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B coBpeMeHHOM MaLMHOCTPOEHMN C KaXOblM rogoM YBenuuMBaeTCs NpOUeHT geTanewn,
UMEIOLLMX BbICOKME TpeboBaHMA K kayecTBy noBepxHoCcTU. MHorne gedekTbl NOBEPXHOCTU HAMPsIMyHO
CBSi3aHbl C TeMnepaTypHbiM pexnmom obpaboTku. NodToMy akTyanbHON 3ajadent CTaHOBUTCS U3yde-
HWe TemnepaTypHOro nons getanu. [Ana onpegeneHvs napaMeTpoB TemnepaTypHOro nons getanmu
npy WAMOBaHUN OOHUM M3 KIHOYEBbLIX (DAKTOPOB SABMASETCA onpedeneHve KonvyecTBa TennoBbiX
UMMYyNbCOB, OENCTBYIOLLMX HA HEKOTOPYH TOYKY AeTanu 3a Bpems ee npebbiBaHusi B 30HE pe3aHus.
OMMMPUYECKN YUCNO UMMYNBLCOB i AN HEKOTOPbIX XapakTepPUCTUK KPYroB 1 OrpaHUYEHHOro Yymucna pe-
XnMoB pe3aHus onpegeneH B [1]. B aTux pabotax penbed NnoBEpXHOCTM U3MepsSNcS MeTogamm npo-
dunorpadmpoBaHnd, LapanaHnem MonMpoOBaHHON NnacTuHbl U Tak ganee. OgHako, npu 6onbLiom
pa3Hoo6pa3nn xapakTepUCTUK KPyroB, PakTUYECKM HEBO3MOXHO co3faTb 6a3dy AaHHbIX, NO3BOMSAO-
Lyt0 onpenenuTb penbed NOBEPXHOCTM Kpyra Anga nboro 4YactHoro criyyasd. [oatomy Heobxoammo
paspaboTaTb MatemMaTtuyecKkyto MoAerlb pacyeTa uucra TennoBblX MMMYNbCOB, CMOCOOHY AaBaTb
3HaveHud i ansa nboro Kpyra 3agaHHoOM TBEPLAOCTU, CTPYKTYPbl B 3aBUCUMOCTU OT PEXUMOB pe3aHus,
HaCTpPOEYHbIX NapamMeTpoB onepaunn U BENUYMHbI NIOWaaKM 3aTynneHns.
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Puc. 1. Cxema wnudgoBaHus Topua Bana Kpyrom npsiMoro npodmns ¢ oceBow nogadem

PacyeT konuyecTBa TeNmoBbIX MMMYSbLCOB NO3BONUT ONpeaenuTb TemnepaTypy NoBEpPXHOCTU Ae-
Tanu no n3BecTHbIM 3aBucumocTaMm [1]. Mpu n3BecTHON TemnepaType AeTanu U Hanu4uM matemaTtu-
4yeckon Mopenu NosiBNsieTcs BO3MOXHOCTb YMNpaBrisTb NMPOLECCOM pe3aHusi TakuMm obpasom, YToObl
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MWHMMMW3NPOBATb TennoBble AedeKTbl NOBEPXHOCTUM AeTanu, BO3HMKawowme npu WnndoBaHnuM —
npwxor, nosiBneHne TpewuH. Hanbonee 4yacto Takme aedekTbl BO3HUKAKOT Npu WMdOBaHUN TOPLOB
Kpyramm npsimoro npocuns. 3To CBSA3aHO B NeEpBYI0 o4vepeab ¢ 6oNnbLION Nnowanblo KOHTakTa geTa-
nv un kpyra. Mexay Tem, cxema 06paboTkun TOPLOB CTyrneHYaTbIX BanoB KpyraMmu NpsiMoro npoduns He
paccMmaTtpuBaeTCs BblllenepevncneHHbiMmM nccnegosatenamun. Utak, B AgaHHon paboTte npmBoguTcs
pa3paboTka MatemMmaTMyecKkon MOAenu pacyeta KonumyecTBa TEMMOBbIX MMMYNbCOB ANs CXeMbl 0bpa-
6OTKM TOpUa AeTanu Kpyrom npsiMoro npoduns METOAOM OCEBOWM nogayn. PaccmMoTpum cxemy wnu-
doeanua (puc. 1). Touka E getanu gsuraetcd no gyre EE’ co ckopocTbio V,, UCNbITbIBAs BO3AEWN-

