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CocrossHme TeOpPUHM Ta30reHepaToOpHOro Ipoiecca B Ha-
CTOfAINIEe BpPeMsA TAKOBO, YTO OHA BO MHOIMX CJIy4YasgX JIMIIb
IMOJIBOAANT TeopeTndeckyw 0a3y Iox HOpouecChl, Y;Ke Oocy-
MeCTBJISICMbIE HA IIpPaKTHKE.

Kouncrpynposanune Bejercsa sMuupndeckum nyteMm, Jlo
CHX IIOP HeT Hav4HOo 00OCHOBAHHOIO pacuera OCHOBHBLIX KOH-
CTPYKTHBHBEIX pa3MCpoOB anmapaTton, K KaKOBLIM, Halpnmep,
MPUHAJICKNT MHHUMAJILHO HeoOXoanMas i J0ocTaToYHas JIifd
3aBepPHICHISA TpoIecca BulCOTA KaMepsl raszuduxainm.

Teuenue QUANKO-XMMUYCCKHX TIPOIECCOB TEOPETHYECCKH
HE YBA3aHO € ICOMETPHYECKHUMM pasMepaMu ¢J0d TONJHBA
B ammapare.

@O u3nro-xuMnueckKne GakTopel, OT KOTOPLIX 3aBHCAT OCHOB-
Hble pa3Mepnl annaparon, He CBA3AHLL MEKY coOoit Mmarema-
THYeCKH TaknM oOpaszom, 9toObl H3 MX COOTHOIIEHHMA MOZKHO
ObLJIO TpeonpeicinTh OCHOBHBIC KOHCTPYKTHBHBIC pas3Mepsl
razoremneparopa.

Jlo cux mop ara 3ajada He BLIIOJIHEHA MOTOMY, YTO ITPO-
TEKAIOINEe IPOICCCHl BeCbMa CJORHBI, M CCJHM IOOLITATLCH
pemnTh 3aja4yy B oOmieM Buje, T. €. He OPHHATH Mep K ycTpa-
Henunio mobounnix QgarkropoB (Koropele Morin Obl ObiTh JUIs
VIPOIEeHHs 3a/1a4i ONYUIEHK), TO MaTeMaTHYCCKNE Bhipaske-
HHS TAKOTO PeUICHIA LOJYYAITCHA HACTOJALKO I'PDOMO3IKHMI,
YTO NPHMEHCHUE HUX HA NPAKTHRE HCKJII0YaeTcs.

Jlannasg pabora, mapsjy ¢ HCCJIeAOBAHNEM HCROTOPBIX
3aKOHOMCPHOCTEIT Ipornecca rasuguranuum 1 ropeHns TBep-
JIOr0 TOIJIMBA, TNpejcTaBiIfgeT NepBYK DIOILITKY YyBiA3aTh
OCHOBHBI¢ (U3NKO-XIMUYCCKHE IapaMeTpnl Iponecca ¢ KOH-
CTPYKTHBHBIMUI pasMepamil.

YrolOu pazpaborars HNpakTHYCCKM TPHIOAHLIIL METOJ pac-
yera, HY;KHO pasdobparbca BO BCeil CJO03KHOCTI JeHCTBYIOIMX
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GaxTopoB 1 BBRUICANTH M3 HIOX OCHOBHBIC IapaMeTpHl,
Ha KoTopnie Oymer opueHTHpoOBaH MeTOj pacdera.

Opmarko, mpeskae 4YeM IPHBCCTH ITApaMeTpPsl B CHCTEMY,
HeOOXOMNMO MX BbABHTh. ORA3BLIBACTCS, YTO B Pas/IHYHLIX
YCIOBHAX BejleHus Iporecca rasu@uraiiiy uM yIIpaBisioT
pasiaununsie garropsl. Hampumep, B pajge KoHKpeTHBIX VCi10-
BUI IPOIECC MOZKET YHPaBIATHCA (U3NUCCKIMIT (aRTOpamit
BMECTO OOBIMHO IIPHINCHIBAEMBIX eMy xumundeckux (guddy-
auonHas 00/1acTh); MoskeT OLITH 11 MPOTHBOMOIOKHBIT CayYaii.

[TosTomy ocHoBnas wacTe paamHOIl paloTel IOCBANICHA
HCCJICIOBAHITIO PSJIA 3aKOHOMEPHOCTEIl, BLIABICHIIO ICHCTBYI0-
muX (ParkTopoB M Yy4Yery WX BJINAHIA HaA TedeHie Iporecca
I ROHCTPYRTHBHBEIe pasMmepsnl. M3 Oonbmoro wnema meiictpyio-
X  (PAKTOPOB MBI JIOJZKHLL OTOPOCHTH  HECYIICCTBCHHBIC,
BTOPOCTENeHHLIe, OKaspIBawlLie cj1aboe BIHAHEE HA TCYCHHE
mpornecca razu@uraniir, u orobpaTth riaBHle, O peje/Isoe,
Ha KOTOPBIX, € HM3BECTHLIM HPUOJIHZKCHHEM, H CTPOUTH CBOMH
BBIBOJIHI.

II

Amanutnuecroe uccjeoBanmne mporecca razootpazopanmnd
B CJIO€ TOIJIIBA JOJ#HO OBITH OCHOBAHO HA (U3MKO-XHMITYeE-
CKOIl CXeMe Iponecca M BBRITERAONHX U3 Hee TI'PaHHYHBIX
YCIIOBHAX.

MDuznueckaa cxema razoobpaszosanusg joskua OuTh 060C-
HOBAaHA aHAJIM3OM BO3MOKHBIX IIYyTEH TPanclopTa peareHToB
K PpeariiioHHOIl IOBCPXHOCTIL.

XuMideckas cxema razoobpazoBanissg JOIKHA OIIPATHCSI
na nanbojiee BepPOATHBLT 1 HAYYHO 0GOCHOBAHHBII MEXAHH3M
XUMUYCCKOI'O pearupoBaHis, :

Haunem ¢ amanmsa myTeil Tpamemopra pearenton. HDTOT
BOIIPOC CBsA3aH € XapakTepoM rasoBLIX IIOTOKOB B CJl0€
TOILJIHBA.

Hamn susyanonpie HaGuojeHnsa n KIHOCHEMEKA MOJCJIH
o n3 Ourtoro crekyaa mokasanm, uro npnm Re = 50 pasmuB
CTPYEeK Kpacky, TERYIen IO 3a30paM Me;kiay KycKamu, cjia-
Oplii: Kpacka TedYer HOJIOCKAMH, KOTOphle OrubaoT KyCKH
TomInBa. Xapawkrep ABKeHnA OJHM30K K JIAMHHAPHOMY.
Ilpu nopeimenwn Re pasmbiB Kpacku yBeqMuMBaeTCA M IpH
Re = 200 samerna mmmp HesnaunteqbHAs HepaBHOMep-
HOCTb B Okpacke mo 3azopam. [Ipm Re = 500 kpacka ouenn
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XOpouo mepeMemiaHa B Ipejesiax JanHoro 3asopa. Mokno
cKaszarb, 4TO TYpOyJIeHTHbII XapaxkTep [OBHKEHHSA B CJI0©
macrynaer mpu umnciae Re cBprme 50.

Vrkazannoe 3pauenpme uncJja PeillHoJbaca JJg CJI0A IOJI-
TBEP/KAAETCSA JAHHBIMM, HMEIAMNACA B JiuTeparype.

Me:;xny Tem, BeIMHCJIEHHOe 3HadeHne kpurepusa Peitnosnnj-
ca JUIg CJ0s TOIJIMBA B CPeHAX yCIOBHAX padoThl TPAHCIOPT-
HOTO rasoremeparopa, Ha oOnvHOI HArpy3ke, ObLIO Cieyio-
VM

a) TpHHAMAasg 32 ONpeAeIAIONNIl pasMep CpefAHmii pasmep
Kycka, Re = 862;

6) mpumuMas 3a OIpEAeANINN pa3Mep 9KBHBAJICHTHLIH
nuamerp, Re = 417.

d1o 00CTOATENIBCTBO YKa3wBaer, 4YTO TIa30BLIl MOTOK,
IMPOXOAMMII IO CJIOI TOIJIMBA B AKTHBHOII 30HE TPAHCIIOPT-
HBIX ra3oreHepaTopoB, uMmeeT TYpOYJEHTHBIM XapawkTep IIpHu
Bcex pesknMax padoThl jaBurareis.

TypOyaeutusiii xapaktep rasoporo moroka Oyuer nabiio-
aThCS M BO BCeX MHBIX pafoTaioniux co ¢JI0eM TOIJIHBA raso-
reHepaTopax M TOMOYHEIX ycTpoiicTBax, riae Re mpesnimaer 50,

Hpacka, BpimmymeHHasg CTPYHKOII B IIOTOK IO CJI0I0, Jlake
npn Re = 500 me pacnpepensierca cpasy paBHOMEPHO IO
BCEMY €ro CevucHH0, a JNIIb HA ONpeaeJeHHOM, JI0BOJIBHO
3HAYUTENILHOM VYacTKe IIMPUHONI B HECKOJIBKO JUaMeTpoB
yacTui. Bce jke MOKHO KOHCTAaTHPOBATH, YTO IepeMelInBai-
mee JercTBme CJI0s BeChbMa 3HAYNTENIBHOC; TAK, OpU JHaMerpe
CTPYHKN KPacKu Y BRIXOAHOro orBepcTuda B 1 MM Kpacka Ha
nyta B 20 MM pacnpocTpaHWIack B HAIPABICHNH, TIepPICeHII-
KyJIAPHOM K HalpaBieHuio noroka, ma 35 mM. Ilosromy mpnm
MOCTYILICHUH BO3JyXa B CJIod M3 pAfa GypM WiH n3-1I0J KO-
JIOCHUKOBOII PCIIeTKH CJIe[lyeT O/KHJAATh J0CTAaTOYHOH PaBHO-
MEpPHOCTH KOHIEHTpanMil B Ipefcjaax JaHHOTO CedyeHusd.

Rpurndecknii anajaus ucejieposare/bekux pador moxkasad,
4TO BOIIPOC O TOM, AOCTUTAIT Ju TYpOyJeHTHHIe IIyJbcanuu
DOBEPXHOCTH WJM 3aTyXalT, Mo Mepe npubamKeHuA K Hei,
Ha KOHEYHOM OT Hee pacCTOAHUM, OCTAeTCH HEeBHISICHEeHHEIM.

BonpminHCTBO aBTOPOB NPHAECP;KUBACTCA MHEHHS O BO3-
MOKHOCTH CYIIECTBOBAHMSA JIAMHHAPHOI'O IOIPAHHYHOrO CJIOSA
opua TYpOyJIeHTHOM IOTOKe, IOATBEpPs;KAAdA 9TO HEKOTOPHIMH
ONBITHEIMH JJAHHBIMU,

B Teopmu Ttemiomepefaud YKOPEHHJIOCH NI pefcTaBieHHE
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O JIAMHHADHOM IIOTPAHMYHOM CJIO€, B KOTOPOM IIePEHOC Tema
OCYMmECTBIACTCA IyTeM TeINIONPOBOJIHOCTH,

Hamn npnbamxenusie pacyers, onn pamoumeca Ha OMNBITHI,
YKa3plBaJIl HA BEPOATHOCTH CYMECTBOBAHMA JIAMHHAPHOTO
MOACJIOA MPH TYpOYJICHTHOM JBHKEHHH ITOTOKA B 3aCHIIKE.
Onnaro aTH pacyersl yUnTHIBAIM JUITH 0COGEHHOCTH 3ACHITKN
CJIOA TOIVINBA M JAHHBIC T'HAPOJAMHAMHUKN, HO HE YYHTHIBAJIMN
COCNMPIUKN ropameil MOBEPXHOCTH TONJINBA.

