBHUS

Pn=PF, s Pm=Pmy> T=To x1 =x10,X2=X20,x3=x30;  (1.8)
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G yHKUHOHATBHBIE 3aBHCUMOCTH

xi, Gs, Gr, o, M, = f{t) — KpaeBble YCIOBHS U1 COOTHO-
wexus (1.7); (1.9)

Py, Pm T, R, — cpenneoObEMHOE OaBleHHE, IUIOTHOCTD,
TEMIIepaTypa u CpeaHss razosas [IOCTOSIHHa,

X1, X2, X3 — CpelHe0OBbEMHEBIE KOHLIEHTPALIHH KHCJIOPOJa,
MPOAYKTa CropaHusi, HHEPTHOTO rasa

G, — pacxoa nocrymnaroiiero Bo3ayxa; Gy — pacxoa yxons-
IMX Ta30B; M, — CKOPOCTh BBIrOpaHHs MaTepuaia; o, — Koapdu-
[IMEHT TEMJIOOTAAYH Ha i-i MOBEPXHOCTH; [ — TEKYILEE BpEMSI.

CoBokynHocth ypaBHeHHH (1.1)—(1.7) coBMecTHO ¢ Ha-
YaJIbHBIMU ycstoBHAMH (1.8) ¥ (yHKUHOHAIbHBIMH 3aBHCHMO-
CTSAMH NapaMeTpoB noxapa (1.9) cocraBisdloT 3aMKHYTYIO CHC-
TEMY YpaBHEHUH pa3BUTHA I10XKapa Ha YPOBHE €ro MHTErpab-
HBIX XapakTepucTuk. BeiBoa ypaBuenuit (1.1)—(1.7) moapobHO
paccMoTpeH B padbote [1].

[Ipu pa3zBuTHH nOXapa B IOMELIECHHUSAX 3aHHH pa3/InyHO-
ro Ha3HAYCHUs, UMEIOIINX CBOOOHBIH razoo00MeH C OKpYKaro-
LIed Cpeloy Yepe3 pas3luuHbIe NPOEMBI, JaBJCHUE B ITOMEIE-
HUH U3MEHAETCS He3HAUMTENbHO. [lo JaHHBIM NpOBEIEHHOH Ce-
PHH SKCIIEPHUMEHTOB Ha (pparMeHTax 34aHui pazMepoM 6x6x3 M
H 6x6x3 M3, B JIHana3oHax HM3MEHEHHUS OTHOLUEHUS IUIOLIAIH
MpoeMOB K Iiomazaud mona 4,5-25 % W noxapHo#l Harpysku
U3 JIpeBECHHBI pasHbIX mopox S0-175 kr - M MakCHMAasbHble
3HAYEHHS JIOKAJIbHBIX U30BITOYHBIX AABJICHUIH (JIOKATBHOrO pas-
pexxenus) He npepbiuany 40 Ila. 3HadyeHue cpeaHEOOBEMHOrO
JaBJICHHS HE MPEBBIIATIO HECKOJIBKHX MacKaJIeH.

Jlna pemenus 3anad, CBSA3aHHBIX C HCCIIEJOBAaHHUEM OIAC-
HBIX (PaKTOPOB NOXapa, KOrja CpejlHee NaBleHHE H3MEHSEeTCs
B HEOOJIBLIMX MpeJieNnax, ¢ JOCTATOYHOH CTEMeHBI0 TOYHOCTH
MOXXHO ITPHHATE JIEBYIO 4acTh ypaBHeHus (1.5) paBHO# HyI0.
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B psine cnydaeB npd pelleHUH NMPaKTHYECKUX 3aj1a4 CHC-
teMy ypaBHeHuH (1.1)—(1.7) moxHO ynpoctuTh. B 3aBUCHMOCTH
OT KOHEYHBIX HeJedl peluaeMble 3aJayd MOXKHO TOApa3/IeisTh
Ha JBa BUJA, XapaKTEpPU3YIOLIHECs CYILUECTBEHHBIMH OTJIHYH-
TEABHBIMH [PU3HAKAMH, CBA3aHHBIMHU C X2paKTEpPOM yyeTa Terl-
noobMeHa oyara rno)kapa C OIPaKJAIOI[HMHU CTPOHTELHBIMH
KOHCTPYKUHUSIMH.

Ecnu 3agaveil uccnenoBaHus siBaseTcs nojaydeHue (mpo-
THO3MPOBAHHME) TEPMOJAHHAMMYECKHX XapaKTEPUCTHK oyara Io-
Kapa, TO Takue 3afa4yu OyaeM HasbiBaTh enewHumu. 11pu peue-
HHUHU GHEeWHUX 3a0ay [OIYCKAeTCs HCIOJIb30BaHHE pPa3IHYHBIX
SMIIMPUYECKUX 3aBUCHMOCTEH, OMNUCHIBAIOMIMX TEIMJI000MEH
ouara rnoapa co CTpOUTEIbHBIMH KOHCTPYKLIUSIMH.

K paspsny BHEIWIHHX 3agad OTHOCSATCS KOHCTPYKTUBHBIE
pacyeTbl TEMIIEPATYPHOIrO pexuMa noxapa B nomeuieHusx. Lle-
JIBX0 KOHCTPYKTHBHBIX PAcHeTOB SIBJISIETCS TOJIyUEHHE XapakKTe-
pa U3MEHEHHUs CpeIHEOOBEMHOM TemMiepaTyphl B BU1€ QYHKIIHH
TeMneparypa — Bpems. OyHKUMOHAIbHAS 3aBUCUMOCTE 1 = f(1)
SIBJIIETCA XapaKTEPUCTUKOHW MOMEUICHUS U OLHUOOYHO MCIOJib-
3yeTcs Ui UCCJIeIOBAaHUS TEIJIOBOI0 BO3EHCTBHS ovara nosa-
pa CO CTPOUTENILHBIMU KOHCTPYKLMSMH B LEJISAX ONpeae/ieHus
OKBHBAJIEHTHOM NMPOIOJIKUTEIBHOCTH NOXKapa U aHajau3a yCcTou-
YHBOCTH NIPOBEPAEMBIX KOHCTPYKLUH B YCJIOBUSAX T10XKapa.

[lpy peumieHMM BHEIIHMX 3a/lau HMCIOJIb3YETCs CHCTEMa
ypaBHeHu# (1.1)~1.6) 6e3 ypaBHEHUS TEMJONMPOBOAHOCTH, U TPH
BBIMOJIHEHUH KOHCTPYKTHBHBIX PacuyeToOB MO METOJlYy BHEILIHHX
3aja4 JOCTAaTOYHO MCNOJb30BaTh ypaBHeHus (1.1) u (1.5) mns
[IOMELLEHUH, UMEIOIIMX CBODOAHBIH razo00MeH C OKpYyXaroleH
cpenoit, a ypaBdHenus (1.1), (1.2) u (1.5) — ang noMeleHUH
CO CTECHEHHBIM ra3000MEHOM.

Pe3ynpTaThl KOHCTPYKTHBHOTO pacyeTa, MoJIyY€HHBIE H3 pe-
LLIEHHS BHELUHEH 3a/1a4, MOryT ObITh HCIIOJIL30BaHbI JUIS aHAJIH3a
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TENJIOBOrO BO3ACHCTBMA Oyara Ha CTPOMTENILHBIE KOHCTPYKLHH,
yJIOBJIETBOPSIIOIIME YCIIOBHIO conpspkeHus Br < Bry. PacueTHbIC
COOTHOLLICHUS JUISl OTIpe/IeieHHs Yucia BpioHa uist KOHCTpYKUHH
M pe3yNibTaThl YHCICHHBIX IKCIIEPHMEHTOB II0 OINPEC/IeHHIO Ipa-
HHUYHBIX 3HA4YeHui Br¢ 119 KOHCTPYKUHMH W3 pa3iMYHbIX CTPOH-
TEJIbHBIX MATEPHATIOB MPHBEAEHBI B pas3al. 1.2.2.

EciiH 1enpi0 MCCIEIOBAHUHN SBISECTCA ONpeACIeHHEe Tell-
JIOBOrO BO3AEHCTBHUS ouara IMo)kapa Ha CTPOMTEJIBHBIC KOHCT-
PYKIIHH H OLEHKA UX YCTOWYHBOCTH B YCJIOBMSIX IOXapa, MpH-
MEHSIOTCS TakK Ha3bIBAEMBIE GHYMPEHHUE WIIH CONPANCEHHbIE
3a0qyu. [Ipu pelieHud BHYTPEHHUX 3aJ1a4 HCIIOJIB3YETCS CHCTeMa
ypaBHenuit (1.1), (1.5) u (1.7) — 1 MOMEILEHHH C €CTECTBEH-
HbIM ra3000MEeHOM C OKPY>KaIOLLEH CpeIo, H ¢ UCII0JIb30BaHHEM
AONONHHATENBHO ypaBHeHH# (1.2) u (1.6) — mis noMelueHuH
C yXYAIIEHHbIM ra3000MeHOM (repMETHYHbIE TOMEIIEHHS).

OnpenensiouuM s pelIeHUsT BHYTPEHHUX 3a/ay4 sIBJs-
€TCA TpaBWILHBIH ydyeT 3aKOHOB TemnooOMeHa ouara mno’kapa
C KOHCTPYKUHAMH. BHyTpeHHHE 3a1a4yd noApa3aeiistoTcs B 3a-
BUCHUMOCTH OT KOHEYHBIX LEJed Ha KOHCTPYKTHBHBIE WU TOBE-
pouHble pacueTsl. Kak ObLIO CKa3aHO BblllIE, KOHCTPYKTHBHBIE
pacyeTbl HCIIOJIB3YKOTCS Ul IIOJYYEHUS TeMIepaTypHO-
BPEMEHHOH XapaKTEpHCTHKH MTOMEIIEHHS.

[Ipu vcnosnb3oBaHNM BHYTpPEHHEH 3aaui B KOHCTPYKTHB-
HBIX pacyeTax B KaY€CTBE OrPaKIaOIMMX KOHCTPYKLUHI MOXHO
HCII0JIb30BaTh JIIOOBIE, YAOBIETBOPSAIOIIME YCI0BHIO Br < Br,.
IIpu npoBeneHHH MOBEPOYHBIX PACYETOB MJIM PACUYETOB TeMIle-
PaTypHO-BPEMEHHBIX XAPAKTECPUCTUK C YYETOM KOHCTPYKIIMIH,
YIAOBJIETBOPSAIOIHNX yCIOBHIO Br < Bry, 10JKHBI HCIIOJIB30BATE-
Cs1 XapaKTCPHCTHKU KOHCTPYKLMM, Ul KOTOPBIX OBUTH MOJTyye-
HBI paC4€THbIC TEMIIEPaTypPHO-BPEMEHHBIE ITApaMETPh.

IlpakTHyeckn BaxkHBIE pE3yNbTAaTBI MOJEIHPOBAHHE MO-
’KapOB Ha YPOBHE YCPEIHEHHBLIX XapaKTEPHCTHK MOMET AaTh
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B TOM CJy4ae, KOrja ra3oBylO Cpely € JOCTAaTOYHOMH CTENEeHBIO
JOCTOBEPHOCTH MOXHO CUMTATh OAHOPOJHOM.

JlanHoe yci0BHe, OrpaHHYHBAIONIEEe NPHMEHEHHE “HHTE-
TpajJIbHOro” METOJa MOAEIMPOBaHHUs, 03HAYAET, YTO STOT METO/
MOKHO HCMOJIb30BaTh, KOrja IpH IOXape B NOMEIIEHHWH Ha-
Omopnaercs xopollee MepeMelUIHBaHHE TPOJYKTOB TIOPEHHs
M NIOCTYMAIOUIEro BO3JyXa, a TOPEHHE INPOHCXOOHUT BO BCEM
o0BeMe MoMelIeHUs. Takoe COCTOsSIHME XapaKTepHO i 0ObeM-
HBIX MOXApOB B YCIOBUAX FOPEeHHS paclpeleeHHOH NoXapHOoH
Harpy3ku. Knaccudukauus noxapos paccMOTpeHa B I'l. 2.

Haubonee s¢pPexkTuBHO “UHTErpanbHBIA’ METOL VOIETH-
pPOBaHHS MCMOJB3YETCS I8 MNPOTrHO3MPOBAHHUS TOBEICHHS
CTPOMTEIbHBIX KOHCTPYKLUHH B YCIOBHSAX MOXapa, MOCKOJBKY
MPOrpeB KOHCTPYKUUH B OOJBUIMHCTBE Cily4yaeB Haubojee HH-
TEHCHBEH B Pa3BUTOM CcTaauH noxapa. [IpoBenenHwle uccneno-
BaHUs JIOKaTbHBIX noxkapoB W HCII mo3Bonunu ompenenuts
IrpaHHUEB] ITPUMEHEHHS “HHTErpaIbHOTO” MOJEIHUPOBAHUS IS
peIIEeHHUs] INPaKTHYECKUX 3aJay MOXAPHOH Npo(HIAKTHKH H,
B YaCTHOCTH, [UUIs1 UCCIIEAOBAHUS OTHECTOMKOCTH CTPOUTENBHBIX
KOHCTPYKLHUH B YCIIOBHUSIX ITOXKapa.

HeoOxoaumbie U JOCTaTOYHBIE YCJIOBHS IPAKTHYECKOTO
HCIIOJIb30BAHUS “MHTETPAILHOIO” METOAa MOAEITHPOBAHHS MOXHO
BBIPA3HUTh CIEAYIOIIMMH HEPaBEHCTBAMU

Fo> 7 (Uotyen ); (1.10)

2.3
rae G — obilee KOJIMYECTBO IOXapHOW HArpy3Kd B KI, BbIpa-
. _ 1
XEHHOEe B “‘cTaHfapTHoii” apesecude ¢ QP = 13,8 Mk - kr™.

[Ipu ycnoBuu HeBbInmoJiHeHHs HepaBeHcTBa (1.10) moxkap
OyIeT HOCHTH JIOKAJIBHBIH XapaKTep, a NPH HEBBIIIOJIHEHUH YC-
noBus (1.11) konuyecTBO MoXkapHO#M Harpy3ku Oyner Hepocra-
TOYHO I Iepexofa JNOKAIbHO20 noxcapa B obvemubi —
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TO M JPYroe NPHBOJAMT K CYIECTBEHHBIM OTJIHYHAM JIOKaJIbHBIX
3HAueHHil TePMOJMHAMHYECKHX NAapaMeTpoB MoXapa 0T X HH-

TerpajibHBIX 3HAYEHH.
Becbma BaXHBIMH SIBISIFOTCS MCCIIEOBaHHS, CBSA3aHHBIC

¢ paclIMpeHHeM O00JacTH NPAaKTHYECKOTO NMPHMEHEHUs “HHTE-
rpaibHOr0” MET01a MOJIETHPOBAHHH.

PacluMpHTh 007acTh MPUMEHEHHS “MHTErpajbHOrO” Me-
TOJIa MOJICJTHPOBAHHS NTO3BOJIAIOT 30HAIbHbIE METOABI.

HUccaenyembiii 00beM pa3OHBaeTCs Ha 30HbI, JJI KOTOPBIX
MOXHO MCIIOJIb30BaTh “HHTErpaibHble” MoAENH. 30HBI BBIOH-
NAIOTCA TakuM 00pa3oM, 4yToObI B Npefiesiax KaXJIoH U3 HHX ra-
30BYIO Cpelly B ouare nojxapa MO>KHO OBUIO JOCTOBEPHO OITH-
caThb YCpPEeJHEHHBIMH mapaMeTpaMH. [l KaXIoH u3 30H CO-
CTaBJISIOT B 3aBHCHMOCTH OT XapakTepa peliaeMoH 3aJaydH
(BHEILHSS WK COpsbKeHHast) cucteMy ypaBHeHui (1.1)—(1.7).

B ycnoBusX NOKaJdbHBIX MOXApOB HCIONb3YETCs pa3due-
HHE Ha 30HbI TOPH3OHTAIBHBIMH TUIOCKOCTSAMHU: PA3JENsutoT 00-
JacTh, 3aHUMAEMYIO MPOJYKTaMH TFOPEHHs, U 00JacTh C BO3-
NyUIHOH Cpelioi, nmocrynaroumeii B 30Hy ropeHus. [Ipu peureHuu
CONpPsDKEHHOH 3aJayu, B YCJIOBHAX JIOKAJIBHBIX MO0XapoB (Ha-
YAIbHOH CTaIHH NOXKapa), UCIOJb3YIOTCS 3aKOHOMEPHOCTH Te-
MJIOBOTO B3aUMOJEHCTBHS CTPYHHOI0 TE€YEHHS CO CTPOMTEJIb-
HBIMH KOHCTPYKUHAMH. CTpOHTENbHBIE KOHCTPYKILHH pa3OHBa-
IOTCA Ha 30HBI, COOTBETCTBYIOLIME XapaKTepy CTPYHHOro Teye-
HHs (005iacTe YCKOPEHHOTO TeUeHHs, NepexoaHas obnacTs, 06-
NaCTh aBTOMOJAEIBHOrO TeveHus). OToensHO paccMaTpHBaeTcs
KPUTHYECKass TOYKA, KOTOpas OMNpelenseT B KOJIUYECTBEHHOM
OTHOLICHHH YCTOHYHBOCTh KOHCTPYKLHH. Bomnpochl Tennoo6-
MCHa o4ara roxapa O CTPOUTENBHBLIMH KOHCTPYKUIHSAMH pac-
CMOTPEHHI B I'11. 2.

B ycnoBusx pasBHTON CTamuyl M NpU JIOKATBHBIX mokapax,
KOrla MoxkapHasi Harpy3Ka 3aHHMaeT IUIOLLA b J'c(Uotch)2 <F,<F,
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obbeM pa3buBaeTCs Ha 30HBI BEPTHKAIBHBIMH IJIOCKOCTSMH:
30Ha BOCXOMSIIEro NMOTOKA ra3oBOH CTPYH, OTpaHHMYEHHas IJIOo-
aabl0 pacIOIOKEHUS IOXXApHOH Harpy3kH, U 30HbI, HaXOJs-
IHecs 3a NpeAeslaMH paclofioXeHus NOoXapHOW Harpy3ku. Ko-
JIHYECTBO 30H ONpeAeNIseTcs 3ajlayaMy HUCCIIEJ0BAHUS U pa3Me-
ILIEHHEM ITOXKApHOH Harpy3ku B IOMELIEHHH.

[Ipy ucnosb30BaHUM 30HATBHOIO METOAA, ¢ pa3OHeHHeM
00BEMa NMOMEILEHHUS BEPTHKAIBHBIMU MMOBEPXHOCTAMH, pacnpe-
IEeJeHUE TeMIepaTyphl (Fra30BOH Cpelbl U MOBEPXHOCTEH KOHCT-
PYKIHMH) MO JJIHHE IOMENICHHS HAXOAUTCS B BHIe NOJHHOMA i-H
crerieHd. CTeneHs NOJWHOMA 3aBHCHT OT YHC/Ia 30H 1 U OIpe-
nensercs cooTHoueHueM i = n + 1. Koadgdpunuente! nonuaomMa
OIPEICIIAIOTCA U3 IPaHUYHBIX YCJIIOBUH U YPaBHEHUH BHAA

l;
.5 j:r(x)dxﬂ;, (1.12)
Ax;
i-]

rae T, — cpenHsa Temrneparypa B 00beMe YacTH NOMEILEHHS, Orpa-
HHYEHHOI'0 BEPTHKAIBHBIMH IUIOCKOCTAMH C KOOPAMHATaMH /i
H [, ompezensieTcs U3 peleHus cucteMsl ypaBHenuit (1.1)(1.7).

Haunbonee TouyHo ¥ noapoOHO pa3BUTHE MOXKapa ONMHCHIBA-
eTCs ¢ noMoLIbl auddepeHHanIbHOro MoaenupoBanus. OcHo-
BOM IS 3TOro Merona ABJSIHOTCS (yHIaMEHTaJIbHbIE 3aKOHbI
COXpaHEHHs KOJIMYECTBa JIBH)KEHHS, SHEPrHH M MacChl, 3aru-
CaHHBIE /I dJIeMEHTapHBIX 00bEMOB, Ha KOTOpble pa3buBaeTcs
paccMaTtpuBaemas 001aCcTh IPOCTPAHCTRA.

Onpepessnoas cucrema Ju¢depeHLHATBHBIX YPaBHEHHH,
KOTOpasi ONUCHIBAET JUHAMHUKY NOXKapa B TOMELIEHHH, UMEET BH:

YpaBHEHHE ABH)KECHUSA

DU . ,
p—, ==gradp + V(uVU)+ pg;. (1.13)
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ypaBHECHHE HEPA3pbIBHOCTH

-Z—p+div(pﬁ)=0; (1.14)

!

ypaBHEHHE COXPAHEHHA SHEPTUH

p%ﬁ=v(pth)+QW+vaR; (1.15)
,

YpPaBHEHHC COXpaHCHHA KOMIIOHCHTOB

p%é—n—"z‘V(pD,Vm,-)+ VW (1.16)
'{

YpaBHEHHE COCTOSHUS

P =pRT; (1.17)

YpaBHCHHE TEIJIONIPOBOIHOCTH

X v, (1.18)

ot

J{ns 3ambIkanus cucteMsl ypasHeHuit (1.13)—(1.18) k HUM
HeoOX0IMMO 700aBHUTH YpaBHEHHUS, OMUCHIBAIOLIHE MTPOLIECC I'O-
peHus I onpeneneHus TernoBoro 3ddexta peakuuu (), Cko-
pPOCTH XUMHYECKHMX peakiuii W, coctaBa NpoAyKTOB TI'OpEHHs
m;, auddepeHIHaTbHO-HHTErPAIbHOE YPaBHEHHE JIYYHCTOIO
IEpeHoca Tella 4 COOTBETCTBYIOUIME YCIOBUS OJJHO3HAYHOCTH.

B obuiem ciryyae pemenue cucrems! ypasHenui (1.13)1.18)
COMNPSDKEHO C PA/IOM TPYAHOCTEH, INIaBHBIMH M3 KOTOPBIX SIBJIS-
I0TCSl CNEYIOMIHE:

HEOOXOIMMOCTh yuyeTa CXKHMAeMOCTH CpPeJbl, YTO BENET
K OONBUIMM 3aTpaTaM MAIIHHHOIO BPEMEHH;

SIBiCHHE TYpOY/I€HTHOCTH;

CNOXHOCTE OIpEJEIEHUs YCIOBHH OJHO3HAYHOCTH IUIf
peabHBIX MPOIECCOB.

Jluddepennnansioe MONETHPOBaHHE MO3BOJAET IMOJTY-
4yaTh HaHOoJIee HCYEPMBbIBAIOIYI0 HHGOPMALHIO O BEIHYHHAX
CKOpOCTEH, TeMneparyp, KOHUEHTPALUA OKUCITHTENS U MTPOLYK-
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TOB FOPEHHS, TEIJIOBBIX MOTOKOB B KAXXIOH TOUKE MPOCTPAHCTBA
u BpemeHH. OfHaKo 4Ype3Bbl4aliHas CIOXHOCTb €ro IpaKTHYe-
CKOH peasu3allMH, CBsA3aHHas ¢ TPYJHOCTSAMH OpraHu3alHH ca-
MOI'0 YHMCJIEHHOIO JKCIIEPUMEHTA, BKJIIOUYAIOIIUMHU B cebd TeX-
HHYECKHE M HaY4Hble MpOOJEeMbl, BOIIPOCH TOpPeHHUst U TypOy-
JIEHTHOCTH, HE TO3BOJISET B HACTOSIIEE BpeMs ITOJIHOCThIO HC-
10JIb30BATh IOTEHUUAIBHBICE BO3MOXHOCTH, B TOM YHCJE
M B HOPMATHBHBIX BOIPOCAaxX, 3aJIOKEHHBIE B CaMOM METOJE.
OCHOBHOM OTJIMYUTEIBLHON 4epTOH TU(hEepeHIHanTbHOro METo1a
MOJENMPOBaHUS SBISETCS TO, YTO OH MO3BOJISIET MOJYy4yaTh JIO-
KaJIbHBIE 3HA4Y€HHs TEPMOJAMHAMHUYECKHX ITapaMeTpoB I0Xxapa.

OcHOBHOM 007aCTBIO MPAKTHYECKOTO HCIOJIb30BAHHA
I epeHUHaTIBHOTO METOa MOAEIMPOBAHHUS MOT'YT SIBJISATHCS
JIOKaJIbHbIE 110Xaphbl U HaYaJlbHas CTaaus noxapa. B 3aBucHMO-
CTH OT XapakTepa peliaeMbIX BOMPOCOB, KaK M MPH “HHTETpaJib-
HOM”~ METOLE MOJEIHPOBAHUS, Pa3HYAIOT GHEWHUE U 8HYM-
peHHue 3a0ayu. BHelwHue 3aa4yH, B 3aBUCUMOCTH OT XapakTepa
OIHCAHHs UCCIIEAYEMOTO Mpouecca, IeasaTcs Ha aBa Buaa. Ilep-
BBl — OU(depeHIHaIbHas MaTeMaTH4YecKas MOJIEIb C YYETOM
Ipoliecca ropeHts — BIEPBBIE O KOTOPOH B HalUEH CTpaHe CKa-
3aHO B pabortax [2-5]. Dta MoJenb IPHMEHSETCHA, €CIH BO3-
MOXXHO OIHCaTh MPOLIECC TOPEHHS B PEAIbHBIX YCJIOBHIAX,
H MOXeT OBITh HCNOJIb30BaHa OCOOEHHO YCMELIHO MpH ONHca-
HHH KPHTHYECKOH A 4enoBeka craauu mnoxapa. OaHako npu-
MEHEeHHe 3TOM Haubojiee IMOJHOH MaTeMaTH4YeCKOH MOJENH
OrPaHHYEHHO H3-3a OTCYTCTBHS aJleKBaTHOH MOJEIIH IIpOLIECCOB
rOpeHHs 0XKapHOH Harpy3KH.

B nupdepenunansoi Moaenu 6€3 ydera npouecca rope-
HHUS [6, 7] HCTOYHHKOBEIE 4lieHbl B ypaBHeHHsX (1.15) u (1.16)
OMHUCHIBAIOTCS C MOMOIUIBK) 3KCIIEPUMEHTAJIBHBIX JaHHBIX,
a He MaTeMaTHYeCKUuX Mozeneid ropeHus. [Ipu MonenupoBaHHH
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MCTOYHHKOBBIX YIEHOB HCIIOJIb3YIOTCS KaK I'PaHUYHBIC YC/IOBUA
I pona, Tak ¥ rpaHuYHbIe ycnoBus I poaa.

DTOT METO MOAEIMPOBaHHS MOXeT ObITh Haubosee MoJ-
HO pealu30BaH MpPH pPELUCHHH BOMPOCOB, CBA3aHHBIX C NMPUME-
HEHHEM CpEJCTB aBTOMATHYECKOH I0XapHOH CHIrHAJIM3alHH
H [MOXKapHOH 3allUTEL. )

Jlns perienus 3aa4 BTOPOro BHAA — O TEMJIOBOM BO3ACH-
CTBMHM O4Yara rokapa Ha KOHCTPYKLHH H pa3jH4Hble OOBEKThI,
pacroNOXKEHHBIE B HCCIENAYEMOM ITOMELICHHH, — MOXET HC-
M0JIb30BATHCS BHYTPEHHsI 3a1a4a [8, 9).

[TockoJIbKY OCHOBHO#! LIe/IbIO BHYTPEHHEH 3a/1a4yH SBJIACT-
Cs HCCIENOBAHHE TEILJIOBOrO BO3JACHCTBUA Ha pa3jiM4YHble KOH-
CTPYKIIHM, MOXKET OBITH MpHMeHeHa au¢pdepeHupanpHas Mo-
nenp 0e3 ypaBHeHHS COXpaHEHWsT KOMIIOHEHTOB. M CTOYHHKO-
BbIM 4ieH B ypaBHeHHMH (1.15) B 3TOM cilyyae ONUCHIBAETCS JIM-
60 npy NMOMOIIH MaTeMaTHUECKOH MOJIEIH IOpeHus, JIM0O ¢ uc-
[I0JIb30BAHHEM JKCIIEPUMEHTANbHBIX JaHHbIX. [IpH onucaHuu
JIYYACTOM COCTEBJISIONIEH TEIUIOBOTO TNOTOKAa B YpPAaBHEHHH
(1.15) mMoryt OBITH KCNOJIB30BaHbI Pa3IMYHbIE MOJIEIH, YHPO-
IIaKOLIKE MPOLECC BBIYUCIICHUS TYUHCTOrO Temnoobmena. [lpu-
4YEM MOJEH ONTHYECKH TOHKOIO H ONTHYECKH TOJICTOrO CJIOEB
NMO3BOJIAIOT pewate ypaBHeHue (1.15) 0e3 nomoJIHMTEenBHOro
ypaBHEHHs JIyducToro temiooomena. Ilpumenenne moaenu ori-
THYCCKH TOHKOIO HJIH OINTHYECKH TOJICTOIO CJIOEB 3aBHCHT
OT BCJIMYHMHB!I KpuTepus Bu B kaknaom anemMeHTapHoM oO0beme
NpOCTPaHCTBEHHOH ceTku. Ilpu 3nauennu Bu = k(1)A; < 1 uc-
NOJb3YETCST MOJEITH ONTHYECKH TOHKOIO IOIPAHHYHOrO CJI04,
npu Bu > 1 — Mozienns ONTHYECKH TOJICTOrO MOrPAHHYHOTO CJIOS.
ObsriHO Benmumua k(T) A1 JaHHOTO BHAA NMOXKAPHOH HATPY3KH
ONpPENEIACTCS SKCIEPUMEHTAILHO, & BEJHYHHA A; COOTBETCTBY-

€T Wary Mo MNPOCTPAaHCTBEHHOH KOOPAHHATE, PeaTn3yeMOMY
NPU YHCIIEHHOM 3KCIIEpHMEHTE.
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BaxHeliuiuM HanpapjieHUEM HCCIENOBaHHS TEMI0- H Mac-
cooOMeHa npH noxape ObUT U ocTaeTcsl GU3UYECKHH IKCIEPH-
MEHT, KOTOPBbIH MO3BOJIAET NOJy4YaTs HEOOX0aAuMYIO HHDOpMa-
OUI0 00 HCCiIeayeMOM MpoLEecce W MPOBEPATH JOCTOBEPHOCTD
pa3pabaTbIBaeMbIX MOJEIIEH.

Pa3sBHTHE METONOB MaTeMaTHYeCKOro MOAETMPOBAHHUA I1O-
»Kapa CTaBUT HOBBIE 3a1a4M 1epe]l PU3NYECKUM IKCIIEPHMEHTOM.

[Io xapaxTepy OCHOBHBIX pelIaeMBIX 3ajay KCIEPUMEH-
TaJIbHbIE METOJBI UCCIIENOBAHUN MOrYT OBITh pa3fiesieHbl Ha TPH
OCHOBHBIE IPYMIIHL.

Hamypnwvie ucneimanus 1poBOJAATCSA Ha peaibHBIX 00BEK-
TaxX. Y4HUThIBasg X OOJIBIUYIO TPYAOEMKOCTh H BBICOKYIO CTOH-
MOCTh, OCHOBHEIMH 3a/JlayaMH IIpH WX BBIIOJHEHHH JOJIKHBI
OBITH IpOBEpKa yke 0TpaboTaHHBIX MOJIENEH U MONyYEHHE IKC-
NEePUMEHTAJIBHBIX JaHHBIX JUIS AaJIbHEHLIEro pa3BUTHS MoJjie-
JIMPOBAaHUA.

ITonuzonnvie ucnelmanus NPOBOAATCS Ha Pa3IHYHBIX CIIE-
IIHaJIbHO 00OpYAOBaHHBIX (parMeHTax, HUMEIOLIHX pa3Mepsl,
OJIM3KHE K pealbHbIM. DTH UCIIBITAHUSA TTO3BOJISIOT IPOH3BOIUTH
IOJIHOE MJIM YAaCTHYHOE MOJECTHPOBAHHE MPOLIECCOB TEIJIO- H
MaccooOMeHa mpH mokapaX. OHH TJIaBHBIM 00pa3oM JOJIKHBI
MCII0JIL30BaThCs ISl OTpabOTKH pa3HyHBIX MOJENEH, Moayue-
HHUS (YHKUHOHANIBHBIX 3aBHCHUMOCTEH /I TepMOTra3oJHHaMH-
YECKHX MMapaMeTpoB, B TOM YHCJIE H JUIA [TOJyYEHHS X BEPOSAT-
HOCTHBIX XapaKTEPHUCTHK.

Jlabopamopmnbie MemoObl MCCIEAOBAHHA IPHMEHSAIOTCH
B LEAAX M3Y4YCHHUS 3aKOHOMEPHOCTEH HW3MEHEHHS pa3IHYHBIX
rlapaMeTpoOB, C HCMOJIH30BAHUEM METOJ0OB YaCTUYHOIr0 MOACIH-
pOBaHHA. DTH METOABI JOJDKHBI 00/1anaTh BBICOKOH CTEINEHBIO
TOYHOCTH M3MEPEHHMH H MOBTOPAEMOCTHIO MPOLECCOB HCCIIEI0-
BaHHsA. C MOMOIIBIO METONOB YaCTHYHOTO MOA0OHS, CXOAH-
MOCTh KOTOPBIX JIOJDKHA OBITH MpOBEpeHa NpH 5adopaTOPHBIX
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H MOJMTOHHBIX MCIBITAHHUAX, Ha JaOOPAaTOPHBIX YCTaHOBKAX
BO3MOXHO M0;Iy4aTh 3HAYEHUS PA3IHYHBIX BEJIHYHH (CKOPOCTH
BBIFOPaHHS, K03QOUIMEHT HenoXKora, KoIQHIUEHT Term1000-
ME€Ha M T. J1.), HCIIOJb3yeMbIE B TOM YHCJIE I MOCIEAYIOLIETo
YHCJIEHHOTO IKCIIEPHMEHTA.

1.2. MogeaupoBaHue noxkapa B nomeuleHuu
NMpuMeHUTeAbHO K HOpMaTuBHBIM 3agadam

1.2.1. O6wue npuHLUnNkEl MOgeAupoBaHusA

Meroa MoaenupoBaHUs N0XKapa, HCITOIB3YIOLIHH CHCTEMY
ypaBHenuit (1.1)—(1.7), saBnsercsa 3anayeii Tuna Kowm. [na Ta-
KHUX 3a7a4 BaXXKHBIM SBJISCTCS MPaBHJIBHOE OINpeeicHue HeoO-
XOOUMBIX (YHKIMOHAJIBHBIX 3aBUCUMOCTEH, YTO MPUBOJMT
K TOCTOBEPHOCTH KOHEYHEIX PE3YJIbTATOB.

PacueT TeMneparypHOro pexxuma npH rnoxape B rnomelie-
HHUH COCTOHT M3 CJIEAYIOUIMX OCHOBHBIX 3TaIOB:

- @GHAJIM32 KOHCTPYKTHBHO-TUIAHUPOBOYHBIX XapaKTEPHUCTUK
NMOMEILICHUH W OMNpEJeTIeHUs BUAA, KOJIMYECTBA U pa3MeENICHH
110)KapHOH Harpy3KH;

- ONpeJIeIeHHA BHAA BO3MOXKHOT'O NOXKapa;

- BbIOOpA ONpeACIAIONINX XaPaKTEPUCTHK MOXKapa;

- BIOOpa MeTOa M NPOBEEHUS pacuera;

- ONPEIENCHNS SKBUBATICHTHOH IIPOJOIDKHTE/IBHOCTH [TOKapa;

- pacyeTa BepOATHBIX XapaKTEPUCTHK M0XKapa;

- PELICHHA MPAaKTHYECKHX 3a1a4 IT0XKapHO#H NPOGUIAKTHKH.

Ha puc. 1.1 npusenena 610k-cxema pacuera TeMneparyp-
HOT'O peXHMa B ITIOMEIICHUSX Pa3liyHOro Ha3HAYCHHUS.
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I. OnpeneneHne KOHCTPYKTHBHO-NJIAHHPOBOYHLIX XaPAKTEPHCTHK NOMelIEHHS,
KOJIMYeCTBA, BUAA U pa3MeLleHHS NOKAPHOH Harpy3lKu

Ty A T

i Cxopocts | , Koabduuu- ! 10Opuenrauns; 1 Cranua

1
| 1EHT MOMHOThI; , KOHCTPYK- :: noxapa
]

BLITOPAHHA | |

- B r
Huterpanshbii : i  HuTerpansrmid
METOA ' wmeronc HCN :

- o o -

V. Pacyer Ha 9BM *‘I V1. Onpenenenne 1,

VIIL Pewsexne npakTH- VII. PacyeT BepOATHOCTHBIX
YeCKHX 3aaa4 XAPaKTePHCTHK

Puc. 1.1. bnok-cxema pacyema memnepamypHo20 pexuma noxcapa
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Heobxonumple NaHHBIE O NOMeHIeHHH OepyTcs M3 Ipo-
EKTHOIl JOKYMEHTAIMH [JIs CTPOSIIMXCA H MNPOEKTHPYEMBIX
00BEKTOB U Ha OCHOBAHMH HATYPHOIO 00C/e10BaHUs — VIS IKC-
niayaTHpyembIXx 00BeKTOB. B pesyibraTe 00cieIoBaHHsS OMNpPE-
JENAOTCS  KOHCTPYKTHBHO-IJITAHHPOBOYHBIE XapaKTEPHCTHKH
[IOMELLEHHS, B TOM YHCJIE XapaKTEPUCTHKH CTPOUTE/IbHBIX KOH-
CTPYKUHIi: 00beM NMOMELIEHHUS, €0 BHICOTA H IUIONIab, KOJIHYE-
CTBO H pa3MeIlleHHe MPOEMOB, UX IUIOLIANb U BhICOTA, KOHCT-
PYKTHBHBIE XapaKTEPHCTHKH CTPOHTENBHBIX KOHCTPYKIIHH,
C YKazaHueM X (YHKIHOHAJIBHOTO HAa3HAYEHHA U TeIIO(PH3H-
YeCKUX XapaKTEPUCTUK MaTE€pHaJIOB, U3 KOTOPbIX OHH H3rOTOB-
neHsl. B cooTBeTCTBUM ¢ QPYHKUMOHAIBHBIM HasHa4Y€HHEM T10-
MELIEHHUSA PACCUUTBHIBAIOT KOJMYECTBO IIOXKAPHOH HarpysKH,
YKa3bIBalOT €€ BUA U pasmelleHue. [lo manHbiM oOciieoBaHuA
NIOMELLUEHUS OMpPEACNSeTCS BO3MOXHBIH BHJ IOXKapa B HEM,
B COOTBETCTBHH C H3JI0KEHHBIM B . 2.

Ha ocHoBanuu BHIa no)apa BeIOUpPAETCS COOTBETCTBYIO-
IIHA €MY 3aKOH U3MEHEHHS CKOPOCTH BBIFOpaHHs (TeNsIoBblje-
NeHus). Pe3ynbraTsl McCIenoBaHHS CKOPOCTH BHIFOpaHHs IpH
00BbEMHBIX MOXapax HPUBEJIEHE] B IL. 2.

I[Ipn ropeHun ApeBeCHHBI MaKCHMMAIbHYIO CKOPOCTH BbI-
rOpaHus MOXXapHOH Harpy3kH Rpyax npu [IPB HaxonmsaT u3 BeIpa-
)KeHH (2.46).

CKopocTb BBITOpaHHMS B MOMEHT BPEMEHM ! BBIMHCIISIOT
H3 ypaBHEHHsl, IpHBEAECHHOTO B pabore [1]:

M = (1) Rinax. (1.19)

KoapdhuunenT HHTEHCHBHOCTH TeNJIOBBIAENCHUS 1), SBJIS-
€TCsl QYHKIMEH OT BPEMEHH ;. ITO BpeMS YCIOBHO B JUTepary-
PC Ha3bIBAIOT NPOJOKHTENBHOCTBIO MOXapa, OHO XapaKTepH-
3YCT MHTCpBAl BPEMEHH OT Hayaja pa3sBUTOH CTajuu Mosxapa
(00BEMHOrO mojapa) 0 MOMEHTa ero pa3BUTHUs, KOrjga CKO-
POCTE BBITOpAaHHA NOXapHOH HAarpy3Ku HAYMHAET YMEHbIIATHCS.
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[IpakTHYeckH 3TO BpeMsi COBNAJaeT C HaAyajoM 3aTyXarolleH
CTaHH TNoXapa.
Bpems 1, onpenensioT U3 COOTHOLUEHHS

o= gFQ:: Rmaxop
n
6285F,h™ R

3aBUCUMOCTh KO3 dUIHEHTA UHTEHCHBHOCTH TEIJIOBBI-
JEJIEHHs] OT BPEMEHH f; B BUJe HOMOTpaMM IpHBeaeHa B paboTe
[1] ¥ B BUe KycOUHBIX (QYHKIHH, yIOOHBIX JJISI MPOrpaMMHpPO-
BaHuUs, — B pa3a. 2.3.2.

TernoBblIENEHHE PH NTOKAPE HAXO/IAT U3 BhIpaXKEHUA

O =Nultn) OF Rinaxn. (1.21)

[Tpu nmoxape, perynupyemom Harpyskoit (I11IPH), ckopocts
BBIFOPAHUA MTOXKapHOHM HAarpy3KH, COCTOSLIEH U3 TBEPIBIX rOpPIO-
4YUX H TPYAHOIOPIOYHX MaTepHasoB, ONPENECISETCA U3 IMITHPH-
YeCKUX BhIpaxkeHUH (2.42)—(2.47).

TennoBeiaenenue npu [1PH naxogurcs kak

Q=MnQ?. (1.22)

Beibop 3akoHa TensooOMeHa ouara mno)kapa coO CTpOH-
TENBHBIMH KOHCTPYKIMSMH B yCJIIOBHSX 00BEMHOIO Mokapa 3a-
BHCHT OT OpPHEHTALHH CTPOUTENBHBIX KOHCTPYKUHH OTHOCH-
TEJIBHO oYara H OT ctaauél oO0beMHoro mnoxapa. IIpu pacuere
OTHECTOMKOCTH KOHCTPYKLHH BBLIENAIOT [BE€ OPHEHTALMH OC-
HOBHBIX CTPOMUTEJIBHBIX KOHCTPYKUMH: FOPU3OHTAJIbHBIE H BEp-
THKaQJIbHbIE HECYIIIME M HEHECYIIHME KOHCTpyKUUH. OT OpHeHTa-
IIHH CTPOUTEJIbHBIX KOHCTPYKLUHH 3aBHCHT XapakKTep TEIJIOBOIO
H THAPOJHHAMHYECKOro B3aHMOJEHCTBUA HX C 0YaroM Ioapa,
a Xapakrep TeriooOMeHa, B CBOKO o4epelb, 3aBUCHT OT OlTHYE-
CKHX XapaKTEePHCTHK ra3oBOM cpelbl, ONpeAesstoled npouece
[I€peHoca JYYUCTOH JHEPTHUH.

IIpouecc cnoxHoro temyiooOMeHa B ONTHYECKH Mpo3pay-
{0¥ ¥ ONTHYECKHU IUIOTHOM ra3oBbIX Cpeaax B YCJIOBHAX [10Xapa

, . (1.20)

max,
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paccMoTpeH B I 3 u nogpo6uo B pabote [10]. OcHoBHO# 001a-
CTHIO IIPHMEHEHHS MOJECIHPOBAHHUs HA YPOBHE yCPEAHEHHBIX TIa-
pPaMETPOB SABJIAIOTCS MPAKTHYECKHE 3a/1a4H, XapaKTepHBIE VLA pas-
BUTOH cTaguH o0beMHBIX MokapoB. [Iporiecc nepenoca Temnuia A
0OBEMHBIX T10XKAPOB MOXKHO 0XapaKTEPH30BaTh KaK CIIOXHBIH Te-
M171000MEH B ONTHYECKH IUIOTHBIX MA30BbIX cpeax. TaKom mpolece
XapaKTepeH Ul ra3oBbIX Cpell cO 3HaueHueM Kpurtepus Bu > 1, 4to
COOTBETCTBYET OIpPEJC/ICHHBIM 3HAYECHHAM TEMIIEpaTyp B oOyare
noxkapa 1" > Tpy=1. Ilpu 3Hauennu Bu < 1, 4TO COOTBETCTBYET 3Ha-
yeHHsM Temrepatryp 7 < Tpy=1, MPOLECC CIOXHOIO TEILI00OMEHa
SIBJISIETCS QJUTMTHBHBIM OTHOCHTENIBHO JIYYHCTOM M KOHBEKTHBHOM
coctap/stoumx. [[ockoMbKy pacueT TeMiepaTypHOro pexuma I10-
)Kapa HayMHAeTcss ¢ HOPMAIbHBIX YCJIOBHH, Koraa I < 1pyj, TO
B HayaJIbHbIE MOMEHTBI BPEMEHU OCHOBHBIE 3aKOHBI CJIOXKHOTO Te-
11000MeHa TSl ONTHYECKU TIOTHBIX CPel MOXKHO HE [IPUMEHSITh.

B HayanbHOH cTaguM MOXapa, OrpaHUYEHHOH BpEMEHEM
0 <1 < fycri, MPUHUMACTCS MOJIENb ONITHYECKH MPO3PAvHOro rasa,
H B Pa3BHTOH CTaJMH IOXAapa HCIOJB3YETCS MOJIENH ONTHYECKH
IUTIOTHOTO ra3a npH 3HayeHusIX 7' > Tp,=;. Mexay sTumu nByms pe-
XUMaMH TEMJIOOTIa4u CYLUECTBYET IepexojHasi 00J1acTh, CBA3aH-
Hasd C KOHEYHBIMH CKOPOCTAMHM IEPEXo/a PEeXUMOB TEIIO0TIAa4YH
U3 OTHOTO B Jipyroi. [lo 3Hauennro cpeHeoObeMHON TeMmepaTypsl
nepexofHas o0/acTe JIEKUT B JMAlla30HE 3HAYEHHH TeMIlepaTyp
Then < T<Tgy1.

Hcnone3ys nuHelHYIO 9KCTpamonsAiuio M3MeHeHHs Kodp-
(HIHEHTA TEIUIOOTIAaud B TNEPEXOAHOH 061acTH TopeHHs, ero
MOXHC OIPEJENIUTh KaK

T_THCH

Bu=1 ~ Tncn
rae oy, oqy, oy — KO3QPHUUKHEHTH TEMI00TAaYMH oyara nmoxapa
C KOHCTPYKUHUSMH PpPa3Iu4YHOH OpHEHTAIlMH COOTBETCTBEHHO

oy = oy + (o — ot)( ), (1.23)
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B HAYaJIbHOHM CTaJAMH I0Kapa, EPEXOJHOM PEXHME U B pa3Bu-
ThIX CTaAUsIX NOXKapa, Bt - M2 K

IIpu wucnosnbp3oBaHUM “HHTErpaJIbHOrO” METOJA pacueTa
TEMIIEPATYPHOTO pPEXKUMa IM0XKapa U ONpeAeICHUH YCTOHYHBO-
CTH CTPOHMTEbHBIX KOHCTPYKLHMH B Pa3BUTBHIX CTaAMsIX MOXapa
(>xene300eTOHHBIE KOHCTPYKLIMH, OTHE3allUTHBIE MeTalIHye-
CKHE KOHCTPYKIHM M T. J1.) KO3 PHUIIHEHTH! TEIJIOOTIaYH HAX0-
AT U3 CIEAYIOUMX COOTHOLIEHUH.

KoHCTpyK1IMH CTEH U noja:

, -
7. T\ P 100 100
o) =K &P UL W e iy . (124
¥ H Tyen — 1,
11 KOHCTpyKuuMid cTed npuHuMaetcs k = 0,135; 11 KoH-
cTpykumit nona npu 7, > Tycn ¥k = 0,176 v npu 7', < Tucn x = 0,09.
3Hadenuss kodddUUMEeHTa TEIIOOTAAYH Oy AJIS KOHCT-

PYKUHH CTEH ONMpPEAEAIOT N0 COOTHOLICHHIO
1

! pr/3 : A
oy = 0,2(Gr, Pr)? (&N (1.25)
X y T
2,04(1+ N,) + Pr/3 H

Illeé COOTBETCTBYIOIIUE YUCIIA MOJI00US ONPENENISIOTCS MPH 3Ha-
yeHuu 1 = TBuzl.

KoaddunueHT oy ns KOHCTPYKLHH MOTOJIKA pacCYHTHI-
BAaKOT IIPH NMOMOIIH YPaBHEHHS

o= 0,835Re 5P X 4k (1.26)

rn 1y-T,

PamuannoHHas cOCTABIIAIONIAs CI0XKHOTO TEIUIOBOrO MOTOKA
Gnr U151 IEPEKPBITUS C Oe3pa3MEPHOH BBICOTOH h= (Aymax) < 2,3
oIpeaensieTcss U3 ypaBHEHHUS

dnr = £4(0,8845 T3 h*% —oT}),



[IpH 3HAYeHHH A > 2,3
4 3 -1,65 4
gnr = €w(0,786€40 T, 1 -oT,).
Koapduiment oy 418 KOHCTPYKUHMH MOTOJKA HaXomsT
U3 YpaBHEHHS

3

oy = 14RePS PrA 2 113386 (1.27)

A Bu

BerynciieHue BEJIMUUH, BXOMIUIHX B cooTHoeHHs (1.26)
u (1.27), paccMoTpeHo B 1. 3.

[Ipy BBIYMCIEHHH 3HAYEHHH TEIUIOBBIACICHUS () HU3LLAM
TEIUIOTBOpHas crnocoOHOCTE MaTepHalla NMOXKAapHOH HarpyskH
OepeTcs B DKOYJISAX H CKOPOCTh BBITOPAHUS B KT - M2,

[Ipy ucronb30BaHUHU “HHTETrpalbHOrO” METOHAA C YYETOM
HaYaJbHOH CTaJMM IOXapa paJHallHOHHBIH KO3(PHUIIHECHT
TEIUIOOTAAYHd B KOHCTPYKIIHH CTEH, MoJia H YaCTH MOBEPXHOCTH
MEPEKPBITUs, HaxoldlleHcs 3a MpeAesiaMd MPOEKUHH ovara
[10>Kapa Ha ee IIOBEPXHOCTh, OTpeIe/ISIETCS W3 COOTHOLIEHHS

AT (LY
7011 100 100

GR= — T—T. “Viq,2) (1.28)

rae 7= 0,91 Trax.

Juddy3nonHsle cpefiHHE TIO MOBEPXHOCTH KO3(P(UIIHEHTHI
00JTy4eHHOCTH (paKesa IUTAMEHH Ha CTPOMTENIbHBIE KOHCTPYKIIHH
HaXOAAT W3 COOTHOILEHHS

W 4, (1.29
£ —— :

L D’ )
rone i = 1-4; L¢ — BBICOTa (pakena, M; D — MpHBEACHHBIH aHa-
METp ouara noxapa, M; H; — B3aiMHas H3Jy4aomas noBepX-
HOCTB i-H CHCTEMBEL.
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BripaxxeHus, NO3BOJISAIOIIHE OMPENETHTE B3aUMHYIO H3JTy-
YAIOLIYIO MOBEPXHOCTh I Pa3/IMYHBIX CHCTEM, NPUBEICHHBIX
Ha puc. 1.2, moay4YeHHbIE C HCHOJIL30BAHHEM METO/A CyNepIo-
3unMi [11], UMEOT clieayromui BU/L.

BzaumHas uznyvarouas OBEPXHOCTh CUCTEMBI “‘(aken —
nox” (puc. 1.2, @) HaXOaUTCS U3 COOTHOLIEHUS

1
H, = E(Hrz'wu + Hyy 13— Hy_y — Hy 3). (1.30)

B3anMHas u3nydaroias NOBEPXHOCTh CUCTEMBI “‘akes —
OoxoBas noBepxHOCTh (puc. 1.2, 6) onpexnensieTcs KaK

1
Hygny = §(H1'2'3'4'-12 +Hy g+ Hpg ) -

1
“E(H3'4'-12 +Hyy_y + Hy ). (1.31)

Unnexe “II(III)” o3navyaer, 4yTto B 3aMKHYTOH CHCTeMe
“paken — cTpouTeNBbHbBIE KOHCTPYKUMH HEOOXOAMMO OINpedesTh
B3aMMHYIO H3JTy4arOlIyIO IOBEPXHOCTH /151 ABYX OOKOBBIX CTEH.

B3auMHas u3inyvaroias MOBEpPXHOCTh CHCTEMbI “daken —
MOTOJIOK ™ (pHc. 1.2, 6) pacCUUTHIBAETCS CIEAYIOIIHM 00pa3oM:

|
Hy, = ‘2'(H2'1'1'2'*21 + Hyr_ g+ Hygprge_3 + Hye 3) —

]
_ E(Hz'z'—z % won 9 H s + Hpgeaq). (1.32)

JIubdy3uoHHbIH cpenHHi yriioBoH k03(GdHUHEHT cHCTe-
MBI “(paken — ¢poHTansHas creHa” (pHc. 1.2, 2) BBIYHCIAIOT
H3 COOTHOUIEHUS

A
Wov =1=2 v, (1.33)
1
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a 6
dep
9 |
1
3 2
| — '
h Py 1 b
Ly “B.n (1 1
C

\Y

— o S—

Puc. 1.2. Bzaumnvlie uznyyarowue cucmemsl npu nOXCApe 8 NOMEUJeHUU:

a — 83auMHAA usnyyaowan cucmema “axen —non”; 6 — 63auMHan unyvawan
cucmema “axen — 6okosan nosepxHocmy”'; 8 — 63AUMHAA USNYHAIOWAA CUCMEMA
“baren — nomonox”; 2 — 0bwan e3aumnan uayYaAOWAR cucmema;

Ly~ evicoma gpaxena; dy— wupurna gaxena; h — evicoma nomewsenus,; b — wupuna
nomewjenus; ¢ —paccmosHue om ¢paxena 00 ponmanvrol cmenvl, P — haxen

[lo u3BECTHOH CKOPOCTH BBITOpPAHUs MMOXXAPHOH HArpy3KH
npu JiokanbHbIX noxkapax U B HCII BricoTa ¢akena paccynThI-
BaeTCsA U3 COOTHONICHHWH, NPUBEAEHHBIX B pabote [1]. Ha 3aty-
Xamlled CTaaud Imoxapa Ul KOHCTPYKUMH IIOTOJIKa, I1oJia
H CTeH Hcnonb3yeTcs BolpaxeHue (1.25). Jlng KoHCTpyKIHH
TNIepPEKPBITHS MIPH YCIIOBHH, Koraa 7y, > T, U 1 KOHCTPYKLHM 110-
nanpu T, < T Beipaxenue (1.25) npuHuMaeT BUJ
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1
Pr% ¢ A

a = 0,2(Gr, Pr)? 074N, (139)

214(1+ N.)+ Pt/

JIns KOHCTpYKLUMH nepekpoiTHs npd 1, < T ¥ KOHCTpPYK-
uuu nmoaa npu 7, > T

|
Pr% <
214(1+ N.) + Pr/?

Beipaxkenus a1s koadpduuuenta rermnooraaun (1.25), (1.34)
1 (1.35) npuMeHsIoTCs Ha 3aTyXaromieH CTauy MoXkapa B AManaso-
HE U3MEHEHMs cpeaHeoObeMHOH Temrieparypbl Tpy-1 < T < Thax.
OOBIYHO B 3TOM JHana3oHe W3MEHEHHS 3HA4YEHHH CpeaHeo0s-
EMHOH TeMreparypbl pemiaroTCsi NPAKTHYECKUE BOIPOCHI
YCTOHYHUBOCTH CTPOMTE/IbHBIX KOHCTPYKIIMH, OrHECTOHKOCTb
KOTOPBIX OINpEAeNsseTCS TEeMIICpaTypoil MporpeBa 3alIMTHOIO
ci10s (M3rubaeMbie Xene300€TOHHbIE KOHCTPYKLUMH MEpPEeKpbI-
TUS, OTHE3AMUTHBIC METAUIMYECKHE KOHCTPYKIIHH).

Jlns Hecyumx xene300€TOHHBIX KOJIOHH M HECYIHX CTEH,
a TaK>Xe JJ11 CTaTHEONPEETMMBIX KOHCTPYKIIUH, YCTOHYHUBOCTD
KOTOPBIX [OJKHA OINpEeNeNsAThCcAs 0 MOJHOTO HX OCTHIBAHHS,
pacyeT TeMIIepaTypHOI0 peXXuMa modkapa BeAETCS A0 3HAYEHHS
I'=T,. B atom cimyuae B quanasose usmenenus 7y < T < T, pac-
YeT BeneTcs 1o ypasHeHHro (1.23), rae koagduuHeHT TemiooTaauH
oy HaxoaaT no gopmynam (1.25), (1.34) wnu (1.35) B 3aBHCH-
MOCTH OT OpHMEHTALMH KOHCTpYyKUHH. Koapduuuent oy wis
KOHCTPYKIMit CTEH, 10Jia U MEPEKPbITHs ONpeesseTCs M0 YpaBHe-
HHIO (1.24). JIna xoncTpykuuii cteH x = 0,135, g nepekpoITHS,
ecii T,,> T, u is nona, korma T, < 7T, k = 0,09. Ecnu nna ne-
pekpeitus 7, < Tu pnanona T, > T, To k = 0,176.

a = 0,2(Gr, Pr)’ (1,3 + NT)—;;—. (1.35)
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Crioco6 pacuera KOMMYECTBA TEIJIa, BOCIMPUHHUMAEMOIO
CTPOMTEIbHBIMH KOHCTPYKLUMAMH IIPH IOXape, 3aBUCHT OT Xa-
paKTepa BBINOJHAEMOro pacyera (IIOBEPOYHOI'0 HJIH KOHCTPYK-
THBHOTO0). [IpH nMpoBeIeHNWH KOHCTPYKTHBHBIX PacyeTOB KOJIH-
4YeCTBO TenJja, BOCIPHHUMAEMOIr0 CTPOMTEJIbHBIMH KOHCTPYK-

UAMH, MOXXHO HAaWTH U3 YpaBHECHHUSA
t1+At

0, = [a()dF,, (1.36)

rle g; — U3BECTHAs 3aBUCUMOCTD IIJIOTHOCTH TEIJIOBOIO MOTOKA
B [0 CTPOUTEJIBHYIO KOHCTPYKIIHIO.

Ecnu Hcnosip3yeTcs KOHCTPYKTHUBHBIM pacyeT (MM MOBe-
POYHBIH — IPH OTCYTCTBHH 3aBHCHMOCTH IUIOTHOCTH TEILIOBOTO
MIOTOKA OT BpEMEHH MoXapa) il ONpelesIeHUsT KOJMYEeCTBa
TeIIa, BOCHPHHHUMAEMOIO CTPOMTEJIBHBIMH KOHCTPYKIHAMH,
HEOOXOJAMMO B KaXKOblH MOMEHT BPEMEHH 3HATh TEeMIIEpaTypy
HX oborperaeMoi nosepxHocTu. ITockonbKy TemMnepaTypa 3THX
MOBEPXHOCTEH 3aBHCHUT HE TOJIBKO OT BHEIIHUX YCJIOBHUH TEIJIO-
oOMeHa, HO H OT TerI0(QU3HYECKHX CBOMCTB MaTepHala KOHCT-
PYKUMH, €€ HaXOHd4T, pellas YpaBHEHHE TEIUIONPOBOIHOCTH
(1.7) npu rpannyssx ycnousx Il poma. s ycnosuii noxapa
I'PAaHHYHBIE YCJIOBHA HECHMMETPHYHBI OTHOCHUTEIBLHO paccMar-
puBaeMOH KOHCTPYKLMH. XapakTep H3MeHeHHS Kod(duumeHTa
TEIUIOOTAAYH Ha 000rpeBacMbIX MOBEPXHOCTSAX IIPHBEEH BBILIIE.

