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[Ipaktrueckoe 3ansitue Ne 1
PacuéT TexHOJIOrn4ecKnX COCTABJISIIOMINX CHJIbI Pe3aHUs
NPHU Pa3HbIX NEPEeIHUX YIJIAX pe3la npu o0padoTke cTAIU

Ha ocHOBaHMM 3KCIIEpUMEHTAIBHBIX
JIAHHBIX 110 BJIMSHUIO TepenHero yria (puc. 1)
HA TEXHOJOTHYECKHE COCTABIISIFOIINE CHIIBI
pe3anus (Tabi. 1) mocTpouTh rpadMKu BIUSHUS
nepenHero yriay (°) u momauu S (Mm/00) Ha
TEXHOJIOTH4ecKue cocrapisomme Py, Py, Py, u
P, (H) cunsl pe3anus.

Paccuuratp COOTHOIIICHUE
TEXHOJIOTMYECKON cocrapisomenn Py, (H) x
TaHT€HIIUAJIBHOMN COCTAaBIIAIOLIEA P, (H):
K,=P,,[P,.

[ToctpouTh  aHajnOrWuHBIE TpaduUKU
BITUSTHUS TOJIIIUHBI cpe3a a (Mm) Ha
TEXHOJIOTMYECKHE cocTapisgomue Py, U

P, (H) npu pa3HbIX nepeIHuX yriax.
a = sxsing (Mm),

rae S — NpojoJibHas moaada (MM/00); ¢ —
rinaBHbIi yron B mwiane (°) (puc. 1).

Puc. 1. Yruel B 11ane (Ha BUE CBEPXY) U
B J1aBHOM cekyiueit miockocTu (N-N)

_I_ Pz

Px

(%

Pxy
=

Y
A

Puc. 2. Texnonoruueckue Py, P,, P, u Py,
COCTAaBIISIIONINE CHUJIBI PE3aHUs Ha BHIE
CBEpPXY U B INIABHOM CEKYIIEH IMIIOCKOCTH

Ta6n. 1 — Cunbl pe3anusi, MOJydeHHBIE TIPH MMOCTOSIHHOM riryonHe pe3anus t=1,99 mm

Texnonozuueckue cunvt (H) npu

a, MM S, Texnonozuueckue cpeonue
MM/06 | cunbl npu yeman. pe3aHuu npu yeman. pezanuu npu t=1,99 ym,
=199 mmu y=+7° H H
—- R Ku a, Mm S, . P, Ku
MM/06
0,05 0,07 286 443 0,646 0,05 0,07 223 433 0,516
0,078 | 0,11 396 619 0,640 0,078 | 0,11 309 577 0536 |
0,163 | 0,23 742 1216 0,610 0,163 | 0,23 635 1087 0,584 |
| 0,240 | 0,34 961 1735 0,554 | 0240 | 0,34 864 1592 0543 |
0,368 | 0,52 1144 | 2370 0,483 0,368 | 0,52 1078 2222 0,485 |
a, Mm S, Texnonozuueckue cpeonue a, Mm S, Texnonozuueckue cunvt (H) npu
mm/06 | cunvt (H) npu yeman. pezanuu Mm/06 | yeman. pezanuu npu t=1,99 ym, u
npu t=1,99 ym, u y =+25° H H
B | P | K, D05 | oo | BN m | K,
0,05 0,07 167 304 0,646 0,078 | 0,11 110 354 0,313
0078 | 0,11 223 520 0,640 0163 | 023 137 463 0,295
0,163 | 0,23 479 981 0,610 | 0,240 | 034 324 874 0,370
| 0,240 | 0,34 650 1414 0,554 0,368 | 0,52 436 1234 0,353
0,368 | 052 817 1948 0,483 0,05 0,07 556 1674 0,332




Tabn. 2 — Cunel pe3anusi, MOTYYCHHBIE U3 IKCIIEPUMEHTOB
MIPH MIOCTOSIHHOM ri1yOounHe pe3anus t=1 mm

a, Mm S, Texnonozuueckue cpeonue Texnonozuueckue cunvt (H) npu
MM/06 | cunvl npu ycmaw. pe3aHuu npu yeman. pezanuu npu t=1,99 ym,
=199 mmu y=+7° H H
N | B K, amw | s, || P, K,
MM/00
0,05 0,07 143 221 0,646 | 0,05 0,07 112 217 0516 |
0,078 | 0,11 198 310 0,640 0,078 | 0,11 155 144 0536 |
0,163 | 0,23 371 608 0,610 0,163 | 0,23 318 544 0,584 |
| 0,240 | 0,34 961 1735 0,554 | 0,240 | o034 432 796 0,543 |
0,368 | 0,52 480 1185 0,483 0,368 | 0,52 539 1111 0,485 |
a, mm S, Texunonozcuueckue cpeonue a, mm S, Texnonocuueckue cunvt (H) npu
MM/06 cunvt (H) npu ycman. mm/06 | yeman. pezanuu npu t=1,99 mm, u
pesanuu npu t=1,99 ymm, u H
y=+25° H
BR[| Pa | K. 008 | o007 | B P, K,
0,05 0,07 B4 197 0,646 0,078 | 0,11 55 177 0.313
0,078 | 011 114 260 0,640 0,163 | 023 69 232 0.295
0,163 | 0,23 240 491 0,610 | 0,240 | 034 162 437 0.370
| 0,240 | 0,34 325 707 0,554 0,368 | 0,52 218 617 0.353
0,368 | 0,52 409 974 0,483 | 0,05 0,07 278 837 0.332
Ta6n. 3 — Cunbl pe3anus, MOJIy4YeHHbIE U3 SKCIIEPUMEHTOB
IIPH IOCTOSIHHOM Ii1yOunHe pe3aHus t=4 mm
a, Mm S, Texnonozuueckue cpeonue Texnonozuueckue cunvt (H) npu
MM/0O | cunbl npu ycmau. pesaHuu npu yeman. pesanuu npu t=1,99 o,
=199 mmu y=+7°H H
—- R ]('ll a, Mm S, . P, Kll
MM/06
' 0,05 0,07 572 886 0,646 ' 0,05 0,07 446 866 0516 |
0,078 | 011 792 1238 0,640 0,078 0,11 618 1154 0,536
0163 | 023 | 1484 | 2432 0,610 0163 | 023 1270 2174 0584 |
| 0240 | o034 | 1922 | 3470 0,554 | 0240 | 0,34 1728 3184 0543 |
0,368 | 0,52 2288 | 4740 0,483 0,368 | 0,52 2156 4444 0,485 |
a, mm S, Texnonozuueckue cpeonue a, mm S, Texnonozuueckue cunvt (H) npu
MM/00 cunvt (H) npu yeman. mm/06 | yeman. pezanuu npu t=1,99 vm, u
pesanuu npu t=1,99 ymm, u H
y=+25°H
N | B K, 005 | 007 B2 P, K,
0,05 0,07 334 788 0,646 0,078 | 0,11 220 708 0,313
0078 | 011 446 1040 0,640 0,163 | 023 274 926 0,295
0,163 | 0,23 958 1962 0,610 | 0240 | 034 648 1748 0,370
| D240 | 034 | m@oe | 2828 0,554 0,368 | 0,52 872 2468 0,353
0,368 | 0,52 1634 | 3896 0,483 0,05 0,07 1112 3348 0,332




[Toctpouth rpaduku M3MEHEHUS COCTABISIONUX CHJI PE3aHHsl B 3aBUCUMOCTH OT
nogaun S,  TIOyOMHBI pe3aHusi{ W mepemHero yriay B ABOMHBIX Jorapugmuuexnx
KOOPAMHATAX W ONPENCIIUTh IIOKa3aTeldu CTerneHed U KOA(PQOUIUMEHTHI B AMIUPHUYECKUX
dbopmynax

Pz =CPz thPz ><Ssz ><7/sz % KPZ (H) (1)

Py =Chpy Xt x5 y™Y x Ko, (H) (2)

[Toctpouth rpaduku M3MEHEHUS COCTABISIONUX CHJI PE3aHHs B 3aBUCUMOCTH OT
TOJILIIMHBI cpe3a @, TIyOMHbI pe3aHusit W IepeiHero yriay B JIBOMHBIX JIOrapupMUUYEKUX

KOOpJMHATAX M ONPEACIUTh IOKa3aTeNu CTerneHed Hu KOX(PQPUIUEHTHl B SMIUPHICCKUX
dbopmynax

P, =C,, xa®™ xs™ xy™ xK,, (H (3

P, =C

'y by ><axPxe ><Snyy ><}/mF’xy % pry (H) (4)

Obo0meHHbIe SMIHPpHYE€CKHE YPABHEHIIA A1 PACHETOB COCTABIIAOMIINX CHIIBI pE3aHII
YHUHTBIBAOT BIUAHNE OCHOBHBIX ITAPaMETPOB PERIIMaA pE3aHIIg I IIMEIOT CIICOY. FOIITHIT BIHI:

X, ¥V, n
— bz o pz g, ez . )
P, =C,t7s"v7 K, lgy
lgPz
P =C, """V K '
x T Ypx pxe <
T
X, V.. A .
— Py oy Py
P, =Cu17s?v?>K,,. B
3HaveHNa moKa3aTe/eil cTeneHe X,,,, V,,, U T.1I. MOXKHO
paccuuTaTh 03 rpa)uKOB 3aBHCHMOCTH COCHAGNAIOUeL]
CHJ161 OT 271y OUHBI pe3aH A { WIN IIOaTH s, B IBOHHBIX
ToTapuPMITIeCKIX KOOPHATaX, T.K. TpaduK CTEeHHOIT lgx lgt
- r x
dyrxmmn 2, =C"p_ £ *P% (npu s=consf) B xoopAMHATAX CxeMa JUIIs OIIpe 1eTIeHIIs
lgP ~lgf npeyicTapnseT coGoii IpAMYFO JTHHHFO. TIOKa3aTe s CTCIICHN k B
z oo i
Xy ~1gT= . A/B. ypaBiIeHPE'I y=Cx".
AHaTOrmIHEL rpaduK CTPOUTCS IPH f=const k=tgr=(4/B).
P = &Y ) Otpesknd 1 B H3MepsIloTCs
R JHHeHKoil Ha rpadke

I[Tocne onpeeneHNs IOKA3aTeNEl CTENEHEH Xy, Vp, 1
T.0. ko3 dunuenTsl Cp,, Cp, 0 Cp, PACCUUTEIBAIOTCA U3
yKa3aHHBIX GOpMYTI IPI H3BECTHBIX cHaax Pz, Pz 11 Pz,
onpeae1é HHBIX H3 YKCIIePHMEHTOB.

lgy—lgx  (IgP-lgr)

54



[IpakTruyeckoe 3anstue Ne 2
Pacuér ¢pusnyeckux cOCTABJISIOIMX CUJIbI Pe3aHUs
NPH Pa3HbIX NepPeJHUX YIJIax pe3na npu oopadoTke cTaau

Ha OCHOBAaHHUH OKCIICPUMCHTAJIbHBIX

JNAHHBIX 10 BIMSHUIO TIEPEJHEr0 yria Ha A
TEXHOJIOTUYECKHE COCTABIISIONINE CHUIIBI PE3aHUS Nlﬂé&
(cm. Tabn. 1 mpakTuueckoro 3aHstus  Ne 1) Pxy
paccuurath pusznueckue cocrapisromue N (H) u Fpz! ~S~__ %A Npxy
F (H) cuibl pe3aHuss ¥ TOCTPOUTH TpaduKu E
BIUSHUS TIEPEHET0 yriiay U mojaadyu S (MM/00) Py
Ha HopmanbHyio N (H) u xacarensnyto F (H)
(bU3HYECKUE COCTABIISIIOIINE CUIIBI PE3aHUS H.
Puc. 1. COCTaBHHIOHII/Ie CHUJIbI PE€3aHUs Ha

Pacuér (1)I/ISI/IHGCKI/IX COCTABIISFOIIIX nepeHed IOBEPXHOCTH B IVIABHOM CEKYILEH

cunbl pesanus N u F 1o TexHomormyeckum friocKocTH

coctaisgromuM P, u Py, mpu nepexnem yrie
v # 0° BbImosiHsIeM 110 GOpMyJIaM, KOTOPBIE MOJIydaeM U3 CyMMbI BEKTOpOB (puc. 1):

Pz:NPz+FPz; (1)
Py =Fpy +Npy. (2
N3 stux dopmyn nomyuaem nBa ypaBHenus (3) u (4) mns pacuéra QU3MUECKUX CHUI

pe3anmus:
N = Np; — Npxy = P;xcos y — Pyyxsin y; (3)

Bropoe cnaraemoe co 3nakoM muHyc (-Npyy), T.K. 9Ta COCTaBJSIOIIAsl HAIPaBICHA B
00paTHOM HaIpaBICHUU 10 CPABHEHUIO ¢ HampasieHHEM Np;. DTO co34aéT mapajoKcaabHYIO
CUTYallMIO: TIPY YBEJIMYEHUM IEPEIHEr0 yrjla C YBENNYEHUEM TEXHOJOTMYECKOW CHIbl Py,
HOopManbHas ¢u3nueckas cuia N B ypaBHeHUU (3) yMeHbIIaeTcsd, YTO IPU OYEHb OOJBIIMX
nepeaHux yriax (6osnee 25°) MoKeT MPUBOIUT K HYJIEBOM HOPMAaJbHOM CHJIE, KOT/Ia BTOpas
yacTb (¢opMynbl (3) CcTaHOBUTCA paBHOM NepBOM 4YacTH, T.e. KOI(Q(UIHUEHT TpEeHHUS
YBEJIIMUUBAETCS C YBEIIMUEHUEM TIEPEIHETO YIa .

F = pry+FPZ = nyXCOS 'Y + szsin y. (4)

Paccunrare cpenHmit ycnmoBHbIH KO3 duIMEHT TpeHus W, = F/N  mms  kakmoit
noja4yu S (MM/00) U TOJIIUHEI cpe3a a (MM).

[ToctpouTh aHaANOTMYHBIE TpaQuUKW BIUSHHUS TOJIIMHBI Cpe3a Ha (U3NIECKHE
COCTABJISIOLIME CUIIbI pE3aHUs TP Pa3HbIX MEPEIHUX YIiax.



Ta6n. 1 — Cunbl pe3anus, MOJy4YeHHBIE U3 SKCIIEPUMEHTOB
IIPH MOCTOSIHHOM rinyonne pe3anus t=1,99 mm

a, Mm S, Texnonozuueckue cpeonue QDusuueckue cocmasasaoujue Texuonozuueckue cunvt (H) Dusuyeckue cocmasaiouue
MM/06 | cunbl npu yCmaw. pe3aHuu RPU | Cuibl NPU YCMaH. pe3anuu npu npu YCmaw. pe3anuu npu CUJIbL NPU YCMAH. Pe3aHuU RPU
t=1,99 mmu y=+7°H t=1.99 mm y=+7° H t=1,99 v, PEFA5% H t=1,99 wn P=A5S H
N | BN K, E N Hep || P, K, E N Hep
0,05 0,07 286 443 0,646 338 405 0,83 - 223 433 0,516 327 360 0,909 |
0,078 | 0,11 396 619 0,640 469 566 0,83 - 309 577 0,536 448 477 0,939 |
0,163 | 0,23 742 1216 0,610 885 1117 0,79 - 635 1087 0,584 894 886 1,010 |
| 0,240 | 034 961 1735 0,554 1165 | 1606 0,73 - 864 1592 0,543 1247 | 1314 0,949 |
0,368 | 0,52 1144 | 2370 0,483 1425 | 2214 0,64 1078 2222 0,485 1616 | 1867 0,866 |
a, Mm S, Texnonozuueckue cpedﬂue Du3uueckue cocmaesysArouiue Texnonozuueckue cuvt (H) Du3uueckue cocmaesouiue
MM/0 cunvt (H) npu ycman. pezanuu | cunvt npu ycman. pesanuu npu npu ycman. pe3anuu npu CUTIbL NPU YCMAH. Pe3aHuu nPu
o nput=1,99 vm, u y=+25° H t=199 mmu p=+25° H t=1,99 v, u - H t=1,99 vm u - H
_- P2ep K, E N Hep . P K, I N Hep
005 | 0,07 167 394 0,646 318 586 | 1.111 ) 354 0,313 294 226 1,298
0,078 | 0,11 223 520 0,640 422 377 | 1.119 87 463 0,295 378 301 1,255
0,163 | 023 479 081 0,610 849 686 | 1.237 - B4 874 0,370 767 530 1,445
0240 | 034 650 1414 0,554 1987 | 1007 | 1179 - 486 1234 0,353 1065 761 1,400
0,368 | 0,52 817 1948 0,483 1564 | 1420 | 1101 - 556 1674 0,332 1416 | 1059 1,346




[Ipaktuyeckoe 3anstue Ne 3
ITocTpoeHue 3MIOP KOHTAKTHBIX HATIPSAKEHUI
HA nepeJHel MOBEPXHOCTH M (hacKe 3a/IHell MOBEPXHOCTH pe3la npu 00padoTkKe cTaan

Jnst pacuera peXyYIIEr0o HMHCTPYMEHTa Ha TPOYHOCTh HEOOXOAWMO OIPENCIIUTh
(paccumutath) ero HanpsbkeHHO-neopmupoanHoro coctosaue (HIC). st aToro oueHb BaKHO
nepea pacuéToM MPHUIIOKHUTHh K MOJENN BHEIIHUE HArpy3KH, UMEIOUINE peaibHYyI0 BEIHUYUHY U
uxX pacmpenenenue. Tema oTuéTa MO Hay4YHO-TIeJaroruyeckomy Imnpoekty: HWcciemoBanue
pacripeie/ieHUs] KOHTAaKTHBIX HAIPSHKEHUH Ha MMOBEPXHOCTAX PEXYILEro HHCTPYMEHTA.

2. OcHoBa s pacyéra 3MOP — Ppe3yabTaThbl HCCJIEI0BAHMN PpacnpeneeHust
KOHTAKTHBIX HANPSIKEHUH Pa3HBIMH METOIAMH Pa3HbIMH HCCJIE0BATEISIMU

KonTakTHbIX  HampspkeHus — (Harpy3kd) Ha
paboyux MOBEPXHOCTAX HMHCTPYMEHTAa MOTYT OBITh
U3MEpEHbl  TpeMs  METOJaMH:  MOJIAPU3ALUOHHO-  T0BepXaocts
ONTHYECKUM M METOJIOM pa3pe3Horo pesua. Kaxabii us
STUX METOJIOB UMEET CBOU JIOCTOMHCTBA U HEJIOCTATKH.

