Tema 5. PenyuupoBanue aerajieid THIIA BaJIOB M HIJIMUEBbIX COeUHEHUI

5.1 OcHoBHBIE CBeJleHHs 0 Mpolecce peAylHPOBaHUs JAeTajell THIIA BAaJIOB

PenynupoBanne NOpUMEHSIOT IS

dbopMooOpa3oBaHUs CIUIOUIHBIX M MYCTOTEJNBIX

CTYyIICHYAaTbIX ,Z[CTaJICﬁ THUIIa BaJOB, OCGfI, MajJblEB, a TAKXEC IIPH H3IOTOBJICHUU 6OJ'ITOB,

NIJINIEBBIX COCZ[I/IHCHI/If/'I.

B mpouecce peaynupoBaHus yMEHbBIIAETCS MOMEPEYHOE CEUEHHE U MPU HEO0OXOTUMOCTHU
U3MEHSAETCS MNpOoQHIb 3aroTOBKM NPU OJHOBPEMEHHOM OCEBOM yjuinHeHue (puc. 5.1).
PenyuupoBanue ocCyiiecTBIs€TCs B HEPa3beMHBIX (PKECTKHX) M POJMKOBBIX MaTpUIaX.
Haunbonee pacnpocTpaHeHHBIM BJISETCS IPOLECC PEAYLUPOBAHUS B KECTKUX MAaTPULIAX.
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Pucynox 5.1. Texnonocuueckue nepexoovi: a-ucxoouas 3a20moska, 0,8, — nepexoovl

peoyyuposanus;  0-20moevlil  6an,  NOJAYYEHHbIll  nocie  0O0pabomKu  3a20MO6KU  HA

MeMAIIOPENCYUWUX CMARKAX.

XapakTepucTuKa mpolecca peayLuupoBaHUs

B mponecce nedopmanuu Toabko HeOonblIas 4yacTb O00BbEMa 3arOTOBKM HAXOAMTCS B
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IUIACTUYECKOM  COCTOstHMM  (puc.  5.2),  4TO
YMEHBIIAET BEJIMYMHY YAECIbHOTO YCHWIHS IO
CPaBHEHHIO C TMPOLECCAMU  BBIIABIMBAHUSA U

MIPECCOBaHUSI.
Pucynox  5.2. Obnacms  naacmuyeckoll
depopmayuu  npu  pedyyuposaHuu (1>0)

ABCDFEOA- o61acmb nnacmuueckou degpopmayuu.

HanpsiokeHHoe cocTosiHMe B ovare jaedopMaruu
XapaKTepU3yeTcs HaJIMYUEM 3HAYUTEIBHOTO
BCECTOPOHHETr0 ckaTus (puc. 5.3), 4YTO MPUBOJUT K
MOBBILIEHUIO TUNIACTUYHOCTH MaTepHaa.



Yron HakioHa 00pa3ymoIICH pPEenyIUPYIOMEeH MaTpullbl MPUHUMAETCS paBHBIM 25- 30°,
BbICOTA Kajubpyrorero mosicka-0,5d3ar.
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Pucynox 5.3 Cxema nanpsoicenno-oeopmuposannozo cocmosiHusa npu pedyyuposanuu. 1,V
—30HblL ynpyeux oeopmayuii; II-nepexoonas sona; Il — 3ona nracmuuecxkux degpopmayuii; 1V —
30HA KAMUOPOBKU YNPOUHEHHO20 MeMAlid.

PGI[YI_[I/IpOBaHI/Ie OCYHICCTBJIACTCA IO HCCKOJIbKUM CXCMaM: OJHO- U MHOFOHCPCXOﬂHOﬁ,

OJTHOCTOPOHHEE a) M JIBYXCTOpPOHHee 0), C HaIpaBICHUEM3aroTOBKH 10 0oOpa3yromiei win 0e3
(puc.5.4)

Pucynox 5.4 Paznosuonocmu npoyeccos pedyyuposanuis.

a - oOHocmopoHHee, O - 08ycmopoHuee, 1- mampuya, 2 - nanpasisowas; 3 oemanv, 4 -
NYAHCOH, 5- BbIMAIKUBAMETD.

MHoronepexogHoe pelypoBaHUE

MHoTronepexoIHoe PEAYIIUPOBAHNE MOXKET OCYIIECTBISTHCS C OJHOTO HIIM JBYX KOHIIOB
3aroToBOK 3a oJuH x01 mpecca(puc.5.4.).Ilpomecc pexynmpoBaHusi ¢ IByX KOHIIOB OJjaromaps
TOMY, YTO TIPH PAaBHBIX CTEMEHIX AeopMaliii KOHI[OB 3arOTOBKH 3aXOJHBIM yroll 2a1 BepXHEH
MaTPUIIbI BBIMOITHIETCS Ha 5° MEHBIIIE 3aX0JHOTO yriia 2a2 Wid cTeneHb AeQopMaIii BEpXHETO
KOHIIa yMeHbIaeTcss He MeHee yeM Ha (0,05 Oe3 mM3MeHeHHUs yriioB MaTpuil. B sTom ciydae
yCHIIME PEAYIIUPOBAHUS BEPXHETO KOHIIA 3arOTOBKHM MEHBINE, YeM HIDKHETO. DTO MPOUCXOIUT



MOTOMY, YTO CHayaja MpOUCXOIUT nedopMalivs BEpXHEro KOHIa 3arOTOBKH JI0 YIIOpa, a 3aTeM
HUKHETO JI0 OCTaHOBKH IOJI3yHa Ipecca.

