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Yenosek 0onicer 6€PUNTL, UNO HENOHAMHROE MOIUCHO

NOHAMb, UHAYE OH He CMAJl Obl PAZMBIULTIAMS O HEM.
B.T'ere

IpeauciaoBue

Hayke o pe3anuun npeBecuHBbI UCMOTHUIIOCH yxke Oonee 130 net. 3a ato
BpEMsI HAKOTUICH OOJIBIIION OTBIT B 0OJIACTH TEOPUH M TIPAKTUKH, KOTOPBIA HYXK-
JlaeTcsd B OOOOIIEHUMU M CUCTEMATH3AIlMM C TE€M, YTOOBI €ro MOYKHO OBIJIO HC-
noJib30BaTh Oomee 3¢ dexkTuBHO. KpoMe TOTro, 3a mocieHue Toapl N3MEHUIHCH
CAMHUIIBI U3MEPEeHUS] (PU3NYECKHX BEIMYMH M TEPMHUHOJIOTUS Hayku. Bce 3o
TpeOyeT OCBEIleHUsI BOIPOCOB (hpe3epoBaHUs APEBECUHBI U JIPEBECHBIX MaTe-
pHAJIOB MO-HOBOMY.

W3nosxeHHbI B KHUTE MaTepral OyleT MoJie3eH BCEM TeM, KTO CTPEMUT-
Csl TIOBBICUTH CBOM 3HAHUS U YMEHHs B 00JacTH (Ppe3epoBaHusl APEBECUHBI, KTO
MOJIB3YETCSI PACYCTHHIMUA METOJIAMH, KTO MBITACTCS YIyUIlIUTh KauyecTBO (Ppese-
pPOBaHHBIX TMOBEpXHOCTEH. KHUTa MOXET OBITh MCIOJb30BaHa TAKXKE CTYJICHTa-
MU, acCIUpaHTAMHU, HAYYHbIMH PAOOTHUKAMH U MPENOAaBATEISIMU JIECOTEXHUYE-
CKHX BY30B.

[Ipenyiaraemasi KHUTa HamyMcaHa Kak MoHorpadwus. [lociaemHss MoHOTpa-
¢us no ppesepoBanuio ApeBecuHbl Obuta HanucaHa KpsoxkessiM H.A. B 1963 ro-
ny. B mpemmaraemoit KHUTE yYTEHBI U3MEHEHUS €UHUI] (U3HUUECKUX BEIIUYUH,
TEPMUHOJIOTHS, TO-HOBOMY PAacCMOTPEHBI BOMPOCHI CTPYKKOOOpa3OBaHUS U
B3aMMOJICUCTBUS JIE3BUSA C JPEBECHUHOM, MOAPOOHO PACCMOTPEHBI PAaCUETHBIC
METO/Ibl U KUHEMAaTHKa PE3aHusl.

CTpyKTypHO KHHTA COCTOUT U3 YETHIPEX TJIaB, KOTOPHIE BKIFOYAIOT 110 4-8
naparpadoB. CHayana M3JI0KEHbI O0IIUEe CBEJACHUS O PE3aHUM JPEBECHHBI, 3a-
TEM JIaHa XapaKTePUCTUKA IIMIMHIPUICCKOTO (Ppe3epoBaHUs MAaCCUBHOM JIpeBe-
CUHBI U (pe3epoBaHUE JTUTHOYTIIEBOIHBIX APEBECHBIX IUIACTUKOB. B ueTBepTOii
rJIaBe OMUCAHBl COBPEMEHHBIE METO/Ibl PACUETOB PEKUMOB PE3aHUS U TIPUBEIC-
HBI CIIPABOYHBIE MaTEPUAIIBI JIJIsl BHITIOJIHEHUSI pacueToB. HekoTophie TeMbl KHU-
T'Yl U3JI05KEHBI II0-HOBOMY.



BBenenune

®dpe3epoBaHre — OJUH U3 CaMbIX PACHPOCTPAHEHHBIX (MOCJE MUJICHMUS)
BUJIOB pe3aHusi ApeBecuHbl. [lo mpunnmmy ¢pesepoBanusi pabOTalOT CTaHKU
dbpesepHbie, PyroBanbHbIEe, PEHCMYCOBbBIE, HIMIOPE3HbIE, KOMUPOBAIbHbBIC, Ye-
THIPEXCTOPOHHUE MPOAOJbHO-(Ppe3epHbie U Ap. Metogom dpe3epoBanus obpa-
OaTBIBAIOTCSl TOYHBIC W TIAJKUE MOBEPXHOCTU neTtaneit. Yacto (pesepoBanme
SIBJISICTCS] OKOHYATEITLHOM TEXHOJIOTHYECKOM orepareii o0paboTKu eTau.

Teopus pe3aHusi IpeBECUHBI — ATO HayKa, KOTOpas OOBsCHAET Pusnuye-
CKYIO CYIIHOCTh MpOIlecca PEe3aHusi, OTKPbIBAET 3aKOHbI 0Opa30BaHMS HOBBIX
MOBEPXHOCTEH, BBISABISAET (PaKTOPHI MpoLiecca pe3aHus U 1aeT UM KaueCTBEHHYIO
U KOJIMYECTBEHHYIO OLIEHKH, a TaK)Ke pa3padaThIBaCT pacyETHBIE METOAUKHU.

Heab U 3a1a4u TeopuM pe3aHusi ApeBeCHMHBbI. Teopusi pe3aHus apeBe-
CUHBI, KaK U Jito0as Apyrasi HayKa, B KOHEYHOM CYETe, HaIpaBjIeHa Ha PEIICHUE
MpaKTUYECKuX 3a7ad. [loaToMy riaBHas ee 1ejib COCTOUT B TOM, YTOOBI HETpe-
PBIBHO COBEPILIEHCTBOBATH MPOIIECCHI PE3aHUSI IPEBECUHBI B TPOU3BOJICTBE.

BrInlosTHEHME TIOCTABICHHOW LIENM JIOCTUTACTCA IYTEM PEIIEHUS Clie-
JTYIOIIUX TJIABHBIX 3a71a4:

1) BCKpBITHS U TTO3HAHUSI OOBEKTUBHBIX 3aKOHOMEPHOCTEH M B3aUMOCBSI-
3el MeX]ly 3JIEMEHTaMHU, BIUSIOIIMMHU Ha Mpoliecc 00padoTKu;

2) uzyueHus (GU3NYECKOM CYITHOCTH MPOIIEcca pe3aHus;

3) HaxXOXKICHHS BO3MOXHOCTH Ha3HA4YaTh ONTHUMAJbHBIE PEXKHUMBI pe3a-
HUs, O00ECIeUYNBAIONIME MOJyYCHUE JeTaliel 3aJaHHOro KadecTBa oOpaboOTKH,
M0JIE3HOTO HAMOOJIBIIIETO BBIXOJ1a TIPOAYKIIMHU, a TAKKE MaKCUMAIBHOTO YBEJIH-
YEHUSI MPOU3BOAUTEILHOCTH U 00JIeTYeHUs TpyAa pabouux;

4) co3naHusl pacYeTHOTO METO/Aa, KOTOPKIN sIBUJICS Obl 0a30i sl paiuo-
HaJILHOT'O TIPOCKTUPOBAHUS U DKCIUTyaTalldd PEXKYIIUX UHCTPYMEHTOB U CTaH-
KOB, pa3pa0OTKH TEXHOJIOTHYECKUX MPOIECCOB, TEXHUYECKOTO HOPMHUPOBAHMS,
noa0opa 000pyIOBaHUS U pacyeTa TEXHUKO-IKOHOMHUYECKUX MOKa3aTesei;

5) co3maHus TakoW TEOpPHHM, IO KOTOpOH, 3Has JHIIb (UZHKO-
MaTeMaTU4YeCKue CBOMCTBAa 00pabaThiBa€MOr0 MaTtepuasa U PexyIiero HHCTpPY-
MEHTa, MOXHO ObLIO OBl IPEACKa3aTh HAWIYUIIIUE METObI 00pabOTKH, a TAaKXKe
CUJIOBBIE M KaYECTBEHHBIC MOKA3aTeNu mpoliecca pe3anus. Hamuuue Takoi Teo-
pYHU MO3BOJIUIIO OBl PE3KO COKPATUTh YUCIIO IKCIIEPUMEHTOB U HANIPABUTh UX IO
paHee BbIOpAaHHOMY ITyTH.

Teoperuyeckne u IKCHEpUMEHTANbHbIE HccaenoBaHus. Jlroboe wuc-
CJIeIOBaHUE HAYMHAETCSI C MOCTPOCHUS Mojaenu. Mojenb NpecTaBiseT co0oit
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UJICATM3UPOBAHHOE TIPUOJIMIKEHNE TIPollecca Pe3aHus K peanbHOW CUTYyaIuu.
Monenu ObIBalOT reoMeTpudecKkue, (pu3ndeckre u MaTeMaTHIeCKUe.

I'eomempuueckan mooenp BHITIOIHAETCS B BUJIE CXEMbI, U300paxkarolen
npoliecc pe3anus ApeBecuHbl. Ha cxeme n3o0paxarorcs pexyiuidi HHCTPYMEHT,
Cp€3aeMbId CJIOM, JEUCTBYIOIINE CUIIbI PE3AHUS U IPYTUE DIIEMEHTHI.

QDu3uueckaa modensb TPENCTABIAECT COOOM HKCIEPUMEHTAIBHYIO YyCTa-
HOBKY, Ha KOTOPOH OCYIIECTBIISIETCS TIPOIIECC PE3aHUsI IPEBECUHBI TIPH TEX KE
YCIIOBUSIX, YTO M B pealbHBIX cTaHkaX. [Iporecc uccienoBanuss MOJIEeIU Ha3bI-
BalOT MojieiupoBanreM. OU3NUecKoe MOJEIHUPOBAHUE BBITIONHSIIOT MyTEM W3-
MEpEeHUsl 3HAUEHUI M3y4yaeMbIX NapameTpoB. B pesynbpTaTe mMcclienoBaHus Ha-
KaIlJIMBAETCS] MACCUB 3KCIEPUMEHTAIBHBIX JAHHBIX, KOTOPBIN MOAJIEKUT aHAJIHU-
3y ¥ MOCIIEAYIONIeH MaTeMaTH4eckoi oOpadoTKe.

Mamemamuueckasa moodens NpesCTaBIsIET co00i hopMyny (ypaBHEHUE),
KOTOpasi OMHUCHIBAET KOJMYECTBEHHYIO M KauyeCTBEHHYIO B3aMMOCBS3b M3ydae-
MBIX MTAPaMETPOB C YCIOBHUSAMU Tporiecca pe3anus. MccneqoBanue MmaremMaruye-
CKOM Mojenu (MaTeMaTU4YecKOe MOJCIMPOBAHUE) 3aKIIIOYACTCS B PEIICHUU
ypaBHEHHUSI.

MaTteMaTH4ecKue MOJICIH, MOTYYEHHBIC B PE3yJIbTaTe dKCIEPUMEHTAb-
HBIX HCCJICIOBAHUM, IIMPOKO MPUMEHSIOTCS Ha INMpakTHKe. B mepuom HaydHO—
TEXHUYECKON PEBOJIIOINH, KOT/a TOSBIISIFOTCS HOBBIC JPEBECHBIC MaTEpPHANIBl U
OBICTPO MEHSIIOTCS YCJIOBHSI pe3aHUsl, ’TH MOJICTN SBISIOTCS O0j1ee yT0OHBIMU U
JAI0T yJIOBJIECTBOPUTEIBLHBIE OTBETHI HA 3alpPOChl MPAKTUKHU. Takue ypaBHEHHS
UCIIOJIB3YIOTCSL JI0 T€X IOp, MOKa He OyneT pa3paboTaHa HEKOTOpas TEOpUS
(oOo0bmmaromast MOJICTb).

TeopeTnyeckne MCCACAOBAHMS YCTaHABIMBAIOT 3aKOHOMEPHOCTH U B3au-
MOCBSI3M MEXIy MapaMeTpaMH MpoIlecca Pe3aHusi, KOTOPhIC TOTyJar0T HE TOJb-
KO DKCIIEPUMEHTAIBHBIM ITyTEM, HO M ITyTeM a0CTPaKTHOTO MbIIIIeHUA. Teope-
TUYECKUE U DKCIIEPUMEHTAIBHBIC UCCIIEIOBAHUS HETIPEPHIBHO 00OTAIIAIOT APYT
npyra. IIpu sToM TeopeTHdecKre MO3HaHUs MPECTABISIIOT cO00M O0jee BBICO-
KU YpOBEHb HCCIEAOBAHUS, MPU KOTOPOM CHUCTEMATU3UPYIOTCS OCTUTHYTHIC
pe3ynbTaThl U OTKPBIBACTCS MYTh K HOBBIM 3HAHHSIM.

CraHoBJ/IeHHMe HAYKH O pe3aHuM JApeBecHHbI. OCHOBOIOJOKHUKOM
HAayKH O PE3aHUM JpeBeCHHBI cunTaeTcs npodeccop IleTepOyprckoro ropHoro
unctutryta U.A. Tume [1]. B ero uccnenoparensckoii padore "ConpoTUBIICHHE
METAJIJIOB U JigpeBa pe3aHuto", onyosrkoBanHo B 1870 r., a mo3naHee B COYH-
HeHuu "OCHOBBI MamuHOCTpoeHus" (Bcero omyOnukoBaHo 10 HaydyHBIX paOOT
N.A. Tume mo pe3aHuio IPEBECUHBI U METAIJIOB), IPUBOJAUTCS aHAU3 U 0000-
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HIEHUE PEe3YyJbTAaTOB OMNbITOB, NMPOBeICHHbIX HA Jlyranckom 3aBoje. N.A. Tume
BIIEPBbIC MPUBOIUT OMPECIICHUE MPOIIecca Pe3aHwsl, AeNlaeT KIacCu(UKAIHIIO
CTPYXEK, OOBSICHSIET SIBJICHUE YCAJKU CTPYKKH (M3MEHEHHE Pa3MEpPOB B pe3yJlb-
TaTe MJIACTUYECKOro AeOpMHUPOBAHUS), TOKA3BIBAET, YTO MIMPUHA U TOJIIMHA
cpes3a Mo-pa3HOMY BIHSIOT Ha pabOTy pe3aHus.

[TpoOnemMbl y4eHBIX TOr0 BPEMEHU CBOJWIKMCH TJIaBHBIM 00pa3oM K U3y-
YeHHIo ehOpMUPOBAHMS MaTepHalia B 30HE PE3aHUs U 3aBUCUMOCTHU CHJI pe3a-
HUS OT MOIEPEYHOTO CEYEHUs CPE3AEMOTI0 CIIOSL.

N.A. Tume cuuran, yTo pabOTy MO PE3aHUIO BBINOJIHSIET TOJBKO MEpe-
Hsi TOBEPXHOCTH JIE3BUSI M HOPMAJIbHOE JIaBlieHHE 00pabaThiBa€MOro Marepua-
Ja Ha HEW OJIMHAKOBO IO BCel riomaau KoHtakta (puc. 1, a). Cuna, aeicr-
BYIOIIIAas Ha JIE3BUE, MOXKET ObITh HaiieHa o GpopmyJie

N = kb, (1)
rae K — HopmanbHOE maBieHHE,
|, b — cooTBeTCTBEHHO UTMHA ¥ IIIMPUHA CIABIMBAEMON TUTOIIAIH.

B 1886 r. Beixogut xuura I1.A. AdanacreBa "Kypc mexaHnueckon Tex-
HOJIOTUU JepeBa’, B KOTOPOM HCHOJIb3YIOTCSI METO/IbI HAYKHU O COMPOTUBICHUU
MaTepHasioB, MPOBOAMUTCS aHAIU3 XapakTepa CTPY>KKOOOpa30oBaHUsl, YTOUHSETCS
dbopma smropsl AaBieHUs CTpyKku Ha je3Bue. [I.A. AdanacbeB BnepBbie yka-
3bIBAET HA POJIb TPEHHS B IPOLIECCE PE3AHUS.

B otnmune ot U.A. Tume I1.A. AdanacbeB cunran, 4To JaBiieHHe 00pa-
0aTpIBaeMOro MaTepuajia Ha MEePEIHIOK MOBEPXHOCTh PACIPEICIICHO HEpPaBHO-
MEpPHO, U YTO HAMOOJbIIEE MABICHHE HUMEET MECTO Yy PEXKYIIeH KPOMKH, a B
TOYKE BXOJa B JIPEBECUHY OHO PaBHO HYJIO. /laBlieHHE OT HYJIS 10 MaKCUMyMa
U3MEHSETCS M0 JIMHEWHON 3aBUCHUMOCTH, ITOATOMY 3MI0Opa HOPMAJIBHBIX J1aBJie-
HUI nMeeT GopMy TpeyrosibHuKa (puc. 1, 6).



a

Puc. 1. Dnropsl HOpMaBHBIX ABJICHHUI MaTepuania Ha
HIEpETHIOI0 TIOBEPXHOCTH JIE3BUSI:
a—-mno U.A. Tume; 6 —mno [L.A. ApanacreBy

[TpoGnema nokazarenabcTBa (POPMBI SMIOPHI IPH PE3aHUN COXPAHUIIACH J0
HaIlINX JTHEH.

[lepBbie nccaenoBaHus MO Pe3aHUIO JPEBECUHBI U METAJNIOB OBLIN CBSA3a-
HbI C U3Y4YEHUEM 3aBUCUMOCTH CWJI PE3aHHs OT ITONEPEYHOTO CEUEHHMs cpe3ae-
MOTO CJIOSL U €rO Pa3MepoB.

B pannux pabortax M.A. Tume cuutain, 4To cujia pe3aHusi MPOMOPIINO-
HaJIbHA IIMPUHE U TOJIIMHE cpe3aemoro cios. [lo3nuee B counnenuu "OCHOBBI
MaIlIMHOCTPOEHUA" OH NEPEeCMOTpeNl CBOM B3IVAAbl. Halinsg maccy cTpyikex,
OPUXOJAIINXCA HA €IUHUIYy paOOThl pe3aHusl, OH JeNIaeT 3aKI0YeHHE, YTO IS
Cpe3aHMs TOHKUX CTPY’KEK 3aTpauyuBaeTcsi paboThl OOJbIle, YeM ISl CPE3aHUs
TOJICTBIX CTpykeK. OTcro/la CleayeT, 4To yJenbHas padboTa pe3aHusi yMEHbIIa-
€TCsl C YBEJIMYCHHUEM TOJIILUHBI cpe3aeMoro ciod. IIpu aTom TommuHa u mumpu-
Ha CPEe3aeMOro0 CJI0S BIUSIOT Ha CUJTy pe3aHus MO-Pa3HOMY.

Takum obpaszom, M.A. Tume nepBbIM U3 UCCieI0BATENEH MPUILET K pa-
BWJIBHOMY BBIBOJlY, UTO IIMPUHA U TOJIIIMHA CPE3AEMOI0 CJIOS OKa3bIBAIOT pas-
HOE BIIMSHHME HA CUILY PE3aHUS.

3aMeTHOEe MECTO B HayKe O pPe3aHHH JPEBECHHBbI 3aHMMarOT padboTel K.A.
3BopbIKMHA, 0COOeHHO KHUTH "PaboTa u ycumnue Jj1s OTAENEHUS METAIUTMUYECKUX
ctpyxek" [1] u "Kypc Mexannyeckoi texnonoruu aepesa” (1894 r.). B cBoux
paborax K.A. 3BOpbIKMH J€1aeT NONbITKY BHIBECTH TEOPETUUECKUM ITyTEM pac-
4eTHYI0 (GOpMYJy IJisl CHIIbI pe3aHus, HaAXOAUT IiaBHbIe (aKTOPBI, BIUSIOUIUE
Ha cuiy  pes3aHus. MM npoBeneHo 00bllIoe KOIMYECTBO HKCIIEPUMEHTOB, Ha
OCHOBAaHUHM KOTOPBIX CJ€JIaH Ba)KHBIM BBIBOJ O TOM, UYTO paloTa, 3aTpayeHHas
Ha Cpe3aHue eUHUIIBI 00beMa CTPYKEK, YMEHBIIACTCS ¢ YBEIMUYEHUEM TOJILHU-
HbI cTpyxeK. Cuia pe3aHus U3MEHSAETCS IPONOPLHOHAIBHO HIMPUHE CPE3aEMO-
ro ciosi. CoBceM JIpyrue pe3yJibTaThl NOJYYHIIACh, KOTJA CEYEHHE CPEe3aeMOro
CJIOSI U3MEHSJIOCH TOJBKO 3a cueT ero tommuuHsl. [Iponenas 230 ombitoB, K.A.
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3BOPBIKHH JIETIAET BBIBOJI, YTO YJeibHAs padoTa pe3aHusl — BEIMYMHA HE MOCTO-
STHHAs, a TICPEMEHHAs] M YMEHBIIACTCS C YBEIWYCHUEM TOJIIUHBI CPE3aeMOTO
cinosi. beita mpemioxkeHa SMIUPUYECKas 3aBUCHMOCTh JJIA pacueTa YIeIbHOM
paboThI pe3aHus:

K= 2)

rne K’ — yaenbHas paboTa pe3aHus MpU TOJIIMHE cpe3aeMoro cios |
MM;

@ — TOJIIIMHA CPE3AEMOT0 CJIOS, MM.

Tak K.A. 3BOpBIKHH MEPBBIM U3 UCCIIEI0BATENEH IKCIIEPUMEHTAIBHO J10-
KazaJl, 4ToO yJeJbHas paboTa pe3aHus yObIBAeT C yBEIMYCHHEM TOJIIUHBI Cpe-
3a€MOro CcJosi, MOATBEP/IUB, TAKUM 00pa3oM, PaBUILHOCTH B3rIsia0B M.A. Tu-
Me.

BnepBele npoaHanM3MpOBaTh YKa3aHHYK) 3aKOHOMEPHOCTH IMOIIBITAJICS
A.A. bpukc [2]. B 1896 r., oOpabatbiBasi skcriepuMeHTabHbIE AaHHbIE K.A.
3BOPBIKMHA, OH IIPUILEI K BBIBOJY, UTO €CJIM YKa3aHHBIE JaHHBIE PACCMOTPETH B
OCSIX KOOPAMHAT, I/I€ OpANHATa — OTHOUIEHUE CUJIBI pE3aHMs K IIMPUHE cpe3a, a
abcuucca — TONIIUHA Cpe3a, TO CHIIa pe3aHusl U3MEHSETCs M0 JIMHEHHOMY 3aKO-
Hy. ['paduyecku 310 U300pakaeTcsi HAKJIOHHOW MPSIMOM JIMHUEH, MPOXOISIICH
BBIIIE Hayajga KOOPAMHAT U OTCEKAOLIEH ITOJOKUTEIBHYIO OpJIUHATY. Y paBHe-
HUE UMEET BU/I

Fx = K1b + K2ab, (3)

rae FX—cuna pesanus, H;

K1, K2— ko3 durimenTs ¢ pa3sMepHOCTbIO COOTBETCTBEHHO H/MM 1
MlIlIa;
a, b — cOOTBETCTBEHHO TOJIIMHA U HIUPHHA CPE3aEMOTO CJI0S, MM.

Orcrona cienyer, 4TO CUJia pe3aHusl U3MEHSIETCS MPONOPLUOHAIBHO LIHU-
pUHE U HEMPOIMOPLIMOHATILHO TOJIIMHE CPE3AEMOr0 CIIOS.

B 1925 r. Beixoaut B cBeT pabora A.H. Yemockuna "BiusiHue pazmepon
CTPYKKHU Ha ycuiue pe3anus mMetauioB” [1], koTopas, o ciioBaM aBTOpa, SBIIs-
eTcst "pe3yiabTaTOM KPUTHUECKOW 00paOOTKHU TTIaBHEUIINX COYMHEHUM, OTHOCS-
IIUXCS K BOIIPOCY PE3aHMsI METAJUIOB Ha CTAHKaX, a TaKKe COOCTBEHHBIX H3bI-
CKaHMI M ONbITOB aBTOpa B 3T0M oOnactu". A.H. Yentockun uudpamu u rpadu-
KaMHM TOJATBEPJUI HEOJMHAKOBOE BIMSHUE IIUPHUHBI U TOJIIMHBI CPE3aEMOTO
CJI0S Ha CUJTy PE3aHHS.



B 1934 r. M.A. [lemeBoii B pabote "MexaHuyeckas TEXHOJIOTUA JAepe-
Ba"[3] W3NMOXWI OPUTHMHAIBHYIO, TTyOOKO pa3pabOoTaHHYI0 W METOJUYHO IIO-
CTPOECHHYIO HAyYHYIO T€OpHIO pe3anus npeecunbl. Kak u M.A. Tume, on, npu-
MEHSSI METO/Ibl MEXaHUKH B aHAJIM3€ MPOIEcca CTPYKKOOOpa30oBaHus MpU pe3a-
HUHW, YCTAaHOBHJI CBSI3U MEXKAY CONPOTUBIICHUEM JIPEBECHHBI PE3AHUIO U MOKa3a-
TEISIMU €€ MEXaHWYECKHX CBOMCTB. bblm pa3zpaboTanbl 0ojiee COBEpILIEHHBIE
METO/Ibl pacyeTa MOIIHOCTH M MPOU3BOJUTENBHOCTH J1€PEBOOOPa0ATHIBAIOIINX
MallyH.

B Tpuanateix rogax BBIMOJHSAIOTCS MEPBHIE HUCCIEI0BATENLCKUE PaOOTHI
A.D. I'py6e, A.JI. bepmanckoro, C.A. Bockpecenckoro, ®.M. Manxkoca. Ha-
YYHBIMH TPYJaMH 3THX YYEHBIX MbI IIUPOKO MOJIB3YEMCS B HACTOSIIEE BPEMS.

B pab6orax C.A. BockpeceHckoro pa3BuBarorcs ujaed M.A. JlemeBoro B
NPUMEHEHUU METOJIOB MEXAaHWKM B aHaIM3€ MPOLECCOB pe3aHus. boibiioe
BHUMAHUE TIPU 3TOM YJIEJSETCS BBIABICHUIO AIIOPHl HOPMAJIBHBIX JIaBICHUI B
30HE PE3aHus U ONPEACIICHUIO CUJIbl pe3anust. OQHON 13 IIaBHBIX Y€PT TEOPUHU
C.A. BockpeceHCKOro sIBISIETCS] PaCUJICHEHUE CUJIbI pe3aHUsl HA COCTABHbBIE Yac-
tu. [Ipuctynas xk ananuzy otaenbHbix yacteid, C.A. BockpeceHCKUil oTMeual,
YTO MEX]Y MPOLIECCAMH, MPOUCXOIAIIMMHU 1O OTACJIBHBIM 30HAM, CYIECTBYET
TecHas Hepa3pbiBHas CBs3b. OJHAKO MPHU CHHTE3€ CUJIa PE3aHMsl MPECTaBIseT-
Csl UM Kak cymma Tpex cui [4, 5]: cunbl Hagpe3anust Fxu, cunbl gedopmanmu
CTPYXKHU FX0 u cuitel pezanus no 3aaHeit rpanu Fx3. B pesynbrare cunTesa cui,
JNEUCTBYIOLIUX HA JIE3BUE, IOJTYYEHbl YPaBHEHUS:

FX = Fxu + Fx3 + Fxx, (4)

Fx = Fxo + FXn,

Fx = Fxo + Kna.

B 3TuX ypaBHEHHSIX HIMPHUHA CPE3AEMOro CI0sl paBHa 1 MM.

B npuBeeHHBIX YpaBHEHUSIX OCTAETCA HESICHOM (DYHKLHUS OTIEIbHBIX CO-
CTaBHBIX YaCTEH B LEJIOM MPOLECCE PE3aHUs, TaK KAK OHU U30JIMPOBAHBI IPYT OT
Jpyra U He B3aUMOCBSI3aHbl MEX1y COOOW. DTO MOCIYKUIIO MTOBOJIOM JUIsl KpU-
tuku Teopun C.A. Bockpecenckoro apyrumu yuensiMu. A.Jl. bBepuiaackuii 3a-
MEUaeT o 3TOMY MOBOAY [6, 7], 4TO YCIOBHOCTh pa3[eieHus pe3lia U ero pa-
OOThl Ha CaMOCTOSITEJIBLHO BBIJCJIICHHBIE CllaraeMble, AOMYCTUMAas A OOLIUX
IpeIBapUTENbHBIX PACCYXKACHUMN, COBEPIIEHHO HE TOMyCTUMa ISl pacipocTpa-
HEHUS €€ Ha pacueTHYIO MpakTH4ecKyro ¢popmydiy. IIpouecc pezanus Hexeaum.
B HeMm HeT rpanuil pa3aena Mexay OoTAeNbHbIMU nporeccamu. HaoGopot, onun
Ipolecc IEUCTBYET Ha APYIrOW, CBSI3b MEXKy NPOLECCaMHU MHTETpaJIbHAS, a HE



apudmerndeckas. CiaenoBaTebHO, M30JUPOBAHHBIC HE3aBUCUMBIC CllaracMbIe
HE OTPa)KaIOT PEAbHYIO CYLIIHOCTh IIPOLIECCA PE3aHMUSL.

Anammsupys kaury C.A. BockpeceHCKoro no pe3anuro apeBecussl, E.I.
HMBanoBckuil mnmcan [8], 4YTO NPUMEHEHHE TOJBKO OJHOIO MEXAHHKO-
MaTeMaTHYECKOr0 METOJla CAEPKMBAET Pa3BUTHUE HAayKH O pe3aHuu. Pe3anue
JPEBECUHBI €CTh OJHO M3 CaMbIX CIOXHBIX (PU3NUECKUX siBJIeHUI. MIMeHHO Tak
HaJI0 MOJXOJIUTh K €ro M3ydeHHto. Takoe MoOHUMaHue METO/a UCCIICIOBAHUS HE
MPEANoaraeT OTKPHITHS HOBBIX (DU3UYECKUX 3aKOHOB, HO TPEOYET BBISBIICHUS
XapakTepa JIeWCTBUSI U3BECTHBIX 3aKOHOB NpU pe3aHuu. Hauana mexaHnuku ma-
TE€pPUAJIOB MOMOTAIOT BBISIBUTH Psii 3aKOHOMEPHOCTEN pE3aHusl, HO HE BCE, U IO-
3TOMY HENb3sl OTPAHUYUBATHCS TOJIBKO UMH.

JluneiiHasi 3aBUCUMOCTb CHJIbI PE3aHHUsl OT TOJIIMHBI CPE3aeMOTO CJIOs
nojydeHa takxke B uccienoBanusx E. KuBumaa [9]. MccnenoBanusa nmokasanu,
YTO HU OJHA W3 KPUBBIX, Oy/Iy4H MPOJJICHA, HE MIPOXOIUT Yepe3 HAvaJI0 KOOp-
JMHAT, U BCE KPHUBBIC OTCEKAIOT HEKOTOPYIO MOJIOKHUTEIbHYIO opauHaTy. M3
ATOTO JENAETCs BBIBOJ, YTO YCUJIME, PACXOyEMOE HA PE3aHUE JPEBECUHBI,
pacxoayetcst Ha niBe yactu. O/IHAa 9acTh pacxXxoayeTcsi COOCTBEHHO Ha PE3aHHe U
OCTaeTCs MOCTOSHHOW MPU M3MEHEHWHU TOJIIHUHBI cpe3a. [pyras yacth ycuius
pe3aHus pacxoAyeTcs Ha Je(popMHUPOBaHUE CPE3aeMbIX CJIOE€B TepeaHel Mo-
BEPXHOCTBIO JIE3BUS M 3aBUCUT OT TOJIIIUHBI CPE3a€MOT0 CJIOS.

Tak E. KuBumaa nojenui cuiy pe3aHus Ha IB€ 4acCTH, OJHA U3 KOTOPBIX
MPUJIOKEHA K PEXKYIIEH KPOMKE JIE3BHSI U ITPOU3BOJIUT BAJIbIIEBAHHUE ITOBEPXHO-
CTU pe€3aHus U Mepepe3aHre WIN pa3/ieICHUE BOJOKOH JPEBECHUHBI, a JIpyrasi —
MPUJIOKEHA K MEPEIHEN MOBEPXHOCTHU JIE3BUS U MPOU3BOAUT CKATHE CPE3AEMO-
ro CJ0s IpeBeCUHBI. JIJis1 €MMHUYHOM CUJIBI pe3aHus MUPUHOU | MM cuia pesa-
HUS BeIpaxkaeTcs opmyion

Fx1 = Fc + Ka.

Ecnu enMHUYHYIO CHITy pe3aHMs MOJEIUTh Ha COOTBETCTBYIONIEE €1 3Ha-
YEHUE TOJIIMHBI CPE3aEMOTO CJIOSl d, TO MOJYUYUTCS 3HAUEHUE YACIbHON CHIIbI
pe3aHusi, KOJIMYECTBEHHO PaBHOE YACIbHON paboTe pe3aHusl.

B pa6orax A.JI. bepmanckoro [6, 7, 10] ynensnas pabota pe3aHus
JPEBECHUHBI BhIpaXKajiach clieaytomieid popmynoii:

K=1r, ©)

am

rie K'— ynenpHas paboTa pe3aHus MpU TOJNIIUHE Cpe3aeMoro cios |
MM;
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M — KO3(QUIUEHT, XapaKTepU3YIOIIMM HHTEHCUBHOCTH pPOCTa
yIeIbHOU paboThl pe3aHMUsl.
Ota dopmyna nojayyeHa nyreM 00pabOTKU SKCIEPUMEHTANIBHBIX JTAHHBIX
B Jjorapu(pMuuecKkux ocsix koopauHaT. OHa MOKa3bIBAET, YTO yZAesbHAs padoTa
pe3anusi yObIBaeT C POCTOM TOJILIMHBI Cpe3aeMoro cios. Jta popmyna okaza-
Jachk yA0OHOM ISl IPaKTUYECKUX PACUETOB M IIMPOKO MCIOIb30BaNach 10 60-x
rojoB. OgHako Takas ¢popMyiia 3aTpydHsUIa ONPECIICHUE PaIualbHON COCTaB-
JSAIOWEA  MOJHOW CHJIBI PE3aHUsL.
Panuanwhas cuna (cuiia oTKUMA) ompeessiach mo hopmyre:
Fz = + mFx, (6)

rae M — ko3 PUIMEHT, 3aBUCUMBIA OT OCTPOTHI PEXYIIEH KPOMKHU JIE3BUS U
TOJIIMHBI cpe3aemoro cios [11, 12]. 3HaueHne M u3MeHsAeTCs B mpeaenax m =
0,1-1,0.

HccnenoBanus 1o pe3aHuIo IPEBECUHBI U JPEBECHBIX MATEPHUAIIOB B Ha-
el cTpaHe BEAyT BCE BBICIINE Y4YEOHBIC 3aBEICHUS JICCOMPOMBINIIIEHHOTO
npoduiis, a TakKe OTpacieBble HAayYHO-UCCIEAOBATEIbCKUE HWHCTUTYTHI
(IHUUMOH, r. Apxanrensck; IHHUUMD, r. Xumku MOCKOBCKOW OOJI.;
BHUWN Ipes, r. banabanoBo Kamyxckoit 0611.; CuoHUNJIII, r. KpacHosipck).

Pe3anue npeBecHHbl — CIOXKHBIM Tpouecc. Ero ciioxHocTh 00ycioBuia
MOSIBJICHUE PA3HBIX HANpPaBICHUM B Pa3BUTUU TEOPUU PE3aHUSI 3TOrO MaTepHa-
na.

B uTore Hay4HBIX AMCKYCCHUW MO TEOPUHU PE3aHUsl IPEBECUHBI, COCTOSIB-
muxcs B Jlenunrpane (1952 r.) u 8 Mockse (1953 r.), Ob1I0 yCTaHOBIIEHO, YTO
y>K€ B TO BpeMsl HayKa O PE3aHHM JIPEBECUHBI pa3BUBaAIach MO TPEM HaIpaBiie-
HUSIM.

Ilepeoe nanpaenenue npuUMEHSET METOJI MEXAHUKO-MATEMATHYECKOIO
aHanu3a mnpouecca pezanuss. Jto mkona M.A. Tume, M.A. [lemesoro, C.A.
BockpeceHckoro. YueHble 3TOM WIKOJIBI IEPEHOCIT METOAbI HAYKH O COIIPOTUB-
JIEHWU MaTepUajioB HA aHaJM3 ACHCTBUS CUJ M TOBEJICHUS CTPYKKHU B MpolLIecce
pe3aHus IPEBECUHBI.

Bmopoe nanpaenenue pazpuBaeT (PU3NYECKYIO TEOPUIO pE3aHUs JpEBe-
cunsl. [Ipouecc pesanust paccMarpuBaercs Kak pusudyeckuid. M3yyaroTes npex-
JIe BCEro MPOLECChl YNPYroro M OCTAaTOYHOIO Je(OpMUpPOBAHUS JPEBECHHBI,
TPEHUSI HA MOJIEKYJISIPHOM YPOBHE, BIMSHHE HA 3TU MPOLIECCHl CKOPOCTU pe3a-
HUs. JTO HampasieHue npeacrasieHo mkoson B.JI. Ky3nenosa u E.I'. liBanos-
CKOTO.

11



Tpemve Hanpaenenue WCTONL3YET (PUBHKO-TEXHOJIOTHUYECKUN METO/,
MaTEeMaTU4YeCKh 00000 IKCIIEPUMEHTAIbHBIC JTaHHBIC TPOIECCOB pe3a-
HUS B SMIMpUYecKUue (OPMYJbl, MPUTOJHBIE MJisi MPAKTUYECKUX PACUETOB.
@opMyiibl 00BEIUHSIIOT (PU3NYECKHE U TEXHOJIOTMYECKHE IMapaMeTpbl. ITO
mkoJsia A.JI. bepuaackoro.

Mexy yka3aHHBIMH TPEMSI TEOPUAMH PE3aHUs HEJb351 IPOBECTU YETKUX
rpanull. OHU YacTH OJTHOM TEOpHUH, JOMOJHSIONIME U oOoramaroimye Jpyr apy-
ra, 00beTMHCHHBIC EMHCTBOM IICIIH.

B 3akntoueHne OTMETHM, YTO Hay4YHBIE TPYJbl OCHOBOMOJIOKHUKA HAYKU
0 pe3anuu napeBecudbl M.A. Tume nany BO3MOXKHOCTH LIEJIOW TUICSIE PYCCKUX
yueHbix (II.A. AdanacneBy, K.A. 3Bopeikuny, A.H. Yentockuny, S.I'. Vcauge-
By, M.A. JlemeBomy, A.JI. bepmanackomy, A.D. I'py6e, C.A. BockpeceHckomy,
E.I'. UanoBckomy,  A.E. 3onorapeBy, N.I1. Jlanuny, ®.M. Manxocy, B.C.
Pr16anko u MHOTHM JIpyTUM) CO37aTh OTEYECTBEHHYIO POCCUMCKYIO KOy 00-
paboOTKH JPEBECUHBI pe3aHUEM. JTa IIKOJIa 3aHUMAET ceiluac BEIyIIee MECTO B
MUpE.

I'naga 1. O0mue cBe/IeHUsI O Pe3aHUU JIPEBECHHBI

1.1. OcHOBHBbIE IOHATHSA U ONPeEACTCHUS

1.1.1. XapakTepucTHKA MPOIeCCa Pe3aHusA

Ilonsitue o pe3anmu. Pe3aHueM Ha3bIBalOT TEXHOJOTHYECKHI mpolecc
paspylLIeHHs CBA3E€W MEXKIy YaCcTHIAMM MaTepraia 00padaTbIBa€MON 3arOTOBKU
[0 TPOECKTHON MOBEPXHOCTHU JIE3BUEM PEXKYILEr0 MHCTPYMEHTA C IIEJIbI0 MOITy-
YeHHs leTanu Tpedyemoi (opMbl, pa3MepoB U MIEPOXOBATOCTH.

3azomoeka — >TO TpeAMET, MOABEPracMblii U3MEHEHHUIO (POPMBI, pa3Mme-
POB U HIEPOXOBATOCTH.

[Tocne 3aBepiieHUsT MEXaHUYECKONH OOpabOTKU U3 3arOTOBKH IOJIy4aeTCs
uznenue (oopaboranHas aeTanb), T.e. mpeamer Tpyaa [13, 14, 15].

Jle36ue — KIIMHOBHUIHBIN DJIEMEHT PEKYLIEro MHCTpyMeHTa. OHO MpeaHa-

3HAYEHO JIsI MPOHUKHOBEHHSI B MaTE€pHas 3aTOTOBKHU W OTACJICHHS CPE3aeMOT0
cnos [16, 17].
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O6paboTka pe3aHueM, OCYIIEeCTBIsIEMasl JIE3BUMHBIM UHCTPYMEHTOM, Ha-
3BIBACTCS JIC3BUITHOM 00paOOTKOMA.

Ha puc. 2 npencrapneH cxema Je3BUIHONW 00paOOTKU IPEBECUHBI METO-
oM (ppesepoBanus. Ha cxeme nmoka3zanbl oOpadaTbiBaeMas 3arotoBka 1, je3Bue
3, KOTOpoe MepeMeIaeTcs Mo KpyroBol TpaekTopuu 6, MPOHUKAET B MaTepual
3arOTOBKM U OTJEJIAET CEPIIOBUIHBIN Cpe3aeMblil cioil. Cpe3aeMblii CIION Xapak-
Tepusyercs juymHOU |, mupuHOit b (Ha cxeme He moka3aHa) WU TOJIIMHOH a.
JlpeBecrHa cpe3aeMoro ciosi, yAajiseMas B Mpoliecce pe3aHusi, BO BCeM 00beMe
YOPYTOIIAaCTUYECKU NepopmMupyercs, paspymaercs. ITy aeGopMUpPOBAHHYIO
4acTh MaTepHalia MPUHATO HA3bIBATh CTPYKKOIA.

T -
,/ T35

6

Puc. 2. Cxema ¢pesepoBanus

O6paboTka pe3aHreM 3aKII0YaeTCs B CHIATHH C oOpabaTbiBaeMoi 3aro-
TOBKH HEKOTOPOW MacChl JPEBECHHBI, CIIEHUAIbHO OCTABICHHOW IS yAaJICHUS
Ha JJAHHOM OIlepally U HAa3bIBAEMOW MPUIIYCKOM //. [Ipunyck MOXeT ynajisTh-
Cs OAHOBPEMEHHO C HECKOJIbKMX MOBEPXHOCTEM 3aroTOBKM WM TOCIEIO0Ba-
TEJBLHO JIPYT 3a JPYroM C Kaxjaou oOpabareiBaeMoOl MoOBepXHOCTU. B psje ciy-
yaeB NpuUIyck // MoxeT ObITh HACTOJIBKO OOJIBILIMM, YTO €0 CPe3aroT He cpasy,
a TOCJIEIOBATENILHO 32 HECKOJIKO MPOXO/A0B. BenmnmunHy MpOHUKHOBEHUS JiE3-
BUII MHCTPYMEHTA B 3arOTOBKY BO BpeMs KaXJOTO TMPOXOJa HA3BIBAIOT IJIy-
OuHoii pe3anus (rmyOuHol (pezepoBanus) U 0003HayaroT OykBoi t; t < 11,

[ToBepxHOCTH 4 3arOTOBKH, MOJJICKALTYI0O U3MEHEHHUIO B IMPOLIECCE pe3a-
HUs, HA3bIBAIOT 00padaTbiBaeMoOil MOBEPXHOCTHIO. [loBEepXHOCTH 2, MOITyYeH-
HYIO BHOBb M0OCJI€ YIAJIEHUS PAJla CPE3aEMbIX CJIOEB, Ha3bIBAIOT 00Pa0OTAHHOIA.
[IpoMekyTOUHYIO MOBEPXHOCTH 6, BpEMEHHO CYILIECTBYIOIIYIO B MpOIECCe pe-
3aHUsT MeXAy oOpabaTbiBaeMOl M 0OpabOTaHHOUN IMOBEPXHOCTSAMH, Ha3bIBAIOT
NOBEPXHOCTHIO pe3aHusi. [locienHssi MOBEPXHOCTh BCETJa HaXOIUTCS B KOH-
TakTe ¢ Jie3BueM. [locie cpe3anus co Bcex CTOPOH 3arOTOBKU MPHUITYCKOB MOTY-
yaeTcs uzaenue (neraip) S.
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JABm:kenusi npu pe3aHuu. [Ipu pesaHnu ne3Bue m 3aroToBKa OJHOBpE-
MEHHO NEPEMEIIAIOTCS OTHOCUTEIBHO APYr Apyra. OTH JABUKECHHS Ha3bIBa-
10T pabouuMu. K HUM OTHOCST ABMKEHUS IJIABHOE, MOJa4M, KacaTeJbHOE U pe-
3ynbTUpytomee [18, 19].

['maBHBIM JABMKEHHEM pe3anus Dr HazpiBaeTcs NpSIMOJIUHEHHOE IIO0-
CTyHaTeJIbHOE WM BpAIIaTENbHOE ABWKECHHE PEXKYIIETO WHCTPYMEHTA WIH
3arOoTOBKH, IPEAHA3HAYECHHOE JUUIS YAAIEHUSA OJHOTO CPE3aeMOro CIos.

CKOpOCTh ITaBHOTO JBHKEHHS V — 3TO CKOPOCTh paccMaTpuBaeMoOM TOY-
KU PEKyIIEH KPOMKHU JIE3BUS UJIM 3arOTOBKH B TJIABHOM JBUKEHUH PE3aHUS.

JBrxenueM mnojauu DS Ha3piBaeTcsd NPSIMOJIMHENWHOE MOCTYNATEIbHOE
WM BpAIATENbHOE ABHKECHHUE PEXKYIIETO0 MHCTPYMEHTA WM 3arOTOBKH, MPEN-
Ha3HAYEHHOE JJIs MOJIBEACHUS K JIE3BUIO HOBOTO CPE3AEMOTO CJIOSI.

CKOpOCTh paccMaTpUBaEMOM TOYKM PEXKYLIEH KPOMKH B JBMKEHHUH I10O-
Jlayu Ha3bIBAETCSA CKOPOCTHIO ABMKEHHUS MoAauu VS.

J{ns XapakTepUCTUKH ABUYKEHHS MOJAYM U €r0 CKOPOCTH JOMOJHUTEIBHO
BBOJISITCA CIEAYIONINE MOHATHS: MT0a4a, 1oaada Ha 000poT, Ioia4ya Ha 3y0.

[Togaya — 3TO OTHOLIEHUE PACCTOSIHUS, MTPOMACHHOTO PacCMaTpUBAEMOMN
TOYKOM PEXYIIEH KPOMKHU WJIM 3arOTOBKHU BIOJIb HAIIPABIICHUS ABUKECHUA MOJa-
YH, K COOTBETCTBYIOIIEMY YHCIIy LIMKJIOB (MJIM €ro JA0JM) TJABHOTO JABUKEHUS.
[{ukJ1 rmaBHOTO ABMXKEHHS MPU Ppe3epOBAHUM €CTh MOJHBIN 000POT PEkKYILEro
uHCTpyMeHTa. Jlonei nmkma MoXeT ObITh 4acTh 000pOTa, COOTBETCTBYIOIIAS
yII0BOMY Iary 3yObeB pexyiiero mHctpymenrta. [Ipu dpesepoBanuu paznu-
YaloT MOJIaYu:

Ha 000pOoT SO — Mojay4a, COOTBETCTBYIOIIAS OJIHOMY OOOpPOTYy HHCTPY-
MEHTa WU 3aTOTOBKHU (MM/00);

Ha 3y0 Sz — mojaua, COOTBETCTBYIOIIAS TIEPEMEIICHUIO0 HHCTPYMEHTA WIIH
3arOTOBKHM Ha OJMH IIar 3yObeB PEXKYILEero HHCTpyMeHTa (MM/3y0).

