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A. A. XAJIATuB, K. H.KAnHTAH'InK, A. C. RhBAJIEHK\, f, n. TPyaAHoB^

llpnne,qeHnr pe3yJrbrarbr 3KcnepHMeHTaJrbHoro 
^HccneAoBaHHs 

JIoKaJlbHoro teuloo6-
MeHa Ha roprreB6ii 'no"epxHocrr.r iro.qean conJloBoro annapara ryp6nuu fT.ll,. Ha oc-

HoBe rperJro)KeHHono rtlerb,qa o6o6ulenufl onbITHblx AaHHbIx nonyrleHo e'quHoe ypaBHe-

;;; n6^obn", yrrHTHBaroqee BJruflHHe KpHBHsHbt .nnnnft roKa, npoCTpaHcTBeHHocrt'l

TeqeHHq, ycKopeHHfl [oToKa IIo AnHHe KaHaJla n efo naMHHapI'ISaquK)'

OcHosHas regAeHr.U{fl coBepueHcrBoBaH}Ifl ra3oryp6HHHbIX ABI{rare-
Jrefi aBr.raquoHHOfO Ha3HaqeHlrf cocTolIT B noBbIIIIeHI{I{ TeMnepaTypbl

ra3a repeA ryp6llnoft tU. ConpeueHHblllePI{oA "I{x pa3Bnrlrs xapaKre-
pr{3yercfl ypotHeM reMreparyp 1600...1650 K, Koropblft yBenuqrBaercn

B cpeAHeM Ha 7...10 rpaAycoB B roA.'Con.rosge arraparbr uepBbrx cryrleHefi BblcoKoreMneparypHblx ryp-
6uH cospeMegHbrx rasoryp6r.lHHux ABI{rareJIeft A.ns aBHallun I'IMeIor pa3-

Br.rryro cr{creMy KoHBeKTLIBHo-3arpaALIreJIbHoTo oxnaxAeHl{fl [21. B flyq-
utri 3apy6excHbrx ABr.rrareJrsx orHocI{reJIbHafl Aonfl oxna}KAaIoulero
Bo3Ayxa AOCTraraeT L0...15%, tlro Tpe6yer onrl{MI{3aII,I{LI u paquOHaJIb-

HOft OpraHll3arll,Iu c]rcreMbr oxJra]KAeHHff Ha Bcex fioBepxHocTflx couJlo-

Bbrx au[aparoB - Jronarxax, BepxHeft LI HLIxHeft rop[enblx rloBepxHocrflx.
Als pacrrera cl{creM oxnaxAe-

HLIfl Heo6XoAI'IMbI HaAexHbIe ypaB-
. HeHLIft iloAo6ufl, xapaKrepl{3ylo-

uue JIoKaJIbHbre roaQSuql4eHrbI
TennoorAattu. Als counoBblx JIo-

naToK oHn [peAcTaBJIeHbI B JII'ITe-
parype [1, 21. CeeAeHuq no no-

^- KaJrbHbIM KOSQQUqUeHTaM TeTIJIOOT-

Aaqa Ha ropqeBblx floBepxHocrffx
r [3, 4] MarottucJleHHbl I{ orHocflrcfl

K OCpeAHeHHbIM [apaMerPBM' A

crloco6bl [peAcraBJIeHI{s oKOHtIa-
TeJIbHbIX p$ynbTaroB He IIO3BO-

rqror cql{Tarb uoflytleHHble ypaB-
HeH[Ifl B AOCTaTOTIHOfi CTeneHI4

yHr{BepcaJIbHbIMrI. cnoxHuft npo-
ctpancrneHHblfi xapaKTep rerreHnfi 

'

Pnc. l. fipoQtt.tul cKopocrl'l B npocrpaHcrBeH-
HoM not'paHnqHoM cnoe Ha topuenofi no-

BepxHocTH:

/-cnuura ronarxn; 2-ropntue nonarKl{; 3-rop'
qeBac noBepxHocrb
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KDLIBI{3H A ilvlurf4 rora, ycKopeHl{e floroKa I'I Apyrlle Qamopst tpe6yrcr
phspa6orKlt Ol{sutlecKl,t o6ocHoBaHHbIx MeroAoB ..pacqera' yqI{TbIBaloqux

oco6eHgocru aapoAr{HaMnKr.r noroKa Ha roplleBoft noBepxHocrH couIoBbIX

annaparoB.
iracc"otpr* TpexMepHoe HecxHMaeMoe I{3orepMItqecKoe rerreHl'Ie

Ha ropqeBofi noaepiHocrlr corrJroBoro a[napara np[I HaJII'Iqu.u ilpoAoJIb-

Horo rpaAr{egra AasneHr.rs (puc. 1). VpanneHun ABI'I}I(eHI{tI B cl'IcreMe

xoopLrnitat Mefi,qlKepa c yqeroM KpI,IBH3HbI ngnuft roKa I{MeIOr cJIeAylo-

u1ufi Br{A [5]:

-duIT:
dx

- du)u:
dx

. -dn . -du +urLy:i*9r* , Y d2u.
+odt +** R u -E-rrta-v"
,=.d6,=.d6+iz L _ rr.! , Y d2u.
*oa--u+@E R R-rrrd-rr'

4 *4 +d2 +a L :0.
dxdvdzR

(1)

3aecr i:ilcr, 4 : oltr, 6 : ulcr- 6espa3MepHbIe rlpoAofibHafl, Bep-

rr.rKaJrbH afl. v ronepeqHan cocraBJlflloque cK-opocrl{ (prac' 1); cr - xapaK-

repuaf .*opo.ti ioto*u, L - xapamepuuft 
- 
pa3Mep npo$unn; R - pa-

AHyc KpHBH3HrI JILIHI{I{ TOKa; ir= c*lcr, C": czlCL- 6eepa3MepHble npo-

AoJrbHarr H nonepetrHas cocraBJrflrouue cKopocru rloroKa Ha BHe[IHeiI

rpaHl,Iqe [orpaHl{qHofo cJIofl; v - KHHeMaTLIqecKaf Bfl3KOCTb nOTOKa'
' Vs aHaJrn3a ypaeHeHnft (l) cJreAyer, qro Arq KlIHeMarHrIecKoro IIo-

Ao6un IIoroKoB rieo6xo4llMo BbItIo/IHeHHe cJleAyrcIqux ycnonufi:

: idem; Re: idem; 7'-+: ldem; tg@.,: idem.

I,lg cosilrecr'oro paccMorpeHr.rn K'MUIeK cos i'+ + " "' +, yKa-

3aHHbIx B ypaBHeHLIu (l), BblreKaer tpe6onanue 61i:idem' flpu sroM

AJrn orucaHurr_np o uecco B TerrJr o 06 MeHa sau6 onee Ba x HbIM r BJIfl ercfl ycJI o'

er.re tg @.:l#"]r^'rle tg@, -- raHreHc noBepxHocrHoro (npeae'trrnoro)

yr/ra OTKJI9HeHLIn JILIHI,In roKa OT npo-Ao/IbHoro HanpaB/IeHI{fl (puS' 1)'

VpaaHeHI{e noAo 6un Ann ,,,roKa,.'rrnofi TerIJIoorAaqH Ha roplleBofi no-

BepXHOCTITI B paCCMaTpI{BaeMoM CIyqae I'IMeeT BLIA

Nu (2)

- d7"
"* d7

: xu (Re, 7.T., v', +, tg o,) .

Bropoe vrc ycnoenfi noAo6ns, BXoAflulHx B ypaBHenue (2)' yqLIrbI-

BaeT BJrI{flHI{e npoAonbHofo rpaAl',leHTa AaBJIeHI'Ifl' a TpeTbe u IIeTBepToe

coorBercrBeHHo - Kpr{B}rsrrsr rr{Hnft ToKa I,I [o[epeqHblx reqeHuft B no-

rpaHr.rrrHoMc/Ioe.B-ypaeHeHI{e(2\AOJIXHO6sttsAorIoJIHHTeJIbHoBBe-
;&; u"i"o 

-[IpaH4r"na, 
a rpu neb6xolr,rMocrlt I,I ApyrLIe qucra rIoAo6I{n,

Orpaxa16tllue AonoJIHLIre/lbHbIe Qartopn (HehSorepMI'IIIHOCrb' CIKI{Mae-

Mocrb H r. A.).
Cne^yer orMer'rb, rlro q'c/Io uoAo6'q i2-(LlR) orr'qaercfl or .II'I-

ce,r nolo6rs, nO/IyqeIIHbIX n pa6orax [6:71, ]IcnOIb3oBaHI{eM aApOAI{Ha-

M4rIeCKHx xapaKTepuCTI{K-II_OTOKa; npl4 Cx:1 OHO COBnaAaeT C qI'ICIOM

noao6us, [oJtyl{eniurrta B ,16l. 
Srcnepr.rMeHTaJrbnafl rracrb pa6oru BbIrIoJIHeHa Ha ycraHoBKe' B Ko-

ropoft e xaqecrae pa6ouero yqacTKa I{C[OJIb3OBaHa IIJIOCKafl MOAe/Ib Ka'