Hckpusienue ocu JJIMHHOMEPHOM 3arOTOBKH

VY JUIMHHBIX 3aroTOBOK IIPU PEAYLMPOBAHWM BO3MOXKHO IOSIBJI€HHE Iporuda — y, T.e.
ucKkpuBieHHe ee oci. OCh YBEIMYUBACTCS C BO3PACTAaHUEM JUIHHBI — | 3arOTOBKU M yMEHbIIACTCS
¢ yBenuueHueM N — KanmuOpyroIye YacTH MaTpuiibl U 0-IuaMeTpa peylpoBaHHON YacTH.

s ycTpaHeHHs] UCKPUBJICHUS OCH JUTMHHOW 3arOTOBKH B Pe3yJIbTaTe HEPAaBHOMEPHOCTH
CBOWCTB MeETajlla, BIUSHUS KOHTAKTHOTO TPEHUS M HETOYHOCTH TEOMETPUM HWHCTPYMEHTa U
3arOTOBKH, YBEJIMUYHBAIOT BBICOTY KaJIHOPYIOLIEro mosicka marpuisl o h. = (0.7+1.0)dzae u
BBOJISAIT JIOTIOJTHUTEIBHBIC HAIPaBISAIOMIUE MOSACKU (cM. nanee puc.5,50). Ecnu ke mporu®
MOSIBIISIETCS, TO TIOCIIE PEAYIIUPOBAHHS TPOU3BOIAT MPABKY HA TUAPABIMYECKUX TPECccax.

Marepuan 3aroToBOK JUisl peyLIUPOBAHUS

PenyuupoBanuio mMOABEpPraiOTCs 3aroTOBKM M3 CTaIM C HHU3KUM COINPOTHUBICHUEM
nedhopmupoBanuto (ctanp 10, cranslS or=210.. .230 MIla), u3 craam coO CpPEIHHM
compoTtuBieHueM nedopmuposanuto (cranb 205X, 151,20X,20XD,12XH3 ot ot 250 mo 550
MIla), u3 cTamu ¢ BBICOKUM CONPOTHBIIEHUEM jaedopmupoBanuio (ctams 35, 45, 40XH ot ot 320
1o 800 MIIa) u T.1.

5.2. UHCTpYMEHT IJIfl peAylHPOBaHHUS.

OCHOBHBIM pab0OYUM HWHCTPYMEHTOM JUTS PEAYLIMPOBaHUS sBJIsSeTCsS Marpuua (puc.5.5)
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Pucynox 5.5. Koncmpykyus mampuy 0ns pedyyuposanus
a - 00vlYHOe ucmeuenue; 6 - ¢ NOACKOM O/ NPABKU.

Marpuia coctout u3 paboueii BctaBku 1 u 6oHmaxa 2. B paboueil BcTaBke BBIOTHIETCS
npueMHas 9acTb N1, KoHWYecKas J1eOopMUPYIOIIAs 4acTh ¢ yriioM 2., KaauOpyromas 4yacts 2 u
Hampapisromas 4actb N3, IlpueMHas 4YacTh CIYXKUT U HampaBiIeHUS 3arOTOBKA |

MPEeOTBpAIeHUs] BO3MOXKHOM ee pa3iayd y BXoJa B odar jaedopmaiuu Npu MaKCUMalbHO
JIOMTYCTUMBIX 00KaTHSIX.



OcCHOBHBIE UCTIOJTHUTEIBHBIE PA3MEPHI MATPHULIBI

Pasmepsr npuemnoii gactu matpuisl h1=(0,3..0,5)0sr, du=0:=(0,15..0,2)mMM, 11 Usar-
JIMaMETP 3arOTOBKH.

Hedbopmupyromuii KoHyc 20, HasHadaercs paBHbIM 25..30°. I[lpuMeHeHHE MEHBIIHUX
yrioB (1o 20=10..12°) BemeT K yMEHBIICHHUIO YJEIbHBIX YCHJIMA, HO BJeYeT 3a coOoM
3HAYUTEIILHOE YBEIIMUEHUE JUTMHBI JehOpPMHUPYIOMIECH YacTH.. YBenudeHue yrioB 2a mo 40..45°
BEJIET K YBEJIMYCHUIO YICIbHBIX YCHJIMH, a TakKe K BO3MOXHOM OCa/ike 3arOTOBKH y BXOJa B
MaTpUILy, BCICJCTBUE YETO YBEIUYMBAIOTCS CTCTICHH Jae(opMaluu Ha Mepexojie M MOSBIISICTCS
HAIUTBIB METaJlla Ha 3ar0TOBKE I1epeJl BXOJIOM B MAaTPHILy 3a CYET BHEKOHTAKTHOM JehopMaluu.

