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Mnaea 6. JIETKUE CINJIABbI

6.1 AnroMUHMIA

ANIOMUHMIA — MeTann cepebpucToro LBeTa C MJIOTHOCTHIO
p=2,71¢103kr/M3 n TemnepaTypoin nnaeneHuss 660°C. OH wuMeeT
BbICOKYIO TEM/IOMNPOBOAHOCTb UM 3IEKTPONPOBOAHOCTL;  obnagaet
HWU3KOM npoyHocTblo (0B=100 MMa) M BbLICOKON MNACTUYHOCTbIO
(6=35%).

ANOMUHMI — XMMUYECKM aKTMBHbIA MeTasl, akTUBHO W NErko
MOKPbIBAETCA C MOBEPXHOCTM OKCMAHOM nneHkon Al203, koTopas
3alUMLIAET ero OT AafbHEWLIEero B3aWMOAEWCTBUS C OKpPYXKatOLLEN
cpenio. MuHeparnbHble KUCIOThl AEUCTBYIOT Ha a/IloMUHKK. MpuyeM ¢
MOBbLILLEHWEM TEMMEPATYpPbl AENCTBUE UX YBENMUMBAETCA. HekoTopble
pasb6aBneHHble kucnotel (HNO3) B3aMMOAENCTBYIOT C a/lOMUHUEM
CWNbHEE, YEM KOHLUEHTpUpoBaHHble. ConsiHasi Kucnota  6bICTpo
pacTBOpSET  allOMUHUA.  AJIIOMUHUM  YCTOMUMB  BO  MHOMUX
OpraHNYecKMX KUCIOTax: YKCYCHOM, MacnisiHoM, NMMOHHOMN, BUHHOW,
S6I04HOM, T/IIOKOHOBOM. B wwaBeneBo M MypaBbMHON KUCIOTax
KOPPO3MOHHasi CTOWKOCTb a/lOMMHMA  Mana. AJIIOMUHUIA  BbICTPO
pacTBOPSIETCS B PacTBOpPAX €4KMX LUeoYvein. ANOMUHUIA YCTOMUMB B
TEX cpedax, KOTOpble HE pa3pyllaloT 3alUUTHYIO OKCUMAHYHO MJIEHKY.
Tak, Conn He AENCTBYIOT Ha anlOMUHWIA, CEPHUCTbIA a3, aMMuak,
CEpOBOAOPOA, COAepXalumecs B aTMoChepe  MPOMbILWIEHHbIX
npeanpusTUiA, Mano BAMSIIOT Ha CTOMKOCTb allIlOMUHUS Ha BO3ayXe.
AniOMMHMIA  06najaeT BbICOKOM CTOMKOCTbIO B MOPCKOM  Bope.
CKOpOCTb KOppO3WUM atoMWHUSI PE3KO BO3pacTaeT B MPUCYTCTBUM B
BOJIE MPUMECEN LLIeSIOYEN, CONe pTyTu, Meau, MOHOB XJ1opa.

ANIOMWMHUMA M ero  chnnaBbl  LUMPOKO  WUCMONb3YIOTCS B
aBMALMOHHON TeXHWKEe U APYrux OTpacnsix HapoAHOro XO35ACTBa, B
XYOOXXECTBEHHON MPOMBILNIEHHOCTM €ro  MCNOfb3yloT Hapsgy C
UYYryHOM AN KPYMNHbIX apXUTEKTYPHbLIX AeTanel v ckynbnTyp, ANns
Pa3nnYHbIX MpeaMEeToB YbOpaHCTBa WMHTEPLEPOB, KOTOpble Tenepb
3aMeHSI0T GPOH30BbLIE YKpalleHWsl. B 1OBENMPHON MPOMBbILWIEHHOCTH
aNiOMUHUIA  3aMeHsieT cepebpo M 30/10To. Bce antoMuHueBble (M
OCTaNbHble JlerkMe MeTanfbl WM CniaBbl) NOApa3fensoTcs  Ha
aecdopMupyeMble U nuTelHble. M3 aedopMUpyeMbIX antoMUHUEBBIX
CNNaBOB M3Aenusl MonyyaloT MeTodaMy NyacTuyeckon aecdopmaumu.
K nedopMupyemMbiM OTHOCUTCS COBCTBEHHO antOMUHWMIA, KOTOPbIN
noapasaensieTcsl Ha antoMUHUIA BbICOKOW W TEXHUYECKOW YMCTOThI. U3
TEXHNUYECKOIrO aSIlOMUHUSL U3FOTOBNISIOT JIUCTbI, MPOBOMIOKY, MPYTKMK.
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MexaHMYeckMe CBOWCTBA a/llOMUHMSI 3aBUCAT OT YC/IOBUIA MOCTaBKMU:
OTOMOKEHHBIN (0B=60 MIMa, 6=28%), HarapToBaHHbI (0B=130 MMa,
0=5%) u ropsiuekaTaHbiii (0B=70 MMa, 0=15%). K nedopmMmnpyembiM
aNIlOMMHUEBBLIM CM/laBaM OTHOCSATCS CrnaBbl aftOMUHUS C MapraHuem
(vapka AMu), ¢ marHumem (Mapku AMr), c megbto (Mapku [) u
KOBOYHble crnnaebl Mmapok AB, AK, ALl n ap. Ha punc.91,92 nokasaHbl
aNlOMVHMEBBIE U3AENNSA: MEMOPUASbHBIA KOMMEKC B . PocToBe-Ha-
AoHy v camonet U1 76.
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Puc.91. MemopuanbHbIi komnnekc B r. Poctose-Ha-[JoHy

BbicokonpouHble antoMnHueBble cnnasbl B95, B93, B96s, Bo6LU-
3, paspabotaHHble B CCCP B 1950-1970 rogax SsIBUINCb OCHOBOM
KOHCTPYKUMW CcOBETCKMX WUcTpebuteneir KB MwukosiHa, SkoBnesa,
Cyxoro; 6ombapaupoBwmkoB Ty16, Ty95, maccaXxupckux wu
TPaHCNOPTHbIX camonetoB WMn86, Wn76, puc. 105, <«AHTEN» n
«Pycnan» ¢pumpMbl AHTOHOBA, AaBasi CHMXKEHWE Beca KOHCTPyKUuMKn 12—
15%.

