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ABTOMATHU3ALIUA KOHCTPYKTOPCKO-TIPOEKTUPOBOYHbBIX PABOT
CotnukoB A.JL., JIykuueB A.B. (xagp. MO3YM, xagh. OIIM, /lonHTY, 2. /loneyk, Ykpauna)

CoBpemMeHHbI peIHOK TporpamMmHoro obecrieuenust (I10) HacelmeH cucreMamu aB-
TomatuzupoBanHoro npoektupoBanus (CAIIP) paznuyHbIX MO Ha3HAYEHUIO U MO (YHKIMO-
HaJIbHBIM BO3MOKHOCTSIM. COOTBETCTBEHHO, 4eM 00JIblIe (PYHKIIMOHAIBHBIX BO3MOYKHOCTEH,
TeM mmpe oosacth pemaembix 3anau qannoit CAITP. Ho c Bo3pactanuem Bosmoxuoctel 110,
YBEJIMYHMBACTCSI U €T0 CTOMMOCTh. B TO e Bpemsi HH(POPMAIIMOHHBIE TEXHOJOTHH 3aHUMAIOT
JUIUPYIOIIEE MECTO B UHCTPYMEHTApUU NH)XEHEPHO-TEXHUYECKOTO NIEPCOHANA MPEATPUATUI
TFOOBIX (POPMBI COOCTBEHHOCTH.

Menexepbl IPOMBIIUIEHHBIX NPEANpUATUN HaxoaaT myTu npumeHenus I1O kiacca
CAIIP, ¢ MUHUMAJILHBIMU 3aTpaTaMu Ha WX NpuoOpereHue. J{Jis BHITIOIHEHUS KOHCTPYKTOP-
CKO-NIPOEKTUPOBOYHBIX PaOOT NPU NOJATOTOBKE K BBIIYCKY HOBOM NPOAYKIMH B COOTBETCTBUU
C MEXAYHapOJHbIMHU CTaHIapTaM{, UH)XEHEpaMU MPEANPUATUI NPUMEHSAIOTCS ''IeMOHCTpa-
moHHble” Bepcun CAIIP muampyromunx, MHOCTpaHHBIX (upM-pazpadoryukoB (AutoDesk,
Inc. (USA), MathSoft, Inc. (USA), SolidWorks Corporation (USA) u T.1.). [Iporpammuoe
obecrieuenne pupm-pazpadotankoB cran CHI' (AO Ackon (Poccust) u p.) HE CMOTpPST Ha €ro
OTHOCHTEJIFHO HU3KYIO CTOMMOCTb, UMEET MEHBIIEE KOJTHMYECTBO (PYHKIMOHAIBHBIX BO3MOXK-
HOCTEH, UTO SBIISIETCS CASPKUBAIOIINM (PAKTOPOM HX IIMPOKOTO HCTIOIH30BaHHMS.

NHXeHepbI-KOHCTPYKTOPBI CO3HATEIBHO UIYT HA UCIIOJIB30BAaHUE JE€MOHCTPALMOHHO-
ro IO mumas cebs rapaHTHiHOW M HMH(MOPMAIMOHHON TOJAEPKKH CO CTOPOHBI (UpPM-
pa3paboOTYMKOB, MCIIOJIb30BaHUS Bcero o0Obema Bo3MoxkHocTel aaHHbIX CAIIP. JlanHoe 00-
CTOSITENILCTBO MMEET U oTpuuarenabHsle cTopoHsl, [10 kmacca CAIIP B 0CHOBHOM HCHOJB3Y-
€TCsl B KaUeCTBE JIEKTPOHHOTO KyJbMaHa, C UCI0JIb30BaHHEM He Oojiee 20% BO3MOKHOCTEM.

C Toro momeHTa, Korza Boepsble B cocTaB IO BKIIOUMIM BHYTPEHHHUE SA3BIKH IPO-
rpammupoBanus (Microsoft Office — Visual Basic for Applications (VBA), AutoDesk Auto-
CAD — AutoLisp u 1.11.), a Takke (yHKIHM HHTEpdEiica MPOrpaMMUpPOBAHUS TPUIIOKESHUI
(API), nmosip30BaTeny MOJYUYMUIM BO3MOKHOCTH CAMOCTOSITENIBHO PAaCIIUPSITh BO3MOXKHOCTHU
umerouierocs: B Haauuuu [10 nns pemenus cBoux, cnenuaibHbIX 3a7ad. Mmes xopouryro Oa-
30BYIO0 TIOJTOTOBKY [0 NPOrPAMMHPOBAHMIO, OT€UECTBEHHbIE MHKEHEPHI TAKXKE BOCIOJIb30-
BaJIMCh BO3MOKHOCTSIMHU MPEJOCTaBISIEMbIMA BHYTPEHHUMHU SI3bIKaMU POrPAMMUPOBAHUS U
unrepeiicamu API. DTo mo3Bonmio UM pemars 3a1a4u ¢ HOMOIIBI0 "IEMOHCTPALMOHHOTO"
NPOTrPaMMHOT0 0OecTieueHNsI, He HapyIasi aBTOPCKUX NpaB GUPM-pa3pabOTIHNKOB.

[Ipu pemennu 3a1a4 MPOEKTUPOBAHUS, HHKEHEPHI CTAIKUBAIOTCS ¢ HEOOXOIUMOCTHIO
non0opa CTaHAAPTHBIX y3J0B (MOAIMIHUKOB U T.J.) U AeTalneil (METH30B, IIMNOHOK U T.1.).
Ho "npemonctpanmonnoe" [10 nMeronieecs: B HAIMYUE, Kak MPaBUIIO, HE UMEET MOJ0OHBIX 6a3
naHHBIX. OUPMBI-pa3pabOoTINKK MPEUIaraloT UX MPUOOpeTaTh 3a OTACIBHYIO IUaTy. Beixon
U3 JIaHHOM CHUTYallMyu 3aKJII0YaeTCsl B BOZMOYKHOCTH CaMOCTOSITETIBHOTO CO3aHMUS TOA00HBIX
0a3 TaHHBIX CTaHJAPTHBIX y370B U AeTanel B coorBeTcTBUU ¢ JICT Ykpaunsl. B aTom ectb u
CBOM IUTIOCHI, TaK Kak 0a3bl JaHHBIX WHOCTPAHHBIX (pUPM-pa3pabOTYMKOB HMEIOT OJIWH,
OOJIBIION HEJOCTATOK — OHM HE COOTBETCTBYIOT CTaHIapTaM YKpauHbl. A peanusanusi ux
OCYILECTBIIIETCA C IOMOIIbIO BHYTPEHHHUX SI3bIKOB IpOrpaMMupoBaHus U unrepdeiica API.

NmeroTes cBenenus o mogo0HBIX pa3pabdoTkax [1,2,3] OmmkHero u mpaibHero 3apyode-
Kbst. st X peanuzanuu ucnoiibzyercs otkpbitas apxutektypa CAITP AutoCAD.

B nacrosimee Bpemsi mmpokoe pacnpoctpanenue nosydaet 10, kmacca CAIIP, cpen-
Hero ypoBHs — SolidWorks, dupmsr SolidWorks Corporation (USA). mest B Hanuuuu "ne-
MOHCTpanMoHHy" Bepcuto gaHHoro [IO MOXHO pemmTh pa3IudHbIE KOHCTPYKTOPCKO-
NPOEKTUPOBOYHBIE 3a/1a4H, 3a cUeT NpUMeHeHHs] QyHKIMHA uHTepdeiica mporpaMMUpOBaHUS
npuinoxxenuii (API) SolidWorks, nporpammuoro unrepgeiica OLE SolidWorks. UnTtepdeiic
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API conepxxutr cotHH (yHKIWMI, KOTOpble MOXHO BbI3bBaTh W3 Visual Basic, VBA (MS
Excel, MS Access u t.1.), C, C++ unu ¢aitnos makpocoB SolidWorks. DT ¢pyHKIINHM npegoc-
TaBJIAIOT MIPOrPAMMHUCTY MPSIMOH JOCTYN K ()yHKIIMOHAIBHBIM BO3MOKHOCTAM SolidWorks.

Pa3paborannas aBtopamu mporpamma AS "MACTEP" sBnsercs uH(pOpMAIMOHHO-
CIPAaBOYHOI MpOrpaMMoM MO MOJIIMITHUKAM Kau€HHUs, C BO3MOKHOCThIO umnopta 3D mone-
neit moamunHUKOB B SolidWorks 2000. B 6aze maHHBIX IpOrpaMMbl COJEPIKATCS JAHHBIE O
TFeOMETPUYECKHUX TMapaMeTpax pagualbHbIX CPEPUUYECKUX MIAPUKOBBIX M POJMKOBBIX MOJI-
mmnHUKOB. Tak kak SolidWorks coBmMecTiM ¢ mporpaMMHbBIMH TpoaykTamu Microsoft (Ac-
cess, Excel, Word u PowerPoint), To myis peanm3aiuy 0a3bl JaHHBIX MOIIMITHAKOB OB BBI-
Opana nporpamma Microsoft Access. Cama mporpamMma Hamucana Ha si3bike MS Visual Basic.
C nomomipto nporpamMmel AS "MACTEP" ocyiecTBisieTcs: BBOJ HOBBIX U PEIAKTHPOBAHUE
CYLIECTBYIOUINX JTaHHBIX.

Panee npu nanucanum I10 knacca CAIIP nns pemieHus y3kocnenuaain3upOBaHHbBIX
3agad [4,5], 6a3bl JaHHBIX BKIIIOYAIUCH B BUJE MAacCHBOB WM (ailIoB pacrpoCTpaHEHHBIX
cucreMm ymnpasieHus Oazamu gaHHbix (MS dBase, MS FoxPro, MS Access, MS SQL,
Paradox), u He MOTIJIM HCIIOJIB30BATHCA OTAEIBHO, KaK MH(POPMAIIOHHO-CTIIPABOYHBIE MPO-
rpaMMbI C BO3MOKHOCTbIO UMIIOpTa AaHHBIX. [Ipyu Hanmuuum nporpammel AS "MACTEP" ot-
najzieT He0OXO0JUMOCTh HAaIMCAHUsI COOCTBEHHBIX 0a3 TaHHBIX [6].

Pabora c 6a30it manaeix AS "MACTEP" ouens mpocra. s ummopra 3D monenu B
Tekymuii mpoekT SolidWorks HeoOxoanMo B nuanoroBoM okHe (pucyHOK 1) BeIOpaTh Twm,
CEepHI0 M YCIOBHOE 0003HAaUEeHHE MOIIMITHIKA KaueHHs. B J1eBoil yacTu OKHa MOXHO Tpej-
BapuUTEIbHO NpocMoTpeTh 3D Monens BeIOpaHHOTO moAmunHukKa. [loaTBepxkaeHue BbIOOpa
MOIIIMITHUKA OCyIIecTBIsieTcs HaxkatueM kHomku "Ox". Ilocne yero reomerpuveckas Mo-
JIeJTb TTOIITUITHUKA TIOSIBUTCS B TIPOCTPAHCTBE pab0OYero JUCTa TEKYIIETo UM HOBOTO MPOEKTa
SolidWorks.

HameHelmas padora ¢ 3D
MOJIEbI0  MOAIIUITHIKA aHaJIo-
=] || THuma pabore co '"cOopkamu"

SolidWorks. Ha pucynke 2 noka-
H 3aH  mpumep "cOopku" Solid-

AS "MACTEP" # Solidworks 2000 HE
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Hron KOHTEKTE, FPSG ..o 1] "MACTEP" ¢ takumu CAIIP, kak
KOMIIAC-3D LT, AutoCAD

OTraeHa Mordow e

2000, a Takxke BemyTcs pabOTHI
10 pacHmpeHuro o0jacTu pe-
Puc. 1. luanoroBoe oKHO BbIOOpA MOIITUTTHUKA maeMbIX 3a/a4, 3a CHET BKIIFOHC-

HUSL B NporpamMmy 0a3 JlaHHBIX
CTaHJIapTHBIX METU30B (OOJTOB, raek, IMUJIEK, BUHTOB U T.1I.).
[To Bompocam aBTOMaTH3alMK NPOEKTHUPOBOYHBIX PabOT, MpelaraeéM MOCETUTh Cep-
Bep Mexanuueckoro (dakynsreta JJoHHTY : http://mech.dgtu.donetsk.ua/computersystem/.
TaM MOXHO O3HAKOMHUTBCSI C HOBBIMH BEPCHSIMH OIMCAHHOTO NPOrPAaMMHOIO MPOAYKTa, a
TaK)Ke MOJIYYUTh JIOMOJIHUTENIBHYI0 MH(DOPMAIUIO MO CUCTEMaM KOMIBIOTEPU3ALMH HHXKE-
HEPHOM AESITEIbHOCTH, C JEMOHCTPAMOHHBIMH BEPCUSIMU IPOrPAaMMHOI0 00ecTiedeHus1, pas-
pabatbiBaeMoro pasznuuHbiMHU Kadeapamu JJonHTY, npuHsaTh yyacTHe B KOH(pEpEHIUH, Mpe-
JIOCTaBUB CBOM NPEJJI0OKEHUS, MATEpUaIbl U 3aMEYaHUS.
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Puc. 2. ®parment npoekra SolidWorks

Cnucoxk Jutepatypni: 1. Batog Ionel. Dezvoltarea de aplicatii complexe 1in
arhitectura deschisa a pachetului AutoCAD (Descrierea Problemei) // Tehnologii Moderne,
Calitate, Restructurare: Lucrdrile publicate au fost comunicate la Conferinta Stiintica
Internationald TMCR 2001, Chisindu. — Univesitatea Technica a Moldovei, 2001. Vol. 4, ctp.
24-27. 2. Ivan Maria-Cornelia. Baze de date grafice si numerice aferente procesorului grafic
ansa // Tehnologii Moderne, Calitate, Restructurare: Lucrarile publicate au fost comunicate la
Conferinta Stiinticd Internationalda TMCR 2001, Chisindu. — Univesitatea Technicd a
Moldovei, 2001. Vol. 4, ctp. 118-121. 3. Soare Mihaela. Rutind AutoLISP pentru desenarea
filetelor in AutoCAD // Tehnologii Moderne, Calitate, Restructurare: Lucrarile publicate au
fost comunicate la Conferinta Stiintica Internationald TMCR 2001, Chisindu. — Univesitatea
Technica a Moldovei, 2001. Vol. 4, ctp. 215-217. 4. CotaukoB A. JI., Jlykuues A. B. Ilpo-
rpamma AS SAPR 1st parioHabHOTO MPOEKTHPOBAHMS JIByXCTYIICHYATHIX PEIYKTOPOB //
MamvHoBeIeHHE U IeTald MallluH: MaTtepualibl perHOHAIbHOW HayYHO-METOIMYECKON KOH-
depenmu. — oneuk: JouI'TY, 2001. ctp. 63-66. S. llymnera A. B., Pycnanos I'. 1., Pycna-
HoB P. I'. KoncrpyupoBanue y3noB u aeraneit peaykropos Ha [IDBM // MamuHoBenenue u
JeTali MalluH: Marepuasibl peruoHalbHOW HaydyHO-METOoauueckod koHdepeHnuu. — Jlo-
nenk: JJoul'TY, 2001. ctp. 104. 6. JlykuueB Anekcanap, CotHukoB Anekceit. CUCTeMbl KOM-
NbIOTEPU3ALMHI HHKEHEPHOU e TEIbHOCTH B METAJUTyprui U MammHoctpoenuu // Tehnologii
Moderne, Calitate, Restructurare: Lucrdrile publicate au fost comunicate la Conferinta
Stiinticd Internationald TMCR 2001, Chisindu. — Univesitatea Technica a Moldovei, 2001.
Vol. 4, ctp. 252-255.
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KOMILUTEKCHASI ABTOMATH3AIIAS ITIPOU3BOJICTBA
CAMOCTOHOPSIIAXCS TAEK HA FA3E ABTOMATHYE CKUX
JIMHUM POTOPHOI'O THUIIA

Byaenkos E.A." (kag. TM, JouHTY, 2. Joneyx, Yrpauna)

ABTOMATH3aIMsl TPOM3BOJCTBEHHBIX MPOIECCOB SIBISETCS B HAINM JHH OCHOBHBIM
HAlpaBJICHUEM TEXHUYECKOIO Mporpecca M MMEET peIlalliee 3HAUYCHHE B Pa3BUTUH
MAaIIMHOCTPOUTEILHON MPOMBIIIICHHOCTH. ABTOMaTH3aIMsi OO0CCICYMBACT 3HAYUTEIIHHOC
NOBBIIICHUE TPOM3BOJMTEIILBHOCTA W OOJICTYCHHE YCIOBHH TpyAa C OJHOBPEMEHHBIM
yJIy4IICHHEM KauecTBa, CTAOMIBHOCTH ¥ TOYHOCTH BBIITYCKAaEMOM MPOTYKIMH, AaeT OOJIBbIIOH
skoHoMHuueckuil 3¢ddekr. IlpumepoM BBICOKON 3>(PPEKTHUBHOCTH IIHUPOKOTO MPUMEHEHHUS
ABTOMATHU3AIMHU CIIY)KUT METHU3HAsI MPOMBIIUICHHOCTh, OJTHAKO MPOM3BOJICTBO JaJEKO HE BCEX
KPETIC)KHBIX U3JICITUI MOKET OBITh OCYIIECTBICHO O€3 BMEIIaTeIbCTBA YelioBeKa. BHenpeHue
ABTOMATUYECKUX JIMHUN POTOPHOTO THIA, KAK CPEJCTBA KOMIUICKCHOW aBTOMATH3AlMH, TIPH
KOTOPO# BECh TEXHOJOTMYECKHUI MPOIECC OT MOJYYCHUsS] 3aTOTOBKH JIO YNMAKOBKH TOTOBOTO
U3JIeJUsl OCYIICCTBILICTCS] MIPH MOMOIIM CHCTEMbI aBTOMATHYECKHX OINEPAI[MOHHBIX MAIIHH,
COCMHEHHBIX MEXIYy c000#l MeXOTNepalMOHHBIMU TPAHCIIOPTHBIMHU YCTPOMCTBAMHU, SBIISIETCS
HanOoJiee MEePCICKTUBHBIM HAIPAaBICHUEM Pa3BHUTHS aBTOMATH3ALMU U TIO3BOJISICT PEIIUTh
OO0JBIIMHCTBO NIPOOJIEM, KOTOPBIE HE MOTJIM OBITH peIIeHbl OOBIYHBIMU METO/IaMHU.