K macrosmemy ppemenn B JIHTEPAType HAKOMIINCH pa3-
JIMYHBIC TOJIKOBAHUA MeXaHU3MAa IepeHoca B INOrpaHHIHOM
CJIO0€ Ha ropsmen oBepPXHOCTH TBepIoro Tominsa. H eKOTOpkIe
ABTOPBI CYNTAIOT BIOJHC BEPOATHBIM HAJIHYME JIaMHHA PHOII
IJIEHKH (ODHEHTHUPYSACH HA JAHHBIC [Ipangrasa, Kapmana u
(D pasx-Ramenenxoro) vy FOpAIIell  MOBCPXHOCTH, HEPEHOC
BEIECTBA Yepe3 KOTOPYI0 MPOMCXOANT HPH IIOMOIIHM MOJIe-
Kyasapuoit auddysnu. JIpyrue, HAaIlpOTUB, CYUTAIOT, YTO
nojobuoro AnQPy3uoHHOro ciios mHe CYmMECTBYeT WM IepeHoc
BermecTsa JIo caMoii pearkimoHHOI MOBEPXHOCTH TOIJINBA OCY-
MECTBAACTCA TYPOYJICHTHBIMU IIVIIBCALMSAMIL,

CymecTsyer m Tperbe Muemme, a HMEHIO, 4YTO MexaunaMm
IIEpeHOCA BeiecTBa B HONPAHMYHOM CJ10€ TIPH T'OPCHMH HMCCT
CBOIO CHCIU(URY I TIOITOMY HEJb3f, OPHEHTIH PYSICh HA IAHHBIE
THAPOAMHAMNKIL, 1IPEAONpPe/iesINTh XapaKkTep 9TOTO HepeHoca.

Boabmuncrso asropos crpont cson TEOpeTHYeCKHe Mpe-
CTABJICHHA O TOM HJIH HHOM XapakTepe NEepPeHOCa BemecTs
B TOrpaHiIHOM CJI0e, MCHOJB3YA 3aKOHOMEePHOCTH IUPOII-
HamMukm, Oe3 ydera cmenmdurm mpomecca ropeHus.

Ecan naske HEe MPHHUMATh BO BHUMAHHE DTOIl cHoern@uir,
BCE ke  TOWHRIL aHANNTHYECKMIT MOAXOMA K PeLIeHMIO DToii
npo0JIeMBl  HCRIOUATENIBHO  OCI0KHCH HCOTPeIeJICHHOCTE 10
FEOMETPHYCCKUX 3JJICMCHTOB CJIOSI TOINJIMBA.

Lenn ke npunars Bo Banmaunue OeaycaoBHOC HaAJMYIIE
CHEeUHpURI IepeHoca BeulecTs B MOrpaHHIHOM (/10 1A rops-
miell IOBEPXHOCTH TBEPAOrO TOIJINBA, TO CTAHOBATCH HCHOI]
OesnajessnocTs mpumenenns 3aROHOMCPHOCTEeH THIPOMITHAMII-
RII JUIA TOYHOTO BLISICHCHHS TEOPETHYCCKUM IIYTEM Xa paxrTepa
Hepenoca BemecTs B HOrPAHMYHOM CJI0C B YCJIOBHSX ropemns.

ITousiTkn momoiiTn TCOPETHYCCKUM NMYTEeM K IOCTABJIe HHOM
npobieme, HCIOIbL3YS FeOMeTpHI0 IOBCPXHOCTH M MareMaTH-
YeCKIM aunnapar rujipojHHAMHKN, He JadH 1 HC MOIJIN aTh
PCIICHIE BOIpOCA IWIA CJayd4as TOpPeHHs TBEpPAOro TOIIHBA,

6

TAK KAk B HAX pPACCMATPHBAJIMCh JMIIb YaCTHHIE CJIyYau
M pe3yJbTaThl OBIJIM MHOTJA ANAMETPATBLHO I POTHBOIOIOKHEL.
B ¢BaA3nm ¢ 9THM MBI NPUUINIH K BBIBOAY O HEOOXOANMOCTH
JUIsh ocsemeHus mpoOiieMsl IepeHoca BemecTBa K ropsmeif
NOBEePXHOCTH TBEPAOro TOIJIMBA MCIOJb30BATH MOCTABIICHHEIT
COOTBETCTBYIOmUM 00pasoM HKCIEePHMEHT.

CBou osrcmepuMeHnTanbHble PaGOTH MBI IPOBOAMIM IO
pa3paboTaHHOIf HAMU METOMKE C IPUMEHEHHEeM BH3yasbHEIX
Halbmofiennii 3a ropeHneM YToJbHOM IOBEPXHOCTH BOOPYIKeH-
HLIM TJ1a30M,

Habmonenus dTH CONPOBOMKAAIUCH MUKPOKHHOCTHEMKOI
ofylacTi IOrpaHMYHOrO CJIOA HA TOpAIeil IOBEPXHOCTIH.
SacHATHIl (UIBM COCTOMT M3 ABYX dYacreil, oOmuM 06BEMOM
250 M, na uepnHOGeJONl M N BETHOI ILIEHKeE.

IIposesiennsie paborsl MO3BOJMIM YCTAHOBHTH MEXaHH3M
nepenoca pemiecTsa B MOTPAHHYHOM €JIOe HA ropAmel noBepx-
HOCTH TBEpPAOrO TOIJIMBA.

Uro racaerca xmummyeckoit cxeMnl razoobpasoBamms,
NOJIO}KeHHOH B  OCHOBY AQHAJHTHYECKOrO HCCJIeOBAHMS,
TO MBI €€ LPHHAJH, HCHOJb3Ys COOTBETCTBYION(HE BBIBOJKI
A. C. Ilpensommresiena.

IIX

ITpunumas Bo BHAMaHme CJIOKHOCTBL IIpomecca razuduxa-
UM U ero 3aBHCHMOCTH OT 0OJBIIOro wmejia (axkTopoOB IS
NOJy4eHUA YeTKHX M IPOCTHIX BHIBOJOB, HEOOXONHMO OT/e-
JIUTH IIePBOCTENEHHBbIC, ONpejeAllIue IapaMerpsl OT BTO-
POCTeIIEHHBIX, He HMelIuX O0JbIIOr0 BJINAHUA HA XOJ
nponecca, ¢ TeM 4TOOBI MCKJIOUHTE IIOCITEHME IIPU BREIBOJAX.

Yceranosynenne obacTeil MpoTeKaHHA HPOIECCa IIOMOJKET
YCTaHOBHUTH IJIaBHBIE, OIpejeIAloNiie IapaMeTpHl.

B wnameii paGore Mm moKazaiam, YTO MPHM HAIMYHH JBYX
CTOPOH mpomecca: a) TPaHCIOpPTa BeHIeCTB, YYaCTBYIOMAX
B pearnum, u 0) pacxojga BemecTB HA PEAKIHI0 HE MOMKET
CYImecTBOBATH YeThIpexX mNnpejejbHBIX olJiacTell MpoTeKaHHA
nponecca, kKark nonumaerca obOwngnHO. Ilpenmenbnmx obGsacreit
MOskeT OBITh TOIBKO 1Be.

[s onpepenennsa ycnoBuii npubankennsa K TOU WX HHOM
o0sracTi BOCHONb3YeMCA riIyOMHON NPOHNKHOBEHHA pPeaKINH
B IOPHUCTYI0O Maccy KycKa TON/IMBA.




KosmmuectBo mpopearmpoBaBiiero BemecTsa (Hampumep,
KHCJIOPOZla) B €MHULY BPEMEHH:

kcbFdz.
O6osHavuenus:
k — KoHCTAHTA CKOPOCTH pPeaKInu;

¢ — KOHLEHTpAaUWsA peareHTa B TOJN[E KycKa Ha paccrof-
HUM Z OT MOBEPXHOCTH;

D — roappunment muddysun;

b — moBepxHOCTH TOP B eanMHMIEe 00BEMA TOILNIMBHOIL MACCHI:

F — njomane ceuenns ygacTka.

RommuectBo BemiecTBa, mnepenecennoro puddysueir o
IJIOCKOCTH Z:

de
— DF -

TO Ke JI0 miIocKocTH (2 + dx):

d
— DF —(¢—de);

d d
— DF >+ DF —— (¢ — dc) = kebFdxz,
NI
de de - d(dec)
nJin
— DF %) _ kebpda,
x
T. €
dc kb
dz® ~— D G
oboznHauasg [N = —%i,
d%c
Tz = — Ie.

Pemenne ypasuenus Gyjer:

¢ = Acos () Nz) + Bsin (VN;U).

Iloctosinueie A m B HaxXxoAuM M3 T'PaHUYHBIX YCJIOBUMIA
M 3HAYEHHUA IEPBOIl ITPOM3BO/HOIM:

j; — — AV Nsin()/ Nz) 4+ BY Ncos (Y Nz)
k.
npn =0, c=¢y, A=c, 1 D j; :—kﬂanz_D;—};

=0y COB (]/'ﬁas) — %ﬁin (/ Nz).

IIpm moiHoM pacxoje peareHTa ¢ = 0:

o (Y Fa) =)/ I

ITpubanmsxenue K KnHeTHUecKoii obgacTm XapaKTepU3yeTcs
OesarpaHM4HBEIM BO3pacTaHueMmM Iz, T. €. peaKknusg HAeT 1o
Beeit BHYTpeHHEIl IMOBEPXHOCTH IIOP MacChl KYCKOB TOMJIMBA.

IpnOankenne K auddyaunonnoii odsactu XxapaKkTepuyercd
BBIXOJOM PEaKIMH Ha IIOBePXHOCTH, T. €. I 1yOuHa NPOHNKHO-
BeHMsI T BechbMa MaJa.

[Ipomesyrounas o0aacTs XapakTepusyercsl HEKOTOPOM
ompeseaenioi rayOnHoil IMPOHMKHOBEHU.

Pasymeercsi, uro npu Juoboit obaacTu  npoTekaHMA
mpoiecca KOJMYECTBO IPOPearmpoBaBIIMX —BELIECTB  JIOJATHO
OBITH PABHO KOJMYCCTBY JIOCTABJICHHBIX BCLIECTB; HO Mpudin-
sreHMe, nampumep, K juddysmonnoii obsactn o3Havaet, 4To
MOYKHO HHTCHCHU(UITNPOBATEL TPOM3BOUTEIBHOCTD BO3/ICHCTBHCM
Ha (aKTopel IlepeHoca, T. €. YBeJIWYHBasg IICPEHOC, MBI
MOBLICUM W TIPOM3BOUTE/ILHOCTE.

B mocieanem caywae Ui yBeJHYCHUS ITPOM3BOJANTENIb-
HOCTH HeoOXOINMMO YCKOPHUTH TedeHHe XIMHYCCKOI pPearimuH
(HampiMep, MHOBLICHTL TeMIeparypy).

1V

HﬂﬁHIOHOIIIIH BOOPYViKEeHHBIM rJia3oM H I\‘.[I!I{[}OHIH—IOWBGMHH
ofmacTn IOrpaHuYHOTO CJIOA HA TOpANeH MMOBEPXHOCTH
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TBEP/IOTO TON/INEBA, BIePBEIe TTPOBEJICHHEIE HAMY, JIajke HA IIep-
BBIX STamax CBOEro BLITMIOJHEHWSA MHOTO JAaJH IUIl OCBEIEHWS
mpo0JieMbl MepeHoca B yKa3aHHOil 06/1acTH OpH rOPeHu N TOIJIH-
Ba B cJoe.

Becbma cymectBenno, uro mpmMenemuwiii MeTon Hu B Ka-
KOl Mepe He HapyLIa TedeHnust mpomecca IOPEHHA H CTPYKTY-
PBl 00J1aCTH TOrpaHUYHOTO CJI0H.

