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Benopycckuii nayuonanvhviil mexHuyeckui yHugepcumem

KpaTkoe onucanue aJropurMa 4YHCJIeHHOI0
pemenusi. B [1, 2] 6puta mpeacrariena hu3uKo-
MaTeMaTH4yeckass MOJICNb TIpoIlecca HarpeBa Me-
TAIJIMYECKON CTPYKKH B MPOXOAHON MydenbHON
neun. B HacTosmielr pabore MBI OCTaHOBHMCS Ha
METOJMKE UYHCICHHOTO PEIICHUS] 3TOM MOAEIU U
MIPOBEZIEM aHAJIM3 PE3YIbTATOB C LEJIbI0 ONTHMHU-
3aIMy TapaMeTpOB HarpeBa u 000pyTOBAHMS.

W3HavanbHO 3aj1aeM BCE TEIUIOQHU3MUYECKHE
CBOWCTBa (IUIOTHOCTH, TEIUIOEMKOCTb, TEILIONPO-
BOJIHOCTb, CTETIEHb YePHOTHI) B JUAIa30HE TeMIIe-
patyp 20-1100 °C mist mMaTepwaioB, y4acTBYIO-
X B TIPOIECCEe HAarpeBa: CTPYXKH, My(heTbHOH
TPyOBI, IBIMOBBIX Ta30B, IIAMOTHOI'O KUpIHAYa U
JIETKOBECHOTO IIaMOTa, acbecTa M CTald, U3 KOTO-
pOli HW3TOTOBJIIEH KOPIYC Tedd. 3agaeM Takxke
HAYaJbHYI0 TEMIIEPATypy CTPYXKKH, TeMIEpaTypy
OKpyXaromei cpenbl 7y, TemmepaTypy BO3IyXa,
M0JIaBa€MOT0 Ha TOpeHHe, a TaKKe COCTaB M Tell-
nodusugeckue croiicra COX. Bcro neus 1o BeI-
cote pazbmBaem Ha 30-50 30H Tak, 4TO BBICOTA
KaXJIoM 30HBI cocTaBisieT okojio 10 cMm. 3agaem
TJIaBHBII TapaMeTp — pacxoj NPHUPOJHOTO Tasa.
Janee anropuTMuueckas CXxeMa pEIIeHUs BBITIIS-
JUT CIIEYIOIIMM 00pa3oM:

1) 3amaeM nuHEHHBIH TPoQUIb TEeMIepaTyphl
JIBIMOBBIX Ta30B II0 BHICOTE Ie4HW. BHU3y mnedn

TeMIiepaTypy ABIMOBBIX Ta3oB 1

qas.in OTIPSICILSIEM
TEPMOJMHAMUYECKUM PACUYETOM 10 Kod(dHuLneH-
Ty U30BITKA BO3/lyXa, I10JJaBAEMOr0 B TOPENKH, U
10 TemIOpHU3UYECKUM CBOMCTBAM IPHUPOTHOTO
rasa, BO3JyXa M JIBIMOBBIX Ta30B YCPEJIHEHHOIO
cocraBa. Tak, npu o, = 1,85 T, . ~1000 °C.

gas,in
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Temmeparypy JbIMOBBIX Ta30B Ha BBIXOJIC U3 TICUH
npuHUMaeM 71, ~400 °C;

gas,aut
2) MOCJIe0BATEIBHO MTPOXOANM BCE 30HBI IICUH
cBepxy (CO CTOPOHBI 3arpy3KH CTPYXKKH) JOHU3Y
rieun. JIJis1 Kaskoi 30HBI BRITTOJTHSAEM OTiepanyy 3—S8;
3) Temmeparypy Hapy»XHOW IMOBEPXHOCTU CTE-

HOK TI€Yd B i-i 30HE MpUHUMaeM 7 0 =T, + 20,

w,out
()
rne T s

— TeMImepaTypa JBIMOBBIX Ta30B B i-i
30H€;
4) 3amaeM IHaIa3oH TeMIIepaTyp I BHYTPEH-

HEl TIOBEPXHOCTH CTEHOK I€4M B i-H 30HE OT
T =T,=T) -0,1 no T") =T, =T\ —100;

w,in gas w,in gas

5) YHCICHHO pelraeM 3aJady paguariioHHO-
KOHBEKTHUBHOTO TEIUTOOOMEHA IS 3aJaHHOW TeM-
nepaTypel BHYTPEHHEM IOBEPXHOCTH CTEHKH.
Temnepatypy mnoBepXHOCTH My(QeEnbHONH TPyOBI
IIPH 3TOM OTpEIeIeM UTEPANSIMH TI0 TTaaroIe-
My MOTOKY Ha OCHOBE COOTHOIIICHUS, IPUBEACHHO-
ro B [2]. MeTrosnoM MOJOBUHHOTO JEICHUS MIyTeM
MHOTOKPAaTHOTO pEeIIeHUs 3aJadil PaJuarfiOHHO-
KOHBEKTUBHOTO TEIJIOOOMEHA BHYTPH I€YHM HAaXO-
UM TEeMIIepaTypy BHYTPEHHEH MOBEPXHOCTHU CTe-
Hok T; €(7;,T,), mpu KOTOpOW CyMMapHBIA Tel-
JIOBOW TIOTOK, MAajaroliuii Ha BHYTPCHHIOK II0-
BEpXHOCTh IIEYM CO CTOPOHBI JBIMOBHIX TIAa30B,
TTOJIOXKUTENICH. OJTO HEOOXOOMMO Ul 3afaHus
HAYaJIbHOW TOYKH IO TEMIIEPaType CTCHKH IpU
pEeUICHUH 3a/1aud O paclpeaelieHUH TeMIepaTyphl
B CTEHKaxX MeYd B KBA3HUCTAIIMOHAPHOM IPHOIH-
JKEHUHU. JTa 33jJauya UMEET PEIICHUE TOJIBKO IMpH
MOJIOKUTENBHOM TOTOKE, MAaJaloliieM Ha MOBEPX-
HOCTB CTCHKU;