JInTeliHble antoMMHUEBLIE CMlaBa B OCHOBHOM 6a3npyloTcs Ha
cuctemax Al-Si (cnnas AK12) u Al-Si-Me (cnnasbl AK9, AK9Cy, Ak8M un
ap.). JluTeiHble anioMUHMEBLIE ChnaBbl  06M1adaloT  AOCTATOYHO
BbICOKMMWN MexaHuyecknummn ceoicteamm (oB=180-260 MMa, 6=3-6%),
XOpOLWWMU  JIUTEAHBIMU U TEXHOMOTMYECKUMU  CBOWCTBAMMU. 3ITO
npegonpeaennno UX LUMPOKOE MPUMEHEHWE Hapsigy C YyryHoMm ans
M34eNMin NPOMbILLIEHHOrO NPOU3BOACTBA U XYAOXXECTBEHHOMO JINTbS,
pnc.93-96.
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Puc.93. Cumson pysum - ctatys «Matb-Ipysus» cToswas Ha CeaTon rope B
Téunucu, ckynontop 3.0. Amawykenu. 1958 rog,
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Puc.94 boeu (1). MeutaHue (2) E.®. benawoea, 1957 r.

BbIo BpeMs, Aa M celyac MHOMME CUMTAlOT astoMUHMIA BTOPO-
CTeneHHblM  MaTepuanom. B pabore [11] pekomeHayeTcs
MCNONb30BaTb a/IlOMUHMWI, KOTOPbLIN XOpOLIO WMMWUTUPYET LBETA
nnacTMacc, MMHEPANiOB MW [APEBECUHbI, KaK WX 3aMeHUTENel, a B
pabote [61] roBopuTCs, YTO «antOMUHWUIA BOOBLLE HE MOAXOAUT ANS
TBOpYeckux paboT». C Apyroi CTOpoHbl, B paboTe [22] oTMevaeTcs,
YTO MHTEPEC K aJIIOMUMHUIO KaK XYAOXECTBEHHOMY MaTepuany
NOCTOSIHHO BO3pacTaeT.

Ha puc. 95 nokasaHbl AekopaTUBHO-MPUKIAAHbLIE MOAENKU U
NPOMbILLJIEHHbIE U3AENNS U3 aNIIOMUHMSI.

a

Puc.95. B.M. ®epopoe. ApkaH. AnromuHuiA, rpaHut. 2008. SGkyTck
[www.slovoart.ru /node/63] (a) u noasecka u3s Al-nposonoku anametpom l.4mm.
[art-shoping.ru]


http://art-shoping.ru/catalog/item3478.html
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Puc.96. N3pgenua ns anromuHus: a - noesa «CuHkaHcaH-500», dnoHus; 6 -
nelwexoaHbIl nepexop B bprorre, Benbrus; 8 - «MocT yectontobus», AHrnus; r -
BUA Ha «MOCT YecToNHo6UA» HOUBKO C KpbIWM BaneTHOW WKonbI; A - BHYTpeHHWI

BuA «MocTta Yectonobua»

Cepbiit UBET aNtOMUHKS, €ro MATKOCTb, NTErKOCTb, NIaCTUUYHOCTb
ABNAIOTCA €ro eCTeCTBEHHbIMU CBOWCTBAMM W NPOU3BOASAT CMOKOMHOE
HEHaBA34MBOE BreyaTIeHNe. ANOMUHUIO KaK caMoMy
pacnpocTpaHEHHOMY Ha MAaHeTe MeTasly NpopoyaT  Xopollee
6yayluee, B TOM YUC/IE U B XYOOXKECTBEHHOM NPOU3BOACTBE.
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6.2 MarHmii n ero cnnasbl

MarHuii  — cepebpucto-6enbiii  MeTann, O4YeHb  NEerkui
(p = 1,74¢103kr/m3); TemnepaTypa nnaenexHus 6510C, Temnepatypa
KUMNEHNs 11030C, puc. 97. Kpucrtannuueckas  peweTka
rekcaroHasbHas nnioTHoynakoBaHHas 12 (a=0,32 HM, ¢=0,52 HM,
¢/a=1,62354). Marnwmi He npetepnesaeT NOSIMMOP(MHBIX
npeBpaLIeHi.

F

Puc. 97. MarHuii - nérkuii, KOBKUMA, cepebpucTo-6enbIii metann

YUCTbIM  MarHUiA  XapaKTepW3yeTCs  BbICOKOW  XMMWUYECKOM
AKTUBHOCTbIO M Jlerko okmcnsetcd. OkcupgHas nneHka MgO umeer
3HaUUTENbHO 60NbLLIYI0 NAOTHOCTL (3,2 r/cM3), YEM UUCTLIN MarHum,
W CKIIOHHA K pacTpeckuBaHuio. Npu HarpeBe oKcMaHas nneHka TepsieT
CBOM  3alUUTHble  CBOWCTBA, CKOPOCTb  OKWUC/IEHMSI  MarHus
yBenuuuBaetcs, M npu 623 0C MarHWiA BOCMIAMEHSIETCS W FOpwUT,
n3nyyas OCnennUTENbHLIV SPKUI CBET.