MukporunoycranoBka, ¢MONTHpOBaHHAM HaMH, COCTOAJIA
H3 pala CHcTeM: ONTHYECKOM, BHJCKTPHYECKOI, MmMOgadym u
AOSHPOBRH IyThi, MCXaHM3MOB YIDAaBICHNA IepeMeleHuem
PeakmuoHHoil TPYyOKH M M3MepHTeIbHBIX npudopos.

Haa samuTer MUKPOCKOMIYECKOi ONTHKII OT TENIoBOro
BO3eNCTBAA OBII MBrOTOBJIEH TEILIOBOIL ¢unerp. B cBasu
¢ HEOOXOJMMOCTBI0 MUKPOKMHOCHLOMKH B OTPa;KeHHOM CBeTe,
[IPHIIOCHL IPUMCHATE MOIHBIC NPHOOPHI OCBEIMEHIA, CKOH-
HEHTpHpOBaB ceer or ncroynuron B G000 Batr ma momann
He Oosee 1 cm2,

Hast mopiepskanus rpebyemoii TeMIIePATY Pl BIEKTPOIHOIO
yriisi m aurpanuta 4yepe3 o0pasimpl MPOIYCKAJICH 3JI€KTPOTOK.

Hpesecnniit yrons marpesascs m rOpesI II0Jl JIeHCTBHEM
HETOCPE/ACTBEHHOr0 KOHTAKTa € Pa30rpeBaeMEIM HJICKTPOJI-
HBEIM  VTJIEeM.

HeoOxonumo samernts, uro o padore 1o BH3YyaJbHEIM
HaOJIONeHUAM U MHKPOKHMHOCHLEOMEe 0071aCTH HOIPAaHNYHOIO
ciaoa  cynutk Ged mpocMorpa (GEIBMA  OBOIBHO TPYZAHO.
(DunbM nokaswiBaeT IMHAMEKY Tpomecca HapacTaHuAg U yHOCA
30JBHBIX OTJIO}KCHUI, XapaKTep paspylleHus IIOBEPXHOCTH,
IIPOCTPAHCTBEHHOE pasMelleHne MecT IPOTEeKaHHs pearuumn
Il Pa3MEPBl HCKOTOPHIX BJIEMEHTOB IHPPY3UOHHOrO CJIOH.

He nmest BoaMosknocTn mpusectn B aBropedepare 3naun-
TeJIBHBI MUKpOpOTOMATEepUal, a0 HEKOTODPKIC BBIBOJLI M3
npoaenanHou padboTHI.

1. O6nacre norpanmanoro cios ma ropsuleil MOBEePXHOCTH
TBEP/AOTOo TOWJINBA PE3KO OTINYAETCA IO CBOCIL CTPYKTYpe
OT CYMECTBYIOMEro B THAPONMHAMMKE TOHATHUSA O NOTrpPaHIY-
HOM €J10€, TIEPeHOCHMOTO M Ha IPOIEeCCH TPAHCHOPTA BEmeCTB
NP reTeporeHHBIX Iponeccax.

Horpaumanas  obnacts memay PEaRHOHHOIl IOBepPX-
HOCTBIO I Ta30BRIM TIOTOKOM IIPH IOPCHMI TBEPJIOro TOILIHBA
B 3HAYHTEBHOI Mepe 3aIloJIHeHa PHIXJION IOPHCTOI MacCOoii—
HEOPTAHNYCCKUM LIPOAYKTOM, OCTAIOIIUMCA IIOCJIe PaCXOL0-
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BAHUA OPraHUYeCKHX COCTABIAIMAX MacChl KyCKa TOI-
JiuBa.l

2. Mmuorounciennsie MUKPOCKOMUYCCKIE MOPbI, KaHAJIBI
M NyCTOTBI Ha TIpaHUIE Tra3oBOr0 IOTOKA € peaKIMOHHOM
MOBEPXHOCTHIO CO3AAIOT YCJOBHA CYIECTBOBAHMA  (3aCTOli-
HOTO» IOrpaHMYHOI'O ra3oBoOro CJOfA.2

3. Tommmuua mnopucroro, BEIPabOTAHHOrO peakriuei mo-
BEPXHOCTHOTO CJIOS1 3aBHCAT OT COPTA TONIJIMBA H OT CKOPOCTH
razoBoro noroka. ( yBelamuenueM IocJaejiHcii BePXHAA YaCTh
CJI0A 30JIel, cjabee CBA3AHHAA € OCHOBHOI MacCoii KyCcKa
TOIVINBA, COAYBAeTCA M CJIOM 30JIBI CTAHOBHTCS ToHbIme., Ha
HEKOTOPLIX COpTax TOIVINBA, IPH H3BECTHHIX CKOPOCTSX MO-
TOKA, CJIOM B0JBl BHEH JIMIOb B MHKPOCKOI.

4. Jlns cyuas ropenns mpeBecHoOro yriis npu Re = 1300
uV =3 m/cex ronmmua BeIpaGOTAHHOTO €105 HA GOKOROIL
H 1000BOI1 YACTAX KycKa Tominsa 6uma 0koso 0,20 —0,30 mw.
B THUIBHOI HacTn Kycka ApeBecHOro yrisi TOJINMHA 030JICH-
HOro ¢j10s1 Oputa Muoro Gosbme. Beanumunl 307bHOTO 7108
HE3HAUUTETBHO YMEHBIIAINCH C YBEJIUYEHHCM CKOPOCTH ITO-
TOKAa J0 8 M/cer.

5. Paamepsr mop B BripaGorannoii wacrtu JAPEeBECHOT0 YIJIf
B X MCXOMHOM, Majo AehopMHPOBAHHOM COCTOAHUM TPNOIIN-
SUTEJBHO Clenylomue: mnomepeunoe ceuenue or 0,015 no
0,036 MM, jmHAa B HeCKOJBKO paz OOABmIAS — OT 0,15 no
0,20 MM,

0. Tommuua seipaGorannoro cjoa npu V, pocruraiomeii
8 M/[CCK, a CJIeI0BATEIALHO M TOJMIMHA (3ACTOIHOrO» Ta30BOro
CJI0A B ero Hmopax, Bo MHOTO pasz 0oJIbLIe TOJIM{MHBL I PEIIoIa-
raemMoro JgammHapuoro mojchaoa  Ilpanpraa. Ilo JTAHHEBIM,
npusefeHasiM y B, Jlesnu (108), rtomumna JIaAMUHAPHOTO
nojcaoa cocrapasier or 1072 jgo 10°* e¢m, nmpuuem on cuuraer
9T BEeJIMYMHLI CHJIBHO TIPCYBEJIHUYCHHBIMI,

7. «3acToilHplily 1a308bL1I TOICI0IL NP TOPEHNIT TBEPIOro
TOIIIBA 00pasyercsa He TOJNBKO B IOpPax 30JbHOIL 0005104k,
HO I B MURPOTpEHMHAX KYyCROB Tomnba. Buayansunie Mukpo-
CROUITYECKIEe HAOIOACHH I MUKPOKIHOCBEMKA MOKABBIBAIOT,

! Peus maer o ctpyktype npunepudepmiiusix uacteii KyCcKa.
C 9HToil TOURM 3peHNA, peakunmy Kak OB (BRIPaGATLIBAIOT) IoBepx-
HOCTHBIH  CJIOH, YHOCA H3 HEro yriepoji H OCTaBIIijsl Heopraimnye-
CRYIO Maccy.

* B spaunrenLnoit Mepe 3acToiiHoro.
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9TO peaknus B OCHOBHOM HJIET Ha IMepudepHitHOM CJIoe KYCKa
TOININBA, IO 30JbHOI 000I0UKOIl, IOYTH He 3aX0/A B MHKPO-
TpemuHbl. B MHKPOCKON OTYeTJIMBO BHIHO, YTO M3JOM II0
MHUKPOTpeImuHe He O030JIeH,

Ilonmedennoe mamMm 00GCTOATENHCTBO I'OBOPHT:

a) O BHAYNTEJILHBIX CKOPOCTAX PEAKIHH TOPEeHHA MO
CPaBHEHHIO CO CKOPOCTBIO IepeHoca BemecTB auddyasuei
B obnactu Tpemun, T. e. o npubimmxenun & augdy3noHHOI
obnacru;

0) 00 orcyrcrBum TYypOyseHTHOro IepeHoca B TpemHHAX.

8. Haymm4me mopHCTOro 30aBHOrO CJI0S, TOJIIMHON OT
MUKDOCKONMYECKHX BeJIMYNH JI0 3HAYNTEIBHEIX Pa3MepoB,
pasmpAcCHACT NpeACTaBlIeHne O MexaHH3Me mepenoca BOIN3M
ropsuein MOBEPXHOCTH TBEPAOro TONIMBA Kak O Audy-
3MOHHOM IIpomecce. JTUM CaMBIM B 3HAUMTE/BHOIT Mepe paa-
pemaercsa npobiema 0 MexanuaMe IepeHoca BemecTB BOJIM3M
ropsueif NOBepXHOCTH TBEpJOr0 TOILINBA.

J. Ilpm cropocrax razosoro moroka no 8—10 M/cex, . e.
A7 quanasoHa CKopocTeil, B KoTopoM paboraer 60JbIIHHCTRO
TOIIOYHBIX YCTPOMCTB M Tas3oreHepaTopoB, XapawkTep mepe-
HOCa BemlecTBa B DOrpaHMYHOM cJjoe (TouHee — BOJN3H
PEAKIMOHHOIf TOBEPXHOCTH TBEPXOr0 TOIJIHBA) HE ompeje-
JAAeTCA ruipoauHamMudecknmmn cxemamn Ilpamarna, Kapma-
Ha, Jlamnay n @pank-Kamenenkoro. Ou ofyciosien cuemu-
prIecKoil CTPYKTYPOIl 3TOTO MOACIOA — «3ACTOHHBIMY CJI0EM
B IOpax 30Jbl Jlajke I TAaKOro MaJIo30JbHOrO TONJINBA,
KaKUM FAIBJIACTCA JPEBECHBIH YIroJib.

10. Ilpwm pacuere HpPOMBINUICHHBIX anNmapaToB H COCTABIIC-
HIH pacYeTHBIX cXeM HeoOXOonmMo Yy4YWTHIBATE HAalij[eHHBIE
0cOOEHHOCTH YCJIOBWIl HepeHoca BemecTsa.

A

Hak yme Owmulo ykasawo, BuayainbHele HaOJomeHHA n
MHKPOKHHOCHEeMKA 00J1aCTH MOrpaHNYHOrO CJI0A HA TopsAInei:
IOBEpPXHOCTH TBEPAOro TONJIMBA BHIACHUIM MEXaHN3M Iepe-
HOCA BeImecTB B 3Toi obJjacTi.

[Iepenoc BemecTBa B «3aCTOIHOMY cJi0€, B IOpPaxX BhIpa-
Ooranmoli peakmmeil 9acTm Kycka TONIMEBA, OCYINECTBIAETCA
CHJIAMH MOJIRYJIApHOH nuddysnn.

HabmionennaMn 1 KUHOCTHLEMKOH, MPOBEJICHHEIME Ha MO-
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Jle/IM ¢ MPO3PAYHEIM CJIOeM, BHABJIEHO, YTO MpH unciax Peii-
Houp/ica cBhile 00 B cimoe Habmionaercss TypOyseHTHEIT xa-
PaxkTep TrasoBOro IOTOKa, IJle HEePeHOC BemecTB CHJIBHO
HHTeHCH(QUIHPOBAH BaluiueM TypOYJIEHTHHIX IepeMelumBa-
HHH.

