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B Tex ciyudasx, korja 3aJJaHueM Ha MPOECKTUPOBAHUE YCTAHABIMBAIOTCS OTPAHUYCHUS
Ha TabaputHeie pa3mepsl b3V, 1o ecth ipu R <10/, 30Ha 3axBaTa YMEHBIIIACTCS, U BEJIHYNHA
kod(hduIeHTa BBIIAYM 7] TAKXKE YMEHBIIAETCS. JTO YMEHBIICHHE 7] YYHTHIBACTCS

2
ko3 duumentom: g =1- 1,5(%} + O,6(%J . IIpunnmaem R =0,2 .

6. PacueT M KOHCTPYMpOBaHHMe NPHUBOAA M MPeAOXPAHUTEJbHBIX YCTPOICTB.
KoHCTpyKIMs MPUBOJOB [UIi MEXAaHM3MOB 3axXBaTa M OPHUEHTALMM 3arOTOBOK BIIMSET Ha
NPOU3BOAUTEIFHOCTh, yA0OCTBO oOciyxuBanus u cromMoctb b3Y. Mertonuka pacuera
npuBoaa b3V u amoptuzaropoB noapooHo omucana B padotax B.®D. [peiica [2].

JlanHast MeTOJMKa TIPOCKTHPOBaHMS U pacdera IUCKOBBIX b3Y wmoxer ObITh
PEKOMEH/IOBaHA KaK MHXKEHEpaM, TaK M CTYJCHTaM MallMHOCTPOMTENIFHBIX CIIEIUALHOCTEH
NPY BBIITOJHEHUU KYPCOBBIX U IUIUIOMHBIX IPOEKTOB.

Cnucoxk gautepatypbl. 1. ABTOomMaTHueckas 3arpy3ka TEXHOJIOTMYECKUX MAallUH:
CmpaBounnk / W.C.bmsixepoB u np. — M.. MammHoctpoenue, 1990. — 400 c. 2.
ABTOMaTH3alMs 3arpy3KH TPEcCOB INTYYHBIMH 3aroToBkamu / B.®.lIlpeiic u ap. M.,
Mammnoctpoenue, 1975. — 280 c.

KPACYETY TEOMETPHUHU TOPLHOBOI'O HUIM®OBAJIBHOI'O
NHCTPYMEHTA

3yooB A.B., baiikoB A.B. (ka¢. TM, /lonHTY, e. /loneyx, Yxpauna)

Ha  ¢ubmmueix  dTamax  o0pabOTKH,  XapaKTepH3YIOIIUXCA  NPUMEHEHHEM
nU(OBaTBHOTO HMHCTPYMEHTAa HA JJACTUYHOW TOJIMMEpHOH CBsi3ke, 3(dekTuBHOCTH
mporecca  ONpeneNsieTcss He  TOJBKO — MPOW3BOJUTEIBHOCTBIO  00pabOTKH, HO U
PaBHOMEPHOCTBIO yjaneHus marepuana [1,2].

Ha mpousBoAHMTENFHOCT, M PAaBHOMEPHOCTh ChEeMa MaTepHaia, TOMHMO PEXHMOB
pe3aHuss W JPYrHX TEXHOJOTHYECKUX (PAKTOPOB, CYIIECTBEHHOE BIIMSHHE OKa3bIBAeT
reoOMETpHs TOPIIOBOTO NUTH(OBATEHOTO HHCTPYMEHTA, @ UMEHHO - KOA((UIMEHT 3ari0THEHUS
aaMa3oHOCHOTO cyos [2,3].

Pacuersl, BbIONHEHHBIE HAa OCHOBaHHMU (GopMyJ [3], MOKa3bIBAIOT, YTO BEIWYHHA
ChbeMa MaTepHajia MPsSMO TMPOMOPUHUOHAIBGHO 3aBUCHT OT Kod(duuueHTa 3anoiHeHus. To
€CTh, C IIETBI0 00ECTICYCHUs] MAaKCUMAIFHOW TPOM3BOAUTEIFHOCTH 00pabOTKH HEOOXO0IUMO
BHIOMpAaTh HMHCTPYMEHT CO CIUIONIHBIM aJMa30HOCHBIM cjoeM. OpjHako, B OTJIMYHE OT
TEOPETHYECKUX PACUETOB, B PEANBHBIX YCJIOBUSAX TAKOW MHCTPYMEHT TOKAa3bIBAET HU3KYIO
paboToCcnocOOHOCTb. DTO OOYCIOBIEHO HEOJAroNpHUSITHBIMU YCIOBHSAMHU ISl LUPKYJISALAU
cMazouHo-oxyiaxaaromend  kuakoctd  (COX)  Mexnay  MOBEpXHOCTBbIO — Kpyra |
00pabaTpIBaeMBbIM MaTEpHaIOM, YTO TPUBOIUT K HEAOCTATOUHO IPPEKTHBHOMY YyIAICHHIO
[IJ1aMa 13 30HBI PE3aHusl M «3aBUCAHHIO» UHCTPYMEHTa HaJl 00pabaThiBaeMOi MOBEPXHOCTHIO.
C menpto obecriedeHns BO3MOKHOCTH UKy COX B MeX3epeHOM IMPOCTPAaHCTBE H
COXpaHEHHUsS JOCTATOYHO BBICOKOW  MPOU3BOAUTEILHOCTH OOpabOTKH  HEOOXOIUMO
UCIIOJIK30BaTh TOPIOBBIE NUIM(OBAIBHBIE KPYTH C BBIPE3aMH OTIPEIEICHHONH KOH(PUTYpaInH.
Bapeupys mmpuHy BbIpe3a MOKHO M3MEHSATH KOI(PQHIIMEHT 3alOTHEHUs, CIIE0BATENIFHO, U
MPOU3BOIUTEIBHOCTh 00PAOOTKY.
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Ucnons3ys ¢opmyiy, mojlydeHHyr0 aBTopamu [3], ¥ UHTErpUpys BEIUYHHY ChEMa I10
BCEM KOJIBLEBBIM 30HAM MHCTPYMEHTA M 10 BCEM 3JIEMEHTApHBIM IUIOIIaAKaM 00pabaThiBae-
MO JIeTay ¥ yYUThIBasi HENPEPHIBHOCTh M3MEHEHUs KOd(h(puILlMeHTa 3aN0THEHNS U CKOPOCTH
pe3aHus BAOJb pajuyca UHCTPYMEHTA, MIOJIyYUM CUCTEMY YpPAaBHEHHH, ONUCHIBAIOIIUX U3MeE-
HEHME BEJMUYMHBI Ch€Ma MaTepuala MoIepeK Tpacchl epeMeIeHUs UHCTPYMEHTA:
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B oOmem ciaydae pemmrh JaHHYIO CHUCTEMY YPaBHEHUIH JOCTaTOYHO CIIOKHO, T.K.
NPOU3BOANTCS HHTETPUPOBAHUE TI0 JIBYM IEPEMEHHBIM: CKOPOCTH pe3aHus u Kod(hdurmenTa
3alOJIHEHHUs ~ aJIMa30HOCHOTO  ciosi  HUM(OBAIbHOTO Kpyra. 3ajadya  CyIIECTBEHHO
YIPOIIAETCs, €CIM MOBEPXHOCTh NUIM(OBATBHOTO KPyra paccMaTpuUBaTh Kak COBOKYIHOCTb
KOJIBIIEBBIX 30H KOHEYHOM HIMPUHBI M I KaXKIOW 30HBI ONPEACINUTh TUCKPETHOE 3HAYCHUE
CKOpPOCTH pe3aHusi U KOod(QUIMEHTa 3aloJHEHUs aJIMa30HOCHOTO CJ0s HUIM(OBAIBHOIO
Kpyra (puc. 1)
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Puc. 1. Cxemarndeckoe npejcTaBieHne TunoBaIbHOTO KPYTa U IMOJIOCH 00pabOTKH B BHIIE
JAUCKPCTHBIX 3JICMCHTOB

B sTOoM ciiydae OT MHTErpHpOBaHHMsS MOXHO NEPEUTH K CYMMHPOBAHUIO U CHUCTEMA
ypaBHeHuil (1) nmpumer Bua:



90 BricoxodddpexmnBHOE TexHOJIOrHYeckoe od0opynosanue. IIpodaembl npoeKTHPOBAHUS

Z, =C, pk Vit
Z,=C, P(kl Vity +k, 7, tzz)
; ()

Z, =Cmp(/?1171tql thy Vyty +otk; Vit +...+l?ql7qtqq)

e k j - CpenHee 3HauCHUE K03 durmeHTa 3anoJHEHNs aIMAa30HOCHOTO CJIOST IS j-
O KOJIBIIEBO 30HBI HUTH(OBATBHOTO KPYTa;

VJ- - CpeaHee 3HAUYEHUE CKOPOCTH pe3aHusl Uil j-OM  KOJBLUEBOW 30HBI

U OBATBEHOTO KPYTa;

¢ — KOJMYECTBO AJIEMEHTAPHBIX KOJBIEBBIX 30H IUIM(OBATBHOTO Kpyra M TOJOC
00paboTku 00paboTaHHOW TOBEPXHOCTH;

tj— BpeMs B3aUMOJEHCTBUS [—OW D3JIEMEHTapHOW IUIOHIAJKUH 00pabaThIBAEMOTO
MaTrepuaia ¢ j—O# KOJIbLIEBOM 30HOW MHCTPYMEHTA.

Ha ToyHOCTB pacueToB 1Mo NPUBEACHHBIM BBIPAKEHHSIM OKa3bIBAET BIUSHUE BEINYHHA
HIMPHHBI KOJBIIEBON 30HBI NITH(OBATHHOTO KPyTa U, COOTBETCTBEHO, IIMPHHA dJIEMEHTApHOI
MOJIOCHI 00pa0bOTKHU. J[J1 OLIEHKM BEIMYMHBI IOTPEUTHOCTH ONPEeNICHHs BeTMUUHBI KOd(du-
IIMEHTA 3aIrOJIHEHHs] CPAaBHUBAJMCH 3HAUYEHUsS] BEJIWUYMHBI cheMa W Kod(QuIenTa 3amnoiHe-
HUSI, TIOJyYEHHbIE 110 MHTETPaJIbHBIM 3aBUCUMOCTSM (1) M quCKpeTHhIM (2) mpH pa3iIudyHOU
BEJIMYMHE IUPHUHBI KOJIBIEBOW 30HBI NITH(OBATBHOTO KPYTa.

B xauectBe 0a30BOTO paccMaTpuBAICS NUM(POBATIBHBIA KPYT CO CIUIOUIHBIM
aJIMa30HOCHBIM CJIOEM M I€OMETPUYECKHMMM pa3MepaMu: HapyXHblil nuamerp D=160 mwm,
BHyTpeHHUI nuamerp d=16 mm. Pacderst mo dopmysie 5.12 npoBOAWINCH C UCTIONB30BAHUEM
[1I1IT MathCAD 7.0 pro, a o ¢opmyie 5.18 — MC Excel 97. [ToBepxHOCTh NIITH(OBATHHOTO
Kpyra paz6uBanack Ha 30HbI mmpuHOoil A=0,225R, A=0,1R, A=0,05R, A=0,025R, rae R —
paanyc numdoBambHOTO Kpyra. OTHOCHTENbHAs MOTPEIIHOCTh B OINpPENEICHUN BEITHIHHBI
CheMa TI0 KaXI0H mojioce oOpaboTKu W KOIPPHUIMEHTA 3aMOJHEHUS Ui KaXIOH 30HBI
npuBeEIEeHbI B Tabuie 1.

