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MPELUCTIOBUE

i

CBoHCTBa 3/1EKTPOTEXHHIECKHX W KOHCTPYKIHOHHBIX MaTepHaJsion
BO MHOT'OM OTPEJIe/IAIIOT COBEPLICHCTBOBAHHE TEXHOJIOMHH H YIyUIIeHHE
HOPMATHBOB : 3IEKTPOTEXHHYECKOTO OCOPYAOBAHHS.

B nanno#t KHuIe aBTOPH CTPEMHJIHCH H3JOXKHTb CBENEHHS O KOH-
CTPYKUHMOHHBLIX H '3JIeKTPOTEXHHUECKHX MaTepHalaX B CHCTeMATH3H-
POBAaHHOM BHJIE Ha OCHOBE NOCJEAHHX (HIMKO-XHMHUECKHX NpEACTaB-
JieHuH.

Hactosuuit yue6uuk coctout u3 BocbMW riaB. B wkaxkpoit riase
H3J1AraloTCs (PU3NYECKHE IIPOLECCH B BEIECTBAX M UX CBOHCTBa, 06Jia-
CTH TIDHMEHEHHs M TEXHWYeCKHMe TPeGOBaHHs K MaTepHasaM, KPaTko
ONKCHIBAIOTCY BaKHEHUIWE MaTEpHa/Nbl PAcCMATPUBAEMOro KJjacca H
TeXHOJNIOTHH X H3TOTOBJeHHs. HOBBIM W CYIECTBEHHBIM B CTPYKTYpe
NpEAIaraemMoro yueGHHKa sIBJSIETCA TO, 4TO 3TO OfAHH YUeGHHK BMECTO
- BYX, CYHIECTBYIOILHX IO HACTOSINEIC BpeMmeHH. ABTODHI 3aJajuch
HeJAbI0 COCPEJIOTOUHTL BHHMAHHe ydYalluXcs Ha OCHOBHHIX ~NPHHLHIU-
AJBHBIX NOJOXKEHHAX AUCUMIVIMHEL U [O3TOMY He NeperpyxKafiu KHHIy
UHGPOBLIM MAaTEPHAJIOM, KOTOPBI JIEFrKO MOXKHO HallTH B COPaBOUYHHKAX |
H TeXHHYeCKOH JOKYMEeHTAIlHH. )

Fnaebi | u 2 Hanucalbl I-pom Texu. Hayk npod. K. I1. Criupuan-
HBIM NpH yuactuu B. IO Borosinenckoil u kaug. texs. vayk A. H. Hu-
kHopoBa.

T'naBa 3 HanucaHa KaHI. TeXH. Hayx B. IL LIenapx/nruﬂM TJIABB
4, 7 -— xann. TexH. Hayk C. fl. TlonoBeiM, riapa V — KaHI. TeXH..
Hayk A. C. BopoGbeBbiM, TsaBa 6 — KaHji. TexH. Hayx Dbopouyau-
- HBIM, npezmcnosne M Taasa 8 — KaHA. TexH. Hayk B. A. ®uiauko-
BbIM.

Apropul Bblpa}KalOT TIyGoKylo 6aarofapHocThb peueHseHTaM KaHA.
texH. Hayk A. IT. Tycesy u 1. U. CokosioBoii 3a psili NOJE3HBIX Npej:
JIOXKEHHH W 3aMeyaHu#i No KHure. ’
- OT3biBBl O KHHTE MOXHO HanpapJsTh no aipecy: 101430, TCII-4,
Herauunast yn., 29/14, usmatenscrBo «Breicwias mkoda».
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: ‘ BBEOEHUE

CoBpeMeHHBII HAyYHO-TEXHHYECKHI IIPOrpecc TEeCHO CBs3aH ¢ péa-
paboTKoH, H3yyeHHeM ¥ OCBOEHHEM HOBHIX MaTepHaloB. DTH MarepHa-
“JIbl HI'Paiy H NPOAOJIKAIOT HrPaTh OYEHb BAXKHYIO POJIb B PA3BHTHH
uusuaKsanuy. Llenre sMoxu HCTOpHY LMBH/IN3AIKM OBLIM HA3BaHbl 10O
MarepHa/iau, KOTOpHIe GBUIY B TO BPEMsi ONPEAETSIONIUMH: KaMeHHbIH,
MEJHBIH, GPOH30BLIA H JKeMe3HbH BeK. Bo3MoxHO, YTO nocienymouiye
3M0XH 6yAyT Ha3BaHbl GyMaKHhIM BEKOM M BeKOM IutactMacc. MmenHo
MarepHaJbl ObIM H SIBJSIOTCH KJAIOYEBHIM 3BEHOM B pellleHHH MHOTHX
“~MHKEHePHBIX 3a/ay npH- paspaGoTKe H3AETUH IJIEKTPOTEXHHKH, 3JeK-
TPOHUKH, 3SHepreTdkud u 1. A.

Jisisi paunoHaMbHOrO NpHMEHeHHs MaTepHaloB HeoGXOAHMO 3HaHHe
HX (PH3HYECKHX, MEXaHHYECKHX, 3/IEKTPHYECKHX CBOHCTB, MOHHMAHHE
3aKOHOMEPHOCTEH H3MEeHEH Uit 3THX CBOHCTB NIPH M3MEHEHUH YCJOBHE HX
MOJYueHHS H SKCIIlyaTalluH. ‘
 OcoGy1o posib HOBLIE MaTepHalbl HIPAIOT B PA3BHTHH TAKOH TEXHH-
"YeCKOH -0TpacsH, Kak 3jJeKTporexHHKa. OHa OTHOCHTCA K HCTOPHUYECKH
MOJIOABLIM OTPACIAM, U B Hell TPYAHO BBLUIENHUTH TNEPHOAN NOAABJIAIOLLE-
ro rocHoJCTBa OTHE/IbHHX MaTepHanoB. B pa3sutHH MaTtepuasibho# Ga-
3Bl HPOUCXONHJIH OTHENbHBIE CKAYKH, KOTOPbIE CleSaii BO3MOMKHEIM OT-
KPEITHE HOBLIX MatepHasoB. Cloa MOXKHO OTHECTH HayaJjo BeKa, KOIta
C MCTI0JIb30BaHMEM MePBOrO 3/1eKTPOH3OMSLUHOHHOIO MaTepyasla MaKpo-
MOJIEKYJISIPHOTO XapaKrepa —— GakelqHTa — B SJEKTPOTEXHHKe Haua-
Jlach. 3pa IIaCTHYECKHX Macc. AHAJOrWYHbIe CKauKH OOYCJIOBUNIM OT-
KpHITHE BO BpeMs BTOPOH MHPOBOH BOMHKI NEPBLHIX CETHETO3JeKTpHye-
CKHX MaTepHal/ioB, 3aTeM BHeJIpeHHe B TeXHUKY (GepPpHTOB M TNOAYNPO-
BOJAHHKOB. . \

B’ Hacrosiuiee BpeMsi 3JEKTPOTEXHHYECKAs IPOMBIILIEHHOCTb He
UMEET BO3MOXHOCTH NPOU3BOANTD AJISi CBOHX HYXKA MaTepHa/sl BbICIe-
ro kausecrBa. CJOXHOCTb pelilaeMbiX el0 3ajay TpeGyeT COTpyARHHYECT-
Ba C JIPYrHMH OTPAC/IsIMH NPOMBIUIEHHOCTH, KOTOPbIe CHA0XKAaloT 3JIeK-
TPOTEXHHKY BBICOKOKAYECTBEHHBIM ChIPbeM, NoayabpHKaTaMH, a 4acrto
.M TOTOBBIMH H3fie/usiMH. TakuMH OTpacisiMH B HacTosiliee BpPeMs siB-
JSI0TCS, B YACTHOCTH, XHMHUecKasl, MeTalJ1yprayeckas, 3/M€KTPOHHAS.
Hoaromy HayKa 00 3/1eKTPOTEXHHYECKHX ¥ KOHCTPYKILHMOHHBIX Mare-
pHagax CMBIKaercsl CO MHOTHMH HAYUHBIMU OTPac/sMH U TIpeAcTaBiser
CO0OH THOHYHYIO ‘KOMIIEKCHYIO HAy4YHYIO IUCUHIVIMHY, KOTOPOH NpH
OATOTOBKE CNELHANHCTOB B CPEIHUX CHELHaJbHBIX YueOHBIX 3aBefe-
HUAX  yHensieTcs  Gosiblioe: BHUMAHME.

- OTa JUCHHUIVIMHA, OCHOBBIBASICH HA 3HAHMAX, TOJYYEHHBIX YYallH-
MHCA N0 o0Hieo6pa3oBaTe/bHEIM HPEIMeTaM U TEOPEeTHUECKHM OCHOBaM
9JEKTPOTEXHHKH, SABJIAETCH Ga30H AIA MSYUEHHS TaKHUX CHelHaJbHbIX
NPEAMETOB, KaK «DnexTpuUecKHe naMeperusn», «OCHOBLI MPOMBILILIER-
HOH 3JIEKTPOHHKH», «OCHOBbI aBTOMATHKH H MHKpOHpOHECCOPHOH TeX-
HHKH», «DJeKTPUYECKHEe MaIlMHB» U Ip.



YACTb I
KOHCTPYKU HOHHBIE MATEPHAJIbI

C ApeBHeHMmUX BpeMeH JIOAH MOJb3YIOTCA METalJaMH A1 H3roToB-
JeHdusi opyIauE TPyAa ¥ opyXusi. DTH BpeMeHa BOCXOMAT K Haualy
OpOH30BOr0 BeKa, KOrga Macrepa-yMmenblbl OCBOHJIH H3IOTOBAEHHE
Pa3NHYHbIX TPEAMETOB W3 CMJIABOB HA OCHOBE MejH. [ToucKH HOBHIX
foJiee MPOYHBLIX ‘MATEPHAJNOB M JaJbHedllee pasBHTHE CrOCOCOB MOJY-
YeHUs] BHICOKHX TeMIepatyp NpHUBeIu K OCBOCHHIO NPOH3BOACTBA XKesie3-
HBIX H3[EJHA M HACTYIVIEHHIO NPOAO/IKAIOWErocst 4O CHX MOp Kexes-
HOTO. BeKa. . , ,

Bo Bce Bpemena Macrepa HCKasd CNocoObl Clenarb MeTalJHUecKHe
u3jenus GoJiee FAPOUHBIMH, HAJLEHKHBIMH, KPacHBBIMH H YJOOHLIMH. B
NoJb30BaHHH.

B XVIII B. Ha ocHoBe aHajnn3a NPEALUECTBYIOWErO ONbITa U Aora-
AOK CTajla 3apOXKAAThCsl HAYYHast TEOPHS, OOBACHAOMWAA NPHUMHBL 11O-
JIOMOK H3JleiMii H NoKaspiBaoWas cnocobbl YJAYUIIEHHS KauecTha Me:
tajia. CosfaTeny NOAJAHHHO HAYUHOH TEOPUH BiepBbie Haualld YBA3bI-
BaTb KayeCTBO MeTaJ/l/la, ero MPOYHOCTHEIE CBOHCTBA € OCODEHHOCTAMH
ero ctpoenusi. Tako# MOINXOA B HaCTOAILEe BPEMA ABJACTCH eJHHCTBEH-
HO TNpPaBHABHBIM.

Onxum 43 Bbmalomnxm HCCJleloBaTeIel TOro BPEMEHH, PaCKpBIB-
ILIMM ceKper GyNaTHOM CTajM M HaNHCABIUKM NO 3TOMY TOBORY CPasy
e NepeBelleHHbII Ha HeMeUKHH W (PaHLY3CKUH $3biKH 3HAMERUTHIA
Tpya «O Gynartax», 6bil pycckuil yuenbiii-Meranaypr A. A. AHocos
(1799-—1851). Insa mocTuKeHUst NOCTABJNEHHON 11e/11 OH KpoMme ocobeH-
HOCTell XHMHYECKOTO COCTaBa YNOMSIHYTON CTadH H3yuaJs Takke Cliely-
UKy ee BHAMMOIO HApYXkKHOTO CTPOEBHHS — y30pa (MaKPOCTPYKTYPHI),
a TaKKe BHYTPEHHEIO CTPOEHUSI — MHKPOCTPYKTYPHI, BNepBble B MUpE
' IPHMEHHB AJS ITOr0 MHKPOCKOI.

Boabiwoe 3nauyenue /15 pasBUTHA anoson JHAYKH O MeTannax
HMeay pa6oTel Apyroro pycckoro yuyesoro —. M. K. Uepnosa (1839~
1921). PaspaGoTaB YeTKyld TEOPHI0 KPHCTAMJIU3aLHH U CTPOEHus
CAUTKOB, OH YKa3a/ H NOHBIHE aKTyalbHbIE MYTH YAyYIIEHHS KayecT-
Ba BHINJIABJSEMOR CTaJH. '

Orkpeie B 1868 r. Tak HaspiBaeMble KPHTHYECKHE TOYKH CTaJy,’
JI. K. UepHOB pacKpeii He H3BECTHBIH ellle CeKpeT ee 3aKalKH U TeéM
CaMbIM 3aJIOXKHJ/1 HAYYHYIO OCHOBY NOJL TEODHIO. H NPAKTHKY TepMHye-
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CKOil 0BpaGOTKHM CIINIABOB) MMEIOIEH LeNbio H3MEHEHHe X ‘CTpoeHus H
cpoftcTB - Ge3 H3MeHeHHs CcocTaBa. ,

Tlo. npusHanvio BBjawLerocs (PpaHUy3CKOro MeTaddypra H Me-
tajiosefa ®. Ocmonna (1849-—1912), 1. K. Yepuos ABJIACTCA OTLOM
COBPEMEHHOT0  MeTaJlJIOBEAEHHS.

Memaniosederue — HayKa, H3yuaiollas CTpoeHue W CBOHCTBa Me-
Ta/VIOB .B MX CTporofi B3auMocBsi3h. OHA HCXOAHT W3 TOTO -OCHOBOIIO-
Jaraiolero NPHHUMNA, YTO CBOMACTBa J06Oro maTepHana 3aBUCAT OT
€ro CTPOEHHS, KOTOPOE, B CBOIW OdYepeib, 3aBHCHT OT COCTaBa, cnocoéa
NoJlyyeHHs: M mocnefylouleit o6paboTKi MarepHala.

B Hacrosinee BpeMsi 3TOT JNIPHHUHMI noJiydaer JajibHeRinee Gonee
riybokoe H BcectoponHee passutde. [leno B. TOM, YTO COBpeMeHHas
Merasaaoc6eperaiias TeXHONOrHs MOXKET ObiTh peaiu30BaHa He TONb-
KO B pesyJ/IbTaTe [OHCKOB NPAMBIX [yTeH SKOHOMMU MeTajjla NpPU H3-
FOTOBJIEHHH H3JeMUH, HO M 3a CUET CYHIECTBEHHOTO YJYYLIEHUS ero
KauecTBa, 0Jarojiapsi uemy MOXKeT ObITh ymenbmeﬂa macca pacxoaye-
MOTO  MeTaJlia.

Bce ckasanHoe Bbillle MOIHOCTBIO OTHOCHTCS M K KOHCTPYKLLHOHHBIM
H 3JIEKTPOTEXHHYECKHM MaTepHajlaM, NPHMEHAEMBIM JIsl H3TOTOBNCHHHA
IEKTPOTEXHHUYECKHX YCTPOHCTB.

- Taxum oGpasom, Mpu H3yueHHH NAHHOrO pasiena HAZIO UETKO ysic-
HHTH, 4YTO fIOHUMAETCA NOJ CTPOEHHEM MEeTa/Jia, OT 4Yero. OHO 3aBUCHT
# KaK MOXXHO €ro’ Lle/eHanpaB/ieHHO U3MEHATh, qmﬁu npU  HEOGXONiU-
MOCTH HOJTYIHUTH Tpeéyebee CBOJCTBA.

TJLA B’A 1.. OCHOBbI METAJIJ]OBEIIEHMQ

§ 1.1. Crpoenue u cBoOiicTBa METANJIOB U CIJIABOB

[MocMOTpHM, KaK «YCTPOEHDLI» peasibHble MeTasbl, KAKOBBI JIETa/H
¥ OCOGEHHOCTH X BHYTPEHHEro CTPOEHHS, OT KOTOPHIX 3aBHUCAT HX
Baxkuedive cnyxeGuole cpoiicta. [log cnyxe6uniMu GyLeM NMOHHMATH
TaKue CBOACTBA MATePHaJNOB, OT KOTOPHIX 3aBHCHT HOpMaJbHas pabora
H3rOTOBJIEHHBIX H3 HUX W3IEIUH: [POYHOCTb, NJIACTHUHOCTH, 3JIEKTPO-
NPOBOJHOCTH, MATHHUTHBIE CBOWCTBA U T. R.

- KPHCTANLIRYECKOE CTPOEHHE METANIOB H €70 nquq;eKTbl. 3a penkum
HCKJIIOUEHHEM, METANIbl B TBEPAOM COCTOSIHHM NPEICTABJSOT COGOMH
TeJa, COCTOAILNE H3 OTPOMHOIO KOJIMYECTBA MEJKHX, DA3JHYMMBIX TONb-
KO B MHKPOCKOMN 3epeH — KPHCTaJITHTOB. B cBoto - guepenn, 3TH 3ep-
fa COCTOSIT M3 aTOMOB, YIOPSJOUEHHO pacno.nomennmx IpYT OTHOCH-
TeJbHO  Apyra B  HPOCTpaHCTBE.

Pacnonarasicb B npocrpatcTse, Gixaliiiue gpyr K APyry atomut
06pa3yioT KOHTYP KaKoro-HuGyJlb reoMEeTPHYECKOro Tena, HanpHmep
Kyba {puc. 1.1). Takum o6pasoM, Kax[oe 3epHO MeTajjia COCTOHT H3
MHOMKECTBA TAKUX OJHHAKOBO OPHEHTHPOBAHHBIX FE€OMETPHUECKHUX TeJ,

'
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HA3BIBAEMbBIX I1EMEHMAPHBLML ntteutcamu ‘B cocexnux 3epHax MeTaJma
3TH AYeHKM ODHEHTHPOBAHBbI I0-APYTOMY.

Haxonsich B ysjax KPHCIANIHYECKOR pPEIIeTKH, aTOMbl KOJIeGmoT-
Cfl OTIIOCHTENBHO CBOErO CPEHEro NOIOKEHHUS C UacToToil okoo 1013 T,
He NOKU/as (33 HCKIIOUEHHEM HEKOTOPBIX 0COGHIX C/1yuaeB) CBOHX MeECT.

YTo K€ yepKHUBAET ATOMBI HA CBOMX MECTaX, T. €. B y3/lax KpHCTanl-
JuYyeckod pemnleTku? B ueM cOCTOMT NPHPOAA TBEPAOTO COCTOSTHUS Me-
TaJJOB M WX MPOYHOCTH?

Yr1o6el NMOHATH 3TO, HAAO BCIMIOMHHTH CTpoeHHe atomoB. MapectHo.
YTO ATOM JIOGOTO METaJlia COCTOUT U3 [OJOXKUTENbHO 3aPSXKEHHOro
Spa ¥ OKPYZKAIOUIHX ero, HeCyHHX OTPULATE/NbHEIA 3apsil HECKOJIbKHX '
3JIEKTPOHHBIX 000J10UEK. Kamuaﬂ obosiouka 3a-

HOJIHEHA CTPOTO ONPELENCHHBIM KOJHYECTBOM L

CHJIBHO . CBA3AHHHIX C SIIPOM 3JIEKTPOHOB,H g Y

TOMbKO Ha Noc/efHeH 00010YKe HAXOAUTCS He- =4 iyt o

CKOJIBKO ‘3JIeKTPOHOB, c€/1ab0 CBSI3aHHBIX C sif- e Ly

poM. MX uHC/0 paBHO BaJE€HTHOCTH MeTaJLia. Jr S Wnae( B /
C NOMOIIBIO 3THX 3MEKTPOHOB, HasniBaeMbix T 4 ﬁ‘}'

BAJICHTHBIMH, ATOMHL METa/I0OB YCTAHABJIHBAIOT Ay -

CBSI3H, B3aUMOJIEHCTBYIOT C ATOMaMy APYTUX 3ye- | A"~ ~[=2*

MEHTOB, B TOM UHC/I€ H MeTalloB, a Takke J I

IpYT ¢ JIPyroM. )

Tlo COBPEMEHHBIM HAYUHBIM ~BO33PEHHAM, fgf&{hé‘rf";’;’;ggggfg
PAacno/ioKeHHEIe B 314X KPHCTAJNHYECKOH PE-  hus atoMoB B 3epHax
IIETKH aTOMbl METaJIIOB CBASLIBAIOTCS CO CBOMMHM . -~ MeTaana
GNMKAMUWINME COCeIIMH TPH TIOMOILIM BaJIeHT- '

HbIX 3JEKTPOHOB, HAXOAAIMXCA HA HX ‘BHEIIHWX O0ONOYKAX HJIH Op-
6utax. CBA3b TAKOTO BUJA ha3bIBAETCS MEMQAAUMECKOL.

Onunako He Bce BaJIEHTHLIE€ 3ME€KTPOHB YYACTBYIOT B 00pa3oBaHUH
MeTaIMueckol meXxatoMHolt cBsizu, OnpeneneHHast HX YacTb, NOKHAAR
S7{pAa. CBOUX ATOMOB, 'YXONUT B MEXJIOy3eJ1bHOE. NPOCTPAHCTBO . H _obpa-
3yeT TaK ha3blBaeMblil 3JMEKTPOHHELIH «ras»,.COCTOSIMH M3 TAaKHX NOTe-
PHABHIAX CBA3b CO CBOMMH #AJDaMH sneprOHOB H CTABIIAX OGHIUMH UIH
KOJIJIEKTHEH3HPOBAHHBIMH,

Baarofaps KO/MIEKTHBH3HPOBAHHBIM 3/EKTPOHAM METAMIbL oénaua-
10T 5JIEKTPO- ¥ TEMIONPOBOJHOCTBIO, XaPAKTEPHLIM METAITHIECKHM Giec-
KOM H HeKOTODPBHIMH APYTHMH UHCTO METa/JIHYeCKHMH cBoHcrBamH. Ha-
npumep, 6Jeck oGnsiCHsIeTCs OTpaKeHHeM CBETOBHIX JIyueHl OT KOJIJIeK-
THBWSHDOBAHHBIX = 3J/IEKTPOHOB. ,

Tun KprCTaLIMYecKol peleTKH MeTaia onpenemerc;x (popMOH TO-
rc TeOMEeTPHUYECKOro Tesla, KOTOPOe COCTaBJAET OCHOBY €ro 3JeMeHTap-
Ho#t siuefiky. HaubGonee pacnpocTpaHeHHBIMH THIAMH KPHMCTANIIHYECKUX
DEIIETOK META/IOB ABJSIOTCH KyGHYECKAs OOBEMHO HEHTPHPOBaHHAs
[OIIK], ky6uueckasi rpanenenrpupoBannas [I'LIK] u.rexcaronasib-
Has nioTHoynaxkoBanuas [ITIV] (puc. 1.2). ,

Kak BHIHO 43 NpHBEJIEHHbLIX PHCYHKOB, V OOOHX THIIOB Kyﬁuqecxmx
peleTok 1o 8 aTOMOB HAXONHTCS B BEpIIMHAX Kyba, a OCTalibHble —
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B LeHTpe Ky6a Ha niepeceyeHHH ero auaronadei — y OLIK (puc. 1.2, a)—
HJTH Ha NepeceyeHuy IHaroHanel KaXKIoH rpaH#, T. e. B ee UEHTpe —
y THK (puc. 1.2, 6). ,
fueiika pemetku I'TIY (puc. 1.2, 8) npencrasasier coboit npuamy,
OCHOBAHHAMH KOTOPOH ABJSIOTCS LEHTPHUPOBAHHBIE ORHHM ATOMOM LI€-
CTHIDAHHHKH. BHYTPH 3TOH siYeHKH MEXIY OCHOBAHMIMH HaXONATCSH
elie TpH aToMma, o0pasyloline PaBHOCTOPOHHUH TPEYTOJbHHK.
Kpucrannuueckne pelleTKH MeTaqjioB HEe3aBHCHMQ OT HX THIA
- SIBMAIOTCA IJIOTHOYNAKOBAHHBLIMH. DTO 03HA4aeT, 4YTO aTOMbl, HAaXOfs-
H{HECA B HX y3/axX, CONPUKacaloTcsl APYr ¢ JPYrOM CBOHMH HAPYXKHbI-
MH 3JEKTPOHHBIMH 00OJOUKAMH (BHAMBEI cnpaBa Ha puc. 1.2).
Metanab oTanyaioTes APYr OT APyra KpPoMe THNa KpHCTasiuye-
CKOf pelieTKH ellle U ee NapaMeTpPaMi, KOTOphlE MPeICTaBAsAIT coboll
XapaKktepHble pasMephl TeOMeTPHUYECKOro TeJjla, COCTABJSIOIIEro ee guel-
Ky. Hanpnamep, v kyGuueckoit siuei-
KH — pebpo a (puc. 1.2,4a,6), y
reKcaroHaJpHO# — CTOPOHA OCHOBA-
HHA @ ¥ pacCTosHue MEXIAY OCHO-
BaHuaMH ¢ (puc. 1.2, 8).
IlapaMerp —- paccTosiHUE MeEXKIY
LHeHTpPaMH COCEIHHWX ATOMOB TIO H3-
O6pannoMmy Hanpaesjenurr, OHO BbIpa-
’aeTcsl B HaHOMeTpax (HM) HJIH aur-
cTpemax [Al, npuuem 1 HM =
= 10 A = 10~ m._ Kak npasuo,
MapameTphl PeLIeTOK METaslJIoB. KO-
nebmorest B npefenax 2—7 A (0,2—
0,7 um). HauGosee uspecTHee ¥ LIH-
POKO INpUMeHsieMbie B HPOMBIIILICH-
'HOCTH MeTajl/Ikl [0 THNaMm KpHcTal-
JIHUYECKHX DEMIeTOK MOXHO PasGUTh
CJIELYIOUHM 0Bpa3oM; :
OLLK-peleTky = HMEIOT KeJieso
OpH OGBIYHBIX TeMIepaTypPHBIX yCJI0-
BHSIX, XpOM, BoJbdpam, BaHaauil,
MOJIHONEH, Kaluil u HaTpHH;
Puc. 1.2. OcHOBHbE THUE KPHCTaJI- I'IK-pewerky HMEOT HHKeIb,
' JHYECKHX PELISTOK METAJLIOB Melb, aJIOMHHHUH, CBHHeL, cepebpo,
Keneso npu  Temnepatrypax 911—
1392 °C u pgpyrue MeTaJLibl;
I'TIY-peuerky UMeloT MarHui, UMHK, a TakxkKe KoOaJibT, LHPKOHUH
W THTaH TPH KOMHATHON Temmneparype. t
Kak BUAHO W3 Nepeyuc/eHHsl, HEKOTOPLIE METaJIbl B 32BHCHMOCTH
OT TeMNepaTypHBIX YCJOBHH CYIECTBYIOT HPH pasHeIX criocobax pacrho-
JIOXEHHsI aTOMOB B IPOCTPaHCTBE APYr OTHOCHTENBHO Jpyra. Hamnpu-
Mep, ene3o npH Temnepatypax xo 911 °C umeer OLIK-pewerky, na-
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Jee go 1392 °C cymecrsyer B ajsorpounyeckoit popme I'LLK, a sarem
BILIOTh O TEMNepATyphl MJaBJEHUsl CHOBa NpuHuMaeT gopmy OLK
(cM. pme. 1.4).

CrnocofHoCTh MeTasjla M3MeHsITb THN CBOeH KpHCTaNJIHYecKoHd pe-
[IETKH - B 33@BUCHMOCTH OT TeMIepaTypbl Ha3bIBAETCA QAAOmponuel
(noaumopgpusmon). Tloaumopdunle npespaiedds CBOHCTBEHHBI TaKXKe
TUTaHy, IHMPKOHHMIO, OJOBY H APYTHM MeTaJJjiaM.

AnnoTponuueckne npeBpalleHyusl HMEOT BakKHOE 3HAYEHHE B TEXHH-
Ke; 6/1aroflaps HM, HanpuMep, OKa3blBaeTCsl BO3MOMKHBIM NPOH3BOLHTD
TEPMHUECKYI0 06paGoTKY CTaju M APYTHX CIJIABOB, HMEIOUIYIO LIEJbIO
H3MEHSATb WX CTPYKTYPY U CBOHCTBA.

Hrak, Mbl pazobpasin KPHCTANJH4ECKO® CTPOEHHE METaslJOB M yBH-
IesId CTPOro YNOPSIIOYEHHOE DPAcoJIOXKEHHE aTOMOB B INPOCTPAHCTBE
OTHOCHTENBHO APYT Apyra. M3 aToro BhITEKaeT Takast BamHas 0COGER-
HOCTb, TIPHCYILAA BCEM KPHCTATJIHYECKUM TejlaM, KaK aHH30TPONHS
CBONCTB.:

[Ton aHusoTponuel NOHUMAETCHA HEONHHAKOBOCTH MEXaHH-
yecKuX "W HPyriX ¢BOHCTE MOHOKPHCTAJJIOB TO PA3/iM4HBLIM HanpasJie-
HuaAM. Tak KakK cBOMCTBAa BHOJIb KaKOro-HMOYb HANPAB/IEHHS 3aBUCHT
OT KOJIMYECTBA PACHOJOMKEHHLIX Ha HEM aTOMOB, TO aHU3OTPOINS SIBJS-
ercsi 3aKOHOMEPHBIM CJIEACTBHEM KDHCTAMJIM4ECKOro CTPOEHHS.

JlefictBHTeNbRO, Hanpumep, y MoHokpuctasios ¢ OLLK-peinetkol
_CBOHCTBA BROJL pebep KyGOB OTJIHYAIOTCH OT CBOWCTB BAOJb HX JHa-
roHaJjeit, HockoabKy (puc. 1.2, a) Bposb peGpa B siuelike HacUHTHIBAET-
CA JBa aroma, a BJAOJb JMaroHajln — TPH.

Monoxpucrana npeicrasasier co6od Kak Obl OAHO 6OMbILOE 3€pHO
MeTasjla, COCTOsIIliee M3 OTPOMHOr0 KOJHYeCTBAa OJIMHAKOBO OpPHEHTH-
DOBaHHBLIX fiyeeK. PeasibHble MeTaJJIBl SBJSIOTCH [OJMKPHCTANIHYE-
CKHMH TEJaMH, COCTOSIIIMMH H3 OFPOMHOIO YHCJa MEJKHX 3epeH C pas-
JIHYHON OPHEHTHPOBKOH WX siueeK. BBHAY 3TOTO B LesoM KycKe Meras-
Jla HEIOCTATOK CBOWCTB B OJHMX 3epHAX 10 Ji0GOMY M3 HalpaBJeHHH
lepeKphiBaeTCsl MX H3GBITKOM B APYIUX 3€pHAX MO 3TOMY e Hanpas-
JIEHHIO W «CPEJHHE» CBOMCTBA B TIONIHKPHCTAJIIHUYECKOM TeJie TIO BCeM
HampaBJeHHAM OKAa3blBalOTCS OAHHAKOBBIMH. [lannoe sisieHue npucy-
Uule peasibHBIM METaJlaM, HMEIOUM NOJHKPHCTA/VIHYECKOe CTPOEHHE,
H Ha3biBaeTcs ncesdousomponueri WU Keaauusomponuel.

Y peajibHBIX METAJIJIOB €CTb €llle Of{HA OUEHb BaxHas AJ1sl NOHUMaHUA
uX CBOMCTB ocofeHHOCTb., KpHCTa/iHueckas peluerka WX 3epeH He
SIBJISIETCS HJIeAJIbHbIM TeOMETPHYECKHM IIOCTpOeHHeM, eff MPUCYILH Ta-
KHe JeeKThl, KaK BAKAHCHH, BHEADEHHDBIC aTOMBl ¥ JHCIQKAIHMH,

Baxancueii na3viaerca HesaTlONHEHHbIN [0 TOH uJM HHOH TIpHUMHE
ysen KpHCTaJIJIH‘!eCKOH pewerky (puc. 1.3, a@). B mecrax Haxoxaenus
BaKaHCHA KDHCTA/Myeckas peleTka UCKaXKeHa, TaM BOSHHKAIOT MECT-
Hble. BHYTPEHHNE HanpsiKeHusi, KoTopbie 06YC/OB/IeHb! Hapymeﬂuﬂmn
OAHOPOJHOCTH CHJ MEXATOMHOrO B3aWMOAGHCTBHS., CYINECTBYiOLlEH B
uleanbHON KPHCTANJIHUECKOH "pelIeTke CO BCEMH 3alOJHEHHBIMM Y3-
JaMHy.




. Ecnu B oTAeNBHBIX siueiKaX KPHCTAJJHUECKOH pelIeTKH MeXIy ee
y3JaMd TO0 KaKHM-J1060 TPUYMHAM OKAa3bIBAIOTCS KaK Obl «JIHIIHHE»
aTomel JAHHOTO, WJIH [PYTOro 3JE€MEHTa, TO 06pa3yiollecs NpH 3TOM
AetheKThl HA3bIBAIOTCH gHeOpenHbimu amomamu (puc. 1.3, 6). Buexpen-
HBI€ aTOMBl TAKXKE HMCKaXKAIOT KPHCTALIHYECKYIO peleTKy H CO3JaioT
BHYTpPeHHHE HampsxeHHdA. [Ipu BHeJpeHMH B MEXKAOY3JHS DeIUETKH
AaTOMOB JIPYI'UX 2JEMEHTOB 3TH HaNPs)KeBHs OKasbBalOTCs TeM 6GoJblie,
YeM 3HaYHTeNbHee Pa3HHLA MEXAY pa3MepPaMH aTOMOB BHEADEHUs H
IAHHOTO MeTajla.

JIunefinple HecoBepINEHCTBA KPHCTAMIMYECKON DEeTKH Ha3bIBaIOT-
e ducrokayuamu. JINCAOKAIMH MOXHO TIPEICTaBHTL TaKHM 06PasoM:
€C/TH HaJpesaTh BAeadblblll KPHCTAN ¥ CMECTHTh Kpas Hajpesa Ha
BEMHYHHY, KPATHYIC TIEPHOAY pEIeTKH, TG BHYTPH KpHCcTaAla y Kpas
Halipe3a BO3HHKHET HEKOTOPOE MCKaXeHHe, KOTOpoe M fBJsieTCs Ju-
croKarnen, ; ‘

Ecau kpas Wagpesa caBuHYTbI napasjefbHo Hafpe3y, TO 00pasyio-
WASACH AMCIOKALHA Ha3biBaercs gurmosoti. Ecav xe Kpast Hajpesa pas-
ABHHYTb H BHYTPb 06Pa30BaBIIENCA LIeJNH BCTaBHTb (MM YIAJHTh H3
Hee) JIMIIHIOI aTOMHYIO TJIOCKOCTH TOrO e MaTepHana (3KcTpariioc-
KOCTb), 3TO NpHEeNeT K 06Pa30BaHMIO AHCJOKalHHM APYroro THIA —
Kpaesotl (puc. 1.3, 6).

0)

* Puc. 1.3. OcHoBHble ged)eKThl KPHCTAHIECKHX PEIETOK

Uem Gosiblie umeeTcsA B 3epye TaKuX JedeKToB, TeM CHJbHEE HCKa-
’eHa €ro KPHUCTalHYecKasi perieTka W TeM GoJiee 3HaUHTebHb B Hel
BHYTPEHHHe HanpskeHus. JINC/IOKalMH BO3HHKAIOT NPH KPUCTANIH3aE-
UHH, OCOOEHHO Ha TPaHUUAX 3epeH, NPHU INACTHUECKOH ledopMauuw
MeTajlsia, (pPH €ro pe3KkHuX Harpepax U OXJaxKAeHHSX.

(O3HAKOMUBUWIHCH C BAKAHCHSIMH, BHEJPEHHLIMH aTOMaMH H JHUCJIOKa-
IIUSAMH, OYeHb BAXHO JUIS1 TOHHMAaHWS NPOYHOCTH METaJIOB YSCHHTb,
YTO BCe 3TH JedeKThl NPHBHOCHAT B 3ePHA MeTasjla, B HX KpHCTaJjinye-
CKYIO pellieTKy HCKaXKeHHs! W BHYTPEHHHE HanpsIKeHHs.

He menee Ba)kHOe 3HaueHHe [/ NPOYHOCTHHIX CBOHCTB METaJ//ia uMe-
IOT CTPOEHHEe H COCTOSIHHE rpaHuil ero sepeH. BJaarogapst ocobenHoctsm
KPHCTA/JIH3aNMH Metasaaa (T. e. o6pa20BaHHs 3€PEeH H3 MHIKOro Me-
Ta/lla) KpHCTaJJIMyecKasi peleTka B cJoe, TIpuJeraiomeM K IpaHHIaM
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KaXXJ0T0 3epHa, COJIePKHUT DOJIbLUIOE KOJHYECTBO BAKAHCHI H HEJOCTPOEH-
HBIX STYEeK.

Y rpaHHLl COCEJHHX 3€PEH CTANKMBAIOTCs ATOMbI, HAXORAULMECS Ha
PasHEIX KPHCTALIOTPadUIECKHX IJIOCKOCTAX, KOTOpbie He  fIBJSIOTCS
POAO/KENHEM APYT APYra, a nepecekaloTcst Mo TeM HAH HHbIM YTJIOM.
Tlocneanee o6CTOATENLCTBO OYEHb BAXKHO IJIsi NOHAMAHWA TAKUX siBJjle-
HUf, KaK HakJen WiM yIPOYHEeHHe MeTalld BO BpeMA IJIACTHUecKoi
ledopMallH, a TaKXKe 3aBHCHMOCTb NPOYHOCTH OT pa3Mepa 3epHa
MeTaJsa. »

Tlo rpannuam sepen MOTYT HAXOZUTBHCS B BUIE BKJIOUEHHMH pasiuy-
Hble JIETKOIVIABKHE HeMmeTaMJHuyeckue nipumecH. Hanpumep, 8 cramu
MEXKAY 3€pHaMH MOTrYT HaXOAHTbCS BKJIOUEHUS CyJbduia xKeaesa
FeS. Tyronnaskue BK/IOUEHHs, HATpHMep cyabupa mapraHua MnS,
Hao6opoT, HAXOMATCA BHYTPH 3epeH.

Kpucranausanns merannos. Kaxjoe BeumiecTBo B 3aBHCHMOCTH OT
TeMuepatypbl 4 laBacius MOMKCT HAXOAHTLCH B TBep/oM, KHAKOM H
razoofpa3nomM (11apooOpa3HOM). COCTOSHUH.

B ofbluHBIX aTMOChEPHBIX YCJIOBHAX NPH KOMHATHOHR TeMIeparype
BCE METAJl/Ibl, 34 HCK/IOUEHHEM DTYTH, SBJAIOTCA TBEPALIMH TeJaMH.
Onu B oT/iMuHe OT XHAKOCTEHl COXPAHSIOT OlipelesieHHYI0 (GopMy H
pasmepbl H NPOTHBOAEHCTBYIOT BHEIHWM CHJIaM, YTOGBI HE H3MEHHTh
3TH BAXHble MX npusHaku. [lepexof MeTa/jioB. KaK u BCEX KpuCTal-
JIUYECKHX TeJ, U3 XKUIKOro COCTOSTHUSI B TBepAOe TIPOUCXOMUT BC/EACT-
BHE ECTeCTBEHHOIO CTpeMJIeHHsl /100Or0 BeleCTBA YMEHBIUHTbL 3amac
cBOeH CBOGOAHON 3HepPrud NpH NOHIXKEHMH TeMINepaTyphl.

OkxaspiBaercs, KOTAa KPHCTAITHYECKOE TeNO HAXOAMTCA B JKHUAKOM
COCTOSIHHH, TO IPH JIOGOH TeMnepartype, NPeBHINAIWEH TOUKY NJaBJe-
uus Ty,, ero cBoBoyHAS IHEPTHs MeHbIe, 4eM ecJH Obl OHO IPH ToH
JKe TeMIlepaType HaxXOAWJIOCH B TBEPAOM, T. €. KPHUCTANJIHYECKOM, CO-
crosinnn. ORHAKO KQria ero TeMNepaTypa OKaxKeTCst HHXKE TOYKH ILIaB-
JieHusi, To GoJlee HH3KuH 3anac ceoGofHoil aHepruu GyleT y TBepaoro
COCTOSTHHS. - '

[TosTomy, NOAYMHASACH NPHPOIHEIM 32KOHAM TEPMOAHHAMHKH, MeTaN-
Jbl, KaK KDHCTAJJIMYeCKHE Tesa, NIPH HArpeBaHHM JO ONpENeNeHHbIX
TemIlepaTyp MJIaBATCA (NEPEXONST M3 TBEPIOT'O COCTOAHHSA B KHIKOE),
a MpH OXJaXKAEHHH KPHCTAMIH3YIOTCS (CTAHOBATCS TBEPALIMH TeJlaMH).

Harnomuum, yTo TBepJble MeTassbl COCTOAT H3 3epeH, KOTophle Co-
CTOSIT M3 3aKOHOMEPHO PACIOJOKEHHBIX B MPOCTPAHCTBE aTOMOB, 06pa-
3YIOMIHX KPHCTA/LTHYECKYIO DElIeTKY TOIo HJH HHOUO THNA B 3aBHCH-
MOCTH OT poja meranana {cMm. puc. 1.1 u 1.2).

Tax kak cBoficTBa MeTaJlJIoB 3aBHCAT TaKxe OT (hOPMH U pasmepa
3epeH, TO OueHb HHTEPECHO U BaXKHO 3HaTh, KAKHM O0PasOM H N0 KAKHUM
3aKOHaM NpPOHCXOANT KPHCTAMJIHM3aLHs MeTa/VIOB H MOXHO JIH YNpas-
JATb pa3MepoM 3epeH, 4YTo6bl TNosyuyaTbh TpeOyemble CBOHCTBA.

Ilepen TeM kKax pacCMOTPEThH 3TOT BONPOC, O3HAKOMHEMCS ¢ KPHBBIMY,
Harpesa M OXJaseHHs ese3a H yACHHUM HX (HU3NYECKYIO CYLIHOCTE
(puc. 1.4).
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Kdk BUAHO M3 X0a KPUBOH HArpeBa, MPHCyHias Kejae3y Tpu HHM3-
KHX Temmeparypax xpucramiudeckas pemerka OLLK coxpansercs
siiioTh Ao 911 °C. Ipu 310l Temueparype (puc. 1.4, yyactox 2) npo-
ucxoant nepecrpoiika OlLK-siveex B TLLK TpeGyromas HekoTopoix 3a-
TPaT SHEPTHHU. DTUM H 0GbACHARTCA NpeKpalleHte PocTa TeMIepaTyphl,
HeCMOTPS Ha TO YTO NOrJOIIEHHEe HarPEeBAeMbIM MeTaJIJIOM TEeNJIOTH Npo-
JoJKaeTcs,

Pewerka TLLK (y-Fe) cymecrsyer go 1392 °C, nocsie yero oHa
10A AefiCTBHEM 3aKOHOB TEDMOAHMHAMHKHM CHOBA NEPECTPAUBAETCH B pe-
mwerky OLLK (puc. 1.4, yuacrok 3), KoTopas CyllecTByeT BILIOTb [0
Temuepatypsl naassaenus 1539 °C, T. e. J0o paspylieHHs KpucTaJL1uyue-
cKoit pemretku. Ha 310 M pacxopyercss BCA MOCTYNAOMAS B METAAN
Tenjopas dHeprus (puc. 1.4, ydacrox 4) (remneparypd He pacrer
JO Tex 1nop, IOKa He 3aKOHUMTCH DPa3pyUIeHHE DelleTKH). '

Iepexon xene3a, kak 4 HEKOTOPHIX APYrux merasuos (Ti, Zn, Sn),
M3 OIHOM a/IIOTPONHYECKOR (OPMBI B APYTYIO NIPOHCXOANT BCJIEACTBHE
TOTO, YTO, H3MEHHB THII KDHCTAJMIMYECKOH DeLIeTKH, OHM CHHXKAIOT
3anac cBOGOAHOM SHEPTHH.

[MokasaHHbl Ha KpuBOK Harpeea npH 768 °C yuactox I o3nauaer
nepexod MaruuTHoro xenesa ¢ OL{K-pemerkoit (a- -)eiesa) B HEMarHUT-
Hoe xene3o (B-keneso) ¢ Toit e pemretkoi. Ha xpuBoil oxjaxjaenus

: OTpaxeH mpouecc Nepexoad

1% g Kenesa u3 XKHUIAKOro cocTost-
HUSL B TBepjAoe, a Takxke
npeBpaienus,  NPOHCXOAS-
e B HEM IoCje KPUCTal-
JH3alHH  NpU  JadbHeilleM
OXJIAXKIeHHH (puc. 1.4,

™

12001 yuactkn I'—4').
~__ MKy Hanuune yuacrka 4 cBu-
000l ﬂeTeﬂbCTByeT O TOM, 4TO,
- HECMOTPS Ha OXJaXJIeHHe,

ant OLiKp 22 MUKz

, ‘ T. €. OTBOA U3 MeTajla Tel-
ao OuKs JOTHl, €ro TeMHepaTypa He
T OUKy == OUKp najaer, a coxpaHsiercs Ha
500 Otk JOCTHIHYTOM YpPOBRE, PaB-

Bpemn roM 1539 °C (T ya).
3J4ech Han0 MOHATH OJIHO
Puc. 1.4, KpuBsie HarpeBa u oxJax- OueHb Ba¥KHOE OO6CTOSATENb~
Renus Kenesa crBo. Econ npu TeMIiepary-
pe, COOTBETCTBYIOIIEH yuacT-
kam 4, 4 (T,,J,) K MeTajay Teuaota INOABOAMTCH, TO OHAa pacXxo-
Ayercs Ha paspyHIeHHe ero KpPHCTaJJIMYecKoi . DEeIleTKH H TNO3TOMY
TeMIeparypa He MHopbiuaercsi. Ho ecau Meraid ocThiBaer, T. €. COIep-
’Kaulafcs B HEM TEINIOTAa OTBOAMTCH BO BHEIUHIIO Cpely, M eClH, He-
CMOTpPSA HA 3TO, JOCTUTHYTast TEMNepaTypa B TeYeHHe KaKoro-To Bpe-
MEHH He CHMMAEeTCs, a HOMJEPXKUBAETCA Ha IOCTOSAHHOM YPOBHE
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(yuactok 4'), TO 3TO JO/IKHO 03HAYaTbh, YTO B METa/lJle NPOUCXOAHT
KaKoii-TO Tpolece, CBSA3AHHBIN C BuieNeHHeM TennoThl, M 1eficTBHTE b
HO, B 3TO BPEMS MeTa/Jl NMEePeXOAUT H3 KUIKOTO COCTOAHHS (TPH KO-
TOPOM €ro aToMbl COBEPUIAIOT UIHPOKOAMIVIHTYAHbIE TENJNOBbE KoJeba-
HMs) B TBEpAOE, KPHCTadNHyecKoe.

Tlpn 3ToM aTtombl, 3aHUMasi onpefe/eHHOe NMOJIOKEHUE B V31aX KpH-
CTaNIHYeCKOH pelleTky, Kak Obl «yCIOKAHBAKOTCSS, aMIIHTYAA WX KO-
Ae0aHull pe3sko yMeHbIIAeTcs, a ocBoBoXaammasics BCIENCTBHE 3TOrO
TEIUIOBAS YHEPTHS TOANEPKHUBAET TEMNEPATYPY Ha IOCTOSTHHOM yPOBHE.
Tlocsie Toro Kax Besi MHIAKOCTh 3aKPHCTAIIHBYETCS, IPEKPATHTCS Bhie-
JleHHe «BHYTPEHHEH» TeIJIOTbl H TeMneparypa HauHeT CHHXKAThCH,
YTO M OTPAKEHO KDPUBOH Mexay yuactkamu 4 u 3.

[Ipw Temmeparypax. cooTBercTBYyMOLIMX ydacTkam 8" u 2' (1392 u
911 “C), npoucxoasT NoAHMOpGHBE I[PEBpPALIeHHs, COOTBETCTBEHHO
- -Fe B y-Fe u y-Fe B xeneso ¢ pemerkoit OUK. Ilokazauumii Ha rpadu-

Ke yvacTok I ortpaxaer npespaiieHnHe HemarmutHoro OLK-xenesa
(B-xeneza) B MarHuTHOE (@-XKese3o). »

M3 cpenannoro pasfopa KpHMBBLIX HarpeBa W OXJIAXKAEHHA XKeJesa-
CTAHOBUTCA SICHO, YTO CYHUIHOCTBIO IVIABJIEHHSI MeTa/lla siBJsercd pas-
PYLIEHHe ero KPHCTANJIHUECKOH DelleTKH Ha GJIOKH, CONpOBOMXIAeMoe
3HAYUTENbHBIM YBEJHYEHHEM KHHETHUECKOH 3HEeprHH €ro aToMOB, CBA-
3aHHOE C POCTOM aMIVIHTYAbl HX KoJebGaHHil.

[1pu 3aTBepAEBaHNH HPOUCXOIUT CAMONIPOU3BOILHO coaepma}omnﬁ~
Csl Mpolece HOCTPOEHHSI KPUCTANIHYECKOHd DPeleTKH Merasna, Bo Bpe-
Ms1 KOTOPOTO Pe3KO yMeHbIIAeTCsl SHeprus IBHACEHHS €ro aToMoB. Bbr-
JeJsiouascs Npy. 3TOM Tax HaskBaeMasl CKpPhITas TeIJIoTa KpHcTaliiu-
3alHil TIOJUAEPKUBAET TEMIIEPATYPy IOCTOSSHHON A0 HCYepHaHHA KHI-
KO (asbl, T. €. JO KOHNA Kpucraanusauud (puc. 1.4, yuactok 4').

[lepexon MeTansa u3 KUAKOrO COCTOAHHS B TBepAO€ MNPOUCXOAUT
no cxeme, HaoGpaxennofl Ha puc. 1.5. Tlo nocTHkenuu ocTHBaOILeH
HKUIKOCTbIO KpUTHYecKOH Temnepatypsl (7 ;) B Hell BO3HHKAIOT YCTOH-
YHBLIE 1EHTPH KPHCTAMIHM3aLHH, COCTOSINME M3 siUeeK KpHCTaJjlaHye-
cko#l pemreTkH (pHe. 1.5, a). C TeuenHem BpeMEHH OHH 0OpacTaioT NpPH-
COEMHESIIOMUMHUCH K HUM H3 XKHJAKOCTH APYTMMH suefiKaMH M DpeBpa- .
nwatwTes B 3epHa Mmetamna (puc. 1.5, 6—e).

Crexyer MMeTb B BHAY, YTO LEHTPH KPHCTaJMJIH3allHM BO3HMKAIOT
B KHUAKOM MeTaJJie HeNMPEPLBHO [0 TeX IOp, NOKA He 3aKOHYMTCA Mpo-
IlecC KPHCTaJJIN3alMKl, ¥ YTO KaXK/AbIH LEHTp NpeBpallaeTcs B 3€PHO.

Tlo Mepe pocra BO3HMKAWOIIHX KPUCTANIOB OHH CTAJKHBAIOTCS APYT
C JIPYrOM H TepfioT HPHCYHLYIO KpHCTallaM npaBuabHyo ¢opmy. Ha
rpaHuNax 3eped siueliKM OKasbBAlOTCS HefocTpoeHHBIMH. Tam ofpasy-
€TC51 MHOTO BakKaHcWil ¥ APYrHX AedeKTOB M, B HACTHOCTH, JETKOMJIaB-
KHX HEMETA/IMYECKHX BK/IOYEHHM H NOp, 3a/eraiolliiX MeX1y 3epHa-
MH. B tex mecrax, rie nmeercs ueTKoe 0o603HaueHHOE HanpagJeHHe oT-
BOAA TENJOTH, Hanpumep OJU3 rpaHull HopMbl, 3epHA MOJYHAIOTCS Bbl-
TSAHYTBIMH BJOJb 3TOTO HampaejeHus. TaMm, Tie TaKoe HanpaBleHHe
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OTCYTCYBYET, 3€pHa NONYYalOTCA PABHOOCHBIMHM, T. €. OHH HMEIOT OAH-
HAKOBBIE Pa3Mephbl 10 BCEM HallpaBICHHAM.

Cpeanuii pasvep noJyyalolUXCs NPH KPHCTAMIU3AUMH 3eped 3a-
BUCHT OT YHCJA BO3HUKAIOMMX LIEHTPOB KpucTajusauuu. Hem Gosbiue
UEHTPOB. TeM MeJbYe 3ePHO M TeM NIPOUHee MeTall.

I1pn neobxonumocTy pasMepoM 3epua MOXKHO ynpasisite. [Las nomy-
YEHUS MEJIKO3EePHHCTOrO MeTan/a ero MOAMGHUHUPYIOT, T. €. B paciias-
JIEHHBI MeTaJ/lJl BBOAAT HEGOJIBIIOE KOJHYECTBO ClelHaJbHO NoAGHpae-
MO0 BELIECTBA — MOAUGMUKATOPA, KOTOPHI BO BPeMsi KPHCTA/IM3aLHHU
Hapaxy ¢ OCHOBHBIM™ METAJJIOM 06pa3yer LONOJHHUTEJ b HBbl€
HRHTPBl  KPHCTAIU3ALHY, BCIEACTBHE uYero ofliee uHC/io UeHTPOB W,
"C/IEJOBATENbHO, KOJMHYECTBO 06PA3yIOUMXCH 3€PeH BO3PACTAET, 'd MX
PA3MEPHl  YMENbIAITCH,

2) ) e)

Puc. 1.5, Cxema KPHCTAANH3ALKHA XKHUKOTO MeTaMIA

Jlpyroii pon Moau(pHKaTOPOB CaM AONIONHHTENbHEIX LEHTPOB KPHCTA-
AU3aUMM HE CO3JaeT M JaXe 3aMelIsgeT POCT 3epeH M3 BOSHHKLIMX
IEHTPOB, OJAHAKO B PE3y/ibTate 3TOr0 3aMe/ll€HUs BO3pacraer obmias
1POJOJIKHTENLHOCTE KPHCTAJIM3AUMK H, KaK CJIEJACTBUE, YBEJIHYUBA-
eTCSl CYMMAPHO€ KOJHYEeCTBO 3aPOKAAIOIIUXCA B XKHUAKOM METaJlje LeH-
TPOB KPHCTALIH3AILHK. A 3TO NPHBOAHT K H3MEJbYEHHIO 3ePeH CIIaBa.