Meroxa pa3pe3Horo (CocTaBHOr0) pesla JIMIIECH
3TOTO HEJ0CTaTKa, HO TpeOyer CO3aHUS
BBICOKOXKECTKHX TMHAMOMETPOB [ 1, 2].

Jiis  u3ydeHUs pacrpefesieHuss KOHTAKTHBIX
HArpy30K Ha MMOBEPXHOCTSX pe3lla UCIIOIb3YeTCsS METO.
pa3pe3Horo pesia.

Puc. 1. CxeMa uccruesoBanus

[pu CCIIeJOBAaHUN pacnpeieneHus
KOHTAKTHBIX HANpsKEHUH Ha nepeiHeil MOBEpXHOCTH paclpee/CHI KOHTAKTHBIX
MHCTPYMEHTA METOJI0M paspe3Horo pesua HAIpsDKEHNIN Ha HEPEHEH
HCIIOJIB3YETCS CIELUANbHBIA YeThIPEXKOMIOHEHTHBII ITOBEPXHOCTH PE311a MCTOIOM
TOKapHbIi auHamomerp (puc. 1). HwkHuii mosic 3toro paspe3HOro pesua.
JMHAMOMETPA c YIIPyTUMH >1eMeHTaMu 4

UCTIONB3YETCS ISl M3MEPEHHST OOIIUX TEXHOJOTHYESCKHUX
coctaBsirox P, u Py cuibl pesanus. 9To HEOOXOIUMO
TOJIGKO IS KOHTPOJIS TIOCTOSTHCTBA ITHUX COCTAaBIISIONINX
CUJIBI PE3aHHs B CEpUU DKCIIEPUMEHTOB, HE3aBUCHMO OT
TOTO, HA KAaKOM YYacTKe PEeXKYIIEH KPOMKH BBITOTHICTCS

be

\CrcACs)

pe3aHue. = = _\’
ITon cepueil TNOHUMAETCS HWCCIEIOBAHUS TPHU 10 2calin) 8 -
MOCTOSIHHBIX PEXHUMax pe3aHusi (CKOpPOCTh pe3aHusi V. u atalin) | (:: ’
pamuanpHas TmojayasS), MPH HEU3MEHHOW TeOMETPUHU ; -
UHCTpyMeHTa (TepedHuil yroiny W 3aAHUA Yyrom o) u :1

HEU3MEHHOM HIMpHUHE MCKYCCTBEHHOM (acku 1o 3anHei
MOBEPXHOCTH N,, MOAENUpyOLIeH HM3HOC MO  3ajHEH
MTOBEPXHOCTH.

Bepxuuii mosic auHaMoMeTpa € yOPYTUMH
3JEMEHTaMH 3 HCIIONB3YETCS TUTST HCCTIe0BaHUS
pacupeneneHuss ~ KOHTAaKTHBIX  HalpsOKEHUsT  MyTEM
A3MEPEHUS BEPTUKAIILHOU COCTaBJIAIOIIEH CHJIBI
pe3anus PzZ,j w  paamanpHOW  cocTaBSIOUIEH PYaj,
JNEUCTBYIOIIMX  Ha  1mactuHy A Ha  ywactke AC;,
HaxoadmuMess Ha paccTtossHuu Cij OT pexylled KpOMKHU
pa3pe3noro pesma. Ecmm mepemnuit yromy=0° To
HopManbHast cuna Naj Ha yuactke AC; Oynmer paBHa
BEPTUKAJIbHOU COCTaBIISTIONIEH CUIBI  pe3aHust Pz,
(Nai = Pz4j), a kacarenbHast cuiia Faj = PYaj.

Puc. 2. Cxema nsmepenus
KOHTaKTHBIX Harpy3oK Ha
nepeHeN TOBEPXHOCTH
pesia MeToJoM
paspe3Horo pesua



[Ipu mpsIMOYroJbHOM CBOOOJHOM pE3aHMM AHMCKAa W3 00pabaThiBaeMOro MaTepuala
M3MEPSAIOTCA CHUJIbI, JEHUCTBYyIOIIME Ha IuiacTuHy A u Ha miactuHy b. ITlocnenoBarensHo
yBenuunBas JIMHY ydacTka AC; miuactuHbl A, usmepseM HOpMaibHYIO Naj U KacaTenbHyIo Faj
CWJIBI Pe3aHMsl, IEHCTBYIOIIME Ha 3TOM YYacTKE M PACCUMTHIBAEM KOHTAKTHBIE HArpy3kd Kak
OTHOILIEHUE MTPUPAILECHUS] 3TUX CHJI K IPUPALICHUIO TIJIOMIA U €€ TOBEPXHOCTH.

N3roraBnuBaroTcs miactuHbl A u b TakuM o6pa3om, 4ToOsl pacctosare Cp OT pexyIiei
KPOMKH JI0O KOCOTO 3a30pa C YIJIOM p MEXAY IJIaCTHHAMU ObUIO OOJbINE JTMHBI KOHTAKTa
CTPYXKH ¢ repeaHeit noepxHocteto nHCTpyMeHTa C (Cg > C) (puc. 2).

Bnauane B pe3anuu yyactByeT ydactok 0, rie HET KOHTaKTa CTPYKKH € TuiacTuHou A. B
9TOM CJIy4ae Ha IUIaCTUHE A chJiIbl pe3anus OyayT paBHbI HYJ0: Naj = 0 1 F4j = 0.

3areM IUHAMOMETP CABUTACTCS BMECTE C Pa3pe3HbIM PE3lOM BIOJb MepUEepUn ITUCKa
Ha paccrosaue | 10 monokenus 1. B atom cinydae Ha miuactuHe A Ha yuactke ACy JeHCTBYIOT
cuibl pe3aHust Naj=1 U Faj=1. OTHOmIEHHE 3THUX CHJI K IUIOIIAJM KOHTAaKTa €CTh YJelbHas
HOpMaJibHas U KacaTeibHas cujia pe3anus Ha yyacTke AC;.

dn1= Nai/(AC1-be), g1 = Fai/(ACy-be),

rae b, — mmpHHa KOHTakTa CTPYXKH C TepeaHel MOBEPXHOCThIO HMHCTPYyMEHTa. B
paccMaTpuBaeMoOl Ccepud SKcrepuMeHTa D.=CONnst, T.K. IIHPHUHA JWCKAa U PEKUMBI PE3aHHS
HEU3MEHHBI.

CaBuraem JUHAMOMETD C pa3pe3HbIM PE3IoM BOJb nepudepun aucka Ha paccrosaue lp
10 TIOJIOKEHUSA 2.

Ha muactune A Ha yuactke AC;
neicTByroT cuiibl pe3anust Ny =2 (B 00mem Buae
Nai+1) 1 Fai=2 (B 0Omem Bujie Fajr1).

[Mpuparienure rtromand yvactka 2 (i+1)
npoucxoauT Ha uHY AC'; =AC; - AC;.

[Ipuparenrie HOpMaIbHOM CHJIBI HA 3TOM
yuactke AC'; paccuutsiBaercss 1o Gopmyse
AN’p2 =Na>» — Nay, niam B o6miem Buge AN’ j+1
=Na i+1 — Na i, T.e. cuia Ha paccMaTpuBaeMOM
y4acTKe MUHYC CHJIa Ha MPebIAyIIeM y4acTKe.

Puc. 3. Cxema pacnoyioxxeHus
pabouYnX MIACTUH MOBBIIICHHON

OTtHoueHune IIPUPALLECHUS 3TOMN
HOPMAJILHOW CHJIBI K TPHUPAIICHUIO TUIOIIAIH
KOHTaKTa €CTh YyJeJbHas HOpPMajbHas CHIIA
pe3anus Ha yuactke AC', (B o6miem Buge AC'j+1).

gno= Anaz /(AC'2°b.), mnu B 001em Bue:

Oni+1=(Na i+ — Nai)/[(ACis1 - ACi)-be].

VYienpHas KacaTelbHas CHUJa pe3aHHsl Ha
yuactke AC'; (B 00miem Bujge AC'j4+).
grit1=(Fai+1— Fai)/[(ACis1 - ACi)-b].

[Ipn cmemeHUn AMHAMOMETpPa BMECTE C
pa3pe3HbIM Pe3loM BAONb TNepudepur JTUCKa Ha
HeOombmoe paccrosiHue |i mpuparieHue  ITHHBL
KOHTaKTa CTpyXku ¢ tactuHon A AC; Oyxer
Hebombmoe (AC; — 0), npupaiienue mwiomany oyaeT
HeOOJIBIIIOE, TIOATOMY y/IeIbHasI HOpMaTbHAS CHJIa Ha
TOM YydYacTKe OYyJeT CUMTAThCAd KaK HOPMAallbHOE
HanpsokeHue oy (on i = gni)-

AHaAJIOTUYHO u hipe: ¢
HanpsokeHus r (e = Jri ).

KacaTcCJIbHOI'O

JKECTKOCTHU IIpU UCCIICTOBAHUN
MCTOIOM Pa3pe3HOro pe3na.

1 — menp Mexny pabouynuMu MIaCTUHAMU

A u B; 2 — pébpa xéctkocTH,
N — PacCTOSTHUE OT PEXYUIEH
KPOMKH JI0 IOBEPXHOCTH pa3jiena
MEXy TUIACTUHAMU

Cxema

Puc. .4.

paboThI
JUHAMOMeETpa pu
UCCIJIEJOBaHUH KOHTAKTHBIX
Harpy3ok Ha 3aHen
IIOBEPXHOCTU pe3ua Ha

TOKAapHOM CTAaHKC



Jis uccnenoBaHMs paclpelesieHus] (SMIOp) KOHTAKTHBIX HAarpy3ok Ha MepeaHen
IIOBEPXHOCTU MHCTPYMEHTA NP PE3aHUH CTAIM U JPYTUX TBEPIABIX MATEpHAJIOB MPHU BBICOKHX
CKOPOCTSIX PE3aHMsI UCIOJB3YETCsl MIMPOKUN pesel (luupuHoil 120 MM), KOTOpBIN pa3pe3aercs
TaKuM 00pa3zoM, 4TOObI pa3Mep 1 (paccTOsIHUE OT PEXyIled KPOMKH JJ0 IOBEPXHOCTH pa3pesa)
(puc. 3) nuckpeTHo u3MeHsicst oT 0 10 BETUYMHBI, HEMHOTO OOJbIIEH, YeM JuinHa KoHTakta C
CTPYXKKHU C MepeHEe MOBEpXHOCTbIO MHCTPYMEHTA. [l yBEeIMUEHHH MPOYHOCTU U JKECTKOCTH
paboueli macTUHbI A Ha e€ 3aJJHEH MOBEPXHOCTHU pacIioyiaratoTcsi péopa IKECTKOCTH.

HIupuna nucka aoskHa ObITH MEHbIIE Ha 2...3 MM, yeM paccrosHus | mexay péopamu
xéctkocTh maactuHbl A. [Ipu 06paboTke cTpyxka OyneT UMeTh OJJMHAKOBYIO JJTMHY KOHTAKTa C
nepeAHell MOBEPXHOCThIO pe3lla, Ha Kakoil Obl cekuuum HU mpoBoauiack oOpaborka. Ho Ha
Pa3HBIX CEKIUSX JTMHA KOHTAKTa CTPYXKKHU C TIOBEPXHOCTHIO IIAaCTUHBI B Oyzer pa3unast (puc. 3).

Yem wMmeHblle pa3HHLA Xij =17 (puc.3) y COCEIHMX CEKLMH, TeM BbIIIE TOYHOCTb
UCCIIEIOBaHMIA, HO OOJIbIIE UX TPYAOEMKOCTD, TOJDKHA OBITH OOJIbIIE IIUPUHA PAa3pE3HOTO pe3la.

IIpy wW3MepeHMM KOHTAKTHBIX HArpy30K Ha 3aJHEd [OBEpPXHOCTH pe3la Ipu
OPSMOYTOJIBHOM CBOOOJHOM pE3aHUM JHUCKa
u3 00pabaThiBaeMOro Marepuana U3MepsoTCs
CHJIBI, JICHCTBYIOIIME HA IUIACTHHY A M Ha
mwiactuny b (puc.  4).  YBenuuuBas
MOCJIEIOBATENbHO JUIMHY YydYacTKa h, Tipu
HEM3MEHHOW jmnuHe (dacku H3HOca  hs,
paccuMThIBaéM KOHTAKTHBIE HArpy3KH Kak
OTHOILICHHE HpUpPALCHUS CHJIBI K
NPUPALICHUIO  IUIOMAAW  KOHTAaKTa  Ha
macTuHe A.

[Ipu Bpe3aHMM Ha TUIOMAJAKY JUTHHOM

N Puc. 5. Cxema paGoTsl JuHAMOMETpA MPHU
h,) mmactuabl A feicTByeT cuiia 0oJIblie, YeM HCCIIE[OBAHMM KOHTAKTHBIX HATPY30K Ha

Ha TUIOMAAKY hsy TUTacTUHBI b, 4TO BBI3BIBACT dacke 3a1Heil TOBEPXHOCTH pe3Lia Ha

Gonburyto Aedopmano yupyrux rOPH30HTAIbHO-()PE3ePHOM CTaHKE
HN3MCPUTCIBHBIX 3JICMCHTOB 3 TlogBuBimiicsa

OCTpPBIM YCTYIl HAUMHAET Cpe3aTh JOINOJHUTEIBHYIO CTPYXKKY C MOBEPXHOCTH pe3anus. Lllenb
MEXIy TUIACTUHAMH 3a0uBaeTcs, 4TO

v 6k

OPUBOAUT K  HAPYIIEHUIO  YCIOBUH T 2 T T ”
U3MEPEHUS CHJL. e |

Amnanus _BAPUAHTOB  PAsIHIHBIX o ’ Tt o
CXeM W3MEpPEHHI TIOKa3bIBAET, YTO JIJIS AN '/ "
YCTPaHEHHUS] YKa3aHHBIX HEKeNaTelIbHBIX o |G ;
SBJICHHN HEO0OXOJAUMO HW3MEHUTh JIH0Oo : v
KOHCTPYKLIMIO TMHAMOMETpa, JINOO cXemy “ %, i .
pe3aHus. Bropoit IIyTh MEHee g l‘><\ A
Tpynoemkuii. I[To  3ToMy  BapuaHTy = S i %
IUIaCTHHA b JIOJDKHA U3MEpSTh » N i o
IpUpalieHne CHJI Ha 3aJHed MOBEPXHOCTHU e T T R T
pesma (puc. 5). Paccmosnue om Bspuunts pesya 4

ITpu Bpe3anuu moj AelictBuem cunm  Puc. 6. PacmpeneneHne HOpPMalbHBIX U
Ha N IENIE h;; MJacTUHA A KacaTelnbHBIX HaNpsOKEHW Ha  TepeHei
MEPEMECTUTCSI HEMHOTO BHHM3 M BJIEBO  IOBEPXHOCTHU, MOJYYEHHBIE MOJSPU3ALMOHHO-
BCJICJICTBUU YIIPYTOi nedopManuyi  ONTHYECKUM METOAOM, IPU PE3aHHH CBHHIA

HU3MEPUTENBHBIX JJIEMEHTOB 4. [16]

[Tnactura b BMecTe ¢ W3MeEpUTEIBHBIMU

DJIEMEHTAaMU 3, 3aKPCIUICHHBIMUA Ha YIPYTUX JJIEMEHTaX 4, TOXE MEPEMECTHUTCS B ITOM JKE
HanpasieHnu. [losTomy ycryna He Bo3HHKaeT. CyMMapHBIE COCTABISIONINE CHIIBI pe3aHus Py u
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P; u3MepsioTcs ¢ MOMOIIBI0 YOPYTMX HM3MEPUTENBHBIX 3JEMEHTOB 4, a NMpHUpAIICHHUsS CHJ Ha
3aIHEN TTOBEPXHOCTU — DJIIEMEHTAMH 3.

3a3op MeXIy MjIacTMHaMM A U b KOHTposMpyercs IUIACTUHYATBIM IYIIOM TOJIIMHON
0,02 mm. Ilpu MeHbLIEM 3a30pe BO3MOXKHO CONPUKOCHOBEHHME IUIACTHH, a 3HAYUT HApyLIEHUE
IpoLecca U3MEPEHUs, YTO MPOSABIISAETCS B YMEHBIIEHUH CUJI, PETUCTPUPYEMBIX Ha IJIACTHHE A.
Bosnbiias BennyuHa 3a30pa NPUBOJUT K MONAaJaHUIO 00padaThIBa€MOIro Marepuana B Liellb, YTO
NPUBOAUT K BBIKPALIMBAHHUIO PabOYMX IUIaCTUH. B Xoxe mccinenoBaHMl OTCYTCTBHE KOHTAKTa
IUTACTHH KOHTPOJIMPYETCS HAa IPOCBET.

CunTaercs, 4TO IIPU UCMOIb30BAaHUU MOISAPU3ALMOHHO-ONTHUYECKOIO METO/1a BBIXOASILAs
Ha MEPEHIO MOBEPXHOCTh I10J0Ca B PEXYILEM KIMHE CBUAETEIBCTBYET O COOTBETCTBYIOLIEM
HalpsDKEHUM W Ha MepeiAHed IoBepXHOcTH. Ha OCHOBaHMHM 3TOrO CTPOUTCS KpHUBas
pacrpe/eseHiss HOPMalbHOW KOHTAKTHOW HAarpy3kd Ha IepeiHell moBepxHocTH (puc. 6).
HopmanbHast KOHTakTHasi Harpy3ka — 3TO Harpy3ka, MEpHEHAMKYJISpHas K HCCIeayeMon
HOBEPXHOCTH.

Ha puc. 7 npuBeneHsl pe3yabTaThl SKCIEPUMEHTAIBLHOIO OIPEAEIECHUS] HOPMaJIbHBIX
KOHTAKTHBIX HAarpy3ok Ha (acke 3aJHeil MOBEpPXHOCTH, BBIIOJHEHHOTO METOJOM pa3pe3HOro
pe3na mpu CBOOOJHOM TOYeHHMH JaTyHH JI63 B yCHOBHSX CIMBHOTO CTPY>KKOOOpa3OBaHWMS.
OKcTpeMalbHbIM XapakTep 3aBUCMMOCTH YETKO OOHAPYKUBAETCS BO BCEX CIIydasix.