Tabmmma 1. OtTHOcHTENbHAs MOTPEHIHOCTh BEJIMYMHBI CheMa M KO3 QHUIMEHTa
3aI0JTHEHUS TIPY PA3IMYHON MIMPHUHE 30HBI NUTH(OBAITLHOTO KpyTa

[[InpuHa 30HBI OTHOCHUTENBHAS IOTPEIIHOCTD OTtHOcuTeNnbHas
HIJ'[I/I(i)OBaJ'ILHOFO Kpyra BCJIMYHUHBI CbEMaA MOrp€IIHOCTL BEIIMYHHBI
Kodddunmenra
3aI10JIHECHHUA
A=0,225R (18 mm) 0,024783 0,016663
A=0,1R (8 Mm) 0,007069 0,003806
A=0,05R (4 mm) 0,002204 0,001755
A=0,025R (2 mm) 0.000731 0,000614

Amnanus IMOJIYYCHHBIX PE3YJIbTATOB IOKA3bIBACT, UTO C YMCHBIICHHUCM INHWPHUHBI 30HBI
MOrpCIIHOCTL OIMPCACIICHUA KaK BCIIMYNHBI ChbEMaA, TaK U BCJINYHNHBI KOB(b(i)I/IU,'I/IeHTa 3aII0JIHE-
HUA YMCHBIIACTCA. IlaHHI)IC 3aBUCHUMOCTH OBLIN AIIIIPOKCUMHPOBAHBI C HMCIIOJIB30BaHHUCM
[TITIT Curve Expert 1.3. Hau6oJiee TO4HO OHM ONMCHIBAIOTCS MTOJIMHOMAMU TPEThEH CTENEHH.
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O0e KpuBbIE UIMEIOT HEMOHOTOHHO BO3pacTAIOIIUI XapaKTep, T.€. 3aBUCUMOCTH paccMa-
TPUBAEMBIX TOTPEIIHOCTEH HE UMEIOT SIBHO BBHIPAKCHHBIE TOYKU W3MEHEHHS MHTEHCUBHOCTHU
BO3pacTaHus. B cBA3M ¢ 3TUM MIMPHUHY 30HBI NITM(GOBAIBLHOTO KPyTa JUIsl pacyeTa BeIMIHHBI
kod(hduIenTa 3anoMHEHUS 1[EJIeCO00pa3HO OMPEENATh M3 COOTHOIICHHUS: TMOTPEIIHOCTh
OTIpE/ICTICHUs] — KOJIMYECTBO PACUYETHBIX YPaBHEHUH. B 4acTHOCTH, MpH MIMPUHE 30HBI IUIU-
doBanbHOTO KpyTa (A=0,1R) KOJIMYECTBO YpaBHEHHIA PACUCTHON CUCTEMBI HE MPEBBIMIACT JIe-
CSITH, a BEJIMYMHA OTHOCHTEIBHOIN MOTPEIIHOCTH OmpeneneHus: ko3 uIuenTa 3amonHeHus
He npeBbImaeT 1% oT HOMUHAJIBHOW BEIMYHMHBL, YTO JOCTATOYHO MPUEMIIEMO JJISI MH)KEHEp-
HBIX PacueTOB.

Cucremy ypaBHeHMH (2) MOXHO MHCIOJIB30BaTh Uil ONPENEICHUS 3aKOHA
pactpenenenus  Kod(h(UIMEHTa  3amoJIHEHMS  BIOJb  paadyca  MHCTPYMEHTA,
obOecrieynBaronIero HauOOJBIIYI0O PAaBHOMEPHOCTh ChEMa MaTepuaja IMOMEpPeK IOJIOCHI
TpacCUpoBaHUs. 3ajaBas 3HAuYCHHS CheMa MaTepuajla B KaxJAOW JMHEHWHOW 30HE,
NEepPICHIUKYJSIPHON HANpaBICHUIO I0Ja4YM WHCTPYMEHTA, MOJYYUM CHUCTEMY JIMHEHHBIX
YPaBHEHUM OTHOCUTENBHO K03()(HDUIIMEHTOB 3ar0IHEHUS k;.

Cnucoxk mautepatypsni: 1. Ilecuex JI.C. MexaHuka ¥ MHUKPO(QH3HKA HCTUPAHUS
noBepxHocTel. — M.: Mammnoctpoenue, 1979. — 264 c. 2. @unumHas aaMa3HO-a0pa3uBHAsS
00paboTka Hemeramummuecknx neranerd / PoroB B.B. — K.: Hayk. lymka, 1985. — 264 c. 3.
Muxaiinos A.H., baiikos A.B., KoBasnes M.C. ®opmooOpa3oBaHue IUIOCKON NOBEPXHOCTU
npu 00paboTKe TACTUUHBIM IITH(OBAIEHBIM HHCTpYMEHTOM / [IporpeccuBHbIE TEXHOIOTHI

U CHCTEMBl MAaIIMHOCTPOCHUs: MeXIyHapOIHBIH COOPHHK HAy4HBIX TpyAoB. — JloHenK: -
Houl'TY, 2000. Beim. 5.- ¢.137-143.

MATEMATHYE CKOE MOJEJIMPOBAHUE OIITUMAJIBHBIX
PEXXUMOB PE3AHUSA ITPU TOKAPHOU OBPABOTKE
KOHCTPYKIIMOHHBIX MATEPUAJIOB

Kaupos B.A., Kaupos A.C. (xagh. TCM, HVK, 2. Huxonaes, Ykpauna)

Ilocmanosxka 3adauu. ABTOMaTHM3alMsg  NPOEKTUPOBAHUS  TEXHOJOTHUECKHUX
IPOLIECCOB  HAapsily CO 3HAUUTENIBbHBIM  COKpPALEHMEM CpPOKOB M  TPYAOEMKOCTH
MPOEKTUPOBAHUSI MO3BOJISIET CYIIECTBEHHO MOBBICUTH KAUECTBO MPOEKTHBIX perieHuil. OqHoi
U3 OCHOBHBIX 3amad mpu paszpadbotke CAIIP Texnonormueckux mporeccoB (TII) siBisiercs
pacyeT ONTUMAJbHBIX MApaMETPOB PEXHUMOB PE3aHUsl, KOTOPBIE CYIIECTBEHHO BIMAIOT Ha
KayeCTBO U MPOU3BOIUTEILHOCTh 00PaO0OTKH .

B wm3BectHpix myOmmkammsx [1-3], MOCBAIIEHHBIX AaHHOW MpoOJIeMe, ONTHUMM3a-
IIMOHHBIE MaTeMaTUYE€CKHE MOJEIN IOCTPOEHbl B OCHOBHOM Ha OCHOBE YMPOIIEHHBIX
(YHKIIMOHAIBHBIX 3aBUCUMOCTEH M BKIIOYAIOT B CBOM COCTaB HE BCE HEOOXOIUMBIE
OTpaHUYEHUs, B PE3yJIbTaTe Yero MOJyuYeHHbIE MaTEMaTUUYECKHE MOJIEN HE BCEr/la OTBEYAIOT
YCJIOBUSIM QJICKBATHOCTH. OJTO BBI3BIBAET HEOOXOAUMOCTh YTOUHEHHSI ONTHMHU3AIMOHHBIX
MaTeMaTUYECKUX MOJETEN U MOJyYEHHBIX PEIICHUIA.

dJenvto oannoii pabomel BISETCA CO3/]aHNE YTOUYHECHHOW MaTEMAaTUYECKONW MOJIEIH,
OTMCHIBAIOLIEH MPOLIECC pe3aHus KOHCTPYKIMOHHBIX MAaTepUaJIOB MPU TOKapHOI 00paboTKe,
JUISL UCCIIEIOBAHMSI ONITUMAJIBHBIX MTAPAMETPOB PEKUMOB PE3aHHUS.

H3znoowcenue ocnoéno2o mamepuana. PaccMOTpUM TOKapHYIO OIEpaLUI0 IpU
IIPOJIOJILHOM TOYEHUM HApy>KHOW NOBepXHOCcTH auamerpa D Ha cranke ¢ YIIY s
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OJIHOMHCTPYMEHTAJIbHOW Halalkd. B KauecTBe yIpaBisieMbIX MapaMeTpOB HPUHUMAIOTCS
oceBas Mojayva CymnmnopTra § M CKOPOCTb PE3aHUS V, BRIpPAKEHHAS uepe3 YacTOTy BPAIICHUS
mruHAeas . [myOuHa pe3anus ¢ gBsieTcs HEyNpaBiIsieMbIM MAapaMeTpoOM U MPHUHUMAETCS
IIOCTOSIHHOM. B pesynbrare BBIYMCICHHM OIPEACIIOTCA IoJada CyNIopTra, 4acrora
BpAIICHUS IIMMHIENS U OCHOBHOE TEXHOJIOTUYECKOE BpeMsi 00pabOTKH.

Ontumuszanus mpoiiecca MeXaHM4ecKod o0paboTku (GopMynHpyeTcs ClieayonM
oOpas3oMm. HaiiTu 3HaueHuss mepeMeHHbIX X = (X, X,), MUHUMM3UPYIOIIUX BEKTOp LIEJIEBOI

¢ynkumn F = f(X) B o0ylacTH CyLIECTBOBAHHS JOIYCTHMBIX ONTUMAJIBHBIX pemieHuit (2,
3amaHHON orpaHmueHusMu R.(X) <R’ (i=1,m), xe€Q, rne R(X) — 3HaueHue i-i
XapaKTEPUCTUKU Ipollecca pPEe3aHuss B 3aBHUCHMOCTH OT HCXOAHBIX IapaMeTpoB; R’ —

npeenbHoe 3HAYCHHE I -i XapaKTepUCTUKH MPOLiecca Pe3aHusl.

B kauecTBe KpuTepHs ONTUMAIBLHOCTH MPUHSATO OCHOBHOE TEXHOJOTHYECKOE BpEeMs
MEXaHHYECKON 00paboTKH. DKCTpeManbHOE 3HAYeHWE (YHKIMHU [ETH HWIICTCS B BHJE
F=min(7,) wm F=C/(n-s), rae C — nocrosinHas BenuuuHa (C = const ), He 3aBUCAILAs

OT MapaMeTpoOB PEXHUMOB pe3aHus # U §. V3 3TOTO BBIpOKEHUS CIEAYyeT, YTO 3HAYCHHE
byHkuuE F CTpeMHUTCS K MUHMMYMY, KOT/Ia MPOU3BENEHHE 7 -S OyJeT MaKCUMAaJIbHBIM.
[Tocne npeoOpazoBanmii eeBast (yHKIHS MIPUBOIUTCS K BUILY

F = n-s —> max.

B kauectBe meneBoil (YHKIMH MOXET OBITh HCIIOJNB30BAaH TaKXKe KPUTEPHd
MUHUMAJIEHOW CE0ECTOMMOCTH WM OOOOIINEHHBI KPUTEPUH, COCTOSIIMNA W3 CKAISIPHOU
CYMMBI YaCTHBIX KPUTEPHEB.