MexanHueckHe M ApYrue CBOHCTBA METAJIOB H METOJbl HX Onpeje-
Jaenus. Hcnosnsyembie Jisl M3rOTOBJIEHHS DPa3JHYHBIX W3JeNHH Mate-
pHaJbl NPEXJAe BCEro NO/KHBbI HMETb ONpeleNeHHbIH 3anac MeXaHuye-
CKHX CBOMCTB, OfecreunBaOlMX HepaspylleHue H3ACIUH SKCIUyaTa-
IHOHHLIMH  HATPY3KaMH. .
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JIpyrumu CBOACTBAMH MATEPUAJIOB SIBJSIOTCA HX Pa3/TUYHbIE (HU3H-
yeCKHe M XHMHYeCKue CBOHCTBa, HanpuMep IIOTHOCTb, TEIJIONPOBOA-
HOCTb, 5JIEKTPOTEXHHUECKHE' CBOHCTBA, CMOCOGHOCTL COMPOTHBAATHCA
KOPPO3HH M T. . ‘

Ocofo BHIAEIAIOTCS TEXHOJOTHYECKHE CBoficTBa MaTepualoB. Ot
HHX 33BHCHT, KaKHM CIIOCOGOM M3 JAHHOIO MaTepHa/ia MOXHO H3roTo-
'BHTb Ty WM HHYIO ferajb. K HUM OTHOCSTCS KOBKOCTB, JIMTEHbIE CBOH-
ctBa, 00pabaThBAEMOCTb PEXYLIHM HHCTPYMEHTOM, NPOKaTHBaEMOCTb
T A

Haubonee yHuBepcaibHbIMH CBOHCTBAMH AIBJIAIOTCA MEXAHHYECKHE.
10 OGDBACHAETCA TeM, 4TO OOJIBIIMHCTBO H3TOTOB/SIEMbIX M3JENUA BO,
BpeMst SKCITyaTallii TOXBEpraerca DeHCTBHIO HArpy30K, MOPOXKAal0-
HUX BO3JEHCTBYIOLILNE HAa MaTepHas CHJIBI, KOTODHIE MOTYT CO3JaBaTh
B MarepHalle PACTATHBAIOLIHE, CXHKUMAOIHE HJIH KacaTe/lbHbE (CABH-
TOBBIE) HANPSKEHHS H COOTBETCTBYOUIME MM JedopManiy.

[Tof, MexXaHHYeCKUMH CBOHCTBAMHK . MPHHATO MOHHMAThb KOMILIEKC
CBOHCTB, OTpaxaloliHX CHOCOGHOCTL MaTepHa/ta NPOTHBOAEHCTBOBATH
jJebopManuy NoA AEHCTBHEM IPHJIOCKEHHBIX CHJI. ‘

Jledopmaiiysi — 3T0 u3MeHEHHe (HOPMBI M DA3MEPHI U3Je/Insi, KOTO-
pas"MOKET GbITh pacTArHBalolleH, CKUMalollell H cBUroBol. Pactaxe-
HHE MPUBOIHT K YBEJHUYEHHIO pasMepa M3AeNHs (M/IH UCTIBITHIBAEMOTO
ofpasiia) B HamnpaBJieHHH JeHCTBYIOUleH CMJBI ‘M COOTBETCTBYIOLIEMY
YMEHbUIEHHIO pa3Mepa B NollepeyHoM Hamnpas/eHuu. [IpH cxkaThu, Ha-
060poT, NPONOJBHBIH pasMep YMEHbHIAETCH, a TONepPeuHbIH ~— YBeau-
ypBaercsi. CABUI NPHBOIMT K CMEHIeHHIO OJHOH YacTH MarepHala Hafle-
avsi (06pasia) OTHOCHTENBHO APYToOf N0 KaKoH-HUGYAL NiockocTH. Ha-
npuMep, NPH CKPYYHBAHUH CTEPIKHS B Hem TPOHCXOLAT AedopMarH
caBura uaum AedopMauuy cpesa.

B 3aBuUCHMOCTH OT MOBEAEHHS ﬂe(popMMpyemoro MeTasia noce
CHSTHS NPHJIONEHHOH CHIIbI J06asi U3 OTHCARRBIX BHIOB nedopmatuit
MQXKeT ObITh YOPYTOH HJIM OCTAaTOUHOM.

Yprraﬂ nedopManusi 1ocjie CHATHSI BEI3BaBIIeH ee CHJbI IIOJIHO-
effio Hcyesaer, M Bce pa3mepbl H3eaus (06pasna), Kaxk HpOAOJbHLIE,
TaK M TONEPeYHbIe, OCTAIOTCH 6e3 u3Menennsi. I1py sTom He namensiercs
H B3aUMHOE TI0JIOXKEHHEe aTOMOB B KPHCTa/NINuecKoil pemerke. O6bsicHs -
€TCSl 3TO TeM, UTO Bbi3BAHHBIE BHEIIHEH CHJION BpeMeHHble H3MEHEeHHs
pacCTOSIHUH MeX/Jy aToMaMH, DaBHHIX TEPHOLY - PeUIeTKH, ‘a TaKxe
CMEIlEHHsT COCEHHX aTOMOB OTHOCHTENIbHO IDYr APYra, UPUBOASIIHE
K HCKaXEHHIO DEIIeTKH, YCTPAHSIOTCs GNarofaps o6yC/IOBIEHHOMY Me-
TaJIIHYECKOH CBS3BIO MEKATOMHOMY B3aHMOJEHCTBHIO.

Ecau JefictBytoliiue CHJBI M TOPOKAEHHBIE HMH HalpsKeHHs OKa-
XKyfcs jocraTtouyHo GOMBUIMMH, TO B H3enuu (o6pasiie) NPOUCXOAAT OC-
T4TOYHBIE, T. €. HeoOpaTHMbIE, NepeMeilleHHsI MaTepHaa, CoXpaHsoLLHe-
cs mocue cHATHA Harpy3kH. [lpu atoMm d¢opma u pasmephl nafenus

(obpasua) wamenmioTcs. Takas jedopmanusi MaTepHajia HasHBaeTCA
nAACMUHECKoLl.
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Paspurde maactHyeckodl AepopMaluH MOXKET 3aBepIUHTLCH pa’py-
wenneM getanu. Ho paxe He JocTurinasi Takoil CTajuH, OHa MOXKeT
CTaTh NPHYHHOH BBIXOAA W3 CTPOA BCell MAIIMHBI HJH arperarta.

CmeapHaﬂ nnactuyeckasi IeqopMalms METal1a CKAajblBaeTcs M3
nMepeMelenyil. MeTaaa B €ro OTAeIbHEX 3epHax. [IpH 3TOM 3epHa Bbl-
TATMBAIOTCA, IIPHOOPETAOT IPOJOATOBATYIO (OpMY.

[Tnacruyeckas jaedopMauHsi sIBJASIETCS PE3YJIbTATOM MaccoBoro Tie-
peMelleHHs OrpOMHOIG KOJHYeCTBAa MHCJOKAIHi, CYIIECTBYIOIIHX B
3epHAX H BHOBb BO3HHKAIOWIMX I0J HeHCTBHEM HAaIpSKEHHH.

Jlnciokauy HenpepuIBHBIMH CKAYKaMH BeJHYHHOH B mapamerp pe-
WETKH TepeMellaloTcs K rpaHunam sepeH. B pesyabsrtate Maccosoro
8BIXOJA AHCJAOKALHH B PA3HBIX MecTax 3epHa 00pasyloTCsA CTYNEHBKH,
BJOJb KOTOPHIX 3epHO KaK Obl pacc/ianBaerTcsi M NPOHCXOAAT CHBHIH
ero yactefl OTHOCWTeNbHO APYT Apyra. [lajbHedwee passuTHe 3TOTO
AMCIOKALHOHHOTO Npolecca NPUBOAHT K Heo6paTHMon BBITSIKKE 3epeH,
4TO H COCTaBJ/ISIeT CYMIHOCTb INIACTHUECKOH NedopMalud MeTasia.

Taxum ofpasom, MexaHHYecKWe CBOHCTBA B OCHOBHOM OTPaXKalOT
CHOCOGHOCTh MaTepuaa COTPOTHBJAATHLCA IUIAaCTHYECKOH nepopmaunun
¥ XapaKTepH3yIOT €ro noBeleHne B xole ee pasputusd. Kak npasujo,
K HHUM OTHOCAT TBEPJOCTb, MPOYHOCTH, NJIACTHUHOCTL U YHAPHYIO BA3-
KOCTb. ‘

Hox T.B.£.D A0 C T b 10 NIPUHATO NOHAMATH COCOOHOCTh MaTepuasa
OKa3bIBaTh COMPOTHBJGHIHE BHEAPEHHIO B HErO NOA AeHCTBHEM CHJIBI Ha-
KOHeYHMKa M3 Apyroro GoJiee TBepJOro Mareprana. [1pu BHenpenny Ha-
KOHeUHHKA B MaTepuaJse POMCXOAHT MECTHas IiacTHdeckas nedopma-
uusi. ChaenoBaTenbHO, CYIIHOCTL TBEPJAOCTH Mare-
_pHaJa — 3TO €ro COIPOTHUBJIEHHE COCPeOTOYeHHOM
(MecTHOl) TacTHYecKod JedpopManuy. -

3amep TBepROCTH TNIPOU3BOJAMTCHA INPH IOMOLLH
ClenHaNbHbIX NpUGOpOB — TBepAOMepoB. Haunbonee
pacnpocTpaHeHHbIM METONOM 3aMepa SABJAETCS Me-
TOA ~BIAaBJAMBaHUS KaKoOro-HH6yAb CTaHIAPTHOTrO
HaKOHEYHHKa — HHJIEHTOpa — B MOBEPXHOCTH 00-
pa3ua M3 uccaefnyemoro Martepuana. Ilpu 3amepe
TBepAocTH o Metony Bpuaennsa (nputop THI) un-

B JEHTOPOM CJYAHT 33KaleHHbH CTalbHOH IApHK
7 //// (puc. 1.6). Tlpu >TOoM mAPHK NOA OIpee/TEHHOI
., Harpysko#i P B TeueHne HEKOTOPOro BpPeMeHH BJaB-
: JIMBAETCS B MaTepuall, OCTaBAAs Ha ero MOBepPXHO-

Puc. 16. Cxema sa- CTH JAYHKY JHAMETPOM d.
Mepa TBEPIOCTH 110 Tak Kak raryGHHA ¥ JHaMeTp JYHKH 3aBHCAT OT
metonly DprHeaua  COMPOTHBJIGHHA MaTepHasa njactTuyeckod jedop-
MaLHH, - BHI3HIBAEMOH BHEJPSIOUIHMES LIAPHKOM,
TO 3a Mepy TBEpAOCTH [0 DpPHHeNII0 IPUHUMAETCH. YHCAO, PaB-
HOe OTHOINEHHIQ cuJbl P K mJjowaad chepHuecKol MNOBEPXHOCTH

ayukn F: HB = P/F wuau HB = 2P/(nD) (D — V' D® —d¥.
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Ha npakTuke npH 3aMepe TBepJOCTH ee BEeIUYMHA HE BBIUUCJASETCH
N0 [IPUBEEHHON GopMyJie, a HAXOIHTCS IO CIenuaJbHOH Tab/auie 1o
U3MEPEHHOMY CeuuaNbHOR Jyriol paameTpy oTtneuatka d. B ra6ianne
IPOTHB 3HAYeHMH d yKasaHbl COOTBETCTBYIONIHE UM BHUHC/ICHHBIE 3HA-
yenusa TBepioctH HB. Tseprocts no bpunennwo ouenusaerca B mera-
nackajsax [MIlal wau B kxre/mMv® (I MITa = 0,1 kre/mm2). Ecan mate-
pHaJl MMEeT Ou€Hb BBEICOKYIO TBEDJOCTb, OCOGEHHO KOIJAa OHa TBEpHKe
wapuka npubopa bpumenns, To 119 3amepa TBEPAOCTH MOJb3YIOTCA
npubopoM PoxBena, HaKOHEUHHK KOTOPOTG OCHALIEH KOHYCOM, H3-
FOTOBJIEHHBIM H3 CaMOro TBEPJAOro MaTepuand — aaMasa.

[1puGopom Pokse/sia NoMb3YIOTCS Takke U JAJs 3aMepa TBEPAOCTH
CPABHHTeTbHO MAIKHX MATEPHaloB. B cBA3H C 9THM B ero KOMILIEKT
BXOJIUT HAKOHEYHHK, OCHAMIEHHBIH CTaJbHBLIM LIAPUKOM JHAMETPOM
1,875 mM. 3amep TBEpROCTH 1O
POKBeJIJIy COCTOMT H3 TpexX 3Taros
(puc. 1.7). Ha nepBoM 3Tame Hako-
HEUHHWK BHeJpsieTcs B Marepual Ha
ray6uny h,(Mm), co3gaBaemyio BpYyu-
HYIO TIpeIBapHTENbHOH HAarpysKoH
P,, pasuo#t 100 H (10 xrc). 3atem
NPHKJAaJbIBAETCA OCHOBHAS Harpys-
\xa P, XoTopasi BKIOYaeT B ce6s Kpo-
Me TpelBapUTeNbHONH JONOAHUTEND-
Hyl0O Harpysky -P;, pasaywo 500,
1400 uau 900 H B 3aBHcHMOCTH OT  Puc. 17. Cxema 3amepa TBEepIOCTH
pojla HCMLITHIBAEMOro — MaTepuana. " no metoy Poksesra ’
ITog >TOH Harpy3koll HaKOHEUHHMK
B TEueHue OIpEJeJEeHHOr0 BpeMeHH BHEAPAETCA B MaTepHal Ha HeKo-
TOpylo TaAyGuHy hy.

Ha TPeTheM 3Tane JONOMHHUTeNbHAs HArpyska P, cuumaerca 1 npu
coxpanfiolmielics npeaBapuTeJbHOH Harpyske P, TpPOU3BOMUTCS OT-
cuer TBepAOCTH. JlJisi 3TOr0 Ha NpHGOPe UMEETCs HHAHKATOP CO CTpesKoH
¥ IBYMS LIKaJAMH: YepHO# U kpacHoil. [To uepHOH 1Kane OTCYHTHIBAET-
cA TBEpHOCTb, 3aMmepsieMmasi a/JMa3HbIM KOHyCOM, a 1o KpaCHoﬁw
CTa/NbHBIM 1HADHKOM.

Hixasel HaHeceHbI Ha JHCKE MO Opr}KHOCTHM Kaxnoe nenenue
ILIKAJBl COOTBETCTBYET BHENPEHHIO HaKOHeYHHKa Ha rayouny 0,002 mm.
Uncaa TBEPHOCTH, OTCUMTHIBAEMbBIE N0 YepHOl IuKaje, A1 MOJHOH
rarpysku (P, + P;), pasnoit 1500 H (150 xrc), o6osnavarorca HRC,
a jans Harpysku 600 H (60 xrc) — HRA. Tsepiocts, 3amepsemas
mapuKoM, oboszHauvaercs HRB (Harpysxa 1000 H, 100 xrc).

YKasriBaeMble Ha IUKaJax C’I‘peJIKOI/I TBEPIOCTH BEIYHCIAIOTCA MO
CAeqyIOmHuM (dopMynam:

‘ HRC (HRA) =100 — (4, — h,)/0,002;
HRB = 130 — (i —hy) /0,002,
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rje hy — ocratoysasi TyGHHA BHEJPEHHs! TOC/AE CHATHA JOTOJHH-
TENBbHON HATPY3KH Py, MM; h, — ryGHHA BHEIpEHHs NpH npesBapH-
Te.IIbHOPI Harpyske P,, MM.

{llpounocTs XapakKTepusyer CONMPOTHB/IEHHe Marepuasa naa-
cTHHecKON H&pepmatiiii NoJ AeHCTBHEM IIPHIOKEHHO! cubl. Ee Xapdk-
TEPUCTHKAMH SIBJSIIOTCS YC/IOBHbIE UHMC/IA — MPEJeJbl, HaXOAHMbIE nppr
MEXaHHYeCKHX HCILITaHHAX.,

. Haubonee yacto npUMEHSIIOTCS UCMBITAHYUS HA PACTSIKEHHe, BO. Bpe-
M5 KOTOPBIX . CHeNHaNbHO  HM3TOTOB/SEMble UHIMHAPHYECKHE HJH IiI10-
CKHe CTaHAapTHbIe 00pasubl PacTATHBAIOTCS  HA pa3pbIBHOH MaluHue. '

Bo Bpewms. HchbITaHHs MalllMHA BbYEDUMBAET JHATPAMMY pacTsiie-
HHS B KOODAHHATAX: yAdHHenHe obpasua Al (mm): P (H, xre) (puc. 1.8).
B pesysbrare 06paboTKH 3TOH AHAarpaMMbl CTPOMTCS AMarpaMma Ha-
npsokenuil (puc. 1.9) 1 HaXOAATCS COOTBETCTBYIOUIUE NPERE/Ibl, SIBJSIO-
I{Hecst XapaKTepPHCTHKAMH [POYHOCTH.

ﬁ,ﬂa : ' ‘SK

/
/ //’
, —
FH f =
| Prrax ,’ il
! 0o,
1#Ps 0,05
P, 05 P Ony
Py
Al,mm &%
Puc. 1.8. Jluarpamma pac- Puc. 1.9. Juarpamma Ha-
TAXKeHHs obpa3ia npH me- apsKeHHH NpH pacTsKe-
XaHHYeCKHX HCTIBITAHHAX HHM o6pasna. XapaxkTepH-

CTHKH MPOYHOCTH

Hanpsikennst ¢ (I1a nam kro/mm®) BHIYHCIASIOTCS [yTeM Je/ieHHs,
cunbl P Ha HavaJpHYIO ILIOIAlb MONIEPEYHOro cedeHHss obpasua F,
KOTOpHIE OTKJAALBAIOTCS N0 ocu opjauHar. [To ocu: abeuuce OTKJ/Iamb-
BAIOTCA OTHOCHTENbHbE yinuHenust O (%), BEUMCAsAeMble JeJeHHEM
aGCoMOTHOrO YAMHHeHHs ofpasita Al Ha ero HaYaJbHYIO JJIHHY l0

A6comoTHoe yIIMHEHHEe HAXOAUTCA KaK PAasHOCTb MEXAY JIJIHHOH
o6pasiia B MOMEHT 3aMepa CHJbI [; 1 HawanbHOH JyuHol: Al = [} — ;.

[Ipn ucnbITaHHH Ha pacTSXKEHHe ONpeleNsioTcs CJAEAYIolUHe OCHOB-
Hble XAPAKTEPHCTHKH TIPOYHOCTH: -Npefiesinl TPONOPLHOHATbHOCTH, Y-
PYrOCTH M TEKYYeCTH, BpeMeHHoe (lipefiesi IIPOYHOCTH) H HCTHHHOE CO-
IPOTHBJIEHUE Pa3PHIBY. ‘
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[1penen nponopuHOHANBHOCTH Oy, SBJIseTcsi HAHOOJbIINM Hanps-
HeHHeM, [oce KoToporo AedopMaius xX0oTs ¥ ocTaercs eue YHupyrod,
HO HapyulaeTcss APOHOPUHOHANBHOCTbD MEX1Y Harpysko#t u jedopma-
uneit (puc..1.8 u 1.9): 04y = P, /). 32 ye0BHYWO BeaHYUAY Npene
A4 YRPYTOCTH Gy . IPHHUMACTCH HATIPSKCHIE, PH KOTOPOM OCTATOY-
Hoe yisiMHeHHe obpasua coctasdasier 0,00 % savaceuoll Adnibr [
Go.05 = Py os/Fo. ‘

(Dnanqecxnn Npeaen TeKYYeCTH Oy SBJISETCs HalpsKeHueM, upH
Kotopom of0pasey aebopmHpyeTcs 0€3 yBeJHUEHHS HATPY3KH P,

= Py/Fy. Jror npepes xapakrepeH s He3aKajgeHHbIX craJjed.

YeaoBitblii npeses TeKYUeCTH G , ABANETCSH HATIPSKETHEM, 1PH KO-
TOPOM OCTATOUHOE YAJMHeHue ofpasua cocrasasier 0,2 Yo ero nadanb-
HOA  JJTUHBI.

BpemenHoe COUPOTHBJIEHHE WM (IPEde]l 1POYHOCTH G, 1IPEACTAB-
Jster coboit HalpsKeHHe, co3jaBaemoe B 00pasue HaubGoabuiel HArpy3-
KOfl, AOCTHraeMol upu  ero. HCublTalmy vepejl paspyuieniienm P
0y = PuaxlFo. ‘

Hcrunuoe conporuBiaenue paspeiBa S, - HalpsiKeHHe, co3jabae-
MOE B MOMEHT pa3pyLieHus odpasia B ero mMarepuaie B MecTe paspyuue-
uusi. Jas ero BbIMHCAEHHS HAA0 HACPY3KY B MOMEHT Da3pyILeH#s
obpasua PK pasnenmb Ha MJIOMAAb HONEPEeYHOro Ceveli s B MecTe pas-
poma F = P IFy.

fTanacrt H YHOCTDIO HAa3bLIBAGTCH CIIOCOGHOCTb MaTepHana K
wiacruayeckoit Aedopmauri. Ee XapakTepHCTHKaMM BSIOTCH OTHOCH-
TesibHOE yaautenue § (%) u orHocHrensHoe cyxeuue P (%), KoTopoe
BBIYHCAKIOTCR 110 dopMyaaM

8 =Lx=h 100,
zo
Fo— Fy

100,
Fo

‘lpz
rae Ly v F — aauHa obpasiia B pa3pylieHHOM COCTOSIIHY M 11J0ULEAb
ero nomepeyHoro CeveHus B MeC’l‘e pa3pyleHHs - urefke.

Ynapuas BA3KOC
Md’repuana TIOKA3BBaeT™ cnocoﬁ 3 V
HOCTB - COMPOTHBASITRCS Pa3pyLICHHIO
NpH YAApHOM NDPHJIOMKEHHH Harpys3-
ki, OHa OUEHHBAETCA MO pe3yJbra- 2, AN
TaM yAAPHOTC pa3pylueHds Ha Ma-

ATHUKOBOM  KOilpe  CHeUHAAbHOTrO  Pye, 1.10. Obpasen iis oupeuee-

6pycuaroro ofpasua c Ha)lpeSOM HHsl YAAPHOi BAKOCTH
(puc. 1.10).

[Tpu srom ynapHas BA3KOCTh KCUI

F
/
//

] BLIYHCIS-

cm?

MIw 'Kre - M
3 RJI

eTcst Kak' peayJbraT jAe/eHHsl 3aTpPaueHHOR Ha paspyiwense oGpasua
paborsl A Ha ero paBouee ceuenne I7: KCU = A/F.
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Nonatue o merTanduyecKHx <mJjaBaX M MX CBoitctBax. Cnaagom
' HA3BIBAETCS! CJIOKHOE BELIECTBO, MOJyyaeMoe OyTeM CILIAB/ICHHS He-
CKOJIbKHX IPOCTHIX BEIeCTB, HA3bIBAEMbIX KOMIOHEHTAMH CILJIAaBa.
B MeTa/sIH4ecKOM CrJjaBe OCHOBHBIM KoMitoHeHToM (Gomee 50 %) noi-
JKeH ObITh MeTasil, ¥ CIJIaBOB MOXKHO NOJYYHTb 00Jiee BLICOKHE MeXaHH-
yeckue, (hU3HUeCKHe U XUMHUYECKHe CBOHACTBA, UeM Yy UHCThIX METaJJOB,
MO3ITOMY HX TaK LUHPOKO INPHMEHSAIOT B TeXHHKe. [I/if MOHHMAHHS TpH-
POZB! CNJABOB W WX CBOHCTB HEOOXOAWMO MO3HAKOMHTBLCS C AHarpam-
MaMH COCTOSIHHH MpocTefiluX ClJaBoB — ABOHHBIX. IDTH CIJIaBbl CO-
CTOSIT M3 JBYX KOMIOHEHTOB. '

Junarpamma coctosinuii npegcrapisier co6oii yepTex, B KOTOPOM
OTPaXKEHO U3MEHEHHEe CTPYKTYPs! H ($asoBOro COCTABA CIJIABOB JaHHbLIX
KOMIIOHEHTOB B 3aBHCHMOCTH OT HX COJlepKaHHUs (KOHUEHTPALHH) H TeM-
neparypat T (puc. 1.11).
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Puc. 1.11. OCcHOBHEIE THIH ANATPAMM COCTOfHHA (BepX-
Hul PAA) U XapaKkTep H3MEHeHHs CBOHCTB B 3aBHCHMO-
CTH OT KoHlUeaTpauun B

[Mpex/ie BCero BISICHHM, YTO TAKOE CTPYKTYpa M (a30BHIH cocTas.
CisiaBbl, KaK M 4YHCTHIE METaJsifbl, TOCTPOEHEl H3 3€PeH, KOTOPLie MOXKHO
HaGMolaTh B ONTHYECKH# MHKpocKon. B saBHCHMOCTH OT TMPHPORB
CIJIAaBASAEMbIX KOMIOHEHTOE B CILJIaBax MOryT HabG/monatbes. B BHIE 3e-
peH cJexyioumue dashi: v

CMeChb 3epeH YHCTHIX KOMIIOHEHTOB (ECHH TOCJERHHE HE BCTYMAIOT
ApPYr ¢ APYroM HH B KaKOe B3aUMOJIEHCTBHE); -
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TBEPAbIE PACTBOPHI OJHOFO KOMIIOHEHTa B JPYFOM, KOTAa KPHCTA.I-
JIHYecKde peeTKH B 3€PHAX MOCTPOEHbl H3 ATOMOB O00HX KOMIIOHEN-
TOB, W3 KOTOPBIX OAHH SABJAAETCS PacTBOPHTEACM. a APYIo# - pacrno-
PHMbBIM;

XUMHYECKHe COEeJHHEHUS KOMIIOHEHTOB CchJaBa JApPyr ¢ ApPyrom,
HMeIOlLHe CBOIO NMPHCYIULYI0 HM KPHUCTAJIHYECKYIO PEIeTKY, OTJAHUHYIO
OT pelleToOK HCXOAHBIX KOMIIOHEHTOB.

pu 06pa%0BaHm1 TBEPABIX PACTBOPOB KOMNOHECHTRE B ZARNCHMOCT
oT Hux llplflp()/.lbl MOTYT pacrm)psnbul APYr 8 JApyre orpantucHino Han
HeorpauuueHHo, IIpyu orpaHuyeHHOH PaCTBOPHMOCTH B peILETKe OHO-
r0 KOMIIOHEHTa MOXKET PacTBOPUTLCHA JHUIb HEKOTOPOE, KaK (PaBuaQ,
3aBHCAILEE OT TEMIIEPATYpPbl KOJIHYECTBO ATOMOB APYroro KOMMNOHEHTA.
OcTajibHOE KOJHMYECTBO B3fITOTO /sl CIJIABA KOMIOHEHTA TIPH 3TOM
WJIH CaMO CT2HOBHTCS DACTBOpHTEsNeM H oOpasyeT 3epHd co CBOCH pe-
IIETKOHA, B KOTOPOil PACTBOPEHBl aTOMbI APYIOro CHJAAB/SEMOr0 KOMIO-
HeHTa, WIH BCTYNAeT CO BTOPHIM KOMIOHEHTOM B XHMMHHECKOE B3auMo-
AefictBHe. PaccMOTpUM NpHMEpbl AHATPAMM COCTORHHHA M [I0Ka3aHHbIX
Ha HUX ©$a3 ¥ CTPYKTYPHBIX COCTABRJISHIOUIHX.

Jluarpamma cocTosiHHH CNJIABOB — MEXaHHYECKHX cMecel — H3o-
6paxkeHa Ha puc. 1.11, a. 3ro cayuail, xorjga komnoHeHtsl A u B B3a-
HMHO DPaCTBOPSIOTCH TOJbKO B JKHAKOM COCTOSIHHH, a B TBEpAOM He
pacTBOPAIIOTCST M He BCTYMAOT B XHMHYECKOe B3auMofeficTBHE.

B TtBepaom cocrostHuM (HHxKe suHHM CDE) Bce cnaaBbl 3TOH cH-
CTeMBbl COCTOSIT H3 3epeH YHCThIX KomnoHeuToB A + B. CeofictRa cnna-
BOB B JAHHOM cJjlyyae 3aBHCST OT CBOHCTB KOMIIOHEHTOB H HX OTHOCH-
TeJBbHBIX KOJIMYECTB B KaX{AOM CIJIaBE€ M H3MEHSIOTCS M0 JHHeHHOMY
3aKOHY OT KoMmnoHeHToB A H B.

[lpn HeorpaHuyeHHOH B3aHMHON pPacTBOPHMOCTH KOMMOHEHTOB B
TBEpPJOM COCTOSIHHH TOJNy4Yaercsi ZHarpaMma COCTOSIHHE, H306paKeHHas
Ha puc. 1.11, 6. B pannom ciyuae oGpasyercst HellpephIBHBIN AL
CTIIABOB —- TBEPABIX PACTBOPOB ¢ NEPEeMEHHOH KOHUEHTDallHH.

H3BectHO, uTO NMpH PAaCTBOPEHHH B KPHUCTAAJHUYECKOH peuleTKe Ofi-
HOro KOMIIOHE€HTAa ATOMOB JPYroro OHa HCKaX»Kaercd H B Hell BO3HH-
KalOT BHYTPEHHHe HaNpsKeHH#A, TeM Oonbitie, yem GoJbille B pemerke
NOCTOPOHHHX («UyXKHX») aroMoB. Bce 3TO 3aTpyjHseT [epeiBHKeHHe
JUCIOKaLHi B 3epHax BO BpeMsi NJACTHUECKOR JAeopMaLHH U NOBLILIA-
€T TPOYHOCTb CIJIaBa.

B ¢cBfI3H ¢ OTMEUEHHBIM CBOHCTB2 CIJIABOB HEOrPAHHYEHHLIX TBEPALIX
pacTBOPOB H3MEHSAIOTCS [0 KPHBOJIHHEHHOMY 3aKOHY.

[TokazaHuas Ha pHc. 1.11, ¢ auarpamMMa COCTOSIHHM OTpaXkaet no-
BE/ICHHE CIUIABJISIEMbIX KOMIIOHEHTOB NPH Ol‘paHH‘leHHOH pacTBOpUMO-
CTH. '

B nauHOM ciayyae B TBeDAOM COCTOSIHHH (mee auuun ACDEB)
HaOMoKaI0TCA TPH CTPYKTYPHO-ha3oBble o6sacTu: 0GJACTH OrPAHWYEH-
HBIX o (c/ieBa) M P (cripaBa) pacTBOPOB M MEXLY HHMH 06,1aCTh MeXaHH-
YeCcKHX CMeceH 3THX pacTBopOB (@ + B).
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H ol/ienin, sualsituiy TOJMLKO OXHHUM PacTBOPOM, CBOHCTBA H3MeE-
IO 110 KPUBOAHBCHbIM 3aKONaM, a B. cMellaHHof objaacTH — o
HieftuoMy.

§ 1.2 Cnaasnl xenesa ¢ yrieposom

LI1aBRE HA OCHOBE 2KOAL3H H OCOOEHHO XKeJ1e30yrIepogHcThie Ciljia-
BLL - CTAVTH B OMVYEYUA - 11POI0KAIOT OCTaBaTbCs BaXKHEHWIMMH Ma-
vepradtamit, L 1pasIibHOO TOHMMAHKMS [IPHPO/ibl CBOHCTB pasHo-
OOPAAHLIX MAPOK COBPEMEHHBIX cTadell # YyryHoB, BKJIOHAs H cleuy-
AERHDIC, THR HASLIBACMEC SETHPORBATIILIC, CTAH, HEOOX0AUMO HOJAYUHTL
\OPOLLEE HPEICTaBACHHe O AHArpaMMe Kese30—-yrJepod, pa3obparb-
i B OTPARCHIOM 1 (el CTPYKTA PHO-(DE30BOM COCTABC H OTKPLITLIX
L Ko UCpHOBBIM RPBTIMCCKHY | TeMICPATYPHBIX  TOUKAX.

Mnarpamma cocTonsnik keaeso - yraepod. B Hacrosimee Bpems
P OOIBUICE PR THCChOU SRETenine ANeer apubelendan na pyuc, 112
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Puc. 112, Anarpamma cocrosiauii Fe—C

vidrpamma  cocronniit Fe-~C, ng KOTOPOH OAHOH H3 BaXKHeALIMX
ity BAIBUOWBX Ha cBofiCTBA CIJaBOB, yKasaH kapOul xeaesa Fe,C
Hoa HeMenTHE, Atadns Frod AHarpaMMbl II0Ka3piBaeT, YTo UEeMEHTHT
e 1 CeOS KAk CaMOCTOSITeABHLIN KoMioHenT. [TosToMy Ha puarpamme



IaHbI iBE COVIACYIOUIMECH APYT ¢ APYI'OM INKaJbl KOHLEHTPamyi: olHa
MOKa3bIBAET COJiepKAHHE YIJIEpoid, a Apyras — KOJHYeCTBO LEeMEHTH-
ta B npoueHtax. Hanomuum, uto B uementure Fe,C comepxurcs
6,67 % yraepoxa. Ilosromy ecnu sieBasi opjHHATa COOTBETCTBYET UH-
CTOMY JKeJie3y, TO Npapasl — LEeMEHTHTY. ,

JKese3o MOXeET HaXOJUThCA B JABYX aJJIOTPONHYECKHX (OpMaX, KO-
topbiM cooTsercTBytOT pemerkd OLIK u 'K (cm. puc. 1.4). Ecau yu-
CTOe JKeJie3o IpereplieBaeT ajJorponuueckoe mnpespauleHne OLIK =
K, t. e. a-Fe == 9-Fe npu 911 °C, To npu cnjasjieHHH C yIJepojom
3Ta TeMIepaTtypa MoXeT CHH3UTLCS BIJOTH Ao 727 °C (pue. 1.12, mu-
uust PSK). Temnepatypa mnaaBjenus xeneza cocraBager 1539 °C,

"BTOpoil KOMIOHEHT paccMarpHBaeMOH CHCTEMBl CIJIABOB — HEMeH-
THT — HMeeT GoJiee CJIOKHYIO, UeM y xKesesa, KPHCTaJIHYeCcKyIo peler-
Ky u maasurced. npu T =& 1250 °C.

OcHOBHBIMH (Ja3aMH M CTPYKTYPHBEIMH COCTaBJISIOIIUMH JaHHOH CH-
CTEMBI, OT KOTOPHIX 3aBHCAT CBOACTBA CIIJIaBOB H WX NOBEieHHE TIpH Ha-
rpyXeHHH W Harpese, sisjsiorcsi depput [Pl, aycrenut [Al u uemen-
tar [L1]. AycreHuT — 3T0 ¢aza u pas/iMuMMasi B MHKPOCKON B BHAe
3epeH CTPYKTypHasl COCTaBJsomas, npeﬂcmsnmomaﬂ coGoi. TBepIbIH
pacTBOp BHeApenus yraepoza B y-Fe. ,

B aycreHuTe B 3aBMCHMOCTH OT TEMIIEPaTypPhl HArPEBA MOXKET PacT-
BopUTbes 10 2,14 % yraepoma (npu T = 1147 °C). AToMBI pacTBOpeH-
HOTO B aycTeHWTe yrJiepoja pacrogaraiorcss B uentpax siueek [LIK.

O6bluHo aycrenut cymecrsyer npu T = 727 °C. Ilpu komHaTHOM
TemnepaType OH HHOTAA B HeGOJDbUINX KOJHYECTBAX MOMKET COXPaHHTb-
€1 TOIBKO B 3aKajenHoi craau. Od ouedb miactuyer (6 = 40 -~ 50 %),
ero tBepgocts HB cocraBaser 1700—2000 MIla (170—200 xrc/mwm?).

Ipu T = 727 °C aycreHHT MOXKeT cofepxkarb Tojbko 0,8 % yrie-
poZa (Touka S Ha puc. 1.12; Bo Bcex Toukax Ha nuHHH PSK aycrenut
takxke cogepxur 0,8 % yraepoga, HAXOASICh B PABHOBECHH C COMYTCT-
BYIOHIUM eMy Ha yyacTke PS ¢eppuroM, a Ha ydactke SK — uemes-
THTOM).

[1p¥l TMOBBILEHHH TEMIIEPATYPbl PACTBOPHMOCTH YIVIEpOJa B aycre-
HHTE Bospacraer no JuHuH SE Bmjoth o 2,14 % npu 114 °C. QOuenp
Ba)KHO YSACHHTb, YTO HPH OXJaxKJIeHHH BCEX CILIABOB, . COAEDPNKALIHX
ayCTeHHT H JIeXKallle HHIKE U NpaBee JHHHY €ro HACHILEHUS YTIepoiioM
E, U3 Hero BC/IEJCTBHE YMEHBUIEHHs PACTBOPHUMOCTH OYJET BheNsThb-
ca yriepol. Buigensiiomuics: yriepos o6pas3yer UeMeHTUT, N0JyUHBHIN
Ha3BaHue BTopuquI‘o — 1L (puc. 1.12, obnacty HyXe U npasee JH-
-vuu SE). v

i noHuMaHus TPHPOABl CBOMCTB. paBHoaeCme CIIABOB pasbH-
paeMo# CHCTeMBl NPKX KOMHATHOH TeMmeparype HauboJblIuii HHTEpec
npejcrasasior deppur H uementut. Jeno B tom, uro npu T < 727 °C,
BKJIOYASl M KOMHATHYIO, BCE CIUIABBI, OXBATBIBAEMBIE JHArPaMMOW
Fe—C (Fe—Fe,C) or 0 % yruepoaa (0 % Fe sC) 1o 6,67 % yriepona
(100 % Fe,C), cocToAT TOMBKO M3 ITUX ABYX (a3, HAXOAAMMXCH B HHX
B Pa3HBIX KOJMYECTBEHHBIX COYETaHHAX.



WS TIPOONIGANTD, WTO KONHUECTBO LEMEHTHTA B cniaBax BO3pa-
0 20 100 % npu 6,67 % yraepona. B 1o e BpeMst KoJiHueCTBO
PRTE coOTBOTCTBEN IO beIBEIET or 100 % n0 0. B cBa3u ¢ sTuM ¥
. nAamo OyayT BoapacTaTh CBOMCTBA, NPUBHOCUMBIE HEMEHTHTOM, M
CHUMATBCA XapaXTepHUCTHKH, omnpeneiseMble (QeppuroM.
BepAOCTh GeppHTd 3aBUCHT OT (PAaKTHUECKOro KOJHYeCTBa. PacTBO-
pPeHHOro B HeM yriepoja M moxer focturatb 800 MIla (80 HB). ®ep-
'PUT, BXOJAIIMH B COCTAB peanbHOM NpOMblILIEHHOH cTanH, 6Jarofaps
Hen3GexxHO TONajaloliiiM B Hee MPH BBULIABKE M PaCTBOPSIOLAMCS
B HEM HEKOTODHIM KOJHUECTBAM KpeMHHs W Mapraliia uMmeer 6ojee BbI-
COKYIO TBEpAOCTb, Aoxonasmyro go 1000. MITa (100 HB).. On ouennb maa-
CTHYEH, ero oTHocHTeabHoe yiaunedne & = 50 %, a norepeutoe cy-
wenue P = 80 Y%.

LlemenTutr sipJsieTcsi camoli TBepAOE U XPYNKoi ($as3oil U CTPYKTYp-
HOH COCTAB/ISIOUEN B paccMaTpHBaeMoM Psilly ci1aBoB. Ero Tsepaocts
MAKCHMaJbHA (BTOpDOE MeCTO mocje anmMasa) d cocrasisier 8000 Mila
(800 HB), a nnactuyHoCTb paBHa HYJIO, TAK KAK OH CHOCOGEH TOJIBKO
K Ne6oJIbIIUM YIPYTHM  JedopMaisiM.

Teneps serko NMOHATH, UTO MPH YBEJHUEHHH B CIJIABE COJEpKAHHUS
yraepoja BeJeAcTBHe BO3pacTaHHs B HEM KOJIMYECTBA TBEPJOTO M XPYII-
KOTO HEMEHTHTa H COOTBETCTBEHHO YMEHbILIEHHS JOJH MSATKOro ¥ IJja-
CTHYHOTO (eppHTa TBEPAOCTH H NPOYHOCTD CIJIABA AOJKHBIL IOBHIUATE-
Csl, 4 IJIACTHYHOCTh U BSA3KOCTb ——. yMeHbIIAThCA. [IpH 3TOM, MOCKOJIb-
Ky B JlaHHOM clyuae o0pasyercss MexaHHYecKas CMech 3THX ABYX (a3
(D + L), cBofictBa coryiacHO 3aKoHy KypHAKoBa H3MEHSIIOTCS IO
AuHeHHOMY 3aKoHy (cM. puc. 1.11, @, 8 cooTBeTcTBeHHO MJs cMecei
A+ B u a4 p).

Taxum obpasoM, npeictaBieHHble Ha Anarpamme puc. 1.12 cnaaswl
OXBATLIBAIOT COOOH HIMPOKHH ¥ NMPOTHBOPEUYUBBHIN AHANa30H MeXaHHye-
CKHX CBOMCTB: BLICOKME IJIACTHYHOCTb, BS3KOCTb; CPABHUTENbHO He-
60J1bIIAas TBEPAOCTh B JIEBOH YaCTH. ¥ OrpoMHas TBEPAOCTL ¢ HHYTOKHO
MaJIbIMH - IJIACTHYHOCTBIO M- BA3KOCTBIO — B TIpABOIL. ‘

Bce nomeniensele Ha 3TOH jAuarpaMme CIJIaBbl IPHHATO AEIUTh HA
cTanu ¥ 4yryHsl. K cransam ¢hopManbHO OTHOCATCS CIVIABH, COAepIKaliue
menee 2,14 % yraepoga, ocrajibHble CIIABBL NPUYHCIIAIOTCA K UyTyHAM.
Hepeqncneﬂﬂme paHee BXOJfIlMe B COCTaB cTa/lel H 4yryHOB (asml
(aycreHUT, GEpPHUT, LEMEHTHT) MOTYT HAXOAUTHCS B HHX KAK OTAEJ]b-
Hble CTPYKTYPHBIE COCTABJAAIOLINE B BHJE 3epeH MM MEJKUX NPOoJ0JTo-
BaTeix BKJodeHHH. OHH Takxke o6pa3yloT XxapakTepHBE CTPYKTypHBIE
COCTABJISIIONHE — MeXaHHYeCKHe CMeCH C HEKOTOPHIMH NPUCYIUMH UM
NpH3HAKAMH —— TIEPJAHT  H- JejeOypHUT.

[ITepaur npeiacrasaser cobol MeXaHUYECKYHD CMeChb TOHKHX
[IJIACTHHOK IeMEHTHTa ¥ HAXOMSAILIMXCH MeXAy HHMMH OoJjiee TOJACTHIX
NJAacTHHOK (eppura. OH obpasyercs HpH 727 °C us aycrenura, cojep-
)Kamero 0,8 % yraepoza.

Aycresur, Haxogpsuuiics B Jnoéon 4acTu ;marpaMbe COCTOSTHUI
BbIIIIE 727 °C (cM. pHe. 1.12), octeiBast u nogxoas K 727 °C, T. e. K Ju-
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Huu PSK, npuoGperaer kouuedtpaumo 0,8 % yruepona. Pacman
npoucxour no dopmyne Ay, 2T °C @, 02 + Lge; (wudpoBbie HH-
JeKCHl TIPH $a3aX 03HAYAIOT CONEPIKAHME B HUX yIJIepoia).

[Mepanr ofpas3yercs KaK B CTa/lsiX, TaK H B UyTryHaX M HrPaer Baxk-
HYIO poJib B (JOPMHPOBAHHH HX CBOHCTB.

JlenebypuT sABIfeTcs MEXaHUUECKON CMECBIO OJHOBPEMEHHO
KPHCTANJHU3YIOUIHXCA H3 JKHIKOH a3pl NpH NOCTOAHHOH, paBHOH
1147 °C temneparype 3epeH aycTeHHTa U ueMmeHTHTA. JleneGypur coznep-
xKuT 4,3 % yraepopa. ITostomy, KOTLa oCTHIBAOMAS XKUIKast ha3a NpH-
6anxaercs no TeMneparype k auauu EC (1147 °C), yranepona B Heft oka-
aniBaetcs 4,3 % W oHa, 3aTBepleBasi, NPeBPALIAETCs B XOPOILIO Mepeme-
LIAHHYIO CMeCh 3€peH LIeMeHTHTa M aycreHuta no dgopmyJe

1147°C i
}K':;.a e A2.14+u6.67'

[Tpyu panbpHefilieM OXJaKAEHHH CojlepXKaHHe yriaepoja B ayCTeHUTE
u3-32 YMeHbUIEHHS DaCTBOPMMOCTH CHMXKaercst Mo JuHuUM FS u npu
727 °C (nunus SK) pocruraer 0,8 %. AycreHHT npH 3TOM HpeBpaiua-
ercs B NepJHT W, TaKUM 06pasoM, JieleGypUT CTAHOBHTCSI CMECHIO 3ep-
HBlILIeK NepJiuTa K uemeHTHTa. [lo omMcaHHO# nmpuuMHe HA AUarpaMme
(puc. 1.12) nenebyput ¢ aycreHuToM o6o3HaueH Jla, a ¢ mepaurom —
Jl. JlefeGypHT CONEPIKHTCA TOJNBKO B YYTYHAX H OTCYTCTBYET B CTa/fAX.

[lonntHe o BoinJaBke H OPMUPOBAHHKM Ka4yecTBa 4yryHa M CTajiH.
Pea/ibnbie cBOHCTBA cTaJjiell ¥ YyT'yHOB. B 3HAUMTEJbLHOH CTENEHH 3aBH-
CAT OT HeH30eXHO NMONajaloNINX B HUX IMPH BHIJIABKE NPYIUAX 3JeMeH-
TOB, KOTOPLIE MOTYT HJH PacTBOPATECH B ()eppHUTE H LUEMEHTHTE, WJU
06pa3oBbIBATh B CIJIaBaxX TBepAble WJIH rasoo0pasHple Hemeralinde-
cKHe BkJloueHusl. Bo Bcex 3THX cn1ydasx oco6eHHO CHJIBHO U3MEHAIOT-
cst CBOHCTBA cTasell H Hajo YeTKo ceSe NpeicTaBlsiTh XOTs Gbl cXeMaTny-
HO Tpouecc BbIJaBKH craju. OcHOBHas Macca HPOH3BOJHMOI B CTpa-
He CTa/ii MOJyYaeTcss M3 UyryHa IyTeM ero nepemiaskd. B csoio oue-
pelib, YyT'yH BBILIABJISETCS U3 XKeJE3HOH Py B CENHAabHbIX NEeYHbIX
arperatrax, Ha3blBaeMbiX JOMEHHBLIMH TNeuamu. Kesnesnas. pyna mpen-
cTaBisier co0o#. CHOXKHBIA TOPHLIH MHHEpaJ, -COJepHKallHil xKene3o B
KOJIMUeCTBaX, OOecneuyBaloUiiX SKOHOMUYECKH pallMOHaJ bHOE BeAeHHE
(JIaBKH.

JKeneso B pyAe cogepxurcs B BHjAe okcuna (Fe,O, Fe,0, nau
FeQ), nasviBaemoro pyuusiM muHepanom. Kpome pyasoro MHHepaJa
B py11e COJIEPIKHTCS ONpefiesieHHoe KOJHYeCTBO TepeMellaHHOH ¢ HHUM
HyCTOH NIOPOJibI, B OCHOBHOM cocTositueil w3 kpemuesema SiO,. B xenes-
HOH pyJe, Kak NPaBHMO, COAEPHKUTCA HeGOJBIIOE KOJIUUEeCTBO MapraH-
Ha B BHIe MHMHepaia mupomosura MnO,. -

YT06E! BHILIABHTD YYT'VH, HAJ0 TPeXJie BCETO BOCCTAHOBHTD XKeJ1e3o
U3 ero OKCHIA M OTASJIHMTb NOJNYYAIOUHACH NPOAYKT OT NYCTOM NOPOLBI.
Ho anst 3Toro BMecte ¢ pyaoit B IOMEHHYIO 1eub HAJO 3aTPy3HTh TOI-
JHBO — KOKC W (uuoc (yriekucanlit Kanbiui), usBectHak CaCOy.
Koke cnymm HCTOYHHKOM HeoOXOAHMOH A/l XORa IWIABKH TEemJIOTH H
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TIOCTABUIHKOM - OKcHAa yrJepofia CO, ABASIOUIETOCH BOCCTAHOBHTENEM
xenesa. [Ipn oueHb BBICOKHX TeMIEpaTypax BOCCTAHOBHTE/EM CJIYXKHT
H CONEpKAIMACH B KOKCE YIVIEPOA.

Jetiereue ¢aoca — U3BECTHSIKA — OCHOBAHO HA TOM, YTO B COUETA-
Hud ¢ nycroil noponofi — Kpemuesemom Si0O, — oH ofpasyer Jerxo-
I1aBKYIO CMech, KOTOpasi, IJaBsice H Oynyuu OoJjee Jierkod, ueM uy-
TyH, CKalJIWBaeTcs HaJ HUM B BHJAe Ljaka. Takum obpasoM, nycras
nopoAa HajexHo orjessieTcsi or Meraina. Ho sarpykaembie B I0MeH-
HYIO MeYb BMECTe C PYJOH KOKC H H3BECTHSIK BCErjla COIEepPKAaT KaKoe-To
KOJIMYECTBO NOMAaJaloHX B UYryH, a U3 HEero B CTaJb BPEAHBIX NpHMe-
cell, rnaBHbIM o6pa3oM cephl B ochopa. Cepa HaXOAUTCH B PYAe H KOK-
ce B BHAe cyanpumoB FeS, FeS,, a dochop — B pyre w ussectHske
B Buje MuaHepaoB 3CaP,0; u 3FeO P,0 8H,0. Cxema BoccTaHoB/IEHUS
JKene3a H3 PyNHOro MHHepaja NpH TNOJYyYeHHH YyryHa: :

Fe,0, _°. Fe,0, _°, FeO _C . Fe.

Ha xaskno#t 3 nepebix ABYX cryneseili 6aaroaapsa Bosgeiictsuio CO
IPOHUCXOANT YACTHYHOE BOCCTAHOBJEHHE OKCUIOB ¢ obpasoBanueM CO,,
a Ha nocJefHell CTYNeHHW B3aNUMOMEHCTBYIOT CHJIBHO DPa3orperhie KOKC
M 3aKHCb XKejie3a, obpa3ys rybuaroe xeseso. [lociennee, ssaumoneficr-
- BYS ¢ pacKaJIeHHbIM KOKcoM H B.ocobeHHoctH ¢ CO, Hayr/epoxuBaercs

u obpasyer uemeHTHT: 3Fe - 2CO — FeysC + CO,. Ilpu yBenHue-
HUH CYMMapHOTO COJepiKaHHs yIJIepona jo 4,3 % obpasyercst Jerko-
‘naiaBKas (Jleneévpmﬂaﬂ) cMech,*KoTopasi IJIaBUTCS ¥ CTEKAeT B KOJO-
Ier, JOMeHHOH neun. 3ateM o Mepe MNOBLIMIEHHSA TeMnepaTypbl B HHXK-
HUX TOPH30HTaX MeyH ¥ O6pa30BAHHS HOBBIX MOPLHH ryéanoro Keje-
33 OHHU. NMIABATCH B o0pasyioumieMcst YyryHe, KOTOpHIH CKanaHBaercs
B KOJOf1e,
OnHOBPEMEHHO C BOCCTAHOBJICHHEM )KeJIe3a W3 MHPOJIO3UTa H KPeM-
He3eMa BOCCTAHABJMBAIOTCS M PACTBOPSIOTCA B XKHIKOM YyryHe Map-
' TaHel ¥ KpeMHHil:

MnO2 . Mn,O; _ ., Mr1304 i MnO — > Mn,
SiO, +2C. - Fe =FeSi - 2CO.

B ofpa3sywooumeMcs HAKOM UyryHe pacTBOPAIOTCST TaKXKe cepa
tdocop, naxonsuiuecs B pyle U BO BCIOMOTaTelbHO- TeXHOJIOT HUECKHX
IUHXTOBHIX . MaTepHANaX — KOKCe U H3BecTHSKE,

CKan/uBalouuiics B KOJIONIE AOMEHHOM NeuH MKHAKMHA UyryH rne-
. PHOJMYECKH BbINYCKAETCs, PA3/MMBAETCS Ha UYIIKH WJIH OTHpPAaBJseTCs
Ha cheuHaJbHble CKJAaAbl KHAKOFO . UyryHa — MHKcepr, H3 KOTOpPHIX
‘OH TPaHCTIODPTHPYETCA Ha NepenIaBKy.

Takum 06pa3oM, BHINIABJEHHbIH B IOMEHHOH M€ PeasibHbIfl YyryH
Onarofilapsi paHee OTMEYEHHBIM OCOGEHHOCTAM HH MO XHMHYECKOMY CO-
CTaBy, HH O ()a30BOMY CTPOEHHIO HE MOXKEeT COOTBETCTBOBATbh H306pa-
XKeHHOH Ha puc. 1.12 auarpamMme coCTOsiHMH M COCTOATH NPH KOMHAT-
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- HOll TemmepaTtype TOJbKO M3 (PeEppHTa H NemMeirinTa, UPeICTABACITHIN
B Buge [T JIn + W wmw Jly | L.

B AeHCTBHTENBHOCTH B 4YI'YHE GyAyT NPUCYTCTBOBATD Hensfexio
. IoNajalolfie B Hero Npu BHILIABKE NpuMecH. K. HHM OTHOCHTCA Mapia
Hell H KPEeMHH, KOTOPHIE TIPHHATO PACCMATPHBATE KAk TOse3lnie npi
mecH. K BpefHBIM MpHMecsM OTHOCHTCS cepa u pochop, a TakKe nona
faonide M3 atMocdepbl KHCJAOPOA. 430T H BOJAOPOA.

Cepa Haxolurcsi B BHAE CYJbLOHIOB KeJesa H MApraiiid suyrpi
3eped (MnS) n no rpanuuam (FeS). Pocdop B 0cHOBHOM PACTBOPSE 11
B (eppute, fesiasi ero XpynKkHM, a H3OBITOUNBIR, T. ©. CBepX npeiesn),
HOH pactsopHMOCTH, ofpasyer ¢oedua xeacza Fe P,

Kucnopoa o6pasyeT ToUeuHble BKAKOUCHHS OKCHAOB, a A30T H BOA0-
PO UACTHYHO PACTBOPAIOTCH, a HaCTHUHO 0OPaVIOT TOYequble BRI
HHA HUTPHAOB W IMAPHAOB. Bee 3TH npumecu fipi neperjlaBre yry
HA MEepPexoNsiT B CTaJb. ' ,

CyIHOCTb BBIMJABKM CTAJNH H3 UYTyHa COCTOMT B YAAICHHH 1
HETO' MYTEM OKHCJEHHSI UBJNHUIHEro KoJdH4ecTBa yriepopa o rpetye
MOTO MapOYHOIO YPOBHS, @ TAKKC IPHMECHEIX 3JCMENTOB, COJMCPAIN T
KOTOPBIX OLPAHUYUBAETCA OIPEACCHNLIMIT TIPEIETAMIL,

B 3aBHCHMOCTH OT HA3HAUYEHWsSl CTaMit W IPEABABAHEMBIX K 0 hi)
4ecTBY TPeGOBaHHIT MPHUMEHACTCH HOCKOALKO IPOMBHLIIEHHBIX CHIOCO0O
ce BbIMAaBskH, TIpH o6oM cnocofic npaBHAbHOs et HPEeACTAD
COGOM BBIJICKEHHYK OTHEYIOPHBIM KUPIHUOM BAHHY ¢ OTJOTAMH Cleil
KamHd. B Hee 3arpyxkaiorcs Tak Ha3hiBaeMble NIHXTOBLIE MATEPHAIBL, ¢
ofxoauMble A5 BBILJIABKM CTAJH: XKIUJAKHHA WY TBEPAbUL UyTYH, CTant
HOR JloM, uI1aKooBpasyloUiie W APYTHE MATePHAABl, HCOOXOMHMBIC 1, i
BEIEHHA TLIABKA H, B YACTHOCTH. A1 CBASHIBAMNA 1L YAAIIHA B 1110
BpennbiX npumeceit cepul W docdopa.

B KauectBe oKUCAHTENEH NPH BHIHJABKE CTAMU HCHOMBIVIOTCH il
kuch xenesa FeO, obpasyiomiasca B BaHHEe B Pe3YALTATE OKHCAEI s
)eJlesa KHCJIOPOOM BO3AYXa, & TAKMKe UHCTHIl xm('mpon, BAYBACMUA
B MEpenyiaB/isiemMblit XMUAKUA UYTYH.

