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PU3UKO-MEXAHUYECKHUE OCHOBbBI ObPABOTKH PE3AHUEM

Kunemaruka npouecca pesanus

OOpaboTka METalIOB pe3aHHMEM — 3TO MPOLECC CPEe3aHHsl PEXYIIUM HHCTPYMEHTOM C
MOBEPXHOCTEH 3aroTOBKM CJIOS METajula B BUJE CTPYXKKH IJS MOJYy4YEHHUS HE0O0XO0AMMOU
reOMETPUYECKOM (POpPMBI, TOYHOCTH pPa3MEpPOB, B3aMMOPACIOIOXKEHUSI M IIEPOXOBATOCTH
noBepxHocTed neranu. UToObl ¢ 3aroTOBKU Cpe3aTh CION MeTajlia, HEOOXOIUMO PEXKYIEMY
MHCTPYMEHTY U 3arOTOBKE COOOIIUTH OTHOCHTENIbHBIE ABUKEHUA. HCTPYMEHT M 3arOTOBKY
YCTAHABIMBAIOT M 3aKPEIUIIOT B pabouyMX OpraHax CTaHKOB, OOECIEYMBAIOLIMX 3TH
OTHOCUTENbHBIE JBUKCHHS: B IUNHUHAEIE, HA CTOJIE, B PEBOJBBEPHOM TOJOBKE U T. 1.
JIB>xeHus pabouyux OpPraHoB CTAHKOB JENST Ha JBHXKEHHMS pPE3aHHs, YCTAaHOBOYHBIE WU
BCIIOMOraresbHble. [IBUKEHHS, KOTOpbIe O0ECIEUNBAIOT CPE3aHUE C 3arOTOBKU CJI0S MeTallja
WM BBI3BIBAIOT U3MEHEHHE COCTOSHUS OOpabOTaHHOW MOBEPXHOCTH 3arOTOBKH, Ha3bIBAIOT
JBVKEHUSMHU pe3aHus. K HUM OTHOCST IJ1aBHOE JBU)KEHUE U JBHKEHHUE IOJAYU.

3a rJIaBHOE NPUHUMAIOT TO ABUXKEHUE, KOTOPOE OINpENeNsieT CKOPOCTh Ne(opMHUpoBaHUSA U
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Puc. 46, Yeaosnaa Kagccuduxauus mexnorozuseckuy Memadoe oGpabomKy sa20mosot

OTACJICHUSA CTPYIKKH. 3a JABHUKCHUC



Jlexmms Ne2

A

2
Puc. 1. Dnemenmul cxem obpabomru u cxemvl 06paboOmMKU 3a20MOBOK moueHuem (a),
pacmauueanuem (0), ceepienuem (8), ppezeposarnuem (2), wnugosanuem Ha Kpyeio- (0) u
NAOCKOWNUPDOBANbHBIX CMAHKAX (€)