CBOWMCTBa MarHusi 3HAYUTESNBHO YAyULIAOTCA Npy NerMpoBaHuu.
CnnaBbl MarHus XapaKTEPU3YKTCS HU3KOW MJIOTHOCTbIO  (OKOMO
1,8¢103kr/M3), BbICOKOM YyAENbHOM MPOYHOCTBIO, CMOCOOHOCTbLIO
Xopowo nornowats Bubpauun. OHM  xopowo obpabaTbiBatoTCs
pe3aHneM, X0poLlo cBapuBaloTcs. K HeaocTaTkaM OTHOCATCS MeHbLUas
KOPPO3WOHHAs CTOMKOCTb, YEM Yy altOMUHUEBLIX CMaBOB, TPYAHOCTU
npv BbINJaBKE W NUTbe, N HeobXoaMMOCTb Harpesa npu obpaboTke
faBneHneM. B kauyecTBe nervpyloWwMX 3MEMEHTOB  WCMONb3yoT
anoMuHnin go 10%, umHk go 5-6 %, MapraHey ao 2,5% v UMPKOHUM
A0 1,5 %. Qns nonyyeHuns cneumanbHbiX CBOMCTB MPUMEHSIIOT Takoke
Li, Ce, Cd, Th, Nd, Y.

Nctopuyeckass  cnpaBka. [lepBble  MarHueBble  Crnasbl
nosiBUAMCb B Hadane XX Beka (Noa Ha3BaHWEM <«3MIEKTPOH», Tenepb
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Mano ynotpebnsiembiM). 3HaueHne KOHCTPYKUMOHHbBIX MPOMbILLAEHHbIX
MaTepuanosB MarHuWeBble CrfaBbl Npuobpenu B KoHue 20-x — Havane
30-x rogoB XX Beka, TO eCTb no4ytu yepe3d 100 net nocne Toro Kak
dpaHuy3ckuii xmMuk A. Broccu BriepBble BbIAENW MarHui B UYMCTOM
Buae (1828). [lo koHua 40-x rogoB NPUMEHSNNCL FNaBHbIM 06pa3oM
cnnaBbl Ha ocHoBe cucteM Mg — Al — Zn u Mg — Mn. JdanbHenwemy
nporpeccy B 06n1actu co3gaHus MarHueBble CrnjiaBbl CNOCOH6CTBOBANO
OTKpbITUE  MoaMdMUMpYlOWEro ¥ paduHUpYOWero  AencTBus
UMpKkoHus. B 50-x rogax Hayanu npuMeHsTbCA CrnaBbl HA OCHOBE
cuctem Mg — Zn — Zr, Mg — p. 3. M. (peaKko3eMesibHbIi MeTann) —
Zr (vim Mn), Mg — Th, a Takxe CBepXNE€rkne CrnjaBbl Ha OCHOBE
cuctembl Mg — Li. MNpoussoactBo u notpebneHne marHms u M. c.
BO3pacTaeT. MMpOBOE MPOM3BOACTBO MarHus K Hadany 2-U MMpOBOM
BOMHbI 1939—45 cocTaBuno okosio 50 Thicay T, B 1969 MarHueBble
cnnasbl 2 MAH. T, U3 HMX MarHuesble cnniasbl 40—50% pacxoayeTtcs
Ha NPOU3BOACTBO OT/IMBOK U Ae(OPMUPOBAHHbLIX NMosydabprkaTos.

ANOMUHMI 06pasyeT C MarHWeM CUCTEMY 3BTEKTMYECKOrO TWMNa
¢ 60NbLIOM pPacTBOPUMMOCTbIO B TBEPAOM cocTosiHuM (Cp=12,7% Al) 1
WHTepMeTanIMaHon dasoin Mg4Al3.

Uik  Takke  obpa3syeT  3BTEKTUMYECKYHD  CUCTEMY  CO
3HauMTeNbHOW pacTBopuMocTbio (Cp=8,4% Zn) U UHTEPMETATUAHON
dazont Mg7Zn3 (MgZn2).

B cucremax Mg-Al n Mg-Zn Hanuuue WHTEpPMETaNnInaoB U
nepeMeHHass pacTBOPUMOCTb B TBEpPAOM COCTOSIHUWM AenalT B
MpUHUMMNE BO3MOXHOM TEpPMUYECKyld 06paboTky — 3akasiky MU
crapeHne. OpHako  3ddeKkT  ynpouHeHus  npu  CTapeHuu
He3HauuTenbHbIM  (25-35%). [lo3TOMy pacTBOpHOE YNpPOYHEHUE
UrpaeT OCHOBHYIO POJfib. 9TO OTHOCUTCS U K TPOMHON cncteme Mg-Al-
Zn, B KOTOPOW AOMONMHWUTENBbHO 06pasyeTcs CcaMoCTosTeNbHas
ynpouHsiowas ¢asa T(Mg3Al2Zn3), KoTopass Bblgensercs no
rpaHvLaM 3epeH.