B Xofe BHULIaBKH CTa/H 110 AOCTINKCHUH B HEA 341010000 MAPOHTio
o CopepKaHus yraépoa AajbHeilulee ero OKHCACHRE Halo IPEKPATILIL.
C 370i1 HeabI0 MPeKpAlAeTCs MORAUA KHCAOPONA # B METAMT BBOJHITCS
pPACKHCAUTENH B Takofl mocaefonateabHOCTH: Gheppomapraten, [FeMn
deppocuiuumit FeSi u amomunuit. OHM JIONKHbL YAAAHTE H3 BaHy
38KHCb 2KeJ1€3a H 3THM OCTAHOBHTL OKHCICITHE ' yraeposa: Fe() -} M

= Fe - MnO.

[ToHOCTBIO PACKHCIEHHAS CTaJb HABBIBAETCS CHOKOLHON, & Hen0
CTATOYHO pacKUC/IeHHast (HApUMepP, TOABLKO {eppoMapratiineM) Upoic.:
KAET «KUIIETb» NIPH BLIMYCKE, 3A.TUBKC B HAJOMHHAY U DU KPHCTAA )
3aU4H, IO3TOMY TAKYIO CTajlb HAIBIBAKT KUAAUCH . Tpoiece okueae iy
yriepoaa B XKHAKOH CTaNH COMPOBOKIAE (s mummmmmrrmm KHLIC (3
OypHBIM BbIIe/JE€HHEM H3 Hee Ny3nlpell okcuia yruepota: C | FeQ

= Fe ++ CO. DBOJIBIUMHCTBO MapoK CTAMH BbIAABAAIOT cmmomrmm
BO BpeMH BBIIIVIABKH CTAJJH H3 HEE NP JTOMOILM cllellHanbHbIX mMartepha-
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JIOB YAAJSIIOT Bpe{Hble NpUMecH, ocoGeHHO cepy u docdop. [Tocre BH-
JIaBKH T'OTOBYIO CTaJb Pa3jMBalOT B ClellHasbHEIE METANJIHUECKHE CO-
Cyabl — H3JIOXKHMLBI, B KOTOPbIX OHa KpHCTaJsu3yercsi, o6pasys
cantkh (puc. 1.13). Cavrok B pa3pese COCTOHT M3 TPeX 30H KpHCTAMIH-
3allHH: TOHKOH 30HBI MEJKHX PaBHOOCHBIX 3epeH [, HIHPOKOH 30HbI
CTONGUATHX KPUCTAJNOB 2, HMEIOWMX BEITAHYTYIO BAOb HanpaBieHHs
OTBOJA TENAOTHl GOpPMY, M CpellHell 30HLI PABHOOCHHBIX 3epeH (paBHOOC-
Hble, T. €. B 3TOH 30He HET NMPEeHMYIECTBEHHOTO HANpPaBJIeHHS OTBOAA
TETVIOTHl, BIOJIb KOTOPOro MOrau Obl BHITAHYTbCA 3epHa) .
B Bepxueit uacr caMTKa dopMHpyeTcs ycajodHas DAaKOBHHA 4,
oTpe3aemas nocie npokatku. B cpennedt (ocesoi) 4acTH CaUTKA CKAMJIU-
BAIOTCS JIRI'KONJIABKYE HEMETAIHUecKHe npu-
MecH H rasoBbie BK/OueHHs. Hemerannnuec-
KHe NPHMECH 3aTBEP/EBAIOT U OCTAIOTCH MEX-
- .y croqabyaThbIMH KpHCTal1laMH, a TaKXKe Ha
‘ CTHIKE 30HBI CTOJOYATBIX M PaBHOOCHBIX KPH-
TR 7 craasioB M 0cOBGEHHO GIH3 BEePTHKAJbHON OCH

e C/UTKA, Kyla OHU OTTecHAIOTCs 6osiee Tyro-
I SN g /IABKHMH, YeM OHH, 3epPHAMU CTaJH.

O Taxum o0pasom, B 3aTBepjepalonef crans,
b T. €. B CJIHTKE, MeTaJJypruueckue HedexThl
3 FOa0 '3 Ppacnpepensiorcs HepaBHomepo. H uem kpyn-
AR Hee C/NHTOK, TeM CHJbHEe BHIpaxkeHa 3Ta He-

-. PaBHOMEDPHOCTD, :
D5 : OCHOBHBIMH METAJWIYPrUUeCKUMH jAedek-
TaMH, YXYAMAIMHMA CBOHCTBA CTajH, fE-
SRS » JNAIOTCA CepHUCTHIE coeuHeHus (cyabduant),

: OKCHJBl, [IJIAKOBble BKJIOYEHHS, DPa3JUYHble
ra3oBble 1Ny3bLIPH, paccpeloToueHHas yca-
JOYHasl PbIXJOCTb (MeJIKHe Topsl, obpasyio-
UHecs: MeK1y 3epHaMH BCJAEACTBHE HEXBAaTKH

Puc. 1.13. Cxema’ctpo- KUJAKOFO Merajna). [lonaBuiwe B crajb u

€HHs CTAJLHOTO CJHTKA  DaCTBOPEHHbIE B Hell a30T, BOJAOPOL U KHCJO-

pPoOA TaKXKe = YXYALIAIOT €e  MeXaHHuecKHe
CBOWCTBA. ‘

C uenbio yaydmleHHsl METANJypPruyeckoro KauecTsa CTald B HACTOS -
lllee BPEMS NIPHMEHSIIOT C/IeRyIOlLKe TeXHOJNOTMYeCKHe Mephl’

1) ucronb3oBanue OTGOPHBIX LUUXTOBLIX MaTEPHAJIOB C MHHIMAJb-
HbIM HCXOJHBIM -COjlepKanHeM BpejaHuix npumecedl (S u P);

2) BelleHMe NJABKH B CTiellMAJbHBIX Neyax, oO0ecnevdBalolnMX Hau-
6oJiee GNAroNpUsATHLIE PEXHMBL IS YAAJeH st BPEAHLIX pHMeceil U Mc-
KAIoMalolyX nonajaHyue B crajib a3oTa, KHCJA0Opoaa M Bojopopa. Hau-
BoJiee xauecTECHHBIE CTA/IH BBIIVIABJSIOTCS B 3/IEKTPOLYTOBBIX H BAKYyM-
HBIX fleYaX HWHAYKUHOHHOTO HarpeBa;

3) 06paboTKy CTaMH CHHTETHYECKHM LJAKOM CIEHHalbHOIQ COCTa-
Ba ¢ UEJbK) PACKUC/IEHHA H 60Jiee TIOJMHOH OUUCTKH OT Cephl U HeMeTaJ-
JIMYECKHX BKJIOYeHHH. /{15 3TOrO BHINJIABJIEHHYIO B €YH CTajb BBIIYC-
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KalOT B KOBLU, B KOTOPOM HaXOAHTCH 3apaHee NOArOTOB/IEHHbIA CHHTETH-
YecKHH 1Ak,

4) 06paboTKy BbIIIAB/JICHHOH CTAJH BAKYYMOM, B [polLiecce KOTOPOH
U3 Hee BbIAeJSIOTCS PACTBOPEHHbie B Hell Taskl U BCHJIBIBAIOT HA NOBEPX-
HOCTb pasjduHbIe HeMeTaJlIMYecKHe [pHMecH;

5) npoayBKy XKHIKOH CTa/Ji HeHTPaJbHBIM rasoM aproHoM, BO Bpe-
Ml KOTOPOH H3 Hee, TAaK XK€ KaK H B NpelbIAyIeM cayuyae, BbIIEASIOT-
cfl rassl W BCHJBIBAIOT HEMeTaJlIMYeCKHe NPUMECH.

B nacrosimiee BpeMsl OCBAaMBaeTCsl U BHeApsieTcsl B .[POH3BOJCTBO
NePCHEKTHBHOE HaNpaB/ieHHe INOJYYEHHs CTaNH HeNOCPeACTBEHHO H3
PVJbl MHHYS AOMeHHOe Tpou3BoAcTBo. [lpu 3Tom npsiMom crocoGe Bbl-
IJ3aBKH CTaly B CHEUHaJbHYI0 Kamepy BAYBAIOTCS CTPOrO pacyeTHble
KOJIHYECTBA H3MeJIbUeHHOM 2KeJIe3HOH PY/Ibl, OKCHIA yriepona i QuIocoB,
B pesyJspraTe NpPOTEKAIOWHX B peakrope peakuuil obpasyercs crafb.

B saksioueHye rnojuepkHeM, HAaCKOJbLKO BayKHO A5t obecrneyeHus
BBICOKOH HaJA€XKHOCTH H [OJTOBEUHOCTH H3IOTOBJSIEMBIX H3 CTald H3-
JesHil N100HBATBLCA ewle NPH BHIILIABKE €8 BbICOKOIO MeTaJJyprHyecko-
ro Kayecrsd, MOCKOJbKY UMEHHO OT Hero B peulaiouleil crerneHu 3aBHCAT
ee MeXaHUueckKHe CBOHCTBa M pPabOTOCHOCOGHOCTL H3NEIHH.

Yraepoaucroie cTaaM, YTJIEPOAHCTEIE CTaMH 3aHUMAIOT JEBYIO 4aCTh
auarpammel coctoauuil Ha puc. 1.12. [Tonb3ysich 3Tolf AMarpammoit ans
GUEHKH CBOMCTB OTOXOKEHHBIX, T. €. HAXONAULMXCA B PABHOBECHOM
$a30BOM COCTOAIHUM cTaJjled, HANO [MOMHHTb OTJIUYUS XHMHUECKOT'O CO-
cTaBa UX ¢a3 — (eppUTa H LEMEHTHTa — ¥ MeTaJJypruueckue jaedex-
“Thl, KOTOPbIE NPUBHOCATCA B HUX HPH BLILJABKE H KOTOPLIE BAHAIOT Ha
HX MeXaHHuecKHe U Jpyrre cpoficrBa. MapraHeu u kpemuuil, nonajaio-
IIHe B CTajb U3 MYT'YHA, a TaKXKe BBOJAHMBIE B Hee JOTIOTHHTEJILHO NpH
DacKHCJEHHH, pacTBOpsloTcst B (eppHTe, a MapraHell — B LEMEHTH-
te. Bnaronaps 3ToMy NpH COXPaHsHOLIEHCH NJaCTHYHOCTH HECKOJbKO
BO3pacTalOT NPOYHOCTb U TBEPAOCTb CTalH (IJACTHYHOCTL H BSI3KOCTH
CHIDKaloTcsi npH GoJee BHICOKOM, 4eéM HpPHMECHOE, Coj/iepaHuH Mn
n Si). ,

Cepa u Gocop CHMKAIOT NMPOYHOCTb M [JIACTHYHOCTb, 4 TAKKe
VIAApHYIO BSI3KOCTh CTAJIR M HOITOMY SIBJSIIOTCH BPEAHBIMH HPHUMECSMH.
‘Tlpu arom dochop, pacreopsasick B deppHTe, YIPOUHSET €ro H Aejaer
XPYHNKHM, T. €, CHHXKaeT BSI3KOCTb CTaJH, OCOGEHHO NPH HU3KHUX TEM-
neparypax. Orcioia IPHHSTO CYUTaATh, YTO hochop MpHLAET CTalu XJa-
JIOJIOMKOCTb.

. Cepa B (asax, HaXOASIUHXCA B CTaJld, PAacTBOPATHCS HE MOXKET.
[ToatoMy B cTaj]H OHA pacroJaraeTcs MexkJy ee 3epHAMH B BHJe Jer-
KonJaBKkoro coeaunenuss FeS. Dro coennHenue, Kak Obl pasbeAuHAA
3epHa, CHMXKaeT NMPOYHOCTh, IJIACTHYHOCTb H BA3KOCTH cTajdu. Kpome
Toro, coequHenue FeS ofpasyer ¢ coceHHMH 3epHaMH CTaid NJIaBsa-
mytoca npu 988 °C cmech. 1oaToMy CHABLHO NopaxeHHasi cepoll crans
npu Koske (T = 1100 °C) paspywaercss Ha ¢parmentel. B cBs3u ¢
3TUM TOBOPAT, YTO cepa NpHAaeT CTajJu KpPAaCHOJIOMKOCTb. IlaaBsamu-
ecst npu 1620 °C sepna MnS Haxoasitcs BHYTpHu 3epen crtaju. OHu Me-
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Hee BPeLHbl, YeM OTOPOYKH BOKPYr ee sepeH. Kucropox, xak u cepa,
B TBEPAOH CTa/n¥ HE PacTBOPSETCs, HO MPUCYTCTBYET B Hell B BUJE Pas-
JMUHBIX OKCHIOB, MMEWUIHX (OPMY Pa3HOOGPA3HLIX 110 OUYEPTAHMSAM W
pasmepam 3epen (SiQ,, FeO, MnO u T. 1.), Ha3bIBaeMBIX HeMeTaIHue-
CKHMH BKJIOUEHHSAMH (HMB) 21H BRJIOYEHHA 1e12I0T cTanb XpynKo#
W CHHXKAlOT ee MPOYHOCTD. :

A3ot 1 Bogopon CrOCOGHBI PacTBOPATHLCS B (eppuTe U OGPA3OBbI-
BaTh MtJKHe 3epHa HUTPUAOB 4 TUApHAoB. Bee 3To npusomuT K pocry
TBEPIOCTH U NOTepe NJACTHYHOCTH, & TAKXKe BH3KOCTH CTAJIH.

Colepxanne yriepojla CYUIECTBEHHO BJIMSieT Ha CBOHCTBA CTajlH,
NOCKO/ILKY OT HEro 3aBHCAT OTHOCHTENbHbiE KOJHUYECTBA HaXOLAMIUXCH
8 CTal¥ MAFKOTO W MJIACTHYHOro GeppHTa U OueHb TBepAOro, HO Xpyil-
KOro LieMeHTHTa. B CBSI3W ¢ 3THM TECHO nepenJeraercs Kaaccupukauus
Cranel no colepaannio yraepoia 1 HasHauedmio. Tak, HUIKOYTEPOLH-
eTbie cTaan (o 0.25 % yryepopa) oueHb NJ1aCTHUYHBL, HO CPABHUTEIBHO
MaNoNPOUHbl ¥ HCNOJb3YIOTCS /ISl H3TOTOBJICHHS CJIafSOHany}KEHHbl}\
nsneanit. Cpeaseyraepopucteie cranan (0,3—0,6 % yraepona) coue-
TaloT B cefe HOCTATOYHO BLICOKMH KOMILJIEKC BSSKOCTHO-IPOUHOCTHBIX
CBOHCTB M ABJSAIOTCS OCHOBHBIMH KOHCTPYKUHOHHBIMH MalllHHONOJE/OY-
HEIMH MatepuasamH. Beicoxkoyriepommernte craau (0,7—-1,3 % yrae-
pona) o6/afawT oueHb BHICOKOH TBEPAOCTHIO, HUIKUMH MJIACTHYHOCTHIO
¥ BA3KOCTBIO. F13 HMX M3rOTOBJSIOTCS PEKYUIHH M APYTOH HHCTPYMEHT,
@ TAKXKe H3]eJUsi C BBICOKOH H3HOCOCTOHKOCTBIO,

[lo nasnayenruto yraepojgHCTLIe CTaNd JeAATCA HA KORCTPYKUHOHHbIE
U HHCTPYMEHTAaJbHbIE, ,

KKOHCTPYKUHOHHBM CTAaJsdM OTHOCATCH H CTPOH-
Teabhble CTaan, Buecre OHM COCTaBASIIOT Kiacc MallHHONOAEJIOUHbIX
H CTPOMTEABILIX CTajieH, HCHOIb3YeMblX B ‘VIaIJJHHOC'I‘pOEHHH H CTpOM-
TeqbHOM JeJe,

B 3aBucumocTh OT xapaKTepa U BETUYHHB HArPy3KH, NpUKJaiLiBae-
MOH K M3TOTOBJISIEMBIM U3 HHX H3JE/HSIM H KOHCTPYKUMSM, 3TH CTanH
HOPHHATO AEAUTH Ha CTadl OOLIKHOBEHHOTO KauyecTBa M KayecTBEHHhIE.

B cmaasx obbikrosennoeo Kauecmsa fonyckaercs GoJibliee KOJIHUe-
CTBO cephi, (hocdopa, HMB, rasos u Ipyrux npumeceil, yeM B Kauect-
BeHHbIX. B cBOIO ouepesib, OHM AeNATCS Ha TPH FPYNIBL, CBONCTBA KOTO-
puix rapantupylores I'OCT 380—71.

¥ epynne A rapaHTHPYIOTCH TONbKO MeXaHHYeCKH§ cBoiicrea. Xit-
MHUYECKH#l cocTaB He rapaHtHpyercsi. [TosToMy u3 Hee MOXKHO Jenarth
U3ZEeNHS TOMBKO NPHUMEHSeMble  MeXaHHuecKylo 06paboTky (CHATHE
crpyx&n). HarpeBn, cBapKy NpHMEHATEL Helb35l, TAK KaK H3MeHsol e
Csi NPH 3TOM CBOWCTBA MOXCHO BOCCTAHOBHTDH TOJIBKO T€pMHUECKOH 06pa-
OOTKOI1, HO A5 9TOro HeOGXOAHMO 3HAThL COJepXkaHHe yriepoia B CTa-
_JTH, T. €., ee XHMCOCTaB.
Craan »10it rpynnsl Mapkupytorea 1ak: Cr0, Crl, ..., Cr6. Tapan-
“THpyeMas TIPOYHOCTb O, HAXOAUTCA B npefenax 300—625 MIla, a naa-
CTHUHOCTL 8 = 22 = 14 %.
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Cmauns epynnor B (BCr0, BCri, ..., BC16) Buinyckaercsa ¢ rapaHTh-
pyeMBIM XHMHYeCKHM cocTaBoM. [lo3TOMy TNpH H3rOTOBJEHUH H3ASHil
ee MOMKHO HarpeBaTh, HalpHMep AJisi KOBKH, a NOTOM NPH MOMOIIM Tep-
MHUeCKO#l 0GpPaGOTKH WCMPaBJATL HAPYUICHHYIO CprKTypy W npuia-
BaThb HeOGXOJUMBIE -~ CBOHCTBA.

Cmaau epynnee B (BCrl, ..., BCr6) nocrasisiiorest no MexaHuye-
CKHM CBOMCTBaM H XMMHUeCKoMy coctaBy. OHH HIYT A/l H3TOTOBJICHHs!
CBAPHBIX  KOHCTPYKILHA.

K -MapKHpoBKe HENOpacCKHCACHHBIX («Kﬂﬂﬂﬂlﬂk») craneit npuéaB'
asworest 6ykeol kN, Hampumep, Crlkn, BCrikm.

Kavecmsennvie ye/zepoaucmbze KOHCMPYKYUOHKbIE  CMARY,  BbINJABIS-
ot PH 60 i€e CTPOroM COBIIOeHHA TEXHOIOTHH BHIIABKH, a COAep-
KaHue BPeIHbIX NpHuMeceil cepbl U pochopa B HHX He JOJKHO NpEBbI-
wars 0,03 % kaxporo. Mx MapkupoBKa COCTOMT - H3. IBY3HAYHOTO
yucaa ajaiolero cojepxaHue yrjiepoia B COTHIX NOJIAX MPOLEH-
Ta: cranb 05008, 1 20, ..., 40, 45, ..., 85. M3-3a BbICOKOH XpyiKO-
CTH K%ggy\ HOHHBIE ym@ponucmle crany HE.CONEpKaAT yrJeposia CBhi-
M % -BykBA A B KOHLE MAPKACEHAETENBCTBYEF 06 /1y ULieH HOM
METaJIJlyprHUecKOM KauecTse crasin: Gojiee MOJHOM PacKHCJIEHHH, M-
KOM HacJIefiICTBEHHOM 3epHe, Gojiee TOYHOM XHMHYECKOM COCTaBe H MEHb-
LIEM COJIEPKAHHU Cephl U dochopa (menee 0,02 % kaxmoro). Hs arux
cranell JeJaloTcs AeTaJH OTBETCTBEHHOIO -Ha3HauyeHHs. :

HusxoyriepoiucThie CTaqu MOTYT BBIJIABIATECA H KaK «KHOSHIHE»:
10kn, 15xn, 208n. BaxXHbIM TIpeUMYIIECTBOM <KHAALIEH» CTa/ ABJSA-
€TCsl OTCYTCTBHE Y ee CJIUTKOB COCPeOTOYEHHOH YCalOWHOH PaKOBHHBL,
6aarofapsa uemy Ha 10—20 % yBeaHuHBaercsi BBIXOJ FOJZHOrO MeraJ-
s1a, Uro Kacaercsi HaXONANIUXCH B CAHTKE MHOIOYHCIEHHBIX 3aNOJHEH-
HbIX OKCHJIOM YFJIEPOJia My3kipeli, TO OHH BO BPeMs NPOKATKH WIH KOB-
KH 3aBapHBAlOTCA.

MucrpyMeHTanabHbBE yrneponucq‘me craan
AIBJISIIOTCA BBICOKOYIVIEPOAUCTHIMH CTassIMH, cofepxamumu 0,7—1,3%
yrjepojia. 3To rapaHTHPYeT HM BBICOKYIO TBEPAOCTb, HEOBXOAUMYIO AJ5
MpUJAHHA HHCTPYMEHTY PEXYIIUX CBOHCTB H H3HOCOCTOMKOCTH.

Hx mapkupylor ¥7, Y74, ..., ¥13, Y13A. lludpa osnauaer copep-
;KaHHWe yriepoa B AeCSATHIX }10J1ﬂx npoiienra, a 6yksa A — yJIyHinesHoe
. METaJINTypruyecKoe  KayecTeo.

Yyrynnt. [Tokasauubie B npasoi yactH AHarpaMMbl COCTOSIHHIT Ha
puc, 1.12 uyryHsl SIBISIOTCS JABYXKOMIOHEHTHBIMH GENBIMH HYryHamH,
B KOTODHIX Bechb YTJIEPOJ XHMHYECKH CBA3aH B HEMEHTMHT:

B peanbHO BHINJIAB/AAEMbIX POMBILVIEHHOCTBIO YYTYHAX ONpejesiex-
HAf 4aCTb YI/IE€POAd MOXET HaXOIAHTHCA ‘B CBOGOLHOM COCTOSHUHN B BHAE
rpagura — TEMHOTrO KDHCTA/VIHYECKOTO BEleCTBA C TeKCaroHaAbHOM
pewieTkoil. B CBSI3H ¢ OTMEUEHHBIM UYIYHBI NPHHATO JEJHTH Ha Gesibie
W cephie, HMelomue Genbii, caefiibiil H3NIOM BBHLY OTCyTCTBUS rpaduTa U
4yryHa ¢ rpaQuToM, T .e. KaKHM-TO KOJIHY€CTBOM CBOGOLHOIO yTJIEpOAa.

UyryH ¢ rpaguToM MOMKET YCJIOBHO paccMaTpuBaThCA Kak CTailb,
<yCnopYeHHass» HaJuyHeM TPAQHTHBHIX BKJ/IOYEHHH, T. €. €ro MOKHO
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NpeACTaBUTh B BHJE CTaJLHON OCHOBHI, cofiepxanieli rpaduTHble BKIIO-
ueHusi, I'padUTHLIMH BKJIOYEHHAMH MOXKHO YIDPaBJAATb, ApHAaBas dy-
CYHY Te W/H HHble MEeXaHHYeCKHe CBOHCTBA B 3aBMCHMOCTH OT (OpMEI
H pasMepoB 3THX BKJIOUEHHH. ‘

B cepoix wyeynax rpaduTHbie BKJAOUEHHS WMEOT (GOPMY KPHUBBHIX
NacTHHOK. Tako# 4yryH sBJSeTCs CTaJjbiO ¢ TOTOBBIMH TpeIMHAMH —
" KOHLEHTPATOpaMM HanpsKeHUH, 3anojHeHHbMH rpadurom. Yem ux
fosblie M YyeM OHW KPYyMHee, TeM HHXKe NPOYHOCTb CepPoro 4yryHa.

Cepble uyryHn Mapkupyior 6ykBaMu CU, psioM ¢ KOTOPBIMM cTa-
BAT JBY3HAUHOE YMCIO, O3HAYaAIOUlee BPEeMEHHOE CONPOTHBIAEHHE Gy
{kre/mm?): CU10, CU15, ..., CU45.

MonuduuupoBaHHeM Cceporo- 4yryHa MOBHIIAIOT €ero MPOYHOCTD,
AJis 3TOTO. B HEro BBOAAT CHJMKOKa/MbUMH, H3MeNbyaloluil rpadur-
Hble IVIACTHHKHU-TPEMMHKH. CBoe Ha3BaHHe AaHHbI! YyTyH NoJaydu) Gaa-
rojaps usery usjoma. Cepblil YyryH MOJIy4dercst MPH MELIEHHOM OX- -
JaxJeHUH OT/AHBKH B (OpMe, €Cc/H [PH 3TOM B €r0 COCTaBe KPeMHHH,
apasionkiics rpabuTH3aTopoM, npeobaaiaeT Han mMapranuem. OH npu-
MeHsieTcs A1 MOJYYEeHUs OTJHBOK  MaJIOOTBETCTBEHHOI'O HAa3HAYeHH:A
{cTaHHUHDBI CTAHKOB, KapTepsl ABHrartenell, KOpDOOKH, IPOTHBOBECH H T, X.).

Béicokonpounsiti uyeyn CofepKUT rpadUT B FeOMETPHUECKH NPaBHJb-
HOM WIAPOBUAHOM (GOpMe, MOUTH He KOHUEHTPHUPYVIOIEH HanpsKeHHi
H moToMy ofbecneuHBaioliell YyryHYy HauOGOJBLIYIO MPOYHOCTh O (10
120 krc/mMm?), coueTalolyiocs ¢ YAOBJETBOPHTENBHON MIaCTHYHOCTBIO
8 (2—17 %). B ero mapkupoBKe OTpaKeHbl RPOYHOCTh H NJIACTHYHOCTb:
BU38-17, BY70-2, BY120-2 m 1. A

JlaHHBIH YYTyH NOJyYaeTcs B pesyAbTaTe Monuq)uuuposaﬂuﬂ cepo-
ro YyryHa crelHajibHOro cocraBa HeGoapwumu pobaBkamd (0,03—
0,07 %) marHus wid uepus. V3 Hero oT/IMBalOT OTBETCTBEHHBIC AeTaJy,
HallpHUMep KoJieHYaThie BaJbl aBTOMOGHIBHBIX H CYNOBBIX ABHraresefi.

Koexuil uyeyn conepxut rpadut B xsonbeBuaHol dopme. 1o obec-
neyuBaeT eMy 3HauHTEIbHO 6oJiee BHICOKYIO, 4eM Y CEPOro, HO HECKOJib-
KO MEHBLIVIO, YEM 'y BLICOKONPOYHOIO UYryHa, NPOYHOCTh, COUETalo-
IYIOCA ¢ HEKOTOpbIM 3amacoM IutactudHoctu: KH30-6, KU97-12,
KU63-2. ‘ ’

Ero noayuator nyrem AnurenbHoro (70-—80 u) rpaduTH3HpyOlEro
OTJKHTa. OTJIMBOK M3 6e/oro yyryHa cCleiHaJbHOTO cocTaBa HpPH TeMmIe-
parype 970—740 °C, Bo BpeMs KOTOPOTO MPOHUCXOAHUT YACTHYHBIH HJIH
HOJIRBIA pacnaj ueMeHTHTa ¢ oGpasoBaHMeM CBOOOJHOIrO yriepola —
rpaguTa B BHAE XJONLEB.

KoBkuil uyrys npHMeHsieTcsi A/As H3rOTOBJIEHHS JHUTHIX JeTajied,
noABepraonyxcs B padore HeGOJBUIHM YAAPHLIM Harpyskam (phluar,
nefads, KOXKyXd 4 T. I.).



§ 1.3. OCHOBbl TEPMHYECKOH H XHMHKO- Tepmuqecxou
06pa60nm CTaJIH

,,w,@“*“w"repMuqecxaﬁ 06paboTKa CNJIaBOB MpEACTaBJser coboH COBOKYN-
HOCTb MPOBOAHMLIX 1O ONpeje/ieHHLIM PeXHUMaM onepauuii UX Harpepa
H OXJIaXJEHHSA C LENblo NPHAAHHS UM TAKOH CTPYKTYPHI, Kortopasi 6bl
odecneunna nojydenne TpebyeMbiX CHyKeOHBIX WIH TEXHOJOTHYECKHX

_.ceoiicts. TakuM 06pasoM, 3a cyeT TepMHYECKOH 0GpaGOTKH MOMHO He
MeHfisl XHMHYECKOrO COCTaBa CTa/li H3IMEHSTh ee CBOACTBA B OUYEHDb IIH-
pokoM auanazone. Hanpumep, oroxxKenuas cransb 40 uMeer TBepAOCTb
150 kre/mv* HB, 2 sakanenwast — 600,
© [Ipu noMOUIH XHMHUKO- TQPMH‘!&LKOH o6paborku MOXHO YOPOUHATH
TOILKO NOBEPXHOCTHBIH CJO# MeTansa, HACBIIAS €ro.KaKHM-HUGYAb
KOMIIOHEHTOM, OCTaBJsii NpH 3TOM CepAUEBHHY 0e3 H3MEeHEHHS.

. Hsmenenue CTPYKTYPbl CTaiM npH Harpese. Ecui Harperb cranb
fo remneparypnl 727 °C (cm. puc. 1.12), To BXoaswuit B ee CTPYKTYPy
nepadr npesparurcs B aycrenur (l-s touka . K. Yepnosa). llpu
AanbHeHlneM MNOBLIIEHHH TeMilepaTypbl y JAOSBTEKTOHIHBIX ~cTased
(cosepxainnx menee 0,8 % yrnepoaa) B aycrenute GyAeT pacTBOPSTHb-
cst coxpanusumiicst npu 727 °C deppurt, 2 y 3assrekrounsnx (>0,8 %
yriepoaa) B HeMm Oyaer pactsopsitbest uemeHTHT (LLjj). PacrBopenne
3aKOHYUTCH [PH TeMIeparypax, COOTBeTCTBYIOILUX Jjuuuu GSE (2-1
touka J{. K. UepHoBa), u cranb OpUMET ayCTEHHTHVIO CTPYKTYPY.

Iasi yckopenns nuddysyoHHEIX TPOUECCOB, BhLIPABHUBAIOIIHX CO--
JlepXKanue Yriepoja B 3€PHAX ayCTEHUTA, CTA/lb OOBIYHO HArpeBaioT JIo
TeMnepaTypsl Bbiie JUHHK GSE Ha 30—50 °C n nenator npu Hell Bbi-
IepKKy, JOCTATOYHYIO /A BbHIPABHHBAHHUA COCTaBa BO BCeX 3epHAX.
Harpes 10 Gosee BbICOKHX TemnepaTyp HexeJaTteseH BBUAY pocra ay-
CTEHHUTHbIX 3epPeH, BJEKVUIEro VX VALWEHHE IPOYHOCTHLEX CBOMCTB CTANH,

Harpes cranbhbix feraneil A/si TepMOOGPaGOTKH [POH3BOAHTCH B
CHeNHa/bHO CKOHCTPYMPOBAHHBIX TEPMHUECKHX Mevax, MMEIOUHX Ka-
Mepy A 3arpyskH JeTaneil.

HpeBpanienne ay. TEHHTA NPH PAIJAHMHBIX CKOPOCTAX oxnamneﬂm.
Oxaaxpenve fAertasnefi npu tepmoobpaGoTKe MPOM3BOAHTCH B ra3ood-
Pa3HBIX WM XKHAKHX OXJaxJAIOIUX CpeAax, BHIGHpaeMbIX TAKUM 00-

" “pasom, 4TOOH MOJYUHTH TPEGYEMYIO CKOPOCThH OXJAXKACHUA AYCTEHUTA, .
HeOOXOAMMYIO AJfl NPEBpalleHHst ero B JKelaeMyw CTPYKTYPY.

Camoe MejleHHOe OXJa)KIEHVE NOJyYaeTcsi B TeUH C 3aKphHITol
ABepuell npH BHIKJIIOYeHHOM OoTomIeHud. TIpy oTKphITOfl RBEpIE OXJiax-
JeHUe HEeCKOJBbKO ycKopsieTes. Enie 6HCTpee uaet OXJIaXKACHHE MPH BHI-
Hade HeTasd Ha  BO3AYX.

Jsig yMepeHHO YCKOPEHHOIo OXJaMHAEHHS [(PHMeHSeTCH MaLHHHOE
{MHHepanbHOE) Maco, a A GeicTporo — Boaa. CKopocTb OXJIaKAeHHS
B BOJie MOXKHO M3MEHATD 32 cuer nogbopa ee TemnepaTypbl HeM XOJIO-
‘HEe BONa, TeM GHICTPee OXJaKIEHHE.

Pacrsopenne B Bojie coJefl wii we/oueil NMOBBILAET ee 0XJakAal0-
WYKo COCOGHOCT. OT CKOPOCTH OXJIAXKAEHHST aYCTeHHTA, T. €. OT Bbl-
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:

Gopa oxJlaXjalouledl - cpelibl, 3aBHCAT CTPOEHHE M XapaKTep MHoJydaro-
UHXCH TPH €ro. pacnaje npoAyKToB. Bo3bMeM AJst POCTOTHL ayCTEHHT,
HMEIOLi il 3BTEKTOMAHBIA cocras, T. e. 0,8 % yraepona, u paccmorpum,

Kaxue H3 Hero 6y}ly1‘ noJyquaTbCsi MPOAYKTHI NPHU pa3Hle CKOpPOCTHX
OXJIaXKJACHHSA.

TIpH MenNeHHOM OX/a)JEHHH, HalpuMep B NEYH, ayCTEHMT pacna-
Aaercsl Ha rpyOyio, KpPYNHONAACTHHYATYIO CMeCh, COCTOSILYIO M3 MJa-
CTHHOK (PeppHUTa ¥ LeMeHTHTAa, UMeHyeMyIo nepJutoM — [1: A —» & -
~+ I = I1. Pacnax npoHcxofuT NpH Temneparypax, GJHM3KHX JHHUH

- PSK (727 °C). Tlepnut umeer tBepiocts 180—200 krc/mm? HB.

Tlpy YckopeHHOM OXJIaXKACHUH, HaNPHMED HAa OTKPHITOM BO3AYXe,
pacnaj aycTeHHTa TPOH3OHJET B HHTepBaJe Gojiee HHU3KUX TEMIEparyp,

- H TIPH 3TOM noJyudaercs Gosee TOHKas CMech IIAaCTHHOK deppurta u ue-

MEHTHTa, ~HasbiBaeMaa cop6uToMm — C. - TeeplocTe copOuTa O0KOJIO
250 kre/mm? HB. o

[1pu nansHefilzeM yCKOPEHHH OXJaXIeHus (HanpuMep, B MUHepaJib-
HOM Macjie) pacmaj ayCTEHHTa NPOUCXOAHT NpH elte' Gosiee HH3KHUX
TeMNepaTypax, a NOJyYalolascs cMech (PEPPHTA C UEMEHTHTOM, HA3bl-
Baemas TPOCTHTOM, OKa3blBaeTcs eille Gostee TOHKOM U TBepAOil (0OKoMO
300 &kre/mm?).

3ech celyeT 3aMeTHTh, UTO CYIIECTBYET TAKasi JOCTATOYHO 6OJib-
iasi CKOPOCTH OXJIaXKJAEHHA ayCTEeHHTa, HAYMHAA C KOTOPOH OH yxe
He YCNeBaeT pacnajaTbcsi Ha (EeppHTO-LEMEHTHYYIO cMeChb, a Iepe-
OX/IaXKA4siCh O BIIOJHE ONPEJE]eHHON TeMnepaTypsl, NpeBpamaercs
B IepechilleHH bl TBEPAbIA PACTBOP BHEAPeHHs YIJeposa B o- Fe. Jror
pacTBop, Ha3blBaeMbii MAPTEHCHTOM, OYeHb TBEp] U Xpynok. Ero teep-
nocthb coctapaser 600 krc/mm?* HB. MaprencutHoe npeBpalieHue Tpe-
6yer HeNpEepLIBHOTO OXJaXJAeHHs OT TemnepaTypHOH TOUKH M, (Hava-
70 MapTEeHCHTHOTO INpeBpalieHus) A0 TOYKH My (KOHeL MapTeHCHT-
Horo npespailenus). OHO NPOMCXORHUT B pesyJbTate Ge3Iuphy3HOHHO-
ro ajnorponuueckoro npespamenus y-Fe a a-Fe (FLIK- pererKkH
s OLLK), npu koropom BesencTBHE OTCYyTCTBHSA Anddysuy u3-3a HU3KOH
TemnepaTyphl Bech HAXOJAMBIUMEACA B ayCTEHHTE DACTBOPEHHBIH yrJie-
pox ocraercs B HoBoli OLIK-pemerke M oKasblBaeTcsi DAaCTBOPEHHBIM

-B a-Fe. Ho Tak kak pacTBOpHMOCTb yriepojia B o-Fe 3HauHTe/IBHO MeHb-

e, TO NOJyYaeTcsl NePechileHHBA PacTBOP ¢ GONBUINMU HCKaMXKEHHAMH
pelieTKH U BHYTPEHHHMH HanpsiKeHHsMH. JTH HCKaXeHUA W Hanps-
AKEeHHs Ha3RIBAIOTCS 3aKAAOHHbIMI, UX TIOSIBJEHHIO cNOCOGCTBYET OYEHb
6o/bad  IJIOTHOCThH BO3HHKAIOMIMX -~ AMCJOKALHHA,

‘MyuHuManbHas CKOPOCTb OXJIAaXJeHHs, NPH KOTOpoH ofecneunBa-.
ercs TpeBpallleHHe ayCTeHHTAa B MAapTEHCHT, Ha3biBaeTCs Kpumude-
CKOU CKOpOCMbIO 3aKAAKW.

‘OxnaxjeHue aycTeHHTa B Bole ofecneuuBaer 3aKpmuqecxyxo CKO-
POCTb ¥ TapaHTHPYET HOJYuCHHE MapTeHCHTHOH CTPYKTYDHI, Xapakrte-
pH3yIOIeics BLICOKOK TBepAOCTbIO H npammecxu HYJNeBbIMK IJ1a- -
CTHYHOCTBIO H BS3KOCTBIO,
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Bunel Tepmuyeckoit o6paGorku. Ms Bcero BHILIEH3TOXKEHHOrO cae-
JAYeT, UT0 U3MEHsSISI CKOPOCTb OXJaXKAEHHS ayCTeHHTa MOKHO IOJydYaTh
HOPOAYKThI C PA3JIHYHLIMA CBOHCTBaMH -— OT CAMBbIX MSATKHX M I1aCTHY-
HBIX 10 HauboJee TBepAbIX M Xpynkux. Ha 3ToM M ocHoBaHO mpume-
HEHHE TAKHX IIMPOKO W YACTO HCMOJB3YEMbIX B TPOMbIILIEHHOCTH BH-
IOB TIpeJBapHTEJbHOH TepMHYecKoH oOpaGoTKH ymepo;mcnﬂx cra-
Jiell, KaK OTKHF, HOpMAJH3alMs M 3aKajka.

OTHHUT CTYXKUT. TJIaBHBIM oépasoM ISl CHIXKEHHS, TBEPIOCTH
cTafibHETY"SAFOTOBOK nepej MeXaHHUecKol a6pabotkoit. Jlns ero mnpo-
BEJCHHA 3arOTOBKHM H3 3BTEKTOMAHOH M JO3IBTEKTOMAHOH CTa/lH Harpe-
BAlOT A0 ayCTEHHTHOTO COCTOSIHMSI, a M3 3a3BTEKTOMZHOH — JO aycre-
HHTHO-1IEMEeHTHTHOTO, JeJaloT BLIIEPXKKY AJd BHIDABHHBAHMSA COCTaBa
ayCTEHHTA U MEJIEHHO OXJakK[AIOT, BHIK/IIOYHB MCTOYHHK TERJIOCHAG-
XKeHHS TIedH, C 3aKPHITOM, a HHOTJA C OTKPHITOH ABepLei.

HopManansanueil MoOKeT GHTb HOCTHTHYT Psifi uenedl: H3-
MeJjibueHHe BHLIPOCIIETro MO KaKo#-To NPHYHHE 3epHA CTaJIH, pa3pylleHue
3aTpyAHALONIEH MeXaHHYecKyl0 o6paloTKy LEeMEHTHTHON CeTKH BOKpPYT
3epeH 3a3BTeKTOHAHOH ctanu (=>0,8 % yrvepona), a Takxke nepekpH-
craiju3anus rpy6oil H XPyNKOH CTOJIGUATO-ACHAPUTHOH CTPYKTYPBI
JUTOH CTalH B MEJIKO3EPHHCTYIO, PABHOOCHYIO,

Ilnsi ,3aroToBOK M3 MATKOH 0 NPHPOJe HH3KOYTJIEPONHCTOH CcTaiH
HOPMAaJIH3alHs C Le/bl0 S3KOHOMHH BPeMEeHH IPOBOJUTCSA BMECTO OTHKH-
ra, a AJs jetajeil HeOTBETCTBEHHOTO Ha3HaueHHs U3 oGOl cTaju 3a-
MeHsieT 3akanaky. IIpm HopManusanuM craib HarpeBawT A0 TeMmIepa-
Typb! Bbitne JHHUK GSE Ha 30—50 °C, sarem jenator BBIIEPHKKY H OX-
JaxJaloT Ha CIOKOHHOM BO3JyXe.

[Tpu TaxkoM oxJlaKfieHHH HH3KOYIVIEPOAUCTHIX CTajlell mosydaercs
OoJsiee TOHKAst TIO CTPOEHHIO, UeM NPH OTXKHre, cMechb 3epeH (eppura
N TiepJAHTa, HO BCJEACTBHE HeGOJBIIOIO COJEPXKAHHUS yriepoja TBep-
JOCTb OKa3sblBaeTcss He HaMHOTO BHILIE.

' Cpenne- 1 0coGeHHO BHICOKOYIVIEPOLHCThIE CTaMH [IPH 3TOM NpHOOpe-

palOT CTPYKTYPY MENKO3EPHHCTOrO, MEJIKOMIACTHHYATOrO MepJuTa,
Ha3bIBaeMOTO cOpOHTOM. [109TOMY MPOYHOCTL OKA3bIBAa€TCH Bhille, YeM
TIPH OTXKHTE,

Bokpyr 3epen Bblcoxoymeponucrou (3a331emommon) CTaln lie-

'MeHTHTHas 060J04Ka chOPMUPOBATBCS He YCIIeBaeT; H BhIAEJIAIONIH Hes
LIEMEHTHT OKa3blBaeTcsl BHYTPHU 3epeH [epJ/iuTa B BHJAE H30JHPOBaHHBIX
Apyr oT Jpyra sepHblieK. C TaKMM CTPOEHHEM OHa Jierue obpabarbiBa-
eTcst pexyiuM uuctpymenToM. Ho, utobbi ymeHbIMTH ee TBEPLOCTb H
JIOTIOJIHUTE/IBHO OGJIErYHTb CHATHE CTPYXKKH, 3a3BTEKTOHAHYIO CTalb |
mioc/e HOPMaJIH3alUH CJAeAyeT MOJABEPrHYTh HENMOJHOMY OTHKHIY C Ha-
TpeBOM 10 Temnepartypul Bbimie JuHHH PSK Ha 30—50 °C.
" 3axaJaka sBadercs HepBoi onepauneu OKOHYaTeJIbHOH TepMo-
O6paboTRA WaAenuii. [Tod OKOHUATENbHOH MOHMMAIOT TaKyio TepMO00L-
paboTKy, KOTOpas HNPHAAET CTaJIH Ty CTPYKTYPY H CBOHCTBa, KOTOpbIE
HeOGXOAMMBl H3JIHIO JJIf BBINOJHEHHs CBOHX 3KCIUIyaTalHOHHBIX
bOyHKIHH.
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B arom caydae H3enuio JaeTcs TaK Ha3biBaeMas HCTHHHAA 3aKaJKa,
ofecreynBaloNasi-NI0JyYeH e MapTeHCHTHOH CTPYKTypbl. Tosbko moxy-
YHB NPEIBAPUTENBHO MapTEHCHT U TIOJABEPrHYB €ro 3aTeM COOTBETCT- -
BYIOWIEMY BHJY OTIYCKa MOXKHO TOJYYHTh Y CTaj¥ HaWIy4ulddi KoM-
ILIeKC MeXaHUYecKUuX CBOHCTB, T. €. HauGosee HJATONPHATHOE COYETa-
HU€ TBEPIOCTH, NPOYHOCTH, BSISKOCTH H MIACTHYHOCTH, Heo6xozumoe
AJISl HAaJeXKHOHA H JOATOBeHHOH pPabOThl H3AENHUA.

JIns 3aKa/JKH Ha MAPTEHCHT CTa/lb HAarpeBaercsl JIo TeMIeparypol Ha
30—50 °C Bbume Junud GSK, BoliepKUBAETCST A BHIPABHHBAHUSA
ayCcreHHTa Mo yriaepojy U APYrUM PacTBOpPEHHKIM B HEM 3/eMeHTaM (Ha-
npUMep, JEFHPYIOIUM, €CIH CTajb JEFHPOBAHHAs), a 3aTeM OXJaxAa-
€TCsl CO CKOPOCTEIO He MEHee KPUTHUECKOH. Jas yriepoaucTsix CTaJIeﬁ
3aKanouHOfl cpeloil sABasiercs Boia, :

3akasnka ¢ MeHbIIefl CKOPOCTBIO Jaer 0ojlee MATKHe, yeM MapTeH-
CUT, CTPYKTYPsl — TPOCTHT HJIH COPOHT, oﬁecnetuaxoume 60J1ee HH3-
KHE KOMILJIEKCH MeXaHHYeCKHX CBOHCTB,

0 THYCK CTaJH SIBISETCS 3aK/MOYHTEbHON onepaiueil tep-

Mooépaﬁomn BBHIMOJIHSAEMOH TOc/e 3aKadKkH. Ero ocHOBHOM He/LIo 5iB-
asiercst TpaHchoPMHPOBaHHE MOMYYEHHOTO B Pe3yJibTaTe 3aKa/JKH Map-
TEHCHT B CTPYKTYDPY, 06Jalal0UIyI0 ONTHMAJbHBIM KOMIJIEKCOM BSI3KO-
CTHO-IIPOYHOCTHBIX - CBOHCTB, CNOCOGHBIX -0GECHeYnTh HaleXKHYI0 H J0J-
ropeunyio paory u3Jiesdsi B 3aJAaHHBIX YCJHOBHAX 3KCIIyaTalHH.

On 3akmouydercss B Harpepe 3aKajeHHOH Jeranu IO Kakof-To of-
peneseHnoll, 3aflaHHOl TeMilepaTypH, Jexauiefl nuxe 1-# KpuTHUECKOH
tourn I, K. YepHoBa (727 °C), BhUIEpIKKe TIPH 3TOH TeMmeparype,
JOCTaTOYHOM [JIsi 3aBepuIeHHs] HeOGXOAUMBIX CTPYKTYPHO-(Da30BbIX 11PeB-

palleHHH, M oXJaXkAeHHH ¢ J1000f CKOPOCTHIO.

‘B 3akaseHno#i cranu 1pu otirycke G6aarofapsi pasBHTHIO AHPDY3H-
OHHBIX MPOIECCOB NOCTENEHHO YCTPAHSIOTCA HCKaXeHHS KPHCTalJHue-
CKOH DEIIETKH, «PaccachlBAlOTCHA» JUCAOKALNH H CHHMAIOTCH . BHYTpeH-
HHe Halps’)KeHHUs!, BC/CJCTBAE. Yero YCTPAHSAETCss XPYNKOCTb, CHUIKAET-
€S YIPOUHOCTh, MOBHILAIOTCH IVIACTHYHOCTE H BSA3KOCTb. [losHoe passu-
THE 3TH NPOUECCH MONY¥AIOT MPH 600—650 °C.

— OcHoBoH . yIOMAHYTBIX [IPOLECCOB . SBJASETCS NPOHCXOASIMNA npn
Harpepe pacnaj MapTeHCHTa Ha (eppHTHO-UeMeHTHTHYIO- cMmeck. [lepe-
CbILIEHHOCTD - KPHCTAJIHUECKOH pelIeTKH MapTeHCHTa YIVIepoJoM To-
pOXKIaer B HeM BCe HCKaxeHWs U HalpsKeHHs ¥ o0yC/IOBJIHBAET €ro
HEPABHOBECHOE COCTOSTHUE ¢ GOJIBLLHM -H3GBITKOM CBOOOAHOH SHEPTHH.

[TponsBojMMbIf IPH OTITYCKE HATPeB BHI3LIBACT B 33KAJCHHOH CTa/In
AHG(Y3HOHHBIE  MPOUECCH, NPHUBOAAUIIE K BleOlly aTOMOB  YIJepofa
U3 NepeHaNpsKeHHON pellieTKH ajbda->kese3a, o6pa3oBaHHIO CHayaJa
(npu T << 300 °C) uacTuyex 3NCHIOH-KapGHAa, ‘a mortoM (opu T >
=300 °C) uemeHTHTa, YTO H DPHBOJKT K IIOCTENEHHOMY YCTPaHEHHIO
HCKAXKeHHH PelIeTKH, YMEeHbIHEHHIO IJIOTHOCTH HHCIOKANHHA, CHHKEHHIO
IO TIOJHOTO YCYE3HOBEHMS BHYTPEHHHX HalpsuKeHHH H . yMeHbIIEHHIO
3dnaca CBOOOJHOH 3Hepruy.
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OnucriBaeMble NpEBpalleHHs OKA3bIBAIOT BAHARNE HA NOJYYaIoULyIO-
cs APH OTNIyCKe CTPYKTYPY, 2 4epe3 Hee — Ha KOMIJIEKC MEXaHHYEeCKHX -
csoiictB. Tak Kak creneHp 3aBepuIeHHOCTH Aubdy3HOHHBIX MPOLECCOB
B OCHOBHOM 3aBHCHT OT TeMMEpaTyphl, TO Xapaxkrep ¥ ypOBeHb I0JY-
YaloULHXCsL CBOHCTB 3aBHCHT OT TeMIepaTypel oTnycka. B wmawuHo-
CTPOGHHH HUCTOPHYECKH CJIOMHJAHCH TPH OGOJblIHE TPYNILl CTaAbLHBIX
H3AeAHA ¢ NPUHIMIHATLHO PA3NHYAIOMIMMHUCS N0 XapaKTepy KOMILJIeK-
CaMH MeXaHHYeCcKHX CBOWCTB:

I rpynna (pexymwiuii u Apyrue BHILI HHCTPYMEHTa) JJIA BHIOJHE-
HUsl CBOUX 3KCHNyaTAHHOHHBIX (YHKHHA IOMKHA B MEPBYIO ouepeln
HMETb BBICOKYIO TBEPJIOCTb CBOEro Marepuasia. bea 3Toro HeBO3MONHEI
HM CHSITHE CTPYXKKH pe3uoM c ofpabaTbiBaeMo#l AeTaslH, HH ero mpo-
JoJukdTesNbHas pabofa 13-3a OBICTPOTO H3HOCA;

I1 rpymna (npy»KuHbi, peccopsl, TOPCHOHB! U ApyTHe H3JeTus)
Tpebyer OT CBOerc MaTépuaJa Ipexie BCEro BLICOKOIo npenesa ynpy-
FOCTH, COYETAIOUIETOCH ¢ YAOBJAETBOPHUTENLHON BSI3KOCTHIO;

111 rpynna usgenuit ucnpiThiBaeT B paboTe 3HaUHTENbHLIE, KAK Npa-
BHJIO, YAapHBE, UMK/JIWYECKHe HJIM 3HaKonepeMmeHHbie HarpyskH. [lo-
3TOMy AIS OfecledyeHust WX IMPOYHOCTH W JOJITOBEYHOCTH peularollee
3HaueHKe HMeeT BLICOKa® yAapHasi BA3KOCTb MX MartepHaja.

B ¢BA3M c H3JIOXKeHHBIM B NPaKTHKe TepMH4ecKOH o6paGoTKH cJo-
PKHJIACh TPH BHJA OTIYCKa COOTBETCTBEHHO MJIsl KaXA0H H3 IlepeuHc/eH-
HBIX [pYNn H3JeNuH,

 Huakuii omnycx nponssoantea mnpu 150—180 °C (nnorza npm
220—250 °C). I'lpu 3THX TemMneparypax H3 pelIeTKH MapTeHCHTA BbIXO-
JAHUT JMWIb YacTh «JIHIIHEro» YrJaepoRa, KOTOPHIi o6pa3yer BbICOKORHC-. -
- MIepCHblE, HE BMAMMBIE B MHKPOCKON YAaCTHILbI STICHIOH-KapOHA.

[Monyuatouiasicst cTpyKrypa npejcrasaser cobolt cMech Manoymepo-
JHCTOrO MapPTEHCHTa, HA3BIBAEMOrO MAapTEHCHTOM OTIYCKA, C MeJbYail-
HIUMH YaCTHIAMH 3TICHIOH-KapOuia. 3ta CTPYKTypa obJajaer BHICOKOH
rBeprocThio. OfIHAaKO BCJIEACTBHE XOTS H YMEHBUIAIOMHUXCsl, HO BCe ellle
COXPaHSIOMIMXCS HCKaXKeHu# ¥ BHYTPEHHHX HanpsxeHu#i ee ma-
CTHYHOCTh M Bf3KOCTh INOBBILAIOTCA HE3HAYHTENbHO.

~ Cpednuil omnycx npouspoputcs npu 350—450 °C (unorza 470 °C).
Tlpu TdkoM HarpeBe MapTeHCHT IOJIHOCTBIO -pacnajaercs Ha Qeppui-
HO-IEMEHTHTHYIO CMECh, TaK KaK Bech U3OBITOYHLIR yriepol MOKHAaer
peilleTky MapTeHcHTta (u obpasyercs ¢deppurt), a YacTHUbl 3NCHJIOH-
KapOuia B pesy/brare NEpecTpodKM H KOaryJsilHH NpeBpallaioTcs B
sepubluikd uemeHTHTa. O6pasytoliasics NpH CPeHeM OTIyCKE TOHKas
cMech deppuTa ¥ 3EPHHCTOrO UEMEHTHTA HA3LIBAETCH TPOCTHTOM. OT-
nycka. OHa 06.1ajaeT BLICOKUMH YIIPYTHMH CBOHCTBAMH H.JIOCTATOYHOH
AnA  JoJaroBedyHod paboThl BA3KOCTHIO.

Buwcoxudl omnyck ocymecteiasercs 1pu 500-—650 °C. Ou npakruue-
'CKH TIOJIHOCTHIO YCTpaHsieT. HCKaXKeHHsI KPHCTaJJHYECKOH peleTKH
a/iba-elesa H CHUMaeT 3aKanoyHbe Hanpmxeﬂm HJI()THOCTb JHCJTO-
KQilHil CBOJAMTCA K MHHUMYMY.
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B pesysbraTe ycuJHBaIoOWlefics KOaryJsiHH 3€PHHIIKH LEMEHTHTA,
O0BeHHAACD, - YKPYNHSIOTCA H TOJyyaeTcsi cMech 6oJee KPYIHBIX,
4eM y TPOCTHTa, 3epeH uemenTtuta ¢ peppuroM. O6pasyomyocs CTpyK-
TYpPY Ha3bIBAIOT COp6HTOM otnycka. OHa uMmeer Hanbosee G1aronpusitT-
HOE COoYeTaHHe CBOMCTB, a HMEHHO: MaKCHMaJbHble BA3KOCTb, IVIACTHY-
HOCTb M BIIOJIHE YJIOBJIETBOPHTe/IbHbIH npejen tekyuectd. [o sroit mpu-
qyHe 3aKaJKy C HH3KHUM OTIYCKOM YacTO HashbBAIOT YJydLIEHHEM. _

TlopepxnocThas 3akajka H XHMHKO-TepMHUeckas o0pafoTka CraJu.
W3 ckasaHHOro Bpllle CJEAyeT, YTO NPOYHOCTHHIE H - BSI3KOILJIACTHYE-
CKHe CBOHCTBa y CTaJIH H3MEHSIIOTCS HE OJAHO3HAUHO: eC/IH IO KaKo#-1160
ApUYHHE PACTYT INIACTHYHOCTb H BA3KOCTb, TO OJHOBPEeMEHHO YMEHb-
HIAIOTCS TBEPJAOCTb M INPOYHOCTb, M Haobopor. Hanpumep, eciu mpu
OTNyCKEe TBEPAOCTh OKAa3bIBAeTCs BBICOKOH, TO BSI3KOCTb IOJy4aercs
Hu3kof. To Ke NPOHCXOAMT IPU yBEJHUEHHH COJEpKaHHs yTJepoja
B CTaJH: TBePAOCTb pacTeT, a BA3KOCTb CHHIKACTCH.

