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Arrruepcxoro. M.: Xurrazl, 1991. 496c.
2,Tr.ruonun A.C, Ocuoau KoHcTpyupoBamtt u pacqera xuMr{Ko-TexuororrlrrecKoro }r flpupoAooxpaHnoro o6opyronanzr;
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Katoquaue cflona: metnoodueu,menttooiueuuux, y*eruyeHun xos$fr4uenma menaonepedavu, yneJtuveHufl
meraonepeloou4eil noeepxuocttttt, e{t{texmuauocmb mennooluennurca, ope1peuue mpy6, uaxamnu cnupcubgau pe6ep.B
paSome paccaoilrpeHbi octioau ineopuu metuooS.nieu>iinx. fipo4ecto6 u nrcnnooLnet 6 ;;utitttio-firrlt-naitoeuuecxltx anilapfriita;i,

Mamepuoa nodo6pau c yvemotut tta4etot4uxca nydtuxaqufi u rumepamypbt, 4mo noslotuto u3rocrcumb HeKomopbte
sonpocbt Kpamqo, c yKa?a4uett, cne4uatanoil Jrumepamypu, Ha npu4ep - o6que sonpocd merutooduena, pacvem u
onmut ta3aqufl menaoo6ueauuxoe u d.p.

Maxoaada uccuKJtuK cuuttdwuty*u crcapadtuapuHu Ha3apun dcocrapu aa KuJt e-mexHoJtozuK annapamnapda uccuKttuK
Ntwalilutty*u tgpu6 auxwzan.

Mautyuomaap ntd6c{yd ddutp sd ado1udmtapnu ruco1zo oau6 moilEpttauzuu 6yttu6, 6v sca rvdxcyc odufiudnuupuu
KypcamzaH xorda 6atsu caeomap*u KucKa mabpuQaau u+txouunu 6epdu. Macaaau, uccuoJrur utwawuflyeu 6yiluua yuyuufi
casouwp, ucanktuk eautatumuptu,uapuu xucodnaut xantda onmutulr&autmupuw aa 6.

In the work are considered pinciples of the theory of heat escchange processes and thc heat exchange in chernical
technological devic es.

The material is selected according to the existingpublications and litet'ature, that allowed to report some questions brieJle
with the indication of special thematic literature, for instance, general problems of heat exchange, the calculation and
optintifaiion ol the heai exchange detices, ett.

Afilypuxtttonoca Cypu€ Ifytumouu - crapurufi qpcnoAoBarsrs JanrrsuloKslo rocyAapcTBcnuoro ToxguqocKoro
yfi r{BepeuTera }rMorrn tr4.Kaprrr,rora

Acadoca Xytxap Bafiuanoorro - AoIIeHT raQegpu "Parpa6orra I,I 3rcflrryararlrr re$rrrux r{ ra3oBbD( ruecropoxgenrfi
Kaprumcroro r,rHxeHepHo SKoHoMuqecroro rrHcrr{Tyra

Afipopdex Axpop y?nu lllopanoe - MarllcrpaHr 2 ro xypca Tanrxerrcxoro xetMuKo rexHonorurrecroro rrHcrrrryra

BJItrf,HRE TEMMPAT]TPbI I{ KOJTI,TTIECTBA BOCCTAHOBI,ITEJIfl HA CTEITEHB PA:UIO?IffiH'Ifl
(DOCOOII{IICA CYJ'IbOOA'IIIOMIIHATHO . C}IN}II(ATHOfr UITXTbI

H.3. IllauaarrxoBa, X.A. Aannaen, T.A.Ararcysueu

Cnncorc nuTeparyprr:
xzNra.recrofi rexHoJronirr: [Ioco6ue rto npoerrupoBaHr.rro / IIol per. lO.H.

!

Hauu 6ulu cocraBJIeHEr ABe cErpEBBLre cMecE r{3
pacqe'ra uoJry'reHu, upl4 o6xure cepHuc.lor.o r.aga A

KJI[rrKepa, cocroflrqero rl:t MrrrepaJroa cynsQoanroMurrara
K.rJrbrlr.ur, 6ennra H qerErpex KulJrbrlr,reBoro amorrao$uppura.
flepaar c6rpbeB,ur cMecb cocro{ na ws 83,64Yo (aparaycKoro

Qoc$oruuca n 16,3%o ArrpeHcroft raoffrnosoil ilrl[HLr, a

BTopiu c6rp6eBarr cMect - ut 82,69n/o $ocQoanrur.qprara w

17,31% Her(owJ[r,rrluonHoro fTaprerrcroro 6orcura.
XuMu.{ecruil cocraB cLrpreBlrx cmecefi [pr{BeAeH B

ra6nrqe 1. 3agannsrfi xurrrr{.recxr.rfi n lrunepa.norruecrufi
cocraB x;IuHr(epoB rrpHBeAeH n ra6nnqe 2.1/Is sroia ra6lNrlu
BHAHO, IITO AJL nOJTy{eH}LrI ruInrrKepoB TaKIIx cocTaBoB
!!44hY4E!Er4 Fnfrrr^a arnr,h^r-rrvuv^uAartrv MUJIr.uv P.uiu,iiLiii-L ilirLiirUid ii&iliirDt

crrprenofi cMecr, qro6u ne6onuuoe KolrlrqecrBo
HepasJroxewHoro cyl{fara raJrBrlr{fl rrrJro Ha o6pasonanne
Mr.rHepirJra cynrlfoaarounnara Kiurbrluf,. Cr:eneur
pircJloxeur.rrr cylr$ara KaJrEqurr cErpEeBlrx cMeceft
orpeAeurru no rpoprrayne, pa3pa6oraHnofi n ruyUA
(nayrno-uccneAoBareJrEcrr{fi mctt,tryr tra yAo6peHH.{M u
r.rrcerroSynruuu.{aM (Bocxpecencxufi Qrnuan)).

o/oSO,xnunreoax
C'p = | 00 - ------:-----:- + o6x.nunxcpax' %SQurmru
TA€ _ CYJIL{,UNHa,I ccpa, X - sEIxoA IgII,IHKepa

-. _100-o/oHro urprx'rrr- %o C nrrxru- 0/oSO, urrxru.l00x='
100 - %SQrlunrcpa- o/,,S0rxnunrcpa. 0,5

Crrprearrx cNrecu o6xsf€urr.r rrpu reuneparypax 1200,
1250 ra 1300 0C s r,pl.rcy'rc.rBHl,r rBepAor-o Bocc'raHoBr4l.eJre -
aKfilu4poBanr{oro yrrrfi. Kolmrecrso arTrcBnpoBanroro
yrJur or Beca rulrxrbr 6pann s [peAeJril( or 4,1 ,qo 5,7Yo c
r{HrepBaJroM 0,2% 11 -37.

flarnue cretreuu pa3Jrox€Hr,rJr cynr$ara KaJrEr1E

c6rp6eBErx cMecefi B 3aBltcwMocrn or reMneparypEr,
KOJII{qECTRA BOCCTAHOBUTCITfl !T COOTABA IIIHXT
[pe.qcraBneHEr s ra6rnqe l. ]Is,qauurx ra6nuuu Bu,{Ho,
qTo c yBenuqeHueM TeMnepalypLl H KOJrI{qeCTBa
aKTr,IBHpOBaHIroro ylJrf,, cTeIIeHb pa3JIoxeHH, IIoBLIIIIaeTc.fl.
Marcrnaaruuiu crerreHE panJroxenr.t, cymSara KirJrbrlr.{,

yflL oT Beca IUHXTEI.