Ob6nacTb CYILIECTBOBaHUS JIOILY CTUMBIX perieHui OTPaHUYMBAETCS
($yHKIIMOHAIBHBIMU 3aBUCUMOCTSIMH R/(X), anIMpOKCUMUPYIOIIMMHU OCHOBHBIE

3aKOHOMEPHOCTH  IIpollecca pe3aHusT W ONpElIeIsieMbIMHM  KHHEMATUKOW  CTaHKa,
XapaKTEepPUCTUKAMU PEXYLIEr0 MHCTPYMEHTA, TEXHUYECKUMH TpeOOBaHUSIMU K 00OpaboTke
[4]. BbIOOp TEXHMYECKMX OTPAHWYCHUH OIpPENeNsieTcs KOHKPETHBIMU  yCIIOBHSMH
TEXHOJIOTMYECKOTO, KOHCTPYKTUB-HOTO ¥ OPraHU3al{MOHHO-TIIPOU3BOJCTBEHHOTO XapakTepa.

OrpanHudeHue IO CTOMKOCTH HHCTPYMCHTa HAXOIUTCS W3 yCIHOBHS Vv <V, O

YCTaHABJIM-BAE€T 3aBHCUMOCTH MEXIY CKOPOCTBIO pe3aHHs, 3aJaHHOH CTOHWKOCTHIO,
reoMeTpuen pesna, TrayOMHOW pe3aHusi, OCEBOM IMOJadeil Cynmopra W MEXaHUYECKUMHU
cBoiicTBamMu oOpabateiBaemoro Matepuana [4]. Ilocne crangapTHeIX mHpeoOpa3oBaHUi
OTPAHUYEHUE 110 CTOMKOCTH UHCTPYMEHTA IPUMET BUL:

3
10°C K
< \4 \
T pmx ?
"t pD
TI€ Vv, v, — JAHCTBUTENbHAS U JIOMYCTHMAs CKOPOCTH pe3anus, M/mun;  C, — nocro-

l/lSyv

v
SHHBIN K02()(HUIIUEHT, XapaKTepU3y oIl HOpMaTUBHbIE yCI0BUs 00paboTky; K, — nompa-
BOYHBIN KO3 (UIMEHT, YUYUTHIBAIOIIMIA KauecTBO 00pabaTbiBaéMOro Marepuaia, COCTOSHUE
MOBEPXHOCTH 3arOTOBKH, XapaKTEPUCTHKY PEXYIIEro MHCTpyMeHTa; I — 3aJaHHas CTOM-
KOCTh MHCTPYMEHTA, MUH; M — IOKa3aTellb OTHOCUTEIFHON CTOMKOCTH; § — Iojada, MM/00;
X,,y, — II0Ka3aTe/H CTeNeHeH IepeMEeHHbIX B (POpMyJie CKOPOCTH Pe3aHusl.

OrpannueHne 1O  TOYHOCTH  0OpabOTKM,  OMpeAeIsieMoe  KECTKOCTBHIO
TEXHOJIOTHYECKONH CUCTEMBI, XapaKTepU3yeTcs OTKIOHeHHeM ), ... <A. B ocHoBy ero
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THIOJIOKEHO YCJIOBUE, NPU KOTOPOM BEJIMYHMHA NPOruda y, ... 3aroTOBKH IIOJ JeHCTBHEM
paquanbHOU COCTAaBISIONICH CHIIBI pe3aHuss P, OTrpaHUYMBACTCS MPEACIBHO MOIYCTUMOM
BEIMYMHOW OTKuUMa pe3na A=@(d), 3aBuCiImIed OT JOMycka I Ha pa3Mmep JeTal.
HauGosnpimass BenumuumHa mnporuda 3aroTOBKH, paccMaTpuUBaeMON Kak ympyras Oanka, B
3aBHCUMOCTH OT METO/1a 3aKpeIUIeHHsI onpeenseTcs no Gopmyre:
P,-L
Yemax = 6E3 i ’
rae P, — paquanbHas coctaBisitomas cuisl pesanust, H [4]; L, — paccrosiHue Mexy

OIIOpaMM WJIM BBUIET 3aTOTOBKH, M; E, — MOJyJb YIPyroCTH 00pabaThiBaéMOro MaTepHaia,

Mlla; [/ — MOMEHT MHEPLMHU MONEPEYHOTO CEUEHUsI 3arOTOBKH B MECTE€ MCKOMOTI'O Iporuoa,
m*; 6 — KOd(PUIMEHT 3aKpeIICHNs 3aTOTOBKH.
OrpaHuueHue Mo MOIIHOCTH 3JIEKTPOJBUIATENs IJIaBHOTO NPUBOJA CTaHKa MpHU dep-

HO-BO# 00paboTke BeIpakaercs ycnosueM N < N, 3, rae N, — MOLIHOCTb 3JIE€KTPOABUTATENSA

TJIABHOTO NPUBOJA CTaHka, KBT; N — addexTuBHas MOMIHOCTD, 3aTpaunBaeMasi Ha MPOIECC
pe3anus [4], kBt; n — KIIJI kuHemaTHuecKkoi [ienu OT 3JIEKTPOABUraTelisl K MHCTPYMEHTY.

ITo mogaue m yacToTe BpallleHUs] MIMUHIIENS 00JIaCTh Oy CKAaeMbIX PEIIeHUH OrpaHHu-
YUBACTCA NPEIAECIbHBIMUA KUHEMATUUECKUMHU XapaKTEPUCTUKAMHU CTAHKa:

s . < §<§

nming n Snmax; min — max *

OrpanuueHue IO IIEPOXOBATOCTH IOBEPXHOCTH Uil UYHUCTOBOH 00pabOTKH
ONpPENENAETCA U3 YCIOBUS R, > R, a 10 OCEBOM COCTABJIAIOLIEN CUIIbI PE3aHHUs, JOITy CKAEMOM
IPOYHOCTBIO MEXaHMW3Ma IMojAay, Il YEpPHOBOM 00pabOTKM BbIpaKaeTcs OTHOLIEHUEM
P 2P, ,rne R,,R — 3a1anHHas ¥ NOJdy4aeMas IIEPOXOBATOCTb, MKM; P, F, — nomyckaemas
MEXaHU3MOM TI0a4 U AEHCTBYIOIIAs MPOJOJbHAs cuia pe3aHus. Ha o0macTs 1OIMyCTHMBIX
pelIeHuil BIMSIOT TaK)K€ OrPAHMYEHUS IO MPOYHOCTU M HKECTKOCTH JEp>KaBKH pe3la,
3aBUCAIIME OT TAHICHLMAJIBLHOM COCTABIAIOIIEH CHIbl pe3aHus  P., reoMeTpUYecKux

XapakTepUCTUK M Marepuana aepxaBku. CirydaifHple (aKTOpPbl YUYHTBHIBAIOTCS KOCBEHHO
COOTBETCTBYIOIINMHU KO3 (HIIMEHTAMH.

OObeMHNB MPUBECHHBIE OTPAHUYCHUS U IIETEBYI0 (YHKIHIO B CHCTEMY, HMOJIYy4YUM
MaTeMaTH4ECKyl0 MOJEJb MpoLecca pe3aHus Uil TOKapHOH OIepaluy, KOTOpas ONUCHIBAET
OCHOBHBIE CBSI3M ONTHMHU3UPYIOIIUX IApaMETPOB C XapaKTEPUCTHKAMH, YUHTHIBAIOIINMHU
BO3MOKHOCTH TEXHOJIOTHUECKOW cuctembl. BBens mapamerpel x; = Inn, x,= In(100s) u
BBITIOJIHUB MEPEX0/ K JIOTapU(PMUYECKUM KOOpAMHATAM, NMPHUBEAEM MOJIy4YECHHYIO MaTeMa-
THYECKYIO MOJIeIb K INHEHHOMY BUy. Pelienne nimercs CUMIIIIEKCHBIM METOAOM [5].

Pemaemast 3ama4a CBOJMTCS K OTBICKAHHMIO CPEIU JOIYCTUMBIX HEOTPHIATENbHBIX

3Ha4YeHHil BEKTOpa X Ha IpaHuIle 001acTu () TakMX X; U X,, IPH KOTOPHIX lieeBas (QyHK-

oy TpUHUMACT SKCTPEMAJIbHBIC 3HAYCHHUS . Hepexozl OT HOPpMUPOBAHHBIX 3HAYCHUH H&ﬁI{CH-
HBIX MMapaMETPOB K HATYPaJIbHBIM BCIIMYHWHAM BBITIOJIHACTCA 110 (i)OpMyJ'IaMI

n' = exp(xl* ); s = exp(x; )/100.

IIpn onpeneneHUM QUCKPETHBIX 3HAYEHUN MMAPAMETPOB PEKUMOB PE3aHUS NPUMEHS-
€TCsl METO/I IOJIHOTO nepedopa ToueK, 00pa3yOUIUX BbITYKJIbI MHOTOYTOJIbHUK /10Ty CTUMBIX
pernieHuil. MoryT ObITh UCIIOJIB30BaHbI U JPYTUE YUCICHHBIE METO/IbI.
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Ha ocHoBe mpuBeneHHONW MaTeMaTUYECKOM MOJENH JJisl TOKapHOM OIepaluu paspa-
6otaHo mporpaMMHoe obecniedeHue noacucreMbl CAIIP pacuera onTUMalbHBIX MapaMETPOB
pexuMOB pe3aHus. VcXoqHbIMU JaHHBIMU /U1 JAHHOM 3aJjauM CIIy’KaT XapaKTepUCTUKH Jie-
TaJlM, PEXYLIEr0 MHCTPYMEHTa, 000pyloBaHUS U 00pabaThiBaeMOTO MaTepuaia, CoJepika-
IIMECS] B TEXHOJIOTHUECKUX 0a3ax naHHbIX. Hammuume 6a3 JaHHBIX, COCTABISIOMMX HHPOpMa-
[IUOHHOE 00ecIeYeHne aBTOMaTU3UPOBAHHON crucTeMbl, 03BossieT CATIP TexHOMOTHYIeCKIX
IPOLIECCOB JIETKO aJalTUPOBAThCS K Pa3JIMUHBIM IPOU3BOACTBEHHBIM YCIOBHSIM.

BoeiBoabl. Pa3zpaboraHHasi yTOUHEHHAss ONTHMU3ALMOHHAS MaTeMaTH4YecKas MOJIEb,
ONMCHIBAIOLIAS [IPOLIECC pE3aHUsl KOHCTPYKIIMOHHBIX MAaTEPHUAIOB IPU TOYEHUH, U CO3/1aHHBIN
Ha €€ OCHOBE aJITOPUTM pacyueTa MO3BOJIIIOT CYLIECTBEHHO MOBBICUTH KAYECTBO MPOEKTHBIX
pelleHuii U TNPOU3BOJUTENBHOCTh IPOEKTUPOBAHMS, CHU3UTh TPYAOEMKOCTb TEXHOJO-
TUYECKUX OTEPALIHA.

