Hean padoThbl: W3YyYNTH KIACCH(DUKAINIO, MapKUPOBKY, CBOMCTBA M
001acTb MPUMEHEHNUST HHCTPYMEHTATBHBIX MATEPHAIIOB.

MarepuanbHoe ofecriedeHne: CTEHIL ¢ 00pa3maMu HHCTPYMEHTOB,
H3TOTOBICHHBIX M3 PA3MHYHBIX MHCTPYMECHTATBHBIX MATEPHANOB, IIIAKATHL,
CIIPABOYHAS TUTEPATYPA, METOJUICCKIE YKAZAHHSL.

MNOPANOK BBIITIOJIHEHUA PAGOTHI

1. Bo Bpemst HHAMBHY ATBHOH PabOTHI IO METOMIECKIM YKA3aHASIM H Pe-
KOMEHIYEMOH IHTEPaType M3Yy4IWTh OONME TPHHOWANBI MApPKUPOBKH
HMHCTPYMCHTAIBHBIX MATEPHAIOB, IPUHITAIEI BEIOOpA HHCTPYMEHTA, M3TOTOB-
JICHHOTO H3 DA3IHUYHBIX HHCTPYMEHTANBHBIX MATEPHANIOB, O3HAKOMHTBCA C
3aJaHAEM U MaTEpPHaIOM IO JaHHOH paboTe.

2. BO BpeMsI 3aHATHS ONPEACTHUTD, HCIIONb3Y S CIPABOYHY O IUTEPATYDY,
OCHOBHBIC CBOMCTBA, XUMHUYECKHH COCTAB U MPUMEHEHUE HEKOTOPBIX MAPOK
HHCTPYMEHTATBHBIX MATEPHATIOB MO 33AAHAK0 IPENOJABATEIS.

Jamanue

1. PacmmmdpoBaTh MapKy, JaTh ONMUCAHUE CBOUCTB U 00NACTh IPUMEHE-
HUSI FHCTPYMEHTATBHBIX MAaTEPHATIOB (IPATOKEHNE, BapuaHT Ne ...).

2. Mapku MaTepHaioB IS PACIIU(POBKH, ONUCAHHUSI CBOUCTB M 00Ia-
CTH IPUMEHEHHS 3a0A0TCS MPENOAABATEIEM.

Coaepxanne oruéra

Tabnuna 1.dopma oTuéTa

o OcHoBHBIE CBOMCTBA
Mapka XUMHYECKUI COCTAB MaTepraia IIpumenenue
P MaTepHasa

MaTepHalia

[Tpw BEIIONHEHNH 3aJaHHUS PE3YIBTAThl pabOTH 3aHOCSTCS B TA0M. 1.

1. TPEBOBAHMUA, IPEAbABJIAEMBIE
K HHCTPYMEHTAJIbHBIM MATEPUAJIAM

PaboTocmocoOHOCTE HHCTPYMEHTA MOXKET OBITH OOCCIICUCHA TONBKO B
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TOM CIIy4ae, €cIr ero pabodast 1acTh BEIOTHEHA U3 MATEpHaNa, OOIaaaroIIero
KOMIUICKCOM OTIPCACICHHBIX (DH3HKO-MEXAHHICCKHAX CBOMCTB. MarepHansl, B
TOH WM WHOU MEpe OTBEHAOINHE TPEOOBAHMSM 3TOTO KOMILIEKCA M CIIOCOD-
HBIC OCYINECTBILITE PE3aHNE, HA3BIBAIOTCS HHCTPYMEHTAIBHBIME. PaccMOTpUM
OCHOBHBIC (PH3MKO-MEXAHMIECKAE CBOHCTBA HHCTPYMEHTAIBHBIX MATEPHANIOB,

TrepaocTs. UToOB BHEAPUTECS B MOBEPXHOCTHEIE CIOM 0OpadaThIBae-
MOH 3aroTOBKH, MaTepwan paboduedl 4acTH WHCTPYMEHTOB JOJKCH HMETh
BBICOKYO TBEPJOCTH, KOTOPAst AOJNHA OBITH IMPUMEPHO B JBA Pa3a BHILIE,
yeM y 06pabarTeiBaeMoro Meramia. TBEpAOCTh HHCTPYMEHTATBHBIX MATEPH-
a7I0B MO’KET OBITH IPUPOAHAS, T. €. CBOMCTBEHHAS 3TOMY MATECPHANY IIPH
€ro 00pa30BaHUK U MOKET OBITh OTYUCHA CICIHANBHOM 00padoTkoit. Tak,
HHCTPYMEHTAIbHBIE CTANH IOCTABISIOTCS C METAJUIy PTHUECKUX 3aBOJOB B
OTO’KKECHHOM COCTOSIHAH M B 3TOM COCTOSIHMH OHH JIETKO IIOJIAI0TCs 00pa-
6oTke peszanneM. Mexanndecku 00pabOTaHHBIE HHCTPYMEHTEI IIOBEPTAIOT
TepMooOpaboTke, mnn(oBaHMIO U 3aTOUKE. B pesynprare TepMooOpaboTKH
CYIIECTBEHHO IOBHIMIAIOTCSI ITPOYHOCTh M TBEPAOCTH MHCTPYMEHTAIBHBIX
craneit. TepmocTs TCPMOOOPAOOTAHHBIX WHCTPYMCHTANBHBIX CTalCH M3-
Mmepsiercst o mrane C PokBemnra W BHIPAKAETCS B YCIOBHBIX E€IHHMIIAX
HRC.,. Ilpn tBepaocTr TepMO0OpPabOTAHHBIX MHCTPYMEHTOB, H3TOTOBJICH-
HBEIX U3 HHCTPYMEHTANBHBIX CTaneH, B mpenenax 63...64 HRC, nocruratorcs
Hambornee ycToiuuBast uX paboTa U HAUMEHBIIASI H3HAIIHBAEMOCTD JIC3BHH.
ITpu MeHbIIEH TBEPAOCTH BO3PACTAECT H3HALIMBAEMOCTBH JIC3BHH HHCTPY-
MEHTOB, a IIPX OONBIICH TBEPAOCTH JIE3BHSI HAYMHAIOT BBIKPALITMBATHCS H3-
32 IUPE3MEPHOH XPYIIKOCTH.

TBepable CIIaBBI, MPHEPATIOKEPAMHUKA W IPUMEHSEMBIC AJISI H3TOTOBIE-
HUSI PEXYIOAX 9acTeH HMHCTPYMEHTOB CHHTETHYECKHAEC HHCTPYMCHTAILHBIC
MAaTEPHANBl UMEIOT BBICOKYIO HMPHPOAHYIO TBEPAOCTH, CYIIECTBEHHO IIPEBHI-
IIAFOIIYI0 TBEPAOCTb TEPMOOOPAOOTAHHBIX WHCTPYMEHTANBHBIX —CTaJEi.
TBepaOoCTE MHHEPATIOKEPAMHUKH U TBEPABIX CIINIABOB H3MEPSIETCSI IO IIKaIe A
Poxsenna n Haxoxurcs B npeaenax 87...93 HRA. TeepaocTs CHHTETHIECKAX
HHCTPYMEHTAIBHBIX MATEPHANOB HACTONBKO BENHMKA, UTO COIOCTABHMA C
TBEPAOCTHIO IPUPOTHOTO anMasa. [103ToMy OLEHKY TBEPAOCTH 3THX MaTEpH-
ANI0B TPOH3BOAST IO WX MHKPOTBEPAOCTH, KOTOPAsl HAXOAWUTCS B MPENEnax
H,=85..94TTla.

Konctpykumornble MeTamsl, uMmeromue Teepaocts 30...35 HRC,, yxo-
BICTBOPHUTENLHO 00pabaTHIBAIOTCS MHCTPYMECHTAMH, BBITOMTHCHHBIMH U3
HHCTPYMEHTANBHEIX cTane#, tepmooOpabdoranHex 10 63..64 HRC,, 1. €.
IIPX OTHOIIECHWH TBEPAOCTEH, MPUMEPHO PaBHOM ABYM. KOHCTPYKIIMOHHBIC
MeTanibl, TepMoobpadorannee 10 45...55 HRC,, MoryT OpITH 00paboTaHbl



TBEpABIMA CImaBaMu. CHHTETHYECKHE HWHCTPYMCHTANBHBIE MATECPHANLI
6raromapsi cBoeil BEICOKOH TBEPAOCTH CIOCOOHBI MPOM3BOAUTH 0OPabOTKY
3aKATCHHBIX CTATCH.

Mpounocts. B mponecce pe3anust Ha pabodyl0 4acTh WHCTPYMEHTOB
JCHCTBYIOT CHIBI pe3aHus, Aocturaromme 3HaucHmH Oomee 10 xH. Tlox
JEHCTBUEM 3THX CHJI B Marepuane pabodcii 4acTH BO3HUKAIOT OONBIIHE
HanpspkeHus.. UTOOBI 3TH HANIPSDKCHUST HE MPUBOAWIN K PA3PYLICHUSIM pa-
6odeH wacTH, HHCTPYMEHTATBHBIE MATEPHANBI JOJNKHBI OBITH JOCTATOTHO
IIPOYHBIMH.

W3 BCeX HMHCTPYMECHTAIBHBIX MATEPHANOB HAWIYUIIHM COYETAHHEM
IIPOYHOCTHBIX XapaKTEPUCTHK OONanaroT MHCTPYMEHTanbHbIE crand. Ot-
HOIIEHHUE MEXIY UX IIPEACTaMH IPOTHOCTH HA M3THO U PACTSIKEHHE PABHO
1,3...1,6, a OTHOLICHHE MEXAYy MpEACIaMH MPOYHOCTH Ha CHKATUE U PaCTs-
xeawe — 1,6..2,0. Bmaromapst stomy pabodas 9acTb HMHCTPYMEHTOB,
BBIIIOTHCHHBIX M3 HMHCTPYMCHTAIBHBIX CTaNEH, YCICIIHO BBIACPKHUBACT
CIIO’KHBIM XapaKTep HAarpy KEHHS U MOKET padoTaTh HA CXKAaTHE, KPyUCHUE,
n3rud W pacTshKeHHe. 3aTeM B HOPSIIKE YORIBAHWS IPOTHOCTHBIX XapakKTe-
PHCTHK CIEIYIOT. TBEPABIC CILUTABBI, MHHEPATOKEPAMHKA, CHHTCTHUCCKHE
HHCTPYMEHTANIBHBIE MATEPHANBI K AIMa3bl. Bce 3TH MaTepHansl JOCTATOU-
HO XOpOIIO BBIAEPKHBAIOT CXUMAMONINE HampspkeHHs. OxHAKO HX
CYILIECTBEHHBEIM HEAOCTATKOM SBISCTCA HHU3KOE 3HAUCHHE MPOYHOCTH HA
m3rubd (o, = 0,3...1,0 I'Tla). Ilpenen ke MPOYIHOCTH HA PACTSDKEHHE y 3THX
MATEPHAIOB HACTOIBKO MAl, 4TO BOOOINE HE MO3BOJISET MIPOU3BOANUTH O0-
paboTKy pe3aHHeM NpH JNCHCTBHH B HHUX PACTSITHBAIOLINX HAIPSKCHHH.
[Tpy BCHOTB30BAHAH STOH IPYIIIEI HHCTPYMEHTATBHBIX MAaTEPHATOB HEOO-
XOAWMO 32 CUET COOTBETCTBYIOMIEH reoMeTpuy pabotIer YacTH HHCTPYMEHTA
J0OUBAaTHCS, ITOOBI B IPOLIECCE PE3AHMSI B HUX JCHCTBOBAIM TOJBKO CKH-
MAIOIIHE HAMPSIKCHHSL

TemneparypocToikocTb. MHTEHCUBHOE BEIACICHUE TEIIOTHL B IPO-
[ECCe PE3aHMs METANIOB BEACT K HATPEBY JE3BHM MHCTPYMEHTA, [IpuueM
HamOoNpInas TEMIEPATypa PAa3BUBACTCS HA KOHTAKTHBIX ITOBEPXHOCTSIX
ne3suil. HarpeB 1o TeMmeparypsl HHKE HEKOTOPOTO €€ KPUTHIESCKOrO 3HA-
YeHHUS Oy,, PA3HOTO ST PA3NUIHBIX MHCTPYMEHTANBHBIX MATEPHANOB, HE
CKAa3bIBACTCS HA UX CTPYKTYPHOM COCTOSIHHHHM H TBEPAOCTH. [locime Harpesa
BIUIOTB A0 3TOM TEMIEPATYPH H OXJIAXKICHHUS HHCTPYMEHTANBHBIE MATEPH-
anlbl HE M3MEHSIOT CBOMX CBOHCTB. IIpW HArpeBe BBIIE KPUTHYECKOH
TEMIIEPATyphl B HHCTPYMEHTATBHBIX MATEPHANAX IMPOUCXOAAT CTPYKTYp-
HBIC H3MCHECHHS U CBI3AHHOE C 3THUM CHMKCHHE TBEpAOCTH. KpuTHueckas
TEMIEPATYPa O, HA3BIBACTCSA TEMIEPATYPOH KPACHOCTOMKOCTH. B ocHOBE



TEPMHUHA «KPACHOCTOMKOCTBY» JEKUT (DU3UIECKOE CBOWCTBO METAIIOB B
HarperoM 710 600 °C cOCTOSIHMH M3IydaTh TEMHO-KPACHBIH cBET. [10 cyTH
CBOEH TEPMHUH «KPACHOCTOUKOCTH» O3HAYAET TEMIEPATYPOCTOHKOCTH HH-
CTPYMCHTAIBHBIX MaTEPUANOB. PazTHiHbIE HHCTPYMEHTAIBHEIC MATEPHATBI
HMEIOT TEMIIEPATYPOCTORKOCTE B IIUPOKKX Ipeaenax — ot 220 xo 1500 °C.

B nopsinke yOBIBaHHS TEMIIEPATYPOCTOMKOCTH MHCTPYMCHTAILHBIC Ma-
TEPHATEl PACHONATAIOTCS B CICAYIOIIEM IOPSAKE: a) CHHTCTHYCCKHE
HHCTPYMEHTAIbHBIE MAaTEPHANbl, 0) MUHEPATIOKEPAMHKA; B) TBEPABIE CILTa-
BbL, T) HHCTPYMCHTAIBHBIC OBICTPOPEKYIINE CTATH, 1) HHCTPYMEHTATbLHEIC
YIICPOAUCTEIE CTANH.

TemI0npoBOAHOCTE, YBCIHUCHHE PAOOTOCTIOCOOHOCTH PEKYINETO HH-
CTPYMEHTA MOET OBITH IOCTHTHYTO HE TOIBKO 3a CYET IOBHIMCHUS
TEMIIEPATyPOCTOHKOCTH HHCTPYMEHTANBHOTO Marepuana, HO U Omarozaps
VIIYUIICHUIO YCIOBHHM OTBOJA TEIUIOTHI, BBLACISIOMIEHCS B IPOLECCE pe3a-
HUSI HA JIC3BMH HMHCTPYMEHTA W BBI3LIBAIOINCH €ro HATPEeB IO BBICOKHX
Temrepatyp. Uem OOJbIIEe KOTMIECTBO TEIUIOTHI OTBOJHUTCS OT JIE3BHS
BIIIyOb MAacchl MHCTPYMEHTA, TEM HIDKE TEMIIEPATYPa HA €T0 KOHTAKTHBIX
MIOBEPXHOCTSIX. TEIUIONPOBOTHOCTE A HMHCTPYMEHTAIBHBIX MAaTEPHATOB
3aBHCHT OT XMMHUECKOTO COCTaBA M TEeMIEparypsl © Harpesa. [lpusencH-
HBIE HAa PpHC. | [JaHHBIE TO3BONSEOT CHENATH BEIBOL O TOM, HTO
TEILIONPOBOIHOCTD, HANPUMED, HHCTPYMEHTANBHBIX OBICTPOPEKYIINX CTaleH
TIOBBILIIAETCSI C YBENMIEHUEM Temmepatypsl 10 650...750 °C n ymeHbImaercst
IIPX HATPEBE CBBIIIE 3THX TEMIEParyp. [IpHCYTCTBHE B CTANH TAKWUX JIETH-
PYIOIOMX  SIEMEHTOB, Kak  BodbdpaM W BAHAAWH,  CHIJKAET
TEIUIONPOBOASIIAE CBOMCTBA WHCTPYMEHTAIBHBIX CTANCH, a JETHPOBAHHE
THTAHOM, MOJNUOACHOM U KOOATBTOM, HAOOOPOT, 3AMETHO TOBBIIIACT. DTO
€ OTHOCHTCSI M K TBEPJBIM CIIABAM, B COCTAB KOTOPBIX BXOIUT KapOwa
tutana. OHE 00JI¢e TEIIOMPOBOIHEL, UCM TBEPIBIC CIUTABHI, COICPKALIHC
TOIBKO KapOua BOTB(pama.