Llenpt0  MPOBENCHHBIX HCCIENOBaHUI  OblLIa
2 g2( *0-28 paszpaboTka TEXHOJIOTHIECKOTO nporecca
U3TOTOBJICHUS HIECTH TUTIOPa3MEpOB
7/ CaMOCTOIIOPAIIMXCS TacK HAa aBTOMAaTUYECKOW JIMHUU
potopHoro Tuma. Kak cpeacTBO  KOMIUICKCHOU
aBTOMATU3allMd  TPOM3BOJICTBA,  ABTOMATHYECKas
pPOTOpHAs JIMHKS MPU3BaHA TIOBBICUTh KAYECTBO TacK 3a
[ cyer aBTOMATH3alMHU CIICCAPHBIX OMEpalvii, a TaKxke
_ 00eCreYnTh HAMMEHBIIYI0 CeOECTOMMOCTh IyTeM
_M29-7TH nepesoa CEpPUIHOTO  OJHOHOMEHKIATYPHOIO
o NPOM3BO/ICTBa HA MHOTOHOMEHKJIATYPHOE MacCOBOE.
Camocronopsimasica raika (cM. pucyHok 1)

2024

Puc. 1. CamocTonopsimasicst raiika.

M

K9M

tomdbielr p TP HT,P HTP HKP HTP H ToP e
b A 4 1. A A _ 4

3HM

Puc. 2. Cxema APJI mexanunueckoit 00paboTku

" PaboTa BBIIOJIHEHA TI0/T PyKOBOACTBOM mpod. Muxaiinosa A. H.
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npeJcTaBsieT co00i COOPOUHYIO €IUHUILY, COCTOSAIIYI0 M3 KOpIyca Tailkd 1 U BCTaBKU —
HEIJIOHOBOTO KoJblia 2.BHyTpeHHEe OTBEpPCTHE KOJIbLIA BBIIIOJHEHO MEHBIIE, YEM CPEIHUI
IuaMeTp pe3bObl, YyTo oOecmeymBaeT CTONOPEHHE TalKu NpU PACKPYUYUBAHUM 33 CUET
MOBBIIICHHBIX CHJI TPEHHS B Pe3b00OBOM COECIMHEHHM HEMJIOHOBOro Kojbla M Oonra. Ha
pucyHke 2 mpuBeneHa cxema pacnojiokenus [1] texnonmorudeckux (TP) u TpancnmopTHBIX
(TpP) portopos, xouTposbHbIX (KM), 3Heprerndyeckux (OHM), KOHTpOJIbHO-YIIPaBISIOIINX
(KYM) wu gormyeckux (JIM) MamuH JHMHMM JUII  MEXaHHYECKOH  00paboTKH
CaMOCTOIOPSILUXCS TaeK.

Cxema pacnonoxenus [1] poTOpoB M MallMH B aBTOMAaTHUYECKONH POTOPHOMN JIMHUU
(APJI) cOopku caMmOCTONOPSLIIUXCS TaeK MPUBEJIEHA HA PUCYHKE 3.

Konew.o
P
s
=

Kopnyc PH _TPP'_TP '—-’;’P | KP __TPP __TP ___TP _TPP romofpe usaeaug.

HH

Puc. 3. Cxema APJI cOopxku.

['mbKxoCcTh CHCTEMBI POTOPHBIX JIMHHKA OOECTIEYMBAETCS 3a CUET BBEJIEHHS POTOpa-
Hakonmrenss (PH) B crpykrypy APJI cOopku. Bo3moxHo wucnonb3oBaHue OYHKEpOB
MeXJIMHEHHbIX 3anacoB (BM3) B kauecTBe HakomuTessl IMpU pa3pabOTKE CTPYKTYpbI
ABTOMATHUYECKUX POTOPHBIX JIMHUM.

OnHa U3 IVIABHBIX OTIIMYMUTENBHBEIX ocoOennocteil APJI cocToMT B TOM, YTO OOIIMii
MNOTOK 3ar0TOBOK, IMOCTYMAOIIUX HA BXOJ
m000W JIMHUM, pa3AeNisieTcs] TOJOBHBIM

HA!!]EQHQQ Ap/! ] A P A gg%gfbfe poTopom Ha IIOCTOSTHHOE YUCIO
: useenus MOAMNOTOKOB, 3aBHUCAINEE OT  4YHCIA

MHCTPYMEHTAJILHBIX 0JIOKOB,
Mamepuan _ YCTaHOBJICHHBIX B THE3JaX TOJIOBHOTO
AP/‘ potopa. Jleramy, NpHHAUIEKAIINE TOMY

WIM WHOMY KaHally, Ha IOCIIEIYOIINX

Puc. 4. llenouka nuHMi poTopax MOTYT 00pabaTeIBaTHCS

pa&]’[H‘IHBIMPI 6HOKaMI/I, YTO B YCJ'IOBI/ISIX

MHOTOHOMEHKJIATyPHOM JIMHUM NPOCTO HE

nomyctumo. CreoBaTeNnbHO, CTPYKTYPHbIE CXEMBbl JIMHUM NPUHIUIHAIBHO pPa3InyaroTcs,

qTo HpI/IBOI[I/IT K H€O6XOI[I/IMOCTI/I HUCCJICAOBAHUA HAa CTAAWMHN BBITIOJITHCHUA TCXHOHOFHH€CKOﬁ

YacTH IPOEKTa MPUHIMIIOB MaplIpyTH3alu oO0pabaThIBaeMBbIX JeTajed Mexay OJokaMu
COCEJTHUX U CIICAYIOINX POTOPOB.

CymecTByeT Tpu BUAA MapIIPyTHU3AIMUA: TPOCTasi, HEMOJHAS CJIOXKHAs, U CIOKHAs

Mapmpytusamus.  lIpocras  mapumpyTusanps — XapakTepuszyercsa  TeM, 4YTO  YHUCIO
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TEXHOJIOTUYECKUX KaHAJIOB pPAaBHO YHCIYy WHCTPYMEHTAIbHBIX OsiokoB. Takod BHJ
MapIIpyTH3aIUU TPUMEHSIETCS, B OCHOBHOM, IIpU 00paboTKe JeTasieil 0 JHOH HOMEHKIATYPHI.
[Ipu cMemaHHON MapuIpyTH3alMu oOpabaTbiBaeMble JETadd MPOXOMAT 4epe3 pasHble, HO
OJIHO3HAYHO OMpEAENCHHbIE TO3UIMM. [l CIOKHOW MapuIpyTH3allMM  XapaKTepHa
HEOIPEAEIEHHOCTh TEXHOJOTHYECKUX KaHAJIOB.

B xone mpoBeneHHBIX HCCIeOBaHUN OBLIO YCTAHOBJIEHO, YTO pa3paboranHas APJI
JUI. TIPOM3BOJICTBA CAMOCTONOPSIIUXCA TaeKk uMeeT N=4 pa3inudHbIX MapuipyTa oOpaboTKu
JeTajell OAHOW HOMEHKJIATyphl, YTO COOTBETCTBYET CMELIAHHOM MaplIpyTHU3aLKH.
CwmelnianHas MaplIpyTH3aLMsl XapaKTEpU3yeTcsl TEM, UYTO YUCIIO TEXHOJOTMYECKHX KaHAJIOB
KpPaTHO YMCITy MHCTPYMEHTAJIBHBIX OJIOKOB COCEHUX POTOPOB WM ATH YHUCIIA UMEIOT OO
MHOHUTENb. OTaenbHble BapuaHThl noctpoeHus APJI
[0 3TOM CXEME MOXHO PEKOMEH/0BaTh, TAKXKE, KOTJa
OCHOBHBIE onepanuu yepeyoTCs C
BCIIOMOTATEJIbHBIMY, BBINIOJHAEMBIMH Ha pOTOpax, B
KOTOPBIX MPOU3BOAUTCS 00pabOTKa TEXHOJIOTUUECKUMHU
cpenamu (TpaBneHwue, o0e3KupuBaHUE,
dbocdarupoBaHue 1 T.1.)

B pabore wuccnemoBaHa — MpUHIMIHUATIbHAS
KMHEMaTH4YecKas cxema paboyero M TpaHCIOPTHOIO
JBIKCHUS TIpenMeToB o0paboTku B APJI (cM. puCyHOK

5), xoTopas OCHOBaHa Ha TpeX BpamaTeJIbHBIX

JIBJKCHUAX, PE3YyJbTUPYIOLIEH KOTOPBIX SIBIISETCA

Z ‘ Z NPEIM3UOHHOE KadaHWe, KOTOPOE KOOPJAHHUPYETCS

. Dea Tpemsi yriamMu Oiepa B TPEXMEPHOM 3BKJIMJOBOM
‘ f BEKTOPHOM MIPOCTPAHCTBE [2], ompeieneHa

P R — 3aBUCUMOCTH pacCTodHuA MCKOY npeamMeTomM

00pabOTKKM U KHCTPYMEHTOM OT YTJIa IOBOPOTA POTOpA:
Puc. 5. Cxema poropa.

h= R><\/((singo)2 x (1-cosa)? +(tana—singo><sina)2)

B APJI c60opku yros HaKJIOHa OCH BepxXHEro potopa cocrasisiet 1.5°. Takum oOpasom,
MaKCHMAaJIbHOE PAacCTOSIHUE MEXIY JETalbl0 U MHCTPYMEHTOM COCTaBIsET hmax=11.31 mm
npu paauyce poropa R=216 mm.

HccnenoBanus Mokaszaad, YTO NPOMBIIUIEHHOE NPUMEHEHUE JaHHOW JIMHUU
MO3BOJISIET B CPAaBHEHHH C HCIIOJIb3YEMBIM paHee pa3/ieibHbIM 000pyI0BaHHEM 3HAYUTEIHHO
MOBBICUTH HPOU3BOIUTENBHOCTb, CYILIECTBEHHO CHU3UTh TPYAOEMKOCTh U
MPOJIOJKUTEIBHOCT MPOU3BOACTBEHHOTO 1IMKJIA, COKPATUTh NMPOU3BOACTBEHHYIO IUIOIIAAL U
YHCIeHHOCTh pabounx. [IpoBeneHHbIe HcCIe0BaHMS MTO3BOJISIIOT CO3/]aBaTh HOBBIE CIIOCOOBI
00paboTKH, pa3padaThiBaTh HOBbIE KOHCTPYKLUHU TEXHOJOTUUECKUX MAIlKH.

Cnucox jgutepatypsni: 1. KioycoB U. A. [IpoektupoBaHue pPOTOPHBIX MAIIUH U
muHUR: Y4eb. mocoOue NI CTyA€HTOB MAIIMHOCTPOMUT. CIiell. By30B.-M. : MammmHocTpoeHue,
1990. —320c. : un. 2. MuxaiinoB A. H. Pa3paboTka MeTon0B NOBBILIEHHS HECyLIeH H
KOMITICHCUPYIOIIeH CIOoCOOHOCTH 3yOuaThix My¢T. Juc. Ha couc....KaHJ. TEXH. HayK. —
Hownenx: JITA, 1985. —254c¢. 3. Komkun JI. H. ABTOmMaTH4eckue JTUHUM POTOPHOTO THUTIA!
Koncrpykiuu , pacuer u npoextupoBanue / A. H. Komkun, Y. A . Knycos, B. ®@. Ilpeiic -
Tyna: IBTH, 1961. — 198 c.
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OCHOBHBIE HAIIPABJIEHUSI COBEPIIEHCTBOBAHUS IIPOLECCA
ABTOMATHUYE CKOU CBOPKU PE3bBOBBIX COE/IMHEHNU

Bonoaasckas H.B., llopwiBaeB J.A. (xa¢p. TM, [JonHTY, 2. /loneyk, Yrpauna)

[IpakTykKa MalIMHOCTPOEHUsI CBUJIETENBCTBYET O TOM, UTO MEXaHU3aLlUs U MaJlasi aB-
TOMAaTHU3aIMA, SIBJIAIOIIMECS B HACTOsIIEe BpeMs HanboJjee pacnpoCTpaHEHHBIMH HaIpaBiie-
HUSMH COBEPIIEHCTBOBAHMS TEXHOJOTHYECKOTO Mpoliecca COOPKU pe3bOOBBIX COCTMHEHHH,
HE MOTYT O0ECle4YnTh HeOOXOAMMOTO TOBBIIICHUS KadyecTBa COOMPAEMBIX Y3JIOB, T.K., HE-
CMOTpS Ha O0JIErYeHUE U YaCTUYHOE yCTpaHEeHHe (PU3NUECKOro TPy/a, He BCErja IMO3BOJISIOT
NOOUTBCA BBICOKOW TOYHOCTHU. PemeHnto mpoOiemMpl 3HAUUTEIIBHOTO COKPAILCHUSI TPYI0EeM-
KOCTU COOPOUHBIX PabOT U MOBBIIIEHUE KayecTBa COOPKH Y3JIOB C HCIIOJIB30BAHUEM PE3b00-
BBIX COCIMHEHUI MOYET CIOCOOCTBOBATH JIMIIL KOMILICKCHOE M3YUY€HHE 3aKOHOMEpPHOCTEH,
BO3HUKAIOIINX B Tpolecce COOPKH, yCTaHOBICHUE MPUYUH, MTOPOKAAIONIUX €r0 MOTPEIIHO-
CTH, U pa3paboTKa HAy4YHO 0OOCHOBAHHBIX METOJIOB IMOBBIIICHUS COOMPAEMOCTH U3/IEIH.

HecmoTps Ha paznuyHbIil XapakTep pe3b00BBIX COCTUHEHHM, BBIITYCKaeMbIX MAIIUHO-
CTPOUTEIBHBIMU TPEANPHUATHIAMH, B 3HAUUTEIILHOM KOJMYECTBE CIIy4aeB MCHOJIB3YIOTCS 00-
M€ TEXHOJOTHYECKHE METObl U MPUHIMIUAIBHO OIMHAKOBOE 000pYyJAOBaHME JJISI aBTOMa-
TU3UPOBAHHBIX Orepanuii cOopku. OIHAKO CYIECTBYET Pl MPUUYUH, 00YCIABINBAIOLINX OT-
CTaBaHME MEXaHM3ALMU U aBTOMATU3aIMN COOPKHU pe3b00BBIX coenunenui [1,2]:

1. HETEXHOJIOTUYHOCTh KOHCTPYKIIMHU JeTanei pe3b00BhIX COCIMHEHUH, KOTOpas
CYIIIECTBEHHBIM 00pa30oM BIIMSIET Ha HAJEKHOCTh W MPOU3BOJUTEIBHOCTh COOPOYHBIX aBTO-
MaToOB;

2. MacIiTad BbIITyCKa (CEpUIHOCTB);

3. HECTaOMJIbHOE KaueCTBO MOCTYNAOIIMX Ha COOPKY pe3bOOBBIX JleTalleH;

4. OTCYTCTBHE JIOCTYITHBIX THIOBBIX CPEJICTB MEXaHHM3AalMM M aBTOMATHU3aLUU
cOOpPOYHBIX MPOLIECCOB PE3bOOBHIX COEIUHEHHUH;

5. HEJ0CTaTOYHasl pa3pabOTKa HAy4YHBIX OCHOB aBTOMATH3alUM COOPKU Pe3b0O-

BBIX COGIII/IHGHI/If/'I U KOHCTPYUPOBAHUA HCO6XOI[I/IMI)IX Cpe€aACTB MCXaHU3allul WU aBTOMAaTHU3a-
oyn.

YcnenHoe ycTpaHeHHE MEPEeYHCICHHBIX NMPUYUH OyJeT CrocOOCTBOBATh COBEPILECH-
CTBOBAHMIO MPOIIECCa aBTOMATUYECKOM COOPKHU pe3bOOBBIX COCAMHEHUNA. DJIEMEHTOM TEXHO-
JOTHIHOCTH KOHCTPYKIHMH JIeTallell pe3b0OBBIX COCIMHEHHN SBIISICTCS KOH(UTypamums u3ze-
JIMH, KOTOpasl CBSI3aHa C KpPUTEPUAMU OpUEHTALUH, 0a3UPOBaHUSI U CTONOPEHUS aeTanel. [l
}’ILO6CTBa aBTOMAaTHYECKOH OpUCHTAIUN OCTaJIM AOJIKHBI OBITH 110 BO3MOJKHOCTH CHMMET-
puaabMH. Eciii TOYHAst CHMMETPUYHOCTH (JOPMBI AETANH T10 €€ CITy’)KeOHOMY Ha3HAuCHUIO He
MOJKET OBITH AOCTUTHYTA, TO TaKasd ACTAJIb JOJDKHA UMCTH ABHO BBIPAXKCHHYIO aCUMMCTPUIO.

'0)))))))) D)
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&
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Puc. 1. KoHCTpyKIMK MINUIBKN Puc. 2. Konctpykimu 00ita 1 maiosl
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Hanpumep, mmuibku (puc. 1) A0MKHBI MO BO3MOXXHOCTH MMETh PE3bOOBBIE YACTH
OJIMHAKOBOM JIJIMHBI WU HA OJHOW M3 HUX JOJDKEH OBITH IMJIMHIAPUYECKUN BICTYT. M HOTIA
NIPY aBTOMAaTUYECKOW cOOPKE BBITOJHEE PSIJI IeTalel U3TOTOBISATE 332 OJTHO II€JI0E, HATIpUMED
Oont ¢ maitboit (puc.2) wim, Hanmpumep, 1enecooOpasHee BMECTO BUHTA CTOMOPHUTH OOITHI
m3ruoom maiiosl (puc3). Taxke cienyeT yUuThIBaTh, 4YTO K FOJOBKaM OOJITOB, BAHTOB U TacK
JIOJDKEH OBITh CBOOOIHBIN JAOCTYM JJIsi PE3b003aBEPTHIBAIONINX IIMHUHACIEH COOPOYHBIX Ma-

“igkiy

Puc.3. Cronopenue 6oita

v, an

CrnenoBarenbHO, u3enue OyIeT TEXHOJOTUYHBIM TPU PAlHOHAIBHOM COYETaHUH
kpurepueB opuenraimu(0), 6asupoBanusi(b) u cromopenus(C) meraneid, T.e. BBHINOJHEHUE
cenyroniero ycioBus T=0 U b U C. BnusiHue yiydiieHus] TEXHOJOTUIHOCTH PE3bOOBBIX
JeTajeld Ha MPOU3BOJUTEIBHOCTh TIPU TOJTyaBTOMAaTHYECKON COOpKE BUAHO U3 CIEAYIOIIEro
npumepa [2]. B mponecce cOOpKM HCMOIB3yeM BUHTHI TuaMeTpoM 10 MM, BCTaBjsisi UX B
oTBepcTue AuamerpoM 10,2 MM, MpUuYeM 3ayCEHIbl Ha BUHTE U B OTBEPCTUH HAXOJATCS B
JOTyCTUMBIX mpenenax. Bpems cOopku Takumu BuHTamu npuHuMaeM 3a 100%. Ecnu Ha
TOpLIe BUHTOB 00pa3oBarh cdepy (yJIydlIaroTcs YCIOBHS OPHUEHTUPOBAHUS JeTajel), TO
BpeMsi COOPKH COKPATHTCS, a MPOU3BOIUTEIHLHOCTh Bo3pacteT Ha 14%. Cusatue dacku y
oTBepcTHid quamerpom 10,2 MM yBEIHYUT POU3BOIUTEIEHOCTE cOOpKH ere Ha 29%. Takum
o0pa3oM, TpeaBapUTENbHAS MAIOTPYIOEMKasl IMOATOTOBKA COOMpAeMbIX H3HCIHA MOXKET
YBEIMYUTH IPOU3BOAUTEIBHOCTH cOOpKU HA 49%.

