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BCTYII

JloBroBiuHiCTH AeTaneil MallMH 1 yCTAaTKyBaHHS y BEJIWKIH Mipi
3QJICKATh  Bil 3HOCOCTIMKOCTI MarepiaiiB, BHUKOPHUCTaHMX [UIT iX
BUTOTOBJICHHSI.

Hetami B 3aleXHOCTI Bil yMOB pPOOOTH, BHIY 3HOLIYBaHHS,
BUTOTOBIIIIOTh 3 KOHCTPYKIIIHHUX, 3HOCOCTIMKHX, aHTHU(OPHUKIIAHUX 1
(GpUKLiAHAX MaTepialis.

VY GaraTthox BHMAAKaX MaTepiaid HAaHOCSThH Y BUAI MOKPUTTIB, TIIBOK
a00 HaAKJIaJIOK Ha JeTaji 3 KOHCTPYKIIHHOTO MaTepiamy.

3 ycix map TepTs MiJIIUIHUKA KOB3aHHS BHUKJIMKAIHM, CBOTO 4Yacy,
HAWOUIBINY CKJIAMHICTh y 3a0e3meueHHi iX TpuBaioi poOOTH B CHIY
BHCOKMX IHTOMHX HAaBaHTQ)KEHb IIPH IOPIBHSHO BEIMKHUX IIBUAKOCTSIX
KOB3aHHSA. J[7Is1 TakuX MiMIMIHUIHWKIB Oynmu po3poOJieHi CIUIaBU 3 MalluM
Koe]ilieHTOM TepTs, 10 OTPUMAIU Ha3BY aHTH()PHUKIIHHUX.

OpHak icHye psil HAWBaXJIMBIMIMX BY3JiB MalllH, po0OTa SKHUX
HeMHUCIIIMa 0e3 TepTsl - 1ie TaabMa, QpUKIiiHI My(dTH, TacKoBi mepenavi. Y
OUX TPUCTPOSX poOOYl TMOBEpXHi JeTaned OONUIBOBYIOTH CIELiaANbHO
CTBOPEHUMH MaTepiajlaMH, 110 MalOTh BUCOKHH KOe(ILli€HT TepTs, 3BAHUMHU
G pUKIITHIMY.

VYMOBHO MpPUIHATO Ha3WBaTH MaTepianu 3 koedimiearom tepts f >
0,2 - dpukuiitnumu, a 3 f <0, 2 - anTUGpUKLIIHHUME.

Sk ¢pukmiiiai, Tak 1 aHTUQPUKIIHHI MaTepiald TMOBUHHI OyTH
3HOCOCTIMKMMHU 1 MIilTHUMH, 3a0e3rmedyBaTh HaJiHHICTh 1 JOBTOBIYHICTH
MaIlliH B MEXaX MPOSKTHOTO TEPMiHY CIIyKOH.

1 AHTU®PUKIIAHI MATEPIAJIHU

AnTHPUKIIIHI MaTepiany, Tak caMo K 1 PPUKIIHHI, BIIPI3HIIOTHCS
3a CBOIMH BJACTHUBOCTSIMH B 3aJI©KHOCTI BiJl iX Npu3HaveHHs. HaitOinbm
YHCJICHHOIO TPYTIOI0 € MaTepiany, IPU3HAYEHI AJs MiAIUITHAKIB KOB3aHHS.

VY miAMWUNHAKaX KOB3aHHS NPH HOPMaJibHIH poOOTi 4acTO MPUCYTHE
pizke ab0 KOHCHCTEHTHE MAaCTHJIO, SIKE HAIIHHO o0epirae MOBEPXHIO TEPTS
BiJl yTBOPEHHSI METaJIeBUX 3B'SI3KiB.



OnmHak B IyCKOBOMY pEXKHMi, KONH II€ HE BCTUT YTBOPUTHCS
MAaCTHJILHUHN KIIMH 1 TTIOBEPXHI PO3IUISIOTHECS TOHKHM ITapoM Mactuia. [lpu
NepeBaHTaXeHHI, 0 Mae Micue Tpu (POpCOBaHMX pEXMMax, IUTIBKa
MacTWJIa CUJIBHO CTOHIIYETHCS, B 3B'SI3KY 3 UMM, MOXKE JIETKO BUHHKHYTH
CXOIUTIOBAaHHSA TIIOBEPXOHb 1 TMoOJaiblle 3aigaHHs 1X. 3acTOCYBaHHS
HU3KOTUIABKUX METAJIiB 00epirae Bix mMbOTO.

VY psal BUMAAKiB 3aCTOCYBaHHS PiAKMX 1 KOHCUCTCHTHHX MAacCTHII
BUSIBIIIETECS  HeeeKTHMBHEM a00 B3arajli HEMOXUIMBUM. Hampwuxiran,
poOoTa By3JIiB TePTs y BiAHOBIIOBATBHHUX CEPEOBHINAX (B PIAKOMY BOIHI)
BUKJIIOYA€ YTBOPEHHS Ha TOBEPXHI TEpPTd OKUCHOI IUTBKH, IO
MIEPENIKO/KAE CXOIUTIOBAHHIO JeTallei, 10 TPYThCA.

CrinpHa TPUCYTHICTP MACTWJI Ta IHIIMX OpPTaHIYHUX PEYOBHH 3
piAKMM KHUCHEM 1 IHIIMMH CWIBHUMH  OKHCJIIOBauYaMH  B3arali
BUKJIFOUAETHCS, TOMY IO MPU3BOJAWTH A0 3aliMaHHs. HasBHICTH HaBiTH
HE3HAYHWX KIUTBKOCTEW MacTWiIa HEMPHUIYCTHMa B  KiHOMPOEKIIiHIH,
3BYKO3aIMCHIN amaparypi, a TAKOK B MEXaHi3MaX KOHTPOJIO, YIPABIIHHS 1
T.IL.

Ile mpu3BOOUTH MO HEOOXiMHOCTI 3aCTOCYBaHHS MaTepiaiiB, IO
3a0e3meuytoTb pobOTy BY3miB TepTs 0e3 pimkoro abo KOHCHUCTEHTHOTO
MacTuiIa.

TpuBanuii yac OCHOBHUMH MaTepiaaMy [T MiAIIUITHAKIB KOB3aHHSI
Oynm Oinmi Meranu: CIUIaBM Ha OCHOBI OJIOBA 1 CBUHIIKO; KaaMir0, M'AKi
CIIaBH aJIOMIHIIO; Migl Ta cBHHIUO. [ITIBKM OKCHIIB, 1[0 BUHMKAIOTHL Ha
MOBEpXHI Mijli i OpOH3, € BEeTbMH XOPOIINM MacTWIOM. [{uM mosicHIOeThCs
IIMPOKE 3aCTOCYBAHHS Mifli B IKOCTI aHTU(QPUKIIHHIX MaTepialiB.

3axucHy TIUIIBKY, IIO Tpa€ pojb MAacTWia, MOXHAa CTBOPUTH
JOMINIYIOYM JIO CIUIaBiB TpadiToBi MOPOLIKH, AUCYIb(iA MOmiOaeHy Ta
1HIIII TBEp/i MaCTUIIbHI MaTepiaiH.

[pu BHCOKIH TOYHOCTI BUTOTOBJICHHS BY3JIiB MO>KHa
BUKOPUCTOBYBATH KOPCTKI MiINIMITHUKOBI MaTepiajd, o Pi3KO MiIBHIILYE
X 3HOCOCTIHMKICTb.

[NoninmeHHs yMOB 3MallleHHS 1 CTBOPEHHS T1APOCTATHYHOI'O THCKY B
MacTWIBbHIN cUcTeMi, 110 3a0e3Meduye CIUIMBAaHHS Bajla P IYCKY JIBUTYHA,
JO3BOJISIE ~ OE3MEYHO  3aCTOCOBYBAaTH  TBEPi, 30KpeMa XPOMOBaHi
MAIIATTHUKH.



1.1 Bumoru 10 maTepiaais

BuMory, mo BUIIMBAIOTH 3 TEXHOJOTII iX OOpOOKM i TpuBaioi
eKCIUTyaTawii:

— 3JaTHICTh MaTepialliB JIETKO ITiAIaBaTHCS MEXaHiuHilt oOpoOrt,
MpPOCTa TEXHOJIOTiA X OTpHWMAaHHS, BIACYTHICTP B X CKJIQAi JOPOTHX
KOMIIOHEHTIB,

— cTablnbHe 3HaYeHHs KOe(IiEHTIB TePTS;

— 3JaTHICTh MaTepianiB I[IBHIKO IPUNPANbOBYBATHCh, HHU3BKHUI
3HOC, PIBHOMIPHUI PO3MO/IiJI HOTO 32 HOMIHAJILHOO ILJIOIICK KOHTAKTY;

— KOpO3iifHa CTIHKICTh, TEIUIOCTIHKICTh, XOPOIIa TETUIONPOBITHICTB,
TEIUIOEMHICTD, HU3bKUN KOE(IIIEHT TETIOBOTO PO3IIHPEHHS;

— MPOAYKTH 3HOCY HE TMOBWHHI OyTm aOpa3wWBHi, TOKCHYHI 1
HeOe3MNeuHi B TOKEeKHOMY BiJHOIIICHHI.

Kpim Toro, antudpukuiiini Marepiaaum MarooTh OYTH MIIIHUMH,
3a0e3meuyoun NepeBaXHO MPYKHUH KOHTAaKT, 30epiratu mpamne3qaTHiCTh
By3J1a TIpH HEHAMIHHOMY MAacTWIi. Y psi BHITAIKiB, KOJH Yepe3 KOHTAKT
MPOMYCKAIOThCS BEJIWKI CTPYMH (HANpHUKIAJ, B POJMKOBUX MallMHAX
KOHTaKTHOTO 3BapioBaHHS lnx = 100 kA), Tpeba 3acTOCOBYBaTH
Marepiaii 3 HU3BKUM EJIEKTpoornopoM. Boun He TOBMHHI B  XOmi
30epiraHHsl 1 eKcIulyaraiii 3a3HaBaTh (a30Bi IEPETBOPEHHS, IO
MPU3BOJISATH JI0 3MiHU (Pi3MKO-MEXaHIYHUX BIACTUBOCTEH.

1106 yHMKHYTH BHHUKHEHHS XOJOJHOTO 3BaplOBaHHS MiJl dYac
TPUBAINX 3YMUHOK 1 IIPH MOPYIIEHHI 3aXHCHOTO MPOIIAPKY, Ii MaTepiain
HE MYCSATh MAaTH XIMI4HOi CIIOPiTHEHOCTI 3 KOHTPTIIIOM.

OCHOBHOIO BJIACTHUBICTIO aHTU(PUKUIHHOI Mapu TepPTA € HasBHICTbH
MO3UTHBHOTO TpPaJiEHTA MEXaHIYHUX BJIACTUBOCTEH TIO TIHUOWHI B
MOEHAHHI 3 TIPYKHOIO nedopmariiero. [Ipu tumactuunin nedopmarii -
3aTHICTh 7O Oaratropa3oBoro mnepeaedopMyBaHHs, IO HE MPUBOAMUTH JIO
JIAMKOCTI MaTepiaiy.

3a0e3neueHHs TO3UTHBHOTO TPaJliEHTa MEXaHIYHUX BIACTHBOCTEH
CTBOPIOETHCS PIIKUMH KOHCHCTEHTHUMH 1 TBEpAMMH MacTuiaMu. OJHaK
3a BIICYTHICTIO MAacCTHJ MO3WTHBHUHN IPaJi€HT IOBHHEH CTBOPIOBATHUCS
MOBEPXHEBHUM IIAPOM CaMOT0 aHTU(PPUKLIHHOTO MaTepiany.

JJ1s 11bOT0 ICHYE KiJIbKA IUIAXIB:
— Mmarepiajg YTBOPIOE OKCHIAHY IUIIBKY OiJbII IUIACTUYHY, HIXK



OCHOBA.

— MaTepiall BUAUILE OOWH abo0 KiJlbKa CBOIX KOMITOHEHTIB, SIKi
MAalOTh TUIACTHYHY 1 JIETKOTUIABKY TLTIBKY.

— Ha TMOBEPXHIO MaTepially HaHOCATh MOKPUTTS 3 MIIHOI Ta
JIETKOIIJIABKOI PEYOBHHHU: MeETally, IUIaCTMAacH, TBEPAOTO 3MAalleHHS
(mucynbdin, nuceneniym, rpadir i in.).

Benmukuit BIDIMB HA BJIACTHUBOCTI 1 CTIHKICTh aHTH(DPUKITIHHIX
MaTepiajiB MOXe HaJaBaTH iX CTPYKTypa.

B 1897 poui [apmi chopmyiroBaB NOpaBWIo, 3TiIAHO 3 SKUM
CTPYKTypa aHTU(PHUKIIHHIX CIUIaBIB IMOBHHHA OYTH TETEPOTEHHOIO, IO
CKJIQIIA€ThCSl 3 OLIBII M'SIKOI Ta IUIACTHYHOI OCHOBH 3 BKJIIOYEHHSIM
TBEpIilIKX YacTUHOK. [Ipr obepTaHHi Baj ciMpaeThest Ha TBEP/i YaCTHHKH,
0 3a0e3MeuyoTh 3HOCOCTIMKICTh, a OCHOBA, SIKA CTUPAETHCS IIBHIIIC,
MIPUTHPAETHCS 10 Baly i YTBOPIOE MEPEeXy MIKPOCKOIIYHUX KaHATIB, IO
SKHX [UPKYITIOE€ MACTUIIO 1 HECYThCS MMPOAYKTH 3HOCY.

Lle npaBuiio cnpaBeyuBo 1715 0a0iTiB, po3podaeHux B 40-x pokax 19
CTOJITTS, OJHAK 3TOJIOM Oy CTBOPEHI CIUIABH, y SKWX HAaBIAKH, M'SKI
BKIIFOUEHHS CBUHINIO Oyld pO3MOJiIeHI B OUIBII TBEpAiil OCHOBI
(cBuHITOBaTa OpPOH3a).

B nmanuit wac B sikocTi aHTUGPHUKIIITHUX MaTepialiB 3aCTOCOBYIOTH i
OJTHOPITHI MaTepialiv - MeTal 1 IIIACTMACH.

TakuM 4YMHOM, THTaHHS ONTHUMAJBHOI CTPYKTYPH aHTU(PHKIIHHUX
MmarepianiB € OuUTblnl ckiagHuM, Hik B mpaBwr Hlapmi 1 Horo Tpeba
BUPIITYBaTH JJIsl KOKHOTO KOHKPETHOTO BY3J1a TEPTH.

1.2 Buau anTudpukuiinnx marepiaiis

[cHYIOTh HACTYTIHI BUIM aHTUPPUKIIHHUX MaTepiais:
a) MeTaJIeBi;

0) npupoHi;

B) MOJIIMEPH;

I') 3MallyBajbHI KOMIIO3HIIIT;

1) METaJIOKEPaMidHi.



1.2.1 MeraJjeBi anTudpukuiini matepianan
1.2.1.1 CniiaBM Ha OCHOBI 0JI10Ba Ta CBHHIIIO

B 1839 p. Icaak baG0iT oTpuMaB maTeHT Ha KOHCTPYKIIIO
MiJIIAITHAKA, B SKOMY BIH 3aIpOTIOHYBaB BHYTPIIIHIO YacTHHY WHOTO
MMOKPUBATH CIIABOM Ha OJIOB'SHIM OCHOBIi. bBpuTaHCEKME MeTan, o
3aCTOCOBYBABCS B TOW 4Yac AJISl BiAJIMBAaHHS CTOJIOBOTO IOCYAY, MICTHB 89
% Sn; 9 % Sh; 2 % Cu.

Ha im's baO6ita, mepmuM 3amporoHyBaBIINM  KOHCTPYKIIIIO
MIIIIAHAKA 13 3aJMBKOI0 M'SKHM METAjOM, BCE CILIABM Ha OCHOBI 0JI0Ba
a00 CBHHIIIO CTAJIM Ha3UBaTHCA 0abiTaMu.

1.2.1.2 Cnj1aBu Ha 0J10B'sIHil ocHOBI

i wmarepianu MaiOThb HaWBUII aHTUQPUKLIAHI BIACTHBOCTI B
MOPIBHSAHHI 3 1HIIMMU METallaMH IS 3aJIMBKY i AMUIHAKIB. Hai6inpmoro
MOUIMPEHHS 3 HUX OTPUMAB CIUIAB 0JIOBA 3 CYpMOIO - OJIOB'SHI 0a0iTH.

Li cinaBu yTBOPIOIOTH 3 TBEPIUX PO3UMHA:

— TBEpAMI PO3YMH Y HA OCHOBI 0JI0Ba, 110 MicTUTH 110 10 % cypmu;

— TBepAMH po34uH [, mo mMictuTh 42-58 % o110Ba;

— TBEpAMH PO3YMH 0L HA OCHOBI CypMH, 1110 MiCTHTH 110 4 % oJoBa.

CrmutaBu Sn-Sb 3 BmicToM 10 7 % cypMH B CBOill CTPYKTYpi MaroTh
TINBKH OJTHY CKJIAZIOBY - TBEPAUM PO3UMH Y.

[lpu 30inblmieHHi BMICTY cypMmu TOHan 7% 3'SBISETBCS Jpyra
CKIIaJioBa - KyOiuHI KPHUCTAM TBEPAOro pO3unHYy [ (XiMmiuHa
cnonyka SbSn), piBHOMIpHO po3TalIoBaHa Ha KOPIOHI TBEPAOTO PO3UMHY
v.Ilpy oMy HeoOXimHO, MO0 KyOiuHI KPUCTAIM XIMIYHOIO 3'€HAHHS
SbSnue crukanucs omuH 3 ogHMM, a Oyiaum O OTOYEHI OCHOBHOIO
IUTACTUYHOIO MAcCOIO-TBEPAUM PO3YMHOM Y. SIKIo KyOiuHI KpuCTanu
OylyTh CTHKATHCS OJMH 3 OJHUM, IO MOXE TPANUTHCS NPH YTPUMAaHHI
onoBa moHax 20 %, crijaB HaOyBae HeOaXaHy KPUXKICTb.

[Ipucaaka cypmMu BUKIMKA€E 3HAYHE MiABULIEHHS TBEPJIOCT] CILIABY.

He pmBnsumce Ha Xxopouri aHTUQPUKUIHHI BIaCTHBOCTI, CIUIaBU
omoBa 3 10-20 % cypmm He 3HaWIUIM MIUPOKE 3aCTOCYBAaHHS, TOMY
10 B&KKO OTPHMAaTH OJIHOPinHY OyIOBY LHMX CIUIABIiB uepe3 JIKBalilo
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KyOluHMX KpHCTamiB SbSn, sKi MalOTh MEHIIy TUTOMY Bary, HiXK piIKAl
PO3IUIaB, 3 IKOTO BOHW BHKPHCTAJI30BYIOTHCH.

Hnst ycyHeHHsS JiKBamii 1 MiABUILEHHS MEXaHIYHUX BIACTHBOCTEH
cruiaBy HeoOximHa no0aBka TpeThoro KommnoneHTa - Cu abo Ni.

Minb, B HEBENMKUX KUTBKOCTSX, NMEPEXOJUTh B TBEPAMH Y-PO3UMH,
10 MicTUTh 7% Sb, 3aBASIKM 4OMY, TBEPIICTh HOTO MiABUILYETHCS.

[Mpu mapmumky Cu B CTPYKTYpi CIUIaBY 3'SIBIISIIOTBCS Ty’KE€ TBEPIi
kpuctamn  CusgSn  abo CugSns  ski  MaoTh ¢GopMy TOJIOK  abo
3ipok. HasiBHICTP mHMX KpHCTaJiB TaKOXX 30iIbIIye 3arajbHy TBEPAICTH
CILIaBY.

IIpu poboti B mimmmmHuKax Kpuxki ronkm CusgSn JaroTh Macy
IPpiOHUX OCKOIIKIB, SIKi € TONIPYyBaJIbHUM MaTepianoM, SIK Ui KPUCTAJiB
SbSn y 6abiti, Tak 1 [ MIMHAKYK Baja.

MOXIUBICTh YTBOPEHHST PUCOK TPU IBOMY BHUKIIOUCHA, 3aBISKU
MiKpocKoImgHIM po3mipam CuzSn.

OcHoBHa ponb kpuctaiie CuzSn monsrae B TOMy, IO BOHH,
BUAUISIOUNCH 3 PIJKOTO PO3IUIABY MEPIIUMH, YTBOPIOIOTH SIK OU CKeEJeT,
mo0 MeXaHIYHO YTPYAHIOBATH JIKBAIiF0 KyOI4HMX KpHUCTaliB SbSn,
BHACIIIIOK YOT'O KPHUCTANi3aIlisl OCTaHHIX BiAOYyBa€ThbCs OB PiBHOMIPHO i
po3Mipu iX ApiOHimm, kpiM Toro, kpuctamun CusSn MiABHIIYIOTH
3HOCOCTIHKICTh CIUIaBY.

CrpusTIMBUM BIUTUB Miai no3HayaeTses npu 2-10 %; npu Oinbomy
i BMiCTI CIUIaB CTa€ 3aHaATO TEHOITHUM  BHACHIAOK  BEJIHKOI
KUTBKOCTI BENTUKUX CKYIMYEHb KPUXKHX KPHUCTAIB, SIKI cami IOYHMHAIOTH
JIKBALIO.

1.2.1.3 Cniasu Pb-Sb-Sn - cBuHueBo-KaabLieBi 6a6iTn

Uuctnit Pb mae myxe wmamy TBepAicTb 1 MIIHICTB, TOMY il
HaBaHTQXEGHHSIM BiJl IIMHKKA Baja BIiH Moxe OyTH BHJABICHUH 3
migmunHuKa. st migBuImeHHs TBepaocti i MinHocTi Pb  HeoOximHO
BBOJIUTH B HHOT'O JIETYFOUi KOMITOHEHTH.

Hatikpamy piro Ha Pb namarore moOaBku Sn i Sb. Bmict SnB
CBUHLIEBOCYpM siHUX Oabitax, 3a3Buuail, He mepesuurye 16%, i Tomy ix
Ha3UBAIOTh MAJIOOJIOB’ SHUCTUMH.

Sb 3 Pb yrBOproe oOMexxeHHiI TBEpIUH PO3YMH 3 MaKCHMAaIbHOO



11

PO3UMHHICTIO 2,5 % 1 eBTEKTHKH 3 BMICTOM CypMu Omm3bK0 13 %.

CmaBu, mo wmictate MeHme 13 % Sb, ckmamaroTbest 3 KpUCTATiB
TBeporo po3unHy Sb B Pb i eBrextuku. Cruias, 3 Ommsbko 13 % Sb,
MICTHTh TUIBKH OJHY €BTEKTHKY. SIKIIO KiNBbKICTh CypMH B CIiaBi Oiiblie
13 % B cTpykTypi cCIulaBy 3'IBUTbCS HOBa CKJIaJ0OBa - HAAJIHMILIKOBI
kpuctanu Sb ky6iuHoi popmu.

V cnnaBax Pb-Sb, mo wmictare Sb < 13 %, ocHOBHaA CKjaxoBa
HACTUIBKY IUIACTHYHA, IO TPH HEBEJIIMKUX HABAHTAKEHHAX BHUIIABIIOETHCS,
1 BKIaauII 1eopMy€eThCs.

Cnunasy, 3 Sb > 14 %, MaroTh OUTBII BUCOKY TBEPIICTb, alle MEHIILY
yAapHy B'S3KICTh, IO YCKJIATHIOE MOXJIMBICTH 3aCTOCYBaHHs ix. Tak
crutaB Pb 3 17% Sb mae muromy B'szkicts 0,21 KF/CMZ,' TOOml SAK JUIS
XOPOIIOi POOOTH MiANIUITHUKOBUX MaTEPiajliB HEOOXIHO 100 115l BEIUYHHA
6yna He Menmre 0,6 Kr/cm.

[Nomimmenns MexaHiYHUX BiacTuBOCTe Pb-Sb crutaBiB Moxke Oyth
JIOCSTHYTO 32 PaXyHOK J00aBOK Sn, SIKWH MiABHUINYE TBEPIICTh, CTIHKICTH
MPOTH KOPO3ii 1 3YETITICHHS 31 CTANIEBOIO TOBEPXHEIO.

1.2.1.4 CBuHuEBO-KaJIbLIi€Bi 0a0iTH

L1i 6a0ith Hanexath 10 cucremu Pb-Ca-Na.

M'sikoro ckiaioBoro 6adita € a-(hasza (TBepauii po3unH Na i Ca B Pb),
a TBEPAOI CKIANOBOKO - kpuctaiu PbsCa, Na 1 iHmI enemMeHTH siKi
BBO/ISITHCSI B CIUIAB Ta IiIBHILYIOTH TBEPIICTh Ol PO3UHHY.

ba6itu onos'sHi i cBuHIeBi 'OCT 1320-74 mocTaBisiroThCs Y BHIL
YyIIOK (3UTKIB) pi3HUX po3mipiB (puc. 1.1).

babit b16 mpu kiMHaTHIN TemmepaTypi - KPHXKAW, MPU yAapHUX
HABAaHTAKEHHSAX B MAMIUIHWKAX BiH Ja€ TPIUHU 1 Kpummthesa. llpum
criokiiiHoMy HaBaHTaxxeHHI b16 mpaitoe n1oOpe 1 Moxe OyTH 3aCTOCOBaHMIA
mpu PV < 60.

Cepen cBUHIIEBO-KaJbIi€BUX 0a0iTiB HalHOIIbILE MOMMPEHHS HA0yIH
cruaBu Mmapok bKA, BK2 1 BK2III.

KanpiieBi 6a0iTH BUKOPUCTOBYIOTHCS Ha 3aTI3HUYHOMY TPAHCIIOPTI -
I AIIAITHAKH BaiB, KOJIC, KOJIIHYACTUX BajiB TEIIOBO3iB.

XiMiyHU# cknan Ta (i3UKO-MeXaHi4Hi BIacTHBOCTI 0a0iTiB MOBHHHI
BiagmosigaTy naguM tadi. 1.1 ta tadm. 1.2.
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Pucynok 1.1 — Buau 3mutkiB 0a0iTiB

200

Y

Taomumus 1.1 — Ximiuauii ckiraxg 0a0iTiB

Map XiMIYHMH CKIaf, Mac. 4acT. %

ka |Sn |Sb |Cu |Cd |Ni |As |Fe |Zn |Pb |Bi |Al
imme| 7,3-12,5-10,8-/0,15

b88 78 | 35 |12 ]-025 0,05| 0,05 {0,005 0,1 | 0,05 {0,005
. 10,0-|55-

b83 |inme 120 65 | - - 10,05| 0,1 |0,004| 0,35 | 0,050,005
15,0(15,0-(1,5-

b16 a70l170 ] 20 | - - 1021008007 - |01]001
. 9,0- | 5,0- 1,0-

b83C|inme 110 60 | - - 101]01 /001 15 0,1 0,05

BH 9,0- |13,0- |1,5- |0,1- |0,2- |0,5- 0,1 0,02 |- 0,1 10,05
11,0 |15,0 (2,0 |0,7 |05 10,9

EC6 55- 55- [0,1- |- - 0,05 0,1 0,01 |0,05 |0,07 |0,005
65 |65 03

Bubip 0abiTiB BH3HA4Ya€THCSI YMOBaMH POOOTH MiIIIMITHHUKIB

Tabxn. 1.3.