MapraHeL, B KkonudectBe Ao 2,5% BBOAWUTCS B MarHueBble
ChnaBbl ANS MOBbIWEHNSI KOPPO3MOHHON CTOMKOCTW, MOSyUYeHUs
MEJIKO3EPHUCTON CTPYKTYPbI U YBENIMYEHUSI NPOYHOCTMU.

LinpkoHuit BBOAUTCS B AedopMUpyeMble MarHMeBble CrJiaBbl
LANS YydlWeHns ux NAacTMYHOCTU B ropsivyeM COCTOSIHUM.

PaznnyatoT aedopMupyemMble M NUTENHbLIE MarHUEBLIE CMJIaBbl.
[JdedopMupyeMble cnnaBbl MapkupytoTcst 6ykBamu MA, nUTENHble —
6yksamun MJ1, nanee cnegyet HoOMep cnasa.

JedopMupyemMble MarHueBble CrnaBbl MPUMEHSIOT B BUae
NpyTKOB U hacoHHbIX Npodunelt Ans U3roToBNEHUS AeTanel ropsiyeit
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LITAaMMOBKOW. [Nsi ynydweHns nnacTtMyHocT 06paboTky AaBneHueM
BeayT npu TemnepaTypax 350-4500C, Tak Kak rekcaroHasbHasl
peWeTka MarHusl 3aTpyaHseT ux paedopMaumio Npu  KOMHATHOW
Temnepartype.

N3 MarHueBbIX CNiaBoOB  WM3roTaB/AMBAKOT  KOBaHble U
LUTAMMOBaHHbIE AETaNIM CIIOXHON (POPMbI, Takne Kak aBTOMOBUSIbHbIE
LANCKN.

Hanbonee npoyHbiMn aedopMUpyeMbIMU CniaBaMu SBASKOTCS
cnnaeBbl MarHuMs € anioMuHuem  (MAS5) M MarHusi € UMHKOM,
nernpoBaHHble uUupkoHueMm (MA14), kagmueMm, P3M u apyrumm
aneMeHTamm (MAI5, MA19 u gp.).

ANOMUHUIA U UMHK SBASOTCS 3MEKTUBHBIMU YNPOYHUTENSIMM
TBEpAOro pacTBopa Npu KOHUEHTpauum He 6Gonee 10 M 6%
COOTBETCTBEHHO. [lpn 6onblieM coaepXaHum 3TUX 31EMEHTOB
NAacTUYHOCTb pe3ko CHwxaeTcs. [losiBneHve npu  CcTapeHun B
CTPYKTYpe YNpoYHAOWMX UHTepMeTanimagos Mg4Al3 u  MgZn2
OCYLLECTBNSAET AOMONHUTENBHOE YNPOYHEHME. LIMPKOHWI n3MenbyaeT
3epHO, a KaaMWi 1 peako3eMenbHble 3neMeHTbl (P3M) oaHOBpEMEHHO
MOBbILIAIOT Y MPOYHOCTb, U NIACTUYHOCTb.

CnnaB  MA1l, nervpoBaHHbIn  TOMbkO ~ 2%  Mn,
XapaKTepusyeTCsl BbICOKOW MIACTUYHOCTBIO U MPUMEHSETCS  Kak
NNCTOBOKN MaTepuar.

JluTelHble MarHueBble cnnaebl. MarHWeBble NINTEWHbIE CraBbl
KnaccmduumpyoT Mo XMMUYECKOMY COCTaBy; OCHOBHasi rpynna
NPOMBILIEHHbIX CMABOB MPUHAANEXMUT TpeM cuctemam: Mg—Al-Zn
(Hanbonee pacnpocTpaHeHHble): Mg-Zn-Zr n Mg—-P3M-Zn. Kpome
TOrO, HaxoAsT OrpaHUYeHHoe TMpuMeHeHne cniasbl  Mg—Mn

(Koppo3uoHHO-cTOMKKNe);  Mg-Li  (cBepxnerkue, p = 1,3-
1,65¢103kr/M3) n Mg-Th (kaponpouHble). MarHueBble crinasbl
CUCTEM Mg-Al, Mg-Zn n Mg-Al-Zn ABNAOTCS

LUMPOKOUHTEPBASIbHbIMU. OHW CKIMOHHbI K YCaoOyHOW MOPUCTOCTH,
KOTOpasi CHWXXAET MeXaHU4YecKMe CBOWCTBA W repMeTUYHOCTb
OT/IMBOK. LLIMpoKMiA MHTepBan KpucTannsaumm AtKp NpUBOAUT TaKxke
K 00pa3oBaHMi0 ropsuMx TpewmH W K [EHAPUTHOW JMKBaumu.
JInHeliHas ycaaka nexut B npeaenax 1,1-1,4%, ycago4Hasi pakoBuHa
He3HauuTeNbHas.

B 5MTOM cCOCTOSIHMM MarHuWeBble CrnaBbl  XPYNku K3-3a
obpa3oBaHus N0  rpaHMuam  3epeH  60MbWOrO0  KOMMYeCTBa
HEepaBHOBECHOW 3BTEKTUKM. Mpu romoreHusaummn (4200C, 12-24 u)
HepaBHOBECHble  BbIAENEHUS WMHTEpMETalIMa0B  paccacbiBaloTCs,
3HaUUTENIbHO MOBbLIWAETCA MNACTUYHOCTb, a TakXKe MPOYHOCTb
cnnaBoB. OxnaXaeHne Ha BO3Ayxe SIBMSIETCS Af1s CNIaBOB 3aKaskom,

8



YHpanIeHI/Ie AUCTAHIIMOHHOTO 06yquI/m U NMOBbIIIEHU A KBaJ’[I/ICIJI/IKaL[I/II/I

Xy0°KeCTBEHHBIN MeTaJll

TaK KakK (UKCMPYETCS 3HauuTeSlbHOE MepechilleHne TBepaoro
pacTBopa. MakcMManbHble MPOYHOCTHbIE CBOMCTBA AOCTUraloTCs
nocne AOMNOSIHUTENbHOIO0 MCKYCCTBEHHOro cTapeHus npu 175 0C — 16
4, a npu 1900C — 4-8 u.

