MHMHHUCTEPCTBO OBPA3OBAHMS U1 HAYKU POCCHUIICKOM ®EJIEPALINN
PSIBAHCKHU T'OCYJAPCTBEHHBIN PAJUOTEXHUYECKUN YHUBEPCUTET

T.A.XOJIOMHNHA, M.B.3YBKOB

CBOVCTBA U IPUMEHEHUE
METAJIJIOB U CIIVIABOB

|, ! *
sbmenmur,

| Imﬂ I Hmenmura I
| l { | e | faep) |
*
I | l gl ﬁjr I ay lg ¥
A i L6 2 l 1 ney
A a 8 e 04 ¢ ] g ¢

Pazaun 2014




MunuctepcTBo 00pa3oBanus u Hayku Poccuiickoit denepannu

Ps3aHcKni rocy1apCTBEHHBIN PAIMOTEXHUYECKUN YHUBEPCUTET

T.A.XOJIOMMNHA, M.B.3YBKOB

CBOHUCTBA U IPUMEHEHUE
METAJIJIOB U CIIVIABOB

VYuebHoe mocooue

Psazaun 2014



YK 621.38+615.83

CpoiicTBa M TpPUMEHEHUE METAJIOB M CIUIaBOB: yueO. mocobue/ T.A.

XonomuHa, M.B.3yOkoB; Psi3aH. roc. paiuoTexH. YHUBEpCHUTET. - Ps3aHb,
2014. - 84 c.

B kpatkoii u goctymHOW dopme wu3araercs Y4deOHBIM Marepual,
MPEAYyCMOTPEHHBIA  JACHCTBYIOIIMMU  0Opa3oBaTeIbHBIMH  CTaHJapTaMHu.
ComepxaTcsi ~ KpaTKM€  TEOPETHUYECKHE  CBEICHUSA,  METOJUYECKHUE
pEKOMEHJAIMKA, a TaKXe 3a/lauyd [0 KaKIoOMy paszaeny. PaccMoTpeHsl
OCOOCHHOCTH OCHOBHBIX THUIIOB JMarpaMM coOCTOsiHUSL ciuiaBoB. Ocoboe
BHHMAHHWE YJEJIEHO aHaJu3y JUarpamMMbl COCTOSIHHSI CUCTEMBI IKEJIE30 -
YIIEpO/, a TAKXKe BIMSHUIO TEPMUUECKON 1 XUMUKO-TEPMUYECKON 00pabOTKU
Ha cBoMcTBa craneid. IlpoaHanu3upoBaHbl CBOMCTBa, KiaccUpUKAIUS U
MapKHUPOBKA CTaJIEH U YyT'YHOB, a TAKKE HX IPUMEHEHUE B TEXHUKE.

[IpennazHayeHo 11 CTYJEHTOB, OOY4YaIOMIMXCA [0  HAIpaBJICHHUSAM
080200.62, 210400.62 3aounoii u ouHOW QopM o0OydeHHS, a TaKKe
nampasiaeHusm 140400.62, 210601.65, 210100.62, 201000.62, 201000.62,
200100.62 mHEeBHOTO OTAENECHUS MPU MPOBEACHUU MPAKTUUECKUX 3aHATHH U
JUISL CAMOCTOSITEIBbHON PabOTHI.

Un. 8. bubnuorp.: 8 Ha3B.

Mema]l./lbl, cnjaesl, duaepaMMa cocmosHrus  cnjasd, MApKUpoeka,
dJleKmpudecKue C@OﬁCWlGd, npakmudeckoe npumerneHue

[leyaTaeTcss 1O  pelIEHHIO  PEAAKUMOHHO-M3JATENIbCKOTO  COBETa
PsizaHCKOTO TOCYJIapCTBEHHOTO PAAMOTEXHHUUYECKOTO YHUBEPCUTETA.

PeuiensenT: kadeapa TEOPETHUECKMX OCHOB DJJEKTPOTEXHUKH  (3aB.
kadenpoit 1-p TexH. Hayk, npod. O.H.KproTueHko)

© Ps3aHCKkMil roCyaapCTBEHHBIN

paauoTexHuuyeckui yausepcuret, 2014



3
NPEJINCJTIOBHUE

CoBepIrieHCTBOBaHUE yYE€OHOTO TIpoIlecca TMOJATOTOBKH HH)KCHEPHBIX
KaJIpOB JIOJDKHO COIPOBOXKAATBCS  IOBBIIIEHUEM POJIM CaMOCTOSITEILHON
paboThl CTyIEeHTOB B Tmporecce oO0ydeHus. Kak moka3piBaeT OIBIT
MpenojaBaHusl, YCIEIIHOE BBIMOJHEHUE CTYACHTAMH TOCTaBJICHHBIX TEpe
HUMH Y4YeOHBIX IIeJIel JOCTHTaeTCs B cliydae, e€Cid MPU ayJUTOPHOM HIIH
CaMOCTOATEIILHOM  HM3YYCHHH TEOPETHYECKOTO0  Marepuaiga  CTYISHTHI
OJIHOBPEMEHHO OCBAaWMBAIOT CEPUI0 KOHTPOJBHBIX BOMPOCOB U  3ajad,
KaCaroMXxcs MaTeprajga KOHKPETHON TEMBI.

OcHoBHas 1edab TaKuX 3ajJad 3aKJIo4yaeTcs B TOM, YTOOBI claenaTh
CaMOCTOSITeJIbHOE H3y4YeHHEe y4deOHON uH(popmaiuu 0ojiee KOHKPETHBIM M
IIeJICHATIPABICHHBIM, OPHUEHTHUPOBATh HA YCBOCHHUE BAKHEUITNX TOJIOKCHHMA
M3y4yaeMOM TEeMbl, YTO B PsAC CIy4acB TPYAHO BBIIOJHHUTh CTYJICHTY
CaMOCTOSITeJIbHO, OCOOCHHO TIpuU OOJbIIOM O0OBbeMe TEOPETUYECKOTrO
MaTtepuana.

ABTOpHI TIOJIArar0T, YTO PEIICHHWE 3aJay IapajuleIbHO C HU3YYCHHUEM
TEOPETHYECKOT0  MaTepuaja JOJHKHO  COJEHCTBOBATH  MPUOOPETECHUIO
TpeOyeMbIX 3HAHHMK IIPU ONTHUMAJILHOM PAacXOJie BPEMEHHU CTYJEHTA 3a CUeT
YIYUIIEHUs] OPTaHHM3allik CaMOCTOSTEIBbHOM paboThl. HekoTopwie 3amaum
CHA0KEHBl METOJIMYCCKUMH YKa3aHUSIMHU K PEIICHUIO.

[lens HacTOsIIET0 y4eOHOTO MOCOOUS - (OpMUPOBAHUE Yy OOYUAIOIIUXCS
CUCTEMATHYCCKUX 3HAHUH O CBOWCTBAX M OCOOCHHOCTSX TPUMCHCHUS
MaTepHaioB, UCIOJIb3YEMBIX B MMPUOOPOCTPOCHUH, MEIUIIMHE U JICKTPOHHOM
TEXHUKE, MOJTOTOBKA CTYJEHTAa K PEIICHUIO THUIOBBIX 3aj/lay, CBSI3aHHBIX C
MIPOCKTHOM, HaYYHO-HCCIICIOBATEIHCKON u TIPOM3BOJICTBEHHO-
TEXHOJIOTHYCCKON AESITeILHOCTHIO.

[Ipn cocraBieHUU 3amad, a TaKXKe IOCIASAOBATCILHOCTH  H3JIOKEHUS
Martepuajia B HACTOAIIEM Yy4eOHOM mocoOuu aBTOPbl  YUUTHIBAIH
HEOOXOJAMMOCTh TIO3TAMHOTO (OPMHUPOBAHUS Yy CTYJICHTOB HABBIKOB W

KOMHCTCHHI/IfI, MpeAyCMOTPCHHBIX I'OCYJapCTBCHHBIMU CTaHAapTaMU.
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VY4eOHoe mocoOue NOCBSIIEHO U3YYSHHIO MPAKTUYECKOTO HUCTIONIb30BAHMS
MaTepuajoB B MPUOOPOCTPOCHUU U  DJIIEKTPOHHOM TEXHHKE, KOTOpOe
ONpEJENSIETCS WX CBOMCTBAMH, 3aBUCAIIMMHU OT COCTaBa, CTPYKTYpbl U
BO3JICHCTBHSI BHEITHUX (DAKTOPOB.
YyebHoe mocoOMe pEeKOMEHAYeTCs IJisi TMPOBEICHUS AayJUTOPHBIX

MMPAKTHYCCKHUX 3aHATUN U CaMOCTOSITEIIbHON pa6OTI>I CTYACHTOB.

1. KOHCTPYKIIMOHHBIE METAJIJIBI U CIIJIABbI
1.1. ilmarpamMmbl COCTOSIHUSI CIJIABOB

MeTamasl U CIUTaBBl OTHOCATCS K HanOoJiee IHUPOKO MPUMEHSIEMBIM B
TEXHUKE MaTrepuaiam. JluarpaMMmbl COCTOSIHUS CIIJIAaBOB ITOKa3bIBAIOT
¢a30BpIli cocTaB CIIaBa JAHHBIX KOMIIOHEHTOB IHIpuU  JI000H
KOHIIEHTpAIlMU U TpU 000N Temmeparype. Juarpammbl cTposiT mpu
MEIJIIEHHOM  OXJIAXKJEHHUH, TOITOMY CTPYKTYpbl Ha JuarpaMme
COOTBETCTBYIOT pPaBHOBECHOMY cOCTOsiHMIO. Kputuueckue TOYKHU
CIIJIaBOB - ATO TeMIepaTypsl (a30BbIX MPEBPAIICHUI.

B 3aBucHMOCTH OT XapakTepa CTPOEHHs JABYXKOMIIOHEHTHBIX CILJIaBOB (B
KHUJKOM COCTOSSHUM 00a KOMIIOHEHTa HEOTPAaHUYEHHO PacCTBOPSIOTCA JPYT B
apyre, 00pa3ys OJHOPOJHBIN KUIAKUWA PACTBOP) pa3IUYarOT CIEIYIOIINe
OCHOBHBIE TUIIBI JJarpaMM COCTOSIHUSL:

1) npu 0Opa3oBaHUN KOMIIOHCHTAMH MEXaHUYECKON CMECH;

2) TpH HEOTPAHUYCHHOW PACTBOPUMOCTH KOMIIOHEHTOB B TBEPIOM
COCTOSIHHH,

3) mpu OrpaHMYCHHOH PaCTBOPUMOCTH KOMIIOHCGHTOB B TBEPJOM
COCTOSTHUH;

4) npu 00pa3oBaHUKM KOMIIOHEHTAMHA XUMUYECKOTO COCTMHEHHUSI.

JluarpaMMbl COCTOSIHMS pEajbHBIX CIUIAaBOB MOTYT COJEpKaTb
AJIEMEHTHI JUATrPAMM COCTOSIHUS pa3HbIX TUIOB [1-5].

O0pazoBaHue CIIAaBOB HPOUCXOAUT u3 KOMIIOHEHTOB,

KPpHUCTANIM3YIOIUXCA B TBEPAOM COCTOSAHHH B MEXAaHUYECCKYI0 CME€Ch, KOria
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3JIEMEHTHI  00JIaZal0T OrPaHUYCHHON pacTBOPUMOCTBIO, a TakXke W3
KOMIIOHEHTOB, HE YYacTBYIOUIMX B OOpa30BaHWHU CIUIaBa - XHUMHUYECKOTO
COCUHEHMs. MexXaHM4eCKHe CMEeCH, TaKuM oOpa3oM, MOTYT COCTOSITh U3
KPUCTAJUIOB YHCTBIX KOMIIOHEHTOB, TBEPJBIX PACTBOPOB M XHMHYECKHUX
coequHeHui. Ilpu oOpa3zoBaHMM MEXAHUYECKOM CMECH KpUCTaNIMYECKHUE
pELIETKH OTAEIbHBIX (a3 HE MEHSFOTCS.

[Ipu n3yyeHun apuarpamMm COCTOSIHUS CIIJIaBOB, KOMITOHEHTBI
KOTOPBIX B TBEPJAOM COCTOSHUM HE pACTBOPSIOTCS Apyr B Jpyre
(HampuMep, CBUHEU—CYpbMa, OJIOBO—IIMHK),  HEOOXOJIMMO 4YETKO
NPEACTaBIATh, YTO TaKOE IBTEKTHKA. DBTEKTUYECKUN CIJIaB
oOpasyeTcst B pe3yjibTaTe TOrO, YTO KOMIIOHEHTHl JpPYr B Jpyre He
pacTBOPAIOTCS, U MPEACTABISIET COOONW OYEHb TOHKYI0 MEXaHUYECKYIO
cMech ABYX (¢a3. Tak kak 00e (a3pl KPUCTALIU3YIOTCS OJHOBPEMEHHO
Opu OAHOW U TOHM XK€ TeMmIlepaType, TO OTAEJbHbIE KPUCTAJIbI 00€Ux
¢a3 He ycmeBalT BBIPACTU [0 3HAYMUTEIBHBIX pa3MepoB M 00pa3yroT
HACTOJIBKO MEJKYI0 MEXaHMYECKYK CMECh, UTO NPAKTUYECKH UX HEIb3S
paznenuTth. [loaToMy 3BTEeKTHKA 0ONanaer cneuu(pUUeCKUMH, TOJIbKO el
NPUCYLIIUMHU CBOWCTBAMHU, KOTOpPbIE PE3KO OTJIUYAIOTCS OT CBOWCTB
BXOJSIIIMX B Hee KOMIOHEHTOB. HeoOxonumo oOpaTuTh BHUMaHHUE Ha
TO, UTO TeMIleparTypa OKOHYATEJIbHOTO 3aTBEpJIEBaHUS CIJIABOB,
o0pa3ylnux 3BTEKTHKY, OT COCTaBa cIjlaBa HE 3aBUCUT, M Ha
nuarpaMme oOpa3oBaHUE IBTEKTUKU XapaKTEPU3yeTCSd FOPU30HTAIBHOM
JVHUEN, NpU OBTOM COCTaB >KHUJKOrO CIJjlaBa NpU TeMmIeparype
OKOHYATEJbHOIO 3aTBEPAECBAaHUS BCETrAa OJMHAKOBBIM, 3HAUYUT, U COCTAB
HBTEKTUKHU BO BCEX CILIABaxX OJMH U TOT K€, KOJIUUYECTBO kK€ DBTEKTUKHU
B pa3HbIX cIuiaBax pa3Hoe. CriaBbl, COCTaB KOTOPBIX COOTBETCTBYET
MHHHUMAJIBbHON TeMIIEpaType KpUCTAJUIN3aLUN (mmaBieHus),
Ha3bIBAIOTCS IBTEKTHUYECKUMU. CriaBbl, COCTAaB KOTOPBIX COOTBETCTBYET

KOHIOCHTpAUAM KOMIIOHCHTOB a0 OBTCKTHYCCKOI'O n IIOCJIC
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IBTEKTUYECKOTO COCTOSIHHS, HAa3bIBAIOTCS COOTBETCTBEHHO J0- W
3a’BTeKTHYCCKUMHU. [1-3].

CmiaBel — TBepAble pacTBOPbl  MOTYT o00Jajnath Kak
OTPaHUYEHHOM, TAK U HEOTPAHUUYECHHON PaCTBOPUMOCTHIO KOMIIOHEHTOB.
CyuiecTBYIOT CIJIaBbl — TBEPJbIE PACTBOPHI, CO3JaBacMble 3aMellleHUEM
KOMIIOHEHTOB WJM BHEJAPEHUEM OJHOTO U3 KOMIIOHEHTOB B
KPHUCTAJIMYECKYI0 penieTKy apyroro [1-3].

OcoOeHHOCTH AuarpaMM COCTOSIHMS CIIJIAaBOB C HEOIPAaHUYEHHOU
U OTPpAaHWYEHHOW  PACTBOPUMOCTHIO  KOMIIOHEHTOB  MOJPOOHO
paccMoTpeHsl B [1,2].

TBepabpie pacTBOPBI — 3TO CJIOKHBIE, HO OJHOPOJHbIE BEIIECTBA,
MOSTOMY TMOJ MHKPOCKOTOM TBEpPABIE PACTBOPHI, MOJO0OHO YHUCTOMY
MeTajly, NPeAcTaBlsIIOT cO00M OJHOPOJHBIE KPUCTAIMYECKHE 3€pHA.
B cnnaBax, oOpa3yrouux TBEpAble PacTBOPHI, B OTIWYMUE OT CIJIABOB C
IBTEKTUKOM, TEMMEpPAaTyphl U Hadala, ¥ KOHIIa 3aTBEpJICBAHUS 3aBUCST
OT COCTaBa, M BCE CIUIaBbl 3aTBEPJIEBAIOT B OINPEACICHHOM HMHTEpBaje
TeMIeparyp. Ecnu BEIIECTBA obmagarmoT HEOTPaHUUYECHHOU
pacTBOPUMOCTBIO, TO HH B OJIHOM CIUlaBe He OyJeT KpHUCTaJJoB
CBOOOJHBIX KOMIIOHEHTOB, T.€. BCE€ CIUIaBbl JaHHOW CHUCTEMBbI
oAHO(a3HbI U MPEACTABISIIOT COOON OJHOPOIHBIN TBEPAbIA pacTBOP .

[TonaBnsironiee OONBIIMHCTBO CIJABOB 00JIa7al0OT OTPaHUYCHHOU
PacTBOPUMOCTHIO KOMIIOHEHTOB B TBEPJIOM COCTOSIHHH, IPUUEM Mpeaen
pacTBOPUMOCTH  yMEHBINAETCS C  YMEHBIICHHEM  TeMIepaTyphl
(HampuMep, CIJIaBbl CBHHEI—OJIOBO, MeAb—Cepedpo, aItOMUHUNA—
CuAl,). B 3Tux cimydasx 3BTEKTHKA MOSBISETCS TOJHKO B TE€X CIIaBax,
B KOTOPBIX KOHIIEHTpALUsl PaCTBOPUMOTO KOMIIOHEHTa MEHbIIE Npeaeia
pPacTBOPUMOCTH.

B cmnaBax, y KOTOpPBIX KOHIIEHTpAalus pPacTBOPUMOI0 KOMIIOHEHTA
MEHbIIIE npeneira  pacTBOPUMOCTH, nocie OKOHYATEJIbHOTO

3aTBEp/IEBAHUS CTPYKTypa MpeAcTaBisieT cO00i OJHOPOIHBIA TBEPAbIN
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pacTBOp. YK€ B TBEPJAOM COCTOSIHUM B CBSI3U C YMEHBIICHUEM Mpejaelia
PAacCTBOPUMOCTH TPU MOHUKEHUHM TEMIEPaTypbl U3 TBEPJAOTO pacTBOpa
HaYMHAET BBIICIAATHCS BTOpas (¢aza. Hampumep, B ciutaBax CBUHE—
0J10BO, cojaepxamux Mmenee 19,5 % onoBa, B cruiaBax meab—cepeopo,
comepxkamux MeHee 7 % cepeOpa, u B cmiaBax amtoMuHUAE—CUAL,,
cojaepxamux meHee 5,67 % Meau, NpU OXJAXKICHUU HUKE KPUBOU
pacTBOPUMOCTH HadyWHAEeT o0Opa30BBIBATHCA BTOpas (asza, u 1pwH
KOMHATHOM TeMIIepaType CIJIaBhl MOJTYyYaroTCs IBYX(ha3HBIMU.

OTMeTHM, 4YTO MNPOLECCH KPUCTAUIM3ANHUU U3 OJHOTO TBEPIOTO
COCTOSIHMST B JPYroe MNPOUCXOJSIT MO TEM K€ 3aKoHaM, 4YTO M U3
KMJIKOTO, T.€. MYTEM 3apOXKJACHHUA ILEHTPOB KPUCTAIIU3AIHUUA U
MOCHEAYIONETO UX POCTa, MO3TOMY st oOpa3oBaHUS BTOpOil (a3bl
OXJaXJICHUE IOJDKHO OBITh MeJIeHHBIM. CiaeayeT MMETh B BHUAY, YTO
NPOAYKTHl  BTOPUYHOW  KpHUCTANJIM3AlMU  BCEerJa Mejbye, 4YeM
nepBuuyHO. BaxHO MOMHUTH, YTO Yy CIJIaBOB, Y KOTOPBIX €CTh
NpeBpallleHUus B TBEPAOM COCTOSHHH, MOXHO MEHSTh CTPYKTYpy, a
3HA4YUT, W CBOMCTBAa MYTEM HarpeBa M OXJXICHUS C pa3IUUYHOU
CKOPOCTHIO, T.€. IyTEM TePMUUYECKOU 00pabOTKH.

JluarpaMMbl  COCTOSIHUSI ~ CIIJIaBOB, OOpasymIIUX  YCTOWUYHMBOE
XMMHYeCKOe coeIlUHeHHe (MarHUMM—KalbIUi, IMHK—MAaraui), MOXHO
paccMaTpUBaTh KaK COCTOSIINE U3 IBYX CAMOCTOSITEIILHBIX AUArpaMM, y
KOTOPBIX BTOPBIM KOMIIOHEHTOM SIBJISETCSA XHUMHUYECKOE COCJIUHEHHUE
[1-4].

DneMeHTHl CIUIaBOB, O0pa3yolne XUMHUYECKUE COCAMHEHUS, OOBIYHO
PE3KO OTJIMYAIOTCS MO pa3MepaM aTOMOB, CTPOCHUIO JIEKTPOHHBIX 000JI0UEK
U TapamMerpaM KpHUCTAUIMYeCKHX pemeTok. K 00pa3oBaHUI0 XUMHYECKHUX
COEIMHEHUN CKJIOHHBI 3JIEMEHTBI, JAJIEKO PACIIOJIOKEHHBIE APYTr OT Apyra B
nepuoandeckoi tadnuie /.M. Menneneesa.

B  oramume OT OOBIYHBIX  XMMHYECKMX  COCAMHECHHMH  MHOIHE

MCTAJINIMYCCKHUE COCAMHCHHA HMCHOT HepCMCHHBIﬁ CoCTasn, KOTOpBIﬁ MOXKET
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U3MEHATHCSA B IMUPOKUX mpenenax. [lomydeHue XUMHUYECKOTO COEIUHECHHUS
AnB, c 06pa3oBaHreM OJHOPOJHOTO KPUCTAIUTUYECKOTO BEIIECTBA BOZMOKHO
TOJIBKO TPU  CTPOTO  OMNPEAENICHHBIX COOTHOIICHMSIX KOHIEHTpAIHii
KOMIOHEHTOB. Ilpu »TOM o0OpasyeTcss KpHUCTauIMYecKas pelieTka, He
MoXoXkasi Ha PpEIIETKU CIUIABISIEMbIX KOMIIOHEHTOB. I[IpumepoM MoxkeT
cnyxuth cmias Cu-Mg npu conepxanuu 17 % Mg. CpoiictBa craBa —
XUMHYECKOTO COCIMHEHHUS PE3KO OTIUYAIOTCS OT CBOMCTB 3JEMEHTOB,
00pa3yroIux €ro.

CriaBel — XMMHWYECKHE COCIMHCHHSI HE BCET/Ia BCTPEYAIOTCS B YHCTOM
Buje. Hampumep, mpu u30BITKE pPacTBOPHUMOTO KOMIIOHEHTa BO3MOYKHO
oOpa3oBaHHE€ XHUMHUYECKOTO COCIMHEHHS B KOMOWUHAIIMM C TBEPABIM
PacTBOPOM.

duznveckre, MeXaHUYECKHMEe M TEXHOJOTMYeCKHe CBOMCTBa CIIaBa
3aBUCST OT €Tr0 CTPYKTYpPhl. 3aBUCHUMOCTb MEXJY THUIIOM JHarpamMbl
COCTOsIHMA cIulaBa M ero cBoiicrtBamu yctaHoBuinn H.C.KypHakoB wu
A.A.bouBap. JluarpamMmbl COCTaB—CBOWCTBA ISl CIJAaBOB Pa3HbIX

THIIOB TIpUBecHBI B [1-4].

3agaum

1.1.1. KakoBbl OCHOBHbIE OOJACTH MPUMEHEHHS METAJIOB U CIUIABOB B
pruOOPOCTPOCHUM?

OtBer: 1) u3oysnus KOMIOHEHTOB; 2) CO3JaHUE JJICKTPOHHO-IBIPOYHBIX
Mepexo/ioB; 3) U3rOTOBJICHHUE JeTajield, KOHCTPYKIUM, MaIlliH; KOMMYTaIus,
KOHTaKTHPOBaHUE, CO3JaHUE PE3UCTUBHBIX 3JIEMEHTOB.

1.1.2. KakoBbl OCHOBHBIE OTJIMYUS MPOBOJHUKOBBIX MaTEPUAIOB OT
HEMPOBOJHUKOBBIX?

OrtBet: 1) HanmUuMe IEKTPONPOBOAHOCTH MPHU TEMIEPAType aOCOTOTHOTO
HYJIS U YBEJIMYECHHUE YAEIBHOIO COIPOTUBIIEHUS C POCTOM TEMIIEPATYpHI;

2) HU3KME IUIOTHOCTh M TEeMIlepaTypa IUIaBJIEHUs; 3) BO3MOXHOCTb

IPUMCHCHUA B KQ4YCCTBE U30JIATOpPA.
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1.1.3. Ilpu yBenMWuYe€HWM YaCTOTHI BHENIHETO D3JIEKTPUUYECKOTO TOJS Kak
WU3MEHSIOTCS CBOWCTBA MaTEpUAJIOB ?

OtBer: 1) He WU3MCHSIOTCS;, 2) M3MCHSAIOTCA B CTOPOHY YCHJICHUS
OPOBOASIIMX  CBOMCTB, 3) HW3MEHAIOTCA B  CTOPOHY  YCWICHUS
JUAJIEKTPUUECKUX CBOMCTB.

1.1.4. Kakas cTpykTypa HauOojiee XapakTepHa sl METaUIOB M CTLUIaBOB?

OtBet: 1) cTekiooOpa3sHas; 2) CTCKIOKPUCTAINICCKAs,

3) nonuKpUcTAUINYECKast; 4) MOHOKPHCTAITUYECKAS.

1.1.5. Kakoil TUIT XUMHUYECKOM CBSI3U XAPAKTEPEH JJIsI METAILIOB?

OtBeT: 1) KOBayicHTHAs; 2) METaUTHYeCKas; 3) HOHHASI.

1.1.6. Kakue TuUNBI NOPOCTPAHCTBEHHBIX KPUCTAJUIMYECKUX PELIETOK
HanOoJIee XapaKTEPHBI JI1 METAJIOB U CILJIABOB?

OtBert: 1) TpuroHasIbHas, TETPAroHAIbHAS, POMOMYECKAS;

2) 0OBEMHOIICHTPUPOBaHHAs KyOndeckasi, FpaHeIICHTPUPOBAaHHAs KyOndeckas u
reKcaroHajabHast MJIOTHOYIAKOBaHHAS; 3) rpaHeleHTPUPOBAHHAS
TeTparoHaibHas, TPUKIMHHAS U MOHOKJIMHHAS.

1.1.7. Yem 00yci0BIEH TOPU30HTANIBHBIA YUaCTOK Ha KPUBBIX OXJIAXKACHUS
METAJIJIOB U CIIJIABOB?

OtBer: 1) HepaBHOMEPHBIM HU3MEHCHHEM TEMIICPATYphl; 2) BbINAJICHUEM
ocajJika B XMMHUYECKOM peakiuu; 3) paBEHCTBOM TEIUIOTHI, OTBOJAMMON B
OKPY>KaIOIyIO cpeny, BBIICISIONIEHCS npu CKPBITOU TEILIOTE
KPUCTAJUTA3AIUH.

1.1.8. Yto Takoe KpUTUYECKAsi TOUKA HAa KPHUBBIX OXJAXKACHHUS WU
HarpeBaHHsi METAJIOB U CILIABOB?

OtBer: 1) MuHHUMaNbHas TOYKa KpUBOH; 2)  TeMIeparypa,
COOTBETCTBYIOIIAsT KaKMM-TH00 (Pa30BBIM MpEBpaICHUIM; 3) TeMIleparypa,
MaKCHUMAJIbHO JOMyCTUMAs JIJIsl JAHHOT'O MaTepHaa.

1.1.9. Kaxoit ¢Qusnueckuii mporecc SABISETCS OCHOBOM Ipolecca

MOJIy4EeHUS CIuIaBa?
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OtBet: 1) npoOsicHWEe W ClIeKaHWE KOMIIOHCHTOB; 2) HM3MEIIbUYCHUE W
pactBopeHue; 3) B3auMHasi AU Py3usi KOMIIOHEHTOB MOCIIE PACILIABICHUS.

1.1.10. Ha xakue rpynimsl CIijiaBbl MOAPA3AETSIOTCS IO COCTaBY?

OtBer: 1) MexaHWUYecKas CMeECh, TBEPJIBIA pPacTBOP, XHUMHYECKOE
COEJIMHEHNE KOMIIOHEHTOB; 2) OJIHOPOJHBIE U HEOJHOPOAHBIC; 3) TPOCThIE U
CJIOKHBIE.

1.1.11. Ilo xakuM mnpu3HAKaM JIETUPOBAHHBIA METAJI OTJIMYAETCA OT
cruiaBa’?

OtBer: 1) nerupoBaHHBI MeTauT oOO0NagacT 0ojyee  BBICOKMMU
TBEPAOCTbIO W YIAApHOW MPOYHOCTHIO; 2) B JIETMPOBAHHOM METAaJlIe
COXPAHAETCS MCXOJAHBIN TUIN KPUCTAJUIMYECKON pelieTky; 3) JIerupOoBaHHBIN
MeTaul oOnamaer Oojnee BBICOKMMHU — IUIACTHYHOCTBIO M TEMIIEpaTypoil
TJIABJICHUS.

1.1.12.MHuorue »5JI€eMEHTBHl TPHU Pa3IUYHBIX TEeMIlepaTypax HMEIOT
pa3InyHOE KpUcTaUInyeckoe cTpoeHue. Kak Ha3bIBaIOT 3TO sABIEHUE?

Orteert: 1) nomutunus; 2) nonumopdusm; 3) nusoMoppusm.

1.1.13. UYto mnpoucXOIMT NpU NEPEeKPUCTAIUIU3ALNU METaII0B B
TBEPIAOM COCTOSHUU?

OtBet: 1) oOpa3oBaHue IEHTPOB HOBBIX KPHUCTAJJIOB; 2) POCT HOBBIX
KpPUCTAJUIOB 32 CUET paHee CYyIIECTBOBABIIMX; 3) oOpa3oBaHME HOBOM
KPUCTAJUINYECKOU CTPYKTYPHI.

1.1.14. Kakoii cucTeMoOil ¢ TOYKU 3peHHUs KOoJudecTBa (a3 sBIseTCA
MOJIMKPUCTAIUIMYECKOE KEIE307

Otsert: 1) ognodasHnoii; 2) MmHOTO(A3HOIA.

1.1.15. Kakue ocHOBHbIE (a3pl MOTYyT HMETbCi B cIJaBax?

OrBer: 1) xuakas wu TBepmas as3el; 2) TBepAbIE PacTBO-
pbl M KPUCTAJUIBI MOYTH YMCTBIX KOMIIOHEHTOB; 3) XHMHYE-
CKHE COCAUHECHHUS.

1.1.16. Kaxoii nporiecc Ha3bIBa€TCSI TEPMUUECKUM aHATH30M?
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OtBet: 1) u3ydeHHne CTPOCHHS ¥ XUMHYECKHX CBOWCTB MeTaylla WU
CIUuiaBa; 2) TOCTPOCHHE KPUBBIX OXJAXKICHWs (HAarpeBaHWs) Ha OCHOBE
HKCIIEPUMEHTAJIBHBIX JaHHBIX; 3) W3Y4YCHHE TEeMIIEpAaTypHOU 3aBUCUMOCTH
YAEIBHOIO 3JEKTPUYECKOr0 CONPOTUBIICHHS METAILJIA WM CILIABA.

1.1.17. Yro Takoe quarpaMma COCTOSIHUSI CIiaBa’?

Oteet: 1) rpaduyeckoe n300pa>keHre 3aBUCUMOCTH TIpeiesia MPOYHOCTH
CIUlaBa IMPU PACTSLDKEHHH OT €ro COCTaBa M TEMIIEpaTypbl OKpPYXKarollei
Cpelbl B YCJIOBMSX paBHOBecHs; 2) rpaduueckoe uzodpakeHue (Ha3zoBOro
COCTOSIHUS CIUIaBa M KPUTHYECKUX TOYEK B 3aBUCHUMOCTH OT TEMIIEPATYyPHl U
KOHLIEHTpaluu KOMIIOHEHTOB B YCIOBUSAX paBHOBecUs; 3) TIpaduueckoe
M300pKEHUE arperaTHoro COCTOSHUSI CIJIaBa MU €r0 MEXaHWYECKUX WIIH
AIEKTPUYECKUX CBOWCTB B 3aBHCHUMOCTH OT TEMIIEpaTyphl M KOHIICHTPAINH
KOMITOHEHTOB B YCIIOBUSX PaBHOBECHSI.

1.1.18. Kakue ycioBus Tpu TPOBEIECHUU TEPMHUUYECKOTO aHaIM3a
CUUTAIOTCS PABHOBECHBIMH?

OtBer: 1) Takue, mpH KOTOPBIX MPOLECCHl, MPOTEKAIOIIUE B CUCTEME,
ABJIAIOTCA  OOpaTUMbIMM;, 2) Takue, NpH KOTOPbIX 0OecreunBaeTcs
MUHUMAJIBHO BO3MOXHasi TeMmmeparypa; 3) Takue, TMpU  KOTOPBIX
o0ecrnieunBaeTcs MakCUMalbHasi CKOPOCTh ITPOLIECCOB.

1.1.19. B kakoli cuctemMe KOOpauHAT U300paKal0T AUArpaMMy COCTOSTHUS
cruiaBa’?

OtBet: 1) ckOpoCTh HarpeBaHusl — KOHLEHTPALIMS KOMIIOHEHTOB;

2) TemMneparypa — KOHIIEHTpaLHsl KOMIIOHEHTOB; 3) YIEIbHOE CONMPOTUBIICHHE
CIUTaBa — TeMIIepaTypa.

1.1.20. Yrto Takoe JuHUS JIUKBHUIYCA?

OrBer: 1) rpaHuia 3epHa MOJTUKPUCTAIUINYECKOTO MaTepuaa; 2) JUHUS
Ha JuarpaMMe COCTOSIHHS CTUIaBa, HIKE KOTOPOM CIUTaB  HAXOJUTCS B
TBEPJIOM COCTOSIHMM; 3) JIMHUSA Ha JUarpaMMe COCTOSIHUSI CIUIaBa, BBIIIE
KOTOPOH CIUIaB HAXOJUTCS B )KHJIKOM COCTOSTHUH.

1.1.21. Yro Takoe auHUS conuayca’?
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OtBeT: 1) TUHKS HA TUArpaMMe COCTOSIHUS CIUIaBa, HUXKE KOTOPOH CILIaB
HaxXOJUTCS. B TBEPAOM COCTOSIHUM; 2) JMHUS HA JUarpaMMme COCTOSIHUS
CIUIaBa, BBIIIE KOTOPOMU CIJIaB HAXOJUTCS B KUJIKOM COCTOSIHHH; 3) TpaHHUIIa
paszzaena ¢a3 B HEOTHOPOAHOM MaTepuale.

1.1.22. Kakue cBOMCTBa XapaKTEpHBI IS IBTEKTUYECKOTO crjiaBa?

OtBer: 1) MenkomucrepcHas CTPYKTypa; 2) KpYNHOIUCIEPCHAs
CTpPYKTypa; 3) TeMmIiieparypa IUJIaBJIeHUs, 0o0Jiee HU3Kasg, YeM y HUCXOJHBIX
KOMITOHEHTOB U CIJIABOB 3THUX K€ DJIEMEHTOB JIFOOOTO IPYroro cocTaBa.

1.1.23. Kakue crimaBbl Ha3bIBAIOTCS 3a9BTEKTHUCCKIMU?

OTtBer: 1) cocTaBbl KOTOPBIX PACIOJIOXKEHBI HAa JAHArpaMMe COCTOSIHUS
CIUlaBa cJieBa OT 5BTEKTHUKH; 2) COCTaBbl KOTOPBIX PAaCIOJIOKEHBI Ha
JMarpaMMe COCTOSIHUSI CIUlaBa cIipaBa OT 3BTEKTHUKH; 3) COBHAJAIONIHUE IO
COCTaBy C KOHUEHTpalUHUEW KOMIIOHEHTOB CIUIaBa, COOTBETCTBYIOUIEH
ABTEKTOMIHOMY COCTOSIHUIO.

1.1.24. Yto Takoe TBepAas IBTECKTHUKA?

OtBet: 1) pacraBieHHOE COCTOSTHUE MaTepHalia; 2) MeXaHU4YeCKas CMECh
KPUCTAJIOB  JIBYX WM 0oJjiee TBEpABIX BEIIECTB, OJHOBPEMEHHO
3aKpUCTAJUIM30BABIIMXCS W3 KUJKOTO CIUJIaBa MpH TEMIIEpaType HUKe
TEMIIepaTyphl IUIABJICHUS OTAEIBHBIX KOMIIOHEHTOB WJIM JIOOBIX APYTHX HX
cMecel;

3) cmiaB TUMa «TBEPJbIA PacTBOP 3aMEIICHUS», COCTOSIIUN U3 ABYX HIIH
0oJiee TBEP/IbIX BEUIECTB, OJJHOBPEMEHHO 3aKpUCTAJIU30BABIINXCSA U3
YKUJIKOTO CIJIaBa MPHU TEMIIEpaType BhIIIE TeMrepaTypbl TIJIABJICHUS
OTJICJTLHBIX KOMIIOHEHTOB WJIH JIIOOBIX JPYTHX UX CMECEH.

1.1.27. Yto Takoe »BTEKTOU?

OtBer: 1) cruiaB Tuma «TBEpIbIA PACTBOP 3aMEILICHUS», COCTOAIIUN M3
JBYX WU 0ojiee TBEPJbIX BEIIECTB, OJTHOBPEMEHHO 3aKPUCTALTA30BABIITNXCS
U3 JKUAKOIO CIUIaBa IPU TEMIIEPATYpPE BBILIE TEMIEPATYPhl IUIABICHUSA
OTZIETTLHBIX KOMIIOHEHTOB WMJIM JIIOOBIX JIPYTUX UX CMECEH; 2) MeXaHudecKas

CMCCh KOMIIOHCHTOB CIlJIaBa, COACpKallad 3HAYUTCIbHYIO KOHICHTPAUIO UX
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XUMUYECKOTO COCIWHEHMs; 3) CIUTaB THNA «MEXaHWYeCcKas CMeCh
KOMITOHEHTOB», COCTOSIIIIMNA W3 JBYX WM 0OOJiee TBEPIbIX BEIIECTB,
OJIHOBPEMEHHO 3aKPUCTAITU30BABIIMXCA U3 TBEPAON (a3bl PU TEMIIEpaType
HIOKE TEMIEpaTyphl IUIABJICHUS OTACIBHBIX KOMIIOHEHTOB WJIM JIFOOBIX
JIPYTUX UX CMECEH.

1.1.28. CymiectBy!oT JM  CpeQud CIUIAaBOB C  HEOTpaHUYCHHOU
PacTBOPUMOCTHIO KOMIIOHEHTOB 3BTEKTHYECCKHE?

OtBer: 1) HeT, HU IpPHU KaKUX YCIOBUAX; 2) Nla, TIPHU OIPEACICHHON
TeMIiepatype; 3) a, IpH OnpeaeSIeHHBIX KOHIICHTPAITUIX KOMIIOHEHTOB.

1.1.29. Kakue (ha3sl COIEPKUT CIUIAB C OTPAHUICHHOM PACTBOPUMOCTHIO
KOMITOHEHTOB A 1 B B TBepZIoM COCTOSIHMM (110 AHarpaMMe COCTOSIHHS)?

OTBet: 1) )XUIKUI CTUTaB © XUMHUYECKOE COCTMHEHNE KOMITOHEHTOB,;

2) KUMKW CIUIaB, TBEPJbI PAcTBOp KOMIIOHEHTa A B KOMIOHEHTe B u
TBEpJbIi pacTBOp KOoMIOHeHTa B B kommoHeHTe A; 3) KHUIKHI CIUIaB,
OBTEKTHKY W SBTCKTOW/I.

1.1.30. Kakue da3oBbie COCTOSHUS CIIJIaBa TUIA «MEXaHUYECKasi CMECh
KOMITOHEHTOBY» WJITIOCTPUPYET AHarpaMMa COCTOSTHUS?

OtBert: 1) )xunkuii criaB, TBEPbIE PACTBOPHI KOMITIOHEHTOB;

2) KUJIKUN CIUIaB, CMECh HCXOJHBIX KOMIIOHEHTOB; 3) MKHWJKHUW CIUIaB,
XUMHUYECKOE COCTMHEHNE KOMITOHEHTOB.

1.1.31.B uem cyniHoCTh npoiiecca MOAUDUIIUPOBAHUS?

OtBer: MOAM(UIIMPOBAHUE €CTh HCKYCCTBEHHOE |) HM3MEHEHHE
YCIIOBUH  KpHCTaIW3aluv; 2)  yBEJIWYCHUWE  4YHCIAa  I[CHTPOB
KpUCTAJUNIN3allMd BBEJICHHEM B pacljlaB 3aTpaBoOK; 3) YCKOpEHHUE
npolecca KpucTaTu3alnu.

1.1.32.006bscHUTE 3HAYEHUE BCEX KPUTHUUYECKUX TOUEK W JIMHUU HaA
auarpaMMe COCTOSHUS CIJIaBOB C OTPAaHWUYEHHOW pPacTBOPUMOCTHIO

KOMIIOHEHTOB B TBEPAOM COCTOSAHHUHU.
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1.1.34.1loyemy B KauecTBE€ KOHCTPYKIMOHHBIX MaTepUaJIOB HaM-
Oosibliee MPUMEHEHHE HAIIM CIJaBbl, Yy KOTOPBIX €CTh (pa30oBbIC

MNpeBpaliCHUA B TBCPAOM COCTOSIHUU?

1.2. CnnaB xkeJjie30 - yriaepoju

Yraepon — 3JIEMEHT, COAepKaHUE KOTOPOTO OMpEeaAeisieT CTPYKTYPY
U CBOWCTBA TaK HA3bIBA€MBIX «UEPHBIX» CIIJIAaBOB - CTajieil U YyT'yHOB.
N3BecTHO, 4TO 00BbEM MPOU3BOACTBA TAaKUX CILIaBOB cocTaBigeT 95 %
MHUPOBOTO BBITyCKa MeTauionpoaykmuu [1-5].

JleTanbHblid pa300p AUarpaMMbl COCTOSIHUSL KEJI€30 - YIrJIepoj], TOUHEe
xene3o - neMeHTUT (Fe — FesC) npusenen B [1,2]. Heobxoaumo oOpaTtuTh
BHUMaHUE Ha TO, Y€M XapaKTepHbl BCE KPUTUYECKHE TOYKA U JIMHUU

AuarpaMmbl COCTOSHMHA, HpHBGIIGHHOfI Ha pI/IC.l.l, COOTBCTCTBYIOIIMC HM

TCMIICPATYPHI u KOHLOCHTpPALUA
yrIepoa.
T C A 5
A -
Ny M g kil ,/
1400 N }KH.HKI’II"’I“‘N\ cnnae /
cnnae+ Wi
e e AN A
\ N, |C / MEHTHT [TEPEKY-
1200 N E iy \\/‘ HEIR |
ANCTEHUT I F
1100 / 1
.
1000 =
G / AYCTEHUT+ |
g&g N /AjﬂCTEHHT+ _ | tusmeHTMT+ E Llementur+
AyCTEHUT+ r\ / LOMBHTUT +nepefypuT ig +nepebyput
+HPEPPMT oo \ (ETOPHYHENY i
Deppur \.P \{ S | 727 |§ K
DeppuT+ _EO____. 2 LemeHTr+ Mepnur+uemenmur+] 10| Llementr+
HUBMEHTHT 600 Ed {2 | +nepaut | *neaefypurt | "I'J'IE,EI,BE_?}prT
(TPETHUHI:IH) /Q 08 1 T 714 2 4 43 5 £ GRT 7 %C
DeppuT+ | | | | | | | | | |
+HNEPAMT 0 10 20 3040 o0 oo TO0 g0 90 100 %FGSC

Puc. 1.1. luarpamma cocrosiuus Fe — Fe;C (B ynpoiieHHOM BH/JIE)
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OTmeTuM  HEKOTOpble  OCOOEHHOCTH. B pe3yinprare  BTOPHUYHON
KpUCTaJIM3auuu 1o JuHuM GS npu oXaXIeHUU HAuMHAETCs MpeBpalleHue
aycTeHUTa B (DeppUT BCIEICTBUE AIFIOTPOIIMYECKOTO MPEBPAILCHUS Y-)Kee3a
B o-xene3o. Tak kak B ¢eppure maxcumanbHo pactBopsierca 0,025 %
yriaepoaa (Ttouka P), To B aycTEHUTE KOJMYECTBO YIJEpoAa BCE BpeMs
yBenuuuBaercss u npu temmeparype 1147 °C pocturaer 2,14 %. Kaxnas
Touka JUHUUM GS mOKa3bIBaeT coJep)KaHUE YIJIepoJa B ayCTECHHUTE IpHU
naHHOM TemmepaTtype. Kpurtmdeckue Touku, oOpasyromue nuHuio GS,
OPUHATO 0003HAYaTh U Harpese Ac,, a npu oxyaxacHuu—ATr;z. [lo auaum
ES npu oxnaxaeHMM W3 ayCTEHHTAa HAUYMHAET BBIACNIATHCS BTOPUYHBIN
LEMEHTUT BCIIEJCTBUE YMEHBIIEHUS PACTBOPUMOCTH YIJepoja B ayCTCHUTE
Opu TOHM)XEHUU Temneparypbl. Llementut conepxur 6,67 % yriepoaa,
IIO3TOMY B OCTAIOIIEMCS AyCTEHUTE KOJMYECTBO YIJIEPOJAa YMEHBIIACTCS.
Kaxgas Touka muaun ES moxaspiBaeT coaepkaHue yriiepoja B ayCTCHUTE
IIPYU JAHHOW TEeMIIepaType.

Kputnueckne Touku, oOpasytomme nuHHIO ES, mpunsaTo
o6o3Havyath Acp. [lo guaum PSK mpoucxoauT OKOHYATEIbHBIM pacmaj
ayCTEHUTa Ha MEepJUT BO BCEX CIIaBax cucTeMbl. M3 aycteHurta obpasyercs
MeJKasg MeEXaHWYecKas CMECh — OBTEKTOMJl, TaK Kak B pPaBHOBECHOM
COCTOSIHUM 7Y -)K€JIe30 IpH TeMmiiepaType Hike 727 °C cyliecTBOBaTh HE
MOXKET, a 0 -)KeJIe30 MPAKTUYCCKH yIIIepo]] He pacTBopsieT (Touka P).

[Ipn Temneparype 727 °C BO BceX CIUIaBaXx B ayCTEHHUTE COJEPKUTCA
okosto 0,8 % C (touka S, kyna cxoasrcs muauu GS u ES), 3HauuT, cocras
IepauTa Takke NocTossHeH U couepxut 0,8 % yrmepoma. Kputuueckune
TOUKH, oOpazyronue Juauio PSK mpu HarpeBe obOosnauaror Ac, a mpu
OXJIAKIIEHUU AT

OTMmeTuM, YTO TEMIeparypa, HpU KOTOPOM U3 ayCTEHUTAa HayuHaeT

BeIIIENATECS (heppuT win nemeHTutT (maun GS u ES), 3aBucut ot cocrasa



16
CIUIaBa, a MPEBPALIEHUE AYCTEHUTA B MEPJIMUT IPOUCXOJUT BO BCEX CIUIaBaX
npu OHOU U ToM ke Temmneparype (727 °C).

HeobxoaumMo OTMETUTH, 4YTO B MPOCTHIX YIJIEPOJIUCTHIX CILJIaBax B
PaBHOBECHOM COCTOSIHMM Mpu TeMmreparype Humwxke 727 °C  ayCTeHUT
CYILIECTBOBATh HE MOXKET, OH MPEBPALIACTCS B MEPIUT (IBTEKTOMIHYIO CMECH
depputa W  UEMEHTUTAa BTOPUYHOIO). PaBHOBecHBIE  CTPYKTYpbI
KEJIe30yTIACPOAUCTHIX CIJIAaBOB: ayCTEHUT, (EppUT, MEpiIuT, IEMEHTHT,
nenedyput[1-5].

Cy1iecTBeHHa pa3HUIIA MEXTY IBTEKTUKON M 3BTEKTOMUJIOM: U TO U JIPYToO€
MPEACTABIIAIOT COOOM CIIaB — MEJIKYI0O MEXaHUYECKYI0 CMECh, HO BTEKTHKA
— T[POAYKT MNEPBUYHOM  KPUCTAJUIM3ALMK, OHA MOJy4aeTcs IMpH
OJTHOBPEMEHHON KPHUCTAIUIM3ALMKA JBYX WM HECKOJBKUX (a3 U3 KUAKOTO
pacTBopa, a 3BTEKTOMJ — TNPOAYKT BTOPUYHOM KPHUCTAUIM3ALUH, OH
oOpasyercs IpH pacmaje cijjaBa— TBEPJAOrO0 pacTBOpa, T.€. B PE3yJbTaTe
NEPEKPUCTAILTU3ALMHI U3 OJHOTO TBEPJOr0 COCTOSHUSA B Jipyroe. M 3BTeKTuKa,
U HBTEKTOMJI 00pa3yloTcs B TOM Ciy4ae, €Clid BELEeCTBa APYr B JApyre He
PacTBOPSIOTCS B TBEPAOM COCTOSTHUU.

OBTEKTHKAa — JIEACOYPUT SBIISETCA XapaKTePHBbIM MPHU3HAKOM OEJbIX
yyryHoB [1-3].  CogaepkaHue yriiepoga MOXKET OBITh OJMHAKOBBIM U Y
O€JIBIX U Y CephIX YYT'YHOB; OTJIMYAIOTCS OHU COCTOSIHHEM yTiiepoja. B cephix
YyryHax yriepoja uMmeer (popMmy IUIACTUHOK. MeTajuinueckas OCHOBa MOKET
OBITH EPJIUTHOU U (DEPPUTHOM.

[Ipu oTBeTe Ha BOMPOC O MPEBPAIICHUIX B CTAJIA, HAIPUMED COJIepKallen
1 % yraepona, MPOUCXOIAIIMX NPU MEMJICHHOM oxJaxiaeHun ot 1600 mo
20°C, cnengyet MpOBECTH BEPTUKAIb HA JUarpaMMe COCTOSIHUS, OTBEYAIOLIYIO
3aJJaHHOMY CIUIaBy. PsiioM ¢ auarpamMMoil HEOOXOIWMO BBIYEPTUTH KPUBYIO
OXJIQXKJICHHs JAaHHOTO CIUIaBa, yKa3aTh Ha HEW TEMIEPaTypbl, COOTBETCTBYIO-
IMe KaXaou Kputuueckol Touke. Jlanee cieayer omucaTh CTPYKTYpHBIE
IPEBPAILICHHS] B KaXJOW KPUTUYECKOW TOYKE, MPOUCXOISIIME B CILUIABE

3aJaHHOI0 COCTaBa.
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Taxkum oOpa3zom, Tpu OXJaXIeHWH ciuiaBa a0 Temrepatypbl T;=1450 °C
(puc.1.2) uper oxXJaxKIECHHE >KHUIKOTO pacTBopa. M3 Kuakoro pactBopa
BBIICJISIFOTCS KPUCTAJUIBI ayCTEHUTA - TBEPJOr0 pacTBOpa yriepoaa B Y-
xene3e. B umHTEepBanie mexmy temmeparypamu  1;=1450 u T,=1340 ° C
KOJIMYECTBO KPHUCTAJIOB ayCTEHUTA YBEIMYMBAETCS, a KOJIUYECTBO KHUIAKOM
da3sl ymenbiaercs. B Touke T,=1340 °C mnpoucCXOIUT OKOHYATEIHHOE
3aTBEp/ICBaHKE ayCTCHUTA. B mHTEpBaie TeMiepaTyp MEXIy TeMIepaTypaMu
toukamu T,=1340 °C u T3=800 °C HMKaKuX MpPEeBpAICHUN HE MPOUCXOIUT,
uaeT oxjaxaeHue aycreHnta. B Touke T3=800 °C mHaumHaeTcs BTOpHYHAS
KPUCTAJUTH3AIUS: U3 ayCTCHUTA HAYMHACT BBIICIATHCS BTOPUIHBIN IIEMEHTHT,

TaK KaK paCTBOPHUMOCTL YIJICPOJa B JKCJIC3C C YMCHBIICHUCM TCMIICPATYPbLI

YMCHBIIACTCA.
Tock T.°C 5
1539;“\ 15
\n T
1450 \T\ JKuokuii p-p /
\ 1400 AN /
1340 T: T: N
1300 \\ / Kudkocmv +ye-' | |
\\ / MeHmum |
1200 JKuokuii p-p +\\ // (nepeuunbiti)
| Teqpomiipp N\ Y \\/
7 (ay F
100 y (aycmenum) / £ C
1000 / S
/ Aycmenum + yemenmum | &
. oo + |3 Lesemn e
900\ / A+ Redelypum in Hbitl) + nedeGypum
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\ VAL N T, E
727 PS 2l )
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!‘Deppum 5l Leennum | o L | Jemenmum (nepeuu-
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Puc.1.2. Kpuas oxnaxnenuss (a) U WUIIOCTpalUMs Ha JUarpaMme
COCTOSIHUS W3MEHEHUW (a30BOTO COCTOSIHHS CTaiu, cojepxkamend 1%

yriiepoja, IpOUCXOAAIIUX MpHu MeaJIeHHOM oxiaxaeHuu ot 1600 mo 20°C (6)
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[leMEHTUT — 3TO XMMHMYECKOE COEAMHEHHUE >Kelie3a C YIIIEPOJOM —
kapoun oxkemeza (FesC). Ilpm panmpHeWmieM TOHMKCHHH TEMIIEPATYPHI
KOJIMYECTBO IIEMEHTUTA YyBeNUYHMBAcTCs. [IOCKONBKY IIEMEHTHT COICPIKUT
6,67 % yraepoma, B OCTalOmEMCS ayCTEHUTE KOJMYECTBO YTIJepoja
YMEHBIIAETCSI B COOTBETCTBUM ¢ Toukamu JuHuUM ES. B touke T = 727 °C
OCTaBIIMHCSA ayCTeHUT, conepxkammid 0,8 % yrmepoma (touka S),
OKOHYATEIBHO pacrnajaercs Ha nepiaut. [lepnut — 3To sBTEKTOMA (CIJIaB B
BUJIC MEJIKOW MeXaHMUYeCKOW cMecu (eppuTa M IIEMEHTHUTa BTOPUYHOIO).

OkoHYaTenbHask CTPYKTYypa CIJIaBa - NEPJIUT U IEMEHTUT BTOPUYHBIN.

3apaun

1.2.1. Kakue (a3pl BXOAAT B CTPYKTYPHI CILUIABOB Kejie3a C YIJIEPOJIOM B
COOTBETCTBUHM C JuarpamMMmoil coctosiHug (puc. 1.1) mpu HOpMaIbHOM
Temneparype?

Orter: 1) deppur, aycTeHHT, MEPIIUT, JeICOYPUT, IEMEHTHT; 2) (Heppur,
nepiuT, ieaeOypuT; 3) GeppuT, IepIuT, JeAeOYPHUT, 4B [IEMEHTHT;

4) deppur, nepsuT; 5) Gepput, HIEMEHTHT.

1.2.2. Kakoii criiaB Ha3bIBaeTcst pepputom?

Otger: 1) TBepAblil pacTBOp 3aMEILICHHS yIiepoaa U APYruX 3JIEMEHTOB B
o —KeJe3e ¢ HEOrpaHMYEHHOW PaCTBOPUMOCTHIO KOMIIOHEHTOB;

2) TBepbIil pacTBOP BHEAPEHUS YIIIepoia U IPYTUX FIEMEHTOB B 0—KEJE3E;
3) cIu1aB - XUMUYECKOE COSIMHEHHE XKelie3a C YIIICPOIOM.

1.2.3. Kakoii crijiaB Ha3bIBae€TCs ayCTEHUTOM?

OtBer: 1) TBepabIil pacTBOpP BHEAPEHHUS YIIEpOIa U APYTHX IJIEMEHTOB B
y-kere3e; 2) TBepAbl pacTBOP BHEIPEHUS yriiepoja W IPYTUX JICMECHTOB B
o—Kenese; 3) CIIaB - XUMUYECKOE COSMHEHHE Kejle3a C YIIepOIoM.

1.2.4. Kakoii crijiaB Ha3bIBaeTCs [IEMEHTUTOM?

OtBer: 1) crulaB - XMMHYECKOE COCAMHEHUE JKeJle3a C YIIIepOoIoM;

2) TBEpIBIA PACTBOP 3aMEIECHUS JKelie3a C Yriepoaom; 3) TBEPJIbIH pacTBOP

BHEJIPEHUS YTIIepojia U IPYTUX 3JIEMEHTOB B Y-Keje3e.
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1.2.5. Tlo muarpamme Fe—Fe;C ompenenure MakCMMaabHOE COJIEPIKAHHE
yraepoja B aycrenute npu 800 °C.

Oteer: 1) 1 %; 2) 1,5 %; 3) 0,8 %.

1.2.6.Ilpu uccnemoBaHWM CTPYKTYPHl CTald YCTAHOBJCHO, YTO B HEH
conepxxutcss npumepHo 30 % mnepnura. KakoB coctaB »TOi cTamu 1o
yriepoay?

Oteer: 1) 0,3%; 2) 30%; 3) 0,25%.

1.2.7. Kakas rpymnna MaTepuaioB Ha3bIBA€TCs CTAISIMU?

OtBeT: 1) CruiaBhbI XejIe30 — YIVIEPOJI, COACpIKAIIHUE BPEIHBIC MPUMECH,
TEXHOJIOTHYECKHE JT0O0ABKU C colepkaHueM yriepoaa meHee 2,14 % , B
KOTOPBIX MPHU KPUCTAJUIM3AIMU 00pa3yeTcsi ayCTeHHT; 2) CIUIaBbl JKENIe30 —
yIJIepO, COACpPIKAIUE JIETUPYIOIIUE AJIEMEHTHI, ¢ cojJiepxkaHueM Ooiee 2,14
% yraepoja, B KOTOPBIX MPU KPUCTALTU3AIMHA 00pa3yeTcsi TPOOCTHUT;

3) cruiaBbl Kele30 — YIJepoJl, COAEpIKallue TEXHOJIOTMYecKhe T00aBKHU, C
conepxxaauem 0,8 % yrimepona, B KOTOPHIX MPH KPUCTALTU3ANNA 00pazyeTcs
IeneOypur.

1.2.8. Kakue cranu Ha3bIBArOTCS JOIBTEKTOMUIHBIMU?

OtBer: 1) cramm, coxaepxkamue Oonee 0,8% yriaeponma, — ayCTeHUT +
nepauT; 2) cranu, coaepskarmue meree 0,8% yraepona, — heppuT + mepiur;

3) cranwm, cogepxamue 0,8 % yriaeponaa, — GeppuT + NEepIIuT.

1.2.9. Kakue ctany Ha3bIBAIOTCS IBTEKTOUIHBIMU?

Oteet: 1) cramm, conmepkamue Oonee 0,8 % yrieponma, — ayCcTeHUT +
nepauT; 2) cramu, coaepxkamme 0,8 % yrimepoaa, —mepiaur; 3) cTaiw,
conepxkarmue menee 0,8 % yrieponaa, — beppur + mepiuT.

1.2.10. I3 Kakux KOMIIOHEHTOB COCTOMUT CTPYKTypa 3a’3BTEKTOUIHOU
cranu?

Otger: 1) u3 nepnura; 2) U3 NepiuTa U IEMEHTHUTA; 3) U3 LIEMEHTUTA U
dbeppura; 4) U3 IEMEHTHUTA.

1.2.11. Kakue ¢a3pl BXOASAT B CTPYKTYpPY IOIBTEKTOUTHOW CTalHM IMPHU

temneparype 20° C?
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Otgert: 1) nepaurt; 2) nepaur + deppur; 3) Gepput + aycTeHUT,;
4) beppuT + IIEMEHTHT.

1.2.12. VI3 kakux ¢a3 COCTOUT MEPIUT?

OtBer: 1) aycrenut+ nemeHtut 2) ¢eppur + aycrenur; 3) deppur +
IIEMEHTHUT.

1.2.13. IIpu kako¥ KOHIICHTpAIIUHU yTiIepoaa HaXOAUTCS YCIIOBHAS TpaHUIlA
MEX1y CTaIsIMU U YyTyHAMH?

Oteer: 1) 0,8%;2) 2,14 % ; 3) 4,3% ;4) 6,67 % C.

1.2.14. Kakast rpynmna MaTepraioB Ha3bIBAaCTCs YyTyHAMH?

OtBet: 1) cruraBel Kelle30 — yriepoa ¢ cozaepxanuem Oosee 2,14 %

yrieposa, B KOTOPBIX MpU KPUCTAIIM3ALUN 00pa3yeTcs JIeaeOypuT;
2) crmaBbl KeIe30 — YIJIEpoJl ¢ cojaepkaHuem Menee 2,14 % yriepona, B
KOTOPBIX MpPU KPUCTAJUIM3ALUN 00pa3yeTcsi TPOOCTUT; 3) CIUIABBI JKEJIE€30 —
yraepoa ¢ coaepxkanueMm 0,8 % yriepona, B KOTOPBIX IpU KpUCTAIM3ALUU
oOpasyeTrcst ayCTeHHUT.

1.2.15. Kako#t xapaktep mpeBpamieHuii orpaxaror yunnun EF u PK
nuarpammer Fe—Fe3C (puc. 1.1)?

OrBer: 1) EF — osprekruueckoe, PK — mnepurekruyeckoe; 2) EF
sBTekTHueckoe, PK — sBrekTonanoe; 3) EF — mneputektrueckoe, PK—
aBTekTouaHoe ; 4) EF — mnepurektnueckoe, PK— sBTekTHueckoe.

1.2.16. Kakue KOMIOHEHTHI BXOIST B CTPYKTYpPY HOIBTEKTHYECKOTO
Oenoro yyryHa Mmpy HOPMaJILHOU TeMIeparype?

Oteer: 1) mepautr + uemeHtut; 2) nepnutr + ¢eppur; 3) depput +
ayCTeHUT + je/ieOypuT; 4) nepiaur + HeMEHTUT + Jiee0ypur.

1.2.17. Yro otiuyaer neAeOypuT HpH TeMIlepaTypax BbIIIE W HIXKE
727 °C?

OtBert: 1) xXumMHuueckuii coctas; 2) ¢pa3oBbIi COCTaB; 3) pa3Iuydus HET.

1.2.18. B cootBerctBun ¢ auarpammori Fe—Fe;C (puc.1.1) sBTekTHKA
(;memeOyput) oOpasyeTcs B CTPYKType CIUIaBOB, COAEpIKaIUuX Yriiepoaa

oonbiie 2,14 %. Bo3MOXHO 1M Ha MpakTUKe Hanuuue Jeaedypura B
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CTPYKTYpE CIIaBOB C MEHBIIIUM coJiep:kaHueM yriepona? Eciu Bo3MOHO, TO
IIPU KaKUX YCIOBUSX U U3-3a Kakoro 3ddexra?

OtBer: 1) HEBO3MOXHO; 2) BO3MOXHO TMpPU OYEHb MEIJICHHOM
OXJIAKICHUH CILIABOB C COJIEpP)KaHUEM yriiepoa, OJu3kum k 2 %;

3) BO3MOKHO TpH OBICTPOM OXJIAXKJICHHUH CIUIABOB C COJIEPKAHUEM YIIIEpOa,
MeHpiiM 2,14 % wu3-3a  OOJBIIOM  CKJIOHHOCTH K  JIMKBaIlUHU
KEJIe30yTICPOAUCTHIX CIIJIABOB.

1.2.19. UzoOpasute cxemy oxuaxiaeHusi cruaBa Fe—FesC ¢ 3 % C,
OTMETHB Ha HEW CTPYKTYPHBIE COCTOSHUS CILIaBa.

1.2.20. U3 xakod (a3pl W TpHU KAKUX TEMIEPATypHBIX YCIOBHIX
oOpa3yeTcsi IEMEHTUTHAs COCTaBJISIoNIAsl B CTPYKType cranu ¢ 1 % yriepoaa
2

1.3. Tepmu4eckasi ¥ XUMHKO-TepMHYecKas 00padOTKH CTAJIN

CoBpeMeHHass TEXHUKa MPEIbSIBISET BCE BO3pACTAIOIIUE TPEOOBAHUS K
MEXaHUYECKAM CBOWCTBAM METAJIJIOB, KOTOPBIC B 3HAYMUTEIHLHON CTCIICHH
MOXXHO YIYYIIUTh MyTeM TEPMHUYECKON M XUMUKO-TEPMHUYECKON 00pabOTKH.
YBenuueHne MPOYHOCTH JIeTaje BO MHOTHX CIIy4asx MO3BOJISIET YMEHBIINUTD
UX rabapuThl U Maccy, YTO JA€T SKOHOMHIO METaJIa.

Jrobast mepmuueckas o6pabomka COCTOUT W3 HarpeBa JI0 3aJIaHHOM
TEMITepaTyphl, BBIICPKKA W OXJIAXKIACHHUS C 3aJJaHHOW CKOPOCTHIO, TIO3TOMY
mpolecc TEePMUYECKOM 00paboTKM OOBIYHO BBIpAXKAlOT Tpaduuecku B
KOOpJIMHATaX TeMIlepaTypa—BpeMs. B 3aBUCHMOCTH OT TeMIlepaTyphl
HarpeBa M CKOPOCTH OXJIAXKJCHHUS PA3IUYAIOT CIEAYIOIINE OCHOBHBIC BHJIBI
TEPMUYECKON 00paOOTKU: OTKUT, HOPMAJIHM3AIUI0, 3aKaJKy U OTIYCK.
[lenb U CymIHOCTh, TEXHOJIOTHA, & TakXKe OCOOCHHOCTH CTPYKTYpHl U
CBOMCTB, KOTOpbIE MPUOOPETAET CTAb B PE3yJbTaTe MPOBEIACHUS KaXKJIOTO
BHJa TEPMHUIECKOH 00pabOTKH, paccMOTpeHs B [1-3].

[Ipu u3ydyeHuun mnpouecca omycuza HEOOXOAUMO pa3nuyaTb, B KaKUX
Cllydasix KakoW METOJ OTXKHUra HauboJjiee 1e1ecO00pa3HO MPUMEHSTh, KaKUM

CTajsiM AaroT TIOJTHBIM OT>KHUI', 4 KaKUM— HEIIOJIHBIM. H@FHpOBaHHble CTalIl U



22
KpPYTHbIE TIOKOBKM TpPEOYIOT OYEHb MEMJIEHHOTO OXJXKACHUS, IMOITOMY
NPUMEHEHUE IS HUX M30TEPMHYECKOr0 OTKUTa 3HAYUTENHHO YBEINYUBACT
MPOU3BOAUTEILHOCTb.

[lenb oTxUra — MOJlyYeHHE MAKCUMAIbHON BSI3KOCTH M TJIACTUYHOCTH, a
TaK KakK y pa3HbIX CTajedl BpeMsi YCTOMYMBOCTU ayCTE€HUTA pa3HOE, TO U
CKOPOCTb OXJIQXKJCHHS TpPU OTXKUTE [UJIl pa3HbIX CTallel JOJKHA
paznuyathcsi. OHa 3aBUCHT OT YCTOMYMBOCTH ayCTEHUTA B 00JacTH
MEPJIIUTHOTO MIPEBPAILICHHUSI.

[Ipy wu3yueHum mpolecca HOPMATU3AIUHN CIIEIYyeT YSACHUTH Pa3HUILY
MEXIy Ha3HAuUCHHEM OTKUTa U HOPMATM3AINH, & TAaKXKE MEXKIY YCIOBUSIMHU
ux mpoBeneHus. [Ipu OTKUTE CKOPOCTh OXJAXKIEHHUS JOJHKHA OBITh Pa3HOU
JUIS pa3HBIX CTajiei, TaKk Kak B CTPYKType HE0OXOauMO HaJIM4yue TepiuTa.
[Tpu HOpManU3aIKK K€ CKOPOCTh OXJIAXKICHHUS 11 BCEX CTaJjiel OJIHA U Ta JKe
— Ha Bo3ayxe. [loaTomy mociie HopManu3aluy y pa3HbIX CTaJIed MOIy4aeTcs
pas3Hasi CTpyKTypa, OHA 3aBUCUT OT KPUTHUECKOH CKOPOCTH 3aKaJIKH.

B yrnepoaucTol cramu mocie HOpMalHM3allid CTPYKTypa MPaKTHUUYECKH
MOJTydaeTcsl Takas ke, KaK M TOCJe OTXKWra, HO Ooyiee Menkas, MOITOMY
MPOYHOCTh HOPMAJIU30BAHHBIX CTaJiell HECKOJBKO BBIINIE, YEM OTOX KCHHBIX.
B psape caywaeB s yriaepoAMCTOM CTajld BMECTO OTKHIA MOYKHO
MIPOM3BOAUTH HOPMATTH3AIIHIO.

3akanka ABISICTCS OJJHUM U3 HAUOOJIEE BAXXHBIX BUJIOB TEPMHUYECCKOU
obpabotku [1-5]. Temmeparypa HarpeBa Npu 3aKajike BHIOMpAcTCS B
3aBHUCUMOCTH OT COJAEPIKaHUA yriepojna B cTtanu. OXIakIeHHEe ayCTCHNUTa
C pPAa3IUYHOM CKOPOCTBIO COIPOBOXKAACTCA 00pa3oBaHUEM CTPYKTYp
nepaurta, copbuta u Tpooctuta [1,2,5]. DTO AByX(dasHbIe CTPYKTYpHI,
IpeCTaBISIONINE cO00M (PeppUTHO-LIEMEHTUTHYIO CMECh Pa3IMYHON CTETIEHU
JTUCTIEPCHOCTHU (pa3MeNbYeHHOCTH ); OHM UMEIOT IJIACTUHYATOE CTPOCHHE.

[Ipu Gonbiiol ckopocTH oxyaxaeHus AUdy3ust yriiepoaa He ycrHeBaeT
MPOU30MTH, MPOUCXOAUT TOJBKO aJIOTPOIMYECKOE MpEBpallleHue >Kenesa,

MO3TOMY U3 ayCTEHUTa MOJy4yaeTcsi oAHO(a3Has CTPYKTypa — MApPTEHCHT,
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KOTOPBIN MPEACTABISAET COOON MEPECHIICHABIA TBEP Bl PaCTBOP YIiiepoaa B
Y-&Kene3e, OH MMEET Wurojibuaroe cTpoeHue. Yem OoJibllle CKOPOCTH
OXJIQXKIEHUS AaYCTCHHUTAa, TEM O0osee BBICOKYIO TBEpPIOCTb HMEIOT
MOJYYAIOIINECS CTPYKTYPBHIL.

MapTeHCUTHOM TOYKOW HA3bIBACTCA TEMIeEparypa, IpPU KOTOPOU
HAaYMHAETCS MPEBpAIICHUE ayCTEHUTA B MAapPTEHCUT. B yIriIlepoaucCThIX CTaAX
Hayajao MapTEHCUTHOIO mpeBpainieHus npoucxoaut okoio 200 °C. B otiuune
OT NEPJIUTHOrO MApTEHCUTHOE MpPEBpAlICHUE HUKOTIAa HE HACT 0 KOHIIA,
MIO3TOMY B CTQJIM BCErJla OCTAECTCS OMPEICICHHOE KOJIUYECTBO OCTATOYHOTO
ayCTEHHWTA; HA MAapPTEHCUTHYIO TOYKY CKOPOCTH OXJIAXKJICHUSI HE BJIMSET, OHA
IIPAKTUYECKU 3aBUCUT TOJIBKO OT COCTaBa CTaJIU.

Kpumuueckoii ckopocmvio 3axanku HA3bIBA€TCSI CKOPOCTH OXJIAXKICHUA,
oOecreunBaoias MOJy4YeHUE CTPYKTYpPhl — MApTEHCUT WJIM MApTEHCUT W
OCTAaTOYHBIA ayCcTeHUT. [Ipoxanrueaemocmspio HA3BIBAETCS CIOCOOHOCTH
CTaJIM MPUOOpETaTh MPHU 3aKAIKE MApPTEHCUTHYIO CTPYKTYPY B CJIO€ TOM WU
nHOM rayOmHbl. IIpokanmBaeMOCTh 3aBHCHT OT COCTaBa CTajlH, YCJIOBHI
HarpeBa W OXJaXJACHUS U JApYrux (akTopoB, HO B TEPBYIO OUYEpPElb
OIpe/IeNIsIeTCsl KWHETUKOM MpeBpalienni ayctennra [1-3].

Kputndeckass CKOpOCTh 3aKaJKM yMEHbIIAETCS  (MPOKAJIMBAEMOCTh
YBEJIMYMBAETCSI) C YBEJIMYEHUEM pa3Mepa 3epHa aycrteHuta. l[loaTomy
MOBBIIIIEHUE TEMIEpaTypbl HarpeBa IMOJl 3aKaJKy M BPEMEHH BBIIEPKKH,
MPUBOAAIIECE K YBEJIMYEHUIO pa3sMepa 3€pHAa ayCTEHHUTA, CBSI3aHO U C
YBEIIMYCHUEM MPOKAIMBAEMOCTH. BBeaeHue mnpumeceil, MpensiTCTBYIOIMIMNX
pPOCTY 3€pHA ayCTEHUTA, NMPUBOJUT K YBEIWYCHUIO KPUTUYECKOM CKOPOCTH
3aKJIKA U YMEHBIICHUIO TPOKAIMBAEMOCTH.

Kputnueckas CKOpPOCTh 3aKaJlKh MMEET OYE€Hb BAKHOE 3HAYECHUE, OHA
3aBUCUT OT CTaOMJIBHOCTH ayCTEHWTa, KOTOpas, B CBOIO OYEpEelb,
ONpENEIAETCS KOJIMYECTBOM PACTBOPEHHBIX B HEM YIJIEPOJA U JIETUPYIOLINX
aneMeHTOB. Kputnueckass CKOpOCTh 3aKAJIKA B CHJIBHOM CTENEHU 3aBUCUT OT

XUMHUYECKOro CoCTaBa ayCTCHHUTA.


http://dic.academic.ru/dic.nsf/bse/66027/%D0%90%D1%83%D1%81%D1%82%D0%B5%D0%BD%D0%B8%D1%82
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Kputnueckas CKOpOCTh 3aKajKH JISTUPOBAHHBIX CTAJIE TE€M MEHbIIE, YeM
0O0JIbIlIE B HUX COJEPKHUTCS JETUPYIOMMX 3JeMEeHTOB. CleoBaTeIbHO, YeM
BBIIIE CTENEHb JITHPOBAHHOCTU, TeM OoJiee TIyOOKON MpPOKaTUBAEMOCTHIO
001a/1al0T ATH CTaJH.

JIng MO0PBTEKTOUJIHOW CTalu BCErja MPOU3BOISAT MOJHYIO 3aKaJKYy,
Tak KakK TpH HEMOJHON octaeTcss GeppuT, KOTOpPBIM  co3/7aeT B
CTPYKTYpP€ BKJIIOUCHHUS MOHUXKEHHOW TBEPAOCTH. s 3a3BTEKTOUIHOU
CTaJd MOYKHO TMPOBECTH HEMOJHYI 3aKaJlKy, TaK KaK OCTarolIUuiCs
IEMEHTUT TBEPAOCTH He cHUkaeT. CyleCTBEHHYIO POJIb MPHU 3aKaliKe
urpamT oxyaxpawmmnme cpeasl (Boma, 10%-e pactBopel NaCl, H,SOs,
Na,CO; B Bojge, MalIMHHOE Maclio, TpaHCPOPMATOPHOE MACIO, IMYIbCHUS
MacJiia B BOJi€, MbLJIbHAsI BOJA, KEPOCUH, BO3/IYX).

Yraepoaucteie CTalnv, HMMEIONIUE BBICOKYIO KPUTHYECKYIO CKOPOCTH
3aKalKW, OXJXKIAIT (3aKaUBalOT) B BOJE, a JETHPOBaHHBIC CTalH,
uMerolMe 00Jiee HU3KYH0 KPUTHUYECKYIO CKOPOCTh 3aKaJKd, OXJIAXKIAIOT B
Maciie, TAe OXJIaKICHHE NMPOUCXOAUT MenjeHHee. HegocTaTkoMm macna Kak
OXJIQXKJAIONICH Cpenbl SBISIOTCS €ro Jierkas BOCIUIAMEHSEMOCTh U
OTHOCHUTEJNBHO BBICOKast CTOMMOCTb. (C TOHWKEHHEM TeMIepaTypbl
OXJIQXK/IAIOIIEH Cpeibl 3aKalKa CTaIM CTAHOBUTCS 00JIee PE3KOA.

CyecTBYIOT CIEAYIOIIUE CITOCOOBI 3aKAJIKK: B OJJHOM OXJIAJIUTENE; B IBYX
cpenax; ¢ MOJCTYyKUBaHUEM (Tepes] MOTPYKEHUEM B OXJIaJUTENb MaTepuai
HEKOTOPOE BpeMsl BhIICPKUBAIOT HA BO3/AYXE); CTyNeHYaTas,; U30TepMUUIecKas
3aKajka u JIp.

OTMeTHM, 4TO MPU YPE3MEPHOM YBEIMUYEHUU CKOPOCTHU OXJIAXICHHUS
MOJIy4arTcs OOJbIIME BHYTPEHHHUE HAMPSKEHUS, KOPOOJCHUS U MOTYT
BO3HUKHYTbH TPEUIUHBI.

[Ipu cTyneH4aTol U U30TEPMUUYECKON 3aKaJKE TEMIIEpaTypa ropsayeu
cpenbl, B KOTOPOM MPOMCXOJIMUT BBIAEPKKA, MOXKET ObITh OJUHAKOBOU
(BOJIM3M MapTEHCUTHOW TOYKHM), HO INPU CTYIEHUYATOW 3aKajKe Bpems

BBIACPIKKHU HJOJKHO OBITh MECHBIIIC BpEMCHH YCTOI‘/’I‘H/IBOCTI/I AyCTCHHUTA
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npu JaHHOW TemIeparype, uTto oOecneunBaer (popMUpOBaHUE
OKOHYATEJIbHOMU CTPYKTypbl—MapTeHcura. llpu U30TEPMHUYECKOU
3aKajJKe BpeMs BBIJCPKKU JOJDKHO 0O0€cleuuTh NOJHBIM pacnaj
ayCTEHUTa Ha UTOJbYaThId TPOOCTUT. UrompuaThiii TPOOCTUT obONagaeT
3HAYUTEIBHO MEHBIIEH TBEPAOCTBIO, YE€M MAapPTEHCUT, IOITOMY
U30TEPMUYECKYI0  3aKaJIKy HEJb3sl INPUMEHATh JUIL  PEXKYILEro
WHCTPYMEHTa, HO OHa oOecneynBaeT OOJBIUIYIDO MOPOYHOCTHh IpH
MHUHHUMQJIBHBIX BHYTPEHHUX HaNpPSKEHUSIX, TaK KakK OTCYTCTBYET
MapTeHCUTHOE mpeBpainenre. Ee Haubosee nenecooOpa3zHO NPUMEHSTH
IJI TeX JleTallel, KOTOopble padOTalOT ¢ BPEMEHHBIMU IMEpPErpy3kamu H
npu paboTe KOTOPBIX OTCYTCTBYET ILIacTHYecKas Jedopmanus,
Harpumep s npyxuH [4-6].

B cTanax, y KoTopblx MapTeHCUTHas Touka jexuT Huxke 0 °C, mocie
3aKaJKd MOXET TOSABUTHCS OOJIBIIOE KOJUYECTBO OCTATOYHOTO
ayCTEHUTA. Takue cTanu, Hanpumep, JeTupOBaHHbIE
WHCTPYMEHTAJIbHBIE WJIM NOCTOSSHHBIE MAarHUTHI, JAJs YMEHbIICHUS KOJIH -
4ecTBa OCTAaTOYHOTO AayCTEHUTa IIoCjie 3aKajlku oOpabaThiBaroT
xojoa0M, T.e. oxnaxkaamT Huxke 0 °C [4].

B pesynprate 3akanky B JAe€TalisIX BCErJa BO3HUKAKT BHYTPEHHHE
HAaNpsOKEHUssT B CBSI3M C  PE3KUM  OXJaXJAEHUEeM U  (Pa3oBbIMHU
NpEeBpaLICHUSIMH.

JIng yMeHbLICHUS HaNps>KeHUH, YBEJIUYEHUsS BA3KOCTH, WHOrIA
CHUXXEHUS TBEPAOCTH IOCJE 3aKajJKh Bcerga cleayer OTIYyCK —
OKOHUYaTelibHas TepMuueckas oOpaboTka, KoOTopas  oOmpeaenser
KOHEUYHYIO CTPYKTYpPY, @ 3HA4UUT, CBOMCTBA U KayecTBO neraiei. Ilocie
KaXXJI0TO BHJA OTHYyCKa JeTajieil (HU3KOro, CPEeIHEro Wi BBICOKOTO)
bopmupyercs onpeneneHnas crpykrypa [1-3]. Haunydmmum coyetanuem
MEXAYy MPOYHOCTHIO U BS3KOCThIO 00JIaflaeT COpPOUT OTIyCKa, MOITOMY

TCpMHUYCCKaAA 06pa60TKa, cocCTosgmas M3 3aKajJKW M BBICOKOI'O OTIIYCKa,
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Ha3bIBAaETCS YIAYYIICHHEM CTajdd. OTy OINEepaluio NPUMEHSIOT It
cpeaneyraepoauctsix cranei (0,35 — 0,60 % C).

Hampumep, ecim HE0OXOAWMO BHIOpaTh M OOOCHOBATh PEXKUM
TepMHuYecKoil 00paboTku s pesna u3 cranu Y 10A, Hy)KHO YYUTHIBATH
CIEIYIONINEe PEKOMCHIAIIHH.

3aroToBKa JJs pesla MoJABEepraeTcs MpeaBapUTEIbHON TEPMUUYECKON
00paboTKe — OTKHUTY HA 3€PHUCTHIA LIEMEHTUT JAJISI TOTYYECHUS MSATKON
OAHOpPONHOW  cTpyKTyphl. Temmepatypa otTxkura 770—790 °C,
oxJaxaeHue B neuu. [locine okoHUATENbHON MEXaHUUYECKOW 00pabOoTKH,
KpoMme min@oBaHuUs, pe3ell MoABEepTraeTcs 3aKajke U HU3KOMY OTIIYCKY.
[Tockonbky cranp Y10A  sBaseTcs  3a3BTEKTOMJHOM, 3aKajka
MPOW3BOMUTCS HEMoJHas, Temmepatypa HarpeBa 770—780 °C, Bpems
BBIJIEP)KKM Ha3HA4aeTCsl B 3aBUCUMOCTH OT C€Y€HHUs, 0OblYHO |—2 u.
Cpenoil oxyaxkaeHHs SBISETCS BOJA, TaK KakK YIrJIEpOJIMCTas CTallb
uMeeT OOJBIIYI0 KPUTHUECKYIO CKOPOCTh 3aKkanku. Jlydimue pe3yabTaTsl
JaeT 3aKajika B JABYX Cpelax: B BOJeE, a 3aTeM B Macie. Tak Kak pe3elf
JOJKEH HMETh BBICOKYID TBEpPJIOCTh, TO OH IMOJABEpPraeTcs HU3KOMY
oTnycky npu temneparype 150—200 °C.

Jetanu, KOTOpBIE JOJOKHBI HMMETh  TBEPAOCTh TOJBKO  Ha
MOBEPXHOCTH, MOJBEPraOT MOBEPXHOCTHOM 3aKaJIKe, B PE3YyJIbTATE YETO
yBeJIMYMBAEeTCs 00I1as MPOYHOCTh JeTajied, Tak KakK YyBEJIUYHUBAETCS
npenena BBIHOCAUBOCTH. OIHUM W3 pPacHpOCTPAHEHHBIX METOIOB
SIBJISICTCSI HArpeBaHWE 3a CYET TEIUIOBOTO JEWUCTBUS TOKA, MHIYLIUPYEMOTO B
MOBEPXHOCTHBIX CJIOAX MaTepuaja MpHu MOMEUIEHUH €ro B JIEKTPOMAarHUTHOE
MoJIe BBICOKOM 4YacTOThl. 3akajka TokaMH BbIcOKOW wyacToThl (TBY)
OOBIYHO AaBTOMATHU3UPOBAHA W TMO3BOJSIET TOJYUYUTh HaAWIydIIne
pe3yabTaThl. [ToBepxHOCTHAsT 3aKajkKa Ta30BbIM ILUIAMEHEM IS
KPYIMHBIX JIeTajel B pslie cliydyaeB SIBISETCS €IUHCTBEHHBIM METOJIOM

MOBCPXHOCTHOTO YIIPOUHCHUA.
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CymiecTByeT psa MPOTPECCUBHBIX METOJOB YMPOUYHEHUS JeTajei:
TepMOMEXaHWYeCcKasi, yJIbTpa3ByKoBas, TEpMOMarHuTHas oOpaboTka.
BricokoTemMnepatypHoit TepMoMexaHuueckod obOpabotke (BTMO)
MOJKHO TOJBEpraTh J0OBIe cTanu, a Hu3koremmneparypuoit (HTMO)—
TOJBKO TE€, Yy KOTOPBIX NEPEOXTXKJACHHBIA ayCTEeHUT oOnagaeT
MOBBIIIEHHOW YCTOWYHUBOCTHIO, T.€. IETUPOBAHHBIE.

[Ipu xumuko-mepmuueckoit 0o6padbomke CTanbHBIX AETaled HUMEIOT
3Ha4YCHUE TeMmIepaTrypa IMpolecca, XHUMHUUYECKHH COCTaB CTaju
(ocobenHO NPOIEHTHOE  COJIEp)KaHUEe  yriepojaa), a  TaKxke
HEOOXOIMMOCTh TEpMHUUYECKOW 0O0pabOTKM 10 WM TMOCJIe TOTO WU
WHOTO BHUJIAa XMMHKO-TEpMHUUYECKOU 00paboTku. Kaxxaplii BUJ XUMHKO-
TepMUUECKOM 00pabOTKHU UMEEeT CBOI0  00JlacTh NPUMEHEHU,
omnpe/ieIeHHbIE JOCTOMHCTBA U HETOCTATKHU.

['a3oBass 1ueMeHTanMsi SBJISETCS MPOTPECCUBHBIM  METOJIOM,
KOTOPBIA TMO3BOJISIET HAaWOOJEe TMOJTHO OCYIIECTBHTH MEXAHH3AIHI0 |
aBTOMaTH3alui0 Tporecca. Heobxoaumas TBEpAOCTh MOBEPXHOCTHOTO
CIOSl TOCTEe IIEeMEHTAIUM JOCTUTAETCS TOJbKO TMpPHU TMOCIEAYIOIeH
3aKaJike, CepJAIeBHMHA TPU DTOM OCTAETCS BA3KOW, TaK Kak CTald C
MaJIBIM COJIep>)KaHUEM yTiiepoja MPaKTUYECKU HE 3aKaJTUBAIOTCS.

JlocTOMHCTBA a30THPOBAHUS COCTOST B TOM, YTO TBEPAOCTH HE
cHUXaeTcs mpu moBTOpHBIX HarpeBax A0 500—600 °C u yBenuuuBaeTcs
KOppO3UOHHAsT CTOWKOCTh. OQHAKO a30THUPOBAHUE — TMPOILECC OYCHD
JOPOTOM M HENPOHU3BOJIMTEILHBIN, MO3TOMY MNPUMEHSATH €T0 CIEAYyeT
TOJBKO B TeX Cllyyasix, KOrJa HHUKakas napyras oOpaboTka He
oOecmednBaeT HYXHBIX CBOWCTB, HalpUMeEp, IS JCTale, KOTOPBIE
MOJIBEPTAIOTCS UCTUPAHUIO U PabOTAIOT B YCIOBHUSAX KOPPO3UU, WU IS
neTaliell, KOTOpble UCTUpPAIOTCI ©W BO BpeMs paboOThl MOTYT
nepuoaundecku HarpeBatbcsa g0 500—600 °C. O6patum BHUMaHHUE, YTO
HE CIeayeT MyTaTh JeTajlu, KOTOPbIe MEePUOJUYECKH HArpPEBAIOTCS BO

BpeMsl paboThl, HAIPUMEP LITAMIBI JUISI TOpsiYeil MITAMIOBKU BO BpeMs
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CONIPUKOCHOBEHUsI C 3arOTOBKOM, C JAETAISIMU, KOTOpBIE ITOCTOSHHO
HarpeThl BO BpeMs paboThl, HAllpUMEp JIONATKU ra30BbIX TYpOUH.
I[Ippu  mpoBeneHUM LMAHUPOBAHUS CBOMCTBA  MOJBEprarolIerocs

00paboTKe clIos B 3HAYMTEIBHOM CTENEHH 3aBUCIT OT TEMIIEPATYpHI,

Ipu KOTOPOHW mpoucxoiaut mnuanuposanue [1,2,4].  TemmneparypHbIi
IWana3oH  pasjelsieTcs Ha oOyacTu  HU3KO-, CpeaHe- U
BBICOKOTEMIIEPATYPHOTO HUAHUPOBAHUS. BricokoTemnepaTypHoe

UAHUPOBAHUE OOBIYHO MPOU3BOJUTCS B Ta30BOW cpeae. DTOT MpoIlecc
Ha3bIBA€TCS HUTPOI[EMEHTAIlMEH.

Huddy3nonHas MeTaaau3aluss MOXKET TMPOBOJAUTHCA XPOMOM,
aJTIOMUHUEM U APYTUMH 3JE€MEHTAMU U MPUHLUUNUAIBHO OTIUYAETCS OT
METO/Ia HAHECEHUS TaJIbBAHUYECKUX MOKPHITUM KaK TEXHOJOTHEH, TaK U
HA3HAYCHUEM.

Hcnonp30BaHWe 0OpU TEPMHYECKOW U  XUMHKO-TEPMHUYECKOU
o0paboTke 000pyAOBaHMA C ABTOMATHYECKUM PETYJIUMPOBAHUEM
TEMIIEPATypPhl U C KOHTPOJUPYyEeMOH aTMochepoil B meun NMpaKkTUUECKHU
UCKJIIOYaeT Takue BUIBl  Opaka, KakKk TMeperpes, IMEpPexor,
oOe3yriepoxuBanue W T.1. KadyecTBO jeTaleii TMOBBIMIACTCS IIPHU
HIUPOKOM  MNPUMEHEHHUM  aBTOMATU3MPOBAHHBIX  arperaTtoB IS
TEPMHUUECKON U XUMUKO-TEPMUUECKON 00pabOTKHU, COCTOSIIMUX U3 Meuei
HEIMPEPHIBHOTO JEHCTBUS, COJISIHBIX BaHH, 3aKaJlOYHOTO U JPYroro
000pyIOBaHUS, B KOTOPBIX HENPEPHIBHO MPOU3ZBOIAATCS BCE BUJIBI

TEepMHUYECKON 00pabOTKH CTaJIbHBIX AeTajei.

3agaun
1.3.1. Kakue TEXHOJOrMYECKHE Olepaluu BKJIFOYAET  IPOLECC
TEPMHUIECKON 00paboTKU cTamn?
OrtBer: 1) raBjacHUE U TOCICIYIONIYIO KPUCTALIU3AIMIO ITyTEM JIUThS B
dbopmMy; 2) HarpeB M0 OMNPEACICHHOW TEMIEPATYpPhl; BBIICPKKY B TECUCHUE

HCO6XOI[PIMOFO BPECMCHH; OXJIAKACHHUC C 3aJIaHHOM CKOPOCTBIO, 3) IIJIaBJICHUC,
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BBIJICPKKY B TEUEHHUE OINPEJEICHHOIO BPEMEHHU B 3JEKTPOMATHUTHOM IOJIE;
OXJIQXK/ICHHE Ha BO3JIyXE€.

1.3.2. KakoBa 11e1p TepMUYECKOM 00paboTKH cTamu?

OtBeT: 1) yny4lieHre BHENTHETO BU/IA JCTAIN HIIA 3aTOTOBKH;

2) U3MEHEHHUE YAENIBbHOIO 3JEKTPUYECKOTO COMPOTUBJICHUS; 3) M3MEHEHUS
bu3MYEeCKUX, MEXaHWYECKHX U JIPYTUX CBOMCTB CILIaBa, OOYCIOBJICHHBIC
M3MEHEHHUEM €r0 BHYTPEHHETO CTPOCHMUSI.

1.3.3. Kakue napameTpbl XapaKTepu3yIoT PEKUM TEPMOOOPabOTKH?

OtBer: 1) TemmepaTypa M CKOPOCTb HarpeBa, BpeMs BBIICPKKA H
CKOPOCTb OXJIQXACHHUS; 2) TeEMIIepaTypa HarpeBa, CKOPOCTh OXJIAKICHUS;

3) CKOpOCTh HarpeBa, TeMIlepaTypa HarpeBa, JUIUTEIbHOCTb BBIJCPKKHU MPHU
TEeMIIepaType HarpeBa, CKOPOCTh OXJIAXKIEHHU; 4) CTENEeHb Neperpena.

1.3.4. Kakas Ttepmuyeckas oOpabOTKa HW3AEIUNA MPUMEHSETCS IOCie
MpPEeIBAPUTEILHON XOJOIHON IJIacTHYecKoW aeopManuu Uil yCTpaHEHUS
Haknena?

OTtBet: 1) 1uddHy3MOHHBIA OTKUT; 2) PEKPUCTAIUIU3AIMOHHBINA OT)KUT

3) oTIycK.

1.3.5. KakoBbI OCHOBHBIE BUBI TEPMOOOPAOOTKH CTAIIN?

OtBer: 1) 3akanka, OXJaXKIECHHE W OTXKHI; 2) OTKUT 1-ro U 2-r0 poja,
HOpMaJIM3allMs, 3aKaJIKa U OTIYCK; 3) OTKUT, HOpMaJIM3alisl U 3aKaJIKa.

1.3.6. Ot 4ero 3aBUCUT TeMmIepaTypa IMpeBpalleHUs MepIuTa B ayCTEHUT
YKEJe30-YIJIEPOJAUCTHIX CIJIABOB B pEaJbHBIX YCIOBUSIX Harpena?

OtBet: 1) OT cogepkaHus yriepojaa B CTalu; 2) OT CKOPOCTH Harpena;

3) OT CTPYKTYpHhI cTanu; 4) OT BEJIMYUHBI 3€PHA CTaJIH.

1.3.7. Kakue 351eMEHThl YMEHBIIAIOT CKIOHHOCTh K POCTY ayCTEHUTHOIO
3epHAa CTaJIM MPU Harpese?

Orer: 1) Mm; 2) Si u Mn; 3) Ti, V; 4) W, Mo.

1.3.8. B yem nposiBisieTCs: OCHOBHOE BIIMSTHUE JIETUPYIOLIUX AJIEMEHTOB Ha
IpeBpalleHUe ayCTeHUTA?

OtBert: 1) yCKOpSIIOT pacnaj ayCTeHUTa; 2) CTAOUITU3UPYIOT ayCTEHMUT;
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3) CHMXKAIOT KPUTUYECKYIO TEMIIEPATYPy 3aKAJIKH CTAJIH.

1.3.9. Temnepatypa HarpeBa 3BTekToMmHOW crtamu 750 °C, nanee -
oxJaxJeHue B Bojie. Kakoii 3To Bua TepmMooOpadboTku?

Otger: 1) omxur; 2) HEMOJIHAS 3aKajKa; 3) MOJIHAS 3aKajka; 4) OTIYCK.

1.3.10. Kakot#i rporiecc TepMooOpabOTKH CTaJIU HA3bIBACTCSI OTXKUTOM?

OtBer: 1) Tmporecc, BKJIIOYAIONIMA HarpeB 0  OIPEICICHHOM
TEMIIEPATYypPhl, BBIACPKKY U OBICTPOE OXJIAXJEHUE B BOJAE, MacCle, KEPOCUHE;
2) Tmpoliecc, BKIIOYAIONIMN HAarpeB O OMNPEICICHHOW TeMIepaTyphl,
BBIJICPKKY M MEJUICHHOE OXJaXJCHUE B Ieud; 3) MPOLECC, BKIIOYAIOIIUN
HarpeB JI0 ONpPEACIICHHON TEeMIepaTyphl, BBIACPKKY U  OXJXKICHUE Ha
BO3JIyXE.

1.3.11. KakoBa 1enp oT:KHAra Kak MeToJia TEPMUYECKON 00pabOTKU cTamun?

OtBert: 1) yayulieHue BHEUTHETO BUJIA JETAIN WU 3arOTOBKHU;

2) MOBBIIICHUE TBEPJIOCTHU BCJICJICTBUE npuOOpEeTEHUS
MOJMKPUCTAIUIMYECKUMHU 3€pHAMU 00Jiee KPYIMHBIX Pa3MEPOB W BBITSHYTOMN
dbopmbl; 3) TOBBIIEHNE TIACTUYHOCTH, OOYCIOBJICHHOE TOJIydeHHEeM Oosee
PABHOBECHOUM CTPYKTYpPhI BCIEJICTBUE YCTPaHEHUS] BHYTPEHHUX HaNpPsKEHUN
Y U3MEJIbYEHUS 3EpHAa.

1.3.12. KakoBa uenp omxkura l-ro poga Kak MeToJa TEPMUUYECKOU
o0paboTku ctanu?

OtBer: 1) moaroTtoBka CTaqd K OTKUTY 2-ro poja; 2) ycCTpaHEHHE
HEOHOPOTHOCTEN (DMBUYECKUX CBOMCTB MU XUMHUUYECKOTO COCTaBa CILIaBa,
CO3/IaHHBIX MPEANICCTBYIONMMHU 00pabOTKaMu; 3) IBTEKTOUIHBIE (ha30BbIE
M3MEHEHHSI COCTaBa CTAIM — MEPEKPUCTAIUIM3ALMS U3 OJIHOTO TBEPJIOTrO
COCTOSIHUSA CILJIaBa B IPYToe.

1.3.13. KakoBa nens audPy3MOHHOTO OTKHUTA KaK METO/Ia TEPMUUYECKON
00paboTku cramu?

OtBer: 1) BbIpaBHHMBAaHUE XHMHYECKOTO COCTaBa W YCTPaHCHHUE
JEHJIPUTHON CTPYKTYpPhl KPHUCTAJIOB CIUJIaBa B JETalIsIX W 3aroTOBKAaX U3

HCFHpOBaHHOﬁ CTaJln, 2) BBCACHHUEC  OOIIOJHHUTCIIBHOI'O KOJIMYCCTBA
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JETUPYIONTUX MPUMECHBIX 3JIEMEHTOB MeTonoM nuddy3uu; 3) MOBHIIICHUE
TBEPJIOCTH BCIICJICTBUE (DA30BBIX TIEPEXOIOB.

1.3.14. Ins yero npuMeHsIE€TCsl peKPUCTATUIM3AIMOHHBIA OTKUT?

OrBer: 1) 1 yCTpaHeHWs BHYTPEHHUX HANpsDKEHUW; 2) A
BOCCTAHOBJICHUSI UCXOJJHOW CTPYKTYpbl U CBOWCTB METaJlIa MOCJE XOJIOHOM
iactTuaeckout nedopmanuu; 3) 11 npoBeeHus (Ha3oBbIX MEPEXOI0B.

1.3.15. Kakue dakropsl BIMAIOT HA pa3Mep 3€pHA  TMOCTe
PEKPUCTAINIM3AUOHHOTO OTKUTra?

Otser: 1) CTEIICHb nedopmaruu; 2) TeMIeparypa
PEKPUCTAIIIA3AIMOHHOIO OTKUTa; 3) pa3Mep 3epHa nepea aepopmanuei;

4) IIUTENBHOCTD MpoIlecca OTKUTA.

1.3.16. VYkaxute HEOOXOOUMOE YCIOBHE JUII TOTO, YTOOBI CILIaB
MOABEPTHYTh PEKPUCTATUTUZALMOHHOMY OTXKUTY.

OtBer: 1) Hamumume y cruiaBa (a3oBbIX IMPEBpalllCHU B TBEPIOM
COCTOSIHUM; 2) U3MEHEHHUE PACTBOPUMOCTH KOMIIOHEHTOB CILIaBa B TBEPJIOM
COCTOSIHUU;, 3) U3MEHEHHE PACTBOPUMOCTH KOMIIOHEHTOB CIUIaBa B TBEPIAOM
COCTOSIHUM C HM3MEHEHUEM TeMmIepaTypbl; 4) Haluuue MpeaBapuTelbHON
XOJIOTHOM TITACTHYECKOM epopmaliuu cruiaBa.

1.3.17. KakoBa uenp pEKPUCTALIM3ANUOHHOTO OTXHUra KaK METoJa
TepMUYECKO 00paboTKu cTanu?

OtBer: 1) TOBBINIEHWE TBEPJOCTH  BCIEJACTBUE  NPHOOPETCHUS
MOJIMKPUCTAIUIMYECKUMHU 3e€pHAMU 00Jiee KPYIHBIX Pa3MEPOB W BBITSHYTOM
dbopMbI; 2) yCcTpaHEHHME HakJjerna, BO3HMKAIOIIErO BCIEJACTBHE XOJOIHOU
MJIACTHYECKOU epopmariuy MOBEPXHOCTHBIX CIOEB CIUIaBa Mociae o0paboTKu
JaBJICHUEM, TIOJIydeHHE UCXOAHON (hOPMBI U pazmepa 3epHa; 3) IBTEKTOUIHBIC
¢da3oBble M3MEHEHHMS COCTaBa CTald — IMEPEKPUCTAUIU3AIUS U3 OJHOTO
TBEPJIOTO COCTOSIHUS CIUIaBa B JIPYTroe.

1.3.18. KakoBa menp omkura 2-ro poja Kak METOJla TEPMHUYECKOM

o0paboTku ctanu?
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OtBer: 1) TOBBIICHWE TBEPAOCTH CTaJId BCIICJACTBUE NPUOOPETCHHUS
MOJMKPUCTAIUIMYECKUMHU 3€pHAMU 00Jiee KPYIHBIX Pa3MEPOB U BBHITSHYTOM
dbopmbl; 2) TOBBIIIEHHE IUIACTUYHOCTH CTaldd BCIEACTBUE (Pa30BBIX
npeBpalieHuii  (MepeKpUCTaUIN3alui) W JOCTHXKEHUSI PaBHOBECHOTO
COCTOSIHUS CTPYKTYPBI CIIaBa; 3) YCTpaHEHHE BO3HUKIINX HEOJIAroNnpHusTHBIX
MOCJIE/ICTBUM OT)Hra 1-ro poja.

1.3.19. KakoBa 11eJ1b MOJHOTO OTKUTa CTaIu?

OtBer: 1) MOBBINICHHE OJHOPOJHOCTH  CTPYKTYpBI, (DU3HUYECKUX U
XUMHUUYECKUX CBOWCTB; 2) TMOBBIINICHUE TBEPJOCTH U MPOYHOCTH CIJIaBa
BCJICJICTBUE MPEBPAIICHUS MEJIKO3EPHUCTON ayCTEHUTHOM CTPYKTYpHI CIlJIaBa
B KPYMHO3EPHUCTYIO (HEPPUTHO-TIEPIUTHYIO; 3) TMOBBIINICHHE BA3KOCTU H
IJJACTUYHOCTH  CIUIaBa  BCJEJACTBHE  MPEBPAIICHUS  KPYMHO3EPHUCTOM
beppUTHO-TIEPIIUTHOMN CTPYKTYPHI B MEITKO3EPHUCTYIO ayCTEHUTHYIO.

1.3.20. KakoBbl mnpenmyliecTBa H30TEPMUYECKOrO OTKHUIa CTajdd IO
CPaBHEHUIO C MOJHBIM?

OtBer: 1) mpeuMyIIeCTB HET, MOJHBIA OTXKUT 00ECIEUUBACT MOJIYUCHUE
JY4YIIUX CBOMCTB CTalu; 2) HU30TEPMUYECKUM OTKHUI TMO3BOJSET CHU3UTH
MPOJOJKUTEILHOCTh TMpOLECcCca, MOJIYYUTh OJHOPOAHBIM MO CTPYKTYpE U
CBOMCTBaM Marepuai; 3) U30TEPMUUYECKUIA OTKUT MO3BOJIAET, XOTs U 3a 0oJiee
MPOJOJKUTEIBLHOE BPEMSI, MOTYYUTh O0JIEe TBEPAYIO U MIPOUYHYIO CTalb.

1.3.21. Kakue siBJdeHHS B METaJlJIe COMMYTCTBYIOT HaKJemy ?

OtBer: 1) u3MenpyeHue OJIOKOB M 3€peH; 2) JIBUKEHUE U POCT
IJIOTHOCTU JHMCJIOKAlMK; 3) BO3HUKHOBEHHE HAMPSIKEHUU BTOPOrO H
TpeTbero poja; 4) yhnpodyHeHHe MeTallla M IOHHXEHHE €ro
MJIACTUYHOCTH; 5) 00pa3oBaHuE TEKCTYPHI.

1.3.22. Kakue npouecchl NPOUCXOAAT HPHU HArpeBe HAKJIEMAHHOTO
MeTannaa, Korjga TemIlepaTypa  HarpeBa  BbIIIE  TeMIEpPaTyphl
peKpucTaIIn3anumn’?

Oteert: 1) BO3Bpar uiu OTIABIX; 2) pEKpUCTAILIN3ALIUSA;

3) pexkpucrtannu3anus o0paboTku, coOupaTeabHas peKpUCTaAIIN3AIUA;
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4) BOCCTaHOBJIEHUE UCXOAHBIX CTPYKTYp U CBOIMCTB MeTaJlIa.

1.3.23. B dYeM COCTOHUT pa3Inudyue MEXAy MOJTUMOPPUIMOM H
peKpucTaIIu3anuen?

OtBer: 1) B Temmeparype NpOTEKaHUsS JTUX MPOILECCOB; 2) B
MeXaHu3Me 00pa30BaHUS HOBOW KPHUCTAIIUUYECKOW CTPYKTYphl; 3) B
TUIIaX PEIIETKU, 00Pa3yoIUXCs MPU ITUX MpOolieccax.

1.3.24. KakoBbl 0COOGHHOCTH HOpMANMU3AIMH KaK METOJla TEPMUUECKOU
00paboTku cranu?

OtBer: 1) mpormecc OXJaXICHHUS TPOBOIUTCS Ha BO3AYyXE, MOITOMY

MPOJOJKUTEIBHOCTh TEPMOOOPAOOTKH MEHBIIIE, YEM IIPH MOJTHOM OTXKUTE;
2) mpouecc OXJaKICHUSI MPOBOJUTCS B MEYH, MIOATOMY MPOJIOJKUTEIBHOCTh
npoiecca TepMooOpabOTKU OoJibllle, YeM MpHU 3aKajike; 3) HOpMaau3alus
obecnieunBaeT 00Jiee BHICOKYIO IJIACTUYHOCTh 1O CPaBHEHHIO CO CTalblo,
IIOJIBEPTHYTON ITOJITHOMY OTXKUTY.

1.3.25. KakoBa niens HopManu3anuu?

OtBet: 1) ycTpaHeHHE BHYTPEHHUX HAMPSHKCHUH B CTaJM, BOSHUKIIIHAX
B pE3yJbTaTe€ 3aKajKkW;, 2) HCHPABICHHUE CTPYKTYphl IEpPErpeTod CTaH,
U3MEJIbYEHNE 3€pHA, MOATrOTOBKA K 3aKajKe; 3) IMOBBIIICHHE ITPOYHOCTH U
TBEPAOCTH CTAJIN.

1.3.26. OTnuBKH W3 MaJOYIJIECPOAUCTON CTAIM B JUTOM COCTOSHUU
XapaKTEPU3YIOTCA HAJIMYHMEM JIMKBAalUM, YTO YXYJILIIA€T MEXAHHYECKHE
CBOICTBa OTJIMBOK. Kakum ciocoO0M MOXHO CYHIECTBEHHO CHU3UTH 3PQEeKT
JIMKBAIMU B OTJIMBKAX.

OTBeT: NOABEPTHYTh OTIUBKH 1) MOJIHOMY OTXKUTY; 2) OTXKUTY;

3) peKpuUCTaIM3alMIOHHOMY OTXUTY; 4) TP Py3nOHHOMY OTHKUTY.