Martepuan UHCTpyMEeHTa

Pabouune BCTaBKM MaTpHIl IS PEAYLIMPOBAHHUS M3TOTABIMBAIOT M3 MHCTPYMEHTAIbHOU
cramn X121, X12M, X6B®D, P12 ¢ tepmoodpadoTkoit 1o tBepaoctu HRC 58-62. bannmaxu
matpunl u3 cramm 45, 40X, 40XH, 5XHB c¢ tepmoobpabotkoit mo TBepmoctu HRC 28-40.
BcraBky ¢ 00HI2KOM COOMPAIOT B XOJIOJHOM COCTOSTHUH UJIH C HATPEBOM.

CTOMKOCTD CTaJIbHBIX PabO4YMX BCTAaBOK Ui peaynupoBanus coctasisieT 30- 50 Teic.
JieTalield; CTOMKOCTh TBepaociuiaBHbIX BcTaBok 500-600 Thic. neTasnei.

PeaynupoBanue 10 HEOOXOAMMOro pa3Mepa OCYIIECTBISIFOT 33 OJUH WM HECKOJIBKO
nepexonoB. Koinm4ecTBO MEpexo/loB OINPENeNaioT 10 NPEAETbHO JOMYyCTUMON CTEIeHU
nedopMarnuu Ha repexoae. Ha mepBom u BTOpoM mepexoaax oHa cocraBisieT ~0,25-0,3, Ha
tpetheM u nocneayromux 0,3-0,33 u paccuntsiBaercs no popmyne € = 1 — [(d, — 1)/d,]?.

5.3. Pacyer napameTpoB npouecca pexyuupoBaHus
Pa3mepsnl 3aroToBKH

JnameTpalibHble pa3sMepbl MCXOJHBIX 3arOTOBOK JUISl PEIYLUHUPOBAHMS OMPEACIISIIOTCS
pa3MepaMH HM3TOTOBIIIEMBIX JIeTalel MCXOJd U3 YCIOBHS TMOCTOSHCTBA 00BbeMa M MPEIEIbHO
nomyctumon creneHu aedopmanmu. [Ipy HamW4YMM ~ COOTBETCTBYIOLIETO OOOPYIOBaHUS
OpaHWYEHUI 10 TUAMETPY 3arOTOBOK HE CYIIECTBYET.

MaxkcuManbHasi ATMHA UCXOJIHBIX 3arOTOBOK MPHU PEAYIUPOBAHUU O€3 HAMpaBICHUS IO
oOpa3yroliei onpeaenseTcs yCIOBHEM MPO0JIbHON YCTOMYUBOCTHU IO (pOopMyIIE:

] nd, |E
max — —_
4c |oy,
C - xoodduimeHT 3aKperyicHWss KOHIIA 3aroTOBKHM; C=I|-IBa KOHI[A 3aIleMJICHBI

(IByCTOpOHHEE pelylLMpOBaHuE); c=2 — OJMH KOHEIl 3aIleMJICH, BTOPON 3aKperyieH HMIapHUPHO
(0IHOCTOPOHHE PENYLIUPOBAHUE);

E, oy — Monynp HOpMaIbHOW YNPYTOCTH W TIPEAeN YIPYroCTH MaTepualia 3aroTOBKH. B
pacueTax MPUHUMAIOT MPUOTUZUTETHHO Gy= Or.

Pacuer noTpeOHOI cuibl peaylMpOBaHUs



[MorpeOHast cuna  peAyHHPOBAHWUS  TPU  MHOTOINEPEXOIHOM  pPEAYLHPOBAHUU
paccumThIBaeTCs Mo hopmyie:

P=p,XF, 4
['ne p,,- cpeaHee 0ceBOe HANPSKEHUE B 1ePOPMHUPYEMOM YaCTH 3aTOTOBKH;
F,,_1 — II01aib HOPMAIBLHOTO CeUYCHUsI A1e(HOPMUPYEMOil YaCTH 3arOTOBKH;
1 — HOMEP MEPEXOIA.

Cpennue oceBble HaNPsHKEHUS ONpeAeNsoTes mo hopmye:

7 ph;
P, = 20, [5 (05+01tana + M) +033tana+2
Ine o = UTJZFUB —  YCPEIHEHHOE HaNpsUKEHHE TEKydecTH, paBHOE CpeaHEMY

apr(MeTHYeCKOMY Mpe/ey TeKy4ecTH UCXOJHOTO MaTepuaia i MaTepraia yipoOYHEHHOTO Mpu
COOTBETCTBYIOIIEH nedopmManuu.

dn-
6=In Z L — norapupMudecKas cTeneHb ae(Gopmanuy;
n

20~ yrojl KOHyCHOCTH MaTpHIIbL;

h3 — BBICOTa KAIMOPYIOIIEro MOsICKa MaTPHUIIBL;

K- Ko3hHULUEHT TpeHusl.

