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HOBhtE ŁLETOAU 04EHKH nPQOECCA CrOPAHHH B T0IIKA1 KOTJIOB 
BOJIŁElOa HPOH3BOJÜ1TEJIBHOCIH

PeoioMe. HacToama« CTana SBns«eTc*i nonurKoft onwcaHH« QHHanKK» 
npouecca cropaHH« npw noMOiu.« 3KcnepHHeHTanbHO-aHanHTHMecitoro 
«eTona. 06cy*flaeTcn b /ih$ih h6 4>aKTOPOB * onpeneníiioittHx icHHe-rHlcy 
cropaHHfl, Ha npouecc o&paoosaHMa NO . C<|>opnynHpoBaHM Taxte
KpMTepMH KaKHe noniHM BwnonHBTb ycTpoftCTBa BnH«»uŁHe Ha CKeiuaHMe 
TonnHBa c eoanyxoM. SxcnepHMeHTanbHO yTBep*aeHO, h t o  npennara- 
eMMft «eToa onMcaHHfl npouecca cropaHiia óonee npwroneH k h o b efl>khm 
KOTenbHbm arperaTaM h o6ecnevHBaeT b o 3m o »h o c t .v. cropaHH« h h o k o - 
coptHMX 3HepreTHMecKHX Ton/iHB nocneucTBOM ycoBepmeHCTBOBaHH« 
npouecca cropaHH«, t . e. onTHwanHNfl non6op THna h JcoHCTpyKUHH 
r openor.

HCCP npHHfMa OÓBSaTaUBCTBO COKpaTHiB 8MHCCH» COpHSCTOrO 
rasa no 1993 roaa ae mhkbg , naw aa 30 %, a nonroTosasHo sseawy- 
HaponHoe coraameHae no coKpameHBB smbgohb okhoiob asora hox , 
TOKoanHHx MSTajuioB e asposojieK.

B CBH3H o STBM b 9exocyioBanKoS BKeprerasa ooymeciBJiaeTcn 
n e p e x o n  n a  np oH 3Bonci!3o  oóopyziOBaHaa j u s  c s a r a K K it, E o ro p o s  

o ó ecn a^H B aeT  MeHBmyx; sM H ooa». KaneoTBO c m r a e M o r o  aa aamux 
3JI8KTp0CTaHIÍHaX TGEEHBa GymeOTBeHHO aSMSHMOCB 0TH0CET8JIBH0 

np08KTEp0BaHHHX OBOSCTB, B naOTHOOTH, ItOBHCHJiaOB 3QJIBH0CÍBS 

z 0HH3pmacB T em io T B op aaa  okocoóhootb. He M eaee sa a sa  t a n a  
B o n p oc KHCHOTHOCTH 30XBHHX 0CT8TK0B 0  paCTBOpHiffittiE OOXHME H 
TOKCKnaarffl sem acTBaM H, K o ro p a e  np a rH ^ p a a m a e o K o l T p aH o n o p ra- 

poBKe n o n an ao T  b rpyaTO Bne bobh.
HyreM yooBepmeHCTBOBaHEH KOHCTpyKnaa a  aspoOTHaMHxa Tonos 

a ropejioK npa oxaraHEH Menea KarcecTBeHHHX toiuieb mosho opa 
ooxpaaeHEH npoasBonaTejiBHocTH kotjib hoctheb GOKpatsenaa Tsepaax 
a ra300f5pa3Hax smbochS.

CymecrBympe mstouh aneHTa^aKanaa, npenHa3HaaaHHK3 
oaeHKE npoQSCoa oropaaas, hbjihdtob m8iw0hhhmh k TpeóyuT osos- 
Hofi annapaTypa. HeKOTopae npoasBOAOTBeaHue aHanúasaTopa ayana-
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m ea B asom e»! o ó a sy m s a n w  r hbtohhh. B cbkse s  stbm s a  ®a~ 
$ejçpe »HepreîKiaî coopeaoTOHaso BHKMamae Ha HeroaaHpEoHHKx 
MäTomx, BHTOKaram Hs anamtaa rypóymsmux m aieaM  ne p esab a  
b npopecce rop e h m .

B arojtyixgait iiee qaera xpaiHO omacaaH pesyjaiam Hccsa^o- 
BaTSJUiCKHi paöoT. Ełmo oöHapyxeao» hto xypöyjsöHTHHe npooecoH 
nepeaaqs b oôæbctz roposos bjlhhbï bes saqecTBO nponpoca cropa- 
HHH h Ha oópasoBanae TaepsKX s raaooópaaffio: ômecchë.

