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TIPEIVICJTOBVE

YuebubIii mpeamer «MaTepruaioBeleHre» BXOAUT B OJIOK SUCITUAIIINH
OTpAacJIeBOH TOATOTOBKU (helepabHOTO KOMIIOHEHTA IO CIEIMAJHEHOCTH
03.06.00 — yumuTesib TEXHOJOTUY U TPENIPUHNMATEILCTBA.

Copmep:xanue Kypca «MarepuasioBesenue» cooTBeTcTByeT l'ocymapce-
TBEHHOMY 00pas3oBaTeJbHOMY CTaHAAPTY BBICIIIETO ITPO(heccroHaTLHOTO
o6pasoBauua 2005 r.

Kypc «MarepuaoBeieHre» OAeT CTYAeHTaAM HeoOXOAMMbIe 3HAHUI O
CTPOEHUM UM CBOMCTBAX METAJJIMYECKUX U HEMETAJJIMYEeCKUX KOHCTPYK-
IUOHHBIX MaTepuaJjoB. VIdyueHre TaHHOTO Kypca ABJIAETCA IPEAIIOCHII-
KO¥ MOATOTOBKHU BBICOKONPO(ECCUOHATBHBIX YUUTEJEH TeXHOJOTUU IJIA
00111€00pa30BaTEIBLHOM IIIKOJIBI, CIOCOOHBIX OCYIIECTBJIATH COBPEMEHHEIe
TMPUHIUIILEI BOCITATAHUSA U TOJIUTEXHNUECKOI0 00pa30oBaHUd.

B HacTosIee BpeMsa UMeeTCA PAJ PA3JIUUYHBIX YUeOHUKOB II0 KypPCYy
«MarepuasoBegerues. OnHaKko B OOJBIITMHCTBE OHU HpeSHAa3HAUeHbI IJIs
TeXHUYECKUX (MHIKeHEPHBIX) CIIENNAJILHOCTEN U He B IIOJHON Mepe COOT-
BETCTBYIOT II0 00'beMy y4ueOHOTO MaTepHaJia, YPOBHIO TPYIHOCTHU HAeiic-
TBYIOITIell MPOTPaMMBbI MeJaTrOTUUeCKUX YHUBEPCUTETOB IIPHU IIOJTOTOBKE
yUHnTeJIeNH TeXHOJIOTUY U IPeIIPUHUMATEIbCTBA CPelHeN MKO0JIbl. BmecTe
¢ TeM AucnuIInHA «MarepuasioBenenmnes ABIAETCSI YueOHBIM (hyHIaMeH-
TOM JJIs1 YCIIEIITHOTO YCBOEHUA PAMA CIEIUAJBLHBIX MUCIUIIINH, TaKUX
Kak «llerasm mamuH», «ConpoTUBIIeHNEe MaTepUaJioB», «Pedanue meraJ-
JIOB», 4 TaKJKe MIPAKTUKYMOB IIO CJIeCAPHOM, CTOJSIPHONA M MeXaHNYeCKOoit
o6paboTKaM, POPMUPYIOIINX TeXHUUECKUN KPYyrosop OyAyIIUX Hegaro-
roB. Takoe MmoJI0KeHNe BBISLIBAET OIIpeIeIeHHbIe 3aTPYAHEeHUA y CTY/IeH-
TOB IIPX U3yYEeHUU NaHHOTO Kypca. OcCHOBHaA 3a/jaua IIoco0us 1 3aKJIoua-
eTcsA B TOM, YTOOBI KOMOAKTHO IIPEACTaBUTEL COAepsKaHre IIporpaMMHOTO
MaTepuaJja U IOMOYb CTYIEeHTaM B YCIEIITHOM U3YUYeHUU 3Toi hyHIaMeH-
TAJbHON AUCHUIINHGBI. IIpucTynad K m3ydyeHUIO HaHHOW AWCITUIIINHBI,
He0o0X0AMMO UMeTh IporpaMMy, YUeOHYI0 IUTepaTypy U HacTosAlee yueo-
Hoe mocobue. Ilociie n3yueHns KasKI0H IMPOrpaMMHEOM TeMbI He00XO0qMO
OTBETHUTH Ha BOIPOCHI CAMOIOATOTOBKHY 1 TECTOBOT'O KOHTPOJIA.

C mIoMoIIBbI0 TaHHOTO TTOCOOU S CTYAEHTHI CMOT'YT B C3KaThle CPOKU CHC-
TEeMaTU3UPOBATH U KOHKPETU3MPOBATH CBOU 3HAHUS 110 dTOHN AUCIIUIIINHE,
cOpMYJINPOBATH IIPUMEPHYIO CTPYKTYPY OTBETOB HAa KYPCOBBIX U I'OCY-
IapCTBEHHBIX 9K3aMeHaX. [locobue He sIBISETCS aJbTepPHATUBON yueOHU-
KaM, I'le IpuBeJeHbl (hyHIaMeHTaJIbHbIe TeOpeTHYeCKe 3HaAHU A, HO CJIY-
JKUT yueOHOoM 6a30M AJA YCIeITHOI0 N3YyUYeHUs TUCHUIINHB «Marepua-
JIOBEJIEHUE».



BBEAEHWE B IIPE[IMET
«MATEPVAJIOBEIEHWE»

1. OCHOBHBIE ITOHATVISI O MATEPUAJIAX

B mmpoxkoMm moHMMAaHMM MaTepHUabl — 9TO MCXOMHBIE BEINeCTBA IJIs
IIPOM3BOACTBA PA3JIUYHON IPOSYKI[UN.

PasanuaroT cienyrolnye pasHOBUHOCTH MATEPHAJIOB B O0IIEeM BHIE:

— CBIPbE, KOTOPOE IOAJEKUT AaJbHeHInell mepepadboTke (*Kejie3HbIe
pyasnl, He(Th, ras);

— moJaydabpurar — mepepaboTaHHBINA MaTepuaJs, MPOIIEAIINI He-
CKOJIbKO cTamuii o6paboOTKM, AJIA TOr0 YTOOBI CTATh M3JeJIUeM, ITPUTOJ-
HBIM K ITOTPEeOJIEHUIO.

Mamepuanoeéedenue — Hayka, udydaloliasg CTPOEHVE U CBOUCTBa
MaTepraJjoB U yCTaHABIMBAIONIAA CBA3b MEKIY COCTABOM, CTPOCHUEM U
CBOIiCTBaMH, a TaKsKe paspabaThIBaoIasa IyTH BO3IefiICTBUS Ha UX CBOTiC-
TBa C IIeJILIO MIOBBIMIEHUA UX KauecTBa, KOTOPOEe CBA3aHO ¢ IPUMEeHEHNEM
BHEIITHUX BO3AEHCTBUM (TEII0BOe, MEXaHNUEeCKoe, XUMUYeCKOoe).

IIpenmeT n3yueHnss MaTepraOBEIeHN COCTOUT U3 ABYX YacTeil: Me-
TaJJINYeCKIe U HeMeTaJinyecKkue MmaTepuajbl. Cerogus oCHOBHBIM KOHC-
TPYKIMOHHBIM MaTEePHAJOM B IIPOMBIIIJIEHHOM IPON3BOACTBE ABJIAIOTCS
MeTaJIJIbI ¥ MeTaJlJInuecKue ciiaBbl. [I0aToOMy OCHOBHOE COiepsKaHie 3TO-
ro IIpeaMeTa OTHOCUTCSA K M3YUEHUI0 MeTAJJINUYECKNX MaTepuaJjoB — Me-
maanogedeHus, HaAyKu, U3yUaroliell CTpoeHre M CBOMCTBA METAJIJIOB U
CIIJIABOB M YCTAHABJIMWBAIOIIEl CBA3b MEKIY MX COCTaBOM, CTPOEHUEM U
CBOICTBaMM, a TaK:ke paspabaThIBAIOIell TeXHOJIOTUHN BO3AEMCTBUA Ha
CBOIICTBA C IeJIbI0 UX YAYUIIeHU .

CeromHsA, HapALY C KJaCCHUYECKUMU MeTaJIMUYeCKMMU MaTepuaa-
MU, HAaXOAAT IPUMeHeHNe IJIaCTUUYeCKre MacChl, TeXHUYeCcKasa KepaMu-
Ka, KOMIIOSHIIMOHHBIE MaTepruajbl, aM(opHble cmiaskl. Ocobo caemyer
OTMETHUTH BHEAPEHNE B IPOM3BOACTBO KOMIIO3UTOB, UTO JaeT SKOHOMMUIO
Je(UIIUTHBIX METAJIJIOB, YMEHBIIIaeT MACCY M3AeJINil 1 IOBBIIIAeT UX Ha-
JEeXXHOCTL U JOJIrOBEUHOCTH. B COBpeMEeHHOM aBTOMOOMJIECTPOECHUU 3a-
MeHa MeTaJIJIMYeCKHUX JeTajieil Ha YIJICIJIACTUKY U3 SIOKCUIHOM CMOJIbI,
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2. Kpamxuii ucimopudeckuii 0630p npumenenus mamepuanog...

apMUPOBAaHHOU yIJIEPOAHBIMU BOJIOKHAMMU, II03BOJIAET YMEHBIIUTL MaCCy
MaNIUHEI, PACXOJ TOIIJINBA, aHTUKOPPO3UNHYIO CTORKOCTD.

2. KPATKUWM ICTOPUYECKUW OB30OP
IIPUMEHEHMSI MATEPUAJIOB

C IpeBHMUX BPEMEH JIOAY UCIIOJIb30BAJIN F'OTOBLIE IPUPOAHbIE MATEPH-
aJIbl, COBEPIIIEHCTBOBAJIN UX. BCS MCTOPHUA CYIIeCTBOBAHUA YEJIOBEUECTBA
CBA3aHA C OCBOCHUEM PA3JIUYHBIX MATEPHUAJIOB: KAMEHHBIN BEK CMEHUJICA
MeIHO-KaMeHHBIM, 3aTeM OPOH30BBLIM U »KeJIe3HbIM BekaMmu. Ha ouepenn,
BEPOATHO, aJIOMUHUEBLIA BeK, TaK KaK 3aIlachl aJIOMUHUA B 3€MHOM KO-
pe 3HAUUTEeJHLHO IIPEeBOCXOIAT JKejie30. VI3roTOBUB MEPBLIe OPYAUSI TPYyAa
U3 KaMHs, YeJIOBEK OCBOILI IIJIaBJIEHE U IUThe MeA1, OJIOBAHHOM OPOH3EI.
IIpumeHeHME KaMEHHOT'O yIJIsi BMECTO APEBECHOTO B KauecTBe TOILIHBA
IIpU IJIaBJEHUU PYO M OTKPBLITHE KOKCOBAHUSA KaAMEHHOTO YIJIs CIIoco0c-
TBOBAJIO YCKOPEHHOMY PA3BUTHIO IIJIABKY UyT'yHA. 3aTe€M PaCIJIaBJIeHHbBIH
YyryH ObLI BIEPBLIE IIPEBPAIIeH B CTAb.

Hayunble OTKPBITHS B 00JIACTH XUMUU X METAJLJIIOBEIEHUA CIIOCOo0C-
TBOBAJIM CO3JaHUIO HOBBIX CILIABOB. Ilocie OTKPBITHA GEH30JIa HAYaJI0Ch
pasBuUTHE HOBOM OTpPACJHW IIPOMBINIJIEHHOCTH, BHIPAOATHLIBAIOINEH CUH-
TeTUYeCKUe KOHCTPYKIIMOHHBIE MaTepuabl. HOBLIM MaTepuas 0aKeIuT
CTAJI IEPBBIM MPOAYKTOM IIPOM3BOICTBA MJIACTUUYECKHUX MacC.

Biaromapa GyHZaMeHTAJILHBIM WMCCJIEJOBAHUAM B OOJIACTH MeTaJl-
JIOBeleH1A OBICTPO pacTeT UMCJO CIIJIABOB, 00JIaJalON[UX KOPPO3MOHHOM
CTOIMKOCTBIO, »KapPOCTONKOCThIO, »KAPOIIPOUYHOCTHI0, OCOOBIMY MATHUTHBI-
MU CBONCTBAMH, «IIaMATbIO» MeXaHUUECKOIl (POPMBEIL.

CosgatoTcs HOBbIE TUITHI MATEPHUAJIOB: CBEPXIPOBOIHUKM, ITOJIYIIPO-
BOIHUKY, aMOP(HbIe U KOCMUYeCKUe criaBbl. Cerogus Hay4YHO-TeXHU-
YyecKUi mporpecc TpebyeT co3TaHUSA HOBBIX MaTEpPHaJOB, paboTAIIIUX B
YCJIOBUAX CBEPXBBICOKUX TEMIIEPATYP U JaBJICHUI.

3. BKITAJ OTEUECTBEHHBIX YUEHBIX
B PASBUTUE MATEPMAJIOBEOEHWMSI

Boablmoii BKJIaJ B pasBUTHE HAYKM O MaTeprajaX BHECJIU PyCCKUe
yueHble. [TossBJIeHMe HOBBIX MAaTePUAJIOB, HayUHO-TeXHUUECKUII IIporpecc
B 9TOIf 06JIaCTH OCHOBaHBI Ha paboTax 3TuX yueHbIX. OCHOBOIIOJIOKHIKA-
MU B JaHHOI oOsactu Hayku saBiadorca M.B. Jlomonocos, I1.II. Amocos,
H.K. Yepnos, N.II. Bapagun, M.A. ITasnos, C.C. Illteiin6epr, H.A. Mun-
keBu4, A.M. Bytnepos, C.B. JIebenes u MHOTHE APYTHUE.
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BBedenue 8 npedmem «MamepuaroBederue»

M.B. JlomomoCOB paboTas B pasiuUUHLIX obJjacTax Hayku. OH BIep-
BBIE CO3/IaJI TeOPEeTUUECKNe OCHOBBLI METAJIIYPIUU, UCCIAET0BAJ CTPOCHE
¥ CBOMICTBA CTAJIN.

II.K. YepHOB uccJiefoBaJj CBOMCTBA MOJAUMOPPU3MA Kesie3a, OTKPBLI
KpUTHUYECKHEe TOUKHU (TeMIepaTypsl) a3 mpeBpallieHus cTajau, paspado-
TaJ TEOPUIO0 KPUCTAJIIUSAIINY CTAJIHLHOTO CIUTKA, BCEMUPHO IPU3HAH OC-
HOBOIOJIOKHUKOM HAayYHOTO METAJIJIOBEeHUA.

II.II. AHOCOB 3aJI0KMJI OCHOBBI MeTaJLIorpaduu, PaCKpPhIJ CEKPEeThI
nosiyueHudA OysaTHo# cranu. Ero dyrzamenraasHbiil Tpyn «O Oymratax»
O0bL1 orry6sinKoBaH B Poccuu B 1841 1.

M.A. ITaBsoB paspaboTaJji TeOpeTUUeCcKe OCHOBBI JOMEHHOTO IIpoIiec-
ca oJIyUYeHUus YyTryHa.

A.M. ByTiepoB co3maa HAYyYHYIO OCHOBY HMOJYUYEHUSI CHUHTETUUECKUX
TMOJIUMEPHBIX MaTepPUaJoB.

C.C. IIreiiubepr u H.A. MunkeBuu4 paboTaju B 00J1aCTH TeOpeTUUeC-
KHX OCHOB Te€PMUYECKOI 06paboTKM MeTaJJINUeCKUX CIIJIaBOB.

C.B. JlebeneB paspaboTaJ TeOpHUIo MOJYUYEHUA CUHTETUUYECKOT0 Kay-
yKa.

OrpoMuoOe BINSAHNE HA U3yUYEeHUE METAJIJIOB UMEeJIO OTKPBITHE IIePHO-
numueckoro 3axkoHa [[.MI. Menngeneena.

B 1960 r. E.C. ®enopoBbIM ObLiIa BEIABUHYTA T'MIIOTE3a O TOM, YTO B
KpHCTaJJIaxX CYIIeCTBYeT 3aKOHOMEDPHOE PACIIOJIOMKEeHMe aTOMOB. OJKCIIe-
PUMeEHTaJbLHO dTa ruioTesa Oblaa moaTBep:kAeHa M. Jlays ¢ momorbio
peHTreHorpadGryecKoro anaJansa.

4. COOEP>)KAHME ITPEIMETA «<MATEPUAJIOBEOEHUE»
M ETO CBJsI3b C IPYITUMM TEXHUYECKVIMMA
OVCOUITJTIMHAMW 1 C UHTETPUPOBAHHBIM KYPCOM
«TEXHOJIOTMS1» B CPEIHEV IIIKOJIE

WN3yuenune garHOrO IIpeaMeTa ABJSETCA IIPEAIIOCHIIKON K YCIEITHO-
MYy OCBOEHUIO PAMA CIEeNNAJbHBIX TUCIUILINH, DOPMUPYIOIINX TOJTUTEX-
HUYECKUI KPyro30p OyAyINero yumuresisd TexHogoruu. Hayuno-TexHuuec-
KUH IIPOrPecc B MAIIMHOCTPOEHUM SHAUMTENBHO DPACIHIMPAET HepedeHb
IpUMEHAEeMbIX KOHCTPYKIIMOHHBIX MaTepuaJjoB. Hapaay ¢ TakuMu KJac-
CUYEeCKUMU MaTepuajaMiu, KaK UYyT'yH, CTaJb, IIBETHbIE METAJLJIbI U CILIa-
BBI, IIUTPOKOE IPUMEHEHNe HAaXOAAT HOBBIE MAaTEPUAJIBI — TeXHUYECKAS
KepaMuKa, KOMIIOSUITMOHHBIE MaTepuaJjbl, CBePXIPOBOAHUKY, MaTepua-
JIBI IJIs1 aTOMHOM TeXHUKHU, CTEKJIOILJIACTUKHU U APYTHUE.
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4. Codeprxanue npedomema «MamepuaroBederue ...

Takum o6pa3oM, 9TOT IpPeAMeT MMeeT IIO3HABATEJIbHOE, HAyYHOEe U
BOocIIUTaTeNIbHOE 3HaueHre. OH Mpu3BaH c(hopMUPOBATDH Y OYAYIIETO YUH-
TeJIA TeXHOJOTMU IVIyOOKNe 3HAHMA OCHOB MaTepUAJIOBEeIeHUs, IPUHIH-
IIOB BBIOOpA MAaTEPUAJIOB /I KOHKPETHOTO U3JAEJIUs, TeXHOJOTUI IIOBHI-
mIeHn A PUIUKO-MeXaHUUYECKMX CBOMUCTB. [laHHbBIN KypC COCTOUT U3 CIIENY-
IOIIIX OCHOBHBIX PA3IeJIOB:

1. Beegenue B mpeamer «MaTepraoBeqeHMsI».

2. OCHOBBI MaTepHUaJIOBeIeHUA U CII0COObI BO3AEMCTBUA HA CTPOEHUE
¥ CBOIMCTBA METaJLJINYeCKUX CILIABOB.

3. MeranninuecKkue KOHCTPYKIIMOHHBIE MaTePUAJIBI.

4. HoBble KOHCTPYKIIMOHHEIE MaTePHUAJIbI.

5. CrpoeHue u CBOIMCTBA HEMETAJJINUECKUX MaTEPUAJIOB.

6. MarepuaJioBefieHUE B OyAYyIIlEM.

B pesysabrare m3yueHUsa 3TOTO IPeaMeTa CTYAEHT JOJIKEH 3HATD:

— OCHOBBI CTPOEHUA U CBOMCTB METAJIJINUECKUX U HEMETAJIINIECKIX
MaTepuaJoB;

— TeopeTUYeCKWe OCHOBBI MOJYUEHUS METAJNJINUYECKUX CILJIABOB U
CIIOCOOBI YIIYUIIIEHNA X CBOMCTB;

— KJaccu(pUKAaIUIo ¥ MAapKUPOBKY HamboJiee yImoTpebIsieMbIX B IIPO-
M3BOJICTBE KOHCTPYKIITMOHHBIX MAaTE€PUAJIOB;

— COBpPEMEeHHOE COCTOSHUE U MePCIeKTUBbI OJYUYeHU HOBBIX KOHC-
TPYKIIMOHHBIX MaTepPuaJioB.

OH OJJKEeH YMeTh:

— PpaIuoHaJIbHO BBIOMPATh MaTepuaJbl IJd PaboT B cBoel OymyIei
mpodeccuoHaNLHON TeATeIbHOCTH;

— BBIDOJHSATH IPAKTUUECKNE OIeparuy OCHOBHBIX BUAOB TepMUUeC-
KUX U JPYTUX YIPOUHAIOIINX 00pabOTOK;

— ToJyuaTh m 00padaThIBaTh 3aTOTOBKU, MU3AEJUA COBPEeMEHHBIMU
TEXHOJIOTHUSIMHU.

MarepuaJjioBeieHne UMeeT HeIOCPEICTBEHHYIO CBSA3h C TeXHOJIOTruein
KOHCTPYKIMOHHBIX MATE€PUAJIOB, IPEICTABISIONIYI0 CO00M COBOKYIIHOCTD
COBPEMEHHBIX 3HAaHUI O CIIoco0ax MOoJyUeHus U 00paboTKU MaTepuaJioB,
MeToJax IOJyJYeHUs TOTOBBIX AeTajieil u3 HUuX.

WurerpupoBanHublii Kypc «TexXHOJIOTHUsSI» B CPeJHEH ITKOoJe B 3HAUU-
TeJIbHOM 00'beMe OmMpaeTcsd Ha cofepsKaHue IIpeaMeTa MaTepuaJioBefie-
HuA. OCHOBHBIM O0'BEKTOM HA 3aHATHUAX II0 TEXHOJIOTUU SBJAIOTCA Me-
TaJJINUeCKNe W HeMeTaJIMUeCKUe MaTepuaJsibl. yualnuecsa paboTaior c
IIPOBOJIOKOI, JIMCTOBOM CTAJIbIO, IIJIaCTMaccaMM, JPEBECHBIMU MaTepua-
JaMu, KapToHOM, KJjeeM. CTpoeHUe, CBOMCTBA, IIOJIyUYeHNE MaTepUaJoB,
WX KCIIOJb30BaHME TECHO CBSI3aHO ¢ (DUBUKOI, XUMUEH, C TAKUMHU CIHEeIH-
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BBedenue 8 npedmem «MamepuaroBederue»

AJBbHBIMU JUCIIUIIJINHAMNU, KaK «I];eTaJII/I MAaIIInH», <<COHpOTI/IBJIeHI/Ie Ma-
TepuajoB», «Pezanue MeTaJlJiIOB, CTAaHKY W MHCTPYMEHT», IIDAKTUKYMBI
IO CJIeCapHO, epPeBo- U MeTaJLII000paboTKe, TEXHIYECKOMY TBOPUECTRY.



YACTbI
CTPOEHVE M CBOVICTBA
METAJUJIMYECKVIX MATEPVAJIOB

METOOUYECKUE YKA3AHWMII

Wsyuenue sToro pasgena Kypca «MarepraioBegeHNsI» MOCIYMKUT OC-
HOBOM IJI YACHEHUA BCEX MOCJIeAYIOITMNX.

IIpe:xme Bcero Hamo BBIICHUTDL, UTO TAKOe METAJLI, KAKMMU OCHOB-
HBIMH CBOMCTBaMH 00JIaal0OT METAJIJIbI U CIIJIABBI M UeM 3TU CBOMCTBA OT-
JNYAIOTCA OT HeMeTaJJINYeCKIUX MAaTepPHaJoB; II03HAKOMUTHCS C KJIACCHU-
duramueii MeTaJJIoB, KOHCTPYKIIMOHHBLIX METAJLINYECKUX W HeMeTaJ-
JUYECKUX MarepruayioB. M3yuuTh aTOMHO-KPHUCTAJNJINYECKOE CTPOEHUe
MeTAJIJIOB, UX OTJINYNE OT CTPOEHUA HEMETAJJIOB; U3YUUTh TUIBI KPHC-
TAJLJINYECKUX PEIIeTOK M UX XapPaKTEePUCTUKU; YACHUTH OTIUUYNE CTPOEe-
HUS pPeaJibHBIX KPHCTAJJIOB OT MIeaJbHBIX. MeTaJlIbl, UCIOJIb3yeMble B
I POMBIIILIEHHOCTH, — TeJIa IOJUKPUCTAJINUYECKHe, COCTOAT U3 MHOMKECT-
Ba KPHCTAJIJIOB — 3€PEeH, B KOTOPBLIX UMeeTCs 60JIBIIT0e KOJIUUYECTBO TOUEU-
HBIX, JUHEHNHBIX U IIOBEPXHOCTHBIX Ne(EKTOB (BaKAaHCUl, AUCJIOKAIIUN).
Heo6xogumMo ysACHUTH UX IIOSBJCHNE U BJIUSHNE Ha CBOMCTBA METAaJIJIOB.
O6paTuTe BHUMAaHNE Ha ABJCHUSA aHN30TPOIIMY CBOMCTB B KPUCTAJJIAX U
aJuToTponuu (moJuMopduaMa) Ha IpuMepe Kejiesa, Korga MoJ BOo3melic-
TBHEM TEeMIePaTypbl U3MeHAeTcs (hopMa N HapaMeTpPhl KPUCTAJLIYEC-
KOIf peleTKu. AJLJIOTpONIYecKye IPeBPaIlleHa BCera CBA3AHEI C U3Me-
HEeHNEeM CBOMCTB.

W3yuas MmexaHM3M KPUCTAJIN3AINY METaJJIOB, HYKHO pa3zodpaTbCs
B TEPMOAMHAMHNYECKUX OCHOBaX (Da30BBLIX IIPEBPAIeHNl, BIUIHUU IIPU-
Meceli, CKOPOCTH oxXJakaeHuA. Ilesrecoo0pasHo ¢ 9TUX MO3UITUH PacCMOT-
PeTh CTpoeHNe CTaJIbLHOTO CJANTKA.

Oco060e BHUMAaHUE YAEJUTEe N3YUEHNI0 (PU3NUECKUX, MEXaHUUEeCKUX,
XUMHUYECKUX, TEXHOJOTMUYECKNX CBOMCTB METAJLIOB I TPUOOTEXHIUYECKUM
XapaKkTepucTUKaM MaTepuajoB. Heo6xoammMo nMeeT MOHATHE O CTaHAAP-
TU3aIIH MaTepPHaJioB 1 00 OCHOBHBIX METOAAX ONpPeeIeHIsI UX CTPOCHU A
¥ CBOICTB.
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I'1a6a 1. Kpucimaaiuueckoe cimpoetue Memainof

I'TTABA 1. KPYICTAJIJIMYECKOE
CTPOEHME METAJIJIOB

1.1. METAJTJIBI 1 CITJIABbBI

Mertansl oTHOCATCA K UMCJIy HauboJiee PACIPOCTPAHEHHBIX KOHC-
TPYKIIMOHHBIX MaTepuaJyoB. IlepBbIMU MeTaIaMi, KOTOPBIE BHITIJIABJIA-
JIU U3 PYQ, ObLIN Meab, CBUHEIl, 3aTeM MOSBUJINCH JKeJie30 1 0JI0BO. B Tex-
HUKe IIOJ METaJIJIOM IIOHHMMAIOT BEIIeCTBa, 00JaJaloliue «MeTaJJInuec-
KuM O0seckoM». I1o aToMy Ipr3HAKy MeTaJLJIbI MOXKHO OTJIMYUTH OT HEeMe-
TaJIJIOB, HATIPUMED, JepeBa, KaMH4d, cTekJja. I1o onpenesnennro M.B. Jlomo-
HOCOBAa, «METaJLIbI CYTh CBETJIbIE TeJIa, KOTOPhIE KOBATh MOKHA». OTUMU
cBOIicTBaAMM 00JIaafOT HE TOJBKO YMCTHIE BJIEMEHTHI, HaIIpUMep, MeIb,
JKeJIe30, HO U 0oJiee CJIOJKHBIE BEI[eCTBA, B COCTAB KOTOPBHIX MOYKET BXO-
IUTH HECKOJBKO BJIEMEHTOB — MeTaJIJIoB. TaKkue BellecTBa Ha3BIBAIOTCS
MeTasandeckuMu ciiaaBamu. CiaemoBarTesbHO, B 60Jee IIIMPOKOM TOJIKO-
BaHUU MeTAJIJINUYECKVe CILJIaBHI TAKKe MOT'YT OBITH Ha3BaHBI METAJIJIAMU.
Kpome MeTaniandecKoro 6Jecka 1 IJIaCTUYHOCTH, BCE METAJIJIBI 00JIafatoT
BJIEKTPOIPOBOJAHOCTHIO 1 TEIJIONPOBOAHOCTHIO. Bece MeTaLIbI M MeTaJIN-
YeCKUe CIIJIaBhI UMEIOT KPUCTAJLJINUECKOe CTpoeHue. B ysinax Kkpucrasim-
YEeCKUX PEIeTOK METaJIJIOB HaXOAATCA MOJOKUTENIBHO 3apsa KeHHbIe HO-
HBI, & MEXXKJY HUMHU CBOOOJHO ITIepeMeNIaroTCs SJIEKTPOHBI.

XapakTepHbIE CBOMCTBA METAJLJIOB O0BACHAIOTCA CIENMN(PpUICCKUMU
CBOMCTBaAMU METAJJINYECKO! CcBAsU. VI3yueHMEM MEeTaJIJIOB U CIIJIABOB U
3aHuMaeTcA HayKa «MerajoBeneHne». JTa HayKa He TOJbKO 00bACHAET
BHYTDPeHHee CTPOEHNE U CBONCTBA CIJIABOB, HO U YCTAHABJINBAET 3aKOHO-
MEpPHYIO 3aBUCUMOCTb MEK/AY BHYTPEHHUM CTPOEHUEM U €I'0 CBOMCTBaAMU,
a TaksKke ompeesisieT HauJayUIIuii COCTaB, METO]l MUSTOTOBJIEHUA JJIs IIOJTY-
yeHUA TPeOyeMbIX CBOMCTB. BriepBble Ha CBA3b MEXKAY CTPOEHUEM METAJI-
JIOB M UX CBOMCTBAMM 00paTuIu BHUMaHMue pycckue yuenbie I1.I1. AHocoB
u [I.K. UepuoB. CTpeMsch K IMOBBIIIIEHNIO0 MEXaHUYECKUX CBOMCTB MeTaJ-
auvecKkux usnenunit, I[1.I1. AHOCOB IPpUMEHNJ AJIA U3YUCHU ST CTPOCHU S Me-
TaJLJIOB MeTaJliorpaduueckuit Mukpockoin; /1. K. HepHoB ycTaHOBUJI CBA3D
Me:KIy CTPOeHHEeM, CBOMCTBaAaMU U 00paboTKo MeTaJjiaa. UMy Oblan 3aJ10-
SKEeHBI OCHOBBI COBpeMeHHOT0 MeTajioBefeHnA. Pabors: [I. K. YepHoBa ObI-
au npogosskens! yuenbiMu H.C. KyprakoBeiM, A.A. BaiikoBeim, A.A. Ba-
uypapoMm, H.T. I'yamoseim u ap. H.C. KypHakoB HayuH0 000CHOBAJ IIPOIECC
00pa3oBaHUs CIJIABOB C HYKHBIMU cBolicTBaMu. MeTaJtoBefaMu Hempe-

16



1.2. Kaaccugpuxayusa memairoB u KoHCMpYKYUOHHBIX Mamepuarof

DPBIBHO BeAYTCsA Pa3spabOTKM HOBBIX CILJIABOB C 3apaHee 3aJaHHBIMU CBOMC-
TBaMU JIJIsI CyTIEPCOBPEMEHHBIX TEXHOJOTUH B PA3JIMUHBIX OTPACISAX IIPO-
MBIIIJIEHHOCTH.

1.2. KITACCMOUKALMA METAJIJIOB
M1 KOHCTPYKLMMOHHBIX MATEPVMAJIOB

CyimiecTByeT o0IeTpUHATAA KJaccuGuKaIus, COTJIacHO KOTOPOii Bce
MeTaJLJIbl TMOAPa3eJsaioTCA Ha ABe 0O0JbINNe I'PYIIbl — YePHBIE U I[BET-
uble. [lom YepHBIMY MeTaIJIaMU ITOAPa3yMeBaIOTCA »KeJIe30 1 eTo CILIaBhI,
a IOoJ IIBETHLIMU — BC€ OCTaJIbHbIe. UepHble MeTaJIJIbl MMEIOT TeMHO-Ce-
DBIH IIBET, OOJIBINYIO IJIOTHOCTH (KPOMeE IIIeJIOUHO-3€MEJIBbHBIX), BEHICOKYIO
TeMIepaTypy IJaBJeHUs, OTHOCUTEJIbHO BHICOKYIO TBEPJAOCTh. I1[BeTHEIE
MeTaJLJIbl UMEIOT XapaKTEePHYI0 OKPACKY: KPAaCHYIO, JKeJITyI0, 6eryio, 00-
JagaoT GOJIBINOH IJIACTUYHOCTHIO, MAaJIOi TBEPAOCTHIO, OTHOCUTEJIHHO
HUBKOI TeMIlepaTypoii niaasjaernd. Hanbosee THINYHBIM METAJIJIOM 9TOH
TPYINBI SBJISETCSI MeIb.

OgHAKO KaKIbIM MeTaJlJl OTJIMYAETCS CTPOEHWEM U CBOMCTBAMU OT
IPYroro, 1 0 HEKOTOPBIM IPU3HAKAM UX MOYKHO O0'eIUHUTH B TPYIIMIHL.
Takaa kaaccupuranua gana merasaoBegom A.IL. I'yaseBsim. Corsacuo
ero KJjaccupuramuu, YepHasa rpyIna MeTaJlJIoB B CBOIO ouepeasb Imoapas-
JIeseTcd Ha:

1) xeje3HBIE — 2KeJjie30, KOOAJIbT, HUKEJIb, MapraHelr;

2) TyromiaaBKue, TeMIepaTypa IJIaBJeHuA KOTOPHIX BBIIIE, UeM Ke-
aesza (1539 °C);

3) ypaHOBBIE, UMEIOIIIe TPEeNMYIeCTBeHHOe IIPUMEHEeHe B CIIJIaBax
IIJIST AaTOMHOM SHEPreTUKHU (TOpUii, ypaH, ILJIYyTOHUH);

4) penkosemenbHbIe (P3M) — 1anTaH, Mepuii, HEOAUM, ITPA3EOAUM U IP.;

5) IIeJI0OYHO-3eMeJIbHbIe, OHU B CBOOOZHOM METAJIINUYECKOM COCTOS-
HUU He IPUMEHAI0TCA, 32 NCKJIIOUEeHNEeM CIeIINaJIbHBIX CIyUuaeB, HAIpH-
Mep, B KauecTBe TEeIJIOHOCUTE e B AaTOMHBIX peaKkTopax (JIUTHi, HaTpuii,
KaJuii, 6apuii u ap.).

IIBeTHasA rpyImna MeTaJLJIOB IIOAPAa3aeadeTCs Ha:

1) smerkme — Gepujauii, MarHUM, aJIOMUHUMN, 00JaafoITe MaJIOH
ILJIOTHOCTBIO;

2) 6yaropomHbIe — cepedpo, 30JI0TO, IIJIaTHHA, HaJLJagnuil u ap.;

3) JerxomJjaBKue — IIUHK, PTYTh, 0JIOBO, CBUHEIl, CypbMa 1 Ip.

IIpuMeHeHME METAJIJIOB 1 CILJIABOB OIIPEIesIsIeTCA UX PaCIIPOCTPaHEeH-
HOCTBIO B IIPUPOJE, a4 B ICTOPUUECKOM acCIeKTe — Pa3BUTHEM HAYKU U TeX-
HUKHU (HayYHO-TeXHUUECKOTO IIporpecca B 00IIecTBe).
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I'1a6a 1. Kpucimaaiuueckoe cimpoetue Memainof

3amachl MeTaJIJIOB Ha HAIIeH IIJIaHeTe B HACTOsIIlee BpeMs OIeHUBAIOT-
¢ TOBOJIbHO TOUHO. B 3eMHO#T Kope (TuTocdepe) Ha rryomHe A0 1 KM comep-
JKaTCsA CJIYIOIIe 9JIEMEeHTHI (MX J0JIsI yKa3aHa B BECOBBIX ITPOIEHTAX):

AsrtoMuHMI 8

Kemneso 5

Maruuit 2,1

Turan 0,6

Mennb 0,01
Huxeinn 0,01

OJioBO 0,004
Iuuk 0,004
Csumnerr 0,0016
Cepebpo 0,00001
3o0J10TO 0,0000005
Ilnaruna 0,00000005

CeroHs IPOMBIINIJIEHHOCTD UCIOJIb3YeT HAPAAY C UNCTHIMU MeTaJIJIa-
MU OOJIBITION CIIEKTP PA3JIUUYHBIX KOHCTPYKIIMOHHBIX MaTePHUaJIOB. YCJIOB-
HO UX MOJKHO KJaccu(UIINPOBATh HA CIEAYIOINE BU B

1) uyryHBI — 6eJibIil, KOBKUI, CePhIi, BRBICOKOIIPOUHBIHN U CIIEIMAJIh-
HEIE;

2) craju — yIyiepogucThie, JeTUPOBaHHBIE;

3) IIBeTHBIE METAJLJIBI U CIIJIaBbI HA X OCHOBE — MIOPAJTIOMUHUM, CU-
JYMUH, OpOH3a, JTaTYHb;

4) TIOPOIIIKOBBIE MATEPUAJIBI;

5) HOBBIE MaTepuaJbl — KOMIIOSUTHI, CIJIABBI C HaAMATHIO (OPMBI,
aMopdHBIe, KOCMUUECKUE;

6) HeMeTaJIMYeCKHe — IIJIACTMACChI, JpeBecuHa, CTEKJO, Pe3uHa,
KpackKH, JJaKu, SMaJju, KJEeH.

Oco06yio I'pymny COCTABJAIOT TPUOOTEXHUUECKHE MaTepuasbl. ITU
MaTepuaJjbl IpeqHa3HAUEHBI AJIA IPUMEHEHUA B y3JaX TPEHUA C IIeJIbIO
PeryJIupoBaHUA ITapaMEeTPOB TPEHUS U M3HAIIMBAHUA AJA 00eClIeueHn s
3alaHHBIX PAbOTOCIIOCOOHOCTH U pecypca 3Tux y3JyioB. OCHOBHBIMY BUAA-
MU TAaKUX MaTepUaJjoB ABJIAIOTCA:

1) cmasouHBIe — CMa3Ku B TBePHOH (rpaduT, TaIbK), JKUIKOMN (MOTOD-
Hble, TPAHCMUCCUOHHBIE MAacJjia), ra3000pa3Hoil (BO3AYX, Mapbl 1 APyTHUe
rasbl) hasax;

2) aHTU(PPUKIIMOHHBIE — CIIJIABBI IIBETHBIX METAJIJIOB (62001 ThI, OPOH-
3bl, JIATYHU), CEPBII UYTryH, IIJIACTMACCHI (T€KCTOJIUTHI, ()TOPOILIACTHI),
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1.3. Cmandapmusayus mamepuaiob

MeTaJLJIoOKepaMuuecKue MarepuaJsl (6pousorpadur, sxejaesorpadur), pe-
3WHBI, IPEBECHO-CJIOMUCThIE ILJIACTUKY;

3) dpuKIMOHHEBIE, UMeIoITUe 00JbINT0NH KO3Gh(MUIINEHT TPEHUSI U BHI-
COKO€ COIIPOTHMBJIEHME K M3HAIMBAHUIO (ILJIACTMACCHI, HEKOTOPbIE BHU/bI
YYT'YHOB ¥ METAJJIOKEPAMUKY, KOMIIO3UTHI).

1.3. CTAHOAPTU3AIINA MATEPVAJIOB

CrangaprTusanusa MaTepHAaJOB — 9TO YCTAHOBJIEHWE U IIPUMEHEHUe
IIPaBUJI IPOUBBOACTBA U MePepaboOTKY MaTePHUAaJIOB IJIs JOCTHUMKEHUS UX
OIITMMAJILHOTO MCIIOJIH30BAHUSI U COOJIIOMeHnsa TpeboBaHUI 6e30macHoC-
Tu. [JIaBHBIMU IEJAMU CTAHAAPTU3AIINN MATEPUAJIOB SBISIOTCA IMOBLI-
mreHre 3(p(peKTUBHOCTH TPOU3BOJACTBA, YAYUINEeHNWe KaueCcTBa ITPOMBIII-
JEHHOM TPOAYKIINHU, YCTAHOBJIEHWE ONTUMAJLHON HOMEHKJATYpPhI Ma-
TepraJsioB. HopMaTHBHO-TeXHUUYECKNE NOKYMEHTHI, YCTaHABJIUBAIOIIIVE
KOMILJIEKC HOPM, IIPaBUJI, TPeOOBaHUH K KaueCcTBY MaTepuaJia, Ioapasmie-
JISIIOT Ha CJIeAYIOIINe BUIbI:

1) rocymapcrBennbie craugapTbl (I'OCT), obss3aTenbHBIE AJA BCEX
MPeINPUATHI, OpraHU3aINH U YUPEIKIEHUN BO BCEX OTPACISIX IIPOMBIIII-
JIEHHOCTH ¥ HapPOAHOI'0 X03AHCTBA;

2) orpacaeBbie ctraugapTel (OCT), o0a3aTenbHbBIE AJIA BCEX IIPENIIPU-
ATUYN ¥ OpraHu3aIuil TaHHON OTPaCaU, a TaKKe oTpacieil (3aKa3uynKoB),
IIPUMEHSIOIIUX UX IPOLYKIIUIO;

3) texamueckue ycioBuda (TY) ycramaBmmBaioT o0iime OJjid OZHOTO
WJIV HECKOJBKUX THUIOB (BUZOB, MapOK) MaTePHUAaJOB SKCIIIyaTAIIOHHEIE
XapaKTepPUCTUKY, IPAaBUJa MPUEMKY, METOAbI KOHTPOJIA KadecTBa, Tpe-
0oBaHUA K MapKUPOBKE, YIaKOBKE, TPAHCIOPTUPOBKE U XPaHEHUIO, I'a-
paHTU U3TOTOBUTEJI.

1.4. ATPETATHBIE COCTOsIHWMA BEIIIECTBA
N X XAPAKTEPUCTUKA

Besikoe BelriecTBo, B TOM YHCJIE U METAJLI, MOMKET HaXOAUThLCA B TPexX
arperaTHbIX COCTOSHHUSX — TBEPAOM, *KUIKOM UM rasoobpasuom. B uem xe
COCTOUT pasjinure Meoy rasoo0pasHbIM, KUIKUM U TBEPABIM COCTOSHU-
avu? B razoo6pasHoM COCTOSHUMU HE CYIIECTBYeT 3aKOHOMEPHOCTH pac-
IIOJIOJKEHUSI aTOMOB, MOJIEKYJI, OHU ABUTAIOTCA XA0TUYHO, OTTAJIKHUBAOT-
CA OfHA OT APYTOM U ra3 CTPEMUTCS 3aHATH BO3MOMKHO OOJIBIINHA 00BEM.
B TBepALIX TesaX IOPSALOK PACIOJIOMEHUS aTOMOB CTPOr'O OIIpeeJIeH-
HBIN, 3aKOHOMEPHBIN, CUJILI B3AMMHOIO IPUTAMKEHUS W OTTAJKUBAHUSI
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I'1a6a 1. Kpucimaaiuueckoe cimpoetue Memainof

YPaBHOBEIIIEHKI U TBEPAOE TEJO COXpaHAeT cBoio (opmy. Takoe pacmoo-
JKeHUe aTOMOB B IPOCTPAHCTBE XapaKTepPU3yeT KPUCTAIINIECKOE COCTOA-
Hue. Kpucrannndeckoe cTpoeHUe XapaKTepu3yeTcs 0aibHUM NOPAOKOM B
pacIoJio;KeHuU aToMOB. Kpucrasiindeckoe COCTOAHYE U TBEPOE COCTOA-
HUe — 3TO CJIOBA-CUMHOHUMBI. OMHAKO 9TO OTHOCHUTCS TOJBKO K MeTaJLIaM,
TaK KakK TBepAoe BellecTBO, HAIIPUMep, KBAPIeBOe CTEKJIO MMeeT aMopd-
HOE CTPOeHUe, I'lle AaTOMbI PACIIOJIOMKEeHbI 0ECIIOPSITI0YHO.

B :xuaxoctu yacTu (ATOMBI, MOJEKYJIbI) COXPAHSAIOT JIUIINb TaK HA3bI-
BaeMbIii O1UMNCHUIL NOPAO0OK, T.e. B IPOCTPAHCTBE 3aKOHOMEDPHO PACIIOJIO-
JKeHO He0OJIbIIToe KOJMUYECTBO aTOMOB, a He aTOMbI BCero o0'beMa, KaK B
TBepAOM TeJsie. BIMKHUM NOPALOK HEYCTOMYNB: OH TO BOSHUKAET, TO MCUe-
3aeT IoJ AeHCTBUEM TEILJIOBBIX Kojebauuii. Takum o6pasom, sKUIKOE CO-
CTOAHME — KaK ObI IPOMEKYTOUHOE MEKIY TBEPABIM U ra3000pa3HBIM.

Ha puc. 1 npeacraBiiena cxemaTuuecKkas MOJIeIb PACIIOJIOMKEHUA aTo-
MOB IIpY GJIMYKHEM, JaJIbHEM M XaOTUYHOM IIOPSAAKAaX.

Kpucrann Mngkoctb fas

Puc. 1. Kpucrannunyeckue pelnieTKM MeTaJII0B

IIpu paccMoTpeHUU M3JIOMOB METAJIJIOB BUIHO, UTO BCE OHU MMEIOT
KPHCTAJIINUECKOe CTPOEHNE U COCTOAT U3 MHOKecTBa 3epeH. ToOHKMe Ju-
Huu (Y30pbI) Ha TOBEPXHOCTU MUKpPOMILIN(A IPEACTABIAIOT OO0 IrpaHu-
IIBI MEXKTY 3€pPHAMU, M3 KOTOPBIX COCTOUT METAJLII.

Opuako BHemIHAA (popMa 3epeH He MMeeT XapaKTEePHBIX OUYepTaHUH
KPHCTAJJIOB, TAK KAaK METAJIJIbI IIPEJCTABJIAIOT COO0M MOJIUKPUCTAJIIN-
YecKoe CTpOoeHUe. ITO XOPOII0 BUAHO HA CTPYKTYPE UUCTOTO JKeje3a, Iie
3epHa UMEIOT caMyIo padHoobOpasHyio opmy (puc. 2).
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1.4. Aepezammnvie cocmosanus BeujecmbBa u ux xapaxmepucmuxa

OCHOBHBIM HPU3HAKOM, II0 KOTOPOMY AnBm
TEJIO CUUTAIOT KPUCTAJIINYECKUM, ABJISIET-
cA He BHeHIIHAA (opMa, a ero BHYTPEHHee /
crpoeHme. Kprcraminueckoe cTpoeHUE Me-
TaJJI0B XapaKTepuU3yeTcsl OIpeaeieHHbIM,
3aKOHOMEPHBIM PACIIOJIOKEHNEM aTOMOB B
IIPOCTPAHCTBE, 00PA3YIOIUM KPUCTAJIIH-
YECKYIO PeIeTKy. JJeMeHTApHYI0 KpPHcC-
TAJJINYEeCKyI0 (IIPOCTYyI0 KyOHMYecKyro) =4
AYEeHKY MOYKHO IPEACTaBUTHL B KPUCTAJ-
Jorpadguueckoil IIJI0CKOCTH U B BIe KyOu-
YecKoii perieTku (puc. 3).

Puc. 2. MukpocTpyKTypa
YHCTOro JKeJesa (cxema)

4 4
N
L
L i
1
c 1 1 g
y V 7
B U
a y -
1 7 €
b el
- H
| ~
A
—>Yy
X, Y, Z — MPOCTPAHCTBEHHbIE OCY X /
a, b, ¢ - kpaTyaiilwme TpaHcNALMN 3neMeHTapHasn KpUCTanmyeckas Aayeinka

Puc. 3. CxemaTuueckoe n3obpaskeHue nIpocTeiieil Kyouueckoi
IPOCTPAHCTBEHHON PelIeTKY KPHUCTAJLIa U ee 9IeMeHTaPHON A4eiiKu.
ATOMEI PacIIoIoKeHbl PABHOMEPHO BO BCeX TPeX HAIPABIEHUAX

1 60IBITUHCTBA METaJJIOB HanboJee XapaKTepHbI TPU THUIIA KPHUC-
TAJLJINYECKNX PEeIIeTOK: KyOnuecKas O0BLEeMHOIIEHTPHpPOBaHHAsdA, KyOu-
YecKas IPaHEIeHTPUPOBAHHAS U IeKCATOHAJIbHAS C [JIOTHON YIaKOBKOM
aTomoB (puc. 4). Kybuueckyio 00 beMHOIIEHTPUPOBAHHYIO DEITeTKY NMEIOT
XpoMm, MoaubIeH, BOJIb(paM, TUTaH, HUOOUIT; KyOMYeCKYI0 rPaHeleHTPH-
pPoBaHHYIO — aJIOMUHNI, Meb, HUKeJb, cepedpo, CBUHEIL U AP.; FeKcaro-
HaJbHAasA PelreTKa XxapaKTepHa IJid MarHus, IIUHKA, raHusT, OCMUSI.
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I'1a6a 1. Kpucimaaiuueckoe cimpoetue Memainof

Paccrosaaue MeXIy MEeHTPaMU OJMKARIIINX aTOMOB B 3JIeMeHTapHOI
sJyeliKe Ha3bIBAETCA IIEPHUOIOM PEIleTKHY UK ee mapamMmeTpoM. i usme-
peHus ImapaMeTpOB pelleTKU IMOJb3YIOTCA cleluaJbHON efWHUIlEN, Ha-
spIBaeMoit aurcrpeMoM (A). 1A = 107 M, HCHOIB3YIOTCA U APYTHE eSUHNI-
IIbl, TaKMEe KaK KMJIOUCKY 1 HaHoMeTphl, 1 kx = 1,00202 « 10 M, 1 am =
=10A=10"°m.

ITapameTp KyOmuecKuUX peIlIeTOK KoJiebsercda B mpeneaax 0,286 +
0,607 M, rekcaroHaJbHbIN pemreTku —a = 0,228 +~ 0,398 um u ¢ = 0,357 +
0,652 HM.

Kpome mepuoga pelreTku KPUCTAJIBI XapaKTePU3yIOTCA KOOPAMHA-
IIUOHHBIM YHCJIOM, KO3(P(PUIIMEeHTOM KOMIIAKTHOCTH PEIIeTKH 1 6a31COM.
KoopanHalmoHHOE YKCJIO ITIOKA3bIBaeT, CKOJIbKO OJMMKANIITNX paBHOYIA-
JIEHHBIX COCEIHNX ATOMOB OKPY:KalOT OJIMKANIINI aToM B KpUCTAJLIE.
OHO XapaKTepusyeT IMJIOTHOCTDH YIIAKOBKU aTOMOB B KpucTasiie. Koadhdu-
IUEeHT KOMIIAKTHOCTH ITOKAa3bIBaeT OTHOIIIEeHUe 00'beMa, 3aHITOr0 aToMa-
MU, KO BceMy 00beMy pelneTku. KoJInduecTBO aTOMOB, IPUXOAAIIMXCA HA
OIHY dJIEMEHTAPHYIO0 AUeliKy, HasblBaeTcA 0a3mucoM peleTKu. bBasuc mo-
KasbIBAET CJIO}KHOCTD PEIIeTKH.

B neBoit uactu puc. 4 nsobpaskeHbl aTOMbBI B KPHUCTAJJINYECKON pe-
IIeTKe B BUJIe COMPUKACAOIIUXCSA IIIapoB.

B ogHOoM KyOmueckoM caHTHMeTpe 00'beMa KPUCTAJINYECKOrO Teja
comepsxuTcsa npuMepHo 1022 aTromoB.

Puc. 4. CxeMbI KPUCTAJIJINUECKUX PEIIeTOK METAJIJIOB: @ — KyOnuyecKas
00'bEMHOIIEHTPUPOBAHHAA; 6 — KyOMYecKas rpaHelleHTPUPOBAHHA;
8 — reKCOHAJIbHAA IJIOTHOYTaKOBaHHA A
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1.6. PeaavHoe cmpoenue kpucmairo8 u degpexmol Kpucmaiiuiecko peuemsu

1.6. PEAJIPHOE CTPOEHUE KPVCTAJIJIOB
" JEP®EKTDbI KPUCTAJIJIMYECKOWM PEIHNETKU

Hawmu 6B1710 pacCMOTPEHO CTPOeHME MAeaJbHBIX KpucTasaoB. CTPyK-
Typa peaJbHBIX KPHUCTAJJIOB, COCTABJIAIOIINX IOJUCTPYKTYPY, HMEET
MHOTO 1e()eKTOB (HECOBEPIIIEHCTB) CTPOEHUSA, KOTOPhIE OKA3hIBAIOT 0O0JIb-
1I10€ BJIUAHYE Ha MHOTHTE CBOMCTBA MaTepraJja U B IEPBYIO ouepenb Ha IIPo-
yHOCTb. CerogHsa MOYKHO ITOJYUYUTDh KYCOK MeTaJlia, IPeACcTaBIIAIOIIH CO-
00if OMVH KPUCTAJIJI, TaK HasbIBaeMbIili MOHOKPHCTAJJI. MOHOKDPHUCTAJIIBI
BECOM B HECKOJILKO COT 'PAMMOB M3TOTAaBJIUBAIOT AJIA UCCIAETOBAHUS U AJIs
TIOJIyYeHUA MOJYIPOBOOHUKOB. VccienoBanre MOHOKPUCTAJIIOB IIOKasa-
JI0, YTO OHU 00JIaIaf0T BeCchbMa BBICOKOM MPOYHOCTHIO. I[IpouHOCTS Ke pe-
aJbHBIX KPUCTAJIJIOB Ha 2—3 TIOPAAKA MEHbIIIe, UeM Y MOHOKPUCTAJIJIA. ITO
00bAcCHAeTCA HaIUuYneM Je(GeKTOB B KPUCTAJJIMUECKON pellleTKe, IIPOUC-
XOAAIIYE B IPOIleCCe KPHUCTAIN3AINY JU00 IJIaCTUUECKOH Aedopmalium.

OcHOBHBIMU Ae(eKTaMU KPUCTAJLINUYECKON PEeIIeTKUN SBJIAIOTCA TO-
YyeuyHbIe, IMHEHHbIE U TOBEPXHOCTHEIE (pUC. 5).

I 11

a 6 8

Puc. 5. Cxema ToueuHbIxX AeeKTOB: @ — BaKaHCUA; 0 — 3aMEIIeHHBIH aTOM;
6 — BHEJJPEHHBII aTOM

W3 npuBeneHHON cXeMbl TOUEUHBIX Me(eKTOB KPUCTAJJINUECKON pe-
HIeTKU BUJHO, UTO ee KJacCUUeCcKoe CTPOeHe HapyIlleHO BHEITHUMU (haK-
TOpaMM, TAKUMHU KaK TEIJIOBbIe KOJlebaHusA, IaacTuyecKkue geopMaImni,
3arpsA3HEHHOCTDb MeTaJjIa.

JIuneliHble fedEKTHI HA3BIBAIOT QUCIOKAIIUAMU. JTO IIETTOYKHU AUCJIIO-
KaIuy, IepecTaHOBKU aTOMOB, OHUM Hau0OOJIee YacTO MOJyUaloTCA B IIPO-
mecce IJIacTUYecKoi aedopmaiinu.

IToBepxHOCTHBIE TeEKTHI BOBHUKAIOT HA I'PAHUIIAX KPUCTAJLIOB (3€-
PeH) 1 UMEIOT, KaK IPaBUJIO0, AUCJIOKAIIMOHHOE IPOUCXOKIEHNE.
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I'1a6a 1. Kpucimaaiuueckoe cimpoetue Memainof

1.7. AHU3OTPOIIM I CBOVICTB KPVICTAJIJTIOB

AHRusomponus — 3TO pa3JauvYne CBOMCTB MOHOKPHUCTAJIJIOB B 3aBUCH-
MOCTU OT HAIIPaBJEHUA BO3JAelcTBUA Harpysok. OHa o0ycjoByieHa He-
ONWHAKOBBIM PACIIOJIOKEHUEM U IIJIOTHOCTHIO ATOMOB B 3aBUCUMOCTH OT
IIJIOCKOCTH W HANPaBJEHUA. AHN30TPOIHOCTL KPUCTAJJIOB 00'bACHAETCS
O0COOEHHOCTSIMU PACIIOJIOKEHUS aTOMOB B IpocTpaHcTBe. AMOp(dHEBIe Tesra
U30MponHbsL, T.€. BCe UX CBOMCTBA OAMHAKOBHI BO BCEX HAIIPABJICHUAX.

PeasbHBIN METAJJ COCTOUT M3 MHOTMX KPHUCTAJJIOB, B 1 cM® Takoro
MeTaJLjia COLEP;KUTCS AECATKHU ThICAY KPUCTAJJIOB. IIpOM3BOJILHOCTE OPU-
€HTUPOBKU KaKJAOTO KPUCTAJIJIA IIPUBOIUT K TOMY, UTO B JIIOOOM HaIpas-
JIEHUHU PacIoJiaraeTcsi MPUMEPHO OMMHAKOBOE KOJIUUYECTBO PA3IUIHO OPH-
€HTUPOBAHHBIX KPUCTAJJIOB. B peayibrare mosiyuaeTcs, UTO CBOMCTBA Ta-
KOT0 MOJIMKPUCTAJLINYIECKOTO CIlJIaBa ONNHAKOBEI BO BCEX HAIIPABJIEHUAX,
XOTs CBOMCTBA OTAEJHHO B3SATOTO KPUCTAJIJIA 3aBUCAT OT HAIIPABJIEHUA.
ITO sABJEHUE HA3LIBAETCA K8A3UU30Mponueil NI JIOMKHOM, KarKyIeics
M30TPOITHOCTHIO.

1.8. IIOJIMMOP®HDBIE 1 MATHUTHDBIE ITPEBPAIITEHW A1
METAJIJIOB B TBEPOAOM COCTOJHMNN

CyiiecTBOBaHNE OZHOTO METAJJIa B HECKOJBKUX KPUCTAJINUYECKUX
dopMax HOCUT Ha3BaHUE NOJUMOPPUIMA UIU AALOMPONUU. ITO CBOMC-
TBO METAJIJIOB UBMEHATH TUII ¥ Pa3MePhl KPUCTALINYECKUX PEIIETOK IPU
HarpeBaHum u oxJjakgeHuu. IIpeBpallieHre OZHOIM aJIJIOTPONMUYECKOM
(opMBI B APYryI0 IpU HarpeBe YNCTOTO METAJa COIPOBOKIAETCSA IIOT-
JIOLIIEHMEM TeILia U IPOUCXOIUT IIPU IMOCTOAHHOI TemnepaTtype. Ha Tep-
MHYECKO KPHUBOH (B KOOpAMHATAaX TEeMIeparypa — BpeMs) IIpeBpaIleHne
OTMeYaeTCsa TOPU30HTAJIBHBIM yUacTKOM. [Ipu oXJIasKIeHNM IPOUCKOTUT
BBIJIeJIeHME Tellsa (BbIeJIeH e CKPBITOM TEILJIOTHI ITPEeBPAIIeHU ) TEOPETH-
YeCKU IIPU TAKOM JKe TeMIIepaType, UTo 1 Ipu Harpese. Temmeparypa, mpu
KOTOPO# IPOUCXOAUT IIEPEXO] M3 OJHOT'0 TUIIA KPUCTALINYECKOI pelreT-
KU B [PYTOi, HOCUT Ha3BaHUe TeMIEPATyPhI ITOJINMOPGHOTO (aJIJIOTPOIN-
YecKoro) npeBpaireHus. Tak, HaIpuMep, *Kejae30 MMeeT [Be TeMIepaTy-
poeI notuMopdHOro mpeepainenusa: 911 u 1392 °C.

ITonumopduble mpeBpaleHuss HAOJIOZAIOTCA Y MHOTUX METAJJIOB,
TaKUX, KaK KejJe30, MapraHell, 0JIoBO u aAp. Kaxmoe moaumopdHoe mpe-
BpallleHNe, HAYNHAasA ¢ HU3KOI TeMIlepaTypbl, 0003HAUAETCA TPEUeCKUMU
oyxkBamu. ITommmopdHBIE IPEBpPAIeHNA Kejle3a 0003HAYAIOTCA CIIeRYI0-
muM obpasom: Feo— Fef} — Fey — Fed. Ha KpuBoil oxyIarkaAeHUA ‘KeJe-
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1.8. Iloaumoppnvie u MazHumuvie npeBpaueus memairo8 6 mBepoom cocmoanuu

3a TIOKAa3aHbI Bce ero moJuMop@Hbie mpespatnenus. Hmxe 911 °C xeure-
30 cymiecTByeT B opme o, mpu 911 °C 06'beMHOIIEHTPUPOBAHHAA PeIIeT-
Ka Feo mepexoquT B rpaHEIeHTPUPOBAHHYIO perieTKy Fey, Koropas mpu
1392 °C BHOBB mpeBpalaeTca B 00bEMHOIIEHTPUPOBaHEYO0. IIpu Temme-
parype 768 °C mosmyuaeTcsa OCTAHOBKA HA KPUBOM OXJIAKIEHIS, CBA3aH-
Had He ¢ IIePEeCcTPORKON PeIlleTKH, a ¢ U3MeHeHeM MATHUTHBIX CBOMCTB.
Brime 768 °C o — :xe1e30 HEMAarHuTHO U €ro Ha3bIBAIOT (-:xesnesom. [Ipu
HarpeBaHUU IIPOUCXOIUT Te Ke IIePeX0/bl, TOJIbKO B 00paTHOI Iocjie10Ba-
TeJabHOCTHU (puc. 6).
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200
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Puc. 6. KpuBas oxyiaskjeHus xejesa

ITontumopdHbIle TpeBpaIlleHUs COIPOBOKIAIOTCA U3MEHEHEM B TBED-
JIOM COCTOSIHUY CTPYKTYPBI MeTaJIJIa, a CJIeloBaTeJILHO, 1 ero cBoicTs. Ta-
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I'1a6a 1. Kpucimaaiuueckoe cimpoetue Memainof

Koe ABJIeHNe IITUPOKO UCIIOJIb3yeTCs IIPU TeEPMUUECKoil 06paboTKe KeJie-
30YTJIEPOAUCTBIX CIIJIABOB.

MaruuTHBIe ITpeBpaIeHnsa XapaKTePHbI IJId TAKUX METaJlJIOB, KakK
JKeJie30, K00abT, HUKEJIb. T METAJLJILI CIIOCOOHBI XOPOIITO0 HaMarHuyu-
BaThCA, IpHoOpeTaTh (heppoMaruuTHbIe cBoiicTBa. OJHAKO TIPU Harpese
deppoMarHUTHBIE CBOMCTBA 9TUX MeTaJaoB Tepsaiorces (puc. 7). II. Kiopu
IIOKAasaJl, YTO IOJHAA MOTePsa (PePPOMarHUTHBIX CBONCTB IIPOUCXOAUT IIPU
oIrpeeIeHHON TeMIlepaType, HadBaHHOII Toukoi Kiopu.

A
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o
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Co N

= 360°

WHmMeHcusHocMo
HAMAazHU4Yu8aHUsA

Lo N e Ne e N
0 200 400 600 800 1000 1200 t °C

Puc. 7. 3aBucumocTs GeppOMATHUTHBIX CBOMCTB JKeje3a, HUKeJd,
K06aJbTa OT TEeMIIEPaTyPhI

HTEeHCUBHOCTh, HAMATHUYWBAHUSA C IIOBBIIIIEHWEM TeMIIePaTyphl
IIOCTENIEHHO CHUKAaeTcsd, U TouKa KIOpH COOTBETCTBYET OKOHUATEJIbHOI
motepe (peppomarueTusMa. MarHuTHbIE IIPEeBPAIeHU CYIIECTBEHHO OT-
JIMYAIOTCS OT aJIJIOTponnueckoro. OCHOBHBIE OTJIUYUSA COCTOAT B TOM, UTO
MexXaHWYecKre u (hU3muecKue CBOMCTBA HE U3MEHAIOTCSA (M3MEHSAIOTCS
TOJIBKO 3JIeKTPUUYECKHNe, MAaTHUTHBIE U TEIJIOBbIE) 1, caMoe IJIaBHOe, Mar-
HUTHOE IpeBpallleHNe He COIPOBOMKAAETCA II€PEKPUCTAJIIN3aInei, T.e.
usMeHeHUeM perreTKr. COTIacHO COBPEeMEHHBIM ITPEACTABJIEHUAM, IIPU
MArHUTHBIX IIPEBPAILEHUSAX IIPOUCXOAUT N3MEHEHNE He B KPUCTaJLJINYec-
KOM CTPYKType MeTaJljia, a BO B3BAUMOAEHCTBUY BHEIITHUX U BHYTPEHHUX
SJIEKTPOHHBIX 000JIOUEK aTOMOB.

1.9. KPYICTAJTJIM3AIINI METAJIJIOB

Kpucmaanusayueili HasbIBAIOT IIPOLECC OOPA3OBAHMUS KPUCTAJLIOB B
MeTaJlJIax MIPU IIepexofie U3 KUAKOTO COCTOAHUS B TBepaoe. Pasimuaror
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1.9. Kpucmaaausayusa memainof

TMEePBUYHYIO ¥ BTOPUYHYIO KPUCTAJLIN3aINI0: IePBUYHASI — 00pasoBaHUe
KPHCTAJIJIOB U3 JKUIAKOCTU B IIPOIIECCe 3aTBEPAEBAHUA MeTaJJia; BTOPUY-
Had — 3MeHeHIe KPUCTAJLINYECKOT0 CTPOEHUA MEeTaJLIa B TBEPIOM COCTO-
aunu. YeMm o60'bACHUTD CYITECTBOBAHME IPU OMHUX TeMIIepaTypax sKUIKO-
To, a Ipu APYTUX TeMIIepaTypax TBEPAOTo cocToIHUA? B mpupose Bce ca-
MOIIPOM3BOJIFHO IPOTEKAIOIINe IIPeBpallleHnsa, Takrue, KaK IJIaBJeHUe U
KPUCTANIN3aIA, 00yCJIOBJIEHBI TEM, YTO HOBOE COCTOAHUE SABJISIETCSA DHEP-
retTuyecKku 6oJiee YCTOMUMBBLIM, 00J1a/1aeT MEHBIIIUM 3aIIaCOM DHEPTUH.

JHEepPreTUYECKOe COCTOSHIE CUCTEMBI, UMEIOIIell OrPOMHOE YHCJIO OX-
BaYEHHBIX TEIJIOBBHIM IBUIKEHUEM aTOMOB, MOJIEKYJI, XapaKTepU3yeTcs
oco0oit TepMoaHaAMUUECKOU (hyHKI[UeH F, HasbiBaeMoil CBOOOIHOM dHEp-
rueii. C usMeHeHreM BHEITHUX YCJIOBUII, HAIIPUMep, TeMIIepaTypbl, CBO-
0omHAA 9HEPTUsA CUCTEMBI UBMEHSIETCSA II0 CJIOKHOMY 3aKOHY, HO Pasjaud-
HO IJIA *KUIKOT0 M TBEPJOro cocTosdumil. CXeMaTuuHO XapaKTep U3MeHe-
HUS CBOOOMHOII SHEPTUY JKUIKOTO 1 TBEPAOTO COCTOSHUM C TeMIIEPATy PO
MOXKHO IPEACTaBUTH B cJeAyIoleM Bue (puc. 8):

Beimie Temneparypsr T, mMeHbIei
cBOOOIHOM sHeprueii obJyagaeT Belrec- ’
TBO B JKHMJKOM COCTOSHUU, HuKe T, —
BEIIeCTBO B TBEPJIOM COCTOAHUU. A TIpU
TemepaType, pasHoil T, cBOOOZHBIE
SHEPTrUM KUJKOT'O U TBEPAOTO COCTOS-
HUH OyAyT paBHBI, METaJIJ B 000X CO-
CTOSHUAX OyAeT HaXOAUTHCSI B PABHO-
Becuu. ITa Temrneparypa T, u ecTb pas-
HOBECHAA WUJIU TEeOPeTUYECKas TeMIle-
parypa Kpucrajirusanuu. OqHaxKo npu
9TOI TeMIlepaType He MOXKET IPONCXO-
IUTH HU IPOIecC KPUCTAIU3ATIUY, HU .

Puc. 8. smenenue cBOGOAHOM
ILIaBJIEHNA, TAK KaK F, w® F kp® 9HEPTUHU KUJKOTO U TBEPJOTO

IIporecc KpucTaIIN3aIN BO3MO- COCTORHM
JKEeH TOJIbKO TOT[la, KOTAa YKUIKOCTH
Gyner oxmaxkneHa Hmxe Touku T.. Temneparypa, Ipu KOTOPO# MpPaKTH-
YeCKUM HauMHaeTCA KPUCTAJJIN3AIlsd, HadblBaeTCA (PAKTUUECKOI TeMIie-
partypoit kpucrajnusanuu. CTemeHb mepeoxJaKIeHUsA paciaBa Oyaer
OIIPENEIATHECA PA3SHOCTHIO MEXKAY TEOPETUUECKON U (DaKTUUECKOH TeMIIe-
paTypamMu KpUCTaJJIA3aIluN.

IIpomecc mepexona MeTajja M3 KUIKOTO COCTOSHUA B KPUCTAJJIN-
yecKoe MOKHO M300pas3uTh KPUBBIMU B KOOPAMHATAX «BPeMsA — TeMIIe-

parypar.

Hudwocms

Choabodwan swepaua F

Ternepamypa
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I'1a6a 1. Kpucimaaiuueckoe cimpoetue Memainof

Temnepamypa —s
oY
|

Bpema —e

Puc. 9. KpuBsle ox1aKjeHUA IPU KPUCTALINSAIINN

Kpusas I xapakTepusyeT TeOpeTUUECKU ITPOITeCC KPUCTAIINSAINH,
KpuBas 2 MOKa3bIBaeT ee pealbHbIH nporecc. dKuaKocTh HeIpepbIBHO 0X-
JIaKIaeTCA J0 TeMIIepaTy Pl epeoxdaxaenua T, Jeskaleil HUKe Teope-
TUYECKOH TeMIepaTypbl KPUCTAIIN3AINH.

Y HEKOTOPBLIX METAJIJIOB 13-3a OOJIBIIIOrO HepeoxXJaxkIeHusd (Hampu-
mMep, y cypeMel 1o 40 °C) npu Temneparype nepeoxnaxcaenusa T (KpuBas
3) cpasy OypHO HauMHAETCA KPUCTAJIN3AINs, B Pe3yIbTaTe Yero TeMire-
paTypa CKauKOM MOBBIIIaeTcs nouTu 10 7T..

IIpu gocTu:KeHMM TeMIepaTypbl KPUCTAJLIN3AIIUY Ha KPUBLIX 1, 2, 3
MOSIBJIAETCS FOPU3OHTANbHAA ILIOMIAAKA, TAK KAK OTBOJI TEIJIa KOMIICHCH-
pyeTcs BBIAENAOIecA TPY KPUCTAJLIN3AINY CKPBITONH TEIJIOTON KpUC-
Tajausanuu. [1o OKOHYaHUY KPUCTAJIN3AIUY TeMIIepaTypa CHOBA HauU-
HaeT CHMKAThCA, ¥ TBEPA0e KPUCTALINYECKOe BEIIeCTBO OXJIAaK TaeTCH.

I.K. YepHOB yCTaHOBUJI, YTO MEXaHU3M KPUCTAIIN3AIINN METAJJIOB
COCTOUT U3 3aPOKICHUS IEHTPOB KPUCTAJIN3AIINNA U POCTA KPUCTAJLIIOB
u3 3TUX IeHTPoB. IIpoliecc KpHcTAIIU3alluU IPOTEKaeT TeM ObICTpee,
yeM OoJIbIlle 06pa3yeTcs 3apoAbIineil (IeHTPOB KPUCTAIUIAIUN) B €IU-
HUIY BpeMeH! U B eJUHUIle 00beMa U ueM OOJIbIle CKOPOCTh MX POCTA.
Yem GoJibllie CKOPOCTh 00pa30BaHUS 3aPOABIIIEH U MEHBIIE CKOPOCTh UX
pocra, TeM MeHbIIle pasMep Kpucrtajjia. Pasmep sepHa MeTasja CUJIbHO
BJIMSET HA ero MeXaHWUecKue CBOMcTBa. UeM MeHbIlle KPpUCTAaJlJI, TeM 00-
Jiee BBLICOKME 9TU CBOMCTBA. JIJIs1 IToIyueHnss MeJIKUX KPUCTAJIJIOB CO34AI0T
WCKYCCTBEHHBIE IEHTPHI KPUCTALIN3aIuu. [[J1s 9Toro B s KUAKUI MeTaJLI
BBOJAT CIeIMaJIbHBIE JOOaBKY (MATHUM, aJIOMUHUM, [IePUl U AP.), Ha3bI-
BaeMble MOAU(PUKATOPAMHU.

28



1.9. Kpucmaaausayusa memainof

ITo Mepe mpoTeKaHUS IIPOIECCa KPUCTALIN3AIINN ITPOUCXOAUT KakK
3apOsKIeHNe HOBBIX ITEHTPOB KPUCTAJIU3AIUY, TAK U POCT KPUCTAJIJIOB.
B mporiecce KpucTaIIn3aIn, MoKa PacTyINi KPUCTAJI OKPYIKeH JKU-
KOCTBIO, OH UMeeT MPaBUJIbHYI0 hopmMy. OTHAKO IPU COTPUKOCHOBEHUN C
IPYTUMU PACTYIIIUMHU KPHUCTAJIJIaMU UX IpaBUJIbHaA (hopMa HapyIIaeTcs.
Ilocse 3aTBepAeBaHMA MeTAJLIA MOJYUYAOTCA KPUCTAJJILI HeIPABUIbHON
(opMBbI, rpaHUIBI KOTOPBIX UYallle BCEro MPUHUMAIOT OKPYIJIbIE ouepTa-
HudA. Takue KpuUcTaLabl HA3bIBAIOT 3€PHAMU WU KpUcTaauTamMmu. Eciiu
POCT KPUCTAJLJIOB IPOUCXOIUT II0 TPEM HAIIPaBJIEHUSIM, TO 00pa3yIoIuii-
cA B pe3yabTaTe KPUCTALIN3AIUN KPUCTAJJIUT UMeeT IPeBOBUIHY IO hop-
MY, 3TH KPUCTAJLJIBI IOJYUYNJIN Ha3BaHUe TeHIPUTOB.

PeanbHBIN TIPOIlECC KPUCTAJNIU3AIUU IeJecO00pasHO U3YUYUTh IIO
CTPOEHUIO CTaJbHOTO CJUTKA. OmucaHue CTPOEHUS CTAJLHOTO CIAUTKA
BrepBble mauo B 1878 r. JI.K. YepHOBHIM.

CTpyKTypa JIUTOrO CIUTKA COCTOUT U3 TPEX OCHOBHBIX 30H (puc. 10).

IlepBas 30HA COCTOUT M3 ME30PMEHTUPOBAHHBLIX MEJIKUX KPUCTAJI-
JIOB — TEeHIPUTOB (IPEeBOBUTHBIE KPUCTAJIJIBI), TOJYUYEHHBIX 13-3a OBICTPO-
r'o OXJIAKIeHUS 1 00pa30BaHM s OOJIBIIIOrO KOJNUECTBA [EHTPOB KPUCTAJI-
JIA3AIUH.

Bropas 3oHa — cTos0uaThie KPHUCTAJJIBI, MMOJYUYEHHBIE BCJIEICTBUE
YMEHBIIIeHUS CTeIeHH IIePeoXJIaKJAeHus cTaInu. B pesyibrare us 3apoabI-
el HaUMHAIOT PACTU B HAIPABJEHUU OTBOJA TeIlJIa CTOJI0YAThIE KPUC-
TaJIIbL.

ycafiouHas pakoBMHa

30Ha MEJTKNX PAaBHOOCHbIX
KpUcTannos

30Ha CToNGUaTbIX
KpUCTannos

30Ha KPYMHbIX
PaBHOOCHbIX KPUCTannoB

Puc. 10. CxeMa IeHIPUTHBIX KPUCTAJJIOB (@) 1 MAKPOCTPYKTYPA CTAJIBHOTO CIUTKA (0)

TpeTba 30HA CIUTKA — 30HA PABHOBECHBIX KPUCTAJJIOB, TAK KaK B
IEeHTPe CJAUTKA Y)Ke HeT OIpeAesIeHHON HaIpPaBJIEHHOCTH OTJAYU TeIlja.
B cTpoeHnu cauTKa pasaudyaioTcsa ycagouHble U ra30Bble PAKOBUHBI U Y-
3BIPU.
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HOBBIE ITIOHJITWA

TyromnnaBxkue MeTabI.

IIlesiouHO-3eMeIbHBIE METAJLIIBI.
TpuboTexHMUECKIE MaTepPHaJIbL.
AHTUQPUKITNOHHBIE CIIJIaBhI.

D pPUKIINOHHBIE MATEPUAIIEI.

TocynapcTBeHHBIN cTaHLAPT MaTEepPUAJIOB.
OrpacJieBble CTAaHAAPTHI MAaTEPUAJIOB.

BauxHMUI TOPALOK PACIOIOMKEHNST aTOMOB.
HanbHU TOPAJOK PACIIONIOKEHU A aTOMOB.
AnmopdHOe cTpoeHe MaTePHUaJIOB.
Kpucranminueckas perrerka.

Kyb6uueckasa o0 beMHOIIEHTPUPOBAHHAS PeIIeTKa.
Kyb0uueckas rpaHerieHTpUpOBaHHAas PeIlleTKa.
T'exkcaronasibHasA peleTKa ¢ IMJIOTHON YIIaKOBKOI aTOMOB.
AHrcTpeM, KMJIOUCKY, HAHOMETDEL.

W eanbHble KPUCTAJIIBI METAJIIIOB.

PeanbHble KpHUCTAJIIBI METAJIIIOB.

AHU30TPONIUSA CBOMCTB KPUCTAJIJIOB.
KBasuusorponus.

CBoiicTBO moIuMopdr3Ma (aJLJIOTPOIINN METAJIIOB).
MaruuTHBIe IpeBpallleHNA METAJJIOB.
Moaudukaropsl 1 MOAU(MUIITPOBAHNE CIIJIaBOB.
HeHapuUTHOE CTPOEHUE CIITIABOB.

BOITPOCHI OJI51 CAMOITOOTIOTOBKM

1. Yro usydaer HayKa MaTepuaoBeneHue?

2. IaiiTe ompeaeneHre NOHATUN «MeTaJI» U «KOHCTPYKITMOHHBINA MaTe-
puai».

3. PoJib KOHCTPYKIIMOHHBIX MAaTEPUAJIOB B Pa3BUTUU HAYKU, TEXHUKH,
IIPOU3BOACTEA.

4. B uem orinune «MaTepuaoBeeHnsI» OT HAYKU «TeXHOJIOTUs KOHC-
TPYKIITNOHHBIX MaTePHaJI0B»?

5. Yro msyuaer meraJioBegesne?

6. IlpuBenmTe MpUMepPhl KPUCTAIINUECKUX U aMOP(MHBIX TeJI.

7. Kakve Tunbl KPHUCTAJINYECKUX DPEIIETOK XapaKTePHBI IJIA MeTaJ-
JIOB?

8. Yro Takoe mMoIuMopPU3M Kere3a?

9. OcHOBHBIE OTIUYMUA IIEPBUYHON KPUCTAJIUIAIIUYA METAJJIOB OT BTO-
PUYHOIA.
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TecinoBulit KOHMpPOAL 3SHAHUIL

10.

11.
12.
13.
14.

Kakoe BausHMEe OKa3bIBaeT CKOPOCTH OXJIAKIEHUS MeTaJlia Ha ero
CTPYKTYPY U cBoiicTBa?

B ueM CYIIIHOCTL AHHU30TPOIINY CBOMCTB KPUCTAJIIOB?

HasoBure 0CHOBHBIE Je(PEKThI KPHUCTAJLINYECKOI'O CTPOSHUS.
ITousiTHE MaeaILHBIX U PEAJILHBIX KPUCTAJLIOB.

MexaHu3M KPUCTAJIN3AINNA METAJIJIOB.

TECTOBBIV KOHTPOJIb SHAHUM

1. MaTepI/IaJIOBe,HeHI/Ie — 9TO HayKa, KoTopad u3ydaer:

a) cmocoOblI ITOJTYUYeHU S MaTepPHUAaJIOB;

6) CII0CcOObI MOJIYUYEeHUI METAJJIOB;

B) CTpPOeHUe, CBOICTBA, COCTAaB MaTEPUAJIOB B NX B3aMMOCBS3H;
T) cIocoOBI ITOJIYYEeHUA 3aTOTOBOK (JeTaJsieil) U3 MaTepUaJIOB.

2. OCHOBHYIO MacCy 3€eMHOM KOPBI COCTABJIAIOT MHOTHE XMHUUECKIe dJIe-
MeHTHI. Kakoii 13 571eMeHTOB COEPIKUTCSA B HANOOJIBIIIEM KOJIUYECTBE?

a) KeJseso;

0) TuTam;

B) AJIIOMUHUIA;

) Mar"ui.

MertaJiioBeeHne — 9TO HAyKa, N3yYaroras:

a) CTpPOeHMEe METAJIJIOB U CILJIABOB;

0) cTpoeHUe ¥ CBOMCTBA METAJIJIOB 1 CIIJIaBOB;

B) CTpPOEHUe, CBOICTBA U COCTAaB METAJIJIOB U CIIJIABOB;
I) COCTaB U CTPOEHHE METAJIJIOB U CIIJIABOB.

4. Keseso npu HarpeBaHUU IO OIIPeieJIEHHON TeMIIepaTypPhl CTAHOBUTCS
HemaruutHo. HazoBure 9Ty TemMmepaTypy.

a) 723 °C;
6) 768 °C;
B) 911 °C;
r) 139 °C.

5. FeynpeacraBisdeT co6oii mosmMop@dHOe IIPeBpaIieHne Keje3a Ipy Ha-
rpeBaHUU U OXJIaKJeHnu. HasoBuTe TUII KPUCTAIINUYECKOH PEIeTKH.

a) 00'bEeMHOIIEHTPUPOBAHHAA KyOuuecKas;
0) rpaHeleHTPUPOBAHHASA KyOHUUecKas;

B) rekcaroHaJbHas IIJIOTHOYIAKOBAHHAS;
r) KybOmueckas IIpocTas.

6. YrakuTe, ¢ UeM CBSI3aHbI noauMop()HbIE IIPEBpAIlleHUd Keje3a.

a) C M3MEHEHHNEM CTPOCHHUA BHEIIMIHMNX M BHYTPEHHUX JJIEKTPOHHBIX

000JI0UeK aTOMOB;

0) c uBMeHeHueM KPUCTAJIINYEeCKON CTPYKTYPHI JKejesa;
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B) C M3MEHEHWeM KPHUCTAJJINYECKON CTPYKTYPHI M BHEITHUX DJIEKT-
POHHBIX 000JIOUEK.

7. Kemeso, K0OaIbLT, HUKEIb 00Jaa0T (heppPOMAarHUTHBIMU CBOICTBA-
MU, HO IIPY HAUPEBAHUM STU CBOMCTBA MOJHOCTLIO TepsAmoTcsa. Hazosure
MeTaJlJI, UMeIoIii HANMEHBITYIO TeMIIepaTypy HarpeBa, IIpu KOTOPOH OH
CTAHOBUTCS HE MATHUTHBIM:

a) KeJjeso;
0) Ko0aJbT;
B) HUKeJb.
8. YraKuTe, ¢ ueM CBsI3aHbl MATHUTHBIE IIPEBPAIIEHUA METAJIJIOB?
a) M3MEHAIOTCA MeXaHNUecKue CBOMCTBA;
0) M3MEHSIOTCA DJIEKTPUUYECKIE U TEIIJIOBbIe CBOHICTBA;
B) M3MEHAETCS KpUCTaJInJUecKas PereTKa;
r) M3MeHseTCsA CTPOEHMEe BHEIIHUX DJJIEKTPOHHBIX 000JI0UEK aTOMOB
MeTaJIJIoB.

9. BropruuHasa KPUCTAJJINSAIAI METAJIJIOB IIPOUCXOIUT IIPHU CIAETYIOIITNX

TEeXHOJIOTUUECKUX IIpolieccax:

a) IIpU OCTBHIBAHUU KUAKOI0 MeTaJljia;

6) mpu 06paboTKe MeTaJljia JaBJIeHUeM;

B) IIpPU TEPMUUYECKOU 00paboTKe (3aKajKe);

r) Ipyu MOAUPUIIMPOBAHUHU *KUAKOI'0 METAJLIA.
10. ITonyueHMre MeJIKO3EePHUCTOM CTPYKTYPhI METAJLIA IPU KPUCTAJIIN3a-
WY JOCTUTAETCA 34 CUeT:

a) MeAJIEHHOTO OXJIAaKAEHM;

6) GBICTPOTO OXJIAKICHMS;

B) MOIM(MHUIIMPOBAHUS KUIKOTO PacIljiaBa.

I[JIABA 2. CBOVICTBA METAJIJIOB
Y CIIOCOBbI X M3YUYEHWSI

2.1. OCHOBHbBIE METOObI M3YUEHWM COCTABA
" CTPOEHWVII METAJIJIOB U CITJTABOB

ITpusHaKu, IO KOTOPHIM Pa3JIUUaioOT BEIleCcTBa, B TOM UMCJIe U MeTaJ-
JInYeCKHe CILJIaBbl, OTJIMUAIOTCA OLHU OT APYTUX, Ha3bIBAIOTCS CBOCTBA-
MU, KOTOPbIe 3aBUCAT OT COCTaBa M BHYTPEHHET0 CTPOEHUS, U UYTOOHI TI0-
JYYUTH MOJHYI0 THGOPMAIINIO 00 9TUX CBOMCTBaX, HEOOXOAMMO OIIpee-
JUTH XUMUUYECKUH COCTaB U CTPYKTYPY 9TUX CIIJIaBOB.

32



2.1. OcnoBHvle Meno0bl usyuenus cocmaba u cimpoenus mematnob u cnaabof

Xumuueckuii cocmae ciLiaBa OIPeNedeTCsA C MOMOIIBI0 XNMHUUEC-
KOT'0, CIIEKTPAJILHOTO, PEHTTeHOCIIEKTPAJIbHOTO 1 MUKPOPEHTTEeHOCIIEKT-
PaJIbHOTO METOIOB.

XUMUUECKUIl MeTOJ aHaJin3a JaeT TOYHOE COJIEPsKaHMe COCTABJIAIO-
IUX CIIJIAB 5JIEMEHTOB, HO OH CPaBHUTEJILHO JOJIIUH 10 BPEMEHU.

CroeKTpaJbHBII MeTo He o0ecreunBaeT 00JIbIIION TOUHOCTH, HO OIIpe/e-
JISeT B TeUeHNe HeCKOJbKUX MUHYT XMUMUYECKHI cOCTaB ciiasa. s usy-
YeHUSA TOUHOT'O COCTABA OTAEJIbHBIX CTPYKTYPHBIX COCTABJISIONUX WCIOJIb-
3YIOT PEHTTeHOCIIeKTPAIbHBIH 1 MUKPOPEHTIeHOCTPYKTYPHBIIT METOABI.

IIpencraBisgeT OIpaKTUYEeCKUH WHTepec Mpoba Ha MCKPY AJA OIpe-
JIeJIeHUs cocTaBa 1 MapKu crtaJuu. [Ipu o6paboTKe crajeii abpasuBHBIMU
Kpyramu obpabaTbiBaeMas MMM CTPY:KKa TOPUT Ha BO3AYyXe MCKPaMMU.
IIBeT ucKp KoJiebaeTCsA OT OCJIeINTEIBHO 6eJI0T0 10 TeMHO-KpacHoro. Yem
0OJIbIIIE B CTAJIM COAEPIKUTCS YIJIEpoAa, TeM OOJIbIlle B ee MCKpaxX CBeT-
JBIX 3Be3nouek. Hampumep, Mmarkasa yriaepogucraa craib (0,12% C) ma-
€T COJIOMEHHO-KeJIThIN ITyY0K MCKD, TBepAasa yrieponucrad ctab (1,2 —
1,4% C) — ocyienuTeabHO OEJIBLIN ¢ pacchlmaoumMucsa uckpamu. Ilpucyre-
TBHE B CTAJH BOJb(PaMa MOXKHO YCTAHOBUTH II0 KPACHOMY I[BETY HCKD,
HaJU4Yre XpoMa — [0 OPAaHyKeBOMY, Mapratiia — o TEMHO-KeJITOMY U T.I.
MeTton mpuOIMIKEHHOrO OIIpelesieHns XMMUUYECKOr0 COCTaBa IO HCKpe
TpebyeT OompeneIeHHOI0 HABBIKA U CIIEIMAaJIbHBIX 9TAJIOHOB AJIsI CpaBHe-
HUA XapaKkTepa UCKp.

IIpy n3ydyeHNHU CTPYKTYPHI METAJIIOB U CILJIABOB CJEAYET PasjindaTh
TaKkue MOHATHA, KAK MaKpO-, MUKPO- 1 TOHKAaA CTPYKTYPHI.

Maxpocmpyrxmypa n3ydaeTcs ¢ IOMOIIBI0O MaKpoaHain3a, KOTOPbIH
IIO3BOJISIET U3YUYUTH CTPYKTYPY HEBOOPYIKEHHBLIM IVIA30M WJIY C YBeJIHNYe-
HEeM B 5—30 pas3 ¢ IOMOIIbI0 OMHOKYIAPHBIX JAYI. TaKUM MEeTOI0M U3Y-
YaIOT UB3JIOMBI JeTajieil, CBapHbBIX IIIBOB, 4 TAKJKE C IIOMOIIILIO CIEI[MaIbHO
IIOATOTOBJIEHHBIX MaKpPOILIndoB. C IOMOIIIEI0 MAKPOAHAIN3a MOMKHO OII-
penennThb cIocob M3roTOBJIEHUSA MeTaIu, PasMep 3epHa, HAJuuue JUKBa-
[, TA30BBIX U YCAJAOYHBIX PAKOBUH, TPEII[NH.

Muxpocmpykmypa n3ydaeTcs ¢ IIOMOIIbI0 MUKPOAHAJIN3a C UCIIOIb-
30BaHMEM MeTaJlorpahuuecKuX 1 9JeKTPOHHBIX MUKPOCKOIIOB C YBeJIH-
YyeHHeM B MUJLJIMOH KpaT u 6oJiee.

ToHnKas cmpyKkmypa N3y4aeTcsa ¢ IOMOIIBI0 PEHTTeHOCTPYKTYPHOTO
¥ PEHTIeHOCHEKTPAJBLHOrO aHAJIN30B. 9T METOLBI OCHOBAHEI HA ABJICHUN
OTpa’KeHUsA PEHTTeHOBCKUX JIyUuell ¢ KOPOTKOM BOJHOM OT aTOMOB B KpHC-
TaJaudecKou perrerke. OHM maioT wMHGOpPMAIHIO O popMe U pasMepax
3JIeMEeHTapPHON SYeMKM KPUCTAJLIa, O BIUAHUU JIETUPYIOIIUX 3JIeMEHTOB
Ha mapaMeTpPhl KPUCTAJINYEeCKON PeIIeTKH.
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CoBpeMeHHbIe YCTAHOBKY C IIOMOIIIBI0 KOMITLIOTEPA aBTOMATHUUYECKU
BBIAAIOT JETAJbHYI0 MH(GOPMAIIUIO O CTPOSHUH CIIJIaBa.

Tepmuueckuii ananus3 GUKCUPyeT TeMIepaTypsbl (ha30BBIX IIpeBpaliie-
HUU B citaBax. MceyemyeMblil cIIJiaB HarpeBaioT U OXJIAMKIAIOT C 3AIIUChIO
Ha AmarpaMMe «TeMIlepaTypa—BpeMs» U II0 Hell yCTaHaBJIMBAIOT TEMIIEpPa-
TYPBI (Da30BBIX ITPEBPAIIIEHUH.

Hunramomempuueckuil memod OCHOBAaH Ha M3MEHEHUU 00heMa WU
IJHHBI 00pasIia ciljlaBa IPHU ero Harpese u oxJamaeHun. Takum oopasom
OIIPENENAIOTCA KOd(M@MUIIMEHTH JUHEHHOTO U 00'bEMHOTO PACIINPEHU
METAaJIJIOB U CILJIABOB.

Memod anexmpoconpomuéJ/ieHus OCHOBAH Ha TOM, UTO COIIPOTUBJIE-
HUe obpasiia OyseT MeHATHCA ¢ UBMEeHEHEM CTPYKTYPHI CIIJIaBa IPU TEM-
IIepaTypHOM BO3JeHCTBUM.

Memo0 paduoaxmueHblx u30monog (MeUeHBIX aATOMOB) IIPUMEHSIOT
UL M3YYEeHUs ONHOPOJHOTO CIIJIaBa, IMPoIleccoB AuGy3uu XUMUUECKUX
asemeHTOB. Hanmpumep, BBeleHNE paAnOaKTUBHOTO YIJIEPO/A B CILIaB OyaeT
HUCHYCKATh Y-M3JIyUeHUs (3JIeKTPOMarHUTHBIE BOJIHBI TUIIA PEHTTEHOBCKUX
ayueit). snyuenue Oymer puKcUpoBaThbCcAd CUETUYMKAMU WJIM Ha (GoTorpa-
(rueckoii mIacTuHe, I0 KOTOPOMY MOYKHO CYAUTDH O CTPOEHUU CILJIaBa.

MazuumHblii memod OCHOBaH HA M3MEHEHHM MATHUTHBIX CBOMCTB
CILJIaBa C MU3MEHEHNEM er'0 BHYTPEHHET0 CTPOEHNUA IIPU TEIIJIOBOM BO3JeHC-
TBUU B Pe3yJIbTaTe Mepexo/ia U3 mapaMariuTHOTO COCTOAHUSA B (heppomar-
HUTHOE 1 Ha060poT. [JrarpaMMbl HaMarHUYNBaHUS 00pasiia Ipu pas3jany-
HBIX TeMIlepaTypax JaioT mHGOpMAaIUio 0 BHYTPEHHUX IIPOIleccax, Ipo-
HUCXONAIINX B CILIABE.

Yrempassyrosas degpekmockonuss IPUMEHSETCS IJIs1 BBIBICHUS Je-
(heKTOB CTPYKTYPHI Ha 3HAUUTEIBHOM ITyOuHe. [[J15 3TOr0 MCIOIb3YIOTCA
YABTPa3BYKOBBIE Kojebauus ¢ yacToToi oT 2 1o 10 muu I'. PacupocTtpa-
HASACH B MeTaJLle, VAbTPA3BYK He IIPOXOAUT Uepe3 TPEINHbBI, PAKOBUHEI,
00pasys aKyCTUYECKYIO TeHb. [[J1s u3ryueHud u mprueMa yJabTPasByKa 1c-
TIOJIB3YIOT ThE303JIEKTPUUECKUE U3TyUaTeIu U IPUEeMHUKH.

2.2. OCHOBHBIE CBOVICTBA METAJIJTIOB U CIUTABOB

K 0oCHOBHBIM CBOMCTBAM METAJIJIOB M CILJIABOB OTHOCATCSA (DU3MUYEC-
K1e, MeXaHNUeCKNe, XUMUUEeCKe, TeXHOJIOTHNUEeCK e,

K ¢u3uueckum céolicmeéam MeTAJIOB U CIIJIABOB OTHOCATCA:

— IJIOTHOCTD;

— TEIJIOIIPOBOLHOCTD;

— DJIEKTPOIIPOBOHOCTD;
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— TeIJIOEMKOCTb;

— TeIJIOBOE pacCIIupeHue;

— TeMIlepaTypa IIJaBJIeHud.

3HaKoOMsCh ¢ GUBUUYECKUME CBOIICTBAMY METAJIJIOB, HEOOXOIMMO pac-
KPBITH CYIITHOCTH 3TOr0 HasdBaHusd. O0paTuTh BHUMaHMUE HA TO, YTO (PU3U-
YecKue CBONCTBA METAJIJIOB XapaKTepU3YIOTCS BIIOJHE ONpeaesIeHHBIMU
YMCJIOBLIMU 3HAYCHUAMH — «(PU3NUYECKMMHU IIOCTOSIHHBbIMI». Hampumep,
AJMIOMUHUN: IJIOTHOCTD — 2,7 r/cMm3, TemirepaTypa miaasiaenusa 660 °C, Ko-
adunuent auHeiiHoro paciupenus — 23,9 - 1076 u r.x.

YKasaTh Ha 3HaUeHMNe IJIOTHOCTU IIPU BBIOOpPE MeTajja AJA oIrpee-
JICHHBIX W3AEJUHN 1 ManIinH (I caMOJIeTOB 1 PAaKeT, IOABOAHBIX JIOJOK,
CeJIbCKOXO03ANCTBEeHHBIX MAIITNH).

TemmepaTypa ILIaBJIeHUSI METAJIJIOB NMeeT 3HAUeHe IIPU U3TOTOBJIe-
HUW U3JEJINU JUTHEM, ITasgHNEM, CBapKOll, IPY HAHECEHUU METAJLJITUEC-
KUX IIOKPBITUM, OOpaliaeTcs BHUMAaHNEe Ha TYyTOILJIaBKIE U JIETKOILIaBKIIe
MeTaJlJIbl.

B 06bsAcHeHMN HEOAWHAKOBOU CIIOCOOHOCTH METAJJIOB IIPOBOIUTD
TEeILJIO TOMUYEePKHYTh HCKJIIOUUTEIHLHO BasKHOE 3HaUeHWEe BBICOKOIM Tem-
JIOIIPOBOLHOCTHU IJISI PEKYINMUX MHCTPYMEHTOB M TPYIIIUXCS AeTajieil Ma-
muH. [Ipy cpaBHEHWU TEILJIONPOBOJHOCTH OTAEJIbHBIX METAJIJIOB HYKHO
MOJb30BAThCSA KaK YCTAHOBJICHHBIMHY Pa3MEPHOCTAMMU, TAK W YCJIOBHBIMU
enuHUIaMU (HampuMmep, cepedpo — 1, mens — 0,9, amxromunanii — 0,5, :xeie-
30 — 0,15).

Bennko sHaueHMe 5JIEKTPONPOBOAHOCTH METAJIJIOB IJA Iepegaduu
SJIEKTPOSHEPTruU Ha 6OJIbINTNEe PACCTOAHUS, OJII PacipeaeaeHns JIeKTPo-
SHEpPruu, PaboThI 9JIEKTPUUECKOTO TpaHcrmopTa. HauMeHbIIIUM COIPOTUB-
JIeHUEM 3JIEKTPHUUYECKOMY TOKY M3 IPOMBIIIJIEHHBEIX MeTaJJI0B 006J1aJaioT
MeOb U aJIOMHUHUI. AT Ke MeTaJJIbl SBIAITCSA JYUYITNMU IIPOBOIHUKA-
MH TeILjia.

MaruuTHBIe CBOMCTBA MO3BOJISIOT UCIIOJIb30BATh METAJIJIBI AJIA HEKO-
TOPBIX CIIEIMAJbHBIX Pa00T, HAIIPUMEP, B METAaJJIYPTrUH AJIS COPTUPOBKU
JKeJIe3HBIX PV, CTAJIbHBIX M UYyT'YHHBIX 3aTOTOBOK, B JUHAMOMAIIIMHAX U
TpaHCc(opMaTopax.

IInomnocms TpencTaBisgeT co00M BeIMUYWHY, PABHYIO OTHOIIIE-
HUIO MacChl MeTaJlIa K 3aHIMaeMOMy UM 00 beMY: P = :,n—, kr/m?. Han6osb-
1rei IIOTHOCTBIO o0sazaeT ockMuii (p = 22600 kr/m3), a HauMeHbIIeH —
sutuii (p = 530 kr/m?).

Tenaonpogo0Hocmbl0 HA3BLIBAIOT CIOCOOHOCTH MeTaJlja IepegaBaThb
TEeILJIOBOI TTOTOK, TeIJIOIPOBOAHOCTh XapaKTepuayeTca KoadduiimeHTom
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TEILJIONIPOBOAHOCTH 3, BT/(M * rpaj). TO CBONCTBO YUUTHLIBAETCA IIPU UBTO-
TOBJIEHUY HATpPeBaTeJbHBIX MMPUOOPOB, ABUTATE e, TeIJI000MEeHHBIX al-
IIapaToB.

IneKmponpoeodHocms XapaKTepu3yeT CIIOCOOHOCTH MeTaJljia IPOBO-
IUTH 9JIEKTPUUECKUI TOK.