Koa¢pduument tennoornaun ot HeoGorpesaemoii mosepx-
HOCTH B OKPYXarOLIYyIO CPeNy BHIYHCISETCH 110 popmyJie

T\ 7\

gnc — - |
NMT) T (100) (IOOJ V12
o= 4 .

» T;v "_Too

(1.37)



33

MaccoBblif pacxoZl yxoasmux razoB Gr U BXOJISUIETO
Bo3ayxa Gy 3aBHCHUT OT pa3MepOB, PacrojioKeHHs M OpHEHTa-
I poeMoB [ 1].

Pa3HOCTE MOJIHBIX SHTAJIBIIKH BBIXOSALIECTO U BXOMSUIETO
yepe3 NPoeMbl ra3a HaXoaAT U3 BbIPaXKEHUS

Q. =Gy, T, -mGe, T, (1.38)

rae KodhGUIHEHT m XapaKTepH3YeT OTJIHYHE TeMIEePaTyphbl
YXOJIAIIMX Ta30B OT CpeaHEOOBEeMHON TeMIlepaTypbl Tra3oB
B ovYare noXxapa. B cOOTBETCTBHH C JaHHBIMU KCIIEPHMEHTAIIb-
HBIX HCCJIEIOBAHUH NPH PACIIOIOKEHHH NpoeMa Ha JABYX YpPOB-
HAX m = 1,1, mpU pacnojioKeHUH NMPOEMOB HAa OJHOM YpPOBHE
m = 0,8. BenuuuHa Jy4yHCTOro TEIUIOBOTO MOTOKA 4yepe3 IMpo-
€MBI OIIPEIC/ISIETCS U3 YPaBHEHHUS

4 4
mT 1,
= F, — 1 - =] | 1.39

Beibop MeTona pacuera TeMIepaTypHOTO peXKHMa 3aBHCHT
OT LeNH pacyeTa M HMCXOAHBIX XapaKTEPUCTHK IOXKApHOM
Harpy3kd M MOMeEIIeHUsA. 30HaJbHbIH METOH pacyeTa, HUCIOJIb-
3YIOIMH 3aKOHOMEPHOCTH CTPYHMHOrO TEYeHHS, [MPUMEHSAETCH
It ONpEAENICHHsT TEIUUIOBOrO BO3AECHCTBUS oOuara Io)kapa
Ha CTpOHTENbHBIE KOHCTPYKUHUHU Npu ropeHun JIBXK, K u co-
CPENOTOYEHHO pa3MEILEHHOM IMOXapHOM Harpy3KH U3 TBEpPABIX
TOPIOYHX U TPYAHOTOPIOYHX MaTEPHAJIOB.

30HaJIbHBIA METO, UCIIOIB3YIOLIHH HHTEerpajlbHble YpaBHE-
HUs noxapa (1.1)+(1.7) s xapakTepHBIX 30H [IOMELLEHHUS, MOXET
NPUMEHATHCS UL 3aibHBIX TNOMELUEHUH C COCPeaOTOYEHHOH
NOXXKapHOW Harpy3koM (JIOKaJibHbIE MOYXKaphl) K MPH PaciiOI0KEHHH
NIOXKapHOH Harpy3KH Ha IUTOLIAIH ‘ﬂi(Ugfl—lc‘n)z < F, < 0,5F. Pac-
YETHBIE METOLBI TPOTHO3HMPOBAHHSI PA3BHUTHs I[10Kapa H €ro
NOCJIEACTBHH B pPAacCMOTPEHHOM BbIIIE OETEPMHHUPOBAHHOH
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MMOCTAHOBKE SIBJSIOTCS 3aMKHYTOH Hay4yHOHM 3ajxayed, MO3BO-
JIAIOIIEH OLEHMTh JMHAMHKY IOXapa H €ro BO3JCHCTBHE
Ha pa3/M4YHble OO0BEKTHl, Ha HEKOTOPOM Harepead 3aJaHHOM
ypOBHE HCXOMHBIX MapameTpoB. Kak mnpaBuiio, mjisi pa3pabOTKH
COOTBETCTBYIOIIHUX NPO(HIAKTHYECKUX MEPONPHUATHH paccMart-
pHBaeTCsA CUTyalMs, Haubojiee onacHas H3 BO3MOXHBIX, T. €.
MIPOU3BOIUTCA OLIEHKA 10 BEPXHEMY NPEACTY.

Ha peanbHoM oObexTe MNPOrHO3 JOHHAMHKH IOXapa
YCJIOXHSIETCS HEONpeAe/IeHHOCThIO HadaJabHBIX YCJIOBHH, MpH
KOTOPBIX BO3MOXXHO BO3HHUKHOBEHHUE MOXKapa, a CJIENOBATENILHO,
JMHAMHKa Mo’Kapa HOCHT BePOSATHOCTHBIN XapakTtep. O4eBHIHO,
4TO pe3ysbTaT JAeTePMHHHUPOBAHHOIO pacyeTa, Ha J000M ypoOB-
HEe HCXOIHBIX NapaMeTpOB, B IPAKTHKE MOXKET OBITh peaJIn30BaH
C OIpe/IeJIeHHOM cTeneHpt0 BeposTHOCTH. [loaToMy 11s oneHKH
HOPMATHBHBIX MEpOIIPUATHH Ha YPOBHE HX TEXHUKO-3KOHO-
MHYECKOro OOOCHOBaHUS pacyeT KOHKPETHBIX BapUaHTOB
MoXKapa JOJDKEH OBITh JOMOJIHEH C Y4eTOM OLEHKH BEpOSATHO-
CTH, KOTOPYIO MOXKHO OXKHJaTh Ha IpakTuke. TakuM oOpazom,
BO3HHUKAET 2ajJaya: MCXOJAS M3 HM3BECTHBIX BEpPOSATHOCTHBIX
XapaKTePHUCTHK BXOAHBIX ()aKTOpPOB, U Ha OCHOBE pa3paboTaH-
HBIX JE€TEPMHHUPOBAHHLIX METOJOB OIPEIEIHUTb BEPOSTHOCT-
HBIE XapaKTEPHUCTHKH BBIXOJHBIX IIapaMeTPOB MoXxapa.

OneHka BO3MOXHBIX B PEAIBHBIX YCJIOBHAX CIIyYaiHBIX
pa3dpocoB BXOAHBIX (AKTOPOB, aHATH3 MOJENIHM Ha YyBCTBH-
TCJIbHOCTh BBIXOJHBIX ITapaMETPOB OT BXOJAHBIX (HDAaKTOPOB
H ONBIT YHCJEHHBIX 3KCIIEPHMEHTOB I[I03BOJHIIM OIpPeAeSUTD
CIeAYyIoUMe OCHOBHBLIE BXOJIHBIE (PAKTOPBI: KOJMYECTBO M BH/I
NOXAapHOW Harpy3kH; BEJIMYHUHY NMPOEMOB B IMOMELICHHH U HX
COCTOSIHHE (10 BCKPBITHS M [I0C/IC BCKPBITHUS); XapaKTep BCKPbITHA
IIPOEMOB.
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KonuyecTBO BapbHpPyeMbIX (PAKTOPOB OIpeaeNseT 00beM
YHCJIEHHBIX pacyeTOB Ha JETEPMHHUPOBAHHOM YpoBHe. Bo3-
MOJKHbIE KOMOMHALMK pa3HBIX 3HAYEHHH Tpex BapbHpyeMbIX (ak-
TOPOB JaeT 3HAYeHHE TaKUX pacyeToB, paBHoe 3~ ~ 3(. Pe3ynbra-
ThI 3TUX Pacy€TOB MOTYT IPUHUMATBLCA KaK 0a30BbIH MOAYJIb.

Hanuuue 6a3zoBoro MoayJisi MO3BOJSET BOCCTAHABIHBATH
BBIXOJHBIE MapaMeTpbl HeoOXoauMoro obbema Ui M0XKapoB
C TIPOMEXYTOUYHBIMH 3HAYEHHSAMH BXOJHBIX (axkTopoB. Kaxnas
CTaJus [0XKapa BOCCTAHABIMBAETCS OTJEIBHO.

bnok-cxema BO3MOXXHOI0O MMUTATOpa JOKHA YYHUTHIBATH
CIEAYIOLIHUE MOJIOKEHH:

- MOXKap OnpelessseTcs HayalbHOH IOXXapHOM Harpy3kKoi
(ge, MIx - M'z), BEJIMYUHON MPOEMHOCTH (Fy, Mz), HayaJbHOH

2
npoeMHocThIO ( Fy' , M);

- BXOJIHBIE BEJIHYMHBI g, F) — CilydyaiiHble, H 3aKOHBI
pacnpeesieHust X H3BECTHBI;

- TeMIepaTypa BCKPBITHS NPOEMOB CYHTAETCS IOCTOSH-
HOM, WJIM U3BECTEH 3aKOH paclpeaeeHHsI BCKPBITHS ITPOEMOB.

IIpy HccienoBaHHH  BEPOSTHOCTHBIX  XapaKTEPHCTHK
oxkapa B IIOMELICHHSIX XKHJIBIX 3[JaHHH, pe3yabTaThl KOTOPOro
NpUBEZIEHBI B 1. 3, 66110 paccurTano 36 720 noxxapos.

s onpeneneHUs SKBHUBAIEHTHOH NPOAOIKHTENBHOCTH
Moxkapa 3alMChIBAIOTCA [aHHBIE O IMPOIPEeBE CTPOHTEIBHBIX
KOHCTPYKILMH B YCJIOBUSX CTAHJAPTHOI'O UCIBITAHHUS, IS H3TH-
OaeMbIX XeJ1e300e TOHHBIX H METAJUIHYECKHX OTHe3alHIIEeHHBIX
KOHCTPYKUUH. [l Hecymux »xene300€TOHHBIX KOHCTPYKLHH
3alMCHIBAIOTCS JAaHHbIE O IMOTEpe UX Hecylled CcrnocoOHOCTH
B YCJIOBHSIX CTAHJAAPTHOI'O UCHBITAHHS.

Pabora uMHTaTOpa OCYIIECTBISECTCS CIEAYHOIIHM oOpa-
30M. PaspIrpeiBaloTcs ciaydyaiHbIe 3HaAY€HHUS BXOJIHBIX MapameT-

POB g, Fo, Fy', ¥ U3 HAabopa JaHHBIX CYMTBIBAETCH MHPOpPMa-

IMs O Mo)kapax ¢ OMMKaHIIMMH K pa3birPaHHBIM 3HAYEHHUAMH
napamerpoB. [locie 3TOro NpOMCXOAUT BBIYHMCICHHE 3anpo-
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IIEHHOH BeaW4MHBI (BpeMs nokapa, JKBHBaJCHTHasi IpOAOJIKH-
TEJILHOCTh Mokapa ¥ T. 1.). Iloxap npociexuBaeTcs M0 TEX
[op, NOKa 3ampolleHHas BeJHYHHA He J0CTHraer Tpedyemoro
3HayeHus. [lonydyenHoe 3HaueHHe 3amoMHuHaeTcs. Jlanee npouc-
XOIUT IPOBEPKA TOYHOCTH MOJAEIMPOBAaHHA. MojenupoBaHHe
3aKAaHYMBAETCS MOCIe AOCTH)KEHHS 33JaHHOH TOYHOCTH. 3aTeM
JUISL BBIXOJHBIX BEJIMYMH MPOU3BOJUTCS BBIYHCIEHHE CTATHCTHU-
YECKHX XapaKTepUCTHK (CpeaHMe, JMCHepcHs H  JIp.),
a TaKXe MO 3aJaHHOMY KPHTEPHIO COTJIacCHs MOXXET NoA0HpaTh-

Csl 3aKOH pacrpe/ie/ICHUs.
PacuyeT TeMIlepaTypHOrO pexXHMa I0XXapa Ha BEPOATHOCT-

HOM ypOBHE MO3BOJISIET ONPEACIUTh CTENEHb PUCKA, BHIPAKEH-
HYIO IIPOM3BEIEHHEM BEPOSITHOCTEH COOBITHA (Hanmpumep, Bepo-
ATHOCTH 3KBHBAJECHTHOH MPOAODKUTEIBHOCTH 110XKapa) H BEPO-
ATHOCTH BO3HHUKHOBEHHS I0XKapa, KOTopas MOXeT ObITh ormpe-
JIEJICHA U3 CTaTUCTHYECKUX NAHHBIX. Y YET CTENEeHH PUCKA U COOT-
BETCTBYIOLHME TEXHUKO-3KOHOMMYECKHE HCCIIEJOBAHMS I103BOJIS-
FOT BBIHTH Ha HOPMHUPOBAHHE NMPOTHBOIOXKAPHBIX MEPOTIPUSTHI
Ha YpOBHE MX 3KOHOMHYECKOH 11e1eCO00pa3HOCTH.

1.2.2. Ob6aacTb nMpumeHeHust
koHcTpykTuBHOrO Meroga pacuera

Kak Obu10 yka3zaHo Bblllle, KOHCTPYKTHBHBIE pacyeThl BbI-
NOJIHAIOTCA B LEJIAX ONpelesIeHHs TeMNepaTypHO-BpeEMEHHOMN
XapaKTCPUCTHKH MMOXKapa B IIOMEINEHHH, AJIA MOCJIENYIOLEro
dHaJIN3a €ro TEIJIOBOTO BO3AECHCTBUS HA pa3IMyHbIE CTPOUTEIIb-
HBI€ KOHCTPYKIHH. DTH pacdyeThl MOT'YT BBINOJIHATHCSA C HCIIOJb-
30BAHHEM OMITHPHYECKHX 3aBUCHMOCTEH JUIS MUIOTHOCTEH Terl-
JIOBOTO IIOTOKA HJIM C HCIOJIB30BAHHEM MOJENBHONH KOHCTPYK-
LNM, COCTOALICH, HAIPUMEpP, U3 MOHOJIMTHOTO MaTepHasa ¢ H3-
BECTHBIMH TEIUIOTEXHUYECKHMMH XapaKTePHCTUKAMH.
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[lo xapakTepy conpspkeHHsl, KOTOPBIH onpeeseTcs: YHc-
710M bproHa, 1id BceX KOHCTPYKLUMH JOJDKHO BBIMOJHATHLCS He-
paBeHCTBO Br; < Bryy.

TemneparypHo-BpeMeHHas  3aBUCHUMOCTb,  TOJyYeHHas
C MIOMOILBI KOHCTPYKTUBHOIO pacyeTra, ¢ yYeTOM H3JI0KEHHBIX
ycioBuH Oy[eT UMeTh OJMH U TOT )K€ XapakTep JUIsi JFOOBIX KOHCT-
PYKTHBHBIX 3JIEMEHTOB, YAOBJIETBOPAIOLIMX YCJIOBHIO Br; < Bry,.
OnpeznenenHas TeMmrepaTypHO-BpeMEHHAsl 3aBUCHMOCTh Oyaer
SIBJIATBCS [10KapOONAacHOM XapaKTepUCTUKOH JAHHOTO IOMellle-
HHUS M Hapsay C COOTBETCTBYIOIIMMH 3aKOHAMH TerjooOMeHa
MOXET OBITH HCIOJIB30BaHA IJI pacyeTa [porpeBa CTPOHTENb-
HBIX DJIEMEHTOB Pa3/MYHBIX KOHCTPYKLUHH. JlJIs KOHCTpPYKUHH,
HMEIOIIMX 3Ha4YeHHe Ynciia bprona s yciosui noxapa Br; < Brg,
HCII0JIB30BaTh TEMIIEPATYPHO-BPEMEHHYIO 3aBUCHMOCTD, ONpeie-
JIEHHYIO 10 METOAY KOHCTPYKTMBHOI'O pacyera, Henb3s. s Ta-
KHUX KOHCTPYKIHH BBIMOJHAETCS MOBEPOYHBIH pacyerT.

BrlpaxxeHus a1 kputepus Br onpenensitorcs w3 rpaHdu-
HBIX yCJIOBHH IV pona, KoTOpble 3anmuChIBAIOTCSA MPUH YCIIOBHH
IU(PDY3MOHHOTO NMPUONHKEHUS MU JIyYHCTOH COCTaBJISIOIIEH
CJI0XKHOI'O Ter1000MeHa H OTCYTCTBUS MCTOYHMKA TEIJIa Ha I0-
BEPXHOCTH CTPOHUTENIBHBIX KOHCTPYKIMH (HeroprouHe KOHCT-
PYKLIMH) B CJIEIYIOILEM BHAE:

P % =A, ‘Z} : (1.40)
s n*cT’ g
roe A=A, +533——— — 30(eKTHBHOCTHBIH KOIPPHLHEHT
Ks

TETUIONPOBOJIHOCTH ra30BOM cpeabl; A; — KOAQPHULUMEHT TEIUIO-
MPOBOAHOCTH MaTepHaia KOHCTPYKIIHH.

B KOHEYHO-pa3HOCTHOM BHJI¢ NpeoOpa3OBaHHOE COOTHO-
wenue (1.40) BeIpaXKeHO ypaBHEHHEM
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L
AT, _ %, 2, (1.41)
AT A, 9,
rae b — TOJIUMHA KOHCTPYKIMH; 8, — TOJIIMHA TEIIOBOro IO-
rPaHUYHOTO CJIOA.

Cootnowenue (1.41) cnpaseTHBO 1A cily4dast JIMHEHHO-
ro pacrnpeaeeHus TeMIepaTypbl 110 TOJILIHHE KOHCTPYKLIHH.
B cnyyae HenuHEHHOro pacnpejeiieHHs OTHOCHTEJIBHBIH mepe-
[aj| TEMIIEPaTyp omnpeaeaseTcs U3 cooTHomeHus [12]

e
0-AL _ Arbl (1.42)
AT A, 18,
rJe € — MONpaBOYHbIH KO3)PUUHEHT, YUUTHIBAIOMHA OTKIOHE-
HHe MpoQuIs TeMIepaTypbl OT JUHEHHOrO 3aKoHa; / — onpene-
JIAOLKHA pa3Mep.

Jl1s BepTHKaJIbHBIX CTPOHTENBHBIX KOHCTPYKIIMH B pa3BH-
TOM CTAIUH MOXapa OTHOUIEHHE BBICOTHI KOHCTPYKLUHH H TOJI-
IIHHBI TEMJIOBOI'O IOIPAHUYHOIO CJIOS ONpe/enseTcsl U3 Bblpa-
XEHHUSA

P L (+N) 2. (1.43)
(1+NT)3[2,14(1+NT)+Pr%:|

Hcnoms3ys ypasuenue s sddextusroro uncna Hyccens-
Ta, OJYYHM BBIPDOKEHHE JUI BEJIMUHMHEI [/, B ClIEIyIOLIEM BH/IE:

]
/ Nu/2
—=0,76——r, (1.44)

-é- =0,34(GrPr)s
!

.

3TO MO3BOJIAET 3aMHCaTh YPABHEHHE IJIs OTHOCHTENBHOTO Mepe-
Mana TeMIepaTyp ClaeayouHM obpa3oM:
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2% b Nu
AO = 0,765~ — . (1.45)
A, 11+ N,
Takum o6pa3oM, OTHOCHTENBHBIH Nepenaj TeMmieparyp
sBIsteTcs (yHKIHeH Oe3pa3MepHOro KOMILUIEKCa, KOTOPBIA JUIs
BEPTHKAJIbHBIX CTPOMUTENBHBIX KOHCTPYKLIMH B YCJIOBHUSX O0B-

€MHBIX [105KapOB Oy/IeT ABNATHCS BBIPAKEHUEM YHcla bprona
3
}\'f b I\]U}é
Br, = —— :
Ay 11+ N,

J11s1 TOPH3OHTANIBHBIX CTPOUTENIBHBIX KOHCTPYKIMH ypaB-
HeHue (1.42) npumet BUA

(1.46)

; (1.47)

[

TJ€ BEJIHYHHA 7+ ABJIAETCA XapaKTEPHbIM pa3MepOM [UIS TOpH-
30HTAJIBHON KOHCTPYKLMH NOKPBITUS WIHM MEPEKPBITUA H OIpe-
HeJI€TCs U3 COOTHOLUEHHH, PUBEICHHBIX B II. 3.

BelpaxeHne 118 TONLIMHBI TEIUIOBOTO IOTPaHUYHOIO
cJjioa O, 00pa3oBaBlIErocs MpH B3aWMOJEHCTBHU ovara rnoxapa
C FOPH3OHTAIBHBIMH KOHCTPYKLMAMH, OBUIO [OJIyYEHO B Il 3, U1
KPUTHYECKOH TOUKH 7 = () OHO UMEET BUA

5, _18(1+N)
o Re™Pr/

(1.48)

[lonctaBuB Beipaxenue (1.48) B (1.47), nosyynuM clieayro-
11e€ BhIpaXKEHHE NI OTHOCUTEIBHOIO Nepenajga TeMneparyp:

i b Nu,
 nl+N’

rae 6e3pasmepHoe yucino HyccensTa onpeaensercs npu 3Have-
HUU ¥ = ().

AD = 0,4¢ (1.49)
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Takum 00pa3oM, A/ FOPH3OHTAIBHBIX KOHCTPYKLHH IT€-
PEKpPBITHI M MOKPHLITHH, B YCIIOBHSX Pa3BUTOH CTAAHH 00BEM-
Horo noxkapa Br onpenensiercst U3 BbIPaXKCHHs

3
Br. = A7 b Nu. , (1.50)
A, n1+N

3HavyeHuss Bry, onpenensyiuch ¢ IMOMOIUBIO YHCIEHHOTO
aKCrniepuMeHTa. [ 3agaHHOro MOMEIIEHHSA C ONpeaeIeHHBIM
KOJIMYECTBOM IIOKAPHOW HArpy3KH IpPOM3BOAMJIHCH PAaCYEThI
TEMIIEPATYPHOIO pPeKHMa Io)Kapa B COOTBETCTBHM C OOIUMMHM
NPHHIIHITAMH, H3JI0’)KEHHBIMHU B HACTOALLEH IJIaBe.

PacuyeTel NpoBOAWIHMCH [UIA pA3IUYHBIX MaTepHaIoB
CTPOUTENIBHBIX KOHCTPYKLHH C pa3HBIMH MX ToJIHHAaMH. Onpe-
IEJIsU1ach TOJILUHA CTPOMTEIbHOH KOHCTPYKLIHMH, IIPH KOTOpPOH
OHA MepecTaeT OKa3blBaTh BJIMUSIHUE HA TeMIIEPaTypPHBIH peXUM
noxapa. COOTBETCTBYIOLIEE 3TOMY 3HAYEHHUIO YHCIO bproHa
NPUHUMAIOCH paBHBIM Bry,. [lonyyeHHbIe ¢ NOMOLIBIO YHCIIEH-
HOro 3KCIIEpUMEHTA 3Ha4e€HHUs Bry, mpeacTaBieHbl B BH/JIE€ 3aBH-
CHUMOCTH OT Oe3pasMepHoro mapamerpa x = AJ/As (puc. 1.3).
B xauecTBe 3HaMeHarteNs 3TOro mapamerpa Oepercsi HCTHHHOE
3HaYeHHe KO3 HUIMEHTa TEMIONPOBOJHOCTH TPOAYKTOB rope-
HHS TIPH COOTBETCTBYIOLIMX TEMIIEPATypax, YTO YIPOIIAET €ro
HCTIONIb30BAHKE JUISA MIPAKTUYECKUX LIEJICH.

J1151 OCHOBHEIX BH/IOB GETOHOB, PUMEHSAEMBIX B CTPOUTENLCT-
BE, M 3HAYCHHH TeMreparyp rasoBod cpemel ot 500 mo 1200 °C
Oe3pasMepHbIil napaMeTp X M3MeHsieTcs B quanasoe ot 2.4 1o 11.
B aToM wHTepBane M3MeHEHHS YHMCNa K KPHTHYECKOE UMCJIO
bprona MOXHO Mpe/IcTaBUTh THHEHHOH 3aBHCHMOCTBIO

Brep = 724 - 4997 . (1.51)
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Puc. 1.3. 3asucumocme kpumuueckoco wucna bpiona
om ko3gpguyuenma K :

— Kpueas, nocmpoernas ¢ yvemom ypaerenuti (1.51) u (1.52)

Hauunas co 3naueHus ¥ = 200 ¢ ToyHocThO 10 5 % Brig
MOHO TIPHUHSTDH [TOCTOSIHHBIM U paBHBM 25. JI1s1 OCHOBHBIX MeTas-
JIOB, IIPUMEHSEMBIX B CTPOUTEIBLCTBE, TAKHX, KaK CTaIb, ATIOMHHHH
U JIp., K H3MeHsieTcs B HHTepBale 3HaueHHH 776 < Kk < 4900.
[Ipu 3Hauenusx 10 < ¥ < 200 3aBucuMoOCTh Bry, 0T ¥ MOXHO
ONKCaTh MOJIUHOMOM BTOPOTO NOPSAIKA:

Br,=0,1%*—-20,7% +391. (1.52)
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KAACCHUHPHKALINA TMO2KAPOB
B NMOMELLUEHHUH, OINNIPEAEAEHHUE BHAA
BO3MO2KHOI'O TNMO2KAPA

2.1. Kaaccudukaunus noxkapos

Pa3suTHe mojkapa W XapakTep €ro BO3JICHCTBHUS Ha pas-
JUYHBIE OOBEKTHI ABIAETCH CIOXKHBIM (DH3HYECKHUM MPOIECCOM,
KOTOpBIH B OOLIEM Ciy4yae OINMCHIBAETCS [1OJIHOH CHUCTEMOM
ypaBHeHHH HaBbe—CtOKCa, ypaBHEHHEM OSHEpPruu (BKIHOYAIO-
IIMM B ceOsl EpEeHOC dHEPruM 3a CYET KOHBEKTHUBHBIX Mpolec-
COB, TEIJIONDOBOAHOCTH, HU3Iy4eHHUS, TUPPY3HH, XUMHUHUYECKHX
peakLUi ropeHus MOXapHOH HArpy3kH), YpaBHEHHSMH Hepas-
PBIBHOCTH, IH(PY3UH, COCTOSHHUS H TEIIO0OMEHA.

B cBs3M ¢ HEONMPENENEHHOCTHIO PsiZia TPAHHYHBIX YCIIOBUM
Ipolecca pasBUTHS MOXapa U TPYAHOCTBIO yueTa BCEX BIIHSAIO-
IIMX Ha NpOLECC pa3BUTUSA IoXKapa (aKTOpPOB, B TOM YHCIIE
U IIPOLIECCOB TYPOYJIEHTHOCTH, TOYHOE pEelleHHE MAHHOM CHC-
TEMbl YPAaBHEHHH B HACTOSLIECE BpeMs SIBJISETCS CIIOXKHEHIIEH
Hay4HO# npo0aeMoit, 0COOEHHO B CBETE NPAKTHYECKUX 3a1aY.

C 5Tol TOYKH 3peHHs 1eIeco00pa3HO Ha OCHOBE aHAIM3a
ONPEACNAIOMNX KPHTEPHUEB /U pPELIaeMBIX MPAKTHYECKUX 3a-
Aa4y pa3OMTh MOXaphl, KaK (H3MYECKOE SBJIEHHE, HA KJIACCHI.
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JTO IMO3BOJISIET B IMpelenax KaXJoro Kjacca CYIIeCTBEHHO
YIPOCTUTL MOJEJb MOXapa, MPUMEHUB COOTBETCTBYIOIIHE Me-
TOJbI UCCJIEI0OBAHHSI.

[lepeHoc Temna OT oyara TOpeHHS K OTpPakKIaloIINM
KOHCTPYKIHSM B 00LIEM Clly4ae NMPOUCXOMHT 3a CYET KOHBEK-
THBHBIX IOTOKOB IIPOAYKTOB CrOpaHHs, HM3JIyYE€HHS, TEIJIO-
NPOBOJHOCTH H HEMOCPEACTBEHHOrO BO3JA€HCTBHS IJIAaMEHH
(B TOM YHCJIE U IIJIAMEHH CTOpaIOLIEero MaTepuana) Ha KOHCT-
PYKLIHH.

MexaHu3M TEMJIOBOIO B3aUMOICHCTBHS MEXKAY OYaroM
TOPEHHS] H KOHCTPYKLHSIMU 3aBUCUT OT B3aUMHOTO PacIoioxKe-
HHS M TEOMETPUYECKHX pa3MepoB (hakena U CaMHX KOHCTPYK-
[UA. XapaKTEPUCTUKH IOpIOYEH Harpy3KH, CBOMCTBA NPOAYKTOB
CropaHusi, TEIUIOTEXHUYECKHE XapaKTCPHUCTHKH KOHCTPYKIHH,
a TAK)K€ XapakTep razoo0OMeHa BIUAIOT Ha BEJIUUHHY TEIJIOBOTO
B3aHMOJCHCTBHSA O4ara ¢ KOHCTPYKIHAMH.

B ¢BsA3M ¢ 3TUM Liesleco0Opa3HO paccMaTpUBaTh J1Ba Kiac-
ca [0XKapoB: JIoOKaNbHble U 00beMible.

OTIHYHTETEHOH OCOOEHHOCTBIO 10KAIbHbLIX TOXKAPOB SB-
JISETCS] HAJIMYME SPKO BBLIPAXXEHHOTO CTPYWHOTO TEYEHUS Hal
OYaroM rOpeHUs] M YETKOH 30HBI pasjefia TOpsYHX ra3oB, CO-
CTOSILUMX M3 MPOAYKTOB TOpPEHHs W “XOJIONHOro” BO3ayXa
OKpyKarole# cpensl. [1o xapakrepy pa3BUTHSA CTPYHHOIO Teye-
HHS JIOKaJIbHbIE NOXaphl NOAPA3AEAIOTCS HA MOXKaphl C 10CTO-
SSHHOH M MepeMEHHOM MJIOIIaIbI0 TOPEHHUA.

JlokanpHble MOXapbl ¢ MOCTOAHHOW IJIOLIAALIO TOPEHHUS
XapakKTepHbI MPH FOPEHUH XKXHAKOCTEH ¢ OrpaHMYEHHBIM 3€pKa-
noM pasnuea. [loxapel ¢ nmepeMeHHOH IUIOIIANBIO TOPEHHSA —
IPH FOPEHUM JXHUJAKOIO TOILIHBA C HU3IMEHSIOWHUMCS 3€PKaIoM
FOpPEeHUs U MPU FOPEHHH TBEPABIX TOPIOUMNX MAaTEPHAIOB B YCJIO-
BUSX COCPEJIOTOYEHHOH MOXKAPHON HArpy3KH.
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[TapameTpbl, XapaKTEepH3YyIOIHE YCIOBHUS Pa3BHTHA I107Ka-
pa B MOMEIIEHHH (TeMIlepaTrypa, JaBI€HHE, COCTaB ra3o0BOH
cpellbl, MAacCOBBIE U TEIUIOBBIE MIOTOKH), B YCIIOBUAX JIOKAJIbHBIX
M0XKapoB CYIECTBEHHO HEpaBHOMEPHLI B 00beMe odyara noxa-
pa. IX ycpenHeHHbIE 3HaYE€HUs CUJIbHO OTJIHYAlOTCH OT JIOKAJIb-
HBIX 3HAYEHUH.

BaxHO#i OTIIMUKUTEILHOH YEpTOH 00bemHblx MOKAPOB sIB-
JS€TCA OTCYTCTBHE 3HAYUTENIbHBIX IPAUEHTOB TEPMOJHHAMH-
YECKHX TapaMeTpoB (B CBA3H C CHJIBHOH CTETEHBIO NepeMelIn-
BaHM$), UTO MPUBOAUT K [IPAKTUYECKHU HE3HAUHTEIIBHOMY OTJIH-
YUIO JIOKQJIBHBIX XapaKTEPUCTHK OT CpPENHEHHTEI PaJIbHBIX
(cpenHeoOBEMHBIX). DTa BaKHAs XapaKTEpUCTHKa OOBEMHBIX
MOXAPOB MO3BOJISIET OMUCHIBATH UX PAa3BUTUE UHTETPAIBHBIMH
napamMeTpaMH M HCIOJIb30BaTh CPaBHUTEIBHO MPOCTOH METOX
“HHTErPAILHOI0”’ MATEMaTHYECKOI'0 MOICIIMPOBAHMUA.

[To ycnoBHsiM TOpeHHs MOXApHOH Harpy3ku oOBEMHBbIE
noxapsl noapazaenstores Ha [IPH u [1PB.

B ycnoBuax [IPH ropenue npoucxoauT npu 40CTaTOYHOM
KOJJHYECTBE BO3yXa (OKHUCIIMTENS) H CKOPOCTh BBIrOpaHus (Te-
MJIOBBIAENICHHS) TIOXXapHOH HArpy3kd TJaBHBIM 00pa3oM 3aBH-
CHT OT BU/A, PACIlOJIO’KCHHS H KOJIHYECTBA IOXKAPHOH HArpy3KH,
B MEHBIICH CTCIIEHH — OT XapakTepa razoobMeHa ovara 1oapa
C OKpyXaloIlleH Cpeaod, W MpPONOpLUHOHANBHA IUIOAAH Tope-
Husl. [Ipn [IPH ropenne mpoucxoaut npeumymmectBeHHO B 00b-
€M€ TOMELIeHHUs. ['opeHHe MOXapHOl HArpy3kd B YCIOBHSAX
[IPB npoucxoaut npu HemocTaTke BO3fyxa, a CKOpPOCTb BBI[O-
paHHs MPONOPUMOHATbHA KONHYECTBY MOCTYIAIOLIETO B 00BEM
noMeumenus okucnaurens. [1py HenocraTtke okucnurens B ouyare

N0Xapa BO3MOXXHO NOTOPaHHE MPOAYKTOR TOPEHHUS 3a Mpejena-
MU ITOMELIECHHS.
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Kaxzplit M3 paccMOTpPEHHBIX BMJIOB T10)KAapOB B CBOEM
Pa3sBUTHH MO BPEMEHH NPOXOAMT YEThIpE OCHOBHBIE CTAIHH
(puc. 2.1).

lMapamempeb! noxapa

Bpems t

Puc. 2.1. Xapakmep usmenenus napamempos noxcapa 6 NOMewjeHuu:

I — cpeoneobvemnan memnepamypa; 2 — ckopocme @vizopanus, 3 —

memnepamypa noeepxHoCmu CmpoumenoHou KOHcmpykyuu, 4 — men-

NOMeXHUYeCKUu napamemp, Onpeocerfiouutt 02HeCmouKoCcms Cmpou-

MenbHOU KOHCMPYKYUU (memnepamypa npocpesa 3aujumHozo Caos);

I, — npodoaxcumenvHocme noxcapa; | — navanvras cmaous noxcapa;

Il - passuearowyanca cmadus noxcapa, Il — paseuman cmadus noxcapa;
IV — 3amyxarowas cmadus noxcapa

HauaabHas cTtagus noxapa. Brirovaer B ceds BpeMs
OT BO3HMKHOBEHHS TIOPEHHs [0 IMOJHOr0 OXBaTa IIaMEHEM
(ropeHueM) MOBEPXHOCTH Troprouei Harpysku. I[Ipomoinku-

TE€JIBHOCTH 3TOW CTAAHWH 3aBUCHUT OT BHJIA U KOJIMYECTBA ropro-
yeH HarpyskKky, MOIIHOCTH HCTOYHHKA 3aXXHI'aHHA, KOHCTPYK-
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TUBHO-TJIAHUPOBOYHBIX XapPAKTEPUCTHK MOMEIIEHHS H MOXKET
MEHATLCS B LIMPOKHUX npenaenax. TemmepaTypa B IOMEIICHHH
XapaKTepu3yeTcsl CHJIbHOH HEOJHOPOAHOCTBIO, OJHAKO CPEel-
Hee 3HAYCHME ee W TeMIT M3MEHEHHs HEBEIMKH. OJTa CTalud
OYeHb Ba)KHa JUIS OLIEHKH XapakTepa MOCJIeAYyoIero pa3BuTHS
nokapa, pa3paboTKH MepONpHATHI Mo obecneyenuto Gesomnac-
HOM ?BaKyalMH JIoJei NpH Mmokape, 0OHapy)XCHHIO U Tylle-
HHIO Toxapa. [1o xapakTepy TEemjio- U MacCOOOMEHHBIX MpO-
neccoB HCII ananoruyHa JOKaJIbHBIM [OXXapaM C IEPEMEHHOH
IJI01aIbI0 TOPEHHUS.

PazsuBaromasics ctaausa noxapa. Bkimouyaer B ce0s ne-
pPHOA OT IOJIHOTO OXBaTa IUIAMEHEM IOBEPXHOCTH IOXKApHOH
Harpy3Kd A0 JOCTHXXCHHUS IOCTOSHHOH CKOPOCTH BBITOpaHHUS
MaTEPHAJIOB MMOXXapPHOH HArpy3KH.

JTa CTaausl XapaKTEpU3YyeTCs PE3KHUM YBEJIUUYEHHEM CKO-
pPOCTH TENIOBBIACICHUS U HHTEHCUBHBIM U3MEHCHUEM TeMIIepa-
Typhl B IOMeIlIeHHH. B pa3BuBaromecs crajiuu noxapa CTpou-
TEJIbHBIE KOHCTPYKLMH MOJABEPraroTCcss OBICTPO HapacTarolleMy
UHTEHCHBHOMY TEIUIOBOMY BO3JEHCTBHIO.

PasBuTasi craausa noxapa. B pasButoii cTtaguu moxap
AOCTUracT HauOoJIbILEH BO3MOXXHOH HHTEHCHBHOCTH, BCE Mapa-
METPBI, XapaKTCPU3YIOIHE Pa3sBHTHE I0Xapa (CKOPOCTH BEHITO-
paHus, ra3000MEH, KOHLEHTpALUs NPOAYKTOB CrOPaHHs, TEM-
MepaTypa, TENJIOBbIC MOTOKH), HMEIOT MaKCUMAJIbHBIE M TPaK-
THYECKH MOCTOSHHbIE 3HAYECHHS.

3aryxaomas craaus mo:xapa. 3aTyxamlomas Craaus
MoXapa Ha4MHAETCS C MOMEHTA YMEHBIICHHS CKOPOCTH BbI-
rOpaHus NOXXapHOH HAarpy3kd H 3aKaHYMBAE€TCS MOMEHTOM
AOCTHIXECHHSI MCXOOHOI'0 3HAYEHHUS CPEeIHEOOBEMHOH TeMmiie-
paTypsl.

TennoBeinenenne u cpennss Temneparypa ra3osoii cpelbl
B O4are roxxapa yMeHbIIAIOTCs, OJJHAKO B Hayajie 3TOH CTaIuH
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OCTalTCS €Ill€ JOCTATOYHO BBICOKHMHM H OKa3bIBAalOT 3HAYH-
TeJbHOE TEeIUIOBOE BO3/IEHCTBHE HA KOHCTPYKIIHUH.

O4eBHIHO, YTO MOXKapHasl Harpy3Ka B YCJIOBHSX peaIbHOM
JKCILTYaTalMH 30aHuH (yHKUMOHANIBHAS MOXKapHas OMacHOCTH)
COCTOMT M3 OIPOMHOr0 KOJIMYECTBA rOPIOYMX MAaTEPHAJIOB U H3-
nenui. Ilpy peumieHHH 4acTHBIX BOIPOCOB BCE 3TO MHOTooOpa-
3M€ 10 BO3MOXKHOCTH HEOOXOAUMO YUYHTBIBATD.

Jlna peurenus oOmuMX BOMPOCOB 1enecooOpa3Ho BuIOpATh
0a30BBIH MaTepual, KOTOPBIH, HE HU3MEHSAS TJIaBHYIO (H3HYe-
CKYIO KapTHHY HCCJIEAYEMOro mpolecca, MO3BOJHT H30eXaThb
IIPAaKTHUYECKOH HEOIpeaeeHHOCTH NPH aHajlu3e peanbHOH Mo-
YKapHOHN HArpy3KH.

CraTucTHYeCcKUMH aHaiu3, BbINMoJHeHHbIH Bo BHUUIIO
B KOHLE XX CTOJIETUS, TIOKA3bIBACT CIIEAYIOIIEE.

3HAUUTENIBHOE YHCIIO MOXKAPOB XapaKTEPH3YETCA TEM, YTO
TOPIOYMMH MaTepHajlaMu SBISAICTCSA JpeBeCHMHA W TKAaHH, OCO-
OenHo B xWiIoM cektope, rae B 70,09 % cnyvaeB apeBecHHa
OblJIa OCHOBHBIM TOPHOYHM MaTe€pHaIOM, a YHCJIO TMOrHOLINX
OT 00UIEro Yuciia NorudIIMX NpU roxape coctaBuiio 92 %.

[To yuiepOy BiMsiHHE roproyero Marepuaia pacinpeaeanioch
cienyomum obpasom: apeBecuHa — 68,98 %; mepcTh, XJIOMOK
1T 0. — 11,3 %; ¢ypax, cero, conoma — 4,88 %; CUHTETHYECKHE
BOJIOKHA H u3aenus u3 Hux — 1,81 %, JIBXK, 2K — 1,8 %; pe3una
U pe3uHOTEXHHYeCcKue u3aenus — 1,97 %. Yiepbd ot noxapa npu
TOPEHHH 3THX MaTepHanoB coctaBiseT 90,3 % Bceil BETUYMHBI
ylepba.

[IpuBeneHHass cratvcTUka yOEQMTENbHO TI0Ka3bIBAET, YTO
3a 0a30BBI MaTepHan cleayeT NPUHUMATh JPEBECHHY H H3ACIHA
U3 Hee.
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2.2. NokaabHble noxkapsl,
HavyaAbHasi cTagusi noxkapa

JlokaJibHBIE MOKAapbl BO3HHUKAIOT B MTOMELICHUAX C COCpe-
JMOTOUYEHHOH MMOXApHOH Harpy3KoH, paclojo)KEHHOH Ha orpa-
HUUYeHHOM mmomany. IlpakTHYyecKH TAKOro BHJA MMOXKapbl BO3-
HHUKAIOT MPH MPOJIMBE XHIKOro TOIUIMBA, KOIrJa Miolanb mpo-
JIMBAa OTPaHHYEHHA, TIPH BO3HHKHOBEHHH aBApHHHOM CHTYallHH
B Pa3/IMUHBIX EMKOCTSX C JKUIKHM TOIUIHBOM M Jp. Bo3mox-
HOCTb TAKOW CHTYyalHH ONPEAENAECTCSs M3 aHaIU3a IPOEKTHOM
JOKYMEHTALMH WM YCIOBHH 3KCIUlyaTallM¥ OOBEKTOB pa3in4-
HOI'0 Ha3HAYEHHUS.

Bonbinyio rpyry [noxapoB COCTaBJIAIOT JOKAJIBHBIE I10-
Kapbl C U3MEHSIOLICHCS MI0LAAbI0 FOPEHMs, II1aBHbIM 00pa3oM
IPU HAJHYUH B MOMELIEHHH I10XKapHOM Harpy3ku M3 TBEpPIbIX
MaTepuanoB. Ecnu ans ciy4as COCpeJOTOUYEHHO PaCHOIOXKEH-
HOM IOXapHOH Harpy3KH ONpeleeHHe BHa 110Kapa OUEBU/IHO,
TO B YCJIOBHSIX pacCIpelleJICHHOH IMOXXapHOH Harpy3ku HeoOXo-
AUMO ompenenuts npopopkurensHoct HCII, B npenenax ko-
TOPOM pa3BUTHE [OXapa MOJYUHAETCS 3aKOHOMEPHOCTSM
JIOKAJIBHBIX [10)KApOB.

[lepexon HayanbHOW CTagMU MOKapa B pa3BHBAIONIYIOCS
(JIOKanpHOTO TOXapa B 0OBbEMHBIH) POMCXOAUT IIPH 3HAYEHUH
CPeIHEOOBEMHOM TeMIeparypbl B ouare IoKapa, paBHOH 7
W ABJISIOLICHCS XapaKTEPHCTHKON MOXapHOIl HArpy3KH M yciio-
BHH ra3ooOMeHa. B 3aBUCHMOCTH OT ycIOBHIi pa3BUTHS T0Xapa
(BeMYHH 00BbEeMa MOMEIEHHSI, MIOIIAAH MOMEIIECHUS W I1JI01LA-
AW 3aHMMAEMOH IOXAapHOH Harpy3kod, COCTOSHHS IIPOEMOB)
nepexon ot HCII k passupatolleiics MOXET CONPOBOXKIATHCS
SIBJICHHEM “OOLLeH BCIBIUKK”, CBA3aHHBIM C PE3KHUM YyBeEJHYe-
HHEM JIaBJICHUSA B Ovare no)kapa M, Kak ClIe/ICTBHE, ¢ JaTbHEeHIIUM
BCKPBITHEM MpOEMOB. (CNEAYeT OTMETHTb, YTO B ps/e CIy4aeB
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BCKPBITHE TIPOEMOB MOXET CIYXHTh [PHYHHON “o0LIeH
BCIIBILLIKH .

[Tlepexon HCII B 0OBeMHBINH MOXKap BO3MOXEH B Clyyae,
€CJIM TUIaMsl paclpOCTPAHAETCA Ha BCHO MOBEPXHOCTh I1OXApHOMH
Harpy3kd TIpd 3HAYEHHH CpeJHeoOBEeMHOH TeMnepaTypsl,
HE MpEeBbILAOLIEM 1.

B 3TOM cilydae npu KpyroBOM pa3BHTHH IOXKapa Mpoao-
xxkutenbHOCTE HCII fycn onpenensercs u3 COOTHOILIEHHUS

)
iy @.1)
nlU;

H siBJIeHUE “001eH BCIBIIIKKH HE HACTYIHT.

uen =

Jlns ompeneneHus npoaOKUTENBHOCTH HayalbHOM CTa-
JIMH TI0XKapa B JIPyrUX ciaydasx HeOOXOAWMO HaWTH BpeMms, NpH
KOTOPOM cpeHeoOBeMHasl TeMIIepaTypa J0CTUraeT 3HayeHus 7T.
Omnpenenats 3T0 BpeMs BO3MOXHO, PacCMOTPEB YpaBHEHHE
TEIJIOBOro OajlaHca NMOMEUIEHUS TIPU [10XKape 3a MPOMEXYTOK
BpeMeHH Af, paBHbIi Bpemenu HCII:

AQ) = A0y + AQs + AQ4 + AQs + AQs, (2.2)
rae AQ| — KOMTWYECTBO TEILIa, BbLIENSEMOe B 00beEME noMellle-
HUA Npd ropeHuu; AQ); — KOJHMYECTBO TEIa, pacxoqyemMoe
Ha [IOBBILIEHHUE TEIUIOCOCPKAHUS Ta30BOH Cpeabl B 00BEME
noMmemeHus; A(QJ3 — KOJIMYECTBO TeIUia, YAalsieMoro U3 Iome-
IIEHUS C YXOOALIUMH razamu; AQ4 — KOJUYECTBO TEIUIa, HAY-
Ille€ Ha YBENWYEHHE TEIUIOCOAEPKaHUs KOHCTPYKIHi; AQs —
KOJIMYECTBO Terlla, MOyllee Ha HarpeB TrOprYeH WarpyskH,
HE y4acTBYIOLLEH B Ipoliecce ropeHus; AQs — KOJMYECTBO TEILIA,
TEepAEMOe Yepe3 NPOEMbl C TEIJIOBBIM H3TyUYCHHEM.

PaccMoTpuM cocraBisiiolide ypaBHEHHS (2.2) npUMEHH-
TEJIBHO K YCJIOBHUSIM HAYyaJIbHON CTaJIMH M0Xapa, KOTOPbIEC OT/IH-
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4alOTCs CPABHHUTEJIBHO MEUICHHBIM JHHEHHBIM POCTOM TEMIE-
paTyp, Kak 1s cpeaHeoObeMHOI TeMneparypel, TaK U Ul TeM-
nmepaTyp MOBEPXHOCTEH KOHCTPYKUMH H TOPHYEH Harpy3kH.
CpaBHHTENBbHO HeOOJIBIION a0CONMIOTHBIH pPOCT TEMIIepaTyp
B DTOH CTaAWHU MOXKapa IO3BOJISIET MMPUHATH BCE TCIJIOTCXHHUYC-
CKHE CBOMCTBa, HEOOXOAMMBIE Ui pacyera, IIOCTOSHHBIMH
¥ paBHBIMH HX HMHTErpaJbHBIM 3HAUEHHUSM B JIMANa30HE H3Me-
HEHHS TeMIreparyp oT 7o 0o 7.

ChopmynupoBaHHbIE JOMYLIEHHS MO3BOJISIOT [OJIYYHTh
COOTHOIIIEHHE JuIs omnpeaeneHus mponomkutenbHoctd HCIL.
[Ipy ycnoBHH pacnpOCTpaHCHHS IIJTAMEHH B OAHOM IIJIOCKOCTH

3TO COOTHOLIICHHE UMEET CIICAYIOLHNA BUI:

1 ]
= myon QU e = copol % Fy(28h) (T, = Tytyer %

3
( %
2+*7*_‘—-T£TT 1+_—T T{;)T 2
X 3 B0 B 70 +..1_. __TQ_ X
4 8\7,- T,
TO
T =T
x In - 3%0 - 5
O . 4940
= TB _To TB_TOJ
1 |
+ cponUg B [576 "‘E(TB —Té)}
B Cp_ﬁ_mf _Cppoéﬁ"FOQgh)/?rHCﬂ b T, —OTO " T: Iy +
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\/ na,

JI1s yclioBUE pacrpocTpaHeHHs IJJaMeHH B JIBYX TJIOCKO-
CTAX JIeBas 4YacTb YpPaBHEHHWs, BTOPOH 4JeH B IPABOH 4YacTH
YpaBHEHHUS W BTOpPOH UJIEH B KPYIJIBIX CKOOKaxX IIECTOro
KOMILJIEKCA B IIpaBOM 4YacTH YMHOXXAIOTCS Ha BBIpAXECHHUE
(1 + U)/Uy).

CocTossHHE MPOEMOB B MOMEHT BO3HUKHOBEHHUS U pa3BH-
tuss HCII gBnsercs ciydyaiiHbIM mapaMeTpoM U B CHJIBHOM CTe-
neHy Biausier Ha npogomkuTeapHocTs HCILL IToatoMy ueneco-
o0pa3HO /I pelleHHs HOPMATHUBHBIX BOINPOCOB IMOYKAPHOH
NpodUIAKTUKH HCIIOJb30BaTh HJI€AJTM3UPOBAHHBIE  YCJIOBHSA
BO3HUKHOBeHUS U pa3BuTus HCII, cuurtas, 4yTo Bce npoembl Ha-
XOIATCS B 3aKPBITOM COCTOSHUHU. B 3TOM cilyyae nepBbli U 4YeT-
BEpPTHIH 4JIEHbl MpPaBOM YaCTH YypaBHEHWUS NPHPABHUBAIOTCSH
K HyJIO, a npoao/pkurensHocts HCID fyen npuHuMaeT MUHH-
MajbHOE 3Ha4YeHHUe IS UcciieayemMoro odbekra.

2.2.1. Pe3yabTaThl uccaegoBaHusi mpogoAKuTeAbHOCTU
HCI1 B nomewueHusx ¢ koHcrpykuusmu nozkaphHou
onacHocTu kaacca KO

Hanuuue 3kcnepuMeHTaIbHBIX JIAHHBIX O MOXapoornac-
HBIM CBOHCTBaM MAarepydajioB IOXApHOW HArpvi3Kd I[O3BOJISET
YIPOCTUTL ypaBHeHue (2.3). [lns gpeBecHHbl, HA OCHOBAHHH
NIPOBEJIEHHBIX JKCIIEPUMEHTAJIBbHBIX HUCCJIEOOBAHU, MOXHO MO-
JYYHUTh CJIEIYIONIEE BHIPAXKEHHE:!

0,613y = 7,5-10%EP Fo b2t +2-10°F +
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Fl
+ 11-105(F. 038107 Aoy i +| 97,822 T +1503 e
F._—F)A 1
+ 601 ma‘);) non |12 2.4)

PacueTHOE ypaBHEHME ISl ONpEACNICHHS MPOAOJIKHUTECIb-
Hoctu HCIT npu ropeHu# B IOMEIIECHHH TOJIMMETHIMETAKpHIIa-

Ta HMEECT BH/1
0,616 cr =13,2-10° 8P F ™ty +1-10°F +0,71-10° x

FoA, F.A,
X(FT—'O,61-10_5[‘3{C”+ 338 0.5 +602 05
o’ oy
Fnon —=J, ?"non
+20,3( 03 ), tch. (2.5)

non

YpaBHenus (2.4) u (2.5) noiayyeHsl ¢ y4e€TOM HaHHBIX
JKCMEPUMEHTATIBHBIX HCCAEIOBAHHH M CIPAaBEIJIMBBI s I10-
MEIIEHUH CO CTPOHTEIBLHBIMH KOHCTPYKIIUSIMH, BBITIOJTHEHHBIMH
M3 HETOPHOYMX TEIIOU30JAIMOHHBIX MaTtepuayioB (KO) co cre-
NIEHBIO YEpHOTHI NoBepxHOCTH 0,7-0,9.

YpaBHeuue (2.3) u ero yactHele BapuaHThl (2.4) u (2.5)
MOTYT periatbcs Ha DBM unu rpadpudeckum MeToA0M.

Ha puc. 2.2 npuBeaeHa 3aBHCHMOCTb IPOJOJIKUTEIBHO-
¢ty HCII ana ¢pparmMenTa )Kuaoro nomemeHus otT Ko3pduimeH-
Ta pacxoza Bosayxa &. PacuerHble mapameTphl MOMeEINECHHS,
JaHHBIE I KOTOPOr0 IpHBEIAEHbI HAa PHC. 2.2, UMEKOT CJe-
AYIOUME 3HATCHUS: obbeM — 216 M, MJI0MWAAb NMOBEPXHOCTH
cren — 135 M%, iommazns notonka < 36 M’ , IIomank noa, 3aHs-
Tasi pABHOMEPHO pacrpesie/IeHHONH Harpy3Koi, — 23 M%, miowmais
nojia, cB00OHasi OT nomapuon Harpysku, — 13 Mm%, 06111&51 I10-
waab npoeMoB — 4,5 m?, Kosppuunent pacxona Bo3ayxa B pas-
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BUTOM CTamuH Mnokapa npuHsAT paBHbM 0,64, B HauanbHO# cTa-
JIMM noskapa oH MeHsiercs oT 0 1o 0,64.
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[MpodonmxumensHocms HavyanbHOU
cmaoduu noxapa tycr, MuH

05 1
KoagpgpuyueHm pacxoda 6030yxa &,

o

Puc. 2.2. 3asucumocms tycp om kosghgpuyuenma pacxooa
8030yxa 0151 30AHUA C NAPaMempamu.
V=216mM;H=6m Fo=45m

Eciu npuHATH 3aBUCUMOCTB & OT BpEMEHHM JIHHEHHOM,

]
TO Cpe/iHee 3HAa4YeHHe ﬁ":Eé = 0,32. Cepusi 3KCIIEPUMEHTOB

Ha (pparMeHTe 3manus ¢ Fy = 19,8-23 M” U yaenbHOI Harpy3KoH
u3 apeBecuHbl oT 50 70 150 kr - M™ nokasana, 4To POIOJIHKH-
TEJIbHOCTh Ha4aJIbHOH cTaauu noxapa a0 7 = 250 °C uzmensiercs
B nipeaenax ot 10 no 14 mun. [IpoaokKuTeIbHOCTL ITOH CTalkH,

1
OTpe/IeieHHass pPacyeTHbIM MyTeM IpH 3HadeHHH &.0=—&,

2
coctaBysier 11,5 MHH, cpeAHee 3IKCNEPHMEHTAIBHOE 3HAYCHHE
3TOr0 BpeMEHH cocTaBiAeT 12,0 MUH. YUYUTHIBas B U3BECTHON Me-
pe ciyuaiineii xapaktep passutus HCIT B a3kcnepumeHTax
Ha ()parMeHTe (3aBUCHMOCTb OT YCJIOBHH MOJDKHTAHHS, METEOPO-
JIOTHYECKHX YCIIOBHl H JIp.), CIe[lyeT MpH3HATh XOpollee COBMa-
J€HHE PACYETHBLIX U JIKCIIEPUMEHTAIbHBIX 3HAYEHUH MPOJOJIKH-
TesbHOCTH HCTT.
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3aBHCHUMOCTh MUHMMaIbHOM npomaonkuTenabHocTd  HCII
OT 06BbEMa MOMEILEHHS U €ro BhICOTHI, XapaKTEPHOH I JKHIIBIX
¥ aZIMMHUCTPATHBHO-XO3HCTBEHHBIX [IOMELIEHUH, NIPU 3HAYEHHH
[OYKapHOM Harpy3KkH, TPUBEJICHHOH K “‘CTaHapTHON ApPEBECHHE,
g=50kr - M2 yo=002xkr-M?-c'ulUp=165-10"m-c"
[oKaszaHa Ha pHuc. 2.3.

Ha puc. 2.4 npuBeneHbl pe3ylbTaThl pacyeTa MHHHMAJIb-
Ho¥ npopomkuTenbHOocTH HCIT nid nomernenuit ¢ reometpuye-
CKMMH TapaMETPaMH, XapaKTePHbIMH [UISA IIOMELIIEHUH [TPOMBILLI-
JICHHBIX TIPEANPHATHH M 3QIbHBIX MOMEIIECHUH OOILIECTBEHHBIX
3aHUH TpH yKa3aHHBIX BBILIE [TapaMeTpax M0XKapHOH Harpy3KH.
Ilpy HajM4yuM B NOMEILIEHHUH I10KAPHOM HArpy3KH, OTJIMYHOM
110 CBOMM IapaMeTpaM OT HCIIOJIb30BAHHBLIX TMIPH COCTABJICHHH HO-

MorpamM Ha puc. 2.3 u 2.4 (QF = 13,8 MJIx - kr', yo =
=0,02 kr - M2 - c‘], Uy=1,65- 10° M - c") U QHAJIOTHYHBIX YCJI0-
BUH DJKCIUTyaTalldd IoMeweHus, npoaonkurensHocts HCII
MOXHO OTpENeHTh C MCIOJb30BAHHEM JAaHHBIX HOMOIPaMM
0 COOTHOIIIEHHIO

1
P rs2 /s
“l"UM HMUOM

2
Yo, o) ’ Uy,

rJI€ MHACKC “M” O3Hayaer, 4TO JaHHble OepyTcs s “MOJeIb-
HOH” NOXXapHOM HAarpy3KH, a 3HayeHHe Iycr, — H3 COOTBETCT-

(2.6)

'nen, =ucn,

BYIOIIMX HOMOrpamm. TakuMm o00pa3oMm, HaiijleHHOE 3HauYeHHE
nponomxutesibHocTH HCII anst nanHoro moMeneHus no3poaseT
ONPEACITHTL TOT MPOMEKYTOK BPEMEHH, B TEUCHHE KOTOPOro
[0Xap B NOMCUIEHHH OyJeT pa3BUBATHCH, NMOAYHUHSSACH 3aKOHO-
MEPHOCTSAM JIOKaJIBHOIO MoKapa.