Memannypzua. Memannoobpabomka. Mawunocmpoenue

6) pemaem 3a1ady O PaCIpENEICHUM TEMIIEpa-
TYpbl B CTCHKaX I€YM B KBa3MCTALMOHAPHOM IIPU-
Onmxenuu. Jlns 3TOro METoA0M HOIOBMHHOIO Jie-
nenus B auanasone (73,7, +100) myrem mHOrO-

KpaTHOTO  pemeHus  3aJadd  paguarfioHHO-
KOHBEKTHBHOTO TEIUIOOOMEHa OIpeeNsieM TeMIle-
paTtypbsl BHYTPEHHEW M HapyKHOW MOBEPXHOCTEH
CTEHKH II€YH, YTOOBI YJOBIETBOPUTH B TIEPBYIO
ouepelb YPaBHEHUIO TEIUIOBOTO MOJS B ATOM CTEH-
ke. ToyHOCTH pacdera TeMIepaTrypbl COCTABISET
0,01 °C. U3 ypaBHEHHI TEILIOBOTO ITOJIS HAXOINM
TaK)ke TeMIIepaTyphl Ha IpPaHUIAX CIIOEB B CTEHKE
neun. Ha kaxxgoM miare teMmriepatrypy MOBEPXHO-
cTH My(QeIbHON TPYOBI OompeneseM Mo Haarole-
My TEIJIOBOMY IMOTOKY Ha OCHOBE COOTHOIIEHUS
TEeMIIepaTyp €€ HApY>KHOW U BHYTpPEHHEH MOBEpX-
HOCTCH;

7) nns HaWICHHBIX TEMIIEpaTyp BHYTPEHHEH
IMOBEPXHOCTU CTCHOK II€YM W IOBEPXHOCTU MY-
(denpHOU TpyOBI peliaeM 3aaady pagudalioOHHO-
KOHBEKTHUBHOI'O TEIUIOOOMEHA BO BHYTPCHHEM
MPOCTPAHCTBE MEYM U HAXOJIUM CyMMAapHbIC TEI-
JIOBBIE NOTOKH ¢, , TAJAIOIIAE HA CTPYXKKY B My-

(enbHOI TpyOE;

8) METO/IOM KOHEUHBIX 3JIEMEHTOB pELIacM He-
CTaIOHAPHYIO 3379y TeIIONepeiadr B CTPYKKE.
Bpewms perenus 3ama4un 3aBUCUT OT BPEMEHH IIpe-
OBIBaHUS CTPYKKH B OTHEIBHO B3ATOW 30HE TIEUH,
KOTOpOE€ OTpeNesieTcs OTHOIIEHHEM MpPOTSHKEeH-
HOCTH I-# 30HBI K CKOPOCTU NEPEMEILICHUS CTPYXK-
ki B mydene. HauanpHOe pacmpenenicHUE TemIle-
paTyphl B CTPYKKE B i-i 30HE OmpeensieM KOHeu-
HBIM pacHpeeiIeHUEeM TeMIIEPATypbl B CTPYKKE B
(i — 1)-1i 30HE;

9) mocie Toro Kak IponeHBI BCE 30HBI IIEYH U
B KaXXJIOW W3 HUX ONpPENEICHBI TEIJIOBBIC ITOTOKH,
nmajarone Ha My(Qenb W CTCHKH IeYH, a TaKXKe
pacnpenenenue mapoB COXX mo BwicoTe meuw,
HAXOJMM HOBBIY TPOQUIIH TEMIIEPATYPHI TBIMOBBIX
razoB IO BBICOTE MEUM U3 PEIICHUS CHUCTEMBI
ypaBHEHUI 30HAIBHON Monenu. Ecnu makcumans-
HO€ OTJINYME BHOBb HalJeHHOTO Mpoduis Temie-
paTyphl JBIMOBBIX Ta30B M MPEIBIAYIIETO COCTaB-
nser Oonee 5 °C, TO BBIYHMCICHHUS TOBTOPSEM,
HayuHas ¢ myHKTa 3. [[719 CXOMUMOCTH U yCTOWYH-
BOCTH WTEpaIllii IS TeMIepaTypHOro mpoduis
JIBIMOBBIX Ta30B HCHOJB3YEM CIEAYIOIIEE BhIpa-

xenme: T =(1-¢) Topn + ET™ | roe T

gas gas gas
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Touke Ha (m + 1)-i ureparym; 7T, g(:;) — TO € B 9TOH

Ke TOUKe Ha m-it urepauun; T,

5.2 — TO XK€, MOy~

YeHHas Ha m-i urepaun; & — K03)OUIMEHT KOp-

pemsinun. OOBIYHO 3TOT KO3 PHULMEHT BBHIOMpPAIOT
B nuamazone &~ 0,1-0,2.