B npenenax rypGynentHoro sigpa mepenoc MHTEeHCH (R -
poBaH B TAKOM CTelleHHM, UTO HENOCPeJCTBEHHHIE 3aMephl
YKa3bpBalOT HA 3HAYHTE]IBHOE IOCTOAHCTBO KOHIEHTPAIUIA
B mpefiesiaXx TypOyJeHTHOro IIOTOKA B JaHHOM CEYCHNH,
HOPMaJILHOM K ero HampaslieHuio, ¥ Goabmioii rpajmenT
KOHHNEHTpauWi BOIM3HM pEaKNUOHHON IOBEPXHOCTH.

BrisipnenHas cxema mepeHoca BemecTBa B Iponecce ra-
BUQUKANNN HJIN TOPeHUS TBEPAOTo TONIMBA OYeHb XOPOLIO
IMOATBEPsKAeHA HAmUMM HaOJIOIEHUAMH M KHHOCHEMKON HA
BOIAHOU MOJeJIH,

Ha rpanune typOysneHTHOro moToka €o CTeHKOIl Oblia
IOMEeIeHa Hacajka M3 CTeRJIAHHOW BAThl, IO CBOEMY 3ajiera-
HUI0 HATIOMUHAIOMAA MOPHCTHIA CIO0H 30JB HA MOBEPXHOCTH
TominBa. Bata cosmaBana B cBOMX mopax 3acTONHHBIN CIIOM
BOIBLI. J3aCHATHIT IBETHOMH GuUABM HATIAJHO MOKA3BIBAET
OvicTpoe pacmpocrpaHeHme Kpacknm TypOYIEHTHBIM ITOTOKOM
B HampaBlICHUH, HOPMaJbHOM K JIBHJKEHHIO TIOTOKA, M B TO
K€ BpeMs OYeHb MeJJIEHHOE pacnpoCTpaHeHNme KPacKH B I'pa-
HANAX HAacaJKkH M3 CTEKJIAHHHBIX BOJIOKOH.

CKOpPOCTH pacmpocTpaHeHNA KPAaCKH B IOTOKE B HOPMaJlb-
HOM HalpapjIeHNA K ero ocu Oosbllle CKOPOCTH pacIpocTpa-
HeHHA B crerysiHHOM Bate B 100 ¢ jmmuuM pas.

Vexomsa m3 Beelt CyMMBI MMEIOIMHUXCHA OMBITHEIX JTAHHBIX,
MBI IIPHLIJIN K CJIeJlyIomeN cXemMe mepeHoca BemecTs, KOTopas
MOsKeT OBITH TOJIOKEHA B OCHOBY QHAJMTHYECKHX WCCJIEI0Ba-
HUH mponecca rasuUKamul M TrOpeHHs TONJNBA B CJIOE
IpH 3aJaHHBIX YCJIOBHUAX.

1. Houneurpanua peareHToB mo cedenmio TypOyaeHTHOro
razoBoro mMOTOKa B CJioe MOjKeT OBITH MPHMHATA MOCTOAHHOM
BIIpefeaax oT meHTpa mOTOKA MO0 BepXHed rpaHuansl auddy-
3MOHHOTO CJIOMA,

2. Buonne 3axkoHOMepHO [UIsi ciydasi rOpeHHA WM Tash-
puKamum TOmMBA B CJI0€ OTHECTH BeCh Iepenaj KOHIeHTpa-
LM K TOHKOMY 1uddysnoEHOMY €010 Yy caMoil peaknnmoHHOI
IIOBEPXHOCTH, KOTOPHIM pPEAreHTH I POXONAT IIPH IIOMOIIH
MOJIeKYIApHOM AuPPy3Hn.
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3. YCIOBHO HPHHAMAA, YTO PEAareHT A TeTepPOreHHOTro
mpomecca He pacxofyercsa B RHGGY3HMOHHOM CJi0e, MOKHO,
AIA yOPOIEHHA pacyera, CYNTATH IPAJINCHT KOHIEHTPAINH
IIOCTOAHHBIM B JAHHOM CEYEHHUH [0 Tojmuue Auddy3noHHoro
CJIOA.

4. UroOmr yuecTh BiAmAHME cremuuKm mpomecca mepenoca
B Judy3snoHHOM €10 Ha TOopsImei IIOBEPXHOCTH TBEPIOTO
TOINIUBA (CTePaHOBCKMIT MMOTOK), sKeyaTeIbHO GPaTh KOHKpeT-
HEIC BEJIMYMHEL KO3(YPUIMEHTOB NUPPys3Hnu N3 ONBITHHIX jlal-
HBIX IO TOPEHHIO.

Hasi BeisiBIeHnss mapamerpos, OHpeleNsomux BLICOTY
AKTHBHOI 30HLI Ta30TeHEPATOPOB, NPOBOIHM AHAINTHUECKOE
uccaenosanne mpounecca razoo0dpasoBaHWMH B CJI0e TOMJINBA.
Omno Gasupyerca Ha BRIABIEHHOM MeXaHN3Me MIePEHOCA BEMeCTR
IpU ra3gnuUKAnNN B Clloe, Ha XMMHYECKOil cXeMe ra3oolpaso-
BaHUA M TPAaHUYHBIX YCJIOBHAX, BBRITCKAIMUX U3 (H3UKO-
XHMUYCCKOM CymHOCTH Tpomecca. HKpome Toro, mMexanmam
IepeHoca HEeNpeMEeHHO CBA3BIBACTCA ¢ TreOMETPHICCKNM pacs
IIOJIOKeHIEeM MeCT NMPOTEeKaHWs peaknyili B cjioe.

Honaraey, 9to KoHneHTpanmu peareHtoB B TypGy/IeHTHOM
noroke OyyT NOCTOAHHEIMU TI0 CEUCHMIO, HO MEeHSIONMMMHNCH
C  pacCToAHMEM OT IJIOCKOCTH II0jiBOjla  JIYThSI, B CBA3M
¢ TeueHumeM pearumii. [ momyueHuMA pemeHus, IpPUrOJHOrO
R HMCHOJB30BAHWIO B J100BIX 00JaCTAX TeueHWs Iporecca,
ROHICHTPANMA  pPEAreHTOB HA PEAKIMOHHOI  IOBePXHOCTH
CYMTACTCA HEM3BECTHOI M Jo/iKHA OBITH ompejescna. Hon-
LEHTpanuA Ha MHOBEPXHOCTH TaK/KEe II€PeMEHHA IO TOIINHE
cros. Yro RacaetcAa pacmosIOMKEHMA MeCT TPOTEKAHMS IeTe-
POrCHHEIX pearknmii (mepudepus KycKoB WJIM  BCSA  Macca
KYCKOB), TO JIIfl BBIACHEHWS HTOrO BOIpOCAa HAMHM OBbLIa
IpoBe/ieHa HKenepuyMenTaabias pabora, MaioKeHHas B pas;le-
ae VII, xoropas nokasasia, 4o TeyeHne peakumit rasmduran
B YCJAOBMAX  TPAHCIIOPTHBIX Ta30rCHEPATOPOB  ITPOMCXONT
B mepu@epuiiHBIX YacTAX KYCKOB TOILTHBA.

Xnmmyeckas cxevma rasoo0pasoBaHus  TpegycMaTPHBACT
napaJuiesibHoe odpasopanme CO, u CO B RMCJTOPOIHOIT 30HEe.
Boceranosiienne CO, 1mpouexojuT mpemMyinecTseiio B 30mce
BOCCTAHOBICH M.

Rommuectso mpopearnpopasinero seiiecTsa Ha monepxHOCTH
9JeMeHTapHOro o0beMa €105, HAXOJAINIEr0Cs HA DPACCTOAHNN L
OT IIOCKOCTH MO/BOJA JYTHbf, B eJIMHUIY BpeMeHn Oyjer:
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b. F. k. c,. dx.
IT0 KOIMYECTBO JOCTABJIACTCH IIyTeM mddysun
DbF (¢y — ¢) dz:
)
CJIeJ0BATEJIBHO,
DbF (¢ — ¢)-dz
3 = — bFkec,dz,
OTKYJIa
De -
Cﬂ — m . (10-— 13)

RoamuectBo mossesiennoro pearenra ® cevenmio xr, Ipn

TIOMOIIN BRI Y7K/ICHHOTO KOHBEKTHBHOTO TIePeHOCa, B eMHHIY
BpemeHn Oyjier:

VFEme (z).

Kosmuecrno memspacxomosannoro pearenta B cJoe F.dx
M BBINEIIICr0 U3 HEro B ceueHuu (z + dz):

VFEme (z + dz).
NapacxonoBano B ciioe Fdz:

VFme (x) — VFme (z + dz) ~ VFmde:

}

cJ1eJI0BaTe1bHO,
VFmde — DbF (gﬂ —°) gz

Ho, cormacno (10—15),

. De .

07 D38k
CJI€JI0BATEJILHO,

De
VEmde = ; dzx.

ITpeoGpasoBriBas, momywaem ocmoBHOE rmngdepeHnnanbHoe
ypaBHeHHe:

dc . bDk
&= " (10—16)




Henonsayem momyuennoe auddepennmaibmoe ypaBHeHHe
ULl YCTAHOBJICHHUS BBICOTHI KHMCJIOPOAHOIT sounl. Kuemopox
S/1eCh PACXO/1yeTcs IO JIBYM COBMECTHO IPOTEKAIONITM PeaKIiaAM
¢ KoHCTaHTaMu kco u kco,.

dz [ (D + 8kgo) Vi ¥ (D + 8kgo,) Vm] ¢ (10—17)
de bD ko Jr"G»:l'. |
dz = m [D T 8ko T D F kg, ] 6. (10—18)

Pacunpenenenne wommemrpanwmis KHCJOpoga
IO BRICOTe AKTHBHOII 30HH B Juddysmonnoii obnacru:

de o _"EED "
de = = Vms
OTKYJIa
bD

— m———
¢c= B.e Vmd

IIpn =0, ¢ =¢,; caenosarensno,

hD %
C —- cue V?ﬂa ;

U
¢ = ¢ e~ Mx,

Pacnpenenenne roumentpanmii KHCJIOPO/IA B ITPOME;KYTOY -
HOIf o0jlacTm HaiijleTcA MHTEr pMpoBaHUeM (10—18):

de bD kco ‘I‘CO.
S [T + <£;+ Skeo T e 35—00,) d‘”] =

bD ( kco ko,
Vi \D +8kco ' D + 8kgq,

bD koo kco
Ine= A — ( — =L —) x
Vm D + 3k W D + 0kco, '

bD koo kco,
4= Vm = el L
o= D+3kgq. D+6=If(;0' ’

= lne -}

):z:'z A.

nJjin

_ D ( kco 4 Dy )x
c=PRBe '™ D43k D‘i'skCO.
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[Ipn z =0, ¢ =¢,; caegosarensHoO, ¢y = Be = B; nmeem
OKOHYATEJBHO!

bD kco "co.
T Vm k + k o
o=ty itee  Pdee |, (10=21)
nian, B olmem Buje,
¢ = ¢ e M's,

Pacuopenenenne koummemrtpanmii KHucJopojaa
B RUHeTHYeCKONH obOmacru. M3 ypasmenua (10—17)
IOJIy4aeM:

bk bk
de [ co % *co, ] ..
35‘00 bkco,

ITpubnmskenue K Kunermueckoit o6iacTu XapaKTepu3yeTcs

ke k
OecKOHEUHEIM yr«rem;mmmom%} n E}U‘; II09TOMY
de b
dz = — Vo Fco + ko )L (10—20)

AHAQJIOTMMHO TpefBIIyIeMY, WMHTerpupys M OpuHIMas
T€ jKe IPDaHMYHBIC YCJIOBHS, MMeeM:
- —b— (kco+kco,) =
=g, YM B (10—23)
lnmes: pacnipenenenne ROHIIEHTpanUii KNCJIOpojia MO BEICOTE
CJI0A  TONJIMBA, HAXOANM pa3Mephl KUCJOPO/HE X
30H B pasiauuyHBIX 00/acTsX,
a) masa puddysvonnoit obmactn

b D .
a——t — Vms -

Jaorapugmupyem:
I =] e 2 3
Y= 0% T ms
OTRY/1a
Ine,—Inc,)Vmd
P= ( 9 iD k) - (10——24)
. 1 é
Tkl l45¢9 [—- 17