OnHaKo B HEKOTOPHIX C/JyYasix OT MaTepHaJsa H3Jiedus OLHOBPEMEHHO
TPeGYIOTCSl “BBICOKASE H3HOCOCTOMKOCTD (CONPOTHBJICHHE HCTHPAHHIO,
ofecreysBaeMoe  BLICOKOH TBEpJOCTBIO) H BbICOKAs BA3KOCTb (CTOHKOCTD
NPOTHB Pa3pylieHHsl IIPH HPOJOJKHUTENbHBIX YAAPHLIX HArpysKax).

OT10 OTHOCHTCHA, HANPHMED, K 3yGbAM LIECTEPeH, KyJaukam pacrpe-
ACTHTe/ILHEIX BAJOB ABTOTPAKTOPHLIX JIBHratefedl M Apyrum IIOJ.IBEP-
raiomuMcst TPEHHIO ¢ yAapaMH 3jieMeHTaM fAeTasell MallKH.

B mopo6ubix caydasx Bes JeTalb H3TOTOBJSIETCS U3 TAKOro Mare-
pHana, KOTophil 06J1ajlaeT JOCTATOYHO BBICOKOH ILJIACTHYHOCTHIO U Bfi3-
KOCTbIO, 4 TIOTOM TEM ee MecTaM, OT KOTOPhIX TPeOyIoTCsl BLHICOKAash TBep-
JIOCTb H H3HOCOCTOHKOCTb, AAeTcs JAONOJHHUTEbHAA nonepxaocmaﬂ yn-
pouHsiomas o6paborka.

Hns yxkasanHo# nesin HauboJsee YaCcTO NPUMEHSIOTCS HOBerHOCT-v
Hasi 3akajKa M XHUMHKO-TepMHuecKas obpaborka [XTOl.
~IlpunoBepxHOCTHOHR 3aKankKe Jeralb HU3roTOBJIsET-
CSl M3 cpeliHeyIIepoAHCTOl craty. BHauane A1st npujaHus OKOHYATEN b
HBIX CBOMCTB CEpALEBHHE BCIO, JAeTa/Ib - HOPMAJHPYIOT HJH YJYy4IIAIOT,
a 3aTeM YIPOUHSEMOMY MECTY JaioT.IIOBEPXHOCTHYIO 3aKaJKy Ha IJay-
6uny no 2 M. Harpee noi 3akajKy NpoOM3BOAAT Halle BCero HHAYK-
TOpOM, HMelol UM GOpMy KOHTYpa YIPOUHSIEMOH NOBEpXHOCTH M IHTa-
TOHMMCS] TOKOM BBEICOKOH 4acTOThl. 3a OYeHb KOPOTKOE BpeMsi 06pabaThl-
BaeMas MOBEpXHOCTb MpOrpeBaercs A0 AayCTEHUTHOLO COCTOSIHMS Ha
TpebyeMyio TyGHHY, NOC/e Yero oX/axjaercs CTpysMH BOJBI. TToce
NOBEPXHOCTHOH 3aKasiKy JeTalb NPOXOAUT HM3KHH OTIYCK. :

TaxkuM o6pasoM, TBepAasi OBEPXHOCTb XOPOIIO NPOTHBOCTOHT W3-
HOCY, a COXPAaHHBIIASICS BA3KOH CepPUEBHHA W3JeJIHsI XOPOLIO BOCTIPH-
HHMaeT M TNorJjolaer yJapHble HarpyskH.

XHMHKO-TepMuUUecKasas o6pabGoTKa HMeeT Ie-

~JIbl0 JH¢WDY3HOHHBIM CNOCOGOM HACHITUTH MOBEPXHOCTH JETalH KaKHM-
- JIN6GO. 3JIEMEHTOM- YIIPOYHHTEIEM H, TaKUM 00pa3oM,; obecneqyuTh MOJY-
YeHHe BLICOKOH TBEpJOCTH H H3Hococrtoiikoctu. Uale Becero AJsi 3TOH
Ue/MH NPHMEHSIOTCA 1EMEHTalldsi, a30THPOBAHHE H I[HaHHPOBAHHE.
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Llemenmayuer Ha3biBACTCA HACHILEHHE YyNPOUHSEMOH MOBEPXHOCTH
A€TaJH yrj1epoioM Ha LAYOMHY 70 2 MM C LeJbi0 HOJyYeHHS NPH No-
© cllefyIoIuedl 3aKajike ¢ HH3KHM OTIYCKOM BBICOKOH TBEpPAOCTH H H3HOCO-
crofikocTd. Urobbl cep/ieBHHa AeTajlk OKasaJjach BA3KOH H yAapocToi-
KOi, JeTa/ib M3TOTOBJAETCA H3 HH3KOYTJIEPOAHCTOH, KaK MPaBHJIO, se-
rupoBaHHoit craan 18XTT, 20X u 1. &

Xopomue pe3yabTaThl JaeT ra3oBas LeMeHTallHs OKCHAOM ymepona
CO nian meranom CH, B crnenuajsbHoil repMeTHYHOH Kamepe. NpH TeM-
Tneparype 900--950 °C. «

O6pasyromniics nNpu AHCCOLHALHH YNOMAHYTHIX [A30B aTOMapHEBIH
yraepop C,y AHGOYHAHPYET B aycTeHHT [OBEPXHOCTHOIO ~ CJIOS:

'CO—-—)»-%.O2 + Cap u CH, — 2H, + C,;. Ilocne saxkanku ¥ HH3KOTO

OTIyCKa YIPOYHEHHBIH CJIOH NPHOGPETAET TBEPAYID M H3HOCOCTOMKYIO
CTPYKTYPY MapTeHCHTa OTHYCKa C PaBHOMEPHO paclpejie/ieHHbIMH. B HEM
3epHaMH KapGHJIoB.

Aaomupoaanuem Ha3blBaeTCs nonepxmcmoe ynpqueHne cTajii ny-
TeM ee HachillieHHs asoToM. HanGonee TBepABIMM W TEPMOCTONKHMHU HH-
TPHIAaMH, ©Opa3yIOUHMHCS IPH a30THPOBaHUM H oGecreyuBalOLHMH
YIPOUHSAEMOMY CJIOK BBICOKYIO TBEPAOCTb M H3HOCOCTOHKOCTH HE TOJIb-
KO TIPH KOMHaTHOH, HO ¥ NpH NMOBLILIEHHOH TeMneparype, SBJSIOTCA
HUTPHAB XpoMa, amoMuHKA ¥ MoaubreHa (CrN, AIN, MoN). [losro-
My I€eTanH, no;mepraxomnecsl a30THPOBAHMIO, JOJIKHBI H3TOTOBJISTHCS
H3 CPEJHEYI/EPOAHCTON CTa/lH, CONEPIKALIEH YNOMSIHYThIe JETHPYIOlLHe
3JieMenThl, Hanpumep n3 craan 35XMIOA. Tak xkak a30THPOBAHHE MPO-
U3BOAMTCA TpH Temneparype 500—600 °C B rasosoit cpeie aMmuaka
(NH, - 1,5H, + Ng,) u ykasannas TeMNepaTypa COOTBETCTBYeT TeM-
neparype BHICOKOrO OTIYCKA, TO MO CYLIECTBYIOMEH TEXHOMOTHH nepes
‘a30THPOBAHHEM JieTallb YJIYUIIAIOT, NoJyyasi y ee. MaTepna.na NpouHyio
¥ BfI3KYIO - COPOHTHYIO CTPYKTYPY.

. B pesyaprate ckiiaabiBaeTcs yAayHOe COUETaHHE COCTORLIErO U3
O4€Hb TBEPJbIX, H3HOCOCTOMKHX M TEPMOCTOMKHX HHTPHIOB MOBEpPX-
HOCTHOTO CJ10f1 U BsA3Ko# copOuTHON cepiueBHHbl. B oTiuune or uemen-
TALMH a30THPOBAHHMIO NOJIBEPraiOT TaKHe TPYILHecs MeTajiH, KOTOphie
NP 3KCIJYaTAUMH HCOBITHIBAIOT ellle M HarpeB (Hanpumep, THJIbL3LE
UHJIHHAPOB HEKOTOPBIX IBHraTeles BHYTPEHHEro cropamm) Hansa cpas-
HEHHS 3aMETHM, YTO YNPOYHEHHBIH LEeMEeHTalued cJIoi NpH Harpese
cBeipze 250 °C TepsieT TBepJOCTh H H3HOCOCTORKOCTb, 4 a30THPOBAHHEIK
~cJloft BbIlepkHBaeT GoJsiee BHICOKHE TeMnepaTypsl (cBhitie 600—700 °C).

Luanuposanue mnpexacrasiser coGoil. OXHOBpeMEHHOe HachILlEHHe
yIPOUHAEMOH TOBEPXHOCTH YIVIEPOJOM M a30TOM B PacljaBJeHHO
1HaHKucToR - coti.  OfHAKO BCJEACTBHE ONACHOCTH ofpauleHys ‘¢ nuaH-
copepxanlel cpefol Ha 3aBojlax OoJsiee [IMpPOKoe NpHMEHeHHe Hallljia -
HUMpOyemeHmayus — NOBEPXHOCTHOE YNPOYHEHHE CTa/JbHHIX JeTaJeil
B Ta30BOW cpejie, cocToseN H3 cMecH okoso 92 % uemeHTHpYlOULIEro
rasa (sujoras -+ npupoAHbIi ras) u uo 8 % ammuaka. [lponecc uper
B cneuuanbﬂon kamepe npu T = 870 °C.
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B pesynpTate 3aKaJKH H HU3KOTO OTHYCKA Ha MOBEPXHOCTH TIOJY--
_yaeTcsl TBEPABIH, M3HOCOCTOMKHI MapTEHCHTHBI cnou C 3epHLILIKAMH
. KapOOHHTPHJIOB.

MousThe 0 JderHpoBaHHbIX CTaNAX. JIe2UPOBAHHOL CMAAbIO HAa3bl-
BaeTcA TakKas CTajdb, B KOTOPYIO KPOME YIJIepoja BBOAATCH ONHH HJIH.
HECKOJIbKO JIPYTHX 3J/IEMEHTOB;, Ha3biBaeMblX JETUPYIOUIUMH, C LEJIbIO
YAYULIeHHS ee MeXaHHYeCKHX H TEXHOJOrMYeCKHX CBOHCTB HJTH ROJyue-
HHA KAKHX-AH00 HOBBIX C1yxKeGHbIX CBOHUCTB, He NPHCYUIHX YIiepojn-
ctbiM cranam. [lo HasHAYEHHIO JierHpOBaHHBIE CTaJU JeJATCH Ha KOH-
CTPYKLUHOHHBIE, HHCTPYMEHTAJNbHbBIE H CTaJM M CILJIABbl .C -OCOOBIMYU
‘cBoficTBaMH. B JerupoBanubiX Jetansix ROKHO GHTL He MeHee 50 %
JKeJjesa, TIPH MEHBIINX -KOJHYeCTBAX HOleqaxoTcsx CnAaBbl C OCOOBIMH'
CcBOHCTBaMH. ‘

JInst M3roTOBNIEHHA TSIKENOHATPYKEHHBIX JAeTanelf OTBETCTBEHHOTO
HAa3HAaUYeHHA Y YIVIEPOAHCTHIX cTajiefl He XBataeT NPOYHOCTH U BA3KO-
crd. KOMNEHCHPOBATb 3TOT HEAOCTATOK 3a CUET YBETHUCHHA, CCUCHHS
AeTany HEPAUMOHAJAbHO, TaK KaK H3-3a HEMOCTaTOYHOH [pOKaJiuBae-
MOCTH yIJIePOJMCTBIX crajlell BHYTPeHHSIAl YaCTb CEYEHHS OKasblBaercs
Henpounoi. IToJ 11POKA/NHBAEMOCTBIO NOHHMAETCA ClOCOOHOCTb CTaJIH
3aKa/IHBaThCsl HA onpele’edHy rayouny. Ee mMoxHO OUeHHBATH, Ha-
npuMep, Mo HanGoJblieMy AHaMeTpy, TPH KOTOpOM JAeTalb H3 JaHHOH
CTANH NPOKAJIUBACTCSA HACKBO3b, HPHOOPETast BO BCEM CEYEHHH Maprer-
cwmyxo CTPYKTYDY.

: Jlas yayumeHus MeXaHHYeCKHX CBOHCTB B K 0 H CTPYKWUMOH
Hole JerHMpoBaHHBE cCTaJH,BBOLATCA TaKHe 3JEMEHTH,
KaK XpOM, HHKeab, BOJbQpaM, MonuOaeH, BaHaAuH, THTan H 6op,
a TakK)Ke Mapraser: M KpeMHHMH B KOJUYECTBAX, [PEBLINAIONIHX HX
ofbIUHOE COepPXKAHHE B YIJIEPOAUCTBIX CTAMIX.

OnrHManbHEIM COfiePKaHUeM BBOAMMBIX B KOHCTPYKUHOHHYIO CTajlb
JIETHPYIOLIMX 3JEMEHTOB fB/IAETCS TaKoe, KOTOpoe o0ecrneynBaeT CKBO3-
HYI0O [IPOKaJHBaeMOCTb H3rQTOBJAEMBIX U3 JaHHOH ‘craliM jeraseii.

KoHCTpYKLHOHHDIE JIerHPOBaHHBe CTAdH MAPKHDPYIOTCS CIefYIOLIUM
00pa3oM: BHAuaje €TABUTCA JABYSHAYHOE YHC/IO, BhpaxKaollee cpepHee
/ cofiepIKarue yriaepoia B CTalH B COTHIX JOJSIX TPOLEHTA, 3aTeM pyc-
' CKHMHU 3ar/IaBHBIMH. OYKBAMH [EPEUHCASIOTCS HAXOAAUIHECH B “CTajH
_J1eTHpyioulHe 3MeMeHTH. [IpH 3TOM NPHHATH cjeAyolye 0003HAUEHHA:

- X—Cr,” H—Ni, M—Mo, I'Mn, O—Cu, B—W, @—V, B-—Nb,
P—B, K—Co, C—Si, T—Ti, U—Zr, T0—Al, 1P, A—N. [Ipocras:
JisieMasi, locie OYKBHL LH(pa O3HauaeT cpejHee KO/MIHYECTBO AAHHOTO

sjeMenTa B npoueHtax. Ecau ajementa meHee 1 %, to uudpa He cra-

BaTCA. CTOsIAs B KOHIE MaDKUDPOBKH GykBa A CBUAETEJBCTBYET O Bbi-
COKOM METa/ITyPrHYeCKOM KauecTBE CTA/IM H NPEXJe BCero o TOM, YTO

‘B Heit cepnl H Qocpopa menee 0,02 % kaxporo.

KOHCTPYKUHOHHEIE eTHPOBAHHbIE CTATH 0G/1AJAI0T GOsIee BHICOKUMH.
BA3KOCTHO-[IPOYHOCTHBIMH CBOACTBAMH MO CPaBHEHHIO C YIJIEPOAHCTHI-
MM Barofapsi ¢JAeAyIOUHM NPeUMYIIecTBaM: Bce OHH (KpOMe MapraHio-
'BHCTBIX) ~— HPHPOIHO MEJIKO3EPHUCTbIE CTa/NH; OHY TIy0XKe MNpOKalH-
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BAIOTCSl M 3aKaJHBAIOTCH He B BOJE, a B Mac/e, a HeKOTopbie Ha BO3LY-
xe, GJarofaps YeMy y HUX NOJNYYalOTCSl OueHb MaJible 3aKaJOYHLIe Ha-
IpsIXKEHUS] U CJeoBaTe/bHO, Oojiee BBICOKME MJIACTHYHOCTH M Bf3-
KOCTh; MPY OTIYCKE HA PABHBIE C YTVIEPOAHCTHIMH CTaJsIMH TBEPAOCTH
1 MPOYHOCTb TPeOYIOT 6aJ1ee BLICOKOH TeMnepaTypsl U 60JbIIEH BbIREPHK-
KH, BCIENCTBHE Yero B- HHX MNoJIHee CHUMAIOTCH 3aKaJo4Hble HanpsKeH s
W BA3KOCTb OKasbiBaercsi Bule. Kpome Toro, Hukedb (4o 5 %) U Xpom
(no 3 %), pacrtBopsiich B (heppuTe, NOBLILAIOT €r0 HPOYHOCTD H BA3-
KOCTb, YEM B OTJIMUHME OT APYTHX 3/IEMEHTOB Gojlee 3HAUHTENBHO Y/Iyy-
LIAIOT KOMIJIEKC MeXaHHUYEeCKHX CBOMACTB CTaJIH.

Takum oOpasoM, JerdposaHuHe KOHCTPYKIHOHHBIX cTajted Oaaro-
MPHATHO OTPAXKAETCS HA KOMILIEKCE HX MEXaHMYeCKUX CBOHCTB.

Crajiu fjis pexyUIero HHCTPyMeHTa [AOJ/IKHB ObITb TBEPABIMH H H3-
HOCOCTORK UMK, [To9FOMY OHU JOJUKHBL COAEPKATD JOCTaTOUHOR KOJIHYe-
crBo. yriepoaa (0,8—1,0 %) n kapGuno6pas3yOlUX >/1eMEHTOB, IJaB-
HpiM o6pazom xpoma. [Tosydaroinascs y HUX NOc/e 3aKaJKH B HH3KOTO

OTNyCKa CTPYKTYpa (MapTeHCHT OTNYCKa C DaBHOMEPHO paclipeleneH-
HeIMK KapOGujiamud) ofecrieduBaeT BHICOKHE. pEXKYIIHe CBOACTBA HHCTPY-
vierra. Hanbosee yacto nenonbayiorcs cieyioue MapKi JerupoBat-
HbIX HHCTPYMEHTaNbHBIX craseit: X, 9XC, XI'CB® (craau I rpynnu)

B MapkupoBke HHCTPYyMeHTAaJAbHBX .cTajel co
AeprKaHue yrjepoja yxKasbiBaercs B JECATHIX JoJAdX MPOUEHTa, a OT-
cyTCTBHE UMDPBl CBUAETESBCTBYET ‘O TOM, YTO YIIePOAA COAEPIKHTCH
okojio 1 %. OTcy1CTBHe WHGP NOc/Ie CHMBOJIOB TAKHX 3JEMEHTOB, KaK
XpOM, KpemHHH H BOJb(PaM, 03HAUACT, UTO HX KOJHYECTBO MOKET J0-
xoauth o 1,5 %.

. Hs MepeuHCACHHBIX BhIlle craJedt IIEJIaXOTCﬂ pesubl cbpesbl csepna
d IAPYCLOH peXyWHA HHCTPYMEHT.| BbICOKOJIETHPOBAHHBIE HHCTPYMEH-
TaapHEe cTanH, coaepxauue g0 1 % Cu go 25 % W, Cr, V, cnoco6Hs
COXPaHSITh BBICOKYIO TBEpJOCTb M pe3aTh MeTa/ul IPH pasorpese J0
600 °C u GoJiee. buiarogaps 3ToMy OHH 06eCIEeUHBAIOT BLICOKYIO CKOPOCTh
"pesanusa (1o 50 M/MHH) ¥ Ha3bIBalOTCSl ObIcTpopexkyuiumy. OHH 060-
snavarorca 6ykeoit P: P18, P12, P9, P6MSKS u T. a.

" Eme GoJee BLICOKHE pexyliue CBOHCTBA TOKAa3bIBAIOT T B € P X .0-
CMJAaBHBE MJacCTHH B, KOTOPbIMU--OCHAMAIOT - UHCTP YMEHT.
Onu PEBOCXONAT 6bICTpOp€}Kymle cTanib 1o cxopocm pe3aHHsi U Tefl-
nocToiikocth, Aocturatouiei - 900—1000 °C.

Pemyume 0J1ACTHHBI H3TOTOBJISIIOT METOAOM CIIEKaHHs NPH TeMepa-
rype no 1400 °C nopomkoB XapGHAoB, TINATENbHO CMEIIZHHBIX. ¢ He-
~BONBUIIM “KOJIFYECTBOM-- IOPOILIKa--H KOOalbTa, HCMNONb3YEMOTO B Ka-
YEeCTBE ~ARECTHYHON ~EBASKH .

HsroropJisieMbie TaKUM 06pasom MeTannoxepaMqucxne ciijiaBbl Je-
aAtca -Ha tpu rpynnei: rpynna BK (BK2, BK3) comepxur kapbun
poapppama WC (B). u KoGanwt (K), KOJHYECTBO KOTOPOro B NPOUEH-
TaX yKasaho muopoit (ocranpHoe — WC); rpynna TK (T5K10, T30K4),
BKMOyaroian Kapouasl terasa (T), Bosbbpama u kobanbr. Kosuue-
cteo TiC u Co ykasaunl uudpamu, crosuiumu nocie 6yks T u K (oc-

41



raabioe — WC); rpynna TTK, nanpumep, TT7K12, conepxawman 7 %
Kapﬁrmoa THTaHa u taHtana (4 % TiC + 3 % TaC), 12 % Coun 81 %
WC. K ‘cransm ¢ ocobbiMH CBOHCTBAMH OTHOCATCH MPEHKJAE BCEro KOp-
PO3HOHHO-CTOHKHE H ma‘ponpoquue cTaNH.,

Kopposuonto- cmoulcumu 'HASBIBAIOTCS  CTAJIH, HpOTHBOILeI/ICTBYIO-
uiMe NoBEPXHOCTHOMY' paépyqxenmo nox, u,en(:TBHeM aI‘]JECCHBHbIX ra-

_30BBIX MJH KHIKHX CPeA. ~

['a30B0ii KOpPO3HY XOPOILO NPOTHBOCTOSIL. HEPXKABEIOUIHE CTAIH,

uMeroriue He meree 12 % Cr: 12X13, 40X13.. Onu ycroituussl Ha BO3-

Ayxe, B BOJE, B NapOBOH .cpeje. Vs mux J€al0T KJanaHbl THAPONpec-
' COB, MPeAMeTHl loMaulHero oGHxo/a, xupypmqecxun HHcTpyMeHT. Cranb
¢ GonmbuIuM . cofiepkaHueM xpoma 12X17 ABJIAETCH  KHCIOTOCTOMKOM.
Cranp 08X17T, copepxamasi THTaH, XOPOIIO NPOTHBOCTOHT MEXKKPH-
CTA/IINTHOM KOPPO3HH [MKK] rloa‘ToMy roAHa [7i3 U3rOTOBJIEHHS CBap-
HBIX KOHCTPYKLUHIA, -

Eme Gonburyio KOppOSHOHHyIO cmuxocn: THMEIOT XpOMOHHKe~
JIeBblE KHCJOTOCTOMKHE 'CTajdH C ayCTeHUTHOH CprKTprH 12X 18H9 u
12X18H9T. Tlociennss nporusoctont MKK. -

HpyruMu cnoco0amy 3aliMTel MeTa//1a OT KOPPO3HH-ABAAIOTCA OK-
cunupoBanue H gocdatupoBaHue, T. €. NOKPLITHE OKEMEHBIMH HAH (hoc-
daTHbIMH TIeHKaMH, [IpUMEHSIOTCS TaKXKe pas/iMyHble MeTaJlJIHuecKHe
NOKPHITHS, HanpuMep UHHKOBaHHe, JIy)KeHHe (OJIOBOM), XPOMHPOBa-
HHe, HHUKeJUpOBaHHE M T. I. _

XKaponpoureimy Ha3HIBAIOTCS - CTasH, CHOCOGHBIE TNPOJO/DKUTENb-
Ho paboTaTk NoA HaTPy3KOH NPH nosbleHHBIX (cBbinte 400 °C) u BHICO-
_Kux (cBuiiue *650 °C) Temmepatypax. st 3TOrOo OHM Npexpe Bcero
JOMKHBl  ObITh  KapPOCTOUKMMH (oKasJHHocTOHKHMH). ConpoTHBJeHHEe |
OKaJHHODGPA30BAHUIO TNPH BHICOKHX TeMOeparypax o0ecrneunBaercs
o0pasyiouiecs Ha HX. MOBEPXHOCTH MJIOTHOH- OKCHAHOH IJIeHKOH Hu3
Cr,03, Al,Oj wan SiO,, Kotopas OCTaHABJHBAET AanbHeliiee OKucae-
e B ray6uny. B cBsiau ¢ 3THM B )Kaponpoqﬂblx CTanifix HyKHb XPOM,
AMIOMHHAR WIM KpeMHHI,,

Jlns ynpouneHus deppHTa B CTaJH, pa6oraromne npyu 400—580 °C
(KOTJRI, naponeperpesares, préonposonbl) BBOAATCH ‘MOJHOJACH,
BaHanuil, Xpom: 12MX, 15XM, 12X1Md. -

Has paGotsl npu NIOBLILIEHABIX JaBJIEHHSIX ¥ TeMNepaTypax CBhille
600 °C npuMeHSIOTCS CTaNU. ¢ aycTeHHTHOH cTpyxTypoil 09X14HI6B,
08X18HIOT u ap. Temneparypst 800—1100 °C BbIICPIKHBAIOT JIONATKH -
TypOHH M3 XXAPONPOYHHIX CIIJIABOB Ha HHKejeBol ocHose XH77TIOP,
XH55BMT®KIO, B KOTOPBIX HHKeJIsl COAEPKUTCS COOTBETCTBEHHO 77 ¥
55 %, a cnnaBnsieMsIMH ¢ HHM KoMmodeHtaMu sapasiorcss Cr, Ti, Al,
B, W, Mo, V, Co.

Crnati 1iBETHBIX METAJJIOB. Han6onee pacnpocTpaHeHHbIMH H HIHPO-
KO TIPUMEHSIeMbIMH AABJISIOTCS CIVIaBbl Ha OCHOBE MeAH M aTiOMHHHEBbIe
 CILIABHI.

Menanbe cnJaBh HpHHHTO IeJIMTh Ha JIATYHH H 6pon3m
Jlamywnamu Ha3bIBAIOTCH CIVIABBI MeIH C IMHKOM. B KadecTBe BTOpOCTE-
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TIeHHBIX KOMIIOHEHTOB, YJYYIIAIOMHKX CBOHCTBA JaTyHeil, B HUX MOTYT
J06aBJSATbCS U JAPYTHE 3JEMEHTH, HANPHMEP OJIOBO AJIsi NOBHILICHHS
KODPO3HOHHOH CTOMKOCTH, CBHHEW A% Jyulled o6pabaThiBaeMOCTH pe-
HKYUHM HHCTPYMEHTOM, aJIOMHHHI H HHKe/Tb JUISl Y/IYUIIEHHS MeXaHH-
ueckHx csoiicts. C noGap/ieHneM uHHKa B Melb 10 32 % Zn opHOBpeMeH-
HO TOBHIILAIOTCS TPOYHOCTb H MJIACTHYHOCTH JartyHH. HauGosee nia-
CTHYHEIMH SIBJISIOTCS OAHOGA3HbIE JIATYHH, B KOTOPHIX BeChb UHHK pACT-
Boper B ['lIK-pemerke Menu. [IpenerbHast pactBopumocts — 39 % Zn.
[lpu criaBiennu. ¢ 6o/bLIMM KOJIHYECTBOM LUHKA o0pasyerca BTopas
¢aza Ha OCHOBe pacTBOpa B XHMHUeckoM coeinnenuil CuZn H, TaKHUM
obpasoMm, Toslyyaiorcs ABYX(asHble JaTyHH. OTH JIATYHH TBEPXKE, 'HO
Xpynue opHoasHuX. JlaTyHu Mapkupylorcs 6ykBamu JI ¢ umbpalvm
yKa3biBa IOIMMH KOJIMUECTBO MeJH Kak GoJiee IOPOroro, YeM LUHK 3Je-
MenTa. Ecin natyHb cOfepKHUT APyrUe 3JeMEHTBI, TO OHH 0603HAYaIoT-
¢ pycckuMHu OyKBamH, NpocraBiiseMbiMH Hocie JI: O — osoBo, A —
amomunuéi, H — nukenn, )X — xeneso, C — cBuden, K — Kkpemuwuii,
Mn, — wmapranen # 1. 4. OnHodasusle narynui JI96, J190, JI80, JI6S,
JI62. M3 HMX HeJialoT JIMCTHI, JIEHTHI, Pa3HBIE MPOGHIN.

W3 -nByxdazHeix JlaTyHeﬁ UIEPOKO HM3BecTHas Jatyue JI59. [dna
00pasoBaHHs ChIyyell CTPYXKKH B Hee NoGasistor 1—2 % Pb (JIC59-1).
OHu yamie BCero BBIMYCKAIOTCA B BHIAE TPYTKOB PasHOro mpoduas.

Bponsamu HaspiBawoTes ClviaBel- MEIH ¢ JMOOBIMH KOMIIOHEHTaMH,
KpoMe LHHKa (OFHAKO I[MHK MOMKET BXOAHTb B COCTAB CJOXHBIX GpOH3
B. KayecTB€ BTOPOCTENEHHOI0 KOMIOHeHTa). BpOH3Bl CyLIECTBEHHO .- OT-
JIMYAIOTCA OT JIaTyHeH TeM, 4YTO C YBeJHYeHHeM COlepiKaHHsl BTOPOTO
KOMIIOHEHTA OHH ObICTPO TepPSIOT IJIaCTHYHOCTb, B TO BpeMSi KaX TBep-
JIOCTh JOBOJBHO-GHICTPO Bo3dpactaet (y AaTyHelt fo 32 % Zn-pactyt o6a
3TH TOKasaress):

B poH3bl MapKHupyloTCH 6yKBaMH Bp, a aatem craBuTCs BTOPOH KOM-
IIOHEHT ¢ LUppoH, ykas3wBalolieH ero cpeiHee coJiepxanue B NPOLEH-
TaXx. Ecam umeroress W ApPyrue KOMIIOHEHTH, TO OHH MePeuHC/]SIOTCH
BCJIel 33 BTOPBIM, a 34TeM, pasjieieHHble IeducaMt, yKasblBAlOTC CO-
JepkaHua KOMIIOHEHTOB HauMHasi co Broporo, Hampumep bBp010,
Bp0®10-1, BpA5, BbpA7, bpb2, bpKx 1,5 u 1. a. Onosannasa u oJo-
BsAHHO-ochopHcTast OPOH3BI SABJAIOTCH XOPOUIUMH aHTHOPUKUHOHHBI-
‘MY CIIaBaMH /18 NOAWMITHUKOB CKOJIBXKEHHsI, YEPBAYHBIX KoJec. Aumo-
MUHHEBbE ODOH3BI HABJSIOTCH JEIIEBLIME 3aMEHHTENSMH OJIOBSHHBIX
6pous. Bepunineras Gponsa (BpB2) siBisiercss TBEPAbIM H yNPYTHM
‘MaTepuajioM, C/AyXKamluM /I H3TOTOBJNEHHS] HEMarHHTHBIX [NPYMKHH
M HEHCKDSIIEro yAapHOro HHCTPYMEHTA. Kanmuesas 6ponsa (BpKx 1,5)
SIBJISIETCS * H3HOCOCTOHKHM 3JIeKTPON POBOIAIIHM MaTepHalIoM. [Mpume-
HAeTCs JJIS M3TOTOBJIEHHS TPOJIENGYCHBIX H TpaMBaqurx KOHTaKTHbIX
TIPOBOJIOB.~

OcHOBHblE NPEHMYIIECTBA A NIOMHHHEBEH X CHJABOB —
JIEFKOCTH M CpaBHHTeNbHAs HeledHUUTHOCTb. B 3aBHcumoctu or nia-
CTHYHOCTH M JeOPMHPYEMOCTH BCE OHH NEJIATCA HA ABE TPYMOBL Je-
¢dopmMHpyeMble (CTIOCOGHBIE TIACTHYECKH ne@opMHposaTbCﬂ OpH H3ro-
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TOBJIEHHH M3 HHX W3JeNuii) W JuTeliHple (MMEOUIHE HH3KYIO [1aCTHY-
HOCTb, NO3TOMY AJISl TMOJYYEHHsT U3 HUX U3/leJUs HYMKHOTO GuepTaHus
HX CAECAYET B KHAKOM BWJE 3aJHBATh B CNEUHAJIBHYWO JIHTEHHYIO (OD-
my). HauGonee npocthie nepopMupyeMele CNIIABbI ATIOMHHHUS COIEPKaT [0
1,6 % Mn (AMp) niu 2—5 % Mg (AMr2 u AMrb). DT 371eMeHTH, pacT-
BOPSiiCh B KPHCTAJJHUECKOH pellleTKe aMIOMHHHA, CYIIECTBEHHO €ro
YIPOUHSIOT W JHIL HE3HAUMTENbHO YMEHBLIAIOT HJIACTHUHOCTB, obec-
neunBas  Xopoinyw AeQopMHPYEMOCTb CIlNABOB.

Tepmuueckoil 06paboTKoi 3TH CIaBbL He yrpoyHsiiores. OHH. CTOH-
KM TPOTHB KOppo3uu. M3 HHX H3roTOBJSIOT MaJoOHATpyXeHHbie Je-
TaqH WM JIerKHe CBapHble KOHCTPYKIHH.

K nedopmupyembiM  a/lOMHHHEBLIM CHJABAM, 3HAYHTE/BHO YIIPOY-
HyeMbiM TePMOLOPAOOTKOM, - OTHOCATCS  AKOPAJIOMHHBL. OcHOBHBIM 2J1€-
MEHTOM, BBOJMMbIM B HHX ISl OOECHEYeHHs: BO3MOKHOCTH yIPOUHSIO-
et TepMooﬁpaﬁoTKH sipaisiercst MeAb (ot 2,8—4,5 %). [Ipyrue anemen-
tH (Mg, Mn) goGaensioTcst A8 yJAyulIeHHs] KoMIieKca cBoicts. [io-
pasioMUHB MapKHpytotea OykBo#t 1 ¢ uudpoll, o3navamed nopsaaxo-
BEIH HOMep B cucteme pa3spaborku cmiasa (16, 416, 118 u 1. x.) Has
YIOpOYHEHHs] KX TOJNBEPralT 3aKajke, a 3aTeM ecTecTBeHHOMY (NIpH
KOMHATHOH TeMmmeparype B TeéueHue 4—5 CyT) HAU HCKYCCTBEHHOMY
(opu 150 °C; 18 u) crapennio. [IpH crapeHuH CNJIaB JOTIOJHHTENBHO
CYIIECTBEHHO YIIPOYHSIOTCH.

3 siuTefiHBIX CIJIABOB aJTIOMHHHUS ILMPOKO NP HMEHAIOTCH CHIYMHHBI—
CINIABbl AJIIOMHHHSA C KpeMmuuem K RobaBkamu Mg, Mn u Apyrux 3je-
mentoB. HanGomee Tunnuen cunymun AJI2, copepxamuii 10—13 % Si.
Ecau ero mepes 3aiuBKOH B opMy MOAH(DHUHPOBATH CMEChIO coJjelt
NaCl u NaF, 1o ero 3BTeKTHKa CTAHOBHTCHl TOHKOAMCHIEPCHOH, 4TO"
YIPOUHSET CIJAB M NOBBHIUACT €r0 MJIACTHYHOCTb.

KoHTpOAbHBIE BONPOCH!

1. Yro Takoe Meraann? KakoBo HX CTpoeHHe?
2., Kakue xapaxkTepHHe CBOACTBA NMPHCYILH METAJIaM?
3. Kak npoucxoAHT KPHCTA/IH3ALASA METaJlioB?
,* 4. Uro npexcraBasior coﬁou MeTaJUIHUeCKHe CITABH M- KAKOBH MX xapaxrep-
HBElE CBOHCTBA?
5. Uto rakoe nnarpaMMa COCTOSIHHH? Kaxne OHa COJEPKHT CBEIEHHA?
6. B ueM OT.IHUHE HYLYHOB OT cTajel?
7. Kakue CymIecTBYIOT BHIBI Tepmuqecxoy"r 06paGoTKH MeTaJINYeCKHX cilia-
BOB? '
8. B ueM cOCTOMT ¢YLUHOCTD JIETHPOBAHHUSA CTAMHP
9. YeM noBepxHOCTHAS 3aKaNK2 OTJIMHAeTcs OT XHMHKO-TepPMHuecKoii. oGpa-
6oTKH cranu?
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TJABA 2. CINOCOBbl OBPABOTKH METAJIJIOB .

§ 2.1. O6uue cBeneHHs 0 TUTEHHOM NPOU3BONCTBE

JumetiHoim npousgo0cmeom HASHIBAETCH TIPOUECC M3TOTOBJIEHUS JU-
THIX M3JENHH, a TaKKe COOTBETCTBYIOMIAS] €My OTPac/]b NPOMBIIIEHHO-
crTd. B 3aBOACKOH TpaKTHKe IIHPOKO HCIOIB3YETCSi TEPMHUH «INUTbEy,
110J, KOTOPLIM TNOHUMaeTcsi BCA COBOKYHHOCTB TEXHOJOIHUECKHUX . onepa-

Wi, OPUBOMAUIMX K MOJYYEHHIO JIHMTBIX 3arOTOBOK, Ha3biBAEMHIX OT-
JIHBKAMH.

O6uwasn cxema Jurbsi. [Ipouecc nonydenus OTIMBKH CKAAALBACTCH
U3 CICAYIONIMX OCHOBHBIX onepauyfi: W3rOTOBJCHHS JAHTEAHOH hopMmbi:
IJIABKY MeTaJ/I1a; 3a/MBKH Metalaa B GopMy; 3aTBEpAEBAHHA MeTal/ia
¥ OXJIAKJEHHA OTJIMBKH; BbIOHBKHM OTJIMBKH M3 (DOpMbl; 06pYOKH U 0YH-
CTKH OTJIMBKH; TepMHYeCKoH o6paGOTKH OTIHUBKM; KOHTPOJIS Kayect-
Ba OTJMBKH M CAAuH ee Ha MeXaHHUecKylo o6pabotky. Kaxpas us ne-
PEYHCIeHHBIX CJ0XKHBIX M MHOTONEPEXOAHBIX N0 XapakTepy onepalui
JOJKHA OCYHIECTBAATLCA TaKMM 06pa3oM, 4ToGel Gbl O6ecreueH BRICO-
KHH ypoBeHb KauecTsa OTJIMBKH 10 BCEM NOKa3aresisiM, BKJIOYasi TOY-
HOCTb Pa3MepoB H YHCTOTY MOBEPXHOCTH, O/MArONPUATHYIO CTPYKTYpPY
MeTasjla, a TaKXe OTCYTCTBHEe HAPYXKHBIX ‘W BHYTPEHHHX JIHTEHHBIX
H METalJypraYecKux neqmmos

daementsl auteitnoi dopmbl. JIureinasn dopma- HpGIlCTaBJIS{eT coboi
yCTpolcTBO, NpeAHA3HAYEHHOEe IS 3aTMBKM MeTalJa M oOpas3oBaHHUs
otauBKH (puc. 2.1). Ouna jpomxHa uMerh pabouyl nojaocts I, rie He-
NOCPEACTBEHHO (HOPMHpYETCS TEIO 3aroTOBKM, a TaKikKe JHTHHKOBYIO

_ cHcTeMy, 06€CIeuHBaloLLyIo NOJBOA MeTasaa B pafouyio NoJocTb U 1H-
TaHHe OTJHBKY B fiponecce Kpucrainudauud. Kondurypauus u pasmeps
pabouefi MOJOCTU JOMKHBI COOTBETCTEOBATb OYEPTAHMSIM H pa3Mepam
usrorosjsieMoil ornuBku. IIpy 3TOM ciepyer WMeTh B BHAY, UTO pas-
MEPHI NOJIOCTH JOJIXHBI NPEBLILATh PasMephl OTIHBKH Ha BEJIUYHHY JH-
TEHHOR ycaiku Merasiyia. B cBOIO ouepells, pasMepHl.OTIMBKH JOJXKHEL
6LITE GoJsbllIe PA3MEpOB JeTali Ha BeJWYHHY CHHMAeMOro NpPH MeXaHH-
HecKOH 0o6paboTKe - TeXHOJOTHYECKOro mpHmycka. Takum ofpasoM,
OKOHYATeJbHBbIC pasMeprl pabouell HOJOCTH AHTEHBOH (HOPMBI BKIOYAIOT
B ce6s COOTBETCTBYIOIME pa3Mephbl JI€TAIH, NMPUIYCKH HAa MexaHHue-
CKYI0 06paboTKy ¥ Ha JUTEHHYIO YcaAKy MetaniavBHYTPH HEKOTOPHIX
OTJIHBOK, @ TaKXe Ha HX HapyXHOH MOBEDPXHOCTH MOTyT ObITh pasjnu-
HbI€ OTBEepPCTHsA, MOJOCTH W BoleMKH. [ls BoinojiHeHus npu c6opke
(OpMBI B HeH yCTaHABJHMBAIOTCS COOTBETCTBYIOLLHE KepaMHUYecKHe HJIA
MeTa/J/IM4eCKHe 3JIEMEHTHI, Ha3biBaeMble crepxHAMH 8 (puc. 2.1).
CrepkHH YJaNfIOTCS M3 OTIMBKM TPH BHIGHBKE, OCTaBjsfs B HeH
focie ceOsi HeoOxonuMmbie yrayGieHHSs HJAH OTBepCTHA. JIMTHHKOBas
cucrema (puc. 2.1) BkJoYaer B cefGsi yalny (BOPOHKY) 2, CTOsK J, apoc-
ceqb 4, peryJupyIoiHili CKOpPOCTh 3a/HBKH. H NPEAOTBpAILAIOMMH Ba~
KyyM (IOJCOC BO3AYXa) B CTOSIKE, ILIAKOYJIOBUTENb 5, PaclooXeHHbIH
B BepXHeH ONOKe JJ51 3a/lepXKaHHs HeMeTa/ JHUYeCKHX BKMOUYeHHMH,
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nuratens §, MOJAIOUIMI MeTana B pabouyio -NOJA0CTb HENOGPeACTBEHHO
WK, KaK B JAaHHOM CJy4ae, 4epe3 GokoBYI0 NpuGH.ab 7. [Tpubniib
THTAET TeJO OTJMBKH MPH OCTRIBAHHH H KPUCTAMJIH3AUMH MeTasijia W
npejoTBpamaeT ofpasoBative B Hel yCajOYHBLIX pakoBHH. [Ipubbuiu
MOIr'yT OBITh BEPXHero MM GOKOBOTr0 pPacho/IOKEHHUS.

. N - 1 ~
, CWp s o O
. 2 7
Duc. 2.1. [IpuHUMNEaAbRAS CXeMa YCTDOHCTBA JHMTERHOM
- dhopmet

OcHoBHble BHAbBI JHTbS. BB JHThs OTJIHYAIOTCA APYT OT Apyra no
MatepHany JuTeltHoOR (GOPMBI . 10 crnoco0y NojayH B Hee 3a/JHBAEMOro
Mmetaana. OpHako GoJjee CYLIECTBEHHO OHM DasjdyaiOTCH [0 TOUHOCTH
pasMepoB M YHCTOTE HOBEPXHOCTH QTAUBOK, a TAKXKe IO NPOM3BOLH-
TEeJIbHOCTH H CTENeHH CJIOMHOCTH TeXHoJjoruueckoro npomecca. Caoxa-
JIUCh JIBe TPYNIbl BUAOB JUTHA: JHTbE B necuano PJIHHHCTHIE POPMBI H
CleyHa/bHble BUABL JIHTHS. ' .

JluTbe B NeCYaHO-TAHMHHCTHE ¢(OPMBKB ~ HaH-
GoJsiee IPOCTON. M pPACTIPOCTPaHEHHBIM Crocob NMoaydeHHs JHTHIX 3aroTo-
BOK. Marepuanamu Ajist H3roTOB/IEHHsT QOPM B JAaHHOM CHyyYae CJyXKar
(HOPMOBOYHBIE CMECH, COCTOsIlIIHE U3 NECYaHOH OCHOBBI, B KOTOPYIO B Ka-
YecTBe CBf3YIOUIHX MaTepHatoB A00aABJANTCA ONpefleneHHble Ko/Hye-
CcTBa IIMHBL ¥ BoAbl. KpoMme Toro, B cMech BBOAATCS NIPOTHBONPHIAPHBIE
‘106aBKH B BHiE MOJOTOTO KaMEHHOTO YIS, MapiuaiinTa (TblIeBHA-
HOT'O KBapua), MasyTa H JpyrHe BelecTBa, CocoGCTBYMOLIME Y/Tyylie-
HHIO Ka4eCTBa OT/IHBKH (ApeBecHble OMHUIKH, CYJAbGUTHO-CHPTOBAS 6ap-
: lla)

JINs M3roTOBJIEHHS CTepiKHEH HCIONBb3YIOTCH CTEpPIKHEBHE CMECH.
COCTOSLIIHE B OCHOBHOM W3 NECKa, CBA3AHHOTO CIENUA/bHBIMH BELIECT-
BaMM -— KpenurensaMu (1bHsHOE MAacno, cydbduTHas# 6apaa, AEKCTPHE,
kKaHuboONb H T. 1), Jlutefinas popma OOLIMHO COCTOMT U3 NOPO3HbL W3-
TOTOBJISIEMbIX PYUHBIM HJI MAUIMHHBIM CNIOCOGOM ABYX MOAY(HOPM: HHXK-
Hell n BepxHed. Kakaasa U3 nonydopM H3roToBJisieTcs B CHelUa]bHbIX
MeTa/ITUUECKUX SIIHUKAX 0e3 NOHbEB H KDHIUEK, HA3bIBAEMbIX OMOKAMH.
[pu c6opke dopMsl ONOKH yCTaHaBJIHBa}OTCﬂ ApYT Ha apyra cxpen-
JISOTCS,
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Pa6oune nonocm IJsl OTJIHBKH B HAaOUTHIX (popMosquou CMeCBIO
ONOKax NoJsyuarcst TPH NOMONIY NOJNOBHHOK pasbeMHolt Mopenu, ¢op-
Ma U pasMepbl KOTOPOH COOTBETCTBYIOT (hopMe H PacueTHbIM pasmepam
pabouefi nosoctH. C6opka autefinoit Gopmel H3 NONYPOPM — ONOK—
IPOM3BOAUTCS NOC/AE ‘H3BJIEUEHHS] TOJOBHHOK MOJAE/NEH ¥ YCTAHOBKH
cTepxHell B HIKHeH nonydopme. CTepKHH U3TOTOBJIAIOTCA B CHEHHANb-
HBIX MPUCNOCOG/IEHHAX — CTEPIKHEBBIX FAIMMKAX — U TPOXOAAT 061-
3aTEJbHYIO CYHIKY.

Cobpannaa ¢opMa, cocTosilas W3 CKpenvyieHRbIX OINOK, ¢ [NOMOUIbIO
CrIeHa/ThbHOTO KOBILIA 3a/HBA€TCsl Yepe3 JIMTHUKOBYK CHCTEMYy H OCTa-
eTCsi Ha MECTe 3a/JUBKH 0 3aBepILeHUs KPHUCTANIH3AaLHN U OXJaKAeHHA
TeJla OTJAHBKH. 3aTeM ONOKH PACKPEemJISIOTCH M Ha CleluabHOM yera-
HOBKE TIPOH3BOAUTCS BHIGHBKA OTJIMBKH M3 QOpMbl. 3aTeM NPOU3BOAAT-
cfi 00pyOKa M OYHCTKa, BO BPEMst KOTOPHIX OT OTJIMBKH OTHENAETCH
JAHTHHKOBAasi CHCTEMAa C UPHOBLUISMH, YAAJSIOTCS . OCTaTKH (HOpMOBOY-
HOH H CTEPXKHEBOH CMeCeH M OCYLLECTBJSETCS OYHCTKH MOBEPXHOCTH
OTJAHBKH OT pa3inuHeix fedektoB. [IpoBoauMasi nocjie 3TOro TepMuue-
cKasi 06paboTKa HMEET LEeNbI0 YCTPAHUTD IPyG03ePHHUCTYIO, AEHAPHTHYIO
CTPYKTYPY MeTa/a, AuTeiiHble HalpAXeHHs U TNOATOTOBHTb MeTalll
OTIUBKH K MeXaHHyecko#l obpaboTke.

CnenManbHbe BUAL JHTbA NPUMEHSIOTCH IS
yCTPaHEHHUs] HEOCTATKOB JIMTBS B N€CYAHO-TJMHUCTHIE (OPMbI — HH3-
KOH TOYHOCTH PA3MEPOB M UHCTOTHI MOBEPXHOCTH, NPHBOAALINX K GOMb-
WHM NPUTYCKAM Ha MEXaHHYecKyio 06paboTKy M NoTepsM MeTalna B
CTpYKKy. HelloctaTKkaMu ABJSIOTCS TAKXKe HEeBBICOKAsl . TPOU3BOLUTE/b-
HOCTh ¥ TJIOXHE CAHHTAPHO-TUI'MEHHYECKHe YCIOBHS TpyJa M3-3a 60Jb-
{IOH 3aTBUIEHHOCTH H IuyMa Ha pabouuX MecraX. Huxe onmucuiBarorcs
CYUIHOCTb M TMOHATHE O Haubojee paclnpOCTPAHEHHBIX ClELHAJbHBIX
BHAAX JIUThA.

Ilpu aumoe 6 memanaudeckue hopmor — KOKUAU — (popma H3ro-
TOBJISIETCA M3 4YTYHA WM cTaan. OCHOBHBIMH PEUMYILECTBAMHE 5B/ AIOT-

© €A BBICOKHE TOYHOCTL pPasMepoB  H UHCTOTA MOBEPXHOCTH OTJAHBKH, a

TaKiKe MeJIKOe 3€pHO MeTaJlula OTJIHBKH, UTO CHUXKAET METaNJ0eMKOCTh

asnen_nﬁ H TOBBIIIAET NPOYHOCTh MeETaJljia.

Llenmpobexcroe aumoe — NWTbe B GHICTPOBPALIAIOLIMECS METAIHYE-
ckue ¢opmel (puc. 2.2). Takum cnocofoM OTIHMBAIOTCH KOPOTKHE (q)
WK JJIUHHBE (6) Tesia BpalleHus — TpyOwl, BTYJAKH W APYTHe aHaJO-
ruyHble UM H3nedusi. [Ipenmyiiecrsa re xe, yro NPH KOKHIBHOM JIHTHE,
OJHAKO KayecTBO BHYTPEHHeH NOBEPXHOCTH BCJICACTBHE YCAJOYHBIX fIB-
Jlenuit xyxxe wapyxHoil. M3-3a HenaaoG6HOCTH cTepxHeld >KoHoMATCA
pecypco3aTparhl Ha MX H3TOTOBJEHHE, '

I1pu aumee nod dasaenuem KUAKAA MeTaNT BBOAUTCS. B 3aMKHYTYIO
METAMTUYECKYIO fpecc-GOpMY MOJ 3HAYMTE/NbHBIM AdBJEHHEM H KpH-
CTa/l/IU3yercsi, ocTaBasiCh NOJX JAaBjeHHeM (puc. 2.3), 4t0, YyCTpaHsis
TOPHCTOCTL M PHIXJIOCTD, YAYYIIACT METaMIyprHYecKoe Kauectso Of-
JINBKH,
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Ha puc.” 2.3 cooTBeTCTBEHHO. TIOKA3AHEL: nonayé/ MeTajsna B mpel-
KaMmepy (a), HarHeraHHe MeTasna B padouyio nofocts (6) u BLIOHBKA
OTJHMBKY (8). 3aMeTMM, YTO B OAHON' pecc-(hOPME MOKET pacrosaraThb-
CA HeCKOJbKO paGo4uX [MOJOCTeH, MUTAaeMbiX ofHOBpeMeHHo. Takum
00pasoM, JUTbe NOJ AABJIEHHEM sIBJISETCH CAMBIM BBICOKOKAYeCTBEeHHRIM,
TOYHBIM, MMCTBIM ¥ [POU3BOAHTENbHBIM. BHIOM JHThS,

AR V

a ‘ 4/

. . .
Puc. 2.2, Cxema ueHTpoGeRKHOrO AUTbS

I pu aumee 6 060s04K066te hopmor AuTelnas (opma cobupaerca u3
JABYX uacTeif, M3rOTOBJIIEMBIX Ha CrielHajbHOM ycTaHoBKe (puc. 2.4)
¥3 CMECH, COCTOAINEHl W3 MENKOro KBAPLEBOro NecKa M CHHTETHUECKOH
TePMOPEaKTHBHOH._ CMOJIBl — Ny/IbBep-0aKeaura.

Kamepa |

W

Puc. 2.3. Cxema autbd MOJ AaBJAEHUEM

Toamonenphas miuta 1 ¢ 3aKpemyeBHbIMH Ha Hell MOJENSIMH OTJIHB-
KW ¥ JIUTHUKOBOH cuctembl 2 Harpesaercs 1o 200—250 °C u nokpeisaer-
cst (popMoBouHofi cmechio. Bo Bpemst neGoasiuofl (30-—40 ¢) BeAEpPKKH
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pacnjiaBHBLIAsCS CMOJIA CK/IEHBAeT I1ECUMHKH U o6pasyercs Noxa eile
MArkas o6onouka 5 ToMuMHON Ao 15 MM. 3aTeM HeNpopearupoBaBIIas
CMeCh CCBINAeTCH M3 PaMKM 4 ¥ BCSl YCTAHOBKA B TEUEHHE MHHYTHI Bbi-
JepxuBaeTcs B KaMepe Ipd Temneparype okoao 300 °C- asist OKoHua-
TEJIbHOTO OTBePXKALHUA OO0OJIOUKH 5. Y IANeHHAS ¢ MOMOULBIO TOJKAaTe-
JIel-CHeMHHKOB 3 000JI0YKa - HIET Ha cO6OpKY (opMmbr. Hpeumym,ecma '
Mmerona: GoJiee BHICOKHE, UeM TIPH JiH-

Tbe B IIECYAHO-TVIHHHCTEIE (QOPMBI, ., 5
TOYHOCTb Pa3MepPOB, YHUCTOTA TOBEPX- /
HOCTH OT/IMBOK H NPOM3BONHTENb- N\
HocTh.  HegoctaTok - Bbijlesenne D77
TOKCHYHBIX - (eHOJCONepKAHX TI'd-- 4 | N [ Sk
30B, 4TO TpefyeT MOWHOH BEHTH- Yy 2 1
JSALAH. : o

Jumoe no . evinaasasemvim mode- Puc. 2.4. Cxema mosryseHus o6omou-
A5 — OIMH M3 CaMBIX TOYHBIX BH- KOBO# 101y opMit

IOB JIWTbs, KOTODHLIH IIpHMEHsETCs
A5l NOMYYEHHS CJOXKHBIX 10 O4epTaHMAM M3JeNHH Hu3 o6bmelx mare-
pHajoB, a TaKXKe MHCTPYMEHTa M JAPYTHX H3JAeNuH H3 TBEpPABIX, TPYH-
HOOOpabaThiBaeMbIX DEXYUIMM MHCTPYMEHTOM MaTephanos. Ksroros-
JIEHHbIe JAHHBIM CROCOGOM H3Je/Hs He TpeGyIoT MeXaHHuecKoH obpa-
‘6oTKH. PaccMOTpHM TeXHOJIOTHIO JaHHOrO BHAA JHTbA. Brauaje B cne-
uyuaabHoRt npecc-gopme (puc. 2.5, @) H3rOTOBJAACTCA OT OJHON JO He-
CKOJIbKHX JIECSITKOB MOJEJeH W3rOoTOBJASEMOH JAeTasu-OTIUBKH (pHC.
2.5, 6) u3 cmecu napadmua co creaputoM (o 50 % Kaxporo). B pas-
Mepax Mojesell YUMTHIBAIOTCS TOJNBKO DasMephl JeTaseil M JHTeHHas
ycagKa MaTtephana oTAHBKH. [lpanyck Ha Mexo6paoTKy He Raercs,
NIOCKOJTBKY OHA He NPOM3BONHTCH.