.{anuneimee rroBLrrueHue r(orrrqecrBa a(TaBnpoBaHHoro

)iruIt OIUITB npI{BO.qI{T K CHI,IXeHLI}o CTe[eHLI paUIOXeHHTI
cyruSara KiurEqu,r cbrpreBofi cMecr{. 3ro o6rrcucerc, TeM,
qro B Haqare pa3JroxeHue cynrQara Ktrirbrlr{fl flpoucxo,u{T
rIpI,I He,uocTaTKe BoccTaHoBHTeJUI, a 3TO IpI{BOAIIT X

)rBeJrrrlreHr.rrc KoJrnqecrBa Hepa3JroxruBrrreroc.s cynrSara
KaJILuurI. ,{a"lrnefiruee [oBEIIueHr,re KoJIIrqecrBa
BoccraHonlrreJrt rrpl{Ro/(r.rr r ero ra36r,rrry, trro Breqer 3a
co6oft noaurueHue coJlepxitur{n B npo5yr$ilx o6xnra
cyar$rgnofi cqpEr r.r crefieHb pa3Jroxeur.rlr BHoBb
rloxuxaercr, Tarar saKoxoMepaocrr [pr]r pa3noxeHr.r]r
oyar{rtia;ixi,ir,inirarHi:.6gixriirofi iui{xrEi nutrrBripxlaar
paHee [poBeAeHrrbre uccJreAoBaHur, s H]Tytr{O no
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pil3JroxeHHfl nopTJraHAIIeMeHTHOfi UIlrXTbr. cocTaBneHHofi Ha cym,far KanLqH, B r{ecBfl3anroM BHAe. Couacno pacqery
noJryqaoMLre xJrr,rHKopa ,{oJrxHLr 6rurra coAepxaTb B cBoeM
cocTaBe 5, 10, 15 u 20To HecBf,3aHHoro cylr@ara KaJrErIHf.
Xuuuqecxufi cocraB cLrpbeBblx cuecefi, paccqr.rraHuErx Ha
3To, 4plrBeAsn a ra6luqe 5. CpanHeirue cocraBoB cErpbeBhrx
cldeggl"I, psccqnrellrlElx rrg ttor]qeul{e r;rrrrrepoE 6ez
HecBr3arrnoro cym$ara KirJrErlr{r (ra6n.5) u c HecBr3aHHBrM
cylr$arou KnJrErIrur (ra6n.5) [ora3hrBaer, qro r{Meerc,
xe6omuac pa3nr4rla B co.qepxaHxrr r(oMnonenrou. Tar,
HarlprrMep, cLrpleBLrx cMecE, paccqHTaHHaJI ua o6pasoraune
cylrSoaruorrrunarxo-6errnroBoro xnmil(epa. (6es
HgcBr3aEEoto cylrQara xiurEIIHr, cocrolrr Lr3 g3,64Vo

Qoc$oarnr.rgpura w 16,36%o xaoururosofi mnuur (ra6n.5)), a
cMecr, H3 ?TrnX xe roMnoHeHToB, paccquTaHHac Ha
ronsrqgwri. cylri[roa-nronrnwarno-6srnroBoro r_ilr.rHrepa rr
2OYo HecsxzauHoro cynr$ara Ka.nbrlrdlr, cocror,tr us g7,42oA

rloc+oanrEgrcp wra u 12,58o/o xaolllnonofi urr,rHLr.

ocnoBe {ocfiorr.rnca.
Crenenr pa3noxeHru cynrrlara KaJrbrlr{r s o6erx

clrpreBhrx cMec.flx [pHMepHo oAr.rHaroBo. 3ro o6r.f,cHr{ercc
T€M, ErTO CrlpreBbre cMgcII I{MeIoT ItoqTLI o,4unarorrrft
,*.ltttJ,,u.ecruti,^ cocTsB (ra6l. 5 ).

Cnegyer oTMenITL, rITo B Hrml{x oflErrtx He y.qaJroct
lo6urrcr flonHoro piunoxeHa, cymQara rrurErlrrrr
ctlpEeBblx crvrecefi. 3ro ctgsano, BLI.IIITMo, c reM, qro B
reMrreparypHoM uHrepBarre 1200-13000C r npncyrcrnru
anroMocrrtlrxafirl{x MarepHalor cylrSar xalrbpfl o6pasyer
cy:rrQarcogepxaqr{e MHr{epuEr, Koroplre He yAaerc, Ao
KoHrIa pa3noxr{Tb B TeqeHr{e 60 uuuyr o6xa.ra.

B lanrnefillreM HaMr.r 6*ura pacculrraHrJ enle pc11
cLrpseBErx cMecefi, qro6rr nocre rx o6xxra B Knanrepe
KpoMe Mxuepalor cym$oarroMunara Kanrurrr, 6etura u
qerblpex KaJrLrI[eBofo aruortlor[eppr.rTa TaKxe ocTalBaJrc,

\r"- F.* ^,.,,r,*Jrniufl1!vntrtl uuL 1a6

XuMra.{ecxufi

Vrn*^---*t1\4l[naLUAAfl

o/
/!

cuecefi
Ta6nnua 2

Ta6nuqa 3

Ta6ruqa 4

\)