MunumansHas npodonxumensHOCMe
HavaneHol cmaduu noxapa lycr, MUH
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MunumanesHas npodonxumensHoCMb
HavansHol cmaduu noxapa fycn, MUH
Cad

i H ' i 1 1 1 ]
0 1000 2000 3000 0 4 8 12 16 18
O6vem nomeweHus V, m° Bbicoma nomeweHusi 2h, M

Puc. 2.3. 3asucumocme munumanshou npooorxcumensnocmu HCII om o6vema u ebicomsl nomewyenus:

a—npu eoicome H: 1 —=3m; 2—-6m: 3~ 12 m;
6 — npu obveme V: | — 3000 m’; 2 - 2000 m°; 3 1000 m°: 4 — 500 s’

¢S



Mpodonxumenbrocme HCI, MuH

- |

i i L L [l L
0 1-10* 2-10* 3:10* 4-10* 5-10* 6-10' 7-10* 8-

O6bem nomeweHus V., m°

Puc. 2.4. Munumanenan npodonxcumensrocme HCII:

_____ - H=48m:g= 6870k M -H=606m1-g=24-14K2 W
2-g=67-119k2 -M*:3-g=0640k2 -M"; = . = . - —H=72m;1-g=060-66kz-s";
2-g=82-155k2 -M%: 3-g=200K2 -M?°; ~x=%=—-H=82-9Im ]-g=60r2 M

2-g=140-160 k2 -m?: 3—g =210-250k2 -Mm”; 4— g = 500-550 k2 -1

10°

9§
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Pemenne ypaBHeHHS (2.3) OTHOCHTEIBHO ! OTBEYAET Bpe-
MEHH Iycr, HEOOXOOUMOMY JJId CO3JaHUsA YCIOBUH BCIIBILIKH,
a OTCYTCTBHE KOPHEH ypaBHEHHMS YKa3bIBA€T Ha HEBO3MOXKHOCTH
BCNbIIKKH. O0beM NOMEUIEHUS, CKOPOCTh paclpOCTPaHEHUS
IJIaMEHH, CKOPOCThL BBIFOPaHUs M APYTHE XapaKTEPUCTHKH pac-
CMaTPUBAIOTCS KakK MapaMmeTpbl ypaBHEHUs. AHAJIU3 ypaBHEHUS
(2.3) mo3BOJIAET pa3AeiIUTh MPOCTPAHCTBO IMapaMeTpoB Ha JIBE
obsiactu: “obnacTe BCHBIUKK H O0JIACTh, B KOTOPOH BCIBIIIKA
HEBO3MOXKHA.

Ha puc. 2.5 npuBeacHBI pe3yJibTaThl PEIICHUS YPABHEHUS
(2.3) nna nomelieHus oobemoM 4470 M, miowansio 497 M’
¥ oO1el miouaasio npoeMoB 39,5 M7, XapakTepHOro s no-
MeleHus 3purtenbHoro 3ana Ha 800 mect. CkopocTh pacnpo-

CTpPaHEHHUs TJIAMEHHU NpHUHATA 3,5 - 10° M- ¢’ u CKOpPOCTB BbI-
ropanus 0,015 kr - M2

[Ipennonaranocek, 4to rou@ab noxapa OecrnpensiTCTBEHHO
YBEJIMYMBACTCS BO BCEX HAIpPABIEHUSIX C 3aJJaHHOH CKOPOCTBHIO
(LeHTpaIbHBIN MOXap) 10 OXBaTa BCeH MOXApHOH Harpy3kH Iuia-
MeHeM. Ha puc. 2.5 BepTHkais ykaspIBaeT Bpems, HE0OXoauMoe
JUIs OXBara BCEW ILIOLIAAM IrOproyeil Harpy3ku Oe3 BCIBILLIKH, TO-
PH30HTAJIL — KOJIMYECTBO TEILIA, BBLAEIAEMOE IIPH [MOJIHOM Cropa-
HHH KHCJIOpOAa, 3araceHHoro B oobeMe. Takum oOpa3oM, BCIbI-
Ka MOXET YMeHBIUMTH npoposnkurenbHocTe HCII B Heckosbko
pa3. JlaHHble, TIpUBEJEHHBIE HA pHC. 2.5, ABJSAIOTCS THITMYHBIMH
JUI 3aIbHBIX NOMEIEHUH H HJUTIOCTPUPYIOT OOLIME 3aKOHOMEp-
HOCTH U nopsanok onpeaeneHus nponomkurenbHoctu HCIL Tepe-
CeYEeHHEe KpUBOH 1, oTpakaiouieid U3MEHEHHE BbIICIUBILETOCH Te-
ia Ipy IoXxape, ¢ KpUBF MU 2 H 3, OTPaXKarOLIMMH COOTBETCT-
BEHHO TEIUIO, HEOOXOAUMC : Ul BCHBILKMU [PH OTKPBITHIX NPO-
€Max M 3aKphITbIX, onpexnenser npoaonkurelsHocts HCIIL. Cre-
JAYET OTMETUTh, YTO SIBJIEHHE BCMBIIKH MPH 3aKPBITBIX IpoemMax
BO3MOXKHO, €CIIM TOYKa NEPECEUYEHUs] COOTBETCTBYIOIIMX KPHUBBIX



58

JIEKHT HM)KE 3HAUYEHHs Temuia, KOTOPO€ BBLIEJIACTCA IIPH NMOJHOM
CrOpPaHMH KHCJIOpOJa, HaxXOoAsLIerocs B 0O0BEME MOMELICHHS.
B npoTHBHOM cilyyae SBIIEHHE BCIbBIIIKH HEBO3MOXHO M CICAYCT

OXXHJATh, UTO MPOH30HAET CAMOTYLICHHE, KOTOPOE MOXKET MepeH-
TH BO BCMBIIIKY TPH BCKPBITHH ITPOEMOB.
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Bpems noxapa t, MuH
Puc. 2.5. Pesynemamer pacuema tycy 015 nOMewjeHust ¢ napamempamu.
V=4470"; Fy=395m% Up=3,5 -10°m-c': wy = 0,015 k2 - M.
Konuvecmeo menna:
| — eviderusueecs rpu eopenuu; 2 — HeoGXo0UMOe ONA BCRBIUKU HPU OMKPbIMbIX NPOCMAX;
3 — Heobxodumoe 01 6CNbIUKU NPU 3AKPLIMbIX HpoeMax; 4 — HA NpoZpes KOHCMPYKYull
u 20ployeu HazpysKu; 5 — yHocumoe uepes npoemvl; 6 — Ha NPOZpee 2a306 8 00veMe NoMeUeHUA
AHanu3 NaHHbIX, [IPUBEICHHBIX Ha pHC. 2.6, MOKa3bIBaeT,
4yto 3a nepuoj pasBuTusa HCII npu 3akpeiTeix nmpoemax 72 %
BBIACJICHHOI'O TEIJIA UJET Ha HArPEB CTPOHTENILHBIX KOHCTPYK-
MM U HE yYacTBYIOLIEH B rOpeHMH MOXXapHOH Harpysku. [Ipu
OTKPBITBIX MpoeMax (I JaHHBIX PHC. 2.5 OTHOIIEHHE IJIOAAH
MPOEMOB K IJIOIIAMH T0JIa cocTasiseT 7,9 %) nons temnna, uay-
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[Eer0 Ha HAarpeB KOHCTPYKUMWH M TOIUIMBA, cocTaBisieT 58 %.
Ha puc. 2.6 npuBeaena 3aBHCUMOCTh npoaomkutensHoctd HCIT
OT CKOPOCTH PaclpOCTPAHEHHs IJIaMEHH M CKOPOCTH BBIrOpa-
HUS U1 JaHHOro rnomenieHus npu 7; = 568 K. Beilue nyHKTHp-
HOM KPHUBOM BCIIBIIIKA HEBO3MOXKHA.

457

Bpems scnbilwky ty.,, MUH

0 1 L i 3
20 30 40-10

Ckopocms pacripocmpaHerusi gopoHma nnameru U, m - ¢’

Puc. 2.6. 3asucumocme tycp 00 HacmynieHus
“obwyeu scnvluku” ty,, OM NPUEEOEHHOU CKOPOCMU BbI2OPAHUA
U CKOpOCMU pACHPOCMPAHEH U hpoHmMa nrameHu 0N NOMeUujeHUA
V=4470’: Fo =395 uT,, = 568 K;
I —wpy=0010ke -¢'; 2-yw=0015k2 -¢';
3-w=0020x2-c';4-yp=0025«2-¢"

Ha puc. 2.7 npuBeneHo u3MeHeHHe MIIOIIAAM T10Kapa MpH
pa3sMEIIeHHH Harpy3kd B opMme MpSMOYTrOJbHHKA MPH pas3jiny-
HOM COOTHOIUCHHH JUTHHBI H LIUHPHHBI ero cTopoH. Kpusas 1 co-
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OTBETCTBYET LEHTPAILHOMY MOXapy, 5 — “HOYTH JIHHEHHOMY™
noxapy. Kpusble 2-5 0TBEYaIOT MaTeMaTHYECKOMY OXXHIAHHIO
TUIOLIAM 1oXapa B NPEANOJIOKEHHH, YTO o4ar noxapa ¢ OAH-
HAKOBOH BEPOSTHOCTBIO MOXET BO3HMKHYTH B JIOOOH TOYKe
NpAMOYrojdbHUKA. TakuM o0Opa3oM, BIIMSHHE MeCTa BO3HHKHO-
BeHus noskapa npu //Uptycn £ 2 (rae [ — XapakTepHBIH pa3Mep
NJIOLIA/IH, 3aHATOW Harpy3koif) mo 3¢@exTy MoxeT ObIThL paBHO-
3Hau€H YMEHBIIEHHI CKOPOCTH BbINOPAHHUs B HECKOJIRKO pas.

3aBUCHMOCTh BPEMEHH HACTYIUIEHHS BCIIBILIKH, ONpejie-
NSEMOM BHJIOM TMOXKAPHOH HArpy3KH NpPH pa3IMYHBIX 3HAYEHHAX
T, puBe/IeHa Ha puc. 2.8.

Onenka BAUsAHHS razooOMeHa 4yepe3 MpoeMbl Ha NpPOLOJI-
kutenpHocTh HCIT mpoBoaunack YHCIEHHBIM IKCIIEPHUMEHTOM,
rZ€ COBMECTHO ¢ H3MEHEHHEM CpeIHEOOBEMHOH TeMIlepaTyphl
M CKOPOCTH BBITOPAHHS paccMmaTpuBajics OaslaHc Macc JJisl BO3-
AyXa U ObIMOBBLIX ra3oB. Ha puc. 2.9 B kayecTBe npumMepa mnoka-
3aH pacxXxoJl ra3oB U YHOCUMOE MM C MOMOIIBIO KOHBEKUHH TEI-
JIO IO ME€pe pa3BUTUs IOXKapa NP pa3IMYHbIX BapHaHTaX OT-
KPbITBIX MpoeMoB. Cneayer OTMETUTh KaK BaXKHBIH pe3yJibTar
pacyeToB, YTO TEMIIEPATYpHOE paclIHpeHHE BO3ayXa B IMOMe-
IIEHHY H BBIICIAIOLUHECS IbIMOBBIEC ra3bl MPH IJIOMIAAH OTKPbI-
Toro npoema Menee 0,5 % ot miomanu noja “sanuparor’”’ 00b-
eM. Ilpu 3toM mpoem paGoraer mnpakTHueckH “Ha BbIXOX
H IIPUTOKOM XOJIOAHOTO BO3JlyXa B 00BEM MOKHO NpeHeOpeyb.

Du3mMyecKas MoJeNb, O3BOJIAIONIAS ONpPE/IENATh TPOAOIKHU-
TenbHOCTh HCI, ocHOBaHa Ha MCTIONB30BAaHHH B YpaBHEHHHU TEILIO-
BOTO DanaHca (2.2) cpefHHX BEJIMYHH CKOPOCTH paclpOCTpaHEHHs
TUTAMECHH, CKOPOCTH BBbI'OpAHHUSA IOXKApHOH HArpy3kd M 3HauyeHUH
TEMIIEPATyp CPE/ibl, TOIUIMBA, [IOBEPXHOCTEH CTPOHTENLHBIX KOHCT-
pyKuui. Bce 3T napameTphbl HOCAT BEpOSITHOCTHBIH XapaKTep, 0Co-
6enro B HCIIL. CyiecTBeHHO BEPOSTHOCTHBIH XapakTep UMeeT cam
npouecc pa3sutisa HCIT u xapaktep ee okonyanusi.
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Puc. 2.7. 3asucumocms uzmenenusn
RAOWA0U NONCAPa Om XapaKkmepa pameuyeHus
ROXNCAPHOU HAZPY3KU (OMHOWLEHUE ONUHBI
K WUpUHE Da3Mewerus a):

| —yenmpanbuwti noxcap; 2 —-a = I;
J-a=2,4-a=3,5-a=35
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Puc. 2.8. 3asucumocms spemenu nacmynienusn
“obweu acnviwku’”’ om obvema nomewyerua V
u memnepamypel 6chbluku Tyc,:
1-V=4.10 2-V=2.10", 3-V=8-10,
4-V=477-10:5-V=193-10°,6-V=1-10°

L



Pacxod 2a3oe yepe3 npoems! G,,, k2 - ¢

MowHocms npoemos no mennoomeody W.,,, MBin

Bpems noxapa t, MuH

Puc. 2.9. Pacxo0 2a3o06 yepes npoemvl U YHOCUMOE UM MENIO 8 3a8UCUMOCTU
om epemenu passumus nodxcapa (V = 4470 M F 0 =395 M2) :

*FGCIO() 2Aa306 Yepes NPpoeMbl, = = = - - — Menno, YHocumMoe ¢ edidmu,
| — 8ce npoembr omkpbimbl; 2 — omKpbIMbL NPOEMbL, 6€0YUUE HA YIUYY,
3 — omkpeima o0Ha 0eepb
B pe3synbrare oO6paboTku 3KCNEPUMEHTAIBHBIX JIAHHBIX
BHHHUIIO 6butu monydens! ko3hGULHEHTH BapHallHd IS Xa-

pakTepHbIX apamerpoB B HCII, 3HaueHus KOTOPBIX MPHBEICHBI
B TaO. 2.1.

AHanu3 3MIMPUYECKUX TAHHBIX IOKA3bIBAET, YTO C BEPO-
ATHOCTBIO 0,985 3Hauenus Uy Kak Ui APEBECHHBI, TaK U I Op-

FaHUYECKOTO CTeKJIa, HaXOMsITCs B UHTepBaie Uy + 20, nosromy
JUIs pacyeTa ClTy4yaiHbIX 3HaueHUH Uy HCNOIh30BaH HHTEPBA

Uy —20,Uy) - (U, +20,U,).
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AHaNOrMYHbIA UHTEPBAJ IOJYYEH TaKkKe U /s TeMIlepa-
TYp NOBEPXHOCTEH U ra30BOM CpeJIb:

(T: - 2UT7_:) - (T; + 2UTT:')-

JUIst CKOPOCTH BBITOpPaHHUs TOPIOYMX MATEPUAJIOB OIpene-
JICHO, 4TO ¢ BepoATHOCTHIO 0,95 3HaueHus Yo OyayT HaXOUThCS
B MHTEpBalle VY, +3,50, NO3TOMY ciyd4aiHble 3HA4Y€HHUS
OepyTcs B MHTEpBAJIE

(Wo = 3,50, W) — (W + 3,50, ).

Tabruya 2.1
Ko3¢ppuunenTol Bapaunu xapakrepubix napamerpos 8 HCII

KoadduumenTsi Bapuaumu ans mare-
4 0
HiidsE pHana noXapHo#n Harpysku v, %
Opranuyeckoe
Hpesecuna
CTEKJI0
Cpeanas ckopocTh pacnpoctpaHeHus riamesu Uy 24 20
CpenHss cKOPOCTH BEINOPaHHA Yy 7 13
3Havenus Temnepatyp B konue HCIT:

TeMnepaTtypa NoBepxHoOCcTH nona T, 22 22
TeMNepaTypa MOBEPXHOCTH noToaka 7, 25 23
TEMIEpATYpa NOBEPXHOCTH CTEH T 45 45
TeMIIepaTypa NoBEpXHOCTH TonauBa 7 29 29
cpeaHeobbeMHas Temneparypa 7' 36 36

BepostHocTHas moaens Bpemenu pa3Butuss HCII ucnons-
30Bajlach [ MCCIIEOBAHUA BIMAHUA [IOLIAAEH MOBEPXHOCTH
rOpIOYE€H HAarpy3Kd U NpOeMOB Ha BEPOSATHOCTb U BpeMs BO3-
HUKHOBEHHUA “‘001Iel BCIBIWKK, KaK IPH OTCYTCTBHH IPUTOKA
BO3/1yXa, TaK W TPH HaJW4YUU ra3ooOMeHa B IIOMELUCHHUH C OYa-
rOM I10Kapa.

Ha puc. 2.10 B kauecTBe npumepa NpuBEIEHB! JaHHBIE pac-
yeta npononkutensHocTH HCIT ang 150 BapranToB co ciienyro-
[LMMU NapaMeTpaMH: cpeqHuil Ko3(pGuUHEeHT pacxoja npoema
& = 0,4; OTHOLIEHHE IUIOLIAAH, 3aHATON IMOXAPHOM HArpy3KoOH,
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K miomany nona 0,25 U oTHOLUEHHE MUIOWAAH IIPOEMOB, OTKPbI-
THIX K MOMEHTY BOSHHMKHOBEHHS 110Kapa, K IJIOIIaIH I10J1a 0,01.

1.0r
0.8}
0.6}
0.4t

0.2r

| L 1 1 J

0 10 12 14 16 18

HakonneHHas omHocumensHasi yacmoma
MUHUMarbHOU npodomkumensHocmu HCI

Bpemsi t, MuH

Puc. 2.10. 3asucumocme omuocumenbHoi 4acmomel
munumanorou npooonxcumenonocmu HCIT
om 8pemMeHuU passumus noxcapa t

ConocraBnenue MUHUMaNBLHOR npoaospkutesbHocTd HCII
CO BPEMEHEM Hayaja €ro TYLICHHUS MO3BOJSAET IPOrHO3UPOBATH
BEPOSITHBIM pasMep moxapa, pe3ynabTarhl OOpLOBI ¢ HUM, B TOM
4HCJIC M pa3Mep yuiepda oT noxapa.

Ha ocHoBe pazpaborannoi BeposiTHocTHON Mozenu HCII
OBUIM TIPOBEIEHBI YHCIIEHHBIE IKCIIEPHMEHTHI METOAOM MoHTe-
Kapiio ¥ mosy4eHs! BEpOSTHOCTHBIE XaPAKTEPUCTHKH OCHOBHBIX
nokasatesieid HCIT. OcnoBHble napamMeTpsl moMelleHuii U BEpo-

ATHOCTHBIC XapaKTEPUCTHKH BXOIHBIX MapaMeTpOB NPUBEACHBI
B TaONn. 2.2 u 2.3.



[NeomeTpHYecKHe XaPAKTEPHCTHKH NOMeLUeHHH

Tabauya 2.2

[Mnowans, v’ Martepuan KOHCTPYKUHH Xapakrepucruka npoeMos
O6bem Yposes
NOMELLCHHA, nome- | noskapHoi Mowas, HYOKHE Cocennne
M wieums | narpysun NEPEKPLITHA CTEHBI 2 Buicora, M DMK, NOMELLCHHA
N (ysmua)
8000 792 | 413 betou (noasecHo Cunu- 15 2,5 0 Vnuua
(3puTebHbIH 320 MOTONOK M3 TUIHTKH KaTHbI#H 6,25 25 0 Kopuaop
KHMHOTearTpa) AKMMIpaH) KHpNKY 3,75 2,5 2,2 Y nuua
6,25 2.3 4,2 Kopuaop
4470 497 413 To xe To xe 12 25 1.4 Ynuua
(3pMTENbHBLIA 32N 246 10 2.5 0 ®oiie
KMHOTEATpa) 7 45 2.5 4,06 Kopuaop
1930 288 120 - "= -~ 10 2.3 0 Yiuua
(3pUTENBHBIA 3an 5 2,3 0 Kopuaop
KHHOTEeaTpa) 5 2.5 4.2 doiie
214 70,5 36 Berou -" - 13 1.8 1.1 Vnuua
(kabMHET HCTOPHH ) 2,1 0 Kopuaop
obweobpazosa-
TENLHON WKO/bI)

59
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Tabaruya 2.3

BepoATHOCTHbIE XAPAKTEPHCTHKH BXOIHBIX NapaMeTpoB.,
onpeaesilOLIHX Pa3BHTHE NOXKAPa

Tun nomeuleHus
BxoaHod napameTp 3puTenbHbIA 321 KnaccHas komHaTta ofiue-
KHHOTEaTpa obpasoBarenbHOH LKObI
[lpuBenenHas noxapHas 20 50 £15
HArpy3Ka, Kr - M
B03M0OXHOCTHL MecTa BO3- PaBHOBEpPOATHO PaBHoMepHO
HMUKHOBEHMS 04ara noxapa no nJoiaim no njaoulanau
HArpy3KH Harpy3kH
CKOpOCTh pacnpoCTpPaHeHH , (3,5+0,4) 107 (2,5+0,3) 107
M-
CKOpOCTb BbIMOpaHHA, 0,0155 £ 0,001 0,025 £ 0,001
kr- ¢!
Temneparypa Berbiuku, K 568 + 30 568 + 30

Ha puc. 2.11 noka3aHa BEpOSATHOCTH BCIBIILIKH B 3aBHUCH-
MOCTH OT 0ObeMa nmoMeleHus ¥ pakropa npoeMHocTH. KpuBbIe
1-2 COOTBETCTBYIOT I0XapaM B 3aKpbITBIX HET€PMETHYHBIX I10-
MeIIeHUAX (0e3 Terio- U MaccooOMeHa yepe3 npoeMsl). [Ipu
3TOM KpuBas 2 YYUTBIBAECT BBITOPAHHE KHCIIOPOJa B 3aMKHYTOM
obbeMe nomerueHus. KpuBbie 3—5 COOTBETCTBYIOT M3MEHEHHIO
BEPOATHOCTH IMOABJIICHUS BCIBIIIKH MTPH HAJIHYHH B [IOMELLEHUH
OTKPBITBIX IIPOEMOB B MOMEHTHI BOSHHKHOBEHHUS I10XKApa.

Ha puc. 2.12-2.15 npuBeneHbl NaHHBIE YHCIEHHOTO KC-
NIEPUMEHTA, OCHOBAaHHOIO Ha BEPOATHOCTHOM MOJENH, I03BO-
JIAIOMIME OLICHUTh BEPOATHYIO IUIOIIAAb MOXapa B 3aKPBITHIX
HETEPMETHYHBIX MIOMELICHHUSX TIPH TOPEHUH MOXApHOM HArpy3KH,

COCTOSIIIEH H3 TBEPABIX TOPIOYMX MAaTEPHAlOB Ha OCHOBE
JPEBECHHBI.



BeposimHocms ecrnistwku P,

50 160 260 1060 2600 10060'

O6vem nomeweHus V. m°

Puc. 2.11. Bepoamuocme 803Huknogenus 6CHbLULKY
8 3a8uUCUMOCU Om 0DbeMa NOMeujeHUs
u hakmopa npoemrocmu.

! — u3bbimox oxucaumens (bez omeoda menia uepes Npoembt),
2-FNh=0:3- F,Jh =5 4- FJh = 10;
5-Fy\h =20



Pacnpedenenue seposmHocmu

0.8t

L 4

02

0 8 16 24 32 33

Mnowadb NoxXapa Soo,, M

Puc. 2.12. Pacnpedenenue geposimrHocmu
miowadu noaxcapa F k movenmy epemenu t
Onst nomewyenusi obvevom V=214 m’:

I —t=10mun; 21t =15 mun; 3t =20 mun.
4d~t=25mun; 5—1t=230mun; 6—t=235Mun,
7 —t =40 mun

19
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PacnpedeneHue seposmHocmu F

PacnpedeneHue eeposmHocmu F

1.0

0.8}

0.6

0.4

0.2}

Puc. 2.13. Pacnpede-
neHue 6eposmHoOCmu
nnowaou noxcapa F
K MOMEHM) 8peMeHU [
ONsl NOMew eHUA
obvemom V = 1930 m’:
I —t =10 mun;
2—1t=15mun;

-

06

04+

0.2

33—t =20 mun;
4—t =25 mun;
5=t =30 mun;
6—t =35 Mun;
7 —1t =40 mMun

7

1
0.8 "{

20 50 80 110
Mnowads noxapa S, M

iz

3
4
5
6
7
50 100 150 200 250

Mnowads noxapa S, M

Puc. 2.14. Pacnpedenenue seposmnocmu niowadu noxcapa F
K MOMeNNy 8pemMenu t Ons nomewyerus obvemom V = 4770 m*:

I —t=10mun; 2—t=15mun: 31t = 20 Mun; 4 —t =25 mun;:
St =30mun; 6 —t =35 mun: 7 -t = 40 mun



PacnpedenerHue sepoamHocmu F

|

150 200 250

50 100 350 400

Mnowads, oxeayeHHas NOXapoM, Syoy, M

Puc. 2.15. Pacnpedenenue seposmrocmu niowadu noxcapa F

K MOMeHmy epemenu | o1 nomeuyenus obvemom V = 8000 m’:

I —t=10mun; 2—t=15mun; 3—1t =20 mun; 4 —1t=25 Mun,
S5—t=30mun; 6—t =35 mun; 7—t =40 mun

2.2.2. HauyaabHas cragusi noxkapa B nomelleHUsiX
¢ koncrpykuusimu noxkapHoii onacHocTu kaaccos
K1-K3

OaHUM M3 HEJOCTAaTKOB KOHCTPYKLIMH €O CropaemMbIMH
YTEIUIMTENAMH, OTPaHUYMBAIOLIMM O0JIACTh UX NPUMEHEHHS,
ABJISIETCS MX BBICOKAs I[10KAapHash OMacHOCThb. ['opeHHe MoJiu-
MEPHOI'0 YTEIUIMTENS HEMOCPEACTBEHHO BJIMAET HA TeMIlepa-
TYPHBIH PEXHM I10)Kapa ¥ Ha IPOoLeCcC pa3BUTHUs MMoXkapa Mo no-
MEIIEHHIO W 3JaHui0. BiusgHHE CropaeMoro yTemnauTend
Ha TeMIIEPAaTYPHbId U TEIUIOBOM PEXHUM I0Kapa B MOMEIIEHHH
B CTOPOHY HMX HMHTCHCU(PHUKAUMM HAYMHAETCA C MOMEHTa BOC-
TUIAMEHEHHA MaTepualla yTelsIuTess, a BKJIaa ero B Maccood-
MEHHBIE MMPOLECCHl — C MOMEHTA Hayajia ero TepMHYECKOro pas-
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noxeHus. IlodTOMy IpelcTaBiIsSeT MPAKTHYECKHH HHTEPEC
onpeje/ieHHe BPEMEHH BOCIIAMCHCHHSA (Hayasna TEPMHYECKOro
pa3IoKEeHHs) CrOpaeMoro YTEIIMTENsd B KOHCTPYKUHSX IpH
“peasbHBIX” TIOXapax, HEOOXOAMUMOrO IpH pEIICHHH TaKHX
3a/a4y MOKapHOH 0e30HaCHOCTH, KaK OINMpeAeSIeHHE MPOAOIIKH-
TeJpHOCTH HAYaTbHON CTAQHH TMOXapa, pacyeT HeoOXOAMMOIo
BPEMEHH 5BaKyalldH JIofeH, nmpuMeHenue cucreM AlI3 B 37a-
nusax u3 JIMK, u psana apyrux.

PaccMOTpeHHBIN HUXKE METO OMNMpEC/ICHUsI BPEMEHH BO3-
MOYKHOT'O BOCIIIAMEHEHHUs (Havyajia TEPMHYECKOTO pa3jiOKEHHs)
OCHOBAaH Ha aHaj{3e TEMJIOBOI0 BO3JECHCTBHA ovara Moxapa
Ha CTPOMTENIbHBIE KOHCTPYKLIMH C YYETOM PE3YJIbTATOB OIHEBBIX
MCNBITAHUM KOHCTPYKUMH IO CTAaHAApPTHOMY TeMIepaTypHOMY
pexxuMmy. [Ipy 3TOM cuMTaeTcs, 4YTO KOJIHYECTBO AKKyMYJIHPO-
BaHHOTO HA IMOBEPXHOCTH KOHCTPYKILIMU TEMNJjga B MOMEHT BOC-
TJTAMEHEHUS ABJISETCS OJMHAKOBBHIM KaK IIPH CTAHAAPTHBIX
OTHEBBIX MCIIBITAHUAX, TAK W B PEAJbHBIX YCJIOBHUAX I[OXapa
(T. e. B Ipefenax pacCMaTpUBAeMbIX IIPOLIECCOB ¢JIab0 3aBUCHUT
OT TeMI1a HarpeBa).

Takum o0Opa3oMm, mnocraBieHHas 3ajada pa3OMBaeTCH
Ha TPH 3aJa4H, KOTOpPbIE MOTryT OBITh CHOPMYJIHUPOBAHBI CJie-
AYIOIHUM 00pa3oM: ONpedesieHHE 3aBUCHMOCTH KOJIMYECTBA
TEeM/ja, MOABOAUMMOIrO K KOHCTPYKUHMH BO BpeMsi CTaHAAPTHBIX
UCIIBITAHHM, OT BpEMEHHU HCIBITAaHWH; OIpeIesIeHHe 3aBUCUMO-
CTE€H KOJIMYECTBA TElJla, MOJBOJAUMOrO K KOHCTPYKIMH B yCJIO-
BHSIX “"PEaIbHBIX 110’KapoOB; CPaBHEHHE PE3YJIbTATOB U OINpEIe-
JICHUE BPEMEHHU BO3MOXKHOIO BOCIJIAMECHEHHSI, B TOM YHCJIE
BBIDAXKCHHOIO B €IMHUIAX CTAaHJApPTHOTO pexuma (>KBUBaA-
JICHTHAs MPOJOJIKUTEIIBHOCTD MOXapa).

PaccmoTtpum MeTon onpenesnenus Koiu4ecTBa Tena, BOC-
MPHHHMAEMOr0 CTPOUTENIEHONH KOHCTPYKLHEH B YCIOBHSX CTaH-
JApPTHBIX OTHEBBIX UCIIBITAHUIA.
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M3BecTHO, 4YTO HM3MEHEHHE TEMIIepaTyYpHOro pexuma
B YCJIOBHUSIX CTAHJIAPTHBIX UCIBITAHUN MPOUCXOMIUT CIEAYIONIHM
obpazom:

T=3451g(8:+ 1) + T, (2.7)
HIIH

T/273 = 0,54In(8 + 1) + 1. (2.8)
[Tpeobpa3yeM nocneHee BeIpaXKeHHe K BHIY

(T1273) = (x+ 1)* =1 +4x + 6x* + 4x> + x*, (2.9)

rae x = 0,54 In(8¢ + 1).

CooTtHouenue (2.9) mo3BoJiseT NOJy4YHTh BBIpaXKeHHE 171
MJIOTHOCTH IMaJaloLIero JIYYUCTOro TEIJIOBOIO MOTOKAa B YCJIO-
BUAX CTAHJAPTHBIX OTHEBBIX UCIIBITAHHH

qr=315e{1 +2,16In(8¢ + 1) +1,75[In(8¢ + 1)]* +
+0,63[In(8¢ + 1)]* + 0,085[In(8 + 1)]*}. (2.10)

Huterpupys nocnenHee BbIpa)keHHE BO BPEMEHHOM HH-
TEpBAJIC, MOJIy4YacM:

Or(f) = 315e4{(0,133¢ + 1)[3In(0,133¢ + 1)] +
+6,55[In(0,1337 + 1)]* + 2,18[In(0,133¢ + 1)]* +
= 0,64[In(0,133¢ + 1)*] + 2,75 + 13,2}, (2.11)
rae [ — BpeMs TEMJIOBOro BO3AEHCTBHS, C.

KoHBEeKTHBHAA <COCTaBisAIOIAS CYMMAapHOro TeMJIOBOIO
MOTOKAa B YCJIOBHSX CTaHAAPTHBIX HCMBITAHHH COCTaBJIAET
Ha 3-if MHH MCIIBITaHMIT OKOJIO 5 KBT - M™%, 4T0 N03BOJAET Ompe-
JICJIUTh CYMMapHOE KOJIMYECTBO MANAIOUIEro Temjia

Qs = Or+ Ok = 1,30k

KonuuecTtBo Te€mna, BOCHPUHHUMAEMOIO CTPOMUTEIBHBIMH
KOHCTPYKIHSMH B YCJIOBHAX “‘peasibHBIX’’ I10XKapoOB, OIpelens-
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€M NPUMEHHUTEIIBHO K KOHCTPYKIHUAM I]OI(pE:ITl*HL:I,1 Kak Hauboee

TEJIOHAMNPAXXECHHBIM B yCIOBHAX NOXKapa.
[TnoTHOCTE NagarIero Jy4yucToro TerjioBoro [MOTOKA 411

KOHCTPYKLMI MOKpPBITHil IPH 3HaUCHUH h = H /[y, < 2,3 MOX-

HO ONIpECACINTD H3 Bpra}KeHHH
4

1,12 0,63
HY uf H H)‘
= bl 20 22 1 088 — | L, (2.12)
gr= €400 T .. 0,3+2,35[ ) e [K ] {K

rne Tmax — MakCHMalibHas Temieparypa miaMeHH, K; Vmax =
= 1,1D — koopauHara B ¢axesne MiaMeHu Mo €ro OcH, I'ae pea-

JIM3YeTCs MaKCHMallbHas TeMmreparypa, M; D =./F, — npuse-

NEHHBIN THaMeTp ouara noxapa, M; H — BbICOTa [TIOMELICHUS, M;
k = 1,1 — oMmnupuyeckuit KO3pHHULHEHT.

[IpuruMas kpyroByio opMy pa3BUTHs MOXKapa, Kak Hau-
DoJ1ee KECTKYIO U1l AUHAMMKHU 110XKapa, MPUBEACHHbIH AUaMeTp

oyYara MO>KHO OIIPEJE/IUTh U3 BbIPAKEHUS
D =2u, (2.13)
rae L = const — TMHEHHAs CKOPOCTh paclIpoCTpaHEHHs Ija-
MEHH, M - e
C yyeroM BelpaxkeHus (2.13) mpeofpasyem ypaBHEHHE
K BULY

4
0,63 12 5@
qRIO,O7138¢GoT£M($J 1+7,83[?] e {’J . (2.14)

[locne HecnoxHbIX npeobpa3zoBaHHMii ¢ y4eTOM ypaBHEHHS
(2.9) nony4sM BeIpaXkeHHE UIA TUIOTHOCTH JIYYHCTOrO MAJAroLLe-
O TEIUIOBOrO MOTOKa B BHJIE, YIOOHOM /ISl HHTETPHPOBAHHS:
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063 A _,,21[2]
gr=0,0071g40, Ty (?] +31.32(?] e "oy

+ 367,85(?]2,8?8_2‘42&) +1920.2 (__;‘__]3’996_3’63(%) b

SH1 484 2
+3758,8(§) " U . (2.15)

HNuterpupys ypaBHeHue (2.15) BO BpeMEHHOM HHTEpBAJIE,
ONpelelisieM KOJIMYECTBO TEIIA, aKKyMYJIMPYEMO€E Ha MOBEPX-
HOCTH KOHCTPYKIIMH 3a CYET JIYYHCTOH COCTaBJIAIOMIEH cyMMap-

HOI'0 TEMJIOBOr'O MOTOKA MpH A < 2,3

0,37
R =000718 G'OT4 a _1_ i + 2715 075.1210 4
Or(1) ) ¢ max} 5 3 ; e

37\ a t
4 70,461"(1,87; 2"?"] ¥ 40,671“[2,99; 3 ’6[3 a) ¥
+ 5,67F[4,1 I; 4’?‘"]} (2.16)
_ I o - . = r -t ,a-1
rie a = —— — pa3MepHbIA KOMILIEKC, ¢; [(a; x) = _[e tdr -
2KV

X
HernoJiHag raMMa-QyHKIUs, onpeaensieMas ¢ MOMOLIbO Tab-
nul padbotsl [13].
B ToMm ciydae, ecau D = const, HHTEIpHPOBaHUE YpaBHe-

HHA (2.15) npusenet k Gosee MPOCTOMY BBIPAXKEHHIO:
4
\M2 g A2 0,63
Or()=€4003 T O,3+2,35(£J e {"D] 0,88[-5{) t. (2.17)
xD kD
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B ciyuae, eciiu A > 2,3, MIOTHOCTD NAAAIOLIEr0 TEMIOBO-
ro MOTOKA ONpeAeNdeTcs CaeayomuM obpazoM:

~1,65
L ) . (2.18)

max

gr = 0,786€40, T,:ax(

Unrerpupys ypasHenue (2.18), ¢ yyeToM BelpaxeHus (2.13)
IMOJIy4aeMm:

Ox(0) = 0,297e400 T a "%, (2.19)

Jlna cnydvas, xkorma D = const, mocjie MHTErpHpPOBAHHA
ypaBHeHus (2.18) umeem

-1,65
Or(1) = 0,7868¢00T;M(:{H—5] 2 (2.20)

AHanu3 pe3ynbTaTOB MCCIECNOBaHUM TEIUIOOOMEHa ovara
no)kapa ¢ FOPU3OHTAIBHBIMH KOHCTPYKUMSIMH NOKpBHITHH [10]
MOKa3bIBa€T, YTO IJIOTHOCTH KOHBEKTHBHOTO TETJIOBOTO MOTOKA
cocTaBisieT okoso 15 % OT MIOTHOCTH MaAaloUIero Jy4YHCTOro
TEIZZOBOrO MOTOKA. B 3TOM ciiyyae MmiaI0THOCTH CyMMapHOro mna-
AQIOLIET0 TEIJIOBOTO NMOTOKA MOXET ObITh Npe/icTaBlIeHa B BUJIE

g = 1,15z, (2.21)

rie gr ONpeNenaseTcss M3 COOTBETCTBYIOIIErO COOTHOLIECHHS
(2.12) unu (2.18).

CyMMapHoOe KOJIHYECTBO TEIUIa, MOABOJUMOro K IOBEPX-
HOCTH KOHCTPYKIIUH, ONIpEAEAeTCS KaK

Os() = L15 [q()dt = 1150y, (2.22)
0

rie Qg onpezenseTcs U3 ypasHeHuit (2.16), (2.17), (2.19), (2.20).
Takum obpasoM, mpouenypa onpejefieHHs BPEMEHH BOC-
[JIAMEHEHHSI COCTOHT B CJIEAYIOLIEM: MO JaHHBIM CTaHJapPTHBIX
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MCIBITAHUH OMpeesieTCss BpeMs BOCIUIAMEHEHHUS KOHCTPYK-
LHH; MO cooTHoleHH (2.11) onpenensercs KPUTHUECKOE KO-
nuyecTBO Tera (Oyp, NMPUBOAALIEE KOHCTPYKIHUIO K BOCIJame-
HEHHIO B MOMEHT BPEMEHH f; 10 COOTHOIIEHUsM (2.16) u (2.19)
MPH TOPEHHH TBEPJbIX CrOpPAEMbIX MATEpUATIOB M COOTHOLIE-
HUIO (2.17) unu (2.20) npu ropenuu JIBX u [DK ctpourtcs 3a-
BUCHMOCTh O = f(f) nnst peaybHBIX YCJIOBHH Pa3BUTHUSA MOXKApPa;
no HalipeHHo# 3aBucumoctd ( = f(f) onpenensercs BpeMs BOC-
TJIaMEHEHHUS [;, COOTBETCTBYIOLIEE 3HAYEHHIO O = Oyp.

Mcnonp3yemoe yclioBHE paBeHCTBAa KOJHYECTB Terlia
B CTAaHJAPTHBIX HCMBITAHUSIX U B PEAIBHBIX YCIOBHSAX MOXKapa
SIBNIACTCS HEOOXOAUMBIM, HO HE IOCTATOYHBIM JUIS ONpeeIeHUA
BPEMEHH BOCIIAMEHEHHUA.

BTOpbIM yCIIOBHEM, OIpENES[IOIMM  BO3MOKHOE BOC-
IUIAMEHEHHE KOHCTPYKUHH, ABIAETCA TUOO JOCTHXKEHHE MOpPO-
rOBOH IMJOTHOCTH TEIUIOBOIO NOTOKA OT oyara Iojkapa U Jalib-
HEHlIee ero yBeJIM4yeHue, JJu00 10CTHKEHHE KPUHTHUYECKOTrO 3Ha-
YEHHUs] TeMmIlepaTypbl Haberarouero MnoTtoka M JanbHeilliee ee
yBeJIMUEHHE.

Oba ycnoBus OAHO3HAYHO CBS3aHBI C XapaKTEPHBIMH pa3-
MEpAaMH ouyara, BbICOTOM pa3MelIeHUs KOHCTPYKLUHUH H BHAOM
MaTepHasia IMoXXapHOH HAarpy3KH.

Ha puc. 2.16 npuBemeHsl 3aBHCUMOCTH, [O3BOJISIOLIHE
OMpEeNeIUTh KPUTHYECKOE 3HAYCHHE AUaMeTpa ouara Iokapa
nmpu roperuu JIBXXK u [DK no cootHOomenuo

H

Kp ’

1Ix

rae H — BbicOTa NMOMEIIEHHUS, M; X — MapaMeTp, OlpeIeseMbli
U3 puc. 2.16 o 3HaYEHUSAM TeMIlepaTypbl BOCILTAMEHEHHS Cro-

paemMoro yremiurens 7, U MAaKCUMaJIbHOHW TeMIlepaTypsbl B Ia-
MEHH Tmax.

(2.23)
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lNapamemp x

1 i 1 A 1 [l il
373 473 573 673 773 873 973

Temnepamypa eocnnamereHusi T,, K

Puc. 2.16. 3asucumocme napamempa x om memnepamypol 60CHIAMeHeHUs.
05 onpedenenus duamempa noxcapa npu copenuu JIB2XK u I7K:

| = Ty = 1420 K; 2 =T\, = 1380 K

Ha puc. 2.17 npuBeneHs! aHaIOrHYHbIE pHC. 2.16 3aBHCHMOCTH
IUIA CTy4yas TOPEHUS N0XKapHOH Harpy3KH U3 FOpIOYHX TBEPABIX Ma-
TEPHUAJIOB, ITO KOTOPHIM PaclPOCTPAHAETCS OTOHb CO CKOPOCTBIO L.

B aToM citydae 3HaY€HHE KPHTHYECKOro IMaMeTpa Onpeaesis-
€TCs1 TI0 COOTHOILEHHIO

Dy = (V1) (2.24)

BpeMs pa3Butus nokapa 40 KpUTHYECKOro AMaMeTpa ovara
OIpeZiesIAeTCs KaK

= f_}’—(o,9H)y2 , (2.25)

IZIe y — napaMeTp, OnpeIe/iieMbIi 110 JaHHBM puc. 2.17.

Kpussle, npuBeneHHsle Ha puc. 2.16 u 2.17, nomaydeHsl
IpH YCJIOBHM, YTO TeMIlepaTypa Haberaollero moToka paBHA
TEMIIEpaType BOCIUIAMEHEHHS MaTepHajla CropaeMoro yTemH-
TeNs, H TaKUM 00pa3oM ONMpenensioT, YTO BOCIIAMEHEHHE YyTe-
TUIMTENA BO3MOXKHO IpH 3HA4YeHHAX auameTrpa oyara u3 JIBXK
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win DK Oonbliux, yeM ompeaeNieHHbIe MO ypaBHEHHIO (2.23),
H IUId TOPIOYHMX TBEPABIX MaTepHasloB, OOJMBIIKX, YEM Ompele-

JIEHHBIE 10 YpaBHEHHIO (2.24).

0,341

Puc. 2.17. 3asucumocniv
napamempa y
om memnepamypbf
B8OCHIAMEHEHUA OIA
onpeodenenus ouamempa
noxcapa npu 2opeHuu
MeepobIX MAmepuanos:

I"' Tr.-rm' = 1’380 K,'
2"‘ Tnm: = j420K

0,32

0,30

0,28

lNapamemp y

0,26

0,241~

0,22 L ! i ]
373 473 573 673 773 873

Temnepamypa eocnnameqerun T,, K

IIpuBeseM npumep pacuera BO3MOXXHOIO BPEMEHH BOC-
IUIaMEHEHHUS 110 JaHHBIM OTHEBBIX HCIIBITAHHM ()parMeHTa OBO-
IEeXpaHWIHILIA U3 JIETKUX MeTaJutndeckuX KoHCTpykuui (JIMK).

JaHo: BeicoTa noMeuenust H = 6 M; rnoxapHast Harpy3ka —
ApeBecHHa B TabeNsaX; JIMHeHHAas CKOPOCTh PacnpoCTpaHeHHS
miaMeHH vy = 0,4 M - Mun" = 0,00666 M - ¢’'; gy = 0,8; 0 =
=567 - 10°Br-m2 - K*

Orpaxnarolias KOHCTPYKIIMS CO CTOPAEMBIM YTETUTHTENSM
u3 neHomnoyuyperana (I1ITY).

1. Ilo pe3synbrataM CTaHOAPTHBIX OrHEBBIX MCNBITAHHIA
JIMK ¢ yrennuteneM M3 IEHOMONMypETaHA ONpelesseM, YTO

BPEMA BOCINIAMCHECHHA YTCMIIUTCIIA B KOHCTPYKIIHH 4 MHH.
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2. OnpenensieM CyMMapHOE€ KOJIWYECTBO TeIIa, aKKyMy-
JMPYEMOrO TMOBEPXHOCTBIO KOHCTPYKUHH B YCIOBHAX CTaH-
OAPTHBIX UCIIBITAHHH N0 YPABHEHHIO

QE = QR + QK-

KonuyecTBO Temnia, akKyMyJHPYEMOro 3a CYeT JIyYHCTOH
COCTABJAIOIIECH Majarollero TEIJIOBOro NnoTokKa, pacCUHThIBAECM
rmo BeIpaxkeHuIo (2.11) Ha MomeHT BpeMeHH f = 4 muH (240 c):

Orl . = 0,8 - 315{(0133-240+1)[31n(0,133-240+1) +

+6,55[1n(0,133-240+1)] + 2,18[In(0,133- 240 +1)] >+

+0,64[In(0,133-240 +1)]* +2,75-240+13,2} = 2,5 Ml - M
KonudecTBo Temnia, nomnajaromero Ha moBEpXHOCTh KOH-

CTPYKLIHH 32 CYET KOHBEKTHBHOHM COCTaBJIAIOILEH CyYMMapHOH

NJIOTHOCTH TEIUIOBOIO MOTOKAa Ha MOMCHT BPEMEHH ! = 4 MHH

g 2 120 0
Orl 0. = 0,75 MITk - M2 (30 % ot Q).
3nas 3uauenue Oy | N Or| 4 > OTIPEHEISIEM CYM-

MapHOE KOJIMYECTBO TeIUIA, AKKYMYJIMPYEMOIO KOHCTPYKLIMEH Ha MO-
MEHT BOCIUUIAMEHEHHS B YCIOBHAX CTAHJAPTHBIX HCIIBITAHHH:

Ol . =2,5+0,75=3,25 MJx - m2

3. Jlna pacuera KOJMYECTBAa TeIUIa, BOCHPHHHMAEeMOTro
KOHCTPYKIIHEH B YCJIOBHSX “pEajbHOr0” IoXapa, ornpeaeiseM
pa3MEpPHBIH KOMILIEKC, BKJIIOYAIOIIMI H3BECTHBIE HCXOIHbIE
JaHHBbIE;

a= i o =409.c,

2k-v,  2-1,1-0,00666
rae H — BeiCOTa noMelIeHus, onpeaensieMast 1o MPOeKTHBIM JaH-
HBIM HJIH HAaTypHbIM OOCIIEIOBAHUSAM, M; Uy — JIMHEHHAS CKOPOCTh
pacnpocTpaleHus riaMeHH, onpeaensemas no I'OCT 12.1004-85
HJIH IPYTHM CIIPABOYHBIM JAHHBIM, M - € ; K = 1,1 — amnupuye-
CKHHA K03} duinenT.
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4. OmpenenseM MOMEHT BPEMEHH [, PH KOTOPOM 0e3-

pasMEpHBbIH napamMeTp
o 5 B
Y max !

Orkyzat =al2,3 =409/2,3 =178 ¢ = 2,96 mun.

Taxum obpazom, npu (< 2,96 MUH 3HAYEHNS 6e3pazmep-
HOro napametpa h > 2,3 u, cjieJoBaTebHO, pacyeT HEOOX0 MO
BeCTH 1o dhopmyte (2.19).

[Tpu > 2,96 muH 3HaueHue A <23 u pacyeT KoJIMYecTBa
TenJja BeJIeTCs No BbipakeHHUo (2.16).

5. OmpenpensieM KOJUYECTBO TEIJa, aKKYMYJIHPYEMOTO
MOBEPXHOCTBIO KOHCTPYKIMH B PEalbHBIX YCIOBHAX M0OXkapa
Ha MOMEHT BpeMeHH [/, 1o ypaBHeHH!O (2.19). Ecnu nonyuen-

x>

Hoe 3Ha4yeHHe (s B peanbHBIX YCIOBHSAX MOXapa OoJblie, YyeM

Q5" B CTAHIAPTHEIX YCIOBHAX, TO MOC/IEAYIOMMI pacyeT BeAeT-
cs ToJIbKO 1o dopmyne (2.19). [Ipu aToM crnenyronmii MOMEHT
*
BPEMEHH OllpeJie/iieTcs KaK 1) = ¢ /2.
B Tom cnydae, ecniu Qr < (%', pacueT Beercs Kax

Mo BbIpakeHH1o (2.19), tak u no (2.16). [lpuuem npu pacyete
Nno ypaBHEHHIO (2.16) MOMEHT BpeMEHH BBIOHPACTCS CASTYIOIHM

obpasom: 1, =2t , 1, = 4f W T. 1., 10 TeX MOp OKa O 205

OnpenendM KOMHYECTBO Teria, BOCIIPHHMMAEMOI0 KOH-
CTPYKI[HEH, B YCIOBUAX ~‘peasibHOro’” no)kapa Ha MOMEHT Bpe-
*
MEHH [ 10 ypaBHeHH0 (2.19):

4
1380
QR I =178 = 0,297 i 0,8 ’ 5,67(-5[—)*]

= 1,47 MJIx - M™
HIIH

(4097 .1782%=

Ol e = 1,15 1,47 = 1,7 MJTxc - m%;
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TaKHM 00pa3oM,
pacy cT
y 205
CienoBarebHO, JaJbHEHLIHA pacyeT BEAETCA IO BhIpa-

XeHH10 (2.16), 1ng pacyeTHOr0 MOMEHTA BPEMEHH [| = 21,
6. KojguyecTBO TeIa, _BOCTIPHHHMAaEMOTo KOHCTPYKLUEH

Ha MOMEHT BPEMEHHU I, = 2", HaxomMM H3 BeIpaxeHus (2.16),
NnpeABapUTEILHO ONpEAEIUB 3HAYEHHUs HEMOJHBIX TraMMma-
(G yHKLHH, BXOASIMNX B ypaBHeHHe (2.16), cneqyrommm obpasom:

M%) = r(o 75; '21") = I(0,75)0(*/V).

s t; = 5,0 MuH

a=0,75; v=2a=2-0,75=1,5;
= 1,21alt; xX’=2x= 2121 409"3,3.
300

ITo tabnnuam pabotel [13] onpenenseM 3HaueHHe QYHKUHMH
OC°Iv):

0(3,3/1,5)=0,125.

B coorserctBun ¢ pabotoii [13] 3HayeHHe ramma-
(YHKLUHH paBHO

I'(0,75) = 1,2254.

TaknuMm o6pa3zom, OKOHYATEIBHO HMEEM:

]
I'(0,75; 21“)],.300¢ 1,2254 - 0,125 = 0,15.
AHanoquHO HaXOJOHM

4
r(1L87; 2229)] e = 0,116,

)(T e.

BO BCEX cily4adX Ipd o > 2) omnpenenum, chonbgyﬂ
CIEAYIOLIEE PEKYPPEHTHOE COOTHOLIEHHE:

I'z+1)=2I(2),

3HayeHHe HenoJHOH ramma-pyukumu ['(2,99;
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rae o =z + 1; I'(z) — onpenensercs no tabnuue padorsi [13].

Torna I'(2,99; 363") '(2,99)003/v),

A€ BEJUYHHA Q(xzfv) OMpeeseTCsl 110 METOJHKE, NPHUBEICH-
HOMH BBIIIIE.
0(9,9/5,98) = 0,124,

3HayeHHe raMma-QyHKIHH NpEeACTaBHM B COOTBETCTBHH
C PEKYPPEHTHBLIM COOTHOIIIEHUEM

'2,99)=I'(1,99+1)=1,991'(1,99)=1,99 - 0,9958 = 1,982.
Takum o6pazom,

2,99 229)] L00e= 1,982 - 0,124 = 0,246.

AHaJIOTHYHBIM 00pa3oM onpeaeiseM
F(4,I 1; 4,84?) | =300c — 0,69

OnpenenuB 3Ha4€HUS HEMOJHBIX raMMa-(YHKIHM, 110 BbI-
pakeHHIO (2.16) HaX0AMM KOJIMYECTBO TEIJIa, BOCIPUHUMAEMOTO
KOHCTPYKLHEH B MOMEHT BPEMEHH /] = 5 MHH 3a CUET JY4YHCTOH
COCTAaBJIAIOMICH CYMMapHOH MJIOTHOCTH TEIJIOBOIO MOTOKA

Or | =300c = 0,0071 - 409 - 0,8 - 567(1130800] ”

o ] 300)’ +2715-0.15+70,46- 0116+ 40,67- 0,246 +
037\ 409

+5,76- 0,69} =13,89 Mk - M.

B cooTtBeTcTBHH ¢ BRIpakeHHEM (2.22)
Os | m300c = 1,15 - Or=1,15 - 13,89 = 16 MIIx - m™2.
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JUnst monydenus 3aBucumoctd Os = f(f) Mo ypaBHEHHIO
(2.16) HEOOXOAHMMO MOJYYMTh €I OJHO PacYETHOC 3HAUCHHC

(s Ha MOMEHT BPEMEHH
2
2

Brinosnss pacdeT aHaJTOH4YHBIM 06p330M HJId JaHHOI'O

MOMEHTA BPEMEHH 17, MOJy4aeM
Os | 240 = 8,4 MIIx - M.
CpaBHuBas MOJIy4eHHOE KOJMMYECTBO TEMJA NP f; = 5 MHH
C €ro pacyeTHbIM 3HAYE€HHEM B YCJIOBHSX CTaHAAPTHBIX HCIIbI-
TaHWUK HAa MOMEHT BPEMEHH [ , TIOJTy4acM

pacu cT
r 2 QZ ’

TakuM 00pa3oM, JaJbHEHIINN pacyeT npeKpallaeM.

7. Ctpoum 3aBucuMocth (Jy = f(1) (puc. 2.18, xpuBas 4)
B COOTBETCTBHH C JJaHHBIMH NYHKTa 0.

8. Tlo rpaduky Qs = f(f), ucxoas U3 YCJIOBHS paBEHCTBA
KOJIMYECTB TeIIa, aKKyMYJHPYEMOTr0 KOHCTPYKLHEH B YCJIOBHU-
AX CTAHIAPTHBIX HCMBITAHUH (M. 2) U B YCJIOBUAX “peasibHOro”
noxapa, onpenenseM BpeMsi BO3MOXXKHOTo BocrjiaMeHeHus JIMK
C YTEILUIHTENIEM H3 NIEHOIIO/IMYpeTaHa.

H1st naHHOTO Cilyyas

{;= 3 MHH.

OKCIEPUMEHTAIBHO YCTAHOBJIEHHOE BpeMsi BOCILIaAMEHE-
HUsI TOPH30HTAJIBHOIO IEPEKPHITHS OBOLIEXPAHHIKIIA COCTAB-
nset 4 MuH. TakuM oOpa3oM, ominOKa B TaHHOM cily4ae He Ipe-
BhIIIAET 25 %, YTO SABIACTCA BIIOJIHE YAOBIETBOPHUTEILHBIM.
Ha ocHOBe npHBeNeHHBIX BBILIE pelICHHH OBUIM COCTABJIEHBI
HOMOTrpaMMBI 110 ONPEAESIEHHIO BPEMEHH BO3MOXKHOM 3aJ€P)KKH
BocitaMeHeHus JIMK co cropaememM yremnutenem (puc. 2.18)
B PCAJbHBIX YCIOBHAX MMOXapa, Mg CIEAYIOLIEro aHana3oHa
H3MEHEHHH pa3sMEpHOTo mapamMeTpa a:

a = H2xv, = 0,284 — 40,9 MmuH.

2 = 4 MHUH.
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Puc. 2.18. Onpedenenue
8pemMeHu 3a0epicKu 60cC-
NIaMeHeHusl ZopuIoHManb-
HbLX nokpelmuu (nepe-
Kpbimuu) o ce2opaembim
ymenaumenem KOHCMPYK-
yuu KI-K3 ¢ yuemom
8peMeHU B0CNIAMEHEHUA
npu CmanoapmHuslx UCNbi-
MAHUAX lg.. 3ABUCUMOCTb
Konruwecmea menia, 60c-
NDUHUMAEMO20 KOHCM-
PYKyueu, om GpeMeHu:

8 YCNOBUAX CAHOADMHBIX
ucheimavuii — 1;

8 YCNOBWIX  PeaibHOo20 " noxa-
DA NpU PABMUNHBIDC FHAYEHUSX
Ppazmeprozo napamempa a.

2—npua = 0,283 mun;
3—-npua =1 mun;
4~ npua = 3,64 mun;
S —npua =35 mun;
6 —npua = 6,82 mun;
7 —npua =8 Mun,
8~ npua =10 mun;
9—npua = 1377 mun;
10 - npu a = 20 mun;
1] — npu a = 30 mun;
12 — npua = 35 mun;
13 —npua =409 mun

£8
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Jlanuble, TpUBEJeHHbIE B HOMOIpaMMe, I103BOJISIOT,
He CHU)Kass TOYHOCTH, 0e3 NMpoBeJeHHs1 CPABHUTEJIBHO CIIOXHBIX
BBIUMCJEHHH, HO 3HA4YMTEJIbHO OBICTpee ONpeIe/IuTh Bpems
Bo3MoxkHoro socryiamedeHuss JIMK co cropaeMbIM yTerHre-
JIEM B peaJIbHBIX YCJIOBHSX IMOXKapa, MpH HUCMOJIb30BAaHHH JaH-
HBIX CTAHJAapTHBIX OTHEBBIX HCIBITAHHH.