1.3.27. PexomeHayiite pexuM HopManu3anuu craimu ¢ 0,4 % C.

Oteet: 1) 700 ° C - oxnaxaenue B meur; 2) 820 ° C - oxjaxkaeHUEe Ha
Bo3ayxe; 3) 900 ° C - oxyiax/IeHre Ha BO3TyXeE.

1.3.28. Jlug kakkx cTajedl OTKUT MOXKHO 3aMCHHThH OoJiee IeIICBOM

00paboTKON — HOpMaJIU3aIUCH?
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OTtBert: 1) 11 MaNOyTIEpOAUCTHIX; 2) I CPEAHEYTIICPOAUCTHIX; 3) s
BBICOKOYTJIEPOAUCTBIX.

1.3.29. KakoBa 11eJ1b 3aKaJIKu CTaJIn?

OtBeT: 1) NOBBIICHNE MATKOCTH M ITUIACTHYHOCTH CTAJIH; 2) H3MEIIbUCHHE
3epHa, yCTPAaHEHHE CETKU BTOPUYHOTO IIEMEHTUTA B 3a3BTEKTOUIHON CTAIH;
3) NMOBBIIIEHUE TBEPOCTH U MMPOYHOCTH CTAJIH.

1.3.30. 13 kakux OCHOBHBIX OIEpaIil COCTOUT NPOLECC 3AKAIKHU CTaIH?

OtBer: 1) HarpeB 0 TeMIepaTypbl, MPUMEHIEMOM MPH MOJIHOM OTXKHUTE,
BBIJICPKKA B TEUCHUE HEOOXOUMOI0 BPEMEHHU U OXJIAXKJICHUE B TEYH;

2) HarpeB /10 TEMIIEPATYPhl, MPUMEHSIEMONU MPU U30TEPMHUUYECKOM OTKUTE;
BBbIZICpKKA B TEUCHHUE HEOOXOAMMOT0 BPEMEHH U OXJIAKJCHUE Ha BO3IYXE;

3) HarpeB no TtemmepaTypbl, Ha 30-50 rpamycoB mpeBbIIAIONICH JUHUIO
TEMIEpaTyp ayCTEHUTHOTO  NPEBpAlICHUS; BBIACPKKA B  TECUCHHE
HEOOXOMMOTr0 BPEMEHHU U OXJIAXK/IEHUE C BHICOKOW CKOPOCTBIO B BOJIE, MACIIE
WU APYTUX OXJTaJAUTEISIX.

1.3.31.Kakue HexxenaTeNbHbIE CBOWCTBA MpUOOpETaeT CTalb MOCTe
3aKaJIKU?

OtBer: 1) MOBBIIICHHBIC BS3KOCTh M IUIACTUYHOCTD, 2) TOBBIIICHHYIO
XPYIKOCTh BCJIEACTBUE BHYTPEHHUX MEXaHWYECKUX HAMPSDKEHUI; 3) HaKjen
MOBEPXHOCTHBIX CJIOEB.

1.3.32.KakoBo conmepxanue yriepona B maptercure ctamu ¢ 0,5 %
yrieponaa?

Otgert: 1) 0,2 %; 2) 0,5 %; 3) 0,3 %; 4) 0,8 %.

1.3.33. Ha puc. 1.3 mnpeacraBieHbl MHKPOCTPYKTYpPhl CTaId C
conepxkanneM C 0,45 % mocne 3akankkd W OTHYCKAa IIPU Pa3IUYHBIX
TeMIlepaTypax Kakne KOMIOHEHTHI CTaJIM MPUCYTCTBYIOT MPH BCEX
YKa3aHHBIX PEKUMAX TEPMOOOPaOOTKH?

OTtBer: 1) wMapreHcut; 2) MapTEHCUT M TPOOCTHUT; 3) MAPTEHCUT H
OCTaTOYHBIN ayCTEHUT.

1.3.34. Kakoii crijiaB Ha3bIBae€TCsl MaPTEHCUTOM?
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Oteet: 1) TBepabIii pacTBOp yriepojaa B y-Kelie3e; 2) TBEpAbIA pacTBOP
yriiepoa B o-keje3e ; 3) MepechIeHHbI TBEPAbIA pacTBOp Yyriepojaa B o-
xKenese.

1.3.35. ConepxuTcs 11 B CTPYKTYPE 3aKaJICHHON JOIBTEKTOUIHON CTAJIU C
0,5 % C ocrarounsriii ayctrenut? [louemy?

OtBer: 1) comepkuTcsi; 2) HE COIEPKHUTCS, TaK KaK KpUTHYECKas
TeMIlepaTypa 3aKaiku 3Toi cranu Beiue 20 © C.

1.3.36. Ha xakue ¢a3bl paznaraercs MapTEHCUT TIPH OTITyCKe?

OrtBet: 1) Ha Qepput; 2) Ha PeppuT U ayCcTEeHUT; 3) Ha MEMEHTUT; 4) Ha
beppuT U IEMCHTHT.

1.3.37. Ha puc.1.4 nokazaHa CTpyKTypa CTaju C COAECp>KaHUEM YIJepojaa

1,2 % mocine moJHOM 3aKayKu. M3 4ero cocTouT 3Ta CTpyKTypa’?

Puc. 1.3. K 3amaue 1.3.33. Mukpoctpyktypsl ctanu ¢ 0,45 % C mocrue
Pa3IUUYHBIX PEKUMOB TEPMOOOPAOOTKHU:

a — 3akanka ot 900 °© C B Bome; 6 — 3akanka ot 900 ° C B Boge + Harpes
1gmpu 100 ° C; 6 —3akanka ot 900 ° C B Boge + narpeB 1 1 mpu 200 ° C;
2 —3akanka oT 900 ° C B Boge + HarpeB 1 u mpu 350 ° C; 0 — 3akanka
ot 900 ° C B Bome + HarpeB 1 4 mpu 350 ° C
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OtBer: 1) w3 mapreHcuTa; 2) W3 MapTeHCHUTa U TPOOCTHTA;, 3) U3
MapTEHCUTA ¥ OCTATOYHOTO ayCTCHUTA.

1.3.38. KakoBa ctpykrypa ctanu ¢ 1,1 % C nocie nonHoun 3akanku?

Otgert: 1) aycteHut; 2) MapTeHCHT; 3) TPOOCTHUT; 4) OCHHUT.

1.3.39. KakoB OCHOBHOM THI CTPYKTYpbI 3aKaJE€HHON CTain?

OtBert: 1) TpoocTHT; 2) MapTEHCHT; 3) COPOUT.

1.3.40. Kakrie TEXHOJOTUYECKHE TMPEUMYIIECTBA HWMCIOT JeTalu U3
JISTUPOBAHHBIX CTaJIed MO CPAaBHEHUIO C JIETANSIMU U3 YTIEPOJIUCTHIX CTajei
IIPU 3aKaKe?

OtBet: 1) 5TH JeTaiu MOXHO 3aKajlvBaTh B Maclie; 2) MEHbIIEe Opaka

ITOCJIC 3aKaJIKH, 3) MCHCC IIOABCPIKCHEBI POCTY 3CPpHA AYCTCHUTA IIPU HAI'PCBC.

NPT "3"5'
‘ﬂ ‘h‘\ﬁ.’ i‘%l
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Puc. 1.4. K 3amaue 1.3.37. MUKpPOCTPYKTYpHl cTaliei noclie
PAa3IMUYHBIX PEXUMOB 3aKalku: a —cTtanb ¢ 1,2 % C npu temneparype
1000 ° C B Boae; 6 — ctanb ¢ 0,86 % C npu Temriepatype 860 ° C B Bojg;
6 — ctanb ¢ 0,6 % C npu temmniepatype 900 ° C B macie

1.3.41. B ueMm texHonornueckue Henoctatku crtaiu 40 i1t U3roTOBICHUS
OTBETCTBEHHBIX JIeTaJIEN?
OtBer: 1) 3aroToBKM TWIOXO OOpabATHIBAIOTCS pe3aHUEM; 2) AeTald

TpeOYIOT  OXJaXACHUS B BOJE€  TpPU  3aKajke; 3) JeTaad HMEIOT



37
HEJOCTATOYHYIO KOHCTPYKTHBHYIO IMPOYHOCThH (HAJAEKHOCTH) M3-3a HU3KOU
MPOKAIMBAEMOCTH CTaJIH.

1.3.42. Kak BnusieT neperpeB ayCTeHUTA Ha MPOKAJIMBAEMOCTh CTaln?

OtBer: 1) mnpoKaTMBAaEMOCTh YBEIMYHMBACTCS; 2) MPOKAIHMBAEMOCTb
yMEHbIIaeTcs; 3) MeperpeB He OKAa3bIBACT BIMSIHUS HA IPOKAIUBAEMOCTb.

1.3.43. MoxHO M B UENAX YBEIUYCHUS  MNPOKAIMBAEMOCTH
PEKOMEHJI0BATh BBICOKME TEMIEPATYPBI HarpeBa /s 3akanku? [Touemy?

OtBer: 1) MOXHO — YIJYYIIAIOTCS CBONCTBAa CTaiM; 2) HENb3sT —
BO3MOYKHO YXYJUIEHHE CBOWMCTB CTaJld W3-3a YBEIWYEHUS pa3Mepa 3epHa
MOCJIE 3aKaJIKU.

1.3.44. Ilpu kakux TemmepaTypax OTIYCKa 3aKaHYMBAETCS pacnaj
MapTEHCUTA B YIIIEPOAUCTBIX CTAISIX?

Oteert: 1) pu 200—300 ° C; 2) mpu 400—450 ° C; 3) mpu 600—650 ° C;
4) mpu 100—200 ° C.

1.3.45. Yem 0OBsACHsSETCS MOHM)XEHHE TBEPAOCTU 3aKAJEHHON CTajau MO
Mepe MOBBIIIEHUS TeMIepaTypbl oTinycka Bbiiie 450 © C?

OtBer: 1) CHWXEHHMEM BHYTPEHHUX HANPSIKEHUW; 2) YKpYIHEHHUEM
YaCTHI] IEMEHTUTA U MO3aU4YHON CTPYKTYpPBI TBEPJAOTO pacTBOPa;

3) BBIACIIEHHEM YIJIEPOJIa U3 KPUCTAIMYECKON PEIIETKA MAPTEHCUTA.

1.3.46. Ilo amarpamme cocrosiaus Fe—Fe3C (puc. 1.1) ycranoBure,
KAaKOBa ONTHMAaJIbHAs TEMIIEpaTypa 3aKaJKu CTAJIHA C COJAEPKAHUEM YIJIEpOJa
0,4 %.

OTtBet: Temneparypa 3akanku: 1) 800 °C; 2) 850 °C; 3) 900 °C; 4) 750 °C.

1.3.47. KakoBa ontumanbHas TemMrnepaTrypa 3akajiku ctaiu ¢ 1,2% C?

Oteert: 1) 730 °C; 2) 770 °C; 3) 680 °C; 4) 900 °C.

1.3.48. Kakue HeoCTaTKu UMEET NHCTPYMEHT, H3TOTOBJIEHHBIA U3 CTaJH C
conepkanuem yriepoaa 1,2 % mocne 3akanku ot Temrepatypsl 900 © C?

OTBeT: HHCTPYMEHT 1) HEJJOCTATOYHO TBEP/I, OBICTPO U3HAIINBACTCS;

2) CIUIIKOM TBEPJ U XPYINOK; 3) HETOCTATOYHO U3HOCOCTOEK U MJIACTHUYEH.

1.3.49. B yem paznuuue copoOUTa U TPOOCTUTA OTITyCKA?
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OtBer: 1) B coctaBe (pa3; 2) B CTENEHH OUCHEPCHOCTH (eppuTa U
eMeHTHTa; 3) B opMe BKIIOUEHUN peppuTa U IIEMEHTHUTA.

1.3.50. Yem oTnmuaroTcs 3Tambl OTIIYCKA CPEIHEYIJIEPOJUCTON CTalau OT
BBICOKOYTJIEPOAUCTOM ?

OtBer: 1) OTCYTCTBYET 3Tal MPEBpaAIEHUS OCTATOYHOIO ayCTEHHUTA B
MapTEeHCUT OTIIyCKa; 2) pacnaj MapTeHCHTa MPOUCXOJUT C MEHbIIEH
CKOPOCTBIO; 3) MeHbIIIe yriiepoaa B MapTeHCUTe; 4) 00pa3yroTcs: KapOu bl
JIPYroro cocra,a.

1.3.51. KaxkoBa 1ieip OTITyCKa cTaau?

OtBet: 1) ycTpaHeHHE BHYTPEHHUX HAIPsDKCHUN, BOSHHUKIIHMX B CIUIABE
MOCJIE 3aKaJIK/, CHUYKEHUE TBEPAOCTH U MOBBIIICHUE BA3KOCTH;

2) u3MENbUYCHHUE 3€pHA, YCTPAHCHHE CETKHM BTOPUYHOTO  IIEMEHTUTA B
3a3BTEKTOUIHOW CTAJIN; 3) CHUKEHUE TUIOTHOCTHU CTaJIH.

1.3.52. N3 kakux omepanuii COCTOUT TEXHOJOTMYECKUN MPOIIECC OTITyCKa
cranu?

OtBer: 1) HarpeB cTajgu 0 TEMIIEPATyphl ILIABJICHHUS, BBIACPKKA B
TEUEHHE HEOOXOJMMOTr0 BPEMEHH; OXJIAXKJECHHUE BMECTE C IEuYbl0; 2) Harpes
3aKaJeHHOW CTalld JI0 TEeMIIepaTyphl HUXKE MEPBOM KPUTHUUECKOM;3) Harpes
CTaJIM JO TEMIIEPATYPhI BBIIIE TOUKU ayCTEHUTHOTO MTPEBPAILECHUS, BBIAEPIKKA
B T€YEHUE HEOOXOIMMOI0 BPEMEHH, OXJIAXKICHHE Ha BO3/IyXeE.

1.3.53. Ot kakux (hakTOpPOB 3aBUCIT CBOWCTBA OTITYIICHHOHN YIJIEPOIUCTON
cranu?

OTget: 1) OT TeMIiepaTypbl, Bp€MEHHU OTIYCKA U CKOPOCTU OXJIAXKICHHUS;
2) oT TemmepaTypbl, BPEMEHHM OTIYCKa; 3) OT TEMIIEpaTyphl OTIyCKa W
CKOPOCTH OXJIQXEHUs;, 4) OT TeMIIepaTypbl OTIyCKa.

1.3.54. Jlns kakux cTajel Ieaecoo0pa3Ho MpoBeNeHHEe 00pabOTKu
X0JI010M?

OTBeT: 1) 11 HUZKOYTIECPOJAUCTBHIX; 2) JUISl CPEHEYTIICPOAUCTHIX; 3) s

BBICOKOYTJIEPOAUCTBIX; 4) JUIsl IETUPOBAHHBIX.
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1.3.55. B deMm 3akioyaeTcsi CYIIHOCTb TEPMHUYECKOH 0OpabOTKH,
UMEHYEMOU yiny4ynieHuem?

OtBet: ynydllleHHE 3aKiro4aeTcss 1) B 3aKajke CTaliM; 2) B 3aKajke U
OTIYCKE CTaliv; 3) B 3aKaJKE W BBICOKOM OTIYCKE CTaiu; 4) B BBICOKOM
OTITYCKE CTaju.

1.3.56. Kak BiusieT JierupoBaHKUE Ha MPOIIECC OTITyCKa CTaIH?

Otger: 1) 3aMenmsiercsl pacmnaa MapTEHCUTA; 2) YMEHBIIAETCS CKOPOCTh
KOaryJisiiuu KapOu0B; 3) MOBBIIIAETCS CTOMKOCTh TPOTUB OTITYCKa.

1.3.57. Kakue npenmylinecTBa UMEIOT JIESTUPOBAHHBIE CTAId B COCTOSHUU
HHU3KOTO OTITyCKa?

OtBer: 5TH cranu umeroT 1) Oosiee OJHOPOAHBIA COCTaB MapTEHCHUTA
OTIYCKa; 2) MEHbIINE BHYTPEHHUE HANpsLKEHUs;, 3) OOJBIIYIO XPYIKYIO
MPOYHOCTH; 4) OOJBIITYIO TBEPIOCTb.

1.3.58. Ilpumensiercas 5 OTHYCK KaK CaMOCTOSITEIbHAs —Omeparus
TepMUYeCcKOil 00paboTKu?

Otser: 1) na; 2) Het; 3) TOJNBKO AJIsI JISTUPOBAHHBIX CTaJIEH.

1.3.59. KakoBa oCHOBHasl LI€JIb TPOBEICHUS OTITyCKa?

OtBeT: 1) cHMXeHUE 3aKaJIOYHBIX HaIpsHKEHUH; 2) YMEHbIICHUE
TBEPJIOCTH TIOCJE 3aKaIKH; 3) YMEHbIIIEHWE BHYTPEHHUX HAMNPSOKCHUA H
MOBBIIIIEHUE BSI3KOCTH TEPMUYECKH 00pabOTaHHOM JAeTaH.

1.3.60. Kak ocymiectBisieTcs OXJIaXACHUE YIIIEPOAUCTON CTamu MpHU
OTIyCKE?

OTtBeTt: 1) B7MecTe ¢ TIeubto; 2) Ha BO3yXe; 3) B BOJIEC.

1.3.61. HarpyxXeHHble KOHCTPYKLMOHHbIE J€Talld HW3TOTOBISIOT U3
cpeaHeyriaepoaucTon ctanu. Kakoit Bua TepMooOpabOTKHY JJIsl TAKUX JeTalien
MO>KHO PEKOMEHIOBATh M KaKasi Py 3TOM 00pa3yeTcsi CTpyKTypa?

OrBer: 1) 3akanky, oOpasyeTcss MapTeHCHUT; 2) 3akajKy H
HU3KOTEMIIEPATYPHBIN OTIYCK, 00pa3yeTcsi MapTEHCUT OTITYCKa;

3) HOpManm3ammio, oOpa3yercs copOWT 3akanku; 4) 3aKajiKy W BBICOKHU

OTITyCK, 00pa3yercs copOUT OTITyCKa.
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1.3.62. UYrto oTiMyaer CTPYKTypy copOHTa OTIyCKa U CTPYKTypY
3€pHUCTOrO NepaunTa?

OrBer: 1) @da3oBblii cocTaB; 2) CTENEHb AUCIEPCHOCTH YACTHULL
eMeHTHTa; 3) popma IEMEHTUTHBIX YaCTHIL, 4) pa3Iu4us HET.

1.3.63. Yem otnmuaercss CTpyKTypa copOuUTa OTIyCKa OT CTPYKTYpbI
copOuTa, NOJIYyYEHHOIO IIPU pacnajie aycTeHuTa?

Oteet: 1) cTEeneHpI0 TUCHIEPCHOCTH LEMEHTUTHBIX YACTHUIL;, 2) COCTABOM
¢a3; 3) popmoit IEMEHTUTHBIX YacTULl; 4) HUYEM HE OTINYAETCS.

1.3.64. Yem oOycioBiieHbI 00Jiee BEICOKHE MEXaHUYECKUE CBOMCTBA CTAIIN
CO CTPYKTYypOM copOuTa OTHyCKa MO CPaBHEHUIO CO CTajlbio, UMEIOIIEH
CTPYKTYpY copOuTa 3aKajaku?

OtBer: 1) oxpyrnoil (opmMol UEMEHTUTHBIX YACTHI; 2) CTEMNEHbIO
JUCHEPCHOCTH IEMEHTUTHBIX 4YacTUll; 3) MEHbIIMMU BHYTPEHHUMU
HaNpsDKEHUsIMU; 4) COCTaBOM IIEMEHTUTHBIX YacTULl U eppuTa.

1.3.65. Kakum MeromoM HarpeBa OOBIYHO  TONB3YIOTCS — MPHU
MOBEPXHOCTHOM 3aKkaike nerasneit mpudopos? [ouemy?

OTBeT: 1) MalUMHHBIMU TF€HEpPAaTOPaMU TOKOB BBICOKOW 4acTOTHI (T. B.
4.)— JocTHraeTcs OOJblllas CKOPOCTh HarpeBa; 2)  KHCJIOPOJIHO-
alleTUJICHOBBIMU TOpEJIKaMU — JEIIeBbl M JOCTYNHBI; 3) JaMIOBBIMHU
reHepaTopaMu T. B. Y. —JOCTUIaeTCs MPOrpeB JeTaleil Ha HE3HAUUTEIIbHYIO
ryOuHy.

1.3.66. Yem 00bsicHsIETCS HEOOXOJUMOCTh B 00JIee BHICOKOM TeMIiepaType
Harpesa T. B. 4. JIJIs 3aKAJIKU TI0 CPABHEHUIO C OOBIYHOM 3aKaIKOn?

OTtBer: 1) BBICOKOW CKOPOCTBIO HarpeBa Mpu T. B. Y., YTO MPUBOJMUT K
NpEBpAIllCHUIO TEpaUTa B ayCTEHUT Mpu Oojiee BBICOKUX TeMIepaTypax
neperpesa; 2) TeM, YTO NpPU HArpeBe T. B. Y. NpPEBpallEHUE MEPJIUTA B
ayCTEHUT IMPOUCXOTUT IMpH OoJiee BBICOKUX TEMIEparypax; 3) pa3inyHbIM
MEXAaHU3MOM IIPEBPALEHUs IEPJINTA B AyCTEHUT IPU HarpeBe T. B. 4.

1.3.67. Yto BiuseT rinaBHBIM 00pa30M Ha TONIIMHY 3aKaJC€HHOTO CIOS MPU

HarpeBe T. B. 4.?



41

OTtBeT: 1) coctaB cranu; 2) yacToTa TOKa; 3) CTPYKTypa CTalH;

4) 3JIeKTPOCONPOTUBIICHUE CTAIIH.

1.3.68. Kakona 11716 XUMHUKO-TEPMHUYECKON 00pabOTKH CTamu?

OtBer: 1) mMOBBINICHWE IUIACTUYHOCTH CTajJM; 2) IOBBIIICHHE OJiecka
MOBEPXHOCTH U YJIyUIIECHUE BHEUTHETO BU/IA ACTAJIM WUJIH 3aTOTOBKH;

3) U3MEHEHHE COCTaBa, CTPYKTYPhl U CBOMCTB MOBEPXHOCTHOTO CIIOS CTAJIA —
MOJIYYCHUE JIeTadll C TBEPABIM IMOBEPXHOCTHBIM CIIOEM U  MSTKOM
CEpJILIEBUHOM.

1.3.69. Kakue Buabl XUMHUKO-TEPMUYECKOW OOpabOTKM  CTald BaM
W3BECTHBI?

OtBer: 1) o00OpaGoTka TOBapeHHOW CONBIO, (HOCHOPHON KHCIOTOM,
a30THOKHUCJIBIM CepeOpOM IMpH TOBBINICHHOW TeMIlepaType; 2) IeMEHTAaIus,
a30TUPOBAHMUE, HUTPOLIEMEHTAIIHS, [IMaHUPOBAHUE, O6opupoBaHue,
muddy3rnonnas Mmeraumszanus; 3) obpaborka B armocdepe Boaopona WIH
WHEPTHBIX Ta30B MPHU MOBBIIICHHON TEMIIepaType.

1.3.70. KakoBa menp a30THpOBaHUS KaK METOJa XHUMHUKO-TEPMHUYCCKOU
oOpaboTku crtanu?

OtBer: 1) MOBBINICHNE TNIACTHYHOCTH MOBEPXHOCTH CTaJIN; 2) TIOBBIIICHHE
TBEPJIOCTH, HM3HOCOYCTOMYMBOCTU JI€Tadd WJIM YCTOWYUBOCTH TMPOTUB
KOppo3uu; 3) M3MENbUeHUE 3epHa BCEro o0bemMa MaTepuana AeTalu WU
3arOTOBKH.

1.3.71. KakoBa mnenp OOpuUpOBaHUSI KaK METOJa XUMHUKO-TEPMHUYECKON
o0paboTku ctanu?

OtBer: 1) MOBBINIEHUE W3HOCOYCTONUMBOCTH NETaNM; 2) H3MEIbUCHHE
3epHa BCero oObeMa MaTepuana JeTald WM 3aroTOBKH; 3) TMOBBIIICHHUE
OTpaXXaTEJIHbHOU CITOCOOHOCTH TTOBEPXHOCTH.

1.3.72. KakoBa 1nienb nudPpy3noHHON MeTauIU3aIuu KaKk METOJa XUMUKO-
TepMUUECKO 00paboTKu cTanu?

OtBert: 1) noBbIIEHUE OTPAKATEITHHOIN CITOCOOHOCTH TOBEPXHOCTH;
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2) CHWKEHUWE TBEPAOCTH W XPYNKOCTH; 3) TOBBILIEHHE TBEPAOCTH,
KOPPO3MOHHOM CTONKOCTH, KapOCTOUKOCTH M U3HOCOCTOHKOCTH.

1.3.73. Ot kakux (pakTOpOB 3aBUCAT CBONCTBA OTMYILIEHHOMN YIJIepOAUCTON
cTanu?

OtBert: 1) OT TeMmiepaTyphl, BPEMEHH OTITyCKa M CKOPOCTH OXJIAXKICHHUS;
2) OoT TeMmmepaTryphl, BPEMEHHM OTIyCKa; 3) OT TeMIlepaTypbl OTIIyCKa U
CKOPOCTHU OXJIQXACHHSI; 4) OT TeMIIepaTypbl OTITYCKA.

1.3.74. Kakue mnpomecchl MPOUCXOIAT TMPU XUMHUKO-TEPMHUUECKOM
o0paboTke ctaym?

OtBer: 1) muddysus; 2) auccoumanus; 3) abcopOuus; 4) pacnan
XUMHUYECKUX COCTUHEHUH.

1.3.75. Yem ompenensieTcs WHTCHCHBHOCTH mporiecca audy3rmoHHOTO
HACBIIICHUS] IPYU XUMHUKO-TEPMHUUECKON 00padoTKe?

Otger: 1) TemnepaTypoi, Ipu KOTOPOU MPOBOJAUTCS MPOLIECC;

2) TEIUIOTOW aKTUBaIWu Tporecca quddy3un; 3) CKOPOCTHIO HArpeBa.

1.3.76. IIpoBonutcs niemenTanus U 1uPy3noHHOE XPOMUPOBAHHUE CTAIIH.
B kakoM ciydae mponecc mporekaeT Oosiee MHTEHCUBHO? UeM 3TO MOKHO
OOBSCHUTH?

1.3.77. Uto mpencraBiseT co00ii Mpoiiecc IMaHUPOBAHUS?

OTBer: 1) HachlllleHHE TOBEPXHOCTHBIX CJIOEB CTaJbHON JAeTallu
[IMaHUJAMH METAJUIOB; 2) HACHIIIEHUE TIOBEPXHOCTHBIX CIJIOEB CTaJIbHOM
JeTald a30TOM; 3) HACHIIMIEHWE MMOBEPXHOCTHBIX CJIOEB CTAJBHON JeTalin
a30TOM U YTJIEPOJIOM.

1.3.78. Kakum crioco60M MOMHUMO TTOBEPXHOCTHOM 3aKkayku U X TO MOKHO
MOBBICUTH YCTAJIOCTHYIO MMPOYHOCTH JeTallei MaIIuH?

OTteer: ) yBeMuE€HHEM YUCTOTHI IOBEPXHOCTH JETaNEH;

2) mpoOecTpyHHBIM HAKJIENOM; 3) 3aKaIKOM OT 00Jiee BEICOKOW TeMITepaTyphI.
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1.4. BbI0Op KOHCTPYKIIHOHHOI'0 MaTepHaJia
151 KOHKPETHOT0 Ha3HAYEeHUS

[Ipu KOHCTpYHpOBaHUU BBIOOP MaTepuasa sBISETCS OJHUM U3 BaKHEUIITUX
BonpocoB. [Ipu BbIOOpEe Marepualia yYWUTHIBAIOT CIEAYIOIINE OCHOBHBIE
TpeOOBaHMs: MaTepuas AOJKEH O0eCneYuTh HEOOXOJUMYIO0 MPOYHOCTH H
HAJIe)KHOCTh JeTadu B paboTe (KOHCTPYKTHBHYIO IPOYHOCTH), 00JadaTh
ONTUMAJIbHBIMU  TEXHOJOTHUYECKUMH  CBOWCTBaMH M  00ecleyuBaTh
MHHHAMAIIbHYIO CTOMMOCTh KOHCTpyKimu [1-5].

OcHOBOI AJi1 MPaBWIBHOTO BBIOOpAa MaTepuana SBIISAIOTCSA IOKAa3aTelH,
OTIPEMETSIONINE TPOYHOCTh W TEXHOJOTMYECKHE CBOWCTBAa MaTepHana,
yCIOBUSL paboOThI JleTalld, BIMSIONIME Ha IOBEJIECHUE MaTepuana B padoTe.
Cenenust 0 Marepuanax OObIYHO O€pyT M3 CHPAaBOYHUKOB, IJ€ MPUBOIATCS
MEXaHUYECKUE XapaKTEPUCTUKH MaTepuajia, KOTOpbIE IMOJIy4aloT IpHU
UCIBITAHUU CTAaHAAPTHBIX 00pa3LlOB B CTaHAAPTHBIX ycHOBUsX. Mcmomnb3ys
OTH JaHHBIE, WX HEOOXOAMMO JOMOJHATh 3HAHUSIMH TEOPETHUECKOTO
MaTepUaJOBEICHUsl IJIsi ydeTa KOHKPETHBIX pPEaJbHBIX YCJIOBUHA pPaOOTHI
JeTaNH.

Ha cBoiicTBa cTaiM 3HAYUTENBHOE BIMSHHE OKAa3bIBAIOT IOCTOSIHHBIE
(HexxenaTenpHbIC) MpuMecH (cepa, pocdop, rasbl), a TAKKE TEXHOIOTHUECKHUE
n00aBkM (KpeMHHM, Maprasdel] u ap.). [Ilpumecu mMoryt nomnaaaTh B CIUIaB U3
OPUPOJIHBIX COCAMHEHUN W Py, a Takke MpH HepepaboTke MeTayuioioMa.
OCHOBHBIM 2JIEMEHTOM CIIJIaBa, MO OTHOIIEHUIO K KOTOPOMY BCE OCTAJbHBIC
DJIEMEHTHI — TPUMECH, SIBIISIETCS TOT, YbS aTOMHAs pelieTKa OmpeiesseT
KpucTajiorpajuueckoe cTpoeHue Bcero cruiaBa. [loka conepikaHue
AJIEMEHTOB B CTaJIM TaKOBO, YTO KpHUCTALUIOrpauueckoe CTpPOEHHE CIlIaBa
OTIPE/IETSAETCS] PEIIETKOM jKele3a, CIUIaB Ha3blBaeTCs JIETHPOBAHHOW CTajblo.
Korna conepxaHue 31€MEHTOB TOCTHraeT TaKUX 3HAUYEHUH, YTO CTPOEHUE
CIUIaBa OMpPEIENSETCS PEIIeTKOM T00aBOYHBIX 3JIEMEHTOB, a HE Keye3a, TO

TOBOPSAT YK€ O CIUIABE (TUTAHOBOM, HUKEJIEBOM U JIp.).
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Ecnmu crtasp mMmeeT B CBOEM COCTaBE JKEJe30, YIJIEPOJ W HEKOTOPOE
KOJIMYECTBO IMOCTOSIHHBIX npumecert (S, P, Si, Mn, rasel), To Takym CTalb
Ha3bIBAIOT y2iepoducmoii. Ecinu B mporiecce BBIMIABKU YIJIEPOAUCTON CTaIH
K Hell o0aBistroT Jierupyroriue iaemeHntsl (Cr, Ni, W, Mo u ap.), a Takxke Mn
u Si B moBwliecHHOM KosimdectBe (6onee 0,8 — 1,0 %), To Taky craib
Ha3bIBAIOT J1€2UPOCAHHOIL.

Yanepoo oka3bIBaeT OCHOBHOE BJIMSIHME Ha CBOMCTBA YIJIEPOAMCTON CTaH,
HAXOJIUTCS B €€ COCTaBe IIaBHBIM 00pa3oM B CBS3aHHOM COCTOSIHUM B BHJIE
HeMeHTUTa. B CBOOOIHOM COCTOSSHUM B BHUAE TIpaduTa COAECPKUTCA B
gyryHaX. C yBeJIMUEHHUEM COJEp)KaHHs YIJIepoAa B CTaJM TOBBIIIAIOTCS €€
TBEPJIOCTh U MMPOYHOCTh, YMEHBIIIAIOTCS TUIACTUYHOCTD U BA3KOCTb.

Cepa sBAsieTCd HEXeENaTEeIbHOW NPUMEChIO, 00pa3yeT C Kele30M
cynbdun xeneza FeS, KOTOPBIM HAXOIUTCS B CTAIM B BHUJE IBTEKTUKU Fe —
FeS c remneparypoii masiaenus 985 °C.

IIpn nHarpese cranu no temneparypbl 1000 — 1200 °C gns ropsuein
00pabOTKM JaBJICHUEM OBTEKTHUKA IUIABUTCS, Ce€pa KPUCTAJUIM3YETCS Ha
IPaHUIIAX 3€PEH, YTO MPUBOAUT K HAPYIICHUIO CBS3U MEXKIY 3CpHAMH,
MOBBIIMICHUIO XPYIKOCTH, Pa3pylIeHUuI0 Tpu Jaedopmaiuu  BCIEICTBHUE
o0pa3oBaHUs BHYTPEHHHX TPEIIMH U HAJPHIBOB. JTO SIBICHHWE HA3bIBAIOT
Kpacnonomxocmoio. CoJiepKaHUe Cepbl B CTAIM HE NOJKHO mnpeBbimath 0,06
%.

@Docgop pactBOpsieTcs B o- U Y-Fe, uckaxkaer kpuctammyeckyro
pEeIIeTKy W YyXYAIIaeT IUIACTHYHOCTh cTaiu. Dochop BBI3BIBACT SIBICHHE
XJIAOHOJIOMKOCMU, SIBIIICTCS  HEXENATeIbHOM MPUMECHIO,  COJIEpKaHue
KOTOPOH B CTasIX M0JDKHO ObITh MeHee 0,08 %.

Azom, Kuciopoo MPUCYTCTBYIOT B CIIaBaX B COCTABE OKCHJIOB, HUTPHJIOB
— XPYINKUX HEMETAJUIMYECKUX COCIWHCHUU (BKIIOUEHHUI), KOTOPBIC CO3IAar0T
ne(eKThl KPUCTAJUTMUECKOW CTPYKTYphl. OHU SBISIOTCS KOHIIEHTPATOpPaMHu
HaMpsHKEHUH W MOTYT TOHU3UTh MEXaHWYECKHE CBOMCTBA (IPOYHOCT,

MJIACTUYHOCTD ).
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Booopoo mnornomaercs cranpl0 B aTOMapHOM cocTosHuH. [lpu
OXJI@XKJIEHUH  CIUIaBa  PAacTBOPHUMOCTb  BOJOpOJA  CHWXKAETCS, OH
HAKalJIUBaeTCsl B MMKPOINOpax IO/ BBICOKMM JaBICHUEM. OTO MOXKET
PUBECTU K 00Pa30BaHUIO B MaTepuaje BHYTPEHHHUX HAJIPHIBOB ((PIIOKEHOB).

Mapeaney u kpemnuil — nosie3Hbie npuMecu. Ix 100aBisOT B CTallb MpU
BbIIUTaBKE. MapraHel] CyIlecTBEHHO CHIKA€T KPacHOJIOMKOCTh CTajH,
oOpa3yet mnactTuuHblii MNS ¢ Temneparypoit miasnenus 1620 °C. Mapranery
YBEIMYHMBAET TBEPIOCTh, NMPOYHOCTh M HM3HOCOCTOMKOCTH CTalM, IPU €ro
cojaepkanuu 6onee 1,5 % cHuxkaeTcs MIaCTUYHOCTh CTAJIH.

Kpemunii cBsi3piBaeT 3akuchk xkene3a (FeO) c oOpa3zoBaHneM CHIMKATOB
(FeO-Si0,), xkoTOphIe YAANIAIOTCS BMECTE CO IuIakaMu. Kpome Toro, KpeMHHA
MOHMKAET CKJIIOHHOCTb CTAJIM K XJIQJHOJIOMKOCTH, CIOCOOCTBYET MOJIYUYEHHUIO
0osee OJHOPOAHOW CTPYKTYpPBI, MOJOKHTEIBHO CKa3bIBAETCS HA YNPYTHUX
xapaktepuctukax. KpemHuii cnocoOCTByeT U3MEHEHUIO MarHUTHBIX CBOMCTB
CTaJM, a MPU CoAepKaHuMU ero B konuuectse 15 — 20 % npumaet matepuary
KHCJIOTOYNOPHOCTh. OOBIYHOE COAEPKAHNE KPEMHHUS B YTIEPOIUCTON CTAU —
He 6ouee 0,4 %, mapranna — 0,8 %.

Cramm knaccugpuyupyrom (puc.1.5) Mo XuMHUECKOMY COCTaBY, Ka4eCTBY
W HazHaueHuto. Ilo  Haznauenuwro  ctanum  mOApa3AENAIOTCA  Ha
KOHCTPYKIITMOHHBIC, HWHCTPYMEHTAJIbHbIE, CTAIM C OCOObBIMU (DU3UKO-
XUMUYECKUMH cBoMcTBaMU. [lo xumuueckomy cocmagy paznuyaioT cranu
YTAEPOJIUCTHIE U JIETUPOBAHHBIE.

Koncmpykuyuonnwle crany IpUMEHSIOT JIJIs1 U3TOTOBJICHUS JIeTallel MallTuH
U KOHCTPYKLUHH; uUHCmMpymMeHmanvHvle — JUIsl PEXKYIIUX, U3MEPUTEIbHbBIX
WHCTPYMEHTOB, IITaMnoB W T.0. K cramiM u cmiaBam c¢ ocodvimu
ceolicmeamu OTHOCST KapoNpOYHbIe, KOPPO3ZUOHHO-CTOMKNE, MATHUTHBIE U
ap. OHM HAIUIM [IUPOKOE MPUMEHEHHE B MPUOOPOCTPOEHUH, B TOM YHCIIE B
MEIUIIUTHCKON TEXHUKE.

[lo kauecmey  pa3nuyarOT CTaId  OOBIKHOBEHHOTO  KayecTBa,

Ka4CCTBCHHBIC, BBICOKOKAYCCTBCHHBLIC U 0c000 BBICOKOKAYECTBEHHBIE. HpI/I
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ATOM YYMTBHIBAIOTCS CMOCOO BBIIABKK U cojepx)aHue cepbl u (ocdopa.
Cranu  00bIKHOBeHHO20 ~KAdyeCcTBa HMMEIOT TMOBBIIICHHOE COJEpIKaHUE
HexenarenbHbix npumeceit — g0 0,06 % cepst 1 1o 0,08 % docdopa, ux
MEXaHUYECKHE CBOWCTBA HIDKE, UM Y cTajleil apyrux rpymnin. Kauecmeenmvie
ctanu conepxar cepy u dochop B koHueHntpauu menee 0,035 % kaxmoro
aJieMeHTa. BwicokokauecmeenHvle CTalld, BBIIUIABISAEMbIE B 3JIEKTpOICUax,
conepxat menee 0,025 % u cepsol, u pochopa. Ocobo evicokoxkauecmseHnubie
CTaJId, TIOJBEPTHYTHIC AJIEKTPOILIAKOBOMY IEperiaBy ¢ BaKyyMHpPOBAHHEM,

cozepkar cepy u ¢hochop B KOHIIEHTpaIuu, He nipeBbimatonieit 0,015 %.

4‘ Cranu |
v » ‘
Mo HazHaueHUID
KOHCTPYHUMOHHDBIE HHCTpy MeHTan bHble Cnew, Ha3HayeHHA
(c ocoBpiMK cEOMCTEAMM)
—b‘ Mo xMMHYECKOMY COCTaBY ‘
Yrnepogucrbe | | JlernpoBaHHbie fp. 31e MeHTaMH
¥ ¥ ¥ ¥ ¥ ¥
HH3KO- CpepHeyr- BblcoKOyT- Huako- CpeaHene- Boicorone-
YIAepoauCThIe | | NepodHCThie | (AepodMcTbie NerHpoBaHHbIe| | THPOBaHHbBIE THpOBaHHble
C:0,09-0,25% | | C: 0,25-0,6% C:=0,6% < 2,5% 2,5-10% >10%
4’| Mo kayecTey |
O6bIKHOBEHHOTO KayecTeeHHbIR BbICOKOKaueCTBeHHbI2 OcofoKauecTBeHHbIe
KayecTea
$<0,06% $<0,035% $<0,025% S+P<0,015%
P<0,08% P <0,035% P <0,025%
4>| Mo cTpykType
Jlo3eTekToMOHbIE 333BTeKTOH[HbIE AYCTEHHTHbIE PeppHTHbIe
C<0,8% C>0,8% nerup. Ni, Mn nerwup. Cr, Si

Puc. 1.5. Knaccudukarnus cranei
Haunbonee omacHbIM SIBIISIETCA XPYIKOE pa3pylleHUue IeTaneu
MEXaHU3MOB. XpYyIKas MPOYHOCTh Marepuaia KOCBEHHO BBIPAXAETCS 4epe3
TEMIIEPATYPHBIA TOPOT XJIAJHOJIOMKOCTH, OJIHAKO B CIPABOYHUKAX 3THUX

JaHHBIX O MaTrcpualax OOBIYHO HE IMPpUBOAUTCA. HOC—)TOMy Impu
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KOHCTPYHPOBAaHUM HEOOXOJUMO YUYHUTHIBaTh, Kakue (PakTOpbl BIHAIOT Ha
TEMIIepaTypPHBII NOPOT XJIATHOJIOMKOCTA MAaT€pUaOB

OCHOBHBIMM M3  MHOTOYMCIECHHBIX (DAKTOPOB SBISIOTCS: COCTaB MU
CTPOEHUE MaTepUalia, XapakTep HarpyXKeHUsl, YCIOBHs pa0dO0Thl, KOHCTPYKLUS
neTany (HaJM4Me W BHUJbI KOHIICHTPATOPOB HampsbkeHus) [5]. Paccmorpum
HEKOTOpbIE COOOpaKEHHUs, KOTOphIE CIEAyeT HMMEThb B BUJy TNpU BbIOOpE
MaTepuaia, 00ecreynBalonIero HeoOX0AUMYIO0 KOHCTPYKTUBHYIO MPOYHOCTh
JI€TaIM KOHCTPYKLIHM.

Cmpoenue mamepuana. Metamisl ¢ pelIETKOW T'PaHEUEHTPUPOBAHHOTO
kyba (I'IK) umeroT HU3KHM TOPOr XJIAJHOJOMKOCTH M TO3TOMY OoJiee
YCIIEIIHO MOT'YT pa0O0TaTh B YCIOBUSIX, KOTJIa XPYNKOE pa3pylLieHrue Hanbosiee
BEpPOSITHO (HU3KME TEMIIepaTypbl, JIUHAMHYECKOE JIEMCTBHE HArpy30K).
Mertamibl ¢ pemieTkaMu 00beMHO IieHTpupoBaHHOro  kyba (OLK) wu
reKcaroHajibHOHM TI0THO yrakoBaHHOU (['TIY) umeror Gosiee BHICOKUH TTOPOT
XJaJHONOMKOCTH. Tak Kak  OOJBIIMHCTBO  JAETaled  KOHCTPYKIUH
M3TOTOBJISIIOT U3 YIIIEPOAUCTON U JIETUPOBAHHOM CTAJEN, UMEIOLUX PELIETKY
OLK, To HEe0oOXOAMMO 3HATh, KAK MOKHO MOHU3UTh TEMMEPATYPHBIA MOPOT
XJIaTHOJIOMKOCTH 3TUX MaTEPHAJIOB.

C yMEHBIIEHHMEM BEJIWYMHBI 3€pHAa MOPOr  XJIATHOJIOMKOCTH
MOHM)KAETCSl. Y CTAHOBJIEHO, YTO YBEJIMYEHHUE COJIEpKAHUS yriepoJa B CTalIH
Ha kaxayto 0,1 % noseiaer nopor xaaaHonoMkoctu Ha 20—30 © C.

Onementsl Ti, Nb, V npu comepxanmu B ctamm g0 0,1 %
U3MENIbYAlOT 3€PHO ayCTEHUTAa U COJEWUCTBYIOT MOHMKEHUIO Topora
XJIATHOJIOMKOCTH; yBenuueHue coaepxkanus Mo no 0,4—0,5 % mnonHmxkaer
nopor xyiagHosomkoct Ha 80—100 © C; npu conepxkanuu Ni B cTanm 0KOJI0
1 % mnonmwxkaercsa mopor xmamHoinoMmkoctu Ha 60—80 ° C; moBblIeHUE
comepkanuss Ni 1o 3—4 % BBI3BIBACT MEHEE HWHTCHCHBHOE ITOHIDKEHUE
nopora xyjagHojdoMKkocTd. IloBeimenHoe kosmdectBo Ni 1enecoodpasHo
JUISL  YBEJIMYEHUS IPOKAJUMBAEMOCTH, YTO MOBBIIIAET KOHCTPYKTUBHYIO

IIPOYHOCTH B JeTasax KpynHeIX cedeHuid. Conepxxanue Cr no 1 % He Biuser
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Ha MOPOT XJIaJAHOJIOMKOCTH, HO CI, MOBBIIIAs MPOKATMBAEMOCTb. YBEIUYUBAET
KOHCTPYKTUBHYIO IIPOYHOCTb. BBenenme Mn comercTByeT poCTy 3€pHa
ayCTEHUTAa W TIO3TOMY, €CIM HE MPUHSITh MEpPbl MPOTHUBOACUCTBUS, MOMKET
MOBBICUTHCSl TEMIIEPaTYpPHBIA TOPOT XJAJHOJIOMKOCTH. B coueranum c
AJIEMEHTaMH, MPEJOTBPAIIAIOIIUMHI POCT ayCTEHUTHOTO 3epHa, MIl B KOJu-
yectBe 10 1 % He BimsgeTr Ha mopor xmagHojaomkoctd; Si go 0,4—0,7 %
HezHaunTenbHo (Ha 20—30 °© C) moHMXaeT MOpor XJIaJHOJIOMKOCTH, TpHU
OoJbIlIeM CcOJIEpKaHUU  Si TIOPOT XJIATHOJIOMKOCTH MoBbImaercs. Cranu,
HOJIBEpracMbIe CpelHEMY OTITyCKyY, MoryT umeth 1 —1,8 % Si.

OnHako He CcleAyeT CTPEMHUTHCA K HCIOIB30BAHUIO UYPE3MEPHO
JIETUPOBAHHBIX CTaJe, YTO MOXKET MPUBECTH K TMOHUKEHHUIO XPYIKOM
npouyHocTu. CTeneHb JEerupoBaHus N0IKHA ObITh TaKOM, YTOOBI 00ECIEeUUTh
JOCTUKEHHE TOJHON MPOKAIMBAEMOCTH CTAJIU M0 CEYEHHUIO JETAIH.

Yyem npoxanusaemocmu npu e6vibope cmanu. Hausbicummu
MIPOYHOCTHBIMU CBOMCTBaMH 00JIaJAIOT A€TaIH, UMEIOIIUE 10 BCEMY CEUCHHIO
1oCJIe 3aKaJIKi MapTEHCUTHYIO CTPYKTYPY.

Jns nperaneit, paboTarOMX B YCIOBUSIX IUKIUYECKOTO JEHUCTBUS
Harpy3oK, CJEQyeT Y4ecTb, YTO TpEeJe] BBIHOCIMBOCTH  CYIIECTBEHHO
3aBUCUT OT MHUKPOCTPYKTYpPBI. YCTaJIOCTHBIE XapaKTEPUCTHKH 3HAUYUTEIbHO
CHIDKAIOTCS TIPH YBEIUYCHUU B CTPYKTYPE 3aKAJICHHON CTalld OCTaTOYHOTO
aycrenutra Bblmie 10 %. VYcranocTHble XapaKTEpUCTUKH CHHKAKOTCS C
YMEHBIIICHUEM YHUCTOTHI TOBEPXHOCTH W TIOBBIMIAIOTCSA TP HAJIUYUHA B
TIOBEPXHOCTHBIX CIIOSIX JETall OCTaTOYHBIX HAIpPsDKEHUH CKaThs, CO37a-
BAEMBIX HAKJICTIOM, 3aKAJIKOM M HArpeBOM T. B. Y., XUMHUKO-TEPMHUYECKOU
00pabOoTKOM.

YacTo aeranu MalvH U MEXaHU3MBbI BBIXOJIAT U3 CTPOS HE U3-3a UX
MOJIHOTO ~ pa3pyllieHuss WU JAedopManuu, a, HampuMep, BCIEICTBUE
NOBBIIIEHHOTO  HW3HOCa WM MecTHOM  koppo3uu.  [loBblieHue
U3HOCOCTOMKOCTH TPYLIMXCS CTaJbHBIX JETallell JTOCTHTaeTCsl pa3iIMuHbIMU

BUJIAMU XHMMHUKO-TEPMUYECKOM 00pabOTKH, Onaromaps 4YeMmy JOCTHIaeTCs



49
BBICOKAsl TBEPJIOCTh MOBEPXHOCTHOTO ciiosi fetaneid. OIHAKO Takue BUAbBI
YIOPOUHAIOIIEH  OOpabOTKHM  MaJIONMPOM3BOAMTENBHBl MU YaCTO CBS3AaHBI C
TEXHOJIOTUYECKUMH TpyAHOCTSIMU. [1l03TOMYy B psjie ciydyaeB IIEMEHTAIUIO U
3aKIKy JeTajed W3 MAJIOYIJIEPOAMUCTBIX CTajeld 3aMEHSIOT 3aKAJIKOW U
HU3KUM OTITYCKOM JI€Tajeil U3 JETMPOBAHHBIX CPEAHEYTIIEPOAUCTHIX CTAJICH.

Heob6xoanmbie M13HOCOCTOMKOCTh U TPOYHOCTH JIOCTUTAIOTCS CTPYKTYpPOH
MapTeHCUTa OTIycka H 0ojiee OJHOPOAHBIM IO YIJIEPOAY COCTaBOM
MapTEHCHUTA OTITYCKAa y JISTUPOBAHHBIX CTAJICH.

Yenepooucmwvie cmanu copepxartr xene3o, Yriepol, BpEIHbIE
NpUMECU U TeXHoJIoTuueckue no0aBku. Bpennoe BnausiHue docdopa
nposiBisieTcsl Tpu paboTe CTalbHBIX JeTajieil, cepa e TJaBHBIM
o0pa3zoM 3aTpyaHsieT Topsuyl o00paboTky pgaBieHueM. Ha paboty
JeTaliell oHa MPaKTUUYECKHU HE BIUSET, TaK KaK JEeTalld U3 YriIepOauCThIX
CTallell mpu BBICOKHUX TemIepaTypax He paboraror. OTMETHUM, YTO B
KOHCTPYKIMOHHBIX CTalAX coAepkaHue yriepona He mnpesbimaetr 0,65
%, Tak Kak Npu OOJbIIEeM COJEp)KaHUM yrjiepoja JeTajld CTaHOBITCS
XpyOKUMHU. B HWHCTpyMEHTalnbHBIX CTalsiX, HAOOOPOT, COAEpKaHUE
yriaepojaa MoJkHO ObiTh Beime 0,7 %, Tak Kak MHCTPYMEHT B TEPBYIO
odepeab NOJKEH OBITh TBEpPJbIM (KpOME IITaMIOB, Ae()OPMHUPYIOMINX
METaJI B TOPSAYEM COCTOSHUM).

Jlezuposannvie cmanu. OIHUMHU U3 OCHOBHBIX 3aj7lady, KOTOPBIE
HEeoOXOIMMO pemaTh NPU KOHCTPYHPOBAHUU, SBISIOTCS YMEHBIICHHE
rabapuToB U METAJUNIOEMKOCTH MAIIMH U O0OpYIOBaHMS, CHUIKCHUE HX
CTOUMOCTH. Bonbmioe 3HauYeHUeE uMeeT IpUMEHEHUE
HU3KoJIeTUpOBaHHBIX crtanmei [4,5]. JlobGaBka k cTamu HEOOJBIIOTO
koimuuectBa (M0 1—2 %) HeZoporux JETHUPYIOIIUX DIEMEHTOB
(kpeMHUs, Mapraiia U HEKOTOPHIX IPYTUX) HE3HAYUTEIBHO Y0 POKAET
CTaJib, HO MO3BOJISIET YMEHBIIUTh pa3Mepbl, YBEIUUUTh J10JTOBEYHOCTD

N HaAaACKHOCTDb J:[eTaneﬁ MallMH W HWHCTPYMCHTA, TaK KaK ¥y
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JETUPOBAHHBIX CTaJEH MOBBINIEHHAS] TPOYHOCTh, YTO B KOHEYHOM UTOTE
CHHKAET pacxoJl MeTajlsla U TaeT SKOHOMHYECKUU 2D EeKT.

CaoiicTBa cTajneil 3aBUCAT OT UX BHYTPEHHETO CTPOCHHUS, a TaK¥XKe OT
BIUSHUS  JITUPYIOIIUX  3JEMEHTOB, KOTOpO€ ObUI0O  YaCTUYHO
paccmoTpeHo Bbimie. CBOMCTBA JIETUPOBAHHBIX CTajel OTIMYAIOTCSA OT
CBOMCTB yIJIEPOAUCTHIX MPU OJHOM M TOM K€ COJEPKAHUM Yriepoja:
JETUPYIOIIUME  DJIEMEHTHl  OKa3blBAlOT  BIUSHHE Ha  IOJIOKEHHE
KPUTUYECKUX TOYEK W JIMHUM JHarpaMMmbl >kejae30—IeMeHTuT. llpu
HEOOJIBIIIOM  COJEp)KaHUM  JIETUPYIOIKUX  3jeMeHToB (2—5 %)
KPUTHYECKUEC JIMHUU IHarpaMMbl CIABHHYTHl HE3HAYUTEIBHO, MOATOMY
CTPYKTypa HU3KOJETHUPOBAHHBIX CTajied, a 3HAYUT, U HX CBOMCTBA B
OTOXKEHHOM COCTOSSHUM MaJ0 OTJIHYAIOTCSA OT CBOWCTB YIJIEPOAUCTOU
CTaJIH.

Bce mnpeumymiecTBa HHU3KOJETHPOBAHHBIX CTajiell MPOSBISIOTCS
TOJBKO TMOCJIE 3aKAIKH, TOITOMY 3TH CTaju CIEeAYeT NPUMEHITHh TOJBKO
IS TakuxX JeTanei, KOTOpble MO YCIOBUSIM padOThl JIOJIKHBI
NOJIBEPTaThCsl YHPOUHSIOUIEH Tepmuueckoil odpadotke. Ilpu G6oapmom
CONep)KaHUU Jerupyromux 3jieMeHToB (mo 10—15 %) xputuyeckue
TOUYKH A1 U A3 3HAUYUTEIIFHO MOBBIIIAIOTCS UK MOHUKAIOTCS, CTPYKTYpa
TaKUX CTaJleid TpH KOMHATHOW TeMIIEpaType MOXKET IMOJyIUThCS
onHoda3zHo — (QeppUTHON WM AyCTECHUTHOW, B (DEPPUTHBIX CTAIISAX
IpH TOBBIIMICHHOM COJICP)KAaHHHU yTiepoaa Hapsaay ¢ GeppuToM MOTYT
OpITh KapOuabl. deppuTHBICE W ayCTCHUTHBIC CTajdd, KaK IPaBHIIO,
001aal0T KaKUMHU-JIMOO SAPKO BBIPAXKEHHBIMH (HU3UKO-XUMHUYESCKUMU
CBolicTBaMHM (HEp)kKaBElIUE, HEMarHuTHbie W Ap.). IloCKOIbKYy OHH
onHo(Ma3Hbl, HMX HeJb3sd YHOPOUYHAITH 3aKaJKOW, OHH OOBIYHO
YIOPOUHSAIOTCS MacTHUYCCKO# Aedopmanueii (Hakiemnom) [4,5].

[Ipomecce, mpoTekaroliue NpU  TEepMUUECKOd  obOpaboTke
JEeTUPOBAHHBIX CTajeil, T€ XK€, YTO WU Yy YIJIEPOJUCTHIX, HO TIpHU

Ha3HAUYCHHUU pEeXKHUMa TEPMUUECKOU 00pabOTKH HEOOXOJUMO YUHUTHIBATH
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pan ¢aktopoB. JlerupoBaHHBIE CTadu MOXKHO 3aKalWBaTh B Macle,
pACIUIABICHHBIX COJIIX U T.M.; Y HUX MEHbIIE KPUTHUUYECKass CKOPOCTh
3aKaJIKi (TaK Kak MOYTH BCE JIETUPYIOIINE JIEMEHTHI CABUTAIOT KPUBbBIE
M30TEpMUYECKOT0 paclajga ayCTeHUTa BIOPaBO). IDTO SBIAETCA WX
0O0JBIINM JOCTOMHCTBOM, TaK KakK MPH TaKOU k€ MPOYHOCTH MOJIydaeTcs
NOBBIIIEHHAasT BA3KOCThb. CielyeT TMNOMHUTh, 4YTO YEM MEHbIIE
KpUTHUYECKass CKOPOCTh 3aKaJKu, T€M OOJIbIlle MPOKAJINBAEMOCTh CTaH,
a OpU OJHOW M TOW K€ CKOPOCTHU OXJAXKIECHHs, HAPUMEpP, B Macie
Oyaet OoJsiblie riyOuHa 3akajlieHHOTO cios. [loaTomy y nerupoBaHHBIX
cTajeil B 00JbIIOM CEYEHUHU MOXKHO MOJYUYUTh IPOUYHYIO CTPYKTYPY.

[TouTn Bce JETUPYIOMIME BIEMEHTHl TMOHUXKAIT MapTEHCUTHYIO
TOYKY, MOATOMY IOCJI€ 3aKaJKU Y HUX MOJydaeTcsi 00JIbIIEe OCTATOUHOTO
ayCTEHHUTA, 4YeM COIEpP)KUTCA B yriepoaucTteix. JlerupoBaHHbIE
WHCTPYMEHTAJIbHBIE CTAJIM M TOCTOSHHbIE MATrHHUTHI I€JeCO00pa3HO
MocJje 3aKajiku 00padaThiBaTh X0JI00M.

Jlerupyromue 3J€MEHTbl OKa3blBAIOT  BIMUSAHHE Ha OTIIYCKHYIO
Xpynkocte 1l-ro u 2-ro pona. [nsg nOpeaynpexacHuss OTINYCKHOU
XPYIKOCTH 2-TO pojJa CcTalu ¢ BoJAbPpamMOM UIU MOJUOJAECHOM
NPUMEHSIOT TOJBKO JJs KPYHHBIX JA€Tajledl WM OJs AeTaliei, KOTOpbIe
BO BpeMs pabOThl MOTYT MEPUOJAUUECKU HarpeBaThCs.

JlerupoBaHue cO30a€T U Ayrue NpeuMyllecTBa JIETHPOBAHHBIX
crajlied mepen  yriaepoauctsiMu. (OCHOBHas 1€Jb JIETHPOBAHUS
KOHCTPYKIIMOHHBIX CTaJiel — yBeJlM4YeHHEe UX npokanuBaeMoctu. Cralb
JOJDKHA 00€CTIEYUTh MPOKAJINBAEMOCTh B pabodyeM CEYCHUH NIeTaNH, T.€.
B TOM CEYEHHUH, Ha KOTOPOE NEHCTBYIOT Harpy3ku. OObIYHO YyeM OOJIbIIe
NEeNCTBYIONUE HArpy3Kd M 4eM OOJIbIlIe CEUeHHEe JeTanu, TeM OoJee
JeETUpPOBaHA CTaNb.

Kak mnpaBuno, crtanu, coaepxkamue g0 0,25 % yruaepona,
MOJBEPral0T IEMEHTAllMUM WJIM HUTPOUEMEHTAIlUu C MNOCIeAyIIel

3aKaJIKOM U HU3KUM OTITYCKOM. HX Tak u Ha3bIBAOT — HEMCHTUPYCMEIC.
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Nx wucnonap3yloT Ans Jerajei, KOTOopble paboTalT ¢ yAapHBIMH
Harpy3kamMmm W TIOJABEpPraroTcia HCTHUpaHHUI. Jletanu w3 cCraleu,
conepxkamux 0,35—0,5 % yraepoga, mnoja JeHCTBUEM OOJIBIINX
HAarpy30K, MOJABEPraloT yAYyUIIEHUIO, T.€. 3aKaJKe U BEHICOKOMY OTIYCKY.
Takue cTanu Ha3blBAIOTCS YylyullaeMbIMHU. Ecu neTanu moaBepraroTcs
Tak)XK€ UCTUPAHUIO, TO MPOBOJUTCS MOBEPXHOCTHOE YNpPOUHEHHUE (4arie
BCETO 3aKajKa TOKaMH BbICOKOHM udacToThl). Ctanu, conepxamiue 0,55—
0,65 % yraepoaa, uAyT OOBIYHO HA U3TOTOBJICHHE NPYXKUH U peccop. Ux
MOJBEPraloT 3aKajke M CPEAHEMY OTIYCKY WJIM HU30TEPMHUUYECKOU
3aKalike.

OCHOBHOE JOCTOMHCTBO J1€2UPOGAHHBIX UHCHPYMEHM AIbHBHIX
cmaneii — BO3MOXHOCTh MX 3aKaJIKku B Macjieé WJIM pacIllaBICHHBIX
COJISIX, TaK KakK MpU OSTOM BO3HUKAIOT MEHBIIUE HANPSKEHUA U
KOPOOJIeHUs, MEHbIIIAsi XPYNKOCTh. BBIOOp MHCTPYMEHTANbHBIX CTajel
JeIaeTCss C y4eTOM TEPMHUUECKOM 00pabOTKM U B COOTBETCTBUU C
0071aCThIO UX IPUMEHEHHUS.

NHCTpyMEHT M3 HU3KOJETUPOBAHHBIX CTale€l HE MOXKET padoTaTh
npu OOJBINON CKOPOCTH pe3aHus, Tak Kak Mpu Harpee cBbime 200—
250 °C pe3ko magaet TBepAocTh. COXpaHSIOT TBEPAOCTh MPHU HATpPEBE
10 500—600 °C  ToabKO OBICTPOPEKYIIUE CTAIH.

Bvicmpopescywjue cmanu MapKUPYIOT no OCHOBHOMY
JEeTUPYIOIIEMY OJJIEeMEHTY — BoJb(ppamy. Hampumep, B mapke P18
nudpa MOKa3pIBaE€T €ro MpoueHTHoe coaepxkanue. Ilporecc
TEePMHUYECKON  00pabOTKM  OBICTPOPEXKYIIEH CTall HUMEET  Psf
oco0eHHocTel. Ecnu mpaBUiIbHO MPOBECTH TEPMHUUYECKYIO 00paboTKy,
TO BO BpeMsi pabOTHl TBEPAOCTh MHCTPYMEHTA HAYMHAET MaaaTh MPH
Temneparypax 3HauuteabHo Huxke 600 °C. Ilocie BBICOKOrO OTHycKa
TBEPAOCTh OBICTPOPEKYUICH CTalM MOBBIIIAETCS, TaK KaK B pe3yibTaTe

OTIYCKa OCTATOYHBIA ayCTEHUT MEPEXOAUT B MapTEHCHT [5].
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[Ipu BBIOOpE CcTamu Mg PEKYNIUX HHCTPYMEHTOB PYKOBOJICTBYIOTCS
CIIEIYIOIMMU CcOoOOpakeHUsIMUA. WHCTpyMEHT, KOTOphIii mpu paboTe He
MOABEPracTCs yIOAapHbIM HAarpy3kam, MOXHO HW3rOTOBUTh M3 CTald C
MOBBIIICHHBIM COJIEP)KAHUEM yriepoja. Takue CTalld MOoCie 3aKAIKA WU
HU3KOTO OTIIYCKAa HWMEKOT MAaKCUMAJIBHYIO TBEPAOCTb U HU3HOCOCTOMKOCTD.
Ecnu uHCTpyMEHT B mpoliecce pabOThl MOJBEpraeTcsi JACUCTBUIO YAApHBIX
Harpy30K, TO BBIOMPAIOT CTalh C TOHMKCHHBIM COJEpPKaHHWEM YTIIepoja
(0,6—0,7 %).

ITocne 3akanku HEOOXOIMMO HECKOJIBKO TOBBICUTH TEMIIEPATYPY
ornycka. OueHb 4YacTO Uil HW3TOTOBJICHHS HHCTPYMEHTA IPUMEHSIETCS
obIicTpopexyias ctainb. OJHAKO IPU 3TOM HEOOXOJIMMO YUUTHIBATh, UTO ITU
CTald MOTYT HMMETh 3HAYUTEIbHYIO KapOWJIHYIO HEOJIHOPOJIHOCTh, €CIHU
3arOTOBKM M3 HUX HE TMOJBEPrHYTHl JOCTATOYHON CTENeHH JedopMariui.
KapOuaHasi HEOJTHOPOTHOCTH TMOBBIIIAETCS TAKXKE C YBEJIIMUYEHUEM COJIepkKa-
HUS yIJIepoJia U Bojb(pama B ctanu. Uem BhIllle KapOuHAs HEOJHOPOIHOCTb,
TEM HUXKE IIPOYHOCTH VHCTPYMEHTA. MenbLuein KapOuaHOU
HEOJHOPOHOCTHIO 00JIAIAt0T MHCTPYMEHTHI, M3TOTOBJICHHBIE M3 3arOTOBOK
ctanu P18 manpix ceuenuii (ctans P18 mmMeeT BRICOKYIO CTOMMOCTB ).

BakHbIM  TEXHOJIOTMYECKMM  CBOMCTBOM  OBICTPOPEXKYIIUX  CTaJeH
ABJISIETCSA MUTU(YEMOCTh, KOTOpasi CUJIBHO YXYJIIIIEHA B CTaJISIX, COJEPHKAIIUX
MOBBINICHHOE KOJIMYeCTBO BaHanus (ctanb P9). bonee GmaronpusTHEIMU KC-
IUTyaTallMOHHBIMU W TEXHOJOTMYECKUMH  CBOMCTBaMH  oOJiajmaer
obicTpopexyias crainb P12, POMS.

JIJist M3roTOBIICHUS pabOYNX OPraHoB (ITyaHCOHOB) BRIPYOHBIX IITaMIIOB
HEOOJIBIIIOTr0 CEUCHUs] PEKOMEHIYETCSl UCIOJIb30BAaHUE CTajel ¢ HECKBO3HOMU
MPOKAIIMBAEMOCTHIO, YTO OOCCIICYMBACT MOBBIMICHHYIO MPOYHOCTH IITAMIIA B
pabore. [lyaHCOHBI U MaTpUIlBl KPYNHBIX U CIOXHBIX MO (OpPME IITAMIIOB
XOJIOAHOM IITAMIOBKH U3TOTOBJISIIOT U3 BBICOKOXPOMUCTBIX cTasier Thuna X12,
KOTOpPBIE MMEIOT BBICOKYK) H3HOCOCTOMKOCTh M MIpOKaInBaemMocThb. [locie

3aKaJIKh OTH CTaJld HMCIOT IIOBBINICHHOC KOJIHYCCTBO OCTATOYHOI'O
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ayCTEHUTa, 4YTO YyMEHbIIAaeT JAepopMaIMIO IMITaMIa [pH 3aKajike U
HEOOXOMMOCTh MOCIEAYIONIEH MEXaHUYECKOW JJOBOJAKU Pa3MEPOB IITaMIIA.

Cramu s mTamMnoB ropsyero JaeGopMuUpoBaHUS METAJUIOB JIOJHKHBI
Hapsy C M3HOCOCTOMKOCTBIO W MPOYHOCTHIO 00JIafaTh JIOCTaTOYHOMN
KAPOCTOMKOCThIO.  MOJOTOBBIE  INTaMImbl,  KOHTAKT  KOTOPBIX  C
00pabaThiBa€MbIM METAJIOM KPAaTKOBPEMEHHBIH, MOTYT M3TOTOBISTHCA M3
CPEIHEYTIEPOIUCTHIX XPOMOHUKEJIEBBIX cTasew, JOTIOJHUTEIBHO
JETUPOBAHHBIX MoJmOAeHoM win Bolibppamom (ctans SXHB). Ilocne
3aKaJIKM U OTIIyCKa npu temmneparype npumepHo 500 °C 3Tu ctaim UMEroT
BBICOKYIO TBEpIOCTH [4,5].

JInst  BBICAQJOYHBIX IITAMIIOB HEOOXOJWMBI CTajdu OoJjiee BBICOKOH
TEIJIOCTOMKOCTH, YTO JOCTHraeTcs JerupoBaHueM BosibppamoM. OpHako
CPEIHEYIJIEPOIUCThIE CTAIM C MOBBIILIEHHBIM (TIpUMEpHO 8 %) coaep:kaHueM
Bosib(ppama poporu. [loatomy ciemyer BbIOMpaTh CTalId C COJAEpKaHUEM
BoJb(ppama mpumepHo 2 % TpHU JOTOJHUTEIBHOM JISTUPOBAHUM XPOMOM U
KpeMHHEM. OTH CTaJld B MEHBIIEH CTENeHH o00JaJaloT HeAoCTaTKaMH,
npucymumu craisiM tuna 3X2B8®d. B mocnennee BpeMsi pEKOMEHIYIOTCS
ctamn 4X5B2OC, 4XBM®, obOecneynBarolye IOBBIIICHHYIO CTOWKOCTh
mramnoB. s npecc-bopm, npegHazHaYEHHBIX JJIS JUThS TOJ JTaBJICHHUEM,
UCIIOJIB3YIOT ~ CTQJld, AHAJOTMYHbIE CTalsiM U1 IITAMIOB  TOpsYeit
ITAMITOBKH.

[Ipu BBIOOpE cTajneil s U3rOTOBIEHUS U3MEPUTEIBHOTO MHCTPYMEHTA
HEOOXOAMMO HMETh B BHJAY, 4YTO JUIsl TaKUX JeTajed He JOIycKaercs
U3MEHEHUE pPa3MEPOB C TEUEHHEM BpEeMEHH. M3MEHeHHe pa3MepoB, KPOME
M3HOCA, MOXET NPOUCXOJIUTh H3-3a IepepacnpesiesieHusi BHYTPEHHUX
HaNpsHKeHW, YacTUYHOTO TMPEBpAIEHUS] OCTAaTOYHOTO AayCTEHUTa WIH
MapTeHcuTa. Mcxonms u3 3Tux cooOpaxeHuil, He0OXOAUMO BHIOpATh MapKy
CTAJIM W HA3HAYUTh PEXKUM TEPMOOOPAOOTKH, YTOOBI MO BO3MOXXHOCTH
YCTPaHUTh NPHUYUHBI, KOTOpPHIE MOIYT BBbI3BaTh HW3MEHEHHE pPA3MEPOB

WHCTPYMEHTA.
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Ecnu, nanpumep, Tpedyercss 000OCHOBaTh BHIOOpP MapKu CTajau JJis
U3MEPUTEIILHOTO MHCTPyMEHTa (Kanubpa), TO CIeAyeT OTMETUTh, YTO
KaauOp HENOCPEACTBEHHO COINPUKACAETCA C IOBEPXHOCTHIO JeTajeH,
MO3TOMY OH JOJDKEH OBITh TBEPABIM M HM3HOCOYCTOWYMBBIM. MHCTpY-
MEHT [JOJDKEH COXpaHATh TOYHBIM MpoQuiab W pasMepsl ImoOcCie
TEPMHUYECKOU 00paboTKH, IIO3TOMY  CTallb  JOJDKHA  Majo
nepopMupoBaThCs HpU 3akaidke. Kpome TOro, MHCTPYMEHT OJIKEH
JUIATEJIBHOE BPEMs COXpPAaHATH CBOM pPasMEpPbl, 3HAYUT, B CTAIU C
TEYEHUEM BPEMEHHU HE JIOJDKHO MPOUCXOAUTH €CTECTBEHHOTO CTapEHMUS.
OtuMm TpeOoBaHUIM yAOBIETBOpsET cTalb XI', conepxaiias NpuMEPHO
no 1 % yraepona, xpoma u Mapranna. Ona mano nedpopmupyercs npu
3aKaJIK€ U JUIMTEIBLHOE BPEMS COXPaHAET CBOM pa3Mepbl MOCIE 3aKaJKH
Y HU3KOI'O OTIyCKa.

CBolicTBa Hepicaserowjux cmanei 3aBUCAT OT COJIEPKAHUA
yriaepoaa U CTpyKTypbl. OaHOo(a3Hble CIUIaBbl 3HAYMTEIBHO JIyUllle
CONPOTHUBIISIIOTCA KOPPO3UHU, YeM MHOTO(a3Hble, MOITOMY YE€M MEHbIIIE
B CTaJdW YyTJepoJa, TE€M BBIIIE €€ KOPPO3HMOHHAs CTOWKOCTh. llenp
3aKaJIKH  pAAa HU3KOYIJEPOJAUCTBIX  HEp)KAaBEHIUX  cTajgen —
YBEJINYECHUE KOPPO3UOHHOW CTOWKOCTH, & HE NMPOYHOCTHU. TBEPHOCTH Yy
HUX TpHU 3aKaJKe HE YBEJIMYMBAETCH, TaK KaK HET MNpeBpallleHUil B
TBEPJOM COCTOSIHUM, HO MPH HarpeBe KapOUAbl MEepeXoasiT B TBEPAbIH
pacTBOp, a MOpU pPE3KOM OXJAXKJEHUU HE YCIEBAIOT BBIACIUTHCI U
NO3TOMY ToJjiydyaetrca oaHodasHas cTpykTrypa. [IpouHocTs craneil Tuna
08X18H10T  nmocturaercs  HarapToBKod, T.e. B  pe3yjibTare
MJIAaCTUYECKOH Jaedopmalium.

/Kapocmoiikue u owcaponpounvie cmanu BCErjaa SBIISIIOTCS
CIO0XHOJIETUPOBAHHBIMU: COJIEP>)KAT MHOTO 3JIEMEHTOB M B 0O0JbIIOM
KOJIMYECTBE.

CmaBel kene3a c yriepoaom, coxaepxamue > 2,14 % C, Ha3pBarOT

yyeynamu. TIpuCyTCTBHE OHBTCKTHKM B CTpyKType uyryHa (cm. puc.l.l)
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0OyCJIOBITMBAET €r0 MCIOJIb30BAHUE HCKIIOYUTEIHHO B Ka4€CTBE JIMTCHHOTO
CIutaBa Jyisl JeTajield, NPUMEHSIEMBIX  IMPU OTHOCUTEIBHO HEBBICOKHX
HaIpPsHKEHUSX U MajibIX IUHAMUYECKUX Harpyskax. [IpeumyiiectBa uyryHa —
BBICOKHE JIUTEHHBIE CBOWMCTBA U HEOOJbIIASA CTOMMOCTH (IO CPAaBHEHHUIO CO
ctainblo). TemmepaTyphl IUIaBICHUS YYyTYHOB HIJKE, Ye€M Yy CTajlei, 4To
oOneryaer mpouecc JuThs. Hampumep, Temmeparypa IUJIaBiI€HUS CEPOTO
gyyryna coctasisier 1100-1250 °C B 3aBUCHMOCTH OT COIEpPKaHUs yIiaepoja,
uro B cpeareM Ha 300 °C HmKe, yeM TeMIlepaTypa IUIABICHUS Kelle3a U Ha
250-300 °C Hmke, ueM TemrepaTypa IuiaBieHus craineil. C TMOBBIIICHHEM
COJlepKaHUsl ~ yriepoja TeMmIeparypa IUIaBICHHS  yMEHbIIAeTcs, a
KUJIKOTEKY4YeCTh YBenunuBaeTcs. JIukBaius B yyryHax Takke MEHbIIIE, YeM y
ctaym. Kpome TOro, 4yryHel, B CTPYKType KOTOPBIX IPH 3aTBEPACBAHUU
obpazyercs rtpadur (dhaza ¢ OOJBIIMM YICIbHBIM OO0OBEMOM, 4YeM Y
METaJUIMYEeCKOW  OCHOBBI), HWMEIOT HHU3KHH  KOA(OUIMEHT  yCaJKu,
TPUOMKAIOIINICS K aHAIOTHYHON XapaKTePUCTHUKE OJIOBIHHBIX OPOH3.

UyryHsl ¢ Tpa@uTOM Kak MATKOW M XPYIKOW COCTaBIISIONICH XOPOIIO
o0OpabaTbIBatOTCS pe3aHueM (¢ 00pa30BaHUEM JOMKOUM CTPY>KKH) U 00pa3yroT
0onee YUCTYIO0 TMOBEPXHOCTh, YeM CTaid (KpOMe aBTOMAaTHBIX). UyryHbI
UMCIOT MOBBILICHHOE cojiepkanue yriepoaa (2,2-4 %) u kpemuus (0,8-2 %) —
AJIEMEHTOB, CIMOCOOCTBYOMMX TrpaduTuszanuu. OIHAKO B Mapkax 4YyryHa
XUMUYECKUN COCTaB HE yKa3bIBAaeTCs, TaK Kak (B OTIMYHE OT OOJIBIIIMHCTBA
JIPYTUX METAUTMYECKUX CIIaBOB) JTOT MPHU3HAK HE XapaKTepU3yeT B
JIOCTATOYHOM CTEMEHM WX CBOICTBA, a CJEAOBaTeIbHO M  00JacThb
npumeHeHuss. CTpyKTypa U CBOMCTBA YyT'YHOB 3aBHUCST TJIaBHBIM 00pa3oM OT
YCIIOBHM TIONTYYCHHUSI OTIUBKHU (TEMITepaTyphbl JKHUJIKOTO METajula, BBEICHHUS
MOAU(PUKATOPOB M OCOOCHHO 3HAYUTEIHLHO OT YCIOBUU OXJIAXKICHUS TMpU
auThe). [loaToMy NMpu 0OTMHAKOBOM XMMHYECKOM COCTaBE UyT'YH MOXKET UMETh

CWJIbHO OTJMYAIOUIUECS] CTPYKTYpPY U CBOMCTBa (Hampumep, Oenblii U cepbli

YYT'yHBI).
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MexaHndyeckue CBOWCTBAa UyryHa, ONpEIeNsiomue o0JacTb €ro
NPUMEHEHUS, B 3HAYUTENBHO OOJIBIIEH CTENEHU XapaKTepU3YIOTCS €ro
CTpYKTypoil: (opmoii u pa3mepaMu BbIIEIEHHUsS TIpaduTa; CTPOSHUEM
METAIINYECKOU OCHOBBI.

VYrnepos B 4yryHe MOKET HaXOAUTHCS B BUJIE LIEMEHTUTA WK Tpaduta
WIM OJHOBPEMEHHO B BHJE LEeMEHTHTa M rpaduta. llemeHnTur npupaer
U3JIOMY YyT'yHa crienuduueckuii cBetislii 01eck. [loatomy uyryH, B KOTopom
BECh YIJIEPOJ HAaXOIUTCS B BHUJAE LIEMEHTUTA, HasbiBaloT OenbiM. ['padur
IPUIAET HW3JIOMY 4YyTyHa CEpbId LBET, NMO3TOMY TAaKOM YYTryH Ha3bIBAIOT
ceppiIM 4YyryHoM. B 3aBucumocté OT ¢opmbl Tpadutra U YCIOBHHA €ro
oOpa3oBaHMsI ~ pa3aMyYalOT  CIEAYIOUIME  TPYINIbl  YYTyHOB:  CEpbIH,

BBICOKOTIPOYHBIN C MIAPOBUIHBIM TpadUTOM M KOBKHIA [2].

3anaum

1.41. Kakue »sneMeHTbl NPUCYTCTBYIOT B  COCTaBe  JIHOOOM
cranu?

Otreer: ) Fe, C; 2) Fe, C,Mn, S, P, Si; 3) Fe, Mn, P, S, C; 4) Fe, Mn, Si,
P,Cr, S, C.

1.4.2. Kakue »d1IeMEHTHl SABJISIOTCS  BaXHEHIIMMH W Ompe-
JEJSIOT OCHOBHBIE CBOMCTBA CTAJIN?

Oteet: 1) Fe, C; 2) Fe, C, Si, Mn; 3) Fe, C, P, S; 4) Fe, C, Mn.

1.43. Kakume mnpumecu B  CTaJd  SIBIAIOTCS  BPEAHBIMU
U B YeM 3aKJII0YAETCS UX BPEAHOE BIUSHUE?

OtBer: 1) P — yBenmuuuBaeT XpymKoCTh; 2) S — BBI3BIBACT
KPaCHOJIOMKOCTh; 3) Si — MOBBIIIAECT XPYIKOCTh, YMEHBIIIAET IJIACTUYHOCTD;
4) MN — NOHMXaeT MIaCTUYHOCTb.

144. Kakum  cnocoOOM  MPOU3BOJUTCS  OCHOBHOE  KOJIHMYE-
CTBO YIJIEPOJAUCTOM CTaNN?

OtBer: 1) B KOHBepTOpax; 2) B D3IEKTporeudax; 3) B KHUCIBIX

MapTCHOBCKHUX II€YaX; 4) B OCHOBHBIX MApPTCHOBCKHX IICYaXx.
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1.4.5. Kakue ctaim uMeroT 00iee BICOKHAE MTPOYHOCTHBIC CBOMCTBA?

Otget: 1) kurmsinue; 2) CIOKOWHBIE; 3) MOIYCIIOKOWHBIE.

1.4.6.Kakue KOHCTPYKIIMOHHBIE  YTJIEPOJUCTHIE CTAJM TOCTABJISIIOTCS
METAUTYPTUYECKUMH ~ 3aBOJIaMU  C  TapaHTUPOBAHHBIM  XUMHUYECKUM
coCcTaBoM?

Otsert: 1) cranu rpynmsl A; 2) ctanu rpynsl b; 3) cranu rpynmnst B.

1.4.7. Kakoe BiIusiHHE HA CBOMICTBA CTajM OKa3bIBAET POCT COACPIKAHUS
yriepoaa?

OtBer: 1) moOBBIIIAETCA IUJIACTUYHOCTH CTaldW; 2) TIOBBIIIACTCS
KOPPO3MOHHAsI CTOMKOCTh CTalid; 3) MOBBIMIAIOTCS TBEPJIOCTh U XPYNKOCTh
cTayu; 4) BIUSHUS HE OKa3bIBaeT.

1.4.8. Kakoe BiusiHHE HAa CBOMCTBA CTaJId OKa3bIBa€T POCT COJIEPKaHUS
MIPUMECH CEPBI?

OtBer: 1) MOBBIIIAIOTCS XPYNKOCTh M CKIOHHOCTH K OOpa3oBaHHUIO
TPEUIMH U HAJAPHIBOB, BO3HUKAET SIBJICHWE KPACHOJIOMKOCTH; 2) MOBBIIIACTCS
IJIACTUYHOCTD CTaJIH; 3) MOBBIIAIOTCS MPOYHOCTh U UBHOCOCTOMKOCTH CTallu;
4) BAUSIHUS HE OKA3bIBAET.

1.4.9. Kakoe BnusiHME HAa CBOMCTBA CTajM OKa3bIBACT POCT COJACPIKAHUS
npuMecu ¢ocdopa?

OrtBert: 1) NOBBIIIAIOTCS IPOYHOCTH M U3HOCOCTOWKOCTH CTaJIH;

2) NOHMXKAETCS MJIACTUYHOCTD CTAJIM 32 CUET UCKAKEHUSI  KPUCTAJUIMYECKON
pellIeTKH, BO3HUKACT  SBJICHUE  XJAJHOJIOMKOCTH; 3)  MOBBIIIACTCS
MJIACTUYHOCTD CTaJIH.

1.4.10. Kakwe mMOCTOSHHBIE HEXKEIATeIbHbIE TMPUMECH OKa3bIBAIOT
BIIMSIHUE HA CBOMCTBA CTAJIM?

OtBer: 1) Meap, alMfOMUHNN, Kaadil, KaIbLUKUHA, OKUCh a30Ta; 2) HUKEJb,
XpoM, MOJUOaEH, BoJb(paMm, ABYOKHUCH yriieponaa; 3) cepa, dhocdop, asor,
KHCIJIOPOJI, BOJIOPO/I.

1.4.11. Kakue TOCTOSIHHBIC TNPUMECH — TEXHOJIOTHYECKHE T00aBKU

OKa3bIBAIOT BIMSHHME HA CBOMCTBA CTaJIU?



59

OtBer: 1) NABYOKHCh KpEMHHS, a30T, KHCJIOPOX; 2) KPEeMHHHA W
Mapraserl.;3) cepa, hocdop, a30T, BOIOPOI.

1.4.12. KakoBo mpeniebHO JOMYyCTUMOE COJACp)KaHUE MPUMECH CEphl B
cTanu?

Orter: 1)1,1 %;.2) 0,06 % 3) 0,1 %.

1.4.13. KakoBo npenenbHO JOMYCTUMOE CoJiepKaHue rmpumMecu ¢gocdopa
B cTanu?

Oter: 1) 1,1 %; 2) 0,1 %; 3) 0,08 %.

1.4.14. Kakoe BIUsSIHUE HAa CBOMCTBA CTaju OKa3bIBAET TEXHOJOTHYECKAs
no0aBKa - MpUMeECh MapraHia’?

OrtBer: 1) BO3HUKAET SBJICHHE KPACHOJOMKOCTH;, 2) IOBBIIIAIOTCS
TBEPJOCTh, TMPOYHOCTh M HM3HOCOCTOMKOCTH CTajaW; 3) TIOBBIIIACTCS
MJIACTUYHOCTD CTaJH;

1.4.15. KakoBo mpeesbHO TOMYCTUMOE COJIepKaHUe PUMECH MapraHiia
B cTanu?

Oreer: 1) 1,1 %; 2) 0,4 %; 3) 0,8 %.

1.4.16. KakoBo mpefenbHO TOMYCTUMOE COep)KaHne IPUMECH KPEMHUS
B cTanu?

Orer: 1) 0,4 %.2) 1,0 %.3) 0,01 %.

1.4.17. Kakoe BiIusiHME HAa CBOMCTBA CTalM OKa3bIBAET TEXHOJIOTHYECKAS
no0aBKa - MPUMECh KPEMHHUS?

OtBet: 1) moBbIIaeT  XpPYyNKOCTh CTaJu, Co37acT  SIBJIICHHC
XJIaTHOJIOMKOCTH; 2) CBS3BIBACT 3aKUCh XKeje3a ¢ 00pa30BaHMEM CHIIMKATOB,
KOTOpbIE YAAISIOTCS BMECTE CO NUIAKAMH, MOHUXKACT CKIOHHOCTH CTaIH K
XJIaTHOJIOMKOCTH;3) 00pa3yeT JETKOIUIaBKYIO ABTEKTHKY C KEJIe30M, IpPH
KPUCTAJUTM3AIIMU  OCaXJAeTCsl Ha TpaHUIAX 3€peH, YTO MPUBOAHUT K
o0pa30BaHUIO TPEIIUH M HAAPHIBOB mpu jaeopmanusx; 4) BIUSHUSI HE
OKa3bIBaET.

1.4.18. Kakoe ¢yHKIIMOHAIBbHOE CBOMCTBO MNpPHOOpETaeT cTajb MpHU

COJIep)KaHUM MPUMECH KpeMHus B kosmuectBe 15-20 %?
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OtBer: 1) MOBBINIEHHYIO AJIEKTPOIPOBOJHOCTD;, 2) TOBBIIICHHYIO
TBEPAOCTH; 3) MOBBIIMICHHYIO KUCIOTOYIIOPHOCTb.

1.4.19. 1o xakuM npu3HaKaM KJIacCU(PHUIIUPYIOTCS CTaIH?

OtBer: 1) M0 XMMHYECKOMY COCTaBY, Ha3HAYCHUIO U KA4eCTBY; 2) IO
TUIY ~KPUCTALIUYECKON  PELIeTKU; 3) 1m0 BeJIMYMHE MarHUTHOM
BOCITPUUMYHUBOCTH.

1.4.20. KakoBa «kmaccuuramus craied 10 QyHKIHOHATHBHOMY
Ha3HAYECHUIO?

OtBeTt: 1) cHIbHO-, CpeiHE- U CJJa0OMarHUTHBIC, 2) KOHCTPYKIIMOHHEIE,
WHCTPYMCHTAJIBHBIE M C OCOOBIMH (PU3UKO-XMMHUYECKHUMU CBOWCTBAMH,
3)KOpPO3NOHHOCTOWKHUE , TEIIOCTOMKHE, )KapOIIPOYHEIC.

1.4.21. KakoBa kiaccupuKkamnms cTajei o XUMIIECKOMY COCTaBy?

OtBer: 1) yriuepoaucThie W JICTHPOBAHHBIC, 2) JIETMPOBAaHHBIC U
HEJIETUPOBaHHBIC; 3) KOHCTPYKIIMOHHBIC, UHCTPYMEHTAIbHBIE U C OCOOBIMHU
(OU3UKO-XUMUYECKIMH CBOMCTBAMHU.

1.4.22. KaxkoBa knaccudukaius crajeil mo kauectpy?

OtBer: 1) KaueCTBCHHbIC W HEKAUECTBCHHBIC, 2) HEKAYCCTBEHHBIC,
CpEIHEero KauecTBa M BbICOKOKAYECTBEHHbIE; 3) OOBIKHOBEHHOTO KauyecTBa,
KayeCTBEHHbIE, BBICOKOKaYECTBEHHbBIE 1 0CO00 BHICOKOKAUECTBEHHBIE.

1.4.23. Kakue mapaMeTpsl JIe)KaT B OCHOBE KJIacCU(UKALMU CTalled 1o
Ka4yeCTBY?

Otgert: 1) pazmep u popma 3epHa NOTUKPUCTALTHYECKOTO MaTepHAIa;

2) cmocob BBIIUIABKH; cojaepkaHue cepbl U ¢ocdopa; 3) ocoOeHHOCTU
IpoIiecca XuMHUKO-TEPMHIECKON 00pabOTKH.

1.4.24. TlpuBenurte XapakTEPUCTUKY CTalieil OOBIKHOBEHHOI'O KauecTBa.

OtBeT: 1) IOMyCTHMO HAIHYHE 5 BHYTPEHHHX TPEIIHH B 00beMe | cum;
2) MeXaHWYECKHE CBOWCTBA HIKE, YeM y CTaJIed IPYTuX TPYIIN KadecTsa,
JOMYCTUMO coiepkanue npumecu cepsl 10 0,06 %, pocdopa — no 0,08 %;

3) MexaHUYeCcKHe CBOICTBA HUXKE, YEM y CTaJel APYrux Ipymi MO KauecTBy,

JOMYCTUMO cojiepkaHue npumecu cepsl 110 0,6%, docdopa — 10 0,8%.
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1.4.25. KakoBo pmomycTuMoe CcOAEp)KaHHE BPEAHBIX NpUMeEced B
KAUYEeCTBEHHBIX CTaJSX?

Orteer: 1) conepxanue u cepsl, u pocdopa He Boitie 0,035 %;

2) conmepxanue u cepwl, U dochopa He Bbime 0,0035 %; 3) comepxkanue u
cepsl, U pocdopa He Boimie 0,35 %.

1.4.26. KakoBbl OCOOEHHOCTH BBHIIJIABKH M JIOIYCTUMOE COJIep)KaHHE
BPEIHBIX IPUMECEH B BLICOKOKAYECTBEHHBIX CTAISIX?

Orter: 1) conepkanue u cepsl, U pocdopa He Boimie 0,05 % BhIIUIABKA B
MapTEHOBCKHUX Ieuax; 2) coaepxkanue u cepol, u dpochopa ne Boie 0,035 %,
AIIEKTPOLUIAKOBBIN NepemiaB; 3) coaep:kaHue U cepbl, U (pocopa HE BHIIIE
0,025 %, BbITIIaBKa B 3JIEKTPOIICUaX.

1.4.27. TlpuBeaute XapakTEepUCTUKH 0CO00 BBICOKOKAUECTBEHHBIX
CTaJICH.

OrtBert: 1) coneprxanue u cepsl, 1 hocdopa He Boitie 0,025 %;

2) conepxkanue u cepol, u pocdopa He Bhimie 0,015 %, 37IEKTPOIILTAKOBBIMA
NeperuiaB ¢ BaKyyMUpOBaHUEM; 3) colepkaHue U cephl, U Gocdopa He BhIIIIE
0,025 %, BbITIaBKa B DJIEKTpOIIEYaXx.

1.4.28. Ha xakue TpyImIibl O COAEPKAHUIO YIJIepoda MOapa3essitoTCs
YTJIEPOAUCTHIE CTATH?

Oteer: 1) HU3KOYTIIEPOAUCTHIC ¢ coaepkanueM yrieponaa 0,25-0,35 %,
CpenHeyriepoaucTeie ¢ comepkanuem  yrimepoxa  0,35-0,80 %,
BBICOKOYTJIEPOJUCTHIE C cojeprkannem yriaepoaa 0,80 -2,6 %;
2) HM3KOYTJepoaucTele ¢ coaepxanueMm yraepoga 0,009-0,25 %,
CpEeIHEYTJIepOIUCThIE ¢ coiepkanuem  yrimepoma  0,25-2,14 %,
BBICOKOYTJIEPOUCTHIE C COJIepKaHueM yriepoa oonee 2,14 %;
3) HUBKOYTJepoaucThie ¢ coaepkanmem yriepoaa 0,09-0,25 %,
CpelHeyTiepoaucThie ¢ comepkanmem  yrimepoma  0,25-0,60 %,
BBICOKOYTJIEPOAMCTBIE C coliepkaHueM yriepoaa oonee 0,60 %.

1.4.29. Kakne XxapakTepuCTUKH TIOJI0KEHBI B OCHOBY JICJICHUS HA TPYIIIHI

A,b u B yriiepoaucthix ctajieil 0ObIKHOBEHHOTO KadyecTBa?
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OtBer: 1) rapanTupyeMmble NPOU3BOIWTEIEM XHUMHUYECKUH COCTaB H
MEXaHUYECKUE CBOICTBA; 2) TrapaHTUPYEMbI MPOU3BOJUTEIEM XUMUYECKHMA
COCTaB CTajM, BEJIMYMHA YJETBHOTO JJICKTPUUYECKOTO CONMPOTUBIICHUS,
PEKOMEHyeMbI€ U1 U3TOTOBJICHUS U3JEIUS; 3) BEJIMYMHA OTHOCUTEIBHOTO
YIJIMHEHUS TIEpe]] pa3pbIBOM.

1.4.30. IlpuBenute omucaHUe COCTaBa, Ha3HAUYECHMUS U KadyecTBa CTallel
mapok Ct0...Crb6.

Otget: 1) 1. cTanp yriiepoaucTas, HHCTPYMEHTAaIbHAsl, OOBIKHOBEHHOTO
Ka4ecTBa, TpyIIbl A, coaepkanue yriaepoaa nouumxkaercs ot Ct0 k Ct6;
2) cranb yriaepoaucTas, KOHCTPYKIIMOHHAs, OOBIKHOBEHHOI'O KAauecTBa,
rpynmnsl A, couepxkaHue yriepoga nossimaercs oT Ct0 k Ct6; 3) cranb
yIIepOoancTas, KOHCTPYKIIMOHHAs, KauyeCTBEHHas, rpymnmbl b, colepkaHue
yriepoaa nossimaercs oT Ct0 k Ct6.

1.4.31. IlpuBeauTe onucaHWe COCTaBa, HA3HAYEHUSI U KAayecTBa CTajei
mapok bCt0...bCr6.

OtBer: 1) cranp yriepojaucras, WHCTPYMCHTAIbHAs, OOBIKHOBEHHOTO
KadecTBa, rpynmsl b, conepxanue yraepona nonmxkaercss oT bCt0 k bCT6;
2) cranb YriaepoaucTas, KOHCTPYKIIMOHHAs, KAayeCTBEHHas, TPYIIbl A,
conepskanue yriepoja nosbimaercs ot bCt0 k BCt6; 3) crane yrinepoaucras,
KOHCTPYKIIMOHHAsi, OOBIKHOBEHHOIO KayecTBa, rpymnsl b, conepxanue
yriepoaa noseimaercst oT bCT0 k BCT6.

1.4.32. IlpuBeauTe ONMMCAaHWE COCTaBa, HA3HAYEHUS M KayecTBa cTajei
mapok BCt0...BCr6.

OtBer: 1) cranp yriepojucras, WHCTPYMCHTAIbHAs, OOBIKHOBEHHOTO
KadecTBa, Ipymmsl B, conep:kanue yriepoaa nonmxkaerca ot BCt0 k BCt6;
2) cranp yraepoaucTas, KOHCTPYKIIMOHHAsi, OOBIKHOBEHHOTO KauyecTBa,
rpynmnsl B, coaepxanue yriepona nossimaercss or BCT0 xk BCr6; 3) cranb
yIIeponcTas, KOHCTPYKIIMOHHAsA, KayeCTBEHHas, Tpynmnbl B, coaepikaHue

yraepoja nossimaerca oT BCT0 k BCt6.
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1.4.33. IlpuBenuTe omucaHue COCTaBa, Ha3HAYEHUS M KauyecTBa CTalu
mapku 05.

OtBer: 1) cranp yriepoauctas, MHCTPYMEHTAIbHAs, OOBIKHOBEHHOTO
KadecTBa, rpymnmnsl A, ¢ coaepxkanreM yriepoaa 0,5 %, BbICOKOyTIiepoaucTas,
MOKET TMOJABEPraTrbCs TEPMHUYECKOW o00paboTke; 2) crajb yriepoaucTas,
KOHCTPYKIIMOHHAs,, OOBIKHOBEHHOTO KadecTBa, C COJIepKaHUEM Yriiepoja
0,05 %, cpegneyrinepoaucTas, MOXET TOJABEPraTbCsI TEPMHUCCKOU
oOpabotke; 3) cTalib YIJIEpOAMCTasl, KOHCTPYKIIMOHHAs, KadeCTBEHHas, C
cogepkanuem yriepoma 0,05 %, HHU3KOyriaepoaucras, HE MOXKET
NOJIBEPraThCs TEPMUUECKOI 00paboTKe.

1.4.34. TlpuBenute onmucaHUE COCTaBa, HA3HAYCHHUS M KayecTBa CTalln
MapkH 25.

Ortert: 1) cTanb yriepoaucras, KOHCTPYKIIMOHHAsI, Ka4eCTBEHHAs, C
cogepxkannem  yriepoaa 0,25 %, Hu3KOyriepomuctas; 2)  CTaib
YTIAEPONCTAsI, HHCTPYMEHTAIbHASL, OOBIKHOBEHHOTO Ka4eCcTBa, TPYIIBI A, C
conepkanrem yriepoaa 2,5 %; 3) cranp yriaepoaucTasi, KOHCTPYKIIMOHHAS,
OOBIKHOBEHHOTO  KadecTBa, C cojepxanuem yriepoga 0,25 %,
BBICOKOYTJIEPOUCTASI.

1.4.35. IlpuBenuTe onmcaHue COCTaBa, Ha3HAYCHMS] M KadecTBa CTajlu
MapkH 55.

OtBer: 1) crane yriaepoaucrasi, KOHCTPYKIMOHHAs, Kaue€CTBEHHas, C
coaepkanrem yriaeponaa 0,55 %, cpeaHeyraepoaucTasi, MOKET MOJABEPraThCs
TepMUYECKON  00padoTke; 2) cTallb YIiaepoaucTas, KOHCTPYKIMOHHAs,
BBICOKOKAUeCTBEHHas, C COZECp)KAaHUEM yriepoaa 0,55 %
CPEIHEYTIICPOINCTAsI, MOYKET IOABEPTaThCs TEPMUUYECKON 00paboTKe;

3) cramp yriepoaucTas, HWHCTpyMEHTajbHasi, OOBIKHOBEHHOTO  KadecTBa,
rpynnsl B, ¢ cogepkanuem yriepona 5,5 %, OpicTpopekytasi.

1.4.36. IlpuBenuTe omucaHue Ha3HAYEHHUsS, COCTaBa M KayecTBa CTaju

Mapku 75.
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OtBer: 1) crans yriepoaucTas, KOHCTPYKIMOHHAs, Kauye€CTBEHHas, C
conepkanueM yriepoja 0,75 %, BRICOKOYTJIEpOIUCTAs], MOKET MOABEPraThCs
TEPMUYECKON  00pabOTKE W MPUMEHSATHCA Il U3TOTOBJICHUS TPYKHUH,
peccop, 3aMKOBbIX  MmaWbd w  ap.;, 2) crajgb  yriaepoaucTas,
BBICOKOKAaYECTBEHHAs, THCTPYMEHTaJbHasl C cojepkaHueM yriaepona 7,5 %,
HE MOJXKET TMOJBEpPrarbcsi TEPMUYECKOM  00paboTKe, MpUMEHSAETCS IS
W3FOTOBJICHHSI MAJIOHArPYKEHHBIX JE€Tale U KOHCTPYKLHIA; 3) Takoi MapKu
CTaJIA HE CYILECTBYET.

1.4.37. IlpuBenuTe omucaHWe Ha3HAUEHUsS, COCTAaBa M KadyecTBa CTalli

Mapku 88.
Oteer: 1) CTaJlb YTIEPONCTAs, BBICOKOKAaYECTBEHHA,
WHCTpYMEHTaJIbHasg C cojaepkanueMm yraepoga 0,88 % , He Moxer

MOJIBEPraThCs TEPMUUECKON 00padOTKe, MPUMEHSIETCS AJI1 U3TOTOBIICHUS
MaJIOHATrpY>KEHHBIX JIeTajJeil M KOHCTPYKIMH; 2) Takod MapKd CTajud He
CYIIECTBYET; 3) CTajib YIJIEPOJIUCTasi, MHCTPYMEHTaIbHas, OOBIKHOBEHHOTO
KadecTBa, C cojeprkaHuem yriepoja 8,8 %, ObIcTpopexKyIas.

1.4.38. Kakyio U3 HIDKEIPUBOJMMBIX MapoK CTajled clemyer
UCIIOJIb30BaTh  JIJII  M3TOTOBJIEHWS  CBAapHBIX  METAJUIOKOHCTPYKITUH,
npeaycMaTpuBaeMbIX sl paboThl B ycinoBusix CeBepa?

Oteert: 1) C13; 2) MC13; 3) MC13 k1; 4) BCT3.

1.4.39. Kakyro 13 HIKENPUBEICHHBIX MAapOK CTajiel ClenyeT BhIOpaTh
JIJISl U3TOTOBJICHHUS Bajla MEXaHUYECKOM 00paboTKOIM?

OtBet: 1) MC15; 2) BCT15; 3) C15; 4) MC14 K11

1.4.40. bBoatbel U3roTOBISIOTCA W3 TMpyTKa IMyTeM MEXaHU4eCKOn
o0paboTku. Kakyro 3 NpuBOJIUMBIX B OTBETAX CTAJIb CIEAYET UCIOIh30BATh?

Otger: 1) C13; 2) MC13; 3) BC13.

1.4.41. Metoaom TTyOOKOM BBITSDKKH M3 CTAIBHOTO JIMCTA U3TOTOBIISIOT

Ky30Bd aBTOMAIIINH. KaKy}o CTaJIb MOKHO PCKOMCHIA0OBATb AJIAd ATOU I_ICJ'II/I?

Otset: 1) C13; 2) C101 xm; 3) MC13 kn; 4) Mcrl.
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1.4.42. PexomeHayiTe MaTepuan Jjisi M3rOTOBJICHUSI MEJIKUX BUHTOB JIJIS
KpereXka »dJIEKTpoapMaTypbl TPH MacCOBOM HM3TOTOBJICHHMM Ha CTaHKax-
aBTOMAaTax.

Otget: 1) Crl; 2) MCr1; 3) BCT3; 4) A12.

1443. Kakme mipuMecM B COCTaBe CTaJld  YJydIIalOT €€
00pabaThIBAEMOCTh HAa METAJUIOPEXKYIIUX CTaHKaX?

OtBet: 1) CuMn; 2) Mnu Si; 3) Su P; 4) P.

1.4.44. Kakumu cioco6amMu U3roTOBJISIIOT CTaJIbHBIC JIETaN?

OtBer: 1) nutbem; 2) oOpaboTKOM [aBiieHHEM; 3) MEXaHHUYECKOU
00paboTKOI; 4) KOBKOIA.

1.4.45. YUto orpaHnyMBaeT MPOU3BOICTBO JUTHIX CTAIBHBIX JeTaleh?

Oteer: 1) HU3Kas KUIKOTEKYUYECTh; 2) OoJiblION mpurap; 3) Oonbluas
JuHelHas 1 00beMHas ycajka.

1.4.46. B Buje KaknuX OCHOBHBIX (ha3 HAXOATCS JICTUPYIOUTNE DJIEMEHTBI
B cTanu?

OTBeT: 1) B BUJE XUMHUYECKUX COCIAMHEHUN, OKHCIOB, CYJIb(PHUIOB,
TBEPJIOTO pacTBOpPa; 2) B BUJIE TBEPAOTO PacTBOpPa; 3) B BUJIC KapOUIOB.

1.4.47. Kakve u3 mpUBOJAUMBIX JIEMEHTOB 00Pa3yIOT C KEIE30M TOJIBKO
TBEP/IbIE PACTBOPHI?

OtBet: 1) Cu, Ni; 2) Cr, Mn, Si; 3) Si, Al, Co; 4) Mo, Cr, W.

1.4.48. B kako# (aze xkenesa npeumyiinectBeHHo pactBopsierces Cr u Ni
(pewetku OLIK U T'TIK cooTBeTcTBEeHHO)?

Otset: 1) Ni — B Fe, Cr — B Fe; 2) Cr u Ni — B Fe; 3) Ni — B Fe-, Cr
oOpa3yeT KapOuIbI.

1.4.49. Kakue ¢a3pl JErUpyrOmMUX 3JIEMEHTOB OCOOEHHO CHIJIBHO
YIPOYHSIOT CILJIABBI JKeJe3a?

Otgert: 1) TBepabie pacTBOPHI; 2) Kapouabl; 3) (a3sl BHEAPEHUS.

1.4.50. KakoBo ocHOBHOe HasHaueHue dieMeHToB Tuma 11, Nb, V B
JIETUPOBAHHBIX KOHCTPYKIIMOHHBIX CTaJISIX?

OT1BeT: 1) yIpOUHSIOT CTalIb; 2) U3MEILYAIOT 3€PHO CTAJIH;
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3) NOBBIIAIOT KOHCTPYKTUBHYIO NPOYHOCTb.

1.4.51. B xakux Qazax cTaiu npu HOPMAIbHON TeMIlepaType HaxOsATCs
Si, Ni, Cr, Ti nmpu OJHOBpEMEHHOM JICTUPOBAHUH HUMH MAajOyIrjiepOaHCTOM
KOHCTPYKIMOHHOW CcTanu?

Orteer: 1) Si, Ni — B deppure, Cr, Ti — B ayctenure: 2) Si, Ni, Cr — B
beppute, Ti — B kapounuoit dase; 3) Si, Ni — B ¢eppure, Cr, Ti — B
KapouHoit asze.

1.452. Kak BausioT OONBIIMHCTBO JIETHUPYIOIIUX DSJIEMEHTOB Ha
TEMIIepaTypy NEPIUTHOTO NPEBPALLEHUS U COACPKAHUE yriepoa B mepante?

OtBer: 1) mMOBBHIIAIOT TEMIEpaTypy; 2) MOBBILIAIOT TEMIIEPATYpPy
MEPJIIUTHOTO MPEBPAIECHUS U TOHMXAIOT KOJMYECTBO YTepo/ia B MepiuTe; 3)
MOHMKAIOT TEMIIEPATypy MEPIUTHOIO NPEBPALIECHUS U COACPKAHUE YTIIepoia
B TIEPJIUTE.

1.453. B KakoM COCTOSHMM  pAallMOHAJBLHO  HCIOJIb30BaHUE
JIETUPOBAHHBIX CTAJICH?

OTBer: 1) B OTOXOKEHHOM; 2) B 3aKaJICHHOM; 3) B 3aKaJCHHOM U
OTITYIIICHHOM.

1.454. Kaxkumu  OCHOBHBIMM  KayecTBAaMH JOJDKEH  00J1aaaTh
UHCTPYMEHT?

OTBeT: 1) BBICOKON TBEpPIOCTHIO; 2) BBICOKOM H3HOCOCTOMKOCTHIO U
MPOYHOCTHIO; 3) BBICOKOW TEIMIOCTOMKOCTHIO; 4) BBICOKOW MPOYHOCTHIO U
BA3KOCTBIO.