Ta6nuua I
rlg^vAfldA

Ne Marepua;r sio2 Fe2Or+

FeO
Tio2 MnO Al2o3 CaO Mgo K2o+

NarO
SO: Pz0s nnn Cyurr,ra

I Kaparaycxai
docdorrnc

7.90 0,15 0,06 0,01 0,39 29,10 0,30 0,40 40,44 I,53 18,84 99,t2

2 Kaparaycrrafi

docdornnc
8,85 0,23 0,04 0,01 1,30 29,02 0,10 0,20 40,82 0,63 18,68 99,88

l _-_._ -- -ffrpLHUl\dr
KAOJINHOBiI'

ilIilnHA

IUrOU I ,OU urJl JJ,OO U,JU I,UJ IJ,JU

4 Ilaprerrcrnfi
HeKOHnUTtI{oH-

sufi 6orcNr

38,04 t 1,58 I,55 0,09 34,37 0,63 0,30 0,29 0,10 13,72 100,67

5 flxa.nanpcxxff
iiaiioiiliitiio;i.
sarfi 6orcur

16.99 20,58 r,08 0,0r 46,26 1,26 0,45 0,30 0,l0 12,58 99,61

cocTaB H
Ns KounoueHr Sioz A1203 l'er0r CaO Meo SOr PzOs P nnn Cynrua
1 @ocr!oanru,qpur

He pa3iroxoHrrLlft
0,15 0,10 0,05 4,87 0,07 5,74 0,22 0.04 0,06 12,30

a Axrpencrax
I(AOJIHIIOBA' HII{IIA

11,26 5,08 0,37 0,28 0,31 l,88 19,18

j Cuprena.r ctrecr 12,25 5,72 0,68 32,18 0.44 7,0s I.45 0,25 39.73 99,7s
4 Krutrrep 20,34 9.50 1.13 53,42 0.73 11,70 2.41 0,42 99,6s

Ns Kom.gecmo

QocSoarrx.q-
plrra

Komrqecrso
iIJIK'MOCI,IJIH-

KATHOTO

uarepuuta,Vo

Xuur.recrr.rfi cocrar, o/o

sio2 Al203 Fe2O3 CaO Sor nnn PzOs rlporl. Cyrr,trrra

83,64 KAOfl{HOB;UI

muua 16.36 t4.3t 6.03 0.33 3 1.43 l.s I 44.53 0,41 0.95 99.5
2 82,69 6oxclrr 17,31 13.l7 6,40 I,88 31,02 I,36 44.26 0,4t 0.94 99,6

XI'IMI{qEC(HI,I H cocTaB H3 CbIpEeBLIX CUeCeft
Ne Xlruuqecrnft cocraa, To Mlruepanorurvecrrail cocras, o/o

si02 A1203 Fe2O3 CaO SO: nnn Pzos Cyurr,ra 3(cA)
CaSO,

0-CzS C+AF Cyuua

I 25.76 r0.85 0.59 \6 57 )1) t;n 0.74 98,94 20.94 78,88 t.82 96,59
2 23.70 I t.52 3,38 55.84 2"45 1,69 0.73 99,3t t9.72 6',1,92 r 0-36 97,21
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<)

3aencrar4ocrr

Pac'rerqrlft xl{MlrrrecKlrfi

BLUrCHr.rrB r{yxHo In MeEtrrb HOpMy TBepJIOro
BOCCTaHOBIiTeJI npl,l TaKoM lt3MeHeHl,]r xuM]rlscKofo
cocrara cuprenofi cMeclr. Bo sHoss llpnl.ororJlenuue
cllpreBhre cMecu go6aanxrocr raKoe xe KoJrr{qecrBo
BOCcTarroBr{TeJUr, qTO H B UqpBogaqar5Eyro cbrpBeByro
cMec6,

Perynrraru o[ErroB, qpIrBeAeHHEre n ra6nnrle 6.
noKa3aJln, qTo fipu BrJrrrenpHBeJIeHHrrrX E3MeHer{grx coGTaR
cErpbeBLrx cuecefi rro cpaBHeur.rro c [epBoHaqaJrBHErM.
rropMa Boccr.[roBr.rreJur ocrasrc, npexuefi . LIs uolyreunrrx
,[aHHErX MO)rUtO IIpH[rrr r.r BtD(HoMy [paKTuqecKoMy
BbIBOAy, qTo ecJII,I HCCJIeAOBaHO BJII.iJIHI{e HOpMhI
EoccrarroBlrrc.t:x rra crcrrcrt pasjroxcrrlu Soc$oar*lgprnt
cuprenofi cMecr{, paccqrTaunofi na o6pasoranze
cynr$oa"rrouunaruo-6el aroB oro IUrHHKepa 6es

Ta6nwqa 5

Ta6alqa 6

c [pnMeHeHr{eM B KatrecTBe urroMoclrJrr,t(aTHoro MaTepr{iua
- K:roJunoBofr r,rns.ut t4 He co,qepxaq$re EecBr3annui
cylrQar KaJlbrlr4l, 6urm uopuc.rhrMr4, Br,r,ue xpyuKolo clre(a,
cepHoro urem. Xaparrepr.tcrr.rxr{ Km,rHKepoB, [oJryqeHHED(
IIpr.{ 3Tr{X Xe TeMlepaTypax a Tar(xe He aAepxaEr.re
HecscaanHurfi cynrQar rarrbuufl (a:noiuoculrmarxufi
Marepr{iu - HeroHflr{rl[orrHbrfi 6orcur), raMeJrr.r rarr,re xe
xapaKTepncfl,rrr.r, ro 6ruu cnerlro - koprruHsss.o rlnera-

llpu yaenrverrr.ru reMreparypu o6xr.rra ao 13000C
KJrUHKepa [oJDr.Iuilrlrcb HecKonbro 6olee CEJIbHO
crreKuruMr{cr. Knr.urxepa, [oJr) reunrre npa I200-I2500C 1n
cJ5rqae I{c[oJI63oBaHrax o6elrx BI{IoB iulroMoctrJrr{Kafiroro
Drarcprrara) rr cc.Eqp)Barrirrc rrccar3arrrrLrir ci,;rt$a.r r(aJrrrqrrn,
r,rMeJrr{ 3eneHoBaryro oKpacry! Koroparr 6una nan6onee
r{HTeHCIirBHa IIpH HaI[qm.r HecB{3aHHoIo cynr$ata KaJIbIIIUI
B KoJruqecrBe 10, 15 u 20To. flo-oaguuolry, ero
o6r.rcnf,ercx reM, .rTo cynr@ar KalrEtlu.fi, KoropErfr no
pacqery AoJDr(eH 6Ha ocrasarEcs B HecB{ggaHoil lsrtge Efia
xe qacrE eroro cynr!|ara K:urLqurr, BcrJmaer B xlrMuqecroe
usauuo,qeftcraue n o6paryer MHHepur cynrsocr.ur.rrar
KalrEullrr, roroprrfi uMeeT xapaKTepHylo 3enenoBalyrc