JJ1s BO3AYIIHOTO JyThA MOKHO NPHHATE

Co

o =0 4

TOrjaa

In0,18 ¥V
Z = — i (10—11)

6) Has mpomeskyTouHoil 061acT M3 ypaBHeHM (10—21),
npousseisa noaobusle JeiicTBUA, TOTyuacM
(Iney — In ¢p) Vm

D +3kco ' D + dkgo,

=

Wian, anamornino ypasuenuio (10—11) jas  BosaymmOro
Ly Ths,
In0,1Vm
r= — — ’ . 10—26
< ;f(;_() A-{:O. ( )
D+ 8kgo | D+ ke,

B) Jlna wumermueckoii obnactw, COOTBETCTBEHHO, MMeeM:

(Iney —In cp) Vm
b(kco + keo,)

(10— 30)

4
In0,1Vm

z = :
b(kco + kcop,)

(10—29)

Paamep somm BoccraHOBaeHMs HaxoguMm amajio-
IMYHBIM CIOCOOOM, MCIOJIB3YA OCHOBHOE mmpdepennnansuoe
ypasrenue (10—16). Oxonuarensnniii pesyasrar Tanon:

a) aa muddysnonnoir obaactu

(Ineg, —1In s, Vmﬁz—

Loy = D, (10—43)
6) Ili1s mpomeskyTounoii oGmactu
I —1 D doko) V.
P (Iney —Ineg ) (Dy + 85ky) m_' (10——46)

D, ky
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B) [lua Kunermueckoii obiacTm

(Iney —Ine, )Vm

0 (10—49)

&22=

Paamep axktuBHOii 30HBI
H=gz -+ 2,

a) Ilpum mporeranum mporecca ropenuss B Jnddy3noHHOIL
ofilacTm M mporecca BOCCTAHOBIJICHHS — B ITPOMEKYTOUHOIT

(Incy—Ine,) Vmd n (Ineq —Ine, )(Dy+8,k,)Vm

H= bD b, k,

(10—51)

6) llpn mporekamum mpomnecca B audysnonnoii obiacTn
B IIpejeliax Beell aRTUBHOIT 30HEI

(Iney—1Ine,) Vms L+ (Iney —Ine,)Vms,

H= bD vD,

(10—52)
B) llpn mporeranmu mponecca ropennsi 8 anddy3uonnoii
001a¢TH M Hporecca BOCCTAHOBJICHMSA — B KHHETHYCCK Ol

(Incy—Ine,) Vmd (Incy —In Cp,) Vm

H = bD £ bk,

. (10—53)

r) Ilpm mporexamum Bcero mpomecca B aKTHBHOIM 30HE
B IpOMC;KyTOYHOIT ob/acTu
(Ineg—Ine,) Vmm (Ineg —In cp,) (Do + 85ko) Vim
( kco . keo, ) bD, ke,
D+8kco ~ D+3kco, - (10—54)
1) Ilpn mporexanum mponecca ropennsa B IIPOMEH{ Y TOYHOIT
objiactu, a Impomecca BOCCTAHOBJICHMA — B KHHETHYECKOIT

H =

H— (Incy—1Ine,) Vm (In¢y —In ep,) Vm
D( koo i kco, ) bk,
D+8kco D + 8k, (10-—55)

e) Ilpn mporerkannu npomecca ropeHMs M IIpoliecca Boc-
CTAHOBJICHUSI B KHHETHYECKOII oOiacTm

(Incy —1Ine,)Vm (Ineg, —1Ine, )Vm

H = b(kco + kgo)) b,

. (10—56)
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VI

I3 npupenennoro amaamtmueckoro MCCJICIOBAHUA B/ {HEI
OCHOBHEIC ITADAMETPEI, ONpENe/IAIONME  BHICOTY aKTHBHOL
SOHLI I'a30I€HCPATOPOB B  PA3JIMYHEIX YCIOBHAX I POTEe KAH M
npounecca rasupurammn. OJHUM W3 BayKHCIIIHY ITapaMeTpoB
ABJACTCA yJe/bHas cBOOOJHAA MOBEPXHOCTH CIOS — b,

Haa onpejesenus ROHKPCTHBIX 3HAYCHUIT 3TOI BeJIMYNMHEL
W KO9()puIHCHTa TIOPO3HOCTH MEI ITPOBE/IN dKCIICPUMCHTAILH Y0
I TeopeTnyeckylo paGory 1mo ocoboii MetommKe.

PaGorer mo samepy Beamunu HOBEPXHOCTH TOIJINBA B 3a-
CBIIKE NPON3BeIeH ! ciiey ommM nyTeMm. Croii Tommupa ¢ ompe-
ACJICHHBIM CpPelHNM JHMaMETPOM YacTHI[ 3aJIHBAJICSH Oennim,
TBEPJICIOINM 110 OXJIa3IeHUH COCTABOM, B pesyubrate wero
HOJIYHaJICs CACHOR €10 UHIMHIPIYECKOiT hOPMBL. Hopmans-
HO K OCH CJellka JeJlalich Cpe3bl, Ha KOTOPHIX 3aMepsaIcHA
CyMMapHbli cBOOOAHBILT HEepUMeTp wacTHIL YIVIsA, KOTOPBIU
OPHI ragn@ueamiy  CONPHKACACTCA € Ta30BBIM ITOTOKOM.
B onuom cpese 6ui10 o1 15—20 no 140 gactuu., Cpesos 6nu1o
123. Ilosepxmocts 3acnimim, COOTBETCTBOBABUIYIO JIaHHOMY
CEUCHHIO, OmpeJCHAJN, HCXOAA N3 BeIUYNHEL CYMMapHOro
cBoboaHoro nepumerpa P u TOIIIMHLL dJIeMeHTapHoOro obnema

ci1ol — dz, xak Pdzr. Benmunna dlieMeHTapHOro obnema —
Fdx; cnemoparensno, ) = —j—;

[Ipsavoom samepamn o6Ha pyKeHO 3aMEYATEIBHOE 1T1OCTONH-
CTBO b mo rayGuHe 3achHIKH JUIA TaHHOIO pasMepa Kyckos.
Cpennsas  pesmunua ce womeGamach B npexpesiax 6—79,,
B pearux ciayvasx gocturas 109,

3a CPeinMil guaMeTp KycKa ToNIIBa TaHHol (pakmmn
IPUHATO Cpennee apupmeTnyeckoe 3 pasMepoB sueck CHUT,
COOTBETCTBYIOIMX BTOM pPEAKIMH, YTO BHOCUT 66abmyIo
OHPCACJICHHOCTE B MOJIyYaeMble IHQPHI, YeM Bce HHBIE, npu-
HIMAEeMbIC pa3;INMIHBIMI aBTOPAMH YCJIOBHOCTH.

Bemmanmunt ynensnoit esofonnoii IOBEPXHOCTH JAPEBEeCHOro
YINIL B 3aCBIIKE, COOTBETCTBYIONUE DPa3IHUHBIM  €PEHIIM
AnmamMeTpaM KyCKOB, IpHuBegeHnl B Taba, 1.

Briasrennasn mamm w npencrasmennas n I PUBC/ICHHOIT
Beille TabJimite 3aBHCUMOCTE b — f (d) XOpOoIIO Y KJIa/ILIBACTCHA
B ITPOCTOE BBIpayieHMC

b=1,2>, (11—15)
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Ta6anmma 1

Cpenanit pas-
CpeHni pasmep _ =
‘IEIJ;TT}::.[IYI‘]:IH, MM b, MM ﬁ;ﬂr%;-ai;{'r:ﬂ b, M¥m
|
5] 000 39 108
10 350 40 96
15 249 | 45 86
20 187 o0 e
20 149 00 71
30 125 = —
nHJin
b.d = 3,717. (11—16)

[Iponsseenne ¢cBoGOHOIT y/e/bHOIT IIOBEPXHOCTH TOILIMBA
B 3achiIKe Ha CpejlHMii imamMeTp ecTh BEJIMYMHA ITOCTOAHHAS
u pasHaa aas japesecuoro yras 3,77. Ilpu moapzosanmum

dopmynamu (11—15) u (11—16) B npe;xe:lix AUaMETPOB OT

15 no 50 MM morpemHocTh cocraBiser -+ 29. )
CpepHN AMaMeTp KYyCKa 3aChIIKH, COCTOAIMUN M3 pAna
parnuii, OHpeNesNTCA M3 BHIPAKEHHA:
g _Vibidi+Vobydy ..+ V, b, d, SV b.d
cp —

— =~ (11—17)
Voby+Voby 4+ . o +¥, b LV.b, (

Rosddunuent moposmoctn m 3achmkm n3 J(PEBECHOro
yIJIs, OIpejesIeHHBI HaMHI JUIS Pas3iHYHbBIX Pppaxnumii myrem
3aJIMBKH MCKKYCKOBOIO IIPOCTpPAaHCTBA BOJOI, OKAa3alcs
paBHLIM B cpexneM 0,45 npn gnaMeTpax KyCKoB oT 8 110 48 mm.
IlorpemsocTe atnx 3amepon koiebamacs or 1 go 39,.

Broime 6110 yraszano, 9to ray6ina NIpoHHKHOBCHHS peak-
LI B IOPUCTYIO yIVIEPOLHYIO MACCy KyCka TOIIUBA sBJIsET-
CA HaJEe;KHBIM IIPU3HAKOM JIJIs1 BBLISICHCHHA YCIIOBHII, B KOTO-
peIX mporerxaer mpouecc. Pabora, mocraBiieHHas ¢ IeJIbIO
BBRISICHEHIs Ii1yONHBI NPOHNKHOBEHNA PEakINN B KOHKPETHRIX
CAyd9asX HPOMBIINIEHHOH ra3u@urammi, He TOJILKO Aaer
KPHUTEPUU JUIA OTHECEHHA YCJIOBMIl HNPOTCKAHUSA IPOLECCOB

! Haunennoe namn Gespasmepnoe supazkenne bd xopomo otoGpa-
PKAGT CTeneHH pasBHTOCTH IMOBEPXHOCTH M MOJKET ObIThL HA3ZBAHO
KOapPHuINEHTOM 1OBEPXHOCTH CJI0H,
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K TOM WM HHOIl 06JaCTH, HO W BHIABISET reoMeTpHuuecKoe
PACIIO/IOKeHIE MECT TeYeHHA HTHX PEAKIWil B CiIoe JUISA Tpo-
MEIIVICHHBIX anmaparos.

SHAHHe MecTa HpoTeKaHuA Peaknmmm 1mo3BoisgeT ompe-
ACJHTB TlapaMeTp, Ha KOTOPHIL caeayer OPHUCHTHPOBATHLCH
IpH pacyetax, OyJer M 9TO HOBEPXHOCTH TONIINBA B Kamepe
win ero obzeM. B mepsom cayuae IIPONBBOMMUTEILHOCTE Aall-
mapara jioq;Ha ObITH TPOmOPIITONaThia YACIBHOII ¢BOOONHOI
MOBEPXHOCTI TONINBA, BO BTOPOM CIydYae — ero oOBemy.

Iast mecaeopanus oron paauck mpoOnl TOIINBA 3 AKTHB-
HOIl 30HBI TPAaHCIIOPTHEHIX ragoreneparopos (I-19, H6wmepr,
YHUNUMD-21 u 23). Iponece rasnuranuny B aKTHBHOIT 30He
OTIIX Ta30TeHEpaTOPOB NPOTEKAET HA JAPEBECHOM yrie, KoTo-
PBIif, B cuay cBoeii mopucTocTr u MHOTOUHCJICHHOCTH MHKPO-
TPCIIHH, SABIACTCA XOPOIWINM HTaJ0HOM IS CYIKIEHNS O 11y~
Onne wuponmkmoBenng.