OpueHTHPOBOYHO P, MOXXHO paccyuTath Mo GpopmyIie:

D—d
Pn<“T(1+“W)

I'ne D- nuameTp nmpreMHHUKa MaTPHUIBL;
d- nuameTp LMIMHIPUYECKOTO MOsACKA MaTPHIIbI;
H- naganbHast BeICOTA 3arOTOBKH.

Z[J'ISI pac4dcTa HOTpe6HOI>'I CHIJIbI peayuupoBaHuA MOXHO HCIIOJB30BaTh
SKCIICPUMCHTAJIbHBIC l"pa(l)I/IKI/I HU3MCHCHUA CPECOAHNX OCCBbIX HaHp}I)KeHI/Iﬁ B HCXOOHOM 3ar0TOBKE
(cnpaBquHe )IaHHBIC). B sTom cjIydac BCJIMYHMHA p Ha COOTBCTCTBYIOIICM IICPEXO/LC KaXObIN
Pa3 YMHOXKACTCA Ha IJI0Ialb HOPMAJIbHOT'O CCUCHUA HCXOJTHOM 3arOTOBKH

P = pn X FO
5.4. Bausinue peaAynupoBaHuA HA XaPAKTCPUCTHKHU ITOJTYYAE€EMOT0 U3ACTUSA

[Ipouiecc peaynupoBaHusi OKa3bIBae€T BIMSHHE HA MEXaHUYECKUE XApaKTEPUCTHKU U
KauecTBO TMOBEPXHOCTH. B pesynbrare mpoiecca peaylupoBaHUs MPOUCXOAUT MOBEPXHOCTHOE
YIpOYHEHNE MaTepHaia, U U3MEHSIIOTCS €r0 MEXaHMYECKUE XapaKTepUCTUKH (Tadm. 5.1)



Tabnuua 5.1. I3MeHeHne MEXaHUYEeCKHX XapaKTePUCTUK IPU PEAYLIHPOBAHUN

I'pynna cranu OOmas creneHp YBenuuyeHue ox YBennueHue c;
nedopmaru (daucmo pas) (amcio paz)
C HU3KAM 0,25 1,5-1,8 1,2-1,3
COIMPOTHUBIICHUEM 0,45 2,0-2,5 1,6-1,6
nehopMUPOBAHUIO 0,60 2,5-3,0 1,6-1,8
(mapku 10 u gp.)
Co cpenHum 0,25 1,5-2,0 1,2-1,3
CONPOTHUBIICHUEM 0,45 1,8-2,0 1,3-1,4
nehopMUPOBAHHIO 0,60 2,0-2,5 1,4-1,5
(mapku 20, 20X u ap.)
C BBICOKUM 0,25 1,8-2,0 1,2-1,3
CONPOTHUBIICHUEM 0,45 1,8-2,5 1,3-1,4
nehopMUPOBAHUIO 0,60 2,2-2,8 1,4-15
(mapku 45, 40X u ap.)

[Tpu penynupoBaHuH MPOUCXOIUT YIyUIICHUE KauecTBa moBepxHocTH. [llepoxoBarocth
MIOBEPXHOCTH 3arOTOBOK ITOCIIC PEAYIIMPOBAHNUS B TIOJMPOBAHHOM UHCTPYMEHTE JOCTHraeT Ra
0,16+0,04 mxMm. Kpome Toro T.K. IpOIece COMPOBOXKIACTCS JIOKAIBHBIMU Je(hOpMaIusIMu, TO
HEOOXO0IMMO YYUTHIBATh CyMMapHBIC YIpyrue nehopMaiuy HHCTPYMEHTA U JIe(hOPMHUPOBAHHOM
YaCTH 3arOTOBKH, TaK KaK OHU MPHUBOJAT K YBEIMUCHHUIO TUAMETPATBHBIX Pa3MEPOB
nosryyaeMoro uzzaenus (tadmn.5.2).

Tabmuua 5.2. llpyxuHeHne npu peaylHpOBaHuN

Mapka cranu Creniens nedopmaruu | OTHOCHUTENBHOE YBETUUCHHE
JTMaMeTpabHOro pa3mepa B %o
OT JTUaMETpa OYKa MaTPUIIBI

0,12-0,16 0,15-0,23
15 0,20-0,25 0,24-0,35
0,15-0,25 0,20-0,35
20X 0,12-0,16 0,28-0,38
45 0,20-0,25 0,40-0,45

Bnusinue penyunpoBaHusi Ha TBEPIOCTh IOBEPXHOCTHOTO CJIOS U3ENINS

TBepmocT MO CEUCHHMIO 3arOTOBKM B 00JacTAX IUIACTUYECKOW aedopmaiuu
noBbimaetcs Ha 25 equnui; HRC (¢ 75 1o 90-98 HRC).