J

HecB.rtlaHuoro cynrt[ara x€urBulu, To rroqrr{ TaKiur xe
na6rrogaercr crerreHr pasnoxeHrxr $ocSoalrrr.rgpuTa qplr
ogr*ofi x rofi, rte retrrflcparJ{pe a g:rs cmp:"rlalor crrecefi,
paccqIITaHHbD( Ea rroJDEreHHe TaKoro xe KJIuHKepa, Ho g

HecB.rI3aHHLrM rynrrlarou Kiulburrrl B Koru.FlecrBe 5, 10, 15 u
20o/o.

cTeleHtr ufi OT KOJII,IqECTBA HOfO
Itb Korr.r.recrBo Konnuecrao SO3 n

wuxteYo
KonnqecTBo SOs B KJTIaHKeDe Crenenr pa3JroxeH6,

aKTI.{BHOro yrJur
o//o

Tenaneparypa oC
Tenmeparypa oC

r200 1250 1300 1200 1250
+ruxra; 83,6496 fr iicfruinria;ip4ra a 6,36 raolaiiurtii i liaiia

1 4,1 42,1 1',' 14.9 13.7 73,35 77.3
2 4.3 42,0 5,2 t t.3 10.9 77,r 80,9
3 4,5 4t.9 3,4 9.4 q') 80.3 86,8
4 4,7 4r.8 1.8 5,2 83, r 89,9
5 4.9 41,8 8,8 5,6 3.5 87.7 92,5
A {1 a1 1 5{ ,9 1(] o?6 t)A l
7 5,3 41.6 3.7 6,1 4.6 95.r 91,4I 5.5 4r.5 6,2 1'' 5.3 91.6 90.1
9 5.7 4t -4 9.1 8.9 6,8 87" r 87.5

IUI'IXT' 82,69Yo (roc$oawrral Tpwraw 17.3 %o nexOs.U IU}IOHHBII,{
0 4,1 41.7 12.8 n.2 10.0 88,2 83.3
I 4,3 4t,6 r 0,6 9.6 8.7 84,6 86. r

2 4.5 41,5 8,8 6.9 6,5 87.5 88,4
3 4,7 41,4 6,8 5,7 5.2 90.5 92,1
4 4.9 41.3 5.4 4,3 92,6 94.1
5 5.1 41.2 4.8 2,9 2,7 q1 5 96.1
6 5? 41,1 3.1 4.8 4,0 95,9 93.t
7

8 5,7
41,0

39,9
7,4

10.7
6,5
8.4

5,4

6.9
89,6
84,0

9l,l
87,1

cocraB chlpreBbrx cMecefi us II IINIIDMOCIfiI,l T(ATHI,IX
.l\i! Amouo-

cnltu-
rarrrrrfi
MATC.

onal,Yo

tDocrlo-
aHmI-
PW,Yo

Pacqernoe
KOJI.BO

He cBr3.
CaSOr

B KJIHHK.

sio2 Al2O3 FezO: CaO SO: nnn P:os IIpoq. Cprua

KAOJIIIHOBiIf, TNIIHA

I 15.46 84,54 5 l3,9 0,3 31.7 44.3 2.0 0,4 0.6 99.2) 14.53 85.47 t0 13.6 5.4 0,3 32,1 44.8 1,9 0.4 0,8 98.9
3 13.72 86.28 t5 ll.3 6,1 0,3 32,4 45.2 t,8 0,4 0,9 99.5i+ 11!o o1 An 20 la ol4.o 4.7 na It o AR O l1 n6 nfl(

Her(ouAr{UuoHurrfr 6oxcu
5 6,98 83.02 5 13,1 6.3 1.E3 3 1,3 43.5 7"t 0,4 0,9 99,6
6 s,68 84,32 10 12,7 5.8 t:7 3 1.8 44.2 2.0 0.4 0.8 99,5
7 4,56 85,44 15 12.3 5.4 1,6 32.2 44,8 1.9 0,4 0,9 99,5
8 13.58 86,42 20 12,0 5.0 1,5 32.5 45,3 1.8 0,4 0.9 99,6

IIOCTANIEIIU ONT,ITIJ C qETLIO K.uuHrep, no.rryvexrrlrE npu rel.rrepal)Te 1200 u 1
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J

orpacry. 3ro npegnonoxeHr{e n galtHefiuruM noATBepALIn

pexrreno$aronufi aHaJrr{3, 3ru KJruHKepa 6unlr
caa6ocneruuuec.rl, JIgrI(o LI3MeJIbqiuIHcb pyKaMu.

Krunxepa, rroJDnrenHhro [pr4 13000C H Ta.Kxe

corepxarque HocBlt3aulrbrff cynr$ar KauIBqI,IJI, Hg ltMo[u
aa rarrnoarnn r^v urHrrrr v, e&.*r^*.ys^s

HeycTofiqr,rBocTTt [pE .uaHrroil TeM[epaTypa
cynbooclilrHKara r(anEUHs, KoropEIU Moxer pa3JraraTEc{ Ha

6elrr u cynu$ar KaJrtrlr.rr,

Cyarrfoanrorrrunaruo-6eraroBbrfi KJrrirrrrep, uonyqerruhrfi
*13 Hexourr{r{HoHHoro 6orcr.ra H s Soc$onanca
colepxaqrfi 15% HecBrI3aHI{oro cyrrSara KaJrEItr{r,

flpu6.uu:r<errrrr{fi Munq)aloruqecrsrfi cocraa r<ar{Exq)oB,
norD rerrurrx rpn 1200 r.l 12500C u coAepxatrIrx
necnsgaHHufi cynrQar Kanrqlur, paccq[rarb rro

noq laJlcx B BI,rAe qacTllrrHofo pac[rJraBa, a (nrHrep c

corepxaHr.reM 20% HecBjr3aHHoro cynrQara KaJrErIHrr

floJryrrlaflc, B BI'IAe pacIIJIaBa.

Xuurqecruil aHElJrr,r3br KJrr.rHKepoB rroKiriurn, qro I{x
xr,rM,rtrgcKr.Ifi cocTaB 6.uraror K pactrfiHoMy (ra6l,8 ra 9).
Perrnrranr arrenrrDnD rra anf,mviorrrro .o^6^-tr^ft avtrortrr*vvAYr,A-^^irLlgvvvA..U

KAJIEUIIX B KJII'IHKCPAX [OKA3AJ[{, IITO KAK C YBEJIIITIEHI,IEM
TeMneparypbr, Tar( E c yBenuqour{oM co.aepxaunJr cynr$ara
KiurEur.rr u cslpreuofi cMecr.r, [pI{ Aocraxexrru npaMepHo
ueo6xo.uutrtoft creneuu pa3noxenu, rlocrloanrr,rgpura,
ycBoeHl{e o6pasoaaeurefict orct4cu xaarrlu, rrposcxo.q}lr
Jr)^{IIIe.