[Ipoao/KHTEILHOCTh HAYAJABHOH CTAaAHH MOXKapa
nocJie BO3MOKHOI0 BOCIJIAaVIEHEHH S
CTPOMTEJIbHBIX KOHCTPYKIHH

TeopeTtHyeckre OCHOBBI ONpPEAENEHHUS MPOJOIKUTENBHO-
CTH HaAYaJIbHOH cTaJuM Mnoxapa, OazupyrouiMecs Ha onpejele-
HHH JIOCTHXKEHHS XapaKTEepHOH TeMrepartypbl B oObeMe nome-
[IEHHUS, W MPaKTHYECKUE [PUIIOKEHHUS pe3ysIbTaTOB IS Ollpe-
JeJIeHUs MHHUMQIbHOH MPOAO/DKUTEIbHOCTH HA4aIbHOH CTa-
JUHH TT0Xapa Ul NOMENIEHHH ¢ HECTOPAEMBbIMU CTPOHTEIbHBIMHU
KOHCTPYKIMSAMH H3JIOXKEHBI B HACTOSAMIEH rjlaBe W Hay4yHas CTO-
poHa Bonpoca B pabote [14].

XapakrepHoi 0COOEHHOCTHIO Pa3BHUTHS MOXKapa B HAYAIbHOM
CTaIMH B NIOMEILEHUAX C TOPIOYMMH OTPX/IAIOIIMMH KOHCTPYKIIH -
MH SBJIIIETCS TO, YTO CAMH KOHCTPYKLIMH, BOBJICKASCH B MPOLIECC IC-
peHHs, CTAHOBATCA OJHOH M3 NMPUYMH DPACTIPOCTPAHEHHS I1JIaMEHH
Y BBIICJICHHSA TCIUIA B 00BEM MOMEILEHHS. JTO MMPUBOIMUT K CYLIECT-
BeHHOMY yMeHblleHnto BpeMend HCII B rakoro pona nomerneHHsx
M0 CPABHEHHIO C MOMEILEHUAMH U3 HETOPIOUMX CTPOUTE/ILHBIX KOT-
cTpyKiii. Takkm obpasom, 3anaua no or pepenennro Bpemern HCIT
NOCJIe BOCIUIAMEHEHUS KOHCTPYKUWH B IMOMEILEHUSX CBOAUICS
K ONpENCNICHHIO CTEMEHH BIHAHHA IJ.OTIECCOB PACIIPOCTPAHEHHS
IUIaMEHH M TEIUIOBBIIENICHUS TOPIOYMMH KOHCTPYKUMSMH Ha IIpo-
nomxutenbHocTh HCIT nocne BocnnamMeHCHUS KOHCTPYKIMIA £

3HaYeHHE TETUIOBBIJCICHUS B MOMEHT BPEMEHHU !, MOXHO
ONMPENENUTh 110 (GopMyne, BEITEKak LieH M3 ypaBHEHHS cOXpa-
HEHHSA DJHEPTHU B 00BbEME MOMEIIIEE U
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0 =ny QLU +(my U2Q? —q U2 )ik +
+ P(0,0° WUy ~ Uy Jtas (2.26)
rJie Yo — CpeNHss yOelbHas CKOPOCTb BBITOPaHHS BPEMEHHOH
MOXapHOH HArpy3KH; 1 — KOIQQPHIHEHT HEJ0XKOra; Y, — Cpe-
Hsis yJeJbHas CKOPOCTh BBITOPaHHS MOCTOSHHOU MOXKapHO# Ha-
rpy3KH B KOHCTPYKUHUH; Uy — cpeaHss CKOPOCThb paclpocTpaHe-
HUA [JIAMEHHU 1O KOHCTPYKUHH; gk — IUIOTHOCTh TEIJIOBOIO II.:-
TOKa, BO3BPALLAEMOro NpU rOpeHHH B KOHCTPYKIUHMIO; P — nepu-
METP FOPIOYHX KOHCTPYKIIHUH.

Bropo#i uneH B BblpaxeHuH (2.26) xapakTepUu3yeT TEmjo-
BBIJICJICHHE B pe3yJIbTaTe€ TOPEHHS IEPEKPBITUS, 10 KOTOPOM y
NPENIoaaracTcsd KpyroBoe pacrnpocTpaHeHHe MIaMeHHd. TpeTuu
YI€H ONpeAenseT TENJIOBbIIeNeHHE PH FOPEHUH KOHCTPYKIIHHA
CTEH TIOMELLEHHUS, N0 KOTOPBIM MpENoaracTcs JHHeHHoe pac-
NPOCTpPaHEHHE TJIAMEHH.

C y4eToM NPHHATBHIX JONYilleHUH I HAaXOXJICHHS KOJH-
4ecTBa TeIJia, BOCIIPUHMUMAEMOTO CTPLOMTENBHBIMH KOHCTPYK-
OUSAMH M MaTepuaiamMH IMOXapHOH Harpy3kKH, He y4acTBYIOLIH-
MH B FOPEHHH, BOCIIOJIb3YyEMCS pELUEHHEM JUIS MOJyOorpaHHYCH-
HOH IUIaCTUHBI MPH HECTAalMOHAPHBIX T'PAHHUYHBIX YCJIOBHAX
IIEPBOro poja ¢ JUHEHHBIM 3aKOHOM H3MEHEHHS TeMIIEpaTypbl
noBepxHoctH [15]:

2
X X
Tx,)=To+bt|1+2 —=1| lerfc] —— |-
e [Nm‘) (Nar]
2

(=) | —
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KonuuecTBO TeIuia, MOCTYIMAIOLIEr0 B HErOpSIyI0 YacThb
KOHCTPYKLMH 3a €IMHHIY BPEMEHH, ONpPENENAETCS U3 COOT-

HOLICHHA

a’T(x 1)

O =—A—— =05, (2.28)
rae S - onpeﬂenae"rca H3 BBIPOXKECHHUS
S=F.w a0 + T F; =PUL; (2.29)

F, — niomaas nepekpbiTus; LF e — cyMMapHas IIoliajib ropo-
YUX KOHCTPYKIUH CTEH.

[Tocne muddepennuponsanus ypaBHeHus (2.28) ¢ ydyeTom
BRIpOKEHHUA (2.27) MOJyYuM COOTHOLUEHHS JUIS pacyeTra TenIo-
MOTEPb B HETOPSILIME YACTH OIPaXKAAKOLIMX KOHCTPYKIHH B MO-
MEHT BPEMEHH /5!

2 (T, —Ty)

I

AHJIOTHYHO MOJIy4aeM COOTHOIIEHHUs JJIA ONpeaeeHHUs
TEIUIONOTEPh, IEpeNaBacMbIX B HEropslllie MaTepHanbl Iepe-
MEHHOM M0)KapHO#t Harpy3KHu:

0,= 2l T) (5 _122)hi (2.31)
Jna,

Ofmee konM4ecTBO Temna, MOrJIOLIAEMOE HErOpSILUMH
4acTAMH KOHCTPYKIHH H MOXKapHOii Harpyskoi Q,, ompeness-
€TCsi CYMMHpOBaHueM BoipaxkeHui (2.30) u (2.31).

Beipaxxenus (2.26), (2.30) u (2.31) ¢ y4eToM NpHHATEHIX
AOMYINEHHH TMO3BOJSIOT ONpPEAeIUTh npoaosnkureasHocts HCII
[IpH KOHCTPYKLHMAX, OTAHYHBIX OT K0, B cieyrowem Buse:

(002 - c,, 7, )nU2wo + (noyn0P - g, )nt?] 2 +

1. =T;
+ PUn0P iy~ g, )2 =cperoTo(—“T—‘ﬁ+

B

(£, —nU22)+ (S F, - PUL 2. (2.30)
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, 2Ty = Ty)

Jma,
$ 2)“H(TH — TO)
v dy

Ecimu npu pacyerax npoznokutenshHoctd HCIT mocne
BOCIIAMEHEHUS! KOHCTPYKIMH BbINOJHACTCSA HEPAaBEHCTBO

2
nUqyt, 2 F,, (2.33)
TO BO BCEX CIIy4asix 3HaYEHHE /, OLICHUBaeTcs 1o hopmyre
G l
to = (Fu/ nU2)?.
[IpuBeIeHHEIN BBILIE METOA pacueTa MPOAOKHTENTBHOCTH
HCII nosBonseT onpenensth BpeMs f; NMPH YCIOBHUH OJHOBpE-

MEHHOI0 BOCIJIAMEHEHHUsl [TOXKapHON HArpy3kH ¥ KOHCTPYKI[HH.
OO1ee 3nHayenue npomomxutenbHoctd HCIT Oymer nexartb

[(F" - '-’fofff)+ > Fer - PUKIB]I% N

(F, - nU22)if2. (2.32)

B HHTEPBAJIE 1y < tycn < Ifjcp; M OLIEHUBAETCS 110 hopMyJie

fmen=ts + 1, (2.34)
rJe I, — BpeMs OT Hayalsia mokapa JI0 MOMEHTa BOCIIJIaMEHEHUA

(BpeMs BO3MOXHOTO BOCIUIAMEHEHHS), KOTOpOEe ONnpelesieTcs
COTJIAaCHO HM3JIOKEHHOMY B HACTOSLICH ry1aBe. 3HAUCHHE BpeMe-

HHU l},cy ABJAETCA MMHHMAaIbHOH mpomomkHTenbHocThio HCII

0e3 yuyeTa pacnpocCTpaleHHUsi TOPEHUS MO0 KOHCTPYKUHUSAM (Hero-
proune koHCTpyKuuH KO0).

B nensx u3ydeHus BIMSHHS MPOLECCOB MOPEHHUS CTPOH-
TEIbHBIX KOHCTpYKUMH Ha npoaomkutensHocTh HCII u f
pe3yiabTaThl YHUCJICHHBIX JKCIEPHMEHTOB 00padaTbiBaIMCh
B BUJIE 3aBUCUMOCTEH OoTHOCHTENBbHON nponomkurensHocTd HCII

Kt = ;e /ts OT XapPaKTEPUCTHK MOMELIEHUS U CBONCTB FOPIOYHMX
OTrpaXkAarOLUX KOHCTPYKIIUH.
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Ha puc. 2.19 mnpuBedeHbl pacyeTHBIC 3aBHCHMOCTH K
OT 06beMa M BBICOTBI IOMEIEHUS MTPY pa3/MYHBIX CKOPOCTSAX pac-
[POCTpaHeHHs! [UIAMEHH 110 TIOBEPXHOCTH KOHCTPYKIIHMH. Kak BuagHO
u3 pHC. 2.19, B IIMPOKOM JIHAIa30He H3MEHEHHUS BBICOTHI (= 4-7 M)
i oGbema mometerHns V> 1-10° M° HX BIMAHME HA BEUYHHY K,
He3HAuUTeNbHO. [103TOMY JUIs MCC/IENOBAHHOrO aQuana3oHa mna-
paMeTPOB MOXKHO CYMTATh, YTO 3HAYEHHE KOIPPUIHEHTA K, cia-
00 3aBHCUT OT FEOMETPHYECKHX XaPaKTEPUCTHK MOMELLIEHHUS.

ar

7

w
L8
T

w2
T

OmuocumensHas npodomkumensHocms HCI k,

2.5

0 1 2 3 2 5 & 7
O6vem nomewenus V - 107, M
Puc. 2.19. 3asucumocme ommocumenvroii npodorxcumensnocmu HCIT
om obvema u blcombl NOMeweHUA:
npu ckopocmu pacrpocmpanenus mamenu no konempysyuu U= 1,09 m - s
I-H=4M 2-H=5Mm3-H=6m4-H=7nm
npu ckopocmu pacnpocmparenus mamernu no konempyiayuu U, = 1,34 m - mun”’:
S-H=5mM 6-H=6m
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AnHanu3 ypaBHeHHs (2.32) mokasbiBaer, yro Ge3pasmep-
HBEIMH KOMIIJIEKCAMH (KPHTEpPHSIMH), ONpPEAE/IAIOUIMMH MPOION-

anQ,fK - ql{

¢ ToWo
H ky = Ug/Up. 3TH napameTpbl BKIIOYAIOT B ceOA BCE MPHUHATHIE
B paMKax pacCMOTPEHHOH MOJENH MOXKapoonacHble CBOHCTBa
MaTEpHAJIOB OIPaXXAAKIIMX KOHCTPYKUMH. 3aBHCUMOCTH OTHO-
cutenpHoH nponopkutensHocTd HCII nocnie BocnnaMeHeHHs
KOHCTPYKIIHH OT I1apaMeTPOB K| U K NPHUBEAECHbI HA HOMOIPaM-
Me puc. 2.20.

xuteasHocTh HCII, ABISIOTCS KOMIUIEKCB! K| =

% 1

L= 1zt v

i'&_ 2

S 1of -

I 3

)

S A

e 8 A

g

£

|

{ £

'§_ &

e, Z

5 P

€ k

E 0 10 20 30 40 50 80
nw,0r -4,

Be3pa3smepHbil napamemp K, =

chTDwO
Puc. 2.20. Homozpamma oas onpedenenus omHocumenvHou
npoodonxycumenvHocmu HavaneHou cmaouu nosxcapa HCII:

]—K2= U,/Ug=20.'2—x2= 1'6,'3—!(): ]0,
4'.\‘(2:8;5-‘R’2=5;6‘-R’2=4; 7-'!(2:2,'8—}():1'
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B kauyecTBe nmpuMepa H Ui OLEHKH CXOHMOCTH pa3pabo-
TAHHOH MOJENH OIpeJeTuM MHHHMAIbHYIO TPOJOJIKHTE/Ib-
qocts HCIT uis mOMellieHus OTHEBOTO OTceka (pparMeHTa 3/a-

HUA oBoLlexpaHuHia [16].
CornacHo IAHHBIM JKCIEPUMEHTAIBHBIX HCCIeAOBAHUH

[16], aas pacyeTa MPHHATHI ClIEAYIOUIHE 3HAaYE€HH [1apaMETPOB!
Wy = 0,385 xr - M7 MﬂH'l; U.=1,097 ™M - MHH"; EK =
=241 MIx - ks =0,7; Up= 04 M- Mu™; wo = 1 kr - M™ - Mot
Pesynbrarel MccNe0oBaHUH, H3N0KEHHBIX B padote [10]
H B I'L. 3, MO3BOJISIOT NPUHATH g = 30 kBT - M~
OrnpenenseM 3HaYCHUS KOIP(PHLMEHTOB K| H K2:

_0,7-64:107-24,1-10° =30 _
1-300-2-107°

= 2,7.

13

K1

1,097
0,4
OO6wwuii nopsnok onpenenenus HCII npuBeaeH Huxe.

[lo HaliieHHBIM 3HAYEHUSM K] U K3 M JaHHBIM puc. 2.20 Ha-
XOHUM BeJIMYMHY OTHONIeHUs1 npojomxutensHocTd HCIT B mome-
IEHUH Oe3 cropaeMbIX KOHCTPYKIMH K npoaomkuTensHoctH HCIT
B ITIOMEIIEHHAX CO CMOPAEMBIMU KOHCTPYKIMSAMH K, = 3,2.

[Io naHHBIM HacTOsIIEH I7IaBBI ONpEAEIdM MUHUMAIBHYIO
npononkurensHocTe HCII g ycnoBuit npoBeieHHBIX MCIIBITA-
nutt (Up = 0,4 M - MuH"') B momeriennu (parMeHTa ¢ KOHCTPYKILIHS-
MH U3 HECrOpaeMbIX MarepuaioB. B aToM cnyuae mpomorpkurenn-
Hocte HCII cocrasur, no man#sM pabotsl [16], ¢ = 4,8 MuH.

[ockombky oOrseBble HCIBITAHMSA HA (parMeHTe NPOBOIIIHCH

C OTKPBITBIM ITPOEMOM, OTHOLLEHHE ILIOIAIH KOTOPOro K IUIOMIAIH
Mosa CoCTaBiswio 7 %, T0 nponomkurensHocts HCIT B 3tHX yenoBH-

X C YUETOM J@HHBIX puc. 2.21 cocTaBuT 17~ = 4,8 1,62 = 7,8 MuH.
Jlanbie puc. 2.21 Nomy4eHs! 10 pe3y ITaTaM paboTsl [14].

Ko =
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s ¢parmenrta 3naHus [18] co cropaeMbIMH KOHCTpYK-
HUsAMH MUHUManbsHass npomomxkureapbHocts HCII ¢ MomeHTa
BOCIUJIAMEHEHHUSI KOHCTPYKIIMH COCTaBMT /, = 4,8/3,2 = 1,5 muA
u mpoaospkurebHocTh HCIT miisa yenoBuii uenbiranuii 1, = 7,8/3,2 =
= 2,4 MHUH.

[Io naHHBIM OrHEBBIX HCIIBITAHWH, BpPEMS BO3MOXXHOTO
BOCIIJITAMEHEHHS KOHCTPYKI[MH COCTABHJIO 3 MHH.

Takum obpasoM, pacuetHas npomomkurensHocTs HCII
JUIA YCJIOBUH OTHEBOTO HCTIBITAHUHM COCTABUJIA:

tien=t+3=2,4+ 3 =5,4 mun.

[To manHBM OrHeBbIX UCTIBITAHHH [16], cpemHss MPOJOJDKH-
tenbHocTh HCIT coctaBuia 6 MuH. PacueTHast mpo0/DKUTETIBHOCTD
HCIT otmiuaetcs oT nostyueHHO# aKkcrnepuMeHTabHO Ha 10 Y.



Bpemst BOCIIaMEHEHHs ~ KOHCTPYKIMHM, [OJY4YEHHOE
[0 METONY, M3JI0KEHHOMY B HACTOSIIEH TJaBe, COCTaBHJIO
2.6 MuH, yTo gaeT 3HaueHue npojomkuTensHocTH HCII, ompe-
HeNeHHOE MOJIHOCTBIO pacyeToM, fycn = 2,6 + 2,4 = 5 MuH, Ko-
TOpOE OT/IHYAETCs OT IKCIEPHMEHTANbHOro 3HaueHHs Ha 17 %.

CpaBHeHHE pe3yJIbTaTOB OIPE/IeNieHHsl MPOIOIKHTE/IBHO-
ctu HCII, nojiyyeHHBIX pacyeTHbIM H IKCIEPUMEHTAJIBHBIM Ny-
TEM, TOBOPHT 00 HX YAOBIETBOPUTEIBHOH CXOOUMOCTH.

JIng ycinoBuil MpoBeleHHs OTHEBBIX HCIBITAHHH [pHME-
HEHHE CropaeMbIX KOHCTPYKLUMHA YMEHBIIHUIO NPOJOJDKHTEIIb-
Hocth HCIT mo cpaBHEHHIO ¢ HECrOpaeMbIMH KOHCTPYKIHMAMH
Ha 2,8 MuH, WM Ha 36 %. Y4uTbhIBasi, YTO XapaKTEPHBIM BpeMe-
HEM, OMNpEACAAIIUM [eeco00pa3HOCTh NPHUMEHEHUS CHCTEM
AlI3 pns 3paHuit co cropaéMbIMU KOHCTPYKUHMSIMH, [10 MHEHHIO
aBTOpa, MOXXET SBJIATHCE MOMEHT BO3MOXXHOT'O BOCILIAMEHEHUS
KOHCTPYKUUH, pasHUL@ BO BPEMEHH BOCILIAMEHEHHUS U MPOJ0J-
xutenbHocTh HCIT B TOM ke moMeuieHuH ¢ HecropaeMbIMU
KOHCTPYKIHUSAMHU COCTaBUNA 5,2 MHUH, UK 67 %.

Huke u310XeH oOmMI MOpAJOK ONpeAesieHUs BPEMEHH
BO3MOXXHOIO BOCIJIAMEHEHHsS! TOPHU30HTAIBHBIX KOHCTPYKLUH
U MOKPBITHH CO CropaeMbIM YTEIIMTENIEM B YCJIOBUAX ‘‘peaib-
HBIX’’ [T0YKaPOB C YYETOM JIaHHBIX CTAHJAPTHBIX UCIIBITAHHUIA.

[To naHHBIM CTaHIAPTHBIX OTHEBBIX MCIBITAHWHM WM pe-
3yl1bTaTaM pacyeToB Ui YCIOBHH CTaHAAPTHBIX MCIbITAaHHH
OMpPEACNAETCS BPEMSA BO3MOXHOIO BOCIUJIAMEHEHMS [ . KOHCT-
PYKUMH (BpeMsi JOCTHXEHHS Ha NMOBEPXHOCTH MaTepuasa Cro-
PacMOro yTeriMTe/Is TeMIepaTyphl BOCIJIaMeHEeHHs ). Bo3Moxk-
HO HAaXOAUTh M JPYTHE I1apaMeTphbl: BpeMs IJIABJIEHHS, BpEMS
Hayajia TepPMHYECKOI0 pa3/ioyKeHHS H T. 1.

Onpenensiercs pasmepubiii komnaexe a = H/2,2U, mum,
O 3aJaHHbIM 3HAYECHHUAM BXOJULIMX B HEro napamerpos (H, M;
UM - mun’),
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[lo HalIEeHHBIM 3HAYEeHUSIM [, U g C IMOMOIIBIO HOMO-
rpaMmMbl puc. 2.18 onpenensercs BpeMs BO3MOXHOI'O BOcCIIaMme-
HeHUs 1. [lopsAanok onpenesieHUuss BPEMEHH BO3MOKHOTO BOCIT/Ia-
MEHEHHS IMOoKa3aH Ha pHc. 2.18 nmyHKTHpHOH nuHuei. B ciyuae,
€CJIH HalJICHHOE 3HA4YEeHHE @ HE COOTBETCTBYET NPHBEACHHBIM Ha
pHc. 2.18, KpHBasi, COOTBETCTBYIOLIAsA 3HAYEHHIO A, OTpeieseTCs
METO/IOM JTHHEHHOH 3KCTPAIlOJIAIHH.

[Ipumep 1. OnpenenuTs BpeMs BOCIUJAMEHEHHS KOHCT-
PYKIHH €O CropaeMbIM YTEIUIUTEJIEM M3 MEHOMOJHYpETaHa
B [IOMEIIEHHH OBOIIEXPAHUJIUILA (XapPAKTEPUCTUKHU TTOMEUICHHS
npuBeaeHs! B pa3a. 1.1.1).

1. BpeMs BocrniaMeHCHUs yTeNauTels M0 JAaHHBIM CTaH-
JApTHBIX UCIIBITAHUH paBHO 4 MUH.

2. OnpenensieM pasMepHBIH KOMIUIEKC (nMapaMeTphl B3SATHI
H3 IIpUMEpa pacyeTa):

a=6/(22-0,4)= 6,8 Mun.

3. Ilo puc. 2.18 (mpoueaypa onpeneneHUs IOKa3aHa
CTpPEJIKaMH) HaxOJIHM, YTO

t;= 3 MHH.

OKCIIEPUMEHTATBLHO YCTAHOBJICHHOE BpeMs BOCIJIaMEHE-
HHUS cocTaBiseT 4 MuH. TakuM o06pa3oMm, ommOKa, KaKk H MpH
pacuere, He npeBsbilnaeT 25 %.

IIpumep 2. Onpenenutsb BpeMs BOCIIAaMEHEHHs IS pas-
JMUYHBIX BHAOB KOHCTPYKUMH € 3(QPEKTHBHLIM YTEIIHTEIEM
(MepaUTONIaCTOETOH).

1. CreHoBas naHenp C 3alIUTOH CO CTOPQHBI TEMJIOBOI'O
BO3JIEHCTBHUSA aIlOMHHUEBOH (QOJIBIrOH.

BpeMs BocriaMeHeHHs B YCJIOBHUSX CTAHIAPTHBIX HCIIBI-
TaHWH CoCTaBiseT ty. = 6,8 MUH. Bpems BocriiaMeHeHHs B yc-
NOBUSX “‘peasibHOr0” nokapa, onpejejaeHsHoe no puc. 2.18, mus
JAHHBIX, B3ATBIX U3 IIPUMEpA pacyeTa, COCTaBJISAET:

T, = 3,8 MuH.
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2. (CrenoBas MaHelb C 3alMTOH M3 CJIOA CTCKJIOTKaHH

CO CTOPOHBI TEIJIOBOTO BO3AECHCTBHA

tec = 7,5 MUH;

t;=4,1 MUH.

3. CTeHOBas IaHe]b C 3alUTON H3 METALUIHUYECKOTO Ipo-
¢uaupoBaHHOrO JIHCTA O = 1 MM.

ts = 6 MUH;

[, = 3,6 MHH.

[Topsioox onpedenerusi NPOOONNCUMETbHOCMU
HavaneHoli emaouu noxcapa tycy 04a nomeuwjenuu uz JIMK
C KOHCMPYKYUSIMU CO C2OPAEMbIM ymeniumenem

OnpenensieM 6e3pa3MepHbIi apaMeTp Ki 110 COOTHOIIEHHIO:

07,00 -30
‘ 293y,

Iie Yx — CPeaHsisi CKOPOCTh BBINOPAHUS MaTepHasla CropaeMorc

yremutens B HCIL kr - m™ - s Vo — CPEIIHAS CKOPOCTh BBIO-

. . 2
paHHsl MaTepualla BpEMEHHOM MOXapHOH HArpy3Ku, KT - M 2.t

OF — HU3WAsT TEIIOTBOPHAs CHOCOOHOCTL MaTepHaia cropae-

MOT0 yTenjauTes, KJDK - Kr.
Onpenensiem Oe3pa3sMepHbId mNapaMeTp K2 II0 COOTHO-
LIEHHIO

K3 = UKon,

rae Uy — cpeliHdas CKOPOCTh PaciipOCTPaHEHMs OTHS 1O T1OBEPX-
HOCTH cropaembix koHctpykimit B HCIT, M - mun™; Up — cpel-
HAsI CKOPOCTb pacrpOCTPaHEHHs OIHS 10 MOBEPXHOCTH BPEMEH-
HOH moxxapHoH Harpysku B HCIT, M - mun™.

Ilo manuemM puc. 2.20 ¥ HaWJEHHBIM 3HAYEHHUAM K| H K>
OnpejendaeM BeJIHYHHY K;, PaBHYIO OTHOIIEHHIO MUHHMAIbHBIX
mponopkurenpHocTeli [CII B momemenusx 6e3 cropaeMsIx

H CO CropaeMbIMH KOHCTPYKILIHUSIMH.



95

OnpenensieM MHHHMAIBHYKO NPOAODKHTENbHOCThL YacTH
HCII B moMeumeHHsX €O CropaéMbIMH KOHCTPYKIUSIMH C MO-
MEHTa BOCIUIAMEHEHHS CrOpPAeMOro YTEIJIMTEJS NO COOTHO-
[LIEHHIO

=t/ %
rae Iyen — MUHHMaibHas nponosnkurensHocts HCII, onpene-

nsiemast 1o JaHHbIM paboThl [16].

OnpenensieM BpeMs BO3MOXHOTO BOCIUIAMEHEHHS 5, B COOT-
BETCTBHH C BBHILIEH3JI0KEHHBIM.

OnpenenseM MHHHUMaNbHYH NpoaomkuTenbHocTh HCIT
110 BBIPAXKEHHIO

Ihen = L+ 1.

ITpu passutun HCII ¢ OTKpBITBIM IPOEMOM OPHEHTHPO-
BoYyHOe 3HavyeHwe nponokurensHocted HCII onpenensem
[10 BBIPAXXEHUIO

fHcn = I3+ Kiy,
rae x — Oe3pasmepHbli napamerp npoaomkuTensHoctd HCII,
OrnpenesieMblil 10 JaHHBIM pHc. 2.21.

PaccMoTpuM npumep onpeneneHus MUHHMaJIbHOH MNpo-
noyokatenbHoCcTHd HCII 1 opHeHTHpOBOYHOro 3HavyeHMs IIpO-
JomkuTensHocTd HCIT npu BO3HUKHOBEHHM MoOXKapa B IoMe-
UIEHHH C OTHOIIEHUEM OTKPBITHIX ITPOEMOB K ruioiaau nosia 0,2,
O6wveM momemiedus 2 - 10 MB, BLICOTA IMOMeEIIEHHS 6,6 M.
YienbHoe KOJIMYECTBO TOXKAPHOM HArpy3KH H3 JIPEBECHHBI
14 kr - M7, CKOPOCTb paclpOCTpPaHEHUs OrHA I10 IOBEPXHOCTH
BPEMEHHOH noxapHoi Harpy3ku 0,1 M - MHH ", CKOpPOCTb BbIrOpa-
HHUs MaTepHana BPeMeHHON NoXKapHo# HarpyskH 1 kr - M™ - Mun .
3nanue BemonHeno u3 JIMK ¢ npenenom ornecroiikoctd I1 = 0,25 4
CO CropaeMbIM YTEIUIUTE/IEM M3 neHononHyg)eTaHa CkopocTb
Beiropanus [1I1Y B konctpykunu 0,385 kr - M~ - MUH ' cKOpOCTB
pPacpoOCTpaHEHHsT OTHA MO MOBEPXHOCTH CrOPAeMBIX KOHCTPYK-

oui 1,1 M - MHH", HH31Iasg TEIUIONPOBOJIHAA CIIOCOOHOCTh MaTe-



96

puaia cropaemoro yrernurens 24,1 MJDxk - kr'. Bpems mocTu-
sxenus Ha nopepxHoctu [IITY Temmeparypbl BOCIUIAMEHEHHS,
onpeieleHHOe M0 pe3yJbTaTaM CTaHAapTHBIX MCNBITAHUH KOH-
CTPYKIIHH, 5 MHH.

1. Onpenensem Ge3pasMepHBIN NapaMeTp K|

~0,7-0,385-1/60-24100-30
) 293-1-1/60

2. Onpenensem 6e3pa3MEPHbIH apaMeTp K

x=1,1/0,1 =11.

3. [To nauspM puc. 2.20 ¥ HalJEHHBIM 3HAYEHUAM KO-
(GHIIHEHTOB K| H K7 OTIPEAEIMM BEIHYHHY K,

K, =14.

4i OnpenensieM MHHUMATBHYIO MPOJO/KUTENBHOCTh YaCTH
HCII, nns ygero npeasaputensHo no 'OCT 12.1.004-91* “Ilo-
kapHas Oe3onacHocTb. Obume TpeboBaHHsA™ ONpeACsieM MHHU-

MaIbHY10 npoaospkuTenbHocTh HCII mid momeneHus ¢ napamer-
paMH, NpPUBEACHHBIMH B YCJIOBHSIX NMPHMEpA ¢ KOHCTPYKUHSMHU

H3 HECrOPaeMbIX HEMETAUTHYECKHX MATEPUAIOB e = 51,7 MHH,
t=51,7/7,4 ="7 muHn.

5. OnpenensieM BpeMst BO3MOXXHOTO BOCIIIAMEHEHUS:

5.1. OnpenensieM pasMepHBIl KOMILIEKC a

a=6,6/(2,2-0,1) =300 MuH.

5.2. Ilo mauubM puc. 2.19 ¥ 3HAYEHUSIM foc = S MUH H a =
= 30 MHH onpeieNiseM 3HAYEHHE [, = 7 MHUH.

6. OnpenensieM MUHUMAIBHYIO Npoao/nkuTebHocTs HCIT

tuen=7+ 7= 14 muH.

7. Onpenensem nponomkutensHocts HCIT npu Bo3HHKHO-
BCHMH TI0XKapa ¢ OTKPBITBIMH NIPOEMaMHM B MOMELEHHH, I YEro
NMPEABAPUTENBHO MO JAHHBIM PHC. 2.21 onpenensiem Gespasmep-
HbIH MapameTp npoaopkutensHocTd HCIT g 3HadeHuii oTHO-
IICHHH OTKPBITBIX POEMOB K rtoniiaau nona 20 % x = 2.6.

= 16.

K]
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8. OnpeaenseM NPOAODKHTENBHOCTh HAYaIbHOH CTaauH
[1okapa B YCJIOBHSIX pa3BHTHS MOXapa IPH OTKPBITHIX MpoeMax

then =7+ 2,6 - 7=25 MuH.

B T1abn. 2.4-2.6 npuBeneHbl AAHHBIE, KOTOPHIE MOTYT
OBITh MCIIOJIB30BAHbI U1 PELICHHs 3aJ]lay, U3JIOKEHHBIX B 3TOH
rjaBe, H pAja IpYrax 3a/1ay NoXapHoH NpoduIaKTHKH.

YaeabHan maccoBas CKOpOCTb BbITOPpaHHA

Tabaruya 2.4

H HH3LUIAA TENJ0Ta CrOpaHHA BeLWleCTB H MaTepHaJJa0B

HaumeHoBanue BeleCTB

VebHas MaccoBas

Hu3was rennora

H MaTepHanos cm;b}m? c‘l;ji):'f‘:_? ’

beH3uH 61.7 41870
ALETOH 44,0 28890
JInaTHn0BI# Hhup 60.0 33500
benson 73,3 38520
JIn3ensHoe TONJIUBO 42.0 48870
KepocuH 48,3 43540
Masyt 34.7 39770
HedTb 283 41870
DTUNOBbIHA CIIUPT 33,0 27200
Typbunnoe macno (T11-22) 30,0 41870
H3onponunoBblii cnupT 31,3 30145
HM3onenTan 10.3 45220
Tonyoa 48,3 41030
HaTpu#t MeTaaanyeckuii 17.5 10900
Ipesecunra (bpyckn), W= 13,7 % 39,3 13800
HpepecuHa (Mebenb B KHALIX

3aaHusx, W= 8-10 %) 14.0 13800
bymara paspbix;ieHHas 8,0 13400
Bymara (KHHIH, KypHanbl) 4,2 13400
KHHUrH Ha AepeBAHHBIX CTENIAKAX 16,7 13400
KuHonnexka TpHauerarHas 9,0 18800
Kap6onutossle uizneaus 9,5 26900
Kayuyk HaTypaibHbii 19,0 44725
Kayuyk CKC 13,0 43 890
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OxowvuaHue maba 2.4

Y aenbHas MaccoBas Hwuswas rennora
HaumeHoBaHHe BelleCTB CKOPOCTb BLITOPAHH cropasus O,
W MaTcpHATIOB v 10% ko m?-c? kJx - kr!

OpraHu4yecKoe CTeKI0 16,1 27670
[TonucTHpon 14,4 39000
Pe3uua 11,2 33520
Tekcronaut 6,7 20900
[TeHononuyperax 2,8 24300
BoJ10KHO WiTanensHoe 6,7 13800
[IlTanensHOE BONOKHO B KHNAXx

40x40x40 cm 22.5 13800
TMonusTHieH 10,3 47140
[Toaunponunex 14,5 45670
X o0k B TIOKax, p = 190 kr - M~ 2,4 16750
X 10MOK pa3spbIxXJICHHBIN 21,3 15700
JleH paspbIXieHHbIH 21,3 15700
Xnonok + kanpoH (3:1) 12.5 16200

Tabaruya 25

JIuHeiiHan CKOPOCTb PacnpocTpaHEeHHs NJIaMeHH
N0 NOBEPXHOCTH MATEPHAJIOB

CpemHan sHeiHas CKopoCTL
Y pacnpoCTpaHeHH1s IU1aMEHH
10 NOBECPXHOCTH
Up- 105, m- ¢!
Yrape! TEKCTHIBHOTO NPOU3BOACTEA B Pa3phIXjeH-
HOM COCTOSHI'H 10
Kopa 1,7
X710N0K pa3phiX/ICHHbIHA 4,2
JleH pa3pbixJeHHbI#H 3
Xnonok + kanpos (3:1) 2.8
Hpepecuna B wrabensx npu BaaxkHoCcTH, %:
8-12 6,7
1618 3,8
20-30 2
Bonee 30 1,7
[loaBeleHHbIE BOPCHCTBIE TKAHH 6,7-10
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OkoHyanue maba s

Cpennss nuHerHas CkOpOCTs
- pacnpoCTPaHEHHA MIAMEHH
NO NOBEPXHOCTH
Up-10°, m- ¢!

TexkcTuabHbIC H3AEAUS B 3aKPLITOM CKNAJAE NMpH
3arpy3ske 100 kr - m™ 0,6
bymara B py/loHax B 3aKpbITOM CKAaJ€ NpH 3arpys-
ke 140 kr - m™ 0,5
CHHTETHYECKHH KayuyK B 3aKpPhITOM CK/1aae NpH
sarpyske cBbitie 290 kr - M~ 0,7
JlepeBsiHHbBIE MOKPHITHA LIEXOB O0ALLION MAOIAIH,
NEPEBAHHBIE CTEHBI, OTAENAHHbIE IPEBECHO-
BOJOKHHCTBIMH MIHTaMH 2,8-53
Jlerkue orpaxaaroUIHe KOHCTPYKLMH C YTEIIUTE-
nem u3 3anusoynoro [1[1Y 7,5-10
CoNOMEHHbIE H KAMLILUWTOBbBIE W3NS 6,7
Txauwm (xoncr, bakika, 6435):

M0 FOPU3OHTAH L3

10 BEPTHKANM 30

B HanpaBJEeHHH, HOPMAILHOM K MOBEPXHOCTH
TKaHH. NpH paccTOAHUHU Mexay HumH 0,2 M 4
Jluctosoii TTITY 5
Pe3uHoTeXHUYECKHE W3AENHS B LuTAbENnsIx 1.7
CuHTeTHueckoe nokpeiTie “Cropran”
npu T =180 °C 0,07
Topdonaute B lwrabdensx 1,7
KaGenu AAILLL, 1x120; ATIBI'D 33x35+1x25;
ABBI 3x35 + 1x25:

B FOPH3OHTAILHOM TOHHENE CBEPXY BHU3 0,3
[pH pacCTOSHUK Mexay nosnkamu 0,2 M

B FOPH30HTAILHOM HanpaBleHHH 0,33

B BEPTMKAJbHOM TOHHEIE B FTOPHU3OHTANEHOM Ha-
MPaBJCHUHU NPU PACCTOSHUHU MEXKIAY PALAMH
0.2-0,4 m 0,083
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Tabruya 2.6

TemnepaTypa socniiaMeHenns T, ¥ camoBocniameHeHns T,
cropaemMeix Matepuanos, °C

Marepuan I Tes,
JIpeBeCHO-BOJIOKHHCTAs MUIMTA H30JS1IHOHHAA, 220 315
['OCT 4598-53
Texcronut mapku A, 'OCT 2910-54 358 500
I"'erunaxc mapku B, 'OCT 2710-54 285 480
JIuukpyct macasusit, TOCT 7251-54 290 425
Hurponunoneym mapku HJI-5 175 370
Hutponunoneym mapku HJI-13 208 380
Jlunoneym pesuHoBbli (penun), TY 36-13-61-62 308 410
Jlunoneym xnopsununossir, OCT 7251-54 330 410
[Menonnact [TXB-1, TY 4332-54 426 501
[Menonnact ®C-7, CTY 76-1717-64 580 580
Menonaacr @O, CTY 419-63 490 580
Munopa, TY MXII 3252-52 397 540
[1auTa acboapesecHas 240 320
[Mnura acGo’boHHTORAA 285 396
[nura MuHEpanoBaTHas ¢ coaepx)aHnem 6utyma 19 % 300 420
[Toporiact noaMypeTaHOBbLI| 3NaCTHYHLIH, 440 480
TY 35-XI1 395-62
[Toponaact noanypeTaHoBbIH 31aCTHYHBIHA 500 560
Mapku “camo3satyxawoimit”, BTY 35-XI1 392-61
[Nenonnacr INCH 310 470
AHTpauuT " 500
bopynuH 350 450
Buanunnacr 580 580
Boiinok cTpounrenbuslii 287 370
Bonokho:

aHu] 355 435
aleTaTHoe 320 445
BHCKO3HOE 390 460
KarpoH 390 440
naBcaH 390 440
Kanponakram - 400
KapToH roppuposanHbiii 258 427
KapTon kpose/bHbiii 227 365
Kayuyk HaTypanbHbIit 129 -
Kayuyk cunukarusiii CKC-30A-BC 220 400
M ra nueHnyHas 250 310
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OkoHwuaHnue maba 26

Marepuan T., T,
HadranuH - 530
OnHIKH COCHOBBIE 230 230
[Tapadun 158-195 310
[Tnuta Topdanas (W= 46 %) 165 299
Py6epoua mapku PM-350 303 400
Caxxa namnoBas 180 210
Cesun 196 561
Ceno (W=17,8%) 204 204
Conoma niueHHyHas 200 212
Crekno opraHuueckoe 280 460
Tabak HedepmerTupoBaHHbIi (W = 5,85 %) 222 -
Tabax ¢epmenTupoBanusiii (W= 5,9 %) 224 -
Topd dpesepHbiit - 225
Yrons 6ypsiit - 150-250
®eHon - 595
®ocdop kpacHbI - 210-240
@ocdop CepHHUCTbIH - 92
Xnonok (W=4,5 %) 210 -
Lennynoun 100 141
LLieBeaun 260 -
JlpeBecHHa U MaTepHalibl Ha €e 0CHOBE 238-235 360427
(258-305)

[ITpuMeuyaHHe 3HAYECHHA TEMMNEpaTypbl CaMOBOCIUIAMEHEHHS MANA APEBECHMHBI
H MarepyailoB Ha €€ OCHOBE, MPHBEACHHLIC B cxoﬁxax, COOTBETCTBYHOT TEMIIEPATYpPE CAMOBOC-
TUTAMEHEHHA JIPEBECHHBI B PCHKHME TICHHUA.

CkopocTh pacnpocTpaHeHus nmiameHd Uy ABNsSETCS OYEHb
Ba)XKHOH BEJIMYMHOM, ONpENEAOLEN XapaKTep H3MEHEHHA I1JI0-
IMagH [0XKapa, H 3aBHCHT OT OOJbLIOro 4uciaa (akToOpoB,
HMEOUUX QHU3HYEeCKHH XapakTep (TEILIOTEXHHYECKHE U [OXa-
poomnacHble CBOHCTBA MaTe€pHasoB, YCIOBHSA TEIJIOBOIO B3aHMO-
NEHCTBUA OvYara ro)apa ¢ MaTepHaloM I0)XapHOM Harpy3kH)
H CJIy4YaWHBIA (B3aUMHOE PacrioJioKEHHE MAaTEPHAJIOB MOXKAPHOH
Harpy3kH K MOMEHTY BO3HUKHOBEHHS I10Xapa, COCTOSHHE
OKOHHBIX H IBEPHBIX IIPOEMOB, CHJIa H HaNpaBJI€HHE BETPA,
aTMOC(EpHBIE SIBICHHUS).
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HekoTopble pacyeTHbIE METOIbl ONPENC/ICHHS CKOPOCTH
pacnpocTpaHeHHs IAMEHH TPUBEEHBI B pa3ll. 5.1.

B Ta6n. 2.5 npuBedeHBbl 3HAYEHUS JTHHEHHBIX CKOPOCTEH
pacrnpocTpaHeHus ramend Uy - 10 10 MOBEPXHOCTH pPAAa Ma-
TepHaIOB MOKApHOH Harpy3kH, KOTOpbl€ B U3BECTHOH CTENECHH
HOCAT NPUOTMKEeHHBIH XapakTep, TaK Kak IOoJy4YeHbl /I KOH-

y -1
KPETHBIX YCJIIOBHH pa3BHTHA I0Kapa, M - C .
H3MeHeHHe TeMIiepaTyphl BCIIBIIIKHY [UTS Pa3IMYHBIX TBEP-

IbIX CrOpaeMBIX MAaTEPHAJIOB MOXXET HaXOAUThCA B obnacTH
3HAYEHUM OT ONU3KHUX K Ty, OO 3HAYCHHH, ONM3KUX K T¢p,. 3Ha-

yeHus temnepatyp Iy, U Tcp, 2011 HEKOTOPBIX CrOPa€MbIX MaTe-

pHaJioB MpHBeIeHBI B Ta0II. 2.6.

2.3. O6bemHble noxkapbl

2.3.1. OnpegeaeHue Buga obvemHoro noxkapa

JIns omnpeneneHHoOro TUmNa MOMELIEHHS, UMEIOMIEr0 CBOH
3HaYEeHHUS 00beMa U IIPOEMHOCTH, TO KOJIMYECTBO MOXKAPHOH Ha-
Ipy3KH, KOTOpOe sBJseTCS IpaHUlied repexoja OT rnoxapa, pe-
I'yJIAPYEMOTro Harpy3koi, K Ioxapy, peryJiipyeMoMy BEHTHJIS-
nuei, OyaeM Ha3blBaTh KPUTHYECKHM (gp). COBOKYIHOCTE 3Ha-
YEeHHH KPHTHYECKOIo KOJIMYECTBA MOXKapHOH Harpys3kH, o0bema
MOMEUICHHS H €ro MPOEMHOCTH, I8 KOTOPBIX 3Ta Harpyska
OTpeae/ICHa, Ha30BEM KPUTHUYECKUMH MapaMeTpPaMH.

Pa3MyHBIMH aBTOpaMH YCTaHOBJIEH IapaMeTp, KOTOPHIH
03BOJISET ONPENEIUTh BHJI BO3MOXKHOTO NMOXKapa B IMOMELLECHHH.
TakuM napaMeTpoM sBIIsIeTCS OTHOWIEHHE KO3()(DUIIMEHTA BEH-

THIALKMKE @ = pg F Jh TJIOLIAAH TIOBEPXHOCTH rOpIOYEro Ay
Y4YacCTBYIOLETO B Ipouecce ropeHusi. KpuTHueckas BejHYHHA
®/Ay, ompenensrolas rpaHuily Iepexofa OT OJHOTO DPEXHMA
noxkapa K apyromy, pasHa 0,253 < ®/A; < 0,29. 3roT uHTEpBaNI
H IpaHHLb! Nepexosia ObUIM YCTAHOBJIEHBI KaK B pe3y/abTare Ja-
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OOpaTOpHBIX, TaK U KPYITHOMACIITAOHBIX HUCCIIEIOBAHUM, U MOJI-
TBEPXKJAEHbI B TOM YMCJIE HCClIedOBaHUsAMU aBTopa. OaHako
MCMOJIL30BaHUE 3TOr0 MapamMmeTpa [/ MPaKTHYECKHUX LEeeH 3a-
TPYAHEHO U B PAJEC CIy4acB B YCJIOBUAX PECAIbHBIX MMOXKAPHBIX
Harpy30K HEBO3MOXHO M3-3a CJIOJKHOCTEH B OIpeAeSeHUH
NnoBepXHOCTEH roproyero. Jlanee npeacTaBiieHbl KPUTEPUH B BH-
Je, ynoOHOM [Jid MPakTHYECKOro HMX HCIOJIb30BaHUSA. OaHHM
U3 TAKMX KPHTEPHEB SBISETCS KpaTHOCThb BO3ayxooOmeHa. [log
KPaTHOCTBIO BO31yX00OMeHa OyaeM MOHUMATh OTHOUIEHHE Teo-
peTUYECKH HeOOXOAMMOro KOJIMYeCTBa BO3JAyXa IS IOJHOTO
CTOPAaHMS TOXKApPHOW HArpy3kHM K KOJIMYECTBY BO3AyXa, 3anoli-
HSIOLIEro JaHHbIH 0OBbeM MOMelIeHHUs. TeopeTHyecKoe KojIuye-
CTBO BO31yXa, HCOOXOAUMOE I/ TMOJIHOIO CTrOpaHHs IMOXKapHOH
Harpysku, Vp, 3aBUCMT OT BMZAa M KOJMYeCTBa Marepuaa,

COCTaBJIAIOIIEr0 MOXKapHyK Harpysky. Benuuumny Vp, MOXHO
MPUOIMIKEHHO ONPEAETIUTD 110 COOTHOLIEHHIO

P
Qo 3

—  HM™ - KT

1000

riue QS_ — HHU311as TerI0NnpoBOAHAsA CTOCOOHOCTD I-ro 3IeMeHTa
!

MoXKapHOH Harpys3ku, kJhx M

KonuyecTBo BO3AYyXa, 3an0aHAIOUIEr0 06beM NMOMEIIEHH,
onpeaesseTcs Kak

Vo= I -, (2.36)
rae V — o6beM NOMELEeHHS, M B=1-Vy/V) - ko3pduuuent
CTECHEHHUS nomeueHus; V,, — odbeM nomelneHus, 3aHsaThlid 000-
PYIOBAHHEM, M.

Ha puc. 2.22 npiBeaeHbl pe3yibTaThl IKCIEPUMEHTATBHO-
ro HCCJIeIOBAaHMs BIIMSHHSA KOJHYECTBA IOXKAPHOH HarpyskH,
COCTOALLEH M3 JpPEeBECHHbI, Ha BHJ 0OBEMHOro MoXkapa, B Mo-
MeleHuH 06beMoM 216 M’ U ¢ OTHOLIEHHEM IIOLIAH 1POEMOB
K miouanu nona 25-4.5 %.

VO:’ = 0,263
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MNapamemp G/A,
Kpam+xocms 8033yxoobmeHa n

nomHocmb noxapHoll Hazpy3ku g, , ke - M

Puc. 2.22. 3asucumocmy euoa obemHo2o nodxcapa
OM KOMUYEeCm8a HONCAPHOU HAZPY3KU U3 OPeBECUHBI.

®, + — 3KCHEpUMEHMANbHbIE 3HAYeHUs coomeemcmeeHHo napamempos P/Ar u n;
— 060bwarowjue Kpugbie 0N COOMEEMCMEVIOUUX NADAMEMPOS;
----- = — 2paHuybl, pasdersroujue obvemusie noxcapet Ha [1PH u [TPB

no npusnaxy snavenun 0,263 < ©/A; < 0,29

JlanHueie puc. 2.22 no3BOJISIOT clAeNaTh BBIBOA O TOM,
uro IIPH Bo3MoOXHBI npu kpaTHOCTH Bo3ayxooOmeHa no 15,
MpH 3Ha4YeHUSX 3Toro mapamerpa ot 15 no 20 — nepexoaHbId
pEXXUM IOXKapa, a IpH KpaTHOCTH BO3ayxooOMena OGonee 20,
B moMeweHuu 6ynet passusarbes [IPB. KpatHocTh BO31yx006-
MEHa MO03BOJISET MPOTrHO3MPOBATH BO3MOXKHBIH Xapaktep 00b-
€MHOro Inoxapa, u3deras psja HEONpeNeNleHHOCTEH, 3aJI0XKEH-
HBIX NIPU MPAKTHYECKOM OIPEEICHNH 3HaUYeHUs Ay.
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OnpejgeneHde KpUTHYECKHX T[AapaMeTPOB  MPOBEAECHO
C IIOMOILIBKD MALIMHHOIO JKCIEPHUMEHTAa € HCIOJb30BaHUEM
OKCIMEPUMEHTANILHBIX JAaHHBIX [0 HU3MEHEHUIO MaKCHMaJbHOH
cpeaHeoObEMHOM TeMIlepaTypbl B 3aBHCHMOCTH OT YIE/IbHOM
MTOXXapHOH Harpy3kKH.

[Topsinok HaxoXAeHUS KPUTHYECKHUX IapaMeTpOB 3aKJiio-
yaeTcs B ciaenyromeM. OnpeaenseTcs 3aBUCUMOCTbh MAKCHMaJlb-
HOM cpeaHe0OBbEeMHON TeMIIEpaTypbl OT BEJIMYHMHBI IOXKApHOMH
HArpy3KH 1Sl COOTBETCTBYIOLLEro TvIa nomMeruenus npu [1PH.

I Ipou3BOAMUTCS pacyeT TEMNEPATYPHOrO pexXuMa s JaH-
HOTO TMOMEUICHHUS B COOTBETCTBHHU C ainroputMoM [17] npu
MPOM3BOJILHO BBIOpAaHHOM 3HAYEHHU MOXAPHOW Harpys3ku
u npoemHocTu and [1PB. Ilonyyennoe B pesynerare 4uciieHHO-
ro 3KCIEpUMEHTa 3HAaYE€HUE MAaKCUMAJIbHOH CpelHeoOBeMHOM
TEMIIEpATypbl CPAaBHUBAETCSA CO 3HAYEHHEM MAaKCUMaIbHOH
CPeAHEOOBEMHOM TEMIIEpATYpbl, COOTBETCTBYIOIIECH TakoM xe
BEJTHYHHE NoXapHoli Harpy3ku, HO 1A [IPH. Ecnu Mmakcumais-
Has Temneparypa aud [1PB Beilie MakcuManbHOR TeMmepaTypsl
s [1IPH, 1o pacder noBTOpAETCS ¢ MEHBLINM 3HAYE€HHEM ITPO-
€MHOCTH, U HAa000pOT — ¢ GoabIIEH NPOEMHOCTHIO, €CITH BEILLE
MakcuMaiibHass temnepatypa ans [IPH. ®ukcupys BenuuuHy
[IOKapHOHM HAarpy3Kd U MEeHsid BEJIMYMHY NPOEMHOCTH, J100HBa-
eMCH COBMAaIeHUs MakcuMmanbHbIX Temnepatyp s [IPB u [1PH.
3HA4YeHHs TOXApPHON HArpy3Kd W IPOEMHOCTH, MOJy4YEHHBbIE
MPH PaBEHCTBE MAKCHUMAIbHBIX CpPeAHEOOBEMHBIX TEMIMEpaTyp
s 11IPH u [1PB B dbukcupoBaHHOM 00beMe NOMEINIEHUs Ompe-
JEeNAI0T KPUTUYECKHE 3HAYEHHS MapaMeTpOB.

YnenbHoe KpUTHYECKOE KONMYeCTBO /-M MOXapHOH Ha-
FPV3KKH /g KyOHWYeCKOro IOMELUEHHS MOXHO OMpPeNe/IHTh
M3 BBIpAXKEHHS
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3 1/3

PN, ..\ LA o) (2.37)
1+500IT° 6V,

rae I1 = FOI;/Z — POEMHOCTh MOMeleHHs; V — o0beM KyOHue-

CKOTO MOMEIIeHHs, M’ Vo, — KOIMYECTBO BO3/yXa, HEOOXOAMMOE
i ” 30
JUTS CTOpaHHUs | KI MaTepuasa I-i Io)KapHOH Harpy3Ku, HM™ - KI' .

YenpHOe KPUTHYECKOE KOJIMYECTBO I0KapHOH Harpy3ku
JUTSE TIOMELLEHUS MTPOU3BOJIBHOM (OpMBI (LIMPUHOH — @, IJTHHOH — b,
BEICOTOH — ¢ U C TUIOLIAABIO MTPOEMOB F() IIPH YCJIOBUU paBEH-
CTBa KOJIHUECTBA [OXKAPHOM HArpy3Kd B NPUBEACHHOM KyOHue-
CKOM IIOMEILEHHH V' U NMOMEUIEHHH NPOU3BOIBHON (Gopmbl PP,
paBHOH V' =}, onpeiensiercst U3 COOTHOLIEHHUS

_ V(6 -10)
g”p, By 2(ab+bc+ac)-F,

Onpenenenye BUa BO3MOXHOIO I0Kapa ¢ HCIOJIB30BAHHEM
KPHTHYECKOI'0 NapaMeTpa g, MPaKTHYECKH COCTOMUT B CJIEYIOLIEM.

JIndg uccienyemMoro moMeuieHHst MO AaHHBIM MPOEKTHOM
JOKYMEHTAllUH HJIH HATYpHOro OOCIeAOBaHHSA ONpeaenseTcs
ero obbem VP, mnomans npoemos Fy, oblee KOTHYECTBO Gy,

1 Bu/l MaTepyasa MoXXapHou Harpy3kH.

Onpenensercs yneapbHOEe KOMMYECTBO i-H I10XKAPHOI
HArpy3kH IS KyOM4YEeCKOro IOMEIIEHHS O0OBEMOM, pPaBHBIM
00BEMY NOMeEIEHHUS,

GH’ KT - M
SRy R
H 3HAQYCHHC I[IPOEMHOCTH ]I KYﬁH'—I&CKOl‘O [TOMCIIICHHU A V =
_ Fovh
=V =
V'?)

r-M7 (2.38)

8« ~
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[To HailinzeHHOMY 3HayeHHIO NpoeMHOCTH [l U3 cooTHOWIE-
Hust (2.37) onpenenseTcss BEIHYMHA Zygp, A1 YErO B COOTHO-

wenue (2.37) noacrasnsem V = VP u Vy, cooTBeTcTBYIOIIECE
NAHHOMY BHJ1y NOXapHOW Harpy3ku. [Ipy Hanuuuu » BUIOB Ma-

n
TEPHAJIOB [10XKapHOH Harpy3ku Vo, =IZ Vo,-
!

Ecnu 3HayeHue gy, > Zykp,, ONPEIAEIEHHOr0 Mo (popmyine
(2.37), o B moMemieHuu Oyner [1PH, ecnu 3Ha4eHHE gy, > Sip,s

TO B rnoMemenuu oyuaer I1PB.

Cnenyer uMeTb B BHAY, YTO B JAHHBIX COOTHOLUEHHSAX
YIEIbHOE KOJIMYECTBO I10’KAPHOM HArpy3kd onpeiensercss Kak
OTHOLLEHHE O0LIero KOJIMYecTBa MOXapHON Harpy3ku K oOiei
MOBEPXHOCTH BCEX TEIJIOBOCIIPHHHUMAIOLIMX KOHCTPYKIIHM.

2.3.2. Ckopoctb BBIrOpaHusi (TenaoBbigeAeHust)
npu noxkapax

CKOpOCTb BBITOpaHHMSl BEIUECTB He ABIAETCH (HUIHUKO-
| XMMHYECKON KOHCTAaHTOH. DTO Ba)KHasi XapaKTEpPHUCTUKA TOpPrO-
{ YETO BEILECTBA 3aBUCUT OT €ro MPUPOABI U B CHJIBHON CTENEeHHU
| OT yciioBHH pa3BUTHS Mpollecca FOpeHHUs NpH roxkape. Xapak-

TEP CKOPOCTH BBIrOpaHHs (QyHKUHH TIpoliecca U COCTOSHHUSA)

] OIIUCHIBAETCS YPAaBHEHHUSMHU COXPAaHEHUA dHEPruu ¥ Maccol [10].