Koadpdumuent Tpenus. 3HadeHne ko3 PUINESHTAa TPEHHUSI CKONBXEHUS
{L KOHCTPYKIIMOHHBIX METAIUIOB 10 HHCTPYMEHTAIBHBIM MATEpPHANaM 3aBHU-
CHT OT XHMHYECKOTO COCTaBa W (DHU3UKO-MEXAHMUYECKHX CBOHCTB
KOHTAKTHPYIOIIUX I1ap, a TAKKE OT KOHTAKTHBIX HAIPSKCHUH HA TPYIIHAXCS
TIOBEPXHOCTSIX B CKOPOCTH CKOJIBKEHHSL

B mpomnecce pe3aHust METAIIOB 3HAUEHHSI HOPMATBHOTO HAIPSUKCHHUS HA
KOHTAKTHBIX ITOBEPXHOCTSIX JIE3BHH WHCTPYMEHTOB HAXOISITCSI B IIPEEIax
0,1...0,6 T'T1a. [Tox meficTBHEM CTONB OONBINMX HANPSIKCHUN W CHUII TPCHUSA
OKCHAHBIC W aJCOPOMPOBAHHBIC IICHKH HA TPYIMUXCSI IOBEPXHOCTSIX ME-
TAIUIOB HHCTPYMEHTA M 3arOTOBKH pa3pymiatoTcs. [losTomy yCioBus



B3aUMOJCHCTBHS KOHTAKTHBIX TIOBEPXHOCTCH JIC3BHH C 00pabaThiBACMBIMA
METAIJIAMHU MPAKTHYECKH COOTBETCTBYIOT YCIOBUSIM CYXOrO BHEIIHETO TPeE-
HHS, TpH KOTOPBIX 3HAUCHHE KOIPPHUIHCHTA TPEHHUS 3HATHUTCIBHO
BO3pACTAET.

P10K5d5

0,26

0,22

L 4 A A L
100 200 300 400 500 600 700 g °C

0,20 — -

Puc. 1. TernonpoBoaHOCTE GBICTPOPEIKYIIUX CTaIeH

H3nococroiikocTh. B3anMozaelicTBue HHCTPYMEHTA C 00pabaTHIBAEMbIM
MATEPHANIOM ITPOTEKAET B YCIOBISIX HOABHKHOTO KOHTAKTA. [IpH aToM 00a
Tena, 00pasyoImuX TPYIIYIOCS Iapy, B3aMMHO HM3HAIIHBAOT APYT APYTa.
Marepnan XKaxI0ro H3 B3aNMOJACHCTBYFOIIUX TEI 00IafaeT:

a) CBOMCTBOM HCTHPATh MATEPHAN, C KOTOPHIM OH B3aUMOACHCTBYET,

0) W3HOCOCTOHKOCTBIO, BEIPAKAIOIICH CIOCOOHOCTH MATEpHAIa COIMpPO-
THBJIATHCS HCTHPAKOLIEMY ACHCTBHIO MaTepHana KOHTpTena. [Ipaktuaeckuit
HHTEPEC IMPH H3YYEHHUH MPOLECCOB PE3AHUS MPEACTABISCT H3HOC IE3BHU
HHCTPYMEHTOB. V3HAIIHBAHNE JI€3BUH HHCTPYMEHTOB IIPOUCXOIUT HA HPO-
TSOKEHHH BCETO IIEPHOJA MX TNOJBIKHOTO KOHTAKTa ¢ 0OpabaThiBacMbIM
MaTepHanoM. B pesymbraTe 3TOr0 mpomecca Je3BHS TEPSIOT HEKOTOPYIO
4aCTh CBOEH MAcChl M HA HHUX OTYETIMBO BHAHBI CIEABI H3HOCA B BUAE
HapyIIeHUH GOpMBI PabOIHX TOBEPXHOCTEH.
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H3HOCOCTOUKOCTE HE SIBISIETCS] KAKHM-THOO HEM3MEHHBIM CBOHCTBOM
HHCTPYMEHTANBHBIX MATEPHATIOB U 3aBHCHT OT YCIOBHH pesanus. M3HOCO-
CTOMKOCTb — 3TO KOIHYCCTBEHHOE BbIPAXXKCHHE pAOOTHI CHI TPEHWS,
3aTPAaYCHHON HA IPEBPAINCHIE HEKOTOPOH MACCHI JIE3BHSI B IPOIYKT H3HOCA
B KOHKPETHBIX YCIOBHSIX B3aHMOJICHCTBHS C ONPEACICHHBIM KOHCTPYKIIH-
OHHBIM MeTamioM. TakuMm obpazom, m3HOCOCTOHKOCTH T ompenensercs
otHomenneM T = A/m, rne A — pabora CHJI TPEHHUS, M — Macca IPOAYKTOB
n3Hoca. [TpoAyKThI H3HOCA IPEACTABISEOT COO0H BECbMa MENKO JUCIIEPTH-
POBaHHBIC YACTUIIBI HHCTPYMEHTAIBHOTO MATEPHANA.

W3HOCOCTOHKOCTE 3aBHCHT OT HOPMAJNBHOIO HANPSDKCHUS HA KOHTAKT-
HBEIX IIOBEPXHOCTSIX B3aMMOJACHCTBYIOLICH ITaphl TPYIOUXCS MATEPHANOB H
OT CKOPOCTH OTHOCHTENBHOTO CKOIBKCHHUSL

Koadppumuent nuneiinoro m odnemuoro pacmmpenmsi. Tak Kak B
IIPOLIECCe PE3aHMsI, HHCTPYMCHTAIBHBIM MATEPHAN HATPEBACTCS, TO €CTe-
CTBEHHO OH JOJIKCH H3MEHSITH CBOH PA3MEPHI, UTO BHOCHT IIOTPEITHOCTEL B
TOYHOCTb M3TOTAaBIMBAaEMOM aeranu. [1oaToMy KO3(PUIIHEHT THHEHHOTO 1
00BEMHOTO PACITUPCHUS JOTKEH OBITH KAK MOKHO OOICC HAZKHM.

CimaemocTth. XapaxkTepusyercsl CnocoOHOCTHIO MATEpPHANOB 06pazo-
BBIBATH HAPOCTHI W HAJUIEI W YACPKHUBATh UX HA HHCTPyMEHTE. [IpouHas
CBSI3b HAPOCTA C HHCTPYMEHTOM BEACT K Pa3pyINCHHSM HA JIE3BUSIX HPH
CKOJIE HApPOCTA.

TexHomOornIHOCTh. [Ipy H3TOTOBICHHH WHCTPYMEHTA MaTepHan AO0I-
KCH XOpomo oO0pabaThIBATHCA PE3aHUEM, CBAPUBATHCSA, MUTH(OBATHCS,
mOABEPTaTeCsa 00paboTke AaBICHUEM. JJOMKHEI OTCYTCTBOBATH CKIIOHHOCTD
K TPCUIMHOOOPA30BAHMIO TIPH MAMKe 3aTOYKE M JOBOIKE. Kpome Toro, Ma-
TEPHAT JOKEH XOPOIIO 3aKaTUBATHCS | T.1II.

HemnumuTHOCTH M HU3KASI CTOMMOCTB. JTO OOBSICHSETCS] TEM, 9TO
PacXo PEXYINEro HHCTPYMEHTA JOCTATOTHO BEJUK, 4 BBICOKASI CTONMOCTD
HHCTPYMEHTA CIIOCOOCTBYET YIOPOXKAHMIO CTOMMOCTH H3TOTOBICHHUS JETa-
aed. B memsx 3KOHOMHHM WMHCTPYMCHTATBHBIX MATEPHANOB PEXKYIIHE
HHCTPYMEHTHI OONbINEH 9acThIO0 M3TOTABIUBAIOT COOPHBIMH HIH CBAPHBI-
MH. JlepaBKH, KOPIyCa, XBOCTOBHKHM HHCTPYMEHTOB AENAIOT M3 Ooiee
JICIIEBbIX KOHCTPYKIIMOHHBIX CTaCH.

2. KTIACCH®HUKAINA NTHCTPYMEHTAJIbHBIX MATEPUAJIOB
PazpaboranHble B HACTOSIIEE BPEMSI HHCTPYMEHTAILHBIE MATEPHATEI, B

OIPEENEHHO CTENEHH OTBEYAIOIIHE PACCMOTPEHHBIM BBIIIE TPEOOBAHH-
SM, TOAPA3ACIIEOTCS HA CICAYIOIIME TIPYNOBL a) YIIACPOJUCTEIE |



HHU3KOJICTHPOBAHHBIC HHCTPYMCHTANBHEIC CTATH, 0) OBICTPOPEIKYINUC CTAIIH,
B) TBEPABIC CIIABHI (METAJUIOKEPAMUKA), T) MHHEPATOKEPAMHUKA H KEPMETEL,
II) CHHTETHYCCKUC U PHUPOIHBIC AIMA3BL; €) CHHTETHYECCKIE KOMIIO3HINH 3
HUTpHAA Hopa.

2.1. YriiepoaucThi¢ HHCTPYMEHTAJIBHBIC CTATH

B 3aBHCHMOCTH OT XMMHYECKOTO COCTABA MHCTPYMEHTANBHBIC CTANH
MIOAPA3AEISIOTCS HA YTIICPOJUCTHIC, JIETHPOBAHHBIE U OBICTPOPEKYIIHE.

YIIepoaucCThe CTalu NOSIBIIUCH B cepeanHe XX Beka U MHOTHE TOJbI
ObLUTH €IWHCTBEHHBIM MATEPHAJIOM JUISI H3TOTOBICHHS PEXKYIIUX HHCTPY-
MmeHTOB. CozepskaHHE YIIepoJaa B HAX, OT KOTOPOTO BO MHOTOM 3aBHCST
cBO¥cTRA cTanei, cocrasmser 0,65... 1,4 %. C pocToM comep:kaHus yTIACpO-
1a 1o 1% yBennanuBaeTcsi TBEPAOCTh, HO OJHOBPEMEHHO ITaAET IPOIHOCTD,
TIOBBIIIIAETCST OTTACHOCTH 0OPA30BAHMS TPEIINH IIPH TEPMO0OpaboTKeE.

JUTs1 TOTydeHNsT BEICOKOH TBEPAOCTH YIJIEPOIUCTHIE CTANH TTOJBEPTAIOT
3akanke (HArpeBaroT 10 Temmepatypsl 750...820 °C u GBICTPO OXIAKIAIOT B
BOZE) C MOCICAYIOIIUM OTIYCKOM IIpH TeMueparype 1o 200 °C myst cHaTHs
BHYTPEHHHX HANPSDKEHUH W MOBBIIIECHUSI IPOTHOCTH | BSI3KOCTH. B pesyib-
TAT€ TEPMHUECCKOH OOpabOTKM YIIEPOAWCTEIE CTANH NPHOOPETAIOT
tBeprocTh 61...63 HRC, u moryT 00pabaTeBaTh MaTE€pHaNbl TBEPAOCTHIO
10 30...35 HRC,.

OcHOBHAs1 OCOOEHHOCTb YTJIEPOAUCTBIX MHCTPYMEHTANBHBIX CTAalICH —
IIOXasd MPOKANHMBAEMOCTh M 3aKATHUBAEMOCTB. IIpH BBICOKOH TBEpPAOCTH
TIOBEPXHOCTHOTO CJOSI CEPALCBHHA WHCTPYMEHTOB, HECMOTPSI HA PE3KYIO
3aKaNKy, OCTAETCSl BSI3KOH. DTO XOPOINO Ui HHCTPYMEHTOB C OONBIIAM
YHCIOM MEJKHX JIE3BUH MATIOTO CEICHUS, TAK KaK IIPH STOM 00CCIECINBACT-
Cs1 XOPOIIAast ©3HOCOCTOMKOCTD JIE3BUH U IMPOYHOCTH CAMOTO HHCTPYMEHTA.

Jlydmyro NpPOYHOCTh HMEIOT CTalM C COJACPKAHUEM YTIEpoaa
1,1...1,2 %, COXpaHSIOIINC MEIKO3CPHUCTOC CTPOCHHUE W MANOCKJIOHHEIC K
Pa3BUTHIO TPEIIUH IIPH 3aKAJKE.

Mapxupyercsa yrepoauctas crams Y7, Y7A, V8, Y8A, V9, YIA, V10,
Y10A, V11, V11A, V11A, V12, VI2A, V13, Y13A. Bxozsimasi B Mapku-
POBKY 3THX cTanel OykBa A yKa3bIBACT HA BBICIICE KAUECTBO BHIILTABKH.

Crans V7, Y7A cozepxur B cpegueM 0,7 % yriuepona, a Hampumep,
Y13-1,3% C.

Hu3kast cTOUMOCTE CTaly U OTCYTCTBHE B HEH AC)UIUTHBIX IEMEHTOB
0OyCIIOBIIMBACT €€ HCIONL30BAHMEC M B COBPEMCHHOM IIPOM3BOJCTBE B
YCIOBHSIX, HE BBI3BIBAIOINUX PazorpeBa padoueii KPOMKH, T.€. ISl PYIHBIX



HHCTPYMEHTOB 1 pabOTalomNX Ha HU3KUX PEXKUMAx PE3aHUS, a TaKKE pe-
3aHHUS TErK000PadaTHBACMBIX MATECPHATIOB (Tabm. 2).
Temneparypocrolikocts 0, cocraBuser 220 °C, a momycTUMas CKO-
pocts pesanust — 10... 15 m/MuH.
W3-3a Mano¥ TONIIMHE! 3aKANCHHOTO CIOS 3Ty CTaNh HE HCIONB3YIOT
JUIST KPYITHBIX HHCTPYMEHTOB TUAMETPOM (TONIHUHOK) cBhIe 30 MM, pabo-
TAOIIMX JAXE C YMEPEHHBIMH HATPY3KAMH.

Tabnuna 2. Pexyunii HHCTPYMEHT U3 YIJIEPOAUCTHIX CTAJIEl M 00JIACTh ero
ITpHMeH eH ST

Mapxu HsrotapnuBaeMbIi HHCTpYMEHT, IpUMepHOe Ha3HAUCHHUE
CTaJI

3amenutenp cranu Y8. 3yOuia, 100Ta, GOPOAKH, MOJIOTKH, JIC3BUSI HOXK-
Y7, V7A HUIl JUISL PE3KH METajUula, TOMOPHI, KOJYHBI, CTAMECKH, ILUIOCKOT'YOIThI
KOMOHHHPOBAaHHBIS, KYBAJIHI

3amenutens cram Y7A, Y7, V10A, Y10. ®pesbl, 3¢HKOBKH, TOIOPHI,
V8, V8A CTaMecKH, 3yOmisia, JOJIOTa, MUJIBI HPOJOJIBHBIC U JTUCKOBBIC, HAaKATHBIC
POJIMKH, KEPHEPBI, OTBEPTKH, ITIOCKOTYOIIbI, GOKOBBIC KYCAUKH
HucrpyMeHT Jutst o6paboTku iepeBa (Jie3Busi pyOaHKOB, pyraHKoB H T.J.)