Briustnue cepuitHOCTH Ha ypOBEHb MEXaHMU3AIUU M aBTOMATH3AI[UH COOPKHU PE3bOOBBIX
COCAMHEHUN TMpeacTaBiieHa Ha puc.4d. Anammsupyerca [3] omepanus 1o 3aBEPTHIBAHUIO

pasHbIM oOopynoBaHueM Aecsiti 60iroB M12x80 Ha riomyOuny 18 MM C MOMEHTOM 3aTSIKKU
95-105 Hwm.

Bapricts

rpour Oj./IuT
15 ¥

q \
\ g
10 \\ SN
\\ i
N v_
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~ N
100 500 1000 1500  Utyx/oby

Puc. 4. Cxema eddekTUBHOCTH aBTOMATH3AIIMU B 3aBUCUMOCTH OT MaciiTada BbIycka: [ —
py4YHbIE TalKOBEPTHI ¢ OAHMM MmmuHAeneM; Il - MHorommuHaeabHbIE TaiikoBepThl; II-
MHOTOIIIUHAEIbHBIE TAUKOBEPTHI, KOTOPBIE MO3BOJISIIOT PErYJIUPOBATH MOMEHT 3aTSTMBAHMUS
IV - aBTOoMarmueckoe WM NOJyaBTOMaTH4yeckoe oOopyaoBaHue;, V - TO ke camoe ¢
pEeryIMpoOBaHUEM MOMEHTA 3aTSKKH.
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JlanHple aHanM3a TOKa3bIBAIOT, YTO IIOJIHAS AaBTOMATH3alMsl OIMCAHHOW BBIILE
oTiepal CTAaHOBUTCS peHTa0enbHOU npHu Beiycke 6onee 200 u3aenuii B e Hb.

[Ipu aBTOMaTHueckoil cOOpKe pe3bOOBBIX COEIMHEHWI MOBBIMIAIOTCA TPeOOBaHHS K
COOJIIOJICHUIO  TEXHOJIOTMYECKUX IPOLECCOB  M3MOTOBJIEHUWS  J€Tajei, MIyHmMX Ha
ABTOMAaTHUYECKYI0 COOpPKY, B pe3yJibTaTe Yero KauyecTBO Pe3bOOBBIX JeTalell MOBBIIIACTCS.
Kpome Toro, cTabmiIbHOCTh KauecTBa MPU aBTOMATHYECKOW COOpKe pe3bOOBBIX COCAMHEHUI
JIOCTUTAETCS 3a CYET TOTrO, YTO B aBTOMAaTHYECKOM OOOPYAOBAHWUH HMEIOTCS YCTPOMCTBA,
NOJICPKHUBAIOIINE HEOOXOAMMBIE TOKa3aTeld TEXHOJOTHYECKOTO Ipolecca (Hampumep,
yCUJIME, KPYTALIMA MOMEHT) CTPOro B 3aJ@HHBIX IIpeAesax, YTO HE BCErJa BO3MOXHO IpHU
pyusoii cOopke. Takum oOpazoM, HEOOXOIUMBIM YCIOBHEM YCIEIIHOW aBTOMATHU3AIUU
nporecca COOPKH pe3bOOBBIX COCNWHEHHH SBISETCS CTPOTOE COOJIIOACHUE TEXHOJIOTHU
W3TOTOBJICHHS JIeTallelt 1 oOecriedeHns TpedyeMOoro X KauecTsa.

[Iponecc aBTOMaTH3MPOBAHHON COOPKH PE3LOOBBIX COCIMHEHUN MPEACTABIISET COOOH
cnenu(puuecKy0 MHOTO(YHKIIMOHATBHYI0 1 MHOTOKOMITOHEHTHYIO CHCTEMY, COCTOSAIIYIO U3
KOMIUICKCa B3aMMOCBSI3aHHBIX OJIOKOB (TOJCHCTEM COOpPOYHOTO Yy37la, WHCTPYMEHTA,
TPaHCIIOPTUPOBAHUS, KOHTPOJIS U T. I1.), OJBEPKEHHBIX BIUSHUIO BHEUIHUX U BHYTPEHHUX
dakTOpoB, HO 00pa3ylONMX ONPEICNCHHYI MEJOCTHOCTh W HMMEIOIUX YEeTKYIO
eJICHANPABIEHHOCTh, T. €., CTPEMSILIMXCS B CBOEM (YHKUMOHHUPOBAHMU K OCTHKECHHIO
KOHKpeTHbIX 1eneil. CoBpeMeHHas TEXHOJIOTHYecKass CHCTéMa — 3TO COBOKYIHOCTh
B3aMMOCBSI3aHHBIX TIOTOKOB JHEPTUH, MAaTepHaloB W HWH(GOPMAIUM, JIEHCTBYIOIIUX Kak
eMHOEe 1IeJIoe, B KOTOPOM OCYILIECTBJIETCA OIPEICJIEHHas IOCJIEI0BaTEIbHOCTD
TEXHOJIOTHUECKUX TporeccoB [4].Uem clioxkHEe TEXHOJIOTHUECKasi CHUCTeMa, TeM OOJIbIle
BO3HHUKAET PEIICHUH MPOOIEMBI M TEM 3HAUUTEIIbHEE BOSMOKHBIE YOBITKH OT MCIIOJIB30BAHUS
HEONTHMAIbHBIX BapwaHTOB. Takum oOpa3oM, i ycrmemHod U 3(pGheKTUBHON
aBTOMAaTHU3aIMy COOPKHU pe3bOOBBIX COCIMHEHHH HEOOXOIMM CHUCTEMHBIH MOIXOJ K aHAJHM3Y
3TOro mpouecca Mcnonp3yst CHCTEMHBIM TOIXOJ, MOXHO YYWUTBIBaTh BCE MHOTr0oOpasue
(akTOpOB, KPUTEPUEB U BapUAHTOB UX M3MEHEHUH, BIUSIOIIMX HAa YPOBEHb MEXaHU3ALUU U
aBTOMAaTH3aIMM TIporiecca cOOpKH pPe3bOOBBIX COETUHEHHH. J[7s1 ycoBepIIeHCTBOBaHHMS
nporecca (IIp) aBTomaTmueckold COOPKH  Pe3bOOBBIX  COCIUHCHHHA  HEOOXOIMMO
panuoHanbHOe coyetaHue TexHosnornyHoctu (T) wusmenuit pe3bOOBOro COEOUHEHUS,
Macmtaba Beimycka (M) coOupaembix y3ioB, kadectBa (K) pe3pOOBBIX —H31emnHid,
COOTBETCTBYIOLIMX THUMOBbIX cpeactB (C) MexaHM3alMM M aBTOMATH3ALMU COOPOYHBIX
MPOIIECCOB PE3bOOBBIX COCAMHEHWA U JOTMOJHHUTENbHBIX YycloBui (V) s KaxIoro
OTJIENIBHOTO Cllyyasl, T.€.

Mp>TUMUKUCUY

Tonbko coOnroIeHME BCEX YCIOBHW TO3BOJUT W3 pa3HOOOpa3usi BapHAHTOB
BBITIOJTHEHHSI OJTHOTO M TOTO K€ TEXHOJOTHMYECKOTrO MpOoIecca aBTOMATH3UPOBAHHON COOPKHU
Ppe3b00BBIX COETMHEHU BBIOPATh ONTUMAJIbHBIN.

Cnucok aurtepartypsol: 1. Mynenek K.5I. ABromaruzanust cOOpOYHBIX IPOLECCOB. —
Jlenunrpan. Mammnoctpoenue. 1969 — 108c. 2. I'enbdang M. JI., Hunentok 4. U.,
Ky3snenos O. K. Coopka pe3p60BbIx coenuHenuil. — M.: Mammunoctpoenue, 1978. — 109 c. 3.
Niess Peter S. Wirtschaftlich-keitsberechnung zur automatischen Gros-serienmontage. —
druckluft Prax. 1973 Ned4 — ¢.34,36,38. 4. Meppusm K. V. Teopus ontumuzauuu u pacyet
cucTeM ynpasiieHus ¢ o0patHoii cBa3blo / Ilep. ¢ anrn. — M.: Mup, 1967. — 549 c.
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ONPEJEJEHUE OI'PAHUYMBAIOIIAX ®AKTOPOB AJAIITUBHOMN
CUCTEMBI YIIPABJIEHUA METAJIVIOPEKYIIIUM CTAHKOM

Kauc Wa6au" (Kag. TM, JonHTY, Joneyx, Yipauna)

OnHuM W3 mokazaTenel, omnpeaesstomux 3(p(EeKTUBHOCTh NPOU3BOACTBA, SIBISIOTCS
NPOU3BOAUTEIFHOCT, M THOKOCTh. [IpOMBINICHHBIM 00OpynOBaHHEM, HauboJiee MOJTHO
o0ecreynBarONIUM  BBILICTIEPEYUCIICHHBIE TpPEOOBAHUS, SABISAIOTCS CTAaHKM C YHCIOBBIM
nporpaMMHbIM - yrpasienueM (YUIIY). IlpencraBuB Mojenb TEXHOJOTMM HM3TOTOBJICHUS
mgenus B Buae (puc.l), MOXHO chenaTb BBIBOJ O HEOOXOAMMOCTH YIIPaBIICHUS
HHEPTeTUUECKUMH ¥ HMH()OPMALMOHHBIMU TMMOTOKAMH, C IEJNbI0 MOJYYEHHS MaKCHUMAaJIbHOMN
NPOU3BOJUTENBHOCTH TPU 33JaHHOM KaueCTBE II0JIy4aeMbIX IIOBEPXHOCTEM M HHU3KOMN
cebecTonMOoCTH M3roToBieHus aetaneid. C 3TOH Lenblo Ienecoodpa3Ho pa3padareiBaTh U
UCMOJb30BaTh CHEIMAJIbHBIE MEXAaTPOHHBIE YCTPOMCTBA, K KOTOPBIM OTHOCATCA M
aJalTUBHBIE CUCTEMBI YIPABIICHUS 110 ONITUMAJIbHBIM Iapamerpam [1].

Puc.1. Moaenb TeXHOJIOTUN U3TOTOBICHUS U3EIHS

O — 3Heprus, UCNoJb3yeMas B TEXHOJOTHYECKOM Ipoliecce,

N — nadopmannoHHBIN TOTOK, UCTIONIB3Y MBI IIPU U3TOTOBJICHUH JETAJIH,
3 — UCXOAHBIA MaTepHUal U3eius (3aroTOBKa),

J1 — OTKJIMK CUCTEMBI — U3rOTaBIMBAEMOE U3/ene (JeTalb),

TII — TeXHONOTUYECKHUI TPOUECC U3TOTOBIICHUS U3EIINS.

Ha mnpouecc 06paboTKH 3arOTOBKM OKa3bIBAIOT BIUSHUE MHOKECTBO M3MEHSIOIIUXCS
(dakTopoB, 3aBUCALIUX OT (OPMBI, MaTepHaja 3arOTOBKH U PEXKYIIEro MHCTPYMEHTa, mapa-
MCTPOB TEXHOJIOTHUYECKOU CUCTEMBI U Ap., TO 3aTPYAHUTCIIBHO 3apaHCC BBCCTHU B YIIPABJIAIO-
LIYI0 [IPOrpaMMy CTaHKa palMOHAJIBHBIE PEKUMBI pe3aHus. [Ipu NMpoexTHpoBaHUM alanTHB-
HBIX CHCTEM YIPABIICHUA 10 ONTHUMAJIBHBIM IIapaMeTpaM TOKapHbIM cTaHkoM ¢ UIIY yurem
3TH (PaKTOPHI Kak orpaHnumBaronye . K rakum gakropam MOKHO OTHECTH:

1. Pexymine BO3MOKHOCTH HMHCTpyMeHTa. CKOPOCTh pe3aHMs ISl pa3In4HbIX
BUJIOB 00pa0boTKu onpenensiercs no dpopmyde [2]
z
oo G
T"t"s”

rae Cy,z,m,X,y- MOCTOSHHbIE KO3((PUIMEHTHl M TOKa3aTeslu CTerneHu, D- auamerp
00pabaTbiBaeMoil 3aroToBKH, T — CTOMKOCTh PEXYIIEro MHCTPYMEHTA, t — IIyOuHa pe3aHus,
S — nonaya.

B T0 ke BpeMst CKOpOCTb pe3aHusi ONPEEIIAeTCs COTIACHO 3aBUCUMOCTH

v=1Dn/1000

®
- pa60Ta BBITIOJITHEHA 11O PYKOBOJCTBOM AOLICHTA Ka(l)ellpbl «TexHonorus MAalIUHOCTPOCHUS» Fop06ua HN.A.
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TAC N — Y9aCTOTa BpalllCHUA ACTAJIA.
[TpupaBHUBas mnpasbie YacTH GOPMYJI U ieTas MpeoOpa3oBaHMs, MOTydaeM
-1
z
b 318Gk
Tmtx
2. MOH_[HOCTB QJICKTPOABUTATCIIA IMPUBOJAa TIJIaBHOTO ABHIXKCHHSA  CTAHKaA.
O¢ddexTrBHAS MOIIHOCTH, 3aTpaynBaeMasi Ha MPOILECC Pe3aHusl OIpenessieTcs mno Gopmye
[3]
X z n y n
_Ct'Dnis’n,
34) k

c

rae C, ke — mocrosiHabIe KO3 UIMEHTHI.
VYurem HE0OX0UMOE YCIOBHE IPOTEKAHUS TIPOLIEcca Pe3aHus

N o <N R
rae N,-MOIIHOCTB IIPUBOJHOTO IEKTpoaBUrarels cranka, | — KII/I tpancmuccun.
[IpupaBHuBas mpaBbie YACTH BBIPAKEHU, MOy YUM
Nk,
Ct'Dr"

3. 3ajaHHas ~ MPOM3BOAMTENBHOCTh CTaHKa. Mcxoass W3 COOTHOLUEHMI
NPOJOJDKUTENBHOCTH IMKJIa paboTel craHka T, OCHOBHOTO TEXHOJOTHMYECKOro t, U
BCIIOMOTATENBHOTO HEMPEPBIBHOTO BPEMEHM 1y TOTYUUM :

nS = LpxR
60k n,—t, R
rie R — mpom3BOAWTENBHOCTH CTaHKa, K3 — ko3 (UIMEeHT 3arpy3kd CTaHKa, Ny —
KOJIMYECTBO JICTaJICH, OTHOBPEMEHHO 00pabaThIBAEMbIX HA OJTHOU MO3UIIHH.

n'zs¥ <

9

4. Haumenbras 1 HanbobIas JOMyCTHMBIE CKOPOCTH PE3aHUSA.  Npin<N<Npax
5. Hawumenbiras 1 HanbobIas J0MyCTHMBIE OJa9l HHCTPYMEHTA. Spmin<S<Smax
6. [Ipounocts pexymero wuHCTpymeHTa. llpegen mnpoyHocTH Marepuana
JepKaBKH pe3lia Mpu u3rude OyIeT OnpeAesiThCs 3aBHCUMOCTHIO
Gu :MMK3H )
w

rae M, — w3ruOaronyii MOMEHT B MECTE 3aKpeIUiCHUs JepxaBku pe3na , K, -
ko3¢ uUIHEeHT 3amaca MPOYHOCTH, W/ — MOMEHT CONIPOTHBIICHHS CEUCHUS ACPIKABKH pe3Iia.

VuuTeIBas paccTosHHE BBLIETA PE3LA [y NMPU ONpPENEIeHUH M, , IpAMOYTOJBHYIO
dopmy ceueHus aepkaBku ( ¢ mmpuHOi By u BbicoTOl Hj ), BEnuuuHy npenena npouyHOCTH
JUUTST He3aKaJIEHHOM YTJIepOIUCTON KOHCTPYKIMOHHOM cTamu ¢ = 200...240 Mlla, moxy4yum:

3\7
=SV < 4B,H,(10°) = -

X R\ n

C.t'D*rn =1, K, K,

7. KectkocTh pexymiero mHCTpyMeHTa. Mcxoas W3 BEIMYUMHBI MaKCUMaJbHOU
Harpy3KH, IOy CKaeMOM )KECTKOCTBIO pe3na Py
p =3 fEI,

ne 3
Igp

rae f — momycTumasi cTpena mporuba pesna (i YepHOBOTO TOUYCHHUS MOXKET OBITh
npunsTa 0,1 MM, gt uucroBoro — 0,05 mm [3]), E — monyns ynpyroctu 2-ro ponaa, In —
MOMEHT WHEpPIHMH JepKaBku pes3na. [dns mpsimoyrompHOM (opMbl cedeHus pesna I, =
B,H,’/12.

Torga u3 ycnosusi P,< Py, nomyuum:
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3\, +1 3
(10°)= " B,H,
x n,q43
2Ct'D7rm lepKz
8. JKectkocth 3arotoBku. Beauuuua mporuda Yc¢ moa AeicTBUEM DagdaibHOUN
p p

coCTaBIsItoIIell cuibl pe3aHust Py 1omkHa OBITH MEHBIIE JOMYCTUMOTO Hporuda VYen, He
IIPEBBIIAIOLIETO TIOJOBUHBI IOITyCKa Ha pa3sMmep, T.€. Ve <V on=0,53. Ho

2 2
:PyXp(Lm_Xp) )
3El L

m-—3ae

n'z8v <

Ve

rae Lsar — anmHa 3aroToBKH, X, — PACCTOSIHUE OT TOPLA JI0 MECTa NMPHIIOKEHHS CHJIbI,
I, — MOMEHT MHEpPIIMK CEYCHHUS 3aTOTOBKH B MECT€ MCKOMOTo mporuba. I, = nD4np/64. Dy —
NPUBEACHHBIN TUAMETP CTYIICHYATOTO BaJia.