Cnucox autepatypsl. 1. Kanyctun H.M. Pa3zpaboTka TEXHOIOTHYECKUX MPOIECCOB
00paboTkH aeraneil Ha cTaHkax ¢ moMoimibio IBM. — M.: Mamunoctpoenue, 1980. — 256 c.
2. Cuxopa E.A. Ontumu3zaims nporieccoB o0pabOTKH pe3aHueM C NPUMEHEHHEM BBIYUCIH-
TENbHBIX MamuH. — M.: MammHoctpoenue, 1983. — 226 c¢. 3. Cucrembl aBTOMaTH-
3UPOBAHHOTO MPOEKTHPOBAHUS TEXHOJOTHYECKHX MPOIECCOB, MPHUCIIOCOOICHUN U PEXKYIIHX
uctpymentoB. / Ilon pex. C.H.Kopuaka. — M.: Mamunoctpoenue, 1988. — 352 c.
4. CnpaBoyHHK TexHoyora-mammHoctpoutens: B 2-x 1./ [Tox pen A.I'.Kocunooii, P.K.Me-
niepsikoBa. — M.: Mammnoctpoenue, 1986. — T.2. — 496 c. 5. Pexuelituc I'., PeitBunapan A.,
Parcnen K. Ontummzanus B texnuke: B 2-x ki, — M.: Mup, 1986. — Ku.1. — 349 c.

IPEOBPA30BAHUSA NP OEKIIUIA ®EJOPOBA

Konomuen A.®., [Tacrepuax /I.H., Aopamon A.H.
(xagh. H[ u UT, JlonHTY, 2./loneyk, Ykpauna)

B magane XIX Beka wu3BecTHbI Kpuctamorpad demopor E.C. co3manm HOByIO
MNPOEKIMOHHYIO0 CUCTEMY M300pa’keHHs MPOCTpPaHCTBa Ha MyiockocTy [1]. OHa Oblia co3nana
UM JUI1 PalMOHAJBHOTO OTOOpa)XEHUS Ha IUIOCKOCTH OOBEKTOB TI€0JIOTMH, B YAaCTHOCTH
KpucTajuiorpaduu, 1 TOpHOTO Jefa.

CylHoCTh NPENIOKEHHONM CHCTEMBl COCTOMT B cieayromeM (puc. 1). JlanHbl
wiockocTh mnpoekuuit Il u nBa wneHtpa mnpoenupoBaHusi S, Te, ~— pacloyiOKEHHBIX B
HECOOCTBEHHBIX TOUKAX.

LA LleHTp So COMPSIKEH € TUIOCKOCTHIO TT
IPSIMOYTOJBHO, LEHTP To - KOCOYTOJBHO.
OOBEeKT MpoCTpaHCTBa, B JaHHOM Cllyuyae
Touka A, u3zoOpaxkaercs Ha riockoctu Il
JIBYMS TIPOCKIUSMH — MPSMOYTOJIBHOW Aj U
KOCOYTOJIbHOM Aj. 3Has yroia o HakJIOHA
NPOELUPYIOIINX Tyqei, MO>KHO
PEKOHCTPYHUPOBATh U300pa’KEHHBIN TpeaMeET.
IlooToMy Ha d4eprexke IOMHMO JBYX
NPOEKIMH MpeaMeTa J0KeH ObITh 33aH U
yroil ¢ HakJIOHAa MPOCUUPYIOMIMX Jydei

(puc. 2).

Puc. 1. Tloctpoenue npoexuuit
dénopona
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A o HecmoTtps Ha OUCBU/IHBIC
MIPEUMYILIECTBA nepen JpyTUMHA
- f.?‘ MPOEUUPYIOIIUMU cucTeMaMu B

I/I306pa)KeHI/II/I TCOJIOTNUYCCKUX H TOPHBIX
O00BEKTOB, JaHHAs CHUCTEMa HE MOJydYuia
JOJDKHOT'O TPHUMCHCHHMS. I[eno B TOM, 4TO HC
4, e Obu1 pa3paboTan cmoco0 mpeodpasoBaHUs

Puc. 2. ﬂpoexunn dénoposa n300pakenwii B cucteme degoposa.

Marno u300pa3uTh palMOHAIBHO MpPEIMET, HYXKHO €Ile W pelIUTh 3anady, paiu
KOTOPOH BBITIOJIHEHBI M300paskeHus. [1o3ToMy, 4TOOB! PEIIUTh 3a/1a4y, HCIIOJIb30BAIH 3aMEHY
IUIOCKOCTEW IPOEKLUH, MPEABAPUTEIBHO Nepeias oT npoekumii Penoposa k smopy Monxa,
T.€. IPEUMYTIeCcTBa MpoeKImit PeTopoBa MOTHOCTHIO yOUPAIHCH.

[MosToMy  BO3HMKIa HEOOXOOUMOCTH  CO37aHHMsA  crmocoba  mpeoOpa3oBaHUSA
n300pakeHuid, KOTOPBIA Obl OPraHUYECKH BIUCHIBAICS B cHcTeMy mnpoekuuii demoposa u
JaBaj Obl BO3MOXKHOCTBH IOJHOCTBIO PEATM30BaTh NPEUMYIIECTBA JTAHHOM MPOEKIMAIbHOU
CUCTEMBI.

Ham mpencraBnisiercsi, 9TO TakMM CIOCOOOM MOJKET OBITH BCIIOMOTATEIILHOE
npoenupoBanue [2].

B nanHOIl paboTe M3y4yeHO MPSIMOYTOJIbHOE BCIIOMOTATENbHOE NPOELUPOBAHME JIS
pelIeHuss MeTpUYEeCKuX 3a/1a4 B npoekuusx denoposa.

CylHOCTh MPSIMOYTOJBHOIO BCIIOMOTATENILHOTO IPOELMPOBAHUS PACCMOTPUM Ha
cxeme (puc. 3). I[lyctp nana mockocts npoekimii 11, koTopyro n3o0pa3um B BHIE JUHHUH, U
nBe TpsiMbie [ 1 m. Heo0X0IMMO OTpe/IeTUTh PacCTOSTHUE MEXY [ 1 m.

Bribepem B Ka4ecTBe
HanpaBJICHUs JOTIOJTHUTEIBHOTO
NpOEUUpOBaHUs MpsiMble [ u  m.
JIOTIOTHUTENIBHYI0 TIOCKOCTh IMPOEKIHHA
Y Ha3HAYUM TNEPNEHIUKYIsIpHO [ U m.
Torna Ttouku mnepeceuenus [' U m
OpsIMBIX [ U m € IUIOCKOCTBIO X OyAy T
JOTIOJTHUTENbHBIMU ~ NPOEKLUUSAMU  3TUX
IOPSIMBIX Ha IUIOCKOCTH 2. [loBepHYB
IUIOCKOCTh X BOKPYI'  JIMHUM X
nepeceuennst I uX 1o coBmeleHus c
wiockocTeto 1I, momyuymMm Ha deprexe

HATYPaJbHYIO BEIMUUHY 1l pacCTOSTHUSI
Mexay [ u m.

!

Puc.3. Onpenenenne paccTosTHUS MEXTY
napauiCJIbHbIMHA MPAMBIMUA

ITocTtpoeHuss MOKHO yHPOCTUTh, €CJIIM BMECTO X, HA3HAYUTh IUIOCKOCTh [,
OMCCEKTOPHYI0  OTHOCHUTEIBHO  JIOMOJIHUTEIBHOTO U OCHOBHOTO  IMPSIMOYT'OJIbHOTO
HaIlpaBJICHUI NpoepoBaHusa. B 3ToM cilyyae onepanys COBMEIICHHUS UCKIOYaeTcs. Takum
00pa3oM B OCHOBE MPSMOYTOJILHOTO BCIIOMOTATEIbHOTO MPOEIUPOBAHUS B IMPOEKIHSIX
®demopoBa JiekKaT JBE 3a7a4d — MOCTPOEHHUE IUIOCKOCTH [, OMCCEKTOPHON OTHOCHUTEIHHO
JOTIOJTHUTEIHHOTO U OCHOBHOI'O NMPSIMOYTOJIBHOTO MPOEUUPOBAHUI U OIpeseseHre To4eK /',
m' nepeceuenus /, m ¢ I'. Cnpoeuuposas /' u m' npsmoyrosnbHo Ha [1, momyuum uckomoe

yr
paccrosinue myl| .
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[Toxaxkem naHHble mOCTpoeHMsI Ha yepTexke. [lycTe 3amansl npsimas AB u yron o

KOCOYTOJIBHOTO MpoenupoBanus (puc. 4).

Puc. 4. lnarpamMmma noctpoenus miockocty [’

1 HOCHUTCJIA

Onpenenum  BbicoTy  h
Toyku B, wucnone3ys yron o .
BpamenueM  BOKpYyr  IPOEKLUHU
A1B; coBmectum TOuKy B ¢

wiockocteto Il B TOuke B,

Paznemum yron A BB, momnonawm.
Uepes touky C npoBeneM NpsMyro
X NMEPHEHIUKYIAPHO A B,, KoTopas
Oyner  NUHUEH HepeceyeHUs!
mrockocTer I1 u I'. Ilnockocts I,
3ananHas muausMu BC u x, Oyner
OMCCEeKTOPHOM OTHOCHTENEHO AB 1
OCHOBHOTI'O MIPSMOYTOJIBHOTO
IPOELUPOBAHUS.

[Hoctpoum Touky B nepeceuenus npsmoir AB ¢ mnockoctsio I'. 3akmouum npsmyro
AB B KOCOYTOJBHO-TIpOCIHPYIONIY0 MI0CKOCTh A. [Toctpoum nunnio DB nepeceuenus I u
A. KocoyronbhHas mnpoekims DB, muauun DB coBmanmer ¢ A;B;, npsmoyromsnass DB
npoiiner uepe3 touku Dj, B;. Ha nepeceuennu DB; u 4B, Oyner pacnonoxena Touka B;.
Jluaus DB — Hocurens BcmoMorarenbHOM mpoekuuu npsimoit AB. UepTex, Ha KOTOpoM
IIOCTPOEHHI INIOCKOCTH I' m Hocutens DB HazoBeM quarpaMMou.

B kauectBe mpumepa pemmuMm 3agady. Omnpenenuts HaTypajbHYIO BEJIHYUHY
paccrosnusa d mexxay npsimeiMu EF u KL (puc. 5). Ha uepTexe 3a7ad yroia o KOCOYroJIbHOTO

IPOELHUPOBAHUS.

Hasnauum npsmyto EF B kauecTBe TONOIHATEIBHOTO MPOSCHUPOBAHUS.
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Puc. 5. Onpenenenue paccTosIHUS MEXKAY CKPEIIUBAIOIIUMUCS MIPSIMBIMHU

[Moctpoum nuarpammy. Bozpmem B CBOOOJHOM MeCTe 4epTeka TOUKY A M yepes Hee
nposeneM npsmyto AB napamnensno EF. Jlanee BoimonHsieM Bce MOCTPOCHUS, aHATIOTUIHBIC
MOCTPOEHUSM Ha puc. 4.

B ynoOHom Mecte ueprexa NPOBOAMM JIMHUIO X, MApajUleIbHO JIMHUM X Ha
nuarpamme. Yepez touku Eo,Fo, Ko, L, mpoBoaum KOCOYrosbHbIE IIPOEKIMH JIyde 110
nepeceyeHuss ¢ JMHUEW X. M3 TOoJydeHHBIX TOYEK IIepecedeHus CTPOMM HOCHTEIH,
napajuienabable Hocuremo DB u3 touek Ei,F1,Ki,L; mpoBogum npsiMoyrosipHble MpOEKIMH
Jy4eu 0 NEPECeUYEeHMs C COOTBETCTBYIOIMMHU HOcUTEIsIMH. [loaydnMm BcmomorareiabHbIE
npoekiwu E| = F', KL npsmeix EF u KL.