V9, YOA . .
CcJIecapHO-MOHTAXKHBIM HHCTPYMEHT, KaJIMOPhI IPOCTOH hopMBbl

V10, MeT4uKd pyuHble, PANITTWIN, HaGWIM, TUIbI Uil 00paGoTKH IPEBECHHBL,

VYI10A, MaTPHIBI VIS XOJIOTHON MITAMITOBKH, [JIaJKUE KATHOPBI

Y11, V11A

MeTUYHKH pydHBIe, MOTUHKH MAIITHHHBIE MeEJKOpasMepHbIe, IUTAIKH JULT
V12, V12A | kiaynmos, pasBepTKH MEJIKOpasMepHbIe, HaIBHUIH, H3MEPUTCIILHBIA HWH-
CTPYMEHT MPOcTOH hopMbI, IIaKHE KAIMOPhI, CKOOI
Y13,V13A | HanunpHuky, maGepsl, IPAaBUPOBAJIBHBIN HHCTPYMEHT

2.2, JIernpOBAHHBIC HHCTPYMEHTAJIBHBIC CTAIH

OHH coaepXaT OJWH WM HECKOJIBKO CICIUATBHEIX JICTHPYIOMIHX 3JIc-
MCHTOB. XpoM (X), Boibdpam (B), Banaanit (®), xpemunit (C), mapranen
@).

Haubonbinee mpuMEHCHHE 1 U3TOTOBICHUS PEKYINCTO HHCTPYMCHTA
monyuunu cramu Mapku X, XI', 9XC, Bl, XBI', XBCT'. Uu¢ps! B HaUaNC
MapOK MHCTPYMCHTATGHOH JICTHPOBAHHONW CTANTH MOKA3BIBAIOT CPEIHES CO-
JCPKAHWUE YIIECPOAA B ICCATHIX AOJSIX MPOICHTA. ECIM Mapka cramd
HAYMHACTCA U3 OYKB, TO CPEIHEE COACPKAaHUE yIaepoaa paBHo 1%. Ludpsr
TOCJIC JICTHPYIOUICTO 3JICMCHTA MOKA3BIBAIOT CPEIHEE €r0 COACPKAHUC B
HHCTPYMCHTATHHOM MAaTCpHAIC.

Hanpuwmep, crans 9XC coaepxur 0,9% C; 1% Cr; 1% Si.

W3 cramm mapxu X H3TOTABIMBAIOT METUHKH, mramkd, 9XC — ceepra,
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Pa3BEpPTKH, METUMKH, IUIAINKH, TpedeHkH, ¢pespl. Cranb Mapku Bl peko-
MEH/YETCSI 11 H3TOTOBIICHHUST MEKHAX CBEPJI, METIHKOB, PA3BEPTOK.

Martepuan XBI™ u3-3a Manoro kopobicHus mpu TepmMoodpadoTke, Cro-
COOHOCTH K TIPaBKE KPHWBH3HEL B TOPSMEM M XOJOXHOM COCTOSHHH
IIPUMEHSIETCST TSI JUTHHHBIX HHCTPYMEHTOB (IIPOTSIKKH, [UTMHHBIC METUHKH,
JUITMHHBIC PA3BEPTKH, H3MEPHUTEILHBIH HHCTPYMEHT, MATPHIIL, Iy AHCOHEL).

[Noce Tepmuaeckod 0OpabOTKH TBEPAOCTH JIETHPOBAHHBIX CTAJCH CO-
craBusier 62-65 HRC,, Temmoctolikocts — 250...350 °C. 3T0 mO3BOISET
IIOBBICHTbH CKOPOCTH pe3anust 10 30 M/MHH.

[Mpu 3akamke 31X cTanei temmeparypa Harpesa cocrasiier 840... 860 °C,
OXJAXCHAE B Macie ¢ nocueayomumM ornyckoM — 150...200 °C, ¢ oxmaxze-
HHEeM Ha Bosgyxe 200...300 °C. TemmepaTrypa OTHYCKAa NPHHUMACTCS B
3aBUCHMOCTH OT HEOOXOIMMOH TBEPAOCTH.

2.3. BeICTpOpeRYIIHE CTAIN

B maware XX Bexa Oblna pa3padoTaHa BHICOKOJCTHPOBAHHASI HHCTPY-
MCHTAJTbHAS CTalb, Ha3BaHHASA OwbIcTpopexymmell. OHa coxepxana 18 %
Bonmb(hpama (W), 4,5 %, xpoma (Cr) u 1 % Banagus (V), 0,7...0,8 % yrae-
poza (C). TTo cpaBHCHHIO ¢ YTICPOAUCTON HOBAS CTATb HMENA 3SHAYUTCIBHO
0oIree BBICOKHE (PU3UKO-MEXAHUICCKHC CBOHCTBA, B OCOOCHHOCTH TEMITEpa-
TYPO- H H3HOCOCTOMKOCTb. MIHCTPYMEHTEI, M3TOTOBJICHHBIC M3 3TOH CTamm,
MorTH 00pabaTeIBaTh CTATH M IYTYHBI CO CKOPOCTIMH pe3anus 30... 60 M/MuH
(B 2...2,5 pasa BbIIIE, 9Y€M HHCTPYMEHTAMH M3 YIJIEPOAUCTEIX HHCTPYMEHTATD-
HBIX crarneif). Yx temmeparypocroiikocts Obia oxono 620° C. Bmaronmaps
3THM Ka9ecTBAM BHOBH Pa3pabOTAHHAS CTAlb ObLIA HA3BaHA OBICTPOPEXKY-
med. [10 XUMHYECKOMY COCTABY OHA COOTBETCTBYET COBPEMEHHOM MAapke
P18. TlpuHOWI MapKUPOBKH OBICTPOPEKYINEH CTAaNW AHAJIOTHYEH KOH-
CTPYKLHOHHBIM CTASIM, 32 HCKIIOUEHHEM TOTO, UTO BOIb(paM y HHX
3akoaupoBaH OykBo#i P, a He OyxBoi B, a Takke OTCYTCTBYIOT JAHHEIC O
COZEPKaHMH YTIEPOIa B XpOMa.

Konmaectso Bonmb(pama, KOTOPEI BXOAWT B COCTAB MHOTHX MapoK
OBICTpPOpEKYIIMX cTanel, konednercsa ot 5,5 no 19,5 %, yraepoaa — ot 0,6
10 1,55 %, xpoma — ot 3,0 1o 4,6 %.

Boxedpam, B3aUMOICHCTBYS C yTiIepoaoM, obpasyer KapOWABI BOJB-
¢bpama, Omaromaps 3TOMY CTagb HOPHOOPETACT BBICOKYID TBEPIOCTD,
TEMIIEPATyPOCTOHKOCTE U M3HOCOCTOUKOCTD, IIPH 3TOM TEILIONPOBOJHOCTh
CTaJTHM HECKOJBKO YMCHBIIIACTCS.

XpoM — 00s13aTenbHBIA JETHPYIOIUHA 3JIEMEHT OBICTPOPEKYINEH CTalH,
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ofecreyNBACT NOBHIICHHYIO €€ 3aKATMBAEMOCTh M IIPOKATHBAEMOCTh. OH
CIOCOOCTBYET MONYUCHHUIO OTHOPOJHON MAPTEHCUTHOHM CTPYKTYPHI OAWHA-
KOBOI TBEPAOCTH IIO BCEMY ITOTIEPEIHOMY CEICHUIO HHCTPYMEHTA.

Banaauii mOBHIIACT TBEPAOCTH, COMPOTHBICHAUS ITACTHICCKON meop-
MAOdH H® TEINIOCTOMKOCTh. B mpomecce TepmMooOpabOTKH BaHAIWH
crocobcTByeT 00pa30BAHNIO METKO3EPHACTON MAPTEHCUTHOH CTPYKTYPHI
HECKOIBKO CHHKAET XPYNKOCTh. [103TOMYy BaHAAHEBEIE ObICTPOPEKYIIHE
cramu, ycmemrHo paboraror mpu 00paboTKE MATCPHATOB IMOBHINCHHOU
IIPOYHOCTH W TBEPAOCTH, XOTSI C OTPAHUYEHHBIMH CKOPOCTSIMH PE3aHHMSI.
Henocrarkom BaHAAMEBHIX OBICTPOPEKYIIUX CTANCH SIBISETCS CKIOHHOCTH
K IOSIBICHHUIO IPHKOTOB NIPH MITH()OBAHUH U 3aTOUKE.

MonubneH MOBBINAET ITPOYHOCTh M BS3KOCTh OBICTPOpEXKYIICH CTaNH,
YTO IO3BOJSIET YMEHBIINTL COACPKAHNE B HEH AehHUIMTHOTO BONbhpama.
[MpucyTcrBue MOIMONEHA CHOCOOCTBYET IOBBIIICHHIO TEIIONPOBOIHBIX
CBOHUCTB CTaJ€d W TEM CAMBIM CHHKCHHUIO TEMIIEPATYPEHL JIE3BUH HHCTPY-
MeHTOB. Ero cozepxaHue B OBICTPOPEKYIIMX CTALSIX HE HpeBemact 5 %,
TaK KaK CTalb CTAHOBHUTCS CKIOHHOH K 00€3yTIIEpOKHBAHUIO M OKHUCIICHHIO,
Y70 TPeOYET TIATENBHOTO MPEAOXPAHCHHUS OT IPHUKOTOB IIPH 3aTOUKE.

KobanbT mOBHIIIAET TEMIOCTOMKOCTH, TBEPAOCTb, HITH(DYEMOCTH H
TEILIONIPOBOAHOCTh OBICTPOPEKYINEH CTaNH, CHHXAsi BMECTE C TEM €€
MPOTHOCTD U BSI3KOCTH, YCHIHBASA 00C3YTICPOKUBAHAC TPU TSPMOOOPaboT-
KE.

Turan, HHOOUH, MUPKOHUH, TaHTAT 00pa3yeT OUCHb YCTOUIHBEHIC Kap-
Onzabl, KOTOpBIE 3a/JCPKMBAIOT POCT 3€pHA IIPH 3akanke. JlermpowaHue
CTam| a30TOM B KOHICHTpanuu He Gomee 0,3...0,04 % co3macT HUTPHIEHL,
TaKKE€ 3aICPKUBAOIINAEC POCT 3€PEH, HOBBIIIAET TBEPAOCTH, HO CHHIKAET
IIPOYHOCTH, TPebysi obpaboTku pesanneM 0O€3 AUHAMHIECKAX HATPY30K.
Hukens m MapraHen CHHIKAIOT TEILIOCTOMKOCTL CTANH M HE YIIYUIIAIOT €
PEXYIINX CBOUCTB.

CreneHp BIMSHUSI JETHPYIOMIAX IEMEHTOB HA CBOMCTBA CTAIH 3aBHCHUT
OT €€ XMMHYECKOTO COCTaBa, TAK KAK MEXKIY JIEMEHTAMH BO3MOXXHO B3aH-
MOBJIHSIHHE.

WHCTpyMEHTH HW3 OBICTPOPEXYINEH CTAaTW IOJBEPTAOT 3aKajlKe C
HarpesoM z10 Temneparypsl 1270...1290 °C (P18), 1230..1250 °C (P9) — ¢
MIOCNIEAYIOMIM OXJaXICHAEM B MACIE, a TAKXKE TPEX-UETHIPEXPa30BOMY
OTIIYCKY € OZHOYACOBOH BBIAEpXKOH mpm temmeparype 560...580 °C u
OXJIAXKJCHHEM Ha BO3IyXE.

B TepM0006paboTaHHOM COCTOSIHUH OBICTPOPSKYINUE CTATH TO MPSICITY
IPOYHOCTH (G,) U HA U3THO (G,) MPEBHIIAOT BCC APYTHC HHCTPYMCHTANB-
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Hble MaTepuaibl. OHM UMEIOT HE TOJBKO BEICOKYIO MPOYHOCTH, HO COXPAHSIOT
YOPYTOCTb M BsI3KOCTh. OHH CIIOCOOHBI BBIACPKUBATH OOJBINNE KOHTAKT-
HBIC HANPSDKCHWS, BO3HHUKAIOIIME HA JIE3BHUSIX B IIPOLECCE PE3aHUS
METANITIOB.

TBeprocTh OBICTPOPEXYINEH CTANH ITOCIE 3aKATKH M OTIYCKa OOBITHO
cocraBseT 63...66 HRC,, HO ¥ cTajcH MOBBIICHHON TEIUIOCTOHKOCTH MO-
xeT OBITH 660...67,5 HRC, TemmocTOWKOCTH OONBIIMHCTBA MAapoK
HAXOAWTCS B mpenenax 620... 640 °C.

Hawmssiciuit penen mpogHOCTH Ha M3rnbd y cranu POMS (ot 3300 mo
3400 MIIa), mnst ApPYyTHX MapoK OH, HAOPHMEp, COCTaBiaseT. P18-—
2900...3100; P9®5 —2600...2900; POK5 — 2500, P9K10 — 2050...2100.

[TpumensiemMble OBICTPOPEKYIINUE CTANN ACISTCS HA TPH TPYIIHL HOP-
MAaJIbHOI, HOBBIIICHHOI H BHICOKOIT IPOM3BOANTEILHOCTH.

K cramsmm HopMaThLHOI NPOU3BOAMTEILHOCTH OTHOCSITCST BOTB(PaMO-
BeIc cTamu (P9, P12, P18), Bonsdpamomonudacaosre (POMS, POM3, P8M3
u 1p.), 6ezsonbdpamorsie (9XO6M3D3AT'CT n np.) Ilocnennme coorser-
CTBYIOT CBOMCTBaM cTanu P6MS.

Hambonee yHMBEpCATRHA IO CBOWM CBOHCTBAM cTajib P18, mpuroxnas
JUtst TFOOBIX PEXY LITUX HHCTPYMEHTOB, XOPOIIO IITH(yeMast H TEXHOIOT M-
Has. OrpaHWYEHHOE IIPUMCHEHWE OHA HMEET BCICACTBHE OOIBIIOTO
comepxkanng AeHuIUTHOTO BoIb(Ppama. OCHOBHOM MAapKOH ISl UTHPOKOTO
HCIIONB30BAHUS SIBISIETCS CTaNb POMS, GIm3Kast 0 peXyInuM CBOHCTBAM K
cramu P18, fonee mpouHAsS M ACINCBAS, HO CKJIOHHAS K OOC3YTICPOKHUBA-
HUIO IIPU Harpese U Tpedyromas 60nbIneit Ky IbTyphI B 3KCILTY ATALIHH.

Crany moBBIMIEHHOI TPOM3BOINTEIHLHOCTH JOTIOTHUTEILHO JIETHPO-
BaHBI KOOATETOM M BaHamUEM. K HIM OTHOCSITCS CTalH € TEIIOCTOMKOCTEIO
625...640 °C: pomspamoxobamsroBeie (P9KS5, PIK10 u mp.); Bomsdpamo-
BaramueBbie (POOS, P1203, P1404, P18D2 u ap.); BombHpaMOMOTHOACHOBEIC
¢ xobanbroM m BaHamweM (POMSKS, POMAKE, POMS®3, POMS5®2KS8 u 1p.);
BOJIB(paMoBaHAAKCBEIE ¢ KobameToM (P10DSKS, P1204KS, P18K5®2); Bob-
(hpamoBaraareBbIe ¢ KobamsToM 1 MomubacHoM (P1203K10M3, P12G2K5M3,
P18D2K8M mp.).

Crany HOBBIIIEHHOH IPON3BOAUTENLHOCTH IIPUMEHSIOT Uit 0OpaboTKH
KOPPO3HOHHO-CTOMKHX, KAPOCTOMKMUX H KAPOHMPOTHBIX AeHOPMHUPYEMBIX
cTajel ¥ CIIaBOB, 4 TAKKE BEICOKOIIPOIHEIX CTaNEH.