Torna, ¢ yaerom popmysl [2,3]

P, = C, St D"n™ 2"k, /(10°)",
HOJTY YUM
1*}1 4 3 n
Sy <o 1.56Ex yan(lo )VL,,
x ny 12 2
64Cyt" K ,D " X, (L, —xp)

Jl11 HenpephIBHOTO yIPABJICHUS pEKUMaMU pe3aHusl ( 4acTOTOM BpallleHus IIIMUHIIE-
7SI CTaHKA N ¥ TOJJa4eid MHCTPYMEHTa S) B Ipoiiecce MeXaHn4eckoi o0paboTKu 3aroTOBKH Ha
cranke ¢ UITY HeoOxoauMo crienMaibHOE aJanTUBHOE YCTPOUCTBO yrpasieHus (AYY). s
peanm3aiuuy 3Tol 3a1a4u pazpadborana GpyHknmnonansHas cxeMa (puc. 2) AVY [4].

Q
<
\ 4

AYY paboraer cienyronum obpazom. Cencop ycrpoiictBa C ocCymecTBisier cOop
uHbopMaIMK 0 TapaMeTpax mpoiiecca pesanusi. [lanee cucremoit koutpossi CK npousBoaut-
Csl OILIEHKA IOJIy4eHHOW MH(GOpPMAIMM M BBISBICHHE OTKJIOHEHHH OT MCXOJHBIX JIAHHBIX, a
cucremoi auarHoctuku CJI — ompenesneHue npuuuHbl oTkIoHeHU. [locne aToro cucremoit
npunsatus pemieHuss CIIP ocyuiecTBisercs BbIpab0TKa KOPPEKTUPYIOLIEr0 BO3JAEHCTBUS AJIS
JMKBHUIAINH BBISIBICHHBIX OTKJIOHEHHWH M BBOJ| KOPPEKTHUPYIOIIETO BO3ACHUCTBHS CHCTEMOM
nporpaMMHoro ynpasienus CITY.

Cnucok gutepatypsi: 1. T'opoben U.A., Tony6oB H.B., bopens O.A.Pa3pabotka
KOHCTPYKIIMM MEXaTPOHHBIX CHCTeM (hpe3epHbIX CTaHKOB —CO.TpyloB MEXIyHap. Hayd.-
TexH.KOH(pepeHMn «CoBpeMeHHbIE TEXHOJOTUM, KauecTBO, pectpykrypuszauus» TMCR-
2001 B r.Kummuese 23-25 mas 2001 — Kumunes, 2001, Brimn. 1, ¢.382-386. 2. CripaBoyHUK
texHosiora-mamunoctpourens.B 2-x 1. T.2/Tlox pea. A.I''Kocunoroit u P.K.Memiepsikosa.-
4-e m3a.,- M.: Mammnoctpoenue, 1985.-496¢. 3. OnTumu3zanus TEXHOJIOTHYECKHUX MPOIIECCOB
MexaHnyeckoil o6paboTku / Perkos O.B.,ABepuenkoB B.M. — Kues: Hayk. ymka, 1989.-
192c. 4. bopems O.B., Kauc Illaban, I'opobenr U.A. Pa3paboTka amanTWBHOW CHCTEMBI
ynpasiieHust ¢ppesepHbiM ctaHkoMm ¢ YITY — [IporpeccruBHble HampaBiieHUs] pa3BUTUSI MallH-
HO- ¥ PUOOPOCTPOUTENBHBIX OTpaciied U TpaHcmopTa . Te3ucsl moknana MexxayHap. Ctyae-
Hueckoi Hayu.-rexH.koH(. B r.CeBacTonone — CeBactonoinb, Cesl ' TY, 2001 ¢.65-66.
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BBIBOP IAPAMETPOB PETYJIMPOBAHUSA ATAIITUBHON
CUCTEMBI YIIPABJIEHUA CTAHKOB C YIIY

Kauc lla6an., l'opoben U.A. (xap. TM, [JonHTY, 2. [loneyx, Ykpauna)

Pa3zBurue TexHHUYECKOW ©0a3bpl MAIIMHOCTPOUTENBbHBIX MNPEANPHUITHH, HCIIOIH30BAHUE
crankoB ¢ YITY, coBpeMeHHON MUKPONPOLECCOPHON TEXHHUKH, ITUPOKOE BHEAPEHHE THOKUX
IPOU3BOJICTBEHHBIX CHCTEM CYILECTBEHHO COKPATHUJIO BCIIOMOTATEIbHOE BPEMsI TEXHOJIOIH-
YECKHUX OTepanuii, YTO MO3BOJIIIO MOBBICUTH MPOU3BOAUTEILHOCTE 00pabOTKH eTaneil, CHU-
3UTh CE0ECTOMMOCTh MX M3roToBIeHUsA. OHAKO B Mpoliecce 3KCIuTyaTauuu ctaHkoB ¢ UITY
BBISIBJICH M CYIIECTBEHHBIH HEIOCTATOK — OTCYTCTBHE OOpPATHOMN CBSI3U MEXKIY BXOIHBIMH U
BBIXOJIHBIMHU NAapaMeTpaMy MeXaHH4eckoi 00paboTku. Ko BXOIHBIM mapaMeTpam OTHOCATCS
napaMeTpbl © 0COOEHHOCTH KOHCTPYKIMU 0OpabaThiBaeMOi 3aroTOBKH (KOH(MUTYpaIys, Ma-
Tepuai, rabapuThl JETaN), TEXHOJIOTUIECKUE MapaMeTphl (PEKUMBbI 00paObOTKH, MPUITYCK U
€ro M3MEHEHUS B MpoIecce 00padOTKH JeTalm), mapaMeTpbl 00padaThIBAIOIIEH CHCTEMBI (KO-
3¢ PHULUEHT )KECTKOCTH OCHOBHOTO TEXHOJIOTHYECKOTO 000PYI0BaHUsI, IPUCTIOCOOICHUH, HH-
CTPYMEHTa, OCOOCHHOCTH TEXHOJIOTMYECKON cpenbl). BrIXOIHBIMU NapaMeTpaMu SBISIOTCSA:
KayecTBO 00pabaThiBaeMOW MOBEPXHOCTH JETallM, MPOU3BOJUTEIBHOCTE 00pabOTKH, CTOM-
KOCTh M IPOYHOCTh MHCTPYMEHTA. JTa 3aJa4a MOXKET OBITh peIlleHa 3a CYET UCTOIb30BaHUS
aJaNTUBHBIX CUCTEM yIpaBieHus cTaHkamu ¢ UIIY, nmo3BosifiomMX y4YUTHIBATh BXOJHBIE U
BBIXOJIHBIE TTApAMETPBI TEXHOJIOTHYECKOTO MPOIecca MEXaHNIECKOH 00paboTKH eTaeil.

[lox amanTuBHOM cuctemoil ynpasienus (AnCVY) merannopexyimuMm crankoM ¢ YITY
NOHUMAIOT KOMIIJIEKC TEXHUYECKHX M MPOrPaMMHBIX CPEICTB, 00€CIEeYMBAIOIINX aBTOMa-
TUYECKOE yIPaBJICHUE PEKUMaMU PE3aHUs C LENbI0 MOAIEPKAHUSA YIIPABIIEMOTO MapaMeT-
pa mpoliecca Ha 3apaHee 3a/JlaHHOM YpOBHE. Takyl CUCTEMY YINpPaBJICHMs MPHUHATO Ha3bl-
BaTh aJIalITUBHON CHCTEMOM TpeeabHOTO perynupoBanus [1]. OnHako Ha MpakTUKE Iiere-
co00pa3HO MPOU3BOAMTH PETYJIHPOBAHUE MApaMETPOB MEXAHMUYECKOM 00paboOTKH HE IO
Ipee/IbHBIM 3HAYEHUSIM, (TIOBBIIIAIOIINM JUHAMUYECKYIO HArPYKEHHOCTh U CHHKAIOIINM
JIOJITOBEYHOCTh, IPOYHOCTh TPAHCMHUCCUU O000PYIOBAHUSA, IPUCIIOCOOIEHUI U MHCTPYMEH-
Ta), a [0 MapaMeTpaM ONTHUMAJIbHOTO PEHICHUs 3a7a4l MEXaHUYeCKOH 00pabOTKU MOBEpX-
HocTell neraneil. Takue cuctembl Oy/eM Ha3blBaTh aJallTUBHBIMM CHUCTEMAMU YNpPABJICHUS
no ontuMasibHbIM napamerpam (AaCYOII). Hanbonpiryio akTyalbHOCTh 3TOT BOMPOC UMeE-
eT mpu o0paboTKe aeTaneil CI0KHOU POPMBI CO 3HAUUTEIBLHBIMU KOJICOAHUSIMH U M3MEHE-
HUSIMU NIPUIIYCKOB Ha MEXaHMYECKyI0 00paOOTKy, HampuMep Ha (pe3epHbIX U TOKApHBIX
crankax ¢ UITVY [2].

Baxnoit 3amaueit nnst  pynxmmonuposanus AnCYOII sBisercs ompeneneHue ONTH-
MaJIbHBIX TTapaMeTPOB PETYJIMPOBAHUS U OTPAHNYMBAIONINX (PAKTOPOB CHUCTEMBI. B KauecTBe
kputepus ontuMuzauuu AnCYOII npuHumMaeM mpou3BOAUTENLHOCTh (Q MexaHMYECKOl 00-
pabOTKU 3aroTOBKH IpPHU 33JaHHOM KadyecTBE (TOYHOCTH, LIEPOXOBATOCTH, COCTOSIHMS IIO-
BEPXHOCTHOTO CJIOS U T.I1.) ¥ IPH MUHUMATBHOU Ce0ECTOMMOCTH 00pabaThiBaeMOM JeTal.

[Ty4Hy!0 MPOU3BOIUTEILHOCTD U3TOTOBJICHUS JETAIN HA ONEpaliy MpeICTaBUM Kak:

O = UTum,

rae 1, — ITY49HOE BpEeMsl U3TOTOBJICHUS ICTAIIH.

[IpeacraBuM mTYy4YHOE BpEeMs B BHAC CYMMBI BPEMEHH, 3aBUCSIIETO OT PEKUMOB 00Opa-
OO0TKH T yym.p ¥ 3aBUCALIETO OT OPTaHU3ALUHA NPOU3BOACTBA [yymo. BpeMs, 3aBHcsIIEE OT pe-
JKUMOB 00pabOTKH JETalld MPEJACTABUM B BHJIE€ CYMMBI MalllMHHOTO BPpEeMEHU T, W BpEMEHHU
Ha TIOJHANAAKY W CMEHYy MHCTpyMeHTa Ty, MamumHHOE BpeMsi CKJIaIbIBAETCsA W3 JIBYX CO-
CTaBJISIOIIMX, OCHOBHOTO BpemeHu T, u Bpemenu xomoctoro xona Txx.

Ho To = L*/n*S, a Ty = Ten™To/T, rne L — nnuna oOpabaTeiBaeMbIX TOBEPXHOCTEH, 1
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— YHUCJIO NPOXOJI0B, N-4aCTOTa BPAIEHUs IIHUHAES CTaHKa, S — 1ojjaya UHCTPyMeEHTa, Tey —
BpEMsI CMEHBI HHCTPYMEHTA, T — CTOMKOCTh HHCTPYMEHTA.
VYuureiBas , uto Tx<<T,, B JaJIbHEHIINX pacueTax npeHeopexxeM um. Toraa

Turp = (L*1/n*S)(1+Tew/T) (1)

VuureiBas u3BeCTHBIE 3aBUCUMOCTH [3] v= n*D*n/1000 u v = Cv*Kv/T™*t**S’, u
BBIPa3UB Tyrp YEPE3 CTOMKOCTh MHCTPYMeEHTA T, moydnm:

Turp = K1 T™ +K Tey T,
rac
K = (xDLit*S*)/1000C.K,S 2)

B ¢dopmyne (2) t u S aBusttoTcest nepemenHsiMu. OmnpenenuM dkectpeMyM GyHkuun (1),
npoauddepentponas o T 1 npupaBHIB HOJIO BEIPAXKECHHUE.

AT /0T = KimT™ '+ K (m-1) Tey, T 2= K; T™3(Tm + Tey(m-1)) =0
Torna
T = Tew((1-m)/m), 3)

rae T - ONTHMAanbHAs BEINYHHA CTOHKOCTH HHCTPYMEHTA.
[Hoxn(3) B (1), moxyuum
Turp= = (L*¥n*S)(1/(1-m)).

Toraa MaKCUMAJIbHYIO MPOU3BOAUTCIBHOCTL M3TOTOBJICHUA ACTAJIM MOXHO IIOJYYHTH
IIPU BBIIIOJIHCHUH YCJIOBUSA

Q = (*S)(L*i*(1/(1-m))+ Tur.o(n*S) ™).

IIpencraBuB Ty o= KoTuyyr, momyuum
Q= (*S*K;)/L,
rIe
K3=( 1 -m)/iKz

Ho mpu t=const u L=const Ksz=const . CienoBaTenbHO, NpU BHIIIOJHEHUH YCIOBHUS
Q—Qmax HEOOXOAUMO BBHITIOTHEHUE YCIIOBHUS:

N—Nyax
S—Sax
BIJIHOHHC HHUEC DJOTOTIO YCJ'IOBI/ISI HeO6X OAMO 3aKJaabIBAaTh IJIA HpO CKTI/Ip OBaHUA
aIaIlITUBHBIX CUCTEM praBHeHI/Iﬂ MeTaJ'IJ'IOpe)KyHII/IM CTaHKOM 110 OIITUMAJIBHBIM
mapaMeTpam.

Chnucoxk aureparypbi: 1. PyOGamxun W.b., Anemmn A.A. MukponpoueccopHoe
yIpaBJIeHUE pexXUMOM MeTauiooopadboTku. JI.: MammHoctpoenue, 1989.-160c. 2. T'opoben
N.A., T'ony6oB H.B., bopens O.A.Pa3zpaboTka KOHCTPYKIMHA MEXATPOHHBIX CUCTEM (PpEe3epHBIX
ctankoB —CO.TpyI0OB MeXIyHap. Hayd.-TexH.KOH(epeHn «COBpeMEHHbIE TEXHOJOTHH,
KauecTBO, pectpykrypm3aiuss» TMCR-2001 B r.Kummnuese 23-25 mas 2001 — Kummnes, 2001,
Bem.1, ¢.382-386. 3. CnpaBouynuk TexHosora-mammHoctpoutensi.B 2-x 1. T.2/Tlox pen.
A.I"'Kocunogoii u P.K.MemepsikoBa.- 4-e u3z.,- M.: Mammnaoctpoenue, 1985.-496¢.

TEHAEHIUNA COBEPLIEHCTBOBAHUSA
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KOHCTPYKIIMA CTAHOYHBIX ITPUCITIOCOBJEHUM
lesena JI.U., T'ony6os H.B. (kag. TM, [{lonHTY, 2. Jloneyk, Yxkpauna)

B HaCTOAIICC BpEMSA HAMCTUIIMCH ITOJIOKUTCIBbHBIC TCHACHIIMM B MAallIMHOCTPOCHUU.
Poct 00beMOB  BbIlycka  HPOAYKLMH, OCBOEHHE HOBBIX BHJOB  MPOJYKIHH,
COBEPINICHCTBOBAHUE CYIIECTBYIONINX TEXHOJOTUYCCKUX MPOIECCOB M BHEAPEHHE HOBBIX
ABJMIKIOTCA TPU3HAKAMU BO3POKACHHSA OTCUYHCCTBCHHOI'O MAIIMHOCTPOCHUA. OIIHI/IM u3
BOXHEUITNX  (PAKTOPOB  yCHENIHOTO  OCYIIECTBICHUS TEXHHYECKOTO TMporpecca B
MallMHOCTPOCHUHN ABISICTCA TEXHOJIOTUYCCKAaA OCHAacCTKa. B MMPOMBIIIJICHHOCTU
IKCIUTyaTUpyeTCcsi Ooyiee 25 MUJUIMOHOB CHEIHMANLHBIX CTAHOYHBIX MpucniocoOienuit [1].
3anaTBI Ha W3rOTOBJICHHUE TEXHOJOTMUECKOM OCHACTKH HpI/I6JII/ISI/IJII/ICb K 3aTpaTaM Ha
MPOU3BOJICTBO METAIUIOPEKYIIMX CTAHKOB. 3a1ada MOBBIMICHUS YPPEKTUBHOCTA U KadecTBa
TEXHOJIOTUIECKOW OCHACTKHU CTaJIa OJTHOM U3 BAKHEHIITNX MPOOIIeM MAIIMHOCTPOCHHUS.

Jl1s COBpEMEHHOI0 COCTOSIHUSI MAalIMHOCTPOEHUSI XapaKTEpEeH IOCTENEHHBIH pOCT
BbIIIyCKa HOBBIX BHUAOB MPOIYKIMU. YCKOPEHHE OCBOCHMS HOBBIX BHJOB INPOAYKLUUH U
COKpallleHHe IMKJIa €€ TPOM3BOJCTBA, KaK TMpaBUJO, TpeOyeT H CO3/MaHUs HOBBIX
NPUCIIOCOOJIEHNH, TaK KakK IpU W3MEHEHWHM HOMEHKJIATYpbhl BBIITYCKAEMbIX MAalIMH MU
npuOOpPOB ClielMaIbHAs OCHACTKA CTAHOBUTCS HENPUTOJHON U €€ KaKIbl pa3 MPUXOIUTCS
NPOEKTUPOBATh U U3TOTOBJISITH 3aHOBO.

3HAYUTENIbHBIE TPYJOBbIE M MaTepHalbHbIE 3aTpaTbl ONPENCNAIOTCS TEM, 4YTO
TEXHOJIOTUUECKAsl OCHACTKa OKa3bIBAET BIMSHME HA MPOU3BOUTENILHOCTh TPYyJa, KaUeCTBO U
COKpAIlEHUE CPOKOB OCBOECHHMs MPOU3BO/ICTBA HOBBIX M3/ICIIUH.

3asaya NOBBILLIEHHS IPOU3BOAUTEIBHOCTH TPY/Ja B MAIIMHOCTPOCHUU HE MOKET OBITh
pelleHa TOJBbKO 3a CUET BBOJAA B JEHCTBHE Ja)X€ CaMOI0 COBEPILIEHHOIO0 000pYIOBaHMS.
CmeHna Mojeneil CTaHKOB B IPOU3BOJICTBE 3aHMMAET HECKOJBKO JIET, IO3TOMY HAapsdy C
BBICOKOTIPOM3BOAUTEIbHBIMU COBPEMEHHBIMM CTAHKaMU JKCIUIyaTUPYIOTCSI M CTaHKU
YCTapEeBUIUX MOJICIICH.