B cnmydae, xorma HeoOXOaMMO HAWTH PacXo.d
ra3a, KOTOpBIA OOECIIEYMBACT MPOTPEB CTPYKKHU
0 3aJaHHON CpemHel TeMmmeparypsl (Hampumep,
700 °C), 3agaeM muama3oH pacxollOB Ta3a Tak,
9TOOBl TPM MEHBIIEM pacxolle TeMIleparypa
CTPYXXKHM Ha BBIXOJIC M3 Ie4HM ObUIa MEHBIIC 3a-
TAaHHOM, a TIpu OOJBIIEM pacxoie — OobIme 3a-
naHHOW. Ecnu Takoli quama3oH pacxoJloB rasa 3a-
JlaH, TO UCKOMBIN pacxol, 00eCIeINBAIONTN TIPO-
IPEB CTPYKKHU TOYHO JIO 33JaHHOM TeMIIepaTyphl, C
mo00¥ KemaeMol TOYHOCTRIO (B paMKax MpeIio-
JKEHHON MOZEIIN) MOXKET OBbITh HaWIeH METOI0M
MTOJIOBUHHOTO JIEJICHUS C HWCIIOJIb30BAHUEM OIIH-
CaHHOT'O BHIIIIE AJITOPUTMA BBIYUCICHUH.

JlanHasi ducieHHas cxema Oblia pealn30BaHa
B BUJIE KOMIIBIOTEPHON IPOTpaMMBI Ha si3bike Del-
phi 7. OrMerum, 4ro Ha mporeccope Pentium 4
¢ TakToBO¥ "actrotout 2,8 I'T' pacuer omHoit mTe-
pamuu (¢ 3aJaHHBIM TpOGWIEM TeMIEpPaTyPhl
IBIMOBBIX Ta30B) 3aHMMAaeT OKOJO 15 MuWH, st
HaXO0XJICHUS OKOHYATEIBHOTO MPOQuIs TeMIiepa-
Typbl JBIMOBBIX Ta30B B 3aBHCHMOCTH OT KOMOW-
HaIuM mapameTpoB Tpedyercss 5-20 wurepaiui.
Jia HaxoXIeHWS ONTHMAIBHOTO pacxoja Tasa,
00eCIeunBaIOIIEro HarpeB CTPYXKKU JI0 33aJaHHON
TEMIIEpaTypbl, HEOOXOAUMO BBITIOJHUTH PacCUeT
st 8—10 pasnuuHBIX pacxoqoB ra3a. Takum oOpa-
30M, Ha YKa3aHHOM KOMIBIOTEPE pacdeT OIHOTO
ONTUMAIBHOTO BapuaHTa (KOMOWHAIMS: BBICOTA
MeYH, IPOU3BOAUTENBHOCTD, cocTaB COX) Moxer
3aHUMAaTh OKOJIO 15 u.

Ha puc. 1 mpuBenen oOwmmii BUA KOHEYHO-
3JIEMEHTHOU CETKH, UCIIOJIb30BaHHOM MPU YUCIICH-
HOM pelleHnd 3aa4yn. PacnonokeHue KOMIIOHEeH-
TOB CHCTEMBI COOTBETCTBYET OOIIeil reomerpude-
CKol cxeme [2].

PesyabTaTel MonesupoBaHusi. C HUCHOIB30-
BaHUEM pa3pabOTaHHOW MPOTrpaMMBI ObLIA TPOBE-
JIeHa Ccepus YHCIEHHOIO0 MOJETUPOBAHUS IS
OTPECICHNS] ONTUMAILHOW BBICOTHI TICUU IS
HarpeBa CTaJIbHOU CTPYKKH.

BectHuk BHTY, Ne 2, 2008
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Puc. 1. KoHeyHO->JIEMEHTHAsI CETKa, HCIOJIB30BAaHHAS IPH
YHUCIEHHOM pemeHud 3amayu. Cerka cozpepxut 4988 y3noB
1 9473 KOHEUHBIX 3JIEMEHTOB

BrII0 paccMOTpeHO IIECTh Pa3IUYHBIX BBICOT
meun (2,5; 3,0; 3,5; 4,0; 4,5; 5,0 m). g kaxmoit
U3 YKa3aHHBIX BBICOT OBUIO PacCMOTPEHO TPH CO-
ctaa COX c mnepBoHauyanbHBEIM COAEpPKAHUEM
B cTpyxke 3 %: COX I — 3 % Boasl u 0 macna;
COX II — 2,1 Bogsr u 0,9 % macna; COX III —
0 Boxbl U 3 % Macma. B octanbHOM HMCXOIHEIE Ma-
paMeTpbl MOJCIMPOBAaHHS ObBUTM BBIOPAHBI CIEITY-
IOIMM 00pa3oM: TeMIepaTypa MmoJorpeBa Bo3ayxa
— 100 °C; nayanbHas Temneparypa cTpyxku — 20 °C;
KOHeUHasi TeMmmeparypa cTpyxka — 700 °C;
HACBIMHAS [UIOTHOCTH CTPYXKH — 900 Kr/M’; Ter-
jJoTta cropanms rasa — 33,5 MI[)K/HM3; TEII0Ta
cropanus macima — 40 MJDx/kr; TemmepaTtypa uc-
naperus Macia — 400 °C; koaddumuenT u30bITKa
BO3/yXa MPHU CXKUTaHUU MPUPOHOTO ra3a B rope-
kax — 1,85; koadduureHT u30bITKa BO3AyXa MpH
CXKUTaHUM TIAPOB Maclia B pabodyeM MpPOCTPAHCTBE
neun — 3,0. Terutousnyeckue CBONCTBA BCEX Ma-
TEpUAJIOB U Cpel], yIacTBYIOLIMX B Tpolecce, Opa-
JUCh W3 CHPaBOYHOM JHMTEPaTyphl, MPHUBEICHHON
B [1, 2]. B OonpmuHCTBE CiyyaeB paccMaTpuBa-
JIaCh TPOU3BOJUTEIBLHOCTh MEYU 2 T CTPYXKKH B
yac. Jist OTHeNnbHBIX CiIydaeB, B MOPSAKE CpaBHE-
HUSI, BBIIOJHAJIOCH MOJCIMPOBAHME HArpena
CTPY>KKH ISl aHAJOTMYHOW BBICOTHI TI€UH, HO TIPH
MPOU3BOJAUTENBHOCTH | T/4.