KacarenbHoe nBmxenue Dx — 3To mpsiMOJIIMHENHOE WM BpalllaTelbHOE
JBUKEHHUE PEXKYIIETO MHCTPYMEHTA WJIM 3arOTOBKH, CKOPOCTh KOTOPOrO Ha-
MpaBJieHa BJOJIb PeXyIIed KpoMKU. OHO MpeAHA3HAUYEHO JIJI1 CMEHbl KOHTaKTH-
PYIOIIMX C 3arOTOBKOM YYaCTKOB PEXYIIEH KpoMKH. Ha mpakTuke 310 IBHkKE-
HUE BCTpedaeTcs Nnpu (ppe3epoBaHUM BUHTOBBIMH HOKamMu. CKOpPOCTh paccMmar-
pHUBAEMOM TOYKHM PEXKYILIECH KPOMKH WJIA 3arOTOBKHM B KacaTeJIbHOM JIBUKCHUU
Ha3bIBACTCS CKOPOCTHIO KacaTeabHOro aBrxkeHus Vx (puc. 3).

N3 paccMOTpPEHHBIX CKOPOCTEN 3HAYEHHE CKOPOCTH TJIABHOTO JIBUKEHUS
0O0JIBIIIE CKOPOCTH TI0JIaYU U CKOPOCTH KAacaTebHOTO ABUKECHUSI.
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Pesynprupyromiee (cymmapHoe) IBH>KeHHE pe3aHus De siBnsiercs cienct-
BUEM HECKOJIbKMX OJHOBPEMEHHO OCYLIECTBISEMBIX JBM)KCHHM M BKIIIOYAET
IJIABHOE JBIKEHHE, JABW)KEHHE IIOJa4d M KacaTeiabHoe JBmkeHue. Cko-
POCTh paccMaTpUBAEMON TOUKH PEXYILEH KPOMKH B PE3YJIbTUPYIOLIEM JBHKE-
HUM  PE3aHMs Ha3bIBAETCS CKOPOCTHIO PE3ybTUPYIOIIETo 1BUKeHus Ve (puc.
3, 4). Bextop Ve paBeH BEeKTOpHON CyMMe CKOPOCTEH yKa3aHHbBIX JBHKCHUH pe-
3aHUSL:

Puc. 3. PaGoune nBuxeHus

Ve=V + Vs + Vk. (7

OTa CKOPOCTh BCErja HalpaBji€Ha IO JIMHHUM, KacaTeIbHON K MOBEPXHO-
CTH pe3aHus B paccMarpuBaemoi Touke. IloBepxHocTh pe3anusi R — 3to mno-
BEPXHOCTb, OOpa3zyemasi pexylieil KpOMKOH B pe3yJbTHPYIOIIEM JIBHKECHUH
pesanus. [loBepxHOCTh pe3aHusi oOpazyeTcs BCEMH TOYKaMH TJIAaBHOM pexxyIeit
KPOMKH KaK COBOKYITHOCTb TPAEKTOPHUH pe3yJbTUPYIOIIETO ABMKEHUS pEe3aHusl.

Mexay Ha3BaHHBIMH CKOPOCTSIMU Pa3iuyaroT yriibl CKOPOCTH PE3aHUs U
NOJIAYN.

Yenom cxopocmu pezanusa n HasbiBaeTcs yrona B paboyeil IIIOCKOCTH
MEXIYy HaIpaBJIEHUSMU CKOPOCTEH PEe3yIbTHUPYIOLIErO JBHKECHUS PE3aHHS U
TJIABHOTO JBMKEHUS pe3aHus (M. puc. 3 - 4).

Yenom nooauu p wnazpiBaetcst yron B paboueil MIOCKOCTH MEXIy Ha-
IIPaBJICHUSAMU CKOPOCTEH ABMIKEHHUS IOJA4YU WM IJIABHOTO JIBHJKCHHS PE3aHMS
(cm. puc. 4).
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Puc. 4. Paboune nBuxeHus npu  (ppe3epoBaAHUU:
@ — BCTPEYHOM; O — IIOITyTHOM

Paboueit nnockocmoio PS HazpIBaeTCs MIOCKOCTh, B KOTOPOHM pacmoo-
’KEHBI HAIIPaBJICHUS CKOPOCTEW TIIABHOIO JIBWKEHUS W JBMKECHHS MOJa4M (CM.
puc. 3, 4). B ciy4asx, Korga B OTIEIbHBIE MOMEHTHI BPEMEHU HaIpaBIICHUS
CKOPOCTEH TJIaBHOTO NBIDKEHUS W JABWKCHHS MOAAYM COBHAMAIOT (Tepudepuii-
HOoe (ppe3epoBaHue), paboyasi MIOCKOCTh MPOBOAUTCS TaK K€, KaK U B IMPE/IbI-
OYUUH WINA TOCIETYIOMNA MOMEHTHBI, KOT/la 3T HalpaBJieHUs] HE COBMAJAIOT.
[Tpu otcyTcTBUM ABMXKEHMS MOoJayl paboyast MIOCKOCTh MPOBOJUTCS Yepe3 Ha-
IpaBJIEHUE CKOPOCTH TJIaBHOTO JIBUXKEHUS pPe3aHUs MEePIEHINKYIISIPHO YCTaHO-
BOYHOI 0a3e pexyIlero HHCTpyMEHTA.

1.1.2. XapakTepucTHKA peKYIIMX HHCTPYMEHTOB

KoopannarHbie miiockocTH. JIe3Bus pexXylmux HHCTPYMEHTOB IIPU MPO-
€KTUPOBAHUM, U3TOTOBJICHUM U JKCILTyaTalld PACCMATPUBAIOT B MPSAMOYIOJIb-
HOM cucreMe KoopauHat PvtPn, roe PV — OCHOBHas IUIOCKOCTh; t — paccmar-
puBaemas TOYKa PEXYIIEH KPOMKH; PN — INIOCKOCTb PE3aHUs.

Ocnoenasn naockocmov PV — 3T0 KOOpAMHATHAS TUIOCKOCTh, IIPOBEICHHAS
4yepe3 pacCMaTpPUBAEMYI0 TOYKY PEXKYLIEH KPOMKH NEPIECHAMKYJISIPHO HaIlpaB-
JIEHUIO CKOPOCTH IUIABHOTO (WJIM PE3yIbTUPYIOIIETO) ABUKEHUSI pE3aHuUs.

Ilhockocme pezanua Pn — 5T0 KOOpAMHATHASA IUIOCKOCTb, IIPOXOISAIIAS
4yepe3 PeKyLIYI0 KPOMKY MapajuieJbHO HAaIpaBJICHUIO CKOPOCTH TJIABHOIO (pe-
3yJAbTUPYIOLLEr0) ABUKEHUA pe3aHus. OHa NepHeHauKyJIIpHa OCHOBHOM ILIOC-
KOCTH.
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B 3aBucMMOCTHM OT OpMEHTAMM OCHOBHOW IIOCKOCTH Pa3jMyarOT TpHU
CHUCTEMBI KOOPAUHAT: HHCTPYMEHTAIbHYIO PVutPnu, cratnueckyro PvctPne, u
KUHEMAaTHYECKy0 PVktPnk .

Hucmpymenmanvnasa cucmema KoOOpOuHam OPUCHTHUPOBAHA OTHOCH-
TENBbHO JIE3BUM pEeXyIIero MHCTpyMeHTa (puc. 5, a). OHa npumeHsieTcs: npu
BBIIIOJIHEHUH YEPTEKEH, U3TOTOBICHUN U KOHTPOJE YIVIOBBIX IapaMEeTpoOB pe-
KYLIUX 3JIEMEHTOB HMHCTpyMeHTa. [Ipu paboTe ¢ 3Toil cuctemMoil KOOpAMHAT
IIPUHUAMAIOT, YTO HAIPABJIECHUE CKOPOCTH TJIABHOTO JABMKECHHS PE3aHUS IIPOXO-
IUT Yepe3 PEeXyIlHe KPOMKH KacaTeIbHO K OKPYKHOCTHM HMX BpAICHUS WU
BJI0JIb PEXKYIIUX KPOMOK (TIpH pacIoyIOKEHUU UX BJIOJIb IPSIMOM JIMHUN).

Cmamuueckaa cucmema KOOpOUHam OPUCHTUPOBAHA OTHOCHUTEIILHO
HaIlpaBJICHUS] CKOPOCTHU TJIABHOTO JBM)KECHUS pe3aHusd. PaMHble NUibl, HAIIpu-
Mep, CO3HATEJIBHO YCTAHABJIMBAIOT C YKJIOHOM TaK, YTO JIMHWU BEPIIHH JIE3BUN
HE COBMAJAIOT C HAIPABJIEHUEM CKOPOCTH IIaBHOTO JBUXKeHUS (puc. 5, 6). Ilpu
YCTaHOBKE KPYTJIBIX MUJI WM HacaaHBIX (hpe3 Ha BaJl FEOMETPUUECKHUE OCH Bajia
U TI0CAJ0YHBIX OTBEPCTUH PEXYIIMX HWHCTPYMEHTOB MOTYT HE COBHACThb, YTO
WU3MEHUT MPOCTPAHCTBEHHOE MOJIOKEHUE Jie3Buid. CTatuyeckas cucteMa Koop-
JMHAT TPUMEHSIETCS JJIsl MPUOIMKEHHBIX PacyeTOB YIJIOB JIE3BHSI B IMPOIIECCE
pe3aHus U Uil y4eTa U3MEHEHUS 3TUX YIJIOB MOCJIE YCTAHOBKM MHCTPYMEHTA Ha
CTaHKE.

Kunemamuueckaa cucmema Koopournam OpPUEHTHPOBAHA OTHOCUTENb-
HO HAIpaBJICHUS] CKOPOCTH PE3yJIbTUPYIOIIETO JBHXCHUS pe3anus (puc. 5, 6).
Ona npuMeHsIeTCs U1 yYeTa peajbHbIX 3HAUYEHUN YIJIOBBIX MapaMeTPOB PEXKY-
LIUX 3JIEMEHTOB HUHCTPYMEHTOB B IPOLIECCE PE3AHUs.
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Pru P, Pr,
D,
PVu va PVC
\
Pnll PnC
a 7]

Puc. 5. CucreMbl KOOpIUHAT:
a — MHCTPYMEHTAJIbHAS, 0 — CTaTU4YeCKas;
6 — KHHEMaTHn4yecKast

DJIeMeHTBI Jie3BUsl. JIe3BUe B MONEPEYHOM CEYEHUU UMeeT GopMy KIlu-
Ha. Ero sjnemeHTaMu SBIAIOTCS NEpPEAHSsA MOBEPXHOCTb, OAHA WM HECKOJIBKO
3aIHUX NTOBEPXHOCTEN, PEKYILUE KPOMKHU U YTJIBI.

Ilepeoneii nosepxnocmuio ne3éun Ay Ha3bIBACTCS OBEPXHOCTD JIE3BUS,
KOHTAaKTUPYyIOIas B IIPOLECCE PE3aHUsA CO CPE3acMbIM CIOEM U CTPYKKOU
(puc. 6).

3aoneii nosepxnocmuio ne3eus AQ HA3bIBACTCS NMOBEPXHOCTH JIE3BUA,
KOHTaKTUPYIOLIas B MPOIIECCE PE3aHUS C IOBEPXHOCTBIO pe3aHus (oHa oOpaiiie-
Ha K 00paboTaHHOI nmoBepxHOCTH). Ecnu y 1€3BUsa MMEETCsl HECKOJIbKO 3aJHUX
IIOBEPXHOCTEM, TO OJTHA U3 HUX HA3bIBACTCS ITIaBHOU 3aJHEN ITIOBEPXHOCTHIO A ¢,
a OCTaJIbHBIE — BCIIOMOI'aTEJIbHBIMU 33 IHUMU IIOBEpXHOCTAMU A al, Ao?2.

Pesxcywqumu kpomkamu ne3eus WHCTPYMEHTA HA3bIBAIOT JIMHUM IIEpECe-
YeHHsI MepeAHeN MOBEPXHOCTU C 3aAHUMHU. YacTh pexyuieil KpoMku, Hopmu-
pyromasi OOJIbLIYI0O CTOPOHY CEUEHHUsSI CPE3aEMOro CJIOsl, Ha3bIBAECTCS TJIABHOM
pexyien KpoMKoi K, OCTajabHbIe — BCIIOMOTaTEIbHBIMU PEXKYLIMMU KPOMKaMHU
K1, K2. I'naBHas pexyllas KpOMKa IEPECEKaeTcsi CO BCIIOMOIraTebHBIMU pe-
KYIIMMH KPOMKaMy B BEPUIMHAX JIE3BHSL.
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OTHOCHUTENBHOE MOJO0KEHUE NMEepeaHENd U 3aJHUX MOBEPXHOCTEH Jie3BHs
(buUKCUpyeTCS TIABHBIM M BCIIOMOTATEIbHBIMHA yTJIaMU 3a0CTpeHus. [ 1aBHBIH
yroJ 3a0cTpeHust [ u3MepseTcs: MeXIy MepeaHeil U TJIaBHOW 3aJIHEW TOBEpX-
HOCTSIMH. BcrioMoraTeabHbIE YTIIbl 3a0CTPEHUS U3MEPSIOTCS MEKY MEpEIHEN U
BCIIOMOTaTEJIbHBIMU 3aJHUMHU IIOBEPXHOCTSAMM.

[Tonoxenue je3BHUsl Ha KOPIyce MHCTpyMEHTa (hUKCUpyercs Tubo 3ai-

AaZ ''''''' ,1I ““““ Aa
K i i K
A Ve | s A
PS x‘/. ;’ l./.'/’ .

Puc. 6. DineMeHTHI JIe3BUS

HUM, JIMOO TIEPETHUM YTJIaMU, JTUOO0 YyTIOM pe3aHusl.

3aonuii yeon @ — yroil B CEKyIIEH MIOCKOCTU MEXKIY 3aJHEH MOBEPXHO-
CTBIO U MJIOCKOCTBIO pe3aHus (CM. puc. 6).

Ilepeonuii y2on y — yroin B CEKylIeH IJIOCKOCTU MEXKIY NEpPEAHEN IOo-
BEPXHOCTBIO JIE3BUSI U OCHOBHOM IUIOCKOCTBIO (HOPMAJIbIO K IUIOCKOCTH pe3a-
HUS).

Yeon pezanua 6 — yron B cexyieit mioCKOCTH MEXy EpeHEl ToBepx-
HOCTBIO M TUIOCKOCTBIO Pe3aHusl, paBHBIN cymMMe YriioB o u . Cymma yrioB pe-
3anmst ¢ + S+ y=90°.

B 3aBucumMocTH OT TOro, B KaKOM CUCTEME KOOPIANHAT U3MEPEHBI YIIIOBBIE
napameTpbl (puc. 7), UX Ha3bIBAIOT COOTBETCTBEHHO HHCTPYMEHTAJbHBIA IIe-
peIHMI WK 3aaHMi yrod (yu, qu), CTAaTHYSCKUN MEePeIHUHA WM 3aIHHHA Yroj
(yc, ac), kuHEMATHYECKHIA TIEPEIHUN WX 3aAHAN YT ()X, OK).
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Pr,
D, a,
Py,
P,
a

Puc. 7. YrnoBbie napaMeTpsl 3yObeB PEXYIIMX HHCTPYMEHTOB

B CUCTEMC KOOpAHNHAT:
a— HHCTpYMeHTaHBHOﬁ; O — CTaTI/I"IeCKOI\/’I; 6 — KWHEMAaTHU4E€CKOM

Puc. 8. MI3MeHeHHe yIioBbIX apaMeT-

POB TP YCTaHOBKE (Pppe3bl Ha BaJl

Ha puc. 8 nokazana ¢pesa, Ha-
CakKaHHasi Ha Bai craHka. Jlaxxe npu
TOYHOM H3TFOTOBJICHHH TMOCATOYHOTO
oTBepcTHs (Ppe3bl M Baja CTaHKa Jra-
METp OTBEpCTHsl OyneT OoJibllie aua-
Metpa Bajia. [Ipu ycraHoBke ¢pesbl Ha
CTAHOK MPOM30MIET CMEIICHUE
METPUYECKUX LIEHTPOB OTBEPCTUS U

reo-

Baja Ha BenuuunHy ). Eciom AAl -
ock otBepcTusi, a BBl — och Bana, TO
WHCTPYMEHTAJIBHBIN 3aJHUA yroa Oy-
NET H3MEPSAThCA OTHOCUTENIBHO TI€O-
METPUYECKOTO LIEHTpa MOCaTOUYHOTO

OTBEPCTHUS, A CTATHYECKUM 3aIHUHU

YIoJl — OTHOCHUTCIIbHO I'€OMETPHUYCCKOTO LCHTPAa Bajla CTaHKaA. HOCKOHBKY YKa-

3aHHBIC

TCOMCTPHUUYCCKUC ICHTPBI HC COBIIAAAIOT, TO U 3HAYCHUSA YKa3aH-

HBIX 3aJJHUX YIJIOB HE COBHAAYT. TaKOM € BBIBOJ MOKHO CJI€JIaTh OTHOCUTEIIb-

HO IICPCIHUX YIJIOB U YIJIOB PC3aHUs.

Cexkymue miockocTu. JIuHeHbIie yIiibl J€3BUNA PEKYIIIUX HHCTPYMEHTOB

U3MEPSIOTCS B CEKYIIMX IIOCKOCTAX: ITIaBHOU P71 HOpManbHOU PH.
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I'nasnon cexywieii niockocmoto Pt Ha3plBaeTCs KOOPAWHATHAS ILIOC-
KOCTb, NEPNECHANKYIISPHAS JIMHUU MEPECEUCHU OCHOBHOM IUIOCKOCTH W ILIOC-
KOCTH pe3anud. Ha puc. 7, a oHa coBmagaeT ¢ IUIOCKOCThIO yepTexka. B MHCT-
PYMEHTAJIBbHOW CHUCTEME KOOPAMHAT OHA HA3bIBAETCS MHCTPYMEHTAJIBHOM IJ1aB-
HOM CEKyIEeH IIIOCKOCTBhIO P7u, B CTaTUYECKOM — CTaTHYECKOM IJIABHOM CEKYy-
W TJIOCKOCTBhIO P7c, B KHHEMAaTUYECKOW — KMHEMATUYECKOM TJIaBHOM CEKY-
e II0CKOCThIO P K.

Hopmanvnou cexywieii niockocmoro Pn HaspiBaeTcsl IIIOCKOCTb, IEp-
MEeHAUKYJIApHAs PEXKYIIEH KPOMKE B pacCCMaTPUBAEMOM TOUKE.

I[Monoxkenne pekymed KpoMkHu. [lonoxeHue pexylen KpOMKU B CHUC-

TEeMe KOOPJIWHATHBIX MJIOCKOCTEH OMpenessieTcsl yrioM €€ HaKJIOHa U yrilaMu B
mane (puc. 9).

Puc. 9. Haxkion pe-
fDS KYILIEN KPOMKHA K OCHOBHOM

KOOPJIMHATHOM  TJIOCKOCTH
Py Pv

Yenom naxnona pexicywieii Kpomku A Ha3pIBaeTCs yroi B INIOCKOCTH pe-
3aHMSI MEXKIY PEXKYIIeH KPOMKONW M OCHOBHOM TUTOCKOCTHIO (ecimu A # 0, umeem
KOCOYT'OJIbHOE Pe3aHue).

YoM B 1U1aHe @ HA3bIBAETCS YrOJI B OCHOBHOM KOOPAMHATHOM IUIOCKO-

cTH PV Mexay pexyiieil KpOMKOW (IJIOCKOCTRIO pe3aHusi) U padoude IMI0CKO-
cthio PS (puc. 10).
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Puc. 10. Yron B nnaHe pexyLwmx KPOMOK nNubl

B 3aBuCMMOCTH OT TOTrO, B KAKOM CUCTEME KOOPAUHAT U3MEPSIOTCS YIJIbI
A ¥ @, OHM HA3bIBAIOTCS COOTBETCTBEHHO YIJIaMU MHCTPYMEHTAJIbHBIMHU, CTATHU-
YECKUMU WM KUHEMAaTHYECKUMH.

1.1.3. U3HOC U 3aTyILIeHHE JIe3BU I

Mukporeomerpusi pexyumeid kpomku. [Ipu 3atouke ne3Bust numgo-
BaJbHBIM KPYIrOM Ha €ro pexylied KpoMke oOpasyroTcs 3ayceHubl. Mx ctpe-
MSITCSl yIaJUTh, 0OJIOMHUTDH NP MOCIEAYIOLIEH IpaBKe ocenkaMu, oOpyckamu. Bo
BpeMsi pabOThI O] JCHCTBUEM YJapHBIX Harpy30K JIE3BHE €IE CaMOIPOU3BOJIb-
HO oOnambIBaeTcs. OcTpble KPOMKHM OOJIOMJIEHHOIO JIE3BUS IPUTHPAIOTCS, PU-

TYIUAIOTCA. PesKkylnasi KpoMKa peajbHOro Jie3BHs
MpeACTaB/IAeT HEKOTOPYI0O KPHBYIO IOBEPXHOCTD,
COCIMHSIOINYI0O MOBEPXHOCTH IepeaHell U 3aaHel
rpaneii. Ha puc. 11 takoe ne3Bue noka3zaHo B cede-

HUW HOPMAJIbHOM IIJIOCKOCTBIO.
¢

~— Jlns cpaBHEHUs JIE3BHM IO OCTPOTE KPHUBYIO
Puc. 11. Cxema MMOBEPXHOCTh PEXKYIIEH KPOMKH YCJIOBHO 3aMEHSIIOT
PEaNbHOTO JIe3BUs HUIMHAPUYECKO. Pamuyc p 93Toil moBepXHOCTH

CILy’)KMUT MEPON OCTPOTHI PEXKyLIeH KPOMKHU U Has3bl-
BAETCsl PaJAMyCOM OKpYIJIEHUs (3aTyIuleHus) pexyuieil kpomku. [lpu pabote
JIe3BHE TYIUTCS, paJuyC €ro pexxylel KpoMku yBennuuBaerca. Hanpumep, s
OYEHb OCTPBIX (YroBaJbHBIX HOXEW PpaJNyC OKPYTJICHHS PEXYIIEH KPOMKH
paBeH 2 MKM, a JiIsl TynbIX — 60 MKM.
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Jia ne3Bust 000 OCTPOTHI BEIMUYMHY pajgdyca OKPYIJIEHHS MOYKHO

ONKCaTh CIECTYIOLUIUM BbIPAKEHUEM:
p=po+Ap, (8)

A€ O — paguyc OKPYIVIEHUS PEXYIIEW KPOMKHM ITPOU3BOJIBHOU OCTPO-
ThI, MKM;

0 — paguyc OKPYIVIEHUS PEXYILIEH KPOMKH TOCIE 3aTOYKU, MKM;

Ap— BenMUYMHA NPUPOCTA 3aTYIJICHUS 32 BpEMsI paObOThI, MKM.

Jlnst ne3uit u3 cranieid XBI' u 85X ® npuHUMAKOT ClIeayrONIUEe 3HAYEHUS
0y hpes po=4..6MrM; y un 00 = 10 MKM.

3aTyIuieHne peXKyled KPOMKHM 3aBUCUT TIJIABHBIM O0Opa3oM OT JJIMHBI
INyTH KOHTAaKTa JIE3BUsS C JPEBECUHOM, MOPOABI APEBECUHBI U BUIOB PE3aHUS.
[Ipupoct 3arynnenus

Ap=yAL, )

rae yA — BeIWYMHA 3aTyIUICHUS peXylled KpoMKd Ha 1 M myTw,
MKM/M;

L — myTh pe3ua B 3aroTOBKE, M.

ITpu ¢dpe3epoBaHnM COCHBI HHCTPYMEHTOM M3 JIETUPOBAHHOM CTalIM IPU-
Humaiot Y4 = 0,0008 Mkm/M, IpU THIICHUU yA= 0,001 Mmxm/Mm.
[Ipu 00paboTke TBEpABIX MOPOJ JpeBecuHbI (Oepesa, Oyk, ny0) 3HaueHus yA
caeayet yBenuuuth Ha 30...35%.

IlonsiTue M3HOCA M 3aTyIUIeHUsl. Jle3Bue pexyliero HHCTpyMEeHTa Mpu
Cpe3aHMHU MpUITyCKa ¢ 00padaThIiBa€MON 3arOTOBKU IOJ ACUCTBUEM CUJ TPEHUS
IIOJIBEPIaeTCsl U3HOCY.

ITpu paccMOTpeHHMH ATOrO SIBJICHUS Pa3IMYarOT J1Ba MOHSITHS: U3HOC JIE3-
BUS U 3aTYIUIEHHE €ro pexXylmux KpoMok. M3HOC - 3TO BelMuMHA, XapakTepu-
3ytomias u3MeHeHne (Gopmsl U pazmepoB Je3Bud. [lpu mzydenun usznueckoi
IPUPOABI U3HOCA UCIIONIB3YETCS MOKa3aTelb MacCOBOI0 M3HOCA - MACChl U3HO-
IICHHON YacTW MHCTPYMEHTa B MUJUIMTpaMMax. 3aTylJieHHe JIe3BUIl XapakTe-
pU3yeTCsl U3MEHEHUEM HMX MHUKpPOT€OMETpPUHM B IIpolecce pe3anus. JIuHeiHble
NOKa3aTeNM U3HOCA HA MPOLECC Pe3aHMsl HE BIUSIOT. 3/1€Ch Ba)KHA MHUKpPOI€O-
MeTpHs 3aTynuBIIerocs je3us (puc. 12).

W3HOC 1 3aTymiieHHe - 3TO SIBJICHUS B3aUMOOOYCIOBIMBAIOLIUE APYT APY-
ra.
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[TapameTpamu M3HOCA U 3aTYIUICHUS CIIyKaT U3HOC M0 3aJHEN MOBEPXHO-

ctu X, 1o nepeHel MoBepxHoCcTU Y, MO BBICOTE J1e3BUsl A, IO OUCCEKTpHCE YT-
Ja 3aTouku A, momiank u3Hoca f, pa-

y JUYC KPHUBU3HBI PEKYIIEH KPOMKHU P.
W3MmeHeHne yKa3aHHBIX MapaMeTpoB
MPUBOJUT K U3MEHEHUIO MEPETHEro U

3aJIHErO yTJIOB PE3aHusl.

HucrieHHplE 3HAYEHHS YKa3aH-
HBIX TTAPaMETPOB 3aTYIUICHHUS] HAXOISIT-
Csi B ONPEIEICHHOW 3aBUCUMOCTH OT
obmiero mytu Jje3Busi B oOpadaThIBae-

f } MOM apeBecuHe. [JoMuHMpyrollee 3Ha-

1 X YEHUE Ha JUHAMUKY U KadecTBO 0Opa-

— - OOTKM OKa3bIBaeT MapaMeTp paanyca
Puc. 12. TlapameTtpsl u3Hoca U 3aKPYTICHUS PEXKYIIEH KPOMKH.

3aTyIUICHUS JIC3BHSI Paanyc 3akpyrienus p ecthb pa-

JINYC YCJIOBHO BIUCAHHON OKPY>KHOCTH
B TIOBEPXHOCTh PEXKYIIEH KPOMKH JIC3BHSI.

Kpurepuii 3aTymienusi. Paguyc 3akpyrieHus 1e3BUs HE MOXKET B TMOJI-
HOW Mepe XapaKTepu30BaTh pabOTOCIIOCOOHOCTh PeXyIlero nHctpymenTa. Of-
HO U TO K€ COCTOSIHHME JIC3BHS ISl OJJHUX YCJIOBUW CUYUTACTCS TYIbBIM, Hepa-
00TOCTIOCOOHBIM, a JJI APYTUX YCIOBHM — JOCTATOYHO OCTPHIM U pabOTOCIIO-
COOHBIM.

[TonsiTe pabOTOCIIOCOOHOCTH M 3aTYIUICHHE BCET/ia CIEAyeT paccMaTpH-
BaTh BO B3aMMOCBSI3H C pPe3yJIbTaTaMH paOOTHI JIC3BUS: IMIEPOXOBATOCTHIO M TOY-
HOCTBIO 00pabOTaHHOIN MOBEPXHOCTU, IHEPronoTpedIeHueM, MPOU3BOIUTEb-
HOCTBIO U TIapaMeTpaMu IIymMa. YKa3zaHHBIE MTapaMeTPhl OMPEACIISIIOT KPUTEPHIA
3aTyIJICHUS.

Kputepuit 3arymieHuss xapakTepU3yeTcsi MaKCHUMalIbHO JIOMyCTHMBIM
3HAYEHHEM M3HOCA PEXKYIIETO MHCTPYMEHTA, TMOCIe JOCTHKEHUS KOTOPOTo, Ha-
CTyHaeT ero 0Tkas, T.e. HepaboTOCIMOCOOHOE COCTOSIHUE.

[TpomomwkeHne pe3aHust TaKUM JIC3BUEM NPHUBEACT K HEJIOMyCTHMOMY Ha-
PYILIEHHUIO YCTaHOBJIEHHBIX MTOKa3aTesne 00pabOTKU APEBECHHBI.

Ilepuoa croiikocTu HHCTPpyMeHTAa. OTKa3 peXKyIIEero HHCTPYMEHTA, T.C.
€ro HepabOTOCIOCOOHOE COCTOSIHUE, MOYKET OBITh CTOMKOCTHBIM HJIM TOYHOCT-
HBIM.
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Cmoiikocmuulii 0mKa3 - 3T0 MOCTENEHHBIN 0TKa3 PEXYILIEro JIE3BUHHOTO
WHCTPYMEHTA IIOCJIE JOCTUKEHUS UM KpUTEpHs 3aTyruieHus. [Ipu croikocTHOM
OTKa3€ CTAaHOBUTCS HEBO3MOXKHO 00paboTaTh JeTajib C 3aJaHHBIMU IapaMeTpa-
MU LIEPOXOBATOCTH WJIM HEIOIYCTUMO IIOBBILIACTCS YPOBEHb IIymMa CTAaHKA U
pacxo.1 AIEKTPOIHEPTUU.

TounocmHuwlii 0omKa3 - NOCTENICHHBIA OTKAa3 PEXYIIErO JIE3BUWHOTO HH-
CTPYMEHTa MOCJIe TOCTHKEHHUS pa3MepoM, popMOii WM pacroiokeHrueM oopa-
OOTaHHON NMOBEPXHOCTH Mpejena noiia Jonycka. Ilpu TouHOCTHOM OTKase cra-
HOBHTCSI HEBO3MOKHO 00paboTaTh JeTallb C 3aJJaHHBIMU JIOIIyCKaMH Pa3MeEpOB,
HarnpuMmep, AeTallb C MIUIIaMHU.

IIpyn HacTyIUIEeHUMH OTKa3a PEXYIIUNA UHCTPYMEHT IIOJBEPraeTcs BOCCTa-
HOBJIeHUIO. BoccTaHoB/IeHUe - TIpUBeicHHE paboYeil YacTH pexyIIero Je3BUil-
HOTO MHCTPYMEHTa B pab0TOCIIOCOOHOE COCTOSTHUE.

[TpogomxuTensHOCTh pabOThl MHCTPYMEHTA XapaKTepU3yeTCsl MEePHOOM
cToMkocTu. Ilepron CTOMKOCTH - 3TO BpeMsl pe3aHus HOBBIM WJIA BOCCTaHOB-
JICHHBIM PEXYIIUM JIE3BUMHBIM HHCTPYMEHTOM OT Hayaja pe3aHus 10 OTKa3a.

Paznuuaror emie moJHbIA Nepuoa CTONKOCTH, PABHBIN CyMME IEPUOI0B
CTOMKOCTH PEKYLIETO JIE3BUMHOTO NHCTPYMEHTA OT Hayaja pe3aHusi HOBBIM MH-
CTPYMEHTOM 10 JOCTHMIXKEHHUS MPEACIBHOIO COCTOSHUA. [10mHbIN mepuoy cTom-
KOCTHU R, 4, MOXHO onpenenuTts no popmyse

. TH
R=TI=—:o,
h (10)
riae 7 - Iepuoa CTOMKOCTH, 9; | - YMCII0
4 JNOIYCTUMBIX mepeTouek; H - pgomycrumas
A o
A; . BEJIMYMHA CTaYMBaHUs paboveil 4acTH UHCT-
A, 1 pyMeHTa, MM; D - TOJIIIMHA CJIOSI, yIaIsIeMOTO
&
E 3a OHY 3aTOYKY, MM.
S JTanbl U3HOCcA Jie3Buid. [ paduueckoe
o
é‘» Boemst.u  HM300pa’keHHE 3aKOHOMEPHOCTH H3HOCA JIE3-
O\t ty t3 BUI 3a BpeMsi pabOThl MHCTPYMEHTA Ha3bIBa-
< < <+ o
T €TCs KPUBOH M3HOCA.

TunoBass KpuBas HM3HOCA JIE3BUA IO
Puc. 13. KpuBass wu3HOca

JIe3BH OMCCeKTpHCe yIjla 3aTOYKU A MpUBEJEHA Ha

puc 13. KpuBble u3HOCa MOXHO MOCTPOUTH
N0 KaXJIOMy MapaMeTpy M3HOca W 3aryruieHus. dopma KpHUBBIX 3aBHCHT OT
MHOTHUX (PaKTOPOB Ipoliecca pe3aHusl.

25



Bech nepuon CTOMKOCTH PEXKYyIIEro MHCTPYMEHTA MOXKHO pa3/iesiuTh Ha
TPH 3Tala U3HOCA:

— nepuoj npupadboTku t1, cooTBETCTBYIOMIUI MTPUPAOOTOUHOMY MEPUOTY
OAa,

— MepuoJ MOHOTOHHOTO U3HOCA t2, COOTBETCTBYIOIIUI MOHOTOHHOMY M3-
Hocy AaAb,

— aBapuitHbIN u3HOC 13 ¢ aBapuitHBIM (KaTacTpOHUUECKUM) U3HOCOM.

W3Hoc ne3Buil Ha MEpBOM dTane MPOUCXOAMT TJIaBHBIM 00pa3oM B pe-
3yibTaTe OOJIOMOB WM OTTMOOB. DTO M3MeHEHue (POpMbI pexyller KpoMKU
MIPOUCXOJUT HAa OTAENBHBIX €€ yyacTkax. CHauasia BO3HUKAIOT BBIKPOLIMHBI Ma-
JBIX pa3MepoB U TIIyOHH, 3aTEM C YBEJIMUYEHUEM CHUJI Pe3aHus 00pa3yroTcs Bbl-
JIOMBI OOJIBIITUX Pa3MEPOB.

O06J10M ¥ BBIKpAIIMBAHKE JIE€3BUI MTPOJOJDKAETCS 10 TE€X MOp, [MOKa Mpoy-
HOCTh UX CEUCHHM HEe OyJeT JOCTaTOYHA ISl TOTO, YTOOBI MPOTUBOCTOSTH U3THU-
0aroIeMy MOMEHTY.

W3HOC Ha BTOPOM 3Tarie MpPOTEKAET B CIOKHBIX YCIOBHUSX, KOT/Ia MIPU pe-
3aHUU JIPEBECUHBI OJHOBPEMEHHO MPOSBISIOT ce0sl HECKOIbKO (PaKTOPOB: BBI-
COKO€ JIaBJICHHE, TEeMIlepaTypa Ha MNOBEPXHOCTH Jie3BHil okono 240...840°C,
OKHUCJICHUE, JACHCTBUE CTAaTUYECKOTO 3JIEKTPUYECTBA, JIEKTPOXUMUUYECKAS KOp-
po3us U Jp. XapaKTepUCTUKOH MOHOTOHHOIO M3HOCA CIIY>)KUT Yrojd HakKJIOHA
KPUBOH &.

ABapuiiHBII M3HOC NMPOUCXOIUT BCIIEJICTBHE YPE3MEPHOIO YBEIUYECHUS
CWJI PE3aHHSI U TEMIIEPATypPhl Ha JIE3BUU.

OOBIYHO MEpUO/ CTOMKOCTH PaBEH

Tc =11 +t2. (11)

Pdu3znyeckas CymHOCTh M3HOcA. [Ipouecc n3HOca 3aBUCUT OT MHOTHX
bhaxkTopoB.

Mexanuueckoe oucnepzupoeanue - ICTUPAHNE, OTACICHUE MEIKHUX Yac-
THIL] METAJIJIA JIE3BUSA ABJISECTCS OCHOBHOW MPUYMHOM MOHOTOHHOTO M3HOca. MH-
TEHCHUBHOCTb UCTHUPAHHUS 3aBUCUT OT BEJIUYUHBI CUJI TPEHUS TIPU PE3aHUU.

MexaHuueckoe AUCIEPTrUPOBAHNE MOKHO OOBSICHUTH U YCTAIOCTHIO Me-
Tajuia TPy MHOTOKPATHOM HAarpyKEHUH JIE3BUS CHIIAMH PE3aHUS.

Tennoeou uznoc. llpu pe3aHuu IPEBECHUHBI B PE3YJIbTATE TPEHUS U JE-
(dbopMHpOBaHUS MO KOHTAKTHBIM MMOBEPXHOCTAM BbIAENsIeTCs Tero. Jle3pus pe-
KYIIET0 MHCTPyYMEHTa HarpeBaroTcs. [Ipm 3TOM HMHTEHCMBHOCTh MX Harpena
BO3pACTAET C YBEJIIMYEHUEM PAJNYCa 3aKPYIJICHHS PEKYIIUX KPOMOK.
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OOpazoBagiiieecs: TEIUIO JOKATH3UPYETCS B MaJioM o0beMe Jie3Busi. Tem-
neparypa HarpeBa IO MEpe YJIaJ€HUs OT PEeXYLIEeHd KPOMKHA yMEHBIIAETCS.
JlelicTBre TeMIiepaTypbl Ha J€3BHE BHEIIHE MPOSBIIAETCS 00pa30BaHUEM HA HEM
TOHKHUX OKHCHBIX IJIEHOK PA3JIMYHbIX IIBETOB.

Temnepatypa Ha ne3Busx (ppesepubix Hoxell nocturaer 800...840°C; Ha
ne3Busix 3yonbeB auckoBbix muil — 700...850°C, Ha 3yObsiX KOHIIEBBIX (Ppe3 —
700...800°C. Bricokue TemmepaTypbl, BOZHHKAIOIIME B MOBEPXHOCTHBIX CJIOSX
JIe3BUsA, MPUBOASAT K MEHBIICHUIO MPOYHOCTH MeTauia. Meramin TOHKOro Io-
BEPXHOCTHOI'O CJIOSl pa3MAryaeTcss W pasmasbiBaeTci. B cinodx riryOuHOM
2...3 MKM, MPUJIETAIOIINX K JIE3BUIO, U3MEHSETCA CTPYKTypa MeTajiia. B pe3yinb-
TaTe TaKUX MpeoOpa3zoBaHU MOHMKAETCS MPOYHOCTh U TBEPAOCTh METaJlIA.

M3HOC Ha MUKPOYYaCTKaX JIE3BUS MPOUCXOAUT MMYTEM IMOCTOSTHHOTO 00pa-
30BaHMSI M M3HOCA TEKY4YEro IUIACTUYECKOI'O MOBEPXHOCTHOTO ciod. [loaBmx-
HOCTb ITOBEPXHOCTHBIX CJIOEB BeNMKa. J[peBecrHa pa3Ma3blBa€T HOBYIO MOBEPX-
HOCTHYIO CTPYKTYpYy MeTajia. B pe3ynpTaTe 3TOro Ha nepeiaHeil mOBEpXHOCTH
JIe3BHS MHOTIa 00pa3yeTcs JIyHKa, a Ha 3aJ{Hel - HaTUTBIB MeTasuIa.

Oxucnumensnotii uznoc. OKUCTUTENbHBIA U3HOC METallIa JIe3BUS TpU
pEe3aHUM MPOTEKAET MPU CIOKHOM COUETAHUU CIEAYIOIIUX SBICHUM: afcopOun
KHCIIOpOJia Ha TIOBEPXHOCTH TpeHUs, Tuddy3un KUCIOpoJa B MOBEPXHOCTHBIE
CJIOH, TJTACTUYECKOTO TEYECHHUS CJI0EB MeTasia ¢ 00pa3oBaHUEM XUMUYECKUX a/l-
COpOMPOBAHHBIX TUICHOK, TUICHOK TBEPJIBIX PACTBOPOB M XMMHUYECKUX COCIHHE-
HHUM METaJlJIa C KUCIOPOJOM.

[TnactTudeckue nedopmarii TOHKHAX CIOEB METajlia, BhI3BAaHHBIX Harpe-
BOM JIE3BHM, CO3MAIOT OJIArOMpUsTHBIC YCIoBUs sl AudPy3un Kucaopoja B
MeTaul U oOpa3oBaHus mieHok. Hanbonee BA3KOMOABMKHASL YaCcTh MPOAYKTOB
MpEBpAIlCHHs] UMEET CEpbIi L[BET, KOTOPAsi pa3Ma3bIBaeTCs IO JIE3BUIO C 00pa-
30BaHHEM HATLIBIBOB.

Inekmpoxumuueckasa xkoppo3usa. lIpu pe3anuu, B pe3ysbTare TPEHUs, a
TaKXXe MbE303JEKTPUIeCKOTo 3¢ dekTa npu aAePOpMUPOBAHUU JPEBECHHBI HA
JIE3BUM U B CTPYKKE CO3JIAal0TCS IEKTPUUYECKHUE 3apslbl. Ecim IpeBecruHa Chl-
pasi, TO OpraHUYEeCKUE KUCJIOTHI U BiIara 0Opa3yloT AJIEKTPOJUT, KOTOPbIN MpHU
COBMECTHOM JICUCTBUM C JIEKTPUUYECKUMHM 3apsiiaMHu MOPaXKaeT MEeTaJll JIE3BUS
ANEKTPOXUMUYECKON KOPPO3ZHEM.

Inexmpuueckan 3po3usa. iccnenosanuamu E.I'. IBanosckoro, I1.B. Ba-
cuneBckoil u D.M. JlaytHepa [20] yCTaHOBIIEHO, UTO MPU PE3aHUU HA JIE3BUU
HaKaIlJIMBAIOTCA 3JIEKTPUUECKUE 3apsiibl. BennunHa 3apsa0B 3aBUCHT OT PEXKU-
Ma pe3aHusi (IOpOoJibl IPEBECUHBI, TOJLIUHBI CPE3aEMOT0 CJIOS U T.J.). 3HAUCHUS
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AIEKTPUUECKUX 3aps0B, CHUMAEMBIX C JIE3BHsI TIPU CPE3aHUU €IMHUIIBI 00heMa
CTPYXKKHU JJI1 HEKOTOPBIX MOPOJ JIPEBECHHBI MPHU TOJIIIMHE CPE3aEMOI0 CIOs
0,05 mM nipuBeeHs! HIKE, K/cM3:

CocHa bepe3a JluctBennuna Jluma NS I'pad, Bs3
509,0 86,9 74,6 37,7 8,05 0,0

Cratnueckoe 3JIEKTPUYECTBO Ha JIE3BUM MOYKET IPUBECTU K MUCKPOBBIM
paspsiiaM U pa3pylICHHIO TOBEPXHOCTH MeTauia. Ha moBepxHocTH je3Bus 00-
pasyroTcs KpaTepbl OT UCKPOBBIX pa3psI0B.

Aépasuenviii usnoc. Ilox aOpasuBHBIM HM3HOCOM IPUHATO IOHHUMATh
IIPOLIECC MHTEHCUBHOI'O Pa3pyILUEHUs IIOBEPXHOCTH JIE3BUS IIPU TPEHUU CKOJIb-
JKeHUsI, 0OYCJIOBJICHHBIN a0pa3vBHON Cpeoil W BBIPAKAIOIIUNCI B MECTHOM
IIacTU4YecKon Aedopmaru. AOpa3suBHBIA U3HOC JIE€3BUN MHCTPYMEHTa HAOIIO-
naetcst mpu 00pabOTKe KJIEEHbIX JAPEBECHBIX MaTepualioB. B HUX KiieeBble ciou
JEHCTBYIOT Ha Jie3BHe MOJ00HO abpa3uBy, OCTABIIAS Ha MOBEPXHOCTH Laparu-
HBI.

1.1.4. YcaoBus pe3aHus IpeBeCUHbI PeajibHbIM JIe3BHEM

Ha puc. 14 noxa3ana cxema pe3aHHsl IPEBECUHBbI PEaJbHBIM JIE3BUEM.
[Ipn BHenpeHuu Je3BUS B JIPEBECUHY pa3pyllE€HUE MOCIEAHEH MPOUCXOAUT

OKOJI0 HanboJiee BhIABUHYTON TOUKH JI€3BUS
N. OTa TOYKa JEXKHUT HA IUIOCKOCTH PE3aHUs
- Pn. Otpensemas 4acTb JPEBECHHBI, PAaCHO-

p[™ Mmn =) JJOXKCHHAas BBIIIIC IINTOCKOCTH pE3aHu,
/
~ [\

N CKOJIB3UT 0 TepeHel TpaHu JIe3BUS U 00-

Iy S
m c pasyeT CTPYXKY.
™ \ YacTuipl OpeBECHHBI, PACIOJIOKEH-

HBIC HHIXKC INNIOCKOCTH pPC3aHHA, IIOIMHHA-

Puc. 14. Cxema pe3aHunA gpeBecuHbl
peasibHbIM Ne3BMem FOTCSI PEXKYIIEH KPOMKOW Y 3aJHEU T'PAHBIO

nox Jje3Bue. Tak, Touka M, Jiexanias Ha
YPOBHE ILIOCKOCTH pe3aHus, OyaeT noamsta pesioM o ypoBas | |. Ona omyc-
TUTCA Ha BennuuHy MM1. JlpeBecuHa moOJ JI€3BUEM YHPYTrO-IJIACTUYECKU
nedopmuponana. [locne npoxoza je3Bus ApeBeCUHa OCBOOOKIAETCS U YaCTUY-
HO ynpyro nogHumaercs Ha BenuuuHy C. Ilpu stom oOpaboTaHHas moBepx-
HOCTh PacrojlaraeTcsi HUXKe IMIOCKOCTH PE3aHusl Ha BEJIMYHMHY OCTATOYHOM Jie-

dbopmaruu.
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DJieMeHThI cpe3aemMoro ciaos. Cpezaemslil cioit (cpe3) — 3TO YacTh MpH-
IIyCKAa MEXIY CMEXHBIMU ITOBEPXHOCTSMM PE3aHUs WIM CJIOW MaTepuana 3aro-
TOBKH, OTJEISIEMBIN JIE3BUEM 32 OJHMH LUKI (WA €ro JOJ0) TJIABHOTO JBIKE-
HUS pE3aHMUI.

Cpe3aemblii CIIOW XapaKTEepHU3yeTCs CEUEeHHEM U IUJIONIAAbI0 Cpe3a, JIH-
HEWHBIMM pa3zMepaMu cpesa (puc. 15).