TexHomorn4ecKkass OCHACTKA CIIOCOOCTBYET MOBBIMICHUIO MPOU3BOJAUTEIFHOCTH TPYIa
B MAaIlIMHOCTPOEHUU U OPUEHTHPYET MPOU3BOJCTBO HA MHTEHCHUBHBIE METOJIbI €0 BEICHUS.
Ha npenmpusituax MamuHocTpoeHus 10 90%  opraHM3alMOHHO-TEXHOJOTUYECKUX
MEpONPUATHH, HAIIPABICHHBIX HA 00ECIIEYeHUE POCTa MPOU3BOIAUTEILHOCTH TPYyAa pabOYnX-
CTaHOYHHUKOB, CBSI3aHO JIMOO C M3MEHEHHWEM KOHCTPYKLMH, JHOO C M3rOTOBJIEHUEM HOBBIX
BUJIOB MHCTPYMEHTOB U NPUCTIOCOOJICHU.

[lepcniekTHBHBIM HamnpaBIEHUEM COBEPIICHCTBOBAHUS KOHCTPYKIMH CTaHOYHBIX
ABJISETCA CO3JJaHUE OCHACTKHU IEpeHaJaXKuBaeMoro Tuma. [IpuMeHeHHne TeXHOJIOIMYecKOn
OCHACTKM TIOZOOHOW KOHCTPYKIMH HE TOJBKO oOOecreynBaeT, HO U pacIIupseT
TEXHOJIOTUYECKHE BO3MOXKHOCTH KaK yHHMBEpCaJbHbIX, Tak M cTaHkoB c YIIY, rubxux
NPOU3BOJICTBEHHBIX MOyJIel U POOOTOTEXHUYECKUX CUCTEM.

[loBbIlIeHNE TNPOU3BOAUTENBHOCTUH TpyAa TIPU TNPUMEHEHHUH TEXHOJOTHYECKOU
OCHACTKH 00€eCcIeunBaeTCs CIey OLIIM:

1. CoxkpallileHeM BCIIOMOTATEeIbHOTO BPEMEHU Ha YCTAaHOBKY M 3aKpEIUIEHHE 3aro-
TOBKH B TIPUCIIOCOOJICHNUY;

2. Nurencudukanyei pexxuMoB pe3aHus 3a CUET yBEIUYEHUS IPOUYHOCTH, KECTKOCTU

1 BUOPOYCTOWYMBOCTHU MPUCTIOCOOJICHHUM.
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3. CoxparmieHueM o0beMa MPUTOHOYHO-CIIECAPHBIX Pa0OT TpU COOpKE HM3IENHid 3a
CYET MPUMEHEHUS TEXHOJIOTUIECKON OCHACTKHU MOBBIIIEHHON TOYHOCTH.

4. PacmmpeHueM MHOTOCTaHOYHOTO oOciyxuBaHus craHkoB ¢ YIIY myrtem
00pabOTKM TPYyMIbl JI€Taliell, yCTAHOBJICHHOM B MHOTOMECTHOM MPHUCIIOCOOJICHUH.
MHorocTaHo4YHOE OO0CIy)KMBaHWE NPUMEHSAIOT, KaK IPaBHJIO, HAa OMNEpalyiX, HUMEIOIINX
JUINTENIbHBIN LMKJ, OCYIIECTBIEMBbIH B aBTOMaTudyeckoMm pexkume. IIpu usroroneHun
JeTaliel, UMEIOIINX KOPOTKOE BpeMsi 00paboTKH, 1eIeco00pa3HO MPUMEHSTh MHOTOMECTHBIC
npucroco0seHns Ha crankax ¢ YITY.

J51si CHUO)KEeHUST BCTIOMOTATebHOTO BPEMEHH HEOOX0TUMO:

* IPUMEHITh MEXAHU3UPOBAHHBIE ITPUBO/IbI 3aKPEIUICHUS 3arOTOBKH;

* cO3/1aBaTh yJ0OHbBIE yCIOBHS pabOThl CTAHOYHHKY ITyTEM YMEHBIICHHUS Pa3In4YHbIX
OTBIICKAIOMINX (PaKTOPOB;

* o0ecrneynBaTh ONTUMAJILHOE BpeMs cpaOaThIBaHUS MEXaHH3HMPOBAHHBIX MPHKUMOB.
Cpennee BpeMsi cpabaTbIBaHUsl THIPABIMYECKOTO MpUBOJAA Mpuxkuma paBHo 1 c. OgHako B
pe3yibTare JEHCTBUS pPA3MYHBIX (AKTOpOB Bpemsi cpalaTbiBaHHs THAPOQUIMPOBAHHBIX
IIPYWKMMOB JTIOCTUTAET S C;

* IPUMEHATH "MasTHUKOBBIN" MeTo 00pabOTKH, TP KOTOPOM BpeMsl YCTAHOBKH 3a-
TOTOBKH M Ch€Ma T'OTOBOM J€Tall COBMEUIAETCS C OCHOBHBIM TEXHOJOTHYECKHM BPEMEHEM;

* COKpallaThb BpeMs Ha YCTAHOBKY PEXKYIIEro MHCTPYMEHTA IyTeM 3aKpeIUuICHHs Ha
NPUCIIOCOOJIEHNN CHELMAJIbHBIX JleTanel-ycTaHoBoB. llocieqHue MIMPOKO NPUMEHSIOT B
KpYyITHOCEPUIHOM U MacCOBOM IPOU3BOJCTBE. JIMTENbHOCTh IMKJIA U3TOTOBJIEHUS! OCHACTKHI
CpeAHEe CI0KHOCTH focTuraer 75 aue [2].

[ToBbIlIeHNE pEeXKUMOB pabOThl COBPEMEHHBIX CTAHKOB M MEXAHU3MOB, UX KauyeCTBa,
HaJIS)KHOCTU U JTOJITOBEYHOCTH CBSI3aHO C YXKECTOYCHHEM TPEOOBAaHUA K TOYHOCTHU JETajeh
MallMH ¥ MeXaHu3MoB. [IpuMeHeHHe aBTOMATHMUYECKOIO0 METOJa IOJIy4YEHHUs pa3MepoB U
MEXaHU3UPOBAHHOTO 3aKPEIUICHHUS 3arOTOBOK B MPHUCIIOCOOJICHHH MPAKTHYECKU MOTHOCTHIO
YCTpaHsEeT BIMSHHE YPOBHS KBaMM(HKAIUU pabodero Ha TOYHOCTh 00paboTku. KauecTBo
JeTajei, B TOM CiIy4ae, B 3HAYUTEIbHON CTETICHH 3aBUCUT OT CTAHOYHOTO TPUCTIOCOOICHUS,
€ro TOYHOCTH, CIIOCOOHOCTU COXpaHATh €€ B Ipolecce oO0pabOTKH, MecTa MPUIOKEHUS U
HampaBJICHUs yCUINA 3aKUMa U T.J1 .

CaMbIM OBICTPBIM, SKOHOMUYHBIM U PEAIIbHO JOCTHXUMBIM IIyTEM pOCTa MPOU3BOAU-
TEJIbHOCTH TPYyJa SBISETCS MOBBIIIEHNE OCHALIEHHOCTH KaK CTAapbIX, TAK U HOBBIX CTAHKOB
NPUCIIOCOOJIEHUSIMU HE Pa30BOr0, @ MHOTOKPATHOTO MPUMEHEHUS. DTOW LEIH JOJDKEH CIIy-
JKUTh OOILEMAIIMHOCTPOUTEIbHBIH KOMIUJIEKC OCHACTKH MHOTOKPAaTHOTO NPHUMEHEHHs, CO-
CTOSIIIIMI U3 PAJIOB YHU(PULIMPOBAHHBIX JleTanel U COOPOUHBIX €IMHMUII, U3 KOTOPBIX MOKHO B
Pa3HBIX KOHCTPYKTHMBHBIX BapHaHTaxX coOupaTh cOOpHBIE 0OpaTHMble MPHUCIOCOOIEHUs Kak
JUIsl YHUBEPCAJIbHBIX CTAaHKOB, Tak M cTaHkoB ¢ UIIY, crnenuanbHbIX, MHOTOMHCTPYMEHTAb-
HBIX U JPYTUX BUJOB aBTOMaTU3UPOBAHHOI'O 000pYI0BaHUS.

[TpuHLIMD nepeHanagkyu U MEPEeKOMIOHOBKH M3 CTAHJAPTHBIX 3JEMEHTOB MOCTEHIEHHO
BBITECHUT MPHUHIMI, OCHOBAaHHBIM Ha CO3JaHUM WHIMBUIYAJIbHBIX NPUCHOCOOJIEHUN ISt
OCHAIIICHUS KaKJI0M KOHKPETHOW JETaJIH.

Co3naHue KOMIUIEKTOB YHU(DUIIMPOBAHHBIX JeTajlell U y3JI0B TpeOyeT 3HaYUTEIbHbIX
3aTpaT ¥ NO3TOMY JJIs 0OecreueHus! MOJHOM 3arpy3KH MPUCIIOCOOICHNI CO3/1aBaeMbIX Ha UX
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0a3e HE0OXOIMMO IIpeIyCMaTpUBAacTh BBINIOJHEHHE HAa HUX ONTHMAJBHOTO KOJIMYECTBA
pa3M4HbIX omnepauuii  (cBepiieHue, (pe3epoBaHHe, pacTauMBaHHE U Jp.) IyTeM
MHOTOLEeNeBOH nepeHanaaku. Takum oOpa3zom, 1r0060€ MAIIMHOCTPOUTEIBHOE MPENNpUsITHE,
cnpopuIMpoBaB KOMIUIEKT C YYETOM HMEIOIIErocs TapKa CTaHKOB, CEpUHHOCTH
NPOU3BOJACTBA M JIPYTHUX TEXHOJOTHYECKUX M OPraHU3alUOHHBIX (PAKTOPOB, CMOKET
co0upare Uil CBOMX IPOU3BOJACTBEHHBIX HYXJ HEOOXOIMMOE KOJMYECTBO Pa3IMYHBIX
npuUciocoOeHuit. DTO TMO3BOJUT KAXKIOMY MPEANPHUATHIO CO3[aTh WIA NPHOOpEcTH
B3alMO3aMEHSIEMbIH KOMIUIEKT 3JIEMEHTOB OCHACTKM, IIOCTAaBISIEMBIX W IOIOJHIEMBIX
LIEHTPAJIN30BAHHO, BMECTO HECKOJIBKMX BUIOB M TUIIOPa3MEPOB KOMILJIEKTOB Pa3IM4YHOIO
UCTIOJHEHHSA, OOJIBIIMHCTBO U3 KOTOPBIX HNPHUXOIMWIOCH U3TOTOBJISATH B MHCTPYMEHTAJIbHBIX
LIEXaX MAIIMHOCTPOUTEIbHBIX 3aBOJOB B €IMHUYHOM HCIIOJIHEHUM.

[lepcrieKTUBHBIM IyTeM yMEHBIICHHS rabapuTOB MPUCHOCOOICHUI U TOBHIIICHHEM
YPOBHSI MEXaHU3AIMU SBIISIETCS UCTOIB30BAHHUE THIPABINYECKUX MPUBOAOB (THIPOOIIOKOB,
TUJIPONPUCTABOK, THAPO3KUMOB, OTJAEIBHO CTOSIIUX THAPOIMIUHAPOB) [3] , a Takxke Mpu-
MeHEeHHe 0oJiee BBICOKMX JaBJIEHUM B ruppocucreMe - nopsaka 25 Mlla. Oto obecneunt
BO3MOYKHOCTb CO3/IaHUSI HEOOXOMMBIX CHJI 3KUMa MPU HEOOJBIINX JHaMETPax IHJIMHIPOB,
COKpATHUT NMPUMEHEHNE MEXaHW3MOB-YCUIUTEIIEH, YTO YIPOCTHT KOHCTPYKIMU PpUCTIOCO0IIe-
HUM U yMEHBIINUT UX Ta0apUTHBIE pa3MepPHbI U Maccy.

Bricokoe naBnenue paboueil cpenbl 00ecreunBaeT CO3AaHne 3HAYUTEIbHBIX YCHITHIA,
YTO MO3BOJIUT OTKA3aThCS OT MPUMEHEHUS NMPOMEXKYTOUHBIX YCHIMBAIOIIMX MEXAaHU3MOB, a
CJIEZIOBATENIFHO YNPOCTUTh KOHCTPYKIMIO MPUCHOCOOJCHUH, MOBBICUTh MX HAJISKHOCTh U
PEIINUTh BONPOCHI CO3/JaHHUsI MHOTOMECTHBIX NPUCIIOCOOJICHUH.

OnHUM U3 IPOTPECCUBHBIX HANpPABJICHUN B MEXaHMU3allUM KPEIUIEHUU JeTajel B Npu-
CHOCOOJICHUSIX SIBIIIETCSI MCTIOIb30BaHUE SHEPTHH TOCTOSTHHBIX MaruuToB [2]. [Ipucnoco0bie-
HUSI Ha [TOCTOSIHHBIX MarHUTax KUCIIOJIB3YIOTCS Ui 3aKpEIUICHUs JleTanel He TOJIBKO Ha IUIH-
(OBaNBHBIX U APYTHX (QUHUIIHBIX ONEPALUIX, HO ¥ MPH (Hpe3epOBaHUU M CTPOTAHUH.

[Ipumenenne cynepmarauToB (Ha 6aze camapuii-koOaJbTOBBIX MAarHATOB WU JPYTHX
KOMIIOHEHTOB) MO3BOJISIET CO3/]aBaTh MpUCIOCO0eHHs ¢ 00bloi cunoi nputsxenus (0,7—
0,8 MIla) mpu HEOOIBIIMX Ta0APUTHBIX pa3Mepax JIEMEHTOB CUCTEMBI. DTO CO3JAET MPEIIo-
CBUIKM Ui pa3pabOTKU YHHMBEPCAIbHO-TIEPEHAIAKUBAEMbIX MArHUTHBIX MPUCHOCOOJIECHUM
JUISL pa3JIMYHBIX TEXHOJOTHYECKHUX ONEparvi.

Taxum 00pa3oM, OCHOBHBIMH TEHJEHIMSIMU B COBEPILIEHCTBOBAHUN KOHCTPYKIMU CTAHOYHBIX
NPUCIIOCOOJICHNH SBIIIETCA CO37aHKue ObICTPOIEPEHATa)KUBAEMbIX MPUCIOCOOIEHUI MHOTO-
KPaTHOTO MPUMEHEHHSI OCHAIIIEHHBIX KOMITAaKTHBIMH, MOIITHBIMH TIPUBOIAMH.

Cnucok autepatypsbi: 1. IIpoekTupoBaHre TEXHOJOTHMYECKOW OCHACTKH MAITUHO-
CTPOUTENBHOTO TMPOU3BOJICTBA: YueOHOe Mmocolue A MallMHOCTPOUT. crnell. By3oB / Ilox
pen. FO.M. ConomenneBa. — 2-¢ u3a. — M.: Beici. mik., 1999. — 415c. 2. TexHonornueckas
OCHacTKa MHOTOKpatHoro npumenenus, [lona. pex [onskosa I.M.. — M.: MammHocTpoeHue,
1991. — 404c. 3. Cxuptnanze A.I'., HoBuko B.}O. Ctanounsie npucnoco6ienus: Y4eOH. mo-

cobwue s By30B. — M.: Beicm. mik., 2001. — 110c.
T'HIPOABPASHMBHBI METO/] OFPABOTKH PABOYMX KOJIEC —
OCHOBA YBEJIUWYEHUSA PECYPCA MHOI'OCTYIIEHYATBIX HACOCOB
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AmmeB H.A., Caxou 3antyp (kagh. TM, [lonHTY, 2. JJloneyx, Yrpauna)

B mMexaHn4eckux cucTeMax IMOBBIIIEHUE HAJEKHOCTH U PECYpCa MALIMHbI HAPSMYIO
CBSI3aHO C BO3MOXXHOCTBIO paHHEro OOHapyskeHHs Ae(eKToB U pa3pabOTKON METOJIOB MX TeX-
HUYECKOM TUAarHOCTUKH.

W3BecTHO, YTO K OCHOBHBIM BHIAaM JMarHOCTHMUECKOW HWH(pOpMAIMM It TaKuX
CIIOXKHBIX JIMHAMUYECKHUX CHUCTEM KaK JBUIATENIM, HACOCHl, IUJIAHETApHBIE PEIyKTOPHI,
TypOO3yOuaTele arperatbl W T.JI. OTHOCSATCS: CIEKTP BUOpaIMy 3JIEMEHTOB KOHCTPYKITUH;
CHEKTp aKyCTHYECKUX KoJiIcOaHMH; 3HaYCHHE MapaMeTpoOB, XapaKTepH3yIOUINX (yHKIMOHHU-
pPOBaHUE CUCTEMBI; COCTOSIHUE COTPUKACaIOIMXcs cpea u T.1. [1].

Haubomnee  BakHBIM W JEHCTBEHHBIM  JUIi  TEXHUYECKOHM  TUArHOCTHUKU
MHOTOCEKIIMOHHBIX IIaXTHBIX HACOCOB, U3-3a CHeUM(UKAIUK HX KOHCTPYKIMH U pPaboTHI,
SIBISIETCS @HAJIM3 CIIEKTPA X BUOPAIMU U aKyCTHIECKHUX KOJIeOaHHI.

OpHako  CTOXaCTMUECKHMH  XapakTep  CHeKTpa  KojeOaHuMil  Hacoca  M3-3a
MHOTOYHCJICHHBIX CIy4alHbIX (AKTOPOB M TEXHOJIOTMUECKUX HECOBEPIICHCTB OCHOBHBIX
JeTajell He TO3BOJSIET COCTaBUTh Ul TEXHWYECKOW JMAarHOCTHKH MX HMH(POPMAIIOHHOE M
TEXHUYECKOE 00ECIIEUEHNE.

B oToM ciyuae BakHelIeld WHXXEHEPHOW 3ajadeil CTAaHOBUTCS oOOecriedyeHne
MIOCTOSIHCTBA TEXHOJIOTUUECKUX M TEXHUUECKHMX IapaMeTpOB HM3rOTABIMBAEMbIX HACOCOB, a
TaKXKe WCKIIIOYEHHWE WM yMEHBIICHHE BIMSHUS CIy4alHbIX (DaKTOpOB Ha BHOpOIapaMeTphl
MAIIMH /1711 MUHUMHU3A1UH U a/IEKBATHOCTH HX.