C mepugepniinnix vacrei KRYCKOB yIJIsI, BRIHYTHIX U3 1a3o-
remeparopa, cockpebainchk MoCaeIoBaATEIBHO YeThlpe CJ10s
TOIZIMBHON Macest, TommuHoit 0,1—0,3 mm. I pHYeM OJHOBpe-
MCHHO 3aMepsAach HOBEPXHOCTE, ¢ KOTOPOIl CHUMAIICE cion,
H X 06LEM.]]pH]HﬂqHCHEHHH'PpeﬂHeﬁ TOJIMMHBL cOocKpebae-
MOTO  CJIOA yunThIBaJICA Koa(puument ysenuyenusg o6mnema
APEBCCHOTO yrisl IpH ero H3MeJbYeHNH, HaileHHBII HaMi
ONBITHBEIM ITyTeM,

Cockpefaemas macca mza ma amanns JUIA onpejiesienns
30abHOCTH. [[71A ¢ paBHUTENbHOI ONEHKI NOJNYYEeHHBIX JTaHHLIX
OHPEACIANACE 30/BHOCTE HE TOJIBKO YeTHIpeX nepugepuitHpIX
CJIOEB, HO M COOTBETCTBYIOMHNX NEHTPAJBHBIX YaCTeli KYCROB
yrasa. Xojx KpuBoit Hapacrtanus IPOTEHTA BOJBI OT LEHTPAJb-
HEIX MacTell Kycka K mepudepun XaparkTepH3oBajl pasingyunie
YHACTRN KyCKa TONVIMBA B OTHOIIGHUH TIiyGHHE I POHNKHO-
BEHUA pearmum, '

Pesynbrarer mposenennoii paGotit m xox pnrameemmii 1A
RICJIOPOAHOI 30HH ycTaHOoBEM Y HUUMD-23 BUJHBI U3 pac-
cMorpenus raba. 2,

Haxe Ges upmsenenma umeromerocs rpagmueckoro ma-
Tépuajza scHO, YTO OCHOBHAA Macca BemECTD pearmpyer
B MEPHPEPUITHBIX YaCTAX KyCKa. IIpnmepno ¢ roy6nnm wpo-
HIKHOBCHUA B yIVIEPOAHYIO Maccy KYCKAa TOIJIHBA, BISTOrO
I3 30HEl ropennsa oromo 0,03 cM, ycraHaBiuBaeTcs mouTH
MOCTOAHHEBIL MPONEHT 30JIK JI0 LEHTPAa KyCKa.
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Tabanma 2
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Takaa Maznag roy6uHa UpOHNMKHOBEHNS, HECOMHEHHO,
CBHJIETEILCTBYET O OBICTPOM pacxomoBaHUM KHCJIOpoaa Ha
XUMHYECKYI0 PEAKIHUI0 B TeYeHME BeCchbMa MAajloro MyTH ero
TPAHCIOPTHPOBAHMA IO OpPaM; rpajuent dc/dr okassBaeTcs
o4eHk Oounbmoii Benmunnoii. IlpuBegennnii MaTepuas rOBOPHUT
06 ycaoBuAX, KOrja IpoTekaHWe Ipouecca npubinmkaercs
K qudysuonnoii obaactu. Ckopocts mponecca JNMHATHPYETCHA
IIEpeHOCOM BemecTsa, moTpedeHne KOTOporo Ha XUMHIECKY IO
peaknuio coBepuiaeTcs 0YeHb OBICTPO.

Hexoroprie pesynnratel mcciemoBanms mo BoccTaHOBH-
TEJIbHOU 30HE IpuBejgeHs B Tabm. 3.

Tabanumga 3
R - I'ny6 - |

"ors ersn | monenun peanmun,| TIPOUCKT soi

CM (x) )

g ggg 44,3

2 0 12,2

3 0,062 7,8

4 0,087 5,8

5 0,600 3,9

1 0,007 59,3

2 0,025 92,7

3 0,045 10,0

4 0,062 T3

5 0,600 3,9

WnMerommuiica uccaenoBaTenseruin MaTepuaJ mo 30HE BOC-
CTAHOBJICHHSI BO B3ATHIX YCJIOBHAX CBHAETE/IBLCTBYET O TOM,
UTO OCHOBHAs Macca IPONECCOB BOCCTAHOBJIGHMS TPOTEKAET
B TOHKOM IlepuepuiuHOM cjoe, TOAmuHOII oxoxo 0,6 Mwm,
W b HeOOonbIIasg 9acTh peareHTa NPOHMKACT JI0 Ii1yGHHEL
B 1 Mwm.

Manas ray6nra npoHNKHOBeHHMA yKasbBaeT Ha Gonpmyio
CKOPOCTh MOTPeOJICHNA BemecTs Ha Peakiyiio, 110 CPaBHEHUIO
C X HEpeHocoM, M OOJBUIYI0 BeJMYMHY IpajiieHTa KOHIEH-
Tpalniu, a CJIeJloBaTeJIbHO M Ha 3HaYNTebHOE NpuOIIKeHNe
K jauddysnonnoir obaacrtn.

IlopnanmMomy, B 30He BOCCTAHOBIEHHS TPAHCIOPTHOTO
ragoresepatopa IMpomecc TakKe JIHMHTHPYETCSA IEepPeHOCOoM
BemecTBa, a He CKOPOCTBIO TEYCHHS XHMHYECKOHU peaKIuH.
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HpoMe BBIIBIIEHHBIX, HMEIOTCA M JpyrHe NpH3HaAKU, yKa-
3eIBalOlHe HA 3HAaYUTe/IbHOe mpubiamKeHune TIPOTEKaAHUHA
mporecca B aKTHBHOM 30He, B (OpPCHPOBAHHBIX YCIOBHAX
TPAaHCIOPTHOrO rasoreneparopa, K auddysmonnon obmactm,

OO aTOM rOBOpPHT M BHJI CPE30B yTilell, KOTopble Mbl Gpasn
13 aKTHBHOM 30HBI; TOHKasg nepudepuitHasg 4acTh 3aMETHO
OTJINYACTCS 1O CBOEMY OTTEHKY OT OCHOBHOI IJIOIAAM ce-
geHusg KyCKa.

06 aTOM 7Ke CBHACTEIBCTBYIOT M HAIIN BU3yaabHble Hal110-
JICHUA BOOPY’KEHHBIM IVIa30M M MHUKPOKHMHOCHEMKa objacTtu
IOTpaHNYHOTO CJI0fA HA ropsamei mosepxHoct romjnsa. Ha-
KOHEIL, 9TO MOATBEPIKAALT N JIerKasd N pucrnocol.11eMoCTh TpaHe-
HOPTHOI0 TrasoreHepaTopa K pasiInYHLEIM HAarpyskaM.

'agnpuranmsa B TPaHCHOPTHLIX razoreHepatopax HMeer
csou ocobennoctn. Hawk m3BecTHO, mporece razupurannn
B THX MajorabapHTHLIX anmapaTtax HPOTEKAaeT 09eHbh MHTEeH-
cnpro. Ilpumenenne mosbimeHHBIX (OPCHPOBOK AHKTYeETCSA
HeoOxoauMocThIo obecnedenus Xopolueii mpucnocobiseMocTn
razoreHepaTopoB K ICpeMCeHHOMY peskuMy paboTel MoTOpa.
Yrazanusle 0COOGHHOCTH CO3JA0T YCJIOBHA, B KOTOPHIX
TeueHne npoiecca raznurannu npudamraeresa K anddysnon-
Hoit obsacTi, 9TO HMOKa3aHO HAMH B IPEABIYINEM pasjiede.
IlapameTrpsl, OT KOTOpPBIX 3aBHCHT BBICOTA AKTHBHOI 30HEI
B pasbnpaemMoM cjiydae, BHJHBEI N3 CJEAYIOMEro BBHIPaKCHIA:

H— (Iney—1Ine,) V.m.3 i (Incy, —1Ine, ) V.m. E;i
= bD VD,

Cp M Cp — HAUAJBHAS M KOHEUHAs KOHIEHTpanus KHCJI0pPojia
B MOTOKe II0 KHCJIOPOAHOIT 30He, MOJI/cM?;
M Cp, — HauasbHasg M KoHeunas Kounentpanms CO, B 10-
TOKC II0 BOCCTAHOBJICHHOI 30HE, MOJ/cm?;
J — cropocTh ra3oBOro Imoroka, cM/cer (cpemmnas Jeii-
CTBUTEJILHASA);
8 u 3, — rommmuaa AuGPy3nMOHHOr0 cJjOosT B KHCJIOPOIHOM
M BOCCTAHOBUTEJBHOII 30HAX, CM;
b nm U — yneapHasa cBobopHasg MOBEPXHOCTH CJIOsI TOILJIMBA,
em?/em?;
D n D, — roapdunuent mudpdysnmu, cm?/cex;
m — KoopPUIUEHT IIOPO3HOCTH CJIOA.
Ecam mpomece mporeKkaeT B OmpejieJIeHHOM —armapare,
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B IPUCYIIUX eMy VCJI0BHAX paboTH (CKOPOCTE IMOTOKA, TeMIle-
paTypel B ¢J10€, PO TOIVIMBA W JYTHA), TO M3 BHIPAKeHHHA
(10—52) BugHO, YTO OCHOBHEIM ITapaMeTpoM, OT KOTOPOTO
3aBUCUT BBHICOTA AKTUBHOII BOHEI, ABJfAETCA BejamuuHa b,
B nmopobunix yciropuax mpubin’KeHHO MOKHO CUMTATh

(Iney —1Ine,) Vmd

B —— = 4 = const,
(Iney —Ine, ) Vmd, ’
Us D 4 — = B = const,
2
"
A B
= -+ 7

Ilpunumass Bo BHumanue, uro b u b Oauskm  Mesay
co0oif, nmeem:

Hb = A+ B= N = const. (13—3)

Ilpn mpounx paBHEIX YCJI0BHSAX ITPON3BEACHHC MUHUMAJIBLHO
HeoOXO/MMOIl 11 JlocTaTOYHOIT BHICOTHI cjos [ ma Beanmumny
yAe/bHoii ¢cBo00/IHOIT TTOBEPXHOCTH €CTH BEeJTMYMHA TTOCTOSAHHASM.

lIpunnmas Bo BHUMAHME YCTAHOBJICHHYIO HAMH 3aBHCHMOCTD

o TE
b=1,2—+, (11—15)
HaXOJMM COOTHOLICHHE MCIK/AY CpPeJHHM JUaMEeTPOM YacTHIL

VIVIA B €J10¢ M MUHMMAJBHO HEOOXOAMMOII BBICOTOII aAKTHBHOIL
30HEL H:

12n. H
| —a =4
HJLI
H = Md, (13—4)
rjae A/ — woodpunmenr, pasusiit M = i fﬂ ;

Briesiennas 3aronoMepHoeTs yxaseiBaer Ha TO, yTo MOpH
IPOYMX  HCHBMCHHBIX ITapaMerpax rasoreHepaTopHoro IIpo-
HeCCa, MMCCTCH ITPAMAA IIPOIOPIHOHAIBIOCTE MEIRJLY cpe/IHUM
JAMAMETPOM KYCKa B ¢/JI0e M BBICOTOH aKTUBHOIT 30nHbl f1.

Houkpernple BeaMYMHBI aKTHBHBIX B0H Il HCKOTOPBIX
ciyuaen raguukanuy, B YCJAOBHAX TPAHCIIOPTHBIX I'a3ore-
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HepaTopoB, BuYHCIeHHHe mo gopmyne (10—62), npusenens
B MM.