Mofauu TMPUHUMAIOT TO JBUXKEHHE, KOTOpOE OOECIeurMBaeT HEMPEPHIBHOCTh BpE3aHUS
PeXKYIIEH KPOMKM HWHCTPYMEHTAa B MarepHal 3arOoTOBKH. OTH JBWKCHHUS MOTYT OBITh
HETIPEPHIBHBIMA ~WJIM  TIPEPHIBUCTBIMUA, a IO CBOEMY XapaKTepy BpallareabHBIMHU,
MOCTYIAaTeIbHBIMKH, BO3BPATHO-MOCTYMATebHBIMU U T. J. CKOPOCTHb TJIaBHOTO ABUXKECHUS
0003Ha4aloT v, BEJIUYUHY IOJAUU S.
JIBio>keHUs, O0eCrneurBarolie B3aUMHOE PACHOJIOKEHHE HHCTPYMEHTA M 3aroTOBKH ISt
Cpe3aHusi C Hee OINPEeACICHHOro CJ0si MaTepuana, Ha3bIBalOT YCTaHOBOUHBIMHU. K
BCIIOMOTaTeJIbHBIM JIBUKEHHUSIM OTHOCST TPAHCHOPTUPOBAHUE 3aroTOBKH, 3aKperjieHue
3arOTOBOK M MHCTPYMEHTA, OBICTphIC MEPEMENICHUs pabounX OpraHoOB CTAaHKA HAa XOJOCTOM
X011y, IEPEKII0UECHNE CKOPOCTEH pe3aHus U Moja4yu u T. 1.
Jlist mo6oro mpoiiecca pe3aHusi MOXKHO COCTaBUTh cxemy oOpaboTku. Ha cxeme yciaoBHO
n300paxaroT o0pabaThIBa€MYI0 3aroTOBKY, €€ YCTaHOBKY M 3aKpeIICHHE Ha CTaHKe,
3aKpeIUICHUE U TMOJ0KEHUE MHCTPYMEHTA OTHOCUTEIBHO 3arOTOBKH, a TaKXKe JBHKEHUS pe-
3aHus (puc. 1). MHCTpyMEHT MOKAa3bIBAIOT B IMOJOKEHUHU, COOTBETCTBYIOIEM OKOHYAHUIO
00pabOTKU TOBEPXHOCTU 3aroToBKU. OOpabOTaHHYIO MOBEPXHOCTh HA CXEME BBIACISIOT
JPYTUM [BETOM WJIM YTOJIIIEHHBIMU JUHUAMU. Ha cxeMax o0paboTKy MOKa3bIBAIOT XapaKTep
JIBWKCHUUN pe3aHUsl U UX TEXHOJIOTMYECKOe Ha3HAUYCHHE, UCIIONIB3Ysl YCIOBHBIE 0003HAUYCHUS.
Paznuyaror mopauu: MpOJOIBHYIO Syp, MONEPEUYHYIO S, BEPTUKAIBHYKO Sp, KPYTOBYIO Skp,
OKPYXKHYIO S, TAHT€HITUATbHYIO ST. B mpoliecce pe3anus Ha 3aroToBKe paziuyaroT (puc. 1, a)
oOpal0arbIBa€MyI0 IMOBEPXHOCTb 1, € KOTOpOM cpesaercs cliod MeTamia, 00paboTaHHYIO
MOBEPXHOCTh 3, C KOTOPOM METayul y>K€ Cpe3aH, U MOBEPXHOCTh pe3aHus 2, o0pazyeMyio B
npoiiecce 00pabOTKHU IIaBHON PEXYIIed KPOMKONW HHCTPYMEHTA.
Metoabl ¢opmooOpazoBanusi mnoBepxHocTeil. [IpocTpaHCTBEHHYI0 KOHCTPYKTHBHYIO
dbopMy n000I AeTanu ornpenenseT coueTaHue pazIMYHbIX moBepxHocTen. /s obneryenus
00pabOTKU 3aroTOBKM KOHCTPYKTOP CTPEMUTCS MCIOJIb30BATh CIIEYIOIINE T€OMETPUUECKUE
MOBEPXHOCTH: ITIOCKKE, KPYTOBBIE IIUJIMHAPUYECKUE U KOHUYECKUE, IIIapOBbIE, TOPOBLIES, U JP.
Jrobass  reomeTrpuueckas MOBEPXHOCTh  MPEACTaBJISIET coboit COBOKYITHOCTh
MOCJICIOBATENIbHBIX TOJIOKCHUN (CIIEIOB) OJHOM MPOM3BONAIIEH JIMHUU, Ha3bIBAEMOU
oOpasyrole, IBMXKYIIEHCs 1Mo Ipyroi Mpou3BOIsIIEH JIMHIHU, Ha3bIBaeMON HaIpPaBJISIOIICH.
Hampumep, 11 oOpa3oBaHusi KpyroBoW IIWJIMHAPUYECKOW TTOBEPXHOCTH HEOOXOIUMO
NPSAMYIO JTUHUIO (00pa3yronlyio) nepemMeniaTb 1mno OKpy>KHOCTH (HampaBJIsIOIIEH).
[Ipu o00paboTke TOBEPXHOCTEH Ha METAIOPEXKYIIMX CTaHKax o0pasymoume u
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HanpaBJAOIIMEe JIMHUM B OOJBIIMHCTBE CIIydyaeB ABILIIOTCS BooOpaxaembiMu. OHHU
BOCIIPOM3BOJATCS BO BpPEMEHHM KOMOMHAIMEH JBMKEHUM 3arOTOBKM U HWHCTPYMEHTA,
CKOPOCTH KOTOPBIX CTPOr0 COTJacOBaHbI MEXY COO0H. J[BUKEHUS pe3aHusl SBISIIOTCS TAKKE
dbopmooOpasyomumMu ABMXKEHUAMHU. Mexanuueckas oOpa0oTKa 3aroToOBOK JIeTajeil MalluH
peaTn3yeT B OCHOBHOM 4eTbIpe MeTona (opMooOpazoBaHus moBepxHocTeil. PaccMorpum nx
Ha KOHKPETHBIX TPUMEpax.
[losyueHre MOBEPXHOCTEN MO METOAY KOMHPOBAHUSI COCTOMT B TOM, YTO PEXylLlas KPOMKa
MHCTPYMEHTA SIBJISIETCSA peanbHON oOpasyromed juHue /, opmMa KOTOpPOM COBMANAeT Wi
oOpaTHa TOH, KOTOpasi sIBJIA€TCS OOpa3yrollel JMHUEH MOBEPXHOCTH AeTanu (puc. 2, a). 1
HampaBJAoUas JMHUS 2 BOCHPOU3BOJIUTCA BO BPEMEHM BpAICHHMEM 3aroTOBKU. [ 'J1aBHOE
IBUKEHUE 37IECh ABIsAETCA popMooOpasyromuM. JIBrkeHrne nojaym HeoOX0IMMO i TOro,
YTOOBI MOJIYYUTh FEOMETPUUECKYIO TIOBEPXHOCTh OIpe/IeICHHOro pasmepa. MeTox xomu-
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pPOBaHMS IIMPOKO HCHOJIB3YIOT MpU 00paboTKe (AaCOHHBIX IOBEPXHOCTEH neraneid Ha
PA3IMYHBIX METAUIOPEKYIIUX CTAHKAX.

OOpazoBaHue MOBEPXHOCTEN MO METOAY CIEI0B COCTOUT B TOM, UTO oOpazyromas JuHus [
SBJISICTCSl TPACKTOpUEH JBUXKCHUS TOYKHM (BEPIIMHBI) PEXKYIIEH KPOMKH HHCTPYMEHTa, a
HarpaBJsitoIas TUHUS 2— TPAeKTOPUEH JBUKEHUSI TOUKHU 3arO0TOBKHU (puc. 2, 6). 31ech ABU-
KEHUSI pe3aHus SBIAOTCS  (popMooOpa3ylommMMu. ITOT MeToln  (HopMooOpa3zoBaHUS
MMOBEPXHOCTEH JIeTasiel pacpocTpaHeH Haubojiee MUpPOoKoO.

OOpa3oBaHKe TOBEPXHOCTEHN MO METOY KacaHUsl COCTOUT B TOM, UTO 0Opazyrolel TuHuen /
ABIIIETCA pEeXylllas KpPOMKa HWHCTpyMeHTa (puc. 2, ), a HampaBisiomas JuHAsS 2
MOBEPXHOCTHU CIY>KUT KacaTeIbHOW K PSANY T'€OMETPUUECKUX BCIOMOTATEIbHBIX JTUHUM —
TPAEKTOPHUSM TOUEK PEXYILEH KPOMKUA MHCTPYMEHTA. 3/1ech (OpMOOOPa3yIoIUM  SIBIISIETCS
TOJILKO JIBUKEHUE MOAAYH.

OOpa3oBaHue TMOBEPXHOCTEH MO METOAY OOKaTKu (OorubaHus) 3aKJIOYaeTCsl B TOM, 4YTO
HampaBJAoUas JMHUS 2 BOCIPOM3BOJAUTCS BpalleHHeM 3aroToBku. OOpaszyromias auHus 1
nojiyyaercs Kak oruaroias KpuBas K psily MOCIEIO0BATENbHBIX MOJOKEHUM pexylien
KPOMKHM MHCTPYMEHTa OTHOCHTEJILHO 3arOTOBKHU (PHC. 2, 2) BCIECTBUE COTJIACOBAHUS MEXKY
co0Oi MBMXKEHHS pe3aHus ¢ ABMKeHHeM mnogadd. CKOpOCTH 3TUX JBHXKEHHUM COTIacyroTcs
TaK, 4YTO 3a BpPEMs IMPOXOKICHHUS KPYIJbIM Pe3loM paccTosiHUs 1 pesel] JODKEH crenaTh
OJUH TOJIHBIM 00OpPOT OTHOCHUTENBHO CBOEW OCH BpallleHUs. 3/1eCb BCE TPHU JBHXKCHHS
SBJISTFOTCS (POPMOOOPa3yIO UMM,