[lpunATO  CyWTarh, YTO MHHUMH3AIUS BHUOPOMAPAMETPOB  LEHTPOOEKHBIX
MHOTOCEKIIMOHHBIX HACOCOB, OTHOCSAIIMXCS K MEXaHMYECKUM MallliHaM, BCELE]0 3aBHUCHUT OT
METOJIOB ¥ TOYHOCTH JUHAMMYECKON OalaHCUPOBKH pOTOpa HAcOCa C HAaBEUIEHHbIMU Ha HETO
pabounmu xosiecamu (TypOrHaAMM) HAa COOCTBEHHBIX MOJIIUIHUKAX [2].

Buxg  aMIUITyAHO-4aCTOTHOM ~ XapakTePUCTUKH,  YHCIO  y3JOBBIX  (OpM,
YKJIJBIBAIOIIMXCS TI0 JUTHHE POTOpa, BEITMYMHBI BHOPOCKOPOCTH M BHOPOYCKOPEHHH U T.1.
OKa3bIBaeT BIHMSHHE HAa (OpMy W Xapakrep HM3HOCA TEPEIHEro IIEeNIeBOTO YIUIOTHEHHS H
rOpJIOBUHBI pabouero koJjieca Hacoca. B cBow odepenb BeIMUMHA H3HOCA ONPEAEIAET
00BEMHBIC TIOTEPH TI0 MEPETOKAM, YTO COOTBETCTBEHHO XapaKTEPU3yeT PabOTOCHOCOOHOCTh U
YPOBEHb TEXHOJIOIMYHOCTH HACOC B LIETIOM.

[Ipu npoyux paBHBIX YCIOBHSIX — THIIA HACOCA, YNUCIA CEKLUI, KOHCTPYKIMU U THIA
MOJIIIMITHUKOBBIX Y3JI0B, BEJIMUMHBI BBINOJIHEHHOTO JOIyCcKa Ha 0a30Bbl€ pa3Mepbl KpbILIEK
BCAChIBAaHMSI M HArHETAHWS, TEXHOJOTHH M3TOTOBJICHHS Bajla HAcoca W T.J. BUOpOIapameTphl
arperaTa IOJIHOCTBIO 3aBHCST OT KOHCTPYKIIMM M UCIIOJIHEHHUSI pabodero koseca. IMEHHO OT
BUJA JIMThSI, TEXHOJIOTUM H3TOTOBJICHUS M TEPMOOOPAOOTKH, T€OMETPUYECKUX M TpHOO-
MEXaHUYECKHX TapaMeTpoB pabouero kojeca (TypOMHBI), METOJOB (MHUIIHBIX OTEpaIHi,
3aBHCHT CIEKTp BUOpAIMU U aKyCTHYECKUX KOJIeOaHMIA arperata Kak JHHAMUYECKOI MAIIMHBL.

MHorouucieHHble HccaeloBaHus 0ojiee 4eM TpeX ThICSU pabodyuX KOJIEC Pa3HBIX
Moau(pUKaMii M MPOM3BOACTB MOKa3zaldM, 4YTO CHEKTp pa3dpoca TEXHUUECKUX H
TEXHOJIOTMYECKUX MapaMeTpPOB KOJEC OYEeHb BEJIUK M OJIHOM TOJBKO JUHAMHYECKOU
0aJaHCHMPOBKOM HEBO3MOXXHO TapaHTUPOBATh MHHHUMH3ALMIO BHOpOIapamMeTpoB Hacoca.
Pa3paboTanHple OJHMM U3  aBTOPOB, B  HAYYHO-NIPOU3BOJCTBEHHOM OOBEIUHEHUU
“CnenuanbHO€ KOHCTPYHMpOBaHME M TexHojormu wmammH — XXI Bek”, crnenuaabHbIe
TEXHOJIOTMYECKUE METOJIbI JINThsI, MEXaHUYECKON U TePMUYECKON 00pabOTKH pabovYmx KoJiec,
CO CTaTUYECKOM 0araHCUPOBKOW Ka)KAOTO U3 KOJIEC M JJUHAMUYECKON OalaHCUpOBKOM poTopa B
cOope He TpUBENM K JACHCTBEHHOMY YMEHBIIICHHIO BHOpOIIOKa3aTeseil arperata B MpoIecce
skcmuryararmu. [Ipuaem, kak pexomeHmoBaHo u BHeapeHo B mammnax “‘HITIO CKTM-XXI
BEK”’, JUI1 YMEHBIICHHUs] BUOPOTIOKAa3aTesen arperara, COOpKy Hacoca B 00s3aTEIIbHOM TOPSIIKE
IPOBOJST CEJIEKTHBHO, C ONTHMHU3aLMeN Mo 3a3opaM, jaebanaHcaM U BecaM Kojec. 3a Cuer
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yYKa3aHHbIX MEPOIPUATHA yJIaloch CHHM3UTh TI€PBOHAYANbHBIM (IpU TyCKEe) YpPOBEHB
BuOpockopocteit g0 3,4+3,8 Mm/cek mpu jmomyckaemom 7,8+8,2 mm/cex [3]. OmHako B
nporecce HKCIUlyaTallud, Kak TOKa3ald 3aMepbl, Ha Bcex 0€3 HCKIIOYeHHs Hacocax
HaOJIr0/1aeTCsl I3MEHEHNE BUOPOIIOKa3aTeseil MalliuHbl, IPUYEM pOCT BHOpALlMK MOYTH BCEraa
NpeBbIIIal AOMyCTUMBIe 3HaueHus. Kak ciencrBue, HaOmogaeTcss NpOrpecCUBHBINA U3HOC TI0
nepeaHeMy KOJIbLIEBOMY YIUIOTHEHHUIO U, COOTBETCTBEHHO, YBEIMYCHNE OO BEMHBIX U JHUCKOBBIX
NOTepb, N3MEHEHNE HATIOPHOM XapaKTEPUCTUKH.

Kpome ananms3a m KOPpEKTHUPOBKHM PabOYMX KOJEC, M3TOTABIMBAEMBIX 10 MOJEISM
“HIIO CKTM-XXI Bek”, CpaBHEHHUS HX MEXIy cC000i U OTpabOTKM METOJUKH UX
COBMECTHOCTM B HAcoce, aHAJIM3y NOABEPIINCh MU paboyue KoJieca MHOTOYHMCIICHHBIX
M3TOTOBUTENICH HACOCOB VYkpaunsl. Pe3ynabraToM CcpaBHEHHS 1O MHOTOYHCIICHHBIM
napamerpaMm paboyux KOJIEC Pa3NUYHBIX NPOMU3BOIUTENEH OyJer MOCBsIEHa OTIeNbHAs
paboTta. AHamu3 mMapaMeTpoB pabOUMX KOJIeC MOKa3ajiH, YTO B OAHOW M TOH K& MAallWHE He
PEKOMEH/TyeTCsl KOMOMHAIMS KOJIEC PA3IMYHBIX NPOU3BOIUTENCH. DTO CBSI3aHO C TE€M, YTO TpU
M3TOTOBJICHUH  KOJIEC TPUMEHSIOTCS PAa3IMYHbIC TEXHOJIOTHYECKHUE METOIbI, OTCYTCTBYET
eIMHasl CHCTeMa BBIXOJHOTO TEXHHMYECKOTO KOHTPOJISI TPH TPOU3BOJCTBE KOJIEC, a TAKKE
MUMEIOT MECTO CYIIECTBEHHBIE OTKJIOHEHHS JIeTalleii OT TpeOoBaHMiA uepTexa pabouero KoJeca.

HmeroTcss OTKIOHEHMS TIO0 HApy)XHBIM JIHAMETpaMH  KOJIeC, TuaMmeTpaMm KoJiec,
JaMeTpaM M JJIMHE CTYTHIIbI, OTKJIOHEHHS TOPIIEBOTO U PATUAbHOTO OHEHHH B HECKOJIBKO
JIECSITKOB Pa3 MPEBBILIAIONINE JOMYCTUMbIC, PA3HUIBI B IIarax JIOMATOK M YIJIaX BXOAa U
BBIXOJIa JIOMIATOK HA OJTHOM M TOM K€ KOJIeCe, UTO PE3KO CKa3bIBaeTCs Ha JiebanaHce KoJlec.

Kpowme Toro, mepeber no mary Mexay JIOacTsIMU KoJieca JOCTaTOYHO CHIIBHO BITUSIET
Ha HEPABHOMEPHOCTH 00beMa MPOXOIAIIEH yepe3 MEXIONaTOUHbIE 30HBI JKUIKOCTH, YTO TOXKE
U3MEHSIET CIIEKTp BUOpalvu.

OCoOGEHHO 3TO SPKO TPOCMATPHMBAETC Ha KoOJiecaXx TPOM3BOJCTBA 3aBOJA
Hounl'opmami, 3aBonma “Llentposnut”. 37ech pa3HOCTh MO Imary coctaBisieT A ;,=8,0 mM.
[lepeMeHHBIMU SBIISIIOTCS W HMIMPHHA MEXIJIOTIATOYHOW 30HBI HA BBIXOJAE M3 KOJECa, TOJIIIMHA
JIMCKOB M JIONIATOK W, COOTBETCTBEHHO, OOJIBbIIINE BEIMIMHBI 1e0anancoB kojec. Hanmpumep, Ha
Kojecax 3aBoja “lleHTposmT” (YyryHHOE JIMTHhE) BBHIOOpKA JcOATaHCHBIX MAcCC JIOCTHTacT
nopoit no xopae L=200+220 mm, rpu yrie 0=56+61°, 4uTo cOOTBETCTBYET BHIOpAHHOW Macce
m.=140+148 rp u rny6 une Bpesanus h=2,0 mm; Ha konecax AO “Bypan”, COOTBETCTBEHHO
L=300+325 mm npu yrie 80+88° mpu m =128 rp, npu riryoune Bpezanus h=1,5 mm Ha paguyce
R=185 mm. BusyanbHblii OCMOTp KoOJIeC B CTaJbHOM HCIOJHEeHUH, Hanmpumep AO “Bypan”,
BBISIBJISIET MEXJIONIATOYHYIO OTPaHKy, OMEeHHEe NOKPBIBHOTO AMCKa A0 1,5-1,8 MM OTHOCUTENBHO
0a3bl, 9YTO HEJOIYCTUMO, T.K. BBI3BIBACT METIC00pa3HOE JABIKEHUE JUCKOB KoJieca B paboyeit
Cpele M PE3KO YBEIWYMBACT BUOPAIMIO W IMCKOBBIC TPEHUS, COOTBETCTBEHHO, YMEHBIICHUE
KIIJ] arperata. OcMOTp M BecoBOM 0OMep KOJiEC MOKAa3bIBAET 3HAUUTENBHBIA pa3Opoc X
nosecy oT 20 kr 200 r go 26 kr 900 r. /Taxxe B oHOM U TOM ke maBke (3aBof “LleHrponut” T.
CyMmmMmbl) Kostec HaOmromaercs: Oosbioit pa3opoc ux mo Becy or 21 kr 300 r mo 23 kr 600 r.
Beia ocymecTsieHa pazpe3ka KoJiec B IPOI0IBHOM U TIONIEPEYHOM HAINpaBJICHHUAX, HX aHAJIN3
¥ B3BeImIMBaHME. Bo Bcex ciydasx B MEXJIONAaTOYHOH 30HE KOJec HaOIoIaeTcs
Pa3HOTOJIIMHHOCTH JTMCKOB, JIOTIATOK, CTYIUIIBL, HA JUCKaX M JIONMATKaX HAIUIBIBBI, IPHUTapH,
MIOPHUCTBIE CTPYKTYPBI HEBBICOKOH TBEPJIOCTH | T.JA. [IpakTHUECKH BeCh KOMIUIEKC OTKJIOHEHHH
napameTpoB KOJIEC MOXKET OBITh CYKEH CeNeKIMEN U MOoJ00pOoM KoJiec Mpu cOOpKE C yYeTOM
nebaxaHcoB, Beca KOJIEC M 3a30pOB IO TEPEIHUM YIUIOTHEHUSM, OJHAKO ATO 3HAYUTEIHHO
YCIIOKHSIET COOPKY Hacoca.

Takast cenekuusi onpapaaHa TOJIBKO MPH WCIIOIB30BAHUN TEXHOJIOTUHM M3TOTOBIICHUSI
pabouux koisec mo metonauke, pazpadboranHoi B “HIIO CKTM- XXI Bex”. OnHako Hamu4due
BBIIIIEYKa3aHHBIX J1e()eKTOB BHYTPEHHHX IOJIOCTEH KOJIEC, MOCTE JOCTATOYHOM IKCIUTyaTalliu
HACOCOB W BBIMBIBaHHS paboOdeil 30HBI, MMOJHOCTHIO M3MEHSET Kak BHOpOMapameTphl, TaK U
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HAIOPHYI0 XapaKTEepUCTHKY arperara. VMIMEHHO HM3MEHEHHME TE€OMETpUMH M Beca KOJieC B
npolecce IKCIUTyaTalluy yCIIOKHIET pa3paboTKy U MCHOJIb30BAHUE METOJIOB TEXHHYECKOM /H-
arHOCTUKY WX MH(POPMAIIMOHHOTO, TEXHUYECKOTO U MaTEMaTHIECKOTO 00ECTICUeHHUSI.

[Ipobnema Moxer OBITH pelleHa TpH  WCHOJBb30BAaHMM  NPEIBAPUTEIHLHON
rupoadpa3uBHON 00paboTKM paboyero koseca [4] mociie MeXaHHYECKOW 00pabOTKH, HO IO
OaJaHCHPOBKH KOJIeC ¥ poTopa B cOope.

W3BectHe  MeTonpl  ruapoabpaswBHOM  00pabotku  [5], [6] paszmMuHBIX
CJIO’KHOOPUEHTHUPOBAHHBIX JI€Tallel, HalpuMep Ul ONTHKOMEXaHUYECKOW MPOMBIIIICHHOCTH,
I7ie B CIEUHAJIbHBIX pe3epByapax IOJ JaBJICHHEM IPOKAYMBACTCA >KUAKOCTh C aOpa3uBOM,
BO3/ICUCTBYIOIIAs HA M3JENNE U OCYIIECTBISIETCS CHATHE 3ayCEHHIl M 3a4MCTKA MOBEPXHOCTH
neraneid [5]. IIpumaem oOpaboTka HOCUT CIydalHBI M HEPAaBHOMEpPHBIA XapakTep, T.K. HET
MOCTOSIHHOM OpueHTanu 00pabaThiBaeMbIX MOBEPXHOCTEH OTHOCHTEIBHO THIPOAOpa3UBHOMN
CTpYH.

CrnygaitHoe, cTOXacTHYeCcKOe JeHCTBUE THAPOAOPA3UBHOM MyJIbITbI HA pabodee KOJeco
WM HaNpaBJSIOIIME amnapaThl JIOMACTHBIX MAIIMH HE MOXET COJeHCTBOBaTh 00paboTke
MEXJIONIACTHOM 30HBI, T.K. MPOCTPAHCTBO MEXKIY JIOTMATKaMH 3aKPHITO TOKPBIBHBIM U
OCHOBHBIM JIUCKaMHU.

Kpome Toro oOpaboTka ca0KHOOPUEHTUPOBAHHBIX KAHAJIOB MPOCTHIM BO3/IEUCTBHEM
KaKoTro-JIM0O COIUIOBOTO ammapaTa 1Mo BPEMEHU MOKET ObITh 3HAUUTEIHHBIM, & BO3JICHCTBHE
CTpyH Ha 00pabaThIBaEMyIO TIOBEPXHOCTH CITyYalHBIM U Mai03(h(heKTUBHBIM.

Hns  yBemuuenwss dddekra  Bo3meHcTBUS — THAPOAOpPA3MBHOM  MyJbIBl  HA
o0pabaTbiBaeMyI0 CJI0KHOOPHEHTHPOBAHHYI0 TIOBEPXHOCTH C OTPAaHMYEHHBIM JOCTYIIOM,
HaNpUMeEp MEXKJIOMACTHYIO 30HY pab0ouMX KOJIEC JIOMACTHBIX MAIllMH, IpearaeTcs oopadoTKy
MPOU3BOAMTH ITOCPEICTBOM BCTPEUHOTO JIBMXKEHHS THAPOAOPA3UBHOM IMyJIbIIbI, HAIIPABICHHOMN
COIIOBBIMU OJIOKaMH B MEKJIOTIACTHOW KaHaJ C BPAIaTEILHBIM M KOJICOATEIHHBIM JIBHKCHUEM
Koseca. Bpamienne o0pa0aThIBAEMOTO H3JENUSI TPOU3BOAUTCS BOKPYT T'€OMETPHYECKOM
NPOOJILHOW OCH KOJIeca WM HampaBisioliero ammapara u T.4. KosebaTenpHoe IBHKECHHUE
NPOUCXOJHT B MOIEPEUHON IUIOCKOCTH KOJieca, MpUYeM Kaxkaas M3 o0padaThIBaeMbIX TOYEK
COBEpIACT 3a CYET CHEUMAIBbHOTO YCTPOMCTBA METIe0Opa3sHOoe IBWKEHHE B IUIOCKOCTH
nonepeyHoi cummerpuu (puc.l).

B mpornecce BpamieHus koyieca BOKPYT HPOIOJIBHOW OCH, KaKaash M3 TOYEK Kojeca
JIOTIOJIHUTENILHO OIMUCHIBAET METJICOOpa3Hyl0 KpUBYIO B BHUJE JeMHUCKaThl bepnymmu [7]. To
€CTh B TOINEPEYHOM HAMNpAaBICHHM OT NepUdeprn Kojeca K LEHTPY Kakaas TOYKa KoJeca
OTIMCHIBACT NETICO0Pa3HOE IBIKCHUE, U TIOTyUEHHbIE (PUTYpPBI TEPMETUIHBI JPYT OPYTY U MO
pa3Mepam yObIBaIOT K IICHTPY TEJIECHOTO yTJa, T.€. K Touke Op

Takoe merieoOpa3HOE [BIKCHHME TOUYEK KOJieca TMO3BOJIIET  MPOW3BOAMTH
ruipoabpa3uBHYI0 00pabOTKy HE TOUEYHBIM BO3JEHCTBHEM CTPYM Ha KOJIECO, a MEepeMelaTh
neTieo0pa3Ho oOpadbaTkiBaeMy0 TIOBEPXHOCTh OTHOCHTEIHFHO MOTOKA IMYJIBITBI.