5.5. O0opynoBanue A5 peylHPOBAHUSA

Jlnst penyrupoBaHusl IPUMEHSIIOT YHUBEPCAIbHBIE M CIEIUAIbHBIE THAPABINYECKUE U
KPUBOIIUITHBIE TIPECChl. [10 MCTIOIHEHUIO OHU MOTYT OBITh BEPTHKAJIBHBIC U TOPH3OHTAIBHBIC.
Tak ke MCTONB3YIOTCS XOJIOHOBBICAIOUYHBIE aBTOMATHI IIPH OMEPAllUH PEIyIIUPOBAHMS, TAKUE
UCTIONB3YIOTCSl TPU M3TOTOBIEHUU OOJNTOB W BHHTOB, TaK KaK B JTOM CJIy4yae CTEp>KHU
PEAYLHUPYIOT MHOT/IA 32 HECKOJIBKO MEPEXO0/I0B.

PenyuupoBanne Ha YHUBEPCAJIBHBIX THUIPABIMYECKHX IIpeccax OCYLIECTBISIETCS B
CHeUMaNbHBIX INTaMMIax JUIsl JBYXCTOPOHHErO peayuupoBaHus (cM. pHcC.5.6), coaepaiiux




BEPXHIOIO M HUKHUE MaTPULBI, MEKY KOTOPBIMHU PACIOJI0KEHA HAIPABIIAOLIAsA IS 3arOTOBKHU.
JUiss OCTaHOBKHM XOJa TOJ3yHAa B 3aJaHHOM IIOJIOKEHUH INTamIl cHaOkeH ynopamu. s
yJaJIeHus AeTaJIU IITaMII CHA0XEH BbITAJIKUBAHUEM.
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Pucynox  5.6. [llmamn 0ns 08ycmopoHHe20 pedyyupo8anus HA VHUBEPCATIbHOM
2UOPABIULECKOM npecce.

5.6.®opmooOpa3oBaHue NLTHIEB

[Iporecc penyMpoBaHus MUIMIEB B )KECTKUX MaTpuiiax (Tadi.5.3). OCHOBHBIC CBEICHUS
o mporuecce ¢opmupoBanus uumieB. [Ipomecc aedhopmupmanuu npu (HopMooOpazoBaHUU
IUTUIIECB CKJIAJBIBACTCS U3 MPEIBAPUTEIBHOTO O0XKATHSI IIHJIMHIPUYSCKON 3arOTOBKH HA YUaCTKE
1, bopmooOpazoBaHus NUTUIIEB HA yUacTKe 2, KAIMOPOBKH LUTHIIEB Ha yyacTke 3 (puc 5.7).
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Pucynox 5.7. Cxema pedyyuposanus winuyes

Ecnu penynupoBaHue npou3BoaUTCs B MaTpHile 0e3 nprueMHoi yactu hi(kak Ha puc.5.7)
Ha 3arOTOBKE Y BX0/Ia B o4ar JeopMaiiiy HaOJIt0AaeTcs yBeIUYeHUE qruaMeTpa (BHEKOHTaKTHAs
nedopmanus).  ITO TPUBOIUT K YBEIMUYCHHUIO YCWIUS Je(DOPMHUPOBAHHS W CHUIKCHHIO
CTOMKOCTH MHCTpYMeHTa(cM.Tab1.5.3).



Tabmuua 5.3 - CrocoOsl oOpMUPOBaHUS HIUTUIICB

Metona popmooOpazoBanmst Cxema 00paboTKH O06nacTh NPUMEHEHUS

PenyunpoBanue niu
BOJIOYECHHE Yepe3 3y0uaTyro
MaTpHUILy

CKBO3HbBIC U 3aKPBITHIC
[UTUIIBI TF000TO MPOQHIIs

CKBO3HBIE U 3aKPBITHIE
[UTHAIIBI JTF000T0 TpOodUIIs.
Bo3moskna 06paboTka
HaIpOoX0/]

Pagmnannaast mraMIoBka

TpeboBanust K 3aroTOBKE:

-O0ue TpeboBaHMs K 3arOTOBKaM, UX CMa3Ke MpU PEeAyLMPOBAHUU IUIMLEB HA Bajlax
IUIMIEB aHaJIOIMYHBl TeM, 4YTO W Opu (PopMooOpazoBaHMM LWIMHIAPUYECKUX aeraneil. B
3aBUCUMOCTH OT (OpMBI JAETald, Ha KOTOPOH HeoOXOoAMMO 0Opa30BaTh IUIMIBI, HCXOAHBIE
3aroTOBKH MOT'YT OBbITh CTYIIEHUAThIMU WJIH C MPSMOJIUHEIHON 00pa3yoIeH.