00 01

a) 4)

-2) ] &

. ‘
Puc. 2.5. CxéMa JuTbs {10 BEIJABJISEMbIM MOJENAM

Kaxk npasuuno, u3 Mojeelt cocrapisiercs 60K (puc. 2.5, 2) ¢ eanno#
JUTHHKOBOM cucTeMoit (puc. 2.5, 8), nosponsomel oXHOBPEMEHHO MO-
JIYYHTH HECKOJBKO JeCHTKOB OTIHBOK. DJIOK NOKDBIBAeTesi NyTeM OKy-
HaHHSI KJIeHKON cMeTaHooOpas3HoH CycleHsHeH. cocTosiied 3 Mapuan-
JHTA M THAPOJM30BAHHOTO 3THACHIHKATA. 3aTeM OH MNOCHIIAETCH KBap-
LEBBIM TIeCKOM .M cymmtesi. JLAst Toro 4ro6e BOKPYT MOJENbHOTO 6J10KA

,
'
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NOJIY4HJICA JOCTATOYHO TPOYHBHA CJI0H, OKYHAHHSI B CYCNEH3HIO d T10-
ChilIKa MeCKOM C Iloc/efyollied cyinkol noeropsiores 3—b5 pas.

B nasibHefimem u3 TOKPEITOrO o6pa3oBaBiieficsi KOPKOH MOAE/IBHOrO
GJIOKa OfHMM M3 Cnoco0OB BhIMJIABJIAeTcH (yAanasercs) MOAENbHbIH Co-
cras. [TonyumBluasica TakuM ofpasom Kopka (puc. 2.5, d) sadopMoBbi-
BAETCs MMeCKOM B KaKOH-HUOYJb eMKOCTH WM OHOKEe H NMPOKATHBAETCS
npu temnepatype 850—900 °C. Ilpu 3TOM KOpKa ymnpouHsiercsi, CTaHO-
BUTCA Ta30NPOHHLAEMOl, TaK KaK H3 Hee BBITOPAIOT OCTaTKH MOZ€b-
HOTO cocTaBa.

[Tocie aTOrO, HE OXMAAsT CHHKEHHSI TeMIEPATyphl, B KOPKY 3allH-
BAIOT NOArOTOBJACHHBIA CIVIAB. 3aKPUCTANAN30BABIUNHCA U OCTHIBIIHH
610k (puc. 2.5, €) BBIOMPAETCS U3 ONOKH M OCBOGOMXAAETCS OT KOPKH.
3areM Kaxpjas A€Talb-OTIHBKA OTAE/ISIETCS OT CTOfKa.

OCHOBHOE IPEHMYLIECTBO JUTbA MO BHINIAB/IAEMbIM MOAENSAM —Ca-
Mas BBRICOKasi TOUHOCTb Pa3MepoB H UHCTOTa NOBEPXHOCTH OTIMBOK, a
TaKXe BBICOKAH HpOH3BOIIPIT€J’IbHOCTb

§ 2.2, Cpapka MeTanios

’

(,Bapxa — TeXHOJIOTHYECK Rl NpoLEeCe NonyyeHHst HepasbeMbex co-
elHHeHUHA TNOCPEACTBOM YCTAHOBJIEHMS MeEKATOMHBIX cBssefl Mexny
CBAPHBAEMBIMH 4ACTAMY H3J€NHSA TIPH HX MECTHOM H/n obieM Harpe-
BE, NJAaCTHYECKOM .leOPMHPOBAHHH, a4 TAKKe TPU COBMECTHOM JeficT-
BHM TOTO H JPYIroro (hakTopoB.

B saBucuMocTH OT COCTOSIHHSI MeTasjla B CBapOYHOM 30HE BCE CHO-
¢o0bl CBAPKH JEJNATCS Ha JB€ TPYINBL IMIaBJAeHHeM M JaBjeHueM (B
"“coorsercreun ¢ I'OCT 2601—74). CpapHoe coefHHeHHe, HONYUYEHHOE -
CBapKo#H nuapneHuem (puc. 2.6, @), COCTOHT U3 CBapHBaeMOrc Meransa

5

1Y
-
2

Puc. 26. Cxema CBApHOro Puc. 2.7. Bugsl CBapHBIX COeHHEHHI
cOeIMHEHRA

{, He M3MEHMBIIEro CBOMX CBOHCTB NPH CBADKE; 30HbI TEPMHUECKO o
BIHUSHUA 2, CTPYKTypa M CBOMCTBA METasJa 3TOH yacTu CBAPHOTO CO-
€/lUHEHHs] H3MEHH/HCh B De3yJprare (a30BbIX TpeBpaIeHHH HIH pe-
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KPUCTANIM3alHH - ol BosjeiictBueM Harpesa or 500°C no Tg.; 30-
Hbl CIJIABJEHHS 3 ¢ YaCTHYHO OIVIABAEHHBIMH 3€pHAMH ~ CBAPHBAEMOro
MeTasiia; CBapHOTo 1uBa 4, 06pa30BaBUIErOCs B Pe3yJ/ibTaTe KPHCTAMIH-
3a0WH CBAPOYHO BaHHBL (pacTJaB/AeHHOro CBapHBaeMOro U NPHCAou-
HOTO MeTa/jJjia) M HMelolero AeHApHTHoe crpoeHHe. CoenuHeHue, Bbl-
NO/JTHEHHOE CBapKo# JaBjeHHeM (puc. 2.6, 6), COCTONT U3 CBapHBaeMo-
ro Merajna J, 30HpI TepMOMEXaHHYECKOro BJAHAHHS 3 M 30HBI COERH-
denus 2, rie o6pasoBajdiCh MEXKATOMHBIE CBSI3H MEXK]Y. CBApHBAeMbIMU
MeTallaMH.

K cBapke 11aBjenHeM OTHOCSATCS cnenyloume crocofbl: AyFoBas,
3J1eKTPOLIIAKOBAS, 31EKTPOHHO-/IyUeBas, Jja3epHast, rasopas, TEPMMUT-
Hasi, @a K CBapKe jaBJeHHeM — KOHTaKTHas, Audpy3uoHHAs, Xo0-
Has, YJbTPA3BYKOBAafH, B3PHIBOM M Jp. *

Capnble coeiMHEHHA MOTYT ObiThb (pHC. 2.7): CTHIKOBBIMH - a (BbI-
HOMHAIOTCA € TOMOILLBIO CTEIKOBBIX HIBOB), YIJIOBBIMH — 0, TABPOBBIMH —
8, HAXJIECTOYHBIMH — & (BBINOJIHAIOTCS C TIOMOWILIO YTJIOBHIX IIBOB).

O6wue cBefenns o ayroeoii csapke (JAC). Buepsnie ayry nas
csapku npumeHu1 H.H. Bewrapjoc B 1881 r. (an9 CBapKH OH HCNOMb-
30BaJl YTy MEKAY yrONbHBIM 3J€KTPojoM n meTaniom), a H. I'. Caa-
BsiHOB B 1888 r.mpenioxua ayro-

BYIO CBADKY MeTa/VIHUECKHM IJa-
BAIIMMCS  3JeKTPOAOM, KoTopas
Hauula HauboJibllee NpHMEHeHHe
CpemM JAPYruxX CrocofOB CBapKy
[Ipu pyusoit jayroBoit cBdpke
(PAC) nunapsilUMcs 3/1EKTPOAOM
(puc. 2.8) 1yra MeXy CTepiKHeM
3J1eKTPoja 7 W CBApPHBAaeMBIM Me-
taasioM | croco6CTByeT HX iaB-
JIeHHIO, Kalny 8 paciiaB/iseMoro
3/eKTPOja NepeHocsaTcs B CBApOY-
HYIO BaHBY 4 uyepe3 JyroBoH Mpo-
MmexyTok. Bmecte co crepxHem
IVIaBUTCS 3JIEKTPOLHOE MNOKPHITHE - ‘
6, co3jlaBasi TasOBYIO 3aIUHMTY BO-  Pyc. 2.8. Cxema Hpouecca pyyHOH
KPYT AYTH & U JKHAKYIO IJIaKo- AYroBoit CBapKH
BYyI0 BaHHY, KoTopas BMecre C ‘ '
pacnnaBJeHHHIM MeTa/lioM ofpasyer cBapounyio Bauny. Ilpu nepe-
ABHKEHHH JYI'H MeTayl CBapOUHOH BaHHHI 3aTBepJi€BaeT H rpeBpalla-.
eTcA B CBApHOM 0B 2, Ha IOBEPXHOCTH KoToporo ofpasyercs 1iako-
Basl KOpKa 3, yaansemas 10cje OCTHIBAHHSI CBAPHOTo WIBa.

Ceapounan Oyza "ABISETCA YCTOHUMBLIM 3/JEKTPHUECKHM pa3psiioMm
B MOHH3HPOBAHHON CMeCH ra3oB M TapoB MarepHa/ioB, NPHMEHSEMEX
npu csapke. Jlyra Moxer ropeth IPH HCNONH30BAHHH HCTOYHHKOB MH-
rauus (M) nocrosHHoro ToKa npsMol (371€KTPOA HOAKIIOUEH K OTPH-
uareanriomy nomocy HIT v HasbiBaeTcst KaTonOM, a H3AEAHE — K N0-

JIOKUTEJbHOMY M Ha3bIBATCA aﬂonom) H oOpaTHOH nonﬂpuocm (n3ge-
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Jiue -— KaTofl, a JeKTPON — AaHOA), a TaKe repeMeHHoro ToKa npo-
MBIUUIEHHON 4aCTOTHI. ‘

Bosbyocoenue dyeu npu JIC TPOM3BOAATCS CAenyouuM 06pasoM:

1) mojaua oT OCHUJMIATOPA, BKJIOUEHHOTO B CBAPOYHYI) Li€Nb, HM-
TiyJIbCA TOKA BLICOKOrC HaNpPsKeHHs H BHICOKO#H yactorel (U = 2000 =
3000 B; f=15.10T) ¢ nepexoioM HCKPOBOTO paspsiia B Ayro-
BOM (HCHOJ]b?yeTCH 1pu apronozlyroaou cBapke Hennasﬂmumcs 3J1eK-
TPOAOM);

2) HaipeB rasoB H NapoB MeTasJoB B }1yI‘OBOM npomemyTKe 3a
cueT TelVIOTHI, BHIAC/ISIONIEHiC NPH 3aMbIKaHWK 3JEKTpoja H M3Je/ins
(npumeHsieTcss JIpy CBapKe NVABSLIUMCS 3/E€KTPOLOM). ‘

lyroBoii pa3psia umeeT TpH obaacTH: Katoanyio (KO), ﬂsnmomy;oc;x
HCTOYHHKOM TEPMO3IJIEKTPOHOB, KOTOPblE VCKOPAIOTCH 3JEKTPHUECKHM
nonem KO u, nonagas 8 cto/6 AYI'H, HOHU3HPYIOT HAXOASLILHECS B HeM
-ra3bi; anopHyio (AQ) n croab ayrd. HanpsiexeHnue cBapoyHoH xyru
I‘lpell(,‘TaBJIﬂeT cofofl cyMMy RajeHuil HanpsiKeHuil B 3THX 00JacTsIX
Un:-U + Up + Uey viin Uy =a + bly, the a = Uy ~+ U, b =
= fuPe (]c — TUVIOTHOCTb TOKa B c*ronﬁe AYTH; P, — 3JEKTPHUECKOe CO-
. IpOTHBJAEHHe cTanba; [, — IMUHa cTonba JAyrd, paBuHasi B CBSI3H C Ma-
JOft TIPOTAMKEHHOCTBIO KO u AO miune ayru ).

[1pu cBapke niaBAmMMCA (CTaNBHBIM) 2JEKTPOJIOM TemnepaTypa Ka-
tola coctasiser 2200--2400 OC atona — 2500—2700 °C; B cronbe
ayra — 50006000 °C.

BoabT-amnepras xapaktepucraka ayrH (BAX) — 3to 3aBHCHMOCTB
U, ot ceapounoro toka [,y (puc. 2.9, a), oHa HMeeT TPH y4acTKa:
I — ¢ ysennuenuem [, pacter cTeNeHb HOHHM3ALUHM LYyTOBOTO pPa3psja,
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Puc. 29. Boawt- amnepﬂan XapaKTEPUCTHKA AYId (@) W BHEUIHAR Xapaxre-
PHCTHKA HCTOYHHKOB MUTAHHA Al NYroBoit cBapku (6)

4TO MPHUBOJHT K YMEHBLICHHIO O, M COOTBETCTBEHHO U, & mpu npax-
THyeckuX nocrosHublX Uy 8 U, — x cuuxennmo Uy Il — yseny-
uetne ¢y COMPOBOKIACTCS POCTOM IIOWANH CTONGA nym NPH NPAKTH-
YeCKH INOCTOSIHHBIX O, fo M Uy I1] — Ha 3ToM yyacTke AYroBoH pas-
psl pacnpom‘paueﬂ 10 BCEMY TOPLY 3JIEKTPOAA (e NOCTOSTHHO); CRelo-
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BaTeNbHO, yBeMuuenne [, NPUBOAHT K POCTY j, H COOTBETCTBEHHO U,.
HanGosbiiee TPHMEHEHHE HAXOAT DPEMHMBI JC, coomercmyxomne
yuactkam: - [I — ansi PIIC, aBromaTuuecKoll cBapku nox  QuocoM
(AJC®), cRapKy NJIABAUIMMCS -3JEKTPOAOM B 3alIMTHbIX raszax; [/] —
mist AIIC®, cBapku B 3allMTHBIX ras3aX, 3JIEKTPOLIJIAKOBOH CBapKH.
. McTouyHHKM NMMTaHUA JJs AYroBoH cBapkH. -McTouHHKYM nuranus
ast PIC 1 AIIC® n0skHBL MeTh NAAAIOULY e UJAH NOJOTYK BHEIIHIOW
XapaxkTepuCcTUKy-(puc. 2.9, 6) — 3aBHCHMOCTh HANPAMKEHHUS HA BBIXOI-
Heix Kaemmax UIT or toka B cBapounoit uenn: U, = f (/,5). Pexxum
YCTOHYHMBOIO TOPEHHS AYTH onpenessercsl ToUKo# C nepeceuenus BAX
u U = f(l,y); Touka A — pexum xonaocroro xoaa UIT (U, = 60 =
=+ 80 B); Touka B — pexuM HeycTONUMBOTO ropeHHst 1yrd; TouKa /[ —
PEXUM KOPOTKOro sambikanus (Uy - 0). Mctounvkn uutanus ¢ Tta-
KUMH [3JI2I0IHMH WIH NOJIOTHMH XapaKTepHCTHKAMH HeoOXOJIHMBL /151
ofecredeHns 3aHraHusl JyTH. M YCTOAUMBOTNO €€ TopeHus; Ajis coxpa-
HEHUS IPAKTHYECKH NOCTOSHHON ee MOLLHOCTH (KosieGaHus NJIMHB] JyTH
M COOTBETCTBEHHO U; He NPUBOAST K 3HAUHTEBHOMY HM3MEHEnHo /. »)
i /IS OTPAHHYEHHUS] TOKa KOPOTKOTO 3aMBIKaHHS (Im < 1,61.5). das
NHTaHHs cBapounoll nyru npumensior HMIT nepemenuoro Toxa (cBapou-
Hble TpaHChopPMATOPHl) ¥ NOCTOAHHOIO (CBAPOYHBIE I'eHEPaTOPHl H BHI-
APAMHTENH NOCTOAHHOFO TOKA).

Ceapounsie mpancgopmamops: — 310 NOHMKaIOLINE TpaHCHOPMATOPHE
(sBropnunee Hanpspkenne U, = 60 -+ 80 B), nazaromas xapaxrepu-
CTHKA KOTOPLIX CO3Jla€TCAl 332 CUeT HOBBLILIEHHOTO MarHHTHOTO pacces-
HUS HJIH BKJIOYEHHs! B CBAPOYHYIO LENb HHAYKTHBHOTO CONPOTHBJIEHHS
(poccesist). DneKTpHUecKas CXeMa CBapo4YHOro TpaHcdopmaropa ¢ no-
BLILICHHBIM MAarHATHBIM DACCesHHeM TpEJCTaB/eHa Ha PHC. 2.10, a.
Karywku nepBuuHo#i / ¥ BropuyHO# 2 06MOTOK PacrosIOKEeHsl HOUAPHO
Ha OBGOMX CTEPXKHAX CepHeuHHKa TpaHC(bOpMaTOpa 3. TlepBuunas o6-
MOTKa HENOABHXKLA U 3aKPENJieHa B HHAKHEH HacTH cepAeyHHKa, BTOPHY-
Has flepeMeliaeTcs Mo HeMy ¢ MNOMOINBIO BHHTOBOro MexaHuama. [lpu
NPOXOKAEHHH TOKa NG OGMOTKaM BO3HHKAIOT MArHHTHBIE [OTOKH: OC-
HoBHoit M, cosjaBaemblil HaMarHuyHBaoweR cunoil o6MoTok I M 2,
H NMOTOKH paccestHus ITHX Ke obmoToK @,y u Dy, Ratomue cymMMapHb
norok @, koTophii HapoauT B TpaHcdopmaTope peaktusHyio JJIC,
OnpejieNINOIMYIO ero HHAYKTHBHOe conpotusienne X . [lpu paGoueit
" Harpyske TpanchopMaTopa ero IIC ypaBHoBemHBaeTcsi MajeHHeM
Hanpsxennss xyru U, u peaktussoit IJC E p, @ TIDH KOPOTKOM 3aMbi-
KaHuu — U, = [ X,;; caeposartenbuo, takod MI1 umeer nagatomyio
xapamepncmxv CBapouHBlit TOK PEryJHPYeTCsi H3MEHEHHEM paccTos-
HUA Mexay obmorkamu I u 2 (npu ero yBeauuenuH norox @ pacrer,
a CBApOYHBIA TOK YMEHbLIaeTcs). ‘

Csapounsie zenepamopst — 310 COEHHANIbHBIE MEHEPATOPHI, NaAaIOLIanA
XapaKTepHCTHKA KOTOPLIX NOJYYaeTcs H3MEHEHHeM MarHHTHOro NoTo-
Ka regepaTtopa B 3aBHCHMOCTH OT I, ,. DiekTpHwecKas cXema cBapoy-
HOFO TEeHepaTopa C He3ABUCHMBIM BO3GY)KIEHHEM H PasMarHUYHBAIONLel
nocaefioBatenbHON OOMOTKOH npeacraBneHa Ha puc. 2.10,6. Tenepa-
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TOp HMeeT 0OMOTKY HeaaBHcUMoro Bosbyxuenusi HO, nurtaemyio uepes
BHINPSIMHTENb, ¥ pasMarsnumBarouiylo o6MoTKy PO, BK/IIOYEHHYIO B
CBApOuYHYI0 IeNb IOoCAeJoBATeJbHO ¢ OOMOTKOH fIKOpSl. MarHuTHbIH
norok @, cosmaBaemsli obmotkoit HO, umnyuupyer B sikope I/C
E = Uyy = cD,, rie ¢ — nocrossHHas reseparopa. MaruuTtseifi no-
ToK @, co3faBaemblit o6MoTKoM PO, nporuBonosioxeu 1o HanpasJe-
Hi1o HoToky @, ¥ pacrter ¢ yBenuuenueM /.. Pe3yJapTHpyiom#ii NoToK
Dy, =Dy + @, u D/C reneparopa c¢ poctoM [., OyAyT nagaro;
CJIeIOBATENLHO, BHEIIHSAST XapaKTepHCTHKA ero Oynaer najaworiei. Pe-
IYJIUPOBKA CBAPOUHOTO TOKA OCYUIECTBJISETCS CTYINEHYaTo CeKilHOHH-
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Pric. 2.10. SekTpUYECKHE CXEMBL

poBanueM uncia BuTKOB PO M n1aBHO — n3MeHEHHeM TOKa B HerH 06-
moTkH HO c¢ nomompio peocrara (R). CBapounbie reHepaTophl IIPHBO-
AATCS' B JeficTBHE SVIEKTPONBHIATE/IEM HJIH ABHTATe]eM BHYTPeHHero
cropaHus.

Pyunas ayrosas cBapka (P}IC) PAC wucnonb3yercsi AJisi H3rOTOB-
JNIeHHs CBADHBIX COEJMHEHWH NPAKTHYECKH BCEX THIOB H3 MeTa/1JI0B
ToJMIHHOR oT 2 Ho 60 mum. I[Ipu PJIC ucnons3syioT -cBapovHBIE 3JIEKTPO-
Jbl, KOTOpPbIE TIOAAIOTCA B AYTY M NEPEMelaloTCsi BAOb M3ENHs CBap-
fHKOM BpyuHylo. [lnapsimpecs S/IEKTPOBl H3TOTOBJISIOTCS B COOT-
serctBid ¢ TOCT 2246—70 u3 capouHoil NPOBOJIOKH: YI/IEPORHCTOH
(CB-08; CB-08A; Cs-10TA u ap.) u aerupoBauHoit (Cs-10I'2CA;
CB-IOXISHIOT CB-12X11HM<D W Ap.), FJle B HAaNHCAHHKH MapokK npo—
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- BoIoKM oOo3HauatoT: CB —— cBapouHasi; LH(PH, CAELyouke pamee, —
COIEpKaHHE yrJlepojia B COTBIX JO/IAX NPOLEHTa; AalbHefmas paciiug-
POBKa MapOK MPOBOAHTCS AHANOTHYHO COOTBETCTBYIOUIMM MapKaM CTa-
Jel. JIng 371eKTPOoNOB HCHOIb3YIOTCS METAJIHYECKHEe CTEpXHHU (NPOBo-
JIoKa) pHaverpoM 1,6-—12 mm u jyuHol 200—450 MM, Ha KOTOpHe Ha-
HOCHTCS CJIOH TIOKPHITHA TOMHUHOH oT 0,5 no 2—3 mM. B cocraB nokpoi-
THSL JJIsl KAQUeCTBEHHBIX = JIEKTPONOB BBOAAT KOMIIOHEHTHl, KOTO-
pHi€ B COOTBETCTBHU C WX HA3HAUCHHEM MOXKHO Pa3GUTh Ha TPYMNbL
cTabHJAH3HUPYIOUH € COMAePKAIME METAWIbl C MajbM IOTEH-
HMaJOM HOHM3aLuK (Mes, HOTall, RHOKCHE THTaHa); ra3006pa-
3 YOI ¥ e, NpefHa3HAYCHHbIC A/ 32IUUTH pacljaBleHHoro Metajia
OT KHCJIOPOJa H a30Ta BO3AyXa CPeoil BOCCTAHOBHTENLHBIX [a30B, 00-
PasyILHXCA IPH CrOPAHHY OPTAHHYECKHX BEIIECTB (KpaxMaJl, JEKCTPUH,
He/I0J103a); mAaKoo6pasyoinue (nonesoil ¥ NMIaBHKOBHIA
Inar, MeJ, MapraHueBas pyAa); Jerupymomue U packuc
JSLI0 L[ U e, BBOAUMEBIC B BHMIe deppocnnaBos Mn, Si, Ti; c¢B g -
aymouue ()Kvuu{oe CTEKJI0).

CTaHnapm Ha '3JIEKTPOAbI (A1 YI/IePOAMCTHIX M JIETHPOBAHHBIX
cranefi FOCT 9467—75) ompenensior THNBI 3J1€KTPONOB: D42; D424,
365 uap: H,mppbl B 0003HAUEHHAX THIIOB SJIeKTpOJIOB 03HAYaloT rapax-
THPOBaHHBIA Tpeies JPOYHOCTH
MeTaJlila CBAPHOro 1UBa (COOTBET-
CTBEHHO O = 420; 550 MI1a); mas
37eKTPOJIoB THIAa D42 HCnonb30-
BaHa -npoBoJjoka Ce-08, a Tuna
242A — Cs-08A.

ABTOMaTHYECKas AYroBas
ceapka mopn . cdaocom (AHCP).
AICO—cnoco6 CBapKH, NPH KO- o AT
TOpOM Jyra TOPHT NOJ| CJIoeM CBa- 9K
pOYHOro (unoca (HeMeTalJIHYecKo-
ro ceillyuero wmarepualga), obec-
[EYHBAIOILETO  XOPOIIYIO 3alUTY
Mera/uia CBapo4YHOH BaHHBI OT Tra-
30B Bo3fyxa (puc.2.11). Hyra 10
TOPHT MEXAY S/EKTPOLHOA NPO-  pye 91} Cxema mpolecca aBTOMa-
BOJIOKOH 2 M CBAPHBAeMBIM M€-  rtyueckoil AyroBoll CBAPKH NOA (ili0-
tajnom 11 mon choem  duioca 4, com
nojasaeMoro H3 Oyukepa. Yactsb
oxpy}xalomero Iyry ¢aoca pacmlaBJme'rc;{ obpasys na nonepxno-
CTH CBAapOYHON BaHHH & CJOM 2KHJKOro LlJIaxa 5, MOoJ KOTOPHIM €O3-
JaeTcs MoOJOCTh 9, 3anoJiHeHHas] apaMi MeraJJa, ¢unoca M rasa-
mu. Tlo Mepe nepemelienus Ayry IPOHCXOAUT 3aTBepJeBaHHe MeTall-
Jna 4 mnaxa—«oﬁpasyeTcs{ cBAPHON WOB 7, HOKPHITHH LLIAKOBOH .
xopkoii 6. [Toxaua npososokn B Ayry Von M nepemelleHHe aBTOMATA

. BIOJDb H3Jeans Ver OCYHIeCTBJAAKTCHA C NOMOUIbIO MEXAaHH3MOB fo-

Aauy SJIEKTPO,ZLHOH HPOBOJIOKH lu nepeMelieHuss aBToMara. Tox noxn-
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BOQHMTCA K JIPOBOJIOKE yepe3 ToKonposox 3 or capounoro HUII (Bbl-
JieT 3/1eKTpoJa, HaXOAserocs noj TOKOM, paBed 40-—50 mu, uro
I03BOJISIET HCNO/b30BaTh GoJMblUNe CBAPOYHbIE TOKH).

~ AILCO nmpuMeHsIOT B 3aBOJACKHX M MOHTa>KHBIX YCJAOBHSIX = JJIs
CBAPKH WBOB 6oNbWOI TPOTAMEHHOCTH B HIDKHEM [IOJIOXKEHHH #
KOJIbUEBLIX MOBOPOTHBIX INBOB. CBapHBAalOT CTaJH, ajIOMHHHI, TH-
TaH, MeAb U UX CNJ1aBsl TOAWMHOI oT 2 10 300 MM,

HpeuMymecmaMu AJIC® sBasiloTCS: BHICOKAs INPOH3BOAHTE b-
HocTb (B H—10 pas Boiwe, ueM npu PJIC) Gaaronaps NpUMeHEHHIO
60/IbIIMX TOKOB, GoJsbiuefi ryOHHE NPONJaBJCHHS, OTCYTCTBUIO 10-
Tepb MeTaJyia Ha yrap H pas6pbiaTHBaHHE, a TaKKe MeXaHH3alHu
nponecca; BHICOKOE KaYecTBO CBApHBIX IIBOB 3a CYeT Xopoluei 3a-
LUIATH MeTaJJia B JIpoleece CBAPKH H paBHOMepHOro NxX GOpMHPOBa-
HUSL, yJyulleHue YCJAOBHHA TpyRa  cBapiiMkoB H Ap. HepocraTku
AI[CCD 3aKJIOYAlOTCSA. B TPYLHOCTH CBAapPKH KOPOTKHX IUBOB, & TaK-
¥e [IBOB, PACNOJOXKEHHBIX B CJOXKHBIX NPOCTPAHCTBEHHBIX MOJIOXKE-
HHSIX M TPYAHOROCTYIHBIX MecTaXx..

Jlyrosas cBapka B 3al{MTHHIX ra3ax. B sTom ciayyae Ayra ropur
B CTpye rasa, NOAaBaeMOro 4epe3s CBAPOYHYIO TODEJKY H 3allUIlal0-
LIero pacn/aBJeHHbIH ¥ OCTHIBAIOMIMIT METaMT OT BpeAHOro BO3/eH-
CTBHA I'a308B BO3AYyXA.

Aprosopyrosas capka (JIAC) Henapsiumcs BOIbGPAMOBHIM /€K~
TPOAOM B PYUYHOM, NOJYABTOMATHYECKOM H ABTOMATHYECKOM PEKHUMaX
HCTIOJIB3YETCA JIJI1s1 CBAPKM aKTHBHBIX MetasioB (Al, Mg) u Jjernposas-
HbIX craJjiedl TosiuHol ot 0,5 no 3 MM 6e3 TipyUcafouHOro MeTala, a IpH
ToAuwHEe 01, 3 A0 60 MM — ¢ TNpUCAJOUHLIM METAJL/IOM.

- CpapKy B cpefie 3alUTHBIX Ta30B IVIaBANIHEMCS 3JIEKTPOAOM HPOBOAAT
C HCTIO/Ib30BAHHEM OOJIBIINX CBAPOUHEIX TOKOB B aBTOMaTHYECKOM M TIO-
JyaBToMaTHyeckom pexkumax. Hasi. Al, Mg, Ti, Cu u ux cnnasos, a
TaKKe 151 JernpoBaHHBIX CTaJgell B KayeCTBe .3alUTHOH CPenbl 1pHMe-
HAETCHA aproH, a JVIS YIVIEPOAUCTHIX ¥ HHU3KOJErHPOBAHHBIX CTajed —
yriaeKucanit ras. [1pu csapke B yriekuciaoM rase HeOGXOAUMO HCIOJb-
30BaTh CBAPOUHYIO TNPOBOJOKY, CONEPAKALLYIO PACKHCIHTENH Mn u Si
(Cs-10T2CA u np.).

Jaekrpourtakosas ceapka (AUIC). AMC — CI10CO6 CBapKH MJasJie-
HHEM, IIPH KOTOPOM /Sl TWIABJIEHHWs Merasa HCHOMB3YercA Temlora,
BBIICAAIOIAACA TIPH TIPOXOMKIAECHHH 3JEKTPHYECKOTO TOKa Yepes 3JieK-
TPONPOBOAHBLIA MK (pacnuaBieHHblfl ¢uloc). B Hauasne npouecca Bos-
Oy>KAAI0T KYTY, C NOMOLIBIO KOTOPOH paciaB/sioT (IIOC, 3achiNaeMbli -
B. HOJIOCTB, oﬁpasoBaHHylo‘KpOMKaMH CBAPHBAGMBIX neraneft 2, popmu-
poBartenefl 5 u HauaJIbHOM TeXHOIOrHYecKoi I1ankok 8 (puc. 2.12, a, 6)
Tlocsie o6pasoBarissi ULIaKOBOH BaHHH 3 Ayra racHeT U npouecc JYTOBOH
NepexoiuT B jeKTpounlakosbiit. B Harperom no 2000 °C mniake nija-
BHTCS 3JIEKTPOA / ¥ ONJIABASIOTCS KPOMKHU CBAPHUBAEMbIX AeTalefi, ycra-
HaBauBaeMbpIX ¢ 3asopoM 20—50 mm. J{as dopMupoBanus CBapHOrO
IBa 7 ¥ yAeP2KaHHS IITAaKOBOH ¥ METa//INYeCcKoH 4 BaHH OT BBITEKAHUS
HCNO/Ib3YI0T (hOPMUPOBATENH — MEJHBIE NOJ3YHEI, 0XJaXAaeMbie BONOH
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6 ¥ nepeMelaloldecs BMecTe CO CBAPOYHBIM ailNapaToM [0 GOKOBBIM
noBepxHocTsaM Aeradelt, Kpuctaanusylouuiicss B HuxHeH yacTy Merad-
MHYECKOM BaHHBI METAJJ 00pa3yer CBAPHON ILOB.

[naBHoe npeumymecrso AIC — BO3MOKHOCTH CBAPKM 3a OJMH HpPO- .
X0/ MeTaJuia (cTanedf, altOMHHHEBBIX U TUTAHOBHIX CILIABOB) NpaKTHYE-
CKH moGoH Tomuuusl (o1 20 g0 2000—3000 MM), TIO3TOMY TIPOUBBOXH-
renprocth JIC B 5—15 pas Briwe, uem y AJIC®. JIC nospoisier Bbi-
MOJHATDL BEPTHKA/IbHBIE IBLI, a TAKXKe KOJAbLEBbIE (MPH 3TOM CBapHBae-
Mble JIeTaii — ODeYafik¥ — BPANAIOTCH  HAa CHeEHAaIbHOM DOJHKO-
BOM CTeHJE OTHOCHTENBHO .
HEHOABHKHEIX CBAPOYHO~
ro anmapata U gopMHupo-
BaTesel).

Tasosas csapka (I'C).

['C — cnoco6 CBapKH
f/IaBAEHHEM, [PH KOTO-
pOM MeTal/l B CBAPOYHOMH -
30HE Harpepaercsi IJjaMe-
HeM rasa = (auerusieHa,
METaHa), CXKUraeMoro Ans
3TOR UeJH B CMECH C ‘ 4 .
KHCIODOJOM B CBapoy- o I
HbLX ropenxax. [lpemmy-  p.. o9  Cyrena Npolecca  AEKTPOULIAKOBON
wectso ['C— 3710 ee yuu- cBapKH
pepcajsbHocTh. C  0o- S
molgsio I'C MoxHO cBapu- .
BaTb METa//Ibl Pa3/JMMHOH TOJUIHHBI C  PA3/JHYHLIMH CBOHCTBaMH (CTasM,
4yryHel, UseTHble Metayuibl). Henocratkamu ['C siBasiorcs TpyAHOCTH
aBTOMATH3aLMH JIpOLEcca W JJIHTE/IbHOE TEIJIOBOE BO3JEHCTBHE HA Me-
Talld, YTO TPHBOAUT K H3MEHEHHIO CTPYKTYpbi H (hOpPMBI CBapHOrO
COeHHEHHS. , ‘ _

KontakTtHasa ceapka (KC). KC — ocHoBHOH clioco6 cBapKH nasJe-
unem. [1pu KC ans narpesa merajsia B CBapOYHOH 30HE MCHONL3yercs
TeNJioTa, BhIIEAsieMas IPU NMPOXOXKAEHHH TOKa B MeCTe KOHTAaKTa CBa-
puBaembix jaeraseir. Ocobennoctoio KC ABAsSETCH HCNOAb3OBAHHE KpaT-
KoBpemeHHbiX (f = 0,003 = 10 ¢) uMOyJbCcOB TOKA BOJbLILOTO 3HAye-
uug (/ = | = 100 kA) npu uanpsokeduu U - 2 <+ (2 B u nassiennu
P = 10 -+ 150 MIla. Ilutanue cBapOUHLIM TOKOM OCYIHECTBJASIETCH OT
NOHMXKaoUlero  TpaHchopMartopa. MakcaMaibpHOE KOJMYECTBO Tell-
JIOTHl BBIAGASAETCS B 30HE KOHTAKTa AeTalleil, Tle MeTals HarpeBaercs
IO TJIaCTHYECKOro COCTOSHUSL MM 1o naasienus. [lon nefictuem cxu-
MAIOUIHX YCHJIMA HEPOBHOCTH CMMHAIOTCS, a OKCHAHbIE IJIEHKH BbilaB-
JMBAJOTCA M3 CTHIKA — TPOUCXOAMT COAHMKEHHe Harpertblx Aetanefl Jo
MEXKATOMHBIX paccrosiuui, T. €. cBapka. OcHoBHeiMH BHaamu KC
ABJSIOTCA TOUEMHAs, MIOBHasA (POJHKOBAas) M CThIKOBAs.

Toueunasn cBapka (puc. 2.13, a) ocymecrsasercs s
COENMHeHHs . METAJLIOB (pasiMyHbIX cTased, cnaasos Al, Ti, Cu) Toa-
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mvdol 0,6—2,5 mm. CBapuBaemble fietanu 2 u 3 COEAUHSIOT BHaXJECT-
Ky U 32XUMAIOT MEXY TOABHXKHLIM / ¥ HENOABHKHBIM 4 3JIeKTPOAAMH
MauIMHBl U DPONYCKAIOT YePe3 HUX TOK, HArPEBAIOIIMH MeTajs B MecTe
CTBIKA IO TJ1aBJIeHHs, a TPHJIETAOIYI0 K SIAPY CBAPOUYHON TOUKH & 30-
Hy ~— JI0 TJIACTHYECKOTo COCTOSHHUS. [Nocne KpucTaNAN3aLHU CBAPOY-
'HOHM TOYKH JaBjienHe cHUMaeTc. DTOT crnocod obaajaer 60bUION Tpo-
U3BOAMTENLHOCTEIO H ofecneyuBaeT TpeGyeMyIo NPOUHOCTh CBAPHBIX CO-
e/MHeHul - (Kopryca aBTOMAIUHH, BATOHOB, XOJIO/IMIbHHKOB, JieTajei
'panuoanempomxu H ap.).
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| Pac. 2.13. Cxema KOHTAKTHOH CBapKH o l i
' 8 \ \ '

HloBuasn (poaunxkosasn) cBapkxa (puc. 2.13, 6) ocy-
HIECTBIISICTCS Ui COeJMHEHHA BHAXJIECTKY METaJ/IoB (CTaziel, CIiaBoB
Al, Ti u Cu) Tonmunoii 0,6—3 mm. Ilpu cBapke perany 2 4 3 3aKuUMaioT
MekAY BPALIAIOIMMHCS JIEKTPOIaMH (poasiKaMH) J W 4, ¢ IOMOLIBIO
KOTOPBIX NPOHCXOMAT Mepellaya yCUJiHa K JAeTansiM, NOABOJ TOKa H me-
pemeinenue geraiefi. [Ipu mopHOH cBapke oGpasoBaHHe HelPepLIBHO-
IO (repMemqecxoro) M NPOYHOTO IIBa NPOHCXONHT NEPEKPLITHEM IIO-
caeflyroliefi TOUKH Npeibliyliedf, 4TO JenaeT BOMOMHBIM NPHUMEHEHHe
3TOro cnocoba /15 W3TOTOBJIEHHS. PA3JHUHBIX €MKOCTeM.

CrukoBasn cBapka (puc. 2.13,6) OCYIILGCTBJIS{GTCH 1o
JBYM cxXemaM (CBapKa COTPOTUBJIEHHEM H OHJIaBJIeHHeM) ¢ UCNOJb30Ba-
HHEM OJHOTHNHOro obopyioBanus. Ceapupaemble fetanu I u 2 (crepx--
HH, TPYGbl, PebChl) 3aKPENJIAIOT B HENOABHKHOM 3 M TNOABHXHOM 4
3aMUMax — 3JeKTPOJaX CBAaPOYHOI MAIUHHBL, K KOTOPbIM NOABOAHMTCS
TOK. an CBapKe CONPOTHBJEHHEM TIIATEJNBHO 3adMIieHHbIE TOPLbE 1€
Tasell COSHUHMOT NOJ HeGOJIBIINM JaBieHHEeM, a Tioc]e BKIIOUEHHS TO-
Xa H Pa3orpesa MeTalla B CTHIKE JaBJieHue nosbimaioT. Tak cBapuBart
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MaJIOyTJIEPOAUCTEIE CTAlH W LBETHHE METAJJIE HEGOJBIIOro CeueHHus
(no 200—250 Mm®). TlIpu cTHIKOBOH CBapKe MiaBJEHHEM CThIK CBapHBae-
MBIX Jierasiell pasorpeBaercsi N0 OIVIABJIEHMsI, a CJELYIoHias 3d -3THM
ocajiKa CHoCOOCTBYET BBIAABJIMBAHMIO U3 CTHIKA XKHJKOIO MeTasjia, 4To
ofecreunBaeT NOJy4YeHHE BLICOKOTO KauecTBa CBAPHBIX COENUHEHHH.
CsapKa onJaB/ieHHEM NO3BOJISET CBAPUBATH H3JENHS U3 YTJIEPOIHCTHIX
W JIETHPOBAHHEIX CTaJIeH uyryHa, CI/aBOB Al u Ti ceyenue™m™ a0
100 000 mm :

Ocobnie cnoc06b1 ceapku. TepmMuTHas cBapka (TC)
OCYINECTBJSIETCS TPH TIOMOIIH TeIVIOThl, MNOJyYaeMOH IDH CropaHHH
nopoinkoo6pasnbix okcuza (Fe,O,) u 37eMeHTOB ¢ GoJbIIOH aKTHBHO-
CTHIO TIO OTHOWEHHI K kucaopoay (Al, Mg). Eciu B turesb us orue-
YIOPHOTO MaTtepuana IOMECTHTH CMechb, cocrosiyio u3 Al u Fe,O,
(aMFOMMHHEBLIA TEPMUT), W 3aKeUb C NOMOMIBIO TEPMOCIHUEK, TO Ipo-
HCXOJUT 3K30TepMmuueckass peakuus Fe,O4 4 2A1,05; + 2Fe. Temme-
patypa ofpasyloiero paciiiaBa cocrasasier 2200—2600 °C, a co-.
crapasomiue stor pacmias Fe n Al,Oy pasnensioTcss B COOTBETCTBHH
¢ HX IUIOTHOCTBIO (3Kesie30 BHH3Y). AKKYMYJMPOBaHHBIA 3THM pacmia-
BOM 3a1ac TemJOThl MOMKET GBbITb MCMOJIb30BAH JJI51 CBapKH IJ1aBJACHHEM
u papjenuem. [Ipu TC nuaBneHneM HarpeB YCTAHOBJEHHBIX B (opme’
CBApHUBAaEMbIX AeTajell M TJIaBJeHHe HX KPOMOK B MecTe o06pa3yemMoro
CTHIKA OCYLIECTBJSIOTCS XKHAKHM pACIJIaBOM KeJe3a, CIyXalluM Of-
HOBpeMeHHO ¥ npucafoynsiM MetanjgoM. [lpn TC nasaesuem Ha noiro-
' TOBJIEHHOE JJif CBapKM COEJHHEHHe C IVIOTHO CXaThIMH TOpLHAMH Ofle-
BatoT dopmy. B dopmy sanuBaercs cHavana pacmias Al,O,, korophifi
CMAYHBAET CBAPUBAEMBIH MeTAJJ UM CO3JlaeT Ha ero NOBePXHOCTH MJIeH-
Ky, TPENsiTCTBYIOMLYIO €r0 CBAPMBAHHIO C TEPMHUTHBIM METAJ/IOM, a 3a-
Tem pacisiaB Fe, xortopwifi pasorpeBaer cBapuBaemblfi Merana. Ilocae
3TOro NPHMEHSIOT CABJHBAHHE JeTajell (0CaZKy) C NOMOLIBIO CTSKHBIX
npeccoB. B ocHoBHOM nenosb3yercst TC naasnedyem Alst CBAPKH Pesib-
COB, PEMOHTA CTaJbHBIX H UYIYHHBIX JAeTalieli ¢ HOMOLIBIO aJIOMHHHe-
BOrO TEPMHUTA U CTAJBHBIX NPOBOAOB C MOMOMIBIC MarHHeBOro TEPMHTA.

lllup(pysnorlﬂan CcBapKa-— ceapka JaBjeHHeM, IpH
KOTOPOH CBapuBaeMble JETalH MOABEPTaloTCsl OOWEMY 3JEKTpOHArpe-
BY B BAKYYMHHIX Kamepax J0 TeMIIepaTyphl 0,40 8)T pu, ATHTED-
HOH BHIZEpPXKKE. IpH 3TOH TeMmmepaTtype H CKaTHIO ¢ JlaBJieHHeM J0
25 MIla. Takue ycaoBHSL CBAPKH CIOCOGCTBYIOT NPOTEKAHHIO NPOLeC-
coB audxpysuu aTtoMoB B TNOBEPXHOCTHHIX CJIOSIX CBAPUBAEMBIX - MeTall-
JgoB. JluddysuoHHylo CBapKy NPHMEHSIOT JJIs COEJAWHEHHS TPYRAHO-
CBapHBaeMbIX MeTaJI0B M ciiaBos (¢ranib ¢ Al, Ti, W u Mo; Cu ¢ Al,
Ti), a TakXe Mera/JIOKEpaMHUYECKHX H3AETHH.

CBapxa TpeHHEeM— crnocod cBapKH AaB/ieHUeM, TIPH KOTO-
POM MECTHEIl HArpeB MeTa/lJia B CTbIKE [0 TeMiepaTypel, OJU3KOH K
T nq, ocymiectsasiercsi GJaropapsi paboTe CHJl TPEHHS, BO3HHKAIOMIUX
IPH TlepeMellleHHH APYT OTHOCHTEJBHO JApYra. CBapHBaeMBIX JAetaied,
cKaThIX oceBol cuioi. IloMuMo HarpeBa Merasia TpeHHe COCOOCTBY-
eT paspyIleHylo OKCHAHBIX INIEHOK B CBapuBaeMoM CThike. I1pm capke
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TPEHHeM HOJYYal0T CBAPHble COEJMHEHUs! KPYIVIONO CMJIOUIHOTO WJIH
Tpy6uaroro ceueHui -

- XononxHas cBapka (XC)-— capka  JaBieHHeM, oOCy-
uecTa/asiemas Ge3 Harpepa 3a CyeT ILJJacTHUECKOH AedopMalliy MeTaa
B cBapouHo# 3oHe. [lns nposefenus XC He06XOAUMO YAQTHTH OKCHILI
€O CBAPHBAEMbIX JIGBEpXHOCTEH H COIM3NTDL UX HAa PACCTOsTHHE napamer-
pa KPHCTaMJIUUECKOH peleTKH I8 o0pa3oBaHHS MEKaTOMHBIX CBf3el
MeXNy HHMH. XOJ0AHOH CBAPKOH MOXKHO II0AYYATh COEJHHEHH #3 Iia-
cruyHbIX Mera/uios (Al, Cu, Ag, Au u ux ciIaBoB) BHAXJECTKY TOJ-
muHof 0,2—15 MM ¥ BeThIK cedenneM o 700 mm2,

Pe3ka metannoB. Pe3ka meTanioB — oTAeneHHe uacTeil (3aTOTOBOK)
OT COPTOBOrD WY JHCTOBOTO METal1a cnocofaMi KHCJAOPOAHOH, Ayro-
BOH H BO3AYLIHO-AYTOBOH Pe3KH,

Kucaopodnas peaxkn — mpoliecc cropaHusi Mera/qyia B CTPye KHCHIO-
pona. Ilpomecc pesku’ HauumHaercss ¢ HarpeBa MeTaj/ia B HayaJbHOH
TOYKe pe3a [0 TeMmIleparypbl, AOCTATOUHON AJIST BOCIJIAMEHEHHS B KHC-
JIOPOZie C MOMOIUIBI0 TOAOrPEBAIOUIero IIaMEeHH, 3aTeM Ha Harperoe
MECTO HANpaBJSIOT CTPYI0 YHCTOrO KHCAOPOAA, KOTOPHIA NMPHUHSATO Ha-
3blBATh «PeXYILUM». «Pexymuiy KHCIOPOL BbI3HIBAET HHTEHCHBHOE
OKHCJIEHHE BEDPXHUX CJIOEB METaMia, KOTopble, Cropasi, BHILEIAIOT JH0-
[IOIHHTENbHO® KOJHUYECTBO TEMIOTH M HArpeBaloT JiexKallle HHXKe CJAOH
Meranaa, B pe3yJbTaTe Yero NPOLEece ropeHUs MeTasjia B KHCJI0pOJe
pacnpoctpansiercs no Bcefl TonuuHe meranna. OGpasyioniuecs npH
CrOPAHUH METaJN/Ia OKCHABI YBJIEKAITCS CTPYyel «peXyILero» KHcaopoaa
W BLIAYBAIOTCS €0 U3 30HH pesa. KHciaopopHasi pe3ka NpHUMeHHMa
JIHIbL JJIsT TEX METaJUIoB, Y KOTOPHIX: TeMnepaTypa BOCIJIaMeHeHHs
HH2KE TeMNepaTypbl IIaBJeHNs; TeMnepaTypa IJaBiAeHHsT OKCHIOB Me-
TaNJ1a HIKE TEMIIEPATYPhL IJIABJAEHHs] CAMOI0 META1a; OKCHIBI XKHIKO-
TEKYYH; KOJHYECTBA TEIJIOTHI, BLIAC/ISIOUICHCS TPH CropaHHH Merasta
B KHC/JOPOAE, JIOCTATOUHO IJIA. NOJNEPMKAHUS HENPEepPLIBHOIO Tponecca
Pe€3KH; Malas TenJoNpOBOLHOCTb. ITUM YC/IOBHSAM YAOBJIETBOPSAIOT Xe-
JIe30 M MaJoyIVIepOJUCThie cTasu, JL19 peskH JerupoBaHHBIX craneii
APUMEHSIOT KUCIOPOLHO-(DJIIOCOBYIO pe3ky. Puoc (MOpouioK Xxenesa)
Cropaer B CTPye KHCJIOpoJa M NCBHILAET TEMIEPATyPY B 30He pesa Ha-
CTOJIBKO, 4TO 06PAa3yIoLLlHecs TYFOMJIaBKHE OKCHIBI OCTAIOTCS B XKHUAKOM
COCTOSAAHHH M, OYyAyud pasGaB/ieHbl NPOAYKTAMH CrOpaHHs Kenesa, Ha-
10T KUAKOTEKyuHe, Jierkoyja/sieMbie LLIaKH.

§ 2.3. O6pa6oTka METaNN0B ARBJIEHHEM

‘Bo Bcex cayuasx o6paGoTKH JaBienneM Tpefyemas dopMa U He-
0o0X0AMMBIE PA3MEPhI M3/IEJIHI0 (3aTOTOBKE) NPHAAIOTCH NJAACTHYECKOH
pedbopmalueii UCXOZHOW 3aroToBKH, HMeiouied (opMy CJIUTKA HIH
60JIBaHKH, yxKe Npolieulell NpeaBapHTeabHYI0 00paboTKy JaB/eHHeM.
Taxkum ofpasoM, CYIIHOCTL 06pabOTKH MeTassia AaBJeHHeM COCTOHT B
liesieHanpaB/eHHOH NyiacTHueckol aedopmanny, NpHAaONIeH eMy onpe-

~JAelieHHble GOpMY M pasMeprl, B X0&e KOTOpo#l paspyilaerca rpy6osep-
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HHUCTast JIMTasA CTPYKTYPa, yCTPAHSIOTCS BOPHCTOCTb U PBIXJOCTb, YJyy-
IIAETCs] MeTaL1ypPrHYecKoe KayecTBO Y CO3Maercs OaronpHsTHAs OpH-
€HTHPOBKA BHOBb OOPA30BABINUXCH CTPYKTYPHBIX COCTABIAIOWHX Me-
Taanxa. '

BesteacTBue 6a1aronpHsITHBIX CTPYKTYPHLIX H3MEHEHHH, POUCXOAs-
HIMX 1py 06paboTKe AaBJeHMeM, MeTasl 1oayuaer 6oJee BLICOKHA KO-
IJIEKC NIPOYHOCTHBIX U NIIACTHYECKHMX CBOHCTB N0 CPABHEHWIO C JIMTHIM,
Tlpu ropsuell oGpaboTke jaBjeHHEM, Korga Metaan ob/afaetr Gosibiuos
IJIACTHYHOCTBIO TIPH Mol  HPOYHOCTH,
ero 3epHa BHITACHBAKOTCA M TpaHcdhop-
MHPYIOTCH B BOJIOKHA.

BostokHucToe cTpoeHHe MeraJsa ofec-
neunBaeT BaX(Hble  NPeHMYILECTBa 11O
CPABHEHHIO C OOBMHOH 3epHUCTOH CTPYK-
TYpOl, NOCKOJbKY HPOYHOCTb JedopMH-
POBAHHOIO MeTajJia Ha = paspelB  BIOJb
BOJIOKOH OKa3blBAeTCS  3HAUHTEJBHO
Bblllie, YeM B TONEPEYHOM Hanpas/eHHH.

To ke MOXHO CKasaTb H O COMPOTHB-

- TeHWU CPe3alouluM Harpy3KaMm: TPOYHOCTH a )
HA cpe3 nonepek  BOJOKOH 3HAYHTEJBHO -

Bhillle, 4YeM BJOAb HHX. 3Hasd Xapaktep Pue. 2.14. 6(51’;‘2‘;” CHAOBLIX
HAPPYXEHHS OTAGABHBIX SMEMEHTOB IETA- |, icioro: 6--c xovamoh ro.
Je B SKCIJyaTalMOHHBIX  YCJIOBHAX, A0BKOS

MOXHO e€lle Tip4 M3TOTOBJEHHUH . 3aroto- '

BOK NPUAaBaTh BOJOKHAM HAHBBITOJHEHIIYIO ODHEHTHPOBKY, OTBEualo-
lLYI0 XapaKTepy HarpyXeHHs COOTBETCTBYIOUIMX 3JEMEHTOB JeTaJjiel.
u 3THM obecneyuBaTh GOJbILIOW 3anac npouHoct Aetanedt. Hanpumep,
noKaszaHHH# Ha puc. 2.14, 6 G0JT, H3TOTOBJEHHRIA ¢ COOJIONEHHEM JaH-

"HOTO NIPHHUMIA, MPOUHee naoépamennom Ha puc. 2.14, a, rie ronoBka
JIETKO Cpe3aercs.

3aroToBKa Jijisi ietajedt, noayveHsbie o6paboTKoH AaBAeHHEeM, NMpPH-
HATO .Ha3biBaTh noxoskamu. VICXOAHBIMM 3aTOTOBKAMM LS KPYINHBIX
NOKOBOK, KaK MPABHJO, CNYXAT CTalbHble CAHTKH. 3aroToBKH /s
MEJNKHX HOKOBOK NOJYYAlOT NYTeM pa3peskH Ha MepHble KyCcKH-6o/BaH-
KM TaK Ha3biBaeMblX TPOKaTHBIX npoduell — MeTalruyeckux 6anok
HIK MPYTKOB Pa3iuyHOil (OpMEl NOMEPeYHOro CeYyeHHs, MOJyvyaembix
IPOKAaTKOM.

