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(71) KueBckuit TeXHONOrUYECKUA MHCTUTYT NK-

tWEeBOA NPOMBIILNEHHOCTHY

(72) A.C.MapueHiok, P.H.lycenHos u A.A.An-
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(54) PETYAAPHAS HACAAKA ANA TENNO-
MACCOOBMEHHbBIX NPOUECCOB

(57) N3obpeteHne OTHOCUTCR K KOHCTPYKUMAM
perynspHbix Hacaf0oK U NO3BONSET NOBLICUTL
adpdpexTneHoCcTs paboTw Hacaaku 3a cuer ynyy-
weHus ycnosuin GopmMnposaHus u apobneHus
xanens ¥ AONOAHUTENLHON TYPBYNN3aunmn KoH-
TaKkTUPYIOWNX NoTokos. Hacaaka cocTonT 13

BEpPTUKaNbHLIX ANCTOB 1 C NPOCHINHLIMU ¢

Tpex CTOpPOH oTeepcTuaMun 2 ¢ 3ybuatbimm
BEPXHUMMU Y HUKHUMMN KPASMWU U OTOFHYTHIMK
No BEPTUKaNbHOM CTOPOHE W3OTHYTHIMK no L-
obpasHo#n avHnu npocsinamun 3. 9 un,
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N30bpeTeHne OTHOCUTCA K KOHCTPYKLUN
perynapHbix Hacaaok, paboraowmx 8 annapa-
Tax C KanenbHO-NNEeHOMYHLIM TEeYEHUEM XUAKO-
CTW nNpu pa3pexeHmn n 6anskum «
aTMOCHEepHOMY AaBNEHWNIO U MOXET UCNONL3O-
BaTLCA ANA NpoBeAeHUs Tennomaccoobmen-
HbIX npoueccos aacopbuun, aucTuanauun n
pexTuouKauum B CUCTEMax ra3-XWAKOCTL,
npoueccax 3KCTPakuuu B CUCTEME XUA-
KOCTbL-XWAKOCTL, 8 TaKXKe Ang noineynasnu-
BaHUS U MOKPOA OYNCTKU ra30B B Pa3NnUUHLIX

oTpacnax NUWEeBot U XUMU4ECKOW ﬂpOMbluJ‘.

NEHHOCTW.

Liens n3o6peteHns — nosuiweHne adppex-
TUBHOCTW PaboTbl HacaakM 3a CHeT ynyulieHus
ycnosuit $OpMnpoBaHus n apobneHns kanens
n pononHuTensHon Typbynusaunmn KOHTaKTH-
pytowux NOTOKOB.

Ha ¢ur. 1-3 nokasaHu BuAb chepeaw,
ceepxy(pa3pes A-A Ha ¢ur. 1}u cboky Hacapku

c npaMuiMn 3ybbamn; Ha dur. 4 — ¢opma o1~
BEPCTUIA HACaAKW B TNCTE NPOCEYKU YAANEHD!; -

Ha ¢our. 5 n 6 — oTpenbHLIE ANCT N PpparMeHT
naxeTa Hacaaku B akCOHOMeTpuw; Ha ¢ur, 7 —
OTAEeNbLHOE OTBEPCTUE B INCTE HACAAKM C OTO-
THYTOW, HO eule He N30THYTON NPOCEUKOon, Npn-
‘'yem 3y6bR OTBEPCTUA W MNPOCEYKU UMEIOT
L-06pa3Hyio popmy; Ha ¢ur. 8 — npodunb L-06-
pa3Horo 3yba, ceveHue b-B Ha ¢ur. 7; Ha dur,
9 — oTAeNbHLIA NUCT U $parMeHT NakeTa Ha-
cankv ¢ 3ybeamm L-o6pasHon popmsi,