Tabnuns 1.2 - izsuko-MexaHiyHi BJIacTUBOCTI 0a0ITiB

TBepaicTs Mo Mexa Mexa Temmepatypa, C
Map |insHicTS, | bpinemto HB 5/62,| Teky4ocTi mpu | MiHOCTI mpH
Ka / om® 5/60, HB 2, 5/15, | cTHCHEHHi, | CTHCHEHHI, Ho9aTky  |IUIaBJI| 3aTHBKA
6/60 tipu 20 °C Kre/mMm? kre/mm® | POSTUIABICHHS | CHHA
b88 7,35 27-30 - - - 320 [380-420
B83 7,38 27-30 8-8,5 11-12 240 370 | 440-460
B83C 7,4 27-30 - - 230 400 |440-460
BH 9,55 27-29 7-7,4 12,5-13 240 400 |480-500
b16 9,29 30 8,6 14,7 240 410 |480-500
bC6 10,05 15-17 - - 247 280 -
Tabnust 1.3 — YMoBH poOOTH MiIITUITHAKIB
IuTomuit OxpyxHa Hanpyxenicts
Map | Xapakrepucrtuka THCK, P, BHAKICTS V, poGotH P-V, Poboua Temnepartypa,
Ka | HaBaHTaXEHHS 2 2 C
Krc/cMm Mm/c (xre/m)/(em9)
b88 |cmokiliHa ynapHa 200, 150 50 750 75
CIOKiliHa yapHa 150 750
b83 100 50 500 70
CIIOKIliHa yapHa 150 750
B83C 500 50 500 70
b16 |cmokiiina 100 30 300 70
CIOKiliHa yapHa 100 300
BH 76 30 200 70

€T
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babiTi 3acTOCOBYIOTHCS TUTHKH B TIAIMIUITHUKAX, 10 MAIOTh MIITHUH
CTajleBUil, 4YaByHHHH ab0 OpomszoBuii kopmyc (tabn. 1.4). Crutas
HAaHOCHUTHCS Y BHII IIapy TOBIIMHOKO 1...3 MM Ha poOOYYy MOBEPXHIO
BKJIQ/IMIIIA TTiIIIATHIKA KOB3aHHS.

3 onoB’ssHECTHUX OpOH3 HaWOLMBImIE 3acTocyBaHHS 3 Sn-Sb crasiB
JUTSL 3aTMBKH T IITHITHUKIB 3HAHIITN ABi Mapky - b88 1 b83.

Henonikamu b83 € neBucokuii onip BroMi. Tomy BiH He Moxe OyTH
3aCTOCOBaHMN B MiANIMIHUKAX, [0 3aJIMBAIOTHCA TOHKUM IIapoOM i
MiIIAI0TECA BIOpamiifHMM HaBaHTaXCHHSM. TOBIIWHA 3aJIMBKH O > 3 MM
(TAMIUITHUKY KOB3aHHS BaJIiB, BKJIAUIIN TUXOXITHUX MOTYKHHUX CYTHOBHX
JBUTYHIB, KOMIIPECOPIB).

Bb88 < 3 Mm. Unm MeHIlIe §, TUM BHILE BTOMHA MII[HICTb.

Bb88 3acrocoByeThcsi pU yoapHUX HABaHTAKEHHSX HA MiAIIUITHUK
(rigpoTypOiHH, ATYHU 1 KOMOPECOPH).

Cepen CBHHIIEBO-CYPM SHUCTHX CIUIABIB HAWOLTBIIOTO TOUIHPEHHS
JUTSL 3aJTMBKH TIIIAMTHUKIB 3HAWIM cruiaBu Mapok b16, bC6 1 BH, sxi
BUKOPHUCTOBYIOTBCS ISl MAIlIH CEPETHBOI 3aBaHTaXKEHOCTI.

Tabmuus 1.4

BC6 |IlianmunHuKy, 1110 MPAMOTh NPU BEJIUKUX IIBHIKOCTSIX 1 BUCOKHX
IUHAMIYHAX HABAHTAXXKCHHAX. [ [IIIMMITHUKA MIBUAKOXITHUX THU3EIIIB.

b83, |IlinmunHuKY, M0 MPaIfOI0Th IPH BEITUKUX MIBUAKOCTAX 1 CepemaHix
b83C|naBanraxenusx. [linmumanku TypOiH, TU3€IiB, OMOPHI i IIAITHUKA
rpeOHUX BaiB.

BbH [[ligmmnHuKy, OO0 TOPAIOTh MPU  CEPEAHIX  MIBUIKOCTAX 1
HaBaHTaXEHHX. [TIIIUITHUKN KOMIIPECOPIB 1 TN3EIiB.

b16 |lligmunHuky 00nagHAHHS BAYKKOTO MAIMHOOYTyBaHHS

bC6 |[ligmunHuKy aBTOTPAKTOPHUX ABUT'YHIB

1.2.1.5 CniiaBu Ha MigHiii ocHOBI

AHTHQPUKLIMHI CcIUIaBU Ha MigHIH OCHOBI MalOTh BHCOKY
TeMmreparypy IUIaBJI€HHS 1, B TIOpiBHSHHI 3 0a0iToMm, MexaHiuHi
BJIACTUBOCTI, SIK TIPYU HOPMAITBHIH, TaK i MPH MiJIBUIIEHAX TEMIIepaTypax.

1i crimaBH MOAIIAIOTE HA JIBA KIIACH:
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- cmmaBd wMigi 3 Snabo IHIIMMH MeTajgaM{, Ha3HBaIOTHCS
Oponzamu. HaiOinpImoro mOMUPEeHHS, SK aHTHU(QPHUKIINHI, OTpUMaIn
OJIOB’SIHICTI, 0JI0B’sIHO(GOCHOPHCTi, CBHHIIOBATI, KPEM'SSHUCTI, aTIOMIHI€BI 1
OeputieBi OpOH3H.

- croraBu Cu 3 Zn — Ha3WBAIOTHCS JATYHSIMH.

OpfHak 10 TEMepilHbOTO Yacy TaKWi pO3MOLT Ha KIIACH, B SIKIHCH
Mipi yMoBHHH. [lesiki OpoH3H MICTSITh IMHKY HE MEHIIIe, HiXK JIaTyHi.

Mapku nNo3HaYalThCs HACTYITHUM YHHOM.

Ilepmi 6yxkBu Mapku o3Ha4daroTh: JI - matyss i bp. - Opon3za.

BykBu, mo cmigytots 3a OykBoro JI B maryni a6o bp.y Opownsi,
03Ha4alTh: A - amominii, b - O6epwiii, XK - 3amizo, K - kpemnii, M1 -
Maprasenp, H - Hikens, O - onoBo, C - cBuHeb, 1] - ek, O - hocdop.

Hudpu, posramioBaHi micias JITEPH, BKa3yIOTh  CEPEIHBO
MPOLIGHTHHI BMIcT esnieMeHTiB. [lopsinok po3ramryBaHHs nuGp, TPUHHATHIA
JUTSI IATYHEH, BiJIPi3HAETHCA BiJl IOPSAKY, IPUHHITOTO st OPOH3.

Y mapkax nmatyHi nepmri aBi nudpu (micns OyKBH) BKa3ylTh BMICT
OCHOBHOT'O KOMIIOHEHTA - MiJii. [HIII 1IU(pU, BiTOKPEMITIOIOTHCS OJUH BiJl
OJTHOTO dYepe3 THpe, BKa3yIOTh CEpelHid BMICT Jeryroumx ejemeHrtiB. Lli
nupu poO3TAIOBaHI B TOMY X TOPSAKY, SK 1 OyKBH, IO BKa3yIOTh
NPUCYTHICTh B CIUIaBi TOTO YM IHIIOTO ejeMeHTa. TakuM YWHOM BMICT
UUHKY B HaMEHYBaHHI MapKu JIaTyHI HE BKa3yeThbCs 1 BU3HAYAETHCS IO
pi3HUII.

Hanpuknaza, JIS6 o3nauae narynp 3 68 % Cu (B cepenHbOMY) i HE
Ma€ iHIIUX JIETYIOUHX €JIeMEHTIB, KpiM IHHKY; HOro BMICT BH3HAYa€THCS
BupaxyBaHHaM 3 100 % cymu BifcoTkiB i cranoButh 32 %. JIAXK60-1-1
o3Hayae natyHb 3 60 % Cu, neroBany amomiHieM (A) B kimbkocti 1 % 1
3aiizoM (0K) y kinbkocti 1 %, BMICT IMHKY Y CEpeIHROMY CTaHOBHTH 38 %.

Y mapkax OpoH3u (SK 1 B CTaJIAX) BMICT OCHOBHOTO KOMIIOHEHTA -
MiJi - HE BKa3yeThcs, a BU3HA4aeThcs Mo pisHuli. Uudpu micns Oyks,
BiJIOKPEMJIIOIOTHCS OJIMH BiJl OJTHOTO Y€pe3 THPE, BKa3YIOTh CEPEIHINA BMICT
JIETYIOUMX €JIeMEHTIB; MU(PPHU PO3TAIIOBaHI B TOMY X HOPSIKY, 5K 1 OYKBH,
110 BKa3ylOTh Ha JIETYBaHHA OPOH3U THM Y i1HIIMM KOMIIOHEHTOM.

Hanpuknan, bp.OL[10-2 o3na4yae 6ponsy 3 BmicTom onoBa (O) ~ 4 %
i muaky (II) ~ 3 %. Bwmict Migi Bu3HAYaeTbes 1Mo pi3HHIL (3
100 %). bp.A’KH10 -4-4 o3nauae Oponsy 3 10 % Al, 4 % Fe i 4 % Ni (i
82 % Cu). bp. KMu3-1 o3nauae 6ponsy 3 3 % Si, i 1 % Mn (i 96 % Cu). Ii
3aCTOCOBYIOTh B aBTOMOOLIBHIHN, TPAKTOPHIH 1 aBiallifiHili MPOMHCIOBOCTI Y
BWJII BTYJIOK, TOpIEeBHX AWCKiB. CTpiuku 3 1i€l OpOH3M MOXKYTh OYTH
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BUKOPHCTaHI TIPH PEMOHTI CYHMITHPHOIUTAX OPOH30BUX BTYJIOK, a 3HOIIIEHA
[MITBHOINTA BTYJKA - AK TEpeXiTHa IMicis po3TodeHHs i1 Ha miamerp mix
3alPeCOBKY PEMOHTHHX BTYJIOK.

bp.O® 6,5-0,4 - 6,5 % Sb; 0,4 % P, oct. Cu

3aCcTOCOBYETHCS /Il BUTOTOBJICHHS JIETaNlei, MO MPAIIOTh MPU
IMATOMUX HaBa"HTaxeHHAX 10 100 Kr/em? i OKPY)KHHX IIBUAKOCTAX 10 3 M/C.
Ili Opon3u noOpe BUTPUMYIOTH yHapHi HaBaHTaxeHHs. /s Toro, moo
MOkHa OyIl0 3acTOCOBYBAaTH If0 OpOH3y, HAamMKKax Baja Tpeba maru
BEJIUKY TBEPIICTh, IICHTPYBAHHS Balla MOBHHHO OYTH TOYHOIO, & MalllCHHS
PACHUM.

o muBapuux 6pon3 BigHocuThest Oponsa bp.OIIC 4-4-17 — 4 % Sb,
4% Zn, 17 % Pb, pemrra Cu. LI 6poH3a 3aCTOCOBY€THCS IS BiJUIMBAHHS
TUTaBAIOYHX BTYJIOK.

1.2.1.5.1 OnoB’ssHuCTi OpOH3N

OnoB'saucTrMH OpoH3aMu Ha3WBaroThCs ciuiaBu CU3 Sn, a Takox
ourbw ckiagai Cu-Sn crasw, 110 MicTaTh P, Pb, Zn Ta iH. eneMeHTH.

CmnaBy 1€l Tpymu  XapaKTEPU3YHOThCS BHUCOKOK — MIIHICTIO,
XOPOIIOK TUTACTUYHICTIO, 3HAYHOK MPY)KHICTIO 1 BUCOKUM OTIOPOM BTOMI 1
3HOCY.

OnoB’saHuCTI  OpOH3W 3[aTHI BHTPUMYBaTH BEIMKI  yAapHi
HaBaHTa)XEHHS. 3aB/SIKU [IbOMY BOHH JIOCHTh IIMPOKO 3aCTOCOBYIOTHCS IS
HiIIMIHYKIB, IO TNPAIIOIOTh TPH BEJIMKUX HABAaHTAKCHHSAX HA IIUHKY
BaJIa 1 BUCOKMX OKPYKHHX HIBHIKOCTAX. Y MIJHOOJIOB’SHUCTUX CIUIABIB Y
BUPOOHUYMX YMOBAX CTPYKTYPH BiJIIOBiAHI PiIBHOMIpHIi Jiarpami crany He
YTBOPIOIOTECS, TOMY JUIA  iX OLIHKM KOPUCTYIOTBCS TaK 3BaHOIO
NPaKTHYHOIO Jiarpamoro (puc. 1.2).

OnoBo ytBOoptoe 3 Cu TBepaAMH  PO3UMH 00 MAKCHUMaJIbHA
po3unHHICTH SN popiHIoE 13,2 %.

Jluti  cmmaBu, w0 MicTate  Oinbmie 7% Sn, MaroTh,  KpiMm
OCHOBHOTO TBEpJIOTO PO3YMHY (0 TaKOX BWJIIJICHHS €BTEKTOiZa o
+ 0. ®aza 6 gyke TBepja, KpUXKa i HE KYEThCS B XOJOJHOMY craHi. [Ipu
HarpiBaHHI crutaBy Cu- Sn Bumie 520 ° eprekroig o + & (CusSn)
NIEPETBOPIOETHCS B TBEPAUI PO3UMH [, IKUH MPH MiABUILEHIN TemrepaTypi
Ma€ BHUCOKY IutacTU4HicTh. Tomy cmiaBu Cu-Sn, mo mictars m0 20-25 %
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Sn, Jerko KyrThCA 1 MITaMIYyIOTBCA B TapsSIoOMy CTaHi 1 aOCONOTHO He
Mi1al0ThC 00pOOIIi THCKOM B XOJIOTHOMY CTaHi.

1100 g4
10k ' N
B, & 1000
1000 a*s\ s
N \ . \ N
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. a2 % /JFI; 800
" | F Q, o
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Pucynok 1.2 — [IpaktryHa giarpama cTaHy MiJHOOJIOB’ STHUCTHX CIUTaBiB (a)
MpUaaTHa Ui TPOMHUCIOBUX YMOB iX 00po0Oku (0)
Tabmuis 1.5 — BmactuBocti juBapHuX OpoH3a Ta OpOH3, IO
JiehOpMYIOThCS

IToka3zHuku Bbp.OLC |bp.0Od6,5-| bp. OLIC
4-4-2.5 0,4 4-4-17

Tan°C 965 995 965
Y napHa B'SI3KicTh Krm/cM® 2,5 55 0,87
HB 67 82 62
Koed. minifiroro posmmpenns, 10°K™* 18,3 17,1 18
Koeo. teprs f

3 MacTHJIOM, 0,016 0,01 0,01

0e3 3MaleHHs, 0,26 0,12 0,2
TemmonpoBiAHICTh 0,22 0,12 0,1
Gy, KT/MM’ 28 33 19

V npakTuili 3aCTOCOBYIOTh TIJIbKU CIUIaBH 3 BMicToM 110 10-12 % Sn.
Po3pi3HAIOTH 0JI0B’ IHUCTI OPOH3M JIMBAPHi , Ta IO Ae(POPMYIOTHCS.
Bpon3u, o nedopmyloThcs BUTOTOBISIIOTH Y BUAL IPYTKA, CTPIUKH,
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IpOTy B HarapToBaHoMy (TBepAOMYy) Ta BiANaJIeHOMY (M'IKOMY)
craHi. CTpykTypa 1e)OpMOBaHUX OJIOB'THUX OPOH3 - 0 ~-TBEPAUN POZUMH.

JluBapui OpOH3HM, IIO MICTATH BEIHMKY KiNbKicTh Zn, P i Pb, maroTh
IBO(a3Hy CTPYKTYPY: O -TBEpAUN PO3YMH 1 TBEPJi, KPUXKI BKIIOYCHHS O
¢hazu, 1m0 BXOAATH, 3a3BUYAM, B CTPYKTYPY €BTEKTOi1a.

OnoB’stHUCTI OpOH3W MAalTh TapHI JIMBapHI BJIACTUBOCTI 1
3aCTOCOBYIOTBbCS Uil JIMTTS JeTaled ckinamHoi  (opmu. Hemonmikom
BHJIUBKIB 3 OJIOB’SHUCTHX OPOH3 € BUCOKA MIKPOTIOPHUCTICTb.

o 6pon3s, mo nedopMyroThCs, BiTHOCITHCS:

Bp. OIIC 4-4-2,5 - 4% Sb, 4% Zn, 2,5% Pb iame Cu.

1.2.15.2 CpunmoBarti 6poH3n

CBuHeNb MPaKTHYHO HE PO3UHMHSETHCS B piakiil mini. Tomy crumaBu
TICJIsl 3aTBEPAIHHS CKJIaatoThes 3 KpuctaniB Cu i BkitoueHs Pb.

Ho6aBku Pb 3menmrye wmimmicte Cu, i1 TuracTU4HICT 1 yoapHY
B's3KicTh. [loaBiitHi Cu-Pb cIutaBu mIMpOKO 3aCTOCOBYIOTH IS 3aJMBKH
MiIIAITHUKIB 3aMiCTh CTaHIApTHUX 0a0iTiB Ha OCcHOBI Sn i Pb.

Hns BurotoBienHs x uimmx pgeraneii Cu-Pb crutaBum HEe MOXyTh
3aMIHHTH OJIOB’STHUCTI Ta iHIII OpPOH3M, TOMY IO BOHH MarOTh MOPiBHSHO
HM3bKI MexaHiyHi BractuBocTi. OgHak mo0aska no mnoxasiiiHux Cu-Pb
CIUTaBIB TaKWX METaJiB, sk Sn, Mn i As, MiIBUIIYE MEXaHIYHY MIIHICTb,
M0 J03BOJISIE 3aCTOCYBATH 11i CIUTABH 1 JIJIst 3aMiHU Sn OpOH3.

Tabmuus 1.6 - Bractuocti Pb — 6pon3

IToka3Huk Bbp.0OCS8-12 | Bbp.OC5-25 | bp.C30
Temmneparypa miasienHs,® C 950 940 975
HB 61 57 28
y/apHa B'sI3KiCTh, KI/CM 2 1,2 2,3 0,78
o - koed. miniitHOro posmr. 10° K’ 18 17,6 18,4
Koed. tepts 3 macTriiom f 0,007 0,005 0,009
Koed. Tepts 6e3 3mamnienns f 0,13 0,14 0,165
G, KT/ MM? 20,5 14,6 7,6

Bp. OC8-12 (8% Sb, 12% Pb, pemra Cu) - HaiOiabil MillHA B
NOpiBHsIHHI 3 yciMa Pb OpoH3aMu 1 TOMY 3aCTOCOBYETHCS B BAKKHUX YMOBaX
pOOOTH, HATIPUKIIAJL, B IMiITUITHAKAX CTAHIB XOJIOJHOI IPOKATKH.

Ilpy minBUIIEHHI TEMIEPAaTypy MIIHICTh OpOH3U 3MIHIOETHCS
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cTpubkomonionHo. Ile BuUKIMKAaHO pos3maBiaeHHAM Pb, posramoBaHoro B
CTPYKTYpI CIIJIaBY Y BHJII OKPEMHX OKPYIJIMX BKJIFOYEHb.

Bponsu, mo mictath 25% Pb 3acTOCOBYIOTH HE TiNBKU ISl 3aJIMBKH
MiJIIAHUKIB, a W JUIS Bi[UIMBaHHS I[UIMX BKJIATUINIB 1 BTYNOK. s
MiBUIIEHHS MEXaHIYHUX BIACTHBOCTEH CIUIABIB 3aCTOCOBYIOTH JIETYIOUl
eneMeHTH - Sn,Mn abo As.Kpim Toro, mi ejJeMeHTH 3MEHIIYIOTbH
nukBanito Pb, mokpamyrore posnoain Pb B cmasi. HaitGinkimoro
nommpenns Ha0yB cmia bp. OC. 5-25 (5 % Sn, 25 % Pb, 70 % Cu), skwii
BIIPI3HAETHCS BiA IHIMUX TMOAIOHWX CIUTABIB OUIBIT BHCOKOI MEXKEIO
MIOHOCTI ~ TpU  PO3TATYyBaHHI,  XOPOLIMMU  TEXHOJOTIYHHUMH 1
aHTU(PUKIIHHUMHA ~ BIacTHBOCTAMHU. bponza bBp. OC  5-25 3Haiinnia
3aCTOCYBaHHSl [UIl BHUIOTOBJICHHS MiJIIMIHMKIB, [0 TNPALIOIOTh IPHU
BUCOKHUX MUTOMHX THCKAaX, MiAIIUITHUKIB JUIS TIPOKATHUX CTaHiB, OYKCOBUX
MIiIIATHUKIB TEIUIOBO31B, MACTUJIOYIUIBHIOBAILHUX KIJICIb, BTYJIOK JJIs
BepcrariB. XapaktepHuM st bp. OC5-25 € pi3ka 3MiHa BIACTUBOCTEH TpH
t.: Pb. Tomy Taky OpoH3Yy HE MOKHA 3aCTOCOBYBATH B TUX BHIAAKaX, KOJIU
MiAIUITHAK TP eKcIutyaranii HarpiBaetbes 1o t> 300° C, sk Hanpukian, B
T IIATTHAKAX BEPCTATIB rapsA90i MPOKATKH.

CauniroBara 6ponsa bp.C30 — 30 % Pb i 70 % Cu 3acTocoByIOThCS
JUI  3aJMBKHU TIIIIMITHUKIB TOTY)KHUX TPAaKTOPHUX Au3eliB. TBepHicTh
bp.C30 mpu xiMHaTHIH Temmeparypi Taka X sk y 0abiry b83, ame 3
MiIBUIICHHSAM  TeMmIlepaTypH T[ajga€ TMoBiIbHImE, HiK y  b83.
Temmonpogianicte bp. C 30 B 5 pazis Buiie, Hix y b83, 1 11e no3Bosse
3acrocoByBati bp. C 30 mpu poOOTi Ha MiJBHUINEHUX 00epTax i BEJIMKHUX
NUTOMHMX HABaHTA)KEHHSX, KOJIU HPU TEPTi BUAUISETHCS BEJIMKA KUIBKICTH
Tema, sike MOBMHHO Oyt mBHako BuaaieHo. Kpim toro, bp.C 30 mae
BUcokui omip Bromi. [Ipm crokiitnomy HaBantaxkeHHi bp.C 30 moOpe
BUTPUMy€ THTOMHIT THCK 10 200 Kr/cM’ IpH OKDYXHiil MIBHIKOCTI 10
10 m/c. Ilpm ymapHOMY HaBaHTa)XEHHI TpPaHWYHUM € HaBaHTAKCHHSA
150 kr/cm® i okpysHa MBHAKICTS 10 8 M/c. OcHOBHUM Hegomikom Bp.C30 -
€ CKJIQJIHICTh ii BUTOTOBJICHHS B IMOPIBHSIHHI 3 Su-0a0iTOM 1 CKJIQJHICTh
TEXHOJIOTIYHOIO Tpolecy 3anuBKU. KpiM Toro, 3HOIIyBaHHS cTayi HpH
Bbp.C30 6inbme, Hix npu b83, i ToMy NTOBOAWUTHCS 3aCTOCOBYBATH IIMHKH
BaJiB 3 BHUCOKOW TBepuicTio. Haiikpamioo crpyktypoto bpC.30 €
cepeaHbO3epHHCTa, MpH sKiii Pb posmoninenuit B MinHill OCHOBI y Bl
OKpYIJIMX Kpamnenb cepeqHboi BenuuuHH. bp.C30 HamiaBisioTh TOHKHUM
nrapoM Ha craneBi cTpiuku abo TpyOu. Taki GimMeTamiyHi MiIIIMITHUKH
MPOCTi y BUTOTOBJICHHI 1 JIETKO 3aMIHIOFOTHCS TIPU 3HOIITYBaHH.
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1.2.1.5.3 KpeMm'sinucTi 6poH3u

ITpu neryBanni Cu kpemuieM 10 3,5% miABHIIYETbCSA MILHICTB, a
TaKOX IUIaCTUYHICTh. Jlo0aBka B kpem’ ssHUCTY OpoH3y Ni i Mn mokpariye
MEXaHIYHI Ta KOPO3ilHI BIACTHBOCTI.

i OpoH3M JIeTKO OOPOOIIAIOTHCSA THCKOM, Pi3aHHSM 1 3BaPIOIOTHCS.

Haiibinbmoro nmommpenHs Hadynu Si OpoH3H, 10 MIicTATE Mn, Taki
sk bp. KMI] 3-1. Bona mictuts 3 % Si, 1 % Mn, perura - Cu.

bp. KMI] 3-1 Mae BHCOKY KOpO3iliHy CTiliKicTh B arMmocdepi, B
PO3UYMHAX OPraHiYHHMX i MiHEpaNbHUX COJEW i KUCIIOT, B MOPCHKIl BOII, a
TaKOX TyXKe CTiliKa JI0 Ail IIKOT0o HATPy 1 XJIOPUCTHX CIIOIYK.

3aBagKM BHCOKMM aHTU(GPUKIiHHNM BiractuBocTsIM bp. KMI] 3-1
HIMPOKO 3aCTOCOBYETHCS B MOTOPOOYAYBaHHI 1 MalIMHOOYAYBaHHI IS
BUTOTOBJICHHS BTYJIOK Ta 1HIIMX JeTalei, o TPYThCS.

1.2.1.5.4 BepunieBi 6pon3n

3 rpynu 0e3onoB’siHiCTHX OpoH3, OepmitieBa OpoH3a € HAHOUTBIN
BUCOKOSIKICHOIO. BoHa Mae BHCOKY MIIHICTh, TBEpAICTh, OIp BTOMI,
KOpO3iiiHy CTIHKICTb i 100pi aHTH()PHUKIIIHHI BIACTUBOCTI.

@i3uyHI BIACTHUBOCTI IMX OpOH3 MOXYTh OYTH TOJIMIICHI
TepMiuHOIO 00poOKoI0. beprimieBi OpoH3u moOpe O0OpOONAIOTHCS B
XOJOAHOMY 1 TapsiuoMy cCTaHi, OCOONMBO Ticlsi HarapTyBaHHSI. MOXYTh
3BapIOBATHCh.