Ceuenue cpe3aeMoro
cjost — 310 (urypa, oOpa3oBaH-
Hasl TP PACCEUYCHUU CIIOSI Mate-

A-A

puana 3aroTOBKH, OTHAEISIEMOIO
JIE3BUEM 3a OJMH LIMKJ TJIABHOIO
JNBWXEHUS PE3aHHusi OCHOBHOU

mIockocteio Pv. Ilpu sTOoM B

KaXXI0M KOHKPCTHOM ciIy4dac

cJIeayeT IAOIOJHHUTCIIBHO YKa3bI-
BaThb CUCTCMY KOOPAWHATHBIX
Puc. 15. Pa3mepsnl cpe3aemMoro ciios IJIOCKOCTEH, B  KOTOpPOM  pac-

npu ¢ppe3epoBaHUU CMaTpPUBAETC CEUYEHUE Cpe3ae-
Moro ciod. Ha npusenennom

pUCYHKE CEYCHHE MOKa3aHO B HHCTPYMEHTAJILHON CUCTEME KOOPIUHAT.

I[lnomaas cpe3aemoro c¢jiosi An  ecThb IUIONIAJb CEUCHUS CPE3aeMOro
CJIOA.

ToamuHa cpe3aeMoro cja0si @ — HaWKpaTdyauliee PacCTOSIHUE MEXITY
pEeabIAyIEeld U MOCIEeNYIONeH MOBEPXHOCTSIMU PE3aHMs, OTPaHUYCHHOE cede-
HUEM CPE3aeMOTO CJIOS.

IllupuHa cpe3aeMoro c¢Jjosi D — JIMHA CTOPOHBI CEUYCHHS CPE3aeMOI0
c10s1, 00pa30BaHHON MTOBEPXHOCTHIO pPE3aHMS.

Jiuna cpe3aeMoro cjosi | — pasmep CTOpOHBI cpe3aeMoro ciosi, oopa-
30BaHHON TOBEPXHOCTHIO pE3aHUsl MO TPACKTOPUU pPACCMATPUBACMOUM TOUKH
pexyiiei kpoMku. OobeM cpe3aemoro ciioss V =a b | = An |. Cekynaublii
00beM cpesaemoro cios V1 = AnV.
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1.2. KunemaTuka npouecca pe3aHust

O60mue cBenenmsi. Kunematuka pe3aHusi paccMaTpuBaeT KiaccudUKa-
A0 TPUHIUIIHAIBHBIX KUHEMATHYECKUX CXEM pPe3aHus M TpaHCHOpMaInio
TrCOMETPUYECKUX TMapaMeTPOB CPe3aeMbIX CJIOEB U JIE3BUM BO BpeMs pabouero
nukia [21].

VYroBbie mapamMeTpsl JIE3BUI MOTYT TpaHC(HOPMHUPOBATHCS, €Clii paboune
JBH>KCHUS TIPU PE3aHUU BBITIOJIHSIOTCSI OJTHOBPEMEHHO.

JIBroKeHus, cOO0IIaeMblie MHCTPYMEHTY U 3arOoTOBKE, OOBIYHO paccMmart-
PHUBAIOT B NPSIMOYTOJIbHOM CUCTEME KOOPAUHAT C OCSIMHU X, Y, Z. C ee OMOIIbIO
OPUEHTUPYIOT TAK)KE B3aHMMHOE IMOJIOKECHUE BCEX MEXAHW3MOB CTaHka. KuHnema-
THKa CTAHKOB 00€CTIeYrBaET Pa3IMUHbIC COUCTAHUS JIBH)KEHUN MEXaHU3MOB:

@) paboy4ue U XOJOCThIC IBUKEHUS,

0) TJIaBHOE JBUKEHUE TIPU BHIKJIIOUYECHHOM JIBIDKCHHH TTOJ1A4H;

8) IBIDKCHHE MOJIa4M MPU OE€37IeHCTBYIONIEM TJIABHOM JIBUYKEHUU;

2) OJTHOBPEMEHHOE JCHCTBHE JIBUKESHUI TJIABHOTO M TTOJAYH.

CoueraHusi UCXOIHBIX JBHKEHUN PErIaMEHTHUPOBAHBI CUCTEMOW MPHUH-
LUITMAJBbHBIX KUHEMAaTHUYEeCKUX CXeM pe3aHus. M3 0ombiioro paznoodpasus Ku-
HEMAaTHUYECKUX CXEM pe3aHus HauOoJbIIee PaclpOCTPaHEHHE MOJYyUYUIIU Clle-
JYIOIINE TPU CXEMBI:

CXeMa C OJHUM MPSMOJIMHEHHBIM ABIKCHHEM (pHC. 16, a);

CXeMa C JBYMs MPSMOJUHEUHBIMU IABUKCHUSIMU: TJIABHBIM JBUKEHHEM
D2 u gmxennem nmogauu DS (puc. 16, 6);

CXeMa C AByMs JABUKEHUSIMU, U3 KOTOPBIX IIaBHOE JABMkeHUe De Bpaiia-
TeJNbHOE, a IBMXKEeHKE moaadn DS nocrynarensHoe (puc. 16, ).

Pe3anne mo nNpUHUMNMAJIBHON KHHEMATHYECKOHM cXeMe C OJHHUM
NPSAMOJIMHEHBIM IBHKeHUeM. [IpuMepom mporiecca pe3aHus, OCyIIeCTBIIsC-
MOT'0 1O MPUHLIHUIUAIBHON CXEME C OJHUM NPSIMOJMHEHHBIM JIBUKEHUEM, MO-
KET CIY>KUThb CTPOTaHHE, HANpUMEp PYYHBIM pPYyOAHKOM, CTpPOTaHUE IITOHA
(puc. 17).

[Ipu cpe3aHumM CTPYKKH ACUCTBYET TOJBKO OJHO TJIABHOE JIBUKEHUE
De. KonuyecTBEHHO OHO BBIPAXKAECTCS CKOPOCTHIO
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rnasHoro gsmxenua V, npudyem V = V.. [suxKeHue nogaum Dy BbINONHAETCA TONBKO B MO-
MEHT, KOrga pexKyLwmin MHCTPYMEHT BO3BPALLAETCS B UCXOAHOE NOJIOXKEHWE M ero nepemeLLaroT gns
CHATMA cneaytoulero cpesaemoro cios. MNpu cTporaHnum NOBEPXHOCTb PEe3aHMA NIOCKaA.

Puc. 16. anHLI,MI'IMaJ'IbeIe KMHEMATUHECKNE CXeEMbI NpoLeCCOB pe3aHnA:

g — 04HO NPAMOINHENHOE ABMMEHNE, 6 — ABa NPAMOIMHENHbIX ABUKEHUA, 8 — [1Ba
OBUXKEHUA: BpallaTeNbHOe U NPAMOANHENHOoe

PexXyLuMin MHCTPYMEHT MOXKHO NPeaCcTaBUTb B BUAE NPAMOYTofbHOTO BpycKa ¢ MHCTPYMEH-
TanbHbiMK yrnamm o, = 0 n v, = 0. NepegHAA noBepxHOCTb BpycKa gedopmmpyeT cpesaemblii CoM
TO/ILMHOIO @ U cpe3aeT ero. 3a4HAA NOBEPXHOCTb CKONb3UT NO NOBEPXHOCTU pe3aHua R, aedopmu-
pys ee 1 NpeosoneBasn CUbl TPEHUA.

=0
~hie
% Oy Puc. 17. Pe3aHue no npuH-
a < L /R UMMMANbHON KMHEMATUYECKON Cxe-
V=V ’OLH: 0) Me C OAHWM NPAMOJIMHENHbIM ABM-
- Ve

KeHnem

Mpouecc pesaHns MHCTPYMEHTOM ¢ o, = 0 1 v, = 0 B NpMHLMNEe BO3MOXKeH. lNpoLeccol, Npo-
ncxogALmMe no nepeaHei NoBepPXHOCTM, OTPAXKAIOT CyTb Npouecca pe3aHua. Cubl TPEHUA No 3agHew
NOBEPXHOCTM NPeACTaBAAOT cObOW BpeaHble CONPOTUBAEHUA. MX MOMKHO 3HAUMTENbHO YMEHbLUWTD,
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€C/IN 3aHI00 NOBEPXHOCTb BpycKa 3aTounTb Nog yraom o, > 0. 370 yKe ecTb ne3sue. FnaBHbIM
nNMpU3HakoM rne3Bus sABlnsieTcA Hanun4due 3agHen noBepxXHOCTU, 3aTOYEH-
HOM noA 3agHUM yrnom o, > 0. 3aTouyka nepegHen NOBEPXHOCTU NopA ne-

pegHUM yrnom vy, # 0 Takoro onpegendwuwero 3Ha4eHnsA He MMeeT. 3Have-
HUA nepeaHero yrna Nes3BUin AepeBOopeXKyLWMX UHCTPYMEHTOB BapbMpytoTca B npegenax vy, = —25
...+75°,

Pe3aHue No NpUMHUUNNANILHOW KUHEMATUUYECKOWU cXeme C ABYMA NPAMOJUHENHbIMU ABU-
KeHuamu. MNprmepom npouecca pesaHus, OCyLLeCTBAAEMOro No NPUHLMNMANbHON KUHEMATUYECKON
CXeMe C ABYMS NPAMOJNHENHbIMN ABUNKEHUAMMU, MOXKET CAYKUTb NMUAEHUE PaMHbIMU U NEHTOYHbI-
MU NNaMMU.

Ha puc. 18 npuseaeH obwiuii cnyyaii Takoro pesaHus.

Jle3Bme HaaBUraeTcA Ha 3aroTOBKY CO CKOPOCTbIO [1aBHOTO ABUXeHUA V U CKOPOCTbIO Noja-
un V. Bektop ckopoctn V nepneHgukynapeH V,. BeKTOp CKOPOCTU pe3ynbTUPYIOWEro ABMXKEHUA
Ve= V + V NeXUT Ha NPAMOJIMHEHON TPAaeKTOPUMN, HAKNOHEHHOM K HanpaBAEHUIO FABHOIO ABU-

eHUA nog yrnom CKOpoCTu pe3aHna n.

Puc. 18. Pe3aHure no npuHUMNNANbHOM
KMHEMATUYeCKOM cxeme ¢ ABYyMA NpsA-

MOJIMHENHbIMM ABUXEHNAMU

Y106bI YMEHbLWUTb TPeHne SaAHEVI NOBEPXHOCTM /Ie3BUA NO NJIOCKOCTM pe3aHuma P,,, ero He-
O6XO,CI,MMO YCTAaHOBUTb C 3aAHUM UHCTPYMEHTA/IbHbIM YI/1IOM

Oy =1+ O, (12)
rae 1 — Yron CKopocTU pe3aHus;

Ol — KUHEMATUYECKMIA 3a4HUIN Yyron, onpeaensaiolmii OTHOCUTENbHOE NOOXKeHUe 3a4-
Hel NOBepPXHOCTU Ne3BUA B NpoLecce pes3aHus.

n =arctg (Vy/V). (13)
32



Pe3aHue NO NPUHLUMNUANLHON KMHEMATUUECKO cXeme C ABYMA ABUMKEHUAMU — NPAMO-
JIMHEWHbIM U BpalLaTenbHbIM. Pe3aHure c NPAMOANHEHBIM M BpallaTe/IbHbIM ABUXEHUAMU ABNAET-
€A caMbIM pacnpocTpaHeHHbiM. Ha puc. 19 npuBeaeHa cxema NyLeHUs WNnoHa. 3aroToBKa coBeplua-
eT rnasHoe BpallatensHoe AsuxeHue D, n npamonnHeliHoe asuxeHue nogaum D, B pe3yabraTte yero
cpesaerca CTPYXKa.

CnepacrevMem ABYX COBMECTHbIX ABUKeHW D, u D, sBnseTca pesyabTupyowee ABUKEHUE NO
cnupanu Apxumega C pesynbTUpyowein ckopoctblo Ve. [nsA TOro 4tobbl YMEHbWUTL CUAY TPEHUSA
3a4Heil MOBEepPXHOCTU /1e3BMA MO MIOCKOCTU PEe3aHUA Pe3ynbTUPYIOWEro ABUMKEHUA, 3a[HIOK0 Mo-

Puc. 19. TpaHchopmaums yrnosbix NapameTpoB fes-
BMA NPU NYLLEHUM

BEPXHOCTb /1Ie3BMA C/iegyeT YCTaHOBUTb NOA, MHCTPYMEHTa/IbHbIM 3a4HUM YI/IOM O, = 1 + Oly.
KuHemaTtuyeckuin 3agHunin yron sceraa meHblle MHCTPYMEHTaNbHOIO 3aAHero yraa:
Oy = Oy — M. (14)
KuHemaTtuyeckunit nepeaHunin yron scerga 6onblie MHCTPYMEHTa/IbHOrO NepeaHero yrna:
Y= vat M. (15)
Yron ckopoctu pesaHua

n=arctg (V,/V)=arctg(S,/ nD). (16)

1.3. BAansiHue CTpoeHua n CBOMUCTB ApeBeCUHDbI
Ha npouecc pe3aHuA
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CTpOEHMe ApeBecuHbl. Bce XKnBoe Ha 3emsie COCTOUT U3 KNETOK. PacTywee aepeso — opra-
HU3M, 1 NOTOMY OCHOBHbIM €ro CTPYKTYPHbIM 3/1EMEHTOM ABNAETCA KNETKaA. KneTka — 3TO NonocTh,
OKpPYXXeHHaA CTEHKaMM. MoNoCTN KNeToK NO3BONAKOT HaKanAnBaTh U nepenasatb BOAHbIE PACTBOPbI
NMNTaTENbHbIX BELWECTB PaA3/IM4YHbIM HYaCTAM AepeBa, a CTEHKU obecneumnsatoT MexXaHUn4eCKyto npoy-
HOCTb AepeBsa.

B cTBONIE AepeBa KAETKM He 04HOPOAHbI MO dopme U pasmepam. Ux rpynnbl-TKaHM cneuma-
NIN3NPOBaHbl. PasnnuyaloT napaHxuMmy, COCyabl, CEpALEBUHHbIE Ny4Yu, Tpaxeuapbl, NMbpudopm, cmo-
NAHble xoabl. CONPOTMBAEHME PE3aHMIO OKa3bIBalOT r/1aBHbIM 06pa3om mexaHMYeckue TKaHu — Tpa-
xenabl (y XBOMHbIX nopog) n anbpudopm (y AMMCTBEHHbIX NOPOSA, APEBECUHbI), COCTaBAAIOLLNE OCHOB-
HYIO0 Maccy ApeBecuHbl. Tpaxenapl UMeLoT cieayolline cpeHue pasmepsbl: AnHa 3-4 Mmm, lWMpUHa B
TaHreHumanbHoi nnaockoctn 0,0025-0,035 mm, ABOMHaA TOALLMHA CTEHOK coceaHux Knetok 0,002-
0,020 mm.

[peBecrHa — maTepuan HEOLHOPOLHOIO CTPOEHMA. ITa HEOLAHOPOAHOCTb ABAAETCA pPesy/ib-
TaTOM pOCTa AepeBa. Kakablii rog — NPOMCXOAWT HapacTaHUe HOBbIX C/I0EB KNETOK paHHen (BeceH-
Hel) n no3aHel (neTHel) ApeBecKHbl, KOTopble 06PasytoT roAnUYHbIE CNOM.

dusmyeckme cBOMCTBA ApeBeCcUHbl. [peBecMHHOE BelecTBo, 0bpasytolee CTEHKU K/ETOK,
rMrpockonmyHo. OHO cnocobHo norjaowartb, copbupoBaTb BAAry M3 Bo3ayxa. [MrpocKkonunyeckas
B/1ara yAepKMBaAETCA B CTEHKAX KNETOK GUINKO-XMMUYECKUMM CBA3AMM U HE MOKET 6bITb BblAaBAEHA
npuv pesaHnu.

MaKcumanbHOe KOAMYeCcTBO CBA3AHHOM BOAbl B ApeBeCUHE pPaBHO 30% ot maccol cyxoro
ApeseCNHHOrO BellecTea.

B MOMOCTAX KNETOK MOMKET HaxoAuTbCcA cBObOAHasA Bnara, KOTopas Npu pesaHuu Jierko Bbl-
Aasnuneaetcs. 3umol cBobogHan Bnara MoXKeT 3aMep3HyTb, U fied, 06pasyoLWmMinca B NOAOCTAX Kae-
TOK, CWJIbHO B/IUSIET Ha SHEPTEeTUKY U KAYeCTBO Pe3aHus.

YaaneHue 13 apesecuHbl cBOBOAHOM BNAarn He N3MeHAET MeXxaHUYeCKUX CBOMCTB ApeBecuH-
HOro BellecTsa. YaaneHne rmrpockonmMyeckoi (cBA3aHHOM) BAarM noBbllaeT NAOTHOCTb KAETOYHbIX
CTEHOK. TaK, NNOTHOCTb APEBECHHHOTO BELLECTBA NP BAAKHOCTM W=30% pasHa 1,2 r/cm®, a g ab-
CO/IOTHO CYXOr0 APEBECMHHOTO BELLECTBA BCEX NOPOA, paBHa 1,54 r/cm’.

FnaBHble HanpaBneHUA CTBOJA AepeBa. PaccmoTpum yacTb cTBona gepesa (puc. 20). Mpwm
nepepesaHnn CTBoMa AepeBa MNog MPAMbIM YIIOM K BOJIOKHAM MOJly4aeTcA TopuoBasA MoBepx-
HoCTb. [ocne cHATUA Kopbl 06pasyeTcA TaHreHUMaAbHaa NoBepxHocTb. OHa HOpMasbHa K paguycy
CTBOJIA M TOPLOBOI NOBEPXHOCTU. OHA KPUBOJMHEWHA, XOTA HA HEKOTOPOM Y4YacTKe ee MHOrAa pac-
CMaTPMBAIOT NIOCKON. MOXKHO NONYYUTb eLe paananbHY0 NMOBEPXHOCTb, MPOXOAALLYIO Yepes cepa-
LEBMHHYIO TPYOKY NapannenbHO BOJIOKHAM.
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Pamnannaas
MMOBEPXHOCTH

Kopa ’ TanrennuanbHas

IMOBCPXHOCTH

Puc. 20. IToBepxHOCTH pa3pe30B CTBOJA IepeBa

[lpeBecnHa B CEYEHUWN ITUMM NOBEPXHOCTAMM 3HAUYUTENIbHO OTAMYAETCA
Nno cBoemy CTpoeHuto. TopuoBad MOBEPXHOCTb 0bpasoBaHa nepepesaHUnem
TpaxenaoB (BO/IOKOH XBOWHbIX MOpPoA) M BONIOKOH nnbpudopma u cocyaos (y
JIMCTBEHHbIX NOPOA) HOPMANIbHO K MX A/MHe. TaHreHuuanbHaa NOBEPXHOCTb
NnoJlydeHa nepepesaHnem CMOJAHbIX XOA40B U CEPALEBUHHbIX Ny4ell HOPMasib-
HO K UX OJIMHE U YaCTUYHbIM Nepepe3aHnem BONIOKOH U COCYA0B NapanienbHo
nx ocu. PaamanbHan noBepxHOCTb 0b6pa3oBaHa nepepesaHnem BOIOKOH U CO-
CyA0B NapannenbHo UX ganHeE.

Tpem yKasaHHbIM NOBEPXHOCTAM COOTBETCTBYIOT TPU B3aMMHO NepneHAMKYAAPHbIX T1aBHbIX
HanpaB/IeHUs: 0CEBOE, HOPMaJ/IbHOE K TOPLOBOM NMOBEPXHOCTM, TaHreHUMa bHOe, HOpMasibHOe K pa-
AVanbHOM NOBEPXHOCTH, U paguanbHOe, HOPMabHOE K TaHTEeHLMA/IbHOW NOBEPXHOCTM.

Buabl pesaHua apesecuHbl. MexaH1YecKkmne CBOMCTBa ApeBeCcHHbI N0 r1aBHbIM HanpaBaeHN-
AM pas/MyHbl. 3TO CBOMCTBO Ha3bIBAIOT OPTOTPONMER. MexaHnyecKkme CBOMCTBA APEBECUHbI Pa3any-
Hbl M B MPOMEXKYTOUHbIX Hanpas/ieHuAX. ITO CBOCTBO MaTepuana Ha3blBatOT aHM30Tponune. Takum
obpasom, ApPeBeCUHA — aHU3OTPOMHO-OPTOTPOMHLIA MaTepuan BOJIOKHU-
CTO-CJIOUCTOro, Ppa3HOKIeTO4YHOro CTpoeHUa ¢ NyCTOTaMMW. 31u csoiictea ape-
BECMHbI 3HaYNTENbHO 3aTPYAHAIOT ee pe3aHue. K sTomy Hago A06aBUTb, YTO MeXaHWYeCcKne CBOMCTBa
ApeBecuHbl U3SMEHAIOTCA B 3aBUCMMOCTM OT ee Nopo/bl, MecTa 1 YC0BMIA POCTa Aepesa, MecTa pac-
NONIOXKEHMNA ApeBECUHbI B CTBO/E (B KOMAE, B BepLUMHe).

HecmoTps Ha aHU3OTPOMHOCTb, MOMKHO HalTM ObOLIME CBOMCTBA pe3aHuAa ApeBecuHbl [22].
Hanpumep, TopLoBan NOBEPXHOCTb MOXKET ObITb NOJIyYeHa NpPU NepemeLLeHNN e3BKA No B3aMMHO
nepneHANKYNAPHbIM HanpaBaeHuam V; uam V,, TaHreHumManbHaa NOBEPXHOCTb - NO HanpaB/eHUAM
V3 nnm V4, a paguanbHaa - no HanpasneHuam Vs nam Vg PesaHne gpeBecuHbl NO YKa3aHHbIM Ha-
npasAeHUAM NO3BONSAET BbIAENUTb TPU NaBHbIX BUAA pe3aHua: Topuosoe (L), npogonsHoe (// ) u
nonepeyHoe (#).
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Mpu TopuoBom pe3aHum (HanpasneHua Vi u V,) BEKTOP CKOPOCTM [NaBHOMO ABWMKEHUA U
NIOCKOCTb pe3aHus nepneHANMKYAApHbI HanpaBAeHNo BOOKOH.

Mpv NpoAoAbHOM pe3aHum (HanpasieHus Vi U Vs) BEKTOP CKOPOCTU INaBHOMO ABUMKEHUA U
NNIOCKOCTb pe3aHuA napannefbHbl HanPaBAEHMIO BOIOKOH.

Mpy nonepeyHom pe3aHum (HanpasaeHua V, U Vi) BEKTOP CKOPOCTM FNABHOIO ABUMKEHMUA
nepneHAMKyNApeH, a NI0CKOCTb pe3aHuaA napasiesibHa HanpaBieHUIO BOJIOKOH.

Ha npaKTuKe Yallie BCTPEYatoTCA MPOMEKYTOUHbIE, MepexoaHble BUAbl pesaHus (puc. 21, a).

MpogonbHo-TopuoBoe (//—L) — 310 NepexofHoe pesaHMe OT NPOAO/LHOTO K TOPLOBOMY,
NPV KOTOPOM BEKTOP CKOPOCTU F1aBHOMO ABUMKEHMA U MNOCKOCTb PEe3aHMA COCTaBAAIOT OCTPbIN Yron ¢

HanpaBAeHWMEM BOJIOKOH. Pe3aHune XxapaKTepusyeTca yroM BCTPpeun (nepepesaHuns BONOKOH) @,.

\$

Puc. 21. Buapl pesaHua gpeBecuHbl:

a — BUAbl pe3aHuA; 6— npoAo/ibHO—TOpPL,OBOE

Yron BCTPEYn (Pg - 3TO Yron noa NNOCKOCTbIO pe3aHnA mexay BEKTOPOM CKOPOCTU rnaBHOIo
ABUXEHNA N BOJTOKHAMWN ApeBECUHbI, HAaNpaB/1€HHbIMXA B MaCCUB.

Ha pwuc. 21, 6 nokasaHO M3MeHeHWe yrna nepepesaHuUa BOJIOKOH MPU MPOAO/bHO-
TOpPLOBOM pe3aHuu. [pu ABUXKEHUM pe3lia CaeBa HanpaBo yron @, > 90°, a obpasytowanca no
HanpaB/ieHMIO BOJIOKOH OMNepeskalollias TpellMHa pacnpoCcTpaHAeTca B cpe3aemblii cioi. Takoe pe-
3aHMe Ha3bIBalOT pe3aHMem no cnoto. Mpu ABUNKEHMM N1e3BUA CipaBa HaneBo yron ¢; < 90°, a obpa-
30BaBLLUAACA oMnepekatollas TpellMHa HanpasieHa B MacCMB APeBECUHbI. ITO pe3aHMe NPOTUB CNOA.
B 3aBMCMMOCTM OT yr/ia nepepesaHus BOJIOKOH BUJ, Pe3aHna U3meHsaeTcsa oT npogonbHoro (//) ao
Topuosoro (L).

MonepeyuHo-TopLUoBOE pe3aHue (#—L) — 3To nepexoaHoe pe3aHMe OT NonepeyYHoro K TopLo-
BOMY, MPU KOTOPOM TMJIOCKOCTb Pe3aHusA COCTaBAAET OCTPbIN Yroa C BONOKHaMM, a BEKTOP CKOPOCTU

rNaBHOMO ABUXEHUA NeprneHanKyaapeH K HUm (cm. puc. 21, a). OCprlﬁ yron mexay ninoc-
KOCTbIO pe3aHusi (unu pexylien KPpOMKOM) U BOSIOKHAMU ¢, Ha3biBalT

YrnoMm HaKmnoHa. Npu ¢,= 0° pesaHune nosnyyaerca nonepeyHoe, a npu @, = 90° pesaHune nepe-
XO4MT B TOPLOBOE.
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MonepeuHo-npoaonbHoe pesaHue (#—//) - 3To nepexogHoe pesaHue OT NONEPEYHOro K Npo-
AONbHOMY, NPY KOTOPOM BEKTOP CKOPOCTM MMaBHOMO ABUMKEHNA COCTaBAAET OCTPbIA YroN C BOJIOKHa-

MM, a NNIOCKOCTb pe3aHuna napannenbHa um (cm. puc. 21, a).

OcTpbin yron mexay pexyuen KpOMKOM U BOJSIOKHaMU ¢, Ha3biBa-
OT YIINOM CKOCa. MNpwu ¢.= 0° nonyyaetca nonepeyHoe pesaHue, a npu ¢.= 90° pesaHue nepe-
XO4MT B NPOA0/bHOE.

YyeT opueHTauum roaosbix cioes. OpMeHTaLMIO rOL0BbIX C/IOEB B 3ar0TOBKE XapaKTepusy-
IOT YIIOM PagnanbHOCTU Qpa, (PUC. 22), KOTOPBIA 3aMePAIOT MEXAY PeXyLLein KpomKkon K n Hopma-
Nbto N K NOBEPXHOCTM FOAOBOrO C/I0A B TOYKE MEepeceyeHnn pekyllei KPOMKM C rogoBbiM Cloem

Ppar= 90° N P~ 0

Ppao - N\|" ""|
/[ B Wk

A
N

a 6 8

Puc. 22. OpueHTauma rogoBbIX C/I0OEB OTHOCUTENIBHO peXyLLei
KPOMKM Ne3BUA:

a — obwuii cnydan pesaHus; 6 — pesaHue TaHreHUNaabHOE;

(puc. 22, a). Ecnm roaoBoit cnol NeXuT B NAOCKOCTU pe3aHna (Ppa, = 90°), To pesaHne HasbiBaloT
TaHreHUManbHbIm (puc. 22, 6). Ecam rogosoi cnoi nepneHAMKYAAPeH NAOCKOCTU pe3aHna (Ppa, =
0°), To pe3aHue Ha3bIBalOT PpaguaibHbIM.

CxkaTue gpeBecUHbl B 3aMKHYTOM NpocTpaHcTBe. CKaTve ApeBeCcuMHbl B 3aMKHYTOM Mpo-
CTPaHCTBE 3HAYNTE/IbHO OT/INYAETCA OT CKaTuA cBoboAHOM ApeBecuHbl [23, 24].

Ha puc. 23, a nokasaHa 3aBUCMMOCTb HaNpsAXKeHus ¢ Npu cBo60AHOM CXKaTUU ApPEBECUHbI
OT Be/NMYMHbI OTHOCMTebHOM gedopmaumn € = (L-1)/L, rae L — nepBoHayanbHaa anmHa obpasuaun | —
ANMHa cxKaToro obpasua. B npegenax otHocutenbHoi gedopmaumm 0,03 M3meHeHNE HaNPsKEHWUI
noaumnHsaeTca 3akoHy MNyKa. Mpu aanbHelwem cxaTumn obpasel, Bbiny4yMBaeTca, paspyluaeTcs.

Mpu cKaTUM ApeBeCUHbI B 3aMKHYTOM NPOCTPaHCTBE, Koraa obpasel, 1 nomelleH B o6oimy 2

a 5

3
oMITa Fi o MIT N1} 2
401 [ 200 1
30 150 C
20 | 100
37 10 50 | A y
T g T T T T T ! T g
0 0,03 0,1 0O 02 04 0,6

Puc. 23. C:KaTne apeBeCUHDbI:

N — rroANAUNRT A — R AAMEHVTAM ANNCTNAHCTRA



nog, nyaHcoH 3 (puc. 23, 6), oTHocuTenbHaa gedopmauma U3meHsaeTca B boabliom ananasoHe. Ha
rpaduKe MOXKHO BblAeNTb TPW y4yacTKa. MNepsblii y4acToK OA MOKasbIBaeT, YTO A0 OTHOCUTE/IbHOM
aedopmaumm A = 0,03 npoucxogmt ynpyroe gepopmmnpoBaHne gpesecuHbl. CTEHKM KNETOK elle He
TEPAIOT YCTOMUYMBOCTM, U CTPYKTYpPa ApPeBecuHbl He u3MeHsAeTcA. Ha yyactke aepopmuposaHua AB
CTEHKW KNETOK NOoTepAanu ycToumsocTb. HabatogaeTtca nnactmyeckoe cxkatue matepuana. Monoctm
KNEeTOK M MOpbl COKPALLAIOTCA, 3aMNONHAIOTCA Pa3pyWEeHHbIMM CTEHKAMW KAETOK CHa4dana paHHeM
ApeBeCUHbI, a 3aTeM U TOACTbIMU CTEHKaMK No3aHel apesecuHbl. 06bem obpasiua ymeHbLIaeTca 40
2,5 pas, a n1oTHOCTb Npu € = 0,6 NpnbAMIKaeTca K NJIOTHOCTM ApeBecHoro Bewectsa (1,56 r/c:v\3).
HanpaxeHne Ha yyacTKe NAacTUYECKOro TeyeHma AB NoYTn He U3MeHAETCA.

Ha TpeTbem yyacTke gepopmnpoBaHna BC gpeBecuHa yKe NoYTu He YNIOTHAETCS, OHa yhpy-
ro C’KMMAEeTCs KaK OAHOPOAHbIM maTepuan.

Buabl pe3aHua ApeBecHbIX MmaTepuanos. [nA ApeBecHbIX MaTepuanoB C APKO BblpaKeH-
HOW CNOWCTOM CTPYKTYPON (LpeBeCcHOCTPYKeYHble U APEeBEeCHOBONIOKHWUCTbIE NAuTbl, ¢daHepa,
APEeBECHOC/IOUCTbIE NAACTUKK U AP.) Pa3/INyatoT caeaytolme Buasl pesaHus.

Pe3saHue Bgonb cnoes (/). Mpn TakoM pe3aHMM BEKTOP CKOPOCTM INAaBHOMO ABUMEHMUA Na-
panneneH, a NA0CKOCTb Pe3aHnA neprneHaAnKyAapHa cnosm (puc. 24, a).

Pe3aHue nonepek cnoes (#.). MmeeT mecTo B cyyae, KOr4a BEKTOP CKOPOCTU FNaBHOMO ABK-
KEHMA N NJI0OCKOCTb pPe3aHnA NepneHaAnKYAAPHbI CI0AM.

Pe3aHue No NA0OCKOCTU coeB (naockoe pesaHue ) Habnogaerca B cayyae, KOraa BEKTOP
CKOPOCTM [aBHOIO ABUMKEHMA M NAOCKOCTb pe3aHMA COBMaAatoT C NNOCKOCTbIO C/OA.

MepexoaHoe npogonbHoO-NonepeyHoe pesaHue (//.— #,). ITo pesaHue xapaKTepusyeTcs yr-

V V| #c 1 a 6 //c'#c

k. ¥ Vv Puc. 24. Buabl pe3aHua gpeBecHbIX mMa-
“— Tepwnasos:

e /e

a — rnaBHbIE,

[l -~ B

JIOM CKOCa cnoeB .. Yron ckoca Y — 3TO Yyron mexgy BEKTOPOM CKOPOCTU IMaBHOTO ABUXKEHUA U

6— npoAo/ibHO-NoNepeYyHoeE,

8 — NI0CKOMPOoAa0/1bHOE,

2 — naocrkononepe4vyHoe

cnoem B nAockocTh pesaHua (0° < y < 90°). Ecamn y, = 0°, TO UMeeT MecTo pe3aHue BAO/b BOJIOKOH.
Mpn 0° < y < 45° pesaHne HaszbIBalOT NPOAOJ/IbHO-NONEPeYHbIM, a Npn 45° < y < 90° — nonepeuy-
Ho-nNpogonbHbIM. Mpn Y. = 90° nonyyaeTca nonepeyHoe pesaHue (puc. 24, 6).

MNepexoaHoe naockonpoaoabHoe pesaHue ([ .-//.). Pe3aHne xapaKTepusyeTca yriom Haklo-
Ha cnoeB \, . Yron HaKNOHa CN0eB \J, — 3TO Yroa MeXAy NJIOCKOCTAMM pe3aHus U ciosa B BUHop-
ManbHOM cekyluen naockoctn (0° < y,<90°). Mpu vy, = 0° UmeeT MecTo NJoCcKoe pesaHue, npu 0° <
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Y, <45° — nnockonpogonbHoe pesaHue, npu 45° < y,, < 90° — NpoAo/IbHO-NJI0CKOE pe3aHme 1 Npu
Wy, = 90° — npogonbHoe (puc. 24, B).

MepexoaHoe nnocKkononepeyHoe pe3aHue ([I-#.). PesaHne xapaKTepumsyeTcs yriom BCTpeun
We. Yron BCTpeum Y, — 3TO Yrosl Mexay BEKTOPOM CKOPOCTU FNMAaBHOTO ABUMKEHUA U NJOCKOCTbIO CNoA
B KOHTYpe 3arotoBkM (0° < y,<180°). Npw y,, = 0° nonyyaeTca naockoe pesaHue, npu 0° < y, < 90°
pe3aHue Ha3bIBalOT NJocKkononepeyHbiM “'npoTms cnoes”’, 90° < y, < 180° — nonepeyHo-NJAOCKNM MO
cnosm (puc. 24, r).

1.4. lTeomeTpuna 06paboTaHHO NOBEPXHOCTU

B npouecce pesaHua Ha obpaboTaHHOW MOBEPXHOCTU 0bpasyoTcs He-
POBHOCTU, KOTOpPbIE NOAPA3AENAOT Ha TPU TPYNMbI.

MaKpOHEepPOBHOCTb — eAMHMYHOE OTK/JOHEHWE MOBEPXHOCTU OT MPABWU/IbHOM BOODBPas3UMON
$opmbl (BbINYKAOCTb, BOTHYTOCTb A/19 NJIOCKOCTEN; 3/I/IMMCHOCTb, KOHYCHOCTb A1 LMANHAPOB U T.4.).

BO/IHUCTOCTb — HEPOBHOCTU B BUAE MEPUOANYECKM MOBTOPAIOLLMXCA BO3BbILEHNI U BNAAWH,
6/113KMX No dopme 1 pasmepam.

MUKPOHEPOBHOCTb — HEPOBHOCTb B BUAE MEJIKUX rpebellkoB U BNaguH. PasnunuyatoT Hepos-
HOCTM BMBpaLMOHHble, 0bpasylolimeca B pesyabTate BU6paL it 3aroTOBKM M MHCTPYMEHTA, HEPOBHO-
CTM YNPYroro BOCCTaHOB/IEHUA, NPOABAAIOLMECA NPU HEOANHAKOBOM YMPYrom BOCCTaHOBAEHMM Ae-
$OpMMPOBAHHON paHHEeN 1 No3AHEeN 30H rof0BbIX C/I0EB APEBECUHBI, PUCKM, OCTaBseMble Ha obpa-
60TaHHOM NOBEPXHOCTU KaK cneabl 3a3y6pUH U HEPOBHOCTEN perKyLLEet KPOMKM S1e3BUS.

Mpu pe3aHnmM gpeBecuHbl 06Pas3yoTCA TaKKe HEPOBHOCTM paspyLLEeHNA B BUAE BblPbIBOB, 3a-
KO/I0B, OTLUEMNOB, KOHLLEBbIX CKOM0B, BOPCMCTOCTU (OTAENbHbIX MOPBAHHbLIX BOMIOKOH) M MLUMCTOCTU
(rpynnbl MopBaHHbIX BOJIOKOH). MpaKTMYeckn Ha 06paboTaHHOW MOBEPXHOCTM MOTYT BCTPETUTLCA
pasNMyHble CoYeTaHUA NepeyncieHHbIX HepoBHOCTEN. MPM 3TOM MaKPOHEPOBHOCTU XapaKTepusytoT
TOYHOCTb 06PabOTKK, T.e. OTKNOHEHMEe 06pPaboTaHHON NOBEPXHOCTU OT 3a4aHHOW Gopmbl U pasme-
poB. OcTanbHble HEPOBHOCTM XapPaKTEPM3YIOT LEPOXOBATOCTb (FN1aAKOCTb) NOBEPXHOCTY.

Mo FOCT 7016-82 wepoxoBaTOCTb AEPEBAHHON NOBEPXHOCTU XapaKTepu-
3yeTcA NapameTpamm, UX YNC/TIOBbIMU 3HAYEHUAMM U HAIMYMEM USIN OTCYTCTBU-
€M BOPCUCTOCTU M MLUMCTOCTU. AHAaTOMUYECKME HEPOBHOCTM APEBECUMHbI NMpwU
35TOM HE y4YMUTbIBALOTCA.

FOCT ycTaHaB/iMBaeT NAaTb NapameTpos (Taba. 1). Yucnosblie 3HaYEeHUSA NapamMeTpPoB B MKM
NPUHUMAIOTCA U3 CIeayoWMX NPeanoYTUTENbHbBIX PALOB YUCen:

Rmmax Rm ¥ R, - 1600, 800, 400, 200, 100, 50, 25, 12,5, 6,3, 3,2;
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R,- 100; 50; 25; 12,5; 6,3; 3,2; 1,6; 0,8.

LLlepoxoBaToCTbi0O NOBEPXHOCTM HA3bIBAETCA COBOKYMHOCTb HepOBHOCTEI‘;I C OTHOCUTENbHO

MaibiMu Wwaramm, BblaeneHHbIX, 4alle BCero, Ha 6a3oBoi AN mHe. TONbKO oaAnH napamMeTp wepoxosBa-

TOCTH Rm max HaxoauTca 6e3 ncnonbsoBaHMA H6asoBown ANnHbl. Ha NPaKTUKe OH HaxoauTcA nytem

CpaBHeHMA NOBEPXHOCTU C HATYPHbIMU o6pa3u,alvw1. Mpn mexaHNU3nMpoBaHHOM U aBTOMATM3UPOBAH-

HOM KOHTpPOJIE WEPOXOBATOCTN NCNO/b3YHOTCA OCTa/ibHblE NMapaMeTpbl C NCMOJ/Ib30OBAHNEM 6a3oBoi

AnvHbl. basosasa anamHa | — anvHa 6a30B0M IMHMK, UCNOb3yeman ANA BblAENEHUA HEPOBHOCTEN No-
BepXHOCTU. LLiepoxoBaToCTb NOBEPXHOCTM OLEHMBAETCA OT cpegHen AMHUKN npoduna Ha 6a3oBon u-

HUW, I'IpOBeLI,EHHOﬁ TaK, 4YTO B npegenax 6a3oBoit ANNHbI CpeaHee KBagpaTndecCkoe OTK/IOHEHWne
I'IpOd)MJ'IFI Ao 3TOW IMHUN MUHUMANbHO.

1.5. Bsaumopgencreme nes3sus ¢ ApeBeCUHOM

CocraBasawowme Cubl pe3aHuAa. [1pn pesaHun agpeBecmHa OKasbliBaeT CONPOTUB/IEHME nepe-

meweHunto nessua. na Toro YTOObI npouecc pesaHnAa He Hapywasaca, K 1e3Buko H606XOLI,MMO npu-

NOXUTb CUNY ONA NpeogoneHna cConpoTnBaeHna cpeqbl. 3Ty cuny, AEVICTBYIOU.LYPO CO CTOPOHDbI ne3sunA
Ha 3aroToBKy, Ha3blBakOT cuno pe3aHunAa F.

Tabnmua 1

MapameTpbl LWEPOXOBATOCTU NOBEPXHOCTH

MapameTtp

OnpeaeneHune u pacyetHas popmyna

CpenHee

HepoBHOCTEN Ha
BEPXHOCTU

Rm max
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ns3

MaKCMMaJibHbIX BbICOT

no-

CpesHee apuvdMeTMYECKOe BbICOT OTAE/NbHbIX HaMbo/NbWWX He-
poBHOCTEeN (He meHee 5) Ha NoBepPXHOCTH:

1
Rmmax_ﬁgHmaxi ’

raoe Hmax i — pacctosiHne OT BbICLUEM A0 HU3LWEeM TOYKM  i-i Hau-

60/1blLEN HEPOBHOCTM, N — KOAIMYECTBO HaMbOoNbLINX HEPOBHOCTEM, N > 5

Hmax
PAN Cpenusist TUHUS

\\} npoduis




Hanbonbluas
BblCOTa HEPOBHOCTEMN

npoouna Ry

Hanbonbluan BbicOTa HepoBHOCTeN Npoduan B npegenax 6asosoun

AAnHbl |
Rm = Yp max+ YV max,

rae Yp max — PaccTofAHue oT cpefHei NMMHUKM npoduna A0 AUHUM
BbICTYNoB; Yy max — PacctosiHMe OT cpeaHel AUHUU NPoGUAA A0 ANHUK
BnaguH

|
<
JInHUs BBICTYIOB

JInnusa BmaanH

MpoagonxeHue Tabn. 1

MNapameTp

OnpeaeneHune u pacyetHas popmyna

BbicoTa Hepos-
HocTein npoduna no ae-
CATU TOYKam R,
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PasHoOCTb cpeaHUX 3HAYEHUI NATU PACCTOAHMIA OT BbICTYMNOB A0
6a30BOV IMHUN M NATM PACCTOAHUIM OT BNaauH A0 6A30BOWN IMHUM B Npe-

. 1 5 5
nenax 6asoBon AnuHbI I R, = g(z hmaxi — thin i)
i=1 i=1

Nmaxt
WA A
VRN

l N miny Da3oBas JmHUA

min5




CpenHee apuod-
MeTUYECKOe  OTK/IOHe-

Hue npoduns R,

CpeaHee apudmetTnyeckoe abCOMOTHBIX 3HAYEHWUIA OTKNOHEHUI

npodwuns B npegenax 6a3oBon AaunHbI | :

R =21y,
n i

rae N —4ncno BblbpaHHbIX TOYeK Npodunsa Ha 6a3o0BOM OAUHE; Y
— OTK/IOHEHMEe NpodUAA UK PACCTOAHME MeXKAY TOYKOM npoduna n 6aso-
BOW NMHUEN

o~

\ (]

v

\\un‘\ |

M
\—n -
WARY

OKoHyaHue Tabn. 1

MNapa-
meTp

OnpegeneHue n pacyetHas popmyna

CpegHum
LIar HepoBHOCTEM
npoouna S,

CpeaHee 3Ha4YeHMe Waros HepoBHocTen Npoduna No BnagnHam Ha ba-

30801 AnunHe |
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A
\ 4

B pacueTax M UccnefoBaHUAX AMHAMUKM pe3aHna 06blMHO MOAb3YHOTCA COCTAaBAAOWMMM CU-
Nbl pe3aHus [25] — NpoeKuMaMM Ha KoopauHaTHble ocu (puc. 25). Mpuyem ocb X NPOBOAAT Napan-
NenbHO HanpasaeHuno Ve, a KOOpAMHATHYIO NaockocTb XOY COBMELLatoT C NI0CKOCTbIO pe3aHus.

+Z
F,
F V
47
0
Pn Puc. 25. CocTtas-
Y
nAawuwme cmnbl

Y

MpoeKumnamM Cubl pe3aHna NPUCBOEHbI CeayloLine Ha3BaHMA: raBHasA CoCTaBAAOLLAA CUAbI
pe3saHua (kacaTenbHan) F,, paamanbHaa (HopmanbHas) cocTaBasAWan cuabl pesaHusa F, u ocesas
cocTaBAALWAA cubl pesaHua F,.

[naBHaa cocTaBasawwWwan cuabl pes3aHma F, coBnagaeT no HanpaBAEHUIO CO CKOPOCTbIO pe-
3yNbTUPYIOLWWEro ABUXKeHUA pe3aHuA. MNpu BpalLlaTesIbHOM FMAaBHOM ABUMXKEHUM OHA Ha3bIBAeTCA Ka-
cate/ibHOM COCTaBﬂHIOLLI,(-Z‘ﬁ CUNbl pe3aHnA.

PagunanbHas cocTaBastowWwasn cCuUbl pe3anHusa F, HanpasieHa N0 paguycy r/aBHOro Bpalla-
TENbHOTO ABUXKEHUA pe3aHua. MNpu nocTynateabHOM FNaBHOM ABUMKEHWUM Pe3aHnA OHa Hanpas/eHa
nepneHAMKYNApPHO BEKTOPY CKOPOCTU PesynbTUPYIOLWEro ABWMKEHMA M HasblBaeTcA pagmnanbHoi
(HOopManbHOI) cocTaBAAIOLLEN CUAbI PE3aHMA.

OceBaa cocTasnAatowan cunbl pe3aHunAa Fy NEXUT B NNIOCKOCTU pPe3aHNA U HaNpaBJieHa nep-
NEHONKYNAPHO K HanpaB/1€HUIO CKOPOCTU PE3YNbTUPYHOLWLETro ABUXKEHUA.

YpenbHasA cuna, yaenbHas pabota, eaMHUYHAA cuna pe3aHusa. YaenbHas cuna pesaHus
F,s €CTb OTHOLUEHWE FNaBHOWM COCTaBAAIOLLEN CUAbI Pe3aHMA K NIOLWAAM NONepPeyHOro ceveHns cpe-
3aeMoro C/10A U UMeeT pasmepHocTb MMa (H/mm?):
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F
F, =X, (17)
- ab

rae a, b — cooTBeTcTBEHHO TOJILMHA N WWMPUHaA Cpe3aemoro caoda, Mmm.

YnenbHan pabota pe3saHus K ecTb paboTa rnaBHOI cocTaBafAloWEe CUAbl pe3aHns, Heobxo-
ANMaAa ana cpesaHma 1 cm® apesecuHbl, Ax/ cm®. CornacHo onpeaeneHuto

A Kl Fy
K=y T o)

roe A - paboTta pesanusa, [x;
Vv — 06beM Cpe3aemMoro cos, cm’;
| — AAMHa cpe3aemoro cnoa, m.

Takum obpasom, KonmuectBeHHO K = F,,, HO du3nuecknin cmbicn nx pasHolin: K — ato ectsb pa-
6oT1a, a F,,—ecTb faBneHue.