CcTBME abpasuBHbIX pexyLimx 3epeH kpyra. OCoOEeHHOCTbIO AaHHOW CXeMbl ABNSAETCS Hanuune ABYX
30H pe3aHusa [2]. 3oHa pe3aHna 1 obpasyeTca 3a cHeT NOCTyNaTenbHOro ABMXEHUSA AeTanun CO CKOpo-
cTbto U BOOMb OCKU 3a BpeMs MOBOPOTa COOTBETCTBYHOLLEIO CedeHns Ha yron 2p —2u . 3oHa pesaHuns
2 obpasyeTcs 3a cyeT «40BOPOTa» AeTanu A0 MOMHOro Kpyra ¢ OAHOBPEMEHHbLIM OCEBbLIM Nepemelle-
Huem. PaccMoTpum 4ncrno TennoBbIX UMMNYNbCOB Kak CyMMY UMMNYNbCOB, MNOMyYaeMbiX B 06enx 30Hax.

MpenctaBum cebe pas3BepTKy Kpyra, Ha KOTOPOW OCTaeTcs cneqj OT BCTped Toukn E petanm
C 3epHaMu 1 CBA3KOWM Kpyra (puc. 2). Ynicno BCTpey TOYKM E geTtanu paBHO KONMYeCTBY abpasmBHbIX
3epeH z, AenCTByOWUX B Npegenax nytu wnudgosaHua GG’ Ha rmybuHe a; OTHOCUTENbHO ONOPHOM
NOBEPXHOCTU Kpyra, COOTBETCTBYHOLLEN CpeaHen rnybuHe pesaHus oTaernbHbiMM abpasuBHbIMU 3ep-
Hamun. Onpefenumv TONWWHY acz Pe3aHnsi COBOKYNHOCTbIO Z abpasnBHbIX 3epeH Kpyra v rmyobuHy a.,

NPUXOASLLYIOCS HAa OAHO 3epHO. BenvuuHa aczy COOTBETCTBYET OCEBOMY NMEPEMELLEHUID CO CKOpPO-
cTbto U getanu 3a BpeMsl NoBopoTa AeTanuy Ha yron 21
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rae ny — 4actoTa BpalleHus aetanu; Ly — paccTosiHue Mexzay 3epHamu Kpyra; Lgg — nyTb Wm-

doBaHuna Toukn E getanu; M — koahUUNEHT, yunTbIBAIOLWNIN U3MEHEHME ANUHbI AYrM KOHTAKTa 3a
cYyeT BUHTOOOpPa3HOro ABMXXEHUSA 3epEH Kpyra OTHOCUMTENBbHO AeTanu.
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3epHa, YYaCTBYIOLIME B PE3aHHU

Pvc. 2. Pa3eepTka kpyra, rnybuHa pe3aHusi a; 0OTHOCUTESIbHO OMOPHOM NOBEPXHOCTM Kpyra

OTMeTUM TOT haKT, YTO cpeaHsia rnybuHa cpesa hakTUYECKN HE 3aBUCUT OT MONOXEHUsI ToYkM E
Ha Topue AeTanu. O4yeBMOHO, YACMO TEMMOBbLIX UMMYMbCOB, BO3AENCTBYIOLMX HA HEKOTOPYH TOYKY
aetanu E, paBHO 4Mcny 3epeH z, KOTopble nocrneaoBaTenbHO cpesatoT ¢ Topua AeTanu B Touke E me-
Tann TONWMHON a; 3a BpeMms ee npebbiBaHUsi B 30He pe3aHusi. Takum o6pa3om, NCMONb3ys Bbipaxe-

Hus (1), nonyyum obLuee YMcno MMNynbCoB AN ABYX 30H:
MVipo
gL,
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[anee Heo6Xx04MMO B BhbIpaXXeHUM (2) nepenTn K napameTpam, U3BECTHbIM OS89 3aJaHHOW Xapak-
TEPUCTUKM Kpyra U U3BECTHbIX HACTPOEYHbIX NapamMeTpoB onepaunn. [1na octporo kpyra nasectHa [3]
BENVUYNHA CpeaHEero pacCcTosHUS Mexay 3epHaMu Kpyra:
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roe d, — cpedHuin gnameTp 3epHa, U3BECTHbIN AN Kaxaon 3epHuctoctn; W, — gonsa B obbeme
Kpyra, 3aHMMaeMOM 3epHaMu; r — Yron npu BepLuuHe 3epHa (2r =2p/3).