Orpesok d meprieHauKyIspa 13 Touku E| = F Ha K|L| - ickoMoe paccTosiHue.

PaccmoTpeHHBII  METOX  IPSAMOYTOJIBHOTO — BCIIOMOTATEJIBHOTO  IIPOELMPOBAHMS
OPraHUYHO BITMCHIBAETCS B MPOCKUMOHHYIO cuctemy Penoposa. biiarogapst cBoei npoCcToTe U
rMOKOCTH OH JaeT BO3MOXHOCTbH PAacCIIMpUTH 00JacTh nmpuMeHeHus: npoekuuun denoposa B
re0JIOTMYECKON U TOPHOM MPAKTUKE.

Cnucox autepatypsni: 1. A.P. 3enrun. I[lpunoxenune merona E.C. ®denopoBa k
ropHoMy neny // Metonpl HauepTaTeIbHOW T€OMETpHHM W ee MNpuioxkeHus, 1955. — M.:
TUTTIIL. — 411c. 2. KomotoB C.M. Bompocsl Teopun nuzobpaxkenuit. — K.: U3n-sBo Kuesckoro
yHuBepcureta, 1972. — 162c.
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NMPAMOYT'OJIBHOE BCIIOMOI'ATEJIBHOE IMTPOEITMPOBAHUE B
IMPOEKIIUAX ®E/IOPOBA

Kosomuen A.®@., ITacrepuak [.H., Maabik /I.B.
(kagh. HI' u UT', [lonHTY, 2./[oneyx, Yrpauna)

B 1907 rony akamemuk ®emopoB E.C. mpemiokun HOBYIO CHUCTEMY H300paKeHHS
NOJIyYMBIIYI0 B AaipHeliieM Ha3BaHue «lIpoexuun ®enoposa» [1]. Ilpoekuun Pegoposa
ObUIM co37aHbl Ui Oosiee yAOOHOro M300pa)KeHHsI Ha 4YEpTEKEe Ie0JIOTMYECKUX U TOPHBIX
00BbeKTOB. B MH)KEHEPHON MpPAaKTHUKE IMOJIyYMs PAcpOCTPAHEHHE OJMH M3 YaCTHBIX CIydacB

CHCTEMBI.
Swo; , Too Paccmotpum oO6pazoBaHue yepTexka, UCIONb3Ys ITOT
\/ YaCTHBIN CIy4ail.
A JlaHbl IUIOCKOCTh MIPOEKLINU 11 u Ba

HECOOCTBEHHBIX IleHTpa mnpoeuupoBanus. Lentp S.
COMPSIKEH C IJIOCKOCTBIO MPOEKUUI MPsIMOYTOJbHO, LEHTP
Tw - KOCOYrojbpHO, TMpHYEM TakuM oO0pa3oM, dYTO

/ 4 / | ‘ y MpOEIMPYIONIKE JTyur HakJIoHeHs! K [1 mo yrimom 45°.
- vaki
/7 '

PexoHcTpynpoBaTh M300pak€HHYIO0 TOYKY MOKHO,
€CIM M3 MNpOeKUMHU A;| BOCCTaBUTh NEPNEHAUKYJSAp K
Puc. 1. YacTpHslii cinyuait IUIOCKOCTH mpoekimi Il um OTIoXKHUTh HAa HEM OTPE30K,
PaBHBINM PaCCTOSHUIO MEXY NPOEKIMAMHU A1, Aj.

HecmoTtps Ha ynoOcTBO B M300pakeHUM OOBEKTOB
r€0JIOTUHM U TOPHOTO Jena, npoekiyu deaoposBa HE HALUU
JOJDKHOTO TPUMEHEHHS, T.K. B OTOM CHCTEME OTCYTCTBYIOT METOJbI TMPeoOpa3oBaHMs
yepTexa.

OmvH ¥3 TakWX METOJOB MOXXET OBITh BCIOMOTATEIFHOE IPOCHUPOBAaHUE, B
YacTHOCTH HpsiMoyrojibHOe [2].  [IpsiMOyrosibHOE€ BCIIOMOTATENIbHOE —IPOEHUPOBAHUE
NpUMEHsIETCA Ul pElIeHUus] MeTpUdecKuxX 3ajnad. PaccMOTpuM e€ro CyuiHOCTh Ha
CXEMaTH4YECKOM yepTexe (puc. 2). Ha ueprexe 3amanbl miaockocTh nmpoekuuii I1 u nse
napajuiesbHbIe npsiMbie /, m. Heo0xoaumo onpenenuTs paccTosHue MexXIy [ u m.

MIOCTPOCHHMS MPOEKIMH
®denoposa

Puc. 2. Onpenenenue pacCTOSIHUA MEXAY MapajlIeIbHBIMU IPSIMBIMU

BeiOupaeM B KauecTBe JIOTOJHUTEIHHOTO MPOCHUPOBAHMS TMpsiMble [ © 7.
JIONOJIHUTENBHY IO IUIOCKOCTh MNpoeKIMid [' pacnonokuM CHUMMETPUYHO OTHOCHUTEIBHO
JIOTIONTHUTEIBHOTO W OCHOBHOTO IIPSIMOYTOJIBHOTO mpoerupoBaHuid. CiemoBaTenbHO
WIockocTh I° Oyaer OHMCCEKTOPHOW OTHOCHUTENBHO JOIMOJHUTEIBHOTO W OCHOBHOTO
NpSIMOYTOJILHOTO TipoenupoBanuil. Cnpoermpyem / u m Ha ['. Tlody4uM JOTONHUTENbHBIC
npoekiuu /' u m'. CrpoeuypoBaB MOCIEAHUE OCHOBHBIM HPSMOYTOJIBHBIM MPOEIUPOBAHUEM
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Ha II, mocTpouM BcroMoOrarelbHbIe MPOSKIuHu /| u m;. PaccrosiHue MeXIy HUMH OynaeT
ucKkoMbIM. TakuM 00pazoM, B OCHOBE MPSMOYTOJIBHOTO BCIIOMOTATEILHOTO MPOCIUPOBAHUS
JeXaT IB€  3a/Ja4yM — 3a/JlaHUE IUIOCKOCTH [' M MOCTPOEHHE TOYKH IMEPECEUCHUs] MPSIMOM ¢
IJIOCKOCTBIO.

Paccmotpum peanmzanuio 3Toit uaeun Ha ueprexe. [lycts 3agana npsimast AB (puc. 3).
[Tpumem ee 3a HampaBlieHHWE JOIMOJHUTEIBHOTO TpoerupoBanus. [IocTpouM OUCCEKTOPHYIO
wiockocTs I, mpoxoasiyto uepe3 Touky B. CoBmectum Touky B ¢ mnockoctsio 11

Bpaienuem Bokpyr A;B;. Ilockosbky yrou
a=45°, 10 BB =BB,. Pazgpenum yron A BB,
norosiam. Jluaus B,C, - cCOBMEIIEHHOE TMOJ0KEHUE
ouccextpucst BC yrma ABB;. Yepe3 Touky C
npoBeaeM guHuO X L A1B; xotopas Oyner nuHueil
niepeceuenus mwiockocrent I1 u I'. Ilnockocts I 3anana
npsimeiMu X 1 BC.

ITokaxxem moctpoenue Touku B nepecedeHus
Puic. 3. uarpamma ocTpoeHHs wiockoct ' u npsimoii AB. 3akmounm npsimyro AB

ockocti I i HOCHTGISL KOCOYTOJIbHO-TIPOCIUPYIONyI0 TUIOCKOCTh A ( A
=A;B;). Iloctpoum gmHMI0O mnepeceuenus DB
wiockoctet I' u A. DyBy=A,B,. IlpamoyronbHas

npoekiyss DiBj mmaum DB Ha3piBaeTcs HOCUTENEM BCHOMOTATENbHOW MPOEKIMH B ToukH
nepeceueHus npsiMmoil AB ¢ miockocteio I'. UepTex, paccMOTpEHHBIM Ha puC. 3, Ha3bIBEM
nuarpamMmoit. Ha nuarpamme ocyuniecTisieTcst moctpoenue miockoctu I' u Hocurens DBy

B xauectBe mpumepa paccMoTpuMm peuieHue 3anadd. OnpeaenuTh HaTypallbHYIO
BEITMUMHY JBYXTIpaHHOro yria o npu pedpe EF (puc. 4).

B cBoOoHOM MecTe yepTexka CTpOUM JHarpammy, ¢ MOMOIIBI0 KOTOPOM ompeiesiemMm
pacnosioxkenue ocu X um Hocurens DiBj. U3 touek E,, Fr, Ki, Li npoBoaum nuHMM 10
NepeceueHusl ¢ JUHUER X. VM3 moJlydeHHbIX TOYEK CTPOMM JMHUHU mnapaiienbHeie DiB; no
MEPECEUCHHS] C COOTBETCTBYIOIIMMH JMHHMAMHU, uaymmmu w3 touek Ei, Fi, Kj, L. Yron
E/ = FK|L - UCKOMBIii.

L

!

£

—

k)

Puc. 4. Onpenenenue nByrpaHHoOro yria
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Puc.5. IToctpoenue nuarpaMmsbl
B 4aCTHOM CIIy4ae

Bo3moxen  ciywad,  Korma
npsSMOYTOJIbHAsT Tpoekuust A B; myua
AB mepneHAuKYISApHO JHHHUAM CBSI3U
(puc. 5). B aToM cinyyae coBMeIIEHHOE
nojoxenue B, Touku B coBmager c
npoekuuen By, Torma oce X MOXKHO
HOCTPOUTH, MPOBES OUCCEKTPUCY yIiia
AiB:B;.

Ecim  mpoexumn nyua AB
OKaXyTCs  IapaJUICIbHBIMU  MEXKIY
c00010, TO COBMEILEHHOE IOJIOXKEHHUE

A B, nyua AB Oyner mnapaienbHO
A1B1,A2B2.

Korga mpoekmun nyua AB
napajuieNibHbl  MEXIYy Cco00H, JIuHHUH
CBSI3M OYIyT MEPIEHANUKYISPHBI UM, TO
JarpaMMy MOYKHO HE CTPOUTh. B aTOM
clydyae  OCb X  COBHNAJEeT C
HampaBJIeCHUEM  JIMHUEW  CBs3M, a
HOCHUTEIIb Tpoijier moj yriom 45° k

ocH X (puc. 6). buccexkropnas miockocts I' OyieT pacrnosoxkeHna noj yriaom 45° K mIocKocTu

W3noxeHHslld METOA MPSAMOYTOJBHOTO BCIOMOTATEIBHOIO IMPOEUUPOBAHUS UL
Y4aCTHOTO ciry4dasd npoekuun Penoposa, KOraa NpoeUpyoIUe JIyYr HAlIPaBJIeHs! 110 yIJIOM
45° K MIOCKOCTH MPOEKIMH, JaCT BOZMOYXHOCTb LIHPE UCIOJIb30BaTh YIOMSHYThIE POEKIUU

B I'€0JIOTMYECKOW U TOPHOU IIPAKTHUKE.