. TDNpoxarka. [lpokatka rnpeacrapasier cofoil’ npouecc gehopMHUpoBa-
HUS CTMTKA HJM WHOH NPONOJTOBATOH METa INUeCKON 3aIr0TOBKH MEXKIY
ABYMsl BpaLAIOUIIMUCS BaJKaMH. pPaccTofiliHe MeX1y pabouuMH no-
BEPXHOCTSIMH KOTOPBIX MeHblle BBICOTbI 3aroToBKH (puc. 2.15). lleanio
NPOKATKH . SBJIETCH TIONyYeHHe pasHooGpa3HOfl NPOAYKLHH, pPAa3JIH-
yatoulefics npousIMH W pa3MepaMH MONEpPEYHOro CeYeHHs, a TaKXe
AJIHHAMH GaJloK, NPYTKOB M COCTABJSIIOMEN TaK Ha3biBaeMblil COPTAMEHT
npokara. COpTaMeHT CTa/JLHOIO TNpPOKATa BKJAIOUAET CleAyioliHe NATh
OCHOBHBIX rpymt (puc. 2.16):

LU
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“copmosoti npoxam TPOCTOro- M (acorHoro npotuwis. Ilpoctoil mpo- -
$uae (puc. 2.16, a) HCTOMb3YeTCsl 1A MOPE3KH Ha 3aTOTOBKH, KOTOphIe
MIYyT 1460 Ha JajbHEHAIYI0 06paCoTKY NaB/eHHeM — KOBKY HJIH LUTaM- -
NOBKY, JIH60 Ha MexaHHYecKylo o6paboTKy Ajisi M3rOTOBAEHUS Pa3JIHy-
HbiX aetajei. ®aconHbll npobuwib (puc. 2.16, 6) raBHEIM 0GpasoMm
HCTIO/b3YeTCH A PA3NHUHBIX CTPOUTENbHBIX KOHCTPYKUHUH, BKJIIOYas
JKeJIe3HOOPOXKHbIE TYTH;

AUCMOROL npokam NENUTCST HA TOJICTOJNHCTOBYIO craty. TOJILLMHOM

,CBBIIIE 4 MM H TOHKOJIHCTOBYIO 0,2—3, 75 MM;

epxrul
anox

Jacomobra

Puc. 2.15. CxemMa TpOKaTKY C YKa3aHHeM JEACTBYIOULHX
CHJI

TpyOGbl GecClIOBHEIE PA3JIMYHOTO JHaMeTpa ¢ PasHOH TOJIIMHOMH cTe-
'HOK, Pa3HOOGDA3HOro HA3HAYEHHS;

cneyuarbolll npoKam BKJIOYaeT B ce6s BaronHble Koseca, WHYH-
TOBblE CBaM, aBTOOOOABA W T. [.; ’

nepuoduseckud npokam (puc. 2. 16, 6) — mpokar ¢ TmepHOAUYECKH
U3MeHAIOIWHMCA Mo AiuHe npodusneM. OH HCHONB3YeTCA B KAUECTBE
3aroTOBOK sl WITAMIOBKH (HANpHMEp, 3aroTOBOK LIATYHOB aBTOMO-
OW/IbHBIX JABUraTesedl) WJIH HeNOCPEACTBEHHO 1Sl MeXaHHUYeCcKo# 00-
paboTKH. :

CyuiecTByIOT Takxe CHelHalbHO pa3pa60TaHHue COPTaMEHTHl JJ15
BHINYCKA NPOKATA U3 [IBETHHIX METAJIJIOB H CILJIABOB.— MEJH, aJIOMUHHA,
JaTyHH, AIOpajsi B BHAE JIHCTOB, JEHTH, TPyO, NPYTKOB H- APYTHX
naneanii. Baxpefimell ocofeHHOCTBIO JehopMauMy MeTalia IpH npo-
KaTKe sIBJIsieTcs MoJIyyeHue BOJIOKHHCTOH CTPYKTYphl MeTrajja ¢ OpH-
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€HTHPOBKOH BOJIOKOH BJOJIb HanpaB/eHHs NPOKATKH, T. €. meprienay-
KyJSIDHO OCSIM BpAlleHHS BAJKOB.

310 ofbACHSEICH TEM, YTO NPH CHABJIMBAHHH CEUYEHHA  3arOTOBKH
MexJy BaJlKaMH BBITSMKKA MeTaja B OCHOBHOM IPOHCXOJMT B Hanpas-
JEHUH HAUMEHbLIEro CONPOTHBJEHUs, T. €. B HapYXHYIO cTopoHy. [e-
(opMallUK U BHITSXKKE B NONEPEUHOM HANPABJICHHH NPENSTCTBYIOT Tpe-
HHe O MOBEDPXHOCTH BAJKOB. TaK Kak oOUas BBITSIKKAa MeTasJa 3aro-
TOBKH CKJIAJLIBAETCS W3 BHITSKEK €r0 OTIENbHHIX 3€peH, TOo floc/AeIHHe
JOJIXKHBI TPEBPATHThCA B BOJOKHA. 3aroToBKa 3axBaTblBaerca B pa-
Godee TPOCTPAHCTBO MEXAY BaJKaMH M T€peMelaeTcs CU/laMi TPeHus,
BO3HHKAIOUIMMH MeXIy Helo U Bankamit (cM. puc. 2.15).

oz b @ @ o
a) . ’

LTz
{‘j_—j\ 'j—\/’jw

Puc. 2.16. CopraMeHT cTaJbHOro HPOKaTa

HeficteuTeIbHO, TIPH NMOAXOAE 3arOTOBKH K Ba/JKaM B TOUKAX [iep-
BUYHOT'O KOHTAKTa BO3HHKAIOT, C OZHOM CTOPOHBI, PafHaJbHO OPHEHTH-
pOBaHHEIE -aKTHBHEIE P U paBHBIE UM peakTHBHbIE (JEfiCTBYIOUIHE Ha
3aroToBKy). R cuani, a ¢ Apyro# — cuiabl Tpenuss T, KacartelbHele
K TOBEPXHOCTH BaJKOB B TOUKaX YNOMsHYTOro KoHrtakra. Kaxnas us
CHJI TPEHHs PaBHA NPOM3BENEHHI0 HOPMA/JBHOH AKTHBHOH cuibl. P na
‘koappuuyent Tperua f, 1. e. T = Pf = Rf. PaccMorpum npoexuun
cuat R-u T na npoponbHoe (ropH3oHTaNbHOE) Hanpasjenne X U Bepru-
KasbHOe — Z. [1pH 3TOM 3amMeTHM, YTO CuJibl R, BBITANIKHBAIOT 3aI'OTOB-
Ky u3 paGouero npocrpascrsa, a cuiel T, — BTArHBAOT B Hero (3a-
XBATHLIBAIOT 3arOTOBKY). Y CJIOBHEM 3aXBaTa 3arOTOBKH BaJKaMH H oCYy-
IECTBJEHHS TPOKATKH OyJeT HepaBeHcrso T,> P, Ho tak kaxk
T,=Tcosa = Rfcosa, a P, = Rsina, T0 yclIoBHeM ' IIpoKaT-
‘KH 6y11eT Rf cos o > R sin a. Paap,enns o6e vactH HepapeHCTBa Ha
R cos o, monyunm > tga, riae o.— yroa 3axBata.

Takum '00pasoM, yC/IOBHEM 3aXBaTd 3arOTOBKH BaJIKaMH M OCYHIECT-
BJIEHHE [Ipolecca NPOKaTKH SABJAAETCS NpeBbillende KodhdHuHeHTa
TPeHHsl HaJl TAHFEHCOM YyrIJia 3axBaTa. 3aMETHM, YTO OOXKHMAIOU[MMH
WM KYIOHIMMH . 3arOTOBKY CHJam# sBasiotcs cuael T, u R,.

. IlpokaTka MeTa/i10B OCYIIECTBJIRETCS HA HPOKAaTHHX craHax. Oc-
HOBHBIMH PaGOYHMH 3/IEMEHTAMH NPOKATHBIX CTAHOB fABJIAIOTCH BaNKH,
HMeIoIHe. LRJIHHAPHYECKYIo GopMmy. BajKu pasMelaloTcs B OCHOBHOM

v
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9aCTH NPOKATHOTO CTaHa — paGoyeil kJeru. PaGouast 4acTh Balka Ha-
3piBaeTcsi Ooukoti. DOUKY MOTYT ObITh IVIAAKHMH HJHM DyubeBbiMH. [lep-
BbI€ PUMEHSIOTCS 15 NPOKATKH JUCTOB H JIEHT, a BTOPble — IVIst COp-
TOBOTO MeTas1a. Pyubn mpeicTaBasiioT cOGOH KOMbLEBBIE Bbipe3bl Ha
noBepXxHocTH Ba/ika. CoBnajaoilie py4YbH  BEPXHETO H HHKHETO BaJ-
KOB 06pa3yroT Kajubpbl, C NOMOLLBIO KOTOPHIX coprouomy npoKary mno-
CTeNeHHO TipHjalTCs Tpefyembie NMpoduiy.

[TpoxatHble crambl KjaccaUUHUPYIOTCS NO PAAY MPHU3HAKOB, OC-
HOBHBIM M3 KOTOPBIX SIBJSIETCS POJ BBIIYCKaeMoH NPoAyKUHH. B cBssm
¢ 3THM MOXKHO BBIIENUTh CAeAYIoHIHe Hanbonee pacnpocTpaHeHHbIe BUABI
CTAHOB: COPTOINPOKATHBIE [J/1f BEIIYCKA COPTOBOrO MpOKaTad; JHCTO-
Bbie M NOJOCOBBIE CTAHBI ropauell NpOKaTKH; TPYGONPOKATHEIE CTaHBI

. CTAHBI XOJIONHON HPOKATKM CTaJH H LBETHHIX METa/1J0B (TOHKO/JIHCTO-
Bble, JIEHTONPOKATHBIE, (OBrONPOKATHBIE H T. J.); AeTalelnpoKaTHbIE
CTaHbl AJs BBINYCKA CHNELHANBHOrO HAM, TEPHOJMYECKOro MPOKATA.

XonoaHas NPoOKAaTKa JEHTH W3 aJIOMUHHEBHX ‘criaBos AMu, 1T,
J116 npousBOAMTCA U3 TOPAYEKATAHBIX JIMCTOB TOJIIUHOH OKOJO § MM.
Jlenry Tomuunon ao 0,5-—0,6 MM KartaoT 6e3 NPOMEKYTOYHOIO yMsAr-

. YAIOIWEr'0 OTHKHIA. 3aroTOBKAaMH JJisl XOIOLHOH NPOKATKH JIEHT U3 MeAH
v JAaTyHH JI62 caykaT cBEpHYTHE B PYJIOHB! HOJOCH! TOMUMHOA 5—6 MM,
OoJIyYeHHBe TOpHYell NPOKATKON U3 CUTKOB. OTOXKKEHHbIE U NPOTPaB-
JIEHHBIE PYAOHBI MPOKATHIBAIOTCS: HA CHEUHANBHBIX CTaHaXx A0 TOJIIH-
1o 0,01—0,2 MM B TeueHHe yeThIpeX-NATH On€palulii XoNoNHOH NpoKaT-
KH, YepelylUMXCsl YMATYAIOWNMHE OTKUTaMH H TpaBJeHHeM INA yia-
JIeHHSI OKaJHHEL

ToHKHe JIUCTHI M JIEHTY W3 ME[H WJH JaTyHd nonyqalor XOJIOIHOM
fPOKATHOH H3 ropsueKaTaHblX 3aroTOBOK TonuHOH 10—15 MM ¢
IPEABAPUTENbHO YAAJIEHHBIMH (pe3epoBaHHeM NOBEPXHOCTHBIMH Jie-

tpexramu. [Ipokarky senyT Ao TpefyeMoli TOALLMHEBI B HECKOJIbKO 00Xa-
THil, TPUMEHSS NpoMeKyTouHbie oTxKury npu 450—800 °C uas Boccra-
HOBJICHHS [JIACTHYHOCTH MeTaMIa. :

Jas xonoaHOH npoKaTKH NpEeANoYTHTe/kHee ofHoba3Hbie JaTyHH
¢ coflepxannem uuaxa mMenee 30%, Kak oGnanaromue 6oApIIHM 3ana-
COM. TIIACTHYHOCTU. [l/% nipefoTBpallleHUs. HaJHNAaHHA MEIH H JaTyHH
Ha CTAJbHBIE BAJKH TNPHUMEHSIOT MHAKYIO CMa3Ky (Tpch¢0pma10pHoe
Mac/10, KepOoCHH, BepeTeHHoe macio H T. J).

Koska ¥ WITaMnoBKa. Hpu KoBKe JehopMEpOBaHUe MetanTa saro-
TOBKM OCYIIECTBISNETCH NYTEM LEJeHANPABJAEHHO HAHOCHMLIX YAApOB
WY HAMZTHHR. B 3aBHCHMOCTH OT HCHOJB3YEMOro OBOPYACBAHHSA KOBKA

JeJUTCA Ha CBOGOJHYIO ¥ KOBKY B ITaMmnax (HITaMIOBKY)..

(e0600Mast K08Ka COCTOMT B TOM, 4TO NPOUCKOAsMan Gopmoctpasyio-
masi naacTHueckas neopMailus METANIa HARPABJSETCS 8 OCHOBHOM
HCKYCCTBOM OEPATODa-KY3HEela, OT KOTOporo Tpefyercs BLICOKas KBa:
gudrranus, Tipujanve 3arotoBre, TpedyeMpix HOPMB H Pa3MepoB ocy-
GIECTBASETCA 33 CUET BLINOHEHHA PAXA NMPOCTEAIIHX KOBOYHMIX onepa-
sufl, ANS peanv3anuH KOTO}}bIX MOMKET - IPUMEHATHCS HECHOMKHBIN Kya-
HeuHull  HHCTPYMEHT. »
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Tlpu urramnoske Tpedyembie GOPMBI ¥ pasMepbl 3arOTOBKH TIOJYYal0T-
Csi B pe3y/ibTaTe NPUHYAMTENBLHOH JedopManyu MeTaljla B Pyuybe Che-
uHaibHoro npucnocobienuss — mramna (puc. 2.17). B wramne no
nepudepun pyubs 3 va cThiKe HHXKHell / ¥ BepxHeli 2 yacrefl mTamna
BHINIOJIHSIETCS 3ayCeHeyHasi KaHaBKa A/l BbIXOAa H30bITOYHOro Merasl-
Jia, o6pa3yloliero yaajsieMblii oc/1e WTAaMIIOBKH 3ayceHell (puc. 2.18).

HecnokHble 3aroTOBKH IITaMIYIOTCS B ORAHOPYYbEBBHIX IUTaMmIax,
a CJNOXKHBIE — B MHOIOPYYLEBBIX, B KOTOPHIX IPH TNepexofe OT pyubd
K DYYblo IMOKOBKa IOCTENEHHO npHobperaer Tpelyemble pasMepbl

Naxobra

NN

J*§\§ )f S\ NN Jayceney %:{\\ﬁ/[/ Moxolia

Puc. 2.17. Cxema WITaMIOBKH Puc. 2.18. CxeMa o6peskn 3ayceHua

# ¢opmy. Mcxoanble 3aroToBKH 1J1s WITAMNOBKH OTPE3aI0TCs OT COPTO-
BOTO Npokata. YIMH MOryT C/1y2KUTh U3JIe/Hsl TIEPHOHYECKOTO NpoKaTa.
[Tepen wTaMnoBKo#l MeraJsi HarpeBaercs 40 ONpeENeJeHHOM, 3aBUCALIEH
OT POJla MeTaJjijia TEeMNEPATYPHl ¢ LENbI0 TOBHIUIEHHS ero NJaCcTHYHOCTH
4 YMeHbIUeHHs YCHAHH npu obpaborke. CBoGoiHas KOBKA M LITaMIIOB-
Ka HPOU3BOJATCA C IIOMOIIBIO CHElHATbHbIX KOBOYHBIX WJH LITAMIOBOY-
HBIX MOJIOTOB H HPECCOB. : o .

BenencTBie uHTEHCHBHOH TelsIOOTAAYM B aTMOCdepy M Temonepe-
Jayd B CTEHKH Py4Ybsl IUTAMIIA NPOHCXOZHT OBICTPOE OXJaXKAEHHE 3a-
FOTOBKH, UTO NPHUBORHT K HaK/eNny H OXPYNUHBaHHIO ee Merasia. Bo
u30exanne o6pa3oBaHUs TPEUHH 3TO TPEOYET AONOJTHHTENBHBIX MPOMe-
JXKYTOYHBIX HArPeBOB IIBETHLIX 3arOTOBOK. [IpH mITaMIOBKe JaTyHH clie-
AyeT HMEeTb B BH/ly, YTo NpHU Temneparype Bbilie 680 °C N3 nee HHTEHCHB-
HO BO3rOHfETCH UMHK B BHAe nopowka ZnO. D10 BJieyeT H3MeHeHHe
€e XHMHYECKOTO COCTAaBa ¥ NPOYHOCTHBIX XapakTepHcTHK. Cleayer Tak-
K€ YUHTHIBATh, 4TQ IIPH ropsiveil mramioBke J1aTyHH GoJiee xpynkas
npY KoMHaTHOH Temneparype f-¢asa oxasbiBaercs nJjactHyHee o-da-
3bl. [losToMy Ais ropaveit wiTaMHOBKH OfHO(A3HBIX JlaTyHel ciaeayer
BBIOHPATH MAPKH C NPeLe/bHBIM LIS o-JaTyHell cojepKaHueM LHHKA -
10 39 %. Ilocsie narpesa B pesyJibTarte & — P-npeBpailleHus HX CTPYK-
TYPa COCTOHT 3 @ + f- WM ToBKO B-3epeH U uMeeT Gosiee BHICOKYIO.
TJIACTHYHOCTb, 4eM Y JAaTyHeH C MeHBIUMM COJfeplKaHHEeM UHHKA, He
npeTeprnesaninx o -— f-npeBpaniequii.
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KoBKa U WITAMTIOBKA JIOPATIOMHHHUSA NMPOU3BOJUTCS NPH TEMIIepaTty-
pe okxono 380 °C co CTeneHaMH AepOPMALHH  COOTBETCTBEHHO 3-—
5u2—-3%

C nennio 3KOHOMHH MeTajljla IpH 06paGoTKe AaBJeHHeM OCBAHBAIOT-
cA M BHe#psioTcsl Oosiee palMOHa/ibHble ee BHABI.

Tak, B NPOKATHOM NPOH3BOJACTBE RPHMEHAIOTCA TaK HAa3blBAEMble
ofJierueHHple, TOHKOCTEHHBIE, CJIOXHble, (acOHHBIE H ADYTHE 3IKOHO-
MHU4HBle npoduau npokara. IlpokaTkoil nony4aTCss SKOHOMMUHBIE NTPO-
(hHIBHBIE 3aTOTOBKM W M3JeJUsi: LIapbl, BaJjbl, 3yOuaThie KoJeca, CBep-
J1a, BHHTHI, PA3/IHUHble BHbI NEPHOANYECKOTO NPOKaTa (115 IKOHOMHH
MeTajila TPH LITAMIIOBKE).

Ilpumensiercs Tak HaspiBaemass 6e300Ji0MHasi I[ITAaMNOBKa, T. €.
WITaMIOBKa ¢ OTcyTCTsymmuM MM MHHUMAlIbHBIM [0 pasMepam 3ay-
CeHLaM. .

§ 2.4. O6paborka Meran.noé pesaHnem

Iponecc pe3anus MeTal/IoB 3aK/JlOYaeTcsi B cpesaHuu c ob6pabaThi-
BaeMo# 3aroToBKOH €J0g MeTasjla — TNPHUIYCKa, CleliHaJbHO OCTaBJ/eH-
HOTo Ha 06paboTKy, C He/IbI0 NMOJY4YeHHs NeTalH C 3aJaHHBIMH depTe-
KoM (QopMOil, pasMepamMd H IHEPOXOBATOCTBIO MOBEPXHOCTEH.

OcCHOBHBIMH BHJ@MH 00paGoOTKHM pe3aHHeM SIBJSIOTCS TOYEHHE, CTPO-
rande, csepJieHue, ¢dpesepopanue u uaugposanve. O6paboTka MeTaNIOB
pesaHveM OCYILECTBJSIETC Ha MeTa/JIOPEeXYUMX CTaHKax — TOKap-
HbIX, CTPOTaJbHBIX, CBEPJUJbHLIX, (Gpe3epHbiXx M HUIHPOBANBHBIX —
C HCHOJb30BAHMEM DAa3JHYHBIX PEXYLIHX HHCprMeHTOB —- pe3loB.,
cBepdl, (pes, uudoBaAbHBIX KPYroB.

Yiansiempiit B npouecce pesaHus METam1 — npunycx —- TIpeBpallla-
eTCsl B CTPYXKY, NPH 5TOM HAaJHUHE CTPYIKKH SBJASIETCS XapaKTePHbIM
NPU3HAKOM BCeX PA3HOBMIHOCTEH Mpollecca pPe3aHHs MeTaalloB.

15 ocyliecTBaeHus Mpouecca pesanus HeO0X0AHMO UMETH IJ1aBHOe
JBHKEHHe pe3aHus W JABWXKeHusi mogauu (puc. 2.19, a). I'naBHoe ABu-
JKEHHe pesanus (riasHoe ABIKeHue) [, nMeer HaubOJBUIYIO CKOPOCTh
W' HAa3BIBAETCS CKOpOCMoel0 pesaniis, JBuxeHne nopaud [, HMeer CKo-
POCTb MEHBUIYIO, YeM CKOPOCTb IVIABHOTO ABHIKEHHS De3aHHsl, W Npel-
Ha3Ha4YeHo JUI8 Cpe3aHHs NIPHUNYCKA cO BCell OBEPXHOCTH, NoMJIexallei
obpaboTke. 310 IBMXKeHHe HasbiBaeTcs nodaued. [aBHoe JBIDKEHHE
H JBHXKEHHE MoJauyu B 3aBHCHMOCTH OT BHAA 0OpaGOTKH MOFYT OBITh
BpallaTelbHLIME WM NPSIMOJHHERHO NOCTYNATeNbHBIMH H COBEpIUATH-
Csl KaK 3aPOTOBKOM, TaK M PEXYIIUM UHCTDYMEHTOM.

[Ipu Touenwu rnaeuoe npikenue [, — BpailaTebHOe )mmxeﬂne
3arOTOBKH, ABMXKeHHEe nofauyd [, — npAMoJNiHeHHOe NOCTyNaTejbHoe
ABHIKEHUE DEXYUIETO MHCTpyMenTa — pesua (puc. 2.19, a).Jlepemente-
HHEM pe3Lla OTHOCHTE/bHO 3arOTOBKH CPE3AETCH ee HCXOXHAs MOoBepX-
HOCTb, KOTOpas Ha3biBaetcs oOpaGaThBaeMOl TOBEPXHOCTHIO I, U o6pa-
3yeTca HOBasi NOBEPXHOCTb, KOTOpasi HaskiBaercsl oOpaGoTaHHOH Io--
BEPXHOCTBIO 3. BpemenHo cyulectBylomiasi 1oBepXHOCTb B Ipoiecce
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pesanHus Mexay obpabaToiBaeMoil ¥ 06paGoTaHHON TOBEPXHOCTAMH Ha-
3b[BaeTCH NOBEPXHOCTHIO pesanus 2. Paccrosinue mMexay obpaGarhiBae-
MOH 1 06paboTaHHOH NOBEPXHOCTAMH, H3MEPEHHOE B HANPABJEHHH,
NepneHAUKyIAPHOM 06paGoTaHHON NOBEPXHOCTH, ONpenesisercs ray6u-
Ho#t pesanus A. Ilpu ToueHnu riy6una pesaHus BbIpaxkaercsi ypas-
nenuem A = (D — d)/2, roe D u d — puamerpn o6pabaTbiBaeMoit
u 0o6paboTaHHOil TOBEpXHOCTeil, MM. ‘

3aeam06m, 2 3 ' Cmpozanshsnd
pesey

% 3

/ I

s s
> W Jazomobra

; &

Téxa,aﬂbld
pesey

“Jaeomobra
Jaeomobna

Wnupobansusiti
Kpye ' :

‘ =
Tlpomaxna 3aeomobra  —>

- N

Puc. 2.19. Cxema ocHOBHBIX BHAOB 00paGoTKHM MeTam10B pesa-
‘ HHEM
1

- CKopocTb pe3aHdsi Mpu TOUEHWH U — JIHHEeHHas CKOPOCTh TOYeK
oGpaGarhiBaeMOil NMOBEPXHOCTH 3aTOTOBKH, M/MHH, KOTOpas ONpeAes-

" eTcs cienyloluM ypasHenuem: v == 10-% nDn, rae D — auamerp of-
pabaThiBaeMOM. TOBEPXHOCTH 3arOTOBKH, MM; fi — 4YacToTa BpalleHHs
3aroToBkH, 06/muH. Iloflaua s NPH TOYEHHH KOJHUECTBEHHO OLEHHBaeT-
CSl PacCTOSIHHEM, Ha KQTOpoe Mepemellaercs PeXyllHii HHCTPYMEHT —
pesel — B HaNpaRJIEHHH IBHXKEHHS MOJAa4H 3a OJHH 06OPOT 3arOTOBKH,
M UMEeT pasMepPHOCTb MM/06.

3+ ) _ : 6T



Cxopoctb pesamm v, nojava s 4 IyGHHA pésaHus A ;mmnorcs{
napaMeTpaMu peX<uMa pe3aHust NPH TOUYeHHH. «

[Ipu crporanuu raaBHoe BHXKeHUe cooliaercs pesuy, a JIBIKEHTE
nofauu — saroroBke (pHc. 2.19, 6) WIH Kak T'laBHOE JBMKEHHE, TakK
M ABHXKEHHe TO0Zayh coolbllaeTcs TOAbKO pesiy.

[Tpu: cepsienun (3eHKEPOBAHHH H Pa3BepPTHIBAHHH) KaK FJIaBHOE
ABHKEHHE, TAK M ABHXKEHHe HOJauy OOBIYHO COOOLIACTCH DEeXKYILEMY .
HHCTPYMEHTY — CBepJIy (3eHKepy, pasBeptke) (puc. 2.19,.8), oxHako
eCTh CXEMbI CBepP/IeHHS!, B KOTOPBIX IVIaBHOe ABMIKEHHE coofliaercs 3a-
roTOBKe. . ‘

. Tlpu ¢dpesepoBanuy riaBHoe ABHKeHHE COOOIIaeTCA PeKYyIIEMY iH-
CTpyMeHTY ~ dpese, a JBUMKEHHE NoJAayYH — 3arotoBke (puc. 2.19, 2),
OAHAKO €CTb CXeMbl ()pe3epoBaHHsl, COTVIACHO KOTOPHIM KaK F/3BHOE
ABIXKEHHe, TaK H JBHXKeHHe NoAauu coobuiaercs gpese.

I'lpu kpyraoum (puc. 2:19, 0) n njockom (puc. 2.19, ) nwngopannu
TIaBHOE JBHMEHHE COOOIAeTCsl peXylleMy HHCTPYMEHTY — IuH(po-
BaJBbHOMY KPYTY, a ABHIKEHHe TMNOAAYy — 3arOTOBKE.

CKopocTh pesaHusi U NIPH CBEPJIEHHH (3eHKEPOBAHUH H paasep'rbma—
HHH), (Dpe3epoBaHUU H HIMHGOBAHUH ONPefeNdercs, TaK XKe Kak H NpH
TOYEHUH, TONBKO JHAMETPOM pexyliero HHcrpyMmenta, CkopocTs pesa-
HUS v npH winoBaHKU uMeer BHA v = 10~3 nDn/60 m/c).

CKOpoCTh pesaHus ¥ NP CTPOraHUM (M/MHUH) SIBIsIeTCS JIUHEHHOH
CKOPOCTBIO TepeMelleHHsl peslia HJM 3arOTOBKH.

[lonava s u ray6una pesaHus A ORPeNeNIAIOTCA aHAJOIMYHO Toue-
HHIO, TObKO NMPH CTPOraHUH MOJAYA S HMEET PA3MEPHOCTb MM/JIB. XOJ
(AB. X0/l — ABOHHOM XO pe3la W/Ix 3aTOTOBKH), a IPH CBEPJIEHHH (3eH-
KePOBaHMH, PasBEPTHIBAHHH) M (Pe3epPOBaHHH TAKKE PacCMaTpPHUBAET-
¢f (ojjaya Ha PeXYILylo KpPOMKY (3y0) PpeXxyuiero HHCTpyMeHTa §,,
KOTOpasi OupejensieTcsi YpaBHEHHeM S, = §/Z, TJe Z — KOJHYECTBO
peKyIIMX KPOMOK (3y6beB) uHcTpymenTa. I1pu dpeseposanuu paccma-
TPHBAeTCH TaKke MHHYTHafi Nojaya s, KOTOpas YHCJIEHHO OLieHHBaeTcs
3HAUEHMEM NepeMellieHHsi (pesbl OTHOCHTENBbHO ‘3arOTOBKH 32 MUHYTY
¥ HMeeT pasmepHOCTb MM/MuH. [lpu wiandoBaHuu noxava s (Mm/o6) on-
pejlesisieTcs B JOJIAX WHPHHLL WUngoBanbHoro Kpyra B: s = kB, rie
B — mnpuHa wandoBalbHOrO Kpyra, MM, a B — ko3dpHuuent, npu-
HHMaeMbiil B -3aBHCHMOCTH OT TOUHOCTH o6pabotku 0,2—0,8.

Pescyugum uncmpymenmon Ha3bplBaeTCs HHCTPYMEHT Aas 06paboTKH
MeraJioB pedapueM. HanGosee pacnpocTpaHeHHbIH peXyUlH# HHCTPY-
MEHT — pe3ell — COCTOHT H3 pexyuielt yactn B-u crepxus A (puc. 2.20).
‘Pexymasi yacTp UMeer nepelHIOI0 NOBEPXHOCTb | H HECKONBbKO 3afiHUX
noBepxHocTel '3 M 4, U3 KOTOPHIX OfHA HA3KIBAETCS TJIABHOH 3ajxHed To-
BEPXHOCTHIO 4, a OCTa/bHEIe — BCHOMOTATe/IbHBIMH 3aJHHMH TOBEpX-
gHoctsimu 3. [lepenuss ToBepxHocTs [ ofpamleda Mo. XOAy .IVIABHOI'O
IBHIKEHHST B CTOPOHY cpe3aeMoro cjioss Ha ofpaGaTbhiBaeMoi . 3aroToB-
K€ H no Hell nepemelnaerca CTpyXKa. [aBHas 3ajHAS NOBEPXHOCTD 4
ofpaiteHa K TOBEPXHOCTH Pe3aHHsi, BCIOMOraTeIbHast 3aJHss nosepx-
HocTe 3 -— K 06paboTaHHOM MOBEPXHOCTH 3aTrOTOBKH.
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[Tepenusis v 3aHHe NOBEPXHOCTH, Nepecekasch, 06pa3yloT I1aBHYIO
6 u BcoMoratensHyro 2 pexyuive KpomkHd. Touka nepecedeHus riias-
'HOH M BCHOMOTATeNbHOH PEXYUIHX KPOMOK oOGpasyer BepllHHy O pe-
JKyIHeH yactH pesua. PexyliHe KPOMKH H NPHUMBIKAIOIHE X HHM KOH-
TaKTHbI€ NOBEPXHOCTH Ha TepeiHeH H 3aJlHUX TNOBEPXHOCTAX obpasyioT
COOTBETCTBEHHO IIaBHOE H BCHOMOrate/bHoe Jie3gHs. Ha Bcex uHCTpy-
. MEHTaX JIe3BHsl B IIONEPEYHOM CEYECHHH HMEIOT (GOPMY KJIHHA.

TlonoxeHne roBepxHOCTEH U KPOMOK peXylleHd 4acTH MHCTpyMeHTa
KOOPAHHHPYETCA OTHOCHTENLHO €ro AepaBKH YIVIOBLIMM pasMepami,
HA3LIBAEMBIMH T€OMETPHUYECKUMM TapaMerpaMH. ['eomerpuueckue napa-

A
5
H
2 ol
~
-~z
'}
5
4
Puc.-2.20. Koucrpyxkuus pesua Puc. 221. Bcenomorarenbunie

[LIOCKOCTH NPH TOYEHHH

METpPHl HHCTPYMEHTa pacCMaTPHBAIOTCH: ¢ HCHOJB30OBAHHEM OCHOBHOIR
TIIOCKOCTH, & TaK¥Ke IJIOCKOCTeH pe3aHus H FIaBHO#H ceKyniei (puc. 2.21).

OcHoBHast 1I0CKOCTb [/ — TJIOCKOCTh, HapasiiesbHasi NPoAoJbHOlM
W nonepevHol nojayaM ¥ COBNAJAIONIAA C OCHOBaHHEM JiepXAaBKH pestia.

I'lnockoc¢Ts pesanus. /] — nuockocTb, KacarelbHAsi K MOBEPXHOCTH
pe3aHusl M NPOXONAINAS Yepe3 IVIABHYIO PEXYILYIO KPOMKY. ‘

I'naByasn cekymasn nrockocts /11 — MI0CKOCTD, NEpReHHKYAspHast
NPOEKIUH TJIaBHOH peXylleH KPOMKH Ha OCHOBHYIO MJOCKOCTh.

-TmaBHBle YITIBI PacCMaTPHBAOTCA B TVIABHOH CEKYyUIEH IIOCKOCTH
(puc. 2.22, a). : ¥

Iy1aBHBIA MepeRHHH yroa ¥ — yroja Mexay nepelHel noBepXHOCTbIO
HHCTPYMEHTA H IJIOCKOCTBIO, TNEpNeHRUKYASPHOH IJIOCKOCTH pe3aHud
" H TNPOXORAIUEH 4Yepes IJIABHYIO Pexymylo KpoMmky. I'naBubiil 3aguui
yroJ o — yroJl MeXAy TJaBHOH 3ajHell MOBEPXHOCTHIO M TMJIOCKOCTHIO -
pesanus, Yros 3aocTpeHusi p — yros Mexjiy nepejHeil u riasHoll san-
HeHl MOBEPXHOCTAMM. ¥YroJ pesaHust § — yrom Mexay MiocKoCThiO pe-
3aHMsl H 'TiepefiHell NOBEPXHOCTBIO. .

Yribl B IJIaHE H3MEPAIOTCS B OCHOBHOH miockocTH (pue. 2.22, 6).

‘TnaBHbpil yron B miaHe ¢ — yroJ MeXAy npoekuueii rJiaBHOA pe-
XKyuielh KpOMKH HAa OCHOBHYIO IWIOCKOCTb U HAaNpaBJieHHEM MNOJauH.

BcnomoraTeabHult yros B noiaHe @ — Yroq MeXAY npoekuuedt
‘BCTIOMOTaTeNbHOH pexywiell KPOMKH HA OCHOBHYIO ILIOCKOCTh H Halpae-
JIEHHeM HojavH. : ‘
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HHcTpyMenTanbHble Matepuadsl. MeTanmopexyWHil HHCTPYMEHT
MOXKET NPOH3BOXHTE Cpe3aHue CJIOSl MaTepHasa ¢ NOBEPXHOCTH 3aroToB-
KH B TOM CJlyyae, eC/Id ero pexylias YacTb M3TOTOBJIEHA MJIM OCHAIUEHa
HHCTPYMEHTAJIbHbIM MaTepHasioM, 0011aAa0UikM BHICOKOH TBEPJOCTRIO,
MPOYHOCTBIO, TEMIEPAaTyPOCTOHKOCTBIO H H3HOCOCTOHKOCTBIO,

[Tox TeMnepatypocrofikocThio Oy HHCprMeHTaJleOI‘O MaTtepmana
NOHUMAaeTcs HaH6OJIbUIaﬂ TeMneparypa, IPH KOTOPOH OH COXpaHser

v BRICOKOE@ 3HaueHHe TBEPJOCTH H
Paspes MPOYHOCTH.
no enabrod . " :
cergued H3zHococTolikoeTs  ‘MatepHana
nAacracmu onpenessieT €ro CHocoOHOCTb CO-
' {IPOTUBJATLCA HCTHPAIOMEMY Ael-

9 @ 7 CTBHIO MartepHajsa, C KOTOPHIM
: : £ ~ OH HaXxoAuTCs B KOHTaKTe.

N i SRR B - KauecTBe HHCTpYMEHTaJib-

—7 %o:'%; HbIX MaTEPHAJIOB RIS JI€3BHIHbIX
e — %2r HMHCTPYMEHTOB HCNOJB3YIOTCH GBl- .
NS ¥ CTpOpexylHe Craj, TBeplple

7 o : , ciyiaBbl (MeTalIOKepaMHKa), MH-'
é,«i Y HepasJoKepaMHuyecKue CILNaBbt
@0‘ W o,(;%";% (xepmertsl),  CBepXTBEp/ble . MaTe-
¢ S ' pHaJbl, CHHTETHYECKHE anMagbl.
5) ¢ Brictpopexyluue HHCTPyMeH-

: = TallbHbIE CTAIH SBASIOTCA BbICO-

Puc, 2.22. Teomerpuuecke mnapaMerphl KONErHPOBAHHBIMU CTANISIMU C JIO-

pesua - 6aBKkamu BoJibthpama (o6o3Hauaer-

; ¢ Gyksoii P), moauGuena (M),

sananuqa (@), Ko6anbTa (K) npu copepxanun npuMepHoO 4 % xpoma

# 1 % yraepona. Haubonemee pacupocTpaHedne B HacTosilee Bpe-

MS HaXOAAT cleaylolnyde Mapku 3TeX craqeii: P18, P9®5, P6M3,

P6M5, P9K5, POK5®5. TeepjiocTh cTasieli  HAXOJWTCA B Tpelenax
HRA 6264, rtemneparypocrofikocts 620—640 °C. :

TBepAble ClIaBbl AEAATCS HA TPH IPYNIH: BOJLPPAMOKOGAILTO-
Byto. (BK), Bonbppamoruranoko6ansrobyo (TK) u BoasdpamoruraHo-
tantanoxkobaasroByio (TTK). TIp# oGo3nayeHHE MapoK TBEPABIX CIlia-
BOB IIPONEHTHOE COAEPKaHHe Kap6uaoB tutana (T), cymmapnoe cozep-
Kanue Kap6uioB THTaHa u Ttaurana (TT) u merasinueckoro KoGanbra
(K), ocranbuniM siBasiercsi KapOuj Boabbpama. B TBepablX crjasax
YKa3aHHbIE MOPOMKOooOpa3Hple KapOHALl COSAHHAIOTCA B MOHOJHT Me-
Ta/JIHYECKHM KoGasibToM. B KoHIE 0603HAaueHHS MapKH TBEP/Oro
CIJIaBa MOFYT CTOATh GYKBEI M, OM, B, uto 03Hayaer 3epHHCTOCTh: MeJ-
K03epHHCTbIH 0C060 MENKO3epHHCTHH H KpYNHO3EPHUCTHIH.

* Teepzple cistaebl rpynnsl BK (BK3M, BK4, BK6M, BK6-OM, BKS,.
BK10-OM), rpymmm TK (T5K10, T15K6, T30K4) u rpynne TT
(TT7K12, TT8K6, TTIOKS-b).

 TBepOCTh YKa3aHHBLIX MapOK TBepAwblX cnnaBoB coctapiser HRA
87—91, remmeparypocrtoiikocts 800—1250 °C. ' '
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"TlokpbiTHe TBepJbIX CM/IaBOB TOHKHM cjoeM (5—15 MKM) KapOuios
(Turaia, HHOOMS), GOPHAOB, HHUTPHAOB TIO3BOJSET IOBBICHTL MX H3HO-
COCTOHKOCTH B 5—6 pas. o :

OcHoBOH' MUHEpAJOKepaMHYECKHX CIIIaBOB - (KepMETOB) ' fBJSeTCs
KopyHa—oKcul amomunua Al,O, TemneparypoctofiKocTh MHHepaso-
KepamMuK# ¥ KepmeToB cocTaBiser 1500—1300 °C. )

. CaepXTBep/ible MaTepHAILl ABJSIOTCS CHHTETHUYECKHMH MartepHala-
MH HA OCHOBE I'eKCaroHaJIbHOTO WJH KybHueckKoro HHWTpHia 6opa, KOTo-
pBIif N0 TBEPHAOCTH MPEBOCXOLHUT KEPMETHl H YCTYNAeT TONBKO CHHTeTH-
decKoMy anmasy. TemnepatypocToii-
KOCTh KOMIO3UTOB M HHUTpHAa OGopa
gocturaer 13001800 °C.

CHHTeTHYEeCKHE a/Masbl 06pas3ytoTcs
NpH CMeKaHuH YIJepoia IoJ BhICOKHM
JlaBneHueM W NpH 3HAYHTENbLHOH Temiie-
partype. B 3aBHCHMOCTH OT TE€XHOJIOTHH
BHIpALIMBAHUA KPHCTAIIBEL 4/1MA30B HMe-
10T PasiiM4yHOe CTPOEHHE; CJeloBaTeb-
HO, pasiHuHble (PH3NKO-MEXaHHUeCKue
CBOHCTBAa M IO TBEPJOCTH NPHOJIHKAIOT-
¢ K TIPHPOJHBIM  MOHOKPHCTaMJ1aM
anmasa. TemnepaTypocTOMKOCTh a/iMa-  Puc. 2.23. CocTaBasiolse CHIb
30B HesBennka — npumepHo 650 °C, no pesanus
"OH3 KOMIIEHCHpYeTCcs WX uYpesBbiyaii- :

HO BBICOKOH TBEPAOCTbIO, H3HOCOCTOHKOCTBIO H TEMNONPOBOLHOCTHIO.
B npouecce pesanvist IpU nepemMeLEHHH PEXKYIEro HHCTPYMEHTA OT-
HOCHTE/IbHO 3arOTOBKH €My NPHXOAHTCS NPeoNoJieBaTh CHJIY CONPOTHUB-
JIeHHs1 00pabaThiBaeMbIX MATEPHANOB IJIACTHYECKOH HeopMaLiH, CHITY
CONPOTHBJEHHA IJ1aCTHYECKH 1eOPMUPOBAHHbIX CJIOEB METaNIa Pa3py-
IIEHHIO B MECTaX BOSHHKHOBEHHS HOBBIX (06paBGOTaHHBIX) NOBEPXHOCTEH
H CHJIB TPEHHS CTPYXKKH 1O nepefHel NOBEPXHOCTH HHCTPYMEHTA H 06-
paboTaHHOH MOBEPXHOCTH O €ro 3ajHHe HOBEPXHOCTH. PesybTupyromias
 3THX CHJ HasbiBAeTCHA cuaold pesanus P. [lna ypo6erBa pacyeToB cuay
pesanust P paccMaTpuBalOT B IeKapTOBOH  KOODIMHATHOH CcHCTEME
XYZ ¢ uenTpom, COBNajalolMM ¢ BeplunHofi paspesa / (puc. 2.23),
npuYeM.och Y COBNajaer ¢ TeOMETPHUYECKOH OCBHIO JiepKABKU pesna, och
X napanienbHa OCH BpalleHHs: 06pabaThiBaeMOi 3ar0TOBKH, a OCh Z
COBHAJ4€eT ¢ BEKTOPOM CKOPOCTH pe3aHusi U W IPOXOLHUT Yepes BEPLIHHY
pesua — 104Ky 1. IIpH 3TOM omopHasi MJIOCKOCTD AEPKABKH pe3na fa-
paagenbna njockoctd XY, a BEKTOp CKOPOCTH IOAAYH U, IIPOXOAHT ye-

pes BepIUINHY -pe3na — TouKy [. A

Tlpoekuus cunnl P na ocu ZY' X HasbiBaeTcsi COOTBETCTBEHHO BEp-
THKAIbHOK (rnashoi) P,, paguanbHoil Py, u oceBoii P, cocraprsiomefi
CHJIBl pesanus. ’

. Ilpu yrae @ = 45° cooTHomenue MeX1y cocrasisowumu P, : P, :
: P, =1:0,4:0,25. 3nas cocrasasomue P,, P,, P,, MOXHO BbiUHC-

JHATh CHJTY Pe3aHHs TIO CleAyiouteil 3apicumoct: P==) P} ++ P: + P_.
' ' 7




Mexaunnueckasi pabora, 3aTpayuBaemasi Ha NJACTHYECKYIO JedopMa-
UMI0O ¥ paspylueHue meTanna B Npolecce CTPYxKoo6pasoBaHUS U 06-
pa30BaHHA HOBOH TIOBEPXHOCTH, a TaKKe paboTa CHA TPEHHs 10 mepel-
Hefl ¥ 32JHHM TIOBEPXHOCTAM HHCTPYMEHTA [MOYTH IOJHOCTBIO TpeBpa-
uiaercsi B temnory. Tenslora, BhAensieMas B 30HE De3auust, HarpeBaer
CTPYXKKY, 06paGaThiBAEMYIO 3aTOTOBKY H PEXKYUIHH HHCTPYMEHT, B KO-
TOpHIX 06Gpa3ylorcs Temiiepatypubie noas. HaubGosaban temnepartypa,
BO3HHKAIOUlAsl B TIPOLlecce pe3aHMsl, He JOJKHA NpPeBHINaTh TeMnepa-
TYPOCTOAKOCTH -~ HHCTPYMEHTAJbHOTO Marepuajia.

- B nponecce pesaHdsi TPOUCKO-
. JUT HenpepbiBHLIN H3HOC PeXyLIerc
rm _ MHCTPYMEHTa . 110 TiepefHedl U 3al-
HHUM TI0BEPXHOCTSM.
— M3Hoc pexylero HHCTPYMEHTA
U e . BO BpeMeHH MpOTeKaeT MOHOTOHHO,
I <
L HO He paBHOMepHO (puc. 2.24). B
| I nepuox- nmpoucxogutr npupaboTKa
b pexyluero HHCTpymenra, Bo I —
ero HopMaJbHHIH wu3Hoc, a B 111 —
| .KaTtacTpouYeCKHH M3HOC PEeXYIIEro
Puc. 2.24. Hssoc pexyutero uwcr- HHCTPYMEHT2 BIIOTh 10 €ro pas-
PYMEHTa BO BpeMeHH ~ ' pywenus. Tak _kak ' paspyuenue
pPEeXyllero MHCTPyMeHTa B Ipolecce
€ro paGoThl HeJONyCTUMO, HEeoOXoAH-
‘MO MPeKPaTHTb WM M(pOLECC Pe3aHusi A0 HACTYIUIeHHs TepHOAA ero-
KaTacTpOPHYECKOro M3HOCa M NPOHU3BECTH NepeTouky. Bpemsa paGoThl
. pex<ylIero HHCTPYMEHTa JI0 ero 3aTyNieHHst Hgyp HasbiBaercsl crmot-
KOoCmbio, TIPH 3TOM BEJAHUYHHA HRgy Ha3bIBACTCA  Kpumepuem samyn.ae-
AU PEXYINEro HHCTPYMEHTA.

O6paboTka Ha TOKapHbIX CTaHKaX. ToueHHe NPOM3BOAMTCA Ha TO-
KapHBIX CTAHKAX M NMPUMEHAETCA N5l 06paGoTKM HAPYKHbIX M BHYTpPEH- .
HUX TeJ BpalleHUs: uvmmmpuqecxux KOHHYECKHX, cq)\epuqecxux u ¢da-
COHHBIX."

Ilpu ToueHHH 3aroToBKa 3aKperuisercs B yCTaHOBJIeHHOM Ha LNHH-
Jiee CTaHKa NaTpoHe W BpalllaeTcs, a 3aKpellIeHHbi B pe3lefepkarene
Pe3ell COBepIIaeT NOCTyNATebHOe ABIMEHHE B NPOLONLHOM Spp 1 TO-
NePeYHOM Sy, HAlpaBJAEHHSX. )

ToKapHO-BUHTOPE3HbI CTAHOK OO6IIero HasHaueHwus [OKasaH Ha
puc. 2.25. Ha ocxHoBanuu ] 3akpemnieHbl crauHa /] u Kopsito /2 ans
cbopa crpyxku. Ha cranune /] pasmemienn nepensss Gabka 3 ¢ Ko-
POBKO# cKopocreli AN BPaLEHUs] 3arOTOBKHU C PasjJH4YHON YaCTOTOH H
Kopo6Ka nofau 2 A nepeMellieHHs DeXYIREro HHCTPYMeHTa ¢ pas3anu-
HBIMH [OJAYaMH Sy, M Spop. 110 HaNpapAsioliMM cTaHHHB 1/ nepeme-
IAeTCs CYNNOPT 6 C 3aKpelJeHHbIM B DeslefepKare/ae pesuoM H Qap-
TYKOM 9, a TaKkxe 3ajHss 6abKa 7, npejHa3HaueHHas A1 NoJAepxKaHHA
KOHIA MJIWHHOH 3arotoBkH. [IpHBOA CTaHKA -—— 3JIE€KTPOABHTATE/b —
YCTaHOBJEH B OCHOBAHUH [ U 3aKPBIT KOX\ NOM.

[
} ,
0 10 15 20 25 30 35 40 Trwu

72



IBixenue ot KopoGkH ckopocteii 2' nepejaercsi mexanusmam gap-
TyKa 9 uepe3 XoloBOi Bal 8 (IpH TOUEHHH) HJIM yepe3 XOLOBOH BHHT
10 (mpu wapesanun pes3nObl pesuom). Ha nepeanunx creHkax nepenmeit
6abku 3, KOpOOKH mnepefay 2 v (papTyka 9 pacnosoxeHbt PYKOSTKH
ynpasJiesnsi cTaHKOM. JkpaH 4 u HToK 5 ofecneunsaiorT Ge30NacHOCTh
paboThl Ha CcTaHKe. DneKTpoobOPYAOBAHHE CTAHKa COCPeJIOTOUEHO B
aneKTpomKa(py 13.

Puc. 2.25. Toxapno-BHHTOPE3HbI CTaHOK

0O6paGoTKa Ha CBepAMJbHBIX cTankaX. CBepJuJbHble CTAHKH Npel-
HA3HAUeHB! JJI W3rOTOBJIGHHS OTBEPCTHH B JeTaNsX. Jns nosbiinenus
TOUHOCTH M KauyecTBa OTBEPCTHH Nocsie UX o0paboTK¥ UCHOJbL3YIOTCS
3eHKepPE W pPa3BEPTKH.

Csepsia, 3eHKephl H Da3BepTKH npnmeﬂmm‘cz VISl H3TOTOBJIEHHS
CKB O3HBIX, TJIYXHX, CTYNEHYAThIX H r1yGOKHX OTBEpPCTHE C OTHOLUCHHEM
rJyOHHBl OTBEPCTHS K ero AuaMerpy OoJiee NATH.

Ha puc. 2.26 nokasaHbl OCHOBHBIE YacTH cBepJsa (@), 3eHKkepa (6)
U pasBepTku (8). Pexylwas uacts / y cBepsl uMeer jABe pexyumye H Mo-
NepeyHylo KPOMKH, ¥ 3eHKepPOB — HECKOJABKO PeXYILHX KpPOMOK (3—4 .
H 6oJee), y pa3BepTOK PeKYIIAas YACTb MOMET UMeThb HaudadbHBLIH KO-
Hyc / # 3a00pHbIff Kouyc 2.c GOJbWIHUM  UHCJIOM PEXYHUIHX KPOMOK
(6—12 u Gosee).

Hanpagasiomas vactb 2 y cBepa umeer IBE JIEHTOUKH W OGPATHbIH
Koryc (D > D;) ¢ yriom @' = 1 < 3° 1as yMeHbUIEHHS CHA TPEHHS
CBEpJia O CTEHKH paspaﬁaTuBaemoro OTBEPCTHS;, y 3eHKEPOB HaNpas-
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Adolas 4actb 2 -— HECKOJbKO JIEHTOUEK M yroi ¢ =1--2°% pas--
BepTKH KpOMe HamnpaBJ/siollell HMeloT KajuOpylolyio yacTh 3, Tou-
HOe HU3rOTOBJEHHE KOTOpOoil obecrneyHBaeT MOJyuYeHHE OTBEPCTHH
C BbICOKOH TOYHOCTBIO H KauecTBOM 00palGOTaHHON NOBEPXHOCTH.

Pabouast yacTe 3 y cBepJsl H 3€HKEpPOB BKJIOUaeT pexyuyio I u
HampaBJasiowylo 2 yacTd, a 'y pa3BepTok pabouasi yactb 5 AOMON-
HHTEJILHO UMeeT O6PaTHBIA KOHYC 4 ¢ yrioM ¢;=4--5°.

2 7
6 Dr
S\w i
179 Ry
5 4 3
a) 2. y
J D1
- r__i - - —:§‘/ ID
5 4 3
} 4)
D i
oy — __\r
1 <
,ﬁ\/.\i {
) 4 3 |2
7 6 5
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Puc. 2.96. OCHOBHbE YacTH H KOHCTPYKUHH CBepJa
(a), seHkepa (6), passeprxH (8)

Wefika 4 y cBepst H 3eHKepPOB H LIefika 6.y pPa3BepTOK fABJAAETCA
[nepexoAHOH 4acTbio OT paboyeil YacTH UHCTPYMEHTA 'K €ro XBOCTH-
Ky & (7 y pasBeprok). Jlanka 6 npepHazHaueHa AJA BuIGHBAHHS

. MHCTPYMEHTa U3 NaTpoHa. : ‘

Y cBeps H 3eHKEpOB yroJsi HaKJQHA BUHTOBBIX KAHABOK & LJsI BhHl--
X0Jla CTpYXKH H3 oOpabaTbiBaeMoro . OTBePCTHSt COCTaBJISIET COOT-
BeTcTBeHHo 52—40 u 20-—30°.

Yron npu BepiiHHe cBepJa 2¢ HaXOAUTCH B npesenax ‘60— 140°,
yroa 2¢ y 3eHkepoB — B npepesax 90—120° yroa 2qq, pa3Beprok—
90°, a yroa p=1,5°

O6pabGoTky oTBepcTHii, KaK NMPaBHJIO, NPOU3BOAST HA BepPTH-
Ka/lbHO- H PaJHaJIbHO-CBEP/IHBHBIX CTaHKAX C BEePTHKAJbLHBIM pac-
MnofoKeHueM WHHHAeASE.

BepTuka/bHO-cBep/AH/bHBIE CTAHOK floKazaH Ha. puc. 2.27. O6-
pabaTeiBaeMas AeTalb 3aKpemdsieTcss Ha cTose 2, KOTOPHI# ¢ [MOMo-
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HibIo BHHTa | ycTaHaBJHBaeTCs Ha onpeneneﬂny}o BbICOTy B 3aBH-
CHMOCTH OT BBICOTH 3aIOTOBKM H 3aKpeIIsfeTcs PYKOSATKO#H 8 OTHO-
CHTEJIbHO CTaHHHB 9. Pexylinii HHCTPYMEHT 3aKpenuifieTcsi B UINHH-
aese 3, NOAyYaolUIeM: BpaIlaTe/NbHoe ABHMKeHHe OT 3/CKTPOABHraTe-
Jas 7 yepes KopobOKy cKopocTell 6 W ABHXKeHHe NOJAYH OT KOPOOKH
nojnay 5. BepTukasbHOe nepeMenleHHe MIHHAeAS 3 TaKXKe MOXKET
OCYIIECTBJATLCSA BPYUHYIO ¢ MTOMOILLIO MaXOBHKA J.

Paguanbuo-cBep/n/bHbIE CTAHKH MNpeaHasHaueHbl s ofpa-
BOTKH TAXKeNBIX H KPYyNHOraGapHTHBIX 3arOTOBOK, KOTOpre CJIOMHO
HJIH HeBO3MOXKHO 06paboTaTh Ha BepTH-
KaJIbHO-CBepJIHJbHBEIX  cTaHKax. - Ilpo-
JNOJBHO-CTPOrabHble CTAHKH MPHMEHS-
10Tcs 418 06paboTku prnHoraéapmme
H TAXKeJbIX 3ar0TOBOK,

O6pa6oTka Ha Qpe3epHBIX CTAHKaXx.
®PpesepHble CTaHKH TNpeIHAa3HauYeHH 15
06paBoTKH NJIOCKHX 1 QPaCOHHBIX NOBEpPX-
HOCTe#, Na3oB, KAHABOK, BHICTYNOB, 3y0-
HATEIX KOJIeC, HAPYKHBIX H BHYTDEHHHX
pesns.