Tennoemrkocmsv — CBOMCTBO METAJIJIOB IIOIJIOIIATh IIPU HarpeBaHUU
oIIpe/ieIeHHOE KOJINYECTBO TeIIOThI. [IoKkasaTes b TeIJI0eMKOCTA — Yeb-
Has TeIJIOEMKOCTDb, PaBHAS KOJUYECTBY TEIJIOTHI (B AKOYJIAX), KOTOPOe
HeoOXoauMo AJisi HarpeBaHuA 1 Kr mMeraJjija Ha 1 rpagyc. 9To CBOMCTBO
YUUTBIBAETCS IIPU pacyeTe IPOIECCOB HATrpeBa W OXJAMKICHUS, HAIIPU-
Mep, IPU KOHCTPYUPOBAHUY ITaPOBLIX KOTJIOB.

Tennosoe pacwuperue — 3T0 IpuUpaIlleHre o0’beMa MeTaJjjia IIPu Ha-
TpeBe, XapaKTepusyerca KoahduimeHTaMu JUHEHHOTO 1 00 EMHOTO pac-
mupenusd. TemIoBoe paciiupeHe He0OX0AUMO YUUTHIBATE IIPU TPOKJIA-
Ke PeJIbCOB, TPYOOIIPOBOOB (AeJIal0TCA CIenaJbHbIe KOMIIEHCATOPHI).

Temnepamypoil naasneHus HA3LIBAIOT TEMIEPATYPY, IPU KOTOPOMU
MeTaJLJI IEPEXOAUT U3 TBEPOT'O COCTOAHUA B )KUAKoe. Temneparypa miaB-
aerusd prytu — 39 °C, Boabdpama — 3410 °C.

Tabruya 1
HexoTopsie ¢hu3nuecKue CBOMCTBA TEXHNYECKHU BaKHBIX METAJI0B
Merann Xumu- Temnepary- | IlaoTHOCTB, AmexTponpo- | Moxyiab yi-

YecKHUil | pa ImiaBie- r/cm?® BOZHOCTS, pyrocrtu,

CHMBOJI uus, °C M/Om - mm? H/MM?
AroMmuHM Al 660 2,7 37,6 70830
Bepunnuit Be 1280 1,82 16,9 287200
Banaguit A% 1735 6,0 3,84 147000
BucmyT Bi 271 9,8 ,94 34000
Boasdpam w 3410 19,3 18,2 407400
Tannuit Ga 29,8 5,91 1,87 9800
Kemezo Fe 1539 7,87 10,3 211400
3oi0TO Au 1063 19,32 45,7 77500
Wpupuit Ir 2454 22,42 18,9 528000
Kanmwuit Cd 321 8,65 14,6 62300
Kob6ansr Co 1495 8,9 16,1 208000
Jluruit Li 186 0,53 11,8 11700
Marunit Mg 650 1,74 22,2 44300
Mapraseiy Mn 1245 7,43 0,54 197800
Menn Cu 1083 8,96 60,1 122600
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OcnobBnuie cBoitcmba memairob u cnaabob

OxonuaHnue maba. 1

Merann Xumu- Temnepary- | IlmorHOCTB, dnexrponpo- | Moayns ym-
YeCKU# | pa IiaBie- r/em?® BOJHOCTB, pyroctu,
CHMBOJI Hus, °C M/OMm * Mmm? H/MM?
Mosnbner Mo 2625 10,2 19,4 559000
Harpuit Na 97,7 0,97 23,8 8900
Hukens Ni 1455 8,9 14,6 193300
OJi0BO Sn 232 7,3 0,16 5400
Ocmuit Os 2700 22,48 10,4 559000
IlnmaTuna Pt 1773 21,45 10,2 177000
Penutr Re 3170 20,5 5,05 520000
PryTs Hg -38,86 13,55 1,06 -
CBuHer Pb 327 11,34 4,82 15700
Cepebpo Ag 96,5 10,49 63 80
TanmTan Ta 3030 16,65 8,1 185000
Turan Ti 1730 4,54 1,25 118000
Xpom Cr 1890 7,19 6,7 186400
ITupKoHMit Zr 2350 6,5 2,44 68400
Iunak Zn 419,5 7,14 16,9 92200

Mexanuueckumu ceolicmeamu mMemaiilos U Cnia606 Ha3bIBAIOT UX
CIIOCOOHOCTH COIPOTUBIATHCA AedopMaruamM (M3MeHeHU 0 (DOPMBI 1 PasMe-
POB) IO JeiicTBMEM BHEIITHUX HATPY30K. K TaKMM CBOMICTBAM OTHOCSTCS:

IIPOYHOCTD;
IJIACTUYHOCTb;
TBEPIOCTh;
BSIBKOCTH (yaapHasd);
yCTaJIOCTh;
T0JI3YYeCTh.

MexaHUYECKHE CBOMCTBA OIEHUBAIOTCA YNCJIEHHBIM 3HAUEHMEM Ha-
npsaxenud. HanpsaskeHue — Mepa BHYTPEHHUX CHUJI, BOBHUKAIOIIUX B 00-
pasiie o BAMAHUEM BHEITHUX CUJ U Harpy3ok. Hamps:xkenus, neficTBY-
IoIIre BJOJIb OCH 00pasiia, Ha3hbIBAIOT HOPMAaJbHBIMU 1 0003HAYAIOT OYK-
BOIi G (curma): 6 =%.

HopmasibHbIe HATTPAMKEH NS B 3aBUCHMOCTHY OT HAIIPaBJIEHUA AeHCTBY-
IOIIMX HATPY30K OBIBAIOT PACTATMBAIOIIMMU U CKUMAIOIIUMU, a HAIPS-
JKeHUs, JeficTBYIOIre MePIeHIUKYIAPHO Ocu 00pasila, HashbIBAIlOT Kaca-
TeJbHBIMHU U 0003HAYAIOT T (Tay), T.e. IPOUCXOAUT nqedopMaIlus cpeaa.
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IIpounocmb — CIOCOOHOCTH METAJIJIOB BOCIPUHUMATH, HE paspylia-
sIChb, Pa3JNUYHbIe BUJbI HATPY30K, BHEI3LIBAIOIIMX BHYTPEHHNE HAIIPSKe-
HUA 1 gedopmaum.

B saBucumocTH OT XapakTepa MeNCTBUS BHEIIIHUX CHUJ Pa3JIAdYaoT
IIPOYHOCTD HA:

— pactaxenue (pa3pbIB);

— ciKaTue;

— KpyueHUe;

— T0JI3yUYecTh;

—  yCTAJIOCTb.

ITnacmuynocms — CIIOCOOHOCTH CIIJIABOB IIOf IEHMCTBHEM BHEITHUX
CUJI UBMEHATH, He Pa3pymIaach, cBowo Gopmy u pasmepsl. OHA XapaKTepu-
3yeTcs OTHOCUTEJIBHBIM yIJUHEHUEM (0) 1 cy:xeHueM (), onpeneraeMbl-
MU IPHU PACTAKEHUN CTAHIAPTHBIX 00pasIioB:

6 =1[d, —1)/l,]-100%, rae |, — nauHa obpasua 1o Havasa, [, — mose
paspsbiBa.

v =1[(S,—S)/S,]-100%, rme S, — miomaab 06pasria 10 UCILITAHUA,
S, — mocJie UCTIBITAHUS.

Teepdocmb — CIOCOOHOCTH METAJIJIOB U CILJIABOB COIIPOTUBJIATHCS
BHEIPEHUIO B Hero 0oJiee TBepAoro tejaa. I1o BeJuumHe TBEPAOCTU MeTaJ-
JIOB MJIU CILJIABOB MOYKHO CYAUTD U O €ro IIpejese mpounocTu. Ha mpakTu-
Ke TBepAOCTh OIIpeae saioT Ha mpubopax Bpunuens, Poksena u Bukkep-
ca (HB, HR, HV). PaznuuaioT Makpo- 1 MUKPOTBEpPHAOCTh. VIaMepeHHAas
MaKpPOTBEPAOCTb XapaKTEePU3YEeT TBEPAOCTD BCET'0 MeTaJLIa MJIU CILIaBa, a
MUKPOTBEPAOCTD — OTHEJbHBIX 3€PeH, CTPYKTYPHBIX COCTABJIAIOIINX WA
OYeHb MEeJIKUX AeTaJjiel (1acoB, npubopoB). [Jisa aTux 1esei UCIoab3yeTcs
mpubop ITMT-3.

Baskocmb (ydapras) — 9T0 CBOMCTBO CILIaBa, 10 KOTOPOMY OIleHUBa-
IOT €T0 COIPOTUBJIEHNE XPYITKOMY Pa3pyieHn 0. VIcTIbITaHUA TPOU3BOAAT
¢ IIOMOIIIbI0 MaATHUKOBOTO KOIIPa Ha CIIEIMAJbLHBIX Oo0pasiax. ygapHas
BSA3KOCTH OIIpeJiesigeTcs paboToii, 3aTpaueHHOM Ha paspyIeHue oopasia.

Yemaanocmv npeacrasiaser cob0ii CBOMCTBO MeTAJIJIOB U3MEHATDL Me-
XaHUYECKUe 1 (PU3NUYECKNe XapaKTePUCTUKY IO AefICTBUEM IIUKJINIECKHU
M3MEHSIOIINXCS HaTPYKeHUl BO BpeMeHH AedOopMAaIlu U HAIPIKEeHnH,
a CBOMCTBO MMPOTHUBOCTOATH YCTAJOCTY HA3BIBAETCA 8bLHOCJLUBOCMBIO.

IMukabl HATPYIKEHUI TPU UCIBITAHUY MOT'YT AOXOAUTH n0 100 mwui-
auoHoB. Ecyiu cniaB BRIZEPIKAJ 9TO YKUCJIO ITUKJIOB 0e3 paspyIlleHus, TO
IeTasb OyzeT paboTaTh HaJeKHO. ITO BalKHO JIJIs TAKUX JeTaJjeil, Kak Ba-
JIBI, IIATYHBI, KOJbIA, IITeCTEPHU.
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2.2. OcuobBuvie cBoiicmBa memanrob u cniabob

Ilonsyuecmdb — CIIOCOOHOCTH CIJIABOB K MEJJIEHHOM M HEIPEePBLIBHOM
mJaacTUYecKoll medopManuy OPU AEMCTBUHU IOCTOAHHOW HATPY3KU WJIN
HanpsxkeHus. JIfo60i MeTaJJIMUYECKUil CILJIaB IIPU SKCILJIyaTAIlUU IO
JefiCTBUEM IIOCTOSAHHOI HArpys3KH MOMKeT I1edopMUPOBATHCS C TeUEHUEM
BpeMmenu. Ocoboe BHUMaHUE YAeJIAETCA 9TOMY CBOUCTBY IJIsd qeTaJjieli, pa-
60TaOIIUX IIPU BBICOKUX TeMIlepaTrypax.

Xumuueckue ceolicmea memannoé u Cnia808 XapaKTePU3YIOTCH
CIIOCOOHOCTBHIO METAJIJIOB U CILJIABOB B3aUMOJIEHICTBOBAThH C BHEIIIHEH cpe-
oM u oKucaATheA. C MOBBINIEHEM TeMIIepPaTyphbl BCce XUMUUYECKUe B3au-
MOJIeHCTBUSA MPOTEKAIOT 00Jiee aKTUBHO. K TaKMM XMMUUYECKUM B3aWMO-
IEeCTBUSIM MOYKHO OTHECTH KOPPO3HMOHHYIO CTOMKOCTD, *KapOIIPOYHOCTD,
sKapOCTONKOCTD.

Texnonozuueckue ceéolicmeéa XapaKTepPU3yIOTCA CIOCOOHOCTHIO Me-
TaJIJI0OB W CIJIABOB TOABEPraThCsA PA3JUUYHBIM BUAAM TEeXHOJOTHMUYECKOM
00paboTKM, TAKUM KaK JaBJeHHe, pes3aHue, JUThe, cCBapKa. TexXHoJoru-
YyecKue CBOICTBa OIPEAEIAIOTCS C IIOMOIIBI0 CIeIUaJbHBIX Mpob. OHu
OIIPeeIAI0OT BOSMOYKHOCTh IPOU3BOAUTE T€ MM MHBIE TEXHOJOTUUECKIIe
orepalnuy ¢ JaHHLIM METAJIJIOM WJIV MIPUMEHATDH er0 B TeX WUJIU UHBIX yC-
JoBuax. KauecTBo MeTasia o TeXHOJOTUUYECKUM IP0o0aM OIIpeAesIaAeTCsa
10 BHEIITHEMY BUAY IIOCJIE UCIBITAHUSA (OTCYTCTBUE TPEIUH, PACCIOCHUA
¥ U3JI0MA).

Hawub6osee pacupocTpaHeHHBIMU SABJAIOTCS ITPOOLI Ha BBIJABIMBA-
HUe, Ieperud, 3aBUBaHUe, HA 0CAAKY, IPoObI TPyO Ha CILIIOIIIUBaHUE, 3a-
rub, 6opToBaHUeE.

IIpu ncopITAHWYM Ha CBAPUBAEMOCTh Ba OPyCKa MCIIBITYeMOTr'0 MeTaJI-
Jla CBapMBAaIOT M MCIBITHIBAIOT HA pacTsKeHue, IIocje Yero CPaBHUBAIOT
pes3yabTaThl, ¢ TEMHU, KOTOPhIE COOTBETCTBYIOT IIeJILHOMY (HECBApeHHOMY)
0o0pasIily u3 3Toro ke Merajjia. IIpu xopolieil cBapruBaeMOCTH COIIPOTUB-
JIeHre PasphIBY CBAPHOTO IITBA JOJYKHO COCTAaBIATH He MeHee 80% oT mpe-
JieJjia TPOYHOCTH IEJIbHOTO OpycKa.

W3 Bcero MHOr0o0oOpasmsa CBOMCTB METAJIJIOB CTYIAEHT JMOJIPKEH II0JIY-
YUTH JUMIb OOIMMe MOHATUA O METOAAaX OmpelesieHUs MeXaHWUUeCKUX U
TEeXHOJIOTUUYECKHNX CBOMCTB, KOTOPHIe OYAYT HEOOXOAUMBI JJIs YCIIEIITHOT'O
OCBOEHUS MOCJEAYIONNX Pas3iesoB Kypca.

Hawubosee pacripocTpaHeHHBIMY UCIBITAHUSAMU SABJISIOTCS CTaTAYEC-
KOe pacTssKeHue, ITMHAMUYECKNe NCIBITAHUSA 1 UCIIBITAHUS HA TBEPAOCTD.

CraTuyecKUMY HA3BIBAIOTCA TAKMeE UCTIBITAHUSA, IIPU KOTOPBIX MCIIbI-
TyeMBbIII METAJLJI IIOJIBEPTAIOT BO3AEMCTBUIO MIOCTOAHHOMN CUJIBI UJIU CUJIBI,
BO3pacTaroleil BecbMa MeAJeHHO.
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I'1aBa 2. CBoiicmBa memannoB u cnocobsl ux usyueHus

JuHaMuUYeCKMMU Ha3bIBAIOT TaKMe UCILITAHUSA, IPU KOTOPBIX UCIILI-
TYEeMBIA MeTaJIJI IIOABEPTAIOT BO3AEICTBUIO yAapa UJIN CUJILI, BO3PACTAO-
11eii BecbMa OBICTPO.

B mpakTuke Ipou3BOAAT UCHBITAHUA HA YCTAJOCTh, IIOJ3YUYECTh U
M3HOC, KOTOPHIE AAIOT HamboJiee IOJHOE IIPEeACTaBJIeHNE O CBOMCTBAX Me-
TaJIJIOB.

151 mCIbITAHWH Ha PACTAMKEHNe MPUMEHAIOT [UJINHIPUYEeCKYe HIN
ILJIOCKHe 00pasIisl, (hpopMa 1 pasmep KoTopbix yeraHoBaeHbl ['OCTom.

2.3. KOHCTPYKIMOHHAJI [TIPOYHOCTDb MATEPVMAJIOB
M ITIOKA3ATEJIN, EE XAPAKTEPU3YIOIIIVE

ITprunHOii moTepu PabOTOCIIOCOOHOCTH AETAU ABJISAETCA KAUECTBO
MaTepuaJa, 13 KOTOPOro OHa M3roTOBJIEHA. ITOMY MOKET CIIOCOOCTBOBATD
M3HOC, KOpposusd, Aedopmalus, KOTOpble U3MEHAIOT KauecTBO MaTepua-
saa. CiemoBaTeIbHO, OTKA3 AETAJU B pa0OTOCIIOCOOHOCTY MOJKET 3aBUCETH
OT MHOTHX (DaKTOPOB. BEICOKOE KaueCcTBO JeTa I MOKeT OBITh JOCTUTHYTO
IIPX BO3MOXKHO ITOJIHOM yUeTe TeX 0COOEHHOCTel, KOTOPhIE BCTPEUYAIOTCS B
mporiecce paboTel. B aTOM ciiyuae BBOOAUTCS MOHATHE KOHCTPYKIIMOHHOL
TTPOYHOCTH.

KoHCTPpYKIIMOHHON IPOYHOCTHI0O MaTEPHAaJIOB HABBIBAIOT KOMMNJLEKC
TIPOYHOCTHELIX CBOMCTB, KOTOPBLIE HAXOAATCS B HAMOOJIBINIEH KOPPEIIIIINT
€O CIIy:Ke0HBIMU CBOMCTBAMU JaHHOIO U3Aeausi. KOHCTPYKIIMOHHAS IIPO-
YHOCTB JIeTaJiell 3aBUCUT OT KaueCTBa MaTepraJia, BBIOpaHHBIM KOHCTPYK-
TOPOM, KOHCTPYKTUBHBIX OCOOEHHOCTEH eTaju, TEXHOJOTUY €€ N3TOTOB-
JIeHUs U ycJoBuil skciryaranun. OCHOBHBIMU (haKTOPAMU, BIUAIOITNME
Ha KOHCTPYKIIMOHHYIO TPOUYHOCTH, ABJISIOTCS:

1) KOHCTPYKIIMOHHBIE 0COOEHHOCTH AeTasu ((hopMa, pasMephl);

2) MexaHU3MBI Pa3HBIX BUJIOB PA3PYIIEHNA NeTATIN;

3) cocToAHUE MaTepuasia B TOBEPXHOCTHBIX CJIOAX AETAJIN;

4) m3MeHeHUs, IPOUCXOAININE B ITOBEPXHOCTHBIX CJIOSX JAeTasiu,
IIPUBOAAIINE K OTKasaM Ipu pabore.

B sToM cayduae peasbHAS MPOYHOCTD AETAJM OyAEeT CUJIBHO OTJINYATh-
Cs OT IIPOYHOCTHBIX XapPaKTEePUCTUK MCXOJHOr0 Marepruaja. MOMKHO Mmoi-
TH 1I0 IYTU YBEJIUUYEHUS MACCHI JeTajiu, HO 9TO JaJieKO He Bceraa obecrie-
YMBaeT HYKHYIO KOHCTPYKIIMOHHYIO ITPOYHOCTEL. B aTOM cayuae HE06XO-
IUM yUeT AOTOJHUTENbHBIX KPUTEePHeB, BIAUSIIONINX HA KOHCTPYKIIHMOH-
HYIO IPOYHOCTh MaTepuajia. B 3aBUCUMOCTH OT YCJIOBUII pabOThI AeTaIN
ATUMMU KPUTEPUAMU JOJKHBI ABIATHCA HAJEKHOCTD U JOJITOBEYHOCTb.
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Ho#bvte nonamus

Ilox HaEKHOCTHIO IIOHUMAIOT COIIPOTHUBJIEHUE MaTepuaJjia XpyIIKoMy

paspyllleHnIo, 3aBUCAINEMY OT TeMIIepaTypHOI'0 IIOpora XJiaJHOJIOMKOC-
THU, COIIPOTUBJIEHUS PACIPOCTPAHEHUA TPEIuH, KodhuiineHTa NHTEH-
CUBHOCTH HANIPSKEHUS U IP.

ITox KOJITOBEUHOCTHIO IIOHUMAIOT CIIOCOOHOCTE JETAJN COXPAHATH pa-

60TOCIIOCOOHOCTE B TeUeHME 3aJaHHOr0 BpeMeHu. KpuTepusaMu, onpeaesis-
IOIIIMMHU JOJITOBEYHOCTh MaTepuaJsia, ABJISIOTCS YCTAJOCTHAS IIPOYHOCTD,
IJIUTeJIbHAsI IPOYHOCTb, NBHOCOCTOMKOCTD, COIIPOTUBJIEHE KOPPOSUU U
IPYyTrue B 3aBUCUMOCTH OT XapaKTepa yCJIOBUI paboThl AeTaIu.

HOBBIE IIOHATW

MakpocTpyKTypa U MaKpoaHaJ nu3 MeTaJJINYeCKUX CIIJIaBOB.
ToHKadA CTPYKTYyDpA.

VnbTpasByKoBada NedeKTOCKOIU .

Tenm0eMKOCTh METAJIIOB.

YcranocTs, IOJI3yUYeCcTh METAJIJIOB,

KoHCTPYKIIMOHHA S IPOYHOCTH METAJIINYECKUX CIIJIaBOB.
MeTon pagnoaKTUBHBIX N30TOIIOB (MEUEHBIX aTOMOB).
MuKpoaHains 1 MUKPOCTPYKTYPA.

BOITPOCBHI AJ151 CAMOIIOATOTOBKN

HatiTe omrpemeseHe IOHATUS «CBOMCTBAa» MaTEePUAJIOB.
OxapaKTepusyiiTe OCHOBHbIE METOIBI OTIPEAeJIEHNA XUMUYECKOTO CO-
cTaBa CILJIaBOB.

YTo onpeAesAoT ¢ IOMOIIbI0 MaKpoaHaansa?

HasoBuTe cyI1iecTBYIOIEe METOIbI U3YUEHUS CTPYKTYPhI METAJIJIOB 1
CILIABOB.

HazoBuTe OCHOBHBIE (hM3UUECKNE M MeXaHUUYECKUe CBOICTBa CILIa-
BOB.

Kax mpousBoamTCS OIIpe/iesieHre TEXHOJIOTUUEeCKOI'0 CBOMCTBA Ha CBa-
PUBaEeMOCTH METAJLJINYECKOTO cIiIaBa?

B ueM cynTHOCTH KOHCTPYKITMOHHOM MTPOYHOCTY MaTepruajoB?

JatiTe moHATHE TBEPAOCTY M MUKPOTBEPAOCTH CIIJIABOB.

HasoBuTe TeMmepaTypy mnaaBJeHUA PTYTH.

TECTOBBIV KOHTPOJIb 3SHAHUM

1. B HEKOTOPBIX KOHCTPYKIIMAX BBIXJIOIMHBIE KJIAIIaHBI ABUTATEJSA BHYT-
PEHHEro CrOpaHUsA AEJIAIOTCA MOJBIMU U 3aTOJHSAIOTCA METAJJINUYECKUM
HaTpHeM, B Pe3yJbTaTe UX PaboTOCIIOCOOHOCTh 3HAUMUTEJIHHO BO3pacTa-
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I'1aBa 2. CBoiicmBa memannoB u cnocobsl ux usyueHus

er. Biaromaps KaKOMy CBOMCTBY METaJIJINYECKOTO HATPUSA 3TO CTAJIO BO3-
MOXKHBIM?

a) TemJIOMPOBOIHOCTH;

0) *KapOIPOYHOCTMH;

B) MB3HOCOCTOMKOCT;

T) IPOYHOCTH.
2. HaszoBuTe caMblii JIETKUIT MeTaJIJ CPequ HUKe IIePeUnCIeHHbIX:

a) TUTaH;

0) JuTuii;

B) AJIIOMUHUIA;

r) Marsuii.
3. Kaxkwue cBoiicTBa ABIAIOTCA OIPEAEIAIONIMMY IPU BEIOOPE KOHCTPYK-
IIMOHHOT'O0 Marepuaja JIJisd U3TOTOBJIEHUS CIECAPHOTO MOJIOTKA?

a) TBEPAOCTH;

0) M3HOCOCTOHKOCTD;

B) JKapOIIPOYHOCTH;

T) IJIACTUYHOCTD.
4. Cpenu nepeuncaeHHBbIX CBOMCTB CILJIABOB HA30BUTE (hU3UMUECKIIE:

a) TBEPIOCTH;

0) I0JI3yYecCTh;

B) ILIOTHOCTb;

I) TeIJIONMPOBOLHOCTD;

I) yCTaJOCTb.
5. Kro m3 oTeuecTBEHHBIX YUEHBIX BIIEPBbIe B Poccuu 3a/10°KMJI OCHOBBI
MeTaJLIorpaduy ¥ MPUMEHNJ MeTaJJIOrpaduuecKuil MUKPOCKOII I U3Y-
YeHUS CTPYKTYPHI CTATIN?

a) M.B. JlomoHOCOB;

6) I.K. Yepmos;

B) IL.II. AHOCOB;

r) M.NM. ITaBsos.
6. Cpemu mepeuncJIeHHBIX METAJIJIOB HA30BUTE METAJIJI C HAaWOOJIBLIIEeH
ILJIOTHOCTBIO:

a) JKeJeso;

0) menb;

B) BoJib(hpaM;

I) IJIaTUHA.
7. U3 mepeumcyieHHBIX HUKE METAJIJIOB HA30BUTE CAMBIN TYTOIIJIaBKUA:

a) Turas;

0) TaHTaJI;

B) BoJb(pam;
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Memooduueckue ykasauus

r) MosubaeH.
8. Ha mpakTuKe TBEPAOCTH CIJIABOB M3MEPAIOT IpubopamMu BpuHHend,
PoxkBena u Bukkepca. Kakoii u3 Hux sBsaercsa HanboJsiee TOUHBIM?

a) Bpunnens;

6) Poksesa;

B) BukKepca;

r) Bpunnensa u Bukkepca.
9. KoHCTpPYKIIMOHHASA IPOYHOCTH — 9TO:

a) KOMILIEKC ITPOYHOCTHBIX CBOMCTB;

0) ymapHas BSIBKOCTb

B) IIJIACTUYHOCTD;

T) TBEPAOCTS.
10. MexaHMYEeCKMEe CBOMCTBA CIIJIABOB OIEHUBAIOTCA YMCJIEHHBIM 3HAUe-
HUeM HampsaskeHusa. [Ipy KaKUX IPUI0KEHHBIX HATIPAMKEHUAX IIPOUCXO-
nuT nedopmaius cpesa?

a) PacTATUBAIOIINX;

0) CXKUMAIOIINX;

B) [IEHCTBYIONINX NEePIEHINUKYIAPHO ocu o0pasIia.

I'"TABA 3. OCHOBbI TEOPUWU CIIJIABOB

METOOMYECKUE YKA3AHWM

CuauaJjia 1mejsiecoo0pasHO 03HAKOMUTBCSA C TAKMMU IIOHATUAME, KaK
cucTeMa, KOMIIOHEHT, (pasa, CTPYKTypa, MeTaJJINYEeCKUI CIJIaB. YSACHUTD
BCE TEeXHOJIOTUM MMOJIyUYeHUWS MeTaJIIMYEeCKHX CIIJIaBOB. Ba’KHO TOHATH,
YTO B 3aBUCHUMOCTHU OT B3aMMOJENCTBUA KOMIIOHEHTOB, BXOAAIIUX B CO-
CTaB CIJIaBa MPU €ro KPUCTAJIU3AIlNK, 00pas3yIioTCa CTPYKTYPHI, IIpe-
CTaBJIAOIIE CO00H MeXaHNUYeCKHe CMEeCH KPHCTAJIJIOB dTUX KOMIIOHEH-
TOB, KPUCTAJIJIBI TBEPABIX PACTBOPOB I XUMUUYECKUX COeTUHEHU.

Heo6xoauMo mMeTh IIpecTaBIeHNE O METOJaX MCCJIeIOBAHUS MTBOM-
HBIX METAJJINUYECKUX CIIJIABOB, IIOCTPOCHUU AUATPAMM COCTOSHUSA CILJa-
BOB U UX UeThIPEX TUIIOB. YACHUTH, UTO AUATPAMMA COCTOSIHUSA JaeT UeT-
Koe IpecTaBJIeHNe 0 TAKUX KPUTEPUAX MEeTaIJINIeCKOro CIjaBa, Kak co-
CcTaB, TEMIIepaTypa MJIaBJIeHUI, KPUCTAJIN3AII .

ITosHaKOMBTECH C YCTAHOBJIEHHOM CBA3BIO MEMKAY TUIIOM AUarpaMmm
cocTossuuA u cBoiictBamu ciiaBoBs (o H.C. Kypuakosy).
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I'raBa 3. OcnoBv1 meopuu cnaabob

3.1. IIOHJTUE CIIJTABOB 1 X XAPAKTEPUCTUKA

YucThle MeTaJJIbI B IPUPOJe IPAKTHUECKN He BCTPeUaloTCd, a IPHU
MOJIYyYeHNH UX U3 Py K HUM BCerja IPUMeIINBa0OTCa Pa3JInYHbIE COIIYTC-
TBYIOIIIME 3JIeMeHThI. I1o/IyueHre YNCThIX METAJLJIOB IIPOIEeCC TeX HOJIOTU-
YeCKHU CJIOKHBIN, TPeOYIOInii 60JBIITNX TPYAOBBIX M SHEPTeTUUECKUX 3a-
TpaT. K ToMy Ke 1 cBolicTBa MeTaJlJIOB, OCOO€HHO IIPOYHOCTHBIE, BCErga
OyAyT HUKe, UeM Y CIIJIaBOB.

YucThle MeTaJJIbl B KaUueCTBe KOHCTPYKIIMOHHBIX MaTepPHUAJIOB IPH-
MEHSIOTCS BeCbMa PeIK0, PasJINUHbIe JeTaJl M KOHCTPYKIIUY U3TrOTaBJIH-
BaioTcA u3 ciIaBoB. OgHAKO HAI0 UMETh B BUAY, UTO U YNCTHIE METAJIJIbI
UMEIOT IpuMeHeHUe (dJIeKTPOIIPOBOMa, MASJIbHUKMU, TEILJIOOOMEHHUKH,
aTOMHAS U DJIEKTPOHHASA IPOMBIIILJIEHHOCT).

ITox cyiaBOM MOHMMAIOT BEII[eCTBO, IIOJYUEHHOE CIIJIABJIEHIEeM ABYX
u 6ojlee XUMUYECKUX 9JeMeHTOoB. CIjIaB, IPUTOTOBJIEHHLIN IpenMyIec-
TBEHHO M3 MEeTaJLJINYEeCKUX 9JIEMEHTOB U 00JIafafoINil MeTALINUYeCKUMU
CBOMCTBaMU, HA3bIBAETCS METAJJINUYECKUM CILJIaBOM.

CraBbl U3 ABYX 3JIEMEHTOB HA3LIBAIOTCS ABOMHBLIMU WU OMHAPHBI-
MU, U3 Tpex U 6oJjiee — MHOTOKOMIOHEHTHLIMU. IIprMepaMu OMHaAPHBIX
CILTIABOB ABJIAIOTCA: aJIOMUHUN — KPEeMHUM, 30JI0TO — cepebpo, Meab —
IIUHK, CBUHEIlI — cypbMa. MHOTOKOMIIOHEHTHBIE CIIJIaBBI — 3TO UYIYH,
CTaJib, JIOPAJIOMUHUI, COCTOAIINE U3 IIATH, IIIECTU U 00Jiee SJIeMEHTOB.
B Kak0M cIIlaBe pasanyvaioT KOMIOHEHTHI U (ha3bl. KOMIOHEHTEI B JaH-
HOM CJIyJae — 9TO XUMUUYECKUE 3JIEMEeHTHI ciyiaBa. Tak, J1d cTajiy KOMIIO-
HeHTaMu OyAyT JKeJie30, yIJIEpoaI, KpeMHU, MapraHell, cepa u ¢ocgop.

Da3vL — 9TO OLZHOPOAHBIE YACTH CILJIaBa, OTAEJEHHBIE OT APYTUX Uac-
Tell TOBEPXHOCTHIO paszaeisia. COBOKYIHOCTh HAXOLAIUXCA B COCTOSIHUU
paBHOBecusd (a3 ompenenser cucmemy cuiaBoB. Paza MOKET OBITH KUL-
KO¥ U TBep/oii, HO 003aTeIbHO OAHOPOLHOM 10 XUMUUECKOMY COCTAaBY U
cBoiicTBaM. B cmaBax MoryT o6pasoBBIBAaTHCA ciaenyiomive hasbl: sKUL-
KIe PacTBODPHI, TBEPAbIe PACTBOPLI M XMMUYECKIE COeTNHEH .

TBepabIMI pacTBOpaMHU Ha3bIBAIOT (Da3bl, B KOTOPBIX OAWH U3 KOM-
TIOHEHTOB CIIJIaBa COXPAHAET CBOIO KPUCTAJIINIECKYIO PEIIETKY, a APYToi
pacmoaaraerca B Heii. Hampumep, aIloMUHUI MOYKET PACTBOPATHCA B Me-
om 1o 5,5 %, a muHK B Meau 10 39 % 6e3 n3MeHEeHUs KPUCTAJJINUECKOH
perieTku Menu. Takas pacTBOPUMOCTL Ha3bIBAeTCA OTPAHUYEHHON B OT-
Juure OT HeorpaHuueHHo#. [IppMepoM HeorpaHUYEeHHON PACTBOPUMOCTH
SIBJIIOTCSA TBepPAble PACTBOPHI 30JI0Ta U cepebpa, HUKeJNdA u Menu. Ecin
KOMIIOHEHTHI CILJIaBa 00Pa3yI0T XUMUUECKOe COeUHEeHNE, TO KPUCTAJLIN-
yecKas pelreTKa COeNHEeHUA U CBOMCTBA OyAyT 3HAUNTEIbHO OTJINYATHCSA
OT PEIIeTOK 1 CBOMCTB MCXOAHBIX KOMIIOHEHTOB.
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3.2. Amomnoe cmpoerue 06oiinvix cniabob

Hanpumep, IBOMHOM cIJIaB MeAb — AJTIOMUHUI, 06Pa3yIONINi XMMU-
uyeckoe coepurenue Tuna CuAl,, 6yner uMeTh TBepAOCTD, PaBHy0 HB =
400 xr/mMmM?2, B TO BpeMs KakK TBepAoCTh anoMmunus HB = 20 kr/mm?, a me-
ou HB = 35 kr/mm2.

CTymeHTHI JOJYKHBI 3HATDH O 00JIBIIIOM Pa3HOOOPa3UM IPUMEHAEMbIX B
IIPOMBIIIJIEHHOCTY METAJIINYECKUX CIJIABOB C PA3JINYHBIMU (DUBUKO-Me-
XaHUUYECKUMHU CBOMCTBAMM. BOJBIIIMHCTBO CIIJIABOB IIOJIyYalOT COBMECT-
HBIM ILJIaBJIEHUEM MX KOMIIOHEHTOB, OMHAKO UX MOKHO IIOJIYUUTh TaKiKe
C IIOMOII[BIO TIOPOIIIKOBOM MeTaJIIyPruu, 3JeKTPOIN3a, KOHAeHCAIUN U3
IapooOpPas3HOro COCTOSTHUS.

3.2. ATOMHOE CTPOEHME [IBOVIHBIX CITJTABOB

EcTecTBeHHO, UTO CTPOEHNE METAJJIMUYECKUX CILJIABOB OyAEeT OTJIH-
YaThCSA OT CTPOEHUSA YMCTHIX METAJJIOB. ITO OTINUYMe OyIeT 3aBUCETH OT
TOTO, B KaKVe B3aMMOJENCTBUA BCTYHAIOT KOMIIOHEHTHI JBOWHOT'O CILIA-
Ba. B 3aBuCMMOCTH OT IPUPOIHI KOMIIOHEHTOB CILJIaBa NX CTPOEHME MOYKET
00pa30BLIBATE:

a) MeXaHUUYECKYIO CMeCh KOMIIOHEHTOB;

0) TBepbIii pACTBOP KOMIIOHEHTOB (3aMellleHue NI BHeAPEHNE);

B) XUMUUYECKOE COeJMHEHNE.

Mexanuyeckas cmecy IByX KoMIoHeHTOB A u B obpasyercsa Torza,
KOT/la 9TY KOMIIOHEHTHI He PACTBOPAIOTCA B TBEPAOM COCTOSHUU 1 He 00-
PasyoT XUMHUYECKOe COeIuHeHHe.
CTpoeHme TaKoro cijaBa OyneT co-
CTOATHL U3 KPUCTAJIOB A u B, oT-
YEeTIMBO BBIABJIEHHBIX W3 MUKPO-
CTPYKTYPHI (puc. 11).

Teepdvie pacmeopsb. TIpeCTaB-
JSI0T c000¥ ogHO(MA3HBIE CIJIABBI
TIEPEeMEeHHOT0 XUMUYECKOTO COCTa-
Ba, B KOTOPBIX COXpaHseTcA KpUc-
TaJauvecKas pelreTKa OTHOTO M3
KOMIIOHEHTOB (pacTBOpPHUTENs), a
aTOMBI PACTBOPEHHOT'O KOMIIOHEHTA
PaBHOMEPHO PACIIOJIATal0OTCs B HeEl,

M3MEHAA ee IIepBOHAYaJIbHbIE I1apa-

MeTpsI (puc. 12). Puc. 11. CxeMa MUKPOCTPYKTYPHI CILIaBa
(MexaHUUYECKAs CMeCh)
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Puc. 12. Cxema MUKPOCTPYKTYPbL
TBEPJOro cIljiaBa

ATOMBI  pacTBOPSAIOIIETOCS
MeTaJLjia UM 3aMeILIalT B KPHC-
TAJIJINYECKON pEIleTKE YacTb
aTOMOB pPAaCTBOPUTENsS (TBEPIBIi
pacTBOp 3aMelleHus), UJIU pPas-
MeIaloTCsa MEXKIY aTOMaMU Me-
Tajjaa pacTBOpPUTENs (TBEPIBIA
pacTBOp BHEAPEHUS), IIPU STOM
pasMephl peIIeTKH BO3PacTaloT
(puc. 13). Ilo gaHHBIM MeETAJLIO-
rpadunyecKoro aHajau3a TaKue
CILIaBBI, KaK U YUCTBINA MeTaJLI,
UMeeT OLHOPOTHBIE 3epHA.
Coocob6HOCTE K 00pa30BaHUIO
TBEPABIX PACTBOPOB MIPUCYIa He
TOJIBKO YMCTHIM MeTaJljIaM, HO U
XUMHUYECKUM COeINHEHUAM TUIIA
A B . Borux caydyadx cOXpaHs-

ercsa pemeTka A B, HO ©30BITOYHOE KOJIMYECTBO ATOMOB, HAIIPUMED, aTo-
MOB B, pacTBopseTcs, 3aMeHsAs B PellleTKe KaKoe-TO KOJIHUUYECTBO aTOMOB
A. 9T0 MOKeT IPUBECTU K TOMY, UTO OTAEJbHEIE Y3JIbl B PEIIeTKe OKa Ky T-
¢ He 3aHATHIMU aroMaMu (OyAyT IyCTHIMHU).

Puc. 13. Kpucrajninyeckue pemeTKu: @ — YUCTHII MeTaJlI; 6 — TBePAbIil paCTBOD
3aMeIeHNUs; 6 — TBePABIH PACTBOP BHEIPEHUSA

Teepdvie pacmeopuvL Ha 6a3e xumuieckux coe0uHeruil, o6pasoBaHue
KOTOPBIX COIIPOBOKAAETCS IOSBJIEHNEM IIYCTHIX MECT B y3JaX PeIleTKH,

Ha3BIBAIOTCA pacmaopamu 8blHumarus.

Ecau kommoHeHTHI ciiiaBa A u B o6pasyioT XuMuuecKoe coeuHeHe
TunaA B _, TO KpHCTAJIMYecKas pellleTKa CoeMHeHNA OyeT 3HaUNTe Thb-

46



3.3. Juazpammot cocmoanus 06oiinvix cnaabob u ux xapaxmepucmura

HO OTJINYATHCA OT PEIIeTOK ero KOMIOHeHTOB. CBOIICTBA COeJIMHEHNA TaK-
JKe Pe3KO OTJIMYAIOTCA OT CBOMCTB UCXOJHBIX KOMIIOHEHTOB (prc. 14).

AnBm
/

/

A

Puc. 14. CxeMa MEKPOCTPYKTYPHI XUMUUECKOT0 COeANHEHU

3.3. IMATPAMMBI COCTOSIHWSI IBOVHBIX CIUTABOB
N "X XAPAKTEPMUCTUKA

PesysnbraTh! ucc/ief0BAHNA LJIABICHUS U KPUCTAJIN3AIIUY TBOMHBIX
CIIJIABOB TMPUHATO M3JIaraTh IpapuyuecKy B BHUIe AUATPAMM COCTOSHUSA
CILJIABOB.

HduarpaMMbl CTPOAT B KOOPAMHATAX «TeMIIepaTypa — KOHIIEHTPAI[UI»
KOMITOHEHTOB B IIPoIeHTaX. [[Jid mMocTpoeHuA JruarpaMM UCIOIb3YIOT TePMU-
YeCKUIl aHAaJU3 CIJIABOB IPU PA3JINYHBIX KOHIIEHTPAIINAX KOMIIOHEHTOB.

Taxkum 06pasom, fuarpaMMa COCTOSHUSA JBONHBIX CIIJIaBOB IIPEACTAaB-
JseT coboil rpaduuecKoe N300pasKeHne COCTOAHUA CIIJIaBOB B 3aBUCUMOC-
TH OT TeMIIepaTyphl (@) ¥ KOHIEHTpaIuyu KOMIIOHEHTOB (0). B kauecTBe
OIpuMepa pacCMOTPUM AUATPAMMY COCTOSHUS «MeIb — HUKeIb» (puc. 15).

a
1800

50% Ni Ni

g 8

g

Temnepamypa, °C

Temnepamypa, °C

4 1
Bpems —— 0 20 40 50 60 8083 100
Hukenb, %

000
1 800
600

g 8

Puc. 15. [uarpaMma COCTOAHUSA «MeJb — HUKEJb»
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Bce cniaBel Ipu JIt000# KOHIIEHTPAIMU U IPU JI000I TeMIiieparype,
HaXOAIINECS BBIIIe INHAY JUKBUAYC , OYAYT HAXOAUTLCS B JKUIKOM CO-
CTOSAHUU, HUKE JINHUY COJUAYC ™ — B TBEPAOM, MEKAY JUHUAMU JIUKBUIYC
¥ COJIMYC — B JKUJKOM U TBEPOM COCTOTHUIX.

MertasmoBeaMu 13y YeHbl IPAKTUUYECKH BCE U3BECTHLIE JBOMHbBIE Me-
TaJInYecKle CIJIaBLI 1 IIPEACTABJIEHLI B BUE AUATPAMM COCTOAHUS Ue-
THIPEX TUIIOB.

I Tun — fuarpamMMa COCTOSHUS JJIA CIIJIABOB, 00Pa3yIOIINX MeTaJIJIN-
YyecKUe CMeCHU U3 YNCTHIX METaJIJIOB.

Ha sToM Tuile guarpaMM IIpeacTaBJIeHbI IBOMHEIE CILIaBbl, 00a KOM-
TIOHEHTa KOTOPBIX B JKUJKOM COCTOSHHUY HEOTPAHUYEHHO PACTBOPUMEI, a
B TBEPJOM COCTOSHUY HEePACTBOPUMBI 1 00pPa3yIOT CTPYKTYPHYIO MeXaHU-
YEeCKYIO CMeCh KOMIIOHEHTOB.

IIpumepoM Tako¥ uarpaMMbl COCTOAHUA I THIIa MOKeT ObITh CIIJIaB
«CBHUHEII — CypbMa».

C
630
600 //
Kl
500 H
w a, |
S 400 |
S |
g 327 A a Bl | ]
S 300 : H +
Q D b
T 240 [ - ~- E
S 200 TN | [] 1
R ] : : 1
1 |
100 L T T
(BRI | |
L 1 ]
0 5101320 40 60 80 100 Sb%
Pb% 100 95 87 80 60 40 20 0

Puc. 16. [JuarpaMma COCTOSIHUA CILJIaBa «CBUHEI[ — CypPbMa»

I[I/Ial"paMMLI cocroauusa Il Tuma XapaKTepu3yrnT CUCTEeMbl, KOMIIO-
HEHTBI KOTOPABIX IIOJTHOCTHIO PACTBOPAIOTCA KaK B dKUJKOM, TaAK 11 B TBEP-
AOM COCTOAHUMN. HpHMepOM CJIYXXHUT PaCCMOTPEHHad BbIIIe CCTeMa CIlJia-
BOB «M€Ib — HUKEJIb».

.HI/IKBI/I/:[yC — TeMIlepaTypa HavdaJjaa paBHOBeCHOﬁ KpHUCTaJIJIN3alluy paCTBOPOB MJIU CILJIaBOB.
- Conm[yc — TeMIlepaTypa KOHIla KpUCTaJJIn3alluy UJIX HavaJjia IIJIaBJIEH! A PaCTBOPOB UJIN
CILJIaBOB.
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3.3. Juazpammol cocmoanus 06oiinvix cnaabob u ux xapaxmepucmuka

K muarpamMmmMaM COCTOSAHUSA ABOMHBIX cmyaBoB III Tumma oTHOCATCA
CIJIaBBI, 002 KOMIIOHEHTA KOTOPBIX HEOTPAaHUUEHHO PACTBOPUMEI B JKU]I-
KOM COCTOSHWU, OTPAHUYEHO B TBEPAOM COCTOSHUHU U HE 00pa3yioT XU-
MHYECKUX COeAWHEHMIl. B KauecTBe mpmMepa MOKHO IIPUBECTH CILJIaB
«Menn — cepebpo» (puc. 17).

1200
A
1084 L c
1000 \ P 962
é; 800 D 5 £ 779
g 3
g o Jemekmuka  OAP
s 600 } |
§ I oL+ 38m. l[3+33m.| P
& 400 T 4
1
200 ¥
aw 2] { !G Ag
o 7 30 60 72 92 99 100

Cepebpo, %

Puc. 17. [uarpaMmma COCTOHU S CIIJIaBa «MeJb — cepeGpo»

Jdunarpamma cocTOSHMA ABOWHBIX cIyiaBoB IV Tuma xapakTepusyeT
CILJIaBBI, 00JIaaloNIe ITOJTHOM PACTBOPUMOCTBIO B KUJKOM COCTOSHUU,
HEpacTBOPUMbBIE B TBEPAOM COCTOSHHM M 00pasyrolllie yCTOMUYWBHIE XU-
MHUUYECKHe COeIWHEeHUs KOMIIOHEHTOB. TaKMMU CIJlaBaMU MOTYT OBITH
«MaTHHUH — KaJbIuil», «MarHui — 0JI0BO», «KeJie30 — yriaepon» (Fe,C).

JieMeHTHI 00pa3yIoT XMMUUYECKOe COeIMHEHNE BCerja B CTPOTO OIIpe-
JIeJIECHHOM MAacCOBOM COOTHOIIIeHUU. I103TOMY BCce XMMUUYECKUE COeqUHE-
HUSA MOXXHO BBIPasuTh Gopmynamu tuna A B , rae A u B — s1eMeHThI, m
¥ 1 — MaccoBOe KOJIMYECTBO 9JIeMEeHTOB, KOTOpPOe BCer/ia BEIpasKaeTcs Ipo-
ctbeiMu 1udpamu. OOBIYHO XMMHUUECKNE COeTNHEeHU 00pa3yIoT CJI0KHbBIe
KPHUCTAJINYeCKIe PeIeTKH 1 00J1aal0T BRICOKMMU IIOKAa3aTeIAMU TBep-
IOCTH, IIPOYHOCTH, HO B TO JKe BpeMsA 6OJIbIIO0l XpynKocThio. Korma meob-
XOJIIMa MOBBIIIIEHHAA TBEPIOCTh MBHOCOCTOMKOCTH AETAaJIN, B CIIJIaB BBO-
IAT 9J€MEHTHI, KOTOPhIe MOTYT 00pa30BLIBATH XMMHUUECKNE COeTMHEHUA.

IIpencTaBuM 5TOT THUII AUATPAMM JIJIA CIJIABOB «MarHUi — KaJbIIUI»
(Mg — Ca) (puc. 18).
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L (%.p.) E
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Puc. 18. [[uarpaMma COCTOSAHUM CILJIaBa «Maruuil — KaJbIUi»

Xumuueckoe coenunenue Mg,Ca, MOKHO paCCMaTPUBATL KaK HOBBI,
TPeTUH KOMIIOHEHT, KOTOPBIN JeJUT auarpaMmy coctosauusa Mg — Ca Ha
nBe fuarpammbl tuna I: Mg — Mg,Ca, u Mg,Ca, — Ca; Kaxnaa u3 HAX II0-
IobOHa cucTeMe «CBUHEIl — CypbMas.

s nepsoii tuaua ABC — nukBuUayc, tuausa FBG — coaunyc. Ilo au-
Huu AB HaumHaeTCs BhIIaJeHne KpucTarioB Mg; mo suauu BC — BhIma-
neHue Kpuctasios coeiunenus Mg,Ca,. B Touke B O1HOBPEMEHHO KPUC-
rannusyorca Mg u Mg,Ca,, o6pasys 9BTeKTUKY. [[09BTEKTUYECKHE CILJIa-
BBI 9TOU CHCTEMbI IIPEACTABJIAIOT CO00I cCMeCch KPHCTAJIJIOB MArHUA U 9B-
TETUKH, & 3a9BTETUYECKNE — CMECh KPUCTAJLIOB coenunenus Mg,Ca, u 3B-
TeTUKHU.

ITo anajiornu MOYKHO CIOeJiaTh aHAJN3 U BTOPOU AUATPAMMEI COCTOA-
uusa Mg,Ca, — Ca.

3.4. BBAVUMHAJI CBJI3b MEXTY IUATPAMMAMM
COCTOsIHMA V1 CBOVICTBAMM CIIJTABOB

WsyuyuB quarpaMMBbl COCTOSIHUSA TBOMHBIX CIJIABOB, OTMETUM, UTO C
UX MIOMOIIIBIO MOYKHO OIIPEJIeIUTD TEMIIEPATYPY MJIABJICHUSI U KPUCTAJIIN-
3aIu¥ KOHKPETHOTO CIIJIAaBa, ero CTPYKTYDPY, He IIPOBOAA HUKAKUX UCIIbI-
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TaHU. B TO Ke BpeMs CTPYKTypa CILJIaBa, XUMUUYECKUI COCTaB OIIpeeis-
IOT er0 MeXaHUYeCKUe U TeXHOJIOTUYECKHe CBOMCTBA.

MeTon n3yueHUsT M3MEPEHUA CBOMCTB B 3aBUCUMOCTU OT M3MEHEHUS
COCTaBa U TOCTPOEHUSA AMATPAMMBI «COCTAB — CBOMCTBO» OBLI ITOJIOMKEH
H.C. KypHaKoBBIM B OCHOBY paspaboTaHHOTO MM (PpUBUKO-XMMHUECKO-
ro aHaJu3a CILIABOB. B HacTosllee BpeMsA 9TOT aHAJIUS SABJISETCS OTHUM
13 OCHOBHBIX METO/OB IT0JIYUEHHU S HOBBIX CIIJIABOB C 3apaHee 3aJaHHbIMU
cBoiictBamu (puc. 19).

IIpu o6pasoBaHMM MeXaHMUYECKOM CMeCH Ha JuarpaMMe d CBOMCTBa
CILTaBa U3MEHSIOTCA IO JUHEHHOMY 3aKOHY. S3HAUEHUS CBOMCTB CILIaBa
HaXOIATCA B MHTepPBaJje MeXKAY CBOMCTBAMH UMCTHIX KOMIIOHEHTOB. IIpu
00pas3oBaHUM HEOTPAHUUYEHHBIX TBEPABLIX PACTBOPOB CBOMCTBA CIIJIaBOB
U3MEHSIOTCSA II0 KPUBOJIWHENHON 3aBUCUMOCTH 1 JOCTUTAIOT MaKCHMyMa
TIPUMEPHO TP PABHOM KOJIMUYeCTBe KOMITIOHeHTa A 1 B (muarpamma 6).

IIpu o6pasoBaHuM OTPAHUYEHHBIX TBEPABIX PACTBOPOB (amarpam-
Ma ) CBOICTBa B MHTepBaJie KOHIIEHTPAINH, OTBEUAIOIIUX OTHO(MA3HBIM
TBEPABIM PACTBOPAM, UBMEHAIOTCS M0 KPUBOJMHENHOMY, a B AByX(as3HOMA
006JIaCTH AUATPAMMEBI II0 IPAMOJNHENHOMY 3aKOHY.

i

- — 4

A B% —B A B% —+»B A |B% —+B A B% -—»B

1 1 r‘”"‘ 1
2
a 6 8 2
A B% —»B A B% —»B A B% -—»B A B% —B

Ceolicmea

Puc. 19. 3aBUCHUMOCTS CBOICTB CIIJIABOB OT THUIIA JUATPAMM
COCTOSTHUS ABOMHBIX METAJIJIOB

KoHIleHTpaIinga oTBeuaeT MAaKCUMyMYy UM MUHIMYMY CBOMCTB CILJIa-
BOB (mmarpamma 2). Ha nuarpammax cocTaB — CBOIICTBAa CIIJIaBOB JIMHUU
moJ HoMepoM I XapaKTepus3yIoT IIPOYHOCTh, TBEPHAOCTD, a IO HoMepoM 2 —
IJIACTUYHOCTD, 3JIEKTPOIIPOBOLHOCTD.
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[u—y

HOBBIE ITIOHJITUA

BunapabIe ciyiaBbl.

KommoneHnTH! 1 (Da3bI CIIaBOB.

TBepable pacTBOPHL U XMMUUECKUE COeJUHEHNA B CIlJIaBax.
Mexannyeckasa cMech KOMIIOHEHTOB CILJIaBa.

TBepable pacTBOPHI BEIUUTAHUA.

TepMmuueckuii aHajns3 CIIJIaBOB.

JurarpamMmma COCTOSHUSA ABOMHBIX CIIJIaBOB.

JIunny Ha fMarpaMMax CIJIaBOB JIMKBUYC U COIULYC.
Tun guarpaMM COCTOSAHUSA IBOUHBIX CIIJIaBOB.

BOITPOCHI JI51 CAMOITOOTIOTOBKM

Yro TaKoe MeTaJIJIMYEeCKU CILIaB 1 KaK ero IoJy4aioT?

TTousiTre quarpaMMbI COCTOAHUS JBOMHBIX CILIABOB 1 €€ KpaTKasd Xa-
DPaKTepuCTUKA.

YTo TaKOE TBEPABII PACTBOD CILJIABOB U UM OH OTJIMUAETCS OT MeXa-
HUYECKOM CMeCHt, XUMUUECKOT'0 COeIUHEHUA U JKUAKOr0 MeTajaa?
Yro XapaKTepua3yOT Ha AUarpaMMaX COCTOSHUS JUHUU COJUIYC U
JUKBUAYC?

Kakue xapaKTepuCTUKM METALJINYECKUX CILJIABOB MOYKHO IIOJYYUTh
Ha rpadpuruecKux auarpaMmmax?

B uem cyIIHOCTH TEPMUYECKOTO METOJa MOCTPOEHUA AMArpaMM CO-
CTOAHUA IBOMHBIX CIIJIABOB?

ITouemy B IPOMBIIIJIEHHOCTH IPUMEHSAIOTCS IPENMYIIIeCTBEHHO Me-
TaJJINUYEeCKUe CIIJIaBhI, a He YUCThIe METaJLJIbI?

TECTOBBIV KOHTPOJIb 3HAHUN

1. MexaHuuecKoe CBOMCTBO (IPOYHOCTDH) TEXHUUECKN UMCTOI'O0 MeTasljia
II0 CPABHEHUIO C METAJJINYECKUM CIIJIABOM Ha eT0 OCHOBe OyZeT:

a) BBIIIE;
0) HUKe;
B) CPaBHUTEJBHO OAMHAKOBOE.

2. TexHWYECKUW UYUCTBHIE METAJJILI IIPEUMYIIECTBEHHO TPUMEHSIOTCA B
CJIeNYIOUINX OTPACIAX IPOMBIIIJIEHHOCTH:
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a) CeJIbX03MAaIIMHOCTPOEHUU;
0) 9JIEeKTPOTEXHUKE;

B) BJIEKTPOHUKE;

I) CTAaHKOCTPOEHMUH.



TecinoBulit KOHmMpPOAL 3HAHUI

3. Hna cuyaBa «yIVIEpOAMCTAA CTaJNb» 00A3aTELHBIMU KOMIIOHEHTAMM
O0ynyT BosbGpaM, BaHAJUM, YIJIEPOJ, MapraHelr, sKeJjes0.

a) BoJb(pam;

6) BoJIb(paM U BaHaOuMii;

B) KeJIe30 U yIJIepo/;

r) Mapraseri.
4. TlepBbIil THUII fEarpaMM COCTOSIHIS JBOMHBIX CIIJIABOB XapaKTepusyeT
B3auMOJielicTBYE JBYX KOMIIOHEHTOB, KOTOPbIE 00PasyoT CTPYKTYDPY:

a) XMMHUUYECKOe COeITHEeHNE;

0) MexaHMYEeCKYI0 CMeCh KOMIIOHEHTOB;

B) TBEPIBIN pacTBOP KOMIIOHEHTOB;

I) XHMHUUYECKOe CoeqUHeHIe U TBePAbIH pacTBOD.
5. CrpoeHure MexaHUUECKOM cMecu 6YIeT COCTOATD:

a) 13 KOMITOHEeHTa A;

06) m3 KoMIIOHeHTa B;

B) U3 KOMIOHEHTOB A u B;

T) U3 XMMHUYECKOTO COCTUHEHNA KOMITIOHEeHTOB A u B tuna A B .
6. Kakoii TUII KpUCTAJJJINUYECKON pelleTKy O0yaeT xapaKTepeH IJId TBep-
ZOTO PacTBOPa Ha 6a3e XUMUUECKUX coefiuHeHu A B :

a) TBEPALIl pACTBOP 3aMeIleH’sd;

0) TBepABIl PACTBOP BHEIPEHMUST;

B) UHMCTOTO METAJIJIa;

T) TBEPABIN PACTBOP BEIUMTAHUA.
7. CmiaBsl Ipu JI060H KOHIIEHTPAIIMY KOMIIOHEHTOB U IIPU JII000H TeM-
mmeparype, HaXOAAINECA BBIIIE JUHUYU COJTUAYC, OYIYT HAaXOAUTHC:

a) B ras3oo0pasHOM COCTOSHU;

6) B JKUIKOM COCTOAHUU;

B) B TBEPAOM COCTOAHUY;

T) BJKUJAKOM U TBEPJIOM COCTOSTHUAX.
8. CmiaBbl HpHU JIOOLIX KOHIEHTPAIMAX KOMIIOHEHTOB 1 IPHU JIIOOBIX
TeMIepaTypax, HaXOAAIIUXCSA BIIIe JUHUYA JUKBUIYC, OYAYT HAXOAUTh-
Cs B COCTOSTHUU:

a) JKUIKOM;

0) TBEpIOM;

B) KHIKOM U TBEPIOM;

r) rasoobpasHOM.
9. CmmaBbl Opu JIOOBIX KOHIIEHTPAIIMAX KOMIOHEHTOB U IIPU JIFOOBIX
TeMIlepaTypax OyoyT HaXOOAUThCA B COCTOAHUU:

a) KHUIKOM;

0) *KHUIKOM U TBEPAOM;
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B) TBEpIOM;
T) razoob6pasHOM.
10. IuarpaMMbI COCTOSAHUA ABOWHBIX cmaBoB Il Tuila xapaKTepusyioT
CHCTEMBI, KOMIIOHEHTHI KOTOPbIX:
a) IOJIHOCTBHIO PACTBOPSIOTCA KAaK B XKUJKOM, TAK M B TBEPJIOM COCTOS-
HUSAX;
0) B JKUIKOM COCTOSAHUY HEOTPAHWUYEHHO PACTBOPUMBI, & B TBEPAOM
COCTOSTHUY HEPACTBOPUMBI;
B) IOJIHOCTBIO PACTBOPSIOTCA B "KUJKOM COCTOSHUM, HEPACTBOPUMBI B
TBEPIOM, HO 00pPasyIoT HOBble XMUMUUYECKUE COeTNHEHUT;
I) HeOrPAHWYEHHO PACTBOPUMBI B KUJKOM COCTOAHUU, OT'PDAHUUYEH-
HO — B TBEPAOM.

I''TABA 4. ITMATPAMMA COCTOHWUI
KEJIESOVIJIEPOOAVNCTDBIX CIIJIABOB,
EE XAPAKTEPVICTUKA U ITPAKTUYECKOE
ITPUIMEHEHWME

METOOUYECKWVE YKA3AHWM

KenesoyrieponucTeie CILIABLI ABISAIOTCS BAKHENIIINMU KOHCTPYK-
IIMOHHBIMHU MaTepHaiaMU, MCIOJb3YeMbIMH B IIPOMBIIIeHHOCTU. M3y-
YyeHHe TeMbl HaJ0 HAuaTh C MOBTOPEHUSA TAKUX BOIIPOCOB, KaK CBOMCTBA
¥ CTPOEHME UMCTOTO Kejiesa IPU PasJMUYHBIX TeMIleparypax (ero Imoju-
Mopdhu3M), CBOMICTBA UMCTOTO YIJIEPOJa, er0 B3auMOECTBUE C KeJIe30M,
a TaK’Ke cBoicTBa rpaduTa, yCJIOBUA €r0 00pasoBaHmUA, ero (POPMBI U BJIU-
SHUe Ha MeXaHUYeCKUe U TeXHOJOTNYECKe XapaKTePUCTUKHY CIJIaBa.

OduarpaMMy COCTOSHUSA CIIJIABOB CHCTEMBI «JK€JIe30 — I[€MEHTUT»
HYKHO HAYUYUTHCA aHAJIU3UPOBATH IO OCHOBHBIM TOUKAM, TUHUAM, 3HATH
ycJI0BUA 00pa30BaHUS M CYIIIeCTBOBAHUA PABHOBECHBIX (Da3 CILJIABOB JKe-
Jie3a ¢ pasJIMYHBIM COAEpPKaHMeM yIyiepofa U uX cBoiicTBa. I[aa myure-
ro yCBOEHHsS OUArpaMMBbI I€JIecOO0pa3HO pacCMaTpPUBATh JIEBYIO YaCThb
IuarpaMMbl ¢ cofiepikanueM yriepozna mo 2% (o6sacTh cTajeit) u IpaByo
yacTh (06J1aCTh YyTryHOB). AHaIM3UPYIHTEe CHAUYAJIa IIEPBUYHYIO KPUCTAJI-
JIN3aINIO CILIABOB, a 3aTeM MePeXOAUTe K N3y UEeHUI0 BTOPUYHOM KPUCTAJI-
ausanuu. Heo6XoaquMo U3yUYUTh COCTaB, CTPOEHUE U YCJIOBUS 00pa3oBa-
HUSA BceX (Das U CTPYKTYPHBIX COCTABIAIONINX.
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4.1. 2Kenesoyeaepoducmole cnaabol u 0CHOBHbIe XAPAKMEPUCUKU Hee3d....

ITo anasoruu ¢ AMAarpaMMoil «Keje30 — IIeMEeHTUT» U3YUNTe CTAOUIIb-
HYIO IuarpaMMy «KeJie30 — rpadur» u ycJIoBuA 00pa3oBaHUSA CBOOOIHO-
ro rpadura B JKeJe30yIJIePOANCTHIX cIliaBaX. Halo oueHb YeTKO YACHUTD
TEOPETMUECKOe U IPAKTHUUECKOE 3HAUCHYE DTOU JUarpaMMBbI IIPYU YCTAHOB-
JIEHUU PEKUMOB TEPMUUYECKOI 06pabOTKHY JKeJIe30yIJIePOJUCTHIX CIIJIABOB
¥ HATPEBY CTaJIell Iiepel TopAYuei nX 00pabOTKOM faBJIEeHUEM.

4.1. XXEJIE3OVIJIEPOOVCTDBIE CITITABbI 1 OCHOBHBIE
XAPAKTEPUCTWKW XEJIE3A U YITIEPOOA

WKenesoyriaepoaucThie CIJIaBbl — CTAJIU U YYTYHBI — BasKHEHUINIE Me-
TaJIINUYEeCKUe CILJIaBbI, IPUMEHIeMble BO MHOI'MX OTPACJIAX IIPOMBIIIIIEH-
HocTu. VMlcxozs 13 3TOro, N3y YeHUIO CIJIaBOB Ha »KeJIe3HOI OCHOBe B Kypce
«MarepuaioBeieHTE» OTBOSUTCSA BeAyIIlee MecTo. B aTux criaBax OCHOB-
HBIMU KOMIIOHEHTaMU SABJISIOTCS JKeJje30, YIJIePO U COeANHEeHUA JKejesa
C YIJIEPOZOM.

JRene3o — cepebpUCTHIM MeTaJLI, IJIOTHOCTE 7,86 r/cm®, Temmepary-
pa niaBaenus 1539 °C. TexHUUeCKU UMCTOE Keje30 comep:kut 99,85 %
sxemesa u 0,15-0,2% npumeceii. Takoe Kejie30 Ha3LIBAIOT apPMKO-JKeJIe-
30 ¥ IPOUBBOLAT [JIA BJIEKTPOTEXHUUYECKUX IieJieii. AGCOSIOTHO YKUCTOTO
JKejie3a He CyIecTByeT. IIpOYHOCTH TEXHMUYECKOTO Keje3a COCTABJIAET
25 kr/mm?, naactuuHOCTD IOpAnKa 50 %.

B TBepAOM COCTOAHUU KeJIe30 HaXOAUTCA B ABYX MOAUMUKAIIUAX:
0-3KeJie30 CyIIecTByeT Ipu Temieparypax ot 1539 mo 1392 °C, ot 911 mxo
20 °C u y-:xeyie30 B mHTepBaJie TeMmuepatyp 911-1392 °C.

ITpu Tremmeparype 768 °C mpoucxXoauT MarHUTHOE IIpeBpalleHmne xKe-
Jjes3a: HUKe 9TOl TeMIepaTyphl JKejie30 MAarHUTHO, BBIIIIe — HEMarHUTHO.

Venepod — HeMeTamIWUYeCKWII 9JIE€MEHT C IJIOTHOCTBHIO IIOPAAKA
2,5 r/em3, remneparypa miaasiaenus 3500 °C. ¥Kemeso ¢ yriepomom obpa-
3yeT XxuMuuecKoe coefunenue Fe,C, HazbIBaeMOe IIEMEHTUTOM HJIU Kap-
oumoMm skesiesa u comepakainee 6,67 % yriepoza.

IJemenmum — oOueHb TBEPABLIA M XPYIKUHA (3a CUET COAEPIKAHUA
6,67% yraepoxa), HB > 800 xr/mm?. TeMmeparypa IJIaBJIeHNAA COCTABJIA-
et 1300-1600 °C B 32aBUCHMMOCTH OT IIPUCYTCTBHUS IIPHUMeceil TyromJaaBKuX
MeTaJLJIOB, TAKUX KaK XPOM, MOJIUOEH.

B 3aBMCUMOCTH OT COMEpPKAHUSA YIJIEPOoJa CILJIAaBbl HEJISATCS HA JBe
0oJIbIlIMe T'PYIIILI: CTAJNHN, cofgepakarnue a0 2,14% yraepona, U UyTryHbI,
cogepaxamue 2,14-6,67% yriepona.
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I'1aBa 4. Quazpamma cocmoanu yxe1e30y21epooucmoix cnaabos...

4.2. ®A3bI 1 CTPYKTYPHBIE COCTABJISIFOILINE
JKEJIE3OYTJIEPOOMCTDBIX CITJTABOB

IIpu B3auMomeiicTBUY 2Kejie3a ¢ yriaepoaoM o0pasyioTesa Takue (assl,
KaK XMMHUYEeCKOe COeJUHEeHNEe, TBEPble PACTBOPLI, MEXaHUUECKIEe CMECH,
IIPeICTaBJIAOINE COOO CTPYKTYPHBIE COCTABJIAIOIE. XUMUYECKUM CO-
eIMHEeHUEM BBICTyNAET IeMeHTHUT. K TBepAbIM pacTBOpaM OTHOCATCA dep-
pur, aycreHuT. Peppum — TBEPABII paCTBOD YIJIEPOA B 0-’KeJjie3e ¢ MaKCU-
MaJbHBIM pacTBopenueM yriepoza 0,02% . IlosTomy dheppuT mpeacraBis-
eT co00il MpaKTUYeCKU TeXHUYECKOE JKeJIe30 C BHICOKOI MJIaCTUYHOCTHIO
U HU3KOU IIPOYHOCTBHIO.

AycmeHum — TBepJbIIl PACTBOD yIJIepoa B y-’Kejle3e C MaKCUMaJb-
HBIM pacTBoOpeHueM yriiepoza 2,14% npu 1147 °C u 0,8% mpu 723 °C. IIpu
Temneparype Hu:Kke 723 °C aycTeHUT paciagaeTcs Ha (peppuT U IeMeHTHT.
AycTeHUT myacTUUeH, HO TBEPAOCTD €T0 BhIIIIE, UeM y (heppuTa.

K mexaHMuecKUM cMeCcAM OTHOCSTCSA MEePJIUT U JieAeOypuT.

Ilepium — 9TO 9BTEKTOUJ , COCTOAIIUM U3 ABYX (a3 deppura u Iie-
MEHTHUTA.

Jledebypum — 3TO HBTEKTUKA", COCTOAIAS U3 AyCTEHUTA U [[eMEeHTUTA
B quamasoHe Temneparyp 1147-723 °C u us cMecu mepIuTa U IEMEHTUTA
npu Temneparype ke 723° C.

I'pagpum — cBOOOIHO BBHIJEJIUBIINIICA YIJIEPOM, B CILJIaBax C COJep-
skaumeM yriepoza cseimie 2,14%. I'padur mmeeT CIOMCTOE CTPOEHUE,
o6saaeT HU3KOI MPOYHOCTHIO, BHICOKOI 3JIEKTPOIPOBOAHOCTHIO U TeTl-
JIOIPOBOIHOCTHIO, & TAKIKe CIIOCOOHOCTHIO racuTh Bubpamuu. B uyrynax
IPUCYTCTBYET B BUE BKJIIOUEHUN pasanuHoii (popMmbl. CTaau 1 4YyTyHBI
KpoMe KeJjie3a U YIJIEPOJA UMEIOT TaK Ha3blBaeMble IIOCTOAHHBIE TPUMe-
cu: MapraHell, KpeMHU, cepa, ocdop, a TakKe rasbl — KUCJIOPOX, a30T,
BOZOPOI U AD.

VYriepon MOBBIMIAET IIPOYHOCTH U TBEPAOCTH, KPEeMHUI M Mapra-
HeIl — IoJIe3Hble IpuMecu, ocdop u cepa — BpegHbie. @oc(op BbI3LIBA-
€T XJaJHOJIOMKOCTh CTaJIH, a cepa KPaCHOJIOMKOCTD (TOPSAYEJIOMKOCTB).
Kucaoposa, a3oT, BOZOPOL OTPUIIATEILHO BINUSIOT Ha CBOMCTBA CTaJe.
dochop yMeHBIIAET IJIACTUYHOCTH CTaJM, YBEJIUUYUBAET €e CKJIOH-
HOCTBb K 00pa3s0BaHMIO TPEIIUH IPU HUBKUX TeMIeparypax. Cepa cHuU-
JKaeT yoapHYIo BASKOCTh, IIJTaCTUYHOCTD, CBAPUBAEMOCTh I KOPPO3UOH-
HYIO CTOMKOCTb.

CwMm. maiee.
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4.3. [luazpamma cocmoanus «xKeae3o - yeMeHmum»

4.3. AATPAMMA COCTOSHWMS «KEJIE3O - IIEMEHTUT»

OCHOBBI ATarpaMMBbI «¥Keje30 — yriaepon» 3auoxuia [I.K. YepHos, or-
KPBIBINIUI KPpUTHUUYECKNE TOUKY (ha30BBIX ITPEeBPAIeHN, UX 3aBUCUMOCThb
OT COZEP:KaHUA YIJIepofa U IPeAyrafaB B3aUMOCBA3h CTPYKTYPHBIX W3-
MEeHEeHUI CO CBOICTBAMU CTaJIN.

3HaHVe JUarpaMMBbI «)KeJIe30 — YIJIEpOA» HeoOXOZUMMO [JId ITOHMMA-
HUS CYITHOCTHU BCEX IPEeBPAIleHU T, TPOUCXOMAINNX B JKeJIe30yTIIePoIiC-
TBHIX CILIABAX IIPU HAaTr'PEBe U OXJIAKICHNN.

IIpeBpairieHne u3 :KUIKOTO COCTOSHUS B TBepHoe (IIepBUUYHAA KpUC-
Tannusanusa) npoucxonurt mno suauu AC/J (puc. 20). Jluana AC/] — TukBu-
nyc, a tuaus AECF — conunyc. @opMa 3TUX JUHUN IIOKa3LIBAeT, UTO IIie-
pen HaMU CJIOJKHAsA AuarpaMMa, IpPeaCTaBIA0IIasa coueTaHue JuarpaMm
tuna II (or Touku A 1o Touku E) u guarpamma I tuna (ot Touku E 10 TOUKu
F). Ilo auanu AC 13 KUAKOTO paciljlaBa HaUMHAIOT BHIIAJATh KPUCTAJI-
JIBI TBEPJZIOTO PACTBOpA yIJIepoJa B Y-’Kejie3e, Ha3bIBAEMOI'0 ayCTEHUTOM
(mo nmenu Y. PobepTca-AycreHa — aHIIUHCKOTO MeTasrypra). Ilo suanm
CJ] u3 XUAKOTO pacljiaBa BBINIAJAIOT KPUCTAJJIBI IeMeHTUTa. B TouKe
C upu comep:xkauuu 4,3% yriaepona u remueparype 1130 °C npoucxogur
OTHOBPEMEHHO KPHCTAJNIN3AaIINA ayCTeHUTa U IeMEeHTHUTa, U 00pasyercsa
UX MeXaHNYeCKas CMeCh — 9BTEeKTHKA, Ha3blBaeMas B 9TOH CHUCTEMe Jie/e-
oyputom (mo umenu A. Jlemebypa — HEMEIIKOTO MeTaaaypra). Jlegedypur
IIPUCYTCTBYET BO BCEX CIIJIaBax, comep:kaIiux ot 2,14 1o 6,67% yruepoaa.
ATH CILJIaBBI OTHOCATCS K rpyIle uyryHoB. Touka E cOOTBETCTBYeT IIpe-
IeJbHOMY HAaCBHIIIIEHUIO JKeJsiesa yriaeponoMm (2,14%). ComaBel, JeKaliue
JieBee 9TOI TOUKY, OTHOCATCA K I'PYIIIIe cTaje.

IIpeBpailieHusi B TBEPAOM COCTOAHUU (BTOPUYHAA KPUCTAIIUIAIIVA)
IpouCXOAAT pu TeMneparypax Breimie 723 °C. Jluauu GSE, PSK u GPQ
TIOKAa3BIBAIOT, UTO B CILJIABAX CUCTEMBI B TBEPAOM COCTOSIHUU IIPOUCKXOLAT
U3MEHEHUA CTPYKTYPHI. OTU IPEBPAIIeHNA IPOUCXONAT BCIEACTBYE IIepe-
Xoza JKejesa u3 OLHON Mogu(UKAIINY B IPYTYIO, 4 TAKIKe B CBA3U C U3Me-
HEeHMEeM PACcTBOPMMOCTH yTJjepojma B skeiese. IIpy oxJaKIeHUU CILIaBOB
ayCTEeHUT pacliaflaeTcs C BulgesieHueM 1o Juuanu GS (peppura — TBEPIOro
pacTBopa yriepoja B o-KeJiese, a o JUHUU SE — BTOPUYHOrO IIeMEeHTHUTA.
B Touke S mpu cogepsxanuu 0,8% yriaepoxa u npu temneparype 723 °C
BeCh ayCTEHUT PaCIafaeTcs W OTHOBPEMEHHO KPUCTALIN3YeTCS MeXaHu-
yecKasa cMech heppuTa M IIeMEHTHUTA — SBTeKTOus (T.e. MOZOOHBIH SBTEK-
THKe), KOTOPBII B 3TOMH crucTeMe HasbIBaeTcs nepautoMm. Crajb, comepska-
masa 0,8 % yriepozna, HasbIBaeTCA 9BTeKTOUIHOI, Meree 0,8% — mo9BTeK-
TougHOMH, oT 0,8 10 2,14 % C — 3a3BTEeKTOMHOIM.
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I'1aBa 4. Quazpamma cocmoanu yxe1e30y21epooucmoix cnaabos...

Yyryusl ¢ comep:kaHueM yriepomaa 1m0 4,3% Ha3bIBAIOTCA HOIBTEK-
TUYECKUMHU, POBHO 4,3% — 5BTEKTUUYECKUMU, CBEIIE 4,3% — 3a9BTEKTHU-
yeckuMu. [Jig 4yryHOB o0pasoBaHme IIeMEeHTHUTa — CBUAETEeIbCTBO MeTa-
CTAOMJILHOI'O PABHOBECHS, T.€. HEYCTOMUNBOE, IIPU OYEHDL MEJJIEHHOM OX-
JAKIEHUY OOJIKHA IPOMCXOAUTDL rpadurmsanus (pacmaj IeMeHTHTa).
Ha guarpamme «xeje30 — yrjiepoa» MYHKTUPOM HAHECEHbI JUHUU BBIJe-
JieHus rpad)uTa, a CILIOIIHON — IleMeHTHUTa. JlruarpaMmMa COCTOSTHUS «JKe-
Jie30 — yIJIepo» SABJsSETCA CTabuIbHOU (paBHOBecHOM). Ilo Hell mayuaior
cephle UYr'yHbBI, CTPYKTYPHBIM IIPU3HAKOM KOTOPBIX SBJISIETCS HaJUUNe
rpacgura, BeIgeaA0IIeroca Ha (heppUuTHOI OCHOBE.
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Puc. 20. [lnarpamMmma cocToAHUA «Kene3o — nemeHTuT» (Fe,C)

4.4. TVIATPAMMA COCTOMHMS «KEJIE30O - TPA®UT»

JuarpaMMa COCTOAHUS «¥Kejie30 — rpadur» orobparkaeT CcTabUIIb-
Hoe paBHOBecue (as3. B cTabuibHOM cucTeMe IPU TeMIlepaTypax, COOT-
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4.3. [luazpamma cocmoanus «xKeae3o - yeMeHmum»

BercTBylomux jguaum C’J[°, Kpucraaamsyercda rpadur, HasbIBaeMbIH
nepBuuHbiM. Ha yuacTke AC’ JTUHUN JUKBUAYC MPU KPUCTAJIINIAIIUN
BeIZleIAETCA aycTeHUT. Ilpu TemmepaType, COOTBETCTBYIOIIEH JWHUU
E’C’F’, obpasyeTcsa cMeCh, COCTOSAIIaA 13 IpauTa U aycTeHnTa, Ha3bIBa-
eMada rpadUTHOI 9BTEeKTUKOH. JIlunua S’E’, xapaKTepusyoIiasa pacTBo-
PUMOCTH YIJIEpOa B ayCTeHUTE, MOKA3bIBAET, UTO C MOHUIKEHIEeM TeMIIe-
paTyphl pPaCTBOPUMOCTD YIJIEPOJa CHUIKAETCA U U3 ayCTeHNUTa HAUNHAEeT
BBIZIEIATHCS CBOOOAHBIIN yriiepos — BTOPUUHBIH rpadurt. IIpu Temmepa-
Type, coorBeTcTByIoiell muauu P’S’K’, aycrenur, comepsxarmuit 0,7%
yriepozna (Touka S’), pacmagaercsa Ha Gepputr u rpadur, obpasya rpa-
(GUTHBI 5BTEKTOU/.

Ecau npu 3BTEKTHUECKOHM KPUCTAJIIUBAIINY BBIAEJIAETCA TOJIbKO I'Pa-
¢uT, TO YYryH HA3LIBAGTCA CEPHIM IIO I[BETY M3JI0MAa, €CJIU BBIAEIACTCS
rpauT U IEeMEeHTHUT, TO YYT'YH HA3bIBaeTCA MOJOBUHYATELIM, a4 €CJIU TOJb-
KO IIEMEeHTHUT — 0eJIbIM, II0 I[BeTY U3JI0Ma.

IIporecc rpaduTH3aINM COCTOUT 13 TPEX CTAAUNA: IePBUUYHOMA — KOTr-
Ia rpad@uT BeIAEIAETCA U3 KUAKOHN (asbl 1 B pedysbTaTe pacmaja Imep-
BUYHOTO U 9BTEKTHUYECKOTO IIeMEHTUTa Ha ayCTeHUT U rpadur; mpome-
JKYTOUYHOM — Koraa rpauT (BTOPUUHBIH) BLIAEIIEeTCSI U3 ayCTeHnTa; BTO-
puuHOIT — Korma rpaduT BbIJeJAeTCsA IPU paciiajie IleMeHTHUTa Ha rpaduTt
u (peppur.

OcHoBHas Macca rpaduTa B cepblIX UyryHax o0pasyeTcsA B IIEPUO/T IIep-
BOI cTaguu rpaduranuu. B 3aBUCUMOCTHY OT KOHIIEHTPAIIUU yTepoaa B
CILIaBe UYTYHBI MOAPABAEIAIOTCA Ha JOIBTEKTHMUECKNE CO CTPYKTYPOM
IIEPJIUT + IeMEHTUT, 9BTEKTUYECKNE COCTOAT U3 JieieOypuTa, 3a3BTeKTH-
YyecKue UMEIOT CTPYKTYPY JIeAeOyPUuT + IeMeHTHUT.

Jdurarpamma COCTOSTHUSA «iKeje30 — rpaduT» MO3BOJISIET U3YUUTH Ha-
JUYVe TeX WJIU WHBIX (a3 ¥ CTPYKTYPHBIX COCTABJIAIOIIUX B CIIJIaBe B
3aBUCUMOCTHY OT KOHIIEHTPAIMU KOMIIOHEHTOB M TeMIepaTyphl CIJIaBa
(puc. 21). 9ta fTmarpaMMa UMeeT He TOJbKO TeopeThudyecKoe, HO U IPaKTH-
yeckoe 3Hauenme. I1o Hell MOKHO OIIPeNeSINTh TeMIepaTypPHbIe PeKUMbI
IPY PA3JINYHBIX BUAAX TEPMUUYECKON 00pab0OTKY, TeMIIepaTyphbl HauaJIa u
KOHIIa 3aJIMBKU MeTaJjlja B JuTeiiHble (hOPMBI, ITOJIyUaTh NH(GOPMAIIUIO O
CBOMCTBAaX CIIJIABOB, TAK KaK BCE OHU OIPEAEeJSIIOTCA CTPYKTYPOI (BHYT-
PEHHUM CTPOEHUEM) CILJIaBa.
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Puc. 21. [luarpaMmma cocTOAHUSA «Kee30 — rpadur» (Fe—C)

HOBBIE ITIOHITUA

TexHUYECKHU YMCTOE JKeJie30 (APMKO-KeJes0).
IemenTur (kapbuy :xemesa).

deppurt, ayCTEHUT, IIEPJIUT, JeneOypuT, rpadur.
JuarpamMmMa COCTOSHUA «¥KeJe30 — IIeMeHTHUT».
JuarpamMma coCTOAHUA «Keje30 — rpadut».
ITepBuuHLIil, BTOpUYHBIH rpadur.
ITosoBuHYATHIN UYTYH.

IIporiecc rpaduTmsanuu.

BOITPOCBI OJI51 CAMOITIOOTIOTOBKM

. HasoBure CTPYKTYPHBIE€ COCTABJIAIOIINE KEJI€30YIVIEPOAUCTHBIX CILJIa-

BOB.

. Iloxaskure Ha auarpamMme «xejie3o — IIeMEeHTUT» JUHNU JIUKBUaAyca 1

cosmayca.

. JlaiiTe ompezesieHre CTPYKTYP ayCTeHUTA U JiefeOypura.



TecinoBulit KOHMpPOAL 3SHAHUIL

10.

11.

1.

VraKkuTe comep:KaHme yIyiepoia B IeMEHTHUTeE, IePIUTe U Jeaedypu-
Te.

Kaxkoe maxcuMaJbHOE KOJIUYECTBO YIJIEPOLA MOXKET PACTBOPUTHCA B
ayCTeHHUTe U IIPpU KaKoi TeMiiepaType?

B uem pasimure MeKIy TeXHUUYECKUM JKeJIe30M, CTAJIbI0 U UyT'yHOM
o cocTaBy?

B uem pasiauune MeKAY IUATPAMMAMU «KeJIe30 — [EMEHTUT» U «Ke-
Je30 — rpauT»?

VKaKkuTe Ha AuarpamMme «KeJjezo — rpaduT» JUHUU, 110 KOTOPHIM
KPHCTAJJIN3YeTCA IEePBUYHBINM M BTOPUYHBIHN rpadur.

O0bACHUTEe 3HAUeHMe TopU3oHTaabHON Junuu PSK Ha guarpaMme
«KeJe30 — IeMEHTUT».

Kakas cTpyKTypa cTajau ¢ comepskaunueMm yriepozna 0,8% 6ymer mpu
KOMHATHOH TeMneparype?

Kakas cTpyKTypa 4yryHa ¢ comep:xkaHueM yriepoga 5% Oyner mpu
remieparype 800 °C na nuarpamme Fe—C?

TECTOBBIV KOHTPOJIb 3HAHUM

Cpenu CTPYKTYP *KeIe30yIJIEPOANCTEIX CILIaBOB HANOOJIBIIIEH TBEPAO-

CTBIO 00JIaJaI0T:

2.

a) JemeOypur;

0) IIeMEHTHT;

B) IIEPJINT;

r) (eppur.

Cpeau CTPYKTYP Kesie30yTIePOAMCTBIX CIIJIABOB HaMOOJBIIEH Iiac-

THUYHOCTBLIO 00JIaJaI0T:

3.

a) JemeOypuT;

0) IIeMEHTHUT;

B) TIEPJINUT;

r) deppur.

VrakuTe Ha quarpaMMe «KeJje3o — rpadguT» TeMIepaTypy, IPu KOTO-

pOI;'I JKeJie30 CTAHOBUTCA HEMarHnuTHO:

4.

a) 911 °C;

6) 1392 °C;

B) 768 °C;

r) 723 °C.

B cTpyKType CILTIaBOB MeTACTaOUJIBHON AUArpPaMMbl YKAKUTE XUMU-

YeCKue coeJuHeHnud:

a) deppur;
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0) IIEeMEHTUT;
B) JemeOypur;
T) IEepJIuT.
5. B cTpyKType CILJIaBOB AuarpaMMBbl «KeJjie30 — IIEMEHTUT» YKaKuUTe
MexXaHUYeCKre CMEeCH:
a) (eppur;
0) IIeMEHTUT;
B) JeneOypur;
I) IIEepPJInT.
6. B cTPpYKType CILJIaBOB AMArpaMMBbl «KejJe30 — IEeMEHTUT» YKasKuTe
TBepAble PACTBOPHIL:
a) (eppurt;
0) IIEeMEHTHUT;
B) Jeme0ypur;
T) ayCTEeHUT.
7. Ha guarpamMme «Kejie30 — IEMEHTUT» YKaKUTE CTPYKTYPY CTaJU C
comep:xanuem yriepozna 0,4% mnpu KOMHATHO# TemIieparype.
a) (eppur;
0) mepJuT;
B) (heppurT + mepaut;
I) IIEMEHTHUT + Gheppur.
8. 9BTeKkTOoMAHAaA craab coctouT u3 100% mnepaura. CKOJIBKO mepJuTa
OyzZeT B CTPYKType cTaiu ¢ cogep:xkanuem 0, 2 % yriaepoga?
a) 0%;
0) 25%;
B) 500/0;
r) 75%.
9. ITo fumarpamMme «Kejie30 — IIEMEHTUT» YKaKUTe CTPYKTYPY 9BTEKTHU-
YeCcKOT0 UyTryHa:
a) mepJauT + Jemedypur;
0) n1emeOypuT + MEeMEeHTHUT ITePBUYHBI;
B) JenebOypur;
I) OepPJUT + Jeae0ypuT + eMEeHTHUT BTOPUUHBINA.
10. Ha gumarpamme «KeJjie3o — IIEMEHTUT» MeTacTabuJIbHas (hasa meMeH-
TUT IIPU ONpPeAeJIEHHBIX YCJIOBUAX MOJKET paclaJaThbCs Ha CJIeAyIoIie
CTPYKTYPBI:
a) (eppur u rpadur;
0) aycTeHUT u rpadur;
B) Geppur, rpa@uT 1 NepPJIUT;
T) mepaurt u rpadur.
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Memooduueckue pexomenoayuu

I'TTABA 5. TEPMUYECKAJ OBPABOTKA
METAJTJIOB 1 CIIJIABOB

METOOMYECKME PEKOMEHIAIIVN

TepMmuuecKas 00paboTKa ABJIACTCSA ONHUM U3 IIABHBIX CIIOCOOOB BJIN-
AHUSA Ha CTPOEHNUeE 1 CBoIicTBa ciIaBoB. CienyeT HaUaTh N3ydYaTh JaHHYIO
TJIaBY C IIOBTOPEHUS MaTepuaJjia II0 TeOPUHU CILJIaBOB, JUATPAMM COCTOS-
HUS CIIJIABOB CHCTEMBI «}KeJje30 — IIEMEeHTHUT» U «Kejae30 — rpadut». Oco-
0oe BHUMAaHUE IPU U3YUYEHUN TeOPETUUECKUX OCHOB TePMOOOPaboOTKM 00-
paTHUTh Ha IpeBpallleHre IePJUTa B ayCTeHUT IIPU HAarpeBe cTajieil u mpu
OXJIAXKIEHUU aycTeHuTa. JKeraTe IbHO IIPU CaMOCTOSTEILHOM IIOAIOTOBKE
paccMoTpeTh AuarpaMMy U30TEPMUYECKOTO IIPEBPAIIeHU S ayCTeHUTA s
9BTEKTOUIHON CTAJIHU.

ObpaTtuTre ocoboe BHIMaHMNEe HA OAUWH M3 BaKHEHUIIIUX BUIOB TEPMO-
00paboTku — 3akaJaKy. OCHOBHLIMH BOIIPOCAMHU 3I€Ch SIBJIAIOTCA: BHIOOD
TeMIIepaTyphbl 3aKaJKK, BpeMs BBLIAEP/KKHU, CKOPOCTH Harpesa M OXJiaK-
IeHunsd, IPOKAJINBAeMOCTDb 1 3aKaJMBAEMOCTh. YIeJINTe BHUMAaHNe IPaK-
THUKe MoBepxHocTHOI 3akanxku TBY, o6paboTke xosmogoM. ITosHaKOMbTECH
¥ C APYTUMMY BUAAMU TEPMUUECKOH 00pabOTKY, TAKUMHU KaK OTKUT, HOP-
MaJu3alusd, OTIYCK, CTapeHue, U MeJAMA UX IPUMEeHEeHU .

Heo6xogumo nuMeTh IIOHATHE 00 060PYAOBAHUH AJIS TEPMUUECKOIT 00-
paboTKU ¥ KOHTPOJILHO-U3MEPUTEIbHBLIX IPUOOpPaX, a TaKKe 0 gedeKrax
¥ Mepax UX IMpeayIpeKIeHu .

Byaymuit yunTesb TEXHOJOTUU [NOJKEH YMEeTh palluoOHaJbHO WC-
TOJb30BaTh CBOU TeOpeTUUYecKre 3HAHUA B IPAKTUUECKOHN MeATeTbHOCTH
B IIIKOJIe (3aKaJKa 1 OTIIYCK CJIeCAPHBIX MHCTPYMEHTOB — 3yOuja, MOJIOT-
Ka, KepHa, YePTUJIKYU U APYTUX AeTaje).

5.1. PIBMYECKASI CYIIIHOCTb M HASHAYEHWUE
TEPMWYECKOM OBPABOTKUA

TepMmuuecKoii 00pabOTKOII HAa3LIBAETCS COBOKYIIHOCTH OIEpaIliii Ha-
I'PeBa, BBIAECPHKKHU 1 OXJIAKACHNUA METAJIJIOB U CIIJIABOB C I1EJIBIO IIOJIYUeHN A
3a/laHHBIX CBOMCTB 3a CUeT U3MeHeHNA BHyTPeHHero cTpoeHus. Tepmuuec-
Kas 06paboTKa MCIOoIb3yeTCsI B KauecTBe IMPOMEXKYTOUHOM oIlepaIu s
yIIydIneHus o0padaTbIBaeMOCTH JaBJIEHUEM, Pe3aHUEM U KaK OKOHYATE Ib-
Had ollepaIus TeXHOJOTMUECKOTO IIPoIecca, o0eceunBaloias 3aJaHHbIH
YPOBeHb (PUBUKO-MeXaHNYECKNX CBOMCTB KOHKPETHON JIeTaIn.
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TpyaHO IepeolieHnTh 3HAUeHNe TePMUUEeCKOoi 00paboTKY B COBPEMEH-
HOI MalTMHHOI TeXHUKe, OCHOBAHHOI Ha MCIIOJIb30BAHUN Pa3INYHBIX MeE-
TAJJINYECKUX CILJIABOB.

OcHoBHBIE (aKTOPHI BO3AEHMCTBUA IIPU TEPMUUECKOH 006paboTKe —
9TO TeMIlepaTypa U BpeMs, II0O9TOMY PEXUM JII000H TepMUUECKOi obpa-
0OTKM MOJKHO NPEACTAaBUTh I'pa@MUKOM B KOOpPAMHATAX «TeMIepaTypa
(t) — Bpem4a (T)».

Temnepamypa

e e

Bpema T —e

Puc. 22. I'pauk perxuma TepMUUIECKOH 00paboTKY

PexxuMm TepmMo0o6GpabOTKM XapaKTepU3yeT CJIeAYIOIIre OCHOBHEIE IIa-
paMeTphI: TeMIlepaTypa Harpesa ¢, BDeMA BBIICPIKKHU CILIaBa IIPU TeM-
Ieparype Harpesa T , CKOPOCTb HarpeBa v, ¥ CKOPOCTB OXJIANAEHUA U, .
Ecau Harpes mpousBOIUTCA C IMOCTOSIHHOM CKOPOCTBIO, TO 3TO B KOOP/IH-
HaTax «TeMIIepaTypa — BpeMs» XapaKTepuayeTcs IPAMOIi JUHUEH ¢ moc-
TOAHHBIM YIJIOM HakJoOHa. IIpu HepaBHOMEPHOII CKOPOCTHU Harpesa (UJIu
OXJIAJKIEHMA) HAa IPaKTUKe OEPUPYIOT 3HaUeHNEeM CpeJHell CKOPOCTH OX-
JaykaeHudA (Harpesa), Iie Vsarp = bmax / Taarp 2 Voxn op — bmax / To

OcHOBHOI 3aJjauelil TEPMUUECKOI 00Pab0TKU ABJSETCA TEIIJIOBOE BO3-
JelicTBUE Ha MeTaJlJ B IeJIAX M3MEeHEeHUs CTPOCHUS, a CJAeJ0BaTeJIbHO, 1
csBoiicTB. Cienyer o0paTuUTh BHUMAHNE HA OTJIHNYNE TEPMOOOPAOOTKU OT
IPYTUX CIIOCOGOB BO3EMCTBUSA HA METAaJLJI, COCTOSIIee B TOM, UTO IIPU TeP-
MUUYECKoi o6paboTKe popMa U pasMepbl U3JeJINH, a TaKKe XUMUUECKUIA
COCTAaB CTaJI OCTAIOTCS Hen3MeHHLIMU. C ITOMOIIbI0 TePMOOOPABOTKY TIO-
BBITIIAIOTCA HAEKHOCTb M CPOK CJYKOBI JeTajieii MalliuH 1 WHCTPYMeH-
TOB, pacimupserca 00JacTb MPUMEHEHUA PAa3JUYHBIX CTajiell (IIOBBIIIA-
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5.2. OcnoBHble cmpyKkmypHovle npeBpaujeHus npu HazpeBanuu 1 0XAaK0eHUY cmaiy

IOTCA TaKue HeoOXOAMMbIE CBOIICTBA, KaK TBEPJOCTH, IPOYHOCTDH, U3HOCO-
CTOMKOCTbH, YIIPYTOCTH).

TepMmuueckas o0paboTka mpHUMeHsSJIach C JaBHUX BpeMeH, HO CYIII-
HOCTb U3MEHEeHUI, IIPOUCXOAAIINX IIPU HAaTpeBe 1 OXJIaKJeHUU CIIJIaBOB,
U, cJIe0BaTeJbHO, YMEHIE YIPaBIATh, UMHU U HOJyUYaTh HYKHbIE Pe3yJIb-
TaThbl, OLIIN M3yUYeHbI cpaBHUTEILHO HemaBHO. [[.K. YepHoB 00HADPY KU
PAI U3MEHEHUH B CTAJIU IIPU ee OXJIAKJAEHUN U HarpeBaHUU, KOTOPbIe He
OBLIV 3aMeueHbl MeTaJLIypraMu a0 Hero. OH OTKDBLI ABa 3HAUYEHUS TEM-
Imeparypbl, KOTOPble OKAa3BhIBAJIM peIIalolee 3HAUEHWE Ha CTPOeHUE U
cBoiictBa crasu. [.K. UepHoB Ha3BaJj 3TU TeMIepaTypbl KPUTUYIECKUMU
TOYKaMH, KOTOPbIe 0003HaYa0TCA A, , A,. OfHA KDUTHYECKAA TOYKA COOT-
BETCTBOBAJIA TEMHO-BUIITHEBOMY KaJIeHUIO, T. e. 723 °C (Touka A)), a BTO-
pad — KpacHOMY KaJieHuIo (TeMIepaTypa IoHmKaeTca, HaunHasd ¢ 911 °C,
TouKa A,). Kpurnueckue TOUKM 3aBUCAT OT cojepxanusa yraepona. IToc-
JIeAyIOIe UCCIeNOBAHUA YUEHbIX HOATBEPAUIN CYIIIeCTBOBAHNE KPUTH-
YeCKUX TOUEK U IpeBpalleHuii B cTaau. IsMeHsasA TeMIepaTypy U IIPOoIoJI-
JKUTEJHLHOCTh HAarpeBa, TEMIEPATYPY U IPOJOIKUTEIHHOCTD BBITEPIKKYU
¥ CKOPOCTH OXJIAMKIEHUA, MOYKHO COOOIITUTH CTAJIN OJHOTO U TOTO JKe XU-
MHUYECKOT'0 COCTaBa caMble padHooOpasHble cBoiicTBa. COBOKYIHOCTD 3TUX
YCJIOBUII HA3bIBAETCA PEKUMOM TepMuuecKoir o0paboTrku. OCHOBOU AJis
pa3paboTKM TaKUX PEKUMOB CHYKUT KJacCUUYecKasd AumarpaMma «KeJe-
30 — YIJIEPOX».

5.2. OCHOBHBIE CTPYKTYPHBIE ITPEBPAIITEHV
ITPV1 HATPEBAHUW U1 OXJTAKIEHUN CTAJIN

s crameil XxapaKTepHBI CJIeAYIONIe CTPYKTYPhI: AJIA JOIBTEKTOU -
HBIX — )ePPUT + MEPJIUT, AJIA d9BTEKTOUIHBIX — IEPJUT U IJIA 3a9BTEKTO-
UIOHBIX — mepyut + nemeHTut. I[Ipu Harpese Boime 723 °C (muana PSK Ha
IuarpaMMe «»KeJieso —yIJIepo/») J09BTEKTOUIHbIE CTaIA UMEIOT CTPYKTY-
Py aycTeHUuT + (eppuT, 9BTEKTOUIHbIe UMEIOT ayCTeHUTHYIO CTPYKTYDY,
3a9BTEKTOUAHBIE — QYCTEHUT + IIEMEHTHUT.

IIpu HarpeBe JOSBTEKTOUIHBIX CTAJIEN BBIIIE TEMIEPATYD, OTIOMKEH-
HBIX Ha JuHuUU GS, U 3a9BTEKTOUAHBIX BBIIIe TEMIIEPATYD, OTIOMKEHHBIX
Ha JquHuu SE, UX CTPYKTypa CTAHOBUTCS YHCTO aycTeHuUTHOI. CiaemoBa-
TeJILHO, BCE CTPYKTYPHBIE COCTABJAIOINNE — (DEPPUT, TEPJUT U IIEMEH-
TUT — B IIPOIlecCe HarpeBa IPEeBPAIIAIOTCA B ayCTEHUT.

IIpu TepMuyecKoit 06paboTKe cTaM, KOTOpasA COIPOBOKIAETCA Ha-
TPEBOM U OXJIAKJICHUEM, PA3INYAIOT YeTHIPE OCHOBHBIX IIPEBPAIIEHUA:
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1) mpu Harpese HepPJIKUTa B ayCTEHUT;

2) Tpu OXJIaXKIeHUU ayCTEHUTA B IIEPJINT;

3) mpu OXJIaXKIEeHUU ayCTEHUTAa B MAPTEHCUT;

4) MapTeHCHUTAa B IEePJIUTHLIE CTPYKTYPLI (COPOUT, TPOOCTHUT).