[To muenuto aBtopoB, I[lomernkn M.®. u Koznoa B.H., 3To cBsizano ¢ mporu6Gom
IOBEPXHOCTU pE€3aHMs IOJ HCHCTBUEM paJMalbHONW COCTABIAIOMIEH cunbl pe3aHus Py,
JICUCTBYIOLLEH HAa MEPEIHEN TOBEPXHOCTH HHCTPYMEHTA.

IIpu  wucciaenoBaHUMM — paclpelesieHUus]  KOHTAKTHBIX

HanpsokeHuii  Ha  (hacke e L J=] fel ]

3agHEl moBepxHOCTH (Ha |- s N

UCKYCCTBEHHOM dacke [ I€ o \ <

M3HOCA) BBIACHHIOCH, 9TO | el il AN VAN

HanOoNbIINEe KOHTAKTHHIC : o T e o \

HanpsKCHUS MOI'yT O & bRl R ey Xw:m

HAXOJIUTHCS KaK y 00 o o8 12 16 20 26 28

pexyIen kpomku  Puc. 7. Pacnpenenenue HopMab- Puc. 8. Pacnpenenenne

(cMm. puc. 6), Tak W Ha HBIX KOHTaKTHBIX HArpy30K Ha KOHTAKTHBIX HAINpPsHKCHUH

HEKOTOPOM pacCTOSHUM OT  (acke 3aJHEl OBEPXHOCTH UH-  Ha (acke 3aJHel MoBepX-

Heé (puc. 8). CTPYMEHTA, yZOO, ae=0°. HOCTH pe3la IpHu TOYCHUH
B nensx BeIssCHEHMS JI63-P6MS: AIIOMHHUEBOTO JUCKa [4].

IPUYNH PacXOXKIeHUS 1 - 5=0,06 mm/00, v=100 M/muH; 1=10°, ae=0°,

AKCIIEPUMEHTATbHBIX 2 -5=0,21 mm/00, V=100 m/mun; Vv =0,6 m/mun; s =0,2 MM/00,

JIAaHHBIX B HcclienoBaHusAx, 3 —S$=0,21 Mmm/00, V=217 M/MUH. h,=1 MM 1 h,=0,5 MM

IIPOBEJCHHBIMU  Pa3HBIMU 4 - JIMuA 57-3-1 — P6MS,

aBropamu, Koznoseim B.H. s =0,41 mm/00, V=100 M/MuHu

ObUIM TPOBENEHBI OIBITHI

10 CBOOOHOMY TOUYEHHIO JIUCKOB M3 Pa3HbIX 00padaThIBAEMbIX MaTEpUAJIOB C UCIOJIb30BaHUEM
pa3pe3Horo pesta. bbulo BRIACHEHO, YTO XapakTep CTPYKKOOOPa30BaHUS BIMAET Ha BHJ SIIOP
KOHTaKTHBIX HAarpy3oK Ha 3aJHed IMOBEPXHOCTU: MPU CIUBHOM CTpykke (0OpabaTbiBaeMblii
matepuai yaTyHb JI63) HamOosblnas BeTMUMHA KOHTAKTHBIX HAarpy30K OTCTOMT OT pexyllei
KPOMKH, a TIpH dJIeMEHTHOU (0OpabareiBaeMbiii MaTepuain yiaTyHb JIMOA 57-3-1) HaxomuTcs
HEINOCPEACTBEHHO Y PEXYIIEN KPOMKH (pHc. 7).

ITo ¢usuyeckum cumam N u F cTpoMM 3mI0pbl KOHTAKTHBIX HANpPSIKeHUN Ha
nepeaHel MOBEPXHOCTH.

1) PaccuutbiBatoTcsi KacaTeiabHble KOHTakTHble HampsbkeHus T (MIla) nHa nepennei
MIOBEPXHOCTU MHCTPYMEHTA, T.K. UX XapaKTep Majo 3aBUCUT OT PEXUMOB pe3aHusd. [lnuHa
MJJACTUYECKOTO YYacTKa KOHTaKTa CTpYKku 1~ 0,5-c. Ha aTom ywactke, T.e. ipu nipu x< 0,5'c y
AMIOPBI KAacCaTEJIbHBIX KOHTAKTHBIX HANpsKEHUH T MMEETCsl JIMHUSA, MapajliesibHas NepenHen
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MOBEPXHOCTU (FOPU30HTAIBHBIA yyacTok npu y=0°). IIpu nanpHeleM OTAAIECHUN OT PEXYyIIEH

KPOMKH y 3MIOPHI T NPSIMO MPONOPLUOHATIBHOE YMEHBIICHUE 10 HYJIS.
Crpourcs 3mwopa KacaTeJbHbIX KOHTAKTHBIX

Hanpsbkenuit T (MlIla). :

W

Tmax = Teonst = F /€%0,75xD, :: /

T Teonst - BEIMYMHA 7 HA TOPU3OHTAJIBHOM i
YYaCTKE 3TOM SITIOPHI, B /

b — mmMpuHAa KOHTaKTa CTPYXKH C MEpemHell o /
IIOBEPXHOCTHIO HHCTPYMEHTA. -

2) [lepexonum K TOCTPOCHHIO AMIOPBI w?

HOPMAaJIBHBIX KOHTAKTHBIX HampspkeHuit o (MI1a). T ® w W w vy
BeJII/IqI/IHy Gmax 3aI[aéM cHauala npu6ﬂu3umeﬂbH0 Puc. 9. Usmenenue YCIIOBHOTO Ko:.)(l)(l)
CamH, B IEPBOM MPUOIMKCHIH G, =2G . MIMEHTA TPEHHUS |l = T/G B0/ JITUHBI

KOHTAKTa CTPYXKKH C IEepPeIHEN TIOBEP
XHOCTBIO. = Xi/C — OTHOCHUTEIbHAS [
JIMHA KOHTAKTa.

3) Ha paccrosiaum | , OT PEXyIIIel KPOMKH (
|,=a) ©,~0,93%c

4) B ocHOBE JIeKUT  3aKOHOMEPHOCTb
COOTHONICHUS T/G, T.. HM3MEHCHHE  YCJIOBHOIO
koddunmenta TpeHus W= T/cC  BAONb TEpPEIHCH B
MOBEPXHOCTH, KOTOpasi Majo 3aBUCUT OT PEKHUMOB
pe3anus u nepenHero yria vy (puc. 9).

5) Ilpm oTHOCHTENbHOW [JIMHE KOHTAaKTa
y=xi/c=0,4, T.. npu x=0,4:c Oyaer mnepececucHUEC
rpaduka ¢ ¢ rpadUKOM T, T.K. B ITOH TOYKE KOI(.
tperust u=1, To ecTh TaM 6=7 (puc. 10 a).

6) B KOHIIC KOHTaKTa CTPY)XKH C TepeaHei
MOBEPXHOCTHIO pe3ia B Touke y ~ 0,8 (T.e. mpu  x~0,8¢)
JOJKHO OBITH 0j = Ti/1,6 (puc. 10 6).

7) Uepes nBe Touku o: 1) mpu x=c, 2) npu x=0,8-¢
OPOBOJUM  ApAMYIO  JUHUIO JO TIEPeceueHust C
BepTHKaNbiO B Touke x=0,5-¢ (puc. 10 0).

8) W3 mnomyueHHO# TOYKH (1. 7) MPOBOIUM
TOPH3OHTAIBHYIO JIMHUIO JI0 TIEPECceueHus ¢ HaKIIOHHOM
OpsAMOM 6, HUCHAJAIOLIEd OT PEKYLEH KpPOMKH 0
(puc. 196), T.x. Ha ywactke g0 x~0,5¢ wumeercs
TOpPU30HTANbHAS TUHUS y SIIOPHl HOPMAJbHBIX KOHT. — PHC. 10. IocrpoeHue OmIOPSI
Hamp. G, a TpH JadbHEHIIeM OTJANeHHMM OT pexymiedi HOPMANBHBIX — HANpPSXKEHWH G
KPOMKM Yy DOHOIOpel G HMEETCsd IpsAMOiauHenHoe  OTHOCHUTEIBHO SIIIOPBI
YMEHBIICHHE 0 HYJIS B TOUKE X=C. KacaTeJIbHbIX KOHTAKTHBIX

PaccuntanHas mo o00bEéMy (TUIOIIAM) SIIOPHI HAOPSDKCHUH T Ha  TEpEIHEH
cujga  JIOJDKHa — ObITh  MpUOJMM3UTENHHO  paBHa  ITOBCPXHOCTH pe3na
COOTBETCTBYIOIIEH CHle U3 HKCIIEPUMEHTA.

[IpoBepsieM MpPaBHIBHOCTh TOCTPOEHUSI JMIOP — CHJIA, pacCUYMTaHHAs MO IUIoOmaau (00BEMY)
AMIOPHI JOJKHA OBITh PUOIU3UTENFHO PaBHA COOTBETCTBYIOLIEH CHIIE U3 SKCIIEPUMEHTA.

Ha paccrostaun ot pexyieit kpomku |1~ a (Mm) 611~(0,92...0,93)X0max , T.K. TaM eré
HET CTPYXKKH, OHa TOJIKO (popMupyeTcs, AaBiIeHHEe OT pe3lia UAET Ha 3arOTOBKY, TO3TOMY TaM
UMeeTcsl MPUMEPHO PAaBHOMEPHOE pacrpeie]IeHne HOPMAIbHBIX HANPSHKEHUH 6. BeMMunHy Gmax
3agaéM CcHauvana npuOnM3uTeNnbHO caMu. [IpUMepHO Omax = 2 G5  (Gs — BpEMEHHOE
COIIPOTHBIICHUE pa3pbhiB), WIIEM B CHPAaBOYHUKE /IS JaHHOTO MaTepuala W TpH JTaHHON
TepMooOpaboTke, T.e. TBEpHoctu HB. Hampumep, mist cramm 40X B mpyTkax (B COCTOSIHUU
MIOCTaBKH, T.€. 0€3 JOIMOIHUTEIBHON TepMo0oOpadboTku) ¢;,=495 MIla). 3ateM cTpouM 3IIOpYy G
(puc. 11) u koppekTupyem e€ (momnpanisieM), YTOObI COOIIOAATIOCH PABEHCTBO
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c .
N=bx[ @i X dx , -
0 (Mpa)
rae xj u3MeHsercs oT O (KOOpAMHATA Y 0950

pexymie KpoMmku, T.e. mpu xi = 0 MM) 10 xi=c w1 \\

(KOOpJMHATa TOYKM OTPbIBA CTPYKKM OT IlepeaHeit ,Wzgjj

IIOBEPXHOCTH, T.€. IIPH X; = ¢). J{JIsl 3TOr0 pacCcuMThHIBAEM [,’ o e i S N
IJIOLIAIb SIIOPHI 6: S, =S, ; (MIla/Mm); R e ey e

Hopmanbhas cuna no smope 6 Ng=Sxb (H) momxna —
6BITB ~ N3KCHCpHMeHTa (H);

rae b — mmpuHBI KOHTakTa CTPYXKH C ILIL
pesia, b =t/sin ¢. Kacarenpbnas cuna mo smope T F;
=St xb (H) momxkHa OBITh = Fcnepumenra (H);
[Tnomans smtopel 6 S, = 160,1 MITa/mwm; nosepxHocTH pesua. Crans 40X -
Non = Pron= Soxb = 160,1x2,82 = 4512 H TI5K6; t=2mm; v= 120 w/mu;
Py oxen = 446,4 H. (0 yAeNbHBIM CHJIaM) BHJ SIIOPHI G y=7°, 0=45°, s= 0,07 MM/06.
Ha3HAYCH MPABUIILHO.

caie

Puc. 11. TIpoBepka mnpaBUIBHOCTH
MIOCTPOCHHUSI 3IIOP HOPMANIbHBIX G
U KacaTelbHbIX T KOHTaKTHBIX
HanpsiHKEHUN Ha nepeaHen

u

0,23+0,46)x293
[Tnomaae 3MtopsI T ST:{ b )x =101 MIla/mmM;

2
F=PF,= S5:xb =101x 2,82 = 284,82 H = Pyy sxcn = 283,3H. (110 yfenbHBIM CHIaM) BUJ SIOPHI T
HA3HAYCH MPaBUIIBHO.

Onpenenenne JJUMHbI KOHTAKTA CTPY:KKH C TepelHeil TMOBEPXHOCTbIO MNPH
OTCYTCTBHMU IKCIIEPUMEHTAIbHBIX JAHHBIX

Pe3ynbpTaTel M3MepeHUsl JUIMHBI KOHTAKTa CTPY)KKH C TIEpPEeIHEH MOBEPXHOCTHIO pe3la
MIPEICTaBJICHBI Ha puC. 12.

—8— s=0.07Mm/00
C,.MM —®—5=0.11Mm/06
—&— 5=0.23Mm/00
2.0 ; ¥— s=0.34MM/06
4 *— | = ®— 5=0.52MM/00
1.8 == = L
. & ) S - &
e

-~ T A

0.8 T
o

0.69 W | S
0.1 ] TN
: ——e
. \‘\TL_:'% "

T 1 1 T

-10 0 10 20 30 40 vy, rpan

Puc. 12. Bnusiaue BenmuuHbI iepenHero yriaa y (°) Ha JUTMHY KOHTaKTa C (MM)
npu oOpaboTke cramu 40X

[To rpadwmkam puc. 12 Obu TOCTpOEHBI TpadUKH BIWSHUS TOJIIUHBI Cpe3a a W
BEJIMYMHBI TEPEJHEro yria y Ha JUIMHY KOHTAaKTa CTPYXKH C IepeJHed MOBEpXHOCThIO ¢
(puc. 12). Ilo rpadukam puc. 12 6putn onpenenensl ypaBuenus ¢ = f(y) mis s = 0,07-0,52mm/06
C MMOMOIIBIO TporpaMMHoro odecrniedenus OriginLab:

Jns momgayum s=0,07Mm/00, mmunHa koHTakta C =-0.01-y +0.5 (Mm);
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st momaym S =0,11mMm/00, mmHa koHTakTa C =-0.01015-y +0.75 (Mm);
Jnst momaum S =0,23MM/00, nnwHa koHTakTa C =-0.01074-y +1.28 (Mm);
st momaum S =0,34mMm/00, mymHa KoHTakTa C =-0.01137-y +1.55 (Mm);
s monmaum S =0,52mMm/00, mnmuHa koHTakTa C=-0.0115-y+1.905 (mm).

1:

Z

A
7

. / J 3
0.8 7 /. T
. O 7 7
4 p 4 //
0.6 8 /
4 % /

/s
/‘/‘,/

35°

3]

il
N

N
x

D
\~é</ 1.2
- »
////Y /// - )
: ~
-~ L ¥
2

D e

1 " 1 A 1 " 1 i 1 M 1

g [ 9 on ’ a5 ¢
)5 0.10  0.15 0.20 0.25 0.30 0.35 d’MM

- -

0.0 .
0.00 0.

Puc. 13. I'paduxu n3meHeHHs IITMHBI KOHTaKTa ¢ (MM) OT TOJIIMHBI cpe3a a
(Mm) u nepeanero yria y (°). ToukaMu U [IBETHBIMHU JIMHUSAMH 0003HaYEHbI
rpaduKy 10 pe3yabTaTaM U3MEPEeHUH, TOHKUMHU JIMHUSIMH — IIPH pacyére 1o

dopmynam ¢ = f(y)

ITo rpadukam puc. 13 Obutn onpezeneHs! ypaBuenus ¢ = f(a) amst y=+7 °, +15 °, +25
+35° ¢ momorsio porpaMmuoro obecrieuenus OriginLab:
Ecnm y=7°, nnuHa KOHTaKTa C=O,026+8,955a-10,903a2 (MMm).
Ecmu y=15°, niuaa KoHTaKTa c:-0,103+9,564a-12,483a2 (Mm).
Ecnu y=25°, nnuHa KOHTaKTa C:-O,016+8,728a-10,638a2 (MMm).
Ecmm y=35°, nniuaa KoHTaKTa c:-0,205+8,105a-9,507a2 (Mm).
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[IpakTrueckoe 3anstue Ne 4
PacuéT napameTpoB 3MI0P KOHTAKTHBIX HANPSKEHU I
Ha NepeaHel MOBepPXHOCTH U (acke 3a/IHell MOBEPXHOCTH pe3na npu odpadoTke cTajaun

l. Yriabl B i1aHe

I'n1aBHBIH yroJ1 B IJIaHe ¢ - YroJI MEeX/1y HalpaBJICHUEM I10/1a41 M IPOEKIUEH TTIaBHOM
pexyleil KPOMKH Ha OCHOBHYIO TJIOCKOCTb.

BcenomoraTtesbHBIH YIoJ1 B IVIaHe @1 - YTOJI MEX/1y HalpaBJIeHUEM MTOJaud U MPOEKIUeH
BCIIOMOT'aTEJIbHOM PEXKYLIEH KPOMKHA Ha OCHOBHYIO IUIOCKOCTb.

YroJ1 Ipu BepIIMHE € - YTOJI MEXAY ITPOSKIMAMH ITIABHOM U BCIIOMOTATEIbHON PEXKYIIUMH
KPOMKaMH Ha OCHOBHYIO IUIOCKOCTh. £=180°- (p+¢1).

Paguyc npu Bepummne R () urpaer pemaroniyro posib Ha MepoXoBaTOCTh 00paboTaHHON
MOBEPXHOCTH, OCOOCHHO IpH Maoil noaave (S menee 0,2 MM/00).

[Tnockoctes N-N Ha3bIBaeTCs IVIaBHOM ceKyliei MI0cKocTbI0. OHAa TPOXOAUT
NePHeHINKYJISPHO OCHOBHOM IVIOCKOCTH Y IPOEKIUH [JIABHOM pexyileH KPOMKH Ha
OCHOBHY1O M10cKOCTh. IInockocts N-N Ha3bpiBaeTcs IJIaBHOM ceKyllel IJI0OCKOCTbIO, TaK KaKk
UMEHHO B Hell M NapajIesIbHbIX el IUIOCKOCTAX, NPOXOAALIMX Yepe3 Jr0ble TOUKU TTIaBHON
peXyLIed KpOMKH, IPOUCXOAUT Mpouecc AepopMupoBaHus 00padaTbIBaeMOro MaTepuasa
IIPY €0 IIEPEXOJIE B CTPYKKY.