Hacagka COCTOUT 13 BEPTUKANbHLIX NC-

TOB 1 C NpPOCeYEeHHLIMUN C TPeX CTOPOH OTBEp-
cTUsIMN 2 ¢ 3y6uaTLiM1 BEPXHUMN U HUXKHUMKU
KPasMN 1 OTOFHYTHIMK NO BEPTUKANLHOW CTO-
pOHEe W30rHyTeiMK No Z-06pa3Hoi AMHwn npo-
ceukamu 3, xotopuie csBoumu cBoboaHLIMU
BEPTUKANLHLIMA KPassMU CONpAralTca ¢ Co-
ceaHumn nuctammn 4 Hacapkn. 3ybuatuie oT-
BEePCTUR PaACNONOXEHL BEPTUKANLHBLIMUN
psAaMn, 3ybua 1 BnaanHbl Kpaes 0TBEPCTUIA U
NpoceveKk PacnonoXeHu COOCHO.

PaccroaHune no BuICOTE MeXAy 0TBEpCTU-
MW B PSAE NPUHATO PaBHLIM BLICOTE OTBEp-
CTViA, B pedynbraTe 4ero GopmMa KOHTYpOB
OTBEPCTUA OANHAKOB3 C GOPMOIN KOHTYPOB
Yy4acTKOB TUCTOB MeXAy OTBEPCTUAMU U 0aAn-
HakoBa C $OpPMON KOHTYPOB NPOCEevYeK. A0 ux
narnbanms,

Ha ¢ur. 4 npeactasneH yvacTtoKk nucTa
Hacaakw ¢ 3ybuateiMn 0TBEPCTUAMU W yAaNEeH-
HbIMWU ANA HArNaAHOCTU npocevkamu, Ha aea
neBble OTBEPCTUA HAHECEHA NeBas WTPUXOB-
Ka, BEPTUKaNbHLIR y4aCTOK NUCTa MEXAY 3Tn-
MW OTBEPCTMAMWU 3aLITPUXOBAH NUHUAMM C
npaebiM HaknoHOM. V13 dur. 4 BUAHO, 4TO KOH-
TYPbl GUryp 3alITPUXOBAHHBLIX Y4acTKOB, T.e.
KOHTYPbl GUryp OTBEPCTUN U BEPTUKANbHbIX
Yy4acTKOB NUCTOB B PAAAX MEXAY OTBepPCTUAMK
OAWHAKOBHI.
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Kaxpas npoceuka 3 B ropusoHTanbLHOM
ceveHun (pur.2) umeet Z-obpasHyio popmy
CO CKPYFN€HHBLIMU UNW HECKPYTNEHHbIMW W3-
rmbaMu 1 NpamMeIMU CPEaHUMM yuacTKamu,
napannentHLIMU NAOCKOCTM AUCTA W pacnono-

XEHHLIMU NOCPeanHe Mexay conpnraemumu ‘

aucTamm,

Mpun conpsxeHun ¢ COCEAHUMU NUCTaMM
NpoceuKn BLINOAHAIOT PONbL AUCTAHLUMUOHHBIX
anemMeHTOB, 00neryaa cbopky omenbuux anc-
TOB B NaKeTH.

3yb6bsa oTBEPCTUM W NpOCeYeK MOryT GuiTh
HE TONLKO NPAMBLIMUA, KaK NOKAa3aHO Ha dwur,
1-6, HO n moryT uMmeTs L-06pasHyo ¢opmy
(cM.¢ur.7-10). Ha ¢ur. 7 8 nucte 1 Hacapku
nokasaHo 0TAENbLHOE OTBEpPCTUE 2, B KOTOPOM
csucaouwme sHu3 3ybea 5 umelot L-obpasnyio
¢dopmy (ecnm cMOTpeTL Ha HUX CNpaBa BAONb
nnocxocTU nucTa), a BLICTYNalowne Bseepx
3ybbs 6 MMelT nepesepHyTYIO L—oﬁpaanym
dopmy.