Hafla counoBgro aurapara BbIcoKoreMIIeParypgoft ryp6Un6 aBuaquonHoro
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fTA (prac. 2). Vctauosra :upe4-

craBflqer co6ofi aspoALIHaMLrqe-
cKyro rpy6y pa3oMrnyroro rl{na.
Creuru MoAeJrr{ connoBoro an[a-
para 7 l,r3roroBJrenbl Lr3 AepeBa,
a ropqeBbre noBepxHocrll - I{3
TercroJrura. [UnpuHa n Bblcora
KAHAJIA HA BXOAE COCTABITSIOT CO-

orBercrBeHHo 160 u 100 unr, xopAa
npoQunn - bo: 243 urr,1. CootHo-
rreHr.re rrJro[taAeft BXoAa I{ BbIxoAa
paBHflercs 3,24, yrg{^BbIXoAa tto-
ToKa Lr3 MoAeJrn - 18o.

flpone4euue ?IccJIeAogaHLIft
B KaHane Aa/ro Bo3MolI(HocTb ycr-

paHr{Tb sxoAHofi noAKoBoo6paanufi nuxpr,. B/rr.rflHLIe Koroporo Ha crpyKry-
py [orpaHr4qHoro cJrofl He rro3BoJrrlr/ro 6sr sHssurs cTeneHb sogAeftcTBl,tfl
raxaoio ue QarropoB Ha rerlrloorAaqy B ypaBHeuuw (2).

Jlosa.trHue roaQQuquenrbr rerJroorAaqn o[peAeJIflJII{cb c noMotr{bro
AarrrHKoB TerrJroBoro rroroKa, pa6oranurqx ro IpLIHIII{ny peryJlflpHoro
TettnoBoro pexuMa nepBoro poAa. TIpu co3AaHHLI AarqnKoe 6rrrl,I yqreHbt
Bce peKoMeu,u,dquu pa6oru l8l. AosoAo.rHue LlcrbrraHvfl rr rapllpoBKa
AarquKoB npoBoAnJracb Ha aAua6arHofi nJracrllHe tofi xe ronIqI{HbI I{
TaKoro )r(q Marepr{aJra, qro r{ uccJreAyeMan rloBepxnocTb. florperuHocrb'
onpeAeneHr,rff roaQQuuueHroB re[JroorAaqu npn o6rexaHuu IIJIacTLIHbI
6esrpaAIaellrHbrM rloroxoM cocraBl{Jla !8%

,.fl,aruurn 6u;ru ycraHoB/reHbr Ha uuxueft ropueeofi noBepxuocTlr
oKoJro crr,rHKr.r (6 rouer), Kopbrrqa (5 rouer), a raKx(e Ha cpe4nefi nu-
nr.rrn (5 rouer) (puc. 2). TennoBar HecrarluoHapHocrr, seo6xoAl{Mas Anfl
peanlr3aqr,ru MeroAa peryJrflpHoro pexr{Ma, co3AaBaJIacb oAHoBpeMeHHbIM
o6AysoM B reqeHLI|. 5...7 ceKyHA'Bcex AarqI4KoB qepe3 cllcreMy tpy6or,
BBoA[rMbrx c Bepxuefi ropu,eeofi [oBepxHocrll. AepoauuaMuqecKafl tlacrb
r,rccJreAoBaHus BKJIroqa/ra r,r3MepeHllfl npoQu,rrr cyuuapuoft cKopocrI,I tl.
yrna ,cKpyqnsaHuflo uorora @ B norpaHr,rrHoM c/roe c noMotqblo rpex-
TOlreqHbrx MI,IHI,IaTIOpHbIX 3OHAOB.