MNpuMeHeHWe  MarHWeBbIX CNAaBoB B aBTOMOGWIILHOM
NPOMBILLSIEHHOCTUN SBNSIETCS CPaBHUTESIbHO HOBbIM HarpaBfieHNeM, C
HOBbIMM TpebOBaHUSAMM K HUM, KaK KOHCTPYKUMOHHbIM MaTepuanam..
B  HacTosilwiee BpemMs  MpoBOAATCA  MacwTabHble  Hay4yHO-
uccnefoBaTenbckue paboTbl, B pe3ynbTaTe KOTOPbIX CO3AAK0TCA
Hay4Hble OCHOBbI ANs 6onee LWMPOKOro MCMonb30BaHUS MarHMeBbIX
CNIaBOB He TONMbKO B BMAE NWUTbA NOA4 AaB/E€HMEM, HO W B BuAe
AedopMupoBaHHbIX NonychabpukaTos - NAUT, NNCTOB, A/IMHHOMEPHbIX
MpPeccoBaHHbIX M34enuit M TMOKOBOK Kak B  aBTOMOGWIbHOM
MPOMBILIEHHOCTM, TaK M B ApPYrMx 06nactax TEXHWKW, rae Huskas
MIOTHOCTb  MarHWEeBbLIX  CMJIABOB  OKAXETCS  ONpaBAaHHOW ¢
3KOHOMMYECKON TOYKM 3peHns. Tak, HanpuMep, ceBepoaMepuKaHCKui
KoHUepH General Motors 06bsiBUN O Hayane MCNbITaHUNA Ky30BHbIX
JeTaneil Ha OCHOBE MarHWeBoro cnnaea. [pUMeHeHus 3TOro
mMaTepuana Mo3BO/IMT YMEHbLUMTb BeC Ky30Ba aBToMObWNS, 4TO
(hakTUUeCcKn NpnBEAET K CHUXKEHMIO pacxoaa ToM/vBea.

MpuMepbl XyAOXECTBEHHbLIX W3AENUMA U3 MarHWEBLIX CrlaBOB
npuBeaeHbl Ha puc.98.
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Puc. 98. Mzpenus us marHmessix cnnasos: 1 - MarHuessie knuie
http://www.kontora.us /production /product/klishe_dlya_tisneniy; 2 - Pentax K-7:
http://images.yandex.ru /yandsearch?p=4&lr=39&noreask=1&source= psearch&tex;
3 - DSLR-annapart 3aknHOUEH B 3aLUMLEHHBIN OT MLLW U BNArU NPOYHLIN KOpnyc U3

MArH1eBoro cnnasa

lopoa 6yaywero. Jliogn 6yaywiero cMoryT nocenutbCs B
HeboNbWMX MMaBy4nx ropoaax, apendyowmx no TUXOMY OKeaHy
Nnofo6HO OFpOMHbLIM BOAHBLIM NMAMAM. “3eneHblit nonnasok” (Green
Float) coctouT 13 siueek-paiioHOB, Kaxxaasi M3 KOTOPbIX C KOMMOPTOM
nputoTMT oT 10 A0 50 ThICAY XUTENEN; NELIEXOAHbIN PAANYC SUENKN —
KnnomeTp, puc. 99. BoNbLIMHCTBO 0buTaTenei “3eneHbix noniaBkoB”
6ynyT xuTb B “HebecHoMm ropoae” — Hebockpebe KuIOMETpPOBOM
BbICOTbl, 3aHMMAlOWEM LEHTP A4elku. lNpoune MoCensTcs B XKUMbIX
30Hax BOKpYr rpaHuubl syeikn. LleHTpanbHble 6GawHu  6yayT
OKpyXaTb nactbuwia M neca; nNoceMy MOXHO MPeArnonoXnUTb, YTO
syenmkn  cMoryT  obecrieumBaTb  cebs  BCEM  HEOHXOAMMbIM
nponuTtaHveM. OkpecT “HebecHoro ropoga” HaWaeTcs MecTo W
epmaM, cneunanmManpyoMMca Ha KPYNHOM poraTtoM CKOTE, U MHbIM
cenbxo3npoussoacteam. M Bce 310, Bce-BCe, HyaeT NOCTPOEHO Ha
pELLETYATON MOHTOHHOM KOHCTPYKUMKM, cocTosiien 13 7000-TOHHbIX
coT. OCHOBHbIM CTPOUTENbHBIM MaTepuanoM Anas MpoM3BOACTBA
balleH aBTOpbl MPOEKTa Ha3blBAKT CBEPX/Eerkue CriaBbl Ha OCHOBE
MarHus, fo6blIBaeMoro U3 MOPCKON BOAbI.