Pexum pe3anusi U reoMeTpHsi cpe3aeMoro cJaosi

[Tpu Ha3HAUEHUU PEKUMOB PE3aHUS OMPEIEIAIOT CKOPOCTh PE3aHMs, MOAauy U TIIyOuHy.
Ckopocmblo pe3anusi v Ha3bIBAIOT PACCTOSHUE, MPOMJAEHHOE TOYKOM pexylled KpOMKHU
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MHCTPYMEHTAa OTHOCUTEIHLHO 3arOTOBKM B HAIPABJIEHUM TJABHOTO JBHXKCHUS B EIUHUILY
BpeMeHHu. CKOPOCTh pe3aHusi UMEET pa3MEepHOCTh M/MUH WK M/c. Eciiu riiaBHOE JBI>KEHUE
SBJISICTCS BpalllaTeJIbHBIM (TOYEHHE), TO CKOPOCTh PEe3aHUsl, M/MUH:

rae Ds, — Hambospmmii guamerp oOpadarbiBaeMOM MOBEPXHOCTH 3arOTOBKH, MM; 1 —
94acTOTa BPAIICHUS 3arOTOBKU B MUHYTY.

Ecmu riiaBHOe NBMXEHHUE SIBISETCS BO3BPATHO-IIOCTYNATENbHBIM, @ CKOPOCTH pabouyero u
00paTHOro (X0J0CTOr0) XOJ0B Pa3IMyYHbL, TO CKOPOCTh pe3aHus, M/MUH:

L=m
'F - "
T00alk 1 1)
rie L — pacdyeTHas AJMHA XOJa HMHCTPYMEHTA, MM; m — YHUCJIO JABOMHBIX XOJOB
UHCTPYMEHTa B MUHYTY; k — KO3(D(QUUMEHT, MOKa3bIBAIOUIMN OTHOIIEHHE CKOPOCTEH

pabouero u X0Ja0CTOro XoaoB; k = V;/Vy.

Ilooaueii (s) Ha3pIBAIOT MYTh TOUKH PEXKYIIEH KPOMKA HMHCTPYMEHTA OTHOCUTEIBHO 3ar OTOBKU
B HAIPABJICHWU JIBIYDKEHUS MOAAYM 3a OJUH 000poT (puc. 3) WM OAWH XOJ 3arOTOBKHU WJIH
uHCTpyMeHTa. [logaua B 3aBUCHMOCTH OT TEXHOJIOTMYECKOrO0 MeToja OOpabOoTKH HMeeT
pa3MEpHOCTb: MM/00 —Jisi TOYEHHSI M CBEpJICHMS; MM/IB. XOI — JJIg CTPOTraHus,
numdoBanus U T. 1. [lo HampaBIeHUIO ABMXKCHUS PA3IMYAlOT MOAAYU: MPOMOIBHYIO Spp,
IONEPEUHYI0 S,, BEPTUKAJBbHYIO Sp, HAKIOHHYIO Sy, KPYIOBYIO Skp, TaHT€HIHAIbHYIO Sr,
OKPYKHYIO So U JP.

I'nybunoti pezanus t Ha3bIBAIOT PACCTOSHHUE MEXKIYy oOpaldarbiBaeMoil W 00pabOTaHHOI
MOBEPXHOCTSAMH 3arOTOBKH, U3MEPEHHOE TIEPIIEHIUKYSIPHO K mochenaneid. [ myouny pezanus
OTHOCAT K OJHOMY paboueMy XOIy HHCTPYMEHTa OTHOCHTEIHbHO OOpabaThiBaeMoO TO-
BEpPXHOCTHU. [ TyOMHa pe3aHus UMeeT pa3MEepHOCTb MM.

[Ipy TOYEHWMW UMIMHAPUYECKOH TMOBEPXHOCTH TIAYOMHY pe3aHusi ONpeleNsiioT Kak
MOJIypPa3HOCTb TUAaMETPOB JI0 U 1mociie 00paboTku (puc. 3):

rae d nuamerp o0paboTaHHOM LMIMHAPUYECKOW MOBEPXHOCTH 3arOTOBKH, MM.

dopMy cpe3aeMoro Cios Marepuaiga pacCMOTPHM Ha TpUMepe  0o0TauyuBaHUSA
UJIMHAPUYECKON MOBEPXHOCTH Ha TOKApHO-BUHTOPE3HOM cTaHke. Ha puc. 3 moka3aHbI 1Ba
MOCTIEIOBATENbHBIX TOJIOXKEHHUS pe3l[a OTHOCUTENIFHO 3arOTOBKH 32 BPEMsI OJJHOTO ITOJIHOTO
obopota ee. [Ipu oOpaboTKe pesel] cpe3aeT ¢ 3aroTOBKH MaTepHuall IJIOMIaIbI0 MONEPEUHOT0
ceueHns: f4BCD Ha3pIBaGMON HOMWHAIBHOW IUIOIMIAABIO MOMEPEYHOr0 CEUCHHUsS CPe3aeMoro
cios f, MM”.

Puc. 3. Dnemenmeol pezanus u 2eomempuu

; v Cp€361€]l/l020 CN0A -
[
8 P;{é o 8! | 17
Sap el
N B "'ﬂ"'lA 1
i
\ E\'\ ';‘r}
¢ € A 2
d
. / I
S, 2 i
2V Vv i