Mpoceukn 3 Ha ¢ur. 7 Ana HarnapHOCTU
NoKasaHul NPAMBIMU U NEPNEHANKYNAPHLIMU K
NJI0CKOCTN NNCTA, T.€. NOKa3aHw A0 ux narnba-
HUa no Z-ob6pa3Hon nnHum ¢ obpasosaHuem
NPSMOro NapananenL,Horo NAOCKOCTU NUCTa
cpenHero yyacrka. 3ybbs npoceuku Toxe nme-
0T L-o6pa3nyio dopmy. '

Kaxawin L-obpasHuiii 3y6 oTsepctus m
npoceuku (¢pur. 7 n 8) cocTouT N3 AByx yyacr-
KOB: HE3HaAYNTENbHO OTKNOHEHHOrO OT BEpPTHU-

Kanu NNOCKOro yqacTka 7, CONPAralowerocs ¢

NNOCKOCTLIO NUCTA UNU NPOCEYKW, U KPaRHero
NNOCKOro yuyactka 8, aanumawouero 6nnskoe
K FrOPU3OHTaNbLHOW NNOCKOCTU NONOXEHWE.
Mpoduns xaxaoro ayba nonobpan Tak, uto

UeHTp KpanHero yyactka 8 3yba (¢ur.8), oto- -

rHyToro 8 6nu3koe K ropuaoHTanu NONoXxe-
HUe, PaCNONOXEH HAa 0CeBOA NUHuUK 9
NNOCKOCTU AWCTE UK NPOCEYKU, C KOTOPOM
aTot 3y6 coepuHeH. Tlpn obwen wupune |
KpaiHen yacTtu 3yba enpaso v Bneso oT oce-
BOW NUHMWM 9 BLICTYNAIOT Y4aCTKN pa3MepoM
/2. Yka3aHHas ¢opma 3ybues obecneunsaer

MX COOCHOE pacnonoXxeHue ApYr Noa APYroM

No BEPTUKANW U CTEKaHNe Kanens BepTuKans-
HLIMU psAaMu,

BepxHuit BepTukanbHuih yyactok 10 oT-
BepcTus B Mecte oTrmbaHuns npoceuxu (pur.7)
W HWXKHUE yyacTkm 11 n 12 BepTuKansHbIX Kpa-
€B 0TBEepCTUIA NPOCEYEHbl 4O YPOBHA KOHTYPOB
3ybLes. 3710 no3sonuno 06pa3oBaTsy AONOAHKU-
TenvHbie 3y6ba 13-15 n B Bonbwen crenexn
WHTeHCuPNUMPOBaTL PpaboTy Hacaakw.

dparMeHT nAucta Hacagkn ¢ Z-obpasHo
W30rHYTHIMKU npocevkamn U L-o6pasHbimu
3ybbamun noka3san Ha dur. 9. PaccToasHue mex-
AY "tMCTaMu NpU CTHIKOBKE BLIAEPXXNBAETCA 33
CUET CONPSIXKEHNa Kpaes NPOCeYeK C CocenHn-
MW ANCTaMMU.
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Hacaaxa pabotaer B pexume rpasurauun-
OHHOFO KanenbHO-NNEHOUYHOrO0 TeMYEeHUs XuUa-
KOCTU € MNPOTUBOTOMHLIM WAU HUCXOAALUUM

NPAMOTOYHLIM ABUXEeHneM rasa. B oboux cny- -

4asX XUAKOCTL PaBHOMEPHO pacnpeaenseTcs

Ha NOBEPXHOCTb NUCTOB HACaAKW N Npocevek

¥, CTeKan BHM3, KOHTAKTUPYET C raaonaposon
$a3on.

OanHaxkosas ¢OpMa KOHTYPOB OTBEPCTUA

2, npoceuyex 3, y4acTKOB NTUCTOB MexXay OTeep-

CTUSIMU 1 NPOMEXYTKOB NO BEPTUKANN MEXAY

npocevxamm Co3faeT uACHTUUHLIC YCNOBUA Ka- -

NEeALHO-MIEHOMHOTO TevYeHus XUARKOCTU Nno
BEPTUKANbHLIM PAaM 3yDuaTeix OTBEPCTUR W
10 BEPTUKANLHLIM PAAAM NPOCEYEK WU, CNefo-
BaTENbHO, OANHAKOBYIO MHTEHCUBHOCTbL KOH-
TakTuposaHus $a3 no scemy o0bnvemy
Hacaakm.