Jia migBUINEHHS MEXaHIYHWX BIIACTUBOCTEH OeprutieBi OpOH3M
micJisl HarapTyBaHHS MianaroTh crapindio mpu T = 300-350° C. I1pu upomy
3 MEPEeCUYEHOro O -pPO3UMHY BUIUISIFOTBCs aucnepcHi yactku (CuBe), sxi
ICTOTHO MiJBUIIYIOTH MIIHICTh OpOH3M. SIKIO TIPOBECTH TMOMEpeNHIN
HaKJIeI, TO OpOH3a MPH CTAPiHHI 3MII[HIOETHCS CHIIBHIIIE 1 IIIBUIIIIE.

Y OpoMHCIOBOCTI 3aCTOCOBYIOTHCSA 2 MapKu OCpHIiEBOi OpOH3HM
bp.b2 i bp.b2,5. BoHum € 3amiHHUKaMH OJIOB’SHUCTUX OpOH3 IIpH
BUTOTOBJICHH]I TPY)XKHUX KOHTaKTHHX JeTalel, KyJlaukiB, a TaKOoX I
BUTOTOBJICHHS PI3HOMAHITHHX BTYJIOK, IIJIIIMITHUKIB, IIECTEPECHb, IO
NPALIOIOTH [IPH BEJIMKUX MIBUKOCTSX, MiIBUILIEHOMY THCKY 1 TeMIIeparypi.
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1.2.1.5.5 AmominieBi 6poH3u

AnroMiHi€BI OpOH3H - JOOpE MPOTUCTOATH KOPO3ii B MOPCHKIiH BOAi
i Bomorii arMmocdepi, MalOThb BHCOKI MeXaHIUYHI 1 TEXHOJOTiYHi
BracTuBOCTi. Lli crytaBu MOKHA JIETKO KyBaTH 1 MPOKATYBaTH B TapsIoMy i
XOJOAHOMY CTaHI, a TaKOX pEryjloBaTH IiX MeXaHi4HI BIACTHUBOCTI,
JOJIAI0YM Pi3Hi JIeTyroui KOMIIOHeHTH. Bee 1ie no3Boisie 3actocoByBatu Al-
OpOH3M y Ba)XKO HAaBaHTAXCHHUX BY3JaX TepPTS (TOPOKHI MAIIMHHU, Ba)KKE
BepcTaTHE O0TaHAHHSA).

Haii6inem wacto 3actocoBytoTh Al-Oponsu monsiiiHi (Cu-Al) i
noaarkoBo Jierosani Ni, Mn 1 Fe.

Crnaswm, o Mictath 10 9 % Al, ogHO(da3HI Ta CKIaIaI0TECS TUTHKH
3 o -TBepaoro po3unHy Al B Cu. Ilpu Bwmicti Al Ginbiie 9 % B cTpykTypi
3'IBIISETBCSL €BTEKTOIN o+ 7y, (y - enekrpoHHe 3’emHanHs (Cugz; Aljg).
®dasa o rracTUYHa, ajie MIIHICTH 11 He BEIUKa.

JBodasni crutaBm oo +Yy MarTh MIJABUINCHY MIIHICT, alie
TUTACTHYHICTD 1X IOMITHO HMXKYE.

Fe mompibHioe 3epHO 1 MiABHINYE MEXaHidHI Ta aHTU(QPUKIITHI
BracTuBOCTi Al OpoHs3.

Ni mokpailye MexaHiuHi BJIaCTHBOCTI 1 3HOCOCTIHKICTb, SIK TIPH
HU3BKUX, TaK 1 IpU BUCOKHX Temneparypax (500-600 °C).

Onnodazni Al OpoH3M MAalOTh BHCOKY IUIACTHYHICTb, iX
3aCTOCOBYIOTH JUIS TNIMOOKOTO MITaMITyBaHHs. J[Boda3Hi OpOH3M MiJIal0Th
rapsdiit edopmaiiii abo pacoHHOMY JIUTTIO.

JluBapui BnactuBocTi Al OpoH3 HMXK4YE, HIX Sn OpoH3, ane BOHHU
320e3Meuy0Th BUCOKY HIUTbHICTh BHIIUBKIB.

Bbp.AX9-4- 9% Al, 4% Fe, pemra Cu. Il 6poH3a mopsiz 3 BUCOKOIO
MIIHICTIO Ma€ BUCOKI aHTUQPUKIIHHI  BIACTHBOCTAMH 1 TOMY
3aCTOCOBYETHCS SIK 3aMiHHUK Sn Opon3 mapok bp.O®10-1 i bp.OLIC6-6-3
JUIE BUTOTOBJICHHS JeTaied, 10 TPAIIOI0Th 3 BEJIUKAMH 1 yIapHUMH
HaBaHTKEHHSAMU (YEpB'IUHI KoJjieca, IIECTEPHI, KialaHu, Cijijia KiaraHiB,
BKJaaumi migqmuunarkiB). bp.AX9-4 Moke mpamioBaTH NpH MHTOMHUX
HaBaHTOXEHHAX P 10 300 Kr/cm’ i MpH OKPY/KHEX MBHAKOCTAX 10 10 M/c,
npu pomy P-U < 600.

Bp.AXKMi10-3-1,5 — 10 % Al; 3 % Fe; 1,5 % Mn; pemita Cu. Mae
BUCOKI MEXaHIuHi BJIACTHUBOCTI, AKi MiABHLIYIOThCS Micls Hakiemy. Mae
BHCOKi aHTH(PUKIIiiHI BracTHBOCTI. [i 3HOC 3i 3MalIeHHAM Maiike TaKumii
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XKe, AK y npiOHmx 0abirtiB. 3HOC Oe3 3MallleHHS HE BENUKWN 1 BOHA HE
«HaMma3yeThCs» Ha IIMHKY Baia. 3aCTOCOBYETHCS JUISI BUTOTOBIICHHSI
i IIATHUKIB, IIIECTEPEHB, BTYJIOK.

Tabmuig 1.7 — Bnactusocti Al-0pon3

IToka3HukH Bp.AX9- | Bp.AXMul0-3- | Bp.AXXHI10-

4 15 4-4

T, °C 1040 1062 1082

HB 144 130 190

VY aapHa B'SI3KiCTb, 6,3 6,3 3,2

Kkrm/cm 2

£<ole(b. JiHiA. po3mr. 107 18,1 16 17,1

K

Koed. tepTtst 3 0,004 0,012 0,011

mactuiom, f

Koed. Teptst 0e3 0,18 0,25 0,23

smamenss, f

Gy, KT/ MM 55 60 65

bp.AXKH10-4-4 — 10 % Al 4 % Fe;4 % Ni;pemra Cu.
3acTOCOBYIOTh JJIsi BUTOTOBJICHHS BiNIMOBiMaNbHUX JAeTajei (IIecTepHi,
Cijula KJamaHiB, M0 HANPaBISAIOTh BTYJIKH BHUIYCKHUX KIIallaHIiB
aBiaMOTOPIB).

[Migmumankn 3 OpoH3W  ICHYIOTP B MOHOMETAJIiYHOMY 1
OimMeTaniYHOMY BUKOHAHHI.

MoHoMeTaniuHi MW THAKA (BKJIAAMII, BTYJIKH) BHTOTOBISIOTH
JUTTSAM 3 HACTYIMHOIO MEXaHi4HOI 00poOkoro. [Ipu peMOHTI MamuH Taki
JeTaji 3aMiHIOIOTh HOBUMH, SIK TUIBKM 3a30pH B MiAMUIHMAKY [EPEBUILATH
BCTaHOBJIEHY BEJIMYHMHY, CTapi JeTalli BUKOPUCTOBYIOTh SK JIOM JUIS
neperiaBKy.

Benuuuna 3HOCY aerali HEBENHKa, TOMY EKOHOMIYHO JAOLIJIBHO
BUTOTOBJIATH iX OiMeTaleBUMU - 31 CTaJe€BOI0 OCHOBOIO 1, HOPIBHSHO
toukuM  (0,5...1,5 wmm), pobounmm mmapom Oponsu. llpm 1BOMY
CKOpPOUYEThCS BUTpaTa JNEPIIMTHUX JOPOTUX KOJILOPOBUX METAIB i, KPIM
TOTO, BUKOHYETHCSI TNPHHLUI  «JIOMOBHEHHS  SKOCTI» -  BHCOKI
aHTH(QPUKIIKMHI BIACTUBOCTI POOOYOro Mmapy JOMOBHIOKTH MIIIHICTIO
CTaJIeBUH MiAMMITHUK, 110 CTBOPIOE OUTBII CIPHATINBI YMOBH JUIS HOTO
pobotu.

Burortomnsatu 6iMeTaneBi aeTaini MOKHA HACTYIIHUMH METOAAMU:
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— 3anMBKa OpOH3W Ha CcTajeBy a00 YaBYHHY JETajlb B CTAI[lOHAPHHUX
(hopMax i3 3aCTOCYBaHHSM BiAHOBIIOBAIBHOI aTMOC(EPH;

— 3amMBKa OpOH3WM B cCTarioHapHHX (opMax i3 3acTOCYBaHHIM
¢dmociB, MmO 00epiraloTh IMOBEPXHIO JCTali, sKa 3aJIHBAETHCH, BIf
OKUCJICHHS;

— 3aJMBKa METOAOM  3aHYpPEeHHS  CTaleBOi  3aroTOBKM  Ha
PO3IUIaBIeHY OPOH3Y;

— BIAIIEHTpOBa 3alMBKa OpOH30I0 HAa CTajh 13 3aCTOCYBaHHIM
BITHOBJTIOBAJIbHO1 aTMocdepr abo (iTrociB;

— IUIa3MOBHUM HaNMJICHHSM OpPOH3H Ha CTaJIEBY 3arOTOBKY.

1.2.1.5.6 JaTyHi

JlatyHi - 11e moBi¥HI 200 0araTOKOMIIOHEHTHI CIIaBu Ha ocHOBI CU,
B SIKMX OCHOBHUM JIETYIOUHM €JIEMEHTOM € Zn.

Cu-Zn cmnmaB i3 BmictoM A0 39 % Zn yrtBOproe ongHO(a3HY
CTPYKTYpY (0 -TBepauii po3umH) 3 KpucTaiigHoto pemritkoro ['TIK.

CmmaBn i3 Bmictom 39-46 % Zn yTBOpIOIOTH JBa TBEPAUX
po3umHa o + . [P-dasza — ymopsaKOBaHWK TBepAWHA pO3YMH Ha 0asi
enekTpoHHoro 3'enqnands CuZn i3 rparkoro OLK.

3MiHa CTPYKTypu CIUIaBY BIUIMBa€ Ha MeXaHiyHi 1 (i3uyHi
BJIACTHBOCTI.

Opnnodasni naryHi, mo Mictate 10 39 % Zn, BenbMU IUIACTHYHI 1
JI00pe 00pOOJISIOTECS TUCKOM B TapsuoMy 1 XosiogHoMy crasi. Lli criaBu B
3aJIeKHOCTI BiJI BMICTY Zn MaroTh CTPYKTYpY a + 3 abo P.

TexHomoTiyHI BIacTUBOCTI (IIPOKATKa, MPECyBaHHS, IITaMITyBaHHS,
KYBaHHs1, BOJIOUiHHS) JIATYHi 3HAYHO BUIII 32 Ti K BIACTHUBOCTI SN-OpOH3.

JlobaBka nmo moasiiHnx Cu-Zn CIUIaBiB  JE€SKHX — €JIESMEHTIB
MiBUIIYE MEXaHIYHI BIACTHBOCTI 1 KOpO3iliHy crilikicTh. Taki maTyHi
Ha3WBAaIOTh CIELIaJIbHUMHU.

Ipu noGamui Su, Ni i Mn 3Ha4YHO MIABHILYIOTHCS MIHICT 1
KOpO3iliHOCTIHKICTh JlaTyHel, a mpu nojanHi Al 3 Ni, Fe i Mn cuibHO
MiABULIYETHCS TBEPIICTD, MILHICTh 1 KOPO31MHOCTIHKICTb.

Jlob6aBka Pb minBuiltye TMBapHi BIACTUBOCTI JaTyHEH, MOJETTIY€EThCS
pi3aHHA 1 TOMIMIIYIOTHCS aHTUPPUKLIHHI BIACTUBOCTI.
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1.2.1.5.7 OnoB'sauucti naTyHi

ITpu mobaBui 0 ogHOda3HOI naTyHi ojnoBa B Mexax 1.0-1.5% ne
MOTIPUIYIOThCS MEXaHiIuHI BIACTUBOCTI 1 0OpOOIIOBAHICTh iX B TapsIuoMy i
XOJIOMHOMY  CTaHi, a TaKOX MOJINIIYIOThCS  aHTHUKOPO3idHI  Ta
aHTU(PUKLIHHI BIACTUBOCTI.

Ilpu nopmaBanHi Takoi K KiNBKOCTI Sn 10 ABOQasHHUX JNaTyHEH ixX
TUTACTUYHICTh 3MEHIIYEThCS, BHACHIAOK YOr0 TPOKaTKa 1 I1HON BHUIX
00poOKH THCKOM 3aTpyAHIOIOTHCA. lle moB'si3aHO 3 TOsABOIO 6araToro
OJIOBOM KpHUXKOT (pazm.

Sk aHTUPUKIIHAMA CIJIaB 3aCTOCOBYETHCS TINBKH OJIOB'STHHCTA
matyas  JIO90-1  (onoB'ASHMCTHII  TOMMIAaK) JUII  BHUTOTOBJICHHSA
CYUTBHOTATHEHUX BTYJIOK, SIKi 3HAXOATh IPU3HAUCHHS B aBTOMOOITIBHIN 1
TPaKTOPHiI MPOMHCIOBOCTI.

JIO90-1 mictuts 90 % Cu, 6muzbko 1 % Su, pemra Zn.

1.2.1.5.8 CBunmoBari naTyHi

Pb monermye mexaniuHy 0OOpOOKYy JaTyHi pi3aHHAM 1 ITOKpaIlye
aHTU(PHUKINHHI BIaCTHBOCTI Ipu BMicTi B Mexax 0,5-3 % Pb.

Taki JnaTryHi 3acCTOCOBYIOTBCS JUIS  BUTOTOBJICHHS  JieTaiei
TOJUHHHUKIB.

JIC59-1 mictuts 59 % Cu, 1 % Pb, pemra - Zn.

1.2.1.5.9 AmominieBi naTyni

Al 5aTyHi BUKOPHCTOBYIOTHCS B SIKOCTI 3aMIHHHKIB OJIOB’SHHUCTHX
OpOH3 1 3aCTOCOBYIOTBCS 11 BUTOTOBJICHHS KOPO31MHOCTIMKUX JeTalicii B
CyaHOOyIyBaHHI, MAacMBHMX YEpB'TYHMX TBUHTIB, 3allipHOI apmarypw,
BTYJIOK 1 MiIIIWITHUKIB.

JIAXK60-1-1-mictuts 60 % Cu, 1% Al, 1 % Fe, pemra Zn.
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1.2.1.5.10 MapranueBucTi JaTyHi

Taki naryni 3 BmictoM Cu MmeHme 57 % 3aCTOCOBYIOTBCS UIS
BiJUIMBaHHA aHTU(QPUKIIHHUX AeTaneH, apMaTypH, a TAKOX BTYJIOK Pi3HOTO
TEXHOJIOTIYHOTO ~ YCTAaTKyBaHHS, SKi, 3a3BU4Yall, BUTOTOBIAIOTH 3
o5toB’stuucTUX Opon3 Mapok bp.OIl-10-2, Bp.OLIC-6-6-3, Bp.OIlC-5-5-5,
bp.0®-6,5-0,25.

JIMIKS52-4-1 mictuth 52 % Cu, 4 % Mn, 1 % Fe, pemrra Zn.

1.2.1.5.11 MapraHueBo-CBUHIIEBi JaTyHi

€ 3aMiHHUKaMu OJIOB’SHHCTUX OpoH3 Mapok bp.OlIC6-6-3,
Bp.OLC5-5-5, bp.O®10-1 i amominieBoi 6pon3u Mapku bp.AX9-4.

Jlarynp mapku JIMuC58-2-2 — 58 % Cu, 2 % Mn, 2 % Pb, pemra Zn
- 3aCTOCOBYETbCS JUIA BIIJIMBAaHHA BTYJOK, AapMyBaHHS BaroHHHX
MiAIUITHAKIB, & TAKOXK JUIs IpecyBaHHs TPyO, M0 WAYTh Ha BUTOTOBICHHS
BTYJIOK.

Tabmurs 1.8 — [lopiBHIIBHI XapaKTEepUCTHKH JIATYHI
MoKasiik JIO9 [JIC59|JTAXK6|JIMuC | JIMiX | JIKCS
0-1] -1 |0-1-1|58-2-2| 52-4-1 | 0-3-3
Tuy, °C 1015| 885 918 967 909
HB 51 | 71 90 95 120 93
Y napHa B'sI3KiCTh, KTM/CM z 75 | 5,0 7 5,2 4
o koed. miniitn. posm. 10°K™*| 18,4 | 20,9 206 | 227 | 17
L. 3 MACTHIIOM 0,013]0,014 0,007 | 0,05 |0,009
1 6e3 3MaleHHs 0,46 | 0,16 0,14| 0,32 | 0,15
Gy, KI'/ MM 2 20,7 (29,0 42 34 50 40
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1.2.1.5.12 Kpem’siHucTi JaTyHni

3acTOCOBYIOTBCS B SIKOCTI 3aMiHHHKIB OJIOB’SIHUCTUX OpOH3 MapoK
Bp.OLC5-5-5, bp.OLIC6-6-3, amtominieBoi Oponsu mapku bp.AXKC7-1,5-
1,5.

Jlatryup JIKC80-3-3 3acTOCOBYIOTH MJIsi BHTOTOBJICHHS JIUTHX
i IIATHUKIB 1 BTYJIOK.

1.2.1.6 I{unKoOBI cI1aBH

i crutaBu 3maBHA BUKOPHCTOBYIOTHCS SIK aHTU(PHUKITIIHI MaTepiaimy,
X04a 1 HEe OTpUMAald JOCTaTHHO IIMPOKOTO TOUIMPEHHS, B TOH e dYac
MAaroTh PSA WIHHUX BIACTHBOCTEH, SIKi JO3BOJISIIOTH BUKOPUCTOBYBATH X SIK
3aMIHHHUKH OJIOB’ STHICTUX OpPOH3 1 CBUHIIEBOOJIOB’ THUCTHX 0a0iTiB.

Haii0inpmoro momupeHHs B TPOMHUCIOBOCTI OTPHMANM TOTpiiHI
cruiasu Zn 3 Al ta Cu.

Tabmurs 1.9 — [opiBHAIBHI XapaKTEepUCTHKH IMHKOBUX CILIABIB

IToka3Huk IHAM10-5 IIAMO9-1.5
Tow C 395 382
HB 104 84
Y napHa B'SI3KiCTh, KTM/CM 2 0.6 11.77
xoed. miniiia. posm. 10° K™ 27 24
L. 3 MACTHIIOM 0.009 0.012
u 6e3 3mareHHs 0.35 0.4
G, KT/ MM ° 30 30

Psin mpoMHCIOBUX TANPUEMCTB Ha OCHOBI IIMHKY BHITYCKA€ CILJIABH
srigao 'OCT 25140-93.

Zn 3 Al ta Cu yTBOpIOE OOMexeHMH TBepAud po3uuH. Tak, mpu
20° C y Zn po3unnsietses 0,2 % Ali 0,8 % Cu.
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Tabmuns 1.10 — BnacTuBocTi Ta ramy3pb 3aCTOCYBaHHS ITUHKOBHX

CIUIaBIiB
Mapka XapakTepHi BIaCTUBOCTI l"amyss 3acTocyBaHHS
PiaKOIINHHICTD, MiIBUILIEHA
ZnAl4A |koposiliHa CTIHKICTB,
cTabinbHICTh po3MipiB B aBTOMOG1IBHIMN, TPAKTOPHIH,
- - . [eJCKTPOTEXHIUHIHN Ta IHIITNX
PigKOMINHHICTB, KOpO3iiiHa .
R S T ramy3six IPOMUCIIOBOCTI JIJIst
IIA40 |cTiiKICTB, CTaOIIBHICTD | . . .
.. BiJUTMBaHHS JETACH MPUIIAIIB,
pO3MipiB . T
SKi TOTPEOYIOTh CTaOIBHICTh
Sk s mapku [[Ado, ane 3jposmipis
A4 |menmior KOPO3ii{HOIO
CTIHKICTIO
ZnAl4 PipxommERiCTE, TiZBHIICHA B aBTOMOO1IIBHIH, TPAKTOPHINA
nAl4Cu KOpo3iiiHa CTIHKICTB, PHIH, TPAKTODHIH,
1A .. leNeKTPOTEXHIYHIM Ta 1HIINX
MIPAKTHIHO HE3MIiHHICTh .
. raJry3sx MPOMHUCIIOBOCTI JIst
POSMIPIB —IpH. TIPHPOHOMY BiNTHBaHHS KOPITYCHHUX
LA4M1o|crapinni PILyCHHX,
ApMaTypHUX, JEKOPATHBHHUX
LA4MI Sk ans mapku [][A4M1o, ane 3 (ACTAlICH, 110 HE BUMAraroTh
MEHIIOO CTIHKICTIO po3mipip  [HABHIIEHOL TOYHOCT1
3a TEXHOJIOTTYHUMH Taly pi3HHX Tay3sx
eKCIUTyaTallitHIMHA [IPOMHUCIIOBOCTI  JUIA  JIUTTS
I{A4M 1B |BIaCTHBOCTSIMH  IIOCTYIA€THCS [HEBIIOBIIAIBHUX JIeTAJICH
MOTIEPEIHIM MapKaM  CIUIaBiB
i€l Tpynu
ZNnAl4Cu | PigKOIIMHHICTE, BHCOKa
3A MIIHICTb, KOpO3iiiHa CTiliKicTh, B aBTOMOOUIBHIN Ta IHIINX
1IA4M30 3MIHHICTD pogMipiB 1o 0,5 % rajry3sx IpOMHMCIIOBOCT1 JJIs
BHT'OTOBJICHHS JICTAJICH, 110
Sk nns mapkn 1IA4M3o, ane 3inotpe6yroTh MiBHILEHOT
[{A4M3 |3HIKEHOIO KOPO3i1HHOIO {rouHOCTi

CTIMKICTIO
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[Ipu3naueni TS 3aminuy [Braaguimi miJmnmHuKIB,
CTaHAAPTHOTO BTYJIKH ITiJIBICKH, 1110 OalaHCYE,
HASM1 |aHTH(PHUKIIHHOTO CTIIaBy MEepB'STIHI MIECTEPH,
cerapaTopH MiAIHAITHAKIB
KOYEHHS
LHAMI10-5, 3HAYHO
TIEPEBEPIIYIOTH Horo 3a
LIA30MS | FePeBePILy :
MEXaHIYHUMH BJIACTUBOCTSAMH 1
3HOCOCTIHKOCTI

JobaBka Al mimBuilye MIIHICT 1 TBEPIICTh CILUIABIB, yaapHa
B'SI3KICTh CIUIABIB MPAKTUYHO HE 3MIHIOETHCA. Al 3MeHIye 3HOC CIIaBy i
MEePENIKo/KAE HATUITAHHIO CIUTABY HA IIUHKY BaJla MPH CYXOMY TEpPTi.

Cu migBuiye aHTHQPUKIIHHI 1 TUBapHI BIACTUBOCTI CIUIABIB.

st miBHIIEHHST KOPO3iHOI CTIHKOCTI Ta MIITHOCTI CIUIaBY, B HHOTO
JIONTAIOTh HEBENHMKY KimbKicTh Mg. KpiMm Toro, Mg 3MeHmye 3maTHICTB
CIUIaBY PO3M'SIKIIYBATUCS MIPH MTiABHIICHUX TEMIIEpaTypax.

HaiiGinpmmii inTepec cepes BiIoMUX Zn-CIJIaBiB SBISE CIIAB MAPKH
HAM10-5, mo mictuts 10 % Al, 5% Cu, 0,05 % Mg, inme Zn. B mutomy
BUJI, IIH CIUIaB 3aCTOCOBYIOThH IS MOHOMETAJICBUX BKJIAJUIIIB 1 BTYJIOK
3aI3HUYHOTO TPAHCIOPTY 1 AN BiANMBaHHS OiMeTaleBHMX BHUpPOOIB 3i
craileBUM KoprycoM. B nmedopmoBanomy Bumi crutaB  [JAM10-5
BUKOPHCTOBYIOTh Il OTPUMaHHS OiMeraneBHx cMyr 3i crammo i1 Al
CIUIaBaMH METOJIOM TMPOKATY 1 MOAabIINM MITAMITYyBaHHsIM BKiIaguma. Leit
CIUTaB MOXXE 3aMIiHIOBaTH OJIOB’SHUCTI OpOH3M Ui BY3JIiB TepTd,
temrieparypa skux He mepeBunrye 100° C.Ilpum  Oimbin  BHCOKii
TeMIIepaTypi CIJIaB PO3M'SIKIIYETHCS 1 HAIMIIAE Ha Bal.

Y npOMUCIIOBOCTI TaKOK 3HAWIIOB 3acTOCyBaHHs ciuiaB [[AM9-1.5 —
9 % Al 1,5 % Cu, 0,05 % Mg iame Zn. llei crutaB Bimpi3HSETHCS Bif
crutaBy LIAM10-5 GibII00 MIACTUYHICTIO.

1.2.1.7 AmominieBi cmiaBu

CrutaBy Ha anmoMiHieBil ocHOBI 10 50-60 p.p. MUHYJIOTO CTOJITTS HE
3HaXOAMIM IIMPOKOTrO 3aCTOCYBaHHS BHACIHIJOK TOro, IO BOHU MAaroTh
BUCOKHH KOe(illi€HT JTIIHIHHOTO PO3UIMPEHHS (B J(Bivi OlNblIe, HIX y cTai),
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BAMAararoTh OLIBIIIOrO 3a30py 1 HE CXOIUTIOIOTHCS MPH 3aJIMBIIi 31 CTAIEBOIO
OCHOBOIO. Y TOW ke 4dac Al cIlaBu MaroTh Maly NWTOMY Bary, 3IaTHi
BHHOCHTH BHCOKi muTOMi THCKH (10 500 Kr/cm® mpH OKpYXHiil IBHAKOCT
1o 10 m/c), MatoTh BUCOKI aHTH()PHUKLIKMHI BIACTUBOCTI, TEIJIOMPOBIAHICTD
Al criaBiB BHINE TEIUIONPOBITHOCTI aHTH(GPUKIIAHKX cIuiaBiB Ha Su, Pb,
Zn, Cd i1 Fe ocnoBax.

OcHoBuuMu kommoHeHTtamu cmiaBiB € Su, Cu, Ni, Si, sxi
YTBOPIOIOTE 3 Al TeTeporeHHy CTpyKTYpYy.

1.2.1.8 Cmiasu Al-Cu

PosumnHicTh Migi B amominii ipu 20° C qyke He3HAaYHA 1 CTAHOBHTH
0,3%. Minp HE BXOAWTH B TBEPAUN PO3UHH, YTBOPIOE 3 ATIOMIHIEM XiMIUHY
cnonyky Al,Cu, ska po3TamoBy€eThCS 10 MEXax 3epeH ATOMIHiIO.