dopma M pasMepbl HOMUHAIBHOI'O CEYEHHUs CPE3acMOro Cjos Marepuala 3aBUCAT OT
MapaMeTpoB peXUMa PE3aHHsi, TEOMETPUHM PEXKYIIEro HHCTpyMEHTa M (OpMbl pexylen
KPOMKH.
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DJIeMeHThI TOKAPHOI0 MPOXOAHOro pe3na. TokapHbIH npsMoil TpoxogHOU pesen (puc. 4)
MMEET TOJIOBKY, T. €. pabouyto yacte I, u Teno, T. €. crepkeHb I, KOTOpBIA CIYyXUT AJis
3aKpeIuIeHUs pe3lla B peslenepikarene. l'oloBka pesna o0pa3yercs Npu ClELHaIbHOU
3aTOYKE M MMEET CICAYIOIIME JJIEMEHTBL IMEPEAHIOI IMOBEPXHOCTh 1, MO KOTOPOM CXOIUT
CTPY)KKa; TJIaBHYIO 3aJHIOI0 TOBEPXHOCTh 2, OOpallleHHYI0 K TOBEPXHOCTH pEe3aHMs
3arOTOBKM; BCIIOMOTaTENbHYIO 3aJHIOI0 IMOBEPXHOCTh 4, oOpalleHHyr0 K 00paboTaHHOU
ITOBEPXHOCTH 3arOTOBKH; INIABHYIO PEXKYIIYI0 KPOMKY 3, BCIIOMOTaTeNbHYIO 6, BEPIIMHY J.
HMHCcTpyMEHT 3aTayuBaroT IO MEPEIHEN U 3aJHUM NOBEPXHOCTAM. Ui onpenenceHus yrios,
MO/l KOTOPBIMHM PAacloJIOKEeHbl MOBEPXHOCTH paboyell 4acTH MHCTPYMEHTAa OTHOCHUTEIBHO
APYT ApYyra, BBOAST KOOPAUHATHBIE TIIIOCKOCTH (pHC. 5).

I’ naenwiii yeon 6 niane ¢— yroi MeXNy IPOEKIUEN ITIaBHOU PEXYIIe KPOMKHM Ha OCHOBHYIO
IJIOCKOCTh WM HAIPaBJICHUEM IIOJA4YH. YTOJ (@ OKa3blBa€T 3HAYMUTEIIBHOE BIIMSIHUE Ha
IIEpOXOBATOCTh 00pa0OTaHHOW MOBEPXHOCTH 3aroToBku. C yMEHBIIEHUEM yria @
IIEPOXOBATOCTh O00pPaOOTAHHOM MOBEPXHOCTU MOHMKaeTcss. OIHOBPEMEHHO YMEHBILIAETCS
TOJNIIMHA W pacTeT LIMPUHA CPE3aeMOro CJIosS Marepuaina, 4TO YBEJIMYMBAET AKTHUBHYIO
pabouyro JUIMHY IJ1aBHOW pexyied kpomku. Cuia U Temmneparypa pe3aHusi, IpUXoasIuecs
Ha €IVHUIY IJIUHBI KPOMKH, YMEHBIIAIOTCSA, YTO CHUXKAET M3HOC MHCTpyMeHTa. C yMeHb-
LICHUEM YIJla ¢ PE3KO BO3pacTacT CHUJIA PE3aHUs, HalpaBJICHHAs NEPICHAMKYISIPHO K OCH
3arOTOBKM, 4YTO BBI3BIBAET MOBBIIICHHYIO JAepopManuio oOpadarsiBaeMoil 3aroToBku. C
YMEHBIIEHHEM yrja (¢ BO3MOXXHO BO3HUKHOBEHHE BHOpallMii B MpoOIEcce pe3aHus, 4TO
CHMJKAeT KaueCcTBO 00paboTaHHOI MOBEPXHOCTH.

Bcnomozamenvhoiil yeon 6 niane ¢ — yroil MEXIy IPOCKIHUEH BCIIOMOTaTEIbHON pexKyIIen
KPOMKHM I1a OCHOBHYIO IIJIOCKOCTb W HalpaBJIEHUEM, OOpaTHbIM JBH>KeHUIO monauu. C
YMEHBILIEHUEM yIiIa ¢/ MepoxoBarocTh 00padOTaHHOM MOBEPXHOCTU MOHMKAETCS, OTHOBPE-
MEHHO YBEJIMYUBAETCS IPOYHOCTh BEPIINHBI PE31IA U CHUMKAETCSA €r0 U3HOC.

Pu3nyeckas CyIlIHOCTh NPOLECcCa pe3aHus

Pe3anne MeTaJIOB ABJISIETCA CIIOKHBIM MPOLIECCOM B3aUMOJICICTBUS PEKYIIETO NHCTPYMEHTA
U 3arOTOBKH, CONPOBOXKIAIOMIMMCS OMpPeNeCHHBIMI (PU3NYECKUMU SBJICHUSMU, HAIlPUMED,
ne(pOPMUPOBAHUEM CpPE3aEMOr0 CJIOS MeTajla. YIPOUIEHHO HPOLECC pe3aHus MOXKHO
MPEACTAaBUTh B BUJE CIEAYIOLIEH cXxeMbl. B HauanbHbIE MOMEHT IpoLiEcca pe3aHus, Koraa
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IBIOKYIIMMCA pe3ell moj jeiictBuem cuibl P (puc. 6)
BJIABJIMBACTCA B METANI, B CPE3a€MOM CJIO€ BO3HUKAIOT
yrnpyrue neopmauuu. [Ipu nanpHeilnem ABUKEHUM pe3la
yrpyrue aedopmainuu, HakaniauBasich M0 aOCOTIOTHON
BEIIMUMHE, NMEPEXOmAT M Iutactuueckue. Cpes3aemblil ClIon
MeTaJlla HaxOAMTCS IOJ BO3IACHUCTBUEM JAaBJIICHUS pe3lia,
KAacaTelIbHbIX W HOPMAJIbHBIX HanpspkeHun. CloxHOe
YIIPYTOHAIIPSDKEHHOE COCTOSHUE METalllla XapaKTEepU3yeTcs
njactTuueckuMm  aedopmupoanueM. Poct  miiactuueckoi
COCIMOSHUA  Memanid nedopMaliii IPUBOAUT K CABUTOBBIM Aedopmanusm, T. €. K
sazomoexu npu 06pabomxe CMEMEHNIO YaCTEH KPUCTAILIOB OTHOCUTENLHO IPYT PYTa.