‘dpesepoBaHue OCYINECTBIAECTCA PEKY-

MM HHCTpyMeHTOM—d{pe3ofl, npexcras-
Jgswoued coboft Tes1o BpalleHud, Ha ofpa-
syioueld u(HaH) TOPUEBOH NOBEPXHOCTH 2 i
‘IEOTQPOFO pacnoJioKeHbl pexXyuue 3yobs. . W}
JIaBHOe JBHIKeHHE NpH ¢dpezepoBaHHH— i
BpalleHHe Ppe3bl; ABMXKEHHE IOJAUH CO-
BepIIaeT 3alOTOBKa (HHOrAa ¢pesa).
®pe3nt (puc. 2.28) MOryT GHITL CAMBIX
pas/IMUHBIX KOHCTDYKIHH, M3 KOTOPHIX
HaHnGoJMee PacpOCTPaHEHHBHIMH ABJSIOT-
Cl LHIHHApHUecKHe (@), AHCKOBHE (6), pye 2.27.  BeprukisHo-
KOHILeBhIe (8), TOpHeBHIE (e-) u QacoH- CBEDJIHbHBIL CTAHOK
aele (d).

Hs rpynnel gppesepHbIX CTaHKOB HaHOOJbIIeE pacnpocTpaHeHHe
HaXOIAT TOPH3OHTAJNBHO-Gpe3epHble, - BepTHKa/bHO-(Dpe3epHble U
- IPOAOJBHO-pesepHLIe.

B ropusontanbHo-ppesepHOM cTaHKe (pnc 2.29) wnueAenap 6
pacnonoxeH ropu3oHTaJbHO. Ha cranunue 2 pasmenied xo60T 7, He-
CYWIH# moAJepxuBaloWyIo cepery 8. ®dpesa wau HaGop ¢pes ykpen-
JdeTcs B ONpaBKe, OJHH XOHel KOTOPOH yCTaHaBAMBAaeTCs B HINHH-
aeab 6, a BTOpoii—B oTBepcTHe cepbrd 8. KoHcosb 1 nepeMemaercs
B BEPTHKaJbHOM HanpapJieHHH MO Hanpasjsioulum cranudn 2. [o
HanpasJsoIHM KOHcouH [ nepememaiorcs canasku 3. Ha koncoun
7 ycraHoBJseHa noBopoTHas nuurta 5. [lo HanpaBiasIOWHM NJIHTH ca-

J1a30K 3 nepeMemaercs crosl 4, Ha KOTOPOM. SaerﬂJIHETCH 06pa6a
ThIBaeMas 3aroToBKa.
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BepTHKanbHO-Ppe3epHBIi CTAHOK HMeeT BePTHKAJLHO pacnoJo-
JKEHHYIO IINHHAEABHYIO TONOBKY; KOTOpas NpH oOpaboTke HaKJOH-
HBIX [IOBEDPXHOCTEH . MOKET NMOBOPaYHBATHCS B BEPTHKAJIBHOH IJIO-
ckoctd. IlpoposibHo-ppeseptibie cTaHKH TpeiHasHaueHsl AJTs obpa-
6OTKH KpYNHOTaGapHTHLIX U THAXKEJNBIX 3ar0TOBOK.

O6paborka wandosannem, lllindoBanneM HasbiBaercs Cnocob
o0paboTku MaTepHaJ OB Pe3aHHEM, OCYILECTRASAEMbIH MaCCOBBIM CKO-
poctabiM (v=8--50 M/c u Gosee) MuxpopeszaHHeMm (iLapananuem)
MOBEPXHOCTHBIX CJI0€B TBepPAbIX TeJ OOJbIIMM YHCJAOM MeJdb4aillinx
3epeH, CLEMEHTHPOBAHHBIX B UHCTPYMEHT C NOMOILbIO CBSI3KH.

Ilpouecc mingoBanus HCOOJb3YyeTCS KaK 3aBeplualolias yHeTo-
Bas 06paboTKa ¢ MoJyueHHeM pasMepoM - jJeTasell ¢ TOUHOCThIO N0

Puc. 2.28. OctoBHbe BHIBL pe3

6—7-My KBaJHTETaM M UIEPOXOBATOCTHIO NOBEPXHOCTH Ry= 0,08+
0,32 MKM ¥ Kak 06aupouyHas o6paboTKa NPH OUHCTKE JIHTHSA, NG-
koBoK u 1. A. IHnudosanne ocymecrBasercg oco6uIM BHAOM HH-
CTPYMEHTOB ~— WJIH()OBANbHEIMH KPYraMy.

Maudopanphbli Kpyr npeactasiser coboit reOMeTpmeCKH npa-
BUJIBHOE TEJO, cocTosAllee H3 wWaHboBaAsHEX (abpasHBHBIX) 3e-
peH, CBA3KH H TIPOMEXKYTKOB (Icp) Mexidy HHMH. B 3aBHCHMOCTH
‘OT NPOLEHTHOrO COAEPKAHHs aGpasHBHBIX 3epeH B o0ObeMe: ilIHdo-
BaJbHBIX KPYIOB HX CTPYKTypa MoxeT OblTb mioTHo# (62--56 %7},
cpeaneit, (54—46 %), orkpbitoii (44—38 %) u oueHb OTKPHITOH.
(36—22 %). CprKTypa ‘Kpyra ofo3HauaeTcss HOMEPOM: COOTBETCT-
BeHHo 0—3, 4—8, 9—12, 13—20.

: HlJm(pOBaanble KPYrH UMeIoT pasJyMuyHyio GopMy H HSOG})H(K(’
. Hb! Ha-puc. 2.30, .

© Jlnst M3roToBieHHS mnmbosanbﬂbxx KPYrOB MCIOJb3YIOT CllenyIo-

LiMe HCKYCCTBeHHble aGpa3HBHble MaTEPHAaJIbl: NEKTPOKOPYHAL (KpH-

ctanabl okcHia anomuuus Al,O; ¢ no6aBkaMH), HOPMaJbHLIA KO-
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pyun (yciosHoe o6osnauenne 124, 134, ..., 16A), 6Geawit xopyun
(224, ..., 254), XPOMHCTBI KOPYHJ (C HoOaBKaMH COelHHEHHH XpoMa
324, ..., 34A), vonokopyHa (KpHcTamiast Al,O, npaBunbHo# (opMel
43A, ..., 45A), kap6unbt kpemHust (SiC) uepHuiit (53C, ..., 55C) u -3e-
nenbtit (63C, 64C), anmaspl npupomneie (A) u cunternueckue (AC),
HHTPHA Gopa (3awbop, JIO u JIM). : .

A6pasuBrbie 3epHa B 3aBHCHMOCTH OT Pa3MepoB JeNATCs Ha CAelylo-
mue rpynnoe: wiaudsepra (Ne200—16), miudnopowxn  (Ne 12—
-—4), MUKponopowkH (M40-—-M5), -

Casizku 1ndoBaIbHBEIX KPYFOB JEMATCH HA - HEOPraHWYECKHEe U Op-
rannueckue. HanGonee pacnpocTpaHeHHas M3 HEOPraHMYeCKHX CBS30K
Kepamuueckas (yc/oBHOe 0603HaueHHe :

K}, cocrosuan u3 orueynopHo# riuHs,
AKHJLKOTO CTEeKsa, TMOoJIeBOro mmnara o
APYIHX KOMIIOHEHTOB, a M3 OpraHuuec-
KHX — 6akesntoBasa (B) u By/akaHHTO-
Basi (B), . OCHOBOM KOTOpHIX COOTBET-
CTBEHHO : IBJAOTCA GAKENUT M KAYUyK.

Mlnndosanpheie  Xpyru o6Jjanarot
CHOCOGHOCTBIO YACTHYHO HJTH TIOAHOCThIO
€aMo3aTayuBaThcsl, T. €. CaMOyJdaNfTh-
csl NOA JACTBHEM CHJ pe3aHHs 3ary-
NUBINHXCs a0Pa3UBHBIX 3€peH M  ofHa-
JKaTh OCTPHIE FPAaHH 3epeH CiepyIoero
psja. 310 CBOHCTBO LTHHOBANBLHBIX
KPYroBs XapakTepH3YeTcs - TBePLOCTHIO.

Puc. 2.29. TopusonranasHo-
Tlox TBEpHOCTHIO 1TH(OBANLHOTO KPY- | (pﬁes%p}[;% cranon
ra - NOHMMAIOT COIPOTHBJSIEMOCTb Bbi-
paBHMBAHHIO A0Pa3UBHBIX 3€peH NOJ JeH- . ‘
cTBHeM cuJi pesanud. [lo TBepaocTH mIH(OBaAJbHBIE KPYTH AENATCA HA
markue (M), cpeanemsrkue (CM), cpennue (C), cpeanersepanie (CT),
tBepasie (T), Becbma TBepanie (BT) u upessbivafino Teepasie (UT), npu
ITOM YeM MsArye KPYyr, TeM Jierde MOTYT ObTb BHIPBAHBLI M3 CBA3KH 46-
pa3uBHble 3epHa, ¥ HaoGopor. i uwuupoBaHuA JeTaled ¢ BLICOKOH
TBEpPAOCTHIO - UCNOJIB3YIOT MATKHE KPyru, M Haobopor.

HlnndoBanbuble CTAHKH NOAPA3ACASIOTCH HA CTAHKM AAS KPYIJIOTG
WIH(OBAHHS M CTAHKH MJIs1 ILVIOCKOTO. INJM(OBAHHS. ,

Ha pue.s2.31 nokasan KpyrjouniugosaibHblil CTAHOK, PeaNn3yomHi
cxeMy xpyrJoro unindosanus (cM. puc. 2.19). Ilo nanpasasonium cra-
HHHE! | BO3BpaTHO-NIOCTyNAaTeqbHO nepememiaerca cron 3 ¢ nepenHed
6 u 3anHedt 4 GabKaMH, MeXJ1y LEHTPaMK KOTOPHIX pa3meliaercs obpa-
GaThiBaemasi JeTanb, HMelolllas BpallateNbHOe IBUKEHHE OT NPHBOLa
nepenxeil 6abku 6. BpamatenbHoe IBHKEHHE JieTalH COBMECTHO C ee
BO3BPaTHO-HOCTYNATENbHLIM NlepeMelenneM obecrneunBaer o6paGoTKy
BCefl' ee IUIMHAPHYECKOH NOBEPXHOCTH BPAILAIOMIUMCS  KPYTOM, yCTa-
HOBJIEHHBIM Ha lutHoBanbuofl G6abke 6. llaudoBannHas 6Gabka pas-
MelleHa Ha NonepedHbIX CaJsa3Kax, KOTOphle ¢ NOMOILBIO MaXOBHKa 9

77



. MIOJIy4aloT NoMepeuHoe OTHOCHTEJILHO - IeTa/NN NepeMellledre Iasi yCra-
HOBKH 3aJlaHHOH I'MyOHHBI ULTHGoBaHHA. [l dBTOMaTHUECKOrO peBep-
CUPOBaHHS NOCTYNATEJbHOrO TNepeMeliens cTola 3 CAyXKaT KyaaukH
2, B3aNMOJeHCTBYIOLLHE C PblYaroM-8 ynpasjleHHsi CTAHKOM; DYy4YHoe Ile-
pemeliieHre crona 3 OCYLIECTB/ACTCA MAaXOBHKOM 7. [l WAHGpOBAHHS
KOHHYECKHX Jerasteif croa 3 noaopaquaaerca Ha onpeneneﬂﬂbm yroJ
B FOPH30HTANBHOH MJIOCKOCTH.

CTaHKH C YMCIOBBIM NPOTPAMMHBLIM ympasJjeknem. bonee 70 % wus-
Aenuii B MallHHOCTPOEHHH H3TOTOBJ/ISAETCH B YCJIOBHSIX CEPHHHOTO M Me-
D KOCepHHHOTrO ~ Tpou3BOAcTBA.  DdpekTUBHBIM
— CPEeJCTBOM aBTOMATH3alMH MEJKOCEPHHHOIC H
I =} CepHHHOro TPOHMIBOACTBA MBJAETCA HCNOJb3O-
i BaHHE CHCTEM YHCJOBOrO NPOrpaMMHOLO YNpas-
a_i- gaedus (UITY) merannopexymiumy cTaHKamH.
2 B crankax ¢ UITY ynpasienne paGounmu opra-
"HaMH B TIipouecce oOGpaGOTKH TNPOH3BOAUTCA
aBTOMATHYECKH 10 3apaHee pa3paboTanHoO# npo-
%) rpamMe Ge3 HENOCPEACTBEHHOrO y4acTHH de-
JIOBEKA.

[To 3agaHHOH nporpamme NPOHUCXOOUT nepe-
MellleHHe HCIOJIHMTE/IbHbIX OpPraHoB CTaHKa Ha
HeOOXOJHMYIO BEJNHUYHHY, a TAaKXKe MPOHUCXOLUT
CMeHa pexyllero Hucrpymenra. [Tpoussoaurenn-
HocTb Tpyla mnpu paboTe Ha craHkax c¢ YIY
yBeJHyKBaercs B 3 — D pa3 IO CPaBHEHHIO C
yHHBepCaJbHEIMH CTaHKaMH G6e3 aBTOMaTHYec-
KOrO0 yNpaBJeHHS INPH H3TOTOBJEHUH TPOAYK-
MM B MEJKOCEPHHHOM 'H CepHHHOM MPOH3BOI-
ctBe. PPeKTHBHOCTL HCTOJB3OBAHHA CTAHKOB C
YITY B 3THX MNpPOM3BOACTBaX 0GYycC/OBJIEHA He-
3HAYHTE/NbHEIM BPEMEHEM, HEOGXOAHMBIM ~AJs

14

7

: afajfky CHCTeMbl A4 K roro
Puc. . 230 Tunome flepeHanaJKy CHCTeMbl A/ 06paGoTKy 11py
dopMbl maRGpoBanbHpix  THIA — pasMepa JeTajiH. _
KpYros: ~ Hlpn mMexanuyeckoii o0o6pabGOTKe 3arOTOBOK
‘ a-ﬁm} (naoexii npa- Jo/kHa ObITh obecrnieyeHa onpeneseHHas noce-
Mo d B (piexoshit): 0BaTeNbHOCTh PAGOYHX M XOJOCTHIX JBHIKEHHUIT
aunuapudeckuil); ' 2 — HK

{vanreusblii KOHHUeCKHH);
d.—T (Tapenbuarhlit)

B CTaHKaX, KOTOpasi HasblBaeTcsi NPOrpamMmoi.
[Tpu aBTOMaTHyecKOM yTpaBJeHHH Nporpamma
JXOJKHA BHIMOJIHATBCS 03 HenoCpeACTBEHHOTO

ydacTus uenopeka. 3amuck nmporpammsel B ctaHkax ¢ YITY, kak npa-
BHJIO, OCYUIECTBJISIETC Ha NepposeHTy.
[lepbonenToft HasbBaeTCst CHEIHATbHOIO THNA NéHTA, HA KOTOPOH

ﬂpOéHTbI B ONpele/NCHHOM TlopAJKe OTBEPCTHS.

[Tepdonenra - umeer

BOCEMb JOpOXKeK, WIHpHHY 25,4 MM ¢ marom nepdpopaunH 2,5 mm. [lep-
thosieHTa MOXKeT ObITE OGyMaXKHOH H/M MJIACTMACCOBOH.

Cranxy ¢ UITY uMeloT Takyio e KOMOOHOBKY, Kak H paCCMOTpeH-
Hble. paHee CTaHKH C PYYHBIM YUpaBJeHHeM.
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Ha puc. 2.32 nokazan mHoroonepauuoHusifi cravok ¢ UITY ¢ aBro-
MATHYECKOH CMEHOH pexyllero HWHCTpyMeHTa, MpeiHa3HaueHHbH MJIA
~00pabOTKH NPH3MATHUECKUX H KOPHYCHBIX JAeraseff ¢ pasHbBIX CTOPOH
H BBIMOJHEHHS oONepauui cBepsieHHs, 3eHKePOBAHHSA, pa3BepPTbIBAHMA,
HapesaHHus pe3bObl, (hpesepoBaHus, noipesaHus topuos H Ap. Crofika
8 mepemelnaercsl M0 FOPU3OHTAJNbHBIM HANPABJAAKLIAM CTAHUHBI B Ha-
npaBJeHid, napaJieJbHoM ocH wnuHaess I cranka. Cron craHKa Bbl-
TOJTHEH W3 ABYX 4acTtefi: HHXKHAA vacTb [0 nepemeulaercs Nno ropH3oH-

._+ /

5 4

/

G AL A Z Z Z 72

Prc. 2.31. Kpyromaubopaabhsifi cTaHOK

TaJ/IbHBIM HafPaBJSIOIHM CTAHUHLl B HANPABJCHHH, NepHeHIHKYJIAPHOM
OCH LINWHAEAA | craHKa; BepXHsif yacTe // BhINOJIHEHA TOBOPOTHOI,
[Hnungenbuas 6abka 2 nepeMeriaeTcss B BePTHKAALHOM HATPaBJECHUN
MO HanpasAAOWMM cToiiku 3. /Buinonnennsifi B Bufe GeckoHeuHO neH-
Thl HHCTPYMEHTA/bHBI MAaTa3HH § Hecer rHe3/ia, B KOTOPHIX Pa3MerialoT-
cfl ONpaBKH C PA3JHYHBIMH HHCTpYMEHTaMH. ABTOMaTHYECKAas CMeHa
PEXYIIEro HHCTPYMEHTA MPOH3BOAMTCSA C NMOMOLIBIO aBrooreparopa 4,
KoTopbiit o KomaHie cuctembl UITY cranka usB/exaer U3 COOTBETCTBYIO-
LEro rHe3[a Mara3una 5 HeoOXOAWMBIH eyl HHCTPYMEHT H mepe-
MelllaeT ero B WNHHAENb ATA 3aKpensienns. [IpucnocoGaenne- -CNyTHHK 7
€ 3aKpen/eHHON Ha HeM 3aroTOBKOH 6 pasMelllaeTcsi Ha yCTAHOBJIEH-
HOM Ha CTaHHHe 8 JONOJIHHTEJAbHOM cToje 9. B Havasie nukna o6pa6or-
KH IPHCNoco6aeHHe-CIYTHHK 7 ¢ 3aTOTOBKOH 6§ MepeMeliaercsi Nno cro-
Ay 9'B HanpapieHudl yCTAHOBJEHHOTO B MNOJOXKEHHH 3aTPy3KH CTONE
10, 3arem npncnocoéneﬂﬂe -CIlYTHHK 7 ¢ 3aTOTOBKOH 6 pasMelnaercsi Ha
NMOBOPOTHOM yacTH /1 cTona, UKCHPYETCH OTHOCHTENBHO HEro, CTOJ
nepemeliaeTcst B 30Hy oépaﬁonm U 3aFOTOBKa 00pabaTbiBaeTcsl cO BCeX
cropoH. Bo BpeMst 06pabOTKH 3aroToBKH 6 Ha JONOJHUTEbHOM cTosie 12
rotoButcst K_obpaboTke caepyiouias 3saroroska 6. [Tocne oGpaGorkn

79



Jera’ib 6 BO3BpAallaeTCss Ha JAONOJHHTeJNBHBIH CTO1 9, a 3aroToBKa 6
€O crojia /2 aHAJOFUYHO OMHMCAHHOMY lepeMellaercss B 30HY pe3aHus,

MpombitinetHbie poGoTsl W POOOTHIHPOBAHHLIE TEXHOJNOTHYECKHE
kommaekenl (PTK). Cranok ¢ UITY aBaserca nonyasToMaroM, Tak Kak
paGounii HHKJ o6paloTKH AeTaNH OCYILECTB/SETCsl aBTOMAaTHUECKH [0
nporpaMme, 3amucaHHoM Ha nepdoJsieHTe WIH MarHMTHOH JeHTe. Yua-
cTHe uesioBeka B pabore cratka ¢ UI1Y cBoanTCS B OCHOBHOM K mepe-

Puc. 2.32. Muoroonepansosssiit cranox ¢ YITY

MEIeHHIO JIeTaJy B 30HYy 3aKperjeHus JeTalH ¥ nocje asroMarHue-
cKoii 06paGoTKH JAeTasid — K €e PACKPeNJIeHHI0 W IMepeMelleHHio H3
sousl obpaborku. [elicteusi paGouero npu paGore Ha cranke ¢ UITY
B Hacrosilliee BPEMSi YCMe[lIHO 3aMEHSIOTC JeHCTBHSMH aBTOMaTHYe-
CKO# MalUMHB — TIPOMBILIVIEHHOTO poboTa.

[poMpuniedHblt pobOT — aBTOMaTHyeCKas MaluuHa, 3aMeHArasn
GYHKLMM YeloBEKa TpH TepeMellieHHy NPeAMeTOoB NPOKH3BOACTBA H
(A7IH) TeXHOJOTHYeCKO# OCHACTKH. ’

[pombitienHbie poGOTH! NOBLIIAIOT NPOUIBOAUTENBHOCTL TPYAE, NO-
3BOJISIOT OCYIIECTBHUTH KOMIIEKCHYIO ABTOMATH3aLHMIO [POH3BOACTEA,
0cBOGOXKAAIOT YEJIOBEKA -OT MOHOTOHHbBIX, TSXKEAbIX, ONACHBIX ¥ Bpel-
HBIX pa6oT. BaKHbIM JOCTOHHCTBOM NPOMBIIVIEHHBIX POGOTOB SIBJETCS
BO3MOMKHOCTL HX OBICTPOH NePEHAJNANKH B YCIOBHAX HacToll CMeHbI
O6LEKTOR [IPOM3BOJACTBA, T. €. B YCJIOBUAX CePHIHONO ¥ MeJKOCepHi-
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HOrO NPOH3BOACTBA B KoMIeKce co crankamu ¢ U[TY; onu nasbiBaior-
¢f pPOOOTH3HPOBAHHBIMM TEXHOJIOTHUECKHMH KOMILIEKCAMH.

PoGoTusHpoBanHblii TexHoJoruueckuit kommnaexe (PTK) cocrour us
craika ¢ UI1Y, npomblitienHoro po6oTa v TaKTGBOTO CTOMA. TaKTOBBIH
CTOJI TpeAHa3HaueH A XpaHeHHs 3afaca 3aroToBOK M TNojaud HX
B 30Hy 3axBaTa NPOMBIILIEHHOro poboTta. *

I'n6kue npoussoacTBeHHble cHcTeMbl. Jl0Goe H3Zle/He, UCMOJb3ye-

MOe B HapOAHOM X03sIiCTBE MOPaJbHO, YCTapeBaeT, T. €. CTaHOBHTCH
HE COOTBETCTBYIOLIMM HACTOSIIIEMY YDOBHIO Pa3BHTHSI HAYKH H TeX-
HHKH H JOJKHO ObITh 3aMeHeHO Ha GoJsiee coBepiueHHoe uzjenue, Kpome
TOTO, KaxkJoe NMpeAnpHsATHe, KaK PaBHJIO, H3rOTOBJSIET €Y HOMEH-
KAATYpYy M3JENHH H AJA UX BbULYCKA ROJMKHO B Olpeie/enublit KajeH-
AapHBIA CPOK MEPEXCAHTh C H3TOTOBJCHUS OAHOTO H3LeJUs Ha ApYyroe.
L SPPeRTHBHOTO HEPEXLAY ¢ MITOTOBAEHMA UJHOPO WsIeANY N APY-
o€ lHPOKOo H'dlll/l'HalO'l‘ MCHOAB30BATbCH THOKHE HPOHUIBOUACTBEHUDLIEC CH-
CTeMHl, :
I'n6xasn npousBoictseHHas cucrema (I'TIC) — coBokynHOCTB He-
CKOJIBKAX WU OTAETbHOH €NHHHUBI TeXHOJOTHUECKOTO 00OpYLOBaHHS
1 cHcreMbl ofecnedeHns ee PyHKIMOHHPOBAHHA B aBTOMATHYECKOM pe-
HUMe, KoTopast ofJajaer CBOHCTBOM aBTOMATH3HPOBAaHHOH MepeHaJiaj-
KH NPY [[POU3BOJCTBE H3JeJIMil IPOH3BOJIbHOH HOMEHKJIATYDEI B YCTa HOB-
JIeHHBIX Tnpefesax 3HauyeHHH HX XapaKTepHCTHK.

I'TIC npeacrasJisier coboit KoMIIEKE, cocrofMit u3 DBM, HecKomb-
Kux crankos ¢ UITY, ycTpoicTs TPaHCNIOPTUPOBAHHS, 3arPy3KH 3aro-
TOBOK M Pa3rpy3KH JeTajied, KOHTPOJIbHO- U3MEPHTEIbHON CHCTEMBI U CH-
CTEMbl 3aMeHbl PEXYINET0 HHCTPYMEHTa.

I'TIC sBasieTcss MOLIHBIM CPeCTBOM COBEPLICHCTBOBAHHUA TPOU3BOACT-
8a # HMeeT BBICOKYIO TPOH3BOAMTE/IBHOCTE, HU3KYIO Ce6eCTOMMOCTD Mac-
COBOTO MPOH3BOACTBA H MOOHJILHOCTE MENKOCEDHAHOIrO NPOM3BOJICTBA,
obecrieudBaeT pafoTy TEXHOJOTHYECKOro OOOpYAOBaHHS B pexume
«Be3JTIOHOM TEXHO/IOTHHY, MOBHILAET KAYeCTBO NPOAYKLIHH W yMeHb-
UAET KOJHMYECTBO DPAGOYHMX, 3AHATHIX B .[POU3BOACTBE.

KonTpoabtisle BONpock

L. Kakue cyiectByloT cnocobbi 0GpaboTkn MeTanioB?

2. M3 KaKHX OCHOBHBIX 3TANOB CKJAAALBAETCS CXeMa aNTbA?

3. Yro rakoe MPOKaTKa, KOBKA, WTAMIOBKA?

4. Uro Taxoe cBapka?

5. Kaxne cymiecrByior BHAB CBapKH? '

6. B vyem 3akmodaercs CymHOCTb NAHKH METAJN0B?

7. Kaxue cyumecTsyor BHAW 00palOTKH METAJIOB H CIUIABOB pe3aHHeM?
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YACTDb I
3JEKTPOTEXHUYECKHE MATEPHWAJIbI

SaekmpomexnutecKumy Ha3BIBAIOTT MaTepHalbl, XapaKTepudyemble
onpejiesIeHHBIMH CBOHCTBAMH 10 OTHOIICHHIO K 3JIEKTPOMATHUTHOMY TMO-
JIIO W TIpHMeHsieMble B TeXHHKE C YU4eTOM 3THX CBOHCTB,

Ha npakTuke pasjuHuHble MaTepHa/bi NMOABEPraloTCs BO3AEHCTBUSAM
KaK OTAEILHO JIEKTPHUECKHX H MAHUTHBIX MOJeH, TaK M UX COBOKYII-
HOCTH. DJIEKTPOTEXHHYECKHe MaTepHalsl B MardMTHOM ToJie Tofpasfe-
JSIOTCSE Ha CHJIbHOMATHHMTHBIE (MarHeTHKH), W cjabOMarHUTHBIE, & B
3JIEKTPHUECKOM 110Jie — Ha NTPOBOAHHKOBLIE, AU3JEKTPHUECKHE H TIONY-
[POBOJHHKOBHIE,

Pasiinune Mexiy npOBOAHHKAMH, AHIJMEKTPHKAMH H MOJYNPOBOJ-
HUKAMH HauOoJee HalJSAHO WIIIOCTPHUPYETCS C [OMOLIbIO IHepreTH-
4YeCKHMX JAHarpaMMm 30HHOH TEOpHW TBepAOro Texa.

Kak H3BecTHO, 3/1eKTPOH B H30JMPOBAHHOM ATOME MOMET HaXOAHTb-
¢ JIMillb Ha CTPOTO ONPEIE/IeHHBX TUCKPETHHX JHEPTEeTHIECKUX ypPOB-

HSIX (COCTOSIHMSAIX).

JHepreTHYeCKHe YPOBHH OT/e/eHbl APYT OT APYyra 3HaueHHAMH 3Hep-
THH, KOTOpHIX 3JEeKTPOH B JAHHOM atoMe HMeTb He Moxer. Jluckper-
HOCTh 3HaYeHHH IHePrHHU 3/MeKTPOHOB B H30JHPOBAHHOM aTOME NOATBED-
KIAETCA XapaKTePoM CIEKTPOB HOIVIOUIEHHS, ¥ H3JydueHHs PasTHYHBIX
BEHECTB B ra3oo0pa3HOM COCTOSIHHMH, KOIJA aTOMbl OTCTOAT APYr OT
JApyra Ha GOMBUIHX PACCTOAHHAX, T. €. ONpPEAeNCHHBLIMH CIEKTPallb-
HBIMH JIHHUSMH, HaJHYHe KOTOPHIX 0GBACHAETCSH nepexozxom 3JIeKTpO-
Ha C OJHOro YPOBHs Ha APYro#. ‘
.~ Yacrp 3HepreTHYECKUX YPOBHeil 3anosiHeHa a.nemponaMH B HOpMaJib-
HOM, HEBO3GYXKIEHHOM COCTOSIHMH 4aToMa, Ha APYTHX 3JEKTPOHBI MO-
[YT HaXOAMTbCA TOJMbLKO TOrja, KOrla aToM INOABEPTHETCH BHELIHEMY
3HEPreTHYeCKOMy BO3JeHCTBHIO, T. €. KOrja oH Bo30yxaes. Crpemsch
nepedTH K yCTOHYMBOMY COCTOSTHHIO, a4TOM H3JyuaeT H3ObLITOK IHEPIHH
B MOMEHT fiepexofia 3JIeKTPOHOB C BO3GYXIEHHBIX YpOBHeil Ha YPOBHH,
rlie ero 3Heprus MHHHUMAJbHA.

IIpu ob6pasoBanun KpHcTala Gaarofaps cOMMKEHHIO OJHHAKOBBLIX
aTOMOB Ha PaccTOAHHA OJH3KHE K PACCTOSHHIO MEXAY aTOMaMH B KpH-
CTA/IIMYECKOH pelIeTKe, HAaYHHAeT TPOSBJATBCA B3aHMOJEHCTBHE aTO-
MOB MeXAy coboii. B 3ToM ciyuae Bce sHepreTHuYecKie YPOBHH (KaK 3a-
NOJHEeHHbIE 3JICKTPOHAMH, TaK M He3alloJIHEHHBIE) pPAaCIUENIsIOTCS .
‘Takum ofpa3oM, U3 OTHENbHBIX 3HEPreTHYECKHX ypOBHell yelHHEHHBIX
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.aTOMOB B TBepJioM Tese ofpasyercs Lieas noJjoca -— 30Ha 3Hepreruue-
CKUX ypoBHe# (puc. 3.1). YpoBHe#l B 30He CTOJBKO, CKOJIBKO aTOMOB
B JAHHOM KDHCTa/lMUecKOM Teje, a B KPUCTa/lJe CTOJbKO TaKUX 30H,
CKOJIBKO :3HEpPTreTHYeCKHX - YPOBHEA B H30/MPOBAHHOM AaTOMe 3TOTO
peirecTBa. [Ipu 3TOM 3HEpreTHYeCcKHUe 30HBI, COOTBETCTBYIOHIHE BHY-
TPEHHHM 3JIEKTPOHAM, GYAyT Oosiee Y3KHMH, YeM 30HbI, COOTBETCTBYIO-
LlHe BHEUIHHM 3J1eKTpoHaM. OObsACHSeTCS 3TO TeM, UTO BHYTPEeHHUe
3JICKTDOHDLI - .0oJlee TeCHO CBf3aHLI C aTOMaMH H BJHAHHE Ha HHUX cCoO-
CeJHHX AaTOMOB éOOTBETCTBeHHO cnabee. :

a)

Puc. 3.1. DHepreTnyeckas auarpamma HSOJIHPOBaHH‘OF()» aroMa (@) ¥
HeMeTasJIHueckoro TBepAoro rtena (6). TopusoHTaibHBE JHHWH COOTBET-
CTBYIOT DPa3]e/iéHHBIM 3HAUEHHsM 3HEPTHH 3JEKTPOHOB

‘

OOCbiuHO mMpHHa 30HH — NopsAaka | 3B (3nexrpon-Bonbt). Tak Kax
B KyGHYeCKoM MeTpe TBEpIOTo Teda BellecTsa COREPIKUTCA NPUMEPHO
10* aromoB, TO ypoBHH B 30HE KpHcTaasia pasmepom 1 cM® orcrosT
Ipyr ot apyra Ha 10~ 3B. Dro 3Hau€HHe 3HEPTHH FOPA3J0 MEHbIIe
TeX BHELIHHX SHEPreTHUeCKHX BO3AEHCTBHH, KOTOPHIM OOBIYHO TIOABEP-
raioTcs MarepHalipl (TEIVIOBOH 3SHEPTHH, SHEPTHH CBETOBHIX KBaHTOB
‘% 1. 1.). TlosToMy eciv B 30He He BCe HEPreTHYECKHE YPOBHH 3aHATHI
3/eKTPOHAMH, TO 3/MEKTPOHBI MOTYT, TIOBHILIAs CBOI SHEPIHIO 33 cuer
3HepriH BHEUHUX BO31eHCTBHUiA, MepeXoxHTh Ha GoJjee BbICOKHE CBOGOA-
.Hple ypoBHH. Takne 31eKTPOHBI, HaXOAAlWECs BHYTPH YACTHYHO. 3a-
TIONHEHHOH 3IHEPTeTHYECKOH 30HBI, HA3BIBAIOTCH CB06OOHbIMU: INCKMPO-
~Hamu B TBEPAOM Telde. ECiM K KPHCTAMLy NDPHIONKEHO . 3JEKTPHYE-
CKOE TOJIE, U3MEHEHHIO 3HEPTHH CBOGOXHBIX 3JIEKTPOHOB - COOTBETCT-
ByeT HalpaB/eHHOe NepeMellieHne WX B NMPOCTPAHCTBE, T. €. CBOCOAHbIE
3JIEKTPOHBl OOYC/IOBJIMBAIOT IIPOTEKAHHE 3JIeKTPHYECKOro TOKa.
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Duepreruueckde 30HbI, 00pa3oBaHHBIE COBOKYIIHOCTDIO 3HEpreruye-
CKUX YPOBHeH, Ha3HIBAIOT 30HAMU PA3PEUIEHHbIX BHAHEHUL dHepeul Wk
- paspetuerHbimy, 308amyu. PaspelieHHbie 30HB OOBIYHO OTHENEHBI  APYT
OT Apyra 3anpelieHHbIMH 30HaMH, T. €. NPOMEXYTKaMH 3HAYeHHH sHep-
THH, KOTOPbIMH 3JEKTPOH B JAHHOM KpHCTajse 06.]aJath HE MOXKeT.
- PaspelieHHbple 30HB, COOTBETCTBYIOUIHE BHYTPEHHHM 3JIEKTPOHHEBIM
op6uTam B aToMax TBePOTro Tena, OOBIYHO NOJHOCTHIO 3aTIOJHEHB! /1K~
TPOHAMH M IIO9TOMY 'He PaccCMatTpUBAlOTCA TNPH UBYUEHHH 3JEKTpHYe-
CKHX CBOWCTB TBEpPABIX Tes, DIEKTPHUECKU#l TOK B TBepABbIX Telax Mo-
Jora
npo8odumotmu
o

JOHG
>

HENNEN
M

Banenmnas -
Jowa

9 9 8

Puc. 3.2. KapTHHa 3HepreTHYeCKHX 30H:
@ — B H30AATOpe; 6 — B NOAYNPOBOAHMKE; 6 — B MeTaanC

IHEPZUSR e

et GbITh OGYCJOBJEH 3JEeKTPOHAMH, NepeMelialouiMucs ‘B 30He, Cco-
OTBETCTBYIOIIEH . BaJIEHTHOH .3/J€KTPOHHOM 000/10UKe, — BaJIeHTHOR 30-
He, WY 5JeKTPOHAMH B paspelleHHoil 30He, pacloJoKeHHOH -Haj Ba-
JIEHTHOHR — B 30HEe TIPOBOJUMOCTH. ¥ NPOBOJHMKOB M TBEPHABIX JH3JEK-
TPUKOB BaJIEHTHAS 30HAa NpH Temieparype abCO/OTHOrO HyJs U B
TEMHOTE TOJTHOCTHIO 3aNIOJIHEHA 3JEKTPOHAMH, a OTAeJeHHast OT Hee 3a-
TIpeilieHHo# 30HOH 30Ha NPOBOAUMOCTH MOJHOCTHIO cBoGoAHA (pHc. 3.2).
Y nosynpoBOAHYKOB [HMPHHA 3aMpelleHHON 30HB! OGLIYHO MEeHbLe
3 3B. Ilpu oTCYTCTBHU B NOJYIPOBOAHHKE CBOGOLHLIX 3/IeKTPOHOB NpPH-
JIOMEHHOE K HeMY 3JIeKTpHYeCKoe HoJie He BhI3oBeT ToKa, Ec/iu snekrpon
B BaJIEeHTHOH 30He NpPHOGpETaeT (TENJIOBEIM; ONTHYECKHM HJAH HHBIM
nyTeM) AOCTAaTOYHYIO 3HEPTHIO /s NPEOJOJIEHHS 3alpelieHHOH 30HBHI,
TO OH OKa3biBaercs B 30He npoBojumoctd. Cpefy 3/1eKTPOHOB B BaJIEHT-
HOM 30He 06pa30BaoCh BaKAHTHOE MeCTO. ECJH NPHIOKEHO BHElIHee
3JIEKTPUYECKoe ToNe, TO OfUH M3 3/71eKTPOHOB (B BasleHTHOH 30H€) B co-
ce/iHeM aToMe HpUHOOpeTaeT JOCTaTOUHYIO HEPrHuio, 4Tobhl ‘3aHATH Ba-
KAHTHOE MECTO, OCTaBHB BMECTO celsi TakyKe BaKaHTHOe MecTo. TaKum
ofpasoM, COCeHUI 9/JeKTPOH NPH BO3AEHCTBUH BHEITHETO N0 3aHOJMHUT
BHOBb CO3RAHHYIO ‘BAKAHCHIO, T. €. HAYHETCA HeNpephBHHIH Ipoilecc.
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DT1OT HPOLECC MOXKHO PACCMATPUBATL Kak -ABMXKeHUe BaKaHTHOTO
Mecta B BaJIeHTHOH 30He, KOoTopoe o0blYHO HaswiBaloT deproi. Crenyer
OTMETHTb, YTO JBIPKAa — 3TO He MPOCTO OTCYTCTBHE 3JIEKTPOHA, 3T0
OTCYTCTBHE 3JEKTPOHa B TNOJHOH B APYTHX OTHOLIEHMSX KOBAJIEHTHOMN
CBS3W . MEX(y aToMaMM KpHcradaa. KoBajeHTHasi cBsidb oOpasyercs
MEXAY JIEKTPOHAMH COCEJHMX aTOMOB, KaXIbIH H3" KOTOPBIX BJajeer
3THMH. 3/IeKTPOHAMH COBMECTHO ¢ APYTHMH aToMaMH. Bce 3jekTpoHsl
B- BaJIEHTHOH 30He — 3TO 3JEKTPOHKI, YUacTByloliHe B KOBAJCHTHBIX
CBSI3AIX.

BoJiee Har1siAHO ABHIKeHHE BIPOK B KPUCTaJJe MOKHO HPEJICTaBHTb
céfe Ha TpuMepe KHHO3a/a, B KOTOPOM BCe MeCTa, KpOMe OJHOTO, 3aHA-
bl. EciM cupgmuil Ha cocefiHeM MecTe fepecsiieT Ha CBOGOJHOe Kpec-
J10, OCTAaBMB CBOE NYCTHIM, KOTOpoe 3aimeT ero 6juxaluiui cocel, To.
COCPENOTOUHB. CBOE BHUMaHHe JHIIb HAa CBOGOAHOM MecTe, JIeTKO BH-
JieTb, YTO OHO OyjeT nepemeliaTthbcsi HO KHHO3any. [IBHKEeHHE IhIPKH
NoJ06HO JABHIKEHHIO NYCTOro Mecta. YJZoGHee TOBOPUTH O ABHKEHHH
IbIPOK B BAJIEHTHOH 30HE, YeM O ABHKEHHH 3JIEKTDOHOB B 3TOH Ke 30-
ne. Tag KaK AbIPKa —— 3TO OTCYTCTBHE 3JIEKTPOHA B KOBAJIEHTHOH CBSi-
31, TO MOMKHO CcBAA3ATH OTCYTCTBHE orpuuaTeanoro 3apsana ¢ Haauyu-
€M TOJIOXKHUTENLHOIO 3apsiia.

[TpH  mocseaylolleM H3JOXKEeHHH ‘MaTepHala Mbl OyleM paccMarpH-
BaTh 00a BUAA HOcHTe/Nell TOKa — 3JEKTPOHH M JBIPKH.

TJAABA 3. MATHHTHBIE MATEPHAJIbI

§ 3.1. OGmue crenennn

JlioGoe * BetriecTBo, TIOMELIEHHOE B MarHHTHOE ToJie, TpHOGperaer
MAarHHTHBIH MOMeHT. /sl XapaKTepHCTHKY HaMarHHuUHBAHHS BEIECTBa
BBOAATCA BeJHUUHb: B — MmaruutHas usayguus (Ta),  — HanmeeH-
HOCTb MaruuTHoro noss (A/m), J — HaMarsaueHHocTh (A/M), Ry,
MarHHTHasl BOCIPHHMUMBOCTD, |1 — MATHHTHAS ﬂpOHHHaeMOCTb O —
MarHuTHei 10T0K (B6). »

Hamarniuensoctb cBsizana ¢ Hanpﬂmeunomb}o MarHHTHOTO TOJIS
COOTHOLLIEHHEM : |

J=k H. 4 @.1)

MarsuTHas MHAYKUUA B BellecTse OﬂpelIEJIﬂeTCﬂ CyMMOH uﬂ,uyxnuu
BHEIIHErO W COGCTBEHHOIO MATHHTHBIX MOJIEH:

B=Bot By =pH ol =po (H+J), (3.2)

TIe o = 47~ 10‘ — MarHMTHasi nocrosiHHad, I['H/Mm.
. O6vemunss (3.1) u (3.2), noayunm

B=po H (k) = po i H, - - (3.3)
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rie w, =k, +1 wm p, = B/(n,) — oTHOCHTe]IbHAST MATHHTHAS
TNPOHHIIAEMOCTD (B JaJibHEHIeM JJIst KpaTKOCTH — MArHHTHAS TIPOHH-
L2EMOCTb).

‘B COOTBETCTBHU © MarHMTHBIMH CBOHCTBAMH Bee MaTepuaJbl AessT-
cAl Ha clefyloline TPYNIbl: JHaMATCHUTHBIe (AMaMarHeTHKH), mapamar-
HUTHBIe (MapamarHeTuku), deppoMarHUTHEE (heppOMATHETHKH), AHTH-
(eppoMarHuTHbIE (aHTHcpeppOMarHemKH) (peppPIMaI‘HHTHbIe (deppu-
MAarHeTHKH).

unamarsernsm Ha6monaerc;x BO Bcex BeIIeCTBaX H CBA3aH C TeM,
YTO BHEINHee MarHUTHOE TMOJe OKa3biBAeT BJAHSIHWE Ha opémanbﬂoe
"ABHKEHHe 3JIeKTPOHOB, BCJENCTBHE UYero HMHAYIMPYeTcs MATHHTHBIA
MOMEHT, HaipaBJeHHHIH HaBCTpeuy BHelnHemy nomo. [locse cHsTHS
BHEIIHETO MATHHTHOTO 10/ MHAYLHPOBAHHEIH MAarHUTHBIN MOMEHT [Ayia-
MarHeTuka ucuesaetr. MarunrtHasi BOCOPUMMYHBOCTE JAHaMarHeTHKOB
k; (oTpunatesnbHas) 1o aGCOIOTHOMY -3HAUEHHMIO OUYeHb. MaJja; OHa He
3aBHCHT HH OT TEMIIEPATYPbl, HH OT HANPSAKEHHOCTH MATHUTHOTO TIOJIA.

K JvaMarduTHLIM BeleCTBAM OTHOCSTCS MHEPTHBIE Ta3bl, BOJOPOX.
Melb, LHUHK, CBHHEL (BELLeCTBA, COCTOSILIHE H3 aTOMOB C TIOJHOCTBIO 3a-
TOJIHEHHBIMH “3JIEKTPOHHBIMH  0B0J0YKaMH)..

[TlapaMaruuTHble BellleCTBa OTJIMYAIOTCS TeM, UTO COCTOSIT U3 aTOMOB
C He MONHOCTBHIO 3alOJHEHHBIMM O0OJOUKaMH, T. e, oOJallalolluX Mar-
HUTHEIMH MoMmeHTamH. Ho Taxue atoMmbl HaxoAsiTCsi APYr OT JApyra Jo-
CTaTOYHO JaJeKo, TaK UTO B3aUMOJAEHCTBHE MEXIY HUMH OTCYTCTBYeT.
IMoToMy 'y HapamarHeTHKOB MATrHHTHbIE MOMEHTHl ATOMOB OPHEHTHPYIOT-
Cfl B-HaIPaBJeHUN BHEIIHEr0 MarHUTHOIO [OJIS1 ¥ YCH/HBAIOT €ro:

MarHuTHas BOCIPHUMYHBOCTh apAMAaTHETHKOB NOJOKHUTEbHA, UMe-
et Hefoabioe 3Hauenne ot 107% 1o 102 1 He 3aBUCHT OT HANPAXKEHHO-
CTH BHEIIHEro MarHATHOTO TOJSf, HO 3aBHCHT OT ‘TeMIepaTypsl.

@eppoMarHuTHble BElIeCTBA COJepKaT aToMbl, 06Jafalolie MarHUT-
"HBIM .MOMEHTOM (He3aloJIHEHHEIE 3JIeKTPOHHEIE: 000JIOUKH), OXHAKO pac-
CTOSIHME MEKAY HUMHU He TaK BeJHKO, KaK B IapaMarHeTuxax, B pe3yJb-
TaTe Yero Mex1y aToOMaMM BO3HMKaeT B3aHMOJeHCTBHE, KOTOPOe Hashl-
Baercst o6mentbim (IPENTIONATaeTCsl, YTO COCEAHHE aTOMbl OOMeHHBAIOT-
s 3JeKTPOHaMH). B pe3y/ibTate TAKOTO B3aUMONEHCTBUS SHEpreTHYe-
CKH BHITOXHBIM B 3aBUCHMOCTH OT PACCTOSIHHS CTAHOBHUTCS NapaJenb-
Hasi OpHeHTanus MaTHUTHBIX MOMEHTOB COCeJHHX aToMOB ((eppomarse-
TH3M) JU6O aHTHNapa/fe/lbHas (aHTH(DEppPOMATHETH3M).

[Mox AefictBueM OOMEHHHIX CHJI NapaJsulesibHaf OPHMEeHTANUS MarHuT-
HBIX MOMEHTOB aTOMOB (PeppOMarHMTHOrO BeliecTBa NPOUCXOAHMT B OI-
peleneHHBIX 06JacTsiX, HasbBaeMbIX Oomexamu. B Tnipenesax ToMeHa
MartepHaJ B OTCYTCTBHE BHEMIHEro IOJs HaMarHWYeH JO “HacblleHHs
‘6JIaI‘01lap$I 06MeHHOMy B3aUMOJIEHCTBHIO OTAENbHEIX aTOMOB. DT0 B3a-
UMOJeHCTBHE AEHCTBYET TOJIBKO: KO onpezxeneuuon KPUTHUECKOH TeMIie-
paTypHl, KoTopasi HaswlBaeTcs memnepamypoii Kwopu. Boime Temnepa-
Typsl KiopH oMeHbl pa3pymanTcs 1 geppoMarHeTik nepexojnuT B napa-
MarHuTHOe cocTosiHue. DPeppoMarHHTHEIE BelllecTBa JerKO. HaMarHu4u-
BaloTCH B ¢AaGBIX MarHHTHBIX TNOJAX. MarHuTHasi NPOHHUIAEMOCTh K
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MarsuTHas BOCHPHUMUYHBOCTb (eppOMarHeTHKoB BeJHKH (mo 10°%) wu
“CHJIBHO 3aBHCST OT TeMIIEPATypHl, 8 TAKKe OT HaTIPSKEeHHOCTH MarHuT-
Horo no/1s1. He Tak jaBHO HEOGXOAUMBIM YCJIOBHEM CYIECTBOBAHHUs hep-.
pOMarHeTH3Ma CYHTAJOCh HAJHYHEe KPHUCTAIMYECKOlH peleTku, B Ha-
cTosIllee BpeMs, OJIHAKO, H3BeCTHH aMopdHbie (deppOoMarHeTHKH.

AntudeppoMarHeTHKaMH HasblBalOT MaTepHaJbl, B KOTOPHIX BO Bpe-
Ms1 OOMEHHOTO B3aMMOJAEHCTBHA COCEHHX ATOMOB INPOHCXONUT AHTHIA:
paJiiesbHasi OpHEHTalUsl MX MarHMTHBIX MOMEHTOB. TakK Kax MarHut-
Hble MOMEHTBHI COCEeJIHHX aTOMOB B3aHMHO KOMIIEHCHP YIOTCS, aHTHDEPPO-
MarHeTHKHM He OOJaJaloT MarHHTHBIM MOMEHTOM, a XapaKTepH3YIoTCs
MarHuTHOH# BOCIPHHMYHBOCTBIO, KOTOpast OJM3Ka K BOCIPUHMUYHBOCTH
NapaMarHeTHkKoB. Bblile HeKOTOPOH KPHTHYECKON TeMlepaTtypbl, KOTo-
past moJyuusa Ha3BaHHe Temnepatyps Heenst (aHasoruuHa temnepary-
pe. Kiopn), marauroynopsiodeHsoe cocTosHMe aHTHpeppoMarHeTHka
paspymaerci H OH TNEepexXofHT B NapaMarHHTHOE COCTORHME. -

K ¢deppumarsersikaM OTHOCSIT BeLieCTBA, B KOTOPLIX OGMEHHOE B3a-
HAMEJEHCTBHE OCYIMECTBJIACTCH HE HENOCPEICTBEHHO MEXAy MarHuTo-
aKTHBHBIMH aTOMaMH, KaK B cjydae (eppoMarHeTrHsma, a uepes Hemar-
HUTHBIH HOH KHCJIOpoja. Takoe B3aHMOJEHCTBHE Ha3bIBAIOT KOCECHHbLM
06MeHHbIM WA C8epX0OMerHbiM. DTO B3AUMOJICHCTBHE B OOJBIIHHCTBE
ciyyae B (EpPPHMATHUTHBIX = BUIECTBAX NPHBOJMT K aHTHNApaJ-
JeJIbHOM - OPHEHTALlHH MAarHHTHLIX MOMEHTOB COCEIHHX HOHOB (T. €. K
aHTHhEPPOMArHUTHOMY ynopsifodeHuo). OAHAKO KOJIHYECTBO HOHOB
¢ MarHYTHBIMH MOMEHTAaMH, OPHEHTHPOBAHHBIMH YCJOBHO BBEPX M BHU3,
a TaKxe BeJMUYHHBI MX MOMEHTOB HEOAHHAKOBHI. [I03TOMYy MarHHTHbLIE
MOMEHThI HOHOB HE TMOJHOCTBIO KOMNEHCUPYIOTCA U (eppHMarHHTHLIE
BelecTsa 06/1ajlaloT MACHHTHBIM MOMEHTOM H HMEIOT JOMEHHYIO CTPYK-
TYpy, KOTopas HcuesaeT Bole Temiepartypbl Kiopu.
~ [lua-, napa- # auTH(EPPOMArHUTHBIE BEUIECTBA OTHOCATCS K cnabo-
MarHuTHeM, ¢eppo- u @ppumarunmue BellecTBa ABJSIOTCH CHJABLHO-
MarHUTHBIMH.

B KauectBe MATHUTHBIX MaTepnamB TeXHHYECKOEe NpHMEHEeHHe B
3JIEKTPOTEXHUKE HAXOAAT q)eppomarﬂmﬂble H q)epppIMammere Belie-
CTBA.

§ 3.2. Mpouecchl TEXHHUECKOr0 HAMATHHYHBAHMS
¥ NIePEMArHHYHBAHUA MAaTrHHTHLIX MaTePHaJIoB

B (eppOMar{HTHLIX MaTepHaIax. peannaye‘rcﬁ TaKasi  JOMeHHas
CTPYKTYpa, JJIsi KOTOPO# MoJHast caoﬁo)maﬂ 3Hepmﬁ CHCTEMBI SIBJIS-
ercsl - MEHHUMaJIbHOH.

IMoanas ceoGoJHas HEPrHs COCTONT M3 cnenytomnx OCHOBHBIX BH-

- JOB 3HEPTHHi: MarHMTOCTATHYECKOH, MArHHTHON aHW30TPONHH, MarHH-
TOCTPHUKIHH, OOGMEHHOM, i

MunnmyM MarsuToCTaTHYECKON auepnm CBAI3AHHON C NIOJSAMH pac-
CeHBAHHA WJH C BOSHUKHOBEHHEM IIOJIIOCOB 'Ha KOHLAX MArHHTa, HabMIO-
Aaercs B TOM c/lyyae, KOrja MarHMTHBIfi OTOK 3aMKHYT BHYTPH MaTe-
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puana. OnHofoMeHHOe COCTOSHHE fBJSIETC HEBBITOIHBIM, TaK KakK 3TO
IPUBOJAHUT K BO3HUKHOBEHHIO MArHUTHBIX [OJIIOCOB, KOTOpLiE CO3JAIoT
BHEIUHee . NoJe (Nose pacceMBapus). Marsurocratuueckasi 3HepTHSsI
. YMEHbIIIAeTCA, €CJH TeJO COCTOMT H3 HECKOJIbKHMX AOMEHOB, M CTaHO-
BHTCA DaBHOH HY.MO NpH 0Opa30BaHHH 3aMBIKAIOIHX AOMEHOB (puc. 3.3),
MarHUTHBIH [OTOK 3aMKHYT BHYTPH TeJsa, 3a ero npeaesaMyd MarHHTHoe
flole paBHO HY.JIIO.

Henexue o6pa3ua Ha JOMeHB! OTPAaHHYHBACTCH 3Heprued, 3arpauu-
BaeMoi Ha 06pa3oBaHue FPAHUL MeXAy NoMeHaMu. JIuHelHbIN ‘pa3mep

/ .

7\*/\*/\"(\* - B

2 1] %r—i’——

s el *—\/—’\A— > “ . 7

Puc. 3.3. lomeHan CTPyK- Puc. 3.4. OcHoBKasi KpHBas Hamar-

Typa MArHHTEBX MaTte- ' HUYEHHOCTH (eppOoMarHeTHKa
pHaJoB: ‘

! -— 3aMblKaOUlHe IOMEHbI;

2 — oCHOBHBE ROMEHSI

JAoMeHoB umeeT nopsiaok ot 10-2 no 10~% cm. Tomuuna AomeHHOH rpa-
HHIBl [OCTHI'aeT HEeCKOJNbKHX COTeH HaHOMETPOB.

[lpy HanoXeHUH BHEWIHEr0 MarHUTHOrO MOJA MPOHCXOAHMT pOCT
oGbeMa JOMEHOB, KOQTOPbE HMEIOT HallpaBJeHHe HaMarHMYeHHOCTH, COB-
najatwiiee Hin 6IM3Koe K HaNpaBJ/IEHHIO HANPAKEHHOCTH NoJst. 3aBH-
CHMOCTb MAarHHUTHOR HHAYKUMH (eppOMArHHTHOTO BelectBa OT Hamlps-
XKEHHOCTH BHEIMHEro HOJIS HAa3bBAlOT KPUBOU HAMAeHUMUBAHUS, OHA
wmeeT BHJ, NOKasaHHbA Ha puc. 3.4. KpHByo HaMardHMuHBaHHs eppo-
MATHETHKOB MOXHO pa3lle/iHTh Ha HEeCKOJbKO YYACTKOB, KOTOpbie Xa-
PAKTEPH3YIOTCA ONpele/eHHbIMUH NPOLECCAMH HAMArHHUYHBaHHA. B 06-
sacti ¢aabeik nonelt (o6nacts /) MATHUTHBIE BOCAPHHMYHBOCTD H MPO-
HHUII2EMOCTb He U3MeHsIoTCs. MaMeHeHHe MarHWTHOR HHAYKUMH B 3TOH
001acTH TIPOHCXOAHT B OCHOBHOM 33 cYeT 00paTHMBIX TIPOUEccoB, KOTO-
pble OGYC/IOBJIEHH CMelleHHeM TPaHHIL JOMEHOB.