Haii6ineme 3actocyBanHs 3 Al-Cu crutaBiB MaroTh CIUIaBH, IO
MicTath Cu 4 % (mropamomin) 1 8 % (ambKyciH). 3 AIOPaTOMiHIB s
3aCTOCYBaHHS B SKOCTI MiANIMITHUKOBOTO MaTepialy BHKOPHCTOBYIOThH
crutaB JI1 - mictute 4 % Cu, 0,5 % Mg, 0,5 % Mn, 95 % Al i [I16 — 4 %
Cu, 1,5 % Mg, 0,5 % Mn, 94 % Al. Anpkycia mapku AMK-2 — 8 % Cu, 2
% Si, 1,5 % Fe, 0,5 % Mg, 0,5 % Mn, 0,5 % Zn, 87 % Al.

Tabmuns 1.11 — [NopiBHsueHI xapaktepuctuku Al-Cu cruiaBiB

IToka3uHuk 1 AMK-2

T C 645 658
A, xr/cM”’ 1,5 0,34
V apHa B'SI3KiCTB, KIM/CM 0,5 0,5

a*10° 22,6 25,7
L. 3 MACTHIIOM 0,013 0,005
u 6e3 3MaIeHHs 0,28 0,2
Gy, KT / MM 2 25 16

HB 50 70

J116 mae GBI BUCOKY MILHICTh, HiXK J[1, OJHM3BbKY /10 OJIOB'STHUCTUX

OpoH3. JlropalltoMiH  JIeTKO TiAgaeThesi 00poOIli, 3 HBOIO OTPUMYIOTH
HamiBQaOpUKaTH y BUAI IPOKATHUX CTPIYOK 1 CMYT, 3 SKHX BUI'OTOBJISIOTH
BTYJKH €JCKTPOJIeOII0K, OJIOKIB, JIMCTO3TMHAJIBHHUX BaiblliB. B sKkocTi
MacTHJIa PEKOMEHIYEThCS COJIiIoI. J[FopaIroMiH 3aCTOCOBYEThCS B Tapi 3
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TBEpPANMH BaJlaMU.

AnpKyciH MOXXe OyTH 3aCTOCOBAaHHI y BepCTaToOyayBaHHI s
3aMiHM MiAIIMITHUKIB 3 OJIOB’SIHUCTHX OpOH3, 10 MPALIOIOTh MPH MTHUTOMUX
tuckax 10 20 Kr/cm®Ta IBUAKOCTAX 10 3 Mm/c. Y 3B'SI3KYy 3 THUM, IIO
MpHUPOOITOK ANbKYyCiHA IO MIUHKK Bajia AyXe BaXKUI, HEOOXiHA peTelbHa
00pobka pobouoi moBepxHI BKIamumia. KpiM Toro, 3a30p Mik IIHHKOIO
BaJa i MiJIIMITHUKOM MTOBHHEH OYTH OiNblie, Hi>K PH 3aCTOCYBaHHI 0aliTy.

1.2.1.9 YaByHnu

UaByH aHTU)PUKIIHHUHN, TPU3HAYEHUH JJIs] BATOTOBJICHHS BUJIMBKIB,
0 MPAIOIOTh y BY3JIaX TEPTSA 3 MAaCTUIIOM, BUTOTORJISIOTH 3rigHo 3 [[OCT
1585-85 (Tabun. 1.12).

[Tpu3HaueHHs aHTU(GPUKIIITHIX YaBYHIB!

1) AUC-1, AYC-2, AYC-4, AYK-1 — pmns poboru B mapi i3
3arapTOBaHMM a00 HOPMaJli30BaHUM BaJIOM.

2) AYC-3 — gaua pobot B mapi i3 3arapToBaHUM  abo
HOpPMAaJTi30BaHUM BajioM a00 BaJioM, IO HE IMiJIa€ThCS TEPMIdHIA 00poOIIi.

3) AYC-5 — st poGOTH B 0COOJIMBO HABAHTAXKCHUX BY3JIaX TEPTS B
napi i3 3arapToBaHNUM a00 HOPMaTi30BaHUM BaJIOM.

4) AYC-6 — nist poboTH y By3nax Tepts mpu temieparypi o 300° C
B Tapi 3 BaJIOM, 1110 HE MiIa€ThCS TEPMIiUHii 00poOIIi.

5) AYUB-1 — pgns pobGotu y By3nax TepTs 3 MiJBHIICHUMH
OKpPY>KHHUMHU IIBUIKOCTAMHU B Iapi i3 3araproBaHuM ab0 HOpPMaji30BaHUM
BaJIOM.

6) AUB-2 — gans poboTH B yMOBax TepTS 3 MiABHUIICHHUMH
OKPYKHHMH IIBUJKOCTSIMH B TIapi 3 BaJOM, IO HE MiAJAEThCS TEPMIUHIN
00po0Ori.

7) AUK-2 — mis poboTd B mapi 3 BajoM, IO HE IiJIa€ThCS
TEepMIiYHIl 0OpOOTIi.



Tabnuus 1.12 — Ximiunuii ckiian Mapok yaByHy antudpukiiinoro ('OCT 1585-85)

Mapka MacoBa yacTka esieMeHTa, %
yapyny| C Si Mn Cr{Ni| Ti {Cu| Sb |Pb| Al | Mg P S
0,2- 0,8 - 0,15 -
A4C-1(3,2-3,6(1,3-2,0({0,6-1,2 05| “ 16| - - - " 1040 <0,12
0,2-/0,2-/0,03-|0,2 - 0,15 -
AUYC-2|3,0-3,8/1,4-2,2|0,3-1,0 05]05]010| 05 - - - - 0,40 <0,12
0,03-/0,2 - 0,15 -
AYC-3 |3,2-3,8{1,7-2,6(0,3-0,7|<0,3|<0,3 010 | 05 - - - - 0,40 <0,12
0,04 - 0,12 -
AYC-4 |30-35(14-22(04-08| - | - - “ o0 - - - 103 0.20
7,5 - 04 - <0,05
AUYC-5 [3,5-43/25-3,5 12,5 - - - - - " los - <0,2
0,5- 0,5-
AYC-6 |2,2-2,8|30-4,0(02-06| - | - - - " 10| C - 10 <0,12
AUB-1 [28-35(18-27(06-12| - | - | - |<07| - | - | - |35 <02 <003
0,03 - <
AYB-2 |28-35(2,2-2,7{04-0,8| - - - - - - "~ 1008 <0,2 0.03
AYK-1 |2,3-3,0105-1,0({0,6-1,2| - - - 1i05_ - - - - 10,2 (<0,12
AYK-2 |26-3,0/0,8-13(0,2-0,6| - - - - - - - - 1<0,2(<0,12

* B mozHaueHHi Mapku: AY — aHTUQpUKLiiiHUI YaBYH:
C — cipuii 3 mIaCTHHYACTUM IpadiToM;

B — BHCOKOMIITHMAI 3 KYTISICTUM TpadiToM;

K — koBkuii 3 KoOMOakTHUM rpadiToM; nudpa — MOPSAKOBUA HOMEP MapKu

1€
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1.2.2 HemerauneBi MmaTepiaan
1.2.2.1 Moaimepni maTepiaau

Lli marepiajdy LIIMPOKO 3aCTOCOBYIOTHCSI y BY37ax TepTsS Cy4YacHUX
MaIllMH 1 MEXaHi3MiB. 3aCTOCYBaHHA IIJIACTMAC B PS/Ii BUTIA/IKIB T03BOJISIE
30UTBIIMTH HAAIMHICT 1 pecypc MallvH, MONIMIINTH X eKCIUTyaTalliiiHi,
TEXHIKO-€KOHOMIUHi XapaKTEepUCTUKU 1 TEXHOJIOTIYHICTh, BIIMOBUTHCS Bij
JNediUTHUX CIUIABiB KOJIBOPOBUX METAJIIB 1 3HU3UTH BapTiCTh MAIllMH.

IImacTMacy OMIIAIOTHCS HA TEPMOTUIACTAYHI 1 TEPMOPEAKTHUBHI.

Jo TepMomnacTHYHUX BIIHOCATHCS IUIACTMAcH 3 JiHIHHOI abo
PO3TaIyKEHOI0 CTPYKTYPOIO MOJTIMEPiB, BIACTUBOCTI SKUX MOXKHA 3MIHHTH
mpu OaraTopa3oBOMY HarpiBaHHI i OXOJIOKECHHI.

Jlo TepMOpEaKTHBHHX IUIACTMAC BiTHOCSTHCS IOJIIMEPH, B SKUX MPH
TEPMIYHOMY BIUIMBI BHHUKAIOTh peakiii XiMIYHOrO  3B'S3yBaHH:I
JAHITFOTOBUX MOJIEKYJI OJIWH 3 OJTHUM 3 YTBOPEHHSM ciT4acToi OymoBu. Taki
IIacTMAacu HE MOKYTh HEPEXOAUTH B IUTACTHYHUI CTaH INPH ITiABUIICHHI
Temreparypu 0e3 MOpYHICHHS MPOCTOPOBHX 3BSI3KIB B CTPYKTYpI
noJiiMepy.

[lomimepn  (TepMOIUTACTHYHI 1  TEPMOpPEAaKTHBHI)  MOXYTb
BUKOPUCTOBYBATHCS B SIKOCTI aHTU(PPUKIIHHUX MaTepiajiB K B YHCTOMY
BUAi, Tak 1 Yy BWII KOMIIO3MIIHHMX MarepiagiB 3 pi3HUMH
HalOBHIOBaYaMH. 3 MOJIMEPHUX MarepiajgiB BHUTOTOBISIIOTH 3yOdacTi
KoJieca, INKIBM, IO TPYThCS, EJIEMEHTH IIIIHUITHUKIB KOB3aHH,
KyJIlaYyKOBMX  MeEXaHi3MiB,  HalpsSMHUX, YUIUIBHEHb,  CEMapaTopu
HIAPUKOMINIAITHUKIB, BTYJIKH IAPHIPIB i T.1.

AHTHUPUKIIHI MaTepiali Ha OCHOBI TEPMOIIIACTIB MAalOTh BHCOKY
TEXHOJIOTIUHICTh, HU3bKY COOIBapTiCTh, XOPOIIl AeMI(pYI0Ui BIACTUBOCTI.
Jetani 3 TepMOIUIACTIB BUTOTOBISIOTh BUCOKOTIPOYKTUBHIUMHU METOJIAMH:
JUTTSM ITiJ{ TACKOM 1 €KCTPY3i€l0; BETMKOTa0apuTHI IeTali - BiIIEHTPOBUM
JUTTSAM, pOTalifHMM  (OpMyBaHHSIM, aHIOHHOK  TOJiMepHU3alli€lo
MOHOMepa OesnocepeiHb0 B (opMmi, HaHeceHHAM aHTH(QPUKIIHHUX
MOKPUTTIB 3 PO3IUIABIB, IOPOLIKiB, JUCTIEPCIH.

TepmopeakTuBHi mosiMepr 0OpOOISIOTECS NEPEBAKHO METOJAMH
KOMIIPpECIHHOTO 1  JIMBQpHOTO  TpPECYBaHHs, BOHM  MIiIHION i
TepMocTiiiki. [Topomkono1ioHI TepMOpPEaKTUBHI KOMITIO3HIIIT HAHOCSTH Ha
MOBEPXHI JIeTajeid, 0 TPYTHCS Y BUII TOHKHX IIOKPUTTIB.

Sk aHTUQPUKIIAHI TEPMOIUIACTHYHI MaTepiaid HAWOUIbII MIHPOKO
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BUKOPHUCTOBYIOTH momiaminn (kampon, 1168, 116, I112 i1 in.), axi mMaioTh
HU3BKUHA KOE(]IIi€EHT TepTS 1 BUCOKY 3HOCOCTIMKICTH 1 TPaIoTh MpHU
temneparypi Big - 40 mo + 80° C. [lo HemomikiB MoJiaMiIiB CiJl BiqHECTH
iX BIJTHOCHO BHCOKE BOJO - Ta MAaCTWJIONOTIUHAHH. JleTansaMm 3 momiamifis
BJIACTHBA BHCOKA OMIPHICTh BIUIMBY IHUKIIIYHIX HABAHTAXEHD, MOXIINBICTh
poboTtu 6e3 MacTwiia B mapi i3 3arapToBaHo cTauto. KoedimieHT TepTs
noJriaMifiB 1o crami 0e3 mactuia gopisaioe 0,1-0,2, 3 MacTUIIOM - B Mekax
0,05-0,10.

Jns migBUIEHHS MEXaHIYHMX BIACTHBOCTEH IMONiaMiTu apMyIOTh
BOJIOKHHCTUMH Ta IHIIMMH MaTepialaMd, a [ TOJIMIICHHS
aHTHU(PUKIIHHUX BIACTUBOCTEH B HHMX BBOJSTH Pi3HI TBEpAi MacTHIIbHI
rpaditonoiOHi KOMIOHEHTH. B SKOCTI OCTaHHIX 3aCTOCOBYIOTH TpadiT,
mucynbGhin MoniOaeHy, TallbK, TEPMOAHTPAIWT, a B SKOCTI apMyIYoro
HAIOBHIOBaYa — MUJIKO pyOJieHEe CKJIOBOJIOKHO a0o MoJpiOHEHe ByTJICHeBe
BOJIOKHO.

TemnepatypHmii  KoeQillieHT  JIHIHHOTO  PO3IIMPEHHS i
BOJIONIOTJIMHAHHS HANMOBHEHMX momiamiaiB B 1,5-4,0 pasu MeHIe,
koedimiedaT TepTs 6e3 3mamienas B 1,2-2,0 pasu Oinpine, a iHTEHCHBHICTD
3HOITyBaHHA B 2-5 pasiB HIDKYe, HDK y HEHANOBHEHHX MOJiaMimiB. Ix
3aCTOCOBYIOTh B SIKOCTi TOHKOIIIAPOBOTO MOKPHUTTS METAJIEBUX JETaleH.

ApoMaTUYHI MOJTiaMiIi 3aCTOCOBYIOTBCS ISl BATOTOBJICHHS JIeTalIeH
BY3JIIB TEPTA SK B YUCTOMY BHUJI, TaK 1 y BUJI KOMITO3UIIHHUX MaTepialis,
HaMoBHEHUX (PTOpOILTacTOM, rpadiToM, TUCYIb(iTOM MONIOACHY 1 THITUME
TBEpJUMH MAacTWILHUMH Marepiaiamu. [letami 3 apoMaTHYHUX TONiaMijiB
BiJIPI3HSIOTHCS. BUCOKOIO MIIHICTIO 1 TEIUIOCTIHKICTIO, iX OTPUMYIOTH
METOJaMU KOMIIPECIITHOTO 1 TMBapHOTO MPECyBaHHSI.

ApomMatuyHui noJriamij (beHusoH, 110 BHUITyCKA€EThCS
MPOMHCIIOBICTIO, CTIHKMIA TPOTH 0araThboX XIMIYHMX PEYOBWH, MACTHII,
Oensuny. Jlerami 3 eHWIOHY MOKHA EKCILTyaTyBaTH IPH TeMIlepaTrypax
Big - 50 no + 200° C. HamoBHeHHS ()eHUIOHY TBEPJMMU MaCTHIHHUMH
MaTepiajaMi 3HAYHO IOKpallye HOro TPUOOTEXHIYHI BJIACTHUBOCTI.
DEeHNIIOH BUKOPUCTOBYIOTh JJIsl BUTOTOBJICHHS MiAIIUITHUKIB KOB3aHHS,
HiAI' I THUKIB, YIIiTbHEHB, 3y04acTux KOJIiC, cernaparopis
HIAPUKOIIIIIITUITHUKIB, JIeTajled KiaraHiB, KyJadKiB i T.1.

VY npunago- i MamMHOOYJyBaHHI AJIs1 BUTOTOBJICHHS JieTanell By3IiB
TEPTS IHUPOKO BUKOPUCTOBYIOTH Toporuiactu (tabds. 1.13) i kommo3uwiiiai
MaTtepialii Ha OCHOBI ()TOPOILIACTIB.



Tabmuus 1.13 — XapakTepucTHKH MaTepiaiB Ha OCHOBI TopomiacTa

IaTencuB
. TBepmicTh T?HH.OHPO .. HICTh
Mapxka Cxian, I'yctuaa |MinHICTb BifHIiCTh, |[KoedimienT
. 3 HB, 3HOIILYBaH
Matepiany % p,Kr/ M |G, MIla 2 Cp,  |reprs, f
KT / MM Br/(w-x) HS,
T J,-10°
D-4 2,18+2,21 |14,0+35,0 [30+40 0,2 0,04 80+100
D4K20 ®-4, 80 Koxkc, 2 0,06 0,75+1,0
d4M15 ®-4, 85 MoS,, 15 2,25 13,5 50 - 0,07 05+18
o4cts  |PH 8GR0y o0 114 [s0+60 |- 0,08:0,09 |1,7+2,0
BOJIOKHO pyOu1. 15
waKisMs |k BOKoKe IS, 09 g 40 . 0,08-0,00 |1,7+2,0
MoS,,5
AMIII-15M |®-4, Curan, MoS,®- (2,25 10+-14 1|46-+80 0,35 0,1+0,12 (18+21
4, HiKeJIb,
dH-202 Hitpun 6opy, MoS, |2,40 11+-18 1|40-+70 0,30 0,12+0,15 |28+ 32
d-4, 82
KPIOJIOH-3 |Byrienese BosiokHoO, 5 (2,21 22+25 |55+60 (0,36 0,08-+0,1 1|0,5+0,7
MOSz, 3
KBH-3 ®-4, Oponza, PbO,

Kokc, MoS,

ve
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Bonn Bifpi3HAIOTHCS BUCOKOIO XIMIYHOIO CTIHKICTIO (TIPAaKTUYHO HE
JIOTH KUCIIOTH, OKWCIIOBAdi, JTYTH, PO3YMHHUKH), TEMIEPATyPOCTIHKICTIO
(mo 300 °C), a Takox 30epiraroTh Mpale3aTHICTb MPH OXOJOHKCHHI 10 -
250 °C. IIpu temneparypi Buiie 350° C ¢pTOpomiacTu pearyroThb 3 JesIKUMA
MetagamMu 1 okcumamu. Koedimient TepTs dropormacTis, 0cobIuBO
¢dropommacra-4 (0,03-0,05), 3HaXOmUTHCS Ha piBHI 3HAUEeHb KoedimieHTa
TEpPTSl METAJIIEBUX Map B TAPOAMHAMIYHOMY PEKUMI KOB3aHHS.

3actocyBaHHS (PTOPOIUIACTIB y YHCTOMY BHI, 0€3 HAIlOBHIOBAdiB,
BEJIbMM OOMEXKEHO, BHACIHIJZOK HH3BKOI MIIHOCTI 1 3HOCOCTIHKOCTI. Y
MaIIMHOOYyBaHHI BUKOPHCTOBYIOTHCS B OCHOBHOMY KOMIIO3HIIIHHI
Mmatepianyu. BBeZieHHs1 pi3HMX HamoBHIOBadiB (KOKC, rpadiT, aucyibgin
MOITiO/IeHy, MeTajeBi IMOPOIIKH, CKIOBOJIOKHO, BYTJIEIIEBE BOJOKHO) B
KiabpkocTi 15-45 % 1o Maci [03BOJAE€ 3HAYHO IMIABUIIATH MILHICT 1
3HOcocTilKicTh (B 10-100 pasiB i Oinbie). Bukopucranus ¢gTopomnacrtis y
BUJII JIAKiB, TAacT, CYCHEH3ill [UIsI BHUTOTOBIEHHS aHTU(PHUKIIITHIX
HATIOBHIOBAdiB U PI3HUX KOMITO3UIIIHMX MarepialliB Ha OCHOBI
TEPMOIJIACTUYHUX 1 TEPMOPEaKTHBHUX TMOJIIMEPIB 3HAYHO 3HUKYE
KoeiIlieHT TePTS 1 IHTeHCUBHICTh 3HOITYBaHHS 0araThOX BY3JIiB TEPTSI.

Bucoky ximiuHy CTIHKICTP 1 HH3BKE BOJOIOIJIMHAHHSI Mae
noiMep TmeHTamIacT. Mloro 3acTOCOBYIOTH IS BHIOTOBJIGHHS JeTaleil
BY3JIiB TEPTA MIJBHIICHOI TOYHOCTI (IIECTepeHb, MAHXKET 1 KuIelb
yminpHIOBa4iB 1 T.1.). Lli meram MoOKHa IOBro eKCIUTyaTyBaTH NpH
temneparypi 120-130° C, xoporkouacHo - nipu 135-150° C. [lenTamnact
nepepoOIIsIoTh BCiMa METOZaMH Ha O0JIaJHaHHI, 110 3aCTOCOBYETHCS IS
tepmoriactiB. Koedinient teprs npu tucky 5 Mlla (temneparypa 20° C)
JUISL TIapH TepTs NeHTarviacT-neHTamiact cranosuth 0,13-0,15; s napu
neHTamiacT-3arapropana cranb - 0,11-0,13. Jlns migBUIeHHS MEXaHIYHUX
BJIACTUBOCTEH B TEHTAIUIACT BBOJSATH MiHEpalbHI HAloOBHIOBadi: rpadir,
CMOJTY, CKIIOBOJIOKHO, OKHC XpOMY 1 iH.

[MomipopmanpaeriiHi  CMOJIM —  TEPMOPEAKTHBHI  MOJIMEpHi
Marepialii, U0 3aCTOCOBYIOTHCS JIJIsl BATOTOBIICHHS JIeTalleli BY3JIiB TepTs B
MaIIMHOOYAyBaHHI (IIECTEpHi, BTYJIKH, My(pTH 34elJIeHHS, HiALIMITHUKH,
cemaparopu Ta iH.). lli Marepiasii MarmTh BHUCOKY CTIHKICTH TIO
BIJTHOIICHHIO JI0 OpPraHiYHUX PO3YMHHUKIB, Jii Trapsdoi BOJH, PO3YUHIB
COIIeH 1 OpraHiYHUX KHCJIOT, MOPCBKOI BOJH, JYIiB; BHCOKI JKOPCTKICTb,
3HOCOCTIMKICTB 1 CTIHKICTB 7O CTaleHSI CTabLIBHICTL PO3MIpiB. IX MoxkHa
ekcruryatyBatu npu temneparypi g0 120 °C. KoedimieHT TepTsi aucToro
noJipopMaspaerina mo cram 6e3 mactuia - 0,30-0,35. [lyns migBuineHHs
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3HOCOCTIHKOCTI 1  TIOMNIICHHS  aHTUQPUKIIMHUX  BIIACTHBOCTEH
nmomdopManabACTi  HAITOBHIOIOTH  CKIIOBOJIOKHOM,  ()TOPOILIACTOM,
mucynbhigoMm MomiOAeHy, BYTJICLEBUM BOJIOKHOM, KOKCOM, CaKelo,
rpagitoM. Beenennss B comomimep momigopmanbreriza  15-20 %
¢Toporacta 3HWKYE KoedimieHT TepTs B 1,5-2 pas3w, IHTEHCHUBHICTH
3HOIIYBaHHS — B 3-4 pa3mu.

Martepianu Ha OCHOBI MOJTiaMiIiB.

TlomiiMim — me TEIIOCTIMKUH TEPMOPEAKTUBHHUN TIOJIMEp, IO
3aCTOCOBYETHCSA B SIKOCTI CIIOJIYYHOTO IPH BHTOTOBJIEHHI KOMITO3UITIHHIX
aHTU(PUKLIHHUX MaTepianiB. BupoOu 3 Takux MmaTepialiiB OTPHUMYIOTH B
OCHOBHOMY TapsiuuM MpPeCyBaHHIM 3 HACTYIHUM crikaHHsM. Lli maTepianu
MaloTh BHCOKI pamialliifHy, XiMi4Hy, TepMI4HYy 1 TEPMOOKHCIIOBaIHHOIO
CTIMKICTh, TPHUOOTEXHIUHI BIACTHBOCTI, OMIp MOB3Yy4YOCTi, OCOOJHMBO TpH
BUCOKHUX TeMIlepaTypax; Majiy JeTiouicTb, ycaaky (0,7-1,0 %) mpu
npecyBaHHi i crmikanHi Ta BogomormuHaHHsM (0,2-0,3 %) (Tabm. 1.14).
BoHu MOXyTh TpHBalnii Yac eKCIUTyaTyBaTHUCs MpH Temnepatypi 220-260°
C. 1 MOYMHAIOTh PO3KJIAJATHCS Ha TMOBITPI TiIBKU NpH Temieparypi 350 -
450° C, a B Bakyymi abo iHepTHOMY cepemoBuii - mpu 500 °C. Hampuxman,
nomniimin IIM-69 30epirae 90 % wminnocti npu Burusi micas 500 rog.
po6otu tipu 250° C i micas 100 roa. mpu 300° C.

JJ1s BUTOTOBJICHHS! TOPUCTUX BUPOOIB, HAPUKIIA] MiAIIUITHUKIB, 10
MOJIiMIIB 1oAar0Th momidopmansaeria. s podbotu B 001acTi KpioreHHIX
TeMIIepaTyp 3aCTOCOBYIOTH MOJIIIMiIH, HATOBHEH] OPOH30I0.

KoedimieHT TepTs camo3ManlyBaIbHUX KOMITO3MIIHHIX MaTepiatiB
Ha OCHOBI momiiminiB (ta6m. 1.15) 3i 301IbIIEHHAM MIBMIKOCTI KOB3aHHS
3HmkyeTbes. @ipma  «bagen» (CILIA) pospobmia camo3MallyBajbHi
HIAPUKOMINIMITHUKY, TIpane3aaTHi B iHTepBaii Temmepatyp Bin -50° C mo
+260° C mpu wactoti obepranms 10 800 ¢, Cenaparop UUX MiIIMMHAKIB
BUTOTOBJIAIOTH 3 IOPUCTHX MoJliamMigHuX Marepianis SP-8 1 SP-811.

IMomniiMiau € NepCIEKTUBHUMHU JIJIS 3aCTOCYBaHHS y By3JlaX TEPTS, 1110
NPAIIOIOTh B BAKyyMi; JUUIsi BATOTOBJICHHSI JieTanell BUCOKOI TOYHOCTI.

Jnst  migBuimieHHS aHTHQPUKOIHHUX — BIACTUBOCTEH  IMMOJIiMiIN
apMYIOTb 1 HAlIOBHIOIOTH TBEPIMMH MAacCTHILHUMH MaTepianamu. Ha ocHOBI
MOJIIIMIJIIB BHITYCKAIOTh KOMIIO3UTH, HAITOBHEH] TUCYNIb(DiIOM MOIOIEHY 1
rpagitoM. B ocranHi poku po3po0OiieHi Marepianyd HaOBHEHI BYTJICLEBUM
BOJIOKHOM.