EAMHMYHOM cunol pesaHua Fy (H/Mm) HasbiBaloT cuay pesaHusa, HeobxoamMmyio gna yaane-
HUWA cpe3aemoro cfios WwupuHo 1 mm: F; = F/b. Mo aHanoruu pasnnyator eamMHMYHbIE KOOPAUHAT-
Hble cunbl: Fy=F/b;  Fa=F,/b;  Fu=F/b.

EamMHuyHaa cuna Pe3aHnA yKa3blBae€T Ha TO, YTO CUJ1a pe€3aHNA HaxoaAuTCA B NpAMO nponop-
LI,VIOHEU'IbHOVI 3aBUCUMOCTU OT LUNPUHDbI Cpe3aemoro Cnos.

KoHTaKTHble 30Hbl ne3suA. Npu NPOHMKHOBEHUU NE3BUA B APEBECUMHY Ha €r0 KOHTAKTHOM
NMOBEPXHOCTM CO34AKOTCA HOPMANbHOE AaBJEHME U CUAbI TPEHUA. 1A aHa/iM3a YKasaHHbIX COMpo-
TUB/IEHUIA KOHTAKTHYIO MOBEPXHOCTb AEAT Ha 30Hbl. B ceyeHnn HOpMasbHOM MNOCKOCTbIO KOHTAKT-
HaA NoBepPXHOCTb Ne3BMA (puc. 26) M3obparkaetca B BUAE KOHTypa abmnecd.

YKa3aHHbIN KOHTYP MOXKHO NOAENNTb HA ABE 30HbI: 30HY CTPYXKM am M 30HY NOBEPXHOCTU
pesaHuAa md, rpaHuyalimMe B TOYKE M, NeXKalleld Ha AMHMM mm 0b6pa3oBaHUA B mMaTepuane HOBbIX
NnoBepxHOCTel (MOBEPXHOCTN pe3aHUA U MOBEPXHOCTU CTPYXKKK). CTPyXKKa CKONb3UT OT TOYKM M Mo
nepeaHen NOBEPXHOCTU, a NMOBEPXHOCTb Pe3aHuA 0BTeKaeT PerKyLlylo KPOMKY M 3a[HIOK MOBepX-
HOCTb OT TOYKM M K TouKe d. MHOraa B Lensx ynpoLweHusa IMHUI0 mMm COBMELLLAKOT C NIOCKOCTbIO pe-
3aHua P,.
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0 d Puc. 26. 30HbI
\\\y KOHTAKTHOro KOHTYpa

™ AV G - w—
et

[leneHne KOHTAKTHOro KOHTYpa Ha ABe 30Hbl XapaKTepHo A1 WKobl A.J1. bepluaackoro.

KOHTaKTHbIA KOHTYP N€3BUA AENAT TaKXKe Ha TPU 30Hbl MO ero reoMeTpuyeckUmM nNpusHaKam:
30HYy NepegHein NoBepXHOCTU ab, 30HY peXyLuen KpoMKK bc 1 30Hy 3aaHel noBepxHOCTH cd.

[eneHne KOHTAaKTHOro KOHTYPa Ha TPW 30HbI XapaKTepHo Ans wkrobl C.A. BockpeceHcKoro.

3I1|Opbl HOPMaJibHbIX AaBl'IeHMVI no 30Ham ne3BuA. HUXKe npueBegeHa XapaKTepuUCTnKa 30H
ne3sna n npeanosaraemasn d)opN\a 3NHP NO 3TUM 30HaAM.

MepepHAA NOBePXHOCTb. [lepeHAs NOBEPXHOCTb /1€3BUA BbINOAHAET OCHOBHYIO paboTy npu
pesaHuu. OHa gedopMUpyeT Cpe3aemblit CNON U CTPYIKKY, CO34aeT B HUX HANpPAKeHWs W yaanset
CTPYKKY.

C)KaTue Cpe3aemoro C/10f U CTPYKKM NpU pesaHMm NPOoMCXOAUT B MNOY3aMKHYTOM NpPOCTPaH-
cTBe. [pOCTPaHCTBO CTPYXKKKU OrpaHUYEHO cnepeam nessBuem, CHU3Y, c3agu, a MHorga u ¢ oboux 6o-
KOB MaCcCMBOM gpeBecuHbl. Mpuyem oTHocUTeNbHaA gedopmauma CTPYXKKM He NpPeBoCXoauT Besu-
ymHbl 0,45. B CBA3M C 3TUM MOXKHO A0MNYCTUTb, YTO HOPMANbHOE AAB/EHNE CTPYHKKM Ha NepesHio
NOBEPXHOCTb N€3BUA MOAUYMHAETCA 3aBUCMMOCTU HaMNPAXKEHUI OT gedopmaumm Npu cxKatumu apese-
CWHbI B 3aMKHYTOM NPOCTPaHCTBE.

MepeHecem rpaduK 3TOM 3aBUCMMOCTM Ha MepeaHIolo NoBepxHocTb (puc. 27) n byaem cuu-
TaTb, YUTO AABJIEHUE CTPYKKM Ha NEPESHIO NOBEPXHOCTL pacnpese/ieHo PaBHOMEPHO.
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Puc. 27. 3niopa
HOPMa/bHbIX AAaBAEHUI Mo

KOHTAKTHbIM naowagKkam
ne3suA

Pexxywiaa Kpomka. Pexyllaa KpomKa ne3BuA co3gaeT M NoAdeprkMBaeT B maTepuane B
NJIOCKOCTM pe3aHuA A0CTaTOYHYIO KOHLEHTPALMIO HAaNPAXKEHWI, NPY KOTOPON NPOUCXOAMUT paspyLue-
HWe matepurana. KoHLeHTpauma HanpaXKeHUN Nepes, pexyLLen KPOMKOW TeM BbIlLe, YEM MEHbLUE ee
paauyc 3akpyrneHua. MiccnefoBaHMAMM [OKa3aHO, YTO HaNpsxKeHWA nepes, pexyllieil KPOMKOW B
Cnoe TONLWMHOM 2p (p — pafmyc 3aKpyrneHua pexyLLein Kpomkm) gocturatot 400...5000 MTMMa [23, 26].
370 B 20...50 pas 6onblue, Yem faBneHne Ha NepegHelt NoBepxHOCTU. Takum obpasom, PEXKYLUAA
KPpOMKa Hapape3aetT Mmartepuan B cpe3aeMOM cCrioe, a nepeaHdAs rpaHb
voandet ero.

3aaHAA NOBEePXHOCTb. 3a4HAA NMOBEPXHOCTb /1€3BMA UCMbITbIBAET HOPMaabHOE AaBAeHWNe COo
CTOpOHbI 06pabaTbiBaemMoro matepuana BCieACTBME YNPYroro BOCCTaHOB/EHMS 06paboTaHHOM no-
BEPXHOCTU. TaK KaK AedopmaLuumn nog, 3agHer NOBEPXHOCTbIO YIPYrue, TO 3MOPy HOPMabHbIX AaB-
JIEHWUM Ha HEW MOXKHO MPUHSATbL TPEYroNbHON.

YunTbiBaA cKaszaHHOe, a TaKXe ocobeHHOCTb AePOPMMPOBAHUA [PEBECUHBI B 3aMKHYTOM
NPOCTPaHCTBE, NPUHUMaem pabouyto NPy HOPMa/IbHbIX AABAEHUIA MO KOHTAKTHbIM NJOWAAKAM,
n306parkeHHyto Ha puc. 27.

Cunbl pe3aHnA B 30HE CTPYXKKU. 3aMeHNM 3MOPYy HOPMabHbIX AaBNEHUMA B 30HE CTPYMKKU
(nepeaHelt NOBEPXHOCTM /iIe3BMA) COCPEAOTOYEHHOM cunoi N 1 BEKTOPHO NpubaBMM K Hel cuny
TpeHua T (puc. 28, a). MonydyeHHyto cuny F cnpoeumpyem Ha HanpassieHue V. U Ha HOPMaib K Hemy.
Monyunm cnegytowme cunol: Fy, — KacaTenbHyo cuay pe3aHusa No nepegHel noBepxHocTu; F,, — Hop-
Ma/IbHYHO CUAY pPe3aHuna No nepeaHelt NOBEPXHOCTY.

FnaBHaA cocTaBaAloWAn CU/Ibl Pe3aHMA MOXKET ObITb HallgeHa U3 3MoPbl KacaTesbHbIX AaB-
NeHWI B 30HE CTPYKKK. MOCTpOMM TaKyto antopy. s 3TOro KarKablii BEKTOP HOPMa/IbHOTO AaB/IEHUSA
N; M co34aHHbIN UM BEKTOP cuabl TpeHua T; (puc. 28, 6) cnpoeuunpyem Ha HanpasaeHue V.. NMonyyex-
Hble TOYKM COeaMHUM NnHMen 234, BeanunHa cunbl F,, 6yaeT paBHa Naowaam anopbl KacaTesibHbIX
JaBneHul (Bce pacyeTbl Be4yTcs Ha WMPUHY cpe3aemoro cos 1 mm). dntopy KacaTesbHbIX Aasie-
HWIA Ha nepeaHen NOBEPXHOCTM MOXKHO PacCMaTPUBaTh KaK COCTOALLYHO M3 [ABYX C/IOEB: MUKPOC/IOSA
6345, onupatoLwerocs Ha NOBEPXHOCTb JIE3BMSA M COM3MEPUMOTO MO TOJILUMHE C PASNYCOM €ro OKpyr-
NeHUA, U BHELLHEN YacTn cpe3aemoro cnoa 1236. MakcMmanbHylo TOALWMHY MWUKPOC/IOA B cpesae-
MOM MaKpocnoe npuHMMatoT pasHol 0,1 mm. KacaTenbHoe gaBieHne B MUKPOCAoe 0603HauYMm

k., @ BO BHewlHem cnoe — k.
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Puc. 28. Cunbl Ha ne3suu:

a —obuian cxema cun; 6 —KacaTesibHaA cUna Ha nepeaHein rpaHn

Ecnv dopmy cnoes antopbl NPUHATL 33 NApPaANeorpaMmmbl, TO eAUHUYHYIO cuay F, ans cpe-
33eMOro MaKpoC/0A MOXHO HalTK Kak Cymmy NJowagei Ca0eB 3Mopbl N0 CAeayloleMy Bbipaxe-
HUIO:

Fyo= 0,1k, + k(a—0,1), (19)

roe k., k — KacatenbHoe gaBneHue Ha nepeaHen rpaHu, paBHOE CyMMe NPOEeKLMIA BEKTOPOB
HOPMaNbHOIO AaBAEHUA N TPEHMA Ha HAaNpPaBAEHME CKOPOCTU pe3aHNA COOTBETCTBEHHO A MUKPO-
cnosi v BHewHero cnosa, MMa;

d — TOJZILWHa Cpe3aemoro cnofd, Mm;

0,1 — TONWMHA MMKPOCNOA B CPE3AEMOM MaKpPOCA0E, MM.
Ecnu TonwuHa cpesaemoro cnos a,< 0,1 mm (Mukpocnoi), To

From= K am. (20)

PaaunanbHas cocTaBAAOWAA CU/bl PE3aHUA HAXOAUTCA nyTem cieayoLWwmnx PacCcyKaeHU M.
Cunol N n F (cm. puc. 28, a) obpasytoT mexay coboit yron TpeHusa ¢ (¢ =arctg u, rae L — Ko-
adbPuuMeHT TpeHns apeBecuHbl No nepeaHei rpaHu). Mpu atom cunbl F,, U Fy, cBA3aHbl mexay cobon
cneayowmm ypaBHEHUEM:

an = I:xn tg(goo -8- (P)I (21)

roe O — yron pesaHus.

MpuHUMan Bo BHMMaHMe ypaBHeHue (19), oTmeTum, 4To F,, COCTOUT U3 ABYX CNaraembix, oT-
HOCALLMXCA K MUKPOC/IOO U BHELLHEMY CNOt0:
a7



F.n = 0,1 ky, tg(90° — 8, — @u) +k(a —0,1) tg(90° -0 — ). (22)

OKono nessua yron pesaHua d, HenpepbIBHO M3MeHaeTca: 0 < J,, < 90°. B 30He BbICOKOrO
faBneHusa KoapdOULMEHT TpeHUa  yBbIBAET 40 MUHUMaANbHOTO 3HadeHus W = 0,18 (yron TpeHus @
=10°). Mpu J,=90°- ¢, NepBoe cnaraeMoe ypaBHEHWUA HOPMaNbHOW CUbI PABHO HYJIO, @ B Anana-
30He &, = (90°- @,) £ @, HOpmanbHas cuNa B MUKPOC/IOE TOXKEe PaBHA HyAo. lMo3Tomy BBUAY
Ma/ioCTM NepPBbIM C/1araemMbiM HOPMAJIbHOM CUJ/IbI MOXKHO NpeHebpeyb. Toraa npu a > 0,1 mm

F.n = k(a—0,1) tg (90° -6 — o), (23)
npm a<0,1mm F,,=0.

Cunbl B 30He NOBEPXHOCTU pe3aHua. O6pallanch K cMnam pesaHua Ha 3agHei rpaHu (cm.
puvc. 28, a), MOXKHO MO aHaIOTUK MOJYYUTb KacaTesIbHYO CUY pe3aHusA No 3aaHei NoBepxXHOCTU Fy,; U
HOpPMasibHYI0 CUY pe3aHusA No 3aaHel noBepxHocTu F,;. TaKk KaKk ynpyronaactuyeckoe gedopmmpo-
BaHME MOBEPXHOCTM pe3aHun 3agHel rpaHblo HEBEMKO (Ha BeNMYMHY paguyca OKPYFIeHUA PerKy-

e KPOMKM, T. e. He 6onee 0,06 MM), MOXKHO PAacCMaTpPMBaTb KacaTe/ibHYO CUAY NO 3agHew rpaHu
KaK CUAy TpeHus:

Fe = f Fus, (24)
roe f - KoapdMUMEHT TpeHUs No 3agHelN rpaHu.

Cuna F,, ecTb ycunume, Heobxoammoe Ana 3arnybneHnsa nes3susa B NoBePXHOCTb pPe3aHMA Ha

BE/IMYMHY paauyca 3aKpyr/eHUA pexylien KpoMku. C sTUM yCuUanem 3aroToBKa OTTa/IKMBaET fie3Bue
oT cebs.

BbiBog,. VTak, Ha ne3sue (cm. puc. 28, a) AeCTBYIOT ABE CUCTEMbI CUA: HaA, NJIOCKOCTbIO pe-
3aHuA 1 noA Held. Mpu atom cunbl Fy, 1 Fy, AENCTBYIOT B OAHOM Hanpas/ieHUM U COCTaBAAIOT BMecTe
KacaTe/bHY0 eMHUYHYIO CUY pe3aHus:

npu a > 0,1 mm Fa= Fs + 0,1k, + k(a—0,1),

npu ay<0,1 mm Fam= Fxs + Ku am. (25)

BepTuKanbHble cuibl Fy,, F,; NPOXOAAT HOPMANbLHO K HanpaB/ieHnto Ve U B Cymme COCTaBAAIOT
HOpPMasIbHYI0 (PaananbHYO) eGUHUYHYIO CUAY Pe3aHUs:

Fii=Fu-Fou (26)
npu a = 0,1 mm F.ai=Fo/f - k(a—0,1)tg(90°- 6 - @),
npu ay< 0,1 Mm Fam= Fram / f.
Ecnam F, > 0, To F, Ha3bIBAlOT CU/IOI OTXKMMA, C 3TUM YCU/IMEM 3arOTOBKA OTTa/IKMBAET /ie3sue

OT NOBEPXHOCTU pe3aHnA.
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Ecan F, < 0, To F, Ha3bIBaloOT CMIOM 3aTATMBAHUSA, C 3TON CUNOM Ne3BKe 3aTATMBAET 3aroTOBKY
Ha cebs.

3aBUCMMOCTb rNaBHOW COCTaBAAIOLLEN CU/Ibl PE3aHUSA OT TO/ILMHDBI CPe3aemMoro coA. 3aBu-
CUMOCTb €4MHNYHOW KacaTe/IbHOM CU/bl pe3aHuA OT TO/ILWMHBI CPe3aeMOoro €105 NO AAaHHbIM MHOTO-
UYMCNEHHBIX 3KCNepuMeHTOoB [23, 26] npuBeaeHa Ha rpaduke (puc. 29).

O6nacTb TONWMHBI Cpe3aemoro c/oA nogdenieHa Ha rpaduKke Ha Ase 30HbI [23]: 06-

NacTb MuUKpocnoes npu a,<0,1mm M maKpocnoes npna=0,1...2 mm.

I:Xl’ A E
H/mm
A
Q1
7 ka
A
Frn
p 0,8p
Q2
d ’
Y # - » 0, MM
0 0,1 2

Puc. 29. 3aBUCMMOCTb KacaTelbHOM CUAbI OT TOJILMHbI Cpe3a

B AManasoHe MaKpoC/a0eB IMHUIO FpadunKa C 4OCTAaTOYHOM CTEMNEHbIO TOYHOCTU MOXK-
HO NpeAacTaBUTb B BMAE NpAmMoi AB, HaKNOHEHHOM K ocK abcumcce nog, yraom ¢;. YpaBHeHWe npamon
AbB:

Fyi=p+atgp,=p+ka, (27)

rae p — GUMKTMBHAA cuia pesaHua, H/Mm, T.e. BeiMuMHa opAnHaTbI, OTceKaemas npamoit Ab
OT Ha4yana KoopAuHar.

B Anana3oHe MMKPOCNOEB 3HAYEHMA KacaTeNIbHOM CU/bl Pe3aHUA HAXOAATCA MO KPUBOM Nn-
HUK dA, KOTOpYlo ANA YNPOLWLEHNA 3aMEHAIOT NPAMON IMHUEN, HAKNOHEHHOM K ocu abcuucc nog, yr-
JIOM @, M OTCEKaloLen Ha ocu opamnHaT oTpe3oK Od, paBHbI MO BENMYMHE KacaTe/bHOM cuie pesa-
HWA No 3aaHel rpaHun. eicTBuTeNbHO, ecnm a = 0, TO KacaTe/ibHAA CMNA pPe3aHna paBHa cune
TPEHWA Ne3BMA NO NOBEPXHOCTU pe3aHuA. YpaBHEeHUE eAMHUYHOW KacaTe/lbHOM CUbl pe3aHusa ans
MWKpPOC/IOEB
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Fani= Fxs + au 18Q, = Fo + kM IV (28)

[nsa octporo nessua (pg = 4...6 MKM) KacaTesibHYIO CUY pe3aHus Mo 3afHeW rPaHn MOKHO
NPUHATL PaBHOM

Fx.=0,2p. (29)

BbiBOA,. [ OCTPOro nesBus Npu WMpPUHE cpesa 1 MM Noyyum cnegytoume ypas-
HeHus (cm. puc. 29):

— ONA KacaTeNbHOW CUbl pe3aHuA No nepeaHen rpaHn AN Makpo- U MUKPOCI0EeB
Fm=08p+ka; (30)
Fxom = K a5 (31)
— A9 NOJIHOM KacaTe/IbHOM CU/Ibl pe3aHua AN MaKpo- U MUKPOC/I0eB
Fa=Fe+Fn=02p+ 0,8p+ka=p+ka; (32)

Fami = Fs + Fyom = O/Zp + kM ay. (33)

KacatenbHoe aaBneHue CTPYXKU B MUKpocnoe. Touka A rpaduka (cm. puc. 29) ogHospe-
MEHHO NMPUHAANEXMUT NpaAmMbIM AnHMAM dA n AB. Mpu ToawmHe cpesa 0,1 Mm 3HaYeHUA, NONYYEHHbIE
no popmynam (31) n (32), MOKHO NPUPaABHATH:

p+0,1k =0,2p + 0,1k,
oTcoaa
k. = 8p + k. (34)

3aBUCMMOCTb YAENbHOWU CU/bl Pe3aHUA OT TO/ILMHDLI cpe3a. [1a onpefeneHus yaenbHoum
CUAbl Pe3aHMA HaZo rNaBHYH COCTaBAAIOLWYIO (KacaTesibHY0) CUAbl pe3aHMA NoaenTb Ha nonepeuy-
HOe ceyeHue cpesa WM KacaTesibHYl0 egUHUYHYIO CUY MPU LWKMPUHE cpe3a 1 MM NoaennTb Ha To-
WMHY cpe3a, T.e.

F
Fm:—"lzk+B , (35)
a d
F 0,2
P = =8p K+ (36)
aM M
A
Fyz)a laloLWmXx | UX nNpegenbHble
sMlla ICMMNTO buk 3aBmcmMmocTn
y4enbHd "0 cnos JOCTOM TO/LLMHBI
cpesa F,, l0p +k.
10p+k Puc. 30. 3aBncumocTb
yOenbHOM cunbl pesa-
k HWA OT TO/ILLMHbBI Cpe3a
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YyeT 3aTynneHua Ne3Bui. 3aTynneHne Ne3Buii Npu pesaHnn ApeBecuHbl YYUTbIBAOT KO3d-
duumeHTOM 3aTynneHus. Npu BbiBoAe ero pacyetHoi ¢opmynbl (BbiBog npeanoxkeH A.Jl. bepwag-
CKMM) OenaloT AONyLeHNe O TOM, YTO MpAMbIe MHUM TPadUKOB 3aBUCMMOCTM KacaTeNbHON CUAbl
pe3aHunA OT TO/ILWMHbI CPe3aeMOoro C/10A A/1A OCTPOro U Tynoro ne3suin 6yayTt napannensHsl (puc. 31).
JNIvHuK rpaduKa gna Tynoro nessua ByayT pacnosioxKeHbl Bbile ANHUI rpaduKa 418 OCTPOro nessus.
3aTynieHne nes3BusA BeAET TONbKO K yBeAnYeHUo GUKTUBHOM CuAbl pe3aHua. Toraa KoadpduumeHt
3aTynaeHus

o= Py/p, (37)
rae  o,— KO3QOULMEHT 3aTynneHus;
Pp, P — COOTBETCTBEHHO PUKTMBHbIE CU/bI PE3aHMA TYNOro M OCTPOro S1Ie3BUA.

Mpoanum nuHum rpadmkos BIr n OE oo nepeceyenuns c ocbto abeumcc. Monyynm gsa npsamo-
YronbHbIX TpeyroabHnka ABO n B0. Hangem BeanYMHY MX KaTeTOB M COCTaBUM ypaBHEHWE U3 YC/10-
BMA Nof06MA TPeyroNbHUKOB.

OTpe3ok OB ecTb 3HauYeHMe CU/Ibl pe3aHna Nno 3agHen rpaHu ana octporo nessus, F, = 0,2p.
OTpe3ok O[] ecTb 3HaYEHWE CUAbI Pe3aHUA N0 3a4HEN rpaHu ANA TyNoro ne3Bus.

anp = (xpp - 018p = ((xp - 018)p (38)

Ons onpeaeneHns Katetos AO 1 BO obpatumca K puc. 32. ToALKMHY cpe3aemoro cnos nsme-
PAIOT OT NJIOCKOCTU PEe3aHuA, NPOoXoasaLLei Yepes LEHTP YCOBHO BMMCAHHOM OKPYXKHOCTU B perKy-
LLYO KPOMKY Ne3BuA paanycom 3atynaenusa p. B caydae, Korga a, = — p, KacaTenbHasa cuna pesaHua
pasHa Hynto. Toraa kateT AO paBeH paguycy oKkpyraeHus octporo nessusa (AO = — p,), a KaTeT BO pa-
BEH paAuMycy OKpyrieHusa Tynoro pesua: bO =—p =—(p, +A p).

M3 ycnosua noaobus TpeyronbHnkos ABO 1 640 nonyymm

A
Fyo,H/Mm —
A A E
0,8p
PP v A /
A Iy F
p
0,8 B
v Puc. 31. N'paduk cun
Y YRR > a,MM N8 TYNOro U OCTPOro
e 0,1 o
P ne3sun
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02p _ =po .
(ap -08)p —(p, +Ap)

OTcropa

:1+—O’2ﬂ'0 ,
Po

a, (39)

C yyeTom KoadoduumeHTa 3aTynaeHUs KacaTesbHble eAMHUYHbIE CUAbI pe3aHua npu paboTe
3aTyNNAEHHbIM Ne3BMeM MOTYT BbITb HaAEHbI MO CeAYIOWMUM BbIParKEHUAM:

— ANnAa makpocnoes

Fpr=a,p+Kka, (40)
— ANna MnUKpocnoes
Fprl = (OLp -0,8)p + kuaw. (41)

Ve
<_

a,>0 a,=0 a,<0 a,=—p
Fe> Fy Fv=Fx Fy<Fx F=0

Puc. 32. MonoxntenbHble 1 oTpULLATENbHbIE

3Ha4YeHnA TONWUHbI Cpe3a

KoadpoduumeHT TpeHus. M3yyeHne npoLecca BHELWHero TpeHUA CBA3aHO C umeHem JleoHap-
80 Aa BuHum (1508 r.), KoTopblii BBEN NOHATME O KO3dDDULMEHTE TPEHUA U ONPenenn, YTo ero Ben-
UnHa pasHa 0,25. PpaHuy3ckuit nccnegosatenb MMabom AMoHTOH (1699 r.) yTBep:kaan, 4To Ana Bcex
TBEPAbIX Ten Ko3dhdULMEHT TpeHua paseH 0,3.

B HacToslee Bpems pa3paboTaHa MO/EKyNAAPHO-MexaHuyeckaa Teopua TpeHua [27]. Co-
rNAcHO 3TOM TeopuM TBEpAble Tefa BC/AeACTBME LIEPOXOBATOCTU M BOJIHUCTOCTU UX MOBEPXHOCTEWN
npv B3aMMOAENCTBUMN KOHTAaKTMPYIOT He BCEi HOMMHANbHOM NOBEPXHOCTLIO, @ TONIbKO NATHAMM, Bbl-
cTynamu. B pesysibTaTe pas/iyHOM TBEPLOCTU Tel UX KOHTaKTMpylolwme 061acTu B3aUMHO BHeZps-
totca. Mpu ABUNKEHUM MPOUCXOLUT yrNpyroe OTTECHEHME MaTepuana, NaacTMyeckoe OTTEeCHEHME U
BblLl@apanbiBaHWe, HarpebaHne matepuana.
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Ha umcToi obHaxKeHHOM NoBepxHOCTM Tena (6e3 OKMCHbIX NNIEHOK) aTOMbI JIEFKO BCTYNaloT B
COeAMHEHME C OKPYKAIOLWMMM 31eMeHTaMKU. B mecTax KOHTaKTa NPOMCXOAUT MONEKYNAPHOe cLen-
NleHune, conpoBoXaatolleeca ryOUHHbIM BblPbIBAaHMEM MaTepuana, UM MONEKYIAPHOE CueNNeHne
NAIEHOK, KOTOPLIMU TeNa NOKPbLITLI.

B obwem cnyvyae cunia TpeHUs MOXKeT ObiTb HanaeHa No cneaytoulen
dopmyne:
F="f(N+Sp,), (42)
roe f—KoaddUuMeHT TpeHNs CKONbKEHUS;
N —cuna HOPMa/JiIbHOIro AaB/N1eHNA Ha MOBEPXHOCTb,
S — ¢paKkTUYeCKana NaoLaab KOHTAKTa Mexay Teflamu;

Po — ,D,O6aBOLIHOE AaBneHne, BbI3BaHHOE MOJIEKYZIAPHbIM CLen1eHnem.

KoadppuumeHT TpeHUA CKOMbKEHUA |L NepesHeil KOHTAaKTHOI NOBEPXHOCTU Ne3BUs C ape-
BeCUHOM. MameHeHne KoadpdULMEHTa TPEHNA CKONbKEHUS CPE3AaEMOro €105 C NepeaHei NnoBepxHo-
CTblO Ne3BMA NOKasaHo Ha puc. 33 [24]. C yseanyeHmem MAOTHOCTM M TBEPAOCTU APEBECUHbI, a TaK-
e AaB/IeHNA Ha KOHTAKTHOM NMOBEPXHOCTM, 3HaYeHUe KoadduuMeHTa TpeHNa ymeHbluaeTcs. M3sect-
HO TaKKe, YTO C NOBbILIEHNEM B/IAXKHOCTU U TEMNEPATYPbl 4PEBECUHBI, LIEPOXOBATOCTU NOBEPXHOCTH
Ne3BUA U CKOPOCTU CKOJIbXKEHMUSA KOIPPULIMEHT TPEHUA CKOJIbKEHWUA YBE/IMYMBAETCA.

[lnAa BblABAEHUA 3aBUCMMOCTU KO3pDULMEHTA TPEHUA OT NapamMeTpPoB peXkmMma pesaHua 0b-
patumcsa K puc. 34. Ha puc. 34, a HOpMasibHble COCTaBAAIOWME CUbl PE3aHNA HaMPaB/eHbl B PasHble
CTOPOHbI. HopmanbHasa cuna pesaHusa no nepeaHen rpaHn F,, UMeeT oTpULATENIbHbIV 3HaK, a cMa Ha
3aZHeW rpaHu F,; — MONOKMUTENbHBIN 3HaK. B aTom cnyyae yron Tperusa ¢ <y [28].

Bo3moskeH cnyyait, korga cuna F,, = 0 (puc. 34, 6) 1 yron TpeHus @ paBeH nepesHemy yriy vy.

Bo3moXeH TaKyKe BapuaHT, Korga obe HopmasbHble coctasaawolume F,, u F,; nmetoT 3HakK

NAOC U AEUCTBYIOT B HanpasieHuun ocu Z (puc. 34, B). B aTom ciyyae yron TpeHus @ > .
PasHocTb yrnos
F
@ —y =arctg—*, (43)
Fxn

rae y — nepeaHuin yron nessus.
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™~ UMEHTA TPEHUA CKOJIbKEHWA no ne-
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Puc. 34. KacaTenbHble n HOpMasibHble CUAbI Pe3aHKuA

Nno rpaHAm ne3BuAa:

a-o<y; 6-0=v; B—Q>Y

OTcroga cnenyer, 4To yrosa TpeHunA Ha rlepe,u,He17| noBepPXHOCTU ne3BuA

FZI’I
@ =y +arctg E_
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a KO3pPULIMEHT TPEHUS CPE3AEMOTr0 C/10A MO NepeaHein NoBepPXHOCTH
_ t I:Zn
u=tg(y +arctg—==1). (44)
FXn

KacaTenbHas cuna pesaHus no nepeaHeii rpaHu
Foo =F—Fo =F _(ap -0.8)p.

PagnanbHyto (HOpManbHYO) COCTaBAAIOLWLYHO CU/bl pe3aHMA 4acTo BbipakaloT Yepes nepe-
XO4HbIA MHOXUTENb m: F, = mF,. PagmManbHaa cuna pesaHus no nepeaHen rpaHn nessus

P

Fo=F,—F,=F - f

Zn 4

roe F, un F,; — COOTBETCTBEHHO CUNA OTXMMa 3aJHel rpaHu 1e3Bu1A, U KacaTebHasa cuna pe-

3aHuA Mo 3aAHen rpaHu;

f — KoaddnumeHT TpeHns 3agHel rpaHM NO NOBEPXHOCTU pe3aHus.
2
F,, =mF,-0,5¢a;(a, —08)p.

MoacTasnas npuBeLeHHble 3HAYEeHWA CUN Ha nepesHen rpaHu nessus F, U F,, B BbiparkeHne
ANA KoapPULMEHTa TPEHMSA CPe3aeMOro €101 Mo nepegHel rpaHn 1e3sus, NoayYum

mF, —05a5(c, —0,8)p

u=tg(y +arctg ). (45)

Fy — (e, —0.8)p

a 6
m o, mkm ] " 0, MKM I (puc. 35), oTpa-
l paguyca 3aKkpyr-
1,4 60 1,4 \| /60 JIbHO-TOPLOBOTO
,// \ // BxKeHuna V = 20

\ /Y55 ,; 55
re
/

12 //50 1,2 ‘ //50 npu ¢peseposa-
y /?40 Z?40 OPOCTb FNaBHOrO
/ / / 0 MKM, CKOpPOCTb
1,0 35 1,0 35 ra BpaleHua n =

0.8 — 0,8

—
Nnc nc

0 0102030405 amm 0 010,20,30,40,5 a, mm

Puc. 35. 3aBUCMMOCTb NEPEXOAHOrO MHOMKUTENA M OT TONLMHbI CPE3aeMOoro C/10A U1
pagunyca 3aKpyr1eHUs pexyLen KPOMKN Ne3BuA ANA APEBECUHbI: d — MATKOW; 6 —
TBEpPAOM



[NA yKasaHHbIX YCI0BMA eAMHUYHAA KacaTeNbHan cuia pe3aHua Ha 3ybe dpesbl, paccymTaH-
Hasa no metoay A.J1. Bepliaackoro, pasHa, H/mm:

Fx3y61 =0, P +ka= 1,94(Xp + 13,273

Pe3ynbTaTbl pacyeTa 3HaYeHuit KoabdbuumeHTa TpeHus npuseseHbl B Tabn 2. U3 pacuyetos
cnefyeT, YTo C YBeIMYEHUEM TO/ILLMHBI CPe3aemMoro cosl Ko3OOULMEHT TPEHUA |, KaK U nepexos-
HblA MHOXUTeNb M, ybbiBaeT. o mepe 3aTynaeHuUa Ne3Bus 3Ha4YeHWe |L CHavana yBeanynBaeTcs, a
3aTeM ybbiBaeT AN BCeX 3HaYeHUIN cpesaemblx cnoes. Mpu 3ToM KO3GOULIMEHT TPeHUA U3MEHAETCA B
AuanasoHe 0,13 — 0,28. Mo rpaduKy, npuseaeHHOMY Ha puc. 33, ameHeHne KoapduuneHTa TpeHun
ONs fpeBecuHbl COCHbl HabngaeTcs B AunanasoHe 0,38 — 0,48. PasnMune B 3Ha4YeHUsAX Koaddu-
LMeHTa TpeHUs 06BbACHAETCA NOrpeLHOoCTAMM PacyeTHOro MeToaa.

Tabnumua 2

PacyeTHble 3HauyeHMA KoaddUUMEHTa TPeHUA

Ccpe3aemMoro €108 No nepegHel rpaHun nessus
TonwwuHa cpesaemoro cnod, a, mm (0,1 0,15 0,25 0,4
p =10 MKm, o, =1
Fusysr, H/mMm 3,27 3,93 5,26 7,25
MepexoAHbIN MHOXUTENb M (puc
34, 6)

-0,2 -0,28 -0,32 -0,37

KoapoduumeHT TpeHma 1 0,24 0,17 0,16 0,13
p =20 MmKm, o, = 1,2
Fxxsyﬁlr H/MM 4,43 5,09 6,42 8,41
MepexoaHbI MHOXMUTEb M -0,05 -0,12 -0,20 -0,25
KoapoduumeHT TpeHma 1 0,28 0,23 0,19 0,18
p =30 MKm, 0, = 1,4
Frays1, H/mMm 5,21 5,87 7,20 9,19
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MepexoaHbI MHOXMUTEb M 0,1 -0,05 -0,2 -0,18

KoapoduumeHT TpeHma 1 0,28 0,15 0,16 0,164

p =40 MKm, o, = 1,6

Fesys1, H/Mm 5,98 6,65 7,97 9,96
MNepexoaHbl MHOXUTENb M 0,25 0,1 0 -0,08
KoadduumneHT TpeHma p 0,23 0,129 0,14 0,15

KoadpduumeHT TpeHus ckonbkeHus f neseus no noBepxHOCTU pe3aHUa 3aBUCUT OT paanyca
OKPYrAeHUA pexyLLein KpoMKK. Ero 3HaueHne MOXKHO BbIPasnTb Yepes NepexoaHblil MHOXUTENb

R _FtFy

I:X FX3 + FXn
Mpwn TonwmHe cpesaemoro cnoa a =0 cunbl Fy, 1 F,, CTaHOBATCA paBHbIMM HYAO. Torga, pac-

CMaTpPMBas KacaTesibHYI0 CUMY pe3aHua Mo 3agHel rpaHn nessua F, Kak cuay TPeHUs oT HopMasbHO-
ro paenexus F,; Ha NOBEPXHOCTb Pe3aHuA, NoAyYnm

F 1
m=—:== (46)
F, f
nnn
f = l (47)
m

roe f — KoapdMUMeHT TpeHna 3agHel NOBEPXHOCTU /Ie3BUA U MPUMbIKAtOWEN K HeR Yactu

pexyLen KpoOMKMU.

Mo pgaHHbIM B.U. YynpuHa [30] n A.J1. Bepwagckoro [23], npy pe3aHUn MaccUBHOM aApese-
CUHbI OCTPbIM JIE3BUEM MOMKHO NPUHATL Fy; = 0,2p 1 F,; = 0,1p, rae p — GMKTMBHAA cuna pesaHus. To-
raa gna ocTporo ne3sus

_Fe _02p _9

“F,. 0lp

3

Mo mepe 3aTynieHuA Ne3BUA 3HAYEHWE NEPEXOAHON0 MHOMKUTENS YBENNYMBAETCSA, @ KO-
duumeHTa TpeHMA 3aaHeln rpaHn No NOBEPXHOCTM pe3aHua ybbiBaeT. [na pacyeta KoadoduumeHTa
TpeHus npeanoxeHa ¢opmyna [23]

2

f= , (48)

2
&p
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rae o, — KoapduumMeHT 3aTynneHna nessua (M3meHAeTcA B AnanasoHe oT 1 1o 2,5).

1.6. CTpyXKoobpasosaHue

BeegeHue B TeOpUIO CTPY:KKOO6pa3oBaHuA. Teopusa CTPYKKOOOPA3oBaHMA M3y4yaeT Xapak-
Tep pacnpeaeneHus HanpsaKeHuin n aebopmalmili B 30HE Pe3aHMsA, a TaKKe KauyecTBO MOBEPXHOCTH
pe3aHua U cpesaemoi CTPYXKMW. 3HaHMe XapaKTepa CTpyX»Koobpa3oBaHMA MO3BOAAET yNpasBaAaTb

NPOLLeCCOM pPe3aHus, CHU3UTb 3HepronoTpebneHne, NOBLICUTbL KayecTBO 06paboTaHHbIX NOBEPXHO-
cTen.
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HabntoaeHns 3a NpoLeccom pesaHusa ApeBecuHbl NoKasanu, Yto 6onb-
Loe pa3Hoobpa3me yc/0BUN pe3aHns MOXKHO CBECTU K AIBYM TUNam npoLecca
CTPY>KKOOHpa30BaHUA: YCTAaHOBUBLLEMYCA U HEYCTaHOBUBLLEMYCS.

YCTaHOBMBLUMICA NPOLLECC CTPYKKOOOPa3oBaHMA MPOTEKAeT HeMpPepbiBHO, HE COMPOBOXK-
OaeTcA paspylweHMem 30Hbl CTPYKKoo6pa3oBaHMA U XapaKTepusyetca ob6pa3oBaHMEM CAMBHOM
CTPYKKM B BUAE Le/IbHOM NEHTbI UAKN CNIMPaNN.

HeycTaHOBMBLUMIACA NPOLLECC CTPYKKOOBpa3oBaHMA NPOTEKaeT NepnoanyHO, CONPOBOXKAA-
€TCA paspyLlweHNeM 30Hbl CTPYKKOOOPa30BaHMA U XapaKTepuayeTca 0H6pa3oBaHMEM CTPYIKKM, CO-
CTOALLEN M3 OTAE/IbHbIX 3/IEMEHTOB, CBA3AHHbIX UM HE CBA3AHHbIX MeXay COHOoM.

XapakTep CTPyKKoobpa3oBaHMA CBA3aH C aHM3OTPOMNHOCTbIO ApeBecuHbl. Hanpumep, cyxas
b6epesa BblAepPrKMBAET HaNpAXKeHMWE CXKATUA BAOJIb BONOKOH 55 MIMa, a nonepek BOJIOKOH Bcero 7
MnMa (B 8 pa3 meHbLUE); NPU PacTAKeHUM BAONb BONOKOH 168 MMMa, a nonepek BosiokoH 8 MMMa (B
20 pa3 meHblue). AHM3OTPOMHOCTb APEBECUHbBI NPUBOAUT K TOMY, YTO NPWU Pa3/IMYHON OpUEHTALLMK
BOJIOKOH APEBECUHbI CTPYKKOOOPa30BaHUE NPOUCXOAMUT NO-Pa3HOMY.

CTpy:KKa, NoApe3aHHas pexyLLein KPOMKOM S1e3BUs, CKONb3WUT MO nepeaHeit rpaHu (puc. 36,
a). HopmanbHoe faBneHvWe nepeaHeln rpaHn MU CUbl TPEHUS CO3430T COCPELOTOUEHHYo cuny F,',
KOTOpas NMOBOPAYMBAET CTPYIKKY KaK KOHCONbHO 3allemaeHHyto 6anky [25].

Meay cpe3aembim CNOEeM TOJILMHOK 0 U 06pa3oBaBLUENCA CTPYHKKON TOMILMHOM a. pac-
NonoXeHa 30Ha CTpy*KKoobpasoBaHMA Nn’nin”’, B KOTOPOW ApeBecuHa nepes cpesaHnem gedop-
mupyetcs. Hanbonblwan pecgopmaumsa apeBeCUHbI MPOUCXOAUT B NITOCKOCTU CTPYXK-
KOOGpa3oBaHus NN;, PacnosfioXXeHHON NoA YrNoM &£ K NSIOCKOCTU pe3aHus.

Ha cepeauHe NaoCKOCTM CTPYKKOOOPa3oBaHUA NPUAOKUM cunbl F,' n F,”, paBHble no Be-
nnumHe F,. Mpu atom obpasyetca momeHT M = F,C, rae C— nneyo napbl cun F, n F,”. Takum obpa-
30M, BMECTO CUAbl F, Ha NepeAHEN rPaHK Ha NJOCKOCTM CTPY*KKOObpasoBaHMA noayumm cuay F,'=
F., v momeHT M. Pasnoxum cuny F,' Ha KacaTenbHyto T 1 HOpManbHyto N K NJIOCKOCTU CTPYMKKOOO-
pa3oBaHua. KacatenbHaa cunaa T BbI3biBaeT B MJOCKOCTM CTPYKKOODOpa3oBaHMA KacaTesibHble Ha-
npaxeHua casura 7 (antopa 1), a HopmanbHas cuna N co34aeT HANPAXKEHUA CKATUA Oy (3ntopa Il).
MomeHT M n3rnbaeT CTPYKKY, pacTArMBas BHYTPEHHWE C/ION U CHUMAA HapyXKHble CI0U ApeBecu-
Hbl (antopa ). CKnagbiBaa HopManbHble HanpsaxkeHua antop Il n lll, nonyumum amopy Y.
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Puc. 36. Mogenb cTpyKKoobpas3oBaHMUA:

a—obwasn cxema; 6 — yc/10BUE PABHOBECUSA CTPYKKM

Bbie0d. B KaKablit MOMEHT BpPEMEHW CTPY)KKa, OTCEYEHHas OT CPe3aemoro c/os
MIOCKOCTbIO CTPY}KKOOOpasoBaHua (puc. 36, 6), HAXOLUTCS B PaBHOBECUMM MOZL AENCTBUMEM HOP-
Ma/ibHbIX BHELHWX AABAEHUIA p U CUA TpeHua f Ha nepeaHel NOBEPXHOCTU, C OAHOMN CTOPOHbI, U
HOPMa/IbHbIX O M KacaTeNbHbIX T HAaNps»KeHWA No MAOCKOCTU CTPYKKO0bpa3oBaHus, ¢ Apyroi cTo-
poHbl. OTAeNeHMNe CTPYKKM MPOUCXOAMUT B pe3y/ibTaTe COBMECTHOIO AEWCTBMA KacaTeNbHbIX U HOp-
Ma/ibHbIX HAaNPAXKEHWNN.

C BHeZpeHVeM Nne3Bus B APeBECUMHY OAHO M3 HanpsKeHUIM B NJIOCKOCTU CTPYKKoobpas3oBsa-
HWUA 7, O, WU O B NEPBYI0 O4Yepeab MONXET AOCTUYbL Npeaena ynpyrocTu Uam npovHocTu. Mpu
3TOM BO3MOXHbI CleAyloLiMe BapuaHThbl:

—ecnn 72 1, (7, — NpeAen ynpyrocTu), To CTPYXKKa He paspyllaeTca U cpes3aeTca naactuye-
CKMM CABWIOM B BMAE CMJIOLIHON CNNPanM UAK NIEHTbl;

—ecnn 7 = 17, (7, — Npeaen NPoOYHOCTH), TO CTPYKKA CKaNbIBaeTCA OTAEAbHbIMU 31€eMeHTa-
MU;
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—€C/IN Op = Ogp, TO OKOJIO PEXYLLEH KPOMKM 0OpasytoTcA TPeLWHbI;

—eCNun o, = Oy, TO CTPYKKa 06pasyeTca NnacTMHeckum Usrnbom;

Puc. 37. Tunbl cTpy»KeK npu none-

PEYHOM pe3aHnn:

a — ChnBHaA,

6 — cnnBHasA c onepexarLen Tpe-
LLNHOM;

8 — CKa/lbiBaHUA,

2 — OTpPbIBa

— €CNMN Opye = Oyeyey TO CTPYIKKA BbIMyUYMBAETCA.

CTpy*KKoObpa3oBaHue npu nonepeyHom pesaHuu. [pu nonepeyHom pesaHnn pasanyatot
TPW TUNA CTPYKEK: CTPYKKM CIMBHbIE, CKaNbIiBaHWA M OTpbIBa (puc. 37).

CmpyxKa Ha3bleaemcsa caUBHoli, eCN OHa CXOAWT C /Ie3BUA B BUAE HEMNPEpPbIBHOMN NIEHTbI
(puc. 37, a). CTpy*KKa obpasyeTcs NAacTUYECKMM CABUIOM MW MAACTUYECKUM M3rMBOM C YacTuuy-
HbIM paspylieHreM. B TaKoW CTPYIKKe C BHYTPEHHEN CTOPOHbI B 30HE pacTsaKeHusA 0bbl4HO Habto-
JAl0TCA TPewmMHbl. TpeLmHbl Ha NOBEPXHOCTb HE BbIXOAAT M HAK/MOHEHbI K HAMPaB/leHWUIO pe3aHus
NoZ4 OCTPbLIM YI/IOM & PaccTosHMe mexay TpelwmHamm | Tem 60/iblie, Yem TOJILLE CTPYIKKA.

TOHKaA cMBHAA CTPYXKKa obpasyeTca npu yrnax pesanua nessma 20...70°. Ona cpesaHua
TOACTbIX CTPy*KeK (a = 0,5...4 mm) yron pesaHua nessus ymeHblaT o 20...25°. ObpasoBaHuIO
CIMBHOM CTPYMKKM cnocobcTByeT npeaBapuTesibHasa ruaporepmumyeckans obpaboTka apeBecuHbl
(nponapusaHue).

MpyY cpesaHMKM TOACTbIX C/AMBHBIX CTPYXKEK Mepes perKylliei KpomKoin nes3sus obpasyeTtcs
O/IMHHAA M3BMAKCTAA onepexkatowan TpelwmHa (puc. 37, 6). MoBepXHOCTb TPELMHbI He COBMaaaeT C
NAIOCKOCTbIO pPe3aHuA Nn;. BbICTyNbl ee pacnoioXkKeHbl Bbllle NAOCKOCTU pe3aHua, a BnaauHbl — HU-
)e. BbICTynbl Npu ABUMKEHWUM NIE3BUA CPe3atoTcs, a BNaAMHbl OCTaloTcA Ha 0bpaboTaHHOM noBepx-
HOCTW, 4enas ee LWepoxXoBaToMn.