TypöysesrasB itpemaon sepejanK b s b u k  komob

TypfSyjseHTHHö npopecoH nepejma b Tonxax kotjtob aPycms- 
m m m  KaqacTBo npogecoa aropaHHH. JfciH hx onpeaöJieHas aeoöxo- 
ÍCHKO KOHTparapOBSTB B TOHJŁ9 H3M0H9HHH CKOpOCTBÄ, KOHJÎ0HTpanD0fi 
K îœanepeTyp bo spewshe o othocbtbjiłho bhcokoź qacTOTOË.
G yqe-roM cobpsm9hhhx BoaaomooTeâ H3MepHTejn>H0Ë t0xhekh 
H9 ÎTpSHCTaBiÜîSÏGH B03M0ÄHHM H3M0p0HB© KOHIt0KTpaiXM, TSR K3K
O T cyrcT B yeT  noaxoflamaa annapaTypa c  HeMeaaeHHHM aHasBSOM
npoö, MOB OHa aSBHKOM M0ÄS0HHO E9fCTBy9T. JUK B3M0peHHH BHCO- 
KHX Tesineparyp moxho npHMeHHTŁ pasHanstoHHHe napoMeTpK, crro- 
OOÓHH0 OÆ0OTTB 3a E3MBB9HHHMB T0MH9paTyp C HaCTOTOË OT H0GKOXV- 
KHX repa, KOTOpue, OJtHaXO, HÖJIMH HC.n0ÆE>30BaÏB npH HE3KÄX 
renne pa Typax. BBasy HeoôxoÆHMOcTE H3mqp6bbs jioKajüHKX Temepa- 
Typ rwana hh , irapoMerp aoxmH óhtł pacnasomH b oxjraxsaeMO«
30HH6 asBHOË 6 + 10 cm, a ero onrHqecKaa qacTt floansaa óhtb 
3amam0Ha o t  ¡¡anecemsx /p m e . I / .

HaBÖOJiee nOHXOÄH®HM HBJIH9TCH KOHTpOJIHpOBaHHe H3M0H9HHË 
CKOpOOTB ÎIOTOKB BO BP0M0HH HyT0M E3M8p0HHH njVSBCaiBaS flaBJieHEH. 
MonęHT3 JIEH8H BejIHHHHa H3M6pH0MOft CKOpOCTH w B wanpawjmwvm 
noTOKa np6EGTaBJLH0T coöoä cyMMy operne® CKopocTH w z (¡mmry- 
amOHHOË CKOPOCTH w CKOPOCTH w COOTB0TCTBy0T BejIHXHHa JQJ- 
HaMHHecKoro aaEJieaiia pd

^ —2 — ' ® »2 /“ ?"w + e*"** + j*» i /i/
pd

b  Kotopom nepBHfi HJI0H BHpäsaBT cooTaBjunom y» Ä aBJieH M , o rx a K eH - 

Hym bo  BP0M0HH, a  ooT axtH u e japa q jie n a  -  $JH)KTyaipiOHHyB c o c T a B -  

JiHMnyD. 03 ypaaseHM A /  mokho BHpa3HTB guiBKTyaipiohhjtd cko-  
pOCTB W npH yOSOBHH, HTO H3B0CTHH T0M HepaTypa, OOCTaB n p o -
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sjK'îQ B cropaHm  h caopoeTŁ w . JXeKcTsasŝ LHO asasysa»® ypaa- 
msMBi

H&E&mYsimtimB. Typójsssmaa bhskoö«, soTopaa ¡mxasron 
ocHOBHOÄ böjihbhho'ä nepeaaEm, noHKMaaToa xax BsapreTHaecsaa 
Bsjorraaa, onpeaejLHBMaa, RpoM® oboSotb nporeKaixgero BeqecTBa, 
T3K3K8 naacaeHBeti, CKopooTB» E se garacTyaijESt b eshhom msct®.
3TOHĘT COOTB0TOTByDT COOTHOSE0HHa, KOTOpH® E£p8JTE0®ŁES flXH 00
anpeaexsHEH npaBffMB» KapaaH E Pafaapa. Ohe eoxoeht es $hbk- 
ryaipoHHHx cocTaBJuaroax CKopoarefi , wÿ h äbbhh HHTepsajia 
CMsmaBaHEH 1 . yKasaHHHe mötosh sam  myfíomsTmpwrojihme 
pesyjiBTaTK b cdaacïax c EyjieEKM rpa®aeHTOM ckopocth, e hx
H0JTŁ3H UPHM0HHTŁ B OÔJïaOTH rOp®J£EE, PHß t®0$HXb CKOpOCTE 
nepeMeHHHä, h HMee-roa hsckqxbkq sKcspeMyMOB. CoraacHO lípansT- 
M) [5] , HHTSpBaXB OMSISEBaHBa MOBHO HOHHMaSB KHK ByTB, COOT—
B0 TCTBJTKEJEli (JjJUKTyaDHCHBOHy CM0I3ÖHJIB. 03 E3M9p®HHË HyjI£Cam<l 
JSaBJieHEH H3B0CTHH $ffiOKTyaEEOHHSH CKOpOCTB H HaCTOTS nyJTBCattHft. 
Moeho npeOTOJiaraTB» eto e0íotbht0xbho ojissyranee ypaBHSHEe:

rse  BejESEEHa kohctbhth k onpeaeaaeTca sKcnspsusaTaaBao.
Sjm nposepKH aToro MSToaa öaso npoBaaeso E3M®peHH® b npo- 

ÄOEBHO CBMM0TPHEBOM CBOtíOflHOM ÏÏ0TQK8 JipH Ee = 30500. Ä&H 
BToro caynaa emostcs eoctstoeho sammx, G irpEUdBeHHeu m  to fía 
Paäxapxa bsmspshhhs ckopocthh® npotgum noTOica b ¿pana3oh® x/b 
/ b - ECXOJQIHÖ OTaMÖTp/ = 5 + 30 ÖHJm TpaHC$OpMHpOBaHH Ha 
ÖÖ 3pa 3M0pHH0 KOOp.UHHaTH f , f .