Ha xaxaom csucalouwem BHU3 3y5e ncra
vny npoceuxn o6pasyloTca Kannu XUAKOCTH,
KOTOpHie PacTyT A0 AOCTUXEHUS onpepeneH-
HOro paamepa, oTpuiBaloTcs oT 3yba w npone-
TawloT 8 csoboaHOM napeHun nyTe A0
HUXEPACNONOXEHHOR NAOCKOCTU NUCTA UAK
npoceyku. Ynaswme Kannu Ha 3Tux NNOCKO*
CTAX pacnMOWMBAIOTCA B TOHKWE RNEHKW, B
pe3ynbTaTe 4ero yTOHbLIWAETCA M YaCTU4HO
PaspywaeTcs NPUCTEHOYHLIA CNoR, ycunuea-

eTca nepemMewsnsaHne B XUAKoi ¢asze M UH-.

TeHCMPUUNPYETCA NepeHOC BewecTsa a
XUBKOCTW.
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Crexaioulas BHU3 NAEHKa ONATL BCTPEUa-

€T Ha NyTu ceucalowme 3ybos U npouecc ¢op-
MUpPOBAHWUA Kanene, WX TNONETa . W
PacNRIOWNBAHNSG NOBTOPAETCH HA KAXAOM
BEPTUKANLHOM Y4acTke NNCTOB MexXAy oTeep-
CTUAMU U Ha K3XAO0N Npocedke. YHacTku cre-
xaHns 060cobneHHbIX NOTOKOB XUAKOCTU MO
BepTUKaNLHLM paaam 3ybses nucTos u npoce-
4eK OTHOCATCH K aKTUBHLIM 30HAM KOHTaKTa
$a3 u xapakTepu3ayloTCs NOBLILLEHHOR NHTEH-
CUBHOCTLIO NPOTEKAHNA npouecca Tennomac-
coobmena,

JOCTOMHCTBO HAcCagKu MO CPaBHEHWIO C
n3BeCTHOM (y KOTOPO# NMpAMbE NPOCEYKN Bbi-
NONHEHB NEPNEHANKYNAPHO K NNOCKOCTU AnC-
TOB) COCTOMT B TOM, 4TO NPOCEYKH UMEIoT
Z-o6pa3Hyio ¢opmy ($pur.2) v cogepxar 8
CPeAHEeR 4acTu NPAMbIE Y4aCTKU, PACNONOXEH-
Hble NapannensHo NAOCKOCTY NUCTOB, Nocpe-
AUHE MeXAy conparaeMbiMu NUctamu,
Burnbanue npoceuex NO3BONAET CylUECTBEH-
HO YMEHLILUTL PaCcCTOSHUE MexAay NucTamu
Hacapku, yeennuuts pabouyio noBepxHOCTH
Hacaakv B eamHnue obvema, 8 pesynbraTte ye-

ro ymeHbwaloTca rabaputel HacafoOYHLIX anna-

partos.

Kpome Toro, Z-o6pa3Han ¢popma npoceqex'

NO3BONSAET yBENUUUTL UX WUpuHy (U, cOoTBET-

CTBEHHO WWUPUHY, OTBEPCTWUM) N 33 CYET 3TOro
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YBENUUYUTL YAENbLHYIO NAOILAAb AKTUBHLIX 30H .
KOHTAKTa C-NPEepuBUCTBIM KanensHOo-NNeHou-
HLIM TeueHueM XnUaKocTn 8 obuen cMoueHHoN
nosepxHocTU Hacaaku. MNpu yeeauueHuu wiu-
PUHL OTBEPCTUA yMEHbLWIAETCRS YNCNO BEPTU-
KanbHLIX PAROB OTBEPCTUA WU CHWUXAETCH
yAENbHas NNowans NOBEPXHOCTU NNCTOB MEX-
Ay BEPTUKANLHBIMU PRAAMU OTBEPCTUN, HA KO-
TOPOR KOHTaKTUpPOBaHuUe ¢a3 npoucxoaumr
ManoapPpexTUBHO, '