Mpu cpesaHum cTpy}Kek ToawmHon 0,1...0,2 mm onepexkatowan TpewmnHa He obpasyeTcs,
TaK KaK KacaTe/ibHble ¥ HOPMaJibHble HAMPAXKEHUS He JOCTUrAtoOT Npese/bHbIX PaspyLlatoWmX 3Ha-
YeHUin. CMpyiKa CKaAbIBAHUA CXOAWT C NIe€3BUA B BUAE OTAE/bHbIX 3/IeMEHTOB, 0bpasyroLmxca
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CKanbIiBaHMEM MX B MNOCKOCTM CTPYKKOOBPpasoBaHua (puc. 37, 8). AAnHa 31eMeHTOB CTPYXKKK | Tem
60/blle, YeM TO/ILLE CTPYIKKA.

CTpy*KKa CKa/biBaHUA obpasyeTcsa Npu Cpe3aHnmM TOHKMX C/I0EB C Yr/IOM pe3aHus nessus 50
.. 90°. B 3TOM c/nyyae KacaTesibHble HanpAMKeHWUA B MIOCKOCTM CTPYKKOO6pa3oBaHMA AOCTUraloT
BPEMEHHOIO COMPOTUB/IEHUA HA CKa/ibiBaHWE MOMEpPeK BOJIOKOH. BHYTpPEHHWE TpeLMHbl BbIXOAAT
Ha MOBEPXHOCTb. [MOCKOAbKY MOBEPXHOCTb pe3aHusas GOPMUPYETCA HEenocpeacTBEHHO pexyliein
KPOMKOW, TO KayecTBo 06paboTaHHO NOBEPXHOCTM XopoLuee.

Cmpyxka ompoeiea o06pasyeTca B BUAE OTAE/bHbIX 3/IEMEHTOB, OFPaHUYEHHbIX CHU3Y
KPUBOIM MOBEPXHOCTbIO, ee BnaguHbl 3aX04AT NoA NAOCKOCTb pe3aHua (puc. 37, 2). dnemeHTbl oT-
OeNATCA OT APEeBECUHbI NYTEM OTPbIBA, KaK 6bl Bpallasach BOKPYr TOUYKK .

CTpy*KKa oTpbiBa 0bpasyeTcs B Tex C/Ay4vasx, Korga CpesaeTcs O4YeHb
TO/ICTan CTPYKKa Npu 6obliom yrie pesaHus. MNepeq pexyLien KpoOMKoi 06-
pasyeTcsa AJ/IMHHAs onepekatowas TpewmrHa. JarHa anemeHTa | yenmyunsaert-
CA C POCTOM TOJILMHbI Cpe3aemoro cioa. B atom cnyyae pactarusarowme
HOPMa/ibHble HaMPAXKEHUA MO BCEN NNOCKOCTU CTPYXKKoobpa3oBaHMA A0CTU-
ratoT npeaena NPOYHOCTHU.

CTpy>KKoOb6pa3oBaHue Npu pesaHMU BAOJAb BONOKOH. [py NpoaonbHOM pe3aHun apese-
CWHbI PA3/INYAIOT TPW TUMA CTPYXKEK: CNMpasibHble, MHOTOYrO/ibHble M BbiNyunBaHus (puc. 38). Pas-
pyweHue ApeBecuHbl MPONUCXOAMUT B MNAOCKOCTU, COBNAAAlOLLIEN C HanpaBieHNEM BOIOKOH, TaK KakK
CBA3b MEKAY BOJIOKHaMM B NONepeYyHoOM Hanpas/JeHun camas cnabas.

CnupanbHas CMpyXKa cXxoamT ¢ ne3sus B Buae cnmpanum (puc. 38, a). OHa obpasyeTca B
Tex C/ly4anx, KOrAa CTPY»KKa TOHKasA, a ApeBecrHa Cbipasd uan nponapeHHasa. B atux ycnosuax yron
pe3aHnAa MOXKeT bbITb Nt06bIM. B MAOCKOCTM CTPYKKOOOPA30BaHWMA Nog, YI/IOM € BO3HUKAKOT Ae-
dopmaumm casura uam nsrnba, B pesynbTaTe Yero CTPY»KKa 3aBMBAETCA B CNMPaib.

MHoroyronbHaa cTpy»Ka (puc. 38, 6) nonydyaerca npu cpesaHun 6oaee TONCTON CTPYHKKM
nesBuem c yrnom pesanus 20...70°, Korga pacTarMBatowme HanpaxKeHns B NJOCKOCTU pe3aHus Joc-
TUraloT BEJIMYMHbBI BPEMEHHOTO COMPOTUB/IEHUA Ha PA3pPbIB NOMEPEK BOJIOKOH.

Mpu Bpe3aHMM Ne3BMA ero nepegHnn rpaHb CTPEMUTCA NPUNOLHATL CTPYKKY, OTOPBaTb ee
oT maccuBa. MNepes nessmem obpasyeTcs oneperkalowas TPeLLMHa, KoTopas PacnpocTpaHsaeTcsa no
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Puc. 38. Tumsl cTpyxek npu 63
IPOAOIBHOM PpE3aHUU:
a — cipasbHasi;

N -
\4{ 6 — MHOTOYTOJIbHAS;
6 — BBIITyYNBaHUS




HanpasAeHMIO BOJIOKOH. MOCKO/bKY BOIOKHA ApPeBeCUHbl He NapannenbHbl APYr APYry U He napan-
NefibHbl NMJI0OCKOCTU pe3aHus, TO MOBEPXHOCTb ONepeXKalowen TpewwmHbl BOAHUCTas. Mpebellkn ee
Cpes3aloTcs Npu JanbHenwem ABUMKEHUM NEe3BUA, a BMAAUHbI, PACNONOMXKEHHbIE HUMKE MIOCKOCTU
pes3aHuA, ocTatoTca Ha 06paboTaHHON NOBEPXHOCTU.

[ONvHa onepexatouwen TpewmHbl MoXKeT ObiTb AocTaTouyHO 6osblwoi. 1o mepe npoaBuKe-
HWA Ne3BUA NepeaHNN KOHeL, 31eMeHTa CTPYKKM CKONb3UT MO NepeaHel rpaHn U NoBOpayYnBaeTcs
OTHOCUTENIbHO KOHLLA TPELWMHbI, HANPAXKEHUA U3rMba y OCHOBaHUA 3/1eMEHTa BO3PACTAlOT, CTPYKKa
HaA/laMblBaeTcA.

M3-3a HenapannenbHOCTU BOJIOKOH ApPeBEeCUHbl HamnpaB/eHUIO ABUXEHUA NIe3BUA 4acTo
BCTPEYaeTCA pe3aHne no CAo U NpoTUB CNoA.

CmpyKa ebinyvyusaHusa (NpepbiBUCTasn) Habaogaetca npu 60ablMX yrnax pesanus (O =
70°) v TonwmHe cpesa a > 1 mm (puc. 38, 8). CHayana peseL, C:KMMaeT cCpe3aemblil C10i BAONb BO-
JIOKOH, 3aTeM CTPY*KKa OTPbIBAETCA OT MacCMBA B HaNpaB/ieHNUW BOJIOKOH, N0 3/IEMEHTOM CTPYKKM
obpa3yeTcsa ANMHHAA onepeKatollas TpelnHa. INeMeHT, He CBA3aHHbIN C MacCMBOM, NPOAO0/bHO
nsrnbaetca, BbinyunBaeTcsa U ¢ 60bLION CKOPOCTbIO OT/IETAET OT SIe3BKMA.

CTpy*KKoOb6pasoBaHUe Npu TOPLLOBOM pe3aHun. py TOPLOBOM Pe3aHnn ApeBecuHbl pas-
IMYALOT ABe GOPMbI CTPYIKEK: CTPYHKKM CIMBHbIE U CKaslbiBaHWA. Mos0XKEHME NOCKOCTHU, B KOTOPOW
NPOUCXOANT paspyLleHne ApeBecuHbl, NpeaonpeaesieHO HanpaBJeHMEM BOJIOKOH, TaK KaK CBA3b
MeXay 4acTMLaMKn APeBECUHbI B NJIOCKOCTU BOJIOKOH Hanbonee cnabas. PasopBaTb BOIOKHA TpyA-
Hee, Yem CABUHYTb MX OTHOCUTENIbHO APYr Apyra.

Mo mHeHMto MakKeH3u [22], nepepesaHuio
BOJIOKOH MpeALecTByeT Ux U3rmb, BbiTATMBaHME pe-
Kylen Kpomkoi nessus (puc. 39). Jlessme BAaBAn-
BAeTCA B ApeBecuHy, Kotopas gedopmMmupyeTcsa noKa
6e3 paspyleHuit. BenmumHa BAaBAMBaHUA 3aBUCUT
OT BE/MYMHbLI paguyca 3aKpyrieHna pexyLen
KPOMKK. Yem Tynee pexylLas KpomMKa, Tem 6osblue
BAAB/AMBaeTCA fie3Bue, U Tem 6o/blUe BOIOKHA pac-
TArMBatoTcA. [Py HEKOTOPOM HaNpAXKeHUW pacTa-

)KEHMA BOJIOKHa nepepesatotca. [pu TyrnoW pesxy-
Puc. 39. Cxema nepepesaHus BONOKOH LLelt KpOMKe BOIOKHA PBYTCA, U Nepej, ne3snem o6-

pa3yeTca nogywKa NopBaHHbIX BO/TOKOH.

CnueHaa cmpyxka (pvc. 40, a) cxoauT C Ne3BUA B BUAE HENpPepbIBHOM MJ/IOCKON NEHTbI.
CtpyKKa He 3aBuBaeTcsA. OHa OYeHb XpynKa M Nerko paspywaetcs. O6bACHAETCA 3TO Masiol Npouy-
HOCTbIO APEBECUHbI NMOMEPEK BONIOKOH B TOHKOM CJI0€, a TaKKe Ha/IMYMeM TPELUUH B CTpyKKe. O6-
pa3syeTca CTPY!KKa CABUIOM B NMJIOCKOCTM CTPY*KKOODOpa3oBaHMA NoL AeNCTBMEM KacaTeslbHbIX Ha-
NPAXEHUN.
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Puc. 40. Dopmbl CTPYKEK NPU PE3AHUM B TOPELL:

a— CNhnBHasdA, 6 — cKanbiBaHMA

CAvBHaA CTPY)KKa MosyyaeTcA B Cay4ae, eCNu Cpe3aemMblit CNON TOHKWUIA, e3BMe OCTPOE C
HebobWNM YrIoM pe3aHusa. Ecnmn nes3Bne oveHb 0CTPOE, TO KayecTBo 06paboTaHHOM NOBEPXHOCTM
nonydyaerca xopoluee. Ecav nessue Tynoe, To pexyLias KPOMKa He MOMKET nepepesaTtb BOJIOKHA,
nepes Hell obpasyerca noaywka BONOKOH. BonoKHa nepefn fie3sBuem pBYTCA, a KacaTesibHble Ha-
NpAKEHUA B NJIOCKOCTU CTPYKKOOBPaA30BaHMA NPEBOCXOAAT NPEeAen NPOUYHOCTH.

CmpyxKa ckaneigaHus (pvc. 40, 6) ob6pasyeTca npu cpesaHny TONCTbIX CIOEB U COCTOUT U3
OTAEeNbHbIX 3/1eMEHTOB, CN1abo CBA3AHHbIX APYr C APYrom No NMOBEPXHOCTAM CKasblBaHMA. [pn BHe-
APEeHUN Ne3Bus Briepeanierkalline BoJIOKHA APEeBECUHbI CUIbHO M3TMBaloTCA B HamnpasBieHUU OBU-
KeHuA. B NN0CKOCTU CTPYKKOOOPA30BaHMA AEWUCTBYIOT HaMPsAXKEHUA PacTAKEHMS U OMacHble Kaca-
TeNbHble HanpaKeHua. K MOMEHTY nepepe3aHus BOJIOKOH APEBECUMHbl YKasaHHble HanpaXKeHus
AOCTUrAOT Npeaesa NpoYHOCTU. B pesyabTaTe 3TOro nog fes3sremM HabaoaatoTcs TPeLwWwmHbl B Na0C-
KOCTU BOJIOKOH, @ Ha MNepeaHeil rpaHyW OTKa/IbIBAETCA 3/IEMEHT CTPYHKKMU.

YcnoBua opraHusaumMm yCTaHOBMBLLErocA npouecca pe3aHuA. 3a4adya opraHM3aunm ycrta-
HOBMBLLUErOCA MPOLLECCa pPe3aHns 3ak/a4vaeTcs B Bbibope Be/IMUMHBbI OTHOCUTENbHON Aedopma-
UMM € N BBEAEHUN B CUCTEMY NI€3BME - CTPYXKKA AOMNOJNHUTENbHON 3HEpPrMn B BuAe paboTbl HOBOWM
cunbl F. 3HaYEHUE € MOMKET M3MEHATLCA COrNacHO rpadmKy CXKaTma APEeBECUHbI B 3aMKHYTOM MpoO-
ctpaHctBe ot0 10 0,5 ... 0,6.

YKaszaHHaa cuna F gonKHa AOMNONHUTENBHO CKUMaTb CTPYXKKY B HanpasaeHUW, napannenb-
HOM nepeaHei NoBepxHOCTU ne3sus [24].

Mpn F = 0 ycTaHOBMBLLMIACA NPOLECC Pe3aHNA BOSMOXKEH TO/IbKO Npu ynpyrom aedpopmu-
poBaHuMKU apeBecuHsbl, Korga € < 0,03. OgHako opraHu3auma yCcTaHOBMUBLLErocA npouecca pe3aHua
npu € = 0,03 3aTpyaHUTENbHA M3-33 MANoCTU yrna pesanua (O = 15°). B gpyrux cayyanx AOMNOAHK-
TeNbHaa cuna F ponkHa 6biTb AOCTAaTOMHOM, YTOObI MOMHOCTbLIO YNIOTHUTL APEBECUHY B CTPYIKKE,
4yTObbI €€ OTHOCUTENbHasA aedopmaums € npubankanace K 0,5 ... 0,6.
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Ha puc. 41 npuBeaeHbl NpUMepbl OpraHM3aLmMM YCTaHOBMBLLErOCA Mpouecca pesaHua ny-
TeMm BBEAEHUA B 30HY CTPYKKOOBPa30BaHUA AOMNOAHUTENbHON CUAbI F.

Ha puc. 41, a K ne3suto 1 npucoegmHeHa HaknagKka 2, Kotopaa npu pesaHnum [0N0JSHU-
Te/IbHO CO343aeT HOPMasbHYO cuay Q u cuny Tpenusa Fi. NMpoekuma Q Ha nepeaHio NOBEPXHOCTb
Nle3BuUA JaeT 3HAYUTEJbHYIO CUNY F, CAKUMAIOLLLYIO CTPYXKKY.

TaK yCcTaHaBAMBALIOT, HANPUMEP, HOXWN B HOXKEBbIE BaJjibl U HOXeBble roJ0BKU. HOXKU Kpe-
NAT B KOpnyce Bana (I'OJ'IOBKVI) KIMHbAMU, KOTOPbIE OAHOBPEMEHHO BbINO/THAKOT d)yHKLI,MPO HakKnag-
KU, CTPYXKKO/1IOMATENA.

Mo aKkcnepuMmeHTanbHbIM AaHHbIM B.A. TuxoHoBa (MJ/ITU), KpOMKY CTpy*KKO/IOMaTens cne-
OyeT pasmMeLLaTb OT PeXyLLeN KPOMKM ne3BuA Ha pacctoaHmmn 0,5 ... 1 mm nNpu ToAwmMHe cpe3aemo-
rocnoa a< 0,2mmun 0,5mm npu a>0,2 mm. Mpun sToM onepeatoLLasn TpelmnHa He obpasyeTcs,
CTPY»KKa 6/1M3Ka K CIMBHOW, KA4ecTBO 06paboTKK yaydllaeTcs.

a O 8 r
Puc. 41. OpraHmsayma yCTaHOBMBLUErrocA pe3aHna ApeBeCcUuHbl:
a — Nie3BMe C HakNaaKon; 6 — HaKkNaZKa Ha pexyLen KPOMKE;

8 — Ie3BUE LMKAN; 2 — pe3aHue C 0BKMMHOM NNHEKon

Ha puc. 41, 6 HaknagKa 2 noABMHYTA BMAOTHYHO K perkylei Kpomke nessus 1. Mo cytwy,
Ne3Bue 1M HaKkNagKa npeobpasoBaHbl B 04HO Se3BUE C YoM pesaHua 70°.

Ha puc. 41, 8 ponb HaKNa4KM BbINONHAET BOrHyTan nepeaHAs NOBEPXHOCTb PENKYLLEro WH-
CTpyMeHTa (UmKAn).

Mpy NYWEHUN U CTPOFaHWM AOMNONHUTENbHAA cuna Q BBOAUTCA OOXMMHON NUHENKON 3
(puc. 41, 2) nnn 06KMMHbBIM POSIMKOM.

1.7. BanaHue pasnuyHbiX GaKTopoB Ha CUAbI  pe3a-
HUA N KauyecTBo 06paboTku
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dakTopbl Npouecca pesaHua gpeBecuHbl. B npolecce pe3aHusa ApeBeCUHbl y4acTBYOT TPU
06bEeKTa: 3arOTOBKA, PEXKYLIMNIN MHCTPYMEHT M CTaHOK.

CyLlecTBeHHble NPU3HAKU APEBECUHbI OLLIEHMBAKOTCA TaKMMU daKTopa-
MU, KaK Mopoaa, BNaXKHOCTb, GU3NKO-MeEXaHUYecKMe cBoKcTBa (MAOTHOCTD,
NPOYHOCTb, YNPYrocTb, NAaCTUYHOCTb U Ap.), TemnepaTypa.

daKTOpbI, XapaKTePU3YIOLLME PEKYLLMIA UHCTPYMEHT, — YTO 3aTOYKU, YUCIO PaboUmnx 3y6b-
€B, OCTPOTa PEeXYLMX KPOMOK, GM3UKO-MEXaHMYECKMEe CBOMCTBA maTepunana 3ybbes (MPOYHOCTb,
TBEPAOCTb, YNPYrocTb, MU3HOCOYCTOMUYMBOCTb M ApP.), LUEPOXOBATOCTL MOBEPXHOCTEN NI€3BUM, AINHA
PEeXYLMX KPOMOK U Ap.

daKTOopbl, XapaKkTepumaytoLme NPoLEecc pe3aHna Ha CTaHKe, — LWWMPMHA U TO/LWMHA cpe3ae-
MOTO CN0A, Yroa pe3aHus U 3aAHWIA Yroa Ae3BuiA, yroa BCTpeUn (HakAoHa, CKoca) C BOJIOKHamMK ape-
BECMHbI, CKOPOCTM FNMaBHOMO ABUMKEHUA U ABUKEHUA NOLAYU, TPEHUE MO NEPeaHUM U 3aJHUM Mo-
BEPXHOCTAM /I€3BUI, CU/Ibl Pe3aHuA 1 ap.

BanaHue ckopocTu pesaHuna. CKopocTb AehopMUPOBaAHUA APEBECUHbI MEHAET ee MeXaH!-
yeckue cBoiicTBa. C yBe/IMYEHMEM CKOPOCTW TN1aBHOTO ABWMMKEHWUA ApesBecuHa gedopmupyertca B
30He pe3aHus B bosibliel cTeneHn ynpyro. [loas naactmyecknx aedopmaLmii Nnpu CTpyKKoobpaso-
BaHMM COKpallaerca, nosHaa aepopmauma yMeHbLIaeTca, KoaddpuumneHT TpeHun yboisaeT. Bee ato
AONKHO NPUBECTU K YMEHbLUEHUWIO YAENbHON paboTbl pe3aHus.

Mpu 3TOM C yBE/IMYEHUEM CKOPOCTU PE3aHMA PAacTeT MHEPLMOHHBIN nognop. Yactuubl ape-
BECMHbI, PACMOOKEHHbIE B MacCMBE, HAaXOAATCA B MOKOE, HO, OKa3aBLUMCb B CTPYXKKE, 32 KOPOTKUIA
NPOMEXKYTOK BPEMEHN M3MEHAIOT CBOKO CKOPOCTb OT HYASA 4O CKOPOCTU pe3aHuaA. BenndmHa cunbl
MHEPUMN CTPYKKM YBEJIMYMBAETCA OT CKOPOCTM Pe3aHMsA BO BTOPOW cTeneHu. ITO JO/IKHO Bbi3BaTb
yBennyeHue yaenbHom paboTbl pesaHus.

Takum 06pas3om, C yBeanYeHMemM CKOPOCTM pe3aHusa NPOoABAAETCA HECKONbKO ABNEHUN, NO-
pasHOMYy AelCTBYOLMX.

Pe3ynbTaTbl aKCNEPMMEHTANbHbIX UCCNeA0BaHMA NOKA3bIBAKOT, YTO C YBEIMYEHUEM CKOPO-
CTW pe3aHus yaenbHas paboTa pesaHus cHavasa ybbiBaeT, a 3aTem Bo3pacTaeT. o aaHHbIMm H.K.
AKyHMHa [31], NpY NUAEHUN KPYrAbIMW NUNAMK yaenbHaa paboTa pesaHns MMeeT MUHUMASbHOEe
3HayeHue Npu ckopocTn pesanHus 40...60 m/c.

Mpu umnmHapudeckom dpeseposaHumn, no gaHHoim M.M. Kosena [32], 3TOT MUHMMYM Ha-
6atogaeTca npu ckopoctu pesanna 40...55 m/c. [lanbHelwee yBeniMyeHme CKOpoCTM pesaHna He-
3aBMCMMO OT YI/1I0B MepepesaHna BONOKOH (@, = 0...180°) u TonwwmHbl cpesaemoro cnoa (aq =
0,042...0,465 mm) BeAeT K pocTy yaenbHoOM paboTbl pe3aHua. Mpuuem nepernb Kpusoi rpaduka B
MeHbLUEN CTENEHM 3aBUCUT OT yrna NnepepesaHns BOSIOKOH M 6oblue 3aBUCUT OT TOJILLMHDI cpe3ae-
MOro c10A. Npu TOACTbIX Cpe3ax MUHUMYM KPUBOM CTpEMUTCA K ckopocTu 40 m/c, a npu 6onee ToH-
KUX Cpe3ax — K cKopocTtu 55 m/c.
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YcpeHEeHHO NPUHUMALOT, YTO yAenbHaa paboTa pe3aHnsa MMmeeT MUHMMa/IbHOe 3HauYeHue
npu V =50 m/c.

KauecTBo 06paboTaHHbIX NOBEPXHOCTEN C yBE/MYEHNEM CKOPOCTU pe3aHusa yaydwaertcs. C
nosiBfieHnem A06aBOYHOrO K eCTeCTBEHHOMY COMPOTMB/IEHWNIO MHEPLMOHHOIO noanopa aepopma-
UMK B ApeBecUMHe He YCneBaloT PasBUTbCA 40 06pa3oBaHMUA TPELWUH, U NOBEPXHOCTb GopMuUpyeTca
pexyLwein KpOMKOM fie3Bus. B pesysibTaTe BbiCOTa HEPOBHOCTEN HAa NOBEPXHOCTU ymeHbluaeTcs. C

<_VS

Puc. 42. lenctere LeHTPobEeXKHbIX CU B 30HE pe3aHuns

yBe/indeHnem CKOpPOCTU pe3aHnNA yBeIMYNBAETCA TaKXKe Npon3soanTe/IbHOCTb npoLlecca.

BennumHa cun uHepuuun. MNpu yaaneHun cpesaemoro €/0A Ha nepegHioo rpaHb nes3suA
OEeNCTBYIOT CMNa HOPMAJIbHOrO AaB/EHMA U CUNa TPeHUA. B cymme 3TW cunbl AaloT pesynbTUpyto-
LLYIO CMUATY pe3aHuMA Mo nepeaHeln rpaHn, KOTopyto 0b6bIMHO PaCcKNaAblBAlOT HA ABe COCTaBAsOWME:
KacaTe/ibHYI0 CUAly pe3aHuA No nepeaHein rpaHn F, n pagmanbHyt0 COCTaBAAIOLLYIO CUIbl pPe3aHnn
no nepeaHemn rpanu F,,. Cuna F,, HanpasaeHa napannesibHO CKOPOCTH rnaBHOro AsuXeHua V, a
cuna F,, — no paanycy ¢pesbl K LeHTPY (puc. 42). AHaNOrMYHO NO 3afHEN FPaHU Ne3BUA MOXKHO
NOAYYUTb CUbI KacaTeNbHYI0 Fy; U pagnansHyto F,,

Boiaenum nepeg nessvem obbem matepumana C LEHTPOM MacCbl m, KOTOPbIM B AaHHbIN
MOMEHT BOBJIEYEH B ABUKEHME OTHOCUTE/IbBHO MIHOBEHHOTO LieHTpa BpaweHuna O. Ha BblaeneHHbIN
obbem nNpw pesaHun gelcTeyeT LeHTpobeXHaa cuna F,, KoTopasa NPenATCTBYET ABUMKEHUIO CTPYX-
KW N0 KpUBOAMHENHOW TpaekTopun [33]. Pasnoxum cuny F,Ha cunbl F,, NapannenbHyto Hanpasne-
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HUIO JeWCTBMA CKOPOCTU FMaBHOTO ABUNKeHUA V, U F,,, NnepneHANKYNAPHYIO0 YKa3aHHOMY Hanpas/e-
HUIO ABUMKEHNUA.

LleHTpoberkHas cuna senaetcs obbemHoOM cunoin, a cunbl F, F,, Fis, F;3 — KOHTaKTHbIMU.
O6bemMHas ueHTpobexHas cuna AencTByeT Ha CBA3M ABUNKYLLENCA MacChl, T.e. Ha CU/bl NPOYHOCTU
[APEBECUHBI U HA peakuuto nepesHel NoBepPXHOCTU ne3sua. Cuna Fy,, YaCTUYHO pasrpyKaeT nepes-
HIOIO rpaHb, TaK KaK YMeHbLUaeT HOpMasibHOe AaB/ieHne Cpe3aeMoro coa Ha Hee. Cuna F,, porpy-
YaeT paguanbHylo COCTaBAAIOLIYIO CU/bl pe3aHna No nepeaHen rpaHu M cnocobcTByeT 3aTArnea-
HWIO N1e3BUSA B APEBECUHY.

BennumHa ueHTpobexHol cuibl MoXKeT ObiTb onpeaeneHa no popmyne

2
mV

Fu:_ﬁ_' (49)

rae m— macca CTPYXKKMW, YBNEeYEHHOM B ABUMKEHNE MO KPUBONMHENHOM TPAEKTOPUM, Kr;

V — CKOpPOCTb rNaBHOro ABUMKEHUSA, M/C;

R — paauyc MrHOBEHHOrO LEHTPa BPaALLEHMSA MacCbl CTPYMKM, M.

Mo pgaHHbIM Manbuesa H.®. [33], npu yaaneHun cpesa TonwmHol a = 0,7 mm dpeson ama-
meTpom D =100 mm F,=3,25Hun F,=2,5H.

BennunHy cun uHepuumn npu ¢GpesepoBaHnM MOKHO ONpPeaenunTb TakKe yepes paboty A,
3aTPaYEeHHYI0 HA YCKOPEHME CTPYXKKWU MpU Cpe3aHuu ee fie3BMeM 3a OAMH MpoXoJ B ApeBecuHe
[22]. YKa3aHHaA paboTa paBHA U3MEHEHMIO KUHETUYECKON SHEPTUN OAHOM CTPYIKKU U MOXKET BbiTb

HaWgeHa no popmyne, H-m

A:%mV? (50)

roe m — MmaccCa CTPYXKWU, Kr,
V — CKOpOCTb rMaBHOMO ABUXKEHUA pe3aHus, M/C.

Macca 0HOM CTPYMHKK
m=a,blp, (51)

roe dq — CpegHaA ToNWMHa Cpe3aemMoro €104, M;
b- WNPUHA CPE3AEMOTO C/N10A, M;
/- ANNHa Cpe3aemoro cnoAf, m;

L — NNOTHOCTb APEBECUHDbI, KI'/MS.
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PaboTy, 3aTpayeHHyl0 Ha YyCKOpPEHME OAHOM CTPYXKKMU, MOXKHO ONucaTb
ypaBHeHunem, H-m

A=F,l. (52)

MpupasHuBasn (50) n (52), noayuum

Loviep .
2

Xy

OTCI-OAa KacaTe/lbHaA COCTaBaAOWanA LI,EHTp06e)KHOl7I Cunbl
2
F., = Ea boV . (53)

Mpumep. Mpu a,, = 0,2 mm, b = 100 mm, p = 800 Kr/M> 1 V =40 m/c F,, = 0,5- 0,0002-
0,100- 800-40% = 12,8 H.

MpX COBPEMEHHOM COCTOSSHUM HAyKU O Pe3aHuu [PeBeCUHbl LEeHTPO-
6eXXHas Cuna He yuuTbiBaeTCsa B pacyeTHbiXx popmynax. Ee 3HayeHme norno-
LLEeHO yAenbHbIM COMPOTUBAEHUEM PE3aHUA UAM NOMNPaBOYHbIM KO3ddULM-
€HTOM Ha CKOPOCTb r/1aBHOro ABU»KeHUA. Mpn 06bACHEHMN NpoLecca pe3aHua
nccneposatenn npmuberaoT TONbKO K KaYeCTBEHHOM OLEeHKe BAUAHUA LEeHTPOo-
BGerXKHbIX CUA.

BaunaHue yrna pe3aHua. Yron pe3aHnAa onpeaenAaeT NnoaoxeHue nepe,u,Heﬁ rpaHn ne3suA
OTHOCUTENbHO NJIOCKOCTU pe3aHua. MNpu BHeapeHUN Ne3BUA B ApeBeCcUHY nepeaHAa rpaHb Npous-
BOAUT CXaTune BOJZIOKOH, CABUT NN n3rnb CTPYXXKHU Npu ee O6pa3OBaHMM.

Yem Oonblue yron pesaHus, TeM cunbHee aecgopmupyeTca martepuan nepea
nessmveM U Gonblue cuma pe3aHus. Takas 3aBUCUMOCTb MOATBEPMKAAETCA IKCMNEPUMEHTaA b-
HbIMMW JaHHbIMK (puc. 43). MpK 3TOM A7 NPOAONLHOTO Pe3aHua yBesnyeHue Fy, NPOUCXOANUT Hau-
60/1ee MHTEHCMBHO, M CBSI3aHO 3TO C TeM, YTO B ZAHHOM C/lyyae CTpyXKa gedopmupyetca bonee
cuNbHO. Yem 6onblle yron pesaHus, TEM CUAbHEE TOHKan CTPY)KKA 3aKpy4dMBaeTca B cnvpanb. Ha
3TO 3aTPayYMBaETCA AOMNOIHUTEbHAA paboTa.

HopmanbHan cuna pesaHus F,; C pOCTOM yrna pesaHusa yBeNMYMBAETCA B CTOPOHY OTHMUMA,
a YCTAHOBMBLUMIACA MPOLECC Pe3aHusA NepexoauT K HeyCTaHOBMBLUEMYCS, BbICOTAa HEPOBHOCTEN Ha
06paboTaHHOM NOBEPXHOCTUN yBEINYMBAETCA.

BnauaHue 3agHero yraa. Mpu pabote nessune aAedopMmnpyeT NOBEPXHOCTb Pe3aHUs CBoei
3a4HeW rpaHblo. 3a4HAA rPaHb BOCMPUHMMAET HOPMAJbHbIe W KacaTesbHble Harpysku. Hopmanb-
Hble HarpyskyM BO3HMKAIOT B pe3y/ibTaTe ynpyroro AedpopmMnpoBaHUS HUMKENEKALLMX CNOEB ApeBe-
CUHbI, @ KacaTe/ibHble ABAAOTCA CAeACTBUEM TPEHUA MeXAy 3a4HEeN rpaHbio 1e3BMA U NOBEPXHO-
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CTblO pe3aHuA. YKasaHHble OaB/eHMA CO34al0T KacaTefbHYlo CUAY pe3aHus Mo 3adHeWl rpaHu u
HOPMasIbHYO CUNY.

Fle Fy()l
H/mMmm Mlla
2 1 15 B
/ B z
0 | 10 — |

3
j:—7/ _
1

_,Z/

40 50 60 70 80 6°
Puc. 43. 3aBMCMMOCTb YAENbHOM CUAbI U eAUHUYHOM
HOPMaJIbHOWM CU/bI OT yrAa pesaHua npu obpaboTke
cocHbl W =10%, a =0,1 mm, a=10° V=0,1 m/c, po= 4 MKM:

1 - TopuoBoe pesaHue; 2 — NpoAosbHoe; 3 — nonepevyHoe

C yBe/iMYeHNEeM 3aJHEro yrna npu MoCTOAHHOM Yr/ie pe3aHus yaesbHasa cuna pesaHus
ybblBaeT, TaK KaK Mpu 3TOM YMEHbLUAIOTCA MI0LWaAb KOHTAaKTa 3aAHel rpaHu ¢ APeBeCMHON, Hop-
Ma/ibHOe [aB/ieHVe Ha 334HI00 rpaHb U cuAbl TpeHua (puc. 44). OaHako 3To ybbiBaHWE He MOXKET
npoucxoanTtb 6eckoHedHo. MUHMManbHOe 3HadYeHue Kpusble rpadmKkos umetoT npu a = 10°. Mpu
JanbHeNeM yBeIMYEHUN 334HEro yria TePSAeTca KecTKOCTb JIe3BUA, ero Teno ocnabnserca, pe-
yLAA KPOMKa BblKpaluneaeTca, 6bICTPO 3aTynNAAeTCA, BO3MOXEH AaKe aBapUiMHbIi U3HOC fe3BuA.
B 3TOM C/lyyae Cu/bl pe3aHus No 3a4Hel rpaHu 13-3a U3HOCa JIe3BUA BO3PaCTaloT.

HopN\aanaﬂ ChUNa pe3aHnA C yBeMMEHUEM 3a4HErO0 yrna Y6bIBaET n
CTPEMUTCA K 3aTATUBAHUIO.

YMmeHblleHune cun TPpeHnA C POCTOM 3aJHEro yrna 6J'IaI'OI'IpMFITHO CKa3blBaeTCA Ha rMagKoCTtn
O6pa6OTaHHbIX I'IOBerHOCTeﬁ. BbipblBOB, BOPCUCTOCTU U MLUMCTOCTM HA MOBEPXHOCTAX CTAHOBUTCA
MeHblLle.
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H/m | Mlla
\
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- 0 3Fs

0 4 8 12 o, rpan

Puc. 44. 3aBucuMOCTb yJeNbHON CHIIBI M €TUHUIHON
HOpPMAaJIBLHOW CHJIBI OT 3aJIHETO yIJia P pe3aHuu Oyka
W =10%, a=0,1mm, 6=50° V=0,1wm/c, p,=4 MKM:
1 — TroprioBoe pezanue; 2 — IpoJ0JIbHOE; 3 — MONEPEYHOe

BaunaHue yrnos nepepesaHna BOJIOKOH, HAaK/1I0Ha U CKOCa. Ana pacyeTa eAMHMHHOVI Kaca-
TEeNbHOM CUNbI ONA Tpex rNaBHbIX BUAOB pe3aHua no metoauke A.Jl. beplaackoro noayyeHol cne-
Ayrouine BblpaxKeHnaA:

FX].L :(AJ_5+BJ_V'_B_L)a+appJ_ :kLa+appL;
Fxwr = (Ayd+ByN'=By)ata,py =kyata,py s (54)

Fras = (Aud + byN'—Byla+ a, Py =kga+ a,py,

roe Fq — KacaTenbHas eAMHWYHAA CMna pe3aHnsa, COOTBETCTBYIOWAA WNpUHe cpesa 1 mm,
H/mm;

O — yron pesaHus, rpag;
a — TO/ILMHA CPE3aeMOoro C/105, MM;

V' — ycnoBHaA CKOPOCTb pe3aHua, M/c, npuyem, ecnu V< 50m/c, ToV'=(90-V
), uHaue V'=V, rge V — CKOpPOCTb IMaBHOIO ABUXKEHUA. IMNnpUYeckmne KoaboduumnenTol A, b, B, p
ONA ApeBeCUHbI COCHbI NpuBeaeHbl B Taba. 3.

Tabnuua 3
3HayeHua amnupudecknx koapopuumnentos A n b, B, MMMa,

n p, H/Mm* 4ns ApeBecuHbI COCHBI

AL Ay Ay b, by by *
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0,550 0,196 0,029 0,196 0,069 0,059...
0,069

B, By By pL by o

19,62 5,40 0,59 4,80 1,57 0,98

* MeHbllee 3HayeHue by npyu O< 55°, 6onbwee —npu &> 55°,

TabnanyHble KO3GOMUMEHTBI MOXHO MepecyuTaTb ANA MepexoAHblX BUAOB pe3aHua ape-
BECMHbI. ECIM NpMHATbL, YTO C Nepexo4oM pe3aHus, Hanpumep, OT NPOAO/bHOIO K TOPLOBOMY CO-
NPOTMB/IEHWNE PE3aHUI0 YBEIMYMBAETCA MPONOPLMOHANBHO POCTY Yr/ia nepepesaHns BOJIOKOH, TO
MOHO Nto60ol KoadPULMEHT ANs NepexoqHOro BUAa pe3aHnsa 3anucaTtb B CefyoLemM BUaE:

Ay = Ay + (AL — Ay) gg ,

A#_J_zA#+(AJ_—A#)gg, (55)

Ay g = Ay + (A — Ap)A— ),

rne @s, ¢y, ¢ — COOTBETCTBEHHO YyI/1bl Nepepe3aHnAa BOJ/IOKOH, HAaK/IOHA U CKOCa, rpaj.

Mpu @, =0° A, = A, — pe3aHne npogosibHOE; Npu P =90° A=A -

pe3aHue TopuoBoe. AHA/IOTUYHbIE BbIPAaXEHUA MOXHO NONYYUTb C Y4ETOM Yr/a1a HaKAOHA ANA none-
PEYHO—TOPL,OBOIo pe3aHNA N yrana CKoCa ANAa nonepeyHo—Npoa0/1bHOIo pe3aHuA.

Mo dopmynam (54) n (55) nonyyeHsbl BbiparkeHUa ana GUKTUBHOM CU/bl Pe3aHUA U
KacaTe/IbHOro AaBNeHUA APeBeCUMHbI Ha NepeaHiolo rpaHb NP NepexoaHbiX BUAax pesaHus gpese-
CWMHBbI COCHbI:

Py~ =1,57 +(4,8-1,57) ¢./90;
py-1=1,57 +0,0359 ¢,;
ps-1 =0,98 + 0,0420 ¢,; (56)
pu-yy=1,57 —0,0065 ¢
k;-1=10,196 + (0,55 — 0,196) ¢, /90]5 + [0,069 +
+ (0,196 — 0,069) ¢, /90]V' - [5,4 + (19,62 — 5,4) ¢, /90];
k;-1= (0,196 + 0,0039¢,)6 + (0,069 + 0,0014 ¢,)V' —

- (5,4 +0,158 0,); (57)
73



ks_1=1(0,029 + 0,0058¢,)5 + (0,069* + 0,0014 ¢, )V'—
-(5,9+0,152¢,);
ks = (0,196 — 0,00184¢.)d +[0,069 — (0,069 — B)0,011¢p]V'—
—(5,4-0,053¢,).

3pecb @, @, @, O NOACTABAAIOT B rpag., V'— 8 m/c. Kpome Toro, 3HadyeHune b = 0,059 npu
0<55 n 6=0,069 npn o> 55.

Mpumep. MNpu cTporaHum 6= 60°, V=0,5 m/c, a =1 mm, n1e3Bue oCTpoe, Nopoaa — COCHa,

Ps= @y = @, = 30°.

Onpepenntb k n F,, ANA TNaBHbIX BUAOB pe3aHus, a TakxKe p, k U F,; AnA nepexogHblX BUAOB
pesaHusa.

Pewenue. Mo dopmynam (50) nonyumm k= k;y_ npn  @;=90° nam k= ks, npn @, =
90°.

k,=0,55-60 +0,196(90 - 0,5) — 19,62 = 30,9 MIMNa wuaun
k,= (0,029 + 0,0058 - 90)60 + (0,069 + 0,0014 - 90)89,5 —
—-(5,9+ 0,152 -90) = 30,9 Mng;
kiy=ky-L npn @;=0°wnn k= kyyy npn @.=90°.
k;;=0,196 -60 + 0,069(90 — 0,5) — 5,4 = 12,54 MMNa wnau
k,= (0,029 +0,00186 - 90)60 + 0,069 - 89,5 — (5,9-0,0056 - 90) =
=12,56 MMa;
ky = kg Npy @, =0° nn ky = kyyy Npn @, = 0°.
ks =0,029 -60 + 0,069(90 - 0,5) — 0,59 = 7,33 MNa;
Faa = opp + ka.
Fu, =1-4,8+30,9-1=35,7 H/mm,
Fyy =1-1,57+12,54 -1 =14,1 H/mm,
Fas=1-0,98 +7,33-1=8,31 H/mm.
Mo popmynam (41) u (42) nonyunm
P~ =1,57 +0,0359 - 30 = 2,647 H/mm,
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Py = 0,98 + 0,042 - 30 = 2,24 H/mm,
Py = 1,57 +0,0065 -30 = 1,375 H/mm;
ky._.= (0,196 + 0,0039 -30) - 60 + (0,069 + 0,0014 -30)(90 — 0,5) —
— (5,4 +0,158-30) = 18,57 Ma,
k.= (0,029 + 0,0058 -30)60 + (0,069 + 0,0014 -30)89,5 —
— (5,9 +0,152-30) = 11,655 Ma,
k= (0,196 — 0,00184 -30)60 + 0,069 -89,5 —
— (5,4 -0,053-30) = 5,064 Ma;
Fay-1 =1-2,647 + 18,57 -1 = 21,2 H/mm,
Fasi=1-2,24+11,655-1 = 13,9 H/mm,

Fasy=1-1,375+5,064-1 = 6,4 H/mm.

BausHue nopopbl. [lpeBecuMHa pasHbiXx NOpoA  WMeeT HeoAMHaKoBble  U3MKO-
MeXaHWYecKme CBOMCTBA. Pa3iMuHas NAOTHOCTb, NPOYHOCTb HA PACTSAXKEHME, CKATUE U CKasbiBaHUe
[AenaloT npouecc pesaHusa MHoroobpasHbim. Mpu pacyeTe cua pesaHua Nopoaa APEBECUHbl YUUTbI-
BaeTca KoapduLUMeHTaMM Ha NOPOAY d,, 3HAYEHWUA KOTOPbIX MPUBOAATCA B OTHOCUTE/IbHBIX €4UHU-
uax, Npu 3Tom Ko3pOUUMEHT Ha NOPOAY APEBECUHBI COCHbI MPUHAT pPaBHbIM eanHuLEe. NonpaBoy-
Hble KO3QPULMEHTbI Ha MOPOAY APEBECUHbI O, UMEIOT CeaytoLme 3HaYeHNA:

MNopoaa Nvna OcuHa Enb CocHa Onbxa

an 0,8 0,85 0,95 1,0 1,05

Mopoaa Nucrt- bepesa by ay6 flceHb
BEHHMLA

an 1,1 1,25 1,4 1,55 1,75

3Haa nonpaBoyHble KO3pPULUMEHTbI Ha NOPOAY, MOXKHO HAWTU KacaTenbHyl cuay
npu pesaHnn Noboi ApeBecUHbI:

Fx:Fxc an,

roe  F,.— KacatenbHas cuna pesaHuna A8 COCHbI.
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Kacancb KauecTBa 06paboTaHHbIX NOBEPXHOCTEN, OTMETUM, YTO ApeBecuHa 6onee NPOUHbIX
nopog obnagaer 60abWNM CONPOTUBIEHNEM NMPOHUKHOBEHUIO B HEE JIE3BUS, MEHbLLE NOABEPKE-
Ha TpelMHo0b6pPa30BaHNIO B 30HE Pe3aHWA, HOBble NOBEPXHOCTU NpW ee pe3aHuu B bosbluel cTe-
neHn GOPMUPYIOTCA PeXKyLLEeN KPOMKOW U MO3TOMY Noay4yatoTcs 6osee rnagkumm.

BausHue BNAXKHOCTU. B MexaHW4YecKOW TEXHOJIOFMW UCMONb3YIOT APEBECUHY C BAAXKHO-
cTbto 5...100%. C yBennyeHMem BNAXKHOCTU A0 npegena rurpockonmyHoct (W = 30%) npoyHocTb
ApeBecuHbl ybbiaeT. ConpoTnBaeHmne pe3aHuio Toxe ybbiBaer.

Mpun NOBbILLEHUN BAAXKHOCTM Bblle npeaena rmrpoCKONUYHOCTM NPOYHOCTb ApeBEeCUHbI OC-
TaeTcA HEM3MEHHOMN, OAHAaKO B ApeBeCcnHe noABaAeTCcA CBO60,CI,HaFI BNara, KOTopaa npu B3aVIMO,EI,eVI-
CTBUU C ne3Bunem BbICTYMNaET B POJIKM CMaA3KW. I'Ile 3TOM YMEHbLWAKTCA CUJIbl TOEHUA Ha NIE3BUN U
06m,ee conpoTmnBaeHne pe3aHuto.

YyeT BANAHMA BNAXKHOCTU HA KacaTeNbHYI0 CUAY pe3aHUA OCYLLeCTBAAKT NOMNPaBOYHbIMMU
KOQ(I)(I)VIL],VIEHTaMM ay, 3Ha4YeHNA KOTOpPbIX NpuBeaeHbl HUXKe:

Bnax- 5...8 10...15 20...30 50...60 bonee
HOCTb 70

Ow 11 1 0,93 0,89 0,87

KacaTenbHas cuna pesaHusa npu Nto6oii BAAKHOCTH:
Few=awFy,

roe F,—KacatenbHaa cmna pesaHma npu BnaxkHoctn W =10...15%.

YBnaXHeHWe ApeBeCUHbI NOBbIWIAET ee NAacTUYECKUe CBOMCTBA, U 3TO
Npu cpe3aHnM TOHKUX N CpeaHUX CTPYXKEK NO3BONAET AOCTMYb Nnpolecca pe-
3aHMA C XOPOLUMM KavyecTBOM 06paboTaHHbIX noBepxHocTen. OaHaKo Npu pe-
3aHWM BNIAXKHOW ApeBecuHbl Ha 06paboTaHHOM NOBEepPXHOCTM 0bpa3yeTcs Bop-
CUCTOCTb U MLLUNCTOCTb.

BausHue Temnepartypbl. B 3uMHee BpemMAa Ha NepBMYHYHO CTaHOYHYO 06paboTKy YacTo no-
CTynaeT mep3nasn gpesecuHa. MPoYHOCTb TAaKOW ApPEBECUHbI Bbille, YEM HE3AMOPOXKEHHOM, TaK KaK
BNara B K/JeTKax 3aTBepaeBaeT MpM 3aMOpPaXMBAHUM U COOBLLAET ApeBecMHe AONOJHUTENbHYIO
NPOYHOCTb. MaKcMMmasibHas MPOYHOCTb MEpP3/I0l ApeBecuHbl HabalogaeTca Npu ee BAAKHOCTU
npumepHo 85%.