pe3anuem

[Ip pe3aHun 3aroTOBOK K3 METAIUIOB 00pa3yercs CTpYyKKa
CIIMBHAsA, CKAIbIBaHMSA WM HamioMa. CiaMBHas CTPYKKa, MOSBISIOIASICS IPU PE3aHUU
AeTanell M3 IUIaCTMYHBIX METAJUIOB, MPEJCTaBJIIeT COOOH CIUIOIIHYIO JIEHTY € TJIaKOu
NpUPE3LOBOM CTOpOoHOW. Ha BHeIHel CTOpOHE CTPYKKH MOXKHO BHJETh Cla0ble
nuiioo0pasubie 3a3yopunbl. CTpykKa CKalblBaHUs, 00pa3yrolascs Mpyu pe3aHuu AeTaieil u3
METaJJIOB CpeAHEH TBEPAOCTH, MPEACTABISET COOOM JEHTYy C TJIaAKOW NpHUpPEe3LOBON
CTOPOHO, Ha €€ BHEIIHEH CTOPOHE — SIPKO BhIpaKEHHbIE 3a3yOpuHbl. CTpy)KKa HaJjioMa
oOpa3yercsi mpu pe3aHuu JAeTaleil U3 XPYNKUX METAJIOB M COCTOMT U3 OTHEJbHBIX, HE
CBSI3aHHBIX MEXIy c000i 3eMeHTOB. Buj oOpasyromielicss CTpyKKU 3aBUCUT OT (PU3UKO-
MEXaHMYECKMX CBOMCTB MeTajula oOpabaThlBaeMOW JeTaiu, peXuMa pe3aHusi, reoOMeTpHUH
PEXKYIIEr0 MHCTPYMEHTA, NPUMEHSIEMBIX B IPOLIECCE PE3aHHUS CMa30YHO-OXJIAKIAIOIINX
BEILIECTB.
Cuubl pe3anus. JlepopMupoBaHue U cpe3aHue C 3arOTOBKH CIIOS METaJlJIa IPOUCXOAUT MO
JeHCTBUEM BHEIIHEH CUJIbl P, MPUII0XKEHHON CO CTOPOHBI MHCTPYMEHTA K 00padarbiBaeMoit
3arotoBke. HampaBieHue BeKTOpa CUIIbI COBIAAAET C BEKTOPOM CKOPOCTH pe3aHusd v. Pabora,
3aTpadyrBaeMas Ha Ae(OpMUPOBAHUE U pa3pylleHUEe MaTepraiia 3aroToBku (Pv), pacxonyercs
Ha YOpYryl0 M IUJIACTHYECKyl0 JedopManuu MeTaimia, €ro paspylleHHe, a TakXke Ha
MIPEOJIOJIEHNE CHJI TPEHHUS 3aJHUX IOBEPXHOCTEH HMHCTPYMEHTA O 3arOTOBKY U CTPYXKH O
MEPEIHIOIO IIOBEPXHOCTh HHCTPYMEHTA.
B  pesynbrare  CONpPOTHUBIECHUS  METalla  IPOLECCY
nedopMupOBaHUs BO3HHUKAIOT pPEaKTUBHbBIC CHUIBI,
JNEUCTBYIOIME HA PEXYIIUU MHCTPYMEHT. BCIHO yKa3aHHYIO
CUCTEMY CHJI TPUBOAAT K PABHOACHCTBYIOIIEH CHJIBI
pe3aHus.

R = Px+Py+Pz
CunTaroT, YTO TOYKA MPHIIOKEHUS CHIIBI R HaXOAWTCS Ha
pabouell YacTW TIIaBHOH peXylled KPOMKH WHCTPYMEHTa
(puc. 7). AOcomoTHas BeJIMYMHA, TOYKA MPUIIOKEHUS U
HalpaBJIeHUE B NMPOCTPAHCTBE PABHOAEUCTBYIOIIEH CHIIBI pe3aHus R B mporecce 00paboTKu
SBIISIFOTCSI TIEPEMEHHBIMU. DTO MOXKHO OOBSCHUTH HEOJHOPOAHOCTHIO CTPYKTYpPHI METaiia
oOpabaTpIBaeMOil  3arOTOBKH, IIEPEMEHHOW IOBEPXHOCTHOM TBEPAOCTHIO Marepuaia
3arOTOBKH, HEMOCTOSHCTBOM CpE3aeMOro Cios MeTawia (HaJu4he IITaMIIOBOYHBIX U
JUTEHHBIX YKJIOHOB H JIp.), ©3MEHEHHEM YTJIOB B IPOIIECCe PE3aHUS U T. II.
KpyTsmmii MOMEHT Ha IIIMUHEE CTaHKa

Puc. 7. Cunvl, 6o3nukarowue 6
npoyecce pe3aHusi.
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Biausinne HapocTa ¥ Hakjena Ha ¢opMHpPOBaHHe MOBEPXHOCTHOIO cJiosi 00-
padarbiBaemoii 3aroroBku. [Ipu 06paboTke pesaHreM 3aroTOBOK M3 MIACTUYHBIX METAJJIOB
Ha TIepedHEl MOBEPXHOCTH HHCTPYMEHTAa MOXKET 00pa3oBaThcs CIOW MeTasia, KOTOpPBId
Ha3bIBalOT HapocToM. O0pa3oBaHue HAPOCTa OOBACHAIOT TEM, YTO IIPU HEKOTOPHIX YCIOBHIX
00pabOTKM CUIIBI TPEHHS MEXKAY TIepeIHEH MOBEPXHOCTHIO HMHCTPYMEHTA U CPE3aHHBIM CII0EM
MeTalla CTAHOBATCA OOJbIlle CHUJ BHYTPEHHErO CIEIUICHUS, W TPU OIpeleICHHBIX
TEMIEPAaTypHBIX YCIOBHSX METAUI MPOYHO OCEAAeT Ha TMEpeiHed TMOBEPXHOCTH
uHCTpyMeHTa. Pa3mepbl u Qopma HapocTa MOCTOSHHO MEHSIOTCS. B mporecce pesaHus
HapocT OOHOBJSETCS BCIEACTBUE JEHCTBUS CUJI TPEHUS MEXAY OTXOMASIIEH CTPYKKOW U
BHEIITHEH MOBEPXHOCTHIO HapocTa. YacTUIIBI HAPOCTa YHOCATCA CTPYXKKOM W 0O0paboTaHHOU
MOBEPXHOCTBIO 3arOTOBKH, HapOCT CPBIBACTCS C MEpeIHEN MOBEPXHOCTH WHCTPYMEHTA U
BHOBB BO3HHKaET. YacToTa CppIBOB HAPOCTA 3aBUCUT OT CKOPOCTH PE3aHUSI.