Tabmuug 1.14 — XapakTepucTUKK MaTepiaiiB Ha OCHOBI MOMiiMiy

Mapxka Cxkian I'yctuna, | Mimwicts | Ilutoma | TepmicTh I'parmngna
Marepiany p, kr/ M | o, MIla | B's3KicTb HB, poboua
KC, xJIx Kr/MM TEeMIIepaTypa,
s °C
ITA 6-1-203 | ITA, rpadir 1,15 60 +~ 72 18 + 50 130 -60 + 165
JJAM-1 ITA, rpadir, 1,18 53 20 200 -60 + 165
aOMiHI€Ba ITyIpa
I[TA12-11-13 | ITIA, MoS, 1,03 49 3-7 85 -60 + 165
ITAG66IIE ITA, nmonieTniteH 1,13 70 4 110 -40 =80
ITA610-1- ITA, rpadir 1,12 55 50 + 80 - 1o 120
103
ITA610-1 ITA,  CKJIOBOJIOKHO, 1,35 125 20 =50 - o 120
MoS,
CAM-3 ITA, no6aBku 1,30 55 40 - 50 130 o 100
CAM-5 ITA, rpadit, nodaBku 1,16 47 35+51 95 1o 100
ITHC610- ITA, Tanbk 1,16 50 = 60 50 + 80 - no 120
T10
Macnsaui IIA,  CKIIOBOJIOKHO, - - 30 80 -50 + 200
KCIIE MOJIIETUIEH, Mib

LE



Tabmuug 1.15 — XapakTepucTHKU caMO3MallyBaIbHUX MaTepialiB Ha OCHOBI MoJiiMifa

. N Ynapaa TBepaicTh I'panuuna
Map xa Cmg,u H'IIHL/HICT? Mluﬁgb’ B's3KicTh KC, HB, poboua
vateplany MATEpIATLY | p, I'/ CM | O, a kJx /Mm% | kr/mm? |remmeparypa, °C
IMomiap-2 IIM-67, MoS, 1,3 - 50 140 -196 + 300
Tecan-38  |[TIM-69, MoS, | 1.3 . 30 140 7196 = 250
TIM-67-11-3 |[IM-67, MoS, | 143 | 90-130 | 20-70 | 210=310 | -196 < 250
TIM-69-TM-3 TIM-67, MoS, | 1,45 | 85+120| 30<50 | 210 = 280 10 250
M-67-r10  |1IM-67, 145 | 70-98 | 8+30 |230+330| 10250
rpadir
M-69-rs  |IM-69, 147 | 70-90 | 20+40 | 220=330 10 250
rpadit
IAM 15-67 |IM-67, 142 | 80-100| 1630 300 -196 + 250
rpadir
IAM 15-69 |1IM-69, 142 | 6580 7.8 330 1196 = 250
rpadit
[TAM 50-67 [UM-7, mpadity g oo 1 44 4e | 15.50 | 2702300 | -196= 250
HiTpuJ O0py
TIM-69,
TTAM 50-69 |rpadyir, nitpun| 1,5+ 1,6 | 30 =38 5,0 300 1196 = 250

bopy

8¢
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IliAmIMOHUKYA, BHIOTOBJIEHI 3 HAINOBHEHOI'O MOJIIMiZa 3 XaOTHYHO
Opi€HTOBaHWMU TPadiTOBUMU BOJIOKHAMH, HAIIHHO MPAIFOIOTH MPH THUCKY
1o 28,5 MIla i marote 3HOCOCTIHKiCT TTpH 50 1 315 °C Bignosiguo B 71 1,5
pasu Oinmpiry, HDK B pa3i opieHTamii rpadiToOBUX BOJIOKOH B3IOBXK
HanpsaMKy koB3aHHs. [Ipm Ttemmepatypi mo 340 °C HaiOinpm epeKTHBHO
MPaiOI0Th KOMITO3UINl, mo wMictate 45% rpadiToBaHOTO BOJIOKHA
(xoediumient Teptsa 3HWKYeTbes o 0,05 - 0,10) mpu nmomyctumMomy
KOHTaKTHOMY THCKy 350 MITa.

HemomikamMmu mMaTepiaaiB Ha OCHOBI MOMIIMIZIB € BeTUKa IIBUAKICTH
ra3oBUAIUICHHSA, L0 B JCAKHX BUMAaAKax OOMEXye X BHKOPHUCTaHHS Yy
BaKyyMHIl TEXHilli, & TAKO)K KPUXKICTh, III0 CTABUTH OCOOJHBI BUMOTH IO
TEeXHONOTil 00poOku aeraneir. Kpim Toro, mi marepiald MarOTh BHCOKY
BapTicTh. TOMy iX 3aCTOCOBYIOTH JIMIIIE JJIS BATOTOBJICHHS BiIIOBITaIbHIX
JeTajell pyXJIMBUX CHOIYy4eHb, SIKi MPAIIOI0Th B EKCTPEMAIbHUX YMOBaX.

Marepianu Ha OCHOBI TIOTIKapOOHATY.

[Tomikap6oHAT 3aCTOCOBYIOTh B MAIIMHO- 1 MPHIaA00yAyBaHHI, B
pamio- 1 eJICKTPOTEXHIYHIA MPOMMCIOBOCTI JUIS BUTOTOBJICHHS JeTayeh
TOYHUX BEPCTATiB, NPWIAiB, OOYHCIIOBATHPHUX MAIWH, IS JeTaier
VINITbHEHb, KIAMaHIB Ta IHIINX E€JIEMEHTIB, II0 MPAMiolOTh Y BaKyyMi, B
IHEpPTHOMY Ta30BOMY Ta iHIIUX cepepoBHIax npu Temmnepatypi -50-110 °C.
T.1. [lonmikapOoHAT TepepoOIISIOTh JIUTTSM [ THCKOM 1 EKCTpy3i€to i
3aCTOCOBYIOTh B BYy3JIaX TEpTS IO HE 3MAIIYyIOThCs, HANPUKIAL, B
KpIOTeHHIN Ta MIKpOKpUOTEeHHIN TexHimi. Bin crilikuii 1o arMmochepHux
BIUIMBIB, [ii BOJM, BOJHHX pO3YMHIB MIHEPANbHUX KHUCIOT 1 coJiel,
OKHCITIOBA4iB, MACTHII, B TOH K€ 4ac BiH PO3YHMHSETHCS B PSJIi BYTJICBOIHIB
(ameton, Tomyou i iH.), HaOyxae B O6eH3uHi. [lonmikapOoHaT mpumaTHHA A
po0OTH B YMOBax HU3BKMX 1 HAJHHM3BKHX TEMIIEpaTyp, B CEpEIOBHII
ra3omnoAiOHOro 1 piKOro a30Ty, BOAHIO 1 Tellil0 MpU TeMmIepatypi 10 -
253° C.BiH Mae BHCOKy MIIHOCTb 1 yJIapHy B'S3KicTh 1 CTaOUIBHOCTI
BJIACTUBOCTEH 1 PO3MIpiB JeTaneld B IMUPOKOMY IHTEpBali TEMIEpaTtyp,
Majy IUIMHHICTh, MPOTE IOraHO YHHUThH OIIp I[MKJIIYHUM BIUIMBaAM
HaBaHTa)XEHHS 1 Ma€ HU3bKY MilHICTh Bix yromu. Lli Marepianu cTiiiki 10
yIbTpagioIeTOBOr0 BUIPOMIHIOBAHHS 1 Pi3KUX MepemnaiiB TeMIeparyp, aje
MaroTh OOMEXEHY CTiIMKIiCTh JI0 Jii 10HI3yIOUOro BHUIPOMIHIOBAHHA. Y
Tabn. 1.16 HaBeeHO CKiaj 1 BIACTHBOCTI JESKUX MarepialiB Ha OCHOBI
noJjikapOoHary.

[MpomucOBICTh BHITyCKae TOJIKapOOHAT AipJIOH, HAIOBHEHUH Ha
25 % mno maci ckioBosiokHoM (midion CTH) abo droporiactom (midion
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IAK 8) (taba. 1.17).
Tabnuns 1.16 — MaTepiasii Ha OCHOBI TOJTIKapOOHATY

Mapxka . Min- Yn’apHa Tsepni I'panuia Merton
OcHOBHI p, | - B'sI3- poboua
Marte- 3|HICTB,| . cts HB, nepe-
iany KOMITOHEHTH |T/CM MITa | M998 | 2| TEMIEPE- pobi
P kJx/M Typa, C
Ecrepan |[lonikapOoHart, i npecyBa
29 |MoS, 1,30 6 200 110 s
ITomixap6oHar, 50 =+ JlutTa
JAK-8 (ropomact-4 1,23 55 105 87 115 i
Ecrepan |[lonikapOoHart, ) TUCKOM
35 |MoS, 1,41 52 |30+70| 140 110
Ecrepan [[TonixapOoHar, 100+-20
51 |[MoS, 1,25| 60 0 100 110
HAK- |ITonikap6boHar, )
12-3BN |BN 1,20 55 90 110
JAK- |IlomikapOoHnar, ) i )
YIISA |rpadit 1,25 90

Tabmuus 1.17 — Pesynbratn BunmpoOyBanp mnojikapOonary JAK-8
(tuck cepemosuina 10 ITa, mBuakicts koB3anHs 0,5m/c)

KonraktHa| Marepian | Konrakthuii | Koedimienr| IaTeHCHBHICTH
napa KOHTPTLJIA tuck, MIla TEepTs 3HourysauHs, 107

Huck- cTajihb 0,3 0,11 2,54
cepa mx1s 0,3 0,12 123

0,3 0,08 13,0

0,3 - 43,8
[Manernp- CTalb 1,0 0,14 0,029
JIUCK 12X18H10T 1,0 0,12 0,110

2,0 0,15 0,37

2,0 0,11 -

1,0 0,04 0,27
Topuosa cTajb 1,0 0,07 50
Juck-guck| 12X18H10T 2,0 0,06 67,6

2,0 0,05 87,8

OCBO€HO BUPOOHUITBO AHTU(PPUKIIHHOTO TIONMKapOOHATY,
npencTaBisge cobor  iduioH,

1o

MonudikoBanuii  propomnacrom-4. Llei

MaTepiaj 30epirae BUCOKI (pi3MKO-MEXaHIUHI Ta JICJICKTPUYHI BIACTHBOCTI
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noJikapboHaTy i ogHowacHO B 1,5 +2 pa3u TOKpaIrlye aHTH(PPUKIiHHI
BJIACTUBOCTI.

st 3HWKEHHS KOe(illieHTa TepTs 1 MiIBUIIICHHS 3HOCOCTIHKOCTI B
MOJIiKapOOHAT BBOJISTH crelianabHi HAIIOBHIOBAYl i TBEpIi
MacTuia. Beenenust aucynbdinmy wmomiomeny, rpadity ado 15-20 %
¢Topomnacra-4 3HWKYye KoedimieHT TepTaB 2-3 pasu. [Jo HemomikiB
noJikapOOHaTy CliJl BiAHECTH CXWIBHICTH O YTBOPEHHS MIKPOTPIIIMH B
MOBEPXHEBOMY INApi TiA BIUIMBOM 3aJHMIIKOBUX HAIMPYXEHb IiCIA
MeXaHiYHOi 0OpOOKH 1 BHACTIIOK CTOPOHHIX BKIIFOYEHBb i Mikpomop. Tomy
000B'13K0BOI0  (DiHIIIHOI oOmepaliel0 MOBUHHA OyTH TepMOoOOpoOKa uis
3HATTS 3aJIMIIKOBUX HATPYT.

Marepianu Ha OCHOBI TMOJTIETHIICHY . Pozmmproerses
3aCTOCYBaHHsI MoJiosieiHiB (MOMIETHUIICH BHCOKOTO THUCKY, HOJIMPOIIiICH)
B SAKOCTI aHTU(QPUKIIHHMX MaTepianiB, SK B YUCTOMY BHUJi, TaKk i B
KOMTIO3UIIsIX 3 HamoBHIoBadamu. llomionedinu criiiku g0 mii GinpmocTi
KHCJIOT, JYTiB, HE PO3UMHSIOTHCS B OpraHiyHUX po3unHHUKax mpu 20 °C.
OpHak CUIIbHI OKHCIOBaYi (a30THA KUCIOTA 1 1H.), XJIop, PTOp pyHHYIOTH
iX, 1 TpW MiABHINEHUX TEMIepaTypax BOHU PO3YHHSIIOTHCS B 0araThox
OpraHiYHUX PO3UYMHHUKAX.

Ha ocHoBi momionediHiB CTBOPIOIOTH KOMITO3MIIHHI MaTepiany,
BBOJISTYH Pi3HI HATIOBHIOBaUI (caxy, KaydyK, CKJIOBOJIOKHO, ICPEBHY THUPCY 1
T.4.). Lli Marepianu, Mo MarOTh BUCOKY 3HOCOCTIMKICTh 1 KO(DIieHT TepTs
0,1-0,15.

Jlo HeaomiKiB NoJTioNediHIB CIIiJ BIIHECTH 1X HU3bKY TEIJIOEMHICTD,
TaKk SK JeTaji BY3JTiB TEPTS MOXYTh JOBrO eKCIUTyaTyBaTHCS IIPH
temneparypi He Bumie 60° C (xoporkouacHo no 80° C). Lle 3Hmxkye
MOJKJIMBICTh 3aCTOCYBaHHsI MoJiosieiHiB B MalIMHOOY TyBaHHI.

TepMmoIutacTHYHHUKA ~ TOJIETUIGH BUKOPUCTOBYETHCS B SKOCTI
MOJIIMEPHOI OCHOBM KOMIIO3WIIIMHAX CaMO3Mall[yBaJlbHUX MaTrepialliB
3aBISKU CBOIM HM3LKIH aare3iiHii 3MaTHOCTI, JTOCUTH BUCOKIM MeXaHIUHIl
MIITHOCTI, XIMi4HIl IHEPTHOCTI 1 BUCOKIH TEXHOJIOTIYHOCTI.

Haii0inbme 3actocyBaHHS OTpPUMaB IMOJIETWIEH HHU3BKOI'O THCKY
(ITEHA)  (tabnm. 1.18), mo Mae OLIBII  BIOPSAKOBaHY  CTPYKTYPY
MaKpOMOJICKYJI, BHINI CTyneHi kpuctaimigddocTi (75-85 %), mIiIbHOCTI,
MEXaHIYHOi MILHOCTi, MOAYJS MPYKHOCTI MpPHU BHUIHMHI 1 TEIUIOCTIHKICTb.
Hns momimmenHs TtpuborexHiyHMX xapaktepuctuk B IIEHJ] BBOIATH
¢dTopormact-4, rekcadroperiieH, Aucynbdix  MonmiOmeHy, rpadir,
MIEHTAIUIACT, TIOUKAIIPOAMU/I, METAJIH.
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Taomuis 1.18 — Xapakrepuctuku ITEH]]

. VY nap- InTen
Tye- MIH- E,, |maB'13-| HB, Tgrmonpo CHBHICTB| K.o.e(p-
THHA, |HICTB, | O, % P . 2| BLIHOCTB, ¢imienT
| MITa MIla | kicTh, |KI/MM Br/(mK 3HOIYBA, o
KM Kb/ T/(K) aus, 10° TepTA
0,95 |24+42| )¢ 650:750 | 2:120 |49:60|0,42:0,44| 1,75 |O1E%!

ExcriepruMeHTanbHI AOCTIKEHHS KOMIIO3MINIMHUX MarepialiB Ha
OCHOBI TOJIICTHJIEHY TOKa3ylTh, IO MiJBUIICHHS 3HOCOCTIHKOCTI ¥y
O1TBIIOCTI KOMIO3ULIN HE CYMpPOBOMXKYETHCS TMOJIMIIECHHSIM MEXaHIYHUX
BJIACTHBOCTEW, a B sl BHUIAIKIB MIIHICTE 1 Moaynb HOHTa 3HMKYIOTHCS
Opy pi3KOMY IiJBHILNEHHI 3HOCOCTIHKOCTI. Y BUpPOOIB 3 Matepiany 3
BOJIOKHHCTHMHU  HAllOBHIOBaYaMH 3HAYHO IMiJIBUIIYETHCS  pO3MipHA
CTaOUTBHICTh, @ TPHU BUKOPHCTAaHHI B SKOCTI HANOBHIOBAdYiB METAJEBHUX
MOPOIIKIB PI3KO 30iNMBIIYIOTHCS TETIIONPOBITHICTh, €IEKTPOIPOBIAHICTD 1
JesIK1 1HII XapaKTepUCTUKH.

Marepianu Ha OCHOBI TIOJTIaKPHUIIATIB. [Momiakpinatu —
TEPMOIUTACTUYHI TTONIMEPH, TMEePepOOISIOTECS JHUTTAM IiJ THCKOM abo
npecyBaHHsIM. JleTani BY3JdiB TepTs 3 MoJiapiiaTy MOXYTh MpPaliOBaTH
TpuBanuid yac mpu temneparypi 160 - 180° C, xopoTkodacHO - TpH
temneparypi 230 °C. Ilopsin 3 BHCOKOIO TEIUIOCTIMKICTIO MOJiakpijiaT Mae
BUCOKY  ONIpPHICTb  1OHI3yIOUMM  BHIIPOMIHIOBAHHSIM,  XOPOIIUMH
JUEIeKTPUYHUMHU  BJIACTUBOCTSAMH, JIOCTATHBOIO XIMIYHOK CTIMKICTIO,
MOPO30CTIHKICTIO (MOXe MpawoBaTH Mmpu Temmepatypi o -100° C). Hus
TIOJIIIIIIEHHST aHTH()PUKIIHHUX BIACTHBOCTEH MOJIaKplIaT HAIOBHIOIOTH
TBEPJUMH MACTWJIIBHUMH MaTepianamMu. 3rajiaHi BIACTUBOCTI MoJiakpinara
NOKa3yloTh, L0 1€ Ty)Ke MEepCIEeKTHBHUI MaTepian Juisi AeTaleid By3IiB
TEPTsL, OCOOIMBO ISl THX, IO HE 3MAIyIOThCS.

lupoxe 3acTocyBaHHS B MAallMHO- 1 MpHiIag0o0yyBaHHI 3HAXOSATh
aHTH(QPUKIIMHI caMO3Ma3yroui Marepiald Ha OCHOBI IOJIIaKpHUJIATiB IS
BUTOTOBJICHHSI JIeTalleld MiIIINITHUKIB KOB3aHHS 1 KOUCHHS, NMPU3HAYCHUX
I poOOTH B IHOOKOMY BakyyMi 0e3 3MallieHHsI.

Homiakpinar mapox @®-1, ®-2, J1-3, JI-4 Ta iHOII B 4UCTOMY BHJI
MaroTb BUCOKHMH KoedimienT Teptsa (0,35 + 0,40) 1 BIZHOCHO HEBUCOKY
3HOCOCTIHKICTh. 3 METOI0 MOJINIICHHS TPUOOTEXHIYHMX XapaKTEPUCTHK 1
MiIBUIICHHS TETUIOCTIHKOCTI B TIOMIaKPUIIATH J0AaI0Th Gocop, Tucymbdia
MomibJeHy, Minb 1 cpibno. Hanpukian, kommo3umiiauidi martepian Jleman-
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524 na ocHosi momiakpimara JIB-101 3 mo6aBkoro 15 % (macoBa dacTka)
mucyabdiay MomibaeHy Mae HaWBHIIY TEIDIOCTIHKICTH cepel MOoJTiMepHUX
MarepiajiB, o0 NepepoOIISIOTHCS JTUTTSM IiJ TUCKOM.

Yuctuii momiakpunatr Mmapku JIB mae HectaOinbHI TpUOOTEXHIUHI
XapaKTEePUCTUKH Yepe3 BUCOKY BEITMUMHY alre3iiHol CKIaJ0BOi CHIIM TePTS
B Pe3yJIbTATi HASBHOCTI T1IPOKCHIBHUX TPYII i MAaKPOMOJIEKYIL.

Martepianu Ha OCHOBI EMOKCHIHHMX CMOJI. Emnokcuani momiMepu
IIFPOKO 3aCTOCOBYIOTh IIPW BUTOTOBIICHHI JI€TAeH BY3/IiB TEPTS YHACHIIOK
rapHoi anaresii SMOKCHIHUX IOJIIMEPIB A0 METaJiB Ta IHITUX MaTepiaiis,
BUCOKOT MeXaHI4HOi MIITHOCTi, Majoi ycaJKt i BOJOMOTIMHEHHS, BiOpo- 1
JIYTOCTIWKICTh, XOPOIi EJIEKTPOI30JISIiiHI BiIacTUBOCTI. Kommo3wuiiiHi
Marepiaii Ha OCHOBI emokcuaHux cmoin (tabm. 1.19) 3acTocoByroTh ist
BUTOTOBJICHHS JeTalieii BY3JiB TepTS, WO MPalOlTh B arpecHBHUX
cepeloBHIAX 1 B BaKyyMmi mpu Temnepatypi Big minyc 100° C mo 200° C, y
BO/JIi, Taci Ta IHITUX CepeIOBUIIAX.

Iopsin 3 TpamuuiiHUME HarmoBHIOBadaMu (TpadiT, KOKC, AUCYIb(hi
MOJIIOJIeHy, OKCHIM MeTaliB, pPi3HI BOJOKHUCTI Marepianu 1 T.I.) B
EMOKCHU/IHI CMOJH BBOJSTH OJITOMEpPH, IONIETHICH, KPEeMHiIHOpraHiuHi
CMOITH, TBOOKHC TUTaHy Ta iHIII CIeIlialibHI J0OaBKH, 110 3HAYHO 301IbIIye
TBEPJICTh, >KOPCTKICTh, HAaBAaHTAXYBAIbHY 3JAaTHICTh 1 3HOCOCTIHKICTBH
KOMITO3UIIIMHNX ~ MaTepialiB. BmacTuBoCcTI  NesKMX  aHTHQPHUKIIHHNAX
MaTepiaiiB Ha OCHOBI €MOKCHIHUX CMOJI HaBeJIeHi B.

HaiiGinpn  mmpoke  3acTOCYBaHHS OTPUMAaIM  KOMITO3HIIiHHI
Mmatepiaian mapok AMC-1, AMC-3, AMC-5M, 110 BiJIpi3HSAIOTHCSI BUCOKOIO
MEXaHIYHOI0 MIIIHICTIO, 3HOCOCTIHKICTIO, TEPMOCTIHKICTIO 1 HHU3BKHM
KoedimieHTOM TepTs. 3 IMX MaTepianiB BUTOTOBJISIOTH HOPIIHEBI KiJIbIIA
KOMIIPECOpIB, M0 TPAIfOIOTh 03 3MallleHHs, TOPIEBl YIIIJIBLHCHHS,
MiAMUITHAKA KOB3aHHS JJIs1 BY3JIiB CYXOTO TEPTS 3 HOPMAIBHOK BOJIOTICTIO
0Py MiIBHIICHUX TEeMIeparypax, JOMAaTKH TOBITPIHUX POTAIliHHUX
HacociB. TpruOoTexHIYHI XapaKTePUCTUKN MaTepialliB 3HAYHO 3aJIekKaTh Bij
yMOB ekcrutyaramii. Ha pucynky 1.3 HaBeleHi 3aleXHOCTI MacoBOi
HIBUJKOCT] 3HOIITYBaHHS 1 Koe(ilieHTa TepTs Bi HOMIHAIBHOTO TUCKY MIPH
TepTi 0e3 3MaleHHs Mo cTaiu 45 npu MBUAKOCTI KOB3aHHS 1Mm/c.



Tabnuist 1.19 — Marepianu Ha eNOKCHIHINA OCHOBI

Mexa

Hominansumnii

IBunkicTe

[HTEHCUBHICTH)

Mapka OcHoBHI I'yctuna . . . KoedimienT
MaTepiana COMIOHCHTH o/ MIITHOCTI | KOHTAaKTHHI | KOB3aHHS, 3HomyB_8aHHﬂ, TepT
MIla trck, MIla m/c 10
EnokcukpemHii -~ -
AMC-1 (opraniuna cmoma, 1,77 — 5,0 0,5 0,1 0,08
KOKC, HITpuA Oopa
EnokcukpeMHiii
opraHiuHa  CMoJIa,| 179
AMC-3 |enexTpomHuit T4 ' — 5,0 0,5 0,22 0.10
KpHCTANIYHUH
rpadit
EnokcukpeMHid - 0,11
AMC-5M [opraniuna  cmoua,) 1,23 — 2,0 0,5 0,05
ByTJelieBa TKAHWHA
OAMA - [Enoxennma cvoma, |- g 8,0 2,0 0.06 2.0 0,23
10 HAIIOBHIOBAY
910Hs [FUOKCHAHA CMOE, | g ag 9.5 0,65 1,0 1,2 0,35

rpadiT, HiKeNb

144
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[ligBumenns temnepatypu Bixm 50 mo 250 °C BUKIHKAE 3HIKEHHS
koe(dimienTa TEpTd KOMIO3WIIIMHMX MarepiamiB B 1,5-2 pasm, mpu
nojaneiioMy migBuineHHi Temmepatypu g0 300 °C xoediuieHT TepTs
MPaKTUYHO HE 3MIHIOEThCS 00 HE3HAYHO 3POCTAE.
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0 05 10 L5 20 25 30PMIa 0 03 10 15 20 25 3.0 P.Mia
a §
1- AMC-1; 2 - AMC-3
Pucynok 1.3 — 3anexxHicTh MBHIKOCTI 3HOITYBaHHS (a) 1 KoedimieHTa
TepTs (0) BiJ HOMIHAJILHOTO KOHTAKTHOTO TUCKY

[Migumenns Temmeparypu Big 50 mo 250 °C BHKIHMKAaE 3HIKEHHS
KoedillieHTa TEepTsS KOMIO3MUIIIMHMX MatepianiB B 1,5-2 paswm, mnpu
nojaneiioMy miaBuineHHi Temmeparypu no 300 °C xoedilieHT TepTs
MPaKTUYHO HE 3MIHIOEThCS 00 HE3HAYHO 3POCTAE.

Martepianu Ha ocHOBI peHonopmanpaeriganx noximMepis (ODIT).