Ha puc. 45 noKasaHa 3aBUCMMOCTb eANHUYHOM CU/bl Pe3aHUA OT TemMnepaTypbl APEBECUHDI
COCHbI Npu yrne pesanHus 45° n yrne 3aoctpeHua 35° [24].
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Fa, H/MMm

10 |

8 T a=0,2Mm
6 ~— J\l a=0,1Mmm
4 \ a = 0,05 mm
5 T 2 a=0,1mm
0 3 a=0,1Mmm

—20-10 0 10 20 30 4050 60 70 t°C

Puc. 45. BanAaHne TemnepaTypbl Ha KacaTebHY0 CUNy
pe3aHua BnaxHol (W = 80%) cocHbl:

1 — pe3aHune TOpLOBOE; 2 —NPOAOAbHOE; 3 —NonepeyvyHoe

M3 rpadmKoB BUAHO, YTO Npu TemnepaTtype gpeecuHbl 0°C, Koraa Bna-
ra B KNeTkax, npeBpaLLanchb B ses, NOBbIWAET NPOYHOCTb APEBECUHbI U YyBe-
NINYNBAET CONPOTUBNIEHNE NPOABUIKEHUIO N1€3BUSA, KacaTe/IbHas CMna pesaHus
CKaykoobpasHo yBennumsaeTcs. [JanbHenllee NOHUKEHME TeMNEepaTypbl Bbl-
3bIBa€T 3aMeTHOE YyBe/IMYEeHUE KacaTe/IbHOM CcUbl pe3aHus. Mpun HarpeBaHUK
ApeBecuHbl (0coObeHHO BNAXKHOM) NPOYHOCTb €€ NOHUMKAETCA U CUAbI Pe3aHus
YMeHbLUatoTCA. Takas 3aKOHOMEPHOCTb NOATBEPXKAAEeTCA TaKXKe onbiTamu E.
KnBmMmaa, n3noxkeHHbimu B pabote [22].

YBennyeHue KacaTesibHOM CUbl pe3aHuA npu 0b6paboTke Mep3noit ApeBECUHbI YHYUTbLIBAIOT
KO3pdMUMEHTOM BNAXKHOCTU, KOTOPbIM MMEeT MakcumanbHoe 3HavyeHne npu W >70% : a,,=1,5.

BausiHue pa3mepos cpesa. Pazmepbl CPe3aeMoro ¢/10A OTHOCATCA K BarkHeWWnm GaKkTopam
npouecca pesaHua. OT WMPKHBI U TOLWMHBI Cpe3a 3aBUCUT NPOU3BOANTENLHOCTb AepeBoobpaba-
TbiBatoW,ero 0b6opyA0BaHMA, MOLLHOCTb MEXAaHW3MOB MAaBHOIO ABUMKEHUA 1 nogauun. TonwmHa cpe-
33aeMOro C/I0sl K TOMY Ke onpegenser ¢opmy CTPYKKO06pa30BaHMA U BIMSAET HA KayecTBo obpa-
60TaHHOW MOBEPXHOCTW.

LWupuHa cpe3a. MNpoBedeHHbIMU UCCeg0BaHMAMM A0KA3aHO, YTO, HECMOTPA Ha HeoAaHo-
POLAHOCTb CTPOEHMUA APEBECUHbI, MOXKHO CYMTATb CWUJIbl PE3aHMA NPAMO NMPONOPLMUOHAbHLIMU LIK-
puHe cpe3aemoro cnos. C yyeTom WNPUHBbI cpe3a b GopmyAbl ANA KacaTeNbHbIX CUA pe3aHua byayT
UMETb CNeayowmii BUA:

— ANnAa MmakKpocnoes
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F=(app + ka)b, (58)

— AN MUKPOCN0EB

Fy= - 0,8)p+kyaulb.
F21 H A (59) X [(ap ’ )p M M]
y<@

Ecnn nsBecTtHa eguHMYHaA cuna F,y, To non-

P
/ =9 HasA KacaTe/ibHasA cuia pesaHus F,= Fub .
\ > o, MM ToawuHa cpe3a. 3aBUCMMOCTb KacaTesIbHOW
0,1 CUAbl pe3aHuA OT TOJILLMHbI CPe3aeMoro caosa onu-

Y= o .
Puc. 46. 3aBUCHMOCTb caHa popmynamu (58) n (59).

o 3aBMCMMOCTb HOpMasibHOW (paau-
HOPMasIbHOW CUJbl pe3aHus

anbHOM) cuAbl pe3aHuA OT TOJLWMHbI CPe3aemoro
OT TO/ILLMHBI Cpe3a C1051 411 MaKPOCTPYKEK MOXKHO onucaTb Gopmynon

F,=(e,—0,8) pb/f — k(a — 0,1)b tg(90°— 5—¢). (60)
YunTbiBan, 4To nepesHuUl yron pesua y= 90°- 5, nonyumm
F=(a,—0,8) pb/f—k(a—0,1)b tg(y— ¢), (61)
roe  @—yron TpeHusa Ha nepesHen rpaHu nesBus;
f— Ko3ddUUMEHT TpeHMA Ha 3a4HEN rpaHu.

Ecnn nepeanuit yron y = @, 10 F,= (o, — 0,8) pb/f . C U3meHeHneM TONLMHbI Cpe3aemoro
CN0Sl HOPMANbHAsA CU/1a Pe3aHMA  OCTaeTca NOCTOAHHOW (puc. 46). Ecav nepeaHwii yron ¥ > @, To
F, C poCTOM TOALWMHbI CPe3aemMoro c/os ybbiBaeT U MOMKET Noy4YMUTb OTpULATENbHOE 3HAYeHue,
T.e. NPEeBPaTUTLCA B CUAY 3aTArMBaHMA. ECAM y< @, TO C yBeanyeHnem TONLWMHbI cpesa F, Henpe-
PbIBHO BO3pacTaerT.

C yBenMYeHnem TO/LWMHbI CPE3aEMOro C/1I0A BO BCEX CNyYaaXx pe3aHus
YCTaHOBMBLUMIACA NPOLLECC Pe3aHUs NepexoamnT B HeyCTaHOBUBLUMICA. B 30He
pe3aHusa obpasytoTca TpelmHbl. KayectBo 06paboTaHHOM NOBEPXHOCTUN YXya-
waeTcs.

BauaHue 3atynaeHuAa ne3suin. MameHeHue rnaBHom COCTaBJ'IFHOLLI,eﬁ CU/ibl pe€3aHnAa 3atyn-
NNEHHOTO Nne3BnA y4nTbiBakoT K03¢¢MLI,VIEHTOM 3aTynsieHuA. O6blyHO CYUNTALOT, YTO KacCaTe/ibHaA CU-
Na pe3aHunAa

For = anp;
rae  Fyn Fy— KacaTenbHas cuna pesaHus COOTBETCTBEHHO A/A TYNOrO U OCTPOTro NE3BUIA;

o, — KO3GOULMEHT 3aTynneHus.
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A.J1. beplwaackuii, co3gaBas HOBbIN PAacYETHbIN MeTo4, CUMTa, YTO NPUMEHATb 0OLWMIA UH-
TerpanbHbin KO3IGPULMEHT @, HENb3A, TaK KaK B 3TOM C/lyyae HEBO3MOXKHO ONpeaenunTb paamanb-
HYIO CMY PE3aHUs U CUY COMPOTMBAEHMA Nogade. Obwuit KoapPUUMEHT 3aTynneHnsa UM pacuse-
HAETCA Ha [Be 4acTu: KO3GPUUMEHT 3aTynIeHMA No 3aHeN rpaHn Nes3sBua A, U KO3IGPULMEHT 3a-
TYNNI€HMA NO NepefHen rpaHn Ne3Bua a,, [34]. bbino NpeasoKeHo paccunTbIBaTb €AMHUYHYIO Ka-
caTeNnbHY0 CUANY pe3aHua ana 3aTynjaeHHOro fe3susA Nno cneayowen dopmyne:

Fym1= 0 p + O ka. (62)

[na onpegenenuns KoaddMLUMEHTOB 3aTynaeHus 6blia NpeaaoXKeHa ciedytowas MeToauKa.
Mocne 06paboTKM OMNbITHLIX AAHHbIX E. Kusumaa no Topuosomy pesaHuio 6epesbl, 6ban nony-
YyeHbl cegylolmne 3aBUCUMOCTU eAUHUYHOM KacaTeNlbHOM CUAbl pe3aHuA OT TOJLMHbI Cpe3aemoro
cnos:

ana octporo nessusa F,; =0,4 + 3,8aq,
ANA 3atynneHHoro — F,,, = 0,8 + 3,7a.
Otclopa o, = 0,8/0,4 =2, o, = 3,7/3,8=0,97.

O6paboTaB Taknm ke 06pasom gaHHble onbiToB E. KnBnmaa no pesaHuto 6epesbl BAOb U
nonepek BONOKOH WM gaHHble onbiToB B.M. ByxTusapoBa no npogosibHoMy ¢pesepoBaHuio ayba u
COCHbl, 6bIAN NOAYyYEHbl MPUMEPHbIE 3HAYEeHUA KO3POULUMEHTOB 3aTymnieHua B 3aBUCMMOCTU OT
BpeMeHW paboTbl pexyLLero MHCTpymeHTa  (Tabn. 4).

Tabanua 4

3HauyeHus napameTpoB 3aTynJieHHOro a1e3sunua

Mapa- Bpemsa paboTbl pexyLero MHCTPYMEHTa, Y
MeTpbl pe3aHus
0 1 2 3 4 5 6
(X,p3 1; 1; 1/ 11 11 1/ 21
0 25 45 60 75 85 0
Olpn 1, 1, 1, 1, 1, 1, 1,
0 05 1 15 2 25 3
X 0, 0, o, 0, o, 0, 0,
1-0,2 3 5 53 55 58 6

MpumeyaHue. x — AONSA CUJbl Pe3aHUsA MO 3a4HeN rpaHu F,; OT PUKTUBHOM CUAbI pe3aHusa p.

Mpu aHanuse ypaBHeHUn (62) U AaHHbIX Taba. 3, MOXHO OTMETUTb, YTO MO Mepe 3aTynJe-
HWA N1e3BMA NPAMbIE IMHUK TpaduKa (puc. 47) NPOXOAAT Bbile MU HEMHOTO Kpyye, Tak Kak GUKTUB-
HaA cuna pesaHua ANA TYNOro Ne3BUA P = Qs P, 180 = O t8P1 = apn k.
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Yepe3 HeckonbKo neT A.Jl. bepwaacknii 0TKasanca oT NPeKHUX B3rna-

0B U Npu BbiBoAe dopmynbl KoaddUUMEHTa 3aTynNeHMA caenan AonyLLeHNe,
YTO NPSAMbIE TNHUM FPAadMKOB MOXKHO CYMTATb NapannenbHbimm (cm. puc. 31).

KoadPpuumeHT 3aTynneHuna ctan yuymTbiBaTb MU3SMEHEHUE TO/IbKO OZHOM COCTaB-

ﬂFHOLLI,eﬁ KacaTeNIbHOM CUNbI pe3aHnA.

BbiBoAbl. PacueTHble GOpMy/bl C YY4ETOM BANAHUA Pa3NUHbIX GAKTOPOB MOXKHO 3anucaTtb

B c/ieaylolem suae.
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[NaBHas cOCTaBNAOLLAA CUbI Pe3aHMsA (KacaTenbHan cuia pesaHus)
— AN MaKpoC/noeB

Fy = (app + ka)ba,ay, (63)
— 0N MUKPOC/I0EB

Fx=[(c,— 0,8)p+kaulbasa,,. (64)
HopmanbHas (pafmanbHas) cocTaBnAoLLan CUbl Pe3aHuUs
— [N MaKpocnoes
F=[(cot,— 0,8) p/f — k(@ — 0,1) tg(90°~ & —¢)] ba,a,, (65)

— AnAa MUKpPOCnoeB

F= [(ap_ 0/8) p/f]banaw- (66)
Ey.
HMm @,
> /
P
j_J
L
0 0.1 a1, MM

Puc. 47. 3aBMCUMOCTb CUA pe3aHMA AN OCTPOro

M TYNOoro ne3suna oT TO/ZILMNHbI Cpe3aemoro cnoA



B 3Tnx dpopmynax p, k — cootTBeTCTBEHHO GUKTUBHAA cuna pesaHua, H/mMmm, 1 KacatenbHoe
JaB/eHMe CTPYXKW Ha nepegHIo0 rpaHb nessua, Mlla, Ana apeBecuHbl COCHbl C BAAXHOCTbLIO
10...15 %; a,,, a,, — nonpaBoYHble KO3PDULMEHTbI Ha NOPOAY M BAAXKHOCTb.

1.8. PexXxumbl pe3aHua

MoHATMe 0 peXkume pe3aHua. Pexxnmom pesaHus Ha3blBaeTcs Co-
BOKYMHOCTb YMC/IOBbIX 3HAYEHMIN NAapPaMeTPOB Npouecca pes3aHua, OTHO-
CALLMXCA K ApPEBECUHE, PEXKYLLEMY MHCTPYMEHTY U CTaHKY, OT KOTOPbIX
3aBUCAT TEXHUKO-3KOHOMMUYECKNE NoKasatenu [15].

COBOKYNHOCTb NapamMeTpoB Mpouecca pe3aHna AaeT MHOMKeCTBO
pexXnmoB. M3meHeHWe YNCAeHHOro 3Ha4YeHMs XoTa bbl 04HOro M3 napa-
METPOB AENAET PEXUM pe3aHus apyrum. Takum obpasom, ana obpabor-
K1 aetanen c 3agaHHon Gopmomn, pasmepamm U raAKoOCTbIO MOXHO Mo-
A06paTb MHOro pa3sHoObpasHbIX pexxMmoB pe3aHus. Bce oHn obecnevat
0bpaboTky aetanen. Ho ana npom3BoACTBa Ba*KHO He NpocTo obpabo-
TaTb AeTanu, a 06paboTaTb UX C HAMMEHbLUMMM 3aTpaTaMM MATEPUANOB,
3N1eKTPO3HEpPrumn, Tpyaa.

PexKnmbl pe3aHuna Ha3bliBatoTCA pPauUMOHalrIbHbIMU, echn 4YUCNEH-
Hbleé 3Ha4YeHUNA UX PEeXMMHbIX NMapaMeTpoB NO3BOJAKOT MOJYYUTb BbICO-
Kne TeXHMKO-aKOHOMUMNYeCKmne nokKasartesin.

PeXMMHble napameTpbl B3aMMOCBA3aHbl, U MO3TOMY He/sb3sl MPo-
N3BOJIbHO M3MEHSATb 3HaUYeHUs O0AHUX 6e3 COOTBETCTBYHOLLETO KOPPEKTU-
POBaHUA 3HAaYEHUN APYrMX NapameTpoB. MNpu BbiIbOpe pexxnmoB pesaHus
NPOW3BOAAT COOTBETCTBYHOLLEE COrNAacoBaHME BCEX MapaMeTpoB C y4ye-
TOM BO3MOKHOCTM UX peanm3auum Ha CTaHKe.

|-|pl/1 pacyeTe pexXnmoB pe3aHnNA pasanydaloT ABa TUMA 3a44a4: NnpAa-
Mbleé U O6paTHbIe.
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3apaya Ha3biBaeTcA NPAMOMN, ECIN NMPU ee peLleHnn No 3a4aHHOM
CKOPOCTU NMogayvm U ApYyrmm napameTpam npouecca pes3aHus HaxoaAarca
CUNIbl U MOLLLHOCTb pe3aHus.

3agaua Ha3biBaeTcAa obpaTHOW, ecin NpU ee pelleHnn No 3aaaH-
HOW MOLLLHOCTU MeXaHW3Ma rNaBHOro ABMMKEHUA M APYrMM napameTpam
npoLecca pes3aHna HaxoAUTCA CKOPOCTb NoAauMn.

OnTUManbHble peXkumbl pe3aHusa. B Kaxkaom pexkume pesaHus
MOKHO BblAe/INTb OAUH MU HECKO/IbKO FNMaBHbIX MapamMeTpoB, KOTopbie
MOTYT BbICTyNaTb KaK MapameTpbl ONTUMM3ALUM, KOTOPbIM CTapatoTcs
NpuMAaTb 3KCTPEMAJIbHbIE UKW NpedenbHble 3HaYeHUA. Takum napamert-
POM MOXeT ObiTb, HanpMMep, CKOPOCTb NOJauYMn, KOTOPOMN CTpemsTca
obecneynTb MaKCMManbHOE 3HaYeHue.

[dpyrve rnasHble NapameTpbl - WepoxoBaTocTb 06paboTaHHON no-
BEPXHOCTU, MOLLHOCTb 3/1eKTPOABUIaTENIA MEXaHU3MA N1aBHOIO ABUXKe-
HUA U AP. — PaCcCMaATPMBAIOT KaK OrpaHnYmnBatlolme napameTpbl, WA or-
paHUYeHUs KpUTEPMEB KadyecTBa.

KpuTepuun KauectBa CAayKaT MNOKasaTe/IAMWU COBEPLUEHCTBA, MNpPO-
rPEeCCUBHOCTU peXMMaA pe3aHUA. OHn no3sonAtoT Bbl6paTb Hannyy-
NI BapMaHT peXknma pesaHusa U3 anbTepHaTUBHbIX. 3@ KPUTEpUn Ka-
YyecTBa MOXHO NMPUHATb JILDOON NapameTp npouecca pe3aHus,
No KOTOPOMY MOXHO CyAUTb O AOCTOMHCTBaAX peXxuma pe3a-
HuA. K Kputepuam npeabaBnAeTcA NUllb OA4HO TpeboBaHue:
MOHOTOHHasA CBA3b C Ka4eCTBOM. JTO 3HA4YUT, YeM MEHblue
(6bonblie) Kputepun, TemMm nydiwe. Hanpumep, yem 6osble NPoOU3s-
BOAUTENNbHOCTb, MEHbLLUE 2HEPrOeMKOCTb NMpouecca, MeHblle LWepoxoBa-
TOCTb M Ce6eCTOMMOCTb, TEM JIyULLE PEXMM pPe3aHuA.

Ecnv 3apaH Bcero oamMH KpuUTepui, TO eCTECTBEHHO CYMTATb Hau-
NYYLWWM TaKOM Habop NapameTpoB perKMMa pesaHus, Npu KOTOPOM Kpu-
Tepuin 6ygeT ontMmaneH (HanbonblWKNA MAN HauMmeHblK). Takas 3aaa-
Yya pewaetca npocto. OAHAKO OAMH KPUTEPUI He AAeT MOJIHOro npea-
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CTaB/NIEHUA O PEXMME pe3aHuA, O ero BO3MOXKHOCTAX. bonee nonnyto
MHOOPMALNIO MOXKHO MOAYYUTb NPU PELIEeHUN MHOTOKPUTEPUAsIbHOM
3a4a4n. Mpu HECKONBbKUX KPUTEPUAX 0ObIYHO HEe CyLLecTByeT TaKoro Ha-
6opa MapameTpoB, KOTOPbIN OAHOBPEMEHHO OMTUMM3IMPOBANA Obl Bce
KPUTEPUU, OAHAKO NYyTEM KOMMPOMMCCA Ny4lwMin Habop BbIBpaTb MOXK-
HO. [JnA 3TOro HyXXHO Ha3Ha4YUTb OrPaAHUYEHUA KPUTEPUEB, KOTOPbIE 3a-
NUCbIBAIOT B CAeAylowemM BUae:

a< cbl, P< CDZ ) [1< CD3, Rm < CD4, (67)
roe  a—TOJLWMHA CPpe3aeMoro C/os;
P — MOWHOCTb MEXaHU3MA pe3aHus;
[1— npon3BoANTENbHOCTb;
R.,— wepoxoBaTocTb 06paboTaHHO NOBEPXHOCTH;
®,, O, , &3, O, — OrpaHNYEHmE KpUTEPHUEB.

Kaxzoe KpuTepmanbHoe orpaHnMYeHne HasHavyaeTcsa no YCA0BUIO —
3TO XyAllee 3HaYeHUe KpUTepumsa, Ha KOTOPOE CornaceH pacyeTyuk. Ham-
Ny4WMM Habopom MapamMeTpoB Mpouecca pe3aHua bygem cumtaTb TOT
Habop, AN KOTOPOro BCE KPUTEPUM OAHOBPEMEHHO MNPUHUMAnNU Obl
HaMMeHbLUMe 3HaYeHUs B Npeaenax Ux orpaHUYeHun.

ONTUMaNbHbIM ABAAETCSA TOT BAPUAHT PeXMMa pesaHus, Npu KoTo-
POM paccyMTaHHblE AN BblOpPaHHbIE 3HAYEHUA PEXKMMHbIX NapameTpoB
YyOO0BNETBOPAIOT CAEAYIOWMM YCOBUAM: d) NPaAKTUYECKM MOryT ObiTb
peann3oBaHbl Ha AepeBoobpabaTbiBatloWmMX CTaHKaX; 6) yAOBNETBOPAIOT
TpeboBaHMAM BCEX KPUTEPUA/IbHbIX OrpaHMYeHui; 8) Hambosee MNOJIHO
NO3BOJIAIOT AOCTMYb MAKCMMaNbHbIX MAN MUHUMAbHbIX 3HAYEeHUN On-
TUMMU3NPYEMbIX MAaPaMETPOB.
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[naBa 2. Ppe3epoBaHue ApeBECUHDI

2.1. Obwme cBegeHunna o npouecce ppesepoBaHUn

dpesepoBaHMe — npouecc 06paboTkM maTepuana BPALLAIOWMMUCA NE3BUSMU, B pe3yabTaTte
KOTOPOro NPUMYCK CHUMAeTca NyTem MNOCNeAOBaTe/NbHOrO0 CPe3aHuA OTAe/IbHbIX CeprnoBUAHbIX
CTPYKEK.

dpesepoBaHMe MPUMEHAETCA A1A NPUAAHUA 3aroTOBKam 3adaHHoOW ¢opMmbl, pasmepos M

LLIEPOXOBATOCTH.

Mo npuHumMny ¢pesepoBaHna paboTatloT CTaHKM dpesepHble, GpyroBasbHble, PENCMYCOBbIE,
YeTbIPeXCTOPOHHME MPOA0/bHO-ppe3epHble, WNMNOPE3HbIE, KOMUPOBasbHbIE, LENHO-A0N6EXKHbIE U

Ap.

®pesepoBaHMe bbiBaeT BCTpeyHoe M MonyTHoe. BcTpeyHoe ¢pesepoBaHune Hanbonee pac-
npocTpaHeHo. MNpy Hem NPOeKUMA BEKTOPA CKOPOCTU Pe3aHuna Ha Hamnpas/eHne NogayM HanpasaeHa
HaBCTpeYy BEKTOPY CKOPOCTM nogayn. Mpu nonyTHOM ¢ppe3epoBaHMM HanpaB/ieHWe BPaLLeHUA nes-
BWI1 B 30HE pe3aHua COBMNaZAeT C HanpaseHnem Nogaym 3aroToBKM.

PeXXywWiuii MHCTPYMEHT. B KauecTBe pexyLLero MHCTpPYMeHTa npu ¢pesepoBaHUM UCMONb3Y-
toT ppesbl HacaZHble U KOHLEBble, LeabHble U cOOpPHble, COCTaBHblE, HOXKEBbIE Basbl, ppe3epHble
uenoyku. Mpu unanHapmyeckom GppesepoBaHMM B KaYeCcTBe perKyLLero WMHCTPYMEHTa NPUMEHALIOT
¢dpesbl nan Hoxesble Basbl. LLIMpokoe npumeHeHWe NoAyYMAn HacaZHble LMAMHApuYeckme cbopHble
¢dpesbl co BCTaBHbIMU HOoXKamu no FOCT 14956-79. Mo cnocoby nocagku Ha wnuHaene 3t ¢pesbl
BbIMYCKAOTCA MNATU TUMOB:

TMn 1 — c HenocpeACTBEHHOM NOCAAKOM Ha WNUHAENDb;

TMN 2 — C KPeNaeHWeMmM Ha ABYX LaHrax rakamu;

T™MN 3 — C KpenaeHnem Ha ABYX LLaHrax yepes npomeXKyToUHble YNOpPHble KOJbLa;
TMN 4 — C KpenneHnem Ha UaHre;

mn5-c KpenneHmnem Ha naTtpoHe.
®pe3bli TMNOB 1, 4 1 5 nsrorosnatoTt ¢ Hoxkamm no NOCT 6567-75 n3 ctanu,
Hanpumep, 8X6HDPT nam no NOCT 14956-79 ¢ TBEpAOCNIABHBIMUM NIACTUHAMM.

®pe3sbl TMNOB 2 U 3 ocHawatoTcAa HoXamm no FOCT 6567-75 U3 MHCTpymMeHTaNb-

HOW CTaNM.
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HoxkeBble Basbl 6bIBAtOT C NAPAMbIMU TN BUHTOBbIMU HOXaMU U CTyNneHYaTble. CTyI'IEH‘-IaTbIﬁ
Ba/1 BK/ZIKOYAET HECKOJ/IbKO UMINHAPUNYECKNUX HAaCaaHbIX d)pe3, OCHalWleHHbIX TBEepAOCN/1aBHbIMU Ma-
CTUHAMU N CMELLUEHHDbIX B TOPLUOBbIX NJTIOCKOCTAX C BO3MOXHOCTbIO NepeKpbITUA APYr Apyra.

BennumHa HOMWHANbHBIX AMAaMETPOB HOBbIX Gpe3 COOTBETCTBYET HOPMAM30BaHHOMY pALY
80, 100, 125, 140, 160, 180 mm. inameTp NOCaA04YHbIX OTBEPCTUI NPUHMMaeETcA U3 paga 22, 27,32 un
40 mm. YrnoBble napameTpbl npuseaeHbl B Taba. 5.

MpesenbHO AOMYCTUMaA YacToTa BpaLeHUa dpes n, MUH ', 3aBUCUT OT UX AnameTpa:

Onametpbl dpe3, mm . . . . . Oo 100 125 140 160 180

MpegenbHo ponycTMmas 4YacToTa Bpa-
weHua dpes n, MUH

UeNbHbIX . . . . .. 12000 10000 9000 8000 6200

cbopHbIX . . . . .. 12000 9000 8000 6200 5000

MNepuogp, CTOMKOCTY, U, AepeBopeXyLLNX pes3 3aBUCUT OT MmaTepunana Jie3Buin U Nopoabl ape-
BeCuHbl [35]:

NMopoaa gpesecuHsol XBOlHan TeepaonAnCTBEHHAA

Mepuon  CcTOWMKOCTW, 4, nNpu
mMmaTepuane nessui:

X6B®, 8X6HOT . . . . 2,0..2,7 1,0..1,5
8X6BM® . . . . . .. 3,0..4,0 1,8..2,7
PEMS . . . .. oL L 3,4..4,6 2,0..3,0

Mepurog CTOMKOCTU COBPEMEHHOTO Pppe3epHOro MHCTPYMEHTA, OCHALLEH-
HOro0 NOJMKPUCTANAMYECKMM anmasom, gocturaer 1200... 4000 4 wam npwm

ABYXCMeHHoM paboTe 150...500 cyTok.

Tabnuua 5

Yrnosble napameTpbl ppes
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Bupa pesaHua n HopmanbHble yribl, rpag:

obpabaTbiBaeMbli MepeaHwuii yron y ana dpes
MmaTepnan CTaNbHbIX TBEpPAOCN/IaBHbIX 3agHuin o
®pesepoBaHne papeBecu-
Hbl:
npoaoabHoe (20...25)/(10...15) (20...30)/(10...25) 15/10
nonepevHoe (35...40)/(30...35) 30/30 10/10
TopuoBOE (30...35)/(25...30) 30/25 20/15
®pesepoBaHue  Kpomok|20...25 15...20 15...20
Actn v ABN

MpumeyaHue. B uncaumtene - 4ns XBOMHbLIX NOPOA, B 3HaMeHaTene — A4 TBePA0IUCTBEHHbIX.

PerynupoBKa Hoeil u yctaHoBKa ¢pe3s. Bce nessua ¢ppes A0NKHbI 0AMHAKOBO y4acTBOBaTb
B pe3aHuKn. [1NA 3TOro pexkyLine KPOMKM BCeX HOXKEN A0/KHbl ObITb YCTaHOB/IEHbI NapannesibHO OCK
BPaLLEeHMA N AONXKHbI ONUCbIBAaTb B MPOCTPAHCTBE OKPYKHOCTU C OAMHAKOBbIMM paanycamu. Hena-
PaNNeNnbHOCTb  PEXKYLLMX KPOMOK OTHOCUTE/IbHO OCK BpallleHMa Aonyckaetca He 6onee 0,5 mm/m.
JonycTnmas pasHOCTb B paanycax pe3aHus Hoxken He bonee 0,05 mm, a HenapannenbHOCTb S1e3BUIA
6233080l NOBEPXHOCTM cTo/1a He 6onee 0,1 mm Ha aanHe 1000 mm.

BenununHa BbicTyna C pexyLlen KPpOMKU HOXKa OTHOCUTE/IbHO KAMHA 3aBUCUT OT cpegHen
BE/IMYUHBI Cpe3aemoro cnoa a. npun a.<0,2mm C=1,5...2,0 mm; npn a.>0,2 mm C=0,5 mm.

MpeaenbHble OTKAOHEHMA NepeaHnX yrioB 3ybbes ¢ppes He 6onee + 1°. PagmnanbHoe bueHne
PeXKyLWMX KPOMOK dppe3 anametpom o 120 mm He 6onee 0,06 mm, gnsa dpes gMuameTpom CBbille
120 mm — He 6onee 0,08 mm.

cD|L')e3bl n HOXeBble BaJibl AO0/1XKHbI 6bITb C6aI'IaHCMpOBaHbI. l£|,OI'IyCTl/1MbIl\;1
ancbanaHc gna ¢ppes maccon ao 10 Kr yctaHoBnAeH 5 r-cm; npu macce 6onee 10

Kr— 1 r-cm Ha Kaxable 2 Kr maccbl MHCTPYMEHTA.

Pa3HOCTb B Macce HOXEeW, BXOAAWMX B KOMNNAEKT GppPe3epHOro UHCTpy-
MEeHTa, He A0/IKHa npesBbiwaTtb 0,2 r npu macce Hoxen go 150 r, 0,3 r — npm
macce ot 150 go 300 r; 0,1% maccbl HOXa Npu ero macce cebiwe 300 r. Pas-

HOCTb B MaCCe KOMIJIEKTOB AGTBJ’IEVI, npegHa3dHa4d4yeHHbIX ANA KpenaeHna n pe-
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TYIMPOBAHUA KaXA0ro M3 HOXKeW, He Ao/iKHa npesbiwaTte 0,3 r npu macce
komnnekta go 100 r, 0,5 r npu macce 100...500 r 1 0,1% maccbl KOMNaeKTa Npu
ero macce csbiwe 500r.

Buabl ¢pesepoBaHua. PasnnyaloT cneyowme Buabl GpesepoBaHua: UMAMHAPUYECKOE, KO-
HWYecKoe, TOPLLOBOE, TOPLLOBO-KOHUYECKOE, MPOdUIbHOE, KONMPOBaHUe, LienHoe (puc. 48).

Puc. 48. Buabl ¢ppese-poBaHus
ApeBecuHbl:

a — UunnnHgpu4yeckoe,

6 — KOHMYecKoe;

8 —TOpPLOBOE;

2 — TOpPUOBO-KOHUYE-CKOE;
0 — KONMpoBaHwue;

e — uenHoe ¢ppesepoBa-Hue

Mpu yunuHOpuYeckom hpe3eposaHuUU OCb BPALLEHUA PEXKYLLETO MHCTPYMEHTA NapaesibHa
06paboTaHHOKN MOBEPXHOCTH, @ PEXKYLLME KPOMKM SI€3BUI OMMUCLIBAIOT B MPOCTPAHCTBE LUINHAPUYe-
CKMe noBepxHocTU (puc. 48, a). ITo camblli pacnpocTpaHeHHbIM BUA, ¢pe3epoBaHNs, KOTOPbIN NO3BO-
nAet 06pabaTbiBaTbh MNAOCKME LUMPOKME 3aroTOBKM, HO Ha 06paboTaHHON MOBEpPXHOCTM 0bBpasyeTcs
KMHEMaTMYecKan BOIHUCTOCTb.

KoHuueckoe ¢ppeszepoesarue (puc. 48, 6) xapakTepmsyeTca TeM, YTO OCb BPALLEHWA PEXKYLLEro
MHCTPYMEHTA COCTaB/AET OCTPbIM yron ¢ 06paboTaHHON NOBEPXHOCTLIO, @ PEXKYLLME KPOMKU Ne3BUiA
OMNUCbIBAIOT B NPOCTPAHCTBE KOHWYECKME NoBepxHOCTU. Mpu Takom dpesepoBaHUM WKpKHA obpaba-
TbIBAEMbIX MOBEPXHOCTEW OrpaHM4YeHa, HO M BbICOTa rPEeHELIKOB KMHEMATUYECKON BOJIHUCTOCTM
MeHbLUe.

Mpu mopyoeom U MopyoBo-KOHUYECKOM ¢hpe3epoeaHUU OCb BPALLEHUA PEXKYLLETO WMHCT-
pymeHTa nepneHaMKynspHa obpaboTaHHOM noBepxHOCTU (puc. 48, 8, 2). OcHOBHYIO paboTy npu pe-
3aHWUM BbINOJTHAIOT BOKOBbLIE PEXKYLLME KPOMKM, KOTOpble paboTaloT MO NPUHLMMY LMAVHAPUYECKOTO
(puc. 48, 8) nnn KoHUueckoro (puc. 48, 2) ppesepoBaHna. TopLOBbLIE PEXKYLIME KPOMKN GOPMUPYIOT
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06paboTaHHyO MOBEPXHOCTb, Ha KOTOPOM KMHEMaTMYecKas BOJHWUCTOCTb He obpasyeTtca, noBepx-
HOCTb NOJIyYaeTcs rnaaKou.

Mpu npocgpunbHOoM ¢ppe3eposaHuu obpabaTbiBAlOTCA AETANMU CNOXKHOro npoduna. Jns aTux
e uenei NPMMeHAETCA KoNMpoBaHue.

LenHoe ¢ppeseposaHue npumeHaeTca ana o6paboTku rHess nog 3ybyaTble WKnbl Ha LEenHo-
[0N6eXHbIX CTaHKax.

dpesepoBaHMe, KPOME TOro, MOXKET BbiTb OTKPbLITbIM, MOJY3aKPbITbIM (BbIGOPKa YeTBEepTH) 1
3aKpbITbiM (BbIOOPKA Nasa), NJIOCKMM U NMPOGUIbHBIM, MOXKET BbINOJHATLCA HAaCaAHbIMU U KOHLEBbI-
MK ppesamu nam ppesepHbIM BaIOM.

2.2. KnHematuKka umnnHapUYeCcKoro

dpe3epoBaHUua

7 lnaBHOe aBuxeHue D, npu ¢pe3epoBaHUM — BpallaTeNb-

HOEe, OHO OCYLLECTBAAETCA PEXYLMM MHCTpymeHTOM (puc. 49).

D 0 Ds [BuxeHne nogaun Ds — NpsMOIMHENHOe NocTynaTeNbHOe ABUXKe-
2

HUWeE 3arotoBKku. Pe3yanMpyrou.|,aﬂ CKOPOCTb pe3aHnA HaxoguTcCA KaK

X y BEKTOPHaA CyMMa CKOPOCTU MMaBHOrO ABUMKEHUA U CKOPOCTU Noaa-

yn. CKopocCTb rnaBHoOro Asu»keHus pasHa 40...50 m/c, a cKopocTb
Puc.49. HpHHHHHH_ nogaun — 8...150 m/muH. MNocnegHss 8 20...150 pa3 meHblue CKO-
anbHAsS KHHEMAaTH4e- POCTU TNaBHOro ABUMKeHUA. [03ToOMy Pe3ynbTUPYIOLLYIO CKOPOCTb

CKasi cxema IHJIUHIPH- pe3aHna NpUuHNMatloT paBHOVI CKOpPOCTH rnaBHOro gsum»eHumA 1 Ha-

4ecKkoro (pesepoBanust  XOAAT No gopmyne, m/c:

_ 7Dbn

~ 60000’
(68)

raoe D — anameTp OKPYMKHOCTU pe3aHua ¢pesbl, Mm;
n —4acrtoTa BpaleHua dpesbl, muH™
CKopocTb nogaum npu ppeseposaHnmn, M/MuH:
_Sgh_S,zn
s - '
1000 1000

(69)

roe  S,— BeanyMHa nogayn Ha oanH 060poT Gppesbl, MM;
S,—nopgava Ha oauH 3y6 dppesbl, Mm;

Z —4uncno 3ybbeBs ppesbl.
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TpaeKtopua 3yba ¢pesbl. MycTb K ppese }KecTKo npucoeamHeH PoarK paauyca r (puc. 50),
nepeKkaTtbiBatowmiica BmecTe ¢ $pe3oit No ropM3oHTaNbHON HanpaBasAloLWel 6e3 CKONbKEHMA CO CKO-

XV ~

X
“—>

Puc. 50. Cxema K pacyeTy TpaeKTtopum 3yba Pppesbl

B ApeBecunHe

pocTbto Nnogaun V;. Mpu yacToTe BpaleHUs Gppesbl N paanyc POANKa PaBeH, MM:

- _ 1000V

27
@=T UEeHTP POJIMKa CMeCTUTCA BAOIb Hal'lpanIﬂI'OIJJ,en Ha BEJIMYUHY TUr, T.€. Ha r. Tor,u,a KOOopAauHa-
Ta X pexkyLen KpoMKU ppesbl Npu BCTpeyHom ppesepoBaHum byaeT paBHa

=159,24VS / N.B cucreme KoopauHat XOY npuv noBopoTe POJINKA Ha yron

X=r@+ Rsing.
Mpu nonytHom dpesepoBaHmm
X=—rep+Rsing.
Perxkylas KpoMKa 3yba ¢pesbl ABUKETCA NO LMKIONAE C YPaBHEHUAMM
X=Rsing tre,
Y = R(1 - coso). (70)

FeomeTpua cpesaemoro cnoa. M3 cxembl umaMHAapuyeckoro gppeseposaHus (puc. 51) nme-

em:

oS ——C—E—l—g (71)
o8 R D’
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rae @ — Yron KOHTaKTa /1e3BnA C ADEBECMHOVI;

R
/ ;

0 >
O« B | B:
C
@ Amx— ¢
My ]
— E
A
Vs

t — rnybuHa ppesepoBaHuA, MM.
Puc. 51. f'eomeTpuna cpesaemoro cios

PasnoxuB cos@, B PSAL U OFPAHMYMBLUMCL ABYMS YNEHAMMU PA3/IOKEHUS pAda, MOAYUUM C
ydetom (71):

OTcloaa nmeem

t t
Depan) = 2\/%’ Pr(rpan) z115\g- (72)

o ~
Mpon @, < 30" 511 dopmybl AatOT AOCTATOUHO TOUHDIN AA NPAKTUKM Pesy/ibTar.

sin Pk _ (1_ Cos (pI() _ \/E (73)
2\ 2 D

oS Pk :\/(1"'003(/)1() :\/l—l.
2 2 D
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Mpu dpesepoBaHNN CHUMAETCA CEPNOBUAHbIN cpe3aemblii cnoit ABB,A (cm. puc. 51). Tonwu-
HY C/OSl @ MOXHO M3MEpPATb KaK NPOAOJ/IKEHNE paanyca OKPYKHOCTWU. Ecan gonyctutb, yto ¢urypa
MM4E — npAMOYrosibHbIM TPeyronbHUK, B KoTopom MM, = S,, To nonyuum popmyny duwepa ana
TO/ILLMHbBI CPE3AEMOTO C/OA.

a=S,sing. (74)

dopmyna duwepa He yuNTbIBAET AEWCTBUTENLHON TPAaeKTOPUN ABUKeHUA 3yba. OHa He AB-
NIAIETCA COBEPLIEHHO TOYHOM WM AN ABWMMKEHMA 3y6a NO OKPYKHOCTW, TaK KaK BbiBeZeHa C Jonylue-
HUAMM.

BbiBoabl GOpMy bl TONLLMHBI CPE3aEMOro C0A AN1A AeACTBUTEIbHOM TpaeKTopum bblnu cae-
NaHbl H.N. CkpsibuHbim, a 3aTem [.C. Po3eH6aMTOM, HO HM TOT, HU ApPYroi He usbexKanu gonyuie-
HWI, 1 GopMy/bl NONYUUANCH CIULLKOM CAOMKHbIMU, HEYA0OHBIMU 15 NONb30BaHMA. MccnenoBaHms
MoKasa i, 4To BblpaxkeHne duepa oKasanocb Hanbosee NPOCTbIM M AOCTATOYHO TOYHbIM ANA NPaK-

TUYECKUX pacyeTos.

TonwmHa cpe3aemoro cnoa U3aMeHAETCA OT HyNnA nNpu Bpe3aHUn ne3BnAa 0 MAaKCUMaJiIbHOIo
3Ha4YeHWA Npu BbiIXxoae ero n3 gpeBecuHbl:

. t
amax = Sz SIN @, =25, D (75)
B pacyeTax ucnosb3yeTca cpeaHee 3HaYeHue TO/LWMHbI cpe3a
. Q@ t
agy=S;8IN—-=$, 5 (76)
OnvHa ayru KoHTaKTa ¢ yyetom (56):
Do
[.=—"%: | =JtD (77)
K ! .
360 ®

2.3. YcnoBua CTpyKKOObpa3oBaHuA
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30Hbl ¢ppesepoBaHusa. Mo nonoxeHuto 3yba ppesbl OTHOCUTENLHO BOJIOKOH APEBECUHbI Ha
Zyre KOHTaKTa Npu BCTPEYHOM LMANHAPUYECKOM ppe3epoBaHNM MOMKHO BblAENTb ABE BO3MOMKHbIE
30HbI: nepudepuiiHyto 1 n ueHTpanbHyo L (puc. 52). B nepudepuitHon 30He yros BCTpeyn rnaBHoOm
pexyLei KPOMKM C BOJIOKHAMM ApeBeCUMHbl MeHbLUE YI/1a Pe3aHus 1e3BuA o, @,< 6. B LeHTpanbHow
30He @, > 0. Ha rpaHuue mexagy 3oHaMu @, = O, U NepesHAs NOBEPXHOCTb JIe3BMA PACNO/IOKeEHa na-

Puc. 52. YcnoBua nepepesaHna BOJOKOH NO 30HAM:

0 — 30Hbl dpe3epoBaHus; 6 — ycnoBus pesaHus B nepudepuinHomn 30He; 8 — yc-
JI0BUA Pe3aHus B LLEHTPasIbHOW 30He

pannenbHO BOZIOKHamM gpeBeCuHbl.

Mpu dpe3epoBaHUMN B LEHTPANLHOW 30HE YrO/l BXOAA Pax= Ps; Ps > O; Pax

> 0; COSO > COS Py .

M3 puc. 52, a cnegyet, 4To ANA rPaHUYHOrO Cay4dan

R, _, 2,

1 ) (78)

COS Qg2 =COSO = 5

roe t,—rnybuHa dppesepoBaHUa 418 TPAHNYHOTO MOIOKEHUA MEXKAY 30HaAMMU, MM;
R — paanyc OKpy*KHOCTU pe3aHusa Gppesbl, MM.

rnybuHa ¢pesepoBaHMA 414 FPAHUYHOTO MOJIOXKEHMA MeXAYy 30HaMK onpeaenserca no
dopmyne

_ D@ -cos9)

79
5 (79)

L
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3HauyeHus rybuHbl ppesepoBaHmMA ANA FPaHMYHbIX NOMOXKEHMI, paccuuTaHHble No dopmyne
(79), npmBeaeHbl B Tabn. 6 1 NOKa3aHbl Ha puc. 53.

Tabnuua 6

FnybuHa rpaHUYHOro NONOXKeHUs t, Ana ppe3epoBaHmsa, MM

Yron pesaHus, rpag, | AuameTtp dpesbl, Mm

50 70 90 110 125 140
55 10,7 14,9 19,2 23,5 26,6 29,8
60 12,5 17,5 22,5 27,5 31,25 35
65 14,4 20,2 26,0 31,8 36,1 40,4
70 16,4 23,0 29,6 36,2 411 46,1
75 18,5 25,9 33,3 40,8 46,3 51,9
80 20,7 28,9 37,2 45,4 51,6 57,8
90 25 35 45 55 62,5 70

ZE] NONYYE€HHbIX AaHHbIX CheAyeT, HeEM MeHbLIE AMaMETP d)pe3b| 1 3Ha4YeHue yrna pesaHua,
TEM MEHbLIE 3Ha4YeHune I'J'IY6MHbI ¢pe3EPOBaHMFI ANA TPAHUYHOIO NONOXKEHUA.

dpesepoBaHMe ApeBECUHbl Ha CTaHKax ¢yrosasibHbIX, PEMCMYCOBbIX U YETbIPEXCTOPOHHMX
npoaonbHo-dpe3epHbIX BCerga 3aBepluaetcs B nepudepuniiHoi 3oHe. MnybuHa dpesepoBaHUA Ha
3TUX CTAHKaX 0ObIYHO He NPEBOCXOAUT 6 MM.

Mpu 06paboTke pesaHMem ApeBecuHbl Ha $pe3epHbIX CTaHKAxX Yros nepepesaHns BOJIOKOH
@s MOXKET nameHATbeA ot 0 go 90°. PesaHune nepexoamT OT NPOAO/ILHOMO K TOpLLOBOMY. B aTom cay-
yae nessue ppesbl NPOXOAMUT Yepes NepUPEePUNHYIO U LLEHTPAbHYIO 30HY.
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Iny6buHa rpaHUYHOM 30HbI

Yron pesaHus, rpag

Puc. 53. 3aBUCMMOCTb ryBUHbI TPAHUYHOM 30HbI NpKU dpPe3epoBaHNM OT yrna
pe3aHus n amameTpa dpesbl

Oco6eHHOCTU CTPYKKO06pa3oBaHUA Npu BcTpeuHom dppesepoBaHuK. MpoLecc CTPYKKO06-
pa30BaHUA B YKa3aHHbIX 30HAaX NPOUCXOANUT MO-pasHOMY. py 3TOM MpU LUUAMHAPUYECKOM BCTpeu-
HOM ¢pe3epoBaHMM HA BCEM Ayre KOHTaKTa OCYLLECTBAETCA pe3aHne Npoao/ibHO-TOPLOBOE MPOTUB
€101, KOTZ,a BO3MOKHbIE onepekatoLme TpewyHbl PacnpoCcTPaHATCA B MacCUB APEBECUHDI.

Mpouecc cTpyKKo0b6pa3oBaHUA MOXKHO NOLEIUTb HA HECKO/IbKO 3Tanos (puc. 54).