B kadecTBe mnapameTpa, XapaKTepU3YIOLIEro IMOXKApHYIO

ONacHOCTb MaTepuayia TOXapHOH Harpy3KH, MOXET CIIYXHThb
3HAYeHHUE ero aauabaTtHyecKoi CKOPOCTH BBIFOPaHHWA MpH CTe-
XHOMETPUYECKOM ropeHMU. AnuabaTHuyeckas CKOPOCTb BbIrO-
paHud B YCJIOBHSAX CTEXHOMETPHYECKOr0 ropeHus SABIgeTcs (u-
3UKO-XHMHUYECKOH KOHCTAHTOW MaTepuajia U MOXET CJIYKHUTh
CPaBHHUTEJIbHBIM MapaMETPOM [MOKAPHO! ONACHOCTH MaTepHa-
noB. Ecnu B ypaBHEHUU coxpaHeHHs dHepruu [10] npupaBHATL
K HYJIK BCE€ COCTaBASAIOIIME TEMIOBOrO0 MOTOKA, 00YCIOBIH-
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BalolMe Ter1oo0MeH odara Ioskapa ¢ OKpY)KaroleH CpeloH,
H B KauecTBe ouara rnoxapa paccMatpusath cucteMy “K-gasza” —
razooOpa3Hbie NMPOAYKTHl MHPOJIH3a, TO YpPaBHEHHE, OIHCBHI-
Barollee aaMabaTHYECKylo CKOPOCTh BBITOpaHHs, OyJeT HMETh

cienyrowuit Bua [17]:
M 3 QTaﬂ _CPBGBTB 5 QTW_1 (2 39)
Maﬂ — p ] T p . .
QH + iy _"Cp r QH
TennoBoi MOTOK, MOCTYNAKOWMUNA OT NPOAYKTOB rOMOI'€H-
Horo ropenus k “K-¢aze” Tonnusa, npuOIMMXEHHO MOXKHO OIpe-
JIETUTh U3 COOTHOLLIEHHS

4 4

Ta;[ Tm{p NUK
Tag . ©n = = F,+—(T *Tnu Fl'l' 2.40
Orag = Enp0 100] o) |¥ X (Tas p)fn (2:40)

Kputepuii Hyccenpra onpenensercs U3 COOTBETCTBYIO-
IIMX YpaBHEHHUH MOrPaHHYHOIO CJI0A C XMMHYECKHMH peakius-
MH M 3aBHCHT OT OpHeHTauuHu oOpasna. KOHBEKTUBHBIN TEMJIO-
OOMEH KOHCTPYKUHH IpPH HAIUYHM FOPEHHUS B ITOrPAaHUYHOM
CJIO€ pPaCCMOTPEH B I 4.

Huxe npuBeneHs! pe3yabTaThl 9KCIePUMEHTATBHBIX HCCIIe-
JOBAaHHH CKOPOCTH BBINOpaHus IOXKAPHOH HArpy3Kd, COCTOSLICH
U3 JIPEBECHHBI PA3JIMYHBIX MTOPOJ, KOTOPbIE MPOBOAHIUCEH Ha (par-
MEeHTax 3JaHUHd pa3zmepaMH 6x6x3 M, 6x6x6 M, 4x5x3 M.
[lenpro wuccnenoBaHuil OBUIO  MONYYEHHE 3aKOHOMEPHOCTEH
M3MEHEHHsI CKOPOCTH BBINOPAHHMs B 3aBUCUMOCTH OT [apaMeTpoOB,
KOTOPBIC TOCTATOYHO IIPOCTO MOYKHO KOHTPOJIHPOBATh B PeaIbHBIX
yCloBUsIX (yHenpHas MOXapHas Harpyska, o0beM MOMEIEHHUS
H OTHOLUCHHE MJIOUIAH MPOEMOB K IUIOLIAIM ToJia), B IKCMEpH-
MEHTaX HE€ NPOBOAMJICA CTPOrHH KOHTPOJIb XapaKTepa YKJIaaKH
APEBECHHBI, PpPa3MEPOB JJIEMEHTOB, IOPOJAbI H BIIAXKHOCTH.
bosbLIoe KONHYECTBO MPOBEAEHHBIX IKCIIEPUMEHTOB, 00paboT-
Ka HX B BHIE YCPEIHEHHBIX BEIUYUH IMO3BOJIMIIH YYECTh BIIHS-
HHUEC 3THX BEIHYHH KaK Cil1y4danHbIX. bbulo npoBeseHo U obpabo-
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TaHO 48 OTHEBHIX UCIBITAHWH B JMana3oHe H3MEHEHHs OCHOB-
HBIX TapaMeTpPOB:
yaeapHas noxapHas Harpyska — 0,8—14,4 xr - m
OTHOLLIEHHE IUIOLIAM NIPOEMOB K Iutowaay nona — 2,4-25 %.
Ha puc. 2.23 npuBeaena 3aBUCUMOCTh Oe3pa3MepHOil CKO-
POCTH BBITOPAaHHS LEHTPAILHON 30HBI IIOWABI0 PAaBHOMEPHO
pPacrnoioKeHHOMN IMOKapHOW Harpysku 1,2 M” OT be3pazMepHOro
BpemeHHu s [TPH.

-2.
5

ltﬂ_' x 0 ¢ L
a * o w
x [+ o
= LS e X
I X
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[+]
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S 0.6 4
{ ]
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S 0
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T 0,4 i o A
& A
= ¢
™
a
m ) .
o 0.2 Yo
Ta]
o
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1 1 I )
0 0,2 0,6 1,0 1,4

EespasmepHoe spems
Puc. 2.23. 3agucumocms b6e3pazmepHoii ckopocmu 8bi20paHuA
om 6e3pazmMepHO0 BpeMeHU:
o—32K2 M x—39ke-M’; 0-487kz-M"; O—64Ke-M7;
O-6ke-M"; *—64Ke M’ a—68ke-M%;
— Kpugas, nocmpoexkas no gsopmyne (2.41)

[IpuBeneHHass Ha puc. 2.23 3aBHCUMOCTH YJIOBJIETBOPH-
TEJLHO OIHUCHIBAETCS CEAYIOIUMH COOTHOIICHHAMH:
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3.6

M =66(-—£_—) ead,S(:Ir*}, _f;_ <0.8:
M\ t

M__, 08< L <12 (241)
M . t

4,32
i =34,5 ('{:] 6_3’6““*)5 _t; > 1:23
-

rae f — TeKyuliee BpeMs, MHH, F = — CpeaHee BpeEMA 10C-

THYKEHHSA MAaKCHMAJIbHOTO 3HAYEHUS CKOPOCTH BBEITOPaHHS, MHH;
f; — BpeMs Hayajla pa3BUTOH CTaauM I0XKapa, MHH; [, — BpeMH
OKOHYAHHUS Pa3BUTON CTalHHU NOXKapa, MMH; M — CKOPOCTbH BbI-
ropasuss B MOMEHT BPEMEHH I, KT - M2 - MHH; Mo — MakKcu-
MaJIbHasi CKOpOCTH B LICHTpE oyara noxapa, Kr - MZ . muH.
3aBHCHUMOCTh MAaKCHMAJIbHOH CKOPOCTH BBITOpaHHsSl B 1I€H-
Tpe ovara rnoxapa OT YACJbHOH roproued Harpy3ku npu [IPH

M max -, n 8 \
MOXET 6BITB OIMmUucada COOTHOILIIEHHEM =K

Rmax g K.Kp J
rae Rmax — XapakrepHas 11 [IPB ckopocTs BbIropaHus, onpenens-

eTCH KAK Rpax = S,SFOJI_z » H 8ip — KPUTHUYECKAs! IUIOTHOCTH I10-

YKapHOH HarpyskH, onpenensercs no ypapHeHusMm (2.37) u (2.38).
3aBUCHMOCTD K03 HUITHEHTA TPONIOPLIMOHATEHOCTH K OT 0e3-

pa3sMepHOM MIOLAAU TOPEHHS OTIMCHIBAETCH COOTHOILIEHUEM

FY F )’ F
k=-198 1o | 4274/ Sn| _203[ fn |4 000, |
[F) (Fj [FJ+2,9 (2.42)

Bripaxxenue (2.42) moiyyeHo B AMana3oHe H3MEHEHMS

OTHOLICHHUS IUIOLIANM pa3MEICHMs [OXKapHOH Harpysku F,
unona F (F,/F)=0,1-0,64.
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3aBUCUMOCTb BPEMEHU JOCTHIKCHWS MaKCHMaJIbHOH CKO-
*
POCTH BBIFOpaHHUs [ OT IUIOTHOCTH MOXAPHOH Harpy3KH OIMHChI-
BAeTCs CIEAYIOLIHM COOTHOLIEHUEM:

. 4 3 2
Lo 03 B | 4167 8| 42,78 B |
tl(p gK.Kp Ex. Kp Ex.xp
L |
-2, +1,16, (2.43)

gl{.Kp

TAC 3HAYEHHE [y, COOTBETCTBYET BPEMEHH AOCTHIKEHHS MaKCH-
MaJIbHOH CKOpoCTH BbiropaHHs npu [1PB ¢ nnoTHocTEIO noxap-
HOM HArpy3KH, paBHOH KPHTHUYECKOMY 3HAYEHMIO IS JAHHOIO
MIOMETICHHS:

= QE‘gK,Kp(Fw_FE)) Rmaxﬂp
6285Fyvh  Rpa

CootHowenne (2.43) monyveHO B JMANas’oOHE H3MEHEHHS
nmapameTpa (g«/gxxp) = 0,1-1. CootHomenus (2.41) daxTuyecku
OTpaXkarOT H3MEHEHUE CKOPOCTH BbINOpaHHs 0 HEHTPAILHOMN 30HE
paBHOMEPHO pacIOJIOKEHHON I0XapHOW Harpy3kd. JTH 3aKOHO-
MEPHOCTH XOpOLIO OIMCHIBAIOT M3MEHEHHE CPEIHEHN 110 IOBEPX-
HOCTH CKOPOCTH BBIFOpPaHHUs IPU OTHOCHUTEJILHON MIIOLIAIH, 3aHH-
MaeMON [0XAapHOH Harpyskoil, paBHoW win MeHble 0,04,
B muanazone usmeneHus nuoiaau ropexus ot 0,04 oo 0,5 cea3p
MEXy CpeIHEH Mo Iolany MakCHMalbHONH CKOPOCTBIO BBITOpa-
HUS U MAKCUMAJIBHOH CKOPOCTBIO BHINOpaHMs B LIEHTPAJIBHOM 30HE
OYara rnosxapa BbIpaXXaeTcsi COOTHOLIEHHEM (pHC. 2.24)

Mep, = Mgy 1,07¢ 755 (2.45)

Tkp (2.44)



1.4

1,2

bespasmepHas ckopocme eblzopaHus Mep, /Minax

0 0.1 0.2 0.3 0.4 05 06 07
beispaamepran nnowads eoperus F/F

Puc. 2.24. 3agucumocme MaxcumanbHou cpeorHeu CKopocmu 8blzopanus om nioujaou 2openus npu ITPH:

— KPUBAs, NOCMPOCHHAA ¢ yuemom ghopmyast (2.45)

+ — IKCNEPUMEHMATLHBIE OAHHBIE,

cll
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[Ipy mnnomany pacnojoXeHUs MNOXKApHOH Harpys3kH
F,

F = ~F" > 0,5 M, = 0,43 Muyax. TakuM oOpa3om, npHu pacuere
TEMIIEPATyPHOTO PexXHuMa 06beMHOTO NOXapa NpH ToXkape, pe-
[yJIHpYyeEMOM Harpy3Koi, JOJKHBI YUHTBIBATHCS 3aKOHBI BBITO-
PaHHUsi COOTBETCTBEHHO BhIpaxeHHto (2.41), roe mpu 0,04 < F <0,5
BMECTO 3HAYeHHsSl Mma CTABHTCS 3HauyeHwe M, 10 dopMmyie

(245)unpu F > 0,5 npunumaercs M, = 0,43 Mpax. CooTBeTCT-
BEHHO BpeMS r JUIA OTHOCHUTENBHOHN Iutomany ropenus ngo 0,04

OIpeNesAeTCs Mo COOTHOLIEHMIO (2.43), mpu rwtomamu 0,04 < F <05

* i
BpeMs [ , HAHIEHHOE U3 BhIpaXeHUs (2.43), yMHOXKaeTCs Ha BEJH-

-1,8F -1 T
)

yuny (1,1e . Ilpn 3HaYeHUsIX OTHOCUTENLHOH IUIouam F,

% * *
npeBbnuaroumx 0,5, 3HayeHue BpeMeHu ¢° = 2.5t , rue ! — Bpems,
pe p cp p

OTpPEAEJIEHHOE TI0 YpaBHEHHIO (2.43).

MHorouucneHHble HCCIEN0BAaHHS CKOPOCTH BBITOpaHHS
noxapHoH Harpys3ku npd IIPB, B ToM uucie u uccrnenopanus
aBTOpa, MOKa3bIBAlOT, YTO MAKCUMaIbHAsA CKOPOCTh BhITOpPaHUs
XOpOLIO OMUCHIBAECTCSA COOTHOLLIEHUEM

FoRumax = kFo/h, (2.46)

rae Fgﬁ — BEJIM4YMHA, XapaKTepH3YIoIlas reoMeTpUYeCKUe Mna-

paMeTpsl HpoeMa, M °; k' — K03hOHIHEHT, XapaKTepH3yIONIHii

COCTOSIHHE TOXKApHO# Harpy3kH, Kr - M2 . Mun. B JIUTEpAType
11 pacdeTa oObIYHO OepeTcs cpe/iHee 3HaAYeHHe K = 5,5, KOTO-
pO€ COOTBETCTBYET PacloJiOXKEHHIO IPOEMOB Ha OJJHOM YPOBHE.
Ha ocHOBaHHH MpOBENEHHBIX IKCIEPHMEHTAIBHBIX HCCIIEN0Ba-
HUH Oblla TIpoaHaIH3HPOBaHAa 3aBHCUMOCTH MaKCHMalbHOH
CKopocTH BeIropanus ansa [IPB ot KoinndecTBa yAe/NbHOH MO-
)KapHOH Harpy3ku M MOJy4YeHa 3aBHCHUMOCTh TOIUIMBHOTO KO3(-
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dHIHEHTa K OT KOJIMYECTBA MOXXAPHOH HArpy3KH M BEJIHYHHbI
[IPOEMHOCTH

2
K=2,3{g5] +3,2[g§] (2.47)
- 2y

-2 _
B AMana3zoHe u3MeHeHus g = 2-14 xr - M~ u Il = 4,5-25 %.
3aBHCHMOCThL TPUBEACHHOH IUIOTHOCTH ITOXXApHOH Harpys3kH
OT BEJIMYMHBI IPOEMHOCTH OMUCHIBAETCA COOTHOLIEHHEM

ge=6311"". (2.48)

JlMHaMuKa U3MEHEHHUS CKOPOCTH BbIrOpaH#s (TEeNIoBblae-
nenus) npu [IPB xopomo onuceiBaeTcs HOMOrpaMMamu, IpH-
BeIEHHBIMU B paborte [1].

Huxe npuBeneHp! 3HayeHUsI HHTEHCUBHOCTH TEIUIOBBIE-
nenus ans [1PB, yaoOuble nis npoBeeHHUs YHMCIEHHBIX JKCIe-
PUMEHTOB.

Bpems noxapa ¢, = 0,15 u:

n.=0,173¢ t<5,78 MUH

N.=1 5,78 <t <7,05 MuH
n.=0,5 +0,08488(12,94 — 1) 7,05 <1< 12,94 muH
n:=0,2 +0,0319(22,35 1) 12,94 <t <2235 muH
N, = 0,00405(71,76 — 1) 22,35 <t< 71,76 muH

Bpems noxapa , = 0,3 u:

N, =0,173t 1<5,78 MHH

N~ 1 5,78 <t < 16,1 MuH
N, =0,5+0,0455(27 - 1) 16,] <1<27 MuH
N.=0,2+0,02 (42 -9 27 <t <42 MuH

N. = 0,00416(90 - 1) 42 <t <90 MUH



Bpems noxapa £, = 0,5 u:
N = 0,173¢

n. = 0,6 +0,053(¢ - 3,45)
n.= 0,63 +0,028(r - 7,8)
n. =1

N, =0,5+0,033(42 - 1)
N.=0,2+0,01(72 - )
n.=0,03(138 - 1)

Bpems noxapa £, = 0,75 u:

N = 0,173¢

N: = 0,6 + 0,053 (1 - 3,45)
N, = 0,83 + 0,028 (- 7,8)
N =1

N.=0,5+0,024 (63 -1)
N = 0,02 + 0,007 (102 1)
N = 0,002 (222 - 1)

Bpems noxapa f, = 1 u:
n.=0,173¢

N, = 0,6 + 0,053 (r - 3,45)
n. = 0,83 + 0,028 (r—7,8)
N =1

n.=0,5+0,014 (85,21
n: = 0,2 +0,0056 (138 — 1)
N, =0,0017(251 - )

Bpemsa noxapa 1, = 1,2 u:

N =0,173¢

N, =0,6 + 0,053 (r - 3,45)

n.= 0,83 + 0,028 (+ - 7,8)
=1

n,=0,5+0,0106 (107 - )
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t < 3,45 MuH

3,45 <t < 7.8 mMuH
7,8 <1< 13,8 MuHu
13,8 <t <2,7 mun
27 <t <42 MuH
42 <t <72 MUH
72 <t <138 MuUH

t <3,45 MuH

3,45 <t<7,8 MuH
7,8 <t<13,8 muu
13,8 <t <42 mun
42 <t <63 Mun
63 <r<102 MUH
t> 102 Mmun

t <3,45 MuH

3,45 <t<7,8 MUH
7,8 <t<13,8 MUH
13,8 <1<49,8 MuH
49,8 <1< 85,2 MuH
85,2 <t <138 MuH
138 <t <251 MuH

1 < 3,45 MuH

3,45 <r<7,8 MuH
7,8 <t<13,8 MuH
13,8 <t <60 MuH
60 <t <107 MuH

n: = 0,2 +0,00579 (158,8 — 1)
n, = 0,0018 (270 — 1)

107 << 158,8 MuH
158,8 <t <270 muHn

Takum oOpa3oM, H3MEHEHHE CKOPOCTH BBITOpaHUs IpH
IIPB 3aBUCHT OT BpeMeHHM IMO0Xapa I U 4Yepe3 HHTEHCHBHOCTH
TETJIOBBIAEIICHHUS T); BBIUUCIISETCS KakK

M = TITRmaJ{a (2'49)

vae Ryax Onpeaensercs U3 BoipaxeHusd (2.46).
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Bpemsi moxapa I ABJISETCA XapaKTepHbIM BPEMEHEM pa3-
suths [1PB u onpejenser MOMEHT OKOHYAHHUS Pa3BUTOH CTaJuu

no)kapa:

p
th = 0.G
n )
6285F,\h
rne OF — HH3WAd TeMIOTBOPHAs CNOCOOHOCTH MaTepHana Io-
y 1
kapHoH Harpy3ku, MJx - kr™; G — ofluee KOJH4YeCTBO MOXKap-
HOH Harpy3k, Kr; Fo/h — XapaKkTepuCTHKa IPOEMOB B MOMe-
2
wennu, M Fy— miommazs npoema, M*; 4 — BEICOTa IPOEMa, M.
Ha puc 2.25 u 2.26 npuBeAcHb! JaHHBIE OTHEBBIX JKCIE-
PMMEHTAIBHBIX HCCICAOBaHHI CKOpPOCTEH BBITOpPaHUS pa3iIHy-
HBIX MaTepHaJIOB MOXApPHOH HArpy3kd B Oe3pa3MepHOM BHIE

1ir
0,8

0.6

0,4]

0.2

—

0 0.2 0.4 0.6 0.8 10 W) T4

beapaamepHasi ckopocme ebizopaHusi M/M .

EBespasmepHoe epemMs U1,
Puc. 2.25. 3asucumocme bespazmeproti cxopocmu gvizopanus om be3pazmepHoeo
BpEMEHU NPU 20peHuU OPesecUuHbl U OP2AHUYECKO20 CIMEKAA.

| — uamenenue cropocmu evizopanus ons Ope6ectunbl; 2 — UIMEHEHUE CHOPOCMU 6bI20PAHUA
O Op2aHu¥eckozo cmekaa; -- - - - — pesyabmamol uCNbMaHuul Ha ycmaroeke pas-
mepom |,2x1,2x1,2 m; — Pe3yibmamel UCNbIMAHUL HA YCMAHOBKe Pazmepom 6 X0 X0 s
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10

0,8+

0,6

0,4+

0.2

bBeapaamepHasn ckopocms ebizopaHust M/M..,.

1l
0 0.2 0.4 0.6 0.8 70 17 714
be3paamepHoe epeMs /1.«

Puc. 2.26. 3asucumocme 6e3pasmeprou CKopocmu 6b6120paHus
om be3pazmMepHoz0 6peMerU Ol hpazmeHma NOMeujeHus
pasmepom 3,7x2,7x3,2 m:

! — opecmexno; 2 - opesecura; 3 — mexcmoaum,; 4 — cuHmemuueckul Kayuyx

Pe3ynbTathl, npuBeAeHHBIE Ha 3THX PHUCYHKAX, MO3BOJIAIOT
YTBEpPXKIaTh, YTO CKOPOCThb BBITOpPaHHs, NpeACTaBlIieHHas B 0e3-
pa3MepHOM BHJIE, ¢/1ad0 3aBUCHUT OT BHJIa MaTepHasa MoXxKapHou
Harpy3ku U oObemMa NoMelleHH s, TIe pa3BUBAeTCs ToXKap.

TennosbiaesieHHe NpU TOPEHHH TIOXKAPHOM Harpy3kH
orpeieNisieTcs Kak

O =n(HM(®Q}. (2.50)

1 onpenesnieHUsl TENJIOBBIACIICHUS B YCJIOBHUSX I10XKapa
TPAAULIMOHHO MCIONB3YIOTCA 3KCIEPUMEHTAIbHBIE METOLBI,
MOJE/IMPYIOIIHE ¢ M3BECTHOH CTENEHbLIO CXOOUMOCTH YCJIOBHSA
“peasibHOr0” moskapa. Mcnonp3ys YCTaHOBKY ‘‘Kamepa-BECHI ,
MOYKHO HCCJIEJOBaTh JKCIIEPUMEHTAIBHBIM NYTEM OHHAMHKY
TEIUIOBLIZIENICHHS MIPH TOPEHUH TOKapHOH Harpy3KH B pa3jiH4-
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HBIX YCTOBHSX pasBUTHs nokapa. [IpHHIKNIHATIBHO pa3InyaroT-
cs1 1Ba criocoba onpenesieHus 3Toii BenHyrnbl. Haubonee uspec-
TeH CNoco0 M3MEpEHHs COCTABJLIOLIMX YPa@BHEHHUS TEIUIOBOTO
Gasaca, OMHCHIBAIOIIErO AuHAMUKY noxapa [17]. Kak mpasuo,
MpH MPOBEAECHHH IKCIIEPHMEHTAIbHBIX HCCIICNIOBAaHHH HE H3Me-
pseTcs TeIUIo, Bo3Bpalnatomeecss U3 ovara noxapa B “K-dasy”
HITH KHIKYIO (ha3y moxkapHoH Harpysku. B oOmiem ciayuae npu
IIpOBEJCHUH SKCIIEPUMEHTAIBHBIX HCCIIEIOBAHUH B 1IEJIAX OMpe-
AeNeHus JMHAMHMKH TEIUIOBBLACTICHUS HEOOXOAHUMO H3MEpSTh!
yBEHUEHHE BHYTpPEHHEH 3HEPIruH ra3oBOH Cpelbl ovara IMoxa-
pa; KOJHYECTBO TEIJIa, IMOCTYNAIOLIEro B CTPOUTENIbHBIE KOHCT-
PYKIIHH U TEXHOJIOTHYeCKoe 000pyIOBaHHE; KOJHYECTBO TEIIa,
YXOJSIIEro ¢ MpPOAYKTaMH FOPEHHS W3 odara Ho)kapa; KoJihue-
CTBO TeIUIa, YXOASLIEro U3 MOMEIIEHUs Yepe3 NMPOeMbI ¢ paJua-
LUEH; KOJIMYECTBO TEIlIa, MOCTYIAIOUIETO B 0Yar ¢ BXOIAIIMMHA
razamMu. bosip110€ YUCIIO U3MEPSIEMBIX [TapAMETPOB U OYEBU IHAS
CJIOXKHOCTh B NPAKTUYECKOM HX H3MEpPEHHH, TPYIAOEMKOCTh
IIPOBEHEHUS 2KCIICPUMEHTANIBHBIX HCCJIE0BAaHUH OTpaHHYHBa-
I0T MacIITabkl UCIIOIb30BAHUS 3TOr0 METOa HCCJIeJOBAHUS.
PaspaboTanHplii MeTos MaTeMaTH4eCKOro MOJEIHpOBa-
HHA [10XKapOB Ha YPOBHE MHTErpasibHbIX XapaKTePHCTHK €ro mna-
PaMETPOB MO3BOJIMII CO3AATh TEOPETHYECKH-IKCIIEPUMEHTAIbHBIH
METOJ ONpeACHCHUs AHHAMHKH TEIUIOBBIACNICHUS MpPH MOXape.
Ilo cBoeii cyTH OH aHaNOTHUYEH 3KCIIEPHMEHTAIBHOMY METOAY
HeenenoBanus. OTIMYHE 3aKIIIOYAeTCs B TOM, YTO COCTaBJISIO-
IIHE ypaBHeHHMS TemmoBoro Oananca [10], HeoOXoguMBIe I
ONPENCICHUS] TEIUIOBBIICIICHHS, OIPENeNsIOTCA HE JKCIEepH-
MCHTQIbHBIM, a QHAIUTUYECKUMH METONAMH, YTO I[103BOJISET
H30€XaTh CJIOKHBIX 3KCIIEPHMEHTAIBHBIX HCCIeJOBAHHA. TO
OCOOEHHO BaXKHO MPH MPOBEACHHMH PA30BBIX OTHEBBIX HCIIBITA-
HHH Ha PA3TAYHBIX 00BEKTaX, KOTOPKIE He MpeHAZHAUCHBI IS
IPOBCACHHA TAKUX MCIMBITAHHH, M, CIEAOBATEIbHO, HeElleIeco-
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o0pa3Ho, a B psJ€ CJIy4aeB HE UMEETCsS BO3MOXKHOCTH CO3/1aBaTh
OOJBLIYIO KCIIEPUMEHTAIBHYIO 6a3y.

B Takux ciydagx [OOCTaTOYHO TIPOBECTH H3MEPEHHUE
JUHAMHKH CpEIHEO0BEMHON TeMIEpaTypbl B COOTBETCTBHH
C METOJIMKOH, NpuBeaeHHOH B padore [17]. [lonyueHnue skcne-
PUMEHTAJIBHBIX  3HAYEHHH CpEeIHEOOBEMHOM TeMIlepaTyphl
HE MPE/ICTaBNIeTCsl TEXHUYECKH CI0XHBIM. Mcnone3ys paspa-
OOTaHHBIH METOX pacyeTa TEeMIEepaTypPHOro peXxHma Ioxapa
H pelasi ¢ €ro IIOMOLIbIO 00paTHyO 3ajady, M0 H3BECTHOMY
XapakTepy U3MEHEHHs CPEeNHEOOBEMHON TEMIEpaTyphl OMpee-
JIAETCS 3aBUCHMOCTH CKODOCTH TEIUIOBBIACIICHHS OT BpPEMEHH
pasBuTuA nmoxapa. Ha puc. 2.27 npuBeaeHsl 3aBHCHMOCTH TeTll-
JIOBBIJCJIEHUSL OT BPEMEHH I10)Kapa, IOJYYEHHBLIE pacyeTHHIM
[yTeM JUIS TIOMELICHHS pasMepoM 6x6x6 M° 1 MPOEMHOCTHIO 25 %.
B kauecTBe MOXapHOH Harpy3kKu HCIOJb30BAIUCH JIPEBECHBIE
orxoabl. CreyeT OTMETUTh CXOACTBEHHBIH XapakTep H3MeHe-
HHS TEIUIOBBLAENEHUA (B OTJIMYHE OT CKOPOCTH BbIFOpPaHHS)
C XapakTepOM H3MEHEHUSI CPpeAHEOOBEMHONH TeMNepaTyphl U Te-
IIJIOBBIMH ITIOTOKaMHU B OIPa)K1ar0LHe KOHCTPYKLIHH.

Ha puc. 2.28 npuBeneH uHTepBan U3MEHEHUs k03phuLH-
€HTa IOJIHOTHI CTOPAHMs OT BPEMEHH IOXapa B Cly4yae ropeHus

IPEBECHBIX OTXOMOB IPH H3MEHEHHH IIOTHOCTH MOYKAapHOM Ha-

rpy3ku B auanasore 0,8—14 kr - M7 B NOMELIEHHH Pa3MepoM

6x6x6 M’ | IIPH U3MEHEHHUH IIPOEMHOCTH OT 4,5 110 25 %.
JlaHHbIe, NpUBEACHHBIE Ha pUc. 2.28, NO3BOJAIOT CAENaTh
BBIBOJ O TOM, YTO B Pa3BUTOH CTaJuH MOXapa KOIPPHIHEHT
MOJTHOTBI CrOPaHHA H3MEHAETCA He3HauuTelnbHO Kak i [IPH,
tak U 11 [IPB. Hanbonewee 3Hauenne k03GHHUHEHT MOJIHOTHI
CrOpaHus IPUHUMAET MPH IEPEeXOoe HayaJbHON cTaJAHU B pas-
BHUBAIOLIYIOCS Yepe3 sBjieHHe “00IueH BCHBIMKH, YTO COOTBET-
CTBYET XapaKTepy FOMOre€HHOro rOpeHHs NMPOAYKTOB IHPOJIH3A
Marepuaia Mo)kKapHoi Harpy3ku. B pe3ynbrare MHTEHCHBHOTO
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MepeMelMBaHHs, CONPOBOXKIAIOMIETO MpoLiece “o0ueH BCIIbIﬂIKH’:,
1 0OJBILIOH CKOPOCTH PaclpOCTPAaHEHHs OTHs 10 TOMOT€HHOH
CHCTEME TTPOMCXOJIHT 3HAUYNTEIIFHOE BBIICNIEHHE Teria B HeOOIb-
1110 HHTEPBAJI BPEMEHH.

8F

Ckopocms mennossidenenus O - 1,16 - 107, kBm

Bpems t, MuH

Puc. 2.27. 3asucumocmiv mennosvioenenus. om epemeru noxcapa:
1-ge=84kz-M% F,=33m; 2-g.=48ke -M>; F,= 6,6 M*;
3-g =24rke-mM Fo=33:M" 4—g.=32k2 -M> F,= 6,6 M
S-ge=24Ke M5 F,=66M: 6 ~g, =202 -M% F,=33m
7-gc=16k2 M’ F,=66M; 8-g, =08k -m*: F,= 33

B passuBaromeiics crtamuu moxkapa MpOUCXOMHT CHHXKE-
HHE KOO(QQHULHMEHTa TOJHOTHI CTOPaHHS 3a cYeT pa30aBiIeHHS
[IOCTYMAIOWIETO B OYar rOpeHus BO3ayXa MPOAYKTaMH CrOpaHus
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710 IPUMEPHO MOCTOAHHON BEJIMYMHBI, XapaKTEPHOM 11 pa3BUTOH
cramuu noxapa. [Ins [IPB muana3on usmenenus n = 0,62-0,88,
a pyis ITPH n = 0,57-0,8.

monnuea 1
Qo
(=]
T

KoaghgbuyueHm nonHomsi ceopanus

0,2 1 1 1 i
0 8 16 24 30

Bpems t, MuH

Puc. 2.28. 3asucumocme ko3gpgpuyuenma nonnomot cecoparus
om 8peMeHu noxcapa:

1-g.=20ke -M° F,=33M;2-g.=24Ke -mM> F=66M1;
3-g =32k - M. Fo=66M:4-g =48k -M> F,=66M:
- - - - — CcpeOHee 3HaveHue KoIpPuyuenma NOAHOMbL C2OPAHURA,
A; O X — 3HaYeHUA KO3 guyuenma norHOmbl C20PAaHUA,
OnpedereHHble 8 OZHEBbIX IKCNEPUMEHMAX,
— IKCMPANOAAYUR IKCNEPUMEHMANBHBLX OGHHBIX

Kak nokasaim orseBble HCIIBITaHHUS Ha ¢parMeHTax 3aa-
iMAH M 71ab0OpaTopHble OSKCIIEPUMEHTAIbHBIE HCCIIEIOBAHHSA
ia MoJensx, Oe3pasMepHOE TEIUIOBBIAENIEHHE NpPH TOPEHHH

MQP
” MM  _
10)KapHON HArpy3kH H3 TBEpPAbIX MaTEpHAIOB =

(NMOY) mex

4 .
'=f —— |B PAa3BHTOH CTalHH I10Xapa OJIHHAKOBO IUIA BCCX
[
max
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HCIIBITAHHBIX MaTepHaIoB. M3MeHAIOTCS 3HAYCHHSI MAKCHMAJIBHO
BBIACJISEMOTO TEIUIa H BPEMS, MPH KOTOPOM DPEATU3YETCs 3TO
MaKCHMAJIbHOE 3HAUEHHE Ui pa3IHyYHBIX BHIOB Harpysok.
[IprueM e€Cii He yYMTHIBaTh HAYaJIBHYIO CTAIHIO MOXKapa H UC-
IBITAHKUS TIPOBOJMTH B UIEHTHYHBIX YCIOBHSX, TO 3TH MapaMeT-
pBi OyOyT OTpaXkaTh OTJIHYHE B ITOXKAPOOIACHBIX XaPAKTEPUCTH-
Kax pa3jMyHBIX MaTepuaioB. Eciu 3a oTajoH IPHHATH MOXap-
HYIO0 Harpy3ky M3 APEBECHHBI, TO MOXHO 3allUCaTh H3MEHEHHE
TEIUIOBBIAEJIEHUS MTPH TOPEHUH MOXKApHOH HAIPY3KH M3 I-I'0 Ma-
TepHasa yepe3 APEeBECHHY:

(W:Mf :)max
(T'I:'M:'Qﬂj )r:(rln&anQp )r( :

M 0P Voo

ap Ap<=H ap

(2.51)

an

Taxkum obpaszom, ais mepexona OT TEIIOBBLIACIEHUT i-i
Harpy3k K TeIlJIOBBLACIEHHUIO, XapaKTEpPHOMY Il JPEBECHHBI,
MOXXHO HCIIOJIb30BaTh pE3yJIbTaThl J1aDOPAaTOPHBIX HCCIIEI0Ba-
HHH, MMOCTPOEHHBIX HA CPAaBHHUTCIBHOM 3KcrnepuMenTe. OOs3a-
TE€JIbHBIM YCJIOBHEM IIPOBEICHHS TAKUX JKCIIEPUMEHTOB SIBJISIET-
¢ coOJIIoIeHue WACHTUYHOCTH YCJIOBHH ucnblTaHus. [Ipuuem
OCOOEHHO JKECTKUX YCIIOBHH MO CO3AaHHUIO IKCIIEPUMEHTATBHOIH
YCTAHOBKH B LIE/ISIX OINpPEAEIIEHHS CKOPOCTEH BBIFOPAHHS MOXKHO
He HakJaabBaTth. [lenecoobpazHee Bcero Takyr0 YCTaHOBKY Bbl-
NOJIHATH B BHIE 3aMKHYTOro o0bemMa ¢ npoeMaMH, aHaJOTHYHO
yCTaHOBKe “KaMepa-Bechl” [18]. EnuncTBeHHBIM TpeboBaHHEM
[0 pa3MepaM sBISETCA YCIOBHE CO3JAHHUA TYpPOYIEHTHOIrO
IUIAMEHH, KOTOpOe BHINOJHAETCA IIPH BBICOTE HE MeHee | M.
Jng  uCKNIOYeHHs BIHSHHA OTpaXJAKOIMX KOHCTPYKIHMil
Ha TEMI'€PATYPHBIH PEXUM MX HEOOXOAMMO BBINIONHATH M3 He-
FOPIOYHX TEIIOU30.IALHOHHBIX MaTepHaloB. TONIIMHY Orpax-
AalolKX KOHCTPYKIIHH BBIOMpAOT M3 YCIOBHA COINpPSDKEHHS
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Br < Bry,. Ilopsinok pacuera kpurepus Br u Bevunna Bry, npu-
BeneHbl B paza. 1.2.2. Tlo BenuunHe 00BEMa M MPOEMHOCTH
YCTAHOBKH B COOTBETCTBHH C METOAOM, H3JI0XKEHHBIM B pa3a. 1.2.2,
ONpPEAEIACTCS BEIMUYUHA IMOXKAPHOH HArpy3kH ggi, COOTBETCT-
sytomas [1PB, u g — [IPH. [nomane yknaaku noxapHo Ha-
rpy3KH BBIOMpAeTCs W3 YCNOBHS, YTO OHa Oojblie ILIOMIAIH,
XapaKTepHO# Ml JOKAJIBHBIX 110KapoB, Fi; > 7( Ustucn)®. Tlocne
OMpelesieHUs KOJMYeCTBA IMOXKApHOH HArpy3Kd W IUIOIAIH ee
PACIIONIOKEHUS TPOBOASITCSA UCHBITAHHUS U OIpeJeIseTcs 3aBH-
SHMMOCTHh CKOPOCTH BBIIOpPaHUs OT BpeMEHH noxapa ang [IPB
1 IIPH. BriGpanubie BeIMYHHBI MOXKAPHON HArpy3KH U3 IpeBe-
MHBI, BUJ €€ pa3MEIICHHUs] U BEIHYHHBI CKOPOCTEH BbIFOpaHHS
IBJIAKOTCS XapaKTepUCTHKAMU 3KCIIEPUMEHTAIBLHOM YCTaHOBKH.
AcnibITanus ¢ i-i MOXapHOH Harpy3Koi IMPOBOAATCS MPH YCIIO-
SHH paBE€HCTBa TEIJIOHANPSIKECHUHN [-H NOXAapHOW Harpy3KH
1 KOHTPOJIbHOTO KOJIMYECTBA MOKAPHOM HArpYy3KU U3 IPEBECHHBL:

(a0 = (€00 (80w = (8k0Oh): (2.52)
paBC€HCTBA [Jioanaeu Pa3sMCLICHHS ITOXKAPHBIX HArpy30K
Fpp = F; (2.53)
U OJJTHHAKOBOH HX [HOPHCTOCTH YKIIAAKH

(VplgF)sp = (VplgF): (2.54)

Ycnous (2.52)—(2.54) 3anucaHel B 00IIeM BHIE MU SBIIS-
DTCA HEOOXONUMBIMH M JOCTATOYHBIMH TPH IPOBEACHUH IKC-
[EPUMEHTAJIBHBIX HCCJICIOBAaHHH 10O OMpPENesIEeHHIO CKOPOCTEH
BIFOPAHUS MOXKAPHOM HArpy3KH, COCTOSILLEH U3 TBEPABLIX MOPIO-
X MarepdaioB. YHCJIEHHbIE 3HAYEHHS! KPHTEPHUEB MOIYT H3-
[EHATBCS, TAK KaK OHM 3aBUCAT OT F€OMETPUYECKUX XapaKTepH-
THK 3KCIEPUMEHTAIbHOH YCTaAHOBKH.
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JUia mpoBepkH pa3paboTaHHOrO MeToZa Mepexoaa OT rope-
HUS - MMOXAapHOW HArpy3Kd K MOJE/M FOPEHHs [OXKapHOH Ha-
IPy3KH M3 JpeBeCHHBI ObUIA CO3JaHa IKCIEPHMEHTANbHAsA YCTa-
HOBKA “Kamepa-Bechl”, KOTOpas reoMeTpHYeCcKH MoaoOHa ¢par-
MEHTY 3/1aHHUs pa3sMepoM 6x6x6 M U BbINOJIHEHA B MaciuTade 1:5.

Ha ycraHoBke “kamepa-BeChbl” ObUIH BBIIOJTHEHBI JKCIEPH-
MEHTAIbHbIE UCCIIENOBAHUs CKOPOCTH BbIrOpaHHs IMOXKapHOH Ha-
rpy3Kd H3 JPEBECHHbI H OPraHUYECKOIO CTEKJIAa C YYETOM H3JIOo-
YKEHHBIX TpeOOBaHMUH IT0 MOJEIHPOBAHHIO CKOPOCTH BBITOPAHHS.
CpaBHEHHE SKCIEPUMEHTAIBHBIX JAHHBIX 110 CKOPOCTH BBIrOpa-
HHUS JPSBECHHBI U OPraHUYEeCKOro CTEKJIa, IMOJIyYEHHBIX Ha ycTa-
HOBKE “‘Kamepa-Bechl” ¥ Ha (hparMeHTe 37aHus pasMepOM 6x6x6 M,
JaHo Ha puc. 2.25. BelpaxeHHas B 0e3pasMEpHBIX KOOpJIMHATax
CKOpOCTH BBITOPaHHUs MPAKTUYECKH ABIIAETCS aBTOMOIENBHOI.

OnpenenuM CTeneHb MOJHOTHI TOPEHUS KAaK OTHOLIECHHE
pEIBHOTO UMIYJIbCAa NABJIEHUSI K TEOPETHYECKH BO3MOXHOMY
npH (UKCUPOBAHHBIX YCJOBHAX, YyTO OyJeT COOTBETCTBOBATH
MmojiHOTe cropanus [19]

PF _M
1 =Ll = ]"JF" J‘“’" . (2.55)
el i <

JlaBjieHHE B OTKPBITBIX CHCTEMax MPH FOPEHHH MEHSETCS
cyado Py = Py ¥ 1711 GUKCHPOBAHHBIX TUIOMIAeH TOPEHHS

n= M, /M (2.56)

PaccMOTpuM paBHOBECHBIH KBa3HUCTAIIMOHAPHBIHA PEXXHM IO-
PEHHUA MaTepHasa MoXKapHOH Harpy3ku ¢ K03 UIHEeHTOM H30bIT-
Ka OKMCIIUTEIS O, IIPOXOMALUH [P aguabaTUYeCKUX YCIIOBUSX.

Ilpu 5THX ycnoBHAX Temiuo, BBEIAEISEMOE 3a CYET peaxiui
ropeHus, Oyaer Bo3Bpamarees B “K-aszy” marepmana moxap-
HOM Harpy3Ku

Dran — MTa,ann . (257)

TEOp
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CornacHo BblpakeHHIO (2.560) anmabaTHuecKuil pacxof
TOIJIMBA CBSI3@H C peabHbIM PacXx0JOM IIPH COOTBETCTBYIOLIMX
3HAYEHHUAX oL U T COOTHOIIEHUEM M, == nMTp, B CBOIO OU€pelb,

pacxo/ TOIUIMBA CBS3aH C Pacxo/IOM MarepHajla MOXapHOH Ha-
rPY3KH (CKOPOCTBIO BbIrOpauus) M. = mM,, rne m — Ge3pa3-
MEpHas macca MpOAYKTOB IOPEHHs, 3aBUCHIAd OT KO3 duiu-
€HTa U30bITKa OKHCIIUTENS U paBHAs OTHOUEHUIO Macchl TOTLIH-
Ba K Macce roproyvero. YUYHUTbIBasg CBSI3b MEXIY TEIUIOTOM Cro-

paHMs TOIUTMBA M MaTepuasia II0KapHOHW Harpysku QF =

= QP /m, Bolpaxxenue (2.57) MOXKHO NEPENUCATb B BUIE

Gr,, = MMLO . (2.58)
CooTHomeHHe (2.58) 1eIMKOM COBIAJIaeT ¢ BhIPAKEHHEM
1 (2.39), mockonbky M, = nM,. Takum 06pa3om, CKOpOCTh Terl-

JIOBBIZICJIEHUS TIPU MOXKape paBHA aanadaTUYeCKOMY MOTOKY Te-
IUIa K MOBEPXHOCTH MaTepHasa I0XapHOH Harpy3kH, KOTOPBIH
OITUCKIBAETCS COOTHOIEHHEM (2.40).

Beipaxxenue (2.58) o1HO3HAYHO CBS3BIBAET CKOPOCTH BhI-
JCNEHUs] Telula ¢ IUIOTHOCTBIO Majaloilero rnoTtoka M CTporo
CIpaBeNIMBO ISl MATEPHATIOB MOXXapHOH HAarpy3KH, ropeHHe
KOTOPBIX MPOMUCXOAUT TOJILKO B ra3oBoil ¢ase (roprouune Xuji-
KOCTH W HEKOTOpblE CHHTETHYECKHE MaTepHaibl). J[ms Takux
MaTepUaaoB HCNOJIb30BaHUE BbIpaXeHUss (2.58), COBMECTHO
¢ (2.40) unu (2.60), no3BoISET CO31aBaTh 3aMKHYTYIO CHCTEMY
ypaBHeHMH coxpaHenus [10]. TepmoauHaMuyeckue napameTphbl
MPOJYKTOB CrOpaHHs TaKHX MATepHAIOB MO3BOISIOT OAHO3HAY-
HO CBfI3aThb CKOPOCTBH TEMIOBBIAENEHUS C KOIPDPHULUHEHTOM H3-
OBITKA OKUCIIMTENS 4epe3 aauadaTH4YecKyl IMJIOTHOCTb TErIo-
BOI'0O IMOTOKA.
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JIns  mepeyrauBaroIMXcs MaTePHaIOB  (LIEJUTHOJIO3HBIX
U [Ip.) OKHMCJIMTEJbHBIC IPOLECCH], MPOHCXOAAIIHE B IOBEPX-
HOCTHOM CJIO€ YIJIsi, 00eCreYnBaioT JOCTaTOYHBIH MPHUTOK TEIljIa
Ha TIHUPOJIM3 HEMepeyIrJIeHHBIX ciioeB Matepuaina. ITostoMy muis
TaKMX MaTepHaJIOB IMPOLIECC TFOPEHHUS 3aBHCHT HE TOJIBKO
OT IUIOTHOCTH MaJalolIiX Ha MOBEPXHOCTH TEIJIOBBIX IOTOKOB,
HO U OT OKHCJIHTEJIbHBIX IIPOLECCOB B NIE€PEYITIEHHOM CJIOE.

DTO He TO3BOJAET CO3/laBaTh AHAJIOTHYHbIE 3aMKHYThIE
CHCTEMBI IS TAaKHX MaTepUaoB 0e3 NpuBJIEYEHHUS OMOJIHU-
TEeNbHBIX MJaHHBIX O IOBEPXHOCTHBIX IPOIECCAX OKUCICHUS
B BUJ€ SKCIEPUMEHTAIBHBIX JAHHBIX [0 CKOPOCTH BBIFOPAHHS
MJIM MAaTEMaTUYECKUX MOJENIEH OKHCIUTENBHBIX TIPOLECCOB.

B Tabn. 2.7 npuBeneHbl pe3yabTaThkl pacyeTa yHeJIbHOM
CKOPOCTH BBITOpaHHUs MaTepHasia MOKapHOHW Harpy3ku M3 Jpe-
BECUHBI, BBIIIOJIHEHHOTO 10 COOTHOIIEHHIO

M=gr,/n OF, (2.59)

T1€ ¢r,, — TUIOTHOCTb TEMJIOBOrO MOTOKA MPH aauabaTHYECKOM
IpoUCCCC ropCHHUA.

Tabruya 2.7

PesyabTaTsl pacuera yaeibHOH CKOPOCTH BbIFOPAHHA APeBeCHHbI
no cooTHoweHHuo (2.59)

59 = Ynensuas
= g g2 - P CKOpOCTh 5 X
Pasmepsl g 5B g é % nEJ S | BbIrOpaHus, z &
IKCNEPUMEH- 3 o E g = Etﬁ 2| 28| kr-m?mun’ 8 §
TanbHOM s ° S5 c| & g e g S S5 3
YCTAHOBKH §_ > 'é. S SE| S - M, z :i"
= =
6x6x6 M 25 3,2 648 0,35 | 0,62 | 3.7 3,8 2,6
To xe 25 3.2 428 0,33 | 0,83 | 2,7 2,83 4,8
1,2x1,2x1,2 M 4,5 1.16 1000 0,81 | 0,75 1,4 1,2 14
To xe 18 }.2 820 0,1 0,96 | 2,67 | 2,44 6,5
- %= 4,5 4,1 760 0,1 0,8 0,959 0,993 3.4
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[T70THOCTE TEIIOBOrO IMOTOKA OINperle/sigack II0 COOT-
HOUICHHIO

Gr,, = 5.7684(Tox/100) vy (2.60)

CteneHp 4epHOTHI daKena €4 NPH aIHA0ATHYECKUX VCIIO-
BHSX FOPeHHS Onpeae.1i1ach 110 COOTHOEHHIO €4 = 1 — exp(-k/),
rie ~ Haxoautcs H3 padotsl [10] M / — XxapaxkTepHBIH pa3mep
MJTAMEHH 110 COOTHOMWRHHIO [ = 3.6V/Fy, rae V' — o0peM dakea
ILTaMeHH H Fy — MOJHAasd MOBEPXHOCTH (akeaa rmiaMeHH. Koad-
GHLHEHT B3aHMHOH 00.TVYeHHOCTH OIIpe1e19€TCSA B 3aBHCHMOCTH
OT BE.THYHMHBI [L7TOLIATH N0kapa F i no MeTtoaaM padotsl [10].

DKCIEPHMEHTATbHBIEC HCC/IeI0BAHMS 10 CKHUIAHHIO 3TaHO.1a
B IIPOTHBHE pa3zMepoM 1,1x0,1x1,107 M B 3KCIIEPHMEHTATEHOM
vcTaHoBke pasMepoM 1,2x0.8x0.6 M pu 7 = 1000K u a = 0,25
JATH 3HAYeHHE CKOPOCTH BbIropanust M, = 2.2 - 107 kr - ¢’';
IPAaKTHYSCKH Takoe ‘Ke 3HauyeHHe JaeT cooTHoueHHe (2.58).
[Ipu ropeHHH TVpOHHHOTO Macia Ha OTKPBITOM BO3IvXe B Ipo-
THBHe THaMeTtpoMm 0,323 M M, = 1,1 - 107 kr - c‘l, pPacyeTHOE 3Ha-
yeHHe M, =1.2 - 102 &xr- ¢\,

Ha puc. 2.29-2.31 npuBeaeHbl 3aBUCHMOCTH KO3DGHULIH-
€HTa I10.THOTHI CTOPaHHA 1) OT TeMIlepaTvpsl dake1a U KO3pPu-
IIHEHTa H30bITKA OKHCIUTEIA O, [I0JIVUEHHBIE C MOMOIIBIO YHC-
JeHHOTO 3KCNEPHMEHTA [0 METO1Y, OTHCAHHOMY B padote [19]
A4 JIpeBECHHEI. 3TaHo1a ¥ Macaa [TI-22c.

B padorte [20] omucanbl HccienoBaHHsS KodbdHLIIEHTA
MO;THOTB! CrOpPaHHsA MATepHATIOB IOKAPHOH HArpy3KH H3 JIpeBe-
CHHBI W OPraHHYeCKOro CTE€K.Ia Ha pa3TH4YHbIX CTaausX pas-
BHTHS OKapa.
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KoagpgpuyueHm nonHomer ceopanus &
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04 | | ] 1 |
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Temnepamypa T, K

Puc. 2.30. 3asucumocme ko3¢pgpuyuenma nonHomel ccoparus
om memnepamypsl gpakena u kosgpuyuenma
u3bbimKa oKucIUmMena & 08 IMAHONA;

l-a=1;2-a=0753-a=05;4-a=025;
S-a=016-a=0

B pe3ynpTaTe mnoiyyeHa 3aBHCHMOCTh Ko3ddHiHeHTa
MOJIHOTBI CropaHus OT CpeAHEOOBEMHOH MacCOBOH KOHIIEHTpa-

[HH KACIOPOZIa B IHANa30HE HIMEHEHUS M, OT 0,12 mo 0,23
n=0,63 +0,2my, + 1500 my, . (2.61)

CootHowieHue (2.61) mo3BonseT ONpPEeNeNHTh AUHANa3oH
H3MEHEHUs KO3(pHUHEHTa MOJHOTHI CropaHus MNpH MoXape

B noMeluesuu n = 0,66-0,9.
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Puc. 2.31. 3asucumocme kosghguyuenma nonnomel czopanus

om memnepamypul pakena u kospguyuenma
uzovImKa oxucrumens ¢ oaa macna T1H1-22c¢:

l-a=1;2-a=075;3-a=05,4-a=025

[Tony4yeHHas B paboTe dMIUpUUYECKas 3aBUCHMOCTb MEXK-
Ny KOHLIEHTpalMeH KUCI0pOoa B oyare 1noxapa u 6e3pasMepHoi
cpenHeoObeMHON TemnepaTypoii ® = 7/7,

my, =0,23-0,051 (@ -1) (2.62)
MO3BOJISECT BBIPA3UTh KOI(MOHLMEHT MOJHOTHI CropaHHUs C TOMO-
LIIBIO CPEAHEOOBEMHOM TEMITEPaTYPEI.
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rhABA 3

COCTAB IMTPOAYKTOB I'OPEHHUS1 MATEPHAAOB,
HUCITOAB3YEMbBIX B CTPOHUTEADBHDIX
KOHCTPYKLIUAX

3.1. CocraB npogykTOB ropeHus neHomnaacros,
UCIMOAb3y€e€MbIX B CTE€HOBbIX MaHEAsIX

OmHUM U3 pacnpoCTpaHEHHBIX MOJMMEPHBIX TEIIOH30JI-
MOHHBIX MarepHaiioB (IITM) B cTpouTensCTBE SABISAETCS NEHO-
[IOJIMYpETaH, KOTOPbIA MPEACTaB/IAeT COOOH MOPUCTBIH >KECTKHH
(B c1yyae NMpPUMEHEHHUS €ro B Ka4eCTBE BHYTPEHHErO CJI0sl CTEHO-
BBIX TIaHeJIeH, TNEpeKphITUi) Marepual ¢ OOBEMHOH Maccoi
30-200 kr - M™> 1 TerwonpoBoaHocTeiO 0,032-0,58 BT - T Rl N
[Ipenen npoynoctu npu oxatuu — a0 3,5 Mlla, npu usrube —
5,0 MIla. Ilpenenbhas Temmeparypa TpHMEHEHHS OT -160
1o +150 °C.

[Ipu Bo3aerictBuM Ha IIITY BbICOKMX TemmepaTyp B NpH-
CYTCTBHH Bo3ayxa 10 40-45 % Bxonsilero B COCTaB INoJIMMeEpa
a30Ta BbIIEJAETCS B BUAE LIMAHUCTOIO Bojopoaa H okoiso 2,7 % —
B BUJE OKMCJIOB a3ota [21].

ITpu 450-550 °C B neTyuux mpoAyKTax, BBLAEISAIOUIUXCS
U3 MOJHYpeTaHOBBIX MOKphITHH, 0OHapyxunu HCN u CO,
anpn 800 °C — aneTOHUTPHUI, AKPHJIOHUTPHUJI, OEH30HHTPHII,
TIUPUIIHH H OP.
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IIpu otpaBnennu npoaykramu ropedus IITY (rmo nanHbBIM
HEKOTOPbIX aBTOPOB, OCHOBHBIM TOKCHYECKHM KOMIIOHCHTOM
npu ropenun IITY sBaserca CO) [16] y mocTpamaBuiux naxe
CITYCTsS HECKOJIBKO YacOoB MOXET Hal/IOAaThCs pasipakeHue
BEPXHHX JbIXaTeJbHBIX IMYTeH, Kallelb, OMBIIIKA, TOJOBHas
60J1b, TOJOBOKDYXeHHe, TOIIHOTa, obmas cnadocts. OOmM
MPH3HAK JaHHOTO BH/A OTPABJICHUS — BEr€TaTHBHO-COCYIHCTOE

pacCTPOHCTBO.
HecMoTps Ha Takue LIEHHBIE CBOHCTBA, KaK Majlad 00beM-

Has Macca, HH3Kas TEeIUIONPOBOAHOCTH H Ip., LIMPOKOMY HC-
M0J530BaHUI0 (D (PEKTUBHBIX MEHOIUIACTOB B CTPOMTEIBCTBE
MeIlIaeT UX BBICOKas Mo)kapHas onacHOCTh. ['openne [ITM Ha-
psny ¢ OBICTPBIM PacIPOCTPAHEHHEM IJIAMEHH H BBICOKHM [IbI-
M00Opa3oBaHHEM COMPOBOXKIAECTCH BBHIICIEHUEM TOKCHYHBIX
neryuux BemecTB (CO, CO,, HCN, NOyx u ap.).

st onpeneneHus BbIXOJ@ U CTENEHHU OMACHOCTH MPOAYK-
TOB TEPMOOKHCIIUTENLHOH AECTPYKUHH H TOPEHHs TEHONOIHY-
PETAaHOB, MCIOJB3YEMBIX B Kaue€CTBE YTEIJIHTENIEH B JIETKHX
MeTauiMyeckux KoHcTpykuusax, BHHUUIIO u IHHUHUCK
UM. B.A. KydepeHko OBUIM MpOBEIEHBI OrHEBBIE HATYpHBIE
H J1Ja0OpaTOPHEIE UCCIIENOBAHMUS.

[Ipy npoBeneHUM OTHEBBIX HATYPHBIX HMCIIBITAHMH B OJHOM
M3 YETBIPEX OTCEKOB (PpyKTOOBOLIEXpaHWEAA [16] (pasMepom
24x36x6 M), IOTONOYHBIE H CTEHOBEIE TAHETH KOTOPOIO COCTOSUIH
U3 ro)pHpOBAHHBIX CTATBHBIX JUCTOB ¢ yremwmrenaem ITITY mapru
“Cuciyp SH 4050/8” tomummnoit 0,08 M ¢ o6bemHON Maccoil
40-50 kT - M, GBLIO IPOJIONKEHO S JIMHHMIT Ta30BOTO otbopa. Tpu
TOYKH 0TOOpa pacrioyiokeHs! MO HEHTPAIBLHOM OCH OTCEKa HaJl I10-
TOo/KOM (H = 0,6 M) H IB€ TOYKH B OTCEKE: ONHA Y BepPXHEH KPOMKH
BODPOT, BTOpast — HaJ Hel, HHxe noToika Ha 0,35 M. B TteyeHue
BCErO OIBITA OCY!HECTBJIANACH MMPOKAYKA JTHHHH CO CKOPOCTHIO
151 - Mus" u H3MepsiMch KoHueHTparuu CO, CO,, NO,, CHN
H O, ¢ MOMOUIBIO XHMHYECKHX Ta300MpeaeTHTeNeH.
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B BepxHeil Touke CTBOpa BOpPOT cojepkaHue O; uMeps-
JOCh ¢ nmoMollpio razoananuzaropa OXICOM-25]1. B xauectse
roproyeii Harpy3ku ucrnosb3oBassl 11 000 kr apeBecHHBI.

Ha 7-1 MMH OmnbITa B LIGHTPATHHOH TOYKE HAJ IOTOJIKOM
ANOCTUTHYTHI HauBblciMe KoHueHTpauuun HCN [0,035 % (06.)]
1 NOy [0,017 % (06.)] mpu Temneparype okoino 750 °C [CO =
= 0,2 % (06.), CO2=2 % (00.)]. Makcumanbhbii Bexon HCN npu
ropenuu [TITY ormeuen npu temneparype 600-750 °C. Konuen-
TpalMs KUCIopoJa B odare rnoxapa ynana 1o 0,5 % (06.), 4to BeI-
3BaHO HayaoM 00BeMHOr0 ropenus (puc. 3.1).