10



YHpaBﬂeHI/Ie AUCTAHIIMOHHOTO 06yquI/m U NMOBbIIIEHU A KBaJ’II/ICl)I/IKaL[I/II/I

Xy0°KeCTBEHHBIN MeTaJll

Puc. 99. «3enénsbrii nonnasok» (Green Float) coctout U3 a4eek (palioHos), kaxaas
U3 KOTOPLIX ¢ KOMPOpTOM NpuroTUT oT 10 A0 50 ThIC. XUTenei
(http://www.zhaba.ru /item52341)

B Poccum npopabaTbiBaeTcs NpoekT CTpoMTeNbCTBa 3aBoAa
"PycckuiA  MarHui", KOTOpbI 6yZAeT BbIMycKaTb METaS/IMUYECKMIA
MarHWM W  OCaXAEHHbIN JWNOKCUA KPEMHUS C  HaHopa3MepHOW

CTPYKTYPOW.

6.3 TuTaH M ero cnaasbl

TutaH — MeTann  cepebpucto-6enoro  LUBETa, JErkui,
TYronnaBKWii, MPOYHbIN, MNACTUYHLIN; MAOTHOCTL pP=4,5¢103kr/M3,
TemnepaTtypa nnaeneHuss 1668+4 O0C. OueHb CTOEK XMMUYECKU
6narogapsi 06pa3oBaHuio 3alUTHOMN nneHkn Ti02.

TWTaH WMMeeT aABe MNoNMMOpP(gHbIE MoaudbUKaumMK: a-TUTaH C
rekcaroHasibHoM MOTHOYNAKoBaHHOM pelleTko M2 ¢ nepuopamu
a=0,296 HM, c=0,472 HM 1 BbiCOKOTEMMNEPATYPHYIO MoaMpMKaumo B-
TUTAH C Kybuyecko 06bEMHO LEHTpMpoBaHHOM peleTkon KLU8 ¢
nepuwogoMm a=0,332 HM, Temnepatypa noaumopdHoro a 2 B
npespaLleHus coctasnseT 882 0C.

Yuctelh  TUTaH MmeeTllcnep,yrou.me MexaHn4eckme
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CBOWCTBa: 0B=245 MlMa, =70 %. TexHUYeCKni
TUTaH M3roTOBASKOT M3 YKUCTbIX ero coptoB: BT1-00 (99,53 % Ti),
BT1-0 (99,48 % Ti) n BT1-1 (99,44% Ti). TEXHNYECKNIA TUTAH MApKu
BT1-1 umMeer cBoictBa: 0B=450-600 MMa, 00,2 =380-500 MMa,
0225 %; @ = 50 %.

TuTaHy nNpUCYW HW3KMM MOAYNb HOPMasnbHOW  YMpYrocTy
(E=112 I'Ma), no4Tvi B 2 pa3a MeHbLUWI, YEM Y XKeNe3a U HUKENS, YTO
3aTPYAHSET WU3rOTOB/IEHWE XXECTKUX KOHCTPYKUMM, ANS NOBbILEHUS
)KECTKOCTU NPUX0AMTCS YBENNUYMBATL TOMLWMHY AETaNeN U UX Maccy.

MNpun Temnepatype Bbiwe 5000C TUTaH M ero crnasbl NErko
OKUCNSIOTCA M MOI/OWaAloT  BOAOPOA,  KOTOPLIA  Bbi3blBaeT
OXpynuumBaHue (BOAOpOAHast XPYNKOCTb). TEXHUUECKMI TUTAH XOPOLLIO
obpabaTbiBaeTCA AaBNEHUEM, CBapuBAETCS B BWAE JIUCTOB, TpYyo,
NpyTKOB, MpOBOMOKM W Apyrux nonydabpukaToB, HO MIOXO
obpabaTtbiBaeTCs pe3aHuem.

JdedopMupyemble  TUTaHOBble CnfaBbl. [N NOAyYeHus
cnnasoB TuTaH nerupytot Al, Mo, Cr, Sn, Fe, Zr, Nd, Si. JlernpoBaHue
NpOU3BOANUTCS AN YIYULIEHUS MEXAHWUECKMX CBOMCTB M MOBbILLEHUS
KOPPO3MOHHON CTOWKOCTW. TWTAHOBbLIE CMNJaBbl WMEKT  BbICOKYIO
yAENbHYIO NMPOYHOCTb (OTHOLIEHWE OB/P), NMPEBLILIAOLWYIO NMPOYHOCTb
NErMpoBaHHbIX CTanen.

ANIOMWHWIA, KUCNOpPOA4 W @30T MOBbLILWAKT  TeMrepaTypy
npeBpalleHnsl M pacwmpsitoT  a-0bnactb; WX HasbiBalT a4
crabunusaTopammn. HekoTopble 3neMeHTbl 06pa3yloT C  TUTAHOM
xnmmnyeckune coegnHenuns (Ti3Al, Ti2Cu). Takue anemMeHTbl, Kak Mo, V,
Mn, Cr, Fe, noHWxaloT TemMnepaTypy NoaMmMopcdHOro npespalleHns u
paclmpstoT obnactb B-da3bl; UX HasbiBalOT B-cTabunmnsaTopamum.

MouTK BCE NPOMbILL/IEHHbIE TUTAHOBbIE CNJ1aBbl lervpoBaHbl Al.