KauecTBeHHas kapTHHA TeMIEpaTyPHBIX HOIeH
MHTEHCUBHOCTH H3Jy4YeHHUs! B paboueM IpocTpaH-
ctBe neun U koHueHTpauuil COXK, momydeHHBIX
MIpU MOJETUPOBAHUM MPOIIECCa HarpeBa CTPYKKH,
npejacTtaBieHa Ha puc. 1, 2. MOXHO OTMETHTh
CIIOKHBIH XapakTep TeIUIo00OMEHa NpH paauaiy-
OHHOM TEIUIONIEPEHOCE B IMPOCTPAHCTBE MY(Qeib-
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HOHU meun. Takass kapTMHAa MHTEHCUBHOCTEH Tem-
JIOBOTO M3TY4EHUS] MOKET OBITh IOJSy4YEHA TOJIBKO
Ha OCHOBE DEIICHUS ypaBHEHUs NIepeHoca n3iIyde-
HUSI, IPUMEHEHUE MPUOIMKEHHOT0 METoJa B IaH-
HOM CiIy4ae TpuBelI0 Obl K OOJBIIMM TIOTpEII-
HOCTSIM.

a 0
1

B T

I 1

Puc. 2. Tlpumep paccuuras-
HBIX TIOJIEH TemIepaTypsl B
crpyxke (I) u B creHke neuu
(II), a TaxxKe HHTEHCHBHOCTH
TEINIOBOTO ~ U3JIy4eHUS B
npoctpanctse neun (I1I) mmns
BBICOTHI I€4H 4,5 M U IIpous-
poaurenpHocTH 2000 Kr/4.
['panuipl MydensHON TPyOb!
¥ BHYTPEHHEH IOBEPXHOCTH
CTEHOK ITeun u300paxeHs! TuHusAMH 1. [lonepednsie ceueHus
meun Ha BeIcOTE: a — 4,35 M; 6 — 345 M; B — 1,95 ™m;
r—09m; 1-0,15m

PesynmpraTtel  MomenupoBaHHS — (3aBUCUMOCTH
TEMIIEPATypPhl BCEX O0BEKTOB BHYTPH €YU OT KO-
OpAMHATH BHYTPH I€4H), KaK YK€ OTMedasoch,
MOJIy4YeHbI A1 pa3nuyHbeix coctaBoB COXK u BbI-
coT meun. B cBa3u ¢ OONBIIMM OO0BEMOM WH-
(hopmaruu Ha puc. 2—5 TpUBEICHBI NI PE3yIb-
TaThl, KacaroIlhecs ONTHMAIbHOW BBICOTHI IIe-
un 4,5 M.
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Boza Macmo AHann3 TMONYYEHHBIX [aHHBIX [OKa3al, YTo
COX I m Il mONMHOCTHIO HMCHAPSIOTCS TSI BCEX

\1/ PaccMOTPEHHBIX BBICOT neuun ot 2,5 1o 5,0 M. Ilo
Mepe pOoCTa BBICOTHI MIEYH BBICOTA 30HBI HCTIAPEHHS

Bricota — 4,35 M TaKXKe YBEJIIMUMBACTCA, YTO CBSI3aHHO C YMEHBIIIe-

HUEM YJICJIBHOTO Pacxojia ra3a U TEIUIOBBIX IOTO-
KOB, Majaromux Ha mydens. [lpu yBennuennn BoI-

COTHI TEYM CHAyYaja MPOUCXOJHUT PE3KOE YMECHb-

IIeHNe YAeIFHOTO PacXoja ra3a Ha HarpeB CTPYXK-

/ 3,45 M KM, OJHAKO 3aTeM npu BeicoTe meuu 4,0-4,5 m
YBEIMYEHHE BBICOTHI MPUBOIUT JIWIIG K HE3HAUH-

_—3— TEeJTHPHOMY CHIDKEHHIO pacxofa rasa. Temmora cxu-
racMoro rasa HuCHojn3yerca teMm 3(ddekTuBHEE,

geM OOoJIbIle oMb TeII000MEHHON TTOBEPXHO-
95 M ctu. [lnomans TemI00OMEHHOH HOBEPXHOCTH
MPOIMOPIMOHANIbHA BBICOTE II€YH, IO3TOMY IIpU

OJIMHAKOBOM pacxojie ra3a 3(dekTuBHee Temiora

raza OyIeT HCIOJb30BaThCS Ha 0oJiee BBICOKOM
nedn. OHAKO CHJIBHOE HapaIl¥BaHHE BBICOTHI I1€-
0,90 m 4¥ NPHUBOJUT K TOMY, YTO JBIMOBBIC I'a3bl HAa BbI-
XO0JI€ M3 MOCNIETHEN OXJIaXAAI0TCA 10 CPABHUTEINb-
HO HM3KOM TEMIIEpATypbl, TaK UYTO KaIUTAJIbHBIE
3aTpaThl 110 YBEIUYEHHUIO BBICOTHI IE€YM MOTYT HE
OIpaBAaTh BO3MOKHYI) BSKOHOMHIO IIPHPOIHOIO

0,15 m rasa.