OTfl0JDbHH0 CKOpOOTHHe HpO$HJffl OUpaEBJIHBT HO ypaBHSHHB»

/2/

3aT8M MOZBK QnpeH&HETB HHTSHCEBHOOTB TypöyE9HTHOCTH

fcf

t u

f = exp(-0,694 Ç 2) /5/

*  y/y0,5»x“M



96 H. HocKeBîiq, n. Kojwt

Jlocjra noscTaaoBKH ypaBHGHM Pa&capna [6] nanynaM cjraayimee
ypaBHSHKfl:

J ̂ *Î*dÇ
}T " Ä r*»xmax* ■—  ) /G/~

0,694*r
ÍT ” ̂  T'^auuc* fcf

KOTOpOe MCHEHQ peHffiTŁ pfiOHáTHO BO BCSM ÄH££taS0H9.

PaayjrBTaTH ssueponEË oöoö^shh hb p ao, 2 .  CrmontHofl ranaaS  
noaa3aHH pesTfraraTH aauapdüM nyracaitEâ aaaaeaHfi, nyascTapoM -  
pesyÆBTaTH eoraacEO [7],  a  ¡nTpEX-nynKTHpoM -  pesyrataTH oo~ 
rsacHO [6].

B e r a  H3B6CTHH BaranaHH aaMssHapHŁK napaw axpoB n e p a a a o a  

a  TypôyraHTHOÈ KBBeM axaaeoKofi b k s k o c t e , t o  moeho ncnojn>30BaTB 
npoaepeKHoe aparato jio b s h h s :

CptłBHóKES XapaKTepaOTHKH TypóyjffiHTHOt KEHeMaTHaeCKoS 
BÄ3KOCTE DO OTHOCETejTBHOMy JiyTH OrOpaHHH x/b a nfflpHH0 DOTOKa 
y oi*peryrapo3aHHHx a HeoTperyrapoBaHHHX peajSMOB cropaHUa 
B romee KOTJia 200 MBt Tana ECH7A npeacrasjieHO tra p ao. 3.

HsMdpanaa nyracaipä raBJienaíí

Ära HSMspeHHfi b Tomcax npasáeHHBTOH HHflyicTBBHHe MöMÖpaH- 
HH0 flaTOHKE $HpMH S .E . Labs H3 AHTJIHH. 03 BHnyCKaSMHX $Bp- 
Mofi aaTOHKOB ysoBJteTBopHBT f fB a  a a z ó o j i e e  oyBOTBHTejtbKHX Tana 
SE H50/V7G jvm raianaaoHOB aaBJieHHH 0 + 2500 Ha a  0 ♦ 6250 Ha. 
Ohe HeoyBOTBETejrBHH k reMnepaaypaM b raiana30He 0 * 40 °C 
H K BKÖpaUHBM. COÓCTBeHHaH OBCTOTB COCTSRBH0T 300 Fn.

KoHTporapyewot chthbji rasjieHM /pao. 1/ nocTynaer k jiaT- 
aaay no Kaaajiy pasjnriHOô otbhh h çbopMH. Opa npoxojrjïBHaa 
oaraara npoacxoaaT ero flê opMaposaHae a saryxaHne. no3To¡ny 
HeoóxoíHMo onpeseraTB xapaKTepaoTHîcy aroro Rasara a saHaMaaea- 
KHe CBoËCTBa sonna [4]. flaraan aaBjraHaa noraunanea npa noMoma 
KaôejiH k E3MepaTBjiBHOMy npeoàpa30BâTejiD nyjELoauaa naaneHM.
K e r o  BHxoaaM no TOKy a  HanpsosaHEio nomunoaeH B 3M ep aT ejn au â  

npaôop ara p eryrap oB K K  ycajrsHHH a  MHoroicaHaraHoe 3anECHBan¡nee 

ycTpoacTBO• C 3anaca b BHTepBara I ♦ 5 mc otceethbsdtch B era -  
nanu naajteHaa. 3are «  cranyeT cTaTacTuaecKaH oöpaöoTKa 1+2 c

h t
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sasaoa c irpaveHemeM araaoraTejoaofi tsxhhkh  a pacsas cpejjHeft 
aaoTora nyxsoaHafi. ÜHTepBano« OTÓopa X8hhhx ynpaBxne? mjKpo- 
KOfáUBOTep -  xad a. I .  nporpaMMHoe oóecneHSHae nosBOxaeT ycta- 
HaBJEK3aTi> napaMeTp HSMepeHHH, 3anHCUBaTi. BejomHH s onepasa- 
ohhjtd naMSTi H ax otípatíaraBaTB 3 . MHKpoKOMns»T9p HonojaayeT 
MHKponponeooop Tasa "Intel 8085" c TaKTOBOit sacTOTO# 6,15 MTs 
a onepanaoHHue naMHTa 128 k<5. AHaxoro-ua$poBofl npeoOpa3OBatqjh. 
KM60T 8 KaaajiOB c bhxojom 0 ♦ 5 B . Tohedctb npeotípaaoBaHEH 
cooTaBjiHeT 256 ypoBHefl bo boom aaana30H9 ±1 Cat, a cKopocra 
npeodpasoBaims cocTaBjraeT se tí oxee 120 u ko  / 1 m a a j i / .  M r  bs~  
MGpQHRH oaHoro BapsaHTa TpeOyeics ESMepeaae a He Mease hsm 
50 TOHKax. CjiesobuTejiBHo, oóbom HH$opManaH npexcTaBXHeT I Mtf 
6MK0GTH naMflTB, “TO TpeóyST npHMSHSHHS MaTHHTHHX rEÓKHX SHCK0B 
co CKopocTBD nepesasa 250 * 500 k<5/c. nporpawffioe oóscneasnas 
ynpaBjisHHH se&CTBynseft Moaexa npescTaBxeHO Ha dios-cxeMe 
b raóJi. 2.