1.4.55. Hanuune Kakux O3JEMEHTOB B COCTaBE HMHCTPYMEHTAJIbHBIX
CTaJIell 00eCTICUNBACT BBICOKYIO TBEPIOCTh HMHCTPYMEHTA MOCJIE 3aKaJIKH.

OtBer: 1) kapOUmO0Opa3yIOMIUX AJIEMEHTOB, 2) JETUPYIOIIUX
AJIEMEHTOB; 3) yriaepoja.

1.456. B coctaB MHOTHUX JETHPOBAHHBIX WHCTPYMEHTAJIBHBIX CTaJleh
BXOJST B HE3HAYUTENbHBIX KOJMYECTBAX XpOM, MapraHel, Bojb(pawm,

KpeMHuil. Kakoe 0CHOBHOE Ha3HAYEHUE ITUX FIEMEHTOB?
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OtBer: 1) yiIyymaroT NOPOKAUIMBAEMOCTh CTAM; 2) TOBBIIIAIOT
TEIUIOCTOMKOCTh CTAJIN; 3) MOBBIIAIOT U3HOCOCTOMKOCTh MHCTPYMEHTA;
4) yny4IaroT TEXHOJOTUYECKHUE CBOMCTBA CTAJIH.

1.457. Kakue UMEIOTCS TpPyNIbl HHCTPYMEHTAJIBHBIX CTAJIEd IO
TEIJIOCTOMKOCTH ?

OTtBeT: 1) HeTemnocTolkue; 2) MOTYyTEIIIOCTOMKHE; 3) TEIUIOCTONKHE;
4) BBICOKOTEIJIOCTOMKHUE.

1.4.58. Uto moHNMAIOT O TEMIIOCTOMKOCTHIO CTAIH?

OTteert: 1) TemmepaTypy OTIIyCKa CTaju; 2) TeMIepaTypy HarpeBa CTaju
IPU 3aKaJIKe; 3) TEMIEpATypy HarpeBa, Mpyu KOTOPOM TBEPAOCTh 3aKaJICHHOU
CTaJl HaYMHAET PE3KO MOHMKATHCS; 4) TeMIEpaTypy Harpesa, pu KOTOpPOi
HAYMHAETCS] CHUKEHUE MMPOYHOCTH MHCTPYMEHTA.

1.459. K kakoii rpynme MO  TEIJIOCTOMKOCTH  OTHOCSTCA
HU3KOJIETUPOBAHHBIE HHCTPYMEHTAIbHBIE CTAJIH?

OTtBert: 1) TEIOCTONKUX; 2) MONTYTEIUIOCTONKHX; 3) HETEIJIOCTOMKHX.

1.4.60. Kakue uHCTpyMEHTHI TPEOYIOT CILTONIHON MTPOKAIUBAEMOCTH?

OTtBeT: 1) HAMWIBHUKY; 2) JEPKHU; U3MEPUTEIbHBIM HHCTPYMEHT;

3) MOJIOTKOBBIE ITaMIIbL; 4) BCE MHCTPYMEHTBI; 5) peXKyIl€ UHCTPYMEHTBI.

1.4.61. Kakoil 3aKIIOYUTEILHON MeXaHWYeCKOM 00paboTke mocie
TEpMOOOPaOOTKH MOIBEpraeTcsi OOJBIIMHCTBO HUHCTPYMEHTOR?

OtBeT: 1) TokapHOU 00paboTke; 2) numdoBKe; 3) MOBEPXHOCTHOMY
YOPOUHEHUIO; 4) TOBOJIKE.

1.4.62. Kakue nedeKkTbl MOTYT UMETHCA MPU NUTM(HOBAHUM UHCTPYMEHTA?

OrBer: 1) CHMXEHME TBEPAOCTH MOBEPXHOCTHOTO CJIOS OT pa3orpena
MOBEPXHOCTHBIX CJIOEB MpH HUIM(pOBaHUU; 2) 00pa3oBaHHe HUTHM(POBOYHBIX
TpeNrH; 3) HEIOCTATOYHASI YUCTOTA MIOBEPXHOCTH MOCIIE NITU(HOBAHUS;

4) xopoOJieHHEe U3IEITHS.

1.4.63. Kakas ¢da3za B CTpPyKType TEepMHYECKH 0OpabOTaHHOM

MHCTPYMEHTAJIBHOM CTajdl COACHCTBYeT OOpa3oBaHHIO MITU(POBOYHBIX

TPELIUH?
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OTtBert: 1) MapTeHCUT; 2) OCTaTOYHBIN ayCTEHUT; 3) TPOOCTHUT;
4) MapTEHCUT OTIYyCKa.

1.4.64. Wuctpyment wusrotoBien u3 cram Y7, XBI' u PI8.
B kaxoii ctanu Haubosee BeposTHO 00pa3oBaHKe NUTH(POBOUYHBIX TPEIIUH?

OTtBet: 1) B ctasiu ¥Y7; 2) B ctanu XBI'; 3) B ctanu P18.

1.4.65. Kakyro crajib MOXHO PEKOMEHIOBATh JUISl M3TOTOBJICHHUS Ipecc-
dbopM mJIA JIUTHS TIOA JABJICHHEM AQIIOMHUHUEBBIX CIUIaBOB. [lo kakum
npuyuHam?

Orteer: 1) crasib 3X2B8® — nmeeT NOBBIIIEHHYIO TEMIOCTONKOCTH;

2) cranb 4X5B2®C — uMeeT JOCTaTOYHYIO TEIIOCTOMKOCTh M BBICOKYIO
pa3rapocToikocTh; oHa aemieBine craau 3X2B8®; 3) cramp P18 — umeer
BBICOKYIO TETJIOCTOMKOCTh MOCJIE TEPMOOOPAOOTKHU.

1.4.66. Huxe mpuBOASTCS MaTepHalbl U CIIOCOO MX TEPMOOOPAOOTKH ISt
W3TOTOBJICHUS KPYMHBIX 11abioHoB. KakoMy Marepuany u Kakoil o6paboTke
CJIeIyeT OTJATh MPEeANnOYTeHUE?

OTteer: 1) cTtans Y7, 3aKkajika + 04eHb JUTUTEIBHBIN HU3KUN OTITYCK;

2) cramp X12®1, 3akanka + HuU3kMil oTmyck; 3) ctanb 38XMIOA, oTxur
+ HU3KOTEMIIEpaTypHOE a30TUPOBaHuE; 4) cTalib 55, 3aKajika ¢ HarpeBOM T. B.
Y.+ IJIMTEIIbHBIA HU3KHH OTITYCK.

1.4.67. Ilepeuncnure OCHOBHBIE TPeOOBAHUS, MPEABIBIAEMbIE K CTAISAM
JUTSI U3TOTOBJICHUSI U3MEPUTEITLHBIX HHCTPYMEHTOB.

OT1BeT: 1) MakCUMaJIbHBIEC KAPOMPOYHOCThH U KUCIOTOYIOPHOCTD;
2) MUHUMAJILHOE COJEp)KaHHWE YIiepoja; 3) MaKCHMAaJIbHbIE TBEPJIOCTh U
MU3HOCOCTOUKOCTB.

1.4.68. Kakue OCHOBHBIE KJIACCHI UYT'YHOB HMCIOJIb3YIOTCSI B KauyecTBE
KOHCTPYKIIMOHHOTO MaTepuana’?

Otger: 1) Genble; 2) cepbie, BHICOKOIIPOYHBIC; 3) KOBKHE.

1469. W3 «xkakux (¢$a3 B KEIE30yTJIECPOAUCTBIX  CIUIaBax
MOJKET 00pa30BBIBATHCA IPA(UT B CTPYKTYpPE UYT'YHOB?

OTtBet: 1) u3 xuakoi ¢aspl; 2) U3 ayCTEHUTA; 3) U3 IIEMEHTHUTA.
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1.4.70. Kakue (akTopbl raaBHbIM 00pa3oM BIUSAIOT HAa HHTEHCHBHOCTH
rpadurooOpazoBanus B yyryne?

Ortger: 1) komuuectBo C, Mn, Si B crutaBe; 2) CKOPOCTh OXJIAXKICHUS;

3) conepkaHue yriaepojaa U KpeMHHUSI B UyTYHE.

1.4.71. KakoBa ¢popma rpadTOBBIX BKIIOUCHHUMN B OCNIBIX UyTyHaX?

Oteet: 1) muiactuueckasi; 2) XJIONbEBUIHAL, 3) MIApOBUHAS; 4) B 3THX
YyryHax HET rpadura.

1472. B omgHOMi ¥ TOW XK€ OTIMBKE B YyYacTKaxX, HMEIOIIUX
pasHyl0  TONIIMHY, OOHapy)KeHa  pa3nu4Has CTPyKTypa —  OT
Oemoro  yyrysa B TOHKMX 4acTaXx 10  (EppUTHOIO  CEpOro
B MAaCCUBHBIX JacTax. YeM 310 00ycI0BICHO?

Otser: 1) pa3HBIM COCTAaBOM METaJIa B PA3JIMYHBIX YACTAX OTIUBKHU;

2) pa3nuMYHBIM COCTAaBOM YYIyHa M Pa3HOHM CKOPOCTBIO OXJIaXKJICHUS
Pa3IMYHBIX YacTeW OTIMBKH; 3) pa3IMYHON CKOPOCTHIO OXJIAXKICHUS Pa3HBIX
4acTel OTJIMBKH.

1.4.73. Kakas  cTpykTypa  METaUIMUYECKOW  OCHOBBI  CEpPOTO
gyryHa 00ecreynBaeT ONTHMAIbHBIC MEXaHUIECKHE CBONCTBA OTIIMBOK?

Oteert: 1) dbepputHas; 2) beppuTHO-TIEPINUTHAS; 3) MEPIUTHAS.

1.4.74. N3menenne KOJIMUECTBA KaKuX COCTAaBJISIFOIINX
B XHMHYECKOM COCTaB€ OOBIYHBIX CEpPbIX YYI'yHOB BJHUSET Ha
MOJIy4YeHHUE YyryHa C  TpeOyemMoill  CTPYKTypo H €  HYXHBIM
KOMITJIEKCOM MEXaHUYECKUX CBOMCTRB?

Oteet: 1) Mn; 2) Si; 3) Si + C; 4) C.

1.4.75. MoxHO 1M BAMATH Ha  CBOWCTBA CEpPOro  4yryHa
nyTeM U3MCHCHUS BEITUIMHBI U KOJIMYECTBA rpa@UTOBBIX
BKJIIOUEHUNU? Eciu MOXKHO, TO Kak Ha3bIBaeTCs TaKoM mporiecc?

OtBer: 1) wMoxHO, TrTpadutHzanueli; 2) Hemb3s; 3) MOXKHO,
MoAU(pUIIMPOBaHUEM; 4) MOKHO, OT>KUTOM.

1.4.76. CkonbKO HMMeEETCS CBSI3aHHOTO YIJIEpOJa B TEPIUTHOM CEPOM

yyryHe?
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Otger: 1) 0 %; 2) 2,14 %; 3) 0,8 %: 4) 4,3 %.

1.4.77.MoXHO 1 IO MHUKPOCTPYKTYpPE UyTr'yHa ONPEICIUTh: SIBISETCS
YYT'yH CEpPbIM, KOBKHM WJIA BbICOKOTPOUYHBbIM? [10 Kakomy mpu3HaKy?

Oteer: 1) MOXXHO — 10 KOJIMYECTBY rpadura; 2) Henb3s; 3) MOKHO —
M0 XapaKTepy METAIUTMYECKON OCHOBBI; 4) MOXHO — MO (opMe TpadUTOBBIX
BKJIFOUCHUU.

1.4.78. Kakas cTpyKTypa ceporo uyryHa o0iamaer Hambosiee HU3KUMU
MEXaHUYECKUMHU CBOMCTBAMMU?

Otsert: 1) nepnutHas; 2) peppurto-nepautHas; 3) peppuTHas.

1.4.79. Tlo xakuM TOKa3aTeNISIM YYTYHBl MUMEIOT MPEUMYINECTBA TEPe
CTaJIbIO?

OtBer: 1) Mo MpPOYHOCTH; 2) MO HUMKIUYECKOW BSI3KOCTH U MEHBIICH
YyBCTBUTEIBHOCTBIO K JIe(heKTaM MOBEPXHOCTH JIeTajeil; 3) 10 CTOUMOCTH.

1.4.80. Kakue uyryHel oOpasylorcs 0Opu  MOAUDUIIMPOBAHUU
YKUIKOTO Yyr'yHa MarHueM WUiiu 1epruem?

Otgert: 1) KoBKUE; 2) Oenbie; 3) BHICOKOTIPOYHBIE; 4) cephle.

1.481. Yem OOBSICHAIOTCS BBICOKAass TMPOYHOCTh M 3HAYUTEIbHAS
IUIACTUYHOCTH BBICOKOIIPOYHBIX YYI'YHOB?

OtBert: 1) 60s1€€ KAYECTBEHHOUN CTPYKTYpOH METANINYECKOW OCHOBBI;

2) XUMHYECKHUM COCTaBOM MeTajlia; 3) KOJIMUYeCTBOM I'padputa B CTPYKTYPE;
4) ¢popmoii rpadUTOBBIX BKIIOYCHUH.

1.4.82. Yem 0OBsicHAETCS MPOYHOCTh M IMJIACTUYHOCTH BBICOKOMPOYHBIX
YyT'yHOB?

Otgert: 1) hopmoii rpadUTOBBIX BKIFOUCHUI; 2) KOJIMUYECTBOM IpaduTa B
CTPYKType; 3) XapakTepoM METAUIMYECKON OCHOBBI; 4) XUMHUYECKUM
COCTABOM.

1.4.83. Kaxkoit marepuan cieayeT HCIONb30BaTh JJII W3TOTOBJICHHUS
3aJIHET0 MOCTa aBTOMOOUJIsA?

Oteer: 1) cTanbHbIE TOKOBKH; 2) CTAJbHOE JINTHE; 3) CEPBI 4yryH; 4)

KOBKHM YyTYH.
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1.4.84. Kaxoit wmarepuan clIeayeT HCIOJIb30BaTh JUIsl  U3rO-
TOBJICHUS OJIOKA IIMJIMHIPOB ITPY30BOM aBTOMAIIINHBI?

OtBer: 1) cranbHOE JIUTHE; 2) KOBKUH 4yryH; 3) cepblii 4yryH; 4)
BBICOKOTIPOYHBIN YYTYH.

1.4.85. Kakme wMarepuanbl 007a1al0T HAWIYUYIIUMHA JIMTEHHBIMU
cBOMCTBamu?

OtBer: 1) cTanb; 2) BBHICOKONPOYHBIA YyTyH;, 3) KOBKHH 4yryH; 4)
CephIi YyT'yH.

1.4.86. Kakoii w3 JWTCHHBIX CIUIABOB  SBIISIETCS  HamOoJiee
JICIIEeBBIM?

OtBert: 1) cepblii uyryH; 2) KOBKUI 4yTyH; 3) cTalib; 4) BHICOKOTIPOYHBIN
YyTyH.

1.4.87. Kakoii marepuan OOBIYHO HCIIOJNB3YIOT JUISI HM3TOTOBJICHUS
KOJICHYAThIX BaJIOB?

Oteert: 1) cTanb; 2) KOBKUW YyryH; 3) BBICOKOIIPOUHBIN YyT'yH; 4) cepblid

YYyT'yH.

2. 9JIEKTPOITPOBO/ITHOCTH METAJIJIOB ! CIIJIABOB

K  mMerammam  oTHOCATCA  BemlecTBa,  O0O0JaJalOIIHE  BBICOKHMH
TEIUIONPOBOJHOCTEIO M DJICKTPUYECKOM MPOBOJAMMOCTBIO, KOBKOCTBIO,
0JIECKOM W JPYyTUMH XapaKTEPHBIMH CBOMCTBaMH, KOTOpBIE OOYCIIOBJICHBI
HaJUYUEeM B HMX KPHUCTAJUTMYECKOM peIIeTKe OOJBIIOro Yuciaa CBOOOIHBIX
AJIIEKTPOHOB.

EnuHCTBEHHBIMU OOBEKTHUBHBIMU KPUTEPHUSIMU, MO3BOJISIONIMMU OTHECTH
MaTepuaja K MeTajlaM, CYMTAIOTCS HAIMYME JIEKTPOoIrpoBogHOCTH nipu T = 0
K ¥ noloXuTenbHbIH  TeMmIepaTypHbli  KOd(POULIMEHT  yACIHHOTO
COTNPOTHUBJICHUSA. YKa3aHHBIMH BBIIIC CBOMCTBAMH 00Jamar0T cBbIme 80
MPOCTHIX BEIIECTB (3JIEMEHTOB) M MHOKECTBO METAJNTMYECKUX CILIABOB.

Bricokasi »7eKTpONnpoOBOAHOCT, METAUIOB CBsI3aHA C TEM, YTO B HHX

HNMECCTCsA OoJIBIIIOE KOJIMYCCTBO HOCHUTEIICH TOKa — JAJIEKMPOHOE


http://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%B0%D0%BB%D0%BB
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD
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npogoouMocmu, 0OpazyIOUMXCs U3 BAIEHTHBIX JIEKTPOHOB aTOMOB METaJla,
KOTOpbIE HE NPHHAJIEKAT ONPEACIEHHOMY aToMy. DJEKTPUYECKUH TOK B
METajule BO3HUKAECT MOJ JCHCTBHEM BHEUIHETO JJIEKTPUYECKOTO OIS,
KOTOPO€ BBI3BIBACT YINOPSAJOYEHHOE NBUKEHUE JJIEKTPOHOB. J[BHKymmmecs
IOJ JEHCTBHEM IIOJS JJIEKTPOHBI PAaCcCEUBAIOTCS HAa HEOAHOPOIHOCTAX H
nedexkrax HOHHOM pEmETKH, a TakkKe Ha HapYyLIEHUSX MEepUOIUYECKON
CTPYKTYpBI, CBSI3aHHOM C TEIUIOBBIMU KoJiebaHusmu HOHOB. I[lpu sToMm
AJIEKTPOHBI TEPSIIOT UMITYJIBC, @ SHEPrus UX JBUKEHHSI IPeoOpaszyroTcsi BO
BHYTPEHHIOIO JHEPTUI0 KPUCTAUIMYECKOM PEMETKH, YTO W NPUBOIAUT K
HarpeBaHMIO ITPOBOJIHUKA IPU MPOXOKICHUHN 110 HEMY JJIEKTPHUYECKOTO TOKA.

ConpoTHBIIEHHE NPOBOJHUKA IPHU NPOYUX PABHBIX YCIOBHUSAX 3aBUCUT OT
€ro TEOMETPUU U OT YOen1bHO20 INeKMPUUeCcKo20 CONpomusieHus MaTepuana,
U3 KOTOpPOro OH cocTouT. CONpPOTUBIEHUE OAHOPOJHOIO IIPOBOJHHUKA
IIOCTOSIHHOI'O CEYEHHUsI 3aBUCUT OT CBOWCTB BEIIECTBA IPOBOJHUKA, €TI0

JUTUHBI, CEUCHUS U BBIYUCIISETCS 0 Popmyie:

p-l
S (2.1)

R=

TIe p— yoelbHoe COnpomuéiieHue BelecTBa MpoBoAHHMKA, OM M, | —
JUTMHA TIPOBOJIHMKA, M, @ S — TUIOIIA(b CCUCHUS, M>.

YaenpHOe CONPOTHUBIICHUE —  CKaJsipHAs (U3MYECKas BEIWYHHA,
YHCICHHO paBHAs CONPOTUBICHHUIO  OJHOPOJHOTO  ITMIIMHIPHYECKOTO
IIPOBOIHHUKA CIUHUYHOMN JUTHHBI U SIMHUYHOMN TUTOIIAIN CCUCHUS.

B cooTBercTBUM €  KBAaHTOBO—MEXAHHUYSCKUMH  IPEICTABICHHUSIMHU
NPUYUHOW HAJIUYHS JICKTPHUUECKOTO COMPOTHBIICHUS TBEPABIX TEI SBIIACTCS
HE CTOJIKHOBEHHE CBOOOJHBIX 3JICKTPOHOB C aToMaMH pelieTku (Kak B
KJaccuueckor teopun Jlpyne), a paccesHHEe WX, KaK yKa3aHO BBINIE, Ha
nedekTax pemeTKH, BhI3bIBAIOIIMX HAPYIICHUE MEPHOAMYHOCTH MOTCHIMAIA
[1,2,8]. WneansHo npaBwiibHas, Oe3ned)eKTHAs HEMOIBHKHAS pEIIETKAa HE

criocobHa pacCeuBaTh CBO6OI[HI>IC HOCUTCIIM 3apsAaa H IMO3TOMY OOJIKHA

06J'IaI[aTI> HYJICBBIM COIIPOTUBJICHHCM.


http://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BE%D0%BC
http://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%B0%D0%BB%D0%BB
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%82%D0%BE%D0%BA
http://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%B0%D0%BB%D0%BB
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D0%BF%D0%BE%D0%BB%D0%B5
http://ru.wikipedia.org/wiki/%D0%98%D0%BC%D0%BF%D1%83%D0%BB%D1%8C%D1%81
http://ru.wikipedia.org/wiki/%D0%AD%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%82%D0%BE%D0%BA
http://ru.wikipedia.org/wiki/%D0%A3%D0%B4%D0%B5%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5_%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D1%81%D0%BE%D0%BF%D1%80%D0%BE%D1%82%D0%B8%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%A3%D0%B4%D0%B5%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5_%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D1%81%D0%BE%D0%BF%D1%80%D0%BE%D1%82%D0%B8%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%B7%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D0%B2%D0%B5%D0%BB%D0%B8%D1%87%D0%B8%D0%BD%D0%B0
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[TonBu>XHOCTh L W JIJIMHA CBOOOAHOrO mpolera A 3JIEKTPOHOB B TBEPIOM
TEJIE 3aBUCAT OT CTPYKTYypbl MaTepuana. UucTele MeTaibl ¢ HauOosee
MPaBUILHOM KPUCTATMYECKON PEIIETKOW XapaKTEePU3YIOTCS HaUMEHBIIUMHU

3HAYEHUSIMH YAEIBHOro comnpoTuBieHus p. [lpumecu, uckaxas pemerky,
OpUBOAAT K yBenuyeHuto p. C MO3MIMI KBaHTOBOM MEXAHHMKH PACCESTHHUE
AJIEKTPOHHBIX BOJIH MPOUCXOAUT Ha JedeKTax KpPUCTAUIMYECKON pPELIeTKH,
KOTOpPBIE COM3MEPUMBI C PACCTOSHHEM MOPSAAKAa YETBEPTH JJIMHBI BOJHBI
NIEKTPOHA; HAPYIIEHWS MEHBIIMX pPAa3MEpPOB HE BBI3BIBAIOT 3aMETHOIO
paccesHus BOJH J¢ bpoina. B MmetaimmyeckoM NPOBOAHMKE, TAE JUIMHA
BOIHBI JJICKTPOHA Hopanka 5 A, MukpomeexTsl CO3MAI0T 3HAYUTEIHLHOE
paccestHie, YMEHbIIAIOIIEEe NOJIBUKHOCTD 3JIEKTPOHOB U JJIMHY CBOOOAHOIO
npobera u, CleIOBaTeNbHO, NMPUBOAAT K pocTy p. Benumumny, oGpatHyro
YIEIBHOMY COIIPOTHUBIICHHUIO, HAa3bIBalOT YyAEJbHOH INPOBOAUMOCTBIO
BEILECTBA U 0003HAYAIOT G:

c=enyu, (2.2)

i€ € - 3apsij DJIEKTPOHA, 7 — KOHIIEHTPALIHSL.

Tak Kak B MeTaJljlaX KOHIIEHTPALUs 3JIEKTPOHHOIO Tra3a MNpPaKTUYECKU He
3aBUCHUT OT TemriepaTypsl (7), TO 3aBUCUMOCTb YAEIBHOIO CONMPOTUBIICHUS P
(1 0OpaTHOM BEIMYMHBI YJIETBHON 3JEKTPONPOBOAHOCTU G) OT TEMIEPATyphI
TIOJTHOCTBIO OTPEACISICTCS] TEMIIePATyPHON 3aBUCHMOCTBIO TTOJIBHKHOCTH (LL)
U IPOIOPIIHOHATILHON €l IJITHHBI CBOOOIHOIO IIPoOera 3IeKTPOHOB (A).

BcenenctBue ycuneHusi koneOaHUM Y370B KPUCTAJUIMYECKOM PEIIETKH C
pPOCTOM TeMImepaTypbl MOSBISAETCS Bce OoJiblIe M OOJblle MPEnsTCTBUIA Ha
NyTH HAMpaBJICHHOTO ABM)KEHHUS CBOOOJHBIX AIIEKTPOHOB TMOJ JEHCTBUEM
ANEKTPUYECKOr0 TOJsl, T.€. YMEHBIIAETCS CpPEIHECTaTUCTUYECKas JUIMHA
CBOOOJHOrO TIpo0era A, YMEHBIIAETCS IMOJBWKHOCTh JJICKTPOHOB M, Kak
CJIEICTBUE, YMEHBIIAETCS yJelbHAsl MPOBOJUMOCTh METANIOB M BO3PACTaeT

yAeJIbHOE conpoTuBiieHue (puc. 2.1).



74

PoMKOM -
1,4

0.8 /
7

2
T
0.4 /
NN

K /

]

0
200 0 200 400 60O 800 1000 T, °C

Puc. 2.1. 3aBUCHUMOCTB yAETBHOTO COMPOTUBIICHUS METAJIJIOB U CILUIABOB OT
temneparypel: 1 — kene3o; 2 — DOIEKTPOTEXHHUYECKas CTAlb C

coaepkanueM 4 % Si; 3 — crutaB Fe-Ni-Cr

CompoTuBIIeHHE METAJUIOB CHIDKAETCS MPHU TMOHWKEHUU TEMIIepaTyphl;
Ipy TEeMIlepaTypax MOpsAIKa HECKOJIBKUX KEIbBUHOB COMPOTUBIICHUE Psia
METAJIJIOB M CILJIABOB CTPEMHTCS WM CTAaHOBUTCS pPaBHBIM HYIIO (3¢ QdeKT
CBEPXITPOBOAMMOCTH).

Yoenvnoe conpomuenenue cnnasos. Kax yka3pBajgoch, NpPUMECH U
HapyIIeHUs TPaBUJILHON CTPYKTYphl METAUIOB BEAYT K YBEIUYCHHIO WX
YACIBHOTO COTPOTUBIICHUS. 3HAYNTEILHOE BO3pAaCTaHUE O HAOIIOMACTCS TIPU
CIUTABJICHUM JBYX METAUIOB B TOM Ciy4ae, €Clii OHM OOpasyloT TBEpAbIN
pacTBOp, T.€. CO3/JAIOT MPHU OTBEPACBAHWU COBMECTHYIO KPUCTAJUTH3AIUIO, U
aTOMBI OJTHOTO METaJUIa BXOST B KPUCTAIUIMYECKYIO PEIIETKY APYTOTO.

3aBUCUMOCTh  YACJIBHOTO COMPOTUBJICHUS CIUIaBa JBYX METAJUIOB,
oOpa3yromux TBEPIAbI pPacTBOP C HEOTPAHUUYEHHON PacTBOPUMOCTHIO
KOMITOHEHTOB, OT MPOIIEHTHOTO COJIEPKaHUS KaXKIOTO0 M3 HUX IPEACTaBICHA
Ha puc. 2.2 (xkpuBasg a). KpuBas mMeeT MaKCUMyM, COOTBETCTBYIOILIHA
HEKOTOPOMY COOTHOIIICHHIO COJIEP)KaHUSI KOMIIOHEHTOB B CIUIABE; NIPH

YMCHBIICHUN COACPKAHUA KaXXJI0I0 K3 HUX L IaAacT, HpI/I6J'II/I)Ka$[CB K


http://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%B0%D0%BB%D0%BB
http://ru.wikipedia.org/wiki/%D0%9A%D0%B5%D0%BB%D1%8C%D0%B2%D0%B8%D0%BD
http://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B5%D1%80%D1%85%D0%BF%D1%80%D0%BE%D0%B2%D0%BE%D0%B4%D0%B8%D0%BC%D0%BE%D1%81%D1%82%D1%8C
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COOTBETCTBYIOIIMM 3HAYEHHUSIM O YUCTHIX MeTaioB. OOBIYHO HaOMMI0IaeTCs
OIpe/IeNICHHAs] 3aKOHOMEpHOCTh U B u3MeHenun TKp (TK — temnepaTypHBIi
KO3((UIIMEHT): OTHOCUTEIHHO BBICOKUMHU 3HaueHus MM TKp ob6nagator
YUCThIE METAJUJIbl, @ y CIUIaBOB 7Kp MEHbIIE U JaXke MOKET NPHOOpeTaTh
HeOobIIME MO a0COTIOTHOM BEJMYMHE OTpHULIATENIbHBbIE 3HAaueHus (puc.2.2,
KpuBas 0). 9T0 OOBACHAETCA TEM, YTO y CIUIABOB U3MEHEHHE O BBI3BIBACTCS
HE TOJIbKO M3MEHEHUEM IMOJBUHOCTU HOCUTENEH 3apsiia, HO B HEKOTOPBIX
CllydasiXx ¥ BO3pacTaHHEM KOHIIEHTPALlMM HOCHUTENEH TpU MOBBIIICHUH

TEMITIEPATYPHI.

THp K™ P MEC -

0.006 0.7

0.005 } 0.6
0.004 /d\\ /

o kAL
e /L
AV, .

ACEENVERN

0 ~_ 0.1

-0.001 0
0 20 40 60 a0 100 %% Mi

L 1 1 1 1
100 a0 60 40 20 0 % Cu

Puc.2.2. 3aBucumocts p (a) u TKp (6) cimaBoB cucteMbl Cu-Ni ot cocTaBa

(B poIIeHTaX MO Macce)

3axaun
2.1. YnenwHoe CONPOTHUBJICHUE cepebpa npu KOMHATHOM
temrepatype pasio 0,015 MkOM - M, a TemnepaTypHbli Ko3(hUIIMEHT
YAEIBHOTO COIPOTUBIIEHUS COCTABIISIET 4,1-10° K™ Onpenenuth, KaKk U BO
CKOJIbKO pa3 M3MEHHUTCS JJUHA CBOOOJHOTO Mpodera 3JIeKTPOHOB npu

HarpeBanun npoBoaHuka oT 300 mo 1000 K.
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2.2. VienpHOe COMPOTHBICHNE YHCTON Meau BospacTaet Ha 10° OmM mpu
noGasiennn 1 ar. % OJHOBAJIEHTHON MpUMECH B TBEPIOM pPaCTBOPE.
[Ipennonarast pacupenesiecHUE NPUMECEd CIy4allHbIM W CYWTas, 4TO OHU
MIPEACTABIISIOT CO00M cheprueckre pacCceuBaOINE MEHTPHI C 3PPEKTUBHBIM
JWaMETPOM B HECKOJBKO aHICTPEM, OLEHUTh W3 H3THX JAHHBIX [JIMHY
CBOOOJIHOTO TTpo0era 3MEKTPOHOB M HAWTHU MPUOIMKEHHO CEYEHUE paccesHus
IIPUMECEN.

2.3. B MenHoM mNpoBOJHUKE IOJ MACHCTBHEM 3JIEKTPUYECKOM MO
MIPOXOIUT IIEKTPUYECKUN TOK IUIOTHOCTBHIO | A/mm. Onpenenurs CKOpOCTh
apeiipa M OTHOLIEHUE €€ K CpeJHEHd CyMMapHOW CKOPOCTH JIBHIKECHHS
anekTpoHOB Mpu Temreparype 300 K.

2.4. Tlo mpoBOAHKKY ¢ TUIOMaAbI0 ceueHus 30 MM’ TEYeT TOK. Cpennsis
CKOpPOCTh Japeiiha CBOOOTHBIX 3JICKTPOHOB 0,28 mmM/c, a 170,
koHueHTpauust 7,9 -10%” M. HaiiTu crily U IUIOTHOCTB TOKA B IPOBO/IHHKE.

2.5.Ilo npoBomnuky compotuBienneM 10 Om 3a 1 MuH mnpomen
anexktpuueckuit 3apsan 50 Kn. Hailty HanpsbkeHue, MpUIIOKEHHOE K KOHIAM
MPOBOJIHUKA.

2.6. Ilo nmpoBOJHKMKY C IUIONIABI0 TOMEPEYHOro ceueHus | MM® Teder
TOK cunoit 5 A. HaliTu CpemHIO CKOPOCTh HAIPABICHHOTO JBHXKCHUS
SNeKTpOHOB, ecan B 1 cM® Meramia comepxutcs 4 10 cBOGOIHBIX
AIIEKTPOHOB.

2.7. OnipenenuTh BpeMs, B TEUEHHE KOTOPOIrO DJEKTPOH MpOHIeT
paccrosiHue 1 KM 0 METHOMY MPOBOJY, €CJIH YACIIbHOE CONIPOTUBIICHNE METU
0,017 mxOM-M, a pa3HOCTh MOTEHIIMAJIOB Ha KOHIaX mpoBojgHuka U=220 B.
3a Kakoe BpeMsl AJIEKTPOH MPOJETUT 3TO K€ PACCTOSHUE, NBUTasch 0e3
COYJIapEHHUid, TP TOM ke pa3HOCTH MOoTeHUHaIoB? KakoBO Bpems nepenaydu
curHana?

2.8. [lpu BKJIIOYEHHUH B 3JIEKTPUUYECKYIO LIeMb MPOBOIHUKA quamerpom 0,5

MM H ,HJII/IHOI;'I 43 MM Pa3HOCTb INOTCHIMAJIOB Ha KOHIIax IMPOBOJHHKA
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cocraBmia 2,4 B mpu toke 2 A. Omnpenenutbh yAeIbHOE CONPOTHUBIICHHUE
MaTepuaa MpoBOJIHHKA.

2.9. MeaHblii mpoBoj| ATHHOM 1M MMeeT momepednoe cedenne 0,1 mmP,
ComnpoTuBiieHHE MPOBOJIa MPU KOMHATHOW Temmeparype paBHo 0,172 Owm.
Omnpenenuts yneabHoe 00bEMHOE CONPOTUBIICHUE ME/IH.

2.10. TIo HMKEIMHOBOMY NPOBOJHHKY C NOIMEPEUHBIM CedeHHeM | MM
TE€YET TOK cuno 0,5 A. IlpunoxxkeHHOe HanpspkeHue cocrasiser 2 B.
OnpenenuTts Maccy NPOBOAHUKA.

2.11. V3 HuKeneBo# JEHTHI MUPUHON | CM ¥ TOMIMHIHONW | MM HE0OX0IMMO
W3rOTOBUTH IIYHT compotuBieHueM 0,4 Om. Kakol mivHBI 10KHA OBITH
HUKEJEBas JICHTA, €CIIU yAeIbHOE conpoTusiieHne Huked 0,068 MkOM m?

2.12. TIneHOYHBIH pE3UCTOP COCTOUT M3 TPEX YYACTKOB, HMEIOIINX

pas3nuyHbIe CONMPOTUBIIEHUS KBajapara wieHkd R; = 10 Om; R, = 20 Owm;

R3=30 Om (puc. 2.3). OnpeaenuTs CONpOTUBICHUE PE3UCTOPA.

+ —_— _
A
Rs
S
A
s <
Rl Rz =
N
A4 A4
-3 MM
- 6 Mm -

Puc.2.3. K 3agaue 2.12

2.13. [TIlpoBomnounsni pesuctop wmapku [I9TB cozman HamoTKOU
HUXpoMoBoro tmpoBojga X15H60 c¢ yaenbHbIM compotuBienuem p= 1,1
MKOM'M. [luameTp HaMOTKH COCTaBigeT | cMm, JJIMHA MPOBOJA — 5 CM.
OnpenenuTs CONPOTUBIEHUE PEZUCTOPA.

2.14. YriepoauCTblii pe3UCTOp U MPOBOJIOYHBIN PE3UCTOP, U3TOTOBICHHBIN
U3 HUXpPOMa, UMEIOT OJAMHAKOBOE HOMHUHAIBbHOE COMpoTuBIeHHE Ry, = 100
Om. Pe3ucTopbl COeNMHEHBI MAPAIUIETBHO W BKJIKOYEHBI MOJ HAIpSKEHUE

U=50 B. OnuHakoBas 1 MOITHOCTb OYJI€T BBIJICIATHCS HA ATUX pe3ucTOpax?



78

2.15. YaenbHOE COMPOTHUBICHUE p1 AMIOMUHKEBOTO mpoBoja mpu T=300 K
cocrapmster 2:10° Omm. Haiiti p, npu T=700 K, ecnu TKp amoMuHHS
paBeH 4,2 10°k™.

2.16. OnpenenuTh CONPOTUBICHUE HUXPOMOBOTO TIpoBoja AnuHON 10 M u
ceuernem 0,1 MM’ npu koMHaTHO# Temneparype T1=300 K, a Ttaxxe nipu T,=
500 K, ecnu nipu T, ynenbHOe 00bEMHOE CONPOTUBIICHUE pP1= 1,1-10° Omm.,
TKp=10"K*, TKI=10°K™,

2.17.YnenpbHOE O0OO0OBEMHOE CONPOTHBJICHHE MEIHOIO IMPOBOAA TIPH
koMmHaTHOM Temneparype T7=300 K paBHo p1= 1,8:10® Om-m. Haiitu p2 TIpH
T=700 K, ecnu TKp Menu paBeH 4,3-10°K™.

2.18. BeruncauTh CONPOTUBICHUE ATIOMUHUEBOTO MPoBoAa AuHOM 10 M 1
ceuerneM 0,1 MM’ npu temreparype T1=300 K u ero p, npu T=500 K, ecnu
MU3BECTHO, YTO  p1  AJIKOMHHUEBOTO npooga  npu T=300 K
cocrasister 2:10% Omm , a T Kp amomunus paser 4,3-10° K™,

2.19. Onpenemuts TKR MeqHOTO mpoBoaa, eciu ero TKp pasen 4,3-10° K
', a TKI=1,6: 10°K™.

2.20. OnpenenuTs TeMrepaTypy HUTH JTAMIIOYKH, €CJIA TIPU BKIIOYCHUH B
ceTh HanpspbkeHueM 220 B no Heit teder Tok cunoi 0,68 A. ConpoTuBieHue
BosbhpamoBoit HutH mpu 300 K paBHo 36 Om, a TemmepaTypHBIi
KO2(PULIMEHT COMPOTUBIICHUS BOIh(paMa COCTABIISIET 5,1-10°K™.

2.21. BonsdhpamoBasi HUTh JIEKTPUIECKON JaMIibl TIpu Temriepatype 2600
K wumeer comporuBnenue 260 Om. Yemy paBHO €€ CONPOTUBIEHUE MpHU
KOMHaTHOM Temmepatype? TemneparypHblid K03(Q(GULIHUEHT COMPOTUBICHUS
Bonb(pama cocrasisier 5,1-10° K™,

2.22. KakoBa wimaccudukanus MaTepyuagoB MNpUOOPOCTPOSHUS] TIO
AIEKTPUYECKUM CBOMCTBaAM?

OtBeT: 1) CHIBHOIIPOBOIAINUE U CIA00TPOBOIAIINE;

2) TpPOBOIHUKHU, MOJIYNPOBOAHUKHU, TUANEKTPUKU; 3) METaJUIbl, CIUIaBbl U

HCTIPOBOAHHKH.
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2.23. KakoBa ¢Qusmueckas MNpUPOAA PACHICTUICHUS  HHEPreTHUYECKUX
YPOBHEW aTOMOB B YHEPreTUYECKUE 30HBI MPU 00pa30BAHUM TBEPIOTO Tena?

Otsert: 1) BeinonHeHue npuHiuna I[layau v cCHATHE BBIPOXKICHUS MTyTEM
pacIIeIIEHHs] TUCKPETHBIX YHEPIreTUYECKUX YPOBHEW HU30JIMPOBAHHOIO aToMa
B 30HBI MIPU COMMXKEHUH aTOMOB U 00pa30BaHUU TBEPJOTO TEIa;

2)  KOPHYCKYJSpHO-BOJHOBOM  Jyaliu3M  MHKpoyacTul; 3)  ciaboe
NOTEHIMAIBHOE B3aUMOJICHCTBUE MEXTY aTOMaMH.

2.24. Ilpoueccyl BO3HUKHOBEHHUSI CBOOOAHBIX 3JEKTPOHOB B TBEPAOM Tele
0OyCIJIOBJIEHbI B3aUMOJEHCTBUEM MEKIY:

OtBert: 1) BajIeHTHOU U 3aNpENICHHON YHEPTETUICCKUMHU 30HAMU;

2) BaJICHTHOW 30HOW M 30HOM MPOBOAMMOCTH; 3) 3ampelieHHON 30HON U
30HOU TPOBOJUMOCTH.

2.25. Ilpu yBEJIWYEHUM YaCTOTHl BHEIIHErO JJIEKTPUYECKOTO IOJI
CBOMCTBa MaTE€pHaJIOB:

OtBer: 1) He wu3MeHSIOTCS; 2) HM3MEHSIOTCS B CTOPOHY YCHIJICHUS
IPOBOJSAIIMX  CBOWCTB;, 3) HM3MEHAIOTCS B  CTOPOHY  YCHJICHHS
JIADJICKTPUUECKUX CBOMCTB.

2.26. Kakoli TUIl XUMHYECKOM CBSI3U XapaKTEPEH Il METAILIIOB?

OtBer: 1) KoBaJleHTHas; 2) MeTaUTMYECCKast; 3) HOHHAS.

2.27. Kakoil TuN CTPYKTYphl HauOojee XapakTepeH i METauloB U
CILIaBOB?

OtBert: 1) cTeK1000pa3HbIif; 2) MOHOKPHUCTAILTHYECKUI;

3) NOTUKPUCTAIITUYECKUH.

2.28. KakoBbl OCHOBHBIE OOJACTH TMPUMEHEHHS METAJIOB W CIJIABOB B
AIEKTPOHUKE U MPUOOPOCTPOEHUN?

OrBer: 1) u30ys1IMs KOMIOHEHTOB; 2) CO3[aHKHE 3JCKTPOHHO-IBIPOYHBIX
nepexoaoB; 3) KOMMYTalHMs, CO3JaHHE PE3UCTHBHBIX  DJIEMEHTOB,
W3TOTOBJICHUE JI€TaNIel, KOHCTPYKIIMI, MallIUH.

2.29. KakoBbl OCHOBHBIE OTJIMYUS MPOBOJHHUKOBBIX MATE€pPUATIOB OT

HCHpOBO,IIHI/IKOBBIX?
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OtBer: 1) HamMUME IEKTPOIPOBOJHOCTH MPH TEMIIEPAType aOCOIOTHOTO
HYJIA U YBEJIUYECHHUE YAEIBHOIO CONPOTUBIIEHUS C POCTOM TEMIIEPATYPHI;

2) BBICOKME IUIOTHOCTb MW TeMmrmeparypa IUIaBieHHUs; 3)  OTCYTCTBHUE
AIIEKTPOIPOBOIHOCTH MPU TEMIIEPATYPE a0COIOTHOIO HYJI1 U CHH)KCHHE
YAEIBHOTO COPOTHUBIIEHUS C POCTOM TEMIIEPATYPHI.

2.30. YeM OTIIMYAIOTCS 30HHBIE SHEPTETUYECKUE TUarpaMMbl POBOIHUKA,
MOJIyIPOBOJHUKA U TUAJIEKTPHUKA?

OtBert: 1) mMpUHON pa3pelIeHHbIX SHEPTETUUECKUX 30H;

2) HaTM4KMeM MPUMECHBIX YPOBHEH B 3aIpPEUICHHON 30HE;

3) OTCYTCTBHEM 3alpelICHHON 30HBI Y MPOBOJAHUKOB; MEHBIIEH 3 3B
3aMnpeIIeHHON 30HONW Yy TOJYNPOBOJHUKOB M Ooibmie 3 5B 3ampernieHHON
30HOM y INDJIEKTPUKOB.

231. Ot 4yero 3aBUCAT IIMPUHA pPA3PEUICHHON 30HBI W  YHCIO
HSHEPreTUUYECKUX YPOBHEHN B HEM?

OTtBeT: 1) OT paccTOsIHUS MEXIY aTOMaMU B TBEPJIOM TeJIE;

2) OT KOHUEHTpaluh aTOMOB B TBEPAOM Teje; 3) OT BEIUYMHBI SHEPrUU
XUMHUYECKOH CBS3M U KOHIIEHTPALIMK aTOMOB B TBEPAOM TeEJIE.

2.32. Kak n3meHsieTcsi KOHIIEHTpAIUsl CBOOOIHBIX SJIEKTPOHOB B MeETaslie
MIPU NOBBIIIEHUU TEMIIEPATYPHI?

Orteert: 1) yBenmmuuBaercs; 2) yMEHbIIAETCS; 3) HE U3MEHSIETCS.

2.33. CopaBemyiBO 11 YTBEPKAEHUE, UYTO NPHU BBICOKUX TeMIEpaTypax
(BBIILIE XapaKTePUCTUUECKON TemriepaTyphl Jlebas) MossipHas TEMIOEMKOCTb
METaJUIOB  HE3HAUUTEJIBHO OTJIMYAETCS OT MOJSPHOM  TEMIOEMKOCTH
KPUCTAUTUYECKUX TUDIICKTPUKOB?

OTtBeT: 1) HET, OTJIMYACTCSl 3HAUYUTENIHLHO; 2) CHpaBeIMBO; 3) HE BCEra,
3aBUCUT OT BHJIa METaJLIA.

2.34. Tloyemy yaenpbHOE CONPOTHBICHWE METAJUIOB YBEITUYHBACTCS C
MOBBIIEHUEM TEMIIEPATYpPbI?

OTBert: 1) pacTeT KOHIIEHTpAIUs CBOOOIHBIX YJIEKTPOHOB;

2) yMEHBIIAETCS KOHIEHTPALUs CBOOOHBIX AJIEKTPOHOB;
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3) yMmeHbIIATCA AJIMHA CBOOOJHOTO Mpolera M MOJBUKHOCTH CBOOOTHBIX
AIIEKTPOHOB.

2.35. Kak meHsieTcst cpeliHss JJIMHA CBOOOJHOTO MpobOera 3JIeKTPOHOB B
UJICaJIbHO YUCTOM METAIJIEC IPU YBEIIMUCHUHN TeMIepaTyphl (0T aOCOIIOTHOTO
HYJIs)?

OtBert: 1) He U3MEHAETCS; 2) HE U3MEHSETCSI, 3aTEM YMEHbIIIAETCS,

3) BHayase yBeJIMYMBAETCA, 3aTEM YMEHbILIAETCS.

2.36. [Touemy MmeTayuiMueckue CIUIaBbl THIA TBEPABIX PacTBOPOB
oOnanaoT Oojiee BBICOKMM YJEIbHBIM CONPOTHBICHUEM, YEM YHUCTHIC
KOMIIOHEHTHI, 00pa3yrolue cruian?

OtBer: 1) B YHCTBIX KOMIIOHEHTaX  KOHIIEHTpAIUsi  AJIEKTPOHOB
MIPOBOJIMMOCTH BBIIIE; 2) B YHCTHIX KOMITOHEHTAX IMOJBHXHOCTh HOCUTEIICH
3apsfa BBIIIE, TOCKOJIbKY aTOMbI KaXKJIOTO KOMIIOHEHTa B CIUIaBax THIA
TBEPJBIX PACTBOPOB MO OTHOIICHUIO K JPYyroMy SBISIOTCS AeheKTamu
CTPYKTYphl W CHIDKAIOT TOJBIDKHOCTB, 3) W3-3a BIUSHUS BBICOKOUH
TEeMIIepaTyphl MPHU CIIABJICHUU YUCTHIX BEIIECTB.

2.37. Ilouemy mnpu TEpMHUYECKON 3aKaJKe YIEIbHOE COMPOTHUBIICHUE
METaJUIOB BO3PACTaET, @ IPU TEPMUUYECKOM OTKUTE - YMEHBIIAETCS?

OtBer: 1) mnpu 3aKkajgke yMEHBIIACTCA KOHIICHTpaus AeGeKTOB
CTPYKTYpbl (IOJBMKHOCTh HOCHUTENEHW 3apsa pacTeT), a MNpu  OTKHIeE
yBEIIMYUBAETCs (MOJBUKHOCTh HOCHUTENEH 3apsija CHUXKAETCH); 2) npu
3aKaJKe BO3HMKAIOT JOMOJHUTENbHBIE NE(EKThl CTPYKTYPhI (IIOABUKHOCTD
HOCHUTEJIE CHUXKAETCA), a MpU OTKUTe AePEKTbl YCTPAHSIOTCS, CTPYKTypa
CTaHOBHUTCS 00Jiee OJHOPOJHOM (MMOABUKHOCTh HOCUTENEH pacTteT); 3) mpu
3aKaJKe CHUKAETCS KOHIEHTPALMs AJIEKTPOHOB MPOBOAMMOCTH, a MpHU
OT)KUTE — YBEITMYUBACTCSI.

2.38. KakuMu npenMyIiecTBaMy U HEAOCTATKAMU IO CPABHEHUIO C MEIBIO
oOnazaeT afOMUHUI KaK MPOBOJIHUKOBBIN MaTepural.

OtBer: 1) Oonee HHM3KAas CTOMMOCTh M 0O0JIE€ BBICOKOE YIEIBHOE

CONpPOTHUBRJICHUE; 2) 00Jiee BBICOKAsh CTOMMOCTh M 0OoJjiee BbICOKas pabodas
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Temmneparypa; 3) Oosiee HH3Kas CTOMMOCTh M 0Oojee HH3KOE YIEIbHOE
CONPOTHUBJICHUE.

2.39. Ha3zoBuTe HEMeTaUIMUYeCKUE MPOBOJHUKOBBIE MAaTEPUATIBI.

Oteert: 1) okucen Gapus; 2) moynonuit; 3) rpadurt.

2.40. Kakum obpazom o0ecrieunBarOTCs MPOYHOCTH u
(GbOpMOYCTOMUMBOCTD BOJILPAMOBBIX HHUTEM U CHOHpajedl MpU BBICOKHX
TEeMIEpaTypax dKCILTyaTaun?

OtBet: 1) co3naHneM OKUCIUTENBHOM Cpefibl B OAJIIIOHE;

2)  OTCYTCTBMEM KHCIOpPOJa B OalJIOHE C LENbI0 NPEIOTBpaIICHHS
OKHCIICHUS; 3) TOKPBITHEM MEJIBIO.

241.1Ipu Kakux YCJIOBHSIX MOXET OBITb HApPYIIEHO COCTOSIHUE
CBEPXIIPOBOAMMOCTH IMPOBOTHUKA?

OtBer: 1) pU MOBBIIMIEHUH TEMIEPATYPhl BBIINIE KPUTHUECKOU; 2) mpu
BO3JCICTBUM 3JEKTPOMArHUTHOIO IMOJISI C YaCTOTOM BBIILE KPUTUYECKOTO
3HAUCHUS, 3) TPH MPEBBIIICHUN HANPSHKEHHOCTH MOCTOSSHHOTO MAarHUTHOTO

IIOJIAA KPUTHUYCCKOI'O 3HAYCHM.

3HAUYEHUA HEKOTOPBIX ®U3MYECKHUX ITOCTOAHHBIX
[Tocrosiunas ITnanka h=6,623-10" Ix-c
Ipuseennas nocrosiaHas [lmanka /4 = h/2m=1,054-10"* Jix-c
Tocrosiuast Bompumana k = 1,380-10%° Jx/rpax = 8,63-10™ sB/rpax
Temnosas sneprus npu 7= 300 K k7'=0,0256 >B

["a3zoBas mocTosIHHAS R = 8,31 Ix/MonbTpan
CkopocTh cBeTa c=310%m/c

Yucno ABoraapo N, = 6,023-10% monexyn/Mob
Macca nokost 3JIeKTpOHa mo=9,1 110 kr

Macca nporona m, = 1,67-10% kr

3apsiz1 3IEKTpOoHa e=-1,602-10" Kn
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1. JUDJIEKTPUYECKUE MATEPUAIJIBI
1.1. Knaccuduxanus AU3IIEKTPUKOB

K nuanexkTpukaM OTHOCUTCS YpE3BBIYAWHO LIMPOKHHA KpPyr MaTe-
pHATIOB KaK OPTaHMYECKOTo (CHHTETHYECKHE CMOJBI, KaydyKH, BOJIOKHH-
CTBIE MaTEpHAJIBI), TAK U HEOPTaHUIECKOTO (CTEKIIa, KepaMHKa) MPOUCXOXK-
nenust. CHHTETHYECKIMHI Ha3bIBAIOT MAaTEPHUANIbl, MOITyUYCHHBIE C TIOMOIIBIO
CHHTE3a — PEaKIUH MOJIMMEPHU3AIUHN W3 BEIIECTB-MOHOMEPOB. OTH MaTe-
pHUabl HOCST TaKXKe Ha3BaHMS: MOJHMMEPBI, MIACTUYECKUE MAcChl, CHHTETH-
yeckue cMoinl. K HNCKYCCTBCHHBIM OTHOCATCA MaTe€pualibl, IMOJTYYCHHBIC
XMMHUUECKO# NepepaboTKoil ChIpbs MPUPOTHOTO MPOUCXOKACHUS (IeL10-
¢an, Oymara, Bucko3a, anerar). CyIIecTByeT TakKe MHOXECTBO KOMIIO3H-
LMOHHBIX MAaTepHalIoOB CaMOT0 Pa3HOOOPA3HOTO COCTaBa, BKJIIOYAIOIINE B
ce0st KaK CHHTETHYECKHE, TaK M MCKyCCTBEHHBIC KOMIIOHEHTHI (LIEIUTYTIOH,
CJIOHCTHIC TUIACTUKH, (PEHOIIIACTHI, AMHHOILIACTHI).

BbienuM psix OCHOBHBIX TPYII AWAICKTPHUECCKUX MAaTEpHAJIOB,
MIPUMEHSACMBIX B PAJMOTEXHUKE U 3JIEKTPOHHKE!

— CHHTETHYIECKHE CMOJBI (TIIIaCTMACCHI, OIMMEPHI);

— 3J1aCTOMEPBI;

— BOJIOKHUCTBIC MaT€pHaJIbI;

— CJIOUCTBIE MJIACTUKU;

— CTEKJIa;

— KepaMuKa.

PaccMOTpuM OCHOBHBIC (DU3UYECKHE CBOWCTBA MUICKTPUUCCKUX
MaTepuaioB, OMPEAC/IAIOINE UX TIPUMEHCHUC.

1.2. DneKTponpOBOTHOCTE ANAIIEKTPUKOB

OCHOBHBIMH CBOHCTBaMH, OTIPENEIISIOIUMH IPUMEHEHHE JAN3IICK-
TPUKOB B PaJMOTEXHHUKE U 3JIEKTPOHMKE, SIBIIIOTCS MX W30JHMPYIOIINE Ka-
YeCTBa, a TaKKe CIOCOOHOCTh CO3/1aBaTh 3JIEKTPUUYECKYI0 EMKOCTh 33 CUET
CYyILIECTBOBaHMS BHYTPEHHETO 3JEKTPUUECKOTO MO, T. €. MOISIPU3aLHH.

Jist BeIOTHEHHS (DYHKINH AIIEKTPUIECKON H3OJSAINH TUIIEKTPH-
YecKHe MaTepHaibl JOJDKHBI MPEMATCTBOBATh HMPOXOXKIACHUIO 3JIEKTpUYE-
CKOTO TOKa IIyTSMH, HeXXeJIaTeIbHBIMHU T paboTel mpubopa. C 3Toi Toukn
3peHHs OCHOBHOI XapaKTePUCTHKON ITUAJICKTPUKOB SBISETCS BEIWYHMHA
YAETHHOM 3JIEKTPOIIPOBOIHOCTH HIIH YACTHHOTO COTPOTHUBICHUS.

OCOOEHHOCTBIO JIEKTPONPOBOAHOCTH TBEPIBIX JUAIIEKTPUKOB SIB-
JISIETCS TO, YTO BBHJY MX OOJIBILIOTO yJEIbHOTO CONMPOTHBIICHHS TOK 4Yepe3
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obbeM mmdnekTprka ly cpaBHUM ¢ TOokoM mo moBepxHoctH s (puc. 1.1),
M03TOMY OOIINIT TOK N30JSIIUY PaBeH
=1+l (1.2)
[Tpn xapakTepucTuke QUINEKTPUKA Pa3InyaroT 0OBEMHYIO M IO-
BEPXHOCTHYIO yJeNbHBIE 3JEKTPOIPOBONHOCTH (G, U Gg). Bemmuunsl, 06-
paTHbIE ANEKTPOIIPOBOAHOCTH, HA3bIBAIOTCS YAEIbHBIMH OOBEMHBIM U I10-
BEPXHOCTHBIM COTPOTUBICHUSIMH (Py U Ps).

K I——
Ia6c
- |
[
’ v )
L & & o,
5T — Lv lzv :

Puc. 1.1. Buasl 251eKTpUUECKOTO TOKa B 00pasIie JUIICKTPUKA!
| — 06mmuit Tox u3osinuy; |4, — TOK adcopOuuy; |y — 0OBEMHBIH TOK;
|s— MOBEPXHOCTHBIH TOK

VYaensHoe 00beMHOE compoThBieHuE (Py) OMpeenseTcss Kak Co-
NIPOTUBJICHHE KyDa AMAJICKTPUKA C peOpOoM, paBHBIM €IMHUIE IUTHHBI, €CIIN
TOK INPOTEKAeT 4epe3 JBE MPOTHUBOIOJIOXKHBIE IPaHH. 3HAUSHHUS Py 0O0JIb-
IIMHCTBA AMYIEKTPHKOB Haxoses B mpeenax 10° - 10 Omom.

VY aenpHOE MOBEPXHOCTHOE CONPOTUBIICHHE (Ps) OTMPENeseTcsl Kak
COIIPOTHBIICHHE KBaJpaTa MOBEPXHOCTH JUIJIEKTPHUKA CO CTOPOHOM J1000T0
pasmepa, eciM TOK IIPOTEKaeT Yepe3 JBE IIPOTHUBOIIOIOKHBIE CTOPOHBI. 3Ha-
YEeHHE YAEIbHOTO MOBEPXHOCTHOTO CONPOTHBIICHMS, KaK MPAaBWIO, HA IO-
PAZIOK BBIIIE 00BEMHOTO, T.e. Haxomutes B npeaenax 107 - 107 Om, Ho oo
B CHJIBHOH CTETIEHH 3aBUCHUT OT BEJIMYHMHBI M COCTOSIHUS TTOBEPXHOCTH (Ha-
JIMYHS BJIATH, TIPOBOJISIIIIUX BELIECTB) U HE SBJISAETCS XapaKTePUCTHKOM Ma-
TepHaia.

ComnpoTuBiieHHE HW30JIALUKN JHAJIEKTPUKA ONpPEelsieTcs] Kak pe-
3yABTHPYIOIIEE ABYX compoTuBieHuil (R, u Rs), BKIFOUCHHBIX Mapayieb-
HO:

re R (1.2)
R, +R,
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HJ'IH JAUDJICKTPUKA C CCUCHUCM Su TOJIIIUHOM h Beanunna o6BEM-

HOT'O COMPOTHUBJICHUA HAXOAUTCA 10 (bopMyﬂe

h
RV =Py g y (13)

OTKY/la MOKHO OTIPENIEITUTD Py

Bropoit xapakTepHOil 0COOEHHOCTBHIO AIIEKTPONPOBOIHOCTH JIH-
JIEKTPUKOB SIBJISETCS MOCTENIEHHOE YMEHBIIEHHE TOKA CO BPEMEHEM (pHC.
1.2), mocne BKIIOYCHHS MTOCTOSTHHOTO HATPSDKEHUS (3aMBIKaHUSI KOHTaKkTa K
Ha puc. 1.1). C TedyeHneM BpEeMEHH TOK OCTUTAET HEKOTOPOIl MOCTOSHHON
BEJIMYMHEI, Ha3BIBAEMON TOKOM CKBO3HOH mpoBomuMocTH (l.;), BenmdamHa
KOTOPOT'O OIpPEACNAeTCS HAIMYUEM B ANDJIEKTPUKE CBOOOIHBIX HOCHUTEIEH
3apsaa. CHmkarolmasca co BpeMeHeM 4YacTh Toka (puc. 1.2) Has3pIBaeTcs
TokoM abcopbiuu (l,5.), 00YCIIOBICHHBIM HATMYMEM B JIMAIICKTPUKE 3aMe /-
JICHHBIX BHJOB IOJISIpU3AalUU. DTOT TOK TaKKe YCJIOBHO IIOKa3aH Ha puUcC.
1.1

Icke

0
1 MuH t

Puc. 1.2. 3aBHCHMOCTB TOKa B AUDIIEKTPHUKE OT BpEMEHHU

OOBEMHOE COTPOTURIICHUE OTIPEACIISICTCS 10 (PopMyJIe
U . (1.4)

ONEeKTPONPOBOAHOCTh AUIIEKTPUKOB OINpPENENAETCs 3apsAaoM CBO-
60xHBIX HOCUTENEH ((), MX KOHIIEHTpanuel (N), MOoIBMKHOCTBIO (L) U Yarie
BCEro HOCHUT HE JIEKTPOHHBIN, a HIOHHBIA XapakTep. OTO CBSI3aHO C TEM, UTO
IIMPYHA 3alPELIEHHON 30Hbl AE B IMANEKTPUKAX BEJIMKA U JIMIIb HUYTOXK-
HOE€ KOJIMYECTBO 3JIEKTPOHOB MOXKET MOKUAATH CBOM aTOMBI 3a CUET TEIIO-
BOTO JBIMXEHHSA. VIOHBI jk€ 9acTO OKa3bIBAIOTCA CIa00 CBSI3aHHBIMHM B y3JIaX
pemetkn (0COOEHHO TMPUMECHBIE) W IO JCHCTBHEM TEIUIOBOM JHEPTUH
craHoBsiTcs cBoOomHbIMU. Hampumep, B kpucramte NaCl umeem AE = 6 3B
U, HECMOTpSI Ha TO, YTO L MOHA < | AEKTPOHA, G HOHHAs > G JIEKTPOHHOU
3a CUET 3HAYUTENILHO OOJbIIEH KOHIICHTPAIIMK CBOOOIHBIX HOHOB.
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VYnenpHas QJICKTPOMIPOBOAHOCTL TBEPABIX AUIJICKTPHUKOB YBECJIU-
YHUBACTCA C pOCTOM TEMIIECPATYPHI 10 SKCIIOHCHIIUAJIbLHOMY 3aKOHY:

o=an=c,em(- % | (L5)
kT

riae Wy — SHeprust akTHBAIlMKM HOHHOM MPOBOIUMOCTH; (| —3apsim; N —
KOHIIEHTPAIHS; 1 — TOJABMKHOCTH HOHOB.

JpetidoBast MOABHKHOCTH HOHOB Majla M MX JBHKCHHE OCYIIECTB-
JSIeTCS TIyTEM TIEPECKOKa C JIOBYIIKM Ha JIOBYINKY, KOTOPBIC pPa3iIeiieHbI
MOTEHIHATBHEIM 0apsepoM BBICOTONH W), COOTBETCTBYIOIIAM SHEPTHH akK-
THUBAIMH HOHOB (TaK Ha3sIBaeMast TIPBDKKOBAsI TIPOBOIUMOCTE ).

B kauecTBe JIOByIIEK IS HOHOB MOTYT BBICTYNATh pa3iidYHbBIE
Je(exThl CTPYKTYphI, HAPUMEP BaKaHCHH, XapaKTEPHU3YIOIIUECs He3aBep-
[IEHHBIMU XMUMHYECKUMH CBSI3SIMU BCJIEACTBHE OTCYTCTBHS aTroMa Ha “To-
JIOXKEHHOM™” MECTe B CTPYKTYype. BeposITHOCTh TakuX MEPECKOKOB MO Ieii-
CTBHEM TEIUIOBOM 3Hepruu mpsmo mponopuuoHanbaa exp(We/kT) (puc.
1.3).

x

Puc. 1.3. Mozaens HOHHON NMPOBOAUMOCTH TBEPIBIX JAUAICKTPUKOB: a — Oe3
BHEIITHETO T0JIs; 6 — MOHIKECHNE TTOTEeHITnaasHoro 6apbepa Wy Ha Benndu-
Hy QEX IpU HAJIOKEHUH DJIEKTPUYECKOTO MMOJIs HANPSHKEHHOCTRIO E (W), —
rryOMHa MEXI0y3€IbHOW MOTEHIIMATIBHOM SMBI)

B mmpokom nuamnazoHe Temmeparyp 3asucumocts Ino = f(1/T) co-
CTOUT M3 JIBYX MPSAMOJIMHEHHBIX y4acTKOB (puc. 1.4) ¢ pa3nu4HbIMH yriIaMu
HakJIOHa K ocu abciucc. [Ipu Temmneparype Bbillle TOUKH Tiepernda A dJex-
TPONPOBOJHOCTH ONPENEIIETCS B OCHOBHOM COOCTBEHHBIMHM HOHaMH (co0-
CTBEHHas 3JIEKTPONPOBOAHOCTH). Hirke mepernda, B HU3KOTEMIIEpAaTypHOU
obnacTy, 3aBHCUMOCTh OoJiee IMOJIorasi M ONpeseNseTcss HaludhueM B M-
JIEKTPUKE MOHOB IpHMecCH (IPUMECHAas 3JIEKTPONPOBOAHOCTH). [lo yriam
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HaKJIOHa YYacTKOB MpsMBIX 3aBucumoctd Ino = f(1/T) moxHO ompenennTsh
SHEPTHIO aKTUBALMU HOCUTEIICH 3apsijia U UX IIPUPOJLY.

HexoTopble TBepible TUIIEKTPHKH, OCOOEHHO B 0OJIACTH BBICOKUX
TEMIIEparyp, 06IafaloT HIEKTPOHHON WK JBIPOYHON IIPOBOJIUMOCTHIO (TH-
TaHOCOZEPIKAIIHNE KepaMHIecKie MaTepuaibl). OIHAKO HOCHTEISMH YacTo
SIBISIFOTCSI SJIEKTPOHBI HE OCHOBHOT'O BEILIECTBA, & ATOMOB MPHMECE.

Inc

ur

Puc. 1.4. TemnepaTypHas 3aBUCUMOCTb 3JEKTPOIIPOBOJHOCTH JIH-
JNEKTPUKOB

3anaun

1.2.1. KamenpKku BOJBI HAXOMATCS BO B3BEIICHHOM COCTOSIHUH B
TparchopMaTOpHOM Maciie. YTo ¢ HUMH TPOM30UAET, €CIIH Maciio ToMec-
TUTH B IIOCTOSTHHOE AJIEKTPHUYECKOE T0JIe?

1.2.2. HazoBuUTe HOCHTENH 3apsI0B, CO3MAIONINX TOKH yTEYKH B
ra30BbIX, )KAIKAX W TBEPIBIX IUAIIEKTpHKax. KakoB MeXaHHW3M 3JIEKTpo-
MIPOBOTHOCTH TBEPIBIX AMAIEKTpHKOB? Kak BimseT Temrmeparypa Ha WX
YIENBHYIO MPOBOAMMOCTH? B Kakux ciydasx MOXHO IpeHeOpedb MOBepX-
HOCTHOH 3JIEKTPONPOBOTHOCTHIO?

1.2.3. B xakux eAMHUIAX BBIPAXKAIOT yJEIbHOE 00BEMHOE U IO-
BEPXHOCTHOE COIPOTHBICHHUS IUAIEKTPUKOB? JlaiiTe ompemeneHus ITHX
¢usnyeckux BenuuuH. [loyeMy MX SKCHEPUMEHTAILHOE OINpEeesieHUue pe-
KOMEHJIYIOT MPOBOIUTH IIPH OCTOSIHHOM, a HE TIPU IIEPEMEHHOM HampsiKe-
HUH, a TaKKe uepe3 | MUH Nocje NoJauu HaIpsKEHUs Ha TUDJIEKTPUK?

1.2.4. Yro nenmaroT ¢ 0OKIaIKaMU BEICOKOBOJIBTHOTO KOHACHCATOPA
IIOCJIE BBIKJIIOUCHMS MPUIIOKEHHOTO K HEMY HalpsDKeHUS BO HM30ekaHHe
omacHocTH st yesoBeka? OOBsICHUTE, Kakhe IMPOIECCHl B THAIEKTPHUKE
CO3/aI0T 3Ty ONACHOCTb.

1.2.5. Tlouemy B auayieKTpUKax He oOHapyxuBaercs 3 dext Xoi-
na?

1.2.6. Kak 0OBACHUTH, YTO HEMOJSPHBIE TUAJIEKTPUKUA O0JIanaroT
ruapooOHBIMY CBOMCTBaMU?
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1.2.7. Tlpu KakuX YCIOBHAX AJIS DJICKTPOU3OJIIMOHHBIX MaTepHa-
JI0B cobroiaercst 3akoH Oma?

1.2.8. Tlouemy nuaIEKTpUUECKHUE CBOICTBA I'a3a HE XapaKTepU3yIOT
3HAUYEHHEM YJIEJIBHOTO AJIEKTPUUECKOTO CONPOTUBICHHSA?

1.2.9. [loueMy OMANIEKTPUKH HE UCIIOJIB3YIOT B KAUECTBE JaTYNKOB
TEMIIEpaTypbl, HECMOTPS HA CHIIBHYIO 3aBHCUMOCTB HX IIPOBOAUMOCTH?

1.2.10. B kakux YCIOBHSX METAJUIBI SBJSIOTCSA AIIEKTPOU3OIISAIIH-
OHHBIMH MaTepHajamMu?

1.2.11. U3obpa3ute (KauyecTBEHHO) TEMIIEPATypHBIE 3aBHCHMOCTHU
YZENbHOH MPOBOAMMOCTH TBEPJBIX HOHHBIX THIJIEKTPUKOB B KOOPAMHATAX
Iny=f(L/T) mpu pasnuaHOM COJCPKAHHU TPUMECEH.

1.2.12. O0OBsicHUTE, TIOYEMY HOJUMEPHI C TOBBIILICHHOW IHANEK-
TPUYECKOW MPOHUIIAEMOCTHIO UMEIOT, KaK MPaBUJIO, TOHWKEHHOE Y/CIbHOEe
COIIPOTHUBIICHHE.

1.2.13. YaenbHOE 00BEMHOE COMPOTHBICHHUE AUIICKTPHKA KCIIO-
HCHIIMATGHO 3aBHCHT OT Temmeparypsl: g, = Ae " | rige W — sHeprus ak-
THUBAIMK AUdJIEKTpHUKa; A U K — mocrosiHHbie. OTpeiesuTe TeMIepaTypHbIit
KO3 (PHUIUEHT YIACITHHOTO COMPOTURIICHUS TUJICKTPUKA.

1.2.14. Tlouemy yzmenmpbHOE MOBEPXHOCTHOE CONPOTHBICHHUE HOH-
HBIX ¥ MOJSIPHBIX TUAJIEKTPUKOB CYLIECTBEHHO 3aBHCHUT OT BJIQ)KHOCTH OK-
pyxatolei cpeast?

1.2.15. JIBe mpOoTHBOMNOIOKHEIE TpaH KyOa ¢ pedbpom a =10 MM u3
JMJICKTPUUECKOTO MaTepuaia C yAeNbHBIM OOBEMHBIM CONPOTHBIICHHEM
A = 10" Omm ¥ yaenbHBIM TIOBEPXHOCTHBIM CONpOTHBIeHHEM o5 = 10™
OM NOKpBITEl METAITMYECKUMH IeKTpoJgaMu. Omnpenenure TOK, MpoTe-
Kaloluit 4yepes 3Tu rpaHu Kyba rmpu nocrossHHoM HanpsbkeHun Up=2 kB.

1.2.16. ConpoTuBiieHHE U30JSILMU JBYX)KHIBHOTO KaOels JUIMHON
2 M paBHO 300 MOwm. Uemy paBHO CONPOTHUBIICHHE H3OJIALUH TaKOTO JKe
kabest AIMHON 6 M?

1.2.17. Hununaapudeckuil crepkeHb quamerpoM 10 MM U JUTHHOM
20 MM M3 IMPNEKTPUKA C  YACNbHBIM  OOBEMHBIM COINPOTUBIICHHU-
em 10" Om'm 1 YAEIbHBIM IIOBEPXHOCTHBIM COIIPOTUBJICHUEM 10* Om mo-
KPBIT C TOPIOB METAUIMYECKUMH 3JIEKTpoAaMH. YeMy paBHO CONPOTHBIIE-
HHE MEX/Ty JJIEKTpoJaMu?

1.2.18. IIneHoYHBIH KOHAEHCATOP M3 NOJNMKapOOHATa C JHIJIEK-
TPUUECKON MPOHHULAEMOCTBIO =3 TepsAeT 3a BpeMs 30 MMH IOJOBUHY CO-
oOuieHHOTO eMy 3apsna. [lomaras, 4To yTeuka 3apsjia MPOUCXOTUT TOJIBKO
4yepes3 IUIEHKY JIU3JICKTPHKA, OIIPEEIINTE €ro YACIbHOE COIPOTUBIICHHUE.

1.2.19. [IvanexTpuk B popme MpIMOYrojbHOTO Hapajuiesienumnesia
JUIMHOIA |=5 cM 1 miommapio monepedroro cedenns b-h=2:0,5 cM? ¢ TopLoB
MOKPBHIT METAIMYeCKUMH d3JekTponamu. [lpum mampsoxennun Uy=1500 B
qepes TUAICKTPUK TPoxoxuT Tok 1o=10"° A. Haiinure yaeabHOE COMpPOTHB-
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JICHWE AWAIIEKTPHKA, ECIIU €0 YAETbHOE 0OBEMHOE CONPOTHBICHUE Py =
10" Omm

1.2.20. Ha noBepXHOCTH IUAJIEKTPHKa MapajuIeNbHO APYT APYTY
pacIoIoKeHbI J1Ba IUIOCKUX JJIEKTPOoAa. PaccTosiHue MEXay 2JIeKTpoJamMu
b=2 MM, ux mmpura h=10 Mmm. UeMy paBHO yae/lBHOE TIOBEPXHOCTHOE CO-
MIPOTUBJICHUE IUAJICKTPUKA, €CIIH CONPOTHBICHUE MEXKAY 3JIEKTPOJaMHu 5
MOwm?

1.2.21. Mexay IIOCKAMH 3JIEKTPOJaMH IUIOIIAABI0 §=2-10" m?
pa3sMeIIEeHbl COCIMHEHHBIE MTOCIEA0BATENBHO JIBE TUIACTUHBI U3 Pa3IMIHbBIX
JIVIIEKTPUYECKUX MarepuanoB. OIWH M3 HHX HMEET: AUIJIEKTPHUYECKYIO
MIPOHHUIIAEMOCTh £1=2; yICJIBHYIO IPOBOIUMOCTh y1:10'6 Om v Tonmuny
hi=1 cm; apyroii umeer: £,=3; ;12:10'10 Om™M™; hy= 2 cM. B MoMeHT Bpe-
MeHH t=0 K 3JIeKTpoaM MOJAKIIOUEHO IMOCTOSHHOe HampshkeHne U=5 kB.
Omnpenenure HANPSHKEHHOCTh 3JIEKTPHYECKOTO MO B 000MX TUDJICKTPHKAX
B MOMeHThI BpeMenu t=0 u t—oo. Haiiqute HanpsHKCHHOCTD 3JIEKTPHUYCSCKO-
TO MOJIS B 3THUX JUAJIEKTPUKAX NpH t—o0, ecam K 3JIeKTpoJaM MPHIIOKEHO
nepementoe Hanpspkenne U=20 B gacroroit f=50 MI 1.

1.2.22. IInomanp KaXIOTO 3JIEKTPOAAa HOHH3ALUOHHON Kamephl
S=100 ca?, paccrosinue Mexay anekrpoaamu 1=6,2 cm. Kakoit Tok ycrano-
BUTH MEXy dJICKTpoAaMu Ipu Hanpspkeann U=20 B, eciu n3BecTHO, 4TO
MOHH3aTOp ©XKECeKyYHIHO obpasyer B 1 o rasa N=10° oxHOBaseHTHBIX
HOHOB KaXkJ0ro 3Haka? [1oIBHKHOCTD TOJIOKUTENBHBIX U OTPUIATENBHBIX
HOHOB 11,= u.=10" MZ/(B'C) , KOO GHUIMEHT PeKOMOUHAITUU v=10" wm/c.
Kakyro 105110 TOKa HaCBIIIEHUS COCTABIISIET HAWACHHBINA TOK?

1.2.23. Kako#i cocTaB HEOPraHUYECKOTO CTEKJIA XapaKTePU3YeTCs
MHUHHAMAJIbHbIM 3HAYEHUEM yJENIbHOTO  OOBEMHOTO  CONPOTHBIICHHMS:
a) 100 % SiO,; 6) 90 % SiO, + 10 % K,0; B) 90 % SiO,+ 5 % Na,0 + 5 %
K,0; r) 90 % SiO, + 10 % Na,O?

1.2.24. Ky6uk u3 mudnekTpuka ¢ peopom 0,06 M uMmeer yaenpHOE
o6bemuoe compotupienne 10" OM M 1 yaenbHOE MOBEPXHOCTHOE COMpPO-
tusnenne 5-10% Om. Ha NPOTHBOIIOJIOKHOW TpaHU KyOMKa HaHECEHBI
AMEKTPOABI, K KOTOPBIM MPUIIOKEHO HampsbkeHue dyactorod 1 MI'm. Onpe-
JIeTTUTE MOJYJb KOMIUIEKCHOW NPOBOJMMOCTH KyOMKa Ha 3TOH 4YacTorTe,
€CJIM €0 AMAJICKTpHUYECcKast MPOHUIIaeMOoCTh €=60.

1.2.25. Tlpu uzmenenun temneparypsl ot 60 no 127 °C ynensHoe
compoTueieHue pagnodapdopa ymensiaercst ot p1=10"° Om'm 10 p,=10™
Om-M. Ompenenure TeMIiepaTypHbIH KO3(QQHUINEHT yIeIFHOTO CONPOTHB-
neHust o, paguodapdopa, cuuTas ero HOCTOSHHBIM B PacCMaTpHBAEMOM
JranazoHe temrmeparyp. [Ipu 3ToM e NOMyIIeHHHn HaWIuTe yAeIbHOE CO-
MPOTUBIICHHE MaTepHaja NPy KOMHATHOW TeMIeparype.
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1.2.26. Ha pwuc.1.5 uzoOpaxkeHna TemiepaTypHas 3aBHCHMOCTh
YICNBHOW MPOBOJUMOCTH KPUCTALUTUUECKOTO IHAJICKTPUKA, HMCIOIIETO
npuMech ¢ KoHueHTparued Np,;. Onpenenuts: a) 3HEPrHI0 HOHU3ALMU
MIPUMECHBIX aTOMOB; 0) JHEprHI0 00pa30BaHUs COOCTBCHHBIX NE(PEKTOB B
3TOM JIUDIICKTPHKE.

7,001

o \
10 \

s
10 o,
09 11 13 oK

Puc 1.5. K 3agaue 1.2.26

1.3. Toxsipu3anus JU3IEKTPUKOB

dyHpaMeHTaIbHOE SIBJICHHE, OIpeNelsfoniee BO3MOXHOCTh HC-
MIOJIB30BAHUS THAJICKTPHKA JUISL CO3JAaHHS €MKOCTH KOHJICHCATOPOB JJICK-
TPOHHOM anmapaTypsl, — 3TO MOJSPH3ALMS THIICKTPUKOB.

OnexTpuuecKkas MOoNIpH3anus MpU BO3ACHCTBUM OIS MPOSBIACT-
CA B OTPAHUYCHHOM YIIPYTOM CMCIICHUUN CBA3aHHBIX 3apAa0B, OPUCHTAIUU
JUIIOJIBHBIX MOJIEKYJ, B PE3yJlbTaTe Yero HEeKOTOPHIH 00BEM WM MOBEPX-
HOCTh JMAJIEKTPUKA MPUOOpETaeT 3JIEKTpUIecKrii MoMeHT. [locne cHAThs
AJIEKTPUUECKOTO MOJIsI CBSI3aHHBIE 3apsi/ibl BO3BPAIIAIOTCS B IEPBOHAYANb-
HOE COCTOSIHHE.

JU1s cpaBHEHHWsS] TUAJICKTPUKOB, MMEIOIIMX PasMYHYH) CTEICHb
NOJIIPU3ALUH, MOJB3YIOTCS MOHATHEM OTHOCHTEIBHOH IHANEKTPUYSCKOH
IPOHHUIAEMOCTH €. DTa BeIMYHMHA NPEACTABIAET cOOO OTHOLIEHHE 3apsaaa
Q KoHJEHcaTOpa C KOHKPETHBIM JUIJIEKTPUKOM K 3apsiay Qo KoHAeHcaTopa
TEX K€ pa3MEpPOB U IPU TOM K€ HANPSDKCHUH, MEXAY 0OKIaKaMH KOTOPO-
IO HaXOJIUTCS BaKyyM:

_9. (1.6)
O

€ — BeIM4YMHA Oe3pa3MepHas U Bceraa OoJbIIe eANHHUIIB], TOCKOJIBKY peallb-

HBIE JMIJIEKTPUKH, B OTIMYHE OT BaKyyma, BCETJa COAEPXKAT dJIEKTphude-

CKHE 3apsibl.

JIMBIIEeKTPUKY JIENATCS Ha JIBa Kiacca: MOJSIPHBIE M HEHOJSPHBIE.
vy MOJIEKYJI HETIOJIAPHBIX BEHICCTB HEHTPHI TAKCCTU CYMMAPHBIX IMOJIOXKH-
TCJIBHBIX W OTPUHOATCIIBHBIX 3apsa0B COBIIAJAIOT. MOJ’IGKyJ'H)I TIOJIAPHBIX
MaTepruaioB UMEIOT BUJ DJICKTPHUUCCKUX )IHHOHeﬁ, CIIOCOOHBIX OpPHUECHTHUPO-
BaThCS B JJIEKTPHUYECKOM Ioyie.Bce BHABI moispu3anuy IensTcs Ha JABE

€
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IpyNIbl: MTHOBEHHHBIE U pellaKCallMOHHbIE. MTrHOBEHHas MOJISIpU3aLus
(9J1eKTpOHHAsI, MOHHAS]) MPOUCXOMUT MPAKTHYECKU Oe3 MOTeph IHEPTHH.
3amemieHHass  modspu3anus  (NEKTPOHHO-,  WOHHO-,  JMIIOJBHO-
penaKcalioHHasl, CTPYKTypHasl, CHOHTAHHAs) CONPOBOXKAAETCS IMOTEPSMHU
3JIEKTPUYECKOM SHEPTUU.

OnexTpoHHas MOJIIPU3aIMs MPEACTaBIAeT cOOOH ypyroe cMelne-
HHUE U 1edOpMaIHIO SIEKTPOHHBIX 000JI0UEK aTOMOB M HMOHOB. Bpems yc-
TAHOBJICHHSI YJCKTPOHHOMN TOJSPH3ALHMH HIYTOXHO Mano (okomo 107 ¢),
MpoLecC NPOUCXOANUT MPAKTHUECKH Oe3 MOTepb SHEPTruu. DIEKTPOHHASA
MOJIApU3aLUsl HaOJI0AaeTCsl y BCEX IMAJIEKTPUKOB 0€3 HCKIIOYEHUs, I10-
CKOJIBKY Yy BCCX IUBJICKTPUKOB MMCIOTCA 3JICKTPOHBI, HAXOAAIHUCCA B CBA-
3aHHOM COCTOSTHHH.

Wonnas noJjiapusalrsd XapakKTe€pHa I TBEPAbIX JUIJICKTPUKOB C
HOHHBIM CTpOCHHMEM (CIIOf[a, KOPYHJ, KaMEHHAas COJIb) U MPOSBISETCS B
YIPYrOM CMEIICHHH CBS3aHHBIX HOHOB IO JEHCTBHEM 3JIEKTPHYECKOTO
noys. [lpu 3TOM cMelieHre NMOHOB MPOHMCXOANT HA PACCTOSHHUS, MEHBIINE
MIOCTOSTHHOW KPHUCTAJUIMYECKON penIeTKd (MUHUMAaJIBHOTO PACCTOSHHS Me-
Ky OIMHAKOBBIMM HMOHaMHM). Bpems ycTaHOBIECHHS MONIPHU3AIMN OKOJIO
10 ¢, moTeph SHEPIHH HE MPOMCXOIHT.

DNEeKTPOHHO- U MOHHO-PENAKCAMOHHAs TOJIPU3ALMN COTIPOBOX-
JIAIOTCSI JIMAJIEKTPUUECKUMH MOTEPSIMH. DJIEKTPOHHO-PENIaKCAI[OHHAS T10-
JSIpU3alusl BO3ZHUKAET BCIEJICTBUE BO30Y)KACHUs TEIIOBOW DHEprueil u3-
OBITOYHBIX (Ie()EKTHBIX) DJIEKTPOHOB WM ABIPOK. MOHHO-penakcalMoHHas
MOJIsIpU3alys XapakTepHa JUisl MaTepUalloB HIOHHOTO CTPOEHHUS C HETUIOTHOU
YIaKOBKOI MOHOB (HaIpuMep, B HEOPraHW4Ieckux crekiax). [Ipu atom Bume
MOJISIPU3ALIUH CJIA00 CBS3aHHBIE UOHBI MO]] ISHCTBHEM I10JIS IEPEMEILAoTCs
Ha OJJHO WJIM HECKOJbKO aTOMHBIX PACCTOSIHUI M 3aKpeIUITIOTCS B HOBOM
TIOJIOKEHHH, YTO CO3/1aeT ACHMMETPHIO PACIpeeNieHNs 3apsAioB U, CIe0-
BaTEIbHO, IEKTPUUECKHUH MOMEHT eIUHHMIBI o0beMa. Bpems pemakcanmu
cocrasiser 10— 108 c.

JMmonbHO-penakcanuoHHast NoJIIpHu3aIist 0OObIYHO HAOII01aeTCs B
TIOJIAPHBIX OPraHUYCCKUX JTUBJICKTPHUKAX (HOHHMGTI/IHMCTaKpI/IHaT, TIOJIMBH-
HUJIXJOPU M T.JI.) ¥ 3aKJII0YaeTcss B OPHUEHTAIMH, [OBOPOTE JHIOIBHBIX
MOJIEKYJI, TUIIOJBHBIX T'PYIII IO HeﬁCTBHeM QJICKTPHUYECCKOI'O ITOJIA. OtoT
BUO IOJIApU3alUA COITPOBOXKAACTCA MMOTEPIMU DHEPTUH. YeM HIDKE TEMIIE-
parypa u KpyIHee JHUIOJH, TeM OOJIbllie BpeMsl peslaKCalliy, H3MEHsoIIee-
cst B mpenenax 100 —10° ¢.

CrpykrypHas (MeXIyclIolHast, MUTPAILIMOHHAsT) TOJISIpHU3aLis 00y-
CIIOBJICHA JIBIDKEHHEM CBOOOJHBIX 3apsaoB (TIOJIOKHUTENBHBIX M OTpHIla-
TEJIbHBIX MOHOB, 3JIEKTPOHOB) M MX 3aKpeIUICHHEeM Ha JedeKTax U MOBepX-
HOCTSIX pa3jena pa3iIMYHbIX KOMIIOHEHTOB 3JIEKTPOM30JIALIMOHHOTO MaTte-
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puana. DTOT BUJ HOJISIpU3AMK HaOMI0AaeTCcs B HEOJHOPOJHBIX AUDIIEKTPH-
Kax (KOMIIO3UIIMOHHBIE MIaCTMACChl, TeTUHAKCHI, TEKCTONUTHI, KepaMuKa U
T.JI.), KOMIIOHEHTBI KOTOPBIX 00JIQIal0T Pa3HBIMH JIEKTPUYECKUMU CBOWCT-
BaMu. Bpems penakcanuy MokeT JOCTUTATh ECSTKOB MUHYT, MOJIAPU3aLIUs
COTMPOBOXKIAETCS TUAIIEKTPUIECKUMU TTOTEPSMHU.

PaccMOTpeHHBIE BBIIE MEXAHU3MBI IMOJSPU3ALUN CBOWCTBEHHBI
TaK Ha3bIBAEMBIM JIMHEHHBIM ANAIIEKTPHUKAM, 3aBUCHMOCTh 3apsiia (MOonsIpu-
30BaHHOCTH) KOTOPBIX OT HAIIPSHKEHHOCTH 3JIEKTPHYIECKOTO OIS SIBISETCS
JMHEHHOW (QyHKIMEH, a BelIn4rHa € OT Touisl He 3aBucUT. Oco0ylo rpynmy
JUAJIEKTPUKOB, HA3bIBAEMBIX HEIMHEHHBIMH WM AKTUBHBIMH, COCTABIISIOT
CETHETOANIEKTPUKH, KOTOPBIE 00JaJaf0T CaMOTIPOM3BOIBHON MIIH CIIOHTAH-
HOM nossipu3anuen.

IIpu Temneparype, XapakTepHOHU JJI1 MaTepuala U Ha3blBacMOMU
Toukoil Kropy, oTenbHbIe 31eMeHTapHble SUeHKH KpUCTAIa CeTHETORIIeK-
TPHUKa NPUOOPETAIOT IUIOJBHBIA AJIEKTPUUSCKHH MOMEHT 3a CUET CMelle-
HUS KaTHMOHA K aHUOHY, T. €. CO3[aHUi HECUMMETPUUIHOIO paclpeaeieHus
pa3HOUMEHHBIX 3apsAn0B. COBOKYNHOCTh COCETHHX 3JIEMEHTAPHBIX SUeeK
IIpeacTaBisieT co0oi 001aCTh C pa3ieICHHBIMU MOJIOKUTEIBHBIM U OTPHIIa-
TEJILHBIM 3apsAaMH, T. €. 00J1a1al0Ilyi0 BHYTPEHHUM IHIIOIBHBIM JJICKTPH-
geckuM MOMeHTOM. Takue obmacta umerot pasmep ~ 0,1-1 MM’ ¥ Ha3bIBa-
I0TCSL IOMEHaMH. TakuM 00pa3oM, IpH ONpeeTIeHHBIX YCIOBUIAX MaTepral
OKa3bIBaeTCs CIOHTAHHO (CaMOITPOU3BOJILHO) MOISIPU30BAHHBIM.

Jlo BO31EHCTBUSA BHENIHErO 3IEKTPUYECKOTO IOJS HalpaBJICHHs
JUIOJIBHBIX MOMEHTOB OT/EJIBHBIX JOMEHHBIX 001acTel XaOTHYHBI M HX
CyMMa paBHa HYJIIO, IO3TOMY CETHETORJIEKTPHK B I[EJIOM HEUTpaJeH, Helo-
ngpuzoBaH. Ilon meficTBHEM BHENIHETO 3JIEKTPHUYECKOrO MOJS B CErHETO-
AMEKTPHUKE MPOMCXOAT MPOIECCHl CMEIIEHHUS T'PaHMI[ JOMEHOB, OpHUCHTA-
LN BEKTOPOB AJIEKTPUYECKHX MOMEHTOB JOMEHOB INPEHMYIIECTBEHHO B
HaIpaBJICHUU BHEUTHETO IMOJIs, T. €. YCHIIMBACTCA MOJISIPU30BaHHOCTh. 3aBH-
CHUMOCTH 3apsia (MOIAPU30BAaHHOCTH) CETHETOIEKTPUKA OT HAIpPsKEHHO-
CTH JIEKTPUYECKOTO MOJI1 UMEET HEIMHENHBIN XapakTep, U B IEPEMEHHOM
TI0JIe TIPEJCTABIAET CO00M MEeTI0 ANAIIEKTpHYecKoro rucrepesuca. Ilosro-
My OIPU CIIOHTAHHOM MOJSIPU3aUM U OTHOCHUTENIbHAS JUAIEKTpUUECcKas
MIPOHUIIAEMOCTh MaTepHajia HEJIMHEWMHO 3aBUCUT OT HANPSKEHHOCTH MOJISA
(puc. 1.5).

CrioHTaHHAs MONApH3aNNA HAXOJUT IIUPOKOE MPUMEHEHHE B pa-
JIMOBIIEKTpOHUKe. Braromapst popme metin rucrepesuca (1Ba yCTONIMBBIX
cocrosiaus +1 u -1), CErHETORNEKTPUKN MOXHO TIPUMEHSATh B 3alIOMHHAO-
mmx ycrpoictBax OBM. OcHoBHOE TpeOOBaHHE B 3TOM Cllydae — HAINYHE
KaK MOXKHO OoJiee MpsIMOYTOJBHOM meTnu ructepesnca. CymecTBOBaHUE B
CErHETONIEKTPUKAX 3aBUCHUMOCTH € OT HANPSHKEHHOCTH AJIEKTPUUYECKOrO
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T10JIs1 (pI/IC. 16) OPpUBOJUT K aHAJIOTUYHON 3aBUCHUMOCTH €MKOCTH CETHETO-
QJICKTPUUCCKUX KOHACHCATOPOB OT HANIPSKCHUS.

€

max

€y

2
Puc. 1.6. 3aBUCHUMOCTD € CETHETOIICKTPHKA
OT HANPSHKEHHOCTH JJIEKTPUUECKOTO MOJIS

Takue KOHJIEHCATOPH! HA3bIBAIOT BapUKOHIAMH M NPUMEHSIOT B
YCTPOWCTBAaX CTAa0WIM3alMK 4acTOThl. Hanmuuyue NOMEHHOW CTPYKTYpHl U
JU3JIEKTPUUECKOTO THCTepe3uca MPUBOIUT K aHOMAJIBHO BBICOKMM 3Hade-
HUSIM € B CETHETOANIEKTPHUKAX. OTO JAENaeT BO3MOKHBIM CO3JaHUE Majora-
OapuUTHBIX KOHIEHCATOPOB OOJNBIION yIENbHON €MKOCTH. 3aBHCHMOCThH €
CETHETOINIEKTPUKOB OT TeMmrepaTypsl (puc. 1.7) mo3BOISIET MCIOIB30BATh
HX B Ka4eCTBE aTYNKOB TEMIEPaTypBhI.

CrioHTaHHAs TMOJNSAPU3ALUSA CONPOBOXKIACTCS AMINEKTPHUECKUMHU
MOTEPSIMHU, TIPU ITOM IUIOIIAAb METIN JUJIEKTPUUIECKOTO THCTEpe3Hca Mpo-
MOpLHOHAIbHA MOIIHOCTH THOTEpb. Il0o3TOMy HpakTHYecKoe MPUMEHEHHE
CErHETOAIEKTPUKOB BO3MOKHO TOJIBKO B JMAMa30HE HU3KHX 4acTOT U B
OTPaHUYEHHOM HHTEpBAJIE TEMIEPATYP.

Xapaxrep 3aBucuMocTd €(T) KOHKPETHOrO AMIIEKTPUKA 00YCIOB-
JIeH TpeoOJia/laloiM BHIOM HOJSApH3AlMH. Y HENOJSIPHBIX MaTepHalioB
(monmdTHNCH, HapadUH) € C POCTOM TEMIIEpaTypbl CHIDKAeTCS U3-3a
YMEHBIICHHUS TUIOTHOCTH M COOTBETCTBEHHO KOHLIEHTPAIMH OOBEKTOB I1O-
nsipuzatmu (puc. 1.7, kpusas 1).

3aBHCHMOCTh € TOJSPHBIX IUAIIEKTPUKOB (C TOMHHUPYIOIIEH AH-
TIOJIbHO-PEJIAKCAIMOHHOM TMOJIsIpU3anuel) OT TeMIleparypbl MMEeT MaKCcH-
MYM MpH omnpezeieHHoi Temneparype 7y (puc. 1.7, kpusas 2). [Ipu yBenu-
YEHUU TeMIIepaTypsl 10 7; AUANIEKTpUYEcKas MPOHULAEMOCTb € YBEIHYH-
BaeTCs 3a CUET YMEHBIICHHS BA3KOCTH U OOJIETYEHUS OPUEHTALINH TUTIONEH;
nanee, pu 7 > T (onpenesieHHON ISl KaXkK/10To AUIICKTPHKA), € yMEHbIIa-
eTcd, TaK Kak TEIUIOBOE JBIKCHHE HApYIIaeT OPHUEHTALMIO TUIONS B Ha-
MpaBJIeHUN TOJSA. Y OOJBIIMHCTBA HEOPTaHMUECKUX CTEKIOOOpAa3HBIX WU
KPHUCTaJNINYECKUX MaTepHUagoB MOHHOTO CTPOCHUS € YBEIMUUBAETCS C POC-
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TOM TEMIIEpaTyphl, @ Y HEKOTOPBIX yMeHbaercs (puc. 1.7, kpussie 3). JTo
0OBSICHSIETCSI HATMYUEM Y TaKUX AMAJIEKTPUKOB KaK 3JIEKTPOHHOW (CHMXKe-
HHE € ¢ pocToM 1), TaKk U MOHHOI mossipu3anuu. BenencTsue yMeHbIIEHUS

CBSI3U MEXy HOHAMH € TIPH MOHHON IMOJSIPH3ALUH C POCTOM TEMIIEPATyphl

YBCJIUYNBACTCA.
€

Yo
/ /
/ 3/\> N

Tk T1 T
Puc. 1.7. 3aBUCHMOCTB € OT TEMIIEPATYpPHI Ul TUIICKTPUKOB C 3ICKTPOH-
Ho (1), pumodbHO-perakcallMOHHOW (2), HMOHHOW W HOHHO-
penakcaoHHoM (3) U cHOHTaHHO# (4) noJspu3anuei

IIpu nossimeHun temneparypsl 1o Touku Kropu (7x Ha puc. 1.7,
KpuBas 4) € CETHETOANICKTPUKOB YBEIHUYMBACTCS BCICICTBHE OOJIErdeHHsI
MOJISIPU3ALIMH IOMEHOB, a BhIIIEe TOUKK KIopu yMeHbIIaeTcs u3-3a TOro, 4To
HapymaeTcs JOMEHHOE CTPOSHHE.

OTHOCHUTeNbHAS TUAIEKTPUYECKas IMPOHUIIAEMOCTh € HEMOJSPHBIX
JMJICKTPUKOB HE 3aBUCHUT OT YAaCTOTHI JJICKTPHUECKOTO OIS, KaK TTOKa3aHO
Ha puc. 1.8 (kpuBas 1), Tak Kak UM CBOICTBEHHA TOJHFKO MTHOBEHHAS ITOJIS-
pH3anus, BpeMsl pelakcaluyd KOTOPOH Majo 10 CPaBHEHHIO C TMOJYIEpHo-
JIOM JIeWCTBHSA HampspKeHWs. B MOMApHBIX MaTepuanax ¢ JAWIOJIBHO-
pEeNaKCallMOHHOW WJIM MOHHO-pPEJAaKCAllMOHHOW MOJspU3alueil BeIMUuHa €
70 omnpeneneHHoit gactots! f' He mensercs (puc. 1.8, kpusas 2). Korna mo-
nsipu3anusi He OyJeT ycreBaTh MOJHOCTBIO yCTaHABIMBATHCS 32 OJUH T10-
nymnepron nevicteus Hanpsvkerus (f ' — BemmumHa, oOpaTHast BpeMeHH pe-
JIaKcanun), € OyIeT CHMXKATHCS, MPUONMIDKAsACh K 3HAYEHHIO, 00yCIIOBIICH-
HOMY BCerja UMeLIeiics 3MeKTpoHHOH noispusanueid. Hekoropele mo-
JSIPHBIE TIOIMMEPHI MMEIOT CTymeHuaTyro 3aBucumocth £(f), anamornumyro
kpuBoii 3 Ha puc. 1.8, o0ycioBIeHHY0 HallMuMeM Habopa pasHbIX pellakca-
TOPOB (IUITONIEH; TPYII, CETMEHTOB aTOMOB MJIM HOHOB MaTepHaia) ¢ COOT-
BETCTBYIONIMMH XapaKTEPUCTHYECKUMH dYacToTaMu “BeiObIBanus” fy, f, u
BpEeMEHAMH peflaKCaliy HOISIPU3AIOHHBIX POIIECCOB.

3aBHCHMOCTD XapaKTEepPUCTHUECKON JacToThl fy OT psima dakropos
OTIMCBHIBACTCS CIETYIONIIM COOTHOIIEHUEM |
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fX = ﬁ ) (1'7)
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rac k — IIOCTOsAHHAas BOHLHMaHa, T- TeMIEparypa, N — BA3KOCTb CPEAbI, r—
paanyc MOJIPU3YIOIIETOCs AIeMeHTa (MaKpOMOJIEKYIbI, IUITOIS H T.IL.).
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Puc. 1.8. YacrtoTHas 3aBUCHMOCTb € JIHMIJIEKTPUKOB ¢ MrHoBeHHOU (1) u
pelaKkcaroHHBIMHE (2, 3) BUIAMH MONSIPU3ALAN

[IpuMeHUTENEHO K JHIONAM, T.€. HOJSIPHBIM MoJeKynaMm, f, coot-
BETCTBYET MaKCHMaJIbHOI 4YacTOTE BHEIIHEro 3JEKTPOMAarHUTHOTO OIS,
KOTOPYIO OHHM CIOCOOHBI BOCIPOHM3BECTH CBOMMHU IIOBOPOTaMH B HeM. 3a
CYET TaKMX IOBOPOTOB (OPHEHTAIMU) JOCTUTAETCS MAKCUMaJbHO BO3MOXK-
Hasl KOMIIGHCALUsl BHELIHETO II0JIi COOCTBEHHBIM JJIEKTPUUECKHM MOJIEM
JIMDJIEKTpUKA. BakHO, 4TO MOJSIPHBIE MOJIEKYJIbl OJMHAKOBBIX Pa3MepoB,
npeObIBasi B cpellax ¢ Pa3sHON BA3KOCTBIO, 00/1a1al0T HEOANHAKOBOM Xapak-
TEPUCTUYECKOH 4YacToTOol. I[locKONBKY eMKOCTh JII0OOTO KOHAEHcaTopa
npornopimonansia Benunne €, 3aucumoctu C(T) u C(f) momHocThIO OII-
penemnsitores 3aBucumoctsiMu €(7) u (f) KOHKPETHOTO ANUIITEKTPHKA.

3agaun

1.3.1. Kakoe sBIeHHE HA3bIBAIOT MOJISAPH3ALUEH THIIEKTPUKOB?
Kakne BUBI MONSIpU3aIU MOXHO CUMTATh MTHOBEHHBIMH, a KaKHe 3aMe]l-
JICHHbIMU?

1.3.2. B yem pa3nuuue MexJy MOHHOW U MOHHO-pPENIaKCAllMOHHON
noJspuzanusiMu? UTo xapakTepusyeT BpeMs pelakcaliy U OT Kakux (ak-
TOPOB OHO 3aBUCST?

1.3.3. Kakast anektpuueckasl ynopsJ0o4eHHOCTh CBOWCTBEHHA Cer-
HeTodnekTpukam? Kak 0ObSICHUTH SIBJICHHUE TUAJIEKTPUIECKOTO THCTEpE3rca
1 HEJIMHEHHOCTh 3aBHCHUMOCTH 3apsAja OT HaNpPsDKEHUS Y CEeTHETOIEKTPH-
KOB?

1.3.4. Kakylo TeMmIiepaTypy Ha3bIBalOT CETHETOIJIEKTPUYECKON
toukoil Kropu? Kak ee MOXHO onpeenuTs SKCIEpUMEHTAIBHO?



19

1.3.5. Uro Takoe HauanbHasi, peBepcUBHAs U d(P(PEKTHBHAS M-
JJIEKTpUUECKasl MPOHULIAEMOCTH? MOKHO JIM UX ONPEAEIUTb, €CIIU U3BECT-
Ha OCHOBHasI KpHMBasl TOJIIPU3ALIMU CEIHETORJIEKTPHUKA?

1.3.6. Uro takoe nmpoanekrpuyeckuii 3¢ppexr? Kak ero MoxxHO
OXapaKTepHU30BaTh KOINYECTBEHHO? [ 16 MPUMEHSIOT MUPOAIIEKTPUKH?

1.3.7. KakoBa npupoa 3JIeKTPETHOTO COCTOSHHS B TUIJICKTPUKaX?
UYro Takoe romo- u rereposapan? IIpuBenure TUMMYHBIE BPEMEHHBIC 3aBH-
CHUMOCTH 3apsja >JIEKTPETOB HA Pa3NWYHBIX AMAIICKTpuKax. Kak Bimuser
HaNpspKEHHOCTD TOJIA HOJISPHU3AY Ha XapaKTep STHX 3aBUCHMOCTEH?

1.3.8. Yrto Takoe mpsmMon u oOpaTHBIN mhe303¢(dekTr? B kakmx
JMRJIEKTPUKAX MOXKHO Habmronarb 3To siBieHue? [lpuBennTte mnpumeps
MIPAKTUIECKOTO MCIIOIB30BAHUS The303(PeKTa.

1.3.9. Ot kakux (akTOpOB 3aBUCHT PE30HAHCHAS YacTOTa KBaplie-
BBIX Ibe3ope3oHaTopoB? Kakoe nmpakTuieckoe MpUMeHEHHE HaXOIIT KBap-
LIEBBIE ThE303JIEMEHTHI BEICOKOI JOOPOTHOCTHU?

1.3.10. KakoBa auaneKkTpuyeckas MPOHUIIAEMOCTh KBapila Ha 4ac-
TOTE PEHTT€HOBCKOTO M3ITyICHHS?

1.3.11. Yro moHMMAIOT TOJ JIMHEHHBIMHA W HEJIWHECHHBIMU, TOILIp-
HBIMH ¥ HETIOJISIPHBIMH AMAJICKTpUKaMu? Kakue U3 mepednclieHHBIX BUIOB
JMJICKTPUKOB MOTYT OBITh MCIIOIb30BaHbI HA BEICOKHX 4aCTOTax?

1.3.12. Jlafite ompenmeneHUs CMOJBI, ITUIACTMACCHI, JIAKa U KOM-
nayHna. [IpuBeanTe npuMephl HCHONB30BAHMUS 3THUX BEIIECTB IPH M3TOTOB-
JICHUH PAJMO03JIeKTPOHHOMN anmnaparypsl.

1.3.13. HazoBuTe OCHOBHBIE NPEHMYILIECTBA 3MOKCHIHBIX KOM-
nayHaoB. KakoB MexaHU3M HX OTBEPKACHUS?

1.3.14. Kakumu cnenuduyeckuMu CBOMCTBaMH JIOJDKHBI 00J1a1aTh
ANIEKTPOU3OJISILIMOHHBIE MaTEePUaIIbl, IPUMEHSIEMbIEC B PaJIHOIIEK TPOHHON
anmaparype, npeHa3HaueHHOW JIsl IKCIUTyaTallud B TPOITUYECKUX YCIIOBH-
sx?

1.3.15. TToueMy mpHUMEHEHHE KOPIIYCOB U TIOKPBITHIA W3 OPraHH-
YECKUX JIEKTPOU3OJISIIMOHHBIX MaTepHAIOB 00ECIEeYNBACT JIMIIL BPEMEH-
HYIO BJIArO3alIMTy M3JeJNi 3JIeKTpoHHOH TexHuknu? Kak obecrieunts 1iu-
TEJILHYIO BIIAro3aIinTy?

1.3.16. Tloyemy myst M30JSIIMKA OOMOTOYHBIX MPOBOIOB TpaHchop-
MaTOpPOB U BJIEKTPOABUIATENEH HCIONB3YIOT TEPMOPEAKTHBHBIE, a HE Tep-
MOTIJIACTUYHBIC JTaKH?

1.3.17. C xako#l nenpio IPOU3BOIAT MPOIKUTKY MOPUCTHIX JUIICK-
TpukoB? MOXHO JIM HCIIOIBb30BaTh YISl TIPOITUTKUA TBEPABIC THAICKTPUKH?
Kakumu cBoicTBaMH JOJDKHBI 00/1a/1aTh TBEPAbIC NPOIUTHIBAIOIIME Bellle-
cTBa?

1.3.18. Kakue TpeboBaHUS MPENBSBISIOT K CBA3YIOLIEMY TUIJIEK-
TPUKY CTEKIJIOTEKCTOIUTA?
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1.3.19. Kakumu crioco0amMu U JUIs KaKuX IeJei TPOU3BOIAT U31e-
JIMSL U3 KOMITO3UIIMOHHBIX TacTMacc?

1.3.20. IIpuBeanTe NpUMEpHI yCTAHOBOYHBIX BHICOKOYACTOTHBIX
KEepaMHUYECKHUX IUAIEKTpHKOB. HazoBure Hambonee xapakTepHble 001acTH
UX IPUMEHEHUSI.

1.3.21. Kak u modeMy HW3MEHHUTCSA HAaIpsDKEHHE MOBEPXHOCTHOTO
mpo0os, ecnn KepaMHIECKUH H30JSTOp HOMECTHTh B TPAHC(HOPMATOPHOE
Macio?