PaboTa wactuil cTpyu, T.e. €€ CIOCOOHOCTH 3a JOCTATOYHO KOPOTKHH MPOMEKYTOK
BpPEMEHH NPOMU3BECTH KAYECTBEHHYIO 3aYHCTKY pabodell MOBEPXHOCTH MEXKIONATOYHOMN 30HBI,
OyZeT 3aBUCETh OT a0COJIFOTHOW CKOPOCTH JIBMKEHHWsSI KoJjieca (MM MOBEPXHOCTH Kojeca). B
JTAHHOM CiTy4ae aOCOJIOTHAsi CKOPOCTh JABMKEHUsI KoJieca Oy/IeT SBIATHCS BEKTOPHOW CyMMOM
OTHOCUTEIBHOW CKOPOCTH BpaieHuss To4ku BOKpyr ocu ;O3 TEpeHOCHOW CKOpOCTH
METJIC00Pa3HOTO JBUKEHHUS.

Cymmapnast paboTa CTpyd BO3pacTaeT 3a CYeT TOTO, YTO aOCOJIOTHAs CKOPOCTh
nepeMenieHus o0padbaTbIBa€MON 30HbI SIBISIETCS BEKTOPHOM CyMMOM yKa3aHHBIX CKOpPOCTEM.
[Tpuuem Ommxe x nepudepun kosneca (K BHIXOAY CTPYU U3 MEXIJIONATOYHOM 30HBI) YUCTOTA
00pabaTbiBaeMON TMOBEPXHOCTH YJIydIlIaeTcs T.K. B OOIIEM clydae JIMHEHHas CKOpPOCTh
nepeMeIleHnsT pacTeT OT LEHTpa K mepudepum.

st mpuHSITOM CTPYKTYPHO-pACcCU€THOM CXEMBI THIpoabpa3zuBHON 00padoTku (puc.l)
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BBE/ICHBI 0003HAUEHMUS:

R; - pammyc moBopoTa TreOMETpUYECKOro IIeHTpa oOpabaTeiBaeMoil jaeTanu
OTHOCHUTEJILHO OIIOPHOTO MAapHUPHOTO y3ia (Touka O1);

R, - pamumyc BHyTpeHHEH cdepbl HapyXHOW OOONMBI CamMOyCTaHABIUBAIOIIETOCS
BEPXHEr0 OIOPHOTIO Y3JIa;

R3” - Tekymmii paamyc — BEKTOp JIEMHHUCKAThl BepHYIUIM, OMMCHIBAEMON TOYKOM
00pabaTbIBaeMOi JeTaNu;

R4 - paguyc cdepsl, onrcaHHON BOKPYT MPOCTPAHCTBEHHOUW (Uryphl, 0Opasyromias
KOTOPOH MPEACTaBISAET JIEMHUCKATY bepHynu 11t GUKCUpOBaHHOM TOUKH €T,

Rs - reomerpuueckast aymHa ocu, coequnstomas Bepxuui O3 u HwxHUA O ONOpHBIE
y3JIbl yCTAaHOBKH;

01, O, - COOTBETCTBEHHO YIUIbI BEPUIMH KOHYCOB, OIIUCBIBAEMBIX OCBIO JAETAJIU
COOCTBEHHO JIeTalbI0 1 000MMOI CaMOyCTaHABIMBAIOLIETOCS BEPXHETO y3I1a;

E1, Ez, E3 - XOop1b!I 1yr OBOpOTA ETaIM U IIAPHUPOB;

Dy — mHapyxHelii numamerp paboyero Kkojeca oOpabaTbiBaeMOW JeTamm —
HaIpaBIIIOIIETO alapaTa, KOpITyca ¢ HalpaBJIOMIMMH JIOTIATKaMH U T. 11.);
a, M — T[apaMeTpbl JICMHHCKAaThl, CBS3bIBAIONIME TEOMETPUIO Kojieca C

KHHEMATHYEeCKUMH OCOOCHHOCTSIMH yCTaHOBKH, B JIAaHHOM ClIy4ae: a=m-+/2, Tpu4eM B
KauecTBe paboyelt THIoTe3bl AJis apameTpa a MpUHsITO:

a=Dy/2+E,
a 1Jis1 m UMEEM COOTHOIICHHUC .

m=~AM - MB

rie AM n MB — ntyuu coeuHstonme Tekyuryto Touky M ¢ nomocamu A u B nemHuCKaThI.
Nwmeem:

(RY Y=m?-c0s20
IIpu ycmoBum ay=0, u E1=R;-a;; Ex=Ry- 07, 1511 napamerpa a y m nosryyaem:

E;=E;R;/Rg,
a=Dy/2+E; :TE(RK+E2R1 / RK),
V2r ( E,R +R;
2 Ry

JlMHA TpaeKTOPHHU TOYKH (ITMHA Iy TH 00pabaThIBAEMOTO Y4acTKa) 3a 0JIMH 000pOT:

2
(R3)2= gﬂ' % -c0s26 ,
K

_a2(ER +R; j do

S
2 Ry 0\/1—2-sin20

[locie TpHMEHEHHS MOACTAHOBKM 2sin’0=sin’¢p (T.k. 0< e T0 2sin’0<1),

OKOHYATECJIbHO MMOJy4YacM:
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Puc. 1. CTtpykTypHO-pacueTHas cxema ruipoadpa3uBHON 0OpabOTKH



NHXEHEP, Ne 2, 2001 r. 87

S

T
_2J2(ER +R: j do
2 Ry vA1—2-sin’6O
To ecTh IUIMHA TPACKTOPUHU TOUYKH KOJeca 3a OJUH 000pOT OyJeT BhIpaKCHA depes
o o T T
IOJIHBIN 3JUIMITUYECKUI MHTerpasn 1-ro poga, B IpelIeibHOM cilyyae Ipu 9=Z u g=—

2

HMCEEM I JJIMHBI YCTBCPTHU JICMHUCKATHI:

S:nﬁ(E2R1+R§J do ﬂ\/z(ElejLR,z(}K( 1 j

2 R, - R,

/ 1 2
1 ——sin?
) ()

JI1s HOJTHOM JUTUHBI TPAEKTOPUU TOUYKHU:

2
S, =48 = 27:\/5(MJK(L)

K

Bpewmst ogHOTO 060pOTa P N 06/MUH COCTABUT:
60R,n

27V2(E,R, + R )K[jz]

Ucnons3ys 3aBucumoctu [4] u [8] mpeacTaBisieTcs MO MOJyYE€HHBIM COOTHOIIEHUSM
CIPOEKTUPOBATh YCTAHOBKY Ul THApoabpa3suBHONW 00pabOTKU ¢ HEOOXOAMMBIMU T'€OMETPO-
KMHEMaTUUYEeCKMMH W TEXHOJOTHMYECKHMHU IapaMeTpaMH, a TaKKe MPOU3BOIUTH PAaCUETHI
peXUMOB 00pabOTKH.

t, =

Cnucox Jgureparypbl: 1. buprep W.A. “Texnuueckas auarsoctuxka” M.
MammHoctpoenue 1978 r., 240 ctp. 2. BpeMeHHas HHCTPYKLMS 110 PUMEHEHHUIO CPEJCTB U
METOJIOB CHIJKEHUSI YpOBHS BHOpalMy CTAllMOHAPHBIX MAaIIMH IMaXT U 00OTaTHTEIbHBIX
¢dabpuk. M3n. Mnacruryt [opHoit MexaHWKM W TeXHUYECKOW KuOepHeTukH uM. M.M.
®enoposa, Jonenk 1968 r., 88 crp. 3. Bbpakosckuit M.A., CukoB A.Il. “bamancupoBka
poTopoB TypborenepaTopoB”. Jueprust 1966 r., 218 ctp. 4. [IpoBonoukuit A.E. “CrpyitHo-
abpas3uBHast oO0paboTka neranei mamun’. Kues., Texuuka 1989 r., 277 ctp. 5. ABTOpCKOE
ceuzeTensctBo Ne 730557 CCCP, MKI’B24C 3/12. VcrpoiicTBO I IHapoabpasHBHOI
06paboTkn merareil. 6. ABTopckoe cBHueTeascTBo Ne 740485 CCCP, MKII’B24C 3/22.
VYerpoiicTtBo s Tuapoadpa3zuBHON 00padoTku netaneit. 7. A.H. Muxaiinos, P.C. Cenuxos,
P.C. Jlanmuk, E.C. MypaBbs “Pa3bopka cTpykTypHOro oOecnedeHus Mmpolecca
NPOEKTUPOBAHMS aBTOMAaTHYECKUX POTOPHBIX JIMHUHM JIJIsI TPOU3BOJICTBA CAMOCTOMOPSIIIAXCS
raek”. B c0. “IIporpeccuBHblE TEXHOJIOTHU U CUCTEMbI MAIIMHOCTPOEHUS . Mex1yHapoIHbIH
coopuuk HayuHbIX TpynoB. Honeuk: Jou I'TY, 1999 r , 8 — ctp. 160-164. 8. bunuk L1.M.
“AbGpa3uBHO-KUAKOCTHAsT 00paboTka MetamuioB” M. Mamunoctpoenue, 1960 r., 198 cp.
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TEOPETHUYE CKUI AHAJIN3 IE@OPMUPOBAHHOI' O COCTOAHUA
3ATOTOBKH TP BOKOBOM BbI/IABJINBAHUU PE3bbbI HA TAUKAX

Aasb Bypunu A., MatBuenko A.B. (xap. TM, [JonHTY, 2. [loneyx, Ykpauna)

PaccmarpuBaercss 3amaua aHanm3a Je(OPMUPOBAHHOTO COCTOSIHUSL 3arOTOBKU TIPU
OOKOBOM BBIJIaBIMBaHUM pPe3bObl Ha Taiikax. llporecc BbIIABIMBaHMS 3aKIOYAECTCS B
clieAyIomeM. 3aroToBKa YCTAHABIMBACTCA Ha pPeE3bOOBYIO ONpPaBKy M BMECTe C HeEl
nomMeniaercst B MaTpuily. JleopMupoBaHue 3aroTOBKH OCYIIECTBISIETCS ¢ TOPIIEBOM CTOPOHBI
IIyaHCOHOM, KOTOPBIH IepeMeIIaeTcsi BJ0JIb OCH 3aTOTOBKM CO CKOPOCTBIO Ly (puc. 1) u npu
ATOM MPOUCXOIUT UCTEUCHUE METAJIIA B PE3bOOBO MPOQIIIH.

L,

&

F ornpaska
%

A

N X K Ren
3aroTt oBKa =

R

-«

Puc. 1. Cxema x aHanm3y nporiecca BblaBINBaHUS PE3b0bI

Ha puc.1 npunsats! ciaeayromue o603HaueHus: L — 1ymHa 3aroToBky, S — mar pe3pobl
OTpaBKH, 20 - yroj npo¢uis pe3pObl onpaBkH, Ry — HapyX HbBIIA paanyc 3aroTOBKH, Ry —
BHYTPEHHHI PaJHyC 3arOTOBKH, I — BHYTPEHHUH PaJuyC NETalH, Ip, — BHYTPEHHUH PaJHyC
pe3b00BOIl OMpaBKHy, T — TEKyIIas KoopAuHaTa BAoJb ocu Or, Z — TeKylias KoopAMHaTa BAOJb
ocu Oz, v,1, Ly — OceBas U pajualbHas CKOPOCTU TEYEHUS MeETaula B 30HE | 3aroTOBKH
COOTBETCTBEHHO, ULz, Ly - OCEBas M pajJualbHas CKOPOCTH TEUEHHs MeETala B 30HE 2
3arOTOBKU COOTBETCTBEHHO.

[Iponiecc BblaaBIMBaHUSA PE3bObI OCYIECTBISIETCSI B YCIOBHMSIX OCECHMMETPUYHOMN
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nepopmanyu. Pemenne 3a1a4u BBIMOJIHUM B IIMHAPUIECKONW CUCTEME KOOPAMHAT — T, Z, 6.
KoMnoHeHThl BEKTOpa NepeMelleHHs B 3THX 3ajjadyax He 3aBHCAT OT yria 0. 3a Havano
KOOp/MHAT IPUMEM TOUKY TepeceueHus ocu OZ, cOBIAIAONICH C 0ChIO 3ar0TOBKH, U ocH Or,
MPOXOIAIIEH yepe3 cepeauHy npouis pe3bObi.

Hns  anHamm3a  1e(OPMUPOBAHHOTO COCTOSIHUSL HEOOXOJUMO OIpPENeNIUTh I0JIe
ckopocteld B ouare aedopmarnmu. OO03HAYUM Uy, UL, ULp - pagualibHas, oceBas U
TAQHTCHIMAIbHAS  COCTABJIAIOIIME CKOPOCTH TEYEHHWs YacTHIl MeTaula B Mpolecce
ne(OpMHUPOBAHUS COOTBETCTBEHHO, I ¥ Z — TEKYIIHE KOOPAUHATHI (puc.1).

[Ipn onpeneneHny TpPaHWUYHBIX YCIOBHH OylIeM HCXOAWUTh W3  CIEAYIOUINX
JIOITY LLICHUN ;

1) marepuan MHCTpyMEHTa aOCOJIIOTHO >XECTKMH W B MPOLIECCE BbIJIABIMBAHHSA HE
nedopMupyeTcs;

2) TemmeparypHoe 1oJie B 00beMe 1ehopMHpyeMOil 3ar0TOBKU HE M3MEHSETCS;

3) B mporecce nedopManyy CynecTBYIOT TUIOCKOCTH (TIEPIICHIUKYJIISIPHBIC OCH JICTAJH)
paszzena TeYeHUs] MeTalla 1o BIAJWHAM Pe3bObI;

4) 00b&M BUTKA pe3b0bI paBeH 00BEMY KOJIbIIA, HIMEIOLIETO MPO(UIb Pe3bOBI;

5) B pe3p0OBOI OJOCTH OTMPABKU PaHaIbHOE TEUEHHE METalIa 3arOTOBKH.

Paznenum 3arotoBky B mporiecce AegopMupoBaHus Ha J1Be 30HbI — 1 1 2 (puc.1). 3oHa
1 orpannuena nosepxHocThio EFKN, 30Ha 2 — ABCD.

B 3one 1 umeem vg=0, v, # 0, v, # 0, T.e. UMeeM: Ly = V(T); Lz = V(Z2);

Vg = 0.

st onpenenenrs: CKOPOCTU V1 UCXOAUM U3 TOTO, YTO LUy = 0 mpu 2 = 0 U L, = -y
npu z = L. [Ipunsitoe gonyuienue o0 OAHOPOAHOCTH JedopMaIi JaeT OCHOBAaHHUE CUUTATh,
4TO U, = - Az. VI3 rpaHUYHOIO YCIOBUS U,1(,=1) = -Uy HaXoauM A = v, / L. Torza,

,0<z<L. (1)

st onipenenenus CKOpOCTH Ly BOCIIOJIb3yeMcs ycioBueM [1]:

aUrl Ui aUzl
+

+ =0, 2
or r oz @)
[Tocne npeobpazoBanmii (2) umMeeM:
a a U:i
—((rvn) =— r 3
8r( ) oz )
Wurerpupys (3), nomyunm:
1 aUzl
Un=—— I -rdr+Ci | (4)
r|Y oz
LR
U3 rpaHMuHBIX ycnoBuii (U = 0 npu r = Ry) Haxoaum, uto Ci=— oL Torga
Uu RHZ - I"z
Url = — . 5
2. L( r ) )
Onpenenum ckopocTu aedopmaliuu B 30He 1:
a Uri Uu an
Ei=—= 1+ 2), (6)
or 2L r
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aUzl Uu
gﬂ - 82 - L ) (7)
Url Uu RH2
== (1
S o ( 2 ), (®)

él-z] = 5:91 = é&rl = 0 . (9)

OmnpenenyiM HHTEHCUBHOCTH CKOpOCTeH nedopmanuu B 30He 1, HCXOJs U3 BBIpaXKe-

Hus [1]:

:gq/lz(Dé), (10)

rie I(D:) — BTOpoil MHBapuaHT feBuaTopa AepopMaIii.
[Tocne noacranosku B (10) 3HaueHuit u3 (6-9) mosryunm:

«/5 ) R/

BT an

N3 MOJIYYCHHBIX BBIpa)KeHI/If/'I CJIeaAy€eT, 4TO paJualibHad W TaHI'CHIHUAJIbHAass CKOPOCTHU
nedopMaIy 3aBUCAT OT KOOPIWHATHL «r», a 0ceBas jAedopmanus oCTaeTcsi MOCTOSHHOM 10
BCEMY 00beMy KOJIBIIEBOM 00JIaCTH.

Jlis onipenienieHns CKOPOCTeH mepemernennii u nedopmarmii Metauia B 30He 2 (00JacTh

ABCD, rne AB — TOBEpXHOCTH «pa3pbiBa» CKOpPOCTeH), pemmm nuddepeHImaibHoe
ypaBHEHHE:
aUrl Uri 8Uz2
+—+ =0, (12)
or r 0Oz
C y4eToM NpUHATOTO JOMYLIEHUS O paJuaIbHOM TEUEHUU MeTalljla, MMEEM IIPaBO, 3alIUCATh:
aUzl _ U2
aZ v — rpa ’
3
U -Z
UzZ = 13
r — rpo ’ ( )
rae v* - CKOpoCTh TEUEHUS MEeTallJla Ha IOBEPXHOCTH pa3priBa AB.
[ToaTOMy MOKHO 3anucars:
aUrZ U2 U2
+ =0. (14)
or r r—rw
W3 ypaBuenus (14) nosryunm
C:
Up=——"— 15
r(r—rw)’ (15
aUr‘Z
YUUTHIBAs, 4TO >0.
or
W3 rpaHnyHbIX yciaoBUi (IPH T = Ryy U € yUETOM L=Uy ) TOTYUYUM:
Uu RHZ - Rtmz C2

U = ———( )= ,
2L° R Ru(Ro— 1)
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OTKyJa

UM(R712 - R(mz )(R(m - rpu)
Cz = —
o7 . (16)

[Toacrasus B Beipaxenue (13) u (15) 3nauenue C,, nomyuum:

_U(R =R (R = 1)

U2 =
2L-r-(r—rw) ’ 17
V(R = R>YRu—10) z
o (R=r)= .
2L-r-(r—rw)

Omnpenenum ckopocTH Aedopmanuu B 30He 2:

ov. V(R =R (R — 1) (21 — 1)

5= or 2L (r—rw)’ ’ (19)
8022 Uu R112 - Reu2 Reu - rpo
o= - X 2 ) : (20)
oz 2L -r(r—rm)
U2 L. Ruz - Rsuz Reu - rpo
L ( : X )’ el
r 2L-r"(r—ry)
ov> LR —R.)Ru—1)3r—rw) -z
g =202 _ 0l MR )3 1) @)
or 2L-r"(r—rmw)

[To 3nauenusm (19-22) onpenenum UHTEHCUBHOCTh CKOPOCTEH fedopmaliny B 30He 2:

Gn = g\/ I.(D:) , (23)

l)u(lew2 - Reuz)(Rgu - rpo) 4(37"2 - 3rrpo + rpoz)(r - rpo)z 2
G = 2 3 3 +z°
V3 2L -2 (r =) 3(3r — 1)

[lomyuenHple BBIpaXEHUS [UIS ONpPEACTICHUS TapaMeTpoB J1e(OPMHPOBAHHOTO
COCTOSIHHS 3aTOTOBKH B pe3b00BOM 00J1aCTH, yKa3bIBAIOT HA TO, YTO OHU 3aBUCAT OT TEKyIlEH
KOOPJIUHATHI «I.