BoapacTtanve yaenbHoR nnoutagn akTue-
HbIX 30H KOHTaKTa NPY OAHOBPEMEHHOM yBe-
AVMEHWN NOBEPXHOCTU Hacapku B eAvHWUUe
o6vema ynyuusaeTt rennoMaccoobmeHHbIe BO3-
MOXHOCTY Hacazxm,

" BuinonHenue 3ybues Hacaaku ¢ L-obpas-
HLIM Npodunem no3sonseT AOCMONHUTENLHO
TYpSYAn3npoBaTL NOTOKK XWUAKOCTU W ra3a n
3a CYET 3TOro NONY4UTL fansHeiuiee yennye-
Hue 3¢¢exT)nanocm paborw Hacanku, Ceuca-
wwue BHU3 3ybBus oTBEPCTUA U nNpoceuek
vmeloT L-0bpasHyio popmy, npu KoTOopoW coe-
AVHAIOWARCS C NNOCKOCTbLIO NCTA UAKN Npo-
ceukun sepxHas vacTb 3yHa umeer nebonsuioe
OTKNIOHEeHWe OT BepTUKanNn, a HUXHAR 4acTb
3yba otknoHeHa B 6nu3koe k ropnsoHTans-
HOMY NONOXEHWNIO U ee cCpeanHa HaxoanTcs
Ha 0CeBOA AUHUMU NNOCKOCTU AVCTaA WUNKU
npoceuxu.

CobniogeHne COOCHOCTY CPEANHBI HUKHUX
y4acTkos 3yboes obecneuusaer poct kanens,
CUMMETPUUYHbLIX OTHOCUTEeNnbLHO ﬂOBerHOCTeﬁ.
Ha KOTOPLIX OHW B flaNbHENLLEM PACcnAOWUBa-
10TCA U 06pa3YIOT C ABYX CTOPOH XUAZKKE NneH-
KM OAWHAKOBOW TONWMUHHI,

Ha ceucaioumx sHn3 3ybuax L-ob6pasHoro
npodunsg obpasyiorcs Bonee kpynHuie kanam,
4YeM Ha NpsMbiXx 3yObAX, B KPYMHBIX Kannax
npoucxoaut bonee MHTEHCUBHAA LUPKYNALNA
XUAKOCTH U BO3HUKaeT Bonee TecHoe B3auMo-
aencrseue ¢ NOTokoM rasa. Ha npodunuposan-
HbIX 3y6bRX XUAKOCTL CUAbLHEE TOPMO3UTCS W,

. CTeKas ¢ MeHblIen CKopocTLIo, yenesaer B 6o-

nee NONHOM CTENEHWU NPOKOHTAKTUPOBATL ¢ ra-
30801 ¢pa3on.

BuicTynaowme ssepx 3y65ﬂ NUCTOB W Npo-
ceuek UMeKT nepesepHyTyio L-06paaHyio dop-
MY U 0Ka3biBalOT UHTeHcudUyupylouee
BO3AENCTBUE NpPerMyulecTBEHHO Ha ra3oBbiin
notok. Ob6Tekas 3arHyTsie yvactku 3ybGues,
NPUCTEHOUHbLIE CNOW ra30BOro NOTOKa Aonon-
HuTensHo Typbynuanpywrca u Bonee uHTeH-
CUBHO B3aUMOAEWCTBYIOT C NOrPaHUYHbLIMW
CNOSMU XUAKOCTW, ynyuwas Mex¢pasHun ne-
peHoc. ;

BaxHuiM ¢dakTOpoM sasnsiercs TO, uTO
BCNeACTEME HebOoNLUWNUX pasMepos 3arHyTwiX
y4acTkoB L-06pa3Hbix 3ybbes ux-uHreHcnduum-
pylouiee BO3flencTBUE NPCABNAETCH B OCHOB-
HOM B MPUCTEHOUHBIX CHORX 1 HE [IPUBOANT K
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6onboMy BO3PaCTaHVIO FMAPABANYECKOrO CO-
NpoOTUBAEHUA.
~ Cnocobcreyn ynywweumo ycnosuit nepe-
MELINBAHNA XVUAKOCTM U TypGynnusauum npu-
CTEHOUYHbLIX CNnOeB ras3oBoro noToka,
npumeHeHue 3yboes L-06pa3Hon popmul npu-
BOAMT K nossbiiweHunio obulen 3¢¢exmauocm
paborst Hacanxu,