[MToBrImeHHAS TEIIOCTORKOCTD JAHHBIX CTanmed obecmeumBacT padoTy
HHCTPYMEHTOB HA IOBHIIICHHEIX PEKUMAX PE3AHUS C YBEIHICHHOU CTOHU-
kocTh0. Hampumep, npu o6pabdorke cramu 40XH co CKOpOCTHIO pe3aHus
30 M/MHUH CTOHKOCTE UEpBSUHBIX (pe3 u3 crand POM4KS B 3 pasa prime,
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yeMm u3 crand P18; cToikocTe pe3nos npu ToueHnH cranu OU893 B 2...3
pasa BbILIE, YEM Pe3LOB U3 cranu P18,

[MTopormkoBEIe OBICTPOPSIKYIIUC CTATH XAPAKTCPHU3YIOTCS MOBBIIICHHON
Ay EMOCTBIO U INIACTHMHOCTHIO P XOJOAHOU U ropsret aeopmMaruy,
obnanator noBemeHHOH (Ha 500...700 MI1a) MpOIHOCTEIO IPH H3THOE U B
1,5...2,5 paza 6oxee BHICOKOH CTOHKOCTBIO MO CPABHEHHIO C OBICTPOPEXKY -
IMAMY CTAISIMH AHAIOTHIHOTO COCTaBa OOBITHOTO MPOU3BOACTBA. BEICOKAsS
IIPOYHOCTD CTanel mpHu m3rude MO3BOISIET PabOTATH HA MOBHIMIECHHBIX MO-
JIa9aX ¢ COXPAHEHNEM 33TaHHBIX XapAKTCPHUCTHK.

IMopormkosrie ObicTpopexymue craxun POM4KE-MIT u P1OMOKS-MIT
001aa10T TOBBIIIEHHON KPACHOCTOHKOCTBIO, XOPOIIO HIUTH(YIOTCS, Mpen-
HA3HAYEHH! A1 0OpabOTKN MATEPHATIOB MOBHIIICHHOH TBEPAOCTH 10 38—42
HRC, u Hamnu mprMEHEHWE B HHCTPYMEHTaxX Asl cTankoe ¢ UITY. Croit-
KOCTb PEXYIIUX UHCTPYMEHTOB U3 3TUX cTajed B 1,5...2 pasa Bele, 4eM
u3 crazed POMS u P18,

IMopomkosrie OvIcTpOpeKyIHe cramu POMS®3-MII, POMSKS-MII,
POM5®2K8-MIT u 13P6M5®3-MIT mpu obpabotke TpyaHooOpadaThIBac-
MEBIX MATEPHATIOB OOECHEYHMBAIOT MO CPABHEHHIO CO CTANSMH OOBIMHOTO
IPOU3BOACTBA AHAJOTHYHOIO COCTABA MOBBIIIEHHE CTOHKOCTH A0 4 pas,
XOPOIIO NoAaroTcs MTH(OBAHHUIO. VIX IPUMEHSIIOT [UIsT H3TOTOBICHHUS Pa3-
JTUYHBIX, B TOM TUCIE W KPYyIHOTA0APUTHBIX HHCTPYMEHTOB, HHCTPYMECHTOB
cnoxHOM (opmbl ¢ OonmbmmuM 00beMOM IUTH(POBAHUS (3yOOpE3HBIM HH-
CTPYMEHT, UE€PBSTIHBIC (hPE3bL, MPOTSIKKH H T.1.).

Cranmm BBICOKOIT MPOM3ZBOANTEILHOCTH XapaKTEPHU3YIOTCSI BHICOKOH
temroctoikocTeio (700...725 °C) u BTOPHIHOM TBEPAOCTHIO MTOCITE 3aKATKH
n ornycka (HRC, 69-70). K wuMm otHOCATCs cramm B11M7K23,
B24M12K23, B18K25X4 u np. MHCTpyMEHTHI U3 CTaNeH BBICOKOH MPOH3-
BOJHUTEILHOCTH MMEIOT BBEICOKYIO CTOMKOCTBH ITPH ITOBBIICHHBIX PEXUMAX
PE3aHU KAPOIPOIHEIX ¥ THTAHOBBIX CIIABOB. [Ipm 06paboTke yKa3aHHBIX
MATEPHAIOB CTOMKOCTb HHCTPYMEHTOB U3 CTANN BLICOKOH IIPOM3BOIUTENb-
HOCTH Ha psiae onepanui 10 30 pa3 BhIIE IO CPABHEHUIO ¢ HHCTPYMEHTAMHA
u3 cramu P18 u 1o 10 pa3 Beme, 4eM U3 KOOATBTOBBEIX OBICTPOPEIKYIIHX
crane#t u gaxe meraiokepamuku (BK8).

K OBICTpOpEXYyIIUM CTATISIM BBICOKOH NMPOW3BOJUTENBHOCTH OTHOCSTCS
CTaJ¥ HOBOTO KJIACCA — KApOUTOCTAIH.

KapOunocramym — 3T0 HOBBIM KIIACC MHCTPYMEHTATBHBIX MATCPHATIOB IS
obpabotku aeraneit u3 TPy AHOOOPAaOATHIBACMEIX MATCPHATIOB, H3TOTOBISIC-
MBEIX METOJAMH MOPOIIKOBOH METANIyPruu. ITO KOMIO3HUITMOHHBIH
MAaTepuan, B KOTOPOM 3€PHA TYTOIUIABKHX KapOWAOB (IIPEHMYINECTBEHHO
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TiC) paBHOMEPHO pacIpeseNcHbI B CBSI3KE U3 IETHPOBAHHOH CTAIH.

Kapbunmocramm cOUETAOT TBEPAOCTH M HM3HOCOCTOHKOCTH TBEPABIX
CIIIABOB C NIPOYHOCTHIO M BSI3KOCTBIO JIETHPOBAHHBIX CTANCH M IO CBOUM
XAPAKTEPUCTHKAM 3aHUMAIOT IPOMEXYTOTHOE HOJNOKEHAE MEXAY OBICTPO-
PSKYIIAMH CTalsIMH M TBEPABIMH CIUIaBAMH. DBBICOKOE COJAEpKAHHE
KapOuIHOH (pa3sl 0OECIIEIUBACT CTANSIM JYUIIYIO, 9€M ¥ OOBIYHBIX CTAJICH,
HN3HOCOCTOMKOCTh, a HATHIHE TEPMOOOPaAOATHIBAEMOH CBS3KH IO3BOJSIET
3TH MATEPHATBI TOJBEPTATh MEXAHNIECKOH 00pabOTKE B OTOXKEHHOM CO-
CTOSHUH. MaTepuan TePMOCTOCK, JeTae OBICTpOpexkymMuX craneit Ha 13 %,
a TBEpABIX c1aBoB — Ha 50 %.

Kapbunocramm BeimyckaroTcst ABYX Mapok PO6MS-KT20 m P6MSKS-
KT20 ¢ maccoso#t noxeit TiC 20%.

Broprurast teeprocts xkapougocraned HRC, cocrasmster 70...72 (HRA
87...89), mpourocTh mpu m3rude — 2000... 2500 MIa, yaapHas BSI3KOCTH —
80...120 JIx/M, TemmocToitkocts — 650...690 °C, mIOTHOCTh MaTepHaza —
7,10 t/ear’.

CrolfkoCcTh peXyIero HHCTPyMEHTa U3 kapbunocraneit npu obpadbor-
K€ apOIPOYHBIX ITUTEHHBIX CIIaBoB HA HuKeneBod ocHose JKCOKII,
OU-867 B 2,5...3,5 pasa BBIIIC CTOHKOCTH CTaNCH MOBBIMICHHOH ITPOU3BO-
JUTEIBHOCTH; TIPH TOPLHOBOM (pe3eposanuu cmiasa BXX-122 crofikocts
HHCTpyMeHTa B 10 pas Beme, ueM u3 ctanu P18, u B 2 pasa BbIIE, 4eM U3
cramu P7TM2O6MS5-MIT.

[Tpu W3TOTOBICHHUN HHCTPYMECHTOB W3 OBICTPOPCKYINUX CTATICH nX pado-
YYIO 9ACTH BBINOIHSIOT LENBHBIMHE HIIH COCOUHSIOT C KPETEXKHOI CBapKOi.
Kpenexnas 4acTh BBIIONHACTCS M3 KOHCTPYKIHMOHHOH cranu (crtanb 45, 50,
40X ¥ T.11.), a IPH TSDKEJIO HArpy KEHHEIX padorax — cranb Y 10 nnn 9XC.

PexomenzmyeMmele 00OnacTH IPUMEHEHHST HamOOIEE PacHpOCTPAHCHHBIX
OBICTPOPEKYIINX CTAISIX IPUBEICHHI B Ta0I. 3.

2.4, Teepanie (METALIOKEPAMIIECKAE) CILIABBI

TBGpI[bIe, HUINX TAK HA3BIBACMBIC MCETAITTOKCPAMHUYICCKUC, WHCTPYMCH-
TaNBHBIC CIUIABEI — 3TO MATCPHAJEI, COCTOSAINNC U3 KapOWIoB BOIB(pama,
THTAHA U TAHTAJa, CBA3aHHBIC k00anbTOM. DTO HE CTAJTH, TAK KaAK B HUX HECT
xenesza. CBoe Ha3BAHWE OHM IMOIYYHIIM H3-32 BBHICOKOH TBEPAOCTH KapOu-
JOB U MATECpHaAlIa B OECJIOM H IIO nepBOHaqaanoﬁ TCXHOJIOTHH IOy YCHU
HA OCHOBE DACIUIABICHHSA KOMIIOHEHTOB € MOCIEAYIOIEH OTIuBKOH. B
JANbHEHIIEM TEXHOIOTHIO 3AMEHHIN HA APYIYIO (MOPOLIKOBYEO METAIIY -
THIO), HO Ha3BAHHUE «CIUIAB» COXPAHHUIOCH.
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PasnuqaroT TpH OCHOBHBIC TPYNIBI TBEPABIX CIIABOB. OHOKAPOH]-
Hble, Wi BoJdb(pamokodanbToBhie (rpynma BK), nmurensHOE Bpems
HA3BIBAEMBIC «TOOeTuTaMI», ABYXKapouausie (rpynna TK), wiu tutaso-
BOTB(PPAMOBBIC, H TPEXKAPOHAHBIC, WIH BOJIbLPPAMOTHTAHOTAHTAIIO-
kobansToBbIe (rpynuaTTK). KapOuasl, T.¢. XUMHICCKHE COCAMHCHHS C
yraepomom WC, TiC, TaC, mpuaaroT TBEPIOCTh, H3HOCO- M TCILIOCTOH-
KOCTB CILIABY, HO MOBBIIIAIOT XPYIKOCTh, 4 KOOATET YMEHBINAET TBEPAOCTD,
HN3HOCOCTOMKOCTh M JOIYCKAEMYyIO TEMIIEPATypPy PE3aHMs, OJHAKO JEIAaeT
craB Oonee MPOYHBIM U IIPOTHUBOCTOSIIIAM Y AAPHBIM HATPY3KAM.

Tabnuna 3. Pexyunii MHHCTPYMEHT U3 GBICTPOPEKYIIMX cTajlel U 05JIACTh ero

ITpHMeH eH ST
Mapku cTayin HsroTaBnuBaeMblii HHCTpYMEHT, IpUMepHOS Ha3HAUCHHE
P18 Pexxymuit HHCTpYMEHT BCeX BHJIOB JJIT 00paGOTKH KOHCTPYKIIMOHHBIX
cTajiel ¢ npeesoM npouHocTy go 1000 MIla
P9 Pesnpl, cBepita, 3¢HKepHI H APYTHe HHCTPYMEHTHI /UL 00paboTKH KOH-
CTPYKIIHOHHBIX MATEPHAJIOB, B T.U. IPSBECHHBI
P6MS To ke, yto U ctanu P18, a Takxke 3yGope3Hble W pe3bOOpe3HbIC HH-
CTPYMEHTHI JUIsl 00paGOTKH KOPPO3HHHO-CTOMKHX cTalleH
Pesnpl, 3eHKepHI, pa3sBepTKH A1 0OpabOTKH MaTepHAJIOB ¢ MOBBIMEH-
Pl4d4 HBIMH a0pasHBHBIMH CBOMCTBAMHM — CTeKJIOIUIACTHKOB, IDIACTMAcC,

300HHUTA, YUCTOBBIE MHCTPYMCHTHI MpOocTOH (opMbl st 06paboTku
JICTHPOBAHHBIX CTaJICH U CILIABOB

JUIst 9ucTOBOM H MOJIYYHCTOBOM 00paGOoTKH (PacOHHBIMH pe3LaMH,
P6M5®3 pasBepTKaMH, NPOTSDKKAMHU, (ppe3aMu KOHCTPYKI[HOHHBIX YIJICPOJIHU-
CTBIX, JITHPOBAHHBIX H VIYUIICHHBIX CTaJIeH U CILIABOB

P18®2KS5
P18D2KEM
P18®2 Pesmpl, cBepiia, 3eHKepHI, (Gpesbl, METIHKH IS 06pa6(3TKI/I VIJIepOIH-
PEMSKS CTHIX  JCTHPOBAHHBIX ~ KOHCTPYKIMOHHBIX ~CTaNed, a Taioke
POMAKS JKapOTPOYHBIX CIUIABOB M IPOYHBIX CTajlell BEICOKOH TBepJOCTH
P8M3K6C
Bsamen cramu P18®2K8M aBromarHble peslbl, B T.4. (DaCOHHBIC WH-
P12M3D2K8 CTPYMEHTBI, paloTAIOMMe Ha BBICOKUX CKOPOCTSX pe3aHMsA, IPH
06paboTKe KOHCTPYKIMOHHBIX CTaJlel
11P3AM3 @2 Bee BHABI HHCTPYMEHTOB Ul 0OpaGOTKH HEYNPOUHCHHBIX CTallel H

OXAM3®D2AI'CT | uyryHOB, a TakKe IIBETHBIX METAJUIOB U CIIJIABOB

Bee BUBI HHCTPYMCEHTOB JJIsL 06pa60TKI/I THTAHOBBIX CILUIABOB U HCKO-

B11M7 K23 o N

TOPBIX BBICOKOIPOUYHBIX KOPPO3HOHHO-CTOMKHX CTaJIel M CIIABOB

Jlns Tex ske neneii, uto u cranmu POM4KS, P6EMSKS, o6najarot ryummeit
P6MSKS5-MII nuTUdyeMOoCThIO, MeHee JehopMHUPYIOTSS IpU TepMooGpaboTke, obna-
POM4KS-MII JalOT  OOJNBIICH TPOYHOCTHIO, MOKA3bIBAIOT Gojiee  CTaOHIIBHBIC

SKCIUTyaTallMOHHBIC CBOHCTBA
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TBepAOCTE 3THX CILUIABOB BHILIC TBEPIOCTH ObICTpopexymel ctam 5a 11... 12 %
u cocrasisieT 1o mkane A Poxsemra 87...92 eaunuipL TemmocToHKOCTb OHO-
kapGuaaex crmmasoB paHa 900...927 °C, meyxkapOummex — 1000...1027 °C,
tpexkapbunaex — 750 °C. KpaTkoBpeMEHHO ABYXKAPOHIHBIC CIUIABEI MOTYT
pabotats mpu Harpese 10 1250 °C u 06pabaTeIBATh Make 3aKAICHHbIC CTAIH.

[Tpenen mpOYHOCTH NPH CKATHH Y TBEPABIX CILIABOB IIPHMEPHO TOTO e
VPOBHS, 9TO U Y OBICTPOpEKYIICH CTamu, HO HA M3THO OHU paboTaroT Xy KE
B 1,5...2 paza. OgHOKapOWIHbIE CIITaBHI MEHEE XPYIIKH, UE€M JBYXKapOua-
HEIE, HO 3aTO JBYXKApOWIHBIC MEHBINE CKIOHHBI K HAPOCTOOOPA30BAHMIO,
YTO TTO3BOJSIECT 00OPabaTHIBATD MATEPHANBI, JAIOININE CIHBHYIO CTPY XKKY.

Hanbonee pacnpocTpaHEHHBIMHA MAapKaMH TBEPABIX CINIABOB I'PYMNIBI
BK ssnsmorcs BK3, BK3M, BK4, BK4B .BK6, BK6-OM, BK6M, BK6B,
BK8, BK8B,BK8K, BK10, BK10M, BK10-OM.

Cnnas BK3, mampumep, conepxut 3 % C u 97 % xapbuznos Boxbhpama
(WC). Mrnexce B KOHIIE MapoOK CILIABOB YKA3BIBAIOT HA 3€PHHUCTOCTH IIO-
POIIKOB BOMB(paMa:

B — KpyNHO3EpHUCTHIE ¢ BETHYHHON 3epHA 3... 5 MKM;

M — menko3epHUCTHIE (1,5 MKM);

OM — 0cO0OMENKO3EPHACTHIC (MCHEE | MKM);

ITpu otcyTcTBHHE HHAECKCA — 1... 2 MKM.