JInTeiiHble CBOWMCTBA TWUTaHa W €ro CrjaBoB [OCTaTOYHO
BbICOKW. WX nuHelHas ycagka HeBenuka (~ 1%). CnnaBbl UMeIOT
BbICOKYIO XWAKOTeKy4YeCTb. Hambonee MpPOKO MCMONb3YKOT a—CnJas
BT5/1, u4TO O06GYCNOBNEHO BbLICOKUMU JIMTEWHBIMKM  CBOMCTBaMM,
MPOCTOTOM  TEXHOJOrnK nony4eHus M3  HEro  OT/IMBOK,
pPacnpoCTPaHEHHOCTbI0 M HeAe(UUUTHOCTbIO €AMHCTBEHHOrO B HEM
NErVpyloLLEro  3f1IeMeHTa —  allloMUHUS,  YOOBNIETBOPUTENBHOWM
NAaCTUYHOCTBIO M yAApHON BSA3KOCTbIO OTAMBOK, 60siee BbICOKOM
UMKIMYECKON  BbIHOC/IMBOCTBIO MO  CPABHEHWIO C  TUTAHOM MU
NUTEWHBIMK a+B-cnnaBamu.
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. e =g - ox T —
Puc. 100. Paketa sercotoii 107 m y Bxoaa B BbrctaHoBOUHbIN komnneke BOHX.
TutaH. Mockea (1). CkynbnNTypHO-GPXUTEKTYpPHBLIN aHcambb «BpecTckas KpenocTe».
Haa 06WMPHLIM NPOCTPAHCTBOM AOMUHUPYET LWTLIK-06ennck (LenbHOCBapHas
METANSIOKOHCTPYKLMS, 06NMLIOBAHHAS TUTAHOM; BhIcoTa 100 m, Bec 620 T1. (2)

¢ 4l a
Puc. 101. C.B. PakutaHckuia. CkynbnTtypa BapaH. [www.artrussian.com/welder/] (a).
Habop 37 npeameTos B (pyTngpe C MOKPLITUEM HUTPUAOM TUTAHA C XYAOXKECTBeH-
HoW pocnucbro "3onoTtas pebka’. [www.aotrud.ru/.../sonnet/?curPos=20] (6)
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Puc. 102. TTamatHuk HO.A. TarapuHy. TutaH, Mockea

Crpyktypa cnnasa BT5J/1 npeacraBneHa B OCHOBHOM
NAacTMHYaTbIMK 3epHaMun a-gasbl BHYTPU MCXOAHOrO B-3epHa. Cnnas
He CK/IOHEeH K 06pa30BaHMI0 ropsuMx TPEeLUMH, XOpOLWOo CBapuBaeTcs.
CnnaB npegHa3HayeH Ans  (acoHHbIX  OTAMBOK,  ANUTENbHO
paboTatowwmx npu Temnepatype Ao 4000C. Ero npuMeHsItoT Takxe ans
CO3[aHusl CMIOXHBIX JINCTO CBapPHbIX KOHCTPYKUMA C MOBbILLIEHHON
HaZleXXHOCTb0 B 3KcnnyaTaumu. OTAMBKM M3 a-cnnasa BTS5J1, kak
npaBwio, MOABEPraldT MOJHOMY WM  HEMOSIHOMY OTXWUry Ans
CTabunmsaumMm CTPYKTYpbl M CHATUSI OCTQTOYHbIX  HamnpshKeHWH.
N3penusa u3 TMTaHa nokasaHbl Ha puc. 100 — 103.

MepByi0 XyAOXXECTBEHHYIO OTAMBKY W3 TUTaHa M3roToBMIM B
1961r. nog pykosoactBoM npodeccopa O.H. MarHuukoro. 370 6bin
CYBEHWPHbIA BapuaHT KonuMu MegHoro BcagHWka. BockoBble Mozenu
coenanM Ha  3aBoge  "MoHyMeHTCKynbnTypa". B kauecTtBe
OTHEYnopHOro  MaTtepuana  Kepamumyecknmx  ¢dopM  Bbibpanu
3/1EKTPOKOPYHA, KOTOPbIVi B MUHUMAsIbHOM CTEMNEHU B3aMMOAENCTBYET
C TUTAHOM M 0BeCcneYnBaEeT XOopoLlee KauyeCcTBO SINTOW MOBEPXHOCTM.
[JanbHelwee OCBOEHWE MPOMBbILLSIEHHOrO MNPOM3BOACTBA TMTAHOBbLIX
CMNaBOB MOKa3ano, YTo OHWM MOTyT C YCrexoM aHoampoBaTbes. LiBeT u
WHTEHCUBHOCTb nosly4yaeMbix MOKPbITUIA onpeaensTcs
MOJSIOXXMTESIbHOCTLIO TpaBneHNs. Bbicokne aekopaTMBHbIE CBOMCTBA U
KOPPO3WOHHAs CTOMKOCTb MO3BOMNAM UCMONb30BaTb TUTAH B KayecTBe
MaTepuana ans naMsaTHUKOB, MOHYMEHTOB, 06ennCKOB.
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MepBoii B MWPOBOM MpaKTUKE MOHYMEHTaSlbHOW  NIUTOM
CKYNbMTYpOM W3 TUTaHa sBNsieTCs namsTHUK tOpuito larapuHy Ha
naowaam ero nmeHn B Mockee, puc. 102. durypa MarapuHa BbICOTOM
14m un3rotoBneHa mn3 239 610koB. Pasmepbl nnUTbix 6710KOB BbIGpaHBI
UCXoas UX TEXHOOMMYECKMX BO3MOXHOCTENW BaKyyMHOrO JIMTEMHOrO
obopynoBaHusi. dOpMbl  M3roTaBnvMBanM M3 rpaduToBOM CMecu
METoAoOM  KyckoBoh  copmoBku. [MnaBka npousBoauniace B
rapHUCaXKHbIX Meyvax ¢ Tmrnamu BmectuMmocTbio 400 kr. OTaenbHble
6710kM coeamHann Mexay coboin 6onTamMu, M3roTOBNEHHBIMU TaKXXe U3
TMTaHOBOro cnjasa. PykoBoaMA BbIMNOSIHEHWMEM BCEro KoMmmekca
CNOXHBIX TEXHONIOMMYECKMX npoLieccoB npodeccop IM.J1. XoaopoBCKUi.