B rnaBHOM cexyniei INIOCKOCTH U3MEPSIFOTCS:

IJIABHBIH NepeaHuil YyroJ v - yroj Mexay nepelHei OBePXHOCThIO pe3lia (WK KacaTelabHON
K HEl) U IJIOCKOCTBIO, IEPIIEHIUKYISPHON K IJIOCKOCTH pe3aHMsl B pacCMaTpUBaEMOM TOUKE
TJIABHOM pexyllield KpOMKH;

IJIABHBIN 3aJHHI YTOJI @ - YroJl MEX/1y IJIaBHOW 3a/HEel OBEPXHOCTHIO pe3la (Wiu
KacaTeJIbHOM K Hell) U IUIOCKOCTBIO PE3aHUs;

YIoJi pe3aHusi 0 - yrojl MeX/1y IJIOCKOCThIO pe3aHus U IIepeHeN MOBEPXHOCThIO pe3lia (Win
KacaTeJIbHOM K Hell); yroJ 3a0cTpeHusi P - yroy Mexy IJlaBHOU 3a7Hel U nepeaHei
MOBEPXHOCTSAMH pe3lia (WK KacartelbHbIME K HUM): $=90°- (a+y).

AHaJOTMYHO U B CEYEHUH BCIIOMOTaTEJIbHOM PEXyYIIel KpOMKH pe3lia BCIoMOorareibHO|
cekyueii miockoctbio N1-N1 .

[Tpu n3mepeHun nepeaHero yriaa ciaeayeT YIYUThIBaTh, YTO B 3aBUCUMOCTH OT MOJIOKEHHUS
nepegHel MOBEPXHOCTH OTHOCUTEIHHO OCHOBHOM IMJIOCKOCTH MepeaHMii YroJi Y MOXKET UMETh
IOJIOKUTEJbHOE WY OTPULIATeJIbHOe 3HaueHus. B epBoM citydae nepenHss NOBEPXHOCTh
pe3lia HalpaBJiieHa BHU3 OT PEXYILEH KPOMKH,

a BO BTOPOM Clly4ae — BBEPX OT Hee. Ecnu § }

nepeHss MOBEPXHOCTh NapasuieabHa Yo

OCHOBHOM INIOCKOCTH, TO NIEPEIHUM YO Y y
paBeH HYIIO.

VY TBepIIOCIIIIaBHBIX PE3LOB C LENbIO

YIPOYHEHHUS PEKYILErO KINHA EPEIHIOI0 a) 6)
MOBEPXHOCTh YaCTO 3aTaYUBAIOT C ABYMS Puc. 3. ITonoxxeHne yrmpouyHsIomei
nepegHumu yriamu. [pu aToM nepenuuit ¢acku (a) 1 kaHaBKU (0) U1 yBETHUEHUS
yrou nmo Qacke 3aTauuBalOT OTPULIATETHHBIM MIEPETHETO YyIIIa
Yp=(-5°...-15°), nnuna dacku f = (0,2...0,8)-a,

TJie & — TOJIIHHA CPe3aeMoro ¢JIosi, KOTopas 3aBUCUT OT pabodeil mojja4un S ¥ IJIaBHOTO yIJia B
IaHe ¢: a = S$Sin @, MM.
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[Tepenuuii yromn 3a ¢ackoil yarie BCero BBIOIHSIOT MOJIOKUTETHHBIM. Eciiu mepeausis
MOBEPXHOCTh KPUBOJMHENHAS, TO NEPEIHNUN YTOJI U3MEPSIOT MEKIY OCHOBHOM IUIOCKOCTBIO U
IJIOCKOCTBIO, KaCaTEIbHOM K KPUBOJMHEMHON NIEpeEAHEN TOBEPXHOCTH pe3la .

[Ipu nonepeuHoii mojaye pe3na Ha BEJIMYUHBI KHHEMATHYECKHX MePeHero M 3aJHero
YIJI0B OKa3bIBaET BIMSIHUE MTOJIOKEHUE
BEKTOPA CKOPOCTHU PE3aHMsl, YeEpEe3 KOTOPbII
MPOXOJUT IJIOCKOCTh pe3anus. Eciu
BEpIIMHA pe3la U3 TOUKU CMEIlEHA BBEPX B
TOYKY OTHOCHUTEIHHO OCH LIEHTPOB
TOKApHOTO CTAaHKA, TO KWHEMAaTUYECKHI
NepeIHui yroja yBeJInunBaercs, a
KMHEMATUYECKHUI 338 THUI YroJl
YMEHbILIAeTCs Ha 3Ty e Benuuuny . [lpu
CMEIIECHUH BEPIIMHBI PE311a BHU3
OTHOCUTEIILHO OCH IICHTPOB Ha0JI0/1aeTCs

obpatHas kapruma. TloM0KUTeTbHbIi Puc. 4. I3MeHeHME NEPETHETO M 3aHETO

nepeIHuil yroJ1 Y 3aTa4uBaeTcs s YTJIOB pC3I1a B 3aBUCHMOCTH OT CTO

0BICr e IS 0GPA3OBANMSI CTPYHAKKH H YCTaHOBKHM OTHOCHTEIILHO OCH LIEHTPOB
CTaHKa

YMCHBIICHUS CUJIBI PEC3aHU.

IHo10:kMTeNbHBIN 32JHUI YIoJI 0. CO34AI0T VISl yMeHbIIEHUS] TPEHHUsI MEX1Y IOBEPXHOCTHIO
pe3aHus U 3a7Hel IOBEPXHOCThIO pe3la. C yBeIMYEHUEM 3aIHET0 yIia IPOYHOCTb PEXKYLIETO
KJIMHA cHIKaeTcs. [109ToMy B 3aBUCUMOCTH OT Harpy3Ku Ha PexXyIIMNA KIIMH, a TAKXKe OT
IPOYHOCTH MHCTPYMEHTAILHOI'O MaTepraia U yCJIOBUH pe3aHus Yallle BCEro 3aJHUI yroiu
a=6...10°

B mutockocTy pezanus (Bu Ha IIaBHYIO PEXYIILYI0 KPOMKY) U3MEPSIOT YroJl HAK/JI0HA IJIABHOM
peskyleil KpOMKM A - yroJl MeX/1y IJ1aBHOW pexylleld KpOMKOM U OCHOBHOM MJIOCKOCTHIO.
YTo5 HaKJIOHA TJIaBHOW PEKyILEeld KPOMKH A TakXke, KaK W IIEPEIHUN yroJl, OKa3bIBaeT BIMSHHE
Ha rpouecc JeOpMHUPOBAaHUS MaTepHaa 3ar0OTOBKHU Uepe3 H3MEHEeHHe HalPaBJIeHHs €X01a
CTPYZKKH TI0 IIEpEIHEN TTOBEPXHOCTH HHCTPYMEHTA. YTOJI A IPUHSITO CUATATh
MOJI0KMTEJIbHBIM, KOT1a HauOoJiee ya3BUMas JJis pa3pylIeHHs BEpPIIMHA pe3la 3aHUMAET
HaWHU3IIEE ITOJI0KEHUE 10 CPABHEHUIO C APYTMMU TOUYKAMU TTIABHOU PEXKYILEH KPOMKHU.
bnaronaps aTomy BeplnHa pe3la IpeJoXpaHsaeTcs 0T HOBPEXKICHUH, 0COOCHHO NMPH

NPepHIBUCTOM pe3aHuH U padoTe ¢ yIapHbIMHU
Harpy3kamu. [Ipu NOJOKUTENBHBIX yIJIax CTPY’KKa
CXOJIUT B HaIlpaBJIeHUH K 00paboTaHHON ” -
MOBEPXHOCTH U, Llaparnasl ee, yBeJIn4uBaeT ) B A
LIEpPOXOBATOCTh MOCIEAHEN.

- L -

Ha yncTroBbIX Onepanusx NnpuMeHsOT
oTpuLAaTeJbHbIe 3HAYCHUS yTJia A , TaK KaKk B ’TOM
Cllydae Harpy3ka Ha pexyluil KJIMH OTHOCUTEIbHO
HEBEJIMKA, a CTPY’KKA OTBOAUTCS B HAIIPaBJIIEHUU OT
00padoTaHHOM MOBEPXHOCTH. B 3TOM Ciiyuae
BEpILMHA pe3lia 10 CPaBHEHHUIO € APYTUMHU TOUYKaMHU
IJIABHOM peXyllled KPOMKHM 3aHUMAET HauBBICIIIEE
noJio’keHue. Ecnu rinaBHas pexyias KpoMKa
napajuieJIbHa OCHOBHOM IIJIOCKOCTH, TO yroyl A=0° - 310 HauboJ1ee yacro.

—t 4— -t

Puc. 5. Yroi HakiioHa ri1aBHOM
peXyIEeld KPOMKH A
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Hanuuue oTpuuareabHOro A oci1adJisieT BepIIMHY pe3la, I03TOMY PEKOMEHIYEeTCs

YMEHBIIATh NOJjauy U IIIyOUHY pe3aHusl B
MPOTUB 00PabOTKHU C HYJIEBBIM A

VY TokapHOro pesna umeeTcs JepKaBKa U
rojioBKa pesna ¢c_BepmmHoi 1. [ToBepxHocTb
2, 10 KOTOPOM CXOAUT CTPYXKKa, HA3bIBAETCS
nepeaHeil MOBepPXHOCTBIO, a JBE Ipyrue
IOBEPXHOCTH, 0OpaIlleHHbIE K [TOBEPXHOCTH
pe3aHus U K 00pabOTaHHOI MTOBEPXHOCTH,
Ha3bIBAIOTCSI COOTBETCTBEHHO IVIABHAS
3a/IHAS IOBEPXHOCTH 3 U
BCIIOMOTaTe/IbHasA 32/IHAS MIOBEPXHOCTH 4.
IIpu nepeceuyeHny nepeaHel MOBEPXHOCTH C
[JIaBHOM M BCIIOMOT'aTENbHON 3aJTHUMU

Tonoka  [lepxaBka

Puc. 6. IToBepxHocTu u
rpaHu (pexyuue

KPOMKH) pe3ia

1,5...2 paza

f

O

Puc. 7. I'naBubIi
yroJI B IJIaHE ¢
(crarrueckuit)

IMOBCPXHOCTAMU O6p33yIOTC$I COOTBETCTBCHHO IJIABHAN PE:KYIIAS KPOMKA 5 1

BCIIOMOTaTeIbHAsL pexxynasi KpomMka 6.

S/
'L‘%ﬁ%

Puc. 8. BnusiHue HanpasieHue mojayu Ha yrou ¢

* S nonepedHaA
(paganeHan)

b
Puc. 9. Yrom A
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JlaboparopHas padota Ne 2.
HccienoBanue CHI0BbIX 3aBUCHMOCTEN NIPOLECCOB Pe3aHUsd

I[JISI HU3MCPCHUA TCXHOJOTMYCCKUX COCTABIAIOIIUX CUJIBI PE3aHUA UCIIOJIb3YCTCA
TPEXKOMIIOHEHTHBIN TOKAPHBIA TUHAMOMETP.

Puc. 1. ITonoxenue oceit
COCTABJISAOLINX CHJIBI PE3aHUS

Puc. 2. Tp€XKOMIIOHEHTHBI TOKAPHBII TUHAMOMETP

Puc. 3. Ycranoska pesia B nunamometp Kistler 9257B Ha TokapHOM cTaHke (@), HACTPOMKa YCHITUTENs
JITIST ©I3MEPEHUS TEXHOJIOTHUECKUX COCTABJISIONINX CHIIBI pe3anus (0), JEeMOHCTpalus Ha YKpaHe
W3MEHEHHs COCTABIISIOIIMX CHIIBI PE3aHMs B IPOLIECCE PE3aHMs U MX 3aIHCh OTACIBHBIM (aiiiom

Puc. 4. TlopTaTuBHBINH MUKPOCKOII (@) UTT H3MEPEHHUs 00l JUIMHBI KOHTAKTa CTPY)KKH C TepeTHei
MOBEPXHOCTHIO pe3iia C (MM) M IUTMHBI TUTACTHYECKOT0 KOHTaKTa ¢; (MM), HApoCT Ha pe3tie (0) u
pacmosioKeHHe y4acTKa IAaCTUYECKOro KOHTAKTA €1 Ha JuinHe C. b — mmpuHa cpesa (Mm)

[Ipu TokapHOi 00pabOTKE TONIIMHA Cpe3a @ W INHPHHA KOHTAKTa CTPYXKH D ¢ mepemaHei
MOBEPXHOCTBIO PACCUUTHIBAIOTCS MO (POPMYIIaM:

a = sxsing (mm), b =txsine (Mm),

rae S — mpojosibHas mojgava (MM/00); t — rimyObuHa pesanust (MM); @ — TJIaBHBIH yroma B
wiane (°) (puc. 4).
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s uccrieoBaHusl BIUSHUS W3HOCA HAa COCTABISAIOIIME CHIIBI PEe3aHUs Ha TJIABHOU
3aHEed IMOBEPXHOCTH PEKYIICH IUIACTMHBI 3aTaduBanach ¢acka mmuHod h, =0,95 MM,
u3MepsieMasi TEPICHIUKYJIIPHO TJaBHOM pEXYIIeH KpoMKe, ¢ 3aaHuM yrioM op =0 °,

MOJICJIMpYIOIIasi HU3HOC IO 3aJHEl IOBEPXHOCTH. Panmyc OKpyrieHusl pexyled KpOoMKU

p = 0,003 MM COOTBETCTBOBAJ €CTECTBEHHOW 3aTOYKE HHCTPYMEHTA.

Py, Py, Pz (H)
2200
P\ Cunbl Npu BpesaHuu
20004
1800 4
p,‘(h‘ AX P
1600 1 Cunbl Npu
PZmax YCTaHOBUBLLUEMCS pe3zaHun
1400 4
1200 - Cunbl NpW TPEHUK Mo
3a,’.'l,HeI/-‘I noeepxHocTn
1000 4
Py 8004
Px —
600 4
400 4
200 4
0 —
t1 222 t(c)
200 Ns nr
Puc. 4. VIsmenenue cocraBisiomux cuibl pesanus Py, Py, P, (H) B 3aBucumocTn ot
Bpemen# t (C). [Togaua s = 0,34 Mm/00, [uTnHA (acku U3HOCA HA 3a/IHEH TOBEPXHOCTH
h,= 0,95 MM, ckopocTh pe3anus V = 120 m/muH, riyouna pezanus t = 2mm, 40X —
T15K6. OpaunaTa — cocTaBisitone cuisl pezanus Py, Py, P, (H), abcuucca — Bpemst
o0OpaboTku t (¢)

[Tocne n3mepeHHs TEXHOJIOTMYECKHUX COCTABIAIOMMX P;, P, n Py cuibl pe3anus ¢ Gpackoi
HaunOosbIen amuHb h; =0,9 MM mpu pa3auuHBIX M0Ia4ax U TIyOHMHE Pe3aHHus, pe3ell
MepeTaunBaICs TOJIBKO IO TJIaBHOM 3aHEN TOBEPXHOCTH, YTO 00ECTIEUNBAIIO TIOCTOSTHCTBO
3aJTHETO yIIIa Ha (acke 3aaHei moBepxHoctH o = 0 °. [TocnenoBarebHOEe YMEHBIICHUE JITTHHBI
dacku 3a CYET MEePETOUKH 10 33 JHEH MOBEPXHOCTH MO3BOJIUIIO MOJIYUYUTh JAHHBIE 00 H3MEHEHUH
cuI Ha (acke 3aHel MOBEPXHOCTH MPU Pa3IUYHBIX MMOJa4aX U TTyOUHE pe3aHusl.

HpI/I BpPEC3aHHUU TOKAPHOI'O pE3la NPOUCXOAUT CHaAYAJIa YBCIMUCHUC BCCX COCTABJIAIOMIUX
CUJIBI pE€3aHHd 10 MOMCHTAa 06p330BaHI/I${ CTPYKKH, IIOCJIIC YE€ro CHJibl YMCHBLIIAIOTCA MO0
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BEJIMYMHBI, XapaKTEPHOU sl YCTAaHOBUBLIErocs pe3anus (puc. 4). YBeIUdeHHE CUJI pe3aHus
IIpU BpEe3aHUU OOBACHSAETCS HAMM BIABIMBAHHEM CJIOS METajlla MOJ PEXYIIYI0 KPOMKY M3-3a
HAJIM4YUs OKPYIJIEHUS PEXKYLIEH KPOMKH, YTO 0COOEHHO CHJIBHO YBEJIMYMBAET COCTABIAIOIME P,
u P, T.e. pesympTupymomyo Py, Tanrennuanpnasg cocrapisoomas P, NpH Bpe3aHUH
SABJISIIONIASICS CUJIOM TPEHHsS 10 3aJHEed TOBEPXHOCTH, YBEIMYMBACTCS IO CPABHEHUIO C
YCTAaHOBUBIIEMCSl PE3aHHEM MEHEE CYIIECTBEHHO, YTO CBS3aHO C MajbiM KO3(PGUIUEHTOM
TpeHHusT Ha (Qacke 3aJHEH TOBEPXHOCTH M Ha PAJAUYCHOM YYACTKE PEXKYIIEH KpOMKH,
KOHTaKTUPYIOUIETO C MOBEPXHOCTHIO PE3aHMUS.

[Ipu ycTaHoBUBIIEMCS PE3aHUM OCTPHIM PE3IOM TaHTEHIMAJIbHAsl COCTaBIsAOMIAs P;
craHoBuTCs Oonbwe P, u P, HO MeHblIE Py, 4TO FOBOPUT O cpeaHeM Kod3(dUIMEHTe TpeHHs
Oonbiie equHULbl (puc. 5). Ilpu aHanM3e KOHTAKTHBIX IMPOLIECCOB HA IMEpEIHEH IOBEPXHOCTH
HEOOXOUMO OIEepUpOBaTh HE CHJIAMH, a KOHTAKTHBIMU HAIPSKEHUSIMH, pacIpeesieHue
KOTOPBIX OBLIO TMOJIY4EHO METOAOM pa3pe3Horo pesna [5, 9], a xapakrep HX pacrupeaeicHus
U3y4Jascs NOJSIPU3AIMOHHO-ONITHYSCKUM METOJIOM [S] 1 sta3epHoii uarephepomerpun [12].