[Ipu U3roTOBIIEHNHU NLTUIEB Ha IIEHKE Bajla, KOTOPOW MPEIIIeCTBYET IIelKa MEHbIIEro
IUaMeTpa, Mepexo]] OT MEHBIIEro K OOoNbllIeMy JWaMeTpy CIEAyeT BBHIIOIHATH MO KOHYCY,
00pa3syrolasi KOTOporo HaKJIOHEHA K OCH TOJT YIIoM He Oosiee 45°, win o paanycy:

d,—d
R>-212 —
2
I[Tpy HECOOIIOAECHNH JAHHOTO YCIOBHS B MECTE IIEPEXOA MOT'YT 0OPa30BaThCS TPEIIUHBL

B cnyuae, ecnu mielika co IUIMIIAMHU SIBJISIETCS KpaillHEW Ha TOPIE 3arOTOBKU BBITOJIHSIOT
(acky 1oJ| yIiioM K OCH 3arOTOBKH He Oosiee 45° ¥ paBHOM 110 BBHICOTE LIUTULIAM.

TpeboBanust k MaTpule:

OcHoBHOM pabo4Mii WHCTPYMEHT — MaTpulla, aHaJOTMYe€H MHCTPYMEHTY s
penyuupoBaHus IaAkuxX BajgoB. OH COCTOMT M3 TNPUEMHOM 4YacTH, KOHUYECKOM
nedhopMupyromel 9acTu, KaauOpyromed u Hampasistomend yacteil. OnTUManbHBI  yroa 2d
KOHYCHOM 4acTH MaTpUIlbl BRIOUpAIOT B tuana3one 20-40°.




Benuunna mnoTpeOHOW CHIIBI  peaylUpoBaHMs ompenensercs 1Mo dopmyne A
peAyLuupOoBaHuUs TJIAJKUX BaJIOB.

Tabmuua 5.4. ®opmooOpazoBaHKe NUTUIIEB B POIMKOBOI MaTpuIe

Metona popmooOpazoBanus Cxema 00pabOTKH O06nacTh NPUMEHEHUS

CKBO3HbBIC U 3aKPBITHIC
[UTKIIBI TF000T0 MPOQHIIs

1. IlpononbHast HakaTKa
MHOT'OPOJINKOBOU I'OJIOBKH: C
HEPUOIMYECKUM IIOBOPOTOM
oOpabaTreiBacMOl JAeTamu
OJTHOBPEMEHHOE MOJTyYeHHE
BCCX HIIIUIICB

HImumer O0JIBIION UIMHEL
Ha HEXXECTKUX Bajlax

Ha xectxkux Baiax

2. C paguanbHO# momayei
POJINKOB

-
N CKBO3HBIE IIUIUIIBI HA
VY napHas HakaTka YKECTKHUX Bajlax
BPAILAIOIIUMUCS POJIUKAMHU:
C HETPEPHIBHBIM BpaI[CHHECM
oOpabaTeiBaeMOM JAETATH C
MEPHOINICCKHM ITOBOPOTOM

oOpabaTeiBaeMOM AeTaan

CKBO3HBIE U 3aKPHITHIE
HUTAIIBI JTF000T0 Tpodus
CKBO3HBIE U 3aKPHITHIE
[UTAIIBI JTF000TO TPOodUIIs.
Bo3MmorkHa 06paboTka
HAIpOoX0J]

Pannansuoe o0xarue
TyaHCOHAMH

Eme ogaum ciocobom moiyueHus: NUMIEB sBiseTcss GopmooOpazoBaHUEe B POIUKOBOM
marpuiie. Takas MaTpuIla COCTOMT M3 Kopiyca 4 B KOTOPOM IO OKPYKHOCTH PacIIOJIOKEHBI
yKperieHHble 10 ocu 3 ponukud 2. KonwmdectBo ponumkoB u ¢gopmMa ux pabouedt ydactu
orpeneNnsercss KOJU4ecTBOM W (OopMOW NUIMIIEB Ha Baly. 3aroToBka | yCTaHaBIMBaeTcs B




[EHTpaxX M MPOTAIKHBACTCS Yepe3 TAKyK MaTPHUIy MMEIOIIYIO0 THE3/I0 5, B pe3ybTaTe Yero ot
BHEJIPEHUS POJIMKOB HA 3arOTOBKE 00pa3yroTcs nummibl(puc 5.8)(cM.tadi.5.4).

Takoit mpouecc ¢dopMooOpa3oBaHUs LUIMLIEB HA3bIBAIOT HAKaThIBAHHUEM  WJIU
npokarbiBaHueM. OH [puUMEHsieTcsl Ui IPOM3BOACTBA OCEH M BajOB CO IUIMIAMHU
npsAMOOOYHOTO, HBOJIBBEHTHOTO M OCTPOYTOJIbHOTO mpoduis. OH uMeeT psiji MPEeUuMYIIECTB 110
CPaBHEHMIO C OOBIYHBIM PEIyLIHPOBAHUEM IUIKLEB. B 3TOM citydae:

- B od4are l[eq)OpMaI_II/II/I YMCHBIIACTCA KOHTAKTHOC TPCHUC 3arOTOBKU 00 HHCTPYMCHT
BCJICACTBUEC BpalllCHUS POJIMKOB U YMCHBIIACTCA UX U3HOC,