3tot cnoootí ooshkz Hcnojiisys tch xaxae upa HSMepeaaa nyxB- 
canaü TaMneparyp o npaueHeHaeu b aoTJiax cropaHHH KOHBepTspoB 
a CTaji0EDi8BHJiiHux nesefi, rse nposyKTH cropaHHH hmsdt TSMnepa- 
Typy mo 1900 °C a  3arpH3HSHH tbspshmb suns xhskhmb soxbhhmh 
OCTaTKHMB, [UJI8K0M HJIH BHÓpOCaMH «3X838.

OnpsflexsHHe Typtíyjie hthhx bsxhshh as $unKTyaimoHHO# 
a a e p ria

JUw oóecnsHSHBH pa3sexBHoro peryxapoBaHHH cropaHaa y ot- 
sexBHHx ropejroK bhtosho acnoxBSOBaTB HSMspeHae $xtoKTyaisjfi 
TeMnepaTypH. fóx asMepíDDT pasaaqaoHHHMH napoMeipaMa, KOTopue 
bmscts c xaTHHKaMH saBJieHBH /pac. 1/ noMemeHH b oxxaasaeMOM 
30HS8. M3xyqeHH8 nonasaeT b oóbskthb napoMSTpa Eepe3 qeHTpaxB- 
Hoe oTBepcTae saaMSTpoM 11 mm b oxxassaeMOM tophsbom $xaHHe. 
PaflHartHOHHHá napoMSTp saaMeTpoM 45 mm paspaóoTaH jyia kohtpoxh 
E3MeH8Hañ T8Mn8paTypH c HacTOTOÉ noparoca so IO3 Ph. Oh CHatí-
¡K8E KP8MHH9BHM HHOSOM, CXySSamHM B KaHSCTBe JtiaTHBKa. $0KyCH08
paccTOHHEe cocTaBJiHeT 120 m m. BuxosHoe HanpaaeHHe I + 20 mB 
peryxapyeTCH KOMiieHCHpyrauHM noTSHuaoMeTpoM p s  BHCSpaHHoro 
saana30Ha 900 + 1400 °C. H3<5apaT8JtbHaH cnearpajiLHaH syBCTBH- 
T8JIBH0CTB KpeMHH8B0r0 SHOja BM88T BHpa3HT8JIBHHÍt OCTpHfi M8K— 
CHMyM npa sxHHe boxhh X = 0,001 m m, tskhm odpa30M, saTHHK 
Mox8T peracTpapoBaTfc aaxyseHae cBeramerocH ruaMeaa, b sacT- 
HOCTH, B OdaaOTH TOpeXKH.
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J&oóotm npsnfeKOHMK stopo m pom rpa m s  pemoTpatnsH 
fmjKTyauES m m ep atjp  b m am m  co o tq h t b H oaxoss^et t o c t o t -  
HoS xapaKTepHOTHKS h xapaKT3pH0TîïE9 saryxaHHH, j  KOTopoS 
BHJIOTB JO TOCTOTH 3 Xït KpHBâH aMlliBâïyj Ö03 lOKaseHBl. Äaa 
spaKTmeoKofi qhqhke dana npoBejeHa smmssmoxaa. KajmöpoBsa 
aaramsoB [ 3 ] .

npajnoaaraa, qro upogeoGH b Tomse oTaiíHOHapHne h aproan- 
TOOKae» MOE» npm scasoiai o ïaracraq scxo t jüaaMHKH [9] S3 ot- 
ctotob $jwRTjan}SÈ TeMneparyp m e  ja a s a m f  bh'Œoæetb csejp® »®  
b s je to b h ;

cpejHse äpHfaimETOCKoe otctotgb, aa KOTcporo onpejejaeToa 
TSMHepaTypa î ;

6/\ craHjapraoa otkjobbkbs ot majpasa esusboheS TeMnepaiyp 
äjffi jaMSHHl;

b/ aBTOBoppajsapoBJSHe fyssĘHE Ł,x m a  a :jf jr
r /  CBBKTpajŁHyD EMCOTHOOTB MOafKOÖT« S ( f  ) , TO 0OTB KOOHHyCKHB 

EpaodpaaoEssaa iypne aBTOKoppejauHOHHinc $yHKTwrS R;J a
, ’

s / HHTerpasB oneKïpajBHHX naoraocTaÊ moiuhooth, KOTopne hbæh- 
S5T0H MSpoä CpajHeKBaflpaTHEHHX BeJUTCEH ÍUtfflKTyanBOHHHX 
saepPES, onpajejSHKHX as ayjTBoaqaS Tewnepaiyp i n  jaBJBHBfi 
6 ~2(f ) /b fljSana30H8 TO- TOT 0Ï 0 so f /;

8 / as KsąąpaTa cpesaeS oómefi JjmTyaipioHHoi saapraa /swa 
acero jaaoasaaa toctot/ mosho oapajsjmTB hhtshgbbhoctb
TypáyjBHTHOQTE

hi

OpejHS» OQHOBHpj SEepPEB 38T0M Onp0J3JfflüT HO ypaBHÓHHS):

é  * óp- t  , / 9 /

rae ô - cpejHHa yjajn»Haa toiíjioomeoctb npn hoctohhkom aasjie- 
HKS b jHanasoHe Tewnepaiyp oí O so t f°OÍ.