IIpeBpaliienue mepjauTa B ayCTEHUT IIPOUCXOAUT IIPU TeMIEpaType
723 °C, ueM BEBIIIE TEMIIEPATYPa, TeM ObICTPEe UIET IpeBpallleHue.

IIpu oxmaskpenuu B nuTepBase Temneparyp (700—650 °C) obpasyer-
cs nepaut. Ilpu yBesnueHny IepeoxIaKIeHUsA PACTeT AUCIEPHOCTD IIPO-
IYKTOB IpeBpailieHna aycTreHuTta. IIpu tremmeparypax 600—-650 °C obpa-
3yerca copbur, a mpu 550—-600 °C — TpoocTur.

CrpyKTypa copbuT Ha3BaHa B yecTb aHramiickoro yuenoro I K. Cop-
6m, a TpoocTHUT o MMeHU paHITy3cKkoro xumMmuka JL.JK. Tpycra. IIpu 60715-
110it ckopoctu oxaaskaerus no 200 °C/c o6pasyeTcsa MapTEHCUT — IIePeChI-
IIeHHBIN TBEPABIN PacTBOP BHEAPEHUA YIJIEPOAA B a-3Keje30. MapTeHCUT
UMeeT Ty sKe KOHIIEHTPAIIUIO YIJIEPOAa, YTO U ayCTEHUT, BHICOKYIO TBEp-
IOCTBb U XPYIKOCTS (puc. 23).

Ilpu marpeBe 3akajieHHOW CTAJU C MApPTEHCUTHON CTPYKTYPOH OO
400 °C obpasyeTcs CTPYKTYypa TPOOCTHUTa, a mpu Harpese 10 600 °C obpa-
3yeTcs CTPYKTypa copOmUTa OTIyCKA.

OTiimume TPOOCTUTA OT COPOUTA, IOy UaeMbIX IPH PACIIA/e ayCTeHUTA
OT pacIiajia MapTeHCcHuTa, B (hopme 3epHa neMmeHTuTa. CTPyKTypa MapTeH-
CUT IIOJIy4YmMJja Ha3BaHUeE B YeCTh HEMEITKOro MeTasioBena A. Maprenca.

t °C AycmeHum

v XYY/
LT PPERAEXLS

Ar

n C T m Voxn.
0010 40-50 60-80 ~180 2pad/c

Puc. 23. Biimsanne CKOPOCTH OXJIAXKAEHUA Ha CTPYKTYpY craau: I1 — nepaut, C — copbur,
T — Tpooctut, M — MapTEeHCUT
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5.3. Budvt mepmuueckoil 0bpabomxu cmaiu

IIpeBpailieHne aycTEHNUTA B IIEPIUT MOKET IPOUCXOIUTE TOJBKO IIPU
rTemneparypax Hmxke 723 °C (amxe Toukm A ). 3aKOHOMEDPHOCTH 3TOTO
mmpoIecca XapaKTepusyeTcd AUarpaMMON M30TEPMUUYECKOrO IIpeBparlre-
HUA ayCTEHUTA, T.e. PACIAJOM ayCTEHUTA IIPU IIOCTOAHHON TeMIIepaType.
MapTreHcUuT ABaAeTCA OCHOBHOM CTPYKTYPOM 3aKaJIeHHOM CTaN, TaK KaK
OHAa 00JIaJlaeT BLICOKOM TBEpAOCThI0. MapTeHCUT B CTAJU €CTh IIepeHacChI-
IIeHHBII TBEPAbIIl PACTBOP YIJIEPOIA B O-3KeJie3e C TaKOil JKe KOHIIeHTpa-
muelt, Kaxk y ucxoguoro aycrenurta (2,14 %). Tak Kak pacTBOPUMOCTD yT-
Jnepona B a-(ase paBHa Bcero juirb 0,02 %, To MAPTEHCUT SIBJISIETCS IIepe-
HACBIIIIEHHBIM TBEPABIM PACTBOPOM.

MapTeHCUT OTJINYAETCs UTOJBYATHIM CTPOEHUEM U CIIOCOOEeH K caMo-
IIPOM3BOJIBHOMY pacmany (0COOeHHO IPU MOBHIIIIEHNN TEMIIEPATYPhI).

TpoocTuT ABIsETCA CMeChio (heppUTa U IIEMEHTUTA BeCbMa BBICOKOM
Pa3MeJIbYeHHOCTH. JTa CTPYKTYpPa MOJIyUYaeTca KaK IIPU OOJIBIIION CKOPO-
CTH OXJIAKJEHU CTAJIN, TaK U B pe3yJIbTaTe paciaia MapTeHCUTa IIPY Ha-
rpese go Temueparypsl 400—500 °C. TpoocTuT 061a1aeT MEHBITIEH TBEPIO-
CTBHIO U OOJIBITIEl BABKOCTHIO, YeM MapPTEHCHUT.

Copbur sBiaseTcsa MEJKOANCIEPCHOII cMechbio (heppuTa W I€MEHTH-
Ta. ATy CTPYKTYPY MOKHO IIOJydYaTh IPU OXJIAMKICHUU CTAJU UJIU B pe-
3yJbTaTe paclajia MapTeHCHTa IPU Harpese A0 TeMnepatypsl 550—650 °C.
CTpyKTypa copOUT II0 CBOeMYy PABHOBECHOMY COCTOSHUIO OJIM3Ka K MepJIu-
Ty, HO ©MeeT GOJIbIIIYIO CTeIIeHb Pa3apo0IeHHOCTH YacTuIl. Ero TBepaocTh
BBIIIIE TIEPJIUTHOM, OH 60JIee IJIaCTUUYEH U YIPYT.

5.3. BUIIbI TEPMUYECKOV OBPABOTKW CTAJIU

PazinuaroT Tpu OCHOBHBIX BUAA TEPMUUECKOMN 00paObOTKM METaJIJIOB:

— coOCTBEHHO TepMHUUecKass 00paboTKa (TOJIbKO TeMIepaTypHoe BO3-
IelicTBUeE HAa CILJIaBbI);

— XUMHUKO-TepMuueckas oO6paboTKa (IIpu HarpeBe MEHAETCS XUMU-
YeCKUH COCTaB B ITOBEPXHOCTHOM CJIO€ ZeTajieil 3a cueT HaCBLIIIEHUS ero
PasINUYHLIMYU XUMHUUYECKUMHU dJIeMeHTaMN);

— TepMoMexaHHYecKasa o6paboTKa CILIaBOB (IPKX KOTOPOII MEeHSIETCs
CTPYKTYpAa 3a CUeT TeMIIepaTypPHOro 1 1e)oOpMaIliOHHOT0 BO3AeHCTBU ).

PaccMoTpuM COGCTBEHHO TEPMUUECKYI0 00PabOTKY 1 ee BUIEI.

B zaBuCHMMOCTHU OT TeMIIepaTyphbl HarpPeBaHUS W YCJIOBUM OXJIaKIe-
HUSA PasandaioT cJaeIyIolne BUABI TEPMUYECKO 06paboTKM: OTKUT, HOP-
MaJus3alusd, 3aKajlKa, OTIYCK.

Omocue cTaay COCTOUT M3 ee HArpeBa [0 OIpeaesIeHHOI TeMIepary-
DBI, BBIZEP/KKY BO BpeMEHH IIPHU ATOM TeMIlepaType 1 IIOCJeAYIOIIero MeI-
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JIEHHOTO OXJIaKAEHUs BMecTe ¢ meuybio. OT'KUT pasfgesseTcs Ha OTIKUT
IIEPBOT'O ¥ BTOPOTO Poja.

Omorcue nepsozo poda — TIPUBeIeHNE CTPYKTYPLI U3 HePaBHOBECHOTO
cocTosAHUsA B Oojiee paBHOBecHOe (BO3BPAT, PEKPUCTAJJIN3AIUS, OTIKUT
IJIsl CHATUS BHYTPEHHUX HANPsKeHu, nudHy3UOHHBIA OTKUT, UJIA I'O-
MOTEeHM3aIINA).

Omorcue 6mopozo poda — nU3MeHeHEe CTPYKTYPHI CIIJIaBa IIOCPEACTBOM
MEPEKPUCTATIIN3AIUYA OKOJI0 KPUTHUUECKUX TOUEK B IENAX IIOJYUEHU
PaBHOBECHBIX CTPYKTYP. K OT:KUTY BTOPOro poja OTHOCUTCSA HMOJHBIH, He-
TOJIHBIN ¥ U30TEPMUYECCKUHN OTKUTH.

Omuarcue I poda. Bosepam (omodvix) cmanu — Harpes xo 200—400 °C,
1A YMEHBIIIeHUA VJIV CHATHUA HaKJIella IIPY IJIaCTUUYEeCKOH gedopmarium.

Pexpucmannu3ayuonrblii. omicuz ITPOUCXOAUT IIPU TeMIlepaTypax
500-550 °C u mpegHasHaueH AJIA CHATAS HAKJIeIIa II0cJe XO0JOAHOM ILIac-
TuuecKoi gedopmamnuu. [Ipu sTux Temneparypax us AeOpMUPOBAHHBIX
3epeH BbIpACTaioT (00pPas3yroTcs) HOBbIE KPUCTAJIJINTHI, IIPUOJIMIKAIOIIIIE-
cA K PaBHOBECHBLIM, B Pe3yJbTaTe TBEPAOCTH CTAJM CHUKAETCS, a TjIac-
TUYHOCTDH YBEJIUUNBAETCA.

Omokcue Onsa CHAMUS BHYMPEHHUX HANPAHEHUT TTPOU3BOJUTCA IIPU
600-700 °C. OxJaakaeHue mocje BBIAEDP:KKU IPU 3aJaHHOU TeMIepary-
pe JOJKHO OBITh JOCTATOYHO MEIJIEHHBIM, TaK KaK B IIPOTUBHOM CJIydae
BHOBb BO3DAaCTaIOT BHYTPEHHIE HAIIPAIKEeHU .

Hupdysuonnstii omaucuz (uau 20mo0zeHU3ayUsA) OCYILIECTBIAECTCA IIPU
BbIcOKUX Temieparypax 1100—-1200 °C ¢ Beiaep:xkoii ot 10 1o 15 u u mpe-
Ha3HaAUeH I/ YCTPaHEeHUA XUMUUYECKONU HEOTHOPOMHOCTHU (JIMKBaIlUU),
oOpasoBaBIIelica IPU KPUCTALIN3AIUN CTAJIH.

Omaicuz II poda. IToanbiii omiuz TPUMEHSAIOT TIOCJIe TopsaYeii obpa-
OOTKM MeTAaJIJIOB faBjeHUEM (KOBKH, IIITAMIOBKH), a TAKKe AJIA JUTHA U3
YTJIE€POAUCTHIX U JIETUPOBAHHBIX cTaJjieii. OCHOBHOU €ro IIeJbi0 ABJISIET-
cd m3MeJsibueHMe 3epHa. [IoHBIN OTIKUT OCYIECTBISAETCA IIyTEM HarpeBa
cranu Ha 30—50 °C BhIme TOUKH A,, BBIIEPXKKH [IPU 9TON TeMIIepaType 1
TOCJIEeAYIOIIEero MeIJIEHHOT'0 OXJIaKIEeHUA BMECTE C IIeUbIo.

Henoanwtit omaxcuez noctruraercsa Harpesom craau Ha 30—50 °C BwIIre
TEMIIEPATyPBl TOYKU A, U He BBIIIE TEMIEPATyPhl TOUKHU A, BHIIEDIKKON
IIPU TOH TeMIepaType U MOCJeAYIONTNM MeIJIeHHBIM oxJakaenureMm. He-
TIOJTHOMY OTKUTY OOBIYHO ITOABEPTaiOT 3a9BTEKTONAHEIC MHCTPYMEHTAIb-
HBIE CTAJIU AJIS CHATUA BHYTPEHHUX HATPAMKEHUH, CO3LaHUI MEJIKO3ep-
HUCTOM CTPYKTYPbI, CHUKEHUA TBEPAOCTH U yIAYyUIIeHna UX o0padaThIBa-
€MOCTHU Pe3aHueM.
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Hsomepmuyeckuil omocuz B OTIINUNE OT IIOJHOTO OTIKIUTA 3aKJII0UAET-
¢ B TOM, UTO CTaJIb HATPeBaioT 10 TeMuepaTypsl Ha 30—50 °C BoIllle TOUKT
A,, BBIIED;KUBAIOT IIPH 9TOM TEMIIEPAaType, a 3aTeM OBICTPO OXJIaKAAI0T 10
TemIeparyps! Huske Touku A, (680—700 °C). ITpu sTolt Temueparype CTaab
TOIBEpPraeTcs BhIAEPIKKE 0 ITOJTHOTO pacliafia ayCTeHUTa Ha IIepJIuT, a 3a-
TeM ee OXJAaKIaloT Ha Bo3ayxe. OCHOBHOE IIPEMMYIIeCTBO N30TePMUUEC-
KOr'0 OTJKHTa COCTOUT B TOM, YTO OH IIO3BOJISIET COKPATUTH BPEMsSA U IIO-
BBICUTH ITPOU3BOAUTEIBHOCTE. Hampumep, 0OBIKHOBEHHBI OTKUT CTAJIEH
nautces 10—12 4, a usorepmuueckuii — 4—7 u.

Hopmaausayueil Ha3bpIBaeTcs omepalus Harpesa craju Ha 30—50 °C
BBIIIIE TOUKHU A, (14J1 KOHCTPYKIITUOHHOMN CTAIU UIU A — 1A HHCTPYMEH-
TaJbHOM CTAJIN) C BLIAEPIKKOMH IIPU STOI TeMIlepaType U IoCJIeqyIOIeM OX-
JaKJeHnu Ha Bozayxe. C IOMOIIBI0 HOPMAaJIU3AIlNY OJIYUYaloT MeJIKO3€ep-
HUCTYIO M OJHOPOIHYIO CTPYKTYPY. TBEPAOCTh U MPOYHOCTD CTAJIU TOCJIE
HOPMAaJU3aIluK BLIIIE, YeM II0CJIe OTIKUTA.

Takum 006pasomM, MOKHO YTBEPXKAATh, UTO HOPMAaJIU3AIUI IPEeICTaB-
JsieT co00¥M pPasHOBUAHOCTH OT:Kura. CKOPOCTH OXJIAMKIEHUA HECKOJIHKO
0oJIBIlIe, UeM IIPU OOBIUYHOM oT:Kure. OXJIakaeHne Ha BO3Ayxe, BHe IIeun,
CHHIKaeT SKOHOMUUYECKHe 3aTpaThl Ha TeEpMO0OpPaboTKY.

3axaaxka — 3TO TepMuUYecKasa o0paboTKa, KOTOpas 3aKJII0OUaeTcs B
HarpeBe CTaJu [0 TeMIIepaTypPhl, IPEBLINIAIONIEH TeMIepaTypy hasoBbIX
IIpeBpallleHuii, BEIAeP:KKe IIPU 9TOI TeMIlepaType, a 3aTeM OBLICTPOM OX-
JajKIeHUU B BOJe, MAIITMHHOM MAacJjie, BOOHBIX PACTBOPAaX COJiei, SMYJb-
cuax. Ilenb 3aKaJKU — MOJIyUEeHUE CTaJM C BHICOKOI TBEPJOCTHIO, IIPO-
YHOCTHIO, T3HOCOYCTONUYMBOCTHIO I IPYTUMU BaKHBIMU CBOMCTBAMU, II0-
BBIIIIAIONUMHE JOJITOBEYHOCTh U HANEKHOCTh JeTajieli U MHCTPYMEHTOB.
IIpm 3akajJKe KOHCTPYKIMOHHBIE cTajau HarpeBaroT Ha 20—40 °C Bbimre
TOYKH A,, 2 HHCTPYMEHTaIbHbIE CTaan (3asBTeKTouaHEe) — Ha 30—50 °C
BBIIIIE TOUKH A .

B 3aBHCHMOCTH OT XMMUYECKOT'O COCTABA CTAJIU U PA3MEPOB U3IeINi
MIPUMEHSIOT HeCKOJIbKO CIIOCO00B 3aKAaJKU: OObIUHAS B OJHOM OXJIaIUTe-
Jie, B ABYX OXJIaIUTeNsIX, CTyIlleHuaTas, U30TepMuUecKas, 3aKajaKa c ca-
MOOTITYCKOM, 00paboTKa X0JIOAOM, IIOBEPXHOCTHA .

3axanxa 6 00HOM oxaadumeJie — HarpeTas AeTajb HOTPYy’KaeTcd B
OXJIAKIEHHYIO JKUIKOCTb M OCTAETCs TaM [0 ITOJTHOTO OXJIaKIeHU .

3axanxa 6 0syx oxaadumeasx — geranb 1o 300—400 °C oxysakgaoT
B BOJIEe, 4 3aTeM IIEPEHOCAT B MacCJIO.

Cmynenyamas 3aKaaKka — feTajab OBICTPO OXJIAKJAETCA IOTPYKEeHU-
€M B COJITHYIO BAHHY C TEMIIepaTypoii, HEMHOI'0 IPEeBLIMIAOINe TeMuepa-
TYpPy MapTEeHCUTHOTO peBpaIlleHnsd, a 3aTeM OXJIaKIaeTcsAa Ha BO3IyXe.
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Hsomepmuueckas 3axanka — NeTajlb BEIIEP:KUBAETCS B COJIAHOM BaH-
He IO M30TEePMUUECKOT0 IPEeBPAIIleHUA ayCTeHUTA.

3axaakxa camoomnyckom — B 3aKaJIOYHOM Cpelie OXJIAKAAIOT TOJIbKO
YacTh JEeTaJ’, a TEIJOTa, COXPAaHUBINASICA B OCTAJIbHOM YacTU MOCJIe U3-
BJIEUEHUS U3 CPEABI, BEIBBIBAET OTIYCK OXJIAMKICHHOM YacTH.

Ob6pabomra x01000M SIBJIAETCS HOBBIM METOAOM TEPMUYECKOI obpa-
6oTKH, paspaboranubiM yueHbiMu A.Il. I'yaseswim, C.C. IIlTeiinGeprom
u H.A. MunkeBnueMm. O6paboTKe XOJIOZOM MOABEPTralOT MHCTPYMEHTHI U
IeraJyu, comep:xariue me meree 0,6% C. OOBIYHO 3TOT METOH IIPUMEHAIOT
ISl THCTPYMEHTOB, U3TOTOBJIEHHBIX 13 cTaau P 18 u aipyrux jierupoBaH-
HBIX cTajeil. O0paboTKY X0JIOIOM IPUMEHSAIOT B IeJIAX IOBBIIIIEHNA Kpac-
HOCTOMKOCTH U TBEPAOCTHU CTAJM U IPUBOJAT €€ Cpasdy MOoCJe OCTHIBAHUA
3aKaJIEHHBIX UBAEJINH 10 KOMHATHOM TEMIIEPATYPHI IIYTEM IOTPYKEHUA B
cpeny, IMEOIYIO TEMIIEPaTypy HUKe HYJIA (KUIAKUHA a30T, CMeCh TBEPAOH
YIJIEKUCJIOTHI ¥ CIIMPTA WJIM CMECH alleTOHA C YIJIEKUCJIOTOMH).

IIpu 06paboTKe X0JI00M 3aKaJIeHHbIe U3JEJIUA HOABEPTAIOT OXJIAMK-
IeHwuto mpu remneparype ot —40 xo —190 °C.

ITosepxrnocmHas 3aKaAKA COCTOUT U3 HarpeBa MIOBEPXHOCTHOTO CJIOS
TeTasy BhINIe TOUKHU A, (/11 MOTyYeHNA ayCTeHUTHON CTPYKTYPBI) U ObIC-
Tporo oxJakaeHus. Ilociae Takoi 3aKaJKU NeTaau UMEIOT TBEPABIH, 13-
HOCOCTOMKWMIT IOBEPXHOCTHHBIN CJIOH 1 BA3SKYIO cepAlleBUHY. B 3aBucumMoc-
TH OT cIioco0a HarpeBa pasjinuyaioT IOBEPXHOCTHBIN HATPEB MeTaJljIa BHe-
IITHUM HCTOYHMKOM YW BHYTPEHHUI HATPEB B JEKTPOMATHUTHOM IIOJIE.
B KauecTBe BHEIIIHETO MCTOUHUKA HCIOJb3YIOTCS I'a30BbIe TOPEJIKU, a B
KauyecTBe BHYTPEHHET0 — MHAYKITMOHHBIN HaTrPeB TOKAMY BBICOKOI UacTo-
o1 (TBY). Harpes TBY mame s mrmpoKkoe IpuMeHeHNE B TPOMBIIIJIEHHOC-
TH, TAK KaK OTINYAETCA BEICOKOM ITPON3BOIUTEIHHOCTHIO, JIETKO IO TaeT-
cA YIPaBJIEHUIO U 00eCIIeUnBaeT XOpoIllee KauecTBO.

NHAyKIUOHHBIN HAarpeB 3aKJIOYAaeTCAa B TOM, UTO AETaJb IIOMeIa-
€TCs BO BHYTPH CIIEIIUAJIBHOT0 MHAYKTOpA (MegHOI PyOKM, UBOTHYTOH 1O
dopMe HarpeBaemoil AeTasil CO 3HAUUTEJLHBIM BO3OYIIHBIM 3a30POM).
B Tpy0OKe AJa oXJIaKaeHUA MUPKYJIUPYeT Bojga. Yepes MHAYKTOP IPOITyC-
KaioT TOK BbICOKOM yacToTe oT 500 g0 1000 I't. BosHuKkarlolee Ipu 3ToM
BJIEKTPOMATHUTHOE TI0JIe MHIYKTUPYET BUXPEBBIE TOKU, KOTOPHIE 32 JOJIU
CEeKYHIBI HaTPEeBaIOT IOBEPXHOCTH AeTaau. Takoil Buj 3aKaJKU 11eJ1eco00-
Pa3HO IPUMEHATH B KPYITHOCEPUITHOM IPOM3BOJICTBE, TAK KaK HA KAXKIYIO
IeTajb HaJ0 M3TOTaBJIMBATh CBOM MHAYKTOP. B mocyiexHee BpeMsa HaILIA
IIpUMeHeHNe Jla3epHasa 3aKaJIKa.
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TIOHATNS 3AKAJIMBAEMOCTHU M ITIPOKAJIMBAEMOCTU

IIporxanusaemocms cTajyu xapaKTepusyeTcd IVTyOMHON 3aKaJeHHOMN
(MapTeHCUTHOI) 30HEI.

3axaaueaemocmy — 3TO CIIOCOOHOCTH CTAJIU IPUOOPETaTh B Pe3yabTa-
Te 3aKaJKU MaKCUMAaJIbHYIO TBEPIOCTh.

IIpokasnBaeMOCThb CBA3aHA CO CKOPOCTHIO IPEBPAIIleHU S ayCTEHUTAa B
nepsut. IIpoKkaInBaeMOCTh OIEHUBAETCS BEJIUUYNHON KPUTHUUECKOTO Aa-
meTpa ( ,ZIKP) — MaKCUMAaJbHBIM JUAaMETPOM CeUeHUA 00pasija CKBO3HOM 3a-
KaJIKU B OIIpeeJIeHHON OXJasKaarolnei cpeme. Tak, Hampumep, oXJaaxKIe-
HUe B BoJie 00ecIreuuT OOIbIINHM fuaMeTp CKBO3HOM 3aKalKU, YeM OXJIaK-
neHue B Macjie. CKBO3HAs IIPOKAJINBAEMOCTE IIO3BOJIAET IIOJIYYATh BBICO-
K1e MeXaHWYeCKUe CBOMCTBA IO BCEMY ceueHMIO obpasia. HeckBosHas
IIPOKAJIMBAE€MOCTD IIPUBOIUT K HEPABHOMEPHOCTH MeXaHUYECKUX CBOCTB
B PasJIMYHBIX MeCTax AeTaJsieil, K MOHMKEeHUI0 UX HalesKHOCTU B paboTe.

ITpu 3akasIKe B 3aBUCUMOCTHU OT CEUEHUA JAeTAJIU M KPUTHUUECKOI CKO-
POCTH 3aKAJIKU MIOJIyYaeTCA PA3INYHAA CTPYKTYPa OT Kpasd K CepPAIleBUHE.
Tak KaK BHYTPEHHUE CJIOU JeTai OXJIAKAAIOTCA MeAJeHHee Hapy KHbIX,
TO B 00'bEMAaX, Ifie CKOPOCTh OXJIaKIeHUA MEeHbIIIe KPUTHUUeCKoil, o0pasyeT-
CA TPOOCTHUT, cOpOUT miau nepaut. Ecau cepAieBrHA 0XJIaKIAETCA CO CKO-
POCTBIO OOJIBIIIE KPUTUYECKOI, TO II0 BCEMY CEUEHUI0 00pa3yeTcsa MapTeH-
cuTHaA cTpyKTypa. CireqoBaTeibHO, YeM MEHbIe KPUTUUYECKAs CKOPOCTD
3aKaJK1, TeM 00JIbIIIe TPOKAJNBAEMOCTh, 1 YeM MHTEHCUBHEe OXJIasKIat0-
masa cpefa, TeM OOJIbIlle BeIMYMHA KPUTUUYECKOro aAuameTrpa. Kpurtuuec-
Kad CKOPOCTBb 3aKaJIKW — 5TO MUHUMAJBHAA CKOPOCTh OXJIAMKAEHUS, IIPU
KOTOPOIi 00pasyeTcs TOJbKO CTPYKTypa MapTeHcuT. Huke mmpeacraBieHa
cxeMa IPOKaJIMBAEeMOCTH 00pasIloB PasJINnYHOr0 AuaMeTpa IIPU 3aKajKe B
BOJIe 1 MacJje, 3aKaJIeHHbIH cJI0# 3aIITpuXxoBaH (puc. 24).

3akanka e 8ooe

@@%@@@

3akanka e macne Di

Puc. 24. CxeMa IpOKaJNBAeMOCTH IIPU 3aKaJKe B BOJE U MacJjie
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IIpokanmrBaeMOCTb MOXKHO OIIPEIEeIUTh 110 N3JI0MY, N3MepPeH1eM TBep-
IOCTH II0 CeUEeHUIO oOpasIia.

TnaBHBIM (aKTOPOM, ONPEAEeNAIONNM 3aKaJIuBaeMOCTb, SBJIAETCS
cofiep:KaHUe yIiiepofa B cTajau. 3aKaJINBaeMOCTh OIIEHMBAIOT II0 TBEPO-
CTH IIOBEPXHOCTHOI'O CJIOSA CTAJBHOI'0 00pasiia mocje 3aKaaKu.

Omnyckxom HasbIBaeTCA IIPOIlECC TEPMUUECKON 00pabOTKYM, IPUMEHA-
eMBbIi IocJjIe 3aKaJIKU CTAJH, B [IeJIIX YCTPAaHeH! A BHYTPEHHUX HAIPAMKe-
HUl, YMEHBIIIEHUA XPYIIKOCTH, IIOHUKEHNS TBEPAOCTH, YBEINUCHU BA3-
KocTH u yayulineHus obpabarsiBaeMocTi. OTIIYCK 3aKJII0UaeTCs B HarpeBe
CTaJIU [0 TeMIePaTypPhl HUMKE TOIKHU A, BEIICPIKKE IIPU dTOM TeMIIepary-
pe ¢ mocJaeAyIONIM OXJIaMKAeHUEeM A0 KOMHATHOM TeMIlepaTyphl. B 3aBu-
CHUMOCTH OT TeMIEepaTyphl HarpeBa pa3jinvyaioT HUSKUH, CPeIHUHA 1 BBICO-
KHH OTIIYCK.

Huskuii omnyck ocyiecTBisgerca npu temneparype 150-200 °C ¢
BBIZIEPIKKOM IIPU 9TOM TeMIepaType M MOCJeAVIOIIUM OXJaKAeHUeM Ha
Bosayxe. IIpuMeHnseTca HUSKUI OTIIYCK [JIA PEKYINEero U M3MepUTeIbHO-
o UHCTPYMEHTA, [IIaPUKOB U POJUKOB IITaPUKOMOAIIAIIHUKOB.

Cpednuii omnyck npousBogutcsa npu Temueparype 300-500 °C, sui-
coxuil ipu 500—-600 °C 1 npuMeHSIOTCS B IIEJSIX IIOJHOT'O CHATHS BHYT-
PEeHHUX HATPSIKEeHUH, IPUAaHNA AeTaJAM BBICOKOUN BABKOCTH (3yOuarnie
KoJieca, BaJIbl, IITaTyHBI).

Hcerycemeennoe cmapenue — 3to ornyck npu 120-150 °C B TeueHme
10-35 u. Ecmecmeennoe cmapeHue — IpU KOMHATHOM TeMIepaType u
aauTcs 3 u 6ojiee MECAIIEB.

5.4. OBOPYIOBAHME [1J151 TEPMUUYECKOV OBPABOTKM
" KOHTPOJIPHO-U3MEPUTEJIBHBIE ITPVIBOPDI

Hnsa HarpeBa UsAeJUI IIPU TePMUUYECKON 00paboTKe IIPUMEHAIOT IIe-
yy ¥ BaHHBI. 10 MCTOYHMKY Telljia PasjNUYaloT [eYd JJIEKTPUUYECKUue U
ILJIaMeHHbIe; II0 IPUHIIUIY AeACTBUSA — IIePUOANUYECKOr0 U HelPePhIBHO-
ro gerictBusa. Ileun mepmogmuecKoro AefCTBUSA B CBOIO ouepenb pas/iesis-
IOTCs HAa KaMepHbIe, IITaXTHRIE U ITeYU-BAHHLI. B 3aBUCMMOCTH OT CPEJbI B
paboueM ITPOCTPAHCTBE PA3JIUUAIOT TePMUUECKNE IIeUN ¢ BO3AYIITHON NI
3aIlIUTHOM aTMocdepoil, a TaKKe ¢ 3aKPBITHIM Pab0YUM IPOCTPAHCTBOM,
K KOTOPBIM OTHOCATCS BaKyyMHBIe U MydeabHble meun. [leun ¢ coMaHbI-
MU ¥ CBUHIIOBBIMU BAHHAMU HAIrPeBalOT OOLIUHO 9J€KTPUUYECKUM TOKOM.
B cBuHIe metanu moryT Harpesarbcs oT 330 mo 850° C, B consAHBIX pac-
naasax — oT 150 go 1350 °C B 3aBUCHMMOCTHU OT COCTaBa. OTU IEeUN MMEIOT
MIPenMYIIeCTBA mepel OOLIYHBIMY ITedaMu. K X YMcay OTHOCATCS: OBICT-
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poTa HarpeBa, OTCYTCTBUE OKUCJIEHNA, TOUHOCTD PEeryJINPOBaAHUS TeMIIe-
parypsl. OmTHAKO 5TU eYn-BaHHBI IPUMEHUMbBI, B OCHOBHOM, JJIsT MAJIBIX
neTaJei.

g mamepeHusa u KOHTpoJidA TeMieparyphl go 600 °C ucmoabayior
PTYTHBIE TEPMOMETDEI, a IJid 60Jee BBICOKUX TeMIIepaTyp ONTUYeCKUe IH-
POMETPBI ¥ TEPMOJJIEKTPHUUEeCKe TepMonapsl. KOHTPOIb TeMIepaTyp mpu
TePMUUECKOI 00pabOTKe OCYIIECTBIISAIOT TAKMKe IIPUOIMIKEeHHBIMU CIIOCO-
6amu. K HMM OTHOCAT OIpesesieHre TeMIIePaTy Phl METAaJLIA II0 IIBeTaM Ka-
JeHus (IpU HarpeBe IO 3aKaJIKy UJIU OTIKUT), a TaKsKe II0 I[BeTaM 1mobe-
JKaJiocTu (IpU OTITyCKeE).

5.5. JE®EKTHI IIP1 TEPMUUYECKOV OBPABOTKE

HedexTsl, BOSHUKAIOIIE IIPU IIPOBEAEHUM TEePMHUUECKOH 00paboT-
KU cTajieil, cBsI3aHbl B OCHOBHOM C HapyIlIeHHEM PeKNMa U TeXHOJIOTUHU
ee mpoBegeHus. [Ipy oT:KUre 1 HOPMAJIUIAIIUY MOT'YT IIOSIBUTHCSA CJIEAYIO-
e aedeKTrI: 00e3yTyIepoKBatme, OKuceHne (00pasoBaHue OKAJNHBI),
IIepesKor, IIeperpes, KopooaeHue u ap.

O6e3yriaepo;KMBaHNE — 9TO IIPOIECC BHITOPAHUSA C IIOBEPXHOCTHU Je-
TaJlell yriaeposa 3a CUeT OKMCJICHHUS ero MeUHbIMU ra3aMu. OTO IIPUBOLUT
K CHUJKEHUIO IPOYHOCTHBIX CBOMCTB, IIOTEPU PAa3MEPOB, MOSABJIEHUIO KO-
pobnenuda meraseii. Jlyurei 3amuToi oT 9TOro AedeKTa MOryT OBITH Ba-
KyyMHBI€ HarpeBaTeJbHbIe IIeUN U €U’ C 3aIUTHBIMU (HeHTpaIbHBIMIT)
raszamu. Ilepekor BOSHUKAET IIPH BEICOKUX TeMIIepaTypax U AJUTEJTbHOH
BBIJIEPIKKe JeTaJjiell Ipu aTol TeMireparype. Ilepeskor ABjaseTcA HeUCIpa-
BUMBIM OpaKoMm.

IIeperpes Tak:ke IOJYYaTCs IPU BBICOKUX TeMIIEPATypaXxX U JJIUTEIb-
HOH BBIZIEPIKKE, UTO IPUBOAUT K 00pa30BaHUIO KPYITHO3EPHUCTOM CTPYK-
Typbl. MlcmpaBisieTcs OH MOBTOPHBIM OTYKUTOM UJIA HOPMAJIU3aI[Ael.

K ocHoBHBEIM AedeKTaM 3aKaJIKU OTHOCATCA: TPEIUHbI, KOpobJeHue,
00e3yrieposKuBaHme, HEIOCTATOYHAS TBEPHOCTh, IIOBBLIIIIEHHAS XPYII-
KocTh. [ylaBHAaA IpUUYMHA TPEINH — HEPABHOMEPHOE M3MeHeHUue 00beMa
JIeTajy IPW HarpeBe W OCOOEHHO IIPU PE3KOM OXJaKJeHuu. TpennHbr
BO3HUKAIOT IIOTOMY, UTO HANPAKeHUe IIPY HepaBHOMEPHOM H3MeHEeHUU
o0beMa B OTHEJBHBIX MECTax JeTajJUd IPEBBIIaeT IPOYHOCTH MeTaJlia.
KopobieHre BO3HMKAET TaKiKe OT HAUIPAMKEHUS B Pe3yJabTaTe HEPABHO-
MEPHOT'0 OXJIaKIEeHUA U IPOABJISIETCSA B UCKPUBJIEHUAX nerajeii. Ecinm
ATU MCKPUBJIEHUS HEBEJWKU, OHM MOTYT OBITH MCIIPABJIEHBI, HAIIPUMED,
nutndoBanuem. O6e3yraeposKuBaHNe ITIOBEPXHOCTH — PE3yJIbTAaT BBITOpa-
HUA YIJIEPOa IPU BLICOKOM U IIPOAOIKUTEILHOM HarpeBe JeTajau B OKUC-
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JuTeabHOM cpene. HemocTaTrounas TBEPAOCTD KAK CJIeACTBIAE HU3KOU TeM-
ImepaTypel HarpeBa II0J 3aKaJIKy MOMKeT OBITh yCTpaHeHa MMOBTOPHON 3a-
KaJKoi. ITOBBLINIIEHHASA XPYIIKOCTD SBJISETCS CJIEJCTBHEM BBICOKUX TEM-
meparyp.

Sl

1.

HOBBIE IIOHATW

TepMmuueckas o6paboTKa.

Pe:xum Tepmoo6paboOTKHM.
Kpuruueckue TremmneparypHble TOYKH.
MapreHcur, copOouT, TPOOCTUT.
Bosspar (oTabx).
PekpucraninsanioHHBIA OTKUT.
T'omorenusamus.

WN3oTepMuUecKuii OTIKUT.

3aKaJika ¢ CaMOOTIIYCKOM.
0O6paboTKa X0J0I0M.

IToBepxHOCTHaA 3aKaKa.
IIpokanmnBaeMOCTh U 3aKaJITBA€MOCTbD.
O6esyriaeposKuBaHUe.

CoJigHbIE U CBUHIIOBbIE ITeU-BAHHEIL.
TepmosIeKTpUUECKYe TePMOIIAPGI.

BOITPOCHI OJI51 CAMOITPOBEPKHM

B ueMm cyImiHOCTS 1 Ha3HAUYEHNE TePMUUECKOi 00paboTku craam?
HaszoBure Buabl TepMUUYECKOIl 00pabOTKY cTaell 1 UX HasHAUeHUe.
o Kakoii TeMIIepaTypbl HEOOXOIMMO HATPETh MO 3aKaJKY CTaJb, CO-
mepaxartnyio 0,5% Cu 1,2% C?

B uem cyIHOCTE IOBEPXHOCTHOM 3aKaJIKM cTajlell TOKaMU BBEICOKOM
YaCTOTHI?

Kaxue craiu He mogBepraoTca 3aKaaKe?

IIpuBenuTe KiIaccudUKaNNio HarpeBaTeJbHLIX IIeUell IJId TepMOo00-
PaboTKU 10 HICTOUHUKY TEILJIA U 0 IPUHIUITY JeHCTBUS.

HaszoBuTe ocHOBHEBIE IPUOOPHI JJIA U3MEPEHUA TEMIIEPATY PRI B HArpe-
BaTeJbHBIX IIeUYaX.

TECTOBbBIV KOHTPOJIb 3HAHUN

IIpu TepMuueckoii 0OpaboOTKe CTaJu MPOUCXOLAT CJIEAYIOIIE OCHOB-

HbIe I3SMEHEeHUd:
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TecmnoBolii KOHMPOAL SHAHUI

3.

0) CTPYKTYpHBbIE U3BMEHEHU;

B) (huBMKO-MeXaHUYECKUE CBOHCTBA;

T) XUMHUYECKUH COCTaB CTAJIU.

Hagosure TemnepaTypy KpUTHYECKOR TOUM A

a) 768° C;

6) 723°C;

B) 911°C;

r) 1147°C.

Kakyoo cTpyKTypy HMeEIOT JO9BTEKTOMHBIE CTAaJM IPU KOMHATHOM

TeMieparype?

6.

a) (eppur;

6) (eppurt + IEePIUT;

B) IIePJIUT;

T) TEePJIUT + IEeMEeHTHUT.

IBTEeKTOMIHAA CTAJIb IPU KOMHATHOM TEMIIEpATyPe UMEET CTPYKTYDPY:
a) Geppur;

0) ¢deppur + mepaur;

B) IIEPJINT;

T) TEePJUT + IeMEeHTUT.

3a9BTEeKTOMIHASA CTAJIb IIPY KOMHATHOM TEMIIEPATYPE UMEET CTPYKTYDY:
a) deppur;

06) (eppur + nepaur;

B) IIE€DPJIUT;

I) TOEePJUuT + [HEeMEHTHUT.

IIpu HarpeBe craau Boiiie 723 °C MPOUCXOAAT CTPYKTYPHBIE IIPeBpa-

IIeHUA:

7.

a) mpeBpallleHre MapTeHCUTa B IMEePJUTHBIE CTPYKTYPHI (IIEPJIUT, COP-
OouT, TPOCTUT);

0) mpeBpallleHUe IePJnTa B ayCTeHUT;

B) IIpeBpAllleHNe ayCTEeHNTa B IIePJINT;

r) IpeBpallleHue ayCTeHnTa B MAPTEHCHUT.

Kaxkoii oTskur 1ejgecoo0pasHo MIPUMEHUTD AJIA YCTPaHeHUS XUMHuYec-

KO HEOQHOPOIHOCTH CTAJII?

8.

a) PEeKpUCTAJIU3AITMOHHBIN;

0) TudPy3n03HbIIL;

B) M30TE€pPMUYECKUH;

T) TOJIHBIHA OTXKHUT.

s TepM0o0oOpabOTKY CJIeCADHOTO MOJIOTKA IIeJIecCOO0pPasHO IIpHUMe-

HUTD CJIeYIONTNe BUABI TEPMUUECKON 00paboTKu;:

a) saKaJKa;
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I'1aBa 6. IloBepxnocmuoe ynpounenue Memainrob u cniabob

0) OTIIyCK + HOpMAaJIM3AIINsI;
B) 3aKaJKa + OTHYCK;
T) HOpMaJaW3aIusd.
9. 3axaamBaeMOCTb CTAJIU XapaKTepU3yeTCs:
a) MaKCHUMaJILHBIM AMaMETPOM CeYeHMA 00pasiia CKBO3HOM 3aKaJIKY;
0) TBEPIOCTHIO MOBEPXHOCTHOT'O CJIOS;
B) COIepiKaHUeM yIIepoia B CTaJIU;
I) TBEPAOCTHIO U COAEeP:KaHUeM yrjepojia B CTaJu.
10. OGesyriepo:kuBaHe IOBEPXHOCTH JleTajell TP 3aKaJIKe IIPOUCXOIUT
BCJIEICTBUIE:
a) HepaBHOMEPHOTrO M3MeHeHUA 00'beMa JeTaau IPU HarpeBe U OXJIasK-
IEeHUN;
0) HMBKOI TeMIepaTypbl HarpeBa Mmoj 3aKaJIKYy;
B) BBICOKOI TEMIIEpATyPhI HATPEBA;
T) UINTEJHLHOCTU HAarpeBa IPU BHICOKOM TeMIlepaType.

I'"TABA 6. IIOBEPXHOCTHOE YIIPOUHEHME
METAJIJIOB U CITJTABOB

METOOANYECKUE YKA3AHWM

CHauaJjia HaZio YSICHUTh MOHATUS nqedopMaIlny, 3a CUET Yero OHa BO3-
HUKAaeT, ee Pa3HOBUAHOCTH (yIpyras U mjacTuueckas). B uem sakJioua-
I0TCA PA3HOBUHOCTHU IIJIACTUUECKOI mTedopMaIuu (X0J0gHAA 1 TOpAYA )
B 3aBUCUMOCTH OT Te€MIIepaTyphl peKkpucrajiausanuu. Hago ueTko mpes-
CTaBJIATH ABJIEHUA HAKJIEIIa, BO3BPATa, PEKPUCTAJIN3AINN, PEKPUCTAJI-
JIM3aIMOHHOT0 OT:Kura. IIpu 9TOM BasKHO HMOHATH 32 CUET YEero IIPOMCXO-
IAT YIPOUHEHUA IPU XOJIOAHOM IaacTuuecKoi medopmaruu. Kpome yi-
POYHEHHSA ILJIACTUYECKOH HedopMalyeli CyIeCTBYIOT U IPYyTUe TeXHOJIO-
T'UHY IOBEPXHOCTHOTO YIIPOYHEHUA MeTaJLINYeCKUX cIiIaBoB. 06 aTuX Tex-
HOJIOTUSIX HEOO0XOMMMO MMETh YeTKHue MOHATHA. V3yuenne XUMUKO-Tep-
MHUYECKOUN 00paboTKY HeOOXOJMMO HAUATh C YACHEHUS TOTO, 34 CUET Uero
MIPOUCXOAUT YIIPOUHEHNE ITIOBEPXHOCTHOT'O CJIOsSI. HeTKO MPeCTaBIATE AB-
JIeHUS OUCCOIUAIINY, aacopouuu u auddysun. Buabl XUMUKO-TEPMUUEC-
KOIf 00paboTKHY 1 TEXHOJIOTHIO NX IPOBeAeHNA He0OXOAMMO 00bACHUTE Ha
IprMepax KOHKPETHBIX AeTaJieil: 11 KaKuX cTajel 1meaecoobpasHo Ipu-
MEHSATH IeMEeHTAIINIO U ITUaHuPOBaHMUe, a IJisd KaKUX — a30TUPOBaHUE U
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6.1. Ynpounenue naacimuueckoii decpopmayueii. 516aenue naxaena

I PysnoHHYI0 MeTaLIu3anuo. IMeTh IOHATHA O TEPMOMEXaHNYECKOI,
MeXaHOTEePMHUUECKON M TepMOMATHUTHOM oO0paboTkax craau. Heobxogu-
MO Pa3o0paThCs B TEXHOJOTUAX BEICOKOTEMIIEPATYPHOM 1 HU3KOTEMIIepa-
TYPHOI TepMOMeXaHUYeCKUX 00pab0TOK 11 HEIIOCPECTBEHHOM 00J1aCTh UX
IIPUMEHEHU .

6.1. YIIPOUHEHWE IIJIACTMYECKOW TE®OPMAILIVIEL.
JIBJIEHUE HAKIJTEITA

IIpuno:keHue K MeTaJJIy HaIPIKeHUs (BHEIITHUX CIJI) BbI3LIBAET Je-
dopmanuo. OHa MoKeT OBITH YIPYIoii, HcUesaloleil mocjie CHATHUSA Ha-
TPY3KU, U IIJIACTUYECKOM, OCTAIOIIEHNCA ITOCJIe CHATUA HAarPy3KU.

IIpu maacTuueckoil aedopMaliny IPOUCXOAUT IIepeMelleHre YacTHh
KPHCTAJIJIOB, OHU CABUTAIOTCA OTHOCUTEJNLHO APYT APYra, a TaK:Ke u3Me-
HAeTcA 1 cama (popMma Kpuctasia. Ilo mepe yBeanueHusA cTeneHu ged)op-
MaIU¥ IIPOUCXOAAT CYII[eCTBEHHbIE M3MEHEHUS B CTPOEHUHN MeTaJljia U
€ro CBOMCTBaX (YBEJIMUUBAETCA IPOUYHOCTh U CHUIKAETCA MJIACTUYHOCTD).
Taxkoe yrrpouHeHre MeTaJjIa IO AEUCTBUEM IIJIaCTUUECKOU AedopMaum
Has3bIBaeTCA HAKJEIIOM MJI HAarapTOBKOI. OTO CBOMCTBO MCIOJIb3YIOT IIPU
PaBIMYHBIX TEXHOJOTHUYECKUX IIPOIeCcCaxX — IPU IPOTAIKKE IPOBOJIOKH,
ormepanuax rubKu, BeICAIKY, IITaMIOBKHU. IloBepXHOCTHOE YIITPOUHEHIE
MOJXKET OCYIIIeCTBIATHCA AP00eCTPYiiHOMi 06paboTKOI, HAKaTKOM POInKa-
MU 1 YeKaHKOH. [IpobecTpyiiHada oO6paboTKa MOBBINIAET TaKMKe KOPPO3U-
OHHYIO CTOMKOCTH CTAJIbHBIX JAeTaJei.

O pobGecTpyHBIN HaKJEI MPOMU3BOAUTCS C IMOMOIIBIO NTPOOEMETHBIX
TYypOUH C UCIIOJIb30BAHUEM CTAJBHON UM YyTyHHOU Apobu. [[pobecTpyii-
HOMY HaKJeNy IOABEpraioTcsa MPYKUHBI, 3y6UaThie KoJieca, Balbl U APY-
Tve JeTaJii MallluH.

6.2. BJIVISIHVIE HATPEBA HA CTPYKTYPY U CBOVICTBA
JEPOPMVPOBAHHOI'O METAJIIA.
BO3BPAT U1 PEKPUCTAJTIJIM3 ALV

IInacruueckad medopManmsa IPUBOSUT METAJI B CTPYKTYPHO-HEyC-
TOHUMBOE cocTosTHME. B aTOM ciyuae oHa GymeT cTpeMHUThCA K Oojee yc-
TONUYMBOMY COCTOSTHUIO 38 CUET CHATUS NUCKAKEHN KPUCTAJLIINIECKOH pe-
mreTKu ¥ (OPMBI KPUCTAJJIA. ITO MOKET IIPOUCXOSUTD YKe IPU HeGOIb-
moMm HarpeBe B npezpenax 300—350 °C. CHATHME MCKaKeHUSA PEIIeTKU B
mmporecce Harpeea ne(opMUPOBAHHOTO MeTaJljia Ha3bIBAETCS 8038PAMOM
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uiu omovixoM. B pesyibraTe TBEPAOCTH U IMIPOYHOCTH HECKOJIBKO IOHU-
skatored (Ha 20—30% 10 cpaBHEHUIO C UICXOAHBIMHY), a IMJIACTUUYHOCTh BO3-
pacraet. Eciiu Temiieparypa HarpeBa OyaeT BbIllle, YeM IIPU BO3BpaTe, TO
TIPOUBOHAET IBJICHNE PEKPUCTAIN3AIINN. PeKPUCTAIIN3AIIAA ITPEICTaB-
JasieT coboit oOpasoBaHme HOBBIX 3epeH. ComocTaBiieHre TeMIIepaTyp peK-
puCTALIN3aAY PA3JIAYHBIX METAJIJIOB IIOKAa3bIBAET, UTO MEMKAY MUHU-
MaJIbHOI TEMIEPaTypPOU PeKPUCTAIN3AINY 1 TEMIIEPATy PO IIIaBJIeHUA
CYIIIeCTBYET IIPOCTaA 3aBUCMOCTb: Tpex =a-T ., 1*6ea— Kospduiuenr,
3aBUCAINUN OT YHMCTOTHI MeTaJjja. ¥ METAJJIOB OOBIUHOM TeXHUUYECKOM
yucTOTHI OH cocTaBJiseT 0,3—0,4. TemnepaTypa peKpucTaaIn3aIliy CILIa-
BOB 3HAYUTEJBHO BBIIIIE U MOKET AOCTUTaTh 3HauenusA 0,8 T .

CxeMa TIPOIEeCCOB, MPOUCXONAINNX IIPH HarpeBe HaKJCIAHHOTO Me-
TaJjia, IpeacTaBJeHa Ha puc. 25.

Boscg)am Pexkpucmannuzayus  Pekpucmannusayus
(omobix) (Icmaous) (llcmadus)

-

= RS D

Temnepamypa ——m—

—

|

Puc. 25. Cxema mpoiieccoB Harpesa HaKJICIIaHHOI'O MeTaJlia

TemmepaTypa peKpUCTAIIN3AINY UMeeT BaKHOe IpaKTUUecKoe 3Ha-
yeHne. YTOOBI BOCCTAHOBUTH CTPYKTYDPY M CBOHMCTBA HAKJIEIAHHOTO Me-
Tajia (HampuMep, Opu HeoOXOAMMOCTH IIPOAOKUTE 00paboTKY maBJe-
HUEM IIyTeM IPOKATKMU, IIPOTIKKHU, BOJOUEHHU), er0 HAZ0 HArPeTh BhIIIIe
TeMIOepaTypbl peKpucrajaausanuu. Taxkas oOpaboTKa Has3LIBAeTCA PeK-
PUCTALIN3AIUOHHBIM OTIKUTOM.

IInactTuueckoe gedopMupoBaHUe BLIIIE TEMIEPATYPHI PEKPUCTAIIIN-
3allUy XOTA W MPUBOAUT K YIIPOUHEHUIO, HO OHO YCTPaHAETCS IpPOTeKa-
IOIIUM IIPU 3TUX TeMIIepaTypax IIPOIlecCOM PeKpHCTaIn3anuu. Pekpuc-
TaJIN3AIUs IIPOTEKAaeT He BO BpeM:A Je)opMaIinum, a cpasy MocJie ee OKOH-
YaHUA U TeM ObICTpee, UeM BBIIIIe TEMIIEPATypa, 1 3aBepIIaeTcsa B CeKYH-
OBl 1 Ta)Ke B TOJIU CeKYH.

Taxkum o6pas3om, IpH MIACTUUYECKOM Ae()OPMUPOBAHUHY BIIIIE TEMIIe-
pPaTyphl PEKPUCTAIIN3AINY YITPOUHEHNE 1 HaKJIel MeTaJljla, eCJIU 1 IIPo-
U30UAYT, TO OyAyT HEMEAJEHHO CHuUMAaTheA. Takas oopaboTKa, IIpu KOTO-
poit HeT ynpouHeHuA (HaKJela), HadbIBaeTCA 2opsayeil 0opabomkoil daasie-
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6.1. Ynpounenue nanaaBxoil 1 Hanvl1eHUEM

Huem. IlmacTuueckasa geopmanua HUKe TEMIIEPATyPhI PEKPUCTAJLIN3A-
IV BHI3BIBAET HAKJIEII ¥ HA3BIBAETCA X0100H0U 00pabomroil.

s omoxkura HaKJEMaHHOTO MaTepuaJia B IPOU3BOACTBEHHBIX YCJIO-
BUAX IPUMEHAIOT 00JIee BEICOKYE TEMIIEPATYPHI, YeM TEOPETUUECKA S TEM-
meparypa peKpucTasIn3anuu, 4jd obecuedyeHna JOCTaTOUHON CKOPOCTH!
PeKpucTaIIN3aIlOHHBIX IpoIieccoB. Huke B Ta0. 2 IpuBeIeHEI TEOPE-
TUYECKUEe TeMIIEePATyPhl PEKPUCTAJIN3AINY, IPAKTHUYECKHe TeMIepaTy-
PBI PEKPUCTAJIIN3AIIMOHHOT0 OTIKITA, a TAKIKe TeMIIepaTyphbl ropsueii 00-
pPaboTKU JaBIeHUEM.

Ta6ruuya 2
Temmepatypa, °C
Merasx TeopeTudYecKas mpu TIPAKTIYECKA PEKPHC- ropAueit 06paboTKU
TaJJIN3AI[OHHOTO OT-
a=0,4-0,5 IaBJIeHEM
JKHra

JKeJIe30 450 600-700 800-1300
cTaJb 450 600-700 800-1100
MeIb 270 450-500 800-600
AJTIOMUHU K 50 250-350 460-350

IIporecc pekpucTaJLIN3aIAY IOAPa3AeAeTCA Ha Ba 9Tamna:

1) mepBUYHAS PEKPUCTAJIN3AIMSA, KOTIA BBLITAHYTHIE BCJEICTBUE
ILJIACTUYECKOU AedopMaliuy 3epHa IIPEBPAIlaloTCA B MeJIKUE OKPYIJIEH-
HO#T (hOpMBI OECTIOPSAOUHO OPUEHTUPOBAHHbBIE 3€PHA;

2) BTOpUYHAaA, 3aKJIIOUAIOIASACA B POCTE 3ePEH U IPOTEKAOIAA IPU
0oJiee BBICOKOM TeMIepaType.

ITH ABa sTalla OTPaKeHbl Ha puc. 25.

6.3. YIIPOUHEHWE HAITJIABKOV VI HAITBIJIEHVEM

Hannaska — 3To mpoIliece, IIpU KOTOPOM Ha IIOBEPXHOCTD AeTaJIu Ha-
HOCHUTCS CJION MeTaJjijia TpebyeMoro coctaBa. HammaBKy IpUMeHSIOT IIPU
PEMOHTE M3HOIIEHHBIX JeTaJiell AJIA BOCCTAHOBJICHUS MX HMCXOAHBIX pas-
MEPOB M JJIA M3TOTOBJIEHUSA HOBBIX uafeauil. [l1s HamaaBOYHBIX paboTr
HCIIOJIb3YIOTCSA YIVIEPOAUCThIE 1 JIeTMPOBaHHEIE CTAJIM, CIIJIABLI HA OCHOBE
HUKeJId 1 KobaJbTa, Meau, KapOuaHbIe CIJIaBhI (C KapOuaoM BoJbppama
niu xpoma) u ap. Paspaborano cBuimre 70 MapoK HAILIaBOYHBIX 3JEKTPO-
IoB. PyuHas nyroBasi HallJlaBKa MeTAJLINYECKUMU 3JIEKTPOJAMU — CAMbIH
IPOCTOIi criocob. ABToMaTnvyecKas HaILJIaBKa Mo )JIIocoM obecrieunBaeT
60JIbIIO 00beM BaHHEBI JKUAKOro MeraJsia. HammaBky TBY BbITOJTHAIOT
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¢ TIOMOIIbI0 MHAYKIIMOHHOT'0 HarpeBa ¢ IPHUCASOYHLIM MaTepuajom. Mc-
TIOJIL3YIOT M AYTOBYIO HAIJIABKY HEIJIABAIIMMCS JIEKTPOIOM, IIJIa3MeH-
HOIi AyTrH, ra3oBoro miaMenu. HauboJiee 4acTO MCIIOJIb3YIOT TEXHOJJIOTUIO
HaAIJIaBKU [JI WSTOTOBJIEHUS JAeTajiell ¢ BBICOKMMU H3HOCOCTOMKUMH,
JKapOIPOYHBIMY, KOPPO3SUOHHO-CTOMKNMU CBOMCTBAMU.

Pacnvinenue, unu memanaudayus 3aKovaeTcAa B HaHeCEHUY MeTaJ-
JINYECKOTrO MOKPBLITUA HAa IIOBEPXHOCTDH MeTajel MEeTOJOM OCAaKIEHUS Ha
Hell JKUIKOr0 MeTaJlja, PAcIbLISAeMOro rasoBoii crpyeii. Ilpomecc mera-
JII3aIUU COCTOUT B MOZAYe METAJIINYECKOM MPOBOJIOKY K MUCTOUHUKY Ha-
rpeBa. IIpoBosioka HarpeBaeTcA O PACIJIABJIEHUA, U YKUAKUH MeTaJLII O
IaBJIEHMEM ra30BOil CTPYH BBIJIETAET C 0O0JIBIIION CKOPOCTHIO M3 COILJIA Me-
TaJLIN3aToOPa B BUE PACIBIIEHHBIX KaleJb. B 3aBUCHMOCTH OT HUCIIOJb-
3yeMOro NCTOYHUKA TEIMJIOTHI Pa3JINYal0T MEeTAJIN3aINI0 TYTOBYIO, Ta30-
By10, myiadmenny u TBY. [Ina meTtanamsanuu OPUMEHAIOT IIPOBOJOKU
MeIHbIe, AJIIOMUHUEBbIE, CTAJIbHbIE, [[MHKOBBIE, 4 TAKIKEe HeMeTaJLJInuec-
K1e MaTepuaJjbl B BUJE ITIOPOIIKOB (CTeKJIa, 9MaJIu, IJIacTMAace).

Merannusamuio IpUMEHAOT JJIA 3alUTHI OT U3HAIIINBAHUA, KOPPO-
31N, a TaK)Ke B IeKOPATUBHBIX IEJAX IJIA TAKUX U3AEIUH, KaK IIUCTEP-
HBI, 0€H300aK ¥, MOCTbBI, U3HAIIINBAOIIINEC YACTH BAJIOB, KYJIAUYKOB U IP.

6.4. CYIITHOCTh TEPMOMEXAHUYECKOWV OBPABOTKM,
BUBI 1 X KPATKASI XAPAKTEPUCTUKA

Tepmomexaumueckas obpadborka (TMO) sakiouaeTca B COUCTAHUU
IJIACTUYECKON medopMalliy CTAJd B ayCTEHUTHOM COCTOAHUU C €e 3a-
KAJKOU U IIOCJeIYIOIUM OTIIyCKOM. IIpy 5TOM 3HAUUTENHHO IIOBBIIIIAET-
Cs MIPOYHOCTh, YBEJINUNBAETCS IIJIACTUYHOCTD, UTO MOBBINIAET COIPOTUB-
JIeH1e XPYIIKOMY PaspyIIIeHWI0 U IIOBLIIAeT 9KCIIYATAIITMOHHYIO HaIeK-
HOCTH JleTajieii. B 3aBucMOCTHY OT TeMIlepaTyphl, IPXU KOTOPOH CTAJb II0T-
BEPraroT IJIaCTUYECKOM ned)opMaIinm, pasjInyaioT IBa OCHOBHBIX CIIOCO0a
TePMOMeXaHUYEeCKON 00paboTKM:

— BBICOKOTEMIIEpaTypHYIO TepMoMeXaHnYecKyio oopaborky (BTMO),
P KOTOPOH Je(OopMUDYIOT CTalb, HATPETYIO BBINIE TOYKHU A, (BBIIIIE JIU-
Huu GS Ha guarpaMme «XKeJjie3o — yriepon»). CremeHb gedopManuu co-
craBuasger 25—-30%. Ilocne medopmamuu cienyeT HeMeAJIeHHAs 3aKaJ-
Ka, IIocJie Yero IPOU3BOAUTCSI HU3KOTEMIIEPATYPHBIN OTIIYCK B Ipefesiax
150-300 °C;

— HUBKOTEMIIEpaTYpPHYIO TepMoMexaHUUYecKyo oopaborky (HTMO)
IPOBOAAT HATDEBOM BBIIIE TOUKU A, 3aTeM oxJjasmgawT 10 550-600 °C,
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6.4. Cymynocme mepmomexanuueckoil 0bpabomxi...

ILIAaCTHUYEeCKHU Ie()OPMUPYIOT IIPKU 3TOM Temmeparype (cTemnedb gedopma-
muu 75-95%). Cpasy mocie gepopMauy IPOU3BOIAT 3aKAJIKY U HUSKUH
OTIIYCK.

CxemaTuuuo MoxkHO mpeactaBuTh BTMO u HTMO B Buze Takux rpa-
dukrosB Ha puc. 26.

toc A t°C A
Aycmenusayus Aycmenusayus
Jepopmayus
Jepopmayus
Omnyck Omnyck
T T
a 6

Puc. 26. I'padpuku BTMO (a) u HTMO (6)

IIporeccel maactuueckoit gedopmanuu upu TMO u TepmuuecKoii 06-
paboTKe COBMeIIeHLI B OOHOM TEeXHOJOTMYEeCKOu omepamnuu. Ilimactuuec-
koe pedopmupoBanue mpu TMO mpousBOgAT KOBKOM, IIPOKATKOM, rOps-
yell 00'beMHO IIITaMIIOBKOI, IIPECCOBAHWEM U APYTUMU BUAAMHU ropsueit
00paboTKY JaBJIE€HUEM.

HawuGoabiee yrnpounenue gocturaercsa npu HTMO, Ho npoBemenue
ee 6otee caoskHO o cpaBHeHMI0 ¢ BTMO, Tak Kak TpebyioTcsa 60jee BBICO-
Kue ycuaud ned)opMaIiim.

BTMO mo:kxHO mofgBepraTh JIfo0ble CTaJIu — YTJIEPOAUCThIE U JIETHPO-
BaHHBIe, a HTMO — B OCHOBHOM TOJIbKO JIETUPOBAHHBIE CTAJIY C ITOBLIIIICH-
HOI yCTOMYMBOCTBIO IEPEOXJIAKIEHHOTO ayCTEeHUTA.

Hosgeiimmum MeTOAOM SABJIAETCS TepMOMAarHUTHAsA oOpaboTka 0e3 me-
dopmaruu. B sToM ciryuae gerasiu, HarpeToble IJId 3aKaJIKHU, OXJIAMKIAIOT-
¢S TIOJT BO3IEeCTBUEM MOIITHOTO 9JIeKTPOMATHUTHOI'O IIOJIA.

MexanoTepMuueckasa o0paboTKa, TaK Ke KaK U TepMOMeXaHUUec-
Kasd, coueTaeT 3aKaJKy U qed)oOpMUPOBaHTE, HO IMeeT 00pPaTHbI ITOPSI 0K
ATUX IIPOIECCOB: CHayUaJja CTaJb IIOABEPraloT TePMUUECKOH 00paboTKe, a
3aTeM Ae(OopMUPYIOT.

OgHUM 13 BUJOB MeXaHOTEePMUUECKOM 00paboTKM IBJISETCS ITaTeHTH-
poBaHue.
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IlarenTupoBaHuMe 3aKJII0UYAETCA B TEPMUUECKON 06paboTKe HA TPOOC-
TUT ¢ mocJienyioiei nedopmarnueit Ha 90—-95%. Taxasa o6paboTKa M03BO-
JISeT JOCTUYb IIpe/eJia MPOYHOCTH TOHKON IPOBOJIOKY U3 BBICOKOYTJIEPO-
nucroii craau 10 500 xr/mms.

B mpakTHKe MexaHOTEPMHUUYECKOH O0padOTKH TaKyKe HCIIOJIb3yeT-
ca medopMupoBanme Ha 3—5% IIociie 3aKaJKH, YTO ITO3BOJISET IIOBLICUTh
npenes npounoctu Ha 10—-20%.

6.5. XUMUKO-TEPMUYECKAJSI ObPABOTKA CTAIJIW,
HA3HAYEHWE " EE B1bI

IIpuctynas K u3yueHUIo JaHHOT'O BOIPOCa, HeOOXOAMMO BCIIOMHUTD,
YTO B pe3yJIbTaTe TePMOOOPaOOTKY UBMEHSIOTCA TOJIbKO CTPYKTYPa CTaIn
¥ ee MeXaHWYeCKUe CBOMICTBA, XUMUYECKUH JKe ee COCTAB OCTaeTCA HEeU3-
MeHHBIM. MI3MeHeHUe CTPYKTYPhI 1 MEeXaHUYECKUX CBOMCTB IMPOUCXOIUT
TI0 BCEMY CEUeHUIO IeTaji, HO B Psjlie CJoyuaeB ObIBAeT HeOOXOIUMbBIM 13-
MEHUTh MeXaHWYecKre Wau (pusuuecKue CBOMCTBA AeTaJN TOJHKO Ha ee
TIOBEPXHOCTH. B 3TUX ciydadax U IPUMEHAETCSI XUMUKO-TepMUUecKas 00-
paboTka.

XUMHUKO-TepMUUYECKOH 00paboTKOM Ha3kIBAETCS IIPOIlECe, IPeaCcTaB-
JIAIOIITUYM cO00 coueTaHMe TEIJIOBOTO M XUMHUUECKOr'0 BO3AEHCTBUA C Iie-
JIbI0 UBMEHEHM’A COCTaBa, CTPYKTYPHI ¥ CBOMCTB ITOBEPXHOCTHOTO CJIOSA Jie-
TaJseii. IIpu 5TOM TPOMCXOAUT HACHIIIEHNE IOBEPXHOCTH JeTaJu TaKUMU
aJIeMeHTaMu, KaK yTIJIepon, a30T, XPOM, aJIOMUHUMN, 60p 1 Ap. XUMUKO-
TepMuUecKas 00paboTKa MPUMEHSETCS B IeJIX MOBBIIIIEHUS TBEPIOCTH,
U3HOCOYCTOUUMBOCTY, KOPPO3UOHHOM CTONKOCTU HOBEPXHOCTHOI'O CJIOSA
IIPU COXPAHEHUHU BA3KON U JOCTATOYHO IIPOYHOMN CEPAIIEBUHEIL.

XuMukro-TepMuuecKas o6paboTka ocHoBaHa Ha Aubdy3un aToMoB
Pa3INYHBIX XUMUUYECKUX 3JIEMEHTOB B KPUCTAJJINUECKYIO PEIIeTKY Ke-
Jie3a IpU HarpeBe B cpejlie, colepsKalleil aTu sjaeMeHThI. IIporece nuddy-
3UU MIPOTEKaeT OUeHb MeJJIeHHO, IIyOMHAa HACHIIIIeHUs IPYTUMU dJIeMeH-
ramu cocrasiser ot 0,1 mo 2 mm.

JI000#1 BUJ XUMHUKO-TEPMUUYECKON 00PabOTKU COCTOUT W3 CJEAYIO-
IITUX TPOIECCOB:

— Oduccoyuayus — paciaj MOJEKYJIbl XMMUYECKOTO 9JIeMEHTa Ha 9JIe-
MEHTapHbI€ AaTOMHbBIEC YaCTHUI[BI;

— adcopbyus — TOTJIOIIeHNe, cOOMpaHUe Ha MOBEPXHOCTH IeTau
3JIeMEeHTapHbIX YaCTUIL;

— OJuggysus — nepeMeIrieHre aTOMOB XMMUYECKOT'0 3JIEMEHTa C II0-
BEPXHOCTH B I'TyOb JeTajiu.
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Hacpimmaromninii sjieMeHT JOJKeH B3auMOJeiCTBOBAaThL C OCHOBHBIM
MeTaJIJIOM, 00pasys TBepAble PAcTBOPHI MM XUMHUUYECKHE COeTUHEHU,
WHAaYe IPoIecchl agcopouuu 1 nuddy3un HeBO3MOIKHEI.

ITpu gmcconmanuu mporece IPOTEKaeT B ra30BOM cpeje ¢ 00pa3oBaHU-
eM aKTUBHBIX aTOMOB Tu@dyHaUpYyIomniero saemernTa. Hanpumep, 2CO —
CO,+ Cunu NH, — 3H + N. Ancopbuyus IpOUCXOIUT Ha TPAHUIE Fa3—Me-
TaJIJI U COCTOUT B HOIJIOIIEHUH (PACTBOPEHUU) TOBEPXHOCTHIO CBOOOTHBIX
aTOMOB. ITOT IIPOIECC BOZMOIKEH TOJLKO B TOM CJIydae, ecau TupyHu-
pYyIOIIuii 5JIeMeHT CII0CO0EeH PACTBOPATHCSA B OCHOBHOM MeTaJLe.

B pesyabrare nuddysny HaCHIIIAIOINNA 3JIEMEHT, IPOHUKAA BHYTPh
OCHOBHOT'O MeTaJljia, o0pasyer cjoil AudGyHIUPYIOIIEro dJIeMeHTa OIIpe-
IeJIeHHOI ToNIuHBI. [IoBBINIIeHNEe TeMIIepaTypPhl 3HAYNTEIHLHO YCKOPAET
Iu(dy3roHHBIE TPOIECCHL.

Hawub6osee pacrupocTpaHEeHHBIMU BUAAMHU XUMUKO-TEPMUUYECKON 00-
paboOTKU CTaJu ABJIAIOTCA IIeMEHTAIUs, a30TUPOBaHME, ITMaHNPOBaHNUE U
nudPysroHHAA MeTaJaan3anusd.

I[emenmauyueil Ha3bIBAETCA TEXHOJIOTUUYECKUI IIPOIECC HACBIIIIEHU S
IIOBEPXHOCTHOTO CJIOSA HU3KOYTJIEPOAUCTBIX CTAJIEH YIIePOoIoM, B Pe3yiib-
TaTe 4ero I0JIydyaeTcsA BBICOKOYTJIEPOAMCTHIN ITOBEPXHOCTHBIN cioii. 1le-
MEHTAIUuA U3MEeHAeT XUMUUECKHUI COCTAB U CTPYKTYPY IIOBEPXHOCTHOTO
cJI0d, a CJIeloBaTeJIbHO, UBMEHSIOTCA U cBoicTBa. [leMeHTany moaBepra-
IOT TaKHe JeTajiu, KOTOphIe paboTaoT OMHOBPEMEHHO Ha M3HOC U Ha yaap.
ITemMeHTAIIMIO IPOBOAT IIOCJIe OKOHUATEIBHOM MeXaHNYeCKOH 00paboTKU
¢ HeOOJIBIIIMM IPUIYCKOM Ha IJIn(oBaHM;e.

IIpu TepmMuueckoii o6paboTKe IMOcje IeMeHTAIlMU MOJYYaioT BBICO-
KYIO TBEPJOCTDH IIOBEPXHOCTH MIPU COXPAHEHUN MATKOI 1 BA3KOM cepaile-
BUHBI, UTO HOBBINIAET U3HOCOYCTOMUYMBOCTD U IIPEIes YCTAJOCTH CTaJb-
HBIX AeTaJieil. IPpPeKTUBHOCTh IeMEHTAINN 3aBUCUT OT MHOTUX (haKTO-
POB: pesKuMa IeMeHTaIu’ (TeMIIepaTyphl ¥ BpeMeH! BBIAEPKKM, COCTaBa
KapOropusaTropa, cocTaBa CTaJu, PEKNMAa TEPMUUYECKOil 00paboTKHU II0CJIe
IeMeHTaIun).

CyirecTByeT Tpud BHUIA IeMEHTAIIMU: TBEPABIM KapOmOpHu3aTopoM,
JKUOKas U ra3oBasd.

Teepaas 1eMeHTanus (B TBEPAOM KapOopusaTope) ABJseTcAa Hanbo-
Jlee CTapbIM IIPOIECCOM XMMHKO-TepMUUecKoi o0paboTku. B xauecTBe
KapOoopusaTopa UCIOJIb3YIOT cMech ApeBecHoro yriis (70%), yriexucaoro
6apusa (20—25%) u yrimexucyoro xaabiius (3—5%). IflobaBiaeHne K apeBec-
HOMY YIJIIO YIJIEKUCJBIX COJIeH YCKOpAET Ipollecc IeMeHTanmuu. Jleraiu
IIOMEIAIOT B JKeJIe3HbIe AWK, 3aChINAI0T KapOIopU3aTOPOM U IIOMeIla-
10T B meub mpu Temnuepatrype 930—-950 °C B reuernne 5—10 4. Ilocie memen-
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Talliu JeTajiu IIOJBepraioT 060A3aTeIbHON TepMUUYECKoli 00paboTKe — 3a-
KaJIKe 1 HUBKOMY OTIIYCKY.

OmHUM U3 CYIIIeCTBEHHBIX HEJOCTATKOB IIEMEHTAIIUY B TBEPIOM Kap-
OropusaTope ABJsSeTCA 3HAUNTEJIbHAd TPYLOEMKOCTh, HEeBBICOKAA ITPOM3-
BOAUTEJIHHOCTD, AJUTEJIbHOCTD IIpoIecca.

JHunkasa memMeHTAIMA OCYIIECTBIAETCA ITYTEM HOTPYKEHUS eTaei
B COJISTHBIe BaHHEI npu Temieparype 830—850 °C, xapOoopu3aTopoM IIpu
ATOM SABJISIOTCA pacIlJIaBJeHHBIE cOJIM (coma, ITOBapeHHas COJib, Kapoun
KpeMHUA). [JautesbHOCTh Iporecca cocraBiseT 0,5—2 4, rimybuHa memMmeH-
TUPOBaHHOrO cJjos He mpessiiaer 0,2—0,3 mm. IIpeumyiiecTBoM 1eMeH-
TaIli1 B COJIAHBIX BaHHAX SIBJAETCS PABHOMEPHOCTDL HarpeBa M BO3MOIK-
HOCTH HEIIOCPEeJCTBEHHOM 3aKAaJIKU IOCJie BhIEMKHU M3 IeMeHTaIlMOHHOM
BAHHBI.

TasoBasi 1ieMeHTaAIlMA 3aKJIOUAeTCA B HACBHIINEHUU IIOBEPXHOCTHU
CTaJbHBIX JeTaJiell YIJIepoJoM B aTMoc(epe yIJIepoaocomep Kaliux ra3on
(meTama, okucH yriiepoza). Ilporecc mpouCcXOaUT B repMeTUYEeCKHU 3aKPhI-
TBIX KaMepax meueir mpu Temneparype 930-950 °C. HarpeB B rasoBoMm
KapOoopusaTope U IPOIeCC HACBHIMEHUA ITOBEPXHOCTHOTO CJI0SA SBJIAETCS
00J1e€ 9KOHOMUYHBIM II0 CPABHEHUIO C OCTAJIbHBIMU.

IlemenTanuio pekoMeHAYyeTCA MPOBOAUTL TAK, UTOOBI COAEPIKaHUIE
yryiepoja B HapysKHOM cJjoe He mpesbiiaio 1,1-1,2%, rinyouHa meMeHTa-
nuu 0,5—-1,5 mMm. Bosiee BBICOKOE cofiep:kaHMe yriiepofa IIPUBOIUT K 00-
Pas3oBaHUIO 3HAUUTENbHBIX KOJHUYECTB BTOPUUYHOI'O IIEMEHTHUTAa, COO0IIa-
OITIET0 CJIOIO MOBBINIIEHHY0 XPYIIKOCTb.

A3omuposaHnue — 3TO TPOIECC HACHIIEHUA IIOBEPXHOCTHOTO CJIOSA
CTAJNLHBIX U3AEJUI a30TOM. A30THPOBAHUIO ITOABEPTaIOTCA B OCHOBHOM
JIeTUPOBAHHBIE CTAJIU, TAK KaK a30TUPOBAHIE YTJIEPOAUCTBIX CTaJel He
JaeT HY»KHOU TBEP/IOCTH. YJIyUIlIeHre CBOUCTB JIETMPOBAHHBIX CTAJIEH TP
a30TUPOBAHUM SBJSIETCA PEe3yJILTATOM O0pa3oBaHUS B MMOBEPXHOCTHOM
CJI0e HUTPUAOB — YCTOMUYMBBIX XUMUUYECKUX COeTNHEHUH a30Ta C APYTUMU
9JIeMEeHTaMU, TAKIMHU KaK XPOM, AJIIOMUHUNA, MOJIUOAEH, BaHAAUHA 1 AP.

A3zoTupoBaHMe TPOU3BOAUTCA B I'epPMETH3UPOBAHHBIX MY(eTbHBIX
KaMepHBIX Ileyax IIyTeM HarpeBaHUS JeTaJieil B aTMocdepe ra3oo0pasHo-
ro ammuaka npu temieparype 500-750 °C. AToMbI a30Ta IOTJIOIAIOTCA
TIOBEPXHOCTHIO MeTaJlia, TupPyHINPYIOT BIJIyObh U 00pas3yioT HUTPULLI
tuna MoN, AIN, Fe NN 1 np. ABzoTupoBaHMe OCYIIeCTBJIAETCA IIOCIe MeXa-
HUYECKOM U TepMUUECKOl 00paboTok. IIpu a3oTupOoBaHUM IIOBBLIMIAIOTCS
TBEPIOCTb, M3HOCOYCTOMUYMBOCTh U BBIHOCJIUBOCTD, YAYUIIAIOTCSI AHTHU-
KOPPO3UHLIEe CBOIicTBa. [ IyOMHA U ITOBEPXHOCTHAS TBEPAOCTDH a30THUPO-
BAHHOTO CJIOA 3aBUCAT OT TeMIIEPATyPhl, IPOIOIKUTEIbHOCTA a30THUPO-
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BaHUS ¥ COCTaBa a30TUPYEMOH CTaJN, IIYOMHA a30TUPOBAHHOT'O CJIOSI MO-
skeT coctaBaaTrs oT 0,2 g0 0,6 M.

Iuanuposarue SABASAETCA TEXHOJOTMUYECKUM IIPOIECCOM OTHOBpE-
MEHHOTO HACHIIIEH U A ITOBEPXHOCTHOT'O CJIOA eTajiell yIiIepoIoM U a30TOM.
IMuanupoBaHME MTOBHIIIIAET TBEPAOCTDH U UBHOCOYCTONYNBOCTE MIOBEPXHOC-
THOT'O CJIOS IeTaJjieil, a TAKIKe YBeJININBAEeT COIIPOTHUBIISIEMOCTh UX KOPPO-
suun. PasauuaroT TBepmoe, :KUIKOE U ra3oBoe [[MaHupoBaume (IrocjesHee
WHOT/Ia Ha3bIBAIOT HUTPOIIEMEHTAIIHEelT).

Teepdoe yuanuposaHue aHAJIOTMYHO TBEPAOH leMeHTaIMu. B Kauec-
TBe KapOropusaTopa NPUMeHSAIOT nuaHucteie coiu: 30-40% K, Fe(CN),
(xenras KpoBaHas coub), 10% Na,CO, (cona) u 50—-60% mpesecHoro yr-
Jas. IIpuMeHsieTcs 9TOT BUJ TMaHUPOBAHU A, KAK IIPaBUJIO, B MEJIKOCEPHii-
HOM ITPOM3BO/ICTBE.

JRudroe yuanuposanue — HamboJee PaCIPOCTPAHEHHBIN BUJ ITUaHU-
POBaHUS CTAJIU — IIPOBOASAT B PACIIaBIeHHBIX IIUAHUCTHIX cossix: NaCN,
KCN, Ca(CN), un np. Ilpu pacniaBieHN IPOMCXOAUT Pa3IOKeHue Iua-
HUCTHIX coJieii ¢ obpasoBanueM N u C, KoTopble, ATuGPYyHIUPYS B MOBEP-
XHOCTB CTAJbHBIX IeTaJjell, a30TUPYIOT U HayIrJIepoKuBaoT ux. Ilpomece
mozkeT mpousBoguThes npu 600—950 °C ¢ Beigep:xKoii oT 1 10 6 4, rTyou-
Ha nmuaHupoBauHoro cjaosd — 0,03-2,0 mwm. Ilocse muanupoBanus geTaIn
IIOJBEPraioT 3aKaJIKe U HU3KOMY OTIIYCKY.

T'a3o60e yuaHnuposarue (HUMPOUeMeHMAayUs) OCYIIeCTBIAIOT B CMe-
cu, cocrodAlnei ns 75% HayriaeposkuBaromux u 25% asoTUPYIOIINX ra3oB
(Hampumep, cMech TeHEPATOPHOT0, IPUPOAHOr0 rasa u ammuaka). IIpo-
mecc BefeTcA npu Temieparypax mopagka 800—850 °C u BBIAEPIKKE OT
1 10 6 u. 'myOuHa MmaHUpPOBaHUA IIPU 9TOM cocTaBseT 0,4—0,6 mm.

IMuanucThle COMU SAMOBUTHI, ¥ DTO ABJISIETCA CYIIECTBEHHBIM HeIO-
CTATKOM ITMaHUpPOBaHUA. [109TOMY ero o6BIYHO TIPOBOASAT B CIIEIIUAJTHLHO
BBIJIEJIEHHBIX TIOMEIEeHUAX, B KOTOPBIX CTPOTO COOJIIOAAIOTCA HpaBUJIa
TeXHUKU 0€30IIaCHOCTH.

Hupdysuonnaa memannruidayus npencrasisgeT coboir mporecce gud-
(by3MOHHOT0 HACHIIEHUS TOBEPXHOCTHBIX CJIOEB CTAJU PA3JIUYHBLIMU Me-
TajaMu (aJIIOMUHUEM, XPOMOM, ITMHKOM, MOJUOAEHOM, KpeMHueM, 60-
pOM) [JIsl 3AIUTHI U3AEJIUH OT KOPPO3UU U IOBBIIIEHUS UX KApPOCTOH-
KOCTH, MUBHOCOCTOMKOCTH 1 TBepaocTu. HanbosbIree mpuMeHeHe TMeIoT
TIPOIeCCHI HACBIIIEHUS AJIOMUHNEM — aJUTUPOBAHNE, XPOMOM — XPOMHU-
poBaHUe, KpeMHUeM — CUJIUIIUPOBAHYE U T. II.

Aaumuposarue IpuMeHAETCA IJIA AeTajieil, paboTaIINX IPU BBICO-
KHMX TeMIlepaTypax [IJs MOBBIIeHNA OKaJuHOCcTOMKocTu. JKumkoe aau-
TUPOBAHUE OCYIIIECTBJSAETCS IIOTPYyKEeHNeM AeTajel n3 CTajau B IeUb-BaH-
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HY ¢ pacmiaBieHHBIM aniomMuHueM npu (50-800° C u BeIAEp:KKOI 45—
90 muH. Tonmuua aautTupoBanuoro caos pasaa 0,2—-0,35 mm. ITocimeny-
ot aud@ysuonusiii oT:xur npu 900-1000 °C yBesrnuuBaeT TOJIIMIUHY
QJIMTUPOBAHHOTO CJIOS 0 1 MM.

Paspaboran mporpeccuBHBIN cnoco6 aJUTHUPOBAHUA, 3aKJIIOYAIO-
muiica B TOM, UTO aJIOMUHUH cHAuaja HAHOCAT Ha M3JAeJue, PACIbLIAN
CoKaThIM Bo3myxoM. [lasee HaHECEHHBIN CJIOM AJTIOMUHUA 3aITUIIAIOT K a-
POCTOIKO# 00Ma3Koil 1 MPou3BOgAT AN(M(HY3MOHHBIN OTKUT U3AEIUN IPU
remieparype 920 °C B Teuernue 3 u. B mporiecce oT:KuUTa IIOBEPXHOCTHBIH
CJIOH u3aesus HachIIaeTcA aJIOMUHIEM Ha TVIyOnHYy B cpegHeM 0,5 MM.

Hupgysuonnoe xpomupoearue TPOM3BOAUTCA B TOPOUIKOBHIX CMe-
CcAX, COCTaBJAEMBIX 13 (DEPPOXPOMA U ITIaMOTa, CMOUYEHHBIX COJITHOU KYC-
JIOTOM, MJIX B Ta30BOI CpeJie IPU PA3JIOKEHNU IapOB XJIOPKAa XpoMa. Xpo-
MUPOBAHUIO ITOABEPraeTcs CTaJb C CoAepKanmueM yriaepoaa He 6osee 0,2%.
XpoMHUPOBaHHBIE €TAINA KUMEIOT BLICOKYI0 KOPPO3UOHHYIO CTONKOCTb.

Cunuyuposanue — HaCHIIIEHNE TOBEPXHOCTHOTO CJIOA CTAJBLHBIX M3-
Ienuii KpeMHUEeM, 00eclieunBaloIee IOBBIIIIeHNE CTOMKOCTHY ITPOTUB KOP-
po3uu B MOPCKOM BOJle, a30THOM, CEPHOIT, COJIAHOM KucaoTax. CyIecTByeT
CUJIMIIMPOBAHNE B IIOPOIIKOOOPASHBIX cMeCAX (hePPOCUIUIINS, a TaKKe
ra3oBO€ CUJINIIMPOBAHYE B CPeJie XJIOPUIa KPEMHU .

CuaunupoBaHHBIN CJION 00J1a7aeT BHICOKON KMCJIOTOYIIOPHOCTRIO IO
850 °C u corrpoTHUBIIEHUEM U3HOCY.

Bopuposarnue siBisieTcsi IIPOIIECCOM HACBIIIEHUSA MTOBEPXHOCTHOTO
cyoa cranu 6opom. BopupoBaHue IOBBIIIIAET TBEPAOCTH, COIIPOTUBJIEHNIE
a0pa3uBHOMY M3HOCY U KOPPO3UHU B arpeCcCUBHBIX cpefax. Ero mpoBoaAT B
TBEPABIX KUAKUX U Ira3000pasHbIX cpefax ¢ 60pocoAep :KalliuMu COIAMU
¥ ra3aMu.

ITlpu guddysuonHO MeTaNIM3ALUU CTAJIb MOMKET HACBHIMIAThCA U
IPYTUMU MeTaJlIaMU, HallPuMeD, TUTAHOM (MmMumaHnuposatue), Boabdpa-
MoM (8oavhpamuposarue), Hnobuem (Huobuposarnue), Banaguem (6anadu-
posanue) u np. KomniekcHbIe cBoiicTBa AU HY3MOHHOTO CJI0A MOT'YT OBITH
TIOJIyY€HBI HACBIIIIEHUEM CTAJIU ABYMSA MJIU HECKOJIBKUMY METAJJIaMU Of-
HOBPEMEHHO (XPOM U aJIIOMUHUIA).

HOBBIE IIOHJTUA

IInmacTuueckas medopmaiius.

HaxJemn, Bo3Bpar.

TemmepaTypa peKpHuCTALIN3AI NN,

TepmomexaHUUecKasa 00paboTKa.

BricokoTemIiieparypHasa M HU3KOTEMIIEpaTypHas TepMoMeXaHuJec-
Kue 00paboTKHM.
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Bonpocut 045 camonpoBepxu

1.

MexaHoTepMuyecKasa o6paboTKa.
TepmomarauTHaA 006paboTKA.
XuMUKO-TepMuUuecKas 00padoTKa.
Huccomnuanusd, agcoponusd, nuddysusd.
Iemenranusa.

ABzoTupoBanue.

IuanupoBaHue (HUTPOIIEMEHTAIIMA).
HuddysronHas MeTaaau3amus.

BOIIPOCHI OJI51 CAMOITPOBEPKUA

B uem 3akJouaeTcs CYITHOCTD IJIaCTUYECKOM aedopmaiium?

B ueMm oTinune X0J0AHOM IIJIACTUUYECKOI JepopMaIluu OT ropsaueii?
YTo TaKOe BO3BpAT, HAKJIEI, PEKPUCTAJIIN3AIUA?

OxapaKTepusyiiTe TeXHOJOTHUIO YIPOUHEHNA HAIJIABKOM U HaIbLIe-
HUEeM. YKaKUTe 00JIaCTH UX TPUMEHEeH! .

B ueM CyHITHOCTH TEpMOMEXaHUYECKO 00paboTKU?

CyIITHOCTh XMMUKO-TePMUUYECKOI 00paboTKU?

Bubl XMMHKO-TePMUUECKOI 00PAOOTKY CTAIN U UX KpaTKas Xapak-
TEePUCTUKA.

Heranu m3 KakuWxX cTajeill MOABEPralT IeMEeHTAIlMW U a30THPOBa-
Hui?

TECTOBBIV KOHTPOJIb SHAHUM

Haxien moayuaioT mracTmuyecKoil medopMainueil IIPH CJIEYIOITUX

TeMIIepaTyPHBIX PEeKUMAX:

a) 20 °C;

6) 300 °C;

B) 500 °C;

r) 0,8 T cnonasa.

CBoOIICTBO HaKJIeTIa UCIIOJIB3YIOT IIPU:
a) MexXaHWYeCKoU o6paboTke;

0) TepMumUecKoil 00paboTKe;

B) INITAMIIOBKE;

T) omepanusax rubKu.
HpobecTpyiiHOMY HaKJIEITy ITOABEPTAIOTCA:
a) BAaJIbI;

0) MPY:KUHBI;

B) OOJITHI;

I) IIPOBOJIOKA.
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4. ITpu BosBparTe (OTABIXE) TPOUCXOAUT CHATHME UCKAYKEHU PEIeTOK, a
CJIeIOBATEJILHO, U3MEHAIOTCSA U CBOMCTBA:
a) TBEPAOCTH YBEJINUUBAETCS;
0) TBEePAOCTH MMOHUIKAETCA;
B) ILIACTHUYHOCTH yBEJIUUYNBAETCSH;
r) ILJIACTUYHOCTH YMEHbIIIaeTCs.
5. TepmoMexaHUUecKas o6pabOTKa IpeacTaBaAeT cOO0M KOMILJIEKCHOE
BO3JelicTBYE BHEIITHUX (DAKTOPOB B CJIEAYIOIIEH II0CIeI0BATEeIbHOCTH:
a) TeMmmeparypa, IJacTudecKas gedopmaiius;
0) Temmeparypa, ILIacTUYecKasd qeopMaliusa, TepMuueckas o6padboT-
Ka (3aKaJjika, OTIIYCK);
B) ILIAcCTHYECKas JedopMaliys 1 TepMHuUecKass oopaboTka.
6. MexaHoTepMuueckasa o6paboTKa mpencTaBaseT cob60ii KOMIIJIEKCHOe
BO3JelicTBYE BHEITHIX ()AKTOPOB B CJIEAYIOIIEH II0CIeI0BATEIbHOCTH:
a) IIacTuYecKas medopMaliusd 1 TepMHuUecKas o0paboTka;
0) TepMuuecKas o0paboTKa U maacTuueckas nedopMaiins;
B) TepMmuecKas o0paboTka u MexaHUUecKas o0paboTKa;
r) MexXaHMYecKas o0paboTKa 1 TepMUUYecKas o0paboTKa.
7. Ilpu XUMUKO-TepMUUIECKOI 00pab0TKe IPOUCXOAAT KOMILJIEKCHEIE 13-
MEHEHUS:
a) XMMUUYECKOr0O COCTaBa;
0) XMMHUECKOT'0 COCTaBa, CTPOEHU U CBOHCTB;
B) CTPOEHMA U CBOMCTB.
8. llemeHTAIIUsT — BTO TEXHOJOTUMUYECKUI IIPOIECC HACBIIIIEHUS ITIOBEPX-
HOCTH CTaJbHBIX JeTajei:
a) yTJIeposioMm;
06) BOZOPOAOM;
B) a30ToM;
T) ITMHKOM.
9. lluarnupoBaHMe — 3TO TEXHOJIOTMUECKUI ITPOIIECC HACHIIIIEHUS TOBEP-
XHOCTHU CTAJbHBIX JeTaJjei:
a) yTJIepoJIoM U BOIOPOIOM;
0) BOZOPOAOM U a30TOM;
B) YIVIEPOJOM U a30TOM;
T) YTIJIepPOJIOM U ITMHKOM.
10. AzoTupoBaHUe — 9TO TeXHOJIOTUYECKHUH IPOIIeCC HaCBIIIEeHU S ITI0BePX-
HOCTH CTaJbHBIX JeTajei:
a) yTJIepoJioM U a30TOM;
0) asoToMm;
B) YIJIEPOIIOM;
T) YTJIepOJIOM U ITMHKOM.
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7.1. Obwan Kaaccupurayus yeaepooucmovix cimanetl

ITTABA 7. VYITIEPOOVUCTDBIE
KOHCTPYKIMOHHBIE CTAJIN

METOOMYECKUE YKA3AHW

C IOMOIIBI0 fUarpaMMBbI «3KeJjIe30 — IIeMEHTUT» He00X0IMMO YCBOUTH
KJaccu(puKaIUIo YIJIePOANCTHIX cTajell 10 UX CTPYKTYPe, IOJTYUUTD YeT-
KOe IIpeJCTaBJIeHNe O J0IBTEKTOUIHBIX, 9BTEKTOUIHBIX U 3a9BTEKTOU/I-
HBIX CTaJAX, a TaKyKe U 00 yIJIePOAMCTHIX KOHCTPYKIIMOHHBIX. Ciexyer
YACHUTH PACIOJIOJKEHNE 9TUX CIIJIABOB HA AUarpaMMe «KeJje30 — IeMeH-
TUT», 0c000€ BHUMAaHUE YIEJUTb BJIUAHUIO YIVIEPOAA U ITOCTOSAHHBIX IIPHU-
Mecell Ha CTPYKTYPY W MPOYHOCTHBIE CBOMCTBA CTajJU, TaK:Ke 00pPaTUTh
BHUMaHUE Ha 3aBUCUMOCTb COCTaBa U CBOICTB YIVIEPOJUCTHIX CTAJIEH OT
cmocoba ux mpousBoacTBa. HeoO0X0AMMO M3YUYUTHh COBPEMEHHYIO KJIACCHU-
bukamuio 1 MapKUPOBKY CTaJieil IT0 HasHAUYEHUI0, KauecTBY, 001acTh X
IPUMEHEHUA.

7.1. OBIA S KJIACCUDUKALIVA YITIEPOOUCTBIX CTAJIEM

Kemnes0 cay:XKUT 0CHOBOI BaKHEHIIINX MAaIIIMHOCTPOUTEJIbHBIX MaTe-
puaJioB — ctauu 1 uyrysa. Ctajab — OCHOBHOUM MeTaJlIMYecKuil MaTepuaJ,
IIUPOKO MPUMEHAEMBbIN MIJIs1 M3TOTOBJEHUSA MAaINH, MHCTPYMeHTOB. Ee
IIMPOKOE HCIOJIb30BaHNE O0YCIOBJIEHO COUeTAHMEM IIEHHOIO KOMILIEKCA
MeXaHNYeCKUX, (PU3NKO-TeXHUUECKUX U TeXHOJOTUUYECKUX cBoicTB. Kpo-
Me TOT0, CTajJib CPABHUTEJIHLHO HeJIopora 1 IPOU3BOAUTCS B HAIIIell cTpaHe
B OOJIBITINX KOJIUYECTBAX.

Hayumo-TeXHUUYEeCKUII Mporpecc B 00JIaCTH TeXHUKU W TEeXHOJOTHI
IpeabsaBJISET BCce Bo3pacTalolime TpPeOOBaHUA K CBOMCTBAM M KadeCTBY
crtaau. B ¢BA3u ¢ aTUM paspabaThIBalOTCS HOBble MapKHU CTAJIEH, COBep-
IIEHCTBYIOTCA TEXHOJOTMUYECKIe IPOIeCCHI ee IOy YeHU .

YriepoaucTbie CTaaW KJIACCU(PUIIUPYIOT IO XUMUUYECKOMY COCTAaBY,
HasHAYEHMI0, KAaUeCTBY, CTEIIeHU PACKHCJIEHUS, CTPYKType U crIocobam
BBITIIJIABKH.

ITo XMMUYECKOMY COCTaBY YIJIEPOAMCThIE CTAJIN TOAPA3IEITAIOTCA Ha
HU3Koyepogucteie — 10 0,2% C, cpenueyriepogucteie — 0,25—-0,50% C
u BeIcOKoyIepoauctoie 0,5—0,7% C.

ITo HasHaueHWIO CTaJMd KJIACCHU(MUIIMPYIOT HA KOHCTPYKIIMOHHBIE
(cTpouTesibHBIE ¥ MAITMHOCTPOUTEJbHBIE) M MHCTPYyMeHTabHble. KoHc-
TPYKIIMOHHBIE CTPOUTENbHBIE CTAJIN MUCIIOJIb3YVIOTCA AJISI CBAPKU U KJIe-

89



I'1aBa 7. Yeaepooucmvie KoHCIMPYKYUOHHBIE CIAAU

TMAHHBIX KOHCTPYKIINI B CTPOUTEIBCTBE, MOCTOCTPOEHUH, CYOCTPOCHUU.
HawubGoJsiee muporoe mpuMeHEHUEe UMEIOT MAaIIMHOCTPOUTENBHEIE CTAJIU.
Cpeau KOHCTPYKIIMOHHBIX CTaJIel MOXKHO TaKiKe BBIJEJIUTDH IeMeHTUPY-
eMble 1 yayuiraembie. CTaau ¢ HUBKUM COJeP:KaHNeM yIJIepoJa UCIIOJb-
3YIOT B MAIIIXHOCTPOCHUH /IS U3TOTOBJIEHUS AeTaJiell, yIPOUHIeMbIX Iie-
MeHTaluen.

Crauu, cogepakarue 6oaee 0,25-0,30% C, mogBepraioT yiaydIIeHIIO
C IIOMOIIIBI0 TEPMHUUYECKOI 00paboTKM — 3aKaJKHU B MacJje 1 BLICOKOMY OT-
MYyCKy. YJIydIllaeMble CTaJu JOJ:KHBI UMETh BBICOKYIO IIPOUYHOCTD, IIJIAcC-
TUYHOCTH, BEICOKUH ITpeIesl BHIHOCJIUBOCTHM, MAJIYI0O YYBCTBUTEIBHOCTD K
XPYIKOCTH.

ITo kauecTBy cTanm KjaaccuuIupyioT Ha OOBIKHOBEHHEIE, KAUECTBEH-
HbIE, BBICOKOKAUeCTBeHHBIE. I[IoJ] KauecTBOM IIOHMMAIOT COBOKYIIHOCTH
CBOICTB, OIIPeeIAeMbIX TEXHOJOTHEN ee ITPOU3BOACTBA (OT COAEep;KaHUA r'a-
30B — KUCJIOPOZa, BOAOPOA, a30Ta 1 BPeOHBIX IIpUMecei — cepbl 1 dhocdopa).

ITo cremenu pacKucIeHUA M XapaKTepy 3aTBepAeBaHUsA CTAJU KJac-
cuuIUPYIOT Ha CIOKOMHBIE, MOJIYCIOKONHBIe M Kuisaiiue. CIIokoiHaa
CTaJIib IPU Pas3JMBKe He KUIIUT, OHA IIOJHOCTBIO pacKucjeHa. Kumsias
CTaJIb IPU PAa3JINBKE KUIIUT, BhIJEJIAs 00JIbIITI0e KOJINUEeCTBO rasos. ITomy-
CIIOKOMHBIE CTAJIX I10 CTEIEeH! PACKUCJIEHUS 3aHUMAIOT IIPOMEIKYTOUHOE
TOJIOKeHEe MEeKAY CTIOKOMHBIMY 1 KUTIAIITUMHA.

ITo cTpyKType cTanu KiIacCUPUIUPYIOT B OTOXKIKEHHOM M HOPMAaJIu-
30BAHHOM COCTOSAHUSAX. B 3aBHCUMOCTH OT CTPYKTYPBI B OTOMKIKEHHOM
(PaBHOBECHOM) COCTOAHUM YIJIEPOAUCThIE KOHCTPYKIIMOHHBIE CTAJU Pas-
eS0T Ha 3 KJjacca:

1) I05BTEKTOMAHBIE, MMEIOIe B CTPYKTYypPe U30bITOUHBIH (heppuT;

2) sBreKkTOMAHEBIE — CTPYKTYypa — 100% mepiut;

3) 3a9BTEKTOMIHBIE, UMEIOINEe B CTPYKTYpPe BTOPUYHBIN IIEeMEeHTHT,
BBIJI€JIUBIIUHACS U3 ayCTEHUTA.

ITo cTpyKType mocjie HOpMaJIU3aIluK CTAIH [I0APa3e/IAI0TC Ha CJie-
IYIOIe OCHOBHBIE KJIACCHI: IMEPJUTHbIE W (hepPUTHBIE, II0 CIIOCO0Y BBI-
ILJIABKY OHU IIOPAa3[e/IsI0TCA Ha KOHBEPTOPHYI0, MAPTEHOBCKYIO, DJICK-
TPUUECKYIO.