1.3.22. Ha xakux IpUHIOXANIAX OCHOBAHO CO3JaHHE TEPMOCTAOWIIH-
HOW KOHJIEHCATOPHON KepaMUKu?

1.3.23. Uro NOHMMAIOT 1O/l TEMIEPaTypOil CTEKIOBaHHS U TEMIIe-
parypoii TekydecTH crtekiomaccel? IIpu Kakoil Temmeparype MpOH3BOJIST
¢dbopmoBky m3nmenuii? KakuM 00pa3oM yIIpaBIsSIOT TEXHOJOTHYSCKUMH Xa-
PaKTEpPUCTUKAMH CTEKIOMACChI?

1.3.24. Kaxum 00pa3oM H3TOTOBISIOT TOHKHE CTEKJISHHEBIC BO-
nokHa? Kakue cTekia NCTIonb3yIOT UL IPOU3BOCTBA CTEKJIOBOJIOKHA?

1.3.25. Vkaxure, Kakue TpeOOBaHHSA NPEIBSIBIAIOTCA K JUDIICK-
TPUYECKUM MaTephaaM, IPUMEHSICMbIM B BEICOKOYACTOTHBIX KOHAEHCATO-
pax. Kakue m3 mepednciIeHHBIX MaTEpPHANIOB MOTYT OBITH HCIIOJIB30BAaHBI
JUTSL 3TUX LEJICH: KBapIeBOE CTEKIIO, OIMBUHIIXJIOPH, CETHETOKCPaMHKa,
CIII0/Ia, TIOJIMCTHUPOJI, JIABCAH, TOJIMTETPAPTOPITUIICH, LIeJIb3UAHOBAsT Kepa-
MUKa?

1.3.26. HopMmalibHO K BEKTOpY HAaNpsHKEHHOCTH OJHOPOJIHOIO
anektpuyeckoro noist £y=100 B/M pacmosioxkeHna iacTHHa H30TPOITHOTO
JIMDJIEKTPUKA C JUAJIEKTPUUECKON MpoHHIaeMocTeio ¢=2. Onpexenure:
a)HAINPSDKEHHOCTh TI0JI1 E W 3NEKTPUYECKOe CMelIeHHEe (dIEKTPHYECKYIO
nHayknuio) D BHyTpH mimacTHHBL, 0) MOJIIPU30BAHHOCTE AMAIIEKTpUKA P 1
TIOBEPXHOCTHYIO IUIOTHOCTH CBSA3AHHBIX 3apsJIOB 0.

1.3.27. Beraucnute MOISpU30BAaHHOCTh MOHOKPHUCTAJIa KAMEHHON
COJIM, CUNTAs, YTO CMEIIEHNE NOHOB IOJ] JEHCTBHEM 3JIEKTPUUYECKOTO TTOJIS
OT TOJIOKEHHSI paBHOBECHUS COCTaBIsIeT 1 % paccTosHHUS MEeXIy OJkaii-
UIMMH COCEIHUMHU MOHAaMH. DJIEMEHTapHas siueiika KpucTamia umeer Gop-
My Ky0a, pacCTOsTHIE MeXIy coceqHnMHU noHamu a=0,28 HM.

1.3.28. Ilpu Tex ke yCIOBHSX, YTO U B IPEABIAYILEH 3aa4e, onpe-
JITITE HANPSDKEHHOCTh AJIEKTPHYECKOTO MOJIs, BO3JEHCTBYIOIIEr0 HA MO-
HOKPHCTAJUI KAMEHHOW COJIM, €CII €€ JHUAJIEKTpUYecKas MPOHHUIIAeMOCTh
£=5,65. Berauciaure Ko3QpGUIHEHT YIpyro# cBsI3u HOHOB K,,, B KpUCTallle,
Trojarasi, 4TO HalpsHKeHHOCTh BHYTPEHHETO 3JIEKTPHYECKOro IOJs paBHA
HaIpspKEHHOCTH BHELTHETO TTOJISL.

1.3.29. Mexay ruiacTHHaMU TUIOCKOTO KOHAEHcaTopa 0e3 BO3IyI-
HBIX MPOMEXKYTKOB 3a)KaT JIUCT reTuHakca Tommuaod h=1 mM. Ha koHneH-
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carop nozano Hanpspkenne U=200 B. Onpeznennte NOBEpXHOCTHYIO ILIOT-
HOCTh 3apsiia Ha IJIacTUHAaX KOHAEHCATOpa G; M Ha JUAIIEKTpuke o, Ju-
IIEKTPUUYECKYIO TPOHUIAEMOCTh MIPUHSTH PAaBHOM IIECTH.

1.3.30. IIpocTpaHCcTBO MEXIy IIACTHHAMH IUIOCKOTO KOHJIEHCATO-
pa 3aIoJHEHO KUIKAM JUIJIEKTPUKOM C JTUIJIEKTPUYECKOW MPOHHIAEMO-
CTBIO €1, B KOTOPOM BO B3BEIICHHOM COCTOSIHUHM HaXOJUTCS IIap U3 TBEPJO-
IO JOUUIEKTPUKA C AMAIICKTPHUECKOM NPOHHLIAEMOCTHIO &,. M300pasure
KapTHUHY CHJIOBBIX JIMHHH 3JEKTPUYECKOTO MOJISI B KOHACHCATOPE VIS IBYX
CIIy4acB: a) &1 &, 0) €1 &.

1.3.31. IIpu HanpspkeHNH 2 KB IIIOCKWH KOHAEHCATOP , M3TOTOB-
JIEHHBIA U3 BBICOKOYACTOTHOTO AMAJIEKTPUKA, UMEET 3apsia 3,5-10°Kon. IIpu
3TOM € HaIpsLDKEHWU U NP MOBbIIeHWH TeMrnepatypsl Ha 100 K 3apsn
Bo3pactaeT Ha 1 %. Omnpenenure TUAIEKTPUIECKYIO IPOHUIIAEMOCTh MaTe-
pHana u TeMIeparypHbIi KOA(QQUIMEHT ANUDIICKTPUYECKOH MPOHHULIAEMO-
CTH, €CITH TOJIIMHA IMAIEKTPHKA MEX Ty IIacTHHaMu S= 5 cM’. Kakoii BbI-
BOJI MOXKHO CJIeJIaTh O HauboJiee BEPOSITHOM MEXaHHU3Me MOJIIPU3aLliH aH-
HOTO JUDJIEKTpUKa?

1.3.32. IuanekTpuueckas mpoHumaeMocts Bo3ayxa npu 300 K u
HOpMalkHOM aTtMocgepHoM nmaBieHun ¢=1,00058. Ha ckombko m3mMeHHTCS
ee 3HauCHHUE, CIIN JAaBJICHNE BO3AyXa yBeIH4InuTh B 20 pa3?

1.3.33. JlusrekTprdeckas IPOHMIAEMOCTh Ta3a IpH JaBieHmn 10°
ITa u temneparypax 273 u 450 K paBna coorBerctBeHHo 1,0067 u 1,0060.
Ompenenure: a) TeMIlepaTypHbIi KO3(QQPUIMEHT TUIIEKTPUIECKONW MPOHH-
L[aeMOCTH Ta3a; 0) AUIIEKTPUUECKYIO MPOHUIIAEMOCTh 3TOTO Ta3a MpH TeM-
neparype 273 K u nasrennu 510 TTa. OneHHTe KOHIEHTPAIHIO MOJIEKYIT
rasa IpH 3TUX YCIIOBHSIX.

1.3.34. [lyonextpuueckas NPOHHLIAEMOCTh € KPHCTAJUIMYECKOTO
KkBapIa Ha yactote | MI'11 paBHa 4,5, a mokasateib IIPEJIOMIICHHUS CBEeTa B
BUANMOI obmactu criektpa N=1,55. MOXHO 71 JaHHBIH AMINEKTPUK OTHE-
CTH K TPYIIIE HETOJISIPHBIX BEIECTB?

1.4. lusnekrpudeckue NoTepu

VY aenbHBIMH JUAIEKTPUUECKUMH NOTEPSIMA HAa3bIBACTCSl DHEPIrus,
paccerBaeMasl B BHJE TEIUIa B €JWHHUIE 00beMa M B €AMHHILy BPEMEHH B
JUAJIEKTPUKE, HAXOMAAIIEMCS B IEKTPUUECKOM I0JIE€, U BBI3BIBAIOIIAS €rO
Harpes. [Ipu nocTostHHOM nosie HoTepy 00yCIIOBIMBAIOTCSI TOKOM CKBO3HOM
MIPOBOJIUMOCTH — JBIDKEHHEM HOHOB, MHOIZIA — CBOOOJHBIX 3JIEKTPOHOB.
[Torepn Ha CKBO3HYIO 3JEKTPONPOBOJHOCTH TNPHUCYIIH B OONBIICH WM
MEHBIIIE Mepe BceM IHAIIEKTpUKaM 0e3 HCKITroueHus. Bemmauna moreps Ha
CKBO3HYIO JIEKTPOIIPOBOAHOCTD OINPEIEISIETCS] yISIbHBIM O0OBEMHBIM CO-
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MPOTUBIICHHEM Py, 3 B TBEPBIX IUAICKTPUKAX TAKIKE U YACIbHBIM MOBEPX-
HOCTHBIM COTIPOTHBIICHUEM Ps.

[pu mepeMEHHOM T0JIe Pa3INYar0T CICAYIOINE BUIBI MTOTEPh:
1) moTepu Ha CKBO3HYIO 3JIEKTPOIPOBOTHOCTD; 2) MOISIPU3AIUOHHBIC MTOTE-
pH, OOYCIIOBIICHHBIC 3aMEICHHON MOJspU3aIie; 3) HOHU3AIUOHHBIC TT0-
Tepu; 4) moTepH, 00yCIOBICHHBIC HEOHOPOIHOCTRIO CTPYKTYPHBL. J[i1st BBI-
BOJIa BBIPKEHHS MOIHOCTH MOTEPh MOJIB3YIOTCS IKBHBAJICHTHOW CXEMOM
JIMDIIEKTPUKA, COCTOSAIICH M3 TOCIEeI0BATEIbHO WM MapajjiefbHO BKIIIO-
YEHHBIX aKTHBHOTO compoTuBIeHUA R n emkoctn C. DKBUBAJICHTHAs cXeMa
BEIOMpaeTcs Tak, 4TOOBI pacxoayeMas aKTHBHAs MOIIHOCTH ObIIa paBHA
MOIIHOCTH, PacCeMBAcMOW B JAMDIICKTPUKE KOHICHCATOPA, a BEKTOP TOKA
ObLT CIIBUHYT OTHOCUTEBHO BEKTOPA HAMPSDKEHHS HA TOT e Yroj, YTO U B
paccMaTpuBaeMOM KOHJICHCATOPE.

B uaeaspbHOM BakKyyMHOM KOHJEHCATOpE 0€3 MOTeph YIroJl MEKIY

BEKTOpaMH TOKa fc W HaNPsHKCHUS (jc pasen 90° (prc. 1.9,a). Yem Gobire

pacceuBaemasi B JUDJIEKTPUKE MOIIHOCTh, MEPEXOAAIasi B TEIUIO, TeM
MEHBIIIE YTOJI cABUTA (a3 @ U TeM OOJIbIIE YTod AMAICKTPHUECKUX ITOTEPh
0 u ero ¢ynkmus tgo (puc. 1.9,6). TarreHc yria JUIICKTPUICSCKAX TOTEPh
(tgd) — mapamerp, yUUTHIBAIOIIUI BCE BH/IBI TIOTEPh B TUIICKTPUKE U TIPS/~
CTaBJISIONINI cOO0H TaHTEHC YyTIIa, JOMOJHSIOIIETO Yol CABUTA (ha3 MEeXIy
TOKOM M HalpsyKEHUEM B €MKOCTHOW Lienu A0 90°. Tanrenc yria JudJeK-
TPUUYECKHUX TOTEPh PABEH OTHOIICHUIO

195 = I, (1.8)
I c
a MOIIHOCTH JIMYJICKTPHYECKUX MOTEPh B IIEPEMEHHOM JJICKTPUUECKOM TIOJIE
paBHa

P. =U’wCigd, (1.9)
rae U — npunoskennoe HanpspkeHne, o=27f — wacrora. U3 Beipaxkenns (1.8)
ClleyeT, YTO IUAICKTPUYECKHE MOTepPU CYIISCTBEHHO BIMSIOT Ha padoTy
anmnapaTypbl BEICOKOIO HAMPSIKEHHUS, BHICOKOYACTOTHOW M, B OCOOCHHOCTH,
OJHOBPEMEHHO BBICOKOYACTOTHOI M BBICOKOBOJBTHOH. TaHreHc yria Iu-
SIIEKTPUYECKUX TIOTEPH 3aBUCUT OT COCTABA M CTPYKTYPbI TUIIICKTPUKOB, OT
arperaTHoro COCTOSTHHMS, & TAKIKE OT YCIOBHUHM DKCIITyaTalliH.
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Puc. 1.9. BekTopHble quarpaMMbl JJIsl KOHACHCATOPA
C H/ICATIbHBIM JAUDIEKTPUKOM () U JUBIICKTPUKOM C TOTEPSIMHE (6)

VY YHUCTBIX OTHOPOAHBIX HEHOJPHBIX IHIICKTPUKOB AUDIICKTPHU-
YeCKHe IIOTePH Majlbl U 00YCIOBIICHBI TOJIBKO TOKOM CKBO3HOM MPOBOANMO-
ctu; tg8 HesHaunTenew, mopaaka 10, ¢ poctom uactotsr mamaer (puc. 1.10,
kpuBas 1), Tak Kak |, OT 4acTOTBI IPAKTUYECKU HE 3aBUCHT, a PEAKTUBHBIN
ToK |, yBenmuuuBaercs. [ TakuX OUAJICKTPUKOB IPH HOBBIMICHHN TEMIIE-
patypsI tg0 Bo3pacTaeT 3a CUeT YBEIMYCHHS TOKA CKBO3HON IPOBOAUMOCTH
(puc. 1.11, kpuBas 1).

tgd

Puc. 1.10 YacroTHas 3aBHCUMOCTH tQd AN AMANEKTPHKOB C MOTEPSIMHA Ha
CKBO3HYIO 3JIEKTPOMPOBOTHOCTD (1); ¢ mOTEpsIMU Ha JIEKTPONPOBOIHOCTD
1 TIOJSPU3AIMOHHBIMH OTEPSIMH (2)

[onsipHBIE NHANIEKTPHUKH, Y KOTOPBIX HOTEPH OOYCIOBICHBI Kak
CKBO3HOW INPOBOAMMOCTBIO (MHOTJIa 3HAYHUTENbHOM), TaK M pellaKcallloH-
HBIMH BHIAMH TIOISPH3AIINH, HMEIOT BhIcOoKHit 195 ~ 107 — 107, YacrorHas
1 TeMIepaTypHas 3aBUCUMOCTH {0 TaKWX AMINEKTPHKOB UMEIOT MAKCUMY-
MBI, TToKa3aHHble Ha puc. 1.10, kpusas 2 u 1.11, xpuas 2. [TosiBieHne mak-
cumyMa Ha 3aBuCHUMOCTH tQ3(f) 0OBACHAETCS HHEPIIMOHHOCTBIO AUIIONEN U
JMIIONBHBIX TPYII, HE YCHEBAIOUINX OPUEHTHPOBATHCS MO MO0 3a MOJy-
nepros ero usMeHeHus. OOIMI XapakTep YacTOTHOM 3aBUCHMOCTH COOT-
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BercTBYeT KpuBoil 1, puc. 1.10, T. . moTepssM Ha CKBO3HYIO 3JICKTPOINPO-
BOJHOCTb. [Ipy HAMMYMH HECKOJIBKHX PEIaKCaTOPOB MOSBIACTCS COOTBET-
CTBYIOILIEE YHCIIO MAaKCUMYMOB tQ8, aHAJIOTHYHBIX «CTYNCHbKAM» Ha 3aBH-
cumoctu £(f) puc. 1.8. TlosBeHHe MaKCMMYMOB Ha TEMIIEPATYPHOU 3aBHU-
cuMocTH Q0 MOJSIPHBIX JHANEKTPUKOB OOBACHIETCS TE€M, 4TO TI0 Mepe Mo-
BBIIICHUS] TEMIICPATYphl 3aKPEIUICHHbBIC AUIOJH, MONTYyYHBIINE MOMOIHU-
TENbHYIO0 SHEPTHIO, MOJIYYalOT OOJBIIYI0 CBOOOLY MEPEMEIICHHUS] U OPHEH-
Taluu 1o mouo. [Ipyu 3TOM BO3pacTaeT MOIIHOCTH AUAICKTPUYECKUX IO-
Tepb U tg0. HaunHas ¢ ompeaeneHHON TeMOepaTypsl, COOTBETCTBYHOIICH
MakcuMyMy 1gd Ha ero TeMmepaTypHO#l 3aBHCHMOCTH, DHEPTHs

tgd

7
Puc. 1.11. 3aBucumocTs tgd oT Temneparypsl i HenoasipHbIx (1)
U MOJISIPHBIX (2) ANDIEKTPUKOB

TEIUIOBOIO JBI)KEHHUSI CTAHOBHUTCS BBINIE 3HEPTUU JJIEKTPUIECKOTO IO,
HapymIaeTcs OpUEHTAIMs AWTOJNEH, 3aTpaTta SHepruM yMmeHsplnaercs u {go
cHmxkaercsa. [lpum BbeIcOKHMX TemmepaTypax (g0 MOIAPHBIX AMAIEKTPHKOB
BO3pacTacT 3a CYET POCTa TOKA CKBO3HOM MPOBOAUMOCTH.

VY IU3NEKTPUKOB C Ta30BBIMU BKJIIOUEHHUSIMHU 1gO pacTeT mpu yBe-
JUYEHNH HANpPsDKEHHUs BCJIEACTBHE MOHM3alMH Trasza. [lostomy mopucTeie
JMJICKTPUKN HENPUTOJHBI /sl BHICOKOBOJBTHOW ammapaTrypbl. Y THUIpo-
CKOTIMYHBIX MaTepuayioB tg0 mMeeT MOBHIIIEHHOE 3HAYEeHHE, TaK KaK BOJA
SIBIISIETCSI HCTOYHUKOM CBOOOHBIX HOHOB.

Benmuuna tgd 11 HEOTHOPOAHBIX M KOMIO3MIMOHHBIX JUAIIEK-
TPUKOB 3aBUCHUT OT IMPUPOABI U PACHPEIENCHHS BKIIOYEHUH, OT CHELHANb-
HBIX HaIlOJHHUTENEH. 3HaueHus g0 CIOMCTHIX ITACTMACC MOTYT U3MEHSTHCS
B IIMPOKUX MpeAerax B 3aBUCUMOCTH OT KOJIMYECTBEHHBIX COOTHOLIEHUN
KOMITOHEHTOB, JIOCTUTrasi HECKOJIBKUX €JIUHHIIL.

HaumeHnsiine notepu UMEOT OAHOPOJHBIE JUAIEKTPUKU MIOTHON
CTPYKTYPBl C MHUHHMMAaJIbHBIM COJAEp)KaHHUEM IpHMecel, UMEIOIINe MTHO-
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BEeHHYI0 nossipusanuio. K Takum marepuanaM OTHOCATCS MOJIUCTHPOJ, MO-
JMATHIICH, (ToporutacT-4, TpaHcopMaTopHOEe Macio, CII0Ja, BHICOKOYAC-
TOTHBI creatut u Ap. OCOOEHHO BBHICOKHE TPeOOBAHMS MPEABIBISIOTCS K
JIMJICKTPUKAM, IPUMEHSEMbIM Ha BBICOKHUX YacTOTaX U B BHICOKOBOJIBTHOU
amnmaparype.

3agaun

1.4.1. B xakux AMIIEKTPUKaX W MPU KaKUX YCIOBHUAX CYIIECTBEH-
HYIO POJIb UTPAIOT MOTEPU HA HOHM3ALNIO?

1.4.2. YcraHoBuUTE B3aMMOCBS3b MEXy BHIAMH TOJSIPU3AINH U Me-
XaHU3MOM JHJIEKTPHUECKHUX MTOTEPB.

1.4.3. TlpuBenure npuMep AMAIEKTPHUKA, IUIICKTPUUYECKUE TOTEPH
KOTOPOTr0 B HEKOTOPOM HHTEpBajie TeMIepaTyp YMEHBIIAIOTCSA IpU Harpe-
BaHUH. YKa)KUTE MEXaHU3M IOTEPh B TAKOM JTUAIICKTPHUKE.

1.4.4. Kak BiusieT TemmepaTypa Ha MOJIO)KCHHE YaCTOTHOTO MaKCH-
MyMa TaHT'€HCa YIJa peslakCal[HOHHBIX OTeph?

1.4.5. MoXHO JTU 4aCTOTHBIE 3aBHCHMOCTH TaHTEHCA YIJia JUDJICK-
TPUYECKUX MOTEPh M AKTUBHOM MOIIHOCTH PAacCUMTHIBATh MO (opMyiaaMm
JUTSL SKBUBAJICHTHBIX CXEM AMAJICKTPHKA C TOTEPSIMH?

1.4.6. Tlpn KOMHATHOW TeMmmepaType TaHTEHC yria AMAJICKTpHUe-
cKHX moTeph yibTpadapdopa tgd=5-10", a npu noBbIICHHH TeMIEPaTypPhI
10 100 °C on Bo3pacraeT B 2 pa3a. Uemy paBeH 1gd 3Toro marepuana mnpu
temreparype 200 °C? Bo ckoibkO pa3 yBEIMYUTCS aKTHBHAs MOLIHOCTb,
BBIJIEIISAIONIAsCS B BEICOKOYACTOTHOM MPOXOAHOM H30JIITOPE M3 ATOTO Ma-
Tepuana, npu usMeHeHun TtemnepaTypsl oT 20 mo 200 °C? U3meHeHuem
JMIICKTPUYECKO TPOHNIIAEMOCTH KEpaMUKH TIpeHeOpeyb.

1.4.7. Ilpu onpenereHNH aKTUBHOW MOIIHOCTHU IIPHU TeX e yCIOBU-
SIX, YTO W B IPEABIAYIIEH 3aja4ue, y9TUTe TeMIepaTypHble U3MEHEHHS -
BJIEKTPUYECKON MTPOHUIIAEMOCTH, CUUTAS 0,=120-10° K" .

1.4.8.. B 1uckoBOM KepaMHUECKOM KOHJeHcaTtope eMkocThio C=100
n®, BKIOYCHHOM Ha mepemenHoe Hampsbkenne U=100 B wgactoroit f=1
MTI', pacceuBaeTcsi MOILIHOCTH P,=10° Br. Onpenenure peakTHUBHYIO
MOIIHOCTh, TaHTE€HC yIJla JUAJIEKTPUYECKUX HOTEpPh W JTOOPOTHOCTH KOH-
JieHcaTopa.

1.4.9. Tlpu Tex ke yCJIOBHSIX, UTO U B IIPEBIAYIIEH 3a1ade, onpese-
JIUTE yJIeNIbHBIE TIOTEPU B TUDIIEKTPUKE, €CIIH €r0 JUIEKTpUYecKas Mpo-
HunaemocTs & = 150 , anextpudeckas npoynocts £,,~=10 MB/M u 3amac mo
aneKTpryeckoit npounoctu K=10.

1.4.10. Ilpu 3MEeHEHNH MapaMeTPoOB KEPaMHUYECKOTO KOH/IEHCATO-
pa Ha yactote f=1 kI'u nomy4eno: emxkocts C=1000 nd; tg5=8-10'3. Omnpe-
JIeTUTE SKBUBAJIECHTHOE MOCIENOBaTeNbHOE (I's) M 3KBUBAJICHTHOE MHapai-
nenpHOE (Rp) conpoTupieHne Ha STOM 4acToTe.
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1.4.11. AxrtuBHasI MOIIHOCTh paccesiHus P,; B kaberne ¢ u3osaiuei
n3 nojudTWwiIeHa npu Hanpspkenun U=20 B wacroroit 1 MI'nm pasna 200
MKBT. UeMy paBHa akTHBHasi MOIIHOCTh paccesiHusi P, B 3TOM ke kabene
npu HanpspkeHnd 10 B wactoroit 2 MI'n? Cunrtath, 9TO OTEPH B MOTUITH-
JIeHe 00yCIOBIICHBI TOJIBKO CKBO3HON 3IEKTPOIPOBOJHOCTHIO.

1.4.12. Omnpenenure K03 HUIHECHT MTOTEPh HEMOISPHOTO AUAIICK-
Tpuka Ha yactore 1 MI'n, ecnu yaenbHOE CONPOTUBIIEHHE MaTEpHaja paBHO
10 Omm.

1.4.13. Tlpu M3MEHEHUH COMPOTHBICHHUS M30JIIIUN KEPaMIIECKO-
ro KoHjeHcatopa eMkocTsio 100 nd® monyuunu R,=2-10" Om; IIpU U3Me-
Henuu Ha yactore f=1 MI'1 nomy4unu tg5=7~10'4 . Paccumnralite >KkBHBa-
JIEHTHOE MapajljieNibHOEe conpoTusieHue R, na gacrore 1 MI'y u cpaBuute
€ro co 3HaYCHHEM CONPOTHUBJICHUS M30JIMU. Kakue BBHIBOJBI MOXKHO clie-
JIaTh O MEXaHU3ME AUIIEKTPUYECKHUX MOTEPh B KEPaMHUUECKOM MaTepuaie
3TOr0 KOHJeHcaTopa?

1.4.14. PaccuuraiiTe akTUBHYIO MOIIHOCTb NOTEPh MPH ITOCTOSH-
HoM HanpspkeHHN Ug=100 B ans xkoHAeHCaTOpa Ha OCHOBE IICHKH IIOJIH-
stmeHTepedranata eMkoctelo C= 1 Mk®. [locTossHHas BpPEeMEHH STOTO
koHaencaropa t.=10 000 MOm-Mx®. Kakoii Tok OyzneT mpoTekaTh Mo BbI-
BOJIaM 3TOr0 KOHJEHCATOPAa, €CIM €ro BKIIOYNTH B CETh C HAIPSHKEHHEM
220 B w gacrtoroii 50 I'u?

1.4.15. TanreHc yriia AUDIEKTPHUYECKUX MOTEPD (gJ) HEMOJAPHO-
ro nuanekrpuka Ha yactore 50 'y paBen 1073, Borumcimre AKTHUBHYIO MOIII-
HOCTh paccestHus P, B KOHIEHCATOPE W3 3TOTO IHAJICKTpHKa Ha dactote f=1
k['u npu Hanpsbkenun 1 kB, eciamu emkocts koHnencaropa C pasna 1000
nd.

1.4.16. Tlonyuunte BbIpaXKEHHE JJIsI KOMIUIEKCHOM IU3JIEKTpHUYE-
CKOH TPOHHITAEMOCTH TIONUATHIICHA (£=2,2; tgé‘=10'4 ). Uemy paBHa nu-
3NeKTpUYecKast BOCIPUUMYUBOCTE ¥ MOJIMATHIICHA?

1.4.17. Yemy paBHa akTHBHAas MOIIHOCTh paccesHus B Kabeme ¢
conporusieHueM uzosanuu 20 MOM npu nocTossHHOM Hamnpsbkenun 20 B?

1.4.18. Beraucnute Ha yactore 50 'y TaHTeHC yriia TUAJICKTpUYe-
CKMX IOTEPh XOPOILIO OYHMIIEHHOI'O TPaHC()OPMATOPHOTO Macia, yAeIbHOe
06BeMHOE CONPOTHBICHHE KOTOPOro paBHo 10 OM‘M u AudIeKTpHuecKas
MIPOHULIAEMOCTD £€=2,2.

1.4.19. Onpenenurte yaenbHbIE IUIIEKTPUUECKHE TIOTEPH B ILIOC-
KOM KOHJIEHCATOpE, M3TOTOBJICHHOM W3 IUICHKH MOJHCTHUPOJA TOJIIWHON
20 MKM, eciii Ha KOHJEHCATOp MoJaHo HampspkeHue 2 B gacroroit 2 MI'ng
(s monuctHpona £=2,5 tg5=2-107).

1.4.20. TTomuaTHIIEHOBAS H3OJSIIHMS XaPAKTEPU3YETCS CIICAYIONIH-
MH 3HAYCHHAMH SIEKTPHUECKHX mapamerpos: £=2,3; g, = 10" Omm
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t95=3-10" (ma wacrore f=1 MI'w). OGBICHATE, MOKHO JIH YACTOTHBIC H3-
MeHeHHs 1J0 ¥ aKTMBHON MOIIHOCTH paccestHusl P, Ommcarh, UCIOIb3Ys
NapauleNIbHYI0 9KBUBAJICHTHYIO CXEMY JUIJIEKTPHKA.

1.4.21. Uzobpa3ute (Ka4eCTBEHHO) TEMIICPATYPHYIO YACTOTHYIO
3aBUCHMOCTb €MKOCTH M HKBHBAJCHTHYIO CXEMY C y4ETOM BCEX BHJIOB I1O-
JSIpU3aLUU U JUAJIEKTPUUECKUX TMOTEPh: JUISL CIIOJSHOTO KOHAEHCATOPa;
MIOJIMCTHPOJIFHOTO KOHJICHCATOpPa; CErHETOKEPAMUYECKOro KOHJIEHCATOpa;
KOHJICHCaTopa Ha OCHOBE HEOPIaHMYECKOTO CTEKIAa; KOHJEHCcAaTopa Ha OC-
HOBE pyTWIOBOW Kepamuku. I[locTpoiiTe (KauecTBEHHO) TeMIEpaTypHYIO
3aBUCHMOCTD TEMIIEPATYPHOTO KO3 QHIMEHTa EMKOCTH AJISI 3THX KOHICH-
catopoB. KoHeHcaTOphl MCHONB3YIOTCS B Auana3oHe temuneparyp 5-85 °C
Ha gyactoTax g0 100 xI'm.

1.4.22. Mexay TaTyHHBIMHU 3JIEKTPOAaMU IUIOIIAABI0 S MOMEIIeHa
KepaM{4ecKas IUIaCTHHA TONIIUHONW h=5 MM, UMeroIas IudIeKTPUYECKYIO
MIPOHUIIAEMOCTb £=7, TAHI'€HC yIJIa JUAJIEKTPUUECKUX TOTEePh NPH KOMHAT-
HOI TemrepaType tg&=2-10"" , TemmeparypHsIii KO>(dUIHEHT Ohgs=5" 10°
K. Onpenenure momycrimoe Hampsikerne U MeXTy 2MEKTPOIaMH Ha pa-
6oueii wactore f=50 MI'u, eciu Temmeparypa, A0 KOTOpOil HarpeBaeTcs
IJIaCTHHA B AJIEKTpUUECKOM ToJie, He mpeBbimaeT 1=373 K. Ilpu pacuere
1oJIaraTh 4TO CyMMapHbIH KO3()(UIMEHT Teryionepenadyd OT JUAJICKTPHKa
BO BHEIHIOWO cpeay o=30 Br/(M*K), a TeMIIEpaTypa OKpY’KaroleH cpeabl
T,=293 K.

1.4.23. OOBsicHUTE, IOYEMY TIPH TUTACTU(QHUKAINN TTOJTABUHUIXIIO-
pHUa OPraHWYECKUMH IOJSIPHBIMH KHJIKOCTSIMA MaKCHUMYyM pellaKCallloH-
HBIX TIOTE€Pb Ha TeMIlepaTypHOW 3aBucuMoOCTH tg O cMmemiaercs B o0nacTb
OoJiee HU3KHUX TEMIIEPaTyp.

1.4.24. Kako#t cocTaB HEOPraHUIECKOTO CTEKIIA XapaKTepU3yeTcs
MakcHMalibHbIM 3HaueHueM tg 8: a) 100 %Si0,; 6)90 % SiO,+5 % Na,0O +
5 % K,0; B) 90 % SiO,+10 % Na,O; r) 85 % SiO,+10 % Na,O+5 % BaO?

1.4.25. Tlpu yBenmueHWH MepeMeHHOro HampspkeHus ot 10 go 11
KB MoHM3anMOHHbIE TOTEPH B BHICOKOBOJILTHOM K€PaMHYECKOM KOHZEHCa-
Tope Bo3pacTaioT B 8 pas. Ompenenure HanpsoKeHUE Havalla WOHHM3AIMH
ra30BbIX BKJIIOYCHHUIT B KEpaMHUKe.

1.5. IIpo6oii UTEKTPUKOB

HazmexHOCTh M JONTOBEYHOCTH AJIEKTPUIECKON W3OJAINH IPOBO-
JIOB, IUAJIEKTPHKA KOHIEHCATOpa M APYTHX JeTaleil paano3IeKTPOHHON
amnmapaTypsl 3aBHCAT OT JIEKTPUIECKON MPOYHOCTH AmMAIeKTpuKa. [Ipobo-
€M Ha3bIBaeTCs MOTepsl JUIIEKTPUKOM HM30JIMPYIOLIIMX CBOWCTB B KaHale,
oOpasyromeMcst MeXIy O3JEeKTpoJaMH, MOjA AEHCTBHEM JIICKTPUYECKOTO
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nois. Hampsbkenue, npu KOTOPOM NMPOMCXOMUT NMPOOOi, Ha3bIBAeTCs MPO-
OuBHBIM HanpspxeHueM (U,).

OneKTpUYECcKyl0 TNpPOYHOCTh AMINEKTpuka E,, B omHOpOmHOM
SJIEKTPUYECKOM I0JIE ONPEACNIAIOT BEIUYMHOW NMPOOMBHOTO HANPSIKCHHS
U,,p, OTHECCHHOM K TONIIMHE AUAICKTPHKA d (PACCTOSHHIO MEXIY 3IEKTPO-
JaMu):

_Yu B/ (1.10)
np d

JomyckaroTcsi MpOU3BOIHBIE SIMHALEI m3MepeHus: MB/M, kB/mMM,
kB/cm.

B ciyuae HeonHopoaHoro nons mnoj E,, mogpasymeBaroT cpenHee
3HaueHKe IPOOUBHON HanpskeHHOCTH. Benuuuna E,, xapakTepusyer crmo-
COOHOCTh JAMAJIEKTPUKA NMPOTHBOCTOATH Pa3pyILIAONIEMY IEHCTBUIO 3JIEK-
TPUUYECKOTO TIOJS.

SIBnenne npoOosi CBSI3aHO C HAPYIICHHEM XUMHYECKUX CBs3eH Me-
Ky MOJIEKyJlaMH (2ToMaMH), MOHHU3alMeil aTOMOB BeleCTBa JIABUHOOO-
Pa3HO HApaCTAIOUIUM IO ACHCTBHEM yJAapHOW MOHU3ALUH MOTOKOM JIIEK-
TPOHOB. DIEKTPUYECKasi IPOYHOCTh MaTepHUala ONpeneNsaeTcs: JIMHON CBO-
6oxmHOTO Ipobera 3IEeKTPOHOB, T. €. MIIOTHOCTBHIO BEIIECTBA M €T0 arperat-
HBIM COCTOSIHHEM.

B meepovix nmusnekTpukax pasinyaloT TP OCHOBHBIX BHIA IPO-
00s1: IMEKTPUYECKHA, JIEKTPOTEIUIOBOI M MIIEKTPOXUMHUUECKUHA. Bo3HUKHO-
BEHHE TOI'O WJIM HHOTO BHJAA NPO00S B IUIJICKTPUKE 3aBHCHUT OT €ro
CBOWCTB, POPMBI 3JIEKTPOJIOB, YCIIOBHH SKCILTyaTalllH.

OneKTpuUecKuil mpoOoi TBEpIBIX AWIIEKTPUKOB CBOJHUTCSA K Ha-
PYLIEHUIO YIPYTUX CBSI3€d B MOJEKYJIaX MOJ JEHCTBUEM 3JIEKTPOHHOMU Ja-
BUHBI U IO CBOEW MPUPOAE SBISETCA YHCTO 3JEKTPOHHBIM MPOIECCOM.
OnexTpuueckuil mpoboil, B OTIMYKE OT 3JIEKTPOTEIIOBOTO, BO3HUKAET IpHU
YCIIOBHH XOPOILEro TEIUIOOTBOJAA M OTCYTCTBHUS KpaeBOrO paspsja, UCKa-
JKAIOWEro mone. B 3TUX yCIOBHAX 3HAYEHUS DIIEKTPUYECKON MPOYHOCTHU
JUBJIEKTPUKOB BBICOKH U MOT'YT COCTaBIATH ~10° MB/m. OnexTpuueckuit
1po6oii mpotekaet ouens 6sicTpo (10° — 107 ¢), smexTpryeckas IPOUHOCTH
OOJIBIIMHCTBA OJTHOPOIHBIX MAaTEPHAIOB B OJTHOPOIHOM I10JIE HE 3aBUCHT OT
TOJIIIMHEL, TEMIEPATYPHl U BPEMEHU ACHCTBHS HanpsukeHus. Bennuuna E,
HEOJHOPOAHBIX JHIEKTPUKOB 3aMETHO YMEHBIIACTCS C YBEIHYCHHEM
IUTOINAAN 3JICKTPOIOB M TONIIMHBI AUAIEKTPHUKA M3-3a MOBBIIICHIS BEPOST-
HOCTH TOTIaJaHMs CIa0BIX MECT B HAIPABJICHUH YNEKTPHUUECKOTO TOJIS.

Ha mpakTuke 9acTo 10 HACTYIUICHHUS JICKTPUIECKOTO poOost Ipu
0oiee HU3KOM HANPSHKEHHH HPOMCXOAWT SJIEKTPOTEIUIOBOH MpPoOOii, BBI-
3BaHHBINA TEM, YTO KOJUUYECTBO TEIIOTHI, BBIACISIONIEHCS B JUAIIEKTPUKE 32
CYeT CKBO3HOM NPOBOAMMOCTU M AUAIEKTPUUECKUX MOTEPb, MPEBBIIIAET
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KOJIMYECTBO TEILIOThI, KOTOPOE MOKET paccerBarhesi. [Ipu 3TOM HapymaeT-
Csl TEIUIOBOE PaBHOBECHE U IIPOLIECC MPUOOPETaeT IABUHOOOPa3HbIN Xapak-
Tep, MaTepUal Pa3orpeBaeTcs 10 TEMIIEPATYP, COOTBETCTBYOIIMX PACILIAB-
JIeHHI0 U 00yrauBanuio. JJisl TEIIOBOro Mpo0ost XapakKTepHO yMEHbIICHUE
JIIEKTPUYECKON IPOYHOCTH C POCTOM TEMIEPATYPhbl, @ TAKKE YacTOTHI
9IIEKTPHYECKOTO TIOJISI BCISACTBHE POCTA MOLIHOCTH AMIICKTPHICCKHX MO~
Teph [cooTHOmenune(1.9)]. Hanpspkerne 31eKTpOTEmIioBoro mpoGos ompe-
JETSTIOT 1Mo (popMyIie

¢ [onlt=t,) (1.11)
I
P fetgs
I'me K — uncnoBoii Ko3hGUIMEHT, paBHBIN 1,15-10° , eciu Bce BETMUMHBI
BeIpaxkeHbl B equHuIax CU; o - k03(DGHULIHEHT TeIuonepeiayn CUCTEMBI
JIMDIIEKTPUK — METAILT AIIEKTPOI0B; h — Tonmmua quasekrpuka; f — acrora;

€ - OTHOCHTENbHAs JIMDJIEKTPUUECKas MPOHHIAEMOCTh Matepuana; (go -
TaHTEHC yIJIa OTeph TUAJIEKTPUKA MIPU TeMIepaType OKpyKaroleil cpeasl,
pasnoiity ; { - Temmeparypa Harperoro 3a cuer HHIIEKTPHYCCKUX MOTEPh

MaTepHaa.

[TpoOuBHOE HaNpsHKEHHE C YBEIMYCHUEM JUINTEIBHOCTH JCHCTBUS
MIPUII0KEHHOTO HANpPSDKEHUS] YMEHBIAeTCsl U3-3a JIOTOJHUTEIBHOTO pa3o-
rpeBa TUAJIEKTPUKA, a TaK)KE XHMHUYECKOTO CTApEeHHUS U JIPYTHX SBJICHHH.
[Ipu KpaTKOBpEeMEHHOM NPHIIOKEHUH HANPSDKCHUS (HAIpUMep, UMITYIIbC-
HOTO) BEpPOATHOCTH TEIIOBOTO IMPOOOS Mayia JaXe IPH CPaBHUTEIBHO
OO0JBIION TPOBOANMOCTH, TaK KaKk 00pa3ell He yCIIeBaeT MPOTPEThCS.

DeKTpudecKas IPOYHOCTh IPH TEIDIOBOM MPOOOE YMEHBIIACTCS C
POCTOM TOJILMHBI JUJEKTPUKA BCIECICTBUE YBEIMUYEHHUSI €r0 HEOAHOPO.-
HOCTH U yXyJALIEHUS TEIJIO0TAAYH.

B nusnexTpukax, JUIHTEIBHO HAXOAAIIUXCS B AMEKTPHUECKOM IIO-
JIe, MOKET MIPOUCXOTUTH ANEKTPOXUMHUYECKUI IPOOOI BCIEACTBUE  DJICK-
TPOJIM3a, HOHU3AINH Ta30BBIX BKJIIOYCHUH U T.X. DTH IPOLECCHl IPUBOIAT
K XMMHUYECKOMY CTapeHHUIO JMIJNEeKTpuka. KoHEe4YHOU cragueidl 31neKTpoxu-
MHYECKOTO ITPOo0OO0s Jale BCETo SBISETCS TEIIOBOI MpoOoii.

HawnGonpIielr 3meKTpUdeckoll MPOYHOCTHIO 00JamaloT TBEpIbIC
JTUDJIEKTPUKH, OJAHOPOAHBIE MO CTPYKTYpPE, UMEIOLIUE HU3KYIO JIEKTpUye-
CKYIO TNPOBOJUMOCTb, MOBBIIIECHHBIE TEIUIONPOBOJAHOCTH M HArpeBOCTOM-
KOCTh (TUIeHOYHBIE (roporact-4, MOJIMITUIICH, JABCAH, CIIOJAA H T.I.).
Benuuuna E,, Takux MaTtepuanos gocturaer 100 — 300 MB/m.

[poboit srcuokux TUINEKTPUKOB B OCHOBHOM OOYCIIOBIICH KOJIMYE-
CTBOM W TIPUPOJION IpuUMecei, comepkamuxcs B HuX. [Ipo0oit xumkocTed,
COJIepIKAIX Ta30BbIe BKIIOUEHHUS, OOBACHICTCS JIOKAUIBHBIM MEPErpeBOM
JKUAKOCTH 3@ CYET HHEPIUM, BBIICISIOIIECHCS B JIETKOMOHU3UPYIOLIUXCS
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Iy3bIpbKax. Bckumanue >KMIKOCTH TPHBOAUT K OOpa3oBaHUIO Ta30BOTO
KaHaljla M1y JJIEKTPOJaMH, B KOTOPOM M pa3BHUBaeTCs MpoOoi. YacTuirst
TBEPJBIX NMPUMECEH TakxkKe MOHMKAIOT Eyyp, KUAKUX JTUIIEKTPUKOB BCIEICT-
BHE BO3MOXKHOCTH TOJISIPU3AINH B TI0JIE U CO3aHMS MPOBOISIINX “MOCTH-
KOB”, TIOJTHOCTBIO MJTH YACTHIHO COSAMHSIONINX 3IEKTPO/IBL.

Bonbioe BHUMaHNE yIENACTCS OUNCTKE TUTPOCKONUYHBIX XKUAKHX
JMAJIEKTPUKOB OT BOJBI, CHIXaromei £y,. Heounmennoe tpancdopmarop-
HOE MacJjlo, HarpuMep, umeeT Ly, = 4 MB/M, nocne TmaTteabHOl OYMCTKH
ANEeKTpHYecKast POYHOCTH Macia moBsimaercs 10 20 — 25 MB/u.

l'az000pa3nbie TUPAEKTPUKN LIMPOKO MPUMEHSIOTCS B Ta30HAIOJ-
HCHHBIX U BaKYYMHbBIX KOHIACHCATOpax. BO3ZLyX ABJAACTCA XOPOUIMM H30JIs-
TOPOM, HO TOJILKO B CJIA0BIX TOJISIX. DJIEKTpUYecKasi IPOYHOCTh ra3000pas-
HBIX JUJICKTPUKOB He Tpesbimaet 2 — 3 MB/wm. [porece npo6ost 00ycioB-
JICH JIaBUHHBIM YMHOXXCHUEM DJICKTPOHOB IIOJ ﬂeﬁCTBHeM y,uapHoﬁ HOHH-
3aIiK ¥ (POTOMOHU3ALINH.

UHCII0 SIEKTPOHOB, 06pasyromuxcs B Teuenne 1 ¢ B 1 v’ Bo3myxa
IoJ AEHCTBHEM pAANOAKTUBHOCTH 3€MJIM WM KOCMHYECKHX JIydeH, co-
craBisieT oT 10 g0 20. DTH 37EKTPOHBI ABISIOTCA HaYaJIbHBIMU 3apsiiaMu,
MIPUBOISIIIAMH K IIPOOOIO B I0CTATOYHO CHIIBHOM IIOJIE.

ITpn yBenuueHnn HaNpPsHKCHHOCTH 3JIEKTPHUYECKOTO Mol E 3mek-
TPOHBI Ha JJIMHE CBOOOAHOTO mpobera A mpuobOperator sHeprur0 W=eAE,
JOCTaTOYHYIO Ul HOHM3aMu MoJjekyn rasza: W>W, (W, — sHeprust moHu-
3aIiH, e — 3apsl WIEKTPoHa). B pe3ynpTare Npu CTOJIKHOBEHWHU C aTOMaMH
U MOJICKYJIaMH OHHM MOPOXJAIOT HOBBIC JJICKTPOHBI. «BTOpI/I‘IHI)Ie» OJICK-
TPOHBI MO]] ACHCTBUEM I10JIS B CBOIO OUYePe/ib BBI3BIBAIOT HOHU3AILINIO MOJIE-
Ky ra3a. B pesynbraTe 3TOrO0 mnporecca 4ucio JIeKTPOHOB B Ta30BOM IIPO-
MEXYTKe, JaBUHOOOpa3HO HapacTas, OYeHb ObICTPO YBEIMUYHBAETCS. DJIEK-
TPOHBI PACIpPEIEISIOTCS B MEXIJIEKTPOIHOM IPOCTPAHCTBE B BHAE KOM-
MIAKTHOTO 00J1auKa, Ha3bIBAEMOTO J71eKMPOHHOU IAGUHOU.

W3BecTHBI Z1Ba MeXxaHM3Ma MPo0O0s ra3oB: JaBHHHBIN M JIABUHHO-
cTpuUMepHBIi. Cmpumep NPeNCTaBIsIET COO0H CKOMIEHHEe HOHU3UPOBAHHBIX
YaCTHIL, CHIILHO ITPEBOCXO/ISIIIEE JIABUHY 110 CTEIIEHH HOHU3AIINH.

[pu rasunnom MexaHn3me ynapHas MOHH3ALUS JIEKTPOHAMH CO-
MIPOBOXKJAETCS BTOPUYHBIMH IPOLIECCaMK Ha KaTo/e, B pe3yibTaTe KOTO-
PBIX 3apsapl B Ta30BOM MPOMEXYTKE BOCHONHAIOTCS. [Ipoboii rasa compo-
BOJK/IaeTcsi 00pa3oBaHUEM CEPUU JIaBHH, MPUYEM KaxKas BHOBb 00pa3yro-
LIasICsl JIABUHA 110 CPABHEHHUIO C MPEIbIAyLIeH CONEPKUT OOoJiblliee YHCIIO
JJIEKTPOHOB — MPOUCXOAUT «PACKAUMBAHUE» DIIEKTPOHHBIX JIAaBUH. JIaBHH-
HBII TIPO0O#i, Kak MpaBWIIO, Pa3BHBAETCS B TEUCHHWE OTHOCHTENILHO JJTH-
TEIBHOTO BpeMeHH (Ooiee | MKC) M He XapakTepeH AJsl UMITYJIbCHBIX Ha-
MPSHKEHUH.
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[lpu nasunHO-CTPUMEPHOM MeEXaHHM3ME Ha Pa3BUTHE NPoOOS Cy-
LIIECTBEHHO BJIMSIET COBMECTHOE JIEHCTBHE TI0JIs1 IPOCTPAHCTBEHHOT'O 3apsijia
JIaBMHBI ¥ (POTOMOHU3ALNH B 00bEMe raza.

B HEKOTOpBIX CIy4asx 3JIEKTPOH, YCKOPEHHBIH 3JEKTPUYECKUM
I0JIEM, MOKET HE MOHWU3UPOBATH MOJICKYJY, 8 IPUBECTH €€ B BO30YXKICH-
HOE COCTOSIHHE: DJIEKTPOH, HAXOAIINIICA BHYTPH MOJICKYJIBI, IEPEXOINUT U3
PaBHOBECHOTO COCTOSIHHS C MEHBIIIEH SHeprueil B cocTosHue ¢ 0oJiee BBICO-
KO sHepruell (Ha Ooyiee y#aJeHHYIO OT sapa opouTy). Takas BO3OyXIeH-
Has MOJIEKyJIa B CJICIYIOIIMH MOMEHT OTHAET CBOIO M30BITOYHYIO IHEPTHIO
B opme m3mydeHns: — ucmyckaetr GotoH. QOTOH MOTIOMAETCS KaKOH-THO0
JpYroil MOJIEKYJIOW, KOTOpas NMpH ATOM MOXET HOHW3UpPOBAThcs. Takas
BHYTpeHHsis1 ()OTOHHAS uoHU3ayus raza dmaroaaps OOJIBIION CKOPOCTH pac-
IIPOCTPAHEHUS M3IY4YECHUS MPUBOAUT K OBICTPOMY Pa3BUTHIO B Pa3psIHOM
MPOMEXKYTKE KaHaJIOB C TOBBIICHHOW KOHIIEHTpaluel HocuTesed 3apsaa,
KOTOpas 0CTaTOYHa I MpeoOpa3oBaHus NaBUHBI B cTpuMep. [locne pac-
MPOCTPaHEHUs] CTPUMEPOB (IIOJIOKUTENBLHOTO, 00pa30BaHHOTO HOHAMH, U
OTPHULIATENBFHOTO, CO3AaHHOTO JJICKTPOHAMH) Ha BECh MEXAICKTPOIHBIN
MPOMEKYTOK MPOUCXOAUT POOOH rasa.

DNeKTpHUYecKas IPOYHOCTh I'a30B yYMEHBINAETCS C POCTOM pac-
CTOSIHUSL MEXIy 3JIEKTPOJIaMH, MIMEeT HEMOHOTOHHYIO 3aBHCHMOCTD OT JIaB-
JICHUsS C MHHUMYMOM, COOTBETCTBYIOIIVM JAaBJICHHUIO, OJN3KOMY K aTMO-
cthepHOMY.

3amaun

1.5.1. Kakue MexaHu3Mbl IpoOO0sT TBEPIBIX AUIIEKTPHUKOB BaM H3-
BecTHBI? KakoBBI yCIIOBHS MPOSIBICHHUSA Kakaoro n3 Hux? Ilouemy 3Haue-
HUE MPOOMBHOTO HANPSIKEHUS HE XapaKTEepPH3yeT INMEKTPHUECKYI0 MpPOU-
HOCTb TUDJIEKTpUKa?

1.5.2. Tlouemy 3neKTpHYEcKasi MPOYHOCTH TBEPIBIX ITUIIIEKTPUKOB
OotbIlIe, YeM JKHJIKUX, a )KUIKHX — OOJIbIIIe, YeM Ta3000pa3HbIX?

1.5.3. DnexTprueckass IPOYHOCTh HENPONUTAHHON KOHIIEHCATOP-
HOW OyMarm M KOH/IEHCATOPHOTO Macjia COOTBETCTBEHHO paBHa 35 u 20
kB/Mm. Tlocne nponutkn Oymaru KOHIAEHCATOPHBIM MacjioM €€ 3JIeKTpHUde-
CKasl MPOYHOCTH Bo3pacTaeT a0 50 kB/mm. [Touemy snextpudeckas mpod-
HOCTh NIPOTNHUTAHHON Oymaru OoJblne, 4eM 3JIEKTPUUECKHE MPOYHOCTH He-
MIPONHUTAHHON OyMaru ¥ MPONUTHIBAIOIIETO AUIIEKTPUKA?

1.5.4. OpmHakoBo i OyaeT U3MEHITHCSA MPOOMBHOE HAIPSIKCHNE
BO37yXa, €CIIM MPOU3BOAWUTH €r0 HarpeBaHMe: a) MPH MOCTOSHHOM JaBje-
HUM; 0) IPU OCTOSTHHOM 00beMe?

1.5.5. Tlouemy yzpapHast HFOHN3AIMS MOJIEKYJI ra3a B CHIILHOM 3JIEK-
TPUYECKOM I10JIE ITPOM3BOANTCS TIIaBHBIM 00pa3oM dJIEKTPOHAaMH, a HE HO-
Hamu?
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1.5.6. Kak BnuseT naBiieHHME ra3a Ha €ro dJIEKTPHYECKYIO MPOY-
HOCTb ¥ HOHU3ALMOHHBIE TOTEpU?

1.5.7. Yem otamyaercst mpoOoi ra3a B OJHOPOJTHOM M HEOTHOPO/I-
HOM 3JIeKTpUUecKuX noisax? Kakum oOpa3om B raze MOXHO CO3JaTh OJHO-
poanoe mosie? IlogeMy IpH yBEIHYIEHUH PACCTOSHUS MEXKAY SIIEKTPOIAMHU
MIpoOUBHOE HANIPSDKEHHUE ra3a B OAHOPOIHOM TI0JIe Bo3pacTaer?

1.5.8. Ilpu paccrostann Mexnay anmekrpomamu 0,1 MM snexTpude-
CKasl IPOYHOCTh BaKyyMa paBHa 10% B/m. Kaxos IIPU 3TOM MEXaHU3M IIPO-
60st Bakyyma? Kak MeHseTCS JJIeKTpHUYECKasl IPOYHOCTh BaKyyMa IIpH yBe-
JIMYEHUH PACCTOSHUS MEXY 3JIeKTpogamMu’?

1.5.9. Ilo xakuM NpU3HAKaM MOXKHO BBISIBUTH MEXaHM3M Ip0o0Os
TBEpbIX OUANEKTpUKoB? Kakoil MexaHM3M Npo0osi XapakTepeH s -
3NEKTPUKOB IPU UMITYJILCHOM BO3/1€HCTBUU BBICOKOTO HANIPSKEHUS?

1.5.10. [Toyemy OoJiee TOJICTHIC CIOU AUIICKTPUKOB, KaK MPABUIIO,
HMEIOT MEHBIIYIO 3JIEKTPUIECKYIO IPOYHOCTH?

1.5.11. lIpeanonaras, 4To B TUAJIEKTPUKE JOMUHHPYIOT TIOTEPH Ha
JIEKTPOIPOBOAHOCTD, M300pa3uTe rpavik 3aBUCHMOCTH HAIIPSKCHUS TETI-
JIOBOTO TIPO0O0SI OT TEMIEPATyPhl OKPYKAIOIIEH CPE/IBI.

1.5.12. N3o6pa3ute rpaduuecKu 3aBUCUMOCTH HANPSDKCHUS TIPO-
0051 BO3IlyXa OT PACCTOSIHUSI MEXKIY 3JIEKTPOHAMH IIPU MTOCTOSHHOM JlaBJie-
nun. Kak m3menurcst Buj rpaduka, eciy JaBlieHHe CTAaHET MEHBIIIE MePBO-
HadaabHOTo? [laiiTe 00bACHEHHE pacCMaTPHUBAEMBIM 3aKOHOMEPHOCTSIM.

1.5.13. M3o6pa3ute rpadudeckud 3aBUCUMOCTb HANpPSHKEHHUS MPO-
00s1 ra3a OT JABJICHMS NPH PA3IMYHBIX PACCTOSHUAX MEXKAY IEKTPOJAMH.
OObsicHUTE 3aKOHOMEPHOCTH B U3MEHEHHUH XO/a KPUBBIX.

1.5.14. Kak wu3MeHHTCS BHeprus, mnpuodperaeMas CBOOOIHBIM
JIEKTPOHOM B Ta3e B OJHOPOJIHOM 3IEKTPHUYECKOM IIOJIE, €CIU JaBlICHHE
ra3a yBeJIMYUTh B JIBa pa3a NP OJHOBPEMEHHOM yMEHBIIEHUH B /IBa pa3a
JUTUHBI Pa3psiIHOTO MpoMexyTka? Kak n3MEHHTCS TIpU 3TOM CPEIHss IIMHA
cBoOomHOTO Mpobera 3i1eKkTpoHa? BHemHee HampspKeHUe, MPUIOKEHHOE K
rasy, CIUTaTh MOCTOSHHBIM.

1.5.15. [IneHka MOTUBUHWIXJIOPHIA TIPHU AJIEKTPUIECKOM IMpoOoe
paspymaercs mpu HampspkeHuu 1,5 xkB. Omnpenenwre TONIMHY IUICHKH,
€CJIH €€ IEKTPUUECcKasi MPOYHOCTh paBHa 50 MB/m.

1.5.16. B w30ssTOpE JMHUHU DIIEKTPOIEPEIAYH MPH HOCTOSHHOM
HampsDKeHUH 25 KB MpOMCXOIUT TOBEPXHOCTHBIM mpoboil. OOBscHHUTE,
MOJKHO JIM MCIIOJIb30BaTh 3TOT M30JATOP B JMHUAX AJIEKTPONEpeaadn Mpo-
MBIIIJIEHHON YaCTOTHI C IEHCTBYIOIIUM HanpsbkeHueM 220 kB.

1.5.17. Ilpn KakoM MaKCHMMJIbHOM HANpPsDKEHHH MOXKET padoTaTh
CIFONITHOW KOHJIeHcaTop eMkocThio C=1000 nd ¢ miomansio 0OKIAI0K
S=6-10"M?, eci OH TOTKEH HMETh YEeThIPEXKPATHBIH 3amac Mo dJIeKTpude-
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cKol mpouHocTH? JIManeKTpuyuecKkas MPOHULAEMOCTh CIIOJBI £=7, €€ dIIeK-
TpHYeckas npoynocts £,,=100 MB/M. Kakosa Tommuna h cmoasHoi mna-
CTHHKH?

1.5.18. Omnpexnenute 3anac Mo 3IEKTPUIECKON MPOYHOCTH MIIOCKO-
ro KOH/EHCATOpa W TOJILIUHY TUIJIEKTPUKA M3 HEOPraHWYecKOro CTeKJa,
€CITI eMKOCTh KoHIeHcaTopa 68 nd, mromans obxmaaku 10 CMZ, a pabouee
HanpspkeHue 10 kB. JIM2IeKTpUUYECKy0 MPOHULAEMOCTh CTEKJIA MPUHSTH
PaBHOII 6,5, a €ro MEKTPHIECKYIO IPOYHOCTH paBHOi 510" B/m.

1.5.19. B miockom koHIeHcaTope eMKOCThI0 C=39 n® ucmos3y-
€TCsl HEOPTraHWIECKOE CTEKI0, MMEIOIIee IU3JICKTPUYECKYI0 MpOHHUIAe-
MOCTb £=6 U 2JIE€KTPHYECKYIO0 MPOYHOCTh £,,=100 MB/Mm. Kakumu cnemyer
BBIOPATH TONIIMHY IHAIEKTpHKa h ¥ rurormans 0O0KIamoK S, eciii KOHIeHC a-
TOp JOJDKEH paboTaTh IpU HanpsHKeHUH 16 KB mpu yeThipexkpaTHOM 3ara-
ce M0 WIEKTPUIECKON MPOYHOCTU? B0O3MOKHOCTE MOBEPXHOCTHOTO MPOOOs
IIPU pacyere He YUUTHIBATS.

1.5.20. U3BecTHO, YTO MPH TECILIOBOM MPOOOEC B paBHOMEPHOM I10-
Jie TUBJIEKTPUK OAHOPOJHON CTPYKTYpPBI TOJILIUHONW 2 MM, PacloI0KEeHHbII
MEXTy SIeKTPOIAMH IIOMABI0 2 CM°, MPOGHBAETCS MPH HANpSKEHHH 15
kB. IIpn kakoM HanpsHKEHUH NPOOBETCS 3TOT JUIIEKTPHK, ECIH €0 pacio-
JIOKHTH MEKY MEKTPOAAMH ILIOMAIBIO 3 CM>?

1.5.21. U3BecTHO, YTO MPH TEIUIOBOM MPOOOE TUIICKTPUK TOJIIIH-
HOW 4 MM TipoOmBaeTcs nipu HampspkeHnd 15 kB Ha wactore 100 I'm. [pwm
KakOM HanpsOKEHHH IPOMBIIUICHHOW YacTOTBHI NMPOObETCS TaKOW JKe JH-
3JIEKTPUK TONIUHON 2 MM?

1.5.22. M3BecTHO, YTO ITUIJIEKTPUK TOJIIIMHON 1 MM IPH TEIUIOBOM
npoboe paspymaetcs npu HanpsokeHuu 10 kB. Paccuuraiite n mocTpoiite
JUISL 3TOTO JIMAJIEKTPUKa TpadyK 3aBUCMOCTH IIPOOMBHOTO HAIPSHKEHUS OT
TOJIIUHBI (IO TOJMIHUHBL 5 MM).

1.5.23. NmeroTcs 1B CTCKJISIHHBIC IUIACTHHBI PA3HOW TOJIIIMHEI
(h1<< hy), ons xakaol M3 KOTOPBIX B OJHOPOJHOM JIIEKTPUYECKOM MOJIE
onpeJeNneHsl 3HaueHus npoousHoro Hanpsukenus (U,,;, U,,2) u snexrpude-
CKOH mpouHOCTH (E,p;, E,p\). Kakum OGyner cOOTHOIIEHHE MEXKIY 3Hade-
HUSIMH TIPOOMBHOTO HAITPSHKCHUS] M AJIEKTPUUECKOM MPOYHOCTH 3TUX JABYX
riactuH? M300pa3ure (KauecTBEHHO) 3aBUCHMOCTH MPOOMBHOTO HANpsDKeE-
HUSI ¥ SJIEKTPUYECKON MMPOYHOCTH CTEKIIA OT TOJIIUHBEI.

1.5.24. OtBeThTe Ha BONIPOCHI, IOCTABJICHHBIC B MPEIBIAYIICH 3a-
Jade, JUId Cllydast AByX JIMCTOB KapTOHa Pa3HOW TOJIIMHEIL.

1.5.25. Ha oOxiragku koHACHCaTOpa mojay Hanpsbkerne U;=5 kB.
Mexny oOKagKkaMH HaXOJHMTCSl OXHOPOAHBIA Marepuail C JU3JIEeKTpHUue-
CKOW MPOHHUIAEMOCTBIO £=6. 3aTeM €ro 3aMEHHIN MAaTephajoM C JIpyrou
JIMDJIEKTPUYECKOM MPOHHIIAEMOCTBIO, @ K KOHJCHCATOPY IPUIIOKHIN Ha-
npsbkerne U;=10 kB. HanmpsbkeHHOCTD 3JIEKTPUIECKOTO TOJSI B TUDJIEKTPH-
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Ke B 000MX Clly4asX OJMHAKOBA, a PacCTOSHHE MEXIy oOkmaakamu h, BO
BTOPOM citydae paBHO 4 MM. OmpenenuTe paccTosiHAE MEXAy OOKIaaKaMu
U eMKOCTh KOHJICHCAaTOpa B IEPBOM CIIydae, ecii pa3Mep 0OKIaIoK 24 cM.

1.5.26. Kak 1 mouyeMy H3MEHHUTCS MPOOMBHOE HATIPSHKEHUE BO3IY-
Xa TpU HOPMAIBHOM aTMOC(HEpPHOM [NaBICHUH, €CIH TEMIIEpaTypy IHOBBI-
cutb ot 20 °C mo 100 °C?

1.5.27. Onpenennte MHHAMAIBHYIO CKOPOCTH 3JIEKTPOHA, YTOOBI
OH MOT HOHU3UPOBATH aTOM HEOHA, €CJIM MOTCHIIHANl HOHU3AIlNH HeoHa 21,5
B. Kakoe paccrosiHue IOJIKEH MPOUTH 3JIEKTPOH B I0JI€ HAIPSKEHHOCTHIO
3 MB/M, uT00BI IPHOOPECTH 3TY CKOPOCTH?

1.5.28. Cpenusis qyimHa CBOOOTHOTO Mpodera 3JeKTPOHA B HEOHE
cocrapmser 7,9-10* M mpu 7=300 K u naenenun p=133 ITa. Onpenenure
MUHHAMAJIbHYIO HANPSHXKEHHOCTD JIEKTPUYECKOTO IMOJIs, IPU KOTOPOU 3JIeK-
TPOH Ha JUTUHE CBOOOHOTO ITpodera JOCTUIHET YHEPTUH HOHM3aLUH HEOHa.
HauanpHyto CKOpPOCTB 3JICKTpOHA NMPHHATH paBHOW Hyiro. [loTeHnman no-
HHU3anuu HeoHa 21,5 B.

1.5.29. B HopManbHbIX ycnosmsix (p=10° ITa; 7'=20 °C) smekrpide-
CKasl IPOYHOCTh BO3IyXa cocTaBiser 3,2 MB/m. Kak mameHuTCs 3MeKTpH-
Yyeckasl POYHOCTh, €CiM TemrepaTypa nossicutes 10 100 °C, a naBnenue —
1o 0,2 MITa.

2. MATHUTHBIE MATEPUAJIbI
2.1. Kiaccugukanysi MarHUTHBIX MaTepHajIoB

Bce BemiectBa B npupo/ie SIBJISIOTCS MarHeTHKaMu, T.e. 00J1aaioT
OTIpEe/IeICHHBIMH MarHUTHBIMHM CBOICTBAaMH U OIIpEJEIeHHBIM 00pa3oM
B3aUMOJICHCTBYIOT C BHEIIHUM MAarHUTHBIM I10JI€M. MarHuTHele CBOICTBa
BEIIECTBA 3aBHCAT OT MArHUTHBIX CBOWCTB M30JIMPOBAHHBIX AJIEMEHTAPHBIX
4acTULl, CTPYKTYpPbl aTOMOB M MOJIEKYJI, a TAK)KE MX TPYIII.

MarHuTHbIE CBOMCTBAa aTOMa B OCHOBHOM OIPEJENSIOTCSI MarHUT-
HBIMU CBOICTBaMU 3JIEKTPOHOB. MarHeTU3M Jpyrux 4acTHUIl OTHOCUTEIbHO
Mai. Tak, MarHUTHBIII MOMEHT aTOMHOTO sIJIpa MPUOINZUTEIBHO B THICSIUY
pa3 MeHbIle MarHUTHOTO MOMEHTa 3JEKTPOHHOW o0oyouku atoma. Mar-
HUTHBI MOMEHT 3JIEKTpOHA BO3HHKAET BCIICJCTBHE IBIKCHHUS 3JICKTPOHA
mo opbute (OpOUTATBHBI MOMEHT) M HAIWYHA y HErO CIHHA (CIIMHOBBIN
MOMEHT). MarHuTHBIE MOMEHT MHOTO3JIEKTPOHHOTO aTOMa IPEACTaBISET
c000if CyMMy MarHUTHBIX MOMEHTOB BCEX AJIEKTPOHOB, BKIIFOYAst KaK OpOu-
TaJbHBIE MOMEHTHI, TaK M CIIHHOBBIE. Ka)kIbIil AIEKTPOH BHOCHT B TTOJIHBIN
MarHUTHBII MOMEHT aTOMa HE3aBUCHMBIH BEKTOPHBIN BKIAJ.
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B cooTBeTCTBHM C COBPEMEHHBIMHU NPE/ICTABICHUSIMUA O MarHETH3-
M€ PazIMYaloT CJIAYIOLINE OCHOBHBIC THITBI MAarHUTHOI'O COCTOSIHHS Bellle-
CTBa: JMaMarHeTH3M, IapaMarHeTusM, (eppoMarHeTH3M, aHTU(eppomar-
HeTu3M u (eppuMarHeTnsM (HECKOMIIEHCHPOBAaHHBIN aHTH(eppoMarte-
TH3M). BemniecTBa, B KOTOPBIX MPOSIBISIFOTCS 3TH SIBJICHHS, COOTBETCTBEHHO
HAa3bIBAIOTCS. OUAMACHEMUKY, NAPAMASHEMUKY, (DeppOMACHemuKY, aHmu-
deppomacnemuxu u @eppumacnemuxu. CXEeMaTHIECKOE PACIIONOKCHHE
MOMEHTOB DJICKTPOHOB aTOMOB, Ul Pa3HBIX [0 MAarHUTHBIM CBOMCTBaM
BEIIECTB WUTIOCTpHUPYETCs Ha puc. 2.1.

« /S NS S
200 I I
A
S

Puc. 2.1. CxemaTH4ecKoe PAacroioKEHHEe CIMHOB B MapaMarHUTHBIX (a),
(beppoMarHuTHBIX (6), aHTH(HEPPOMATHUTHBIX (6) M (ePPUMATHUTHBIX (2)
BellecTBax. JluamMarHeTMKaM CBOMCTBEHHA IOJIHAsI B3aMHasi KOMIICHCALIUS
MarHUTHBIX MOMEHTOB aTOMOB

OCHOBHBIMH MarHUTHBIMH BEJIMYMHAMH SIBIAIOTCA. HaMarHHYeH-
HoCcTh M, A/M; M = x H , T/le K — MarHUTHAas BOCTIPUMMHYHBOCTh; H — Ha-
MIPSHKEHHOCTh MAarHUTHOTO Mo, A/M. MarnutHas unaykuus B, T (tecina),
XapaKTepu3yeT CyMMapHOe MarHUTHOE I10JIe BHYTPU MaTepHaa:

B =ty (H+M) = g1 (1+ ) H = propaH = 1, H 2.1)

I/l [lg — MATHUTHAS TIOCTOSHHAS, YHCIIeHHO paBHas 47-107 /M, xapakTe-
pHU3yIOIas MarHUTHYIO MPOHUIIAEMOCTh BaKyyMa; Ll — OTHOCHTEIbHAs Mar-
HHUTHasI IPOHUIIAEMOCTh BEIIECTBA, KOTOpasl MOKA3bIBAaeT, BO CKOJIBKO pa3
MarHuTHas MPOHHIIAEMOCTh JaHHOW Cpeabl OOJIbIe MarHUTHOM ITPOHUIIAE-
MOCTH BaKyyMa (BeJIMUMHa Oe3pa3MepHas); W,= Lol — aOCONMIOTHAsE MAarHUT-
Has IPOHUIIAEMOCTh, [ H/M.

OtaenbHbIE KIIACCHI MAarHETHKOB Pa3M4YalOTCs IO BEIHYUHE WU
3HaKy MAarHUTHOW BOCIIPUMMYHBOCTH, & TAKXKE M0 XapakTepy 3aBUCUMOCTH
MarHUTHBIX XapaKTEPUCTUK OT TEMIIEPATypPbl U HAMPSHKEHHOCTH MarHUTHO-
O TOJIsl.

Jluamaenemukamy Ha3bIBAIOT BEIECTBA, B KOTOPHIX MMEET MECTO
TIOJTHAs B3aMMHasi KOMIIEHCALUsI KaK OpOMTAaJIbHBIX, TAaK M CIIMHOBBIX Mar-
HUTHBIX MOMEHTOB.

®duznyeckas npupoaa AMaMarHeTH3Ma OCHOBaHA Ha KIIACCHYECKOM
NIPE/ACTAaBICHUN 00 aToMe KaK CHCTEME DJICKTPOHOB, JIBIXKYIIUXCS BOKPYT
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sIpa MO OIpEIeNCHHBIM 3aMKHYTBIM TPAaeKTOPUAM-OpOUTaM C HEKOTOpPOH
YTJI0BOX CKOPOCTBIO.

Ecnu Ha aToM HakIaAbIBa€TCs MEUICHHO MEHSIOLIEECS MarHUTHOE
T0JIe, TO 3Ta YIJIOBasi CKOPOCTh MEHSETCS, a PaJgiyC OpOUTHI OCTAeTCs He-
U3MEHHBIM. V3MEHEHHUe YrioBOH CKOPOCTH HNPHUBOIUT K BO3HHUKHOBEHHIO

MAarsmTHOIro MOMCHTa }_:I,m BEJIMYMHOM

- e2 I’ZH

r1e € — 3apsia 3JeKTPOHa, M — ero Macca, I — paanuyc 3IeKTPOHHON OpOUTEL,
H — HampsHKEHHOCTh MAarHUTHOTO TIOJIS, TPHIIOKEHHOTO HEepICHANKYISPHO
K TUTOCKOCTH OpOWTHI. ATOMHAss MarHWTHAss BOCIPHUMYHBOCTD K, PACCHUH-
tauHas 10 (2.1), (2.2), nmeer nopsok k = — (10° - 107°), T.e. cootBeTCTBY-
eT BEJHMYMHE, M3MepseMOil IKCIIEPHMEHTAIBHO Ul JTUAMarHUTHBIX TBEp-

ABbIX TCJI, 1 HC 3aBUCHUT OT TCMIICPATYPHI. MarnauTtHas MNpOHUIIAEMOCTL AHua-

MarHeTukoB | = 0,99999 u He 3aBHCHT OT HANPSKEHHOCTH BHEIIHETO Mar-
HHATHOI'O ITOJIS.

V3MeHeHrEe YIII0BO# CKOPOCTH JICKTPOHA, CBSI3aHHOE C HAJOXKe-
HHEM MarHUTHOTO MOJIsI, BCETAa OOYCIIOBJIMBACT OTPHULATCIBHYIO MarHHUT-
HYIO0 BOCIPHHMYUBOCTb. ATOM C HUPKYJUPYIOIIAM B HEM 3JICKTPOHOM Be-
Jet ceOst mo00H0 MHAYKTHBHOCTH, B KOTOPO# B COOTBETCTBUH C HPABHUIOM
Jlenna BO3HMKIA 3.J.C. TPOTHUBOIOJIOKHOTO 3HaKa. TakuMm 00Opa3oM, BO
BCceM 00beMe TBEpOro Teia BO3HUKAIOT WHYIMPOBAHHBIC BHEUIHUM Mar-
HUTHBIM TIOJIEM HE3aTyXalollue MUKPOCKOITUUECKHE BUXPEBbIE TOKH, 00Y-
CJIOBIICHHBIE TIpEleCCHeil 3JIeKTPOHHBIX opOuT. HampamieHue HHIYIUPO-
BaHHBIX MAarHUTHBIX MOMEHTOB BCErJa MPOTHBOIIOJIOKHO HAIPABICHUIO
BHEIIIHEI'0 MAarHUTHOTO TOJIS, MO3TOMY JHAMAarHETUKHA OTIHYAOTCS TEM,
YTO BBITAJKUBAIOTCS W3 HEOJHOPOTHOIO MAarHUTHOTO MoJisi. J{namMarHeTusm
SIBIISICTCS. PE3YJbTATOM MPEIIECCHU BCEX JJIEKTPOHOB aTOMOB M MOJICKYJ,
IMO3TOMY HPHUCYII] BCEM BEIECTBAM, HO MPOSIBIIICTCS TOJIBKO B TOM Cllydae,
€CIT He TIepEKPhIBACTCS 00JIee CHIIBHBIM Mapa- U (peppoOMarHeTU3MOM.

K nuamarHUTHBIM BeUIECTBAM OTHOCSATCS BOIOPOJ, HHEPTHBIC Ta-
3BI, 30T, XJIOP, BOJa, OOJBIIMHCTBO OPTaHUYCCKUX COCHAWHCHHU, PSII Me-
tawioB: Cu, Ag, Au, Be, Zn, Cd, Mg, Pb, B, Ga, Sh, a Takxxe rpadur, crek-
JIO U IIp.

JluamarHeTH3M He MMEET MPOCTOr0 MPAKTHYECKOr0 MPUMEHEHHSI.
K 4ucny HanbOosiee HHTEPECHBIX THAMATrHETUKOB OTHOCSATCS CBEPXITPOBOI-
Hukn. OHK 007a1a0T 0ECKOHEYHO OOJBIION AMaMarHUTHOW BOCTIPUUMYH-
BOCTBIO — CBOWCTBOM, KOTOPOE YPE3BBIYAMHO IMOJC3HO IPH KOHCTPYHPOBA-
HUH CBEPXIPOBOIAIIAX MAarHUTOB.
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Iapamaenemuxamu Ha3BIBAIOTCS BEIECTBA, B KOTOPBIX B3aUMO-
JICHCTBUEC MEXKY MOCTOSHHBIMH MArHUTHBIMH MOMEHTaMH aTOMOB — 3Je-
MEHTAPHBIMM MArHUTHBIMU JHIIONSIMH — MAJo, B pE3yJabTaTe 4Yero mpu
OOBIYHBIX TEMIIEPATypax MOJ JCUCTBUEM TEIUIOBOTO JBUXKCHUS MOJCKYJ
MarHUTHBIC MOMEHTBI aTOMOB PACIOJaralTCs CTATUCTHYCCKH PAaBHOBEPO-
SITHO OTHOCHTEJIFHO JIF00OTr0 HAMpaBJICHHsS W CYMMAapHbIH MarHUTHBIH MO-
MEHT paBeH HyIio. [lox AelicTBHEM BHEIIHET0 MArHUTHOTO MOJISI CO3/IaeTCs
MPEUMYIIECTBEHHOE HAMPABICHUE PACIIONOKEHHUS JIEMEHTAPHBIX MarHUT-
HBIX MOMEHTOB, T.€. TEJIO OKAa3blBACTCS HAMArHUYCHHBIM, OJHAKO IpU
OOBIYHBIX MOJSIX M TeMIlepaTypaXx HaMarHMYCHHOCTh MapaMarHETHKOB
OuYeHb Maja. MarHuTHas BOCIPHUMYHBOCTh WX IOJOXKHUTCIbHA U HMECT
spavenne k ~ (10° — 10%), oTHOCHTeNbHAS MAarHHTHas MIPOHHUIIAEMOCTh

n =~1,001.

[IposiBneHneM mapaMarHeTH3Ma sIBISIETCSI HE3aBHCHMasi OpPHUCHTa-
IUsI MAarHATHBIX MOMEHTOB aTOMOB M HOHOB IOJ| JCHCTBHEM BHEIIHETO
MarHuTHOTO 1oJisl. Tak Kak MOMEHTBI OPHEHTHUPYIOTCS] B HAIIPaBJICHNH TTOJIS
U TeM CaMbIM yBEIMYUBAIOT €0, MarHUTHAas BOCIPHUUMYHUBOCTH K OOJIbIIE
HYJIA.

[TapamarseTnsM XapakTepusyercs ABYMs HE3aBHCHUMBIMH (DakTo-
pamu. OfnH U3 HUX — TEMIIEpaTypHas 3aBUCHMOCTh CyMMapHOW HaMarHu-
YEeHHOCTH BCEro obpasiia, Ipyroil — npupoaa caMux MarHUTHBIX MOMEHTOB
aTOMOB.

Jl1s mapaMarHUTHBIX Ta30B M PEIKO3EMENbHBIX 3JIEMEHTOB TeMIIe-
paTypHas 3aBHCHMOCTh MAarHMTHON BOCHPHHUMYHBOCTH XapaKTepU3yeTcCs
3axkoHOM KropH, yCTaHOBIEHHBIM AKCIIEPUMEHTAIBHO B 1895 .:

x=CIT, (2.3)
rae C — nocrostHaas Kropu, 7 — temmneparypa, K.

[ mepexoTHBIX TTapaMarHUTHBIX METaJUIOB, y KOTOPBIX B3aUMO-
JICUCTBHEM MEXIy 3JI€MEHTapHBIMH HOCHUTEISIMH MarHeTu3Ma (MOJIEKyJIsip-
HBIM TOJIEM) TIpeHeOpedb HeNb3s, CIIpaBeNIuB Ooee oOmmii 3akoH Kropu —
Betica:

k= CI(T - A), (2.4)
rae A — mocrostHHas Belica, pasnmidHas 11 pa3HBIX BEIIECTB (MOXKET OBITh
n OoJIblIIe, ¥ MEHBILE HYJIS).

Ha pwuc. 2.2,a nokazana 3aBUCUMOCTh HaMarHudeHHocT M(H) nis
JMa- ¥ TapaMarHeTUKOB TIPH CIa0BIX IOJISIX U NMPU OOBIYHBIX WJIM BBICOKHX
Temneparypax. B oboux cimywasx 3HaueHwe M mpomopruoHambHO H, 9TO
CBUJICTENIBCTBYET O HE3aBUCHMOCTH K OT H. J[iis HamarHW4YMBaHUS mapa-
MAarHeTHKOB 110 HackiieHus (puc. 2.2,0), T.e. 10 COCTOSIHHUS, KOTa BCE dJIe-
MEHTapHbIE MAarHWTHBIE MOMEHTHI OyIyT MapajuleJbHbI BHEUIHEMY IIOJIO,
TpebyeTcst Mpu KOMHATHON TeMIepaType Mojie HapsKEHHOCTHIO0 IPUMEPHO
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10t A/M, aipu T = 1 K npumepHo 3-10° A/m. OmHAKO B IMOCIEIHUE TOMBI
BBISICHHJIOCh, YTO B IapaMarHeTHKaxX MOXKHO CO3[aTh BBICOKYIO HaMarHu-
YEHHOCTh, HE MPUOeras K CHIbHBIM MAarHUTHBIM IOJISIM, & UCIIOJIb3Ys OTOK

KBaHTOB CBCTa (OHTI/I‘ICCKyIO HaKaqu).
M

2

a 6

Puc. 2.2. 3aBucMMOCTh HAMarHUYEHHOCTH M OT HANpPSDKEHHOCTH MarHUT-
Horo moist H: a — juia quamarnetukoB (1) u mapamarueTukoB (2); 6 — s
rapamMarHeTHKOB ITPU HU3KUX TeMIlepaTypax MiH OYeHb CHIIBHBIX MOJIIX

C TOBBHIIICHHEM TEMIIEPATYpHl MPH HEW3MEHHOW HAIPSHKCHHOCTH
TIOJIST BO3PACTACT IC30PUEHTHPYIOMIAS POJIb TEIUIOBOTO TBUKCHUS MOJICKYIT
1 TIO3TOMY HaMarHWYeHHOCTH yOwrIBaeT. [lapaMarHeTHKH OTIIMYAIOTCS TEM,
YTO OHH BTATHBAIOTCS B HEOJAHOPOIHOE MATHUTHOE TIOJIC.

[TockoabKy BCe 3aMOJHEHHBIC 3JICKTPOHHBIE 000JIOYKH UMEIOT HY-
JIEBOI TOJHBIA MOMEHT KOJIMYECTBA JABM)KCHHUS, OHU O0JaJaloT TaKkKe HYy-
JIEBBIM TIOJIHBIM MAarHUTHBIM MOMEHTOM. B 4acCTHOCTH, aTOMBI WJIM WOHBI,
00J1a1ar0IIKe TOIBKO 3ATIOTHEHHBIMU 000JI0YKAMH, HE MMEIOT MOCTOSIHHBIX
MarHUTHBIX MOMEHTOB H, CJI€JI0OBaTEIbHO, HE MOTYT OBITh MapaMarHUTHBI-
Mu. Hukakux HUCKITIOYEHUI M3 TOrO MpaBuiia He oOHapykeHo. MHepTHhIe
rassl He, Ar, Kr u T.1. u Takue nonsl, kak Na* u CI', nruamarauthsl. Jua-
MarHUTHBI TaK)Ke ¥ MHOTHE Ta3bl, TaKUe Kak b u Jp., TOCKOIBKY BCE AJIEK-
TPOHBI B UX MOJIEKyJax crapeHsl. CBOOOIHBIC aTOMBI APYTHX BEHIECTB 00-
HapYXKUBAIOT MapaMarHeTH3M, €CIH Y HUX HMEIOTCS HeCIapeHHBIC CITUHBI
WJIM HECKOMITEHCUPOBAHHBIM MOMEHT KOJIMUECTBA JBUKEHHUSL.

K napamarHeTukam OTHOCSTCSI KMCJIOpPOJ, OKHCh a30Ta, COJIU Ke-
Jie3a, KobanbTa M HUKEIS, IETOYHble MeTauisl, a Takke Mg, Ca, Al, Cr,
Mo, Mn, Pt, Pb u ap.

[TapamaraeTusM B aTOMax WJIM MOHAX HE CYHIECTBYET B OJIMHOYKY:
OJIHOBPEMEHHO C HUM BCETJa MMEIOT MECTO M JMaMarHWTHbIE CBOWMCTBA.
ITockonbky 06a 3TH 3¢¢eKTa MPOTHUBOMOIOKHBI APYT IPYry IO 3HAKY,
CyMMapHble MarHMTHbIE CBOWCTBA MaTepuana OMNPeAeNsIoTCcs Mpeodia-
JaromuM. Y OOJBIIMHCTBA MATEPUAIOB BEIMIMHA MTApaMarHUTHOH BOCIIPU-
WMYHABOCTH 3HAYUTEIHHO OOINbIIE JWAMArHUTHOW, T.C. IMapaMarHeTHU3M
00BIYHO Tpeo0IIagaeT HaJl TMaMarHeTH3MOM.
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[lapamarauTHBIE BellecTBa HCIOJB3YIOTCS B KauyecTBE padO4nx
TeJI B KBAHTOBBIX [TAPAMarHUTHBIX YCUJINTEISIX M TeHEepaTopax.

DeppomacHemukamy Ha3bIBAIOT BEIECTBA, XapPAKTEPU3YIOLINECS
HaMarHWYMBaHUEM HEJIOCTPOCHHBIX BHYTPEHHHX O0OJIOYEK aTOMOB, MO-
CKOJIbKY MarHUTHBIE MOMEHTHI 3aIIOJIHEHHBIX O0OJIOUEK paBHBI HYIIO, a
BHEIITHWE BaJCHTHBIC 3JCKTPOHBI MeTamIa 0000IIecTBICHBL. TakuMu 3ie-
MEHTaMH SBJIAIOTCSA MEPEXOIHBIE METAJUIBI IPYIIIBI JKeJie3a, NMEIOIINE He-
IocTpoeHHY0 30-0007049KyY, U PEAKO3EMEIbHBIC 3IEMEHTHI C HEIOCTPOCH-
Ho# 4f-o6osoukoit. Hann4ne MarHuTHOro MOMEHTa y aTOMOB 00YCIIOBIICHO
TOJIBKO HECKOMIECHCHPOBAaHHBIMU CIMHOBBIMA MAarHUTHBIMH MOMEHTaMH,
MIOCKOJIbKY OpOMTalIbHbIE MarHUTHBIE MOMEHTHI BechbMa Majbl. [l deppo-
MarHeTUKOB B OTCYTCTBHME BHELIHEI'O II0JISl DHEPIeTUUECKH BBITOJHBIM 5IB-
JsieTcsl MapajyiesIbHOE PAacCIOJIOKEHWE MAarHUTHBIX MOMEHTOB COCEIHUX
aTOMOB BHYTpPH JIOMEHa.

[Tpu nomerieHnn GpeppoMarHUTHOTO MaTepHajia B MarHUTHOE I10JIe
OJTHOBPEMEHHO MPOUCXOAAT MPOLECCH OPUCHTALUH MarHUTHBIX MOMEHTOB
JOMEHOB W CMCIIeHHWE WX rpaHul] (n3MeHeHHe oObema). B cmabom moie
npeoOyaaeT mporece o0paTUMOrO CMEIIEHHs TpaHull, T.e. pocT oObeMa
JIOMEHOB, Yy KOTOPBIX MarHUTHBI MOMEHT, HAIIPaBJICHHBIH BIOJIb OCH JIET-
KOT0 HaMarHWYMBaHUs, COCTaBJIICT HAWMEHBIIUH YTroJI ¢ HamnpaBiICHHUEM
BHemHero mouist. [Ipy ycuneHnu moss mporecc uaeT 0osee MHTCHCHBHO U
npuoOpeTaeT HeOOpPaTHUMBIIl XapakTep, KpuBas HaMarHuuuBanus B(H) cra-
HoOBUTCs Kpyde (puc. 2.3). [Ipu nanpHeileM yBeIWYeHHH HAIPsSKEHHOCTH
MOJIST OCYIIECTBISIETCSl MPOLIECC BpAILlEHHs] BEKTOPa HaMarHMYeHHOCTH B
HAlpaBJeHUH BHEIIHErO IOJII U MarHUTHOE COCTOSHHE Marepuaja JOCTH-

TacT TCXHUYCCKOT'O HACBIIICHUA.
B

§:[:

=

3

el Bl
H]

I

Puc. 2.3. OcHOBHasi KpUBasi HAMarHU4YMBaHHs
U CEMEWCTBO TMCTEPE3UCHBIX [IUKIIOB
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B nepeMeHHBIX MarHUTHBIX MOJISX MarHUTHOE COCTOSIHME 0Opasia
MEPUOINYECKU TTOBTOPSETCS U €r0 MarHUTHAs UHAYKIUS 3aBUCUT OT BEJIU-
YHHBl HAMArHUYUBAIOIIETO 101, HAIIPABICHUS U YaCTOThl €r0 U3MEHEHHUSI.
@dopma neTiIu TUCTEepe3nca IPH HEM3MEHHON 9acTOTE 3aBHCHUT OT IPEeIb-
HBIX 3HA4YEHWH HampsKEHHOCTH mMoisd. CeMeHCTBO TaKMX CHMMETPHYHBIX
meTens n3obpakeHo Ha puc. 2.3. CruromHas KpuBasi, IPOXOAAIIas Mo Bep-
IIMHAM IETENb, Ha3bIBAETCS HOPMAJIBHOM, WJIM OCHOBHOM, KPUBOW MHIYK-
UM

[IprurHaMu TUCTEpE3NCca SBISIOTCA HEOOpaTUMbIE CMEICHHUS Tpa-
HUII JOMEHOB, HEOOpATUMBIE MPOLIECCHl BPAIIEHHS U 33/IePKKa pocTa 3apo-
JBILEH MepeMarHMYMBaHusl, 10/ KOTOPhIMU TIOHMMAIOT HeOoble 00be-
MBI C CaMOIIPOM3BOJILHOM HAMarHNYEHHOCThIO OOPATHOTO HANpPABJICHHS I10
OTHOIIECHHUIO K OCHOBHOW OpHEHTallMM HaMarHW4eHHocTu obpasua. deppo-
MarHeTHUKH XapaKTepHU3YIOTCsl OOJIBIINMHI MOJI0KUTEIbHBIMU 3HAYCHUSIMA K
U U (0 COTEH THICSY U MHJIJTHOHOB), & TAK)KE CIOXKHOU HEJIWHEHHOU 3aBU-
CUMOCTBIO 3THX IapaMeTpoOB OT HANpPsHKEHHOCTH BHEIIHET0 MarHUTHOTO
monst (puc. 2.4,a). [lpu Temmeparypax Bbime Touku Kiopu 7, ompenencH-
HOM JUIA Ka)KJOro MaTepHaia, (eppOMarHUTHOE COCTOSHHUE MEPEXOIWT B
napaMarauTHoe (puc. 2.4,0) BCIEACTBHE TOTO, YTO XaOTHYECKOE TEIIOBOE
JBIDKCHHE aTOMOB HapyIIaeT MapauleIbHYI0 OPHEHTAIMI0 MX MAarHUTHBIX
MOMEHTOB W, CJI€I0OBATEIILHO, TOMEHHOE CTpoeHue (peppomarHeTnka. Touka
Kropu gucroro xene3a coctaBisieT 768, Hukens — 631, kodanera — 1404 °C.

H n

M

Ky

H Ty T

a 0
Puc. 2.4. 3aBHCUMOCTh OTHOCHTEJIbHOW MAarHHUTHOW HPOHMIIAEMOCTH (ep-
POMAarHeTHKOB OT HANpPSHKEHHOCTH MarHHTHOTO TOJISI () M TeMIIepaTypsl
(@

Aumugeppomacnemuky — 3TO BEIIECTBA, B KOTOPBIX MarHUTHBIC
MOMEHTBI aTOMOB B3aHMOJCHUCTBYIOT TaK, YTO CTPEMSITCS BBICTPOMTHLCS aH-
TUTIAPAILICTFHO APYT IPYTY, MIO3TOMY HMEET MECTO MX B3aUMHAs KOMIICH-
carusi. MarHuTHas BOCIIPHHMYHBOCTh aHTH()EPPOMArHETUKOB Mayia M CO-

cramsier k ~(10° — 10®). B ctabbix MOMAX K U |1 MPAKTHUECKH HE 3aBHCAT
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OT HANpsKEHHOCTU BHEUIHEN0 MAarHUTHOTO IOJIA, B CHJIBHBIX SBISIOTCA
CIIOKHOH (DYHKIMEH HanpspKeHHOCTH I10JIsl. B HEKOTOpo# cTeneHn CBOUCT-
Ba aHTU(EPPOMArHETUKOB CXOXKH CO CBOWCTBaMH NapamarHeTukos. [lapa-
n aHTHU(EeppOMaHUTHBIE BEIECTBA OOBEAMHSIOT IOJIOKUTENbHAsT MarHUT-
Hasi BOCHPHMMYHBOCTh M KOMIICHCAIMsl MarHUTHBIX MOMEHTOB aTOMOB.
Pasnmuume 3akmodaercss B TOM, YTO CHHMHOBBIE MOMEHTHI MTapaMarHETHKOB
OpPHEHTHPOBAHBl XAa0THYECKH, a AHTH()EPPOMATHETHKOB — MapalIeIbHO
Apyr Apyry.

ITo Mepe mnoBeimenus temmnepatypsl oT 0 K Benuunna k pacrer,
JocTrasi MakCUMyMa IpH TeMIleparype, Ha3plBaeMod Toukoil Heens, u
Janee HAYMHAET YMEHBIIATHCS, IOAYMHAACH Ha 3TOM ydacTKe 3akoHy Kropn
— Beiica.

K anTH(deppoMarHeTHkaM OTHOCSATCS PEAKO3eMEIbHBIE METalIbl
Ce, Pr, Nd, Sm u Eu, a Takxe Cr u Mn; MHOTHE OKHCIIBI, XJIOPUIBI, CYIIb-
¢bunbl, KapOOHATHI MEPEXOIHBIX JJIEMEHTOB, HAlPHUMEp Ha OCHOBE MapraH-
a: MnO, MnCl,, MnF,, MnS, u np., ananoruudo xa ocHose Fe, Co, Ni, Cr
u zp.

Deppumacnemukamy (WM HECKOMICHCHPOBAHHBIMU aHTH(]eppo-
MarHeTHKaMin) Ha3bIBalOT BEIIECTBA, B KOTOPBIX MarHUTHBIE MOMEHTHI aTo-
MOB B3aHMOJEHCTBYIOT TaK, 9YTO CTPEMATCS BBICTPOUTHLCS aHTUIAPAIIIEEHO
JApyr APYTY, OJHAKO BEIMYMHBI 3TUX MArHUTHBIX MOMEHTOB HMMEIOT pa3-
JMYHbIE 3HAYEHUs, Onaronapst 4eMy pe3yibTHUpPYOLas HaMarHWYeHHOCTb
MOJKET OBITH OOJIBIIIOM.

K ¢deppumarnernkam otHocsTCs (heppHTHI, NPEACTABISIONINE CO-
001 MarHUTHYI0 KEpPaMHUKy, COCTOSIIYI0 M3 cMecH OKkHcHu xeneza Fe,0O3 ¢
OKHCIIaMH JIpyrux MertauioB. CTpykTypHas ¢dopmyma beppuToB

MeO-Fe,03, rne Me — nByxBanentHberii Metamn (Fe, Ni, Mn, Zn, Co, Cu,
Cd, Mg u np.). MHorHe cBOICTBa (heppUMarHETUKOB Ka4eCTBEHHO aHAaJIO-
THYHBI CBOICTBaM ()eppOMAarHeTHKOB, OJHAKO MMEIOTCS W CYIIECTBEHHBIC
pasmmunst. Hanpumep, deppumarnetuku (GeppuThl) oTAHYAIOTCS OT (ep-
POMarHeTUKOB MEHbUICH BEIMYMHON MHIYKIMU HACBILICHHUS U UMEIOT 00-
Jiee CIIOKHYIO TeMIIepaTypHYIO 3aBUCUMOCTh OCHOBHBIX MarHMTHBIX Mapa-
METPOB.

IIpenmymiectBa deppuroB npu padore B BU- 1 CBU-gnanazonax
06YCITOBIICHBI TEM, UTO HX y/IETBHOE JIEKTpHIecKoe conporusienue B 10° -
10" pa3 mpeBbImAaeT yeIbHOE CONPOTHBICHHE METALTHIECKHX (eppoMar-
HETHKOB, TaK KaK OHH SBIISIOTCS OKCHJHBIMU MaTepHallaMH, a He MeTajlla-
M. 1o 3HaYEeHNIO YAEIBHOTO 3JIEKTPUIECKOTO COPOTHBIICHHUS ) OHU OTHO-
cATCA K KJIaccy IOJYNPOBOJHHUKOB WM JIUAJIEKTPUKOB. Benencreue saToro
BUXpEBbIE TOKH (M COOTBETCTBYIOIIAas MOIIHOCTH MAarHMUTHBIX IOTEPh) B
(eppuTax O4eHb MAJbl U OHHM IPUMEHSIOTCS B KAUECTBE MAarHUTHOTO Mare-
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pHaia Mmpu 4acToTax A0 COTEH Merarepl, TOTJa KaK MeTaIIMYeCKue Mar-
HUTHBIE MaTepUalbl MPUMEHSIOTCS TIPH YacTOTaX 0 HECKOJBKHX JIECSTKOB
Merarepi.

MarHuTHas BOCIPUUMYHBOCTD W MarHUTHAs MPOHHLAEMOCTh (ep-
PUMarHeTHKOB HIDKE, 4eM Yy (eppOMarHETHKOB, M JOCTHUTAIOT 3HAYCHUH
HECKOJIBKUX JIECATKOB THICTY.

Jua-, mapa- u aHTH()EPPOMArHETUKN OOBEIAUHAIOTCS B TPYIILY
C1a0OMarHUTHBIX BEIIECTB, a (heppo- U heppUMarHETUKH — B TPYIITY CHIIb-
HOMAarHUTHBIX (cM. puc. 2.1).

2.2. Ilotepu B MarHUTHBIX MaTepuaIax

[Tpu nepemarHn4yMBaHUK (PEPPOMArHETHKOB B MEPEMEHHBIX Mar-
HUTHBIX IOJIAX BCErJa HaONMI0JaloTCAd TEIUIOBBIE MoTepu 3Hepruu. OHu
CKJIaJIbIBAIOTCS U3 MOTEPh HA TUCTEPE3NC M TUHAMHYECKHX NOTEPh. B cBOIO
ouepenp AWHAMHYECKHE TOTEPH BKIIOYAIOT B ce0s MOTEpH Ha BHUXPEBBHIC
TOKH M MarHUTHOE MocleaeicTre. MOIHOCTB, pacxoayemas Ha THCTepe-
3HC, MOXET OBITh ITPECTABICHA B BUIIE

. ffroe
D

rae f — wacrora TOKa,; D — mioTtHOCTB Marepuaiia, § HdB - IJ1omaab neTinu

P (2.5)

THUCTepe3uca.
MOoIIHOCTb, PACXOAYEMYI0 Ha BUXPEBbIC TOKH, MOKHO BBHIYHCIIHUTD
o hopmyie
2p2 2
p _fBu.d (2.6)
B.T.
Dp
rae N — kodpduuuent dopmel; d — TommuuHa Marepuana; B, — MaKCH-
MallbHasi MHAYKIMS, JOCTUTaeMasi B Havajle IMKJa; p — YJAeIbHOEe COMpo-
TUBJICHHE MaTepHaa.
B memsix mepeMeHHOTO TOKa paccesHHe MOIIHOCTH B KaTyIIKax
WHJIyKTUBHOCTH MHOT'/Ia OIICHMBAIOT TAHI€HCOM YTJIa MarHUTHBIX IIOTEPh
r
tgé‘M =— (27)
oL
rae L — MHAYKTHBHOCTD KaTyIIKH; I — CONPOTHBIICHWE, 3KBHBAJICHTHOE
BCEM BHUJIaM MOTEPh MOIIHOCTH B MarHUTHOM MaTepHale.

Bagaun
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2.2.1. IloueMy nuamMarHeTUKH HaMarHUYMBAIOTCS IPOTHBOIIOJIOXK-
HO HAalpaBJICHUIO BEKTOpa HANPSHKEHHOCTH M BHEIIHETO MAarHUTHOTO TI0JIs?
Kak Bimsier Temneparypa Ha AMaMarHUTHYIO BOCIIPUUMYHBOCTH?

2.2.2. Kak n3MeHsieTcss MarHuTHasi BOCIIPUMMYMBOCTh MTapaMarHe-
THUKOB C IOBBIIICHUEM TeMmeparypbl? MoxeT i ObITh JOCTUTHYTO Mar-
HHUTHOE HACBHIICHHUE TApaMarHUTHBIX BEIIECTB?

2.2.3. Ha3oBuTe OCHOBHBIC MEXaHHM3MBI HAMATHHYUBAHHUA (Qeppo-
MarHeTHKa, MPUBOISAIINE K HEINMHEHHON 3aBUCMMOCTH MarHMTHON MHIYK-
LM OT HAIPSHDKEHHOCTH MarHUTHOTO TOJISL.

2.2.4. Tloguemy B 00JacTH MarHUTHOTO HaCHIMICHUH (eppoMarHe-
THKa HAMarHMYeHHOCTh MaTepualla BO3pacTaeT C yBEINYCHHEM HarpshKeH-
HOCTH MarHuTHoro nons? Kak BiuseT TemiiepaTypa Ha U3MEHEHHE Hamar-
HUYEHHOCTH B 00JaCTH TEXHUYECKOTO HACBIIICHUA?

2.2.5. Moryt nu obsazath (GeppoOMarHUTHBIMU CBOWCTBAMH CILIa-
BBI, COCTOSILIME U3 HepeppOMarHUTHBIX 3JIEMEHTOB?

2.2.6. O0OBsACHUTE, KaK U MOYEMY U3MEHSETCS] MHIYKIUS HaChIIe-
HUSI (PEPPOMATHETHKOB NTPHU TTOBBIIICHUH TEMIIEPATYPBHI.

2.2.7. OOBAcHUTE, YeM OIPEICIIIOTCS HAIPAaBICHUS  BEKTOPOB
CHOHTAaHHBIX HAMAarHWYEHHOCTEH B JIOMEHAX W PacIlOJ0XKEHHE JTOMEHHBIX
TPaHMUI] B OTCYTCTBHE BHEITHET'O MAarHUTHOTO TIOJIS.

2.2.8. UeM omimMyaercss CIMHOBOE OOMEHHOE B3aMMOJEHCTBHE B
¢deppo- u anTHdEppOMAarHETHKAX ?

2.2.9. OObsicHUTE, TNOYEMY BBHICOKOHHUKEJEBBIH IEepMalIoi,
HMMEIOUIMI MMPUMEPHO B JBa pa3a MEHBIIYIO, YEM JKEJIe30 U AIIEKTPOTEXHH-
4eckasi CTajlb, MHIYKIUIO HACBIIIEHHsI, 00JIa/IaeT BMECTE C TEM CYNIECTBEH-
HO 0oJiee BRICOKON HauyalbHONW MarHUTHOM MPOHUIIAEMOCTHIO.

2.2.10. KakuMu npuyuHaMHA OOYCIIOBJICH Pa3/IMYHBIA XapakTep
TEMIIEPaTYPHBIX 3aBUCHMOCTEH MAarHUTHOW NPOHHIIAEMOCTH MarHHUTHOTO
Marepuala, U3MepsieMol B CI1aboM 1 CHJIbHOM MarHUTHBIX MOJIAX?

2.2.11. Ykaxwure, KAKIMH CTIOCOOaMH MOYKHO TIOJTHOCTBIO pa3mar-
HUTUTH PaHee HaMarHMYCHHbBIN (heppOMarHUTHBIN oOpaser.

2.2.12. N300pa3ute (Ka4yecTBEHHO) 3aBHCUMOCTh IOTEPh Ha Tepe-
MarHu4yuBaHue (heppOMarHUTHOTO CEPJCYHHWKA OT HAINpSHKEHHOCTH Mar-
HHUTHOTO TOJISL.

2.2.13.Ykaxure, cleICTBUEM KaKOr0 YHHBEPCAILHOIO 3aKOHA SIB-
JISIFOTCSL TMaMarHUTHBIE CBOWCTBA BelecTBa. [loyeMy mapaMarHeTusm, B
OTJIMYME OT AMaMarHeTH3Ma, He yHuBepcajieH? Kak 3aBUCHT AnamMarHuTHas
BOCIIPMUMYHUBOCTbh XUMUYECKOTr'0 3JIEMEHTA OT ero Mecra B [lepuonndeckoit
CHCTEME 3JIEMEHTOB?

2.2.14. Yem v novyeMy OTJIMYAIOTCS NIPE/ICNIbHBIE TIETIN THCTEPEe3n-
ca MeTaIMYecKnX (eppoMarHeTHkoB U (epputoB? M3n0XknTe METOIUKY
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9KCIIEPUMEHTAIILHOTO OIPEAEICHHs TETJIN THCTepe3rca U OCHOBHOW KpH-
BOW HAMarHUYMBaHUSL.

2.2.15. Kakoe BIMsHUC OKa3bIBACT MarHUTHAs MPOHUIIAEMOCTh Ha
XapaKTePUCTHKH KOJIBIIEBHIX (PePPUTOBBIX CEPACIYHUKOB?

2.2.16. Ha3zoBuTe MarHUTOMSTKHE W MAarHUTOTBEpAbIC (eppomar-
HETHKH, Hd OCHOBE KOTOPBIX MOJYYAIOT KOMIIO3UIIMOHHEIC MAarHUTHEIE Ma-
TepHaixbl — MarHUTOIMYJICKTPUKHA W MarHUTOIDIACTHL. [loueMy mpuMeHH-
TENbHO K MarHUTOAMAJICKTPUKAM YIOTPEOIIeTCs TePMHUH «d(PQPEKTHBHAS
MarHuTHAas MPOHHUIAeMOCTh»? KakoBa TEXHOJOTHS M3TOTOBIICHUS H3IETHN
U3 3TUX MaTepHaIoB?

2.2.17. YeM 0OBACHSETCSA BBICOKAs MAarHUTHAsl IPOHUIIACMOCTH
nepManioeB?

2.2.18. OObsicHUTE MIPUPOAY MIMPOKOM METIH TUcTepe3uca dapue-
BbIX (heppuToB U peppomMarauTHeIX craBoB cuctembl Fe — Ni — Al. Kaku-
MH TEXHOJIOTUICCKAMH MPHEMaMH YAaeTCs MOIYIHTh U3 STUX MaTepHaIoB
MTOCTOSTHHBIC MarHUTHI C aHH30TPOITHBIMH CBOWCTBAMU?

2.2.19. Ykaxwure, KaK MOKHO IKCIIEPUMEHTAIBFHO OINPEIeNUTh Ha-
MPsDKEHHOCTh MarHUTHOTO TIOJIA B 3a30pe Anekrpomaraura? Ha kaknmx ¢u-
3udyeckux 3 dexrax OCHOBAH MPUHITUN JEHCTBUS MATHUTHBIX TaTYUKOB?

2.2.20. B ongHOpOAHOE MAarHUTHOE IOJIE TOMEUICH MWINHAP W3
(eppOMarHUTHOrO Marepuajia C BBICOKOW MAarHMTHO# NPOHHIAEMOCTHIO
TakK, 4TO OCh LUJIMHJPA NEPIEHANKYISIPHA K BEKTOPY HANPSHKEHHOCTH Mar-
HUTHOTO noJis. V306pasute pacrnpesneieHne JTUHUH MAarHUTHON MHIYKIINH.

2.2.21. B HeiiTpanbHOM aToMe eje3a JBa JJIEKTPOHA HAXOMSATCS B
4-S COCTOSTHUY TIPH HE MOJHOCTHIO 3aMONHEHHOMN BHYTpeHHe#H 3d-060m0uKke.
VYuuThIBasi, 4TO NPU HOHMU3AIMK CHAYala yIAISIOTCS 4S-3JIeKTPOHBI, IPUBE-
JUTE pacIpeqesieHie JIEKTPOHOB 10 YHEPTETHUSCKUM COCTOSIHUSIM B CBO-
00IHOM aTOME JKele3a, a TAaKXKe IBYX- U TPEXBaJICHTHBIX HOHAX XKele3a.

2.2.22. JlnaMarHuTHas BOCIIPUMMYMBOCTG Mean paBHa - 9.5-10°
Omnpenennte HAMAarHUYEHHOCTh W MarHUTHYIO WHIYKIMIO B METHOM IIPO-
BOJIC TPH BO3/CHCTBUHM Ha HErO OJHOPOJHOTO MAarHUTHOTO MOJIS Harpsi-
xeHHocThI0 1000 A/M.