J¡jm HarjiHjsocTH Ha pao. 4 npeacTasaeHH saBHCHMOora 
onaKTpastBHoi naoraocra moishocth S ( f )  a KBaapara opejaeS 
çjmKTyaiEEOHHoft sHeppHE T ’2 (t )  , onpejassHHot 0.3 nyjr&caipit
TOMIISpaTJ’p , OT TOSTOTE jyiH OïjejIBHHX M0OT fOHEH KOTÆa 200 MBï 
rana "EIE" npn Monraocra ásoica 200 h 170 MBt. Upa MontHoora 
ÖJOKa 200 MBt s2 0 0 /2 , s 2 0 0 / i , s2 0 0 / i i  HSOÖpasaBT xapaKTapac- 
THKE B M80T6 2 HS OTM8TK0 +10 ,96  M, J POpOJOvE MO 1 1 -1 ,
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y rope jä h  MO 12  Ha otmstks -¡-14,8? u -  n  .  7  ropeiOES js e  
oneKTpajEbHa« iuiothogtb moihhocth rrpeHedpesHMo m xa upa nacTOTS 
aune 25 Fn, a b MecTe 2 -  npa msototö 3 ,5  Tc* Tskbm odpaaoM,,
F. KBaapaT OpeSHSfl $JH0KTyar£HOHHO8 SHSprHH ®200/lI’ ®ioo/i 
o t  25 r q , a o t 3 ,5  Fq npaKTHnecKE hs hbm bhhstcs..

íiaHdo.iBmaH BejmEsa ¡JmKsyanaoHHot aaepraa Hadaœ^aaTCS 
iipK 200 MBt y ropexKH Mo i l  /u eo to  I / ,  a EameHŁinaa -  y ro- 
pe.îKH MO 12, TâK KHK OKOpOOTB ropeHHH B Ä3HH0M MG0T6 HaEÔÛHB-- 
maa, a y MO 12 -  HamaeHtmah . B tobes H3M8P6hhh 2 npemaynsaot- 
B6HH8H aaOTL TOILHHBa BHTOpSJIS, H CKOpOCTB ropSHHH MBHKMajSBHa« 

Ha pBo. 5 BHHeceHa 3aBE0HMocTŁ KBa spa Ta odmęt cpejcseS 
$sDKTyaqH0HH08 sEeprHB nonyra oropaHHH. Ilpa moIshootb 170 MBt 
/  mo 12  He p aô o T ae î/ -  ~ ¡fuBKTyaqiiOKHas a sap ras  b tobes I
y rope joch hbjihl'toh hhskoä a noEHmasTOH ao MSKCHMyMa b tobes II 
ÎIpoaieHHoe oropaHEe moest bh3bstb nuiaKOBajme ctshok. Xopoees 
ycjioBHH 3axuraHHH b cropaBBH y moishocth 200 MBt - e?'̂ 0 .

ä sk  onpeasjieHHfl nacTOTHoro aaaaHsa CHimæa hs ayjii>carn3.ä 
TßMnepaTyp h uasaiesEÄ b skcoayaiaqaoEHKX ycjioBHHx mokho bktou - 
ho HcnoJTBSOBaTB ÄByxKaHajiBHHt aaa.2Hi3e.Top rana "2034” $hpmh 
"B rü el a K ja e r "  c  H3CT0THHM flHasasoHOM o t  I  Fm £0  2 5 ,6  kTu,

TypdyjieHTHafl napadana mscoh b oöJiaoTE ropeasE

B odjiacTE ropejn® hpohcxohet BociuiaMSHeHEe yroüBHorc 
Eoponma, nepeMenmsaHHe nepBHHHoñ cmsoe co btopehhhm sosnyxoM, 
z pasBHBaeTCH TypdyjrsHTHHîl hotok, odycHaBXHBaMHHfi peitEpKysm- 
POB3HH0 ropHHHX HpOJtyKTOB CrOpSHHH» BHaHaES EHH©THH0CKHÄ X£« 
paKTep ropeHHH npoxosET aspes nepexo£Hym odxacTB k ¡Jase otí- 
$y3E0HHoro ropasHH. Ckopoctb peaKmiH B03pacTasT c y3ejiEH0HJis«¿ 
TSMnepaTypH cMôOH h aoorarasT MaKCíEíyMa T8M, r&e Hanmae* 
npOHBJMTBCH 0rp8HHH8HK9 CKOpOCTH SH$$y3HH Og K TOEHHBy. 0flH3KC 
B TO S3 BpSMH, pepHpKyJBpOBaHHS HpOHjTKTOB rOpSHBH CHFOtaeï 
oöLSMHyK) KOHqeHTpatiHio Og h 3aM9OTH8T cKopooi. ropsHHH. Pao. 
TypdyxeHTHoÄ nepesanK mscok bchsjictbhs HH^^ysHH OEöflye? hs 
Toro, HTO npoqeco ropeHHH yraxBHoro Hoponnca soerjta pa33HBaetoh 
BnjioTi» s o  odEaoTH OT$$y3HOHHoro ropeHHH, ra e  oKopocTB nepaiiaHH 
MaooH HBEH8TCH oiipeHsjififomeft.