[Tocne meperouku mo pesua 1o

3aHEH IIOBEPXHOCTH OH Pz H

YCTaHABIMBAJICA HA JUHAMOMETP U 2000 508
IPOM3BOAUIACE HACTpOIiKa Ha

NPEXHIOW TIyOMHY pe3aHus, OJIHAKO kY

OHa MOXET OBITh YCTaHOBIEHA C . at?
HOTPEIIHOCTSAMH,  CBS3aHHBIMH ~ C 1040

HETOYHOCTHI0 HACTPOMKM JuMOa 800

HOIIEPEYHON MOIAY Ha HOJb B Pa3HBIX 655

CepusX SKCIIEPUMEHTA, U3-3a YIPYIoi 100 2

nedopmaruu cucrembl CITN3 (craHok- 0 0.1 0.2 0.3 04 S, MM/06

IpUcroco0IeHne-UHCTPYMEHT-
3arOTOBKa) M € 0COOEHHOCTAMHM | Puc. 5. Biusnue nomaum S (Mm/00) Ha P; (H) nmpu
CaMoro mpomecca pe3aHms. o0paboTtke ctanu 40X npu JUIMHE UCKYCCTBEHHOMN
YTo0Ok! HCKJTFOUUTD 3Ty | dacku Ha 3aaHel moBepxHocTH h,=0,13 mMm.
NOTPeIHOCTL  TUIYOMHBI  pe3aHus | t=2 mm; V=2 m/c. ToukamMu ® 0003HAYEHBI
BBITIOJIHSJIOCH U3MEPEHHE (pAaKTHICCKON | hakTHUECKHEe BENMIUHBI CUIIBI Py, O — Py pucy,
DTyOUHBI pe3aHus (t(j)akm) U3MCPEHMEM | pacCUYMTAHHBIC YEPE3 YACIbHYIO CUITY PE3aHUs
AaMeTpa 3arOTOBKH 10 M  HOCIE | Oz grawm
TOYCHMsI, a 3aTeM N0 (aKTHUECKOH
cune pesanus (Hampumep, P;pum) #

y

dakTuueckoil rimyoune pezaHust ({paom) o

PACCUMTHIBAINCh  yJCIbHBIC  CHIIBI - /"
pe3anus (Harmpumep, 0z gam), @ 3aTEM 2000

pacCIuTbIBAJIUCH COCTaBJIAIOIINEC /I/
1500

cunbl pe3anus (Hampumep, P;pue,) 1O

v v " Pxy
3a/1aBaeMoil (HacTpauBaeMoii) riryOuHe // . .

A ( p ) Y 1000 " mPz
pe3anust (Lugemp)-

/ -
qu =qu gaxm :Pz d)akm/ (t(]me XS) 500 /
(H/mm?) win (MITa); //

Pz pacuquz Gaxm ><tHacmp xs (H) 0

Takoii cioco6 no3BosseT
YBCJIHYUTE TOUHOCTE OTIPEICTICHIA Puc. 6. Bausnue nogaun s (MM/00) Ha COCTABNIAIOLINE CHITBI
COCTABJLIIOIINX CUII PE3aHUsl, 4YTO pesanus P,, u P, (H) npu npsaMoyroiasHoM cBOOOHOM
0COOEHHO Ba)XHO JIJISl OTIPEICTICHUS pe3anuu cranu 40X npu nepeaHem yrie y = 7°
XapakTepa pacupCACICHUSA KOHTAKTHBIX
HaIPSDKEHUHM U UX BEJIMYMHBI HA UICKYCCTBEHHOH (packe 3aiHeH MOBEPXHOCTH METOA0M
HCpCMCHHOfI (I)aCKI/I. HpI/I OTOM ACIAK0TCA JOMYIICHHA, YTO IPHU USMCHCHUHN JIJIMHBI (paCKI/I CHIJIbI
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Ha MepeIHEH MOBEPXHOCTU HE U3MEHSIOTCS U KOHTAKTHBIC HAMPSKCHUS Ha I-TOM ydacTke dacke
3aJIHEN TTIOBEPXHOCTH Ghj U Thi MAJIO 3aBUCAT OT BEJIMUYUHBI HAMPSHKEHUI HA COCETHUX y4acTKax,
T.€. Ohj-1 U T hi-1, Ohi+1 U Thi+1-

I'mybuna pe3anus t(Mm) B pacu€rax YTOYHEHHBIX, WJIM PACUETHBIX, TEXHOJOTUYECKHUX
COCTABISIIOMMX P pucy U Py pacy CHIIBL pe3aHust Qpz» Qpay
IpUHUMAIaCh  PaBHOW  cpeiHed  ruryOuHe (MFPa)
pesanusi t, (MM) B CepHM  IKCIIEPHMEHTOB | 3000

Ha3bIBaJIaCh YCJI0BHOM ri1yOnHOMI 2500 . /
pe3anus tyc, (MM), 4YTOOBI  OTAMYATH €€  OT 2000 | _

HacTpauBaeMoM. T.x. mnpum  wuccilenOBaHUU 1500 Oy
CTapaJIuCh BBIAEPXKATh HACTPAHBAEMYIO TIIyOMHY
pe3anus, TO by, = tigemp (MM). 1000 —
500
0 01 02 03 04 05s(mmr)

Pacuér ¢usmvecknx COCTaBISIONUX CHITBI
pezaamst N w F 1o  TEXHOJOTHYECKHM Puc. 7. Busirne nogasu § (Mm/o6) Ha
COCTAaBJIAKOIIITUM PZ 158 ny HpI/I HepeﬂHeM yFJIe Y # OO YAEIBHYIO CUITYy pe3aHus (MHa) npu
BBIMOJHSAEM 110 (opMyliaM, KOTOpBIE MOIydaeM U3 | obpaborke crami 40X mpu muHe

CYMMBI BEKTOPOB (pHC. 4_3): HCKYCCTBEHHOH (packu Ha 3aTHEH
— — = nosepxHoctu h,=0,13 mm. t=2 mm; V=2 M/C
I:)z = NPz + FPz' (1)

Py =Fey + Ny 2 A

U3 ostux  QopMyn momydaem  1Ba Npz /15, Pyy
ypaBHenus (3) u (4) mia pacuéra GusnvecKux

-—ﬁ
CHJI PE3aHHUS: Fpz S Npxy
: Fpxy

N = Np; — Npyy = P;xcos y — Pyyxsin y; (3) \

Bropoe crnaraemoe co 3HakoM Munyc (-
Npxy), T.K. 3Ta COCTaBIJIAIOLIAs HAlpaBlcHA B Puc. 8. CocraBiilommye CHIIBI pE3aHuA Ha
OﬁpaTHOM HaHpaBJIeHI/II/I o CpaBHeHI/IIO C NepEeAHCH MOBCPXHOCTH B I'NIABHOU CCKYLICHU

IIJIOCKOCTH

HanpasneHueM Np;;

F = Fpxyy+Fp; = Pyyxcos y + P,xsiny. (4)

C momotip0 AMHAMOMETPA U3MEpsieM TexXHoNorndeckue cuisl Pz, PX u Py.
PaccuntsiBaeM PXy u 3anocum B Tabnuiy 1. PaccuntbiBaeM ¢pu3znyueckue COCTaBISIONINE CUTIbI
pe3aHus U TaKkKe 3aHOCUM B Ta0nuiry 1.

Heo6xoanmMocts pacuéra ¢usmnueckux cocraBistomux Ni u Fi cuibl pe3aHus BbI3BaHa
HEOOXOJUMOCTBIO  ONpEAENEHUs] PpacHpe/lelieHUss KOHTAKTHBIX HAIpsDKEHUH, HampsMylo
CBS3aHHBIX C JJIMHOM KOHTAaKTa CTPYXKKHM C IEPEIAHEH IOBEPXHOCTbIO MHCTpPYMEHTa. be3 atux
CHJI DMIOPbl KOHTAKTHBIX HANPSHKEHUM NPABWIBHO ITIOCTPOUTH HEBO3MOXKHO, a 3HAYAT U
paccuntath HJIC nHCTpYyMEHTA.
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Ta6mn. 1 — Cunbl pe3aHusi, paCCUUTAHHBIC TIO YJCIbHBIM CHJIaM Pe3aHus, MOJyYSHHbBIX U3 IKCIIEPUMEHTOB

IIPU TTOCTOSIHHOM yCIIOBHOM Ti1yOuHe pezanus t=1,99 mm

a, Mm S, Texnonozuueckue cpeonue QDusuueckue cocmasasaoujue Texuonozuueckue cunvt (H) Dusuyeckue cocmasaiouue
MM/06 | cunbl npu yCmaw. pe3aHuu RPU | Cuibl NPU YCMaH. pe3anuu npu npu YCmaw. pe3anuu npu CUJIbL NPU YCMAH. Pe3aHuU RPU
tnput=199 mmu y=+7°H t=1,99 mum y=+47° H t=1,99 v, PEFA5% H t=1,99 mn PEFASS H
Pew | P Hep E N Hep P P, Mep 3 N Hep
0,05 0,07 286 443 0,646 338 405 0,83 - 223 433 0,516 327 360 0,909 |
0,078 | 0,11 396 619 0,640 469 566 0,83 - 309 577 0,536 448 477 0,939 |
0,163 | 0,23 742 1216 0,610 885 1117 0,79 - 635 1087 0,584 894 886 1,010 |
| 0,240 | 034 961 1735 0,554 1165 | 1606 0,73 - 864 1592 0,543 1247 | 1314 0,949 |
0,368 | 0,52 1144 | 2370 0,483 1425 | 2214 0,64 1078 2222 0,485 1616 | 1867 0,866 |
a, Mm S, Texnonozuueckue cpedﬂue Dusuueckue cocmaesysArouue Texnonozuueckue cuvt (H) Du3uueckue cocmaejouiue
MM/0 cunvt (H) npu ycman. pezanuu | cunvt npu ycman. pezanuu npu npu ycman. pe3anuu npu CUTIbL NPU YCMAH. Pe3aHuu nPu
o nput=1,99 vm, u y=+25° H t=199 mmu p=+25° H t=1,99 v, u - H t=1,99 vm u - H
_- P2ep Hep E N Hep . P Hep F N Hep
0,05 | 0,07 167 394 0,646 318 286 1111 110 354 0.313 294 226 1.298
0,078 | 0,11 223 520 0,640 422 377 | 1.119 187 463 0.295 378 301 1.255
0,163 | 023 479 081 0,610 849 686 | 1.237 - B4 874 0.370 767 530 1.445
0,240 | 0,34 650 1414 0,554 1987 | 1007 | 1179 - 136 1234 0.353 1065 761 1.400
0,368 | 0,52 817 1948 0,483 1564 | 1420 | 1101 - 556 1674 0.332 1416 | 1059 1.346
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0O000meHHBIE IMIIHPHYE€CKH € YPDAaBHCHITA JIUIA PACHCTOB COCTABIIAOINX CHIIBI PE3aHITA
YHUTBIBAIOT BIIMSTHIIC OCHOBHBIX ITAPaMETPOB PeKIMa pe3aHisd I IMCIOT CJIG,Z[YIDH_[I’IFI BH:

X ¥ 1
— pz pz oz .
P =C,t7"s"v¥?K,;

IgPz

—_ xpx ypx npx
Px—Cpxt Y pr,

P"'-}P"' P‘L
P prr s 7y K},.

lgy

3HaueHNId mMoKa3aTe el cTeneHei XEZ,’ XP.ZN HT.O. MOXKHO

paccuYuTaTh U3 rpauKoB 3aBHCHMOCTH COCINABNAIOUEN
Cuisl OT ZAYOUHBL PE3AHUA YTV IOJAYN S, B JBOUHBIX
JlorapH(pMqucxﬂx KOOp,Z[I{HaTaX T.K. rpa UK CTeIIeHHOI
(pyHKume =" pzL ez (mpu s=consf) B KOOpIUHATAX
lgP ~lgf ipencTaBisaeT cOO0M MPSMYEO THHUFO.

x,,,~lgt=A/B.

=pz
AHAJIOTMYHEI Irpa UK CTPOUTCS IPH F=const

‘I,!
(P, =" psSY).
Ho CTIe OIIPEICICHIIA [I0OKA3aTeNeil CTENCHEN Xy, Vy, U
T.I. RO3pPuuHeHTDI Cp,, Cp, 1 Cp, PACCUNTHIBAIOTCS I3

yKa3aHHBIX (JOPMYII IIPH H3BeCTHBIX cHIaxX Pz, Pz u Pz,
onpejeéHHBIX H3 IKCIIEPHMEHTOB.

3

lg:cr lgf

Cxema U1 oIpeieIeHNs
[I0Ka3aTeNIs CTelIeHH k£ B
ypaBHeHHH y=C,-x*.
k=tgr=(4/B).
Otpeskn4 u B HaMepsawTCs
JIHHeHKOH Ha rpauke

lgy—lgx (IgP-lgf)

54
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Jlaboparopuas padora Ne 3.
HccnenoBanue npouneccoB pe3aHus B YCJI0BHAX HAPOCTO00Opa3oBaHus
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Tabnuua 1. BiusiHue ckopocTu pe3aHus Ha TEMIEepaTypy, YCaaKy CTPY>KKH U CHIIbI pe3aHUs
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Puc. 1. Biusiaue ckopoctu pe3anus V (M/MUH) Ha Temiieparypy pesanus t (°C), aeiicTBUTENbHbII
nepeaHuit yroi vy, (°) mpu o06pa3oBaHUN HAPOCTA, YCAAKY CTPYKKH 10 ToJmuHe K,
cocrapisttonyro P, (H) cunel pe3anus u mepoxoBaTocTs 00paboTaHHON MTOBEpXHOCTH Ra (MKMm)
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[1pu pa3pymennn HapocTta (pHC. 2) 0JHA €ro 4acTh BHEAPsSIeTCS B 00Pad0TAHHYI0 TOBEPXHOCThD, a
Jpyras YHOCUTCS €O CTPY:KKOM. CHUJIbI CHEIUICHHS] HApOCTa C EPEAHEN MTOBEPXHOCThIO JOCTATOYHO
OoJbIIME U TIOATOMY YacTO HaOJIr0AaeTCs pa3pylleHHe TBEPAOCIIABHBIX HHCTPYMEHTOB, UMEIOIIUX
MOHIKEHHOE COMPOTHUBIICHKE Ha pa3phiB. [1o 3T0il npuyrHe TBepAble CIIaBbl PEKOMEHAYETCS
HCII0JIB30BATh TOJBKO HAa T€X peXXUMax pe3aHusl, KOra HaApoCT OTCYTCTBYeT. XapaKTEepHbIM
MIPU3HAKOM HapOCTOOOPAa30BaHMUSI SIBIISETCS
BBICOKasi mepoxoBaTocTh (Rz, Ra)
00paboTaHHON MOBEPXHOCTH, BHI3BAHHAS
BHEPUBIIMMUCS YaCTUIIAMH Pa3PYyUIEHHOT O
HapocTa. HapocT npegoxpaHsieT 3aJHI010
MOBEPXHOCTb MHCTPYMEHTA OT KOHTAKTa C
00paboTaHHOM MOBEPXHOCTHIO, OJTHAKO
MOJIHOCTBIO 0CBOOOIMTH €e 0T M3HOCA He
MO3KeT 13-32 IEPUOIUUECKIX CPHIBOB

Puc. 2. O6pazoBanue HapocTa U €ro
HNEepHOANYECKOE Pa3pylICHHEe

Hapoct nosBnsercss yxe Ha MalbIX CKOPOCTSX
pe3aHus MpU KOMHATHOM TEMIEpaType W XapaKTepPU3yeTcsl B 3TOM cliydae clabod yCTOWYUBOCTHIO.
[Ipy MOBBIIIIEHUH CKOPOCTU pe3aHus TeMIlepaTypa pe3aHus pacTeT U NMPU TeMilepaType pe3aHusi

0=~300°C (B amama3oHe CKOpOCTEH o 0°
pesanust Vi...V2) BbIcoTa Hapocra H ? . 600°

mocturaer Makcumyma (puc.3). Ilpu fo //
JNAIGHEUIIIEM  TOBBIIICEHUH  CKOPOCTH }Ig 3002 VMCHBIICHHE
pe3aHusi B JuarnasoHe V2...V3  HapocT L., I TCHCHEHOCLII

YMCHbBIIACTCA HM3-3a YMCHBLIICHHA €TI0

MPOYHOCTH U COBCEM HCYe3aeT Tpu
CKOpPOCTH pe3aHMsl, KOTJa TemIilepaTrypa
pe3anus © ~600°C.