A B,

A=B

L

—

X
A, B,

&4

Puc.6. [Toctpoenue auarpaMMbl, KOorja MPOEKIMKA NPSIMON apasuieIbHbl

Cnucox autepatypsni: 1. A.P. 3enrun. I[lpunoxenue merona E.C. ®denopoBa k
ropHoMy neny // Metonbl HauepTaTeJIbHOW TeOMETpHH W ee mpuioxeHwus, 1955. — M.:
TUTTJI. —411c. 2. Komoro C.M. Bonpocs Teopun m3obpaxenuii. — K.: M31-Bo Kuesckoro

yHuBepcureta, 1972. — 162c.
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ONPEJEJEHUE JOITY CKAEMBIX TEMIIEPATYPHbBIX HATIPSIKE HUIA
MOCJIE DJIEKTPOKOHTAKTHOM OBPABOTKHA

KprouxkoBa A.B. (xag. TM, [{onHTY, 2. [{oneyx, Yxpauna)

Ilpeonoscena memoouka onpeoeneHus memMnepamypHuiX HaANPAXCeHUll, 603HUKAIOWUX NOCTe
NEKMPOKOHMAKMHOU 00pabomKe, a maxice OONYCKAEMbIX HANPANCEHUII.

B nmponiecce snekTpokoHTakTHOM 00padoTku (DKO) B MaTepuaie 3aroToBKH MPOTEKAIOT
paznuyHble  (PU3MKO-XMMHUYECKHE TPOIECCHl, MPU OSTOM HAOIIOJACTCS CTPEMUTEIBHOE
U3MEHEHUE TEeMIIepaTypsl B IMIpelenax OT TeMIepaTypbl OKPYJKAIOMIero BO3AyXa [0
TEMIEepaTypbsl HUCHapeHus Metawia. [lpuyem, dYem BbIIE HArpeB M 4YEeM pe3de €ero
HEpAaBHOMEPHOCTb, TeM Ooyiee BEpPOATHO TOSIBIEHHE TPH HArpeBe IUIACTUYECKUX
nedopmanmii, a, CiIe0BaTENbHO, U OCTATOYHBIX HANpsKeHUH. Bo3HUKaromume BHYTpEeHHHE
HANpsDKEHUs] YMEHBIIAI0T TPOYHOCTh, CJEI0BATEIbHO, OKA3bIBAIOTCS JIOCTATOYHBIMHU IS
BO3HUKHOBEHUSI TPEILUH.

B mnacrosmee Bpems H3ydeHa MpoOiieMa OTNpeAeieHUs OOBEMHBIX TEeMIIepPaTypPHBIX
HaNpsDKEHUH M3ydeHa emle He OO0 KOHIA. 3Hasg MeCTa KOHIEHTpAIMM HANpsKeHHH U WX
BEIMYMHY, MOXHO TpEIBHUACTb, TMOBIUSAIOT JH  TOJyYECHHBIE  HANpSOKEHUS  Ha
paboTOCTIOCOOHOCTH JETAITH.

C nomomeio nporpamMmMbl ANSYS, OCHOBaHHOM Ha METOJE KOHEYHBIX 3JIEMEHTOB
(MKD), Obuta pemieHa 3aaada OMNpEACNiCHHS OOBEMHBIX TEMIIEPATYPHBIX HAMPSIKEHUM,
Bo3HuKaromux rnociie KO Ha npumepe padodero xojeca MjIaMoBOTo Hacoca. Ha ocHoBanumn
CXOKECTH eAMHMYHOro ummyibca npu DKO c anexkrpudeckoi myroit mpu ceapke [1], 9KO
pabodero kKoJseca yCJIOBHO OblIa MPUHATA KAK MHO>KECTBEHHBIM TOUEYHBII HATPEB IMCKA.

3amaua ObuTa pemieHa 3a psii ATANOB: MOCTPOCHHE KOHEYHO-DJIEMEHTHON MOIeNH;
NPWIOKEHHE  TEIUIOBOW  HArpy3KH; pacyeT TeMIIepaTypHBIX  IIOJICH; CUHMTHIBaHHUE
TEMIIepaTyPHBIX IMOJIEH; pacyeT TEMIEePaTyPHBIX HAPSKEHHUH.

B pesymprare pemeHuss TmoJydyeHa KapTHHA PAacCHpPOCTPAHEHUS TEMIIEPaTypPHBIX
HAINpsHKEHUH U MecTa UX KOHLEHTPAaLUH, puc. 1.

Puc. 1. Mecra koHIIEHTpaluK TEMIIEPATYPHBIX HAPSKEHUH
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W3 npuBe1eHHOTO pUCYyHKa BUIHO, YTO MaKCUMAJIbHBIE HAINIPSIKEHUSI BO3HUKAIOT B MEC-
Tax CTBHIKA 3aKPEIUIIeMOIl HMOBEPXHOCTH C KOPIyCOM pabOuyero Kojieca, U COCTaBIIAIOT
o, =0,253-¢" =15,15 xlla . Tloy4eHHble MAKCUMAIIBHbIE HATIPSKEHUS 3HAYUTENHHO HUKE

JI0Iy CKaeMbIX HarpsikeHu# (npenen npouydocty - 420Mlla, npenen texkyuectu — 250MIla).

OpHako ciieyeT YUYUTHIBaTh TOT (aKT, YTO MPHU BBICOKOM HarpeBe CBOWCTBA MaTepuana
3aMETHO M3MEHsIoTCA. Tak, Hampumep, y HU3KOyriepoauctoi craiu Mapku CT3 mpu Kom-
HATHOM TeMmepartype npenen tekydectu o, =250 MIla. Ecmu ee HarpeBath Bbime 600°C,
npefen TeKYyYeCTH CTAaHOBUTCS MO BEIWYMHE OJIM3KUM K HYJIO. OTO 3HAYUT, YTO
JIOIy CKaeMble HaIpsiKEHUsl CHU3ATCs npaktnyeckd Ha 100% u He3HauUTEIbHBIE IO BEJIMYMHE
HANpsOKEHUsI BBI3OBYT IUIACTHUYECKYIO JIedopManuio MeTauia. MeTall MOYTH MOJHOCTHIO
TepsieT YIpyrue CBONCTBA, CTAHOBUTCS BECbMA MOJATJIMBBIM.

JlonyckaeMble HaNpsHKEHUS! IPU [TOTEPE yCTOWYMBOCTH [1]:

o], 1

n-lol, B

9

rue [G]Kp - I0ITyCKaeMbl€ HaIPSIKEHUS, [G]m - TIpeJieNT TEKY4eCTH, 7] - QYHKIHUS KPUBOH «Jie-

dbopmanys — HanpsDKEHUE», B — Ko PHUIHEHT, 3aBUCAIIMIA OT TEMIIEPaTyPhI.

P
ES l+l 1+3£ ,
E|2 4 E

N

rie E - Moxynb ynpyroctd, E, - IEpEMEHHBIM MOJYJIb yNPYIrOCTH, £ - NpHUBEICHHBIN

MOAYJIb YIIPYTOCTH.
[lepemenHbIi 1 IpUBEIEHHBIA MOYJIb YIIpYrocTH [1]:

E E
s n-1 2 t n-1 2

145 o om0

7 \[ol, 7 \[el,

rie n — K03 duimeHt GopMbl KpUBOH «I1eopMaIus — HAIPSKCHUE).

[TomcraBuB yKCIIOBBIC 3HAYCHUS B BBIIIEyKa3aHHbBIE (DOPMYIIbI, TIOTYUYCH Pl 3HAUCHHUN
JUIs TIEPEMEHHOI0 U TPUBEAEHHOTO MOAYJS YHPYTOCTH, MO KOTOPHIM HaWEHbI BEIUYUHBI
JOTyCKaeMbIX HalpspkeHui. Pe3ynbpTraTel npuBeaeHs! Ha puc. 2 u 3.

W3 rpadukoB BUIHO, YTO NpH YBEIMYEHUM HANPSHKEHUM B MeCTax MX KOHLEHTPALUU
CHIDKAETCsl BEJIMYMHA TMEPEMEHHOTO M IPHUBEIEHHOTO MOJYJsS YNPYroCTH. DTO, B CBOIO
ouepelb, BIMSAET HAa BEJIUYMHY JAOMYCKAaeMbIX HampsbkeHuil. M3 puc. 3 BUIHO, 4TO IpHU
NEpPBOHAYAILHOM OBBILICHUN TEMIIEPATYPhl MaJIEHUE HANPSKEHUN HE3HAUUTEIbHOE, OJTHAKO
npu npesbiieHnn 7=500°C nomyckaeMble HaNpsHKEHUs] HAYMHAIOT 0oJieeé MHTEHCHBHO
CHIDKAThCSA. DTO OOBSICHAETCS TEM, UTO HAYMHAETCS pa3ylpOYHEHHE MeTala.
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Puc. 2. IlepemeHHBI/ MOAYJIb YIPYTOCTH £, W NIPUBEIEHHBIN MOy b YIIPYTOCTH £ B

3aBUCHMOCTH OT TeMIlepaTypHbIX HanpsxkeHuit npu OKO cranu 15T
A
500 |

400 e S

: H

200 |

Honycxaersie Hanpaxerus Mia

=
S

g 250 500 750 980 T

Puc. 3.M3MeHenne 1omycKaeMbIX HAMPsHKEHUH B 3aBUCUMOCTH OT TEMIIEPATy PhI MOCTIe
OKO cramu 15T

CnenoBarenbHo, mnociae OKO cramu 150, nomyckaeMble HamnpsKEHUs CHUBATCA
npubamu3uressHo Ha 50%.

JlauHBIA METOJ TIO3BOJIIET HE TOJBKO ONpenenuTh Bo3HUKawomue mpu KO
TEMIIEpaTypHbIE HAPSKEHUS, HO U NPEIBUIETh CHUKEHHE 10Ty CKAaeMbIX HaNpsHKEHUH. JTo,
B CBOIO Ou€pelb, MO3BOJISIET NPENyNpeXIaTh UX HETAaTMBHOE BIUSHUE HAa MPOYHOCTHBIE
XapaKTEePUCTUKU W3AENUsl U PEeryjIupoBaTh BEJIMYMHY TEPMHUECKHUX HANpsOKEHUH 3a CHeT
BapbUPOBAHUS PEKUMOB 00pPaOOTKHU.

Cnucox sureparyposi: 1. b, E. TeiitByn. TemneparypHble HanpsKeHUs
NPUMEHUTENIBHO K caMoJieTaM, CHapsjiaM, TypOuHam M sepHbIM peakropam. IlepeBon c
anrnuiickoro M. @. Jlumen6epra, B. K. XKuromupckoro u 0. @. Kpaconrosuua. Iloxg pen.
npo¢., a-pa texH. Hayk H. U. Ilpuroposckoro. M., 1959. — 350 c. 2. T'oxdempa /. A.
Hecymias cnocoOHOCTh KOHCTPYKIMHM B yCIOBUSX TEIIOCMEH.- M.: «MaluHOCTpOEHUEY,
1970. — 260 c.
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MAUJIBIE CBOBOJHBIE KOJTEBAHUA ’KUJAKOCTHU B OBBEME
MPAMOYT OJIbHON ®OPMbI U UX BU3YAJIMU3AIIUA

JlomoB A.A., Beaosoackuii B.H. (kagp. KCM, [lon HTY, 2. /loneyx, Ykpauna)

B pabore uccnenyoTcss OCHOBBI JUHAMHUYECKOTO pacdéra MPUHIHIUAIBHBIX CXEM
JKUJAKOCTHBIX cernapaTopos (puc.l).