201

i
o
T

Puc. 3.1. HameHenue KonyeHmpayuu
KUCIOpOOa 8 o4aze noxcapa

b o

Konuenmpayus kucnopoda Co, , % (06.)
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‘\1/ k”a“‘-#&*
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Bpems [, MUH
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Bexonx CO u CO; mocTUr MaKCHUMaJIbHOro 3HA4YCHHS
k 15-if MuH onbiTa ¥ coctaBui 2,7 % (06.) u 14,0 % (00.) coort-
BeTCTBEHHO. Pe3yNbTaThl HCIIBITAHHH MOKAa3ald, YTO MpH MoXKa-
pe B3mamusx ¢ npuMeneHnem B JIMK IIITYV “Cucnyp SH
4050/8” ¢paramsueie koHUeHTpaud HCN u NOy MoryT ObITh
NOCTHrHYTHI yxe Ha 6—7-i MuH (koHen HCII), uto Heobxonumo
YYHTHIBATh KaK MpH pa3paboTKe TAaKTHKH TYIIEHHS TaKHX I0XKa-
POB, TaK H dBaKyallHOHHBIX MEPONIPUATHH.

B xonme atoit pabothl ObUIH NpOBEAEHBI J1aODOpaTOpPHBIE
ucciaenoBanus Beixona CO, HCN npu pa3ivyHBIX YCIOBHAX
HCIBITAHHH, a TAKXKE JaHa TOKCHKOJIOTHYEeCKasi OI[EHKa HE TOJIb-
ko IIITY “Cucnyp SH”, HO ¥ €ro OTE€YECTBEHHOrO aHajgora
[TITY-309 ¢ mobGaskoii 2,55 ¢ocdopa B kauecTBE aHTHIIHPEHA,
a Taioke uexoanoro IITY-309.

B nepsom cnyuyae ucneitanus obpasios ITITY npoBoau-
JIMCh Ha MHPOJHTHYECKOH NPHCTAaBKe K XpoMmaTtorpady ¢ pacxo-
oM Bo3ayxa (20 + 1) e’ - mun™. CxopocTb Harpesa 60 °C - My,
Macca 00pasuoB (2,2 + 0,06) mr.

IIpy TepMOOKHCIUTENBPHOH AECTPYKLMH aHTHIIHPHPOBAH-
HBIX xecTkuX [IIIY BeXon Bhlme, yeM y ucxomHoro oGpasia
[TITY-309, B 2 pa3sa. Beixog HCN y IITY “Cucnyp SH” nHaun-
HaeTCH CO 3HAYUTENLHOH BPEMEHHOMH 331ep)KKOM 10 CpaBHEHHIO
C IPYrHMH MaTtepuaitamu (puc. 3.2).

Konnyecreo CO B npoaykrax tepmonectpykuuu IIITY
“Cucniyp SH” na 30-35 % Mensiue, yem y obeux mapok ITITY-309
(puc. 3.3). Haubonbmas ckopocts obpasoBanns CO oTmeueHa
npu Harpese B HHTepBase 600-700 °C.
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Pe3ynbTatel Hcc/ieIOBaHHS TEPMOOKHCIHTELHOH NEeCTpYK-
uuu obpasuos [1ITY B 3amkHyTOl KBapleBoil kamepe (puc. 3.4)
obwremom 0,002 M° (Macca obpasuos mg = (60 + 0,35) Mr, Tuam =
= 600 °C, cpena — Bo3ayx, rasosbiii ananus HCN npoBouics
XHMHYECKHUMH raszoonpeaenutensMu  “Jlperep”) mnpuBeneHE]
B Tad. 3.1.

Puc. 3.4. Cxema ycmanosku
ucneimanus obpazyoe [1TM:

L —1ro
S
(%]

| — modenoHas neus, 2 — kéapyeéas
mpyba, 3 — mepmonapa, 4 — acoe- i
cmosas npokaaoka, 5 — npoboom- ~
6opruku,; 6 — depxcamens obpazya,

7 — npusicumHou grane; 8 — sanHou- ' ‘
Ka 018 CoCu2anun obpasyos l/ \ \

Tabruya 3.1
CocTas npoAyKTOB TePMOOKHCAHTETLHON JeCTPYKUHH

KCM

KonueHTpaims rasos
Matepaan CO, CO;, | HCN, [ NO+NO, | O,
% (06.) | % (00.) ppm % (06.) % (06.)
“Cucnyp SH” 0,55 1,07 350 0,003 g
[TT1Y-309 ucxoauwlit 0.25 1.25 144 0,0025 16,3
[11Y-309 (2,55 % docdopa) 0,27 1,06 185 0.0015 17,0

M3 Tabnuus! BUAHO, YTO MPH ITHX YCJIOBHSX HCHBITAaHUH
Haubonpee xonuvectBo CO, CO,, HCN, NOy BbIaeauaoch
13 marepuana “Cucnyp SH”, 1o cpaBHEHHIO ¢ OTCYECTBEHHBIMH
mapkamu III1Y. PesynpTarer o6oux ucciaenoBaHuii oKas3biBaroT,
4TO BblAE/eHHE TOKCHUYHBIX npoayKToB [II1Y, kak u apyrux mo-
JIMMEPOB, 3aBHCHT OT YCJIOBHH TE€PMOOKHCIUTENBHOH AECTPYK-
UuH. [ OKOHYaTeNbHOH OLIEHKH OMacHOCTH NMPOAYKTOB rope-
HHSI OBUIM MPOBEACHBI TOKCHKOJIOTHYECKHE HCCIENOBaHHUA.

Kak nmokasanu pe3ynbTarhl 1abopaTOpHBIX HCCEA0BaHHH,
BBIZICICHHE TOKCHYHBIX MPOAYKTOB TEPMOOKHUCIUTEIBHOH IECT-
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pykuuu u ropenss [IITY (u npyrux ITTM) 3aBUCHT He TOJIBKO
ot Mapku [1TM, HO ¥ OT yCIOBHUI1 HCHIBITAHHH (FOPEHUS).
[IpoBeeHHbIE TOKCHKOMETPUYECKHE HCCIICIOBAHUS IIPO/TYK-
toB ropenust [1TM nokasam MEHBIIYIO ONaCHOCTh MIPOAYKTOB ro-
poenns [ITY “Cucnyp SH” u IIITY-309 ¢ aHTMNHpeHOM (HAachI-

3
IeHHOCTB 3THX MatepuanoB Pp = 100 r - M7), 1o cpaBHEHHIO
¢ ®PII-1 (P, =818 T M) H ()ypaHOBBIM MEHOTACTOM (Perg, =

= 92,73 r - M"). Mareprains! KI1acCHOUIMPYIOTCH KaK YMEPEHHO
OINaCHbIE MMPH TOPEHHH.

Takum obGpa3zoM, NpoBeICHHBIE UCCIEAOBaHMS M10O3BOJIUIIN
CeN1aTh ClEeIYIONINE OCHOBHBIE BBIBOIBI.

1. IIpoBeneHHbIE HATYpHbIE HUCIBITAHUS OBOLIEXPaHUINILA
MOKa3add BBICOKYIO OIMACHOCTh OTPABJIEHUS] TOKCHYHBIMH IpPO-
nyktamu roperus [ITY npu “peansHbIX” moxapax Ha 5—7-i MHUH.

2. JlabopaTopHbI€ UCC/IEIOBAHMS TOKA3ald BHICOKHE KOH-
HEHTPALMHA TaKMX TOKCHYHBIX JIeTyuynX BemecTs, Kak CO, CO,,
NOy, HCN, B nponykrax repenmst I1I1Y, npHueM BBIXOJ HX
B 3HAYHMTEJIbHON CTENIEHHU 3aBUCHUT OT YCJIIOBHH HCITBITAHHIA.

3. Ilo TOKCHKOJOrMYEeCKOH OLleHKE MPOAYKTHl I'OpEHHS
nenomyiactoB Ha ocHoe IIIIY meHee omacHble M0 CpaBHEHHIO
¢ eHoNMMpeneNbHBIMH H ()YpaHOBBIMH.

ITo Meromixe, paspabotannoii Bo BHUUITO, 6su1 npoeneH
OLICHOYHBIH pacyeT BO3MOXKHOIO PacIpeleNeHHs POILYKTOB rope-
Hus [1I1Y na Beicore 1,5 M mpu nosxape B 3panuu u3 JIMK [16].

[Ipu mpoBeseHMH pPacyeTOB HCIOJB30BAaHBI CIIEAYIOIIHE
HCXOJHbIE NaHHBIE:

MacCOBasi CKOPOCTb BBIFOPAHHS ......... 0,9 xr- M - MuH"
CKOPOCTD BETPA ...eeioiriiiiiieieeiieeeeenrnnnneanressseeesnens SM-C
PafHeHT TeMIepaTyphl BO31yXa

HOBRIBOTE . cvivinininsio s iatsasisamesn et amsomnsesns 2,2°C/100 m

2
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HH31iasA TEMJIOTBOpHas CrmocoOHOCTD

CrOPAEMOT0 MATEPHANA ..o, 24,4 MJTx - kr”
BecoBas noJig CO B MPOAYKTaX FOPEHHS ............... 0,155
BeCcOBas HONA HCN ..o 0,025
PasMep FOPAIIETO SMAHMA ....couusssvisssivvarsinss 36x24x6,5 M

PesyneraThl pacyera aisi ABYX 3HAYEHHH TeMIIepaTyp

B ouare: 1 100 u 800 °C npusenens! B Tabm. 3.2.
Tabruya 32

Pacnpenenenne konuenTpaunii CO w HCN npu ropenru 3panus w3 JIMK
pasmepom 36x24x6,5 m ¢ koncTpykuuamu usz IIMY

Paccrosaxue ot ouara Konuentpauus CO, mr - at Konuentpauns HCN, mr - n™'
O a1 1100°C 800 °C 1100°C 800°C
30 0 0 0 0
60 0 0 0 0
90 0 0 0 0
200 0 0 0 0
400 0 0 0 0
600 0 0 0 0
800 0 0 0 0
1000 0 0 0 0
2000 0 0 0 0
3000 0,004 0,0034 0,001 0,0005
4000 0,011 0,0242 0,002 0,0039
5000 0,018 0,0622 0,003 0,01
6000 0,024 0,110 0,004 0,0177
7000 0,028 0,153 0,005 0,0247
8000 0,028 0,153 0,005 0,0295
9000 0,031 0,213 0,005 0,0344
10000 0,032 0,234 0,005 0,0377

Toxcuynple razpl CO u HCN HayuHalOT NpOABIATHCA
Ha pacctossHuH 3000 M ot ouara. IIpu pazBuTHH moxapa B 3aBa-
e, 4TO XapakrtepHo s 3aaHui 13 JIMK, nposBieHue TOKCHY-
HBIX I'a30B MOXXeT OBITE Ha paccTosHuH 200 M.

OTH pe3ynbTarThl HeOOXOAUMO YYMTHIBATEH IPH COCTaBJIe-
HHUH T'eHIIaHOB.
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3.2. lNpogykThbl ropeHusi MeHOMOAUCTUPOAA
B cucremax “IlaacTrbay”

Cucrema xoHctpykumii “IlmactOay” Ui CTpPOHTENIBCTBA
KHJIBIX M OOLIECTBEHHBIX 3JaHMH ABISETCA JOCTATOYHO pac-
NMPOCTPaHEHHOM I HAalleH CTPaHBb.

OCHOBHBIM €€ OTJIHYHEM OT APYIMX KOHCTPYKTHBHBIX
chcTeM sBisgeTcs npumeHeHnue neHononauctupona (11Ch) B ka-
yecTBE OManyOKH JUIS MOHOJIUTHBIX OCTOHHBIX U Xeje300eTOH-
HBIX KOJIOHH, a TaKxe peOpHCTOro eye300€TOHHOrO NepeKphbi-
THSA B MpoLlecce CTPOHTENLCTBA 3/1aHusl. B nanpHEHIUEM TIpH ero
3KCIJIyaTallud TEHOMOJHUCTUPOJI C IUIOTHOCTBIO 20-25 Kr - M
BBIMOJIHSAET POJIb 3P(HEKTUBHOH TEMNIO- U 3BYKOHU30ALIMH.

Cnenyer OTMETHTB, UTO CaM MEHOMOIHUCTHPOS 10CTATOY-
HO UIMPOKO NPUMEHSAETCS B HaIlled CcTpaHe Il CTPOHMTE/IbLCTBA
XWIBIX M OOUIECTBEHHBIX 3JaHUH APYTHX KOHCTPYKTHBHBIX
cucteM. Hanpumep, oH HCHONB3yeTCs B KayeCTBE YTENUIHTEIsS
B HAPYXKHBIX TPEXCIOHHBIX MaHeNnsaX Ha ruOkux cBa3sx. Ho
B 3TOM CJly4ae NEHOMOJUCTUPOJI JODKSH ObITh HAAEIKHO 3alllH-
IIEH OT BO3LEHCTBUS OTHS IIPH TOXape.

Ilpy noxape MOXeT BO3HHKHYTh OMNACHOCTH TOTO, 4YTO
B 3laHMU CHCTeMB! “TlnactOay” mTyKaTypHBIH CI0M pa3pyLUinT-
s, OOH@KHTCS NEHOII0IMCTHPO H HaYHeTCs ero ropenue. [pu
3TOM IPOJAYKTbI TEPMHUYECKOTO PA3JIOKEHHS MEHONONHUCTHPOIA
MPOHUKHYT B CMEXHBIE C 04aroM 1oxapa NoMeIleH s, YTO [TPH-
BEAET K OCINOXHEHHMIO 3BaKyallMd JIOAeH W3 3JaHHMA INpH
noxape. Kpome Toro, BO3MOXXHO IPOHUKHOBEHHE paclliaBa Iie-
HOMNOJHCTUPOJIA B HIDKEIEKAIIHUE 110 OTHOIICHHIO K Ovary Io-
JKapa nomMelneHus. B cBsizu ¢ 00NbIIUM 00BEMOM NIEHOMOIMCTH-
212 JIMPETSA BO3MOXKHOCTB  PAaClpOCTPAHEHHsS €re TOpeHHs
I10 BCEMY 3JIaHHIO.
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OUEHHTh M0XKAPHYIO ONacHOCTh cucreMsl “Ilnactbay”
IPH OTHEBBIX HCIHBITAHUAX TOJBKO OTHENBHBIX 3JIEMEHTOB
CTPOKTENBHBIX KOHCTPYKLUHHA (IIEPEKPBITHH, CTeH) 31aHMUs TTpaK-
THYECKH HEBO3MOXXHO.

Jlnis HccnenoBaHHs BOIIPOCOB TMOXKapHOH 0e30macHOCTH
OBl 3aMIPOEKTUPOBAH M MOCTPOEH (parMeHT 3JaHUs Ha TEPpH-
TopuH 3aBoja CII “IInactbay” B r. Kazanu. Bonee moapoGuo
KOHCTPYKIIHs ()parMeHTa M NporpaMma HCIBITAHUI paccMoTpe-
Hbl B pabore [20].

DparMeHT 371aHis UIMEN 3 OJJHOTHITHBIX 3TaXKa, HA KaXKIOM
M3 KOTOPBIX HaXOJWJIMCh TPU KOMHATHI, KOPHIOP H JIECTHHYHAA
KJIETKa OTO MO3BOJHIIO PACHOIOXKHTh OYar Mo)kapa B CpeaHei
KOMHATE€ Ha BTOPOM JTaXXe, HMes OJHHAKOBBIE TEPMHYECKHE
YCJIOBHS C ABYX CTOPOH, KOHTPOJHPOBATh CHTYAIlHIO BO BpeMs
SKClepuMeHTa Ha 1-M, 3-M 3Takax, B KOpPHJOpe M HA JIECTHHY-
HOH KIIETKE.

XOTsl KOHCTPYKTHUBHOE pelueHue ¢parMeHTa COOTBETCTBO-
B0 obmenpunaToil cucreme “ITlnactbay”, HeoOXoAUMO OTMeE-
THTb €€ OCOOCHHOCTH, XapaKTEpHBIC IS JAHHOrO (parMeHTa,
KOTOPBIE OKa3aIy BIUSHHE Ha pe3yJbTaThl OTHEBBIX UCIIBITAHHN:

1. IleHONONMMCTHPON B CTE€HAX U MEPEKPBHITUAX B KOMHATE
BTOPOr0 3Ta)ka ovara I10)apa CO CTOPOHbI OTHEBOI'0 BO3JECHCT-
BUsg OBT 3alUIEeH CJI0eM IUTYKaTypKH M3 LIEMEHTHO-
M3BECTKOBO-IIECYAHOI0 PAacTBOpa TOJLIMHOH HE MEHee 35 MM
10 IBYM CJIOSIM MNpPOCEYHOW METANTHYECKOH CETKH H3 JIHCTa
TomuuHo# 0,7 MM ¢ mupuHO# nepeMbiukn 1 MM. CeTka KpemnH-
nach K MeTaliHyeckod mposojoke (1-1,5 MM), 3anenaHHOH
B OeToH ¢ marom 600 MM B ABYX HalipaBleHHAX.

2. I1nuTHl MEpeKpHITHS HMENH [0 TIEPUMETPY Xee300e-
TOHHYIO Oajiky, MOHOJHMTHO CBf3aHHYIO ¢ HHMH H NpPEHATCT-
BYIOIIIYIO IIPOHHKHOBEHHIO PACIUIABIEHHOIO IMEHOMOTHCTHPOA
C OJTHOT'0 3Ta)ka Ha PYyroH.
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3. B OKOHHOM mnpoeMe MEHONOIUCTHPOIT OB 3allUILECH
OT BO31eHCTBHS OrHs (IMPH FOPEHHUH AEPEBAHHOH OKOHHOM pa-
MbI) CJIOEM MITYKATYpKH MJIH JIErKoro OeToHa TONLIMHOH
He MeHee 35 MM.

4. Ha mony KoMHaTBl oyara I0)apa YJIOXeHa CTsDKKa
U3 LIEMEHTHOro pacTBopa TommuHOoH 30-35 MM, B pe3ynbrare
3AIIUTHBIA CMOH NEHOMOJMCTHPOIA BMECTE C JKeJIe300€TOHHOH
mauTol coctapisul 50-55 MM.

[Tepen ucrbiTanueM ¢parMeHT ObUI BBEICYIIEH H3HYTPH
JIEKTPHYECKUMH HarpeBaTeNsiMH. DBIIaXHOCTE UITYKaTypKH
B ouare Imo)kapa COOTBETCTBOBaJla paBHOBECHOH H ObLIa paBHa
5 % (macc.), OTHOCHTEIbHAs BIAXHOCTH BO3JyXa B IOMeEllle-
HUY 45 %.

Bo ¢parmeHTe OBLIH YCTAaHOBJIEHBI XPOMETIb-AIIOMEIEBbIE
TepMonapsl, Tpydsl At otbopa npod ra3oB, MPUOOPHI IJIist H3-
MEPEHUSA ONTUUYECKOM MVIOTHOCTH CPEJIbI.

Bo BpeMs ucnbITaHUM MPOM3BOAWIACH HEIIPEPbIBHAS 3a-
nuchk temneparyp Ha KCII u perucrpauus 3aAbIMJIEHHOCTH
Ha MUKpoMynbTUMETpe. Kax b1 nnposoa tepMornap Obi1 0OMo-
TaH BBICOKOTEMIIEPATYPHOH H3O0JALMCH W3 MYJUIHTO-KpEMHE-
3€MHCTOTO BOJIOKHA.

B KoMHaTe BTOpOro 3Taxa oyaz noxcapa BHINIOJIHEH B BU-
ne 6 wrabenedfl W3 JApeBeCHHBI (COCHBI) BIAXHOCTBIO
14 % (macc.) moxxapHo# Harpy3Ku BeITHUHHOM 50 KT - M~ nona.

Ha nepexpriTie Hax o4aroM noxapa ycTaHOBJEHA PaBHO-
MEPHO pacnpe/iefieHHas MeXaHHYecKas Harpy3ka Maccoi
150 xr - M™ mona B Buze KHPIHYEH, YIOXKEHHBIX Ha 6 nepeBsH-
HNX NIOI0HOB.

Ucodo cieRyeT OCTAaHOBHTBCS Ha ONMCAHUHM IIPHOOPOB,
YUTGLOBJIEHHBIX B KOHTPOJIBHOH KOMHATe Hall 04aroM Tokapa
(TpeTHii 3Tax).



143

B 37011 KOMHaTe OBUIH pa3MelleHbl: TepMOIaphl B 00beMe
H Ha NEPEeKPBITHH HaJ 2-M 3TaXKOM, TpyOouku s oTdopa npobd
ra3oB B [EPEKPLITHH H B IIPOCTPAHCTBE KOMHATHI, MPUOOPHI 115
3aMepa BUAMMOCTH BBepXYy KoMHaThl. [locie yctaHOBKH npubo-
poOB IBEpPh B 3TY KOMHAaTy Oblna 3akpbiTa, OOTAHYTAa CETKOH
H ITOKpPBITA CJIOEM THIICOBOTO pacTBOpA.

bein ocyliecTBNI€H NOCaAEA0BATENbHBII KOHTPOIb (DHIIBT-
PYIOLUMXCS 4epe3 IepeKphiTHE (MEXAy 2-M H 3-M 3TaxXOoM)
ra3oB KaK M3 ouyara Iokapa, Tak U U3 IEHOMNOJIUCTHpOJIA Nepe-
KPBITHS, C 3aMEPOM BUJIUMOCTH B KOHTPOJILHON KOMHATE.

JlJ11 OLIEHKU BO3MO>KHOCTH B3pbIBa ra30B, BBIICIAIOMIAXCS
M3 [CHONOJMCTHPOJa IIPU €ro TEPMHYECKOM pPa3jIoKeHHH,
B KOHTPOJIbHON KOMHaTe ObL1a OABEIEHA JIEKTPO3aKUTaNIKa.

Cnenyetr oTMETHTH, UTO TPYOb! ObUTH OOMOTAHBI HHXPO-
MOBO# IPOBOJIOKOH, KOTOpas BKJIOYanack B ceTh (24 B) u ciy-
KHJa B KayeCTBE HarpeBaTels I CO3JaHUs IOCTOSHHOM
MIOJIOKUTENBHOM TEMIIepaTypsl pu oTbope nmpobd rasos.

J1o Hayasla OrHeBBbIX UCMBITAHKUH OBLIH ONpeeIeHbl apa-
METPBI COCTOSIHUS aTMOoC(eprl BOKpYT pparMeHTa: TeMIeparypa
HapyXHoro Bos3ayxa 2,5 °C, obnaynocts 10 6awioB, macMypHO
6e3 ocamKoB, CKOpOCTs Betpa 2 M - ¢ mox yriom 30° k dacax-
HOH IIOCKOCTH 3/IaHUsl C OKHAMH CJIeBa HaNpaBo, €CJIH CTOATH
JIMLIOM K (acany.

KoHTponpb 3a TeMIepaTypHbIM PEKHMOM B ovare mnoxapa
BEJICS IO TEpMOIlapaM, YCTAaHOBJIEHHBIM B LIEHTpE KOMHAThI
Ha paccTOoAHUU 5 ¥ 105 ¢M OT MOBEPXHOCTH NMOTOJKA (TepMona-
pbl Ne 1 u Ne 2, puc. 3.5).

3a 5 MHH 1o)kapa TeMIieparypa y MOBEPXHOCTH IMOTOJIKa
(tepmomapa Ne 1) mocturna 615 °C, Ha paccrosuuu 105 cM
(tepmomniapa Ne 2) 540 °C. B panspueiimem B TeueHHe 20 MHH
TeMIlepaTypa HECKOJBbKO CHH3HJIACh H CTaDHIH3HPOBATACh
B paiioHe 500 °C mo moka3aHHsAM 00€HX TEpPMOIIap.
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Puc. 3.5. Temnepamypuet 6 yenmpe komnamer 6mopozo smasxca
(ouaz noxcapa) 6 3a6ucumocmu om epemenu:

! — mepmonapa Ne |;
2 — mepmonapa Ne 2;
3 — mepmonapa Ne 3

Tepmonapa Ne 3, ycranosnennas y orGopuuka mpoGbl

ras’oB Hajl NBEpbIO, QUKCHpoOBana 6osiee HH3KYIO TEMIEPaTypy,
ueM Tepmornapel Ne | u No 2,
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VYoxe Ha 3-if MHH OT Hayaia onbiTa ObUIO OTMEYEHO BBIIE-
sHME T1apa KaK Yyepe3 TpPeCHYBIee OKHO (paMyry oyara rnoxa-
4, TAaK M 4Yepe3 HEIUIOTHOCTH OKHa cocelHeH KoMHathl. [lap
pIACNISETCA U3 JPEBECHHBI MOXKAPHOH HArPY3KH, IITYKATYPKH U
EHOIIQJMCTUPOJIA.

Takoe paHHee, a B JaibHelleM 00MIIBHOE, apoodpa3o-
EHHE SIBJIAETCA E€CTECTBEHHBIM, €CIH IPHHATH BO BHHUMaHHUE,
©0 5 % cBOOOIHOM BOABI B LUTYKATYpKE KOMHATHI O4ara rnoa-
p— 910 nopsaka 200 1, a xuMu4eckH cBsi3aHHOH Bobl — 300 1.
bibko Ha (ha30BBIH Mepexo] yKa3aHHBIX BHJOB BJIard B Iiap
pTpedyercs 3arpatuts 12327 MJDx. Kpome Toro, cienyer
Y€CTh BOAY B JAPEBECHHE NOKAPHOW HArpy3Ku U B LIEMEHTHOH
SDKKE 1ona.

Hcnapenue Bnary, Kak noxkasan 3KCIEPUMCHT, OKa3bIBaeT
JAYUTEIBHOE BIIMAHUE HA PAa3BUTHE MOXKapa B 3/1aHUH, MTOCTPO-
:HOM M3 KOHCTPYKLH#H cuctemsl “ILtactbay”.

H3BecTHO, 4TO Mpolecc pa3BUTUS MOKapa 3aBHCHUT OT IO-
NPHOM Harpys3KH, IIPOEMHOCTHU MOMELLEHUS U Marepualna orpa-
HAIWMX KOHCTpYKuuWi. B manHoM cnyudae (cucrema “Ilmacrt-
Jy”) HalIM4Me NEHOIMOJUCTHPOJa ¢ KO3G(UIMEHTOM TEIIo-
oBogroctd 0,03 Bt - M - K non IITYKATYPKOH, TO €CTh
IKTHUYECKH C OTCYTCTBHEM CTOKA TeIlIa M3 LITYKAaTYPKH B KOH-
PYKUHMH, IPHBOAMT K OBICTPOMY IMpPOTpeBY WITYKaTYpKH
1 5—-10 MHH) H, CIEIOBATENBHO, K OBICTPOMY HCMIAPEHUIO
|HEe BJIaTH, Ha YTO TPATUMTCH B CaMOM Hauaje mnoxkapa 060.b-

)€ KOJIMYECTBO IHEPTHH.

Hanpumep, Ha ucnapesye Braru u3 MWTYKATYPKH U CTSIXK-
MOXeT ObITh 3aTpadyeHo 10 10-15 % 3Hepruu, BuLACIAIOLIEH-
IIPH FOPEHUH MOXXAPHOM HArpy3KH.

PaccMoTpuM apyroii acnekT BAHsSHHSA Napa Ha NpoTeKaro-
(e IpHu noxape npoueccol. IIpo3payHocts razoo0pa3Hoi cpe-

ocsadnsercs 0coOEHHO CHJIBHO, KOI'ZIa OHA HECET KalelbKH
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>kHAKoCcTH (“MyTHas” cpeaa). Bonpocel J1y4HCTOTO TemiooOMe-
Ha JBIMOBBIX Tra3oB, OCOOEHHO 3aMYTHEHHBIX B3BCILUICHHBIMH
YyacTHIIaMH B BHJIE N1apa, OYeHb CJIOXKHBI U TOJIbKO YaCTHYHO I10-
JTYYHIIH YJIOBJAETBOPHTENBHOE NIPAKTHYECKOE pa3pellleHHUe.

CnenyeTr y4MTHIBaTh, YTO CUTYallUs CO CPEAOH, HACKIIIEH-
HOH mapom, OyneT HaOM0JaThCA U B “pealIbHBIX” I10Kapax.

M3 mtykarypku KOMHAThl O4ara Ioskapa y»e Ha ero Ha-
uaTeEHOM cTamuu MoxkeT ucnaputbes 100-200 n Bogpl, a 11d nos-
HOT'O HACBIICHHUS MapoM Bo3ayxa B oObeMe nomeuieHus 40 M
npu 20 °C noctatoyHo 1 J1 BOJEL.

[locne HachlneHUus oObeMa KOMHAThl o4ara roxkapa na-
pPOM JHEprus, BBIACIAIONIANACA B MPOLIECCE FOPEHHUs MOXKAPHOMH
Harpy3KH, OyJeT Tak)Ke TpaTUTLCS Ha IEPErpeB napa.

B nanpHeifmeM (4epe3 5 MHH) MO MOKAa3aHUSIM TEpMOTIAp
Ne 1 n Ne 2 tremnepatypa Hayana nazaTh B CBSI3H C YMEHbBIIECHH-
€M B MOMEIIEHUH KOJHUYECTBA KUCJIOPOIa U MOSBICHHEM 00JIb-
LIOr0 KOJIMYECTBA Mapa.

Yepes 10 MuH OT Hayana mokapa HHXKHSAS 4acTh OKHa IIO-
MEIIIEHHs ovara Io)kapa ObLla HCKYCCTBEHHO BCKpbITa, 4depes
12 MuH TeMniepaTypa B o4are rnoapa crajga Bo3pacraTh (TepMora-
pel Ne 1 1 Ne 2) u Ha 21 MUH OT Havyaa noxkapa aocturna 837 °C.
Uepe3 okHO HaOMOANOCH HHTCHCHBHOE TOpPEHHE MOXKapHOH Ha-
rpy3kd. Ha 29-it Mun ¢ Gonbumm mrymMoBbM 9 ¢eKToM OTKOIIO-
J1aCkh JICLIA/IKa OT IITYKATYPKH Ha MOTOJIKE (TOMIIHHOR 3—5 MM).

B mpomexyTtke mexny 25-30-if MHH OT Hayana no)kapa
TEMIIEpaTypa B Ovare Iojkapa pe3ko ynaaa (Tepmomnapbi No |
v Ne 2) u Ha 31-i MuUH cHOBa yBenuumiack u gocturia 850 °C.
B nepron cHHXeHHUs TeMIepaTyphl, perMCTPHPYeMOit TepMona-
pamu Ne 1 u Ne 2, Temnepatypa no OQaHHBIM TepMomapbl Hal
IOBEPBIO PE3KO YBenuumaacek 10 650 °C.

Ha 20-# MHH nosiBHICA HHTEHCHBHBIN [IOTOK AbIMa H [1apa
H3 OKHa KOMHAThHI ouara rnoxxapa, a Takxe 4epe3 HeMJIOTHOCTH

|
t
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OKOH H3 CMEXHBIX C HUM KOMHAT 2-TO 3Ta)a MU OKHA JIECTHHY-
HOM KJIETKH MEXIY 2-M U 3-M 3TaxoM. [Ipu 3ToM OCHOBHOH 110-
TOK JpIMa U3 O4ara 1oapa B€TPOM CHOCHJIO B CTOPOHY, MO3TO-
My TEpPMOIMAaphl, PacHOJIOKEHHbIE HAJl OKHOM KOMHAaThl od4ara
noxkapa, MpakTHYeCKH HUYETrO HE MOKa3bIBAIH.

Ha 35-36-i1 MuH OT Haudana noxapa TeMrneparypa B o4are
noxapa pesko ynana 10 520 °C u gepxanach Ha 3TOM YPOBHE
(500-520 °C) no 70-it MuH. B 310 Bpemst Ha 55-i1 MUH ¢ IyMO-
BbIM 3(Q(EKTOM OTKAIBIBACTCA CIOH LITYKATYpPKH A0 TEPBOM
CETKH Ha CTEHE KOMHAThbl, CMEXXHOH ¢ KOMHATOH OYara noxapa.

Hanee (uepes 70 MHH OT Hayaja moxXapa) Temmeparypa
B oyare Io)kapa Hayajla yYMEHBIIAThbCS M JOCTHUIVIA K KOHILY
ombita (yepes 2,5 u) 225-275 °C.

BrinosiHEHHBIH aHaaW3 pa3BHTUS [I0Xapa MOKa3al, 4YTO
C YYETOM H3MEHSIOLMXCS B MPOLIECCE 10Mapa NMPOEMHOCTH (IpH
OoTKpbITOM Ha 1/3 nBepu — ko3dpduumeHT npoemuoctu k¥ = 0,024,
npu BCKpbITUM 2/3 okHa — x = 0,05) ¥ moxxapHo# Harpys3ku
(BeIropeBUICH YacTHUHO 3a 7-20-i MUH) TeMIlepaTyphl B OYare
no)kapa yZIOBJIETBOPHTEIBHO COOTBETCTBOBAIN pacyeTHbIM [17].

[lonsem TeMnepatypsl B ouare noxapa BHayaite o 600 °C
u nanee no 850 °C u Gonblias MpoAOHKHTEIBHOCTh MOXapa
co3faiu HaubOosiee HeONaronpusTHbIE YCIOBUA IS MEHOMOH-
CTUpOA.

PazBuTHe TeMnepaTypsl BO BpPEMEHH B oOd4are Inosxxapa
y OKHa (puc. 3.6) mo mokasaHUsM TepMoIllap, pacroIOXEHHBIX
Ha paccrosHuH 70 cM (Tepmonapa Ne 1), 108 cMm (tepmonapa Ne 2)
H 147 cMm (tepmornapa Ne 3) oT mOBEpXHOCTH MOTOJIKA, NPOHCXO-
JUJIO B LEJIOM JOCTATOYHO OJHMHAKOBO.

H3meHeHue TeMmnepaTypsl Y ABEPHOIO MpoeMa IPHUBENEHO
Ha puc. 3.7.
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Puc. 3.6. Paseumue memnepamypui 60 6pemeru
8 04a2e noJcapa y okHa:
I — mepmonapa Ne 1;
2 — mepmonapa Ne 2;
3 — mepmonapa Ne 3
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Puc. 3.7. Pasgumue memnepamypul 60 8peMeHU
8 o4aze noxcapa 8 06EPHOM Npoeme:

| — mepmonapa esepxy oeéepHozo npoema;
2 — mepmonapa 6Hu3y 06epHo20 hpoema

Pa3zpuTHe TeMmepaTyphbl Ha MpaHULE WITYKATYPKH H TEHOMO-
nuctHpona (puc. 3.8) BO BpeMs MmoXkapa ABJSETCA XapaKTEPHOH
0COOCHHOCTBIO cHCTeMBI KOHCTpYKUMH “IlnactOay”. B atom mecre
TeMIeparypa yxe Ha 8—15-i MUH OT Hayaja rno)apa JOCTHraet

90 °C, nHa 25-# MuH Habnonaercd ckayok Temmnepatypsl o 180 °C,
Taxke Ha 120-i MmuH — go 190 °C.
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Puc. 3.8. Pazsumue memnepamypol 60 6pemeHu:
I — Ha nogepxrnocmu nomonka 6 yenmpe KOMHAMbl 04A2A NOXAPA;
2; 3 — 8 2PAHUYHOM CNOE MEXHCOY WNYKAMYPKOU
U NeHONOAUCMUPONIOM

B T0 e BpeMs TemnepaTypa Ha MOBEPXHOCTH MOTOJIKA JIOC-
tHraetr 437 °C 3a 7 MHH OT Hayana moXapa M Jajee pacTeT
10 500-520 °C uepe3 20-30 MuH oT Hauama nokapa B mepuon

oT 33-# po 120-it MuH oHa ocTtaetcs B npezenax 375-447 °C.
Benneck Gosnee Beicokoi (280 °C) TteMnepatypsl Habmo-
JaeTcs B IpaHAYHOM CJI0€ B CTE€He KOMHAThl od4ara Iioxapa
CO CTOPOHBI OTHEBOTr0 BO3AEHCTBHA (puc. 3.9) Ha 30-H MUH
OT HayaJia roxapa. Ho npu 3ToM pa3Butue TeMIiepaTypsl B 3TOM
MECTE NPOUCXOAUIIO HE TaK OBICTPO, KaK B Cllyyae Iporpena Iie-
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pexpbiTHa. [Tocne 30 MHH TeMnepaTypa B I'paHUYHOM CJIO€ pe3-
ko ynana 1o 90-100 °C. To 85-# MHMH OHa ocTaBajiach Ha YpoOB-
He 109-110 °C, mocne yero Habiaronancs MHTEHCHUBHBLIH POCT
temnepatypsl 10 270 °C k 125-i MUH OT Hayana noxapa.
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Puc. 3.9. Pazsumue memnepamypst 60 8pemeH:

I — 6 yenmpe cmenol KOMHAMBL O4G2A NONCAPA, HA NOBEPXHOCMYU CMEHBI CO CMOPOHbL
6030eUCmEus 02HA; 2 — 8 2PAHUYHOM CN0€ CO CMOPOHbL 6030€UCMBUSA OZHA; 3 —
HA NOBEPXHOCMU KONOHHbL CO CMOPOKbBI CMENCHOU KOMHAMbL, 4 — 8 2PAHUYHOM Cl0e
CO CMOPOHbL CMENCHOU KOMHAMbL; 5 — HA NOBEPXHOCMU CMEHbL CMENCHOU KOMHAMbI
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AHQJIOTHYHOE Pa3BUTUE TEMIIEPATYPHI BO BPEMEHH B Ipa-

HUYHOM CJIO€ OTMEYAeTCs U B APYroM CTE€HE ouara rnoxapa.
Jli1is Toro 4to0Osl pazobparscs B HaOIIOAaEMBIX MpoIEccax

B TPAHHYHOM CJI0€, He0OXOJUMO HMETh OoJiee NnoApoOHEIE CBe-
JEHUS O MEHOMOJHCTUPONE (B HEMELIKUX CTaHJapTaX OH Hasbl-
BaeTcs “ctupornop”’). OCHOBHOE, YTO BaXXHO B 3TOM BOIIpOCE, —
5TO BBICOKOE COIMPOTUBJICHHE IEHONOJUCTHPONa AHGPY3Un
BOASHBIX [1ApOB.

Kpome toro, cnenyer oOpaTHThE BHUMAHHE HA TO, YTO Ie-
HOTIOJIUCTHPOJ TepseT (GOpMYy NPH KPaTKOBPEMEHHOM TEMJIO-
BoM Bo3aeHcTBuu npu 100 °C u umeetr 00bEMHOE BOLOIOTIIO-
menue 2—-5 %.

HanoMHHM Takxe, 4To U3MEHEHHUE HOpMBI JIFOOOro Mare-
pHana, a TaKXKe ero IJaBJIEHHE MPOUCXOAUT C MOIJIOUICHHEM
TEIJIa, a He C €ro BBIACIEHHUEM.

CnenaeM MOMBITKY MPENCTAaBHTH OJHY M3 Mpearoarae-
MBIX BEPCUH HaOmrofaeMbIXx (U3HYECKUX IMPOIECCOB B I'PaHHY-
HOM CJIO€ IIPH MOKape.

beICTpBIA OABEM TeMIlepaTypsl B ouare rnoxapa (rnepBsie
7 MMH) NIPUBOIUT K MOSIBJICHHIO MOIIHOTO IOTOKA TEMJa, KOTO-
pbIif HHTEHCHBHO BO3JCHCTBYET Ha OKPY XAKOUIHE KOHCTPYKIHH.

TeMnepatypa Ha NOBEPXHOCTH, HAIPUMEp, MOTOJIKA HOC-
Turaet 437 °C. B 35TOT MOMEHT BHYTPH LUTYKATYPKH IIPH TEM-
nepatype 100 °C u Gonee popmupyercs GpoHT H3OBITOYHOTrO
JaBJICHHUS Tapora3oBOi cMecH. B cTpykType mitykaTypku BO3-
HHMKAaCT HEPENIAaKCHPYEMbIH TPAJIMEHT NABJICHUS, KOTOPBIA SABJIS-
€TCS OCHOBHBIM ITOTEHLHAJIOM, BBI3BIBAIOILIUM IE€peMelIeHHE
MaccCel B BH/I€ BOASHOTO Mapa KaK B cpely KOMHaThI, T1e pouc-
XOOMT rOpSHUE, TaK W K IPaHHMIIE LITYKaTYpHOTO pacTBOpa H me-
HonoucTupona. Ha nmoBepXxHOCTH mocneiHero oH KOHAEHCHPY-
ercs. [leHOomonuCTHpOI He MOXeT BIHMTATh 3Ty HOMOJHHTEINb-
HYIO BOAY, TaK KaK OTKpPBITBIE €r0 MOPhl COCTABIAIOT 2—5 %
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ot obobema. I'opsunit nap (90 °C) B 3TOM MeCTe NMPUBOIUT K I10-
Tepe TNEHOMOJUCTHPOJIOM HOPMBI (BO3MOXHO, C YACTHYHBIM €r0
“omnaBiaeHreM”). [IeHOMOMUCTUPON JIOKAIBHO CTaHOBHTCH 0O-
Jiee IIJIOTHBIM, HE IIPOMYCKAIOLUIMM HHU BJIAaru, HA MapoB BOJEI.
B nanepHe#dieM B pe3ylibTate WHTEHCHBHOIO IOABOLA Tellia
M3 oyara Inoxapa JaBjJIeHHE Ilapa B I'PaHUYHOM CJIO€ Pe3KO IIo-
BBIIIAETCS, I1ap MEeperpeBaercsi, €CTECTBEHHO, ITOBBIIIAETCS
U TeMIepatypa (pe3kuil ckaduok TeMmepatyphi). I1pu moBbliue-
HUH JaBJeHHs “OIIaBUBIIAACA™ IJIEHKA MMEHOIOIHUCTHPOJIA pa3-
pyluaeTcs, JaBlICHHE pe3Ko maaaeT. Bo3MOXHO U apyroe o06b-
siCHEeHHe (U3UYECKOro TMpoiecca penakcalMH OaBJIEHUSA:
JIOKAJIBHOE JaBJICHHE MAaJaeT 3a CYET IMOSBICHUS IO TOJIIUHE
UM NPOTSKEHHOCTH 3a30pa MEXY WITYKATYpKOH U IEHONOIH-
CTHPOJIOM.

Hanomuum, yto HabniogaeMble B 3KCIEPHMEHTE OTKOJIbI
DITYKATYpPKH CBHUIETENBCTBYIOT O HAJM4YHMM B He# TIpajJueHTa
J1aBJIEHUS BOJAHBIX mapoB. [Ipuyem 3T0 naBiaeHHE JOIKHO OBITH
He meHee 15-30 arw.

B HameMm cnyyae (paccMarpuBaeMble CKaukKd TEMIIEpATyp
B I'PaHUYHOM CJIO€), €C/IM Nap HaxXOJAUTCS HAa JNHHHH HACBIIE-
HHsA, ero aasieHue npu temneparype 170 °C pasHo 7,26 artw,
190 °C - 12,04 atu, 280 °C - 65 atu.

[leHONONUCTHPO B MOMEHT ITOBHILIEHHS TEMIIEPATyPhbI
(ocobenno 1o 280 °C) MoXKeT HecTpyrupoBaThes ¢ 00Opa3oBaHH-
€M BCJIEJICTBHE 3TOTO MPOAYKTOB €ro pa3ijiokeHus. Ho nporuecc
JECTPYKIHH OY€Hb KPAaTKOBPEMEHEH H, BO3MOXHO, NPHBOAHUT
K pa3JI0XKeHHI0 HeOOJILIIOro KOJIMUYeCcTBa MEeHOMOJIUCTUPOIIA.

YBenudeHue TeMneparypbl B rpaHUYHOM CJI0€ Ha CTalUH
3aTyxarouero nmoxapa no 262—-270 °C (nmocne 90 MiH oT Hayasna
no)kapa), €eCTECTBEHHO, MPHBOJAWT K HHTEHCHBHON TeMIepartyp-
HOM JECTPYKIHH MEeHOMOJHCTHPONA C BbIJICIEHHEM BCEH raMMbl
IIPOJYKTOB €0 pa3yIoKeHHUs.
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Bepcus 0 TOM, YTO TeMInepaTypHbIE CKaYKH B IPAaHHYHOM
CJI0€ CBfA3aHbl C MoOMagaHWEeM Ha crnad TepMomap Kameljb pac-
TJIaBJIEHHOIO MEHOMOJIMCTHPOJIA, 10 MHEHHIO aBTOPA, HE SABJIAET-
Csl IOCTaTOYHO KOPPeKTHOH. Bo-nepBrIX, €CNIH MEHOMOJUCTHPOI
Havan masuthes mpu 100 °C, to temneparypa sbime 100 °C
7o/pkHa Obuta Obl MoAAepXKHBAThCS Oosiee IJIUTENBHOE BpeMsl.
Bo-BTOpBIX, TepMoOmapbl JOCTATOYHO YCTOHYHBO paboTaroT
U B pacIljiaBax.

[Tocne mnosBAE€HHS CKA4YKOB TEMIEPATYp B TIPaHUYHOM
C/I0€ TeMIiepaTypa BO BpEMEHH B 3TOM MeCTE BHOBb CTaOMIM3HU-
pyercs B paiiore 100 °C. DTo cBUAETENBCTBYET O 3aTparax Ter-
JIa Ha MCTIapeHHWE BJIarH W MOTepr0 (GOPMBI IEHOMOIUCTHPOIOM
B 3TOM CJIO€.

JloctatouHo ObICTpHIA mporpeB wWTykatypku ao 100 °C
(3a 7-12 MuH OT Hayaja mo)apa), Harpumep, B MNEPEeKPbITHH
HaJl 04aroM Ioxapa, CBUACTEIbCTBYET O TOM, YTO B 3TO BpPEMS
MMeeTCsd OOCTATOYHO MOILHBIM TEIUIOBOH MOTOK OT TOpeHus
II0YKapHOH! Harpy3KH.

B ¢BsA3M ¢ HEJIMHEHHOCTBIO pacrpene/ieHUusl TEMIIEPATyphl
MO TOJIHHC IITYKaTypKH x (KaKk MNpaBwio, 3TO mnapadoia)
H MPHMCHEHHEM IIEHOMOJHUCTHPOJIA KaK O4YeHb 3(P(PeKTHBHOIrO
TEIUIOU30JIATOpPa MOMKHO CHelaTh IpeABAapUTENBHBIH IPOrHO3
O BJIMSIHHHU TOJILIMHBI IITYKAaTyPKH Ha MPOrpeB MMEHOMNOIUCTHPO-
Jla B TpaHHYHOM CJIO€ BO BpeMs 110Kapa.

Eciu ncnonb3oBath U OMHCAHUA pacrnpefeseHus TeM-
NepaTypbl MO TOJNUIMHE INTYKAaTYpKH 3aBHCHMOCTh [ =

LV
=h|1- }lx , TO pellicHHEe ypaBHeHUst Dypbe 1103BOJISET JaTh
l

OLCHKY BIHAHMSA TOJIIMHBI IUITYKaTYpKH Ha BpeMs Mporpesa
norpanuyHoro cnost go 100 °C. Pacuetsl mokasajid, 4To NpH
YMCHBUICHHH TOJILIUHBI WUTYKATYpKH ¢ 40 10 20 MM BpeMs mpo-
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rpesa cHmxaetrcsa Ha 33 % (1. e. ¢ 9,3 10 7 MHH), IpH YMEHBIIIE-
HAM ¢ 40 no IS MM —Ha 70 % U T. 1.

B To xe BpeMs yBEIMYEHHE TOJILIMUHBI IITYKATYPKH TPH-
BOJHT K IIOBBILIEHHIO JaBJI€HHs M1apOB BOJLI B €€ CTPYKTYpE H,
CJIeOBAaTEILHO, K OOJblLIEH BEpOSTHOCTH €€ OTKOJa H oOHaxe-
HUs TICHOIOJMCTHUPOJIAa BO BpeMs INOXapa, a yYMEHBIIEHHE —
K 9KOHOMHH MaTepPHAIOB U TPYJ103aTpar.

Onpenenende palMOHAILHOW TOJIIMHBI IUTYKaTYpKH IS
3alUThl [TEHOIMOJHUCTHPOIa OT BO3ACHCTBHA OrHs TpeOyeT Je-
TQJILHOW TEOPETHYECKOH MpopabOTKH U IKCIEPUMEHTAIBHOIO
NOATBEPKACHUS.

OueBnaHO, uro s cuctemsl “Ilnactbay” umeercs onTH-
MajbHas TOJIIMHA OTHE3AIMMTHOIO CJIOA MITYKATYpPKH IJIS Tie-
HOIIOJMCTHPOJIA B 3aBUCHUMOCTH OT BHAA TNPHUMEHSEMOTrO IS
3alUThI MaTepyana. [lpu smom Haubosvuiee 3HaveHue 0 KOH-
cmpykyuti cucmemul “Ilnacmbay” umeem coxpanenue yeiocm-
HOCMU 3auumbvl WMYKAmMypKU npu 6030eUCmeul 02HA 60 8pems
nooikcapa.

BepHeMcs K aHaIU3y 3aMEPEHHBIX TeMIIEpaTyp B OOKOBBIX
CTE€HaX NMOMeIlleHU ouara rnoxapa. I1pu HaIMYuH OTHOCHTEIBHO
BBLICOKHUX TeMIIEpaTyp Ha MOBEPXHOCTH CTeH (495-537 °C) teM-
neparypa Ha IIOBEPXHOCTH KOJIOHH CO CTOpPOHBI Qyara roxapa
Obl1a Huke 100 °C.

TeMnepatypa moBEepXHOCTH KOJOHH CO CTOPOHBI CMEX-
HBIX C 0YaroM roxapa noMeleHui 3a Bce BpeMs 3KCIIEpUMEHTA
taxxe Obuta He Oonee 100 °C. U3 3Toro MoXxHO clejarh clie-
OYIOILLMA BBIBOJ.

Jlns cuctemsl “Ilnacrbay” mpenen OrHECTOHKOCTH MO 00-
PYLUIEHHIO CTE€H B peabHBIX YCIOBHAX Moxapa Oyner bonee 2,5 4,
H €ro HeT HEOOXOJAHMMOCTH MpOBEPATH HH TEOPETHUYECKH,
HH 9KCIIEPUMEHTAIBHO, TaK KakK Hecyulas CrocoOHOCTh OeToH-
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HBIX H KeJeOeTOHHBIX KOJIOHH OCTalach BO BPEMS BCETO DKCIIE-
PHMEHTA TaKO# e, KaKk B HOPMaJIbHBIX YCJIOBHSAX SKCIUTyaTallHH.

B 1enoM, aHaaH3Hpys pa3BUTHE TeMIEpaTypsl BO (¢par-
meHTe [16, 20] BO BpeMst 3KCIIEPHMEHTANBHBIX HCCIICI0BAHUH,
clIeyeT OTMETHTh, YTO Ha0II01aIuCh 3aKOHOMEPHBIE IIPOLECCHI
B COOTBETCTBHHU € TEIJIOMACCONEPEHOCOM, 3aBHUCSIIME OT OOJIb-
IIOro KoauyecTsa (pakTopoB. K HUM B [IEPBYIO 0OYepeab CIENAYET
OTHECTH KOJIMYECTBO TeIUIa, BBIAEISIOLIEroCs B oyare nokapa
OT TOpEHHs [OXKApHOH HArpy3ku, KOHQUrypanuw (QparmeHta,
ero o0seM, MIaHUPOBKY, (PHIBTPALIMIO XOJOJAHOIO BO31yXa ye-
pe3 BXOAHYIO nBephs (pparmenTa u T. 4. Kpome Toro, Ha passu-
THE TEMIIEpATYPHBIX NOJICH OKa3bIBAIO BJIMSIHHE KOHCTPYKTHB-
Hoe pelleHHe ¢pparMeHTa.

OTcyTcTBHE BBICOKHUX TEMNEpaTyp B IIOMELICHUAX (par-
MeHTa (KpoMe oyara noxkapa) U Ha NmyTsSX 3BaKyallid B IEepBble
25 MHH OT Hayaja 3KCIEpPUMEHTa MO3BOJSET FOBOPUTH O BO3-
MOXHOCTH JIOCTaTOYHO Oe30macHOM 3BaKyalldH JIojieH BO Bpe-
Ms n0kapa. B nayibHelem HauOonpuIMe TEMIepaTyphl BO31yXa
OBUIH B MOMEMICHUSX 2-TO 3Ta)ka, CMEXHBIX C 04aroMm IOXapa.
DTOMYy crocoOCTBOBANI OTKPHITHIE Ha 1/3 aBepH B 3TH IOMe-
IEHHUS.

Cnenyer OTMETHTD, YTO NMOCTOSHCTBO Temrepatyp (25 °C)
B ITIOMELIEHHAX 1-ro oTaxa 3a 2,5 4 noxapa B Kakoii-To cTeneny
MOATBCPXKAAET OOJBILIYKD CONPOTHUBIAEMOCTb KOHCTPYKIIMH
“Ilnactbay” (mepekpbITHil) TEIUIONEpeaade BO BpeMs I10XKapa.

OtHocuTenpHO HeOONIBLIAS TEMIIEPATYpa HA IPaHMIE LITY-
KaTypKH H NEHOIMOJIHCTHPOJIA B IIEPEKPBITHH CO CTOPOHBI OTHe-
BOI'O BO3JICHCTBHUs 3a BpeMs asKkcnepuMmeHTa (He Gonee 200 °C)
CBHIETEILCTBYET O TOM, YTO 3TO MEPEKPBITHE UMEET 3HAYHTEIb-
HBIH TPEJIENT OTHECTORKOCTH M0 OOPYIIEHHIO. AHAIH3 U3MEHEHHS
TEMIIEPATYPHOrO0 peXUMa IPH OrHEBHIX HCTIBITAHHSAX B 3JaHHAX
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C KOHCTPYKIHUAMH, B COCTaB KOTOPBIX BXOIMT MEHOMOIMCTHPOI,
[TO3BOJISIET CIENATh CIACYIOMINE NPAKTHYECKHE BBIBOIBL.

[lenomoAKMCTHPON, BXOAAIMH B COCTaB CTPOMTENHHBIX
KOHCTPYKIIHH, KaK HECYLIMX, TAK M HEHECYIIHX, U XOpOLIO 3a-
LMIIECHHBIA OT TEIIOBOIO BO3ACHCTBUS, NPAKTHYECKH HE BIIUSA-
€T Ha TEMITEPATYPHBIH ¥ TEIIOBOH peKUMBbI NoKapa.

MaccooOMeHHBIE MPOLIECCH] MOTYT TOBJIHATE HA YCJIOBHS
“uaKyalldd JIOJEH: BEJMYHHY ONTUYECKON IUIOTHOCTH CpEJbl,
HAIHYHE TE€X WM MHBIX NPOAYKTOB TEPMHUYECKOTO Pa3JIOKEHHS
NIEHOTIOIUCTHPOJIA,

3amepbl ONTHYECKOH MIIOTHOCTH JbIMa BO BpeMs JKC-
IEpUMEHTa BBINOJHJIKUCH [0 CHEUHATBHOH METOJIHKE.
B nanpHeliluem Jenajics IepecyeT ONTHYECKOH TMIOTHOCTH
Ha BUJIUMOCTb.

BuauMocTh BO BpeMsi MCTIBITAHMH BJIOJb IJIOLIAJKH JIECT-
HUYHOM KJIETKH H KOPHJOpa BO MHOIOM 3aBUcCeJa OT TOTO, YTO
JIBEpb KOMHATBHI, Iie ObUT Oyar nmoxapa, C CaMore Hayvasia 3Kcre-
puUMeHTa Oblla OTKpBITA Ha 1/3.

3amMepbl TUIOTHOCTH JbIMa (BHIMMOCTH) ITOKAa3ajid, YTO
BAOJIb KOPHAOpA M JIECCTHHYHOHN KJIETKH 2-TO 3Ta)ka Ha BBICOTE
1500 MM OT ypoBHs mona HavyalbHas BHJIMMOCTbH COCTaBIIsdjia
oonee 1000 M, a yxe uepe3 1 MuH 8 ¢ OT Hauana IKCIEPUMEHTA
OHa YMEHbIIUNIAch A0 7,5 M, uepe3 1 MuH 38 ¢ cTana meubiue 6 M.
Takasg BUAMMOCTB COXpaHUJIACh Ha BCE OCTAIBHOE BpEMs JKCIIE-

PUMEHTAa.

BusyanbHbie HabnoAeHUss B MNpPOLIECCE OIKCIEPHMEHTa
C JIECTHUYHOHN NJIOIIaAKH 2-TO 3Ta)ka MOKasaaHd, 4To JIO ovara
rmoXapa KOpHUAop 2-ro 3Taxka XOpoIlo mpocMarpHBalcs. B ko-
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ra3oB W [apoB BOABI (23po3o0ib). Uepes oTy “MyTHYIO™ 30HY
pa3HYaTHCh KOHTYPBI KOpHaOpa H TIiams, BLIOHBaBLIEECS
M3 ouara roxapa yepe3 aBepHoH npoeM. DaKTHYECKH KOPHIOP
OBLI OCBELIECH IJIaMEHEM.

Bronps kKopuaopa U JIECTHUYHOH IUIOIIAAKU TPETHEro 37a-
’Ka BHIUMOCTBH cocTaBisuia: yepe3 1 MuH 8 ¢ — 72 M; yepes
1] mu 38 ¢ — 21 M; 2 MuH 43 ¢ — 8,7 M; 3 MuH 16 ¢ — 6,4 M;
4 muH 37 ¢ u ganee — MeHee 6 M.

B xoMmHaTe Hax oyaroM moskapa: uepe3 1 MuH 8 ¢ — 735 Mm;
1 Muu 38 ¢c— 782 m;2mMuH 43 ¢ — 39,6 M; 3 MuH 16 ¢ — 17,6 M;
4 Mun 37 ¢ — 8,57 m; 5 muH 20 ¢ — 5,85 M; 6 mun 10 ¢ — 3,8 Mm;
8 MuH — 3 M; 9 muH — 3,8 M; 12 Mun — 4,6 M; 20 MuH — 2,1 M.
Jlanee BHIMMOCTH B 3TOH KOMHAaTe 3-r0 3Ta)ka COXpaHHWJIAch
Ha ypoBHe 2,8-3,6 M 10 1 4 40 MHH OT Hayasa dKCIIepHMEHTA.

Ha BUAHMOCTE BO BpeMs 3KCIIEpHMEHTa OOJbIIOE BIUS-
HHE OKa3alnd Mapel BOIBI, CO3JaB BMECTE ¢ YacTuUllaMH rasa
“MyTHYI0” cpely. HeoOxonumas BUAMMOCTE IIpH OXKape, ecTe-
CTBE€HHO, 3aBUCUT H OT IJTAHUPOBKH 3AHUS.

B 1aHHOM J3KCIEpHMEHTe oOnpelenaiach HHTerpajbHas
BHIMMOCTD BIIOJIb KOPHIOpPA U JIECTHHYHOH MIOIIAAKH, a TaKKe
JIOK&JIbHAs NOJA MOTOJIKOM KOMHATHI 3-T0 3Taxka (Haj KOMHATOH
oyara roxapa).