CKonbieHue sne3eusa no rnoeepxHocmu pe3aHusa. Ha nepsom 3Tane pes3aHWsa MpPoucXoauT
Bpe3aHue ne3BusA B ApesBecuHy (puc. 54, a). BpesaHue HaumHaeTca B Touke O. Mpu 3ToM pexkyLwas
KPOMKa ABUXKeTcA no TpaekTopun OA n aedopmunpyeT (BasibLyeT) NOBEPXHOCTb Pe3aHMA Mo ANHUK
CB.
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Mpu BcTpeyHom dpe3epoBaHMM TOLLMHA CPE3AEMOrO C/I0 U3MEHAETCA OT HyAA, Koraa fes-
BME HAUYMHAET KOHTAKTUPOBATb C NOBEPXHOCTbIO PE3aHMA, U A0 MAKCMMANbHOIO 3HaYeHWsA NpPU Bbl-
X04e ero U3 ApesecuHbl. Mpy 3Tom cpesaHue cnos HaunHaeTcsa Toraa, Korga To/WMHa ero A4oCTUrHeT
HEKOTOPOWN KPUTUYECKON BEANUMHDBI Oy, = CO, TAE € — KOIPULIMEHT, 3aBUCALLMIA OT ynpyroctu obpa-
6aTbiBAaEMOro maTepuana, KeCcTKOCTU CUCTEMbI CTAHOK-MHCTPYMEHT-AETab; 0 — PaaUycC 3aKpyrieHus

Puc. 54. YcnoBua cTpy*KKoobpa3oBaHMA Ha Ayre KOHTaKTa nNpu LMANHAPUYECKOM
¢dpesepoBaHuM: a — BpesaHue; 6, 8, 2 — pesaHue B nepudepuinHoin, rpaHUYHOM 1 LEeH-
TpasibHOM 30He

pexyuwein KpomKu. [1o MOMEHTa Bpe3aHna MPOUCXOAMUT CKOMIbXKEHME PEKYLLEeN KPOMKM NO NoBepX-
HOCTU pe3aHus. [INnMHa Ayrv CKobXKeHuA paBHa [36]:

| _cpR

ex =g (80)

roe S,—nopaya Ha 3y6, mm;

R — paZmyc OKpyKHOCTM pe3aHus, MMm.
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Ha nepBom 3Tane pe3aHUs OCHOBHYI PaboOTy BbINOAHAET 3a4HAA MOBEPXHOCTb /1e3BUA U
NPUMbIKAIOLLAA K HEl YacTb PeXKyLLEN KPOMKU. Ha ne3Bue AeNCTBYIOT CUIa TPEHMA NO 3a4HeN rpaHu
M CUNA OTXMMA. ITO CUbl BPEAHOTO CONPOoTUBAEHUA. MonesHasa pabota no ¢opmmupoBaHMio HOBOM
NOBEPXHOCTM He BbIMOJIHAETCA. PexyLan KpomKa 6ecnosesHo M3HAWMBAETCA, Ha 3a4Hel rpaHun ob-
pa3syetca dacka.

B nepucpepuliinoii 30He (puc. 54, 6) c Hayanom CTPY*KKoobpa3oBaHUA BO-
JIOKHa ApPEeBECUHDI, NpeXKae BCEro, KOHTAKTUPYIOT C NepeaHen rpaHblo ne3Bus,
KOTOpadA CKUMaeT nx U n3rnbaeT, Kak KOHCONbHO 3aKpenaeHHyo banky. Kpome
TOro, NepeaHsa rpaHb CKMMAET Cpe3aeMblil C/ION B NONEPEeYHOM HanpaBAeHUU
M CTPemuTca NpunoaHATb ero. Ecan cpesaembli cNOW TOHKUMN, TO U3OrHYyTble
BOJIOKHA BCTPEYAIOTCA 3aTEM C [1aBHOM PEXKYLLEN KPOMKOW, KOTOpas Haapesa-
eT ux. MpoucxoanT HenpepbIBHbIN U3rMb U Noape3aHme BONOKOH. MNoanop Bbl-
Lenexaliux C/I0eB APeBECUHbl NMPU TOHKOM Cpe3aemMoMm csioe obecneymBaeT
YCTAaHOBMBLUMINCS PEXUM pe3aHuA ¢ obpasoBaHMEM MaaKux GpesepoBaHHbIX

NOBEPXHOCTEN.

C yBennyeHvem TOJILMHBI CPE3aeMOro C/10s Nepes, rMaBHOW pPexkyLein KPOMKON MOKeT 06-
pa30BaTbCA OMNepeXKaloLwas TpewmHa, PaCNpPOCTPAHAIOLWAACA B NJIOCKOCTU BOJIOKOH B MacCumB.

Fny6buHa onepexatollen TpeLmHbl OrpaHMYMBaeTCA TONLWMHOM cpes3a 1 BeAUYMHON noanopa
CKaToW ApeBecuHbl Hag nepeaHel rpaHbio. ECan BeanumHa nognopa A0CTaTovHA, TO pexyLlas
KPOMKA /Ie3BUA MOKET NMPUBAN3UTLCA K M30THYTbIM BOJIOKHaM APeBECUHbI U NepepesaTs ux. MNepe-
pe3aHHble BOMIOKHA CKa/blBalOTCA, 06pasya 3/1eMeHT CTPYKKM, CKOb3ALWMIA No nepegHelt rpaHu. Ec-
M Be/IYMHA MOAMOpPa HeAOCTaTOYHA ANA NepepesaHuna BOJIOKOH, TO NepeaHas rpaHb NogHMmaet
HenepepesaHHbIN Col, rybuHa TpeLwmHbl YBEIMYMBAETCA U B KOHLE ee c/loi fomaeTca. CpesaHue
C10f1 3aKaHYMBAETCA OTLLEMOM.

O6pa3oBaHMIO Onepexkalolen TpewuHbl Bceraa npeauectsyer aepopmmnpoBaHue cpesae-
Moro cnosi. HakonneHHas MoTeHUMasbHas 3Heprua ynpyroro AepopmmnpoBaHua npeobpasyeTca B
KMHETUYECKYIO 3HEPrnto PasBUTUA TPeLLMHbl. TpelmMHa PacnpocTPaHAEeTCs B MacCMB C OrPOMHOM
CKOPOCTbIO, BO MHOTO Pa3 NPEBbILLAIOLLEN CKOPOCTb [1aBHOTO ABUKEHMS.

Ha 2paHu4Hom yyacmke mexay nepudbepuitHon u LeHTpasbHOW 30HaMM Yrof BCTPEeUn C BOo-
JIOKHaMW paBeH yray pesaHusa nessus (puc. 54, 8). BosoKHa ApeBecuHbl NapansiesibHbl nepegHen
rpaHu nessus. Cpesaemblil CNOM CKMUMAETCA B MONepeyHoM HanpasneHuu, usrmbaetca, a 3aTem pe-
KyLAA KpOMKa nepepesaeT BOJIOKHA ApeBecuHbl. [pn 3TOM TOALWMHA CPe3aemMoro C10A B AaHHOM
MecTe [yrv KOHTAKTa, a C/leloBaTe/IbHO U CUN1A pe3aHus, LOCTUratoT 60/1blwoi Be/InYnHbI. MepeaHss
rpaHb NIe3BUA CTPEMUTCA MOAHATb CPe3aemMblit C0 M OTOpBaTb ero oT mMaccuea. MNepes pexyuiei
KpOMKOW 06pasyeTca oneperkalowan TpelwmHa. Ecam nognop Bbilenexaumx coes ApeBecuHbl He-
[OCTaToueH ANA NepepesaHnn BONIOKOH, TO Ha BbIXOAe Ne3BMA U3 3aroToBKM obpasyeTca oTuen.
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Mpu pe3aHuu e yeHMpanbHol 30He TNaBHAA pPeXyLLas KPOMKa BCTpeya-
€TCS C BONOKHAaMW ApeBeCcUHbl paHblle, Yem nepeaHas rpaHb (puc. 54, 2). Bo-
JIOKHa CHayana nepepesatoTcs, a 3aTeM NOCTynatoT Ha NepeaHo rpaHb, KOTo-
pas NoApe3aHHbIN CoN CKMMAET U nsrnbaet. MNpu 3Tom KacaTesbHble HanpA-
YKEHUA B NIOCKOCTN BOSIOKOH MOTYT AOCTUYb Npeaenia NPOYHOCTU, U I1IEMEHTbI
CTPY*KKM CKasblBatoTcA. ECnum pexkyLian KpoOMKa OCTPas U MOXKET NIerko nepepe-
3aTb BOJIOKHA APEBECUHbI, N NOANOP elle He Nepepe3aHHbIX BONOKOH A0CTaTo-
YyeH, TO onepexKatoLlme TpelnHbl He obpasytoTca. Ha Bbixoae ne3Buin U3 3aro-
TOBKW, €C/IN HE CO34aH NPUXMMAMM CTaHKa HeobxoaMmblit noanop, obpasyeT-

ca oTwen.

TonwuHa cpesaemoro cnof B LLEHTPAbHOM 30He Bceraa nmeet 6onblioe
4yncneHHoe 3Ha4vyeHue. MNosToMmy HecmoTpa Ha 6osee 6raronpuATHbIE YCNOBUA
nepepe3aHuna BOJIOKOH APEBECUHbI NEepes PeXyLLeN KPOMKOM, 0CODEHHO 3aTy-
NAeHHOM, Bcerga obpasyeTca oneperkatowan TpewmHa, n ppesepoBaHHana no-
BEPXHOCTb nony4yaetcs 6onee wepoxoBaton, yem B nepudepuninHon 3oHe. O6-

pa3oBaHMe onepexalwmnx TpewnH NOHNXKaeT CU/1bl pe3aHnA.

Ocob6eHHOCTU CTpY*KKOO6pa3oBaHuA npu nonyTHOM ¢pesepoBaHUM.
Mpu nonyTHom ¢pe3epoBaHMM HanpasieHWe BpaLLleHnA Gpesbl B 30He pe3aHua
coBNajaeT C HanpaBieHMeM nofayu. B gaHHOM cnyyae Henb3A BblAeNUTb Ka-
Kne-To 30Hbl. Mpu nonyTHOM ¢pe3epoBaHUMN Yron pe3aHus O ne3Bus BCeraa
MeHbLUe yrna BCTpeyn ¢ BONOKHAMK @, (puc. 55). Bo Bcex TouKax TpaeKkTopum

pe3aHuA s > 90°. Ha ayre KOHTaKTa MPOUCXO4MUT pe3aHue No CJIoko.

, TonwmHa cpesaemoro cnosa npu no-
‘ nyTHOom d¢pes3epoBaHUN UIMEHAETCA OT

MaKCMMa/ZIbHOTro 3Ha4eHUA Npum BXo4e Nne3-

BMA B APEBECUHY A0 HYNA Npu Bbixoae. Cn-
Nbl PE3aHUA TOXKE U3MEHSAITCA OT MaKCu-

Ma/IbHOrO 3HayeHWs Npu BXode B cpesae-

MblIA CIOM A0 HyAs Npu Bbixoae. Mpu Bxoae

Ne3BMA B PEBECUHY NPOUCXOANT yaap, UYTo

Puc. 55. MonyTHoe ¢ppe3epoBaHme 97



BbI3blBaeT BUOPALIMIO 3arOTOBKU U BblKpalUMBAHUE peXXyL,en KpoMKuK. Habto-
AEHWS NOKa3bIBalOT, YTO NpM NOMNYTHOM Ppe3epoBaHUN peXKyLLaa KPOMKa nes-
BMA 3aTynndeTca bbicTpee, YeM npu BCTpedyHom dpesepoBaHuUn, B 3 — 6 pa3
[23].

OcHOBHYl paboTy npu BCTpeYHOM Pppe3epoBaHMMN BbINOAHAET rNaBHan
pexyuwana Kpomka. OHa nepepesaeT BONOKHA. Oneperkatowme TpewmHbl B AaH-
HOM Cny4Yae He 0bpa3ytoTca. B cBA3M C 3TUM CU/bI pe3aHuAa Npu nonyTHom ¢pe-
3epoBaHMK Bcerga bonblue, Yem nNpu BCTpeyHom PppesepoBaHun B 1,5-2 pasa
[24, 37]. OTcyTCcTBME OnepexKatowmx TpewmnH No3BoaaeT Noay4mTb bonee rnag-
KMe NOBEePXHOCTU, OAHAKO AN1A 3TOro HeobxoaAnmo cobatoaaTb YyCAoBUE, YTODbI
nogaya Ha 3y6 6bina He 6Gonee 0,15...0,25 mm, a paguyc 3akpyraeHua

peXyLLen Kpomkm bbin 661 He 6onee 10...15 MKMm.

Yaapbl N1e3Buii B MOMEHT Bpe3aHuaA nNpu nonyTHOM ¢ppesepoBaHUM CO3-
[AA0T yCA0BMA ANA caMonogayu 3aroTOBKW, B pesy/bTaTe yero dakTuyeckan

noga4ya Ha 3y6 MOXKeT bbITb 6onbLue pacquHoﬁ. JT0ro AOMYyCKaTb HEJIb3A.

Takum obpasom, npu nonytHom ¢ppe3epoBaHMM B CBA3U C OTCYTCTBUMEM
oneperarWmx TPelnH pacxoayeTcs sHeprum 6onblue, HO MOXHO MONYYUTb

NOBEPXHOCTU C MeHbLUeMn LLEPOXOBATOCTbIO.

2.4. lLlepoxoBaTocTb 06paboTaHHO NOBEPXHOCTH

Mpu uuanHapUYeckom ¢pesepoBaHMM OCHOBHbIM BUAOM HEpPOBHOCTEM, 0bpasylowmxca Ha
06paboTaHHON NOBEPXHOCTU, ABAAETCA KMHEMATMYECKan BONHUCTOCTb. Ipebelukn BonH obpasytoTca
Npuv NepeceyeHmn AByX OKPYKHOCTEN pe3aHns, OTCTOALLMX APYT OT Apyra Ha paccTosHuK S, (puc. 56).
BbicoTa rpebelukoB, MKM, Haxo4uTcs Nno popmye

Rimax = Y =100012 /(4D), (81)

raoe | — pnavHa BonHbI (paccToAaHMe mexay rpebelukamm), Mm.

D — gMameTp OKPYKHOCTU, OMMCHIBAEMON PeXYLLEA KPOMKOMN Ne3BUA, MM.
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Puc. 56. dopmmpoBaHme pesepoBaHHOM
NoBEPXHOCTU:

a—R=const;6—R,-R,>y;

86—R:-R<y

®pesepHbli pexyLLUA MHCTPYMEHT MMmeeT obbluHO OT 2 Ao 8 ne3suit. Ecam Bce pexyume
KPOMKW /1ie3BMIA BbICTAB/IEHbI C OAMHAKOBLIMW PagMycamm, TO Ha 06paboTaHHOM NOBEPXHOCTU MpuU
NMOCTOAHHOM nogaye Ha 3yb S, 0bpasytoTca BO/IHbI OAMHAKOBOM A/IMHbI U TNybuHbI (puc. 56, a). Mpak-
TMYECKM TaKas KapTuMHa Habnopaetca npu pabote oaHo3yboi ¢pesbl. LLepoxoBaTtocTb ob6paboTaH-
HOM NOBEPXHOCTU B AAaHHOM C/lyyae ByaeT 3aBUCETb UCK/OUYNUTENIBHO TOIbKO OT BEIMYMHbBI MOLAYM HA
3y6 S, [38]. OgHaKko NoAroToBUTb MHOro3ybyto ¢pesy C OAUMHAKOBbIMM paauycamu BpaLLeHuA
PEXYLUMX KPOMOK /1Ie3BUI OYeHb TPyAHO. M3-3a HETOUYHOCTU MOArOTOBKM PEXKYLLEro MHCTPYMEHTA
06bI4HO Kaxgoe sie3Bre BPaLLAeTCa Mo OKPYXKHOCTU CBOEro paguyca.

Echn paguycbl BpalweHus nessuin, Hanpumep ABysybon ¢pesbl, pasHble (puc. 56, 6), u
pa3sHoCTb pagnycoB 7=R;— R, >y  (y — rnybuHa Bo/HbI Npu paboTe 04HUM Ne3BUEM C PALUYCOM
BpaLeHua R;), To ne3Bne ¢ paguycom BpalleHua R, He ocTaBAaAeT cnefa Ha obpaboTaHHOW nosepx-
HOCTW, XOTA M Cpe3aeT C/NoM ApeBecuHbl. B gaHHOM ciyvae Ha 06paboTaHHOM NOBEPXHOCTU 0bpasy-
€TCcA BOJIHA rybuHOM Yy, OT NpPoXoaa NepBoro sie3Bus, YCTAHOBIEHHOTO C MaKCMMa/IbHbIM Paanycom
BpalLeHuMn, Kak npu paboTte ogHo3y60l dpesbl. [AanHa BoAHbI [ = 2 S,. ITO HauxyaLwmii cnyyaii pabo-
Tbl Gppe3epHOro UHCTPYMEHTA, HACTYNatoLLMA B MOMEHT, KOr4a HETOYHOCTb YCTaHOBKM N1€3BUI

1P (25,)?
8R 8R

[NNHA BOJIHbI CBA3aHA C HETOYHOCTbIO YCTaHOBKM N1€3BUIA BblparKeEHUEM:

| =+8R~. (82)

C yBenmyeHmem HeTOHYHOCTUN YCTAaHOBKM ne3sui ANNHa BOJIHbI yBEZIMYUNBAETCA.

Ecnm pasHocTb paguycos (puc. 56, 8) 7= R; — R, <y, TO ne3Bue ¢ paguycom BpalieHus R, oc-
TaBNsieT Ha 06paboTaHHOM NOBEPXHOCTN KOPOTKYHO BOAHY |, rnybuHom y,. U3 puc. 56, 8 nmeem [38]:
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MpuHAaB Ry = R, = R, noayunm:

1P 1 11 (=) +1p) 2S,
r=-l -2 = = =(-1,) =2,
8R, 8R, B8R 8R 8R
OTKYyAa
l, -1, =4Rz/S,.

3anuvwem cuctemy AByX ypaBHEHUM’:

l, -1, =4R7/S,; (84)
l, +1, =2S,.

Peluas aTn ypaBHEHUSA, NOSTYUMM:

l, =S, +2Rz/S,; (85)
I, =S, -2Rz/S,.

YunTbiBan, 4To NPU pe3aHnmn HeusbexkHbl BUBpaLMM U pexkylme KPOMKWU Ne3Buin ¢pesbl
MMEIOT pasHble PaanyCbl BPALLEHWUA, NPUHMMALOT, YTO BOJIHY 06pasyeT ogHO Se3Bue:

/, =Sy =1000Vs /n, (86)

roe S,—nogava 3a o4AnH 060pOoT Ppesbl, MMm;
V, — CKOpoCTb Noaayun, m/MuH;
N —y4acToTa BpaLLeHus Gppesbl, MUH .

MpegenbHo JONYCTUMbIE 3HAYEHUS ANWHbI BOAH NMPU NPOAOCJIbHOM UMANMHAPUYECKOM dpe-
3epoBaHWM NpuBeaeHbI B Taba. 7.

Tabnumua 7

MpeaenbHo AonycTMmas AAMHA BOSIH Ha 06paboTaHHOM
NOBEPXHOCTM NPU NPOAOSBHOM LIUANHAPUYECKOM ppe3epoBaHnn

BbicoTa /1IVHbI BOJIH /8, MM, NPWU AMAMETPE OKPYKHOCTU pe3aHusa D, Mm
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HepoBHOCTEN 60 80 100 120 140 160 180 200
Rm maxs MKM

12,5 2,0 2,4 2,7 2,9 3,2 3,4 3,6 3,8
25 2,8 3,3 3,7 4,0 4,3 4,7 4,9 5,2
50 4,0 4,7 5,2 5,6 6,2 6,6 7,0 7,4
100 5,2 6,0 6,7 7,3 7,9 8,5 9,0 9,5
200 7,2 8,5 9,5 10,3 11,0 12,0 12,6 13,6

BAusHue TOYHOCTU KpenaeHUA HacagHoi ¢pesbl Ha KauecTBo 06pabort-
KK. HYacTo HacagHyto ¢pes3y KpenaT Ha WNUHAeNe CTaHKa C MOMOLLbIO BTY/I0K U
raiiku. Mpu sTom ¢pesy ycTaHaBAMBAKOT Ha WNUHAeNe ¢ nocagko H7/h6. Ita
nocagka obpasoBaHa NONAMM AOMYCKOB OCHOBHOrO Basa U OCHOBHOIO OTBEp-
ctmAa. lNone gonycka nocago4vyHoro oteepctua anametpom 32...50 mm € OCHOB-
HbIM OTKNOHeHuem H no KeBanuTtety 7 paBHO 25 mKm. [lone gonycka Bana Toro
e AnameTpa C OCHOBHbIM OTKNOHEeHMeM h6 paBHO 16 MKm. Hanbonblmnii 3a-
30p B NOCagKe paBeH Cymme [0MYyCKOB Bana U 0TBEPCTUA, T.e. 41 MKMm.

an YCTaHOBKe Ha WnNMUHAEeNb CTaHKa (bpesa 9KCUEHTPUYHO CMEeCTUTCA OTHOCUTE/IbHO OCU Ba-
na.

Ecan pexyuwimne Kpomkm ¢ppesbl pacnosioKeHbl Ha OAHON OKPYXKHOCTU, TO
dopmMmupoBaHME NOBEPXHOCTM Npu ppe3epoBaHUM ByaeT NPOUCXOANTb NO Cxe-
Me, NOKa3aHHOM Ha puc. 57.

Ha obpaboTaHHOM noBepxHOCTM Npu ¢pe3epoBaHUM 06pasytoTca BOHbI. HecmoTps Ha To,
yTo paboTatoT Bce 3ybbs, Ha 06paboTaHHOM NOBEPXHOCTM NOIyYaeTcs 04HA BOIHA AAUHOW [; 1 06-
wen rnybuHom y.

Taknm obpasom, NpyM MexaHMYeCKoM KpenaeHnn ¢pesbl Ha Baay CTaHKa
C MOMOLLbIO BTYNIOK U FAMKM AJIMHA KMHEMATUYEeCKMX BOJIH paBHa nojaye 3a
0AMH 060opoT Ppe3bl. OcCHOBHYIO paboTy No popMUPOBAHMIO NOBEPXHOCTU Bbl-

NnonHAeT Hanbonee BbICTyNatoLLee Ne3BME.
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Ana Toro 4rtobbl Bce
Nne3BuA NPUHUMANU OAMHA-
KoBoe y4actne B popmupo-

- BaHMK obpabaTbiBaemon no-
0,041mm

BEPXHOCTU, MX nNpudyrosbl-
BAlOT 3aTOYHbIM KaMHEM Ha

v paboTatowem ctaHke. B pe-

3y/sibTaTe NPUQOYroBKU pey-

\ 4

WMe KPOMKM Bcex 3ybbes

PuC. 57. Cxema GOpMUpOBaHNS OKa3bIBalOTC  PACNO/IOXKEH-
HbIMW Ha OA4HOWN OKPYMKHOCTU
NoBepPXHOCTU Npu dpe3epoBaHnm

pe3aHua. Kaxkpgoe nessue
npun  ¢pesepoBaHUn GopmMmmnpyeT OAMHAKOBbIE KWHEMATUYECKME BONHbI AN-
HOW, paBHOM Nogaye Ha 3y6b:
1000V,

6 ’

n

(87)

rae z —4yncno 3ybbes ¢pesbl.
Mpw TakoM NoaroToBKe 1e3BUIM KayecTBO 06paboTaHHOM NOBEPXHOCTM YAyyLLaeTcs.

Mocne NpudyroBKM Ha 3agHUX rpaHAaX ne3suin obpasyrotca dacku. WnpuHa dackm aonxKHa
6bITb He bonee 0,15...0,20 mm. Mo gaHHbIM PupMmbl "Muxamn BanHur" (FfepmaHusa), wuprHa dackm
moxet gocturatb 0,5...0,7 mm.

[nA NoBblWEHMA TOYHOCTM YCTAHOBKM MHCTPYMEHTA Ha Baay cTaHKa ¢upma "Mwuxaun Bait-
HU" BbINyCKaeT Gppesbl C TMAPABANYECKMM KPenieHnem.

Ecau npu mexaHn4yeCKkom KpenaeHuu d)pe3bl MaKCUMabHbI 3a30p Ba/sia B Nn0OCag04YHOM OT-
BepcTMKn goctmraeT 41 MKm, TO NpU rMApaBANYECKOM KpenaeHUn —5 MKMm.

Takum 06pa3om, A/1A YMEHbLUEHUA WeEepPOXoBaTOCTU 06paboTaHHbIX MOBEPXHOCTEN /e3BuA
¢dpes nocne ycTaHOBKM Ha CTAaHOK cieayeT NpudyroebiBaTb UAM NPUMEHATb Gpesbl C rmapasanye-
CKMM KpernjieHMem Ha Bany.
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2.5. Cunbl pe3aHna U MOLHOCTb NPU LUANHAOPWU-

yeckom PppesepoBaHUMU

dpesepoBaHMe — CIOXKHbIN NpoLecc pesanusa. Mpu ABUMKEHUN Ne3BUA NO TPAEKTOPUMU pesa-
HMA U3MEHAIOTCA MHOTME ero napameTpbl: Yron B3aMMOAENCTBMA Ne3BMA C 3arOTOBKOM M yron nepe-
pe3aHus BOJIOKOH @, YBE/IMYMBAIOTCA OT HYAA A0 @, TOJILMHA CPE3AEMOro C/N0A PACTeT OT Hy/aa 40
MaKCMMaNbHOTO 3HAYEHUA Ha BbIXOAE /1e3BUA U3 3arOTOBKM, a YAe/bHanA cuna pesaHua ybbisaeT oT
MaKCMMaNAbHOMO A0 MUHUMAAbHOTO 3HAYEHMS.

3HaueHue GUKTMBHOM CU/IbI pe3aHua ANA APEeBEeCUHbI COCHbI p, H/MM, MOXeT 6biTb HallaeHO
U3 CNeayoLmX BblpaskeHNi:

npu NPoAoAbHO-TOPLOBOM pe3aHun p,, =1,57 + 0,0353 ¢,;
npw nonepeyHom pesaHmn p.=0,98.

KacaTtenbHoe AaBfieHMe cpe3aemoro c/10a Ha nepeaHiolo rpaHb 3yba npu ¢pesepoBaHUU
ApeBecuHbl cocHbl k, MMa:

npun npoao/ibHO-TOPUOBOM pe3aHNN

k = (0,196 + 0,0039¢, )5 + (0,069 + 0,0014¢, )V '—(5,4 + 0,158, );

npv nonepevyHom pesaHum
k =0,0296 + CV'-5,9,

rae @, —Yron nepepesaHns BOJIOKOH APEBECUHbI, Fpaj, HEMPEepPbIBHO MEHAOLLMIACA Ha ayre

KOHTaKTa;
F. H FxME
x> O— yron pesaHus, rpag;
/Fx3y5 C — KoadpoumumeHt, C = 0,059 npn 6<55°u C = 0,069
= npu 0> 55°%;
V' — ckopocTb pe3aHusa, M/c, MpuyYem ecin CKopocCTb
rnasHoro asu»kenua V<50 m/c, o V'= 90 - V.
Iar] !
' 7 YaenbHas cuna pesaHuna npu ¢ppeseposaHnm
K
F, = (k+22P
Puc. 58. Vsmenenue =K+ T)anaw.
CHILI pE3aHMi Ha OVIC
KOHTAaKTa

CpeAHAA cuna pe3aHuA HA Ayre KOHTaKTa. Mpu ABUNKEHUU
nessua ¢pesbl NO Ayre KOHTaKTa MPOUCXOAMT HenpepbiBHOE U3me-
HeHWe yrna noBopoTa ¢ ¢pesbl, Yrna BCTPEYU C BOJIOKHAMU LPEBECUHbI (%5, TOLMUHBI CPE3aEMOTrO
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CNosA a W yAENbHON CUAbl pe3aHua Fyy. [InA onpeaeneHuns cpefHei cubl Pe3aHns Ha Ayre KOHTaKTa
LEeNatoT pAg, AONYLLEHWI: CYNTALOT, YTO 3Ta CUAA NPUNOXKEHA Ha CepelmHe AyrM KOHTaKTa Npu ¢ =@,
= @ /2, v yAeNbHan cuia pe3aHus Npu STOM He M3MeHAETCA, UMeeT NOCTOAHHOE 3Ha4YeHne, HalaeH-
Hoe gna @= @ /2.

Ha pwuc. 58 nokasaHo U3MeHeHWe MFHOBEHHOM KacaTe/IbHOM CU/bl pe3aHus F, Ha o/inHe ayru
KOHTakKTa /,. Bblgenmum Ha pacctoaHuMm | OT Hayasia Bpe3aHua pexxylleil KPOMKMN B Cpe3aemblil Cloi
3NeMeHTapHbIN y4acToK dl. Ha aTom yyacTke AeiCcTBYeT MrHOBEHHAA cuna Fyy,,

Foo = Fﬂabz FyﬂbSZsin¢=b(app+kSZsingo). (88)
dnemeHTapHasa pabota cuabl F,,. Ha gyre dl paBHa

dA = Fy. dl = b(o,p dl + kS,singdl); (89)

Bbipasum anvHy ayru dl yepes yron nosopoTa ¢pesbl @, paa.

di=R do

W, NOACTaBMB 3TO BblpaxeHue B (89), nonyunum

dA = Rb(a,p do + kS,singpd ¢). (90)

Pk Pk
A=Rb( [ a,pdp+ [KS,singdp)=bla,pe, +kS,(L-cosp,)]. (1)
0 0

CpeaHAa cuna pesaHWsA Ha Ayre KOHTaKTa Fy ;6 €CTb pacyeTHOe MOCTOAHHO AeicTBylollee
yCcuaMe Ha iyre KOHTaKTa.

A 1-cosgp,
Fx 396 R— = b(O(pp + kSZ —(0) . (92)
t
MpUHMMan BO BHUMaHMe, yTo 1 — cosg, = 2t/D, a D = 2\/5, noay4Ynm
t
Fx 396 — Fyzzacpb = b(Olpp + I(Sz B) (93)

YpaBHeHue (93) 4na cpeaHen CUbl pe3aHnA Ha Ayre KOHTaKTa Moay4yeHo npu AOMNYLWEHMUM,
YTO yAe/bHaA CMNa pe3aHuA Ha Ayre KOHTaKTa He U3MEHAETCA U MMEeT NOCTOAHHOE 3HaYeHue, CooT-
BETCTBYIOLLLEe Yr/ly NOBOPOTA N1€3BUA @ = @ /2. TOCKONbKY BesMUMHa F 9 YMEHbLIAETCA C YBENUYEHU-
€M TOJILLMHbI CPE3aEMOr0 C/I0Sl M BXOAALLME B HEE 3HAYEHMA P U k 3aBUCAT OT yr/1a BCTPEYM C BOJIOK-
Hamu ApeBecuHbl (@,=¢) , TO BCeraa cyLecTsyeT COMHEHUE AOCTOBEPHOCTM NOYYEeHHON GOPMYb.

MN3BecTHO, 4TO PUKTUBHAA cuna pesaHuna p = 1,565+0,0353 ¢,. B 3Ty dopmyny 3HauyeHue yrna

BCTpe4Yn noacrtaBnAaeTCa B rpagycax. Bblpa3VIB 3TOT Yyron B paguaHax, nojay4ymm
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p =1,565+57,32 - 0,0353¢. (94)

KacaTenbHoe faBiieHMe Cpe3aemoro C/10 Ha MepeaHIol rpaHb /Ie3BUs onpeaenseTca no
dopmyne, Noay4yeHHoM nocne Npeobpa3oBaHNUA U3BECTHOTO BbIPaXKeHUA

k=(0,19606+0,069V; -5,4)+57,32(0,00396+0,00147V,—0,158) .  (95)

MoacTasuB Bbipaxerus (94), (95) 8 dopmyay (90) AnA 3neMeHTapHOM PaBoTbl, NOAYYMM
dA = Rb[L,565a ,d¢ +0,0353-57,32cx ,od g +

+$,(0,1966 + 0,069V, —5,4)sin gd e +

+57,32S,(0,00395 +0,00147V; — 0,158)¢sin ¢d].

Mocne HTErpUPOBaHUA MOAYYNM

2
A= RO[L565a,¢ |6 +2.023ar, 7| +

+5,(0,1966 + 0,069V, —5,4)(—cosp) [§¥ +
+57,325,(0,00395 +0,00147V, — 0,158)(—pcos ¢ +5in ) [£< ].

Moaenvs 3HayeHme paboTbl Ha AANHY Ayrv KoHTakTa (I, = Rg,), nonyuum cneaytouiee Bbipa-
eHWe Ana cpegHen CUnbl pe3aHna Ha ayre KOHTaKTa:

1
Fe 6 =—Db[L565a 0, +1,0117cx p(p,ﬁ n

+5,(0,1966 +0,069V; —5,4)(1—cosgp, )+ (96)
+57,32S,(0,00396 +0,00147V, —0,158)(sin @, — ¢, cose,)].

Mpumep. JaHo: D=128 mm, Z=2, n =5100 MVIH_l, t=3mm, b=1mm, W=12%, T=120 muH,
Vi =12 M/MWH, p= 6 MKM, NOPOAa — COCHa.

PeweHwne.

|3
=115./— =17,6° = 0,307 .
@y 128 paa

cos @, =0,953, sing, = 0,302;

y _ /DN _ x-128-5100
60000 60000

=34,16 wm/c;

1000V 1000-12

S =
? Zn 2.5100

=1176 mm;
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A, = y,~/tDNT /1000 = 0,0008+/3-128 - 5100 -120/1000 = 9,594 mw;

0,2A )
N P14 0,2-9,594
£o

a, =1

=1,32.

dDUKTUBHAA cMna pe3aHnA Ha cepegnHe Ayrn KOHTaKTa
p =1,565+0,0353-17,6/2 = 1,875 H/mm.
KacaTenbHoe gaBneHve Ha NepefiHio rpaHb B cepeauHe AyrM KOHTaKTa
no (95):
k = (0,196-60 +0,069(90 - 34,16) —5,4) + 57,32(0,0039-60 +

+0,00147(90 - 34,16) — 0,158)0,307/2 = 11,6 Ma.

CpepnHAa cuna pe3aHuna Ha Aayre KOHTaKTa:

no obwenpuHaTon popmyne

Fe o6 = b(app + kSZ\/%) =1(1,32-1,875+11,6-1176, I%) =456 H;

no npeagnaraemon popmyne

1
F, 46 =—b[1565¢ 0, +10117a ,p; +

K

+5,(0,1965 +0,069V; —5,4)(L—cos, ) +
+57,32S,(0,00395 +0,00147V; —0,158)(sin ¢, — ¢, COS ¢, )] =
~_ 1 n565132.0,307+1,0117-1,32.0,3072 +

0,307
+1,176(0,196 - 60 + 0,069(90 — 34,16) — 5,4)(1— 0,953) +
+57,32-1,176(0,0039 - 60 + 0,00147(90 — 34,16) —
—0,158)(0,302 — 0,307 - 0,953)] = 4,65H.

MorpewHoCcTb pe3ynbTaToB, NO/YyYEHHbIX MO pa3HbIM GpopMyaam, COCTaB-
naet 0,09 H unn 1,9%, uto 06bACHAETCA NOTPELIHOCTAMM BbIYUC/IEHUN.

Takum 06pa3om, MeToz pacyeTa CpefHel CUbl pe3aHus Ha gyre KoOHTaKTa no obuwenpuHa-
TOoM dopmyne AaeT TOUHbIN pe3ynbTar.

106



OKpy)KHaa cuna pesaHma. [1a pacyeta MOLLHOCTU HEOBXOAMMO 3HATb OKPYXKHYI CUAy pe-

3aHuA F,,, NOCTOAHHO AEMCTBYIOWYIO B TeyeHMe obopoTa ¢pesbl. OHa HaxoguMTca U3 paBeHCTBa pa-
6oT:

Fx3y6 [ = FyorD. (97)

MoMHOXMB 06e YacTn paBeHcTBa Ha 60000n , nonyynm

98
X0 sov o8

Ha puc 59 B KayecTBe npumepa npueegeH rpaduk cun pesaHua asysyboi ppeson. Ha Hem
MOKa3aHO M3MEHEHMEe MIHOBEHHbIX U CPeAHUX CUN pPe3aHMA Ha Ayre KOHTAKTa, @ TaKKe OKPYKHOW
CWAbl 338 0ANH 060pOoT dpesbl.

MowHocTb ppe3epoBaHus, KBT,

F.H 4Fx Fy max b _ FroV _ Fyabtvs.
1000 60000
Fx3y6 Ons onpeaeneHus cpegHen cunbl pesa-

HMA Ha Ayre KOHTaKTa npu dpesepoBaHnn apese-
/ / Fxo CUHBI Pa3HbIX MOPOA, W BAAMKHOCTU MOMKHO BOC-
nosnb3oBatbca popmynon (93), noacTaBmB B Hee

\ 4

3HaYeHMA NonpaBoYHbIX KO3POULMEHTOB Ha no-

I I

< < |, M  pPOAY U BNAXKHOCTb:
dl w »l
D " npu a>0,1 mm
Puc. 59. KacarenpHBIE CHIIBI
pe3anus npu ppezepoBaHUM Fx3y6 = (ap P+ ka cp)ba aAw;

(99)
npu a<0,1 Mm
Frave =@, —08)p+(Bp +K)agpylbaay,.
OKpy>HaA cuna pesaHus

npna=0,1 mm

_ (app+kagp)bliapay,

F
X0 t3

(100)

npu a < 0,1 mm
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_ [(a), —08)p+@p+K)agplblrazay,

X0
t3

OKpy»KHas paguanbHas cuna pesaHun

npna=0,1mm

_ [05¢5(,, - 0,8) p—k(ag, —O)tg(90° - 5 - p) ok aya,,

F
0 t3

(101)

npu a < 0,1 mm

_ O,5a/2, (o, —08)pbka,a,

Z0

t3
Mpw peweHnn obpaTHbIX 33434 U3 BbipaxKeHui (99) HaxoAAT cpeaHIo TONLWMHY Cpe3aemoro
cnos a,, MMm:
Fx3y6
a,ayb “pP
a,=—"2W , (102)
k
ecnm a. < 0,1 mm, To AenatoT nepepacyeT no popmyne
F
X390
— —(a, -08)p
a.awb
n“w
ap= (103)
8p+ k

Cuna conpoTMBAEHUA MoAaye U HOPMaJibHAA K Hel. Cuna conpoTuBaeHUa nogade S; u
HOpPMa/ibHas K Hel S, HeoBXoAMMbI NPU pacyeTe TATOBOTO YCUAUSA U MOLLHOCTU NPUBOAA MEXaHU3MA
nogauu cTaHka. Mpu pacuete cnn S; U S, OKpPYKHble cunbl F, U F,, NPUKNAABIBAIOT Ha cepeauHe ayru
KOHTaKTa (puc. 60). Mpn aToM cunTaloT, Yto cuna F,, co 3Hakom "natoc" HanpasneHa no paaunycy ¢pe-
3bl OT LUEHTPA, @ CO 3HAaKOM "MUHYC" — no pagmycy K LeHTpy BpauieHua ¢pesbl. Cunbl S; 1 S, npea-
CTaBAAOT cObOM CyMMbl MPOEKLMIA OKPYHKHbIX CUA pe3aHua Ha ocn X 1 Y. Ocb X npoxogut napan-
Nle/IbHO BEKTOPY CKOPOCTU ABUMKEHUA Nogadn. Cunbl S; 1 S, MoryT B6biTb onpeaeneHbl No cieayoWwmm
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dopmynam:

ANA BCTpeyHoro ¢ppesepoBaHus

S;=F,cosu+F,,sinu,
S, =F,,c0s 1 —F,,sin u; (104)
AnA nonyTHoro ¢pesepoBaHus
Sy =—F,,cosu+F,sinu,
S, =F,,cosu+F,,sinu, (105)
roe — 4yron nogayu.

Mpy NpoBeAeHUM 3KCNEePUMEHTOB 06bIYHO AEeNaloT NPAMOe M3MepeHue cun S u S,. 3aTem,
pelwasa cuctembl ypasHeHunin (104) nam (105), nony4atoT KacaTesibHble W paauasnbHble cubl o ¢op-
MyS1am

S
Fy =%( 1 F.tgu),
CoS 1
82 + Sltg/,l

F - ’
COS u +Sin ptgu

z (106)

rae cMMBOA nepepq ckobkoit "natoc" — ans BcTpeyHoro gppesepoBaHma U "muHyc" — ans no-
nyTHoro ¢ppesepoBaHus.

Ha puc. 61 npmBegeHbl ocumanorpammbl 3anmMcuM MrHOBEHHbIX CUA pe3aHua S; u S, Ha ayre
KOHTaKTa A41a BCTPEYHOro 1 nonyTHoro ppesepoBaHus [37]. 3anuck cun caenaHa npu nogaye Ha 3y6

51/ SZI 51, 52,
H/mm a H/mm 6
4 /\ 4

VA I\
: \ AR
L) s |\

0,5 15 t10% 0,5 1,5 t10°c

Puc. 61. MrHoBeHHble cu/bl pe3aHuKA Ha Ayre KOHTakTa npu ppesepoBsa-
HWUU: g — BCTPEYHOM; 6 — NOMNYyTHOM
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S, =0,2 mm, rybuHe ¢ppeseposBaHna t =5 MM, CKOPOCTM rnaBHOro AsuxeHua V = 20 m/c, npu octpom

ne3snn n BNaXXKHOCTU ApeBECUHDBI COCHbI 12%. U3 PUCYHKa chenyeT, YTO MaKCMMaJ/ibHOE 3Ha4YeHUe Si=

3,3 H/mm npwu BcTpeuyHom dppesepoBaHumn U S;= 4,2 H/mm npu nonytHom dpesepoBaHni.

Ecnn 3HauyeHuMa yKasaHHbIX CM NOoACTaBUTb B ypaBHeHuA (106), To nony-

YUM, YHTO MAKCMMAJIbHblE KaCaTe/ibHble CWJ1Ibl PE3aHUA 6Y,CI,YT 6onblie npun no-

nyTHOM ¢ppesepoBaHMM. ITO NOATBEPKAAET BbIBOA O TOM, YTO B BMAY ocoboro

P, BT

2L

0,3

3,2 6,4 t, Mm

Puc. 62. 3aBUCMMOCTb MOLLIHOCTU OT
rnyoéuHbl ppesepoBaHMA NpM nogaye:

1 — BCTpeyHon; 2 — nonyTHoOM

- 8,9%.

XapaKTepa CTpyX¥XKoobpasoBaHWA npu no-
nyTHOM ¢pe3epoBaHum, Korga onepe-
Kalolwme TpeWmHbl nepes peXxyLLen Kpom-
KOM He ob6pasyloTca, CUAbl pe3aHns MMetoT
6onbllee 3HayeHUe. o 3Tol e npuynHe mn
MOLLHOCTb NONyTHOro ¢pesepoBaHus byaet
b6onbLe MOLWHOCTKN BCTPEYHOTO.

lpaduK cpaBHUTENbHOrO NOTPEBAEHUA MOLLHO-
CTVW NpW BCTPEYHOM M NonyTHom ¢pe3epoBaHUM NpusBe-
OEeH Ha puc. 62 [22]. MpadurK NoayyeH npu cnesyroLmx
pexnmax ¢pesepoBaHua: nogaya Ha 3y6 S, = 2,15 mm,
cKopocTb nogaun V, = 62 m/muH, anameTp ¢pesbl D =

230 mm, YacToTa BpaleHua ¢pesbl n = 3600 muH ", unc-
N0 HOXKel Z = 8, NopoJa — COCHA OPEeroHCKanA, BAAaXKHOCTb

2.6. NMpoussoautTenbHOCTb Ppe3epHbIX CTAaHKOB

Mpoun3BoguTeNbHOCTL $pesepHoro

CTaHKa onpeaenAaeTr KoanM4yectso ﬂpOVI3B€,£I,€HHOﬁ npo-

AYKUMW B eAMHMLY BPEMEHU (B MUHYTY, Yac, paboyyto CMeHy, rog 1 T.4.).

PasnunyatoT NpoM3BOAMTENbHOCTb TEXHOIOTMYECKYIO, LIMKIOBYIO U haKTuyeckyto [39].

TexHONnOrnMyeckasa NpPousBoAUTENIbHOCTb — 3TO NPOU3BOAUTE/IbHOCTb Mp,eaanoﬁ MallWnHblI,

KOTOpaA pa60TaeT 6e3 X0NnoCTbIx Xo408 n KaKux-nnbo noTepb BpemMeHMu. OHa onpegenaeTca ewe Ha

CTaAnn NPOEKTMPOBaHMA No popmye

QT= 1/tp.x ,

(107)

rae tpx — NPOoAoMXKMUTENbHOCTL paboyero xoaa npu obpaboTke ogHOM AeTanw, C.
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LlMKnoBas NponsBoaUTENbHOCTb ONPeaefeTca No BpemeHu uuKna o6paboTkn ogHon aeTa-

nn:
Q= 1/t =1/(tox + tex), (108)
rae t,— NpPoAo/XKUTENbHOCTL LMKNa 06paboTkM ogHOM AeTanw, c;

tyx — MPOAOMKUTENBHOCTb paboyero xoaa npu o6paboTke ogHOM AeTanu, C.

1 —
' 1 + QTtX.X

roe K, — KoaddUUMEHT NPOM3BOAUTENBHOCTM CTaHKa (KO3hOULUMEHT MCNONb30BaHMA Ma-

Qu :Q QTKH' (109)

LUMHHOIO BPEMEHM), KOTOPbIM XapaKTepn3yeT KOHCTPYKTMBHOE COBEPLLEHCTBO paboyeli MaluHbI.

TexHoMOrMyeckaa M UMKA0BaA MPOU3BOAUTENbHOCTM XapaKTepusyloT pabouyio MallmHy C
TOYKM 3PEHUS NPOTPECCUBHOCTH TEXHO/IOTMYECKOTO MPOLLECCa M KOHCTPYKTUBHOIO COBEPLLIEHCTBA.

daKTnyecKasn npon3soauTesIbHOCTb onpeaenAeTca C ydeTom notepb BpemeHu npu sKkcnaya-
Tauun pa6oqeﬁ MalWKnHbl Ha 3aMeHY peXyLlero MHCTPYMEHTAa, Ha YCTPpaHEHUNE OTKA30B, KOraa maliun-

Ha NPOCTanBaeT U He BblAaeT NPOAYKUUIO.

daKTnyeckan npon3soaunTesIbHOCTb onpeaenAaeTca no d)opmyne

1
Qp =Qy ot~ Q.K,. (110)
+Qt,
roe K, — KoaddUUMEHT UCNoNb30BaHMA CTaHKa (KoadduumeHT mcnonb3oBaHus paboyero
BpemeHu);
t, — Bpems notepb (HepaboToCNOCOBHOro COCTOAHUA CTaHKa) B LMKAe 06paboTKM oaHOM
aetanu, c.

YcpeAHeHHble 3HaYeHUs KO3PULMEHTOB NMPON3BOAUTENILHOCTU CTaHKa K, U MCMO/Ib30BaHMA
CTaHKa K, AN HEKOTOPbIX TMMOB 060pyA0BaHMA NpUBeLEHbI B Tab. 8.

daKTMYecKan CMeHHasn npon3BoanTeENIbHOCTb CTaHKa, LLIT./CMeHaZ

AnAa NPpoXo4HbIX CTaHKOB

Qcnn = (VSTI KI‘IKM) / (L in); (111)
AnAa UMKNOBbIX U ULMKNIONPOXOOHbIX CTAHKOB
Qcun=TKy I/ tu,; (112)

roe T-— NPOoAO/TKUTENBHOCTb CMEHbI, MUH,
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V, — CKopocTb nogaun, m/MuH;

i — Konn4yecTso oAHOBpPEMEHHO 06pa6aTbIBaEMbIX AETaHEVI;

L — anvHa getanu, m;

i, —4YMCN0 NPOXoA0B ANA NONHOM 06paboTKK aeTane.