' Peaynbrarbl nepBr.rrrHoro o6o6qeuus onbrTHbIX AaHHbIx IIo renJlooT-
Aaqe rpeAcraBJrenbr Ha puc. 3. B KaqecrBe onpeAenspu.eft cKopocr.I,I
s qucne PeftHo;rsAca nrr6pana MecrHas cropocrb norora c" (puc. l),
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Pnc.2. Cxeua eKcnepnMenrartuofi ycra-
HOBKH:

f - sa6opnoe ycrpoficrao;. 2 - KoMnpeccop; 3- pe-
cHBep: 4 - upaai 5-.(raQparMa; o- yc[oKourerb:
7 - cnunxa I{ Kopt{rqe uorenu con.[oBoro annapara;
8 - ropqeeas noBepxHocrb; 9 - .4aTquKH rennoBoro

noroKa: 10 - Perynrpynuue crBoPKt{

o-1, o*2,O-5

3. Pesyarratu nepBnrlnoro o6o6-
rqeHufl onHTHbIX AaHHblX:

.l - xopurrue nonarKu; 2. - cpeanra lnunr; 3 -
cntlHKa Jronarxn; 4 - ypaauenne (3)
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Puc. 4. Pesy,nrratu o6o6uleunr onur-
HbIx AaHHbrx no JloKanbHoMy renloo6ueHy
na topuenofi rroBepxH_ocrn (o6ogHaseHnS

puc. 3)
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a B KaqecrBe onpeAeJrsroqero pa3Mepa B qr.rcrax'Nu" u Re" - paccrofl-
HHe /f . OT BxOAa AO paCCMarpHBaeMOrO CeqeHLIs BAOIb COOTB0TCTByT-
qefi JII{HI{u. AHanLIg pnc. 3 [oxa3brBaer, rITo onbtrubre AaHHbre gnaqr.r-
TeJIbHO npeBblIrJaIOr p$yJrbrarbr, nonyqeHHbre npn pacrreTe no ypaBHeHHn
AJrg noKanbHoro re[Jroo6MeHa Ha uracrr{He:

Nu* :0,029 Re1'tPro'n

3tor Qarr o6sqcHsercfl reM, r{ro Qopuyna (3) He yqr.rrbrBaer Bcex
QaxtopoB, ItMeBUIux Mecro B aKc[epHMeHTax: npoAoJrbHoro rpaAr{eHTa
,rI,aMeHIas, KpHBr{3Hr,l nHHnft ToKa, nonepeqnbrx reqeHHft B norpaHnqHoM
cJloe, sogMoxHoft naMHHapH3aqI{u norpaHr{qHoro cJroff. PasruqHHfi IIo
BeJIIttII{He n HanpaBireHr.rro xapaKrep Aeftcrsus Qarropon KpHBr{3Hbr 14

BToputlHbIx rerle.Hllft B pa3nnqnbrx roqKax Ha roprleBofi noaepxHocrr{
IIpLIBoAUT K ToMy, rrTo onbrTHbre AaHHbre AJrs orAeJrbHbrx nuHuft 3aMer-
Ho. paccJlal{Barorcg, oco6esHo s o6nacru MeHbr.urrx rrHcer PeftsonbAca.

Ha puc. 4 npuBeAeHbr p$yJrbrarbJ o6o6ueHus orbrrHbrx AaHHbrx
c yqerou AeftcrByroulux $amopon. C norpeuHocrbro, He npeBbrruarcu{er?
t8%, otIbITHbIe roqKLI Liln orAeJrbHbrx nuHnft ropuenoli fioBepxnocTr.r
o6o6qa rorcn eAr.rHbrM ypaBHeHr{eM

Nu" : 0,029 Re]8Pr''' r;*o'2.ur,r-0'5

(3)

(4)

3.u,ecr ].e : lS pi'a*l I O;-n'- aQserrr{BHan Arrr4Ha, orpeAe/rnrourar-d r'
BJII{nHI{e rpoAo/rbHoro rpaAlreHra cKopocrr.r I9l (nae4eHa BMecro KoM-

nrreKca ;.+\i so: I + I ,zaGl,oolp)-0'33 - QyHnrr,rn, ytrr.rrbrBaroulas KpH.* dxl' u

BI{SHy .rtnHufi ToKa, e":1 * tg8,- QyHruua, yqI4TbIBatoular BJIHRHHe no-
nepequblx reqeHnft B norpaHr.rr{HoM cnoe (npocrpaHcrBeHHocrr.r rorora).
O6pa6orra onblTHbIX AaHirbrx npoBoAr,r/racb rpaAr.rrrnoHHbrM MeToAoM.
floragareJrr{ cTeneHI,I npu eu, e,, eB olpeAeJrfl/rHcb or6oporr,l SKcnepHMeH-

TaJIbHbIX TOqeK C AByMs Her{3BecrHbrMr.r [apaMerpaMr{ r.r nocJreAyrcrrlHM
rpaQr.ruecKr.rM rrocrpoeHr{eM. L

B KaqecrBe xapaKTepHoft cKopocTu rl npr{ BbrrrucJrenrlr4 cx npI,IHI,I-
MaJracb cpeAHeMaccoBas cKopocrb Ha BXoAe s o6texr ucc/reAoBaHnfl.