Jra rpynna obnazaet 3HAYUTEIBHOH BS3KOCTBIO M BBICOKOM H3HOCO-
CTOMKOCTBIO TIpH OOpaboTKE XPYIKHX MATEPHANOB, AAIOIIUX CTPYKKY
Ha[uIoMa (IyTYHBI, IIBETHBIC METANNIBI W WX CIUIABBI, IUIACTMACCHL M Ap.).
Cnnasel ¢ ManbM cozepskanueM kobanbra BK2 n BK3, BK3M npennazna-
yeHbl A5l 9ucToBBIX pador, BK6, BK8 — mus uwepHOBHIX paboTr mpm
MIEPEMEHHBIX HArpyskax, MeIko3epHHuCThle cmiaaBbl BK3M, BK6M — ans
00paboTKH XPYNKHUX MATCPHUATOB 3HAYUTCIBLHOU TBEPIOCTH (OTOCICHHBIX
YyTyHOB, OpOH3HL, crekina, hapdopa), Tak KaK XOPOIIO TOUYATCS W HMEIOT
OCTPYIO KPOMKY .

BrlmenazBaHHbIE MaTEPHATEI IPH 00PabOTKE BSI3KUX MATEPHATIOB HME-
0T HU3KYEO H3HOCOCTOHKOCTB.

Jomyckaemast CKOPOCTb PE3aHHUS IPH YEPHOBOM TOUEHHH CEPOTO TYTY-
Ha pe3noM u3 Marepuana BK8 paeHa 125 M/MHH, a IpH YUCTOBOM TOUCHHH
pesmoM u3 marepuana BK2, BK3 — 200 M/MuH.

[Tpu o6paboTke 3aKaTCHHBIX MATEPHAIOB CKOPOCTH PE3aHHUS COCTABIISI-
ot 60... 100 M/MuH.

Cnnassl rpymmbl TK XapakTepu3yrOTCsT MEHBIIMM CONPOTHBICHHEM
n3rudy, HO BBICOKOW H3HOCOCTOMKOCTBIO MpH 00pabOTKE BIA3KHX MATCpHa-
JIOB, JAIOINUX HPH 0O0pabOTKE CIHBHYIO CTPYXKy. Hampmmep, uucroBoe u
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MIOJTY9IHUCTOBOE TOUCHHUE CTANCH, Hape3aHUE PE3b0, 36HKEPOBAHUE, TUCTOBOC
(bpe3epoBaHNE PEKOMEHAYETCS ITPOBOANTL MHCTPYMEHTAMH M3 MaTEpHala
T15K6, comepxamero 15 % TiC, 6 % Co u 79 % WC. Ilpn noHmkeHUA B
TBEPAOM CIUTABE COACPKAHUS KApOWJIOB THTAHA W IMOBHLIIICHAM B HEM KO-
fanxbTa CHHXAETCSI TBEPAOCTh WHCTPYMEHTAIBHOTO MaTEpHana, HO
BO3PACTACT COMPOTHBICHUES U3THOY (Gyy).

B cBs3u ¢ otEMm crumaBel Mapok TSK10 moryr paboraTth ¢ yaapHBIMH
Harpyskami, a T14K8 — npu 4epHOBOM TOUEHHUH C IEPEMEHHBIMU HATPY3KAa-
MH, a TAaKe CTPOTAHHH U (hpe3epOBAHHUH.

Cnnaset rpynnel TK AMEIOT HU3KYIO TEINIOPOBOAHOCTD. JTO IPUBOAUT
K 00pa30BaHUIO TPEIUH IpH OBICTpOM Harpese. ClnenoBaTeIbHO, IIPH 3a-
TOYKE HHCTPYMEHT CIIeTyeT OOMIBHO OXIAKAATh.

KparkoBpeMeHHBIE TOMyCKAEMBIE CKOPOCTH PE3aHUS IPH TOUCHUH KOH-
CTPYKLHOHHBIX CTAJ€H COCTABISIIOT. Ui TOKAPHBIX PE3IOB MaTepuana
T30K4 — mo 500 m/MuH npu unctoBoM ToucHUH, T15K6 — mo 400 mM/MuH
pu 9ucToBoM ToueHHH; T14K8 — 1o 200 M/MHH IpH 4EpHOBOM TOUYCHHH,
T5K10 — no 115 M/MHH Ipy 9€PHOBOM TOUCHHH.

[Tpr oOpaboTke 3aKANCHHBIX CTANeH CKOPOCTH PE3aHHs COCTABISIOT
60... 100 M/MHH.

Cnnassl rpynnsl TTK 1o cBouM (Qu3HKO-MEXaHWUIECKAM CBOHCTBAM
SIBILSTFOTCST TIPOMEXKYTOTHBIMHA MEXIY BOIB(PPAMOBBIMH M THTAHOBOIB(pA-
MOBBIMH CIIaBaMH. OHH HMEIOT 0OJee BBICOKYIO IMPOTHOCTH U BSI3KOCTD,
4eM CINIABHI IPpynnbl TK, HO YCTYHAOT UM IO TBEPAOCTH U TEMIOCTOHKO-
CTH. bmarogaps BBICOKOH HM3HOCOCTOHKOCTH M JKCILUTyaTAUOHHOH
IIPOYHOCTH YAAPHBIM HArpys3kaM u BuOparmusM cruiassl rpynnsl TTK a¢-
(bekTHBHBI TIpH UEepHOBOU oOpaboTke crameil m cmnaBoB. OHH IOHPOKO
IIPUMEHSIFOTCS B TSKEIOM MAIIHHOCTPOCHHH.

Hamun nmprmenenue cneayromune BeICOKO3(D(EKTHBHEIE MAPKH TBEPAO-
ro crnasa rpynmel TTK: TT8K6, TT21K9 n TT20K9A. CroiikocTs cmraBa
TT8K6 B 2...2,5 pasza BeIIE CTOMKOCTH cmiaBa BKOM mpH 4ucTOBOH U
HOJTy9UCTOBOM 00paboTke nerupoeanubix craned. Cmnas TT21K9 obnana-
er B 3 pasa Gonbluel CTOMKOCTBIO IO CpaBHEHHIO co cmtasoM TT7K9 mpn
YEPHOBOM H IIOJYIHCTOBOM (DPE3CPOBAHUM JICTHPOBAHHBIX CTanei;, CTOH-
kocth cmaasa TT20K9A B 2...2,5 pasa mpeBBIIIaET CTOWKOCThL CILTaBa
T14K8 mpu ppesepoBannu craiei.

[Mpumep pacmudposku crraBa TT8K6 — 6 % Co, 8 % kapOuaos THTaHA
u tarTana TiC+TaC u 76 % xapbuaos Bomsthpama WC.

Temmepatypocroiikocts craBos rpynnsl TTK cocrasmser 800 °C.

Besdoandpamossie TBepanie ciuassl (BBTC) — 370 crraBer Ha oc-
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HOBE KapOuaa (TiC) u kapborutpuaa (TiN) TuTaHa, CICMECHTOBAHHEIX HH-
KeIeMOMuOAeHOBOH cBs3kon (Ni+Mo).

Paspaborka BBTC BrI3BaHA BO3pacTarommuM ACHUIIUTOM HA BOTBPPA-
MOBYK) pPyAy H KODAJIbT, HCHOIB3YEMBIX B TMPOHM3BOACTBE OOBIYHBIX
TBEPABIX CILUTaBOB. He3Bonb(paMoOBBIE TBEPAbIC CIIIABHI MO CPABHEHHIO C
BOTB(PPAMOBBIMH CIITABAMH HMCIOT MEHBIIYIO NTPOYHOCTH HA H3TU0O, HO
OTIHYAOTCS MOBBILCHHOH TeMmeparypocroitkoctsio (1o 1000 °C) u Hus-
KOM CXBaTHIBAEMOCTBIO C 0OpabaTeIBAGMBIMH MaTepranamu. brarogaps
BbIcokoit mmotHOCTH BBTC mpu 3aTovKe pekyInHX HHCTPYMEHTOB MOKHO
MOJYIUTH OCTPYIO KPOMKY, 9TO OCOOCHHO IIEHHO TSI HHCTPYMEHTA, Ipes-
HA3HAYECHHOTO 51 THCTOBOH 00paboTKH. MHCTPYMEHTHI M3 3THX CIIABOB
padoTaroOT MO CTANsIM NPAKTHIECKH 0€3 HAPOCTOOOPA30BAHMSL JTH CBOH-
CTBA W IPEAONPENCIHUIN OONacTb WX IPHMEHCHHSI — YHCTOBOE H
MIOJTYYHUCTOBOE TOUCHWE M (Ppe3epoBaHKME KOHCTPYKIHOHHBIX M MaJlOyTJe-
POAMCTBIX CTaneH, YyTyHOB M HEKOTOPHIX IIBETHBIX METALIOB. CILTAaBHI
BBTC obecneunBaroT MEHBIIYIO IIEPOXOBATOCTD IIOBEPXHOCTH IO CPaBHE-
HHIO C TBEPIBIM CILIABOM, YTO AAET BO3MOXKHOCTH 3AMEHSITH IIUTH(OBAHUC
TOUCHHEM H CIOCOOCTBYET MOBBLIIICHHIO IPOU3BOJUTEILHOCTH TPYZAa B
2...2,5 paza. Ysrococrotikocts BBTC B 1,2...1,5 pa3a BeIII¢ H3HOCOCTOMH-
KOCTH CIIaBOB rpynmnsl TK.

BBTC wm3roraBmmBaroTca ciaeayrommx Mapokx: TMI1; TM3; KTHI2;
KTHI16; KTH20; TH20; KXH10, KXH15 u mp.

Hanbonsmee pacripocrpanerne u3 HuX monyawnn KTHI16 (TiN-74 %,
Ni—19,5 %; Mo-6,5 %) u TH20 (TiC-79 %; Ni—15 %; Mo—-6 %).

Cxopocru pe3anust BBTC mapxu TH20 npu o6padoTke KOHCTPYKIIHOH-
HEIX craned cocraBmsror 100...350 M/muH, uyryEOB — 70... 130 M/MUH,
narysH, 6pon3sl — 50... 200 M/MuH; Mmapku KTH16 npn ob6padoTke cranei —
80...250 M/MuH, gyryHOB — 70...120 M/MuH, JatyHH, OpoH3H — 50...170
M/MUH.

Hwmxane mpenensl ckOpocTel maHBl a1 obpaboTkm TepMoobpaboTaH-
HBIX CTaJlel U 9yT'YHOB.

BcnencTeue HEYAOBICTBOPUTCNBHBEIX TEPMHUUSCKHX CBOUCTB BBTC
IUTOXO MOAJAIOTCS MalKe U 3aTOUKE, O3TOMY MX IIPUMEHSIOT B OCHOBHOM B
BHZIC HEIIEPETAUNBACMBIX IIACTHH.

B merannoo6paborke crapmaproM ISO BBIIETEHB! TPH TPYINIBL IPHMEHSE-
MOCTH TBEPJOCILIABHOTO PEKYIIEro HHCTPYMEHTA: Tpymma P — 111 o6paboTku
MAaTEpUAJIOB, JAIOIUX CIMBHYIO CTPYXKy, Ipynma K — maoomux CTpyXKY
HazmoMa | rpymma M — aist 00pabOTKH PA3MITHBIX MATEPUAIOB (YHHBEPCAIb-
HBIE TBEpABIC CIUIABHI). Kaxaas oOmacTe pasfensiercsi Ha TPYyHIbl H
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MOATPYTIIIEL.

TBepabple CIUIAaBBI B OCHOBHOM BBINTYCKAIOTCSI B BHJC PA3IHIHBIX IO
(hOopME W TOYHOCTH H3TOTOBJICHUS ILIACTHH. HAMAHHBIX (HAKICHBACMBIX) —
o 'OCT 25393-82 nnn cMeHHBIX MHOTOTpaHHBIX — 1o ['OCT 19043-80,
19057—-80 u ApyTHM CTAHAAPTAM.

MHOTOTpaHHbIE INACTHHBI BBITYCKAIOTCS KAK M3 CTAHAAPTHBIX MapoK
TBEPZBIX CIITABOB, TAK M M3 3THUX KE CIUIABOB C OTHOCIONHBIMHI MM MHOTO-
CIIOMHBIME CBEPXTBEPAbIMA NOKpHITHsIME U3 TiC, TiN, OKkCHaa amoOMHHUS
U APYTUX XUMHYECKUX COCOMHEHMH. [IMaCTHHBEI C HOKPHITHSIMH 00NagaroT
TOBBIMICHHOH CTOMKOCTHIO. K 0003HAYCHNIO TUTACTHH W3 CTAHIAPTHHIX Ma-
POK TBEPABIX CIDIABOB C IOKPHITHEM HHUTPHIOB THTAHA JOOABISIOT
Mapkupoeky Oyks KMbB (TVY 2-035-806-80), a x 0003HAYCHHIO CILTABOB IO
ISO - 6yxsy C, Hanmpumep, P30C mmu K20C.

BrImyckaroTesl TakKe IDTACTHHBI M U3 CIICHHUANBHBIX CINIABOB (HAIPH-
Mep, mo TV 48-19-308-80). CmiaBwl 3to# rpymmel (rpynmsl "MC")
obnagaroT 60mee BEICOKUMH PEKYIMUMHE CBOcTBaMHU. OO03HAYCHAE CIIITaBA
cocrout u3 OykB MC ® TPeX3HAYHOTO (11 TTACTHH 0€3 MOKPHITHH) WIH
YETBIPEX3HATHOTO (IS INTACTHH C MOKPBITHEM KapOUIOM THTAHA) THCHA!

1-1 nudpa 0OO3HAUEHHUSI COOTBETCTBYET OOJIACTH NMPHUMEHEHHS CILTaBa
no xnaccudpukanuu ISO (1 — obpaboTka Marepranos, JAFOIIUX CIHBHYIO
CTPYXKY, 3 — 00paboTKa MATEPHANIOB, JAIOIIKUX CTPYKKY HAmLIOMa;, 2 — 00-
nacTh 00paboTKH, COOTBETCTBYOmAs obnactu M mo 1S0);

2-1 1 3-s1 Tu(pPBl XapakTEpHU3YIOT MOATPYNIY IPHMEHSEMOCTH, a 4-5
mudpa — Hammaue nokpeiTas. Hampumep, MC111 (ananor cranzapTHOTO
T15K6), MC1460 (anamor craamaptaoro TS5K10) ur.x.

Kpome roToBHIX IJTACTHH BBIMYCKAIOTCSI TAKXKE 3aTOTOBKH B COOTBET-
crBud ¢ OCT 48-93-81; 0003HAYCHHE 3aTOTOBOK TAKOE JKE, UTO ¥ TOTOBBIX
IUIACTHH, HO ¢ f00aBiIeHHEM OYKBHI 3.

Pexomenznyemple 007acCTH NPHUMEHEHHS OCHOBHBIX MApOK TBEPABIX
CIIIABOB IIPEJCTABICHBI B Ta0I. 4.

2.5. MuHepajiokepaMu4ecKue MaTepHuaibl

Munepanoxepamraeckue Marepuaisl ([OCT 26630-85) obmagaroT BHI-
coko#t TBepaocThIO (92-94 HRA) u TemmocTolikoctsio (1100... 1400 °C), a
TaKXKE H3HOCOCTOMKOCTRIO. OHHM ACHATCS HA ABA OCHOBHBIX BHAA. OKCH-
HYIO OCTyI0 KepaMUKy, coaepkamyo 10 99,7 % oxkucu amomunus (AlO3)
U OKCHIHO-KapOWIHYIO UEPHYIO KEPAMHKY, COCTOSIITYIO M3 OKHCH AFOMH-
HUs B ognHApHOTO KapOmaa tutaHa (Al,Os+TiC) unu crnoxHEIX KapOuIoB
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TUTaH4, BOIbPpama, MorudacHa (1o 40 %).