7.2. BJIMSIHUE YIJIEPOOA U ITOCTOAHHBIX l'[I’_V[MECEV[
HA CBOVCTBA YIJIEPOOHBIX TKAHEU

RpOMe JKeJieda 1 yryiepoga — OCHOBHBIX KOMIIOHEHTOB — YyIJIEPOAMC-
Tasd CTAJIb COOEPUT HEKOTOPOE€ KOJINYECTBO IIOCTOAHHBIX U CﬂyqaﬁHBIX

mpuMecen.
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7.2. Bauanue yeaepooa u nocmoanHvIx npumeceil Ha cBoticmba yeaepooHsix mxane

VYriepon oKasbIBaeT OMpPeeJiAoIlee BIMAHNE Ha CBOMCTBA CTAaJIU.
ITocne oT:kura CTPyKTypa CTAaIU MPENCTABIAET CMECh (peppuTa U IeMeH-
THUTA, B KOTOPOI KOJWUYECTBO TOCJIETHETO YBEJIWUYMBAETCS ITPOIIOPIINO-
HaJILHO cofiep:KaHmio yriepona. @epput masonpoueH u miaactuyeH. 1le-
MEHTUT TBePJ U XPYIOK. B CBA3M C 3TUM II0 Mepe IIOBLIIIIEHUs YIIepoaa
TIOBBINIAETCA IPOYHOCTh, CHUKAETCA MJIACTUYHOCTD U BA3KOCTH CTAJIH.

ITocTOAHHBIMU TIPUMECSIMU CTajiell CUMTAIOT MapraHell, KPeMHUI,
docdop, cepy, a TakyKe rasbl — BOJOPOZ, KUCJIOPOH, a30T. OGBIUHO comep-
JKaHMe dTUX SJIEMEHTOB OTPAHUUYMBAETCSA B YIVIEPOAUCTHIX CTAJAX CJIEIY-
IOIIIMU BepXHUMH IIpegenamu, %: 0,8 mapranna, 0,5 kpemuus, 0,05 goc-
dopa u 0,05 cepsl. IIpu 6oabIem comep:KaHUY 3TUX 9JIEMEHTOB CTaJIb OyIeT
Ha3bIBAThC JLe2UPOBAHHOLL, Ky 9TU 3JIEMEHTHI BBE€JJEHBI CIIeIaIbHO.

Mapezaney BBOZAT B JIIOOYIO cTajJb AJs pacKkuciaenuda: FeO + Mn —
MnO + Fe, T.e. 1151 ycTpaHeHUA BPeIHBIX IIPUMecei 3aKkucu »xesesa. Map-
raHeI] yCTPaHAET TaKiKe BPeIHbIE CEPHUCTHIE COeIUHEHU S JKee3a.

Kpemuuili BIMseT aHAJOTMYHO MapraHiy. KpeMHUi#l pacKHUCJIAET
crasusb o peaknuu: 2FeO + Si — 2Fe + SiO,,.

docgop puAaeT CTANU XJIaTHOJIOMKOCTD (XPYIIKOCTh IIPU OOBIUHOM
TeMIepaTrype). ITo 00bACHAETCA TeM, 4TO (octhop BBIBHLIBAET CUJIBHYIO
BHYTPUKDPHUCTAJIINYECKYIO JUKBAIIWIO. XPYIKOCTb CTajJW, BHI3BAHHASA
docdopom, TeM BrIIIe, UeM 0OJIbIIIE B HEH yIyIepoaa.

Cepa mommamaeT B MeTaJLI U3 PYA, a TaKKe U3 IIEUHBIX rasoB — IIPO-
IYKTOB TOPEHUs TOILJIMBAa. B cTajiu oHA HaXOOUTCA B BHUIE CYJIb(MUIOB.
Cynsdugs! :xemesa (FeS) o6pas3yioT ¢ sKejle30M 9BTEKTUKY C TeMIepaTy-
poit mnaBiaerus 988 °C u pacmoJiararoiiyoocs o rpanuiiam seper. Ilpu
ropsaueili gepopmManuy rpaHUIBI 3€PEH OILJIABIAIOTCA U CTAaJIb XPYIKO pas-
pyiaercsa (KpacHOJIOMKOCTD CTaJIM), TOATOMY COAepKaHMe Cephl B CTAJINU
CTPOTO INMUTHUPYETCH.

Kucaopod, asom u 6000pod — BpeJHbIE CKPBIThIe TpuMecHu. VX BiIus-
HUe HanboJiee CUJIBHO IPOABISIETCSA B CHUKEHUU IIJIACTUYHOCTHU U TIOBBI-
IIEHNY CKJOHHOCTHU CTAJIM K XPYIIKOMY paspylneHuio. Kuciaopon u asor
pacTBOPAIOTCA B (heppUTe B HUUTOKHO MaJIOM KOJIMUECTBE, 3arPA3SHAIOT
CTaJIb OKCUAAMHU ¥ HUTPUJAMU, UYTO CHUIKAET ee TPOYHOCTD.

CayuaiiHble IPpUMeCH — 9JIEMEHTHI, IT0IIafaf0Il1e B CTAJIb U3 PYI OTIe-
JBHBIX MECTOPOKIeHUI NI U3 METAJIJI0JIoMAa (BTOPUUYHOTO ChIPh): MeIb,
MBIIIbSK, OJIOBO, HUKEJb U IP., COAep:KaHne MX Ha CBOMCTBA CTaJU He
OKa3bIBaeT CYII[eCTBEHHOE BIUAHUE.
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I'1aBa 7. Yeaepooucinvie KoHCIMpYKYUOHHbLE CMAALL

7.3. MAPKUPOBKA YITIEPOOUCTBIX
KOHCTPYKIIMMOHHBIX CTAJIEU

VYraeponucTble KOHCTPYKIIMOHHBIE CTAaJX OOBIKHOBEHHOT'O KadyecTBa
BBIITYCKAIOT B BUJE IIpPoKaTa (JIMCTOB, IPYTKOB, YT'OJKOB) TpeX I'PYIH: A,
B, B.

Cranu MapKupyooTca couetanueM O6yKB «Cr» u mudpoii (ot 0 go 6),
ToKasbIBatoIeir Homep mapku. Crasu rpynmn B u B uMeloT nepes MapKoii
OyKBBI B niu B, yKa3bIBaloOI[Ne HA X IPUHALJIEIKHOCTD K 9TUM I'PyIIaM.

Cranu rpynnbl A IMOCTABJISIOTCS C rapaHTUPOBAHHLIMU MeEXaHU-
YeCKHMMU CBOMCTBAMU, & XUMHUECKUHM COCTAB MX HE PerjaMeHTHPYeTCs.
Cranpb rpynmsl A BeITycKaeTcs ciaenyooimux mapok: ot Ct 0 o Ct 6. C yBe-
JUYeHrueM HoMepa MapKU IIOBBIIIAETCS Ipeaes IIPOYHOCTH, HAIIPUMED,
Cr 0 umeer mpejes IPOYHOCTH, PaBHLIH uau Gosee 31 kr/mm?; Ct 1 — 32—
42 xr/mm?; Cr 2 — 34-44 kr/mMmm2 u 1. 1.

Craspb rpynmnsl A UCIIONb3yeTCs AJA HeOTBeTCTBEHHBIX AeTajeil Ma-
IIIUH, MeTAJLJINYECKUX KOHCTPYKIIUH, apMaTypbl. CTaab rpynnsl b moc-
TaBJIAETCA C TAPAHTHEN 0 XUMHUUECKOMY COCTaBY, MEXaHUYECKUE CBOMC-
TBA He rapaHTHPYOTCca. MapkupyeTcd cTaJb caeayomum oopaszom: BCt 0,
BCt 1, BCt 2, BCt 6. Tak, Hanpumep, B craau Mapku BCT 1 cogepskanue
yriaepoga noJxHo 0eiTs 0,06—-0,12% a B mapke BCrt 6 — 0,38—-0,49%. U3
CTaJIiu IPyIIbl B M3roTOBJIAIOT OCH BATOHHBIX KOJIEC, KEJIe3HOIOPOKHEIE
PeJsbChl, IPYKUHBI, PECCOPHI, Pe3ePBYaphI.

Cranu rpynmnsl B mocTaBasoTeA ¢ rapaHTUPOBAHHBIMY MeXaHUYec-
KMMU CBOMCTBAMM U XMMHUYECKHUM COCTaBOM. VX IIIMPOKO MPUMEHSIOT
IJIs1 IIPOM3BOACTBA CBAPHBIX KOHCTPYKIHii. CTajau 3TO I'PyIIILI BBIIYC-
KaroTcd caenyiomnux mapok: BCrl ~ BCT5.

Huxe B Ta6s1. 3 1 4 mpuBeneHbl MeXaHNUEeCKNe CBOMCTBA I XUMUUEC-
Kuii cocTaB crajei rpynn A u B.

Tabauya 3
MexaHUY€ECKUE CBOMCTBA YIIIEPOJMCTOM CTAIN
OOBIKHOBEHHOT0 KauecTBa rpynnsl A
Mapxka G, o, 8,,% Mapka G, G 3,,%
craau Kre/mMmm? | Kre/ crann Kre/mMm? Kre/Mm?
MM
He MeHee He MeHee

Cr0 >31 - 20 Cr4 42-54 24 21

Crl 32-42 - 31 Ctb 50-64 26 17

Cr 2 34-44 20 29 Cr6 >60 30 12

Cr3 38-49 21 23
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7.3. MapkupoBxa yesepoducmolx KOHCHPYKYUOHHBIX caaetl

Ta6ruuya 4

MexaHMYeCKHii COCTAB YyII€POAUCTOM CTaIu OOBIKHOBEHHOrO KayecTBa rpynnsi B, %
Mapxka C Mn Si B cranu S P
CTajn KII IIC CII He OoJtee
BCr 0 <0,23 - - - - 0,06 0,07
BCr1 | 0,06-0,12 | 0,25-0,50 | 0,05 | 0,05-0,17 | 012-0,30 0,05 0,04
BCr2 | 0,09-0,15 | 0,25-0,50 | 0,05 | 0,05-0,17 | 012-0,30 0,05 0,04
BCr3 | 0,14-0,22 | 0,30-0,65 | 0,07 | 0,05-0,17 | 012-0,30 0,05 0,04
BCr4 | 0,18-0,27 | 0,40-0,70 | 0,07 | 0,05-0,17 | 012-0,30 0,05 0,04
BCr5 | 0,28-0,37 | 0,50-0,80 - 0,05-0,17 | 015-0,35 0,05 0,04
BCr6 | 0,38-0,49 | 0,50-0,80 - 0,05-0,17 | 015-0,35 0,05 0,04

Crajsu rpynnsl A MCIOJIB3YIOT AJIS U3, N3TOTOBJIeHNE KOTOPBIX
He COIIPOBOXKTaeTCs ropAauei 06paboTKoii. B aToM ciyuae OHU COXPAHSIOT
CTPYKTYPY U MeXaHnUeCKKe CBONCTBA, TapaHTUPOBaHHbBIE CTAHIAPTOM.

Crasu rpynnbl B npegHasHaueHbl MJI U3JEJIUH, U3TOTOBJISIEMBIX C
mpuMeHeHueM ropadeil o6paboTKM (KOBKM, TepMUUYECKOH 00paboTKmU),
IIpU KOTOPOU MCXOAHAA CTPYKTYpa M MeXaHWUeCKHe CBOMCTBA He coxpa-
HsroTed. [[JId TaKUX cTaJiell BaKHbI CBEIEHIA 0 XUMUUYECKOM COCTaBe, He-
00X0MMBI€e IJIs OIIpe/ieIeHNA PeKMMOB ropsadeit 00paboTK .

Cranu rpynnbl B B OCHOBHOM mNpefHasHAaueHbl [JiS IIPOU3BOACTBA
CBapHBIX KOHCTPYKIIUIi. B 3TOM ciiyuae BaKHO 3HATh X MCXOJHbBIE MeXa-
HUYECKIe CBOMCTBA, TaK KAK OHU COXPAHSIOTCA HEM3MEHHBIMHU B yUacT-
Kax, He IOABepraeMbIX HarpeBy IIPpU cBapKe. A IJid OIeHKU CBapruBaeMocC-
TH CTaJU BA’KHBI CBEIEHUA 0 XMMHUECKOM COCTaBe. dTa IpyIilla cTaJiei
TapaHTHUPYeT KaK MeXaHWYeCKHre CBOMCTBA, TAK M XUMUUYECKHM COCTAaB.
YrieponmcToie cTay OOLIKHOBEHHOTO KaU4ecTBa (BCeX TPeX I'PYIII) C HOMe-
pamu 5 1 6 TpeTHABHAYEHBI /1A PEJILC, JKEJIe3HOJOPOKHBIX KOJIEC, BAJIOB,
IKWBOB, ITecTepeH. HekoTophwlie meTasiu us aTux crajeii rpynn b u B mo-
I'yT IIOABEPTraThCA TEPMUAYECKOMY YIYUIITEHUIO.

VraepoaucTble KaueCTBEHHBIE CTAIM XapPaKTEpPU3YIOTCs 0ojee HUS-
KHUM, 4yeM y cTajieil 0OBIKHOBEHHOI'0 KauecTBa, COAEP:KaHMeM BPEeIHBIX
mpuMecell 1 HEMeTAJIMYEeCKUX BKJOUueHni. OHU MOCTABJISIOTCSI B BU-
e IpOKaTa, IOKOBOK M APYTrUX IM0Jy(habpuKaToB ¢ TapaHTHUPOBAHHBIMU
XUMHUYECKNM COCTaBOM UM MeXaHWYEeCKHMMU cBoMcTBaMu. MapKHUpPYIOT-
cqa pBysHauHbiMu uncaamu 05, 08, 10, 20, 30, 35, ..., 85, o6o3HavaIONIH-
MU cpeJHee COoep:KaHe yIyIepoJia B COTHIX A0JIAX mpoueHTa. Hampumep,
craab 10 cogepsxut B cpeguem 0,10% C, craas 50 —0,50% C u 1.1. Crmo-
KOUHBIE cTau MapKupyoT nHAeKcoM «CII», mosycnokoiHble U KUIIAIIIVE
¢ nuaaexcoM coorBeTcTBeHHO «IIC» 1 «KII».
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YriepoaucTbie BHICOKOKAUECTBEHHbBIE CTAJIM, BBITIJIABIEHHBIE B 9JICK-
TPUUYECKUX 1 BAKYYMHBIX IIJIAaBUJbHBIX arperarax, iMeIOT MUHUMAaJbHOE
cofiep:KaHUe BpeaAHbIX mpuMeceii. MapKupyoOTCsa Takue CTaIu aHAJIOT Y-
HO KaueCTBEeHHBIM, HO B KOHIIe AobOaBJisgeTcd OyKBa A: HalIlpuMep, CTAJIb
45A, crans 50A, comep:kaHMe yriiepoja B HUX COCTABJISIET COOTBETCTBEH-
o 0,45 u 0,50%, a BpegubIX HpuMecei cepbl, dochopa, azoTa, KUCIOPO-
IIa, BOJOPOAA 3HAUUTEIHLHO MEHBIIIE.

Craau 65, 70, 75, 80, 85, a TakiKe C IOBBIMIEHHLIM COAEPKaAHUEM
maprania 60T, 651" u 75I" npenMyIlieCTBEHHO IIPUMEHAIOT B KAYeCTBE pec-
COPHO-IIPYKUHHBLIX. VX IIoABEpraoT 3aKajlkKe M CpegHEMY OTIYCKY Ha
CTPYKTYPY TPOOCTHUTA /IS MOJYUEHUA BRICOKUX YIIPYTUX U ITPOYHOCTHBIX
cBoiicTB (6, > 80 Krc/MmM?) B COUETAHUHY C YAOBIETBOPUTEIbHOMN BASKOCTHIO
¥ XOPOIIUM TIpPeAesioM BBIHOCAUBOCTU. CTau UCIONb3YIOTCS AJIA TIJIOC-
KUX U COUPAJbHBIX MPY:KUH, PECCOP, YIPYTUX KOJIEIl U IPYTUX JeTaieit
MPYKUHHOTO THUIIA.

HOBBIE IIOHJTWA

CrpouTtesbHbBIE CTAJIH.

ITemeHnTyeMble U yIydIliaeMble YIIePOAUCTBIE CTAJIH.
CIIOKOMHBIE, ITOJTYCIIOKOMHBIE 1 KUIIAIINE CTaJIN.
CrayuaiiHble IpUMeCH.

KpacHosmoMKOCTB cTau.

X1aJHOJIOMKOCTD CTAJIN.

CTpyKTypa TPOOCTHUT.

Craau rpynnsl A, B, B.

BOIIPOCHI AJ151 CAMOIIOATIOTOBKM

1. daiiTe ompezeieHNe YIVIEPOANCTON KOHCTPYKIIMOHHOM CTAJIN.

2. Tlo kakuM OpUBHAKAM KJIACCUDUIIUPYIOTCA YIJIEPOAVCTHIE KOHC-
TPYKIMOHHBIE CTAJIN?

3. MapKupoBKa yIiIepOAUCThIX KOHCTPYKIIMOHHBIX CTaJiell 00bLIKHOBEH-
HOT'O Ka4ecTBa.

4. Kak BausieT IIOBBIIIIEHNE COAEP:KAHUS yIJIepoga Ha MeXaHuuecKue
cBolicTBa cTajein?

5. Kak BIUAIOT MOCTOSAHHBIEC ITPUMECH Ha CBOMCTBA CTAJIM?

6. KakoBo comep:kanme yriepoja B CTAJAX CIAEAYIOIINX MAPOK: CTAJb
45 u craap 50 A?

7. IIpuBemmTe mpuMephLl IPUMEHEeHU cTasieil Mapok 45 u 50A B mamu-
HOCTPOEHUMH.

8. Kakue KOHCTPYKIIMOHHEBIE CTAJIU IIPUMEHAIOTCA B KAUeCTBe IIeMEeHTY-
eMbIX U YIyYITaeMbIX?
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TecmnoBolii KOHMPOAL SHAHUI

9. Kakwve MapKu craJieil UCIOJB3YIOTCS [JIA U3TOTOBJIEHUS MPYIKUH U
peccop?
10. B cBoem cocTaBe yIJIEpOAMCTas CTAaJbh MMEET IO0JIe3HbIe U BPeIHbIe
npumecu. HazoBure BpegHble IPUMECH.

TECTOBBIV KOHTPOJIb 3HAHUM

1. Vruepogucrbie KOHCTPYKIIMOHHBIE CTAJN B CBOEM COCTaBe MMEIOT II0-
JIe3HbIe U BpeJHbIe mpuMecu. HazoBuTe BpeJHbIE IIPUMECH:

a) cepa;

0) KpeMHU’II;

B) MapraHell;

T) BOJOPOJ 1 a30T.
2. T'1aBHOII cOCTaBIAIOINIEH YIIEPOAUCTON KOHCTPYKIITMOHHOII CTAJIM, OII-
pelesnsaIoNieii ee CBONCTBA, ABIAETCA:

a) KpeMHUIi;

0) yriepon;

B) Mapraseii;

r) docdop.
3. Ilo kauecTBy cTaju IIOApas3eIai0TCs Ha cTaJau OOLIKHOBEHHOT'O Kauec-
TBa, KAUeCTBEHHbIE 1 BBLICOKOKAaUYeCcTBeHHbIe. UeM ompeiessieTcsa KaueCcTBO
crajeii?

a) XMMUUYECKUM COCTABOM;

6) cmoco6oM BBITIIABKH;

B) HaJIUYWEM BpPeIHbLIX IpUMeceii;

T) yBeJUUYEeHUWEM COAep KaHusA yriaepoa.
4. Cramau mapoxk 10, 20, 30, 45. YKaKuTe KaKue 13 HUX IPUMEHAIOTCA B
KauecTBe yIyUIlaeMbIX?

a) craJb 10;

6) crausb 20;

B) craJb 30;

T) craJb 45.
5. Kakxwue KoHCTpyKIIMOHHBIE cTaau mapok 10, 20, 30, 45 npumensioTcs
B Ka4eCTBe [[EMEHTYEeMbIX?

a) craJb 10;

6) craxab 20;

B) crajab 30;

r) crajb 45.
6. C yBemmueHUeM cOmepKaHUA YIIepoa B CTAJI1 KaKlie CBOCTBA MTOBbI-
mamTca?

a) TPOYHOCTH;
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0) TBEpAOCTH;
B) BA3KOCTD;
T) ILJIaCTUYHOCTD.
7. Cranb rpynmnsl B mpuMeHAIOT AJIA JeTajiell, M3rOTOBIASIEMBIX CJIeYIO-
UMY TeXHOJOTUAMU:
a) MexXaHUYeCKOUN 06pabOTKOI;
0) IIITaMIIOBKOM, KOBKOIA;
B) CBapKOIi;
r) MeXaHWYeCKOM 06paboTKOM 1 TepMOOOPabOTKOIA.
8. Cranb rpynnsl A mapkupyercs 6ykBamu Ct u HoOmepowMm 1, 2, 3, 4, 5, 6.
Yewm GoJibIIIe HOMED, TEM:
a) IPOYHOCTH BBIIIIE;
0) ITPOYHOCTH HUIKE;
B) IIJIACTUYHOCTD BBIIIIE;
T) ILJTAaCTMYHOCTH HUKE.
9. 11 TIoTyUYeHnA CIIOKOMHOMN CTaJiu UCIIOJNb3YIOT CIAeNYIONe PaCKUC-
JUTEJIN:
a) KpeMHUI;
0) aJIOMUHUI;
B) XpOM;
T) BaHaIWi.
10. Comep:xkaHue BpeOHOM IIPUMECH CePhl B BHICOKOKAUECTBEHHOM KOHC-
TPYKITMOHHOM CTAJIYN He JOYKHO IIPEBHINIATD:
a) 0,01-0,02%;
6) 0,02-0,03%;
B) 0,005-0,01%;
r) 0,04-0,06%.

I'TTABA 8. IETVIPOBAHHBIE CTAJIN

METOOVUYECKUE YKA3AHWM

Ilpe:xme Bcero, HEOOXOAUMO OIIPENESUTDH, UTO HA3LIBAETCS JIETUPO-
BAHHOM CTAJIbIO U JIETUPYIOIIUMH dJieMeHTaMu. Kakue Jerupyroime sJje-
MEHTBI 1 C KAKO¥ 11eJIbI0 BBOIATCS B CTAJIb?

ITosHaKOMUTBCSA ¢ KJjaccu(puKaIueil JIerMpoBaHHBIX CTaJieil o oc-
HOBHBIM IIpudHaxkaM. O0paTUThL BHHMaHMWEe Ha TO, UTO IIPU MapKUPOBKE
ATUX CTaJel KaKIbIH JIETUPYIOIUY 9JIeMeHT NMeeT cBoe OyKBeHHOe 0003-
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8.1. Obwaa xapaxkmepucmuka BAUAHUA Ae2UPYIOUUX IAeMeHnob

HaveHUe, U IT03TOMY HEe0OXOAMMO MOJYUYUTDH 3HAHNUE II0 Paciin(poBKe UX
XUMHUYECKOr0 cocTaBa. Hapany ¢ KOHCTPYKIITMOHHBIMU JIETMPOBAHHBIMU
CTAJIAMHY OOIIEero Ha3sHAUCHUS B COBPEMEHHBIX TeXHOJOTUAX HAIILIU HIPU-
MeHeHNe CTAJI U CILIABEI C 0cOOBIMU cBolicTBamMu. OOpaTrTe BHUMAHIE HA
UX COCTaB, CBOMCTBA U 00JIaCTY IPUMEHEHUA.

8.1. OBIII A XAPAKTEPVICTUKA BJIVAHWAA
JIETUPYIOIIMNX DJIEMEHTOB

VYraepoaucThle cTajiu He 00JIafaiOT JOCTATOUHO BHICOKMMM MEXaHU-
YeCKUMHU U PUBUKO-XUMUUYECKUMU CBOMCTBAMU M HE OTBEUAIOT TpebGoBa-
HUAM, IPEIbABIAEMBIM K CILJIaBAM B COBPEMEHHOM MAIIIMHOCTPOEHUU.
I mosyyeHnA HEOOXOAUMBIX CBOMCTB B CTAJIb BBOJAT JIETUPYIOIITHE dJIe-
MEHTBI: XPOM, HUKeJIb, MapraHell, KpeMHUi, BoJbGpaM, MOIUOIEH U IP.
IIporecc 9TOT Ha3bIBAETCS JIETUPOBAHUEM, a MOJYyUYEeHHBIE CTAJU — JIETH-
POBAHHBIMH.

Mapezaney u kpemHuil, IPUCYTCTBYIOIINE B CTAJIU B KaUeCTBe II0CTO-
SHHBIX MIPUMeCceH, CUUTAIOTCA JIETUPYIOIUMH KOMIOHEHTAMM, €CJAU UX
comepaxanue npesbiaer 1,0 u 0,8% cooTBeTcTBEHHO.

OCHOBHBIE TPEUMYIIIECTBA JIETUPOBAHHBIX CTAJIEH BBIABJISAIOTCA TOJIb-
KO TI0CJIe TEPMUYECKOM 00paboTK M. JIernpoBaHHbIe CTAJN, HEe MEHAIOIIe
MUKPOCTPYKTYDPY IIPM TEPMUUYECKON 00paboTKe, YIPOUYHAIOTCA ILac-
TUUecKoi aedopmarueii. JlermpoBaHMe MIPUAAET CTAJAM PAJ OCOOBIX
CBOMICTB — KOPPO3UOHHYIO CTOMKOCTD, UBHOCOCTOMKOCTD, 3KapOIIPOUHOCTD,
OKaJIMHOCTOMKOCTD U JP.

Xpom, MUPOKO MPUMEHAEMBIH AJIA JIETUPOBaHUA (B KOHCTPYKI[MOH-
HBIX cTaasaXx 10 3,0%), mMOBBIIIaeT TBEPAOCTb U MIPOUYHOCTh, U3HOCOYCTOM-
YUBOCTh. Bilarogapsa BBICOKON M3HOCOYCTOMUYMBOCTU XPOMMUCTOI CTaJIH,
U3 Hee M3roTaBJINBAIOT MOAIIUIHUKY KaueHusA. [Ipy coep:KaHuy CBbIIITe
13% xpoma cTajJb CTAHOBUTCA KOPPO3UOHHOCTOMKOI (HEp:KaBeroIreir).
Hanbueiiliiee yBeJnUeHre COIEPKAHUA XpOMa IIPUIAET CTAJIN aHTUKOP-
PO3MOHHOCTSD IIPU BBICOKUX TEMIIEpATypax.

Hukenb IpUZaeT CTaJIN IPOYHOCTD, BLICOKYIO IIJIACTUYHOCTE, KOPPO-
3UOHHYIO CTOMKOCTb, YBEINUNBAET IJIOTHOCTE.

Boavgpam MOBBIIAET TBEPAOCTb M IPOYHOCTH CTAJIM, CIIOCOOCTBYET
00pa30BaHUI0 MEJTKO3EPHUCTON CTPYKTYPHI, BBOAUTCS B UHCTPYMEHTAJIb-
HYIO CTajJhb [AJs TOBBINIEHUSA KpacHOCTOWKocTu. [lo6aBKu Boab(hpama B
CTaJIb MOBHIIIAIOT €€ JKapOIPOYHOCTb.

Monu60er (B KOHCTPYKIIMOHHBIX cTaiAx B KoaumdectBe 0,2—0,6%),
TOBBIIIIAET TPOYHOCTDb W TBEPHOCTH, HE3HAUNTEJIbHO CHUIKAET IIJIacTHUY-
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HOCTh. B MHCTPpYMEHTANLHBIX (OBLICTPOPEIKYINNX) CTANAX MOJHUOAEH IIO-
BBITITAeT KPAacHOCTONKOCTh. Hamboee e HHBIM CBOCTBOM MOJIMOIeHA SB-
JIAETCS JKaPOIPOUYHOCTH CTAJIN.

Banaduil mOBBINIIAET TPOUYHOCTD, CITOCOOCTBYET 06pa30BaHUIO MEJIKO-
3€PHUCTOI CTPYKTYPHI, TIOBBITIIAET YIIPYTOCTh 1 COIPOTUBJIEHNE YCTAJIOC-
TH CTaJIN.

Mapzaney TOBBIIIaET MeXaHUYECKME CBOMCTBA, a IIPU ITOBBLIIITEHUU
comep:kanud 10 13% mnpumaer eit UBHOCOYCTOMYMBOCTh U MATHUTOYCTOM-
YUBBIE CBOHICTBA.

Kpemnuii, kak ¥ Maprasell, ABJseTcd Hen30eKHOH MPUMECHIO CTa-
JI, B KOHCTPYKIIMOHHBIX JETUPOBAHHBIX CTAJIAX €ro comepkurcs a0 2%,
OH IIOBBIIIIAET IIPOYHOCTD 1 YIPYT'OCTh CTAJHU IIPU COXPAHEHUU BA3KOCTHU
(peccopHbIe U HPY:KUHHBIE cTajau). IIoBhINIeHHOE comep:kaHme a0 2—4%
YBeJIMYUBAET 3JIeKTPOCOIPOTHUBIIEHEe U MAaTHUTHYIO IIPOHUIIaeMOCTb.

Heobuii u muman #o0aBigOT B cTajlb B KoamdectBax 0,1-0,2%,
OHU TPUIAIOT el MeJKO3ePHUCTOEe CTPOEHUE, TOBLIMIAI0OT MeXaHUUeCKue
CBOMCTBA.

AN0OMUHUI BBOIUTCS AJISA [IOBBIIIEHUS TBEPIOCTU a30TUPYEMOI cTa-
sau. Ilpu comep:kanum 5—6% aaIOMUHUSA CTAJU IPUOOPETAIOT ITOBBIIIIEH-
HYIO OKaJINHOCTOMKOCTD.

8.2. KITACCMPUKALIMII 1 MAPKNPOBKA
JIETVIPOBAHHBIX CTAJIEUN

8.2.1. KITACCUPUKALI M

Hawubosiee mosHOI sBIAeTCA KJaaccuUKAIUA JIETHIPOBAHHBIX CTa-
Jiell o 9KCIIyaTal[MOHHBIM (IOTPebjieHre MeTaLIa B MAIIMHOCTPOSHN)
¥ IIPOU3BO/ICTBEHHO-TEXHOJOTUUYECKUM (IIPOM3BOCTBO METaJLJIa B MeTaJi-
JYPTUn) IPU3HAKAM.

Ilo sxcnayamayuonnsvim NPU3HAKAM B 3aBUCIMOCTY OT HAa3HAUEHU S
pas3auyaloT TPU KJacca cTajieil.

1. KoHCTPYKIIMOHHBIE CTAJIN U CILJIaBHI, IPeHA3BHAUYCHHBIE 1JId U3T0-
TOBJIEHUSA JeTajlell MallluH, O0'beTUHAIOT B IBE I'PYIIIIbI:

a) paboTaroIue B YCJIOBUAX OOBIYHBIX TEMIIEPATYD;

6) paboTaroIye B YCJIOBUAX IOBBIIIIEHHBIX TEMIIEPATYD.

KoHCTpyKIIMOHHBIE CTAJU JOJKHBI 00/1aaTh KOMIIJIEKCOM BBICOKMX
MeXaHUYeCKUX CBOUCTB.

2. UuCTpyMeHTaJbHbIE CTAJIN U CILJIABBI 00BEUHAIOT B TPU I'PYIIIIEL:

a) peKyIlero MHCTPYMEHTA;
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8.2. Kaaccugpuxayus u mapxkupobra aecupobannslx cmasei

0) IIITaMIIOB;

B) M3MEPUTEJHLHOTO MHCTPYMEHTA.

3. Cranu u cmjIaBbl ¢ OCOOBIMU CBOMCTBaAMM, 00JIaJAIOIINE OIIpee-
JEHHBIMU CIIenu(UUecCKUMU, PUSUUECKUMU, XUMUUYECKUMU UJIU MEeXaHU’-
YeCKUMU ITapaMeTpaMu, 00'beAUHAIOT B IITeCTh I'PYIII:

a) Hep:kaserolye (KOPPO3UOHHOCTONKME);

0) C BBICOKUM 3JIEKTPOCOIIPOTUBJIEHIEM;

B) 2JEKTPOTEXHUUYECKIUE;

I) € 0COOBIM TEMJIOBHIM PACIIIUPEHUEM;

I) MarHUTHBHIE;

e) IJa paboThl MPU BBICOKUX TeMIleparypax ((KapompouHble M »Ka-
pocToiiKue).

IlIpou3eodcmeenno-mexnonozuieckas KiACCUPUKAYUA JIETUPO-
BaHHBIX CTaJiell MMOCTPOeHAa MO PALY IMPU3HAKOB: XUMUUECKOMY COCTABY,
KOJIMYECTBY OJHOBPEMEHHO YUACTBYIOIINX JIETUPYIOIIUX 3JI€MEHTOB, OC-
HOBHOMY JIETHPYIOIIEMY 3JIEMEHTY, OOIIeMy COIep:KaHUI0 JIETUPYIOINTNX
3JIEMEHTOB, CTPYKTYPE B OTOKIKEHHOM COCTOSHUM, CTPYKTYype TOCJIe OX-
JIAKIeHUS HA BO3OyXe.

Io xumuyeckomy cocmagy ONpeneIsaioT, KaKue JETUPYIOIIe 3JIeMeH-
ThI (Kpome Fe u C) 1 B KAKUX KOJIMUYECTBAX IIPUCYTCTBYIOT B cTaiu. B 3aBu-
CHMOCTH OT KOJIMUECTBA OJHOBPEMEHHO YUaCTBYIOIIUX JErUPYIOMIUX dJIe-
MEHTOB Pas3jIn4yaioT TPOMHBIE, YeTBEPHbIE U CJIOKHOJIEIUPYIOIre CTaJIH.

Tpoiiabie ctanu comep:kat Fe, C 1 ofuH JIeTUPYIOIINUI 5JIEMEHT, YeT-
BepThie — Fe, C u OBa JIETUPYIOIIUX 3JIEMEHTA, CJA0MKHOJIETIPOBAHHbBIE —
Fe, C, a Tak:ke Tpu u 60Jiee JIETUPYIOINX SJIEMEHTA.

B 3aBUCHMOCTHY OT OCHOBHBIX JIETUPYIOIIINUX 3JIEMEHTOB CTAJb ITOAPAa3-
IesgeTcsa Ha XPOMUCTYIO, MApPTaHIIOBUCTYI0, XPOMOKPEMHUCTYIO, XPOMO-
HUKeJEBYIO U IIP.

B saBucuMoOCTH OT OOINEr0 COAEP:KAHUA JIETHUPYIONINX 3JIEMEHTOB
pasIMyaT HU3KOoJerupoBaHubie (10 2,5%), cpemHenerupoBanusie (o 3
1o 10%) u BeIcOKOJIEerupoBaHHbIe (0os1ee 10%).

ITo cTPpYKTYypE B OTOKIKEHHOM COCTOSAHUY OIIPENEIAI0T CTPYKTYPY Je-
TUPOBAHHOM CTaJIU B PABHOBECHOM COCTOsSHUM. [Io 9TOMY MPU3HAKY CTaJIH
IeJsiTCs Ha NOIBTEKTOUAHBIE, 3a9BTEKTOUIHbIe U JieneOypuTHbie. [0aB-
TEeKTOUIHBIE CTAJN COJEPIKaT B CTPYKTYpPe CBOOOIHEIN (heppUT; 3a9BTEK-
TOUAHBIE — U30LITOUHBIE KapOUIbl; Jeae0ypuTHbIe — IIePBUYHBIE Kapou-
IBI, BBIJEIUBIIINECA U3 JKUTKOMN (paskl.

ITo cTpyKTypE mOCJIe OXJIaKJeHNA Ha BO3AYXE ONMPEAEIIAIOT CTPYKTY-
Py cTasiu mocje HopMaausanuu. I1o aToMmy mpu3HaKy JerupoBaHHEIE CTa-
JIU JeJISIT Ha TPU OCHOBHBIX KJacca: MePJIUTHbIE, MAPTEHCUTHBIE U ayCTe-
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HUTHBIE. JTa KJIacCU(PUKAIINA YPEe3BHIUATHO BasKHA, HOCKOJBKY II0 CTPYK-
Type yCTaHaBJIMUBAIOT UX CBoiicTBa. Hampumep, cTab epJauTHas obJiaga-
eT HeOOJIBIIION TBePAOCTHIO, 4 CTAJb, MMEIOIasi MAPTEHCUTHYIO CTPYKTY-
Py, BecbMa TBepAas U XpyIKasa. JlernpoBaHHbIe CTAJIN MOYKHO KJiaccuu-
IIUPOBATH II0 OTHOIIEHUIO K TePMUUYECKOH 00paboTKe Ha IIeMeHTyeMble 1
yJIydIiaeMsle.

Krnaccuburamnmsa cranm mo TeXHOJOTUYECKUM IPU3HAKAM C YUETOM
00pabaThIBAEMOCTH TIOAPAa3eideT ee Ha JUTEHHYI0, e OpMUPYeMYIO, IO
00paboTkKe pe3aHneM, TepMUUYECKU 06padaTbIiBaeMyIo.

ITo xauecTBy JierupoBaHHBIE CTAJY MOAPA3AEISIOTCS HAa KAueCTBEH-
HbIe, BLICOKOKAUeCTBEHHbIE I 0COO0KaUeCTBeHHBIE.

8.2.2. MAPKMPOBKA

Bce merupoBaHuble CTAIU UMEIOT MAPKUPOBKY, OTPAKAIOIIYIO B IIe€p-
BYIO ouepelb X XMUMUUECKUil cocTaB. B MapKuUpPOBKe cTaJIu IepBoii mud-
PoOii yKa3aHO cofiepiKaHme yrIepoia B COTHIX HOJIAX MPOIeHTA. 3aTeM CJie-
IYIOT OYKBBI PyCCKOro ajihaBuTa, 0003HAUAIOIIVE HAJTUYNE JIETUPYIOIIETO
anemenTa. Ecau 3a 6yKBoii iudphI HET, TO 3TO O3HAUAET, YTO COAEPKAHIE
JIETUPYIOIIETro 9JeMeHTa cocTaBasAeT oKoyo 1,0%.

VenoBHBIE 0003HAUEHUSA JETUPYIONINX 2JIEMEHTOB B CTAJIAX CJIEAYIO-
mue: amiomuunii — FQ; Banaguit — @; Boabdpam — B; kpemuuii — C; map-
rauern; — I'; aukens — H; megs — I; Turas — T; nmupkonuii — II; xpom — X.
Hamnpumep, mapka 35X3H5 o603HauaeT XpOMOHUKEJIEBYIO CTaJIb, COLED-
skaryio oxoJio 0,35% yriepozna, 3% xpoma, 5% HUKeJA, OCTAJIbHOE JKe-
JIe30 U APyTrue IPUMECH.

HexoTopble rpynmel cTajieil comep:kKaT AOIOJHUTEJIbHBIE 0003HAaUe-
HUA: MapKHU MIaPUKOMOAIINITHNKOBEIX cTajelli HaunHaoTcsa ¢ OyxkBal 111,
OpICTpOpPERYyITUX — P, 9IeKTPOTeXHMUECKUX — O, aBTOMAaTHBIX — A, cTa-
Jieli 1J1s1 TOCTOSAHHBIX MarHuToB — K. [[y1a mOBBIIIIEHNA KauyecTBa U yJIyd-
IIeHUs MeXaHWUYEeCKUX CBOMCTB HEKOTOPBhIE MapKW CTaJieil IOABEPTaioT
BTOPMYHOMY IepeIlaBy. B MapKupoBKe CcTaju YKasaHBI BUIbI BTOPUY-
HOTO TIepeIliaBa caeayIoleii abbpeBuaTypoii mocjae OYyKBEHHBIX U ITU(MPO-
BBIX 0003HAUEHMI: IEePeIIaB B BAaKYYMHBIX NyroBhix meuax — (BIII) BII;
aJIeKTponLIaKoBbeil mepersaB — (IIIIII) III; siaeKTpoHHO-TYUYEBO# mepe-
miaaB — JJIII; maasmeHHO-IyTOBOM TiepemniaB — IIJII1; o6bruHas gyroBas
maaBka — OIII.

KauecTBenHble JerupoBaHHbIE CcTAIU comepskaT He 6osee 0,035% ce-
per u 0,035% docdopa, a BbIcCOKOKauecTBeHHbIe He 6osiee 0,025% cepwl u
0,025% ¢ocdopa.
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8.3. JleeupoBantvie KoHcmpyKyuoHHble cinaiu

8.3. IETMIPOBAHHBIE KOHCTPYKIIMOHHBIE CTAJIN

J 151 OTBETCTBEHHBIX JeTajieil IPUMEHAIOT KOHCMPYKUUOHHbLE JIeTH-
poBaHHBIE cTaJau, 00JagaIue 60jiee BBICOKMMHU MeXaHNYeCKIMU CBOMC-
TBaMHU U IIPOKAJNBAEMOCTHIO, YUEM YIJIEPOIUCTHIE.

Wx nmpuMeHAIOT OJisT M3TOTOBJIEHHUA CAMBIX Pa3sHOOOpas3HBIX JaeTaJei
MamuH. [ XOJ0AHOM JUCTOBOM INITAMIIOBKY HPUMEHSIOT JEeTUpPOBaH-
HbIe cTaau mapok 10I'2, 30XT'C, 25XT'® u ap.

Peccopro-npyxicurHsle CTamm AOJKHBI 00OJIaZaTh BBICOKUM IIpeje-
JIOM YIPYTOCTH, BEIHOCIUBOCTHIO, BA3KOCTHIO U IJIACTUYHOCTHIO. Takum
TpebOBAaHUAM COOTBETCTBYIOT JIETMPOBaHHEIE cTamu Mapok 55C2, 60C2,
70C3. OTu MapKu cTajieil IPUMEHAIOT AJsA U3TOTOBJIEHUSA PECCOpP aBTO-
MoOuJIel, TPaAaKTOPOB, KeJIE3HONOPOKHBIX BATOHOB M OOJIBIIIUX TAMKEJIO-
HATrpysKeHHBIX NPY:KUH. {1 npy:KuH, paboTaONNX IPU HOBBIIITEHHBIX
TeMIeparypax W ¢ IIUTEJbHBIM ITMKJIOM, IPUMEHSIOTCA CTAaJd MapOK
60C2X, 60C2X®D, 60C2H2, a crasu mapok 30X13, 40X13, 44HXTIO npu-
MEHSAIOT IJIsd IPYsKUH, pA00TAIOINX IIPU BBICOKUX TeMIIepaTypax 1 B KOp-
PO3HMOHHBIX Cpelax.

IlodwunHuko8bLe cTaln UCIOJIb3YIOTCA AJIA M3TOTOBJIEHII Pa3H000-
Pa3HBIX IIIAPUKOBLIX, POJIMKOBBIX, H'OJBYATHIX MOAIIINIHIKOB KaK 00bIU-
HOT'O Ha3HAUEHUs, TaK U IPEelu3noHHbIe. [[JIg OOBIYHBIX MOAIIUIHIKOB
HUCIOJB3YIOT cTasu Mapok I11X6, I11X9, ITX15 u IIIX15CT. [Ias npenusu-
OHHBIX MOAIINIHUKOB CTAJb IOJIYUYAlOT BAKYYMHO-IYTOBLIM II€PEIJIaBOM
mapku 111X15.

Bce nmpuMeHsAeMbIe JIETUPYEMbIe CTAJIU ABJIAIOTCA IIEMEHTYEMBIMU U
YIIydIIaeMbIMH.

8.4. CTAJIM V1 CIIJIABBI C OCOBBIMU CBOMICTBAMMU

KopposuonHno-cmoiikue cTaay IpeJHasHavYe bl I padoThl B cpenax
pasauuHoil arpeccuBHOCTH. [y c1abo arpecCUBHBIX Cpef IpelHasHayue-
HBI cTayu Mapok 12X13, 25X13H2. [letasnu u3 sTUX cTajieil paboTaroT Ha
OTKPBITOM BO3AyXe, B IIPECHOU BOJe MM B pacTBopax coJieii mpu 20 °C;
cranu 14X17TH2, 20X17H2 — gns jgomaToK TypOWH, MOTOPHBIX deTaJieii
B aBUAI[MOHHOM MPOMBIIIJIEHHOCTH MIPU BBICOKUX TeMIIepaTypax; CTaJu
12X17, 156X17T'14 — g1 M3roTOBJIEHUSA JeTaJjell MaIllMH MSACOMOJIOUHOMN
IIPOMBIIIIJIEHHOCTHU X TOPTrOBOT0 000PY/I0OBaHUS.

Xaadocmoiikue cTaam OOJKHBI COXPAHSATH CBOU CBOMCTBA IIPU TEM-
neparypax — 40—80 °C. HauGoJsiblliee TpUMeHEHNE UMEIOT CJIEAYIOIINe:
15XM, 20XTHP, 30XT'C, 40XH2M.
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I'1a6a 8. JleeupoBannvie cmaiu

Kaponpounble cTaJu CIOCOGHBI ITPOTHUBOCTOATH MeXaHUUYECKUM
HarpyskaM mOpu BbicoKux Temieparypax (400—-850 °C). Cramum mapox
12X8B®D, 15X11B®, 13X14H3B2®PP u ap. TpUMEHSIOT IJs U3TOTOBJIE-
HUS JIOTIATOK TIapOBBIX TYPOWH, mapoHarpeBaTeseil, mevue.

Hapocmoilkue (OKAJIMHOCTONKYE) CTAJN CHIOCOOHBI COIIPOTUBIATHCA
OKVCJIEHUIO ¥ OKAJIMHOOOPa30BaHMUIO ITPU BBICOKMX Temneparypax (700—
1250 °C). Craau 40X10C2M, 12X18HII" u ap. IpuUMeHAIOT AJA N3TOTOB-
JIeHUuSA AeTajieil IIeYHO apMaTyphl, TEIIJIOOOMEHHNKOB, BBIITYCKHBIX KOJI-
JIEKTOPOB, paboTamInux mpu Temieparypax go 850—900 °C.

Tennoycmoiluusvle cTaau IpefHa3HAUEHBI AJIS U3TOTOBJIEHUS [e-
Tajei, paboTaINX B HATPYKEHHOM COCTOAHUU MPHU TeMIlepaTypax Oo
600 °C B TeueHume quuTesbHOro BpeMeHu. Hampumep, craau 20X3MB®,
12MX, 25XM® ucmosb3yTCs OJisd U3TOTOBJIEHUA TPYO mapoHarpeBarTe-
Jeii, MapoBBIX KOTJIOB, JeTaJieil Ta30BbIX TYPOUH.

MazrnumHble cTaIU U CILIABBI IOIPA3eJIII0OTCS Ha IBe TPYIIIbI — Mar-
HUTOMSATKME M MarHuTOTBepAble. OCHOBHLIMU XapaKTEepPUCTUKAMU Mar-
HUTHBIX CTaJIed U CIIJIABOB SABJSIOTCA KOSPIIUTUBHAS CUJIa M MAarHUTHAS
MIPOHUILAeMOCTh. KOapIuTUBHAS CHJIa — 9TO HANPAKEHHOCTb MAaTHUTHO-
ro II0JIfA, KOTOopas AO0JKHA OBITH IIPUJIOMKEHA K 00pasIy AJA TOro, UTOOBI
ero pasaMarHuTUTh. MaruuTHas IPOHUIAEMOCTDb — 9TO MHTEHCUBHOCTD Ha-
MArHUYUBaHUSA, T.€. CIOCOOHOCTD CTyII[aTh MATHUTHBIE CUJIOBbIE JIUHUU.

Maznumomeepdvie CILIABbI UMEIOT OOJIBIIYIO KOSPIIUTUBHYIO CUIY
¥ IPUMEHSAIOTCS AJIA U3TOTOBJIEHUS ITOCTOAHHBIX MATHUTOB B 9JI€KTPO- U
paguoanmnaparype (peJe, ycTpolicTBaX MATHUTHOIM mamMATn). VIX mosydya-
0T MeTOAAMU JUTHA 13 ciaaBoB Fe-Ni-Al u Fe-Ni-Al-Co. Cuias, comepaka-
it 9% Al, 13,5% Ni, 3% Cu, 24% Co, ocTaiabHOe »Kej1e30, UMeeT OUeHb
BBICOKYIO KOAPIIUTHUBHYIO cuyy. VI3 HEro maroTaBJIWBAIOT MarHUTHI He-
00JIBITIOTO pa3Mepa, HO OOJIBITION MOIITHOCTH.

Mazuumomszkue CTaaW W CIJIABbI MMEIOT MAaJYI0 KOIPIUTUBHYIO
cyJIy ¥ OOJIBIIIYI0 MATHUTHYIO IIPOHUIIAEMOCTh. B KauecTBe HUX MCIIOJb-
3YIOT 9JIEKTPOTEXHUUYECKOE JKeJIe30 U CTAJb, JKeJe30HNKeeBble CIIJIaBhI.
IIeKTPOTEeXHUYECKOe Keye30 comep:kuT memee 0,04% yriepona, saeKT-
porexHuYecKas crayab — meHee 0,05% yruiepoxa u no 4% xpemuus. Cra-
JIZ ¢ coliep:KaHueM KpeMHUs 10 2% HA3LIBAIOTCS TUHAMHBIMU, a ¢ 2 10
4% — TpaHC(HOPMATOPHBIM sKeJsie30M. MarHUTOMATKNE MaTepuaJjbl IPU-
MEHSIOTCSA IJIS N3TOTOBJIEHUS CUJIOBBIX TPAaHC(POPMATOPOB, MATHUTOIIPO-
BOJIOB, CTATOPOB U POTOPOB 3JIEKTPOJBUTATEICH.

Cnaaevl ¢ 0coObLMU MENnJ08bLMU CE0lcmeamu, Koraa Kod(OUIueHT
JUHEHHOr0 pacIiupeHns IPU HarpeBaHWM OOJIXKeH ObITh paBeH HYJIIO,
IIPUMEHSIOT, B OCHOBHOM, B pagunosjeKkTporexuuke. Cias ixeuesa ¢ 36%
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HoBvte nonamus

HUKeJIsI Ha3bIBaeTCA NHBAPOM (HEM3MEHHBIN) 1 €0 MOMKHO CUNTATH IIPaK-
THYeCKU He paciupsoniumcda. Crias kesesa ¢ 42% HUKeIA UMeeT HyJIe-
BO# KO3(D(PUIIMEHT JIMHEMHOI'0 PACIINPEHNs B MHTEPBaJje TeMIepaTyp OT
20 mo 200 °C, Torma Kaxk mHBap coxpaHsaeT 3To cBoiicTBo 1o 100 °C.

B psge ciayuaeB TpeOyeTcs CIJIAB C MOCTOAHHBIMY, HEe M3MEHIIOII-
MHCS C TeMIIepaTypoil, MOAYJIAMU YIPYTOCTH, MIPUMEHIEMBIN AJA Ipy-
SKWH TOUYHBIX IPUOOPOB, IJIA KaMepTOHOB. [Jid 3TUX IieJieil UCIOJIb3YIOT
CILIaBbI, HA3bIBa€MbIE dJIMHBApaMu (IIOCTOSTHHASA YIIPYrOCTh), COmEpsKa-
e okoJio 36% Hukens, 8% xpoma, ocTaJbHOE JKeJIe30.

CILIaBBl C BBICOKHMM 3JIEKTPOCOIPOTUBJIEHNEM IPUMEHSIOT AJIS Ha-
rpeBaTeIbHBIX 9JIEMEHTOB IIeUeli, PEOCTATOB U PA3JIHUYHBIX 3JIEKTPOIPH-
6opos. K sToii rpynmne cmiraBoB oTHOCATCA HuxpoMmbl (X15H60, X20HS80).
B xauecTBe peoCTaTHBIX CILIABOB IIPUMEHSIOT CILJIABBI CHCTEMBLI: OCHOBA
menb, 40—45% uukens u 1-2% wmaprauma. KeresoxpomMaroMuHUEBbIE
cmiaBel Mapku X13F04 o6iamaioT 60jiee BEICOKOM 3KapOCTOMKOCTRIO, BhI-
COKUM 9JIeKTPUUYECKUM COIIPOTUBJIEHIEM, YeM HIUXPOMBIL.

HOBBIE IIOHJTW A

CJI02KHOJIETMPOBaHHEIE CTAJIN.
BricoKoerupoBaHHbIe CTAJIM.

IlemeHTyeMbIe U YIyUIlaeMble JerMPOBAHHLIE CTAJIN.
Oco0060BBICOKOKAUYECTBEHHBIE JIETUPOBAHHBIE CTAJIH.
ITaprKOIOAIINITHAKOBAS CTAJIb.
PeccopHO-IIPYKUHHBIE CTAJIH.

XJ1aJ0CTOMKIIE CTAJIN.

MarauToTBepble 1 MAarHUTOMATKNE CTAJIN.

CraJju ¢ 0COOBIMU TEILJIOBLIMU CBOMCTBAMMU.

CriaBeI ¢ BLICOKUM 3JI€KTPOCOIIPOTHBIIEHIEM.

BOIIPOCHI OJI51 CAMOIIOOATOTOBKM

1. B uem oTsinume JIeTMPOBAHHON KOHCTPYKIIMOHHOM CTAJU OT YTJIEPO-
IUCTOMI?

2. Kak BIMSIOT Ha CBOMCTBA CTaJu HOOABKM XpoMa, MapraHiia, BOJb-
dpama?

3. Pacmugpyiite xummuueckuit coctaB craaum mapoxk I['13, X, 40XH,
X1210C.

4. Kakue KOHCTPYKIIMOHHBIE CTAJN IPUMEHAIOTCS B KauecTBe IIeMEeHTY-
e€MbIX U YIYUIIaeMbIX?

5. HasoBure cmjiaBbl C 0COOBIMH TEIIJIOBLIMI CBOMCTBAMU.

6. HaszoBuTe OCHOBHBIE XapaKTEPUCTUKN MATHUTHBIX CTAJIEH U CIIJIABOB.
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I'1a6a 8. JleeupoBannvie cmaiu

TECTOBbBIV KOHTPOJIb 3HAHUM

1. KopposuoHHOCTOIKME CTAJIKU 00JaJAal0T BHICOKOM CTOMKOCTBIO B IIpe-
CHOII M MOPCKOH Boze, B aTMoc(epe Bo3ayxa M Imapa. Takas CTOMKOCTDb
00bACHAETCA HAJUYMEM B CTAJIM JIErMPYIOIIEro sjeMeHTa cBbimme 12%.
HaszosuTe sToT mpegmer:

a) BoJsb(pam;

6) Mapramerir;

B) XpOM;

I) aJIOMUHUH.
2. VI3HOCOYCTOMUYMBOCTL JIEIMPOBAHHOM CTAJK 00eCIIeUunBaeT JIETUPYIO-
U DJIeMEeHT:

a) HUKeJb;

0) Bosb(paMm;

B) MoJInOIeH;

r) Maprafeil.
3. JKapompouHOCTh cTaau 06ecIIeYnBaeT JEeTUPYIONNI 2JIEMeHT:

a) Menb;

0) aJTOMUHUII,

B) BoOJb(pam;

T) KOOaJIbT.
4. Kpemuwuii B JierupoBaHHOI craaum a0 2% obecreunBaeT OCHOBHOE
CBOICTBO CTaJIU:

a) yOpyrocTsb;

0) "KapOIIPOYHOCTD;

B) “KapOCTONKOCTD;

T) KOPPO3MOHHYIO CTOHKOCTD.
5. AMOMUHWI B JIErMPOBAHHON CTAJIM B KoaudecTBe 5—6% obecreunBa-
€T OCHOBHOE CBOMCTBO CTaJIN:

a) KOPPO3MOHHYIO CTOMKOCTD,

0) OKaJMHOCTONKOCTD;

B) M3HOCOCTONKOCTD;

T) KapOIIPOYHOCTD.
6. IlommunaukoBasa crajb IIIX15 comep:KUT JIETUPYIOIIEro sJIeMeHTa
Xpoma:

a) 0,15%;

6) 15%;

B) 1,50/0;

r) 10%.
7. TemaoycToiumBbIe CTAIM IPeIHASHAUEHBI AJIA CIeTYIONIUX JeTaJer:

a) IIapoBBIX KOTJIOB;
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Memooduueckie ykasanus

6) 6OJITOB U raek;
B) IIPYXUH U PECCOD;
T) geTaJjell ra3oBbIX TYPOUH.

8. OcHOBHOM XapaKTEPUCTUKON MATHUTOTBEPABIX CIIJIABOB SIBJISIETCS:
a) OoJbIIas KOAPIIMTUBHAS CHUJIA;
0) MaJjas KOSPIIUTUBHAS CUJIA;
B) OoJbIllas MarHUTHAS IIPOHUIIAEMOCTD;
r) MaJjiasdg MarHuTHAaSA IPOHUIAEMOCTb.

9. OCHOBHOIT XapaKTePUCTUKOA MAaTHUTOMSATKUX CILIABOB ABJISIETCS:
a) OoJsbITad KO3PIIUTUBHAA CUJIA;
06) MaJjas KOSPIUTUBHAS CUJIA;
B) OoJibIlTasdg MarHUTHAS ITPOHUIIA€MOCTbD;
r) MaJjas MarHUTHAaA IPOHUIA€MOCTb.

10. CraBBI ¢ 0COOBIMHE TEILJIOBLIMY CBOMCTBAMU 00JIaLAI0T:
a) BBICOKUM BJIEKTPOCOIPOTHUBJIEHIIEM;
0) He U3MEHSAIOINENCcs ¢ TeMIepPaTypoll yIPyrocThIo;
B) BBICOKOI MJIACTUYHOCTBIO;
r) ¢ HYJEBbIM KO3()(MUIIUEHTOM JUHENHOr0 PACIIUPEeHUs IPU IIOBLI-
IIIEHN X TeMIIEPaTy PhI.

I'TTABA 9. UHCTPYMEHTAJIbHBIE CTAJIN
N MATEPVAJIbI

METOOVMYECKUNE YKA3SAHWA

IIpucrynasa K m3y4yeHHIO 9TOM TeMbI, pa3bepuTech, Kakme TpedoBa-
HUSA IPeIbABIAITCA K HHCTPYMEHTAJbLHBEIM MaTepuajiaM B IIeJIOM U He-
IIOCPEACTBEHHO IJIA PEKYIINX, U3MEPUTENbHBIX, CJIECAPHBIX NHCTPYMEH-
TOB ¥ JJIA IIITAMIIOB XOJOIHOIO, ropsiuero aedopmupoBanus. Hapany c
YTJI€POAUCTHIMY U JEeTUPOBAHHBIMY MHCTPYMEHTAJIbHBIMU CTAJIAMU YIe-
JUTe IOJIKHOe BHUMAaHNE TAKUM WHCTPYMEHTAJbHBIM MaTepuajaM, Kak
TBepAbIE CIJIaBbI, MUHEPAJIOKePAMUKA U CUHTeTHUYecKe aimasbl. Ocoboe
BHUMAaHMUe 00paTUTe Ha MapKUPOBKY, CBOMCTBA U TEXHOJIOTHIO U3T'OTOBJIE-
HUS MeTaJlJIOKepaMHUUYeCKUX TBEPAbIX CIIJIABOB U CUHTETHUUYECKUX ajiMa-
30B B KaueCTBe PeKYINX NHCTPYMEHTOB, TaK KaK OHU SIBJIAIOTCA IIPEBOC-
XOOHBIMU 3aMEHUTEJISIMU JOPOTOCTOAIINX JIETUPOBAHHBIX OBICTPOPEIKY-
mux crajei Tuna P18, P12, P9 u ap. Us-3a mepunurHOCTU BOJIb(Mpama
WCITOJIb30BAHUE 9TUX CTaJIell CYIeCTBEHHO CHU3UJIOCh.
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I'1aBa 9. UncmpymenmaavHole cmaiu u Mamepuaivl

9.1. TPEBOBAHVISI, ITPEOBIBIISIEMbBIE
K MHCTPYMEHTAJIbHBIM MATEPVAJIAM

WMHcTpyMeHTaIbHbIE CTAIN U CIJIABBI JOJMKHBI 00/I1a1aTh:

a) BBICOKOI TBepAOCTHI0. OT TBEPAOCTU 3aBUCUT YCTORUYUBOCTD (DOP-
MBI 1 Pa3MEPOB MHCTPYMEHTOB IIpH pabdore;

6) BBICOKOU IPOYHOCTHIO, 06eCTIeUNBAIOIIEH CTOMKOCTh MHCTPYMEHTOB;

B) M3HOCOYCTOMYMBOCTHIO, 3aBUCHAINEH OT COCTOAHUS W KadyecTBa
(TBepHOOCTU U TEIIJIOCTOMKOCTH) CTAJIH;

I) KPaCHOCTONMKOCTHIO (TEIIJIOCTOMKOCThIO, YCTOMUYNBOCTHIO ITPOTHUB OT-
IIyCKa), XapaKTepPU3YIOIleil CIOCOOHOCTb CTAIN COXPAHATH BHICOKME TBEP-
JIOCTDb, TPOYHOCTDb ¥ M3HOCOCTOMKOCTh IIPU HarpeBe. ITO OJHO M3 BaKHEH-
IIIUX CBOMCTB, XapaKTePU3YIOIINX KaYeCTBO MHCTPYMEHTAIbHBIX CTaJIelt;

) IPOKaJIMBAEMOCTbIO, BJIUAIONIEN HA CTOMKOCTh MHCTPYMEHTA U OIl-
PenesAIoNnIe ero TeXHOJIOTNYeCKYe CBOMICTBA.

OnHOBPEMEHHO MHCTPYMEHTAJIbHBIE CTAJIN JOJMKHEBI 00JIa1aTh CJIeLy-
IOIMUMHI TeXHOJIOTHUYECKUMU CBOMCTBAMU: 00pabaThIBAEMOCTHIO Pe3aHU-
€M U JaBJIEHWEM, 3aKaJNBAaeMOCTHI0, YCTOMUYMBOCTHIO IIPOTUB 06pasoBa-
HUA TPEUIVH IPU 3aKaJKe, YCTOMYNBOCTHIO IIPOTUB 00e3yTIIEPOKUBAHUA,
CTIOCOOHOCTBIO TTOIBEPTAThCS MIIU(OBAHUIO.

9.2. KIIACCUI®UKALIVA MHCTPYMEHTAJIBHBIX CTAJIEN

ITpu BBIOOpE cTajeil OJisTi MHCTPYMEHTOB IIPOBOAAT MX KJacCUpUKa-
I[MIO TI0 ABYM OCHOBHBLIM IIpM3HAKAM: CBOMCTBAM M Has3HAUYeHNIO. 3a OC-
HOBHOE C8011CM 60 IIPU STOM IIPUHATA TEIIJIOCTONKOCTD CTaJIN, TaK KaK OHA
ompesiessieT IPUPOAY YIPOUHEHUA CTaJHU IPU TepMooOpaboTKe 1 BO MHO-
rUX CJy4YasX YCJOBUS HCIIOJH30BAHUS CTAJU. TeIJ0CTOMKOCTL XapakK-
Tepu3yeT TeMIepaTypa Harpesa, Ipu KOTOPOIH CTaJIb IMocjie 3aKaJKK Ha-
YUHaeT UHTEHCUBHO TE€PATH CBOIO TBEPAOCTh, a CJIe0BaTeJIbHO, I U3HOCO-
CTOMKOCTb.

ITo Tem/sOCTOMKOCTH pas3anUYai0T TPU TPYIIILI MHCTPYMEHTAJbHBIX
cTaJieil: HeTeIJIOCTONKIe, MOJIYTENJOCTOMKNE U TeILJIOCTONKIE.

HeTennocToMKUMU ABIAIOTCS YIVIEPOAUCTEIE U JJeTUPOBAHHEIE CTAJIN
c marpesoM 10 200 °C; moanyTemaoctoiikue g0 300—500 °C u TemiocToiikue
o 600-625 °C.

CrenymomnuM IpU3HAKOM KJIACCU(PUKAIINY ABJIACTCA 3HAUEHNEe TBEp-
IocTu U BA3KocTu. CTaJau BBICOKOI TBEPAOCTHU MMEIOT MAaJyI0 BA3SKOCTD,
¥ TI09TOMY JJIs MHCTPYMEHTA, ITOBePraeMoro yaapHbIM HATPy3KaM, IIpu-
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9.3. Yeaepoducmute u aecupoBantvle UHCIPYMEHMAALHBLE CINAAY

MEHSATh UX He cTOUT. I1o TBepAoCTH MHCTPYMEeHTaJbHEIE CTAJIN IToApa3e-
JIAIOTCA HA: a) CTAJU BHICOKOM TBEPAOCTU 1 M3HOCOCTOMKOCTH U 0) cTaau
TOBBIIIIEHHO BA3KOCTH.

BaskHO#I XapaKTepUCTUKON SBJIAETCA W MPOKaJnuBaeMocTh. HUBKYIO
IPOKAJINBAEMOCTh MMEIOT YTIJIEPOAUCThIE CTAJU U JIETUPOBAHHBIE BOJIb-
dpamom. Ix kpuTuueckuii suametp cocraBisgeT 10—25 mm. IToBeIlIeHHY O
50—-80 MM u BrIcOKYI0 80—100 MM ITPOKaJIMBAEMOCTb MMEIOT JIETHPOBAH-
Hble ctaiau. [Io HasHAUEHUIO MHCTPYMEHTAJIbHbIE CTAJIU ITOAPA3Ae/IsIOT:

1) cranum Oyid peyInero nHCTPYMEHTa;

2) IITaMIIOBBIE CTAJIH IJISI XOJIOJHOI'0 1e()OPMUPOBAHIS;

3) IITaMIIOBBIE CTAJIHU AJIA TOPAUEro 1epopMUPOBAHNA;

4) cranm AJid UBMEPUTEJHLHBIX MHCTPYMEHTOB.

B 0co06yio rpynny mHCTPYMEHTAJbHBIX MaTePUAJIOB BXOIAT TBEPAbIE
CILTaBbI, MUHEPAJOKepaMUKAa 1 aJIMasbl.

9.3. YIJTIEPOOVCTDBIE N IETVIPOBAHHBIE
MHCTPYMEHTAJIBHBIE CTAJIN

VraepoaucTble MHCTPYMEHTAJMbHEIE cTaau cogep:kat ot 0,7 mo 1,3%
yraepoga. Takue cTaiy mMoapasAesaioTcsa Ha KaueCTBeHHBIe U BHICOKOKA-
YyecTBEHHEIE.

HucmpymenmaavHovle KauecmeeHHble CMaal U3TOTABJIUBAIOT CIERY-
IomuX Mapok: Y7, ¥8, ¥9, ¥10, V11, V12 u ¥Y13. Yucsio B o603HAUEHUUN
MapKU YKas3bIBaeT Ha cpefHee coAepsKaHMe yIJIepofa B AECATHIX MOJIAX
nporeHTa. K MapKe MHCTPYMEHTAJbHBLIX BLICOKOKAUECTBEHHBIX CTaJIei
mobaBiderca 0ykBa A. Hampumep, Y7A, Y8A, YIA .... Y13A. 9tu cranu
coJep:KaT MeHbIIle TAKUX BPeIHBIX IIpUMeceil, Kak cepa, ¢ocdop, asor,
yeM KaueCTBEHHEIE.

Venepoducmote uHCmpYyMeHMALbHbLE CMAJLU TPEeTHA3HAUEHBI IJIA 13-
TOTOBJIEHUST PAa3sHOOOPA3HBIX CJIECAPHBIX WHCTPYMEHTOB, IOABEPTraeMbIX
TepMuuecKoil oopaborke. M3 crameit Y7, YTA, ¥8, Y8A usroraBimBaioT
3y0mya, MOJIOTKY, HOMKHUIIBI II0 MeTaJlJIy, KepHephbl, uepTuiaku. 13 cra-
aeit Y12, Y12A, Y13, Y13A usroraBanBaioT MHCTPYMEHTHI, 00J1a fa0Iue
BBICOKOH TBEPIOCTHIO: HOJKOBOUHBIE TOJOTHA, HATUJILHUKHY, IT1a0epHhI.

JlezuposarHtble UHCMPYMEHMAJbHbIE CMAJLU UMEIOT IPENMYIIIeCTBa
mepen yriIepoAuCTBIMY B TOM IIJIaHE, YTO OHU 06JIafatoT 60Jiee BHICOKMMU
pesxyinumu cBoiicrBaMu. OCHOBHBIE JIETHUPYIOIINE 2JIEMEHThI B 9THUX CTa-
JSIX — XpOM, BaHaAuil, Mapranel, kpemauii. Hamnbosee pacupocTpaHeHbl
craan mapok X, 9XC, XBI, XBCI'. U3 saTux crajieil U3roTaBJIUBAIOT CBep-
Ja, ppesbl, METUUKU, IIJIAIIKA.
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9.4. CTAJIN OJIs PEXKYIIMNX MHCTPYMEHTOB

Pexyiiue nHCTPYMEHTBI N3TOTABJIMBAIOT U3 HETEILJIOCTONKUX (yrJe-
POAMCTBIX U MAJIOJIErMPOBAHHBIX) UM U3 TEIIJIOCTONKMUX BHICOKOJIETHPO-
BaHHBIX (OBICTPOPEIKYIUX) cTajseil. B KauecTBe HETEIIJIOCTORKUX CTAJIei
HUCTIONb3yIoTesa Mapku Y 11A, Y12A, X, XBCT' (x4 HaTuJIbHUKOB, METUYH-
KOB, pPa3BepToK), ¥ (A, TX®D, 6XC (s ciaecapHbBIX 3yOMII).

BricTpoperkymiue cranu mpegHasHAUYEHBI IJIA U3TOTOBJIEHUS PEKY-
1IIero MHCTPYMEHTAa, paboTalolllero Mpyd BHICOKUX CKOPOCTSX Pe3aH’sd.
Takas cTasb HOJ:KHA 00JIaJaTh BEICOKOU ropsdeii TBEPAOCTHIO M KPACHO-
CTOHKOCTHhI0. KpacHOCTOMKOCTEh CO3aeTcs JIeTUPOBAHUEM CTaJau KapOu-
000pa3yIOIINMHU 3JIEMEHTaMU, TAKUMU KaK BoJIbdpaM, MOJIUOIEH, XPOM,
BaHAIUH. ITU 3J€MEHTHI CBA3BIBAIOT YIVIEPOJ B CIIEIUATbHBIE KapOUIbI.
Hawu6oJsiee pacupocTpaHeHHOH OBICTPOPEXKYIIEil cTanbio Apasaerca P18, a
Tak:Ke crajab P6M5. Bee ObIcTpOpeKyIiue cTaau o6o3HauaTea 6yKBoii P
(panuna-cKopocTh), a mudpa MOKA3LIBAET COAEPIKAHNe JIErnPYIOIIero dJie-
MeHTa BoJbdpama (Tabu. 5).

Tabruya 5
CocTaB HEKOTOPBIX OBICTPOPEIRYIUX cTaNei, %

Mapra c Cr W v Mo c,
P18 0,7-0,8 3,8-4,4 17-18,5 1,0-1,4 1,0 -
P12 0,8-0,9 31-3,6 12-13 1,5-1,9 0,5 -
P9 0,85-0,95 3,5-4,4 8,5-10,0 2,0-2,6 1,0 -
P6M5 0,80-0,88 3,8-4,4 5,6-6,5 1,7-2,1 5,0-5,5 -
PIK10 0,9-1,0 3,8-4,4 9,0-10,5 2,0-2,6 1,0 9,5-10,5
PI9M4K8 1,0-1,1 3,0-3,6 8,5-9,5 2,1-2,5 3,8-4,3 7,5-8,5

W3-3a medunurHOCTH BOJB(pamMa mcmoab3oBanue crajau P18 B mpo-
MBIIILJIEHHOCTH TIOCTEIIeHHO CHU KaeTcsd. Bimnskue cBoiicTBa K cranu P18
umerot craau P9, P6M5, P9K10.

OCHOBHBIMU BUAAMH PEKYIIMUX WHCTPYMEHTOB M3 OLICTPOpPEKYyIIei
CTaJIU ABJISIOTCS PE3IIbl, CBepJia, hpes3bl, MeTUNKY MAIITUHHbBIE, HOXKU JIJI5
pesku Gymarmu.
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9.5. LITAMIIOBBIE CTAJIN

IlTmamnosvle cmaau 018 WMAMNOE X0JA00HOU WMAMNOBKU.

OCHOBHBIMU TPEOOBAHUAMU AJIA 9TUX WHCTPYMEHTOB SABJISIOTCA BbI-
COKAas TBEPJOCTDb, UBHOCOCTOMKOCTD, ITPOYHOCTH, COIIPOTHUBJIEHNE TIJIACTH-
JecKUM AeopMaIaM.

BBugy MHOTOUYMCJIEHHBIX M PA3HOOOPA3HBIX TPeOOBaHWM, MPENbIB-
JSIEMBIX K IIITAMIIaM B 3aBUCUMOCTH OT UX Ha3HAUEHUA, IPUMEHSIOT CTa-
JIA Pa3JIMYHBIX MAapOK, HAYMHAS OT IIPOCTBIX YIVIEPOLUCTBIX M KOHYAS
CJIOXKHOJIETUPOBaHHBIMU. VI3 yriepoaucToii ctaau mapox Y10, V11, V12
M3rOTABJMBAIOT IITAMIIBI HEOOJBIINX Pa3MEpPOB W MIPOCTOI KOH(Urypa-
nuu. s nrraMios ¢ 6ojiee TSKeJIbIMU YCJIOBUAMHU PAOOTHI MPUMEHSIOT
JeTUPOBaHHBIE 3aKaJIiBaeMble B MacJjie craju (Tadi. 6).

Ta6ruua 6

I/IHCprMeHTBI, H3roTaBJaMBaeMsble U3 YIVIEPOOAUCTBIX U JIETUPOBAHHBIX CTaJIeﬁ

Tun uacTpyMEeHTa PexomeHayeMas cTab KOJLJIEKTOPOB

Cranu A4 HITaMIOB 00'5€MHOM IIITaMIOBKH

BricasouHbIe IITaMIIBI v10, V12, X, XBCT

IIraMnob! 4JId IpPecCOBaHUA X12M, X12®, P12, P6M5

Cranun AJIA IIITaMIIOB JINCTOBOM IITAMIIOBKU

BbITAMKHBIE IIITAMIIBL Y10, V12, X, XI'2BM, X6B®

BripyOHBIe HITaMITBI X6Bd, P12, 4X5P, X1204M

IlImamnosvie cmanu 0 WMAMNOB 20pALe20 0ehOPMUPOBAHU

JomoTHUTEeILHO K OOIITNM TPeOOBAHUAM K CTAJISIM 9TOU I'PYIIBI Tpe-
oyercs:

1) BBICOKAs YCTOMYMBOCTD IIPOTUB 00PAa30BAHUS TPEIUH ITPU MHOTO-
KpaTHOM HarpeBe U OXJIaKIeHUH;

2) BBICOKAas OKAJMHOCTOUKOCTD;

3) xopoIias TemJOIPOBOSHOCTD;

4) BBICOKAs IIPOKAJIMBAEMOCTh, UTOOBI O0ECHEUYUTH IPOYHOCTH IIO
BCEMY CEUeHUI0 MHCTPYMeHTa (IIITaMIia).

9T cBoiicTBA MOTYT O0ECIeYUTH TOJHKO CJIOKHOJIETMPOBAHHEBIE
IITaMIIOBbIe cTanu. TaK, HaIpuMep, AJs N3TOTOBJEHUA IIITAMIIOB IIpec-
COBaHMs, BLIIaBJAUBAHUSA, ITPOITNBKY UCITONIL3YIOTCA cTanu 2X8B8M2KS,
4X5B4PCM.
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9.6. CTAJIMN OJ1s UISMEPUTEJIbHBIX MHCTPYMEHTOB

OCHOBHBIMHU TPEOOBAHUAMU, IPEAbABIAEMBIMA K MaTepHuaaaM IJIsa
N3MEPUTEJbHBIX HMHCTPYMEHTOB, SBJIAIOTCA BBLICOKAs TBEPAOCTDH, M3HO-
COCTOMKOCTh 1 CTAaOMJIBLHOCTL B pasMepax B TeUeHUe AJUTEJTHHOTO CPOKa
sKcILryaranuu. Hanbosiee TpyaHo o6eclIeuuTh CTaOMILHOCTh Pa3MeEpPOB.
910 00BACHSIETCA TE€M, UTO CO BpeMeHEeM CTaJb IIpeTepIeBaeT CTapeHuUe.
CrapeHune MOKeT BBIZBATH AedOopMaIinio, YMeHbIIIeHe NI YBeJINUeHIe
00'5eMOB 1 PA3MEePOB U3MEPUTEIbHBIX WHCTPYMEHTOB.

151 MBTOTOBJIEHUSA M3MEPUTEJLHBIX WHCTPYMEHTOB IIPUMEHSIOTCS
craau mapok X, XTI, X9, X12dM, V8-Y12. BEICOKOYTJIepOANCTRIE CTATHN
TMOABEPraloTCA 3aKaJKe U OUeHb JJINTEIbHOMY HU3KOMY OTIIYCKY.

9.7. TBEPBIE CIIJIABBI

B xauecTBe MaTepuaJIoB IS PEKYIIUX UHCTPYMEHTOB, IIITAMIIOB HC-
IIOJIL3YIOTCSI TBEP/bIe CILIABBLI, KOTOPBIE COCTOAT M3 TBEPABIX KapOuIoB
METaJIJIOB U CBA3YIOIINX MeTaJioB. OHM H3roTaBJIMBAIOTCA METOLAMU
TIOPOIITKOBOM MeTaJaypruu. Vlcrmoab3oBaHMe TBEPABIX CIJIABOB AaeT BO3-
MOKHOCTDH BECTH O0PabOTKM METAJIJIOB CO CBEPXBBICOKUMU CKOPOCTSAMU
pesarus 7o 1000-2000 m/MuH. OTH CILTaBbI 00JI1aal0OT OY€Hb BBICOKOM
TBepaocThio (86—92 HRA), nM3HOCOYCTOMYUBOCTHIO U KPACHOCTONKOCTHIO
1o 1000 °C. OcHoBY TBepAbIX CIIJIABOB COCTABJSAIOT KapOUALI TYIOIJIaB-
KHX MeTaJlJIoB, Takux kak WC, TiC, TaC, CrC, NbC, VC u ap., KOTOpbIe
MMEIOT BBICOKYE TEMIIEPATYPhI ILIABJICHU S, IIPEBLIIIAIOIIYE TeMIIEPATY PhI
ILIABJIEHNA MCXOOHBIX MeTaJioB. Hampumep, TeMmieparypa IMJaBJIEHUS
tutana — 1660 °C, a kapouga Tutana — 3140 °C, ranrana — 2850 °C, kap-
ounma rauTasaa — 3880 °C u T.1.

OcHosHbLMu meepdvimu cnaasamu aéasromces mpu epynnst: BK (WC +
Co), TK (WC + TiC + Co) u TTK (WC + TiC + TaC + Co). Haubosee pac-
mpocTpaHeHHBIME ciiaBamu rpynnsl BK aBasioresa cuinasel BK6, BKS,
BK10, BK15, BK20, rae uucio mokasbsiBaet cogepsraune Co B % (ocTajb-
Hoe — WC). CrumaBel rpynmnsl TK umetor mapxu T15K6, T30K6, roe mepBoe
ymcJIo moKaseiBaer cogepixanue TiC — 15%, Bropoe — Co 6%, ocrabHOE
WC - 79% . TuranoranTamoBoabhpamoBasd rpynna umeetr mapku TT7K12,
TT10KS8, comep:xamue (TiC + TaC) = 7%, Co— 12%, ocranbaoe — 81% WC
u coorBeTcTBeHHO (TiC + TaC) = 10%, Co — 8%, ocransaoe WC — 82%.

MerasiokepaMuuecKkue BOJb(PPAMOBbIE TBEPALIE CILIABBI IPUMEHS-
IOT AJIA M3TOTOBJEHUSA PEKYIero MHCTPYMeHTa IJid 00paboTKU UyryHa,
OpOHB3BI ¥ HEMEeTAJLJINUeCKUX MaTepruaJjos. VI3 MmeTalioKepaMuuecKuX TH-
TAaHOBOJIb()PAMOBBIX TBEPALIX CIJIABOB M3TOTABJIHBAIOT PEKYINUI HHC-
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TPYMEHT IJia 00paboTKu crajeii. TBepabie CIIaBbl HAILIW IPUMEHEHIE
JJ1S1 MSTOTOBJIEHUSA BOJIOUUJIBHBIX (DUJIBED, IIITAMIIOB, IIpecc-(hopM.

Tsepasie cmiaBbl Mapok TT7TK12 u TT10KS8 ucmoab3yooT s U3TO0-
TOBJIEHUS PEXKYIITUX MHCTPYMEHTOB AJIA YePHOBOM 1 MOJYUUCTOBOM 06pa-
60TOK TPYIHOOOpabaThIBAEMBIX MATEPUAJIOB.

Hapsagy ¢ meTajimokepaMUyeCKUMU TBEPABIMU CIIJIaBaMU IIPUMEH-
IOT ¥ JIUTHIE TBEP/IbIE CILJIaBbI IO/ Ha3BAHUEM CTEJIJIUTHI U COPMAMTHI.

Cmeanaumost — 970 ciaaBbl Ha Co-Cr-ocHoBe ¢ W, HCIOJIB3YIOIIHECT
IJI HAIJIaBKY HAa MHCTPYMEHTHI (TIOJBepraioiiuxcsa N3HoCy), 0aarogapsa
YeMy HX CTOMKOCTH 3HAUUTEJbHO yBeauumBaeTcdA. IIpu m3roroBiaeHUU
PEXYIIUX WHCTPYMEHTOB CTEJIJINTHI UCIIOJb3YIOT B BUJIE TIJIACTUHOK WJIN
BCTaBHBIX Ho:Keil. JIuThle cyaBel Ha Fe-Cr-ocHoBe ¢ Mn u Ni HocAT Ha-
3BaHme copmaiimos. CopMaiTh 06JIafalOT MEHBIIIEN TBEPAOCTHIO U Kpac-
HOCTOMKOCTBIO, UeM CTEeJLJINTHI (KPACHOCTOMKOCTD CTEJIJINTOB COCTABJISAET
700-800 °C, a copmaiiToB 500-600 °C).

9.8. MMHEPAJIOKEPAMWKA " AJIMA3HBIE MATEPVAJIbI

B omiinume oT MeTaJIOKepaMUUYECKUX, MUHEPAJOKepaMUYeCKre Ma-
TepuaJibl He COAEPIKaT JOPOrOCTOAIINX BOJIb(paMa, TUTaHa, KobaabTa, HO
001a1a10T BBICOKOI TBEPAOCTHIO M KPACHOCTOMKOCTHI0. OCHOBOM MuHEpa-
JIOKEPAMUKH SABJIAETCA OKUCH afoMuHus Al,O,, TONBEPTHYTas CIIEKAHWIO
npu 1750 °C. I3 MuHepaioKkepaMUKM U3TOTABIUBAIOT MJIACTUHKM, UCIIOJb-
3yeMble B KaueCTBe 3aMEHUTEeJIsI ObICTPOPEIKYIIEH CTANN [IPU YNCTOBOM U
TIOJIY4YKUCTOBOM TOUEHNM UyTyHa U cTajlu. JIyulel MapKoii MuHepaJoKepa-
muku apasgercsa [[M-332 (HRA-91-93, kpacHocTtoiikocts 1200 °C).

HegocraTkoM MuHEPAJIOKEPAMUKHU ABJIAETCA ee 00/IbIas XPYIIKOCTb.
7151 IOBBIIIIEH U SKCIIYyaTAIMOHHBIX XapaKTEePUCTUK MU HEPaJIOKepaMu-
KU B Hee N00aBJIAIOT BoabdpaM, MOJIUOAeH, 00p, TUTAH, HUKEJIDb U APYTHe
MeTasbl. Takne MaTepraJbl Ha3bIBAIOTCA KepyMemamy 1 NCIOJIb3YIOTC
Ias1 00paboTKU TPYAHOOOPabaTLIBAEMbBIX CIIJIABOB.

B npOMBIIIIEHHOCTY HAIILIN IPUMEHEHUEe aJIMa30CoIePKaIlle UHC-
TPYMEHTHI, UCIIOJb3YIOIINEe ecTeCTBeHHbIe (A) 1 MCKYCCTBeHHBIE (CHHTE-
Tnueckue) aamassl (AC).

Anmas — MuHepaJ, MMPeACTABJIAIOIINNA co0oil uucThii yriepon. OH
BCTPEUAaeTCsd B BUIe KPUCTAJIJIOB Pa3JIUIHON (POPMBI. AJIMa3bl CUNTAIOTCS
CaMbIMU TBEPABIMU MUHEpaJaMi, UMEIOT BBHICOKYIO KPACHOCTONKOCTD U
M3HOCOCTOMKOCTD, ycToiuuBsI 10 800 ° C, Korga HacTymaeT o0yriinBaHUe.
HegocTaTKoM aiMa30B ABJIAETCA UX IOBBIIIIEHHAA XPYIIKOCTh. AJTMasHbIe
IIOPOIIIKY UCIIOJIb3YIOT IJIA IIIN(OBAHNUA, TOJUPOBAHNA, KPUCTAJIIBI aJI-
Mas30B — JIJIsT OCHAIIEHUA PEeKYINero nHCTpyMeHnTa (pesIioB, CBEpJI), a TaK-
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sKe IPUOOPOB /1A N3MEePEeHUA TBEPAOCTHY U MUKPOTBepAocTu. Macca Kpuc-
TaJLJIOB, UAYIIINX Ha OCHAIIleHNE MHCTPYMEHTOB U IIPHUOOPOB, COCTABJIAET
0,2-1,5 kapara (xapat paBeH 0,2 rpamma). IIpu ncnosb30BaHUU UHCTPY-
MEHTOB, OCHAII[eHHBIX aJIMa3aMy, Pe3KO MOBHIIIAETCA TOUHOCTH Pa3MePOB
¥ YUCTOTA MOBepxXHOCTU. CUMHTETHUYECKNe aJIMa3hl ITOJYyUYaloT B CIEINAJIb-
HBIX yCcTaHOBKaXx oz gasjeHueM cBbimre 100 000 armocdep mpu TeMIiiepa-
Type 2500 ° C u 6osee. KaskabIii KapaT CHHTETUUECKHUX AJIMAa30B, MCIIOJIb-
3yeMbIil IJisg 00paboOTKH MeTaJlJioB, JaeT sKoHoMuio B 5—10 pas u Gojee
MIPEBHIIIAOIIYIO eT'0 CTOUMMOCTh. AJiMas, 06J1a/1as BbICOKOI TeIlJIOIIPOBO/I-
HOCTBIO ¥ HUBKUM K03(M(GUIIMEHTOM TPEHUS, IT03BOJIAET BECTH 00paboTKY
pesnamMu ¢ BBICOKOI cKopocThio pedanus (mo 700 m/Mun). OgHako, ydu-
ThIBasd BBICOKYIO XPYIIKOCTH ajJMasa, IPOAoJIbHAs ITofava 1 IIyOuHa pe-
3aHUSA IPU TOUEHUU AOJIKHBI ObITH MUHUMaJIbLHBIME (S = 0,01-0,1 MmM/00
ut=0,01-0,3 mm). AtMa3HbIe THCTPYMEHTHI B MAIITMHOCTPOEHU Y MOKHO
pasnesnTh Ha B€ OCHOBHBIE I'PYMIILI: MHCTPYMEHTHI 13 IMIOPOIIKOB (KpyTu
OTpe3Hble, HaA(MUIN, ITaCThl U MOPOIIKK aJIMa3Hble) 1 WHCTPYMEHTHI U3
KPHCTAJIJIOB aiMas3oB (pesibl, CTEKJIOPe3kbl, BoJIoKM). Hapany ¢ aamasa-
MU B IIOCJIeHEe BPeMs HAXOIAT IPUMEHEeHNe HOBbIe NePCIeKTUBHBIe Ma-
TepuaJibl, TaKMe KaK Kyouueckuit HuUTpuj 6opa (6apasoH, sis00p), rekca-
TOHUT, CJAABYTHY U ApP. TBepaocTs asbb0pa 0J1M3Ka K TBEPAOCTH ajiMasa.

HOBBIE IIOHJTWA

KpacHOCTOMKOCTE (TEIJIOCTONKOCTD).
IIpokasmrBaemMocTh.

Herenocroiikue, oIy TeIJI0CTOMKYE U TEILJIOCTONKME CTAJIH.
BricTpopeskyinas cranb (P — panua-cKopocTsh).
OKaInHOCTOHKOCTD.

TBepzble ciIaBHL.

ITopomikoBasd MeTaIypru-.
MeTanmokepaMuuyecKmre TBEPAbIE CIIJIaBhI.
JIuTsle TBEpbIE CIIJIABHI CTEJIIUTHI 1 COPMAMTEI.
MunepagokepaMuKa.

Kepmersr.

Cunrerunyeckue (ICKyCCTBEHHBIE) aIMAa3bI.
Kapar.

BOITPOCHI OJIs1 CAMOITOOTIOTOBKU

1. Kak BIusieT HOBBIIIEHUE coepKaHud yIrviepoga Ha MeXaHHU4YeCKue
CcBOMCTBA yr]IepOI[HCTOfI HHCTPYMeHTaJIBHOfI cranu?
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TecmnoBolii KOHMPOAL SHAHUI

1.

IIpuBenuTe MpUMEPHI MCIOJIH30BAHUA UHCTPYMEHTOB U3 YTJIEPOIIC-
TOM MHCTPYMEHTAJIbHON CTAJIU B YUeGHOM IIPOIlecce II0 TeXHOJOTUU B
CpeaHeH IITKoJIe.

B uem 3aKJII04aeTCS TPEUMYIIIECTBO JIETUPOBAHHBIX MHCTPYMEHTAIb-
HBIX CcTaJiell mepen yriepoaucThiMu? IIpuBennTe KOHKDPETHBIN ITPHU-
Mep.

B uem oTimunme B cBOiicTBaX CcTaJIel IIPU U3TOTOBJIEHUHY IIITAMIIOB JJIs
XOJIOJHOI U ropsiueil 06paboTKY MeTaJIJIOB 1 CIIJIAaBOB AaBJieHreM?
HasoBuTe 0OCHOBHBIE CBOMCTBA TBEPABIX CIJIABOB, 34 CUET YET0 OHU I10-
JIYYEeHHI.

HasoBuTe TEeXHOJOTHUIO IIOJYUYEHUA TBEPALIX CIJIABOB M 00JIaCTU UX
IpUMeHEeHU .

YKaKuTe cocTaB MaTepHUaJioB 0CO00 BLICOKOM TBEPAOCTU W 00JaCTU
WX IPpUMEHEeHU.

TECTOBBIV KOHTPOJIb 3SHAHUM

Kakoe 13 mepeuncjaeHHbIX HUMKE TPeOOBAHMUIM K MHCTPYMEHTAJIbHBIM

CTAJISIM JJIS PEXKYIUX NHCTPYMEHTOB SIBJIAETCS OIPeIe ITIOIIM:

2.

a) TPOKAaJIMBAEMOCTD;

0) TBEPIOCTD;

B) KPaCHOCTOMKOCTbD;

T) M3HOCOCTOHMKOCTD.

Ha3zoBuTe 13 HUKEMIEPEUNCIEHHBIX CBOMCTB MHCTPYMEHTAJIbHBIX Ma-

TepruaJioOB TEXHOJIOTNYECKUEe cBoiicTBa:

3.

a) TBEPHAOCTD;

6) KPacHOCTONKOCTS;

B) 3aKaJIMBaeMOCTb;

T) YCTOMUYMBOCTH IPOTUB 0OPA30BAHUA TPEIIUH IIPU 3aKAJKE;

I) M3HOCOYCTOMYUBOCTD.

Cpenu IpoBeIeHHBIX HUMKE MAapPOK MHCTPYMEHTAJBHBIX CTAaJIell Ha30-

BHUTE HETEILJIOCTONKIE:

4.

a) V11A;

6) 6XC;

B) P6M5;

r) P18.

WHCcTpyMEHTaIbHBIE CTAJU JOJKHBI COXPAHATH BBICOKYIO TBEPAOCTH

¥ U3HOCOycTONMunBOoCTh mpu Harpese Ao 200-250 °C. K xkakoii cTajau oHUI
OTHOCATCS?

a) TemJIOCTOMKOIL;
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0) HETemJIOCTOMKOIi;
B) IIOJIYTEIJIOCTOMKOM.

5. KpacHOCTONKOCTD B OBICTPOPEIKYIIUX CTAJAX CO3/TaeTCA JeTUPOBaHU-
eM KapOumooOpasyioluMu sJeMeHTaMu. Ha3oBUTe OCHOBHOM JIETHPYIO-
U 9JIeMeHT cTaiu MapKu P18:

a) TUTaH;

0) Bosb(paMm;
B) TaHTAJ;

I) KoOaJbT.

6. HasoBuTre ocHOBHBIE TPeOOBAaHMA CTAJIEN AJIA IIITAMIIOB I'OPAYETO Je-
dopMUPOBAHUA:

a) YCTOMYMBOCTDH K TPEIMHAM IPU HAarPEBAHUU U OXJIAKICHNN;
06) BBICOKAasA TBEPAOCTD;
B) M3HOCOCTOMKOCTB;
T) OKAJIMHOCTONKOCTD;
II) TEMJIOIPOBOJHOCTb.
7. OCHOBY TBEPBIX CIIJIABOB COCTABJISIOT:
a) 'KeJseso;
0) yriepon;
B) KapOMIbI TYTOILJIAaBKUX METAJLIOB;
r) MoaubeH.
8. PacmosiosxkrTe KpacHOCTONKOCTD II0 BO3pacCTalolleil JUHUU CJIeAYIO-
IIYe THCTPYMEHTAJbHbBIE CTAJIU U CILIABBI:
a) GeICcTpoOpesKyIasa cTaasb P18;
0) yriepoaucTas CTajb;
B) JIETUPOBaHHAS CTAJIb;
T) TBepAbIE CILJIABHI;
) MUHepaJOKepaMUuKa.
9. Cpenn mepeumceHHBIX WHCTPYMEHTAJNBLHBIX MAaTepHUaJsioB HA3OBUTE
MaTepuaJj ¢ HanOOoJIbINe KPACHOCTOMKOCTDIO:
a) TBepbIe CIIJIaBhI;
0) CUHTeTHUYeCKIe ajiMasbl;
B) MUHeEpaJIOKepaMUKa;
r) OBICTPOPEIKYIIHE CTAJIH.
10. [Isia o6paboTKM KaKUX MaTepruaJjoB IPUMEHAIOTCS PeKYIIe HHCTPY-
MEHTBI 13 BOJIb(PaMO-K0OaIbTOBBIX TBEPABIX CIJIABOB?
a) 4yryHa;
0) craJieii;
B) OpOHBHI;
I) HeMeTaJIMYECKUX MaTepUaJIOB.
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Memooduueckie ykasanus

I'JTABA 10. YYT'YHbI

METOOMYECKUNE YKA3AHW

Huarpamma «xeaes3o — rpaduT» HE3HAYUTEJIHHO rpadMUecKu OTJIU-
YaeTcs OT JuarpaMMBbl «JKeJje30 — IeMeHTUT». KosnuecTBeHHbIE U3MEHEe-
HUS B TOJIOYKEHUY JUHUN AUArpaMMbl KacaloTCA CMEIleHnA SBTEeKTUYeC-
KOI 1 3BTeKTOUIHONI auHuii u Trouek S’, E’. KauecTBeHHOE N3MeHeHUe 3a-
KJIIOYaeTcs B mpollecce rpapuTulanuy 1 3aMeHe BO BCeX CaydadaX IeMeH-
TUTa rpadguTom.

B cepbIx uyryHax HeoOX0IMMO VSICHUTD BIUAHIE KDeMHUA U MapraH-
ma Ha cBoiicTBa. Heob6xommmMo pasodparbcsi B HAJIUUYNKN MeTaJINUeCKOM
OCHOBBI UyT'YHOB, UX CBOHMCTBaX M HasHaueHUU. I3yUnTh MapKUPOBKY UY-
ryHoB 10 ctapomy 1 HoBomy 'OCTYy, pasobpaThcsa B TEXHOJIOTUAX IOy Ue-
HUS KOBKOT'0, BHICOKOIIPOYHOTO 1 JIETMPOBAHHOTO UYYT'YHOB.

10.1. OBIIIA I XAPAKTEPYICTUKA YYI'YHOB

YyryH — IIUPOKO MPUMEHSIEMbBIH B IIPOMBINIJIEHHOCTH KOHCTPYKITH-
ouHbIN MaTepuaj. OCHOBHBIE OTPACJIH €ro IIPUMEHEHHU — 9TO CeJIbX03Ma-
IIITHOCTPOEHNE, aBTOMOOUJIECTPOEHNE, CTAHKOCTPOCHHE.

YyryH IIpeAcTaBJseT co00Ii CIIJIaB :Keje3a C YIJIePOJAOM M TAKMMU
aJIeMeHTaMU, KaK KpeMHuil, Mmapraueir, cepa u ¢ochop. KauecrsenHo uy-
T'YHBI HUYEM He OTJIMYAIOTCS OT YyIJIEPOAMCTHIX CTAJeH, HO MMEIOT KOJIU-
YeCcTBEHHOE OTINYNE B XUMUYECKOM COCTaBe.

KOHCTPYKIIMOHHBIN YYT'yH AJIA IIPOU3BOJCTBA OTJIMBOK B MAIIIWHO-
CTPOGHUM HUMeeT CJeAYIONUI XuMHuuecKuii coctas, %: 2,14—4,50 yrie-
pozxa, 1,5-3,5 xpemuusa, 1,0-1,5 maprasuia, ue 6osee 0,3% docdopa, He
6outee 0,15% cepsl, octambHOe — 2Kese30. IIluporoe pacnpocTpaHeHue Uy-
TyHa B ITPOMBIIIJIEHHOCTH 00YCJIOBJIEHO ONTHUMAJbHLIM COUETAHUEM pPas-
JUYHBIX CBOMCTB: TeXHOJOTUYECKUX (IUTEMHBIX, 00pabaTbIBaeMOCTH pe-
3aHMEM), SKCILIYaTalluOHHBIX (M3HOCOCTOMKOCTH, COIPOTUBIATHCA CiKa-
THUI0, CIIOCOOHOCTHIO IMOTJIONIATh KOJIe0aHMA) U TEXHUKO-dKOHOMUYECKUX
mokasareJieil. 113 o6111ero KoJanuecTBa BHIIIJIABISAEMOrO B METAJIJIy priudec-
KOM Hpou3BOACTBe 0K0JI0 20% uyryHa UCIOJIb3yeTCs AJISI U3TOTOBJIEHUS
JINTBIX 3aTOTOBOK AeTajed (uTbs). OcranbHble 80% B BUe epeqebHBIX
¥ CIIeIaJIbHBIX UYT'YHOB UCIIOJb3YIOTCS AJIA MOCJeNYIoIeil mepepaboTKu
B cTaJib. Takum 06pasoM, UyryH UMeeT CYIIeCTBeHHbIe OTIMYUS OT OCHOB-
HOT'O KOHCTPYKITMOHHOTI'O MaTepuraJsia — CTaJIu.
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I'1a6a 10. Yyeynot

YyryH oTainyaeTcsA IO COCTaBy — 0oJiee BHICOKUM COAEP:KaHUEM YT-
Jepoia M IPYruxX HOCTOSHHBIX MPUMECEH, M0 TeXHOJIOTUYECKHM CBOMC-
TBAM — JIYUIIIUMY JINTEMHBIMKU KadecTBaMU (KUIKOTEKYUYecTbIO, yca-
KOi1), He IIoJlaeTCA KOBKE U SHAUUTEJLHO JlelleBJie cTaau. Eine o1HO BaxK-
HOe OTJInuMe YyryHa (Kpome 6ejioro) OT CTaJu — 3TO HAaJUYKe B ero CTPYK-
Type rpadUTOBBIX BKJIIOUYEHUH.

10.2. KIIACCUDPUKALIMS YYTYHOB

VYriepon B UyryHe MOKET HaXOAUTHCS B PACTBOPEHHOM U CBA3AHHOM
COCTOSHUMU (B BUe XUMUUYECKOI'0 COeIUHEHNA — IIeMEeHTHUTA F€3C), a Tak-
’Ke B CBOOOZHOM COCTOSSHHU — B BuJe rpadura. IIpu atom dopma rpadu-
Ta U CTPYKTypPa METAJIJINUYECKOl OCHOBBI OIIPEAEJIAIOT BUALI UYYTYHA U UX
CBOIICTBA.

Kaaccudpuramus uyryHa mpousBOIUTCS IO CAEAYIONTUM IIPU3HAKaAM:

1. Ilo cocmosaHnuio yznepoda — cBOOOLHBIN uiy cBa3aHHBINA. [lo aTomy
IPUHIIUITY PA3JINYAIOT OeJIBIH Yyr'yH, B KOTOPOM BeCh yIJIEPOJ HAXOAWT-
cd B CBSI3AHHOM COCTOSHUU B BHUJE IIEMEHTUTA, U IOJOBUHYATHIA UyTVH,
B KOTOPOM OCHOBHOE€ KOJIMUYECTBO yriiepoja 6oJee 0,8% HaxomuTcs B Bume
IIEMEeHTHTAa, a OCTAJILHOE B CBOOOJHOM B BUe rpadura.