Oenondpopmanbaeriqai monimepu (OOII) mUpoKo 3acTOCOBYIOTH
NpU CTBOPEHHI aHTH()PHUKIIMHUX TOJTIMEPHUX MaTepialliB, BHACHIJOK iX
MigBUIIEHOI TepMiuHOi 1 XiMmiuHOI CTiHKOCTI 1 3HOCOCTifiKocTi. s
TIOJIIIIIIEHHST ~ TPUOOTEXHIYHUX  BJIACTHUBOCTEH  BBOJATH  CIEIliallbHI
HaroBHIOBayi (rpadit, cBUHENL, M0S, OKCHIIU aJIOMiHil0, 3a1i3a 1 MiJi, a
Takok 0a3allbTOBi, CKJISHI Ta BYTJEIEBi BOJOKHA, TEXHIYHHM BYTJeElb,
az0ecT, pi3Hi BOJIOKHA), 1110 JTI03BOJISIE OTPUMATH CaMO3Ma3ylodi Marepiaiy 3
HU3BKUM KoedinienToM Tepts 6e3 mactuna (0,04-0,06) 1 iHTEHCHBHICTIO
3HOITYBaHHS (10'9 -10 '11) JUISL TIIIAITHUKIB KOB3aHHS, VINIJIBHEHb, SIKi
HaNpaBJIslOTh, 10 NPALOIOTh MPHU MiIABUIICHUX TeMiepaTypax. Bimowmi
camo3Ma3zyroui marepianu Ha ocHOBi POII nHactymHux Mmapok: ATM-1,
ATM-1T, Binau-9b, Cunrek-2, AMAH-24. Marepian mapku ATM-1 mae
BUCOKI 3HOCOCTIHKICTh 1 TEIJIONPOBIAHICTh, ajie BiH KPUXKUH, TOMY HOTroO
3aCTOCOBYIOTH y BYy3/lax TepTs, sKi HE TMpamiolTh NpU  YAApHHUX
HaBaHTaXEHHSAX. J[Ug yCyHEHHS [BbOTO HENONIKY BHKOPHCTOBYIOThH
BOJIOKHHCTI HallOBHIOBaYi (BYTJIEIEeBi 1 OpraHiuyHi BOJOKHA) ab0 TKaHWHH,
HanpHKIaj, B Marepiaiax Mapku CHHTEK.
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1.2.2.2 HeopraniuHi matepiajau

Jo Hux BigHOCATHCS TpadiT, MiHEpaJbHE CKIIO, CUTAJH, KepaMika.
Bonu XxiMmi4uHO-, BOTHE- Ta TEPMOCTIiHKi, BEIHKOi TBEPAOCTi, NPOTE
M BUIIEHO KPUXKi, IIOTaHO MIEPEHOCATH Pi3Ky 3MIHY TeMIEepaTyp.

I'padir.

I'padit mae rapui antudpukuiini BnactuBocti f= 0,28 TOMy BiH
3aCTOCOBYETBCA B SIKOCTI aHTH(PUKIIIHHOTO Marepialry, OCHOBHOIO
NepeBarol0 SKOr0 € 3JaTHICTh MNpaIfoBaTH 0e3 3Ma3yBaHHS B YMOBax
BUCOKHX 1 HHM3BKHX TEMIIEpaTyp, BEIUKUX LIBHIKOCTEH, arpecMBHHX
CepeIOBHILL.

Henomnikom rpadiTy € CXUIBHICTH HOTO O OKHUCICHHS, TOYNHAIOYH 3
temneparyp 400 °C, 3 BUIIJICHHSIM ra30Moai0HUX MPOIIECIB.

I'padiT 3acTOCOBYIOTH y KOHCTPYKIIISIX JIITAJIBHHUX amapariB Ta ix
JIBUTYHIB, [0 HarPiBalOTHCA IO BUCOKHUX TEMIEPATYP, SIK aHTU(DPUKITITHAN
Martepial i y BuJi ByriaerpadiToBUX BOJIOKHHCTHX BHPOOiB.

Heopraniune ckio.

3a mpW3HAUEHHSAM BCi CTEKJIAa MOAUISIIOTh Ha TEXHIUHI (ONTHYHI,
CBITJIOTEXHIYHI, €JNEeKTPOTEXHIYHi, XIMIKO-JaDOpaTOpHi, MPUIAIOBI,
TpyOHi); OyiBenbHI (BIKOHHI, BITpUHHI, apMOBaHi, CKJI00J0KH) 1 MOOYyTOBI
(cxroTapa, mocy/Hi, MOOYTOBI J3epKaa)

Curanu.

OTpuUMYIOTh Ha OCHOBI HEOPTaHIYHUX CTEKOJI MUITXOM iX MOBHOT ab0
YaCTKOBOI KpUCTaIi3allii.

Cutan — cKJIO 1 KpucTall 3aiiMae NPOMIXKHE IOJIOKEHHS MK CKJIIOM i
KepaMikoro. Bix HeopraHiYHUX CTEKOJI BOHH BiJPi3HSIOTHCS KPUCTAIIYHOIO
Oy/0BOIO, a BiJl KEpaMiKH - OiIbII JIPiOHO3EPHUCTOIO CTPYKTYPOIO.

Cutanu  OTPUMYIOTh IUIAXOM  IUIABJICHHS  CKJISIHOI  IIMXTH
(oxcumu Al,O3 SiO,, MgO, CaO Ta i) 3 100aBKOIO KaTaizaTopis (coui
Au, Ag, Cu), 0X0JIOJI)KEHHS JI0 TUTACTUYHOIO CTaHy i (GOpMyBaHHIO 3 HHX
BUPOOIB 1 HACTYITHOT KpHCTaITi3alii (cuTaiizarii).

Ha BigmiHy BiJl 3BUYaifHOTO CKJIa BIACTHBOCTI, IKOTO BU3HAYAIOTHCS
B OCHOBHOMY HOT'0 XiMIYHHM CKJIaJIOM, JIJIsi CUTAJIB BUPIlIajIbHE 3HAYCHHS
MaroTh CTPYKTypa 1 QazoBuit ckiaia. [IpyurHa I[IHHUX BIACTUBOCTEH
CUTAJIB TOJNSTa€ B iX BUKJIIOYHIM JpiOHO3EPHUCTOCTI i B BiICYTHOCTI
nopucrocti. BOHM MalOTh BENMKY CTiHKICTH NPOTH aOpa3sHBHOTO
3HOIITYBaHHSI, BUCOKY TBEPJICTh, OPIBHSHO 13 3arapTOBAHOIO CTaJLIIO, aje
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XapaKTepPU3yIOThCA MiIBUIIEHOI0 KPUXKICTIO.

3acTtocyBaHHS — TIAMIWITHUKHN, JETalll JJs IBUTYHIB BHYTPIIIHBOTO
3TOPSIHHSL Ta COIJIOPEAKTUBHHX, (DUIBTPH I BUTATYBaHHS CHHTETUYHUX
BOJIOKOH, TOHKI KaniOpu, GpyrepyBaHHA AJis1 aOpa3MBHUX MaTepiaiiB.

1.2.2.3 IIpupoani anTudpukuiiini Mmarepiaiamn

B ix uncno BXomaTh qepeBUHA, TOPOTOIIHHI KaMeHi, IITKipa Ta iHIIIi.

JepeBuna.

B uncToMy BHII 3aCTOCOBYETHCS pinko. JlepeBUHA Mae XapakTepHY
OyIOBY: BHCOKOMIITHI BOJIOKHA 1 IENFONI03a IOB'SI3aHI B KOPCTKY 1 MIIHY
KaIiIApHO-TIOPUCTY CTPYKTYPY.

Jns minBuineHHs aHTU(PUKOIHHUX BJIACTHBOCTEH JEpeBUHH il
MPOCOYYIOTh PI3HUMH MaCTHJIaMH a00 CYCIHEH3isIMH, IO MICTATh came
3MallyBajibHi T00aBKH.

Jnst migBUINEHHS MEXaHIYHMX BJIACTHBOCTEH ii MICIs MPOCOYCHHS
MPECYIOTh, MPUYOMY HAWOLIBII TpHAAaTHA B SKOCTI aHTUDPUKIIHHOT
MOBEPXHS MOMEPEYHOT0 3pi3y, HA SKY BHXOSTH COKOMPOBOJSAII KaHAIH.
UYepes 11i kaHaJM MacTHiia abo caMo3MalllyBaJIbHI JJOOABKH yTBOPIOIOThH Ha
MOBEPXHI MIap 3 MO3UTHBHUM IPaJ[iEHTOM MEXaHIYHHUX BJIACTUBOCTEH.

IIpecoBaHa HamOBHEHA JEPEBHHA BHKOPHCTOBYEThCS B Clabo
HAaBaHTA)XEHUX MPUCTPOSX TMPH HEBEIUKUX IIBUIKOCTAX KOB3aHHS, B
cynHOOyIyBaHHI, OYMIBHMIITBI, CUILCBKOMY TOCIIOAAPCTBI, TEKCTHIIBbHIN
MPOMUCIIOBOCTI. Hampuknan: neinByaHI MiTIIAITHUKA B CYyJHOOY/TyBaHHI,
MOB3YHU JIICOMMIBHUX PaM, TiAIIATHUKA CTPIYKOBUX KOHBEEPIB.

[MepeBara aHTH(PUKIIHHOI JEPEeBUHU: JIETKO MPHIIPAILOBYETHCS,
CaMO3MaIIlyeThCsI, MA€ BUCOKY HECY4y JAeMM(YIOUy 3JaTHICTh: HHU3bKY
BapTICTh 1 MPOCTOTY BUTOTOBJICHHS JICTAJICH.

Hepnomiku: HU3BKI TEIJIOMPOBIIHICTh 1 TEIUIOCTIMKICTD, CXHIIBHICTh
1o HaOyXaHHS.

KomroBre xamiHHS.

Anmas, py6in, candip i im. — gyKe JOpOri aHTHPPUKIIHHI
Mmarepiani. BoHH 3acTOCOBYIOThCS JUIsl ONMOp KOB3aHHS B TIPWIAJIaXx,
HANPUKIIA/, B TOAMHHUKAX, T1POCKOTAX.

OTpuMaHHS CHHTETHYHUX KPHUCTANIB IIMX KaMEHIB JIO3BOJHWIO
PO3LIMPUTHU TaTy3b IX 3aCTOCYBAHHSI.
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IlepeBarn: cmabka MOJEKyNspHA B3a€MOMIS 3 TBEPAMMH TiTAMH,
Maima Tuioma (aKTUIHOTO KOHTAKTy, HHM3BKHUH Koe(ilmieHT TepTs 1
MIABUILEHA 3HOCOCTIMKICTE.

1.3 YMoBH ekcniryaTanii minmunHuKiB i BjJacTuBocTi, ki HeoOXinHO
BPaxoBYBaTH Npu BUOOpi anTHdpHKNiliHUX MaTepiaaiB

Iligmmmankn fetanei, pi3Hi BTYJKH, MApHIPHI 3'€THAHHS 1 1HII
JeTaj]i Hepilko PyHHYIOTHCS BHACIIJIOK YTBOPEHHS 1 PO3BHTKY BTOMHHUX
TpimyH. [Ipy 1bOMy Ha MOHOMETAJIIEBUX MiALIMITHUKAX yTBOPIOIOTHCS
HACKpi3HI TpIMMHM, a Ha OiMETalleBUX BKJIAJUIIAX BHUIIEPOJICHHS IMIapy
AHTU(PUKIIHHOTO CITIaBY.

PyitnyBanHs MiAIUITHAKIB BHACITiIOK BUKPUIITYBaHHS
AHTU(QPUKIIHHOTO IWIapy YacTO BUHHUKAE B 3B'A3KY 31 CTBOPEHHSIM i
BUKOPHCTAaHHSAM (HOPCOBAHHUX JBUTYHIB aBTOMOOLTIB, TPakKTOpiB, CYIiB,
TermoBo3iB. [liIBUIIEHHS HaBAaHTAXXCHHSI 1 BHCOKI OKPYXHI IIBHUAKOCTI
MOCWIIMIN POOOTY BKIIA/IMIIIIB.

BromHui pyiiHyBaHHS MiIIIMITHAKIB TIPOTIKAIOTEH MTEPEBAYKHO TIiJT IIEF0
MYyJIbCYIOUMX HAIMpPYKEHb CTHCKY. XapakTep TMOIIKOMIKCHb BKJIA/IUIIIIB
MIPUHIIMIIOBO HE BiPI3HAETHCS, HE3BAKAIOUN HA BiIMIHHICTh BIIAaCTUBOCTEH
MeTajiB. Y BCIX BHNAAKax pyHHYBaHHS TIIOYMHAETHCS 3 IOBEPXHI Ha
JUISTHKaX MAaKCUMAJIBHUX KOHTAKTHUX HAIpy>KeHb, 110 MAlOTh Ae(peKTn abo
MIKPOCTPYKTYpHI HEJOCKOHANOCTI. TpillluHa pPO3BUBAETHCS B TIIMOWHY
mapy, JTOXOAUTh O KOPAOHY 3 MII[HOK OCHOBOI 1 HaJajl MOLIUPIOETHCS
10 TPOMDKHOMY TNPOMIAPKY, SKUH €, SK MPaBUJIO, MEHII MIIHUM, HIX
OocHOBHHUH MeTai. [Ipoliec BAHUKHEHHS 1 PO3BHUTKY TPIIIMH BTOMH MPOTIKa€e
B TIANIMITHUKaX KOB3aHHS B cHenupiyHUX ymoBax. [loBepxHi TepTs
AHTU(QPUKIIHHOTO CIUIaBY BiAYyBalOTh 3MiHHI HaBaHTAKEHHS, IO
HepearoThCsl Yepe3 Iap MacTWiia, IO BOJIO/Ai€ TEBHOK ITOBEPXHEBOIO
aKTUBHICTIO. [Ipy 1IbOMY pEXHUMH TepTs 3MIHIOIOTHCS BiJ PIAMHHOTO JIO
TPaHUYHOTO 1 1HOAI A0 CyXOro. ICTOTHO 3MiHIOEThCA 1 HArpiB MOBEPXOHB,
0 TPYThCs. 3 ypaxyBaHHSIM [HX OCOOJNMBOCTEH MpoOLIEC BTOMH
MIMUITHAKOBUX MaTepialliB BU3HAYAETHCSI HE TUTBKKA PO3BHTKOM TPIll[UH
BiJl BIUIMBY 3MIHHOTO HAaBaHTa)XCHHS, a W HaNpPy>KEHHSAMH BiJ[ TEPMIYHHX
BIUIMBIB, KOPO31iiHOT BTOMH 1 BTOMOIO TIiJ] BIZITABOM TEPTSI.
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1.3.1 XapakTep Ta BeJJUYHHA HABAHTAKEHHS

VY peansHOMY i HecTallioOHAPHO HABAHTAXKEHOMY MiIIIMITHUKY Ait0Ui
CHJIM 3MIHIOIOTBCS B 3QJIEKHOCTI BiJi KyTa MOBOPOTY Baja, MPH LBOMY
ICTOTHO 3MIHIOETBCS BEIMYMHA MAaKCUMAIbHUX HABAaHTAKEHb BiJ il THCKY
ras3iB i BiJ iHEpUidHHUX CHJI, TEPMiH Iii SKUX Oinbll TpuBanuii. OnHOYACHO
HaKJTaJaroThCsl CTATUYHI CTHCKAIOUl HANPYTH Bij 3aTATYBAaHHS BKJIAIHILIB 1
TEepMiUHI HAmpyTW BiJg HAarpiBaHHA, BEIWYHMHA SKHUX PI3KO 3pOCTaE TpH
BEJIMIKOMY PO3XO/UKeHHI B TEMIIEpaTypHUX KoedimieHTax JiHINHHOTO
PO3LIMpEHHST MaTepiany MiAIUIHAKA 1 BKIaauury. Buxin foro 3 nmamy B
BEJIMKI{ Mipi 3aJIe)KUTh BiJl BIUTUBY iHEPIIHHAX CHJI.

Ha yrtBOpeHHs 1 momanmpinii pO3BUTOK TPIIIMH ICTOTHUH BILIHB
MalOTh Hampy>KEHHS pO3TATY. BOoHM HepigKo BHHUKAIOTH BHACIHIZOK
KOHCTPYKTHBHHUX OCOOJIMBOCTEH MiIIIMITHUKIB, BIUTUBY EKCIUTyaTaIlliHUX
rapaMeTpiB 1 iH.

[To-pisHOMYy Ji€ Ha TOMIKOMKYBaHICTh MiJIIUIIHAKIB PiBEHb
ix HarpiBaHHs. [l JISTKOIUTABKUX M'SIKUX 0a0iTiB BTOMHA MIIIHICTh Pi3KO
3HIDKYETHCS TIpH 301NbIeHHI TeMmepatypu. [Ipu Tiit ke Mmipi HarpiBy aus
QITIOMIHIEBUX 1 MIJHHMX CIUIABIB 3HMKCHHS BTOMHOI MIIJHOCTI HE3HAYHO.
Jns GiMeTaneBHX MiAIIMIHUKIB 3MiHAa TeMIlepaTypy HarpiBy HpPU3BOIUTH
JI0 3MiHH BEJIMYWHHM 1 3HAKA 3QIMITKOBUX HANPYyKEHb B aHTUDPHUKIIITHOMY
mapi. 3 ooy Ha Te, Mo poOoYi TeMiepaTypu, 3a3BUYal, IEPEBUIIYIOTH
60° C, B migummaukax, Buroronenux 3 Al i Zn crnagis, 6yIyTh BHHHKATH
3aJIMIIKOBI CTHCKYIOUi HAIIPYTH.

3MiHa TeMmepaTypd B IHTEpBaji, LI0 BHUKJIMKAE 3MiHYy 3HaKa
Hanpy>KeHb, MOXX€ CIPHUATH TPUCKOPEHHIO YTBOPEHHS BTOMHHUX
TpimMH. JIMCKpEeTHICT, TMpollecy TepTs MPHU3BOAMTH JI0  MICIIEBHX
MeperpiBiB, Ha MUISHKAaX SKHX BHHUKAIOTh MAaKCHUMallbHI KOHTAaKTHi
HAIpyTH BiJl BIUIMBY 30BHIIIHIX cWI. B oMy BHIasKy cyma Hampyr Moxe
NEPEeBUIUTH  JONMYCTHMHUI  piBeHb. HacmimkoM 1pOoro MoXxe OyTH
YTBOpEHHsI TPINIMH BTOMH TICIS  HEBEJIMKOTO TEPMIHY  CIIYXKOH
(ManouuKIOBa BTOMA).
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1.3.2 KoHCTpYKTHBHI 0C00JMBOCTI MiIIIMIHUKIB

Hdns  BromMHOI MIIHOCTI Mae€ BEJIMKE 3HAYCHHS  TOBLIMHA
anTu(dpuKLUiiHOrO  crutaBy. Haif0inbln ~ BHCOKa  BTOMHAa  MIIIHICTb
peai3yeThbes y IMapiB TOBIIMHOIO B KiJIbKa COTHX MuTiMeTpiB. Taki mapu
M'SIKOTO MeTally BiITHOCATHCA [0 TOBEPXHEBUX MMOKPUTTIB. bynyun
HaHECEHNM Ha MIIHUI MeTaJ, BOHM MOJIETHIYIOTh MPUIPAIIOBAHHS 1
YacTime BUXOIATH 3 JaIy Yepe3 3HOC, HiX depe3 BTOMHI MOIIKO/KEHHs. B
FOMY BWIIAJKy BTOMHAa MIiIHICT, 0abiTa TOpIBHSHHA 3 MIIHICTIO
CBHHIICBOT OpoH3u abo Al crutasis.

Jo obupaHHS KOHCTPYKTHBHHUX PO3MIpIB IMiIIAITHUKIB (BiIHOMIEHHS
MUPUHN BKJIQOWIIA [0 JiaMeTpy, KOHQITypamis TOBEPXOHb TEPTH,
MACTWJIBHUX  KAaHAaBOK) MiAXOAATh 3  ypaxyBaHHAM  IOJIMIICHHS
TiIpoAVHAMIYHUX  XapakTepucTwk. [Ipy  1bOMy 3pocTae  OMipHICTbH
OiIMIMIHAKA ~ BTOMHUM  pyHHYBaHHSM. [IparHyTP  CTBOpHUTH  Taky
KOHCTPYKIIiIO, SIKa& YCyBa€ PEKUM BHHUKHEHHS TPAHUYHOTO TEPTS, MPH
OOMY B MiAIIMITHUKY 3HIDKYETHCS BEIUYMHA MaKCHUMAJIbHUX THCKIB B
3MaIlyBalbHOMY IIapi.

BuHHMKHEHHS 1 PO3BUTOK TPIIIMH BTOMH IOB'I3aHE 3 MOBEPXHEBUMU
MOpOKaMu, JedeKTaMi BHTOTOBJICHHS, PUCKaMU, BM'ATHUHAMHU Ta iHIIUMH
NOIIKO/UKEHHSMH, 10 BHKIHMKAIOTh KOHLEHTpalilo Hampyr. OctaHHi
0COOJIMBO BiT4yTHO ITO3HAYAIOTHCS HA ITiJIIMITHUKAX, 1[0 MAIOTh MEXaHIYHEe
KpIIUIEHHST aHTUQPUKIIHHOrO Imapy a0 Kopmycy. Tak, Hampukiaa, Mpu
HasBHOCTI pakoBHH B 0a0iTOBOMY MIapi BarOHHUX MiJIIUIHUKIB TPIIIUHH
BTOMH BUHUKAIOTH ITICIISI TBOMICSIYHOT €KCIITyaTarlii.

1.3.3 3mamyBaJjibHe cepeoBHIIe

MacTuiio B mporeci TepTs B3a€EMOJIE 3 MaTepiajioM MiIIIAITHUKA 1
nandu 1 BIUIMBaE Ha IX ciyx00Bi BmactuBocTi. [lopiBHAHO pi3KO
3HIDKYETHCS BTOMHA MIIHICTh MIIMITHAKIB i3 IIapOM CBUHIFOBATOI
OpoH3u IpH POOOTI 3 MACTHIAMH, IO MICTATh PO3YMHEHI OpraHiuHi
KHCJIOTH, $IKi BUKJIHMKAIOTH BUOOPYY KOPO3iF0 CBHHIICBOIO CKIIAJOBOI 1
3HIDKYIOTh ~ BTOMHY MIITHICTh. OCOOIMBO  pi3KO  3pOCTae  KOpo3is 3
MIJBUIIEHHAM TEMIIEpaTypH 1 MPH MOMaJaHHi B MacTUio Boau. Ha kopo3siro
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CBUHIIEBOI CKJIQJIOBOi CWJILHO BIUIMBAa€ COPT MacTwia. 3HAYHA KOPO3is
BiOyBaeThCs B MacTmimi Mapok M12 1 M12b.

st psgy wmatepiamiB arpecMBHa Jisi MacTWiaa 3 TOTYKHUMH
MPHUCAIKaMU, 3AaTHUMHU CTPABJIIOBATH OKHCHY IUTIBKY 3 aHTU(PHUKIIHHOTO
CIUTaBy, TaKOX 3HIDKYE BTOMHY MIIHICTh MiIIMIMHUKIB. Hanpukman,
TEepPMiH CIykOM TAMWIHUKIB AW3EIiB TEIUIOBO3iB 13 mapoM 06abity BK2
npu BUKopuctanHi Mactui 3 npucaakamu BHI HIT-366 1 HTATHUM-339-
3HUKYETHCS.

IIpoBeneni BumpoOyBaHHS ITOKa3ajH, IO B IMOPIBHSIHHI 3 06abiTom
BTOMHA MIIHICTh CBUHIIEBUX Opon3 B 1,8, a Al crunagis - B 3,5 pasu Buiie;
BUTPHUBAJTICTH - CBUHITIOBaTO1 Opon3u B 1,8, a Al criagis - 2,5 pasu Buine.

1.3.4 IlpunpanboByeMicTh

[MpupobiTka TOBEpPXOHb TEPTSA  3HIMCHIOETBCS 32  PaxyHOK
iacTuyHoro  nedopmyBaHHs 1 3HOcy. [lmactuune  medopmyBaHHS
MEPEBAKHO PO3BHUBAETHCS y MIAMIAITHUKIB, 0 MAIOTh IMOPIBHSIHO TpyoOy
MPUTOHKY 1 M'skuii aHTupuknidHuil map. Ynm Oinbmoie  TBEpAiCTh
MiAIIUITHAKOBOTO CIUIaBy, YWUM OiJbIlie OMIpPHICTh MICIEBOI IMIACTUYHOI
nedopMariii, THM MPH PiBHAX yMOBaxX, IPUPOOITKa MiIIAITHUKIB TOTpeOye
OLITBIIOT TPUBAIIOCTI.

TBepaicTs aHTHPHUKIiiHEX MaTepianis npu Temmepatypi +100°C
cranoButh: b83 - 14,5 HB; b16 - 17,5 HB; BKA - 16 HB; IAM9 - 1,5-50
HB; AO20-1 - 30HB; bpC30 - 26HB.

B ymoBax nmii aOpa3uBiB TpHUPOOITKA TPUCKOPIOETHCS TPHU
30UMBIIEHH] NUISAXY, TMPOHJAEHOr0 a0pa3WBHUMHM 4YacTHHKaMH 1 iX
BiTHOCHOMY TIEpEMIIIIeHH] Mi)K BaJIOM 1 T AMTUITHAKOM.

Slkmo B mporeci 3HOCY BiOyBaeThCS TIEPEHECEHHS MeTany 1
YTBOPEHHsI TOHKMX 3aXWCHHUX IUTIBOK METally, IO CIIOCTEPIraeThecs y
aHTH(QPUKIIMHUX CIUIABIB, SKI MamTh M'SKY CTPYKTYpHY CKIIQJIOBY
(bp.C30, AO20-1, AO9-1 1 in.), To mpouec mpupodITKH OyAe MPOTIKATH
NPUCKOPEHO. Y pa3i, KOJIM B pe3yNbTaTi CXOIUTIOBAHHS Oyie MPOSBISTHCS
INIMOWHHE BUPUBAHHS, CYIPOBOKYBaHE YTBOPSHHSM HApOCTIB i BUPUBAMHU
MeTajy, Ipolec MPUPOOITKH YCKJIaTHIOEThCS. BoHa monermyeTbes Takox
NPy BUHUKHEHHI YMOB AJISl YTBOPEHHS BUOOPUYOTO MEPEHECEHHs, KOJIM Ha
MOBEPXHI TEPTS B3a€EMOJis 13 MaCTHJIBLHUM CEPEIOBHILIEM MPU3BOAUTH 0O
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BHOOpUYOi KOpo3ii OUTBII XIMIYHO AaKTUBHUX KOMITOHEHTIB. Y MIiTHHX
CIIaBaxX TAKUMHU METAJIAMH € ITMHK, OJIOBO 1 iH.

1.3.5 OmnipHicTh 3HOLIYBaHHIO

Y mepiom cramoro pexuMy poOOTH BinOyBaeThCs 3HOC i
MAIIMITHUKIB, 1 IIMHOK BaJja.

3aye)XHO BijJ] MaTepialy ImiIIINITHAKA CTAIEBUN Bajl 3HOIIYETHCS B
pi3HOMY CTYymeHi. SIKIIO B SIKOCTI €TalOHY BHUKOPHCTOBYBATH IMapy TEPTS
0abit b83 (maiim’skimuii MeTaieBUi MaTepiai) - cTaleBuil Bai, To0To E =
1, To craneswii Bax B mapi 3i crmmaBoM AO9-2 3 MOKPUTTAM, IO MICTHTH
TUCYIbGia MOJIIOAEHY Ma€e BiIHOCHUM 3HOC 1,45, 3 alOMiHIEBUM CILIAaBOM
AO09-2 3 mokpurtsM, mo mictuth 10 % Sn i 90 % Pb - 1,95, 3 cmaBom
AO9-2 6e3 mokputTs - 3,5, 31 cBUHIIOBaTOI0 OpoH30t0 bp.C30-4.