1 2

—

\
\

sanpanmae saveanad

\\ v PO B0l

i
.

1 - kopmye, 2 - NOABMKHOE PEWETS, 3 - BOAAHLIE KOMNEKTOPE

RepeE

Puc. 1. IIpuHuunuaneHas cxema cemnaparopa.

Cemaparop coaepkutr padouyro EMKOCTb, BBITIOJHEHHYIO B BHUJE MPSMOYTOJIHHOTO
napajvlennesia, 3aroJHEHHOTO JI0 BBICOTHI h TpoMmbIBaroOImIe XKUIKOCThIO. B émkoctn
PacIIoJIO’KEHO TOJBHIKHOE PEIIETO, COBEPIIAIOIIEe TapMOHHYECKHE KOJIeOaHus C 3a/laHHOMN
aMIUIMTY 101 1 yacToToi. HoBble mop1my AKUAKOCTH NOCTYNAIOT Ye€pe3 BOJSHbIE KOJUIEKTOPBI,
JUIIHASL €€ 4YacTh CJIMBAETCA 4Yepe3 OTBEPCTUE B 3aJHEH CTEHKE EMKOCTH. McxomHbiil
MaTepuana MoAa€Tcsi Ha peniero, oOpadaTbiBaeTcsi, MPOMBIBAETCS W TOTOBBIA MPOIYKT
MOCTYIIAET Ha BBIXOJ.

JuHamuueckuid pacdy€T M ONTUMHU3ALMS TApaMeTpOB cemaparopa Oa3upyercs Ha
YMEHUHU OTIPEJICIICHUS TTapaMeTpPOB IBMKEHHS >KUAKOCTH Ha €€ CBOOOJHOIM MOBEPXHOCTH U
BOM3M pelieTa. B kauecTBe OJHONM M3 HadyalbHBIX 3a/ad B ATOM HANpaBJICHUU SBISETCA
OTpabOTKa METOJMKH pacdyera CBOOOIHBIX KOJICOAHWH HICabHON KHIKOCTH B YAaCTUIHO
3aIM0JIHEHHOM EMKOCTH € NMPSMOYTOJIbHBIM CEYEHUEM 10 TOPU30HTAIIN.

3anaya 0 cBOOOJHBIX KOJEOaHUSIX UEAIbHOM HEC)KUMAEeMOW KUIKOCTH B pe3epByape,
uMerouieM (opMy HpsIMOYTOJBHOTO MapauleienuIela, CBOJAUTCS K PEUICHHUIO ClETyIoUIeH
KpaeBOM 3a/1a4Hu:

2 2 2 ()
0 f+ 0 (;)+ 0 g20 _0
ox° oy Oz
62(0 oQ (2)
—+g—)., =0
alz g oz )Z—O
op op 3)
—) . s =(—) _ =O
(ax x=0 (ax x=a
0 0 (4)
(5,0 =(50),, =0

ay y=0 = ay y=



NHXEHEP, Ne7,2006 105

oy o )
( az)z:_h =

Oyukmms @ = @(x,y,z,/) €CTh TaK HA3bIBAEMbI MEXAHWYECCKUHA MOTEHIUAN IO
CKOpPOCTEN KUIKOCTU. DU3NUECKOTO CMBICIA CaM MOTEHIMAI HE MUMEET, 3aTO €ro IPagueHT

CBsI3aH C IIOJIEM CKOpOCTef/'I KUIAKOCTHU:

v(x,y,z,t) =-Vo(x,y,2,t)

OTcrozia CTaHOBUTCS SICEH CMBICI IPaHUYHbIX ycsioBu (3)-(5). OHM npocTO 03HAYAIOT
TO, YTO >KMIKOCTh HE MPOCAUYMBAETCS CKBO3b CTEHKHU M JIHO pe3epByapa. YcioBue xe (2)
IPOUCXOAUT OT TOrO, YTO IOBEPXHOCTb IKHUIKOCTU  YIpaBiIseTcsd JEHCTBHEM
BHYTPWKUIKOCTHBIX CHJI M CUJIBI TSIKECTH.

VYpaBuenue (1) sBiseTcs caeiCTBUEM ypaBHEHUI Diiepa, ONUCHIBAIOUINX TEYEHHUE
WeaTbHOU HeC)KMMAeMOM KHUJIKOCTH, €CJIM B HUX BBECTH MOTeHIMAN [1].

I'eomeTpuueckas cxema paccMaTpUBaeMO 3a1auy IPUBEACHA HA PUCYHKE 2:

Puc. 2. 'eomerpuueckas cxema pe3epByapa

Pemenue kpaeBoii 3agaun (1)-(5) umercs B Buge:

@(x,y,z,1) = cos(@-1)ch(k - z) f (x, y) (6)
[ToacranoBka (6) B (1)-(5) u pemnrenue kpaeBoi 3amadu, mosyqaromeics mis f(x,y),
MPUBOJIUT HAC K OKOHYATEIbHOMY petienuto 3aaauu (1) - (5):

®,.(x,v,z)=cos(w,, t)ch(k, z)cos(p,x)cos(q,,)), rae:

wm m
pm =7’ qn ZT’ kmn = (pm)2 +(qn)2 s a)mn :kmngth(kmnh)

Homepa m m n usmensrorcs B npenenax or 1 1o o, p, ¥ g, - 3TO TaK Ha3bIBAEMBbIE

BOJIHOBBIC YHCIIA, COOTBETCTBYIOIINE COOCTBEHHBIM CBOOOTHBIM KOJICOAHUSAM BIIOJIL oceit Ox u
Oy COOTBETCTBEHHO, k, - 9TO BOJHOBOE YHCIIO, COOTBETCTBYIONIEE COOCTBEHHBIM CBOOOIHBIM

KonebanusaM Baoab ocu Oz, ®,, - KPyroBas 4acToTa COOCTBEHHBIX CBOOOIHBIX KOJICOaHMM.
3amMeTHM, YTO MbI MOJTYYMIN HE €JUHCTBEHHOE PEIIeHNE HCXOAHON KpaeBoM 3aJjauH, a CYETHOE
JBYXIapaMeTPUIECKOE MHOKECTBO PEIICHHIA.

Pa3pabareiBaeMas cuctemMa BH3yalu3alMy JOJDKHA AATh I0JIb30BATEII0 BO3MOYKHOCTh
YBHJIETh MOTEHIIHA COOCTBEHHBIX CBOOOJIHBIX KOJICOAHUI JKMIKOCTU JJIsI KaKIOTO 33aIaHHOTO
HOJIb30BaTeIeM HabOpa reOMETPUUECKIX XapaKTEPUCTHK pe3epByapa U YUCel m U n.
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HaHpHMep, opu n= U m= BH3YAJIBHOC MNPCACTABJIICHUC TIOTCHIMAJIA HWMECT BUI,
NPUBE/ICHHBIN HA pUCYHKE 3:

Puc. 3. BusyanbHoe npejcraBiieHue NOTEHIMANA

Cnucox smrepatypsi: 1. JI. JI. Jlangay, E. M. JIupumu. Teopernueckas ¢usuka.
Tom VI. N'maponunamuka. - M.: ®USMATIIUT, 2003. — 736 c. 2. Apnong K., l'ocmunr 1.,
Xommc [.. M. A3bik nporpammupoBanust Java. — M.: Bunbsamc, 2001. — 624 c. 3. Bs3oBuk
H.A. OcHoBsl nporpammupoBanus Ha Java. - M.: UHTYUT, 2003. — 592 c.

MOAEJHUPOBAHUE AHO/JHOTI' O 3JEKTPOJIUTHOI'O HAT'PEBA
MyxaueBa T.JL. (kagh. ooweri puzuxu KI'Y um. H. A. Hexkpacoea, . Kocmpoma, Poccus)

AnHotanus. [IpeanoxeHsl MaTeMaTUYecKUe MOJENIU NpOoliecca aHOJHOTO Harpesa,
MO3BOJISIIOLINE OOBSICHUTH MAJAIOIIMNA XapaKTep BOJIbT—aMIIEPHBIX XapaKTEPUCTUK, HAJMUKE
MakCUMyMa Ha  BOJIBT-TEMIIEPATYpPHBIX  XapakTEPUCTHKAaX, YTOYHUTb  MEXaHU3M
NPOBOJIMMOCTH aHOTHOW MTAPOTa30BOH 00OJIOUYKH.

BBenenue. AHOHBIN AJIEKTPOJIUTHBIN HarpeB OTHOCUTCS K IEPCIEKTUBHBIM METOJaM
CKOPOCTHOHM 3JIEKTPOXMMHUKO-TEPMUYECKOH OOpabOTKM METaJUIOB W CIUIABOB OJyaronmaps
ycKopeHHOMY (opmupoBaHuio Au((y3UOHHBIX CIIOEB M TOBBIMICHHOW TBEPIOCTH AeTaneit
nocne 3akanku. OJHAKO HEJAO0CTAaTOYHAs W3YYEHHOCTh MEXaHM3Ma HarpeBa He MO3BOJISIET
000CHOBAaHHO MPOEKTUPOBATH TEXHOJIOTMYECKUE PEKUMBI YIIPOUHEHUS.