Benuunny w onpegenum ns tpeyronbHmka JOOE (cm. puc. 1). MNoactaBum Bhipaxenus (3) n (1)
B (2) 1 pemmM OTHOCMTENBHO KONMYECTBA TENMOBbLIX UMMYBLCOB i. [Inst OCTPOro Kpyra nonyymm:

1_/3v3W; tan(y)MV,,S* (D+dy)? +d? -D?
-arccos

- : (4)
nd, 2n, 2d(dy +D)

io

roe d — OnamMeTp, Ha KOTOPOM HaxoaAUTCA TOYKa E petanu; D — anameTp Kpyra, d1 — HaMMeHbLUNN

anameTp Ha Topue.

OpHuM 13 HambBornee pacnpoCTpaHEHHbIX CNOCOBOB ynpaBneHns NpoLEecCoOM pe3aHusi SBNseTcs
yrnpaBfieHNneM BENUYUMHON nogaym Ha obopoT S. Mcxoasa mn3 BbipakeHus (4) aTOT napamMeTp MMeeT
HanborblLUee BNUSHME Ha YMCNO TEMMOBbLIX MMMYNbCOB B Criy4ae pe3aHusi OCTPbIM KPYrom.

Mcxopsa n3 cxeMbl 06paboTkn, CTaHOBUTCA SICHO, YTO YEM Adarnblle TOYKa HaxoauTcs OT OCU, TEM
AOnblle OHa HaxO4MTCA B 30HE pe3aHus 2 U, COOTBETCTBEHHO, TeM 6onblue TennoBbIX MMMYNbCOB
OHa npvHMMaeT. To ecTb, HaMbornbLKX TeMnepaTyp AOCTUraeT NOBEePXHOCTb Topua Aetanu, pacno-
NOXeHHas B HeNnocpeacTBEHHOW GnM30CTU OT LUNIMHOPUYECKON NOBEPXHOCTU. AHaNU3Npysa Bblpaxe-
Hue (4) Takke MOXHO 3aKMYUTb, YTO YMCMO TEMNMOBbLIX MMMYMbCOB CYLLECTBEHHO 3aBUCUT OT Xapak-
TEPUCTUKN Kpyra Yepe3 BenuuuHy L, — pacCTosiHMe Mexay BepluMHaMu 3epeH Ha HEeKOTOpoW
rnybuHe, 0OHO3HAYHO COOTBETCTBYIOLLEN Nodayve Ha obopoT S.

Bonee nHTepecHbIM cnyvaem siBnsieTca WnudoBaHne 3aTynfieHHbIM KPYrom, Tak Kak Havbonee
aKkTyaneH BOMNPOC ynpaBreHus NpoLeccoM pe3aHusi B yCTaHOBMBLUEMCS pexume. Popmyna pacyeTa
L, Ans 3aTynneHHoro Kpyra [3] BbIrmaauT cneayowmm obpasom:

. 843 tan(y)

3= 27 (5)
3/3W, (2a, tan(y)+b;)

rae b, — cpedHun auameTp Nnowankn 3aTynneHus.
B AaHHOM BblpaXeHWU MpUCYTCTBYET MPOMEXYTOYHbI NMapaMeTp a., 3aBUCALMIA OT nopauu
n ckopoctu Kkpyra. Moacrasum (1) B (5) n, 3atem pasnoxum B psf Tennopa OTHOCUTENBHO Ly U yd-
Tem nepsble ABa criaraemMblx (norpewHocTb Ana nnowadkn b, =0,03 mm coctaensieT 0,1 %, Ans
b; =0,1 mm — 0,0001 %, mMeHblme nnowagkn npu d; =0,28 MM MOXHO He y4uuTbiBaTh). [ony4um
BblpaXxeHne Ang onpegenexHus L, Ansa obuwero cnyyas wWnindoBaHWs B 3aBUCUMOCTU OT XapakTepu-
CTUKWN Kpyra, BENUYUHBI MAOWaaK1 3aTynneHns U Ha HeKOTOpOoW rmybuHe a., COOTBETCTBYIOLLEN 3a-
AaHHBIM peXxunumam pe3aHus:
_8&Bditant). , _ Kbg
9 W, ’ 4K tan(y)