POCTa TEMIIEPATYPEL
H3-3aYBETHUCHHA Y
Yﬁ:
I

Pe3anue B 001acTu OTCYTCTBHS HApOCTA,
TO €CTh Ha MOBBIIIEHHBIX CKOPOCTAX
V>V3 COIIPOBOXKIAECTCA YMEHbIIeHHEeM
cpeaHero ko3 GUIUEHTa TPEHUS Pep U3-32
yBeJIM4YeHHs yAeJbHOr0 HOpMAaJIbHOI0
HANPSIZKEHUsI 6, HO COXPaHeHHeM
KacCaTCJIbHOIO KOHTAKTHOT'O HAIIPSIKCHUS T.
B cBO10 0ouepenpb ITO BBI3BIBAECT
yMeHbIlIeHHe yIia A1elCTBUS O U
YBeJIHYEeHHEe YI/1a HAKJI0HA YCI0BHOM
miockoctu capura ®@. B pesynbrare
IIPOUCXOJUT CHUKEHUE YCAJIKU CTPYKKH

VRN
r >\

K w cunel pe3anus R. e—
VYBenuueHnue CKOpOCTHU PE3aHMs BbI3bIBAET
TaKXe YBeJMUYEeHUE CKOPOCTH ¥ v, vy v

nedopmanuu € B o0ractu
CTPYXKOOOpA30BaHHUS, UTO MMPUBOHT K
YMEHbIIEHHUIO IIACTHYHOCTH
oOpabaTeiBaeMOro MaTepuasa u
YMEHbIIEHUI0 00/1aCTH
CTPYXK000pa3oBaHus. ITO MPUBOIUT K

Puc. 3. Bnusiaue ckopoctu pezanus V (M/MHUH) Ha
TemriepaTypy pe3anus t (°C), qelicTBUTENbHBIN
nepeaHuii yroi vy, (°) mpu o0pa3oBaHUM HApOCTa,
yCasKy CTpYXKH 1o tonmmae K, coctapistontyio P,
(H) cunbl pe3anust 1 epoxoBaToOCTh 00pabOTaHHOU
noBepxHocTH Ra (MkMm)

YBEJIHYEHHUIO YIJIa HAKJIOHA YCIOBHOM
IJI0CKOCTH c/iBUra @ 1 yMeHbIIeHHIO CHJIBI pe3aHus R.
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iam28@tpu.ru (Mnea AHgpeesnd Mesep): Tabnnua namepeHns cun pesanusa rp. 4AM92 (Mcen npoy 0bpabd pesaHnem n PU)

A B - D E F G H J K L M N o P Q R 5 U
Mo n v IPZ Pz Ipx Px Ipy Py g S t Aw a al Ka mcTp [ Kl Rz
T L TN H LA H LA H LA o6 |mm BT/m MM MM MM MEM
1 2 3 4 3 [ 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1 12,5 27475 20 200 15 165 10 200 0.13 2 0.598 6.53
2 40 8.792 60 600 20 220 11 200 0.13 2 0.26 4.5
3 80| 17.584 60 600 20 220 0.13 2
4 160 35.168 60 600 20 220 0.13 2
5 315| 69.237 80 200 33 363 0.13 2
6 630 138.474 70 700 30 330 0.13 2
7 1250 27475 60 600 26 286 0.13 2
8 80| 17.584 130 1300 40 440 70 928.9 19 380 0.23 2 0.33 2.2
9 160 35.168 130 1300 55 505 50 663.5 29 600 0.23 2 0.34 2,73
10 315| 69.237 110 1100 44 484 75| 995.25 34 630 0.23 2 0.36 2.4
11 630 138.474 130 1300 35 385 72| 955.44 38 760 0.23 2 0.32 2,13
12 1250 27475 120 1200 30 330 71| 94217 45 500 0.23 2 0.15 0.32 2.13
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JlaboparopHuas pabota Ne 4.
H3mepenne cocTaBJISIIONIMX CHIIBI Pe3aHus IPU Pa3HBIX MEPeIHUX YIJIaxX pe3na
npu o6padoTKe cTAIN

Tabn. 1 — Bnusinue nepeanero yrna vy (°) u mogauu S (MM/00) Ha COCTaBIISIFOIIME CUJIBI PE3aHUS MPU MOCTOSIHHON YCIOBHOM TITyOuHE

pesanus t=1,99 mm. Crane 40X-T15K6, ¢ = 45° r=0,05 MM, t = 2 MM

a, Mm S, Texnonozuueckue cpeonue QDusuueckue cocmasasaoujue Texuonozuueckue cunvt (H) Dusuyeckue cocmasaiouue
MM/06 | cunbl npu yecmaw. pe3aHuu RPU | Cuiibl NPU YCMAH. pe3anuu npu npu ycmau. pe3anuu npu CUJIbl NPU YCMAH. pe3aHuu npu
tnpu t=1,99 mmu y=+7° H t=1.99 wm p=+7° H t=1,99 wn, PEFA5° H t=1,99 am H
- Pow | P Hep E N Hep Ps P, Hep E N Hep
0,05 0,07 286 443 0,646 338 405 0,83 - 2238 433 0,516 327 360 0,909 |
0,078 | 0,11 396 619 0,640 469 566 0,83 - 309 577 0,536 448 477 0,939 |
0,163 | 0,23 742 1216 0,610 885 1117 0,79 - 635 1087 0,584 894 886 1,010 |
| 0,240 | 0734 961 1735 0,554 1165 | 1606 0,73 864 1592 0,543 1247 | 1314 0,949 |
0,368 | 0,52 1144 | 2370 0,483 1425 | 2214 0,64 1078 2222 0,485 1616 | 1867 0,866 |
a, Mm S, Texnonozuueckue cpeonue QDusuyeckue cocmasasaowue Texnonozuueckue cunvt (H) Dusuyeckue cocmasaiouue
MM/0 cunvl (H) npu ycman. pezanuu | cunvt npu ycman. pezanuu npu npu yCman. pe3anuu npu CUbL NPU YCMAH. pe3anuu Rpu
o npu t=1,99 vm, u y=+25° H t=199 mmu p=+25° H t=1,99 v, u - H t=1,99 vm u - H
_- P2ep Hep E N Hep . P, Hep F N Hep
005 | 007 167 394 0,646 318 286 1111 - 110 354 0.313 294 226 1.298
0,078 | 0,11 223 520 0,640 422 377 | 1.119 87 463 0.295 378 301 1.255
0,163 | 023 479 081 0,610 849 686 | 1.237 - B 874 0.370 767 530 1.445
| 0240 | 0,34 650 1414 0,554 1187 | 1007 | 1.179 14836 1234 0.353 1065 761 1.400
0,368 | 0,52 817 1948 0,483 564 | 1420 | 1.101 - 556 1674 0.332 1416 | 1059 1.346

29



JlaGopatopHnas pabora Ne 5.
N3mepenne cocTaBISIIOMMX CHJIbI Pe3aHUs PU MOJIeJIMPOBAHUH
H3HOCA pe3la 110 3aJHel MOBEPXHOCTH NPHU 00padoTKe CTAIN

Jlns uccnenoBaHus BIMSIHMSL M3HOCA HA COCTaBIIAIONIME CUJIbI pE3aHUs Ha TJIABHOM 3ajHeil
MOBEPXHOCTU PEXKYIIEH IUIACTHHBI 3aTayMBaIach
(dacka JUIAHON h, =0,95 MM, u3Mepsiemast "'LLl
NEPIEHIUKYISIPHO TJIABHOW pPEXYILIEH KpOMKE, C
3agHuM yrioM op = 0 °, Moaenmupylomas U3HOC IO
3alHeH NMOBEpXHOCTH. Pannyc okpyriieHus pexyuiei
kpoMk# p = 0,003 MM COOTBETCTBOBAJ €CTECTBEHHON | - = - =
3aTOYKE MHCTPYMEHTA. \}’/ Jg 14 py )

ITocne meperoukn 1O pe3la IO 3aJaHEH «6 \\ AZAN ~ &
MOBEPXHOCTU OH YCTAHABJIMBAJICS HA TUHAMOMETP U c :
MPOM3BOJIMIIACH HACTPOMKA Ha MPEXKHIO TIYyOHHY ? =P
pe3aHusi, OJHAKO OHAa MOXET OBbITh YCTAHOBJICHA C o P Y—F— Pxy
MOTPEIIHOCTSIMH,  CBSI3aHHBIMU C  HETOYHOCTBHIO ~———Sp
HACTPOMKHU JMMO0a IONEepeyHoN MoJauyu Ha HOJIb B
pa3HbIX CepHsX OKCIEPUMEHTa, Wu3-3a YIPYro
nedopmanuu CUCTEMBI CIIn3 (craHOK-
MPHUCTIOCOOTICHIEe-UHCTPYMEHT-3ar0TOBKA) U C 0COOEHHOCTSIMHU CaMOT0 NpoLecca pe3aHusl.

v Snp

2522
I
)
|
)
i

Puc. 1. DnemMeHTsI pe3anus npu
MIPOJIOILHOM TOKapHOH 00paboTKe

HesaBucuMo ot tumna u a,
>
Ha3HA4YCHMS PEKYIINE HHCTPYMEHTBI ) {
U3HAIIUBAIOTCA IIPEXKIE BCETO 110 1% Y
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3a/IHUM noBepxHocTsM. Hanbonee
MHTEHCUBHO W3HAIINBAIOTCS
YYaCTKH 3aIHUX ITOBEPXHOCTEMN,
IPUJIETAIOIINX K PEXYILEH KpOMKe,
T/Ie KOHTAKTHBIC HATPSKEHHST b N /)\
0co0eHHO BBICOKH. B pe3ynbrare
3TOro 00pa3zyercs iomanka (packa)
usHoca h,, (hy) ¢ HyneBbim (ap=0°)
(eh=0°), a B OTAEIBHBIX CITyYasix U C
HEOOJIBIINM OTPULATEbHBIM
3agHuM yriaom ad. ITpu
HECBOOOJIHOM pe3aHuM LIMpUHA
(mruma) dacku usnoca h,,; B1oIH
JUTUHBI PEXYIIUX KPOMOK a) 0)
HepaBHOMEpHA. OHAa HECKOJIBKO Puc. 2. 305l H3HOCA TOKApHOI'o pe3na
yBeJIMYeHA HA BeplIMHe pe3na
(Touka A), Tae BeICOKask TeMIeparypa u -

yCIIOBUS TPEHUsI Haubosee "

HeOaronpusaTHEL. MHOT/Ia Ha Kpalo "

momaaku (Touka B) HaGmomaercs i ;
I, 7,

JIOKAJIbHBIM U3HOC B BUJIE Y3KOU
IIPOTOYUHBI, U3-3a YIIPOYHEHHOT'O
ITOBEPXHOCTHOTO CJIOSI 3aTOTOBKH.

L

Tacke ObLITO MCCIE0BAHO BIHMSHUC Puc. 3. 30HbI H3HOCA TOKAPHOTO pe3ia

JUMHBL  acku  W3HOcCAa 1O 3aJHei
MIOBEPXHOCTHU Ha CHJIBI, JICUCTBYIOIIUE Ha (packe, Mpu Bpe3aHUU IpH 00padboTke cTanu (puc. 4).

30



Py max, H

Py mav, H

2500
. 2000
1500 1500
1000 A 1000

500 300

2500
20001

L | 1
] 0.2 0.4 0.6 0.8 hs, mm 0

Py mav, H Py max, H
T T T T

2500
4l 20001
1500

1000¢
1000f
500

500 L L L L L L L L
0 02 04 06 0.8h;,mun 0 0.2 04 06 0.8h,mm

2500
20001
1500

Puc. 4. Bausnue jumHbel dacku 1o 3aaHeil moBepXHOCTH N, (MM) Ha COCTAaBISIOIIYIO Py gz x
CWIbl pe3aHusl Ha Qacke 3aJHEN IMOBEPXHOCTH (Ha HOPMalbHYIO CUJIy Ha (acke 3anHeil
noBepxHoctu Np) mpu Bpesanuu Ha pasnuybix nogadax. Crane 40X - T15K6, t=2 mwm, v=
120 m/mun. @) s=0,07mMm/06; 6) s=0,11mMm/06; 6) $=0,23Mm/00; &) S=0,34MM/00;
0) 5=0,52MM/00.

P:mav, H P:mav, H P:nave H
1500

1500+ 2000

£900; 1000} 1500}

500 500F 1000

L L L
0 02 04 06 08h;,mm

P:maexe H P:mave H : ' a .

2500 3000

2000 "
2500

1500
2000

1000 ! | i | : ; ;
Oc w0 (0 (007 08 Hap 0 02 04 06 08hymun

Puc. 5. BiusiHue anuHbl (hackd M3HOCA MO 3aqHEH MOBEPXHOCTH h; Ha COCTaBISIFOLIYO
P;max CHIIBI pe3aHusi Ha ¢acke 3aJHEN MOBEPXHOCTH (HAa KacaTelbHYIO CHIIy Ha Qacke
3ajiHel noBepxHOcTH Fph) mpu Bpe3anuu Ha pasnuunbix nogadax. Crams 40X - TI5K6, t=2
MM, V= 120 m/muH. a) $=0,07Mm/00; 6) $=0,11MMm/00; 6) $=0,23MM/00; 2) S=0,34MMm/00;
0) $=0,52MM/06
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pz s Qpuy
{MPa)

3000

2500

2000

a) h=0.13 MM 1500

1000

500
g al 02 03 04 05s(mmr)

dpz» Qpuy
{MPa)

3500
2000

2500
= — 2000
6) h=0.29 MM oo

1000

500
0 01 02 03 04 05s(mmr)

oz » Tpsy
{MPa)
S0040

G000

B) h=0.95 MM

4000

2000

a a1 0,2 2.3 04 0.3 s(mmi)

Puc. 5. Biustaue aiuHbl acku M3HOCA MO 33/IHEH MOBEpXHOCTH N (MM) 1
nojauu S (MM/00) Ha ynenbHbie crutbl pesanus. Ctams 40X-T15K6, ¢ = 45°,
r=0,05mm,y=7°t=2mMm.

32




JlabopaTtopnast pabota Ne 6.
HccnenoBanue u3MeHeHUsI FeOMeTPUM TOKAPHOTO pe3lia MPU ero H3Hoce
npu o0padoTKe cTAIH

N3HOC pexyiiero HHCTpyMEHTa €CTh Pe3yJbTaT TPEHUS CTPYKKHU O MEPEIHIOI0 TOBEPXHOCTh
WHCTPYMEHTA U €r0 3aJHEl MOBEPXHOCTH 00 00paboTaHHYIO MOBEPXHOCTh. DTO MPOIIeCe,
MPOTEKAIOIINI IPU BBICOKHX TeMIIEpaTypHBIX M KOHTAKTHBIX Harpy3kax. [lo cpaBHEHHIO ¢ H3HOCOM
JieTajiell B MalllMHaX [pU pe3aHuu yaenbHble nasineHus Boie B 300...400 pa3, a remneparypa - B
15...20 pa3. Kpome Toro, npu pe3aHuu U3HOC MIPOUCXOIUT HAa OUYECHb MAJIbIX IJIOMIaJKaX KOHTAKTa,
BEPXHHE CJIOM KOTOPBIX MOTYT HCIIBITHIBATH TIACTHYECKUE Aeopmarum.

Pa3znuyaroT 4eThipe 0CHOBHBIX BH/Ia H3HOCA PEXYILUX HHCTPYMEHTOB: 1) MEXaHUYECKU;

2) anare3uoHHbIH; 3) 1M PY3MOHHBIN; 4) XUMUYECKUH (OKUCITUTEIBHBIN).

Mexannuyeckuii (A0pa3uBHbIN) U3HOC POUCXOIUT B PE3YJbTATE PE3aHUS - TPEHUS TBEPIbIX
BKIIFOUECHUH HHCTPYMEHTAIBHOTO U 062a6aTBIBaeMOI‘O MaTepuanoB (ypOYHEHHBIC YACTUIIBI HAPOCTA,
KapOuIbl, HUTPU/IbI, UHTEPMETAUIUBI U JIP.) O MEPEAHION U 33JHIOI0 TOBEPXHOCTH HHCTPYMEHTA.
Oco0eHHO MHOTO YKa3aHHBIX BKIIOUCHHUN HAXOIUTCS B YYyTyHAX, 4 TAK)KE B BBICOKOJICTHPOBAHHBIX
CTaIsIX | cIiiaBax. Hampumep, B aMlOMUHUEBBIX CIUIaBaX ATUMH YaCTHIIAMHU SIBIISIOTCS
BBICOKOTBEP/IBIC YACTHUIIBI KpeMHUS. IHTepMETAIIIMYECKHE COCTUHEHUSI — XUMUYECKHE COCTMHCHUS
METaJJIOB ¢ MeTayuiamu, Hanpumep, CuUAl,, MgZn,, Al,CuMn. BxosT B CTpyKTypy OOJBIIOTO YKcia
MIPOMBIIIIJICHHBIX METAJUIMYECKUX CITIAaBOB, 00CCIICUUBAS UM YITPOUHCHHE

[Ipu uepHOBOIT 06PAOOTKE OTIMBOK 3TO MOTYT OBITh OCTAaTKU (POPMOBOYHOTO MECKA, 3aMOIHSIOIINE
PaKOBUHBI OTJIMBOK U JACUCTBYIOIINE KaKk aOpa3uBHBIN MaTepHUall.

B HanbonbIneit creneHn MexaHudecKuid (A0pa3suBHbIN) H3HOC MTPOSBIISCTCS MIPU paboTe
WHCTPYMEHTOB U3 OBICTPOPESIKYIIHUX CTAJICH ¥ HAOIIOIaeTCs B BUJC APANUH, KAHABOK U JAPYTUX
MUKPOHEPOBHOCTEH Ha MepeiHel U 3aJHeH MOBEPXHOCTIAX HHCTPYMEHTa. B MeHbIiel cTenenu
MEXaHHYECKUN U3HOC HAOII0aeTCs - Ha
TBEPAOCIUIABHBIX MHCTPYMEHTaX U3- / 3a

00J1ee BBICOKOI TBEPJIOCTH H T

M3HOCOCTOMKOCTHU TBEPABIX CIUIABOB.
Are3MOHHBIN U3HOC SBIISIETCS h) \
pE3yJIBTaTOM JEHCTBUS CHII aATE3UH,
€CTh CHUJI MEKMOJIEKYJISIPHOTO %
B3aMMO/JICICTBYS FOBEHWIBHBIX
(HOBBIX, FOHBIX - XUMHYECKH YHCTHIX, o

OYUIIEHHBIX OT OKHUCIIOB) Puc. 1. 30HbI H3HOCA TOKAPHOTO pe3lia
CBEX€00pa30BaHHBIX MOBEPXHOCTEN
CTPY’KKH U 3aTOTOBKH IIPH UX KOHTAKTE C IOBEPXHOCTSIMHM HHCTPYMEHTA B IIPOLIECCE COBMECTHOTO
TPEHHUSL.

Jud¢y3noHHbIi U3HOC TPOUCXOIUT B PE3YNIbTaTe B3aUMHOTO NepeHoca (¢ dy3un) aToMoB
KOHTaKTUPYIOLUIUX HHCTPYMEHTAIBHOTO U 00padbaTbiBaeMoro MatepuanoB. CKopocTh 1upy3noHHBIX
IIPOLIECCOB 3aBUCUT OT MOJBUKHOCTH aTOMOB, KOTOPasi, B CBOK OYEPE/b, OIIPENEIAETCS
Temriepatypoit pesanus. uddy3us cTaHOBUTCS 3aMETHOM TIPU TEMIIEPATYPE pe3aHusl CBHIIIIE
800...900°C, T.e. B 001acTu mpuMeHEHUs TBepAbIX criaBoB u CTM.

[Tpu pe3aHuu TBepAOCIIIaBHBIMU HHCTPYMEHTAMH MaTepUaJIOB Ha OCHOBE jKese3a Hanbosee ObICTpO
mudGyHIUpYeT Yriiepol, UMEIOINI HauMEHBIINN palnyCc aTOMOB, U 3HaYUTEILHO MEJJICHHEE
K00aJbT, BOJMb(GpaM U TUTaH. B pe3ynbraTe MOBEepXHOCTh TBEPOTO CIUIaBa o0e3yriepoxxusaercs. [Tpu
3TOM B TBEP/bIil CIIJIaB IPOHUKAET JKEJIE30, YXYALIAIOLIEE €T0 CTPYKTYPY, IPOUCXOAUT OXPYITUNBAHUE
U pa3ylpoOYHEHHE TBEPAOIO CIUIaBa O TAKOM CTENEHH, YTO OTACIbHBIE YUaCTKU ITHX CIIOEB
pa3pyuiaroTcs 1 yHocATcs 00pabaTbIBaeMbIM MaTEPUATIOM U CTPY>KKOM.