- IOABJIACTCA JOIIOJIHUTCIIBHOC TPCHUE 3a MpeAaAciaMH odara ,Z[e(bOpMaI_[I/II/I'MC}KI[y
pPOJIUKaMHu U OCAMMU;

- nepopmanysi MPOUCXOAUT HE MO0 3aMKHYTOMY KOHTYPY, @ B OTAEJIbHBIX YaCTSIX CEUCHUS
3ar0TOBKH, B Pe3yJIbTATE YEr0 YMEHbIIACTCs Ae(hopMUpyIolIee yCuiue;

- CHUXKAETCS JJUTEIbHOCTh LMKJIA 00pabOTKH, T.K. 00Opa3zoBaHue NPOPUIBLHON IJIUHBI
MPOU3BOUTCS € BBICOKOU ckopocThio (0,1+20 M/mMuR);

- UHCTPYMEHT UMEET BBICOKYIO Pa3MEPHYIO CTOHKOCTb. (pucyHku c¢.340-341).
Hakarka nummieB poiukaMy OCYIIECTBISIETCS CIOCO0aMu:

- IPOJIOJIbHASL HAKATKA,;

- HaKaTKa C paJuajbHOI mojayei (momnepeynas);

- HaKaTkKa C TaHFeHHHaHLHOﬁ HOIla‘-ICI\/JI.

Pucynox 5.8.Cxema gpopmoobpazosanus wiiuyes 6 poiuxkosou mampuye: l-3azomoexa, 2-
Ppoaux, 3-ocb poauxa, 4- kopnyc, 5-ene300, 6-n00BUNCHBII YeHMP, 7 — HENOOBUNCHBLU YEeHMD

[IpononbHas mpokaTka MHOTOPOJIMKOBOW FOJIOBKOM OCYIIIECTBIISECTCS IPU
OTHOCUTEIILHOM MEPEMENIEHUH €€ BI0JIb OCH 3arOTOBKH M HAKATHOM T'OJIOBKH
(puc.5.8)(Tab6mn.5.4).



Tabmuua 5.5 — Cioco6s! GOpMHUPOBAHUS 3BOIBBEHTHOTO IpOodIIs 3yda

Merona ¢popmooOpazoBanms

Cxema 00paboTKH

O06y1acTh MPUMEHEHHUSI

HyaHCOHaMI/I C JCJIICHUEM
3aroTOBKH

3yOuaThIMH POJIHKAMH C
paavanbHOM moiauei
MHCTpYMEHTa (IonepedHast
HaKaTKa)

3y04aTbIMM pOIMKaMHU
C TMIOCTOSTHHBIM TTpoduieM

3aTbUIOBaHHBIMU 3y04aThIMU
poJIMKaMU

l‘( A=const

CKBO3HBIE IUIHIIBI U
3yOuatsie KoJjeca ¢
9BOJILBEHTHBIM MPOQHIIEM
3y0a. HakartbiBarorcs
MEJIKOMOYJIbHBIE 3YObs
HEOOJIBIINHA JJINHBI.
Kanmubpyrorcs
(oOKaTBIBArOTCS) TIOCTIS
IIPEABAPUTEIILHON
00paboTKH 3yObsl CPETHETO
MOTYJIS

CKBO3HBIE U 3aKPbIThIE
LUIALBI U 3yO0uUaThle Kojeca
HBOJIbBEHTHOTO U
TPEYroJIbHOT0 MPOQHIIs (TIpH
MEJIKOMOYJIBHBIX 3YObsIX)

CKBO3HBIE U 3aKpBITHIE
UM U 3y04aThle Kojeca
HBOJILBEHTHOTO U
TPEYTroJIBHOTO MPOGUIIS

CKBO3HBIE U 3aKpBITHIE
LUIALBI U 3yOuaThle Kojeca
HBOJIbBEHTHOT'O U
TPEYroabHOro Mpodus

B HakaTHOM TIOJIOBKE 3B63I[006pa3H0 YCTAHOBJICHBI HAKATHBIC POJIMKU CBO6OI[HO
MPOBOPAYMUBAONIUCCA HA OCHX. 3aroToBKa MOXKET MMpOoAAaBIUBATLCA HIIN MPOTATHUBATHCA 4YCPE3

HaKaTHbIE POJIMKHU, pabouuii Npopuiib KOTOPHIX 3aBUCUT OT (DOPMBI HAKATHIBAEMBbIX IUIHLIEB.