B Ttabur.

Tabnwmua 4

CpenHsaa TeMnepatrypa 80HL TOPEHHA W S0HE
BOCCTAHORBJIEHHNA
Cpennuit nnamerp
9aCTHI[, MM

1600 n 1400 nn 1200 i
1400°C 1200°C 1000°C
J 28 40) 22
10 46 62 81
15 63 88 114
20 83 117 102
25 104 145 190
30 124 174 228
30 144 202 264
40 162 227 297
49 180 253 332
) 202 284 370
00 220 308 400

YIiI

1 Toro, 4To6nl mpoBepUTh pe3yabTaThH PAacdeTa BEICOTH
AKTUBHOM 30HBEI IO IpeJJI0:KeHHOMY METO[y ¥ YyCTaHOBHTH
3aBHCHMOCTBL BBICOTH @KTHBHOM 30HBI OT CpeJHEro jmaMerpa
YaCTHI[ TOIJINBA B 3acCHIIKe, HaMU OBIVIM IpOBeJleHBI COOTBET-
CTBylomue muccjaenosanma. bwila 3ampoekTupoBana, ua3ro-
TOBJIEHA M CMOHTHPOBaHa HKCIOEPUMEHTAIbHAA yCTaHOBKA,
cocToABIIasgA M3 TrasoreHeparopa, ILUICOTAEJUTENs, OXJiaju-
TeJiA Trasa M IOPUHIHEBOr0 KOMIIpeccopa.

l'azoreneparop mmen muaumppudeckyio Kamepy raszudgu-
Kaluu ¢ yCTaHOBJIEHHOI B Heil KOJOCHHKOBOM peIIeTKOil.
Ilocaennas cocrosna u3 CcBepHyTOil B CHMpaJb MEIHOIL
TpyOKH, 10 KOTOpOU HMpKyJuposaja Boga. ONBITH BEJHCH
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C OTKJIIOYEeHHHIM OyHKepoM, mpHYeM B 3TOM CJIy4ae TOILIHBO
pas3;Kurajgoch cBepxy, a rassl orcachiBasinck cundy. Ilo mepe
Xoa rasu@UKam CJI0H TOIJNBA YMEHBINAJCS, YTO JaBajio
BO3MOKHOCTE ITPOCIIEITE 34 KaYeCTBOM ra3a mpH pasiiMyHbIX
pasmMepax akTHBHBIX 30H M yCTAHOBHTH MHHHMAIBHO HE00X0-
AMMYI0 BeJIMYHHY aKTUBHOM 30HBI JI7IA 3aBepUICHUA MpoIecca.

B xkawecrse Tonimpa ymoTpebGisiica JpeBeCHBI yToib,
paccoprupoBaHHbll HA TP Pparmui: 5—7,7—10nm 10—17 mm.

I'az pna amanmsa orbGupancs mo TpyOke, oXiakmaemoii
BOMOIT. Ananuanl Opaaich Npi pasinyHbX BLICOTAX aKTHBHOI
30HBI M HO3BOIAJIN YCTAHOBITH MHHHMAaJBHO HeoOXOINMYIO
Ce BeJIMYNHY JUIS RajzKI0ro M3 Tpex pasMepoB CpEeaHero Jiu-
amerpa dactnin. O BBICOTe AKTHBHOII B30HBI, MUHHMAJBLHO
HEeOOXOINMOIL M JIOCTATOYHOIL JIJIf 3aBeplIeHNs IIpouecca,
MOKHO OBLIZTO CyanTh M 10 BU3yalbHLIM HaOIIOICHHUSM 3a
pareJaoM ITTAMCHM, BBIXOJANIM N3 razoorbopuoit TpyOKH.
Hauapuieeca ymenbpuieHme UIMHBL IJIAMEHNM TPH CHIZKEHHH
BBICOTHI 30HBI T'OBOPHJIO O IIepeXojie TpaHHibl MIHHIMAJILHO
HeoO XO/MMOil TOJAIHEL cjiofg. PasMepsl 30H IO JaHHBIM XH-
MHYeCKOI'0 aHaji3a H II0 BH3yaJbHBIM HaO/I0eHNAM IOYTH
COBIIAJIN,

B raGs. 5 wupuBegeHBl MHOHHMAJILHO Heo0XO[HMEIC
pasMepbl aKTNBHLIX 30H, COOTBETCTBYIONMX Pa3JIUIHBIM Cpej-
HUM JnaMeTrpaM KYCKOB JPeBeCHOro Yyrvisd,

Tabanmma 5

Cpenunit xnamerp Bricora avTungoi

JdCcTHID YrJfa, MM SO0HBI, CM
6.0 2.5—-3.0
8,9 4,0—4,5
13.5 7,0

Bricora akTHBHOIl 30HBI B HTHX YCJOBHAX (BO3JyIIHOE
AyThE, GOpPCHPOBAHHBLI PEKIM) OKa3aJIach paBHOM, IPHUMEPHO,
IATHKPaTHOMY JHaMEeTpPy 4YacTuIll, YTO XOPOILIO MOATBEPKIaeT
o0muii BHJ yCTAHOBJEHHOII 3aBHCHMOCTH:

H = Md.
28

Beananna M pnsa TpaHCOOPTHHIX ra3oreHEpaTopoB KO-
aebaercs or 5,5 po 8,0. Yem Bmime temmepaTypa mponecca
IpH IPOYNX paBHLIX yCJOBMAX, TeM MeHbIne peiquunna M,
Il cepuiiHbIX rasorenepatopoB apromMamuH 3TC-21 n
I’A3-42 ona papHa npuGJH3NUTEIBHO CeMH,

IIpoBereHHBIC OOBITH NOKAa3aJd, 4TO IPH OJHHAKOBBIX
CKOPOCTAX JyThJ I MHHNMaJIbHO HeoOXOJMMBIX pasMepax
AKTHBHEIX 30H ra3 moJjydascsa TeM Jiydlle, 4eM Melib4ye KyCKH
ronanBa. llpm mpounx pasHRIX yCIOBHSAX yMeHbUIIeHHE pa3-
MEpOoB YaCTHI[ B CJIOC BEJCT K YBEJINYCHUIO TCMIEpPaTyp CIIOA.

VIII

DBpimre 6611 BHIABICHE MapaMeTphl, ONpeaeAaionne BasK-
HCHINMM KOHCTPYKTHBHBII pasmMep rasoreHepatopa — BbI-
COTY AKTHBHOI 30HBI, & CJEIOBaTeJbHO M COOTBETCTBYIOIMIL
pasmep Kamepbl razu@urannm.

JpyruM BayKHbBIM KOHCTPYKTHUBHBEIM pasMepoM SIBIAETCHA
ceuenue Kamepnl rasnpurannn. Bennuwna miomajanm cedenmns
oraspiBaerT Ooablnoe BiANAHNE HA X0j mpomecca. Hamm Bpi-
sICHeHO, 4YTO ymorpeOiasgemoe uHorga ajias o0OCHOBaHNA pas-
MEpOB rasoreneparopa COOTHOIIEHHE MEHIy BBICOTOIl AKTHB-
HOIl 30HBI U €e JNaMEeTpPOM HBJIAETCA YNCTO I'eOMeTpPHuYecKnM
COOTHONICHIEM, HC YBA3AHHLIM ¢ (U3UKO-XHMIEIl Ipolecca,
IIpakTnueckn JJisg yCJIOBHI TPAHCTOPTHBIX T'a30TeHePaTopon
pasmep I[OIepevYHoro Ce4YeHus aKTHBHOM 30HLI HE 3aBHCHUT
OT €€ BBICOTHL.

Paamep momepednoro ced4eHmss JOJKEH OIPeACIATHCHA HAa
OCHOBe CJIeAYIONNX €000 paskeHnii.

1. ITo ycaoBmaM MaTepHalJbHOTO M TENJA0BOro o0OMeHa
B cjoe TomauBa tpedyercsa colaogenne TypOYJIEHTHOro pe-
JRIIMA 1a30BOro morowa npn awbeix orbopax rasa (HeoOxo-
anMmocTk runOkocrm  padore)). Jro Oyjer BBIIOJHEHO HPH
Re>50 ma MuHIManbHeIX OTOOpax.

2. Temneparypupie ycaopus JOJKHE 00eCHICUYNTH HHTEH-
cnBiOoe nporexkanue upomecca. Ilpm muTeHcHpurannu upo-
iecca neaecoobpaszno mnpumerenue OOJNBIHIHX  CROpOCTEH
ra3oBoro noroxa (ymensuienue cevennsa). MarcnMaiabHo J10-
MyCTUMBIC CKOPOCTH IIOTOKA JIMMHTHPYIOTCSA He (U3nKO-Xu-
MMYEeCKoii CTOPOHOII TIIponecca, a YyCJIOBUAMH HOPMaJbHOIO
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cxoma m comporubnenusa cnod. Hampsmwxennocts mpomecca g
Kr/mM? Wac wam kKaj/m? wac — ynobuas Mepa cremenm ero
HHTEeHCH(pUKAINH,

Hajinennrle mpaxTuyeckn Beamamun g xopouro otobpa-
JKAIOT COOMIONIeHNe YVCIORMIT BeaeHis npornecca B OTHOIICHUH
ero HHTeHCHQHUKANNH; I03TOMY AHAMETD KaMepnl MOKeT
ORITH IOACYNTAH IO BRIPAKEHMIO

T
D___Vl,.,?'(} _
q

Bruneykazanunimn  yemosusvyr — obmena, cobnonenns
AO/GRHBIX TEMIEPATY P, HOPMAJBLHOrO CX0/1a I COIPOTHBJICHUA
CJIOA  TOIJINBA — BIIOJIHG ONPeeIsIeTCs pasmep cedenuns
KaMepul rasuuxannu s rasorencparopa, paborawmero
Ha TOIJINBE, He BRIJICIAIEM CMOJ H KHCJIOT.

ITpi ynorpeGueunn couepsramux CMOJIY TONIINB HeoOXo-
AIMO coOrmioieHne JOMOJIHUTONbHLIX TpeboBannit, obecmeyn-
BaWINX TTONYYeHHE I'a3a ¢ MUHNMAJIbHBIM CMOJIOCOJIepsKanneM,
Kpome Toro, camas ROHCTPYRIMA KaMmeprl rasndurammmn
AOJZRHA TIPEJIOXPAHATE YIrollb OT CHIABHOTO MAMEIbYCHUS npu
TPACKe M VIAJATh MOAC BBEICOKNX TeMIeparyp, mo BO3MOK-
HOCTH, OT CTCHOK.

CaenyomunMu BasgHRIMMI KROHCTDYKTHBHBKIME IIapaMeTpaMi
ABIAIOTCA ceucHue GpypM M HX YHUCTO.

[Toswimenne ckopocTit razoBoro moroka B CJI0e TOIJINBAa
HOJIOKUTETBHO CRA3BIBACTCA HA TCUCHHM TIPOIECCOB razufn-
RALUI, HO MHOIJA BRI3LIBACT YXY/IICHHE ONYCKAHMA TOMIINBA
(IpH yMeHbIIeHNH CeyeHIs ramepsi). Iloseinenne ckopocru
AYTBA B ypMax He MOKET OTPHIATEIBHO CKA3ATLCA HA ony-
CRAHHI CJI0s1; K DTOMY mpmeMmy uacto npuberaor. Heckonbro
Bo3pociiee CONMPOTHBIICHUE KOMIIEHCHPYETCS XOpOoImuM Ka-
YE€CTBOM rasa Jlaske IpH - Majipix HArpyskax, T. e. Xopomieii
TPHCOOCOOJIEHHOCTBI0 K M3MEHEeHIO Harpya3Ki.