Puc. 3. TlpuMep paccUUTaHHBIX IOJIEH KOHLIEHTpaUUd BOABL
U Macia B CTPYXKKe Ul BBICOTHI Ie4d 4,5 M U IIPOU3BOJU-
tenpHOCTH 2000 XT/4: 1 — KoHUIEHTparws — 100 % oT Havab-

HOM; 2 — koHueHTpauus 50 %, 3 — konueHtparus 0

a 6 B
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Puc. 4. 3aBucumocts Temnepatypsl u koHneHTpanuu COX B MydenbHO# meun oT BBICOTH! (BBICOTA IeuH — 4,5 M, IPOM3BOAUTEINb-

HocTb — 2000 kr/4, nepBoHavasbHOE conepxanne COX B crpyxke — 3 %): 1 — remMneparypa JIbIMOBBIX Ta30B B neun, °C; 2 — MaKkcu-

MaJlbHas TEMIIepaTypa CTPYKKH; 3 — CpemHssl 10 IOIepPEeYHOMY CEUSHHIO My(ells TeMIepaTypa CTPYKKH; 4 — MUHAMAaIbHas TeMIIe-

patypa CTpYy:KKU; 5 — TeMIlepaTypa BHYTPEHHEH IOBEPXHOCTH CTEHKH Ieud; 6 — TO K€ Hapy»KHOM IOBEPXHOCTU CTECHKU Ie4u; 7 —

kounenTpanus Boasl B COX (% ot nepBonadasHOro conepkanus); 8 — 1o xe maciua B COX (% oT mepBoHadaIbHOTO COEPIKaHUS);

a— COX: 3 % — Bona, 0 — macno; pacxon raza — 51,2 BvM’/g; 6 — COX: 2,1 % — Boma, 0,9 % — Macio; pacxon raza — 21,5 HM /4,
B — COX: 0 — Boxa, 3 % — macio; pacxon rasa — 12,44 Mg
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Puc. 5. 3aBUCUMOCTb TEIUIOBBIX MOTOKOB B My(eIbHOM IeYr OT BBICOTHI (BbICOTa medu — 4,5 M, npousBoauTenbHocTs — 2000 kr/4,

nepBoHavansHoe conepkanue COX B cTpyxke — 3%): 1 — Temneparypa OBIMOBEIX Ta30B B I1€4H; 2 — Pe3yIbTHPYIONMH palHanioH-

HBII TIOTOK Ha MOBEPXHOCTh My(dens; 3 — KOHBEKTUBHBIN IOTOK Ha MOBEPXHOCTH My(Qens; 4 — pe3yIbTHPYIOIMH pagranuoOHHbEIH

MOTOK Ha BHYTPEHHIOIO MTOBEPXHOCTh CTEHKH IMEUH; 5 — Pa3HOCTh MEXy TEMIEPATYPOH IbIMOBBIX Ta30B U MaKCHMAJIbHOW TeMIepa-

Typoit moepxHoctu Mydens; a — COX: 3 % — Boga, 0 — Macio; pacxox rasza — 51,2 uv/u; 6 — COX: 2,1 % — Bona, 0,9% — Macio,
pacxox raza—21,5 HM3/L1; B— COX: 0 —Bopa, 3 % — macno, pacxoj raza — 12,44 HM/1

U3 puc. 6a, o6o0maronieM JaHHBIE MOACTHPO- HOCTH PabOTHI IeUr 00JIee SIKOHOMUYHON SBIISCTCS
Banus ansi COX [, cocrosimel TOIBKO W3 BOJHI, paboTa JBYX YCTaHOBOK IPOM3BOAUTEIHHOCTHIO
MOJKHO BHICTH, YTO ONTHMAJbHOM C 3TOH TOYKH 1000 xr/d, yem OJHON TPOU3BOAUTEIHHOCTHIO
3peHHUst SIBNSETCS Meub BhICOTOM 4,5 M. s meun 2000 xr/a. OTMETHUM, YTO CPAaBHUTEIIEHO OOJBIIIHC
TaKOH BBICOTOM C IENIbI0 CPAaBHUTEIFHOTO aHaN3a Mepernagsl TEMIIEPaTyphl CTPYKKH Ha BBIXOJE W3
OBLJIO BBITIOJTHEHO MOJEIHPOBAaHUE TMPH MPOU3BO- MeYH HE SABJISIOTCS HEJOCTAaTKOM TEXHOJIOTHH, IO-
mutensHocTd 1000 kr/4. Oka3anock, 4TO B ATOM CKOJIBKY B CTPYXKE MPHOIH3UTETHLHO B PABHBIX
Clly4ae OXKHIaeMO YMEHbBIIIACTCs Mepemna TemIie- MIPOTIOPIIMSX MPHUCYTCTBYIOT KaK TIEPErpeThie CBBIIIC
paTypbl CTPY)KKH 10 CEYCHHIO My(Desi, TOCKOIbKY 700 °C obnactu (BOJU3M MOBEPXHOCTH Myderist), TaK
CTpYXKa mepeMelnaeTcsi BABoe Meanennee. OqHa- ¥ HEJOTpeThie JI0 ATOW TemIieparypsl obnactu (B
KO TPU DTOM pacxoj Ta3a Ha HArpeB CTPYKKHU nentpe Mydens). OmHAKO MUCTIEPCHBIA XapakTep
yMeHbIIaeTcs moutu B 2,7 pasa (¢ 51,2 uM’/a mipu CTPYXXKH U €€ MOCIEAYIOIIEE BhICBIIAHNE U TIEpeMe-
2000 kr/g go 19,1 M’/ mpu 1000 xr/g). Do [IMBaHUE TPUBOAAT K TOMY, YTO CPEIOHSS TeMIlepa-
03HA4YaeT, YTO C TOYKHU 3peHHs dHEproddHeKTus- Typa CTPYXKKH COCTaBIIsieT mMeHHO 3aianHbie 700 °C.