Mo cpasHeHMI0 ¢ W3BECTHOM HaCagKon
nAowtanb NOBEPXHOCTU HACaAKuM B eauHuue
obvema 3a cuet uarnbanus npoceuex Moxer

6uiTL yBenuueHa 8 ns8a u Gonee pasa. Buicora |

Hacanxkwu, 3KBUBANEHTHaAA OAHON eaviHULUE ne-
peHoca MacChli, N0 CPABHEHWNIO C U3BECTHLIM
peweHueM ymeHslaeTcs ‘Ha 15-25% 3a cuer
npumeHenus 3ybbes L-obpasvon dopmul m

' yBeNUUEHWUA NNOLLAAN aKTUBHLIX 30H KOHTaKTa
Ha 3yObsax 8 obwen CMOYEHHOM NOBEPXHOCTH
Hacankw,

Bce nMCTH Hacaakn OAHOTUNHL U NETKO
 MOryT -6uiTb NOAYYEHH! NYTEM WTaMMOBKU W
nocnegylowero suirmbanust npoceuex.

Hacaaka B KONOHHAxX MOXET MOHTUPO-
BaTLCA B BUAE MpeaBapuTensHO cobpaHHbIX
naxetos WAn oTaenbHuiMu anctammn. B oboux
CAyuasx paccTosHue MexXxay nuctamm suiaep-
KNBAETCK 33 CHET NPUMLIKAHWUA Kpaes nNpoce-
yek K coceaHvm nucrtam Ges npumeHeHus

10

15

CMeunansHLIX Perynupyioumx pacCToaHue yc-
TPONCTB, ' '
Dopmynausobpertenusn
Perynapxas Hacagka ans rennomaccoob-
MEHHbLIX NPOUECCOoB, COAEPXKALLAN BEPTUKAND-
Hble MMCTH C NPoce4HLIMK 3ybuaTtuiMu ¢ Tpex
CTOPOH OTBEPCTUSAMMN U OTOTHYTHLIMU NO BepTU-
KanbHON CTOPOHE NOA NPSMLIM YTAOM K NAO-
CKOCTU AUCTa MPOCEYHLIMN 3INEMEHTaMHU,
nMewIuMKU COOCHO pPacnonoXeHHbie 3ybua n
BNAAUHLL, NPU 3TOM KOHTYPH TPOCEYHBIX ane-

_MEHTOB ¥ BePTVKAaNbHLIX yHaCTKOB AUCTOB MEX-

Ay NpoceuHbMu 3nemeHTamu n popma 3yboes
¥ BNaavH NPOCEYHBLIX SNeMEHTOB OAUHAKOBHI,
OTNANYAIOUWAaACSA TEM, YTO, C Henblo
nosbileHns 3PpPeKTUBHOCTU Tennomaccoob-
MEHa 33 CueT ynyuweHma GopMupoBaHus u
Apobnenns xanens n pononHuTensHON Typbynn-
33U KOHTaKTUPYIOLIMX NOTOKOB, BEPXHUE WU
HUXHUE y4yacTkw B mecTe otruba npoceuHbix
3NEeMEHTOB NPOCEYEHS! 10 YPOBHA KOHTYPa 3y0u-
eB, a PacNONOXeHHLe BHU3 3yBba oTeepcTuil n
NPOCEYHLIX 31eMeHTOB uMeloT L-06pasunyio
dopmMy, a BhICTYnaUNe BBEPX — NepesepHy-
Tyi0 L-06pasnyio dopmy, npn 3TOM UeHTPHI
KpanHux yuacTkos 3y6nes, OTOrHyThIX noa yr-
NOM, PacNONOXEHL! H3 0CEBLIX NUHUAX NNOCKO-
cTed NMCTOB UM NPOCEMHLIX 3NEMEHTOB,
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