Takum 00pa3oM, MOJy4YEHHbIE BBIPAKEHHs JI OINpEAENCHUs CKOPOCTEH TeueHUs
MeTajlla, CKOpOCTeH nedopManui ¥ MHTEHCUBHOCTH CKOpOCTEH AedopMaiuu, MO3BOJISIOT
AQHAJIMTUYECKH BBINOJHUTH AHAIU3 J1€(OPMUPOBAHHOTO COCTOSHUSI 3arOTOBKM  IPHU
BbIJIABJIMBaHUM PE3b0ObI U NMEPEHTH K aHAIN3Y HAIPSIKEHHOTO COCTOSIHUSA M CUJIOBOTO peKuMa
npornecca.

Cnucok autepatypsbl: 1. EBctparoB B.A. Teopust 00paboTKu METaIOB J1aBJICHUEM.
— XapbkoB, Bucmia mkomna, 1987. — 228 c.
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CHIBBIJHOIEHHA MI’K O/IMHUYHUMHU EIMIOPAMHU
I JITHISAMU BIUVINBY B BAJIKAX

Banaubkuii J1.C., YupxoB A.B. (kagh. [ITM, /lonl 3T, m. Jloneywvk, Yrpaina)

[Tokaxemo,l110 OJIMHUYHA €MIOpa B METOAl CHJI BH3HAYCHHS IMEpeMilleHb B Oajkax Mo
MeToqy Mopa chiBnajae 3 JiHI€I0 BIUIMBY BiIMOBITHOTO CHJIOBOTO (hakTopy B (IKTHBHIN
Oami.

MaeMo BiaIoBiHi CIiBBigHOIICHHS [1]:
— AP —0O?
Ye=Mg: =0, (1)
ne M2 ,Q£-3FI/IH2UILHi MOMEHTH 1 MoTIepeyHi CUIu B (DIKTUBHIN Oaiii 3 BiIMOBIAHUM (DIKTH-

BHUM HABaHTQ)XEHHSM Y BHUIII/I €MIOPH 3rMHAJIBHUX MOMEHTIB FoTi M ,. Bin 3aJaHHOTO Ha-

BaHTAKCHHS.
[To metony Mopa 11 y3arajabHEHOTO peMIleHHS :
Ay = ELJM P My, (2)
a B criBirHOMIeHHX (1) B onepatuBHil popmi MaeMo :
M? =M, ns.M7; Of =M, nB.Oy. 3)
I3 mopiBHsHHS (2) 1 (3) BUTIKAE, IO
M =n8.M}  a6o M« = 1B. o7, (4)

b - 1) . e co . .
T0OTO .B. M 1 1.B.Q) CHIBMAarOTh 3 OAMHUYHUMHU enropamMu M x B 3a/1aHiil 6ai Biji-

NOBiTHO Bin 3ycmis Fx =11 Mg =1.
TakuM YUHOM OTPUMYEMO CITIBBITHOIICHHS /Il BU3HAYCHHSI TIEPEMIIIICHB I10 JIHIAM
BIUIUBY.
LY Mg, L C 5
J’K_E_J F LB Mg @K‘E_J #LB. Og . )
JIinil BIIMBY , SIK TIpaBWIIO, JiHIMHI,a emopu M , -HeniHiiHI (YHKLI],TO B CHiBBiIHO-
mIeHHsX (5) MO’KHA 3acTOCOBYBaTH NpaBuio Bepemarina “mHOxeHHs emtop”. PosrimsiHemo
NPUKJIaI BU3HAYCHHS TEPEMILICHb 10 JIiHIAM BIMBY (puc. 1 Ta puc.2) i MOpPIBHAEMO 3 Bi-
JOMUMH po3B’si3kamu[2,cTp.193,cTp.200].
Jnst cxemu 6anku Ha puc. 1 maemo:

3 3
Vs :L-l‘F-a-ag'a:F a’ _ 121 = =0,50cm
EJ 2 3 3EJ  3-8-10
C—L-[—l- a-g-l——-F a-a-l+—-F-a-a 1 1]=
EJ 2 3
2 2 2 2
:L'[_S F-a +F a ]:_2 F-a :_2 1,2 18 — 20,01pad
EJ 6 6 3EJ 3-8-10
Jns1 6aniku Ha puC. 2 MaEMO:
I 1 2 1 I 1 2 1
yD=—_.[_.F.a.a._.a+F.a.l._.a]:—_.[_.4.1.1._.1+4.1.4.—]:—23330]‘4
EJ 2 3 2 400 2 3 2
I 1 I 14
yK:_._.i.l.F.az— ..... 4.4-1:26‘]‘/[

EJ 2 4 400 2 4
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Puc. 1 Puc. 2

Sk 6aunuMo pe3ysbTaTH CHiBNanawTh. Lle 03Havae, Mo BU3HAYCHHS MEepeMillieHb B 0alo-
YHUX CHUCTEMax IO JIHIIM BIUIMBY JOTIOBHIOE KJIACUYHI METOIM BU3HAYEHHS 3yCHIIb T10 JIHI-
SIM BIUIUBY.

MeTton Moxe OyTH BUKOpUCTaHUI B yuboBOoMY mpoueci Temu “JIiHii BOIuBY”.

Cnucox aiteparypm: 1. bemsee H.M. ConpoTuBnenue  MaTepHaoOB.-
M.:T'ocrexuznar,1959. 2. COopHHMK 3amad 1O compoTHBiIeHHIO MaTtepmanoB.llog pen.
Kauypuna B.K.- M.:Hayka,1972.-429c.

BJIMAHUE UHCTPYMEHTAJIBHOI'O MATEPUAIJIA HA PACIIPEAEJIEHUE
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TEMIIEPATYP I10 HEPEJTHE [TOBEPXHOCTH JIE3BM S MHCTPYMEHTA
Boosips H.B., UBuenko T.I'. (kagh. TM, /lonHTY, 2. /loneyx, Yxpauna)

TeruioBbIe SABICHUS NPU PE3aHUU B 3HAUYUTEIBHON MEpE ONPEACISIOT MPOIECCH CTPY K-
Ko0oOpa3zoBaHus, pabOTOCMIOCOOHOCTh PEXKYIIEr0 WHCTPYMEHTa, KauecTBO 0OpabOTKU JeTa-
nen. [Ipu uccnenoBaHUM 3aKOHOMEPHOCTEN M3HAIIMBAHUS JIE3BUS MHCTPYMEHTA BaXKHO 3HATh
HE TOJIBKO CPEIHIOI0 TEMIIEpaTypy Ha €ro KOHTAaKTHBIX IUIONIAKaX, HO ¥ 3HAUYCHUS TeMIlepa-
Typ B KaXIoW Touke Je3Bus. Hacrosmielr paboTa TOCBSIICHA HCCICIOBAHUIO BIHSHUS
CBOWCTB MHCTPYMEHTAJLHBIX MaTE€pPUAJIOB Ha paclpeiesieHre TeMIepaTyp Mo mnepeaHei mo-
BEPXHOCTH JIE3BUSI HHCTPYMEHTA.

Jlyis perieHre yka3zaHHOW 3aJja4y¥l UCIIOJIb30BaH OJIMH M3 HanboJjiee pacipOCTPaHEHHBIX
AQHAIUTUYECKUX METOJIOB - METOJ HUCTOUYHMKOB TemioTel [l]. Ilpu cxemaruzarmu
KOMIIOHEHTOB HCCJIElyeMOW CHUCTEMbI JIE3BUUHBIA HMHCTPYMEHT TMPEJCTABIEH B BHJE
HEOTPAHWYEHHOTO KJIMHA C YIJIOM , UCTOYHHK TEIUIOTHI HA MepeaHeN MOBEPXHOCTH JIE3BUS
WHCTPYMEHTA - IJIOCKUM JABYMEPHBIM MPSIMOYTOJIBHBIM C pa3MepaMu Hx/, paBHBIM ILJIOIIAIKE
KOHTAaKTa CTPY’KKH C TIepeIHel TOBEPXHOCThIO, C PABHOMEPHOM TJIOTHOCTBIO pacrpe/leIeHHs
TeroBoro moToka [2]. JIOCTOMHCTBOM MeToJa HMCTOYHUKOB SBJISETCS BO3MOXKHOCTH
MOJIyYEHUs] PEUICHHs] B aHAJIMTUYECKOM BHUJE HAa OCHOBAHMU HHTETPAJIBHBIX IMEPEXO0J0B OT
MTHOBEHHOTO TOYEYHOT'O MCTOYHHMKA K JIBYMEPHOMY, a 3aT€M K MCTOYHHKY, JIEUCTBYIOIIEMY
HENPEPHIBHO.

TemnepaTypHoe ToJie Ha TIepeAHE MOBEPXHOCTH JIE3BHsI, BO3HUKAIOIIEE MO/ eUCTBU-
€M JBYMEPHOTO MpPsIMOYTOJIBHOTO MCTOYHHKA TEIUIOTHI, PABHOMEPHO PACIPEACIIEHHOTO II0
wiomaaKe bx/, mpu yCTaHOBUBIIEMCS TETFIOOOMEHE OTIMCHIBACTCS BhIpakKeHUEM [2]:

Olx.2)= K(p) L 1(0.), 0

rae K(B) — koaddunuenT, 3aBUCIIINN OT yIJia 320CTPEHUS JIe3BUs f3; ¢ - INIOTHOCTD Te-
wioobpaszoBanus; / - K0O3QPUIHMEHT TerIonpoBoaHOCTH; T (,() - 3aKOH paclpeeIICHUsT TeM-

nieparyp B 6e3pasmeprom Bune (v = x/1; § =z/1; n=0.5b/1):

) +0.5h
T(y.0)=[dy, | deu

0 70.517\/(1//—!1/”)2"'(4/_4/14)2

)

[Monmydennas Gpopmyna onmchiBaeT Oe3pas-
MepHOe TemmeparypHoe mnoze. bespasmepHnas
¢bynkms 7(y,{) nokazana Ha puc. | B BHIE MO-
BEPXHOCTH, NMOCTPOCHHOM Mpu # = [, T. €. 1A
UCTOYHUKA, NIMPUHA KOTOPOro b BIBOE OoJIbllIe
JUTHHEI 1.

[IpeacraBnennblii rpaduk HarjaIsgHO WII-
JIOCTPUPYIOT XapakTep paclpe/ieieHus] TemIle-
paTyp Ha mepeaHel MOBEpPXHOCTH JIe3BUS JH000-
ro MHCTpyMeHTa. [lomanaka KOHTakTa CTPYIKKU
C IepelHed TOBEPXHOCTbIO OrPAHUYUBAETCS
3HayeHusAMH i = 1, (= 1.

TemnepaTypa Ha BepUIMHE J€3BUS ONpenessieTcs Npy 3HaueHusx y = 0, MakcuMalbHas
TEeMIIepaTypa Ha epeaHel MoBepXHOCTH — Ipu i = 0,5:

Puc. 1. bespaszmepnoe
TEeMIIepaTypHOE noJie Ha
NepeaHeld TMOBEPXHOCTU JIE3BHS
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Wirn? +p)/Qln? —n)\+2n1nn/ W47 —n)\. 3)

ﬂmgqi®=4qn+JQ25+n%AMQ5+n2—ny (4)

T,.,(0,0)=1In

bespasmepHoe pacnpenencHue TeMIEparyp IO NEPEIHEH MOBEPXHOCTH JIE3BHSI UHCT-
PYMEHTa B IUIOCKOCTH, NIEPICHAUKYJIIPHON IVIABHON PEXYILEH KPOMKE IIPU YCIOBUH, YTO Z =
0, ompenensiercs cneayromumM oopazom [3]:

‘n+VW2+n2L_ ~ ‘n+VWF4f+n2‘ ‘ v+ w?+n’ ‘
[ el I ey s M W ot

Pacripenenenne temmneparyp no nepeaHei MOBEPXHOCTH JIE3BUS PE3LIOB, OCHAILEHHBIX
TBEPIOCIUIABHBIMU IJITACTUHAMHU, TIPE/ICTABJICHBI HA pUC. 2.

T(y,0)=yIn

Pacuers! TeMueparyp

& o f BBITIOJTHCHBI JJIs CICOYIOIMMX

T7K12 YCIIOBUH: oOpabaThIBaeMBbIit

/ \/ 30K4 Mmatepuai - ctaib 45, 5= 750MIla,

600 = 15K6 ] K02 PUIHEHT yCaaKu k=2,0;

/ \‘\ T14K8 PEXUMBI pe3aHusl - TIyOHHA pe3aHus

65}(10 t = 2MM, momaga s = 0,4mm/00,

o // X{ BKS& 1 CKOpOCTh pe3anust v = 120 M/MHH.,

W3HOC M0 3aJHEN IOBEPXHOCTHU

- __h_\'< nessust h = 09mm. Ilapamerpsr

e COOpPHBIX PE3I0B C MEXaHUYECKUM

I KPEIJICHHEM KBaJpPaTHBIX IUIACTHH:

0 yIiibl B IUlaHe @ = @ = 45°,

’ 0 ' Y, NEePeTHUN yroyt y =-5°, 3aHAI yToJI
Puc.2. Pacnpenenenue temneparyp o=5°.

10 TIEpE/THEH MOBEPXHOCTH JIC3BHS Pesynbratel pacuera temmepa-

Typ IUIS TBEPAOCIUIABHBIX PE3IOB
npeJicTaBjIeHbl B Ta0u. 1.

Tabmuua 1. PesynbpTarsl pacuera TeMieparyp Ha nepeHeil HOBEpXHOCTH JIE3BUS
TBEPJOCIIaBHBIX PE3L0B

WNuctpymenTan Kosppumment Temnepatypa Haubonbmas
BHBII TEIUIOTIPOBOTHOCTH BEPILUHBI JIE3BHS, TeMIeparypa,
Marepual ,BT/M3'0C e°C O °C

BK8 54,4 202 282
T5K10 38,5 285 399
T14K8 33,9 324 453
T15K6 27,2 404 565
T30K4 23,9 460 643
TT7K12 20,9 523 732

Pacnpenenenne temmeparyp 1o nepeaHel IOBEPXHOCTH JIE3BUS AJIST PE3IOB M3 Pa3iiind-
HBIX HHCTPYMEHTAJILHBIX MaTepHAJIOB MPEJICTABICHBI Ha pHC. 3.
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Pacuetsr TeMIIEpaTyp
E?DC' /L[M332 ] BBIIIOJIHEHEI IS CJHEIYFOLINX
BOK60 yCIIOBHIA: 00OpabaTbiBaeMblii Mare-
/ KHT16 puan — 3akajleHHas cTtanb 45,
1300 / l / /TI5K6 =1000MIla, xo3¢pdunuent ycanku
% DIEOOP k=2,0; pexumbl pe3aHus - riryOWHA

1000 / Anmas pesamns t = Imm, nomaua s
0,IMM/00, CKOpPOCTH pe€3aHusi V =
?% \\ 120 wm/MuMH., HM3HOC 1O 3aj1HEH
a0 h noBepxHocTd Jne3Bus h = 0,4mm.
-~ | —_&a&"——h—_____ I'eomerpuueckue napameTpel
/ E pe3LoB - UerIbI B IUIAHE @ j ¢ = 4503
05 o n - HepeILHi/II/IO yroan y = -5°, 3agHui

yroso = 5°.

Puc.3. PacipezeneHue temieparyp PesynpraTel pacuera Temmepa-
IO MepeHEN IOBEPXHOCTH JIE3BUS Typ JUIA PE3LOB M3 PA3INYHBIX HH-

CTPYMEHTAILHBIX MaTEPHUAJIOB TIPEI-
CTaBJIEHHI B TA0II. 2.

Tabmuua 2. PesynbpTaTsl pacuera TeMneparyp Ha nNepeHeil IOBEpXHOCTH JIE3BUS
TBEPAOCIIABHBIX PE3L0B U3 PA3IMYHBIX HHCTPYMEHTAJIBHBIX MATEPUAIIOB.

WNHucTpy™men- Koa¢ppumment remo- Temnepatypa Haubonbmas
TaJILHBIHI MPOBOJTHOCTH BEPILUHBI JIE3BHS, TeMIeparypa,
MaTepHa . Br/M3-0C e°C Onax °C

1IM332 12,0 1023 1609
BOK60 14,6 1011 1323
KHTI16 21,0 703 920
T15K6 27,2 543 710
D1p60p 41,9 352 460
Anmas 146 101 132

Pe3ynbrarhl pacdeToB U NpeACTaBICHHBIC TPpa(HKU pactpeieieHus TEMIIEpaTyp 10 TepeTHeH
MOBEPXHOCTH JIE3BUSL JUIS PE3LOB W3 PA3IUYHBIX HHCTPYMEHTAJIBHBIX MaTepHasoB
CBUJICTEIILCTBYIOT O 3HAYUTEIBHOM Pa3UYUKM TEMIEpaTyp B 3aBUCUMOCTH OT CBOWCTB
WHCTPYMEHTAILHOTO MaTepuana. Hanbombinyto TeMmrepaTrypy HUMEIOT pPe3libl, OCHAICHHBIC
MHUHEPAIOKEPAMUKOM., HAUMEHBIIYI0 — aJMa3Hble pe3ubl. Jlaxke 1 OJHOW TIpyIIIbI
WHCTPYMEHTAJILHBIX MaTEpPHAIOB - TBEPABIX CIUIABOB pa3iiMuMe B TEMIEpaTrypax BechMa
CyliecTBeHHO (0oJsiee ueM B 2 pasza), 4YTO HE MOXKET HE YUUTHIBATHCS MPU aHAIM3E yCIOBUM
AKCIUTyaTallul UHCTPYMEHTOB.
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