Tadtfiuta7

pByJrETaraM xnMlrqQcKoro aHalrr,r3it oKaSiurocE
3arpyArnrenrxrrM, TaK xar peuTrewo$aronrrfi aHaJrr.r? B

4a,trnefirueu norar3iul, qro rrpr,r DTr.rx reMneparypax qacrB

3anucur.locrr, HopMBr BoccraHoRHTeJr{ or H3MeHeHw, cocraRa gr,rplenofi cr,rec}r

Crmrenofi cuecu,Yo Teune-
parypEr

Koruqecrao
aKTI{Br{po-

BaHlroro )iTJrx,
%

Pac.rgrnoe
KOIEqCCTBO

SO3 a
KIII,THKCPE. O/O

Oarrt,r.{ecroe
xonuvectuo SO3

n xnr.ruxepe, 7o

Kolrasecrno SO3

B nepBo-
Hatr.rrbHofi

aLrpbeBofi cMecr.r

Alrouocwluxa'rwrrfi
MaTepHaJr

KauJll4ttuBa, tzuu J.l J.6U J,JU
t5.46 1250 4.9 5.90 6,05 5.60

1300 4.7 5.87 5,20
1200 4.9 8,52 8,80

14.53 t250 4,7 8,46 8,34 7,50
1300 4,5 8,64 9,24
I 1nn n1 11 aA ll an

13,72 r 250 4,5 9,95 10,70 9.40
r 300 4,3 I t.07 0.90
I 200 4.5 14.73 3.40

12.58 I 250 4.1 t4.40 t4.88 4.90
r 300 4.1 14.4 t4.40 3.70

6oxcnr I 200 51 406 3 t0
16,98 1250 5.1 4,10 3.90 4,80

I 300 5.1 4,12 2,70
1200 4.5 7.85 8,80

15.68 1250 4,5 8.10 7.88 6,90
1300 4,3 7,91 8,70
1200 4,3 1 1.15 10,60

14,56 1250 4,3 10,90 I 1.12 9.60
1300 4,1 11.12 10.00
1200 4,1 13.00 13.62 12.80

13,58 1250 4.1 13,40 13.60 11.20

Ta6nrqa 8
v....,..,^^.--i tlMhaL!tutfl luul6 n h4uJlftlluoutl I Jlhrlh

Ns Teune-
ParYPa,

oc

Kor-so arrus.
yrJlc oT Bcca

wuxTg,Yo

CaO",. si02 Al2o3 Fe2O3 CaO So, Pzos H.O. npo.I. cyMMa

200 5,1 3,2 24.76 10.15 0.60 56.21 5.80 0.70 0.20 18 99.32
I 250 4.9 1.3 24.23 10.05 0,68 56.44 6.05 0.72 0.21 16 99,54

300 4.7 IICT 24.30 9.97 0,70 55.90 5.87 0,68 o.2l 30 99-83
200 4.9 4.02 23.38 9.32 0.60 54.91 8,52 0.74 0.21 "90 99,38

.,)
250 4,7 1"05 23.20 9,62 0^74 55.23 8,34 0,73 0,24 .55 99,65
300 4.5 HET 23.10 9.76 0,56 56.1 I 8,64 0,73 0,1 8 ,47 100,55
200 4.7 2,5 22,30 9.02 0.49 55,35 I1.34 0,70 0,26 02 100,49

3 250 4,5 1,9 22,50 9,15 0,45 54,94 10,70 0,71 0,l5 11 99.82
300 4,3 0,5 22,65 9,03 o.47 s4.64 11,07 0.71 0,18 13 99,88
200 4,5 2.7 20.50 7.50 0.54 54.1 8 14.73 075 0.20 44 99,84

4 250 4.r 1.4 21.04 7.62 0"49 54.30 14.88 0"73 0.22 17 99.25
r 300 4,1 0,7 20

.83

1

60
0,

54
54

.35

t4
.40

0,
l3

0,
22

l,
52

99,3
0

77



OEOPYIOBAIIHE tr TtrXHOJION{fl
l{{-)M l-1(}?1,1 ! I UnH H LIY ltr{'!'!r:Pli q_!OB

KOMIIO3LIOHIILIE MATEPI{AJIbI Nc3, 2018

cyn6$ara Kiurbur,rx, Koropa, AoJrxHa 6rrra ocra'rucs a
HecBffraHHoM rnqe, o6pa3yer Mr{HepaJr cyrbsocurH(ar
KilIIbIIUlI, a qacTb ocTaeTc.s B HecBr3aHHoM cocTorHHI,L ,unf,
BCeX OCTAflEHETX rurHHI(epOB BO3MOXHO BbrqucJrr.rTb

rIpH6nI{xeHI{Erft MuHeparorl,Iq€cKHfi cocTaB IIo
a^n@{4Dr[4rrrrn, ihnn.nrqarr tv narr'mrrartoenorriit:t'vrNrJJi-iii, 

iiLiiii liiuY,*iu-Eaii

aHTUILBA 3TI.IX KJIUHI(CpOB IroITBep,{Un I,IIeTITHtrI{ocTb Hx
cocTilBoB 3aAaIrHoMy, T.e. cocToflilH r{3 MI{HepaJIOB 6elHTa,
cynLooaJrroMl{HaTa KiurErlr,rr, qeTErpex raurbrlneBor.o
arroMoooppEra r HecBr3aHHoro cyJrbibaTa KaJrbrllrf .

Asaars perrrer{o{paMM npo.qyxroB o6xllra,
noJryqeHrrErx rlpu 12000C, noKa3LrBaeT, sro rrptr
cTexr.roMeTpr.rrecKoM coAqpxaEr{r{ cynboaTa KiurErlr.rr, T.e.
orc)rrcTBH}r HecBrr3aHHoro cynE(tjara xa"Jrr,rlHff

HAeHfl{orqrryroTcr MexnJrocKocTHr,re paccTorrHw,

Soprrru AByx K€rJrbrlr.reBoro crirrrrrKara (d:0,27 8; 0,27 4; 0 
"261 ;0,218; 0,240; 0,245 HM) tr cyJrLQoaJrroMr.rHara Kturbur{f,

(d:0,37 3 ; 0,324; 0,3 I 0; 0,228; 0,17 9 HM). AuOpaK(HoHrrEre
oipilficiii{r Hcct;ffiaiiiioi'o cy'iri,+ara i(aii;ua,
oTcyTcIBoBa,rn. c yeemrueEr{eM coAepx.lHrrrr B KJruHKepe

HecBr3aHr{oro cy.nrr[ara KaJrLrIH, go l0% rHTercr{BHocrt
ji^nsuir CaSOa ra cynrrfocunr{Kara Karrbrlr{, Bo3pacraer.

flpu nanuvun B rorr{HKepe l5olo necnxgauHofo cyJrbibaTa
KrrJILuur r{HTeucr{Buocrb ruuvfi AB}/x KaJrbrlr{eBoro
clrJlr,IKara cnJIEHo )ndclrbluaercr. 3na"rrre.urno Bo3pacraer
rrrrrarrarrDrtnarr rrlrrrlr"r nrrwrrhara raELrrrrdia4juqiLi iI

cynEoocxluKara KanLUHrr. I4nreucunuocrr ilrut4i4.
cynb(hoaJlloMr{HaTa I(arLqrrfl rIotIT[r He Me]uleTcr.