Tabnuna 4. PexoMeHayeMble 00,1aCTH TIPUMEHEHN S TBEPIBIX CIUIABOB

Mapku IIpumenenue

YuncroBast o6paboTka (ToueHHe, pacTaulBaHHe, HApesaHHUe PesbObl, pa3sBepThl-
BaHHE) TBEPABIX, JICTHPOBAHHBIX M OTOSTICHHBIX TyTyHOB, I[eMEHTHPOBAHHBIX
M 3aKaJIeHHBIX CTaJlel, a Takoke BBICOKOAOpa3sHBHBIX HEMETa/UIMISCKHX MaTe-
pHAJIOB

YmrcToBasi ¥ MOTYyIHCTOBast 0OpaboTKa TBEP/BIX, JITHPOBAHHLIX H OTOCTICH-
HBIX YyI'YHOB, 3aKaJICHHBIX CTajledl M HeKOTOPHIX MapoK HepiKaBeIOMHUX
BK6-OM | BBICOKONPOYHBIX H JKAPOIMIPOYHBIX CTAJICH M CILIAaBOB, 0OCOOCHHO CIUIABOB Ha
OCHOBe THTaHa, BoJb(dpaMa B MONTHO/eHA (TOUSHHE, pacTauMBaHHUe, pa3Bep-
ThIBaHHE, Hape3aHHe pe3bObl, MabpOBKH)

YepHOBOEe TOUSHHe IPH HEPABHOMEPHOM CEUeHHH Cpe3a H IPepHIBHCTOM
pe3aHHH, CTPOTAHHHM, YepHoBoe (pesepoBaHMe, CBepiCHHE, UePHOBOS Pac-
CBepJIMBaHUe, YePHOBOS 3eHKEPOBAHHE CepoTo UyTyHa, BETHBIX METAJUIOB U
HX CIUIABOB M HeMeTaJUIMYEeCKHX MaTepHasoB. OOpaboTka HepKaBeIONIHX,
BBICOKOIPOUHBIX B JKapOIPOUHBIX TPyAHOOOPaOaThIBAGMBIX CTAICH H CILIa-
BOB, B TOM UHCJI¢ CIUIABOB THTAaHA

YepHoBast U IOIydepHOBasi 06paboTKa TBEPABIX, JETHPOBAHHBIX U OTOETICH-
HBIX WUYTYHOB, HEKOTOPHIX MAapoK HEp)KaBEIONMHX, BBICOKONPOUYHBIX K
BK10-OM| >xapompouHBbIX CTajici W CIUIABOB, OCOOCHHO CILIABOB Ha OCHOBE THUTAHa,
BojbdpaMa U MouOmeHa. M3roToBsieHHe HEKOTOPBHIX BHIOB MOHOJIMTHOIO
HHCTpYMEHTA

ITomydepHOBOe TOUWeHHe IPH HEIPEPLIBHOM PE3aHHH, YHCTOBOE TOUCHHE
IpH TIPephIBHCTOM DPE3aHMH, HApEe3aHHH Pe3bObl TOKApHBIMH pe3laMH U
Bpal[aIOM[UMHUCSI TOJOBKAMH, IOJNYYHCTOBOS H YHCTOBOS (pesepoBaHHe
T15K6 CIIOIIHBIX TOBEPXHOCTEH, paccBepiMBaHME H pacTauyMBaHHE IIpe/IBapH-
TeJIbHO 06paboTaHHBIX OTBEPCTHH, THUCTOBOS 3eHKepOBaHHe, pasBepThIBAHUE
U ApyrHe aHaJIOTHYHBI® BHALI 0OpabOTKH YIJIePOJHCTHIX H JISTHPOBAHHBIX
cTajiel

Tsoienoe depHOBOE TOUSHHE CTAILHBIX IIOKOBOK, MTAMIOBOK M OTJIHBOK IO
KOpKe ¢ paKOBHHAMH IIPH HaJIMIHH NlecKa, MJaka W pasIHIHbIX HeMeTaJUIH-
JecKHUX BKJIIOUSHHH NIPpH HepaBHOMEPHOM CeUeHHH cpe3a H HAJIMIHH yAApOB.
Bce BHIBI CTpOTaHMs YIJICPOJUCTBIX U JISTHPOBAHHBIX CTAJIeH

Tsoienoe depHOBOE TOUSHHE CTAILHBIX IIOKOBOK, MTAMIOBOK M OTJIHBOK IO
KOpKe ¢ paKOBHHAMH IIPH HAJIMIHMH IecKa W IMJaKa pa3IHIHbIX HeMeTaJUIH-
TT7K12 YeCKUX BKJIIOYCHHH IIpH paBHOMEPHOM CEUCHMH Cpe3a M HAJMYHH YAapoB.
Bce BHABI CTpOraHHS YITIGPOJAMCTBIX M JISTHPOBAHHBIX cTasled. Tspkeltoe
JepHOBOE (dpe3epoBaHUe YIIePOAHUCTHIX H JISTHPOBAHHBIX CTaJlel
@pesepoBaHHe CTalH, 0cobeHHO (pesepoBaHHe ITyOOKHX Ia30B M APYTHX
TT20K9 BHIOB 00pabOTKH, NPEIBIBISIIONIUAX MOBBIIICHHBIC TPEGOBAHUS K CONPOTHB-
JICHHUIO CIUIABA TEIUIOBBHIM M MEeXaHHUSCKHM IUKIHISCKHM HArpy3KaM

BK3-M

BK8

T5K12

Kepamuka nepsoro Buza, Hampumep Mapku LM 332, BO13, nveer Hu3-
Ky!0 mpovHOCTb Ha m3rud 300...400 MITa u ucnonb3yercst Ha TOTyIHCTOBEIX
W YUCTOBBIX ONEPAIUSIX HETEPMOOOPAOOTAHHBIX CTANCH, CEPHIX UYTYHOB C

21



BBICOKHMH cKOpocTsiMu pe3arnst (10 800... 1000 m/MuH) HA BHOPOyCTOHYH-
BOM oOopymoBaHmm 0O€3  OXJTAXKACHWA  HemocTaTkoM — OKCHAHOH
MHUHEPAIOKEPAMHUKH SIBISIETCS] €€ HHU3KAasl MPOYHOCTh M XPYNKOCThb. EN HE
peKoMeHAyeTCsT 00pabaTHBATH IIBETHBIE METANTBI M UX CILIABHL

[NopblmeHHOH (IPEMEPHO B JBAa pas3a) NPOYHOCTHIO HA H3THO (70
600...700 MIla) ob6namatOT KECPAMHICCKHEC MATCPHATBl BTOPOTO BHAA,
Hanpumep BOK-60, BOK-63, B-3 n ap. 3TH MaTepHanbl BBITYCKAIOTCS B
BHZE ITACTHH, KOTOPBIE KPEISITCS K KOPIYCaM PA3THIHBIX HHCTPYMEHTOB.

ITpuMeHsAETCA TakxkKe OKCHIHO-HUTPHAHAS KEpaMHKA (KAPTHHHUT),
Hanpumep Mapku OHT-20 (cocront u3 (Al,O3+TiN), u kepaMHuKa Ha OCHO-
BE HUTPUAA KPEMHHs, HAIPUMEDP MApKH CHIMHHT-P TBepmocTeIO 94...96
HRA, npounoctsto Ha m3rud 650...750 MIla (mBer xopmuHeBbIH). CTOH-
KOCTb HHCTPYMEHTA C MHHEPATOKEepaMHKOH B 5... 10 pa3 BeImIE CTOHKOCTH
HHCTPYMEHTQ, OcHaImeHHoro cmiasamu rpynn BK u TK, npu yeenudeHun
IPOU3BOIUTEIBHOCTH B 2 Pasa.

OxcunHO-KapOuaHAS (CMeInanHasy, depHast) kepamuka (BOK-60, BOK-63,
B-3, xapruantr OHT-20) mpeaHaszHaueHA ISl YHCTOBOH, MONYYHCTOBOH M
TIPEPHIBUCTOH 00paOOTKH KOBKHX, BEICOKONPOYHBIX, OTOCICHHBIX, MOIH-
(UIMPOBAHHBEIX UYTYHOB, crajieH, 3akameHHbIX 10 HRC, 30...55 n HRC,
56...65. Kpome toro, kepamuka B-3 uw OHT-20 pexomerayercs amst o0pa-
OOTKY IIBETHBIX METAJUIOB HA OCHOBE MEIH.

Pexomenmannu mo BEIOOPY KEPAMUKH ITPEACTABICHBI B Ta0M. 5.

2.6. CBepxTBEpabIe MATEPHAIBI (CTM)

CBepxTBEpABIC MATCPUANBl MOAPA3ACISIOTCSI HA €CTECTBEHHBIE U WIC-
KYCCTBCHHBIC. K TICPBBIM OTHOCATCA aIMa3bl, KO BTOPBIM — aJMAasbl
CHHTCTHICCKUC, MATCPHUAIBI HA OCHOBEC HUTPHIOA 6opa U KOMIIO3HUIIHNOHHEBIC
MATEPHAIEL, COAEPIKAIINE anMa3, HATpHuA 00pa, KapOMIEl METAILIOB B TBEP-
JIBIC OKHCITIBL

AJMa3 — caMbIi TBEPABIH HHCTPYMEHTATBHBIM MATEPHAN, TPEACTABIISEO-
i cOOOH KPHUCTANLTHICCKYIO MOAW(DHKAINMIO YTICPOA, amMa3 SBISICTCS
3TATIOHOM TBEPIOCTH (E€T0 TBEPAOCTH cocTaBiseT mopsaka 100 I'Tla). Ox 06-
JIQAeT BBICOKOW HM3HOCOCTOMKOCTBIO, XOPOLIEH TEIIONMPOBOAHOCTEIO, (3TO
MO3BOJISICT BECTH OOpaOOTKY PE3aHMEM HA BBICOKHX CKOPOCTSIX), MATBIM
K03(h(HUIUEHTOM TPEHUS K BEICOKAM COITPOTHUBIICHUEM aTC3UH METAILIOB.

JUIs W3rOTOBICHMS PE3IOB NPUMEHSIOT KPHCTALIBI anMasa BECOM
0,31...0,85 kapara (1 xapar = 0,200 t). Kpucramnsl agmasa JOTKHEI OBITH
mpO3paduHEe, 03 TPCUINH, PAKOBHH U IpyTHX AcekToB. K HemoctaTkam
amMa3a KaKk HHCTPYMEHTANBHOTO MATEpHana ATl PEXYINEro MHCTPYMEHTA
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CIEAyET OTHECTH MOHHKEHHYHO TEIIOCTOHKOCTH (650...700 °C) u moBHI-
IIEHHYO XPYIKOCTE (conporusnerne m3rudy 210... 480 MITa), uto Tpedyer
HCIOJIB30BAHUS CTAHKOB ITOBBLIIICHHOH KCCTKOCTH H BI/I6pOyCTOI‘/'I‘II/IBOCTI/I.
Jpyroi HEAOCTATOK — aIMAa3 PACTBOPSACTCS B JKENIE3€ NMPU HX KOHTAKTE C
HarpeBoM BeIute Temueparypet 700 °C.

XuMATECcKast © KOPPO3HOHHASI CTOHKOCTH aTMasa BeICOKa. CaMble Kper-
KM€ KUCJIOTHL U JaXE LAPCKasl BOAKA (CMECh COMISIHOM U a30THOM KUCIOT) HE
HAPYINAIOT €ro cTpykTypy. OZHAKO B CONOBOM PACTBOPE M B PACIIABAX
menovuel, HaTPUEBOH M KaTUEBOH cemuTpax anamas pacteopsiercs. Ha Bos-
ayxXe anMas cropaet mpu temmeparype 850...1000 °C, mpeBpamasce B
rpadur.

Tabnuna 5. PexoMeHmaluM 1o BLIGOPY MapKH KepaMHKH

O6pabaTtbIiBacMbIi MaTepHal TrépaocTs Mapka KepaMuKu
UyryH cepblit HB=1430...2890 MIla BO-13, BIII-75, ITM-332
UyryH KOBKHH HB=1630...2690 Mlla BIII-75, BO-13
UyryH oT0e/IeHHBIH HB=4000...6500 Mlla BOK-60, OHT-20, B-3
CTanab KOHCTPYKIIHOHHAS HB=1600...2290 Mlla BO-13, BIII-75, IIM-332
YIJIepOAMCTast
CTanab KOHCTPYKIIHOHHAS HB=1790...2290 Mlla BO-13, BIII-75, IIM-332
JISTHPOBAHHASI
Cranp ynydmeHHast HB=2290...3800 Mlla BIII-75, BO-13, BOK-60

Cunuaut-P
CTanb [eMeHTHPOBaHHAS 36...48HRC, BOK-60,0HT-20, B-3
3aKaJISHHAS 48...64HRC, BOK-60, B-3, OHT-20
MeHble CILIaBBI HB=600...1200 MIla B-3, OHT-20
Hukesnepble CILTaBbI - Cuauaut-P, OHT-20

CunTeTHyecKne anMa3sbl ITONYYAr0T U3 TpaduTa MpH BEICOKUX JaBIC-
mustx (1000 T'Tla) u Temmeparypax (2500 °C). OHu 3HAYHTENIBHO JACIICBIIC
IPUPOTHBIX alIMa30B M HAXOJIT Hambojee IMHUPOKOe mpuMeHeHue (bonee
90 % HMCIIOMB3YEMBIX ATMAa30B SIBISIFOTCS] CHHTETHIECKAMHE). BEITyCKaroT-
Csl CHHTETHYECKUE aaMasbl B BHAE MOPOLIKOB (3€PE€H MOHOKPHUCTAIIOB),
momukpucTamioB ([OCT 9206-80) 1 KOMIO3UITHOHHBIX MATCPHAIIOB.

AnMa3sHBIE TOPOIIKH HCIIONB3YIOTCS ISl H3TOTOBICHHS aOpa3HBHOTO
HHCTPYMEHTA (UUTH(OBATBHBIX KPYTOB, JCHT, HAMHILHUKOB). CIEeKaHHEM
ATMa3HOTO mopolnka noxydeH marepuan CBBH, a cuHTeTHUECKHX amMmas-
HBIx nopornkoB — CKM (Temmeparypocroiikocts 10 950 °C).

JIs1 M3rOTOBICHHS JE3BHMHOTO M BBIMIAKHBAIOINIETO HHCTPYMEHTA
TAKKE HCIIONB3YIOTCS ITTONUKPHUCTANNIB CHHTETHICCKHX aIMa30B MapoK
bammac (ACB-5; ACB-5A; ACB-6), xapbornazo — (ACIIK-1; ACTIK-2,
ACTIK-3). Tlo TBepmOCTH NOTHKPHCTAIBI OMH3KH K MOHOKPHCTALTAM
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TPUPOTHOTO amTMas3a, a4 MO MPOYHOCTH HA m3rub B 2...3 pas3a mpPeBOCXOAST
€ero.

Pexymue WHCTPYMEHTHI U3 MOMHKPHUCTAIOB CHHTETHYSCKHX AIMAa30B
(mx gmaMeTp A0 8 MM) OONAJArOT MOBBIIICHHOW PekyIIeH CIOCOOHOCTHIO
mpu 00paboTke THTAHOBBIX, AMFOMHUHHEBBIX M MEIHBIX CILIABOB, CTEKIO-
IIACTHKOB, KOMIIO3ULIUOHHBIX MATEPHUAIIOB, MUHEPATOKEPAMUKHA U IPYTUX
MmarepuanoB. CTOMKOCTE WHCTPYMEHTOB W3 IONUKPUCTAIIOB CHHTCTHYE-
CKHX aIMa30B IPEBBIIIACT CTOMKOCTE TBEPAOCIIABHBIX HHCTPYMEHTOB.