Hapoct cymiecTtBeHHO BIMSET Ha MPOLECC pPE3aHUs M KadyecTBO 00paboTaHHOMU
MOBEPXHOCTH  3arOTOBKM, TaKk KaK TMpPUd €ro HAIMYUU  U3MEHSAIOTCA  YCIIOBHS
CTpy’KKooOpa3zoBaHusi. HapocT MOXET MOJOXMTENbHO BIUATH Ha mpomecc pe3aHus. OH
u3MeHseT GopMy TepenHeld MOBEPXHOCTH HMHCTPYMEHTA, YTO MPUBOJUT K YBEIMYCHHIO
NepeHero yria, a CleoBaTellbHO, K YMEHBIIEHUIO CHIIBI pe3aHus. BciencTBue BBICOKON
TBEPJOCTH HAPOCT CmocobeH pe3ars MeTal. OH ynmamseT HEHTP MABICHUSI CTPYXKKH OT
pPEeXYyIIEeH KPOMKH, BCJIEICTBHE YEr0 YMEHBINAETCS HW3HOC DEXYIIEr0 HWHCTPYMEHTa IO
nepeaHel moBepxHocTu. HapocT ynmydiaeT TenaooTBO OT PEKYIIEro HHCTPYMEHTA.

OOpa3zoBaHue HapoCTa 3aBUCUT OT (PU3MKO-MEXaHWYECKUX CBOWCTB Marepuana
00pabaTsIBaeMOil eTalii, CKOPOCTH Pe3aHus, TCOMETPHH PEKYIIET0 HHCTPYMEHTA U IPYTUX
daktopoB. Hanbosee akTuBHO HapocT oOpasyercs mpu oOpaboTKe JeTalield U3 MIaCTUYHBIX
MarepuanoB. IHTEHCUBHOCTh 00Opa3oBaHUsl HApOCTa B 3HAYMTEIHHOW CTETICHU 3aBUCUT OT
ckopocTu pe3anusd. Hanbonbiiee HapocTo0OpazoBaHE UMEET MECTO MIPU CKOPOCTSIX pe3aHus
18—30 M/mMuH, a ipu ckopocTsx pezanuu A0 10 — 12 m/mun u 6onee 50—70 mM/MuUH HapoOCT
Ha peXXyIIeM HHCTPYMEHTE MPAaKTUYECKU He 00pazyeTcs.

PesynbTaTromM ympyroi M miacTuyecko aepopManuu marepuana oOpabaTbiBacMoOM
3arOTOBKH SIBIISIETCS yNpOYHEHUE (HAKJIEMbIBaHUE) MOBEPXHOCTHOTO cIlosi 00paboTaHHON
3arotoBku. [Ipm paccMOTpeHMH TIporecca CTPYKKOOOOpa3oBaHUS TMPUHATO CUYHUTATh
UHCTPYMEHT OCTphIM. OIHAKO MHCTPYMEHT BCErla MMEEeT paauyc 3aKpyIrJIeHUs PexXyIIeH
KPOMKH P BEJMYHWHA KOTOPOTr'o MpH OOBIYHBIX MeToAax 3arouku nmpumepHo 0,02 mm. Takoi
WHCTPYMEHT MOXET Cpe3aTb C 3aroTOBKH CIIOM Marepuaja TpH YCIOBHH, YTO TIyOMHA
pe3anus Oospiie paguyca. Cinoil Meramia, TOMIIMHA KOTOPOrO COM3MEpUMMa C BEJIMYMHOU
pamuyca p, Oymer ymporomiactuueckun nedopmupoBarscs. Ilpu pabore uHCTpymMeHTa
BEJIMYMHA paguyca p OBICTPO pacTeT BCIEACTBUE 3aTYIJICHHS PEXYIICH KPOMKH, U BEITMYHHA
CJIOSI MaTepHrasia KOTOPBIN yIpOromiaTH4ecku 1eOpMUPOBAH YBEIMUNBACTCS.

Yopounenue MeTaiia 00pabOTaHHOW TOBEPXHOCTH 3aroTOBKH TIPOSIBISIETCS B
MOBBIIICHUH €€ TIOBEPXHOCTHON TBEPAOCTH. Eciu TBepmOCTh METAJIJIA 3arOTOBKH TPUHSTH
3a 100%, TO TBepAOCTh MeTajjga 0OpabOTaHHOW MOBEPXHOCTH MocCie 0O0pabOTKH pe3aHHueM
MOXET YBEIHMYHUTHCS 10 2 pa3. 3Haue€HHWE TBEPIOCTH MOXKET KoieOaTbcs, Tak KaKk BETUYHHA
IIacTUYecKod AedopManiu W TIyOMHA €€ TPOHUKHOBEHHUS 3aBUCAT OT (PHU3UKO-
MEXaHWYECKUX CBOWCTB Marepuana o0pabaThiBaéMOW 3aroTOBKH, T€OMETPHH PEXYIIETO
WHCTPYMEHTA U PEXKUMOB pe3aHusl.

CnencrueM aeOpMHpPOBAHKS MeTallla SBISETCS TaKKe TO, UTO TMOCTE MepeMeIeHus pe3ia
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OTHOCHUTEJIbHO 00pabOoTaHHON MOBEPXHOCTH MPOUCXOJUT YIPYroe BOCCTAHOBJIEHUE
MOBEPXHOCTHOI'0 J1e(hOPMUPOBAHHOIO CJ10s1 (YIPYroe Mocje1ecTBIE).

VYnpyromiactuyeckoe ae(opMHpOBaHHE MeTaaia NPUBOJUT K BO3HUKHOBEHHIO B
MOBEPXHOCTHOM CJIO€ 3arOTOBKM OCTATOYHBIX HANPSHKEHUU, KOTOpPbIE MOrYT OBITh
pPaCTSATMBAIOUIMMHU  WJIM  CKUMAOIIMMU. HanpspkeHust pacTsSHKeHUsT CHUIKAIOT — Mpefel
BBIHOCIIMBOCTH Marepuajia 3aroTOBKH, TaK Kak MPUBOAST K MOSABJICHUIO MUKPOTPELIUH B
MOBEPXHOCTHOM CJIO€, Pa3BUTHE KOTOPBIX YCKOPSIETCS AEMCTBUEM KOPOIUPYIOLIEH Cpeabl.
Hanpsokenust  ckatusd, HanpoTUB, NOBBIIIAIOT  MPEAEeN  BBIHOCIMBOCTH  JIE€Tajeil.
HepaBHomepHas pestakcaiusi OCTaTOYHBIX HAaNPSHKEHUM MCKaXKAeT T€OMETPUYECKYI0 (hopMy
00pa0OTaHHBIX NOBEPXHOCTEH, CHU)KAET TOYHOCTHM HX B3aUMHOI'O pACIOJIOKEHUS U
pa3MepoB. Penakcanus HanpsiKeHUH, MPOJOJDKAIOLIAsica B MPOLECCe KCIIyaTallii MalllvH,
CHIDKAET UX KAYECTBO, HAJIEKHOCTh U JIOITOBEYHOCTb.