2. Ilo gopme sxatoveruil epaguma OAPA3AEIAACTC HA CepbLil YYzyYH,
B KOTOPOM BECH YTJIEPO] HaXOAUTCA B CBOOOLHOM COCTOSIHUU B BUE ILIAC-
TUHYATOTO Irpadura; omobeseHHblil 1yzyH, B KOTOPOM OCHOBHaA Macca Me-
TaJljla UMeeT CTPYKTYPY CEPOTo YyryHa, a IOBEPXHOCTHBIH CJI0i1 — 6eJsIoro;
KO0BKUIL Yy2yH, TIOJYIEHHBIH U3 6eJIOT0 IyTeM OT:KUTa, NUMeeT XJIOMbeBU -
Hy!0 (hopmy rpaduTa. BuicokonpouHblil yyzyH MeeT IITapoOBUIHYIO (hopmy
rpagmura.

Bupgsr BKtouenuit rpadura B c€pOM, KOBKOM M BBLICOKOIIPOUHOM UY-
TyHax IIpecTaBJIeHbI Ha puc. 27.

Budel skntoueHuli epagpuma
(HempasneHeie winugei)

] _. ‘ N
.7 ()5/?04;1[2’;} " ;
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# [pagum }
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Cepebili uy2yH Koskuti 4y2yH BbicokonpouHbiti uy2yH
Puc. 27. Knaccudpuranusa yyryHa mo ¢hopme rpadUTHBIX BKJIIOUYEHUH (Cxema)
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10.3. Cmpyxmypa u cBoticmBa uyeyna

10.3. CTPYKTYPA Y CBOMICTBA UYTYHA

MugKpoCcTpyKTypa 4yryHa COCTOUT U3 METAJJINUYEeCKO OCHOBHI (MaT-
puIbl) u rpa@uUTHBIX BKJIIOUeHM. CBOMICTBA UyT'yHA OIIPEEIAI0TCA CBOMC-
TBaMU METAaJIJIMUYECKOH OCHOBHI 1 (popmoit rpadura. UyryHBI COCTOAT U3
CJIEAYIOIUX CTPYKTYPHBIX cocTaBiapmux: rpadur ('), mepaut (II), dhep-
purt (@), memedypur (JI).

ITo MUKPOCTPYKTYPE PA3IUYIAIOT:

a) 6eJIbIil yyTyH (IIEMEeHTUT uau 1eMenTurt + I);

0) cepoiit peppurHbIf wyryH (@ +T )

B) cepbIil (heppuTHO-IePAUTHBIN uyryH (@ +I1 + T

r) cepblii mepauTHbIA uyryn (IL+T ).

AmnayornyHas KjaaccuuKausa MUKPOCTPYKTYD OyeT 1 115 KOBKO-
ro YyryHa U BBICOKOIPOYHOro. ToJIbKO AJIsI KOBKOTO UyryHa rpadur o6y-
IeT XJIONbeBUAHOIN OPMBI, AJIA BHICOKOIIPOYHOrO — IapoBuaHoi. Takasa
KJlaccuuKaInuAg IpeicTaBjaeHa Ha puc. 28.

nnac’mﬂqa’rmﬁ)’

®opma epapumHeix sk0YeHUl
Memannuyeckaa

OcHoea naacmuHyamas | Xn0nvesuoHas waposuoHas
®eppum ;z ""

3' ( <
®eppum + epnum 7 ’///// //

’ o\ /ﬂ //////
»{0' % ///\\\\\\ "4/ \

= /

Mepnum )t, 4 ")’mé /

,“ /’i

Tk

Puc. 28. Kiaccudukanusa 4yrysa 1o CTpyKType MeTaLIndeCKOi OCHOBBI
u hopMe rpa@UTHBIX BKJIIOYEHUH (CXeMbI CTPYKTYD)
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I'1a6a 10. Yyeynot

Venepod B coctaBe uyryHa (B MeTaJJINYIECKOIl OCHOBE) UMEET HUBKYIO
IIPOYHOCTH. MecTa ero 3ajleTaHUA MOMKHO CUNTATH HAPYIIEHUAMU CILJIOIII-
HocTHu MeTraJjia. Ilo Mepe OKpyTriieHuA IPpa@UTHBIX BKJIOUYEHUH UX OTPH-
nmaTeJbHasd POJIb CHUIKAETCA U MeXaHWUYeCKUe CBOMCTBA UyryHa PacTyT.
Hanpuwmep, ceprlii UuyryH c naacTuHuaToi (hopmoli rpadura uMeeT HUBKUE
XapaKTEePUCTUKYN MEXaHUYECKUX CBOMCTB, TaK KaK ILJIACTUHKU rpadura
UTPaioT POJb KOHIEHTPATOB HATIPAKeHHU# B oT/InBKe. OQHAKO CephIi uy-
I'YH UMeeT U IIpemMyIlecTBa OJjlarofapsa cMasbIBaIoOIIeMy NeHCTBUIO I'Da-
¢ura, oH 00JIaJa€T XOPOITUMY AHTU(PPUKITMOHHBEIMY CBOCTBAMM.

Cepblii UyryH 00JamaeT XOpOIell KUIKOTeKYyUeCcThlo, MaJioi ycas-
KOIi, XOPOIIIO TaCUT BUOpPAIl1 1 Pe30HAHCHBIE KOJIe0aHUA.

BbIcoKOIpouHBIN UyryH Ojsaromaps KOMIIAKTHOUW ¢Qopme rpadwura
MMeeT IIOBLIIIIeHHbIe MeXaHUYeCcKe CBOMCTBA.

Kpemnuii cocobecTByer rpadutusanuu gyyryHa (rpadur 0yzer Haxo-
JIUTCA He B CBA3aHHOM, a B CBOOOIHOM COCTOAHUU).

Mapzaney HefiTpaausyeT BpegHOe BJIUSHME cePhl, 00pa3ys ¢ Hell Ty-
romjaBKoe coenuHeHme MnS.

Docghop noBHIIIAET JINTEliHbIE CBOIICTBA UyT'yHA.

Cepa sBIAETCSA BPEIHOM IPUMeEChIO, YXYIIIIaeT JUTEHHbIe CBOHCTBA,
CHUJKAET TeMIepaTypy KPaCHOJIOMKOCTH UyT'yHAa, MOBBIIIAET CKJIOHHOCTD
K TPeunHO0O0pa30BaHUIO.

10.4. CEPBIVI YYTYH, MAPKVPOBKA,
OBJIACTY IIPUMEHEHMSI

Cepblil UyTyH B M3JIOMe MMEET TeMHO-CePLIii IIBeT BCJIEACTBIE TOTO,
YTO BeCh yIJIEPOJ MJIM YaCThb €ro BbIAeJsIeTcA B Bule rpadura. B saBucu-
MOCTH OT pacmiaja IeMeHTHUTa PasinuaioT GeppuTHbIHA, PepPUTO-IEPJINT-
HBIM U TIEPJIUTHBIN cepble UyryHbl. CBOMCTBA CEPOTO UYTyHA 3aBUCAT OT
CTPYKTYPBI METAJIJINUECKON OCHOBBI U OT (DOPMBI, padMepa U KOJIMUEeCTBa
rpadUTHBIX BKJIIOUYeHU. YeM MeHbIIle B METaJJINYeCKON ocHOBe (heppHu-
Ta, TeM BBIIIIe IPOYHOCTh YyTyHa. JIyUIIUMyu MeXaHUUeCKUMU CBOMCTBA-
Mu o6JIalaeT YYyT'yH CO CTPYKTY PO IIePINTa, COAep KAl rpad)uT B BUIE
MEJIKUX YelTyeK.

Corntacao I'OCT cepsiit uyryn MmapkupyooT 6ykBamMu «C» — cepblil 1
«9» — yyryH. Yucjo nmocje 6YKBEHHOT'0 0003HAUEHUS TIOKa3hIBAeT CPe-
Hee 3HaUeHUe IIpefiesia nmpouHoctu npu pactaxenuu. 'OCT mpegycmar-
puBaeT ciaexyioire Mapku cepbix uyrynos: CH10, CH15, CHU18, CH20,
c4z1, C424, C4z25, C430, C435, CU40, CU45.

118



10.5. Boicokonpounvtii uyeyH, mapkupobxa, obaacmu npumeHeHus

B aureparype BCTpedaeTcss MAPKHUPOBKA CEPBIX UYT'YHOB II0 CTAPOMY
T'OCTy, roe Kpome IIpejeJa IIPOUYHOCTH Ha PacCTsKeHe YKas3aH U IIpeeJt
IIPOYHOCTHU Ipu m3rube, Hanmpumep, CU15-32, roe 32 — aT0 mpexpes mpo-
YHOCTH IIPU u3rube, Kr/Mm2,

Cepble uyryHbl HAILJIM IPUMEHEHUE B CTAHKOCTPOEHUU (CTAHUHBI,
CYIITIOPTHI, 0a0K11), aBTOTPAKTOPOCTPOeHUH (0JIOKY IMTUINHAPOB, TOPIITHE-
Bble KOJIbIIA, TOPMO3HBEIe OapabaHbl), B XMMHUUYECKOM MAIITMHOCTPOCHUU,
IIpU IIPOM3BOACTBE KOMIIPECCOPOB, HACOCOB, BO3AYXOAYBOK.

10.5. BLICOKOITPOUHBIV UYTVH,
MAPKVPOBKA, OBJIACTV IIPUMEHEHWVSI

OTINYUTEIBLHOM 0COGEHHOCTHIO BBICOKOIIPOUHOI'O0 UyTyHAa SABJISAIOTCS
€ro BBICOKME MeXaHNUeCcK1e CBOMCTBAa, 00yCJI0BIEeHHbBIE HATUUNEM B CTPYK-
Type mapoBugHoro rpadura. Ilosydenue mapoBugHOro rpadura JOCTUra-
eTcaA MOOUMUITMPOBAHMEM pacIljiaBa Ceporo UYyryHa IpucagkaMU, comaep-
JKaIuMU MarHui, nepuii u gpyrue P3M. BbICOKOIIpOYHBIE I'PY OBl B COOT-
BercTBuU ¢ 'OCT umeror cienyroiue mapku: B435, BUY40, BU45, BU50,
BY60, BU70, BU480, BU100. ITudpa, caexyiomias 3a mudppavmu BU, osma-
Yaer IIpezesi IPOYHOCTH Ha paspsis B Kr/Mm2. ITo crapomy I'OCTy B MapKu-
POBKe mo6aBiaach udpa OTHOCUTENIHLHOTO VIJINHEHNS B IPOIIEHTaX.

BEICOKOTIPOUYHBIN YYT'yH IINPOKO UCIOJIH3YIOT B ABTOMOOUJIBHOM IIPO-
MBIIILJIEHHOCTH (IIIATYHbI, IIIeCTePHU TJIaBHOH ITepefaduu, CTYIUIIbI, KOJIeH-
yaThie BaJbl), B TSAKEJIOM MAITMHOCTPOEHU M, B CEJIbX03MAITNHOCTPOEHU N
(CTYIHITBI KOJIEC, PBIYATH U IeJaJIN, IITKUBLI, CTOMKK KOPIIYCOB IIJIYTOB).

BBICOKOTIPOUHBIN YYTYH ABJIAETCA Hanboee IepCIeKTUBHBIM JUTEH-
HBIM CILIABOM, C IIOMOIIIbI0 KOTOPOTO MOYKHO YCIIEIITHO PeIaTh mpobemMy
CHUIKEHUA MacChl KOHCTPYKITUY ITPU COXPAHEHNN NX BBICOKOM HaIeKHOC-
TH U JOJTOBEUHOCTH.

10.6. BEJIbIVI I KOBKWMV UYT'YHBI.
MAPKVPOBKA, OBJIACTb IIPMIMEHEHW I

W3mom Gesoro uyryHa nuMeeT MaTOBbBIH 11BeT. Haauune 60JIBIIIOro KO-
JUYeCTBa IIeMEeHTUTA IpuaaeT 6eJJ0My UyT'yHY BEICOKYIO TBEPIOCTD, XPYII-
KOCTB 1 OUEHb ILJIOXYIO0 00pabaTbIBaeMOCTD PEeKYIITUM nHCTPpyMeHToM. I1o-
9TOMY NpHUMeHeHUe 0eJloro 4yryHa KaK KOHCTPYKIIMOHHOTO MarepuaJa
BechbMa orpaHuueHo. 13 6esi0oro uyryHa AejiaioT OTINBKY JAeTaJIel ¢ mocie-
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I'1a6a 10. Yyeynot

IYIOIIM OTKUTOM Ha KOBKMH UyTryH. Besblil uyryH Kak KOHCTPYKIINOH-
HBIH MeTaJlJI He MapKupyeTca. KoBKHUii UyryH nMeeT B CTPYKTYPe XJIOIIbe-
BUAHYIO (popMy rpaduTa U B CBSI3HU C 9TUM 00JIee BLICOKIE MeXaHUUeCKIe
CBOIICTBA, IIPEJK e BCero, IMJIaCTUYHOCTE. 110 cBoicTBaAM OH 3aHUMAET IIPO-
MeXKYyTOUHOe ITOJIOKeHNe MeXKIY CTajJbio U cephbiM uyryHoM. KoBkue uy-
TYHBI MAapPKUPYIOTCS II0 TIpefey IPOYHOCTH Ha Pa3pbiB U OTHOCUTEIHLHO-
my yaauaenuio. 'OCT mpemycmaTpuBaeTr ciaenyioniue MapKu KOBKHUX UY-
rynos: K430-6, K433-8, K435-10, K437-12, KU45-7, K450-5, K455-4,
K460-3, K465-3, K470-2 u K480-1,5, rae 6yxkBsl KY — KoBKUii UyryH,
repBble UMPHI YKAa3bIBAIOT IIPeeJ IPOYHOCTH Ha PasphiB B KI/MM?, mOC-
JiegHVWE — OTHOCUTEJHHOE YAJWHEHNE B IPoreHTax. [lJid nosyJyeHns KOB-
KOr'o UYyryHa Heo0X0oamuMo OeJIblii UyTyH IIOABEPTHYThL TEPMUUECKOM o0pa-
6orke — om:xury. Harpes mpousBoautca no temneparypsl 950-1000 °C.
IIpu sToli TeMmIepaType MPOUCXOAUT rpaduUTU3AIUA I[EMEHTHUTAa, 3aTeM
TeYb BBIKJIIOUAIOT U JeTaJu B Hell oxjaskgatores a0 740 °C u cHoBa IpoBo-
JIUTCA IIPU 9TOH TeMIIepaType BhIJEPIKKA C IIOCIeTYIOINUM OXJIaKIEHUEM.

Merannnueckas OCHOBa KOBKMX UYT'YHOB MOJKET OBITH (DEPPUTHOI,
nepanTHOU uiau peppuTo-nepanTHoi. Huixe mpeacrapiieH rpauk pesKu-
Ma oT:Kura 6eJIoro 4yryHa AJid IIOJydYeHus KOBKoro (puc. 29).

950-1000 °C
Al
&
S 740°C}
S
S
S
| /2025 | 15 J6-12| 30 -
Hy >
B 70-80
Bpems, 4

Puc. 29. I'paduk pexxuma orskura 6e0ro 4yryHa Ajisd MOJTyIeHUs KOBKOTO

KoBkue yyryHsl HaxXoOAT IPUMEHEHNE B CeJbX03MAaIIMHOCTPOSHUN
(rrecTepHM, 3BeHbS Iieleli, 3Be3J0UYKH), B aBTO- M TPAKTOPOCTPoeHu N (3a-
JIHVE MOCTBI, CTYIIUI[bI), BATOHO- 1 CYAOCTPOCHUN.
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10.7. JleeupoBannvie uyeynvl

10.7. TETUIPOBAHHDBIE UYI'YHbBI

B saBucuMoOCTH OT HasHAUEHUA PA3JIUYAIOT M3HOCOCTOMKUE, aHTHU-
(bpUKIIMOHHBIE, KApPOCTOHKMNE, KOPPO3UMOHHO-CTOHMKME JErnpOBaHHEIE
YYTYHBI.

H3suococmoiikue yyeyHovt obo3HayaoT 6ykBamMu Y u oHM MapKuUpy-
IOTCS TIO COZIePIKAHUIO JeTUPYIOIINX 3JIEMEHTOB aHAJOTUYHO cTajaam. Ha-
npumep, yyryH Mapku MUX4T'7I cogep:xut 4% xpoma, 7% Maprasiia,
1% wmenu. I3HOCOCTOMKYME UYT'yHBI IPUMEHSIOT AJIsI U3TOTOBJICHUSA JIOIA-
TOK Ap0o0eMeTHHIX TYpPOUH, IITapOB AJIs MeJbHUII, AeTaJieil THEBMOTPaHC-
moprTa.

AHMU@PUKYUOHHBLE YY2zYHbL UMEIOT B MAapKUPOBKe OYKBY A. OHU us-
TOTaBJIMBAIOTCS Ha OCHOBE CEPBIX, KOBKUX M BBICOKOIIPOYHBIX UYTYHOB.
Ceprble maprupyiorca ACY-1, Beicokonpounbie — ABY-1 ¢ jerupyoiummu
mobaBKaMu XpoMa, HUKeJd, TUTaHa, MeJH.

JRapocmoiikue uyzyHsl, CTOHKNE K OKAJINHOOOPA30BAHMUIO, B MApKHU-
poBke umeroT 6ykBy K, Hampumep, sKUX-0,8, JKUX-15, JKUX-2,5.

JKapocroiikue uyryHbI IpeJHAa3HAUEHBI IJIs U3TOTOBJIEHUA AeTajeit
KOJIOCHUKOBBIX PEIIeTOK W JeTajiell AJA Pa3JUYHBIX meueil (MapTeHOBC-
KHe, JOMEeHHbIe, Pa3JIMYHbIe KOTJIBI). ITH YYT'YHBI MOTYT OBITEH JIETHPOBa-
HBI AJTIOMUHUEM, KpeMHUEeM, HUKeJIeM, XPOMOM.

KopposuonHo-cmoilkue YyzyHol JETUPYIOT XPOMOM, HUKeJIeM, MeIbI0,
monubaeHoM u KpeMHueM. OHU CTOHKY B ITleJI0YaX, PACTBOPAX COMBI, MOP-
ckoit Boge. HaubGosiee pacrpoCcTpaHEHHBIMU ABJIAIOTCA UYTYHBI MapoK
YX1, YHXT, YHXMI, YHI'X.

HOBBIE IIOHJTWA

JIuTelHBIN UYTYH.
CrenmaibHbIH 4yTyH (heppociiag).
Benwrit uyryH.

Cepblii UyTyH.

KoBKuii uyryH.
JlermpoBaHHBI! UyTYH.
DeppuUTHBINA YYT'YH.
®DeppuTO-NIEPAUTHEIN YYTYH.
IlepauTHBI] UyTyH.
BBICOKOTIPOUHBIHN YYTYH.
IlosoBuHYATHIN UyTYH.
IInacTuunas popma rpadura.
ITapoBunnas ¢opma rpacdura.
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I'1a6a 10. Yyeynot

R

XnonbeBugHasa ¢hopma rpadura.

XuMuUecKoe coeJUHEHNE Kejie3a ¢ YIIepoaoM (IleMeHTHT).
Or6esIeHHBII YyTYH.

AHTUQPUKIIUOHHBIN YyTyH.

JKapocroiikuii uyryH.

BOIIPOCHI OJ151 CAMOIIOATIOTOBKM

B ueM oTsinume KOHCTPYKIIMOHHOTO UyT'yHA OT CTAJIU?

ITo xakuM TPUHITUIIAM ITPOU3BOAUTCS KIacCUPUKAIINA UYyTyHOB?
HasoBuTe CTPyKTYypHI UyT'YHOB.

Biusanue xuMmruecKoro coctaBa 4yryHa Ha ero CBOMCTBa.
MapxupoBKa ceporo, KOBKOT0, BEBICOKOIIPOYHOT'O UyT'YHOB.

B ueM CyITHOCTDH TEXHOJOTUHY IOy UYeHU S KOBKOT'O UyTyHAa?
TexHOJIOTUA MOJYUYEHUA BLICOKOIPOUHOr0 YyTyHA.

HaszoBuTe ocHOBHBLIE BUIbI JIETHPOBAHHBIX UYT'YHOB M UX HasHaue-
HUe.

TECTOBBIVI KOHTPOJIb 3SHAHUM

1. HasoBuTe 0CHOBHOE OTJIMYME UYT'yHAa OT YIJIEPOJNUCTOMN CTAJIN:

a) B PasJIMYHOM XMMHUECKOM COCTaBE;

6) B KOJIMYECTBEHHBIX IIpefejaX XNMNUYEeCKNUX COCTaBJIAIOIINX;
B) B IPOYHOCTHBIX CBOMCTBAX;

T) B HAJWYUU CBOOOAHOTO rpadura.

2. Kakoe ocHOBHOe HasHauUeHWe CHEIMAJLHBIX UYTyHOB ((peppociia-
BOB)?

a) JJIA MOJIYUYEHUA JIUTHIX 3aTOTOBOK;

0) [Jid BBIIIJIABKU CTAJIM TPeOyeMOoro cocTaBa U KauecTBa;
B) [JIA TIOJIyUeHUs 0eJIoro UyryHa;

I) [Jid IOJYyUYeHU BHICOKOIIPOUHOI'0 UyT'yHA.
IlepenenbHBI UyTyH IpeHASHAYUCH IJIA:

a) BBIILJIABKU CTAJIU;

0) BBIILJIABKU JETMPOBAHHOTO UYTYHA;

B) IIOJIYyYEHUS JUTHIX 3arOTOBOK.

B cepom uyryHe yriiepos MOMKeT HaXOZUTHC:
a) B CBOOOTHOM COCTOSTHUU B BHe rpauTa;
0) B Buze rpaduTa U IIeMEHTHUTA;

B) B BHUJE IIEMEHTHUTA;
I) B BUJe IIepJuTa.

5. Kakxyio popmy rpacdpura numeeT oTOCICHHBINA UyTyH?

a) ILJIaCTMHYATYIO;
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Memooduueckie yky3anus

6) B BUe XUMHUUYECKOT'0 COeTUHEH A FeSC;

B) IIapOBUIHYIO;

I) IJIACTMHYATYIO U B BUJE XUMUUYECKOT'O COeITMHEHNA.
6. Kaxk miactumuaras opma rpaduTa B cepoM UyT'yHe BIAUAET HA IPO-
YHOCTH?

a) IIOBBIIIAET;

0) MOHHUKAeT;

B) He BJIHASET.
7. Ilouemy uyryH HasbIBaeTCsA KOBKUM?

a) ero MOKHO KOBATh;

0) OH IIJIaCTUYEH;

B) €ro MOKHO IIPOKAaThIBATh.
8. Kaxkoii yyryH mnesiecoo6pa3Ho MCHOJIb30BATh AJI 3aJHET0 MOCTa aBTO-
MOOUJISA, NUCIBITHIBAIOIIETO IUHAMUYECKYE HATPY3KU?

a) GesbIif;

0) cepwlii;

B) KOBKUIi;

T') BBICOKOIIPOYHBIH.
9. Kakx moJyiy4aroT BHICOKOIPOUYHBIN YyryH?

a) JIeTHPOBAHUEM;

0) MoAU(PUIITMPOBAHUEM;

B) TepMHUYECKOil 00paboTKOIi;

r) 00paboTKOM faBJIeHUEM.
10. Kaxue uyryHbI IIOABEPTraioTCA JeTUPOBAHUIO, YTOOLI ITOJNYUYNUTh AHTH-
(bpUKIIMOHHBIE CBOKCTBA?

a) Ccephlii;

0) KOBKUIi;

B) BBICOKOITPOYHBII;

r) GesbIi.

I'TTABA 11. JIETKMVE IIBETHBIE METAJIJIbI
M CIIJTABbI

METOOUYECKMUE YKA3AHWM

IIpucrynas K M3y4eHUIO 9TOH TeMbl, HEOOXOAUMO BBISICHUTDH, KaKHU-
MH OTJNUYUTEJbHLIMI CBOMCTBAMHI XapaKTePHU3YIOTCA TaKle MeTaJlJbl,
KaK aJIOMUHHNI, Marauii, Tutad. KaKaplii 13 HUX MMeeT OLHO BasKHOe
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TraBa 11. Jleekue yBemuvie Memainvt u cnaabol

CBOMCTBO — 3TO ILJIOTHOCTBH, YTO OIPEAEJIAET NX MINPOKOE IIPUMEHEHUE B
COBPEMEHHBIX TEXHOJIOTHsAX. KpoMe cBo¥CTBA MJIOTHOCTH VIEJIUTE BHU-
MaHUe W3YUYEeHUI0 U JPYyrux (pusmyeCKUX, XMUMUUYECKUX U MeXaHuYec-
KUX cBoicTB. Mdyuas MapKMpPOBKY, 00paTUTe BHUMaHUEe HA pasjnuydue B
MapKUPOBKe JIUTEHHBIX U Ae(hOPMUPYEMBIX CIJIaBOB. MI3yUMB KOMILIEKC
CBOICTB 3TUX METAJIJIOB U CILJIABOB, BbI JOJKHBI UYeTKO MPEACTABIATH 00-
JacTu ux npuMeHeHuA. Heo6XoauMo TaKKe 03HAKOMUTHCA C OCHOBHBIMU
BUJAMU U COCTABOM IIPUIIOEB U APYTHUX JETKOILJIABKUX CILJIABOB.

11.1. OBIIME CBEOEHWMJI

JlerkuMu MeTa/IIaMU U CILIaBaMM, B OTJIMYNE OT CTAJH, YyryHa U
IPYTUX MeTaJJINUYEeCKUX MATEPHAJOB, IIPUHATO CUMUTATH BCE METAJIIBI 1
CILJIaBBI, JIOTHOCTh KOTOPBIX COCTABJISAET IIPUMEPHO IIOJIOBUHY HJIOTHOC-
TH JKeJiesa.

K sTum MeTas1aM yCJIOBHO MOKHO IIPUUYUCIATE AJTIOMUHNANA, MAaTHIH,
TUTaH, OEPUJLINi, a TaKKe JUTUH, HaTPUH, KaJIui.

JIutuii, HaTPU, KaJaui ObLIN OBl UAEAJTbHBIMY KOHCTPYKIIMOHHBIMU
MaTepuaJaMU, eCJIX Obl He MX YPEe3BhIUAIHO BEICOKAA XMMUUECKA I AKTHB-
HOCTB € KHCJIOPOZOM. Bepuiinii, mioTHoCTs KoToporo 1,84 r/cm?, o6maza-
€T BBICOKOI IIPOYHOCTBLIO 1 APYTUMU BAKHBIMU TeXHUUYECKUMU CBOMCTBA-
mu. OIHAKO CILIaBbI OEPUJIINA BECbMAa JOPOTOCTOAINME U IIO9TOMY HaXO-
IAT IpUMeHeHNe TOJbKO AJIA CIlellnaJbHBIX IeJIeil.

B kKauecTBe HanboI€€ IPUMEHAEMbBIX KOHCTPYKIIMOHHBIX MATEPHUAJIOB
BO MHOTHIX OTPACJIAX IIPOMBIIIJIEHHOCTH SIBJIAIOTCA aJIOMUHUN, MATHWH,
THUTAaH, a TAKKe CIIJIaBhI HA UX OCHOBE.

JlerkomaaBKMe CIJIaBbI XapaKTepU3yIOTCS OTHOCHUTEJIbHO HU3KOM
TEeMIIEPATY PO IIJIABJEHNA B CPABHEHNN C TAKMMU METAJIJIAMU, KaK aJIio-
MUHUM 1 MarHuii.

11.2. ATFOMVHWU Y ETO CITJIABBI

AtoMuHME — JIETKUHM MeTaJlJI cepedprucTo-6eI0To IIBETa, €ro IJIOT-
HocTh 2,7 r/cm®, Temmeparypa miaasiaeHus 660 °C, obiaazaer xopolmei
TEIJIO- U 3JeKTPOIPOBOJHOCTHIO, BLICOKOM KOPPO3MOHHO CTOMKOCTBHIO 1
ILJIACTUYHOCTHI0. AJIOMUHUI JIETKO OKUCJISAETCA Ha BO3AyXe, 00pasyd Ha
NIOBEPXHOCTH IJIOTHYIO IJIeHKY okucaa Al,O,, IpeoXpaHA LYo ero OT
TaJIbHEHIeil KOpposum B aTMOC(EPHBIX YCJIOBUSIX, BOLE W IPYIUX Cpe-
nax. ITocToaHHBIe MpUMeCH aJIOMUHUS — »KeJie30, KpeMHUM, MeIb, ITNHK,
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11.2. Arromunuir u e2o cnaabot

TUTaH. B 3aBUCMMOCTH OT COepKaHUA IIPUMeECEeH ITIePBUYHBIN aTIOMUHUHT
6n1BaeT ocoboit umcToThl A999 (0,01 mpumeceit), BEICOKOI uacToThl A995,
A99, A97, A795 (0,005-0,05% npumeceil) u TeXHUUYECKOM YncTOTEI A85,
A8, A7 (0,15-1,0% npumeceii).

MexaHnYeCcKure CBOMCTBA aJJIOMUHUA HEBLICOKUE — IIPeIesI TPOYHOCTH
Ha paspeiB mopaaxa 8—10 kr/Mmm?2, yajanHeHue Ipu paspeise cBoiine 40%,
cyxenaue — 80—95%.

IITupokoe mpuMeHeHMEe AJIOMUHUS U €T0 CIIJIABOB ONPEHeIAeTCs ce-
MbIO OTJINYUTEIbHBIMY CBONCTBAMU:

1) Mazas MJIOTHOCTh AJIOMUHUEBOMH AeTaJll — OHA COCTABJIAET JIUIIH
TPeTh MacChl CTAaJbHOM AeTaJu TAKUX JKe PasMepOB;

2) ycTOMUYMB K KOPPO3UM HA BO3AYXE 1 B Cpelie MHOTUX I'a30B U JKIU/I-
KOCTel;

3) obyiamaeT BBICOKOM OTpakaTesbHON CIOCOOHOCTHIO M OJsaromaps
cBoeMY 0JIeCKYy mMeeT JeKOPATUBHBIN BU;

4) asIOMUHMEBBIE CILJIaBbI IO ITPOYHOCTY CPABHUMBI C OOBIKHOBEHHBI-
MU CTaJISIMU;

5) oTamuaeTcsa OTHOCUTEIHHO BEICOKON YIIPYTOCTHIO U HE CTAHOBUTCS
XPYIKUM IPU HUBKHUX TeMIepaTypax;

6) xoporio noaxaeTcsa 00paboTKe pesaHneM U JAaBJIEHUEM — €TI0 MOXK-
HO packKaTaTh B (osbry Tosinunoii 0,01 MM u MeHbIIIe;

7) IPOBOAUT 9JEKTPUUYECKUI TOK M TEILIO JIydIlle, YeM BCe IpyTue
OOBIUHBIE METAJIJIBI (38 UCKJIIOUEHIEM MeIN).

AnroMuHII HAIIIeJ IIUPOKOe IIPIMeHeHYe B 3JIEKTPOTeXHUKE, XTMU-
YeCKOIi TPOMBIIIJIEHHOCTH, a TAKJKe [IJI IMOJyUeH!A PasJInUYHbIX 110 3HAa-
YEeHUIO aJIIOMUHUEBBLIX CIJIABOB, KOTOPbIE MCHOJB3YIOTCA B CTPOUTEJIbC-
TBE U apXUTEKType, B aBTOMOOMJIECTPOEHU M, CAMOJIETOCTPOCHUH, B IIPO-
M3BOJICTBE TOBAPOB IITUPOKOTO ITOTPEOIeHU .

AJIOMUHUN 1 €ro CIJIaBbl CIOCOOHBI Y/IOBJIETBOPUTH MHOTOUKCJIEH-
HbI€ IIOTPEOHOCTH COBPEMEHHON TeXHWKU, [O3BOJIAIOT CHUKATh BeC ca-
MBIX Pa3HOOOPa3HBLIX KOHCTPYKITHIA.

Cnaasvl aOMUHUS TIOAPA3AEISIOTCS 10 TeXHOJOT NN U3TOTOBJICHUS
Ha JedopMupyeMble, JUTEHHbIE U CIIEUeHHBIE; IO CIIOCOOHOCTH K TepMU-
YecKoi 00paboTKe — Ha yIIPouHsAeMble U HeyIIPOUHsIeMbIe.

Ilepopmupyemvie cnaasvl. K HeyIpOUHAEMBIM TepMUUYECKOI o6pa-
GOTKOIf OTHOCSTCS CIJIABLI aJIIOMUHUA C MapraHIeM U aJIOMUHUA C Mar-
HUEeM. OTHU CIIJIaBbI 00/1aJai0T BBICOKOH IIJIACTHYHOCTHIO, KOPPO3MOHHOM
CTOMKOCTBIO, XOPOIIIO IITAMOYIOTCA ¥ CBAPUBAIOTCSA, HO MMEIOT HEBBICO-
KYI0 TPOYHOCTS. VI3 HUX M3TOTABJIUBAIOT CBAPHBIE Pe3ePBYapPhI IJId JKU]-
KOCTel 1 ra30B, JeTaJH KeJIe3HOJOPOKHBIX BATOHOB.
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TraBa 11. Jleekue yBemuvie Memainvt u cnaabol

K ympounseMbIM cIJIaBaM OTHOCATCS AIOPAJIOMHHBI. K HUM OTHO-
CATCS CIJIABBLI AJIOMUHUS C MeIbI0, MarHueM, HeOOJIbIIIUMHY HO00aBKaMU
MapraHiia, KOTOpble MapKupyioTcs OykBoii I ¢ mocaexyrorieit mudpoii
a1, 116, I118.

AT MapKU UMeIOT Pa3inYHble XUMUYECKIe COCTaBhbl, MeXaHUUeCK e
¥ TeXHoJIoru4YecKue cBoiicTBa. Tak, cuias JI1 umeer cocras 3,8—4,9% wme-
au, 0,4-0,8% wmaruus, 0,3—0,9% wmapranna; 116 — 3,8-4,9% menu, 1,2—
1,8% wmaruwus, 0,3-0,9% wmapraunma; 118 — 2,2-3,0% wmenu, 0,2—-0,5%
MarHus.

Hiopamxomuusl 1, 116, 118 xapaKTepusyOTCA BHICOKOI IIPOUYHOC-
THIO, JOCTATOYHON TBEPJOCTHIO M BA3KOCTHIO. [[JIs YIPOUHEHUA CIIJIABOB
MIPUMEHAIOT 3aKaJIKy C IIOCIEAYIOIINM OXJIAKIeHNeM B Boje. 3aKaJeH-
HbIe TIOPaAJIIOMUHBI IOABEPralOTCS 3aTeM CTapEeHHI0, UTO CIIOCOOCTBYET
YBEJIUUYEHUIO UX KOPPO3SUOHHOM CTOMKOCTH.

HedopmMupyemMble aJIOMUHUEBBIE CILJIABLI ABJSIOTCA OCHOBHBIMU
KOHCTPYKIIMOHHBIMY MaTeprajaMyu B aBUa- ¥ aBTOCTPOEHUU, T'PaKIaH-
CKOM CTPOMTEJNHCTBE, B yUeOHOM IIpOIecce IO TEXHOJIOTUMN U APYTUX 00-
JacTax mamuHocTpoeHus. Cuag 118 — onmH 13 OCHOBHBIX 3aKJIEIIOUHBIX
MaTepraJoB.

Jlumeiinvle cnaagul. [Ina TuTeHBIX aJIOMUHUEBBIX CILJIABOB Hambo-
Jiee IIIMPOKO PAcCIPOCTpaHeHa KJaccupuKanua 0 XUMUYIECKOMY COCTa-
By. OTHU CILJIaBbI Yallle BCETO COAEepsKaT KpeMHUH, Menb, maruuii. Cia-
BBI &JIIOMUHUSA C KpeMHUEM, Ha3bIBaeMble CUJIYMUHAMU, UMEIOT XOPOIITYI0
SKUAKOTEKYYECTh, MAJIYIO YCAAKy, HUBKYIO TeMIIepPaTypy JUThA U 3HAUU-
TeJLHO IIPOYHEee UHCTOTO aJIOMUHHA. PacupocTpaHeHHBIMHU CIJIaBaMU
sBisirorea AJI2 (10-13% xpemuwns) AJI4 (8-10,5% wpemuus, 0,17-30%
maruusa) u AJI9 (6-8% xkpemuus, 0,2-0,4% maruus).

MexaHuuyecKue CBOMCTBA CILIABOB aJIOMUHUA C MEIbI0O M MarHUEeM
BBITIIE, YeM YV CUJIYMUHOB, OJHAKO JIUTeHHbIE CBOMCTBA 3HAUUTEIHLHO HU-
ske. BoJbIIMHCTBO IUTEHHBIX CIIJIABOB IIOABEPraloTCs TePMUUECKOM o0pa-
00TKe (3aKajKa, OTIIYCK WJIU OTIKUT).

Cneuennble cnaasvl. Marepuabl 13 CIEYEHHBIX AJIOMHUHUEBBLIX IIO-
pomkos (CAII) cocToAaT u3 mopoinka amsoMunus u ero okcuna Al,O,. Ilo-
POIIKY 9TUX MCXOAHBIX KOMIIOHEHTOB ITIOJIYUYalOT METOAAMU HOPOIITKOBOM
MeTaJIypruu. TeXHOJOTUUecKuil mpoliece moayuenusa peraseir usd CAIL
COCTOUT U3 ONepaINi N3TOTOBJIEHUS 3aI'OTOBKY U IIOCJENYIONIeN MeXaHu-
YecKoi 00paboTKH. 3aTOTOBKY MOJyUaIOT ITyTEM IIPECCOBAHMSA IIOPOIITKOB B
cIIenuaJbHOM mpecc-(opMe mpu OOTBITIOM JaBJICHUU U TOCJIEeIYIOIIM CITe-
kaaueM npu 590—-620 °C. CneueHHbIe aJIOMUHNEBbIE ITIOPOIIKY IPUMEHs-
IOT JIJIS1 UBTOTOBJIEHNUA AeTaJsell IIOBLINIeHHOM IIPOYHOCTY 11 KOPPO3UOHHOM
CTOMKOCTH, 9KCILIYyaTUPYEeMBbIX IIPU paboumx TemnepaTtypax g0 500 °C.
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11.3. Maeznuii u ezo cBoticm8a

Cneuennble amioMunueBbie cmiaBbl (CAC) moaydyaroT u3 IMOPOIIKOB
JIOMUHUA ¢ HeOonbIuM cofepskanueM Al,O,, TerupOBaHHBIX YKEJIE30M,
HUKeJIeM, XpOMOM, MapraHIiieM, MeIbIo.

CAC xapaKTepusylOTCS BBICOKOM IIPOYHOCTHIO, KAPOIPOUYHOCTHIO,
KOPPO3MOHHOI cToliKocThIO. [IpenmyirnectBo CAC mo cpaBHEHUIO C JIUTEH-
HBIMY aHAJIOI'MYHOI'0 COCTaBa COCTOUT B OTCYTCTBUU JIUTEHHBIX Ae(heKToB
¥ MeJIKO3EePHUCTOM CTPYKTYPHI C PABHOMEPHBIM pacipeaeeHrueM KOMIIO-
HEHTOB.

11.3. MATHUM U ETO CBOVICTBA

Maruwuit mpeacTaBseT co60i MeTaJIJI cepedpPUCTOro IBeTa, MIOTHOC-
me10 1,74 r/cMm3, Temneparypa miaasiaeaus — 651 °C. IIpu remneparype, He-
CKOJIBKO IIPEBHIMIAONIEN TeMIIepaTypy IJIaBJIEHUsA, JETKO BOCILJIaMEH-
eTCsI ¥ TOPUT APKO-0eJIbIM IJIaMeHeM. YMCTHIN Maruiuii He UCIOJIb3YIOT B
KauecTBe KOHCTPYKIIMOHHOTO MaTepuaja, IOTOMY YUTO €r0 IPOYHOCTHHIE
CBOIicTBa HEBBICOKU. [IPpOUYHOCTE Ha pacCTAMKeHUe B JUTOM COCTOSHUU CO-
craBaseT 8—12 Kr/Mm2, a OTHOCUTEIBHOE YAJIUHEHNE TP paspbiBe 4—6%.
KopposnoHHas CTOMKOCTh, MarHuUsA BO BJAXKHBIX cpelaxX KpaliHe HU3Ka.
ITosToMy YMCTBLIN MATHUM IPUMEHAETCS B KauecTBe JIETUPYIONTUX moba-
BOK K CTaJIAM U YyT'yHaM, B MUPOTEXHUKE, B PAKETHOUN TeXHUKe IIPU CO-
3laHUY TBEPIBIX TOILINE.

B xauecTBe KOHCTPYKIIMOHHBIX MATEPHUaJIOB UCIIOJIb3YVIOTCSA CIIJIABBI
marHuda. CoiiaBbl Ha OCHOBE MArHUA KJIACCU(MUIIUPYIOTCA IO TEXHOJO-
ruu mepepaboTKU Ha JUTelHble U Ted)OpMUPYyeMble, a 110 OTHOIIEHUO K
TEepMHUUECKOU 00paboTKe — Ha YIPOUHAEMEIe 1 HeyIpouHaeMble. Mapku-
POBKa MarHMeBHIX CIIJIABOB COCTOUT U3 OYKBHI, 0003HAUAIOIIEell COOTBETC-
TBeHHO cmyias (M), u OyKBBI, YKa3bIBAOIel c1ocob TeXHOJIOTUY Iepepa-
6orku (A — mia gedopMuUpyeMsbIx, JI — Oyis TUTEHHBIX), a TaK:Ke MuQpHI,
o003HavYa0IIel HOPAJKOBEII HOMED ciiaBa. IIpuMmepom nedopMupyeMoro
cmiaBa MoXkeT ObITh Mapka MA14 (5—6% nuuka, 0,3-0,9% mupkonmu,
OoCTaJIbHOE MarHuii) u aureiHsril cias MJIS (7-9% amxromuuus, no 0,5%
Maprasia, 1o 0,8% nuaKa).

HedopMupyemble MaruueBbIe CIJIaBbI IPUMEHAIOTCS AJIA 3T OTOBJIE-
HUSA IPYTKOB, TPYyO, JIUCTOB, a TaK:Ke IJIA IIITAMIIOBOK U IIOKOBOK.

JIuTeiiHble MarHueBbIe CIIJIABhLI HAIILIN IPUMEHeHMe JJIA TPOu3BOJIC-
TBa (haCOHHBIX OTJIMBOK B aBUAITMOHHOM M aBTOMOOUJIBHOI IIPOMBIIIIIEH-
HOCTH (KapTephl, KOJIeCHBIE NUCKU, (pepMbI maccu camosieToB). IIpu sTom
peImamoiInee 3HAYEHNE MUMeEeT WX MaJjiad ILIOTHOCTH. COmpOTMBIIAEMOCTH
MArHUEBBIX CILJIABOB KOPPO3UM HU3KA, II09TOMY I'OTOBbIE M3IEJIU 3aIllH-
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IIAIOT OT KOPPO3UHU IIYTEM CO3AaHUA 3AI[UTHBIX IIJIEHOK (OKCUIUPOBAHUA)
¥ TOCJIeAYIOIIero MOKPHITUA JaKaMu, Kpackamu. CyIecCTBeHHOe J0CTO-
MHCTBO MarHMeBLIX CIIJIABOB COCTOUT B TOM, UTO OHH XOPOIIIO 00pabaTsiBa-
oTcA pesanueM. IIpu OMMHAKOBBIX CKOPOCTAX pesaHus MarHuil Tpedyer
IIPXMEPHO BABOE MEHBLIIIE YCUINS, YeM JIATYHb, 1 B IIIECTh PA3 MEHBIIIETO,
YeM CTaJib.

11.4. TUTAH " ETO CBOVICTBA

Turan uMeeT cepeOprUCTO-6eIbIi IBET, ero IJIOTHOCTD 4,5 r/cM3, TeM-
neparypa miaaBiaeHus 1665 °C. MexanuuecKue cBOiicTBa THUTaHA OYEHb
CUJIBHO 3aBUCAT OT coJep:KaHUsa IpuMeceii. UKUCTHIM TUTAaH MMeeT IPO-
YHOCTH Ha pacTsskeHne 25—27 Kr/mMm?, OTHOCHTENbHOE yaJaumHeHne 50—
55%. C ymenbItearemM yncToThl TuTaua (Mapxu BT1-00, BT1-0, BT1) mpo-
YHOCTHBIE CBOMCTBA HMOBBINIA0TCA 10 30—35 Kr/MM2, a ILJIaCTUYHOCTD IIa-
maet o 15-25%. TuraH 06Ja7aeT BecbMa BHICOKOM KOPPO3MOHHOM CTOM-
KOCTHIO, UYTO B COUYETAHUU C HU3KOU IJIOTHOCTHIO U BBLICOKOM YIeJIbHOM
IIPOYHOCTLIO ITPEIOIIPEIeINIIO €r0 IIINPOKOe IPUMEeHEeHe B aBUAIlMOHHOM,
XUMUYECKOI ITPOMBIIIJIEHHOCTH, PAKETOCTPOCHU.

IITupokoe mpuMeHeHe UMEIOT CILIaBbl TUTAHA C aJIOMUHIEM, BaHa-
IreM, MOJIUOTeHOM, XPOMOM U Ip.

IIpeumyIecTBOM TUTAHOBBIX CIIJIABOB II0 CPABHEHUIO C TEXHUYECKUM
TUTAHOM SABJSIOTCS 00Jiee BHICOKUE IIPOYHOCTD, KAaPOIIPOUYHOCTH, JKapo-
CTOMKOCTD IIPY XOPOIIEeH IIJIaCTUUHOCTH.

ITo TexHOJIOTHY UB3TOTOBJIEHUA TUTAHOBBIE CIIJIABHI IIOPA3AEIAI0OTCI
Ha gedopmupyemble u gurelinbie. [Ipumepom gedopMUpPyeMOro CILIaBa
moskeT ObITh BTH (5% antomunus) uau BT6 (6% anxtomunusa, 4% Baua-
nus), BT14 (4% anomunus, 3% mouaubmena, 1% BaHanmus).

JIuTteiiHbie CILJIaBbI AHAJOTUYHEI IO COCTABY HEKOTOPBIM Ie(opMuUpy-
embIM ciyiaBaMm (BT5JI, BT14JI). JIurteiitnbie criaBbl 00JI1aZaloT XOPOIIIei
JKUIKOTEKYUeCThIO U IJIOTHOCTHIO OTJINBOK. Ho 9TU cIijiaBbl aKTUBHO II0-
TJIOIIAOT Ta3bl ¥ B3aMMOAEHCTBYIOT CO BCeMU (DOPMOBOUHBLIMHU MAaTepua-
Jamu auteliHoil ¢popmel. IlosToMy nyiaBka u pasyuBKa JUTEUHBIX CILIa-
BOB BeJIeTCs B 3aII[UTHON aTMoc(epe UIx B BAaKyyMe. JIuTbeM B UyryHHbIe
WJIH CTaJIbHBIE (POPMBI ITOJYUYAIOT OTJIMBKY Maccoii 1o 500 Kr, B 060JI09K0-
BBIE — DoJiee MeJIK1e eTaju.

CrnenyerT OTMETUTD, UTO IJIA Y3KOCIIEIIMAJbHBIX ITejieil paspaboTaHbl
0ocoObIe CIIJIaBhI TUTAHA. B MeIUIIMHE HCIIOJL3YIOT 9TU CILJIABBI IJIA KU3-
TOTOBJIEHUA IIPOTE3a Ta300eIPEHHOTO CycTaBa UeJioBeKa (CIJIaB TUTAaHA C
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11.5. JlezkonaaBxue cnaabuvl u npunou

KobaabTOoM). Kak ITOKasbIBaIOT OIEHKM, NCKYCCTBEHHBIN CyCcTaB 13 3TOTO
cIIIaBa MOT ObI 0€30TKAa3HO CAYXKUTH 40 140 Jer.

YuursiBas TOT (paKTOp, UTO IIO 3aIacaM B 3eMHOM KOpe TUTAH 3aHU-
MaeT YeTBepPToe MEeCTO II0Cje AJTIOMUHNS, JKejie3a 1 Maruusd 1, YUUTLIBasa
€ro IpPeBOCXOAHBIE CBONCTBA, 9TOT KOHCTPYKIIMOHHBIA MaTepuaJ MMeeT
6oJIBIIIOE OymyIIiee.

11.5. IETKOITJTABKME CIIJIABBI 1 ITPUIION

K Takum cmaaBaM OTHOCATCSA CIJIABBI C TEMIIEPATypOil IMJIaBJIeHUS
ke 230 °C. Ix KOMIIOHEHTaMU ABJIAIOTCS CBUHEIl, 0JIOBO, BUCMYT, MH-
auit, pryTh. HekoTophle crijiaBbl OIpeeIeHHOI'0 COCTaBa, TaAK Ha3bIBae-
Mble dBTEKTHUYECKNE CIJIaBbl, UMEIOT TOUKY (a He MHTePBAaJI) ILJIaBJICHUS,
HO OHA JIEJKUT 3HAUUTEJHHO HUKEe, UeM TOUKMU IJIaBJIeHUs MEeTaJJIOB, 00-
pasyomux ciiaBbel. Hanpumep, ciras us 56,5% sucmyTa u 43,5% cBUH-
na niasurcd npu 125 °C, B To BpeMs KaK TeMIlepaTypa IJIaBJIeHUs CBUH-
ma coctaBiasaeT 327 °C, a BucmyTa 271 °C. Eciiz BBOOUTH B CIIJIaB HECKOJIb-
KO Pa3HBIX METaJIJIOB, MOKHO IIOJIYUUTH eIlfe MEHBIIYI0 TeMIepaTypy
miaaBieHus. Tak, cimaB Byna, comepsxamuit 50% BucmyTa, 25% cBUHIIA
u o 12,5% osoBa u Kagmus, miaaBurea ysxe npu 68 °C. Taxue cBoiicTBa
CILIABOB ITO3BOJIUJIN UCIIOJb30BATh UX IPU U3rOTOBJICHUY IIJIABKUX WHIH-
KaTOPOB ¥ TPeJOXpPaHUTeJell B ITOMKApPHOM CUTHAJMU3AIUN, IPeIoXPaHu-
TeJIbHBIX 9JeKTPOIPOOOK 1 BCTAaBOK. MapKUPYIOTCS JIETKOIIJIaBKIe CIIJIa-
BBI OyKBOI JI 1 miu(poii, moKasLIBAIOINEH TeMIepaTypy IJIaBJIeHusA CIljia-
Ba (OHA IIOCTOSTHHA, MMOCKOJIBKY JIEIKOILJIABKUE CILIABBI ABJSIOTCS CILIa-
BaMM sBTeKTHUYecKoro cocrasa). Cmias JI199 cocrour us 91,1% osoBa u
8,9% mnwmHKa, naasutcd mpu tremneparype 199 °C. A cmiaB, cocTOAIMUH
U3 0JIOBA, CBUHITA, KAAMUA U UHIWSI UMeeT TeMIleparypy miaasiaenud 47 °C
u MapKupyertcs JI47; cuimas Byna o6osnauaercs JI6S.

JlerkomaaBKue CILJIaBBI ¢ A00ABKOH PTYTH HA3LIBAIOTCSA aMaJjibra-
MaMu, ©UMeIOT TeMIileparypy maaBiaenud Hmxke 100 °C (cmiaBbl cuCTeMbI
«OJIOBO — CBUHEI[ — BUCMYT — PTYTb»).

K nerkommaBKuM CILIaBaM OTHOCSATCS OJIOBSAHHO-CBUHITOBBIE IIPUIION,
IpUMeHsieMble IPU HasHUN.

IlasHuem Ha3BIBAETCS IPOIECC MOJYUEHUA HEepas3beMHOT'O COeIUuHe-
HUS Pa3MYHBIX METAJIJIOB IIPU IIOMOIIY PACILIABJIEHHOTO IIPOMEKYTOU-
HOT'O MeTaJlja, ILJIaBsIIerocs Ipu 0oJiee HU3KOM TeMIlepaType, 4eM CoeIu-
HseMble MeTaJlabl. IIpoMeKyTOUHBIH MeTaJJI N CILJIaB, IPUMeHsIeMbIi
Ipu maliKe, HA3BIBAIOT IpUIoeM. Pa3inuaioT JBa BUa IPUMOEB B 3aBUCH-

129



TraBa 11. Jleekue yBemuvie Memainvt u cnaabol

MOCTH OT TE€MIIEPATYPLI IIJIABJICHUA — JIETKOILJIaBKMe (MATKIUE), IMEIOIIIe
TeMmiepaTypy miaaBaenud no 500 °C, u TyromaaBKue (TBepAble) C TeMIepa-
Typoii miaaBaerns 800—-900 °C. Markue mpuion o6ecrieunBaioT repMeTHId-
HOCTB CIIas, a MeXaHMYeCKre CBOCTBA ciiasi BechbMa HU3Kue (IPOYHOCTD
Ha pacTAXKeHNe COCTABJIeT MopaaKa 5—7 kr/mm?). TBepble IpUIIon nme-
IOT BBICOKME MEeXaHNUYECKNe CBOMCTBA. B KauecTBe MATKUX IIPUIIOEB IIPU-
MEHSIOT CILIABLI TAKUX METAJIJIOB, KaK 0JIOBO, CBUHEIl, BUCMYT, KaJMUI.
Hawub6oJree 1erKomjiaBKUM CILJIABOM B CHCTEME «OJIOBO — CBUHEIl» SIBJISIETCS
9BTEeKTHUYECKU, comep:raiiuii 61% osaoBa u 39% caunma. TemmepaTrypa
IJIABJIEHUS TaKoro npumos cocrasiseT 183 °C. B mpousBoacTBe ero Ha-
3BIBAIOT TPETHUKOM, CTaHIapTHOe o0o3HaueHue ero II0C-61 (mpuroii oJo-
BSIHHO-CBUHITIOBEIH, comep:kainuii 61% omoBa u 39% cBuHIla). Ilpumon
I10C-90, IT0C-40, IT0-30, ITOC-61 usroTaBIMBaIOTCA B BUIE IIPOBOJIOKH,
KPYIVIBIX IIPYTKOB, UYIIEK.

TBepable IPUIION SBJIAKTCA CIJIABAMU MeIu W MUHKA (JIaTyHU) WA
Menu, ITUHKA U cepebpa (cepebpsuble mpumon). MeaHO-ITMHKOBLIE TIPH-
nou mapkupyiorcsa [IMII-36, IIMII-48, IIMII-54, rae IT — o6o3Hauenme
mpumnos, MI] — MegHO-ITMHKOBBIN, a rudpa — mporeHT Mmeau. CepeOpsaHbIe
npumnou IIC -72, TIC -50 conepsxar coOTBETCTBEHHO 72% u 50% cepebpa,
OoCTaJIbHOE Me[b.

Mapku HCp-25 u HCp-lO cogepaxatr 40% wmenu, 35% muuaka, 25% ce-
pebpa u 50% menu, 40% muuaka, 10% cepebpa coorBeTcTBeHHO. Cepel-
PAHBIE IIPUION 00ECIeUNBAIOT BBICOKYIO IIPOYHOCTD, & TAKKe KOPPO3UOH-
HYIO CTOMKOCTbD HAsHOIO IIIBA.

ITokpeITHE ITOBEPXHOCTEH METAJINYECKUX U3AEJINNA TOHKUM CJIOEM
0JI0Ba, CILJIABOM 0JIOBA CO CBMHIIOM Ha3BIBAETCS JYKEHNEM, & HAaHOCU MBI
CJIOU — moJIyZI0M. B OCHOBHOM JIy;KeHUe ITPOU3BOAAT IJIA IPEeIOXPaHEHUA
M3IEeJUN OT KOPPO3UM U OKUCJICHU.

HOBBIE IIOHATW A

AmromunneBas Qobra.
HedopMupoBaHHBIE CILIABLI ATIOMUAHUS.
JIurelinbie cuaBhl AJIIOMUHHII.
HropaaroMuHUI.

CUIyMUHBI.

OKcup aloOMUHIA.

CAIIu CAC.

3anurHad aTMocdepa Ipu miIaBKe.
OKcugupoBaHUeE.
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Bonpocut 045 camonpoBepxu

1.

JlerkomnaaBKue CIIIaBEL.
Cunas Byga.

CraBbI aMaJIbraMbl.
IIpunon markue, TBEP/LIE.
CepeOpsaHbIe IIPUIION.
Jy:xeuue.

ITonynma.

BOITPOCBHI OJI51 CAMOIIOATOTOBKM

HazoBuTe ocHOBHBIE (pHBUKO-MeXaHUUECKE CBOCTBA aJIIOMUHUA.
HazoBuTe OCHOBHBIE 00JIACTH IPUMEHEHUsS AJIOMUHUS U €ro CILjIa-
BOB.

YKakuTe cocTas AeopMUPyeMOro CIJIaBa JIOPAJTIOMUHUAM.

Kak xjaaccuuiiupyoTcs aJloMUHUEBbIe CIIJIaBhI 10 TeXHOJIOTHUHT U3-
TOTOBJIEHUA?

YraxuTe coctaB cueueHHBIX ciyiaBoB CAC u CAIL.

HasoBuTe 0CHOBHBIE CBOICTBA TUTAaHA.

IIpuBenuTe HpUMepPHI WCIOJIb30BAHUA THUTAHOBBIX U MAaTHUEBBIX
CILIABOB B COBPEMEHHOM MAIITNHOCTPOCHUN.

O ueM roBOPHUT Ha3BaHIe JEeTKOIIJIaBKOro cijiaBa Bynga?

Korzma ncmoib3yoT MArCKKe IPUIION, a KOria TBepabie?

Yro obecrreunBaIOT cepedpsaHbIe IIPUIION?

TECTOBBIV KOHTPOJIb 3SHAHUM

Cpe,lm IIepeuYrCJIeHHBIX MeTaJIJIOB Ha30BUTE I/IMeIOI_I_II/Iﬁ HaVMEHBIIIYIO

IIJIOTHOCTB:

2.

a) aJIOMUHUI;

0) TuTaH;

B) Oepuyimii;

T) Mar"ui.

Cpeu mepeumncJIeHHBIX METAJIJIOB HA30BUTE UMEIOIUi HanOOIbIITYIO

YIEJIbHYIO ILJIOTHOCTD:

3.

a) aJIOMUHUI;

0) Marumii;

B) THUTAaH.

Kakoii jerupyromiuii sJ1eMeHT BXOAHUT B COCTaB JUTEHHOIO CILJIaBa

ATIOMUHUHA-CUITYMUH?

a) MarsLuii;
0) TuTaH;
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B)

KpeMHUI.

4. Cpeny mepeumcJIeHHBIX METAJIJIOB HAa30BUTE METAJJI ¢ HambOOJbIIeHn
KOPPO3UOHHOM CTOMKOCTBIO:

a)
6)
B)

AJIIOMUHIIT;
MAar=uni;
THUTAaH.

5. IloueMy UMCTBHIII MarHuii He UCIIOJB3YIOT B KaUeCTBE KOHCTPYKIIMOH-
HOro MeTaJjia?

a)
6)
B)

HU3KNE IIPDOYHOCTHBIE CBOfICTBa;
OI'HEOIIaCHOCTb;
HU3KadA KOPPO3NMOHHAaA CTOMKOCTb.

6. HasoBuTe TexHosoruio noayuenus geraieii us CAII u CAC:

a)
6)
B)
r)

JUTENHOEe TPON3BO/ICTBO;
MOPOIIIKOBAA METAJLIY Prus;
00paboTKa JaBJIeHUd;
MexaHuuYecKasa o6paboTKa.

7. Il;maBry TUTaHA U €T0 CILJIAB BeAyT B IIeUaX:

a)
6)
B)
r)

IYTOBBIX 9JIEKTPUUECKUX;
WHIYKITMOHHBIX;
BaKYYMHBIX 9JIEKTPUUECKUX;
KOHBepTOopax.

8. AnroMuHMEBbIe I[e(bOpMI/IpOBaHHLIe CIIJIaBBbI THUIIA ,Z];IOpaJIIOMI/IHI/Iﬁ II0
IIPOYHOCTH CPaABHUMBEI C:

a)
6)
B)
r)

OOBIYHBIMY YTJIEPOAVCTHIMU KOHCTPYKITMOHHBIMY CTAJIAMU;
JIETUPOBAHHBLIMU KOHCTPYKIIMOHHBIMY CTAJIAMU;

CephLIM UyT'yYHOM;

TUTAHOBBIMU CIIJIaBaMU.

9. HazoBure cocras CAII:

a)
6)
B)
r)

IIOPOIIIKY aJIIOMUHUA,

IIOPOIIIKY OKCHUOa aJIOMUHUA,

IIOPOIIIKX aJIIOMUHUA U OKCHUJa aJIJIOMUHUA;
IIOPOIIIKY Maruusi.

10. Kakue npeumyiiectBa CAC mo cpaBHEHUIO C JUTEHHLIMU aHaJOT Y-
HOTO cocTaBa?

a)
6)
B)
r)
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UOEeHTUYHEI;
OTHOPOIHAA CTPYKTYPA U 00Jiee BEICOKME MeXaHUUeCcK1e CBOMCTBA;
6oJiee SKOHOMUYHEI B U3rOTOBJIEHIN;

TIPOYHOCTHBIE CBOMCTBA BHIIIIE.



Memooduueckie ykasanus

I'TTABA 12. TSIOKEJIBIE LIBETHBIE METAJIJIbI
M CIIJTABbBI

METOOVUYECKMNE YKA3SAHWA

W3syueHnue ciaegyeT HaUuaTh CO CBOMCTB UKUCTOM MEAN M HUKEJIS, 3aTeM
mepernuTe K U3YUYEeHNIO MEJHBIX CILJIABOB, KOTOPbIE MOAPAa3aesIaioOTCA Ha
TPU OCHOBHELIE I'PYIIILI: JATYHU, OPOH3EI 1 MeIHOHUKEJIEBLIE CIIJIaBhI.

W3syueHne HUKeJEBLIX CILIABOB HaUMHAWTE C KJacCU(pUKAIINU Ha
KOHCTPYKIIMOHHBIE, 9JIEKTPOTEXHUUECKIE, CIIJIABLI ¢ 0COOLIMU (pr3muec-
KUMHI U XUMHUUYECKUMHU CBOMCTBAMU, *KapPOIPOUYHBIE 1 sKapocToiikue. I1o-
3HAKOMbBTECh C MAPKUPOBKOI Meau, HUKeJIS U CIJIaBOB HAa X OCHOBe, 00-
paTuTe BHUMaHNe Ha cIelu(puKy o0aacTell IpUMeHEeHNA KaK YNCThIX Me-
IOU 1 HUKeJIsI, TAK U UX CILJIaBOB.

IIpy mayuenmm aHTUPPUKIMOHHLIX MATEPHUAJIOB CJIEJYEeT O3HaKO-
MUTBLCS C TPeOOBaHUAMU, IPEAbABIAEMBIMI K HUM B CBSI3H CO CIIeIH(U-
YeCKUMHU YCJIOBUSIMU UX PAOOTHI, ¢ 0COOEHHOCTIMU UX CTPYKTYPHI U UX
usmuecKUMU, MEXaHUUYECKNMU cBolicTBaMu. VI3yumTe cocTaBbl, CBOIC-
TBa ¥ 00JIaCTU IPUMEHEHN I OJIOBAHUCTBIX,, CBUHIIOBO-0JIOBSIHUCTEIX, [T H-
KOBBIX, AJIJIOMUHUEBBIX 1 IPYTUX 62001 TOB.

12.1. MEOIb U CIIJTABbI HA EE OCHOBE

Yucrada Menps o01agaeT BHICOKOH TEIJIOIPOBOAHOCTHIO, SJIEKTPOIPO-
BOJHOCTBIO ¥ JOCTATOYHO BLICOKOU KOPPO3MOHHOM CTONKOCTHIO. I[eHHBIM
KauecTBOM MeJAH SIBJISETCS ee BhICOKAas ILJIACTUUYHOCTh — cBbIlre 50%.

Mezap 1o cBOEMY 3HAUYEHUIO B MAIIMHOCTPOEHUHU SBJISAETCS HamboJee
IEeHHBIM TeXHUUYeCKUM MarepuaJjioM. OHA XOPOIIO CIIJIaBJsgeTCA ¢ 00Jb-
ITUHCTBOM MeTaJlJioB. Meab — MeTaJll KpaCHOBAaTO-PO30BOTO IIBETA, TE€M-
neparypa miaasaeansa — 1083 °C, maorHoets — 8,94 r/cm®. Ilo Temio- u
SJIEKTPOIPOBOAHOCTA MeIb 3aHUMAaeT BTOPOe MeCTO IIocJjie cepebpa, HO
BBHUIY ee 0OJIBIIIOr0 MPAKTUYECKOT0 3HAUCHU A 9TH CBOMCTBA MeIU IIPUHS-
To cunTtaTh aTajgoHoM (100%), Mo OTHOIIIEHUIO K KOTOPOMY OIleHUBAIOTCS
Ipyrue MeTaJibl (tabu. 7).

Tabruya 7
DIIEKTPO- ¥ TEILIOIPOBOHOCTh HEKOTOPHIX METAJIJIOB II0 OTHOLIEHUIO K Mexu, %
CeoiicTBa Merain
Cu Ag Al Mg Zn Ni Fe
9JIEeKTPOIIPOBOTHOCTD 100 106 62 39 29 25 17
TenIonpoBOJHOCTH 100 108 56 41 29 15 17
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Mensb MIUPOKO MPpUMEHsSeTCA AJIA M3TOTOBJIEHUA TPOBOSHUKOB JIEK-
TPUUECKOTO TOKa, Kabeseil, TeIIJI000MeHHUKOB, XOJOAUJILHUKOB, paaua-
TOpOB. [[JIg M3roTOBJIEHUS meTajiell MAIlWH YNCTAsA MeIb IIOYTH He IIPU-
MeHsAEeTCSA M3-3a HU3KOM MexaHndyecKoil npounoctu (15—25 xr/mm?). B 3a-
BUCHUMOCTH OT XMMUYECKOTO COCTABA PA3JIMUYAIOT CIAEAYIOIIe MapKU TeX-
Huueckoin memu: MOO (99,99% wmemu), MO (99,95%), M1 (99,9%), M2
(99, 7% menu), M3 (99,5%) u M4 (99,0%). IIpumecsaMu B TeXHUUECKOI Me-
IU SABJIAIOTCSA CBUHEI[, BUCMYT, CYPbMa, BOAOPOX, KUCJIOPO, a30T U IP.

BricokouncTas Meab 3JIEKTPOHHOJIYUYEBOH IIJIaBKKM XapaKTepus3yeTcsa
00J1ee BHLICOKOU 3JIEKTPOIPOBOSHOCTHIO 1 TEIJIONMPOBOAHOCTHIO 1 obecIie-
YuBaeT 00JBIIYI0 CTaOMJIBHOCTE U JOJTOBEUHOCTE B pabore.

Bricoxkas miacTUYHOCTHL MeAU B TOpAYEeM U XOJIOZHOM COCTOSHUSAX
TI03BOJISIET U3TOTAaBJINBATh U3 Hee pasjudHbIe AedhopMupyeMble moaydao-
PUKAaTHI — JIUCTHI, JIEHTHI, IPYTKH, TPYObI, ITPOBOJIOKY.

IIpouHOCTSH U TBEPAOCTH MEIU MOYKHO 3HAUNTEIBHO IIOBLICUTH Iy TEM
xXojopHoM gedopmanuu: 6, 10 40—-50 kr/mm2, HB mo 100 xr/mm2. Csoiic-
TBa Ne(OPMUPOBAHHOM Meau MOKHO BOCCTAHOBUTD ITyTeM OT:Kura. Mexa-
HUYeCKUe CBOiCTBA Mequ, TaKsKe KaK U APYTUX METAaJIJIOB, CYIIIeCTBEHHO
MMOHUKAIOTCS C ITOBBIIIIEHNEM TEMIIEPATY PhI.

Yucrasa Meab yCTONUMBA MPOTUB aTMOC(HEPHOI KOPPO3UH BCJIEICTBUE
00pas3oBaHUuA HA ee IIOBEPXHOCTH TOHKOM 3aIUTHOM MJIEHKHU, COCTOSIe
us CuSO, - 3Cu(OH),. IIpecHas Bojja 1 KOHJEHCAT IIapa IPAKTUICCKH HE
IeMCTBYIOT HA Melb.

Yucrora Meau OoKasbIBaeT 0OJIBIIIOE BAMSHNE KaK Ha ee CBOIMCTBA,
TaK U Ha MOBeJeHNte IIPHU Iocaeayomeit o6padorke. MHorue mpuMecu ga-
JKe B COTBIX OJISAX IIPOITEHTA PE3KO CHMKAIOT 9JeKTPOIPOBOIHOCTL MEIH,
a TaK:Ke YXYAIIAalOT ee CIIOCOOHOCTL K 00paboTke maBiaeHueM. Hambosee
BPEJHBIMHU IIPUMECAMYU B MEIU U €€ CIlJIaBaX SBJAIOTCA BUCMYT, CBUHEII,
cypbMa. [[J1 MOBBIIIEHUA MTPOYHOCTHY U IPUAAHUA MeIU 0COOBIX CBOMCTB
ee JIETUPYIOT PA3JIUYHBIMU TOOaBKaMMU.

12.2. MEJHBIE CITJTABbI

Tlo xuMUYEeCKOMY COCTaBY MeHbIE CIIJIaBbl TOAPA3/EJIAI0T Ha TPHU OC-
HOBHBIE TDYIIIBIL: JATYHY, OPOH3BI U MEJHOHUKEJIEBBIE CIIJIABHI.

JlamyHuamu Ha3BIBAIOTCA CIIaBBI MeOu C IIMHKOM. IIpaKTuueckoe
IIpUMEHEeHNEe NMEIOT MeJHbIE CILIIABBI C COAePIKaHueM ITnHKa 10 45%.

JlaTyHu OBIBAIOT JBOMHBIMU M MHOTOKOMITOHEHTHBIMU. [|BOMHEBIE Ja-
TYHU IPEICTABJIAIOT COOOH CIJIaBbI MeAM ¢ MWHKOM. MHOTOKOMIIOHEHT-
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HbIe JIATYHU, KpOMe MeIu U IIUHKA, CONePKAaT eIlle OOUH UJIN HeCKOJILKO
IPYTUX JIETUPYIONUX MEeTaJJIOB (aJIOMUHUII, HUKEJb, JKeJie30, MapraHerr,
0JIOBO, KPEMHU, CBUHEIL).

JIaTyHU U3 TAKeJIbIX IBETHLIX METAJIJIOB SIBJIAIOTCSA CAMBIMU PACIIPO-
CTPaHEeHHBIMU B COBpEMEHHOM MAaIlTnHOCTpoerHnu. OHU XOPOIIo 00padaTsI-
BalOTCS AAaBJIEHWEM U MMEIOT JOCTATOYHO BBICOKME MeXaHNUeCcKue CBOMC-
TBa. [[BOMHBIE JIATYHU MapKUPYIOTCs OYKBOi «JI» 1 1udpoii, mokasbIiBaio-
mieii cpegHee colep:kanre Meau B mpoieHTax. Hanpumep, JI90 comep:xrut
okoJ10 90% Menu, ocTaabHOE — IIUHK. JIaTyHU ¢ cogep:xkanueM 6ostee 90%
Menu HasbkiBaroTcsa Tomaakom (JI196), mpu 80-90% menu — moayTOMIIaKOM
(JI80). B MHOTOKOMIIOHEHTHBIX JATYHAX KpoMe ITU(PhI, TOKAa3hIBAOIIEH
comep:KaHUe MeIu, HaloTcsa OYKBbBI 1 U(PbI, 0003HAUAOIIIIe HA3BaHUE 1
KOJIMUECTBO B IIPOIIEHTAX JIETUPYIOIUX sjeMeHToB. Hanpumep, JTAHS9-
3-2 comepxut 59% menu, 3% amoMuHNUT, 2% HUKEJS, OCTAJIbHOE IINHK.

ITo xapakTepy IpUMEHEHHNs MHOTOKOMIIOHEHTHBIE JIATYHU II01pPas-
IeasiioTcsa Ha obpabaThiBaeMble JaBjaeHUeM u Jjguteiinbie. K o6pabaTniBa-
eMbIM JaBJIEHMEM OTHOCATCS AaJJIOMHUHUEBLIE, aJTIOMUHHEBOHUKEJIEBLIE,
KPEeMHUCTHIe, MapTraHIlOBUCThIE, *KeJIe30MapraHIlOBUCTLIE U AP.

XapaKTepHOU 0COOGEHHOCTBHIO JIUTENHBIX JIATYHEH, B OTJIMYNE OT 00-
pabaThIiBaeMbIX HaBJIEHUEM, ABJISETCA UX JIETUPOBaHME B OOJIBININX KOJIU-
YyecTBaxX IIMHKOM M IPYyrUMU MeTajiaaMu. Kak mpaBuJio, Bce JUTEHHBIE
JIATYHY UMEIOT XOPOIIIYIO JKUJKOTEKYUECTh U MAJIYIO YCaIKY.

MHOTOKOMIIOHEHTHBIE (JIETMPOBAHHBIE) JIATYHU B 3aBUCUMOCTU OT
OCHOBHOT'O JIETHDYIOIIIETO 3JIeMEeHTa MMeIOT M COOTBETCTBYIOIlee HasBa-
Hue. Hanpumep, cmias JIAHRMH7 5-2-2,5-0,5-0,5 pacmindpoBbIBaeTCA
KaK JIATYHb aJIIOMUHNEBOHUKEIb-KPEMHUCTOMAPTaHIIEBAA, COLEPIKAIIA
75% menu, 2% anrovmuund, 2,5% nukens, 0,56% kpemuns, 0,5% mapras-
11a, OCTaJbHOE IIUHK.

Anrwmunuesvie namynu (JIAT7-2, JIA85-0,6) — 0CHOBHOI Jierupyio-
et 1o6aBKOIT ABIAETCS aJTIOMUHUM, KOTOPBIHA COOOITIAET JIATYHAM HOBbI-
IIIEHHY 0 IPOYHOCTb, TBEPIOCTH U KOPPO3SUOHHYIO CTOMKOCTb.

Kpemnucmore namynu (JIK80-3, JIKC65-1,5-3 u ap.) 061a0at0T BbI-
COKOI KOPPOBMOHHOM CTOMKOCTHIO B aTMOC(EPHEBIX YCIOBUAX U B MOPCKOM
BOJZIe, a TaKJKe BEICOKMMU MeXaHUYeCKUMU cBolicTBamMu. KpemMHMCTaA Ja-
TYHbB [IXPOKO MPUMEHSIeTCA AJIs1 U3rOTOBJICHUS AeTaieil B MOPCKOM CY/I0-
CTPOEHUMN.

Hurxenesvte namynu (JIH65-5 u np.) oTsimuaroTca BHICOKMMU aHTHU-
KOPPO3UOHHLIMHY 1 AHTU(MPUKIINOHHBIMY CBOACTBAMUY, IIOBBIIIIEHHON IIPO-
YHOCTBIO U BA3ZKOCTBHIO.
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Onossnucmute namynu (JIO90-1, JIO70-1 u ap.) OTIMYAIOTCA ITOBBI-
IMIeHHBIMU aHTUPPUKIIMOHHLIMU ¥ KOPPO3UOHHLIMHU CBOMCTBAMM, XOPO-
110 MeXaHUYeCcKHu 00pabaThIBAIOTCA.

Cesunyosvie ramynu (JIC60-1, JIC60-3 u xp.) XapaKTepusyTCA IIO-
BBIIIIEHHBIMY aHTU(PPUKIIMOHHBIMY CBONCTBAMM M XOPOIIO 00pabaThiBa-
IOTCS Pe3aHUEeM.

Mapzanuegvie ramytu (JIMH58-2, JIMHA57-3-1 ¥ JIp.) UMEIOT BBICO-
K1e MeXaHnUYecKue CBOMCTBA, CTOMKIE K KOPPO3UHU B MOPCKOM BOje U Iie-
perpetom mape.

IITupoKo HUCIONB3YIOTCA B IPOMBINIJIEHHOCTA W AJIOMUHUEBOHUKE-
JIeBbIE, JKeJIe30MapraHIlOBHCTHIe, aJIIOMUHUEBOKEIe30MapraHIlOBUCTEIE,
KPEeMHUCTO-CBUHIIOBLIE U APYTHe JATYHU.

Bponsamu Has3hIBAIOTCSA CIJIABBI MEIU CO BCEMU dJIEMEHTAMU, KpoMe
IIUHKA, a TaK)Ke CIIJIABOB, B KOTOPHIX ITMHK HE ABJIAETCA OCHOBHBIM JIETU-
pylomuM snemenToM. Hazpanue OpoH3aM IalOT IO OCHOBHBIM JIETHPYIO-
UM 3JIEMEHTaM, BXOAAIINX B COCTAaB cIIaBa. Tak Mx mogpasmesidaioT Ha
OJIOBSIHHEBIE, JIIOMUHNEBbIE, KPEMHUCTLIE, ATIIOMAHIEBOMAPTraHIIOBUCTEIE
u T.1. BpoH3bI MapKuUpyoTCcsa OykBaMu «Bp», 3a KOTOPBIMU CIeAYIOT OYK-
BBI, a 3aTeM ITu(dpbl, 0003HAUAIOII[e HA3BaAHUE U COMePIKaHNe B MPOIeH-
Tax Jerupymomux sjaemenToB. Hanpumep, BpOIIC6-6-3 comep:kut: 6%
oJsoBa, 6% muHKa, 3% CBHHIIA, OCTAJIBHOE MEIb.

Anwomunuesvie OpoOH3bl CPEeIU MEIHBIX CIIJIABOB BBIJEISIOTCA BBICO-
KMMU MEeXaHNYEeCKNMU, KOPPO3SUOHHBIMHY 1 aHTU(PPUKIIMOHHBIMI CBOTiC-
TBaMU, B CBA3U C UYeM MX MCIIOJb3YVIOT B MAIIMHOCTPOEHUN IJIS JeTajiei
KOHCTPYKIITMOHHOI'0 HasHaueHUsI. B IIPOMBIIIJIEHHOCTH UCIOJIb3YVIOT KaK
IBOMHEBIE CIJIaBhI Menu ¢ amioMmunueMm BpAb, BpA7, BpAl0, trak u 6ojee
CJIOJKHBIE TI0 COCTaBY OPOH3HI ¢ JoOaBKaMU MapraHIla, JKeJjiesa, HUKeJd U
Apyrux snemeHToB — BpAK9-4, BpAM 9-2.

Kpemnucmoire 6poH3bL XapaKTEPU3YIOTCA BEICOKUMY aHTU(GPUKIINOH-
HBIMM U YIIPYTHUMU CBOIICTBaAMU, KOPPO3MOHHOI cTOlKOCThI0. Hamnbosee
pacmpocrpanenuas mapka BpKIl4-4 (4% kpemuus, 4% IIMHKa, OCTAJb-
HOe Me[lb) UCII0JIb3yeTCsd KaK 3aMeHUTEb 0ojiee qeUIIUTHLIX OJIOBSIHUC-
TBIX OpoH3, Hampumep, BpOILIC5-5-5. Kpemuucras 6poH3a MPEBOCXOIUT
OJIOBAHUCTYIO B OTHOIIEHNUUM KOPPO3UOHHOI CTONKOCTH, MEeXaHHUUECKUX
CBOICTB U IJIOTHOCTH OTJINBKHU.

Bepuaauesvie 6por3bL 0OTIINYAIOTCS BBICOKUMY IIPOYHOCTHBIMY CBOMC-
TBaMU, U3HOCOCTOMKOCTBIO 1 CTOMKOCTBIO K BO3IEHCTBUIO KOPPO3MOHHBIX
cpen. BepunnueBasa 6ponsa BpB2 cay:xkuT maTepuasioM IS M3TOTOBJIE-
HUS JOJTOBEUHBIX MIPYIKUH, MeMOpaH, MPYKUHAIINX KOHTaKTOB. Kpome
TOT0, OEPUJLIINEBYI0 OPOH3Y MCHOJIB3YIOT IJI5I NU3TOTOBJIEHUA 0€3MCKPOBOTO
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uHCTpyMeHTa. IIpu ymape 6epuiiareBoii 6pOH3EI O MEeTaJLI UJIU KaMeHb He
TMOJYYaloTCSI UCKPHI, KaK ¥ cTaau. IIoaToMy TaKkoi MHCTPYMEHT IPUMEH -
eTcs IIPU B3PHIBOOIACHBIX padoTax.

C8uHny08vble OPOH3bL UCIOJB3YIOT B IIapaX TPEHUdA, SKCIJIyaTUpye-
MbI€ IPU BBICOKUX CKOPOCTAX. CBUHIIOBBLIE OPOH3BI JJIs TTOBLIIIIEHUS Me-
XaHUUYECKHUX CBOMCTB 1 KOPPO3MOHHOI CTOMKOCTH JIETUPYIOT HUKeJIeM 1
0JIOBOM.

MeoduoHuKee8ble CNIABLL UMEIOT UCKJIIOUNTEIbHO 0O0JIbIIIOE 3HAUE-
HUe B TeXHHUKe. JlerupoBanue MeIu HUKeJIeM 3HAYUTEJIbHO IIOBBIIIIAeT ee
MexaHUYeCKHe CBOMCTBA, KOPPOSUOHHYIO CTOMKOCTD, BJIEKTPOCOIPOTHUR-
JIeHUE ¥ TEPMO3JIEKTPUUYECKIe XapaKTepUCTUK . [[prMeHAroIrecs B IIPo-
MBIIILJIEHHOCTY MeIHOHNKEeJIeBbIe CIIJIaBhbl MOAPA3/e/III0TCA Ha IBe OCHOB-
HbIe TPYIIIbI: KOPPOSUOHHOCTOMKIE U 3JIEKTPOTEXHUUECKUe.

K mepBoii rpyIiie OTHOCATCSA CIIJIaBbI MO Ha3BaHUEM MeJIbXUOop, Hel-
3UJIL0ED U KYHUAJID.

Meanvxuopom Ha3bIBAIOT ABOMHBIE U O0JIee CIIOXKHBIE CIIJIaBBI MEJM, B
KOTOPBIX OCHOBHBIM KOMIOHEHTOM SBJIAETCSA HUKEJIb. OTOT CIIJIaB 00Ja-
IaeT BBICOKOM KOPPO3MOHHOM CTONKOCTBHIO B PA3JIMUYHBLIX arpeCCUBHBIX
cpenax, 4To 00eCIeUnJIO ero IIINPOKOoe IIPUMEHeHe B MOPCKOM CYIOCTPO-
€HUU, AJIA U3TOTOBJIEHUS MEIUITMHCKOr'O MHCTPYMEHTa, B XUMHUYECKO
IIPOMBIIIJIEHHOCTH, AJIA IIPOM3BOACTBa IIUPIOTpeda. JlomosHuTEIbHOE
JIlerTUpOBaHUe CIJIaBa MeIb-HUKEJIb JKeJie30M UM MapraHieM IIOBBIIITaeT
KOPPO3WOHHYIO CTOMKOCTb. Hambojiee pacupocTpaHeHHbIE MapKU MeJIb-
xuopa — 3ro MH19 (19% Hukemnsa) u MH}RMH30-1-1 (30% wnuxensa, 1%
sKese3a u 1% maprania).

Heiisunvbep — cuinas Menu, HUKeaa u nuHKa. Hauboswiee pacmpoc-
TaHeHue moryumni ciias MHI[15-20 (15% uukens, 20% muHKAa, OCTAJb-
Hoe menb). Helisuanpbep mmeer Oesiblil 11BeT, OJM3KUHA K IIBETY cepebpa.
Wsznenusa ns Helisuabbepa OTIMYAIOTCS BHICOKOM KOPPO3MOHHOM CTOMKOC-
Tb0. Ero IpUMeHA0T B IPHOOPOCTPOSHNHN 1 IIPOMU3BOACTBE UaCOB.

Kyruaau — 2TO CIIJIaBBI TPONHOM CHUCTEMBI «MeIb—HUKEJIb—aJJIOMU-
Hui». OHU OTJIMYAIOTCS BBICOKMMU MEXaHUYECKHMMU U YIIPYTUMU CBOIC-
TBamu. [Ipumensaiorca Kyuuaau mapok A (MHA13-3)u B(MHAG6-1,5) naa
M3TOTOBJIEHUSA IPYTKOB HOBBIIIIEHHO TPOYHOCTH, IIOJIOC IJIs IPY KUH.

Bo BTOPYI0 rpynIy BXOAT CIIJIABEI AJISA KOMIIEHCAIITMOHHBIX IIPOBOIOK
MaHTaHUH ¥ TePMOSJIEKTPOIHbBIE CIIJIaBHI.

Maneanun (MHM, 3-12) umeeT MaIyIo TEPMOIIEKTPOSBUIKY VIO CU-
JY B KOHTAKTe C MeIbI0 ¥ MAJILIN TeMIepaTypPHbBIH KO3(MMUIINEHT 3JIeK-
TPOCOIIPOTUBJICHUS IIPU €r0 BBICOKOM 3JIEKTPOCOIPOTUBJIEHNU. B cBA3U
C 3TUMU CBOMCTBAMU MaHTAHUH UCIOJb3YIOT JIJIs U3TOTOBJIEHUSA 9TAJOH-
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HBIX KaTyIIeK COIIPOTHUBJIEHUS M TOUYHBIX 9JeKTPOM3MEPUTEIbHBIX IIPU-
60poB.

TepmosrexmpoOHbLe CNLABbL UCTIOJIb3YIOTCS IJIA U3TOTOBJIEHUA DJICK-
TPOJIOB KOHTAaKTHOII CBAPKHU (TOUYEUHOI, POJIMKOBOM U CTHIKOBOIA), AeTaJe,
paboTalolux IPU BLICOKUX TeMIleparypax. [Jid 9JIeKTPOJOB CBAPOUHBIX
MAaIIUH TPeOyIOTCA CIJIaBbl, UMEIOIe He TOJHKO BBICOKYIO »KapoIrpod-
HOCTb, HO ¥ XOPOIIIYIO TEILJIOMIPOBOAHOCTD, 3JIEKTPOIPOBOIHOCTD U 3Kapo-
CTOMKOCTh. YKa3aHHBIM BbIIlle TPeOOBAaHUAM, OTBEUAIOT CILJIABBI MeIH,
JIeTUPOBAHHBIE HEOOJBINUMH IIPHUCATKAM HEKOTOPHIX TYTOIJIABKUX dJIe-
MEHTOB THIIa XUMHIUYeCKuX coenuuennii NiBe, CozB, CrZZr, CrzTi u 1p.

12.3. HUKEJIb U ETO CIIJTABbBI

Hukenv — MmeTasn cepeOpurcTo-6eJI0ro mBeTa, mIOTHOCTL — 8,9 r/cm?,
TemMneparypa miaaBiaenus — 1455 °C, mpoYHOCTH YHMCTOTO HUKEJIS COCTaB-
aset 40—50 kr/mMmm?2, maactTuaraocTsb 50% , obsiamaeT OOJIBIION X MMUUYECKOM
CTOMKOCTHIO U JIPYTMMU IIeHHBIMU cBoiicTBaMU. IIpOoMBINIIIeHHBIE MAPKU
HUKeJs uMeloT ciaenyromnuii cocras: HO (99,99% nmukens), H1 (99,93%),
H2 (99,8%), H3 (98,6%) u H4 (97,6%). OCHOBHBIMU HIPUMECIMU HUKEJ
SABJAIOTCA KPEeMHUI, yIiIepon, cepa, Meob, CBUHEI, BUCMYT. HuKeb uc-
TOJB3YIOT B KAUeCTBe JEeTUPYIOINX J00aBOK K cTaJlaAM u citaBam. 111u-
POKO IpYMeHseTCA HUKEJb IJIs TeKOPATUBHBIX U 3AI[UTHBIX MOKPBITUH.
Bricokas KOPPO3MOHHAS CTOMKOCTh HUKEJSA 00bACHAeTCA 00pa3oBaHUEM
HAa ero ITOBEPXHOCTU OUYeHb TOHKOI ¥ IPOYHOM OKMCHOI IIJIEHKU, 3aIIUIIa-
I0IIIel ero oT pa3pyiieHuda. Hukenb IpakTuuecKu He KOPPOLUPYET B AYIC-
TUJIINPOBAHHON, PEUHON 1 MOPCKOI Bogax. OQHAKO IPHUCYTCTBYIOIIME B
BOJle MOHBI XJIOpa M YTIJIEKHCJIOT'0 ra3da MOTYT BHI3BATh HA HUKeJe TOued-
HYIO KOPPO3HUIO.

OrpuriaTeabHO MeHCTBYIOT Ha HUKEJb U TaKWe KUCJIOTHI, KaK a30T-
Hasd, coadaHad, pochopHad.

AJIEKTPOJUTUYECKU I HUKEJb IePeIlIaBAAI0T HA CIUTKY, 13 KOTOPBIX
3aTeM IIyTeM OOpabOTKU JaBJeHMEM IIOJIyUaloT pasjiuuvHbIe Ioaydadpu-
KaTsl (JINCTHI, TPYOBI, IPYTKY, IIPOBOJIOKY M AD.).

CogepsxaHre HAKeIs B 3eMHOM Kope cocTaBiseT mopsaaka 8 - 1073%
1o Macce (IJis CpaBHEeHUA — aJIOMUHUSA 0K0JI0 7%). Hukensb cerogus AB-
asieTcd TeUIMUTHBIM 1 JOPOTOCTOAIINM METAJIJIOM.

B TexHUKe HaIlJIM TPpUMEHEHNEe U CIIJIaBbl HUKeJIA, KOTOpbIe XapaK-
TEPU3YIOTCSI BBICOKMM JJIEKTPUUYECKUM COIPOTHUBJIEHUEM, KOPPO3UOH-
HOM CTOMKOCTBIO, & TaKyKe MOBBIIIEHHOU KapOIIPOYHOCTHIO U KapPOCTOM-
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KocThio. CIJIaBbI HUKEJIA MOKHO YCJIOBHO Pa3AeJUTh HA MATH OCHOBHBIX
TPYII:

— KOHCTPYKIIMOHHEIE;

— 9JIEKTPOTEXHUYECKUE;

— CILTaBBI C 0COOBIMY (PUBUUYECKUMU U XUMUUECKUM CBOMCTBAMUY;

— JKapOIIPOYHBIE;

— KapoCTOiKU’e.

KoncmpyruyuonHtvie cnaagsl. Texunueckuii HUKeIb HapALy C BBICO-
KOM KOPPO3UOHHOI CTORKOCTBIO 00JI1a/TaeT MOBBIIIIEHHBIMU MEeXaHUUYECKU-
MU cBoiicTBaMu, 6, cocraBigeT 10 50 Kr/Mm?, uTo obecreynBaeT eMy IIpu-
MeHeHUe B KauecTBe KOHCTPYKIIMOHHOT'O MaTepuraJia B pasJIuuHbIX OTpac-
JIAX TeXHUKH.

Mosens — cmjIaB cocTaBa (HUKeJIb — MeIb — MapraHel| — jKeJje30) Map-
KU HMHCMHZ8-2,5-1,5 — MIMPOKO IPUMEHAIOT B XUMUYEeCKOM allapaTo-
CTPOEHNY, MTPUOOPOCTPOCHUU U B APYTUX O0JIACTAX ITPOMBIIIJIEHHOCTH,
TIe K U3AEeJIUAM IPEeIbABJIAIOTCA BHICOKVE TPEOOBAHUSA B OTHOINEHUU
IPOYHOCTU ¥ KOPPO3SUOHHOU CTOMKOCTH.

dnexkmpomexHuieckue cnaagvl. IIpumMepoM 3SJIEKTPOTEXHUUECKOTO
cIJIaBa CJIeAyeT Ha3BaTh CILJIAB HUKEJISA M Mapraumna. V3 mapraHIiieBoro
HUKeJI M3TrOTaBJIMBAIOT ITPOBOJIOKY JIA 3aIlaIbHBIX CBEUYeH ABUTATEesEN
BHYTPEHHEro cropanud. JlermpoBanme HUKeJISA XPOMOM IIPUBOAUT K IIO-
BBIIIIEHUIO €70 9JIeKTPOCOIIPOTUBIIEHNA, KAPOIIPOUYHOCTH U KapOCTONKOC-
tu. Crras xpomess HX9,5 npumeHaoT B Tepmonapax. CiaB ajioMenb
HMHAR 2-2-1 (HuKeJ b — MapraHell — AJIOMUHUHN — KPeMHU ) IPUMEeHAeTCS
LIS TepMOIIap KaK OTPUIlaTeIbLHEIHN 9JIEKTPOA B Iape ¢ xpomesem HX 9,5.

Tepmonaps! aJfOMeJIb—XPOMEJIbh MOYKHO IIPUMEHATDH IJIs M3MEPEeHUA
remmepatyp oT 300 mo 1000 °C. CumiaaB X20H80 saBiaseTcss TUIUYHBIM
CILIABOM 3JIEKTPOCOIIPOTUBJIEHNUA.

Cnaasvl ¢ 0cobbimu pusuieckumu u xumuveckumu cgoitcmseamu. Ho-
BbI€ TEXHOJIOTHH TPEOYIOT CILJIaBLI C CAMBIMY Pa3H000pPa3HBIMI CBOMICTBA-
MH, B TOM YHCJE U C 0OCOOBIMY (hpUBUUECKUMU ITOCTOSTHHBIMY (KOHCTAHTA-
MH). ITO CILJIABBI, KOTOPBIE HE MOJI’KHBI MEHATh CBOUX Pa3MEPOB C MOBBI-
IIeHWEeM TeMIIepaTyphbl, MaTepuaJbl, KOTOPble He AOJYKHBLI HaMarHUYU-
BAThCSA UJIU CIIJIABEI C OOJBIION MAarHUTHON MPOHUIIAEMOCTHI0. ITUM Tpe-
0oBaHUAM HAUOOJIBINIEl CTEIEHN OTBEUYAIOT CILJIABBI HUKEJS C KeJIe30M:
HUKeJb — aJIIOMUHUN — KeJjie30, HUKeJb — JKeJje30 — yIJIepoa U AP.

Raponpounvre u scapocmoiikue cnaasvl. CIiaaBsl Ha OCHOBE HUKEJIS
TIOJIYYMJIN IITTPOKOE IPUMEHEHNE KaK KapOIIPOUYHbIE U JKapOCTOMKMEe Ma-
TepraJIbl B COBPEMEHHBIX TyPOMHAX U PEAKTUBHBIX ABUTATENAX. IX OCHO-
BOI ABJIAETCA CHCTEMA «HUKEJIDb — XPOM — JKeJjie30». B KauecTBe JIerupyo-
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WX TIPUCAOK IJIA IPUIAAHUA CIJIaBaM HEOOXOOUMBIX $KapOIPOUYHBIX U
JKapoCTOMKUX cBoiicTB BBOAAT T, Al, Mo, W, Nb, C, B, Ba, Zr, Ce.
Bce 'xaponpounble 1 sKapoCcTONMKIe HUKeJIeBble CIIJIaBEI II0 TEXHOJO-
TUU WX USTOTOBJIEHUA HOAPA3JEIAIOTCS Ha 1e()OPMUPYeMbIe U JINTEHHBIE.
KaponpouHble criiaBEl Ha HUKEJEBON OCHOBE HA3LIBAIOTCA HUMO-
HUKaMU.

12.4. AHTU®PUKIOVMOHHBIE MATEPMAIJIBIL, X CTPOEHUE,
CBOVICTBA M OBJIACTV ITPUMEHEHWI

AHTUQPUKIIMOHHBIMY HAa3BIBAIOT CILIABBI, IIPeIHA3HAUCHHBIE IJIs
M3TOTOBJIEHUSA MOIIUITHUKOB. OTHU CIJIABBI 00/IaAI0T MAaJbIM K0a(hdu-
IIMEHTOM TPEeHUS, ILJIACTUUYHOCTHI0, MUKPOKAIUJJIAPHOCTDIO, & TAKIKE He-
OTHOPOIHOM II0 TBEPHOCTU CTPYKTypoii. Takoe coueTaHue CBOHCTB MOIK-
HO MOJIYYUTH y ABYX(a3HBIX CIJIaBOB, Yy KOTOPHIX OfAHA (haza — TBepAbIe
KPHCTAJJIBI, a Apyras — MArKas OCHOBa. MsArKas OCHOBAa cILIaBa obec-
TMeYnBaeT XOPOIIYI0 MPUpPadaTbIBaeMOCTh MOAINUITHUKA K BaJy, TBepAble
BKJIIOUEHUS CJIY’KaT OIMOPHBIMM TOYKAMM! [JIs TPYIIMXCA dYacTeil Baja.
He6onbImas moBepXHOCTh CONMPUKOCHOBEHUS BaJja W BKJIABIIIA YMEHb-
11aeT TpeHMe, a UMEIOIIecsa IPOCBETHI MEK/AY BaJOM U MATKONH OCHOBOH
00ecIreunBaOT XOPOIIIYIO ITOfaUy CMa3KK U €e PABHOMEPHOe pacIipezeie-
Hue (puc. 30).

Ban

Bknaodwiw //,

lMpocmpaHcmeo
0719 CMA3Ku

Taepdvie
Msekas 8KJIIOYEHUSA
ocHosa

Puc. 30. Cxema paGoThI IOJUINITHUKA

st BRJIAABIIIEN MOAIIMIHWKOB B KauecTBe AHTU(MPUKIIMOHHBIX
MaTepuaJjioB MPUMEHAI0T 0a00uThI, OPOH3EI, YYT'YHLI 1 METAJIIOKepaMU-
yeckue Mmarepuaibl. BaoouTs! (mo umenu M.B. Ba66uta, aMmepruKaHCKOTO
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12.4. Anmugppukyuonnvie Mamepuavl, ux cimpoetue, c6oiicméa...

u300peTaTeis) MPeACTABIAIOT COO0M CIJIABLI U3 JETKOIIJIaBKUX ITBETHBIX
MeTaJIJIOB Ha OCHOBE 0JI0OBa, CBUHIIA, ITUHKA, aJIOMUHUA U IpeJHa3Haue-
HBI IJIS 3aJUBKU IOAIIUITHUKOB. BabOUTEI MMEIOT MUHUMAJbHBIA KO3(-
(bUITIEeHT TPeHUs U XOPOIIIO yAEeP:KUBAIOT CMa3KYy.

Onosannvie 6a606umMblL COmEPIKAT 0JIOBO U CYPbMY C HEGOIBITNMHU J0-
6aBKaMu MeIu MJIsI IIPeJOTBPAIlleHUA JUKBAIUY CIIJIaBa U ITOBBIITEHUA
MeXaHNYeCKHUX CBOMCTB. B aTuX cmjaBaxX TBepAbIA pacTBOP HA OCHOBE
0JI0Ba ABJIETCA MATKOM OCHOBOI, a TBEPAbIHl PACTBOP HA OCHOBE MHTEP-
MEeTAJIJIUIHOTO COeIUHEH A 0JI0Ba 1 CYyPhMBI M XMMUUYECKOTO COeTUHEeHUA
menu ¢ 010BoM (Cu,Sn) BBIIONHAET POJIb TBEPABIX BKJIIOUCHUI.

Hawunyuium coueTaHreM aHTUQPUKIIMOHHBIX U (DPUKIIMOHHO-MeXa-
HUYECKUX CBOMCTB, BHICOKOII KOPPO3UOHHOI CTOMKOCTHIO 001a0aI0T 0JIO-
BAHHBIE 0a601THI Mapok B83 (10-12% cypbMmel, 5,5—6,5% Meau, ocTajb-
Hoe oJioBo) u B88 (7,3-7,8% cypsmel, 2,5-3,5% menu, 0,8-1,2% kKajb-
mus, 0,15—-0,25% HuKeJIs, ocTaJIbHOE 0JI0BO).

BBugy G0OJIBIIOTO COAEP:KAHMS JOPOTOCTOAINETO 0JI0BA OHU IIPUMEH -
IOTCSA AJISI HOAIINITHIKOB OTBETCTBEHHOI'0 HasHauYeHU (IIapOBLIE TY POUHEI,
OIIOPHBIE TIOAMIUITHNKY I'PeOHBIX BAJIOB, AU3ejiell TypOOKOMITPECCOPOB).