Ha ocHOBE CHHTETHYECKHX AIMA30B CO3JAHBI KOMIIO3HUIMOHHEBIE MATe-
pHANBL, COCTOSIINE U3 MOATOKKH TOMIIUHOH 2...4 MM M HAaHECEHHOIrO Ha
HCC aIMAa3HOTO CJIOSl TOMIMMUHOW mpuOIU3uTenbHO B 1 MM, J{d mOAmoxKa
HCIIONB3YIOTCS IACTHHBI U3 TBepABIX crnaso rpynn BK u BBTC. [JiByx-
CIIOWHBIE TIIIACTHHBI JAIOT BO3MOKHOCTH OOBEINHHUTE BEICOKHE TBEPAOCTL U
H3HOCOCTOMKOCTE 4IMA30B C MPOYHOCTBEO TBEPABIX CIIABOB. BBITyCKAIOT-
¢ mractuael Mapox ATII (amMasHO-TBEPIOCIIABHEIC IACTHHBEI) W BITA
(OUTIIACTHHBL aIMA3HBIC).

PexomenmyeMmble quana3oHsl pexxuMoB pe3anusi AC mpu TOUCHHH IPH-
BeJeHbl B Ta0I. 6.

Ta6au ITa 6. PeKOMeHJ]yeMLIe JAUAIIA30HbI PEKMMOB pe3aHu IPpH TOYUeHHH
HHCTPYMEHTOM, OCHAIICHHLIM ITOJIMKPUCTAJIHYECKHM a/IMa3 oM

OGpabaTtbiBacMble MaTSPHAIIBI v, M/MHH S., MM/06 t, MM
ANIOMHHHH U aJTIOMHHHEBBIC CILIABBI 600...3000 0,03...0,3 0,05...1,0
AmromuHueBbIe cIiIaBbl (10...20% KkpeMHHUS) 500...1500 0,03...0,3 0,05...1,0
Menp 1 Me/THBIE CIUIaBbI (OpOH3BL, JIATYHH, 3001000 0.03...03 0.05...1.0
6a06UTHI 1 JIp.)

IlmacT™Macchl, IIACTHKH, CTEKJIOTUIACTHKH,
YIJISIUIACTHKH, TBep/Iasl pe3rHa, pa3IuyuHbIe 200...1000 0,03...0,3 0,05...1,0
KOMIIO3HTBI

TonycneueHHbIC KepaMHUKa U TBEP/IbIC CIUIA-
BbI

100...300 0,03...0,15 | 0,05...1,0

CrieueHHbIE TBEPAbIS CILIABBI 15...40 0,03...1,0 0,05...1,0
JpeBecHOCTpYIKeUHbIE MaTepHaIbl 2000...4000 0,03...0,3 —
T"opHble opoAbI (eCUaHUK, IPAHNUT) 50...400 0,03...03 0,05...1,0

Ipumeuanus: 1. JlaHsl parHoHaNbHBIE CKOPOCTH Pe3aHUs], 00ecIeUUBAION[HE OBLI-
IMeHHe HHTCHCHBHOCTH CheMa NPHUITycKa. AJMA3HBIH HHCTPYMEHT B OTJIMYHE OT HHCTpYMeHTa
n3 KHE MoxHO 5KCILUTyaTHpOBAaTh W Ha HHM3KHX CKOPOCTSIX, IIPH KOTOPBIX paboTaeT TBepao-
CIUTABHBIN HHCTPYMEHT, 00ecIIeIiBast MHOTOKPATHO® IIOBBIMISHHE CTOHKOCTH.

2. Ilpu pesepoBaHUHE CKOPOCTH MOT'YT OBITH YBEJIHUYCHEI JI0 BYX pas.

3. I'mybuHa pe3aHHs APEeBECHOCTPYKSUHBIX MATepHAJIOB OIpeessieTcs] MUpHHOH dpes
HITH WL
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Ky6miecknii aurpux 6opa (Ky0OHUT) SBISIETCS] YHUKAITBHBIM CHHTETHYIC-
CKMM WHCTPYMEHTAJIBHBIM MaTepranoM (ero cocras: 6op — 44 %, azor —56 %).
HcxomHBIM MaTEpHAOM ULl €10 HOIYYCHHUSI SIBISIETCS] TEKCATOHANBHBIM HHAT-
pun 6opa, ONMU3KUH MO CBOMM XapaKTCpUCTHKAM K rpadury. B pesymerare
CHHTE3a IIPH BBICOKHX JABJICHUSX U TEMIIEPATYPAX 3TOT MATEPHANT C TEKCaro-
HaibHOM pemerkod mpeppamaercst B KHE ¢ Oonmee mnoTHOM KyOmdeckoH
pemmerkoit. [To TBepmoct KHB (90 I'Tla) Gmu30k X TBEPAOCTH anMasa, a Imo
temtocrolikoctu konebnercst or (1100 °C mo 1500 °C). Cremyer OTMETHTDH
nHepTHOCTE KHDB KO BCEM KOHCTPYKITMOHHBIM MATEPHATAM.

CoBpeMeHHBIE CBEPXTBEPBIC MATEPUATE! MOMYIAIOT CHHTE30M M3 TEK-
CATOHATRHOTO HUTpHAa Oopa [3mpbop-P  (xommosmr 01) m Oexbop
(xommo3ut 02)]; CHHTE30M K3 BIOPTIHUTONONO0HOH MOAN(DHUKAIINK HATPHIA
6opa [rexcarut-P (kommosut 10) u [ITHB (xommo3ur 09)]; cnekanueM u3
TIOPOIIKOB KyOHIECKOro HATPHAA Oopa ¢ JETHPYIOIUMHA J00aBKaMHu KO-
pura (xoMnosur 05).

Hasnauernue ocHoBHEIX THIIOB CTM npuBeaeHO B Tabm. 7.

Ta6nuna 7. HazHauenne CTM Ha ocHOBe KyOU'UecKOTro HUTpHIA Gopa

Mapka MaTepHaia O671acTh IpUMEHEHHS
Tonkoe u UHcTOBOS ToueHHe Ge3 ynapa W TopuoBoe (pesepoBaHHe
3aKaJIEHHBIX CTAJIeH H 9yTyHOB MOOOH TBEPHOCTH, TBEP/BIX CILUIABOB

Kommoszut 01

(Oau6op P) (Co>15%)
Kommnozur 03 YucTtopasi M MOJIYYHCTOBAsI 00pabGoTKa 3aKAISHHBIX CTAaleH U Uyry-
(Mcmur) HOB JIFOGOH TBEPOCTH
IIpenBapuTessHOe H OKOHUYATEIFHOS TOUSHHE O3 yapa 3aKaJSHHBIX
Kommnozur 05 craneit (HRC, < 55 ) u ceporo uyryHa, ToproBoe ¢pesepoBaHHe
IyT'yHA 3aKaJISHHBIX CTaJled B UyT'YHOB
Komnozur 06 UnctoBoe ToueHHe 3akajaéHHbIX cTased (HRC,< 63)
IIpeaapuTensHoe W OKOHUATEIbHOE TOUSHHE ¢ yapoM H Oe3 yaapa,
Komnozur 10 TOpIOBOS (pe3epoBaHHe CTajie W YyryHOB Jr0Go# TBEpIOCTH,
(I'excanur P) TBEpBIX ciuiaBoB (Co > 15 % ), mpepbIBHCTOE TOUeHHe, 0OpaboTKa

HAIUTABJICHHBIX JleTalel

YepHOBOE, MOJyYepHOBOE M UHCTOBOS TOUeHHe H (pesepoBaHHUe
Toman 10 YYryHOB JIt000# TBEPMOCTH, TOUCHHE M pacTauMBaHUE CTAleH H
CIJIABOB Ha OCHOBE MM, pesaHHe II0 JINTeHHOH Kopke

Kommosut 10]1 To ke

PexoMeHIyeMBIC YCPSIHCHHBIC TUAMA30HBI CKOPOCTEH U MOAaY MpHUBE-
neHsl B Ta01. 8.
Pesanue ¢ MPUMEHCHHUEM CBEPXTBEPABIX MATCPHATIOB MMEET DI 0CO-
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OeHHOCTEH, HAITPUMED IIPH TOUCHHUH C YIAPOM, OCOOEHHO CTaJEeH U IyTYHOB
BBICOKOM TBEPAOCTH, HATHYKE paanyca mpu BepmmHe I = 0,8...1,0 MM sB-
JsieTCs HEOOXOAMMBIM YCIOBHEM HAeXHOH padorel pesmo u3 CTM.
Hanpumep, 10cTaTOIHO BBICOKYIO PabOTOCTIOCOOHOCTh B TAKHX YCIOBHSX
HAMEIOT KPYTJble HEMEPETAYNBAEMBIE IIIACTHHBI U3 kKomnosura 01 (auaMerp
3.6 MM) ¢ r = 1,8 MM, XOTS 3TOT KOMIIO3HUT AJIS TOUCHUA C YIAPOM B 0OIIEM
HE MPEIHA3HAYCH.

Ta6numa 8. PexoMeHayeMble THAIIA30HBI PeKHMOB Pe3aHUs HHCTPYMEHTOM,
OCHAIIeHHBIM KOMITIO3UTOM, TIPH TOYeHHH U PAcTAYNBAHHU

OGpabGartpiBacMble | Xapak-
MaTepHalIbl 1 Tep Kommosur v, M/MHH S,, MM/06 t, MM
TOKPBITHS pesaHus

CTanum  KOHCTPYK-

IIHOHHBIE M JIETH- Bes

poBaHHbIE, HH- | yJapa 05,01, 02 50...180 0,03...0,20 0,05...3,0

cTpymMeHTabHBIe U | C ya- 10; 10]1 40...120 0,03...0,10 0,05...1,0

TTOIITHITHAKOBBIE, poM

HRC,40...58

Cranu  GeicTpope- Ees

ﬁz}ﬁﬁb HbfeHCTIL’IZ: yrapa 01; 02 50...120 0,03...0,1 0,05...0,8

? C yna- 10; 101 40...100 0,03...0,07 0,05...0,4

MEHTYEMBIE,

HRC, 58...70 pou

UyryHsl cepble H bes 05; 01; 02

BLICOKOTIPOUHBIC, yaapa 16; 16[[; 400...1000 0,03...0,5 0,05...1,0

HE 150-300 C yna- 05, 01: 02 300...800 0,03...0,2 0,05...2,0
poM
bes

YyryHbl 0TOCIICH- yaapa 05, 01; 02 50...200 0,03...0,5 0,05...2,0

neie, HB 400...600 | C yna- 10; 101 40...90 0,03...0,10 0,05...1,0
poM

Trepbie cru1aBbI

C coflepIKaHuEeM

K06an§m He Me- bes 10; 01; 5..20 0,08..0,1 | 005...1,0

nee 15%, yaapa 02; 10/

HRA 80...86

WsnococTolixue

MOKPBITHS HA

OCHOBE HHKEJISI Ilo 01; 02,

(inasmenHoe KopKe 10; 1011 40-100 0,03...0,15 0,1...0,5

HaHEeCEHHE),

HRC, 47...57

IIpumeuanne. Ilpu dpesepoBaHUH CKOPOCTH MOTYT OBITh YBEIHUCHSHI B 2...3 pasa.
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Ymenpmenne paauyca 10 0,2...0,4 MM Helenecoobpa3Ho, Tak Kak 370 Pe3-
KO TIOBBIIIAET ONACHOCTH BBIXOJa HHCTPYMEHTA M3 CTPOSI BCICACTBHE CKOJIA
WIN BBIKPAINKBAHUS, B TO BPEMS KAK YMCHBIICHHE PAJHATBHOU COCTaBIS-
OIEH CUIBl PE3aHUsl NMPHU 3TOM HE3HAYUTENbHO. Kpome TOro, Takoe
YMCHBIICHAEC IIPUBOJUT K CYIIECTBCHHOMY YBEJIHUCHHIO IIEPOXOBATOCTH
06paboTaHHOT MOBEPXHOCTH.

B TspkenBIX YCIOBHSX PE3aHUs (C yAApOM, MO KOPKE U T. II.) PEKy el
KPOMKE HMHCTPYMEHTAa W3 KOMIIO3MTa PEKOMEHIYETCSl IPHUIATH OKPYIJICH-
Hy10 (opmy ¢ pamumycom r = 30...50 MM 1nrb0 CHEnaTh CTAHAAPTHYIO
3amuTHY0 Qacky mupuao# 0,05...0,20 MM HA ICPETHEH MTOBEPXHOCTH IO
yrimoM y = -20°.

Becvma addexrusra (acka (meHTOUKA) mMApHHOH HE Oonmee 0,1 MM Ha
3aqHCH MOBEPXHOCTH (o = 0), HMHTHPYIOIIAS IOIIAAKY H3HOCA. JTa (hacka
CHHMXKA€T MHTCHCHBHOCTH H3HAIIMBAHUSI MHCTPYMEHTA HA CTAJWH IIPHpa-
OOTKH, YMEHBIIAET BEPOSITHOCTH BBIKPAINHMBAHUS PEKYINEH KPOMKH H
OKA3BbIBACT BBITTIAXKUBAIOIICE ACHCTBHC HA OOpabOTAHHYIO MOBCPXHOCTD.
Bnusaue Tako# (acku Bo3pacTaeT IpH YBEIWUICHHH NMEPETHErO yIia, T. €.
IIPHU TIEPEXO0/IE OT OTPUIATENBHBIX ¥ K MTOTOKHUTECIBHBIM.

[Tpu (pesepoBanun BCEraa CIEAYET CTPEMHUTBCS K JOCTHKCHHIO MAaK-
CHMAaJIbHO BO3MOXKHOH CKOPOCTH PE3aHHSI H YMEHBIICHHUIO MOZAaYH Ha 3y0.
370 OOBACHSETCS CIEAYIOIIMMH IPAIHHAMH!

- MoJa9a Ha 3y0 W 4acTOTa BPALICHUSI IITHHACITS B PABHOH MEpe BIHSIOT
HA 3HAUCHHWEC MHHYTHOH NOJAYH, T. €. Ha MPOM3BOAMTEIBHOCTL (hpesepoBa-
HUS, OJHAKO TOjada Ha 3y0 B 3HAYMTENLHO OONBINEH CTENEHH, YeM
CKOPOCTH PE3aHMs, BIUSET HAa CTOMKOCTh (pe3bl, ocHameHHOH CTM, n
HAZIEKHOCTH UX pabOTHL;

- IIPM HOBBIIIEHWH CKOPOCTH PE3aHMsI MIEPOXOBATOCTH 00pabOTaHHOH
IIOBEPXHOCTH YMEHBIIAETCS, 4 IIPH YBEIHICHHUH TTOJAYH PACTET,

- IIPH TIOBBHIICHWH CKOPOCTH PE3aHUSI CHIA PE3aHHs YMEHbBIIACTCS, a
IIPH YBEJNHYEHUH NOAAYH HA 3y0 pacTer, T. €. CHHKACTCS TOYHOCTH o0pa-
6oTkw.

3. CPABHUTEJIbHAA OLIEHKA PEXXYIIIUX CBOMCTB
HHCTPYMEHTAJIbHBIX MATEPUAJIOB

Pe)KyH.[I/Ie CBOWCTBA HWHCTPYMCHTOB, U3TrOTOBJICHHBIX W3 PA3JIMIHBIX HH-
CTPYMCHTAJIBHBIX MAaTCpuagoB, MOTYT OBITh OLCHCHBI CPABHUTCIIBHBIM
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COIIOCTABJICHHUEM, HAPHUMEP, IO TEMIEPATYPOCTOMKOCTH HIH MO HU3HOCO-
croiikoctu (puc. 2).

T,
MIH '1
I

- — —

r'J r

50 150 250 300 V, MIMMH

Puc. 2. CpaBHHTeNbHASI H3HOCOCTOMKOCTH HEKOTOPBIX HHCTPYMEHTAJILHBIX MaTepPHAJIOB:
1 — GbicTpopekymue craiy;, 2 — TBepAbii ciutas T15K6; 3 — tepasiii ciutae T30K4;
4 — tBepbiii ctaB T60K6.