OqeHKa hpobohhtoh b oöebcthx ropejioK koteob y soex  öhokob 
200 h 500 MBt b HCCP nopeq peKOHCTpyKntHHMH h nocaie peKOHCrpys- 
qat H H3M8H8HHfi. IIpH HOMOIHH 2-TO SSKOHa ®BR8 H3M9H8RHS 
KOHpaHTpaiiHH TOHJXEBa BO BpQMQHM H E3M8p6HHHX KpaSHHX H HCXOH“
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HHX yCJfOBHË B TOUKaX {2] paCCHHTaHH Bp8M8HHO-IipOCTpaHCTBeHHHe 
XapaKrepBCÏHKH, HS KOTOPHX MOSHO CÄSJSaTB BHBOHH O K8H8CTB6 
npoceooa oropanssa, o npaBHÄBHOora BKÔopa KOHCTpyiciaia ropśJsaa 
H fC-pMH TOHKH, 8 TBKX6 O Â0CTH»8BHH MHHHMaUBHHX 3MHCCEË»

Ha OCHOBSHHH H3M6p0KHHX BejOTHE HpOUBCCa BHFOpaHHH TOII- 
jiBBa h b8¿oteh  TypâynBBïHOË nepsnaaa pemaær ypasaeHas nepeaaES 
Macen c  yneTOM "e b m ö b s h m  ÄiHTejiBHOcra npedHBannH aacTHu lo n -  
JffiBS B TOHK8. OTHOÜHTejIBHSH KOHpeHTpaHES TOiUEHBa Ui B OÓÍÜ9M 
CJîjrqae SaBHOHT OT OTHOCHTBÆbHOrO UyTH CropaHHB x /b  H BP6M6HH 
Ç '. Ona onpeaejifleTOH $ opmoë 2 -r o  saxons feaas

I f  • V Â - Î I 1 w

npH aaraaBHOM ycj&fflaa :

u>(x/b, 0) - f(x/b) 0 6 x/b * 12 /il/

H KpaiHÏÏÏC yCÆOBHBX;

[à a i - + b.wl -  / i ( D  ,  / I 2 /
x/b-0àx/b J

fa'-àüi- + b'-u;) « )I x/b“12
/ I 3 /

ra s  a , b, a ' ,  b ' -  saaaHHHS KOHCTâHTH, S -  BS^aBBUS
(pyîtKUM BpSMSHH.

PSSyXbTaT PSIB8HHH HOKaSEBaST OOOTHOffiSHHe Me say OTHOOH- 
t8jibhoë KOHqeHTpanaet Tom asa no othoohtsjibhomj nyra cropaaaa  
x /b  =  Q + 12 C H3M8HSHH0M BpSMSHH POpQEBH Z  =  0  +  5 ,5 3  0 -  
p ac. 6 -  /d  3 -  HeoTperyjiapoBaHHHË peraM cro p aaaa , I l  -  
QTpsryJIHpÔBâHHHË pGOTM OropaHHS Ó83 QHpKyiîBpOBaHHjî npoayKTOB 
rop eaaa, K l  -  oTperyaapoBaHHHË peraM cropamuî c penapayra.- 
pOBaHH8Bi/.

B pacoEMTaHHHx xapaKTepHCTHKax xapaaTepBH sse  odaacTE. 
IlepBaH ot x /b  =  0  ao hh$h8kohoë tokkh xapaKTepasyeToa hH3- 
khmh TSMnepaTypaMH a  Maaoi ckopootbb ropeaaa /khhsthésgkhS 
p a ra n /. Pacxoa Og b hsokgjibko pas u e H i o a ,  aea  acumaecTBO, 
nooTynamee k noBepxnooTa TOEmsa b pesyxBTaTe n a j^ y sa a . 
rop erae onpenejmeToa oaopooTBB peaanjaa a  ae shbhoht o t  jo m o -  

bhë noaaaa Og. B oójiacra hh$x8Kohoë toeeh cKopooTB peaarcaa 
ropeHHS aocTarasT seraraHH, cooTBeTOTByraueË MaaoHMaaBHOi c a o -  
pocTH aoaaaa Og a  noBspxBOoxa peaaEtaa» a  oaopocTB rop eaaa
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Ha'Dffiasi' saBaceTB Ha tojl&rq ot okopocth peaKum, ho h or 
CKOPOOTH ITO.WIH Og H OTBOJEa npOiqnKTOB ropQHHS. B OT$$y3HOH- 
Hot odnacra cKopocTB ropeHHH onpenenaeTCH xypdyjeBHTHot 
iysaet, 2 HeodxomiMO hhtshchbho hoebohhtb Og hs BiopMHoro 
Bosayxa.

H8M d am s KH|0I9KCHaH TOHKa K ropeaKB, TBM KOpOHS nyta 
saxHraHHH h aran a naaMBHE. MeHtmiifi itaanaaoH nojw  bpbmbhe 
yKa3HBaeT na xyiinHe aapoaHHaMEHBOKHB jcx o b e h  h , cjieaoBaT0jn>HO, 
m BHcinyB cKopocTB ropeHHH. £nana30H noaa bpbmbhh yKa3HBaeT 
Taitxe na pe3epBH b aapoOTHaMEtce, KOTopae mokho Hcnoju>80BaTi> 
jmOo nyTeM HHTeHCH$HicaroiH KOHSTpynnsua ropenxH, jmdo hsmbhb- 
HH8M a3pOflHHaMHHeOKilX yOIOBHS.