HaKaTKy poJiukaMu ¢ paHHaHLHOﬁ nmogaven HHCTPYMCHTA OCYIICCTBJIAIOT 3y6‘-IaTBIMI/I
poJInKaMu IMyTeM MNCPEMCHICHUA HWHCTPYMCHTA K OCH 3aroTOBKH. ITocne (I)OpMHpOBaHI/IH
HpO(I)I/IJBI, KOTOpLIﬁ MNpOUCXOAUT IMPpHU YMCHBINAKOIICMCA PACCTOAHUN MCKIAY POJIMKAMHU,
IMPOU3BOJUTCA 1<a.111z16p0131<a IIprU MOCTOAHHOM  MECXKICHTPOBOM PACCTOSAHHUH. Hakarka Moxer
OCYIICCTBIATECA Ha 3aroToBKE, yCTaHOBHeHHOfI B 1ICHTpax, OJHUM MM HECKOJIbKNMU

POJIMKaMHu.




Hakatky ¢ TaHreHIuaapHOW MoJayen

3yOuaThIMM pOJIMKAaMHU TPOMU3BOAAT Ha
JBYXUIMUHIETbHBIX pe3b0OHAKATHBIX CTAHKAX WM CHEIHAbHBIX MUTHIIHAKATHBIX.

Hakarngblie POJIMKHU YCTAHABJIMBAKOTCA Ha TpC6y€MOM MCXKICHTPOBOM paCCTOAHHH,
KOTOpPOC SABJIACTCA IIOCTOAHHBIM. 3aroroBka

nepeMeIacTCAa MCKIAY HaKaTHUKaMH
IMPUHYAUTCIIBHO UJIK B PE3YJIBTATEC CaMO3aTATrMBaHU .

Tabnuua 5.6. Hakatka numieB peiikamu pa3iInyHoro TUIA U 3y04aTbIMH POTMKAMHU
Meron ¢popmooOpazoBaHus Cxema 00paboTKH

O6JiacTh NpUMEHEHUs

[Tnockumu 3y0uaTsIMu

CKBO3HBIE U 3aKpBITHIE
pelikamu IIJIUIBI YBOJIBBEHTHOTO
TPEYroJbHOTO IPOpHUIIS
LnmuHIpUYeCKUMH

CKBO3HBIE U 3aKpBITHIE
HUIHIBI TPEYTOJILHOTO
HBOJILBEHTHOTO NMPOGUIIS HA

CIUIOIIHBIX U ITYCTOTEIBIX
BaJlaX C TOJIIIMHON CTEHKH

3y04aThIMM peiikamu

3yOuaThIMH POJIMKAMHU C

PSIMBIMU
dbopMoobpaszyromumMu
3yObsiMH (HaKaTKa MpPyTKOB)

CKBO3HBIE U 3aKPLITBIC

LUIMIBI TPEYTOJIBHOIO U
HBOJILBEHTHOT'O MPOpUIIS

const

A=

3yOuaThIMH POJIMKAMHU C
BUHTOBBIMH
dbopMooOpazyromuMu
3yObsiIMU (TTOIIEPEYHO-
BUHTOBAsl HAKaTKa)

CKBO3HBIC IIJTHAIIEI
TPEYTroJbHOTO U

HBOJILBEHTHOTO MPOQUIIS

Hakatka Benercst Hanmpoxon

Haubonee nepcrekTUBHBINA U IPOU3BOAUTENBHBINA CIOCO0 HAKATKH HUTUIIEB IIOCKUMHU
perikamu.

[Ipu TakoM criocobe 3aroToBKy 0ObIUHO YCTaHABJIMBAIOT B LIEHTPaX, HO BOZMOXKHA U
OecrieHTpoBasi HaKaTKa.

HpO(bI/IJ'IB Ha 3aroTOBKC HAKATBHIBACTCA ABYMSI peﬁKaMH Ha IMOJIHYIO I‘J'IY6I/IHy.



Peitku uMer0T BO3BpaTHO-TIOCTYIATEIbHBIE ABUKEHUS 110 KacaTeIbHOM K 3arOTOBKE,
BpaIaronieics moja 1eicTBUeM 1ePOPMUPYIOITUX CHJT.

[Tnockue peiku 1 HaKaTKY MITUIEB(3y04aThlie PEHKN) UMEIOT 3a00pHYIO,
KaJTHOPYIOIIYIO YaCTH U YYaCTOK pasrpy3KHu.

Ha 3a0opHoii yacTu BhICOTa 3yObEB MOCTOSTHHO YBEITUYHBACTCS.
Ha xanuOpyromeii — BeicoTa 3yObeB COOTBETCTBYET IITyOMHE BIAUHBI ICTAIIH.

JlnuHa KamuOpyromel YacTi onpeensieTcs U3 yCaoBUs BO3MOKHOCTH JIBYX 00OpPOTOB
JeTallu.

[[IuprHa peek paBHa JJIMHE MIIUIEB HA JCTAIIH.

Taxk xax I[P HAKATKEC NIJIMICB IIJIOCKUMHA peﬁKaMH BO3HHUKAIOT 0OJIbIINE PpacCiiopHbIC
CHIJIbI, TO HAKAaTKa IIJIMIICB HA TOHKHX JC€TAJIAX HC BO3MOXKHA. B takux ClIydasx HUCIIOJb3YIOTCA
MUIMHAPUYICCKUC 3Y6‘13.TLIC peﬁKH