K U (6)

Kp

+b§’

Mocne noacTtaHoBku (6) B (2) NOMyYnM BbipaxXeHne AN Yucrna TennosBblX UMMYbCOB i, , BO3Aen-
CTBYHOLLMX HA HEKOTOPYIO TOYKY AeTanu B criydae paboTbl 3aTynneHHbIM KPYrom:

~ 3243d3 tan(y)?Sn, + OW,MV,,b3
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Iy arccos
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BripaxeHue (7) no3sonsieT onpeaensitb KONMYECTBO TEMMOBbIX MMMYNbCOB B 3aBUCUMOCTU OT Xa-
PaKTePUCTUKMN Kpyra, PEXXMMOB pe3aHusi U reOMeTPUYECKMX NapaMeTpoB onepaummn ans Todek aetan,
pacnonoXeHHbIX Ha HEKOTOpOM AuameTpe Topua d. B BbipaxeHun (7) NpucyTCTBYIOT psia napameT-
POB, KOTOPble MOXHO 3afaBaTb AN KOHKPETHOro Buaa obpaboTku, okasbiBasi TEM camblM BIUSIHWE

Ha YMCMO TENMoBbIX UMMYMBLCOB: Ny, Vip, 8, be. Bennuuna a; 3aBucuT OT BenuuMHbI Mojaum Ha
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060pOT, HO MOCKOMbKY B OObIYHBIX YCINOBUSIX 8 << by, YAENbHbIN BEC BENUYMHBI NMOJAYN B Bbipaxe-
HUK (7) HeBenuk. B gaHHOM BbipaXkeHWM CKPbIT NapamMeTp PacCTOSHUS MeXay BepluMHamMn pexyLmnx
3epeH L,, KOTOPbIN 3aBUCUT, rMaBHbIM 0O6pa3oM, OT BENUYMHBI KPUTUYECKOWN MIoLLaAKM 3aTynreHus
b., cpegHero auameTpa 3epeH kpyra d, (BMUSIHUE XapaKTepWUCTWKW Kpyra) U rmybuHbl a, OTHOCU-
TENbHO OMOPHOW MOBEPXHOCTU Kpyra, OAHO3HAYHO CBSI3aHHON C pexumamu pesaHust. OT paccTosiHUS
L, 3aBUCUT Yncno BCTpeY TOuek AeTanu ¢ abpasuBHLIMU 3epHaMU U, B KOHEYHOM UTOre, YUCHO Ten-

JTIOBbIX MMMNYJNbCOB U TeMnepaTtypa Aetarim Ha BbiXoAde U3 30Hbl pe3aHunA. CambiMun NpPOCTbIMU N O4e-
BMOHbIMU NMapamMeTpaMun Ona ynpasneHUda npouecCcoM pe3aHua ABMAKTCA YKUCTIO O60pOTOB aetanu
B MUHYTY N, 1 CKOPOCTb Kpyra VKp — €CJ11 COOTHOLUeHne 6y,c|,eT MUHUManbHbIM, 6y/:|,eT HanMeHbLUNM

YNCI1O BCTpEY TOYEK AeTalin C a6pa3VIBHbIMVI 3EpHaMN.
Hwnxe npuBOoOUTCA pacyeT KoJrimyectBa TensoBbiIX WUMNYNbCOB A4 TOYeK Topua pfetanu

d1=30 MM, dy =50 MM, pacnonoxeHHbIx Ha anametpe d =50 MM npu wnudgosaHumn kpyrom 25C17,
AvameTp kpyra D=600 MM, Npy pasnnyHbIX BEMMYMHAX 4acTOTbl BPALLEHUS AeTanu n,, CKOpOCTy

Kpyra VKp npu cpegHux nnowagkax satynnendunsa b, =0,03...0,09 wmm.