1.3.6 CymicHicThb esleMeHTIB Iapu TepTsi

ITpu po6oTi B pexuMi rpaHUYHOTO TepTs abo TepTs 0e3 3MalleHHs
OTIPHICTh 3HOIITYBAaHHS 1 YTBOPEHHS 33/JIUPiB 6araTo B 4OMY BU3HAYAETHCS
BUJIOM IIiIIIMITHUKOBOTO Marepiaiy, MeTajy Baja i THIIOM MAaCTHJIBHOTO
cepenoBuia. Bubip eneMeHTIB Tapu, WIO TPEThCA, 3AIWCHIOETHCS 3
ypaxyBaHHAM ix cymicHOCTI. [1il CyMiCHICTIO pO3yMIIOTh 3JaTHICTh JIAHOI
napu IMpH TPUAHATOMY MACTWIBHOMY CEpeNOBHUINI a0o y BiICYTHOCTI
MacTWIa TPHUCTOCOBYBATHCS OJMH JIO IHIIOTO B TIPOLECT B3aEMHOTO
MEepPeMIllieHHsI, 3a0e3Meuyour 3aJaHy JOBIOBIUHICTh 0€3 MOIIKOKEHb
HIOBEPXOHB TEPTS, 10 MPU3BOISATH 10 BUXOY 3 JaJy JeTayei.

Crifika TtpuBajza poOoTa mapH, IO TPeThCs, O0€3 ICTOTHHUX
MOIIKOJPKEHb CIIOCTEPITaeThCs TPU PITMHHOMY PEXHMI TEpTs, Xo4a 1HOi
CIIOCTEPIraloThCsA KOPO3iliHI TOIIKO/KEHHS 1 OCOONMBO KaBiTalliiiHe
pYHHYBaHHA TIOBEPXOHBb TepTs. B peanpHHX Xe yMOBax MiAIIUIHUK, SK
NpaBWJIO, TMPAIOE B HAMBPIAMHHOMY PEXHMi, KOIU OJIHOYACHO
BUSIBIISIIOTHCS 00'€MHI 1 TOBEPXHEBI BJIACTHBOCTI MACTHIIL.

Brnus maTepiany miamunHuKa i Bana B 3HAYHIM Mipi IPOSIBISETHCS B
3ATHOCTI TPH PEXHMI TPAHUYHOTO TEPTS YTBOPIOBATH MEHII ab0 OLIbII
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MIIIHI TPaHWYHI IDTIBKY, 31aTHI MiIBUITATH a00 3HU3UTH TEPTSI.

MinHiCTh MaCTSHOI TUTIBKHM 1 €(PeKTHBHICTD 3aXUCTy MMOBEPXOHb, II0
TPYThCS, BiJl CXOIUTFOBAHHS 3aJIEXKHUTh OaraTo B 4OM,Y Bifl TeMIlepaTypu B
30H1 KOHTaKTy. Peakiist By3miB, 10 TPyThcA Ha MiJBUILEHHS TeMIIEPaTypH
PI3HUTBCS B 3aJIEKHOCTI BiJl COPTY MAacTWiIa, HOTO B'SI3KOCTI, CTYIEHS
OYMIIIEHHA 1 6araTo B YOMy BH3HAYAETHCA TUIIOM MaTepiay MiAIINITHAKA 1
nandu i mopCcTKOCTI iX MOBEPXHi.

BenmnunHa KpUTHYHOI TeMIlepaTypd, NpU SKiH  yTBOPIOETHCS
JlecopOIisi TPaHWYHOTO Iapy, 3pOCTa€ TPH JIETYBaHHI aTIOMIHIEBHX 1
MiZHUX cIutaBiB. HalOimbIl BUCOKI TeMIeEpaTypH Mepexoiy A0 PEKUMY
TPAaHUYHOTO TEPTSl CIIOCTEPIraroThes MPH BUMPOOYBaHHI M'AKOTO 0abiTy
Mapku bK2, Haiiripmi TOKa3sHHUKH y TBEpPAOTO IIMHKOBOTO CIUIaBy, 1
MPOMIXKHE MOJIOXKEHHS 3aiiMae cruiaB ACM.

1.3.7 3aaupocriiikicThb

BrnwB  Buoy —MmIIMWITHAKOBHX — MarepialliB  MO3HAYA€ThCS HaA
YTBOPEHHI 3aaupiB 1 Ha CTYNeHi IOIMKO/PKEHHS IIOBEPXOHb TEPTS B
pe3ynbTaTi MPOXOMKEHHS IILOTO MPOIIECY.

OpHuM 3 HEOOXiTHMX yMOB YTBOPEHHS 3aIUpiB € pyHHYBaHHS
(mecopOrrisi) TpaHWYHOI TUTIBKM MAcCTHJIA, TPU SKOMY KOHTaKTHI HAmNpyTu
CTalOTh OJIM3LKUMHU JIO TPAHUYHUX. YMOBA K YTBOPEHHSI TPAHHYHOTO TEPTH
1 CTIHKOCTI rpaHUYHOI TUTIBKM OaraTto B 4YOMY BH3HAYarOTHCS MaTepiaioM
migmunauKa i nand. KpammM marepiamoMm B IIbOMY BiJHOIIEHHI € M'SKi
0a0iTH, MOTIM CIUTaBH, MIO0 MICTATh M'SKI CTPYKTYpHI CKJIanoBi (CIUIaBH
AO020-1, AO9-1, Bbp.C30).Tpme mnoBoAsThCS, SK TPaBHIO, TBEP/I
aHTU(PUKLIKAHI craBu 0e3 BKIIOYEHb M'SKMX MeETawiB. Y 3B'3KYy 3 LUM
MiJIIATTHAKYA, BUTOTOBJEHI 3 TaKUX MaTepiaiiB, MamTh TOHKOIIAPOBI
nokputts M'skux mertaiis (0,01-0,03 mm ).

[icns pyliHyBaHHS TPaHWYHOTO IWIAPYy TMOBEJIHKA MarepiajiB
3aJIeKUTh BiJl OMIPHOCTI CXOIUTIOBaHHIO. OCKIJIBKH MPOLEC CXOIUTIOBAHHS
JIBOX TIOBEPXOHb TPU TEPTi CYNPOBOIKYETHCS BEIMKUM BHIIJICHHSM TEIUIa,
BiZIOYBa€ThCSI MOPIBHSHO IIBUJKE HArpiBaHHS MOBEPXHEBUX INAPIiB, aXK JIO
TUIaBJICHHS BCHOTO METally, 200 JIErKOIUIABKOT CTPYKTYPHOI CKJIaJ10BOi.

YMOBHO aHTH(PHKLiHHI CIUIaBU MOXHa PO30OMTH Ha TpU TPYIH,
KOXKHa 3 IKMX Ma€ BiIMIHHI PUCH CXOILIFOBAHHS 1 OMIPHOCTI 33 IUpPYy.
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1.CnimaBu Ha ONOB'AHiM i CBHHIEBiH ocHOBIi. Ix Temmeparypa
mmaBnenns e mepesuinye 350° C. CXOIUTIOBAHHS BiIOyBA€THCS B TOHKOMY
MOBEPXHEBOMY  Imapi, MNpH LBOMYy Ha TOBEPXHI  IMiJIIMIHHUKA
CHOCTepiraroThCst ApiOHI PUCKWM 1 BHPHBAaHHS, a Ha TMOBEpXHI wmandu -
nepeHeceHni (HaMa3aHuil) aHTH(PPUKITIITHII MaTepial.

2.CnnaBu  Ha  UMHKOBIM  ocHoBi 1 Al-cmaBu 3 M'skumu
CTPYKTYPHMMH CKIaJ0BUMHU (0JI0BO, CBHHELb, KajMiii). Ix Temmeparypa
mmaBinenns me mepesuinye 650° C. CXOMTIOBAHHS BiIOYBA€THCS B TOHKOMY
MTOBEPXHEBOMY IIIapi 1 MOYKE CYMPOBOKYBATHUCS TNIMOMHHUM BHUPHUBAHHSIM.
[Tpu pOMy Ha MOBEpPXHI MiAIIUIHMAKA CIOCTEPIraloThes APiOHI i BEIHKI
PHICKH i BUPUBAHHS, a HAa TOBEPXHi Hanpu — pUCKH.

3. CmnaBu Ha amIOMiHIEBIH OCHOBI 0€3 M'SIKHX CTPYKTYpHHUX
CKJIAJIOBHX i CILIaBM HA MijHil OcHOBI. IX Temmeparypa nmuasneHHs gocsrae
1000° C. CXOMMOBAHHS ~ CYNMPOBOKYEThCS ~ TIHOMHHAM — BHPHBAHHAM
Mmetainy. [Ipy boMy Ha MOBEpXHI MiANIMITHAKA CIIOCTEPIralOThCS PUCKH 1
BUPHBAHHI METaly, a Ha TMOBEpXHI marmdu-pucKH, BUPHBAHHA METAly 1
CiTKa TEpMIYHHX TPILlHH.

B mpomeci cXOIUIIOBaHHS CHOJTYYSHHX ITOBEPXOHb iHTEHCHBHO
PO3BUBAETHCA IUIACTHYHA Aedopmaris. 3aleXHO Bil YMOB poOOTH By3Ia
TEpTS TMpH IbOMY ab0 CIIOCTEPIra€ThCsl 3MILHEHHS aHTUPPUKIIIHOTO
CIUIaBy, [0 BU3HAUYAETHCS, MEPII 3a BCE, MO 30iJBIICHHIO TBEPAOCTI, 00
MpH  JOCTaTHHOMY TEIUIOBHIUICHHIO BifOyBaeThCs rapsida aedopmartis
aHTH(PUKIIKHOTO CIUTaBy BHINE T[Opora pekpHucramizauii. B mpomy
BUTIAJIKY 3MIIIHEHHS He crocTepiraerbes. CTymiHb 3MIITHEHHS MPH HaKIIei
B pe3yJNbTaTi IIACTHYHOI iehopMarlii BU3HAYAE TOJOBHUM YHHOM 1 CTYIiHB
HOIIKO/UKEHHS TIPU CXOTUTIOBAHHI.

3a OmipHOCTI CXOIUTIOBAaHHIO MpPHU TEPTi AHTUPPUKIIIHI CIIIaBH
pO3TalIOBYIOTECS B HacTymHoMmy mnopsanaky: bK2, b83, A020-1, AO9-1,
LHAM10-5, HAM9-1.5, AO9-2, AC15-0,5.

2 ®PUKIINHI MATEPIAJIH

2.1 Bumoru, 110 npe'siBJsIlOTHCS 10 MaTepiaJiiB

IIBuaKMiA PO3BUTOK TEXHIKM BHUKIHKAE HEOOXiJHICTH 3aCTOCYBAHHS
0co0IMBO (OPCOBAHHMX PEXKUMIB pOOOTH TaJdbMIBHUX MPHCTPOIB Ha
JliTakax, eKcKaBaTopax, OypuIIbHUX JIeOiKaxX, aBTOMOOUIAX 1 3aJII3HUYHUX
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BaroHax. Baxxki ymoBH poOOTH TaabM BUCYBAIOTh MiABHINEHI BUMOTH JI0 1X
KOHCTPYKII1 1 0COOIHMBO 70 BIACTHBOCTEH MarepialiB, MO 3aCTOCOBYIOTHCS
B skocTi map Ttepra. llparHeHHs 3poOMTHM rajbMa KOMIAKTHUMH 1
OJTHOYACHO 3 UMM 30UIBIICHHS IIBUAKOCTEH 1 BarM MallWH MPHUBEIH [0
TOrO, IO KiNBbKICTh KiHETHYHOI eHeprii, mo mpumagae Ha 1 cm® 00'emy
KOJieca TajbMa, 3a OCTaHHI POKH 3pocia B KiJbKa pa3iB; HAPHUKIAM, IS
aBTOMOO1MIB B 3-4 pasu, a ans nitakis B 10 pas3is.

Ha Biqminy Bix anTtudpukmiiianx, (puUKIiiiHI MaTepiand MOBHHHI
matn Bucokuii (0,2 <f <0,5) i crabinpHMii KoedillieHT TepTs, TOCTaTHI
3HOCOCTIHKICTh, Mil[HICTb, CTIHKICTb IO TEMIIEPATYPHUX MEPEMaiiB, BINIUBY
abpa3uBy 1 arpecMBHUX CEPEJOBHUII, BHCOKY (QPUKIIHHY TEIOCTIHKICTH
(3maTHiCT, TapW TepTA 30epiratd Crilike 3HA4YeHHA KoedillieHTa TepTs i
MaJIMii 3HOC B HIMPOKOMY Jiama3oHi TeMIepaTyp); MOBHHHI 3aJ0BLIBHO
o0poOmsiTHCsT  Ha ~ BepcraTax; MawTh  OyTH  MacCTHIIOCTIMKHMH,
BOJIOCTIKUMHU, OE31TyMHIUMH B POOOTI, CTIHKUMH B apKTUYIHUX 1 TPOITITHIX
ymoBax. UaByH, MeTajokepamidHi Ta iHIN TOAIOHI MaTepianwm MaroTh
HaJIMHO 3BaprOBATHUCS 1 CKIICIOBATUCS 3 KapKacoM 3 BYIJICIICBHUX CTaJieH, a
TaKOX 3 JIETOBAHUMH 1 )KapOMILIHUMH CIIJIaBAMHU.

3okpema, wMarepianmu TambM 1 QpUKHiHHEX My(pT MTOBHHHI
3a0e3MevyBaTH IUIABHE CIPAlbOBYBaHHS CHCTEMHU 0e3 aBTOQPUKIIHHHX
KOJINBaHb, IO BHSIBISIOTbCS B (DOpMi CKpWUIy TpW TalbMyBaHHi, a0o
MPOOYKCOBKH 1 3a0e3nedyBaTi BUCOKHIA TepMiH ciryx0u. [Ipu ramsmyBanHi
BCSl KIHETUYHA EHEPrisi TPAaHCIOPTHOTO 3aco0y B TallbMaxX PO3CIIOETHCS B
tero. ToMy B MOMEHT TrallbMyBaHHS TeMIlepaTypa IOBEPXOHb, IO
TPYThCS, HANPHUKIAN, B TajubMi JitakiB, gocarae 1200° C, a B oOcs3i
raibpMiBHOT Hakmaaky - 10 600 °C. Y raxpmax aBTOMOOITIB 11l TeMIiepaTypu
BiAnoBiHO MOXyTh nocsratd 4001 200° C. B mnporeci raabMyBaHHS
aBialliiHOrO KoJieca JOMYCKAEThCs 3MiHa KoedillieHTa TepTs HE OLuIbIe,
Hix Ha = 15 %. [Iponiec TepTs Mae OyTH TuTaBHUM, Oe3 CTPUOKIB 1 BiOparriid,
JUTSL 9OTO BETTMYMHA KoeilieHTa TepTs MOBHHHA, [T0 MOKJIMBOCTI, 3pOCTATH
31 30UIBIICHHSIM IIBUAKOCTeH ab0 MPUHAMMHI, SIK MOXKHA MEHIIE MaJaTH.
CrilikicTp Koe(ilieHTa TepTs QyXe BaKJIMBa, TAaK SIK MPU 3MEHIIEHHI HOro
31 mBHAKICTIO (TeMIieparyporo) He Oyzae 3abesnedyeHe e(deKTUBHE
raneMyBaHHsL. Lle, Tak 3BaHe, B'SHEHHs TalbMa, KOJW TIPH TPUBAIOMY 1
MOBTOPHOMY TaJbMyBaHHI TalbMO HE 3yIHHSAE MaIIUHY.

IcHyroTh Marepiany, y SKHX Ma€ Miclie HEOOOpOTHa 3MiHa ix
BJIACTUBOCTEH MpH HarpiBaHHI. SKII0 3Ha4YeHHS KoeillieHTa TepTs y HUX
3HW)KYETHCS, TO BOHU HE MOXYTh OYTH BUKOPUCTAaHI SIK QPUKITiIHI.
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2.1.1 ITpunpanb0BYBaHHA

Enementu ¢pukUiiiHOI Mapyu NOBWHHI NPHUNPANbOBYBATHCH TOCUThH
HIBUJKO, Tak II00 MpH MepHioMy TajJbMyBaHHI TalbMIBHUH MOMEHT
cranopuB He Menme 80...120 % Bim po3paxyHkoBoi BenmmuuHH. llpn
bOMY Ha IMOBEPXHi TEPTS HE MOBUHHI YTBOPIOBATHUCS 3aIUPH.

Yepe3s HETOYHOCTI BHUTOTOBJCHHS, BHKPUBIICHHS, LIOPCTKOCTI,
XBHJISICTOCT] 1 T.H. KOJIOAKH, CEKTOPH TWCKIB 1 IHIN OeTaji, BUKOHaHI 3
G pUKIITHIX MaTepialliB, IPY YCTAHOBII HE MAIOTh TOYHOTO MPWIISITAHHS J10
MOBEPXHI TaJIbMiBHOTO OapabaHa a00 JMCKa, 1 JOTHUK iX BiIOyBa€ThCs Ha
OKpEeMHUX [IUISHKaX, IUIOIIA SKUX CTAHOBUTh HE3HAuyHY YacTUHY BiX
HOMiHAJIbHOI TUTOLI].

VY mepioa migpoOITKH B TOYKaX (PaKTHYHOTO KOHTAKTY BHHUKAIOThH
BENMKI TEeMIlepaTypu, B pe3yldbTaTi SKUX BHKIMKAETHCS IBHIKHUHA
JOKAIGHUHM 3HOC. 3 TNIMHOM 4Yacy TaKWW MOCHIAOBHUHN JIOKaJbHUH 3HOC
NpPU3BOAUTH JO TOTO, IO TOBEPXHSI JOTHUKY TOCTYMOBO 301IBIIYETHCS,
NPUAMAIOYH XapakTepHy sl JAHOTO PEKUMY POOOTH HIOPCTKICTb.

Hns mporecy migpoOITKH XapakTepHa 3MiHa TeMIepaTypH Bif
MAKCHMAJIBHOI 1O JEAKOl CEepeaHbOl YCTaJEHOK, NPH OJHOYACHOMY
301IBIIEHHI0 MOMEHTY TaJbMyBaHHSI.

TakuM YMHOM, TPHUNPALbOBYBAHHS XapakTEPU3YETbCA JBOMA
mporecamu:  30iIbIIEHHSAM (AKTHYHOI TUIONII TOPKaHHS TallbMiBHOT
obOmmBKkH 3 GapabaHOM 1 YTBOPEHHSM Ha MOBEPXHI TepTs (QpHKIIHHOTO
MaTepiajay poOodoro Imapy, mo Mae€ CTiMKi (QpUKIiHHI XapaKTepUCTUKH,
npyuYoMy Ie map 6e3nepepBHO BiIHOBIIOETHCS B Mipy HOT0 3HOIIYBaHHS.

2.1.2 HecxomiaoemicTh

EneMeHnTH mapu TepTs HE IMOBHHHI CXOIUTIOBATHCS SK B IIPOIIECI
raJlbMyBaHHs, TaK 1 B IHIMMX BUMNAJAKaX, HAIIPUKIAJ, IICIS TaJbMyBaHHS,
KOJIM TapsYvid TAITbMO 3aJTUIIIAETHCS 3aralbMOBaHUM.

Hesiki  QpukiiiiHi  iacTMacu TIpM  BHCOKHX — TeMIlEpaTypax
MOYMHAIOTh TOPITH 1 B3AEMOJIATH 3 YaBYHOM, IO MPHU3BOAUTH JO
TEPMIYHOTO CXOIUTFOBaHHS IOBEPXOHb, a I, B CBOIO 4Yepry, MOXKe
BUKJIMKATH 3aKIHHIOBAHHS rajJbMa.
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Jnst poboTH MIacTMacOBHX MaTepialiB MPU BUCOKHUX TEMIIEPaTypax
B iX CKiam BBOAATH MeTaneBHid ApiT. OCTaHHIN, pO3M'SKIITYIOYNCH TPH
TEPMIYHOMY PO3KJIaJaHHI IIACTMACH, CTBOPIOE HA TOBEPXHI MPOMIKHUIM
nrap, 1o BiJOKPEMIIIOE IJIacTMacy BiJ 4YaBYHY i € sSIK OM HamiBTBEPIUM
MacTHIIOM, II[0 BHPOOISAEThCA 3 camoro marepiamy. Lleit mrap, mo micTuth
TBEP/i YaCTKU MPOAYKTIB PO3KIATaHHS IUIACTMacH, 3a0e3medye BHUCOKHU
KoeilieHT TepTsl.

MarepianoMm npoTy moxe OyTH Mifp 1 ii cruraBu. Jly»ke BakIuBO,
mo0 TeMmmeparypa pO3M'SKIICHHS MeTaleBoi Mo0aBku Oyna HIKUYe
TeMmreparypu AecTpykuii miuactmacu. KopucHo BBOAWTH B MIjiactMacy
NPOTH3aJUpHI TPUCAIKU, SAKI CTBOPIOIOTH B TMOBEPXHEBOMY IMIapi
OJTHOYACHO (PPUKIIiiHI YACTKH 1 MPOTHU3aTUPHY IUTIBKY HANPHUKIA, OapuT
(BaSOy).

Bucoki npotuzaaupHi BracTuBocTi Mae meranokepamika KII-4, sika
JTA€ JTOCUTHh BHCOKWH 1 CTaOIMbHWIA, TpH 3MiHI Temreparypu, KoedillieHTt
TepTs. Y HIA MICTHTBCA BeNWKa KIUTBKICTH Mili, rpadity i ABOOKUCY
KPEMHIIO B SIKOCTI MaTepialliB, [0 CTBOPIOIOTH MOBEPXHEBHUN (QPUKIIHHUIA
map (BuUXigHa CTPYKTypa - CEpeOHBOIDIACTHHYACTHH TepiiT - €
CTPYKTYPOIO, sika 3a0e3medye Xopoli (GpUKIiiHI BIACTUBOCTI).

2.1.3 Kopozsiiina criiikicTb

Enementn QpukiiiiHoi mapu NMOBHHHI MaTH JIOCTaTHIO KOPO3ifHY
CTIMKICTh pH TpUBajioMy nepeOyBaHHi y Bosoriii atmocdepi (mo 100 %) i
Temmeparypi Bix - 60 mo +150° C; me BuKmHKATH KOpPO3if0, TOB'A3aHMX 3
HUMH JIeTaliel 3 MaJIOBYIJICIICBUX, JICTOBAHUX CTaJCH, AJFOMIHIEBHX 1
MarHi€BHUX CIIJIaBiB.

2.1.4 Borueneoesne4yHicTb

[Ipu ranbMyBaHHSX, & TaKOX Oe3MOcepelHbO IICI TaIbMYyBaHHS
GbpuUKLiiHI MaTepiaau Ta MPOAYKTH iX 3HOCY ab0 PO3KIaJaHHs HE MOBHHHI
3aropsTUCS MOJIyM'sSIM 3 BUJIIJICHHSIM UMY 1 HEIPUEMHUX 3amaxiB.
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2.1.5 Mexaniuna MinnicTh

[ToBrHHA CTAaHOBUTH IIpU IPaHUYHIA TeMIeparTypi, sika pO3BUBAETHCS
B rajasMi, 1o He Menme 1,5 kr/ oM’

IIpn Garatopa3oBux TadbMyBaHHSIX (PPUKLIHHI MaTepiadw MOBHHHI
J00pe MPOTHUCTOSATH TEIUIOBOMY YAapy, IO BUHHUKA€E MPH IHTEHCHBHOMY
ransMyBaHHi. [Ipy boMy He MOXKe BiIOYyBaTHCS CKOJTIOBaHHS PPUKIIIHOTO
MaTepiaiy, pafiallbHUX Ta IHIIMX 3AIHAMIKOBHX Aedopmamiid neranei, a
TaKoXX pO3IIapyBaHHA naeTaneld (mpu OararomapoBoMy iX BHKOHAaHHI),
YTBOPEHHSI TPILIMH 1 1HIINX MMOIIKO/KEHb, SIKi MOPYIIYIOTh pOOOTY TalbMa.

2.1.6 3HococTilikicTh

3HOC eNIEMEHTIB Mapu TepTs HE NOBHHEH MEPEBHUILYBATH 3aJaHUX
3HauYeHb. 3a3BUYail 3aMiHa rajbMIBHUX HAKJIAJOK IIOB'A3aHa 31 3HAYHHMU
TpyaHomamu. KpiM Toro, mpu 3HOCI 301NBIIYIOTBCS 3a30pH, IO TAaKOXK
nopyirye po0oTy TaiapbMiBHOI mapw. Y 3BSI3KY 3 OUM HEOOXigHO, 100
MaTepiail 3a0e3neuyBaB JOCUTh TpuBalny pobory. Tak, Hampukian,
aBTOMOOUTBHI KOJIOIKM 3a3BHYail 3MiHIOIOTH depe3 40 Tuc. kKM mpooiry,
KoM 3HOC iX carae mpuOmm3Ho 4 mM. Koionaku HadToOypoBHX Nebdimox
BUTPUMYIOTh 15-20 cmycko-miaiOMHUX omepauiil. Y JiTakoBUX TajbMax
3HOC He MOBHHEH NepeBuiyBaT 0,3 MM Ha ogHOTO ranbMyBaHH:. Koioaku
eKCKaBaTOPIB OBOAMTECS MiHsTH micist BuiMkn100 m° rpynTy.

2.1.7 CrijlikicTh NpPOTH TENJI0BOI BTOMH

baxano, mo0 Martepial MaB BENUKY TEIUIONPOBIIHICTE i
TETUIOEMHICTb.

BararopazoBe HarpiBaHHS Ta OXOJOIKEHHS TaJbMiBHHX KOJOAOK
NPU3BOUTh OO BUHHMKHEHHS B HHUX TEMIEpaTypHUX HarpyXeHb. BoHu
OyBaroTh BUINE HANpYy>KEHb B Jii MEXaHIYHHX HaBaHTaxeHb. Lle Moxe
NPUBECTH 10 pyHHYBaHHS MaTepialy BHACIIIOK TEIUIOBOi BTOMH.
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2.2 TIpouecu, 110 Bix0yBaOTHCA B MaTepiangax

Ilpy koHTakTyBaHHI JBOX TOBEPXOHb B YyMOBax cyxoro abo
HaMiBPIAMHHOTO TEPTS 3aBKAM BiIOYBA€ThCS iX B3a€MHE BIPOBAIKEHHS
BHACIIIOK TETEPOT€HHOCTI CTPYKTYypH (TOOTO CTpyKTypa SIBiIsiE CO0O0I0
CYMINI TJIACTUYHOI OCHOBU 3 APiIOHUMH TBEPIMMH YaCTHHKAaMH) a00 pizHOi
opieHTanii okpemMux 3epeH. HeonnakoBa rmuOnHa BIPOBaIKEHHST BUCTYIIIB,
10 KOHTAKTYIOTh MPU3BOJHUTH O PI3HUX BUIIB MOPYIICHHS (HPHUKITIAHIX
3B's3KkiB. [Ipy Manmx HaBaHTaXEHHSX Mae Micle TpY)XHE 1 TUTACTHYHE
BIITHCHEHHs Marepiany JedopMmyrounM BHCTyNmoM. OCTaHHE dYacTile
CIIOCTEpIiraeThest A (PPUKIIHHUX MaTepialiB, AKi MPAMIOIOTh B CEPeaHiX
0 HABaHTA)XKEHOCTI TATbMIBHUX MPUCTPOSX.