[Tpu pe3anuu cranu ABYyXKapOMAHBIMU criiaBamu rpymibl TK kapOuabl THTaHA pacTBOPSAIOTCS B CTAIH
MeJIeHHee, yeM KapOuibpl BosibppaMa. AHAIOTUYHO *kee30 ObicTpee AUPGyHIupyeT B KapOu
BoJIb(hpama, Hexenu B KapOoua TutaHa. [loaromy AByXkapOuaHbIe CIVIAaBbl B MEHbIIEH cTeneHu
no/iBepkeHbl AM(PPYy3HOHHOMY M3HOCY, YEM OJJHOKApOUIHbIE.
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[Tpu o6paboTtke uyrynos (C>2.14...4,3%) nuddysus yriaepoaa u3 TBEpAOro CrijiaBa 3aMeJIseTcs,
TeMIlepaTypa pe3aHusi MeHbIlle, YeM [IPU PE3aHUHU CTaJCH; T03TOMY OAHOKAPOMIHBIE CIIIaBhI H3-3a
MOBBIIIEHHON MPOYHOCTH KapOUI0B BOJIb(PpamMa MPeBOCXOAAT ABYXKApOUIAHbIE U 110
M3HOCOCTOIKOCTH. OTHOKAPOU/IHBIE TBEPIbIC CIUIABHI HCIIOIB3YIOT TAKXKE IPU PE3aHNHU I{BETHBIX
METAJIJIOB U CIIAaBOB, IPU 00pa0OTKE THTAHOBBIX CIVIABOB (M3-32 XUMHYECKOTO CPOICTBA
IBYXKapOHUIHBIE CIUIaBBI AAIOT XY/IINE PE3YJIBTATHI).

XumMuveckuii (OKMCIUTENbHBIN) H3HOC IPOUCXOIUT 32 CUET OKUCIIEHUS IIPU BHICOKUX
TEeMIIEpaTypax TPYLIUXCS CI0eB Oylaroapsi BBICOKOH MPOHUKAIOIIEH CITIOCOOHOCTH KUCIOPOa U
YCKOPEHHOTO €r0 COSAMHEHUS C FOBEHWJIbHBIMUA OBEPXHOCTSAMH CTPY)KKH U HHCTPYMEHTA.
OO0pazoBaBiIrecs: OKUCHBIE TUICHKH OUY€Hb XPYIKH U TIOATOMY JIETKO Pa3pyIIAOTCs, OrOJIsis
HIDKECIIEIYIOIINE CJIOU, KOTOPBIE B CBOIO OUEPE/Ib TAKXKE OKUCIISIOTCS U I10JIBEPralOTCsl Pa3pyLICHUIO.
OxucauTeNnbHOE H3HAIIMBAHKE CYIIECTBEHHO YBEJIHMUUBACTCS MPH TeMIlepaType pe3aHus ooiee
700°C. Y TBepapIX CIUIaBOB Hanboee OBICTPO OKUC/ISETCS KOOAJIBTOBAS CBA3KA, [IPH Pa3pyLICHUH
KOTOPO#M HapyIIaeTCsl MOHOJIUTHOCTD CIUIABA, 0CAa0/IA€eTCsA CBA3b MEK/1Y 3epHAMH KapOu10B
TUTaHa U Bojdb(pama. OKUCIUTETBHBIA H3HOC MOXKHO CYIIIECTBEHHO YMEHBIIUTD 3a CYET IPUMEHEHHUS
HHEPTHBIX Ia30B: a30Ta, ApPrOHA U TeIHA

He3zaBucumo OT THIa ¥ Ha3HAYCHUS PEKYIIHUE HHCTPYMEHTBI H3HAIIMBAIOTCS TPEXK/IE BCETO MO
3a/IHUM TOBepPXHOCTSIM. Hanbosiee MHTCHCUBHO M3HAIIMBAIOTCS YYACTKU 33 JHUX MIOBEPXHOCTEH,
MPUJICTAIOIINX K PEXKYIIEH KPOMKE, I/Ie KOHTAKTHBIC HAMPSHKEHUsT 0COOCHHO BBICOKH. B pesynbraTe
aTOro 0Opasyercs mwiomaaka (packa) usxoca h,y, (he) ¢ HyneBbim (ap=0°) (ah=0°), a B oTIEIBHBIX
CllydasiX ¥ ¢ HeOOJIBIIUM OTPHIATEILHBIM 3aIHUM yryioM ad. [Ipu HecBOOOIHOM pe3aHUH IHPHUHA
(mmmHa) packu u3HOCA Ny BIOIL IHHBI PEKYIIMX KPOMOK HepaBHOMepHa. OHA HECKOJIBKO
yBeJINU€HA HA BeplIMHe pe3ina (Touka A), T/ie BEICOKAs TEMIIEpaTypa U yCIOBHS TPEHUS Hanboiee
HeOnaronpusaTHbL. IHOT/Ia Ha Kpal IJI0IAaaKu (Touka B) Habmomaercs JIOKaabHbIH U3HOC B BUJIC
Y3KOW TIPOTOYUHBI, U3-32 YIIPOUYHEHHOTO MTOBEPXHOCTHOTO CJIOS 3aTOTOBKH.

W3HOC Mo mepeaHeii MOBEPXHOCTH JInnus
IPOTEKaeT C 00pa3oBaHHeM JIYHKH |\ ONITHMAaJIBHOTO
MIUPUHON ¢, IVTHHOU Dy ¥ riryOnHOi h,u H3HOCA A& hy .
3nech Touka O HauOOIbIIEH MM - B Vv,
TJIyOMHBI JTYHKH TIPUMEPHO LAY

COOTBETCTBYET MAKCUMYMY B
TeMIlepaTypbl Pe3aHus Ha " B/
TJIOMIA/IKE KOHTAKTa CTPYKKH C o 3 2 1
TIepe/IHel TTOBEPXHOCTHIO. JIuaus paBHOTO
Ilepennuit kpai JIyHKH OTCTOUT HA H3HOCa
HeOobIIoM paccTossHum f oT T ’C,MI/IE
pexylen KpoMku. Jlynka - v2 -

pacroJaraercs napauieabHO B T,
peXyIIeH KpOMKe, HECKOJIBKO He a

JOXOJs 10 BCIIOMOTaTeJIbHON
PEXKYIIEN KPOMKH.

Y
<

o
I

Puc. 2. I3Menenue nnuHbl acku U3HOCA 1O 3aHEH
MMOBEPXHOCTH B 3aBUCMMOCTH OT BPEMEHU PE3aHUS
T (MUH)

IIpu mocTpoeHnM KpUBBIX U3HOCA IO
3aJiHel TTOBEPXHOCTH JIJISl pa3HbIX CKOPOCTEH pe3aHus V3> V> Vi BUAHO, UTO C POCTOM CKOPOCTH
pe3aHust KPHUBBIE CTAHOBATCS Kpyde M MMPOMCXOAUT CMELIeHNE TOUKH B B cTopoHy GosbInX
JOMYCTUMBIX 3HA4YEHHIA Ny, , T.€. B 3TOM Cllydae 3a ONTUMAJIbHBIA H3HOC, CTPOTO TOBOPSI, CIICA0BAIIO
ObI MPUHUMATb VISl KQKIO0H CKOPOCTH cBoE 3HaYeHue Ny, OHaKO HAa MPAKTHKE C IETbI0 YIPOILEHHUS
U3HOC 110 3aHel OBEPXHOCTH N, IprHUMAOT 0JMHAKOBBIM (PABHOBEMKKMM) JUISA BCETO CEMEMCTBA
KPUBBIX U3HOCA U Ha3bIBAIOT €T0 KPUTEpHeM PABHOI0 H3HOCcA. B psje ciydaes, Hapumep Ha
aBTOMATHYECKUX JIMHUSAX WM Ha CTAaHKaX C YMCIOBBIM IPOrpaMMHBIM yrpasieHuem (YI1Y)
11eJ1ec000pa3HO MPUMEHSTH 00JIee MPOU3BOIUTENBHBIN 1 00Jiee SKOHOMUUHBIA KPUTEPHUIi
ONTHUMAJIBHOI0 M3HOCA, O KOTOPOM Oy/IeT cka3aHo Aanee. UncneHHble 3HaYeHUS] KPUTEPUEB
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3aTyIUICHUS OMPEACIISIOT SKCIIEPUMEHTATbHO. OHU 3aBUCSAT OT MHOTHX YCIIOBUN PE3aHUS U, TJIABHBIM
00pa3oM, OT cOYETaHMsI CBOMCTB PEXYIIETo U 00padaThIBAEMOT0 MaTEPHUAIIOB.

[Tpy HecBOOOTHOM TOYEHUH TBEPABIM CILJIABOM CTaJIeiil U YYTyYHOB HauOOMbIas BeMuIrHa (packu
M3HOCA U3MEPSIETCS Y BEPUIMHBI pe3lia B TNIABHOW CEKYIICH TUIOCKOCTH, T.€. B MECTE C HAaUXYAITHMH
YCIIOBUSIMHU TETUIO0TBOAA. [IpH 3TOM TomycTHMOE MakCUMaIbHOE 3HaUeHUE (PACKU M3HOCA COCTABIISICT:
npu 06padorke craam h,;=0,8...1,0 MM, a mpu 00paboTKe YyryHa ¢ mogadeii $<0,3 Mm/06 —
h,,=1,4...1,7 mm u ¢ mogaueii $>0,3 MM/00 - h,;=0,8...1,0 mm.

hs, a
0.32 /
0.28

024 : /

| V2360)w/mun 1

0.20 3
// V=18() m/ymun \
0.16

() ¥
0.0 8 16 24 32 40 48 56 604 7 80 38 96 104 T, MuH

3aBUCHUMOCTH JJIMHBI (DaCKH U3HOCA TI0 3a/THEH MOBEPXHOCTH OT BPEMEHHU PE3aHMs MpU 00paboTKe
craau 40X pe3nom ¢ CMII WNMGO080404-TM ¢ mokpoituem TiN, s = 0,13 mm/06; t =1 mm. 1 —
v =180 m/mun; 2 —Vv =360 M/Mun

MoOMeHT 3aTyIuIeHHsl PEXYIIEro HHCTPYMEHTA HHOT/Ia ONPEACIISIOT U IO T€XHOJI0TH4eCKUM
KPUTEPHSIM: a) yBeJIHYeHHe IEePOoX0BATOCTH 00paboTaHHON MOBEPXHOCTH, BEI3BAHHOE H3HOCOM
MHCTpYMEHTa; 0) moTepsi pa3Mepa JeTaju [Py YUCTOBOM 00pabOTKeE; B) MOSIBJIEHUE KCBHCTAY;

I') NOsIBJIEHHe BUOPALUIi; /1) HK3MEHEeHHe 1[BeTa CTPYKKHU; €) U3MEHEHHE XapaKTepHBIX
oco0eHHOCTel CTPY:KKH U T.11. OOBIYHO BeJIMYHUHA U3HOCA HHCTPYMEHTA [IPU UCNOJb30BAHUM ITUX
KpHUTepHeB HUKe NPUHATOrO NPpH ONpe/ieJIeHMH CTOIKOCTH, oOecleurBaroieil MaKkCHMaJIbHOe
BpeMsl padoThl HHCTPYMEHTA.

HauOonbiiee BIMsHNE HA U3HOC HMHCTPYMEHTOB OKa3bIBAaeT TeMIIEPATYPHO-CKOPOCTHOM (hakTop.
[TosToMy yke B mepBbIX paboTax Mo COBEPIICHCTBOBAHUIO peXyIMX nHCTpymeHtos F.W. Taylor
(D.VY. Teiinop) npeUIoKNI OeHUBATH MX Pa00TOCNOCOOHOCTH ITyTEM HaXOX/IEHHUS 3aBUCUMOCTH
«CTOMKOCTH-CKOPOCTH» ( T-V ).
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JlabopaTtopnast pabota No 7.
HccnenoBanue croiikoctu CMII npu 00padoTke cTajJbHOMH 3aT0TOBKH

Bpemsi HempepblBHON pabOThIl MHCTPYMEHTA JO €r0 3aMEHBl WM TEPETOYKH Ha3bIBACTCS
cmoiikocmplo UHCTpyMeHTa 7. MOMEHT HACTyIUIEHHMs 3TOM 3aMEHbl OIPEACNIAeTCS KpUTepueM

H3HOCA.

[lon kpuTepueM H3HOCA TOHHMMAETCS HACTYIUICHUS SBJICHUS, IOCIE KOTOPOTO pe3aHHe
HEIEIeCO00pa3sHO W PEeXKYIIUA HHCTPYMEHT TpeOyeTcss CMEHUTh WM IepeTOYnTh. B KadecTBe

KpUTCPUEB MOT'YT OBITH HCITOIL30BaHbI CICAYIOMIUE MMapaMETPhI:

1. CymecTBeHHOE YXYyIIICHHE KadecTBa OOpPaOOTaHHOW IMOBEPXHOCTU
(yBenuueHue MepoXoBaTOCTH, MOSBICHIE PUCOK UM HAJIPHIBOB U T.I1.);

2. ITlosBneHue CBUCTA WX BUOpAIMK BO BPEMsI pe3aHMs;

3. YBenuueHHE CUJIBI pe3aHUs, OCOOCHHO pauaIbHON COCTaBIIsIONIEH Py,
4YTO MPHUBOAMT K yBeNW4eHHUIo ynpyroi aedopmaruu cucremsl CIINJ u

YMEHBIIEHUIO TOYHOCTH 00pabOTKH;

4. V3MeHeHue 1BeTa CTPYXKU (HalpUMeEp, MOSBICHUE CHUHEW CTPYKKH

npu o0paboTke OBICTPOPEKYIIUM
WHCTPYMEHTOM HEJIOIyCTHMO, T.K. OTOT
IBET CBHJCTEIbCTBYET O TEMIIEpaType
6omee 620 °C, mocie KOTOpPOH HACTymaer
OTIYCK M TBEPAOCTh HHCTPYMEHTAIBHOTO
MaTepuaja pe3KO YMEHbIIaeTcs, Jeias
JalbHeHIIee pe3aHne HEBO3MOYKHBIM;

5. IlosiBnenue KOHYCHOCTH BMECTO
[MTHHIPUYECKON bopMmbiI, 91O
CBH/ICTEIIbCTBYET 00 YBEIUYCHUU
MHTCHCUBHOCTH  pa3MepHOro  u3Hoca h,
(cMm. puc. 1);

6. VYBenuueHue mMUpPHUHBI Packu U3HOCA TIO
3aJIHEM  TOBEPXHOCTH JIO  MPEAeTbHO
JonmycTUMOM BenuuuHbl. Hanpumep, npu
4epHOBOM ToueHHH (o 14...11 kBanutery)
KOHCTPYKLIMOHHOM  HE3aKAIEHHOM  CTalu
TBEPIOCILIABHBIM pe3noM
N max = Nimax= 0,75 MM, TIpH TIOJTYYHUCTOBOM
touenun (mo  10...9  kBamutery) —
Ny max = Nimax= 0,2 MM (puc. 2).

MoryTr ObITH M JApYyrHe KpUTEpUHU
M3HOCa, HampuMep, YXYIIIEHHWE 3aBUBaHUS
CTPY’KKH, TOSIBJIEHUE MECTHOIO H3HOCA Ha
IJIABHOW 3aJlHEH TIOBEPXHOCTM B MECTE
KOHTAaKTa €  3arpsA3HEHHOM  TBEPIBIMHU
OKHCJIaMH M OKaJIMHOW 00pabaThiBaeMoil
MOBEPXHOCTHIO  (yC), H3HOC  BEPIINHBI
MHCTPYMEHTA (mpu CBEpJICHUU u
(bpe3epoBaHUU 3TO U3HOC IO YTOJIKaM) U T.II.

Yame Bcero B KadecTBe Haubosee
00BEKTUBHOTO KpuTepus U3HOCa

MPUHAMAETCS MPEAETBHO JOMYCTUMBIA M3HOC MO 3aaHel MmoBepXHOCTH (N, may), TeM Ooiiee, UTO Bce

i f

0)

NP1 KOCOYronbHOM pe3aHiu
Pz=Pzn+Pzh
Pxy= Pxy n +Pxy h

o . .
Puc. 2. 3ons1 n3HOCA TOKapHOTO pe3mna (CMII) B rimaBHOM
CeKyILEH MI0CKOCTH

OCTAJIbHBIC MMAPaAMCTPLI BbI3BAHBI YBCJIMYCHHUEM h3.

Buagsl u3HOCa pexylero HMHCTpYMEHTa IO €ro mpupoje (NMpUYMHE TOSBJICHUSA)

KJIAaCCU(UIUPYIOTCS CIIETYIOIUM 00pa3zoMm:
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AOpa3uBHBII U3HOC.
ANre3noHHO-yCTaJIOCTHBIM.
XuMuueckui (OKUCIUTENbHBIN).

Huddy3noHHBIH.

NS

Jis mocTpoeHHs CTOMKOCTHBIX 3aBHCHUMOCTEM MNPOM3BOIUTCS 00paboTKa 3aroTOBKU U3
BBIOpaHHOTO 00pabaThIBAEMOro MaTepHasa ¢ IOCTOSHHOW MOoAa4Yel, ryOuHOM U CKOPOCTBIO PEe3aHMUsL.
WucTpyMeHTallbHBIN MaTepuai, reoMeTpHs MHCTPYMEHTa, INyOuHa pe3aHus U Imojiaya BhIOMpAIoTCs
ONTUMAIBHBIMU JJISi UCCIENIyeMOTro BUAa 00paboTKHM (HampuMmep, HOJIYYHCTOBOTO TOYEHHUS) U
oOpabaTheIBaeMOro MaTepHara.