Crnenyer OTMETHTB, UTO TEMIIEPATYPOCTOMKOCTE HAXOANUTCS! B ONPEACTICHHOM
COOTBETCTBHH C APYTHMHA (PH3UKO-MEXAaHUIECKUMH CBOHCTBAME — TBEPAOCTHIO
POTHOCTEIO. C POCTOM MOCTETHUX YBEMMIHBACTCSI M TEMIIEPATY POCTOHKOCTD.
Ho npsmoit mponopnroHaNEHOCTH 34€ch HET. Tak, TBEPAOCTE YINIEPOANUCTHIX U
HU3KOIICTHPOBAHHBIX CTAJIEH HE YCTYIIAET TBEPAOCTH OBICTPOPEKYIIHIX CTANCH, a
MX TPOYHOCTHBIC CBOUCTBA OTIMMAOTCS HE3HAYUTENBHO. B TO e BpeMst TeM-
TEPaTyPOCTORKOCTE OBICTPOPSKYIONX CTameit 6onmee 1eM B 2,5 pasa BEIIIC,
YeM YTJIEPOAUCTHIX ¥ HU3KOJICTHPOBAHHBIX CTaned. MckimoueHneM sSBIseTcst
TAKKE M HU3KAsI TEMIIEPATYPOCTOMKOCTh CHHTETHIECKHIX alMasOB, B TO Bpe-
M5 KaK IO TBEPAOCTH OHH 3aHMMAIOT OZHO W3 HEPBLIX MECT CPEIH APYTUX
HHCTPYMEHTANBHEIX MaTepuazoB. OTHOH M3 TNIABHBIX HKCIUTYATAlHOHHBIX
XAPAKTEPUCTHK PEXKYIIUX CBOUCTB MHCTPYMEHTANBHBIX MATEPHATIOB, KOTO-
past CyMMapHO OTPakKaeT OONBIIMHCTBO OCTANBHEIX (PH3UKO-MEXaHUIECKUX
CBOMCTB, sBIsAeTCA H3HOCOCTOMKOCTh T. M3 puc. 3 BHAHO, 9TO H3HOCOCTOH-
KOCTh HHCTPYMEHTAIBHBIX MATEPHANOB OIPENEISCTCS KaK UX IPHUPOIOH H
XUMHYIECKAM COCTABOM, TAK M CKOPOCTBIO pe3aHusi v. Cpean BCeX TPy HH-
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CTPYMEHTANBHBIX MATEPHATIOB HAMMEHEE M3HOCOCTOHKH YITIEPOAUCTAs (KPH-
Bas /) U HU3KOJIECTHPOBAHHAS (KPUBAS 2) HHCTPYMEHTAIBHBIC CTANH.

MakcUMyM HX H3HOCOCTOMKOCTH NPHUXOAMTCS HA CKOPOCTH PE3aHHA
20...30 m/MuH. Hanboee n3HOCOCTOHKH OBICTPOPEKYIINE CTANN (KpHUBast 3).
ITpudeM B cpeaHeM Al 3TOH IPYNIbl MAKCHMATBHAS H3HOCOCTOUKOCTD HME-
€T MECTO IPH CKOPOCTSIX pe3anHust ~ 50 M/MHUH.

[Tpu Gonee neTaTBEHOM PACCMOTPEHHH BCE MAPKU OBICTPOPEKYIIMX CTaCH
TI0 M3HOCOCTOMKOCTH MOTYT OBITH Pa3/ielieHbl Ha TpH Ipynnsl (puc. 4). K mep-
BOM Tpymme (kpuBas /) OTHECCHBI CTAJIH, KOTOPBIC Comepxkar 4...5 % Banamus
(P9D5), POKSDS5, P14®4, P1OKSDS u mp.) OHI OKA3BIBAIOTCS HAKMOONCE U3~
HOCOCTOUKHMH B 30HC MATBIX CKopocTel pesanns (v < 30 m/muH). U3 3THX
cTane 1enecooOpa3HO M3TOTOBISTH PA3BEPTKH, METUHKH, TPEOCHKH, 3y00pe3-
HBIH HHCTPYMEHT, IPOTsiKKH. Ko BTOpoH rpymne (kpuBas 2) OTHECEHBI CTANH,
cozxepxarpe ~ 18 % sombhpama (P18, P18M, P18M2, P1832).

MITH

|
. A _1; - - oS
2030 5060 200 300 V, MIMHH
Puc. 3. 3apucumocts u3HOCOCTOMKOCTH T HHCTPYMEHTAILHBIX MaTCpHAJIOB
OT CKOPOCTH PE3aHHs V:

1 — yriaepoaucTas cTajlb — CTaib 45; 2 — HU3KOJISTHPOBaHHbIE CTAM —

cTanb 45; 3 — GRICTPOPSIKYINHE CTAM — cTallb 45; 4 — TBep/ble CILIABbI

BK — ctann 45; 5 — tBepasie cmaBbl BTK— ctans 45; 6 — MuHepasoke-

pamuka — ctais 45; 7 — TBep/ble ciiaBbl BK — uyryn

B unrepsane ckopocred pesanms 30...60 M/MHH 3TH MapKH HMEIOT
HAUOOIBINYIO H3HOCOCTOUKOCTE. OTHAKO OCTpPHIM medumut BombhpaMa HE
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TIO3BOJISIET B HACTOSIINIEE BPEMsI PEKOMEHIOBATH UX AJISI MIMPOKOTO IpUMeE-
HeHusl. bomee mMPOKO MO3TOMY HCHONB3YIOTCS CTANH TPEThEH TPYIIIBI
(xpuBag 3), comepxamue 6... 9 % Bombhpama (P6, POM3, POMS, POM5KS,
P9, P9KS5, POK10, POM4K8®). DTu cranu comepxar MOMHOACH, KOOANET U
Banagui. Cramm Tperbed Tpymmbl 001a1ar0T HAaUOONbIIEH H3HOCOCTOMKO-
CTBIO B 30HC CKOPOCTCH pesanms cBbime 60 M/MHH. M3 HUX H3TOTOBISIOT
BCE BHIBl METAUIOPESKYINUX HHCTPYMEHTOB, pPabOTAIOIIUX B YCIOBHSX
OONBIIIX CKOPOCTEH pe3aHms.

WzHOCOCTOMKOCTE TBEpABIX cruraBo moxarpynmsl BK mpm o6padorke
KOHCTPYKIHOHHBIX cTane (kpuBas 4 Ha puC. 3) ropasao HUXKE H3HOCOCOH-
KOCTH OBICTPOPEXYIIMX CTaled. Tmepaple cmaBel noarpymmsl BK
MAJIOMPUTOAHBI M1 00paboTku cranme. B To ke Bpems mpu oOpaboTke
YYTYHOB (KpUBas 7), OCOOCHHO B 30HE MAJBIX CKOPOCTCH PE3aHMs, H3HOCO-
CTOMKOCTb CIITABOB 3TOM MNOATPYNIIBI JOCTATOYHO BBICOKA, HUYTO W
oTpenemsieT 00NacTh WX OCHOBHOTO IIPUMEHEHHUS. TONBKO B CIyTasix oOpa-
60TkH TepMOOOPAOOTAHHBIX CTaNCH W NPH NPEPHIBUCTOM PE3aHUU OBIBACT
11enecoobpa3Ho UCIONB30BATH CILUIABEI 3TOH MOATPY ML, IPHIEM JydIIe T,
KOTOpBIE UMEFOT IOBHIIIIEHHOE COACPKAHNE KODaNbTa.

T,
MIH

| ]

30 50 60 75 V. M/MMH

Puc. 4. CpaBHUTEIBHAS H3HOCOCTOMKOCTH OBICTPOPSIKYIIHMX CTAJICH:
1 — BBICOKOBaHA/IUEBbIe OBICTPOPEICYIIHE CTAJH; 2 — BBLICOKOBOJIb(pa-
MHCTbIe OBICTPOPEKYIHE CTAMM, 3 — CpefHe- M HU3KOBOJIL(PAMHUCTBIS

GBICTPOpEICyIIIHe CTAH.

W3HOCOCTORKOCTB TBEPABIX CITaBOB noArpynnel BTK orpaxaercs xpu-
BOH 5 Ha puc. 3. Ilo abcomroTHOH BenWYMHE OHA MEHBIIE, 9EM Y
OBICTPOPEXKYIIUX CTaleH, HO PaCHONOKEHHE MAKCHMyMa COOTBETCTBYET
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BBICOKHM CKOPOCTsIM pe3aHust (v =~ 200 M/MHH), 9TO COTJIACYETCS C UX BO3-
MOKHOCTSIMH TIO TEMIIEPATYPOCTOUKOCTH.

Boree mompoOHOE paccMOTPEeHHE H3HOCOCTOMKOCTH TBEPABIX CIUIABOB 3TOH
TIOATPYIIIBI TOKA3BIBAET, UTO YBEIMUICHAEC B COCTABE CIIaBA KapOUAOB THTAHA
BEJIET K CMEIICHHIO MAKCUMYMAa H3HOCOCTOMKOCTH B CTOPOHY OONBIIHX CKOPO-
crelt pesanmsa. Tak, mpu oOpaboTKe CTamu 45 YBCTHUCHWE COACPKAHUS B
crorase xapbuna turaHa TiC or 15 1o 60 %, MO3BONSET YBENIHIHUTH CKOPOCTH
PE3aHMsL, COOTBETCTBYIOIIYIO MAKCUMAIBHOW M3HOCOCTOUKOCTH, B 2 pasa. Mu-
CTPYMCHTBI, OCHAIICHHBIC ITACTHHKAMH W3 TBEPABIX CIUIABOB MOATPYIIIBI
BTK, ncrone3yroTest A1 BRICOKOIPOH3BOAUTEILHON 0OpabOTKH KOHCTPYKITH-
OHHBIX CTaJIEH.

MuHepanokepaMuKa IMEET BEChbMAa BEICOKYIO U3HOCOCTOUKOCTE (KpHUBAast
6 Ha puc. 3). [Ipn 06padoTke KOHCTPYKIMOHHEIX CTANECH MAKCHMYM H3HO-
COCTOMKOCTH MHHEpPANTOKEPAMHUKH HAXOAWTCSI B 0ONacTH CKOpOCTEH
pesanus nopsinka 300 M/MuH, a ipu 00padoTke TyryHa — ~ 600 M/MHH.

Hutpux Gopa (31600p) W CHHTCTHYCCKHH amMas HMCIOT H3HOCOCTOHU-
KOCTb OOJBIIYIO, UE€M BCE OCTANbHBIC HHCTPYMCHTAIBHEIC MATEPHAIEL
WHCTpYMEHTHI, OCHAINECHHBIE STHMH MATEPHANAMHM, CIOCOOHEI BECTH UH-
CTOBYIO 00paboTKy ¢O ckopocTsamu pe3anns 10 1000 mM/MHH.

Pa3paboTka HOBBIX MapOK MHCTPYMEHTAIBHBIX MATEPHATIOB HEM3MECHHO
OyZer BECTHCh IO IYTH IOBBIICHWSI PACCMOTPEHHBIX IBYX CBOHCTB —
TEMIIEPaTypO- W H3HOCOCTOHKOCTH, ONPEACISIOIIAX PEXYIIYIO CHOCO0-
HOCTb HHCTPYMEHTOB.

4. KOHTPOJIbHBIE BOITPOCBI

1. Kaxue rpynmbl HHCTPYMEHTANBHBIX MATEPHATIOB BBl 3HACTE?

2. Kaxue Mapku yriepoaucTsIX HHCTPY MCHTANBHBIX CTaNeH BBl 3HAeTE?

3. IlpuHOUN MapKUPOBKH HHCTPYMEHTANBHBIX YITIEPOAUCTBIX CTATEH.

4. PannonanpHAas1 061IaCTh MPUMEHEHHST HHCTPYMEHTAIBHBIX YTICPOAH-
CTBIX CTaNIeH.

5. Kaxue Mapku NernpoBaHHEIX HHCTPYMEHTANBHBIX CTANEH BHI 3HAETE?

6. IIpyHIIUT MAPKUPOBKH HHCTPYMEHTAIBHBIX ICTHPOBAHHBIX CTAICH.

7. PannonambHass 0OnmacTh NMPUMEHEHHUS] WHCTPYMEHTANBHBIX JETHPO-
BAHHBIX CTANICH.

8. Kakue Mapku OBICTPOPEXKYIUX HHCTPYMCHTAIBHBIX CTAaJICH BHI 3HAE-
Te?

9. [TpuHIUI MaPKUPOBKH HHCTPYMEHTATBHBIX OBICTPOPEKYIIUX CTANCH.

10. PanmonanbHas 061aCTh MPUMEHEHHUSI HHCTPYMEHTANBHEIX OBICTPO-
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PEXYIINX CTaNEH.

11. Kakue MapKu METAIIOKEPAMHUTIECKAX TBEPBIX CINIABOB BEI 3HACTE?

12. TIpuHIMT MAPKUPOBKH METAIIOKEPAMHUIECKHX TBEPABIX CIIABOB.

13. PanmonanbHas 00MacTh TMPUMCHCHHS MCTAIUIOKCPAMHICCKUAX TBEP-
JIBIX CILTABOB.

14. Kakue mapku 6e3BOIB()PAMOBBIX TBEPABIX CILTABOB BHI 3HACTE?

15. [TpuHINT MapKAPOBKH OE3BONB(PPAMOBEIX TBEPIHIX CIIIABOB.

16. PanuonanbHast 00IacTh IPUMEHEHHST OE3BOTB(PPAMOBEIX TBEPABIX
CILTABOB.

17. Kakue Mapku MUHEPATOKEPAMHUKH BEI 3HACTE?

18. TIpuHIKT MAPKAPOBKH MHUHEPATOKEPAMHUKH.

19. PannonanbHAsg 00NACTh MPUMCHCHAS MAHEPATOKCPAMHUKH.

20. Kakue mapku CTM BHI 3HaeTE?

21. PammonansHas 00MacTh NPUMCHCHHS MCTAIUIOKCPAMHICCKUAX TBEP-
JIBIX CILTABOB.
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MNPNJIOXEHHNE

HmBuaya bHbIe 33 JaHUsA

;::r:}fm Mapku MaTepHajoB
1 Y10 11XD 11P3AM3®2 BK3 TH-20 IIM-332
2 Y10A 12X1 P10D5KS BK3-M KTH-16 BO13
3 Y11 13X P12 BK4-B KTH-20 BII75
4 V11A | 3X2MHO P1203 BK6 KTH-30 B3
5 V12 | 4XMH®C P1404 BK6-M KXH-40 BOK60
6 VI12A 4XC P18 BK6-OM KXH-35 BOK63
7 v13 5XB2CO P18K5®2 BKé6-B KXH-30 OHT-20
8 VI13A 5XHB P18®2 BKS KXH-20 Cununnt-P
9 y7 5XHBC P18®2KS5 BKS-B KXH-1115 | Kommosur 01
10 Y7A | 6X3MOC P2AMOYKS BKS8-BK KXH-10 | Kommosur 02
11 V8 6X4AM2OC P6M3 BK10 KTHM-30A | Kommo3zut 05
12 V8A [6X6B3IMOC P6MS BK10-KC | KTHM-30B | Kommo3zut 09
13 y8r TXO P6MS5KS BK11-B THM-20 Kommosutl0
14 V8Ir'A | 8X6HOT P6M5®3 BK11-BK | THM-25 KuGopur
15 Y9 8Xo P9 BK15 THM-30 Broprma
16 YOA or2o P9K10 BK20 TH-20 Bopazon
17 Y10 9X1 P9K5 BK20-KC KTH-16 AmGopHuT
18 Y10A 9X5BO POM4KE [BK10-XOM| KTH-20 Cymubopon
19 Y11 9XBI' PO®5 T30K4 KTH-30 CBEH
20 V11A 9XC P10D5KS T15K6 KXH-40 CKM
21 Y12 IXD P12 T14K8 KXH-35 ACB-5
22 VI12A IXOM P1203 T5K10 KXH-30 ACB-5A
23 v13 B2® P1404 T8K7 KXH-20 ACB-6
24 VI13A X P18 TT7K12 | KXH-1115 ACIIK-1
25 y7 XB4 P18K5®2 TT8K6 KXH-10 ACTIK-2
26 Y7A XB4O P18®2 TT10K8-b [KTHM-30A ACTIK-3
27 V8 XBI’ P18®2KS5 TT20K9 | KTHM-30b APC3
28 Y8A XBCT P2AMOYKS TH-50 THM-20 APC4
29 Y8I' | BIIM7K23 P6M3 BKS8-BK THM-25 ACT-160
30 V8I'A | B4AM12K23 P6MS BK10 THM-30 CrnaByTtau
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