C yeelnvenraeM KoJrr{rrecrBa HecBf,3axnoro cyJrr,Qara
KaJIbrIr{, \o 20yo errle 6oJIEIrIe yMeHbruaeTc-{ IaHTeHcLrBrrocTE
v]E,dr4ir -,qByx KaJr6qr{eBoro cr{Jrr{I(aTa r.r cynr$oarrourrara
NarrEul{lr, a uHTeHcI{BIrocrE nI{HLrfi cynBaboclrluxaTa
KIIJIEUI,H Bo3pacraer. B peurrenorpaMMe KJrr{HKepa c 2OYo
HecBr3aHT{oro cynrlpara rrurlrlnr, nofi)rrreHoro npa I 2000C
m rlncrloarru,upr,rra r,r KaoJrHHoBofi rrunrr, HHTeHcr.rBHocrE

rruHlrr{ cyrr$ara Krurbr{r4, (d=0,349 HM) )Beflr,rtrr,rBasrc.fl.
B peHTreHorpaMMe xe aHaJrorurqHo KrrHHKepa,

rroJr) reHHoro rar $oc$oauf}rApnTa fi HeKoHAr.rqHOHHoro
e^-.^---^ ^.,-, l^-^uu^!hid, iiiiiUiiuiiiiiiiiiii,b iirilii^in CJJIEQATA i{ailEiiii,
yMeHEllaeTcf,.

Xnurqecrurfi

AHanHs penTreHotpaMMrr r(ffIHrepa, rroJr1r.teHroro lt3
A---A-^E--q-,-^ r! ..E^-'-'.^^^r t r<nl)nWvvgrvo[nllpnr4 n AduJrhrruDu[ iiiairirt iiu iaJU w,
IIOKa3EIBaeT, qTO C yBenr.ItlerlrleM coAepx€IHI{rI HeCBr3aHHOrO
cylr(para Kturbrlr,Lrr, unreucr{Buocrr ero Jrr.rHr.rrir (ats0,349 nru)
yBenrrqr{BaeTcr. llHTeHcr{BHocTb Jrr,rHHH cynrQocranxara
KaJrrrlral yBefir.tqr.{Baerc{ He3HaqInreJrBHo. Ha Bcex
peHTreHorpaMvax npeo6nalaer urTeHcrrBrrocrs JruHHfi -
,rlByx r(anrqneBoro clrrrrrara (d=0,278; 0,274; 0,261; 0,240;
0,243; 0,218 nrr.r) n cynrQoaJrx)Mrrrrara KaJrEuus (F0,373;
0,228; 0,287 rrM). IIpn )r'Berr4rreuHu rornarecrBa

ItHHt4ir cylrr$oamolrnnraTa raJrEr{r{.{ Ha peHTreHorpaMMe
yMeHEIIraeTCr.

Tarute xe 3aKoHoMEpHocrH na6mogarorcu Ha
pciiTi'Cii0rpair{iviax i(jiiiiiiicpots, iioii'JiiCiiiiEix lis
SocQoanrrapura r{ He(onArrunornoro 6oxcr.l.ra np}.t
12500C, 3a r.rcrJrrorrsur{eM Toro, qro B KJrr.rHKepe c
pacqeTHblM coAepxaHLIeM 20o/o HecBs3aHrroro cym$ara
KalIErIr{f I.IHTcHC}IBHOCTb JII{HInri[ Cynbibocnnr.IKaTa K{TJIEIII.| I
HccKoJrEKo 6olrure (d:0,318; 0,303; 0,284; 0,189 HM), a
r.rnTcuo.rBHocrb Jrlrnuf 0 - ftoprtrg ABlrx kiurlrlacBoro
CIIIJILIKaTa 3aMeTHO MeHbIUe.

H_a pcrmcnorpantN{tr Bccx r<JrrrnKcpoB, rIoJr}rrlcHHbrx npr{
13000C c HcloJrb3oBaHrreM o6eux BrrroB
aJIIOMOCHJIHKaTIIOIO CHpL' Ha6JIIOAaIOTC' MeXIJIOCKOCTHLIe

Jlnreparypa
L T.A. AratqnreB, O.M. Mupsaer. Cyrc$ouureparlEuEre rleMerrrrr Ha ocHoBc Qocrlorunca. Tanu<errr, <<<DAHI>, YrCCP ,19'19,153c.
2. l'{.P. Axuc;oa, T.A. A'iai.1-racB. (Doc+oiliiic. Taiiiii*ir, <<OAHi>, VsCCP, 198C, 174c.
3. Cynr$oaruoul{Hatno-cullllrarrllfi KnI,rHKEp r.r ueMeHrbr. Tomrenr, Idsl-ro TITy, 1995,171c.

paccroxnlrf, B - $opr,,ru AByx r(aJrtqr,reBoro crJrr{Kara
/.+-n 1?a. olat- n lrn. o a,l<. n alq. n al o ,-..\\u vrL I o, vr. t1, vrLww, vrL-J, v)LiW, i.jral a' iiitii A

cynb$oalrroMr.rrrara K.urlutur {d:0,373; 0,228; 0,287 t*r).
PenrrenoQasonrrft aHiurr.r3 o6pa3qoB rgruErepoB,
[OJI) I€HHEIX HOIoJIIIbIM pa3JIOXeHLIeM B [pIltCyTcTBI,IA
BoccraHoBr{TeJur crrpbeBofi cMecra, cocroruqefi Ha
rfoc$oanrugprrra r{ HeKouluuuorrHoro 6oxcura, rroxa3a:r,
tITo oKr.rcb xeJre3a o6paeyer Mr{Hepan qerLrpex Kiurbrlr,reBoro
zultouorlepprara (F0,264uu).