VYKakuTe, KaKk OPUEHTHUPOBAaHbI BEKTOPbl HAMarHMYCHHOCTH H
MarHUTHOM MHIYKIMU OTHOCUTENBHO APYT ApYyra.

2.2.23. Tlpu HaChIIIEHMM MAarHUTHAs MHIYKIWS YUCTOrO Keje3a
B=2.2 Tn. YuuTeIBasi, 4TO dJIEMEHTApHAs siUeiKa KPUCTAJUIMYECKON pereT-
KM JKeje3a MpeAcTaBisieT co00il 00beMHO-TICHTPUPOBAHHBIA KyO ¢ pedpom
a=0.286 HM, paccuuTaiiTe MarHUTHBIA MOMEHT, MPUXOJASAIIMHCS HA OJWH
aToM Kenesa.

2.2.24. MarHuTHas HHAYKIUS HACHIIICHUS METAJUIMYECKOTO HUKE-
JIsI, IMEIOIIET0 IUIOTHOCTE 8960 Kr/CM3, paBHa 0,65 Tn. Onpenenurp mar-
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HUTHBI MOMEHT, NPHUXOASLIMHCS Ha ONWH aTOM HHUKeNs (B MarHeTOHax
Bopa).

2.2.25. Nmeetcs nBa MarHUTHBIX MaTepuala, IS KOTOPHIX BEI-
TIOJIHAIOTCS YCHAOBHSL: Umaxt™ Umaxz » Bs1 > Bsz . IlocTpoiiTe (kauecTBEHHO) Ha
OHOM rpaduKe: a) OCHOBHbIC KPHBbIE HaMarHWMYMBaHUs ISl OTHX MaTe-
puanoB; 0) 3aBUCHMOCTH OTHOCHTEIbHOW MAarHWTHOM IPOHMIIAEMOCTH OT
HaNpspKEHHOCTH MarHUTHOTO MOJIA.

2.2.26. B ogHOpOHOE MarHUTHOE II0JIe C MHAYKIWEH By mepreH-
JVKYJISIPHO K MAarHWTHOMY ITOTOKY ITOMEINEHa IUIOCKONAapasieNbHas IIa-
CTHHA W3 OJHOPOAHOTO M30TPOIHOTO (peppOMarHeTHKa ¢ MAarHUTHOH Ipo-
HHULAeMOCThIO y. OnpeenuTe MarHUTHYI0 HHAYKIUIO B M HaNpsHKEHHOCTh
MarHuTHOM nHAyKuuio Hy BHyTpH (peppoMarneTrka.

2.2.27. Kakyo ¢opmy meTiiu rucrepesuca JODKHBI HMETh Mar-
HUTHBIE MaTepUalbl, YTOOBI UX MarHUTHAasl MPOHHUIIAEMOCTh HE 3aBUCENa OT
HAINpPsHKEHHOCTH MarHUTHOTO MOJIst?

2.2.28. Tlpy HampsuKeHHOCTH MaramtHoro mons H=10" A/m wmar-
HUTHas MHAYKUUSA B BUcMyTe B=12,564 Txn. Onpenenure MarHUTHYIO BOC-
NpUAMYHUBOCTS K, BemecTBa. Kakoi BBIBOJ MOXKHO cIenaTh O IPHPOJE Ha-
MarHM4eHHOCTH?

2.2.29. MarauTHasi BOCIIPUIMYUBOCTh HHUKEJS TPH TeMIepaTypax
400 u 800 ° C paBHa COOTBETCTBEHHO 1,25:10% u 1,14-10™. Onpenenute
temmnepatypy Kiopi i MarauTHyo BocmpuuMunBocTs npu I'= 600 °C.

2.2.30. [lomyckasi, 4TO KeNe30 SIBJISETCS] MapaMarHeTHKOM B ILHU-
POKOIi 00JacTH TeMmeparyp, OLUEHUTE HaNpsHKEHHOCTh MArHUTHOTO IO,
HEOOXOAMMYIO JUIsi CO3JaHusl NP KOMHATHOM TeMmIleparype CIIOHTaHHOI
HaMarHM4eHHOCTH, paBHo# 0,12 Ti.

2.2.31. B cepaeunuke TpanchopMaTopa yJaeiabHbIe MarHUTHBIE 110-
TEpU Ha 'MCTEPE3UC M Ha BUXPEBbIE TOKU MpH yacTtoTe 2 KI'1 paBHBI U CO-
craBisiioT 2 B1/kr. Onpenenure cyMMapHbIe yAeIbHbIC MarHUTHBIE TTOTEPH
B cepueunuke Ha yactore 400 ', ecnm MakcMMabHas MarHUTHasE MHIYK-
IIUsI B HEM Ta K€, 9TO U Ha yactote 2 K[ 1.

2.2.32. B cepaeunuke Tpanchopmaropa Ha yactore 50 'y motepu
Ha rucrepesuc npu MHAykuuu MaraurHoro nomns 0,1 u 0,5 Ta cocraBnsror
0,15 u 1,97 Bt/kr cootBeTcTBeHHO. OmnpeeuTe MOTEPH Ha TUCTEPE3UC Ha
gactote 200 ['n mpu uHayKMy mostst 0,6 Tor.

2.2.33. Ha yacrote 50 I'ti yaesbHbIe MOTEpU Ha BUXPEBbIE TOKH B
CepACYHUKE W3 3JIEKTPOTEXHHUYECKON CTadl NPH WHIYKIUH MarHUTHOTO
monst B=1,2 Tn cocraBnser 6,5 Br/kr. Onpenennure moTepu Ha BHXPEBBIC
TOKH B cepaeuHnke Ha gactoTte 400 'ty mpu maruuTHO# muaykuuu 0,5 T,
€cJIM Macca cepAieuHuka m=0,5 xe.

2.2.34. ®eppoMarHuTHoe xesie30 o01anaeT Kyonieckoi 00beMHO-
LIEHTPUPOBAHHOI PEIIETKON ¢ MepHoaoM HaeHTHuHOCTH 2,86 A 1 mamar-
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HUYECHHOCTBIO 1,75'106 ['c. Boruncnure MarHUTHBIIT MOMEHT, PUXOIAIINAN-
Csl Ha OJIMH aTOM KeJie3a, B MarHeToHax bopa.

2.2.35. Ompenenute ynenbHBIE MarHUTHBIE TIOTEPH HA BHXPEBEIC
TOKH B CepIeYHHKE TpaHcopmaropa, HAOPAaHHOM U3 JHCTOB 3JICKTPOTEX-
HU4ecKoM ctamu ToaumuHod 0,35 MM, ecnu Ha CepAeYHMK BO3JEHCTBYET
M3MEHSIOMINHNCS 1T0 CHHYCOUIATFHOMY 3aKOHY MAarHUTHBIA TOTOK C YacTO-
toit 50 I'm m makcumansHON HHAYKIKEH 0,5 T, 00ycIIOBIEHHBIH MTPOXOXK-
JCHUEM
TIEPEMEHHOTO TOKa | 10 0OMOTKe. YIeNbHOE COMPOTHBIICHUE CTAIH p TIPHU-
HATH paBHBIM 0,5 MKOM M.

2.2.36. 3anumuTe pacnpenesiieHHe KaTHOHOB I10 KHUCIOPOAHBIM
MEXI0Y3IHAM /ISl HUKelb-IMHKOBOTO (epputa coctaBoM NiggZng,Fe,0,.
Paccunraiite mis 3TOoro MaTepuaia MHIYKIMIO HACBHIIICHHUS IIPH TeMIIEpa-
Type BOJIM3U aOCONIOTHOTO HYJS M CPAaBHHUTE MOJTydEHHBIN pe3ynbTaT C UH-
OyKIOuel HachIeHus A geppuTa HUKENS B TeX ke ycimoBwsax. [lepmon
KPHUCTaJUTHIECKON PEUICTKH TBEPOTO PacTBOPa MPHUHATH paBHBIM 0,84 HM.

2.2.37. OGbscHATE, TIOYEMy TIPH 3aMeHe acTH HoHoB Ni’* Hemar-
HUTHBIMAM HOHaMu ZNn°* HaGir0aeTcs CHIDKeHHe Temmeparypsl Kiopu u
yBeJIMYEHHE HaYaIbHON MarHuTHO! mponutiaemoctu pepputa NiFe,04.

2.2.38. OOBsCcHUTE, KAK U3MEHHUTCS TeMIICpaTypHas 3aBUCHMOCTb
MHAYKIUH HACBIIICHUsT MarHeTuta Fe,0,, ecii 4acTh HOHOB Fe® szamemena
nonamu AP’ MssectHo, uto monst ALY sanumaror B peleTke HIMUHEIN
OKTadIpUIECKUEC KUCIOPOTHBIE MEKIOY3ITHS.

2.2.39. Ompenenute MarHUTHBIE IOTepH B cepaecunmnke K40-20-7,5
u3 ¢peppura mapku 200 HM Ha gacrore 0,1 MI'11 mpu nporryckanuu gepes
HaMarHUYUBAIOMYyI0 0OMOTKY Toka 40 MA. OOmotka cocrout u3 100 BHT-
KOB, JOOPOTHOCTH CEplICYHHKA B JaHHBIX yCIOBHAX paBHA 10. MarHuTHYyIO
MIPOHHUIIAEMOCTh CEpACYHHKA MPH pabodell HANpsHKEHHOCTH IO MPHHATH
paBHOM u,,.

2.2.40. Haiitu yaenbHble MAarHUTHBIC [TOTEPH B PEPPUTOBOM Cep-
neunnke Mapku 200 HH, mepemarnmumBatomemcst Ha dactore 0,1 MI1
MAarHUTHBIM TOJIEM HAMPsHKEHHOCTHIO Hyp=4 A/M, eclii B TAHHBIX yCIIOBUSAX
tg 0, = 0,2 , marauTHas npoHuliaeMocts u=2500.

2.2.41. KosbIieBoii cepeunuk pa3mepamu R-r-h=16-8-8 mm, msro-
ToBJICHHBIN U3 peppura mapku 200 HM, va dactore 0,01 MI'm wumeer
tg 6, = 0,5 . Ha cepneunnke HamoTtana oomMoTka u3 20 BuTkoB. Haiigute
9KBUBAJICHTHOE COMPOTHBJICHUE MTOTEPh B CEPACYHHMKE B CIAOBIX MarHHT-
HBIX MOJISIX.

2.2.42. M306pa3ure (KauecTBEHHO) TeMmIeparypHsle u(7) W dac-
torHbie 4 (f) 3aBuCHMOCTH MarHUTHOW MPOHHUIAEMOCTH (EPPUTOB MAPOK
4000 HM u 1000 HM, ucxons u3 OOIIMX 3aKOHOMEPHOCTEH H3MCHCHUS
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CBOWCTB MapraHen-IMHKOBBIX (eppuToB. CpaBHHUTE 3TH MaTepHalbl IO
CIeIYIOUINM apaMeTpam:
HavyallbHOM MarHUTHOM MTPOHUIIAEMOCTH U, ;

—  rpaHuYHOH yacTore f,);

— TaHIeHCY yIJla MaTHUTHBIX OTEph tg J, ;

—  KOPPUUTUBHOM cuie H,;

—  YAEIbHOMY COIPOTHUBIICHHUIO p;

—  TeMmIepaTypHOMY K03 (HIHEHTY MArHUTHON NPOHUIIAEMOCTH 0, ;

— temneparype Kiopu 7 ;

— TIOTEpsSM Ha BUXPEBBIE TOKU P,

— TIOTepsM Ha rucrepesuc P,.

2.2.43. Kounb1eoii ¢epputoBbIid cepredHuk maccoit m=0,1kr me-
pEeMarHuuMBaeTCs IEePEeMEHHBIM MAarHUTHBIM IOJEeM HalpsHKEHHOCTBIO
Hy=1 kA/m u gactoroii f = 10* T'i. OnpeenuTh MOMHOCTD, BBICIAEMYIO B
CepIeYHuKe, €CIIM MarHUTHAs MpoHuIaeMocTh Marepuana u=1000; tg o, =
0,02; mnotHocTh (epputa d = 4,5 Mr/m®,

2.2.44. KomnbueBoll  (eppuUTOBBI  CEpIACYHUK  pazMepamu
R-r-h=16-8-8 Mmm ¢ marautHO# nponuiiaeMocthio 4=1000 umeer 06GMOTKY,
cozpepxaunyto 100 ButkoB. MI3MepeHns MU yCTaHOBJIEHO, 4TO Ha yactore 0,1
MI'u mpu Toke 100 MA B KaTylike BeIAENSAETCA aKTUBHAs MOIIHOCTS 0,3 BT,
a B OTCYTCTBHE MAarHUTHOTO CEpJIeYHHKA IPH TOM XK€ TOKE B OOMOTKE BBI-
nensietcs yanib 0,1 Bt. Onpenenure q0OpPOTHOCT CepACTHHKA.

2.2.45. Tlopuctocth (EPPHUTOBBIX CTEPKHEH KPYIIOro CEYeHHS
anamerpoM Dy=10 mm coctasnser 3 %. CTepKHM M3rOTOBJIEHBI 110 Kepa-
MHYECKOH TEXHOJIOTHHU IyTeM OOXKHra IpeaBapUTEIbHOTO CIIPECCOBAHHBIX
3arotoBok. KakuM nomkeH OBITH AMaMeTp 3aroToBok D,, eciam ux mopwuc-
TOCTh cocTaBisieT 27 %? Onpenenure OTHOCUTENBHOE YMEHBIICHHUE JITHHBI
CTEep KHA IPU 00KHUTE.

2.2.46. Onpeaenute KO3PIHUTUBHYIO CHIY KOJIBIEBOrO (heppomar-
HUTHOTO CEpJCYHHUKA, €CIIU IS ero pa3MarHWYMBAHUA yepe3 0OMOTKY, CO-
neprkantyto 100 BuTKOB, TpeOyercst mponycTuth Tok 63 MA. Cpennuii qua-
MeTp koJipa 20 M.

2.2.47. KonplLieBOi MarHUTOIIPOBOA MMEET ILIOIIA/b MTONEPEIHOTrO
cedenns S=100 Mm® 1 CPEIHIOI0 JUIMHY MarHUTHOTO KOHTYypa lg;,=0,1 m. Ha
CepAeYHUK HaMoTaHa 00MoTKa ¢ yucioM ButkoB N=100. Onpexnenute mar-
HUTHBIN TIOTOK Yepe3 CEepACYHUK IIPU TOKe B 0OMOTKe |=/ A, ecii MarHuT-
Has MPOHHUIIAEMOCTh MaTepuaia cepaednuka pasaa 2000.

2.2.48. OnpenenuTe WHAYKTUBHOCTh KaTYIIKUA C KOJBLEBBIM Mar-
HUTHBIM cepaeuHukoM pasmepamu R-r-h=30-20-20 MM u 06MOTKOM, cO-
crosmerd n3 200 BuTkoB. CepAeYHHK HM3TOTOBJIEH U3 BBICOKOHHKEIEBOTO
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NepMajuiosi ¢ OTHOCHTENILHOM MarHUTHOHM npoHunaemocteio 4=50000 (mpu
paboyeli HaNPSHKEHHOCTH MarHUTHOTO ITOJIST).

2.2.49. Karymka ¢ (eppUTOBBIM TOPOHWAAIBHBIM CEPACYHUKOM
nrnametpoM 10 MM nmeet naaykTHBHOCTE 0,12 T'H 1 comepxut 100 BUTKOB.
Ompenenure TOK B KaTyIIKe, IPH KOTOPOM MarHWTHAas HHIYKIUS B cepaed-
Huke paBHa 0,1 Ta.

2.2.50. Haiingute WHAYKTUBHOCTH CoJeHOM A, uMmeromero 200 BuT-
KOB, HAMOTAHHBIX Ha JWAJIEKTPHUECKOE OCHOBaHHWe, MiuHON | = 50 MMm.
[Tnomans momepeyHOro cedeHusi ocHoBaHUS S=50 mM°. Kak u3MeHHTCS
WHIIyKTUBHOCTH KaTYILIKH, €CJIM B Hee BBEICH LWIMHIPUYECKUH deppuro-
BBIH CepJIeYHUK, UMEIOINH MarHUTHYI0 npoHunaemocts u=400, ompene-
JICHHYIO C Y4eTOM pa3MarHU4MBaIOLIEro JeHCTBUS BO3IYIIHOTO 3a30pa?

2.2.51. Onpenenure, CKOJILKO BUTKOB HEOOXOIMMO HaMOTaTh Ha
MarHuTHBIN cepaedHuk amuHoi 100 MM U muameTrpoM 8 MM, 4TOOBI MOJY-
YUTh WHAYKTUBHOCTH Karymku L=10 M['H. MarHWTHYIO NPOHHUIIAEMOCTH
cepAeyHuKa cuutaTh paBHOM 500.

2.2.52. TopowpmaibHBIA CEpPIECYHUK U3 MEPMAJUIOS C BHYTPESHHUM
mraMetpoM 30 MM U HapyKHBIM qraMeTpom 40 MM umeet oOMoTky u3 200
BuTKOB. [Ipn mpomyckanmu gepe3 oOMOTKY Toka 0,5 A B cepIedHHKe cO3-
JaeTcsi MarHuTHOeE mnoJie uuaykuuei 1,5 Tin. Onpenenure MarHUTHYIO Ipo-
HHUIIAEMOCTh CepACYHHKA.

2.2.53. Haiinute HAaMarHMYCHHOCTH J,, MapaMarHeTHKa, Haxo/IsIie-
rocsi BHYTPH COJNICHOMAA JHHOM 1=30 cM ¢ ceuenneM S=2 cm’ i umcioM
BuTKOB N=300, Korna mo ooOMoTke mpoxoaut Tok 1=1,5 A. IHIyKTHBHOCTH
CcoJIEHOH 1A L:7,55~10’5 I'm.

2.2.54. Omnpenenure MarHUTHYI HHIYKIHIO (EeppOMarHUTHOTO
ceplieyHrKa, TIOMEIEHHOT0 BHYTPb cojieHouaa JHOM 1=20 cM ¢ guciom
BuTkoB N=800, ecmm mo oOMoTtke mpoxomut Tok 0,2 A, a sdpdexTnBHas
MarHUTHAas MPOHHUIAEMOCTh cepaeunnka u=200.

2.2.55. KomnbiieBoit (heppUTOBBIN CEPACYHUK CO CPEIHUM IHAMET-
poM dg;= 25 MM HMeeT BO3IyIIHbI 3a30p AnuHOH 1 MM. IIpu npomyckaHuu
toka 0,17 A ugepe3 oOMOTKY cepiedHrKa, cocTosnyro u3 500 BUTKOB, B
3a30pe cosnmaeTcss MarHuTHas wHAyKnus Bo=0,1 Tn. Onpenenure mMarHuT-
HYIO TIPOHUIIAEMOCTh GeppuTa.

2.2.56. MarauTHasi BOCIIPUUMYHBOCTE CEPACYHUKA U3 MArHUTOIHU-
JJIEKTpUKa Ha ocHOBe anbcudepa ky=10. Omnpenenure HanpsHKEHHOCTh
MarHUTHOTO I0JIsi BHYTPH 3TOT0 CEpACYHUKA, €CIM UHIYKIHS MarHUTHOTO
nonst B=0,1 To.

2.2.57. TlpuBeanTe nmpuMep KOHCTPYKLUH KAaTyIIKH C PETYJUpye-
MOW HMHIYKTUBHOCTBIO. Kakue ¢u3ndyeckne 3aKOHOMEPHOCTH JISKAT B OC-
HOBE IpOIIecca PEryJIupoBaHus?
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2.2.58. IlokaxuTe HaNpaBlieHHE BEKTOpPAa MAarHUTHON WHIYKLIUH B
(deppuroBsix cepreunukax 111-o0pa3Hol, TOpOUTANBEHOW U OPOHEBOM KOH-
cTpykumn. Kak moimkHa OBITH pacrofio’keHa 0OMOTKAa OTHOCHTENIBHO Cep-
JIeYHnKa?

2.2.59. Kak u3MeHHTCS HOOPOTHOCTh KaTYIIKH HHAYKTHBHOCTH,
ecny B €€ TOPOMIAIBHOM CEpJACYHHKE NMEPHCHINKYJISPHO K HANpPaBICHUIO
MarHUTHOTO ITOTOKa 0Opa3oBajiach TPEIIMHA (TOHKHNA BO3AYIIHBIN 3a30p)?

2.2.60. TloueMy KaTymku WHIYKTHBHOCTH C CEpICYHUKAMH U3
MarHUTOJMIIEKTPUKOB OOBIYHO OO0JaNaroT JIydIled TeMmepaTypHOH cTa-
OMIIFHOCTBIO, YeM KaTyIIKa ¢ (PepPUTOBBIMHU CEPIECYHUKAMHU?

2.2.61. Pacumdpyiite 0603HaYCHUs EPMAIIOEB POMBIIIIIEHHBIX
mapok: 76 HX]JI, 65 HII, 80 HXC, 79 HM.

2.2.62. Kakumu mapameTpaMu XapakTepU3ylOT TEPMOCTOHKOCTD,
TEMIIEPaTyPHYIO CTaOMIBHOCTh U YaCTOTHBIE CBOHCTBA (peppUTOB?

2.2.63. Pacumpyiite o6o3Hauenus ¢pepputoB Mapok: 20000 HM,
10000 HH, 100 BY.

2.2.64. OT kakoro mapaMeTpa MarHUTHOTO MaTepHajia 3aBHCHT
IUTONIAb TTOTIEPEYHOTO CEUYCHHSI MarHUTONPOBO/A CHIIOBOTO TpaHchopMa-
Topa?

2.2.65. Tlpu HanpspkeHHOCTH MarHuTHOTO ot H=400 kA/M mar-
HutorBepablid cimaB FTOHAK3S5TS umeer maruutHyro uHaykuuto B=1 Ti.
Omnpenenure HAMarHM4eHHOCTD CIIIaBa.

2.2.66. Ompenenure cuily, C KOTOPOI HPUTATUBAIOTCS JPYT K JIPY-
Iy MOJIFOCa AJIEKTPOMarHuTa, ecliv IUIoNaab cedeHus nojiroca S=25 cm’, a
MarHUTHAas WHAYKIWS B 3a30pe Mex 1y HuUMHA B=0,6 Tu.

2.2.67. Kakoii u3 Tpex JCHTOYHBIX KOJIBIEBBIX CEPACYHUKOB OJH-
HAKOBBIX pa3MepoB u3 nepmamioeB Mapok 50 HXC, 50 H, 79 HM umeer
NIPU OJTHUX U TEX )K€ YCIOBHUSX KCIUTyaTalliM MEHBIINE TIOTePH Ha BUXpE-
BbIE€ TOKHM, €CJIM TOJIIIMHA TIEPMAJTIOCBOM JIGHTHI BCEX CEpPICYHUKOB OJIMHA-
koBa? M300pasure (KauecTBEHHO) Ha OJHOM PHCYHKE OCHOBHBIC KpPHBBIC
HaMarHuyuBaHus nepmaiuioes mapok 50 H, 79 HM.

2.2.68. HamarHuueHHBII TOPOUAANBHBIA CEpPICYHUK, U3TOTOBIICH-
HBII W3 MarHMTOTBEPJIOTO MaTepuaja, MMEET IPSIMOYroJIbHOE CedeHHe
10-10 MM npu HapyxHOM auametpe D,=6 cMm. OnpenennTe HaNPsHKEHHOCTD
MarHUTHOTO TIOJISl B 3a30pe€, €CJIM HAIPSHKEHHOCTh MAarHUTHOTO TI0JISt B Cep-
JEYHUKE cocTaBisieT 5 KA/M. UeMy paBHa MarHWUTHas >HEprus B 3azope?
Ipu pacuere paccestHueM MO y KpaeB 3a30pa MpeHedpeyb.

2.2.69. JIns maruuta u3 ¢eppura 6apus, UMEIOUIETO KOIPIUTHB-
Hyto cuny H,.;=240 kA/M 1 ocTtaTouHyr0 HHAYKIUO B;=0.35 Tn, monyuen
HauOonbImKi 3anmac MarHUTHOM sHeprun Wpa,=10 K JIx/nm>. Yemy paBeH
HauOOoNBIINH 3arac MarHUTHOHW 3Hepruu Wiay, U1 MarHuTa U3 MaTepuana
Ha OCHOBE PEAKO3EMEJIBbHBIX METAJUIOB cocTaBa SMgsProsC0gs, Mt KOTO-
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poro H,.,=700 kA/M u B;;=0.93 Tun, ecnn k03 HUIMEHTHI BBITYKIOCTH KpH-
BBIX Pa3MarHWYMBAHUS 3THX JBYX MarHUTOB CUMTATh OJJUHAKOBBIMH?

2.2.70. Kakue TpeOoBaHUS NPEIbsBIIETCS K 3HAUCHHUSAM OCTAaTOY-
HOW MHIYKUIUH W KOAPIMTHUBHOM CHIIE MaTEPHANIOB, IIPUMEHSIEMBIX B YCT-
poiicTBaX MarHUTHOM 3aITMCH B KadeCcTBE HOCUTEIEH HHPOpMAITHH?

2.2.71. Ob0psicHATE, TMOYEMY HOJIOCHBIE HAKOHEYHHWKH CEpJCYHU-
KOB 3JIEKTPOMAarHWTOB U MOCTOSIHHBIX MAarHUTOB M3TOTaBIMBAIOT B (opMme
YCEUeHHOTO KoHyca?

2.2.72. Karymka WHOYKTUBHOCTH BBHIIIOJIHEHA B BHJE IUIOCKOH
cnupaid, o0pa30BaHHON HAaHECEHHOH Ha IMOBEPXHOCTh IHMAJICKTPUUECKOI
MOJUTOKKK METaJUTUUecKoi TuieHkoi. Kak m3menutcs modporHocth Q Ta-
KO KaTyILKH, €CJIM LIMPUHY BUTKA CIIMPAIH YBEIMYHTH B JIBa Pasa IIPH TOM
ke uyucie BUTKOB? Kak M3MEHsATCS MHAYKTHBHOCTh L M 1OOpOTHOCTH Ka-
TYLIKH, €CJHM IUIOCKYIO CIHpallb HaHECTH Ha IOBEPXHOCTH (eppUTOBOM
IJIACTUHBI?

2.2.73. BeaucnuTe HaMarHMYEHHOCTh HACHIMICHHS CMEIIaHHOTO
¢deppura coctaBoM Y3Fe,5Gays0O1, BONMM3H aOCOMOTHOTO HYJIS, €CIH W3-
BECTHO, YTO TIMH 3aHUMAeT B KPUCTAJUIMYECKON pEIeTKe TeTpaj’apude-
CKHE KHCIOpoAHbIe Mekaoy3nusa. Kak m3menurcs temnepatypa Kroopu npu
J00aBIIEHUHN TAJUIHA K UTTPHEBOMY (hepporpaHarty?
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IIpeoucnosue
HuTeHcHBHOE pa3BUTHE HAYKHU U TEXHUKH HEBO3MOXKHO 0€3 perieHust Mpo0IeMbl
COBEPILIEHCTBOBAHMS KaueCTBAa 1 SKOHOMHUYHOCTH MaTEPHAIIOB — BEIIECTBEHHON OCHOBBI JTFO0OM
npoaykuuu. HoBble TEXHMUECKHE MaTEpHAIIbI OSIBISIIOTCA B pE3yJIbTaTe IPEABAPUTEILHOTO
rIIyOOKOTO N3ydeHHs] SKOHOMUYECKUX, (DYHKIIMOHAIBHBIX U IOTPEOUTEIHCKIX CBOUCTB
pa3IMYHBIX BEIIECTB, & TAKKE TEXHOJOTUHU MX MOTyUeHUsI U 00pabOTKH.
MerTanel, CruiaBbl ¥ MOTYIPOBOAHUKH OTHOCATCS K HanOoJee MHUPOKO IPUMEHSIEMbIM B
TEeXHHMKE MaTepuaiaM. [IpakTruueckoe HCIONb30BaHHE MaTEPHATIOB B MPUOOPOCTPOCHUHN
OTIpeIeIIAeTCS UX CBOMCTBAMH, KOTOPBIE 3aBUCST OT COCTaBa, CTPYKTYPhl U BO3JAEHCTBUS
BHEITHHUX (haKTOPOB.
B yuebHOM mocobun paccMOTpeHbI KiIacCH(PHUKALNS TBEPBIX MTPOBOJIHUKOBBIX U
MOJYTPOBOIHUKOBBIX MaTepUajIoB, 0COOEHHOCTH UX CTpoeHUs. [IpuBeieHbl OCHOBHBIEC THIIBI
JarpamMM COCTOSIHMSI CIIJIaBOB; MPOAHAIM3UPOBAHbI CTPYKTYPHBIE IIPEBPALLEHUS B CUCTEME
JKeJe30 — yIiIepoi, IPOUCXOASIINE TPU U3BMEHEHUH TEMIIEPATYPhI U cocTaBa. PaccMOTpeHbl
0COOEHHOCTH BIUSHHS TEPMUYECKON M XMMUKO-TEPMHUYECKON 00pabOTKM Ha CBOMCTBA CTaJIeH,
uX KiaccuuKalusg U IPUMEHEHUE B TEXHUKE.
[Ipoananu3upoBaHo BIHUSHUE COCTABA, TEMIEPATYPHI, INEKTPOMArHUTHOTO U3JIy4YEHHUS,
3JIEKTPUUYECKOTO U MAarHUTHOTO MOJIEH Ha CBOMCTBA MOJIYIIPOBOIHUKOB, a TAK)KE MPAKTUUYECKOE
PUMEHEHNE BO3HUKAIOIIUX SIBJICHUH.
[enbto yueOHOTO OCOOUS ABISETCS KPATKOE U AOCTYMHOE MO (opMe U3N0KEHUE Y4eOHOTO
MaTepuaa, pe1yCMOTPEHHOIO JeHCTBYIOIMMHU 00pa30BaTeIbHBIMU CTaHAApTaMU. Y yeOHOe
nocooue peKOMEHIyeTCsl ISl CAMOCTOATENBHON PabOThl CTYJEHTOB, 00yUYaIOIIUXCs 110
cnernpansHOCcTH 060800 — 3a09HOM M 09HOM PopM 00yUeHHUS, a Takxke crienuaabHocTsIM 190500,
190600, 190900 qHeBHOTO OTACIICHHUS.

METAJUIbBI U CITJTABBI

1. KJIACCUDUKAILIMA U CBOMCTBA METAJIJIOB U CIUIABOB

K meTamiam oTHOCATCS BelecTBa, 00JIaAar0NIUe BRICOKUMH TEIIOMPOBOTHOCTHIO U
IIEKTPUYECKON MPOBOAUMOCTBIO, KOBKOCTBIO, OJIECKOM U IPYTMMU XapaKTEPHBIMH CBOMCTBaMH,
KOTOpbIC 00YCIIOBJICHBI HAJTMYAEM B HX KPUCTAIUTMYECKON pElIeTKe OONIBIIOr0 YHCia
CBOOOJIHBIX JIEKTPOHOB.

EnvHCTBEHHBIMH OOBEKTHBHBIMH KPUTCPUSIMH, IMO3BOJSIONIMMU OTHECTH MaTepHal K

MeTajljlaM, CYMTAlTCAd Hanuuue anekTponpoBoaHoctTy npu T = 0 K u monoxurenbHbIN
TEMIEepaTypHbId K03()(UIIMEHT yIenbHOTO0 CONPOTHBICHHS. YKAa3aHHBIMH BBIIIC CBOWCTBAMHU
o0nagaroT cBbime 80 MPOCTHIX BELIECTB (3JIEMEHTOB) M MHOKECTBO METAJUNIMYECKUX CILIIABOB.

Bce MeTtannel 1 crutaBbl AENAT Ha YepHbIe (K HUM OTHOCST JKEJIe30 U CIUIaBbl HA €r0 OCHOBE; Ha
WX JIOJIO IPUXOIUTCS OKOJIO 95 % mpon3BoAuMOI B MUPE METAIUTONPOIYKIIMK) U LIBETHBIE UJTH,
TOUYHEe, He)KeJe3HbIe (BCE OCTaNbHBIE METAJUIBI U cIijiaBkl). [1o pu3nueckuM u XUMUYECKUM
CBOIMCTBaM M XapakTepy 3aJeraHus B 36MHOU KOPE HEXKEIE3HbIE METAJUIBI AT HA CJICIYIOIINE
TPYIIBL: JIETKUe — aTIOMUHUIN, MarHui, TUTaH, OCPUIUTHMA, TUTUNA, HATPUHN, KT, CTPOHIIHIH,
Oapuii U 1p.; TAXKeJIbIe — MEJ/Ib, HUKEIh, KOOAIBT, CBUHEII, 0JI0BO, [IMHK, KAJIMHI, CyphMa,
BUCMYT, PTYTh H JIp.; TYrOILIaBKHe — BOJb(paMm, MOIUOIeH, HUOOWIA, TaHTall, BaHAAUN, XPOM,
LUPKOHUU U JIp.; 6JIaropogHbIe — 30J10TO, cepeOpo, MIaTUHA U MJIATHHOUIB! (PyTEHUH, POAUIA,
naniaanii, OCMHIA, UPUIUI); paccestHHbIe — TAUTUN, HHIUH, TaJUIHIA; peAKo3eMelbHbIe —
CKaH/WH{, UTTPUH, TAHTAH M BCE JIAHTAHOU/IbI, PAIMOAKTHBHbIE — TEXHEIINN, PpaHIIHiA, paHid,
MOJIOHUI, aKTUHHUM, TOPU, ypaH U TPAHCYPAHOBBIE HIIEMEHTBHI.

[IpuBenennas kinaccuduKamms ycIOBHA: MHOTHE METAJUTBI MOTYT OBITh OTHECEHBI
OJIHOBPEMEHHO K pa3HbIM IpyIminaM. Hanpumep, Ierkuii MeTasl TUTAH SIBISIETCS TAaKKe
TYTOIJIABKUM; TYTOIUIABKUM METAJIJI PEHUM — TUIINYHBIA PACCESIHHBIN JIEMEHT U T.1.



Mertannel UrparoT OrpOMHYIO pPOJb B COBpeMEHHOW TexHuKe. OOBIYHO MeTalIbl
IIPUMEHSIOT HE B YMCTOM BUJE, & B BUJE CILIaBOB, KOJIUYECTBO KOTOPBIX NMpeBbImaeT 10 Toicsad.

MerTansl MONy4aroT U3 Py, a TAKKe MyTeM BTOPUYHOU nepepaboTku MaTepuasnoB. Pygamu
Ha3bIBAIOT TOPHBIE MOPO/Ibl, KOTOPbIE TEXHUYECKU BO3MOKHO U SKOHOMUYECKHU LEJI€CO000Pa3HO
nepepabaThIBaTh A7 U3BICUYCHUS COJIEPIKALUXCA B HUX MeTauioB. K OCHOBHBIM IpolieccaM
METaJIITypruuecKoro nporecca OTHOCATCSA: 00paboTKa pyA € LENbl0 UX IOJATOTOBKHU K
U3BIICYCHHUIO METAJUIOB (po0ieHue, o0oramieHne, OKyCKOBaHHUE U TIp.); U3BICUCHHUE METAIJIOB
U3 Py U IpyTrUX MaTepUajoB; OYMCTKA METAJUIOB OT HEXKENATEJIbHbBIX IPUMECE; TPOU3BOJICTBO
METAJIJIOB U CIUIABOB; TEPMHUUYECKAsl, XUMHUKO-TEPMHUUECKast U TEpMOMEXaHu4yeckas 00paboTka;
dbopmMooOpa3oBaHUE AABICHUEM U JINTHEM; TIOKPHITHE B JIEKOPATUBHBIX UJTU 3aIUTHBIX LETAX
MOBEPXHOCTHU U3JENUN U3 METalIa CIOSIMH JIPYTrOro MeTaia.

K 0CHOBHBIM CBOWCTBaM METAJIIOB M CIUIABOB OTHOCATCS] (PM3UUECKUE (B TOM YHCIIE
MEXaHUYECKUE), XUMUUECKHE, TEXHOIOrHueckrue u GyHKImonaapHble. K ¢puznueckum
CBOMCTBAaM OTHOCSITCSI: TEMIIEpaTypa IJIaBJIEHUs, IIBET, IJIOTHOCTh, MarHUTHAs
BOCIIPUUMYHBOCTD, JIEKTPONPOBOJHOCTD, TEINIOEMKOCTh U Ap. Oco0yI0 rpyIITy COCTABISIOT
MEXaHUYECKUE CBOMCTBA: MPOYHOCTD, INTACTUYHOCTh, TBEPAOCTD, YIapHas BSI3KOCTb U Jp.
XVUMHUYECKUE CBOMCTBA METAILJIOB OIMPEIEISIOTCS CIOCOOHOCTHIO MX ATOMOB JIETKO OTJaBaTh
BaJICHTHBIC 3JIEKTPOHBI U MEPEXOIUTH B COCTOSIHUE TIOJIOKUTEIIBHO 3apsyKEHHBIX HOHOB.
YkazaHHOe onpeaenseT 0COOCHHOCTH XUMMHUYECKOT0 B3aUMOJICHCTBIS METAJIOB U CIJIABOB C
arpecCUBHBIMU CpPEIaMHU.

K TexHonoruueckuM CBONCTBaAM METAJIOB U CIJIABOB OTHOCHUTCS UX CIIOCOOHOCTH K
dbopmon3mMeHeHnI0 (KOBKOCTh, CBAPUBAEMOCTh U T.1.). BaykHoe 3HaueHne nmeer
KHUJKOTEKY4eCTh — CBOMCTBO PACIUIABICHHOTO METAJUIA 3aMOIHITh U TOYHO BOCIIPOU3BOIUTH
JUTENHYI0 hopMy.

OYHKIMOHATBHBIE WIIH YKCIUTYaTaI[MOHHBIE CBOMCTBA BKIIIOYAIOT B ce0s XJIaJJOCTOMKOCTbD,
KAPOMPOYHOCTh, )KAPOCTOMKOCTh, aHTH(PPUKIIHOHHOCTD U APYTHUE XaPAKTEPUCTUKH MAaTEPHAIIOB,
orpeziesiieMble YCIOBUSMU UX PabOTHI.

2. CTPOEHUME 1N KPUCTAJUIN3ALIMA METAJIJIOB

MeTauTel ¥ CIUIaBBI B TBEPJIOM COCTOSIHUH UMEIOT TIOJTHUKPUCTAIUTHYECKYIO CTPYKTYPY,
COCTOSIIIYIO U3 OTAEIBHBIX 3€PEH — MOHOKPHUCTAJNIMYECKUX 00J1acTel, OpUEHTUPOBAHHBIX
OTHOCHUTEIILHO JIPYT ApYTa MO Pa3TUYHBIMU yIiIaMd. Ha rpanuiie Mex Iy 3epHaMH aTOMBI
UMEIOT MEHee MPaBUIIbHOE PACIIONIOKEHHE, YeM B 00beMe 3epHa. JIMHeHHbI pa3mep 3epeH
cocrasmsier 110" MKwm.

C moMoIIpI0 PeHTTeHOCTPYKTYPHOTO aHAlIM3a YCTAHOBJIEHO, YTO KPUCTAJUINYECKOE CTPOCHUE
TBEPJBIX TEJ, COCTOSIINX U3 PA3TMYHBIX aTOMOB, OMTUCHIBACTCS 14 pa3IMYHBIMHA TUTIAMU
MPOCTPAHCTBEHHBIX AJIEMEHTAPHBIX STYEEK.

Hawnbonee mmpoko NpuMEHSIIOTCS METAJLJIbI U CILJIaBbl, 00pa30BaHHbIC OJTHUM U3 3-X THUIIOB
MPOCTPAHCTBEHHBIX PELIETOK, OMPEICIIIEMbIX OTIEIHHO B3STON JIEMEHTAPHOM sTUeHKOM:
Kyomueckoit oobemHo-1ieHTpupoBantoit OLK (a—Fe, f—Fe, —Fe, Cr, W, Mo, V u n1p.);
kyoudeckoit rpanenentpupoBanHoii I'LIK (y—Fe, Cu, Al, Ni, Pb u ap.); rekcaronansHoit
wiotHoynakoBanHoit ['TIY (Ti, Mg, Zn, Be u ap.) (puc. 1.1).
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Puc. 1.1. ATOMHO-KpUCTAJUIMYECKOE CTPOECHHE METAJUIOB ¢  KyOWdeckoi
00bEMHOILICHTPUPOBAHHOM (a); TPaHEIICHTPUPOBAHHOM (6) " reKcaroHaJ bHOU

MJIOTHOYNAKOBAHHOM (B) 3JIEMEHTAPHBIMU STUCHKaMU

[Tepexon MeTaa U3 >KUIKOTO COCTOSIHUS B TBEp0€ (KPUCTAJUIMUECKOE ) HAa3bIBAETCS
Kpuctasauanmuei. [{ogBMKHOCTh aTOMOB NPU CHUKEHUU TEMIIEPATypPhl YMEHbIIIAETCS,
YCTaHABIIMBAETCS ONpeAeNICHHBIA MOPSAJOK B UX PACIIOIOKEHUH ¢ 00pa30BaHUEM OTAEIbHBIX
TPYII aTOMOB, OJIM3KUX K 3JIEMEHTAPHBIM sTU€iKaM, UMEIOIIIMCS B TBEPJIOM METaJLIE.
Bo3HUKAIOT LIEHTPBI KPUCTAILIM3ALUH — 3aPOJIBIIIHN, BOKPYT KOTOPBHIX OCTEIIEHHO 00pazyeTcs
TBepaas ¢gasza. Kpucrammuzamus npoucxoauT BCIEACTBUE Mepexoia K 0oee ycToiunBomy
COCTOSIHHIO C MEHBIIIEeH CBOOOTHO 2Hepruei [1].

[Iporecc kpucTamiM3auu XapakTepru3yoT KPUBBIMU OXJIAXKICHUS WM HarpeBaHus,
M300paKeHHBIMH B KOOpAMHATaX Temreparypa — Bpems. Ha puc. 1.2 n3o0paxeHbl KpuBbIe
OXJIQXICHUS METaJllIa U ABYXKOMIIOHEHTHOTO cruiaBa. [Ipu oxjaxkaeHnn pacriaBIeHHOTO
YUCTOTO MeTaia BHavaje (ydacTok 1 — 2 puc. 1.2,a) moHMKeHUE TEMIIEpaTyphl HIIET IJIaBHO.
[Ipu nocTukeHuu TemnepaTypbl KpUCTAIIIM3ALUU Ha KpUBOU oxutaxaeHus (puc. 1.2,a)
MOSIBJISIETCSA TOPU3OHTAIIBHBIA YUaCTOK 2 — 3, TaK KaK OTBO/I TEIJIa B OKPY’KAIOILYIO CpeIy
KOMIIEHCUPYETCS BBIACIIAIOIICICS CKPBITON TEIIOTON KpucTaumsanuu. Ilociie okoHyanus
KpUCTAJUTH3aIlMK TeMITepaTypa BHOBb MIOHIKAETCS paBHOMEPHO (y4acTok 3 — 4 puc. 1.2,a).
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Puc. 1.2. KpuBsie oxmnaxaeHus Merania (a) U IByXKOMIOHEHTHOTO ciiiaBa (0)

HpI/I OXJIAXKJACHUU U3 IKHUIAKOro COCTOAHUA CIUIaBa JOBYX MCTAJUIOB IIPOLECCC

KpUCTAJUTM3AIIMU TTPOTEKAET HECKOIBKO uHave (puc. 1.2,0).



Touka 2 cOOTBETCTBYET Hayaly BBIJICICHUS U3 KUAKOU (pa3bl KpUCTAIIIIOB OAHOTO U3
KOMITOHEHTOB CIlIaBa. Belensromasics pu KpUCTaUIM3alUK TEIUIOTa 3aMeJISeT X0 KpUBOM
OXJIQXICHUS U B TOUKE 2 KpUBasi U3MEHSIET HAKJIOH (y4acTok 2 — 3). Beimajienne KpucTaiioB
U30BITOYHOIO KOMIIOHEHTAa U PABHOMEPHOE OHM)KEHUE TEMIIEPaTypbl IPOUCXOIAT, IOKA CIUIAB
HE JIOCTUTHET OIpEeNIEICHHOr0 cocTaBa. B nanpHelinem HabmoaaeTcss OTHOBPEMEHHAs
KpHCTaJIU3aL1si KOMIOHEHTOB, IPOUCXOSIIAs P MOCTOSTHHOM TemnepaType (y4dactok 3 —4
puc. 1.2,6). [locne noaHoro 3aTBep/eBaHus CIJIaBa B TOUKE 4 €ro TeMIleparypa CHOBa HAUMHAET
CHMXAThCs MO IJIABHOW KpUBOU 4 — 5.

Temnepatypa, COOTBETCTBYIOIIAs KAKUM-THO0 (pa30BbIM MIPEBPALECHUSAM B METAJLIE UJIH CILJIaBE,
Ha3bIBAETCS] KPUTHYECKOM TOUKOM. [Ipy HarpeBaHUM TBEPIBIX METAIJIOB WIIM CIUIABOB MPOLIECC
UX pacIIaBJICHUs COIIPOBOXK/IAETCS MOTJIONIEHUEM TEIUIOTHI.

3. OCHOBHBIE THUIIbI CIUTABOB

UwncThle MeTauTbl B OOJBITMHCTBE CITydaeB HE 00ECTIEYUBAIOT HEOOXOIUMOTO KOMILIIEKCa
MEXaHUYECKUX, TEXHOJIOTMUYECKUX U (PYHKIIMOHAIBHBIX CBOMCTB U MIOATOMY MPUMEHSIOTCS
penko. B GonpIIMHCTBE CIy4aeB B TEXHUKE UCIOIB3YIOT CIUIABHI.

MeTaninueckuM CIJIaBOM Ha3bIBAalOT MaTEpHall, COCTOSAIIUHN U3 ABYX WK 00jee KOMIIOHEHTOB
¥ 00JIaIafoNINii CBOWCTBAMU, XapaKTEPHBIMU IS MeTa/uIoB. CIUIaBbl CO3AAIOTCS B pe3yiIbTaTe
pacriaBieHus, CIEKaHH UCXOIHBIX KOMIIOHEHTOB U ApyruMu MeToaamu [ 1]. Heooxoaumbim
MPOIIECCOM TMOJTyYEHHs CIUIaBa SIBISACTCA AUQPQY3Us SIEMEHTOB B TBEPAOM, KUIKOM HIIH
ra3zoo6pasHom coctosiHuM. uddy3us ocymiecTisercss MyTeM B3aMMHOTO TPOHUKHOBEHUS
YaCTHII K&KJIOTO U3 KOMIIOHEHTOB CIUIaBa ¢ 00pa30BaHUEM HOBBIX OJIHOPOJHBIX TEN,
Ha3bIBaeMBIX (ha3amu.

Jlyist onicaHus CBOMCTB CIUIABOB B METAIIJIOBEICHUH MCTIONB3YIOT MOHATHS: CUCTeMa, (ha3a,
KOMITIOHEHT.

CucreMoii Ha3BIBAIOT COBOKYITHOCTD (Da3, HAXOSIIMXCS B PABHOBECUU TIPU OTIPECIICHHBIX
BHEIITHUX YCIIOBUAX (TEMIEpaType, NaBICHUHN).

®a30ii Ha3bIBAIOT OJTHOPOAHYIO [0 XUMUYECKOMY COCTaBY, KPUCTATUYECKOMY CTPOCHHIO U
CBOMCTBAM 4acCTh CHCTEMBI, OT/ICTICHHYIO OT €€ APYTHX YacTel MOBEPXHOCTHIO pasjiena.
OpnnodaszHol cuCTeMOl SBISETCS, HAPUMEP, OJHOPOIHAS KHUIKOCTh, TBEP/IbI YHCTHII METAaL;
nByX(a3HOW — MeXaHHYeCKast CMECh JABYX BUIOB KPHUCTANTMYCCKUX BEIICCTB.

KommnonenTamm Ha3bIBaIOT BEIIeCTBa, 00pasymomire cuctemy. KoMnoneHTaMu MOTYT OBITh
AJIEMEHTHI (METAJIIBI 1 HEMETAJUTHI ), & TAKXKE XUMUICCKUE COeAMHECHHUS. [10 9nCiry KOMITOHEHTOB
pa3inyaroT JBOMHbIE, TPOWHBIE © MHOTOKOMIIOHEHTHBIE CIUIaBbl. KOMIIOHEHT CIIJIaBOB MOKET
OBITH OCHOBHBIM, JICTUPYIOIIUM I CITyIaiiHBIM.

CrnaBel, HAXOSAIIMECS B TBEPAOM COCTOSIHUHM, JEIAT MO COCTaBY Ha 3 TPYMIIbI: TBEPIbIiA
pacTBOp, XUMUIECKOE COCTMHEHUE, MEXaHNIeCKasi CMeCh KOMITIOHCHTOB.

TBepablii pacTBop. B xuaK0oM cOCTOSIHUM OOTBIIMHCTBO METAJUTMUECKUX CILIABOB
MPEJICTaBISIET COOO0H OTHOPOIHBIC KUAKOCTH, T.€. )KHUIKHE pacTBOphL. [Ipu mepexoe B TBepaoe
COCTOSTHME BO MHOTHX TaKHX CIUIaBaX OJHOPOJIHOCTb, a CJIEIOBATEILHO U PACTBOPHUMOCTH,
coxpansieTcs. TBepIbIi pacTBOpP, KaK U METAIUT, UMEET OJHY KPUCTALTHYECKYIO PEIIETKY,
COOTBETCTBYIOIIYIO THUITY KPUCTAIIIMUYECKON PELIETKH OCHOBHOTO KOMIIOHEHTA CIjIaBa
(pacTBOpUTENS). Paznuune cOCTOUT B TOM, YTO B KPUCTAJIIMUECKOMN PELIETKE MeTalia
pa3MeIIarTcs aTOMBI OTHOTO 3JIEMEHTA, a B TBEPIOM PAaCTBOPE — aTOMBI PA3IUYHBIX JIEMEHTOB,
00pasyIoIIMX dTOT TBEPbIN pacTBOP.

[To xapakTepy pa3MelIeHHs] aTOMOB B KPUCTANIMYECKOM PEIIeTKE Pa3InyaloT TBEPbIe
pactBopsbI 3amenienus (puc. 1.3,a) u TBepabie pacTBOpsI BHeApeHus (puc. 1.3,0).
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Puc. 1.3. PacnonoxeHnue aTtomMoB B TBEpIbIX pacTtBopax [l]: a — 3amemieHus;
0 — BHenpenus; O — aToM KOMITOHEHTa-pacTBOpuUTeis; @ — aToM pacTBOPUMOT0 KOMITOHEHTA

B TBepapIx pacTBOpax 3aMeIICHHs, COCTOSIIMX W3 KOMIIOHEHTOB A u B, atomsl
pacTBOPUMOro KOMIIOHEHTa B 3amemaroT oTAeNnbHbIE aTOMbl OCHOBHOTO KOMIIOHEHTa A —
pacTBOPUTEISI B KPUCTAIUNIMYECKON pelieTke. B 3ToM ciydyae mpu HECOBIAICHUU pa3MEPOB aTOMOB
pa3mep dJIEeMEHTAPHOU SUEUKH MOXKET M3MEHAThCA. PacCTBOPUMOCTH B TBEPJIOM COCTOSTHUU MOMKET
ObITh HEOTPAaHWYCHHOW WM oOrpaHuuYeHHOW. HeorpaHuueHHass pacTBOPUMOCTH O0O€CIIEUMBAECT
3aMeIIEHUE B KPUCTAUTMYECKOW pEIIeTKe I000ro 4Yhciia aTOMOB KOMIIOHEHTa A aToMaMu
KoMIToHeHTa B.

HeorpannueHHas pacTBOPUMOCTh BO3MOXKHA TPH CIEAYIOIINX YCIOBHSIX:
1) HaJIMYME€ Yy KOMIIOHEHTOB KPUCTAJNIMYECKHX PEUIETOK (JIEMEHTApHBIX SYEEK)

OJIHOT'O TUIIA;

2) HE3HAYMUTEILHOE OTINYUE Pa3MEPOB aTOMOB KOMIIOHEHTOB (He OoJiee 4yem Ha 8
%);

3) JOCTaTOYHO OJIM3KOE COOTBETCTBUE CTPOCHHMSI BAJICHTHBIX 000JI0YEK aTOMOB
KOMITOHEHTOB (THUI XUMHUYECKOU CBSI3H).
[Tpumepamu CryIaBOB C HEOrPAaHUYEHHOMN paCTBOPUMOCTHIO KOMIIOHEHTOB SIBJISIFOTCSI CIIJIaBBI
Cu—Ni, Fe—Ni, Fe—Cr u np.
Eciiv KOMIOHEHTHI CIljIaBa HE MOJIHOCTHIO YIOBJIETBOPSIIOT YKa3aHHBIM BBIILIE YCIOBHSIM,
00pa3yIoTCs TBEP/bIE PACTBOPHI 3aMEIICHHUS C OTPAHUYCHHON PaCTBOPUMOCTHIO KOMITOHEHTOB.
[Tpu sTOM yem Ooublie pa3HUIIAa B pa3Mepax aTOMOB KOMIIOHEHTOB, TEM MEHbIIIE PACTBOPHUMOCTh
B TBEPIOM cOCTOSIHUU. C N3MEHEHHEM TEMIIEPATypbl OFPaHUYEHHAsA PACTBOPUMOCTD B TBEPJIOM
COCTOSTHUM 00BIYHO MeHsieTcsl. [IpumepaMu cuctem ¢ orpaHUu4EeHHOM pacTBOPUMOCTBIO
KOMTOHEHTOB sBisiIoTCs Al-Cu, Mg—Al u nip.
B TBepmom pacTBope BHEAPEHUS aTOMBI pACTBOPUMOI0 KOMIIOHEHTA BHEAPSIOTCS B MEXKI0Y3IHS
KPHUCTAJNTNYECKOM PeIeTKH OCHOBHOTO KoMroHeHTa (puc. 1.3,0). Takue TBepbpie pacTBOPHI
00BIYHO 00PAa3yIOTCs, KOT/1a aTOMBI PACTBOPHUMOTO KOMITIOHEHTA UMEIOT HEOOJIBIIINE Pa3MephI 1O
CPaBHEHMIO C aTOMaMHM pacTBOpUTENs. Halle BCero 3,To UMEeT MECTO, KOTla B METajlie
pacTBOPSIOTCA HEMETAIITMYeCKHe 31eMeHThl. [Ipumepom TBeporo pacTBopa BHEAPEHUS
siBisieTcst crutaB Fe—C.
XuMHYecKoe coelMHeHne. DJIEeMEHThI, 00pa3yrole XUMHUECKHE COeTMHEHUS, OOBIYHO PE3KO
OTJIIMYAIOTCS 110 pa3MepaM aTOMOB, CTPOSHHIO 3JIEKTPOHHBIX 000JI0UEK U ITapamMeTpam
KpUCTAJUTMUECKUX pemeTok. K 00pa3oBaHuI0 XUMHUUECKUX COSTUHEHHUH CKIIOHHBI 3JIEMEHTHI,
JIaJIeKO PacIioyIoKEHHBIE IPYT OT Apyra B nepuoanyeckoii Tadiuue .M. Menneneesa.
B oTnnunie oT 0OBIYHBIX XUMUYECKUX COETMHEHUI MHOTHE METANINYECKUE COSMHEHUS UMEIOT
IIEPEMEHHBIN COCTaB, KOTOPBIA MOXKET U3MEHATHCS B IIMPOKUX Ipeaeinax. [lomydenue
XUMHYECKOro coenuHeHns Ap,B, ¢ o0pazoBaHreM OJHOPOJIHOTO KPUCTAIITMYECKOTO BEILIECTBA
BO3MO>KHO TOJIBKO IIPH CTPOT'O OIIPEIEICHHBIX BECOBBIX COOTHOLIEHUSIX KOMIIOHEHTOB. [Ipn



3TOM 00pa3yeTrcsi KpUCTATHYECKas pPEIIeTKa, He TIOX0XKast Ha PEIICTKU CILIaBISIEMBIX
KOMIIOHEHTOB. [IpumepoM mosxker cityxuts cruias Cu—Mg nipu cogepxanuu 17 % Mg. CsolicTBa
CIUIaBa — XUMUYECKOTO COSTMHEHHS PE3KO OTIMYAIOTCS OT CBOMCTB JIEMEHTOB, 00pa3yroInX
ero.

CrnnaBbl — XUMUYECKUE COESMHEHNSI HE BCET/la BCTPEUYaloTCsl B YMcToM Bujae. Hanpumep, npu
U30BITKE PACTBOPUMOTO KOMIIOHEHTA BO3MOKHO 00pa30BaHUE XUMHUYECKOTO COETUHEHUS B
KOMOMHAIIUU C TBEPJIBIM PACTBOPOM.

Mexanuyeckas cmech. OOpa3oBaHue MEXaHUYECKHX CMECEH MPOUCXOAMT, KOT/Ia AJIEMEHTHI
00J1a/1at0T OTPaHUYEHHOM PaCTBOPUMOCTBIO, & TAKXKE NMPU HATUYUHM XUMHUUECKOI'O COEITMHEHUSI.
MexaHuueckne CMECH MOT'YT COCTOSITh U3 KPUCTAJUIOB YUCTBIX KOMIIOHEHTOB, TBEPBIX
pPacTBOPOB M XMMHUYECKUX coeanHeHui. [Ipn oOpa3oBaH MEXaHUYECKOI cMecH
KPHUCTANINYECKUE PEIIeTKU OTAETIbHBIX (a3 He MEHAI0TCS. MexaHn4eckne cMecu OOBIYHO
00pa3yroT METaJuIbl, OTJIMYAIOLINECS IPYT OT Apyra pasMepaMu aTOMOB M TEMIIEpaTypoi
iaBieHus. [Ipumepom crutaBa, 00pa3yromiero MeEXaHuuecKyto CMech, siBisiercs cucrema Ag—Pb.
[IpuBeneHHbIE BBIIIE MOJOKEHUS YKA3bIBAIOT B O0IIEM BUJIE HA OCOOCHHOCTH B3aUMOJICHCTBUS
3JIEMEHTOB IpU 00pa30BaHUM CIUIABOB M HA UX BO3MOXKHYIO CTPYKTypy. OfHaKo npu
00pa3oBaHUM U TEPMOOOPAOOTKE CIUTABOB HA OCHOBE KOHKPETHBIX KOMITOHEHTOB UMEIOTCS
0COOEHHOCTH, KOTOPbIE B METAJIJIOBEJCHUN MU3y4aroTcs SKCepuMeHTaibHo. Hampumep, s
YCTaHOBJICHHSI PEKUMOB TEPMUIECKOI 0OpaOOTKH CIIABOB C LEIBIO MPUIAHUS UM
HEOOXOIMMBIX CBOMCTB HEOOXOAMMO 3HATh TEMIIEPATYphl Hauala U OKOHUAHHSI ITPOLIECCOB
TUTaBJICHHUS, TIEPEX0/1a B TBEP/IOE COCTOSIHUE, OCOOCHHOCTH CTPYKTYPHBIX IPEBPAIICHHIA B
KPUTHYECKHUX Toukax. [locTpoeHne KpUBBIX OXJIaXICHU (HarpeBaHus) HA OCHOBE
DKCIIEPUMEHTAJIbHBIX TAHHBIX HA3bIBACTCSA TEPMHUUYECKUM aHAIM30M. [IonydeHHbIe
JKCHEPUMEHTaIbHbIE JaHHbIE CUCTEMAaTU3UPYIOT, 0000IIal0T U 0TOOPaXaroT B BUIE OCOOBIX
JMarpaMm — JUarpaMM COCTOSIHUS CILJIaBOB.

4. TUATPAMMBI COCTOAHUA
JABYXKOMIIOHEHTHBIX CITJTABOB

JuarpaMma cocTOSIHMS IIPECTaBIsAET co00ii rpaduueckoe n3odpakeHue (pa3oBoro COCTOSIHUS
CIUIaBOB U KPUTHUECKUX TOYEK B 3aBUCHMOCTH OT TeMIIEpaTypbl U KOHIIEHTPAIUH B YCIOBUAX
paBHOBECHSL.

J51s Toro uToObl 00ECTIeYUTh PABHOBECHOE COCTOSIHUE CHCTEMBI OXJIaXICHHE CIUIaBa U3
YKUJKOTO COCTOSIHUSL OCYLIECTBIISIIOT OUEHb MEUIEHHO. PABHOBECHBIMHU CUMTAIOTCS TaKHE
yCIIOBUS, TIPU KOTOPBIX MPOIIECCHI, IPOTEKAIOIINE B CUCTEME, ABIISAIOTCA 00paTUMbIMU. B
JTAHHOM CJIy4ae — IPOLECCHI, IPOUCXOAAIIUE NPU OXJIAKICHUH CIlIaBa, JOJIKHBI B TOUHOCTH
COBMAJIaTh C MPOIECCaMU, TPOTEKAIOLIMMU TPU €ro Harpese.

Jlnarpammy cOCTOSIHUS CTPOSIT B KOOpJAMHATaxX TeMueparypa — KonueHTpauus (puc. 1.4). s
CIIJIABOB, COCTOSIIINX U3 JBYX KOMIIOHEHTOB A U B, cocTaB xapakTepu3yeTcs OTPE3KOM MPSIMOi,
npuHATHIM 32 100 %. Kpaitnue Touku A u B coorBercTBY10T 100 % YMCTBIX KOMIIOHEHTOB.
JIro0as Touka Ha ITOM OTPE3KE XapaKTepU3yeT COCTAaB ABOWHOTO CIIaBa. Tak, HampuMep, ToUKa
C cootBetcTBYeT cruiaBy, coctosimemy u3 20 % B u 80 % A; touka D — 60 % B u 40 % A.

Jli1s mocTpoeHust [uarpaMMBbl COCTOSIHUSL 13 KOMIIOHEHTOB M3TOTOBIISIIOT CEPHIO CINIAaBOB
Pa3IMYHOIO COCTaBa U ISl KaX/I0I0 U3 HUX CTPOSAT KPUBYIO OXJIAXACHHUS 10 pe3ysibTaTaM
TEPMHUECKOT0 aHaJIM3a B KOOpAUHATAaX TeMIepaTypa — BpeMs (Tak ke, Kak /Ui METaJlIOB).
OcCo0eHHOCTH MOJIUKPUCTAIUIMYECKOTO CTPOCHUS CIIJIABOB B TBEPAOM COCTOSIHUM U3Yy4alOTCS C
MOMOIIIBIO ONTHYECKOT0 MUKpockona o0braHo mipu 100—1000-kpaTHOM yBennueHUU. ATOMHAs
CTPYKTypa CIUIaBOB U IIapaMeTPbl KPUCTAIUIMUECKUX PEUIETOK ONPEAENISIOTCS METOAOM
PEHTTeHOCTPYKTYPHOTO aHAIN3a.
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Puc. 1.4. KoopauHatel ansi M300paxKeHHs] AMAarpaMMbl COCTOSHHS JABYXKOMIIOHEHTHOM
CUCTEMEI

B 3aBucumocTH OT XapakTepa CTPOEHHS JIByXKOMIIOHEHTHBIX CIUIABOB (B KHJIKOM

COCTOSIHUM 00a KOMITIOHEHTa HEOTPaHMUYEHHO PAacTBOPSIOTCS JPYr B Jpyre, oOpas3ys OJXHOPOIHBIN

KUJKUI pacTBOP) pa3iInyaroT CAEAYIOIUE OCHOBHBIE THIIBI AMATPAMM COCTOSIHUSA:

1) npu oOpa3zoBaHMM KOMIIOHEHTAMH MEXaHUUECKON CMeCH;
2) NpH HEOTPAaHWYEHHOW PACTBOPUMOCTH KOMIIOHEHTOB B TBEPAOM COCTOSHUM;

3) npu OrpaHUYEHHON PACTBOPUMOCTH KOMIIOHEHTOB B TBEPAOM COCTOSHUMU;
4) npu 00pa30BaHUU KOMIIOHEHTAMH XMMHUYECKOTO COEMHEHUS.

,Z[narpaMMa COCTOAAHMA CIIVIABOB U3 KOMIIOHEHTOB,

o0pa3ylommx B TBEPOM COCTOSTHUM MeXaHU4YeCKYI0 cMeCh

OKCIEPUMEHTAIBHO YCTAHOBJIEHO, YTO IPU COBMECTHOM KPHUCTAJUIM3aLWU CIUIABOB,
KOMITIOHEHTbI KOTOPBIX HE PacTBOPSIIOTCSA NPYr B APYre B TBEPIOM COCTOSIHUM, TEMIIepaTypa
Hayaja KpHUCTAJUIM3allMd BCErJa HUXKE, YeM Yy MCXOAHBIX KOMIIOHEHTOB. Temmeparypa ke
OKOHYAHUS Ipoliecca Mnepexoa B TBEPJOE COCTOSIHUE OJIMHAKOBA IS CIUIABOB JIFOOOTr0 cOCTaBa
JIBYXKOMITOHEHTHOW CHCTEMBI.

Ha puc. 1.5 npuBenena nuarpamma COCTOSIHUS CIIaBa ¢ KOMIoHeHTamMu A u B. Beime
muanr KCN Bce cruiaBbl ABYXKOMIIOHEHTHOW CHCTEMBI TPEICTABISIIOT CO00M oaHO(a3HBIN
KUAKUH cruiaB (K. ¢.). DTa JIMHUS Ha3bIBAaeTCs JIMHMeH JUKBHAYca (C rped. — )KUIKUN), TUHUS
DCE — aunmeii conuayca (c rped. — tBepasiid). Hwke muanum DCE Bce crutaBel HaxomsaTcs B
TBepaoM coctosiHuu. CmaB, cooTBeTCTBYOUIMH Touke C, HAa3bpIBaeTCi IBTEKTHYECKHM
(9BTEKTHKOIA).

IBTEKTHKOM, TAKUM 00pa30M, Ha3bIBACTCSI MEXaHMUECKAsk CMECh KPUCTAJUIOB JIBYX (MU
0osiee) TBEPIBIX BEIIECTB OJHOBPEMEHHO 3aKPHUCTANIM30BABIIUXCS M3 JKHMJKOIO CIUIaBa Mpu
TEeMIEpaType HIKE TeMIepaTyphl IUIABJIEHUS OTACIbHBIX KOMIOHEHTOB MJIHM JIIOOBIX IPYTHX MX
cMeceld. DTO OMpeiesieHUe OTHOCUTCS K TBEPAOM 3BTEKTHKE. KHIKOW 3BTEKTUKOW HA3bIBAETCS

KUAKUH paciuiaB (pacTBOp), U3 KOTOPOTO BO3MOYKHA TaKasi KpUCTAJUIU3ALIMSL.



B otinuwne ot 3BTCKTHKH, IBTCKTOU/A — aHAJIOT'M4YHas en cocCcTaBJIrOIIasA METAJNIMYCCKUX
CIUIaBOB, OOpa3yeTcs HE W3 JKUIKOW, a W3 TBEPJAOW (a3bl. IBTEKTOWJ], IO CPaBHEHHUIO C

3BT6KTI/IKOI>’I, nMeeT 0ojiee TOHKOE AUCIICPCHOC CTPOCHUC U3 NBYX HUJIN boiee (1)213.
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Puc. 1.5. [dmarpamma cOCTOSIHHMS CIUIaBOB, OOpasyIOUIMX B TBEPAOM COCTOSIHUM
MEXaHHUYECKYI0 CMECh KOMIIOHEHTOB A 1 B

DOBTEKTUYECKUM CIUTAaB JAaHHOM CHUCTEMBI MMEET CTPOrO OIPEJEICHHOE MPOIEHTHOE
coOoTHo1IeHNE KOMITOHEHTOB A 1 B. CrinaBbl, pacnonoKeHHBIE ClIeBa OT IBTEKTUKH, HAa3bIBAKOTCS
J03BTEKTHYECKHUMH, A CIIPABA — 3a3BTEKTHYECKUMH.

B JO3BTCKTUYCCKUX CIUIaBaX CHa4dajla MpU OXJIAXKJACHUW HHUXKC JIMHHUU JIMKBUAYCA KC
BBIACIIAAIOTCA KPUCTAJIJIbI KOMIIOHCHTA A, a B 3adBTEKTHUYECKUX — HIDKe TMHUU CN — KpHuCTalJIbl
KOMITOHEHTa B.

[locne 3arBepneBanus, T.e. Hwke JuHUM conuayca DCE, mosBTekTHuYecKHe CIIIaBbl

COCTOAT U3 KPUCTAJUIOB An 9BTCKTUKH, d 3A9BTCKTUUCCKNUC — U3 KPUCTAJIJIOB B u »BTEKTHKH.

JlnarpaMma coOCTOSIHUS CIIJIABOB C HEOrpaHNYEHHOM

PAaCTBOPUMOCTHI0 KOMIIOHEHTOB B TBEPJIOM COCTOAHUHA

PaccMoTpuM mocTpoeHue auarpaMmbl COCTOSIHMSL [UIsl CIUIABOB C HEOTPAaHMYEHHOU
pacTBOPUMOCTBIO B TBEPAOM COCTOSSHMM. Harpumep, 3KCIEpUMEHTAIbHO MOJIY4YEHBl KPUBBIE
oxjaxxaeHus: koMrnoHeHToB A u B u crutaBoB I (70 % A u 30 % B), 11 (50 % A u 50 % B) u Il
(20 % A u 80 % B) (puc. 1.6, a).Kpucrannuzauus KoMInoHeHTa A HaUMHAETCA U 3aKaHYUBAETCS
IIPU IIOCTOSIHHOM TeMIeparype ta. AHaJOTMYHO MPOMCXOAMUT KPUCTAJIM3aLUsl KOMIIOHEHTa B
npu temneparype tg. Kpucramnuzanus crutasos I, I u I nporcxoaut B nHTEpBasie TEMIEPATYP.
Kpucrannuzanus ciiiaBa | HaunHaeTcs npu teMiieparype t; U 3aKkaHYMBaeTCs IPU TEMIEpaType
t, ¢ oOpazoBaHUEM TBEPJOrOo pacTBOpa o. AHAJIOTMYHO MPOUCXOAUT KPUCTAIIM3ALUSA U JIBYX

JpYTux CIJIaBOB — IPU TeMIlepaType t3 HauyMHAETCS W IIpU TEMIEpAType t4 3aKaHYUMBACTCA



3aTBepaeBanue ciuiasa I, a cnimasa Il — nmpu Temnieparypax ts u tg. PazHuia Toapko B HHTEpBaie
TeMIepaTyp Hadajla ¥ KOHIIa KpucTaum3anuu [1].

Ecnu Ha ocu abcumce ceTKU B KOOpAMHATAX TeMIleparypa — KoHIeHTpaius (puc. 1.6, 6)
OTMETUTH TOYKaMH HUCCIICOAOBAHHBIC CIIJIaBbl U B Ka)I(IIOﬁ U3 DOTHUX TOYEK BOCCTAHOBUTH
NEPNCHAUKYJIAPHI, T.C. MPOBECTU JIMHUHW CIIJIABOB, 3aTECM Ha 3TH JIMHHWHU, 4 TAKXKC Ha JICBYIO U
MpaByl0 OPJIMHATHI TEMIIEPATyp, COOTBETCTBYyIONIHME KOMIIOHEHTaM A (yieBasi) m B (mpaBas),
MEPEHECTH HaWJeHHbIe KPUTHUYECKHE TOYKU OT tp [0 tg, U OJHOMMEHHBIC (MMEOIINe
OI[HH&KOBBIﬁ (bl/ISI/I‘-IeCKI/Iﬁ CMI:ICJ'I) KPpUTHYCCKUC TOYKU COCAUHHUTL IIJIABHBIMHU KpPHUBBIMH, TO
MOJIyYUTCSl JUarpamma COCTOSIHMSI CIUIaBOB A M B ¢ HeorpaHuueHHOW pacTBOPUMOCTHIO B

TBEpJIOM cocTosiHuu (puc. 1.6, 0).
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Puc. 1.6. IlocTpoeHue auarpaMMbl COCTOSIHUS CIUIABOB JUIsl CIy4ash HEOTPaHUYEHHOU
PacTBOPUMOCTH KOMIIOHEHTOB A u B B TBEPAOM COCTOSIHUH [1]:
a — KpUBbIEe OXJIAKICHHUS; O — TuarpaMMa COCTOSHUS

Ha sToit nuarpamme kpuBas tatitststg — KpuBas Hadyajla 3aTBEpAECBAHUS CIUIABOB — JIUHUA
Jauxeuoyca, a Kpunas tatrtstety — KprBasi KOHIIA 3aTBEPACBAHUS — JUHUSA CONUIYCA.

PaccmoTpuM mporecc KpHCTaIM3alMM Kakoro-jiuOo CIulaBa, HampuMmep cmiaBa |
coctaBa 50 % xomnonenta A u 50 % komnoHneHnta B 1o 3Toii quarpaMMe npu 04eHb MEAJIEHHOM
OXJIAKJEHUM, T.€. IOJHOCTbIO B pABHOBECHBIX ycioBuAx (puc. 1.7). Ilpu Ttemmeparype t,
HauMHAeTCs KpUCTAUIM3alusl M o0pasyroTcs mepBble Kpuctawbsl. Ha mo0oil nuarpamme
COCTOSIHUSL COCTaB TBEPJOM YacTH cIjiaBa (COCTaB KPUCTAJUIOB, KOTOPHIE MOT'YT HaXOAWUTHCS B
paBHOBECUM C JKUAKOCTBIO) IpPU JAHHOM TemmepaTrype IIOKa3bIBAaeT JIMHUSA COJNHJIYCA.

CJ'IGI[OBaTeJ'IBHO, MEPBLIC O6paSOBaBIJ_II/IeC5{ KpuUCTaJllIbl HMMCKOT COCTAaB TOYKH M. HpI/I



JaTbHEHIIIEM OXJIaXXICHUH, KOTJ[a CIUIaB JIOCTUTAET, HAIIPUMEP, TEMIIEPATYPHI t], B PABHOBECHH C
JKUJKOCTBIO YK€ HaXOJATCS TOJIBKO KPUCTAJUIBI cocTaBa TOUYKH JI.

PaccmoTpuM, kakuMm 00pa3oM paHee 0OOpa3oBaBIIMECS KPUCTAJUIBI COCTaBa TOYKHM M
MPEeBpaIalOTCs B KPUCTAIIIBI cocTaBa Touku JI. B kpucramnax cocraBa M 0ombliie KOMIOHEHTA
B, wem B kpucramiax cocraBa JI; ciemoBaTenbHO, KpHCTaUTbI coctaBa M oboramarorcs
KOMITOHEHTOM A. DTOT MPOIECC MPOUCXOIUT 3a cueT auddy3un aTOMOB KOMIIOHEHTa A B yKe
MMEIOIIHECS, T.€. BO3HUKILKE A0 3TOW TeMIlepaTypbl, KpUCTAJUIbL. [Ipy 1OCTaTOUHOM BBIIEPKKE
WIM MEIJIEHHOM OXJaXJEHUU TpHU t; yCTAaHABIMBAETCA PAaBHOBECHE KPUCTAUIOB TOUKU JI u
)uakoro crutaBa. Ho B kpuctamnax coctaBa Touku JI kommoHneHta B Oomblie, yem B CILIaBe;
CJIeIOBATENILHO, KUKAsl YacTh cIuiaBa OeaHee koMmroHeHToM B. Ilpu aToit Temneparype coctaB
JKAJIKOM YacTH CIUIaBa OIPENENsaeTCs JUHUEW JnuKkBuayca, T.e. Toukod N. Ilpu nanpHelmem
OXJIQXCHUH, KOT/Ia CIUIaB JIOCTUTAET TEMIEpaTyphl t; U yCTAHABIMBAETCS paBHOBECHE, CILJIaB
COCTOHUT U3 KPHUCTALUIOB cocTaBa Touku K M kuakon ydactu cruiaBa cocrasa Touku P. Ilpm
JOCTH>KEHUM TEMIIEpaTypbl f. CIUIaB IMOJHOCTBIO 3aTBEPAECBACT M COCTOUT U3 OJHOPOJHBIX

KpHCTaJJIOB TBep0ro pacTBopa (cocraBa 50 % A u 50 % B).
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Puc. 1.7. JluarpaMma coCTOSIHMSI CIUIaBOB JUIsl CIy4ass HEOrPaHUUEHHON pacTBOPUMOCTHU
KOMIIOHEHTOB A U B B TBep7ioM cocTOsSSHUU

B peanbHBIX YCIIOBUAX YCKOPEHHOI'O OXJIAXICHMs COCTaB KPUCTAJUIOB HE IIOJIy4acTCs

OJTHOPOJHBIM B CBSI3H C TEM, YTO CKOPOCTh KPUCTAUTU3AIIH OOJIbIIIE CKOPOCTH TU(PPY3HH.



JlmarpamMma cOCTOSIHHS CIIJIABOB € OTPAHUYEHHON PACTBOPUMOCTHIO

KOMIIOHEHTOB B TBEPAOM COCTOSTHUUA

OnuH U3 BUJOB TAaKOM IuarpaMMbl COCTOSIHUS NOKa3aH Ha puc. 1.8. Uucno a3 B 1aHHOMH
cUcTeMe TPH — KUIKHUI pacTBOp, TBEP/bIi pacTBOp KOMIOHEHTa B B komnoneHTe A (0603HauuM

€ro o.) U TBEP/blil pacTBOp KOMIOHEHTa A B komrnoHeHTe B (0603nauum ero P3) [1].
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Puc. 1.8. [luarpamMmma CcOCTOSHHS  CIUIaBOB  JUIsl  clydyas  OTpaHUYEHHOM
PacTBOPHMOCTH KOMIIOHEHTOB A U B B TBepoM cocTosHIH

Ha stoit nuarpamme nuaust KCD — nunus nuksuayca, nunaus KECFD — nunus conumyca.
[lo nmuuum mukBuayca KC W3 5KMAOKOTO CIulaBa BBIACNSIIOTCS KPUCTAUIBI o, @ 1o jJuHuu CD
kpuctauisl . Ha muanm comuayca KE crnaBel 3aTBepaeBaroT ¢ 00pa3oBaHHEM KPUCTAIOB O,
Ha Jymann DF — xpucrtammoB . Ha nmuaum comumyca ECF mpowmcxomuT omHOBpeMeHHas
KpUCTAILTH3AIMS O- U B-¢pa3 ¢ 00pa3oBaHHEM IBTEKTHUKH.

CnnaB cocraBa Touku C mocie 3aTBEpPAEBAHUS COCTOUT TOJIBKO M3 OJIHOM 3IBTEKTUKHU
o+f. AHAJIOTHYHO paHee PACCMOTPEHHOMY CIIy4aro CIUIaBBI, 10 CBOEMY COCTAaBY HaXOJSIIAECS
neBee 3BTekTHYecKoil Touku C (Ha nuuHuu EC), mocne 3aTBepiaeBaHusl UMEIOT CTPYKTYpPY
oHIBTEKTHKA (0+f) W SABISAIOTCS JAOIBTEKTHYeCKUMU. CIUTaBBI, TI0O CBOEMY COCTaBY JISKAIUE
npasee Touku C (Ha smaun CF), mocie 3aTBepaeBaHus UMEIOT CTPYKTYpY +aBTekTHka (o+f) u

SBJIAKOTCS 3a39BTCKTUYCCKUMMU.



Jluauss ES noxa3piBaeT OrpaHMYEHHYIO pPACTBOPUMOCTH B TBEPJAOM COCTOSIHUM
KOMITIOHEHTa B B KOMITIOHEHTE A, yMEHBIIAIOUIYIOCS C IOHM)KEHUEM TEeMIIepaTypsl, a nHud FM
— pacTBOPUMOCTh KOMIIOHEHTa A B B, He U3MEHSIONLYIOCS C TOHMKEHUEM TEMIIEPATYPHI.

Touxka E xapakTepusyer npeaeibHy0 paCTBOPUMOCTh KOMIIOHEHTa B B KOMIOHEHTE A, a
touka F — A B B. Eciin xpuctamimsyroTcst crjiaBbl, COCTaB KOTOPBIX HaXOAUTCS JIEBEE TOUKH S
(unmu mpaBee Touku M), TO mpu 000 TeMIeparype B TBEPAOM COCTOSIHUM BCE KOJIMUYECTBO
KOMIIOHEHTOB B (miu A) HaxoJIuTCS B TBEPAOM PacTBOPE M CTPYKTypa TaKUX CILJIABOB COCTOUT
u3 3epeH o (i ). B cruraBax, cocTaB KOTOPBIX HaXOAWUTCA MEXTy Toukamu S u E', T.e. 3a
npenenoM pactBopuMoctTd B B A, oOpasoBaBiimecs HpH 3aTBEpACBAHUM KPUCTAIBI O TpU
NOHWKEHUN TeMmIeparypbl Hike JuHUM ES mnepecoblmieHbl KoMnoHeHTOM B u mostomy
IPOMCXOTUT BBIICTICHUE W3 HUX M30BITOUHBIX KPHUCTAIIOB, KOTOPBIMH SIBIISTFOTCS KPHCTAILIIHI [3
KOHIIGHTPAIllMK TOYKH M, Ha3piBaeMble BTOpUYHBIMH ([11). Ilociie mOTHOTO OXJTaAeHUs ITH
CIUIaBBI UMEIOT CTPYKTYPY, COCTOSIIYIO M3 KPUCTAJUIOB (L COCTaBa TOYKH S M KPUCTALIOB B —
o + Bi1. B cmmaBax cocraBa muamum EC, mmerommx mociie 3aTBepAEBaHUS CTPYKTypy O +
IBTEKTHKA (0+f), W3 KPHCTAIIIOB (L TOXE BBIIEIAIOTCA KPUCTALIBI [, W TOCIE IMOIHOTO
OXJIKICHUS OyAeT CTPYKTypa o + 3BTeKTUKA (o+P)+[1;.

[Ipouiecc BblAeNEeHUsT BTOPUYHBIX KpPUCTALIOB W3 TBEPAOrO pPACTBOpPA HAa3bIBaeTCs
8MOPUYHOL Kpucmaiiuzayueti, B OTIMYUE OT 0Opa30BaHUs KPUCTAJUIOB B JKUIKOM CIUIaBE

(nepsuunas kpucmaniuzayust).

JlmarpaMma COCTOSIHMSI CIIJIABOB ¢ 00pa30BaHHEM KOMIIOHEHTAMH

XUMHYECKOI0 COCIMHCHUA

XUMHUECKOe COeTMHEHNE 0003Ha4aloT ApB,. DT0 03Hauaer, 4To B JAHHOM COETMHEHUU Ha m
aTOMOB KOMIIOHEHTa A TIPUXOAUTCS N aTOMOB KOMITIOHeHTa B. /lnarpaMMa coCTOSIHUS CIIJIaBOB
JUIS CTydast 00pa30BaHMsI MEKIY KOMIOHEHTAMH XUMHYECKOTO COCMHEHHSI, COCTaB KOTOPOTO
IIPU HarpeBe U OXJIAKICHUM HEe U3MEHSETCs, IpuBeeHa Ha puc. 1.9.
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Puc. 1.9. JInarpamma coCTOSIHUSI CIIABOB JUTsI CITydasi 0Opa3oBaHUsI KOMIIOHEHTaMU A U
B xuMu4aeckoro coeiuHeHUS

JlanHast nuarpaMMa Kak Obl COCTaBIICHA U3 BYX JUArpaMM: KOMIOHEHT A — XUMHUYECKOE
coenqnuenne A,,B, 1 xommoHeHT B — xumMnueckoe coennuenne A,,B,. B ciutaBax nesee Touku C
(COOTBETCTBYIOIIECH IO COCTaBYy XHMHUYECKOMY COeIMHEHHIO Ap,B,) KomMmoHeHTa A mmeeTcs
0oJbIle, YeM BXOJUT B XUMUYECKoe coequHeHne. ClieoBaTeNbHO, B 9TUX CIUIaBax JeBee TOUKU
C oOpazyercs 3BTekTHKa o+ Ap,B,. B crumaBax mpaBee Toukn C xommnoHeHTa B Gombiie, yem

MOXCT BXOJHUTb B XHUMHUYCCKOC COCIMHCHHC. CHGI{OBaTeHBHO, B 3THUX CIlJIaBax 06pa3yeTc;1

9BTEKTUKA ApBytP.

Cssi3b MEKAY CBOWCTBAMM CILIABOB M THIIOM aAnarpaMmbl COCTOSTHHU S

OCHOBONOJIOXKHUKOM YUYEHHSI O CBSI3M JUArpaMM COCTOSIHUSI CO CBOMCTBaMHU CIUIABOB
apisiercs akagemuk H.C. KypnakoB. Ha puc. 1.10 cxemaTmuecku moka3zaHa 3aBUCHUMOCTb
CBOMCTB CIUIaBOB OT THIIA AuarpaMMbl COCTOSAHHA, OTKYJa MOKHO BBIBCCTH CIICAYIOHUICC: ITPH
00pa3oBaHUM TBEPIBIX PACTBOPOB C HEOTPAHMYECHHOUN PaCTBOPUMOCTHIO CBOMCTBA M3MEHSIOTCS
Mo TUIaBHBIM KpuBBIM (puc. 1.10, 6); mpu 0O0pa3oBaHUU TBEPIBIX PACTBOPOB C OTPAHUYEHHOU
PacTBOPUMOCTBIO MM MEXAaHHMYECKOW CMECH CBOMCTBA M3MEHSIOTCS MpsiMoiimHerHo (puc. 1.10,
a, B); Ipu OOpa30BaHMH XWMHUYCCKOTO COCTUHCHHS CBOMCTBA M3MEHSIOTCS PE3KO — CKAuYKOM
(puc. 1.10, r).
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Puc. 1.10. CaoiicTBa CILJIaBOB 51 BU]L ux JUarpaMMbl COCTOSIHUS

(mo H.C. KypHnakoBy)

5. JUATPAMMA COCTOAHUA CUCTEMBbI XXEJIE30 — YI'JIEPO/1

OcHOBHBIE CBOHCTBA KeJje3a

YucToe xene30 — MeTaul cepedprcTo-0emoro mBeTa, BechMa IiacTHIHbIN. JKene3o oopasyer
Heckousibko okucioB: FeO, Fe,0s, Fe;04. Temnepatypa mnasnenus Ty,=1539 °C, xunenus —
Twur=2450 °C. CBoiicTBa eJe3a B 3HAUUTEIbHOW CTENEHU 3aBUCST OT COJIEPKAHUS yriepoaa, B
MEHBIIEH — OT IPYrUX KOMIOHEHTOB, KOHLEHTpAIHs KOTOpbIX HIKe (Si, Mn, P, S u np.).

Jlis sxese3a XxapakTepHO ABJICHHE MOJIUMOpP(u3Ma (aJ1JI0TPONUHU), IPH KOTOPOM TBEPbIE
BELIECTBA MOT'YT U3MEHATH THUIl KPUCTAININYECKON PEILIETKH U CBOMCTBA 1O/l BO3AEHCTBUEM
BHEITHUX (aKTOPOB (TeMreparypa, 1aBjieHue u T.1.) JKene3zo umeet 4 nonumopdHbie
MouUKaAIMU: o-, B-, Y- U 0-Fe. Kpucrannnueckas pemierka o-, 3- u 8-Fe — OLIK ¢ pa3abivu
MeKaTOMHBIMU paccTossHusAMH, V-Fe — I'LIK. Moaudukanuu o- u y-Fe cnocoOHbI 00pa3oBeIBaTH
TBEP/IbIE€ PACTBOPHI C yIriIepoaoM. JpyrumMu mpuMepaMu BeIECTB, 001aJal0IUX aNIOTPOITHBIMU



MOJU(PHUKAIMSIMA CTPYKTYPBI H CBOWCTB, SIBIISIIOTCS: YTIIepoA (aiMa3 U rpaduT); IByOKUCH
KpeMHus (o- ¥ B-KBapll, TPUAUMHUT, KPUCTOOATIUT, CTUILIOBUT, KOICHUT); Cepoe U Oesoe 0JI0BO.
[HomumopdHbIe peBpalieHus SBIAI0TCS 00pPaTUMBIMU, B IPOIIECCE BBIACISACTCS CKPBITas
TEIUIOTa KPUCTAJUIU3AlMHU (€C/IU MPeBpalleHre UIET NP oxyaxaeHnn). Ha kpuBoi oxmakaeHus
HOSIBJIIFOTCS] KpUTUYECKUE TOYKU U TOPU30HTAIBHBIE YYaCTKH, COOTBETCTBYIOLIME MIPOLIECCaM
NePEeKPUCTATU3ALINH.

Ha puc. 1.11 npuBeneHa kpuBas 0XJIaKAEHUS JK€JI€3a U3 PACIIIIABIEHHOTO COCTOSIHUS, Ha
KOTOPOW FOPU30HTAILHBIMH YYaCTKAMH OT/I€JICHbI TeMIIepaTypHbIe HHTEPBAJIbI CYIIECTBOBAHUS
pa3IMYHBIX MOIU(UKAIMIM Kene3a.

[Tpu nepexone B-Fe B a-Fe Tn kpucTammnyeckoi pemeTkyu COXpaHsaeTcsi, HO MEHSIOTCS
duznyecKkue CBOMCTBA: KENe30 U3 MapaMarHUTHOTO COCTOSHUS IEPEXOIUT B peppOMarHUTHOE,
T.€. ipu TeMreparype Hike 768°C cTaHOBATCS BO3MOXKHBIMU CIIOHTAHHASI HAMATHUYEHHOCTh
MaTepuaia U ero JoMeHHasi CTPyKTypa.

K >xene3oyriepoaucTsiM CIulaBaM OTHOCAT CTalIU M 4yTyHbl. OCHOBHBIMH 3JIEMEHTaMHU, OT
KOTOPBIX 3aBUCAT CTPYKTypa U CBOWCTBA CTallel U UyTYHOB, SIBIISIFOTCS KEJIE€30 U YTIIEPO/I.
XKemneso ¢ yrinepogom o0pasyeT TBEpbIe PaCTBOPHI BHEAPEHHUS U XUMHUYECKOE COCTUHEHUE; O—
JKeJe30 pacTBopsieT oueHb Majio yriaepoaa (10 0,02 % npu 727 °C). Tepaslii pacTBoOp yriiepoaa
U JIpYTHX 3JEMEHTOB B OL-)KeJle3€ Ha3bIBaeTCs eppumom. Pepput UMeeT HU3KYIO TBEPIOCTh U
npourocts: HB 80; 65=250 MITa (25 Krc/MM?) U BBICOKYIO IIACTHIHOCTB (O=50 %). y-Kele30
pacTBOpsIET 3HAYUTEIHHO OOJIbIIIee KOJINUecTBO yriiepoaa — 10 2,14 % mpu 1147 °C. Tsepasiii
pacTBOp YIJIEpoJia ¥ IPYTUX IEMEHTOB B Y-XKeJIe3€ Ha3bIBAETCS aycmenumom. B
HKEJIe30yTIEPOAUCTBIX CIUIABaX OH MOXKET CYIIECTBOBATh TOJIBKO TP BHICOKUX TEMIIEPATYPAX.
Ayctenur miactuyeH, Teepaocts ero HB 160-200, ®=40+50 %.
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Puc. 1.11. KpuBas oxnaxxaeHus xemnes3a

Keneso ¢ yriaepoaom takxe odpasyeT xummudeckoe coequnenue FesC, Ha3piBaemoe
yemeHmumom I KapOuIoM xenesa. B nementure cogepxurcs 6,67 % C; OH UMEET BHICOKYIO
tBepaocTh (~HB 800), HO Upe3BbIYaAHO HU3KYIO, TPAKTUYECKH HYJIEBYIO, TUTACTHYHOCTD.

JAmnarpamma cocrosinug xesie30 — uemMmeHTuT(Fe — Fe;C)

Huarpamma cocrosinus Fe — Fe;C (B ynmpoienHom Bujie) npuBeaeHa Ha puc. 1.12. Ha atoit
muarpamme Touka A (1539 °C) coorBeTcTBYET TEMIIEpaType IUIAaBICHUS (3aTBEPAECBaHMS)



xkenesa, a Touka D (~1600 °C) — TemmniepaType 1iaBieHus (3aTBepeBanus ) ieMeHTuTa. Jinnus
ACD — nuHus JIMKBHIYCA, TOKA3bIBAIOIAs TEMIIEpATyphl Hauasa 3aTBepeBaHus (KOHLA
riaBsieHus) craneil u uyryHoB. JIunns AECF — nunus conmayca, nokassiBarolas TeMIepaTypsl
KOHIIa 3aTBepeBaHMs (Hayaia MIIaBICHUA).

[To nmunum nuksunyca AC (npu TemnepaTypax, COOTBETCTBYOMUX JUHUU AC) U3 )KHUIKOTO
CIUIaBa KPUCTAJUIN3YETCS AyCTEHUT, a 0 JIMHUU JUKBUAyca CD — eMeHTHUT, Ha3bIBaeMbIi
NEPBUYHBIM LIEMEHTUTOM.
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Puc. 1.12. luarpamma cocrosiaus Fe — Fe;C (B ymporieHHOM BU7E)

B touke C npu 1147 °C u conepxxanuu 4,3 % C u3 XKHUAKOTO CIUIaBa OJHOBPEMEHHO
KPUCTAUTU3YIOTCSA ayCTEHUT U LIEMEHTUT MIEPBUYHBIN, 00pa3ys 3BTEKTUKY, HA3bIBAEMYIO
nedeoypumom. Ilo nuaum conuayca AE craBsl ¢ conepxanuem 1o 2,14 % C okoHUaTeIbHO
3aTBepIeBalOT ¢ oOpa3oBanueM aycrenuta. Ilo muuuu conuayca EC (1147 °C) crunassl ¢
conepxanueM 2,14—4,3 % C okoHYATENBHO 3aTBEPACBAIOT C 00PAa30BAHHEM IBTEKTUKHU
nenedyputa. Tak kak npu 6oJiee BBICOKMX TeMIIEpaTypax U3 KUIKOTO CIUIaBa BbIEIACTCS
ayCTEHUT, CJIEA0BATEIbHO, TAKUE CILIABBI I10CIIE 3aTBEPAECBAHUS UMEIOT CTPYKTYPY
aycreHuT+ienedypur. 1o nunuu comunyca CF (1147 °C) cnnassl ¢ conepxanuem 4,3—6,67 % C
OKOHYATEJIBHO 3aTBEP/ICBAIOT TAK)KE C 00pa30BaHNEM 3BTEKTUKH JieaeOypuTa. Tak Kak mpu
0oJiee BBICOKUX TEMIIEpaTypax U3 KHUJIKOTO CIUIaBa BBIJIENAETCS LIEMEHTUT (TIEPBUYHBIN),
CJIEIOBATENIbHO, TAKHUE CIUIABBI IIOCTIE 3aTBEPIEBAHUS UMEIOT CTPYKTYpPY — HEPBUYHBIN
LEMEHTUT-H1e1e0ypuT.

B pesynbrare nepBUYHON KpUCTAIIIM3allMU BO BCEX CIUIaBaxX C coaepxanuem 1o 2,14 % C
oOpasyetcs onHo(a3Has CTPYKTypa — aycTeHUT. CIUIaBhI JKene3a ¢ yriepoioM, B KOTOPhIX B
pe3ynbTare NEPBUYHON KPUCTANIN3alliU B PABHOBECHBIX YCIOBUSX MOJIy4aeTCsl ayCTEHUTHAs
CTPYKTYpa, Ha3bIBAIOT cmansamu. Cle0BaTeNIbHO, CTallb — 3TO YKEJIE30YTJIEPOAUCTHIE CIIABbI C
conepkanueM 10 2,14 % C. Cnnasel ¢ conepkanueM 6oiee 2,14 % C, B KOTOPBIX ITpH
KpHCTalIu3auu oOpasyercs aenedypur, Ha3bIBatoT yyeyHamu. ClieioBaTeNbHO, YyTyH — 3TO
JKEJe30yTIEPOIUCTHIE CIUIABHI ¢ coniepkanuem oonee 2,14 % C. M3mom Takux 4yryHOB
CBETJIbIH, OnecTsuii (Oenblit U3710M), TOATOMY TaKHe YyTyHbl HA3bIBAIOT OCTIBIMU.

B >xene3oyriepoaucThixX crijiaBax MpeBpALLEHUs] B TBEPJOM COCTOSHUU XapaKTEPU3YIOT JTUHUU
GSE, PSK, PQ. JIunus GS noka3blBaeT HayaJlo MpeBpaIleHus ayCTeHuTa B hepput (mpu



oxnaxaeHun ). Kpurnueckue Touku, aexamue Ha tuaun GS, 0003Ha4aroT Az (Tipu Harpese Acs,
a npu oxnaxxaeHuu Arsz). JIunus SE nokassiBaeT, 4TO C MOHWKEHUEM TEMIIEPaTyphbl
pacTBOPUMOCTH YIJiepoja B aycTeHuTe yMeHbiaercs. Tak, mpu 1147 °C B aycTeHUTE MOXKET
pactBoputscs 2,14 % C, a npu 727 °C - 0,8 % C. C noHMkeHueM TeMInepaTypsl U3 ayCTEHNTA
BbIJIETISIETCS] U30BITOYHBIN YTIEPOJ B BUJIE LIEMEHTUTA, HAa3bIBAEMOI'0 BTOpUYHBIM. KputHueckue
TOYKH, Jexaiue Ha TuHuK SE, 0003HauatoT Acm. B uyrynax ¢ cogepxanuem 2,14—4,3 % C npu
1147 °C, kpome neneOypura, €CTb ayCTEHUT, U3 KOTOPOTO NP MOHMKEHUH TEMIIEPATYPbI TOXKE
BBIJICJII€TCS] BTOPUYHBIN LIEMEHTHUT.

JInaus PSK (727 °C) — nuHus 3BTEKTOUIHOTO NpeBpaiieHus. Ha 3Toil auHuM BO Bcex
KeNe30yIIIepPOUCTBIX CIUIaBaX ayCTEHUT pacnagaercs, 00pa3ys CTpyKTypY, NPEACTaBIISIONIYIO
co00l MEXaHUYECKYIO0 CMECh (peppuTa U IIeMEHTUTA U Ha3biBaemyto nepaumom (~HB 200).
Kpurnueckue Touku, nexxamue Ha auHun PSK, o6o3Hauator A (npu Harpese Acy, a mpu
OXJIAXACHUH Ar)).

JIunus PQ mokaspIBaeT, 4TO ¢ MOHMKEHUEM TEeMIIepaTypbl pacCTBOPUMOCTh YIiIepoa B (eppute
ymenbuiaercs ot 0,02 % mpu 727 °C o 0,006 % npu komHaTHOM Temmneparype. [Ipu
oxnaxaeHuu Huxe 727 °C u3 pepputa BblaeseTCA N30BITOYHBIHN yIIepo/l B BUJIE LIEMEHTHTA,
Ha3bIBAEMOT'O TPETHUHBIM.

Hwxe 727 °C xene30yriepoancTbie CIIJIaBbl UMEIOT CIEAYIOUINE CTPYKTYPBI.

Cranu, conepxarue meHee 0,8 % C — dbeppur+nepiur, Ha3pIBAIOT J10IBTEKTOUIHBIMU CTASIMU
(puc. 2.13, a).

Cranu ¢ conepxanuem 0,8 % C — nepnut, Ha3bIBAIOT 36mekmoudnvimu cmanimu (puc. 1.13, 6).
Cranu c conepxxanuem 0,8-2,14 % C — nepaut u ueMeHTUT (BTOPUYHBII), Ha3bIBAIOT
3ar6mexmoudnvimu cmanusimu (puc. 1.13, B).

B paccMoTpeHHBIX BbIlIE CIUIaBax, TAKUM 00pa3oM, umerotcs 3 TBepasle da3bl — peppur,
LEMEHTHUT U ayCTEHUT M 3TH K€ (Da3bl B CTPYKTYPHO CBSI3aHHOM COCTOSIHUU: ABTEKTOM]I — MEPIIUT
Y 3BTEKTHUKA — JIeJIeOypHT.

! R I a e Mt i i / E
Puc. 1.13. Mukpoctpykrypa cranu [1]: a — mosBTekTonIHas CTainb — (EepPHUT (CBETIIBIE YIACTKH)
u mnepauT (TeMHble ywacTtku), x500; 6 — osBTekTOoMAgHas crainb — nepaut, x 1000; B —

3a3BTEKTOUHAS CTAJIb — IIEPJIUT U LIEMEHTHUT (B BHUIE CeTKH), x 200

B crutaBax xkene3o — yriepos Ipy pacrajie ayCTeHUTa B3MOKHA KPUCTAJUIM3alUs yIiIepoia B
CBOOOZHOM COCTOSIHHH B BHJIE epaghuma.

I'padur sBnseTcs HemeTaTu4eckoi (pa3oit, OH MATOK 1 00JIaaeT HU3KOH TIACTHYHOCTHIO,
pacrioyiaraercsi B OCHOBHOU Macce CIljlaBa, UMEeT pa3BUTYI0 00beMHYIO (OpMy B BHJIE
IJIACTUHOK.

Jlnarpamma COCTOSIHHUSL CUCTEMBI XKEJIE30 — LIEMEHTUT MCIIONb3YETCs HA IPAKTUKE JUIS
oIpeziesieHUs] BUAOB U PEKUMOB TEPMUUECKONW 00paOOTKHU CTaJIU C LIEJIbIO IPUIAHNUS CIUIaBY
HEOOXOIUMBIX CBOMCTB.



6. TEPMUYECKAA U XUMUKO-TEPMUYECKA OBPABOTKA CTAJIN

Tepmuueckoil 00padOTKOM HA3bIBAIOT MPOIECCHI, CBSI3AHHBIE C HATPEBOM U OXJIAKIICHUEM,
BBI3BIBAIOIINE U3MEHEHUS BHYTPEHHETO CTPOEHUS CILJIaBa U 00YCIIOBIIEHHBIE STUM U3MEHEHHS
buznYeCKNX, MEXaHUYECKUX U IPYTHX CBOMCTB.

OCHOBO¥ TIPOIIECCOB TEPMUYECKON 00pAOOTKH SABISETCS MOTMMOP(HU3M Keye3a U €ro TBEPABIX
pacTBOpOB Ha OCHOBE a- U y-Fe. B pe3ynbrare nonumopdusma nporucxoauT U3MEeHEHHE
KPUCTAJIIMUECKON CTPYKTYPHI CIIaBOB B TBEPAOM cocTosiHUH. ClieyeT OTMETUTh, YTO HarpeB
WM OXJIQXK]IEHUE OJJHOKOMIIOHEHTHOTO MeTallja (eJe3a) He OKa3bIBaeT 3HAYUTEIILHOTO
BJIMSTHUS HAa €T0 CTPYKTYpPY M CBOMCTBA. MexXIy TeM TepMudeckas o0padoTKa yriepoaucTon
CTaJIi TIPU OMPEEIICHHBIX YCIOBUIX MO3BOJIIET U3MEHATh CTPYKTYpPY MaTepuaia u ero pu3uko-
MEXaHUYECKHE CBOMCTBA B IIMPOKUX Mpeeiax.

Tepmudeckoit 00paboOTKe ¢ 1ENbI0 TPeOyeMOoro H3MEHEHHsI CTPYKTYPBI U CBOKCTB (TBEPAOCTH,
00pabaThIBAEMOCTH | JIp.) MOABEPTAIOT KaK MoayhadpHuKaThl (3arOTOBKH), TAaK U TOTOBHIE
u3nenus (JeTaau, MUHCTPYMEHT). B 3aBUCMMOCTH OT CTPYKTYpPHOTO COCTOSIHHSI CTaJlH,
MOJTy4aeMOro B pe3ysbTaTre MPUMEHEHUsI TepMO0oOpabOTKH, MOCIEIHAS MOIpa3IesiieTcs Ha
OTKUT (IIEPBOTO U BTOPOTO POJia), HOPMAIIU3aLIMIO, 3aKAJIKY U OTITYCK.

TexHonornueckuii mporecc TepMooOpadOTKH BKIIOYAET 3 MOCIIE0BATEILHO BHITIOTHEMBbIE
oreparuu:

1) HarpeB 0 ompeeIeHHON TeMIIEPaTyPhI;

2) BBIIEPXKKY IIPU 3TOM TEMIIEpaType;

3) oxJaxAeHHE C 3aJaHHOU CKOPOCTHIO.

Jns  moHWMMaHUs OCOOEHHOCTEW (ha30BBIX MPEBpAIEHUH, MPOUCXOIAIUX MpPH
TEPMUYECKON 00paboTKe CTaiM, HEOOXOIMMO PACCMOTPETh MPOIECC MEPEexXoja ayCTEHHUTA B
HepauT. DTOT NPOIECC BKIIOYAET 4 ATamna.

1. Ilpu oxnaxxaeHUM ayCTEHHUTA J0 TEMIEPATypbl, paBHOU 727 °C, mIpOUCXOIUT
IIPaKTUYECKU MTHOBEHHBIN niepexo y-Fe B a-Fe ¢ n3menenneM tuma KpucTauim4ecKou
pemetku ¢ ['TIK na OLIK. Ilpu 3TOM BBIACTIAETCS H30BITOYHBINA YTIIEPOI, KOTOPHIN HE YCIIEBACcT
mudGyHIUPOBATH U OCTACTCS B PEIIETKE Kelie3a. B pe3ynbprare 00paszyeTcs ciuiaB —
NIePECHIIICHHBINA TBEPBIN pacTBOP yriaeposa B a-Fe, KOTOPBI HOCUT Ha3BaHUE MAPMEHCUM

(TBepmocth — 62 — 65 HB).



2.  Vraepox HaunHaeT TUPGYyHAUPOBATH K IIEHTPAM KPHUCTALTU3AINN U 00pa3yeTrcs
cmech KpuctamioB o-Fe+C u nementura Fes;C. JIuHelHbIi pazMep KpUCTaIOB IEMEHTHUTA
cocraBmseT ~10”mm. Takoii crmaB HassIBaeTCs mpoocmumon (Teeprocts — 40 HB).

3. 3epma Fe;C ysemmumBarorcs 10 ~10™*Mm 1 06pasyercs cmech kprctamio o-Fet+C u
Fe;C, xotopas HazwiBaeTcst copoumom (TBepaocts — 30 HB).

4. 3epua Fe;C BhIpacTaroT 10 pasmepa, npesbimaromiero 10~ M, 1 06pasyercs nepaum
(TBepmocth — 15-20 HB).

CTpyKTypbl ayCTEHUTA U MEPIIUTA ABJISIOTCS CTAOUIBHBIMU (PAaBHOBECHBIMHU), a MAPTEHCUTA,
TPOOCTUTA U COPOUTA — HEPABHOBECHBIMH.

N3BecTHO, UTO €CTi ayCTEHHUT OXJIaXKIaTh CO CKOpocThio S0 Tpaj/c, obpasyercs copout; 100
rpaja/c — tpooctut; 150-200 rpan/c — mapreHcur. [Ipu TepMooOpaboTKe, BBI3BIBAIOIICH MTEPEXO/T
ayCTEHUTA B MapTEHCUT, IFIOTHOCTh CTAJIM YMEHbINAETCs (MIIOTHOCTH aycTeHuTa — (8,0-8,1)
r/em’, MapTercuTa — 7,8 T/cM’), a THHEHHbIC pa3sMephl ¥ 00BbeM yBeTHIuBaroTCs. [103ToMy mocie
TEPMOOOPAOOTKH B MaTeprasie BO3HUKAIOT BHYTPEHHHE MEXaHUUECKUE HATIPSKEHHS.

OT:KUToM Ha3bIBACTCA MPOIECC TEPMUUECKON 00pabOTKH, BKIIOUAIONINIA HATPEB 110
OTIpeNIeICHHON TEeMITEPATyPhI, BBIACPKKY U TOCIEAyIoIee, KaKk PaBUIIO, MEJIEHHOE
OXJIaKJEHHE (B MEYH) C 1IEJIbIO MOJIy4eHUs 00Jiee paBHOBECHOU CTPYKTYpHI cTalu. B pesynbTare
OTXHTa YCTPAHSIOTCS BHYTPEHHHE HANPSHKCHUS, H3MEIBYAETCsI 36pHO, TIOBBIIIACTCS
TUTACTHYHOCTH CTaJIH.