"ieM BHme CKOpOCTB rOp@HHH npa t£&HEM8m>H0M MSdHTKS B03Jty- 
xa, TBM HHXB TBKXB H OKOpOCTB OdpaSQBaHHH SO^ . B03JjyX B HBp- 
Bye onepenB pacxoayeTCH na peaKUHB o aeTyiHMH ropswim aemacT- 
Bam E C TOHKHMH $paKOJ!HMB TOOXHBa, 88T8M - H8 OfipaSOBBHEB SOj, 
K TOHBKO OCTaBmaHOH HaCTB OnpeiiSJDieT 0<5pa30BaHH9 H0X [I] . 
Saeci yxe HeaocTaTOHHO Og /earn ropenxa hpsbhjibho OTperyjcapo- 
BaHa/, h aaxae nponoxojoiT booctbhobjisemb hqx yraeBoaopoflHHMH 
paiqocajiaMH c odpasoBaHHSM npoMesyTOHHax nponyKTQB» Tarax xas 
nh3 , kgs a MoxeKyjiHpHoro a30Ta,

Thkhm odpaaoM, cymecTB6HHHM hbhh8tch t o ,  h to  mojkho nyT0M 
ynpaBjwsMoro ropeHHH co3aaTB ycjiOBHH jvm  BOcoTaaoBneHHH H0X . 
IlOCJie np0B9H9HH0r0 BQCCTaHOBJISHHH HeodXOJHMO aOCSaBHTB Og JUIH 
aoropanEH TonxHBa. K o jm ecTBo nox yBemraircH toxbko Ha no,>io~ 
BEHy h , Qj[8H0BaT9jr&H0t coicpamaeTCH KOJiHiacTBO nox b  npojqrKTax 
rOpBHEH H9 MQH08, HSU Ha 50 %.

npoBepxa npaBtuDbHooTH sthx bhbosob npoBOflEaaoB b paMKax 
KOMOJISiCCHKX H3Mep6HHfi KOTJIB K 4 TBH2 "ECH?A" B COTpyjtHEHBOTBS 
0 $HpM0fl "D eutsche Babcock Werke" [ 8 ]  ,/H3M8p6HHH npOBOajumOB 
npa noMOHB aaanHsaTopa rasoB "MSI 2000" c komk&otbpom §hpmh 
"D rager"

3aEJDCH8HH8

C H8XB1D noxyHeHM donee nojEpodaofl HH$opMamm od ynpaBXH- 
9mom npoqecce ropeHHH, odeoneHEBauiasM coKpatseHHe TBepaax H 
ra300dpa3HHX SMZociafl, 6num xapaKTepH30B3HH TypdyjiesTHHe npc— 
H8CCH nepeaanH b odnacTH ropemaa. Ha ochobs onpeneneHHH ryp- 
dyneHTHHx b8jebhkh nepeaanH dun npejpioseH hobhB M8Toa TO8Hra~ 
if)g^«Trnu npoqecca ropeHHH, ochob3hhhS ha onpeaeneHEH TypdyneHT- 
hoS nepeaaHH aHeprmi e  iiaocH. H3 pesyxBTaTOB BHTenaDT cnanyxmHe 
bhboah:
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1. ESbhtp TypóyjieHTHHX amreHafi nepena^z HaxoaHTCs b oÖJiaora 
ropasKH, rae  Kanecrao npoQScea ropeHHH onpeaejBieTca xypóy- 
neHTHHMH BejmnasaME nepsHoca. 3ia bsjibbhhh onpenejrawr
JTHHBSpCaEBHOOTB TOUICH H BJTŁSEJT Ha B6CR XOÄ KOMä, lipa OKU™ 
raaaa npoaoxoflHT nepao^a^ecrcae asMQHeHHH TeMneparyp, koh- 
neHTpapafi» oKopocTeä, cboäctb Tomaœa a npoayxTOB cropanaa. 
K3M0HH8TGÄ 30Ha 33XZVBHMÍI H TOpSHHH H JUmEB nirawAHH,
B cayaae yHHBepcajn>HO 3anpoeKrapoBaHHoË toukh sra h3M8H9hhh 
MHHBMajIŁHH. IIpOpeCQ OropaHBH He SKS^HTeJIŁHO H3M8HH6T0fl EpE 
paaraaHHX oboäctb8x ïomraBa a Bceraa oáaaaaeT bhcokoS C TS-
Iie HB® BHTOpaHHH H MEHHMaXBHOfi 3MHCCB98 SOg B N0X.

2 . XapaKTepHcraica TypOyaehthhx Bejnraaa nepejtaaa bjihhst Ha 
rpaHyxoMeTpaaecKae b JasaaecHae obgäctbs a na yuexRHoe 
conpoïHBJieHHe aojm-ynoca a pemaiontHM oöpa30M oirpenaaaeT 
s$$eKraBH00ïB aaeKTpaaeoEtax aenapaTopoB.

H3 npBBeaeHHoro cuieuyeT, hto hobhë Me toa HaeHra$HKanHH 
mobbt cnocoócTBOBaTB óojiee ooBepmeHHOMy asyasHH» nportsoca 
ropeHHH a oiiTHMajiŁHOMy BHóopy rana a kohc TpyKHaa ropejnca, 
odeoneHaBarajefi bo3mobhootl oraranas MeHee KaaeoraeHHHx toiuehb.