a 0 B
120 600 0 350 14 390
z\ L g
100 1570 1500 12 £
N2 \ —1 P00 g
2 3 T~ | (s 1450 9( ! &3
- 8 330 &
g 60 ~— T~ ) \ 28
E =
= LT L5 \\\ 400 6 S5
2 40 20 — ’\ 9 1300 B &
2 4 3
[=m 4 = E
20 b 4480 1350 5
3 2 270 2
0 450 0 300 o

25 30 35 40 45 50 25 30 35 40 45 50 25 30 35 40 45 50
Bricora neun, m

Puc. 6. O606meHre pe3yabTaToB MOJEINpPoBaHus Iyt MaccoBoro conepskanust COX B crpyxkke 3 %: 1, 3 — pacxox ra3a Ha Harpes
CTPYXKH B 3aBUCHMOCTH OT BBICOTHI I€uH; 2, 4 — MaKCUMaJIbHBIH Nepenaj TeMIepaTypbl CTPYKKH Ha BbIXOZE U3 My(denbHON neun

(cpennsist Temnepatypa crpyxku Ha Bbixoge 700 °C); 1, 2 — mis npousBoautensHoctd neun 2000 kr/4; 3, 4 — 1o xe 1000 kr/g;
a— COX: 3 % — Boga, 0 — macio; 6 — COX: 2,1 % — Boxa, 0,9 % — macio; 8 — COX: 0 — Boxa, 3 % — Macio
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Hns COX 11, conepxameit 0,9 % macna, kap-
THHA PacIpeieNeHus] TEMIIEPATypP U TEIUIOBBIX IIO-
TOKOB M3MEHSETCS TOJBKO KOJIMYECTBEHHO, HO HE
Ka4yeCcTBEHHO. braromaps cxuraHuio ucnapuBILe-
rocsi Macia pacxon rasa, HeoOXOAUMOro AJS MPo-
rpeBa CTPYXKKH, YMEHbIIaeTcs Ooyee 4yeM B JiBa
pasa, KaKk MOXXHO BUAETh U3 puc. 6a u 60. [lpu
9TOM KOJHMYECTBO Cxkuraemoro macia (18 kr/a =
= 2000 xr/4 - 0,9 %) B TEIUIOBOM SKBHUBAJIEHTE 3a-
MEHSET NPUOIH3UTENBHO 21-22 HM /4 MIPUPOAHO-
ro raza. Ilpu maneix BeicoTax meud (2,5-3,5 m)
yMEHBIIEHHE pacxoma rasa Ha 30-50 HM/d4 s
COX, coamepxarieil Maciao, 3aMETHO MPEBOCXOAUT
YUCTBIA APPEKT OT CKHUraHWs IOMOJHUTEIHHOTO
KOJTMYECTBA TOIUIMBA (Maciia). OTO OOBICHICTCS
TeM (aKToM, YTO CXKMUTaHHE Macia MPOUCXOAUT
MOYTH IO BCEH BBICOTE MEYH, TaK YTO BHEPTHUS OT
€ro CXXHUraHHs PAaBHOMEPHO paclpenessiercs IIo
BBICOTE T€YM. DTO TMO3BOJISIET BO BCEX TOYKAax pa-
00Yero MpocTpaHCTBa M€Y UMETHh BBICOKYIO pas-
HOCTh TeMIIepaTypbl Mydens U AbIMOBBIX Ta30B U
COOTBETCTBCHHO IMOBBICHTh 3(PEeKTUBHOCTH HC-
MOJIb30BaHUs TEIUIOTHl JBIMOBBIX Ta30B. Takum
00pa3oM, MOKHO ClieNaTh BBIBOJ O TOM, YTO HC-
nosib3oBanue cTpyxkku ¢ COX, comepkameir He-
0obIIOE KOJMYECTBO Macia, 3HAYUTEIBHO YIIyd-
maetr 3HeprodPQPeKTUBHOCTh paboThl meun. M3
puc. 60 BHIHO, YTO BbICOTa mevd 4,5 M, H B 3TOM
Cllyyae OHa SBJSIETCS ONTHMAJIBHOW C TOUKH 3pe-
HUS KaK pacxoja rasa Ha MporpeB CTPYXKKH, TaK U
PaBHOMEPHOCTH IIporpeBa CTpyXKku. JlanpHelee
YBEJIMUEHHE BBICOTHI NIEYM HE NMPUBOAMT K 3aMeT-
HOMY COKpAILIEHHIO Pacxoja rasa.