Tarcaru o6pa3orr{, perrrerro$a:oruu arraru3oM
ycranoBJreg noplr,qox uunepa-noo6pa3oBaHlur B

reM[eparypuolrr uHrepBane I200-I3000C npra rourueruroE
[epepa6orKe Soc$orr-[rca Ha cepHr{crErfi ra3 u
cynrrfoamoiraffHaruo-6en[ToBrrfi qeMeHT. YcrauoueHoo
iiro cciiti Bccrfi pa3iioxciilic cLipbctsofi cit{ccii raifi{ivi
o6pa3oM, rrro6br B npogyKrax o6xwra ocraBaJrc,
necslgaunbrfi cyJrEoaT KaJlbuHitr, To rraQTL ero rlpu
reMneparyp,x 1200 x 12500C o6patyer Mnueparr
cynLtbocurr.IKaT KaJrbltl{f,, a qacTb ocTaerc, B HccBr3aHHEIfi
Br{.qe. IIpu 13000C flpaKr?Frecxr{ He o6pasyercr
cynlibocunrrkar Kilrrrlrr, Ha pcr{TrcHorpaMMbr r(Jrr.trxcpoB B

ocHoBHoM r{.EeHTr,r0HrlHpyroTcx Me)r(rJIocKocTrrLIe
paccror{Hu, cylr,Soamovanara (aJrBrIAr, 6cnrna fi
HecBrtlaHHoro cyrLibara KrurErlr{r.

Ta6lwua 9
COCTAB KJIUHKEDOB. IIOJTyqEHHED( I{3 u 6orcura

Iljt Terrrne-
parypa,'c

Kon-no axrun. ymr
or neca unrxrsr, o/o

CaO* sio2 A12O3 Fe2O3 CaO Sor Pros H,O. rpoq. cyMMa

1200 5.3 3,7 23,50 10,85 3,44 54.92 4.06 0.70 0,31 ,61 99.39
I 1250 5.1 2,8 22,97 fi,32 3,22 55.28 3.90 0,71 0,32 ,58 99.30

1300 5.1 HET 23.21 11,26 3.28 55.40 4^12 0,70 0,32 {q 99.88
1200 4,5 0,1 22.1O 10.16 17e 54.60 7,85 o,72 0.28 .64 99,43

2 1250 4,5 0,2 21.93 9.95 2,86 54,71 7.88 0,72 0,30 .67 100.08
I 300 4,3 0,1 23.02 9.98 2,64 55 l1 7,9t o.t2 0.30 .60 99,30
1200 4,3 3.9 20.37 9.36 2,84 54.11 I l5 07s 0.32 .42 100,32

3 1250 4,3 0.8 20.31 9.14 2,93 53,98 I t2 0,15 0.12 ,45 100,06
I 300 4.1 0,2 2t.00 9.16 2.78 54.t0 I l2 0.75 0.31 47 100.69
1200 4.1 I.l 20.14 8,52 2,56 53,02 13.62 0.70 0.29 ,54 100,39

4 1 250 3.9 o.2 19-73 8,30 2.48 53.81 13.60 0,71 0,28 48 100.59
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CyJIL@0AIK)MTIHAT-_C_LItrI(ATII{(EMEHT}Irnrunffi Mo14AHtrHTN'Ir(IoP[t OCTI'IAA oocoorlllleHl{Hr RAPqAJIAHTITTI IApAxAiA r,lrcupn
H.3. Illarual[rroBa, X.A.Agunaea, T.A. Ararcyrneu

Ratum cjuap: Ooc(porauc, cynrsoanrorrrr.rnar, cynr$o"*r*ur, 6euur, ianr[ufi cy,nrQaru, oJrrr,rgr)n)apr ra3r,r,6orranuaran raEql'rfi cynrilaru, Soc$oanrugprr, ry*6o *r"ooro, Mr,rHepilronrK raprr,r6, rlpr xanrgufiru amonrofieppu.r,
Kao JI I II LI II r)Tlpo K, Soxc l:t, r-'Ir! r r.r(ep.

Maxola.ua 1200-13000c-xapoparnap opacu.(a Socfronancru rIeMeHr xoM arre apanamMacu.ra KoMuJrEKc rap3.qaonrlrHryDpr ra3llra Ba cylrlpoa-rrrorrruHarrln - cr{JrI'IKar IleMerura afinaurupunrra coArlp 6yru.qra* Mr.rHepruurapHr,r xoc'Jr6!mur xapaex tapra'u aHI'r(JIaHraIr. Illyrr,rrrAer, arap.m xapa€n uryr raprra64a *yulrnpr- qoprrAa ira4rarar 6f:rca,6oraanr'rafi'urran casoa (oruafi'qu. fuipau cynrrfoa,rrourrur -- cr{Jrr{KarJrr{ rIeMeHTrarH xoM arue apuuilruMacr.rAa6or'ranuarar CaSo4 xorlrus rarMHHnalrca, y x*.qa l20Lt250oc reMn€parypa,qa cylr$oanrouuaar M1ilr€paJrg xocr{Jr6lnnnrx Ba KECM CaSOa 6ouanuaran xonAu iorrunu. 13000C aMaJrAa,q"*pg cynr.bocnnuxu, *"pu* locun ofmraafipr.Knutrxeprunr peHTreHorpaMManap[Aa xanrqrlft cynrrfoamouuuar, 6enru sa 6ornaul[aran Casoa cavranu6 KoJlr{mr.rHr.rrlpcarynvu peHTreH qr43rr1napu MaR)rcy/I.
Knnqeaue ct'o*a: oocr[orunc, cy:rr![roanrcnruwar, cylrr[ocuJrr,rxar, 6errr, cyrmrfrar r(aJrEIIr{r, ceprncrrtft rar,secnxgauurrfi cynr$ar KanbIIIu, Soc$oamrypllT, cepHa, KrrcJrora, Mr,rHepaJrorrcrecrrafi cocraB, rrerblpe ranrqr,eruftaarouorleppar, KaoJrr{HoBrur rauna, 6orcur, KJrr{HKep.
B crarre ycraHoBJIeH rloprAoK n'rHnepanoo6pa3oBaHH' B TeMrreparJipHoM I{HTepBaJre 1200-13000c npu xonarurexcuofincpcpaGorirc $ociloiaiica iia ccpiiiicrLifi i'as ir cy';rlpoa;iioi,irrir"o - ciiiia6afiiLifi qci"iciir. Iloxasaaa ccjiri Eccri-rparlJloxeHue crrpreaoil cMecI'I TaKI{M o6parou, qro6u s flporyrrax o6xrra ocraBaJrcr recs.flgarxErfi cynrsar KaJrEIrHr, ro