Peayasrarsr nposegennsix nami Habmonennii 3a peiicTBu-
eM OO0JIBIIOIN CROPOCTH AYThs, BBIXOJSINEr0 n3 ¢yp™m, maxo-
JUITCH B COOTBETCTBHH C  JaHHBIMH MHUKDOKHHOCLEMKH 06-
JAaCTH morpanudnoro ciaosa. Crkopocrn espme 20 M [cex B 3na-
UHTEJIBHOM Mepe 0CBOGOMKIAIT IOBEPXHOCTH  JIpeBeCHOI0
YINUL Jlaike OT 30JIbHOI 00O0JI0UKH MUKPOCKONHYCCKON TOJI-
munsl. Habmopenns moxasaam, uro npouecc y ¢ypMm mpu
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9TOM WMHTEHCHPHUHUPYETCA B TAKOH Mepe, YTO BO3JelicTBHe
JYyThA HA TOINIHBO MOKHO Ha3BATh (OTrHEBO peskoiiy. Hammn
¢gororpagun 3agUKCHPOBAIN MOMEHT, KOIJla KYCKH TOINIHBA
rak Obl paspesanrca AyTheM u3 (QypM.

[Tonobnoe peiicteue Gonbimoii ckOpocTH AYTHA M3 Gy pm
Co3jlaeT B HEMOCPEJCTBeHHOH OJau30CTH OT HMX Hporapsl
(B 20 — 50 MM, a mnorga u Gosee). CTpys AyThA 3 by pm
4acTO WJeT KaK OBl 0 KAHATIAM, TPOJIOFKEHHBIM CPeIi KYCKOB
TOIINBA. JTHM O0JIEr4aeTcs MPOHHKHOBEHHE JYThs B TOJILLY
CIIOA M XOpollee OIyCKaHHe TONJIMBA.

CyMmapnas miomagb cedeHns (ypM Ompejessercs npH-
HATBIMU CHOPOCTAMH JAYTHA M ero pacxogoM. AOCOmOTHDLIE
BeJIMYMHBL CKOpOCTeil Jieskat B rpammmnax 20—>50 M/cek Ha
10;1HOM HArpyske. Umceao gypm MoskeT MeHATHCS OT OJIHOIL
1o 0—10 1 ngame mo cmIOmHOI menn BOKPYr KaMepsl rasi-
purannm,

[Tonawa pyres wepes pag ¢ypm cosjaer paBHOMeE -
HBIIL OXBAT CEYCHHS KaMephl JyTheM I CIOCOOCTBYET Xopotuie-
My omycranmio Tonnusa. llojgaua pyTtea oxnoit ¢gypmoii (con-
JIOM) CO3J1aeT HepPaBHOMEPHOE JBM/KCHHE TI'azoBOro IMOTOKA
10 CeYEHHWI0 KaMephel rasuduranim,

Mur mpoBesnn psjy onpiTOB HA BOJSHOI MOIEII ¢ npo3pau-
HBIM  caoeMm. Ilpu Rex 500, uro COOTBETCTBYET YCJIOBHAM
TPAHCIOPTHOTO ra3oreHeparopa, OKpamIeHHbII ITOTOK, Bbi-
XOMAILMIT U3 OIHOI «pypMbly, HE PACHPOCTPAHAICH HA BCE
cevyenne,

HaGmopenna  u  ysenndennsa ¢ sacmstoro  guibma
IMOKA3BIBAIOT, YTO IepPeMCUInBAIOMECro ACHCTBHA CJIOM Hejl0-
CTATOMHO, 4TOOBI M3 OAHOI (ypPMBI IOJYYNTH PaBHOMEPHDII]
OXBAT TOTOKOM BCEro CeYeHus CJI0.

ARTHBHAA 30HA OJHO(YPMEHHOrO Ta3oreHcpaTopa 3aHii-
MaeT OamsieRAmMYI0 K (GypMe IEHTPAJBHYIO YacTh CJ104,
a IPHCTeHHBIE €TI0 YIACTKM ABIAIOTCS 3aCTOMHBIMI 00/1aCTAMM
it obsactamMm co ¢JabpiM  JIBIDKEHUCM IOTOKA.

Taxoe pacnonoskenue akTHBHOI 30HEI BEITOALO JUIA ra3n-
(pURAIII TOIVINBA, He COIEPKAILCIO CMOJI, OO XOPOIIO TeI10-
H30JLIpYeT 3Ty B30HY.

JIst copepiramux ¢MOMy TOINIMB TAKOE PACIIOIOKCHIIC
AKTHBHOI 30HLI HEJONMYCTHMO, Tak Kak Tpebyercs paBHO-
MepHOe JABHKEeHHEe JIYThsl IO BCEeMY CCUCHMIO ¢Jiof. B mocJiei-
HEM cjydae HeoOXOLHUMO NMpHMEHeHHEe HECKOJBKHX (ypM.
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IX

B obmewm caywae Gynrep Tpaucnoprroro razoreHeparopa
CAYZRUT MCCTOM pasMelieHns HeoOXoanMoro samaca TOIInBa,
ero mporpesa, MOACYIIKH I YaCTHYHO CYXOIl NeperoHki.

Hamn Onizo mposenieno ncceseobanne paGotsi Oynkepa
B OTHOLICHHH TONNIMBOIPHIOTOBJICHHA, KOTOPOe uMeer (OoJib-
Ioe 3navenye JJs razoreHeparopos obpamenHoro mpoiecca.
Onpitabie paGoThl BeANCh HA TIPOMBILIICHHEIX raszorenepa-
TOPHLIX YCTaHOBKaXx.

3a ToKazaTeNn CTCNCHH MHTCHCHBHOCTH pabornr OyHkrepa
O TOINIMBOIIPHTOTOBJICHMIO TPHHUMAJINCH: &) H3MEHCHIHE
IponenTa Lia;RHOCTH TONJIMBA MO TOJIHHE €JI0s1 B OymKepe
n 0) mpounentHoe cojiepiramme yriepoja.

PaGora cepniinpix rasoreneparoposn nporexasa B 0OBIYHBIX
YCJIOBHAX  DRCIVIOATAUMH HA CTAHapTHOM TOIINBE — Gepe-
SOBLIX 4ypRaxX, a ONBITHLIX Ta3oreHepaTopoB — Ha IOTY-
METPOBBIX CBIPBIX JIpOBaXx.

Nccenenosanue paGorst Gynkepa cepmiinoro oOpaimennoro
rasorenepatopa IOKasano, 4TO MPONECC CYIIKU ITPOTCKAET
MIABHLIM 00pa3oM B muKHell Tperi ero m, mo Mepe npuOsn-
REHNA K 1oscy ¢ypm, Bce Gosee muaTCHCH(HUUHPYETCA.

Bonpexy ciaosusmemycs Muennmio o ToMm, uTo 001aCTH
CYXOIl IeperonKyu 3annMacT 3HAYNTEABLHBIT 00HeM OyHKepa,
HecyieioBanne BLIABIIIO TEYCHIE 3TOr0 MpoIececa JMib B TOH-
ROM €J10€, TOJIMIHON OKOJIO ABYX ANaMCTPOB KYCKOB TOIJIIBA,
B Hemocpeacrsentoit Oauzoctn or maockoctit pypm. Ilosumi-
MOMY, TOCTYIVICHHE TemJia 4Yepe3 C¢J0il  TOImIMBa KpaiiHe
SATPYAHEHO OTCYTCTBHCM KOHBEKTHBHOIO HCPEHOCA B rasore-
neparopax pannoro tuma. O6orpes Tomimsa depes CTeHKY
Oynrepa cmocoGernyer Teuenmnio mporecca CYXO0Iil HeperoHku
B TOHROM I PHICTEHHOM €JIOE TOININBA TAK/Ke B CAMBIX HIZKHHX
yacTaAx OyHEKepa.

Ilposeiennas paGora Bmepnnie Jasa BO3MOKHOCTD omnpe-
ACJHTH T'PaHNIbl Pa3JIMYHLIX 30H B TPAHCHOPTHBIX Ta3oreHe-
patopax obpamennoro mpouecca. Kpome Toro, ycranosieno,
UTO B 9THX ra3oreneparopax BbIJICJICHIIE JIETYYHX MPOUCXOIMHT
34 OYCHB KOPOTKHI MPOMEKYTOK BpeMeHH, npumepuo 10 mu-
Hyr. Hamu mposeseno amasiormunoe mcciegopamnie paboTrl
Oynkepa ommiTHOro rasoremeparopa LIHUMMD ¢ ocoGo
HHTEHCU(UIHPOBAHHKIM TOIUIMBONPHUIOTOBJICHUEM. B 5TOM
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razorefepaTope MmMerwT MecTo oOpamennmpli M TPAMOIl Ipo-
neccw raznpurannu. ITponykrer obpanieHuoro mpomecca I
K ABUraTejio, a guandeckoe TCIJI0 OPOAYKTOB IPAMOIo Ipo-
necca LIIO0 HA MHTCHCHMUKANUIO TIporecca TOITHBONPHIO-
TopjicHus B Oynkepe, Tak Kak ynorped/isioch Chpoe TOIINBO
n3 cpeskecpyOaennon japesecnnnl. Mnandeckoe Tensgao0 rason
oOpamniennoro npomnecca na nojorpes Oymnkepa mne HCHOJb30-
pajnochb. BB arnx ycaonuax pabGora Oynkepa XxapawrTepnsona-
Jack TeM, 4To 00J1aCTh OTrOHKI JICTYUHX II TCYCHIA IPAMOIO
nponecca rasnpuranun Opia CoCpeoTouYCHa B CJI0C TOJIIH-
Hol orojgo 200 MM mHaj NJI0CKOCTHIO (GypMEHHOrO Tosca,
Paccroauna B 300—400 MM Obli10 locTaTodHo, uToOLI ITpocy-
T IOJEHO 10 HE3HAYHTEIBHOI BJIAZKHOCTIL.

Ilpnnnmass Bo BHnMaume, 4YTo JJIA CepHIHLIX ra3orexHe-
paropon o0JacTb AKTHBHOrO TONJMBONPHIOTOBIEHIIA TaK/Ke
HAXOANTCA B HizKHell dactu Oynkepa, 3anumasa ne Oosee
TpeTn cro odbeMa, MOKHO CJle/aTh BBIBOJ, 4TO pasmep OyH-
Kepa ONPEACISICTCs YCHAOBIAMIL HEe TOIIBONPHTOTOBICHIIS,
a oKcmjoaranuu, T. €. HeoOXOJAMMBIM - 3allacoM TOIIMBA,
ROTOpLIT JIOJRCH BMentaT, OyHkep, u rabapmraMi TpaHc-
IOPTHOIT MAUIMHLIL.

[loayuenunie Taknym obpaszom pasmepst Oynkepa, KOueuro,
MOJKIBL OBITH TIPOBEPEeHLl ¢ TOYKH 3PCHUA TOIJNBOIPITo-
TOBJICHIS.

[Iposejennnic onpTHLie padoTnl mpuBesdait Hac K o0OCHO-
BAHHIO KOHCTPYRILMIL rasoreHeparopa ¢ MHTeHCHHIIPOBAH-
HBIM TOINIHBOIPHIOTOBIEHHEM, rje IPARTHKRYEMBIl II cOBep-
IIEHHO HEe/KCJAATEebIbIL OTHEM TelJia 13 aKTHBHOII 30HLI Ha
NOJICYHIKY TomnBa B OyHKkepe 3aMeneH HCIIOJb30BaHICM
TemJla BHIXJONHBIX TA30B JABUraredss u (QuU3ndecKHM TeljioM
raszon, OTXoAAmUX n3 rasoreneparopa.! Taxkaa 3amena
TPYJAHA, HO 3aTO MHOroo0emamwma B OTHOLICHI Y BeJIIYenHst
K. II. J{. Iiporecca.

1 ABropckoe camjerensctBo Ne 85797 ot 9/VI 1950 r.