IHoctanoBka 3agaum. Pabora mnocBslleHa CO3JaHUI0 MaTeMAaTUYECKUX MoJeNei
nmporiecca aHogHoro HarpeBa (AH) mns pemeHus NpHUKIATHBIX 3a7a4, B YaCTHOCTH
NPOEKTUPOBAHMS TEXHOJOTUYECKUX PEXUMOB 00pabOTKHM paeraneil. SIBieHWME aHOIHOTO
HarpeBa NpeJCTaBisIeT co00 JIOKalbHOE BCKUIIAHWE PAacTBOPA DJIEKTPOJINTA y TOBEPXHOCTHU
oOpabatpiBaeMoii neram-aHona. Ilpm 3ToM BOKpYr aHojga (opMmupyeTcs CIUIONIIHAs |
ycToiumBas maporasoBas obOosouka (I1'O). VYcroitumBocTs oOpa3yromieics 000JI0YKH
00ycioBlieHa BbIACNICHUEM B 00bEME Mapa JKOyJieBa TEIUla MPHU MPOXO0KJIEHUH Yepe3 HEro
ANIEKTPUYECKOr0 TOKa. Bplnenenue Temia B NPUAHOJHOM CJIO€ T[apa IIpU Harpese
MWIMHIPUYIECKOTO aHOJa PacCMAaTPUBAETCS B YCJIOBHSIX €CTECTBEHHOW KoHBekiwu [1]. Jlmst
OTIpENIeNIEHUs] 3aBUCUMOCTH TeomeTpuueckux paszmepoB [I['O oT pexumHbIX HapaMerpos
AQHOJIHOTO HarpeBa COCTaBJSIETCS ypaBHEHHME TeIuloBoro OamaHca. IIpu 3TOM TeIUiOBbIM
MMOTOKOM B aHOJI MpeHeOperaeTcs.
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PesyabtaTel. IloslydeHHble 3HAUYEHHS] TOJIIMHBI AHOJHOM OOOJOYKH COCTaBISIOT
JECATKM MHUKPOMETPOB, YTO COIVIACYETCA C MPHUHATHIMU OlLleHKamu. JlaHHas MoJenb
aJICKBaTHO OIMCBIBAET PACUIMPEHHE IapOra3oBOil IUIEHKHM C YBEIMYEHUEM HaNPSHKEHUS
HarpeBa. OJHAKO TakOoW NOJAXOJ K pacyeTy TOJIIMHBI [ApOra3oBOIO CJIOSI NPUBOJIUT K
HYJICBOW TOJIIMHE 000JI0YKHM B HI)KHEH YacTH aHoja. MIHaue roBopsi, MOJIEIb IIPEATOaraeT B
TOM MeCTe NMPAKTUYECKH HEBEPOSITHBIM KOHTAKT AJIEKTPOJMTA C 00pabaThIBaeMOM JeTajblo.
AnbTepHaTHBHBIM MeTOJ pacuera 3aBucumoctd ToimuHbel IO oT BepTukambHOM
KOOPJAMHATHl U PEKUMHBIX IapaMETPOB IIPOLIECCA YUUTHIBAET HAJIMYHME BEPTUKAIBHOIO
rpagueHta temmnepaTtypsl [2]. s 3TOro HaxoAuTcs paclpeleieHue TEeMIEpaTyphl, Kak B
[apora3oBOM CJIO€, TaK W B LWIMHApHUYECKOM aHone. Ilpum pemeHun ypaBHEHUs
TEIUIONPOBOJHOCTH B IMAPOTa30BOil 000JOUKE YUYHUTHIBACTCS, YTO TEIUNIOOOMEH Ha TpaHHUIle
000JIOUKH C aHOJIOM OCYHIECTBIISIETCS 10 3aKoHy Hbiotona-Puxmana. Pacuer juist TOJIIUHBI
000JIOUKH y OCHOBaHMS oOpaslla MOKa3bIBaeT, YTO OTa BEJIMYMHA HE 3aBUCUT OT
YIPaBJISIONIMX MapaMeTpoOB IpoIiecca HAarpeBa M OMPEAEISieTCs TOJIBKO TeTio(hU3n4ecKUMHU
CBOMCTBAMHU CHCTEMBI. 3aBUCHUMOCTH TOJIIMHBI OOOJOYKH OT BEPTHKAIBHON KOOPAHMHATHI
(puc.1) momydena B BuAe creneHHOro psga. Cremxyer oOpaTUTh BHUMAaHUE Ha JaBacMbId
MOJENBI0 KpaeBoil d(PPeKT — y BepXHEW 4YacTH aHoJa MPOHCXOJHUT CUIBHOE YIIUPCHUE
napora3oBoro cjos. Ha npakTuke 3To CBA3aHO ¢ IEPErpeBOM JIEKTPOJIUTA B JTaHHOW 00JIacTH.

OnmcanHas MoJellb MOIUQGUIMPOBAHA HA clydyaid aHoAa KOHEYHOW HiuHBEI [3].
PaccmarpuBaercs BiaMsHME IEepepaclpenesieHusl Tella B CUCTEME JIeTalb — Iapora3oBas
000J104Ka Ha BEPTUKAIBHBIN IpaJiueHT TEMIIEPATypbl U HAXOJAUTCS paclpeielIeHUe TEMIOBbIX
NOTOKOB B Hel. Takas MoJeNb IMO3BOJIIET IMPEAJIOKUTh HOBYIO METOAMKY OIpeAeTICHHS
kodpduumenta temioornaun ot IO B anoxn. Pacuer 3aBucumoctu ko3¢ ¢unmeHTa
TEIUIOOT/IaYu OT BEPTUKAJIBLHOW KOOpPJAMHATHI W HANpsIKEHUS II0Ka3bIBAET CMEHY 3HaKa
KO3 HIMEeHTa Ha ONPEICNCHHON BBICOTE aHOJa. JTO O3HAYaeT, YTO B BEPXHEH YacTH
000JI0YKH TEIUIOBOW TOTOK HANpaBlIeH M3 aHoJa B 000J0YKy (puc. 2). 3aBHCUMOCTH
KOd(pPHIIMEHTA TETUIOOTAaYl OT HAIPsDKEHHUS HEIWHEHA M CTPEMUTCS K HYJIIO HE3aBHCHMO
OT BEPTUKAJIbHON KOOpPJIMHATBI C POCTOM HampsikeHus. CpegHue IO BbICOTE 3HAYEHUS
KOd(pPHIMEHTAa KAYECTBEHHO COBIMAJAIOT C HM3MEPEHHBIMH DPaHEe METOJIOM PEryJsipHOTO
TEIUIOBOTO OajlaHca, KOTOPBIN AAeT JIMIIb CPEAHNUE 3HAUCHHS ONPEEIsIieMON BEIUYMHbBI U HE
BBISIBJISIET €0 3aBUCUMOCTHU OT HANpPSKEHUS.

Bce npuBeneHHble BbIllE METOAMKH TO3BOJIAIOT TEOPETUYECKU PACCUUTATH BOJIBT-
temneparypHsle xapaktepuctuku (BTX) mnponecca narpeBa. [lomydeHHble npu 3TOM
3aBHCUMOCTH TeMIepaTrypbl oOpas3la OT NPHUIOKEHHOIO0 K CHUCTEME HampsKEHUs HMEIOT
MOHOTOHHO BO3pacTaloIllMii XapakTep Ha BCEM MHTEpBaJe HANpsKEHUI CyIIeCTBOBAaHUS
aHOJIHOTO HarpeBa. OmnucaHHbIE MOJEIM HE IMO3BOJISIOT PAacCUUTATh 3HAYEHHE MaKCHUMyMa
TEMIEpaTypbl aHOAa M COOTBETCTBYyIOLIero HampsbkeHus. [loatoMmy mpennaraercs
ajbTepHAaTUBHBIA MeTo ] pacueta BTX [4], mo3Bosstonuii 00bACHUTh HAIMYUE U PACCUUTATH
M0JIO’KEHUE Ha BOJIBT-TEMIEPATyPHON 3aBUCUMOCTH MaKCUMyMa TEMIIEpATyp.
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VBenuueHnue Temneparypbl aHoja B MHTepBasie HampsokeHuit 150-260 B sBusercs
OYEBHIIHBIM CIIEICTBUEM pocTa BhineneHus sueprun B [1I'O. O6paTHOe BIMSAHUE HAIPSHKEHHS
Ha MaJaroleil BETBU BOJIBT-TEMIIEPATYPHON XapaKTEPUCTUKH MOKHO OOBSICHUTD CJETY FOLIUM
oOpazom. B pesynbrare pactBopeHms MmaTepmana oOpabarbiBaemoit meramu uonbsl Fe (III)
(puc. 3), YCKOPSIOTCS B DJJCKTPHYSCKOM II0JIE TApOTra30BOM OOOJIOYKH, JIOCTUTAIOT
MOBEPXHOCTH pazjiesia 000JI04Ka — SJCKTPOJIUT U BHIOUBAIOT KaleJIbKU PAacTBOpa B 000JI0UKY.
OTUM co3maercs JOMNOJHHUTENbHbIM TEIJIOBOM IOTOK, pAacXoJyeMbli Ha HCIapeHHe
SMUTHPOBAHHBIX Kalelslb, KOTOPBIH CHMKAET MOTOK TEIia, NOCTyNAalIMi U3 Mapora3zoBoro
CJI0s1 B HarpeBaemblil aHon. PaccumranHas ¢ momouieto ganHou monenmu BTX mpencraBinena
Ha pUCYyHKE 4, TIe TeopeTHyeckas XapaKTepHUCTUKAa KadeCTBEHHO M KOJHMYECTBEHHO
COTJIaCY€ETCs C IKCIEPUMEHTAIBHOM.

BreiBOABI

1. Tlokxa3zaHo, YTO pacueTHbI MNPOQUIL paCHIMPSAIOMIEHCS BBEPX MaporazoBOM

000JIOUKH COJEP>KUT KOHEUHYIO IIMPUHY B HIDKHEM vacTu aHojaa. TommumHa 000JI0YKU
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COCTaBJIACT JECATKH MHUKpoMeTpoB. C yBeIMUEHHEM HaNpsOKEHHs TMapora3oBbId  CIOM
pacumpsieTcs Mo JIMHEHHOMY 3aKOHY.

2. IlpemnoxxeHa MeTOAMKAa oOmpeaeieHuss KodpduIMeHTa TEemIooTAaYd  OT
naporazoBoii 00osouku B anoi. IlokazaHo, 4yTo ompexaeneHue K03PQUIMEHTa TEIIO0TAuH
METOJIOM PETYJSIPHOTO TEIUIOBOTO IMOTOKA JAeT JIMIIb CPEJHHE 3HAYCHUS ONpeAesieMOn
BEJIMYMHBI, U HE BBISIBIISIET 3aBUCIMOCTH OT HAIPSDKEHHS B CUCTEME.

3. Iloka3aHO, YTO OCHOBHYIO POJib B (DOPMHUPOBAHUHM BEPTUKAILHOIO TpaJWEHTa
TEeMIIEpaTypbl aHOJA WUIpaeT IepepaclpefesicHue TeIia B paccmarpuBaeMoil cucteme. C
YMEHBIICHHEM JJIMHBI aHOJIa BEPTHKAJIBHBIA T'PAJHEHT TEMIepaTyphl OOJbIIE 3aBHCHT OT
TEIJIOBOTO IIOTOKA, PacceMBaeMOro BO BHEINIHIOW cpenqy. PaccuuraHo, yto ot Teruia,
MOCTYHAIOLIETO B aHOJ, HE IPEBOCXOAUT 5 % OT 00IIET0 KOJMYECTBA SHEPTUH, BBICIISIEMOH B
napora3oBoil 000JI0uKe.

4. IlpeanoxeH MEeTo pacueTa MOJHOM BOJBT-TEMIIEPATypPHON XapaKTEPUCTHKH aHOI-
HOT'O HarpeBa, yYUTHIBAIONIMN HAJIMYUE B Mapora3oBOil 000JI0OUYKE YMUTHPOBAHHBIX KareeKk
AJIEKTPOJIMTA U TIO3BOJISIIONIMN OOBSICHUTh HAJIMYHME W PACCUUTATh MOJOKCHHWE Ha BOJIBT-
TEMIIepaTypHOH 3aBUCHMOCTH MakKCHMyMa TEMIIepaTyp. Y CTAaHOBJIEHO, YTO C YBEIHMYCHHEM
paanyca aHoJa MaKCUMYM TeMIIEpaTypbl CMEIIAeTCsi B 00J1aCTh 00Jiee HU3KUX HATPSIKEHHH.

5. Iloxa3aHo, 4TO C yBEITHMYCHUEM HAIPsDKEHUS] HarpeBa BO3PAcTaeT A0 TEIIOBOTO
noToka, yHocumoro u3 I1I'O sMUTHPOBAaHHBIMHE C €€ TIOBEPXHOCTH KalleJIbKaMH JIEKTPOJIUTA.
CrnencTBHEM ATOTO SIBISIETCS MAICHNUE TEMIIEPATyphl aHOAa IIPU HAIPsIKEHUAX cBbIie 260 B.
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