Tabnuua 8

3HayeHus KoadpPMLMEHTOB NPON3BOAUTEIBHOCTU CTaHKa K, 1

MCNONb30BaHMA CTaHKa K, anA HEKOTOPbIX TUMOB OGODYAOBBHMH

dyrosanbHble:

C PY4YHOM nogaveit npu ANNHE 3aroTOBKMU, M:

0,5
1,0
2,0
C MexaHW4YecKomn nogayeit

PeiicmycoBble

YeTbIpexcTopoHHMeE NPOAObHO-dpe3epHbIe . .

LLnnopesHeole:
paMHble O4HOCTOPOHHUE U dpe3epHble ¢
ro/10BKOM
paMHble ABYCTOPOHHUE
AWMNYHbIE
LlenHo-aonbexHble
dpesepHble:
C py4HOW nogayelt No NHelKe

npu ¢ppesepoBaHMMN MO KONbLYy
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LWMnopesHom

Kx
0,5..0,7
0,7..0,8
0,8..0,9
0,8..0,9
0,8..0,9
0,8..0,9
0,5..0,6
0,7...0,75
0,5..0,6
0,75...0,8
0,5..0,8
0,25..0,4

0,8 ...
0,8 ...
0,8 ..
0,85 ...
0,8 ..

0,8..

0,9..

0,7 ..

0,9

0,9

0,9...

0,9..

0,93
0,93
0,93
0,9
0,99

0,9

0,95

0,8

0,95

0,93



[nasa 3. Ppe3epoBaHme NUTHOYIIEBOAHBIX

APeBecHbIX NAACTUKOB

3.1. BBepgeHue

JlnrHoyrneBoaHble apeBecHble nnactuku (NIYAM) 6bian nonyyveHbl B
YpanbCKOM NecoTeEXHUYECKOM MHCTUTYTE B 60-X rogax NpoLioro cTonetTma ny-
TEM ropAYero NpPeccoBaHUA JIMCTBEHHUYHOM CTPYXKM 6e3 pobasneHua ceA-
sytowero. Mnactmknm B BUAE NAUT M3rOTOBAANINCE U3 APEBECHbIX YacTuL, C
B/IAXKHOCTbIO 21-23% npu pasneHun 2,5 MMa n temnepatype npeccoBaHuA
170° C.

B Hactoawee Bpemsa npoussoactso JIYAI orpaHMyYeHO, 04HAKO pe3ysbTaTbl UCCAEA0BAHNIM
no ¢pesepoBaHMIO NAACTUKOB, NOSYYEHHbIE aBTOPOM AAHHOMN KHUIW, 3aC/YKMBAOT TOFO, YTOObI NpU-
BecTu ux. CpaBHUTE/IbHbIE NOKa3aTenn pU3NKo-mexaHn4ecknx csorcts JIYAN, ApeBeCcHOCTPYKEUHbIX
nant (ACTM) n maccMBHOM apeBecuHbl NpuBeaeHbl B Tab.9.

Tabnnua 9

CpaBHUTeNbHble NOKa3aTenn GpU3nKo-mexaHUUecKux CBOMCTB
nyan, ACrN v maccMBHOM ApeBecUHbI

Mnot Mpegen npoyHocTn, Mla
HOCTb, r/cm®
MaTtepwu- N3rnb PactaxkeHune
an
// 1 // 1 nnactn
nnactu nnacTu nnacTu
nyan 1,2- 27,2 24,6 0,7 14,5
1,28
Actn 0,61- 16,0- 16,0- 0,12- 9,3-9,8
0,72 24,9 24,9 0,56
CocHa 0,6 87,0 3,4- 3,0 127,8
3,5
Enb 0,46 64,0 2,8- 3,2 145,8
3,5
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Byk 0,67 94,0 3,8- 3,2 134,0
4,7

Jlncteen- 0,61- 96,4 - 2,5 129,1
HUUa 0,7

MoAyYeHHbIN NAACTUK MMEET BbICOKYIO NJIOTHOCTb, 6M3KYI0 K NIOTHOCTU APEBECHOrO Belle-
ctBa (1,56 r/cm’). Mo MeXaHMYeCKMM CBOICTBAM [pPEBECHbIE MIACTUKU NPEBOCXOAAT CTPYMKEUHbIE
NAUTbI, HO MO NPOYHOCTM YCTYNaT MaccuBHOM apesecuHe [40].

NccnepoBaHue npouecca ¢pesepoBaHusa Kpomok JIYAMN npomsBoamnochk Ha obpasuax, xa-
PaKTePUCTMKA KOTOPbIX NPpUBEAEHA HUXKe:

MAoTHOCTL NANT, r/CN\3 e e e e e e e e 1,2
BnaxHoctb, %. . . . . . .. . ... 7,32

Mpeaen NPOYHOCTM MPU CKaTUM NapanienbHO NAOCKOCTU MpPecco-

BaHuAa, MMMa
210
Mpegen npoyHocTn nNpu nsrmbe, MMNa . . . . . . 290
Teepgoctb no AHKY, MMa . . . . . . . . . . 1542

®pesepoBaHMe KPOMKM NPOU3BOAMNOCHE O4HO3YHOMN Ppe3oit ¢ Ne3BMeM, OCHALLEHHbIM TBEP-
AblM cnnaBom mapku BK-15. Ba3oBbili pexknm pesaHua 6bin NPUHAT cneayoumii:

CKOPOCTb raBHOMO ABMXeHUA, m/c . . . . . . . 13,47
rnybuHa ppesepoBaHMa, MM . . . . . . .. L . 4
pagunyc 3aKpyrieHNa pexyLLein KPOMKU, MKM . . . 15
YrONM Pe3aHUA, TPAL, « . v v v v« o e e e . 50
3aOHUMA YION, TPAL + « v« v v v e e e e . 10

B Hauane uccnenoBaHUs 6b10 YCTAHOB/IEHO, YTO B TEOPUM  PE3AHUSA LLMPOKO MCMONb3YeTCs
MEeTOZ, YC/IOBHOTO pacyleHeHMsA NpoLLecca pe3aHns Mo KOHTAKTHbIM 30HaM J1e3BUA: PEXKYLLEN KPOM-
Ke, nepegHei 1 3agHen rpaHaAM.

B 1940 r. A.M. Po3eHbepr [41] BbicKa3an NpeAno/IOKEHME, YTO CUJIbl HA 3a4HEel rPaHn He 3a-
BUCAT OT TOJILLMHbBI CTPYXKKM, @ 3HAYUT M OT CUA, AEUCTBYIOLWMX Ha nepeaHen rpaHu. 3Ta rmnoTesa
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BNOCNeACTBUMN Bblna 3KCnepumMmeHTanbHO nposepeHa H.H. 3opeBbiM npu TodeHumn ctanu [42] u npu-
HATa C.A. BOCKpeceHCKMm Npu ncciegoBaHMmM npouecca pesaHua ApeBecuHsl.

Ha ocHoBaHMW nccnenoBaTenbCKMX PaboT, BbINOMHEHHbIX K cepeanHe NPOoLIoro CToNeTus,
CNOXMOCb MHEHMUE, YTO CWU/bI, AEUACTBYIOLLME HA 33aJHEN rpaHM Ne3BUA, He YYacTBYIOT B npoLliecce
CTPY*KKOOOPA30BaHUA U ABAAIOTCA, Kak oTMedyan H.H. 3opeB, NapasuTMUECKO HarpysKoi Ha pexy-
LN MHCTPYMEHT.

B 1953 r. 6bin1 onyb6ankoBaHbl uccnegoBaHusa M.H. /lapuHa o Bbibope onTUManbHbIX 3HaYe-
HWI 3agHEro yrna NesBuit Npu pesaHnn YyryHa, ctanei n naactmacc [43]. U3yyan xapaKkTep nsHoca
pe3LL0B NpW Pa3/IMYHbIX 3HAYEHMAX 3a4HUX YII0B U CHATUMN CTPYXKEK Pa3NMYHOM ToawmHbl, M.H. Jla-
puH [44] npuwen K BbIBOAY, YTO C YBE/IMYEHNEM TO/LUMHBI CPE3AEMOTO C/10A ONTUMANbHOE 3HaYeHue
3afHero yrna ybbisaer.

3TOT BblBOA, UHTEPECEH TEM, YTO B HEM OTPaXKaeTCA B3aMMOCBA3b NPOLLECCOB, MPOUCXOAALLNX
no 3agHeln M nepeaHen rpaHam N1e3BUA, TaK KaK 3a4HWIA Yyron oTparkaeT paboTy 3aaHel rpaHu, a
TOJ/ILMHA cpe3a — paboTy nepegHeli rpaHu. MNpu 3TOM TakoW BbIBOZA NPOTMBOPEYUT BbiBoay A.M. Po-
3eHbepra, H.H. 3opeBa, C.A. BOCKpeCeHCKOro o He3aBMCMMOCTM MPOLLECCOB NO 3a4Heil U nepeaHei
rpaHAM nessua.

3.2. O6wan cBA3b ABAEHUMU B NpoLecce pe3aHus

B aTom naparpacde paccmoTpum GaKTopbl U UX BAUSIHUE HA U3MEHEHWE HaNPAXKeHUIN nog, no-
BEPXHOCTbIO pe3aHus.

Mpumem, Yto aedopmaumm noa 3agHel rpaHbio TONbKO YNPYTr1e M CBA3aHbl C COOTBETCTBYHO-
WMMK UM HanpAMKeHUAMM 3aKoHOM [yKa. B npouecce pe3aHun ne3BuMe C Paamycom 3aKpyrieHus
pexylLeid KPOMKU p yrnybnsetca B NOBEPXHOCTb pe3aHusa (puc. 63). MakcumanbHaa aedopmaums
paBHa OCOSC, @ MaKCMMasbHOE AaBlEHWE JIe3BUA Ha NOBEPXHOCTb Pe3aHusa AO0CTUraeT BeANYUHbI
cocosa, rae ¢ — KoadpoduuMeHT nponopumo-
Ha/IbHOCTMU.

MycTb yKa3aHHble Harpysku OencTsy-
IOT CTATUYECKM HA OAHOPOAHYI0 YNpyryto
cpesy, OrpaHWYeHHyH MNIOCKOCTbio. Hanps-

EHMA B Cpefe HaxodAaTCcA Mo ypaBHEHUAM
Teopuu ynpyroctu. Ecam Ha 3Ty cpegy AencT-
BYeT cocpeaoToyeHHan cuna P (puc. 64), 1o

HanpAaXxXeHunAa no naowaakam Ha F}'Iy6MHe X ot
NOBEPXHOCTU HaxoaATCA U3 Bblpa)KeHMﬁI

Puc. 63. Harpysku, aencreytowme Ha 3agHo0 2
X, =R, cos" 0,
rPaHb Ne3Bus
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Y, = R, sin? 6, (113)
Yy =X, =R;sindcosd,

roe X, unY,— HopmasibHble HanpaxeHus;
X, N Y, — KacatenbHble Hanpa))eHus;

R, — HOpManbHOE HanpaXKeHue CXKaTuAa No NJoWwaaKe C BHellHel HOpManblo r.

P

v

A 2
e

R &40

Puc. 64. lecTBme cubl Ha yNpyryto cpeay

Mo peweHuto dnemaHa - byccuHecka [45] 3HaueHWe R, HaxoaAUTCA cneayowmm obpasom:

2P cosé
Ry =———. (114)
Tr
MycTb Ha ynpyryto cpeny, orpaHUYeHHy NaocKocTbio AB, aencteyeT pacnpegeneHHas

HarpysKa, COOTBETCTBYIOLLAA 3MNtope AaBAeHUA 3a4Hel rpaHn ne3sus Ha obpabaTtbiBaemblit maTepunan
(pwnc. 65).

Puc. 65. Cxema K onpeaeneHunto HanpaxXeHnin B matepuane nog nessmem
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Ecnan BennumnHa p,ed)opmau,mm NOBEPXHOCTU pe3aHNA USMEHAETCA NO 3aKOHY

e=pcosa — yiga,

TO WHTEHCMBHOCTb HArpy3kM B KaXK4oM TOUYKe AedOpMUPOBaAHHOM NMOBEPXHOCTU pe3aHus on-
peaenuTca no popmyne

P=c(pcosa—ytga). (115)

Bo3bmem Ha noBepxHocTM AB 3niemeHTapHYO naowaaky dy. Harpyska Ha aToT manbli ane-
MeHT byaeT paBHa pdy. [Ana Toukm /]

dy = rdo

= . (116)
cosd

dnemeHTapHanA Harpyska pasHa

_ prdé
cosd

dp
Hangem HopmanbHoe HanpaxeHue R, oT Harpy3Kku dP:

R, =—2" 46,
T

MoacTaBMB 3TO BbiparkeHue B ypaBHeHua (113), nonyunm

dx . = _2P cos? o,
T

y =—Esin26?d¢9,
T

dy

de = —Esinecosede.
T

Ecnun Harpyska ybbiBaeT oT TOUkK ¢ @ =6, K Touke ¢ O =65, TO CcymMUPYSA HaNPAXKEHUSA OT OT-
[AeNbHbIX 3/1EMEHTOB, NOYYUM BbIPAXKEHNUA AN HAMNPAKEHNIA:

2%
Xy =—= [ Pcos* &0,
o
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2%
Y, =—= [ Psin®&o, (117)
7o

202
Xy =—= szin@cost@.
T a

Bbipasum Harpysky B GyHKUnK yraa 6. B dopmyne (115) Harpyska BbipaxKkaeTcs B QYHKUUK Y.

BennUYMHY Yy MOMKHO HalTK U3 BblpaykeHnn (116), ecan BMeCTo r NOACTaBUTbL ero 3HayeHue r = x/cosé.
Torpa

Irde ‘J xd@

=Xx(tg@ —tqb,).
0056? chos P (tg 96,)

Harpyska P B dyHKUMM yrna @ nonyumnTt BuAa;:

P =c[pcosa - x(tg6 —tgé, )tga].

MoacTaBuB BbiparkeHWe 4/1A Harpy3ku B ypaBHeHus (117) v NpuHAB BO BHMMaHWe, 4To gna
N0WAA0K, PAacnoNOXKeHHbIX Ha ocu X, yron &, = 0, nonyunm Gopmynbl ANA HaNPAXKEHUA:

CoCoSx cxXtgor

Xy=="2 (260, +sin 26,) — (1-cos®8,), (118)
Y, = —%(2@2 —-sin26,) + 2Ctho{[ln cos6, ——(cos 6, -1)],
CoCcosax Cxtga

Xy :2—(003 20, —1) + (26, —sin 26,).
T

Yron 6, ecTb GyHKUMA pagmnyca 3aKpyrneHusa o pPexyLleli KpOMKU Ne3BKsA, 3a4HEero yrna o u
rny6buHbI 3a1eraHua uccieayemon naowaaku. Us puc. 65 cneayer

dc = xtgé, — xtgé, .
M3 puc. 63 3HaueHne dc MOXKHO onpeaennTb Tak:
dc = pcosactga .

OTctopa

2
6, = arctg (m +196,),

roe x — rnybuHa 3aneraHma uccaesyemomn Naowanku.
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[na nnowanok, pacnonoXeHHbIX Ha ocn X Ha rybuHe 1 mm, n p = 0,01 Mmm ¢ yBenmdeHnem
3agHero yrna o o1 5° go 15° yron 6, ybbiBaeT oT 6°30' go 2°6'. [nA TakUX MasblX Yr1OB NPUMEM
cos’6,~ 1, sin26;, = 26, cos26, ~ 1. MoacTaBnAA 3TV 3HaYeHUs B popmybl (118), noayunm creayio-
LN pe3ynbTar:

KacaTe/sibHble U HOPMa/bHble HanpAXKeHUA No NAoWaAKam C BHELIHeln HOPMabio Y paBHbI
HYNI0;

HOPMa/JibHblE€ HANPAXEHNA NO N/oWaaKam C BHELWHeN HOPMa/1blo X PaBHbI

_2cpcosab,
B —

X, = (119)

WUTaK, no nnowaakam, pacnosoxKEHHbIM MO OcU X, AENCTBYIOT CMUMalOLLME HOPMa/ibHbIEe Ha-
NPAYKeHUs, BEMYMHA KOTOPbIX 3aBUCUT OT OCTPOTbI PEXYLLEN KPOMKM, 3a4HEro yrna, raybuHbl pac-
NONOXKEHUs NAOLWAAKA N yNPYrnX CBOMCTB 0bpabaTbiBaeMoro matepmana.

BbipaskeHue (119) cnpaBea/iMBO Ans ynpyroro M30TPOMHOTO maTepuana. Yto Kacaerca awr-
HOYFNEeBOAHbIX APEBECHbIX MAACTUKOB, TO UX CNedyeT pacCMaTpuBaTb Kak maTepuan ynpyrossasKo-
NNACTUYECKUI C APKO BbIParKEHHbIMM YNPYrMMU U yNpyroeaskumm gedopmaumamu [46]. Kpome Toro,
B OT/IMYME OT MACCUBHOW APEBECUHbI MNACTMK 06/1a4aeT aHM30TPONMEN TONIbKO B ABYX HarnpasieH!-
AX. MoaTomy 06LiMe 3aKOHOMEPHOCTU, OTPaXKEeHHble BbllLenpuBeaeHHbIMU GOpMynamMu, C HEKOTO-
POW NOrPeLHOCTbIO MOYKHO PaCNpPOCTPAHUTL M HA NAACTUK.

3aTynsieHve pexyLLeit KROMKU MW YMEHbLUEHWE 334HEro yria ne3sus AOKHO Bbi3BaTb POCT
HOPMasIbHbIX Hanps»KeHWi nog nessnem. Ho B 30He pe3aHus MOMUMO YKA3aHHbIX HAaNpPAXKeHUn aen-
CTBYIOT €LUe HanpAMKeHWA, BO3HMKaoWMe OT A3aBJAEHUA PEXKYLLEN KPOMKKU M nepeaHeit rpaHn. Hago
AYMaTb, YTO BCE 3TM HAMPAXKEHMUS B 30HE pe3aHuA AENCTBYIOT He M30/IMPOBaHHO Apyr OT Apyra, a
B3aMMOCBA3aHHO, Y M3MEHEHWE HANpPAXKEHWIN Nog fie3BUemM A0J/IKHO OTPasUTbCA Ha BE/IMYMHE Ha-
NPSXKEeHUIM, CO34aBaEMbIX PEXKYLLEN KPOMKOW U NepeaHen rpaHbto.

C y4eTOM BbILEN3NOKEHHOIO MPOLLECC PE3aHMA MOXKHO onucaTb cieaytowmm obpasom. B
pe3ynbTaTe YMeHbLUEeHWA 3aZHero yrna ne3sua naoliagb KOHTaKTa, AedopmaLMm U HanpsaXeHUA noga,
ne3BMem yBennyatca. Bce aTo f0NKHO OTPasUTbCA Ha PaspyLUAOLLMX HANPAXKEHUAX Nepes pexyLen
KPOMKOW M BbI3BaTb UX yBeIMYEHNE. HO NOCKO/IbKY paspyLuatowme HanpaXKeHUsa He MOryT NPeB30iTH
npegena npo4yHoctT obpabaTbiBaeMoro matepuana, TO yBe/IMYEHME HAMNPAXKEHUIM nog 3agHel rpa-
HblO AOJIKHO YMEHbLNTb PAaboTy OCTaNIbHbIX 31EMEHTOB /1€3BUS, T.€. PEXKYLLEN KPOMKM U NepeaHei
rpaHu. PaboTa pexylen KPOMKU 3aBUCUT OT KPMBU3HbI €e NMOBEPXHOCTH, T.€. OT pagmyca 3aKkpyrie-
HWSA, U U3MEHEHWE TOIbKO 3a4HEro yr/ia He MOKET 3HauMTeIbHO MOBAMATL Ha ee paboty. Cheposa-
TENIbHO, AOJ/IKHA YMeHbLUMTbCA paboTa nepegHeit rpaHu. CTpy)KKa AO/IXKHA OTAENATbCA MeHee Ae-
dopmuposaHHoi, Cnna pesaHms No nepeHen rpaHn AomKHaA 6biTb meHblue. Eciv 3aBMcMMoOcCTb Ka-
caTe/IbHOM COCTaBAAIOLWEN CU/bl PE3aHMA OTPAXKAeTca Ha rpaduke NPAMON NNHUERN, TO C YyMeHbLUe-
HWEeM 3a4HEro yrna JIMHUU SONKHbI MPOXOAUTb MOJONKE.

YBennuyeHve 3agHero yrna L0/KHO Bbi3BaTb 06PATHYIO KapTUHY ABAEHUI. HanpsaskeHna nog,
Ne3BMeM YMEHbLLIATCA, YTO MPMBEAET K YMEHbLUEHMIO Pa3pyLUaoLLMX HaMPAXEHUI Nepes pexyLen
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KPOMKOM. [1a TOro Ytobbl NPOLECC pe3aHusa He NpeKpallanca, HeobXoANMMO YBEANUYUTL 3TU Hanps-
KEeHUA L0 npesena npoYHoCTU. M 3To BOSMOXKHO TO/IbKO 3a CYET YBEIMYEHUS paboTbl NnepeaHeit rpa-
HW. Cuna Ha 4edpOPMUPOBAHME CTPYKKU AOMKHA YBE/NMUMTLCA, TaK KaK TONbKO B 3TOM CAy4yae Ha-
NPAKEHUA Nepes peskyliein KPpoMKoi Bo3pacTyT. MpAmble AMHUKM 3aBUCMMOCTM KacaTeNbHON CUAbl
pe3aHunA OT TO/LWMHbI CPE3aEeMOro C/10A Ha rpaduKe A0NKHbI NPOXOAUTb Kpyde.

OTclofa cneayer BayKHbIN BbIBOA: U3MeHeHMe paboTbl 3agHel rpaHu NpU pesaHny NAOTHOTo
M YNpyroro ApeBecHOro matepuasna oTparkaetca Ha paboTe nepegHel rpaHun nessus. HanparkeHus,
BO3HMKaloLMe Mo 30HaM N1e3BMSA, B3AaMMHO CBA3aHbl M B3aMMHO 06YC/I0BNEHDI.

3.3. 3aBUCMMOCTb KacaTe/ibHOU CUADI
pe3aHuA OT Be/IMYMHbI 3a4Hero yrna

NccnepoBaHusa NpoBoAMANCh NPU TOAILWMHE cpe3aemoro cnos a, pasHoi 0,1; 0,15; 0,25 mn 0,4
MM 1 3agHeMm yrne pes3aHusa o, pasHom 3°; 4,67°; 6,67°; 10°; 12,5° n 15° [47]. U3mepanacb rnasHas
COCTaBAAOLWANA CU/bl pPe3aHKnA (KacaTeNbHaa cuna pesaHus). PesynbraTbl MccnegoBaHMn NpencTas-
NieHbl Ha puc. 66. NpaduK NoKasbiBaeT, YTO AMarpaMmma U3MeHeHUa eAUMHUYHOMN CWU/bl pe3aHusa oT
TO/ILLMHbBI CPE3aeMOro C/10A NpeAcTaBaseT coboli HaKAOHHYIO MPAMYIO, NPOXOAALLYIO Bbille Havyana
KOOPAMHAT. YKa3aHHan 3aBUCMMOCTb MOXeET ObITb ONMcaHa ypaBHEHUEM

Fa =p + kac, (120)
roe Fu— eAMHUYHaA KacaTesibHaa cuna pesaHua, H/mm;
p — OUKTUBHaA cuna pesaHua, H/mm;
k — kacaTenbHOe gaBieHWe cpe3aemoro €104 Ha NepeaHIoo rpaHb ne3susa, MMa;

0cp— CPEAHAA TONLLMHA CPE3aeMOoro C/10A, MM.

C yBeNMYEeHMEM 3aZHEr0 yraa npsmble IMHUM rpadurKa NpPoxXoasT Kpyuye,
OTCeKaa OT Hayasla KoopAMHAT BCE MEHbLUNIM OTPE30K OpAuHaTbl. ITO 3HAYMUT,
YTO C YBE/IMYEHNEM 3aJHEr0 yrna COOTHOLWEHNE Mexay OUKTUBHOM cunom pe-
3aHWA M KacaTe/lbHbIM AaB/fieHNEM CPe3aeMOoro C/10A NOCTOAHHO M3MEeHAETCS.

120



F.a. HumMm &
10 T

»
L

0.1 0,2 0.3 04 ag

Puc. 66. 3aBUCMMOCTb KacaTe/IbHOW CUJIbl PE3aHUSA OT TOJILLUUHbI
Cpe3aemoro c/10a 414 e3BUiA € PasINYHbIMM 3a4HUMWN YTNaMu:
1-a=3° 2-0=4,67°, 3—-a0=6,67°, 4—a =10°

N3meHeHe PUKTUBHOM CUNbI PE3aHUS U KacaTebHOro AaBNEeHWUS OT BEIMUYMHDI 3a4HEro yrna
yAobHee npocneanTb N0 NONPaBoYHbIM KoadduumeHtam Ha 3agHuii yron C, u Cy:

Cp:L, Ck =L, (121)

rae pPe, k6 - d)VIKTMBHaH Chna pe3aHnA U KacaTe/ZibHOe AaB/ieHne cpe3aemoro cs04a Ha ne-
peaHkoo rpaHb ne3sna anAa 6a3oBoro peXunma pesaHuA.

MopsAfdoK nogcyeTa NOMPaBoOYHbIX KO3GPUUMEHTOB nNpusedeH B Tabn. 10. 3aBUCMMOCTb Ko-
3dPUUMEHTOB OT 3aHEro yr/a NnokasaHa Ha puc. 67.

Tabnuua 10

3HayeHMA NONPaBOYHbIX KOIPDOULUMEHTOB HA BEIUYUHY

3agHero yrna

ol 3aBMCUMOCTb Fyy OT Ay, H/MM C Ck

3 Fu=4,62+5,94 a 1,678 0,349
4,67 Fa=4,0+7,29a, 1,454 0,428
6,67 Fyn=2,95+13,61a 1,072 0,799
10 Fu=2,75+17,02 a., 1 1
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12,5 Fau=2,51+17,36 a., 0,912 1,02

15 Fn=3,96+7,49 a, 1,44 0,44

Puc. 67 HarnAaAHO NoKasbiBaeT B3anmocsAsb koadpduumeHtos C, n C;: ¢ ybbIBaHMEM OAHOTO
yBennumBaetca apyroi. C ysesmueHvem 3agHero yrna koadpouumeHt C,, XapaKTepusyoLwmnin nsmeHe-
HMe PUKTUBHOM cuUnbl pe3aHna n paboTbl 3agHen rpaHu, ybbisaeT. YBennyeHune koadpduumenta G,
npu o = 15° ob6bACHAETCA aBapUIAHbIM WM3HOCOM /1e3BUA NPU YPE3IMEPHOM YMEHbLUEHUW YrNa 3a-
TOYKM.

C yBeniyeHnem 3agHero yrna KoapduumeHt C;, XapaKTepusyloLmii U3MeHeHMe KacaTelbHO-
ro AaBNeHNA CPe3aeMoro C/0s Ha NepeaHioo rpaHb 1e3suaA U paboTy 3ToM rpaHu, BO3pacTaerT.

®DU3NYECKNI1 CMBIC/T STOTO ABIEHUA MOXKHO 0O6BACHUTL cnedyowmm obpasom. PaspyweHue
o0bpabaTbiBaeMOro matepuana npoucxoamTt y Hanbonee BbIABUHYTOM TOUKM pPEXKYLLEN KPOMKK, rae
HanpAKeHNa 4O0CTMraloT Npeaena npoYHoOCTH.

MocKonbKy matepuan nantbl o0bnafaeT BbICOKOW MJIOTHOCTbIO, TO 3TU
HaNPAXeHMA CKNaAbIBAOTCA U3 HaNPSAMKEHWUI, BO3HUKaloWMX B obpabaTtbiBae-
MOM MaTepuane oT AaBNeHMA Ha Hero nepeaHen rpaHun, pexyliern KPoMKM u
3aaHel rpaHu. CocTaBnAlWMe CYMMAPHOro Hanps»KeHUsa CBA3aHbl MeXay Co-
601 TaK, YTO U3MEHEHMEe HaNpPAXKEHU B 04HOM MecTe 0b6A3aTeNlbHO NPUBOANT
K U3MEHEHWIO Hanpsi>KeHU B APYrom MmecTe.

C yBeniyeHMem 3aZHEero yrna ymeHbllaeTcs Naowab KOHTAKTa 3a4Hen rpaHu 1e3sus ¢ no-
BEPXHOCTbIO pe3aHus, B pe3y/bTaTe Yero yMeHbLUATCA HanpaXKeHUs nog ne3snem. 3To NPpUBOAUT K
CHU}KEHMIO Pa3pyLUAOLLMX HAaNPAXKeHMI. Jna Toro 4tobbl NPOLLECC pe3aHna He npeKkpalwanca, Heob-
XOAMMO YBEIMYUTb 3TU HAMPSKEHMA 40 Npesena NPOYHOCTU. ITO yBe/MYEeHUe NMPOUCXOAMT 33 cyeT
pocTa cunbl gedopmaumnm cpesaemoro cnodA. CoctaBastolme Cubl Pe3aHnA Ha nepeaHei rpaHu yee-
JIM4mBatoTCA.

Mpu 3agHem yrne o = 15° nessue HbICTPO 3aTynMa0Ch. BennumHa gedpopmaumm noBepxHoOCTH
pe3aHua M NAoWaab KOHTaKTa 3adHel rpaHu ¢ obpabaTbiBaembiM MaTepManom ctanm 6onble. Ha-
NPA’KEHWsA, Bbi3biBAaEMble PEXYLLEN KPOMKOW M 3agHEN rpaHblo, BO3POC/IM U BbI3Ba/IM yBe/UYEHUE
PaspyLaloWmnX HaNpPAXKeHNN, HO TaK Kak paspylualolimMe HanpsaxeHusa He MoryT bbiTb 6onblue npe-
Aena NpoYyHOCTU, TO Aona paboTbl NnepeaHen rpaHM ymeHblumaack. COCTaBAAIOWME CUAbI PE3aHUA Ha
nepeaHen rpaHu CTanm meHblue.

3.4. 3aBUCMMOCTb KacaTe/ibHOW CUNbl pe3aHnsa oT
BE€/INYUHDI 3aTYyN/IeHUA Ne3BuUA
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NccnepoBaHus NpoBoAUAUCE MO METOAMKE, ONUCAHHOM B Npeablayliem naparpade npu pa-
Anycax 3aKpyrneHus pexyLLein KpOMKKU nessus p, pasHbix 15; 26,6; 40,6; 50,5 1 63 mkm [48].

Pe3ynbTathbl MccnenoBaHMin npueeaeHbl B Tabn. 11 u puc. 68. NMonpaBoyHble KO3PPULUNEHTDI
Ha 3aTYMN/IEHNE Oy U Oly HAXOAMAUCH N0 GOopMynam:

p
a =—, o =—, (122)
PP Ps oK k6

rae pPe, k6 - d)VIKTMBHaH Chna pe3aHnA U KacaTe/ZibHoe AaB/ieHne cpe3aemoro cs0a Ha ne-
peaHkoo rpaHb ne3sna anAa 6a3oBoro pexXnma pe3aHunA.

Tabnuua 11

3Ha4yeHua Ko3aPpPMUMEHTOB 3aTynaeHUA

£, MKM 3aBMCUMOCTb Fyq OT dcp, H/MM Olpp Olok
15,0 Fn=29+172a, 1 1

26,6 Fx=5,53+11,93 a,, 1,906 0,6936
40,6 Fn=7,0+781a, 2,414 0,4539
50,5 F=8,49 +10,75 a, 2,926 0,6251
63,0 Fy1=8,95+7,96 a, 3,086 0,4628

U3 pnc 68 BnAHO, 4TO NO Mepe 3aTyneHNA 1e3BMA NONPaBOYHbIA KOIDPULMEHT Oy, XapaK-
Tepusylowmii paboTy pexkyLLen KPOMKU U 3aAHe rpaHn, yBeMunBaeTca, a KoaGOULIMEHT Oy, Xapak-
Tepusylowuin paboTy nepeaHel rpaHu, yooisaer.

Mo mepe 3aTynneHua nessms BennYMHa aedopmaLmnn NOBEPXHOCTU pe-
3aHUA yBeNNYMBaAETCA. Bce 3TO NPUBOAUT K POCTY HANPSXKEHUN Mepes pexy-
el KPpOMKOW. MMOCKONbKY pa3spyllatolme HanpsKeHUss He MOryT NPeB30UTU
npeaen NPoYHocTn obpabaTbiBaeMoro matepuana, TO yBe/MYEHME Hanpsaxe-
HUA NoA 3aAHen rPaHblo AOJ/IKHO YMEHbLUTb KacaTenbHoe AaB/ieHne nepea-
HEel rpaHu Ha cpe3aemMblii C0M.
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Takum ob6pasom, 3aHAS rpaHb J1e3BKA, CO34aBas AaBNEHUE Ha NOBEPXHOCTb Pe3aHUsA U Bbl-
3blBaA HaMNPAXEHUA B MaTepuane, U3MEHAET HanpsXKeHUa nepes pexyLlen KPOMKON U TeM Cambim
BMsieT Ha paboTy nepeaHen rpaHu.

Olpp Olpk A

T Clpp
3,0

T Q
2,0 T

t —o —*—o

15 30 45 60 p, MKm

Puc. 68. 3aBUCMMOCTb NONPABOYHbIX KO3OOUUMEHTOB OT BEINYMHDI
paanyca 3akpyrineHuma

3.5. BamaHue yrna pe3saHua Ha CUAbl pe3aHuA

NccnepoBaHus nposBesieHbl NpY 3HaYeHUAX yraa pesaHua o, pasHbix 40°; 50°; 60° n 70°. Pe-

Ap Ak A
3,0 T
1 N
2,0
Ap
b 40 50 60 70 &°
Puc. 69. MameHeHMe NonpaBoYHbIX KoadduumeHToB

OT B€/INYUHDbI Yrna pe3aHna

3y/1bTaTbl MCCNEA0BaHMI NpuBeaeHbl B Tabn. 12 n puc. 69.

MonpaBoyHble KOIPULMEHTbI Ha yron pesaHna A, n Ay HaxoAUAUCH No GopMynam:
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A :i, Ay :L, (123)

roe pPe, k5 - d)MKTVIBHaFI Chna pe3aHnAa n KacatenbHoe AaB/1eHUE Cpe3aemoro €104 Ha ne-
PEeAHIO0 rPpaHb ne3BnA AnA 6asoBoro peXnma pesaHuna.

C yBennyeHnem yrna pesaHua Je3sBua NonpasBoyHblA KOSGPULIMEHT A, XapaKTepusyoLmi
paboTy pexyLLei KPOMKU M 3aHEN FPaHKU, OCTAeTCA HEM3MEHHbIM, TaK Kak ycnosusa aedopmuposa-
HWS NOBEPXHOCTU pe3aHuA Npu 3TOM He meHstoTcA. Mpu yrne pesanva O = 40° ana nessus u3 Teep-
poro cnnaea BK-15 TpyAHO COXpaHUTb HEM3MEHHOW OCTPOTY pexyLlen KpoMKku. Mpu dpeseposaHmm
Nnyan nessua bbictpo Tynatca. MNocne npoBeAeHMA 3KCNEPUMMEHTA PaANyC 3aKpYr/ieHUs pexyLien
KPOMKM paBHanca 28,4 MKm Bmecto 15 MKM. B ¢BA3KM € 3TUM 3HayYeHne koadpduumeHTa A, yseamuu-
Noco.

Tabnuua 12

3HayeHMA NonNpPaBoYHbIX KO3GDULMEHTOB Ha Yron pesaHna

0° 3aBMCUMOCTb Fyy OT dcp, H/MM A, Ay
40 Fy1 = 6,31+ 8,814 aq, 2,294 0,517
50 Fu=2,75+17,02 a., 1 1

60 Fu=2,83+21,9a, 1,029 1,286
70 Fa=3,16 + 24,72 a,, 1,149 1,452

3HayeHus KoapduumeHTa A, xapakTepusylowero paboTty nepesHei rpaHu, ¢ POCTOM yrna
pe3aHus NOCTOAHHO YBE/IMYMBAKOTCA, TaK KaK CTPY»KKa cpesaetca bonee gepopmmpoBaHHOM.

M3meHeHWe gaBneHuna Ha nepeaHen rpaHu Ne3BuA He MOMKET MOBAMATb Ha paboTy 3aaHei
rpaHu, NOCKOJIbKY YCNOBUA BasibLEBAHNA NOBEPXHOCTU Pe3aHnA 3aBUCAT TOIbKO OT paauyca 3aKpyr-
neHuA pexyLiei KPOMKK, 3a4HEro yrna e3suna U NpoYyHoCcTH obpabaTbiBaeMoro matepumana.

3.6. BanaHMe CKOpPOCTU rNaBHOro ABUXKEHUA HaA
CUNbl pe3aHuA

BAMAHME CKOPOCTU INAaBHOTO ABUMKEHMSA HA AMHAMMKY NPOLLEcca pe3aHus OCTaeTca O4HUM U3
C/I0XKHbIX BOMPOCOB Teopumn pe3aHunn. CNOKHOCTb 3TOr0 BOMpoca 06bACHAETCA, NPEeXKAe BCero, Tem,
YTO C POCTOM CKOpPOCTU Aedpopmauumn o0bpabaTbiBaeMoro matepuana U3MeHSEeTCA ero npeaen npoy-
HOCTU, TBEPAOCTb, XPYNKOCTb, a TaK}Ke BenndmnHa aepopmaunii Npu CTPY*KKoOobpas3oBaHUM.
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MNpeaBapuTenbHble UCCAeA0BaHUA MOKA3aAM, YTO XapaKTep M3MEHEeHUA CUIOBbIX napamert-
poB ¢pe3epOBaHMﬂ OT CKOPOCTU pe3aHnA 3aBUCUT OT TBEPAOCTUN NJIUT. B cBsi3M C 3TUM ONbITbl OblAK
nposeaeHbl Ha N/INTax Co cnegyrwnmm CBOMCTBAMM:

Mpenen NpPoYHOCTM Ha CKaTue L Teeppoctb no AHKy, Mla

8
NAACT! NAUTbI O -, MMNa

19,3 131,6
21,0 154,2
19,0 163,8

NccnepoBaHua nposBefeHbl NPU 3HAYEHMAX CKOPOCTU FNaBHOMO ABUMXKeHuA V, pasHbIx 6,87;
10,99; 13,47, 15,57; 20,93 v 24,86 m/c.

MonpaBoyHble KOIPOUUMEHTbI Ha CKOPOCTb FNaBHOTO ABMMKEHUA A,, U A, HaXOAMAUCL NO
dopmynam:

A L, Ay = L (124)

o Ps Ko

rae pPe, k6 - d)VIKTMBHaH Chna pe3aHnA U KacaTe/ZibHOoe AaB/ieHne cpe3aemoro csoda Ha ne-
peaHkoo rpaHb ne3sna anAa 6a3oBoro peXunma pesaHuA.

PesynbTaTbl UCCNeA0BaHWIA NpeacTaBAeHbl B Taba. 13.

M3 tabanubl cnegyet, 4To KOIPULMEHT A,,, XapaKTEPU3YIOLWLMIA U3MEHEHNE CUJTbI pe3aHus
no 3afaHen rpaHu nessus, ybbiBaeT (TBepaocTb no AHKy 131,6 MMa) maum ybbiBaeT B AnanasoHe
CKOPOCTM FNaBHOro AsukeHus 6,87-13,47 m/c, a 3atem Bo3pacTaeT (TBepaoctb no AHKy 154,2 MMa)
WMAU NOCTOSIHHO yBenunymBaeTtca (Teepaoctb no AHKy 163,8 MNa).

Tabnuua 13

3HayeHMA NoNpPaBoYHbIX KO3GDULMEHTOB Ha YroN pesaHna

V, m/c 3aBMCUMOCTb Fyy OT Ay, H/MM A, Ay

Teeppoctb no AHKY 131,6 MMNa

13,47 Fa=3,0+20,74 a., 1 1

20,93 Fu=3,08+19,31a, 1,027 0,931
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24,86 Fu =2,53+16,48a., 0,843 0,7946

Teeppoctb no AHKY 154,2 MNa

6,87 Fa=3,2+21,33 a, 1,163 1,253
10,99 Fa=3,01+17,187 a,, 1,094 1,010
13,47 Fa = 2,75+ 17,020, 1 1

15,57 Fa = 3,26+ 15,633 aq, 1,185 0,918
20,93 Fu=4,8+3,67dg, 1,745 0,215

TeeppocTtb no AHKY 163,8 MINa

6,87 Fy1=3,36+ 20,638 a, 0,982 1,922
10,99 Fy1=4,52+17,68 a, 1,322 1,646
13,47 Fy = 3,42+ 10,738a, 1 1

15,57 Fu=2,74+ 11,63 a, 0,801 1,083
20,93 Fu1=2,91+19,728 a, 0,851 1,837
24,86 Fy1=1,98 + 18,559 aq, 0,575 1,728

3HayeHWe NonpPaBoOYHOro KospdULMeHTa Ay, XapaKTepM3yoLLEro U3MEeHEHME KacaTeNbHOro
OAaBNeHUs HA NepeaHIo rpaHb ne3Busa, ybbiBaeT npu TBepAoCTU NanT no AWKy 131,6 - 154,2 MMa.
Mpu TBEpAocTM NanT no AHKy 163,8 MIa 3T0T KO3PPMUMEHT ybbIBaeT B AMana3oHe CKOPOCTU raB-
HOro asuskeHua 6,87-13,47 m/c, a 3aTem Bo3pacTaer.

OTMmeYeHHY0 0COBEeHHOCTb BAWAHWA CKOPOCTU [/1aBHOTO ABMUMKEHWS HA MPOLECC pe3aHus
MOXHO 06BACHUTL ceayowmm o6pasom. C poCTOM CKOPOCTU pe3aHua obpabaTtbiBaemblii MaTepu-
an B 30He pe3aHua CcTaHOoBUTCA Bosiee TBEPAbIM, XPYNKMM U paspyllaeTca Npu MeHblwmnx aedopma-
umax. Xapaktep cTpy>KKoobpasoBaHua uameHseTcA. CTpyKKa obpasyeTca nyTem cKasibiBaHusA. Pas-
pywatoume HanpaKeHUa co3gatoTca NPU MeHblUem AaB/IeHUN 1Ie3BUA HA  cpe3aemblit cioit. B pe-
3y/IbTaTe 3TOro KacaTe/ibHOe AaB/ieHVe 1Ie3BUA HA CPe3aeMblil C1oV ybbiBaeT.

HapacTaHue NpoYHOCTM, TBEPAOCTM U XPYMKOCTU MJAUT C yBEANYEHUEM CKOPOCTU pe3aHus
NPOMCXoanUT He BeCKOHeYHO. MpY HEKOTOPOM 3HAYEHUWN CKOPOCTU Pe3aHusA 3TU XapaKTEPUCTMKM CTa-
6UAN3MPYIOTCA, AOCTUTHYB CBOEro MakCMMyMa. XapaKTep CTPy»KKoobpa3oBaHUA ToXKe cTabununsmnpy-
€TCA, OAHAKO COCTaB/ANOWME CU/bI PE3aHMA He MOryT ObiTb MOCTOSIHHbIMK. B pesynbTaTte pocTa
MHEpPUMOHHOro nognopa cuaa Ha nepeaHen rpaHn yseandmneaeTca.
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3.7. U3ameHeHune pagmanbHOMU CUNbl pe3aHua npu
dpeseposaHum J1yan

N3meHeHWe paamnanbHOM COCTABAAIOLLEN CMAbI PE3aHUA YAacTo HabAAA0T MO BENYMHE KO-
apodmumneHTa

F
m=—%, (125)
I:X

roe F,— pagunanbHaA COCTaBIAOWaAA CUbl pe3aHuA, H;

F,—rnaBHan (KacaTe/ibHas) COCTaBAAIOLWLAA CUNbI pe3aHus, H.

B Tabn. 14 npuBeaeHbl cpeaHne 3HaYeHMA KoadduumeHTa m, noaydeHHole npu ¢peseposa-
HUW NAUTBI MO KPOMKE B 3aBUCMMOCTM OT CTEMEHMN OCTPOTbI N1€3BUIA U TONLLMHbI CPE3aeMOro C/0A.

BennumHa KoadpduumeHTa m Ana NNacTUKOB 3HAUUTENbHO 6osblue, Yem AA MACCUBHOM
ApeBecuHbl. Mpn sTom 3HavyeHne KoadodumumeHTa m npu ¢peseposaHum JIYAN ¢ pocTom TOALWMHDI
cpes3aemoro c/os Bcerga ybooiBaeT. Takasa e 3aBUCMMOCTb Habntogaetcs npu ¢pesepoBaHUM Mac-
CMBHOM apesecuHbl. Mo gaHHbiM B.M. Byxtuaposa [11] u [A. Komaposa [12] npu ¢pesepoBaHnn
ApeBecuHbl COCHbI MPU dg, = 0,1 MM 1 cpegHein oCcTpoTe pexyllei KpomKM Kosbduument m =0,4-
0,5 ans npogonbHoro ¢pesepoBaHna u m = 0,22 ana nonepeyHoro epeseposaHus. Mpun Tol Ke ocT-
poTe ne3Buii u ag, = 0,4 Mm KoadPuLMeHT m 6AN30K K HyAIO.

Tabnuua 14

CpeaHue 3HavyeHua koapoduumeHTa m npu dpeseposanum JIYAMN

CocTos- 3HavyeHMe m Npu cpeaHen ToAWMHE Cpe3aemoro cos
HWe ne3Bua
0,1 0,15 0,25 0,4 0,6
p = 15 0,955 0,888 0,756 0,6 0,346
MKM
p = 26-63 1,15 1,12 1,07 1,00 -
MKM
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BbiBOAbI

MNopgsopa utor NU3N10KEHHOMY B AaHHOﬁ rnaBe, MOXHO CAaenaTtb chegyrouimne sbiBoAbl.

CDpesepOBaHme JNINTHOYTNEBOAHbLIX APEBECHbLIX NMN1aCTUKOB NOAYUHAETCA O6LLI,€'My 3aKOHY pe-
3aHmnAa AJ. Bepmap,CKoro. 3aBUCMMOCTb KacaTesibHOM cubl pe3aHnA OT TO/ILWLNHbI CPE3aEMOro CnoA
ABNAETCA IMHENHOMN. onIMbIe JTIMHUN rpad)vn(os HAK/ZTIOHHbI 1 NPOXO4AT Bbllle Ha4Ya/la KOOpPAUHAT.

PagumanbHas cuna pesaHua MOXeT bbiTb HallleHa Yepes nepexoaHblii MHOXUTeNb m = F,/F,,
BE/IMYMHA KOTOPOTO C yBenYeHUEeM TOJLLMHbI Cpe3aemoro c1os ybbisaerT.

3agHAA rpaHb /1e3BUA, OKas3blBasA AaBNeHMe Ha NOBEPXHOCTb Pe3aHusa U Co34aBas Hanpaxe-
HWA B 0bpabaTbiBaeMOM MaTepuasne, OKasbiBAET BAMAHME HA HaNPSKEHWUA nepes /iesBUeM U Tem
CaMbIM BAMAET Ha paboTy nepesHen rpaHn nessus.

Takum 06pasom, Npu dpe3epoBaHUM MaTepuana, MIOTHOCTb KOToporo Gosblue 1 r/cm’, Ha-
6at08aeTca BaMAHWE paboTbl 3a4HeN rpaHn Ha paboTy nepeaHen rpaHn. B cBoto oyepesb nepesHss
rpaHb HE MOXET BAUATb Ha  PaboTy 3a4He rpaHn ne3sus.
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