Ana.[us pe3ynbraroB aopoAnHaMr,rqecKnx r{ renJroBbrx HccneAosaHr.rfr
rloKa3aJr, qTo BcJreAcTBr{e ycKopeHHfl noroKa, Haqr,rHafl c HeKoToporo
cerleHuff, npoflBJrsrorcfl a0Qexrrr JraMr.rHapn3arru[ rroroKa. 3ro o6cros-
TeJrbcrBo yqrarbrBaeTcfl Qy"*u,mefr er, Koropafl B paccMarpr.rBaeMoM cJry-
qae uMeer cne4ynquft BUA:

o, : | - 0,2 Euio'tt Ans Eu"/Re" < 2. 10-6

r, : Eulo'" Ar" Eu"/Re* > 2.10-u.

3aecu Eur: t'#: ftRe" - qncrro 3finepa [8]; k - Lr, # -rapaMerp
JraMLrHapLrSarluu noToKa

Tarnu o6pasou, nFeA/roxeHHufi a pa6ore MeroA o6o6qeHns onhrr-
HbIx AaHHbrx llo noKanbHoMy ren.noo6MeHy no3BoJrr{Jr rtoryrrurb eArdHoe
ypaBHeHI{e noAo6us, Koropoe Moxer 6urr ucnoJrb3oBaHo AJrfl pacqeTa
JIoKaJrbHbIx roeQrpnqr{eHroB 1er/roorAaq[ B rrpon3sonrHoft rorrKe Top-
qeiofr noBepxHocrn. Heo6xoal{Mbre AJrfl aroro aapoAr{HaMuqecKr{e xa-
paKrepagrrtKH norpanr4qHoro cnQa orrpeAenflrorcfl Ha ocHQBe peuetlr4fl

u,



ragoAr.tuaMr.rrrecroft saAaqu I{JILI gKcrepuMeHra. Vpannenue (4) noflyqeno
B CJreAyrorql4x Al,Iana3oHax u3MeHeHLIfl onpeAeJIflIoIIlHx IIapaMeTpoB: :

. 
' : ;*: 1,34 ...4,76; tg @, :0 .0?,1; Eur : 0 ... 1,66;

7'nolR = 2,64... 34,6; r"o : 1 ... 0,54; I{s : 0,1 ... 0,35;

Rex : 0'8' 105 "' 3' 106'
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O BJIIILHI{H CilYtIAHHbIX NOPbIBOB BETPA
HA YCTORIII,IBOCTb TIAPAIIIIOTHOR CHCTEMbI

B. TI.'.'IYPKNH,'.A. E. N PABOTOPOB

C noMourbro reopnn BbrcoKoqacrorHbrx cayuafiHurx npoqeccoB onpelenflIorcfl y.cno-
nnn ycrofiquBocrr{ ,q,BnxeHr.rs reoMerpr.tqecKH Heusuesseuofi naparunrHofi cncreurr (tlC)
npn 

-roeaeficrnnu 
c.nyuafiHux nopunon Berpa. flpr.rno4nrcfl npnMep lrccneAoBauun ycrofi-

rrnBocrt,r IIC. PesyJrbrarbr reopnn cpaBHuBarorcfl .c pesynbraraMn. qncnenHoro HHTerpu'
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.fl,enxenne nC B Hecnoroftnofi arMocQepe yxe paccMarpllBaJlocb
paHee aBropaMLI pa6or [1-4]. OAuaro B pa6orax [1, 2]-.uccrleAoBarlacb
i,uuanaura nC s flLlHeflnbr'r npn6nuxeuuu, a B pa6orax [3, 4] :- KoJIe6s-
HHfl HeJrr.rHeftHoft rrloAeJrr.r nC c AerepMI{HI{poBaHHbIM BerpoBbIM Bo3Aeft-
crBr.reM. B 4aHHofi crarre peuaeTcfl 3aAarla ycToftr{uBocru He/ILIHeRHofi
rrroAe,nu fIC npll Bo3AeftcrBHLI cryqafiHblx [opbIBoB Berpa'

Vssecrno, qro ABHXeHT{e reoMeTpr4qecKu HeLI3MeHfleMofi IIC n rep=
THKanbHOft niiocKocrn MoxHo onucarL cJreAyroql{Mll ypaBHeHI{flMI{ [3,'4f :
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