BM® pewmn BepHYTb B CTPOM YHWKas/bHble TUTAHOBbLIE
noanoakn. [naskomat BMO® Poccvn npuHSN pelleHne npoBecTr
PEMOHT N MOAEPHU3AUMIO aTOMHbIX MOABOAHbIX NTOAOK MPoekToB 945
«bappakyaa» n 945A «KoHgop». 2Tu kopabnu ctpounuce B 1980-
1990-x rogax w3 TuTaHa, obnagatowiero 6onblueit NPOYHOCTHIO MO
CPABHEHMIO C TPAAMLMOHHOW cTanblo, puc. 103. Kopabnu npoekTa 945
ctpounuce B CCCP B 1979-1986 romax. Ceityac B coctaBe ¢soTa
YyeTblpe TUTAHOBbIE aTOMHble NOABOAHbLIE NIOAKW (€CnM He cuuTaTb
MWUHU-NOAOK AN FNy6OKOBOAHBLIX MCCNEAOBaHMIN): ABe npoekTa 945
«bappakyga» — K-239 «Kapn» un K-276 «Koctpoma» u aBe TUTaHOBbIE
NOAKM  MOAEPHU3NpOBaHHOro npoekta 945A «KoHgop» — K-336
«MckoB» wu K-534 «HwxHuint Hosropoa». [naBHas MuLlLeHb
«bappakyg» n «KoHOopoB» — aBMaHOCLbl M NoABOAHbIE noaku. s
UX YHUUTOXEHUS UCNONb3YIOTCA TOpMeabl, KOTOpble BbICTPEIMBaoT U3
ABYX 650-MMNNMMEeTpoBLIX TOpNEeAHbIX annapatoB M 4YeTblpex 533-
MUAMMETPOBbIX. B oTnnMumMe o1 «bappakyn», «KoHOopbl» MOryt
CTpensaTb SAepHbIMU Kpbl1aTbiMK pakeTaMu «paHaT» M MorpyxaTtbCs
Ha 50M rnybxe — pgo 600M. OT BO3AYyLWHbLIX aTak f0AKW MOryT
OTCTPEeNMBaTbCS 3€HWUTHbIMM pakeTamum «Wrna». HecmoTps Ha
BO3pacT, KOpryca TUTaHOBbIX JIOAOK «B OT/IMYHOM COCTOSHUM».
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Puc. 103. TuTaHoBble KOpnyca MOABOAHLIX NOAOK npoekTos 945
«bappakyaa» u  945A  «KoHamop»  http://army-news.ru/2013/04/rossiya-
moderniziruet-titanovye-podlodki/; http://masterok.livejournal. Com /756399.html

YKpaleHns u3 TWUTaHa BbINOSHAKTCA CaMbIX Pa3HOObpa3HbIX
MOCKMX M 06BEMHbBIX (DOPM U pasfIMUYHbIX OKPACOK: XXENTOM, KpacHoOW,
rony6oi, 3eneHoi, po30BOM, ManMHOBOM, OpPaHXEBOW, KOPWUYHEBOM,
CMHeH n ap. LBETHble XyOOXECTBEHHbIE W OBE/IMPHbIE W3AENNS,
MpUYeM HEpPeaKo C  M306paXKeHWEM  pasfNYHbLIX  Men3axen,
MUONOrMYECKMUX CIOXKETOB, XXMBOMUCHBLIX M306paXKeHW, nosydatoT
METOAAMU TEPMUYUECKOW OKCMAALMM W MNaMEHHOro OKpallMBaHWS.
Mpy HarpeBe TUTAHOBLIX M3Aenuin Ao TemnepaTypbl 620°C Ha HUX
nosiBNSETC okcuaHas nneHka TiO wu TiO2 3010TUCTOrO LBETa,
KOTOpasl C YBE/IMYEHMEM BbILEPXKKM M TeMMepaTypbl npuobpetaeT
pasfiMyHble LBETa pagyrM BrIOTb A0 YronbHO-ceporo. [nameHHoe
OKpalUMBaHWE OCYLLECTBASIOT C MOMOLLbLIO ra30BOM ropenku, KoTopas
BbINOHSAET POJib KUCTU XYAOXHUKA.

tOBennpHble N XyaoXXeCTBEHHbIE M3AENNS U3 TUTaHa, Takne Kak
cepbru, 6powu, KynoHbl W Apyrue yKpaweHus U NOAESNKH,
M3roTaB/IMBAOTCSA B COYETAHMM C 30M10TOM, BpunnnaHtamm, cepebpom,
[IEPEBOM, CJIOHOBOM KOCTblO, OWpIO30A U KeMmMuyroMm. HoBU3Ha
AM3aliHEPCKOro pelueHusi, HeaeMUMTHOCTbL MaTepuana, BO3MOXHOCTb
MCMONb30BaHUS  Pas3fiMUHbIX TEXHOSIOrMYECKNX MPUEMOB AenatoT
n3genust U3 TUTaHa npuBnekaTenbHbIMKA U AOCTYNHbIMK, puc. 104.
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6mm
\ b

Puc. 104. FOBenupHbIe yKkpalleHus U3 TUTaHa
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