Csunuosvie 6a606umor. CaMBIMHU [OEIIeBBIMU SBJISIOTCS CBUHIIOBBIE
6a66uThI ¢ Kaabiuem u Harpuem BKA (1-1,15% wanabiusa, 0,7-0,9% na-
Tpus) u BK2 (0,45% waxabiusga, 0,4% marpus, 2% ojosa, 0,06% marams).
B auToM cocTOosSHUM CTPYKTypa IIpeAcTaBJigeT cOOO0M TBepAbIil pacTBOP
HATPUA U KaJbIUs B CBUHIIE (MSATKas OCHOBA) U AEHIPUTHI XUMUUECKOT'O
coenunenus Pb,Ca (TBepavie BKI0ueHus). Ba6out BKA o6manaer mioxoi
ajresueil K CTAJIbHOMY BKJIAABIIIY 1 KPEIUTCA B HEM MEXaHUUYECKUM IIy-
TeMm. Ba6outr BK2 3anuBaroT Ha BKIaAbINIM TOHKUM cjaoeM. O0a sTu 6a0-
OMTa IPUMEHSIOTCS AJIS IOAIUIIHNKOB IOPOACKOr0 U JKeJIe3HOLOPOIKHOTO
TPAHCIIOPTa, TOPHOPYAHBIX MAIIINH.

On08AHUCMO-CBUHL08ble 6AOOUMbL OTIUYAIOTCSI HU3KKUM COAEepKa-
HueM oJsioBa. HawmboJsiee pacipocTpaHeHHBIMU MapKaMu ABaATca B16,
BH, BC6.

Ba6our B16 Hambosee mpocToil mo xuMudyeckomy coctaBy (15—17%
osoBa, 15-17% cypsmebl, 1,5-2,0% Mmenu, ocTajabHOE CBUHEIT), OTIMYAET-
Cd TOBBIIIIEHHOU XPYIKOCThI0. OH mpuMeHAeTCSa Kak 3aMeHuTeN b B83 B
MOJIINITHUKAX OTBETCTBEHHOI'0 Ha3HAUYEH U IJIA CIIOKOMHBIX YCJIOBUM pa-
00THI 6€3 YOIapHbIX HATPY30K (MIOAIUIHUKY 9JIeKTPOBO30B, IIAPOBBIX TYP-
OuH, TUAPOTYPOUH U T. [I.)

Ba66ut BH gomomHUTEIHLHO JIETUPOBAH KaAMUEM, MBITITbAKOM, HUKe-
nem (9—11% omosa, 13-15% cypsmsr, 1,5-2,0% menu, 0,1-0,7% wagmus,
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0,1-0,5% wuurkens, 0,5-0,9% MBIMIbAKA) U TPUMEHACTCA IJIA 3aJIUBKU
BKJIAABIIIEH IOAMTUITHUKOB, TIOABEPTraOIINXCA YIaPHBIM HAaTPy3KaM.

Ba6our BC6 (5,5-6,5% ousosa, 5,5-6,5% cypsmer, 0,1-0,3% menn,
ocTaJibHOe CBUHEI[) HamboJjee MelieBbId U MTPUMEHACTCA AJIA HOAIITUITHU-
KOB MeTaJIJI000pabaThIBAIOIINX CTAHKOB, AaBTOTPAKTOPHLIX ABUTraTeJIeH,
paboTalnuX B YCIOBUAX YAAPHBIX HATPY30K.

IMunrosvie 6a066umuvi. OCHOBHBIM JIETUPYIOIIIUM KOMIIOHEHTOM aHTHU-
(PUKITMOHHBIX CIIJIABOB HA OCHOBE ITMHKA sABJIsgeTcs aasioMuunii (9—12%).
B aTux 6a66uTaxX MATKOW OCHOBOH CIIyKUT 9BTeKTUKA (Zn + Al + CuZn,),
a TBEPJBIMY BKJIOUeHUAMYU — Al nin xumMmmnieckoe coegunenue Cuzn,.

ITuaKOBBIE 6A60UTHI MO IJIACTUYHOCTH, KOI(MMUIIUEHTY TPEHUSI Me-
Hee 3(pheKTUBHBI, UeM OJIOBAHHBIe 0a00MThI, HO IIOYUTH PABHOIIEHHBI CBUH-
1oBbIM. TaK, K0Oa)HUIINEHT TPeHUA 0JOBAHHBIX 6a601TOB paBeH 0,005, a
nuHKoBbIX — 0,009.

Antomunuesbie 6a06umol. AHTUOPUKIINOHHBIE CIIJIaBhl Ha OCHOBE
AIOMUHUSA ¢ JoO0aBKaMU CYpPbMbI, MATHUSA, CBUHIIA, HUKEJNA ABIAIOTCS
IBYX(a3HBIMY BBICOKOJETUPOBAHHBLIMU CHUCTEMaMU, B KOTOPBIX MATKOMR
OCHOBOM SBJISAETCS AJIOMUHWMA, a TBePAbIMY BKJIIOUEHUAMYU — XUMHUUYEC-
Kue coequnenus Tuna ALSb unu Al Ni. CrinaBbl Ha OCHOBE aJTIOMUHUSA 00-
JIafaoT HUBKUM K03(h(HUITNeHTOM TPeHU s U BBICOKOI N3HOCOCTONKOCTHIO,
OIHAKO IT0 TEXHOJIOTUYHOCTH YCTYIIAIOT OJIOBTHHBIM ¥ CBUHIIOBBIM. BhIco-
KU KO9(PPUIIEHT JUHEHHOro paciinpeHns 6a661MTOB Ha OCHOBE aJIIOMU-
HUSA TpebyeT GOJILIINX 3a30POB B y3JaX IMOAIIUITHNKOB TPEHUS — CKOJIb-
JKeHUsd.

AoMUHTEBbIE CIIJIABLI MPUMEHAIOT KaK 3aMEHUTEJIU OJIOBIHHBIX U
CBUHIIOBBIX 62001 TOB.

AnmugpuryuonHnuvie Oponsvi. Haubosbiiee pacupocTpaHeHUE MOJTY-
YHMJIN OJIOBAHHBIE OPOH3BI C COZePsKaHreM 0Ji0Ba cBhiire 8% . ITo cTpyKTy-
pe OHU IIPEeACTAaBJIAIOT coO0M OCHOBHYIO MacCy TBEPAOTO pacTBOpa OJIOBA
B Menu (MATKaA (asa) u TBepable YacTuIlbl coequaenna Cu, Sn. Ilisa sKo-
HOMHUY OJIOBO YaCTHUYHO 3aMEHSETCS CBUHIIOM U ITMHKOM. BpoH3a MapKu
BpO®P10-1 — npexkpacHbI aHTUGPUKIIUOHHBIN CIIJIAB, IPUMEHIETCS IJIA
OTBETCTBEHHBIX MOAIIUIIHUKOB, TaK KaK HOIMyCKaeT 0OJbIIINEe yIeJbHbIe
naBiaeHus. [[Ilupoxkoe npuMeHeHNe HAXOAAT OJIOBAHHO-CBUHIIOBBIE U CBIH-
1moBbIe Opou3sl (Hanpumep BpOC 8-12, BpC-30) ansa 3aJIUBKY TOAIITUAITHU-
KOB JBUTaTeJell BHYTPEHHEro Cropatums.

Anmu@puKryuoHHble YYeYyHbl OTINYAIOTCA HUSKUM KO3(PDUIIEHTOM
TPEeHUs, BLICOKON M3HOCOCTOMKOCTHIO. PazimnuaorT aHTHGPUKIIMOHHBIH
uyryH cepblii — MapoKk AYC ¢ miacTuuHbIM rpaduTOM, KOBKUH — MapoK
AYK u BricOKOmpouHbIHi — Mapok AUB. IlopucTocTs uyryHa cmmoco0CTBY-
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HoBvte nonamus

€T BIUTHIBAHUIO MACJja, a 'PaduT CIAYKUT CMa30YHLIM MaTepPUaJioM U Cy-
IIeCTBEHHO CHUMKaeT KoadduiueHT TpeHusa. VI3 aHTUDPUKIIMOHHBIX UY-
TYHOB M3TOTAaBJIUBAIOT MOAIIMIHUKY, BTYJKU TOIJIMBHLIX HACOCOB, Ha-
IIPaBJAIONIVE KJIANAHOB, HOPIITHEBBIE aBTOMOOMJILHEIE KoJibla. [Ipu mo-
BBIIIIEHHBIX CKOPOCTAX CKOJBYKEHUS U BHICOKUX NABJIEHUAX IPUMEHSIOT
yyryHasl Mapok AYB ¢ mJI0OTHOI IIepJIUTHON CTPYKTYPOIl M HE3HAUNTEIb-
HBIMH BBIIEJIEHUAMU cBOOOgHOTO rpadura (Tab. 8).

Ta6ruuya 8
XuMHYECKU COCTAB AaHTU(PPUKIIUOHHBIX YYT'YHOB
Copep:kanue 3J1eMeHTOB,%
Mapxka uyryHna A

C Mn Si P S, He 6oJiee IIpouwne
A4YC-1 3,2-3,6 | 0,6-1,2 | 1,3-2,0 | 0,15-0,3 0,12 2,5-3,0
AYK-1 2,3-3,0 | 0,6-1,2 | 0,5-1,0 0,2 0,08 -
AYB-1 2,8-3,5 | 0,5-1,2 | 1,8-2,7 0,2 0,1 -

HOBBIE ITOHSITWSI

Jlaryuun.
BpoHsbI.

MengHOHUKEIEBBIE CIIJIABHI.

Meabxuop, HeM3uIL0ep, KyHUAJIH.

ManrasuH.

TepMO3JIEeKTPOIHbBIE CILIaBbI.

Momesb, XpOMeJb, aJIIOMEJb (CIIJIaBhI).

Huxpowmsl, heppoOHUXPOMBI.

Humonukwu.

AHTUGPUKIIMOHHBIE CILIABbI, AHTU(QPUKIINOHHBIE UYT'YHEL.
BabouThI.

BOIIPOCHI OJI51 CAMOIIOOTOTOBKN

Kak BIMAIOT IpHMeCH Ha CBOMCTBA YMCTON Mequ?

HagzoBuTe 06;1aCTV IPUMEHEHUSA YUCTOH MEIH.

Yro Takoe Jatyuu? X cocras, MApKUPOBKA.

Yro Takoe 6poH3b? VIX cocTaB, MApKUPOBKA.

HaszoBuTe cocTaB MeIHOHUKEJIEBOTO CIIJIaBa MeJIbLXUOP U €0 CBOMCTBA.
HasoBure cocraB HeiisuiIbbepa, ero CBOMCTBA 1 00JIaCTh TPUMEHEHUA.
CocTaB MeIHBIX CIIJIABOB KYHUAJIH.

HasoBuTe cocTaB u 06JIaCTH MTPUMEHEHUA TEPMOIJIEKTPOIHBIX Me[-
HBIX CILJTaBOB.

.

.

® NP o oo

.
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T1aBa 12. Taxceavie yBemuvle Memaiivt u cnaabol

9. IlepeuncyinTe OCHOBHBIE CBOMCTBA HUKEJSI U 00JaCTh €ro IpuMeHe-

HUSA.

10. CoyaBbI HUKEJIS UM UX KpPaTKasd XapaKTepuCcTHKa.

11. Kaxwue TpeboBaHUS MPEIBABIIIOTCA K CTPYKTYPe U CBOMCTBAM aHTH-
(PUKIIMOHHBIX CILIABOB?

12. Kakue cmyiaBbl OTBEUAIOT TPeOOBAHUAM, NMPEIBHABISIEMBIM K aHTHU-
(PUKIITMOHHLIM MaTepuagam?

13. HasoBuTe cocTaB, CBOMCTBA U 00JIaCTU MIPUMEHEHUA AJTIOMUHUEBBIX
6a661TOB.

14. [afiTe KauyeCTBEHHYIO XapaKTEPHUCTUKY CBOMCTB aJIOMUHUEBBIX U
OJIOBAHHBIX 6a00MTOB.

TECTOBBIVI KOHTPOJIb SHAHUM

1. HasoBure y mepeuncIeHHBIX HUKe MeTAJIJIOB 1 CILJIaBOB HAMOOJIBIITY 0
3JIEKTPOIPOBOJHOCTD:

a) Menb;

6) cepebpo;

B) OpoH3a;

T) 30JIOTO.
2. HagzoBure y nepeuncjaeHHbIX HIKe METAJIJIOB 1 CIIJIABOB HAMOOJIBIIIYIO
TIJIOTHOCTD:

a) Menb;

6) cepebpo;

B) JaTYHBb;

T) 30JI0TO.
3. B cocraB cmyiaBa Mequ MeJIbXUOP BXOLAT CJIAEAYIOIINE JETHUPYIOIINe
SJIEMEHTBI:

a) HUKeJb;

0) K00aJbT;

B) KeJjies0;

I) Mapraseir.
4. B cocraB cmaBa Mequ Hei3uIb6ep BXOAAT CIeNYIOIINe JeruPyIoIie
DJIEMEHTBI:

a) HUKeJb;

0) IIUHK;

B) KeJjes0;

T) XpoMm.
5. Megublii cmyaB KyHHAIM 00JaZaeT CJAEAVIOIMMU ITOBBIIIEHHBIMU
CBOIICTBaAMMU:

a) KUJIKOTEKYyUYecThIo;

0) yIpyrocrsio;
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TecmnoBolii KOHMPOAL SHAHUI

B) IIJIACTUYHOCTHIO;

I) XPYHOKOCTBIO.
6. Cpenu mepeuncieHHBLIX HUKe METAJLIOB U CILJIAaBOB Ha30BUTe 00Jama-
IOIIMIe HauOOJIBITIEH IPOYHOCTHIO:

a) Menn;

0) HUKeJb;

B) JIATYHb;

r) OpoH3a.
7. B cocraB cmiaBa HUKeJIS MOHEJb BXONAT CJAENYIOIIVE JIETUPYIOIIUe
MeTaJLIbl:

a) Xpom;

0) Kejes0;

B) MoJiuGeH;

I) Mapraseir.
8. AHTuGPUKIIMOHHLIE CBOIICTBA UyTryHa 00eCcIeurBaIOTCA 34 CUeT:

a) HaJIUUYMA B CTPYKType ero rpadura;

0) HaAJIUUYMA B CTPYKTYPE €ro IeMeHTUTAa;

B) TIOPUCTOCTH €T0 CTPYKTYDHI;

I) TOBBIMIEHHOI'O COAEPKAHNA KPEMHU .
9. B kauecTBe aHTUGPUKIIMOHHBIX MATEPUAJIOB ITPUMEHAIOT:

a) YIVIEPOJUCTYIO CTaJIb;

0) JIeTMPOBAHHYIO CTAJIb;

B) OpOHBBI;

T) YYTI'yHBI, METAJJIOKeMHUUECKNe MaTePUaJIbI.
10. AHTUGPUKIITNOHHBIE CIJIABLI 6a06UTHI IPEACTABISIOT COOOI CIIJIaBbI
Ha OCHOBE:

a) KeJsesa;

0) aJIOMUHUA;

B) HUKeJd;

) Menu.

I''TABA 13. TYTOIIVIABKUE METAJIJIbI
M IIOJTYITPOBOOHMKOBBIE MATEPVIAJIbBI

METOOVMYECKMNE YKA3SAHW

CeFOJ_IHH TYyTOIlJIaBKK€e MeTaJIJIbl 1 CIIJIaBbl Ha MX OCHOBE IIIMPOKO HC-
IIOJIB3YIOTCA B KadeCTBe KOHCTPYKIIMOHHBIX MaTepuaJjioB, pa60Tanme
IIPX BBICOKHX TeMIlepaTypax. CTy,E[eHTaM HeOﬁXO,I.'L’I/IMO NU3YyYUTH cBoOiCTBa
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I'1a6a 13. TyzonaaBikue memarnst i noaynpoBooHuKoBsle Mamepuav.

TaKUX METaJIJIOB, KaK BOJb(dpaM, MOJIUOIeH, HIOOWI, TAHTAJ U CIJIaBbI
Ha UX OCHOBE. ITO 000raTUT MOJUTEX HUUEeCKUH KPYyTro30p B 00JIaCTH MaTe-
puasioBefieHusA. Il03HaAKOMBTECH C PEIKUMU MeTaJlJlaMU, KOTOPbIE Cero/-
HA BOCTPeOOBaHBI MPU paspabOTKe HOBEUINIMX TEeXHOJIOTUIH B KOCMMIUEC-
KOl IPOMBIIILIEHHOCTH, paanodjeKTpoHuke. Ocoboe BHUMAaHIE oOpaTuTe
IIPY U3YyYEHUU TOJTYIPOBOIHNKOBBIX MAaTEPUAJIOB Ha UX CBOMCTBA 1 Ha 00-
JIACTU UX IPUMEHEHU .

13.1. PEOJKME METAJIJIbI 1 X KITIACCUDPUKALINSI

K pegxum OTHOCATCS MeTaJIJIbl, OTHOCUTEJIbHO HEJaBHO BOIIIEAIIIIE
B c(pepy IIPOMBINIJIEHHOrO IPUMeHeHnaA. B ominume OoT TaKUX METAaJIJIOB,
KaK Keje30, aJlOMUHUIM, pelKre He 00pasyioT KPYIIHBLIX MECTOPOKIe-
HUIi, a pacHblJIeHbI II0 3eMHOI Kope. IloydYuTh HECKOJIBKO COT IPaMMOB
UX — 3ajJaua Ype3BbIUaiiHo TpyaHad. OMHAKO Cerofusa MeTaJJIyPruu pej-
KHUX MEeTAJIJIOB yAeJseTcsa ocoboe BHUMAHUE B CBSA3U C TeM, UTO 9TH dJie-
MEHTBI BeCbMa HeoOXOAMMbI COBPEMEHHO# IIPOMBINLIeHHOCTH. K peaxum
MeTaJjlJlaM MOYKHO OTHECTH U TaKue, KOTOPbhIe COIeP KaTcs B IIPUPOE B J0-
BOJILHO OOJIBIIINX KOJINUYECTBAX, HO II0 PAAY TAKUX IPUUYNH, KAK BHICOKAA
CTeleHb PACCeTHHOCTH, CJIOMKHOCTb M JOPOrOBH3HA NOOBLIUM, 00HEM IIPO-
M3BOJCTBA U IPUMEHEHNe UX CPaBHUTEIbLHO HEBEJIUKO. PelKiie MeTasabl
MPUHATO KJIACCU(PUIIMPOBATL HA IATH IPYIII:

— Jerkue (inTuii, 6epUIIN, ITePuil);

— paccedaHHBIe (TaJIui, UHIUH, TaJIUH);

— peIkroseMeJbHBbIE (UTPUil, JIaHTaH, cCAMapuii);

— TyromjaBKue (ITUPKOHUI, BOJIbMpam, MoIubIeH, HIOOU, TAHTAJI,
peHmii);

— paamoaKTWBHEIE (paguil, ypaH, TOPUii).

Jra KiaaccuUKAIUsa BeCbMa YCJIOBHA, TAK KaK HEKOTOPhIE pPeaKie
MeTaJIJIbl MOTYT OBITh OTHECEHBI K PasHbIM I'PyIlaM, HalpuMep, PeHui
M3 TYTOILIABKOM IPYIIIBI MOYKET OBITh OTHECEH U K PACCEIHHBIM.

B T0 sKe BpeMs HeKOTOpbIe 13 3TUX METAaJIJIOB IIePeCTaIOT ObITh PEeIKU-
MU, TaKue, HaIIpuMep, Kak MoaubaeH, Huobuii, Boabhpam.

Bes pemkmx MeTaJslJioB CerofHs HEBO3MOYKHA paboTa paauolIpreM-
HUKOB U TeJIEBU30POB, JIa3€POB, KOMIILIOTEPOB, PA3JIUUYHBIX ITPUOOPOB IO
M3YYEHNIO0 KOCMOCA, 3eMHBIX ¥ OKeaHCKUX M1youH. C MX MOMOIIbIO HA HO-
BYIO CTYII€Hb IOJHAJNCH COBPEMEHHbIE OTPACIY HAaYKU U TEXHUKU — AJep-
Hada pusuka, pusmka TBEPAOro Teaa u Ap.
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13.2. Qupxonuil, beputiuii u cnaabol Ha ux ocHoBe

13.2. IMPKOHWW, BEPVJJIUU Y CITJTABBI HA X OCHOBE

Iuproruii — MeTaJyI TEMHO-CEPOro IBera, ILJIOTHOCTH 6,4 r/cm3,
TeMmieparypa naasienusa 1855 °C, naactuunocTs 0KoJso 50%, Koppo3u-
OHHOCTOMKMUHM U MPOYHOCTh mopsaaka 18—20 kr/mMm? (B XUMUYECKH YHC-
TOM BUJE).

Hawu6osiee uucT B OTHOINIEHUU TIpUMeced HOAUIHBIN ITUPKOHUI, B
KOTOpPOM CyMMAapHOe comxep:xkanue mpumeceit cocrasiasier 0,06—0,07%.
B TexHMYECKM YMCTOM BHE MUPKOHUH 3HAUNTEJIHHO IPOYHEE, HO MEeHee
miractTuyeH. MexaHUYeCKMe CBOMCTBA TEXHUYECKH YKCTOr'0 IUPKOHUS
COCTaBJAIOT IO MPOUYHOCTH Ha pacTsaykeHuu 40—60 xkr/mm? u miacTuy-
HOCTh 20—30%. OCHOBHBIMU IIPUMECAMU B TEXHUUYECKOM ITUPKOHUU SB-
JAA0TCA ra)HUM, KUCJIOPOI, a30T, Bogopoa. l'adHuil ABIseTcAa BpeaHON
IIPUMECHIO, ¥ €T0 COJeP:KaHMe B TEXHUYECKOM ITMPKOHUY He TOJI’KHO IIpe-
BBIIIATH 2,5% . B urcTOM Bue MUPKOHUH HallleJI IPUMeHeHe B KauecTBe
JIETUPYIOIINX 3JIEMEHTOB IIPU BBITLJIABKE cTau. PoJibra, IpoOBOJOKA MU
TIOPOIIOK ITMPKOHUA UCIOJb3YETCA TaKKe B 9JI€KTPOBAKYYMHOM TeXHU-
Ke B KaueCTBe IOIJIOTUTEJA (TeTTepa) ra3oB, BhIEISIEMbIX METAJLINUec-
KUMU JeTaJsIMU JaMII IPU HarpeBe. JTO CBOMCTBO IO3BOJIAET HOAAEPIKU-
BaTh HOCTOSHHBINA BAKYYM.

B npakTHKe HCIOJL3YIOTCS CILIABBI IIUPKOHUSA C 0JIOBOM, 3KeJIe30M,
HuKeseM u xpomoMm. CijiaB mupKaxasioi-2 umeer cocras: 1,5% oJjioBa,
0,12% sxenesa, 0,10% xpoma uau 0,05% HuKes.

ITupKoHUII U ero CILIABHI KaK KOHCTPYKIIMOHHBIN MaTepruaJ oIy Yn-
JIX pacIpocTpaHeHNe B aTOMHOIN TeXHUKe (aATOMHbIE PeaKTOpPbl, aTOMHbBIE
IBUTATEJIN) AJA 000JI0UeK TelJ0BbIAe aonux saeMenToB (TB3JIos).

Bepunauii — JIeTKUI MeTaJlJ CcepebpUCTOrO IIBETa, IIJIOTHOCTH —
1,85 r/cm®, TemnepaTypa miasierus — 1284 °C. IIpouyHOCTb GepUILINA 3a-
BHCHUT OT TE€XHOJIOTUHU MOJIYUEeHUA U3 HEero nory(abprKaToB (CIIeUeHHbIH,
JUTEHHBIN, 00padaThbiBaeMblil JaBJaeHUeM) 1 cocTaBiadeT oT 28 mo 65 Kr/
MM2, maacTudHocTh 2—3%. OZHAaKO ero MaJiasd ILJIOTHOCTL 00ecIIeunBaeT
emy 0oJiee BEICOKYIO VIEIbHYIO IPOYHOCTD, YeM Y AJIIOMUHNSA 1 TUTAHA.

Bepuanit umeer BLICOKUM Moay b yupyroctu E = 2,98 - 10* xr/mm2,
YTO B COUETAHUU C MaJIOH IIJIOTHOCThIO 00ecIiieurnBaeT 00JIbIIYI0 CKOPOCTD
pacupocTpaHeHUs 3BYyKa (B 2,5 pasa 60J1bIlle, UeM B cTaau). B ¢Bsa3U ¢ 9TUM
0epUJIINi UCIOJb3YIOT B PA3JINUYHBIX aKYCTUUECKUX ITPUOOpax.

CmtaBbI 6epPUJINA YiKe CEeToHs HAIILJIY IPUMEHEeHe B PAKETOCTPOoe-
HUU ¥ IPYU U3TOTOBJIEHUY CBEPX3BYKOBBIX CAMOJIETOB.

Hawub6oJsiee uacTo IPUMEHAIOT CIIJIABBI OePUIINA-aTIOMUHUMN, COLED-
skamuit 38% aroMuHUSA, OepUIINA-KpeMHn 1 6epusiauii-mens (5%).
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I'1a6a 13. TyzonaaBikue memarnst i noaynpoBooHuKoBsle Mamepuav.

Bepunninesnie peccopbl BeIAEPKUBAIOT 10 20 MJIPI TOJTYKOB IPOTUB
800 ThIC. Y CTaJIbHBIX PECCOP, OHU IPAKTUUYECKU BEUHEI.

CrtaBbl GEPUIIINS UCIIOJNB3YIOTCA JJIS U3TOTOBJIEHUA 000JI0UEK ypa-
HOBBIX CTep:KHEH (TemyIoBbIae sioniue aaeMeHTsl TBAJIbI) B aTOMHBIX pe-
aKTopax. B pasgnoaeKTpOHUKeE C IIOMOIIIbI0 0ePUJIINEeBhIX CILJIABOB yCTpAa-
HseTCcs meperpes AeraJsieii. Bepuiinesbie 6poussl (2,0—-2,5% 6Gepuians) —
JYUIIUA MaTepua AJA IPYKUH, IecTepeH, MOAIIUIHUKOB, padoTaro-
X IIPU BBICOKUX TEMIEPATypPax U B arPECCUBHLIX CPerax.

13.3. TYTOIUVTABKME METAJUIbBI (BOJIb®PAM, MOJIMBAEH,
HVIOBVIV, TAHTAJI) I CITJTABBI HA X OCHOBE

B mocienHue rogpl mHTEpPEC K TYTOILJIABKUM MeTaJIJIaM 3aMeTHO IIO-
BBICUJICH.

B coBpemMeHHBIX CBEPX3BYKOBBIX CaAMOJIeTaX WM KOCMUYECKUX KOpao-
JX, B paKeTax OTAeJbHbIe JeTau paboraioT mpu Temieparypax 1500—
2000 °C. Ona Takux geTasieil MOT'YT OBITH MCIIOJb30BAHBI TOJBKO 3Kapo-
IIPOYHbIE TYTOILIABKME MeTaJiabl. VIX jerumpoBanue eire 0OJIbIIE MTOBBI-
IIIAeT JXapOIPOYHOCTh. [[09TOMY HA MPAKTUKE HIPUMEHSAIOT He YNCThIE TY-
TOILJIaBKUE METAJLIbI, a CILJIaBhl HA UX OCHOBe. IlepeunciieHHbIE METAJLIIB
CPaBHUTEJILHO PeIKIeE, II03TOMY LOPOrre, HanboJjiee IPpUMeHAeMbIe, YacTO
UMEHYIOTCS «OO0JIBIIION YeTBEPKOIT».

Boavgppam u ezo cnaasv. Bonbhpam — TAKeNBIH TYyrONJaBKUN Me-
TaJIJI CBETJIO-CEPOTro I[BeTa, MJIOTHOCTL — 19,3 r/cm3, Temmeparypa Ijas-
geuns — 3420 °C, npouyHOCTh Ha pacTaskeHne — 6osee 50 kr/mm?. Orpuiia-
TeJbHBIM KaueCcTBOM BOJIb(pamMa ABJIAETCS ero XPYIIKOCTDb IPU KOMHATHOI
TeMIepaType (OTHocuTeabHOE yaauHeHne paBuo 0%). Boabhpam asiser-
cs HamboJIee TYTrOILJIaBKUM METaJIJIOM, BeChMa CTOMKUM B KUCJIOTaX U ITle-
Jgouax. VI3 Bosbdpama moJydaroT JIUCTHI, JIEHThI, IPeCCOBAHHBIE IIPYTKH,
IIPOBOJIOKY. VICXOMHBIMY 3ar0TOBKAMH JJIS IIPOM3BOACTBA YKABAHHBIX II0-
JIy(HadpUKaTOB CIYIKAT CIIPECCOBAHHLIE U CIIEYEHHBIE M3 IIOPOIIKA BOJb-
¢dpama OpuKeTsl (INITAOMKK) UJIU CAUTKU, MOJYUEHHBIE IJIaBKOM B 9JIEK-
TPOHHO-JTYUeBHIX ITeuax. Kpome uncroro Boiabdpama, IPUMEHAIOT TaKVe
CILJIaBHI Ha €TI0 OCHOBE, KOTOPHIEe 001a0at0T 60JIee BLICOKUMYU CBOICTBAMU,
YyeM YUCTHIHA BOJIbDpPaM.

Hawubosee pacpocTpaHeHBI CILIaBBI BOJIb(pamMa ¢ peHUeM U MOJIUO-
IeHoM. PeHuil OBBIIIIAET MJIACTUUYHOCTE BOJIb(paMa IIpu KOMHATHOI TeM-
neparype ot 0 1o 10%, yaydIiiaeT mraMOoyeMOCTb U cBapuBaeMocTb. Kpo-
Me BOJIb()PaMOPEHNEBOTO CILJIaBA IPUMEHAIOT BOJIb(PaM-MOJIUOeH, BOIb-
dpamM-HIOOUIi, BOIb(PaM-IIUPKOHUI U IPyTHeE.
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13.3. TyzonaaBkue memannvt u cnaaBol Ha ux ocHoBe

MeTtannnueckuii BOJbGpPaM IINPOKO IPUMEHAETCA B 9JIEKTPOJIAMIIO-
BOIi, 9J€KTPOBAKYYMHOUM, PaAMOTEXHUUYECKON ITPOMBINIJIEHHOCTH (HUTH
HaKaJIWBaHUsA, HaTrpeBaTeJu 1 SKPaHbl BHICOKOBAaKYYMHBIX ITeueli, KaTo-
IBbI PEHTTeHOBCKUX TPYOOK, 9JIEKTPOHHO-JIYUEBBIX TeUell U IJIa3MeHHBIX
aBurareJieir). CraaBbl BoJbpaMa ¢ peHueM M MOJNOAEHOM ITPUMEHSIOT
IIJIsT U3TOTOBJIEHUSA BBICOKOTEMIIEPATYPHBIX TEPMOIIAP U JJIEKTPUUYECKUX
KOHTaKTOB.

CniaB BoJb(paMa C OKHUCHIO aIOMUHUS 00eclIeurBaeT 3aIlUTy OT
2JIEKTPOMATHUTHBIX BOJIH.

Teepable CILIaBBI Ha OCHOBE Kapbuja Bojab(pama ¢ HoOaBKaMU KO-
0anbTa, KapOUIOB TaHTAJa, TUTAaHA IMPUMEHSAIOT IJis M3TOTOBJIEHUS pe-
JKYITUX MHCTPYMEHTOB, IPeIHA3HAUEHHBIX IJIS 00pab0TKY BBICOKOIIPOU-
HBIX MaTepPUaJIoB.

Bce GoJtee MMPOKO NCIIOIB3YIOTCA B TEXHUKE BOJIb()PaMOBBIE TTOKPHI-
THUA Ha Pa3JIUYHBIX MaTepuajax, MoJydaeMble MJIa3MeHHbIM HaIbLIeHU-
eM, ocakIeHreM U3 ra30Boi ()ashl U IPYTUMU METOTaMMU.

BoabhpamoBbie MOKPBITUA MOBLIIITAIOT PAb0OUYyI0 TeMIEpaTypy U pe-
cypc paboThI U3IEJINS.

Moaub6den u ezo cnaasvl. MoanbaeH — TYromJIaBKUI MeTAJLI cepeod-
pucTo-ceporo iBera, Temieparypa miaaBaeHusa — 2620 °C, mI0THOCTL —
10,2 r/cm3, mpounocts — 50—70 xr/mm?2, miaactuunocTs 20—-25%. Boiee
BBICOKMMHU CBOMCTBAMH 00J1aaI0T MOJINOAEHOBbIE CIIJIABbI C JIETUPYIOITH-
MU fo6aBKaMU TUTaHA, IUPKOHUA, HNOOUA, rapHIA, PeHUI.

OcHOBHAs YaCTh MPOAYKIINY 13 MOJIUOEHA U €TI0 CILJIABOB IIOTPEOJIA-
€TCs BJIEKTPOJIAMIIOBOI ITPOMBIIIJIEHHOCTHIO U B 3JIEKTPOBAKYYMHOM IIPO-
U3BOJICTBE, /I IPOM3BOACTBA HarpeBaTejedl U 9KPaHOB BHICOKOTEMIIEDA-
TYPHBIX BaKyyMHBIX Ileueil. B mociennee BpeMdA BO3POCTIO IpUMeHEHIE
MonubaeHa B pAKEeTOCTPOEHUN.

Huob6uii u ezo cnaiasst. Huobuii — cBeTI0-CEePBIN TYTOIIIaBKUHA MEeTa L,
ILIOTHOCTE — 8,57 r/cm?, Temneparypa miaasiaerus — 2500 °C, mpoyHOCTH
Ha pacTsskenne — 35—45 Kr/Mm?2, oTHOCUTEeIbHOE yaauHeHue — 25—-30%,
o0JIajaeT BLICOKOM KOPPO3MOHHOUN CTOMKOCTBHIO B KHMCJIOTaX U IMejovax.
BBINIIABIAIOT TeXHUYECKUI HUOOUM B 3JIEKTPOHHO-JIYUYEBBIX U 3JEKTPO-
IYTOBBIX BAKYYMHBIX IedYaXx. B uucToM Buge HUOOMIT IpUMeHsaeTcA B Ka-
YecTBe JETUPYIOIINX 9JI€MEeHTOB AJA MOJYUYEeHU KaPOIIPOUHEBIX 1 JKapo-
CTOMKMUX cTaJjieii. B IpOMBIIIIEHHOCTH UCIIOJIb3YIOTCS HUOOKMEBEIE CIIIaBbI
¢ BoJb()paMoM, MOJIMOIeHOM, IUPKOHEM, BaHAAEM, TUTAHOM, XPOMOM.
BBICOKYI0O KOPPOBMOHHYIO CTOMKOCTb UMEIOT CILJIaBbI HUOOUSA C TAHTAJIOM.
Tak, HaTpUMeED, JeTau allapaTyphl, paboTaroleli B cpeie a30THOM, cep-
HO¥l KHCJIOT, U3TOTOBJIEHHbIE M3 HEpsKaBelollell CTajil, MOTYT CIYXKUTh
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1,5—2 mecsana; meraamn, U3roTOBJIEHHBIE U3 HUOOMEBOI'O CILJIABA, CTOAT B
TeueHue 2—3 JeT.

B macTosmiee BpeMsa HUOOUH 1 €T0 CIIJIaBbl IPUMEHSIOT B PA3JIUYHBIX
00/1aCTSIX HAYKU U TEXHUKH.

B aBuanmoHHOM TeXHUKE JJIs M3TOTOBJCHUS TYPOUHHBIX HEOXJIaK-
JaeMbIX JIOIIATOK B PEAKTUBHBLIX IBUTATENSX, IJA OOIIMBKU KPBLILEB
CBEePX3YKOBBIX CAMOJIETOB, B ATOMHBIX PeaKTopax MJsA 3alllUThI TeIlJIOBLI-
IeJISTIOIIXCS 3JIEMEHTOB.

Tanmaan u ezo cnaagvl. Tantan — cepo-cTaJbHON TYTrOIJIaBKUY Me-
TaJlI, ¢ TeMueparypoi miasiaeaus 3014 °C u miorHocTs0 16,6 r/cm3. O
OUeHb PeAKUIl 9JIeMeHT, eT0 coJep:KaHue B 3eMHOM Kope B 8 pa3 MeHbIIIe,
yeM HHOOUA. XOTA B IIPUPOJE OHU BCTPEUAIOTCA COBMECTHO. TaHTal cpe-
IU OPYTUX METAJIJIOB BBIAENAETCA UCKJIIOUNUTEIbHOM XUMUUYECKOH CTOM-
KOCThIO, CPABHUMOM C mjaTuHou. TaHTaJ He pacTBOPUM B KHCJIOTaX, B
TOM YMCJIE U B «I[aPCKOIT BoAKe» (CMech a30THOM U COJIAHOM KucaoT). B op-
raHu3Me YeJI0BeKa He KOPPO3UPYyeT U He pas[paskaeT KUBYIO TKaHb, II0-
STOMY OH IIIMPOKO MPUMEHsSeTCA B MeIUIlMHe. B XUPyprum CaOyKUT I
CKpeILIeHU A KOCTell, HEPBOB, CTUMYJIATOPOB CePAEUHON AesATeTbHOCTH.

TamTaa BBICOKOM UYHCTOTHI HMeeT IIPOYHOCTh Ha paspeiB 25—
30 kr/mMmm2, oTHOCUTENbHOE yaauHeHne 30—35% . TauTa) MPOMBINLICHHOK
YMCTOTHI UMeeT MPOoYHOCTE A0 90 Kr/mm?, muactuunocTs 4,0% B gedop-
MUPOBAHHOM COCTOSHHU. TaHTaJ HCIOJL3YeTCA TaKyKe B XMMUYECKOM,
SJIEKTPOBAKYYMHOM ITPOMBIIIIJIEHHOCTH M KaK KOMIIOHEHT OJIA JIeTHPO-
Bauus crajeii. Kpome umcToro TanTaja HAILIW IPUMEHEHNe CIJIaBbl HA
€ro OCHOBe. ITO CILJIAaBBI ¢ JoOaBKaMM HUOOUA, BOJIb(pama, IMUPKOHUA,
raHUS U OPYTUX 9JIE€MEHTOB. B IPOMBIINIIEHHOCTH Hambojee IINPOKoe
IpUMeHeHte MoJyduJ ciiaB TaHTajga ¢ 10% Boabppama (IPOYHOCTH HA
pactsskenue mopanxa 96 kr/mm?, mmactuuHocTh — 25%). Bee cmimaBel
TaHTajJla XapaKTepu3yIOTCSA BHICOKOH JKAapOIPOUYHOCTHIO U KOPPO3MOHHOI
CTOMKOCTBIO B aIrPECCUBHLIX cpefax mpu TeMmieparypax mo 500 °C, cBriiiie
ATOI TEMIIEPATYPhI HYKAAIOTCA B 3AIIUTHBLIX TOKPLITUAX. [[puMeHAI0TCS
CILIABBI TAHTAJIA IJIS U3TOTOBJIEHUS COIEJI PaKeT, AeTaJiell peaKTUBHBIX
JBUTaTeJiell, XUMUYECKOU ammapaTypbl. IIpruMeHeHre TaHTaJI0OBBIX CILIA-
BOB OrPaHUYEHO Ae(PUITNTOM 9TOr0 MeTaJLia.

13.4. ITIOJIYITPOBOOAHWMKOBBIE MATEPVAJIbBI

Bce mMarepuaJibl, IIPUMEHAEMbIE€ B TEXHNKE, II0 CBOUM J3JIEKTpHUYeC-
KHM CBOMCTBaM OeJIATCA Ha TPU I'PYIIIBI: IPOBOAHUKHM, IIOJIYIIPOBOOHUKN
1 OU9JIEKTPUKHU. Paznuuatorcsa atu MaTepuaJibl 110 BEJIMUYMHE 3JIEKTPOCO-
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TIPOTUBJIEHU A, II0 XapaKTepy U3MeHeH! ero IIPK HarpeBe U [0 TUITY IIPO-
BozmMoOCTH. IIpOBOJHUKY — yIeJIbHOE 3JIEKTPOCOIIPOTUBJIEHNE B IIpeeax
1075+ 1073 Om - cM, Ipu Harpese yBeaunuuBaeTcs. VICIoab3yOTCA IJIs I0C-
TOSHHOTI'O U ITePEeMEeHHOr0 TOKa. I1oJIyIIpOBOMHUKY — yAeIbHOE 9JIEKTPOCO-
npotusyenue 1072 + 10*° Om * cM, mpu Harpese yMeHbIAaeTCa. [[M3IeKT-
PUKM — yAeJbHOE 3JIEKTPOCOIIPOTHUBIIeHNE B mpegeaax 1070+ 108 Om - cm,
HUCIIOJIB3YIOTCA KaK M30JATOPHl. TaKuM 00pasoM, IOJYIPOBOLHUKOBEIE
MaTepuabl — 3TO BeI[eCTBa, KOTOPHIE II0 CBOEI yAEJBHOH 3JIEKTPOIIPO-
BOIHOCTH 3aHHMAIOT IIPOMEKYTOUHOE ITOJIOMKEHNEe MEeXKAY IIPOBOJHUKA-
MU (MeTajIaMu) 1 usoaaropamu (ausaekrpukamu). Hecmorpst Ha TO, UTO
3JIEKTPOIPOBOAHOCTE Y MOJYITPOBOJHUKOBBIX MAaTEPHUAJIOB 3HAUUTEIHHO
MeHbIIIe, YeM Y METAJIJIOB, IOABUKHOCTh HOCUTEJEH 3apAna ux 0OJIbIIe
(T.e. BJIEKTPOHEI B MOJIYIIPOBOAHUKAX MOTYT ABUTAThCsA 60jiee CBOOOIHO,
uyeM B MeTajaax). [J0sToMy TeIJIOBBIMU, SJIEKTPUUYECKNMY, CBETOBBIMHU U
MeXaHUYEeCKUMU BO3NEHCTBUAMU MOYKHO yIIPABIATDH 9J€KTPOIIPOBOIHOC-
TBHIO ITOJYIPOBOAHUKOB. K MOJIYyIIPOBOAHUKOBEIM MATEPHUAIAM OTHOCATCS
TaKue 3JIEMEHThI, KaK IrepMaHUi, KPeMHU, ceJieH, TeJLIyp, Tajanii, He-
KOTOPBIE CIIJIaBBI METAJIJIOB, MUHEPAJIBI.

ITorymIpOBOZHUKY IIIMPOKO MUCIOJIb3YIOT B 3JIEKTPO-, PaINI0-, CBETO- U
TEeIJIOTeXHUKE, B aBTOMaTUKe, mpubopoctpoerHnu. [loymIpoBOgHNKOBA S
MIPOMBIILIEHHOCTD UCHOIb3yeT 10 90% repmanusa. ['epmanuii — pegKuii,
paccesHHBIN B IPUPOJIE DJIIEMEHT, COIePs;KaHIe ero B 3eMHOM KOpe COCTaB-
Jaser nopagka 7 - 107%%, remmeparypa miaasiaenns — 958,5 °C. ITosyua-
IOT TepMaHUui 0 0CO00¥ TEXHOJOTMU U3 OTXOAOB ITPOM3BOJCTBA IIUHKA.
B mocienHee BpeMs BO3POC CIPOC Ha TaJIInii, KOTOPBIH MMeEeT XOPOIIne
MIOJIYITPOBOAHUKOBEIE cBOiicTBa. OH HAIllesI IPUMEHEHNe B IIJIOCKUX TeJie-
BU30paX, IEPBLIM OTeUeCTBEHHBINH Jasep TaKsKe ceJalH Ha OCHOBE COeIu-
HEeHUs rajljInsd.

ITonympOBOAHUKOBBIE MATEPUAJIBI UMEIOT IEJbIN PAJ ITPEeNMYIIeCTB:

— CcTabUJIBLHOCTH CBOIMCTB B PA3JIUYHBIX YCIOBUAX SKCILIyaTaIlnu;

— JIETKO YIPAaBJIATH CBOMCTBAMU IIYTEM M3MEHEHUA COCTABAa, CTPYK-
TYDBI;

— TOTPEeOJIAIOT MaJIO JIEKTPOIHEPTIUH;

— HMEIT MaJible PasMephl 1 BEC;

— TIOJIYIPOBOAHUKOBEIE ITPUOOPHI AEal0T BO3MOMKHBIM ITpeodpaso-
BaHUeE TeIJIOBOI, CBETOBOU U AJNEPHON SHEPTUHU B 3JIEKTPUUYECKYIO;

— TIPOIIECC CTapeHUA B IMOJIYIPOBOJHUKAX HE IPOABJIAETC;

— 06oJbIllad HAJEKHOCTD U JOJITOBEUHOCTD;

— UX IIPOUBBOJACTBO HE CBSI3aHO C YXY/IIEeHNEeM OKPYKaoIleil cpeabl.
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HOBBIE ITIOHJITUA

Penxue meTaiab.

PaccesaubIe MeTaJITHI.
PenxosemenbHbBIE METAJLIIbL.
PagmoakTuBHBIE METAJIIHI.
Vozugublil IUPKOHUIIL.

TBOJIbI.

BepunnueBsie 6poH3EIL.
MeTaribl «00JIBITION YeTBEPKM».
Boabsdpamossie mTabuKy.
AJIEeKTPOHHO-JTyueBasd IIeYb.
«ITapckas BogKa».
ITorynpoBOgHUKOBBIE MaTEPUAJIEI.

BOITPOCBHI OJI51 CAMOITPOBEPKH

TTousiTrie pegKUX METAJJIOB U UX KJaccupuKaus.

HazszoBuTe 0CHOBHBIE CBOIICTBA IIUPKOHUA 1 OEPUJIINSI.

Kaxkue cBoiicTBa 6epuiins o6ecieynBaioT eMy IIPUMeHeHNe B aKyc-
TUYEeCKUX Iprbdopax?

HaszoBuTe ocHOBHBIE CIIJIaBBI IIUPKOHUA 1 OEPUILIIHUA.

Kakue meTanib Ha3bIBAIOTCA TYTOILJIABKUMU?

Hagzosure 061acTu npuMeHeHNA BOJIb(pama.

Kaxkoii TyronysaBKkuii MeTaII UMeeT HAaNOOJBIIYIO IJIOTHOCTE?

YTo TaKOoe TMOJYITPOBOAHNKOBEIE MaTePUaIbI?

Kaxkwue npenmyiecTBa UMEOT HOJIYITPOBOSHUKOBEIE MATEPUAJIBI TP
WX UCHOJb30BAHUU?

el

©CR ok

TECTOBBIV KOHTPOJIb 3HAHUM

1. Yro mpeacTaBiAOT CO0O0M PeaKIe MeTaIbl?
a) 9TO MeTaJlJIbl, KOTOPbIe PACIBLIEHBI B 3€MHOM KOPEe B OUeHb MAJIBbIX
KOJIMYEeCTBaX;
0) aTO MeTaJlJIbI, 00JIaCTh IPUMEHEHUsT KOTOPhIX CPABHUTEJIBHO HeBe-
JIUKA;
B) MeTaJLIbI, KOTOPbIE He HAIIIJIN CeTOMHA IPUMEHEH!A B IPOMBIIIIIEH-
HOCTU;
T) 9TO METaJIJIbI, TeXHOJIOTUA JOOBIYM KOTOPHIX BeChbMa CJIOKHA U JI0-
porocrosAIas.

2. Cpenu HasBaHHBIX METAaJIJIOB HA30BUTE PeIKIE:
a) MaruHmii;

152



TecmnoBolii KOHMPOAL SHAHUI

06) cBUHeI;
B) TrepMaHUIL;
r) Oepujanii, TUTHUI.
3. OcHoBHBIE 001aCTH TPUMEHEHUS PEIKUX METAJJIOB:
a) CeJbX03MAITUHOCTPOCHUE;
0) pamMo’JIEKTPOHUKA;
B) IIOJIYIIPOBOIHUKOBAA MHIYCTPUSI;
T) CTaHKOCTDOEHUE.
4. Kaxoil meTaJi1 uMeeT 00Jiee BLICOKYIO VIAEJIbHYI0 IPOUYHOCTDL?
a) Oepusauii;
0) aJIOMUHUM;
B) THUTAaH;
T) TaHTaJI.
5. Kakoii 13 mepeuncJIeHHbIX METAJJIOB UMeeT HauOOIbIITYI0 TEMIIEPATY-
py miaBiaeHus?
a) moJubeH;
0) HHUOOMIL;
B) IIUPKOHMUII;
T) TaHTaJI.
6. OJEKTPOIIPOBOAHOCTD IIOJYIPOBOAHUKOBLIX MAaTEepPHaJjIoOB OyIeT:
a) OoibIlle, UeM y METAJLJIOB;
6) MeHbIIle, YeM Y MeTAJIJIOB;
B) OMMHAKOBAa;
I) CcpeAHsAs — MeXKAYy MeTa/LIaMU U AUSJIeKTPUKaAMU.
7. K monympoBOIZHMKOBBIM MaTepHaiaM OTHOCSATCS:
a) KpeMHU’Ii;
0) repMmaHwmii;
B) raJjuiuii;
T) Menb;
I) aJIOMUHNIA.
8. Biaromaps KaKuWM CBOMicTBaM OepuJIInii obecrieunBaeT O0JIbIITYIO CKO-
POCTH pacIpoCcTpaHeHU 3BYKa:
a) MaJias IJOTHOCTD;
06) BBICOKAA IIJIACTUYHOCTD;
B) BBICOKAfA YIPYTOCTD;
I) XPYIKOCTb.
9. TyromaaBkuii MeTaJI BOJIb(pam obiagaeT CaeIyOIIUMI CBOMCTBAMM:
a) OoJIbITIaA IPOYHOCTD;
0) OoJbIIas MJIACTUYHOCTD;
B) GoOJIbIITaA IIJIOTHOCTD;
r) GoJbIIasg XPYIKOCTb.
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10. Cpenu «6OJBIINOI UeTBEPKU» TYTOILTIABKUX METAJIJIOB Ha30BUTE HaU-
00J1€€ KOPPO3MOHHOCTONKMIL:

a) BoJsb(pam;

0) HuOOMIi;

B) TaHTAJI;

r) MoJsmbIeH.

I''TABA 14. HOBbIE KOHCTPYKIVMOHHDBIE METAJIJIbI

METOOUYECKUE YKA3AHWM

ObpaTuTe BHUMAaHNE HA TO, YTO CErOAHS BCe 0OJIbIIle B MAIITTHOCTPO-
UTEJILHBIX TEXHOJIOTUAX IPUMEHAIOT HOBble KOHCTPYKIIMOHHbBIE MaTepua-
JIBI — KOMIIO3UTEHI, CILJIABEI C IaMATHIO (DOPMbI, aMOP(HbIE METAJIINUYECKIIe
CILJIaBBI, TIOPOIITKOBLIE CIIJIABEI U AP.

CeromHsa pa3pabaThIBAIOTCA CILJIABHI KOCMUYECKUX TEXHOJOTHUI CHC-
TeMBbI «MeTaJLJI — rasd». II[puMeHeHre TAKUX MaTepHUaJioB BechbMa IepCcHek-
TUBHO B KOCMHUECKO! TeXHUKE, aBHa- U CYJOCTPOCHUU. T MaTePUAJIbI
MOT'yT paboTaTh IIPU BHICOKUX TEMIIEPATYPaX, B arpeCCUBHBIX cpefax, 00-
JaJaroT BBICOKOM M3HOCOCTOMKOCTBIO IO CPABHEHUIO C KJIACCUUYECKUMU
MeTaJIINUYeCKUMH CIIJIaBaMMU.

IIpucrynas K m3ydyeHHUIO 3TUX MaTepruajoB, O0OpaTUTe BHUMaHUE Ha
UX COCTaB, CBOMCTBA, TEXHOJOTUIO U3TOTOBJIEHIA, 00J1aCTh IIPUMEHEHN A,
SKOHOMUYECKYIO IIeJIeco00pasHoCTh. VICIIONIb30BaHME 3TUX MaTepuaJioB
obecreunuT HayYHO-TEXHUUYECKUI IIPOTrPece B PA3JUUHBIX OTPACIAX IIPO-
MBIILJIEHHOCTH.

14.1. IBYXCJIOVIHBIE I MHOTOCJIOVIHBIE
METAJIJIbI (BMMETAJIJIBI)

Mmuorue cBoiicTBa MeTaJIJIOB U CILJIaBOB, U B IIEPBYIO ouepenb MeXa-
HUUYeCKHe, OIPeJeJaloTCA BceM ceueHrneM. Hamnpumep, npu pacTaKeHUN
ONMHAKOBYIO HAI'PY3KY HECYT IIOBEPXHOCTHELIE, 4 TAKKe BHYTPEHHIE CJION
meraJsia. Ho paGoToCIOCOOHOCTE AeTajiell MOKET OINpPeNeIsaAThCS OUYeHb
YacCTO TOJIBKO JIUIIIb COIIPOTUBJIEHUEM IIOBEPXHOCTHBIX CJIOEB.

I 7151 IOBBIIIIEHN S COITPOTUBIISIEMOCTH YCTAJIOCTH, U3HOCY, KOPPO3UH U
IPYTIUM BUIAM PaspyllIeHnsi He0O0XOAMMO UCIIOIb30BATh JU00 JIETUPOBAH-
HbIEe CTaJu, JU0O0 MPOBOAUTEH ITOBEPXHOCTHLIE YIIPOUHEHUA (ITIOBEPXHOCT-
Hasd 3aKaJIKa, XUMUKO-TepMUUYecKasa 00paboTKa).
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14.1. J6yxcaoiinvie u MHO20CAOTIHbLe Memansl (BuMemanivt)

BMecTo 3THX BUOB ITIOBEPXHOCTHOTO YIIPOUHEHUS IPUMEHIIOT IBYX-
¥ MHOT'OCJIOMHBIE MEeTAaJIJILI, Ha3bIBaeMbIe OUMEMALIAMU.

Bumerasibsl — 9TO MaTepHaJibl, COCTOAIINE U3 JBYX Pa3HOPOMHBIX,
IIPOYHO COeAMHEHHBIX MEK Y CO00M MeTaJIJIOB MJIU CILJIaBOB. BuMeTa bl
OBIBAIOT IBYX- U MHOTOCJIOMHBIE.

Ha puc. 31 npuBeseHsl cXxeMbl MOHOMETAJIJIA 1 OMMETAJIJIOB.

8
Puc. 31. MoroMeTaJLI (@), ABYXCIONHEIN (0) ¥ TPEXCJIOMHBIH (6) OMMeTa B

IIpuMeHAIOTCA GUMETAaJIJIBI C IEJIbI0 SKOHOMUH JOPOTOCTOAINX 1 Je-
GUIUTHBIX MaTEPHAJIOB WX KAK MaTePHUaJbl CO CIeINAaJIbHBIMUA CBOMC-
TBaMU.

BumeTaJibl ©3TOTABJINBAIOT C IPUMEHEHUEeM IIPeCCOBaHUA, ITPOKAT-
KU, BOJIOUEHUS, JUThs, HAILJIaBKU. B OMMeTaJljie 3al[UIIAIONIUNA CJIOMN
IIPOYHO COeAMHSIETCS 10 BCell TOBEPXHOCTU COTPUKOCHOBEHUS, 1 OH IIPe/I-
CcTaBJIAET cO00I MOHOJIUTHOE IieJioe. [Ipumepom 6MMETaJI0B ABIAETCA YT-
JIEPOAUCTAA CTAD, JIAKMPOBAHHAS JJETUPOBAHHON KOPPO3MOHHOCTONKOM
craabio. MBroTaBIMBAIOT TaK:Ke OMMEeTaJINUYEeCKYIO CTAJIbHYIO ITPOBOJIO-
KY C MEIHBIM MJIU ATIOMUHUEBBIM IIOKPBITHEM.

I'1aBHOE MpPerMyINecTBO OMMETAJIJIOB — 9TO €r0 MEHBIIAs CTOUMOCTD
110 CPaBHEHUIO C IPUMEHEeHUEeM TOJLKO ILJIaHUPYIOIEro MeTaJa.

Hanpumep, B XMMUYECKON HPOMBIILJIEHHOCTH IIPUA M3TOTOBJIEHUU
IIecTepeH BMECTO JIMCTOB M3 HepsKaBelollell cTaau ToJIuHon g0 40 MM
MIPUMEHSIOT OMMeTasJ. ITO MO3BOJIsIeT COKOHOMUTH 10 80% Hep:KaBero-
miei crauau, uro cocrasisger 50—-60% cTommocTH, ecii ObI MCIIOJIB30BAa-
JIaCh TOJIBKO HEPXKABEIOIAs CTAJb.

IIpoBOJIOKY CTANb-MEb U CTAIb-AJIOMUHUH IPUMEHAIOT B IIPOBOAAX
BO3IYIITHBLIX JUHUM 3JeKTpomepenayd, B KeJe3HOAOPOKHON CHUTHAJIU3a-
nuu. Bumerasinueckasi IpOBOJIOKA CTAIb-AJIOMUHUI IPOYHA, IIJIACTUY-
Ha, OTJINYAEeTCs XOPOIIei 3JIeKTPOIPOBOJHOCTDIO.

IIpuMeHeHVe OMMETAJIJIOB B XUMUYECKOM MAIITMHOCTPOECHUU, CEJIb-
X03MAIITMHOCTPOCHUN U APYTUX OTPACISAX TEXHUKYU IPUBOIUT K 9KOHO-
MUY JOPOTMX MaTePHUaJiOB U IMOBBIIIEHUIO JOJITOBEYHOCTH U HAMEKHOCTHU
B paboTe MaIllMH M MeXaHN3MOB.
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14.2. KOMITIO3UIIMOHHBIE MATEPUAJIbI (CTPOEHME,
CBOVICTBA, CITOCOBbBI ITOJIYUEHWI,
OBJIACTbH ITPMMEHEHMN )

VYemexu HAyKu B 00JIaCTU MaTepuaJOBeleHUsA MPUBEJIN K CO3JaHUI0
HOBOT'0 KJacca MaTepuaJioB — TaK HAa3bIBAEMbIX KOMIIO3UITMOHHBIX, YPO-
BEHb CBOMCTB KOTOPBIX HECPABHEHHO BBIIIIE CYIIIECTBYIOIINX TPAJAUIINOH-
HBIX CIIJIaBOB. KOMIIO3UITMOHHBIE MAaTEPUAJILI UMEIOT BLICOKME 3HAUCHUS
MIPOYHOCTH, KAPOIPOYHOCTHU, KECTKOCTH, COIIPOTUBJIICHUS, YCTAJOCTHU
IpU MEHbINEeH uxX MmIoTHocTH. IIpoo6pazoM co3maHMA KOMIIOSUITMOHHBIX
MaTepruaJjoB SABUJIOCH 0OJIBLIIIOE pa3HOOOpasye OGMOJOTMUYEeCKHX Ommare-
puajoB, KOTOpble 00JaMai0T BLICOKMMU MEXaHUYECKUMU CBOMCTBaMMU.
Hanpumep, o0bIYHOE IepPeBo, ero Kopa W IPeBeCHHA UMEIOT PasInudHbIe
CBOIICTBa, CTPOEHNE, Ha3HAUEeHNE, HO BMECTE C TeM 3TO eAMHOe 11ieJoe. [[py-
roi IpuMep: 3y0 UeJI0BeKa, JKMUBOTHBIX COCTOUT 13 KPOBEHOCHBIX COCY/IOB
¥ HePBHBLIX OKOHUAHUM, KOCTHOI TKAHU W 9MaJn. TaKk 4YTO OOBLIYHBINA 3y0
€CTh He UTO MHOe, KaK mpoodpas KommosuTa. CoueTaHre pasJinUHBIX Me-
TaJIJIOB, CIIJIABOB 1 HEMETAJIJIOB B MHOTOCJIOMHOM BU/Ee ITO3BOJIAET HE TOJb-
KO 00'beIVHUTH II0JI€3HbIe CBOMCTBA OTAEJbHBIX COCTABISIONINX, HO U II0-
JYYUTH COBEPIIIEHHO HOBBbIE KAUeCTBA, KOTOPBIMU HMCXOMHBIE MaTeprabl
He o0JsamaoT. KoMIIO3UIIMOHHbBIE MaTepPHUaJbl IPEACTaBIIIOT cO60I coue-
TaHUE IBYX U 00Jiee XMMUYECKY PA3HOPOAHBIX MATEPHUAJIOB C YeTKON rpa-
HUIeH pasaesia Mexay HUMU. 110 CTPYKTYPHBIM IIPU3HaAKaAM KOMIIO3UTHI
TOIPAa3aeasaoTCA Ha TPU OCHOBHBIE I'PYIIBI: BOJOKHUCTEIE, JUCIIEPCUOH-
HbIe U cJioucThbie. VIX cxeMblI IpeicTaBJIeHBI HA pUC. 32.

Puc. 32. KoMmoauTsl: @ — BOJIOKHUCTHIE, 6 — JUCIEPCHBIE, 8 — CJIOUCThIE

BosokHucmule KOHCMPYKYUOHHbLE MAMePUALbl COCTOAT M3 BOJIOKOH
OHOTO KOMIIOHEHTA, Paclpee/IeHHbIX B APYTOM KOMIIOHEHTe (MaTPUILE).

JlucnepcHvle KOHCMPYKUUOHHbLE MAMEPUAJIbL, COCTOSIINE U3 YACTHI]
OXHOr0 Uy 0oJiee KOMIIOHEHTOB, PACIpeieIeHHBIX B MaTPUIlEe, U 06pasy-
fOII[Ie MeXaHUYECKYIO CMeCh.

156



14.2. Komnosuyuonnvie Mamepuansl...

Caoucmble KOMNO3UUUOHHbLE MAMEPUAJLbL, COCTOSAIINE U3 IBYX UIu 60-
Jiee CJIOEB PA3JINUHBIX KOMIIOHEHTOB. K HUM MOYKHO OTHECTH U OMMeTaJLJIbI.

BonokHucmble KOMNO3UYUOHHbLe MAMePUaibl IO BULY MaTPUILLI Jie-
JIAT Ha MeTaJLINJYecKue, ITOJUMepHbIe M KepaMUYecKue; II0 BUAY BOJIO-
KOH — Ha MaTepuajibl, apMUPOBAHHBIE TIPOBOJIOKOH, CTEKJISHHBIMHU, OOP-
HBIMU, YIJIEPOAUCTHIMY, KEPAMUYECKUMHU U APYTUMU BOJOKHAMM; II0 Pas-
MepaM BOJIOKOH — Ha MaTePUAJIbI C HEIIPePhIBHBIMY UJIN KOPOTKUMU BOJIOK-
HaMM; II0 OPUEHTUPOBKE BOJIOKOH — HA MaTEePHUAJIBI C OAHOHAIIPABICHHBIMHU
WJIV OPUEHTHUPOBAHHBIMU B IBYX U 00Jiee HAIIPABJIEHUSIX BOJOKHAMU.

Jlucnepcuvle KOMNO3UUUOHHbLE MAMEPUANbL — 9TO METAJJILI U CILIa-
BBI, KOTOPBIE COMEP:KAT PaBHOMEPHO pacIipefesieHHbIe YAaCTH OKMCJOB,
KapougoB, HUTPUAOB. IIpu HArpy:KeHUM TaKUX MaTepuaJioB MaTpPUIla
HEeCeT OCHOBHYI0 HATPY3KY, a JUCIIEPCHbIE YaCTHUIIBI JEMCTBYIOT KaK IIpe-
IATCTBUA, 3aJlep:KUBAIOIIe NBUKEHNE MUCJOKaIuii. B HacTodAlee Bpe-
Ms B IPOMBINIIJIEHHBIX MacIITabax IIPOU3BOSAT AUCIEPCHOYIPOYHEHHEIE
MaTepuasbl HA OCHOBE aJIIOMUHUSA, HUKEJA 1 BoJb(hpaMma.

CremneHb [UCIEPCHOTO YIIPOYHEHUA 3aBUCUT OT pa3Mepa, PopMEI yac-
THUI, PACCTOSHUSA MEXKIY HUMU 1 XapaKTepa CBI3H MEKAY YaCTUIAMU U
marpurtieii. Takne MaTepuasibl IOJIYYAOT B OCHOBHOM METOAAMMU ITOPOIII-
KOBOII MeTAJIIypPruu, BKJIIOUYAIOIINMUA U3TOTOBJIEHNE TOHKUX IOPOIIKOB
WJIY TIOPOIITKOBBIX CMeceli ¥ UX MocJeayIollee IpeccoBaHue, ClieKaHue.

[ucrnepcHO-yIpOYHEeHHBIN aJIOMUHUM, cogepakamuin 6-23% ALO,
(cueuenHas amioMmuHueBaA nyapa CAII), sHaUUTEIHHO ITPEBOCXOIUT Je-
dopMupyemMble M JUTEHHbIE AJIOMUHNUEBLIE CIJIABBI MO IIPOYHOCTH IIPU
TemmnepaTtypax Bbiine 300° C. CAII — mepcreKTUBHBIN MaTepUAaJI 11 aBU-
aluy, CyJOCTPOEHUSI, XUMUUECKOT'0 MAIIINHOCTPOEHNA. Ko UCIOMB3YIOT
BMECTO HEPXKABEIOIUX CTAaJIe W TUTAHOBBLIX CILJIABOB B KOHCTPYKITUAX,
paborartorux mpu 300—500 °C, uTo m03BOJISAET 3HAUNTEIHHO YMEHBIITUTD
MacCy KOHCTPYKITHH.

Hawuboabmreii sxapornpourocTthio B nHTepBaJje 1000—-1300 °C obazaer
HUKeJb, YIPOUYHEHHbIN 2—3% IBYOKUCH TOPUSA UJIN YACTUIIAMHU JBYOKUCHU
radpHuA.

Boabdpam, comeprrainuii 1-2% OKMCHU TOPUSA, UCIOJIb3YIOT IJIS U3T0-
TOBJIEHUS BaKyyMHBIX mpu6opos. IIpu temmeparypax Boiire 2200 °C on
SABJSETCS €MUHCTBEHHBIM MATEPUAJIOM, IIPEBOCXONAINNM II0 MPOYHOCTH
HeJIETUPOBaHHBIN BOJIb(paM.

Caoucmole KOMNO3ULUOHHbLE MAMEPUALbL COCTOAT U3 ABYX U OoJiee
CJIOEB PAB3JIMUYHBIX KOMIIOHEHTOB. K HUM MOKHO OTHECTU U OMMETAJIJIBI.
B oTesibHYIO IPynIOy MOKHO BBLAEJUTDL NOJLUMEPHbLE KOMNOZUYUOHHbLE
mamepuanst (IIKM). Ocobernnoctrio IIKM sBigeTcs TO, YTO MATPUILY UX

157



I'1a6a 14. HoBvie koncmpyKyuoHHble Memaitbl

00pasyIoT pasJIMuYHbIe ITOJUMEPHI, CAYKAIIMe CBA3YIOIUMH AJIA apMaTy-
PBI, KOTOpas MOXKET ObITh B BIJE BOJIOKOH, TKAaHH, IJIeHOK. PopMupoBa-
uue ITKM ocyiiecTBIAeTCA IPpecCOBaHneM, JIUTheM, MO AaBJeHnueM, Ha-
ObLJIEHNEM. B IPOMBINIJIEHHOCTH UCHOJIbL3yIoTeA U cMemtanubie ITIKM, Ky-
Ja BXOAAT KaK MeTa/LINYecKHe, TaK M MOJNMEPHbIE COCTABJISIONI[NE, KO-
TOpBIE JOIOJHAIT APYT Apyra mo cBoiictBaM. Cosmansl IIKM Ha ocHOBe
MOJIMATUJICHA, IOJUIPONIJIEHA, IIOJUCTHPOJIA C HATOJHUTEIAMYN B BUIE
acbecTa u JPyTruX BOJIOKOH.

Kiaccuueckie KOMIIO3UIIMOHHBIE MaTePHAJbl MOJYUAIOT II0J 0O0JIb-
VM JaBJIEHUEM, CBapPKOil, BBPHIBOM, AU((HYy3MOHHON CBapPKOI.

CBoiicTBa 3aBUCAT OT CBOMCTB MATPUIIbI, KOJIUYECTBA YIIPOUHUTEI,
HAIIpaBJIEHUA ero YKJIaAKU U APyruxX (paxTopoB. Ecau 3a MaTpuIly npu-
HATh AJJIOMUHUM, a B KAUecTBe BOJIOKOH — OOpHBIE BOJIOKHA, TO CBOMCTBA
TaKOr'o KOMIIO3UTA OYAYT CJIeAYIOIIHe:

a) 100% amromunud, 6, = 7-14 Kr/Mm?;

6) 70% amromunna u 30% GOPHBEIX BOJOKOH, o, = 70—90 Kr/MMZ;

B) 30% amromunus u 70% GOPHBIX BOIOKOH, 6, = 160—-180 xr/mMmm*.

ITpu paboueit remneparype 1200 °C npakTuueckoe MpuMeHeHUe Ha-
XOJAT OUCIEPCHO-YIIPOUHEHHBIE HUKeJEeBble KOMIIO3UTEI, VIPOUYHEHHEIE
YACTUIAMY OKMCH Ira()HUA UJIN OKUCH TOPUI.

OcuoBHAas 00JIaCTH IPUMEHEHIsT KOMIIO3UTOB — 9TO aBTOMOOUJIbHAS,
aBMAIIMOHHAA, XMMUUYECKasd, KOCMHUEeCKas IPOMBIIJIeHHOCTh. B MeTa-
JYPTUU KOMIIO3UTHI UCIIOJb3YIOT B KAUECTBE OTHEYIIOPHBIX MaTepPUAaJIOB.

14.3. MATEPUAJIBI, USTOTABJIMBAEMBIE METOOAMMU
INIOPOIIKOBOW METAJUUIYPTUN

C pasBuUTHEM HOBOI TeXHUKM HEOOXOAWMBI HOBBIE CILIaBLI, oOecre-
YMBAIOIME AEeTaJIsIM CIellajbHbIe CBOMCTBA, TPYAHO JOCTHUraeMble IIPK
M3TOTOBJEHUY OOBIYHBIMU TEXHOJOTUAMU (JINThe, 00paboTKa TaBJIeHUEM,
cBapka). Takue cIyaBhI TOJYUYAIOT METOAOM ITOPOIITKOBOM METAJIIYPruu,
a oOpasyrollue CIJIaBbl HA3BIBAIOT MeTaJIoKepaMudeckuMu. CyThb 2ToOi
TEeXHOJIOTUY 3aKJIIOUAETCA B IIPUTOTOBJIEHNN METAJJINUECKUX TOPOIITKOB,
CMeITeHu s, IPeCCOBaHUS, CIIeKaHUI U B OTAEJbHBIX CIAyUYadX MeXaHuUec-
Koif 00paboTKH.

ITopoIirkoBasi METAJIIYPrus MO3BOJISET MOJYYATh CIIJIABEI JIIOOOTO CO-
CcTaBa M3 MeTAJIINYEeCKUX MU CMECH MEeTAaJJINUYEeCKHNX W HeMeTaJlJIudec-
KUX IIOPOIIKOB, KOTOPhIE IPH IIJIaBJIEHNN B3ANMHO He pacTBopsAoTcs. Ha-
mpuMep, Kejie30 U CBUHEIl, aJIOMUHNN 1 HUKeJIb, Meab 1 rpadur. MeTto-
JIOM IIOPOIIIKOBOM METaJIIyPruy MOXKHO IIOJydYaTh CILJIABBI C 3apaHee 3a-
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IaHHBIMU CBOlicTBaMHU. VICIIOIb30BaHME 9TOT'0 METOAAa 06eclieunBaeT 3Ha-
YUTeJbHOE CHIKeHUe TI0TePh MeTaJljia, JaeT BO3MOKHOCTD NCI0JIb30BaTh
MeTaJIINUYecKre OTXOABI, MeTaJ U IOJYUYAIOTCA TOBBIIIEHHOM TOUYHOCTH,
YBEJIMYUBAETCS UX TOJTOBEUHOCTD.

OgHaKO SKOHOMUYECKHU IeJecO00pa3HO HpPUMEHEHUe ITOPOIITKOBOM
MeTaJLIyPrui TOJbKO IIPKU 00JBIINX MacIITabax MPOous3BOACTBA JeTajeil u
HeOOoJIBIIIOro X rabapura 1 Beca.

CyIIecTBYIOT CJIeYIOIINe OCHOBHBIE CIOCOOBLI IMOJYUEHUST MeTAJIJIN-
YEeCKUX IOPOIIKOB:

— BOCCTAHOBJIEHUE METAJIJIOB U3 OKCUIOB UJIU COJIei;

— 9JEKTPOJIUTUUYECKOE OCaKIACHUE;

— PpacIblIeHNe CTPYH PACIIIaBJIEeHHOI0 MeTaJlIa;

— TepMHUYecKasd AUCCOIUAINA;

— MexaHWYecKoe ApobJjeHme.

B niopoiikoBoii MeTaaIypruy NCH0JIb3YIOT IIOPOIIKY, UMeIoIe pas-
mepbI uactutl B mpeaesnax 0,1 mxm — 0,5 mm. IToporiku xapaKTepusyoTcsa
He TOJBKO Pa3sMepoM YacTHIl, HO 1 uX opMoii. PazimuaioT 0CKOJIOUHYIO,
IJIOCKYIO, TapejabuaTyio, JeHAPUTHYIO0 u chepuueckyoo (opmbl. Popma
YaCTHUIL OIIPE/ieJIeTCA CII0COO0M M3rOTOBIEHHUA.

IIpu MeTogax BOCCTAHOBJIEHUS W MEXAaHMUYECKOM APOOJIEHUM II0JIY-
Ya[oTCA YaCTUIIBI OCKOJIOUHOM (hopMbl. IIpy pacublaeHnn 1 TEPMUYECKO
nucconmanuu — cepuueckoii. I[Ipu nsrorosnenuu gerajeil BaskHOe 3HA-
UyeHe UMEeIOT TaKue CBOMCTBA IIOPOIIIKOB, KAK TeKYyUYeCTh, IIPECCYeMOCTh
U CIIEKAeMOCTb.

Texyuecmdb — CIOCOOHOCTH MOPOIIIKA 3aNOJNHATE hopmy. OHA yxyaIIa-
eTcsA C YMEeHbBIIIeHeM pPasMepPOB YaCTHUIL TOPOITKA 1 MOBBIIIIEHEM BJIaJK-
HOcTu. KostmuecTBEHHOM OIIEHKOM TEKYYECTH ABJIAETCA CKOPOCTh BHITEKA-
HUS TOPOITTKA Yepes oTBepcTue auamMmerpom 1,5—4,0 MM B CEeKYHIY.

Ilpeccyemocmv xapaKTepU3yeTCs CHOCOOHOCTBHIO IIOPOIIKA YILJIOT-
HATBCA IOJ AefICTBHEM BHEIIHEH HArpysKM M IIPOYHOCTBIO CIIEIJIEHUS
yacTulr mocje npeccopanusd. OHA 3aBUCUT OT ILJIACTUYHOCTH MaTepuaja
YaCTHUIl, X PasMepoB 1 ()OPMEI U MOBLIIIAETCSA C BBEIEHNEM B er0 COCTaB
IIOBEPXHOCTHO-aKTUBHBIX BEIIIECTB.

Ilox cnexaemocmyvio TOHUMAIOT IPOYHOCTD CIEILJIEHUS YACTUIL B Pe-
3yJIbTaTe TEPMUUECKOI 00pabOTKY IIPECCOBAHHBIX 3aTOTOBOK.

OcHosHble memanaokepamuieckue cnaasvt. K HUM OTHOCATCA aHTH-
GPUKIMOHHBIE, GPUKIITMOHHBIE, TOPUCThIE CILIABLI AJA (PUILTPOB, SJIEKT-
poTexHUYeCKHe TBepAble MHCTPYMEHTAJbHEIE CIIJIABEI.

AHMU@PUKYUOHHbLE CNJIAEbL USTOTABJINBAIOT HA KEJIe3HOH, MeIHOM
(6poH30BOIT) MM ATIOMUHUEBOI OCHOBE ¢ o0aBIeHMeM rpaduTa B AUCIIEp-
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CHOHHOM coCcTOsAHUYU. TaKMe CIJIaBhl XapaKTePU3YIOTCA MaJIbIM Koa(hdhu-
IIUEeHTOM TPEeHUsd, IOPUCTOCTHIO B Tpeaesax 10—30% (opsI 3aTIOTHAIOTCS
CMa30YHBIMHU MaTepruaaaMu).

PpuryuoHHbLe Cnaa8bl 00IaZAIOT BBICOKMM KO3(M(MUIIMEHTOM Tpe-
HUS U OTHOBPEMEHHO M3HOCOCTOMKOCTHU. X MCIONMB3YIOT B PA3IUYHBIX
TOPMO3HBIX ycTpoicTBaxXx. CocTaB (hpUKIIMOHHOIO CIJIaBa HA JKEJIe3HOM
OCHOBE COIEPsKUT MeJb, CBUHEI, rpaduT, KpeMmueseM, acoecT, CepHOKHUC-
JbIH Oapuii. AcOecT 1 KpeMHe3eM 00ecIeunBaloT BHICOKUIT KO3 hUuImesT
TpeHus, rpaduT NpeJoxpaHsaeT OT UCTUPAHUS U U3HOCA, CBUHEIL OT Ypes-
MEepHOI'0 HarpeBa U o0eCIeUMBAET IIJIABHOE TOPMOKEHIMe, Meb IIPUIAeT
XOPOIIIYIO TEIJOIPOBOAHOCTb, CEPHOKMCJIBIH 6apuii yCTpaHIeT IPUInIIa-
€MOCTD TPYIIIUXCS TOBEPXHOCTEH.

Ilopucmuie cnaaébvt 0ns QuUALMPOE UBTOTABIUBAIOT M3 IIOPOIIKOB
OpOH3LI, JIATYHU, HUKEJ I, TUTaHa, HuxpoMa. [[loprcTOCTh TAaKUX CIIJIaBOB
cocrasiser 40—60% wu Boitre. {151 COXpaHeHUs IOP P CIIEKAHUY BBOJAT
cmenuagbHble T00aBKU, KOTOPHIE YIETYUYNBAIOTCS IO BO3IEMCTBUEM BbI-
COKUX TeMmepaTyp. PUILTPHI NCHOJIB3YIOT IS OUUCTKU KUIKOTO TOPIO-
yero, MaceJi, ra3os, BO3Iyxa.

dlekmpomexHuiecKue CnJiasbl UCIOJIb3YIOT AJIS U3rOTOBJICHUS IIe-
TOK 2JIEKTPUUECKUX MAIIUH U PA3JUUYHBIX KOHTAKTOB. OHU JOJI’KHBI 00-
JalaTh BBICOKOI 3JIEKTPOIIPOBOAHOCTHIO U M3HOCOCTOMKOCTHIO. B cocTaB
ATUX CIIJIABOB BXOAUT ITOPOIIKOBAS MeIb M MEJKOJUCIIEPCHBIN IOPOIIOK
rpaduTa. Marepuajbl JJid 9JIeKTPUUYECKUX KOHTAKTOB JOJKHBI 00/1a1aTh
XOPOIIUMHU 3JIEKTPOIIPOBOAHOCTHIO, TEILJIOIIPOBOTHOCTHIO, TBEPAOCTHIO,
M3HOCOCTOMKOCTHIO. OTU CBOMCTBA ITOJIYYAIOT B CIIJIaBe Ha OCHOBE BOJIb-
dpama 1 mexu, moaubaeHa 1 cepebpa. WaponpouHble 1 JKapOCTOHKME TI0-
POIIIKOBBIE MaTepPHaJIbl COCTOAT U3 MOPOIIKOB KapOu0B TUTaHA, HUKEJI,
XpoMa, MoJmbLeHa, a TaK)Ke M3 OKUCJIOB aJIOMUHUA, [epusd, 0epuiind.
Taxkwue crmaBbl paborator mpu Tremieparype 900—-1000 °C.

Cneyennuvie anromunuesvie cnaasvl (CAC) mIpuMeHAIOT TOTAA, KOTIa
IyTeM JUTHA U 00pabOTKM JaBJIeHHEM TPYAHO IMOJYYUTH COOTBETCTBYIO-
muii ciiaB. MsrortoBasaor CAC ¢ 0cobbIMu (PUBUUECKUMEU CBOMCTBAMMU.
CAC copepskat 00JIbIIIOE KOJHUYECTBO JIETHPYIOIUX 3JI€MEHTOB (HAIIPHU-
mep, CAC1: 25-30% Si, 5-7% Ni, ocransuoe Al). 13 CAC1 menaror me-
TaJau IpubopoB, PaboOTAIOIMUX B IMape CO CTajbio MpHU TeMmieparype 20—
200 °C, xoTopble TPeOYIOT coueTaHUA HU3KOT0 K03 (PUIINEeHTa JUHEHHOTO
pacIInpeHuA ¥ MaJIoH TeIJIOIPOBOJHOCTH.

Bce 6osee mmporoe mpuMeHeHNE MOJYyYAa0OT KOMIIAKTHBIE MaTepua-
Js1 (1-3% TOpPUCTOCTHM) U3 TIOPOIIIKOB YIJIEPOJUCTON U JernpOBaHHON cTa-
Jgu, OpOH3, JaTyHeH, CIIJIAaBOB aJIOMUHUA ¥ TUTAHA IJS UBTOTOBJIEHUSA
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BCEBOBMOJKHBIX IIECTEPEH, KYJAaUKOB, KPAHOB, KOPITYCOB IMOAIIUITHUKOB,
IeTaJsieil aBTOMaTUYeCKUX IIepefayd 1 JPYTUX JeTasieid MalliH.

CroticTBa cTaJjeil, MOJyYeHHBIX 13 TIOPOIIKOB IIOCJIE TEPMUUECKOIL 06-
paboTKM, BO MHOTHX CIYYasX YCTYIIAIOT CBOMICTBAM CcTaJjeil, oIy UYeHHbIX
OOBIYHBIMUM METAJIIYPrUUYeCKMMU MeTomaMu. I[09ToOMy pPeKOMeHI0BATH
TIOPOIITKOBYI0 TEeXHOJIOTHUIO MIJIs1 BBICOKOHATPYKEHHBIX CTAJbHBIX JIeTa-
JIeii Hesb3s. BesencTBre 60see HUBKMX MEXaHUYECKUX CBOMCTB, BHICOKOM
CTOMMOCTM MCXOJHOTO MaTepuaJja M SHEProeMKOCTHU IIPoIlecca CIIeKaHMA
TIOPOIIIKOBaA KOHCTPYKIMOHHAA CTaJIb MOYKET OBITh MCIIOJIH30BaHA TOJIb-
KO [IJI1 M3TOTOBJEHUS MAJIOHATPYKAEMbBIX M3JIeJNH, TJIaBHBIM 00pasoM
TpocTOoii (DOPMHI.

ITopormikoBass MeTaJJIyprusA IO3BOJIAET YBEJIUUYUTH KOI(DGUIIUEHT
WCIIOJIb30BAHUA METAJIJIA M IMOBBICUTH IIPOU3BOJUTEIBHOCTE TPYyAa. KO-
HOMMUUYECKas 9PPEeKTUBHOCTDL JOCTUTAETC OJjlaromapsa COKPAIEHUIO MU
TIOJTHOMY MCKJIIOUEHUWI0O MeXaHUUYEeCKoi 00paboTKu. BeiencTBre BBICOKOI
CTOMMOCTH IIpecc-hOopM USTOTOBJIEHNE eTajel MaIlInH MEeTOAaMHU ITIOPOIII-
KOBOI MeTaJIIypruu 3(pPeKTUBHO TOJIHLKO B MaCCOBOM ITPOM3BO/ICTBE.

IIpuMmeHeHMEe TTOPOIIKOBBIX MAaTEPHAJIOB PEKOMEHIYyeTCA TPU M3TO0-
TOBJIEHUHU JAeTajel MPOCTON CHMMETPUYHOM (popMbI (IIUIUMHIPUUECKUE,
KOHHMYECKUe, 3y0uaThie), MaJIbIX Macc 1 pasMepoB. KoHcTpyKIua u opma
IeTasv TOJIXKHBI ITI03BOJIATH PABHOMEDPHO 3aIOJHATH MOJIOCTh IIpecc-(hop-
MBI IIOPOIITKaMH, UX YILJIOTHEHNE, paclipe/iejieHre HATPAMKEHN N U TeMIIe-
paTyphI IpPU MPECCOBAHUY U yAAJCHUH U3AeJIUA U3 Ipecc-(OPMBI.

14.4. CIIJTABBI C ITAMATDBIO ®OPMbI

B 1963 r. 6b1s BIIepBBIE ITOJYYEH CIIJIaB HUTUHOJ, COCTOAIITNH u3 50%
Hukesau 50% turana. ITosske Ob1JI yTOUHEH X MMAYECKHII COCTAB HUTHUHO-
na (45% Tturana u 55% HUKedsd. ATOT ciyiaB 00JIafaeT BICOKOI ITIPOUHOC-
TBHIO ¥ IIJIACTUYHOCTHI0. OTHAKO TJIaBHOE CBOMCTBO TOT0 CIIJIaBa 3aKJII0Ua-
eTCsI B ero CITOCOOHOCTH K 3aIIOMHUHAHUNIO (hOPMBI U CBEPXYIPYTrocTh. Ec-
JIA STOMY CILJIaBY IIPUAATH HYKHYIO (JOpMY B BHe KAKOT0-I100 M3IeInsd,
a 3aTeM ITOBTOPHO IIpoedopMupPOBATh IpU OoJiee HU3KOIM TeMIlepaType,
TO IIPY HATPEeBe BOCIPOUBBOAUTCA pasMep u (hopMa usfeansd, IpugaHHbIe
nepBoHavYaJbHOU Aedopmariuei (apdert mamsaru). I3 aToro criaBa nsro-
TaBJIMUBAIOT OaMIIepPhl ¥ KY30BHEIE JleTaJIu aBTOMOOMJIEH, caMOpPa3BEPTHI-
BAIOIIMECs YCTPOMCTRA AJIsI KOCMUUECKUX allllapaToB, OH IPUMEHSIeTCA B
aBTOMAaTHUUYECKUX peJie IPOTHBOMOKAPHBIX YCTPOUCTB. BexyTca paboThl
HaJ CO3JaHWEM HUTWHOJOBHIX TEIJIOBBIX ABUTrATeJeN AJA IpeoOpa3oBa-
HUs sHepruu ¢ BbicokuM KIIII.
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I'1a6a 14. HoBvie koncmpyKyuoHHble Memaitbl

IITupoKoe mpuMeHeHNe IOy YN HUTHHOJ U B MEAUIINHE, UTO CBA3a-
HO HE TOJIBKO C er'0 IaMATbI0 (DOPMBI M KOPPOSHUOHHOMN CTONKOCTBIO, HO 1
COBMECTHMOCTBIO C TKAHAMU opraHusma. IIIupoKoMy BHEIPEHUIO TAKUX
CILIABOB IIPEISATCTBYIOT CJOKHOCTH B IIOJYUYEHUU TOUHOI'O XMMUUECKOTO
COCTaBa, CO3NAHUY OJHOPOLHON CTPYKTY PHIL.

14.5. AMOP®HBIE METAJIJIMYECKWE CIIJTABBI
(METAJIJIMYECKOE CTEKJIO) 11 CITJTIABbI
KOCMMYECKOM TEXHOJIOIMA

Teopus KpuCTaIIU3aIUU KUIKOCTEH AOMYyCKaeT BOZMOYKHOCTH Ta-
KOT0 CUJIBHOT'O IIE€PeOoXJaKIeHUs PacCIlJIaBOB, IPU KOTOPOM UMCJO IIEHT-
POB ¥ CKOPOCTH POCTA KPUCTAJIJIOB CTAHOBSTCS PABHBIMU HYJIIO, U JKUI-
KOCTb, 3arycTeBas, IpeBpaliaeTcs B CTEKJIO, He IIPeTepIeBas KPUCTaLIn-
3anuu. Bece mesio 3aKJI0YaIOCh JIUITH B CO3TAHUN T€XHOJOTUU OBICTPOTO
oXJIasKAeHUsA. BblI IpuMeHeH crnocol, TPy KOTOPOM JIeTAIlas BHU3 Kall-
JIS "KUAKOT0 MeTaJlja PACILIIONIMBAETCA MEMKIY ABYMS XOJIOAHBIMU Me/I-
HBIMU ILJIUTaMU, IT0Iaasi Ha GBICTPO BPAIAIOIINICA JUCK-XOJOAUIbHUK.
Ha sTom aucKe KaImisd MeTaJjjla pasMa3bIBaeTCs B BUE TOHKOM IIJIEHKU.
IIpu ckopoctu oxyaaxgenusa 10°—10° rpajg/c mosydaroT aMoOp(HLIN MeTaJI-
JUYecKui ciias. AMOpGHBIE CIJIaBbl OTINYAIOTCA XOPOIITNM COUeTaHUEeM
bUsNUECKUX, MEXaHUYECKUX U TeXHOJOIMYECKUX CBOMCTB.

IIpu Gonbiux TOMIITMHAX aMOpP(U3aIisa He IPOUCXOIUT, TAK KaK pe-
MIAIONIYI0 POJIb HAUMHAET UT'PATh TEILJIOOTBOJ OT CPEJHUX CJIOEB MeTaJ-
Ja. IloaToMy TaKwe CIJIaBbl MOKHO ITOJIYYATh TOJBKO B BUe TOHKOMH JIeH-
ThI, (OJBIU, TPOBOJOKU. AMOpPGhHEIE MeTaJINYEeCKHe CILIaBbl 00JIafaioT
UIeaJbHON XUMUYECKOHM OJHOPOAHOCThI0. AMOP(MHBINA CIIJIaB JKeJie30-Hu-
KeJIb-XPOM COBEPIIIEHHO He KOPPOAUPYET B PACTBOPE COJIAHONM KHCJIOTHI.
W3 sTUX CIJIaBOB M3TOTABIMBAIOT JIE3BUS PEKYIIUX MHCTPYMEHTOB, Be-
IYTCSA TIOUCKY MOJYUYEeHU A TAKUX CILJIABOB C OOJIBIIIMMY TOJIIIUHAMU.

Cnaasvl Kocmuveckoil mexHoozuu. B HeBecoOMOCTH IJIaBKY MeTaJljia
MOJKHO BecTU 0e3 TUTJIA, TaK KaK PacIljiaB IIof JefiCTBUEM HOBEPXHOCTHO-
T'o HATAMKeHUs IpuHUMaeT (GopMy Itapa, CBOOGOAHO MOBUCAIOIIET0 B IIPO-
CTpAHCTBE.

IIpu momotu 9JeKTPUUYECKUX W MATHUTHBIX IOJIeH MOMKHO IIPUAATH
mapy Jobyio dgopmy. Biarogapsa TaKUM yCJIOBUAM, IOSBUJICA HOBBIH Ma-
TepuaJ — CILJIaB MeTaJljla ¢ rasaMu. B HEBECOMOCTHU I'a3 XOPOIIIO PaCTBOPS-
erca B pacmiase. Ciias, cocroAmuil mo Becy Ha 87% wus rasa u 13% wus
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HoBvte nonamus

craJiu, IJIaBaeT B BoJie, KakK IMIPoOKoBoe aepeBo. IIprnMeneHme BCIIEHEHHBIX
MaTepuaJioB B KOCMUYECKOH TeXHUKe, B aBUAa- U CYIOCTPOEHUH BeChMa 1ep-
crieKTUBHO. BoJibIlirie BOBMOKHOCTH OTKPBIBAET KOCMUYECKAasd MeTaJLIyp-
U B 00JIaCTH MOJYUEHUS CIIJIABOB UCKJIIOUUTEIBHO BHICOKOM UMCTOTHI.

HOBBIE IIOHATW A

IInaxupoBaHue.

Bumeranabr.

IIpoBon cTanb-Menb.

KoMnosuioHHbIe MaTepPuabl.

HucnepcHbIe KOMIIO3UITMOHHEIE MaTepPUaJIbl.
ITonumepHbIE KOMIIO3HUITNOHHBIE MATEPUAJILI.
IToporrikoBass MeTaJIyPIrus.

TeKyuecTh, IPECCYEMOCTh, CIEKAEeMOCTh MEeTaJIJINUYeCKUX ITOPOIIIKOB.
AHTUQPUKITIOHHBIE METAJJIOKepaMUYeCKHe CILIaBbI.
DpUKINOHHBIE MEeTAJIJIOKepaMUUeCKUe CIIJIaBhl.
CrieueHHBIE AJTIOMUHNEBbIE CIIJIABbI.

Huruwou, cuiaBbl ¢ IAMATHIO (POPMEIL.

AnmopdHbBIe MeTaJLTNYECKNe CILIABbI.

CiiaBbl KOCMUYECKOM T€XHOJIOI M.

KoMnakTHBIE IIOPOIIIKOBLIE CIIIABEL.

BOIIPOCHI OJI51 CAMOIIOOTOTOBKN

IlorsiTre IBYXCJIONHBIX OMMETAJIIIOB.
C KaKoii 11eJIbI0 IIPUMEHAIOT OMMeTaJJIbI?
HasHaueHue OMMeTaJIJINYECKON IPOBOJIOKKM COCTABA CTaJIb-aJIIOMU-
HUH.
HatiTe onpeeseHre KOMIO3UIIVOHHLIM MaTepuaJiaM.
Kaxoe cTpoeHMEe UMEIOT KOMIO3UIIMOHHBIE MATEPUAJII?
Yro aBUIOCH TPOOOPA3OM CO3NAHMA KOMIO3UIIMOHHBIX MaTepraJjoB?
HazoBuTe cocTaB CMeIIaHHBIX ITOJNMEPHBIX KOMIIO3UITMOHHBIX MaTe-
puaJIoB.
B uem mperMyIecTBO M HEJIOCTATKY METAJIJIOIMOPOITKOBOM T€XHOJIO-
'Y U3TOTOBJICHUS AeTajeii?
9. HasoBuTe 0CHOBHBIE BUALI METAJJIOKEPAMUUYECKUX CIIJIABOB.
10. B ueMm CYII[HOCTS CIIJIABOB C IaMATHIO (DOPMBI?
11. TexHoJsOrus MOJYUYEeHUS 1 OCHOBHBIE CBOHICTBA aMOP(MHBIX MeTaJIJIu-
YeCKUX CILJIaBOB.
12. B ueM CyILIHOCTSH IIOJIYYEHUA CIIJIABOB KOCMUYECKOI TEXHOJIOTUU?

o

NSk

o
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I'1a6a 14. HoBvie koncmpyKyuoHHble Memaitbl

1.

7.

TECTOBbBIV KOHTPOJIb 3HAHUM

TexHOJIOr U MOJAYUEHUA OMMETAJIJIOB IPOUCXOAUT C TIOMOIIIBIO:
a) TepMHUUYECKOIl 00paboTKM 3aKaIKHU;

6) 06pabOTKU AaBJI€HUEM-BOJIOUCHLIEM;

B) XUMUKO-TePMHUUYECKOI 00paboTKM;

I) IIpeccoBaHUs.

C KaKoi1 1eJIbI0 TPUMEHAIOT OMeTaLIbI?

a) B IeJIAX S9KOHOMUHU KOHCTPYKIIMOHHBLIX MATEPHUAJIOB;

0) [Jisd IOBBIIIIEHUS HAIeKHOCTHY U JOJTOBEYHOCTU UL

B) [OJIA YIYUIIEHUA CTPYKTYPHI U CBOMCTB II0 BCEMY CEUEHUIO JeTaJIH;
r) [Jis IOBBIIIEHUS IIJACTUYHOCTA KOHCTPYKITMOHHOTO MaTepuraJa.
Kaxoe cTpoeHre numMeeT KOMIO3UITMOHHBIN MaTepuaa?

a) KPYITHO3E€PHUCTOE;

0) MeJIKO3EepPHUCTOE;

B) BOJIOKHUICTOE;

T) CJIOHCTOE.

KomMmosuiinoHHbIe MaTepHUabl ITOJyUaioT C TOMOIIIBIO:

a) MeXaHUYEeCKOH 00paboTKU;

6) 06paboOTKU AaBJICHUEM;

B) 06pabOTKOI JaBJIeHEM U CBapPKOI;

) MeXaHMYeCKOH 00paboTKOI U JaBIeHUEM.

CriekaeMOCTh METAJIJINUECKUX IIOPOIITKOB IpeTHASBHAUEHA JJIA:
a) TMOBBIMIEHUSA IJIACTUYHOCTH;

0) TOBLIMIEHUS TPOYHOCT;

B) MOHUKEHUS IIJIACTUYHOCTH;

T) IOBLIMIEHUS YAaPHOUN BA3KOCTHU.

P pUKIIMOHHBIE TTOPOIITKOBLIE CIIJIaBLI 001a1aI0T:

a) BBICOKUM KO03(h(HUITMEeHTOM TPEHU;

0) MBHOCOCTOMKOCTBIO;

B) BBICOKOM ITOPUCTOCTHIO;

T) BBICOKOMH 3JIEKTPOIPOBOTHOCTHIO.

B cocTaB QPUKIIMOHHBIX CILIABOB Ha YKEJIE3HOU OCHOBE BXOLAT MeIb,

CBUHeI], rpaduT, KpeMHeseM, acbect u np. Kakue 1o6aBxu o6ecneynBaoT
BBICOKUH Koa(dduimenT Tperusa?

a) MeIb;

0) KpeMHe3eM;
B) CBUHEII;

r) acbecr.
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15.1. Budut koppo3suu memaii108 u cniabob

8. CmiaB ¢ maMATHI0 (GOPMBI IMEET TJIABHOE CBOMCTBO B €T0 CIIOCOOHOCTH
K 3anmoMuHaHWIO (hopMbl. KaKuMu e1rfe oJie3HBIMY CBOMCTBAMU 00J1ajaeT
aTOT cuyias?

a) BBICOKOM KOPPO3MOHHOM CTOMKOCTHIO;
0) BBICOKOU yIIPYTOCTHIO;
B) COBMECTHMOCTBIO C TKAHIMU OPraHM3Ma YeJI0BEeKa;
T) HU3KOI KOPPO3UMOHHOM CTONKOCTHIO.
9. AMop(dHEBIe MeTaIJTnUYeCKHE CIJIABBI ITOJYYAIOT C IIOMOII[bIO:
a) KPUCTAJJIM3aINU JKUAKOr0 paciiiaBa B (hopMe;
6) 06pabOTKM AABJICHUEM;
B) TOPOIIIKOBOM MeTaJIJIypPruu;
I) CHOeuaJbHOTO OXJIAMKIeHUA 0e3 3aposKJeHUA IIEHTPOB KPUCTAJIIN-
3aI[U1 U POCTA KPHUCTAJIJIOB.
10. Kaky:o poJib urpaet B (ppUKIIMOHHBIX TIOPOIIIKOBBIX CIIJIaBaxX HoOaBKa
menu?
a) TIOBBIMIAET M3HOCOCTONKOCTD;
0) IIOBBIMIAET TEIJIOTPOBOTHOCTD;
B) yCTpPaHAET IPUIUNAEMOCTD TPYIIUXCA ITOBEPXHOCTEH;
T) TOBBIMIAET KO3MOUIIMEHT TPEHUA.

IJIABA 15. KOPPO3WMsI METAJIJTIOB
M KOPPO3MOHHO-CTOMKWE MATEPUAJIbI

15.1. BUAbI KOPPO3MWM METAJIJIOB 1 CITJIABOB

Kopposueii (1aT. — pasbenaHie) MeTaJJIOB U CIIJIABOB Ha3bIBAIOT pas-
pyllieHre UX IOJ AeHCTBHEM BHeITHel cpefbl. Kopposmomnuoe paspyiiie-
HUe MeTaJjljia HAUMHAETCs ¢ TIOBEPXHOCTH U IMIOCTEIIeHHO PacIpoCTPaHAeT-
cs BriIyOb. EKeroguo oT Koppos3uu r’ibOHYT COTHU THICSY TOHH METAJLIOB,
BOILJIOIIIEHHBIX B MAIIIMHBI, CTPOUTEJIbHBIe KOHCTPpYKIuu. Oco0eHHo Be-
JIUK yIIep0 OT KOPPO3SUM MeTaJljia Ha TPAHCIIOPTE U B 9JIEKTPOX03AMCTReE.
IIpoGiemamu GOpPBLOBI ¢ KOPPO3MEN 3aHATHI JeCATKM HAYYHBIX MHCTHUTY-
TOB B PA3HBIX CTPaHaAX MUPA.

Ilo GpUBUKO-XMMUYECKOMY XapaKTepy PasaudaioT KOPPO3UIO ABYX
BHJIOB: XMMHUUYECKYI0 U 3JEKTPOXUMHUECKYI0. XUMUUECKON KOpPpPO3Ue
HasbIBaeTCA TAKOM THUI KOPPO3WU, KOTJAa METaJJI B3aUMOAEHUCTBYET CO
cpenoii, He TPOBOAAIIEHN 3JIEKTPUUECKOTO TOKa. [IpmMepoM XuMUUeCKOH
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I'1a6a 15. Kopposua memainro8 u Koppo3uoHHo-cmotiKie Mamepuaisl

KOPPO3UU MOJKET CAYKUTH B3aNMOAeHCTBIE MeTaJJja ¢ KUCJIOPOoIoM (0Co-
OeHHO ITPU BBICOKUX TeMIIepaTypax), CEpOBOIOPOIOM, CEPHUCTHIM Ta30M.