Omoicue nepsoco pooa — 3T0 TepMHuueckas 00paboTKa, MpU KOTOPOM, KaK MPaBuiIo, HE
IPOUCXOAUT (Pa30BbIX NMPEBpALLIEHUH (IEPEKPUCTATUIN3ALINN), @ €CITU OHU UMEIOT MECTO, TO HE
OKa3bIBAIOT BIIMSAHUS HA KOHEUHBIE PE3yJbTaThl, IPElyCMOTPEHHBIC 11€JIEBBIM Ha3HaUeHUEM. B
3aBHCHUMOCTH OT TEMIEPATYPHOT'0 peKUMa OTKUT IIEPBOTO PO/Ia YCTPAHAET HEOTHOPOTHOCTH
XHUMHUYECKOT'0 COCTaBa WK (PU3NYECKHX CBOMCTB, CO3aHHBIC PEAIICCTBYIOIIMMHU
o0paboTkaMu. Pa3HOBUIHOCTAMU OTKUTa MEPBOTO poa ABIA0TCA AU y3nOHHBINA U
PEKPHUCTATIU3ALMOHHBI.

Henbto oughghysuonnozo otxura (rOMOTCHHU3AINH ) SBIISIOTCS BRIPABHUBAHIE XUMHUYECKOTO
COCTaBa M yJlaJIEHUE JICHAPUTHOM CTPYKTYPBl KPUCTAIIIOB B ()aCOHHBIX OTIUBKAX U CIUTKAX
JeTUPOBaHHOM cTanu. Heo HOpOIHOCTh XUMHUECKOTO COCTAaBA 3aTOTOBOK IOBBIIIIACT
AQHM30TPOIHIO UX CBOMCTB U CKIIOHHOCTbH CTalld, 00pabaThiBaeMO JaBICHUEM, K XPYITKOMY
paspymenuto. Juddy3rnonusiii oTkUr mpousBoautcs npu remmeparypax 1100 — 1200 °C B
tedenue 30 — 50 4. Tonbko Npu TakuX ycinoBusX Hanbosee 3h(HEeKTUBHO MPOTEKAIOT

T Py31MOHHBIE MPOLECCHI, HEOOXOAUMBIE U1l BRIPABHUBAHUS COCTaBa CTAJIM 10 BCEMY 00bEMY.



OO01mast MPOJOIKUTENFHOCTH MPOLIECCa, BKIIOYAOMIAs HArPEB, BHIACPKKY U MEUIEHHOE
oxJaxaeHue co ckopocthio 30 — 100 rpas/a (0OBIYHO BMECTE € TEYhI0) MOXKET MpeBbimaTh 100
q.

Pexpucmannuzayuonnwiti OTAKUr (Pa3sHOBUIHOCTb HU3KO20 OTKUT'A) — TEpMHUUECKas 00paboTka
X0JOAHOe(HOPMUPOBAHHOM CTANH, BKIFOYAIOIIAs HATPEB BBIIIE TEMIIEPATYPHI
PEKpHCTAILTH3AINH, BBIACPKKY IIPU 3TOH TEMIIEpaType U Mmocieayomiee oxuaxaeHue. Llemnsio
PEKPHUCTAILTH3AIMOHHOTO OT/KUTA SIBIISIETCS YCTPaHEHUE HAKJIETIa U TTOJTyYeHHE OTPeIeTICHHOM
BEJIMYMHBI 3epHa. Hakien Bo3HUKaeT B pe3ysbTaTe BECbMa BBICOKHX JIaBJICHUN, TPUMEHSIEMBIX
npu 00paboTKe JaBICHUEM, PE3aHHEM U TIP. 3epHAa TOBEPXHOCTHBIX CIIOCB IPUOOPETAOT
BRITAHYTYI0 popmy. CO31aI0TCSI OTHOCHTEIIBHBIE CMEIICHUS (CABUTHM) YacTel KPUCTAILTHYECKON
peIeTKy.

Pexpucranmn3aoHHbI OT)KHUT IPUMEHSIOT KakK 0, TaK U TIOCJIE XOJIOAHOW 00paboTKH
JIABJICHUEM JUISI CHATHS CO3IaHHBIX HAKJICTIOM BHYTPEHHHX HAIIPSDKEHUH B MaTepHale.

Jist TOCTHIKEHUST pEKPUCTAILTM3AIMA TI0 BCeMy 00BEMy M COKpAIlleHHs] BpEMEHH Tpolecca
TEMIIepaTypa OTXKWTa JOJDKHA IMPEBHINATh TEMIIeparypy Topora pekpucramumzanud. Jlms
yriepoaucteix ctaneit (comepxkamux 0,08 — 0,2 % yriepona), vaiie MmoJaBepracéMbIX XOJIOAHOU
nedopMmaruu (MpoKaTke, MITAMIIOBKE, BOJIOYEHHUIO), TEMIIEpaTypa oTxkura cocrasiser 680 — 700
°C, npoaomxuTenbHocTh — oT 0,5 10 1,5 u.

[Tocne oTxura 3epHa MOBEPXHOCTHBIX CJIOEB MaTepHaia, 1e()OPMUPOBAHHBIC U CIUTIONICHHbIE
10CJI€ HAKJIeTa, BOCCTAHABIMBAIOT HOpMaIbHYIO (hopMy. CTanb mpruoOpeTaeT MEeIKO3epHUCTOe
CTPOEHUE, MOHWKEHHYIO TBEPA0CTb, TOBBIIIAIOTCS IJIACTUYHOCTh U 00pabaThiBaeMOCTh B
XOJIOAHOM COCTOSTHHH.

Henbto omorcuea 6mopozo pooa sIBISIOTCS (a30BbIe MPEBPAIICHUS — NEPEKPUCTALIH3AINS CTATN
C IOCTHKEHUEM MPAKTHUYECKU PaBHOBECHOTO CTPYKTYPHOTO ((ha3oBoro) coctosinus. Paznuyaior
CJIEAYIOIIHE PA3HOBUIHOCTH OTKUTA BTOPOIO POJIA: ITOIHBIN, HEMIOJIHBIN, H30TEPMUYECKUN.
Ilonnomy OTKUTY TIOABEPTAIOT TO3BTEKTOUIHYIO CTaJb C LIEIbIO CO3AaHUS MEITKO3EPHUCTOCTH,
NOHM)KEHUS TBEPAOCTH U TMOBBIIICHHS TUIACTUYHOCTH, CHATHS BHYTPEHHHUX HarpspkeHuid. Ctanb
HarpesatoT 10 temneparypsl Ha 30 — 50 °C Beimie Touku Acs. I[Ipu HarpeBe ncxoaHas
KpYITHO3EepHHCTas GeppPUTHO-NIEPIUTHAS CTPYKTYpa MPEBPALIACTCS B METKO3EPHUCTYIO
CTPYKTYPY ayCTEHUTa, 00ECIIeUYHBAIOIIYI0 BBICOKHE BA3KOCTh M IIACTUYHOCTD CTAJIH.
[TpoaomKUTENTLHOCTD BBIACPIKKH JJOJDKHA OBITh JOCTATOYHOMW ISl TIOJIHOTO MPOTPEBa BCETO

o0beMa MaTepHala 1 3aBepiueHus (pa3oBbIX npeBpatieHnil. UpesMepHoe MOBBIIICHNE



TEMIEPATYPHI BBILIE TOUKU AC3 BBI3BIBAET POCT 3€pHA ayCTEHUTA, YTO YXY/IIIAET CBONCTBA
CTaJIH.

[Ipu mocnenyromemM MeUIEHHOM OXJIaXKIEHHH U3 MEJIKO3EPHHUCTOTO ayCTEHUTa 00paszyeTcs
Menkasi GeppuUTHO-NIEPIUTHAS CTPYKTypa. MeuleHHOe 0XJIaXk/IeHNE JOKHO 00ECIeUnTh paca
ayCTEHHUTA MPU MAJIbIX CTENEHIX MEPEOXJIAXKACHUS, YTOObI N30€KaTh 00pa30BaHMUs U3JIHILIHE
TMCTIEPCHOM (heppUTHO-KapOUIHOW CTPYKTYPHI H CBOMCTBEHHOH €1 BEICOKOH TBEPIOCTH.
CkopocThb oXJaKIeHUs, HE00X0AUMasl JUIs ITOJIHOTO OTXKHIra, 3aBUCUT OT YCTONYHUBOCTH
NEePEOXJIAXKIEHHOI0 ayCTEHUTA, CIIEI0BATENIbHO, OT COCTaBa cTajnu. B cBsa3u ¢ aTuM
JIETUPOBAHHBIE CTAJIH, OTJINYAIOIINECS BHICOKOW YCTOMYMBOCTBIO MIEPEOXIIAXKACHHOTO
ayCTEeHHUTA, OXJIaXAatoTcs 3HaunTenbHO MemieHHee (10 —100 °C/a), ywem yraepoauctoie (200 —
250 °C/u).

3a3BTEKTOUAHYIO CTallb IOJIHOMY OT)KUTY HE TIOJBEPraloT.

Henonnomy oTKUTY MOBEPTalOT 3a3BTEKTOUIHYIO U 3BTEKTOMIHYIO CTaJIb C IIEJIbIO
IpEeBpalIeHMs] IJITACTUHYATOTO MEPJINTA B 36pHUCTHIN. [I11sl mosy4eHus 3epHUCTOTrO MepiinTa
3a3BTEKTOUIHYIO CTAIb HATPEBAIOT JI0 TEMIIEPATyphl HEMHOTO BhIlIe TOUkH Ac; (o0 740 — 780
°C). [Ipu HarpeBe NPOUCXOIUT MIPEBPAILICHHUE MTEPIUTA B AyCTCHHT, a IIEMEHTUT OCTAeTCs U
o0pasyeTcst CTpyKTypa LIEMEHTUT+ayCTEHHUT.

[Ipu nocnenyromemM MeUIEHHOM OXJIaXICHUH U3 ayCTeHUTa 00paszyeTcs (heppUTOLIeMEHTUTHAS
CTPYKTYpa C 3epHUCTOI (POPMOil IeMEHTHUTA — 3€PHUCTBII MEePIUT. 3a3BTEKTOUIHbIC
(MHCTpYMEHTAJIbHBIE) CTAJIM NTOABEPratOT TOJIBKO HEIIOJIHOMY OTKUTY JUISl CHUKEHMS TBEPAOCTH
U yJIydleHus o0padaThIBAeMOCTH Pe3aHHEM, a TAaKXKe MOJTOTOBKH CTPYKTYPHI K 3aKaJKe.
J103BTEKTOUAHBIE CTATIN HETIOJIHOMY OT)KMTY ITOABEPratOT PEKO B CBSI3U C HETOIHOMN
NEPEKPUCTAIIIN3ALNEN CTPYKTYPBI.

N3oTepmMuueckuii OT)KUT OOBIYHO MTPUMEHSIOT JIJIsl ISTUPOBAHHBIX CTaeH ¢ IENIbI0 TOJTHOTO
pacmaja aycTeHUTa u 00pazoBaHus (heppUTHO-TIEPIUTHON cTpyKTyphl. Harpes ocymecTBusercs
IIPU TEMIIEPATYPE, IPUMEHAEMOH IS TIOJTHOTO OT)KUTA. 3aTEM NPOU3BOAAT CPABHUTEIBHO
ObICTpOE OXJIax/IeHUe (IEPEHOCOM B APYTYIO M€Ub) 10 TEMIEePaTyphl, JIeKaIlel HIDKE TOUKH AC)
(~650 °C), 1 HAYMHAIOT U30TEPMHUYECKYIO BBIIEPIKKY, HEOOXOAUMYIO JIJIsl ITOJIHOTO Paciaia
ayCTEHUTA, I10CJIE YETO CIEAYET OXJIAKICHUE Ha BO3YXE.

[Ipenmy1iecTBO N30TEPMHUUYECKOTO OTHKHUIAa COCTOUT B CHUKEHUH MPOIOJIKUTEIILHOCTH MIpoliecca
10 CPaBHEHHIO C MOJHBIM OTKUTOM. [IpH BEIOOpE TeMIiepaTyphl BBIIEPKKU H30TEPMUIECKOTO

OTXHra, OJIM3KON K TEMIIEpaType MUHUMAJIbHONW YCTOMYMBOCTH MEPEOXITKIACHHOTO ayCTEHUTA B



NEePIUTHON 00IaCTH, TOCTUTAETCS MUHIMAJIBHOE BpeMs Tporiecca. J[pyrum npenMyImecTBOM
OTKHTA SIBIIACTCS MOJTyUeHue 0oJjiee OAHOPOIHON CTPYKTYphI MaTepuara.

Hzomepmuyeckuil OTKUT yIydiiaeT 00pabaTsIBa€MOCTh CTAIH PE3aHUEM H YHCTOTY
MOBEPXHOCTH, YMEHBIIIAET CKJIOHHOCTb K JepopMalivy MpH MOCIETYIOIINUX TEPMUUYECKON U (UITN)
XUMHUKO-TEpMHUUECKON 00paboTKax.

Hopmanu3anus — 3To TepMuyeckas o0padoTka, BKIIOYAIOIIas HarpeB 10 TeMieparypsl Ha 30 —
50 rpamycoB BbllI€ KPUTUYECKUX TOUEK AcC3 AJIs JOOBTEKTOMIHOMN cTamu U Acm JUis
ABTEKTOMIHOM CTajM, BBIACPKKY IPU 3TON TEMIIEpaType U OXJIaXKIEHUE Ha BO3IyXE.
Bcenenctsue Gosiee OBICTPOro OXJIaXACHUS, YEM IIPH IOJTHOM OTXKUTE, CTPYKTypa NepauTa 1nocie
HOpMAaJIM3al1H SIBJISETCS TAKOM ke, KaK MocJie IOJHOTO OTKUTa, HO 0oJiee AUCTIEPCHOMN (TOHBIIIE
IUTACTUHKU (PEPPUTOLIEMEHTUTHOMN CMECH).

Hens HOpManu3anuy JOBTEKTOMIHBIX U ABTEKTOUIHBIX CTaJIeH Ta e, YTO U MOJHOTO OT)KUTa.
Opnaxo 1ociie HopMaau3aui TBEPAOCTh U MPOYHOCTH CTAJIM BBILIE, YEM I1OCIIE [TOJIHOTO
omxura. Hopmanusanust mpuMeHsieTcsi OOBIYHO TS HCIIPABJICHUS CTPYKTYPBI IEPETPETOn U
JIUTOM CTaJlu, U3MENbUEHUS 3epHa, CMATUEHUS CTAJIN Niepesl 00pabOTKOM U pe3aHueM,
MOJIFOTOBKHU K 3aKaJIKe, YyCTPAHEHUS! CETKU BTOPUYHOT'O IIEMEHTUTA B 3a9BTEKTOMIHOM cTainu [6].
Hopmanu3zarus, mo cpaBHEHHUIO C OTKUTOM, — 0oJiee SKOHOMHUYHAS OIepalus, TaKk Kak He
TpeOyeT IIUTENBHOTO OXJIaKICHUS BMECTE C MEUbIO.

3akaJika ctanu NpUMeHseTCs JUIsl 3HAaYUTENbHOIO MOBBILIEHHS IPOYHOCTH U TBEPIOCTH
MaTepuaia. 3akaiaka nIpou3BoauTcs HarpeBaHueM Ha 30 — 50 rpagycoB Bblle TEMIIEpATyp,
COOTBETCTBYIOIIMX JIMHUU aycTeHUTHOro npespauienust (GSK) auarpammsel coctostaust Fe — C
(puc. 1.12); 3aTeM ocyImecTBIIsAETCS BBIIEPKKA B TeUEHHE HEOOX0AUMOTO BPEMEHHU.
OxJnaxJeHre TOocIe 3aKajJKu MPOBOAUTCS C BBICOKOH ckopocThio 100 — 500 rpan/c. OCHOBHBIM U
pemaionmmM (GakTopoM, ONPEAEIISIOUINM CTPYKTYPY U (PU3HKO-MeXaHHUECKUE CBOMCTBA
3aKaJICHHOH CTaju, ABJIIETCS UMEHHO CKOPOCTh OXJIAXKIACHMS.

Ocoboe 3HaueHue I 3aKaJIKU KIMEET CKOPOCTh OXJIAKICHUS B MHTEpBAJIC TEMIIEPATyp, I/1ie
aycTeHHT MeHee Bcero yctoituuB (650 — 550 °C). OGbIYHO 3TOT HHTEPBAI TEMIIEPATyp pU
3aKajike HeoOX0IMMO POUTH ObICTpO. BaskHOE 3HaYEHNE UMEET CKOPOCTh OXJIAK/ICHHUS U B
uHTepBaiie Temieparyp 300 — 200 °C, korjja BO MHOTHX CTAJIIX MPOUCXOAUT 00pa3oBaHHe
MapTeHcuTa. B aToM uHTEpBaie Tpedyercs 6osee MeUIEHHOE OXJIaX/IeHUE BO H30exKaHNe

BO3HUKHOBCHUA HaprDKeHI/Iﬁ " 3aKaJIOYHBIX TPCIIUH.



Ha npaktrke mpuMeHSIOT cleayronfe oxiaxkaatomue cpeasl: Boaa, 10 %-e pactBopsr NaCl,
H,S03, Na,COs B Bojie, MallIMHHOE Maciio, TpaHCc(hopMaTopHOE MacCIio, SMYJIbCHS Macia B BOJIC,
MBUIbHAS BOJIA, KEPOCHH, BO3IYX.

VYriepoaucTbie CTanyu, UMEIOIINE BEICOKYIO KPUTHUYECKYIO CKOPOCTh 3aKaJIKH, OXJIaKIal0T
(3aKaiMBaroT) B BOJE, a JIETUPOBAHHBIE CTAJIM, UMEIOLIUE 00Jiee HU3KYI0 KPUTHYECKYIO CKOPOCTh
3aKaJIK¥, OXJIAXK/1al0T B Maclie, I7ie OXJIaKICHUE MPOUCXoIuT MeaeHHee. Hegocratkom macna
KaK OXJIaX/Ia0Ilel Cpe/Ibl SBISIOTCS €ro JIETKas BOCIUIAMEHAEMOCTh U OTHOCUTENIBHO BBICOKAs
cToUMOCTbh. C MOHM)KEHUEM TEMIIEPATYPhl OXJIAXKIAIOIIEH CPeIbl 3aKaJIKa CTaIl CTAaHOBUTCS
0oJiee pe3Koi.

Cy1iecTBYIOT ClE€IyIOIINE CIOCOOBI 3aKAJIKU: B OJHOM OXJIAJIUTEIIE; B IBYX CPElax; C

MOJICTY )KMBaHUEM (TIEPE] MOTPYKEHUEM B OXJIAIUTEINIh MaTepHal HEKOTOPOE BpeMs
BBIJICP)KMBAIOT HA BO3/IyXe); CTyNEHYATas; M30TEPMUYECKast 3aKaika 1 JIp.

CymiecTByeT METO/ MOBEPXHOCTHOM 3aKaJIKU — HarpeBaHME 3a CUET TEIJIOBOTO AEUCTBUS TOKA,
WHIyIIUPYEMOTO B IOBEPXHOCTHBIX CJIOSX MaTepraia Py TOMEIIEHUH €r0 B 3JICKTPOMAarHUTHOE
TI0JI€ BBICOKOW YaCTOTHI.

Kpome BBICOKMX IPOYHOCTH M TBEPIOCTH, 3aKaJIEHHAsI CTAJIb IPUOOPETAET U TIOBBIICHHYIO
XPYIKOCTb.

OTnycKoM Ha3bIBAIOT HATPEB 3aKAIIGHHOW CTAIH IO TEMIIEPATY Pl HIKE KPUTHUECKON TOUKH
Ac; ¢ BBIICPXKKOH MpH ITON TeMIepaType U ¢ MOCIEAYIONUM CPAaBHUTEIHHO MEJICHHBIM
OXJIOKJCHUEM Ha Bo3ayXe. Llenbio oTmycKa SBISIOTCS YaCTUYHOE WJIH MOJTHOE YCTPAHECHUE
BHYTPEHHUX HAIPSHKCHUN, CHIDKEHUE TBEPIOCTH U TIOBBIIIICHUE BSI3KOCTH.

OTmyck sSBISETCS 3aKIIOUNTENFHON onepanueil TepMudeckoit 00padboTku ctanu. OCHOBHBIMHU
dakTopaMu, BIHUSIFOIIMMH HA CBOMCTBA CTAJIH MOCIIE OTITYCKA, SIBJISIFOTCS TEMIIepaTypa HarpeBa u
MPOJOKUTEIHHOCTh BBIIEPKKHU. B 3aBUCUMOCTH OT 3HAUEHUS TEMIIEPATYPhI OTITYCK Pa3eIIsIOT
Ha HU3KO- U BEICOKOTEMIIEPATYPHBIH.

Henb Huzkomemnepamyprozo otnycka, nposogumoro npu 150 — 250 °C — ymensiienue
BHYTPEHHUX HAIMPsDKCHUN B 3aKaJIGHHOW JieTau 0e3 CHIbKEHUs TBepIoCcTH. OTIYCK MPOBOIAT B
MAaCJISTHBIX WJIM COJIEBBIX BaHHAX. Hu3koTeMmepaTypHbIid (HU3KHIA) OTITYCK HA3bIBAIOT TAKXKE
OTITyCKOM Ha MapTCHCHT.

CpeonememnepamypHuiii (CpeHUI) OTITYCK — OTITYCK Ha TPOOCTHUT — MIPOUCXOIUT TPU HArpeBe
1o temmneparyp 350 — 450 °C. [Ipu 3ToM CHMKAETCS TBEPIOCTh CTAIIH.

Bvicokomemnepamypnwiti (BBICOKUI) OTITYCK — OTITYCK Ha COPOUT — MMPOU3BOAUTCS TPU

temrepatype 500 — 650 °C. [IpuMeHs0T B MAaIMHOCTPOEHUU ISl U3ICIUNA U3



KOHCTPYKIIMOHHOM CTallM C LIENbI0 00eCTieueH s TOCTaTOYHOM MPOYHOCTH, BI3KOCTH U
iactTuyHocTU. CoueTaHue 3aKalKy C BBICOKUM OTITyCKOM Ha COpPOMT Ha3bIBACTCS )yulleHUeM
CTaM. DTy ONEpaIfio MPUMEHSIOT IJIs1 cpeaHeyrepoauctsix ctanei (0,35 — 0,60 % C).
XHMHKO-TepMHuYecKas 00padoTka cTajau — 3TO MPoIiecc, IPEACTaBISIIOIINN o000l coueTanne
TEPMHUYECKOTO M XUMUYECKOTO BO3JIEHCTBUS C LIEJIbI0 H3MEHEHHUS COCTaBa, CTPYKTYPbI U CBOMCTB
MOBEPXHOCTHOTO CJIOSI CTaJIH.

[Ipn xXUMHUKO-TepMHUYECKONH O00pabOTKE MPOTEKAOT CIESAYIONIUE IpoIecchl [6]: pacman
MOJIEKYJl BO BHEIIHEW cpene U o00pa3oBaHME aTOMOB AU(PGYHIUMPYIOLIETO 3JIEMEHTa
(Iucconmanys); MOrJIOIIEHNE aTOMOB IIOBEPXHOCTBIO CTalu (aAcopOLus); MPOHUKHOBEHNE aTOMOB
B TIyOb ctamm (nuddy3us).

XUMHUKO-TepMuYecKasi 00padoTKa MO3BOJISET MOTYUUTh CTAIbHYIO J€TaJIb C TBEPIBIM
MTOBEPXHOCTHBIM CIIOEM U MSITKOM CEPALEBUHOM.

Juddy3norHOE HACHIIIIEHNE TIOBEPXHOCTH JETAJIeH MPOBOIAT PA3THUYHBIMHU 3JICMEHTaAMH:
YTIEPOAOM, a30TOM, XPOMOM, KPEMHHUEM, OOPOM U JIp.

L{emenmayusi — IPOIECC XUMUKO-TEPMUIECCKON 00pabOTKH, MPEACTABIISIONIEH CO0O0M

T Py3MOHHOE HACBIIICHNE TIOBEPXHOCTHOTO CIIOSI CTAJIM YTIIEpOAOM. B MOBEepXHOCTHOM cii0e
coaepxanue yraepojaa cocrasisier 0,8 — 1,0 %.

[lemeHTanuI0 NPOBOAAT B TBEPABIX, KHUIKUX U ra3000pa3HbIX CPelaX, HA3bIBAEMBIX
kapOropu3atopamu. B kauecTBe TBep0ro KapOopu3aTopa MPUMEHSIOT IPEBECHBIN YTOJb C
nob6asnenueM yriekucisix coneit (BaCOs, Na,COs u ap.). XKunkue kapOropuzaTopsl (cMech
[IUAHUCTOTO Kanus ¢ Oypoii, COZ0M U JPyTUMH BELIECTBAMH ) IPUMEHSIOT B CIy4asX, KOrjia
HY>KHO ITOJIyYUTb TOHKUIM LIEMEHTUPOBAHHBIN CJION C BBICOKMM COJECPKAHUEM YTIIEPOJa.
l'a3zoBy10 HIeMeHTaLMIO TPOBOAT MpHU Harpese neraieit 10 900 — 950 °C B crienuanbHbIX
TEpPMETUYECKH 3aKPBITHIX II€YaX, B KOTOPHIE HETPEPHIBHBIM IIOTOKOM IIOJ1AaI0T IEMEHTUPY IO
yTIepOACOepKALIHMA ra3 (MeTaH, OEH30I U JIp.).

LlemeHTHpOBaHHBIE 1eTaNy (3yOuaThie Kojeca, pOJMKY MOAMUITHUKOB U JIp.) TOABEPTaoT
TepMHUYECKOl 00paboTke, Hanbomee yacto 3akanke nmpu 820 — 850 °C u oTmycKy.
Azomuposanue — IPOIIECC XUMUKO-TEPMUIECKON 00pabOTKH, MPEACTABIISIONUN CO00M

T Py3MOHHOE HACBIIICHNE TIOBEPXHOCTHOTO CJIOSI CTaJIK a30ToM. Llens a3oTupoBanus —
MOJIyYEHHUE TOBEPXHOCTH JETAJIEN BBICOKOW TBEPAOCTH U U3HOCOCTOMKOCTU UJIA YCTOMYUBOCTH
IIPOTUB KOPPO3UH (aHTUKOPPO3UOHHOE a30THpoBaHue) [1].

Jlnsa azotupoBanus aeranu HarpesatoT (1pu 500 — 700 °C) B cnenuaibHON repMeTHYECKU

3aKpBITOM MeuHn, uepe3 KOTopyro nmpomyckatorT ammuak NH;. O6pa3oBaBmuiicst cBOOOAHBIN a30T,



HaXOJSIINNCA B aTOMApHOM COCTOSIHUH, BO3/IEUCTBYET Ha CTaJIb U 00pa3yeT ¢ 3JIEMEHTaMH,
Bxozsimumu B ee coctas (Fe, Cr, Al), HUTpHIBI, TPUAAIOLIIE TOBEPXHOCTHOMY CIIOI0 OY€HB
BBICOKYIO TBEpJ0CTh. HemocTaTok a30TUpOBaHMS — JUIUTEIBHOCTH Tpoiiecca (10 90 1).
A30TUPOBaHUIO MMO/IBEPTatOT LIMIUHAPEI MOTOPOB U HACOCOB, 3yOUaThie KOJleca, IITaMIIbI,
IIyaHCOHBI U 1p. AHTUKOPPO3UOHHOMY a30THPOBAHUIO MOABEPTAIOT B OCHOBHOM YIJIEPOJUCThHIE
ctanu ipu 600 — 700 °C ¢ BeiAepkKoii B Teuenue 0,5 — 1 4.

[ToBepxHOCTHOE HACHIIIEHNE CTAJIM OJTHOBPEMEHHO YIJIEPOJOM U a30TOM B pacIlyIaBJICHHON
LIUAHUCTOM COJIM HA3BIBAIOT YUAHUpOBaueM, a B Ta30BOH cpene — Humpoyemenmayueu. Llens
ATUX MPOLECCOB — MOITYUYEHHE BHICOKOW TBEPAOCTH U U3HOCOCTOMKOCTH MTOBEPXHOCTHU JETAJIEH.
[Ipomneccrr mpoBoasiTes mpu temmepatype 820 — 960 °C, ux npogomxuTenbHoCTh 1,5 — 6,0 U.
3atem aetanu (IMPOKOH HOMEHKJIATYPhI) OXJIAXKIAI0T Ha BO3AyXE, MOJIBEPTatOT 3aKaIKe U
OTIIyCKY.

bopuposanuem Ha3bpIBaeTCs XUMUKO-TEpMUYECKasi 00paboTKa, 3aKII0YaroIIasics B

T Py3MOHHOM HACBHIIIIEHUH TOBEPXHOCTHOTO CJIOS CTAIM OOPOM IPH HarpEeBaHHUH B
COOTBeTCTBYMOMIEH cpene. OOBIYHO OOPHUPOBAHKE BHIIOIHSIOT TIPH JIEKTPOJIN3E PACIUIABICHHOM
O0ypsI (Na;B4O7), ipu 3TOM cTanbHOE u3zenue sBisieTcs karogaoM. [Iporecc mpoBoasT npu
temneparype 930 — 950 °C B reuenue 2 — 6 4. B pe3ynbrare 60pupoBaHHs H3HOCOCTOHKOCTD
JeTtaneil BozpacTaeT B 2 — 6 pas.

Juddy3noHHoe HachIIEHNE MeTalIaMH (QJIIOMUHUEM, XPOMOM U JIp.) U METAJJIOUIaMU
(kpemHHEM, OOPOM U JIp.), Ha3bIBaeMoe Jughghy3uonHol memaniuzayuetl, IPOBOIAT C LETHIO
MOBBILLICHUS )KAPOCTOUKOCTH, KOPPO3UOHHOU CTOMKOCTH, TBEPAOCTU U U3BHOCOCTOUKOCTH
ctanbHbIX Aetaneil. Haceimenue npu 1000 — 1200 °C npoBoAsT B TBEPABIX, KUAKUX U Ta30BbIX

cpenax.
7. CBOMCTBA, KJIACCUO®UKALIMSI U MAPKUPOBKA CTAJIEN

Kaxk yka3piBanioch BbIIIIE, CTAIbIO HA3BIBAIOT CILUIAB XKEJI€3a C YTIEPOIOM U IPYTUMH dJIEMEHTaMU
¢ comepxanueM yraepoja ao 2,14 % (touka E puc. 1.12).

Ha cBoiicTBa cTanu 3HAYUTENHFHOE BIUSHUE OKA3bIBAIOT MOCTOSIHHBIE (HEXKENIaTeIbHbIE) MPUMECH
(cepa, pocdop, ra3el), a TakIKe TEXHOJIOTHUYECKUE TOOABKHU (KPEMHHUIA, MapraHel] | Jp.).
[Tpumecu MOTYT TIONIAaTh B CIIAB U3 IPUPOIHBIX COCTUHEHUN U PY/I, a TAKXKE TPU
nepepadoTke Metamoioma. OCHOBHBIM 3JIEMEHTOM CIUIaBa, MO0 OTHOIICHUIO K KOTOPOMY BCE
OCTaJIbHBIC JIEMEHTHI — IIPUMECH, SIBJISICTCS TOT, Ubsl aTOMHAs PEIIeTKa OMpeaeiseT

KpI/ICTaJ'IJ'IOI'”paCI)I/I‘IGCKOG CTPOCHHUC BCCTO CIlJIaBa. Iloka COACPIKAaHUE BJICMCHTOB B CTAJIXM TaKOBO,



YTO KpUCTAJIOrpapuuecKkoe CTPOCHUE CIUIaBa ONPEENIIEeTCs PELIETKOM Keme3a, CIjiaB
Ha3bIBAETCs JIETMpOBaHHOM cTayibo. Korna conepkanue 31eMEHTOB IOCTUTaeT TaKUX 3HaYCHUH,
YTO CTPOEHHE CIIJIaBa ONPEAEIAETCS pEelIeTKON J0OAaBOUHBIX AJIEMEHTOB, a HE JKeJe3a, TO
TOBOPST YK€ O CIIaBe (TUTAaHOBOM, HUKEJIEBOM U JIp.).

Ecnu cTanb uMeeT B CBOEM COCTaBE KEJE30, YIIIEPO U HEKOTOPOE KOJINYECTBO MOCTOSTHHBIX
npumeceit (S, P, Si, Mn, ra3sl), To Takyio cTajab Ha3bIBAIOT yerepoducmot. Ecnu B mporecce
BBITUIABKH YTIIEPOJUCTON CTANIM K Hel 100aBIsroT nerupyromue eMeHTsl (Cr, Ni, W, Mo u
Ip.), a Takke Mn u Si B noBbIieHHOM KonndecTse (6oree 0,8 — 1,0 %), To Takyro cranb
Ha3bIBAIOT J1€2UPOBAHHOU.

Yaenepoo oxa3biBaeT OCHOBHOE BIMSHUE HA CBOMCTBA YIJIEPOJUCTON CTaJId, HAXOAUTCS B €€
COCTaBe TJIaBHBIM 00pa30M B CBSI3aHHOM COCTOSTHHH B BUJE IIEMEHTUTA. B cBOOOIHOM
COCTOSIHUM B BHJIE Ipaduta coaepkutcs B uyryHax. C yBenuueHUeM cofepKaHusl yriiepoja B
CTaJI¥ MOBBILIAIOTCS €€ TBEPAOCTh U MPOYHOCTb, YMEHBILAIOTCS MIIACTUYHOCTD U BA3KOCTb.
Cepa sBISETCS HOXENATESIHHON TPUMECHI0, 00pa3yeT ¢ xeye3oM cynbdun xenesa FeS,
KOTOPBIN HAXOJUTCS B cTaiu B BUje »BTeKTHKU Fe — FeS ¢ TemmnepaTypoit umasnenus 985 °C.
[Tpu narpese cranm no remnepatypsl 1000 — 1200 °C mis ropstueit 00paboTKu JaBieHUEM
ABTEKTHUKA IUIABUTCSI, CEPA KPUCTAIIIN3YETCS HA IPAHULIAX 3€PEH, UTO MPUBOJIUT K HAPYLICHUIO
CBSI3U MEXKIY 3€pHaMHU, MTOBBIIICHUIO XPYIIKOCTH, pa3pyLICHUIO IPU Ae(opMaIiuy BeaeICTBIE
00pa30BaHMs BHYTPEHHHUX TPEIIMH U HAJPBIBOB. DTO SBJICHHE HA3bIBAIOT KPACHOJLOMKOCBIO.
Copepxanue cepbl B CTaJIM HE N0JKHO npeBbimaTth 0,06 %.

Docgop pacTBopsieTcs B 0.- U y-Fe, HCKakaeT KPUCTAIUITMYECKYIO PEIIETKY U yXyALIaeT
IUTACTHYHOCTH cTainn. Docdop BHIZBIBAET SBICHUE XIAOHOLOMKOCIU, ABISETCS HEXENaTeIbHOM
NPUMECHIO, COZIEpKaHHE KOTOPOH B cTayAx 10bKkHO ObITh MeHnee 0,08 %.

A3zom, Kuciopoo MpUCYTCTBYIOT B CIUIaBaX B COCTABE OKCUIOB, HUTPHUIOB — XPYIIKUX
HEMETAIUTMYECKUX COCTUHEHHM (BKIIFOUEHUH ), KOTOPBIE CO3MAI0T Ne(DeKThl KPUCTAJUTHYECKOM
CTpyKTypbl. OHHU SABJISAIOTCS KOHLIEHTPATOPaMH HANPSKEHUN U MOTYT IIOHU3UTh MEXaHUYECKUE
CBOICTBa (IIPOYHOCTB, MNIACTUYHOCTD).

Booopoo nornomaercs CTajabio B aTOMapHOM cOCTOsSIHUH. [Ipu oxmaxieHun cruiaBa
PacTBOPUMOCTH BOAOPO/Ia CHUYKAETCS, OH HAKAIUIMBAETCA B MUKPOIOpax MO BEICOKUM
JIaBJIEHUEM. JTO MOXKET IPUBECTH K 00pa30BaHMIO B MaTepralie BHYTPEHHUX Ha/IPHIBOB
(proxeHoB).

Mapeaney u kpemnuti — mosne3Hple mpuMecu. VX 1o6aBIsioT B CTajb PH BhIIIaBKe. MapraHer

CYIIIECTBEHHO CHIDKAET KPACHOJIOMKOCTh CTaJIM, 00pa3yeT IIacTu4Hblii MnS ¢ TeMmnepatypoi



miasnienus 1620 °C. Maprasen yBeaIn4uBaeT TBEPAOCTh, IPOUYHOCTh U M3HOCOCTOMKOCTD CTalH,
IpH ero cojepkanuu 6oiee 1,5 % cHUKaeTCs MIACTUIHOCTD CTAIIH.

Kpemuuii csi3piBaeT 3akuch xeinesa (FeO) ¢ oopazoBanuem cumnkaroB (FeO-Si0,), koTopbie
YIAISIOTCS BMECTE €O nutakamMu. KpoMe Toro, KpeMHHiA TOHNKAET CKIOHHOCTh CTallN K
XJIaTHOJIOMKOCTH, CLIOCOOCTBYET MOIy4YEHHIO 00Jiee OTHOPOJAHOMN CTPYKTYPHI, OJOKUTEIBHO
CKa3bIBA€TCS HAa yNPYTUX XapakTepucTukax. KpeManii cioco0CTByeT M3MEHEHHIO MarHUTHBIX
CBOICTB cTajM, a IpU COolepKaHuU ero B kosnnyectse 15 — 20 % npugaer Matepuany
KHUCJIOTOYTIOPHOCTb.

OOBIYHOE CoJIepKaHre KPEMHHSI B YTIIEPOIUCTOM cTanmy — He O6onee 0,4 %, mapranma — 0,8 %.
Cranu knaccuuuupyroT [0 XMUMHUYECKOMY COCTaBy, KaueCTBY M Ha3HaueHuto. 1o nasuauenuro
CTaJIN MO/IPA3ACISIOTCS HA KOHCTPYKIIMOHHBIC, HHCTPYMEHTAIBHBIC, CTaJIH ¢ 0COOBIMU (PU3UKO-
XUMHUYECKUMHU cBoMcTBaMu. [1o xumuueckomy cocmagy paznuyaror CTajlu yriepoanucThie U
JIETUPOBAHHEIE.

Koncmpyxkyuonnsie cTaay IPUMEHSIOT JUTSI U3TOTOBIICHUS JIETaNICH MAalIMH M KOHCTPYKITHIA;
UHCMPYMEHMAIbHble — PEXKYIINX, N3MEPUTEIBHBIX HHCTPYMEHTOB, IITaMIOB U T.1. K cTamsam u
CIUIaBaM C 0COObIMU CEOUCMEAMU OTHOCAT KapONPOUHBIE, KOPPO3UOHHO-CTONKNE, MarHUTHBIE U
np. OHM HAUTM IMPOKOE PUMEHEHHUE B TPUOOPOCTPOCHHUH, B TOM YHCIIE B MEUIIMHCKOM
TEXHUKE.

[lo xauecmey paznuuaror cTaau 0OBIKHOBEHHOI'O KayecTBa, KaueCTBEHHBIE,
BBICOKOKAUECTBEHHBIE U 0CO00 BHICOKOKaueCTBEHHbIE. [Ipy 3TOM yUHUTBIBaIOTCS CIIOCOO
BBIIIJIABKH U coJiepxaHue cepbl U Gochopa. Ctanu 00bikHO8eHHO20 KAaUeCTBA UMEIOT
MOBBIIIEHHOE COZIep KaHue HexenaTeabHbIX mpumMeceit — 10 0,06 % cepst u 1o 0,08 % docdopa,
UX MEXaHMYECKUE CBOMCTBA HUXKE, UeM Y CTajiel Apyrux rpymi. KauecmeenHnule ctanu
conepikar cepy u pochop B konneHTpanuu meHee 0,035 % kaxxaoro sineMeHra.
Bvicokokauecmeennvle cTanu, BeIILIABIsIEMBbIE B dJIEKTporieyax, coaepxar meHee 0,025 % u
cepsl, ¥ pocdopa. Ocobo evicokokauecmseeHHble CTANH, TOABEPTHYTHIE FIEKTPOLLIAKOBOMY
HeperuiaBy ¢ BaKyyMUpPOBaHHEM, COAEPKAT cepy U Gochop B KOHLEHTPAIMH, HE MTPEBHIILAIOICH

0,015 %.

Yraepoaucrbie CTaIU
B 3aBuCHMOCTH OT cofiepKaHusl yIiiepo/ia CTalld ACNSATCS Ha HU3KOY2lepooucmole ¢
conepskanueM yriepona 0,09 — 0,25 %, cpeoneyenepooucmute ¢ conepxanuem 0,25 — 0,60 %

yTJIEpoAa U 8bicokoyenepooucmole ¢ coaepxxkanuem donee 0,60 % yranepoaa.



Cranu 06biKkHOBeHH020 Kauecmaa SIBIAIOTCS HanOoJIee JeEBbIMU M ITUPOKO TIPUMEHSFOTCS B
TEX CIIydasx, KOTJa K MaTepualry He IPeabsBISIOTCS MOBBIIICHHBIE TpeOoBaHus. [1o cpaBHEHUIO
C KQUeCTBEHHBIMH CTAJISIMU OHH COJIEpKaT 0oJIbIne cepsl, pochopa, HEMETATUTMIECKUX
BKJTIOYCHHUH BCIICJICTBUE MEHEE TIATEIbHON OYHCTKHU B IMPOLIECCE BHITIABKU. M3 yriepoanucThix
cTaJieil 0OBIKHOBEHHOT'O Ka4eCTBA M3TOTABIMBAIOT OAJIKH, IPYTKH, JJUCTHI, TPYOBI; CBapHBIE,
KJIeTIaHbIe U 00N TOBBIE KOHCTPYKIMHU (Oanku, (hepMBbl, AETAIN OJbEMHBIX KPaHOB U JIP.);
MaJIOHAIPSKEHHBIE IeTalTd MAIINH (OCH, BaJIbl, IIECTEPHH, BTYJIKH, BaJIMKH, OOJITHI U Ap.).
JeTanu MaluH 4acTo YIPOUHSIIOTCS ¢ TTOMOIIBIO TEPMUUECKOU 00padOTKH.

Mapku yenepooucmoii cmanu 00bIKHOBEHHO20 Kauecmea 0003HAYAIOTCA OyKBaMH U LU pamH,
Hanpumep Ct0, ..., Ct6, BC10,..., BCt6, BCTO, ..., BCT6. BykBbI CT 0003Ha4a0OT CTANb, ITUDPHI
ot 0 710 6 — yCIIOBHBII HOMEP MapKH B 3aBHCUMOCTH OT XUMHUYECKOTO COCTAaBA M MEXaHUYECKUX
cBoiicTB. UeM OosbIie 9uCIiio, TeM OOJIbIIEe COAEpIKaHUE YIIepoia B CTAIH, BBIIIE TPOYHOCTD U
HIDKE TUTACTUYHOCTD.

B 3aBHCHMOCTH OT rapaHTHPYEMBIX XUMHUYECKOTO COCTAaBA M CBOMCTB yTIIEPOCTHIC CTAITH
OOBIKHOBEHHOI'O KauecTBa JEJAT Ha Tpu rpynnsl: A, b, B (rpynmna A B mapke craiu He
ykazpiBaercsi). Ctanb Tpymnisl A IMEeT rapaHTHPOBAHHBIE MEXaHUYECKHE CBOMCTBA U HE
nojBepraercs ropsueit oopadorke. st cranu rpynmsl b rapantupyeTcs XMMUYECKHiA COCTaB,
CTaJb mojiBepraercsi 00paboTKe AaBICHUEM; ISl CTAJIM IPyNIbl B rapaHTUpYIOTCS XUMUYECKUN
COCTaB M MEXaHUYECKHE CBOMCTBA (MCIIONIB3YEeTCS UI CBAPHBIX KOHCTPYKIIHUI).

K yenepooucmuvim xauecmeennvim KOHCMPYKYUOHHBIM CIMAIAM TIPEIBSIBISIOTCS TIOBBILICHHbIE
TpeOOBaHUS MO0 XUMHUUECKOMY COCTaBY M MEXaHUYECKHM CBOMCTBAM. DTHU CTAJIH BHIUIABISIOTCS
KHCJIOPOIHO-KOHBEPTEPHBIM CIOCOOOM B MAapTEHOBCKUX MJIH 3JIEKTPOIICYAX.

KauecTBennsie yriaepoaucteie ctanu Mapkupyrot nudpamu: 05, 08, 10, 15, 20, ..., 85, koTopsie
YKa3bIBAIOT CPEHEE COACPKAHUE YTIIEPOAa B COTBIX JIONAX MpPOIeHTa. Takue cTaiu JessiT Ha
HECKOJIBKO TPYTIIL.

Huskoyrnepoaucteie kadectBennbie cranu 05, ..., 10 (6e3 Tepmuueckoit 00paboTKH) XOPOIIIo
00pabaTbIBaOTCS JaBICHUEM B XOJIOJAHOM COCTOSIHMU BCJIEJCTBHE UX BBHICOKOM MIIACTUYHOCTH, a
TaKXe XOPOIIIO CBAPUBAIOTCS U3-32 MAJIOTO CoJlepKaHus yriepoaa. OHU UCTIONb3YIOTCS IS
IPOM3BOJICTBA MAJIOHATPYKEHHBIX JIeTallell MaIlIMH U CBAPHBIX KOHCTPYKIIUHA.

Cramu 15, 20, 25, cocTaBisitomine BTOPYIO I'pyNIly HU3KOYTJIEPOAUCTHIX KaUECTBEHHBIX CTaJIEH,
XOPOIIIO CBAPUBAIOTCSA U 00padaThIBatOTCA pe3aHueM. VX npuMeHsoT 6e3 TepMUYeCcKoi

O6p360TKI/I HJIM B HOpMAJIM30BAHHOM COCTOAHUU IJIA U3TrOTOBJICHUS HCOTBCTCTBCHHBIX HeTaﬂeﬁ



MaIIiH, T0CIe IIEMEHTAUN — JIeTaJIel C TTOBBIIIEHHONW N3HOCOCTOMKOCTHIO (KyJIaUKOBBIC
BaJIMKH, KPOHIITEHHBI U . ).

Camoii 3HAaUUTENILHOM SIBIIETCS TPYIINA CPpeaHEYTIAepoaucThix craneit 30, 35, 40, 45, 50,
MOJIBEPTAOIINXCS TepMUIecKkoi 00padboTke. OHHM X0poIIo 00padaThBalOTCS HA
METAJJIOPEKYLINX CTAHKaX B OTOAOKEHHOM cOCTOsIHMM. CodYeTaHne BBICOKMX IPOYHOCTHBIX U
IUTACTUYECKUX CBOMCTB MO3BOJISIET MPUMEHSATh 3T CTaJIM JUIsl U3TOTOBJIECHUS OTBETCTBEHHBIX
JeTanel MallvH (IMUHIENIH, PaclipeleIUTeIbHbIE BBl U JP.).

Bricokoyrneponucteie ctanu 60, 65, 70, 75, 80 u 85 moasepraroTcst pa3IuyHbBIM BHIAM
TEPMUYECKOH 00pabOTKH, B PE3yIbTATE YETO MPHOOPETAIOT BEICOKYIO IIPOYHOCTD,
MU3HOCOCTOMKOCTB M YIIpyTHe cBOWCTBA. [I[pUMEHSIOTCS UIsl U3rOTOBIIEHUS MIPYKHUH, PECCOP,
3aMKOBBIX IIAK0 U Jp.

Venepooucmeie uncmpymenmanvHvle cmaiy MapKupyIoT CIeIyOIIAM 00pa30oM: BIIEPEIN CTABAT
OykBy VY, 3aTeM nudpy — CpeaHee coaepKaHue yriepoa, BRIPAKEHHOE B IECSTHIX JOJIAX
npouenta. Hanpumep, cranp mapku Y9 coaepxut B cpeanem 0,9 % C, ctans Y11 - 1,1 % C.
Jnst 0603HaYeHHS BEICOKOKAUYECTBEHHBIX CTaJlel B KOHIIE MapKH CTaBUTCs OykBa A, a 0c000
BBICOKOKAUECTBEHHBIX CTajiel (BBIILUIABIEHHBIX, HAIIPUMEDP, METOJIOM 3JIEKTPOILIAKOBOTO
neperuiaBa ¢ BakyymupoBanuem) — Oyksa L1l. B Mapkax HEKOTOpBIX CIIeUAIBHBIX cTanell OyKkBa
BIIEpPE/IM YKa3bIBACT HAa Ha3HaYeHHe: A — aBToMaTHas ctaib (A30), P — OpicTpopexyIas craib

(P12) u 1p.

JlernmpoBaHHbIE CTAJN

Jlecuposannvimuy Ha3bIBAIOT CTAIM, B KOTOPBIX, KPOME JKelle3a, yIiiepo/ia, ClydallHbIX TpUMecen
U TEXHOJIOTUYECKUX T0OABOK, COJEPKATCS JISTUPYIOUINE SJI€MEHTHI 1711 IPUaHUsl CTaIsIM
CHeIHalbHBIX CBOMCTB. OCHOBHBIMHU JIETUPYIOIIMMU 3JIEMEHTAMHU SIBJISIIOTCSI MapraHell,
KPEMHHI, XpOM, HUKEIIb, BOJIb(paM, MOJIUOCH | JIp.

JlerupoBaHHbIE CTATU JENST HA HU3KOIE2UPOBAHHbIE C OOIIUM COJEPKAHUEM JIETHPYIOIINX
3JIeMEHTOB 10 2,5 %, cpeonenezuposanusie — 2,5 — 10,0 % u gvicoxonecuposannwvle — 601ee 10
%.

OCHOBHOH IIEJIBIO JIETUPOBAHUS SIBISIETCA U3MEHEHUE CTPOCHUSI CTaIu U €€ (PU3UKO-
MEXaHUYECKUX CBOMCTB. JIernpoBaHuEM MOXKHO MOBBICUTH TBEPIOCTh CTaIH, COMPOTUBICHUE
M3HOCY U KOPPO3UH U T.A. B 3aBUCUMOCTH OT BXOJSIIMX B COCTAB CTaJIeH JIETUPYIOLIUX

OJIEMCHTOB WX HA3bIBAKOT XPOMUCTBIMH, XPOMOHHKEIICBBIMU, BaHAAUEBBIMU U T.II.



BiusiHue nerupyronmx 31€MEeHTOB Ha CBOMCTBA CTAJIM ONPEAEIsAeTCs] UX KOHIEHTpaluei u
0COOEHHOCTSIMU B3aUMOJIEUCTBUS C jKeNie30M U yriepoaoM. [1pu B3aumMoaeiicTBiM ¢ xene3oM
JIETUPYIOIIKE KOMIIOHEHThI 0OBIYHO 00Pa3yIOT TBEPAbIE PACTBOPHI MIIM XUMUUYECKHE
COEJIMHEHUS, a IIPU B3aUMOJICHCTBUU C YIJIEPOJOM HAaXOJSATCS B CBI3aHHOM MJIM CBOOOIHOM
COCTOSIHUH.
[Ipu 0Opa3oBaHny TBEPBIX PACTBOPOB 3aMEILLEHUS JKeJie3a C JIETUPYIOLUIMMH KOMIIOHEHTaAMU
BO3MOkHa Kak mosiHast (Ni, Co), Tak u orpanndeHHast pactsopumocts (Cr, W, Mo). Ecnu
BBEJICHHOE B CTaJIb KOJMYECTBO PUMECEH MPEBBIMIACT MPEIEN PACTBOPUMOCTH, TO U30BITOK
obpasyer c xene3om xumuueckue coenunenus: FeCr, FesW,, FesMo, u 1.1. [lpu o6pa3oBanuu
TBEPJIBIX PACTBOPOB H3MEHSIOTCS BCE CBOMCTBA HCXOJIHOTO MaTepraa, OCOOCHHO (PH3MUECKUE U
mexanndeckue. [Ipu 00pa3oBaHNN MEXaHUYECKUX COSAMHEHHU N3MEHSIOTCS, TJIABHBIM 00pa3oM,
MEXaHUYECKNE CBOKCTBA CTAJIN.
Jlerupyromue komnoneHTsl Mn, Cr, W, Mo, V, Ti, Nb, Ta, Zr u 1ip. 00pa3yioT ¢ yriepoaoMm
ycrorumBsie kapousl Mn;C, CrsCs, WC,, Mo,C, VC, TiC, NbC, TaC, ZrC, noBsIarornime
IpeJien MPOYHOCTH U TBEPAOCTh CTau. Bee nerupyrolye KOMIIOHEHTHI, 3a UCKIIoueHneM Mn,
IIPU HAarpEBaHUU CTAJIU 33JI€P’KUBAIOT POCT 3€pPHA ayCTEHUTA, YTO MO3BOJISIET MOABEPTaTh
JIETUPOBAHHbIE CTaJIM 00pabOTKe IaBJICHUEM, HE Olacasich Meperpena.
Jlerupyrolue 3JeMEeHThI OKa3bIBAIOT BIMSHUE U Ha Ipyrue cBorcTra crtanu: Ni, V, Co
MOBBIIIAIOT BS3KOCTh; Mn, Ni, Cr yBennmuuBarT CTOWKOCTh K uctupanuto; Ni, Cr, Cu, Si, Mo u
JIp. HOBBILIAIOT KOPPO3HOHHYIO CTOMKOCTb.
[lo cTpykType nernpoBaHHbIE CTAIN B OTOXKEHHOM COCTOSIHUU PA3JEIAIOT Ha CIEAYIOLUe
IPYTIIbL: TOIBTEKTOUIHBIE (Co/epKamiue U30bITOUHBINA (DEPPUT), SBTEKTOUHBIE (MMEIOIINE
HEPIUTHYIO CTPYKTYPY), 3a9BTEKTOUIHBIE (B CTPYKTYPY BXOAAT N30BITOYHbIE BTOPUYHBIC
KapOuabl) U JieeOypUTHBIE (COCTABHON YaCThIO CTPYKTYPHI SBIISIOTCS IEPBUYHbIC KapOUIbI).
[lo cTpykType B HOpMAIM30BaHHOM COCTOSIHUM JIETUPOBAHHBIE CTAIM JIEJST HA TPU KJlacca:

1) nepauTtHble (coaepkKaHKUE JETUPYIOINX KOMIIOHEHTOB — 110 5 %);

2) MapTeHCUTHbIE (COAEpKAHUE JIETUPYIOIIUX KOMIIOHEHTOB OT 5 10 13 %);

3) aycreHUTHbIE (COAECpkKAHKUE JETUPYIOMUX KOMIIOHEHTOB — 110 20-30 %).
Haubosee pacipocTpaHeHHBIMU SIBIISIIOTCS JIETUPOBAHHBIE CTATH JJOBTEKTOUIHBIC,
ABTEKTOM/IHBIE U NIEPIUTHBIE, K KOTOPBIM OTHOCSITCSI HU3KO- U CPEIHEIETUPOBAaHHBIE
KOHCTPYKLIMOHHBIE U HHCTPYMEHTaIbHbIEe cTanu. CTaian MapTeHCUTHBIC, ()eppUTHBIE,

HGI[GGypI/ITHBIe 1 3a9BTCKTOUIHBIC ABJIAIOTCS BBICOKOJICTUPOBAHHBIMHU.



Kauecmeennvie, ebicokokauecmeeHntvle U 0000 8blCOKOKAYECHEEHHble CTAIN MAPKUPYIOT
cienytouM obpazoM. CoaepkaHue yriiepoa yKa3plBaloT B HaYaJle MapKu IUQPOi,
COOTBETCTBYIOILIEH €r0 COJAEPKAHUIO B COTHIX JIOJISX MPOLIEHTA AJI1 KOHCTPYKLUMOHHBIX CTalel u
B JIECSITBIX JOJISIX MPOLIEHTA AJI1 MHCTPYMEHTAJIBHBIX CTaJeH.

Jlerupyrommue 3JeMEeHTHI YKa3bIBAIOT PyCCKUMH OykBaMu: Mapranen — I, kpemuuii — C, Xxpom —
X, nukenb — H, Bonbdpam — B, Banaanit — @, turan — T, monubaen — M, kobanst — K,
amromuani — FO, menpb — J1, 6op — P, Hnobwuii — b, mupkonwmii — 11, azor — A.

Hudpsl, cneqyrommue mocie OyKB, YKa3bIBAIOT COJIEPIKAHHE JIETHPYIOIIETO 3JIEMEHTA B LIENIbIX
IPOIIEHTAaX; OTCYTCTBUE MU(PHI YKa3bIBAET HA TO, YTO CTaJIb COACPKUT MeHee 1,5 % yka3aHHOTO
aneMeHTa. VckitoueHneM SBIsSoTCS BoJib(paM U MOIHOIEH.

J1J1s1 BBICOKOKaYE€CTBEHHBIX KOHCTPYKITMOHHBIX CTaJIeH B KOHIIE MAPKHU CTaBAT OyKBY A.
Hampumep, crane 12X2H4 — kauecTBeHHass KOHCTPYKIMOHHAs ¢ coaepkanuem 0,12 %
yriepona, 2 % xpoma u 4 % nuxens; ctanb 12X2H4A — BbICOKOKaYeCTBEHHAS TAKOTO K€
cocraBa. B KoHIIe Mapk# cTanm 0co00 BEICOKOTO KadecTBa (JIEKTPOILIAKOBOTO MEPEILIaBa)
ctout Oyksa I1I.

Bce cranu nHCTpyMEHTaJIbHBIE JIETHPOBaHHbBIE U C OCOOBIMU CBOMCTBaMH BCETa
BBICOKOKAUECTBEHHBIE, TIOATOMY B KOHIIE MAapKH 3THX cTajiel OykBa A He CTaBUTCS.
JlernpoBaHHbIE KOHCMPYKYUOHHBIE CTATH JIEJAT Ha IEMEHTUPYEMBIE, YIyUIlllaeMble U
BBICOKOIIPOYHBIE.

JUist TSDKENo Harpy>KeHHBIX JieTajieil HeOoIbIINX pa3MepoB (3y0uaTsie KoJieca, OCH U Ip.)
IPUMEHSIOT HU3KOYIJIEPOJUCTBIE Yemenmupyemble JeTupoBaHHble ctanu Mapok 20X, 12X2H4A
u 11p. Ilocne neMeHTanuu, 3aKaiky B BOJE U HU3KOIO OTIIyCKa IIOBEPXHOCTb JIeTaJIel
npruoOpeTaeT BHICOKYIO TBEPAOCTb, @ CEPALIEBUHA HE YIIPOUHSETCS.

Yayuwaemvie cpenneyrinepoucTbie JETUPOBAHHBIE CTAIN — 3TO CTAJIH, IOABEPTacMble
YIIyUYIICHUIO IyTEM TepMUYEeCcKoi 00paboTKu, cocrosei B 3akanke ¢ 820 — 880 °C B maciie ¢
MOCJIETYIOIIUM BBICOKUM OTIYCKOM (550 — 650 °C). s TsKesno Harpy»KeHHbIX JAeTallen
OO0JBIINX pa3MepPOB MPUMEHSIOT JerupoBanHbie ctanu Mapok 40XH, 30XT'CA u np.

Jns neraneit ¢ BbicokuM npeaesiom npoyHoctu (op=1500-2500 MIIa) ucnonb3yior
8bICOKONPOUHble CTATIN HAa OCHOBE KeJie3a, ISTUPOBAHHOTO HUKENIEM, KOOaIbTOM, TUTAHOM,
MOJMOICHOM, XpOMOM H Apyrumu anemenTamu Mapok H12K15M10, H18KOMST u np. Takue
CTaJIM Ha3bIBAIOTCS MAapTEHCUTHOCTAPEIOIINMH, uX 3akanuBaroT ¢ 800 — 860 °C Ha Bo3ayxe ¢
nocneaytomum crapeauem mpu 450 — 500 °C. [IpumeHsoT ux st 0000 OTBETCTBEHHBIX

TSYKEJI0 HarPY’KEHHBIX JIeTajIcH.



K KOHCTpYKIMOHHBIM JIETHPOBAHHBIM CTAJISIM OTHOCSITCSI TAK)KE€ M3HOCOCTOMKHUE, PECCOPHO-
NPYXUHHbIE, [APUKOTIOAIIMITHUKOBBIE U AP.
OCHOBHBIMU CBOMCTBAMM UHCIPYMEHMANbHBLIX IETUPOBAHHBIX CTAJIEH SBIISAIOTCS TBEPAOCTD,
BA3KOCTb, N3HOCOCTOMKOCTb, TEINIOCTOUKOCTh (KPACHOCTOMKOCTH ), TPOKAJIMBAEMOCTb.
WNHcTpyMeHTallbHBIE CTAIM ST Ha YIIIEpOANUCThIE (PACCMOTPEHHBIE paHee ), IETUPOBAHHBIE U
OBICTPOPEKYIIIHE.
WNHcTpyMeHTHI U3 JTETHPOBAHHBIX CTAJIEH MOCIIE 3aKaJIKU, KaK MPaBUio, B Maclie U HU3KOTO
OTIIyCKa UMEIOT BBICOKYIO TBEPIOCTh, OTJINYAOTCS MOBBIIIEHHOHN BA3KOCTBHIO, MEHBIIIEH
CKJIOHHOCTBIO K JIe(hopManysM U TPeIruHOOOpa30BaHUIO TIpH 3aKaike. M3 ernpoBaHHBIX
UHCTpyMeHTaNbHBIX cTanel Mmapok 9XC, XBI', B1, XB5 u apyrux usrotaBiuBaroT pa3IudHbIe
PEXYIINE HHCTPYMEHTBI, UMEIOIINE CIIOXKHYIO0 KOHPHUTYpAIHIO.
[Ipu M3roTOBIEHUH ITAMIIOB ISl TOpsTYei 00pabOTKH METAJUIOB PUMEHSIOT JICTHPOBAHHBIC
MHCTPYMEHTAJIbHBIE CTAJIN CI0XKHOTO cocTaBa: 4X2B5S®M, 4X3BD2M2, 3X2B8®D u nap.
bvicmpopesicywue cTany MUPOKO UCTIOIB3YIOT I U3TOTOBIICHHSI PEXKYILETO MHCTPYMEHTA,
o0aaromero O60JBIION TBEPAOCTHIO U Pa0OTAIOIIETO PU BBICOKHX CKOPOCTSIX PE3aHMUS.
BeicTpopeKymias ctaib OTHOCUTCS K JieeOypuTHOMY (KapOuHOMY) Kiiaccy craneil. B ee
COCTaB BXOJAT KapOUI000pa3yromnire 3IeMEHThI — XpOM, Bolb(hpam, BaHa Ui, KOOANBT,
MOJIUO/ICH.
Bricokue pexyIne CBOWCTBAa MHCTPYMEHTOB, U3TOTOBICHHBIX U3 OBICTPOPEKYIIUX CTaJICH
mapok P6, P9, P12, P18 (uu¢pa mocne OyKBbI IOKa3bIBACT CpEeIHEE COJIEPKAHHUE BOIb(paMa B
IIPOLIEHTAX ), MOJIYYaroT MOCie 3aKalku ¢ Temneparypsl 1210 — 1290 °C B 3aBucumoctu ot
MapKy CTaJI C MTOCJIEAYIOIUM OTIIYCKOM. Pexy1ine cBoiicTBa MHCTPYMEHTOB IOBBIIIAIOT TAKKeE
C TIOMOIIIBIO [IMAHUPOBAHMSI.

Bonee moapoOHbIii aHAIN3 MEXAaHUYECKUX, XUMHUUECKUX U JPYTUX CBOHCTB METAJJIOB U

CIIAaBOB, IPUMEHSAEMBIX B OMOTEXHHUECKUX allapaTax U CUCTeMax MpUBE/CH B [2].

8. OJIEKTPO- U TEIVIOITPOBOIHOCTH METAJIJIOB U CIIJTABOB

DJIEKTPONPOBOJHOCTh METAJIIOB

Knaccndeckas sekTpoHHast TEOpHsl METAIIJIOB MIPEJCTABISET TBEPAbIi IPOBOJHUK B BUJIE
CHCTEMBI, COCTOSAIICH U3 Y3JI0B KPUCTAJUIMYECKON HOHHOM PEeIIeTKH, BHYTPU KOTOPOii
HAXOJUTCS SJIEKTPOHHBIN Ta3 U3 KOJJIEKTUBU3UPOBAHHBIX CBOOOHBIX BaJIEHTHBIX JIEKTPOHOB.
K s5ekTpoHHOMY ra3y NpUMEHsUTUCH NPEJICTaBICHHS U 3aKOHBI OOBIYHBIX Ta30B. DTO MPUBEIIO K

BBIBOY 3dKOHOB Oma u Z[)KOYJIH — .HCHI_Ia, IIO3BOJIMJIO OMKMCATh U OOBSICHUTD paHee



00Hapy>KEeHHBIE SKCIIEPUMEHTAILHBIM ITyTEM OCHOBHBIE 3aKOHBI 3JICKTPOIIPOBOAHOCTH U MOTEPh
AIIEKTPUYECKON IHEPTUH B METAJUIAX.

Opnaxo ucyepIbiBaroliee 00bsICHEHNE SBJICHUH 3J€KTPOIPOBOAHOCTH OKa3aJI0Ch BO3MOKHBIM
Ha OCHOBE KBaHTOBOW MEXaHUKHU. B COOTBETCTBHM C KBAHTOBO—MEXaHUIECKUMHU
NPECTaBICHUSAMHI PUINHON HATMYHS DIIEKTPHUYECKOTO COMTPOTHBIICHUS TBEPBIX TEJ SIBIISCTCS
HE CTOJIKHOBEHHME CBOOOHBIX 3JIEKTPOHOB C aTOMaMH PEIIETKH (KaK B KIIACCUYECKOW Teopun
Jpyne), a paccessHuE UX Ha Ae(EKTax PEIIeTKH, BRI3BIBAIONIINX HAPYIICHHE MEPUOTUNIHOCTH
noteHnuana. MneansHo nmpaBuiibHas, 0e3nedeKTHaAs HENOIBMKHAS PEIIeTKa HEe CITIOCOOHA
paccenBaTh CBOOOIHbIE HOCUTEIH 3apsiia U NO3TOMY AOJKHA 00J1a/1aTh HYJIEBBIM
COINPOTUBIICHUEM.

[loaBWXHOCTH M JUIMHA CBOOOJHOrO IMpoOera 3JEKTPOHOB B TBEPJAOM TEJ€ 3aBUCST OT
CTPYKTYpBI MaTepuana. UncTeie MeTauibl ¢ Hauboliee MPaBMIIbHOW KPHCTAITMYECKOW PEHIeTKOM
XapaKTepU3yIOTCSI HAMMEHBIIUMH 3HAUCHUSIMH YACIBHOTO compoTuBieHus p. [Ipumecu, mckaxas
peIIeTKy, IPUBOIAT K yBenudeHuto p. C MO3UINil KBAHTOBON MEXaHWKH PACCESTHHUE DJIEKTPOHHBIX
BOJIH TIPOUCXOANT Ha NeeKTaxX KPUCTANTUNIECKOHN PEIIETKH, KOTOPBIE COM3MEPHMBI C PACCTOSTHUEM
NOpSIIKA YETBEPTH JUTMHBI BOJIHBI JJIEKTPOHA; HAPYIICHUS MEHBIIUX pa3MEpOB HE BBI3BIBAIOT
3aMETHOTO paccesHuss BONH Je bpoiinsg. B mertaminueckoM NpPOBOAHMKE, TA€ JUIMHA BOJHBI
aJeKTpoHa mopsaka 5 A, MuKpomedeKThl CO3Jal0T 3HAYMTENBHOE pAcCEsHHE, YMEHBIIAKOIEE
MOJIBUYKHOCTD JIEKTPOHOB U JUIMHY CBOOOJIHOTO mpolera U, ClIe10BaTeIbHO, IPUBOIAT K POCTY P.
Tak Kak B MeTayIax KOHIIEHTPAIHS SJIEKTPOHHOTO Ta3a 71 MPaKTHYECKU HE 3aBUCUT OT
temnepatypsl (7)), TO 3aBUCUMOCTb YEJIBHOTO COIIPOTUBIIEHUS p (M1 0OpaTHOI BEJIMYMHBI
YAETBHOU 3IEKTPONPOBOIHOCTH G) OT TEMIIEPATYPhI OJHOCTHIO ONPEEISIETCS TEMIIEPATYPHOMN
3aBHCHUMOCTBIO TIOZBIKHOCTH ([L) ¥ POTTOPIIMOHAIBHON €i JUTMHBI cCBOOOIHOTO TTpodera
AJIEKTPOHOB ().

BcenenctBue ycunenus koneOaHui y3/10B KpUCTAJUIMYECKOM PEIIETKH C POCTOM TEMIIEpaTyphbl
NOSIBIISIETCS BCe OO0ITbIIe U OOJIBIIE MPENSTCTBUN Ha ITyTH HAIPABJIEHHOTO ABIKEHHS CBOOOTHBIX
AJIEKTPOHOB IO/ AEHCTBUEM 3JIEKTPUUYECKOTO MOJIs, T.€. YMEHBIIAETCS CPeIHECTaTUCTUYECKAs
JUTMHA CBOOOIHOTO Mpodera A, yMEHBIIIAETCs TTOABHKHOCTH SJIEKTPOHOB H, KaK CIIEICTBHE,

YMEHBILAETCS Y IebHAasl IPOBOJUMOCTb METAJIJIOB U BO3PACTAET yAEIbHOE COMPOTUBIIEHHUE (pUC.

1.14).
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Puc. 1.14. 3aBUCUMOCTH YACIBHOTO COMPOTHUBICHUS METAIOB M CIUIAaBOB OT
Temneparypbl: 1 — jkene30; 2 — 3JEKTpOTEXHHMYEcKas cTalb c cojaepkanueM 4 % Si;
3 — crnaB Fe-Ni-Cr

YaeabHoe COIIPOTHUBJICHUE CIIJIABOB

Kak ykaspiBanoch, nMpuMecH W HApYyLICHWs NPABUIBHOW CTPYKTYypbl METAUIOB BEAYT K
YBEIMYEHUIO UX YJEIbHOTO COMPOTUBIICHUSI.

3Ha4yMTeNbHOE BO3pacTaHUe P HAOII0MaeTCsl IPH CIUIABIICHUH JBYX METAJUIOB B TOM Clyyae,
€Clli OHU 00pa3yloT TBEpABbIH pacTBOp, T.€. CO3JAIOT IPH OTBEPAECBAHUH COBMECTHYIO
KPUCTAJIM3ALMIO U aTOMBI OJIHOT'O METaJljla BXOASAT B KPUCTAIIIMYECKYIO PEIIETKY APYroro.

3aBUCHUMOCTbH YJIeTHHOTO COTIPOTUBIIEHUS CIJIaBa IBYX METAJIJIOB, 00pa3yIONINX TBEPIbIi
pacTBOp, OT MPOLIEHTHOT'O COACPKaHUS KaX10r0 U3 HUX IpeAcTaBieHa Ha puc. 1.15 (kpuBas a).
KpuBas umeeT MakCUMyM, COOTBETCTBYIOIINI HEKOTOPOMY COOTHOIICHUIO COACPIKAHUS
KOMIIOHEHTOB B CILJIABE; IIPH YMEHBIIICHUN COMIEPIKAHUS KaXKIOT0 U3 HUX P MAJIaceT,
NpUOIMKAACH K COOTBETCTBYIOIIUM 3HAYEHHUSIM P YACTHIX MeTa/u10B. OOBIMHO HaOIIOaeTCs
ompeiesieHHasl 3aKOHOMEPHOCTh U B u3MeHeHuu TKp (TK — remneparypHbiid KodpuiimeHr):
OTHOCHUTENILHO BBICOKMMU 3HaUeHUs MU TKp 0051a1ar0T YucThie METaNIbL, a Y CIU1aBoB 7Kp
MEHBIIIE U JaKe MOKET MPUOoOpETaTh HEOOBIIHE 110 A0COMOTHON BEIMYMHE OTPULIATEITHHBIE
3HaueHus (puc. 1.15, kpubas 6). IT0 00OBACHIECTCS TEM, UYTO Y CIJIABOB U3MEHEHUE P
BBI3BIBACTCS HE TOJBKO N3MEHEHUEM MOABMKHOCTH HOCUTEINEH 3apsia, HO B HEKOTOPBIX CIIydasiX
¥ BO3pacTaHUEM KOHIICHTPAIUU HOCUTEJICH MPH MOBBIIICHUH TEMIIepaTyphI.
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Puc. 1.15. 3aBucumocts p (a) u TK p (6) crmaBoB cuctembr Cu-Ni oT cocrtaBa (B
IpOLEHTaX M0 Macce)

TemionpoBoaHOCTH

Termo depe3 meramn mepenaeTcss B OCHOBHOM TEMH K€ CBOOOIHBIMH DJIEKTPOHAMH,
KOTOpBIE OMNPENENSIOT U 3JEKTPOIPOBOAHOCTh METAJJIOB; KOJMWYECTBO HUX B €AMHUIIE 0O0beMa
MeTajula BecbMa BeNuKo. [loaToMy, Kak MpaBHIIO, KOA(PQHUIMEHT TEIUIONMPOBOAHOCTH M
METAJIJIOB MHOTO 0O0JIbIlIE, YEM Y JUAJIEKTPUKOB. OYEBUIHO, YTO MPHU MPOUYMX PABHBIX YCIOBUAX
yeM Oousbllie yJelbHasg JJIEKTpUYECKass NPOBOAUMOCT G MeTaljga, TeM OOoJbIle €ro
K03 punmeHT TerIonpoBoJHOCTH M. [IpM TOBBIIEHHH TeMIEpaTyphl, KOTJa MOJBH)KHOCTH
AJICKTPOHOB B METaJIe M, COOTBETCTBEHHO, €r0 YJeJbHas MPOBOJAUMOCTh G yMEHBIIAIOTCS,
OTHOIICHHE KOXPPUIIMCHTA TEIUIONPOBOJIHOCTH METa/Ia K €ro yACIbHOW JIIEKTPUICCKON
MIPOBOJMMOCTH 1)/G JTOJDKHO BO3pacTaTh. MaTeMaTHYecKH 3TO BBIpakaeTcsl 3aKoHOM Bujemana

— @panna — JlopeHrtua:

n/c = LT, (1.1)
rae T — abcomoTHas Temneparypa, K; Lo — uucno Jlopenrtua, paBHoe
2 72
-k
Ly=——. (1.2)

3 €2



MoxcranoBka B (1.2) 3Hauenuii moctosuuoi bonsumana k = 1,38-107 ix/K u 3apsia
snektpona e = -1,6-10"° K maer Lo =2,45-10" BYK?.

3akon Bunemana — ®panna — JlopeHTna 11t GONBIIMHCTBAa METAIIOB XOPOIIO MTOATBEPIKAACTCS
IIpU TEMIIepaTypax, OJM3KUX K HOPMaJIbHON MJIM HECKOJIBKO MOBBIIICHHBIX.

[IpoBepuM cripaBeNTUBOCTH ATOTO 3aKOHA JJISl MEIW TIPH HOPMAJIBHOM TeMIlepaType.
IMoxcrasss B hopmymy (1.1) mapamerpsr Meu: 6 = 57-10° Cm/m 1 n= 390 B1/(m-K),
nonydaem (mpu T =293 K) Lo = 2,54-10"* B¥/K?, uto BecbMa GIIH3KO K TEOPETHICCKOMY
3HaueHuio. [Ipi HOPMaNbHOI TemrepaType /uIs amoMuans Lo =2,1-10%, s cBunma u onosa
2,5-10'8, IUIA JKeresa 2,9-10'8 BY/K>.

OpnHako B 006JacT HU3KUX Temneparyp kodgduuueHt rnpu 7' B ypaBHeHuu (1.1) yxe He
OCTaeTCsl HEM3MEHHBIM: TaK, JUI MU MTPU OXJIAKACHUH OH IPOXOIMT Yepe3 MHHUMYM, a TIPH
NPUOTIKEHUH K a0COIIOTHOMY HYJTIO BHOBb OJIN30K K TEOPETHYECKOMY 3HAUCHHUIO L.

IHOJYITPOBOAHUKOBBIE MATEPHAJIBI

9. OBIIME CBOMCTBA 1 KJIACCUDUKAILMSA ITOJIYIIPOBOJJHUKOB

[TonynpoBOIHUKY 1O YAEIBHOMY CONPOTUBIIEHUIO, KOTOPOE IIPU KOMHATHON TEMIIEpaType
cocrapmseT 10°~10° OM-M, 3aHEMAIOT IPOMEKYTOUHOE HONOKEHHE MEKLY TIPOBOJHAKAMHE H
mdaekTpukaMu. OHU 00J11al0T COBOKYITHOCTBIO (PU3WYECKUX CBOMCTB, KOTOPHIE BBIACTISIOT HX
Cpeau Jpyrux MaTepuasoB.

B otniume oT mpoBOAHUKOB 3JIEKTPOIPOBOIHOCTH MOTYTIPOBOAHUKOB YBEITHUUBACTCS C POCTOM
temneparypsl (puc. 2.1). /1ig noaynpoBOIHUKOB XapaKTepHA 3aBUCUMOCTb 3HAUCHHS yIEIbHOM
POBOJMMOCTH OT BHJIA U KOJIMYECTBA COICPIKAIIMXCS B HUX puMeceit. Hanpumep, pu
BBC/ICHUM B yrctelid kpemHuit 0,001 % docdopa ero ynenbHas IpOBOJUMOCTb YBEINYUBAETCS B
10° pas.

!

Puc. 2.1. 3aBUCUMOCTh yACIBHOW MPOBOAMMOCTH OT TEMIEPATYPHI IJIs METALIOB (a) U
HOJYTIPOBOIHUKOB (0)



CBoiicTBa NMOTYIPOBOJTHUKOBBIX MAaTEPHUAIOB CUIILHO 3aBUCAT OT BHEUTHUX (PAaKTOPOB —
ANEKTPUYECKOTO U MArHUTHOTO TIOJIEH, SJIEKTPOMAarHUTHOTO U SIIEPHOTO U3ITyUYEHUH U JIp.

[To xuMI4YeCcKOMy COCTaBY MOJIYITPOBOJHUKOBBIE MAaT€pUAIbI JEISIT Ha MPOCTHIEC BEIIECTBA
(aTomMHBIE, 2TIEMEHTAPHBIE MOIYITPOBOAHUKH — Te€pMaHUil, KpEMHUH, TEJUTyp U Ap.) U
XUMUYECKHUE COSUHEHUS Pa3TUYHBIX TUMIOB. Eciii BXoAsIIue B COCTaB COSAMHEHUN BEIIECTBA
0003Ha4YHTh KaK A 1 B, To OCHOBHBIE THITBI OMHAPHBIX COSAMHEHUN TIPEICTABISIIOT CIEAYIOIIUM
o6pazom: A"BY(Cu,0, CuS u 1p.), A"BY(GaAs, GaP, InP u gp.), A"VB"(SiC) u mp.
[TomynpoBOIHUKOBBIE CBOMCTBA MPUCYIIH TPOHHBIM coenuHeHusiM CuAlS,, CuSbS,, CuFeS,,
ZnSiAs;, PbBiSe, u tBepabim pactBopam GeSi, GaAs; Py, InyAl;xSb u np. K TBepapm
OpPraHUYECKUM MOIyIPOBOJIHUKAM OTHOCATCS (TaNOIUaHUH, aHTpalleH, HadTanuH u ap. [3].
OCHOBHBIM TUTIOM XUMHYECKOU CBSI3M MEK]Iy aTOMAaMH B 3JIEMEHTAPHBIX MOTYTPOBOTHUKAX
SIBJIAETCA KOBAJIEHTHAS, B XMMHUECKUX COSAMHEHNIX — CMEIIaHHAasi HOHHO-KOBaJIEHTHAs.
Hawubonee pacripocTpaHeHHBIMU TUTIAMU KPUCTAJUTMYECKON CTPYKTYPBI SBISIOTCS CTPYKTypa
tuna anMasa ('K ¢ 6azucom) muist mpocThIX BellecTB; calepuTa U BIOPIUTA — AJIs
XUMUYECKHUX coenHEeHH. [1o CTpyKType MoypoBOIHUKOBBIE MATEPUAIIBI MOTYT OBIThH
MOHOKPHUCTAITTMYECKUMH, MOJMKPUCTATHIECKUMH U HEYTIOPSI0YEHHBIMU (CTEKII000pa3HBIMU).
YHUKaNTbHBIE CBOWCTBA MOJTYTPOBOAHUKOBBIX MaTEPHATIOB O0YCIOBHIN ITUPOKOE TEXHUIECKOE
MPUMEHEHHUE UX IS U3TOTOBICHHS CAMBIX Pa3IHMYHBIX TPUOOPOB — MOTYTIPOBOTHUKOBBIX
JTMOJIOB, TPAH3UCTOPOB, TUPUCTOPOB, (OTOAMOIOB, (POTOTPAH3UCTOPOB, CBETOIUO/IOB,
MOJTYTIPOBOIHUKOBBIX JIA3€POB, a TAK)KE JATYNKOB AABJICHUN, MAarHUTHBIX MOJIEH, TeMneparyp,
u3MydeHui u ap. VMcronk30BaHue TIOTYTPOBOTHUKOB BRI3BAIIO KOPEHHBIC MPEOOPA30BAHMS B
paauoTeXHUKe, KUOEpHETHKE, aBTOMATHKe, TeleMexaHuke. [lomynpoBogHuKOBas 2IEKTPOHUKA
OTKpBLJIa HOBBIEC IMyTH MUKPOMUHUATIOPU3AIIUN PA3TUIHOTO 000OpYAOBAHUS, B TOM YUCIIE
OMOMEIUIIMHCKUX U OMOTEXHUYECKUX alapaToB U CUCTEM.

10. SHEPTETUYECKWE 30HKI U DJIEKTPUYECKUE CBOMCTBA TBEPJIbIX
TEJI

[Tonnmanue GU3HUECKUX SIBICHUN, TPOUCXOASIINX B MOTYIIPOBOIHUKAX, HEBO3MOKHO 0€3
3HAHUS [10JIO)KEHUH 30HHOW TEOpUU TBEPJOTrO Tejla, OCHOBAHHBIX HA MPEJCTABICHUAX
KBaHTOBOW MEXAaHUKHU.

DNEKTPOH B U30JIMPOBAHHOM aTOME MOKET HaXOAMUTHCA JIHUILb HA CTPOTO OIPENEICHHbBIX
JUCKPETHBIX SHEPTEeTUUECKUX YPOBHIX, KOTOPBIE pa3/ielieHbl MHTEPBAIaMU 3alPEIEHHBIX
SHEprui. JIMCKpEeTHOCTh 3HAYCHUN YHEPTUU HIEKTPOHOB B U30JUPOBAHHOM aTOME
MOJITBEPKIAETCS XapaKTEPOM CIEKTPOB MOTJIONICHHS U U3ITyUEHUS Pa3peKEHHBIX ra30B, T.€.
OTIpeNIeIICHHBIMU CIIEKTPAIbHBIMU JINHUSIMH, HATMYHE KOTOPBIX OOBIACHACTCS MEPEX0I0M
3JIEKTPOHA C OJIHOTO YPOBHS HA JPYroM, NPy KOTOPOM H3JTy4aeTCsl WK MOTJIOUIAeTCs CBET
OIIpEEIEHHON YacTOThl, COOTBETCTBYIOIIEN PA3HOCTU SHEPTUM ITUX ypOBHEH [2].

[Ipu oOpa3zoBanum kpucTaia 6aaronaps commkeHno N 0JIMHAKOBBIX aTOMOB Ha PACCTOSTHUS,
ONMU3KHE K PACCTOSHUIO MEXKIYy aTOMaMU B KPUCTAIIIMUECKON PELIeTKe ¢, HAUWHACT MPOSBIATHCS
B3aMMOJICHCTBHE aTOMOB MEXy co00il. B aTOM cimydae npuniun [laynm pactipoctpansercs Ha
BCIO COBOKYITHOCTbh aTOMOB KaK Ha €IMHYI0 CUCTEMY , M B PE3YJIbTATE TAKOTO B3aUMOJEHCTBUSA
SKBHUBAJICHTHBIE YPOBHU 3JIEKTPOHOB U30JIMPOBAHHBIX aTOMOB 00pa3yloT HE SHEPreTUUYECKHEe
YPOBHH, Ha KaXKI0M M3 KOTOPBIX HaxoauTcsi B N pa3 OoJIbIle 3JIEKTPOHOB, a SHEPreTUYECKHE
30HBL, cocrosimue 13 N yposreii (puc. 2.2). Tak Kak B KpECTaiie 06beMoM 1 M° iMeeTcs
IIPUMEPHO 10”%aromoB, a LIMPYHA YHEPreTUYECKOM 30HbI opsiika 1 3B, paccTosHne Mexy
SHEPreTUYECKUMH YPOBHSIMU B 30HE COCTABIISIET OKOJIO 107 5B.
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Puc. 2.2. DHepreruueckue 30Hbl IpU CONMKEHUHN aTOMOB

Jl51s pealibHO BO3MOYKHBIX MUKPOCKOMTUYECKUX 00bEMOB KPHCTAILIA PACCTOSHUE MEKITY
DHEPreTUYECKUMHU YPOBHAMU HE MPEBBIIIAECT 107 5B. B 1o xe BpeMs IIpU KOMHAaTHOM
TeMreparype sHeprus 31nekTpoHoB nopsaka 0,03 3B. [losTomy 35eKTpoHBI MOTYT CBOOOAHO
NIEPEXOJUTH C OJTHOTO YPOBHS HA IPYrOil BHYTPH 30HBI; MOKHO CUUTATh, YTO SHEPrEeTUYECKUE
30HBI SIBIISIIOTCS] KBa3UHEIIPEPHIBHBIMH.

OHepreTu4eckue 30Hbl, MOJO0OHO IHEPTETUUECKUM YPOBHSM AJIEKTPOHA B U30JIMPOBAHHOM
aToMme, B OOIIIeM clyuae pasJieJeHbl HHTepBajlaMHu 3ampeieHHbIX sHepruit AE;, koTopsie
Ha3bIBAIOT 3aNPeUJeHHbIMU 30HAMU.

DIIEKTPOHBI B U30JIMPOBAHHOM aTOME CTPEMSITCS 3aHATh YPOBHU C MUHUMAJIbHOM SHEPIUEH;
BEPXHHE YHEPIeTUUECKHE YPOBHHU OCTAIOTCA CBOOOIHBIMU. B COOTBETCTBHY C 3THUM HE BCe
SHEPIreTHUYECKHUE 30HbI TBEPJOTO TEJIA 3aHATHI dJeKTpoHaMU. CaMyr0 BEPXHIOIO U3 3alI0JHEHHBIX
30H Ha3bIBAIOT 8AIEHMHOU 30HOU, & CAMYIO HUKHIOIO U3 CBOOOJHBIX 30H — 30HOU
nPOBOOUMOCTIU.

Tak Kak JBUYKEHHUE 3JEKTPOHA BO BHEIIHEM 3JIEKTPUUYECKOM I0JIE CBSI3aHO C U3MEHEHHEM €T0
CKOPOCTH M SHEPIHH, TO Ha SJHEPreTUYECKON CXEME TAKOE IBMKEHHE COOTBETCTBYET
MEPEMEIIEHHUIO JIEKTPOHA MO OHM3JIEKAIIMM YPOBHSIM pPa3pelieHHONH 30Hbl. DTO 03HAYAET, YTO
IIPUHUMATh Y4aCTHE B DJIEKTPOIPOBOJHOCTH MOTYT TOJBKO T€ 3JIEKTPOHBI TBEPJOTO TEINA,
KOTOPBIE PACTIOIO0KEHBI B 30HAX, HE MOJHOCTHIO 3aMI0JHEHHBIX 3JIEKTPOHAMM.

Y aToMOB MeTa/IOB (32 UCKITIOYEHUEM IIEI0YHO3EMEIbHBIX 3JIEMEHTOB) HA BEPXHEM 3aHITOM
3JIEKTPOHAMH YPOBHE JIEKTPOHOB MEHBIIIE, YEM BO3MOXKHBIX cocTossHUM. Hanpumep, y aroma
Na 9JIeKTPOHBI 110 YPOBHSM (COCTOSHIMSIM) PACIIPEICICHBI CIeay oMM 06pasom: 1s72s*2p®3s.
Ha ypoBHe 3s HaXoAUTCs OJIMH 3JIEKTPOH BMECTO JBYX BO3MOXKHBIX. BajeHTHas 30Ha TBEpAOTro
Tela, BOZHUKAIOIAs B PE3YJIbTAaTE PACIICINICHUS] YPOBHS 35, TAKKE OKa3bIBAETCS HE MOJIHOCTHIO
3aII0JIHEHHOM.

V¥ anemenTos Il rpynmnel Tabnuust .M. MenaeneeBa paciienieHe COOTBETCTBYIOILINX
SHEPreTUUECKUX YPOBHEH MPOUCXOIUT TAKMM 00pa30M, UTO MOTHOCTHIO 3aMOJIHEHHAS
BaJICHTHAs 30HA U MOJHOCTBHIO CBOOOHAS 30HA TPOBOAMMOCTH MEPEKPHIBAIOTCS, 00pasys OHY
00IIyI0 30HY, B KOTOPOI 9HEPTeTUYECKUX COCTOSHUI OO0JIbIIIE, YeM UMEIOIINXCS DJIIEKTPOHOB.
DNEeKTPOHBI TAKUX 30H MOTYT IPUHUMATh YYaCTHE B AJIEKTPOIPOBOJAHOCTH. DTUM U OOBSACHSAETCS
BBICOKAsl IPOBOJIUMOCTD 3JIEMEHTOB 3TOW IPYIIIIHI.

YV noaynpoBOJAHUKOB M IUIEKTPUKOB MEK/Ty BAJICHTHOM 30HOM M 30HOW MPOBOJUMOCTH
uMeeTcs 3amnpenieHHas 3oHa. [Ipu Temneparype abCoMIOTHOTO HYJIS U B OTCYTCTBHE BHELTHETO
BO3/ICIICTBUS MX BaJ€HTHAs 30HA MOJHOCTBIO 3all0JIHEHA, @ 30HA IPOBOJUMOCTH CBOOOIHA OT
37eKTPOHOB. C 3TOM TOUKH 3pEHUS PA3INUYHE MEXKIY AUIEKTPUKOM U MOIYIIPOBOJIHUKOM YHUCTO
Koju4ecTBeHHOE. K mosrynpoBOJHUKAM YCIOBHO OTHOCST BELIECTBA C HNIMPUHOMN 3alPEIIEHHON
30HbI AE(=0,05 — 3 3B, a k ausnekrpukam — Bemecta ¢ AEy> 3 3B.



11. COBCTBEHHBIE U ITPUMECHBIE [TIOJIYITPOBOJHUKHA

Cobcmeennbimuy Ha3bIBAIOT MOJTYTIPOBOAHUKH, HE COJIEPIKAILUE JOHOPHBIX M aKLIENTOPHBIX
npuMecel. 30HHas IarpaMMa Takux IOJIyIIpOBOJHUKOB IIpe/cTaBIeHa Ha puc. 2.3,a, rae E; —
HYDKHMH DHEPreTUYECKUH yPOBEHb 30HbI IPOBOAMMOCTH, Ha3bIBAEMBINM THOM 30HBI
IIPOBOAUMOCTH; E, — BEpXHUH S3HEPreTUYECKUN YPOBEHb BaJICHTHOU 30HbI, HA3bIBAEMBbII
MOTOJIKOM BAJICHTHOM 30HBI; AE( — mMpuHa 3anpenieHHoN 30HbI.

[IpakTHyecku yarie Moib3yITCs SHEPreTUYeCcKol cXxeMoi, n300pakxeHHo! Ha puc. 2.3,0, rae
IPEJICTaBJICHbI JINIIb IOTOJOK BAJIEHTHOM 30HBI M THO 30HBI TpoBoAUMOCTU. CTpenKoi
0003HAaYEeH SHEPreTUYECKUN TIepeXo/1 AJIEKTPOHA U3 BaJICHTHOW 30HBI B 30HY ITPOBOIUMOCTH,
KOTOPBI MOKET OBITh OCYIIECTBIICH 32 CYET PHEPTUH TEIUIOBBIX KOJCOAHUH PEIIETKH HITH
SHEPruy BHEIIHErO BO3AEHCTBHS HA NOIyNPOBOAHUK. C yXOJOM JIEKTPOHA B 30HY
IIPOBOAMMOCTH B BJICHTHOM 30HE MOJYNPOBOHUKA OCTAETCsl CBOOOAHBIM SHEPIE€TUUECKOE
COCTOSIHUE, HAa3bIBAEMOE ObIPKOl, & CaMa BaJIEHTHAs 30Ha CTAHOBUTCS HE TIOJHOCTbIO
3aII0THEHHOM.
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Puc. 2.3. 3oHHas auarpamma cOOCTBEHHOT'O IIOJTYTPOBOIHUKA

B kauecTBe nmprMepa COOCTBEHHOTO MOIYNPOBOAHUKA PACCMOTPUM MOHOKPUCTAILT KPEMHMS,
apistonerocs aneMenToM [V rpynmns Tabnuust J[.M. MenneneeBa. B kpucraminyeckoit
peleTKe KpeMHHs y Ka)KJJ0ro aToMa ¢ KaX/IbIM U3 4eThIpeX OMMKalIIuX K HeMy coceleit
CYILIECTBYET KOBaJIEHTHas CBsI3b. [11oCcKas MoJienb KpUCTANINYECKON PEIIETKU KPEMHUS
npejcTaBieHa Ha puc. 2.4, rie uMeeTcst U300pakeHue CUMBOJIa KOBAJICHTHOM CBSA3H, B KOTOPOii
y4acTBYIOT JiBa 3JeKTpoHa. [Ipu pa3pbiBe KOBaJIEGHTHOM CBSI3U MEKY aTOMAMH KPEMHUS
00pa3yroTcsi CBOOOAHBIN IEKTPOH M He3aBEpILEHHAs CBsA3b, KOTOPOI HAa 30HHOM JuarpaMme
COOTBETCTBYET BO3MOXKHOE, HO HE 3aHATOE IEKTPOHOM, COCTOSHUE B BAJICHTHOM 30HE — JIbIPKA.
[Ipu oTCYyTCTBUU BHELIHETO JIEKTPUUECKOTO MOJIS IbIPKA, KaK M AJIEKTPOH, OyIeT coBepIIaTh
Xa0TUYECKOE JBMKEHHE B IIpesenax Kpuctamia. [IpoucxoauT 3To BeieACTBUE TOTO, YTO
JIEKTPOH COCE/IHEel KOBAJICHTHON CBSI3U 3@ CUET SHEPIMHU TEIIOBBIX KOJICOAHUHN PEIIeTKH MOXKET
3aM0JIHUTh HE3aBEPIICHHYIO KOBAJIEHTHYIO CBA3b, B PE3yJIbTATE YETO JbIPKa U3 MOJIOKEHHUS |
nepeiier B nonoxxkexnue 2. [1o 3TuM e npuuuHaM OHa MOKET MEePEeUTH B MoJiokeHue 3,4 U T.1.
Takum oOpa3om, IBUKEHHUE JBIPKU OCYIIECTBIISIETCS 3a CUET EPEMELICHHUSI SJIEKTPOHa,
YUYacCTBYIOILIETO B KOBAJIEHTHOH CBSI3H.
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Puc. 2.4. Ilnockas MoJenb KpUCTANIMYECKON PEIIETKH COOCTBEHHOI'O MOJYNPOBOIHUKA
(KpeMHHUs)

Wrak, B pe3ynpTaTe pa3pbiBa KOBAJEHTHON CBSA3HM 00pa3yeTcs mapa cBOOOIHBIX HOCUTEIEH
3apsiia — JIEKTPOH B 30HE IPOBOJAUMOCTH M JbIPKA B BAJICHTHON 30HE, KOTOPBIE U CO3/1AI0T
COOCTBEHHYIO 3JIEKTPOIIPOBOAHOCTh MOJYNPOBOJHUKA. DHEPTUsl, HEOOX0AUMAsI ISl pa3pbiBa
KOBAJICHTHOH CBSI3U, ONIPEAEIAETCS [UPUHOMN 3allPEIEHHON 30HbI ITOIyIPOBOAHUKA. [l
KpeMHust oHa cocTanisieT 1,12 s3B. CBoOo1HbIE HOCUTENH 3aps/ia TP KOMHATHOM TeMreparype
BO3HHKAIOT BCIIEICTBUE (DIIOKTYyalni TEIUIOBBIX KOJEOAHUH peleTKH, TaKk Kak CpeaHen
TEIUIOBOM 3HEPTUHU PELIeTKU IPU KOMHATHOW TeMIepaType AJis pa3pbiBa KOBAJIEHTHOH CBS3U B
KPEMHHUH HEJIOCTATOYHO.

IpumecHvimu Ha3bIBAIOT MOTYIPOBOIHUKH, COJIEPIKAIINE TOHOPHBIE U (M) aKLIEITOPHBIE
IIPUMECH.

Ecnu B kpeMHU WK TepMaHuil B KaueCcTBE IPUMECH BBECTU JIEMEHT V TPYMIIbI TA0IHIIBI

MenzeneeBa, HalpUMeEpP MBIIIBSIK, TO aTOMY IPUMECH JIJIS 3aBEPILIECHUS KOBAJIEHTHBIX CBA3EH €
aTOMaM{ OCHOBHOTO BEIIECTBA HEOOXOIMMO YEThIPE BAJIEHTHBIX 3JI€KTpoHa (puc. 2.5). IlaTsIit
BaJICHTHBII 3JIEKTPOH aTOMa IIPUMECH B KOBAJICHTHOM CBSI3U He yyacTByeT. Co CBOUM aTOMOM
OH CBSI3aH CHJION KYJIOHOBCKOTO B3aMMOJICHCTBHS. JHEPTHsI 3TON CBA3U HeBenuka. st
docdopa, MeIbska, cypbMbl oHa Tiopsaka 0,01 3B B repmanuu u 0,05 3B B kpemuanu. Tak kak
npu 300 K Termmosas sueprust kT~0,03 3B, To oueBUIHO, 4TO IPH KOMHATHOM TEMIIEpaType
OyJeT MpOUCXOIUTh MOHU3ALMS IPUMECHBIX aTOMOB MBIIIbSIKA BCJIEICTBUE OTPHIBA MATOTO
BAJICHTHOT'O JIEKTPOHA, KOTOPBI CTAaHOBUTCS cBOOOIHBIM. B repmanuu npu 300 K Bce
IPUMECHBIE aTOMBI MBIIIbsKa HOHN30BaHbl. OO0pa30BaBIIKECs MPU STOM MOJOKHUTEIbHBIE HOHbI
IPUMECH IPUHUMATD yYaCTUE B 3JIEKTPOIIPOBOJHOCTU HE MOT'YT, TaK KaK OHH JIOKAJIM30BAHBI.
Haxonsce B y351e KpuCTaJIIMUECKON PEIETKU MOIYTIPOBOJHUKA, OHU SIBJISIIOTCS €€

CTPYKTYPHBIMHU 3JICMCHTAMMU.
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Puc. 2.5. Ilnockas Mojenb KpPUCTAJIMYECKONW PELIETKH MOIYyIPOBOAHMKA N-THUIIA
(KpeMHHUs1, TETUPOBAHHOTO MBIIIBSKOM)

[TpumMeck, IMEIOIIYIO BAJIGHTHBIX AJIEKTPOHOB OOJIbIIE, YeM HEOOXOAUMO IS 3aBEPIICHHS
CBsI3eH MEeXAy ONMMKalIIMMKU aTOMaMU OCHOBHOTO BEIIECTBA, M B PE3yJIbTAaTE ITOTO CIIOCOOHYIO
OTAaBaTh IEKTPOHBI, HA3BIBAIOT OOHOPHOI, A TIONYTIPOBOJHUK C TAKOW IPUMECHIO —
HOLYAPOBOOHUKOM C IJIeKMPOHHOU 3]IeKmMpPOnpo8ooHocmyio (WK n-muna).



Jl1st Toro 4TOOBI MATHIN BAJICHTHBIN JIEKTPOH CTal CBOOOHBIM (HA YHEPTETHUECKOM CXemMe
nepenieNn B 30Hy MPOBOAMMOCTH), HEOOXOIUMO 3aTPaTUTh SHEPTUI0, 3HAYUTEIFHO MEHBIIYI0, YeM
AJid pa3pbiBa KOBAJICHTHOM CBS3H. B COOTBETCTBHH C 3THM E)Hepl"eTI/ILIeCKI/Iﬁ YPOBCHL IIATOTO
BaJICHTHOTO 3JIEKTPOHA HAa 30HHOW JAMarpaMMe JOJDKEH pacrojlaratbCs B 3allpellieHHOW 30He

BOJIM3M JTHA 30HBI IPOBOAUMOCTH (pHC. 2.6)

AE,

b

E, o)
Puc. 2.6. 3oHHas quarpamma noixynpoBOAHHMKA N-THIA

[Tpu Temniepatype abCOIOTHOTO HYJIS U B OTCYTCTBHE BHEIIHETO BO3JCHCTBUS Ha
MOJYTPOBOJIHUK €r0 BaJ€HTHAs 30HA MOJHOCTHIO 3a0JIHEHA, 30Ha MPOBOJIMMOCTH ITyCTa,
JIOKAQJIBHBIE DHEPreTUYECKUE YPOBHU JOHOPHOM npumecH Ej 3aHATHI 2nekTpoHamu. 1o mepe
MOBBILICHHSI TEMIIEPATypbl CHauaja 4acTh 3JIEKTPOHOB, a 3aT€M BCE AJIEKTPOHBI C JIOKAIbHBIX
ypoBHel Ej nepeliayT B 30HYy nmpoBoaumocTH (nepexons! 1, puc. 2.6). Hapsay ¢ atum 6yayT
MPOUCXOAUTH U IEPEXO/IbI 2, 00YCIOBIEHHBIE Pa3pPbIBOM KOBAJIEHTHBIX CBSI3€H, B pe3yJIbTaTe
yero o0paszyercs mapa cBOOOAHBIX HOCUTENEH 3apsiia: AIEKTPOH U JbIpKa.

Taxk kak JIsl HOHU3ALUU JOHOPHOU NMpUMeCH TpeOyeTcsl SJHEPTUs. 3HAYUTEIbHO MEHbIIAs, YeM
JUIs pa3pblBa KOBaJIEHTHOH cBsi3U (AEj), To pu Temneparypax, IpH KOTOPbIX COOCTBEHHas
AIEKTPOIPOBOIHOCTD MPOSIBIISIETCA €1a00, 3JEKTPOIPOBOAHOCTH MOTYIIPOBOAHHUKA
OTIpe/ieiIeTCs B OCHOBHOM 3JIEKTPOHAMU, 00pa30BaBIIMMUCS IPU HOHU3AIMH TOHOPHON
npumecu. [103ToMy 371eKTPOHBI B OJIYNPOBOJHUKE N-TUIA HA3BIBAIOT OCHOBHBIMU HOCUTEISIMU
3apsija, a AbIPKA — HEOCHOBHBIMHM HOCHUTEJISIMU.

Ecnu B monmynpoBogauk [V rpymmer Tabauiiel MeHaeneeBa BBECTH B Ka4e€CTBE MPUMECH SJIEMEHT
III rpymimer, HampuUMep aTFOMUHHMA, TO BCE TPU BAJICHTHBIX 3JIEKTPOHA IPUMECHOTO aToMa Oy Iy T
y4acTBOBaTh B 00pa30BaHUM KOBAJCHTHBIX CBs3ei. [Ipu 3TOM 0/1HA U3 YeThIpeX CBs3eH C

OMMKaNIIIMHU aTOMaMH OCHOBHOTO BE€IICCTBA OKAXETCA HCBaBepHIeHHOfI.



[TpumMeck, IMEIOIIYIO BAJIEHTHBIX JIEKTPOHOB MEHBIIE, YEM 3TO HEOOXOAUMO IS 3aBEPIICHHS
CBsi3el MKy ONMMKAaNIIMMU aTOMaMH OCHOBHOTO BEIIECTBA, M BCIIEJICTBHE ATOTO CIIOCOOHYIO
3aXBaTHTh JICKTPOHBI, HA3BIBAIOT AKYENMOPHOl, & TIOIYIPOBOJHHUK C TAKOW PUMECHIO —
NOJYNPOBOOHUKOM C ObIPOYHOU INIeKMPONpo8ooHocmuio (WK p-muna).

HesaBepmieHHast cBs3bp B pe3yjibTaTe TEIUIOBBIX KOJICOAHUN PEIIETKH MOXET OBbITh
3aIoJIHEHA JJIEKTPOHOM COCEIHEH CBs3M, KOTOpask B CBOIO OUYEpEh OKAKETCS HEe3aBEpIICHHOMH
(puc. 2.7). HezaBepmieHHass CBs3b — JbIpKa 3a CYET TEIUIOBBIX KOJICOAHWH pEUIeTKH OyJeT
COBEpIIATh XAOTHYECKOE [BIKEHHE B TMpeneliaX KpUCTauia. ATOM aKUENTOPHOW IpHUMeECH,
NPUHSBIIMKA ~ YETBEPTHIH DIIEKTPOH ISl 3aBEPIICHHWS KOBAJCHTHOW CBS3M, CTAHOBUTCS
OTPHIIATEIIEHBIM HOHOM. Takoi MOH Ha3bIBAIOT MOHU3WPOBAHHBIM aTOMOM aKIETITOPHOW MPHMECH.
[IpuHUMaTh y4acTue B SJIEKTPOMPOBOJHOCTH OH HE MOXET, TaK KaK SIBISETCS CTPYKTYPHBIM

3JICMCHTOM KpUCTAJLJIa.
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Puc. 2.7. IInockast MoAeb KPUCTAIIMYECKON PEIIETKH MOTYyITPOBOIHUKA
p-Tuna (KpeMHuUs, JISTHPOBAHHOTO aIFOMUHHUEM )

Jst Toro uToOB1 00pazoBaiack CBOOOHAS NBIPKA, HEOOX0AMMa SHEPT Ul MEHBIIIAs, YeM JIJIs
pa3pbiBa KoBajeHTHOM cBsi3u (AE,). B repmanuun u kpemuuu i 60pa, amoMUHES, TaJuIus,
uHaus 3ta sHeprus coctasisger 0,01+0,07 3B. 3nauut, NoKagbHbIE YHEPrETUUECKUE YPOBHU
aKmenTopHou npuMmecH E, pacronoxeHsl B 3alpenieHHON 30He MOTYTPOBOAHIKA BOIU3H
MTOTOJIKA BAJICHTHOM 30HBI.

[Tpu Temnepatype abCOIOTHOTO HYJIS U B OTCYTCTBHE BHEIIHETO BO3JCHCTBUS Ha
MOJTYTIPOBOIHUK AKIIETITOPHBIE YPOBHU CBOOOIHBI OT AJIEKTPOHOB. [10 Mepe moBkImeHus
TEMIEPATYPhI JEKTPOHBI BAJIGHTHOM 30HBI Oy Iy T 3aMOJIHATH 3TH JIOKaJIbHbIE YPOBHU MPU
OJIHOBPEMEHHOM 00pa30BaHUU B BaJICHTHON 30HE COOTBETCTBYIOIIETO YMCIA IBIPOK (puC. 2.8,
nepexosl 1). BMecte ¢ TeM BO3MOXKHBI U IEPEXO/IbI 2, IPH KOTOPBIX 00pasyercs mapa
CBOOOJTHBIX HOCHUTEJIEH: IIEKTPOH—IBIPKA.
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Puc. 2.8. 3oHHas quarpamma noixynpoBOAHHMKA p-THIIA

B IMOJIYIIPOBOAHUKE Pp-THUIIAa OCHOBHBIMHU HOCHUTCIAMHU 3apsja ABJISAIOTCA  OBIPKH,
HCOCHOBHBIMU — 3JICKTPOHEIL.

OTmeTuM, YTO B MOIYIPOBOJHUKAX MOTYT OBITh IPUMECH, YHEPTETHUECKUE YPOBHU KOTOPBIX
PAacCIIOIOKEHBI B 3aIIPEIICHHON 30HE JTaJIEKO OT KPAEB Pa3pelICHHbIX 30H. Takue ypoBHU
Ha3bIBAIOT TIIyOOKHMHU. Y KPEMHHUS U TepMaHus IIyOOKHEe YPOBHU BO3HUKAIOT IPU HAJTMYUU B
HUX MPUMECHBIX aTOMOB 30JI0Ta, ME/IX, KUCIIOPO/a, JKeJie3a U JIp.

PaccmoTpeHHbIe 30HHBIE MOJIENIM COOCTBEHHBIX U IPUMECHBIX MOJIYTIPOBOIHUKOB SBIISIOTCS
YIOPOIIEHHBIMH, XOTS B OOJIBIIMHCTBE CIIy4aeB OHU MPUMEHUMBI JUIsl 00bSICHEHUS (PU3HUECKUX
IPOIIECCOB B MOJYNPOBOJAHUKAX U MOJTYIIPOBOIHUKOBBIX Mpubopax. OTHAKO €CTh SABICHHUS,
KOTOPBIE MOKHO OOBSICHUTD JIMILb C TIOMOIIBIO MOJIEJIA CTPYKTYPbI 30H, OCHOBaHHOM Ha
IIPEJICTaBICHNUAX KBAHTOBOM MEXaHUKHU C YYETOM BOJIHOBBIX CBOMCTB MUKPOUYACTHLI.