Tabnuua 1
Yucno tennosBbix umnynscos i npu V,,=30 M/c
[OuameTp nnowanku YacToTa BpalleHuss getanu ng, 06/MuH
3aTynneHms be, MM [ 450 180 240 300 360 420 480 540 600 720
0,03 101 67 50 40 33 28 24 22 20 16
0,04 180 119 89 71 59 51 44 39 35 29
0,05 281 187 140 111 93 79 70 61 55 46
0,06 404 269 202 161 133 114 100 89 80 66
0,07 550 366 274 219 182 156 136 121 108 90
0,08 716 477 356 284 237 203 177 157 141 117
0,09 905 601 450 359 298 255 223 198 178 148
Tabnuuya 2
Yuncno tennosBbix umnynscos i npu V,,=50 m/c
[OuameTp nnowanku YacToTa BpalleHuss getanu ng, 06/MuH
3aTynneHms be, MM [ 450 180 240 300 360 420 480 540 600 720
0,03 168 112 84 67 55 48 41 37 33 27
0,04 300 200 150 119 100 85 74 66 59 50
0,05 469 312 234 187 155 133 117 103 93 77
0,06 675 449 337 268 224 192 167 149 133 111
0,07 917 610 456 365 303 260 227 201 181 150
0,08 1000 795 595 475 396 338 296 262 236 197
0,09 2000 1000 749 599 498 426 372 331 297 247

Kak nokasanu pacuetbl (Tabn. 1 n 2), Hambornee CywWeCTBEHHO ANS 3aTYMSIEHHOrO Kpyra 41cno
TEMOBbIX MMMNYMbCOB 3@BNUCUT OT Y1cria 06OpOTOB AeTanu Ny, CKOpocTn kpyra Vi, . O4eBuaHo, atn

ABa napameTpa MoryT ahEKTUBHO MCNOMb30BaTLCSA AN ynpasBneHus npoueccom obpaboTku. 3aBu-

CMMOCTb OT BENUYUHbI NSOLWAAKN 3aTynreHnst bg oTpaxkaeT BNUsIHNE XapaKTEPUCTUKM Kpyra U MapKku
cTanM — 4YeM TBEpPXKe Kpyr, TeM GOMbLUMX pa3MepoB AOCTUralT Mrollaakv 3aTynneHusl, Tem, cooT-
BETCTBEHHO BbllLe TeMnepaTypa B 30He pe3aHus. C Apyron CTOPOHbI YeM TBEpXE maTepuan getanu,
TEM MeHblUME BO3MOXHbI MOLAAKM 3aTynneHns ONns 3adaHHON XapaKTepucTuku kpyra. OpgHako
YBEMUYMBAETCA MHTEHCUMBHOCTb MCTOYHMKOB Temsa, NMo3TOMy 3aBMCMMOCTb TemrepaTtypbl OT MaTe-
pvana ctanu HeogHo3Ha4vHa.
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3akn4yeHue

PaspabotaHa maTemaTuyeckas Moenb B3aMMOLEWCTBUS Kpyra W getanu npu wnvdoBaHum
TOpua Bara Kpyrom rnpsiMoro npoduns MeTooM OCEBOW MOAaYN, KOTopasi NO3BOMAET aHaNMTUYECKN
onpefensATb YUCIO TENMOBbIX UMMNYNbCOB NepeAaBaeMblX KPYroM Tovkam AeTanu BO BpeMsi UX npe-
OblBaHMA B 30HE pe3aHus Ans fobbIX YaCTHbLIX YCNOBUA NPUMEHUTENBbHO K PACCMOTPEHHOW CXeme
obpaboTkn. HaraeHHble 3aBMCUMMOCTU yCTaHaBMMBalOT B3aUMOCBA3b YMCra TEnnoBblX MMMYMbCOB
C Takumu napameTpammn obpaboTkm kak xapaktepucTuka kpyra (d,, Ws, bc), pexumsl pesaHus (S,

VKp, ”n)’ reoMeTpus 3arotoBku u kpyra (D, di, d,) CpenaHHble BbIBOAbI 4OKA3bIBAKOT, YTO HA OCHO-

BaHUN I'IpG}J,J'IO)KGHHOVI MeTOANKN MOXXHO aHalmlMTU4eCKN paccynTaTb pexunMbl pe3aHnAa And 3agaHHbIX
ycn0|3|/1|7| o6pa60T|<v| N N3BECTHOM XapaKkTepucTukn Kpyra, npu KOTOpOI;I YMCINO TennoBbIX MMNYIbCOB
6y/:|,eT TaKoOBbIM, YTO TeMnepaTtypa NnoBepxHOCTN Aetanun He 6y/:|,eT OocTuratb KpVITVI‘-IeCKOI7I Nno nNpwuxo-
ry BeJIM4nHbI.
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