Ilpy BeNMMKMX HAaBaHTAXKEHHSAX IUIACTUYHI JaedopMallii JoCAraroTh
IPaHUYHUX 3HAYCHb 1 HAcTae Tpollec MikpopizaHHsa. KpiM B3aemMHOro
BIIPOBA/DKCHHS OKPEMHUX MaWJaH4YMKIB 1 MOJEKYISAPHOTO CXOIUTIOBAHHS
MOBEPXHEBUX ILUIIBOK (SKE Ma€ MiCIle 3aBXKAM), B JACSIKUX 3'€IHAHHAX MPU
TEPTI MOXJIMBO CXOIUTIOBaHHSA MarepiaiiB, 10 TpyThes. OcTaHHE
MPU3BOAUTH O TIAMOWHHOTO BHWPWBAHHSA MarepialiB, M0 3YEHIINACS
(3amupu 1 MOAPSATIUHMY).

JJisl OI[iHKY BIUTMBY CXOILUTIOBAaHHS Ha 3HOC HEOOXiIHO BpPaxoBYBaTH
K MOXJIMBICTH CXOIUIIOBAHHS, TaK 1 XapakTep pyHHYBaHHS IMOBEPXOHb
TEPTS MicIIsl HBOTO.

Ilpy BenMWMKWMX MIBHIKOCTSX KOB3aHHA poOoTa  (HOpMO3MiHH,
CKOHIIEHTPOBaHA B TOHKOMY TOBEPXHEBOMY Iapi, MEPEXOJAsSYH B TEILIO,
BUCOKO TiJHIMae MicueBy TeMIeparypy, CTBOPIOIOUH TeMIepaTypHUil
rpagieHT. CuIbHO  pO3IrpiTWii  HOBEpPXHEBUH IIap Ma€  3HWKEHY
MIIHICTh. BUHMKa€e TMO3UTHBHUN TPAJiEHT MEXaHIYHUX BJIACTUBOCTEH IIO
rmOuHi. Y oMYy LIapi JIOKai3yloThCsl IPOLECH PyHHYBaHHS (PUKLIHHUX
3B'SI3KiB.

CTBOpeHHsT y TIOBEPXOHb TEpPTd THM YH IHIIMM CIIOCOOOM
MO3UTUBHOTO Teperajy MeXaHIYHUX BJIACTUBOCTEH MO TIIMOWHI, € OJIHUM 3
METO/IB ITiABULICHHS 3HOCOCTIMKOCTI QPPUKLIHHMX MaTepiaiiB.

I'pagieHT MexaHIYHUX BJACTHBOCTEH MOXKHA 3MIMCHUTH IITYYHHUM
BBEJICHHSIM MDXK TMOBEPXHSIMH TEPTS HPOMDKHOTO miapy abo MUIsSXoM
3aCTOCYBaHHS Martepiaiy, KU MiJ Ji€l0 BUCOKHUX IIBUAKOCTEH 1 rpagieHTa
TEMIepaTyp B pe3yiabTaTi pi3HUX  (PI3UKO-XIMIYHMX MpPOLECIB B
KOHTaKTHOMY IIapi MUMOBLJIBHO CTBOPIOBaB OM IIe¥ MPOMIKHUI mIap.
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Jns Takux QpUKIIFHUX MaTepialliB, SK pETiHAKC 1 MeTajJoKepaMika
KV-1, xapakrepHe yTBOpPEHHS B NpOLECi TEpTsS TOHKOI'O HMOBEPXHEBOIO
niapy, 1eH map € sk Ou MIaCTHYHUHN, BY3bKHH, TETUIONPOBIAHHI MaCTHIIOM,
oo BHpOONIsIETbC 3 camoro Matepiany. [loBepxueBuit map, Oyayuw
TUTACTUYHHUM TIPH KIMHATHIHA 1 0COOJIMBO MPH MiABUIIEHUX TEMIIepaTypax, B
MOPIBHAHHI 3 OCHOBHMMH Martepiajamu (QpukLiiHOi mapu, 3abesmedye
CTBOPEHHS TMO3UTHBHOTO TIEPEX0ly MEXaHIYHUX BJIACTUBOCTEH MO TIMOMHI
1 mobpe mpotucToiTh mepeaedopmyBaHHIO. [ ITaCTHYHICTE MMOBEPXHEBOTO
1Iapy CHpHUsS€ 3HIKECHHIO MICHEBUX IIMTOMHX THCKIB, 3MEHILEHHIO
MOBEPXHEBHX TeMIeparyp i 1o0pii mpupooi.

[ToBepxHeBHil map Mae TETEPOreHHY CTPYKTypy. [IpucyTHicTs B
MOBEPXHEBOMY Iapi MIKPOCKOMIYHUX TBEPAMX YACTHHOK  CIIPHSE
MiIBULICHHIO OMOpYy Ha 3CyB. JIKII0 MaTepiaii B Mpoueci TepTs
YTBOPIOIOTh Ha TIOBEPXHI TBEpJAl MIapH, IO CTBOPIOIOTH HETATHBHUI
Tpagi€HT MEXaHIYHUX BJIACTUBOCTEH IO TIHOWHI, TO BOHU He 320e31edyoTh
JTIOCTATHIO 3HOCOCTIMKICTH MapH i MPaIoTh HE3aJOBUTHHO.

Hns epextrBHOI poOOTH (PPUKIIHHOI Mapu BaXiIMBa HE TUIBKU
BAMOTa BHUCOKOi 3HOCOCTIHKOCTI IpH (POPCOBAHUX peKUMaxX TallbMyBaHHS,
ane 1 3a0e3redYeHHs BUCOKOTO i CTa0LIBHOTO TMPH PI3HUX MIBHUAKOCTAX 1
Temreparypax koediuienty Tepts. HaitGinpm edexktuBHMM Oyne ToOi
Marepial, y sSIKOTo BiJJHOIIEHHS KOe(illieHTa TepTs 0 iIHTEHCUBHOCTI 3HOCY
HaiObine. Crane 3HaueHHs T/ | Moxxe 3a0e3mednTH TiTBKH TOW Marepial,
y sKoro (i3MKO-MEXaHiYHI BIIACTHMBOCTI HE3HAYHO 3MIHIOIOTHCS Bij
temneparyp. OHaK OUIBIIICTh MaTepialiB XapaKTEPU3YIOThCS THM, IO iX
BJIACTUBOCTI CHJIBHO 3aJIeKaTh BiJ Temneparypu. s 1oCsrHeHHs CTIHKOro
3HaueHHs f/ | MaTepiam B 30HI KOHTAaKTy TIOBHHEH MaTH OCOOJIHMBY
CTPYKTYpPY 1 BIACTHBOCTI, 1110 3a0€3Me4yI0Th JOCTaTHIN OMIp MIACTUIHOMY
BIJITUCKYBAHHIO IPH BUCOKHUX TEMIIEpaTypax, BiJICYTHICTh MOUIKOIKEHb
MTOBEPXOHb TEPTSI OCHOBHHUX MaTepialiB, TOOTO MIIIHICTh 3B'I3KY €JIEMEHTIB
MPOMIXKHOTO APy MOBHHHA OYTH MEHIIE MIIIHOCTI 3B'I3KYy YaCTHHOK B
OCHOBHHX MaTtepiajiax mapH, 110 TpeThes. Tak sIK y BaKKOHABAHTAKCHUX
ragpMax IpH BHCOKMX UIIBHAKOCTSX KOB3aHHS TeMIIeparypa JOCsrae
HACTITBKK BeMWKHX 3HadeHb (10 1200° C), mo BigOyBaeTbhes posmajn
HEMETATIYHUX (QPUKIIHHUX MaTepialiB, BaXIUBO, 100 HOr0 MPOIYKTH
BIJPI3HSJIMCSA JIOCTATHBOIO 3HOCOCTIMKICTIO 1 BHCOKMMH (PpUKLIHHUMU
BJIACTUBOCTSIMH.

BuHukarowi npu TepTi TeMIepaTypH, NPU3BOMATEH JIO PO3KIaJaHHS
cnonyku. Y mporeci 1 poskiamy BinOyBaeTbcs YTBOPEHHS PIIKHX i
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ra3onofiOHUX MPOMYKTIB AecTpyKmii. Pinki mpoayKTn po3manay opraHigHOL
CIIONYKH O€3MMOCepeIHhO BIUTMBAIOTh Ha (DPUKIIAHY TEIIOCTIWKICTD 1
3HOCOCTiHKiCTh. ['a30momiOHI TPOXYKTH HNECTPYKHii CKIAAAIOTBCS 3
Byriekucioro razy CO,, opraHiYHUX PEYOBHH, L0 3TOPAIOTh MPH BUCOKUX
TeMIeparypax i 00yMOBIIOIOTh IIPY TEPTi CHaliaXy i TOPiHHS IMIACTMACOBUX
GpuKIitHIX MaTepianiB, a TakoX OKUCy Byrierio CO, mo CTBOPIOE YMOBH
JUTSL IPOTiKaHHS XIMIYHUX TePETBOPEHb 3 HEOPTaHiYHUMH 1HTPEAi€EHTaMHU.

BigHOBHO-OKHCHI TIpolecH, IO TPOTIKAIOTh MPU TEPTI B yMOBax
BHCOKHX TEMIIepaTyp, MOIIMPIOIOTHCA Ha 3HAYHY TIUOWHY (PHUKIIHHOTO
Marepially i NPHU3BOIATH 10 YTBOPEHHS HOBOI ()pPHKLIHHOI MOBEpXHi 3
HOBHM CKJI/IOM i HOBOIO CTPYKTYpOI0. BBeieHHS 0 cKIlajy HEMeTaneBuX
GpUKIIHMX MaTepiamiB HE3HAYHWX JOOABOK XIMIYHMX pEaKIIHHUX
PEUOBHH 3a0e3Meuye PeryIioBaHHs Mpolecy po3Mnany OpraHigyHoi CIIOIYKH,
110, B CBOIO Uepry, MO3BOJSIE PEryNIOBATH (PUKIIHHI BIACTUBOCTI 1 Jae
MOJKJIBICTh CKOPOTUTH a00 TTOBHICTIO 3HUIIUTH SBUIIE CIaJlaXiB 1 TOPiHHSA
GPUKIITHAX HEMETANIYHUX MaTepiaiB.

2.3 Buan ¢ppukniiinux martepiajis

[cHyIOTH HacTyIHI BUIU GPUKIIITHUX MaTepialiB:

a) MeTaJIeBi;

0) a300Kay4IyKOBi;

B) a300CMOJIsTHI;

T) OpraHiyHi;

) METaJIOKepaMidHi.

KoHTpTiyioM 3a3BHYaii cayKaTh CTalli 3 BACOKMM BMICTOM BYTJICIIO i
JIETOBaHi, O MPOUILITN TePMOOOPOOKY, YaBYHH.

Jo MeraneBUX (QpUKIIHHUX MaTepiaiiB BiTHOCATH Cipi YaBYHH, IIO
NpaIOTh 3a3BUYall B Mapi 3 BHUCOKOBYTIIENCBUMHU cTaiisiMu Y7, V8.V
YaByHax BYIJICIb MICTUTBCA y BHII TpadiTy, sKUH pa3oM 3 MPOJyKTaMu
3HOCY CTBOPIOE Ha KOHTAaKkTi IUTIBKYy, WI0 Ma€ 3HIKEHUH OIIip
3cyBy. HefomikoM Takux nap € Maauii KoeillieHT TepTs, MO3UTHBHI SKOCTI
- HU3bKa BapTICTh 1 HAMiHHICT. LI mapu 3acTOCOBYIOThCS B rajibMax KOJic
3aJ1I3HUYHOTO TPAHCIIOPTY.

Hns ocoOnmMBO BaXKHX YMOB POOOTH 3aCTOCOBYIOTH THUTAHOBI
CIIaBH.
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2.3.1 Opraniuni ¢ppuxuiiini maTepianu

Opraniyni ¢puKLiHI MaTepiaan (gepeBo, WKipa, MpoOKa, MOBCTH,
ryMa) 3aCTOCOBYIOTHCS B Cla00 HaBaHTAXKCHUX By3JlaX TepTs (TalbMax,
GpuUKIIfHAX Tlepefadax, opraHax O€3MeKH), B OCHOBHOMY B MpHIIaJIax.
Opnak ¢pukuiiini macoBi mepegadi 1 3amoOiKHI  IPHCTPOi, IO
BUKOPHUCTOBYIOTh OpTaHiyHi Marepiajy Ha OCHOBI I'yMH, 3aCTOCOBYIOTHCS 1
B MaIllMHAX CaMOT0 PI3HOTO MPH3HAYCHHS: Bil CUIBCHKOTOCIOIAPCHKUX
KOMOaHIB 70 TOTYKHHUX MPECIB BAXKOTO MammHOOyayBaHHSA. OOmacth
3aCTOCYBaHHs OpraHiyHUX MarepiamiB OOMeXKeHa uepe3 iX HHU3bKY
TETUIONPOBITHICTh 1 TETUIOCTIWKICTh, y 3B'SI3KYy 3 UMM BOHH HE MOXYTh
NpamoBaTH TP TPUBAIOMY  BIHOCHOMY KOB3aHHI B Ba)KO
HaBaHTa)XKEHOMY KOHTaKTi. KpiM Toro, BOHM MaloTh BHCOKY BapTiCTb.

2.3.2 ®pukuiiini MaTepiaan onep:KyBaHi MeTOaMHU MOPOIIKOBOI MeTATyPrii

Marepianu Ha OCHOBI 3aiiza (Tadum. 2.1) i Mifi, oJep)KyBaHi METOIOM
MOPOIIKOBOI METaIyprii, OTpUMaIl HAHOLIBIIOTO MOMIPEHHS.

Tabmuus 2.1 — Cxian (pUKOiHHEX TOPONIKOBHUX MaTepialiB Ha
OCHOBI 3aJ1i3a

Mapxka Macosa yactka, % T ——,
marepiary |Fe |Cu  |Ni [rpadiTt [SiO; |azbecT ’
OMK -8 45 - |25 7 - - |10Cr; 6W; 7Cu,S
OMK - 11 64 | 15 | - 9 3 3 |6BaSO 4
MKB-50A | 64 | 10 | - 8 - 3 |5FeSOy; 5SiC; 5B,C
6,5Mn; 6,5BN; 10B,C;
CMK-80 481 2 |-] - | - | ~ |3g5SiC;25MoS,

[Mepuri Tpu marepianu po3poOiieHi Uil BAXKKOHABAHTAKEHHUX TaIbM,
My(T niTakiB 1 BificbkoBoi TexHiku. Matepian CMK-80 3acTocoByeThcs B
ranpMax 1 My(rax 34ensieHHs BeJIMKOBAaHTAXHUX aBTOMOOLUTIB - Kap'€pHHUX
CaMOCKHIIB BaHTAXOIII JMOMHICTIO IOHax 65 T.

Crieveni marepiand Ha OCHOBI Mifi (Tabn. 2.2) TakoX HIMPOKO
BUKOPUCTOBYIOTBCSI Y BaXKKHX TpaHCIOPTHUX 3acobax. Haiibinbmmoro
nomupeHass HaOyB Matepian MKS (mepmmit  psgox  Ttabm. 2.2). Y
aBTOMOOIIE- 1 TPakTOpPOOYAyBaHHI 3 LKMX MarepiajiiB BUTOTOBISAIOTH
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TaJIbMIBHI JTUCKH, KOJIOAKH 1 HAKIAAKH 11 My (T 34ETIICHHS.
Tabmuis 2.2 — Ckiaan QpUKIIAHUX MOPOIIKOBHX MaTepiaiiB Ha
MIHIA OCHOBI

Macosa yactka, %

i 0
Cu | Sn | Pb | Fe |rpadir|asbect|SiO, Tami nobasxn, %

68+76(8+10/ 7+9|3+5/6+8 - -

60+75[6+10| 20 1+8 - - [Ti, V, Si, 6 MoS,, 2+10 As

5
18 | 2 3 3 3 30 | . [40% - crusHoro BonokHa,
2

10 % - cynpdimy Al
68+86(5+10|5+ 15 48 3 3 |mo 2 Ni

75 8 5 4 11+-20] - - 10,75Si,6 Zn

[TopomkoBa  TEXHOJOTIS  JO3BOJIIE  OTPUMYBATH  (PUKIIHHI
MaTepiagd 13 3aJJaHUMH  BJIACTUBOCTSAMU. J[7s  aBTOMOOLIIB Mamoi i
CepemHbOi  BAaHTAXKOMIAHOMHOCTI 1 I CLIBCBKOTOCMONAPCHKUX 1
MPOMHUCIIOBUX TPAKTOPIiB Maloi 1 CepemHboi TOTYXXHOCTI 3a3BUYal
BUKOPHUCTOBYIOTHCSI (DPUKIIIHI MaTepiand Ha TOJIMEpHid OCHOBi. BoHu
3aCTOCOBYIOTBCS TaKOX Yy CIUIbCHKOTOCIIONAPCHKOMY Ta  JOPOKHBO-
OyniBebHOMY MAIIMHOOYAyBaHHI, B OypOBiii TEXHIIII 1 T.1T.

Sk mpaBuiio, 10 CKIaxy MarepiajiB BXOAATh TPU KOMIIOHEHTH:

- TEIIOCTINKUI apMyrounmii Mmarepian 3 MIIHUMH BOJIOKHAMH,
Hanpukiaz azoect (15 + 16 %);

- TEIIOCTIMKI 3 BHCOKMM 1 CTaOUIBHUM KOEQII[iEHTOM TepTs
MOPOIIIKOMOIOHI HaITOBHIOBaYi HeopraHiunoro moxomkents (20 + 60 %);

- ToMiMepHe 3B’SA3yl0dYe: HaTypallbHI 1 CHHTETHYHI Kay4dyKH,
cuaternydi cmomu (15 +30 %) 3 BynkaHi3amiHUMHU areHTaMud abo
3aTBEp/KyBayaMH, MPUCKOPIOBAYaMHU 1 akTHBAaTOpaMH BYIKaHizamii abo
3aTBEpAIHHS.

Haii0inpi  mommMpeHNMM apMylO4YHM  €JIEMEHTOM €  yHIKaJIbHHH
NPUPOJHUI MiHEpal, IO BUIOOYBAETHCS BIAKPUTHM CIIOCOOOM - a30ecrT.
EnemenrapHi BOJOKHa a30ecTy MaiOThb BHJ TPYOOK 13 30BHINIHIM
niamerpoM OnM3bKo 32 HM 1 BHYTPIIIHIM - 2,6 HM, TOOTO B MONEPEYHOMY
HANpPSIMKY BOJIOKHO Ma€ pPO3MIpH, XapaKTEepHi Ui KOJOiTHO-IUCIIEPCHUX
MmatepianiB. EinemeHTapHi BOJIOKHA yIaKoBaHi B TacMa JiaMeTpOM Bij
JEKINBKOX JIECATKIB A0 COTEH MIKPOMETPIB, Ie¢ YTPUMYIOTHCS CHIIaMHU
MDKMOJIEKYJISIpHOTO  TsDKiHHS. CepeHs JOBXHHA BOJOKHA CTaHOBHUTb
1+3 MM. 3a CBOEIO XIMIYHOIO TPHPOJOI a30ecT € BOJHHM CHIIIKATOM
MarHiroo. BojokHa a30ecTy MarTh BHCOKY MIIHICTh Ha PO3TATHEHHS (10
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3TITla), mo Habarato mepeBHINyE MIlHICTh cTami. [IOpOKHUHU BOJOKOH
YaCTKOBO a00 TOBHICTIO 3allOBHEHI BOJIOIO, SIKA& YTBOPIOE HA BHYTPIIIHIN
MOBEPXHI MPaKTUYHO MOHOMOJICKYJSPHUHA IIap, TOMY BOHa HPOSIBIISE
BJIACTHBOCTI 1HIN, HDXK 3BUYaliHA BOJOTa, BiJNAISIOYHCH JIMIIC TPU
temneparypi Bume 425° C. Bung kpucTamivyHOi PemIiTKi IbOTO MaTepiamy
JIOCTOBIPHO HE BCTAHOBJIEHO. A30eCT Mae BHCOKHU Koe(imieHT TepTs (1o
0,8), sikuit cnabo 3MIHIOETHCS B 3aJI€KHOCTI Bill TemmepaTypH. Te sk MoKHa
CKa3aTH Mpo MIIHICTh BOJIOKOH, sika Tpy HarpiBauHi 10 400° C 3HIKY€EThCS
Bceoro Ha 20 %. Jlume mpum 800° C crmocrepiraerbest pyHHYyBaHHS
BOJIOKHHCTOI CTPYKTypH. TakuM uuHOM, asz0ecT HIOM cCreliajgbHO
CTBOPEHUH, SIK OCHOBa 715l QPUKIIHHOTO MaTepiany.

Opnak y a30ecTy € i icToTHHI HenoliK. BiH BBa)XKaeTbCsl €KOIOTIYHO
HeOesnmeyHuM  MarepiajgoMm. HaliToHIi MOHOBOJIOKHA, TOTpAIUIsSiOYd B
MOBITPsI Y BUJI MWITy, YTBOPIOIOTH CTIMKY CYCIHEH3iI0, Ka TyXe MOBLIEHO
ocimae. [loTparusiroun B JlereHi JIOAEH 1 TBapWH, BOJOKHA BPaXXaloTh
OpraHM  JWXaHHSA,  BHKJIMKAIOYM  OCOONMBE  3aXBOPIOBaHHSA -
az0ecTo3. YpaxkeHi MUISHKH JIETEHIB MOXKYTh CTaTH IIEHTPaMH yTBOPEHHS
pakoBUX KIITHH. Y 0araTh0oX KpaiHax BXK€ 3a00pPOHEHO BHKOPHUCTAHHS
az0ecty B OymIBHHIITBI, ENIEKTPOTEXHINI Ta IHMMX Tamy3sx. Taki x
TEHJICHIIII CIIOCTEPIratoThCs 1 B BUPOOHUIITBI TadbMIBHUX MaTepiajiB, aie
3HAWTU €PEKTUBHY 3aMiHy a30eCTy MOKH He Brayiocs. € crpoOu 3aMiHUTH
a30ecT BOJIOKHAMH 3i CKJa, 0a3anmbpTy, IUIaKy, OOpy, BYTJIEIIO, aje I
MaTepiali He JaloTh TaKhi ke ePeKT, K azdecT. 30KkpemMa, HeMa€e TaKoTo
Mmarepiaiy, sSIKHi Tak camo, SIK a30ecT, OYWIlIaB O MMOBEPXHIO METAIEBOro
KOHTPTIJIA 1 IPY IbOMY TIOTJIMHAB 1 MOB'SI3yBaB MPOIYKTH 3HOLIYBAaHHSI, HE
Ka)Xy4H TIpo i€ skocTi. ToMy a30ecT moku 30epirae 3aciayXeHe JiepcTBO
cepesl KOMIIOHEHTIB PPUKIIIHAX MaTepialis.

HamoBHroBauamm a30ecTOBUX MarepiaiiB CIIy>KaTh 3aJII3HUH CYpUK,
0apuTOBMII KOHIIEHTPAT, OKHCIM XpOMY Ta IHIIMX MetaniB. JlogaroThes
TAKOXX TOPOIIKOMOMIOHNH KOKC, TpadiT, TexHiYHHH Byrienb. s
MIiJBUIICHHS TEIUIONPOBIAHOCTI BBOAATHCS IMOPOIIKH Ta CTPYXKa 3 MiJi,
JaTyHi, IMHKY, aJIFOMiHit0, 3a1i3a i T.1.

Criony4HUMH € HaTypajbHi 1 IITY4HI KaydyKH 1 CMOJH, a TaKOX iX
KoMOiHarlii. BUKOpUCTOBYIOThCS OyTaJlieHOBI, OyTaieH-TIpPiIIBHI,
OyTalieH-MeTUII-BiHIIIPiIIHOBI, CTUPOJIOBI 1 1HIII CUHTETHYHI KaydyKu. Y
SKOCTI CcMOJI BUKOPHCTOBYIOTh ¢denondopmanpaeriaHi,
animH(peHoNpOopMaIbAETiaHI, KPEMHIHOPraHiuHi, €NOKCHIHI KOMIAYHIH 1
iH. OJJTHOYACHO BBOJISTHCS BYJIKAHI3aTOPH 1 3aTBEP/KYBaYi.



65

Bupobn Ha Kay4dyKkoBii OCHOBI MalOTh JIOCHTH BHCOKHH
koe(dimieHTOM  TepTA 1  3HOCOCTIHKiCTh. OmMHAK TIpH  IiIBUIICHHI
temneparypu nonaz 200-250° C BOHH OMITHO 3HHKYIOTBCHL.

Bupobu Ha cMOIsIHIH OCHOBI MarOTh OIBIIY TEIUIOCTIHKICTH, ale
HecTaOlIpbHMI KOe]iIieHT TepTs, KPUXKicTh. ToMy HaWKpammid pe3yibTaT
JIOCSTAEThCA TIPH CIUTFHOMY BUKOPHUCTaHHI CMOJN 1 KaydykiB. HeBmame
MOETHAHHS CIIOJIYK Yepe3 HecTaOUIbHICTh KoedillieHTa TepTs NPU3BOIUTH
0 BUHUKHEHHS aBTO(DPHUKIIMHNX KOJIUBAHB (CKPHII 1 BEPECK TrajabM).

OpukmiiftHi MyQTH 1 TanbMa € BEIbMH BIANMOBIAATFHUMH BY3JIaMH,
OCKIJIbKY BH3HAUYAIOTh OE3MEKy eKCILTyaTallii TpPaHCIOPTHUX 3aC00iB, TOMY
npu  ix po3poOui OpPOBOAMTHCS JOCHTH TOYHHH 1  JeTalbHUM
PO3paxyHOK. BUTOTOBISIOTECS MOCIiAHI 3pa3Kd, SKi MPOXOASTH CHOYATKY
nabopatopHi, MOTIM cTeHIOBI 1 HarypHi BupoOyBanHs. Oco0nIHUBO
PETEIBHO BiIPALbOBYIOTHCS HOBI TajbMiBHI MaTepiajiv, IO MiJAal0ThCs
TPUBAIMM BUNPOOYBAHHSM 32 CIIELiaIbBHUMHU METOIUKAMH.

3a cnocoO0oM BUTOTOBIEHHS (PUKIIHI MaTepianu Ha TOIXIMEepHil
OCHOBI JIATBCS Ha 4YOTHpU Tpynu: (opMoBaHi (TpecoBaHi) marepiaiu
(KooKW, HAKIAIKW, CEKTOPHW, IUIACTHUHH, BKJIAJIUIII); BaJIbI[bOBaHI
(cTpiukm 1 HaKIAAKHW); TKaHI (CTPIYKH, HAKJIAJKH); KAPTOHHO-TATEKCHI
(maknmagku). HomeHkimaTypa 1 XapakTepUCTHUKM — QPUKOIHHUX 1
AHTU(PPUKIIHHAX MaTepialiB JyKe BEJMKA 1 MICTUThCS B JIOBIIKOBIH
miTepaTypi.
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