12. BABUCUMOCTH KOHIIEHTPALIMN CBOBOJIHBIX HOCUTEJIEM 3APSJIA B
I[TOJIYITPOBOAHUKAX OT TEMIIEPATYPEBI

Kak oTmeuanoch, KOHLIEHTpAIHsi CBOOOIHBIX HOCUTENICH 3apsiia B TOIYIPOBOTHUKAX
YBEJIMYUBAETCS O] BIMSIHUEM TEMIIEPATYPbI, 3JIEKTPOMAarHUTHOTO, HOHU3HUPYIOIIETO
U3JTy4YEeHUH U IpyruX BHEMHUX (hakropoB. Eciu TeMmeparypa nocTossHHa U HUKaKHE JpyTue
BHEIIHHE (PAKTOPHI HA MOIYIPOBOJHUK HE BO3IEUCTBYIOT, TO TAKOE COCTOSIHUE HA3bIBAIOT
TEPMOJIMHAMHYECKH PAaBHOBECHBIM. B 3TOM citydae ckopocTh reHepaiiiii cBOOOIHBIX HOCHTEIEH
3apsifia paBHA CKOPOCTH WX pekoMOMHanuu. Takue HOCUTENH 3apsia MoTyYriIu Ha3BaHUe
paBHOBeCHBIX. VX KOHIIEHTpaluu 0003HAYAIOT Yepe3 Ny U Po (I IEKTPOHOB U JBIPOK
COOTBETCTBEHHO).

Konnentpauuu cBOOOAHBIX PaBHOBECHBIX HOCHTEJEH 3apsiia B MOIYIPOBOJHHUKE (JIEKTPOHOB B
30HE MTPOBOJIMMOCTH U JBIPOK B BaJICHTHOH 30HE) ONpeAestoTcst 3 (HEKTUBHOMN TIIOTHOCTHIO
HHEPTEeTUUECKUX COCTOSIHUN B pa3pelIeHHBIX 30HaX U UX (DaKTUUEeCKUM 3amojHeHueM [3, 4].
3HaveHne 3PPEeKTUBHON MITOTHOCTH Pa3pPEIICHHBIX COCTOSHUM ONPEACIISICTCS C MO3UITHI
KBAaHTOBOI MEXaHHWKH COOTHOIIECHUSMH HeorpeeneHHocTei [ eiizenbepra, a BepoITHOCTh MX
3aMOJHEHUS CTATUCTUYECKON BeposiTHOCTHOU (pyHKIHelt depmu — lupaka [4].

Teopust mOKa3bIBAET, YTO B 0OIIEM BU/IE KOHIICHTPALIKsI CBOOOHBIX AIEKTPOHOB B 30HE
MIPOBOAMMOCTH MOIYIIPOBOAHMKA MPH JII000H TemrepaType

E,—E,

C

2.1
) 2.1)

ny, =N, exp| —

a KOHOCHTpauus CBO6OI[HBIX ABIPOK B BaJICHTHOM 30HE
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Po =Ny exp| -

rae Ne u Ny — 3dekTuBHbBIC IOTHOCTH pa3pelieHHBIX COCTOSHHM B 30HE MPOBOAUMOCTH H
BaJICHTHOM 30HE COOTBEeTCTBeHHO; Ep — ypoBenb (9Heprus) @depmu MNOTYNPOBOIHHKA
(BepOSATHOCTHASI XapaKTePUCTUKA MaTepuala), py nepeceueHun ypoBHs depmu ¢ KakuM—i1u6o
SHCPICTUUCCKUM YPOBHEM B 3anpemeHH0171 30HC IMOJYHNPOBOAHHKA BCPOATHOCTL 3aIIOJTHCHHA
aToro ypoBHs paBHa 0,5; k — mocrossunas bonsiimana; T — Temneparypa.

Ji1st cOGCTBEHHOTO MOTYIIPOBOIHUKA No=po=nh;. C yueToM 3aK0oHa AESHCTBYIOLIUX Macc
_ 7
Nopo=n; , (2.3)

KOHIICHTpAIMsl COOCTBEHHBIX HOCHUTENICH 3apsiga Ompeaesercs Kak KBaJpaTHBIA KOPEHb W3

npousBenenus (2.1) u (2.2):

E —-F AE
n.=(N.N,)"?exp| - =Y |=./N N, exp| ——2 |. 2.4
i ( c V) p 2kT ct'V p ZkT ( )

N3 (2.1) — (2.3) cnexyer, 4TO KOHIICHTPAIHS CBOOOTHBIX HOCUTENICH 3apsiaa Kak COOCTBEHHBIX,
00yCIIOBJICHHBIX HAPYIICHUEM KOBAJICHTHBIX CBSI3€i, TaK ¥ MPUMECHBIX, BO3HUKIIINX B
pe3yJibTaTe HOHU3AIMH aTOMOB IMPHUMECH, BO3PACTACT MPH YBEIMICHUU TEMIIEPATYPHI 110
AKCIOHEHIMATBHOMY 3aKOHY. [IpeadKkcroHeHInabHbIe MHOKHTEIH N 1 Ny — TaKkkKe 3aBHCAT
OT TEMIIEPATypbl, HO 3aBUCUMOCTD 3Ta Oosiee cinabasi — CTENeHHast:

N ~T3?

. (2.5)
N, ~T3?

v
TemnepaTypHyO 3aBUCUMOCTh KOHIIEHTPAIlMU CBOOOIHBIX HOCHTENEH 3apsiia, n300paKeHHY IO
Ha puc. 2.9, pacCMOTpUM Ha MPUMEPE TOTYITPOBOTHUKA N-TUTIA. 3aBUCUMOCTH B OOIIIEM BUJIE
UMEET TPU y4acTKa: 1— mMpUMECHOI MPOBOANMOCTH; 2— UCTOIICHUS IPUMECH; 3 — COOCTBEHHOM
MPOBOJAUMOCTH.
[Ipu TemmiepaType aOCOMIOTHOTO HYJISI BAJIGHTHAS 30HA MOJIYIIPOBOJIHUKA MTOJHOCTHIO
3aIl0JIHEHA, IOHOPHBIE TPUMECH HE MOHU3UPOBAHbI (JIOHOPHBIE YPOBHU 3aHATHI AIIEKTPOHAMH ),
30HAa MPOBOJAUMOCTH IycTa. [Ipy MoBbIIEHUN TeMIIEpaTypbl HAYMHAETCS MOHU3ALMS JTOHOPHBIX
aTOMOB M 3JIEKTPOHBI C JOHOPHBIX YPOBHEH MEPEXOIAT B 30HY MPOBOIUMOCTH (yyacTok 1 puc.
2.9). Yewm BbIIIIe TEMIIEPATYpa, TEM OOJIbIIE KOHIIEHTPAIUS CBOOOTHBIX JIEKTPOHOB B 30HE
MIPOBOJIUMOCTH.



-1 -1 -1

T,
Puc. 2.9. TemneparypHasi 3aBUCUMOCTh KOHIICHTPAIIMHA CBOOOTHBIX HOCUTENCH 3apsija B
nosrynpoBoaHuKe n-trmna: Njyjj<Njpp<Njs

[Tpu Temneparype Ts Bce JOHOPHBIE aTOMBI OKa3bIBAKOTCSI HOHU3UPOBaHHbIMU. [IoBBIIIEHNE
temneparypsl oT Ts 1o T; Ha yuacTke 2 puc. 2.9 (yuyacTKe UCTOLICHUS IPUMECH) HEe IPUBOIMT K
POCTY KOHIIEHTPALMU CBOOOAHBIX HOCUTENEH, MOCKONIBKY TersioBas 3Heprust KI>AEy, Ho eme
HEJI0CTaTOYHA U1 BO30YKI€HHsI 3HAUMTEIbHON COOCTBEHHOMN NMPOBOAMMOCTHU — HApyILICHHS
KOBAJIEHTHBIX CBA3€H MOIYIIPOBOAHMKA U NIEPEX0/1A AIEKTPOHOB U3 BAJIECHTHOW 30HBI B 30HY
IIPOBOJAUMOCTH.

[Tpu remmieparype T; Ha yuactke 3 puc. 2.9 KOHIICHTpAIHsI SJICKTPOHOB, MPUOOPETAIOIINX
9HEPIUIO, NJOCTATOYHYIO JUIsl IEPEX0AA U3 BAIEHTHON 30HBI B 30HY NIPOBOJUMOCTH, IPEBHIIIAET
KOHIICHTPAITUIO NMEIOIINXCS B HEW AJIEKTPOHOB, 00YCIOBICHHBIX HOHU3AIMEH JOHOPHOM
npumecH. [Tpu Temneparypax, 6omnpuux Ti, B HOIynpoBOJHUKE HAOMI0JaeTCsl COOCTBEHHAs
POBOAUMOCTD.

13 puc. 2.9 BUAHO, 4TO YeM BBIILIE KOHIICHTPALUs IIPUMECH, TEM BbIIIE KOHLEHTPALUs
AJIEKTPOHOB Ha y4yacTKax 1 ¥ 2 ¥ TeM 0oJbllle 3HaUYeHUs! TEMIIEPATypP, COOTBETCTBYIOLINX HAYaIy
UCTOILIEHUS PUMECH U cOOCTBEHHOM npoBoauMocTu. Kpusas, uzobpaxenHas Ha puc. 2.9 mis
HanOOoJbIIeH KOHIIEHTpAIuy puMecH N3, XapaKTepHa JUIs TaK Ha3bIBA€MbIX BBIPOKACHHBIX
HOJIYIIPOBOJIHUKOB. Y TaKMX MOJYIPOBOAHUKOB KOHIIEHTPALMs CBOOOAHBIX HOCUTENEH 3apsaaa
BILJIOTH J0 NIEpexo/ia K COOCTBEHHOM MPOBOJMMOCTH HE 3aBUCUT OT TEMIIEPATYpPhl, & YPOBEHb
®epMu HaXOAUTCS HE B 3alIPEILIEHHON 30HE, @ B 30HE IIPOBOJNMOCTH.

YcTaHoBIIEHO, UTO B 001aCTH PUMECHOM MTPOBOIUMOCTH (Ha ydacTke 1 puc. 2.9) ot
TeMIepaTypbl a0COIMIOTHOTO HYJIs 10 Ts TemneparypHas 3aBUCUMOCTb KOHIICHTPALUU

CBOOOJIHBIX DJIEKTPOHOB UMEET CJICTYFOLIHIA BUI:
1.2
N.N E —-F AE
nyg=| ——4| exp| ————4 |=dexp| -—2 |, (2.6)
2 2kT 2kT

rae Nj — KOHUeHTpauus JOHOpHOW npuMmecH; AE =E. - Ejq — oHeprus moHM3anuu JOHOPHOU

NN
npumecu; A = e X
2
Jlorapudpmupys (2.6), momyyaem
AE I
Inny=In4-——= 2.7)

2kT



Bripaxenue (2.7) sBnsieTcs ypaBHEHHEM IPSIMOM € OTPHULIATENIFHBIM YTJIOBBIM K03 (hUIIHeHTOM,
nponopuroHaabHbIM AE .
Ha ygactke 3 npu Temneparypax, 6onpumx Ti (puc. 2.9), B o0macti coOCcTBEHHOM

IIPOBOAUMOCTH CIpaBeuIuBO cooTHouenue (2.4). Eciu o6o3nauuts /N, N, = B, nocne

aorapudmupoBanus (2.4), moarydyum

mm:mB—ii. (2.8)

Bripaxxenue (2.8) Tax ke, kak (2.7), ABls€TCS ypaBHEHUEM NPSMOI C OTPULIATEIBHBIM YIJIOBBIM
k03 unmenTom. TaHreHC yria HakJoOHa NPAMON MPONOPLUOHAJIEH NIMPUHE 3aIllPELICHHOM
30HBI TosTynipoBoHuKa AE . TemneparypHas 3aBUCHMOCTh KOHIICHTPAIIMH CBOOOTHBIX

. -1
HOCHTEJIeH 3apsijia B [OJIYIPOBOJHUKAX, IIOCTpOeHHas B koopaunarax Inny, = f(T ),

HarJIsHO MOKA3bIBAECT XapaKkTep (PU3NUECKUX MPOLIECCOB, MPOUCXOA[IIUX TPH U3MEHEHUH
TEMIIEPATYPBI, U ITO3BOJIIET PACCUNTATh ITaApaMETPhI NOJIYIIPOBOAHUKOBOIO MaTEpHasa: SHEPTHIO
MOHU3alUK JOHOpHOU npuMeck AEj 1 3Hepruro, HeoOOXOAUMYIO JUIsl pa3pbiBa KOBAJIEHTHBIX
CBSI3€M — MIMPUHY 3anpenieHHOoN 30HbI AEy.

OTmeTuMm, 4TO TeMIlepaTypHast 3aBUCUMOCTh KOHLIEHTPAI[MK CBOOOIHBIX HOCUTENEH 3apsiia —
JBIPOK JIJIS1 TIOJTYTIPOBOJHUKA P-TUIIA BBIVISIUT aHAJIOTUYHO N300paKeHHOU Ha puc. 2.9.
WuTeprperanys 3aBUCMMOCTH Ha Y4acTKE PUMECHON TPOBOAMMOCTH MPOBOJUTCS HA OCHOBE
IPEJICTaBICHUN O 3aXBaTe aKLENITOPHBIMU aTOMaMHM 3JIE€KTPOHOB U3 BaJICHTHOU 30HBI U 00
00pa30BaHUM B HEMl CBOOOIHBIX JIBIPOK.

DKCIIOHEHIIMAILHBINA 3aKOH U3MEHEHHsI KOHIICHTPAllK CBOOOHBIX HOCUTEIIEH 3apsa MpH
U3MEHEHHUHU TeMIIEpaTypbl 00yCIOBIMBAET IPUHIUIIHAIBHOE Pa3Inyle MeXy TeMIepaTypHOM
3aBUCHUMOCTBIO ITPOBOAMMOCTH TOJIYTIPOBOJHUKOB U METaLIoB (puc. 2.1). ¥V nocnennux
KOHIIEHTpALUs CBOOOAHBIX HOCUTENEH OT TeMIepaTypbl IPAKTUUYECKU HE 3aBUCHUT.

13. TEMIIEPATYPHAS 3ABUCUMOCTD ITPOBOJUMOCTHU
[TOJIYITPOBOAHMKOB

VY nenbHast aeKTprUecKas IPOBOAUMOCT JIF000r0 MaTepualla OlpeaeiseTcsl KOHIEHTpaluen 1
MOJBM)KHOCTBIO CBOOOTHBIX HOCHUTENEH 3apsisia, 3HAYCHU KOTOPBIX 3aBUCAT OT TeMIepaTyphl.
Iloosusicrnocms L CBOOOJHBIX HOCUTEIIEH 3apsAa XapaKTepU3yeT UX paccesHUE U ONpeeNseTcs
KakK K03 (GHLUUEHT IPONOPLUOHATBHOCTH MEXIY IPEeH(POBON CKOPOCTBIO Vyp U
HaNpPsKEHHOCTBIO DJIEKTPUYECKOTO TIOJIS £ Vyp =LLE.

Paccesnue cBOOOAHBIX HOCUTENEH 3apsaaa, T.e. U3MEHEHUE UX CKOPOCTH WJIM HalpaBJICHUS
JBHKEHUS, MOXKET IPOUCXOIUTD U3-3a HAJIMYUS B PEaIbHbIX KPUCTAILIAX MOJYIIPOBOJIHUKOB
Ne(QEKTOB CTPYKTYPHI (K HUM OTHOCSITCS, HAIIPUMEP, AaTOMbI U MOHBI IPUMECH ), TETIJIOBBIX
KOJICOAHUH KPUCTAJUTMYECKON PEIIETKH.

Y CTaHOBIIEHO, YTO IIPH PACCETHUH HOCUTEIICH 3apsAia TOJIbKO Ha HOHAX IPUMECH ITOIBHKHOCTD

y~T”? (2.9)

VYBenuueHne noABUKHOCTU CBOOOIHBIX HOCUTENEH 3apsi/ia C MOBBIIIEHUEM TEMIIEPATyphl
OOBSCHSIETCS TEM, YTO YEM BHIIIIE TEMIIEPATypa, TEM OOJIbIIIE TEII0OBas CKOPOCTh JABMKEHUS
CB06OI[HOFO HOCHUTCJIA U TCM MCHBIIC BPCMCHU OH 6YI[6T HaxXOoAWUTBhCA B KYJIOHOBCKOM IIOJIC
MOHA, U3MEHSIOIIET0 TPACKTOPHIO €T0 IBIKEHUS, a 3HAUUT, OH OyJeT UMETh MEHbIIIee
paccesiHie 1 6oJiee BBICOKYIO OJBUKHOCTh. [10 Mepe moBbllIeHus: TeMIepaTypbl Bce Oosiee
CYILIECTBEHHOE 3HaUEHUE MPUOOPETAET paccesHUE Ha TETIOBBIX KOJNCOAHHUSIX KPUCTAIITHUECKON
pELIETKH, KOTOPOE MPH OIPEIETICHHON TeMIIEpaType CTAHOBUTCS MPe00IaIatoIrM.

TennoBsie kKoneOaHUsI KPUCTAITUTMUECKOHN PEIIETKH YBETUYUBAIOTCS C POCTOM TEMIIEPATyphl,
pacTeT U paccessHuEe HOCUTENEH, a X MOJABUAKHOCTh YMEHBIIAETCA. Y CTAHOBJIEHO, YTO B



ATOMHBIX MOJyIIPOBOJIHUKAX MPU PACCEIHUN CBOOOAHBIX HOCUTENEH 3apsiia MPEUMYIIECTBEHHO

Ha TEIIOBBIX KOJICOAHUIX pCHICTKH
-3/2

u~T . (2.10)
Ha puc. 2.10 mpuBeaeHbI 3aBUCUMOCTH MOJIBUYKHOCTH CBOOOAHBIX HOCUTEIEH 3apsiia B
NOJyIPOBOJIHUKE N-TUIIA C Pa3HOM KOHILIEHTpaIe ToHopHOH npuMecu. C NOBBILIEHHEM
TEMIIEpaTypbl IPU PACCEIHUH HA MOHAX MPUMECH MOJBUKHOCTh YBEIMUYHUBAETCS, a 3aTEM
BCJIE/ICTBHE BCE BO3PACTAIOIIUX KOJIEOAHUN KPUCTAIIINYECKON PEIIETKU U 00YCIOBIEHHOTO UMH
paccesiHus — yMeHbIIaeTcs. BennunHa 1 nonokeHne Makcumyma KpuBoi ;,L(T'l) 3aBUCHUT OT
KOHIIeHTpauu npuMecu. C ee yBeTHMueHHEM MaKCUMYM CMeIIaeTcsi B 00J1acTh 00jiee BEICOKUX
TEMIIEPATYP, a BCS KpUBasi — BHU3 110 OCU opAMHAT. [Ipn koHIeHTpanuu npuMecH, paBHOR N3,
COOTBETCTBYIOIIEN BBIPOKIEHHOMY IOJYTIPOBOJHUKY, TOABM)KHOCTh YMEHBIIIAETCS C POCTOM
TEMIIEPATYPbl AHATIOTUYHO TOMY, KaK 3TO IPOUCXOAUT B MPOBOJHUKOBBIX MaTepuanax (pasaen

1.8).
L}u &

Puc. 2.10. 3aBUCUMOCTb MOABUKHOCTH CBOOOIHBIX 3JIEKTPOHOB OT TEMIEPATYyphl B
nosrynpoBoaHuKe n-tumna: Ny<Njpp<Nps
[Ipu oueHb HU3KUX TeMIepaTypax, KOrja TeIIoBble KoJaeOaHUs KPUCTAIUTMYECKON PEeLIeTKH
MaJibl, @ IPUMCCHBIC AaTOMBbI cj1abo HOHU3UPOBAHBI, PAaCCCAHUC CB06OILHI)IX HOCHTEIIEH B OCHOBHOM
INPOMCXOJUT Ha HEHUTPaAJIbHBIX aroMax npumecu. [Ipu TakoM MexaHU3Me paccesHUs MOJABUKHOCTb
HE 3aBUCHUT OT TEMIIEpaATyphl, a ONPEACIIACTCS KOHLICHTPALMEN IPUMECH.

Wrak, koHIIeHTpanus cBOOOIHBIX HOCUTENEH 3aps/ia B MOJIyIPOBOAHUKAX YBEIUUUBACTCS C
POCTOM TeMIIEpaTypsl IO IKCIIOHEHIIMAIBHOMY 3aKOHY, a TEMIIEpAaTypHas 3aBUCUMOCTh
MOJBM)KHOCTH UMEET B O0ILEM BHJIE XapaKTep KPUBOW C MAKCUMYMOM H CTETICHHOW 3aKOH
WN3MEHEHUH.

B o0miem citydae yaenpHast 3J1€KTpUUecKasi IPOBOAUMOCTD G MOJIyIPOBOAHUKA, B KOTOPOM
HOCHUTEIISIMU 3apsifa SIBISIOTCS CBOOOIHBIC AIIEKTPOHBI C IMTOJABMKHOCTBIO Ll U CBOOOHBIE IBIPKU
C NOJABHKHOCTBIO LLp, PABHA!

O =nyepl, + ppel,,, (2.11)
TJ€ € — DJIEMEHTAPHBIN 3apsi.

Jl1 COOCTBEHHOTO MOJYIIPOBOIHUKA

AE
o, =en (1, + 1) = e(pt, + 11,)(N.N,)'"'? exp “ ) (2.12)



y‘-II/ITI)IBaSI, YTO CTEIICHHAs 3aBUCHUMOCTH cliadee BKCHOHGHHHaﬂbHOﬁ, MOXKHO 3a11ucCaTh:

AE
o, =Cexpl ——2|. (2.13)
2kT
AHaJIOTHYHO AJI IIPUMECHOTIO MTOJIYITPOBOAHHWKA N-TUIIA B oOiactu HpI/IMeCHOﬁ MpOBOANMOCTHU:
1/2
N.N AE AE
o, =enyu, =ept,| ——2L |  exp| ——2 |=Dexp| ——2- |, (2.14)
2 2kT 2kT
a p-TUIla:
AE,
o,=Gexp| - . (2.15)

2kT

CootHomienus (2.14) u (2.15) cnpaBeauBbI JUILIB JO TEX MOP, IOKa HE HACTYNUT MOJIHAs
HoHu3aIus npuMmecu. [1onydnB sKCIepUMEHTAIBbHYIO 3aBUCUMOCTD YJI€IbHOM POBOUMOCTH OT
Temnepatypsl B Buze Ino(T™), MOXKHO ONpeIeiTh MHUPHHY 3aTPEIICHHO 30HbI
MOJIYTIPOBOJTHHKA M SHEPTUIO0 MOHU3AIMH PUMECH T10 CooTHOIIeHHM (2.13) — (2.15).
PaccmoTpuM 3KCIIEpUMEHTANIBHBIE KPUBBIE TEMIIEPATYPHOM 3aBUCUMOCTH YAEIbHOU
INEKTPUYECKOMN MPOBOJUMOCTH KPEMHHUS, COAEPIKALLET0 PA3INYHOE KOJIMYECTBO JOHOPHOM
npumecu (puc. 2.11) [3].

G,CM/m
3:
4 Hl‘.’—'—r——_‘L—_ﬂ
10
AV TS
10 \/,-4—-.\
107 ~-\" -
R
10 \‘

0,002 0,006 0,01 m K_l
r

Puc. 2.11. TemmneparypHas 3aBUCHUMOCTb YJEIbHON 3JIEKTPUUYECKON NPOBOJAUMOCTH

KpEMHUS, COJIEpIKaLIETO pa3anYHOE KOJIMYECTBO JIOHOPHOH IIPUMECH Nn:
23 24 25 3
1-4_8-107;2-2,7-107; 3 -4,7-10 M [3]

[loBbllieHUE yaeapHONW MPOBOJUMOCTH KPEMHUS C YBEIMUYCHHEM TEMIIEpaTyphbl B 00JIACTH
HU3KUX TeMIepaTyp OOYCIOBJICHO YBEIMYEHHEM KOHIEHTPALMU CBOOOIHBIX HOCHUTENEH 3apsia —
3JIEKTPOHOB 3a CYET MOHU3ALIMK TOHOPHOU NpuMecH. [Ipy nanpHENIemM NOBBILIEHUH TEMIIEPATYPBI
HacTymaer o0JacTb MCTOLICHHMsS TNpUMecH — TMonHas ee HoHu3auusa. CoOCTBEHHas ke
JNEKTPONPOBOIHOCTh KPEMHHUS 3aMETHO €ILE HE NMPOSIBIISETCA.

B ycrnoBusx ucTomeHus npuMec KOHIIEHTPAIKsl CBOOOIHBIX HOCUTENEH 3apsiia MPaKTHIEeCKH
OT TEMIEPATypbl HE 3aBUCHUT U TEMIIepaTypHasi 3aBUCUMOCTb YEJIbHOI MPOBOIUMOCTH



HOJIyIPOBOJIHUKA ONPEEIIETCS 3aBUCUMOCTBIO TIOJIBUKHOCTH HOCUTENIEH OT TEMIIEPATypPBhl.
Hab6nronaemoe B 3T0i1 0051aCTH YMEHBIIICHHE YASTBHOM MPOBOJMMOCTH KPEMHHUS C POCTOM
TEMIEPATYPbI MPOUCXOAUT 3a CUET CHUKEHUS MTOABHIKHOCTH IIPU PACCESTHUN CBOOOIHBIX
HOCHTEJICH 3aps/ia Ha TETJIOBBIX KOJEOAHUAX KPUCTAJUIMYECKON PEIIeTKH.

OpHaKko BO3MOXKEH M TaKOH CiIydaid, Koraa 001acTh HCTOIIEHHUS TPUMECH OKa3bIBACTCS B
MHTEpBaJie TEMIIEPaTyp, [JIe OCHOBHBIM MEXaHU3MOM PACCEsSHUS SBISETCS paccessHUEe Ha MOHAX
npumecu. Torzaa ynenabHasi IpOBOJIUMOCTD MTOJIYIIPOBOJIHUKA C MOBBIIIEHUEM TEMIIEPATY Pl
6yzeT yBennanBaThes: o~T- .

Pe3koe yBennuenue yaenbHON NPOBOJAMMOCTH IIPH JajbHEHNILIEM pOCTe TeMIieparypsl (puc. 2.11)
COOTBETCTBYET 00J1aCTH COOCTBEHHOM 3JIEKTPOIIPOBOAHOCTH, B KOTOPOI KOHIIEHTPAIHs
YBEITMYMBACTCS SKCIIOHEHIIMAJILHO [COOTHOIIEeHHE (2.4)], a MOJBUKHOCTH CHUXKAETCS 110
cTeneHHomy 3akony (2.10).

Y BBIPOKIEHHOTO MOJIYyIPOBOAHUKA (KpuBas 3 Ha puc. 2.11) koHIeHTpaIus CBOOOIHBIX
HOCUTEJIeH 3apsaa He 3aBUCUT OT TeMIIepaTyphl U TeMIIepaTypHasi 3aBUCUMOCTb ITPOBOAMMOCTH
ONpEIESAETCS 3aBUCUMOCTBIO UX MOJBMXKHOCTU OT Temneparypsl (puc. 2.10).

14. OIITUMYECKHUE U ®OTOSJIEKTPUUECKUE ABJIEHW A
B I[IOJIYIIPOBO/JHUKAX

IHornomenne cBera. BenencTBrue oTpakeHHs! M MOTJIOUIEHUS CBETA MOITYIIPOBOJHUKOM
MHTEHCUBHOCTH Ma/Ial0IEro Ha HEr0 MOHOXPOMAaTHYECKOTO U3JTy4YeHUsI MHTEHCUBHOCTHIO
YMEHBIIIAETCs 10 HeKOTOpoi BennuuHs I. B cooTBeTcTBHM ¢ 3akoHOM JlambGepra — byrepa [3]:

I=1,(1-R)exp(—oax), (2.16)
riae R — koapunmeHT oTpakeHus, X — pacCTOSHUE OT MOBEPXHOCTH IOJYIIPOBOJIHHUKA BIOJb
HaTpaBJieHUs Jiyda (B 00beMe) 10 TaHHOW TOYKH; O — KOA(D(PHUIIMESHT OTIIONICHHMS.

BennunHa o' paBHA TOJIIMHE CIIOS BEIIECTBA, PH MPOXOXKIACHAN Yepe3 KOTOPbIi
WHTCHCUBHOCTh CBETA YMEHBINACTCS B € pa3 (¢ — OCHOBAHHE HATYPAJIbHOTO Jiorapudma).
[Tornomenune MOTyMPOBOIHIUKOM SHEPTHUH JIEKTPOMATHUTHOTO U3ITyUEHUSI MOXKET OBITh CBSI3aHO
C pa3IMYHBIMU (PU3UUCCKUMH MPOIECCAMU: HAPYIICHHEM KOBAJICHTHBIX CBSI3EH MEXy aTOMaMHU
MaTepuaia ¢ MepexoI0M JIEKTPOHOB U3 BaJICHTHOHN 30HBI B 30HY ITPOBOAMMOCTH; HOHU3AIHCH
NPUMECHBIX ATOMOB M BOBHUKHOBEHUEM JIOTIOJIHUTEIBHBIX CBOOOIHBIX 3JICKTPOHOB HIIU JIIPOK;
M3MEHEHHEM KOJIeOaTeIbHOM SHEPTUH aTOMOB PEIIETKH; 00pa30BaHUEM SKCHUTOHOB H JIp.

Ecnu morsonienne cBera noxynpoBOTHUKOM 00YCIOBICHO MEPEX01aMH JICKTPOHOB M3
BaJICHTHOH 30HBI B 30HY ITPOBOJAMMOCTH 32 CUET SHEPTHH KBAaHTOB U3ITyUCHUS, TO TIOTJIOIICHHE
Ha3bIBAIOT COOCMBEHHbIM; €CITN BOSHUKHOBEHHEM CBOOOHBIX HOCHUTEIICH 3a CUET HOHU3ALUU
IPUMECHBIX aTOMOB (JOHOPOB WJIA aKIENTOPOB) — NPUMECHBIM.

VY psina nomynpoBOJHUKOB 3a CUET MOTJIOUICHHS KBAHTA CBETa BOZMOXKHO TaKoe BO30YykKIeHHE
AIIEKTPOHA BAJICHTHOW 30HBI, KOTOPOE HE COTPOBOXKIACTCS €0 IMEPEX0IOM B 30HY
NPOBOJUMOCTH, @ 00pa3yeTcsi CBsI3aHHAs CUCTEMa 3JICKTPOH—IBIPKA, TIEPEMEIIAIOIIAsACs B
npezenax Kpucramia Kak eIuHoe 1eJI0e. DTy CHCTEMY Ha3bIBaIOT dkcumonom. OnTudeckoe
TIOTJIOIIIEHHE MOJTYTIPOBOIHUKA, 00YCIIOBICHHOE B3aUMOJICHCTBUEM H3ITyUCHUS C
KOJIeOATEeIbHBIM JBMKEHUEM KPUCTAJUTMYECKON PElIeTKU, Ha3bIBAIOT peuemounsim 3, 4].
HezaBucuMo OT MeXaHH3Ma MOTJIOMICHHUS] KBAHTOB M3JTyYEHUS MPOLIECC IMOTIHHSICTCS 3aKOHY
COXPAaHECHHUS SHEPTHUU.

DoTONPOBOAUMOCTH MTOJTYTIPOBOJTHUKOB — SIBJICHUE, BCET 1A COMPOBOXK/IAIOIIEE MPOIIECC
MOTJIONICHHSI SHEPTUH DIIEKTPOMATHUTHOTO U3NyueHus. [Ipy ocBemeHuu moaynpoBOIHIKA
KOHIICHTPAIUs CBOOOIHBIX HOCUTENEH 3apsaa B HEM MOXKET BO3PACTH 3a CUET HOCHTEIIEH,
BO30Y>KJICHHBIX MMOTJIONIEHHBIMA KBAaHTAMH CBETa. TaKUMHU HOCUTEIISIMA MOTYT OBITh KaK



COOCTBEHHBIE NEKTPOHBI U IBIPKH, TaK U HOCUTEJIH, NIEPEILEIINE B CBOOOIHOE COCTOSIHUE
BCJIEJICTBME MOHU3AIIUH TPUMECHBIX aTOMOB.

OcaenieHue MoJIyIpoBOIHUKA CBETOM B TEUEHHUE JIOCTATOYHO JJIUTEIIBHOTO BPEMEHU HE
HPUBOJIUT K OECKOHEYHOMY POCTY KOHLIEHTPALMH N30BITOYHBIX (IIO CPABHEHUIO C
PaBHOBECHBIMHU ) HOCUTENEN 3apsijia, TaK KaK M0 MEpe pocTa KOHIIEHTPAI[MH CBOOOIHBIX
HOCHUTeNel pacTeT BepOSITHOCTh UX pekoMOMHanuu. HacTymaer MOMEHT, Koraa peKoMOMHAIUS
YPaBHOBEIIMBAET IIPOLIECC T€HEPALIUM CBOOOIHBIX HOCUTEIIEH U YCTaHABIUBACTCS PABHOBECHOE
COCTOSIHME TOJIyTIPOBOJHUKA C 00JI€€ BBICOKOM MPOBOAUMOCTBIO Gpagu, YEM 0€3 OCBEILEHHUS (Go).
Wznoxennoe nimoctpupyetcs puc. 2.12. U3menenune GoTonpoBOJUMOCTH MTPHU OCBELICHUN
HOJIYIIPOBOIHUKA UMITYJIbCOM IPSAMOYTOJIbHOM (POPMBI TPOUCXOAUT B COOTBETCTBUU C

M3MEHEHHEM KOHIICHTPAIIMH CBOOOTHBIX HOCUTENCH 3apsia.
I F 3

+ v

>
t

Puc. 2.12. W3menenue (HoTONPOBOIUMOCTH TOJYINPOBOJHUKA BO BPEMEHH IIPHU
OCBCHICHUH €TI0 MPSAMOYT'OJIbHBIM UMITYJIbCOM CBCTA

CHCKTpaJIBHaH 3aBUCHUMOCTH (I)OTOHpOBOI[I/IMOCTI/I COOTBCTCTBYCT CIICKTPY IIOTJIOIICHUA
IMOJIyIIpOBOAHUKA, T.C. 3aBUCUMOCTHU KOB(i)(I)HI_II/IeHTa IOorJjIomeHnd O OT JJIMHBI BOJIHBI U3JTY4YCHUS A

(puc. 2.13).
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Puc. 2.13. CnexkTtp mnornomeHus NOJYNPOBOJHUKA W CHEKTPAJIBHOE PpacIpelelcHHUe

(GOTOUYyBCTBUTENBLHOCTH: | — COOCTBEHHOE MOTIJIOIIEHUE; 2 — MPUMECHOE moromieHue; 3,4 —
dboroTok



ITpu 6onee NIMHHOBOJIHOBOM M3Iy4E€HHH, KOT1a dHEprusi KBaHToB cBeTa Eq HeBenmuka (E¢=hv,
riae h — nocrosnnas Ilnanka, v — yactora) npu Ay, HACTyNIaeT MPUMECHOE NOTTIOLUICHUE U
BO3HHUKAET (hOTOMPOBOAMMOCTE ((POTOTOK) 3a CUET MOHHU3AIUH puMecei (kpuBble 2, 4, puc.
2.13). Ilpu MeHb1IEH JUIMHE BOJIHBI A, T.€. OOJIbIIEH SHEPTUU KBAHTOB CBETA, COU3MEPUMOM C
IUPUHON 3aMpeIeHHON 30HBI, MOTYNPOBOAHUKA AE( BO3SHUKAIOT COOCTBEHHOE
(pynmameHntanpHOE) ToriomnieHne u GoTonpoBoAUMOCTh (poToTok) (kpussie 1,3, puc. 2.13).
Takast AJIMHA BOJIHBI A HA3bIBAETCSl KpaeéM COOCTBEHHOTO ((PyHIaMEHTAILHOTO) MOTJIOLIEHUS
MOJTyTIpoBOTHUKA. KOpOTKOBOTHOBBIH crian (poTonpoBogumMocTH (KpuBas 3, puc. 2.13)
00BSICHSIETCS BBICOKUM KO3 dUIMeHTOM noriomieHus (kpusas 1, puc. 2.13), T.e. mpakTHUecKu
BECh CBET IOIJIONIAETCSA B OUEHb TOHKOM IIOBEPXHOCTHOM CJIOE€ MaTepHala.

Kak ykazano Bbiie, HOTOnpoBOIMMOCTb, BbI3BaHHASI TeHEpaLueil CBOOOAHBIX HOCUTENECH,
BCErJja COMPOBOXK/IAETCs MOIIOIIEHUEM SHEPIHH JIEKTPOMarHUTHOTO M3ilydeHus. B mponecce
PEKOMOMHALINY, HAIPOTHUB, YHEPTUs BBIACISACTCS. BhIensromascst SHeprist MOKET MOTIIOIAThCs
KPUCTAJUTMYECKOU PEIIETKOM (Oe3bi3nyuamenbras pekomounayus) oo N3IyqdaThCs B BUJIS
KBaHTa cBeTa (usnyuamenvras pekomounayus). [locaennee spneHre HaIUIO MPUMEHEHUE B
CBETOAMOMAX, UCIIOIb3YEMBIX B IPHOOPOCTPOCHUH B KAYECTBE CBETOBBIX MHIMKATOPOB.

15. TEPMOODJIEKTPUYECKHUE ABJIEHUA

K BaxHEHUIIM TEPMOIJIEKTPUIECCKUM SIBICHUSM B IOy IPOBOAHUKAX OTHOCSATCS (P (EKTHI
3eebeka, [lenbthe u Tomcona [3 - 5].

Dddext 3eedera (TepmodnekTpraeckuii 3h(HEKT) COCTOUT B BOSHUKHOBEHHH 3.]1.C. B
ANEKTPUYECKON 1IeTIH, COCTOSIIIEH U3 TOCIEA0BATEIHHO COSTUHEHHBIX PA3HOPOIHBIX
MaTepHuaoB (Pa3HBIX METAJUIOB HJIH MTOJYTIPOBOAHUKOB, HJIM METAJlIA U TIOJIYIPOBOJHHKA), €CITH
TEeMIIEPaTypbl KOHTAKTOB pa3iuuHsbl (puc. 2.14).

Tepmo-3.1.c. umeeT Tpu coctasistoue. [lepsas cocrasmistomias o0yciaosineHa nuddysueit
HOCUTEJeH 3apsaaa u3 00IacTy MOMYyHPOBOJIHUKA ¢ O0JIee BBICOKOM TeMIepaTypoi B 001acThb ¢
Oosee HU3KOM (puc. 2.15). ['pagueHT KOHIEHTpAIIMU BO3HUKAET BCIICACTBUE JOMOJHUTEIBHON
TeHepaluu OCHOBHBIX MM COOCTBEHHBIX HOCUTENEH MO/I BOSHUKHOBEHHUEM MOBBIIIICHHON
Temreparypbl. Takum 00pa3zom, TpaiueHT TEMIIEPATyPhl BHI3BIBAET CO3/IaHUE I'PAAUEHTA
KOHIICHTpAIIUU HOCUTENEH 3apsia ¢ uxX nociuenymoimen auddysueit K MeHee HarpeToMy
KOHTaKTy. BerencTBuie ykazaHHBIX MTPOIECCOB «XOJIOAHBIIN» KOHTAKT MPUOOPETAET 3HAK
OCHOBHBIX HOCHUTEJICH 3aps/a, a «TOpsiunii» — 3HAK COOTBETCTBYIOIIMX MOHU3HUPOBAHHBIX
JIOHOPHBIX WJIM aKIENTOPHBIX aTOMOB ITpUMecH. VIOHBI SBIISIOTCS 3JIeMEHTaMH
KPUCTATMYECKON PELIeTKH MOIYIPOBOJHUKA M CO3/IAI0T HEMOABUKHBIA 00BEMHBIN 3apsii;
TIOJIOXKHUTEIBHBIN B MOIYTIPOBOJIHUKE N-THITA WM OTPULIATEIFHBIN B IOIYTPOBOJHHUKE P-TUTIA.

T

Puc. 2.14. Cxema pacnpeneneHust TeMIepaTyp B TEPMOIJIEMEHTE



Takum oOpazom, auddy3noHHAs COCTABIAIOMIas TEPMO-3.1.C. BO3HHUKAET H3—3a
HapymieHus  (BcaeactBue — auddy3um) — JIEKTPUUECKOW  HEUTpalmbHOCTH  obiacrei

HOJIYIIPOBOJIHUKA C Pa3HON TeMIIEpaTypou.

Tx Tn

n=-TMII

Tr

P=T I

Puc. 2.15. O6bpemHbIe 3apsbl B MOJIYIPOBOAHUKE N-TUNA (a) U p-TUma (0) Mpu HAINYUU
Pa3HOCTH TeMIepaTyp

Bropast cocraBmsromasi TepMo-3.4.C. — 3TO CIEJACTBHE TEMIIEpAaTypHOl 3aBUCUMOCTHU
KOHTaKTHOW pa3HOCTH MOTeHIHanoB. Ecmu oba cnas (puc. 2.14) uUMEOT OIHY M Ty XKe
TEMIIEpaTypy, TO KOHTAKTHBbIC PAa3HOCTH MOTCHI[MAJIOB HA STUX CIAsX paBHbBI, HAIPaBJIEHBHI B
MPOTUBOIOJIOXKHBIE CTOPOHBI U HE NAIOT Pe3yJbTUpYIOIIEH TepMmo-3.1.c. Ecnu ke TemmepaTypa
CIUTaBa pa3liiyHa, TO BEIWYMHA KOHTAKTHON PAa3HOCTHU TMOTEHIMAIOB OyJeT TakKe pa3inyHa.
[TosToMy B LleNM TEpMORJIEMEHTa MOSBISIETCS BTOpPas COCTABIAIONIAS TEPMO-3.1.C. C TOM Ke
MOJIIPHOCTRIO, UTO U MU Dy3rnoHHas.

Tpetbs cocTapmstonas TEPMO-3.7.C. BOZHUKAET B TEPMODJIEMEHTE BCIIEJCTBUE YBICUCHUS
3JIEKTPOHOB (ABIPOK) (POHOHAMH, T.€. KBAHTAMHU TEIIJIOBOI SHEPTHH KOoeOaHUH
KPUCTAJIMUECKOM peteTku. Eciau B momynpoBOAHUKE CYLIECTBYET IT'PAAUEHT TEMIEPaTyphbl, TO
OyZeT CylIecTBOBAaTh HApPaBJICHHOE ABIKEHHE (DOHOHOB OT TOPSTYETO criasi K X0JIogHOMY. B
pe3yJibTaTe CTOJKHOBEHUS ()OHOHOB C HOCUTEIISIMU 3apsia (POHOHBI YBIEKAIOT 3a COO0H B n-
NOJIyTIPOBOJIHUKE JIEKTPOHBI, a B P-TIOJIyIPOBOJHUKE — JBIPKU. DTOT 3P PeKT
MOJKET OKa3aThCs MPeodIaAaromuM IPU HU3KUX TEMIEpaTypax.

PesynpTupytomas TepmMo-3.1.¢., COCTOSALIAsl X TPEX PACCMOTPEHHBIX COCTABIISIIOIINX, 3aBUCUT
ot temmeparypsl ropstaero (Tr) u xomomnoro (Tx) craes, oT MEKTPOPUINISCKUX CBOHCTB
MaTepuasoB.

Db ekt Ilenvmbe COCTOUT B OXITKIACHAN WM HATPEBAaHUH KOHTAKTA ABYX MaTEPUAIIOB IPH
MPOTEKAHUU Yepe3 HETO MOCTOSIHHOTO Toka (puc. 2.16).



[ M

Puc. 2.16. Cxema KOHTaKTa 3JIEKTPOHHOT'O NIOJYTIPOBOJHUKA C METAIIOM,
nosicastrornast dpdext [lenpThe [3]

Ecnn  HampspkeHHOCTh BHEIIHErO  DJIEKTPUYECKOrO MOJs € HalpaBieHa Tak, Kak
n300pakeHo Ha puc. 2.16, TO mepeHoC HOCUTEIEeH TOKa 4epe3 KOHTAKT (IJIEKTPUUYECKHM TOK)
OyZeT cBsi3aH C MEPEXOJOM 3JIEKTPOHOB M3 IMOJYNPOBOJAHMKA B MeTawl. OmHaKo »sHeprus
AJIEKTPOHOB B 30HE MPOBOJAUMOCTH MOIYIIPOBOAHHUKA OOJIbIIE, YEM Y 3IEKTPOHOB MPOBOIUMOCTHU
B MeTtayuie. [1o3ToMy 371€KTpOHBI, epexos U3 MOJIyHNPOBOJHUKA B METalll, U30BITOK SHEPIUU
nepeAanyT KpUCTAUIMYECKOH pelleTke B 00JIacTM KOHTakTa. B pesynbrare 3TOro mepeHoc
3JIEKTPOHOB W3 TOJIYNPOBOAHMKA B METaT OyAET CONPOBOXKIATHCS BBIICICHHEM TeIjia Ha
KOHTAaKTE U €r0 HarpeBOM.

ITpy npoTHBOMNOI0KHOM HAIIPABICHUN HANPSHKEHHOCTH BHELIHETO IEKTPUUECKOTO MO
IPOXO’KICHUE SIEKTPUIECKOT0 TOKa OyAET CBSI3aHO C MEPEXO0J0M AIICKTPOHOB U3 MeTajia B
MOJIYTIPOBOJTHUK, T.€. C YPOBHEH C MEHBIIIEH YHEPTUEH HAa YPOBHH C OOJIBIIICH SHEPTHEH.
DHepruro, HeoOXO0AUMYIO JUISL TOTO, SJEKTPOHBI MOTYUYalOT OT KPUCTAJUIMYECKON PEIIETKU B
00J1aCTH KOHTAKTa, 4YTO MPUBOJUT K €r0 OXJIAXKICHHIO.

O¢pdext ToMcoHa COCTOUT B BBIICICHUHN WU MOTJIOUICHUN TETlIa, JONOIHUTEIBHO K TEILTy
Jlxoynst — JIeHua, npu npoTekaHUH MOCTOSTHHOTO TOKA 110 OJHOPOJAHOMY IOJTYIPOBOJHUKY, B
KOTOPOM MMEETCsI IPaJMeHT TeMIEepaTyphl.

Dddext 3eedeka u [lenpThe HAOMIOTAIOTCS B METAILIAX M MOJYTPOBOAHUKAX. B
HOJYTIPOBOIHUKAX COOTBETCTBYIOIINE BEIMUYHUHBI, HAIIPUMEP TEPMO-3.1.C., 0OBIYHO Ha
HECKOJIBKO MOPSAKOB IIPEBBIIIAIOT TaKOBbIe B MeTauiax. [loatomy a¢dextrl 3eebeka u Ilenbree
B TIOJTYIIPOBOJHUKAX HAIUIA OOJIBIIOE MPAaKTHUYECKOe MpUMEHeHHe. B yacTHOCTH, A deKT
3eebeka UCIOIB3YETCs AT CO3JaHNs UICTOYHUKOB NMUTaHus. K.I1.1. moIynpoBOJHUKOBBIX
TepMoreHepaTopoB gocturaet 15-20 %. TepMoanekTpuueckue BIEHUS UCTIOIb3YIOTCS TAKXKE B
TEXHUKE U3MEPEHUS SIEKTPOPHU3MUECKIX TapaMETPOB MOIYTTPOBOJIHUKOB TSI OTIPEACITICHUS
TUTA UX TPOBOAUMOCTH (pHc. 2.15).

Tepmoanekrpuueckuii 3 dext 3eedeka MpUMEHsETCS U U3MEPEHUS TEMIIEPATYPhI
(Tepmomniapsl) M IPU APYTUX U3MEPEHUSX, KOTOPbIE MOTYT ObITh CBEEHBI K H3MEPEHUIO
TEMIIEPaTypHbI.

O ekt [lenbThe HcnOIB3yeTCS MPU CO3JAHUN KOMITAKTHBIX XOJOJMIBHBIX YCTAHOBOK.



16. DODEKT XOJUIA

Panee ObutM paccCMOTPEHBI KHHETHUECKUE SIBJICHUS B MOJIYIPOBOJHUKAX (IEPEHOC CBOOOIHBIX
HOCHUTEJIEH 3apsijia) Mo IeUCTBUEM IIEKTPUUECKOTO MOJIs, a TAKKE MPU HATMYUU TPaJUeHTa
KOHIICHTpAIuu (TpaaueHTa TeMIepaTyphl).

T'anveanomacHumublMy Ha3bIBAIOT KUHETUYECKUE SIBJICHUS, KOTOPbIE BOSHUKAIOT MPHU
OJIHOBPEMEHHOM JIEUCTBUU 3JIEKTPUUECKOTO U MAarHUTHOTO MOJIEH.

Ecnu nonynpoBoaHuK (MM MPOBOAHUK), BJOJIb KOTOPOT'O TEUET AIEKTPUUECKUIN TOK, TOMECTUTD
B MarHUTHOE T10JI€, EPIEHIUKYISIPHOE K HAMIPaBJICHUIO TOKA, TO B MaTepHajie BOSHUKACT
IIOTIEPEYHOE IEKTPUUECKOE T0JIE, EPIEHIUKYISIPHOE K TOKY 1 MATHUTHOMY MOJI0. DTO
SBJIEHUE TOJIYYWIIO Ha3BaHue a¢gexma Xoana, a BOZHUKAIOIIAS TIOTIEpeYHas 3.1.C. — 3.]1.C.
Xonna.

JomycTtum, 94TO 1O TOYITPOBOJHUKY B BHJIE MIPSMOYTOIBHOM IIIACTUHEI (puc. 2.17) mpoTekaeT
TOK C IINTIOTHOCTBHIO

Jj=env,, =0¢. (2.17)

Puc. 2.17. Obpazen qyis uamepenus 3.14.c. Xoina

Ecnu nonynpoBoTHUK OHOPOAHBIHN, TO €r0 3KBUIIOTEHIIMATbHBIE TTOBEPXHOCTH PACIIONaratoTCs
MEPIEHIUKYISIPHO K BEKTOPY 3JIEKTPUUYECKOTO MOJS €, CIEI0BATENbHO, U K BEKTOPY IUIOTHOCTH
Toka j. cxons U3 cka3aHHOTO, pa3HOCTh MOTEHITMATIOB MEX Ty ToukamMu A u b Oyner paBHO#
HYJIIO, TaK KaK TOYKH JIe)kKaT B IJIOCKOCTHU MEePIEHANKYIIIPHON K BeKTOpY j. [Ipu momenenun
TaKOT'0 MOJYNPOBOJHIKA B MAarHUTHOE TOJISI HAIIPSHKEHHOCThIO B Ha HOcuTeNb 3apsna,
Ipeidyromuii co CKOPOCTBIO Vyp, OyAeT neiicTBoBaTh cuna JlopeHna

Fy =€v,,Bl. (2.18)

Ecnu ckopocTh HOCuTeNE 3apsaa onpeaesseTcs BHEUTHUM 3JIEKTPUUECKUM MOJIEM, TO
HanpaBiieHue cuiibl JIopeHiia He 3aBUCHUT OT 3HaKa 3apsijia, a ONpenessieTcsl TONbKO B3aUMHBIM

HaIpaBJIEHUEM BEKTOPOB € U B, T. €. U 3JIeKTPOHBI, U ABIPKU NOJ AeiicTBUEeM cuiibl JIopeHia



OTKJIOHSIFOTCS B OJTHY H Ty )K€ CTOpOHY. [Ipu 3TOM B c11TabOM MarHMUTHOM I10JI€ TPACKTOPHS
JBUKEHMSI HOCUTENIEH N3MEHseTCs cl1a0do, a B CUJILHOM I10JI€ HAa0JIt01aeTCsl 3HAUUTEIbHOE
WCKPUBIICHUE TPACKTOPHH.

Jliist BEIOpaHHBIX Ha puc. 2.18 HanpasieHwii € u B cwta Jloperna neiictByer BBepX. [Ton
JIEHCTBUEM 3TOM CHJIBI HOCUTEINH 3apsiia B MOJYTIPOBOAHUKE Oy IyT CMEIIAThCSl K BEpXHEH

NOBEpPXHOCTH 0Opasia. Ha HIbKHEH MOBEepXHOCTH TOTYIIPOBOTHIKA BOSHUKACT NEe(UIUT

HOCHUTENCH 3apsaaa 1 MOABIACTCA JICKTPUICCKOC ITOJIC HAIIPSIXKCHHOCTBIO €x, IICPIICHAUKYIAPHOC

K HaIllpaBJICHUIO BHCINHETO IMOJIA € U MArHUTHOT'O ITOJIA B. Ot0 siBeHre BOZHUKHOBEHUS

nonepequﬁ 9.4.C. B IOJYIIPOBOJHUKE C TCKYIIUM TOKOM I10/] I[CflCTBI/IGM MAar"duTHOI'O IMOJIA 1

Ha3bBatoT dPdexToM Xoma. HanpsmkeHHOCTD MO €¢ BO3PACTAET JI0 TEX IMOp, IMOKa CHJIa,

00yCJIOBJIEHHAs 3TUM I0JIEM, HE CKOMIIEHCUpYeT cuity JlopeHna:

—e&, =eVv,,B.

Ecnu mmpuny 00pasia npuHsATh paBHON b, TO XOJUTOBCKasi pa3HOCTh IOTEHIIMAJIOB
Ux = (c;xb = _VapBb .

Bocnonb3oBaBuince BeipaxeHueMm (2.17), MoKHO 3anucarhb

U :—Lij:ijBb.
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Puc. 2.18. OrtkinoHeHue HocuTeNeld 3apsia MOA JIEHCTBUEM MAarHUTHOTO IIOJIS

B AJICKTPOHHOM IOJTYTIPOBOTHUKE (@) U B IBIPOYHOM TTOTYTPOBOTHHKE (0)

Benmuuny Ry npuHsTO Ha3bIBaTh KOAPPHUIMEHTOM (TIOCTOSTHHOM ) XoJuta. J{iIst 3JIeKTPOHHBIX
HOJYTIPOBOIHUKOB



R =—, (2.22)
en,
a oIt ,Z[BIpOLIHI)IX HOJ'IyrIpOBO,Z[HI/IKOB
1
R =—. (2.23)
€py

Koadduuuent Xona o6paTHo mponoproHaneH KOHIEHTPAlui OCHOBHBIX HOCUTENEH 3apsiaa,
a 3HaK €ro COBIIA/IaeT CO 3HAKOM 3THX HocHTeneil. OOpaTHO MpONnopIHOHANBHAS 3aBUCHMOCTh
3.1.C. X0Jula OT KOHLIEHTpAIMKU CBOOOIHBIX HOCUTENEH 3apsia OObICHIETCSA TEM, UTO MPH
OIIpeJIeTICHHON BeTMUMHE TOKA HOCUTEIN ITEPEMEIAI0TCSl TEM OBICTPEE U OTKIOHSIOTCS
MarHUTHBIM T10JIEM T€M CHJIbHEE, YeM MEHbIIIE UX KOHICHTPAIIUS.

PaccMoTpeHHbIE BBIIIE 3aBUCHMOCTH HE YUNUTHIBAIOT PACIpe/IeICHHsI HOCUTENEH 3apsia B

o0BbeMe MOIYNPOBOJHHUKA MO CKOPOCTSAM. [[71s yyeTa MexaHHU3MOB paccesiHUsI HOCUTENel 3apsaa

B MIOJYTIPOBOJIHUKE BBOJIUTCS X0JUI-pakTop r. Toraa muist 371eKTpOHHOTO MOJIYIPOBOIHUKA

r
kodddurment Xoimwta 6yger R, = ——— . [Ipu paccessHUN Ha TEILIOBBIX KOICOAHUSIX
en
0

KPUCTAJUTMYECKOM peneTKH r=37/8, mpu paccessHuy Ha noHax npumMecu r=315m/512~1,93.
[TockonbKy paccessHue HOCUTENEH 3apsa 3aBUCUT OT TEMIIEpaTyphl, TO IPHU ONPEAEICHUN
koa(durmenTa Xoia Ipu HU3KUX TEMITepaTypax HeoOxoaumo nonarath =1,93. Jlns
TEeMIEPaTyp, IPU KOTOPHIX UMEET MECTO pacCesiHHE Ha TEIUIOBBIX KOJIEOaHUSIX KPUCTAILITNYECKON
pemetku, r=37/8. Eciu B miporiecce paccessHusl OJHOBPEMEHHO YUaCTBYIOT KOJICOaHUS PEIICTKH
Y MOHBI IPUMECH, T UMEET 0oJiee CII0KHOE BhIpaXKEHHUE.

[IpousBenenue |Ry|c umMeeT pa3MepHOCTh MOABMKHOCTH M Ha3bIBAETCS XOJIOBCKOM
MOJIBUYKHOCTBIO HOCUTEIEH 3apsija [ix. B To e BpeMst yaenbHas 3JIeKTPOIPOBOTHOCTD
HOJTyIPOBOIHMKA, ONpeeseMas Ipei(poBoi NOABUKHOCTBIO, HAXOAUTCA KaK G=€en|L,,. Torna
Ux=THzp, TO €CTh XOJJIOBCKAs! ITOJBU)KHOCTD IPONOPLUUOHAIIBHA Apeli(hoBOil MOABMKHOCTH. Jlyis
METAJIJIOB U BBIPOKIEHHBIX MOTYPOBOJIHUKOB K0P GUIIMEHT X0ia He 3aBUCUT OT MEXaHU3Ma
paccestHus, MOITOMY y=|yp.

J171s oTyIpOBOTHUKOB € ABYMSI TUTIAMU HOCUTEJIEH, KOHIIEHTPAIMH U MOJABHKHOCTH KOTOPBIX

COOTBETCTBEHHO PABHBI Ny, Ly U Po, Mp, K0IhdunmeHt Xomna

_ ’”(po/l; - nolu;f)
i e(pott, + ”olun)2

R (2.24)

Jl1s1 COOCTBEHHOTO MOTYTIPOBOIHHUKA No=Po=Ni,



R, =— Hp~ta | _ v (120) (2.25)
en; \ 1, + 1, en, \1+b

1 1

rae b=p./up. Tak kak 00b19HO b>1, TO B coOcTBeHHBIX MOTynpoBoaHukax R,<0. Cornacho (2.24)
UHBepcHs 3Haka Ry MoxeT HaOmoAaTbes B OUMOJSPHBIX MOTYIPOBOIHUKAX.

[TockonbKy MOABUKHOCTH U KOHIIEHTPALMS HOCUTENEH 3apsia SBISIOTCS (PYHKIUIMU
TEMIEPATypbl, TO Ry Takke 3aBUCUT OT TeMIeparypbl. MI3mepeHus 3aBUCUMOCTH KO3 uiirenTa
Xoua oT TeMnepaTypbl UMEIOT 0CO0YI0 IIEHHOCTh. OHU MO3BOJISAIOT YCTAHOBUTH
TEMIIEPATYPHYIO 3aBUCUMOCTh KOHIIEHTPAIIMM HOCUTENEH 3apsiia, a B COBOKYITHOCTH C
U3MEPEHUSIMH YIEJIbHOM 3JIEKTPOIPOBOAHOCTH — TEMIEPATYPHYIO 3aBUCUMOCTb MOJABHKHOCTH.
[To TemnepaTypHOI 3aBUCUMOCTH KOHIIEHTpauu Wiu kKodddunrerta Xosia B 0071acTH cl1aboi
MOHU3AILUH IPUMECH MOXKHO OIPEIETUTh SHEPruio noHu3auuu npumecu (AE,, AEj), a B
00J1acT COOCTBEHHOM SJIEKTPONPOBOHOCTH — ITMPHUHY 3anpemnieHHo# 30861 (AE)). Ha puc. 2.19
MIPUBEJICHBI 3aBUCUMOCTH KOHIICHTPAIIMK HOCUTENeH 3apsiaa (puc. 2.19, a) u koaddunnuenrta
Xomna (puc. 2.19, 6, B) B COOTBETCTBYIOIIUX KOOPJAUHATAX, KOTJA 3TH 3aBUCUMOCTHA UMEIOT BU]]
npsaMbIx TuHud. KpuBas Ha puc. 2.19, 6 COOTBETCTBYET MOTYNPOBOJIHHUKY N-TUTIA, @ HA PHUC.
2.19, B — moynpoBOAHUKY p-TUMa. B 061acTu mpumecHo# mpoBoguMocTH Ry B Takom
MOJTYTIPOBOJIHUKE MOJIOKUTENIEH, a B 001aCTH COOCTBEHHON MPOBOAMMOCTH — OTpULIATENIEH
[cormacHo (2.25)]. Ipu nepexojie kK COOCTBEHHOM MPOBOIUMOCTH Ry MEHsET 3HAK, IEPEeXOAs
yepes HyJlb, a 3aBUCUMOCTD InR Iipu 3TOM TepnuT pas3phIB.

Panee Obw10 yKa3aHO, UTO XOJUIOBCKOE HANPSHKEHUE MPSMO MPOMOPIHOHATBHO MHIYKIIUU
MarHUTHOTO TMOJS JUIsl MOJIEW HE CIUIIKOM BBICOKOM HampsbkeHHocTu. Pacuer mokasain, 4to
KpUTEpUEM CJ1adoro MmoJis U, CleOoBaTeIbHO, MPUMEHUMOCTU MOJYYEHHBIX BBIIIE COOTHOUICHHM
JU1st 9.71.¢. XoJa ¥ ko3¢ dunrenTa Xosuia sBisieTcsl yCIOBHE:

¢=Bu=R oB<<2r, (2.26)

rae ¢ — yros XoJuia, |\ — IOJABUKHOCTb.
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Puc. 2.19. 3aBucuMoOCTh KOHLIEHTpAIMM HOCHTENEH 3apsiaa (a) u kodddunuenra Xosmia
JUTSL TIOJTyIPOBOHUKA N-TUNA (0) ¥ TOJyITPOBOIHUKA P-TUTIA (B)

Eciii B MarHUTHBIX NOJISIX BBICOKOM HAINPSHKEHHOCTH yroj XoJia, TO €CTh Yroj, Ha KOTOPbIi
OTKJIOHSIIOTCSI CBOOOTHBIE HOCUTEIH 3apsija, OyIeT OJU30K K 27, TO 3a BpeMsi CBOOOTHOTO
npodera HoOCUTENU OyaAyT HE TIPOCTO OTKIIOHATHCS OT HAIIPABIICHHS CBOETO MEPBOHAYATBHOTO
JBUKEHMSI, & «3aKPYUUBATHCS» BOKPYT CUIIOBBIX JIMHUA MAarHUTHOTO MOJIsS. Y CTAHOBIIEHO, YTO
C1a0bIMHM MOTYT CUMTAThCSl MarHUTHBIE NOJIS ¢ MHAyKUuel B: niig repmanus — menee 16 Ta, ns
kpemHus — MeHee 40 Tn, s antumonua uaaus — menee 0,8 T

Heo0xonumMo 0TMETHUTD, YTO BEIMUYMHA 3./1.C. X0JIJIa B MOIYIPOBOJHUKAX MOXKET HA MOPSAKU
BEJIMYMHBI NIPEBBIILIATH 3HAYEHUE 3.71.C. X0JUIa B IPOBOJAHUKOBBIX MaTepHaax.

Db ekt Xoma sBiseTCS, TAKUM 00pa30M, MOITHBIM 3KCIIEPUMEHTAIBHBIM CPEJICTBOM H3YUYCHHUS
(dyHIaMEHTaJIbHBIX [TaPaMETPOB MOITYIIPOBOAHUKOB: KOHIIEHTPALMM U 3HaKa 3apsa HOCUTENEH,
a TaK)Ke UX MOABUKHOCTH, SHEPTUU MOHU3ALMY IPUMECH U IIMPUHBI 3aMPEIIEHHOMN 30HBI.
Kpome Toro, apdext Xosia mpuMeHSIOT B MAarHUTOMETPaX, U3MEPUTEIISX MaJIbIX MIEpEeMeEIIeHHH

U JaBJeHUH, OECKOHTAKTHBIX MEPEKIIOUATENAX U IPYTUX YCTPOMCTBAX.
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1. CTPOEHME U CTPYKTYPA TBEPABIX TEJI

1.1. ITnockocTh mepecekaeT ocH KyOMUecKoro Kpucrajuia B TOUKax
3a, 2a, 2a, tne a - mapamerTp 3JeMEHTApHON suciiku. Hailtm mHIEKCH U
cuMBOJI Mujuiepa 3Toi IIIOCKOCTH.

1.2. W306pazute IPUOIN3UTENIEHO IJIOCKOCTH

(001),(110),(2 1 1),(111) B kpucTaie KyOGHIECKONH CHHTOHHUH.

1.3. Haiitu wHaekchl u cuMmBoibl mnpsmbix AB, CD, KL,
n300pakeHHBIX Ha puc.l.1, a, 0, B.

ZA 4\
D
|
2
B/
AM=1Z v clz v
X X
Z
K
\
YV
X
a §)

Puc. 1.1. K 3agaue 1.3

1.4. HanucaTh MHIEKCHl HANpaBieHUs, IPOXOJSLIETO Yepe3 y3ibl
[[100]] = [[001]] mpUMUTHBHO# KyOHMYECKON PEIICTKH.

1.5. Hanncate MHAEKCHl U CUMBOJI HalpaBJeHUsI, IPOXOJSLIEr0 B
KyOMYecKOH  pemieTke dYepe3  HAdalo KOOpPIMHAT W y3el C
KpucTauorpad)u4ecKuM CHMBOJIOM, B ABYX ciryuasx:1) [[242]]; 2) [[112]].
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1.6. Hammucatp WHAEKCH W CHMBOII HAIpPaBICHUS, TPOXOIAIIETO
yepe3 [1Ba y3Ia C KpHCTADIOrpaQUUecKUMH CHMBOJIAaMH (B IOBYX
cydasx):1) [[123]] u [[321]]; 2)[[121]] m [[201]].

1.7. Onpenenuts HHAEKCH W CUMBOJI MIuniepa yka3aHHBIX Ha PHUC.
1.2 mnockocreil.

ZA
a .
/v
a a
a
X
Z A
a
a‘
Y
a
X
a 0

Puc.1.2. K 3amaue 1.7

1.8. TINOCKOCTH TPOXOMUT depe3 Y3JIbl [[IOO]],[[OIO]] u

[[001 1] xybuueckoii pemerku. HanucaTh MHAEKCH M CMMBOJ Musiepa
JUISL 3TOH MIOCKOCTH.

1.9. Onpenenuts MHAEKCH U CUMBOJI MIuiepa yKa3aHHBIX Ha PHUC.
1.3 mrockocTei.



ZA

23

Puc. 1.3. K 3amaue 1.9

1.10. Cuctema miockocTeil B IPUMUTHBHON KyOMYeCKOH peleTke
3amaHa cuMBoioM Mrmmiepa (221). Haiitu HanMmeHbIIHe OTpe3KH,
OTCEKaeMBbI€ IMIOCKOCTBIO Ha OCSIX KOOPAUHAT, U H300pa3uTh 3Ty INIOCKOCTh
rpadugecKu.

1.11. OmpenenuTs CHMBOJ BEpTHKAJIFHON TPaHNU KPHUCTAIIA, €CIH
3aJlaHbl OTPE3KH, OTCEKaeMBbIe ITOH TpaHbI0 Ha ocsax koopaunat: OA = 8,79
cM; OB = 9.44 cm, v oTtHOIIEHHE OceBRIX equnamil: a:b = 0,621:1.

1.12. ToukaMm mnepeceueHHss HEKOTOPOH IIOCKOCTH KpHCTaliaa C
OCSIMH KOOPJMHAT COOTBETCTBYIOT yHcia 2,1,4. HailTu uHAEKCH U CUMBOJI
Muiepa [uist 3TO# IIIOCKOCTH B U300pa3UTh COOTBETCTBYIOIIHIA YEPTEK.



4

1.13. Haiitn cumBon rpanu kpucraimia 4 'B’'C’, oTcekaromeil Ha

ocax OX, OY u OZ otpes3ku, COOTBETCTBCHHO 1/4, \/§ /2 m2cMm, ecou
U3BECTHO, YTO eIuHUYHAs TpaHb ABC TOro e KpHCTallla OTCEKAeT Ha TeX

e OCSIX OTpe3kH 1, 2 \/§ n4cMm.

1.14. Tlo w3BecTHBIM CHMBOJaM Muiniepa CISAYIOIINX TpaHel
HaiiTu cumBonsl Mumnepa-bpase: (100), (010), (211), (321),
(120).

1.15. HaHBl OTpe3KH, OTCEKaeMbleé BEPTUKAJIbHON TpaHbIO
rekcaroHanpHoro kpucrawia Ha ocsix OX u OU, OA=2 u OF= -3.
OmnpenenuTs CUMBOJ I'PaHHU.

1.16. Onpenenntb UHAEKCH U CUMBOJIBI TUIOCKOCTEH, MPOXOISAIINX
Yepe3 JABe MPOCTPAHCTBEHHBIX AUATOHAIHN Ky0a.

1.17. Onpenenuth cUMBONI OCH 30HHI (pebOpa), oOpa3oBaHHOI
rpaHsamu gumonaeka’apa (321) u (132).

1.18. C nomo1p0 peHTTEHOCTPYKTYPHOI'O aHAJIU3a YCTaHOBJIEHO,
yTo KpucTamn mmuHenn MgAIO, nmeer mapamerpsi: a=hb =c=8,11 A. Ha

kpucTanie Habmonatores rpanu (111), (111),(111),(11)u rpaHy,
napaJuieNibHble Ha3BaHHBIM. Tpedyercs:
1) u300pa3uts 00U BUJ KpUCTAUIA (HAUTH OOJIHK);

2) HaiiTM CUMBOI OcH 30HbI, cogepxaieii rpanu (111)u (1 1 1);

3) HalTH YCIIOBHE MPUHAIIC)KHOCTH IPpaHEeH KpUCTalia STOH 30HE;

4) ompenenuTh, KaKue eIlle TPpaHu KPHCTalIa TaKkKe TMPHHAIIIC)KAT
9TOM 30HE;

5) n300pa3uTh MPOEKIIMIO PEIIETKU MIMIHEIN Ha TIocKocTh (001);

6) nipoBecTu cien miockoctu (110) u HOpMaJb K 3TOH TIOCKOCTH,
MIPOXOASAIIYIO Yepe3 Havaa0 KOOPAWHAT, HAUTH PACCTOSHHE 110 HOPMAJIH OT
Havajla KOOPAMHAT JI0 MEepBO IIOCKOCTH 3TOTO CEMEHCTBA, BBIPAKEHHOE B
aHICTpeMax;

7) OIpeneNUTh YTl MEXKAY COCCIHIUMHU TUIOCKOCTSIMH.
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1.19. V kpucramia pombuueckoii cepbl rpans (hkl) mexur Ha

nepeceuennu oceif 308 [ 230] u [04 1 ]. Beumu usmepens! cnemyomue
YTIIBL:
51°28" — mexay rpansmu (100) u (hkl);
70° 18" - mexxay rpassmu (010) u (hkl).
Onpepenuts uuaekcsl U cumBoi rpanu (hkl), yron mexay (001) u (hkl) u
OCeBbIe OTpe3KH a 1 C, eciu b =12,94 A,

VYkazaHus Kk peuieHuro. Bocnonb3oBaBmnch 3aKOHOM Beiicca u
TEM, 4YTO CyMMa KBaJpaTOB HAIpaBIAOIIUX KOCHHYCOB B CHUCTEME
OPTOTOHAJIBHBIX OCEM KOOpAMHAT paBHa 1, T.e. Coszq) + Coszf + COSZX =1,
noxyuum cootHotreHue h/a : k/b: I/c = cos ¢ : cos & : cos y.

1.20. HanucaTe MHAEKCH U CUMBOJ Muiuiepa Uil IUIOCKOCTEM,
coIlepKaIUX y3IIbl € KpUCTALIOrpaUIecCKUMH CHMBOJIAMH, B IBYX

cywasx: a) [[1117], [[112]], [[101]}; 6) [[111]], [fo10]], [[1 11]].

Haiitn OTPE3KH, OTCCKACMBIC 3TUMHU IUIOCKOCTSAMHU HA OCAX KOOPpAHHAT.

1.21. Onmnpepenuts, OyAyT IH KaKHe-THOO U3 IDIOCKOCTEH
cemeiictea {111} HOpMampHBI K KaKUM-THOO TIUIOCKOCTSAM CEMeEHCTBa
{011}. [IpuBecTH MPUMEPHI.

1.22. BBMUUCIUTH YTON Y MEXAYy JABYMs HalpaBlICHHSIMHU B
KyOuueckon permeTke KpUCTaIa, KOTOpBIE 3aJ]aHBbI
Kkpuctamorpapudeckumu cumBosiamu [110] u [111].

1.23. Cucrema miockocTedl NMPUMHUTHUBHON KyOMYeCKOW pemIeTKH
3agana cumBosioM {111}. Ompenenuts paccrosaue 0 MeXay COCEIHUMHU
IUIOCKOCTSIMH, €CJIM TapaMmeTp (dJeMEHTapHasi TPaHCIALU) & PpeleTKd
paseH 0,3 HM.

1.24. Onpenpenutph mnapamerp @ NPUMHUTHBHOW KyOMUecKOH
PELIETKH, eCIM MEXIUIOCKOCTHOE paccTosiHue d JUIs CUCTEMBI IUIOCKOCTEH,
3aJaHHBIX CcHMBOJIOM Mmiuiepa {212}, npu pPEHTTEHOCTPYKTYpHOM
HU3MEPEHUH 0Ka3anoch paBHbIM 0,12 HM.

1.25. Tpu cucCTeMBI IUIOCKOCTEH B NPUMHTHUBHONH KyOHYeCKOM
pemerke 3amaHel cuMmBoJiaMu Mmsutepa: a) {l111}; 6) {110}; B){100}.
VKaszaTb, IS KakOW CHCTEMBl ~MEXIUIOCKOCTHbIE —paccrosiamst  d
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MHWHHUMAJIbHBI W JIA KakKOW CHCTEMBl — MaKCHMAaJIbHBEI. Onpenenmb
OTHOIICHUA MCKITITIOCKOCTHBIX paCCTOﬂHHﬁ.

1.26. BBUUCIUTG YTON Y MEXAY IUIOCKOCTSAMH B KyOHW4ecKoit
pereTke, 3aJaHHBIMA cMBOTaMu Mumepa (111) m (111).

1.27. JIBe mIOCKOCTH B KyOMYECKOH pemIeTKe 3aJaHbl CHMBOJIAMH
Munepa (010) u (011). Onpenenuts yroia MeXAY ITIOCKOCTIMHU.

1.28. HampaBnenue npsMod B KyOMYeCKOW peIIeTKe 3a7aHo
cumBoioM Mumnepa [011]. Ompenenuts yroa Mexzay 3Toil mpsaMol u
miockocThio (111).

1.29. Onpenenuts yron mexay npsamoit [111] u mnockocersio (111)
B KyOMYECKOI1 perieTke.

1.30. Ilnockocth B KyOMUYECKOM pelleTke 3afaHa CHMBOJIOM
Munnepa (011), a HampaBneHue — cumBonoMm [111]. Omnpemenuth yroi
MEXAY MPSIMON H INIOCKOCTBIO.

1.31. Haiitu yron Mexay HampasieHueMm [111] u miockocThio
(111):
a) B KyOM9eCcKOM KpHUCTaJLIE;
6) B TeTParoHaJILHOM KPUCTAJLIE C TpaHcHsuuaMu a = 5,67 A, ¢ = 12,70 A.

1.32. B rerparonassHoM kpuctamie CUFeS, yrom wmexnay

miockoctsamu (111) u (I 1 1) pasen 108°40°. BluncIuTh: a) OTHOLIEHHE
TPaHCISIIAHR a/c; 0) yroi Mexy ocssMu 30H [236] u [001].

1.33. Beramenute yron Mexnay mwrockocTsmu (100) u (IIO) B
KPEMHHHU.

1.34. BpIYyuCIUTE MUHUMAJIbHOE PACCTOSIHUE MEXKAY MIOCKOCTSIMU
{120} B xpemuuu. [Tapamerp 35eMeHTapHO sueiiku pasen 5,43 A.

1.35. Onpenemutp yron mexay miockoctamu (110) u (1 IZ) B
KPEMHHH.

1.36. Berumenauts I KyOWYECKOH pEmIeTKH YTIBl  MEXAY
HarpasyieHueM [123] 1 ocssMu KOOpAWHAT.
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1.37. Ompenenuts yrom wMexay Iwiockocteio (112) m
HanpaBieHueM [111] B kpucTamie TeTparoHaJbHOW CHHTOHHH, €CITH a =
25A,c=3,6A.

1.38. Haiitm yron wexay twiockocteio (101) kpucramia
KyOW4eCcKOH CHHTOHUH M IUTOCKOCTBIO, JIe)KaIIel Ha IepeceueHIH OCei 30H

[1017u[111].

1.39. Haiitm yrom wmexny miockocteo (320) kpucramia
KyOW4ecKOH CHHTOHUH M TUTOCKOCTBIO, JIe)KaIIel Ha IepeceueHIH OCei 30H

[012]u[110]

1.40. BpHUCTUTE yToN MeXIy peOpoM, oOpa3oBaHHBIM IIPH

nepeceuenun rpaneif (210) u (02 1) xpucranna kybuueckoil CHHIOHUH, U
miockocThio (111).

1.41. Pemerky THHa ajiMa3a MOXHO paccMaTpuBaTh Kak
KOMOWHAIIMIO JABYX BCTAaBICHHBIX JPYr B Jpyra W CMCHICHHBIX OJHA
OTHOCHTENBEHO NIpyroii Ha 1/4 mpocTpaHCTBEHHOW OWArOHANH MOIPEIIETOK
co crpykrypoit I'LIK. V oxHo# moapenieTkyn Ha4dalo KOOPIWHAT JIEKHUT B
Touke ¢ koopauHaramu 000, a y Apyroil OHO CABUHYTO BIOJb JHUArOHAIH
KyOa Ha 4eTBepTh ee JUIMHBL. TpeOyeTcs: a) HamucaTbh KOOPIMHATHI BCEX
aTOMOB JTOW DJEMEHTApHOW siuelku; O) OMpPEeNeNUTh YHUCIO aTOMOB,
00pasyoLIMX 3Ty NEMEHTAPHYIO SYCHKY.

1.42. Tlomumopdu3mMoM Ha3bIBaeTCSI CBOHCTBO  HEKOTOPHIX
BEIIECTB  CYIIECTBOBATH B HECKOJIBKUX KPHCTAUIMUECKHX  (hazax,
OTIMYAIOIINXCA IO CUMMETPUH CTPYKTYpPHI U cBoiicTBaM. Umncroe kene3o
IIpU aTMOC(EPHOM JABICHUH UMEET CJICTYIONINE MOTU(PUKAIIIH:

0-KEIIe30 <> Y-IKeJIe30 <> d-JKele30
OLIK < 910 ° C+» I'lTK «+>1400 °C~ OLK.

PaccunTath OTHOIIEHHE IJIOTHOCTEH jKene3a B CTPYKTYpax o- U y-KeIe30
mpu  910°C, wucxoms W3 paBEHCTBA AaTOMHBIX pPaaWycoB 00X
MomuGHUKAIMA ¥ CBOHCTBA METAUIOB HMETh IUIOTHEHIIYIO YIIaKOBKY
aTOMOB.

1.43. BriBecTH  MaTeMaruuyeckoe ~ COOTHOILIEHHE  MEXIY
IapaMeTpoM a M PagnycoM I HEC)KMMAEMBIX IIapOB B CIEIYIONUX THIAX
3JIEMEHTAPHBIX AYEEK C IVIOTHENIIEH YIIaKOBKOM:

a) IPUMHTHBHAs KyOndeckasi;
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6) oopeMHO-TIeHTpHUpOoBaHHast Kyomdeckast (OLIK);
B) rpaHeneHTpupoBanHas Kyomaeckas (I'LK);
T) CTPYKTypa aimasa.

1.44. V xaxux miockoctelt B cTpykrypax ['IK u OLIK nambomnee
BBICOKasl INIOTHOCTH YIIAaKOBKH aTOMOB? B KaknX HanpaBleHHAX yKa3aHHBIX
CTPYKTYp JHHEHHas INIOTHOCTh PACIIOIOKEHUS aTOMOB MaKCUMAJIbHA?

1.45. Tlapamerp KyOmueckod 5JeMEHTAapHOW SYEHKH MeTasuia,
comepXKallled JABa aTOMa, COIJIACHO JAaHHBIM PEHTTEHOCTPYKTYPHOI'O
anammsa, cocrauser 3.16 A. IlnotHocts meramma — 1935 r/em®
BpIunciIuTh aTOMHYIO Maccy 3JIEMEHTA.

1.46. Bprunciaute uucio ABOTafpo HCXOAS U3 CIEAYIOIIHX
JAHHBIX: TJIOTHOCTH 30JI0Ta paBHa 19,3 r/em®, 3omoto KpUCTAITU3YETCS B
TpaHEICHTPUPOBAHHYIO KyOMIeCKYIO 3JIEMEHTapHYIO STYCHKY C ITapaMeTpoM
0,4 aMm.

1.47. CxonpKO aTOMOB MpPHXOAWTCS HA OAHY 3JEMEHTApHYIO
saeiiKy: 1) MPUMUTHBHOM pemIeTKn KyOWdecko CHHTOHHMHW; 2) 00BEeMHO-
LIEHTPUPOBAHHON peleTKu pOMOMUYECKOM CHUHTOHUU; 3)
IpaHeleHTPUPOBAHHOM pemeTKu KyOnueckoi CHUHTOHMU; 4)
0a30LIEHTPUPOBAHHON PEIIEeTKH POMOWYECKONW CHHTOHUU; 5) MPUMHTUBHOM
pEIIeTKH TeKCaroHaJdbHON CHHTOHMH; 6) TeKCaroHaJdbHOH CTPYKTYpPHI C
IJIOTHOM yIIaKOBKO.

1.48. OmnpenenuTs 4YUCIO SJEMEHTApPHBIX SYEeK KpHcTajia
o6bemom 1 m>: 1) xnopuctoro nesust (pemetrka OLIK); 2) menu (pemeTka
I'IK); 3) kobanpTa, IMEIOMIETO TeKCAaroHaJbHYIO CTPYKTYPY C IUIOTHEUTIIeH
YIAaKOBKOH.

1.49. H3zyuenuwe Kkpucramia XJIOpHJa HATPUs C IOMOUIBIO
PEHTIeHOCTPYKTYPHOTI'O aHalli3a MOKa3alo, YTO OH MNpejacTaBisieT coOoi
I'PaHELCHTPUPOBAHHYIO KYOMYECKYI0O pPELIETKY C PAacCTOSIHUEM MEXAY
HOHaMHU HaTpusi U xyopa, paBHeIM 0, 2814 um. IlnoTHOCTH KpuCTamia
cocrasisier 2,165 r/cv’. BBIYHCIATE 9UCIIO ABorajpo.

1.50. Onpenenuts niepuoxa uaentuaroctu | Boomns npsimoii [111] B
pemerke kpucraiuia NaC . [lnotHocTs yka3ana B 3anaue 1.49.
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1.51. Paccuurars cienyromue napameTpbl CTPYKTYpbl KPEMHHUSL:

1) uMcIo aTOMOB, COAEPKAIINXCA B DJIEMEHTApHOU sUeHKe; 2) aTOMHBII

pamuyc sJIeMEHTa, Tojaras 4ro IUIMHA peOpa 3JIeMEHTapHOH SYeHKH

KpHcTamia cocrapisier 0,54 HM; 3) 9HMCIO aToMOB KpeMums B 1 cm’; 4)
KOHIIGHTPAIIHIO BACHTHBIX JEKTPOHOB B 1 cM°.

1.52. JInuna pebpa Kyba B 3JIEMEHTApHOHN sUCHKe KpHCTaia
anmaza coctraBmster 0,365 ©HM. HaliTu paccTosHHe MEXIy IBYyMs
GIIKANIIIME COCEIHIMH aTOMAMH H KOHICHTPALIMIO aTOMOB B 1 cM®,

1.53. Haiitu 3aBHCHUMOCTb  DPACCTOSHHUS  MEXAYy  JBYMs
ommwkaiiimumu aromamu ot napametpa a gt [HK u OLK snemeHTapHBIX
STYEeK.

1.54. Bpluncnaute MIOTHOCTH KpucTauia HeoHa (mpu 20 K),
rojarasi, 4To €ro pemeTKa rpaHeleHTPUPOBaHHas KyON4eCKOW CHHTOHHU.
[TocTosiHHas & npu ToH ke Temneparype pasHa 0,452 Hwm.

1.55. HaiiT m0THOCTh KpUCTaJLJIa CTPOHILIMS, €CJIM U3BECTHO, YTO
€ro pelIeTKa rpaHeleHTPUPOBAaHHAs KyOMUeCKOH CHHIOHHH, a PACCTOSTHHUE
d Mexy 6mKalMMu coceTHMMU atomaMu paBHo 0,43 HM.

1.56. Onpenenuth OTHOCHTEIBHYIO ATOMHYIO Maccy KpHCTasuia,
€CIIM W3BECTHO, YTO paccTostHie O Mekxay ONMMmKaWIInMUA COCEHUMHU
atomamu cocrtaBisier 0,304 M. Pemerka xpucrammia OLK, mumotHOCTE —
534 kr/m>.

1.57. HaiiTu NOCTOSHHYIO pEUIETKH & U PacCTOSHHE MEXIy
OMKaWIIAMK COCEHMMHU aroMamu kpuctayuia d: 1) amomuHus (perieTka
I'IK); 2) Bompdpama (pemerka OLIK).

1.58. Onpenenuth NOCTOSIHHBIE & U C PEIIETKU KPUCTallIa MarHus,
KOTOPBIH IpEeJCTaBIIsieT COO0M TeKcaroHalIbHYI0 CTPYKTYPY C TUIOTHEWIIeH
ynaxkoBKo#. IINoTHOCTE KpHcTanauueckoro Mmaruus pasHa 1,74 r/em®,

1.59. BbluncnuTh NOCTOSIHHYIO @ PELIETKH KpUcTalia Oepuiuims,
KOTOPBIH IIpeCcTaBIsieT co00M reKcaroHallbHyI0 CTPYKTYPY C IUIOTHEWIIeH
ynakoBkoi atomoB. Ilapamerp C pemetkn paBeH 0,359 HM, IUIOTHOCTH
cocrasisier 1,82 r/em®.
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1.60. Haiiti murotHOCTh Kpuctaimmia renus (mpu 2 K), xoTopsrit
MPEACTaBIsIeT COOOW TEKCarOHAIBHYIO CTPYKTYpy C IUIOTHeHIei
ynakoBkod. IlocrosiHHass pewieTkd, OnpeleleHHas Mpu TOH  XKe
TeMreparype, pasHa 0,357 HM.

1.61. 3Hast IOTHOCTH MM 8,9 I/CM°, BBIUHCIHTE MapaMeTp a ee
KPUCTAJTINYECKON PELIETKU.

1.62. ITapamerp KpHcTamauueckod pemeTku menu paseH 0,361
HM. Hamucate cumBon Munnepa Ais CUCTEMBI INIOCKOCTEH, IIOTHOCTh
pacIoJIOKEHHsI aTOMOB B KOTOPBIX MaKCHMAalbHA. BBIUHCIUTD 3Ty
IIOTHOCTE, BHIPA3HB €€ B KOIMUCCTBE ATOMOB, IPHXO/AIIIXCS Ha 1 cm2.

1.63. Paccuurath TeopeTnyeckyro mioTHocTh kpuctamia NacCl,
€CIM TOCTOSIHHAS dJIeMeHTapHOW sueiliku cocrapiser 00,5628 uM. B
AIIEMEHTaPHYIO SUCHKY BXOAT YETHIPE HOHA HATPHSI M YETHIPE HOHA XJIOPA.

1.64. B opTropoMOmUecKoil CTpYKType Bce pedpa dIIeMEeHTapHOM
STMeWKN B3aMMHO MEPIECHANKYIISIPHBI, HO HE PaBHBI MEXy COOOH 1Mo JUInHE.
Haueptuts mnockocts (321) m Hampaienue [321]. Haiftm yrom mexmy
HanpasieHueM [321] u HopManbeo K miockoctd (321), ecnu mmHBL pedep
3JIEMEHTApHOU TYeHKH oTHOcATCa Kak 1 : 1 : 2.

1.65. PaccuuTarh «yroyl MexJy CBS3SIMH» B CTPYKTYpE TBEPAOTO
repMaHus.

1.66. PeHTreHOBCKHE JTy4H ¢ MEHOTO aHO/a UMEIOT JUTMHY BOJIHEI
A=1,537A. Tlomamass Ha KpUCTAJJT ~ aTIOMUHUS, OHH  BBI3BIBAIOT
mudpakuuto ot miockocredt (111) mox yriom Bynbda-bperra 6 = 41,13°
Amomunuit umeer ctpykrypy 'K, mmotHOCTH 2,699 r/em?, ATOMHYIO
maccy — 26,98 rmomsY. [lo  »Tum JKCHEPUMEHTAIbHBIM  JTaHHBIM
paccuuTaTh 4YMciIo ABOrajapo (YMCIo aTOMOB B 1 MOJIe BEIIECTBA).

1.67. Ilomy4yeHa peHTreHOrpaMMa BpallleHHs C MOHOKpHUCTasIa
TETparoHaJIbHOM CHHIOHMH. J[IMHAa BOJIHBI PEHTI€HOBCKOTO W3ITyYCHHMS
paBHa 1,542 A; my4ok peHTreHOBCKHX Jydel NepHeHUKYIAPeH K OCH
BpaIeHHs, KOTOpas SIBJISETCS OCBhIO 3TOTO KpHucTaia. Pagnyc kamepst 3 cM,
mmHa 10 cM. Ha HymneBoil cioeBoil nmHNM HaOmomaroTcs pediexcsl Ha
paccrosausax 0,54; 0,75; 1,08; 1,19; 1,52; 1,63; 1,71 u 1,97 cm ot mecTa
BBIXOJIa TPSAMOIrO IydYKa, T.€. OT IIGHTpa IUIEHKH. PaccrosHme mnepBoit
CJIO€BOH JINHUY OT HYJIEBOH uHUM cocTaBisieT 0,66 cM.
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[pounnumnrpoBats HaOMIOMAEMBIE HAa HYJICBOH CIOCBOM JIMHHUN

pedrexchl, BHIYMUCIUTE HMapaMeTpsl 3JIEMEHTAPHON SUCHKH KpHCTaIa U

paccTosiHEe KaIoiW HaOII0ZaeMOW CIIOCBOW JHHUHM OT HYJIEBOW JMHHUA
PEHTTEHOTPaMMBI BPAIIICHUSL.

1.68. PeHTreHorpaMma METaJUIMYECKOTO IIOPOIIKA IIONyYCHA B
pentrenoBckoi kamepe Jlebas-Illepepa Ha m3myuennn monubaena K, (A =
=0,7107 A). JIng nepsrIX mecT HAOMIOAAEMBIX TUHUI feO6acBCKye YIIbI O
oKkazanuch paBHbMU 7.35; 7,82; 8,33; 10,70; 12,80 u 13,90°.

OnpenenuTs TUI KPUCTAJUIMYECKOHN PeIIeTKH U IPOUHIUINPOBATh
(HaliTH cUMBOJIBI) HaOJrOfaeMble JUHUU. BBIYHCINTH aTOMHYyIO Maccy
BEIIECTBA, €CIIH €ro IUIOTHOCTH cocTapmser 1,74 r/em®. Enununy atoMHOR
Macchl puHATH 3 1,660-107 T,

1.69. Ha neGaerpamMme HEKOTOPOTO KyOMYECKOTO KpHUCTAJIA,
nonydenHo# Ha mmydennu menu K, (L = 1,542 A), mabmonarorcs nuaun
mon yrmamu bperra 6:12,3; 14,1; 20,2; 24,0; 25,1; 29,3; 32,2 u 33,1°.

OnpenenuTs CUMBOJIBI TNIOCKOCTEH, KOTOPBIE BBI3BAIN MOSIBICHHUE
YKa3aHHBIX JIMHUH Ha nebaerpamme. HalTh 4Mcio CTPyKTypHBIX €MHUIL B
ONHOW JJIEMEHTApHON sYelKe, BBIACHUTH, SBISETCA JM OSTa peIIeTKa
MIPUMUTHBHOH, T'paHEIICHTPUPOBAHHON WIN OOBEMHO-LIEHTPHUPOBAHHOM,
BBIUHCITHTH JUTHHY peOpa sdeiikn. IImoTHOCTS BemecTsa pasHa 8,31 r/em®,

aToMHast Macca coctaBisfeT 312. ExmHumy aTtoMHONW Macchl NMPHHATH 3a
-24
1,660 -10“"r.

1.70. DnekTpoHsl, MOJOOHO PEHTTEHOBCKHM JIy4aM, MOTYT OBITh
WCTIONB30BAHBI Il HaOmoAeHus: Andpakinuyu B Kpuctamiax. [Ipm kaxoit
SHEPTHH DJJICKTPOHOB OHU OymyT oTpaxkaTbcs oOT Iwiockocteit (100)
KpHcTalIa ¢ napamerpom pemetku 4 A, ecnu yron Bynbda-Bperra pasen
45°7

1.71. Yepez mmomaar Kpucramia 1 cm? MIPOXOIAT 10°
NpSIMOJIMHEMHBIX ~ KpaeBbIX  nuciokaumid. Ha  kakoe  paccrosiHue
MIEPEMECTUTCST KaXKJasi TUCIOKAIusl, eciau HarpeTh kpuctamwt ot 0 go 1000
K? Dueprust aktuBanmum AUCIOKAIMU cocTaBiser | 5B, a mocTosHHas
pemetku — 2 A.
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2. OCHOBBI KBAHTOBOI MEXAHUKH
U CTATUCTHYECKOUW ®U3UKHU

2.1. Ilone3yscs pacnpenenenuem depmu-Jlupaka, paccuuTtars npu
T =300 K BeposITHOCTb 3aIOJHEHUs 3JI€KTPOHOM YHEPIeTHUECKOTO YPOBHS,
pacriosoxxeHHoro: 1) Beire yposHs @epmu Ha a) 0,15B, 6) 1.0 3B; 2) Huxe
yposHs @Pepmu Ha 0,1 3B.

2.2. Kak ¥ BO CKOJIBKO pa3 M3MEHHTCS BEPOSTHOCTH 3aIOJTHEHUS
JJIEKTPOHOM  JHEPreTHYECKOTO YPOBHS B METAle, €CIH YpPOBEHb
pacnosoxeH Ha 0,1 3B Hike ypoBHs Pepmu U TeMIiepaTypa HOBBICUTCS OT
200 mo 300 K?

2.3. OnpenenuTh TEMIIEpaTypy WACAIBHOTO ra3a, CPeIHSS SHEPTHA
YacTHI[ KOTOPOTO paBHA CpEeIHEH SHEPTUM CBOOOTHBIX 3JIEKTPOHOB B
metawie npu 7 = 0 K ¢ ypoBHem depmu, paBHbIM 6 5B.

2.4. Haiiti pasuuy sHepruil (B emuuunax KT ) aiexTpoHa,
SHEpPIrus KOTOPOIO COOTBETCTBYeT YpOBHIO @DepMH, U 3IEKTPOHOB,
HaXOJAIINXCS Ha YPOBHAX, BEPOATHOCTH 3aIIOJHEHUS KOTOPHIX paBHEI 0,2 U

0,8.

2.5. OnpenenuTh A0 CBOOOTHBIX AIIEKTPOHOB B MeTaiue mpu T
= 0 K, sHeprust KOTOpbIX OTJIMYAETCSI OT MaKCUMalbHOW MeHee yeM Ha 50
%.

2.6. Mertaimmmueckuii oopaszer; oobemMoMm 1 e’ Haxonutes npu T =
0 K. VYposenp ®epmu coorBercTByer 5 5B. Hailtu xoHueHTpaunuio
CBOOOJIHBIX 3JEKTPOHOB, UMITYJIbC KOTOPBIX OTIMYACTCS OT MAKCUMAIHLHOTO
He Ooitee yeMm Ha 10 %.

2.7. OmpenenuTs TeMIEpaTypy, HpH KOTOPOH B TBEPAOM
IIPOBOJHUKE BEPOATHOCTb HAMTH D3JEKTPOH C JHEPrUEH BBIIIE YPOBHS
®epmu Ha 0,5 3B cocraiser 2 %.

2.8. Ha rpanp kpuctaiuia moj yriaoM 40 ° K IJIOCKOCTH
TIOBEPXHOCTHU MaaacT HapaHHeHBHBII\/’I ITY4OK JJIEKTPOHOB, ABWXKXYIIUXCA C
OJIMHAKOBOH CKOpocThi0. OmNpenenuTh CKOPOCTh 3JEKTPOHOB, €CIIM OHHU
UCTIBITBIBAIOT ~ MHTEP(GEPEHIMOHHOE OTPaKEHHE IEpBOrO  IOPsIKa.
PaccTosiHMe MeX/Ty aTOMHBIMM IJIOCKOCTIMM KpHCTaJlIa cocTapsier 2 A.
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2.9. Haiitm momro TSDKENBIX IBIPOK B IONHON KOHIIEHTPAITHH
IBIPOK COOCTBEHHOTO T€pMaHUs, NMPUHAB 3(PPEKTUBHYIO MacCy THKEIBIX
IBIpOK, paBHOHU 0,34 My, a nerkux — 0,04 mo.

2.10. Ha ckoabKO HaJ0 MOBBICUTH TEMIIEPATYPY IO CPABHEHUIO C
300 K, 49TOOBI KOHIEHTpAaIus CBOOOTHBIX 3JCKTPOHOB B COOCTBEHHOM
repMaHUd yBeNW4mwiIach B 2 pasa? TemmepaTypHOH 3aBHCHMOCTBIO
3¢ QEKTUBHO TUIOTHOCTH COCTOSIHUH B 3TOM 3a/1aue npeHeOpeys.

2.11. Tloka3aTb, YTO BEPOSTHOCTb TOrO, YTO COCTOSHUE C
9Heprue, mnpesblnaromeil ypoenb @depmu Ha BenmuumHy AE, Oyzner
3aHATO, B TOYHOCTH COBMAJaeT C BEPOSTHOCTBIO HMETh CBOOOJHOE
COCTOSIHHE, HEPrusi KOTOPOro MEHbIIE 3HAa4YeHUs ’Hepruu PepMu Ha 3Ty
ke BelnnunHy AE.

2.12. Kunernueckas »HEprus SJIEKTpOHa B aToMeé BOJOpOJa
coctapisieT okojo 10 3B. Mcnonb3ysi cOOTHOLIEHUE HEONPENEIEHHOCTEM,
OIICHUTh MUHIMAJIbHBIC IMTHEHHBIC pa3Mephl aTOMa.

2.13. B repmaHuM 4yacTb aTOMOB 3aM€lI€Ha aTOMaMH CYPbMBIL.
PaccmaTpuBasi 3JIEKTPOH TNPUMECHOIO aroMa, HE YYacTBYIOIIMHA B
KOBAJICHTHOM CBsI3W, MO0 Mojenu bopa, OIEHHTh 3HEPTHI0 €ro CBS3U |
3¢ PEKTUBHBIN PaNyC OPOUTHI.

2.14. BBIYHCIUTh BEPOATHOCTh HAXOXAEHUS DIEKTPOHA Ha
ypoBusix Er + + 0,1 3B u Er- 0,1 3B npu temneparypax 0, 150, 300 u 1000
K. Pesynbrarsl npeacTaBuTh B popMe TabIuUIpl U B BUE rpaduka.

2.15. Bpruucnute 3QQEeKTHBHYIO IUIOTHOCTH COCTOSHHM B 30HE
NPOBOANMOCTH W B BaJlCHTHOH 30HE KpPEMHHUs TIpM KOMHATHOM
temrepatype. CunTarh, 4To 3QPEKTUBHBIE MACChl HOCUTEIIEH BBIPayKAr0TCs
4yepe3 Maccy EKTPOHA CIEeTYIONIM 00pa3oM: My "=1,1mg; mp* =0,56 mg,

2.16. Paccunrarh 3()(eKTHBHYIO IUIOTHOCTH COCTOSIHUH B 30HE
IIPOBOJUMOCTH repManus npu Temnepatypax 10 u 100 K.

2.17. KakoBa Oymer ommuOKa, €CIM 3aMEHHUTH paclpeleicHue
®epmu-/lupaka pacnpeneneHueM MakcBemia-bonbliMaHa npu  pacuere
BEPOSATHOCTH 3allOJIHEHHUS SHEPreTHYeCKOTO YPOBHS, JIEXKAIIETO BHIIIE
yposust ®epmu Ha 4 KT, Hrke Ha 2 KT?
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2.18. IllupuHa 3anpeuieHHONW 30HBI YUCTOIO MOJYNPOBOIHUKA
cocraBisieT 1 3B. BbYMCINTG BEPOSATHOCTH 3ANOJHEHUS 3JIEKTPOHOM
YpOBHI BOJNHM3H JHA 30HBI IPOBOAUMOCTH TIpH Temmeparypax 0 u 290 K.

2.19. OueHnTh BETUYMHY HEONPEACICHHOCTH B W3MEPEHUHU
3HAUEHUS] UMITYJIbCA YACTHUIBI Maccod B 1 I, MOJIOKEHUE LIEHTpa KOTOPOH
OTPaHMYEHO OO0JACTBIO IPOCTPAHCTBA THUAMETPOM 10° M. Yemy paBHa
MHUHHMaJIbHAs SHEPTHUsl, KOTOPO Moria Obl 00JanaTh Takas yactuia’?

2.20. PaccmarpuBas IBIJKEHHE YaCTHLLI B  TpPEXMEPHOM
MOTEHIMAJIbHOM AIIMKE, IOIYYUTh BBIPAKEHHME I pacyera Yucia
COCTOSIHHIA, YHEPrHH KOTOPBIX MEHbIIE HEKOTOpOil 3a1anHoil £ . YV ka3 a
H 1 e. Heo6xomumo B k-mpocTpanctse moctpouts chepy paguycoM E
HaWTH YUCIIO BO3MOXHBIX 3HAUCHHUI K BHYTpH OJJHOTO OKTaHTa 3TOH chephl.

2.21. Boluncauth 3HaueHue sHepruu depmu npu Temmeparype
aOCOJIOTHOTO HYJIS ISl BAJICHTHBIX 3JEKTPOHOB HATpus W nutus. [logemy
3HaueHne sSHeprun PepmMu He 3aBHCUT OT pazMepa oOpasma Mmeramia?
D¢ deKTHBHYIO Maccy JIEKTPOHA IPHHATH PABHOM Macce IOKOS.

2.22. DHeprus >J€KTpOHA B BAJEHTHOW 30HE T'MIIOTETHYECKOIO
MeTaljla WM C TIPUMUTHUBHOMH KyOMYECKOH pemeTKod MMeeT BHI:
E = AK® +B, tne A4=10% Jixem®, B = -12 9B, k = 2n/A. Dueprus
HMOHHM3AIlMN CBOOOTHOTO aToMa cocTaBisieT 1 3B, BajeHTHas 30Ha SBIAETCS
P-30HOM ¥ cocTostHus BIIoTh 0 ka = = (2n°)™ samonuens (¢ — napamerp
pebpa kpucramia, pasblii 2A). Berumciute: a) oTHOmeHHE M /M; 6)
YHCIIO BAJIEHTHBIX 3JICKTPOHOB, IPUXOIAIINXCSA HA OIMH aTOM MeTaJlia.

3. PACYET KOHIIEHTPAIIUM HOCHUTEJIEM 3APSIIA
B COBCTBEHHBIX M TIPUMECHBIX
MOJYIMPOBOJHUKAX. 3AKOH JEACTBYIOLIUX
MACC

3.1. Bo CKOJBKO pa3 M KaKk W3MEHHUTCS KOHIICHTPAIHS 3JICKTPOHOB
B OecripuMecHOM KpeMHHH 1pu ero HarpeBanuu ot 300 mo 350 K?

3.2. Bo ckompko pa3 M Kak W3MEHHUTCS KOHLEHTpAIUs JIbIPOK B
COOCTBEHHOM Te€pMaHUH IIpu oxJaxaeHnu ero ot 300 mo 200 K?
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3.3. Ilpu temmepatype 300 K KOHIEHTpaIys 3IEKTPOHOB B
COOCTBEHHOM ITONYNIPOBOJHUKE COCTABIISIIA 2:10" em?, a npu 350 K
yBemmummace 10 6,4-10"° cm®. Onpenenuts mWHpHHY 3anmpemieHHON 30HBI
MaTepuama ©Oe3 ydera TeMIlepaTypHOH 3aBUCHUMOCTH 3S((eKTHBHON
IUTIOTHOCTH COCTOSIHUH B pa3peIICHHBIX 30HAX.

34. B repmamm N-THIA KOHIIEHTpAIM JOHOPHOH IIPHMECH
cocrasmsier 10" cm™. Cumras, 4To Bce aTOMbI INPHUMECH HOHH3HPOBAHbL,
HallTU KOHLIEHTpAIHIO JbIpoK Ipu TemnepaType 300 K.

3.5. Kpucramn KpeMHHUS COJEPKUT B KadecTBE JIETHPYIOIIEH
npuvecr 10 aTOMHBIX TPOLEHTA MBIIIbAKA. 3aTeM OH PaBHOMEPHO
nerupyercs npumechio pocdopa ¢ koruentpanueii 3-10° eM® u mocne
3TOr0 PaBHOMEPHO JIETHPYETCs IPUMECHI0 6opa ¢ KoHuenTpamueii 108 em
®  Ilocnemyommii OTKHT TOJTHOCTBIO AKTHBHPYET BCE TPHMECH.
Omnpenenuts: a) KAKOH THIT IPOBOIUMOCTH OyIeT MMETh 00pa3eln KpeMHIS;
0) wemy OymeT paBHa pe3yJbTUPYIOMIAas KOHIICHTPAIUs OCHOBHBIX U
HEOCHOBHBIX HOCHTeNeHW 3apsma. KoHIeHTpanmuss aTtoMoOB KpPeMHHUS

2 -3
coctaBiseT 5- 107 cm .

3.6. Ompenenuts KOHLEHTPAIMIO JJIEKTPOHOB W JABIPOK B
repmarud npu 300 K s aByx ciydaeB: 1) HOIympOBOJHHK JIETHPOBAH
IPUMECHI0 MBIIIbSKA ¢ KoHueHTpammein 10 em?; 2) MOIYIPOBOIHHUK
JNIeTMPOBAH MPUMECAMH MBIIIbsKa ¢ KoHuentpamueii 10 eM™ u mnmus c
KOHILIEHTpanuen 3,510 cm® . Cuurats, uro Bce aToMsI npuMecen

HMOHU3UPOBAHLI.

3.7. B KpeMHUHU COAEPKUTCS 2:10"° aroMHBIX MPOLIEHTa IPUMECH
¢docpopa. Cuuras, HYTO KOHLIEHTPALMS DIICKTPOHOB  OIpEAENseTcs
MTOJTHOCTHIO MOHW3UPOBAHHBIMU aTOMaMH JJOHOPHOM NMPHMECH, ONPEISIINTh
KOHIIGHTPAIIMIO 3JEKTPOHOB U JIBIPOK, a TakkKe YICNbHOE CONPOTHBICHHE
0y IIPOBOHNKA. KOHIEHTpalus aToMOB B KpHCTae coctaBsier 5107
em,

3.8. BrraucnuTh yaenpHOE CONPOTHBICHHWE TEPMaHHUS P-THIA C
KOHIIGHTpaluel JbIpOK, paBHOU 3.10%° w3 CpaBHUTH TIOJIy4YE€HHOE
3HAUEHHE C YAEJBbHBIM CONPOTHBIIEHHMEM TI'€pMaHUs N-THNA TPH TOH ke
KOHIIGHTPAIIUH 3TEKTPOHOB.
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3.9. Haiitn ynmenpHOE COMpPOTHBICHHE COOCTBEHHOTO KpEMHUS

npu temnepatype 300 K. Beraucnauts yaensHOe CONPOTHBICHHE TOTO XKe

MOJYNPOBOHHUKA TIOCIIE BBEACHHS JOHOPHOH NMpPUMECH C KOHICHTpalueit
3,510 em™.

3.10. BplMHUCAUTD KOHUEHTPALUIO JBIPOK B  TIE€pPMaHMH,
conepxamem 10" em™® mpumecr docdopa u 5-10* em™ mpumecn Gopa npu
KOMHATHOW TeMIepaType.