GHHOOK HGH0JIL30BaHHHX 0603HaH9HH&

a •remtonpoBOÄHOCTB

b M x a p a K T e p a o r a a e c K a f i  p a sM sp  r o p e a r a

°P yneJEbH aa t 6 iw o 8 m k o c t b  irpa h o o to h h h o m  

aaaaeH B H

e ” [Hx - k t - 1 ] y a e jiB H a a  funjK TyarpaoH H aa s H e p r a a

D K 0 3 $ $ a im e H T  aa$$iy3H H

f [o_I] qacTora

pd saH aM H B ecK os Ä a B Jie a a e

n OKOPOOTB
1 [m ] ¡WHHa H H TSpBajta oMemaBaHHH

y [m J ¡oapaHa noToaa
qt [-1 K 03$$H H aeH T T y p ó y x e H T H o o ra

s [Ub ^ . o . k t - 2 ] cneKTpajiBHaa h u o t h o c t b  m ohsh octh

t r—
* O O TeMnepaTypa naaMSHB

[vP. qT*] KHH6M8THH9CKaH 3H3K0CTŁ
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&T.M-3! axe/moon BpoayKïOB oropsHaa
CD [k r .kt”* } OTHooBTejasas soHqsHTpaiuia to e e s s s
<t [0] BpSMR

M M öeapasMepHKö koopäehsth

[Mj KoaJ$KHEeHT pacnmpoKEa aoTora

*/j» [ - ] CTHooHTejßiHKt nyrs oropaBHS

C-l 3HÏ6HCBBB00TI. TypcSyaSHTSOOTM

SQKEgqBHHa Hsaaseg

ELE
ECHVA
I
II

aaeKTpooTainaia JteflBHnp T -  Typdyjre*rasit 
aneKTpooTaHUM XBaaeraqe 200/2 -  mohpoctb 
nepBHRHH» [MBf7/M8CTO HBMepeHBS 
BTOpHHHHÄ » — ̂ JHBKTyaipiOHHH®
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NOWE METODY OCENY PROCESU SPALANIA W KOMORACH PALENISKOWYCH 
KOTŁĆW DUŻEJ WYDAJNOŚCI

S t r e s z c z e n i e
Artykuł przedstawia próbę opisu dynamiki procesu spalania metodą 

eksperymentalno - analityczną. Omówiono wpływ czynników opisują­
cych kinetykę spalania na proces tworzenia się S02 i NOx>
W tym zakresie sformułowano także kryteria, jakim powinny odpowia­
dać urządzenia mające wpływ na mieszanie paliwa z powietrzem. 
Eksperymentalnie stwierdzono, że proponowana metoda opisu procesu 
spalania nadaje się lepiej do stosowania w nowoczesnych kotłach 
i zabezpiecza możliwość spalania gorszych gatunków węgla poprzez 
usprawnianie procesu spalania, tj. optymalny dobór typu i konstru­
kcji palników.

NEW METHODS OF EVALUATION OF COMBUSTION PROCESS IN THE 
COMBUSTION CHAMBERS OF A GREAT OUTPUT BOILERS

S u m m a r y

This paper deals with the description of a combustion process 
dynamics by experimental-analytic methods.
The influence of factors describing combustion kinetic on SO,, 
and N0X creation process have been discussed.
In this devices which have the influence on the mixing of 
fuel with air were some criterias formulated.

By experimental method was concluded, that this combustion 
description method is better for a modern boilers. The method 
gives the possibility of advanced combustion the fuels by 
modern combustion process, e.g. by optimization of type and 
construction of burner.
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Pnc.1. 3 o h u  c  B o n s H k i n  o x n a * n e H n e n  n n a  H s n e p e H H H  n y n h c a u H f l  T e i i n e p a T y p w  
h  o a s n e H H H  b  T o n x e .

Fig.1. Water cooled probe for the measurement of temperature and 
pressure pulses.

OS*
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£

Ph c.2. PetsyjibTaTH HawepeiiKfi npoaontHo CHMMe-i'pHHHoro cbo6o b h o p o noTosa 
npH Re - 30S00 h cpaBHaHHe c peoynbTaTaMH npyr-nx asTopoB.

.Fig.2. Measurement results of simetrical free flow for Re = 30500. 
The comparison with the results of other authors.
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/ (Hz)

P h c . 4 .  JCpHBasi oaBHCHMOCTH K B a n p a T a  c p e n H e B  $ n o K T y a m io H H o a  a He p r n n  
H Cn©KTpantHOfl njlOTHOCTH MOIHHOCTH OT M aCTOTU B TOHKe ELE.

Fig.4. The curve showing a dependence of square power of a mean 
fluctuactional energy and power spectral density on the 
frequency in combustion chamber.
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P h c . 5 .  X a p a K T e p w c T H K a  K B a n p a T a  o 6 m e fl  c p e n H e f l  <t>nic>KTyauHOHHOfi SHeprHH 
n o  n y m  c r o p a H H B  n p «  m o h h o c t h  1 7 0  h 2 0 0  MBt  b  T o n s e  E L E  
CTOHKH H 3M epeH H f>>

Fig.5. The performance of the square power of all mean fluctuactional 
energy on the way lenght for 170 - 200 MW power in combustion 
chamber.
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Phc. 6. ílpocTpaHCTBeHHO-BpeMeHHbie xapaKTepHCTHKH BtiropaK»» TonraiBa y oTpe- 
pynHpoBaHHNX h HeoTperynHpoBaHHWX peiHMOB cropaHKS b ECHVA.

Fig. 6. Space-time performance curves of burn out fuel for controled and 
non-controled combustion regimes in ECHVA.
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P h c . 6 .  npocTpaHCTBeHHO-BpeweHHNe xapaKTepHCTHKH BwropaHMa TCwnnMBa y oTpe 
rynHpoBaHHux h HeoTperynHpoBaxHux peiHHOB cropaHHfl B EGHVA.

Fig. 6. Space-time performance curves of burn out fuel for controled and 
non-controled combustion regimes in ECHVA.
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