Bribupaercst kputepuii n3HOCa (MpeneNnbHO JOMYCTUMBIN mapaMeTp npu u3Hoce). Yaie Bcero
BBIOMpAETCS] MIMPHHA M3HOCA MO 3a7Hel moBepxHocTH h,. Hampumep, mpu moay4ucTOBOM TOYCHHU
HEe3aKaICHHOW CTamd N, yae=0,25 MM, Eciau u3Hoc Oyaer Oojibliie, TO YBEJIUYHUTCS paadalibHas
COCTaBJIAIOLIAsl CWIIbl pe3aHus Py M W3-3a MOBBILEHHOH ympyroit nedopmanuu cucremsl CIIN/
TpeOyeMoii TOUHOCTH 00pabOTKH JOCTUTHYTH HE yIACTCAL.

Hauboanuiee BJAUIHME Ha
AJOIIYCTUMYIO CKOpPOCTH pe’iaHI/IH ) —
OKa3bIBAKOT CBOHCTBA ONTUMATBHOTO

Ny, Vs
00pa6aTbIBaEMOro MarepuaJa. | EEOCR v,

Hamnpumep, npu pe3anuu 3akajaieHHOH S v,
CTAJM WU BBICOKONPOYHOTO YyryHa B
ckopocThb pezanus B 200 pa3 Menblue, LiF) P p—
yeM 1pu 00padoTKe AJTIOMHUHHS. H3HOCA
Janee 1o yOBIBaOLICH  ClexyeT T, FATHE
BJIHSIHUE HHCTPYMEHTAJIbHOIO
MarTepuaJa, npu WU3MEHEHUU
KOTOPOTO CKOPOCTh PE3aHHSI MOKET ﬂ "
U3MEHATbCA A0 75 pa3, a 1pu
W3MEHEHUU TEeOMETPUH HHCTPYMEHTA,
rIIyOWHBI ¥ IKUPHUHBI cpe3a — a0 3...5

pas.

4B

ITpn CTOMKOCTHBIX
UCIIBITAaHUSAX UCTIOJb3YeTCs
ONTUMAaJbHAasl TE€OMETPHUS PEXKYILIETO
uHcTtpymMeHta. C  yBejM4eHHeM A
NMepejHero yrja Yy  CHIKaKTCH \
CTeNeHb JAedopMaluy, CUJIbl Pe3aHus \
u TPEHHUS, YMEHBIIAETCH v, 7 V. V. i
TelJIOBbIJeJIeHHe, YTO CIIOCOOCTBYET

IOBBIICHHIO CTOUKOCTH | Pyc. 4. BiustHUe CKOPOCTH pe3aHust V Ha CTOHKOCTb

HHCTPpYMCHTA. UHCTpyMeHTa T
OnHako yBeJMYeHHE YrJja 7y

MPUBOJUT K YMEHBINEHUI0 yrja

320CTPEeHNUs] U MOATOMY YXYIAIIAeT OTBOJ TeILUIOTHI OT PEXKYIIEH KPOMKH M CHHKAET MPOYHOCTH
pexyiiero kivHa. BrnusiHue nepenHero yria Ha ctoiikocTh T mpeacTaBiseT coboit Top0ooOpasHyro
KPUBYIO, MAKCHUMYMY KOTOPOH COOTBETCTBYET ONTHUMAJIbHOE 3HAaueHHe mepenHero yriaa. [lns
OBICTPOPEKYIIHX PE3IOB MPH TOYCHHH cTadU 45 v, =18° a uyryHa - y,,,=0...5°. Jnsg TBépabIx
CIUIABOB Yo =110...-10°, 11 MUHEpaTOKEPaMHKH, 3T600pa U alIMassbl Yo, =0...-15°.
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3aagHuii yron o oOecneynBaeT
3a30p MEXKJy 3aroTOBKOM UM 3aJHEH
MOBEPXHOCTHIO PEKYIIEro KJIWHA U, TEM
CaMbIM, Croco0CTByET CHIKEHHIO
WHTEHCUBHOCTH M3HOCA WHCTPYMEHTa U
MMOBBIIICHUIO €r0 CTOMKOCTH. YTOol o
TaK)K€ Kak MW yroia 7Y BIMSET Ha
NPOYHOCTh PEXYIIEro KIMHA Yepe3
W3MEHEHHUE yria 3a0CTpeHHs [3, a Takxke
Ha yCJIOBUSI OTBOJIA TEIJIOTHI OT BEPIIUHBI
WHCTPYMEHTA U MOATOMY 3aBUCUMOCTh |-
V Takke [MPUHUMAET HKCTPEMaJIbHBII
xapakrep. Ilpu »5>ToM, YeM MeHbIIe
nojaya S, TeM 00JblIe ONTUMAJbLHBIH
YIOJ Ooyr. [IpM CHMJKEHUH TPOYHOCTH

1 - TRepOELt 06padaTEIBaCMELE
MATEPHAI;
2 — MATKHH MaTepHAT

Puc. 5. Biusinue nepeaHero y v 3aJHEro o yriia Ha
CTOMKOCTh MHCTpYMEHTA |

o0pabaTbIBaEMOT0 MaTepHaja W TMOBBIIIEHUH MPOYHOCTH U HM3HOCOCTOMKOCTH HHCTPYMEHTAJIHHOTO

MaTepurajia yroJ Ognr yBEJIMIHUBAIOT.

Y NPOXOMHBIX PE3NOB Oy, =6...8°, y OTpe3HBIX U (HPACOHHBIX PE3IOB, pA0OTAIONIUX C MEHBIIICH
nmojayei, oo—10...12°, a y muckoBbIx (pe3, padoratomux ¢ moxadeit 0,01 Mm/3y0 - 0o, =30°.

C,
V =
Tmtxvsyv

4 T,
P | el

Fﬁffac}

Vorrg vﬂar& W, simun
Puc. 6. Onpenenenue onTUMaIbHOM
cToUKOCTH Topr ¢ (MUH)
110 MUHUMAJILHOM ce06ecTOMMOCTH Crin
( py6/1 M 06pad. oB)
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IlccnenoBanne BJAHSHHS BHAa H3HOCOCTOIKOr0O MNOKPBLITHS Ha
croiikocTth CMII J y

HIHOC OT 3aKaNEHHON
Ha somyxe CTPYXKN

W3HOC B 30HE KOHTaKTa rnasHoN

- | ea 2
pexywen kpomkrn CMIN Fonyg S
C HeoOpPatoTaHHON NOBEPXHOCTLIO
JAroToBKn
" &)
H3Hoc h, mo 3agHel MOBEPXHOCTH H JIORAIbHbBIH Puc. 21. Tumbel CTpyXKH: a)
OReNa bsineia CMN H3HOC HOTYKOJbLA; ©0) HOpPMATbHA,

B) zomyctuMaz c¢opma; T)

Puc. 20. CMIT-WNMGO080404 ¢
HezomycTHMan gopma

noxpeiTHeM 1IN ¢ H3HOCOM Ha

Hepabdogedt kpomke (V=360 M/ rmn) hs, o

0.32
| TRV / /
028
1t 2 / /“/
0.9} 0.24 . Vi
0.8} E3 OKPMTICE € TTOKPBHITHEM TICN / V2360{w/vun 1
o . - ; 0.20 [ .
% e / V=180 w/ymn ‘
i ' 0.16 ,
/ 4
0.12—4 //
¥ o 0.08 // -
i 0.04 /
%190 e s é/
0.0 8 16 24 32 40 a8 56 64 72 80 88 9h 104 T, MuH
Puc. 22. Hzmenenue h; [Mu] om epevenu
t  [smun]  mouenun  cmaw 40X Puc. 23. 3aBucuMocTh AIuHBI (acKH M3HOCA IO 3aJHEH MOBEPXHOCTH
v=2300 v ™vun; 5 = 0,13 mM/00; =1 am. 1 OT BPEMCHH pesaHuA IpH oopadoTke ctamu 40X - WNMGO080404-TM
—TI15K6 ©e3 mOKpHITHA; ¢ mokperrueM TiN, s = 0,13 mv/06; t = 1 mm. 1 — v =180 w™/MuH;

2 -T15K6 ¢ noxpeitaem TiCN 2—v =360 w™MuH

Puc. 7. I'paduku u3mMeHeHus IIMHBI (packu U3HOCA 110 3aaHel moBepxHOCTH h; (MM) CMII B 3aBUCHMOCTH OT BPEMEHHU €0 HENPEPHIBHOW paObOThI T (MHH)




0,4 .
I Fi
h3, mMm ff 7 7
0,35 ] v
/ 7/ # Nol
e 9 2 V=180 m/ No2
v=250 M/MUH ¢ i = M/MUH B No
o e Y e
& f' /
*
E 02 [ v=360 M/MH / i ~ Ne4
= / 7 [ £ Ne5
'-iiH f' 7 //
0,15 7 ® Ne6
.-'I //
0,1 -1 i / + Ne7
i ;—'i‘_f — - Nes8
I/
0> AT ~ Ne9
53 | 95
0 . + Nel0
0 17 20 40 60 80 100 120 140
éléﬁ;l_fmﬁ;ﬁ Epemda, MNH

Puc. 8. BnusiHue ckopoctu pe3anus Ha uHTeHCHBHOCTH u3Hoca. Ctanb 40X - T15K6 ¢ mokpbiTuem TiN, ¢ =90°, vy =10° r = 0,8 mwm,
t=1 MM, S = 0,13 MM/00.
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0,4

h3, Mm | /
0,35 ’!3L
v=360 m/MUH * /
0,3 / i T
v=250 M/MWH i/ V=180 m/muH
= 0,25 |
£
E 02 !/
H
0,15 // ///
> E
——"'-."""_--—-_—-
0,05
42 53 95
0 |
40 60 80 100 120 140

AR il et

EpemMA, MHH

% Nel
Bl No2
A Ne3
< Ne4d
- Ne5
® Neb
+ No7
= Ne8
Ne9
¢ Nel0

Puc. 9. 3aBucumocts n3MeHeHust IuHb Gacku h3 oT BpemeHu pesanus mpu oopadotke cranu 40X. Craab 40X - T15K6 ¢ nokpsiTuem TiN,
¢ =90°v=10°%r=0,8 mm, t=1 MM, S = 0,13 MM/00.
V=500 m/mMmua —T=12 mun. n = (1000xV)/(nd )= (1000x500)/(xx70 )=2274 06/mMuH, 1600 M/MHUH — IEpETPEB 3aTHETO LIEHTPA
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Puc. 10. 3aBucumocts croiikoctu (T) CMIT ot ckopoctu pesanus (V) npu oopadotke cramu 40X u h; ype,=0,25 mm. Craas
40X - T15K6 ¢ mokpbituem TiN, ¢ =90° v =10° r = 0,8 mm, t=1 mMm, S = 0,13 MM/00.
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Ig T, mun
A

150
100k

K0

TonT=12 MWH

II—(_

N\

100

300

350

400
360

s00

600 Ig Vv, m/yuH

Vont=430 m/MWH

Puc. 11. 3aBucumocts croiikoctu (T) CMII ¢ uzHococToiikumu nokpeitusivu (1, 2, 3, 4) ot ckopoctu pezanus (V) npu o6paboTke cranu
40X u h,=0,2 mm: 1- 6e3 okpeITHs, 2, 5 - ¢ mokpeiTieM TiN, 3- ¢ mokpeitueM AITIN, 4- ¢ mokpeituem TiCN
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Ta6anna 1. CpaBHenne 3¢ eKTHBHOCTH NPUMEHEHHUS OKPBITHH

Tun naacTuH Lena (C), py6/mut | CroitkocTb | Logy, M Soeps M’ Llena o6pabotku 1 M (Cyy),
(3 BepIuHHEI) (CtoumocTs) T, muH (T < 350) (ymenbHasi cedecTOMMOCTD) Pyo/M
1. CMII 6e3 moKphITHS 100 (3 Bepmmnsl) | 11 3850 0,50 0,026 /3
2. CMII ¢ nokpertriem TIN 120 (3 Bepumnsbl) | 16 5600 0,73 0,021 /3
3. CMII ¢ nokpeituem AITIN 150 (3 Bepmmnsbn) | 19 6 650 0,86 0,023 /3
4. CMII ¢ nokpertueMm TICN 200 (3 Bepumnbn) | 30 10 500 1,37 0,019 /3 (ko-BO BepIIIHH)
Llexoas ceGecrommocts 1,5 pyﬁ /1™m

Lospasorcu = TV =T x 350; C,, = Croumocts/ Lospagor -

Tabnuua 2. M3meHeHne qJMHbI ackm H3HOCA 110 3aHei MOBEepXHOCTH N, (MM) B 3aBUCHMOCTH OT BPEMECHH TOYCHHS T (MHH)

Bpewmst Touenus T, MuH 0,5 2 8 16 32 64 80 96 104 120
CMII, v=180 | Bepmmna Nel 0,01 0,02 0,05 0,06 0,07 0,09 0,2 0,26 0,30 0,35
M/MUH Bepmmnaa Ne2 | 0,005 0,015 0,06 0,06 0,06 0,08 0,21 0,27 0,31 0,36
Beprmna Ne3 | 0,01 0,01 0,04 0,05 0,06 0,08 0,18 0,25 0,28 0,34
Bepmmnaa Ned4 | 0,015 0,021 0,05 0,07 0,07 0,10 0,22 0,28 0,32 0,36
Bepmuna Ne5 | 0,01 0,02 0,05 0,06 0,07 0,09 0,2 0,26 0,30 0,35
CMIT, v=360
M/MUH Bepmuna Nel | 0,01 0,03 0,12 0,27 -—--
Bepmmaa Ne2 | 0,01 0,02 0,13 0,26
Bepmmna Ne3 0,01 0,02 0,11 0,25
Bepmmnaa Ned | 0,005 0,01 0,11 0,25
Bepmmna Ne5 | 0,01 0,03 0,13 0,29

3AJIAHME no na6. padore Ne 8:

[To sKkcrepuMEHTAILHBIM JAHHBIM B Ta0J1. 1 TOCTpOUTh rpaduk u3MeHeHus h; oT BpeMeHn 00paboTKU T, 331aThCSI KPUTEPHEM CTOHKOCTH ¥ IOCTPOUTH
CTOMKOCTHBIE 3aBUCUMOCTH MOJaHHBIM 7151 2-X ckopocTax pe3anus: 180 u 360 m/MuH.
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Puc. 12. Jlorapudmudeckas 6ymara
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Puc. 13. 3aBucumocts croiikocta (T) CMII) ot ckopocTu pe3anus (V) pu o0padotke ctamm 40X u
h,=0,2 mm. Ctaan 40X - T15K6 ¢ mokpbsiTem TiN, ¢ =90°, y=10° r = 0,8 mm, t=1 mm, s = 0,13
MM/00, N ;1pe,=0,25 Mm
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Ig T, mun
~ .

oo NN

80

60

40

30

20
19
17
16
TonT=12 MWH
t 1\-\
100 200 300 350 400 500 600  Ig V. M/au
180 260 gv.

Vont=430 M/MWH

Puc. 14. 3aBucumocts croiikoctu (T) CMII ¢ nznococTolikumu mokpeitusivu (1, 2 , 3, 4) ot
ckopoctu pezanus (V) npu oopadorke cranu 40X u h,=0,2 mm: 1- 0e3 nmokpsitus, 2, 5 - ¢
nokpeiTueM TiN, 3- ¢ mokpeiTiem AITiN, 4- ¢ mokpeitrem TiCN

p3;6/ M,
(pyo/kB.M,
pyo/wT)

Puc. 15. 3aBucumocts croiikoctu (T) u cedectonmoctu (C) CMII ¢ U3HOCOCTORKUM TTOKPBITHEM
ot ckopoct pe3anus (V) mpu obpadoTke cramnt 40X 1 Ny ppe; =0,2 M. Ctans 40X - T15K6 ¢
nokpsiTHeM TiN, ¢ =90°, v =10° r = 0,8 mm, t=1 mm, S = 0,13 Mm/00.




Tabnuua 3. IlexoBas cebecTonMocTs 1 TOrOHHOTO MeTpa 00pabOTKH

CkopocTb pe3anus V, | 50 100 200 300 500 | 600 700 | 900
M/MUH
LexoBas 7 3 2 1,5 14 15 50 100
cebecronmocTs 1
MOTOHHOT'O METpa
06pabotku C, pyo/m

700 300 200 150 140 | 150 500 | 1000

Tabnuna 4. VIsmeHenue AJMHBI (pacKu H3HOCA 110 3aHel moBepxHocTd h; (Mm)
cuibl pe3anus Py (Pz) u npyrux napamMeTpoB B 3aBUCUMOCTH OT BPEMEHHU TOUYEHUS T (MUH)

Bpewms Touenus T,
MHUH

0,5

2

8 16

32

64

80

96

104

120

CMII, | Bepmmmna
v=180 | Nel

0,01

0,02

0,05 | 0,06

0,07

0,09

0,2

0,26

0,30

0,35

M/MuH | Cuna Py
(Pz), H

Bepmuna
Ne2

0,005

0,015

0,06 | 0,06

0,06

0,08

0,21

0,27

0,31

0,36

Cuia Py
Pz), H

Bepmuna
Ne3

0,01

0,01

0,04 | 0,05

0,06

0,08

0,18

0,25

0,28

0,34

Cuia Py
(Pz), H

Bepmuna
No4

0,015

0,021

0,05 | 0,07

0,07

0,10

0,22

0,28

0,32

0,36

Cuiaa Py
(Pz), H

Bepmuna
Ne5

0,01

0,02

0,05 | 0,06

0,07

0,09

0,2

0,26

0,30

0,35

Cuaa Py
(Pz), H

Adyer, MM

CMII,

v=360 | Bepmmna
M/MuH | Nel

0,01

0,03

0,12 | 0,27

Bepmuna
Ne2

0,01

0,02

0,13 | 0,26

Bepmuna
Ne3

0,01

0,02

0,11 | 0,25

Bepmuna
Ne4

0,005

0,01

0,11 | 0,25

Bepmuna
Ned

0,01

0,03

0,13 | 0,29
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JlaGopaTopHnas padora Ne 8.
HccnenoBanue n3aMeHeHHUsl COCTABJISIIOIIMX CHJIbI Pe3aHUA
NP KOHLEBOM (pe3epoBaHNH CTAJIbHOM 3ar0TOBKH
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JlaGopaTtopHnas padora Ne 9.
HccnenoBanue n3aMeHeHHUsl COCTABJISIIOIIMX CHJIbI Pe3aHUA
MPH TOPIOBOM (ppe3epOBAHUM CTAIBbHON 3ar0TOBKHU
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JlaGopartopnast pa6ora Ne 10.
HccnenoBanue kauecTBa 00padoTAHHOI MOBEPXHOCTH MPH KPYIJIOM HLJIH(OBAHUH
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