MogaenupoBaHue Ipoluecca HarpeBa CTPYXKKH,
coaepxaieit COX, cocrosinyro TONbKO U3 Macia
(3 %), nokasano, 4To KapTUHBI TEMIIEPaTyp, Tell-
JIOBBIX IIOTOKOB, a TaKK€ 3aBUCHMOCTh pacxojia
MPUPOAHOTO Ta3a OT BBICOTHl MEYH OTJIMYAIOTCS
KOPEHHBIM 00pa3oM OT pPacCMOTPEHHBIX BBIMIE
IByX ciydaeB. J{nms Bcex BBICOT medd OT 2,5 10
5,0 M MacIo ucnapsieTcs U CropaeT B MOJIHOM 00b-
eme. TemnoTel cropanus 3Toro macia (60 kr/u,
SKBHMBANCHTHO 71,5 HM'/4 IIPUPOIHOTrO Ta3a) Mpak-
THUYECKU JIOCTAaTOYHO JIsI IPOrpeBa CTPYKKH A0
3aJaHHOM Temmeparypsl. CoXKUraHue NPUPOTHOIO
rasa B JaHHOM CiIydae HEOOXOJUMO JIMIIb IS HC-
HapeHuss U IOCIEOYIOUIEro <«3aXKUTaHWA» MapoB
Mmacna. MoaenupoBaHue 3TOro Iporecca IoKasa-
JI0, YTO Ha TeYaxX MEHbIIeH BBICOTHI UCIAPUTH U
3a)Ke4b MAacllo Jierdye, 4yeM Ha 0oJjiee BBICOKUX IIe-
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yax. Tak, I meyd BBICOTOH 2,5 M HEOOXOmMMO
BCero 8,6 HM'/4 MPUPOIHOTO ra3a, a /IS MEUn Bbi-
cotoit 5,0 M — yxe nourn 13 um’/ua (puc. 68). On-
HAaKO pa3jInyue B pacxojie MPUPOJHOTO Ta3a MEHEe
4eM B 4 HM'/d TOBOPUT O TOM, 4TO TIPU CHKHUTAaHHH
CTPYKKH, COJepXKaIlllel TOJIbKO MAacjo, BBICOTA IIe-
Y HE SBJISCTCS ONMPEISISIONMUM (HAaKTOPOM C TOY-
KU 3peHus dHeproddexkTuBHOCTH TIedn. [Ipn s3TomM
PaBHOMEPHOCTh TPOTPEBa CTPYKKH JIyYIlle OIAThH
e Ha 00JIee BBICOKHX TIeUax.

[lonmprTOXMBas aHaMM3 PE3yabTATOB MOJENH-
pOBaHHUSA, CIEIyeT CHeNaTh BEIBOJ O TOM, YTO OII-
TUMaJIbHON BBICOTOM NEYM C TOYKU 3PEHUS SHEP-
ro3ppexkTUBHOCTH ee PaboThl M PABHOMEPHOCTH
MpOTrpeBa CTPYKKH SBISETCS BBICOTA 4,5 M.

B 3akimoueHNe OCTaHOBMMCS Ha aHAIHU3E pPe-
3yJIbTATOB MOJICIMPOBAHMUS TIpOIlecca HCIape-
Hus COX B mydensHON meun. Ha puc. 7-10 u B
Taby. 1 mpuBeNEHBI Pe3yIbTaThl pacdyeTa XapakKTe-
PUCTHK 30H MCIApPEeHHUs BOJBI M Maciia IS pac-
cMoTpernabIx coctaBoB COXX u BeIcOT meueid. Uc-
MapeHre BOZBI JUTSI BCEX BBICOT TeYM HAYMHAETCS
MPAKTUYECKU Cpa3y MOCIE MOMAaJaHus CTPYKKH B
reusb. TONBKO IS Teueii BRICOTOW 4—5 M CcTpyKKa
npoxomaut 15-30 cM 10 TOTO, KaKk HAYMHACTCS
MPOIIECC UCTIAPEHUS BOJBI. BhICOTa 30HBI IOJTHOTO
WCTIapeHUs BOJBI pacTeT OT 3HadeHus 2,0 M B nieun
BBICOTOM 2,5 M 70 MoYTH 3,7 M B II€YH BHICOTOM
5,0 M. D10 cBsA3aHO ¢ OoJiee MHTEHCHBHBIM Harpe-
BOM CTPYXKH B II€YM MEHbIIIEH BBICOTHI. BricoTa
30HBI KCIAPEHHUS BOJABI IPU IPOIPEBE CTPYIKKH,
conepxameir COX u3 Boasl U Maciia, MEHBIIIE Ha
10-30 % no cpaBHeHuto co cimydaeM, korna COXK
COCTOMT TOJILKO M3 BOJbI. Takas pa3HHIIA CBA3aHA
HE TOJBKO C YMEHBIICHHEM a0COJIIOTHOTO COJEp-
JKaHUS BOJBI, HO U ¢ 0oJiee paBHOMEPHBIM IPOTpe-
BOM CTPYKKH IIPH CYKUTAHUH MTAPOB Maca.

2,5 3,0 35 4,0 45 5,0
BricoTa nmeuun, m

Puc. 7. Tlapamerps! 30HbI ucnapenus Bogsl B COX, cocros-

miet u3 3 % Boasl U 0 Maciia B 3aBUCHMOCTH OT BBICOTBI [1€4U

(koopaMHATa BEpXHEH TOUYKU 30HBI Hadala MCTIAPEHHs BOJIBI, OT-

CuMTHIBaeMas OT BepXa IIe4H, U BBICOTA 30HBI UCIIAPEHMST BOJIbI):