CrnenoBarenbHO, OKOHYATEIbHYIO 00padOTKY MOBEPXHOCTEHN 3arOTOBOK CIIEIYET BECTH
TaKMMH METOJ]aMU U B TaKUX YCIOBHUAX, YTOOBI OCTATOYHbIE HAPSKEHUS OTCYTCTBOBAIM WU
ObLTM MUHHMAIbHBIMU 1O BenuuuHe. llenecooOpa3zHo, 4TOOBI B MOBEPXHOCTHOM CJIOE
BO3HUKAJIM HaNpsOKEHUs CxXaTus. MOXHO CHH3UTh BEIUYHMHY HANpPSDKEHUN, MPUMEHSIS,
HanpuMmep, 3JIEKTPOXUMHUYECKYI0 O0pabOTKy, a JJs IMOJy4eHUsS B MOBEPXHOCTHOM CIIO€
CKUMAIOIMIUX HANpsLDKEHUH MOXXHO PEKOMEHJI0BaThb O0pabOTKYy TOHKUM IUIACTUYECKUM
nedopMUpOBaHUEM, HapUMeEpP, OOKATKY MOBEPXHOCTEW 3arOoTOBOK CTaJbHBIM 3aKaJIEHHBIM
POJIMKOM WJIM IIAPHKOM.

0 100% KB %

Puc.8 — TloBepXHOCTHBIN cI0M MaTepuana 3aroToBKU (a — CTpoeHue, 6 — 3Mmopa U3MEHEHUs
TBEPIOCTH)

VY CIIOBHO MOBEPXHOCTHBIN CJIOM 00pabOTaHHOM 3arOTOBKM MOXKHO Pa3[eiIUTh HA TPHU 30HBI
(puc. 8): I — 30Ha pa3pymIeHHOW CTPYKTYpbl C HW3MEIbUYCHHBIMH 3€pHAMH, PE3KUMHU
UCKOKCHHUSIMH KPHCTAUIMYECKON PEIIeTKA M OOJBIIMM KOJMYECTBOM MUKPOTPEIINH; €€ Clie-
AyeT 00s13aTeJIbHO YIAIATh MPU KaXI0U Mocieayroneid oo0padoTke MOBEPXHOCTH 3arOTOBKH;
// — 30Ha HakJemaHHOro Merajia; /// — ocHOBHON MeTamwi. B 3aBucumMoctu or Qusuko-
MEXaHWYECKUX CBOWCTB Mareprasia 00pabarbiBacMoii 3arOTOBKH U PeKUMa pe3aHus TryOnHa
HaKJICTIAHHOT'O CJIOS COCTaBJISIeT HECKOJIBKO MUJUITMMETPOB IIPU YepHOBOM 00pabOTKE M COTHIE
U THICAYHBIC JOJIM MWUIMMETpa TpU UYHCTOBOW o0oOpaborke. IlmacTuyHbie MeTaIbI
MOJIBEPTaroTCs OOIbIIEMY YIPOYHEHUIO, YeM TBEPIBIC.

Haknen o0paboTaHHON MOBEPXHOCTH MOXKHO paccMaTpuBaTh Kak MOJIE3HOE SIBJICHUE,
€CII BO3ZHUKAIOIINE OCTAaTOYHBIC HANPSIKCHUS SBIAIOTCS CKUMaOImMUMU. OmHAKO HaKJIel,
MOyYCHHBIN MPU YEPHOBOM 00pabOTKe, OTPHUIIATENFHO BIMSIECT HA MPOIECC PE3aHMSs MIPH T0-
CIIeNyIOIIell 4YUCTOBOM 00paboTKe, KOI/la Cpe3aloTcsi TOHKHE CTPYKKU. B aTom ciyuae
WHCTPYMEHT Pa0OTaeT MO MOBEPXHOCTH C MOBBHIIMIEHHON TBEPAOCTHIO, YTO MPHUBOJUT K €rO
OBICTPOMY 3aTYILICHHUIO, IIEPOXOBATOCTh MOBEPXHOCTH YBEIMYUBACTCS.
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TenJioBble siBJIEHUS Mpouecca pe3anus. [Ipoiiecc pezanusi conpoBoKIaeTCsi 00pa3oBaHUEM
terioThl. KommuecTBo TemnoTel O, BhIACISIOMEHCS U €IUHUILY BpeMeHU, JIk/MuH:
QO =PzV.

[IpyynnamMu 00pa3oBaHUs TETUIOTHI SIBJISIFOTCS YIIPYTOMJIacTUYECKOe 1e(pOopMUpPOBaAHUE
B 30HE CTPYXKOOOpa30BaHUS, TPEHUE CTPYKKU O MEPEAHIOI MOBEPXHOCTh, MHCTPYMEHTA,
TPEHUE 3aHUX TMOBEPXHOCTEH HHCTPYMEHTa O MOBEPXHOCTh pe3aHusi U 00paboTaHHYIO
MTOBEPXHOCTh 3arOTOBKH.
TennoBoii OanaHc nporecca pe3aHusi MOXKHO MPEICTABUTH CIEIYIOIIUM BhIPOKEHUEM:

Q=0Qn+Qn.n+Q3.1=Qc+Q3+Qu+Qu

rae (Jy KOJMYECTBO TEIJIOTHI, BRIICJSIONICHCA MPU YIIPYTOMIaCTUYECKOM J1e(OpMUPOBAHUHI
oOpabareiBaeMoro wmarepuaia, Jx; O,, — KOJIMYECTBO TEIIOThI, BBIICIAIONICHCS MTpU
TPEHUHU CTPYXKKHU O MEPEIHIO MOBEPXHOCTh UHCTpyMeTa, [[3k; 031 — KOJMYECTBO TEILIOTHI,
BBIJICJISIFOLIEECS] IPU TPEHUU 33JHUX MTOBEPXHOCTEH MHCTPYMEHTA O 3arOTOBKY  \.