?iffi,:*:::"j::p?p* 1200 H 12500C o6pasyer *rrr"pa,, cynr(pocr.ranrar, qacrb ocraercr B HecBn3aHHorv aw,ue. rlparJUU"u flpaKrlrqeH He o6pa:yercr cynt$ocnmarar KaJr'rlrirr, Ha peETreHorpaMMbr rsrrr,KepoB B oc'oBrroMugeurN0Nqnpylorc, MexrIJIocKocrHEIe paccro.rlurrrr cyrr$oalrourruara r<anbrlu.rr, 6emara u HecBr3aH'oro cyrrrlara KaJrbrlr.ur.
.r.el w-ords: Phosphogypsum, sulfoaluminate. suttosificate, belite. calcium sulfate. sulfur dioxide. unbouad calciumsulphate. phosphoangrite,.sulfi,uic acid. mineralogical composition, four calciurn alumoferrites,kuolio clay, bauxite, clinker.The order of mineral formation in the temperature range 1200-13000c ir .il;iil;d--in ,t" complex treatment ofphosphogypsum for sulfur-dioxide and sulphoaluminate - sili-cate cement. It is shown if decomposition of the raw mix iscarried out in such a way that unbound calcium sulphate remains in the fuing products, tt 

"" " 
p".t of it at 1200 and 12500Cforms a mineral sulfosilicate, some remains unbound. At 13000c, calcium sulphosilicaie is practically not formed; the x-raydiffraction patterns of clinkers identifu interplanar distances of calcium sulfoaluminate, belite andunuound calcium.

Irrovalunoea Hapzuc Spxuaoeua - acc[creur rar[e4prr <<o6ular r{ HeopraHr{qecKarr xgMr{u>> Tarurermcroro x[MnKo-
TcxiioiioiEqcci(oi-o aiicTlii]/"Ta.

Ailuruaec Xudup Afldytutaeauv - xag/n'r[ar rexrluqecrlD( HayK, .[ouerr ra6e.qpEr <<flpoqeccu n an[aparEr xrMr.rsecxoff
TCXHOJIOTHH) TAUTXENTCTOTO XHMITKO-TCXHOJIOTI{.ICCKOTO I,THCTI,ITYTA.Amargnuee Temupatcau Anut yzttu - [orropJexHrtlecKr,rx Hayr, npo(feccop xarle4pu <Texnonoras Eeopra6r{rrec*rx
BelrlecrBD Tatxeirtcroro xl,IMr{r(o-TexHoJlomllecKoro LIHcrLITyra.

ylIK 599.375+539.4
PEIIIEHI{E 3A,[ArII[ ooPMr'IPoBArrLrfl IlnocKofr KoHCTpyKTII{rr KoHEr{HoI;i 11;11pIIITBI Ir3

BBICOKOTEMIEPAT]TPHOTO PACIIJIABA

B.)K.Canapor., M.IO.PaxrMoB., A.H.Illepuaen., X.C.Tan6aen., p.T.Eoropor

BneAenng.TexrloJrofliutr [oJrfreHurl yflpyro Br3trlD(
LtareprriuloB (r ,E&rrrrcu c,ri.lae 11o.]r]p"i9prri,x1 rr
rouno:lugronnrn) u ttpol{3Bo,IcrBo pa3JrurIIrEIx
noHcrpyrqur{ (uolue E cuporuHrre crepxnu,
rpy6onponogH, rrlJraHn4, rluru, rurenKr.r, neHTEr, o6onourr.r,
ra6ear.r u t.4.) nr raxrrx Marepl{arloB, ocrroBaHa Ha co3AaHl,re
a Hnx ocraroqnBrx Haflprxenrfi. Ocraroq*bte flaflp \rcHfie
co3.qarorc, B rrepuoA HalpeBaHr,rrr ueo6xoguurrx
KoMrroHeHroB r{ rroJDtrreur{rr Marqprrana, $opnruponauHrsa4auuoil reouerpravecrofi r[oprrru E pa3MepoB
roucrpyxqufi rlr B ttepr,to,tr ocrbrBaHurr Marepr{rua t4
KOHCTpyKTIAU.

Arcr:ya.nrnocrr: floerorr,ry oguoi lra nan6oaee cJroxulrx
Lr BaxHErx npo6nerr.r coapeuerwofi TexnoJrorfiE rBJrxercrl
iii:ti5;ieui,i rijupMlipuBaiilir paiiiioHii.J:iLii6ix Bhy-Til€iiiilix
ocraroqHErx uanpxxenuft B [poqecce o6paeoaanux
reepAoro KoucrpyrrproHsoro Marelrlriura u Korrcrpyrqnfi us
cBoero pacflnaBa [pt,t ocrlrBaHra[. Haa6onee
pac[pocTpaHeHa TexHoJIOmU BBrTnKKrit 3JTeMeHTOB
KOHCTpyKTIII H3 pac[JraBa B BEICOKOrpa.qeHTrroM noJro
TeMneparyp, no3BoJIflrOIrIeM noA.4epx(arB .uocraToqHo

BEIcOKyIo cKopocTb .qBHx(eHH.f, HHTLT y,;fiu JIeHTET H TeM
ca],fi;I,1,{ocTaTCrrrro BrJCokyro llporr3Bo.q}lTeflI.rrocTL.

Pery.nrrar:Bygyrryfi flporpecc B rexuoJromu
xoMno3HqIaoHHErX MaTepI{aJIOB H Tar Ha3LIBaeMEIX MeT
ruIacoB (auop$nrx MerarIJIoB r.u[.I Merurrrr.IqecKr{x crexon)
cJ[uecrBenHo saBHcr{T or perueHr{r, srofi upo6neuu.

flpercraunrer r{Hrepec oflp€.rleJreH]re @oprrru u
pa3MepoB o6nacru Ha JreET€ rone.Inofi rurpuru H, n
xoropofi HMeer Mecro Lr3) reuHoe Brirrrre oAHoMepHoe [oJIe.

Paccuorpuu Buarriure ner{Ty, 3auHMarotrg[o qerBeprr
rrrrocxocrrir x)0, />0 @r.rc. l). Tpe6yercr uaiirlr
peIueHue nenznefinofi clrcreMlr [l] ygoaaernoprroulee B
o6nacru x) 0, y >0 crre,u0[oulr{M rpagr.rrrHLrM
vcrnErs,

o"=orr=0, or:0
or=Or:0,

npr x=0, y>0,(1)
trpu 'p = 0,

x>0. Q)
O6racrr .r>0, y>0 pasfuaaartr Ha.qBedracru:

D' - n noropoii cqpane,4nnno rrocrpoerrHoe BErrtrE pe.rueurre
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