[l - BoicoTa 30HBI Ucmapenus; [[]— KoopanHaTa BepxXHel TOUYKU
30HBI HCTIAPEHUS

BectHuk BHTY, Ne 2, 2008



Memannypzua. Memannoobpabomka. Mawmunocmpoenue

5,0
45

3,5
3,0
2,5

L5
1,0
0,5

KOOpHI/IHaTa B IICYHU, M

2,5 3,0 35 4,0 45 5,0
Beicota neuun, m

Puc. 8. Ilapamerps! 3085l ucnapenus Bogsl B COX, cocros-

nieit u3 2,1 % Boasl u 0,9 % Macia B 3aBUCUMOCTH OT BBICOTBI

neyn (KOOpIMHATa BEpXHEH TOUKH 30HBI Hayana HCMApeHHs

BOJIBI, OTCUUTEIBAEMasi OT BepXa IeUH, M BBICOTa 30HBI HCHa-

penus Bozisl): M — BricoTa 30HbI Hcnapenus; [[]— koopauHara
BEPXHEHN TOUKHM 30HbI MCIIAPEHUS

5,0
45
4,0
35
3,0
2,5

L5
1,0
0,5

Koopuuﬂa‘ra B II€4YH, M

2,5 3,0 35 4,0 45 5,0
Bricora meuun, m

Puc. 9. Tlapamerpsl 30HbI ucnapenus macna B COX, cocros-

nieit u3 2,1 % Boasl u 0,9 % Macia B 3aBUCUMOCTH OT BBICOTBI

neyn (KOOpIWHATa BEepXHEeW TOYKM 30HBI Hayana HCIapeHus

Macna, OTCYMThIBaeMasi OT Bepxa I1e4Hr, H BHICOTA 30HBI HCIa-

pennst macia): [l — BeicoTa 30HBI Hcnapenus; [] — koopauHara
BEpXHEIT TOYKH 30HbI HCTIAPCHHS

5,0
45
4,0
35
3,0
2,5
2,0
15
1,0
0,5

Koopuuﬂa‘ra B I1I€4YH, M

2,5 3,0 3,5 4,0 4,5 5,0
Bricora meuun, m

Puc. 10. ITapamerpsl 30851 ucnapenust macina B COX, cocros-

mei u3 0 Boasl ¥ 3 % Macia B 3aBUCHMOCTH OT BBICOTHI IICUH

(koopaHMHATa BepXHEH TOYKH 30HBI Ha4yaja UCIApEHHs Macia,

OTCUUTBIBaEMasi OT Bepxa I€YH, M BBICOTA 30HBI UCIIAPEHUS

macua):[ll - BbicoTa 30HbI Hcniapenust; []— koop/mMHara BepXHei
TOYKH 30HBI HCTIAPEHNS

Jlns ucnapeHus: Maclia COOTBETCTBYIOIIHE Xa-
PaKTEPUCTUKH OTIHYAIOTCS TOJBKO KOJHUCCTBEH-
HO. Maciio HaYMHAeT MCMApSAThCS Ha PACCTOSIHUU
ot 0,1 1o 1,7 M oT BX0Oa B Myeib.

BectHuk BHTY, Ne 2, 2008

Tabauya 1
IIapaMeTpsl 30H HCIAPEHHA BOJAbI U MacCJIa
AJ1s pa3au4HbIx coctaBoB COXK u BbIcOT neun

COX1 COX I COX III

Beico- (3 % BongI, (2,1 % BomBI, (0 BoJIEI,

Ta 0 macia) 0,9 % macmna) 3 % macna)
';?-M Bona Macio Bona Macmo Bona Macio
Hy | Lwp | Hi |Lvp | Hi |Lvap | Hi | Lap | Hi | Lvap | Hi | Luap
2,5 0 (2,00 - - 0 [1,67/0,50(2,00| — - 10,11{2,00
3,0 0 (240 — - 0 (2,10/0,80(2,20| — - 10,13{2,00
3,5 0 (2,80 — - 0 [2,22(1,052,33| — - 10,16 (2,02
4,0 (0,13]3,07| - - 0 [2,40(1,20(2,53| — - 10,18 (2,04
4,5 (0,15]|3,45| — - 10,15{2,55[1,50(2,55| — - 10,20{2,10
5,0 10,33(3,67| — - 10,17{2,66 (1,67 (2,83 — - 10,22(2,11

Ipumeyanue. H; — xoOpAuHATa BEPXHEH TOYKH 30HBL
Hayaja WMCIapeHus, OTCUMTBIBAEMAs OT BEpXa IE€uM; Ly, —
BBICOTA 30HBI HCIIAPEHHUSI.

Bonee mo3anee Havano ucnapeHus macia o0y-
CIIOBIIEHO OoJiee BBICOKOH TEMIIEpaTypou ero Ku-
rieans (~400 °C). Koopawraarta 30HBI Havajga HUcIa-
peHMsI Macia CABUTAeTCsl BHYTPb TEYM MO Mepe
YBEJIMUCHHS €€ BBICOTHL. PazMep 30HBI HOJHOTO
WCTIapeHUs] Macja MMeeT MEHBIINH pa3dpoc, yem
AJId ciiydas ucCrapC€Husd BOABI, U 3aKJIFOUCH B JUa-
nazone 2,0-2,8 M. PazmMep naHHOM 30HBI yBETUYH-
BaeTcsi ¢ poctoM BbicoTHI reun mist COXK, cocro-
HIIICf/i M3 BOABI U Macjia, U1 OCTACTCA IMPAKTHUYCCKU
Hem3aMeHHBIM 111 COXK, cocrosiei TONMBKO H3
macia (tabm. 1).
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TaTaMH HaTYPHBIX OJKCIIEPIMEHTOB Ha paboTaro-
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TOYHOCTH PAcUETOB.
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