JIEKTPOXUMUUYECKAS KOPPO3UsS IIPOUCXOIUT IIPU B3aUMOAEHCTBUMI
METaJIIOB U CIJIABOB C KUAKOCTAMU-3JIEKTPOJUTAMU, IPOBOLSAIIUMU
2JIEKTPUUECKUH TOK (Boja, Imap, BOAHBIE PACTBOPLI COJIEH, ITeIouei, Kic-
Jaotbl). Clofa OTHOCUTCA TaKsKe Kopposus B aTrMmochepe (arMmochepHasa Kop-
posusi), TaK Kak BO3AYyX BCEr/la COAEPIKUT HEKOTOPOe KOJIUYECTBO BJIaru,
00BOJIaKMBAIOIIE! TOHKOU IIJIEHKOII MeTaJlInuecKre U3aesns.

IIpu xuMHUUYecKoil KOppO3UM MeTaJJ, COIPUKAcasach C ra3aMu, BCTY-
TaeT ¢ HUMU B XUMUYeCKOe B3auMOIelicTBIE, B pe3yJIbTaTe uero Ha IIoBep-
XHOCTH MeTaJjijia 00pasyeTrcs IIJIeHKa OKucJoB B Buze FeO, FeS.

Kopposusa passuBaeTcs BO BpeMeHH, 1 XapaKTep ee PaspyIlIeHusa Me-
Taja mpencTaBieH Ha rpadukre (puc. 33). CHauasa mpu COIPUKOCHOBE-
HUU MeTaJljla C TadaMU OKMCHAaA IIJIeHKa (KOppo3usA) pacTeT MHTEHCUBHO
(otpesokr O — a), 3aTeM ¢ yObIBaIOIell MHTEHCUBHOCTHIO OTPE3OK (@ — 0).
9TO yKas3bIBaeT Ha TO, UTO IJIEHKA OKa3bIBaeT 3all[UTHOE IeHCTBIE IPOTUB
KOPpPO3uu.

a / 6
A V4 8

TonwuHa nneHKu

P58 )

0 Bpems Okucen

Puc. 33. 'paduk pasBUTHS XUMHUUYECKON KOPPO3UH BO BpeMeHu (a) 1 cxema
B3aUMO/eICTBUA rasda ¢ METAJJIOM IIPU XUMUYECKOI Kopposuu (6)

C TeueHHEM BpeMeHU KOPPO3UA 3aTyXaeT, HO He ImpeKpalrnaercd (0T-
pe3ok 6 — ). C noseitieHueM TemMuepatypsl 10 800—900 °C cKopocTsb KOp-
pO3UHU YBEJIUUYNBAETCA B AECATKHU Pas.

CKOpOCTh pas3pyIlleHusA METAJJIOB IPU SJIEKTPOXUMHUECKOH KOPPO-
3 3aBUCHUT OT COCTABA 3JIEKTPOJINTA, IPUPOALI METAJIJIA. DJIEKTPOJIUTOM
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15.2. Budvl Koppo310HHO020 paspyuleHus

B JAHHOM CJIy4Yae BBICTYIAIOT 3JIEKTPOIPOBOAHLIE MKUSKOCTH U Pa3jind-
HbIE Cpelbl, TAKNe, KaK MOPCKAs M PeYHAs BOAA, BJAMKHBINA BO3AYX 1 T.J.
B 5/IeKTpOJINTE TTOJIOKUTEIHLHO 3apAKeHHbIe NOHBI MeTaJLIa IePeXondaT B
pacTBOp, B pe3yJbTaTe Uero MeTAJLT 3apAKaeTcsda OTPHUIlATeIbHO, a dJIeK-
TPOJIUT — IIOJIOKUTENbHO. Ha rpaHuiie MeTaLI — 3JIEKTPOJIUT BO3SHUKAET
PasHOCThH IOTEHITAaJI0B. Koppo3noHHasa CTOMKOCTEh PAa3JINUHBLIX MaTepua-
JIOB OIIEHMBAETCS CPABHEHNEM X MOTEHI[MAJIOB C IIOTEHIIMAJIOM BOAOPOIA,
YCJIOBHO IPUHATHIM 34 HYJIb. YUUTEIBAS 9TO, METAJLILI MOMKHO PACIIOJIO-
JKUTDb B PAJ B MOPAIKe YOBIBAHUS UX 9JIEKTPOXMMUYECKOr0 IIOTEHI[AIa:
30JI0TO, cepebpo, Meab, BUCMYT, OJIOBO, CBUHEI[, HUKeJIb, KOOAJLT U T.H.
CremoBaTesbHO, SJIEKTPOXUMUUYECKAA KOPPO3UA BO3SHUKAET, €CJU B KOH-
TaKTe C 3JeKTPOJUTOM ABA PA3JNUYHBIX 110 XUMHUYECKOH aKTHBHOCTHU Me-
TaJjijaa uiau ciaBa. MeTasi ¢ 6ojee OTpUIlaTEIbHBIM IIOTEHITNAJIOM (AHOM)
HeIIPePLIBHO PACTBOPSETCS, 4 C MeHee OTPUILIATEILHBIM (KaTo/) He PaCTBO-
pdAercsa. Tak KaK Bce MeTaJIInUeCKUe CILIaBbl HEOJHOPOAHEI IT0 COCTABY, a
CJIEIOBATEJIHLHO, U II0 UX IIOTEHITNAJIAM.

15.2. BUbI KOPPO3MOHHOI'O PA3SPYIIEHW

ITo xapaKTepy U MeCTy paclipoCTPpaHEeHUs KOPPO3us ObIBAET ITOBEPX-
HOCTHaA CILJIOIITHAS PaBHOMEpPHAadA, ITIOBEPXHOCTHAA MECTHAS, IOBEPXHOC-
THas CIJIOIIHAS HepaBHOMEpPHAs, MEXKPUCTAJLINTHAS, TPAHCKPUCTAJI-
JUTHAA U IO HaTps:KeHueM (puc. 34).

IIpu Me:KKpuCTaAIJIUTHON KOPPO3UH METAJLI MJIX CILJIAB pas3pylinaeTcs
10 TPAHUIIaM 3epPeH, PacCIpPOCTPAHAACH BIVIYOb U He BBISLIBAA 3aMETHBIX
M3MeHeHUI Ha MOBEPXHOCTHU. OTO OAMH U3 OMACHBIX BUIOB KOPPO3UH.

IIpu TpaHcKpucTadIUTHON (MIM M30MPATESIbHON) KOPPO3UMN Pas3py-
IIEHUIO IIOABEPTaOTCSA HEKOTOPhIE CTPYKTYPHBIE COCTABJIAIONINE METAJI-
Jja, Torma Kak Apyrue KOPPO3MOHHOMY PaspyIleHHWI0 He II0ABEepraroTcs,
WM paspyllieHne IPOUCXOAUT II0 OIMpeaeeHHBIM KpucTajjorpaduuec-
KUM HAIPaBJEHUIM, YePes OTAe/IbHbIe KPUCTAJLIIEL.

Kopposus nog HanpsKeHueM ABJIAETCS OJHON M3 caMbIX OMACHBIX,
TaK KaK HANPAMKEHUA DPACHPeNesdioTcs B MeTaJlle HePaBHOMEPHO U
BBISHLIBAIOT HEPABHOMEPHYIO KOPPO3UIO II0 rpaHuiiam seped. Kopposus
oS HaNpAMKeHUeM (MM KOPPO3MOHHOE pacTpPeCKUBaHUE), KAK IIPaBU-
JI0, BOBHUKAET TOJBHKO IIPU YCJIOBUU OJHOBPEMEHHOI'O B3aUMOIENCTBUSA
OIlpeleIeHHBIX arPeCCUBHBLIX Cpel 1 CTATUYECKUX PaCTATUBAIOIIUX HAa-
OpAKEeHUN.
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I'1a6a 15. Kopposua memainro8 u Koppo3uoHHo-cmotiKie Mamepuaisl

a 6 8
| mesavtncrnavasascesan e | ' =
2 0
Mpodykmel
P ' Kopposuu

Puc. 34. CxeMbI pa3JINYHBIX BHJOB KOPPOSMOHHOT'O PA3PYIIEHUA: @ — IIOBEPXHOCTHA A
CILJIOIITHAS PaBHOMEpHAdA; 6 — IOBEPXHOCTHASA CILJIOIIHAA HepaBHOMEDHA;
6 — IIOBEePXHOCTHASA MECTHA; 2 — MEKKPUCTAJJINTHAA; 0 — TPAHCKPUCTAJIINTHAS

15.3. METObI 3AIIINTBI METAJIJIOB " CIIJIABOB
OT KOPPO3UMN

ITpu BEIOOpPE MeTOAA 3ATITUTHI HEOOXOJMMO YCTAHOBUTDL IPUUUHY U yC-
JIOBUS 3aIITUTHI, TaK KaK METOJ JAJIA OJHUX JAeTaJjeil, XOPOIITo mMpeIoXpaHs-
IOIUI B OMHUX YCJIOBUSX, B IPYTUX YCIOBUAX Hed((HEeKTUBEH.

Bce meToan! 3aI{UThI METAJLIOB U CILJIABOB OT KOPPO3UM MOYKHO Pas-
IeJUTh HA YeThbIpe I'PYIIIIEI:

a) samqura o6paboTKOM BHEIITHEH Cpelbl;

0) 9JIEeKTPOXMMUYECKAs 3aIUTa;

B) B3alUTHBIE TIOKPBITUA;

T) JerupoBaHUE.

3awuma obpabomroii HewHeil cpedvt. CYITHOCTH 3TOTO METOAA CO-
CTOUT B yIaJIEHUU U3 OKPYKAIOIel cpebl Hambogee aKTUBHBIX peareH-
TOB, BBI3BIBAIOINX KOPPO3UIO, UK AOOABJIEHUN B Cpely MHTUOUTOPOB —
CTEeIUANbHBIX BEIIeCTB, HEMTPAJIU3YIOITNX BpelHOe AefcTBIe TaKUX pea-
reaToB. Hampumep, oT:KUT MeTaJ1jia HPOBOAUTCS B 3aI[UTHOM aTMoc(depe ¢
YMEHBIIIEHNEM COAEePKaHUA KUCI0poaa. i yMeHbITeHU KOPPO3UU Me-
TaJLjia B KOTEJIbHBIX YCTAHOBKAX U CUCTEMAaX BOJOCHAOKEHU A IPUMEHSIIOT
00paboTKY BOAEI C IEJIbIO yIaJeHIsa PACTBOPEHHOTO KIMCJIOPOAa U COJIEH.

DeKmpoxumMuieckas 3au,uma OCyIeCTBISIeTCS C IOMOIIBIO ITPOTEK-
TOpa MUJIU IIOABEJEHHOI'0 M3BHE IOCTOSHHOTO TOKAa. 3aIuTa IIPOTEeKTOopa-
MU MIPUMEHSAETCS TaM, I'le JeTAaJN HaXOLATCA B TOKOIIPOBOIAIIEI cpene
(HammpuMep, MOpPCKas Boaa). B aToM ciaydae K M3OEJIUI0 IIPUCOETUHACTCS
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15.3. MemoOvut 3aujuimst Memaaro8 u cnaaBob om Kopposuu

MIPOTEKTOp (MeTaJJI-3all[UTHUK), SABJIAIONINHACA aHOAOM II0 OTHOIIIEHUIO K
TOMY MeTaJLIIy, 13 KOTOPOr0o M3rOTOBJIEHA AeTaJb Uin KOHCTPYKIusA. [Ipu
00pasoBaHUM raJbBAHWYECKUX Iap PaspyIllaeTcss TOT MeTaJLld, KOTOPbIi
CIY’KUT aHOIOM, M TAKMM 00pasoM, IMPOTEKTOp, Paspyliasich, cam OyaeT
3alUIaTh OT Pa3pyIIeHN u3esne, aBisaiolieecsa KaToqom. [loce paspy-
IIeHUA MPOTEKTOP 3aMeHAIOT APyruM. Tak, HampuMmep, ¢ IIOMOIIBIO ITMH-
KOBOTI'0 ITPOTEKTOPA 3aIMUINAa0T OT KOPPO3UHU MOABOLHBIE YUACTH CYI0B.

OnHo u3 ycJjioBUil BRIOOpA MPOTEKTOPA: 3TO AOJIMKEH ObITH MeTaJLl,
uMeIuil 0ojiee 3JeKTPOOTPUIIATENBLHBIA IOTEHI[MAJ II0 CPABHEHUIO C
MeTaJIJIOM 3aluIraemMoro usaenus. Hamnbosee 4acTo UCIOIb3YIOT B Kauec-
TB€ IPOTEKTOPOB CIIJIaBbI AJIOMUHUA C MAarHUeM, aJIOMUHUSA C [ITHKOM,
KaAMUA C [MUHKOM WJIU YUCThIe METaJIJIbl — MarHuil, [UHK, aJIOMUHWIT,
kaamuii. [IporekTop u3 uHKa Hanbosee s GHEeKTUBEH IPHU 3aIUATE HKeJie-
30YIJVIEPOAUCTHIX U AIOPAJIOMUHUEBHIX CILJIABOB.

OTHoOIIIeHME TTOBEPXHOCTH IIPOTEKTOPa K MOBEPXHOCTU 3aIIUII[aeMOro
usnenusa 6epercsa B mpegenax or 1/200 go 1/1000, a paccTosHme MEKIY
MIPOTEKTOPAMHU JOJIKHO COCTABJIATH 3—5 M.

Ilpu 3awume memanana om KOppo3uu nod8edeHHbLM U38HE MOKOM
IOJI?KEH OBITh UCTOUHUK ITOCTOSTHHOTO TOKA U JOIOJHUTEJIbHBIH 2JIEKTPO/
(wIacTUHKA), KOTOPBIM CAYIKUT aHOLOM. 31eCh TaKKe CO3JaeTcsA rajbBa-
HUUYecKasd Iapa, COCTOAIas W3 3aI[UIaeMoro nsgeausa (KaTom) U Ijac-
TUHKY KaKoro-iubo MeTasijia (AaHOX), HAXOAAIIMXCSA B arPecCUBHOM cpefe
(asiexTpoauTe). CXeMbl 3aIUTHl MAaTUCTPAJBHOIO TPYOOIIPOBOLA OT KOP-
posuu ¢ TOMOIIBIO ITpoTeKTopa (puc. 35 a) 1 MoABEeAeHHLIM M3BHE IIOCTO-
AHHBIM TOKOM U JOIOJHUTENLHBIM 3JEeKTPoaoM (IIIacTuHOit) (puc. 35 6),
IIpUBEJIeHbI HA puc. 35.

3awumHusle NOKPLLMUSL MEMALN06 U CNAAB08. ITy TPYINY 3aIUT-
HBIX MOKPBITUI METAJIJIOB U CILJIABOB OT KOPPO3UU MOYKHO IIOAPA3IeIUTh
Ha CJeAyIoIIre MOATPYIIIIbL:

— MeTaJlInYecKue;

— HeMeTaJINYecKUe;

— TOKPBITUA OKCUAHBIMHU ILJIEHKAMU.

CyILIHOCTD METALINYECKUX 3AIUTHBIX IIOKPBITUI COCTOUT B TOM, UTO
Ha IOBEPXHOCTH JeTaJIi HAHOCAT PAa3JMYHLIMU CIOCO0aMU TOHKHUM CJI0M
Ipyroro MeTaJiia, 60jiee KOPPO3MOHHOCTOMKOr0 — IIUHK, CBUHEI], 0JIOBO,
XPOM, HUKEJIb, Me/b, cepebpo 1 nX cijiaBbl. [IpUMEHSIOT CIeAyIOIIe TeX-
HOJIOTMY HAHECEeHU S MeTAJLJINYECKUX HOKPBITUH: TOPAUM, DJIEKTPOJIUTH-
vecKuit, nudGy3nOHHBIH, IJIAKUPOBaHNE, PACIBLIEHNE.
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a CauHUyo8bIl Kabesnb

lMosepxHocmb 3emau

lpomekmop
u3 mMaeHus

3awuwaemoll
mpy6onposod

BcnomozamenbHolli
aHoo

3awuwaemoiti
mpy6onpseoo

Puc. 35. Cxema 3amuTsl TPyGOIPOBOLA OT KOPPO3UY € IIOMOIIBIO0 IPOTEKTOPA

Topsauuili cnoco6 mpegycMaTPUBAeT IOTPYsKeHUe 3alllUIaeMoro Me-
Tajia (U3Heausd) B PACIJIABICHHBI METAJIJI OJIoBa (Iy:KeHUe), IIUHKAa
(muHKOBaHME), CBUHITA (CBUHIIEBaHMTeE). YCJIOoBHUEeM 9(DMEKTUBHOTO UCIIOIb-
30BaHUA TOPAYETO METOoIa MHOKPBITUN SABJAETCA OOpa3oBaHUE CILIaBa
MEeJKJIy OCHOBHBIM U IOKPBLIBAEMBIM MeTaJIJIaMU. JIysKeHUe UCIOJIL3YIOT
JLJIs1 TTIOKPBITHUS OJIOBOM KOHCEPBHOI JKEeCTH; IIMHKOBAHME — AJIS MTOKPBITUA
KPOBEJBHOTO JKeJiesa, MIPOBOJIOKY, BOAOIIPOBOAHBIX TPY0O; CBUHIIEBAHUE —

JIJISI TOKPBITUA XUMUYECKOM almapaTyphl.
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15.3. MemoOvut 3aujuimst Memaaro8 u cnaaBob om Kopposuu

ANeKmpoaumuiecKuil cnoco6 HaHeCEeHUA MeTALINUYECKUX TIOKPBITUH
COCTOUT B OCAKJEHUU METAJIJIOB M3 BOSHBIX PACTBOPOB COJIEH Ha IOBEPX-
HOCTb UBJeJINA IIPYU IIOMOIIY BJIEKTPUUECKOI'0 TOKA, II0JBEIeHHOTO U3BHE.
s HaHeceHUs MOKPBITUH NMPUMEHAIOT HUKENb, cepebpo, Meab, XPOM,
IUHK, 0JIOBO U APyTHe METAJJIbl. OTOT COCO0 sBJsIeTcs Hanubosee apdek-
TUBHBIM IIPU 3alIuTe JeTajell oT Kopposuu. [1a HaHeceHUSA IOKPBITUSA
usznesie IIoMelaOT B BAHHY ¢ PACTBOPOM coJieil cepebpa, 0JioBa, Xpoma,
HUKeJ U P., CAYKAINX 3JIEKTPOJIUTOM. VI3eare COefNHAIOT C OTPUILA-
TEeJIFHBIM II0JII0COM MCTOYHUKA IIOCTOAHHOI'0 TOKA, ¥ OHO CIIY KUT KaTOZOM,
aHOJIOM CJIYJKUT IIJIACTUHKA OCaKJaeMOoro MeTaJjia, KOTOPYIO IIOAKJII0Ya-
IOT K HOJIOYKUTEJIBHOMY HoJItocy. IIpy mponycKaHNY 3JIEKTPUYECKOT0 TOKA
Ha UBeJINU KPUCTAJJIN3YETCSA METAJJI U3 PACTBOPOB COJIE 3JIEKTPOJIUTA.
Taxoe IOKPLITHE UMEIOT aBTOMOOUJIbHBIE 0AMIIEPEI C IPUMEHEeHNEM dJIeK-
TpoJUTa HUKeJIeBOH con, HalpuMep, CEPHOKMCJIOTO HUKeJI .

Huppysuonnas mexnHonrozus OCHOBaHA Ha IIOBEPXHOCTHOM HAaChI-
meHnu — qud@ysuu B MOBEPXHOCTHBIE CJIOU U3JEJIUA APYyroro MeTaJiia,
06oJiee KOPPO3MOHHOCTONKOI0, IIPU BBICOKOM TeMIiepaType. B peayabraTe
muddysum MeTasia B IOBEPXHOCTHBIN CJI0# M3meansa obpasyercs CJoit ¢
TIOBBIIIIEHHON KOPPOSMOHHOM CTOMKOCTHIO IPU OOBIYHBIX M BHICOKUX TEM-
meparypax.

Ilnarxuposarue — 9TO TeXHOJIOTUA MOJYUEHU OMMETaJJIOB COBMEC-
THOU ropsddeil MpoKaTKOI JBYX MeTaJJIOB — OCHOBHOI'O M 3aIIlMTHOIO.
B rauecTBe 3amuTHOrO MeTajja TPUMEHAIOT MeAb, JIATYHb, HUKEJb,
aniomuHuE. [Ipu mirakupoBaHUY ropsaUeil IPOKATKON TPOUCXOAUT TUQ-
(dby3us ogHOTO MeTaa B APYTOM MO BIAUAHUEM AAaBJICHUS M BBHICOKOM
TEMIIEPATYPHI.

Iloxpvimue memodom pacnvlieHus COCTOUT B HAHECEHUU DACILIAB-
JIEHHOTO UM PAaCIIbLJIEHHOTO MeTaJijla Ha MOBEPXHOCTh UBAENUM. OTOT BUJ
TIIOKPBHITHA IPUMEHAETCA JIA 3aIIUTHI OT KOPPOSUM MOCTOB, MOPCKUX CY-
JIOB, BOZOHAIIOPHBIX OAKOB U [JP.

IIpomecc meTannImsanmuu OCyIeCTBIIAETCA IIPU IIOMOIIY alapara —
MeTaJLIN3aTopa, Mo BHEIITHEMY BUAY HAIIOMHHAIOIIET0 IIUCTOJIET. Pacbl-
JIEHHBIN MeTaJIJI OTKJIAAbIBAETCS Ha IIOKPBIBAEMOI IIOBEPXHOCTU UBEINA
IIOYTU OCTBIBIIINM, IIO3TOMY CILJIABJIEHUS MEXXJy MeTajlJlaM! He IIPOUC-
xonuT. CBA3H MeTajjia 00yCJIOBJIEHA TOJIbKO CUJION cienyieHus. [losTomy
ATOT cIOCO0 MPUMEHAETCS TaM, IJie IPYTrHe CIOCOObI HEIPUMEHUMEL.

Hememaanuueckue 3auumnble NOKPbLMUs BKIIOYAIOT TaKKUe MaTe-
puaJbl, KaKk KpacKu, JaKu, sMaJiu, IIJIacTMacchl, pe3UHYy, CHHTeTHUYeC-
K1e CMOJIBI U Ap. Posib HeMeTaJIMUYeCKUX MOKPHITUH KaK CPEJCTB 3a-
IIUTHI OT KOPPO3UU CBOAUTCA K MBOJIAIINY METAJIJIa OT BHEITHEH CPeIbI.
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CaMBIMU pacIpOCTPaHEHHBIMHU HEMETAJNJINUYECKUMY MOKPLITUIAMU SABJIA-
IOTCA KPacKu, JaKu, sMasu. [IOKpBITHA IJIacTMaccaMu, Pe3UHON IpuMe-
HSIOT IVIABHBIM 00pa30M B XMMMWUYECKOMN IMPOMBIIIICHHOCTH KaK KHICJIOTO-
YIIOPHYIO 3AIIUTY.

3awummnsle NOKPbLMUSL OKCUOHLLMU NACHKAMU OTHOCAT K XUMUYEC-
KUM TOKPBLITUAM: Ha TOBEPXHOCTU METANINUYECKUX U3MEIUH NCKYCCTBEH-
HO CO3JAOT 3AIUTHBIE OKCHUAHLIC IIJICHKN. SaI[UTHLIEC AEHCTBUA TAKUX
IIJIEHOK OCHOBAHLI HA MEXaHNUYECKOM MIPEIATCTBUN MOHAM JEeKTPOJIUTA
WJIM aTOMaM BHeITHell cpelbl B3aUMOJeCTBOBATL C METAJIJIOM H3AEJUA.
OKcugHas MIeHKa JOJKHa PABHOMEPHO MOKPLIBATH BCIO IIOBEPXHOCTD MU3-
Iesins, ObITH IIJIOTHOU 1 6€CIIOPHUCTOIA.

3awuma memannog om KOppo3uUU Memodom Lezupo8arHus. ITOT BUL
3aIUTHl OCHOBAH Ha JIETMPOBAHUY OCHOBHOI'O METAaJIJIa APYTUMU dJIeMeH-
TaMu, 00Pa3yIOINIMMHU Ha ITOBEPXHOCTH YCTOMYNBBIE OKUCHBIE TIJIEHKH, KO-
TOpBIE U 3AIUIIAIOT METaJLI OT Koppoauu. [Jid cTaj u TaKUMHU dJIeMeHTa-
MU ABJSIOTCA XPOM, HUKEJIb, TUTAH.

15.4. KOPPO3VIOHHO-CTOVIKUE MATEPVAJTBI

ITo MaTepuaJbl, OTJINYAOIINEC TOBBIIIIEHHON KOPPO3UOHHOM CTOMH-
KocTbio. OHU TOAPABAENIAIOTCA Ha MeTaJIINYecKue, HeMeTaJLInJecKue,
KOMIIO3UIIMOHHBIE.

K memaanuveckum OTHOCSATCA CTAJM, UYTYHBI, CIJIaBbl Ha OCHOBE
HUKeJd, Meau (OpOH3bI, JaTyHH’), AJJIOMUHNUI, TUTAHA, IUPKOHUA, TAHTA-
Ja, HuoOus u Ap.

Ha mpakTuke moBBIIIeHIe KOPPO3UOHHOM CTOWKOCTU TeXHUUYECKUX
CILTABOB JOOMBAIOTCA JIETMPOBAHWEM XPOMOM, HHUKeJeM, MOJUOJeHOM,
menbio. Takue cTajiu Ha3bIBAIOTCA COOTBETCTBEHHO XPOMUCTEIE, XPOMO-
HUKeJIeBble, XPOMOHUKEJIbMOJINOIeHOBbIE, XPOMOHUKEIbMOJINOIeHOME-
aucTele. KOppo3MOHHO-CTONKME YYT'YHBI — XPOMOHUKEJEBBIH, BBICOKO-
KPEMHUCTBIN, KPEMHUCTO-MOJINOIEHOBBIH.

K Hememaaauyeckum OTHOCATCA aJIOMOCUJINKATEI, KaJIbIIUEBLIE CU-
JINKATHI, CLJINKATHLIE 1 KBapI[EBhIE CTEKJIA, CTEKJIOBOJIOKHVCTHIE MaTePU-
aJel (CTeKJISHHAS TKaHb, CTEKJISIHHAA BaTa), CJI0na 1 acOecT.

K xomno3uyuoHHvLM Ha OCHOBE METAJIJIOB OTHOCATCS HUKeJb, TUTAH,
AJIOMUHUM, YIPOUHEHHbIe HUTEBUAHLIMHU KPUCTAJJIAMU OKHUCU AJIIOMHU-
HUs, 60pa, yriaepoaa, KpeMHuA, oepuand. K KOMIO3UITMOHHBIM KOPPO-
3MOHHOCTOMKUM OTHOCSTCS MaTePHaJIbl Ha OCHOBE HEMETAJIINYECKUX Ma-
TepuaJjoB (IIjlacTMacc).

172



HoBvte nonamus

.

S A e

9.

10.
11.
12.

HOBBIE IIOHJTU A

XumMudueckas KOppo3us.

IJIeKTPOXUMHUUECKAasT KOPPO3U.

ArMmocdepHas Kopposus.

MeKKpHUCTaJINTHOE KOPPO3UOHHOE PaspyIIeHue.
TpaHCKPUCTAIINTHOE KOPPO3NMOHHOE paspyIlleHne.
AJIEKTPOXUMHUUECKAS 3aII[UTA OT KOPPO3UMU.
Nurnburtopsl.

IIporexTop.

INIEKTPOSIUTUYECKUH CITOCO0 TTIOKPBITHA.
IInaxupoBaHme.

IIporecc meTanausaiuu.

OxcupgHble IIeHKU.

CrekJIaHHAS BaTAa.

BOITPOCBHI OJI51 CAMOITIOOTIOTOBKM

IloHsATHE KOPPO3UU METAJIJIOB.

Buabl KOPpPo3UU METAJIJIOB M UX XapaKTePUCTUKA.

YT0 ABJIAETCA IPUUNHON KOPPO3UU METAJIIOB?

OxapakTepusyiiTe BUAbI KOPPOSUOHHEIX Pa3PYIIEeHUA METAJJIOB.
HazoBuTe ueThIpe IPYIIIBI METOJOB 3AIIUTHI METAJIJIOB OT KOPPOSUU.
Kaxas posb mHTHOUTOPOB B 60pb0e ¢ Koppo3ueit MeTaioB?

B ueM CyIITHOCTE IPOTEKTOPHOII 3aIIIUTHI METAJLJIOB OT KOPPO3UM?
HaiiTe cpaBHUTENBHYIO OIEHKY 3aIllUTaM OT KOPPO3UU C IIOMOIIIbIO
MIPOTEKTOPA U C IIOMOIIBIO ITOABEAEHHOr0 N3BHE NCTOYHNKA ITOCTOSH-
HOT'O TOKA.

B ueMm cyITHOCTB 3aIIMTHI METAJJIOB OT KOPPO3UU OKCUIHBLIMU IIJIEH-
Kamu?

HazoBuTe MeTaLInuecKye KOPPO3MOHHO-CTOMKIE MaTepraIbl.
HagzoBuTe 0OCHOBHBIE HEMETAIINYECKNE 3aIIUTHbIE IOKPBITU.
HagzoBuTe HEMeTaIINYECKUe KOPPO3UMOHHO-CTONKIE MAaTepPUAJIbI.

TECTOBBIV KOHTPOJIb 3SHAHUM

1. XwuMuueckas KOpPPO3UA IPONCXOUT IPU B3aNMOAEHCTBUY MeTajIIa C:

a) BOISAHBIM IIapOM;
6) BOJOIf;

B) KHCJIOPOIOM;

T) a30TOM.
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2.

ONeKTPOXUMHUUYECKAsA KOPPO3Us MPOUCXOAUT IMIPU B3AUMOJEHCTBUU

MeTaJia c:

5.

a) YIVIEKHCJIBIM I'a30M;

0) cepoBOIOPOIOM;

B) C BOOHBIM PaCTBOPOM COIbI;

r) aTMoc(EepPHBIM BO3IYXOM.

Kopposus MeTajioB IPOUCXOAUT BCJIEACTBUE:

a) OOoJBIUX HATIPAKEHUIT;

0) HUBKOI TBepPHOCTH;

B) KOHTAKTOB C BHEIITHE! CPeJIOi;

T) MHHYCOBBIX TEMIIepaTyp mpu padoTe.

YTo TaKoe KOPPO3UA METaJJIOB?

a) pasbemaHMe MEeTaJJIOB II0J BO3AEHCTBIEeM BHEIITHel Cpeabl;

6) 9po3Usd — 9TO CHHOHUM KOPPO3UU;

B) paspyllleHle IIOBEPXHOCTHOI'O CJOS MeTaJlja BCJIEJCTBHE MeXaHU-
YeCKOr'o BO3eHCTBUI;

T) paspylIeHue IMOBEPXHOCTHOTO CJIOS METaJlja BCJEACTBUE BO3MAeic-
TBUSA 9JIEKTPUUYECKUX PA3PAIOB.

B ueM CYIIHOCTSL 3aIIUTHI METAJIJIOB OT KOPPO3uu 06pabOTKOII BHe-

1rHei cpeapi?

a) co3aaTh BBICOKYIO TEMIIEPATYDY;

0) cosmaTh HU3KYIO TEMIIePaTypy;

B) BBECTU BO BHEIITHIOIO CPeay MHTHUOUTODLI;

T) CO3IATh 3AIUTHYIO Cpexdy.

IIpoTeKTOpHAaA 3alTUTa MeTaJJIa OOBIYHO IPUMEHAETCA IpU paboTe:
a) meTaJiell B 3ara30BaHHOU Cpee;

0) MeTaJIIMYeCKMX KOHCTPYKIIMI B arPeCCUBHBIX Cpelax;

B) MarucTpPaJbHBIX TPYyOOIPOBOIOB;

T) ZJeTaJjieil 1 KOHCTPYKIIMI B MHEPTHOH cpefe.

3amura MeTajia OT KOPPO3UU JIYKEHUEM IIPOUCXOANUT C IIOMOIITHIO:
a) pacCIblJIeHUd;

0) mIaKUpPOBAHUA;

B) IOTPY:KEeHHUS B PACHbIJIEHHBIA MeTaJL;

) aud@y3rMOHHOrO HACHIIIEHNA IIOBEPXHOCTHOTO CJIO0S.
IInakupoBaHme MPOU3BOAUTCSA C ITOMOIITHIO:

a) TIPOKATKWU;

6) BOJIOUEHU;

B) OKYHaHUS;

) aud@y3rMOHHOrO HACBIIIEHUA IIOBEPXHOCTHOTO CJIOS.
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TecmnoBolii KOHMPOAL SHAHUI

9. Cpenu nmepeumncJIeHHBIX HUMKE METOAOB 3aIIUTHI METAJIJIOB OT KOPPO-
3U1 HA30BUTE CAMbIE€ PACIIPOCTPAHEHHEIE:

a) saruTa 06paboTKOII BHEITHeIl cpebl;

0) 9JEeKTPOXMMUUECKAas 3aIUTa;

B) 3alllUTHBIE TTOKPBITHU;

T) JermpoBaHUE.
10. Kakue us mepeuncjaeHHBIX HUKe METOHOB 3aIllUTLI METAJIJIOB OT KOP-
posumu aBas0TCA Hanbosee s(ppeKTUBHBIMU?

a) samuTa 06pabOTKOI BHEIIIHEI cpebl;

0) dJIEKTPOXMMUUECKAas 3aIllNUTa;

B) 3alllUTHBIE ITIOKPLITHU;

I) JIeTUPOBaHUE.



YACTD 11
HEMETAJJIMYECKWUE MATEPUAJIbI

METOOUYECKWVE YKA3AHWM

WN3syueHne maacTUUYECKUX Macc OyAeT CBSI3aHO C COOTBETCTBYIOIIMMU
pasaenaMu Kypca opranmueckoit xumunu. Heo6xXoguMo 3HATHL CTPOEHME U
CBOICTBa IIOJIMMEPOB, UX KJIaCCUPUKAIIUIO.

HWmeTh ueTKOe IIpeicTaBIeHNEe O TEPMOIIJIACTUUHBIX ¥ TEPMOPEaKTHUB-
HBIX IIOJIMMepax, X cBoiicTBax. TepMopeaKTHUBHBIE ITOJUMEPEI IO Ieiic-
TBUEM TeMIepaTyphbl ¥ JaBJIEHUA BHAUAJIe PA3MATYaIOTCa, a IPU OXJIaK-
IeHUY IIePEeXOAAT B TBEPIOe COCTOSAHIE U IIPYU IIOBTOPHOM HarpeBe He pas-
MATYaI0TCA.

ITomyumB cBeeHUS O MOJIMMEpPaX, U3YUUTE COCTaB, CBOMCTBA IIJIACT-
Macc, OCHOBHBIE UX BH/bI, KPATKYIO XapaKTePUCTUKY 1 00JaCTU IpUMe-
HeHud. [IpoaHamusupyiiTe GusnKo-MexaHNUECKHe CBOMCTBA IJIaCTMACC B
CPaBHEHUU CO CTAJIAMMU.

IIpu nsyuenuu ApeBEeCHBIX MaTepPHUAJIOB 00paTUTe BHUMAHME Ha CTPO-
eHUue, PU3NKO-MeXaHUUYeCKNe CBOMCTBA, BUABI MPEBECHBIX MAaTEpHUaJIOB,
CIIOCOOBI XMMUUYECKO# 00paboTKU.

WN3syuasa cTekJio, mpekae Bcero oopaTuTe BHUMaHNe Ha XUMUYECKUH
cocTaB, (PUBUKO-XMMHUUECKHE CBOICTBA, BUIAbI TEXHHUUECKUX CTEKOJ U
CTeKJIOU3eJIN, 00JIaCTh NX IPUMEeHeHU .

ITesrecoo6pasHO 0BHAKOMUTLCS C IIEPCIEKTUBHLIM MAaTEPUAaJIOM — Ke-
paMuKoii, ee cCOCTaBOM, CBOIiCTBAMU. 3aKJIIOUNTEIbLHBIM 9TAIIOM B 13y Ue-
HUU HEMETAJJINUYECKUX MaTePUaJIoOB JOJKHBI OBITH PACCMOTPEHBI B KOMII-
JIeKCe COCTaBBI Pe3UHBI, aCOECTOBBIX, TEKCTUJIBHBIX, OYMaKHBIX MaTePH-
aJIoB, KJIeeB U JIAKOKPACOUHBIX MaTepuaJjoB. O6paTuTe BHUMaHUe Ha UX
cocTaB, CBOMCTBA, 00JIaCTH IIPUMEHEeH .

I'TTABA 16. INITACTYECKWE MACCHI

16.1. OBII A XAPAKTEPYICTUKA
CVMHTETUYECKMX IIOJIMMEPOB

IlmacTmaccamMu Has3bIBAIOT MaTepPUAaJIbl, OCHOBHBIM KOMIIOHEHTOM KO-
TOPBIX ABJAETCA CUHTETUUECKUN WU IPUPOAHBIN MOJUMED, a APYTUMU
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16.1. Obuaa xapakmepucmuka CUHIMemMuUecKux noiumepos

KOMIIOHEHTaMHU CJYKaT BCIIOMOTAaTeJbHBIE BelllecTBa. IlosimMepsl — BHI-
COKOMOJIEKYJIAPHBIE COETUHEHNA, COCTOAIINE M3 OTPOMHOT0 KOJUUECTBA
MOJIEKYJI BEIIeCTBa (3BEHLEB), Ha3bIBaeMbIX MOHOMepamu. Obsazad cio-
COOHOCTBIO IIPU OIIPEJIEJIEHHBIX YCIOBUAX IIOCJIEIOBATEIHFHO COETUHATHCS
IPYT ¢ IPYyTOM, MOHOMEDHI 00Pa3yIOT AJIUHHBIE TIeM ¢ JUHEHHOMH (a), pas-
BETBJIEHHOI1 (0) U ceTyaTou (CIuToi) (8) CTPyKTypaMu CBA3U, B Pe3yJIbTa-
Te Yero IoJIy4aroT MaKpPOMOJEKYJIbl moanmepa. CxeMa CTPYKTYpP MaKpo-
MOJIEKYJI IOJIMMEPOB IIpecTaBaeHa Ha puc. 36.

Puc. 36. Cxema CTPYKTYyp MaKpPOMOJIEKYJI IOJINMEDPOB

Taxk, srunen CH, = CH, saBiseTcsA MOJMMEPOM U UCIOJb3YeTCA IJIA
MOJIyYeHUS MaKpPOMOJIEKYJIbI ITOJIUATUIEHA, a JPYTUMU KOMIIOHEHTaMMU
MOT'yT OBITH BCIIOMOTaTeJ IbHEIe BelecTBa. CyMMapHas (popMyJia IOJIUITH-
nena — [- CH, — CH, —] . Uazexc n B popmysie moiusTUIEHa 0003HAYAET
YHCJIO 9JIEMEHTAPHBIX 3BeHbEB (MOHOMEPOB), BXOAAIINX B COCTAB MaKpO-
MOJIEKYJIBI. TO UMCJIO (MHAEKC) XapaKTepus3yeT CTeIeHb MOJINMEePU3aI i,
T.e. CTeIIeHb XMMHUUYECKOT0 CJIOKEeHUS MOHOMEDPOB B ITOJIMMED 3a CUET pac-
KPBITUS TBOMHBIX CBA3ei. Bce cHHTeTMUEeCK e ITOJNMEPLI Pa3aeadaioT Ha
IMOJIMMEPU3AIMOHHbBIE U IOJINKOHIEHCAI[IOHHBIE.

Ilpu peaxiuu moaMMepU3ANUK OOJILIIOE KOJHUUYECTBO ONUHAKOBBIX
MOJIEKYJI IIPOCTHIX BEIeCTB (MOHOMEPOB) COEAUHSAIOTCS B OMHY CJOMKHYIO
MOJIEKYJy (moaumMep) 6e3 BhIAeJeHUA IMTOOOYHBIX MPOAYKTOB U 0e3 m3Me-
HEeHUs epBOHAYAJBLHOr0 cocTaBa. [lonmumepusaliueii moaydyaoT TOJIUITH-
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JIeH, TOJIMBUHUJIXJIOPHU, IOJUIPONUIEH, MOJUMETAIMeTaKpuaIaT (opr-
CTEKJIO) U IP.

IIpu peaKnuy NOJTUKOHAEHCAIIUY M3 HECKOJIBKUX IPOCTHIX COETUHE-
Huil obpasyeTrcs IOJUMEDP, COCTAB KOTOPOrO OTJMYAETCS OT COCTaBa HC-
XOIHBIX MMPOAYKTOB, U IIPU 3TOM BBIZEJISIOTCA ITO0OOUHEIE BellecTBa (Boza,
aMMuaK, yriieKucjora m ap.). IlommKkoHAeHcalued moaydamT (QeHoJo-
dopmMaIbAerugHbIe, KapOaMUAHEIC, ITOJIHAMUHEIE U IPYTHe CHHTeTHUUEC-
KUe IOJITMEPHI.

CuHTeTUYECKUE TTOJNMEDPHI IIOJYyUYaloT IPU epepaboTKe KaMEeHHOTO
yIUId, IPUPOAHOrO W IIPOMBIIIJIEHHOrO ra3a, He)TU U IPYTUX BUIOB CHI-
pbsa. K mpupogHbIM oJuMepaM MU CMOJIaM OTHOCAT KaydyK, IeJIJII0JIO-
3y, KaHU(MOJIb, IPUPOLHbIe OUTYMBI. IloTMephI ¢ JUHENHON 1 Pa3BEeTB-
JIEHHOM CTPYKTypaMM! MAaKpPOMOJEKYJ OTHOCATCS K TE€PMOILJIACTUUYHBIM
(TepMoIIIacTaM), MOJUMEPHI C CETUYATOM CTPYKTYPOM — K TePMOPEaKTUB-
HBIM (peakTormactaM). ITosmMepsl Ipu OOLIYHOM TeMIIepaType MOTYT Ha-
XOAUTHCS B OJHOM 13 TPeX (GhU3UUYECKUX COCTOSHUN: CTEeKJI000pasHOM, BbI-
COKO0JJIaCTUUYECKOM UJIU BA3KOTEKYUEM.

IIpumepom cTEKJI000Pa3HOr0 COCTOAHUSA IIOJIMMEPA MOYKET CIYKUTh
TIOJINCTUPOJI, BBICOKOIJIACTUUECKOTO COCTOAHNA — KayuyK, BA3SKOTEKyUe-
ro — moJuu300yTHUIeH. B MAIIMHOCTPOEHUH ITOJNMEPHI MCIIOJIb3yIOTCH,
KakK IIPaBUJIO, B CTEKJOOOPA3BHOM U BBICOKOIJACTUUECKOM COCTOSHUAX.
IlepepaboTKa IOJINMEPOB B U3/ OCYIIIECTBIAETCS B BASKOTEKYUEM U,
peske, B BLICOKOAJIACTUUECKOM COCTOAHUAX.

16.2. OCHOBHbBIE CBEOEHWJI O ITNTACTMACCAX

IInacTmMaccamMu Ha3LIBAIOT MaTepPHAaJIbl, IOJYyUYeHHBIE HA OCHOBE IIPHU-
POAHBIX WJINW CUHTETUUYECKUX ITOJMMepoB. IlosmnMepsl SBIAIOTCA CBA3Y-
IOIMHU BeIeCTBaMU, OIPeAeISIONINMI OCHOBHBIE CBOMCTBA IJIACTMACC.
ITo cocTaBy pa3iimuaioT MPOCTHIE U CJOYKHBIE IIJIacTMAacchl. K mpocThIM OT-
HOCATCSA IJIACTMACChl, COCTOAIIME TOJBKO U3 MOJUMEPa, a K CIOKHBIM —
coiepiralye, KpoMe OJINMepa, Pa3JInuyHbIe J0OABKY, TaKKe KaK HAIOJ-
HUTEJU, TIacTU(GUKATOPHI, CTa0MIN3aTOPbI, OTBEPAUTENN, KPACUTEIH,
cMa3bIBAIOIMEe BellecTBa, aHTUIIUPEHBI U Ap. BBemenue 100aBOK IIPOM3-
BOJIUTCS C I1eJIbI0 BO3AEHCTBUA Ha MeKMOJIEKYJIAPHbIe CUJIbI IOJIUMEPOB,
MPUIAHUSI UM CIIeIaJbHBIX CBOMCTB.

Hanoanumeanu BBoaAaTca B Koaudectse 40—70% (mo macce) a1 yiayd-
IIeHUs MeXaHUYeCKUX CBONCTB, YMEHBINIEHUA yCaAKM, CHUKEHUSI CTOU-
MOCTH IIJIacTMacchl. B KauecTBe HATIOJHUTEEH MPUMEHSIOT IIOPOIITK000-
pasHble (MeJ, ApeBecHasA MyKa, TaJIbK, KBapllieBas MyKa, rpadur, caka);
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BOJIOKHUCTHIE (ac6ecTOBbIe, MPEBECHBIE, CTEKJAHHBIE, XJIOMUATOOyMAaK-
HBbIE€ BOJIOKHA) U CJIOUCTHIE (IPEBECHBIH IITIOH, OyMara, CTeKJIOTKaHb) Ma-
TepuaJbl.

ITnacmugpuramopsl yIydInamoT IJIaCTUYECKNe CBOMCTBA IJIACTMACC,
YAYUIIaoT nX QOpMUPYyeMOCTh. B KauecTBe miIacTu(@UKaTOPOB NCIOJIb3Y-
10T KaM(}Oopy, 0JIEMHOBYIO KHCJOTY, 3(DUPHI.

Cmabuau3amops. TOBBIIIAIOT AOJTOBEYHOCTh JAeTajiell M3 IIJIacT-
Macc, KOTopble MoJ AeficTBueM KUCJIOPOoAa, TeMIIepPaTyphl ITOABEePraoTCs
CTapeH’IO, BHIBLIBAIOIIET'0 YMEHbIIIEHNEe UX 3JIACTUYHOCTH U MOBBIIIIEHTE
XPYIKOCTH.

Omaeepdumenu BBOIAT IJIA COKPAIIeHUA BpeMeHH OTBEePAeHUSI I1JIaCT-
Macc ¥ YCKOPEHUA IIPOoIiecca N3rOTOBJIEHUA AeTaIeit.

Kpacumesiu mpugaioT IjacTMaccaM olpeeIeHHbIH 11BeT. B KauecTBe
KpacureJieil ICHOIb3YIOT HUTPO3UH, 0XPY, CYPUK U AP.

Cmasbléaroujue geuecmaea MPUMEHAOT AJA MPENYIPEKIeHUA IPU-
JUTNaHUA JeTajell K cTeHKaM (popMbI B IIpoliecce uX (QOPMOBaHUA.

Anmunupenbl ICTIONAB3YIOT IJIA YMEHbBIIEHUSA TOPIOYECTH MJIaCTMACC.
B 3aBHCHUMOCTH OT CBOMCTB IOJIMMEPOB IIPY HATPEBAHUU Y OXJIAMKICHUU
MX IIJIACTMACCHI IOAPA3AEISIOTCS Ha TEPMOILIACTUYHbIE ¥ TEPMOPEaKTHUB-
Hble. K TepMOIIIacCTUYHBIM IIJIACTMACCAM OTHOCSATCS IIJIACTMACChI C JIH-
HeWHOM WJM Pas3BeTBJEHHOUW CTPYKTypoil mojmMepoB. CBoiicTBa TaKuX
ILJIaCTMACC 00paTHUMO U3MEHSIOTCS IIPU MHOTOKPATHOM HATPDEBaAHUU U OX-
JaKIeHUN.

s TepMOpPeaKTUBHBIX IIJIACTMACC XapaKTEPHO CETUATOe CTPOEHUE
TMOJNMEPOB, 1 CBOMCTBA TAKUX IIJIACTMACC HEOOPATUMBI IIPU M3MEHEHUU
TeMIepaTyphl Mocje HATPeBAHUA U OXJIAKJeHUA (He pa3sMATrdaoTCa IIpu
moBTOpPHOM HarpeBaHuM). OHU OTIUYAIOTCSA OT TEPMOILJIACTUUYHBIX 00JIb-
II0¥ IPOYHOCTHIO, TEILJIOCTONKOCTHIO U TBEPHOCTHIO.

16.3. CBOVICTBA TNTACTMACC

16.3.1. ®UBUUYECKUE CBOVICTBA

IInoTHOCTH mIACTMACC 3aBUCUT OT THUIA M KOJIUUYECTBA CBA3YIOIIErO
BeIlleCTBa M HATIOJHUTEJ, a TaKKe TeXHOJOruy usroropienus. Hawmbo-
Jiee JJIETKUMU IJIACTUKAMU ABJIAIOTCSA IOJUITUIEH, TIOJUCTHUPOJ, a CAMBIH
TSIIKEJIBIN — pToporiacT-4 ¢ mIoTHocTso 2,2 r/cm. III0THOCTS IIacT™Mace
o6b1uHO paBHa 1,1-1,6 r/cm®, a y mopucteix — 0,01-0,2 r/cm®. Takum o6Gpa-
30M, TIJIACTMACCHI IO 9TOMY CBOMCTBY UMEIOT 3HAUUTEJIHHOE TPEeUMYIIeCT-
BO II0 CPaBHEHUIO C METAJIINYECKIMY CIIJIABAMU.
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Koagpgpuyuenm auHeilH020 paculupeHU s TIIacTMacC B HECKOJIBKO pas
OoJIbIIIE, UEM Y METAJIJIOB. BBe/leH1e HATIOJTHUTEIEl eT0 CHUIKAEeT.

Koagpgpuyuenm menaonpogodHocmu mjIacTMacC B HECKOJIBKO pas3
MeHbITle, YeM y MeTaJIJIOB. BBemeHMe HATOJHUTENEH MOKET YBEeJIUUYUTDH
TEILIOIIPOBOLHOCTS.

Tenanocmoiikocmbs IIacTMAacC 3aBUCUT OT THUMNA U KOJUYECTBA ITOJIHU-
Mepa 1 HanosHuTe s u coctaBiasgeTr 35—300 °C. HekoTophle 13 IIJIaCTUKOB
MOT'YT BbIZlep:KuBaTh neperpes g0 600 °C u 6oJ1ee.

ITox meticTBUEM OKPY KATOIIEl Cpeabl IJIACTMACCHI MEIJIEHHO CTAPEIOT.
Cmapernue pasBuUBaeTCA IPU OJHOBPEMEHHOM UJIV Pa3eJIbHOM IeHCTBUU
Harpepa, OKUCJEeHUs, MeXaHNUEeCKUX HANPIKeHuil. MHTeHCUBHOCTE CTa-
PEeHUs OIpenessaeTcsl YCAOBUAMM SKCIIyaTalluu U CTPyKTypoii. Iliact-
Macchl, CTOMKME B OTHUX YCJIOBUAX, B APYTUX OBICTPO paspyiiatTca. Tep-
MOILJIACTUYHBIE IIJIACTMACCHI CTapeloT ObICTPee, UeM TePMOPEaKTUBHEIE.

IInacTMacch! BEIAEPKUBAIOT U HU3KUE (MUHYCOBbBIE) TEMIIEpaTyPLI 6e3
Pa3pyIIeHNs, XOTA UX MeXaHWJYeCKNe CBOMCTBA IIPU 3TOM CYIIECTBEHHO
yMenbInaoTca. HauMeHnee MOPO30OCTOMKUM SBJIAETCS ITOJTMBUHUIXJIOPUT.

IIpu Bomo- 1 BIArOMOTJIONTEHUY BO3HUKAIOT BHYTPEHHUE HAIIPAMKe-
HUSA, IPUBOIAIINE K KOPOOJIEHIIO NN pacTpecKkuBaumio. Hambosiee Bomo-
CTOMKMMMU SBJSIOTCA MOJUITUJIEH U TTOJIUCTUPOJ.

IInacTmaccrl, KpomMe IOJMITHIEHA U TOJNUU300yTUIE€HA, MACJIO- U
0eH30CTOMKHU U MOT'YT paboTaTh B 3TUX CPemax.

HexkoTopsie miaacTMacchl 6eCIiBETHBI, IIPO3PayYHbI, CIIOCOOHBI IIPOIIYC-
KaTh JIyYM CBETa C IMIMPOKUM AMAa30HOM BOJIH, B TOM UYHCJE U YJIbTpa-
(¢uosIeTOBLIC, U 3HAUUTEIHLHO IPEBOCXOAAT B STOM OTHOINEHUU CUJIUKAT-
HBIE cTeKJa. Tak, HampuMep, OpraHUYECKOe CTEKJIO IPOITyCKaeT IPUMep-
HO 73% yabTpadrOIeTOBBIX JIyUueil, a CUINKATHOe Becero 1-5%. 9ToT Bup
IJIaCTMACCHI He3aMEHUM B ONITUYECKOI IPOMBIIIIJIEHHOCTH, B OCTeKJIEHUN
CaMOJIETOB.

BosbmmHCTBO IItacT™Mace u U3AeIUs U3 HUX UMeIOT TBepIyIo OJiecTs-
ITYIO TTIOBEPXHOCTh. M3menusa us maacTMace He Hy KJaI0TCS B JIAKUPOBKE
WJIY B OKDPAIlIMBaHUU, TAK KaK B IIPOIlECCEe ITPOMBBOJICTBA ITyTEM J00aB-
JIEHUS PA3JINYHBIX IUTMEHTOB MOYKHO II0JIyYaTh JII0ObIE IIBETA ¥ OTTEHKU
u3geauii, B TOM UYHCJe M MHOT'OIIBETHbIE MMUTAIIMN HATypPaJbHBIX KaM-
Hell, KOXKHU, IIeHHBIX ITOPOJ JepeBa.

16.3.2. MEXAHMYECKWE CBOVICTBA

IInacTmacchl XapaKTepuU3yIOTCS BASKOYIIPYTHUM IIOBEJeHUEM IIOJIU-
MepoB moj Harpyskoii. [losToMmy MexaHUUecKue CBONCTBA OIEHMBAIOT IO
pesyJabTaTaM HCILITAHUI Ha pacTaKeHue, ciKaTue, yaap u aAp. Bce Buabl
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IJIaCTMAcC UMEIOT HU3KNe MOAYJIU YyIpyrocTH, Koropbie B 100—1000 pas
MeHbIIIe, YeM Y MeTaJLIOB.

OCHOBHBIMH TMOJIOKUTEILHEIMYA OCOOCHHOCTSMHU ILJIACTMACC SIBJISIOT-
Cs BBICOKAs YCTOMUMBOCTL K arpeCCUBHBLIM CpelaM U aTMOC(hepHBIM yc-
JIOBUSM, HUSKUN yIeJbHBIN BeC M3AEJUN, BHICOKUE NUIJIEKTPUUECKUE U
TeIJION30JISIIINOHHEIE CBOMCTBA.

Ilo puBMKO-MeXaHNUYECKNM CBOMCTBAM HPY OOLIYHON TeMIIepaType
ILJIACTMACCHI MOYKHO MOAPA3AEJIUTh HA KOHCTPYKIIMOHHBIE, (WPUKIIMOH-
HbIe, aHTU(PPUKIIMOHHEIE, 3JIEKTPON30JIAINOHHbBIE, TEIJIO- M 3By KOU30JI5-
I[MOHHbIE, IeKOPATUBHBIE U IP.

16.4. OCHOBHBIE BMObI IINTACTMACC U X ITPUMEHEHWE

B HacrosAIee BpeMs HeTEXMMUYECKAA IPOMBINIJIEHHOCTD ABJIAET-
cs CBIPbEBOI 0a30ii AJIs1 MPOU3BOCTBA CHUHTETUUYECKUX TIOJNMEDPOB, KOJIH-
YEeCTBO BUOB KOTOPHIX C KaKIBIM I'OJIOM yBesamumBaerca. IIponsBoncTeo
ILJIACTMACC, IIUPOKO HCIOJIb3yeMbIX B KaueCTBe KOHCTPYKIIMOHHBLIX Ma-
TepHaJoB, OIIPEEIAETCA BechbMa OOIITUPHONM HOMEHKJIATY PO, OTH IIJIaCT-
MAacChI II0 OTHOIIIEHUIO K TEIIJIOBOMY BO3AEHCTBUIO AeJSATCSA Ha IBe 00JIb-
IIve TPy TEPMOILJIACTUYHBIE 1 TEPMOPEaKTUBHEIE.

Tepmonaacmuurvie naacmmaccwvt (mepmonsacmut). K HUM oTHOCAT-
¢4 caenyroine Hanbojee IPUMeHAeMbIe BUABI: TIOJUITUIIEH, IOJIUIPOIIN-
JIeH, TOJIUCTUPOJI, MOJUBUHUIXJIOPU], OPraHUYecKoe CTEKJIO, KaIlpOH,
droponnact-4, moaudopmMaabaerul, IOJUKapOOHAT 1 IP.

Ilonusmuasen. TepmoILIacTUUHBIN MaTepraJ 6eJIoro BeTa, TBepPAbIi,
001aatoNIMil BHICOKON XMMUYECKOM CTOMKOCTBHIO, XOPOIITUMHU IUAJIEKT-
pUYEeCKUMU CBOMICTBAMM.

ObsacTu TpuMeHeHUA: TPYOBI U apMaTypa, eMKOCTH, IIJIEHOUHBIE Ma-
TepraJbl, N30JAIINN BBICOKOUACTOTHBIX KabeJieil; 13 BOJIOKOH U3TOTaBJIH-
BAIOT KaHATHI, CIEIOAEKY; HECUJIOBbIe KOHCTPYKIIMOHHEIE TeTAaJIU B Ma-
IITHOCTPOEHUHU U PASUOTEXHUKE.

ITonrunponunen. Ilo cpaBHEHUIO C NOJUITUICHOM IIOJUIIPOINJIEH Xa-
paKTepu3yeTcs IOBBIMIEHHON IIPOYHOCTBIO U TelocTorKocThio (160 °C
mporuB 120 °C gna nmonmstunena). Ero HemocTaToKk — MOHUMKEHHAA MOPO-
3ocToiikocTh (—15 °C) mo cpaBHeHUIO ¢ mosuaTuiieHoM (—70 °C). Ilo quaiaek-
TPUUYECKUM U XMUMUYECKIM CBOMCTBAM OH OJIN30K K ITOIUATUIeHY. Ero uc-
MOJIB3YIOT [IJIs 9JI€KTPOU30JIAIUN, U3TOTOBJIEHUA TPYO, PAa3JIUYHBIX KOHC-
TPYKIIMOHHBIX JeTajieii (pyJieBble Kojeca aBTOMOOMIeH).

IToaucmupos. TO IPOAYKT IOJMMEPUIAIINY CTUPOJIA, 001ajaeT BbI-
COKOM MPOYHOCTHIO, BOJJOCTONKOCThIO, XMMUUECKOM CTOMKOCThIO, OecIiBe-
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TeH. HemocTaTKy MOJIMCTUPOJIA — XPYIIKOCTD, HeOOJIbIITasd MOPO30- U CBe-
TOCTOMKOCTD. M3 TTOIMCTHPOJIA U3TOTaBANBAIOT BEHTUIAIIMOHHBIE PeIeT-
KU, M3OJAIMOHHLIN MaTepuaJ IJd 3JIeKTPONU3MEPUTENbHBIX IPHO0POB,
IS meTasiel 9JIeKTPOHHON TeXHUKH.

IIpu BBemeHUY B TOJTUCTUPOJ TOPOGOPOB 1 MOCJIEAYIOIIEM BCIIeHBA-
HUHU HOJYYAIOT IEHOIOJNCTHAPOJ, XapaKTePU3YIOIUIACI XOPOIINMU Tell-
JIO- ¥ 3BYKOM3O0JIANMOHHBIMI CBOMCTBAMM, MAaJIOH ILJIOTHOCTBIO, XMIMUUEC-
KOM CTOIKOCTHIO I BOJOCTOMKOCTBIO.

IMonusununxnopud (6ununaacm). ITOT BU[ IJIACTMACC IOJIYUYaOT II0-
JauMepusaluei BuHuIxJopuaa. O6iagaeT BBICOKON XUMUYECKOM CTOMKOC-
TBIO K JeMCTBUIO0 KOPPOSUOHHBIX cpejl. TelmmocToONKOCTh TOJINBAHUIXJIIO-
puna ue Boiire 70 °C. IIpu oTpullaTeIbHBIX TEMIIEPATypaX OH CTAHOBUTCS
xpynkum. JIeTKo mogBepraeTcsa MeXaHUYecKoir 00paboTKe 1 cBapKe, X0po-
110 CKJIEMBAETCS CIEeIUAJbHLIMU KJIeAMU. BUHUIIACT UCIOJIB3YIOT IJIS
IIPOM3BOJCTBA TPYO, JIMUCTOB, EMKOCTEH AJIA XUMHUUECKOM U MUIIEeBOH IIPOo-
MBIIIIJIEHHOCTH, TaJIbBAHUYECKUX BaHH, BEHTUJIeH, (hIaHIIeB U JIp.

OpzaHuueckoe cmexJio XapaKTepu3yeTcs X0POIlieil CBeTOIIPO3PaYHOC-
THIO, Iporyckaer 99% Bumumbix u 75% yabrpaduosaeToBbix sydeit. Op-
TaHNYECKOe CTEKJIO HOCHUT Ha3BaHNE IIOJUMETHUJIMETAKPUJIAT, SIBJISETCS
MPOAYKTOM IIOJMMEPU3AIUY OpraHnudYecKoro s¢gupa B BUIE JHUCTOB MJIU
IJIACTUH pas3andHoii Toamuael ot 0,5 10 50 MM u 60stee. Ero mpumMeHsaoT
JIJIs1 OCTEKJIEHUS TPAHCIIOPTHBIX CPEJCTB, M3rOTABINBAIOT HU3KOUACTOT-
HbIe U30JIATOPEI, TPYObl, MbLIE3AIIUTHBIE JUH3LI U APYTHE AeTaIu.

Kanpon — 310 IJIaCTUK Ha OCHOBE OJIUAaMUIHBIX CMOJI, IPOYHBI, YII-
pyruii, ¢ HUSKUM K03()PUITNEHTOM TPEHU, C OUeHb BEICOKOM CTOMKOCThIO
K IIeJsiouaM, 6€H3UHY, CIIUPTY, TUTPOCKOIINYEH, HO B TO K€ BPeMs Boja s
Hero ABJISeTCA IJIaCTU(UKATOPOM U IIPUIAET eMY 9JaCTUYHOCTEL. Kampou
MPUMeHAeTCA IJIs M3TOTOBJIEHUS MCKYCCTBEHHOTO BOJIOKHA, MOAIITUITHU-
KOB CKOJIbyKeH! A, 3y0UaThIX KoJec, BTYJIOK.

dmoponaacm-4. ITo OOUH U3 BUAOB IJIACTMACC, 00J1aaIOITNIA BBICO-
KOM XMMUUYECKOM CTOMKOCTBhIO KO BCEM KMCJI0TaM M IIeJI0UaM, COBEPIIIeH-
HO He IIOTJIOIIIAeT BOAY, MOXKET paboTaTh B Auamasoue Temmuepatyp ot —200
o +260 °C, aBiasgeTcsa caMbIM JYUIIIUM AUSJIEKTPUKOM Ha JIIOOBIX YaCTO-
Tax 3JeKTPUUYECKOr'0 TOKA, UMeeT CAMbIH HU3KUN KO GUIIMEeHT TPeHnd.
Ero ucmosib3yoT B KaUecTBe JIeKTPOU30JIAINOHHOI0 U aHTU(PPUKITUOH-
HOT'O MaTepuaJia 1 IJs HeCUJIOBBIX JeTajeil, paboTaloliX B arPpeCCUBHBIX
JKUIKOCTAX. XOPOIIIO 3apeKoMeH 10Ba i ceda (GTOpOoIIIacTOBbIE cermaparTo-
PBI HOAITUITHUKOB KaueHU s, TO3BOJISIONINX YBEJIUUYUTh ITPOJOIIKUTEb-
HOCTB PabOTHI Y3JI0B TpeHuA B 2—4 pasa B MecTaX, TPYAHOAOCTYITHBIX JJIs
CMa3KHu.
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Ioaugopmanvdezud saBAAeTCs Hambojee KECTKUM TePMOILIACTOM,
MMeeT XOpollre aHTU(PPUKITUOHHBIE CBOMCTBA, XUMUYECKY CTOHKUI, BbI-
Iep:;KUBaeT BLICOKME TeMOepaTypbl. ET0 MCHOJAB3YIOT AJIA M3TOTOBJICHUA
TMOAIITUITHUKOB CKOJIbKEH!A, [ITeCTePEeH IPH MOBLIINIEHHBIX HATPY3KaX.

Ilonukapboram OTANUYAETCA BBICOKON TeIJIOCTONKOCTBIO, MOPO30-
CTOMKOCTBIO, MaJION MOJI3yUYeCThio, HU3KUM BOJOMOTJIONeHrueM. JJia me-
Tajel n3 moJauKapOboHaTa XapaKTepHa MaJjas U paBHOMepHAasdA ycaaKa, uTo
TI03BOJISIET TOJYYaTh U3AeJNUA BEICOKOT0 KJaacca TouHocTu. MaTtepua 06-
JagaeT XOPOIIIUMH AUIJeKTPUUECKUMU CBolicTBaMu. VI3 Hero n3roTaBiiu-
BaOT KOPIIYCHBIE JeTAJHN SJIEKTPOU30IAIMOHHOTO Ha3HAUCHUA.

Tepmopeaxkmughble naacmmaccy. (peaxkmonJaacmot) Ha OCHOBE Tep-
MOPEaKTUBHBIX IIOJUMEPOB OTIUYAIOTCA OT TEPMOIIJIACTOB IIpPaKTHUUeC-
KM MOJIHBIM OTCYTCTBHEM XJIAJOTEKYUYeCTH IO Harpy3Koii, MOBBIIIIeHHOM
TEeILJIOCTOMKOCThI0, HEePACTBOPUMOCTBIO, IIOCTOSIHCTBOM (PU3HUKO-MeXaHU-
YeCKUX CBOIMCTB B TEMIIEPATYPHOM pPeKUMe MX dKCILTyaranuu. Tepmope-
aKTHBHBIE IIJIACTMACCHI B CBOEM COCTaBe HapAIY CO CBA3YIOIIUMU CMOJIa-
MU UMEIOT Pa3JNYHble HAIIOJHUTEJU: IOPOIIKOBLIEe, BOJOKHUCTELIE WJIN
caoucTbie. B 3aBUCHMMOCTH OT XapaKTepa HAIIOJHUTEJIS TepMOpPeaKTUB-
HbIe TJIACTMACChI IOAPA3AeasaI0TCA, B OCHOBHOM, Ha IPECC-TIOPOIIKH, BO-
JIOKHUCTEIE, CJIONCTEIC, Ta30Ha0THEHHBIE.

Ilpecc-nopoulku TPeACTABIAIOT CO00M KOMIIOBUITMOHHBIN MaTepuaJl
Ha ocHOBe (heHO0JI(hOpMAaIbIeTuIHOM CMOJILI C JIOOBIM IIOPOIITKOBBIM Ha-
moJHUTeJeM. B KauecTBe HAMOJHUTENIA B U3JEJAUSAX OOIIETEeXHUUYECKO-
Tro HasHAUeHUS MPUMEHSIOT ApeBecHYI0 MYyKYy. I[Ja moJydueHus: BBICOKOM
TEPMOCTONKOCTH IIPUMEHAIOT ac6ecTOBYi0 MYyKY. IIoBBIIIIeHre BOLOCTOM-
KOCTU U AUAJIEKTPUUYECKUX CBOMCTB AOCTUTAETCA KBapIieBoil MyKoit. [l
CHMIKEHUA XPYIIKOCTHU U3IeJINi Ha OCHOBe (peHoI(popMaIbIeTrnaHON CMO-
JIBbI €e CMEeIIINBAaIOT C CHHTETHYECKUM KayduyKoM. VI3 Impecc-IIopoIIKOB 13-
TOTABJMBAIOT KOPIYyca 1 KPBLIMIKY MPUOOPOB, IpefHAa3SHAUCHHBIX IJII pa-
6OTHI IPU TOBBINIIEHHBLIX TEMIIEPATYPaX, MeTAJU 3JIEKTPOTEXHUUECKOTO
HasHaueHud (PO3ETKHU, IATPOHEI, IIITEICEJIN U IP.).

BoaokHumbt. PerosohopMarIbIeruIHble CMOJIbI ABISIOTCA TaKIKe 0C-
HOBOI BOJIOKHHUTOB. B KauecTBe HAIIOJHUTEIEH MPUMEHSIIOTCA XJIOITKOBLIE
ouechl, ac0ecToBOe U CTEKJIAHHOE BOJTOKHO. BOJIOKHUTHI MMEIOT BHICOKYIO
yIapHYIO BS3KOCTb II0 CPABHEHHUIO C IIPECC-IIOPOIIKaMMU, PaboTaloT IIpu
remmeparypax 100-120 °C. Ac60BOIOKHUTHI OTIIMYAIOTCS TEILJIOCTOHKOC-
Tbi0 10 200 °C, xopormuMu GPUKITMOHHBIMY CBOCTBAMY, UMEIOT BHICOKIIE
SJIEKTPOU30JIAINOHHBIE CBOMICTBA.
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T1aBa 16. ITracmuueckue maccol

Cmex1080/10KHUMbL TIOJIYYAIOT C UCIOJb30BAHNEM CTEKJIAHHBIX BO-
JIOKOH, a TaKike C HAIIOJHUTEJEeM B BHUIe CTEeKJSHHOI JIeHThbI, KOTOpasd
obecneunBaeT MaTepuaJy HOBBIIIIEHHLIE MEXaHNUYECKIE CBOMCTBA U Tep-
MOCTOMKOCTbD.

Croucmole naacmmaccvl. B KauecTBe HATIOJHUTENA TPUMEHAIOTCS
TeKCTUJIbHA, acOecToBasd, CTeKJIAHHAA TKaHU, Oymara. CIounCThIe IIJIacT-
Macchl 00J1aal0T BBICOKOM IIPOYHOCTHIO. K CI0MCTBIM OTHOCATCA T'e€THU-
HaKC, TeKCTOJIUT, CTEeKJIOTEKCTOJIUT, aCOOTEKCTOJIUT.

T'emunakc — CIOUCTBINA IIPECCOBAHHBLIN MaTepHUaJ, COCTOAIIUN 13
IBYX U 0oJiee cjioeB OyMaru, IIponuTaHHBLIX cMoamu. O0JiagaeT BEICOKU-
MU IUSJIeKTPUUECKUMHU CBOMCTBaMU. ['eTHaKC BLIIYCKAETCS IO MapKOii
A, B, B, . Mapku A u B oTsinuaioTcs IOBBIIIIEHHBIMY JU3JIEKTPUUYECKUMU
cBolicTBaMU, Mapku B u I' — HOBBIIIIEHHON MeXaHMWYEeCKOH ITPOYHOCTBIO.
TeTuHaKc IpUMeHSETCS AJIA U3TOTOBJIEHUA N30JANNONHBIX AeTajel Is
TeJIEBU3NOHHOM U paguoTeae)OHHON alnapaTypbl, JeKOPATUBHBIX MaTe-
pHAaJIOB IS OTAEJIOYHEBIX PaboT.

Texcmoaum — CIOUCTHIN IPECCOBAHHBLIN MaTepHasl U3 XJIOIMUYaTo0y-
MaKHOH TKaHU, IPOMUTAHHON cMoJioii. [IpuMeHATCA OIS M3TOTOBJICHUSA
IeraJjieii, paboTalOIINX IIOJ HArpy3Ko# (IllecTepHU, BTYJIKH), B KadecT-
Be AHTU(GPUKIIMOHHOTO MaTepuaja AJA M3TOTOBJEHUA ITONIIMUITHUKOB
CKOJIbYKEHU, a TaAKMKe JIJIs AeTajieil 2JIeKTPo00O0pYyAOBaHUSA (SJIEKTPOIITHUT-
KH, ITaHeJn).

Ac6omerxcmosaum U3TOTABINBAIOT TOPAYNM IIPECCOBAHUEM Ha OCHOBE
acOecToOBOM TKaHU, MMPOIMUTAHHON cMOJION. [[JIs TTOBBIIIEHNA MeXaHuYec-
KO MPOYHOCTH ¥ TeIJIOIPOBOAHOCTH acbecToBas TKAHL MOXKET apMUPO-
BaThCA MEIHOIM ITPOBOJOKOM. ACOOTEKCTOJIUT YCTOMYMNB K Pe3KUM KoJjeba-
HUSIM TEeMIIePATyPhI X BJIAKHOCTH, OTJINYAETCS BEICOKMMY (DPUKI[MOHHbI-
MU, 3JeKTPOUSOJIANNOHHBIMY 1 TEILIOU30JIAIMOHHBIMI CBOMicTBamMu. V3
ac0ecTOTeKCTONIMTAa M3TOTABINBAIOT (GDPUKIIMOHHBIE HAKJIAAKU IS TOP-
MOBHBIX KOJIOJOK U AVCKOB CIIeIIJICHNS.

Cmexiomerxcmosium — CJIOUCTEIN PEeCcCOBAHHBIN MaTepuaJ, COCTOUT
M3 CTeKJISIHHON TKaHu 1 cMOJbl. O0aaeT BBICOKMMY ITPOYHOCTHBIMY T1-
DJIEKTPUUYECKUMMU CBOMCTBAMM, TEPMO- M BOJAOCTOEK. BrimyckaeTcsa B BU-
e JIUCTOB U ILIuT ToJinuHoi ot 0,5 1o 30 mm. ITeuarHrble miaTel, HAIIEI-
IIre MINPOKoe TpUMeHeHe B PAJNOTEeXHUUYECKUX U B 3JIEKTPOHHBIX IPH-
0opax, M3roTaBJINBAIOTCS Ha OCHOBE CTEKJOTEKCTOJIUTOB. B aBTOMOOMIIE-
CTPOEHUHU U3 CTEKJIOIIJIACTUKOB N3rOTABJINBAIOT Ky30Ba U JIPYyTr'He BHICOKO-
HATrpy:KeHHBbIe TeTau.

TazonanoninenHble NAACMMACCHL COCTOAT U3 MEeJILUANIINX TUeeK NN
TI0p, OTAEJIEHHBIX APYT OT APYyra TOHKOMH IJIEHKOH moauMmepa. Marepuabl,
COCTOSAIINE U3 3aMKHYTBIX, He COOOIMAOINXCA SUeeK, Ha3bIBAIOTC ne-
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16.5. Ocobennocmu npuMeHeHUA nAACMMACC 8 MAUUHOCINPOeHUU

HonJacmaMu, a MaTepuaibl, B KOTOPLIX HPeodagaioT COOOIAoNInecs
MeKIy co00i1 ITOPEI, — NOPONLACMamu.

ITenonnacTel 06JIafAalOT BBICOKOIN 3BYKOM3OJIAIMEl, a ITOPOIJIaCThI
00ecmeunBaIOT BBICOKYE TEILJIO- U 9JIeKTPOU30JIAIINOHHBIE CBOHICTBA.

Ilexo- 1 mopomJIACTEI IOJYUYAIOT HACBIIIEHNEM PACILIABJIEHHON CMO-
JIbI BCIIEHUBATEJISIMH, IIPK STOM IIPOUCXOLUT BCIEHNBAHME IIOJNMeEpPA.

INoKcudHas CMOLA U3 BA3KOKUIKOIO COCTOSHUS IIEPEXOIUT B TBEP-
Joe HeIlJIaBKOe ¥ HepacTBOPMMOE COCTOsIHYE IIPY BBeIeHN B Hee OTBEPIH-
Tesel. MOKCUIHAS CMOJIa MMeeT IJIoTHOCTS 1,15-1,20 /M3, mpegest mpo-
YHOCTH IPHU pacTskeHun cocrasiaseT 700—900 kr/cm?, IpOYHOCTH KJlee-
Boro mBa mmpu paspeiBe 450—650 kr/cm?. Taxkass cMoJia He IOJBEpPraeTcs
XUMHUYECKOMY BO3AeHCTBUIO CMA30YHBIX MaTepHajioB, MMEEeT XOPOIIYIO
aaTresunio ¢ MeTaJLIaMH, CTeKJIOM, JepeBOM. B IpOMBIIIJIEHHOCTH UCIIOIb-
3yeTcs IJIs U3TOTOBJIEHUA CTEKJIOIIJIACTOB, B KaUeCcTBe 3aJIMBOYHOTO, IIPO-
TUTOYHOT0, KJIEeBOTO, TePMETU3UPYIOIIET0 COCTaBOB, a TaKKe IJIA U3TO-
TOBJIEHUS Pa3HO00pasHbIX n3geanii. CocTaBbl SIIOKCUAHON CMOJIBI IMEIOT
XOPOIIYIO JKUAKOTEKYYECTh, CHOCOOHOCTD OTBEPKAATHCA IIPH KOMHATHOMR
TeMIIepaType, UTO HO3BOJISAET N3I'OTOBJIATD U3 HUX U3AEJIN CI0KHOM KOH-
durypammuy MeTomoM JHTbs 0e3 MCIOJL30BAHUS AOPOruXxX Ipecc-¢opm,
PA3IMYHBIX IIITAMIIOB JJIS XOJOIHOMN BLITSMKKI, IIPUCIIOCOOJIEHUHA AJId Me-
XaHNYECKOH 00paboOTKU 1 BCEBO3MOXKHBIX MAIIIMHOCTPOUTEIbHEIX IeTa-
Je#. [y uaroToByieHuA JeTajiell Hanbojee YacTo IPUMEHSAIOT SIIOKCU/I-
HbIe CMOJIBI CJIEYIOIIEro cocTaBa (B Bec. U.):

INOKCHUIHAA CMOJIA 100
IInacTudurarops! (udbyTuIdTOIAT) 10-20
OrBepauTEND (IOJTUITUIEHIIOJTNAMUH) 7-10
HanonHuTtens (MeTaaJIndecKuii IOPOIIOK aJIIOMUHUS, JKeJie3a) 50-100

OINOKCUIHBIA COCTAB 3aJIMBAIOT B I'MIICOBYIO (DOPMY, U3I'OTOBJIECHHYIO
110 IepeBSAHHON MOJIeJIN, 1 IOKPELIBAIOT €€ pas3Je/InTeIbHBIM CJIOeM — TPaHC-
(hopMaTOPHBIM MACJIOM C TEXHUUYECKNM BaseJInHOM. IIpogo/KuTeIbHOCTD
OTBEPIEeHNA 3IIOKCUIHOTO COCTABA B I'MIICOBBIX (pOpMax IpPU TeMIlepaType
18-20 °C cocraBiser 1-5 u.

16.5. OCOBEHHOCTW ITPVUIMEHEHWMJI INTACTMACC
B MAINMHOCTPOEHWUU

IIpu KOHCTPYUPOBAHUY JeTajied U3 IIJIACTMAacC CJIeAyeT YUUTHIBATD,
YTO MX CBOMCTBA GYAYT ONpPeNeaATh HaLesKHOCTb U JOJITOBEUHOCTh Pado-
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T1aBa 16. ITracmuueckue maccol

Tel. Heo0X0AMMO YUUTHIBATE W TO, YTO CO BPEMEHEM ILIACTMACCHI CTape-
10T, ¥ UX NCXOAHBIE CBOICTBA CTAHOBATCSA BeCchbMa ycCJOBHbIMU. IIpu miu-
TeJIBHOM HAIrPy KeHWH MJIaCTMAacCChl CKJIOHHBI K moJidydectu. IlosaTomy Ta-
KUe MOHATHUA, KaK IIPees TeKYUeCTH, Ipees IPOYHOCTH, ABISIOTCA IJIA
I1JIaCTMAacC BeChbMa YCJIOBHBIMU. B 9TOM cirydyae HeJIb3sA MJIaHUPOBATD IIPO-
YHOCTHEBIE CBOMCTBA, HE YUUTHLIBAS BPEMEHH, B T€UEeHNE KOTOPOro JeTajb
IoJKHA padorarh. BoT mouemy, IpOEKTUPYS AeTau U3 IJIacTMacc, Heoo-
XOIMMO PYKOBOJCTBOBATHCSA CJIEAYIOIIUMU COO0PaAKEeHUAMU:

1. CuoBBIe HATPYSKHU JOJIMKHBI JEeMCTBOBATH Ha HAMOOJiee IPOYHEIE
CEUEHUS U 110 BO3MOKHOCTY KPAaTKOBPEMEHHO.

2. B KOHCTPYKI[MAX He JOIYyCKaeTCA 3SHAUNTEJIbHAA PA3HOCTEHHOCTh
(e 6osee 1:3 mpu auThe u 1:6 Tpu IpeccoBaHUM).

3. Ilpu MBroTOBJIEHMHN OeTajiell M3 ILIACTMACC HeOOXOAMMO YUUTHI-
BaTh WX OIPAHUYEHHYIO JKE€CTKOCTb, [IJiS IOBBIIIEHUSA KOTODOU CliemyeT
IpeaycMOTPeTh pedpa KeCTKOCTH UJIN apMaTypy.

4. TIpoeKTUpPoBaTh U3 MJIACTMACCHI MOYKHO TOJIBKO TaK1e IeTasu, KO-
TOpBIEe OyAyT paboTaTh B OITHMAJILHOM [JIS JaHHOM IIJIaCTMACCHI TEMIIEpA-
TYPHOM PEKHME C YUETOM BO3SMOMKHOTO BIANSHNIA HATPYIKEHNUA HA TEPMHU-
YeCcKre XapaKTePUCTUKU

5. ILmacTMacchl He MOI'YT OBITh MCIIOJIB30BAHEI AJI N3TOTOBJICHUSI Jie-
TaJieil, KoTopbie paboTatoT ¢ OOJIBIITON HATPY3KOM U OT KOTOPBIX TPedyeTcs
MOBLIIIIEHHAS TOYHOCTb.

Ceropusi 00/1aCTh MCIIOJB30BAHUS IJIACTMACC B KAUe€CTBE KOHCTPYK-
IIMOHHOT'0 MarepuaJjia BechbMa OOIIMpPHA. OTO aBTOMOOUJIECTPOEHME, ca-
MOJIETOCTPOEHUE, CTAHKOCTPOEHNE, CEJIbX03MAIINHOCTPOCHNEe U MHOTHE
IpyTHe OTPaCJIH.

HOBBIE ITOHJITW A

CuHTeTUYECKUE U IPUPOIAHEIE ITOJINMEDHI.
TepMonIacThl U PeaKTOIJIACTEL.
Monuomepsl.

CrabuansaTopsbl.

AHTUTIUPEHEI.

ITnactuduraTopsl.

OrBepauTesnn.

CeTuaroe cTpoeHME IIOJTNMEPOB.
CrapeHue nracTmacc.

OpraHn4YecKoe CTEKJIO.
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Bonpocot 045 camoxonmposs

o

1.

3.

BosmoxHUTEHI.
T'eTunaxc.
TexcToaur.

BOITPOCBI OJI51 CAMOKOHTPOJIA

Yro mpeAacTaBIaAIOT 000 CHHTETHUECKYE U TPUPOIHbBIE ITOJIUMEPHI?
HasoBuTe npuMepHBIN COCTaB IIJacTMace.

HagzoBuTe ocHOBHBIE (hU3MUECKIE CBOMICTBA IIJIacTMAace.

OT yero 3aBUCUT IJIOTHOCTH ILjIacTMacc?

Yro TaKoe TEPMOILJIACTUYUHBIE ¥ TEPMOPEAKTHUBHEIE I1JIACTMACCHI?
HaiiTe cpaBHUTEJIBbHYIO XapaKTEPUCTUKY (HUBUUECKUX CBOMCTB ILJIACT-
Macc ¥ MeTaJIJIOB.

HaiiTe CpaBHUTENBHYIO XapaKTEPUCTUKY MeXaHUUYECKUX CBOMCTB
ILJIACTMACC ¥ METAJIJIOB.

HazoBuTe BUABLI TEPMOIJIACTUYHBIX ILJIACTMACC.

HazoBuTe BUABLI TEPMOPEAKTHUBHBIX IIJIACTMACC.

Knaccupuramusa nmiaacTMace mo IpuMeHeHHIO.

B ueM cOCTOAT 0COGEHHOCTY MPUMEHEHU IIJIACTMACC B MAIITMHOCTPO-
eHUU?

IIpuBenuTE KOHKPETHBIE 00JIACTY IPUMEHEHNA IIJIACTMACC B KaUeCTBE
KOHCTPYKIIMOHHOT'O MaTepuaJa.

TECTOBBIV KOHTPOJIb 3SHAHUM

KakoBa cTpyKTypa MaKpOMOJIEKYJI TEPMOILIACTUYHBIX IOJTAMEDPOB?
a) JIMHEeUHAasd;

0) pasBeTBJIEHHAS;

B) ceTvarad (CIIUTAaA);

r) JuHeWHasa U ceTuarasd.

KakoBa cTpyKTypa MaKpOMOJIEKYJI TEPMOPEAKTUBHBIX ITOJINMEPOB?
a) JIMHEeUHAasd;

0) pasBeTBJIEHHAS;

B) ceTyarasd;

r) JuHeWHasa U ceTuarasd.

KosdpuiienT TuHeiHOr0 pacinpeHns IIJIacTMacC B CPaBHEHUH € Me-

TajgjaaMu 6yaer:

a) GoJibIrre;
0) MeHbIIIE;
B) IIPUMEPHO OAMHAKOBBIHA.
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T1aBa 16. ITracmuueckue maccol

4.

ROB(I)(I)I/IHI/IGHT TEeIIJIOIIPOBOOHOCTH IIJIaCTMAacC B CPABHEHHNM C MeTaJl-

Jamu 6ymer:

5.

a) GoJibIrie;

0) MeHBbIIIE;

B) IIPUMEPHO OAMHAKOBBIM.

ITIpu Touennm nyacTMacc B KauecTBe OXJIAMKIAIOIIeH Cpe/ibl I1ejIeco06-

Pa3HO IPUMEHATH:

9.

a) BOAY;

0) MaIIMHHOE MAacJIo;

B) SMYJIbCUIO;

T) CiKaThIN BO3AYX.

C ueM CBsSI3aHO CTapeHMte JeTaJjieii u3 maacTMacc?

a) C TeXHOJIOTHel UX M3TOTOBJICHU;

6) c pasMepoM W BECOM JeTaJiei;

B) C COCTaBOM JeTaJieii;

T) C YCJIOBUAMU SKCILIYATAI[NH.

HasoBuTe cocTaB maacTMacchl TeTUHAKC:

a) m3 O0yMmaru, IponUTaHHON CMOJIaMU;

0) u3 TKaHu, IPOIUTAHHOI CMOJIaMU;

B) m3 OyMmaru, TKaHeil, IPOIUTAHHBIX CMOJIAMU;

r) u3 ac0ecTOBO¥ TKaHU, IPOIUTAHHOM CMOJIAMMU.

TeKCcTOMUT — CJIOUCTHI TPECCOBAHHBIN MaTepuaJl — COCTOUT U3:
a) Gymaru, IPOIUTAHHONM CMOJIAMU;

0) TKaHU, TPOITMTAHHONU CMOJIAMU;

B) Oymaru, TKaHei, IPONUTAHHBIX CMOJIAMU;

T) CTeKJSHHOIN TKAH! U CMOJIEI.

Kax TepmomiacTUUYHBIE IIJIaCTMAaCChl ITPM MHOTOKPATHOM HarpeBaHUU

1 OXJIQMKIEHU Y MEHAIOT CBO€ IIEPBOHAYAJIbHOE cocrosume?

a) pasMsArvaroTCs U 3aTBEPeBai0T MHOI'OKPATHO;
0) pasMAryarTCs U 3aTBepeBaioT HeOOPATHMO;
B) pasMsrvaroTCs U 3aTBEPEBAIOT uepes pas;

r) He pasMsrvaroTCs U He 3aTBep/eBalorT.

10. OpranuuecKkoe CTEKJO XapaKTepuUs3yeTcs CJEAYIOINIMMH OCHOBHBIMU
CBOMCTBaMU:

a) KapoIIPOYHOCTHIO;

6) CBETOMPO3PavYHOCTHIO;

B) YIOPYTOCTHIO;

T) BBICOKOH IJIACTUYHOCTBHIO.
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17.1. Obuyue cBedenus o OpeBectvlx KOHCMPYKYUOHHBIX MAMEPUANAX

I'TTABA 17. APEBECHDBIE MATEPUAJIbI

17.1. OBIIME CBEOEHWM O OPEBECHBIX
KOHCTPYKIIMMOHHBIX MATEPUAJIAX

I peBecruHa HAXOOUT IIIMPOKOE IPUMeHeHe BO MHOTUX OTPaCJAX Ha-
poxHOro X03aiicTBa. 13 Hee BEIpabarsIBalOT OyMary, KapToH, CKUIIIAP,
METUJIOBBIT W STHUJOBBIA CIUPTHI, IJIACTMACCHI, CUHTETUYECKUHN Kay-
YyK U MHOT'Oe Jpyroe. [IpeBecruHa ABJIsAETCA OCHOBHBIM MaTepPUaJOM IJIA
ILJIOTHUITKUX, CTOJNSAPHBIX, XYA0KECTBEHHO-OTIEJI0YHBIX pador. Ceromus
IpeBecHHa yTpaTuJjaa POJb OCHOBHOT'O CTPOUTEJIBHOTO MaTepuaja, HO CO-
XpaHseT BeAYIIYI0O PoJb B MpousdBoAcTBe Mebenu. [lepeBo — u3rr00IeH-
HBIN MaTepuaJ XyA0:KHUKOB. VI3 Hero cosfaioTcs CKyJIbITYPa, TOKapHbIe
pesHble u3feand u Mo3auka. [IIupoKkoe mpuMeHeHIe UMEET APEeBEeCUHA B
yuebHOM mporiecce mo Kypey «TexHoaorusa». [peBecuHa — HIPUPOTHBINA
MaTepuaJj PacTUTEJIbHOTO Ipoucxokaernd. Oua coctout us 45-55% nes-
aronossl (C.H | (O,), 20-30% nurauHa, OCTaJbHOE — YTJIeBOAOPOIBI U ADY-
rue KOMIIOHEHTBHI.

HocTonHCTBaMU APEBECUHBI KAK KOHCTPYKIITMOHHOTO MaTepuaja AB-
JISIFOTCA IJIOTHOCTH, BHICOKAA YIeJbHAsS IPOYHOCTb, XOPOIIIas COMPOTUR-
JIAEMOCTh yAapHbIM 1 BUOPAIMOHHBIM Harpy3KaM, BEICOKas CTOMKOCTD K
pacTBOpam coJreil, MaceJj, KICJIOT.

IpeBecuHa o6JyiaflaeT XOPOIIMMM TEXHOJOTMYECKMMM CBOMCTBaAMMU:
JIeTKO oOpabaThIiBaeTcs, AOMYCKAeT BO3MOXKHOCTH COENUHEHUA neTajiei
IepeBAHHBIX KOHCTPYKIIUI KJeeM, TBO3JIMHU, IIIYPYIaMU.

HegocraTkaMu IpeBECUHBI ABJIAIOTCA TMTIPOCKOIUYHOCTH, KOTOpad
M3MeHseT pasdMephbl, (GOPMY U IIPOUYHOCTH AeTaJieil, UMeeT CKJIOHHOCThb K
3arHUBAHUIO ¥ OTCYTCTBYE OIHECTOMKOCTH.

CeromHsa HAXONAT HPUMEHEHNE CJIEIYIOIre IIOPOAbI AepeBa: oepe-
3a, COCHA, eJb, JACEeHb, OpeX, JuIa, OYK, aKalusa, KpacHoe AepeBo, Ju-
MOHHOE U JID.

17.2. CTPOEHME JEPEBA
B pacrymiem fgepeBe yCJIOBHO MOYKHO BBIAEJIUTH TPU UaCTU: KODHWU,
CTBOJI, KpoHY. CTBOJI IpeAcTaBIAeT OCHOBHYIO YacTh JepeBa, KOTopasd Uc-

TOJIB3yeTCA B KAUeCTBE JPEBECHBIX KOHCTPYKIIMOHHBIX MaTePUaJoB.
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I'1aBa 17. [JpeBecrvie mamepuaist

Tak KaK ApeBecUHA ABJSIETCSA BOJOKHUCTHIM MaTEPUAJIOM, TO U3yUe-
HIEe ee CTPOEHUA IIPOBOAAT IO TPEM paspesaM: mopyegomy (MepueHauKY-
JIAPHOMY BOJIOKHaM), paduaibHOMY, TIPOXOAAIIEMY BIOJEb BOJIOKOH CTBOJIA
10 AMaMeTPy UIU Paguycy, U MmaHzeHUUAIbHOMY, UAYIIEMY BAOJEL CTBO-
Jia TIoJ] HEKOTOPBIM YIJIOM. Paspessl CTBOJIA PEBECUHEI IIPECTaBIeHbI HA
puc. 37.

Adpo CepduesuHa

Puc. 37. Paspessl cTBOJIa ApeBecuHbl: P — paguanbHbIi; T — TaHreHIIUAIbHBIH;
IT — monepeuHsblii (TOPIEBOIL)

Ha momepeunoM paspese BUIHBI 200UYHble KOJbIla, KOTOPBIE COCTO-
AT U3 BOJOKOH. KpoMe MpO0IbHBIX BOJIOKOH, COCTABJIAIOIINX OCHOBHYIO
Maccy IpeBeCHUHBLI, MMEIOTCs IIOIepeuHble BOJIOKHA, HashbiBaeMble cepo-
yesudnvimu aydamu. Ceplyesurna paciojoKeHa B IIEHTPe CTBOJIA B BUE
TeMHOTO TATHBINIIKA AuamerpoM 5—10 mm. IleHTpasbHas yacTh momneped-
HOT'O pa3pesa COCTaBJIsSIeT £0po, a mepudepuyiecKasa 30Ha, OTPaHNUYNBATO-
mad aapo, — 3a00J10Hb.

Kopa — mHapy:XHBI#l CJIOH CTBOJIa JepeBa, IPEeIOXPAHAIONINI ero OT
PEe3KUX KoJiebaHmil TeMIIepaTyPhl, UCITaPEH U BJIari U OT MeXaHUYEeCKUX
THOBPEKAECHUM.

Kamb6uii — TOHKUI, Hepa3JIUYNMbIHA IJIa30M CJIOM MeXIy 3a00JI0HBIO
¥ JyOOM, COCTOUT M3 »KUBBIX KJIETOK, 00YCJIOBINBAOIINX IIPUPOCT ApeBe-
CUHBI U KODBI.

JIy6 pacmoJioskeH MeKay KamMOueM 1 Kopoii. B pactyiem gepese mpo-
BOJUT MUTATeJIbHBIE BeI[eCTBa OT KPOHBI BHU3 CTBOJIA.
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17.3. IIOPOKM OJPEBECMHDBI

ITopokamMmu ApeBeCcHHBI HABLIBAIOT HAPYIIEHUS HOPMAJIBLHOTO CTPO-
€HUSA IPEeBECUHBI, YXYIIIAOIINe ee CBoiicTBa. K HUM OTHOCATCA CyUYKH,
rpuOKOBbIE MOPAaKeHUsI, MMOPOKHU (GOPMBI CTBOJIA, XMUMUYECKHE OKPACKHU,
TPEIUHBI, ITOBPEKICHUA HAaCEKOMBIMU, MHOPOAHBIE BKJIIOUEHUA U Pas-
JUYHBIE AedopMaum.

Cyurxu — HamboJjiee PacCIPOCTPAHEHHBINA IIOPOK, KOTOPHIE BBHISHIBAIOT
pesKoe m3MeHeHNe HallpaBJIeHUI BOJIOKOH, M3-3a Uero IPOYHOCTh JpeBe-
CUHBI IIPU PACTKEHUU U 1N3Tube Pe3Ko magaer.

TpewuHrvl GEIBAIOT BHYTPEHHUE, PaAUaIbHbIe, KOJIbIIEBbIE II0 TOAMY-
HOMY CJIOIO, HAPYKHbIE IIPOLOJIbHEBIE HA CTBOJIE. TPeIrHbl TAKKe CHUMKA-
IOT IIPOYHOCTH HA 5—10%.

Kococoit xapaKkTepusyeTcsa CIUPAJbHBIM PACIIOJIOKEHNEM BOJOKOH
B OTHOIIIEHUY OCHOBHOT'O CTBOJIA.

I'pububIe TOpaKeHUs IPEBEeCUHBI BHIPAKAIOTCA B UBMEHEHUN €€ OK-
pPacKu M HapyIIeHUH! IIeJIOCTHOCTH. ['prbOK pasBMBaeTCs B BO3AYIITHOM
BJIAYKHOI cpelie Ipu BBICOKUX Temueparypax mo 40 °C. Ilpu rpubxkoBoM
TIOpaKeHUN ApeBecrHa paspylIaeTcd, IIPeBpallasich B TPYXY U THUJb.
Jlia mpeqoTBpaIeHusa JPeBeCUHbI OT THUEHUA ee TOABepraioT CyIlrKe Ha
BO3AyXe U B CIIEI[UAJbHBIX KaMepax.

17.4. IPEJOXPAHEHME OPEBECVIHbI OT THUEHWA

I peBecHbIe MaTepuaJbl MOTYT IIOABEPraTbCcAd PALY HeOJIarompusT-
HBIX BJIUSHUM, 13-3a KOTOPBIX IPOUCXOAUT IPeKIeBpeMeHHOe UX Paspy-
IeHue.

HaubGosee uacTo paspyllieHre APeBeCHHBI IIPOMCXOIUT OT 3arHUBa-
HUA U OT OTHA. [[/1d mpegoxpaHeHUsA APeBeCUHBI OT 3aTHUBAHUSA IIPUMe-
HAETCS PAJ CIIOCc000B, U3 KOTOPHIX HamboJiee PACIPOCTPAHEHHBIM ABJIA-
eTcA NPoMaA3Ka W NPOnumKa AGHMUCeNMuKamu, a IJIsd 3aIlUThl OT OTHSA
ee IIPOMAas3bIBAIOT UM IMIPOMUTHIBAIOT 0COOBLIMU XMMUYECKUMU BeIllecTBa-
MU — AHMUNUPEHAMU.

AnTHCcenITKaMU Ha3bIBAIOT TaKMEe XMMUYECKIE BeIllecTBa, KOTOPbhIe
OKAa3bIBAIOT AJJOBUTOE JEMCTBIUE HA TPUOLI, ABIAIOIINEC TJIaBHOM IPUYH-
HOM T''HUEHUS JPEeBEeCHBIX MATepPUaJoB. AHTUCENTUKU AOJKHBI VIOBJIET-
BOPATH CJIEAYIOIIUM YCIOBUIM:

— 00Ja7aTh BEICOKMMY aHTUCENTUYECKUMU CBOMCTBAMU B OTHOIIIE-
HUU TPUOOB;
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— JIETrKO IIPOHUKAThH B TOJIIIY APEBECUHEI;

— OBITb CTOMKUMU, He UCIIAPATHCA U He BBINIEIaUNBATHCA BJIATOMH;

— He OKasbIBaThb BPEIHOIr'0 MeMCTBHUS Ha CaMO IePeBO U OKPYIKaio-
IIYIO CPeny, T.e. He ObITh AJOBUTHIMHU JJIA UeJIOBEKA, JKUBOTHBIX;

— OBITH JeIlIeBELIM.

Bce nmpumeHsaeMble aHTUCENITUKY MOYKHO Pa3 e IUTh HA TPU I'PYIIIBL:

1) ymorpebaseMble B KUAKOM BHUJE AJIS IPONUTKYU U AJIA IIPOMAa3bI-
BaHUS;

2) 5MyJILCUOHHEIE;

3) razoobOpasHbIe.

K mepsoii rpymnme 0THOCATCA XJI0PUCTHIN UHK ZnCl,, MeIHBIA KyIIO-
poc CuSO, - 5H,0, dropuctsiit Harpuii NaF.

AHTHUCENITUKN 8MOpOoil 2pynnyl IPEACTABISAIOT cCO00M Macja, MOJy-
yaeMble IpU Meperonke HeGTH, YIiid. 1'a3000pa3Hvle aHTUCETITUKU IIPU-
MEHSAITCA OJid O0OpPLObI C TOMOBBIMU I'pUOAMMU, OJIA YMEPIIBJIEHUSI CIIOP
B IpeBecrHe Ha CKJagaxX. Hambojee yacTo MpUMEHSIOTCS B KayecTBe ra-
3000pa3HBIX aHTUCENTUKOB ceprucmutii anzudpud SO, u gopmanvoezud
CH,0, nony4aemblii u3 popmainHa IyTeM ero ucnapenus. [Iponurka an-
THUCEIITUKAMU 3HAUYNTEJIHbHO (B 2—3 pasa) yBeJIUUUBAET CPOK CIIYKOBI Ape-
BECHBIX MaTe€pPUAJIOB.

Ilpedoxparnernue Opegecunvl om ozHs. Ilog BIMAHMEM BBICOKOM TEMIIE-
paTyphl IpeBecHHAa pas3JiaraeTcs M BBIAEJSAET BOCIJIAMEHSIIONINECs Ia3bl
(BooOpoOZ, OKKCH YIJIEPOJa, MeTaH, 9TaH). [Ipy HaaIuuuuy BO3ayXa U OTHSA
JIpeBecrHAa HAUMHAET rOPeTh.