3.11. Obpa3ser HOXyIPOBOAHUKA N-THIIA HAXOAUTCS B COCTOSIHUU
TEPMOANHAMHYECKOTO PpABHOBECHS TPH KOMHATHOH TeMmIeparype u
XapaKTepU3yeTcsl CIEAYIOIUMH TapaMeTpaMu: YyIeNbHOE COMPOTHBIICHUE
paBHO 5 OM-CM; MOJBHXKHOCTH 3MeKTPoHOB 1600 cM?/B-c; MOABIKHOCTS
Iplpok 600 CMZ/B'C; coOCTBeHHAs] KOHIICHTpAIMs HOCUTENeH 3apsia
1,4:10" cM; s exTHBHAS IOTHOCTH COCTOSHMIL B 30HE MPOBOTUMOCTH
10 oM Omnpenenutb: a) KOHUEHTPALUU OJJIEKTPOHOB M JBIPOK; 0O)
moJioxkeHne ypoBHI DepMu; B) BEPOSATHOCTh COOBITHH, COCTOSIINX B TOM,
YTO TOHOPHBIA YPOBEHB 3aHAT U cBoOoAeH, ecin EC-Ep = 0,05 3B.

3.12. OmpenenuTh BEPOSTHOCTD 3aHATOCTH YPOBHS C HEPrUel Ha
0,063 »B mpeBocxoasmiei ypoBeHb depMu B OeclipuMECHOM KPEMHHU TPHU
temneparype 1000 K.

3.13. IloacunuTaTh YHCIIO 3IEKTPOHOB Ha €AMHHUILY 00bEeMa B 30HE
MIPOBOJMMOCTH COOCTBEHHOTO KpeMHUs ipu Temneparype 300 K.

4. 3ABHCHUMOCTBb KOHIEHTPAIIMU CBOBOJHBIX
HOCHUTEJEN 3APSIJIA U TOJIOKEHUSI YPOBHSI
®EPMU
B I1IOJIYIIPOBOJHUKAX OT TEMIEPATYPbI

4.1. Paccuutarts mnonoxeHue ypoBHs @DepmMu B TepMaHHU
9JIEKTPOHHOTO TUMAa mpoBoauMoctd mnpu  Temmeparype 300 K wu
KOHIIEHTpAIHK JOHOpHOH mpumecn: a) 107 ; 6)10Y cm®. M306pasuts
30HHBIE TUarpaMMBl.
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4.2. Haiitm mnonoxenue ypoBHiI @DepMH B KpPEeMHHH IIpU
temneparype 500 K u ciemyromux KOHIEHTpanusx npumecerd: 1) 10%
atomoB Gopa B 1 M°; 2) 10% atomoB cypsMsI B 1 M°. DHeprum HOHH3AIH
npumeceit: AE,=0,0415B; AEg=0,039 »B. W300pa3uth 30HHBIC
JMarpaMMBl.

4.3. HaiiTn paBHOBECHYIO KOHIICHTPAIIHIO JIEKTPOHOB H ABIPOK, a
TaKKe MoJIoXKeHUe ypoBHSI DepMU OTHOCUTEIBHO CEpEeIUHBI 3alPEICHHON
30HBI M [HA 30HBI MPOBOJMMOCTH B KpeMHHH , cogepxkameM 8-10% cm™
aToMoB Mbimbsika u 2-10° cm™® aromos 0opa. DHepruM HOHU3ALUU
npumeceit:  AEx=0,054 3B; AEg=0,0453B. W 300pa3uth 30HHYIO
JMarpaMMy IoJIyIpoOBOJHMKA B MaciiTaoe.

4.4. HaliTu KOHLEHTpallMM DJEKTPOHOB M JBIPOK , a TaKkke
TIOJIOXKEHHE YpoBHSI PepMH OTHOCHTENIFHO CEPEIMHBI 3aIIPEIEHHON 30HbI B
TepMaHN{, HaXOAIIEMCSl B COCTOSSHIH TEPMOJIMHAMHYECKOTO PABHOBECHS,
Ipu ciaeayoumx 3HayeHusix temmeparypsl: 0, 100, 200, 300 u 400 K.
Kpucrann nerupoBa akLEeNTOPHBIMH aTOMaMU C KOHLEHTpaLuen 10" cm °
® Cunrars, uto npu T=100 K nonusuposans! 50 % ,a mpu Ooee BHICOKHX
temmepatypax — 100% mnpumecHsix aromoB. M300pa3uth 30HHBIC
JHarpaMMBl.

4.5. OmnpenenuTts HHEPTHI0 HOHW3AIMK JOHOPHOH MpHUMECH B
KPEMHHHU C yJEIbHBIM compoTuBieHueM, paBHbIM 5000 Om-cm, mosaras,
yto npu temneparype 7=200 K nonusuponano 60 % 10HOPHOI MpuMecH.

4.6. KOHIEHTpaIys aTOMOB B KPHCTAJUIE repManus pasHa 4,4:10%
CM'S,
Ec-Ep=0,01 3B. Omnpenenurs nonoxxenue yporHs @epmu npu remmneparype
300K, ecim ma 10° aromos repMaHus NpUXOAUTCS 1 aTOM MNpPHUMECH.

N306pa3utk 30HHYIO 1MarpaMMy B Macrirae.

4.7. Haiitu nonoxenue ypoBHs depMu B TeépMaHuH, COAEPKaILEM
10% atoMoB MbIbsiKa 1 5+10% aTomoB ramms B 1 m° npu Temmneparypax 10
u 300 K. /ToHOpHBIH YpOBEeHb MBIIIbsIKa pacnoyioskeH Ha 0,013 3B Hiwke 1HA
30HBI MPOBOAUMOCTH. V300pa3uTh 30HHBIE JHArpaMMBI MOTYNPOBOIHUKA
IIpH yKa3aHHBIX TEMIIEpaTypax.

48. B kpucramie kpemHus Ha kaxasle 10°  atomos
TIOJIYIIPOBOTHAKA TPHUXOAUTCA | aTOM akuenTopHOW mpumecu. Haiitu
MoJ0KeHue ypoBHsSI DepMU OTHOCUTENBHO IMOTOJIKA BAJICHTHOM 30HBI MPHU
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KOMHAaTHOH TeMmIeparype. Pemmrs 3amady npu yCIOBHH, YTO Ha KaXKIble

10° atomoB KpeMHusl npuxonutrcs 1 arom axkuentopHoil mpumecu. Ilpu
KaKOW KOHLIEHTpalK aKLENTOPHON IpruMecu ypoBeHb DepMH COBIANAET €
MIOTOJIKOM BaJICHTHOHN 30HBI?

4.9. Onpenenuths mNOJOXEeHHE YpoBHI PepMu NpH KOMHATHOH
TeMIeparype sl MOMYIPOBOIHUKOBOrO coequHeHms INSh, ecnu mmpuna
ero 3ampenieHHol 30HbI coctaBisier 0,4 3B, a oTHomeHue >ddexTrBHOM
Macchl ABIPKH K 3 QEeKTHBHON Macce 3JeKTpoHa paBHO 2. M300paszuth
30HHYIO AMarpaMMy COOCTBEHHOT'O MOJTYIPOBOIHHKA.

4.10. OOpaser;y KpeMHHs 3JEKTPOHHOTO THIA HPOBOIUMOCTH
HnMeeT NpH KOMHATHOHN TeMIiepaType yJelbHOE CONPOTUBIECHHUE, paBHOE 5
Om-cM. Haiitn 1718 COCTOSIHUS — TEPMOJMHAMHUYECKOTO  PaBHOBECHS
KOHLEHTPALHUIO JbIpOK npu Temnepatypax 27, 100 u 500 °C.

4.11. Kpucrann KpeMHHs 3JEKTPOHHOIO THUIA NPOBOIUMOCTH
PaBHOMEPHO JTErMPOBAH TPHMECHIO MBINIbsKA ¢ KoHIenTparmeii 10 cm™, a
KPHCTaJUI KPEMHHUS [JBIPOYHOTO THIIA TPOBOAMMOCTH pPaBHOMEPHO
JIETUPOBaH TMPUMECEI0 0Opa C KOHIICHTpamuei 10" em®. Jlns xaxmoro
o0pasiia MoJTynpoBOJHUKOBOTO MaTepHala OIpeelUTh:

a) PaBHOBECHYIO KOHIICHTPALMIO HEOCHOBHBIX HOCHUTENIEH 3apsna
mpu 300 K, mpeamomnaras, 4To BCe MIPUMECH MOTHOCTHIO0 HOHU3HPOBAHBI

0) monoxxeHue ypoBHsS DepMH OTHOCHUTENHLHO Kpas BaJCHTHOU
30HB B KaxaoMm marepuane npu 300 K; momoxxenune ypoBHs Pepmu npu
YCIIOBUH, 4YTO 00a TUTIA MPUMECEH IMEIOTCS B OJTHOM 00pa3siie;

B) TeMmIepaTrypy, IpH KOTOpOW HOHH3HMPOBaHA IIOJIOBHHA
MIPUMECHBIX aTOMOB;

T) TEeMIepaTypy, TNpH KOTOpOil COOCTBEHHAs KOHIIEHTpaLusI
npeBbimaeT npumecHyo B 10 pa3. [ 3aganus 6) m300pa3uTh 30HHBIE
JMarpaMmsl.

4.12. PaccuurtaTh 3HadeHHMs MakcuMyma ypoBH1 @Depmu B
3alpelleHHON  30HE MONYNPOBOJHMKA M COOTBETCTBYIOIEH emy
TEMIIEpaTypbl IPU KOHLEHTPALUUU IOHOPHOM IPUMECH, PaBHOM 10" oM
;SHEPTHH HOHM3AIMK JOHOPOB, paBHoii 0,02 5B 1 m, = 0,3my.

4.13. OmpenenuTb KPUTUYECKYIO KOHIIGHTPAIMIO JTOHOPHOM
TIPUMECH, BBIIIIE KOTOPOW HACTYMAeT BBIPOXKICHHE IMOJYIPOBOAHHUKA TPH
m, = O,Zmo; AED:OOI 3B.
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4.14. HaifTi KOHIICHTpPAIMU OSJIEKTPOHOB M IBIPOK, a TaKKe
MoJIo’keHue ypoBHA PepMu A repMaHus, COAEPKALIEro 5107 w7
atomoB Mbmmbsika mpu 40 m 500 K. DHeprus wWOHM3aIMH IIPHMECH
cocrasiet 0,013 3B. M300pa3uTts 30HHBIEC JHarpaMMBL.

4.15. Ilpm Ttemmeparype 300 K yzmenpHOE cOmpoOTHBICHHE
OecriprMecHOTO MONyNnpoBoAHUKA coctaBimuio 10 OmM, a mpu 400 K
okazanoch paBHbIM 0,3 OM'M. Haiitu mmpuHy 3anpenieHHOH 30HBI
MarepHana.

4.16. Bo cxonbKo pa3 U Kak M3MEHHTCS KOHLEHTpalus IbIPOK B
COOCTBEHHOM repMaHuu mpu ero oxjaxaeHuu ot 300 go 200 K?

4.17. llpm KOMHATHOW TeMIlepaType KOHIIEHTpAIlUs IBIPOK B
nonynpoBoauuke paaa 10™ cm™, a konmenTpamus smexkTponos - 5-10% em”
¥ B0 CKOJIBKO pa3 M KAk M3MEHHTCS YIENbHOE CONPOTHBICHHE KPHCTAIIIA,
€CIIM TIPOBECTH JOTIOJIHUTEIFHOE JISTUPOBAHUE AKIENTOPHOH MPHMECHIO C
KOHLEeHTpauued  5-1 0" M3  Cunrars MpPUMECH  MOJHOCTHIO
MOHU3HPOBAaHHBIMH, TOABMKHOCTH OJJIEKTPOHOB M JBIPOK — pPaBHBIMH.
W300pa3uth 30HHBIE JAHMArpaMMbl MOJYNPOBOJHWKA 1O U IIOCIE
JIOTIOJTHUTEJIEHOTO JIETHPOBAHMS.

4.18. PaccunTare monoxkenue ypoBHa PDepmu B coOCTBEHHOM
kpemuun npu 700 K, ecnu ahdexTrBHAs Macca 3NeKTpoHa B 5 pa3 OoJblie
3¢ peKkTUBHOI Macchl AbIpKH. M1300pa3uTh 30HHYIO JUarpaMmy.

4.19. KakoBa muMpHHA 3amlpelieHHONW 30HBI OECTIPUMECHOTO
MOJYyIIPOBOJIHMKA, ecnu Tmocie HarpeBanus ot 100 mo 400 K ero
3JIEKTPONPOBOIHOCTb YBeauuuiach B 820 pa3?

4.20. B  BBIPOXAEHHOM MOJYNPOBOJAHHUKE  KOHLEHTpAaLUs
CBOOO/IHBIX 3JIEKTPOHOB paBHA 8:10® m*. Haiitu nonoxenue YPOBHS
Depmy, MIPUHSIB
m, = 0.33my. M306pa3uth 30HHYIO HATPAMMY.

4.21. Haiitn TemmnepaTypy, Opu KOTOpoH ypoBeHb Depmu
3aHMMaeT MaKCHUMAaJbHOE TOJO0XEHHE B TIONYIPOBOAHHUKE AIEKTPOHHOTO
THIIA IPOBOMMOCTH C KOHI[GHTpamuel 1oHopHo# mpumecn 10%° em®, ecmm
3¢ PeKTUBHAS Macca NEKTPOHA COCTABIAET MOJIOBUHY MAcChl OKOSL.
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4.22. HaiitTm dnCIO aTOMOB IIATHBAJCHTHOW TPHMECH Ha
eIUHULy 00beMa KpeMHHs, HeoOxomaumoe Ui caBura yposHs depmu k
JIHY 30HBI IPOBOJUMOCTH IIPU KOMHATHOH TeMIieparype.

4.23. Tlpm KakoW KOHIICHTpPAIlMA CBOOOIHBIX OJJIEKTPOHOB B
KpHCTaJUIe TeMIepaTypa BBIPOXKACHHS 3JEKTPOHHOTO ra3za B Hem paBHa 0
ocq

5. KMHETWYECKHME SIBJTEHUS B TBEPABIX TEJAX

5.1. BblUMCIUTh WIMPUHY 3alpelicHHOM 30HBI TEIypa, €Clu
nocine HarpeBanus oT 300 1o 400 K ero 3neKTponpoBOAHOCTh YBEINYMIACH
B 5,2 pa3za.

5.2. Obpa3sern KpeMHUsI HaXOIUTCS NMPU KOMHATHOW TeMIieparype.
BeruncanTs: a) yensHOe CONPOTHBICHHE COOCTBEHHOTO TTOJTYyTIPOBOIHUKA,;
0) yZenbHOE CONPOTUBJICHUE IPUMECHOTO IIOJIYNPOBOAHHKA, €CIIH

14 .
KOHIIEHTpaIIUsl JOHOPHBIX aTOMOB cocTaBisieT 3,5-107" cm g

5.3. K mmactuHe IJIMHOM 5 CM, HM3rOTOBJICHHOW M3 YHCTOTO
KpeMHHsA, NpuioxeHo HampsbkeHne 50 B. 3a kakoe BpeMs 3JEKTPOH
npoizer 4epe3 Bech oOpasel (OCYIIECTBHUTCS IIEpeHOC  3apsja,
SKBUBAJIEHTHOTO OJJHOMY 3JIEKTPOHY)?

5.4. BeYHCIHTH CKOPOCTH Ipeiida SIEKTPOHOB H JBIPOK B
repMaHuu NPU KOMHATHOW TemIepaType B mosie HampsbkeHHocThio 1000
B/m.

5.5. Kpucrann KpeMHHs 3J€KTPOHHOTO THIA ITPOBOAUMOCTH IPH
KOMHATHOW TeMmmepaType HMMeeT yJelnpbHoe comportusieHue 10 Om-cm.
Haiitn cxopocth apelida ABIPOK M JIEKTPOHOB IPH IUIOTHOCTH TOKa |

2
MA/cM”.

5.6. Berumcante OTHOMICHWE IpeH(OBBIX TOKOB AIIEKTPOHOB H
JOBIPOK TIPH KOMHATHOHM TeMIieparype: a) JJIsi COOCTBEHHOT'O repMaHus; 0)
COOCTBEHHOT'O0 KPEMHHUS; B) KpEMHHS N-THIIA C YACIHHBIM COIPOTHBICHHEM
5 OM-cM; B) KpeMHHsI P-THUIIA C YIASIBHBIM COMTPOTUBICHHEM 5 OM-CM.

5.7. TlomxynpOoBOAHMKOBBIH KpUCTAJUT TIPSIMOYTOJBHOW (OPMBI
pasmepamu 0,2X0.2x0.05 cM conepxut 10%! cBOGOIHBIX 31EKTPOHOB B 1 M
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IpY KOMHATHO# TemmepaType. K JByM NpOTHBOMOIOKHBIM Y3KHM TPAHIM
NpuioXeHo HanpspkeHue 20 B. BpluuMciuTh BeNMYMHY TOKA, IOJaras
TIOBIKHOCTb HOCHTEIIei 3apsia, pasHoii 0,03 M%/B-c.

5.8. B o0pasme momynmpoBOAHWKA ACHCTBYIOT IBa MeXaHH3Ma
paccesHuss HocuTenel 3apsma. Eciam Obl meiicTBOBaN TONBKO TIEPBBIN
MEeXaHW3M, TO MOJBIKHOCTH OblTa OBl paBHa 800 cM?/B-c. Eciu 65l
JICUCTBOBAJI TOJIBKO BTOPOM MEXaHHM3M, TO IOABHMKHOCTH ObUIa OBl paBHa
200 cm?/B-c. KakoBa MOIBHKHOCTh HOCHTENIEH 3apsia ¢ y4etoM 000X
MEXaHHU3MOB paccesHust?

5.9. becnpumecHBIf KpeMHHUIl IpH KOMHATHOH TemIepaType
UMeeT yaenbHoe compoTuBieHue, paBHoe 2000 Owm-Mm. Paccuurathb
KOHIIEHTpAaLUU HOCHUTENEH 3apsja. Haiitn, KaKyo 4acTh
3JIEKTPONPOBOJIHOCTH COCTABIIAET HJIEKTPOHHAS.

5.10. Haiitu MHHHMAaJIbHO BO3MOXHYIO YAEIbHYIO
JIEKTPOIIPOBOIHOCTh KPEMHUS TIPH KOMHATHOW Temriepatype. Paccauratsh
KOHLICHTPALMH 3JIEKTPOHOB M IBIPOK YIS HAHIECHHOTO 3HAYCHUS yIEIbHOMN
JJIEKTPOIPOBOIHOCTH.

5.11. BpYMCIUTH OTHOILIEHUE MOJHOIO TOKAa 3JIEKTPOHHOM
MPOBOJUMOCTH K TIOJHOMY TOKY ABIPOYHOW MPOBOJUMOCTH: a) B UYHUCTOM
repmMaHud; 0) B repMaHHM P-TUIA C yIedbHBIM compotuBieHueM 0,005
Om-'M.

5.12. YaensHOE CONPOTUBICHHE 00pa3iia KpeMHUS 3JIEKTPOHHOTO
THMa MpoBoANMOCTH coctaBisieT 7500 Om-cm mpu Temmneparype 50 K, a
KOHLEHTpalLusl JOHOPHBIX aTOMOB paBHa 510" cm. Paccumrath SHEPTHUIO
WOHM3allMM JOHOPHOH NPUMECH, €CIM M3BECTHO, 4YTO YyKa3aHHas
TEMIIepaTypa COOTBETCTBYET YYacTKy IPHUMECHOW  IPOBOAWMOCTH
TIOJTYTIPOBOTHHKA.

5.13. IlpencraBuM cebe aroMbl B KpHCTaule ILIApUKAMHU,
CBSI3aHHBIMH MEXAy c000H mpykuHamu. [lycTh aToM Meau Ha INpYXHUHE,
obnmamaromerd  KodpGUIUEHTOM IKECTKOCTH, DJKBUBAJICHTHBIM YacTOTE
xoneGammii 10" ¢!, HAXOMUTCA B TION0KEHNI MAKCHMATBHOTO yIAaJeHust OT
CBSI3aHHOI'O C HUM Jpyroro aroMa menu. HailiTu 3HaueHue «HyJIeBOI»
aMIUTHTYABl KoneOanwii. M3 ycioBUsS 3amadd CcJlenyeT, 4YTO aTOMBI B
PCATBbHOM KPHUCTAJIJIC HUKOTAAa HE HAXOJAATCA TOYHO B y3JIaX PCIICTKH JaXKE
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IpU HYJEBOH TeMIlepaType, a y4YacTBYIOT B CIIydYailHBIX IBIKCHUSX,
MCTOYHHKOM KOTOPBIX SIBJISETCS ICHCTBUE NPUHIUIA HEOTIPEACICHHOCTH.

5.14. MHcxoms w3 YCIOBUS Tpenpigymied 3agadu, HaTH
COOTHOIIICHUE MEXAY KO3(PPHUINEHTOM >KECTKOCTH MPYXHHBI M Maccou
aToMma, TaKoe, 9TOOBI aMIUIUTY/Ia «HYJIEBBIX KOJIeOaHH» ObLIa 10 TOPSIIKY
BEJIMYMHEI paBHA ITapaMeTpy KPUCTAIUIMICCKON perIeTKN 4A. Tsepmoe Temo
TaKoOro pojia He CMOKET COXPAHATh CBOIO PEUICTOYHYIO CTPYKTYPY M Jaxe
P TEMIIepaType aObCOJIFOTHOTO HYJS OCTAHETCS B KUIKOM cocTosHuu. K
YUCIIy TaKUX BEIIECTB, MO-BUAMMOMY OTHOCHUTCA TeNuil. ATOMBI Trenus
00J1a1ar0T MaJIo Maccoi, Crjla XUMHUYCCKOW CBSI3M MEXIy aToMaMH cjaba;
JaKe MpH TEeMIlepaTypax, OJM3KHX K aOCOJIOTHOMY HYIIO, aMIUIMTYIa
«HYJEBBIX KoJicOaHWil» ONHM3Ka IO BEIMYMHE K PACCTOSHUIO MEXIy
aTOMaMHU.

5.15. Insa obpa3ua TBepHoro Texa JnHOH L ¢hoHOH ¢ Hanbopmei
JUTHHON BOJIHBI Ay OTIPEIEIIETCS COOTHOMICHUEM Ay = 2L. Y doHOHA ¢
caMoi KOPOTKOMU JJIMHOM BOJIHBI €€ 3HAUCHUE ONPEACIACTCS KaK Ay = CIV,
rIe ¢ — CKOPOCTh 3BYKa B TBEpIOM Teie, V — DHHIITCHHOBCKAs 4acToTa
KoNeOaHUH KPHUCTAUIMYSCKOH pemerkd. PaccunTaTh NPHOIMIKESHHOE
3HaUYeHHE MMUHUMAJIbHOMN JUIMHBI BOJIHBI JJIsl THIIMYHOTO MeTajuta. CpaBHUTH
HalJJeHHOE 3HAYEHHE CO CPEIAHUM MEXATOMHBIM PACCTOSHHEM B TBEPAOM
Tene, MPUOIN3UTENLHO paBHBIM 3 A.

5.16. OueHnThs MakCHUMajbHbIE 3HAYEHHS DHEPTUH M HMIIYJbCa
(doHOHA B 00pasiie MeIu C MapaMeTpoM dJIeMEHTapHO# suekiku a = 30 HM,
IPU CKOPOCTH PAcIpOCTPaHEHUs] KOJCOaHUH KPUCTAJUTMYECKON PELICTKH,
paBHOi#t 4 KMm/C.

5.17. Onpenenuts yCpeAHEHHYIO CKOPOCTh 3ByKa B KpHUCTAJLIE,
XapakTepucTudyeckas Temmeparypa koroporo pasHa 300 K. MexaromuHoe
paccTosiHUE B KPUCTAJUIE PABHO 25 HM.

5.18. Ompenenuts NpHUOIIKEHHO CKOPOCTH 3BYKa B KpHUCTAJIe
anMasa, 3Has, 4To nebaeBckas TemrmepaTypa anmasza paBHa 1860 K, a
CpelHEe PACCTOSHIE MEXIy aToMaMH cocTapiseT 1,54 A.

5.19. Iloka3aTh, YTO IIpH BBICOKHX TeMIIEpaTypax KBaHTOBOE
BBIp@XEHHE [UIA CpPEJHEeH DJHEPrMH TapMOHHYECKOTO OCIHJUIATOpa
MEPEXOJUT B KIIACCHUECKOE.
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5.20. Haiit u BBIpa3uTh B AIIEKTPOH-BOJIBTAX YHEPTHIO (POHOHA,
COOTBETCTBYIOILYIO MaKCUMaJIbHOM 4acToTe ebas, eciu
XapakTepucTHiIecKas Temreparypa pasHa 250 K.

5.21. OmpenenuTh KBa3WUMITYJIEC (OHOHA, COOTBETCTBYIOIIETO
gactore ®=0,10ma, IO Omax — MaKCHMaJIbHas YacToTa KoJieOaHui
KPHUCTAJUTMYECKON DPEIICTKH. YCPEAHCHHAas! CKOPOCTh 3BYKa B KpHCTallIe
paBHa 1380 m/c, temneparypa ebas coorBerctByer 100 K. Jlucnepcueit
3BYKOBBIX BOJIH B KPHCTAJLIE IIPEHEOpEYb.

5.22. Jlnuna BoiHBI (GOHOHA, COOTBETCTBYIOMIETO ®=0,01®max,
paBHa 52 M. IlpeneOperas nucriepcuell 3BYKOBBIX BOJIH, OINPEICIHTh
XapaKTepUCTUUECKylo Temreparypy Jebas, eciu ycpeqHEHHas CKOPOCTh
3ByKa B KpucTaiie paBHa 4,8 km/c.

5.23. BBIYHCTUTD YCPETHEHHYIO CKOpPOCTH (DOHOHOB (CKOPOCTH
3ByKa) B cepeOpe. M3BecTHBI: MOIynb NPOAOJIBHOH yNpyroctd (MOIyib
IOHra) E=74 I'Tla; Moxynb moniepedHon ynpyrocTu (Moaynb casura) G= 27
I'Tla; mroTHOCTS cepebpa p=10,5 r/em®.

5.24. Xapakrepuctuueckas Temmeparypa 3oiota paBHa 170 K,
mioTHOCTh — 19,3 r/em’, napameTp KpUCTAJUIMUECKOM pemeTkd — 30 HM.
Onpenenuts MOAYJb MPOIOJILHON YIPYTroCTH KpucTaiuia (Moaynas FOHra).

5.25. Cpennee BpeMs SKH3HH 3JIEKTpOHa B 00pasle TrepMaHHA
9JIEKTPOHHOTO  TUMA MPOBOJMMOCTH  COCTAaBJISIET MNPU  KOMHATHOM
temneparype 10 ¢. OnpenenuTs, HACKONBLKO yBEIHUHTCH KHHETHUECKAS
JHEPIHUs AIEKTPOHA 32 BpeMsi CBOOOJHOTO HPOJIETa B 3IEKTPUUECKOM IOJIe
HanpsuKeHHOCTHI0 10° B/M. KakoBa HANSKEHHOCTD 37EKTPHUECKOrO MOJIS,
Heo0XoMMast JJIsL TOr0, YTOOBI 3a BpeMsi CBOOOZHOTO MpoJieTa ISKTPOHA B
9TOM I10JIe COOOIINTh €My KHHETHYECKYIO YHEPTHI0, JOCTATOUYHYIO, YTOOBI
«BBIOWTB)» BJIEKTPOH: @) C JIOHOPHOTO YPOBHS; 0) M3 BaJCHTHOW 30HBI H
«nepedpocuTh» €ro B 30HY NPOBOAUMOCTH. /ISl MpOCTOTHI NPHHATH
3¢ PEKTUBHYIO Maccy JIEKTPOHA PaBHOW Macce MOKOS.

5.26. OrmpenenuTp MaKCHMaNbHYI) YacTOTy COOCTBEHHBIX
KoJieOaHu aTOMOB B KPUCTAJLIE 30JI0Ta.

5.27. OueHuTb CKOPOCTh PACHPOCTPAHEHHUS AaKyCTHYECKUX
KoJieOaHUH B KPHCTAJUIMUECKON pelleTKe aJlOMHUHUS, XapaKTepucTHIecKas
TeMIieparypa Kotoporo cocrasiser 396 K.
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5.28. Kiaccuueckas Teopuss [JaeT 3HAUYEHHE  YIEJIBbHOM
TEIUIOEMKOCTH, paBHoe 6 kan/monp K. Wcemoms3ys 3To 3HadeHne
paccuuTaTh TEIUIOBYIO YHEPTHIO OTHOTO Mot MeTayuta mpu 300 K.

5.29. JlebaeBckast TeMmepaTypa UL 30J10Ta COCTABIIET IPUMEPHO
170 K. Ouennts 3Ha4eHUE TEIIOBOI SHEPTHH OTHOTO MOJISI 30510Ta mipu 300
K 1 cpaBHUTH ¢ pe3yabTaToM, NOJYyYEHHBIM B IpeAbIAyLIel 3agaue. KakoBa
BEJIMYMHA OLIMOKH NP pacdeTe Mo KIACCHYeCKOW TeopHun?

5.30. OnpenenuTs XapaKTepUCTUUECKYIO TEMIIEpaTypy KpHCTania,
TEIUIOEMKOCTh KOTOpOro coctaniser 217 J/KMoNb Tpaa Mpu TeMIeparype
14 K.

5.31. VYpaenpHbIE TEMJIOEMKOCTH CBHMHLA M alIOMUHHS MpH
MIOCTOSTHHOM 00beMe U Temneparype, paBHoi 20 °C, cocraBisror 126 u 896
JUK/KT'TpaZ COOTBETCTBEHHO. BBIMONHACTCS 1M U yKa3aHHBIX TBEPABIX
ten 3akoH [lrononra-Iltu? Beluucaute A8 KaXIoro H3 METaIOB
MOJISIPHBIE TEIUIOEMKOCTH M CPaBHHUTh MX CO 3HAYCHHSIMH, IOJydacMBbIMHU
110 3aKoHy rononra-Iltu.

5.32. Haiiti 9acToTy TEIUIOBBIX KoJeOaHWA aTOMOB cepebpa 1o
MoJenu DWHIITEHHa, ecli XapaKTepHCTHYecKas TeMIlepaTypa KpHcTauia
coctasisier 165 K.

5.33. Onpenenurs OTHOCUTEIbHYIO MOTPELIHOCTh, KOoTopas Oyaer
JOmyuieHa, €CJIM MIPU BBIYUCICHUUN MOHﬂpHOﬁ TCIUIOEMKOCTU KpHuCTaJlJIa
BMECTO 3HAYEHMS, JlaBaeMoOTro MOZEJBIO OHHIITeTHA pu
XapaKTepUCTUYECKOH  TeMIepaTrype,  BOCIHOJB30BATHCS  3HAUYEHHEM,
TIOJTy4aeMbIM 110 3akoHy [lrononra-IITu.

5.34. MonspHas TEIUIOEMKOCTb KpHUCTaljga € OJHOMEPHOH
peLIeTKOH BeIpaxkaeTcss GopMyIIoi

T /T
Tp /T
Cw=3R o I xax___To

Tp 5 eX-1 oo /T 4

Haiitu npepenbHoe Bblpaxenue jua Cy, TpU  HU3KHX
temnepatypax (7<<Tp). 3BecTHO 3HaUCHNE HHTETpaIa
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5.35. MounspHas TEMIOEMKOCTh KpHUCTalIa C JABYMEpPHOM
peLeTKOi BhIpaxkaeTcs (GOpMyJIIoi:

To /T

2 x2dx 2T, /T )
) e* -1 eP'T_1 )

Cu=3R(6( —
TD 0

Hatitu peaAcIbHOC BbIpa’KCHUC MOHﬂpHOP‘I TCIIIIOEMKOCTH
KpucTajula mpu HHU3KHX Temmeparypax (7<<Tp). M3BecTHO 3HaueHHE
UHTETpaa

—=2,405.
X

o 2
'[ x“dx
o e’ —

5.36. OmnpenenuTh OTHOCHTENBHYIO ITOTPEITHOCTD, KOTOpast OyaeT
JOIyIIEHa MNpPU BBIYUCICHUHM TEIUIOEMKOCTH KpHCTaliIa, €CIH BMECTO
3HAUEHMs, BBIYMCIECHHOTO B COOTBETCTBHM C Mojenbio Jlebas npu
XapaKTepUCTUYECKOH  TeMIlepaTrype,  BOCIOJb30BaThCS  3HAUCHHEM,
MOJIY4YEHHbIM 10 3aKoHY J{rononra-IItu.

5.37. Temmoemkocth cepeopa npu 10 K cocraBmier 199
/Mo Tpan. OnpeaeanuTh XapaKTePUCTUICCKYIO TEMITEPaTypy.

5.38. HaiiTu MakcHUMaJbHYI0 YacTOTy COOCTBEHHBIX KoJeOaHMH
aTOMOB B KpHCTajule Xene3a, ecnu mpu temneparype 20 K ero ynenpHas
TEIIOEMKOCTb paBHa 2,7 MJ[x/rrpan.

5.39. BblUUCIUTD NEKTPOHHYIO TennoeMKocTs C,; Uil MeIu Mpu
2 u 1000 K. Ilomy4yeHHble 3Hau€HHsS CPABHUTh C TEMIOEMKOCTBIO
KpHUCTaNINIECKOH peleTKu npu Tex xKe TeMmIeparypax.
XapakTepucTuieckast TeMreparypa Meau pasHa 316 K.

IIpumeuanue. DnexkTpoHHas TemnoeMkocTs Meramna C,, - yT, rae y
2
—ko3¢ duimeHT nponopuroHanbHOCTH. s Mmenu y = 7,28 Jx/Monb Tpan’”.
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5.40. BrlumcauTe MaKCHMAaNBHYIO — 4acTOTy — KoJjeOaHwHiA
KPHUCTAJUTMYECKON PEIIETKH TBEPAOTO TENa, €CIM W3BECTHO, YTO MpPH
temnepatype 20 K ero momnspHas termoeMkocTs paBHa 1,7 JIx/Monb Tpag.

5.41.PaccmaTpuBasi KpUCTAIUT KaK COCY[, COEp KaIInil (POHOHHBIH
ra3, ¥ MCHOJIb3Ysl IPUOIMKEHUs] Teopur TerutoeMkocT Jlebasi, mokas3ars,
4TO Ui TEMIepaTyp, 3HAYUTEIbHO MPEBBIMIAIIINX Temmneparypy Jlebas,
YHCIIO aKyCTHYeCKHX (DPOHOHOB B enuuuile obbema coctasiseT INT/2Tp
(rme N — 4mcI0 aTOMOB peuieTku B equHuIe oObema, Ip — TeMIeparypa

Jebas).

5.42. JIns TBepABIX TeN, B KOTOPBIX PAacCEsTHHE Ha aKyCTUYECKHUX
(hOHOHAX SBJISIETCSI OCHOBHBIM MEXaHHU3MOM PacCEsiHUsI, TI0Ka3aTh, YTO MPH
TemIepaTypax, IpeBBINIAIONMX TeMmiepaTypy /[lebas, MOIBMKHOCTB
JIEKTPOHOB (@ 3HAYMT, IJIS TIOCTOSHHON KOHIIEHTpanWd HOCUTEIEeH H
3IEKTPOIPOBOAHOCTH) JOIDKHA OBITH MPOMOPLHOHaTbHA T B MeTaliax u
7% MOJIYIPOBOIHUKAX.

5.43. Tlonaras, 4TO paccesHUE MNPOMCXOIUT Ha AKyCTHUYECKHUX

KOJICOaHNSAX KPHUCTAJUTMUYECKON PEMICTKH, HAWTH BEIMYHHY TEPMO-3.1.C. B
15 3

repMaHuH, cojxepxaiieM 6-107 cM~ MENKHX aKLIEeNTOpOB, IPH TEMIIepaType

200 K. Oueprus nonunzaruu mpuMecu cocrasister 0,01 3B.

5.44. KoappunueHnt tepmo-3.1.c. mapsl xpomens (90 % Ni + 10 %
Cr) — komenb (44 % Ni + 56 % Cu) pasen 80 MxB/K. Onpenenurs 3J1C
TEpPMOIIapsl MPH PAa3HOCTH TEMIIEPATYp TOPSYEr0 M XOJIOJHOTO CIIAeB,
pasHoii 400 K.

5.45. Koapdummerr Tepmo-3.0.c. Tapbl  IKele30-  30JI0TO
cocraisier 62 MxB/K. Onpenenuts OTHOMICHHE KOHIICHTPALUI CBOOOIHBIX
3JIEKTPOHOB B 3TUX MeTaljlax.

5.46. KoHueHTpanus 3J1€KTPOHOB IPOBOAMMOCTH B Meau B 1,7
BbIlle, YyeM B KoHcTaHTane (60 % Cu + 40 % Ni ). Onpenenutsb
K03(h(pUIMEHT TepMO-3.11.C. TAPhl Me/Ib-KOHCTaHTaH.

5.47. OueHuth BenuuMHy «HOHOHHOW» Tepmo-3.1.c.OJIC B
repmaHud  N-tuna npu temmeparype 20 K, monaras, 4To HOABHIKHOCTD
9JIEKTPOHOB B OCHOBHOM OIPEIETSACTCS paccesHHeM Ha aKyCTHYECKHX
KONMeOAHMsSIX KPHCTALIMYECKOi pemretkn u pasHa 4-10° cm?/Bec, a
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paccesHne ()OHOHOB HPOUCXOAUT HA CTeHKax oOpasma. [lomepedHslit
pasmep oGpasia cocrasmsieT 1 MM, a ckopocTs 3Byka 5-10° em/c.

5.48. OOpasenr TrepMaHUS 3JIEKTPOHHOTO THIIA MPOBOJMMOCTH
TONUMHOW | MM C KOHLEHTpalMeH 3JIEKTPOHOB 1020 M3 MIOMEIIEH B
MarauTHoe noje ¢ uaayknuei 0,1 Tn. OnpenenuTs BenmmuuHy 3.4.¢. XO0Ja

pu Toke | MA, mpoTekaromeM gepe3 o0paser.

5.49. VYnenpHas 3JIEKTPONPOBOMHOCTE W Kod(duumeHT Xoiua
2 1, -1 2 3
apceHusia MHIUS COOTBETCTBEHHO paBHBI 4:10° OM M ~ m 10 m’/Ku.
Cunras, 4yTO MPOBOAMMOCTH OCYLIECTBISIETCA 3apsgaMM OJHOIO 3HaKa,
OIIPEJETUTh UX KOHLEHTPAIMIO U MTOBHKHOCTb.

5.50. VYngenpHOE CONPOTHBICHHE MOHOKPHUCTAIIA KpPEMHHSA
JBIPOYHOTO TUTA MPOBOJUMOCTH MPU KOMHATHOU TeMIepaType COCTaBIISET
9-107 OM'M, MOABMXKHOCTH IbIpoK paBHa 0,04 M%/B-c. HaiiTh 3HauYcHHE
kod(dunreHTa Xoia.

5.51. K o0pasmy moryrmpoBOAHUKOBOTO MaTepHaiia IPHIOKEHO
MarauTHoe mosie ¢ mHaykuued 0,5 Tin. Kosddumment Xomra u yaenpHOE
CONPOTHUBIIEHUE MOJYIPOBOIHUKA COOTBETCTBEHHO PaBHbI — 3,66:10 M*/Kn
w1 8,93:10° Om-m. Haiitu yron XoiJa.

5.52. Beruucnuth ko3 durpent Xomia Uit KpucTajiia TepMaHus,
conepxamero 102 v aromo mamms u 10** M atomoB cypsMbl mpH

KOMHaTHOM TeMIieparype.

5.53. Nmeetcs obpaszell repManus ¢ nonepeyHsiM ceuenneM 0,1 X
0,2 cM ¥ KOHIIEHTpaIeil ernpyomieii npumecu, paroit 10 em. Bromb
oOpasma mpotekaer Tok 0,6 A. IlepneHIUKYIIPHO K HANPABICHHIO TOKa
JeficTByeT MarHuTHoe nosie ¢ uaaykuuen 0,5 Tiu. BeluuciuTh HanpsbkeHue
Xota MEXAy KOHTAKTaMH K Y3KHM CTOpOHaM OOKOBOW ITOBEPXHOCTH
oOpa3iia.

5.54. B oxkcnepumente mo u3ydenuto dddekra Xoma
KpeMHHEeBBIH o0paszen nmeeT jumHy 1,0 cM, Tommuay 0,1 cM, paccrosiHue
MEXIy XOJUIOBCKUMH dnekTpomamu 0,2 cm. Bmomb oOpasiia mpuiioxeHo
Hanpspkenue 0,245 B, 3HaueHWe MPOTEKAOMIEro TOKa — 5 MA, WHAYKIHS
MarHuTHOTO o715 — 1 T, BennumHa Hanpsihxerust Xouia oka3anach paBHOM
2 w™B. Tlomaras, 49to paccesHHe HOCHTENEH 3apsga OCYIIECTBISAETCS
TEIUIOBBIMHU KOJICOAHMSAMH KPUCTAIUIMYECKON PEHIeTKH, OTPEACINUTE: a) THII
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MIPOBOIMMOCTH TOJYIPOBOJHIKA, W3 KOTOPOTO BEITIONHEH oOpaser; 0)

KOHIIGHTPAIlMI0  OCHOBHBIX ~ HOCHTEJNeH 3apsna; B)  XOJJIOBCKYIO
MOABM)KHOCTh HOCHTENIEH 3apsa; I') MOABIKHOCTh HOCHTEINEH, CBA3aHHYIO
C TIPOTEKaHWEM OCHOBHOTO TOKa; 1) KoadoumueHT nuddysnn HOCHTENeH
3apsza.

5.55. B oOpasme repMmMaHHA, TOMEIIEHHOM BO B3aWMHO
NepIEeHANKYJISIPHBIE JIEKTPHUECKOe U MarHuTHoe 1oJst, agdexr Xoma He
HaOmonaerca. Kakylo uacTs oOWIEH 3JIEKTPONPOBOLHOCTH COCTaBISAET
JBIpOYHas?

5.56.00pazel; KpeMHHs 3JICKTPOHHOIO THIA MPOBOAMMOCTH MPH
100 K mmeer xodddurment Xomma, pasmbii 0,28:10% MK, Dueprus
HOHM3AIMU JOHOpHOW mpumecu coctaBiasier 0,04 5B. Onpenenuth
KOHIIEHTPAI[K JIOHOPHOM TPUMECH, 3JCKTPOHOB U JBIPOK, HpeHeOperast
BKJIaJIOM COOCTBEHHO# MPOBOJAUMOCTH.

5.57. BBIYUCIUTH OTHOCHUTEIBHOE H3MEHEHHE CONPOTUBIICHUS

23 22
KpucTtamia repmanus, coaepxamero 10” aromoB Mblmbska u 5-10
aTOMOB T'aJUIMsL, IPU [IOMEIEHUU B MarHUTHOE 1noJie ¢ uaaykuuei 0,5 T

5.58. Ilpu wm3ydenunm Hddexra Xomma B MAaTHATHOM IIOJIE C
nHAyKImeH, papaoi 0,5 Ti, monepeyHas HaIPSKEHHOCTH AIIEKTPUIECKOTO
mmoJisi B OECIpUMECHOM TepMaHuH OKa3zajach B 10 pa3 MeHbIIe IPOIOIBHON
HAIPSDKEHHOCTH 3JIEKTpUYECKOro mojs. HaliTh pa3HOCTh NOABUIKHOCTEH
3JIEKTPOHOB U JIBIPOK B UCCIIEJIOBAHHOM IIOJTYIIPOBOJHUKE.

5.59. B obpasie mogynpoBOIHHKOBOTO MaTepHaia, y KOTOPOTo
TIOJIBIXKHOCTh CBOOOJIHBIX BJISKTPOHOB B 2 pa3a OoJblle MOABHKHOCTH
IBIPOK, 3pdekt Xomra He HaOmogaeTcs. HaliTi OTHOIIEHHEe KOHIICHTpani
CBOOOIHBIX JIEKTPOHOB M JBIPOK B TAKOM MOJIYIIPOBOJHHKE.

5.60. HaliTM KOHLIEHTpalMIO OCHOBHBIX HOCUTENIEH 3apsija B
repMaHuu JplpoyHoro tuma nposoaumoct mnpu 300 K, ecnu usBecTHo, 4TO
IIPH 3TOH TeMIepaType HacTymaeT HHBEpCHs 3HaKa Kod(pduimeHTa Xouia.

5.61. Brprmcoute kodpdunment Xomma UL KPEMHES,
COJIEPIKAIEro 102 w3 npuMmecu Mblbsaka mpu 20 u 500 K. 3nauenwue
SHepruu woHm3anmuu mnpumecn cocrapiser 0,04 >B. Temmeparyproit
3aBUCHUMOCTBIO MOJIBIYKHOCTH CBOOOTHBIX HOCUTEINEH 3apsiia mpeHeopeyb.
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5.62. BbMMHCIATH OTHOIIEHHE TMPOJOJIFHOW HANPSIKEHHOCTH

3JIEKTPUYECKOTO TMOJSI K MOMEPEYHOHN Ul IIACTHHBI YHCTOTO KPEMHHS,

MOMEIICHHOW B MAarHUTHOE II0JIe HAIPsDKEHHOCThIO H = 8-10° A/,
Tojaras, 4To KpEMHUH SBIISETCS TTapaMarHeTHKOM.

5.63. Ompenenuth mpH KOMHATHOH TemmepaType ko3dduiment
Xomta B aHTUMOHHIE MHIMSA, COIEPIKalleM aKLENTOphl ¢ KOHIEHTpaluen
510" cm®, ecnm OTHOIIEHHE XOIIOBCKHX MOJBHIKHOCTEH 3IEKTPOHOB H
JBIPOK K napeiidoBeiM paBHO 1,18. M3BecTHO Takke, YTO MOABMKHOCTD
9JIEKTPOHOB TPEBBILIAET MOABHXHOCTH ABIPOK B 80 pa3, MarHUTHOE IOJIe
SIBJISIETCSI CIIA0BIM.

5.64. Ilpu ompeneneHHONl TeMmmeparype, MpeBbIIIarONIEH
TeMIepaTypy HHBEpCHMU 3Haka kod(d¢uienta XoJuia, 3TOT MapaMeTp
OKa3zaJiCsi  paBHBIM 3,66:10*  M°/Kn.  Yaemsnoe CONPOTHUBIICHNE
MOJIYIPOBOIHUKA COCTABUJIIO 8,93~10'3 OM'M, HHAYKIMSI MarHUTHOTO MOJIS
— 0,5 Tn. Ilonarasg, 4YyTO NPOBOAMMOCTb OCYILECTBISIETCS HOCHUTEISIMHU
OJTHOTO 3HaKa, HAWTH WX KOHIICHTPAI[MIO M IOABIDKHOCTB, a TakXke Yroil
Xomna.

5.65. Bermcaute ko3pdumment Xomra s COOCTBEHHOTO
kpemHHuA npu Temnepatypax 20 u 200 K. TemmeparypHOi 3aBUCHMOCTBIO
IIOJIBMYKHOCTH TIpEHEOPEYb.

6. HEPABHOBECHBIE IMPOLECCHI B TBEPJbBIX TEJIAX

6.1. HaiitTu, Ha Kakyl0 BEJIMYMHY M KaK HW3MEHUTCS BpeMs
penaKkcaii OCHOBHBIX HOCHTENEH 3apsaa B TepMaHUU 3JIEKTPOHHOTO THIA
MIPOBOANMOCTH  TIOCJI€  IIPOBEJCHUS  JIOMOJHUTEIBHOTO  JIETHPOBAHUS
oOpa3ua mpuMecblo 0Oopa, B pe3ylbTare KOTOPOTO IPOBOAUMOCTD

YMEHBILIHUJIACH C 102 o 2-10* omtm™.

6.2. TIOABMXHOCTH OJIEKTPOHOB W JIBIPOK B MOHOKPHCTAJIE
KpEMHHS ITPH KOMHATHOM TeMmepaType cooTBeTcTBeHHO paBHEI 0,16 1 0,04
M?/B-c. Haiitn ko5 duiments! quddy3nn 51eKTPOHOB i ABIPOK.

6.3. Bpems >xu3HU HOcUTeNeH 3apsja B MOJIyNIPOBOAHUKAX CUIBHO
3aBUCUT OT KauecTBa NOBEpPXHOCTHU. IIpu nccrenoBaHMM MOHOKpHUCTAaIa
repMaHus D3JEKTPOHHOTO THIIA MPOBOJAUMOCTH € HeoOpaboTaHHOM
MIOBEPXHOCTBIO OBLIO HaMJEHO, YTO BpeMs >KU3HH OCHOBHBIX HOCHTENEH
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3apsga CcocTaBlIgeT 78 MKC, a y oOpas3ma, MOBEPXHOCTH KOTOPOTO
MOJBEpIIach HOHHOMY TpaBieHuto, - 340 wmkc. [lomaras, uro
TOJBIKHOCTD 3JEKTPOHOB paBHa 0,36 M%/B-c, Haittn auddysnoHHyiO
JUTHHY 3JIEKTPOHA P KOMHATHOH TeMmepaType B 000ux o0pasmax.

6.4. HaiiTh TOABWXHOCTH JABIPOK B  MOJYIPOBOJHHKE
SJIEKTPOHHOTO THUIIA NPOBOAUMOCTH, eciH IU(dy3HOHHAS IUIMHA IBIPKH
IIpYU KOMHATHOHM Temneparype coctasiser 0,1 cM, a BpeMsi KM3HHU PaBHO
100 Mxc.

6.5. VMmeercs omHOponAHAs IUIACTHHA MOHOKPHCTAJUIMYECKOTO
KPEMHUS 3JIEKTPOHHOIO TUIIA IPOBOJUMOCTH IIPU KOMHATHOU TeMIEpaType
C KOHIGHTpauMel [OHOpHOH mpuMecH, paBHOH 2,25-10% em’,
HCpBOHa‘IaﬂLHO IUTaCTUHA HaXoAuJ1aChb B COCTOAHHUU TEPMOIUHAMUYCCKOTO
PaBHOBECHSI, 3aTeM IOJBEPIiach NEHCTBUIO MOTOKA MOHOXPOMAaTHYECKOTO
CBETa, TIIOCIE YEro COCTOSIHHE TEPMOJMHAMHYECKOTO PaBHOBECHUS
BOCCTaHOBMIIOCH. OIIPEAENTh: a) PABHOBECHBIE KOHIICHTPAIINN 3JIEKTPOHOB
U IBIpOK; 0) HEpaBHOBECHBIC KOHIIEHTPAIWMU 3JEKTPOHOB W JBIPOK I
CIIEAYIONINX 3HAYECHUH KOHIEHTpalWM HW30BITOYHBIX HOCHTENEH 3apsna:
DAng=Ap, = 10" oM™ 2) Ang=Ap, ==10" cm® B) kaxoii YpOBCHB
BO30YXIeHNsI (HU3KHUIl MM BBICOKHMIT) OyAET peann3oBaH B KAXKIOM CIIydae.

6.6. B mosynpoBOAHUKE 3JEKTPOHHOIO THIA IPOBOJUMOCTH
CKOpPOCTh PEKOMOWHAIMU JBIPOK paBHA 10%cm3c?, a wu3GbiTouHas
KOHILIEHTPALMs JBIPOK COCTABIISET 10" cm. Haiitn cpenHee BpeMs KU3HU
HEOCHOBHBIX HEPaBHOBECHBIX HOCHTENIEH 3apsija.

6.7. OOpazer; MOHOKPUCTAUTMYECKOTO TePMaHUs, HAXOISIIUICS
Ipu KOMHATHOHM TeMIlepaType, IOABEPracTcs HEMpepBIBHOMY ICHCTBHUIO
(OTOHOB. DTO BHEIIHEE BO30YXKICHHE HOHH3HPYET aTOMBI TIPHMECH,
co3aBas KOHUEHTpammio mpuMecHbx moHoB Np = 107 com® u
00yCIIOBITMBACT MOCTOSIHHYIO TEHEPAIUIO 108 AJIEKTPOHHO-ABIPOYHBIX TP
B cekyHAy. [lomcuntaTh M30BITOYHYIO KOHIICHTPAIIMIO HOCHUTEIICH, a TaKKe
OTHOCHTEJIbHOEC M3MEHEHHE KOHIICHTPAI[MH HOCHTEICH 3apsa BCIICACTBUE
AeicTBUA (OTOHOB, €CIIH Ty = Tp = 2 MC.

ITycte Bpems neiicTBHS MOTOKA (POTOHOB MPEKPAIIAETCS B MOMEHT
BpemeHn t=t;. Kax m3mMeHuTCS BO BpeMeHH H30BITOYHAS KOHIICHTPALUS
IeIpok pH t>1;? 3a xakoe Bpems M30BITOYHAST KOHIIEHTPAIUS CHU3UTCS 10
5 % Ha4aNbHOTO 3HAYEHUS?
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6.8. B mnockocth X= 0 KpeMHHEBOTO 00pasma JBIPOYHOTO THIA
HPOBOIANMOCTH pH KOMHATHOM TeMIepaType MOCTOSIHHO
WHXEKTHPYIOTCS 3JIEKTPOHBI, BpeMs XU3HH KOTOPBIX cocTaBisier 10 MKc.
Ompenenuts paccTOSHHWE, Ha KOTOPOM KOHIEHTPAIMsi HEOCHOBHBIX
HEPaBHOBECHBIX HOCHTENCH 3apsa YMEHBLINTCS Ha MOPSIOK.

6.9. B kpucramu repMaHus 3JNEKTPOHHOTO THIA TPOBOJUMOCTH C
KOHIIEHTpaluuel JOHOPHOU INPUMECHU 10" cm? npu t=0 MHXEKTHPOBaHBI
mepki ¢ kommentpammeit 10 cm®. Tlomaras, uto Bce IOHOPHI
HOHU3UPOBAHBI, a BpPeMs JKU3HU IBIPOK MOCTOSHHO M paBHO 100 Mkc,
paccuuTath BpeMs 1, 10 HCTEYEHHH KOTOPOTO IPOBOIAMMOCTH
MOJIYIPOBOTHUKOBOTO KPUCTAJLIA YMEHBIIUTCS A0 3HadeHust 3,51 Om™tem™
Temnepatypa o0Opasua nocrosinaa u pasHa 300 K.

6.10. IlpoBogmMocTh OecCIpPUMECHOTO TOJXYHNPOBOOHHKA B
HCXOJHOM COCTOSHUH Gy = 2,0 OM'l-M'l, a B MOMCHT OOIydeHUS
HCTOYHHUKOM TCHEpallnu HOCHTENEH cocTaBisieT 61=2,4 omtm™, Coycra t,
=10 MKC TOCJIC BBIKIIOYECHHS HCTOYHHWKA TE€HEpalnH, INPOBOJUMOCTD
obpasma ymama 1o o, = 2,3 Om™*m™. Haiirn CpelHee BpeMs XKHU3HU
M30BITOYHBIX HOCUTENEH 3apsaa, eciiu TeMmepaTypa pasaa 300 K u o6pazen
IIpu OOTyYeHHH HE HarpeBaeTcs.

6.11. VY nensHOE COTIPOTHBIICHHE GecripuMecHOro
NIOJIyIIPOBOJIHUKOBOI'O MOHOKpDUCTaJlIa IIpM KOMHATHOM TeMIEparype
cocraBiger 50 Om-cm. Ilocne BKIIOUEHHS MCTOYHHMKA 3IEKTPOMArHUTHOTO
W3TydeHuss OHO cTamo paBHeIM 40 Om'cMm, a cmycts 8 Mc Tocie
BBIKJTIOUEHHSI HMCTOYHHKA JJISKTPOMArHUTHOTO HW3JIyYEHUS YAENbHOE
CONPOTHUBIIEHUE OKa3ajoch paBHbIM 45 Owm-cMm. Hailtu cpeanee Bpems
KHM3HU CBOOOJHBIX HOCHTEJICH 3apsija.

6.12. B MOMEHT BpeMeHH t; B TOJIyIPOBOAHUK OBIJIO BBEJCHO
HeOOJbIIOE KOJIMYECTBO HW3OBITOYHBIX JBIPpOK. HalTH KOHLEHTparuro
JBIPOK, KOTOpAsi OCTalach HECBSI3aHHOM K MOMEHTY BPEMEHU 1.

6.13. HaiiTn MCXOIHYIO KOHIICHTPAIMIO M30BITOUYHBIX HOCHUTENCH
3apsga B MOJYNPOBOJHHMKE, €CAM IOCIE MPEKPAIICHUS BO30YKICHHS B

MOMEHT BpeMeHH ty = 0 3a mroboii mHTepBam Bpemenm At = 107 ¢

KOHIICHTpalusa M30BITOYHBIX HOCHUTEJIEH 3apsaaa YMCHBINACTCA Ha JBa

opsiKa i B MOMEHT BpemerH ty = 1.1-10™ ¢ cocrasmsier 10™ em™.
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6.14. K MoMeHTy mpekpameHuss BO30YXICHUS KOHIICHTPAIHS
M30BITOYHBIX 3JEKTPOHOB B T€PMAHUH JBIPOYHOTO THINA HPOBOIUMOCTH
cocrapmsima 10% e Ipyu KOMHAaTHOW Temmeparype. CIycTst BpeMs, paBHOE
1 MKc, KOHIIEHTpanus W30BITOYHBIX HOCUTEJICH ymana 1o 10 em®, Ucxons
13 IPUBECHHBIX IaHHBIX, BEIYUCINTD CCUCHNE 3aXBaTa JIEKTPOHOB.

6.15. HaifTh KOHIEHTpAIMIO JIOBYIIEK B COOCTBEHHOM
MOJYNPOBOJHUKE MPU KOMHATHOM TeMIeparype, €ClM CEYeHHs 3axBara
SIEKTPOHOB M IBIPOK paBHEI H cocTaBmsmor 10™° cM? Bpems xu3num
M30BITOYHBIX HOcHTeNield 3apsiga paBHO 30 Mkc. CunTarh, YTO YpOBEHb
BO30Y)K/IeHHsT HEBEIMK, a pPEKOMOMHAIMs NpOTeKaeT uepe3 IEeHTPHI,

JIOKQJIM30BAHHBIC TOCEPECANHE 3anpe1ueHH0171 30HBI.

6.16. B repmaHuMM DSJIEKTPOHHOTO THIMA TMPOBOJUMOCTH C
YACNbHBIM ~ COMPOTHBICHUWEM, paBHbIM 5 OM'CM, 0pU KOMHATHON
TeMIIepaType KOHIEHTPALHs JOBYIICUHbIX IEHTPOB cocTasisier 510 em?,
a WX DJHEPreTHYEeCKUil ypOBEHb COBIAJACT C CEPEAMHON 3ampelleHHOM
30HBI. Bpemsi KH3HM HEOCHOBHBIX HEPAaBHOBECHBIX HOCHTENCH 3apsiia

4 o
cocrtasisieT 10° c. Halitu ceueHne 3axBaTa JIOBYHICYHBIX HCHTPOB.

6.17. B momeHT BpemeHu t; = 10" ¢ mocie BBIKITIOYCHHS
paBHOMEpHOW 1O 00BEMYy TEHepaluu 3JIEKTPOHHO-ABIPOYHBIX  Iap
HEpaBHOBECHAss KOHIIEHTpAllUs HOCHUTENEeH 3apsja okazamack B 10 pas
Gombure, weM B MomeHnt t, = 10° c. Omnpenenuts BpeMs JKU3HH
HEPaBHOBECHBIX HOCHUTEJEH 3apsaa, €CII YPOBEHb BO30YKICHUS HEBEIUK U

pEeKOMOUMHALMS UIET Yepe3 NpocThie Ne(eKThI.

6.18. Onpenenutp 3aKOH U3MEHEHHSI CO BpPEMEHEM KOHLIEHTPALUU
M30BITOYHBIX HOCHUTEJICH 3apsga B IIONYIPOBOJHUKE SJICKTPOHHOTO THIIA
MIPOBOJIUMOCTH, €CJIH TIOCJIC BEIKITIOUCHHUS MCTOYHUKA TeHEPAIU B MOMEHT
Bpemenn t = 0 Temn pexomGuHamun R = a (Np — N’ ), /e & — HOCTOSHHBIN
KOX(PHUIIHECHT.

6.19. B repMaHuMM OJIEKTPOHHOTO THUIA NPOBOAUMOCTH C
KOHI[GHTpAIlMell OCHOBHBIX HOCHTeneil 3apsiza, pasHoii 10 oM™ |
CTaIlMOHAPHBIM HCTOYHHUKOM PAaBHOMEPHO IO BCEMY 00BEMY T€HEPHPYIOTCS
3JIEKTPOHHO-ABIPOYHbIE  Mapbl  Hocureneil. Ilpu  HU3KOM  ypOBHE
BO30YK/IEHHS BpeMsl JKU3HHM cocTaBiasseT 2 Mkc, a mpu An/ng = 0.1
peKOMOMHAIIMS TIPOUCXOIUT C TIOCTOSTHHON BpeMeHH, paBHOH 4,7 MKC.
Cunras, 9T0 peKOMOWHAIMA MPOUCXOANUT Ha MPOCTHIX IeHTpax ¢ Ey= E; —
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0,20 3B, ompenennuTh OTHOIICHHE CEYCHUI 3aXBaTa IBIPOK M AJIEKTPOHOB
mpu 300 K.

6.20. BprauciuTh nonokeHue kBa3nypoBHI DepMU OTHOCHTEIIEHO
CepenMHbl 3alpelIeHHON 30HBI KPEMHHUS C KOHIEHTpanMeH JOHOPHBIX
atomoB 10" cm™ mpu temnepatype 350 K u KoHIeHTpanun n30BITOYHBIX
JBIPOK 510" em. N300pa3uTh 30HHYIO THATPAMMY.

6.21. PaccunTarh monokeHue KBa3uypoBHsS DepMH U MOCTPOUTH
30HHYIO JuarpaMMy repmanms, comepxkarmero 10 cm™ axuenropmoit
IIpUMECH, €cld Ipu TeMmieparype, paBHoil 35 K, B MoHOkpucrama
MHKEKTHPOBAHBI H30BITOUHBIC JIEKTPOHBI ¢ KOHHeHTpammeir 3-10™ oM,
OHeprus HOHM3AIUK aKLENTOPHOM mpumecH cocrasnser 0,001 3B.

6.22.  OmpenenuTh  MNOJOXEHHWE  KBasHypoBHell ~ Depmu
OTHOCHTENBHO CEpeAMHbI 3alpelIeHHOH 30HBI B  IOIYIPOBOJIHHKE,
JIETMPOBAaHHOM aKLENITOPHON NPUMECHI0 ¢ KOHLEHTpauuen 10*° cm® npu
KOMHaTHOW  Temmeparype. [3BecTHO, 4YTO CKOPOCTh T€HEpaunuu
HEpaBHOBECHBIX HOCHUTENIEH 3apsa paBHA 108 M, BpeMsl JKU3HHU
9JIEKTPOHOB cocTaBisieT 10 MKC, COOCTBEHHAs! KOHIIEHTPALUsI HOCUTENEH —

10% em®.
7. ONTUYECKHUE SIBJEHUSA B TBEPIbIX TEJIAX

7.1. H3BecTHEI 3HAYCHUS JTAHBI BOJIHEI ¢doroHa,
COOTBETCTBYIOIIUE  TOPOTY  (PyHIZAaMEHTATbHOTO  MOTJIONICHHUS B
nosnynpoBoanukax: 3,00; 1,65; 1,05; 0,82 u 0,47 mxm. Onpenenurb, Kakue
MTOJTYTIPOBOTHUKOBEIE MaTepHAIBI HCCIICTOBAHEIL.

7.2. lllupuHa 3anpeiieHHoON 30Hbl KPEMHHUS paBHa npumepHo 1,2
3B, a repmanus 0,75 3B npu TemnepaTtype abCOMOTHOTO HyIs. JIJIs Kakux
JUTUH BOJIH 3TH KPUCTAJIIBI HEIIPO3PAuHBI?

7.3. UwucTtele KpHUCTaUIBI TaJOTEHUIOB MIEJOYHBIX METaJIOB
MPO3pavHbl B BUJUMOM 00JIACTH CTIEKTpa. 3HAUCHHSI ITUPHHBI 3aMPEIIeHHON
30HBI ISl TPEX TAKUX KPHUCTAJIOB TPUBOISTCS HUXKE.

Kpucramt KCl KBr Kl Breraucnuts 118 KaxKaoro
A3 KPUCTALIOB JUIMHY
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BOJIHEI, HayMHas c
KOTOpOH KpUCTaII

AEy5B 76 6,5 56 p p
CTAHOBHUTCS
HEMpPO3pavyHbIM.

7.4. KakoBa  dgacToTa  3JEKTPOMAarHUTHOTO  HW3JIy4CHUS,
HEOOXO0UMOTO:
a) JUIs TIepeBojia JJEKTPOHA B aTOME BOJIOPOAa W3 OCHOBHOTO B IMEPBOE
BO30YXKIIEHHOE COCTOsTHIE; 0) momHoN noHu3anwu atoMa? K kakoi obmactu
CHEKTPa OTHOCHUTCSI ATO JIEKTPOMATHUTHOE M3Ty4eHHe?

7.5. BBMUHUCINTH OTHOCHUTEIIBHOE H3MEHEHHE MIPOBOANMOCTHU
MOJyITPOBOJIHUKA C KOHIIGHTPAI[MCH OCHOBHBIX HOCHUTENCH 3apsnia
(s;mekTpoHoB), pasHoit 10 oM, NP CTallMOHAPHOM  OOJTyYeHUH
SJICKTPOMArHUTHBIM U3JTYYCHUEM C UHTCHCUBHOCTBIO

510" xpamtoB mHa 1 cm® moBepxmoctH B cekyHay. Kosdouument
norsomenus o pasen 100 cM™, TommmHa 06pasia Maa 1o CPaBHEHHMIO C o
! pexoMOMHAIMS NPOMCXOAMT HAa MHPOCTHIX Ae(EeKTaX C MOCTOSHHOI
BpeMmeHu T = 200 MKc.

7.6. W3 1aByX MOIYNPOBOJHUKOBBIX MAaTEpUANIOB, IMUPUHA
3alpelieHHON 30HbI OJTHOTO U3 KOTOPLIX paBHa 1,5 3B, a npyroro — 1,6 3B B
€IMHOM MOHOKpHCTaIIIe co3aH P-N-reteponepexo. M3nydenne nagaer Ha
TeTepoIIepexo]] CO CTOPOHBI IOJYNPOBOJHHKA C OOJIbIIEH IMIMPUHON
3alpelleHHON 30HBl. HailTu CHekTpanbHy!0 II0JOCY YYBCTBUTEJIBHOCTH
Takoro GoTONpHUEMHHKA.

7.7. Tlpu oTpaxeHWH cBeTa ¢ JUIMHOH BOJHBI A = 100 MKMm
TIOJIYIIPOBOTHUKOBEIM ~ 00pa3lioM  OOJIBIIONW  TOJIIMHBI  KOA(PHHUITUEHT
otpakeHust R = =0,36. KoaddunueHT mponyckaHus IUIEHKA U3 TOTO JKe
MaTepuana TommuHOH 1 MM paBen 7 = 0,17. Haiitm xo3ddumment
MOTJIOIEHHUS O.

7.8. HailiTu BenMUMHBI KBa3UBOJHOBBIX BEKTOPOB 3JEKTPOHA U
JBIPKY, TEHEPUPYEMBbIX IPU MOIVIOMIEHHH KBAaHTa CBETa B IPSIMO30HHOM
MONYIIPOBOJHUKE C  MapaOOJMYSCKUMH  H30TPOIHBIMHA  3aKOHAMH
qucnepcuu. IlpuHATH muUpHHY 3anpemeHHoil 30HbI, paBHoH 0,3 3B,
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sHepruro kBaHTa — 0,313B, mokaszarems mpemomienus N = 4,
3¢ deKTHBHBIE MacCHl M, =M, .

8. MATHUTHBIE CBOIICTBA TBEPIbBIX TEJI

8.1. Mornekyna xuciopoma 00IaJacT MAarHUTHBIM MOMCHTOM,
paBHbIM 2,8  MarHeToHa ~ Oopa.  BBIUMCITHTBE: a)  MarHUTHYIO
BOCIIPUMMYHUBOCTH | M KHCIIOpPOZia TpPH KOMHATHOM TeMIepaType Hu
napneHnn 140 atm (oOpryHOE naBieHHMEe B OaioHe € Tra3000pa3HBIM
KHCJIOPOIOM); 0) HAMarHUYEHHOCTH | M KHCIIOPOJA MPU yKa3aHHBIX BBIIIE
YCIOBHUSIX B MATHUTHOM T0JIE 3eMITH.

8.2. Haiitn marauTHbIi MoMeHT M w MarHuTHYIO WHIYKIUIO

B nns oOpasua  Meramiudeckoro HHOOMA, IOMEIIEHHOTO B  IOJE
HaInps)KEeHHOCTHIO 10° A/M. Kak W3MCHHTCS BEIMYMHA MATHHUTHOl
WHIYKIUH B TPUCYTCTBMM HHOOUS 10 CpPaBHEHUIO CO 3Ha4YCHHEM
MarHUTHOH WHAYKIMM B  BaKkyymMe Tpd  yKa3aHHOM 3HAYCHUU
HATPSDKCHHOCTH MAarHUTHOTO IIOJIS, ©CJIM MAarHWTHAas BOCHPHUHUMYUBOCTH
HHOOWSI COCTaBIIACT MPUOIM3UTEIHHO 2,3-10°°.

8.3. Pemmth mpeapigymyro 3agady JUid T€pMaHMs, Y KOTOPOTO
-6
MarHuTHasi BOCHPUMMYHBOCTh NTPUOIM3UTENIFHO paBHa -107.

8.4. BoruncnuTh 3HaUY€HUE MAarHUTHOW MHIYKIIUHU JUIS T€pMaHus,
HaxoJsIIETroCcsl B MArHUTHOM I10JI€ HAMIPSKEHHOCTHIO 10° A/m.

8.5. OueHnTh HaMarHW4eHHOCTh (eppomarHeruka mpu 7' — 0 u
mpu T — 0, rae 6 — remneparypa Kiopu-Beiicca.

8.6. M3BecTHO, 9TO dHEPrusi OOMEHHOTO B3aUMOJICHCTBUS CHIIBHO
y6BIBaeT HpI/I yBeJ’II/I‘IeHI/II/I paCCTOHHI/IH Me>1<11y aTOMaMH. OHCHI/ITB 3Heprmo
OOMEHHOTO B3aMMOJCHCTBHS JJIS JKelie3a, HUKENs, KoOanbTa, TaJoHHUSA,
€CJIH U3BECTHO, UTO O = 1043; Oy =631; O, = 1400; Ogq= 289 K.

8.7. OueHUTb »HHEPrHIO B3aUMOJEHCTBUS JBYX MAarHUTHBIX
JUIOJICH, YHalleHHBIX Jpyr OT Jpyra Ha pPAacCTOSHUE IOpPSIKa
spdextusHOro auamerpa atomoB ( = 1A ). CpaBuuth mosiydeHHOE
3HaYCHWE C BeIWMYMHOH oOMeHHOM odHepruu. Kakoe w3 3THX
B3aMMOICHCTBHI ONPEACIIET MPUPOLY heppoOMarHeTH3Ma TBEPABIX TEJI?
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8.8. CpaBHuTh wuMemmecs B (QeppoMarHeTHKax 3HAYCHUS

SHEpPruii OOMEHHOTO0, MAarHMTOCTATHYECKOTO W 3JIEKTPOCTATHYECKOTO

B3aUMOJIEHCTBUI ¢ BEIMYMHON TEIUIOBOM SHEPTUU NpU TeMIeparypax I; =

1 Ku 7, =300 K npu paccTosHUN MEXAY B3aUMOAEHCTBYIOIIMMYU aTOMaMHU

nopsaka 1A, Onpenenuts, Kkakoe W3 B3aUMOJEHCTBHMH — —

NIEKTPOCTATUIECKOE nnm MarHATOCTaTHYECKOE CIIOCOOCTBYET
YCTaHOBJICHUIO OOMEHHOTO B3aMMOJICHCTBHSI.

8.9. DHeprusi TOMEHHBIX CTEHOK B JKEJIE3€ COCTAaBJISIET OKOJIO 10°
Jix/M?. BhlapciuTh: a) OOIIYI0 IUIOmAgh JOMEHHEIX CTEHOK 06pasia
xenesa Maccoit 0,5 kr; 0) MOJHYIO YHEPTUI0 BCEX MTOMEHHBIX CTEHOK. Jliist
IPOCTOTHI paCUCTOB CYNUTATh, YTO B TUIIMYHOM 06pa3ue pasMarHn4cHHOTO
MOJIUKPHUCTAIUINYECKOTO xKejaesa  JIOMEHBI UMEIOT dopmy
napamenenumnenos ¢ pasmepamu 0,1 X 0.01 X 0.01 cm.

8.10. Haiith HaMarHMYEHHOCTb [JIMHHOI'O TOHKOTO CTEpPKHS,
M3TOTOBJICHHOTO W3 TEXHHYECKH YHCTOTO jKeJe3a, JJIMHHAS OCh KOTOPOTO
pactioyiokeHa BIOJIb OCH 36MHOTO MarHUTHOTO TIOJISA, €CII OTHOCHTENNbHAS
MarHUTHAs MPOHHUIIAEMOCTh MaTepHalia COCTABISET 5-10°.

8.11. IlokazaTh, 4TO MarHUTOYIpyras 3HEPIHs 3aMbIKAOIIMX
JIOMEHOB UMEeT BeJIMYMHY nopsaka 50 }1}1(/M3.

8.12. deppomarHuTHOE Kene30 00sanacT Kyon4eckoil 00beMHO-
HEeHTPUPOBAHHONW pEIIETKOH C MNepHoAOM wHaeHTHuHOCTH 2,86 A 1
HaMarHu4eHHOCThIO 1,75-106 I'c. BpluucauTh MArHUTHBIA MOMEHT,
MIPUXOSIIUICS Ha OJWH aTOM >Kene3a, B MarHeToHax bopa.

8.13. MarsuTHelii MOMEHT aToMa TaJIOJIMHUS cocTaBisgeT 7,95
MarHetoHa bopa. OmpenennTs HaMarHMYEHHOCTHh HACHIMICHHUS KPUCTAJUIA
TalOIMHKS, €COM OH 00JajaeT TpaHEICHTPUPOBAHHOH KyOHMUYECKOU
PEIIeTKOl ¢ TIepHOIOM HIEHTHIHOCTH, PaBHBIM 3,2 A.

8.14. Cpenuuii MarHMTHBIA MOMEHT aroMa (eppoMarHeTHkKa
cocraisiet 0,6 marnerona bopa, HAMarHUYEHHOCTh HACBILICHUS 5,1-105 Tc.
Bpraucnute mepuos WACHTUYHOCTH TPAHEIEHTPUPOBAHHOW KyOWYeCKOU
pelIeTKH.

8.15. Jlomyckasi, d9TO >Keie30 SBISIETCS MapaMarHeTHKOM B
IIMPOKON 007acTH TeMmImeparyp, OIEHWUTHh HANpsHKEHHOCTh MAarHUTHOTO
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moJs, HEOOXOAMMYIO MJIs CO3JaHHMs IIpH KOMHATHOH TeMIeparype
CIIOHTAHHO} HaMarHUYEHHOCTH, paBHOH 0,12 Ti.

8.16. B omprTax mo n3ydeHuro MetonoM SIMP MarHUTHBIX CBOHCTB
aToM0oB Mg B OCHOBHOM COCTOSHHH OOHADYKEHO pPE30HAHCHOE
MIOTJIONIEHHE HEPTUH NPU WHAYKIUH MarHuTHOTO noist 0,54 T u wactore
1,4 MI'u. Onpenenuts snepHbIi ¢pakrop Jlanme.

8.17. CBOOOMHBIN MPOTOH HAXOIWTCS B MOCTOSHHOM MAarHHTHOM
moyie ¢ mHAyKnueid 1 Tn. Onpenenuts 4acToTy MEPEeMEHHOTO MArHUTHOTO
MoJisi, TPU KOTOPOHM MPOMCXOAWT PE3OHAHCHOE TIOIJIONICHUE DHEPTUU
BHEIITHET'O TOJIS IPOTOHOM.

8.18. MeToioM MarHUTHOTO PE30HAHCA OMPEAEISIOT MarHUTHBINA
MOMEHT HeHWTpoHa. Pe3oHaHCHOE MOTIIONIEeHUE SHEPTUHN HAOII0AAeTCs MpU
3HAYEHUU MarHuTHOW MHAYKIMH MocTossHHOro mois 0,682 Ta u uvacrorte
IepeMeHHoTr0 1oy, paBHOW 19,9 MI'm. Bemucmuth snepHbi (akTop
Jlange.

8.19. BpluMCIUTH BEIMYMHY MAarHUTHOTO TOJs, B KOTOPOM
pEe30HaHCHAsA YacToTa Ul mpoToHa OyneT paBHa: a) 1 MI'm; 6) 100 MI.
SIBISAIOTCS TN TaKKe MO SKCIEPUMEHTAIEHO OCYIIECTBIMBIMI?

8.20. Haiitu momne, mpu KOTOPOM HMMEET MECTO 3JIEKTPOHHBIH
11 v
pe3oHanc Ha yactore 107" I'n, moxarasi, uro saepHslii pakrop Jlange paBen
2.

9. KOHTAKTHBIE SIBJIEHUS B TBEPABIX TEJIAX

9.1. lBa OTHOBAJICHTHBIX METAJUIa MPUBEJCHBI B KOHTAKT, T.C. IO
BCEH NMOBEPXHOCTU CONIPUKOCHOBEHHUSI OHU OTCTOAT APYT OT JApyra JIMIIb Ha
BEJIMYMHY OJIHOTO TapaMeTpa KPUCTAINIMYECKOH peleTku, paBHoro 2 A.
KoHTakTHas pa3HOCTh MOTEHIMANIOB cocTaBisieT 1 B, miomanpr koHTakTta 1
M’, KaIBIi 13 06PA3IOB METAILIOB MPEACTABILET CO60it KyO ¢ pebpom 1 M.
Uemy paBeH TNOTOK 3apsioB M3 OJHOrO MeTauia B apyroi? Haiitu
MPOICHTHOE W3MCHCHHE KOHICHTPALWU 3JCKTPOHOB OJHOTO H3 KyOOB,
00yCIIOBIICHHOE TIEPETCKAaHUEM 3apsIJIOB B APYron oOpaserl.



38

9.2. Ha noBepXHOCTH KPEMHUS ABIPOYHOIO THUIA IPOBOAUMOCTH
CymiecTByeT OOSTHEHHBIN CION C MpeHeOpe)kKNMO Mayloil KOHIICHTpanuei
HocuTenel 3apsna. Haliti TommHy oOmacti o0beMHOro 3apsima mpu 300
K, ecnmm moBepxHOCTHBIM moTeHIMan paseH 0,25 B, a koHmeHTpamus
MeiISKHXBHOHHOCTL}o HMOHU3UPOBAHHBIX AKIENTOPOB B 00BEME COCTABISIET
107 em™.

9.3. B ycnoBusX Npeaplayliei 3aiaydl OLEHUTh HAaNpsKEHHOCTh
T10JI HA TIOBEPXHOCTH MOJYIPOBOJHHUKA.

94. Ha DOBEepXHOCTHM  KPEMHHS  JJEKTPOHHOIO  THMA
MIPOBOJMMOCTH TP KOMHATHOW TeMIepaType CYIIeCTBYeT OOeqHEHHBIN
cinoii. Ilpu kakoM 3HaUYeHHMH MOTEHIMala B IPHIIOBEPXHOCTHOM 00JIacTH
KOHIIEHTPAIUS IBIPOK CPABHSIETCS ¢ KOHIIEHTpaluei anekTpoHos? OIeHUTh
TOJIIHUHY MPHUIIOBEPXHOCTHOrO Cios, B KotopoMm P(X) > n(x), ecnu
MOBEPXHOCTHBIM moTeHnuan paseH 0,5 B, KoHUEHTpauusi 3J€KTPOHOB B
obbeme 10" cm?, a momBmKHOCTH 3JEKTPOHOB B 2,9 paza mpeBbllLIacT
TIOJIBIXKHOCTB JIBIPOK.

9.5. HaiiTu TOBEpXHOCTHBIH TOTEHIMAN M COOCTBEHHOTO
repMaHWs TNpH  KOMHATHOW  TeMmIeparype, €Clii  KOHIICHTpaIus
aJIcCOPOMPOBAHHON HA €ro MOBEPXHOCTH MOJHOCTHIO HOHU3UPOBAHHOM
JIOHOPHOM PUMECH COCTABIISIET 107 em™

9.6. Paccuntars He0OX0ANMBIE TapaMeTPhl U N300pa3UTh 30HHYIO
JarpaMMy pPaBHOBECHOTO COCTOSIHUS KoHTakTa IIIOTTKM Tpu KOMHATHOU
TeMIIepaType, €Cii KOHIICHTpAIUs JTOHOPHOW MPUMECH B KPEMHHUU paBHA
10'® CM'3, KOHTaKTHas pa3HocTh noreHuuanoB 0,6 B, muomans koHTakTa 1
MMZ, eMKOCTh — 840 nd.

9.7. Paccunrarh HEOOXOAMMBIE MapaMeTphl U MOCTPOUTH 30HHBIE
JararpaMmsl anoja ¢ 6aprepoM 11IoTTkM Ha OCHOBE KpeMHHMS JIEKTPOHHOTO
TUMAa MPOBOAMMOCTH NpPU KOMHATHOH TeMIepaType B paBHOBECHOM
COCTOSTHHH, a TaK)Ke IpH NpsiMoM cMetiernd 1 B u obpatHom cmemenun 20
B mpu cnenyromux mapaMerpax: paboTa BBIXOZQ IJIEKTPOHA U3 MeTaiia
cocrapsier 1 9B, KoHueHTparust foHOpHO# mpumeck - 10™ ev™®,

9.8. PaccunraTh HEOOXOIUMBIE MApaMETPHI U IIOCTPOUTH 30HHEIC
auarpamMmbl - amona ¢ Oapeepom  IIIoTTkM Ha OCHOBE TepMaHUsS
QNEKTPOHHOTO THMA TpoBoAMMOCTH mpu Temmeparype 200 K B
PaBHOBECHOM COCTOSIHMHM, a Takxke npu mnpsmom cmeniennud 0,5 B u
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obparaoMm cmemennn 10 B npu crregyrommx mapamerpax: padoTa BEIXOOa
3JeKTpoHa M3 Mertamuia coctasiger 0,9 3B, koHLeHTpauus IOHOpPHOU
npumecr — 10 e,

9.9. PaccuntaTh M TOCTPOUTH BOJBT-aMIICPHBIC XapPAKTCPUCTHKH
auona ¢ GaprepoM IIOTTKH TpH KOMHATHOW TeMIieparype moJaras, uTo
KOHTAaKTHasi PasHOCTh MOTEHIMamoB cocraBuster 0,6 B, koHmeHTparms
nosopHoil npumect — 10" cM™. sMeHeHue IpsMOro CMeEIeH:s Ha THOe
—ot 0 1o 1 B uepes 0,2 B, obparHoro — ot 0 10 50 B uepe3 10 B.

9.10. OmpenenuTh KOHTAKTHYIO  Pa3HOCTh  IOTCHLHAJIOB,
BO3HMKAIOIIYI0O B JJISKTPOHHO-IBIPOYHOM MeEpexoJie INpH KOMHATHOM
TEMIIEPATYPE U KOHIUCHTpAlUAX OCHOBHBIX HOCHUTEIICH 3apsajia B n- u p-
o6mactsix coorserctaenno 1,5-10™ em® u 3:10% em™. M306pasuts 30mmHyI0
JHarpamMmMmy.

9.11. HaliTu KOHTaKTHYIO Pa3HOCTb [TOTEHLMAJIOB, BO3ZHUKAIOIIYIO
IpU KOMHATHOM TeMmepaTrype B 3JEKTPOHHO-ABIPOYHOM IIEPEXOJE,
MOJTyYCHHOM B T€pPMaHMU IPH KOHIICHTPAIMAX IOHOPHOW M aKLIENTOPHOH
MIpUMECEH, PaBHBIX 10" em®, N306pa3uTh 30HHYIO AHATPAMMY.

9.12. Onpenenutb BEIMYMHY KOHTAKTHON Pa3HOCTH MOTEHUHUAIOB
B 3JIEKTPOHHO-ABIPOYHOM TIepexojie B repManuu npu temmeparype 200 K u
CHEAYIOMMX KOHUEHTPALMAX OCHOBHBIX HOCHTeNel 3apsyza: N, = 10
oM, Pp== 10" em™. U306pasuth 30HHYIO AHATPAMMY.

9.13. Kak wu3MeHHTCd BeIWYHHA KOHTAaKTHOH  pa3HOCTH
MTOTEHINAJIOB B AJIEKTPOHHO-ABIPOYHOM Iepexo/ie, CO3JaHHOM B KpPEMHHH,
npu u3MeHeHun temnepatypbl oT 300 mo 400 K, ecnum KoHUeHTpauuu
OCHOBHBIX HOCHTENEH 3apsiia B N- U P-00JacTsIX paBHBI COOTBETCTBEHHO
101 10" em,

9.14. Beipa3uTh 3aBUCUMOCTh KOHTAKTHOM pa3HOCTH MOTEHLIUAIOB
3JEKTPOHHO-ABIPOYHOTO  MEpexoAa OT  YIENbHBIX  COMPOTUBICHUMH
9JIEKTPOHHOM 1 JIBIPOYHOH 00IacTel.

9.15.  OmnpemenuTh  KOHTAaKTHYIO  Pa3HOCTb  IIOTCHIIHAJIOB
9EeKTPOHHO-ABIPOYHOTO  Tepexoja B TepPMaHUM MPH  KOMHATHOH
TEMIIEpaType, €CIU yIEIbHbIE COIPOTUBIICHUS JIEKTPOHHONW M JBIPOYHOI
obnacTteit paBHbI cooTBeTcTBeHHO 0,01 11 1 OM-cM.
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9.16. KonuTakTHasT pa3HOCTh IOTCHIMAJIOB  AIIEKTPOHHO-
JBIPOYHOTO IIEpexoja B T€PMaHMH IPU KOMHATHOM TeMIlepaType paBHA
0,072 B. KonHmenTpamusi OCHOBHBEIX HOCHTENEH 3apsga B N-obmactu
cocrapnsger 102 M. Haittu KOHLIEHTPALIMIO HEOCHOBHBIX HOCUTENEH 3apsiia
B p-o0JacT.

9.17. HaiitTn BemMUWHYy KOHTAKTHOM pa3HOCTH IIOTECHIIHAJIOB
9NIeKTPOHHO-ABIPOYHOTO  Tepexoja B  KPEeMHMHM TIpH  KOMHATHOMH
TeMmIepaType, 3Has YAEJIbHBIC JJIEKTPONPOBOAHOCTU  BJIEKTPOHHOW U
JBIPOYHOH 067acTelt G, U Gp.

9.18. PaccuuraTh paBHOBECHYI0 IIHMPUHY CHMMETPUYHOTO
AJIEKTPOHHO-JIBIPOYHOTO TIEpeXo/ia B TepPMaHKH, €CJIM KOHTAKTHAsl Pa3HOCTh

NS T
noteHIManoB paBHa 0,43 B, a koHneHTpanus npumecet 10" cm 3

9.19. Iloctpouth 30HHYI  JuarpaMmy  CHUMMETPUYHOIO
JIEKTPOHHO-IIBIPOYHOTO ~ TIepexofa B KPEMHMHM NpH  KOMHATHOH

U
TeMIIepaType 1 KOHIEHTpauu npumMeceit 107 cm ™.

9.20. IlocTpouTh 30HHYIO JUarpaMmy 3JIEKTPOHHO-ABIPOYHOIO
repexojia B repMaHUM IIPU KOMHATHOM TEMIIepaType, eciad KOHIEHTPAIHS

. 17 -3 o 15 3
JOHOpHOH npuMecu coctasisieT 10" cM™, aknentoproi — 107 ecm ™.

9.21. OnpenenuTh paBHOBECHYIO HIMPUHY 3JIEKTPOHHO-IBIPOYHOTO
Iepexofa B TepMaHMM NpH KOMHATHOW TeMIlepaType, eClid KOHTaKTHas
pasHocTh moOTeHIMaloB paBHa 0,42 B, a ynenbHBIE CONPOTHUBICHUS
9JIEKTPOHHOW M ABIPOYHON obmacTedt cooTBeTcTBeHHO paBHbl 0,01 u 1
Om-cm.

9.22. HaiiTm ToNmUHY OONAaCTH MPOCTPAHCTBEHHOTO 3apsja B
FEpMAHUEBOM  JJIEKTPOHHO-IBIPOYHOM  MEpexoAe MHpH  KOMHATHOU
TeMIepaType ¥ KOHLEHTPALHMIX 3MEKTPOHOB B N-obmactu N, = 102 m*, a
B p-o6macti

_c.1015 -3
Np=5-10"M".

9.23. PaBHOBecHass IIHpPUHA HECHUMMETPUYHOIO 3JEKTPOHHO-
JIBIPOYHOTO TEpexoja B KPEMHHMU NMPU KOMHATHOHM TeMIepaType paBHa
7,65-10'5 CM, a KOHTaKkTHas pa3HocTh moteHnuanos 0,68 B. Ompenenutsb
KOHIIEHTPAIIMIO JOHOPHOW TPUMECH TpH YCJIOBHHM, 4YTO P-007acTh
JIETHPOBaHA 3HAYNTENBHO CHIIbHEE.
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9.24. HecuMMETpUYHBIA 3JIEKTPOHHO-ABIPOYHBIH TIEPEXOll B

KPEMHHUH MMEET HU3KOOMHYIO P-00JIacTh M OTHOCHTEIHHO BEICOKOOMHYIO
N-00acTh. Brruncnuts PaBHOBECHYIO TOJIINHY obmactu
MIPOCTPAaHCTBCHHOTO 3apsja, €CIM KOHTaKTHAas pa3sHOCTh IIOTCHIIMAJIOB
cocrasiset 0,75 B, a yaenpHOe conpoTuBieHne N-obmactu paBao 1 Om-cm.

9.25. Haiitn 3Ha4YeHHWsS TONIIMHBI OOJIACTH TPOCTPAHCTBEHHOTO
3apsiia CHMMETPHYHOTO DIIEKTPOHHO-IBIPOYHOrO MEPexoa B KPEMHUH TPH
TPUIIOKEHNH 2JIEKTPUUECKOTO cMelienus: a) npamoro U,, = 0,3 B; 6)
obparnoro U,; = -50 B npu xomHaTHOH Temneparype. KonueHnTpauus
mpEMecH B Kaxoi oGmacti cocrapmser 10™° cm. M306pasuth 30HHBIC
JMarpaMMbl Ui PaBHOBECHOTO COCTOSIHHSL, & TaKKe MOCNe HPUIIOKESHUS
NPSIMOTO M 0OPaTHOTO CMEILCHUSI.

9.26. OmpenenuTh MUPUHY OOJNACTH MPOCTPAHCTBEHHOTO 3apsnia
JIEKTPOHHO-IIBIPOYHOTO ~ TEpexofa B TIEpPMaHMM TP KOMHATHOM
TeMIIepaType | 1ojade 0OpaTHOTO IEKTPHUECKOTO CMEIICHHS , PAaBHOTO -
10 B, ecmu ynmeipHOE CONPOTHBIICHHE JIIEKTPOHHOHM obmactu p, = 0,01
Om-cM, a gplpoynoit p, =0.5Om-cMm. CuuraTh HpPUMECH ITOJHOCTBIO
NOHU3HPOBAaHHBIMH.

9.27. KakoBa mmpuHa 00JACTH MPOCTPAHCTBEHHOTO 3apsijia
9NEeKTPOHHO-BIPOYHOTO  Tepexoja B KPEeMHMHM TIPH  KOMHATHOH
Temmepatype H O0OpaTHOM HampsDKEHUH, paBHoM -50 B, eciu
paBHOBecHas mmpuHa coctaBmser 1,2:10 cM, a KOHTakTHas pasHOCTH
norteximainos 0,58 B.

9.28. IllupuHa 31€KTPOHHO-IBIPOYHOTO NEPEX0/Ia B TEPMAHUU IPU
KOMHATHOW TeMmeparype TIocie MpPWIOKEHNS OOpaTHOrO CMEIIeHHs,
paBHoro -20 B, nmeer Benuuuny 1,9-10™ cm. Onpenenutrb paBHOBECHYIO
LIMPHUHY NIepEeX0/a, €ClIM KOHTAaKTHAs Pa3HOCTh NOTeHIMaoB pasHa 0,4 B.

9.29. Paccuntath HEOOXOIMMBIE TTAPaMETPhl ¥ IOCTPOUTH 30HHBIE
JMarpaMMbl 3J1€KTPOHHO-ABIPOYHOrO Mepexoja B KPEMHHUH NPU KOMHATHON
TeMIepaType B pPABHOBECHOM COCTOSIHWH, a TaKXKe IIPH IPSIMOM U 00paTHOM
CMEIIeHUH TSI CIEAYIONINX YCIOBUi: 1) KOHIIEHTpaIys mpuMecu B 00enx
00JacTsIX OJMHAKOBA U paBHA 10 em®; 2) Np = 1.5:10" em?®, Np = 3-10%°
em®; 3) Np = 10" em®, N, = 10* cm™®, remmeparypa pasua 150 K.

9.30. B HecHMMMETPHYHOM 3JIEKTPOHHO-ABIPOYHOM IIEpexoje B
repMaHuy nebaeBcKasl JUIMHA SKPaHUPOBaHHS B BBICOKOOMHOW o0iacTu
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cocrasisieT 0,1 MKM, a KOHTaKTHasi pa3HOCTh NOTeHUHManIoB paBHa 0,5 B.
Hafitn paBHOBECHYIO HIMPUHY 3JEKTPOHHO-IBIPOYHOTO IIEpeXoAa Mpu
KOMHATHOW TeMIepaType.

9.31. Haiitu OTHOIIICHHE paBHOBECHOM 1102100715131
HECHMMETPUYHOTO BJIEKTPOHHO-IBIPOYHOTO IIepexofa B TEpPMaHUH K
ne06aeBCKOM JUTHHE YKPAHUPOBAHHUS B €TO BEICOKOOMHOM 00JIaCTH, €CTIH pp =
0.01 Om-cwMm,
pn=1Owm-cm, T=300 K.

9.32. B  KpeMHHEBOM  3JEKTPOHHO-ILIPOYHOM  TEPEXOe
mromaznsio 10° m? IpY KOMHATHOM  TeMIlepaType KOHLEHTpauus
AKLIEITOPHOM IIpUMECH B
p-obnactu pasra 10% eM>, a JOHOPHOIT B n-oGmactu — 10 cM, BenmunHa
MIPUJIIOKESHHOTO O00paTHOTO cMelleHus cocrarisier -10 B .Onpenenuts: a)
BBICOTY TOTCHIMAJIbHOTO Oapbepa; ©0) KOOPAMHATHI TPaHHUL 00IacTH
MIPOCTPAaHCTBEHHOTO 3apsiia p-n-TIEpexona; B) OapbepHY0 EMKOCTb.
ITocTponTh 30HHYIO SHEPTEeTHUECKYIO JAuMarpamMmy, HaWIs IOJIOKEHHE
ypoBHe# @epMu B #- ¥ p-00TIaCTSX.

9.33. Haiitu 3HaueHHUs 3apsiAHON €MKOCTH , Ipuxojsueics Ha 1
cM? TIOBEPXHOCTH CHMMETPHYHOTO JIEKTPOHHO-IBIPOYHOTO IEPEX0ia B
KPEMHHH, IIPU IPSIMOM HarpspkeHHH, paBHoM 0,3 B, u oOpaTHOM, paBHOM -
50 B, ecmm Temmeparypa KOMHAaTHas, a KOHILEHTpAaIUs IOHOPOB U

1 -
aKuenTopos cocranisier 10 Sem

9.34. Kakue M3MeHEHMs IpeTepIieBaeT eMKOCTh CHMMETPUYHOTO
JIEKTPOHHO-JIBIPOYHOTO ~ NEepexofa B TIepMaHUM TPH  KOMHATHOM
TemIeparype Nnpu n3mMeHeHnu Hanpsixenus ot U,, = 0,1 B no U,g, = -10 B,
€CJIM KOHLIEHTPALUH JTOHOPHOM M aKLENTOPHOU NpuMeceil paBHbI 10V CM'S,
a KOHTaKTHasi pa3HocTh noreHnuanos — 0,4 B.

9.35. KakoBa BenmunHa OapbepHOH €EMKOCTH, IpuXosieiics Ha 1
cM? IOBEPXHOCTH HECHMMETPHUYHOTO 3/IeKTPOHHO-IBIPOYHOrO NEPEX0a B
TepMaHuU TpH OOpaTHOM cMelieHnH, paBHoM -20 B, W KOMHaTHOW
temneparype? KoHmenTpanus OHOpPOB B n-00JIaCTH  3HAYUTENHEHO
IIPEBBIIIACT KOHICHTPALMIO aKIEITOPoB B p-obmacth, pasuyo 10 cm?,
KOHTaKTHAasl pa3HOCTh OTEHITHaIOB cocTaBisieT 0,43 B.

9.36. Ompenenuts auGGY3HOHHYI0 E€MKOCTh  3JIEKTPOHHO-
2 .
JOBIPOYHOTO Iepexoxa B KpemHuu mmiromaznsio 0,01 cM” mpu KoMHaTHON
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TeMIlepaType IOcCJe HPHIIOKEHUS MPsIMOTO cMeleHus, pasHoro 0,2 B,
€CJIM U3BECTHO, YTO PABHOBECHAs LIMPHUHA MEPEXO0/a COCTABIISAET 7,610
CM, a KOHTaKTHas pa3sHOCTh moteHImanos 0,68 B.

9.37. KakoBa mmpuHa O00JACTH TIPOCTPAHCTBEHHOTO 3apsia
3IEKTPOHHO-IBIPOYHOTO TEpexoja B KPeMHHH miomanpio 0,5 cM’ mpu
KOMHATHOM TeMIIepaType, €cii H3BECTHO, YTO ero 3apsaAHas eMKOCTh PaBHa
25,8 n®.

9.38. Ilpu nmpunoXeHUH K 3JIEKTPOHHO-ABIPOYHOMY MEpexony B
repmanud  iomanso 0,01 em? HaNpsOKeHUsT OOpaTHOTO CMEIEeHUs,
paBHoro —5B, OapbepHas eMKOCTh JOCTHraet BeauuuHbl 46 nd.
OmnpenenuTs paBHOBECHYIO LIMPUHY TEPEX0Ja, eCIU KOHTAKTHas Pa3sHOCTh
noTeHIuanoB cocrasisier 0,37 B.

9.39. Ompenemuts TUPPY3UOHHYIO EMKOCTh  3JIEKTPOHHO-
JBIPOYHOTO MEPEXO0a B KPEMHUH IIPY KOMHATHOH TeMIlepaType U 3HaYCHUHN
npsimoro Toka 10 MA. Bpems i3HE HEOCHOBHBIX HOCHTENEH 3apsiaa B Oaze
NPHUHATH paBHBIM 50 MKC.

9.40. Haiitm 3HaueHwe IU(PGY3HOHHOH EMKOCTH 3IIEKTPOHHO-
JBIPOYHOTO IIepexo/ia B KPEMHHH NP KOMHATHOI TeMIiepaType, eclid TOK
HachlmeHus paBeH 30 MKA, BeNWYHHA HaNpsHKEHUs npsmoro cmemenus 0,2
B, a Bpems )KU3HH HEOCHOBHBIX HOCHTENEH 3apsina — 15 Mkc.

9.41. BplYMCINTH YAETBHYIO EMKOCTh 3JIEKTPOHHO-ABIPOYHOIO
Hepexo/ia, CO3JJaHHOT0 B TepMaHUEBOM 00paslie, IpU 00paTHOM CMELIEHHH,
paBHoM -1 B. KonrtakTHas pasHocTh moTeHImanoB cocrasiser 0,35 B,
paBHOBECHAs IIMPUHA 00JIACTH MTPOCTPAHCTBEHHOTO 3apsaa — 0,6 MKM.

9.42. Haiitu 1uddy3HOHHYI0 EMKOCTb HECHMMETPHYHOTO
AJIEKTPOHHO-ABIPOYHOrO Nepexoa NpU KOMHATHOM TeMIepaType U TOKe 2
MA gans  cimydas, Korha TOJIIMHA 0a3bl  3HAUMTEIBHO  OoJblle
1 y3MOHHON JUIMHBI, a BPEMsl JKM3HH HEOCHOBHBIX HOCHTENEH 3apsija B
6aze cocTaBIIsieT 5 MKC.

9.43. OmpenenuTh IUIOTHOCTH TOKA HACHIIMIEHUS T€PMAHHEBOTO
CUMMETPHYHOTO  3JIEKTPOHHO-/IBIPOYHOTO Mepexoia MpHh KOMHATHOU
TeMIIepaType, eClii KOHIIEHTPAIlM HEOCHOBHBIX HOCHTENIEH 3apsiia B 00enx
o6nactsix pasusr 107 em™.
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9.44. OnpenenuTh IUIOTHOCTH TOKA HACHIMIEHHS JIIEKTPOHHO-
JIBIPOYHOTO Iepexona B repManuu miomanasto 0,05 om? NIpY KOMHATHOU
TeMIIepaType ¥ CIeAyIOmEX mapamerpax: n ,= 10%° em™; D= 510" em®;
L, = 0.15 cM;
L,=0.1cm.

9.45. KakoBa IUIOTHOCTb TOKa HACHIMICHUS AIIEKTPOHHO-
JIBIPOYHOTO MEPEX0/ia B KPEMHHUHU NPU KOMHATHOW TeMIIEpaType, eClu P, =
50 Owm-cm;

pp =10 Om-cm; L, =0.05cm; Ly =0.03 cm.

9.46. HaiiTu TOK HachIIIEHUS AT CHMMETPUYHOIO KPEMHHEBOTO
AJIEKTPOHHO-JIBIPOYHOTO Tepexo/ia NpH KOMHATHOW TeMIleparype, eciii
IPOBOIMMOCTH 71- U p-oGmacteii paBubl 1 Cm-eM™; nuddy3uoHHble LTHHBL
— 0,1 cm; mnomane p-n-nepexoga — 10 MM” ; yIeIbHOE CONPOTHBICHHE
cOOCTBEHHOT0 KpeMHHs - 2-10° Omm.

9.47. B nonynpoBOJHUKE CO3[JaH PE3KUH HECUMMETPUYHBIN
AEKTPOHHO-ABIPOYHBI TIEpeXOA. YIeNbHBIE CONPOTUBICHUS n- H p-
obnacTeif COOTBETCTBEHHO paBHBI p, = 1 Omcem; p, = 0,1 Om-cm;
1 Qy3nOHHBIE JITUHBI HEOCHOBHBIX HOCHUTEIICH 3apsiia sl SJIEKTPOHOB U
JIBIPOK COCTaBIISIIOT
L, = 0,1 em, L, = 0.2 cm. HaiiTu OTHOLIEHHE JBLIPOYHOIO TOKA K
3JIEKTPOHHOMY B IIEHTPE IIEKTPOHHO-IBIPOYHOTO TIepexo/ia.

9.48. HaiiTi IJIOTHOCTB TOKA HACBHIIIEHHUS 3JIEKTPOHHO-IBIPOYHOTO
nepexoja B KPEMHHHM IpH KOMHATHO# Temneparype. KoHueHTpaius

. 6
HEOCHOBHBIX HOCHTENeH 3apsia B obeumx obOsactsax paBHa 107 cm”,
i dy3noHHAs ITHHA 3NeKTPOoHOB cocTaBisiet 0,04 cM, a meipok — 0,02 cMm.

9.49. OOpaTHBI TOK HACBIIIEHUS] KPEMHHEBOTO BIIEKTPOHHO-
JBIPOYHOTO TIepexona paseH 0,5 MKA, a npsMoi Tok npu Hanpspkennn U n
KOMHaTHOW Temneparype coctasisier 10 MA. Haiitu Hanpspkenue U Ha p-n-
nepexome.

9.50. OOpaTrHBIli TOK HACBHIIICHWS KPEMHHEBOTO [AHONA TIPH
KOMHaTHOM Temmepatype coctasiser 0,1 MxA. Haittu auddepennnanpHoe
COTIPOTHUBIIEHUE THOJA W COTIPOTUBIIEHNE TIOCTOSHHOMY TOKY IIPY BHEITHEM
Hanpsbxernu 0,3 B, mpuiioskeHHOM B IPSIMOM HaIlpaBJICHHH.
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9.51. BbluMcauTh NpSAMOM TOK 4YEpe3 3JIEKTPOHHO-ABIPOYHBIN
nepexox npu HanpspkeHMsX 0,3 u 0,4 B mpm KOMHaTHOHW Temreparype,
€CIT M3BECTHO, 9TO 0OPaTHBIN TOK HachImeHus coctaBisieT 0,1 MKA.

9.52. Haiitu oOpaTHBIII TOK HACHIIICHUS HECHMMETPUIHOTO
KPEMHHEBOTO 3JIEKTPOHHO-IBIPOYHOr0 mepexoga miomansio 0,1 cM® mpu
KOMHATHOH TeMIIepaType, €ciM yIelIbHOEe CONpPOTHBIECHHE 0a3bl p-THIA
cocraBisier 1 OM-cM, a BpeMst )KU3HU HOCUTENEH B 6a3e paBHO 5 MKc.

9.53. OmpenenuTb CPeJHION HAMPSXKEHHOCTb 3JIEKTPUYECKOTO
mojigs B pPE3KOM CUMMETPHUYHOM  BJICKTPOHHO-ABIPOYHOM  IIEPEXO/JIEL,
MOJYYCHHOM B KpPEMHUH, JId Cliydad €ro paBHOBCCHOT'O COCTOSHUA.
KoHrienTpanuu npumecu pasusr 10 em’,

9.54. HaiiTu MakCUMaJbHYI0 HAIPSKEHHOCTh 3JIEKTPHUYECKOTO
MO B TEPMaHMEBOM 3JIEKTPOHHO-ABIPOYHOM IIEPEXOAE TPH BHEIIHEM
HampspkeHnd 4 B, mpunokeHHOM B 0OpaTHOM —HamlpaBlCHUH, €CIH
M3BECTHO, UTO KOHIEHTPAIHS IpuMecH B Gase coctasmser 1070 v,
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3HAYEHUSA HEKOTOPBIX ®U3NYECKHUX ITOCTOSHHBIX

ITocrosunas [Tnanka h=6,623-10 JIx-c
IToctosnnas ITnanka A =h/2z =1,054-103
Jx-c

TlocrosiHHas Bonpnmana k = 1,380-102
Jlx/rpan = 8,63-10”° 5B/rpax

Tennosas sneprust npu 7' =300 K kT=0,0256 3B
I"a3oBas nmocrosiHHAs R = 8,31
JIx/Momb Tpas

CKOpOCTb CBETa c=310®m/c

Yyciio ABorampo N, = 6023102
MOJIIEKYJI/MOJb

Macca nokos 3JIeKTpoHa my=9,1 1-10°% kr
Macca npoToHa m, = 1,67-10% kr
3apsn 3IeKTpoHa e=-1,602-10" Kn
Marseton bopa 1g-9,27-10% A/m
SlnepHblil MarHeToH Up = 5,05:10% A/m

CBOMCTBA KPEMHUS U TEPMAHUS ITPH 300 K
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ITapamerp

Kpemnunit

I'epmanuit

Kpucrannuueckas ctpykrypa
Yucno aTOMOB Ha
JJIEMEHTAPHYIO STYEHKY
ATOMHBIN HOMEp
[TocTostHHAs peleTky a, HM
Ilvpuna 3anpelEeHHON 30HBI
AEO’ 3B
OTtHOcuTenbHas
IDJICKTPUIECKas
MIPOHHUIIAEMOCTH €
CoOcTBeHHAsT KOHIICHTPAITHS
HOCHUTENEH nj, CM
Pemerounas moIBHKHOCTD
3NEKTPOHOB |1, cM/(B-¢)
JBIPOK 1, eM?/(B-c)

Db dexruBHas IJIOTHOCTD
COCTOSIHUH, oM

B 30He MpoBoauMOcTU N
B BaJieHTHOM 30HE N,
Koadpuuuent nuddysuu
nekTpoHoB Dy.cm?/c
AbIpoK, Dy, em?/e

Twuma anmasa
8

14

0,543
1,124

11,7

1,45-10%
1417
471

2.80-10%

1.04-10%

34,6
12,3

Twuma anmasa
8

32

0,566
0,670

16,0

2,4-108
3900
1900

1.04-10%

6.04-10%

98,0
47,0
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