B T0 ke Bpems N0 BU3yaJIbHBIM HaOIIONEHHAM JIOKAJIbHAS
BUIAMMOCTh B JIECTHHYHOH KiieTke (1-ro, 2-ro u 3-ro a3taxeil)
ObUIa NOCTAaTOYHOH A DBaKyallWH B TEYEHHE BCEro IKCIIEPH-
MEHTa: BH/IHBI ObUIH CTEHBI, MApIIX U cTyneHu. Hauxymamas BH-
IHMOCTDb ObUIa B KOHIIE KOPHAOPA, IPHMBIKAIOLIErO K TOPLIOBOM
TyXo# cteHe ¢parmenta. OueBHIHO, NI0XAas JTOKAJIbLHAS BHUIH-
MOCTb B 3TOH 4YacTH ()parMeHTa OKa3ala BIHSHHE HA 3aMephI
HHTerpalbHOH BHIMMOCTH. Ha BuauMoCTh Takxke OGonbiioe
BIIHHHE OKa3bIBAaET COCTOSHHE NPOEMOB (3aKphIThIE HIIH OT-
KPBITHIE IBEPH U OKHA).
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besycioBHo, rnaBHOW 3amaueil KpymHOMacIITaOHOrO
O0YaroBOro JKCMEPHMEHTa OBUIO ONpelesieHHE COCTaBa rasa
H BIMSAHHA HA HEro IMEHOMOJHCTUPOJIA, HAXOAAIErocs B KOH-
CTPYKLIUSIX.

IIpuBeeM HMEIOLIMECS B JIMTEPATYPE HEKOTOpHIE 0bLIHE
CBEJICHHA O TOJIMCTHPOJIE H NIEHOIOIUCTHPOJIE, KOTOphIe Holiee
SICHO TO3BOJAIOT MOHATH NMPOLECCHl TEPMUYECKON NECTPYKIHH
IIEHOIIOJIUCTHPOJIA TIPH TOXKapeE.

[TonucTupon — npoayKT MONUMEpPH3alMH CTHpona (BH-
HHJIOEH307, (EHHIOTHIIEH), TEPMOIIACTHYHBIH MONUMEp MIpe-
HMYILIECTBEHHO JIMHEHHOrO cTpoeHHus, AedopMallHOHHAS TEIIO-
croiikocts 78-80 °C — mpm narpyske 1,85 MH - M™% 100 °C —
0e3 Harpy3ku; AMIIeKTpHK, nuaButcsa npu 237 °C. Tepmuue-
CKasl JECTPYKLHUs MOJHUCTHPOJIA MPOTEKAET C 3aMETHOH CKOpO-
CThIO NpH Temieparype Bbime 260 °C, TepMOOKHCIIHTEIbHAs
necTpykuus HaunHaetcs oxoiso 200 °C. IIpoueccer necTpyKUuU
no 237 °C conpoBoXIalOTCS BbLAEICHHEM MOHOMeEpa H MOXell-
TEHHEM TOJIMCTUPOJIA. B CBSI3H € 3TUM B JIUTEpaType MO TEPMH-
YEeCKOH NECTPYKUHUH MOJHMCTHPOJA pPacCMaTpUBAIOTCH B OCHOB-
HOM IIPOLIECCHI €T0 Pa3ioKeHH Ha 1B Pl XHMHYECKHX CO-
eanHeHuH npu teMmnepatype 260 °C u Bbime. B 10 xe BpeMd
HeOOoIbIAs MEXAaHUYECKAd AECTPYKLHUS IOJUCTHPOJIA B IIPHCYT-

CTBHH CJieJIOB KUCJIOPOJa MOXET MPOUCXOAUTh Yxe npH 160 °C.

[Tonmuctupon Oe3BpeneH M LIMPOKO HCIOJB3YETCS Kak
YIaKOBOYHBIA MaTepuall B MHUILEBOM NPOMBILIUICHHOCTH; IIPH
3TOM COAEpXKaHHE OCTATOYHOrO MOHOMEpPA HE JNO/DKHO MpEBbI-
watek 0,1 % (macc.). [lna apyrux obnacted MPUMEHEHHS, Oue-
BHIHO, BKJIIOYAs CTPOHMTENBLCTBO, MOHOMEpa B IIOJIMUCTHUPOJIE
JoJkHO OBITE He Oonee 0,5-0,7 %.

[Ipu 0HOM M3 METOIOB MOJIySeHHS MOJHCTHpOIa (Henpe-
PBIBHBIH) TeMmeparypy I[poliecca IIOBBIIAIOT IOCTENEHHO
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10 180-230 °C. Ipu temnepatype 230 °C noauMep BLITPYKaKOT
B pacILIaBJIEHHOM COCTOSHHH. JlenomuMepH3alus MOJIHCTHPOIa
npu Temneparype Hike 250 °C mpoTekaeT O4eHb MEMJICHHO.
[To nanHbpiM paboTel [22], XOA peaKuWH pasyioKeHUs B 3Ha-
YyHTENLHOH CTENEeHH 3aBMCHUT OT TemmnepaTypbl. Huxe 340 °C
00pa3yroTcs TOJIBKO HEOOJBILIHE KOJIHYECTBA JIETYUYETO MMPOAYK-
Ta (O4EBHJHO, B OCHOBHOM CTHPOJIa, TaK KaK €ro TeMIleparypa
kunenus 145,2 °C), HO NPOUCXOAMT OBICTPOE YMEHBIICHHE
MOJIEKYJIIPHOTO Beca HEJIETY4Yero ocrarka. BeiieneHue eTy4nx
IPOAYKTOB U YMEHBIIEHHE MOJIEKYJIAPHOIO Beca IIpeKpallarTCs
ITOCJIe YMEHBIIEHHST MAcChl MOJMMEpPa BCETO JIMUIb HAa HECKOJIBKO
npoueHToB. [Ipu Oosiee BBICOKMX TeMIlepaTypax pacnaj 0 MmoJ-
HOIO Pa3JIOKEHHUA MOJUMEPA MPOTEKAET 110 HECKOJBKO HHOMY Me-
XaHU3MYy: YBEJIIMUEHHE KOIMYECTBA JICTYYMX KOMIIOHEHTOB 3aBH-
CHT OT BPEMEHH Harpesa MoJMCcTHpOIIa; HanpuMmep, 3a 40 MUH Ko-
JIMYECTBO JIETYYHX YBENHMYMBaeTCs B 2 pasa.

Crneasl KMCICpOa, MPUCYTCTBYIOUIHE B IIOJMMEPH3YIO-
[IEMCSI CTHPOJIE, MOTYT IIPHBECTH K 00pa30BaHHIO COMOIHMEpA
NEPEKUCHOM CTPYKTYyphI, IIPHUYEM MEHEE TepMOCTOoliKoii. ['uapo-
MEPEKUCHBIE CBA3H NPH pacnajie NoJHCTHPOIa MOTYT IIPHBECTH
K obpasoBanuio Boasl [23].

/g momyueHHs cTHpona ¢ MOBBILIEHHOH TepMOCTOHKO-
CTBIO MCIIOB3YIOT COMOMMEPH3ALMIO CTHPOJIA, HAPHUMED, C aKpH-
JIOHUTPHUJIOM HJIH PYMapOHUTPHIIOM.

[Ipu mpousBoacTBe NMEHOMONHMCTHPOIA NPUMEHSIOT Ia3o-
oOpa3oBaTeNy, Kak MPaBHIIO, W3 Pa3NHYHBIX OPraHHYeCKHX
COCAMHEHMH, pa3jaralol¥xcsa NpH HarpeBanudH. Hanpumep,
IOHHHTPHII a30-OHC-H30MacsgHOH KHCIOTH (mopodop 4x3-57),
nuazoamuHoOeH301 (JIAB) u npyrue [24). Dtu rasoobpa3sosare-
JI1 pasnararoTcs NpPH I[POHU3BOJACTBE MEHOIMOIMCTHPOJIA IIPH
Temneparypax 90-180 °C ¢ o6uibHBIM BbIIEIEHHEM Ia3a.

\
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[TeHONOMMCTHPOIT OTEUECTBEHHBIH TIOTHOCTBIO 20-40 Kr - M™

HMeeT BoJoNorIomeHne uepe3 oaHu cytkd 1-2.4 % (06.), a
yepe3 28 cytok 7,7-15,9 % (06.), 04eHp HH3KYIO HApOMpPOHHU-
1aeMOCTh, OOJBIIYIO 00BEMHYIO YCAAKY NMPH JUTHTEIBHOM Jei-
crBuM (bosnee 30 mun) Temnepatyp 95-100 °C (ycaaka cocrtas-
nset 20-50 %), npu kparkoBpemeHHOM (B TeueHHe 30 Mui) Ha-
rpeBaHuH nexHononuctupona g0 100 °C noytu He HPOUCXOMUT
00BbEMHOH YCaIKH, IPH JaJIbHEHIIIEM [TOBBILICHUH TEMIIEPATYPhI
oO0beMHas ycaznka pe3ko Bo3pacTtaeT, a npu 180-200 °C obpas-
1Bl U3 [IEHOMOMUCTUPONA I1aBITCs [24].

Camosaryxatomuii nesononuctupon I1CB-C He 3aropaer-
Cs OT IUIAMEHHM CIHYKH M DJIEKTpUYeCKUuX HCKp. IIpu MomuoM
MOCTOSHHOM HCTOYHHMKE Temna Habmopaercs kamieobpasosa-
HHE, TOPEHHE pacCIlIaBJIEHHOIO MOJUCTHPOJIa B UCTOYHHKE Tell-
71a, OOWJIbHOE BbIJENeHHEe JbIMa. [lo 3apyOeXHBIM JaHHBIM,
MeHONOJUCTHpOA npu Harpese Bolie 300 °C BpiaenseT MeHbIlE
OMacCHbIX TMPOAYKTOB TOPEHUs, 4YEeM JIpEBECHHA, JPEBECHO-
CTPY>X€UYHBbIEe IUIMTHI, MpoOKa (€C/IH CpaBHEHHE IPOH3BOIUTCS
no obveMy Marepuana). OCHOBHBIM ONAacHbIM i 3A0POBbA
NI0eH KOMIIOHEHTOM, BBLACIAIOLIUMCSA M3 IIEHOIOJUCTHpOIIA
NIPU Pa3JIOKEHUH, SIBISCTCA OKCHJL yraepoaa. [leHonmonucTipon
XapaKTepU3YETCA BBICOKUMH AUIEKTPHYECKUMH CBOHCTBAMM.

Cnenyer eme OTMETUTh (Tak Kak B Ipoliecce 3KCIEpH-
MEHTa KOHTPOJIHpOBaach B3PhIBAEMOCTH NPOAYKTOB pa3iioxke-
HHs MEHOMCIHCTHPOJIA), YTO B3PHIB MOXeET MOBJIEYb 3a COOOH
BBIXOJI CTHpOJia M JPYTHX YIJIEBOAOPOIOB NPH HX OOBEMHOH
KOHIIeHTpaluH B Bo3ayxe 6oiee 1,1-6,1 %, HO mpH OTCYTCTBHH
napo-BO3AYIIHON CMECH.

WmMeromuecs TuTepaTypHble JaHHbIE HO3BOJSIOT CAEIATh
CJICAYIOIINE OCHOBHBIE NMpPEABAPUTENIBHEIE BBIBOJABI, CBI3aHHBIC
C OrHEBbIMH HCNBITAaHUAMH (parMeHTa, YyTo B oOmeM Oyner
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yJIOBJIETBOPHTEIBHO COOTBETCTBOBATh M YCIIOBHSAM “peallbHBIX

M0YKapoB:

- HayuHas co 100 °C B 1eHONOMHUCTHPOJIE MOXKET NPOHC-
XOIHUTH Gobiias oobeMHas ycanka (50 % u 6onee); npu 100 °C
ycajika MpoTeKaeT J0CTaTOYHO MEUIEHHO BO BPEMEHH, IpH 00-
Jlee BBICOKMX TeMIlepaTypax CKOpOCTb yCaJo4HbIX AedopManuit
YBEJIHYMBAETCS B HECKOJIBKO pas,

- pH Harpese neHonomuctHpona 10 230-240 °C B 0cHOB-
HOM MPOHCXOAMUT ACMOJMMEPH3ALIMS €70 OCHOBHOIO KOMITOHEH-
Ta — MOJHCTHPOJA C BbIeNeHHEM cTUposa. Ho, yuuThiBas, 4To
IUIS TIPHIQHUS TTEHOTIOIUCTHPOIY 00siee BBICOKHX TEPMHYECKHX
CBOMCTB HCXCIHBIH MOJTHUCTUPCI MOXKET OBITb KH3TOTOBJIEH
C MCNOJIb30BaHUEM J100aBOK (CONMOJUMEPH3ALINs), COBMECTHO
CO CTHPOJIOM MOTYT BBLICIATHCS U3 MEHOINOJIUCTHPOA COIIYTCT-
BYIOLLME CTHPOJIY OPraHUYECKUE COCAUHEHHUS;

- IIpH HarpeBe MEHOIOJIUCTUpPOJa NpH 0oJice BBICOKUX
TeMrneparypax, HauuHas ¢ 240-300 °C, npoucxXoauT HHTEHCHB-
Has TEPMOJECTPYKLUA MTOJUCTHPOIIA C BBIACIIEHHEM B OCHOBHOM
CTHPOJIa, OKKCH YTJIEpPOJa, raJIOTeHHBIX COeAMHEHHH 1 OeH30/1a;

- TEHOMOJMUCTHPOJ MOXET MOrJoulaTh OTHOCHTEIBHO
00JIbLIIOEe KOTMYECTBO BOJIBI U3 OeToHa B TeyeHHe 28 CyTOK; 3TO
KOJIMYECTBO Pa3JIHYHO UIA OTEYECTBEHHOIO H 3apy0e)KHOTOo Mo-
JIMCTHPOJA; KPOME TOTO, MOJUCTHPOJI MOXET BBIICIASATH BOIY
Py JCNOTUMEPH3ALIMH HITH TEPMUYECKON NECTPYKLIKHH.

OOwwii XapakTep npoiecca TEpPMHYECKON A€CTPYKLHH Me-
HOTIOJIMCTHPONIA MOATBEPXKIAET JAaHHBIE TEPMOTPaBHMETpHYE-
CKOIO aHaJiku3a ne”ononuctupona (puc. 3.10).

M3 3THX JaHHBIX CIEAyeT, YTO IOTeps MAcChl MEeHOMOH-
CTHpoJia npH ero Harpese 10 100 °C ne npessitnaet 1-6 %, npu
200 °C ~ 3-7 %, a Haunnas ¢ 300 °C pe3ko Bo3pacTaeT, NMpH
400 °C - coctaaseT 40-94 %.
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Puc. 3.10. Pesynemamur
mepmozpasumempuye-
CKO20 AHANU3a NeHONONU-
cmupona:

| — ckopocmb Hazpesa
2,5°C -mun’';

2 — ckopocme Hazpesa
20°C - mun’’

Cxopocme Hazpeea V, °C - mun’’

100 200 300 400 500
Temnepamypa T, °C

[ToTeps Macchl NEHOMOMHCTHPOIA, IO TIPHBEJEHHBIM J1aH-
HBIM, T10 HAlIEMY MHEHHUIO, HECKOJIBKO 3aHH)KeHA IIPH TeMIlepa-
Typax MeHee 300 °C, Tak Kak IIpH HCHOJIL30BAHHOM HaBECKE
(50 Mr), BO3MOXHO, HE0OX0AHMO GBLTO BpeMsl 114 €€ Mporpesa.

3amepbl KOJIMYECTBEHHOIO COIEPXKAHUA KOMIIOHEHTOB ra30BOM
CpeJIbl ISl YCJIOBHH OTHEBBIX HCIIBITAHHUH MPHUBEIEHBI B Tab1. 3.3.

Haubonee onacHbpIM Iy JKH3HH 4YEJIOBEKa KOMIOHEHTOM
MPH TOXape ABIAETCS OKCUI yriaepoja. BosaeicTBue Ha yeno-
Beka 0,15 % CO, coneprkaierocs B Bo3ayxe HJIM rasax, B Teye-
Hue | 4y nim 0,05 % B Tedenne 3 4 onacHo g XXH3HH. Bo3neii-
ctue 0,4 % CO 3a nepuoa MeHee OAHOro 4aca ¢aTaJbHO s
yenoBeka. [lpu conepxxanuu B cpene 1,3 % CO yenoBek TepseT
CO3HaHHe mocie 2-3 rjJI0TKOB BO3AyXa WIM raza 4 yMHpaeT ue-
pe3 HECKOJILKO MHHYT.

[IpenensHOe comep)kaHue OKCHAA YIJepoAa B Cpele Io-
MELLEHUH BO BpeMs 3BaKyallHM JIIOJAEH IIpH M0OXape COCTaBJIAET
0,15-0,20 %. IIpu 3TOM CinenyeT OTMETUThb, YTO IAJSl YCIOBHH
no)xapa HOpMHpYeTCs TONbKO COAECpPXXaHHE B ra3zax WM BO3AyXe
CO, C02 H 02.



Tabauya 33

CocTae npoayKTOB ra3opoil cpeibl B palJHYHbIX TOUKaX pparmenTa
B NpoLecce orHesbiX HCNbITAHMA (npoba Ne 1 — 8 04are noxapa, Ne 2 — B nepexkpbiTHH HAl 04arom Noxapa,
Ne 3 — B KOMHATE HAA 04Ar0OM Noxapa)

[

P9l

Homep npobwi
i 1l J 12 13 ] ta] 1516 ] 1721 ] 22]23] 241131 ]32]33] 34
Bpemsa oT Hayana JKCHCPUMEHTA, MHH
14 16 | 28 | 33 | 57 | 68 | 86 [ 20 | 27 [ 41 70 | 21 4 56 | 72
0,, % 144 072 0720720721072 072024 ]072[072] 0720221066 | 066 | 066
CO,, % 1,02 [ 0,64 [ 0,74 ] 098 | 1,28 | 1,28 | 084 [ 0,23 | 0,51 | 096 | 096 | 0,66 | 0,90 | 0,99 | 099
CO, ppm 364 | 180 | 216 | 192 | 264 | 264 | 180 | 36 | 115 | 228 | 244 | 77 | 118 | 180 [ 250
Maput H,0,% | 132 | 18 18 18 18 18 | 25 12 17 | 24 | 28 12 14 17 | 24
Jona, r - m” 12 |16 |14 ] 1413 ] 16 ] 1902051 ]|08 | 12 |020]052]08 | 14
CH,, ppm 110 | 90 | 80 | 60 | 40 | 45 [ 20 [ 30 | 38 [ 38 | 40 | 30 | 45 | 45 50
N,O, ppm 30 | 35 | 40 [ 45 ] 50 [ 53 [ 55 [ 10] 101 2070 30] 207 30 35 ] 50
CyH,, ppm 34 | 30 | 28 | 33 15 10 10 10 | 15 15 15 13 15 15 17
C,H,, ppm 25 | 30 | 45 20 | 89 [ 1o [ o] 25 [ 38 [ 66 | 140 | 10 10 | 55 | 84
C3He, ppm 10 10 | 25 57 | 70 | 70 | 70 10 | 38 52 | 94 5 5 15 | 25
C3He, ppm 35 | 45 | 40 [ 35 20 10 10 5 10 | 20 | 20 10 | 22 | 28 | 25
CH;OH, ppm 110 [ 120 | 180 | 140 | 80 | 60 10 | 20 [ 35 ] 40 | 70 | 80 [ 8 | 40 | 30
C;H,0, ppm 25 | 25 | 20 15 10 10 10 10 10 10 10 10 10 10 10
C.Hg, ppm 30 | 35 | 30 15 10 10 10 5 5 5 5 5 5 5 5
C.H.0, ppm 15 15 15 10 5 5 5 5 5 5 5 5 5 5 5
C:H¢O, ppm 55 | 70 [ 130 | 80 | 60 | 30 10 10 | 30 | 55 50 10 | 25 | 45 30
LluknonexTa-
AueH, ppm 145 | 159 | 88 64 38 30 10 10 35 80 | 160 | 28 45 60 42




OkoHvanue maba 33

Homep npo6si

osacaan |ILb 1 12 [ 13 | 14 J1s |16 ] 17 [ 21 132725124 31 [ 32337 34
Bpﬂhﬂi OT Ha4Yana IKCNEPUMEHTA, MHH

14 16 28 33 57 68 86 20 27 4] 70 21 41 56 72
CeHe, ppm 260 280 | 220 | 200 | 220 | 290 340 155 240 | 330 360 110 190 260 | 340
C¢H«CH;, ppm 110 130 150 | 240 | 200 | 280 | 280 180 | 220 | 280 | 320 08 110 | 280 | 380
CeHo(CHs)o, ppm | 140 160 190 | 220 | 200 | 360 | 330 190 | 260 | 350 | 410 110 140 | 280 340
Crvpon, ppm 80 110 180 | 260 | 380 | 550 | 580 280 | 340 | 560 710 80 160 | 420 | 580
benzons-
Nerua, ppm 50 66 80 130 180 290 310 160 | 210 | 350 390 85 130 | 280 | 360

Mpumewuwanue 10°ppm =1 %; CH, — meran; C,;H; — auetunen; C,H, — >tunen; C;Hq — 3ran; CiHs — nponunen; CHOH —
meTHnoBbli cnupt (Metadon, kapGuwon), C;H,O — ykcycuwiii ansaernn (auetansaerwa); CiHg — Oyraauen 1.3 (AMBHHMA, dpHTPEH),
CiH,O — Gyranossiit ansaerna, C;HO - aueton (ammerunkeroH, nponanon), CeHs — Genzon, CeHsCHy — metunbGenzon (Tonyon),
CsHy(CH,); — aumerunbenson (keunon); CeHsC(O)H — Bensansaerun (DeH3oiHbIA anbnerun).

Sol1
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B Hawem caydae Haubosbiuee conepxanue CO 3a nepsble
21-28 MuH B cpefe ouara noxapa 6su10 0,0364 %, nepekpeITus —
0,015 % u xoutponbHoit koMHaThl — 0,0077 %, T. e. 3HAYH-
tenbHO MeHbiue 0,15 %. B manbHelmeM 3a BCe BpeMs 0TOO-
pa npo6 conepxanue CO Takxe ObUIO MEHbIIE NONYCTUMOIO
YpOBHS.

Bo3MoxHo, yto ecau Ob1 3aMmepsanu CO B cpene oyara 1o-
)Kapa JI0 BCKPHITHSA OKHa, TO Ob110 ObI 3aHKCHPOBaHO OosblIee
coJepxaHue OKCHJia yriaepoaa. JTo, OYEBHIHO, OTHOCHTCS TaK-
Ke K AedHLMTY KUCIIOpoAa U COAEpXKaHUIO NHOKCHIa yIiiepo/a.

B koMmHaTy HajJ 04aroM Iokapa, BO3MOXKHO, 4epe3 Iepe-
KpBbITHE, U3 OYara Ioxapa OKCHJ yriepoja ctal QHIbTpOoBaThCH
He paHee yeM uepe3 41 MUH OT Hayasa 1noxapa.

Menee onacubM, yeM CO, s *KH3HH YEJIOBEKA MPH T10-
xape gBngercs auokcua yriaepona. Comepxanue 1-3 % CO;
B BO3JyX€ BBI3BIBACT yyallleHHe ero abixaHus, npu 5 % CO;
AbIXaHHE CTAHOBHUTCS TPyAHBIM, 10 % MOXeT NpHUBECTH K CMep-
TH 4€JIOBEKa MEHEE YEM 3a 5 MHH.

B kauecTBe KpHTEpHS JONYCTHMOH KOHIIEHTPALUH JTHOK-
CHJIa YIJIepoJa B cpelie IOMELIEHUH NpHU MoXape BO BpeMs 3Ba-
Kyalluu moaeH npuaaro S5 %.

3a Bce BpeMs OTHEBBIX HCIBITAHHI (parMeHTa 37aHHSA
H3 KOHCTpYKUMH cHcTeMEbl “llnactday” coaepxanune CO; B 3ame-
pAEMBIX TOYKax ObU10 He Oosee 1,28 %.

YMeHblIIeHHe COlepXKaHHus KUCIopoaa B atmocdepe 3/a-
HHS [IPH N0XXape MOXET TaKXKe MNpPEACTaB/IATE CEPhE3HYIO Yrpo-
3y 300pOBBIO M XXHM3HH YeJlOBEKa NpH €ro 3Bakyaluu. [Ipw
YMEHBIICHHH COJIEPKaHMs KHCIOpOJa B rasax HJIM BO3JyXe
MOMELIECHUH 3aHHs NpH noxape ¢ 21 % (00bIMHOE cofepiKaHue
KHCNIOpoJa B aTMocdepe Bo3nyxa) a0 15 % y uenoreka Habo-
NACTCs COKpAlCHHE TKaHH KOXM (TaK Ha3bIBAa€MOE COCTOSIHUE
anoxia). Ilpn cHmkeHnu coaepxanus kuciopoza 1o 14—10 %
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YEJIOBEK HaYHHAeT IJI0XO COOOpaxaTh, OBICTPO yCTaeT, a MpH
10—-6 % O, TepseT co3HaHUe, HO JIETKO MOXKET ObITh NpHBEIEH
B HOPMAJIBHOE COCTOSIHHE Ha CBEXKEM BO3AYXE.

~ KpuTHueckoe HOpMHUPYEMOE 3HAYEHHE CONECPKAHUA KUCIIO-
poza B atMocepe BHYTPH 34aHUsI IPH TNoXkKape coctasisier 15 %.

B Hamem ciydae HaHOOJIBIUMHA NeQHUMT KuclIopoaa
B ouare moskapa G6bln paBeH 1,44 %, a B KOMHATE 10/l 0YaroM
noxapa — 0,66 %. _

[Ipy aHanuze KOIMYECTBEHHOrO COCTaBa KOMIIOHEHTOB
cpelibl BO ()parMeHTe [IPH OTHEBBLIX UCIBITAHHSAX CJIEAYET 00Opa-
TUTh BHHMaHHE Ha COJEepXaHHE B HEH Oo4eHb OONBIIOrO KOJIH-
4ecTBa NapOB BOJIBL.

Cmecsk rasza v Bo3ayxa (30J1b) BO hparMeHTe, €ECTECTBEHHO,
comepxana: B odare moxapa — 1,6 T - M™, B TEPEKPHITHH —
0,51 r- M , B KOMHaTe Hax o4aroM — 0,2 r - M~ Ha 16-21-i Mun
OT HayaJla 3KCIepuMeHTa. Jlanee KoIu4ecTBO 30Js1 yBEIHYHMBa-
JIOCh B M3y4aeMOH cpejie BO BCEX TOYKaxX 3aMepa.

W3 opraHMyeckux COEOUHEHUH, KaK H CJIEI0OBANIO OXH-
nate, B atMochepe nomeuieHui ¢gparmeHra Ha 70-86-if MHH
OT Hayaja moxapa HauOoJblllee KOJHYECTBO ObUIO CTHpOJA:
B ouare moxapa — 0,0580 %, B nepekpbituun — 00,0710 % u
B KOMHaTe Hajg odaroM — 0,0360 %. B HayanbHOM cTaguu 3KC-
nepumenTa (Ha 21-27-# MUH) cTUposa OBIIO COOTBETCTBEHHO
0,0180; 0,0340 u 0,0080 %.

PaccMoTpM, Kakoe colep)kaHHe CTHpoaa B cpeae (par-
MEHTa BO BpeMs 3Bakyauuu (3a 10—15 MHH OT Hayana >KCNepH-
MEHTa) MOXHO NPUHSTH O€30MacHbIM JUIS JKH3HH JIIOIEH.

Ilo nanHBIM paboTHI [25], BOBIXaHHE YEJIOBEKOM ra3oB CTH-
poia IpH MX KOHUeHTpamuu B Bo3ayxe 10 2 Mr - 1 (0,155 %)
B TeueHHe 10 MHH BBI3BIBAET JIETKOE pasApakeHHe B TOpIE,
a B JaJIbHeHIeM — COHIMBOCTD. [1pu 3,4 mr - n’! — nemennennoe
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pa3IpaxkeHHe CIM3UCTBIX 00OJIOYeK I71a3, HOCa, ropnia, MeTall-
JTHYECKHH NPUBKYC, anlaTHIO, COHJIUBOCTb.

Bejiple MpIlud THOHYT NMPH KOHIEHTPALHHK NMapoB CTHPOJA
B Bo3ayxe, papHoi 10 mr - ! u Goree.

Ecnu npuHATH JOMYCTHMYIO KOHIIEHTPAIMIO CTHPOJIA PH
noxape 0,155 %, 1O 3aMepeHHas €ro MakCHMajbHas KOHLIEH-
Tpauus Bo ¢parmeHTe Obula B 2,67 pa3a, a B KOMHATe Haj ova-
roM 3a 21-27 mMuH oT Havyaia noxapa B 19,4 pasza, MeHblue
JOIyCTHMOH.

CrenyioluM MO KOJIMYECTBEHHOMY COJIEP’KaHHIO BO (par-
MEHTE KOMIIOHEHTOM CpEJIbl IOCjIe CTUpOIIa ObLUI KCHIION (aHMe-
THJI0eH301). Ero Haubosbliee cojepxaHue ObUIO B Cpelie nepe-
kpbiTHst Ha 70-d MuH ¥ cocrtasisuio (0,0410 %. Ha 21-28-i Mun
coJepXaHHUe KCHUJIoNa COCTaBisulo: B ouare noxapa — 0,0190;
B nepekpbITUH — 0,0260 u B komHate Hag oyaroM — 0,0110 %.

Konuentpauus kcunosna B Bo3ayxe 0,87 mr - 7' B TeueHue
3—5 MHUH BBI3BIBACT Y YEJIOBEKA TOJIBKO pa3ipa)keHUe CIU3UCTOM
rJ1a3, Hoca U ropa.

INpu BaBIXaHHM BO3IyXa, copepykautero 10 Mr - ' u Gonee
KCWJIOJIa, B T€YEHHE 55 IOHEH NOYTH BCE KHBOTHBIC (MBIIIH,
KPOJIHKH, KOLIKH) norubarot [25].

Jaxe MakCUMaIbHOE KOJIMYEeCTBO KCHII0a BO (parMeHTe
B TeueHue 86 MHH 6bUIO 3HauuTeNBHO Menbmre 0,87 Mr - i
(0,0674 %).

Konuentpauus Tomyona B cpeae ¢parmenta 3gaHHA
CocTaBlisiia: 3a 72 MUH makcuManbHas — 0,0380 %, MakcUMalIb-
Had 3a 21 MuH B KOMHaTe 1o ogarom — 0,0110 %. .

[To mannemM pabotsl [25], Tonyosn ¢ KOHUEHTpaUKeH B BO3-
ayxe 0,15 mr - "' BeI3bIBaET paszpaxeHue a3 u ropja y Jio-
Jied B Te4eHHe 3—5 MHH, a P KCNO3HUMH 8 Y — JIeTKoe Hapy-
IICHHC KOOPAMHALUMH ABH)KEHHH M M3MEHEHHE BPEMEHH peak-

-1 B
mud. Ilpu 1,3 1 1,5 Mr - 177 | TOM xke CpOK€e AeHCTBHS — KaI0OkI
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Ha cnabocTh, rooBHyw 60k, TomHOTYy, GeccoHnuuy. Ilpu
2,25Mr - 1" yXKe K KOHILy TpeTbero yaca — YMCTBEHHass CKOBaH-
HOCTB, FOJIOBHAas 00JTb, FOJIOBOKPY)KEHHE, TOLIHOTA H OIbSHEHUE.

Y KpbIC MHOI'OJJHEBHBIE OTPABJIEHHS TONYOJIOM IIPH €r0
KOHLIEHTpaLusax B Bozayxe 0,75-8 Mr - 17 He BBI3BIBAIH CyIie-
CTBEHHBIX H3MEHEHHH B KDOBH H KOCTHOM MO3TE.

Ecnu mnpHHATE @peAcibHYI0 KOHIEHTpPALHIO TOJyoja
B cpejie 3nauus npu noxape 1,3 mr - 1 (0,1008 %), To MOXKHO
CIenaTh BHIBOJ, YTO 3aMEPEHHbIE BO BPEMS HCIBITAHHSA KOHLIEH-
TPallMHl COJIEpXKaHHs TOJIyosa B cpelie (parMeHTa SBISIOTCH
Oe30mnacHBIMH )15 JHOAEH.

[To nanHbiM paboTh! [25], HAPKOTUYECKHE H CMEPTEILHBIE
KOHLEHTpAIUHU JUIS OENIbIX MBIIIEH MPH IBYX4aCOBOM BO3AEHCT-
BHH: Tosyona — 10-30 mr - 1, Gensona — 15-45 mr - ', keuo-

71a (cMech H30MepoB) — 15-50 mMr - 1.

Konuentpaius 0eHzo01a B cpeae dparMeHTa BO BpeMs HCIIbI-
TaHHH COCTaBIIsUIa; MakcuMabHadg 3a 21-28 muH — 0,0240 Mr - i

[IpeGbiBanue yenoBeka B TeyeHue 20 MUH B BO3JyXe C CO-
nepxanueM Gensona Gonee 10-15 mr - ™' cranoBHTCS Hee3o-
nacHbeIM [25]. KonueHTpauys 6eH3o1a Npyu OTHEBBIX UCIIBITaHH-
AX B KOMHaTe Haja odaroM Ha 21-# mMuH coctaBiasiia 0,0110 %
(0,14 mr - m'"), 4yTo 3HaYHTENBHO MeHbIUE KOHICHTPALHH, JIO-
IyCTHUMOH [T YeJIOBEKa MpH MOXKape.

Conepxanue auneroHa B cpeae ¢parMeHTa BO BpeMs MC-
nbiTaHus (3a 72 MHH) B KOMHATe HaJa o4yaroM Obuio He Oosee
0,0030 % (0,0387 mr - 117").

[Ipy BABIXaHHH 4YEIOBEKOM BO3AyXa C COAEpXKaHHEM
1,2Mr - 1 ameToHa B TeYEHHE 3—5 MHH y HETO pa3ApaxaloTcs
CJIM3UCTBIE 000JIOUYKH IJ1a3, Hoca U ropJa.

CMepTh HBOTHBIX (OenbIX MBILIEH) HACTYNaeT NpH KOH-

HeHTpauuu 8 Bozayxe 150 mr - a7 anerona mocie ABYyX4acoBOi
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IKCIIO3UIMH, HApKOJIOrHYecKoe AeHcTBUE (OOKOBOE IOJIOXKE-
Hue) — npu 40 Mr - o

MOXHO NPHHATH NOMYCTHMYIO KOHLEHTPAlMIO aLeTOHa
BO (pparMeHTe 3/1aHKs BO BpeMS HCTIbITaHKH 1,2 Mr - ' (0,0930 %).

KoHlleHTpallusi HHUKJIONEHTaAHEHAa B BO3AyXe, H3Me-
HAloas Yy KPBIC MOPOr HEPBHO-MBILIEYHOH BO30YAHMOCTH
IpH OAHOKpAaTHOM BAbIXaHUH, — 0,8 mr - 1. JlecaTHKpaTHOE
BJbIXaHHe KpbIcaMd Mo 6 4 B JE€Hb BO3[yXa, COJEPIKALIETO
1,35 Mr - a7, COMPOBOXKIAETCA pasApaK€HHEM CJIH3HCTHIX
000J104€eK, OBIIIKOH, COHJIHBOCTBLIO HIIH BO30YXKJIEHHEM, Yac-
THYHOH rubenwio; koHueHTpanus 0,54 mr - a! MIEPEHOCHTCSH
0e3 u3MeHeHHS QU3HOJIOTHYECKUX JaHHBIX. Y YeloBeKa KOH-
ueHtpauus 0,016-0,023 mr - n1" BEI3BIBaET HENPHUATHBIA BKYC
BO PTY M I'OJIOBHYIO 00J1b.

KoHlLleHTpanus HUKIONEHTAaHEeHa B KOMHATe Hal O4aroM
Oputa Ha 21-i MuH ucnsiTanui 0,0028 % (0,036 mr - Jl"),
a Ha 56-i MuH — 0,0060 % (0,0774 mr - 7).

KoHuenTpauus OeH3anpaeruia B BO3AYXE KOMHATHI Haj
oyaroM Ha 21-i1 MHH OT Hayasa s3kcniepumenTa 6n11a 0,0085 %,
a Ha 72-i1 MuH — 0,0360 %.

[lo nanHeM paboTs! [25], npu BABIXaHHK OENBIMH MBILIA-
MH B TE€YE€HHE 2 4 BO3Ayxa ¢ OeH3aIbIErHIOM HACBIILIEHHOM
KoHNEeHTpalHH (10-15 %) npuBOIUT K TOMY, YTO OHH BIAjarOT
B COCTOSIHHE Hapko3a (DOKOBOE MOJI0XKEHHUE), OT/IeIbHBIE MBIIIH
norubaror.

Y uyenoBeka HaOmOaeTcs JETrKOe paspaKeHHE CIH3H-
cTOH 000JIOYKH TpH MEPBOM BIOXE BO3AyXa ¢ KOHIICHTpAlHEH
0,1 Mr - o1 OeH3anpaeruaa.

ALETHUIEH TpH €ro KOHUEHTpauuH B Bo3zayxe 20 %
¥ OoJiee y )KMBOTHBIX BBI3BIBAET PBOTY, 3aTPyJHEHHE JbIXaHUA
U B JAJIBHEHILIEM — CMEPTS.
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Ha yenoBeka alleTHJIEH B CMECH C KMCJIOPOJOM OKa3bIBAaeT
HapKOTHUYeCcKoe neicTeue [25].

[Io naHHBIM OTHEBBLIX UCHBITAHHH, alleTUIEHA B aTMOC(he-
pe KOHTpoJbHOH KOMHaThl Obul0 He 6Gornee 0,0013-0,0017 %,
4yTO 3HauyuTelbHO MeHblue, yeM IIJIK s mpou3BoacTBEHHBIX
nometenui (0,0388 %).

MeraH, 3THICH, IPOITHIIEH, 3TaH UMEIOT OYEHb BLICOKHE KPH-
TEPUH Kak I10 BO3JEHCTBHIO Ha YEJIOBEKA, TaK M Ha XXUBOTHBIX [25],

Hanpumep, BAbIxaHue cMecH MeTaHa ¢ 6 % kucaopona
y OenbIX KpbIC BbI3BIBAET BO30YXKIECHHE, YYallleHHE AbIXaHHS,
auvepe3 1-2 u — OOKOBOE MONOXKEHHE, CYJIOPOTH M CMEpTh.
B 10 ke BpeMs OHHM 0e300JIE3BHEHHO MEPEHOCAT CMECh MeTaHa
¢ Bo3ayxoM B nponopuud 1:1 B reuenune 2040 muH.

Y 4eyioBeKa Cepbe3Hbl€ pacCTPOHCTBA MOTYT MOSIBISATHCS
IIpH CcOJIep>kaHuK MeTaHa B Bo3ayxe 25-30 % wu Beie. Yenosex
MOXET B T€UYCHHE 3 4 AbILIATh 0€3 NocaeICTBHH CMEChI0 MeTaHa
60 %, xkucnopoaa 21 % u azora 14 %.

IDTUJIEH KOHIEHTpaluu 350 mr - 1 B cMecH ¢ BO3yXOM
OKa3bIBaeT HA MbILIEH 3a 2 4 TOJIBKO HAPKOTHYECKOE JEHCTBHE.

YenoBek MOXET BBIACPKAaTh B TEUECHHE 2 U COAEP)KAHHE
25-30 % »>THneHa B BO3AyXe.

HapkoTuueckas KOHLUEHTpalus NpoInuieHa B BO3AyXe COo-
cTapnsieT s XUBOTHBIX 40-50 %; BapIxaHHE BO3ayXa C €ro
KoHueHTpauueii 10 Mr - 17’ mo 6 U B JeHb 3,5 Mecsla He BBI3bI-
BAeT HUKAKUX M0O0YHBIX 3G PeKTOB.

Yenosek B Teuenune 30 MHH MOXET BbIIEPXKAaThb KOHIIEH-
TpaUUIO nponuieHa B Bo3ayxe 5—10 %.

Coneprkanue 3TaHa B Bo3ayxe B KonuuyecTse 40—-50 Mr - '
(3,1-3,87 %) neicTByeT Ha JKUBOTHBIX H YEJIOBEKA HAPKOTHYECKH.

YuutbiBas TpHBENEHHbIE KPHTHYECKHE KOHIECHTPAIHH
METaHa, 3TUJIEHA, MPOMMHJICHa U 3TaHa, COACPKAHHE ITHX ra3oB
B cpele ¢parMeHTa MPH OrHEBBIX HCMBITAHHAX SBIAETCS HH-
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YTOXKHO MaJIbIM U HE OKA3bIBAET BIMAHHUSA Ha 3JO0POBLE H XKU3HD
yesI0BeKa MpH ero 3BaKyallHH BO BpEMs I10XKapa.

Auertanpaerna B KoHuneHTtpauuu 0,5 Mr - 1" B BO3myxe
B TeUEHHE 7 Y HE OKa3bIBaeT BJIMSIHUS HA )KMBOTHBIX; IIPH KOK-
LEHTpalUKuU 2 MT - a1 BBI3BIBAaET y HHX CHMJIBHOE Pa3fpakeHHe,
a pu 20 Mr - ;' 1 Gostee — cMepTh 3a 1-2 .

YenoBek NpH KOHIEHTpAUUAX aleTalbJEruaa B BO3AYXE
0,1-0,4 mr - a1 B aIHMTeNbHOM BO3IEHCTBUH MCIIBITHIBACT JIETKOE
pazipakeHHe CIU3UCTBIX 000j04eK. [IpH OOMBIINX KOHIEHTpa-
IIMSAX Y HEro yyauiaeTcsl Myjbc; IpH BbICOKUX (5—10 Mr - iy =
MOSIBJISIIOTCA YAYUIbE, Pe3KHH Kallellb, TOJIOBHBIE O0JIH, OPOHXUTHI.

ConepxaHue anetalbleruja B cpeie (pparMeHTa BO Bpe-
Msi OTHEBBIX MCHBITAHHNH OBUIO HE3HAUYHUTEJILHBIM: B KOMHATE
Hax oyaroM — 0,0010 %.

byTajMeH BbI3bIBACT CMEPTH O€bIX MBIILIEH IPH KOHLIEHTpa-
muu 259 Mr - 17, a cBury B (YHKIIMOHATbHOM COCTOSTHUM HEPBHOM
CHCTEMBI POHCXOIAT TPH KOHIEHTpaImu 8,2—12,5 Mr- 1™

Yenosek nocijie S MUH BIbIXaHUS BO3AyXa, COACPKALIETO
1 % OyranueHa, HCOBITHIBAET CYXOCTh BO PTY H YyYallCHHE
mynsca. [Ipu conepxanun B Bosayxe 4,4 Mr - 1" y Hero HeT (u-
3HOJIOTHYECKHX OTKJIOHEHHUH OT HOPMBI, €CJIM OH HaXomuTcs 8 u
B 3TOH Cpele.

Conepxanune OyranueHa B KOMHATe HaJ 04aroM BO BpeMs
OTHEBBIX HCIBITAHUN ObUIO0 HUYTOXKHO MasbM (0,0005 %).

byTaHOBBIH anbAeru ABIASETCS HEYCTOMYHMBBIM XHMHYE-
CKHM COEJIMHEHHEM U HETOKCHYHBIM.

[Ipu nByx4acoBOH 3KCMO3ULKK OesIbIX MBILIEH B BO3IyXe
¢ conepxanneM 120 Mr - ' MeTaHO/NA MBIIH 3aHATH “DOKOBYIO
MO3HIMIO” (HapKOTHYECKOE NEHCTBHE), HO OHH MOTYT IIOrud-
HYTb B JaJbHEHIIEM JaXke IOCJIE€ ABYXYACOBOM JKCIIO3WIIHH
B cpese ¢ 50-60 mr - n”' meranona. Ilpu 1,3 mr - 17! n Gosee
4acTh MbILLIEH nmorudaer.
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CoaepxaHue B cpele (pparMeHTa BO BpeMsl UCIBbITAHHI
okcuaa azora He npesbimaet [1/IK s npousBoacTBeHHBIX MO-
MEILIEHHH.

3amepnl conepkanus O,; CO, u CO B cpene dpparmenra
B TOYKAaX, pPaClOJIOKEHHBIX B POEMax BBIXOIOB ¢ ITaXKeH Ha ject-
HUYHYIO KJIeTKy Ha BeicoTe 1500 MM, moka3zanu, yTo HauboJibiee
koauuecTBO CO, u CO cootBeTcTBenHO 0,84 1 0,0326 %.

B Tabn. 3.4 npuBeneHsl KpUTEPUU BO3JIEHCTBHSA paccMar-
PHBAEMbIX KOMIIOHEHTOB Ha OeNbIX MblleH (HapKOTHYECcKoe
JEUCTBHE WM CMEPTh) B NMEPHOA HE MeHee 2 4. DTa OlEHKa
OuyeHb OnM3Ka K IPUHATOH B NOXAPHBIX HCCIEIOBAHUAX.
B 1abn. 3.4 nmpuBeneHs! TakkKe HEKOTOpBIE JAaHHBIE MO Haubosee
JOIYCTUMBIM KOHLUEHTPALUAM KOMIIOHEHTOB IS JIFOJIeH, HCXOIs
H3 T€X CBEIECHHH, KOTOPbIE HMEIOTCSA B CIIPABOYHOM JIMTEpATYpE.

Tabaruya 34

MakcHMaibHO 3aMepeHHble KOHUEHTPaLUHH KOMITOHEHTOB cpeabl BO (parMenTe
NpH OTHEBbIX HCNbITAHHAX (4epe3 28 MHUH B ouyare noxapa u yepes 21
¥ 56-72 MHH B KOMHATE HAJ 04ATOM)

[lonyyenHoe no autepa-
MG~ | VESCHMATRHOE COREpCH e TYPHBIM 1aHHbIM MaKCH-
HOE coaep- B KOMHATE HaA O4aroM, MATBHO JIOMYCTHMOE
KoMnoHeHT A@iHe B odare R COACPXKAHKE, ppm
Ha g%}j;aiam., 1o BO3ACH- Mno BO3aeH-
ppm 2'-;85;3“ 561-{%8; apy | SEEORR EARIICER
YenoBeKa YHBOTHBIX
MeTaH 80 30 50 25 - 10 50 - 10°*
AueTHieH 28 13 17 - 20 - 10°
DTHACH 45 10 84 2510 80 - 10
Dran 25 5 25 - 3,110
[Tponunex 40 10 28 10 - 10° 50 - 10°
MertaHon 180 80 40 - 3,9 10°
Aueransbaerua 20 5 5 78 1600
byraauen-1, 3 30 5 5 3400 6400
AUETOH 130 10 45 930 31000
beuson 220 110 340 780 11 600




174

OkoHuaHue mabna 3.4

MakcH- [NlonyyenHoe no nutepa-
ManbHOE IVAMEHMANEHOS CONCOMGE I TYPHbIM AaHHBIM MAKCH-
B KOMHATE Hajl 04aroMm,
coaepKaHHe ppm MaJIbHO JOMYyCTHMOE
KomnoneHT B ouare COACPXAHHKE, ppm
noxapa 5 ,
v, | v | wpess. | Tommad | 1o souen
m 21 muH 72 MHH
PP yenoBeKa XHBOTHBIX
Toayon 150 98 380 1000 6200
Kcunon 190 110 340 674 7750
Crupon 180 80 580 2600 7750
] luxnonexranmeH 88 28 60 178 1050
Benzanbaerua 80 85 5 - 10 - 10°

[IpencraBasier HHTEpeC pacnpeneieHHe OTHOCHTEIBHOTO
CYMMAapHOT0 COJEpP)KaHUs YTJIEBOAOPOJOB BO BPEMEHH B OdYare
[0Kapa, B IIEPEKPBITHH M B KOMHAre HaJ oyaroM (puc. 3.11).
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Puc. 3.11. 3agucumocme omuocumensrnozo codepxcanus
MANCENbIX Y2NeB000POO0E OM 8PeMeHU PA3BUMUA NONCAPA:

I — 6 ouaze noxcapa; 2 — ¢ nepexpoimuu,
3 — 6 KoHmponvHOU KOMHaMeE
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OTH JaHHBIE NIOKA3bIBAIOT, YTO yxe Ha |8-if MHH OT Hayasa sKc-
IEPUMEHTa YIJIeBOAOPOAOB ObUIO OOJIbLIE B MEPEKPHITHH, YeEM
B oyare rno)kapa M B KOMHaTe HaJ O4aroM. 3HA4YUTEJIbHO BO3-
pOCJIO X KOJIMYECTBO Ha 26-H MHUH B NEPEKPBITHH, U OHH Haya-
n4 uabTpoBaTHCHS B KOMHATY HaJl o4yaroM Ha 41-ii MuH.

3.3. IpogykThl cropanuss gpeBecuHbl

[IpoayKTel cropaHus rOprOYHMX BELIECTB MU MaTEpPHAJIOB
MpeACTaBISIOT coboii B oOlueM ciiydyae AOBOJIBHO CIOXKHYIO
MHOTOKOMIIOHEHTHYIO T'€TEPOT€HHYIO cucTeMy. Pacuer cocrtaBa
M TEpMOJUHAMHYECKUX QYHKLIHMH TaKUX CHCTEM SBJIACTCS 3aja-
4YeH XMMHYECKON TePMOJHMHAMHKH, KOTOpas pelIaeTcs Ha OCHO-
BE€ METoAa TepMOJAMHaAMHUYecKHX noteHuuanioB [ub6Gca ¢ npu-
BJICYEHHEM HEOOXOJIUMBIX MaHHBLIX MO CBOMCTBAM OT/EIbHBIX
KOMIIOHEHTOB [1]. B pe3synsTare pelmenus paccMaTpHBaeMoii
3a/la4d HAXOAMUTCHA COCTAB CUCTEMBI, BKJIOYas (ha3zoBoe cocTos-
HHE (MJH pacrpelesieHHe KOMIOHEHTOB Mo ¢a3zaM), a Takxe
TepMOAMHAMUUYeCKHe QYHKUIHHU U CBOHCTBA MEpeHOca, COOTBET-
CTBYIOLIHE HAHJIEHHOMY COCTaBYy H pacrpe/le/IEHHIO.

HeoOxoauMo oTMETHTH, YTO B OCHOBE METOAA JICKHUT
IPEANOIOKEHHE O JIOKAJIbHOM TEPMOAHHAMUYECKOM PpPaBHOBE-
CHH. MMeeTcq B BHAY MPENNoOIOKEHHE O TOM, YTO XOTS B CHC-
TEME B LEJIOM NPOTEKAIOT HeOOpaTUMBbIe MPOLIECCHI NTEPEHOCA H,
CI€N0BATENbHO, OHA HE HAXOIAUTCH B COCTOSHHWU DPAaBHOBECHA,
B MaJIO OKPECTHOCTH KaXJI0H TOYKH 3TOM CHUCTEMBI B KaXKIbIH
MOMEHT BPEMEHHU YCIIEBAET YCTAHOBUTLCS XMMHYECKH H TEPMO-
JHMHaAMHYECKH paBHOBECHBLIH cOCTaB. biarojaps 3HaYHTEJIbHbBIM
CKOPOCTSM XHMHYECKHX H AU(PQDY3HOHHBIX INPOLECCOB IpH
TeMIlepaTypax I[0Xapa 3TO NPEeAIOJIOKEHHE MOXHO CYHTATh
JOCTaTOYHO OOOCHOBaHHBIM. OHO MO3BOJIAET NPH pacyeTe CO-
CTaBa H TEPMOJMHAMHUYECKHUX CBOHCTB XUMHYECKH pCarnpyro-
UIMX CUCTEM HCIOJB30BaTh METOAbl PaBHOBECHOH TE€PMOJMHA-
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MHKH, HE YYHTHIBAS KOHEYHBIX CKOPOCTEH YCTAaHOBJIEHHS TeEp-
MOJIHHAMHYECKOI0 paBHOBECHS B CHCTEMaX.

3.3.1. CocraB npogykToB cropaHusi gpeBeCuHbl

CocTaB OpraHH4YeCKOi Macchl IPEBECHHBI PasHBIX IOPOJ Ma-
JI0 OTJIHYAETCs JPYT OT JIpyra U MOXET XapaKTEepPH30BarThCs Clle-
myrormMH gadHbeMH: C° = 50 %, H® = 6 %, O° =43 %, N° =1 %.

B gpeBecHHe NMpaKTHYECKH OTCYTCTBYET ce€pa. 30JbHOCTD
CYXOH Macchl IPeBECHOTO TOIJIMBA HesHauuTenbHa (A = 1-2 %).
ConepxxaHue Biard y pacrtyuiero nepesa konebnercs ot 40
1o 60 %. [Tpu xpaHeHHH ApeBeCHHBI HA BO3AyXe B TeueHue 1,5-2 ner
BJIAXKHOCTH ee cHHkaeTcs 10 15-20 %.

B nepecuete Ha pabouyro Maccy coCTaB IpEBECHHBI HMEET
Bun: CP =42 %, HP = 5,04 %, OF = 36,12 %, NP = 0,84 % npu
WP =15 %, AP =1%.

B psane pabot mpuBoauTcs cocTtaB pabouell Maccel zpe-
BecHBIX 0TX010B: CP = 25,2 %, HP = 3,02 %, O = 20,9 %, NP =
=0,297 % npu WP =50 %, A? = 0,5 %, 4TO COOTBETCTBYET Clie-
AYIOIIEMY COCTaBYy B IEPECUETE HAa OpraHMyeckyro maccy: C° =
= 50,9 %, H° = 6,050 %, O°=42,4 %, N° = 0,6 %.

Hwxe npuBozsTCcs HEKOTOPBIE pe3yIbTaThl pacuyeTa CoCTaBa
H CBOHMCTB NPOAYKTOB CrOpaHHs APEBECHHBI H JPEBECHBIX OTXO-
noB. B xauectse oxucnuTens ucnonbdyercs Bo3myx. Koagpduim-
€HT H30BITKA OKMCIIMTENA O MPUHUMAETCS paBHBIM 1 MpH cropa-
HUH JpPEBECHBIX OTX0H0B. /1 ApeBeCHHBI 3HAUCHHE oL MEHSETCH
ot 0 no 2. Ciegyer OTMETHTB, YTO Cpe/iHee 3HAYeHHe o I Ha-
YaJIbHOM CTaJIMH 10XKapa MOKHO NpUHATH 0,5; 118 pa3BHTOM CTa-
auu 0,75, B0 BpeMst BO3MOXHOHK “0011ell BCIBIKK o IPHOIHKA-
ercsd K 1. DTU JaHHBIE MONydYeHbl U3 aHAIM3a MHOTOYMCIEHHBIX
OrHEBBIX MCIBITAaHHH, MpoBeaeHHbIX Bo BHUMUIIO. BnaxHocTs
ApesecuHbl WP = 15 %. Jlns npeBecHbIX OTXOJ0B PacyeThl IPoBe-
JCHBI IIPH OBYX 3HAYEeHHUAX BnaxxHocTH: WP =15 % u WP = 50 %.
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McxoaHbii 271eMEeHTapHBIH COCTAaB CHCTEM JIpeBEeCHHA + BO3-
JIYX ¥ JIpEBECHbBIC OTXO/BI + BO3/1yX NPUBEACH B Tadd. 3.5.

Tabruya 35
Hcxoaublii 31eMeHTapHBIA COCTAB CHCTEM:

a) Opeeecuna + 8030yx

Ko>bduumeHT u3bbiTka Bo3ayxa o

Bewectso 0 0.5 0.75 1
H 0,5021 0,2179 0,1699 0,1393
C 0,262 0,1143 0,0892 0,0731
O 0,2314 0,2194 02172 0,2158
N 0,0045 0,4483 0,5237 0,5712

0) opesecHblie omxo00sl + 8030yx
BnaxHocTsb BewecTso

WP, % H ke ) N
15 0,1395 0,07227 0,2141 0,5742
50 0,2396 0,0586 0,237 0,4648

Kak BugHo U3 Tabn. 3.5, HCXOIHBIA 37IEMEHTAPHBIN COCTaB
B CUCTEME CYLLECTBEHHO 3aBUCHT OT KO3 PUIIHEHTa O U OT BJIaXK-
HOCTH.

Pacuet cocTaBa U CBOMCTB NPOJAYKTOB CrOpaHHs JAPEBECH-
Hbl U JIPEBECHBIX OTXOJOB MPOBOJMUJCS B NMPHOIMIKEHHUH NBYX-
Gba3Ho¥ uaeanpHOM cHcTeMbl. [Ipu pacuere yYHMTBIBAIHCH Clle-
Ayroline KoMrnoHeHTsI (0O6pazoBanusie aromamu H, C, O, N):

H, C, O, N, CN, CHN, CHNO, CHO, CH,, CH,O, CHj,
CH4, CH, CN,, CO, CO,, C,, C;H, C;H,, C,H40, C;N, C;N,, C,0,
Cs, C30,, C4, CoHy, C4N,, Cs, HN, HNO, HNO;, HO, HO,, HNO,,
Hz, HQN, HgNz, HzO, HzOz, HjN, H4N2, NO, NOZ, NO}: NZ, N2033

N2Os, N3, 0y, 05, C', HaN'(e), N2O  (¢), N2O§ (€), N2O4

(* o3HayaeT, YTO BEIIECTBO PacCMaTpHBAETCA B KOHIEHCHPOBAH-
HOM COCTOSIHHUH).

Kunetnueckve ko3¢Q(QHUIHEHTbl PAaCCYMTHIBAIHCE TOIBKO
nis ra3oBoit ¢asel. [lpu pacuete KOIQPHIHEHTOB MEpeHOCa
YYHTBIBAJIOCH 12 KOMITOHEHTOB:

CO, CO,, Hy, N5, 05, H,0, H, NO, HO, COH, O, N.
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Bcs HeoOxomumas McxojHas MHGOpMaUUs MO TepMOH-
HAMHMYECKHM CBOHCTBAM HWHIHUBUAYAJIbHBIX BelIECTB Opanach
U3 pabothl [26], a MO MHTErpajaM CTOJNKHOBEHHH pa3IMYHbIX
yacTHUll — u3 paborer [27].

PacueTsl mokazanu, YTO KOHACHCUpOBaHHas (as3a (TBep-
it yraepox C) NPUCYTCTBYET B MPOAYKTaX CrOPAHHS JIpeBe-
CHHBI TOJIBKO IIPU 3HA4YE€HUH K03 UIIMEeHTa H30bITKA BO31yXa O
MeHblIe enHHULIBL. B Tabn. 3.6 npuBOAATCS BEMUYHHBI MOJIbHBIX
J0JIel ra30BOM U KOHAECHCUPOBAHHOH (pa3. MONBHbBIE 10U BEHI-
YUCISUTMCH MO CAEAYIOIHUM GOpMyiam:

ras
B N i
- Nra3 +NKOHII ’
KOHJL
§KOHA _ N
- N8 ATKOHI ’

rae x'° — MOJIbHAs A0 ra3oBod (asel; x " — MOJbHAs IO

KOHIEHCHPOBaHHOM (as3bl; N — ofliuee 4uciio MoJiel ra3oBoii
daser; N°™ — ob1iee yrcsi0 MoJiel KOHAEHCHPOBAHHOM (ha3kbl.