JIx; Oc - KOJIMYECTBO TEIIOTHI, OTBOJUMOE CTPYKKOH, /XK,
(J; — KOJIMYECTBO TEIUIOThl, OTBOJMMOE 3aroToBKOM, JIx; (J; — KOIMUYECTBO TEIJIOTHI,
OTBOJMMOE PEXYLUIMM HHCTpYMEHTOM, JIK; (O, — KOJMYECTBO TEIJIOTHI, NEPEXOAIlIee B
OKpY>Karoulyo cpeny (Teriora Jyyeucnyckanus), JIx.
B 3aBUCHMMOCTH OT TE€XHOJOIMYECKOTO METO/AA U YCIOBUN OOpabOTKU CTPYXKKOW OTBOAMTCS
oT 25 no 85% Bceil BelenuBIIENCSA TEMNOTHL; 3arotoBkod  10—50%; wuHCTpyMEHTOM 2—
8%. KonmuecTBeHHOE pacnpeneieHue TENJIOThl 3aBUCUT IJIABHBIM 00pa3oM OT CKOPOCTHU
pe3anud. TemnnooOpa3oBaHHe OTpHUIIATENbHO BIMAET Ha Impouecc pe3aHus. Harpes
HHCTpyMeHTa J0 BbicOkuX Temmeparyp (800—1000° C) oka3biBaeT CTPYKTYpHBIC
NpeBpallleHuss B Marepuaie, U3 KOTOPOro OH H3ITOTOBJIEH, CHUXKEHHE TBEPAOCTH
MHCTPYMEHTA U MOTEPIO €T0 PEXYIIUX CIOCOOHOCTEH.

HarpeB mHCTpyMeHTa BBI3bIBACT TAK)KE M3MEHEHUE €ro IeOMETPHUYECKHX Pa3MepoB,
YTO BJIMSET Ha TOYHOCTh pPa3MEpoB U TeOMETpUYEecKylo ¢Gopmy 00paboTaHHBIX
noBepxHocrei. Hanpumep, npu 00TauMBaHWM UMJIMHIPUYECKON MOBEPXHOCTH Ha TOKAPHO-
BUHTOPE3HOM CTaHKE Y/UIMHEHUE pe3lla NpU TOBBIIMIEHUH €ro TeMIeparypbl U3MEHSET
riyOuHy pe3aHus, U oOpabOTaHHAs IMOBEPXHOCTh MOXKET MOJYYUTHCS KOHYCOOOpa3HOM.
HarpeB 3aroToBku BBbI3bIBaCT H3MEHEHHE €€ TEeOMETPUUYECKUX pa3MepoB. BcenencrBue
’KECTKOr0 3aKperJIeHUs] Ha CTaHKe 3aroToBKa HauWHaeT aedopMupoBarbes. TemieparypHble
nedopMallid MHCTPYMEHTa, MPUCHOCOOJICHUM, 3aroTOBKM W CTaHKa H3MEHSAIOT TIYyOUHY
pe3aHus U CHUXKAIOT TOYHOCTh T€OMETPUYECKON (POpMBI MOBEPXHOCTh €€ Pa3MEPOB.

JIist yMEeHbIIEHHS OTPULIATENILHOTO BIMSHUS TEILIOTH Ha MpoIecc pe3aHusi 00paboTKy
cienyer Bectu B ycnousax npumeHeHuss COTC (COX). B 3aBucumoctu  OT
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TEXHOJIOTUYECKOTO MeToAa oO0paboTKu, (PU3MKO-MEXaHUUYECKUX CBOMCTB MaTepuasoB
oOpalarbIBae-IeTald U PEXYIIEr0 MHCTPYMEHTA, a TaKXKEe OT PEeKMMa pe3aHusl MPUMEHSIOT
Pa3IMYHbIE CMA30YHO-OXJIAKAAIOUINE CPEIbl, KOTOPbIE MOKHO pa3/lelIuTh Ha ClENYHOIIue
TPYIIIIBL

JKunkoctu: BOMHBIE PACTBOPHl MHUHEPAIBHBIX JJIEKTPOJMTOB, SMYJIHCHH, PACTBOPHI MBLT,
MUHEpalIbHbIC, KUBOTHBIE U PACTUTENIbHBIC Maciia; MUHEpaIbHBbIE Macia ¢ J00aBJICHUEM
dbocdopa, cepsl, xmopa (cynbpodpe3oiibl), KEPOCUH U PACTBOPHI MOBEPXHOCTHO-AKTUBHBIX
BEILECTB B KEPOCHHE; Macia U 3MYJbCUH C JO0OABICHUEM CMa3bIBAlOUIMX BeleCTB (rpadura,
napaduHa, BOcKa u Jp.).

['a3pl 1 razooOpasublie BemectBa: Tassl CO0,, CCly, N,; mapbl MO-mepXHOETHO-aKTUBHBIX
BEILIECTB; pacnbUIeHHBIC KUJAKOCTH (TymaH) u  [I6HBI.

TBepzbie BemecTBa: MOPOIIKK BOCKa, TapadrHa, OUTyMa; MbBUILHBIC TOPOIIKH.

Yame Bcero mpu 00pabOTKE pe3aHueM IPUMEHSIOT CMAa304HO-OXJIaKIAIOLIUE KUIKOCTH.
OOmagasi cMa3bIBAIOIIMMHU CBOWCTBAMH, >KUJIKOCTH CHMXKAIOT BHEIIIHEE TPEHUE CTPYKKHU O
MEePEHIO MOBEPXHOCTh MHCTPYMEHTA U 33JHUX MOBEPXHOCTEH MHCTPYMEHTA O 3arOTOBKY.
OnHoBpeMeHHO CHMXKaeTca pabora aedopmupoBaHus. OOIIee KOJIUYECTBO TEIJIOTHI,
BBIJICIISIIOLLEICS TPU pE3aHUH, YMEHBIIIAETCS, OTBOAATCS TENJIOTA BO BHEIIHIOKO CPENy OT MECT
ee 00pa3oBaHUs, OXJAXKIas TEM CaMbIM PEXYIUUHM HHCTPYMEHT, Ne()OpMUpYEMBIA CION U
00pa0oTaHHYIO TOBEPXHOCTh 3arOTOBKH.

HN3H0C HHCTPpYMEHTA

R
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