I1s nmpefoxXpaHeHUs fepeBa OT OTHA IPUMEHAETCS PAJ CIIOCOO0B 00-
paboTKU ero ocoObIMU XMUMUUYECKUMU BeIleCTBAMU, KOTOPbIe HOCAT Ha-
3BaHNEe AHTUIMPEHOB WJM OTHE3AIUTHBIX. B NMpakTUKe NMPUMEHSETCS
2 cmmocob6a 06pabOTKU: OKpAcCKa v Nponumka.

IIpu okpacke gpeBecHA TOKPHIBAETCS TOJICTHIM CJIOEM KPAcKU, IPHU-
TOTOBJIECHHOU M3 BEIIECTB, KOTOPHIE caMU II0 cebe He TOPAT, OJITO He pas-
PYIIIaOTCA OT OTHS W SBJAIOTCA IJIOXMMHU IIPOBOJHMKaMu Teraa. Ilox
JIeficTBHEM OTHA 00pas3yloTcsA ra3oo0pasHble IPOIYKThI, KOTOPBIE, IIPOPHI-
BadA KPacKy, racaT IjiaMs.

I peBecrHA IPONUTHIBAETCSA TAKIKe OTHE3AIUTHLIMU BellleCTBAMU,
CIIOCOOHBIMY IIPY HATPEBAHUU IIJIABUTHCA YW BBIAECIATHL KPUCTAJIN3A-
IIMOHHYIO BOJY, IIOKPHIBAThH AE€PEBO OTHE3aIUTHON IeHKoii. CocTaBbl
IS IPOIUTKYU — CEPHOKUCJBIN aJIOMUHUME, (DTOPUCTHIN HATpUii, Oypa
(Na,B,0, - 10H,0), Boga. OnHaKo uiea bHOM 3aIUTHI OT OTHA He CYULec-
meyem.
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17.5. CBOVICTBA JPEBECVIHBI

IpeBecrHa KaK KOHCTPYKIITMOHHBIN MaTepuasl XapaKTepusyeTcs OIl-
peleleHHBIM KOMILIEKCOM (DU3NKO-MeXaHNUYECKUX CBOHCTB.

17.5.1. ®USUUYECKUE CBOVICTBA

K pusuuecKkuM cBoiCTBAM JPEBECUHBI OTHOCATCA CJIEAVIOIINE: IIBET,
3amax, TeKCTypa, BIasKHOCTh, TUT'POCKOITNYHOCTD, YCYIIIKa, pasdbyxaHue,
TEeILJIOITPOBOTHOCTD, 3JIEKTPOIIPOBOTHOCTD, 3BYKOIIPOBOIHOCTb.

I[gem Opesecunvl. [IpeBeCUHBI TPOIUYECKUX (TEIJIBIX CTPAH) OKpa-
IIIeHBI B TEMHBIE 1[BeTa. [lepeBba YMEepeHHOr0 KJInuMaTa uMeloT 0ojee CBeT-
JYyI0 OKpacky. 13 HamIuX mopoj HauboJiee MHTEHCUBHO OKPaCKOM OTJIN-
yarTcA ay0, opex, IIeJIKOBUIla, Tucc. I[BeT 1peBecuHBI y OJJHOM U TOH Ke
TIOPOABI UBMEHSIeTCS B 3aBUCUMOCTH OT BO3pacTa 1 YCJIOBHUI pocTa.

3anax OpesecurbL 3aBUCUT OT CMOJI, 9(DUPHBIX MaceJ, IyOUJIbLHBIX Be-
IIeCTB, HAXOQAIIINXCA B ApeBecuHe. Y XBOWHBIX IIOPOJ MpeobjagaeTr 3a-
max CKUImmumapa.

Texcmypa Opesecurnvt. Haubosiee KpacUBBIN PUCYHOK Y JPEBECUHBI
moJyJyaeTcs IpHU paarajbHOM W TAHTEeHIIMAJILHOM paspesdax. KpacuByio
CTPYKTYPY UMEIOT IC€Hb, OpeX, KalllTaH, KJeH, COCHA U AP., T.e. TEKCTypa
3aBUCUT OT IOPOILI lepeBa.

Baasxcrnocms Opegecunvl. Pas3amuaioT MOKDPYIO APEBECUHY, TOJITOE
BpeMsA HaXOAWBIIYIOCS B Boje. Ee BJIaKHOCTH BBIIIE BJIAMKHOCTU CBEXKe-
cpyOGireHHOrO ZepeBa. IIpy MpPOAOIKUTEILHOM HAXOMKIEHUN HA BO3AYyXe
MOKpas [peBecrHa AOCTUTAET 8030YULHO-CYx020 cocmosanus 15% u usme-
HSeTCS B 3aBUCHMOCTH OT TEMIIEPATYPLI 1 BIAKHOCTH Bo3ayxa. IIpu Tem-
neparype 100—105 °C gpeBecuHa TepseT IIOUTHU BCIO BOAY U IIPUHUMAaeT a0-
COJIIOTHO cyXoe cocTossHue. HopMabHasa BIaKHOCTh JPEBECUHBI COCTaB-
JsieT 0KoJio 15% . B 3aBHUCMMOCTH OT BJIarHu JpeBeCUHA CIIOCO0HA YChIXATh,
pasbyxaThb, KOPOOUTHCA.

B 1pousBOACTBEHHBIX YCIOBUAX BJIAKHOCTD IPEBECUHBI OIIPEAeIAI0T
BECOBBIM METOIOM II0 (hopMmye:

W =[(m - m,) / m,] 100%,

rae m — mMacca o6pasIia o CYIIKH, M, — Macca TOro e o0pasia, BhICYIIeH-
HOTO JT0 abCOJIIOTHOTO CYXOT'0 COCTOAHMA ITpu Temueparype 103 = 2 °C.

T'uzpockonuynocmsb OpegecuHbl — 3TO CBOMCTBO MOTJIOIIATE U3 BO3/Y-
Xa BOJsHBIE IIapbl. BMECTO TepMUHA «TUTPOCKOIMYHOCTBE» OYEHb YaCTO
yooTpebasoT TepMul adcopbyus. Ilornoiienre fpeBecUHOIl BiIaru 3aBu-
CHT OT TeMIIePaTy Pl BO3AYXa U OTHOCUTEIBLHON ero BJIAKHOCTH.
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Yeywra Opesecurvt — 3TO CIIOCOOHOCTH APEBECUHBI IIPU BHICHIXAHUU
CcOKpaIaTh cBou pasMephl. OHa 3aBUCUT OT IIOPOALI, BO3pPACTa U 00'HEMHO-
ro Beca. Msrkue mopoAbl yCHIXaloT MEeHbIIE, UeM TBepable. Mosonasa ape-
BECUHA yChIXaeT CUJIbHee, YeM cTapas.

B cpegmem ycyiiika B HaNpaBJeHUW AJWHBI BOJOKOH COCTaBJISIET
0,10%, B paguaJibHOM HampasjeHun — 3—5%, a B TAHreHIMAJIbHOM — 6—
10%.

Pasbyxanue OpegecuHvl — 3TO CBOMICTBO CYX0ii JPEBECUHBI IIPH IIOTJIO-
IIIeHWY BJIAT¥ YBeJIUYNBATH CBOY JIMHEHHbIE U 00 beMHbBIE pa3MepHI.

Tennonposodnocmsv dpesecunsl. [[peBecuna, 6aarogapsa cBoei mopoa-
HOCTHU, 00JIaaeT CPaBHUTEILHO HeOOJIBIION TeIJIOMPOBOAHOCTRI0. OnHa-
KO OHa 3aBUCUT OT 00'b€MHOTO Beca U BJIAKHOCTHU. Tak, Ipy yBeJINUeHUN
BJIQYKHOCTY APEBECUHEI €11 ¢ 5 10 15% K03(DUIINEHT TEJI0IPOBOIHOCTH
yBenuuuBaerca Ha 10%. TemIonpoBogHOCTh APEBECUHEI OOBLIUHO GOJIBIIIE
B HAIIPABJIEHUY AJUHBI BOJOKOH, YEM IIOIIEPEK.

AnexkmponposodHocms OpegecuHvl. YmorpebieHue nepeBa (Cyxoro)
B KauecTBe MBOJIAIMOHHOTO Marepuajia OCHOBAHO HA €ro BechMa MaJoit
BJIEKTPOIPOBOAHOCTHU U 3aBUCHUT OT BJIA’KHOCTH, IIOPOJLI IepeBa.

38ykonposodHocms AepeBa TOBOJBHO BBICOKA M 3aBUCHUT OT IIOPOIBI
JepeBa 1M HAIpPaBJIEHUs BOJOKOH. DhICTpee BCero 3ByK IPOXOAUT B Ha-
IIpaBJICHNU BOJIOKOH, MeJJIeHHee — B PaJUAaJbHOM U eIlfe MeJJieHHee — B
TaHTEHIINAJIHEHOM.

17.5.2. MEXAHUYECKWE CBOVICTBA

MexaHnYecKe CBOMCTBA IPEeBEeCUHBI B 3HAUUTEJILHOI CTeIeH! XapaK-
TEepU3YIOT ee KaK KOHCTPYKIIMOHHBIN MaTepuaJj. HanboJsiee 3HAUMMBIMU
CBOMCTBAMMU SIBJISAIOTCS TBEPHAOCTD, IIPOYHOCTD BJOJIb U IIONEPEK BOJOKOH.
MexaHnUYecKre CBOMCTBA 3aBHCAT OT MOPOALI, BIAXKHOCTH M TeMIIepaTy-
poI cyiuku. IIpOYHOCTEL ApPeBEeCUHBI IIPH PACTAMKEHNHN, CXKATUN U U3rHrde
HEeOAWHAKOBA B PA3JIUUHLIX HAIpPaBJIeHUAX (BIOJb U IIOIIEPEK BOJOKOH).
IIpouHOCTSL IIPU pacCTIKEeHHM BAOJb BOJOKOH Ha TOPSAOK U OoJjee Ipe-
BBIIIIAET IIPOYHOCTD IIONIEPEK BOJIOKOH. IIprMepHo B 8 pas MeHbIIe 1 IPo-
YHOCTh HA CiKaTHe MOIepPeK BOJIOKOH, YeM B0Jb. 110 cTemeHr TBEpPAOCTU
BCe IIOPOLI AeJATCA Ha OUeHb TBepAble (AaKaIusd, rpad, CaMIIINT); TBePAbIe
(6epesa, OYK, sceHb, BA3) U MATKUe (COCHA, eJib, TNXTAa, JUIAa, OCHA).

TBepmocTh ApeBeCUHBI OIIpeessieT ee 00pabaTLIBAEMOCTh M M3HOCO-
cToiikocTh. TopIieBas TBEPAOCTh 3HAUUTEIHLHO BEIIIE paauaabHoi. TBep-
JOCTh IPEBECUHBI 3aBUCHUT OT €€ BJIAYKHOCTU, C YBeJINUEHNEeM BJIAKHOCTUI
OHA YMEHbIIIaeTCs.
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17.6. BUbl JPEBECHBIX MATEPMAJIOB

JpeBecuHy, UCHOJB3YEMYIO B KaUeCTBe MCXOZHOTO MaTepmaJia JJid
M3TOTOBJIEHUS AEPEeBAHHBIX U3MEJIUN U JeTajiel, pasae/sioT Ha KPYTIIYIO
¥ ITUJIEHYIO.

Kpyriaas, B cBOIO ouepenb, IoApaseaeTcs Ha 6peBHA U KPYTUIAK.

K OGpeBHaM OTHOCAT KPYIJIBIHA Jiec, JHAaMETPOM B BepXHEM OTpyoOe
140 MM u GoJiee ¢ rpaganueit xuamerpa uyepes 20 mm. Kpyrustit gec nua-
MeTpoM MeHee 140 MM B BepxXHEM OTPyOe OTHOCAT K KPYIVIAKY, KOTODBIH
paszaenaroT Ha noaToBapHUK (quamerpom 80-130 MmMm) u :kepau (quamer-
pom 30—70). KopoTKuii 1 TOJICTHIN OTPE30K CTBOJIA JepeBa V KOPHA Ha3bI-
BaioT kpsaskeM. IIpoMesxkyTOUHOe IIOJIOMKEHNE MeXKy KPYTJION U IMUJIeHOU
IPeBeCcUHON 3aHMMAIOT IIJIACTUHBI, IIOJYUYEeHHbIe IIPOIOJIbHON PaCIINJIOB-
Koil OpeBeH momojiaM. IluieHas ApeBecuHa moApasiaesseTcd Ha Opychs,
OpPYCKHU U JOCKH.

Bpycba uncToobpesHble IPAMOYTOJILHOTO UM KBAAPATHOIO CeUCHUS
MOJIy4YaroT u3 OpeBeH, ONMUJIEHHBIX C YeThIPeX CTOPOH. BhicoTa 1 IMMpuHA
ceueHU OpycheB ycramoBieHa B npeaesax orT 100 mo 200 mm. ITpu onwm-
JIOBKE Y OPYCheB TOJIbKO IBYX CTOPOH IOJYyYalOT JIaTH.

Bpycku mosyuyaroT mIpoAoJIbHOM pacuuioBKoii 6pyckes (40x40, 40x50,
50x50 mm).

HocKku B 3aBUCUMOCTH OT (hOPMBI IIOIEPEUHOT0 CeUeHsI OLIBAIOT YKC-
TOOOpPEe3HEIE, ITOJIYOOpe3HbIe, HeOOpPe3HbIe, TOPObLIbL. PasMephl T0COK cTaH-
IapTU30BaHbI, OHM UMeIOT mupuHy 80—250 MM, a 1o TOJMIINHE UX AeJIAT
Ha ToHKMe (13, 16, 22, 25, 32 MmMm) u ToscTtwie (40, 50, 60 Mmm).

IITnoH (cTpysKKa) IpeacTaBaseT co00M TOHKME JUCTHI APEBECUHEI, II0-
JIyd4aeMble CTPOTaHUEM MJIU MUJIEHUEM Ha CIEIUAJBHBIX cTaHKax. [[lmor
HCITOJIB3YeTCs KaK MoJryabpuKaT AJIs1 M3rOTOBJIEHUS CJIOUCTHIX IPeBec-
HBIX MaTe€pUAaJIOB.

danHepoii HA3bIBAETCA JINCTOBOI MaTepuaJl, HOJIyUeHHBIN ITyTEeM CKJIe-
MBaHMUS HECKOJbLKUX JIMCTOB IIIIIOHA IIOJ JaBJICHIEM.

IIpeccoBanHasa W THyTasd APEBeCHHA IMOJYyYaeTCs B CIEIHMaJbHBIX
craJbHBIX (opmax. IIpexBapuTeIbHO 3aTOTOBKY APEBECUHBI PacIapuBa-
foT BogaHbIM nmapom npu 100-105 °C, mubo HarpeBaT ropssuyuMU rasa-
MHU. 3aTeM 3aTOTOBKY IIOMEIIAal0T B MeTaJIInYecKre (JOpMbl ¥ TPOU3BOAAT
IpeccoBaHUe UJau rEyThe. g Gukcanum noaydyeHHON (hopMEL JpeBecu-
HY cHoBa HarpeBaioT 70 100-120 °C mox maBjieHMEM IIPU BJIAYKHOCTU H—
8%. JlpeBeCHOCTpPY:KeUHbIe IJIUTHI M3TOTABJINBAIOT TOPAUNM IIPECCOBa-
HUEM IPEBECHOU CTPYIKKHU co cBa3yiomuM BertectBoM. [[CII Brimyckaior
HEeOOJIMITOBAHHLIMY U OOJHUIOBAHHBIMU IIIIIOHOM, CUHTETHUYECKHUM ILIacC-
THUKOM.
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HpeBecHOBOJOKHMUCTHIe HauThl [IBII moayuaioT IpeccoBaHmeM BO-
JIOKOH [IPEBECUHBI C I00aBJIEHUEM CBASYIOIIUX. IIpW 3TOM HMCHOJBL3YIOT
KPYIHOMEPHbBIE OTXO/IBI JIECOTMUJIEHUA U IepeBo00PaboTKM. ITO ChIPhE 13-
MeJIBYAIOT 0 BOJIOKHHCTOT'O COCTOSHUSA IIyTEeM IIOCJIeOBATEIHHOI'O Pas-
MaJILIBAHUS B CHEIUATBHBIX PYOMJIBLHBIX MaITnHaX. [[peBecHbIe YaCTUIIbI
TIPU TaKOU CTEIIeHU N3MeJIbUeHU I IIPUO0PeTaIoT 60IBIIYIO IIJIACTUYHOCTD.
ITosTomy mpounocTHbIe cBoiicTBa [|BII B HacTosIee BpeMs JOCTUTAIOTCS
u 6e3 mpuMeHeHUA cBA3YIoMuX. [[06aBKU MOYXHO BBOAUTH C I€JbIO IIPU-
mauusa IBII oraecrtoiikocTu, ruapodoO0HBIX, JEeKOPATUBHBIX U APYTUX
CBOICTB.

17.7. ObBPABOTKA M OTOEJIKA OPEBECHBIX MATEPMAJIOB

OHa BKJIIOUAeT B ce0s cJaeyIolle OCHOBHBIE TeXHOJOTUUECKIe IIPO-
Iecchbl: pasMeTKa, IUJeHNe, pesanue, CTporanue, 1oa6aeHue, hpeseposa-
HUe, CBepJIeHUE.

Mexannueckas 00paboTKa JpeBeCUHBI MOKET IPOU3BOAUTHCA C HAPY-
IIIeHreM BOJIOKOH (TTuJIeHue, CTporaHue, (ppesepoBanmie) u 6e3 HapyIIeHU
BOJIOKOH (THYThe, IpeccoBaHue). BoibImeit yacTbio 00paboTKa JpeBeCcUHEI
MIPOU3BOAUTCSA C HAPYIIIEHEM BOJIOKOH, IIPUYEM OCHOBHBIM CIIOCOOOM 3TO-
ro BuAa 00paboTKu ABIAETCS pesaHue. Paznuuaior pesanue: 1) co CTPyK-
KooOpasoBaHueM (TIujeHue, (ppesepoBaHme, cBepaeHue); 2) 6e3 oTaeIeHna
CTPYKKH (cpe3aHUe IIIOHA, PACKPOi (aHephl Ha HOMKHUIAX); 3) pacKa-
JbIBaHNE IPEeBEeCUHBI (KOJIKA, N3TOTOBJICHNE KOJIOTON ApaHu, Iiemnsl). ITo
OTHOIIIEHUO K HAIIPAaBJEHUIO BOJIOKOH Pa3IMYaioT ABa CAydas pes3aHusd:
BZIOJIb W IIONEPEK BOJIOKOH. IIpu 00paboTKe ApeBecHuHBI HCIIOJIb3YIOTCS
pasInYHbBIE MHCTPYMEHTHI 1 000pyIoBaHUE.

17.7.1. OTOEJIKA JPEBECHBIX MATEPMAJIOB

Bce Buab1 oTmenKu MOryT OBITH Pas3eeHbl Ha CIeAyIONue OCHOBHBIE
TPYIIIBI: TIPO3pPavYHasd, HeIpo3padyHasd, UMUTAIIMOHHAS W CHeIHaJJbHAasd.
IIpu mpospauHoOii OTHEJIKe IIOBEPXHOCTD APEBECUHBI IOKPBIBAIOT OeCIIBeT-
HBIMU OTAEJIOUHBIMU MaTepuaJaMu, COXPaHAIOIINMUI TeKCTYPY (Iakupo-
BaHUE, BOCKOBaHUE, IOKPLITUE IIJIeHKAMU).

IIpu HETpo3pauHOoii oTHe Ke (KPAaCKU, SMAaJIK) IIBET U TeKCTypa ApeBe-
CUHBI 3aKPBHIBAIOTCS.

NMuTaninoHHOM OTAETKON YIYUMIaIOT BHEIITHUNA BU U3IEJINNA, U3TO0-
TOBJIEHHBIX U3 JPEBECUHBI, TEKCTYypPa KOTOPBIX He OTJINYAETCSI KPACUBBIM
prcyHKOM (T1yO0OKOe KpallleHre, HallPpeCcCOBKA TeKCTYPHOH 6yMaru, oTae-
JIKA IJIACTUKAMU).
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HoBvte nonamus

CunenmasbHas OTAeJKaA 3aKJIOUAETCs B HaHECEHUU Ha IOBEPXHOCTH
IepeBAHHBIX W3AeJUil OTAEJOYHOI'O CJIOSA M3 PACILIaBJIEHHOT'O WJIHU IIO-
POIITK000pasHoro MeTraJia (MeTaaIn3alinsd), PaciaBIeHHBIX CMOJI, a TaK-
JKe BBITIOJIHEHIE Pa3JINUYHbIX TeKOPAaTUBHBIX padboT Ha ApeBecuHe (pe3nda,
WHKDYCTaIlus, BbIXKUTAHUE).

IToaroTOoBKaA MaTepwaJioB U3 APEBECUHBI K OTAENKE BKJIOUAET TaKKe
CTOJIAPHYIO U OTAEJIOUHYIO IIOATOTOBKY.

CrosispHas IOATOTOBKA MIPeAyCMAaTPHUBAET 3aJIeJIKY CYUKOB, TPEIIIUH,
yaajJeHue TPA3YU 1 3aUNCTKY ITOBEPXHOCTHU M3AEUA IIIn(oBaHIeM.

OTneslouHad MOATOTOBKA BKJIIOUAET B ce0dA CJIeAYIOIINE OIepaIlUu:
MOJHATHE U yAaJeHue Bopca, obeccMomBaHue, oToeInBaHUe, TPYHTOBA-
HUe, TOPO3alloJHeHe, IIITaTaeBanne, (hanepoBaHme.

Coenunenue u ¢GopMOBaHNE APEBECHBIX MaTEPUAJIOB IIPOU3BOLUTCS
IIPU IOMOIITX KJies, TBO3el, IITyPYIIOB.

HOBBIE IIOHSITU

TopieBoil, paguaJbHBIN U TAHTEHITNAJIBLHBIN paspes3bl APEBECUHEI.
Toguunbie KobIia.

CepaiieBUIHBIE JIYUH.

SAnpo, cepaieBuHa.

3a00JI0Hb.

Kamo6uii u 1yo0.

Kococioit ipeBecUHbI.

AHTHCENTUKY 1 aHTUIINPEHBI.

TopiieBasa u paguaasbHAas TBEPIOCTb.

IImon, rHyTaA ApeBecuHa.

MMmuranuonHasa oTaeaKa IpeBecuHbI.
CremnmaibHadA OTAENKA JePEBAHHBIX U3IETUIA.

BOITPOCHI OJI51 CAMOITIOOTOTOBKU

HazoBuTe ocHOBHBIE (hHM3UKO-MeXaHNUYECKIE CBOMCTBA APEBECUHBI.

. HaszoBute HauboJiee pacupocTpaHeHHBIE TOPOKU [PEBECUHEL.

. Hasnauenme aHTHCEIITUKOB U aHTUIIMPEHOB.

HaszoBuTe 0CHOBHBIE pa3pesbl CTBOJIA JPEBECUHBI.

. Bunwr gpeBecHBIX MaTepUAJIOB 1 TEXHOJIOTUA UX MOJTYyUEHUA.

. B ueMm cyIiHOCTh UMUTAIITMOHHOM U CIEIUATBHOIM OTHEJIKY JPEBECHBIX
MaTepuajos?

B uem 3akJrOuaeTCA CTONAPHAA U OTHEJOYHAA IOATOTOBKA JPEBEC-
HBIX MaTepuaJjoB?

OO W

=
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I'1aBa 17. [JpeBecrvie mamepuaist

TECTOBbBIV KOHTPOJIb 3HAHUN

1. Cpenm MHOKecTBa IIEHHBLIX CBOMCTB JPEBECHBIX MaTepPHAaJIOB OHHU 00-
JazaoT W CYIIEeCTBEHHBLIMM HeAocTaTKaMu. HasoBuTe oTpuIiiaTesbHbBIE
cBoOMiCcTBA:

a) TUTPOCKOMUYHOCTD;

0) TemJIOTMPOBOAHOCTD;

B) HEOJHOPOAHOCTH CTPOEHU;

T) 3BYKOIPOBOAHOCTD.
2. HopwmajabHOH BJIaXKHOCTBHIO JPEBECUHBI, IPUTOIHONA OJIA HU3TOTOBJE-
HUA Pa3JIUYHBIX U3OEJIN, ABIAETCH:

a) 0%;

6) 10%;

B) 15%;

r) 20%.
3. MexaHuuecKue CBOMCTBA APEBECUHBI 3aBUCAT OT CJEAYIONNX (PaKTO-
pOB:

a) TOPOXBI IepeBa;

0) BJIAYKHOCTH,;

B) BpeMeHU PyOKHU AepeBa (ero 3aTOTOBKN);

T) BHUJa CYIIKHU ApPeBeCUHBI (MCKYCCTBEHHON M €CTeCTBEHHO-BO3IYIII-

HOIA).
4. TIpoyHOCTb Ha CiKaTue JPEBEeCHUHBI IIOIIePEeK BOJIOKOH II0 CPaBHEHUIO
BJ[0JIb BOJIOKOH Oy/ZeT:

a) OoiblIre;

0) MeHbIIIe;

B) OJMHAKOBadAd.
5. IIpouyHOCTBH Ha pacTAKeHMe TPeBeCUHbBI BAOJIb BOJOKOH II0 CPaBHEHUIO
¢ TIOTIepeYHOM OymeT:

a) GoJibIre;

0) MeHBbIIIE;

B) OfMHAKOBad.
6. TopiieBas TBepPAOCTbH II0 CPAaBHEHUIO C PanaJIbHOMK OyaeT:

a) GoJIbIIei;

0) MeHbIIel;

B) OAWHAKOBOIL.
7. AHTHUCENTUKHU AJIA IPEBECHBIX MATEePUAJOB MOT'YT IPUMEHATHCS B
CJIEAYIOIINX COCTOAHUAX:

a) TBEpIIOM;

6) rasoobpas3HOM;

B) ‘KUJKOM.
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18.1. Obuyue cBedenus o cmexae

8. B mpaKTuKe aHTUIHUPEHBI IPUMEHAIOTCSA C ITOMOIIBI0 OKPACKU U IIPO-
TUTKY IPeBeCuHbl. YeM racurcs miaMs IPU OIPOIMUTKe?

a) rasoo0pasHBIMU IPOAYKTAMU;

0) BOJSHOM IIJIEHKOI;

B) ra3000pa3HBIMU OPOAYKTAMU U BOIOMH.
9. Yro ucnoabadyeTcA HamboJiee YACTO B KaueCTBe aHTUIIUPEHOB?

a) cepHuCTHINA aHrUAPUL SO,;

6) xmopucteiii nuHK ZnCl;

B) KHJIKOE CTEKJIO;

r) acbecToBas KpacKa.
10. IpeBecuna, ncmob3yeMas B KAUeCTBE UCXOAHOTO MaTepuraJa AJid 13-
TOTOBJIEHUS U3eJINI, IoApas3esdeTcsa Ha KPYIVIyIo u nujaeHHyo. K Kpyr-
JI0IT OTHOCAT OpeBHa, KPYIVISIK, sKepAu, XapaKTepuayeMble pa3MepoM A1a-
MeTpa B BepxHeM oTpydOe. Kakoit pasmep Kpyriadaka?

a) cBbimre 140 mm;

6) 30—70 mm;

B) 80-130 mm.

I'TTABA 18. CTEKJIO, KEPAMUKA

18.1. OBIIME CBEOEHWM: O CTEKIJIE

CrekJi0 — OMWH U3 CaMbIX PacCIIPOCTPAHEHHBIX MaTEePUAJIOB, IIINPOKO
HCIIOJIb3YEeMbIX B HAPOAHOM X03siicTBe U B ObITY. CTEKJIO U U3Aeaus Ha
€T0 OCHOBE IPUMEHSIOT BO BCeX 00JIaCTAX COBPEMEHHOM HAYKU U TEXHUKH.
ITupoko mpuMeHAETCA CTEKJIO B COBPEMEHHOM CTPOUTENLCTBE. OIIBIT IIPH-
MeHeHUs CTEeKJIa [JIs OCTeKJIEHeHUA aBTOMOOUJIeN 1 CaMOJIETOB ITOJIOMK I
HaJaJIoO IPOU3BOJCTBY 0€30IIaCHOTO CTEKJIa — YIIPOYHEHHOI'0 3aKAJIKON 1
MHOT'OCJIOTHOTO C IIPOKJIaAKaMU MJIaCcTUUHOM myieHKu. CTeKJIAHHbBIE TPY-
OBI IIIMPOKO BHEJPEHBI HA IIPEANIPUATUSIX HNUIIEBON M XNMUUYECKOH IIPOo-
MBITILJIEHHOCTH.

W3 cTekja BEIPAGATHIBAIOT 9JaCTUUYHEIE ITPOYHEBIE HUTHU, KOTOPEIE 3a-
TeM HUCIIOJb3YIOT AJIS U3rOTOBJIEHUA TKaHel, BBICOKOKAYECTBEHHBIX Tell-
JIOM3OJISITNOHHBIX U THUAPOU3OJIAIMOHHLIX MaTepruajaoB. B KoMOuHAITIUM
¢ IJTacTMAacCaM{ TOJYUYalOT CBEPXIIPOUHBIHN, JIETKUII MaTepuasl — CTeK-
JomIacTuK. VI3 Hero msroTaBJIMBalOT Pa3IUnYHbIE CTPOUTEIbHBIE AeTaJlu,
TPYObI, Ky30Ba aBTOMOOUJIET .
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I'1a6a 18. Cmexao, kepamuxa

ITosmydueHnb! cTeKJaa ¢ M36MPATEIbLHBIM CBETOIIPOIYCKAHUEM AJIA BCEX
IVAaTa30HOB JJUH BOJH — OT YJIbTPaduoIeTOBOH 10 nH(MpaKpacHoii. Pas-
paboTaHbl TEXHOJOTUU TOJYUYEHUS CTEKJa OOJBINON IJIOTHOCTHY AJIA 3a-
ITUTHI OT TaMMAa-U3JIyUYeHU, HeATPOHOB, PEHTTeHOBCKUX JIyueil, paauo-
AKTUBHBIX M3ayueHuii. OCBOGH BBINYCK CTEKOJ CAMBIX Pa3HOOOpPa3HBIX
IIBETOB, JJIS 9TOT'0 B CTEKJIOMACCY BBOAAT OKUCJLI piAga MeTar1oB. OKuch
KobaJibTa OKPAaIlMBaeT CTEKJIO B CHUHUN IIBEeT, COeINHEHN MapraHiia — B
(1oJIeTOBBIM, MEb — B CUHE-3€JIEHBIN U T.]I.

CTekJio mpencTaBaseT coOOM CILIaB, COCTOAIINI M3 KpeMHeseMa U
OKuCJIOB MeTas10B. Kpemuesem (Si0,) ABJIAETCA OCHOBOY CTEKJIA U €T'0 CO-
Iep:xanme cocrapiser nopagka 80% . Camoe pacnpocTpaHeHHOe OKOHHOE
(cTpouTeNbHOE) CTEKJIO COCTOUT M3 KpeMHe3eMa, OKHcell HaTpus, KaJb-
U ¥ HeOOJBIIOTO KOJNUYECTBA OKMCU aJIOMUHUA M MarHusd, II0Iagaio-
IIUX W3 CHIPhEBBIX MaTepuaaoB. KpoMe CHINKaTHOTO IPOMU3BOAAT OGopat-
HOe — Ha OCHOBe oKcuza 6opa B,0,, 6opocuankarHoe — Ha ocHoBe B,0, u
Si0,, hocdarnoe — Ha ocHOBe Gochoproro anruapuga P,0..

18.2. OCHOBHBIE CBOVICTBA CTEKJIA

0O6J1acTh IPUMEHEHUSI CTEeKOJI OIpeesisdeTcs UX CBOiCTBaMM, KOTO-
PBIE BaBUCAT OT UX XUMUUYECKOT'0 COCTaBa. [{JIf JUCTOBBIX CTPOUTENHEHBIX
CTEKOJI BayKHBI IPOYHOCTH HA CIKATHE U PACTAKEHNEe, TEPMUUYECKIe CBOMC-
TBa, XUMHUUECKasa CTONKOCTh, IIJIOTHOCTh, TBEPAOCTH, XPYIIKOCTD U IP.

IIpounocmeb Ha pasphlB cocTaBiaseT 3—9 xkr/mm?2, a Ha cxxarue 40—
60 xr/Mmm?. Takum 06Pa30M, CTEKJIO paboTaeT Ha PACTAMKEHNe SHAUNTEIh-
HO XYy’Ke, UeM Ha cikaTue. [IpouHOCTh CTeKJa MOBHIIIAI0T T00aBKU OKCU-
OB KaJblius, 60pa, MUHKA U APYTUX OKCuA0B. OMHAKO CTEKJIO paspyIiia-
eTcs IPU He3HAUMTEJbHBIX yIapax, pasjerasich Ha OCTPhbIe OCKOJIKHU He-
IPaBUJIBHOM (hOPMHEL.

CreKJo ra3o- ¥ BOLOHEIIPOHUITAEMO, XMMUYECKU CTOMKO B aTPECCUB-
HBIX cpefiax (3a UCKJIIOUEeHWEeM MJIaBUKOBOI 1 (hoc(POPHOIT KUCJIIOT).

ITnomunocms 3aBUCUT OT XMMUYECKOT'O COCTABa Y UBMEHSIETCS B IIpe-
menax 2,5—8,0 r/cm®.

Teepdocmb cTeKJia IO yCJIOBHOI ItKaJsie Mooca KoJebyieTcsa B Ipeje-
Jaax ot 5 1o 6,7 ex. Ilna cpaBHeHusA TBePAOCTh KopyHaa (Al,0,) pasHa 9,
ammasa — 10 (makcumasbHasa). CiiegoBaTesIbHO, CTEKJIO OTHOCUTCS K TBEP-
IBIM MaTepuajaM.

Tepmocmoiikocms — 3TO CIIOCOOHOCTH CTEKJIAa IPOTUBOCTOATE, HE Pas-
pylIasch, pesKuM U3MeHeHusaM Temuepatyp. OHa, Kak MpaBuUJIo, ABJIAET-
ca Huskoi. Hanbosee TepMuUUYeCKN YCTOMUYMBBI KBapIileBble 1 OOPOCUJIN-
KaTHBIE CTEKJIA.
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18.3. Budvl mexnuueckux cimeko i CrnekAou3oeuil

Onmuueckue ceoiicmea XapaKTepu3yIOTCsa MOKa3aTeJIAMU CBETOIPO-
mycKaHus (IPO3pavyHOCTH), CBETOIIPEIOMICHEM, OTPAKeHeM 1 PACCen-
BanueM. Koa()(pumueHT nponycKkaHus ceeta cTekgamu gocturaet 0,9.

TenaonpogodHocmb CTEKJa HU3KaA, a 38YKOU30AUPYIOULAS CIIOCOD-
HOCTB BbIcOKas. CTEKJIO TOJMIIUHON 1 ¢cM IO 3BYKOUB30JISIIIUY COOTBETCTBY-
eT KMPIIMYHOM CTeHe ToJIuHou — 12 cMm.

MexaHuyeckue ceoilcmaea CTeKJIa MOKHO CYII[ECTBEHHO IIOBBICUTD
Pa3IMYHLIMKA METOLAMM YIPOYHEHMS IIOBEPXHOCTHOI'O CJIOS TepPMUUEC-
KOM, XMMHUYECKOI NN TEPMOXUMUUECKON 00pabOTKOIM.

Tepmuyeckuil memod yIpOUHEHNA 3aKJIIOYAETCA B 3aKaJIKe CTEKJIa C
TeMmuepatypoii Harpesa 600—650 °C, BrIZiep;KKe IPU 9TOI TeMIepaType 1
3aTeM GBICTPOM OXJIAMKIEHUU ¢ 00eUX CTOPOH CiKATBIM Bo3ayxoMm. IIpu Ta-
KOi1 00paboTKe CTOMKOCTD CTEKJIA K CTATUYECKUM HAarpy3KaM BO3PacTaeT
B 5—6 pas, MpoYHOCTE Ha yaap — B 6—7 pas, a TepMuuecKas CTOMKOCTb — B
2—-3 pasa.

Xumuueckuil memod yIpouHEeHUA 3aKJIIOUaeTCAd B yAaJeHUu aedex-
THOT'O IIOBEPXHOCTHOI'O CJIOS CTEKJAa METOAOM XMMUYECKOTO TPaBJIEHUS,
KaK IIPaBUJIO, IJABUKOBOM KHCJIOTOHA. ITOT METOJ IIPUBOAUT K MHOBLIIIIE-
HUIO IIPOYHOCTH U TEPMOCTOMKOCTH.

Tepmoxumuyeckoe ynpouHeHue 3aKJII0YAETCS B 3aKAJKe CTeKJIa B Ha-
T'PEeTHIX KPEMHUNOPraHMYEeCKUX KUIAKOCTAX. IIpOYHOCTH TaKOTO CcTeKJa
3HAYUTEJHLHO ITOBLIIITAETCA 3a CUeT 00pa3soBaHUS Ha eT0 ITOBEPXHOCTH TIO-
JUMEPHBIX IIJIeHOK.

18.3. BUIbI TEXHMYECKWMX CTEKOJI ¥ CTEKJIOU3IEJIVU

B IpOMBINIJIEHHOCTY HAXOAAT IPUMEHEeHNe Pa3JINUHble BUALI CTEKOJI
U CTEKJIOU3AeJIIA.

Keapuesoe cmexs0 COCTOUT MPAKTUYECKN M3 YKCTOr'O KpPeMHe3eMa
(99,5% Si0,). Ono 061a1aeT BLICOKOH TePMUUECKON U XUMUIECKOM CTOM-
KOCTBIO, XOPOIIIMMH AUSJIEKTPUUYECKUMU cBoicTBaMu. M3 Hero msroras-
JUBAIOT XUMHUUYECKH CTOUKYIO IIOCYAY, M30JATOPEI, JIEKTPOBAKYYMHBIE
usneans, padoTarlye P IOBBLIIMIEHHBIX TEeMIEePaTypax, ONTHYECKUe
IpUOOPHI.

Jlucmosoe 0KOHHOE cMeKl0 TIPOU3BOAUTCS TPEeX MapOK: IIOJUPOBAH-
HOe, HeIIOJIMPOBaHHOE YIYUIIIeHHOe U HemoJaupoBaHHoe. OKOHHOE CTEKJIO
BBIIYCKAIOT TOJIIIIUHON OoT 2 10 6 MM.

BumpuHHoe cmeKi0 TPOU3BOAUTCS ABYX MapOK: ITOJIMPOBAaHHOE U He-
TMOJUPOBAHHOE C TOJIMUHON 6,5—12 MM, IpUMeHAETCSI IJd OCTEKJICHUI
BUTPWH, BUTPAXKEHN 1 OKOH OOIIECTBEeHHBIX 3IaHUIA.
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I'1a6a 18. Cmexao, kepamuxa

Cmekao aucmosoe y3opuamoe UMeeT Ha OTHOM UJau 00enX CTOPOHAaX
penbeHBIN PUCYHOK, ITOJYUYeHHBIN IPOKAaTKOH. IIpuMeHsaeTcA a1 AeKO0-
PaTHUBHOT'O OCTEKJIEHUA.

Apmuposanrnoe GeCIBETHOE U IIBETHOE JIMCTOBOE CTeKJo. [lyia apmu-
POBaHMUSA IPUMEHSAETCA CBapHAA U KPYyUYeHHAsd CeTKA U3 CTAJIbHON IPO-
BOJIOKH CO CBETJIOH IIOBEPXHOCTHIO UJIU C 3AI[UTHBIM AJIOMAHUEBBIM IIOK-
peiTHEM. APMUPOBAHHOE CTEKJIO OTJINYAETCA MMOBBIIIEHHON IIPOYHOCTHIO,
CBETOIIPOIIYCKAHNE 3HAUNTEIbHO MeHbIle — 65% mnpoTus 90% B 00bIYHOM
CTeKJIe.

3axanenHoe cmexao ABJIsAeTCA 0e30IIaCHLIM, TaK KaK IPU paspyIie-
HUU paclajgaeTcs Ha MeJKUe OCKOJKY C TYIILIMU He PeKYIIIUMU KPasMU.

MHnoeocaoiinoe cmexo (mpunJjiekc) COCTOUT U3 HECKOJILKUX JINCTOB
CTEKJIa, IIPOYHO CKJIEEHHBIX MKy 000 MPO3PaAUHOI 9JIaCTUUHOM ITOJIH-
BUHUJIOYTUPOJILHOM IIeHKoM. [Ipu yaape oHO He JaeT OCKOJIKOB U ABJIAET-
ca 6ezonacHbIM. Takoe CTEKJIO ITOJYYAIOT B aBTOKJIABE IIPU TeMIIepaType
100 °C ¢ uzbuITOUHBIM AaBieHueM 18 aTmocdep.

s mosydeHUs BBICOKOIPOYHBIX CTEKOJ IIPOM3BOJAT CKJIEMBAHUE
3aKAJIEHHBIX JINCTOB.

Ilenocmersio mpeacTaBasaeT coO0OU NCKYCCTBEHHEBIN MaTepuaJ, Iogo0-
HbIH neMse. IIpolece IpousBoACTBA IIEHOCTEKIA 3aKJII0UAETCA BO BCIIYyYU-
BaHUU PAa3MOJIOTOT'O CTEKJIa, CMEIIIaHHOTO ¢ HeGOJIbIIIUM KoJaudecTBoM (1—
3%) mpeBecHOro yIJisd, U3BECTHIKA, Meja mpu temneparype 700-900 °C.
ILnorHOCTE MeHocTekaa — 100—700 Kr/M3, OHO IpUMEHAETCA B KOHCTPYK-
IUAX KaK TEeIJIOU30JUPYIONINI 1 3BYKOIOTJIOIIAIOIINI MaTepuaJj B BUIE
0JIOKOB U B I'PaHYJIMPOBAHHOM BU/E.

CmeKxasHHOe 60J0KHO TPUMEHSAETCA B IIPOU3BOJCTBE KOMIIO3UIIUOH-
HBIX MaTepHaJioB B BUJEe BOJIOKOH, HUTEN, TKaHEHN, X0JICTa, CTEeKJIOBATHI.
HenpepbIBHOE CTEKJIOBOJIOKHO IOJIYYAIOT U3 pACIljlaBa METOJaMU MeXa-
HUYECKOTO BBITATUBAHUA U3 (QUIbED IJIAaBUJIbHBLIX BaHH U HAMOTKU, a
TaKsKe pacuaeHenneM (PasmgyBoM) CTPYHU CTEKJIOMACCHI IIOTOKOM IIeperpe-
TOrO Iapa WJIK CIKATOro BO3AyXa.

CTeKJIOBOJIOKHO OTJINYAETCH BHICOKMMU IPOYHOCTHLIMY CBOMCTBAMMY,
CTOMKOCTBIO K arPECCUBHBLIM CpPelaM U BHICOKOM TEILIOCTONKOCTBIO.

Cmexaokpucmanauieckue mamepuaisvt (cumannwt). OT cTeKga CH-
TaJJBl OTJINYAIOTCA MUHEPAJOTMYECKUM COCTaBOM M MUKPOKPHCTAJ-
JuyecKuM cTpoeHueM. IlogydaroT Takoil mMarepuaj JBONHOI TepMUYec-
Ko¥ 00paboTKoOI TBepaoro crekJja mpu temueparype 500-700 °C u mpu
900-1100 °C. Ouwu 06J1a7at0T BHEICOKOI CTOMKOCTHIO K TEPMUUECKUM BO3-
IeHCTBUAM, aHTUPPUKITMOHHLIMY, XUMAYECKUMU 1 JUIJIEKTPUUECKUMU
cBoiicTBamMu. 13 cuTaJIIOB M3rOTaBINBAIOT TPYOHI AJIA TEIJIO0OMEHHUKOB,
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18.4. Obuyue cBedenus o kepamuxe

MOAITUITHUKY, paboTaloiue 6e3 cMasKu Ipu Temoepatype oxkoJio 500 °C,
MOPIIHYA, IUJINHIPBI IBUraTEeIe.

18.4. OBIIIVE CBEAEHW I O KEPAMUKE

KepamMukoil Ha3bIBAIOTCS MaTepPUAJIbl, IMOJYUYEHHBIE CIEKAHNEM II0-
POIIIKOB MUHEPaJbHBIX BelllecTB. CIeKaHue IPOUCXOIUT IPU Harpese us-
Ienuit, OT()OPMOBAHHBIX W3 ITOPOIIKOB. MICXOAHBIMU MaTepuaJaMU AJIA
TMOJIYUYEeHUST KePaAaMUKHU CAYKAT TVIMHBI, TTOJI€BOH AT, TAJIbK, OKKUCJIEI 6a-
pusi, TUTaHA, IUPKOHUSA, HIOOUS, a TaKMKe KapOuabl, CUIUIIUALI, HUTPH-
Ibl, 6opuanl. Ilpu 06:KMTe NCXOMHBIE BellleCTBa B3auMOeHCTBYIOT APYT C
IPYyToM, 00pasys KpucTaJJIndecKyio 1 aMmopdHYIo (has3hkl KepaMuKu. B Ke-
paMuKe IIPU TeXHOJOTMUYECKOM ITPOIIecce ee MOJIyUeHU BCera OCTalOTCA
MUKPOIIOPHIL.

Kpucrannuueckass dasa mpeacTaBiseT co00i KPUCTAJIBI PasMepoM
20-30 MM u BbIIIe. B 3aBUCMMOCTH OT MCXOJHOT'O COCTABA OHU MOTYT
OLITH OKMCJIAMHU, TBEPABIMU PACTBOPAMHU WU COCIMHEHUSIMU OKMCJIOB.
AmopodHasa dasa mpencTaBaseT co00 CTEKJIO, KOTOPOe II0 XUMUUYECKOMY
COCTaBY OTJIMUAETCS OT KPUCTAJLIOB. VICXOHbIe MaTepUAJIbI AJIA IOJIyUe-
HUS KepaMUKU UMeIOT MPaKTHUYeCKN HeOrPaHWUYEHHYIO CHIPbeBYIO 0asy.
OcHOBHOE TIPEeMMYIIECTBO KepaMUKHU 3aKJOUaeTcsd B ee 0ojiee BBICOKOM
JKapOIIPOYHOCTH 10 CPaBHEHUIO ¢ MeTaaaMmu. OHa ITOYTH HEIIoABEeP KeHa
CTapeHuIo0 U He JAaeT OCTATOUYHBIX Aedopmaiiuii mon meficTBUEM MeXaHU-
YeCKUX HArpys3ok. K HemocTaTKaM cjieiyeT OTHECTH ee XPYHIKOCTD U 60JIb-
mryio ycaary mo 25% mpu o6:Kure, M 9TO 3aTPYAHSAET IOJTyUYaTh TOUYHBIE
pasmepsl uagenuii. CieueHHass KEpaMUKa OUY€Hb TBepAas, PeKeTcs ¢ TPy-
IOM ¥ TOJIbKO abpasuBaMu.

Kepamuka o6jagaeT XOPOIIUMHU 3JIEKTPUUYECKUMI CBOMCTBAMM, XU-
MHUUYECKO# CTOMKOCTHIO, BOJIOCTOMKOCTRIO. B Gimikaiiiiee BpemMsa KepaMu-
Ka HalfeT IpUMeHeHNe B IBUraTeJIeCTPOSHNY, ATOMHOI dHepreTuke, Me-
TAJJIyPrUU, B XUMHUUECKOH, 9JeKTPOTEXHUYECKON IIPOMBIIIEHHOCTH U
IPYyrux oTpacasx. MoKHO IPHUBECTH KOHKPETHbIEe 00JIaCTH TPUMEHEeHUA
¥ IPEeUMYIIlecTBa 3TUX MaTePUaJOB:

— HarpesaTeJu IJsd 3JeKTpoieueil (o6ecrieunBaOT pabouyio TeMIie-
parypy cbimre 2 000 °C);

— IITAMIIOBOYHBIA MHCTPYMEHT (IOBBIIIIEHNE N3HOCOCTOMKOCTH B H—
10 pa3);

— GesBosb(ppamoBbie TBepabIe ciiaBbl (100% sxkoHOMUM BOJIb(pPama);

— OrHeYIOpPHI AJid QYyTEePOBKHU IJIaBUJIbHBIX IIeYeit;
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I'1a6a 18. Cmexao, kepamuxa

— npmetanu auas aBuraresieii (moBnimtenue KILI nBuratens u cHUMKe-
HUe pacxozxa Tomausa 10 30%);

— JKapOIIPOYHBIE JeTaJIH IJId Ta30BbIX TYPOUH (CHUKAET PACXOJ TOI-
suBa 10 20% , 3HAUNTEIbHO YMEHBIIIAeT BEeC TYPOUHEI);

— HeoTpaHWYEHHBIE BO3MOKHOCTH IIOJIYUEHUSA PEXKYINEro WHCTPY-
MeHTA, [IJIsI U3TOTOBJIEHUS IOAIINIIHNKOB, (DUJIbEDP AJIA BOJIOUYECHUS IIPOBO-
JIOKH, IJIS HePeKauKy KULKOr0 METAJLJIA U T. .

CeromHs IOJIyUYeHe TYTOMJIABKUX KepaMUUYeCKHUX MaTepPUAJIOB IIPO-
M3BOAUTCS HIPAMBIM BOCCTAHOBJICHNEM, ILJIA3MOXNMUUYECKIM CHHTE30M U
CBC (MeTomoOM caMOPACIPOCTPAHAIOIIEr0CA BLICOKOTEMIIEPATYPHOT'O CHH-
Te3a). CBC ocHOBaH Ha TOM, UTO IPU B3ANMOIeICTBUY UCXOAHBIX BEIIeCTB
B IIpoIlecce SK30TEPMUUECKON peakIlny 00pasyioTCcs BEICOKME TeMIlepary-
PBI, pe3ko ycKopsaioiueca nuddysuonubie mpoiecckl. Merogom CBC mo-
JIYYEHO OKOJIO TPEXCOT HOBLIX MaTEepPHAaJIOB: KapOuI TaHTaJa C TEMIIEpaTy-
poit mmaBaenusa 4000 °C, HUTpUA KpeMHUA 1 MHOTHE APyTHe.

HOBBIE ITIOHITW

CTeKJIOIJIaCTUK.

CTpouTesbHOE CTEKJIO.

BopaTtHoe cTek.10.

Bopocuinkaraoe cTexJio.

docpaTHOE CTEKJIO.

OnTuuecKkue cBOICTBa CTEKJA.

TepMoxuMHUYECKOEe YIIPOUHEHME CTEKJIa.

3aKaJieHHOe CTEKJIO.

MHorociofiHOE CTEKJIO (TPUILIIEKC).

ITeHocTekio0.

CTeKJIsSHHOE BOJIOKHO.

Curajasl.

Kepamuka.

IImasMoXMMHUYECKUA CHTES.

MeToz caMopacIpoCcTPaHIONEr0oCs BLICOKOTEMIIEPATY PHOI'O CHTE3a
(CBCQ).

BOIIPOCHI OJ151 CAMOIIOATIOTOBKM

Hagzosure cocraB CTPOUTEJIBHOI'O CTEeKJIa.

OcHoBHBIE 00JIaCTH IIpPUMEHEeHUA CTeKJIa.

Yem XapaKTepU3yITCA OIITUYECKHNE cBoiicTBa cTexJaa?
HagzoBure ocHOBHBIE METOAbI YIIDOUHEHUNA CTEeRJIa.

N
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TecmoBulii KOHMPOAL SHAHUI

O © 03O ot

1

11.

12.

Yro xapaKTepusyeT ycJoBHAaA mKajaa Mooca?

HasoBuTe 0CHOBHBIE (DU3MUYECKYE 1 MeXaHNUYeCKHe CBOMCTBA CTEKJIA.
Kakumu nob6aBkamu o0ecriedunBaeTcA IBET CTEeKJIa?

Yro nmpencTaBasgeT co00ii MHOTOCJIOMHOE CTeKJIO (TPUILIeKe)?
HaszosuTe cocTaB IIEHOCTEKJIA 1 00JIACTE €r0 IPUMEHEeHUA.

HaszoBure cocraB KepaMHKH, B UeM €€ OTJIMUYKE OT MEeTaJJIOKepa-
Mugu?

HasoBuTe OCHOBHBIE T€XHOJIOTUH IIOJYUYEHUA TYTOILJIABKUX KepaMu-
YEeCKHUX MaTepUaJIOB.

OCHOBHBIE IIPEUMYIIIECTB 1 00JIACTH IIPUMEHEHNA KepaMUYeCKUX Ma-
TEepPHAaJIOB.

TECTOBBIV KOHTPOJIb SHAHUM

CTeKJI0 MoJIyYatoT CJIeYIOIMIUMYU TeXHOJIOTUAMU:

a) IaBJIEHUEM;

6) IJIaBJIeHUEM;

B) MeXaHUYEeCKOUN 00pabOTKOI;

T) BapKoIi.

OCHOBHBIM KOMITOHEHTOM ChIPbS AJIA MOJYUYeHUS CTeKJIA SBJIAETCS:
a) MeJ;

6) coxa;

B) KPEMHE3EM;

T) HaTpueBas CeJIUTPA.

CTpyKTypa cTeKJa:

a) amopdHasd;

0) KpucTaJanyecKasd;

B) BOJIOKHUCTAadA.

CTeKJI0 MOYKHO YIIPOUHSATH C IIOMOIITBIO:

a) XMMHKO-TepMUYECKO 00paboTKU;

6) TepMHUUECKOIi 00paboTKM;

B) TepMOMeXaHWUYEeCKOl 00paboTKu;

) apMHUPOBAHUA.

Kakwue oKMCIBI METAJIJIOB IPUIAIOT CTEKJIY CUHUM IIBET?
a) menu;

0) cBUHIIA;

B) KoOaJibTa;

T) TUTaHAa.

Kaxoit okuces MeTaJijia IPUCYTCTBYET IIPU ITPOU3BOICTBE XPyCTAIA?
a) menu;

0) CBUHIIA;
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I'1aBa 19. Pesuna, xaeu u Opyeuie HeMematiuecKue Mamepuanst

B) KobaJibTa;
T) TuUTaHa.
7. KBapiieBoe CTEKJIO OTJIMYAETCS CIAETYIONIMMY CBOHCTBAMMU:
a) BBICOKOM M3HOCOCTOMKOCTHIO;
0) BBICOKOM TEPMUYECKOHN CTONKOCTHIO;
B) BBICOKOM XMMHUYECKOU CTONKOCTBIO;
I) BBICOKUMU AUSJIEKTPUUECKHUMU CBOHICTBAMU.
8. OcHOBY KBapIIeBOT'O CTEKJIA COCTABJISIET KPEMHEe3eM. YKaXKUTe KOJIU-
YecTBEHHOE ero cofiep;KaHue.
a) 80%:;
6) 90%:;
B) 99,5%;
r) 100%.
9. TenyompOBOAHOCTH CTEKJIA IT0 CPABHEHUIO C METAJLJIAMU CJEAYIOIad:
a) BBICOKAd;
0) Hu3Kasd;
B) OZWHAKOBad.
10. B cocTaB KepaMUKU BXOLAT CJAEAYIOIIIE COCTABJISIONIIE:
a) TVIMHA;
0) OKMCJIBI TUTAHA;
B) HUTPUIBI METAJLIIOB;
I) JKeJeso.

I'TTABA 19. PESMHA, KJIE 1 IPYI'VIE
HEMETAJIJIMYMECKWE MATEPUAIJIbI

19.1. PESMHA U PESMMTHOBDBIE MATEPUAJIbI

B coBpeMeHHOM MAaIIIMHOCTPOEHUH KUCIIOIb3yeTCs 00JIbIIIOe KOJIMUIeC-
TBO PE3UWHOBEIX JeTaJjeili. PesnHa KaK KOHCTPYKIIMOHHEBIN MaTepuaJ 00Ja-
IaeT PAIOM BasKHBIX TEXHUUYECKUX CcBOcTB. Cpenin HUX TaKkue, KaK BBI-
COKas 9JaCTUYHOCTD (VAJUHEHNE) IPU PACTAKEHUU — MOKET HOCTUTaTh
700-800%, xopoirtasg BUOPOCTONKOCTH (TIOTJIOIeHe KOJe0aHmii), IOBbI-
IIeHHasd XUMUUecKasa CTOMKOCTE IIPOTUB IIleJIoueii, KMUCJIOT, COIIPOTUBIIA-
€MOCTh Pas3phIBY, UBHOCY, 'a30- M BOJOHEIIPOHUIIAEMOCTE 1 np. CooTBeTC-
TBEHHO STUM CBOCTBAM pe3rHAa IPUMEHAETCS AJIA U3TOTOBJICHUSI Pa3Iny-
HBIX JleTajel (CaJbHUKN, MaHKEThl, aMOPTU3aTOPHI, SJIEKTPOU30JIAIMOH-
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19.1. Pesuna u pesunoBuvie Mamepuansl

HbIe MaTepuaJbl, IPUBOAHBIE PEMHU, TPAHCIIOPTEPHEIE JIEHTHI, IMTUHBI IJIA
aBTOMOOMJIEH 1 CaMOJIETOB U T.[.).

Pesuna — 3TO CJI0KHAs CMeCh PasINMUYHBIX KOMIIOHEeHTOB. CBoiicTBa
PE3UHOBBIX U3MEJINH OIIPEeeIAIOTCA UX PA3IUNUYHBIM COOTHOIIIEHNEM KOM-
TIOHEHTOB.

K cocraBiasmomuM Pe3NHOBLIX CMECE OTHOCSATCS Kay4yK, BYJKaHU-
BUPYIOIME BEIeCTBAa, YCKOPUTEIN BYJIKAHU3AIINN, AKTUBATOPLI YCKOPH-
TeJIsA, HAIOJHUTEJN, IPOTUBOCTAPUTEIN, CMATUUTENN 1 KPACUTEIIN.

OCHOBOM Pe3MHOBBIX CMECEH CIYKUT HAaTypPaJbHBINA NN UCKYCCTBEH-
HBIHN KayuyK. HaTypaabHBIN KayuyK IIOJYYAIOT U3 MJIEYHOI'O COKa Kaydy-
KOHOCHBIX pPacTeHuil, OH Je(UIIUTEH, CTOMMOCTE €TI0 BbICOKA U IIPUMeHe-
HUe ero orpannueHo. CHHTETHYECKUH KayuYyK II0 CBOMCTBaM OJIM30K K Ha-
TypaJbHOMY, IIOJyYaloT ero u3 He)TerIpoayKTOB, IIPUPOLHOTO rasa, alle-
THUJIeHa, IpeBecuHbl. [Ipor3BOACTBO CHHTETHYECKOI0 KayUuyKa BIepPBbIe B
Mupe paspaborano pycckum xumukoM C. B. Jle6egeBrim.

Kayuyk momgBepraioT BYJIKAHM3AIIUU — TOpAYEN WJIM XOJOTHOM 00-
paboTKe AJiA MPUIAHUSA MaTepuasy TpebyeMoil TPOYHOCTH, YIPYTOCTU
¥ IPYyrUX CBOMCTB. B KauecTBe BYJKaHU3UPYIOIIEr0 BEIECTBA B KAYUYK
BBOAAT 2—3% ceprbl. Tak Kak ByJKaHU3aIUA — CJIOKHEIN IIPOIIECC, TO AJIA
ero yckopenus BBomsaT 0,5-1,5% yckopureneil BynKaHuU3aInuuU (OKUCH
MarHus, OKKUCh IIMHKA). B KauecTBe aKTUBATOPOB YCKOPUTEJS IIPUMEHSI-
10T OeJinJia IIMHKOBLIE 1 MAarHe3uio.

B KauecTBe HAOJTHUTEJIEH B KayUyK J00ABJIAIOT CaKy, KAOJUH, MeJ,
TaJbK, KOPI, TKAHU.

B KauecTBe IPOTHBOCTAPUTEEH B COCTAB PE3WHOBOM CMECH BBOIAT
BaseJuWH, mapa)uH, B KauecTBe MATUUTEJeHl Pe3UHBLI — CTeapUHOBYIO U
OJIEMHOBYIO KUCJIOTHI, KaHNU(OJIb, COCHOBYIO CMOJIY.

B saBmcuMoOCTU OT Has3HAUEeHUA U TPEOYEMBIX SKCILIYATAIMOHHBIX
CBOMCTB PE3UWHBI JeJISAT Ha JBe OOJbINNe TPYIIbI: 00Iero Ha3HAYeHUsA U
cuenuaJJbHbIe (MOPO30- U TEILJIOCTONKMEe, BaKYyMHBIEe, CTOMKNE K pajaua-
WU, MACJIOCTOMKHUE U JP.).

MsroroBieHre pe3sMHOBBIX U3AEINM CKIALBIBAETCA U3 N3TOTOBJICHUSA
PE3MHOBBIX cMecell (CBIPOii pe3rHEBI), U3TOTOBJIEHUS II0JIy(habpuKaTOB 13
CBIPO#1 PE3UHBI, BYJIKAHU3AIUN U OTAEJIKY U3AeIUH.

J 151 IpUTOTOBJEHUA CHIPOHM PE3WHBLI KayuyK paspe3aloT Ha MeKue
YACTH W BMECTE C IPYTHMMU COCTABJIAIOIINME IPOMYCKAIOT Uepes CIeIu-
aJIbHBbIe cMecuTe u. IloyueHHas cbIpas pesuHa IPeaCcTaBIAeT OTHOPO/I-
HYIO IIJIACTUYHYIO Maccy, KOTOPOI JIETKO IPUIaeTcs JKejlaeMas hopMa my-
TeM IIPeCCOBAHUA, JUTHA MO AaBJICHUEM, BbIJaBJIUBAHUA B UePBAUHOM
mmpecce.
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I'1aBa 19. Pesuna, xaeu u Opyeuie HeMematiuecKue Mamepuanst

s ByakaHusamuu moaydadbpukarsl HarpeaioT g0 140 °C, B pe3yib-
TaTe Yero cepa BCTYIIAeT B COeAMHEHNe C KayIyKoM, 1 noayhabpukrar Te-
PAET IMJIACTUYHOCTD U IPUOOPETAET 3JIaCTUUHOCTD.

1A mosyuyeHUsA MPOPE3UHEHHBIX TKAHEH MPUMEHSIOT XJIOm4aToly-
Ma)XHbIe, CHHTETUUECKNE, JbHAHbIE TKAHU WJIN IejaK. IIpopesnHuBanme
IIPOBOAAT IIPONUTBIBAHMEM U IIPOMA3SLIBAHMEM PE3UHOBBIMHU CMECIMU
TKAHM HA KJICEIPOINTOYHBIX MAIIMHAX PE3UHOBBIM KJjeeM. IIpomuraHn-
HYIO TKaHb CYIIIAT B CIIEI[MAJbHBIX KaMepax, a 3aTeM HAIIPaBJIAIOT Ha BYJI-
KaHusamnuio. i yBeJINUEeHUA MPOYHOCTY PE3UHOBLIE U3JEJINSI apMUpy-
FOT: BBOJSAT B CTEHKHU YIPOUYHSIIONINI MaTepuas — CTaJbHYI0 IPOBOJIOKY,
CTEKJIAHHYIO WX KAIIPOHOBYIO TKAHb. ADMUPOBAHHAA PE3NHA IPUMEHA-
eTCsA IJIS N3rOTOBJICEHUSA IIIJIAHTOB, TPAHCIIOPTHBIX JIEHT.

19.2. ACBECTOBBIE, TEKCTUJIbHBIE
" BYMAJKHBIE MATEPMAJIbI

AcbecToM HaA3LIBAIOT TPYHIY MUHEPAJOB BOJOKHUCTOTO CTPOEHUSA
(cepmmanTuH 1 ampubdOII), TPEACTaABIAIONIE COO0I TOHUYANIITME BOJOKHA.
B ac6ecre comepaxurca 42% SiO,, 41% MgO, okucu allOMuHIS, *Kejesa,
Maprasiia, soga. ILioraocTs acbecta B cpegHeM cocrasiser 2,2 r/cm®. Ilo
CTeIUabHON TeXHOJOTHY acOeCcTOBbIe MaTepraJIbl PACIIEIJISIOT Ha dJIac-
TUYHBIE W [IPOYHBIE BOJIOKHA. AcOecTOBble BOJIOKHA XapaKTEpPU3YIOTCS
BBICOKOI MPOYHOCTBHIO, TEPMOCTOMKOCTDIO, 3JIACTUYHOCTHIO, MAJION dHEp-
T0O- ¥ TeIJIOIPOBOAHOCTHIO, KUCJIOTO- U II[eJI0UeYIIOPHOCTHI0. P HEeKTUB-
HOe MCII0JIb30BaHMe acbecTa KaK KOHCTPYKIIMOHHOTO MaTepuajia MOYKeT
onITh Ipu Temiepatrypax mo 400 °C. ITonxyuaemble acOecToBbIe BOJIOKHA
SIBJISIIOTCSA MCXOAHBIM CHIPbEM [AJIA IIPOM3BOJACTBA Psfa ac6ecTOBBIX Ma-
TepUaJIOB — HUTEH, IIIHYPOB, TKAHEeH, JIEHT, JIUCTOB. B IPOMLIIIIEHHOCTH
IIPUMEHSIOT ac0eCTOBLIE JINCTOBBIE MATEPUAJIbl — HAPOHUT, JJIEKTPOHUT,
KapToH, OyMmary.

ITapoHUT IPUMEHSAIOT B BUJE IPOKJIAJOK AJIs TapOIIPOBOIOB, I APAaB-
JUYEeCKUX YCTAaHOBOK. AcOecTOBBIN KapTOH TOJIMUHON 2—10 MM MCHOJIb-
3YIOT B KaUeCTBe OTHE3aITUTHOTO TEPMO- U 3JIEKTPOU30JIAIIMOHHOTO MaTe-
puauia.

TexcmuavHble Mamepuaibl TPEICTAaBIAAIOT cO00i BOJOKHUCTHIE Ma-
TepHaJIbl IIPUPOLHOIO WJIM NCKYCCTBEHHOI'O IPOMCXOMKIEHUSA, UCIOIb3Y-
eMble AJIs1 IIPOM3BOACTBA I0y(PadpPUKaTOB U U3HEJINil, IPUMEHAEMbIX B
IIPOMBIIIJIEHHOCTH. K HIPUPOAHBIM BOJOKHUCTHIM MAaTeprajaM OTHOCHT
BOJIOKHA XJIONKAa, JbHA, AKYyTa, IIIePCTH, mejKa. K MCKyCcCTBEHHBIM BO-
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19.3. Kaeu: cocmnaB, cBoiicinBa, obaacine npumerenus

JIOKHAM OTHOCST BUCKO3HBIE, alleTaTHbIe, CTeKJIAHHEBIE, KAIIPOHOBLIE U 1.
IIpupomHble 1 MCKYCCTBEHHEBIE BOJIOKHA SBJISIOTCA HNCXOMHBIM MaTepua-
JIOM [IJIsl IPOU3BOJCTBA IPAMKY, HUTOK, BEPEBOK, KAHATOB, TKaHeil, peM-
Hel, JIeHT.

BymaxcHvlm mamepuaiom HA3BIBAIOT BOJOKHUCTHIN MaTepuas, co-
CTOAIIINI B OCHOBHOM M3 CIIEIIMAJBLHO 06paboTaHHBIX BOJOKOH. OCHOBOM
6yMa}KHbIX MaTepuaJioB ABJAIOTCA PaCTUTEJbHBbIE BOJIOKHUCTBIE MaTepPHM-
aJIbl — ApeBecHasd IeJIJII0JI034, [peBecHas Macca, MaKyJaaTypa, CoJoMa.

BymaskHBIN MaTepuaJ pa3aedoT Ha 6ymazy u kapmon. K 6ymare ot-
HOCAT MPOAYKIIHIO Maccoi no 250 r/m?, k kapTouy — cBbIie 250 r/m2.

dubpa — MarepuaJ, MOJyUYaeMbIil W3 CIeNMaJbHON Oymaru, oOpa-
0OTAHHBIN KOHIIEHTPUPOBAHHBIM PACTBOPOM XJIOPHUCTOTO ITMHKA. Pudpy
IIPUMEHSIIOT IJIA U3rOTOBJIEHUA JeTajell B MAIlInHOCTPOCHNH, 3JIeKTPOMAa-
IIIMHOCTPOEHUHN U IPUOOPOCTPOCHUN.

Boilniok mexHuuecKkuil M3roTaBINBAIOT U3 HU3KUX COPTOB IIEPCTHU
¢ nobaBJIeHMEeM PACTUTEJbHBIX BOJOKOH U KJeiicTepa W IPUMEHSAIOT AJIs
CaJIbHUKOB, IIPOKJIAI0K, (GHUIBTPOB.

19.3. KJIEM: COCTAB, CBOVICTBA,
OBJIACTb [IPMMMEHEHMSI

Kieesrnie MaTrepHraJibl ABJIAIOTCA KOJJIOMAAJIBHBIMM, BASKHNMHM pPac-
TBOpaMH, 00JIaSAIOIINe CKISNBAIOIEH CIIOCOOHOCTRIO IIPOYHO COeIUHATD
pasIMYHbIE MaTePUAJILI (METAJJIbI, IIJIACTMACCHI, JPEBECUHY, PE3UHY).

K mpeumyiiecTBaM KJI€E€BBIX COCIUHEHHUIN MOXXHO OTHECTU IIPOCTOTY
caMoOM TeXHOJIOTUU CKJIenBaHUA, BOBMOXXHOCTh MeXaHUu3aluyl 1 aBToMa-
TU3AIUU IPOIIECCOB CKJIENBAHNS, SKOHOMUYHOCTD U AP.

OCHOBHLIM HeJOCTaTKOM KJIeeBbIX COBI[I/IHeHI/Iﬁ ABJIAETCA UX OIr'PaHU-
yeHHAadA TeraocToikocTh 1o 400—500 °C. BmecTe ¢ TeM, TpuMeHEeHMe CUH-
TEeTUYECKUX KJeeB Ha OCHOBE KPEMHUCTOOPTaHMYECKNX M HeopraHudec-
KNX IOJMMEPOB MO3BOJIMJIO OBLICUTE MX KPATKOBPEMEHHYIO TEILJIOCTOM-
kocthb 1o 1000 °C.

Krnesaiue maTepmajbl COCTOAT U3 IJIEHKOOOPA3YIOINIUX BEIEeCTB,
COCTaBJIAIOIIMX OCHOBY KJled, a TaKsKe M3 PACTBOPUTEIeH, IPULAIOIUX
KJICI0 BA3KOCTD; IJIACTU(PHUKATOPOB, HOBBIIIAIOIINX 3JIACTUYHOCTD ILJIEH-
KI; OTBEPAUTEJEH, CIIOCOOCTBYIOIINX OTBEPIKICHNIO IIJIEHKHY; KaTaJIn3a-
TOPOB, YCKOPSIOIIUX EPEBOJ IIJIEHKO00OPa3yIOIUX BEIeCTB B TEPMOCTA-
OUJILHOE COCTOAHUE, HaHOJIHI/ITeJIeﬁ, IIOBBIIIAIOIINX ITPOYHOCTH CKJIEBa-
HUA U SKOHOMAINNX KJEAI1e MaTepPruaJIbl.
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I'1aBa 19. Pesuna, xaeu u Opyeuie HeMematiuecKue Mamepuanst

B kauecTBe mIeHKO0OPaA3yIOIINX BEIIECTB MCIIOJL3YIOT CUHTETUYEC-
KI1e CMOJIBI, KayuyyKu, OeJIKOBbIe (Ka3eMHOBRIE) coeAUHEeHNA. B KauecTBe
pacTBopuUTesIel IPUMEHAIOTCA CIIUPTHI, alleTOH, OeH3WH; MIacTu(GUKaTO-
paMu BBICTYIIAIOT TEPMOIJIACTUYHBIE CMOJIBI; HATIOTHUTEIAMU SBISIOTCA
KBaplleBble TOPOIIKY, MOJOTHIH (hapdop, OKUCH aTIOMUHUA.

OCHOBHBIMY CBOWICTBAMHU KJIEEB SIBJIAIOTCA BASKOCTH M ycagKa KJie-
€BOll ILJIEHKHU, pabouas JKM3HECIIOCOOHOCTh, BOJOCTONKOCTD, TEILJIOCTOM-
KOCTbh, IPOYHOCTH CIleIlJIeHns. Pabouass ;KM3HECIIOCOOHOCTh KJIEEBOT'0O CO-
CTaBa — 9TO AJUTEJIbHOCTb COXPAaHEHU S HOPMAJbHON BA3KOCTH 1 IIPOYHOC-
TU coeJuHEeHNA. BoIOCTOMKOCTE OIIpeieigeTcsa U3MeHeHeM Ipeiesia Ipo-
YHOCTU KJIEEBOTO IIIBa TIOCJIe BBIJEPIKKH €ro B BoJe B TeueHue 24 U mpu
remmepatype 20 °C.

IIpoYHOCTS CIleIIeHU OIIpeaeAeTCs IPU JIUTEIHLHO AeHCTBYIOIMUX
TIOCTOSHHBIX U IEPeMEeHHBIX BUOPAIMONHBIX HATPY3KaX.

B 3aBUCHMMOCTY OT TPpUMEHEHUA PA3INUAIOT KJIeH KOHCTPYKIITMOHHOT'O
HasHaUeHUA, BOCITPUHUMAIOIUX HATPY3KU, 1 HEKOHCTPYKITMOHHOTO (15
coeIMHEeHUA HeHATPYKEeHHBIX MaTepPraJjoB U AeTae).

B cooTBeTcTBUUY ¢ TPUPOAOI CBABYIOIIEr0 COCTaBa KJIeU IOApa3Iess-
I0TCs Ha OeJTKOBBIE (Ka3eMHOBBIE), CMOJIAHBIE M KAYUYKOBBIE (De3UHOBEIE).
B 3aBUCHMOCTY OT BOSMOYKHOCTEH IPUMEHEHU KJIEH TTOPas3AeIaA0TCsa Ha
YHUBepCcaJbHbIE U CIIelhajbHbIE (TOJBKO IJA TKaHel, OyMaru, pesuHbI).
Kneu Ha cMOJISAHON OCHOBE MOT'YT OBITH TEPMOILIACTUUHBIMU (0OPATUMBI-
MHU) ¥ TepMOPEaKTUBHBIMU (HeoOpaTuMbIiMu). Ilo cocToAHMIO KJieu GbIBa-
0T JKUAKUMU, TIOPOIITKOOOPa3HBIMHU, IIJIEHOUHBIMI.

Hawubosbiee npuMeHeHVe HAXOAAT CJIEAYIONINE BUALI KJIEEB: Me30po-
8blLil, TIOJYUeHHbBIH pasBapuBaHUEM MOAKOYKHOTO CJIOS IIMTKYP KUBOTHBIX;
KOCMHbLIl, TIOJYUYEeHHBIN 13 KOCTeli, POTOB, KOIIBIT }KMBOTHBIX.

Kaszeunogulil kaeil IPUTOTABINBAIOT U3 00€3:KUPEHHOT0 MOJOKA, OC-
HOBHAs COCTABJIANOINAA — CyXOil Ka3erH C Pa3JINUYHbBIMI JOOaBKAaMU.

Ilonrusununauemammuoie kaeu (IIBA) mpuMeHSAOTCA OJIA CKJIEWBa-
HUA KOKU, OyMaru, IpeBecuHbl, TKaHel, CTeKJa, MeTaJlJIoB.

InoxcudHvle KJeu CIoCOOHBI 00pa30BLIBATHL BeCbMa IIPOUYHbIE KJee-
BbIe COeIVMHEHNA MEXKAY PA3JINUYHBIMU MaTepruaJaMu.

Kayuykosvie (pe3aurnosvie) Kjaeu MPEICTABIAIOT OO0 pacTBOPHI Ka-
YUYKOB MJIM PE3UHOBLIX CMecell B OpraHMUYecKMUX pacTBOpUTeNAX. VI3 pe-
3WHOBBIX KJIeeB HanOoJIbIllee pacIIpocTpaHeHue moryunian Kiaeu 88 u 88H
LISl CKJIEMBAHUS PE3UHEI C PE3UHOM, METAJIJIOM, CTEKJIOM.

Kneu Ha ocroge kKpemHUillOpeanuyecKux coeduHeHull Hanbosee Tel-
JIOCTOMKUE, yCTONYNBEI K Macay, 0€H3UHY. OTUMU KJIESIMU COeJUHAIOT Jie-
THUPOBaHHBIE CTAJ, I'PAPUT, CTEKJIO, aCOOIIACTUKU.
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19.4. Jlaxu, kpacku, smaau: ux cocmab u c6oiicmBa

19.4. TIAKU, KPACKV, DMAJIN: X COCTAB I CBOVICTBA

B MammHOCTPOEHUU IIMPOKOE PACIpPOCTPaHEHUE IONYyUYHJIU HeMe-
TaJJINUeCKUe JIAKOKPACOUHbBIE MOKPBITHA. JIaKOKPaCOUHbIE MATepHUaJIbl
(JIKM) — 570 KUAKME KOMIO3UIINN HA PA3JIUUYHON OCHOBe, 00pasyroIie
TocJie HaHeCeHUA U BLICBIXaHUA MJIEHKY, ITPOYHO CIEIISIONIYIOC C OKpa-
IIIMBAE€MOU ITOBEPXHOCTHI0. JIAKOKPACOUHbIe HOKPBITUS IIPeIHa3HAUYECHBI
OJIS 3aIlUThl METAJNJINUYECKUX W HEeMEeTAJJINUYEeCKUX AeTajell u u3geauit
OT KOPPO3MOHHOT'O PA3PYIIIeHWsa U NMPUAaHUSA UM JeKOPATHBHOTO BHIA.
B npubopocrpoernnn (JIKM) rcmonb3yioTea B KAUECTBE 3JIEKTPON30JIAIH-
OHHBIX KOMIIO3UIIUH IJIs1 MIPOMUTKY KaTyIleK, 00OMOTOK, IJIACTUH U APY-
TUX geTaJjiei.

ITo cocmagy 1aKOKpPACOYHBIE MATEePUAJIbI IOAPA3IeIAI0TC Ha:

— JIaKH, PACTBOPHI IIJIEHKO0OPa3yIoIero BeiiectTsa (CM0oJI) B OpraHu-
YeCKUX PACTBOPUTEIIAX;

— 9MaJu, IPEICTABJIAIOT CO0O0M CYCIIeH3U Y IINTMEHTOB NI UX CMECH
C HATIOJIHUTEJISIMH B JJaKaXx;

— KpacKu MacJAHbIe HA OCHOBE PACTUTEJIbHBIX MaceJs C TUTMeHTaM 1
¥ KPAaCKY HA CUHTETHUUYECKOH OCHOBE;

ITo nasunauenurw JIKM moapasgensiorcs Ha:

aTmochepocToiikue;

— BOJOCTOHNKUE;

— cIhenuaJbHBIE;

— MacJa00eH30CTONKUeE;

— XUMHUYECKHU CTOIKUe;

—  BJIEKTPOU3OJIAINOHHBIE.

OcHosHbimu KomnoHenmamu JIKM ABIAOTC:

— TIJIeHKooOpasyloIre BellecTBa (pacTUTENbHbIE MacJja, CUHTETHU-
YecKIe CMOJIbI);

— pactBOopuTeau (0€H3UH, alleTOH, CKUITHUAAP, CITUPTEHI);

— maacTu(UKATOPhI — YBEJNUYNBAOT JIACTUYHOCTD U I'MOKOCTD ILJIe-
HOK (KacTOpoBOe MAacJjo, Au0yTuadraar);

— CHUKKaATUBBI — YCKOPSAIOT BHICBIXaHUA MJIEHKHU (COJIM CBUHIIA, Map-
ramiia, MUHKAa, KaJIbIIU);

— OTBEpPAUTEJU — TaKxKe YCKOPSIOT 3aTBepJeBaHue IIJIeHKU (CUHTe-
TUYECKVEe CMOJIbL);

— QaHTHUCTAPUTEJU — YMEHBINAIOT BINSHNE KHCJIOPOAA BO3AyxXa Ha
TMOKPBITHU;

— MNUTMEHTbI — I[BETHBIE TOHKOW3MeJbUEHHbBbIe MOPOIIKH OKICJIOB
WJIN cOJieil MeTaJIJIOB, IPUAAIONINe COOTBETCTBYIOIINH IIBET U MOBBIIIAO-
e MexaHuvecKre CBOMCTBA MIeHKN;
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I'1aBa 19. Pesuna, xaeu u Opyeue HeMemaliuecKue Mamepuanst

— HAIOJHUTEJHU — UCIOJL3YIOT C I1eJIbI0 9KOHOMUHU IIJIEHK000pa3yio-
IIUX BEIeCTB U AJIS HOBBIIIIEHUA IPOUYHOCTH ILJIEHKU. B KauecTBe HAIIOJI-
HUTeJIell UCIIOIb3YIOT MeJ, TUIIC, KAOJUH, TAIbK;

— TPYHTHI U IIIATIEBKY OpeIHAa3HAUeHbI AJIA 00ecIeueHnsa ITPOYHO-
T'O CIIETIJIeHUA MMOKPBITH, BEHIDABHUBAHUSA U yCTPaHeHUusA nqed)eKTOB U He-
POBHOCTEI OKpAIIINBAEMOM ITOBEPXHOCTHU.

Ocnosnvie ceoiicmea JIKM. Baskocrsb sxkugkux JIKM goaxHa coot-
BEeTCTBOBATh METOJaM MX HAHECeHWs Ha OKpallnBaeMble IMOBEPXHOCTHU
(KuCTBIO, paCHIbLIICHNEM, OKYHAHUEM WJIU B BJIEKTPOCTATHUUECKOM IIOJIE).
BsaskocTh onpesiesisieTcs Ipy OMOIIY BucKosuMeTpa B3-1 u BeIpaskaeTcs
BpeMeHeM HCTeUeHUs B ceKyHAax 50 MJ MCHBITYyeMOro MaTepuaJa uepes
COILJIO BUCKO3UMETPA IPU KOMHATHOI TeMIIepaType.

Yrpvieumocems (uau kporwuw,as cnoco6Hocmys) 3aKjaiodaeTcs B HaHe-
CeHUU MOKPBITUS, AeJIal0Iero HeBUINMbIM I[BET 3aKpaIllnBaeMO II0Bep-
XHOCTH. [[J15 9TOT0 MCIOJIB3YIOT CTEKJIAHEYIO mactury 20 x 20 cm2, pac-
YepUeHHYIO MOA00HO IIaxXMaTHOM MOCKe Ha 6ejble M YepHbIe KBaIpaThl.
Taxkum 06pazoM ompeneaaoT KoanuecTrBeHuble JIKM B Kr/m2, Tpebyrore-
rocs AJIA TTOJIHOTO 3aKpallluBaHUA YePHBIX U 0eJIbIX KBAJPaTOB.

Bpemas svicvixanus. PasinuaioT BpeMs BHICBIXaHUSA «OT IIBLIN» U Bpe-
M TIOJTHOTO BBICHIXAaHUA. BBICKIXaHME «OT HBLIN» 03HAUaeT, UTO MOKPhI-
THe TOJTHOCTBHIO HEe OTBEP/IEJI0, ONHAKO YCTPAHUJIIO JUIKOCTD.

K ocuoBubIM cBoitcTBam JIKM ciieqyeT oTHeCTH BHEIIHUI BUJ ILJICH-
KU, ee TOJIUHY, 3JIaCTUYHOCTD, TBEPAOCTh, IPOUYHOCTD CIeIJIEHU A, Tep-
MOCTOMKOCTb, BOJIO-, 0€H30- 1 MACJIOCTONKOCTD, ATMOC(EPOCTOHKOCTD.

CyIKa JaKOKPACOUHBIX MTOKPBITUM MOKET ObITh €CTeCTBEHHAs U HC-
KyccTBeHHasA. EcTecTBeHHAA CYIIIKA IPUMEHAETCS AJIA OBICTPOCOXHYIITUX
JIKM (HuTposMain, HUTPOJIaKU, HUTPOKPACKHU), IIPOIECC BBICKIXaHU S KO-
TOPBLIX COCTOUT B UCIIAPEHUU JIETKO YJIETYUHBAIOIIUXCA PACTBOPUTEEH.
MacasHble KpacKu 1 9MaJu TpeOyIoT 3SHAUNTEJILHOTO BpEMeH!U IS BBICHI-
XaHUdA, U UX OABEPraloT UCKYCCTBEHHOM CYIIIKe B CYIITUJIbLHBIX KaMepax,
nH(ppaKpacHbBIM U3JIydYeHreM npu Temmoeparypax 1560-200 °C.

OTmenka OKpaIIeHHOM ITOBEPXHOCTU COCTOUT M3 JAKUPOBKU U TIOJIU-
poBKHU. JJaKMPOBKA CHYIKUT AJIA IPUTAHUSA JJAKOKPACOUHOMY MOKPBITHUIO
MOBBINIEHHBIX 3AIUTHBIX CBONCTB, a TaKKe 3ePKaJbHOTO 0JIeCKa IOBepX-
HOCTH U3eIUs.

ITonupoBanue mpegHasHavYaeTCs OJIS CO3MaHusa 0c000 POBHOIM u GJiec-
TAIEeN (3epKabHOIT) ITOBEPXHOCTH ITyTEM ee 00paboTKY MIIN(OBOYHBIMU
¥ IOJIMPOBOYHBLIMU IACTAMU.
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HoBvte nonamus

.

e

9.

10.
11.
12.
13.

HOBBIE IIOHJTW A

AJIaCTUYHOCTD PE3UHBI.

Bynxkanusupylolue BeliecTsa.

HatypanbHBIN 1 NCKYCCTBEHHBIN (CHHTeTUYECKUIT) KayUYyK.
Bynkanuzanus.

CeIpad pe3uHa.

ApmvupoBaHHas pesuHA.

AcbecT, acbecToBBIE BOJIOKHA.

AcbecToBbIe MaTeprajbl — HAPOHUT U BJIEKTPOHUT.
Pdubpa.

Boiinok TexHUYECKU.

Pabouas K13HECIIOCOOHOCTD KJed.

Kier HEKOHCTPYKITMOHHOTO HA3HAUECHU .

MesapoBrlii KJeii.

KasennoBbIil 1 STIOKCUIHBINA KJIEH.

KoMITOHEeHTBI JIAKOKPACOYHBIX MATEPHUAJIOB — CUKKATHUBBI.
AHTHuCTapuTEe U KPACOK.

Buckosumerp.

BpeMms BBICHIXaHUS «OT IIBLIN».

OTmesika OKpaIeHHOM TOBEPXHOCTH.

BOITPOCBHI OJI51 CAMOITIOOTIOTOBKU

CocTaB pe3wHOBOM cMecU 1 HasdHaUeHre KayKI0T0 U3 KOMIIOHEHTOB.
CoIpas pesuHa U METOILI ee IepepaboTKH.

JLJ1 yero mponsBOAUTCS BYJIKAHUBATIUA?

HazoBuTe ocCHOBHBIE CBOMCTBA PE3MHOBBLIX MATEPLUAJIOB.

IIpuBenuTe mpuMephbl TPUMEHEHUA PESUHBI B PA3JIMUHBIX OTPACIIAX
ITPOMBIIIIJIEHHOCTH.

HasoBure cocraB acbecTa 1 ero OCHOBHBIE CBOMCTBA.

Ac6ecToBbIe MaTepUaJIbl — HAPOHUT, JIEKTPOHUT U 00JIaCTH UX IIPU-
MeHEeHUs.

IIpuBenuTe IpUMEP IPOMBIIIJIEHHOI0 IPUMEHEH A TEKCTUIbHBIX Ma-
TepPUAaJIOB.

ITo KaKuM ImapaMeTpaM pasaeaioT OyMasKHble MaTepraJjbl Ha HeIoc-
peacTBeHHO OyMary u KapToH?

Kaxk moayuaioT KOHCTPYKIITMOHHBIN MaTepuaJs puopy?

JlaiiTe onpeneseHne KJaeeBbIM MaTepruajaM.

HasoBuTe cocTaB 1 CBOMCTBA KJIE€EBbIX MAaTEePHUAJIOB.

Haub6osee npumensaemMble BUALI KJIEEB.
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14. Kaxk moxpasziesifoTces I0 COCTaBy U Ha3HAUEHUIO JaKOKPAaCOUHbIE Ma-
Tepuab?
15. HazoBuTe OCHOBHEIE CBOIICTBA JAKOKPACOUHBIX MATEPUAJIOB.

TECTOBBIVI KOHTPOJIb SHAHUM

1. CrIpbeM JJId TOJIYUYeHNA CUHTETUUYECKOr0 KayuyKa SABJIAI0TCS:
a) HaTypaJbHBIA Kay4yK;
0) TpoayKTHI He()TermepepaboTKM;
B) IPOAYKTHI IepPepabOTKU APEBECUHBI;
r) KaojawuH (TJIMHA), TaJbK, MEJI.
2. CocTaB CBIPOM PE3UHBI:
a) CUHTETUYECKUN KayuyK;
6) caxxa;
B) 9THUJIOBBIH CIIUPT;
T) JIaKOKPaCOUYHBIE MaTePUAaJIbI.
3. B KauecTBe BYJIKAHUBUPYIOIIUX BEIIECTB B KAYUYK BBOJAT:
a) cepy;
0) caxy;
B) TAJIbK;
I) OKICHL MarHUs.
4. Kayuyk moaBepraioT ByJIKaHU3AI[UY IJI:
a) TMOBBIMIEHUS IPOYHOCTH;
0) IOBBIMIEHUS MJIACTUUYHOCTU;
B) IOBBIMIEHUS SJIACTUUHOCTH;
T) HDOHMKEHUS DJIACTUUHOCTH.
5. Ac6GecTOBBIHl JMCTOBOM MaTepwasl — IAPOHUT IIPUMEHSETCS B BUIE
IIPOKJIAIOK JIJIA:
a) BaKYyMHBIX YCTaHOBOK;
0) OJA IapOIIPOBOMIOB;
B) OJA TUAPABINYECKUX YCTAHOBOK C BLICOKOU TeMIIepaTypoii.
6. OcHOBOII OyMaKHBIX MAaTePHUAJIOB IBJIAIOTC:
a) apeBecHad IEJIIIOJI034;
0) CUHTeTUYEeCKUEe TKaHU;
B) coJioMa;
r) OymMasKHasa MaKyJarypa.
7. ®ubpa — 6yMasKHBIH MaTepuaJj, 00paboTaHHbIN:
a) MaIIIMHHBIM MACJIOM;
0) XJIOPUCTHIM HATPUEM;
B) PAcCTBOPOM XJIOPUCTOT'O ITMHKA;
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TecmnoBolii KOHMPOAL SHAHUI

T) CcJa0OKOHIIEHTPUPOBAHHBIM PACTBOPOM COJIAHOMN KMUCJIOTEI.
8. Kakoit KJeii n3 mepeuncaeHHBIX HUKe 006JIaaeT HanboIbIei Terio-
CTOHMKOCTHIO?
a) Me3IpOBBIiL;
0) Ka3eWHOBBIN;
B) PE3WHOBBIM;
I) Ha OCHOBE KPEMHUUOPTaHUUYECKUX COeTUHEHMM.
9. OCHOBHBIMY KOMIIOHEHTAMH JIAKOKPACOUHBIX MATEPUAJIOB ABJISIOTCS:
a) pacTuUTeJbHBIE Macja U CHHTeTUYECKUe CMOJIbI;
0) I'PYHTOBKU;
B) MeJI, TUIIC;
I) IITaTJIEeBKH.
10. CukKaTHUBBI B IAKOKPACOUHBLIX MaTepuaJiax mpeaHasHaueHbl JJIs:
a) yBeJUUYEHUS MJIACTUYHOCTU U TMOKOCTH IIJI€HOK;
0) YMEHBIIIeHUA BIUSHUA KUCJI0POIa BO3AYyXa Ha MTOKPBITUT;
B) YCKODPEHUA BLICBIXaHU;
) obecrieueHUs MTPOYHOTO CIETJIEHUA TOKPBITUM.
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3AKJIFOUEHME
(MATEPVIAJIOBEJIEHVE B BYIYIIIEM)

OgHUM 13 BaKHEHIIINX HaIlpaBJeHUI IIOBBIIICHUS JOJTOBEUYHOCTH U
HAIeKHOCTHU PAOOTHI MAIIIMH I MEXAHN3MOB SIBJISIETCS IIONCK TAKNX KOHC-
TPYKIIMOHHBIX MaTepraJjioB, KOTOPbIe OYAYT 3HAUNUTEJIbHO ITPEBOCXOIUTDH
cBoiicTBaMu HbIHenHue. K unciy HanboJiee paciipocTpaHeHHBIX MaTepu-
aJIOB, KOTOPBIE UEJIOBEK MCIHOJIb3YeT AJIsi 00eCIeUeH s CBOMX KU3HEHHBIX
nmoTpebHOCTEH, oTHOCATCS MeTaJabl. Cerogus nssecTHsl 80 MeTaJJIOB U3
104 sneMeHTOB mepuoAMYecKoi Tabmuibl MeugemeeBa. Ha nx ocHoBe u3-
BecTHO cBblle 2 500 coaBos, Ha OCHOBe Keae3a ux okoso 1 200. Takum
o0pa3oM, METAJLJILI U CeTOAHS W B OJIMKaiiieM OyAyIleM OCTAaI0TCA Kap-
KacoM Bcell MaTepuaJbHOM KyJIbTYPhI UeJoBeuecTBa. TeopeTuuecKas mpo-
YHOCTh KPUCTAJIINUYECKUX TeJI (MIeaJbHbIX KPHUCTAJJIOB) COCTABJISIET OKO-
g0 1 000 Kr/MM2, HO B peaJbHBIX CIJIABAX M3-32 HAJIUUYMUSA MEJIbUAMIITNX
Ie(deKTOB IIPOUYHOCTh HA IIOPALOK MeHbIe. VI B 3TOM ciiyuae Takas IIpo-
O0sieMa, KaK IIOBBIIIEHNE HAJeKHOCTH MAIINH, Pellajach TPUBUAJIbLHBIM
yBeJnYeHNeM TOJIIIUHEI CTEHOK AeTaJjieil, YTO IPUBOAUIIO K IIOBBLIIIIEHUIO
MaTepruaJoeMKOCTH BCeli KOHCTPYKIIUU U CHUIKEHUIO APYTUX SKCILIyTa-
IMOHHBIX XapaKTEePUCTUK.

ATOT OYTh HE YIOBJIETBOPSIET CENOAHAIIHUM TPeOGOBAHUAM, 1 CYyIIec-
TBYIOIIME UJIN KJaCCUUeCKre KOHCTPYKIIMOHHBIE MaTepuaJIbl NCUePIaIn
cebsa. HeoOxommMbl HOBbIe MaTepuaJibl ¢ 3apaHee 3aJaHHBIMU CBOICTBA-
mu. CerogHsa K HIM MOYKHO OTHECTH KOMIO3UThI, KOHCTPYKI[MOHHYIO Ke-
pPaMUKYy, CIIJIaBbl BLICOKOM YMCTOTHI, aJIOMAHNEBLIE CILIABBI, JJerIPOBaH-
HbIe JIUTHEM, KOCMHUYEeCKNe CIIJIaBhl, CIIeIlMaJbHbIe IIJIACTMACCHI U P
IPYTUX CIIJIABOB U MaTEPUAJIOB.

MerasmoBennsl JOKasajiu, UYTO KPHUCTAJIbI 0e3 mucaoxkanuil (medex-
TOB) MOJKHO IOJYUYUTH TOJbKO B BHUJE BOJIOKOH, IIJIEHOK, UT'OJIOK C OUEHb
TOHKUM ceueHreM. MaKCuUMaJIbHON yAeJIbHOM IIPOYHOCTHIO, KAK OKasa-
JIOCh, 00JIaZIAI0T He TOHUYAUIIINE CTAJIbHbIE IPOBOJIOYKH, a BOJIOKHA yTIJIe-
poza. Ya:ke ceiiuac CyIIIeCTBYIOT BOJIOKHA, KOTOPBIE B D pas Jierue CTajau u
B 3 pasa ee mpouHee. BoJloKHa Hes1al0T U3 Kapouga KpeMHUs, OKUCHU aJIIo-
MUHUA, CTEKJa, 6opa.

Ceiiuac B MaTepuaJioOBeJeHUY BOSHUKJIO HOBOE HAaIIpaBJIeHNe, 3aKJIIO-
yaroleecsa B TOM, YTOOBI IPUIATEL MATEPHAJIAM COBEPILIEHHO HE CBOMCTBEH-
Hble UM KauecTBa. Hampumep, MpeAIpUHUMAIOTCSA IIONBITKU MOJYYUTDH
MeTaJIInYecKue CILIaBbl, Y KOTOPBIX CBOMCTBA MEHAIOTCA B 3aBUCUMOCTH
OT YCJIOBUI HATPY KEeHU .
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3axatouerue

B mpousBojcTBe cTaNM Ha CMEHY OOBIUHOMY CETOAHSA, HO JOPOTOCTO-
AIEeMY, IPUAET IPAMOM IPOIECC MOJYUYEeHUA CTAJN U3 Pyabl (be3moMeH-
HBIM). OCHOBHYIO POJIb OYAYyT UTpaTh HOJHOCTHIO aBTOMATHU3MPOBAHHEIE
CTaJIeNJIaBUJIbHBIE 3aBOJALI C JIMHUAMU HEIIPEPHIBHOM Pas3JIUBKU CTAJU U
ee mpokaTku. OcBoeHMe KOCMOCA OTKPHIBAET IIepe]l MeTAJLJIypraMu 1 Me-
TaJIJIOBEIaMU TEXHOJIOTUUEeCKHEe BO3MOYKHOCTH IIOJYyUYeHUS HOBBIX MaTe-
pHAJIOB, B TOM UYKCJI€ WM YPE3BBIYAMHO AeDUIIUTHBIX ITOJYIPOBOIHUKOB
IJIs 3JIEKTPOHHOM MTPOMBIIILIEHHOCTH.

HocTu:KeHusA aTOMHOM (DU3UKU O3BOJIAIOT MIOJYYaTh CIIJIABEI B IIPO-
mmecce siiepPHBIX IIPEBPAIeHUI CO CBOMCTBAMU, aHAJOTUUHBIMU JIETUPO-
BaHHBIM CTaJIAM.

Yr06b!I [OOUTHCSA HYIKHBIX CBONCTB CIIJIABOB, METAJIIYPTU U METAaJI-
JIOBEIBI CETONHS PACCUUTHIBAIOT HA KOMIIBIOTEPAX MX COCTaB M MHUKPO-
CTPYKTYDY.

OrpaHMYeHHOCTh 3eMHBLIX PECYPCOB yiKe cefiuac 3acTaBJIseT uesoBe-
YecTBO OOPATUTHCA K OIPOMHBIM 3alacaM MeTaJlioB B MupoBoM oKeaHe
(mobBIua pynm co AHA MOpeii), a TaKJKe IMoJIyUYeHre HEKOTOPBIX MEeTaJJIOB 13
MOPCKOI BOIBI.

HaiigyT mpuMeHeHre COBEPIIIEHHO HOBbIe METAJIJIyPruuecKue Ipo-
meccbl. K HUM, B 4aCTHOCTH, OTHOCUTCA OaKTepUabHAA METaJLIypPrusd,
KoTopas ysKe CerofgHs JOCTUTJIA OpeleIeHHbIX yerexoB. PaszpaboTaH cio-
€00 mMoJIyyeHUsA MeIu U3 CYJIbMUIHBIX PY/ C IIOMOIILIO OaKTepuil, ycBau-
Barouux cepy. He ucKI0UeHO0, YTO KOrma-HUOyAh HAUHYT PEMOHTHUPOBATD
JIeTaJiv MaIllliH METOAOM OaKTepUAaJILHOM CBAPKU.

B wmayuHO-mcciemoBaTeIbCKUX WHCTUTYTaX PaspaboTaHBI IIJIaHBI
IPAKTUYECKOTO OCBOEHMSA BHE3EMHOU METAJLIyPruu ¥ MeTaJIoo0paboT-
Ku. CozmaHme MeXKIYHAPOAHBIX KOCMHUUECKUX CTAHIIUH JaeT IpaKTHIUec-
KOe OCHOBaHUE YTBEPIKAATH, YTO STO HE YTOINA, a PeaIbHAA TeXHOJIOT U
3aBTpaInHero nfasa. CerofHsa NOUCK HOBBIX MAaTePUAJIOB UIET KaK HUKOT-
Ia OBICTPO, U €CTh BCE OCHOBAHUS AYMaTh, UTO T MaTE€PUAJIBI IIOCIYKAT
OCHOBOM TE€XHHMYECKOI'0 IIPorpecca M PoCcTa SKOHOMUYECKOro 6J1arococTo-
AHWUS JIOJIeH.

OpHaKo KJlacCUYecKre MaTepuaJIbl elle JJIuTeJbHOe BpeMs OyayT oc-
HOBO# IIPOMBIIIJIEHHOTO IIPOU3BO/ICTBA 1 BKOHOMUKHY Hallleli CTPAHBbI.
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