Tabruya 36

MoabHbie 10/1H ra30BOH H KOHAEHCHPOBaHHO#H (a3
B NPOAYKTAX CrOPaHHS IpeBeCHHbI

Temnepa- a=0,75 =03 a=0

Typa T, K @ xroua ™ o e xron
300 0,9507 0,0493 0,874 0,126 0,5208 0,4793
400 0,961 0,039 0,8897 0,110 0,5528 0,4471
500 0,973 0,026 0,9078 0,092 0,5824 0,4176
600 0,987 0,0130 0,9241 0,075 0,6053 0,3948
700 1,0 0 0,9406 0,059 0,6265 0,3734
800 - - 0,9718 0,028 0,6595 0,3406
900 - - 1,0 0 0,7312 0,2688
1000 - - - - 0,8421 0,1578
1100 - - - - 0,9133 0,0866
1200 - - - - 0,9341 0.0658
1300 - - - - 0,9392 0,0609
1400 - - - - 0,9404 0,0596
1500 - - - - 0,9408 0,05932
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Ha puc. 3.12-3.17 npuBeaeHbl 3aBHCHMOCTH MOJIBHBIX
AoJei ra3oo0pasHbIX KOMIIOHEHTOB MPOAYKTOB CrOpaHHs Jpe-
BECHHbBI H APEBECHBIX OTXOAO0B OT TEMIIEPATYPHI IPH Pa3IHYHbBIX
3HaueHHUsX . M3 3THX pHCYHKOB BHIHO, YTO NpH & = 1 B mpo-
AYKTaX CrOpaHHs JPEBECHHBI H JPEBECHBIX OTXOAOB MPHCYTCT-
ByIOT KoMInoHeHThl N, H,O, CO; B untepBane temneparyp
300-1200 K. B nanpHefIeM ¢ pocToM TEMIIEpaTyphl B pe3yJib-
Tare AUCCOLIHALMA OCHOBHBIX KOMIIOHEHTOB 00pa3yloTcs Bele-
ctBa CO, O,, OH, H, u np. C yBesMueHHeM 3HAYEHHH o B YHCe
OCHOBHBIX KOMIIOHEHTOB NMPOJAYKTOB CTOPAaHUS HAYHHAKOT [105B-
I9ThC KOMMNoHeHThI O, u NO.

bonee HHTepeCcHas CUTyauHs HaOI0AaeTcs MpH 3HAYEHH-
X a < 1. B cBA3H ¢ HEIOCTATKOM KHCJI0OpOAa B MPOAYKTAxX Cro-
paHus apeBecHHbl B HHTepBasle Temnepatyp 300-1200 K npu-
CYTCTBYIOT KoMnoHeHThI Ny, H,O, CO,, CH,4, H,, NH3, CO.

13 puc. 3.12-3.17 BHAHO, YTO C POCTOM 3HA4YECHHS OL B CHC-
TEMEe BO3PAaCTaeT COJCpPXKaHHE MOJIEKYJIpHOTro a3ora Ni, KOTO-
pBlii sABJAETCS Oa/ylacTOM OKHCIUTeNs. Tak, MpH TeMmeparype
T'= 1200 K MonbHas nons azora N, BO3pacTaeT OT 3HAYEHHS
0,47 - 107 mpu o = 0 110 0,695 mpu o = 1, T. €. Ha 2 mOpszIKa.

CylIecTBEHHO MEHSETCS ¢ M3MEHEHHEM O COJep)KaHHE
H JpYyTMX OCHOBHBIX KOMIIOHEHTOB B ra3oBoi ¢a3se npoayKTOB
cropanus apesecuHbl (puc. 3.18-3.20). Hanpumep, npu tem-
neparype 7 = 400 K BenuyuHa MonbHO# nonu napos H;O yOsbi-
BaeT oT 3HayeHusa 0,719 npu oo = 0 go 3Hauyenus 0,0882 npwu
a = 2,0, T. e. Ha mopsAoK. B uHTepBane 3HaueHHH o oT 1 10 2
monbHas nons H,O ymenbmaercs ot 0,148 no 0,088, T.e.
Ha 40 %.
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Puc. 3.12. 3aeucumocme Monvbix 00oneti KOMROKEHMO8 NPOOYKMOE C20PAHUA
opegecHbix omx0008 om memnepamypol npu a = 1; W = 50 %:
I =Ny 2-C0O, 3-H,0;4-CO; 5-0,,6-0H, 7-H,, 8-NO; 9-H: 10-0:
11-HO); 12-NOy; 13—N; 14~ N,0; 15~ NOH; 16 — HN; 17 - COH: 18 - H,0;
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Puc. 3.13. 3asucumocme monbrelx 0oneii KOMROHEHMO8 2a3060U azvl
npoOyKMOg C20panus OPe8ecHsvlx OmMxo0008 om memnepamypul
npua=1; W=15%:

1 =Ny 2-COy; 3-H,0; 4-CO; 5-0, 6-0H; 7—H,; 8-NO; 9-H; 10-0O;
11-HO,; 12-NO5; 13- N; 14— N,0; 15— NOH; 16 - HN; 17 - COH; 18 - H;0,
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10°
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Puc. 3.14. 3asucumocme monvuwix doneli komMnoHenmoe 2az080i g azvi
NpOOYKmMOo8 c2opanus Opesecunsl om memnepamypol npu a = 0:

1-Ny2-COy;3-H;0:4-CO; 7—-Hy; 9-H: 10-0; 17— COH: 19— CH,;
20— NHy; 22— CHN; 23— CyHy: 24~ CoH: 25— CHy: 26— CoH,: 27 — CHL0;
28~ CN; 29— C: 30— C,N; 31 - C,N,; 32— C,0: 33 - CH: 34— CH,
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Puc. 3.15. 3asucumocme MonsHelx donel KOMROHEHMOE 230601 a3l
npodykmos ccopanus Opeeecunbl om memnepamypel npu a = 0,5:
I =Ny 2-COy; 3— Hy0; 4= CO; 5— 0y 6 OH; 7—Hy; 8- NO; 9~ H;
10-0: 11 -HOy; 13-N; 15- NOH; 16 - HN;
17-COH; 19-CH, 20— NH;; 22 - CHN
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Puc. 3.16. 3agucumocms monerbix Ooneli KOMROHERMOB 230601 ¢azwi
NpOOyKmMoe c2opanus Opeeecunst om memnepamypul hpu a = 0,75.
1 =Ny 2-COx 3-H0;, 4-CO; 50, 6-OH: 7 H,: 8- NO; 9 H:
10-0; 11 -HO,; 12-NOy; 13—~ N; 14~ N,0; 15— NOH; 16 - HN;
17 - COH:; 1’8'—H203,' 19— CH.J,' 20 — NH_; 2] - HEN
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Puc. 3.17. 3asucumocms mMonbHelx 00neli KOMROHEHMO8 2a30601 P azvl
NPOOYKMO8 C20paHus Opesecurbi Om memnepamypvl npu a = 1:

1-Ny 2-COy 3-H,0: 4-CO; 5-0, 6-0H; 7-Hy,
8-NO; 9—H; 10-0; 11 -HO; 12-NO,; 13-N

[Ipu 3nauyenusx o < 1 momeuele gonun COz, H,O, CHy
nmpoxonar uepes sxctpemyM. Ilpu temnepatype T = 800 K
MosnbHas gonst CO, ymenpinaercs ot Beauuunsl 0,21 mpu o = 0
no 0,092 npu o = 2, 1. e. 6bonblue yeMm B 2 pasa. B uHTEpBane
3Ha4YeHUit o or 1 mgo 2 MosbHas J0Jid ABYOKHCH YTrjiepona
yMeHbIaercs ot 0,16 no 0,092, To ectb Ha 42 %.
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Puc. 3.18. 3agucumocme monvroii donu CO, 6 npodykmax ceopanus
Opesecumbl om memnepamypsl RPU PA3TUYHBIX 3HAY CHUSX
Ko3¢@uyuenma uzbvimea 6030yxa a:
l-a=0,2-a=053-a=0754-a=10;5- a=125;

6 — aumepamypueie Oanneie [28]; 7-a =15 8—a=1,75: 9—a = 2.0
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Puc. 3.19. 3asucumocme monvroii donu H,O 6 npodykmax ceoparus
opesecunbl om memnepamypol NPU PATUYHbIX 3HAYEHUAX Q.

l-a=0;2-a=053-a=075;4—-a=10;5-a= ],25;‘
6 —a=125;7—umepamypuvie Oannvie [28]; 8—a=1,75; 9-a =20
Ha puc. 3.18 u 3.19 nyHKTHpOM HaHECEHBI JaHHbIE MO CO-
aepxauuo CO; u Hy)O, npuBeaeHHbIE B JIMTEPATy PHBIX HCTOY-
HHKax /Ui [ABIMOBBIX Ta30B, YTO COOTBETCTBYST 3HAYEHHUAM
o > 1,25 nns npoayKToB CropaHus APeBECHHBI,
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Puc. 3.20. 3asucumocms monenou donu CH, 6 npodykmax cecopanus
opeeecunsl om memnepamypbl HPpU PANUYHBIX 3HAYEHUAX Q

l-a=0;2-a=053-a=075
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Takum 00pa3oM, coaep>aHME€ OCHOBHBIX KOMIIOHEHTOB
B CUCTEME 3aBHCHT OT BEIHYHUHBI KOIYPHUIIMEHTA OKUCITIHTENS O,
YTO CYLIECTBEHHO MOXET CKa3aThCA Ha MmapaMeTpax, XapakTepH-
3YIOLIUX pa3BUTHE [107Kapa, 0COOCHHO B €r0 HayajJbHON CTaIMH.

3.3.2. TepmoguHamuueckue cpolicTBa
npogykTtoB cropaHnus

Ha puc. 3.21-3.25 npuBeneHbl pacyeTHble 3aBHCHUMOCTH
TEPMOJMHAMHYECKHUX CBOHCTB ra30BOH (a3pl MPOAYKTOB Cropa-
HHSl IpEBECHHBI U JPEBECHBIX OTXOA0B — MOJIEKYJISPHOTO Beca |4
(kr - Kmonb'l); sHTanbnuu H (x/lx - Kr"); TENJI0EMKOCTH
¢, (kI - xr”' - K'); mnoTHOCTH p (KT - M) — OT TeMmepaTypsl
MPU pa3IHYHBIX 3HAYEHHUAX OL.

M3 puc. 3.21-3.22 BUIHO, YTO C POCTOM BJI2XXHOCTH CHC-
TEMbl MOJIEKYJIAPHbIA BEC U MJOTHOCTH ra3oBoi ¢a3bl yMEHb-
LIAXOTCA, TAK KaK B CUCTEME YBEJIIMYUBAETCS COJEep)KaHUe Ia-
poB H,O ¢ MEHBbHIMM MOJIEKYJISPHBIM BE€COM IO OTHOILUEHHIO
K COOTBETCTBYIOI[UM B€caM MOJIEKYJsApHOro asora N U IBYy-
okucH yrinepoaa CO,. C pocTOM BNa)XHOCTH IOJHAA SHTAIBITHA
CHCTEMBI yMeHbIIaeTcd. TemIoeMKOCTh e Bo3pacTaeT, Tak Kak
KpUBasi SHTATBIIHH C POCTOM TEMIlEpaTyphbl HAECT Kpyuye AJis CO-
ctaBa cMecH ¢ Oonbuiedl  BIAKHOCTBIO, 4YTO IIPHBOOHUT
K YBEJIH4YEHHIO TIPOU3BOIHOM, PABHON TEIJIOEMKOCTH Cp. TaK, mpu
temneparype 7 = 1100 K sHranenus H 1u1s npoIyKTOB CropaHus
IpeBecHHBI ¢ BiaxHocTeo WP = 50 % pasna -3590 xJlx - K,
a U1 IPeBECHHBI C BIaxXHOCThIO WP =15 % H = -2664 xJIx - K.
Pacxoxnenue cocraBnsget 926 xJ[x - kr, uu 26 %.
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Puc. 3.21. 3asucumocme menioguzuneckux c6oucms 2a3o8ou ¢hazvl
nPoOyKmMo8 ceopanus opegecHulx omxo0o8 om memnepamypsl npu W =15 %, a = I:
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Puc. 3.23. 3asucumocms mennoghuzuveckux c6oucme 2a3o6ou haswl
[
NPOOYKMOE C20panus Opeéecursl om memnepamyps npu a = 1.

| = 2—-H; 3-¢, 4— p 5 — mabauunsie danmnvie no nnomuocmu p, npusedennvie 8 pabome [28 ],
6 — mabauunsie danHble O MENNOEMKOCMU Cp, NpuGedeHHbie & pabome [28]

6l
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Puc. 3.24. 3aeucumocmb mepmodunamuyeckux cgolicma 2a3o8ou gazel
NPoOyKmo8 c20panus opesecunvl om memnepamypst npu @ = 0,5:
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[Ipu 3TO# XeE TeMIeparype TEeIIOEMKOCTH COOTBETCTBEH-
Ho paBHbl 1,42 u 1,31 x/Ix - Kr K", YyTO JaeT oTiuyue B 8§ %.
[lukH B MOBEACHHH MOJICKYJIAPHOTO BECA | H TEIJIOEMKOCTH €,
npu o < 1 (puc. 3.24-3.26) B unTepBane temneparyp 300-1100 K
OOBACHSAIOTCS CJIO0XHBIM TIOBEAEHHEM COCTaBa Ta30BOH (assbl,
H HATHYHEM KOHICHCHUPOBaHHOH (a3pl B 5TOM HHTEPBAJIE TEM-
neparyp (AMccouuanHs napoBs BoAsl ¢ 0OpazoBaHHeM BOAOpPOa
U KHCJIOpOJa, BO3TOHKa TBEPAOTO yrjiepoja, oOpa3soBaHHE Me-
raHa 4 aMMHaka, pocT CoJiepXKaHus IBYOKHCH YTriepona).

Ha puc. 3.23 nyHKTHpOM HaHeceHbl JaHHbIE MO IIJJOTHO-
CTH M TEMJIOEMKOCTH, NpUBEJEHHbIE B JIUTEPATYPHBIX HCTOYHH-
Kax IJid ObIMOBBIX ra3oB. Paznuuue no TenjioeMKoCTH 00bACHS-
eTCsl OTJHMYHBIM OT PACYETHOTO COCTABOM JBIMOBEIX TIa3oB

(xco, = 0,13, xyy,0= 0,11, xy, = 0,76).

13 puc. 3.23-3.26 BUAHO, UTO C POCTOM 3HAYEHUS O TEI-
TIOEMKOCTh Ta30BOM (pa3pl MPOJYKTOB CrOpaHHUsi JPEBECHUHBI
yMEHBILAETCs, a SHTaIbIIUs Bo3pacTaeT. Tak, IpU TeMIieparype
T = 1100 K 3HayeHHE TEIIOEMKOCTH MEHSETCS OT BEJIMYHHBI
1,58 x/Ix - kr' - K npu o = 0,5 1o BemMyuHSI 1,25 KJIX - k! - K,
it Ha 20 %. Ilpu 3TOH e TemmepaType MOJIHAs SHTaIbIIHA
VieHsIeTCs OT BeMunHb! H = -2474 xJIx - kr”' 1o H=-1160 kJx - K
COOTBETCTBEHHO, WM Ha S0 %.

TakuM o6pa3zoM, OTAHYHE B COCTaBe ra3oBod ¢asbl mpo-
TYyKTOB CropaHHs, OOYCIOBIEHHOE H3MEHEIHMEM BJI2XXHOCTH
1 KoopduurueHta H30OBITKA OKHCIUTENS, MPHBOAUT K 3HAYH-
"'eJIbHOMY Ppa3juyHI0 B TEPMOJAMHAMHYECKHX CBOHMCTBAaX IMpoO-
[YKTOB CrOpaHHs JPEBECUHBI.
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-1 1
Tennoemkocms c,, KOX - k2 K
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300 500 700 900 1100 1300 1500
Temnepamypa T, K

Puc. 3.26. 3asucumocms mennoemkocmu 2azo6oii hasbi
NpoOyKmoe c2opaHus OpedecuHbl Om memnepamypol
Npu PA3NUYHBIX 3HAYEHUAX O
I-a=052-a=05:3-a=1;4-a=155-a=2;
nyHKmup — aumepamypHoie oarHote [28]

1700
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3.3.3. CpolicTBa nepeHoca npogykToB cropaHus

B nanHoM paszene mpuBeAeHB! pe3ynbTaThl pacyeTra
CBOMCTB IIEpeHOCA NPOAYKTOB CrOpaHHs IPEBECHHBI.

Ha puc. 3.27-3.32 npeacrasnenbl k03GGHUHEHTH! BI3KO-
ctrum (H:c- M‘z) U TernonpoBoaHocTH A (BT - M~ - K™), a Tax-
Ke COCTaBJAIOLIHE KO3PPULUHEHTA TEMIONPOBOAHOCTH ra30BOM
¢a3pl NPOJYKTOB CrOpaHUsl APEBECHUHBI U APEBECHBIX OTXOJO0B
B 3aBUCMMOCTH OT TEMNEPATyphl MPH pa3HBIX 3HAYEHHUSIX L.
Ha puc. 3.29 1 3.32 nyHKTHpPOM HaHECEHbI JaHHBIC MO KO3 hH-
UMEeHTaM BS3KOCTH M TEMJONPOBOJHOCTH AN ABIMOBBIX Ia3oB,
MPUBEACHHBIE B PA3JIMYHBIX HCTOYHHKAX.

M3 pucyHKOB BUAHO, YTO KO3 (HUIHEHT BA3KOCTH — BEJIH-
YHHA JOBOJIbHO KOHCEpBAaTUBHAs IS JAHHBIX CHCTEM H INpaK-
THYECKH HE MEHSETCSl C M3MEHEHHEeM Ko3dduiuueHTa H3ObITKa
BO3ayXa o M BJIaxXHOCTH W. Hanpumep, npH TeMmeparype
T = 1100 K BeanunHa Ko3pPHUMEHTA BA3KOCTH T COCTABJIAECT
0,000043-0,000044 H - ¢ - M IpU BCEX 3HAYEHHUAX oL U W.

M3 puc. 3.32 BUOHO, 4TO B HMHTEpBajJe TEMIEpPaTyp
300~1700 K, xapakTepHbIX UIA TOXKapa, BeJIMUMHA KoxhduimenTa
TEIUIONPOBOJHOCTH YMEHBILIAETCS C POCTOM KO3 HIMEHTa H30bITKA
Bo3ayxa o. Hanpumep, npu temneparype 7 = 1100 K Bermruuna A
paaa 0,117 Br-M" - K npu e =0,5; 0,083 Br- ™" - K mpu o= 1,0
u 0079 Br- M - K' npd o = 2,0, YTO COCTABIISET PaCXOXKICHHE
B 30 % mns 3Havenui A mpu . =05 u a0=2,0uB 5 % —mpu o= 1,0
ua=20.

Ha puc. 3.33-3.36 npeacrapieHbl BeTHYHHBI KO3QduumeH-
TOB B3auMHOH nuddys3uu D (M* - ¢’') B 3aBHCHMOCTH OT TeMIle-
paTypsl MPH pa3IMYHBIX 3HAYEHHAX O I ra3oBod (asbl mpo-
JIYKTOB CTOpaHHs APEBECHHBI M APEBECHBIX OTXOI0B. 3HauCHHs
D;; npuBeneHbl Ul CHEAYIOIMX B3auMHBIX map: Ny — H,O0;
Nz == COZ; C02 — Njy; COZ == HzO; Hzo - Nz; HZO - COZ» T. €.
a7 mosaekya N,, CO,, H;O.
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Puc. 3.27. 3asucumocme kosghpuyuenmos eszxocmu, mennonposoorocmu
U COCMaanAUWUX KO3 duyuenma men1onpoeoOHoOCMu 2az060U Pazel
NpOOYKMo8 ccopanus OpegecuHvl om memnepamypul npu & = 0,5:
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Puc. 3.28. 3asucumocme k03¢hguyuenmos eazkocmu, menionposoOHoOCMu
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npoOyKkmoe ceopanus Opegecunvl om memnepamypsl npu & = 0,75:
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Puc. 3.29. 3asucumocme kosppuyuenmos ésasxocmu, menionpogodnocmu
U COCMasnAWux KOIPPuyueHma menionposoodHocmu 2a3o080u Ghaswl
NPOOYKMO8 c2OpaHus dpesecurivl om memnepamypol npu @ = | :

1= Posani 2 = Auocm * 10" 3 = Aguymp - 10%; 4 = 11 5 = Aoy
6 — mabauynbie danHbie 0N ObIMOBLIX 2a306 [28]
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Puc. 3.31. 3asucumocms ko3¢hgpuyuenmos gazxocmu,
MENNONPOBOOHOCMU U COCMABNAIOWUX KOIPuyuenma mennonposodHocmu
2azo6ou gazvl NPOOYKMOo8 C20paHus OpeeecHblXx OMX0008
om memnepamypvi npu @ = 1l u W =15 %:
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2a3060U Gazvl NPOOYKMO8 c2opanus Opeeecunsbl om memMnepamypol
npu PA3TUYHLIX 3HAYEHUAX Q.

l-a=052-a=0753-a=10;4-a=155-a=20;
— — - — MabauYHble IHAYEHUS 0N ObIMOBBIX 2a306 [28]
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2az080il ¢asel NPOOYKMOE c20paHus OpesecHvix Omxo0o8
om memnepamypwi npu a =1 u W =15 %:
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4~ H,0-COy 5—CO>~Ns 6-N,~CO,
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2az0801U ¢azbl NPOOYKMOE C2OPAHUA OPeBeCUHDb
om memnepamypol npu a = 1,0:
! -N;-H,0: 2-H,0-Ny 3-CO,-H,0;
4-H,0-COy; 5-CO;-N, 6-N,-CO;,

B tabn. 3.5 npuBeneHbl 3HaYeHUS KOIDPULHUEHTOB B3a-
iMHOH uddy3un D ana nap: CO, — H,O u CO; — Ny
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Tabaruya 3.5

Koy¢ppuunentol B3aumHoi auddysuu aas nap,
obpazoBanHbIX Mosekyaamu CO,, H,0, N,

Bnaxuocts W, % KoadpduuueHT u3bbiTka Bo3ayxa o
Tennepa- 50 15 0,5 1,0 ;5 2,0
Typa I, K
Kosduument s3anmnoii auddysun Deg, 0 10°, M- ¢’

700 1,0 1,0 1,0 1,0 1,1 1,1
1100 2.7 2.4 2:3 2,4 2,4 :
1500 4,6 4,2 4,1 4,0 4,1 4,2

Kosdpduument s3anmuon anddysun Deo, _n, - 10°, M* - ¢

700 0,75 0,74 0,72 0,72 0,75 0,76
1100 1,7 1,6 15 1,6 1,6 1,0
1500 3,1 2,9 2.7 2,7 2,7 2.8

3 puCYHKOB U TaOJULbI BUAHO, UYTO C YBEJIUYEHHEM BIIAXK-
HOCTH KO3 HLHEeHTsl B3auMHOK JUd(Y3UH YBEJIHUUBAIOTCS
Ha 5—10 %. C poctoM ko3hduimerTa u3dbITKa Bo3ayxa ko3dpdu-
LIUEHTHI B3aUMHOM qud(y3ud HE3HAUHTENLHO YBETHYHBAIOTCS.

TaxuM o0pa3oM, ¢ U3MEHEHHEM BJIAXXHOCTH U KO3 HIK-
€HTa KU30bITKa BO3yXa IPOUCXOJUT H3MEHEHHE KO DHIIHEHTOB
nepeHoca ra3oBoi ¢asbl MPOJAYKTOB CrOPaHUS JPEBECHHBI, KOTO-
pbie HEOOXOIMMO YUHTBHIBATh NPH COOTBETCTBYIOIIMX pacyeTax.

B T1abn. 3.6 u 3.7 npuBeneHsl JUTEpaTypHbIe IaHHEBIE,
KOTOpBIE MOTYT OBbITh MOJE3HBI JUIS PEMIEHUS IMPaKTHYECKHX
HOPMAaTHUBHBIX 3a/1a4.

Tabauya 36

YaeabHblii Bbixoa (noTpebaeHue) razoB Npy ropeHHH BELLECTB H MATEPHAIOB

Y aenbHbl#t Bbixoa (noTpebnenue) razos
Be L, kpir
LECTBO H/IH MAaTepHal

Leo Lcoz Lo; Lya
Xomnok 0,0052 | 0,57 2.3 -
Jlen 0,0039 | 0,36 1,83 -
Xnonok + kanpoH (3:1) 0,012 1,045 3.55 -
Typbunnoe macno TI1-22 0,122 0,7 0,282 -
Kabenn ABBI' 0,11 - - 0.123
Kabenu ATIBI 0,150 - - 0,016 |
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OkxkoHvanue maba 3.6

Y nenvHbi BbIX0A (NOoTpeGneHue) ra3os

-1
BeliecTBO MM MaTepHan Sk K
Leo o, L 0, Ly
lpeBecHHa 0,024 1,51 1,15 -
KepocuH 0,148 2,92 3,34 -
[lpeBecuHa, OrHes3allMileHHas npenapa-
rom CJ1P-552 0,12 1,96 1,42 -

Jdbimoobpa3sytowas cnoco6HOCTL BELeCTB H MaTepHAI0B

Tabruya 37

HbiMoobpasylowias
CcnocobHOCTL D,

BeuwiecTso unu matepuan Hi - Mt k!
Tneunue I'openue

ByTunosslii cnupt - 80

beH3uH A-76 - 256
OTunauerar . 330
LluknorekcaH - 470
Tonyon - 562
Ju3enbHoe TONAUBO - 620
IpeBecvHa 345 23

HdpesecHoe BosokHO (6epe3a, ocuHa) 323 104
JACTIL, TOCT 10632-77 760 90

@anepa, 'OCT 3916-65 700 140
CocHa 759 145
bepesa 756 160
HpesecHo-BonokHucTas nauta ([ABII) 879 130
JInnoneym IBX, TY 21-29-76-79 200 270
Creknonnactuk, TY 6-11-10-62-81 640 340
[Nonuatunen, FOCT 16337-70 1290 890
Tabak “KOOGuneknbii”, 1 copt, W= 13 % 240 120
[Nenonnact [IBX-9, CTY 14-07-41-64 2090 1290
[Tenonnact IN1C-1-200 2050 1000
Pesuna, TY 38-5-12-06-68 1680 850
[lonuatunen Bbicokoro aasnenus [1DBO 1930 790
[1nenka [1BX mapxu I110-15 640 400
[Mnenka mapka [N1ACO-12 820 470
Typ6uHHOE Mac/io - 243
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rhABA 4

TEIMMAOOBMEH OYArI'A IO2KAPA
CO CTPOUTEABHBIMH KOHCTPYKLIUAAMH

[To kayeCTBEHHOMY XapakTepy M KOJIMYECTBEHHBIM BeEJU
YUHAM CJIOXKHBIH TeIIOOOMEH ouyara Io)apa cO CTPOHTEJIbHBI
MU KOHCTPYKLHSIMH Pa3IMYHON OPHEHTALIMHM MOXKHO Pa3/IEHUT!
Ha JBa BUJA: TIpU JIOKAJIBHBIX M ITPH 00bEMHBIX MOXKApaX.

[Ipu noxaneHBIX MOXapax (B HAYAJIBHOM CTAJMU I110XKapa
CJIOXHBIH TEIIOOOMEH HOCHT aJIMTHUBHBIA Xapakrtep. [Ipu 00b
EMHBIX [0)Kapax — HeaaaUTUBHBIN xapaktep. [lepexoaHslii pe
KMM CJIO)XHOTO TEIUI00OMEHA OT aJIIUTUBHOIO K HEAUIUTUBHOM
XapakTepy IIpd [OXKapax, I[epeXOolsiuuX U3 JIOKAJIbHBI
B OOBEMHBIE, HAUUHAETCS ¢ OKOHYAaHHEM HadaJIbHOM CTaJuH I10
apa fycn M 3aKaH4YMBaeTcs IpU 3Ha4eHUH Bu = 1, 4ToO COOTBeET
CTBYET 3HAYEHUIO cpeiHeo0beMHOM Temnepatyps! 7 = 400 °C.

TennoBoe B3auMmoneHcTBHE ouara JIOKaMbHOIO IOXKap:
C TOPU3OHTAIBHBIMH KOHCTPYKIMSIMH TMOKPBITHH TNOIYHHIETCS
obiieil cxeme B3aUMOJAEHCTBHS HEU3OTEPMHUYECKOH CTPYE
¢ nmperpajo#. [Ipuuem T0 B3auMojeHcTBYE, B CHITY aIIMTHBHO
CTH CIOXHOIO TeIUIOOOMEHa, paccMaTPHBAETCS OTAENbHC
OT JIYYHUCTOTO TEIUIOOOMEHa ovara rno)apa ¢ 3THMH KOHCTPYK
uuaMH. IIpy oObeMHOM MmoXkape B pa3sBHTOM ero CTajuu Jra 3a
KOHOMEPHOCTh IIPOJOJKAET padOTaTh, HO YXe C YUYEeTOM Heal:
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JUTUBHOCTH CJIOXHOTO TEIIOOOMEHA 0 YCIOBHOIO BpEMEHH
pasBUTHS MOXapa f,, OonpeaenseMoro no gopmysie (2.43) u
COOTBCTCTBYIOLICIO HayaJly 3aTyxXamolled cTaguu moxapa.
B 3atyxaroiei ctaguy Mokapa TEIJIOBOE BO3/EHCTBHE Ouara
MoXapa ¢ TOPU30HTAIbHBIMH M BEPTUKAJIBHBIMH KOHCTPYKLIMAMH
HMMEET Ka4yeCTBEHHBIH XapaKTep, CBOMCTBEHHBIH mpoueccy Ter-
1000MeHa ovara 1noxapa ¢ BEpTHKaIbHbBIMH KOHCTPYKIHAMH.

11 rOpH30HTAIBHBIX KOHCTPYKUHUH OYE€BHIHO, YTO KOH-
BEKTHBHAs COCTABJAKOLIAA CIIOXKHOIO TEIJIooOMeHa HOCHT BbI-
HY)KJIEHHBIH XapakTep (BbIHYXXIEHHAs KOHBEKIHA), 32 HCKIIIO-
YeHHEM 3aTyXarolle cTaluu noxapa.

JIJ1 BEepTUKAIBHBIX KOHCTPYKLUUH HE0OXOJHMO OLIEHHTH
BKJIAJ BbIHYXXJEHHON U €CTECTBEHHOM KOHBEKLHUKH B CJIOXKHBIH
tennoodbmern. YToObl onpenenuTs BUJ KOHBEKTHUBHOM COCTaB-
JS0LIEH CI0XKHOro Teroo0OMeHa ouara Inoxapa ¢ BepTHKab-
HbIMH CTPOUTEJIbHBIMH KOHCTPYKLUHMSAMH, Hal/leM BEJTHYHHY OT-
HOLLIEHUS MaKCUMIbHON CKOPOCTH MOTOKA XUIKOCTH B IOrpa-
HUYHOM CJIO€, BBI3BAHHOIO €CTECTBEHHOHM KOHBeKUHEH Unax,
K MAKCUMQIBHOH CKOPOCTH BBIHYXXAECHHOI'O IIOTOKA OMYCKHOIO
TeYEHHs HA BEPTUKAILHON MOBEPXHOCTH Unax,, 00pasyrouierocs

BCJIEACTBUE B3aMMOICHCTBUS KOHBEKTHBHOM KOJIOHKH CO CTpOH-
TEJIbHBIMH KOHCTPYKLMSAMH.

Bennuuny Upax AJ18 YCIOBUH €CTECTBEHHOM KOHBEKIHH
MOXHO oripefenuTh u3 cootHoueHus [10]. [To nanueM oudde-
PEHIHAIBHOIO MeTOoJa MOJAEJHPOBAHUA JIHMHAMMKH I10Xapa
[2-4], BenuYMHAa MaKCHMaJIbHOH CKOPOCTH ONYCKHOIO Te4YeHHs

Ans aguabartudeckux YCnoBHH coCTaBiAET Umax, ~ 0,1gL .

C HCrIONB30BaHUEM IAHHBIX MCCJIECIOBAaHUH B3aMMOJCHCTBHUA
CTPYH C H30TEPMHYECKOHU MMOBEPXHOCTHIO €€ MOXXHO ONMpPEAEIHTD

H3 COOTHOIWEHHA Unax, ~ 0,05/ gL .
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B auana3oHe HM3MEHEHHS BBICOTHI IOMELIeHUA L oT 3
10 12 M npu 3HAYEHHAX CPEHEH TeMIlepaTyphbl ra30BOH Cpeibl
B ouare noxapa 7' = 500-1000 °C sennuuHa Unax/ Umax, ~ 6—10.
Ot”owenne uyucen Hyccenwsra, onpeaeneHHbIX IO 3aKOHAM
ectecTBeHHOH (Nu) ¥ BbIHY>XAeHHOH (Nug) KOHBEKUHH, CO-
ctapiser npumepHo 8,5-12.5 mpu 7T = 500 °C u 6-8 npwu
T=1000 °C.

Bennuuns! otHOMEHHHA Upax/Unax, © NU/Nug 1103BOJIAIOT
IIPUHATH MOJIEJb CJIOXKHOrO TENI000MEHa C €CTECTBEHHOH KOH-
BEKI[MEH MpH OIpeJeNIEeHUH TEeIUIOBBIX HArpy30K [Jjii BEpTH-
KaJIbHBIX KOHCTPYKLIUH B YCIIOBUSAX IMOXKapa.

AHanu3 xapakTEpPHBIX BPEMEH I1poliecca MporpesBa OCHOB
HBIX CTPOHTEIbHBIX KOHCTPYKUMH f = Ala u npolecca Tenjo-
obMeHa ¢ = &%/v MO3BONSET ONpeJIeIUTh JUana3oH H3MEHEHHS
OTHOILIEHHH 3THX XapakKTepHBIX BpeMeH [/t = 5—100 npu u3me-
Heuu T = 50-1000 °C, yto naer 0OcCHOBaHHE HCIIOJIB30BATh MIPH
pDELICHUY HECTAUMOHAPHBIX 3aJa4 IPOrpeBa CTPOMTEIBHBIX
KOHCTPYKLHUH NpPH INOXKApPE 3aKOHKI TEIJI000MEHa, MOJyUYeHHbIE
M3 pellieHHs CTallMOHAPHBIX 3a/adY.

4.1. TenanoobmeHn cTtpouteAbHbix koHcTpykuui
B YCAOBUSIX Ha4yaAbHOU craguu noxkapa
u npu AokaabHbix noXkapax

JUIss HEeroplouHx BEpPTUK&IbHBIX KOHCTPYKUHI, a TaKxke
CTPOHTENBHBIX KOHCTPYKUMH, H3TOTOBJIECHHBIX H3 CropaeMbIx
MaTepHaJiOB M HarpeThIX J0 TEMIIEpAaTyp HHXKE TeMIIEpaTYpPhl KX
TEPMHUYECKOI'0 Pa3joKEHHUA, CpeHUH KOIDPHUIHMEHT TemnIooT-
Jlayd KOHBEKIHEHN OIpeaesseTcs M0 TPaAUILMOHHBIM METOJIaM
€CTECTBEHHOM KOHBEKLIMH [1] U3 COOTHOILEHUS

Ocp = (MH)0,135(Gr,Pr)"”, (4.1)
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rae H — BbICOTAa KOHCTPYKLHH, M; A — KO3)OHIMEHT Terionpo-
BOJHOCTH ra3oBoii cpensl, Br- M - K Gr, = gB(T - T,)H' IV -
yncno ['pacroda; g — yckopenne cBoGOAHOrO MajeHus, M - ¢ °;
B~ 1/T — kodpduumeHT TepMHuyeckoro paciuupeHus, K
T — cpennsas TeMleparypa ra3oBoil cpeibl B oObeMe noMerie-
uus, K; 7, — temMneparypa noBepxHOCTH, K; Vv — BA3KOCTh
rasoBOMH cpelbl, Mt cl

Onpenensolen TeMneparypoii, o KOTOpoi 1o CIPaBOYHbIM
JAHHBIM HaXOJATCA 3HAUEHHUS A M Vv, saBisercs Tom = (T + T,,)/2.

J111 KOHCTPYKUHH 11073, HaXoas1leics 3a npeaeiaMy oyara

noxapa, ., = 1,30p. B kayecTBe onpenesnstouiero pasmepa s

KOHCTPYKIMH 110.1a TPHHHMAETCA MEHbLIas €ro CTOpPOHA.
CootHotuenue (4.1) cnpaseymso ps 3uaveHuit (Gr,Pr) > 108,
[IMOTHOCTE KOHBEKTMBHOIO TEIJIOBOTO NOTOKA MOXHO

OTIPEAENTUTH H3 COOTHOILICHHS

qx = C"cpJI (T_ Tw)a (42)
rae o, — KO3(pOUUHEHT TEMJIOOTAAYH /-1 KOHCTpYKUHH (CTe-

Hbl HJIH NI0J1A).

[1pu 3nauenuu (7 — T,,) > 0 KOHCTPYKLIHS HarpeBaeTcs ra-
30BOH cpeaoii, npu (7 — T,,) < 0 — oxnaxgaercs.

B HayanbHOH cTaauu Moskapa KOHCTPYKLMS NOJA OXJIaX-
JlaeTcs 3a CYeT KOHBEKTHBHOTO TeIIOOOMEHa, TaK K€ Kak
H KCHCTPYKUUSA CTEH HUKE TEIUIOBOH NOAYLIKH, 0Opa3yroLeHcs
OT B3aMMOIEHCTBHUSA OYara noxkapa ¢ KCHCTPYKUHSAMH MOKPBITHH
(nepekpriTHii). B 30He TemI0BO# MOAYIIKH KOHCTPYKUHS CTEHbI
HarpeBaeTcs.

['panuLbl NpuMeHeHUs TPaJHLMOHHBIX METOJ0B KOHBEK-
THBHOH TENJIOOTAA4YH [0 BpEMEHH Pa3BUTHA MN0Kapa I KOHCT-
PYKIHH, BBINOJHEHHBIX M3 TFOPIOYHMX M TPYAHOIOPIOYHX Mare-
pHaNOB, ONIPEJEIEHb] U3 PELICHUS HECTALIMOHAPHOIO YPaBHEHUA
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dypbe ¢ HCIONB30BAaHHUEM IKCIIEPHMEHTAIBHO MOTYYEHHBIX 3a-
Bucumoctel g, = Ait) u T = f{t) ana HCII. Bpewms 4, «, B Te4eHHE
KOTOpPOIr'0 Ul KOHCTPYKLMH, BBINOJHEHHBIX H3 T'OPIOYMX HIH
TPYJAHOTOPIOUUX MaTE€PHAJIOB, CIIPABEIHBA 3aBUCHMOCTD €CTECT-

BeHHOM KOHBeKILHH (4.1), onpeaensieTcs U3 BbIpaXKEHHA
(

T. -T,
T. =T, -Ty)*{a,x? 00105 "—2 |+
w TO
‘r -1.Y T =T
200118 el 0,006 Dol |4
TD T{)
=8
n _TO' ’
+ 0,04 . (4.3)
TD

4

rae Ty, Tn — 3HaYEHHA TEMIIEpPATYp COOTBETCTBEHHO NOBEPXHOCTH

KOHCTPYKLIMH U CpeaHEeOOBEMHOM, MPH KOTOPLIX HAaYUHAETCH TEp-
MHYECKOe pa3yiokeHne marepuana, K; A, a,, — TEIIONpOBOIHOCTS,

-1 -] 3
Br-M' - K, 1 TeMnepaTyponpoBoHOCTb, M - ¢, MaTepHana KOH-

crpykumu npu (I, -+ 70)/2; k = ¢, 1,G/F\; G, = pB*g (gH)O‘S; B, =

= 4F/T1,; F,, — 0bIas MoBepXHOCTb KOHCTPYKLIHIL, M F — mwiorma
rona, Mm% [T, — NEPUMETP TMOMEIICHUS B MJIAHE, M.

Ecau npu pacuere mo cooTHoumeHuio (4.3) 3HadyeHHE
BPEMEHH IIOoJiyyaeTcd Oojbliue, YeM TMpOOO0JKHTENbHOCTD
HCII, 3a BpeMa f; x TPHHUMAIOT 3HAYEHUE NPOJOIKUTEIBHO-
cti HCII, ¢, « = then.

JUIs CTPOUTENIBHBIX KOHCTPYKIIKH, BBIMOJHEHHBIX W3 TO-
PIOYHX M TPYAHOIOPIOYMX MaTEpHasoB, MOCJIe Hayaga UX Tep-



215

MHYCECKOr0 pasfoXeHud (f > f) HEOOXOOUMO YYHTHIBATH Mac-
COOOMEHHBIE MPOLECCHI, MPOUCXOALIME HA NMOBEPXHOCTH (IO-
TOK IIPOJIYKTOB TEPMHUYECKOro paznoxeHus) [10].

TensoMaccooOMEH B YCJIOBHSAX €CTECTBEHHON KOHBEKLHH
Ha BEPTUKAIBHBIX KOHCTPYKIUAX NPH HAIMYHH TOPEHMS B IO-
IPAaHUYHOM CJIOE OIMHCHIBAETCSA CHCTEMOM UHTErpajibHBIX YpaB-
HEHHH, B KOTOPYIO BXOIAT YPaBHEHHS IBH)KEHHS, DHEPrHH H
au(Py3uu KHCI0poa B MOTPaHHYHOM CJIO€ IIPH HATMYHUH “CTO-
Ka~ KHCJIOpOJa, HIYLIEro Ha FTOPEHHE NMPOAYKTOB TEPMHYECKOTO
pa3IoXKeHUs MaTepHala KOHCTPYKIIHH.

Perenne cHcTeMBI 3STHX HHTETPATBbHBIX ypaBHeHH#H [10] npu
JOMYILIEHHH, YTO TNEPEHOC OJHEPIMM 32 CYET H30TEPMHYECKOM
b dysun, 6apoauddy3ronHbni nepeHoc Tera, qudGGy3HOHHAS
TEIUIONPOBOJHOCTL MpeHEOpeKUMO MaJIbl M0 CPaBHEHHIO C KOH-
BEKTHBHBIM TIEPEHOCOM TeEIlIa U TEIJIOBBIM 3(PQPEKTOM peaKiiu
TOPEHHMS, U JOMYLIEHHH 00 ONTHYECKH TOHKOM MOrPaHHYHOM CJIOE
UMEET BHJ C YYETOM, YTO MPH I0KAPE MOMKHO IIPHHSATD

¢= 1, Pr= 1,86 =1,

/3

Nu =026V 14 Pn{le =y |
BT, -T, )
| /3
X (1+x,), (4.4)
2,14(1+x,)+1
rae Oe3pa3sMEpHbI NapaMeTp Ky = nQ" L Xa-
s e T )(l=-m,)

paKTepH3yeT BJIMAHHE Ipolecca ropeauﬂ B IIOrPaHUYHOM CJIO€
Ha Temnoobmen; Nu = oH/A — uucino Hyccenera; Bm =
_ M,/ M,
I+(M,/ M, -1),
UIHPEHUS; M, — KOHIEHTpaUHsA OKHCIUTENIs ra3oBOH CpEIbl

— KOHLEHTPALHOHHBIH k03(dHuLHeHT pac-
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(m, = 0,23); m,, — KOHIIEHTpallis OKHCIIUTEJIS Ha MOBEPXHOCTH;

N — ko3bdHUKEHT MONHOTH cropanus; (F — HU3mas Tero-
TBOpPHAs CIMOCOOHOCTH MPOAYKTOB TEPMHUYECKOrO Pa3JIOKEHHS

CropaeMoro Marepuana KOHCTPYKUHH, KJDK - KT, ¢p — TeIIo-
€MKOCTb Ta30BOM CpeJbl MOrPaHUYHOro CJIOS IIPH MOCTOSHHOM
nasnenun, kJx - ki - K'; 7. — TemmepaTypa cropanus ra3oBoii
cpeabl B morpaHuyHoM cioe, 7, = 1273 K.

CKOpOCTb pacnpoCTpaHEeHHs MPOAYKTOB IOPEHHS B IIO-
rPaHUYHOM CJIO€, BJIHAKONIIAsA Ha CKOPOCTh MepeHoca razoodpas-
HBIX MPOAYKTOB B 00bEeME NMOMEILIECHHS, ONpeaeseTcs U3 COOT-

HOLIIEHHS
1/2

B m,_ —m
U=159¢gp(T,-T,) 1+ —=——>
gh( ) 8T T,

L 9] _l

P _
«J1-|31542150% __ Ma =,
¢, (ly—1,)1—-m,)

1/2

HY?. 4.5)

Jina onpeneneHus TyYHCTOH COCTABIIIONIEH CIIOMKHOIO TEIl-
J1000ME€Ha HUCIOJB3YETCA MOJEINE JIYYHCTOrO TEMI00OMEHa MEKIY
IUJI0CKONapajUIeIbHBIMKU O€CKOHEYHBIMHU TIacTuHaMH [10]

i) (i)
nkR = Oll sanl " | sAn ’
L1 "j\1oo) (100

€ €

w 71

TI€ €, €y — CTENEHb YEPHOTHI COOTBETCTBEHHO [a30BOH Cpe/bl
OrPaEUYHOrO CJI0S K MOBEPXHOCTH KOHCTPYKLHMH, ONpeesise-
Masl coryacHo 3akoHy byrepa—-Jlam6epra g, =1 — ™,

IlpuBenennas mmuna / = 1,88, rae 8, — ToMMHA TEIIOBO-
ro MOrpaHHYHOIO CJI0M
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-1/6

5, = 2,03Ge e 14 Pne =M) |

B =T5)
1 -1/6

X z . (4.6)

2,14(1+x. ) +1

3Ha4yeHHs IUIOTHOCTH TEIUIOBOIO IOTOKA, MOTyYEHHBIE
Ha OCHOBE [PHUBEJCHHBIX BBIIIE COOTHOUIEHHH, OTIHYAIOTCA
Ha6 % OT MaKCHUMaIbLHOIO JKCIIEPUMEHTAILHOTO 3HAYEHHUS
v Ha 9 % OT MHUHHMMAIBLHOTO NIPH ¢¢, = 30 kBT - M2, JKCIepH-
MEHT MPOBOAMJICS HA BEPTHKAIBHOHN JepEeBSIHHOM KOHCTPYKLHH
BbICOTOM H = 2,5 M, IpH 3TOM KoHUeHTpauus O, Ha MOBEPXHO-
ctd m,, = 0,01. Kak nokasanu npoBeicHHbIE pacyeTsl, A0JS Jy-
YUCTOH COCTABJIAIOLIEH OT CYMMApHOM IJIOTHOCTH TEIIOBOTO
notoka cocraBuisia 60 %, Ions IJIOTHOCTH TEIUIOBOrO MNOTOKA
3a CYET Tpoliecca ropeHus B MorpaHuyHoM citoe — 30 % u mong
KOHBEKTHBHOM cocTapstouei — 10 %.

IIpu aHanM3e JayyHCTOro TEIIOOOMEHAa B YCIOBHAX JIO-
KaJbHOrO IOXapa WM B €ro HayaJbHOH CTaguM HEOOXOOHUMO
YYHUTBIBATH HEOLHOPOAHOCTH IO TEMIIEpAType M OMNTHYECKHUM
CBOMCTBAM H3Jlyyatoule razoBoil cpensl (paxena miaMeHH).

M3nyyeHue oT NOKaTbHOrO o4yara ropeHusi B IIpOH3BOJIBHYIO
TOYKY IPOCTPAHCTBA CKJIAJBIBAETCS M3 M3ITyUYEHHUH BCEX JJIEMEH-
TapHbIX ero o0beMoB. Pacnpenenenue TeMneparypbl [0 OCH CBO-
OoaHoro akena XopoIo ONUCHIBAETCS COOTHOLLICHHEM

i 1,12 -1,21[ -4 ]
Ty, =Tl 0,3+335 —2—| e /| (4.7)

y max ‘
Ymax

— -

rae Tmax — MOXHO onpeaeuTh U3 1adi. 4.1; Ymax — ONpeaenser-

¢ M0 NPUOIHIKEHHOMY COOTHOIUEHHIO Vmax = 1,1D (D — nua-
MeTp oyara).
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Tabaruya 4.1

3HayeHHs MAKCHMAJALHOM TeMnepaTypbl T,

Marepuan Toa K Marepuan T.. K
HO}KapHOﬂ Harpy3kH l'IO}I{ﬂpHOﬁ Harpy3KH

AlleTOH 1420 HzoneHTton 1380
KepocuH 1360 H3onpeH 1340
BeH3un 1370 [Iponanbyron 1340
ByTH10BbIF CIUPT 1370 H3onponanbenzon 1350
Benson 1380 Jlpesecuna 1370
TpaHchopmaTopHoe Macio 1380 Topd 1380
MatrHHoe Maco 1360 AHTpaUHT 1570
MazyT 1330

Pacnpenenenune temnepatypbl BHOJb paauyca (daxena
TUTAMEHH COTJIaCHO IKCIIEPUMEHTAIBHBIM JJAHHBIM

T,-T
W o 5F 5457 —1,57, (4.8)
T .. .T 2 Yy Y :
yo 4f
rae r,= 2R,/D — oTHOCWUTENBHBIA paauyc; 1y — TemIeparypa

Ha BHEIUHEH BEpPTHKaNbHON IpaHHIle IIaMeHH, npu h < 2,3 Ty =
=0,82Tmax unipy h > 2,3 Tp= 0,47,.
Koapdunuent ocnabiaeHus razoBod cpeabl ONnpeaessics
M3 BBIPAXEHUH
k=1,6- 10'3T(x,y, 2)=-0,5ma T>773 K,
x=1,54-10"T(x, y, z) — 0,45 nns1 293 K < T < 773 K. (4.9)
Pacyer u3myyeHHs OT JOKaJIbHOrO Oyara C y4eTOM pac-
npeaeneHuit (4.7)«4.9) no3Bonser onpeaenATbh C IMOMOIIBIO
OBM nnoTHOCTh MafgaroUIero JIYYHCTOTO TEIUIOBOrO ITOTOKA

B MIPOU3BOJIBHYIO TOYKY IIPOCTPAHCTBA.

[I10THOCTB JIy9HCTOrO TEIIOBOTO MOTOKA, MOIIOUIEHHOTO
00BEMOM NPOU3BOILHON OPHEHTAIIHH OTHOCHUTENIBHO JIOKAJTBHO-
ro oyara Ioxapa, onpeaenseTcs u3 COOTHOILECHHUS

gnr = ew(qr—oT5), (4.10)
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rae €, — CTENEHb YEPHOTHI MOBEPXHOCTH; §g — IUIOTHOCTh Ma-
JAIOIIEr0 JIYYHCTOr0 MOToKa, KBT - M™%

CteneHb BO3ACHCTBHA Oyara JOKaJIbHOTO MOXapa Ha Bep-
THKaJIbHbIE KOHCTPYKUHH H pa3IMYHbIE O0BEKTHI, IPHBOASALLETO
K YCHJIEHHIO MMOKApPHOH ONACHOCTH M HeXeJaTeJabHBIM [OCIE-
CTBHSIM, CBA3aHHBIM C IIOTEPEH YCTOHYHBOCTH KOHCTPYKIIMIA,
3aropaHueM COCEAHUX C O4YaroM NpeaMETOB H T. II., I'JIABHBIM
00pa3oM 3aBUCHT OT MAaKCHMAJbLHOM BeIWYHHBI IUIOTHOCTH Ma-
AAIOLIEro JIYYHCTOrO MOTOKA, KOTOPYIHO MOXHO BBIPA3UTh IJIA
cliydas, KOrjia BEpTHKaIbHasd KOHCTPYKUUSA HaXOAHTCA 3a dake-
JIOM, B BH/IE CIEAYIOLIErO YPABHEHHUA!

-B
X
Qg = AGT}‘(B) , 4.11)

rne A v B aBnsaroTcs cOXHBIMH QyHKUMSIMH oT Bu = kD; Ty —
3 deKTuBHAsS TeMIeparypa IIaMeHH, XapakTepHu3yrolas coBo-
KYIIHOE M3JIy4eHHE BCEX €ro 3JIEMECHTOB IO HANpPABICHUAM H3-
Jy4YeHHS.

g 3Hayendit Bu < | no HaHHBIM YUCIEHHBIX 3KCIEPHU-
MEHTOB

2 1,6Bu-3,5
T o,mcrniax[—jj , (4.12)
a gist Bu > 14

. 1,65
Gr_ = 0,2407{:&1[5) , (4.13)

B unTepBase 3HaueHui 1 < Bu < 14 BeJIMUHHY gr_  MOXK-

HO OIpeNenuTh U3 BhIpaxeHus (4.11), HCMONB3ys IUId HaX0XK/e-
HUS K03 duumenToB A U B naHHbIE pUC. 4.1.

C ucnonp3oBaHueM cooTHowenui (4.11)~«4.13) Obun no-
JIy4eHb! JJAHHBIE [UIS HAXOXEHWs Npele/bHbIX 3HAa4YeHHH pa3pbl-
BOB MEXIY pa3MellleHHIMH T0apHbIX Harpy3oK NpH OIMpCaeIc-
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HMUM KaTeropuil MOMEILEHUH, 3[JaHHMH H HapYXHBIX YCTAHOBOK
110 B3PLIBONOKAapHOH U noxapHoi onacHoctd (HITB 105-03).

A B
0,18} {2,8
0.16}F ! I///’,af“'"sz
0,14} 2,0
0,12} 41,6
0,10F 41,2
0,08} 40,8
0,06 loa
G 5 10 15

Bu
Puc. 4.1. 3asucumocme ko3¢pdpuyuenma A u noxazamena cmeneru B,
ucnonvyemeix 6 ypasnenuu (4.74) om geauvunor Bu 01sa onpeoenenua
naoauux 1yHuUCmelX NOMOK08 8 N10CKOCMb NOAA:

I — noxazamenv cmenenu B; 2 — koshpuyuenm A

B 3aBHCUMOCTH OT BEIMYHHBI KPHTHYECKOW IJIOTHOCTH
MOJAKOIIHX JIYYHUCTBIX NMOTOKOB ¢y (KBT - M-z) JUIA [TOXKapHOH
Harpy3KH, COCTOSILEH W3 FOPIOYMX TBEPABIX MaTepHasloB, 3Ha-
YEHHE NMPENENBHBIX PacCTOSAHUH [y (M) u1s Kateropuu B4 Mox-

HO HaWTH U3 1ad. 4.2.
Tabruya 4.2

3a8HCHMOCTDL NMpeaebHLIX PACCTOAHMIH [, OT BETHUHHbI
KPHTHYECKO# MIOTHOCTH MOAAIOLIMX JYHYHCTBIX NMOTOKOB ¢,

Gup» KBT - M 5 10 15 20 25 30 | 40 50
Inps M 12 8 6 5 4 3,8 | 3.2 2,8
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3Ha4eHHs [, NPHBECHHBIE B Ta0J1. 4.2, peKOMEH Iy10TCS TpU
MHHHMATbHOM PaCCTOSIHMM OT TOBEPXHOCTH I10KApHOM Harpys3ku
110 HHKHETO 1osica epM NepEKPLITHi (MOKpeITHI) H > 11 M.

IIpu 3naueHusax H < 11 M npenenbHOe paccTOsSHUE MOYKHO

onpenennTh Kak Ip = lnp + (11 - H).

3HaYeHHE ¢, U1 HEKOTOPBIX TOPIOYMX MAaTepHAJIOB MO-

>KQpPHOH HArpy3Ku MpuBedeHsbl B Ta01. 4.3,
Tabruya 43

MHUHHMATLHAA HHTEHCHBHOCTL 00/1yYeHHS 119 TBepPAbIX CropaemMbixX
MaTepHaI0B ¢y,

Grp» KBT - M, npu nponomku-

Matepuan TENBHOCTU 001y4EHUs, MMH

3 3 15
IpesecuHa (cocHa BaaxHocTiO 12 %) 18.8 16,9 139
JlpeBecHO-CTpyAeuHble NAHTHL, p =417 kr-wm* 13,9 119 8,3
Topd OpukeTHbIH 31,5 244 132
Topd kyckoBoi 16.6 14,35 9.8
X 10nok (BOIOKHO) 11.0 AT /%]
CA0MCTBIA NAACTHK 21,6 19,1 15,4
CTexn0n1acTHk 19.4 18,6 15,3
[lepramun 22.0 19,75 17.4
Pe3uHa 22,6 19,2 14,8
Yronb - 35.0 35,0
Pyn10HHas kpoBis 2241 19,75 17,4
Ceno, cooma (NMpH MUHUMATLHOH R15KHOCTH 10 8 %) 10.5 8.4 7,0

Ecnu nokapHas Harpy3ka COCTOMT M3 PasjH4YHBIX rOpIO-
YHX MATEPHAIOB, TO 3HAYEHHE (yp ONPEAEIAeTCS N0 MaTrepuaty
C MUHHMAJIbHBIM 3HAYEHHEM (p.

Jns noxapHoit Harpysku, cocrosmei u3 JIBXK wmm 0K,
PEKOMEHIYEMOe pacCTOSIHHE /gy MEXIY COCEIHHMH Y4aCTKaMH
pasMmewieHUs (pas3;uBa) IOKApHOH Harpy3kd MOXXHO OIpele-
UTh U3 cOOTHOWEHUH npu H > 11 M Iy > 15 M, mpu H <11 M

lnp > (26 — H) M.
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BenuunHy MakCHMaJIbHOW IUIOTHOCTH MaIalolIEro Jy4H-
CTOr'0 MOTOKA B 3JIEMEHT KOHCTPYKLHH, HOPMaJIb K KOTOPO# Ha-
npaBjicHa K OCH IUIaME€HH B 001acTH HM3MEHEHHS DPACCTOSHUSA

0 <x <0,5D, MOXXHO NpeACTaBUThL B BUAEC YPaBHEHHUS

TR(X)ax = 1.55 exp(— O,SS%JAGT;(O,S)'B, (4.14)

ITpu 3nauenun Bu > 14
TRy = 0,780 T exp[— 0,88%] . (4.15)

[11oTHOCTE MAKCUMAJILHOIO MAaJaroliero TEIJIOBOTO MOTOKA
Ha DJIEMEHT BEPTHKAJIBHON KOHCTPYKIHHM C HOpPMaiblo, HAIpas-
JIEHHOM OT OCH (akena, MOXeT ObITh onpeeieHa H3 COOTHOIIEHHS

sy, =555 exp(— O,SS%JAon (0,5)%

X
2 —exp| 1,39 = |]. 4.16
X p( D) (4.16)

Hnsa ¢axena co 3HayeHueM Bu > 14 coorHouueHue (4.16)
NPUHUMAET BUJ

qR('I)max = 0’780‘7‘1:3)( exp(_ 0588%) X

X 2—exp(1,39—;—;-] : (4.17)

Tennosoe Bo3melcTBHE Ovara noxkapa ¢ rOpH30OHTAIbHBIMH
KOHCTPYKLUMSAMH TNOKPBLITHA B HEQQAWTHBHOH NMOCTAHOBKE pac-
CMOTPEHO B pazi. 4.2, NOCBAIIEHHOM TEMI00OMEHY IMpH 00BEM-
HBIX MoXKapax. /[nsg Takoro BHaa moxkapoB MPHHATO pacrpene-
JIEHHE TeMMEepaTypel MO TOJILIMHE MOrpaHUYHOro CJ0s, COOT-
BETCTBYIOIIee 3HaeHusM Re, > 10°.