KpuBast HamarnuumBanus B obsact /] xapakrtepHayercs TeM, 4TO
3leCh TPOUCXOAHNT HEYNPYroe cMelieHHe rpaHHll, JOMEHOB, T. €. Hpo-
tiecc He ABAAeTcA oGpaTUMbM. B obsacTd NpUGAKEHUA K HACBILIEHHIO
(06nacte /11) uaMeHeHUe HHAYKUKU OOBACHAETCA B OCHOBHOM NpOILEC-
COM BpauteHus, Korja Hampap/eHHe BeKTOpa HaMarHMYeHHOCTH CaMO-
MPON3BOJbHBLIX ofmnacrefi npubAMKAeTCss K HANPaBNEHHIO BHeIIHEro
nois. [lonnas opueHTauusi HaMarHHYEHHOCTH FO NOJIO COOTBETCTBYET
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TeXHHYECKOMY HacbluleHnio (o6aacts I11). Ha nocaeasem yuacrke
KPHBOH MHAYKUHH (o6nactb ./V) Habmogaercs ciabblii POCT HHAYKUHHA
¢ YBEJIHUEHHEM NoJIs. YBeluyeHHe HRAYKUHMH MPOUCXOAWT 3a CUeT po-
CTa HAMACHHYEHHOCTH CAMOTO JIOMEHa, T. €. OPHEHTAllHM CIHHOBBIX MO-
MEHTOB OTIE/bHBIX 3/IEKTPOHOB, HAlNpaBJEHHe KOTOPLIX HE COBNAaAaeT
¢ HanpaBJleHWeM BHELIHEro MOJS BCAEACTBHE He30PHEHTHPYIOLIETO
BAUSHNA TEIJIOBOrO JBHXKEHHS.

Mcnosib3yst oCHOBHYIO KDHBYIO HAMArHUYHBAHHS MOXKHO NOCTDOHTB
33aBHCHUMOCTb MAarHWTHOR NPOHHUAEMOCTH OT HAMPSIXKEHHOCTH BHELIHEro

¢ H

. /

Amax . g

48 ~

3,

aAH
Xnay

- H
7 .
Puc. 3.5 Kpueai HaMarHH4eHHOCTH Puc. 3.6. 3aBHCHMOCTb  MarHu?-
M YIrabl @, XapakTepusylouue pas- HOW T[POHMIACMOCTH OT HAamps-
JuUHblE THIbH MarHHTHOI NpoHHUae- KEHHOCTH BHEUIHEro MarHHTHOTO

MOCTH , . noJis

marnytHoro nojisi. CraTHyeckasi MarHUTHAs [POHMUEEMOCTb, orlpeje-
asiemasi no gopmyne p = B/(nyH), NpoNOPUHOHANbHA TAHIEHCY Yraa
Ay HAKJAOHA UPAMOH, MPOBeJEHHOH M3 Hauyala KOOPJIHHAT uepe3
TOYKY Ha OCHOBHOH KpHBOH HamarnuuuBaHusi (puc. 3.5).

3aBHCHUMOCTb MATHUTHOH NPOHULAEMOCTH OT HAMPFXKEHHOCTH TIOJs
pejicraBieHa Ha puc. 3.6. 3HaueHue MarHHTHOH TPOHUUAEMOCTH W
B obaactH caabbix none# (H -»> () HasbiBaloT HauaibHOH MArHHUTHON:
NPOHHILAEMOCTBIO, IKCTIEPHMEHTANBHO ee onpefensioT B nojsx ~0,1 A/M.
HawnGosplnee 3HayeHHe MarHUTHONW NPOHHUAEMOCTH Ha3hiBAIOT MAaKCH- -
Ma/NbHOH NPOHULLAEMOCTBIO I rmax-

MarHuTHas NpPOHHILAEMOCTh MATHHTHBIX MATePHaJioB pacTer ¢ yBe-
JAHYEHHEM TeMmNepaTypbl U HMEeT MakcuMyMm IpH Temnepatype Kioph.
3HayeHus temnepatypbl Kiopu st pAja MarHUTHLIX MaTepPHANOB HpH-
selledpl B Taba. 3.1. :

Ecau HaMarsyuuBaTh HeHaMarHHYeHHBIA MAaTephaJi BO BHEIlIHEM
MarHUTHOM 10J1e, TO HHAYKILHS BO3pacTaer NPH HenpephiBHOM yBesnye-
HUH HaNpsDKEHHOCTH MarHuTHoro noss A W jocturaer 3HayeHust WH-
AOYKIHH Hacbilenua B,. Eciu nocse 3Toro yMeHbUHTb HAUPSIKEHHOCTD.
BHewHero noast A, TO HAMATHHYEHHOCTb YMEHBHIUTCA, HO 3TOMY 3Ha-
YEHHIO HANpPSKEHHOCTH GY/IET COOTBETCTBOBATH YXKe Jpyroe, Gosbliee,
3HaueHHe MHAYKUWH, uem [PH HayaJbHOM HaMarHHYHBAHHH,
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Ta6aupa 3.1

Marepmnan o Tg: °C Kry B, Ta
Fe | 1316 250 |7 215
Ni , 904 100 0,61
Fe,0, , 13l 129 05
N}Fezo‘, 1131 44 0,31
Nip.sZn,, 5Fes04 796 330 0.4

3r0 03Hauaer, yTo KpuBsie B = f (H) npu yBejHyeHUH U yMeHbiue-
HHH HANpPMKEHHOCTH TOJIA HE TOXK/IECTBEHHB! BCAENCTBHE SIBJICHHSA TH-
crepesuca. Maznumnoim 2ucmepe3ucom Ha3bBaeTcs sIBJEHHE OTCTaBa-
HUA U3MeHeHHs MarHUTHOM HHAYKUMH OT BHI3BIBAIOMIEH 3TH H3MEHeHHS
HAMNpPSIKeHHOCTH - MATHUTHOrO noas (pHc.
3.7). Ilpu ymenbiuenud f jio Hyas:B o6-
5 pasie ocTaeTcsi ocTaToyHasi MHAYKUHMSA B ;.
Eciu HanpabieHHe TOJS H3MEHHTh Ha
NPOTHBONOJIOXKHOE - U HAayaThb €ro YyBeJH-
YYBATb, TO MOXKHO YMEHBIIHTH HHIYKUHIO

£
3’-\
\
8s

He A no myasa. B asrom cnyvyae 3Hauenne H,

& : HA3bIBACTCS , KOIPYUMuUeHoL (3adepi usaro-
_A"6r ' wied) cunoi. Tlo 3HAYEHHIO KO3DUHTHB-

- s HOH. CHJIBL MaTepHalibl AeSATCA Ha Mardu-

TOMSICKHE (€ MaJibIM 3HAauYeHHeM 1, ¥ 60/b-
Pyc. 3.7. Hetan wmarnurhoro WOH MATHHTHOH NPOHHIAEMOCTbIO) M Mar-
rucrepesmca * HUTOTBepJble (¢ GOAbLIOH  KOIPUUTHBHON
CHJIOH H OTHOCHTE/IbHO HeGOJMBIIOH Mar-
, HHTHOH NPOHHUAEMOCTBIO).
3HaueHHe HHAYKUUH HaCHIIEHHS onpelensieTcss B noJe H,, xotopoe
ipuHuMaeTcst paBHbIM 5H .. KpuBas H3MeHeHHs WHAYKUHH MIPH H3Me-
HEeHHH HaNpsKEHHOCTW BHEIIHero MarHUTHOro moJas ot —+H, po —H;
¥ OOpaTHO HAa3LIBAETCS npedeas>Holl nemaell eucmepesuca, KoTopas
ABJsiETCS] BaXKHOH XapaKTePHCTHKOH MaTepHaja, Ha ee OCHOBE MOKHO
onpefie/INTh .OCHOBHBIE TIapaMeTPhl MaTepHala — KOSDUATHBHYIO CHIY
H,, MHLIYKIMIO HACHULEHMs B;, OCTartouHylo. MHAYKIHIO B, w Ap.
£/1 MarHATOMATKH X MAaTEPHAJIOB KeJaTelbHO, ¢ TOYKH 3PeHH MX
-npuMeHeHHusl, uToGhl IJIOMAAb NETJIU  FHCTepe3nca -6blla KaK MOXKHO
meHbllle, MaruuToTBep/ple MarepHaJnl 06/1a4al0T WMUPOKON netnell ru-
crepesmca. - - ‘ L
DKcrnepUMEHTaNbHO YCTAHOBJIEHO, YTO HaMarHMYMBaHHe MarHHTHBIX
‘MaTepHasoB CYHIECTBEHHO 3aBHCHT OT HANpaB/JeHHsi MarHHTHOTO: BOJSL
B KpHUCTaJJe, T. . BJIOJIb OJHUX ocefl KpHcraJja HaMarHHYHBaHUA Npo-
TexaeT GbICTpee Bcero (OCH JIerkKoro HaMarHM4YHBAHHA), a- BAOJb ApY-
FHX — TpyAHee (OCH TPYAHOro HamarHuuupauusi).. Tak, Hanpumep, y
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KeJjiesa, HMMEIOIIEro CTPYKTypy OOBbeMHO LEHTPHPOBAHHOTO Ky6a, oCh
JIETKOrO HaMarHWYMBaHHs coBNajaer ¢ pe6poM Kyba, a 0Cb TPYAHOrO
HaMAarHHYMBaHWA — C  JUHAroHANb0 Ky6a. [na HHKeIs, uMetollero
CTPYKTYPY IpaHelneHTpHpoBaHHOrO Ky6a, HaoGOpPOT, OChb JIEFKOTO Ha-
MarHH4YHBaHHUST COBNAJAET C JHArOHAJBIO Ky6a a ochb prlmoro Hamar-
HUYHBaHUA — ¢ pebpoM . Kyba.

TlosHKpHCTaIHYeCK e MATePHAIEI, ¥ KOTOprX Her ﬂpxo BbIpaXKeH-
HBIX Ocefl, B CHJY TOTO YTO KPHCTaJJIHThl OPHEHTHPOBAHBI HPOH3BOJb-
HO, Ho o6Jajarolliie aHH30TPONHEH MarHUTHBIX CBOUCTB, HMEIOT Maruut-
HYIO TeKCTYPy, KOTopas, KakK NpaBH/IO, HaBOAHMTCH IyTEM BHEIUHHX
BO3JlefiCTBHl Ha Marepuan (IpeccoBaHHe B MAarHUTHOM TOJie, MPOKATKa
u 1p.). TekcrypoBaHHbIe MarepHalbl WMEIOT MOBbILIEHHBIE MATHHUTHHE
XapaKTEePUCTHKY 'H IIHUPOKO HCMOJb3YIOTCS B TeXHHKe.

[Tpy HaMarHWYMBAHWH MarHUTHBIX MaTepHasoB Hab/oJaeTcs H3-
MeHeHHe HX pasMepoB H (OpPMEI,TaKOe sSIBJEHHE HOCHT Ha3BAHHE MAHU-
mocmpuryuLL. MaI‘HPITOCTpHKIlP[ﬂ MOXeET ObiTb OOBEMHOH (Hameﬂeﬂue
o6beMa Tena) U JMuHEeAHOH (nsmeueﬂne pasMepoB Tena). .

[To cBoeit pupose NHHEHHAs MATHUTOCTPUKIHSA aHU30TponHa. Tak,
HanpHMep, ‘U1 MOHOKDHCTAJTHYECKOTO JKeNesa, HaMarHHUYEHHOro B
HanpaBJeHHH pebGpa KyOa, JMHefHble pa3Mepsl B 3TOM HaNpaB/ieHHH
YMeHbINAoTCs, ‘IPH HaMarHHYHBAaHHH BJOJb JUaroHaid Kyba yBesH-
YHBAIOTCH, T. € MATHHTOCTPHKIMA MOXKET OBITh KaK II0JOKHTEJLHOH,
Tak '® OTPHLATEJNbHOH.

Ipoilecc nepemMarHuuHBaHHs MATHHTHEIX MATEPHAJIOB B IePEMEHHOM
MarH{THOM TIOJIe CBsI3aH C TENJIOBLIMH TNOTEPSIMH YacTH IHEPTHU Mar-
HHMTHOTO TIOJISl, YTO BHeIlHe NPOSIBJseTCS B Harpese Marepuasa. [lore-
P¥ B MarHHTHOM MaTepHase XapaKTepH3YIOTCSl YAETbHHIMH MAaTHHUTHbI-
MH noTepAMH Py, WM TaHTeHCOM yIJla MAarHHTHBIX TOTepb tg O,.

[To Mexaﬂusmy BO3HHKHOBEHHS] Pa3J/HyaioT NOTEPH Ha THCTEPE3HC
1 AnHaMH4eckHe. [lorepu Ha rucrépesuc CBA3aHBI C SIBJIGHHEM MarHu-
HOTO THCTepe3Hca M ¢ HeoOpaTHMBIM NepeMelleHHeM TI'PaHHL, JOMEHOB,
OnH nponopuuoKa/bHbl IVIOMIAAH NeTJH THCTepe3nca H yacToTe nepe-
MeHHoro noJig. MouiHocTs NoTepb, pacXofyeMasi Ha THCTEpesHc, ~onpe-
Jenserca craenylouel ¢opMmyJoi:

P.=wBLiV, Y

Tje 1 — KO3h(hHUHMEHT, 3aBUCAIMA OT CBOHCTB Marephania: "B, —
MaKCHMaJbHast HHAYKUMA B TéueHue uHKIa; n = 1,6 = 2,0 — nokasa-
_TeJb CTENeHM, NPHHHMAIOMMA 3HaueHHs B 3aBHCHMOCTH oT B; [ — ua-
crora; V — obmem obpasina. J

- [IMHamuyeckue  IOTepHd . BLISLIBAIOTCHA BPIXpeBbIMH TOKaMH H noTeps-
MH Ha MarHHTHOE MOC/IEJCTBHE HJHM MAlHHTHOH BSI3KOCTBIO, KOTOpbIE
YUYHTHIBAIOT B CJa6BIX  MArHHTHBIX TOJASX; OHU COYCJOBJEHB OCTaBa-
HHEM MarHUTHOH MHAYKUHHK OT U3MEHEeH U5 Hanpﬂ)KeHHOCTH MarHuTHO-
ro Trioss.

[lotrepu Ha BMXpeBble TOKH BHI3BIBAIOTCSH snempnqecxumu TOKaMH,
KOTOpHle MArHHUTHBIA TOTOK = WHAYLIHPYeT B MAarHHTHOM MatepHae;

’
’
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OHW 3aBHCAT OT 3JEKTPHYECKOTO CONPOTHBJIEHUS MArHHUTHOTO MaTepHa-
Na. YBelHueHHe CONPOTHBJEHWA INPUBOAUT K YMEHLIIEHHIO TOTEPb.

[Torepu Ha BHXpeBble TOKH NPONOPHHOHAJBHE KBAJPATY YACTOTHI Mar- -

HHUTHOT'O MOJIsA, MO3TOMY NPHUMEHCHHE MATHUTHBLIX MATEPHAJIOB C HU3KHM
3JIEKTPpHHECKHM COINPOTHBJIEHHEM. HMEET OrpaHHYeHHe Ha BBICOKHX 4Ya-
crorax. MomHocTb NoTepb Ha BuxpeBme TOKH MO)K’HO, 3anvcatb B BHAC

| ;=EBRPV, B9

rie & — Koaddpunuent, 3aBUCHIIHE OT THNA MAarHHTHOTO' MaTepuana
U ero (QOopMsl.

Hasa paéoru B nepemeuﬂux MAarHUTHBIX TOASX MCHOJXb3YiOT Mare- -

puasbi ¢ Y3KOH NeTJiel THCTepesHca, T. e, ¢ OYeHb Ma/IoH KO3PUHMTHBHON
cunofi. Hanpumep, xKospuuTHBHAs CHla  BBICOKOHHKE/EBBIX JIEIHPO-
BAHHBIX NepPMaJIVIoeB JIexHT B npefenax 1,0—5,0 A/m. [las ymeHblueHns
note pb NPHMEHAIOTC, KPOME TOro, clielldasnbHble Meéphl. Tak, Hanpu-
Mep, AA YMEHbIIEHHsl NOTEPb Ha BHXPEBbIE TOKH CTAPAIOTCS NOBBICHT
VAEbHOE :3JIEKTPHUECKOe CONPOTHBJEHNHe MarHUTHBIX MartepHasos. B
3/IeKTPOTEXHHUECKHX CTa/AX MOBBILIEHHE 3/1€KTPHYECKOrO CONPOTHBIIE-
HHS JOCTUTAeTcs JIETHpPOBaHHeM KpeMHueM. [IpumeneHde B Mar{uTo-
MPOBOJAAX TOHKHX JIHCTOB (epPOMArHUTHLIX MaTepHaJOB, M30QJHPOBaH-

HBlX JPYT OT Ipyra JIaKOM HJIH OKaJHHOH, YMEHbLIAeT NOTepPH Ha BUX- -

peBbie TOKH. B NMOpOINKOBEIX MarHHTHBIX MarepHajaX YacTHIbl CaMOro
'MarHUTHOrO MaTepHalja NOKPBITH 3JIEKTPOU30/sI1IHOHHOH CBA3KOH.

MarHuToMArKie MaTepHajbl HCHOJAB3YIOT B TIPOM3BOACTBE Cepjey-
HHKOB TPaHChHOPMATOPOB, 3JEKTPOMATHHTOB, 3JEKTPHYECKUX MallHB,
B H3MEPUTEJbHHX NpHOOPax M APYIHX pPa3/iHuYHHIX ‘annaparax.

Marnurorsepjiple MatepHalbi TPHMEHSIOT A NPOU3BOACTBA NO-
CTOSTHHBIX MArHMTOB, B MAalUHHAX MaJoH MOUIHOCTH, PA3JMUHBIX alra-
parax H npn6opax

§ 3.3. MaruuToMsIrKHE MaTepHAAbI

MarsuroMsirkye MatepuaJsbl JOJKHB HMETb BBICOKYIO MarHUTHYIO
IPOHHIIAEMOCTD, MAJIYIO KOIPUHTHBHYIO CHJIY, GOMbIIYIO HHAYKILHIO. Ha-
CHIIIEHHS, Y3KYIO IeT/II0 I'HCTepe3Hca, Maabie MATHUTHBIE [OTEPH.

MarHuTOMATKHE MaTepHaJIbl MOKHO Pa3ieadTh Ha CJeAYIolHe rpyi-
IIbl: TEXHHYECKH HUCTOe Kese3o (HU3KOYIJepoIucras CTajb); KpEMHH-
CTasl 3JIEKTPOTEXHHYECKAs CTa/lb; CILIABBI C BHICOKOH HAYa/bHOH Mmar-
HHTHOH TIPOHHIAEMOCTBIO; CTJIaBhl ¢ 60/1bLIOH anyKuuen HACLILUEHHA;
theppHTHI.

TexHu4eCkn 4uerToe xenezo (HH3K0erlep0)1HCTaSl C’l‘aJlb) JKeineso
npejcranB/asier co60H MAarHHTOMSTKUH Matepuar, caoucma K0TOpOro
CHJIbHO 3aBHCAT OT COJEPXKaHHs IPUMECcEH.

TexHuuecKH YHCTOE ¥KeJeso CONEPXKHT He 6onee 0,1 % yriuepona,
Cepbl, MapraHua ¥ Apyrux rnpumeceil u obJajaer CPaBHHTENBHO MAJIbiM
YIENbHBIM 3JEKTPUYECKHM COTIPOTHBJIEHHEM, YTO OrpAHHUYHBaer ero
npumenenye. Mcnosnp3yercst 0HO B OCHOBHOM AJSi MarHMTONPOBOJOB
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NOCTOAHHBIX MATHHTHbIX NOTOKOB H IPHIOTOBJAETCS PadUHUPOBAHHEM
YyryHa B MApTEHOBCKHX neuax. MarHuTHbe CBOHCTBA Kese3a CHJLHO
3aBHCAT OT €ro.4ucTOTHl W cnocoba oO6paboTKH. '

B 3aBucuMocT¥ OT cnocoba NoJyuyeHHs YHCTOTO JKeJle3a pas/IuyaloT
KeJIe30 SJIEeKTPOJNUTHYECKOe H KapOOHHABHOE. ‘ -

DNeKTPOJHTHYECKOE KeNEe30 N0/1y4YaoT NyTeM 3JEKTpoJausa CepHo-
KHCJOTO WJH XJOPUCTOTO »Keje3a, OHO NPHUMEHAETCS B TOCTOSIHHBIX
noasx. KapGonuibHoe »Kese30 MOJNYYaroT TEPMHUYECKHM Pas/oKeHHeM
neHrakapGonuaa xenesa Fe(CO);. KapGonunpHoe xeseso HOJyHalOT
B BHJle [TOPOILUKA, U €ro yAoGHO HCNOJAb30BaTh AMA H3TOTOBJEHHA cep-
JAeYyHHKOB JJIf TNOBbIUEHHBIX yactor. CBOHCTBA YNOMSIHYTHIX DasHoO-
BHAHOCTEH TeXHHYECKH UYHCTOIO Xesie3a npuBeleHbl B tabna. 3.2.

Ta6éanna 32
MaTepran Hrg Mrmax Bg, T | Hoy, AM| o mkOm-u

Texauyecky 9H- 250—400 | 3500—4500 2,18 | 50—100 0,1
CTO€ XKele3o . _

SaexTpoInTH- 600 15000 2,18 30 0,1
YeCcKOe XK EeJ1e30

KapGonuabhoe 2000—3000 | 20 000-— 2,18 6,4 0,1
Kejpeso : 21 500

Keuneso, obpa- 60 000 200 000 2,18 2,4 0,1
6oraHaoe B BOJO- : . :
poae oco6o Tia- ) o
TeJIBHO :
. DNeKTpOTEXHHU- 200—600 | 3000—8000| 1,95— | 10—65| 0,17—0,6
4ecKaf CTalb 2,02

Huakonngene- 1500—4000 | 15000— | {,0—1,6; 5—32 | 0,45—0,9-
BHE TIePMAJIOH 60 000

Bricoxonuxee- 7 000— 50 000— 0,65— | 0,65—6 | 0,16—0,85
BHE 1IepMAMLIOH 100 000 300 000 1,05

Cynepmanoi 100 600 1 500 000 0,8 0,3 - 06
(nepmanyiol, Je- -
FHPOBAHHHA MoO- .
JHGAEHOM H Map-
TaHueM) . ,

Auscudep - 34 500 117 000 1,0 1,8 : 0,8

KpemuucTasi 3/1€KTPOTEXHUUECKAst CTaJb CONECPXKHT YrJepola Me-
nee 0,05 % u xpemnus ot 0,7 10 4,8 % ¥ OTHOCHTCA K MarHuWTOMSATr-
KHM MaTephasiaM LIHPOKOro notpebnenus. Jlerupopanue cranu Kpem-
HHEM NPHBOAMT K CYHIECTBEHHOMY NOBBILICHHIO YAEJNBHOTO 3JeKTpHYe-
CKOTO COMPOTHMBJIEHHS, KOTOpoe pacter juHeino oT 0,1 MkOM-M npu
HYJIEBOM cOJlep2KannH KpeMHHst 20 0,60 MKOM- M IIPH COAepKaHUHN KPeM-
Hust 5,0 %, K YBEJMUEHMIO W,y H W rmay , YMEHBIIEHHIO H ;, CHHXKEHHIO
NOTepPh Ha THCTEPE3HUC. Cranb ¢ colepxanyeM kpemuusa 6,8 % o6aaga-
eT HaMBBICIIEH MATHHTHOH NPOHHUAEMOCTBIO, HO B IIPOMBIIIIEHHOCTH
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CTa/lb TPUMEHAIOT ¢ COZlEpIKAHHEM - KpeMHHs He Bbime 5 %. Tak kak
KpeMHMl yXylllaeT MeXaHW4eCKue CBOHCTBA CTallH, (OHa CTAHOBHTCS
HEMpPUTOJHOH /I IUTAMIOOBKH. . ’
CsoficTBa CcTaN¥ MOXHO 3HAYUTENBHO YJAYUUIHTbL [YTEM XOJOLHOHK
TIPOKATKH, KOTOpasi BbI3LIBAET MPEUMYILECTBEHHYIO OPHEHTAUMIO KpPHU-
CTa/NIHTOB, U OTXKHTA B.Cpejle Bogopoia npu Tremneparype 900—1000 °C,
CHUMAIOLIETO MeXaHHYeCKHe HalpsKeHHs M CIOCOOCTBYIOWETO YKPYIi-
HEHHIO KPUCTA/JIMYECKHX 3epeH, NpUYeM OCH JIETKOro HaMarHH4YUBaHHS
KPHCTA/JINTOB OPUEHTHPYIOTCS BAOJIb HANpaB/eHUsA TPOKATA; O TAKOH
CTalN TOBOPAT, UTO OHa obnafaer pe6poBoil TeKcrypoii. MarsurtHbie
CBOHCTBA ‘BJO/Ib HanpaB/JeHUs IPOKATKH CYLIECTBEHHO BhILIE.
B cootsercteun ¢ MOCT 21427.0—75 cranb MapKUpyeTcs YEThIph-
M5 uudpamu. B Mapke cTanu wudphl 03HAYAIOT: NIEPBAST — CTPYKTYPHOE
COCTOsIHME W BUJ TPOKaTKH (I — ropsiuekaraHas M3oTponHas, 2 —Xo-
NOAHOKATAHAs W30TpONHas, 3— XONOJAHOKATAHAs aHH30TPONHas ¢ ped-
poBO# TEeKCTYpOH); BTOpas — NpHMepHOe CojepiKaHHe KPeMHHs; Tpe-
Thfi — OCHOBHEIE HopanyeMble xapaKTepucTnKH 0 — ynenbHble 1NO-
Tepd npu MaruuTHO#M wHAykuud 1,7 Ta wu wacrore 50 ' (P1,7/50),
1'— npu unaykuuu 1,5 Ta u vacrore 50 Tu (Py,5/50), 2 — TIPH HHAYK-
uud 1. Ta u vactore 400, Tt (Pji00), 6 — MarHUTHas HHAYKLHA B ClIa-.
‘GBIX MaPHUTHBIX NOJAX NPU HanpskeHHoctd noas 0,4 A/M (By 4), 7 —
MarHHTHAS] MHAYKUMS B CPEAHMX MATHHUTHBIX IOJIIX NIPH HAMPSKEHHO-
cru noas 10 A/m (By,). Bmécre nepeble TpH, nubpHl 03HAYAIOT THI
CTaJIH, yeTBepTas — NOPSLKOBHIH HOMEp THIA CTaJH. ¥YIeNbHOE 3JIeK-
TPHYECKOE CONPOTHB/EHHE CTA/IH 3aBHCHT OT KOHUEHTDALMH KDEMHUS.
Marnurubie XapaKTepHCTHKH HeKOTOprX MapoK Crajiefl NpUBENEHbI
B 1a6a. 3.3 u -3.4.
3JIEKTp0TeXHH'leCKaH cTajb. BbmyCKaeTCﬂ B BHJE OTIENbHBIX JIH-
CTOB, PYJ/IOHOB HJIM JIEHTHl U NpELHA3HAYAETCsl [JIsi U3TOTOBJIEHHS Mar-
nuTonpoBonos. Ha cranb moxker GbiTh HaHEceHO 3IEKTPOH30 M SLILUOHHOE
TOKpHITHE.

Ta6anua 3.3

Y.uenbﬂue noTepH, N Maruutsas HECTPYKIHA NPH BanPSIKEHHOCTH E: o
B7/Kr, He Gonee . MarBHTHOTO NOJHA, A/M, He MeHee §§
: , ‘ £
S SRR S : €83
’ §§ £1,0/50 | £1,5/50( ~1000- | 2500 | sopo ‘ 10009 . 30000 %é%
1211 3,3 7.7 < 1,53 1,64 1,76. ] 2,00 { 0,2
1212°1:°3,1 7,2 — 1,50 1,52 1,75 | 1,98 10,25
1513 1,25 2,9 1,29 1,44 1,55 1,69 1,89 11,6
15141 1,15 2,7 1,28 1,44 1,56 1,69 1,89 | 0,6
2010 | . 3,5 8.0 1,49 1,60 1,70 1,81 2,02 10,!
2013 | 2,50 5,6 | 1,54 1,65 " 1,75 1,85 — 0,1
2212 | 2,20 ‘5,0 1,42 1,60 - 1,68 1,77 2,00 | 0,25
2312 1,75 | . 4,1 | 1,40 1,56 1,66 {1+ 1,74 1,96 | 0,40
2411 1,6 3,6 | 1,37 1,49 1,60 1,73 1,83. 10,5




Tadanuwa 3.4

2 Yaenshsie noteps, R e i S PP

< BT/xr, He Gonee noasi, A/M. He MeHee g E
z : ge=
o & ‘ $EZ
s 5 Py,p/50 | Pi,5/50 | £1,7/50 100 250 2500 | E5¢
=0 e E i BEE
3411 (0,50 | 1,10 2,45 | 3,20 — — 1,75 | 0,5
0,35 0,80 1,76 | 2,50 — —_ 1,75 0,5
3414 | 0,50 0,70 1,50 2,20 1,60 1.70 1,88 0,5
0,35 0,50 1,10 1,60 1,60 - 1,70 1,88 0,5
3416 | 0,28 — 0,89 1,30 1,61 1,76 1,90 0.5

KauectBo 3/MEKTPOTEXHMUYECKOH CTaJH MOMHO NOBBICHUTb MyTeM
yMeHbLIEHAs NIPUMeceli B ee cocTaBe, NyTeM Pa3paGOTKH ONTHMAaJbHON
TeXHOJIOTHH NPOH3BOJCTBA CTalH ¢ peOpOBOH CTPYKTYDPOH U NoayueHust
CTaJIH C NOBBLILIEHHbIM COjepxKaHHeM KpeMHHs (10 6,3 %).

Mepmaanou. OHH OTHOCATCS K MATHHTOMSITKHM MaTepHajiaM, 06-
JaJalolUM BBEICOKOH MAarHUTHOH TNPOHHIIAEMOCTBIO B cjabbiX IOJAX,
U IIpejCTaB/IfioT co00# KeNe30HHKe/eBble claBel. Takue CiiiaBbl Xa-
PaKTEPH3YIOTCSH TEM, YTO MAaTHHTHAS AHH3OTDONHUS W MATHHTOCTPHKIHS
NPAKTHYECKH OTCYTCTBYIOT; 3TO SB/IACTCS OAHOH M3 NPHYHH OCOGEHHO
NeTKOTO HAMaTHHYMBAHHA NepMajiyioes. [lepMas/ion NoApasiensioTCs
Ha BbicOKOHUKegeBble (72—80 % Hukensi)) ¥ HU3KOHHKeJeBble (40~
50 % Hukens).

B Hacrosiiiee BpemMs B GoJibliel Mepe UCMOJNbL3YIOTCA CH/ABHl, JIerk-
POBAHHBIE MOJHOJEHOM, XPOMOM, MELblO, MapraHLeM, KpeMHHeM, a -
TaKKe Jpyrumu snementamu. Ha puc. 3.8 nokasana 3aBucuMocTh
CBOHCTB HeJIeFHpOBaHHbIX HEPMaJIJIOGB OT COofepXKaHusa Hukeas. Knac-
CHYecKU# fepMasioff ¢ KoHueHTpanuel Huxenas 78,5 % umeer Han6oJib-
wiee 3HAYEHHS W rmax U W,y BBICOKHE MarHHTHBIE CBOHCTBA KJjaccHuye-
CKOTO MepMaJljiof MOJNydaloTcs B pe3y/bTaTe BBICOKOTEMNEPAaTYPHOro
orxkura npu 1300 °C B uucTOM CyXOM BOJOPOAE H JTHTENBHOM OTIYyCKe
npu 400—500 °C.

MarHuTHbIe CBOHCTBA MEpMasJIOeB CHJIBHO 3aBUCSIT OT XHMHUYECKOTO
cocTaBa H HaJHuMs mpuMecell B cmsaBe. OTpHuaresbHo Ha cBOHCTBA
nepMaJlJIoeB BJHSIOT NPUMECH, KOTOPHIE He 06pasyioT TBepAbIX PacTBO-
pOB cO CHJIaBOM, TaKHe, Kak yIJepol, cepa ¥ KHCJAOPOJ, KpoMe TOro,
CBOKCTBA PE3KO H3MEHSIIOTCS OT PEXHMMOB TEPMOOGPAGOTKH.

-Ha ocrose pauubix 1abii: 3.2 v puc. 3.8 MOXKHO clienarb cJeAyiouHe
BbIBOJBI: MarHMTHast IPOHHIAEMOCTh BhICOKOHHMKENEBLIX . IepMaIoeB
BBIILIE, YeM HH3KOHHKEJIEBBIX, W 3HAUMTEJIbHO NPEBOCXOAHUT MPOHHIIae-
MOCTb 3JIEKTPOTEXHUUECKHX CTajel, HO HHAYKUMA HACHIIEHHS NepMaJ-
J0eB B 1,5—2 pasa meHblle; C/IeA0BATENbHO, UX Heuenecoospasﬂo npu-
MEHAThb B CHJIOBBIX Tpchq)opMaTopax H JIPYTHX YCTPOHACTBAX, B KOTOPHIX
HCI0/b3yerc GOJIbLION MarHUTHBIN NOTOK. YJEJNbHOE 3JeKTpHuecKoe
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COMpoTHBJIEHUE. HU3KOHHKEJIEBbIX epMaJjlJIoeB B JiBa Pasa Bbillle BBICOKO-
HHUKeJIeBbIX, [I03TOMY OHH MOFYT pa60TaTb Ha 0oJiee BLICOKMX YaCTOTaX.
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Puc. 3.8. 3asucumocrs HH-
AYKUHH HACBILIEHHS., Hauyalb-
HOM M MAKCHMAaJbHOH MarHuT-
HbIX [POHMIAEMOCTEH, KOIPLH-
THBHOH “CHJIH M YJeJbHOIs
3NEKTPUYECKOTO  CONPOTHBJE-
Hus cnaaBos- FeNi  or. kou-
HeHTPAUHH HHKeJst

CToMMOCTb  BBEICOKOHHKE/EBHX Mep-
MaJjioeB GoJabllle HU3IKOHUKENEBLIX, B
TO Ke BpeMsl OHU MeHee TeXHOJIOrHUHBI,

Hns yaydiienus cBoficTB lepmal-
JIOEB UX JIETHPYIOT PA3JHYHKLIMH 100aB-
KaMu. JlernpoBasue MOJIUGIEHOM H XPO-
MOM YBeJIHUUBAET yIAEJbHOR 3JeKTPHYec-
Koe CONpOTUBJIEHUE H HauyasbHYIO Mpo-
HHUAeMOCTb,  [03BOJISIET  YHOPOCTUTH
TEXHOJIOTUI0 TNOJIYYEHHS,  YMEHbIIAEeT
YyBCTBUTEIbHOCTb K MEXAHHYECKUM Ha-
NpsIKEHUSIM UM CHIXKAET HHAYKUMIO Ha-
ChlliieHHs. Meib O6JaronpUsTHO CKa3bi-
BaeTcsi Ha TeMAepaTypHO#i  CTaGuJb-
HOCTH ¥ CTaGUAbHOCTH MAarHWTHON Mpo-
HHLAEMOCTH [P H3MEHEHHH HalpsiKeH-
HOCTH BHeiuHero noJasi. KpemHuil u
MapraHeil yBEJHYHMBAIOT YJEJIbHOE CO-
NPOTHBJ/IEHHE,

M3 xenesoHHKENEBbIX - CIIABOB ¢
BLICOKOH MAarHUTHOH TPOHHUAEMOCTHIO
MOXKHO BBIIEIHTL CJELYIOIIHe TPYIbI:

1) nHeserupoBaHHble HHU3KOHHKeJe-
Bbie nepmasiion — Mapkn 45 H u 50 H
(conepxanne HHreqas 45 u 50 %);

2) cnaaBel, ofsajaloulie TeKcTypoh
U NPAMOYTOMbHOH feTell rucrepesu-
ca, — 50 HII, 65 HII, 34 HKII;

3) HU3KOHHKEJEBbIE nepMaJiJion
(50 % Ni), JerupoBaHHBIE XpPOMOM H
kpemHaueM, — 50 HXC;

4) BRICOKOHHKeJEBBIE  MepMaJljioH,
JIErMPOBAHHBEIE COOTBETCTBEHHO MOJIUG-
HeHOM, XPOMOM H. KpeMHHEM, XpOMOM
¥ menblo,—79 HM, 80 HXC, 76 HXI.

Bece cnnasel  copepxkar B HeGosb-
IHX KOJIHYEeCTBAX MapraHeun d Kpem-
unit. B mapkax mepmannoes 6yksa H
O3Hauaer Hukedb, M — mapranen, X-——
xpom, [l — Mmenb, K — xoBanbt, C —

Kpemuu#t, IT — npﬂMoyroanylo netmo rucrepesuca. CnJjasbl ¢ yayy-
LICHHBIMM CBOHCTBAMH 0603HaualoT JONOJHHTENbHO OyKBOH V.

Cnaasbl H3rOTOBASIOTCSH B BHIE XOJOAHOKATAHBIX JEHT (TOJLHHOH
0,02--2,5 mm, wnpddoi 30—250 MM}, ropsuekataHkiX JHCTOB, rops-
yeKartadblX M KOBAHEIX [IPYTKOB.
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Cnaasbl 45 H 1 50 H o6aapator HauGosiee BbICOKOH HHAYKIMeH Ha-
CHIILLEHHS, NO3TOMY OHH TIPHMEHSIOTCS JJIS CePAEYHHKOB Masorabapur-
HBIX CHJIOBBLIX TpaHC(POPMATOpOB, Apoccesell H jertasieil MarHUTHBIX Le-
neii, KoTopbie pabOTalOT NPH NOBBILEHHLIX HHAYKUHAX Ge3 nogMartH-
YHUBaHHA HAU ¢ HeGoJpluM noaMarHuunsanuem. Crias S50HXC obaa-
JaeT TOBBbILEHHBIM CONPOTHBJICHHEM W UCIIOJNb3YeTc S CEepAEYHHKOB
HMILYJIbCHHX TPaHCPOPMATOPOB H YCTPOHCTB CBSI3H 3BYKOBBIX W BbICO-
KHX YacToT.

Bricokonukenessie crinasel 79 HM, 80 HXC, 76 HX [ npumessiiorcs
JJIst CepIeUHHKOB MaJjorabapHTHBIX TPaHCHOPMATOPOB, Pejie U MarHHT-
HBIX KPaHOB, npH Toauuue 0,02 MM — /191 CepAEUHUKOB HUMNYJbCHBIX
TpaHchOpMATOPOB, MarHHTHBIX YCUJAWTeNel.

Henocratkamu nepmasiioeB SIBJSIOTCS HX OTHOCHTE/NBHO BBICOKAst
CTOMMOCTb, CHJ/IbHAsi 3aBUCHMOCTh MAarHUTHBIX CBOMCTB OT MEXaHHYe-
CKHX HampskeHui.

Anbcugpep — TPOHHOH CIIaB, COCTOSUNUHA U3 AMIOMUHMS, KPEMHUS
u xeseza. Cnnae ontumanbHoro cocrasa (9,6 % Si, 5,4 % Al, ocranb-
Hoe Fe) mo cpoum cBoiicTBaM HE OTJIHYAETCS OT NEPMAJJIOEB H HMEET
C/AeNYIOULHe XaPAKTEPHCTHRU: Wy == 35 500, W pax = 120 000, H,

- 18 A/m, p = 0,8 MKOM-M. Taxne XapaKTepHCTHKH noayqalorcsi
TOJIBKO fIPH CTPOTOM COOJIIOJIGHHH COCTaBa, {IPOMBIUITIEHHBIE 0GPa3Lbl
UMeloT GoJlee HU3KHE XapaKTepHUCTHKH, AsbeHdep NoayqaioT Kak JUTOH,
'HEKOBKHH MaTepHa/l, ¢ BBICOKOH TBEPJOCTBIO U XPYNKOCTBIO, MO3TOMY
H3eNHA M3 anbCHdepa H3TOTOBASIOTCS METONOM JIHTbSI C TOJIIHHOK
cTeHoK He menee 2--3 mMm. OO1aCTb NpHMEHEHUs albCHbepa — MalHHUT-
Hble 3KpaHbl, Kopnyca 0pHOOPOB MalluHH, AeTdJH MarHUTOTPOBOJAOB
A paGoThl B MOCTOSTHHBIX . HJIW MeJJIEHHO MEHSIIOUMXCS MArHHTHBIX
noasix. BeaeacrBre Toro uto adibckidep XpyloK, €ro MOXHO pa3Malibl-
BaTb B HOPOUIOK H MPHUMEHATb JJ/isi H3TOTOBJIEHHA {IPECCOBAHHBIX Cep-
JEeUHUKOB H MAarHUTOJAM3JIEKTPUKOB.

MarnuTHbte cnjlasbl ¢ 0COOBIMH cBOilcTBaMH. B psje ciyuaes Tpe-
OyloTcss MaTepradbl ¢ NOBBIIEHHBLIM MOCTOSTHCTBOM MarHUTHOR TPOHH-
HAEMOCTH B C/1abblX MAaCHUTHBIX fonsx. MarepHanbl ¢ TaKHMH CBOHCT-

. BaMH HeOOXOAHMBI A1 CO3JAHHUA MarHUTHBIX 3JIEMEHTOB ¢ 6O/bUINM MaT-
AUTHBIM NIOTOKOM, B YAaCTHOCTH B HEKOTOPBIX [poccensix, TpaHchopmato-
pax Toka, annaparype TejedOHHOH CBSI3H, U3MEPHTE/bHbLIX MPUGOPOB
W Ap.- Bblue paccmMaTpHBanoCh, YTO MAarHWTHAS MPOHHUAEMOCTH MOXKET
ObiTb 00yC/IOB/EHA KAK OGpaTHMBIMH, TaK ¥ HEOOPATHMBIMK [poLEcca-
MU HAMarsuyuaHua. [TOCTOAHCTBO MpPOHMIIAEMOCTH HAGMOLAETCs TIPH
00paTUMBIX [1POUECCAX HAMAPHHUHBAHMI, CJAEA0BATE/NBLHO, TAKHE MaTe-

puagel J0JLKHbI 06naaath obpaTHmoi MPOHHUAGMOCTHIO B ,[LOCTaTO‘{HO

GOJIBILOM  MHTEpBAJIe MAarHUTHHIX [OJIeH.

DKCNePUMEHTAJIbHO YCTAHOBJIEHO, YTO MOCTOSTHCTBOM HPOHHUIAEMO-
CTH o6safaioT matepHansi Ha ocHoBe Fe—Ni, Fe--Co, Fe-—~Ni—Co
criaBoB. Tpofinoit cras (25 % Co, 45 % Ni, ocraabnoe — Fe) na-
3bIBAIOT nepmuneapom. MariuTHas NpOHUIAEMOCTh MepMHHBApa Toc/e
crielHanbHol TepMHueckoll 00paGOTKH B BaKyyMe CTAHOBHTCS PaBHOM

4. 3ak. 318 , : 97



300 u ocraercsi. (PAaKTHYECKH MOCTOSIHHOM B uHTepBase noJeil or 0 ao
160 A/m. Muaykuus naceliuenusi nepmuaBapos jocturaer 1,55 Ta.
[Tpumenenne nepMHHBapa OrpaHHYMBAETCS CJIOXHOCTBIO TEXHOJOTHH
1OJIYYEHHS! ¥ BBICOKOH CTOUMOCTBIO.

JHauuTeabHO 60J1bHIaf CTAGHIBHOCTD MATHUTHOH [POHMILAEMOCTH,
HO NIPU . MEHbIIEM €€ 3HaueHuu (M, = 30 -~ 80) noayuaerca -B cra-
BE H30TEPM, KOTODbIii COCTOMT M3 JKeJe3a, HHKeJs, a/llOMUHHS ¥ MelH.
[locne xonomHo NpOKaTKM B 3THX MarteépHajax MOCTOSHCTBO Mar-
HUTHOM NPOHHLAEMOCTH coXpaHsiercss B noasx xo 500 A/m.

[Tpumensiercsi cninaB B [POU3BOACTBE TeneOHHON anmapatypsi.

L9 pa3iuyHBIX CepJeUHHKOB, HO/IOCOB 3/1eKTPOMAarHiTOB, paboTal-
ULHX B MAarHUTHBIX NMOJAAX C HANpsikeHHOCTbio 24 000 A/m u Bblue, He-
OOXOAHUMBI MaTepHaJ/ibl ¢ 0co60 BBLICOKOH HHAyKUMeH Hacbimenus. Ta-
Kumu cBoficTBamMy obnajaer Fe—Co — cnanas nepmerndop, KOTOPHIA co-
crouT u3 30—50 % koGaibra, 1,5-—-2 % BaHagus W ocTaJjibHOE — Xe-
Jle3o, AT0T cAnaB obaajaeT HAMBBICUICH H3 BCEX H3BECTHHIX @eppomar—
HEeTHKOB HWHAyKuMell Hacoiuenus no 2,43 Ta,

[MepMeHMIOp TIPHUMEHACTCA W3-32 €O BBHICOKOH CTOMMOCTH TONBKO
B ClleNHaJIH3MPOBAHHO alinapaTtype, B YaCTHOCTH [/l H3FOTOBJEHHS
MemGpaH TesedoHOB, ocuuanorpadax w T. A. K uxcay HemocraTkos
1IePMEHIOPA OTHOCHTCS MaJIoe YeNbHOE 3JIEKTPHUECKOE CONPOTHBIEHHE,
KOTOpOe NPHUBOIAUT K 3HAYHTEJNbHBIM MOTEPSAM Ha BHXPEBOH TOK MpH
paboTe B TiepeMEHHBIX MAFHUTHBIX HOJSX.

B asiekTporexHuKe HCHONAB3YIOT MatepHafbl ¢ 60/bUIOH 3ABHCHMO-

_ CTbIO MarHUTHOH NMPOHUUAEMOCTH OT TEMIEPATYPhl AJIA TEMIEPATYPHOH
KoMIeHCaU MK (TePMOKOMIIEHCAUUH) MarHuTHLIX uenefi, M3 Hux wusro-
TaBJHBAIOTCA MATHUTHBIE UIYHTHI, ¢ NOMOIIBLIO KOTOpPLIX AOCTHraeTcs
TemriepaTypHast CTaGuJIbHOCTb MATHHTHBIX CBOHCTB I1eNel ¢ MOCTOSTHHBIM
maraaroM. C yBeNHueHHeM TeMriepaTypbl MAarHHTHbI MOTOK B paBouém
3a30pe OCHOBHOIMO MarHwra najder. 310 H3MEHEeHHe KOMMNEHCHpyercs
BO3pACTaHHEM MarHUTHOTO CONPOTHBJCHHS (WYHTa, TepMOMArHHTHBIHA
MaTepHas WyHTa JO/KEH MMeTb MAarHUTHYIO POHHMLAEMOCTb; KOTopas
CH/IBHO 3aBHCHT OT Temnepatypsl B paGouem auaunasoxe or —70 1o
-80 °C, u touky Kropu, 61uskyiwo k pabouedd reMoeparype yCTaHOBKH.

B xauecTBe TEpMOMArHHUTHBIX MATEPHAJIOB 15 MATHUTHBIX UIYHTOB
IIPHMEHSIOT CJAYIOUWMe CITIaBbl: MEAHO-HUKeJeBplil CllJiaB — KaJlbMaJ-
JIOH, KeJse3oHHKeneBblk — TepMaJniol, menesoHuKeﬂb-xpOMOBuﬁ —
KOMNEHCaTop.

C H3MeHeHHeM KOHUEHTPAWHH MGILH B Kasrbmarace ot 3 jo 40 % wus-
FOTOBJSIOT CIVIABL, KOTOPBIC KOMIEGHCHPYIOT H3MEHeHHe B MalrHUTHBIX
vensix B upefenax remneparyp 20--80 °C u or —50 no 10 °C. Heno-
CTaTKOM KaJbMaMOf ABJSAETCS HHU3Kas MHAYKIHA HACbIUEHUs, J1s
MOBLILIEHHS €e B Ka/JbMaMIof J100aBafalOT NpHcaiku xenesa. Tepmaa-
A0 CONEPHKUT HUKENDb OT 28,5 210 33,5 %, 1O CPABHEHHUIO ¢ KAJIbMAION -
MY OHH 06J1a1a10T GoNee BHICOKOH HHAYKIHEHR HACHIIEHUs, KOTOpasi pes-
KO 3aBHCHUT OT Temneparypsl. HeloctaTkamMu tepmanioss $BARIOTCH
HaJIHYHe 3HAYHTE/BLHOTO TeMrepaTyPHOTo THcTepe3nca B 00JacTH HH3-
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KHX TeMIepaTyp, CPaBHHTeNbHO HU3KHI Ipefies] OTPHUATENbHBIX TEMIIe-
patyp, a Takke CHUJIbHOE BJHSHHE COCTaBa Ha CBOHCTBAa MaTepuaJa.

Jns paciunpenuss paGoThl B 06/14aCTH HH3KHX TEMIEPaTyp IKe/eso-
HUKeJIeBble CI/IABBI JETHPYIOT XpoMoM. TaKkue CIIaBh Ha3biBalOT KOM-
nescamopamu, CBOHCTBA WX B MEHbIIEH CreleHH 3aBHCAT OT COCTaBa,
Xopoio' o6pafaThiBalOTCA H HMMEIOT AOCTAaTOMHO BHICOKYIO HHIYKLHIO
HACHIIIEHHS . '

Merojiamu NMOPOIIKOBOK METAJTYPTHH  Pa3paboTaHbl TEPMOMATHUT-
Hble criyiaBel Ha ocHoBe Fe—Ni-—Mo. Marguthbie cBOHCTB4 UX GJH3KH
K CMJIaBaM-KOMIEHCATOPaM, HO OTJIMMAIOTCS 3TH MaTepiasbl 6oJiee Bhl-
COKOH BOCHPOH3BORHMOCTBIO CBOHCTB.

AmopdHbie MArHUTHbIE MaTepuanbl. B mociendee Bpems yaestsercs
0oJibllioe BHHMAHHE BONPOCAM INOJNYYEHHs M MPUMEHEHUs - aMOPQHBIX
MarHuTHeIX MatepuajoB (AMM). Takue MartepHasnl 1OJy4alOTCs TpPH
OBbICTDOM OXJIaXJIEHHH H3 PACIJIABJIEHHOIO COCTOSHUS 6Ge3 KPHCTaLIH-
3aliiid. DricTpoe OXJaKIeHHE  PACIJABJIEHHOTO CIVIABa JOCTHraercs
pa3/IMYHBIMM TEXHOJOTHYECKHMH DNpHeMaMH, CpPeiH KOTOPBIX €CTb He-
NpepLIBHBE WM TOJyHENpephHBHbIE MeToAbl. AMopdHasi CTPyKTypa
noJiyyaercsi ApH CKOPOCTH oxjaxiaeHus pacriasa o 10% °C/c. Cospe-
MEHHBIMH METOAaMH MOXKHO M3TOTOBHTb H3 aMop(HOro MatepHana mpo-
BOJIOKY WJIH.JIGHTY Pa3ivuHoro npobunst HeNoCcpeACTBEHHO H3 pacrna-
Ba o’ ckopocThio 10 1800 M/mun. AMM ob6nafaer oderb BHICOKHMH. Mar-
HHTHBIMH XapaKTEPUCTHKAMH HApSIAy C AOBHIIIEHHBIM CONPOTHBACHUEM.,
[TepciieKTHBHBIME  BBICOKONDOHHMUAEMBIMH  MatepHuajaMH  fIBJSIOTCA
aMopthHble CIIJIAaBHL JkKejle3a W HUKeas ¢ J06aBKaMH Xpoma, MonubjeHa,
Gopa, xkpeMHHs, dochopa, yriaepona HIH alIOMHHHS ¢ MAHUTHOM Mpo-
HHLaemoctbio 1o 500, KospuutuBHO# cHoll H, okoso-1 A/M H HHAYK-
uuelt Hacelwenus: B, ot 0,6 no 1,2 Ta.

AMM MOXKHO HCII0B30BATH B PA3/IMYHBIX THIAX CHEIMATHHBIX TPAHC-
cbopMaTOpoB, B MarHUTHBIX YCHJIHTENAX, BOCIPOH3BOASIMX H 3ailHChI-
BAIOIMX TOJOBKAX, MATrHHTHBIX 3aNOMHHAIOMUAX ycT’poﬁCTBax, 3JIeK-
‘TPOABHTATe/IAX.

) MarduToNMINeKTPHKH. STO TAKHE MATEPHAJIBl, KOTOPhle COCTOSIT H3
KOHTJIOMEpaTa YacTHI, HM3KOKOIPLUUTHBHOTO MarHMTHOrO Martephana,
HU30/IHPOBAHHBIX MEXAY COGOH OpraHHYeCKHM WJIH HEOPTaHHHEeCKHM JH-
3/JIEKTPHKOM, KOTOpBIH HIpaeT poJib ¥ CBA3YIOlilero sjeMenra. buaroga-
pA TOMY UTO YaCTHHUBI (heppOoMarHUTHOH asbl H30JAHPOBAHbI, MATHHUTO-
AU3JeKTPHKH 06/1aJai0T BBHICOKHM YJeNbHBIM COMPOTHBJAEHHEM H Ma-
JBIMH NOTEPSAMH HAa BHXPEBOH TOK, HO HMMEIOT NOHWKEHHOE 3HaueHHe
MarHUTHOM NPOHHUAEMOCTH. Kpome TOro, MarHHTOIHINEKTPHKH Xapak-
TEPHU3YIOTCS HE3HAUHTEIbHBIME TIOTEPSIMH HA THCTEPE3HC H BLICOKOH cTa-
OUIBHOCTHIO TIPOHHHAEMOCTH.

AnexkTpuuecKas H3oaAuMsA QepPOMArHUTHBIX YaCTHIL npousso,u;mcs{
XKHAKHM CTEKJIOM, DA3JHYHLIMH CMOJIAMH, HanpiMep MNONHCTHPOJIOM,
¢enon¢>opmanb}1ernnﬂou CMOJION . UM JIPYTHMH CBA3yomHuMH. Pasme-
pbl deppoMarHHTHbHIX HacTHU coctaistior d = 102 = 10-* cm.
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HauGosee 1IHPOKOE pacHpocTpaHeHHe MOJYUHIH MATHHTOAHSJEK-
TPHKH Ha OCHOBE KapOOHH/IBHOTO XKeje3a, anabcudepa H Monuénenoao-
ro - nepMaJijios.

TeXHOMOTHST H3TOTOBJEHHS H3JIENHH U3 Marﬂmonnsnempuxos co-
| CTOMT M3 MNPUTOTOBJEHHS (EPPOMATHHTHOTO TNOPOIIKA, HpeCCOBaHHH
usjleJusi H o6pabOTKH.

MarsguTofuaneKTpUKN TpeJHa3HayalTCa JJisd paﬁom B CJaGhix
MAarHHTHBIX NOJAX, OJIU3KHX N0 3HAYEHHIO K KOIPUUTUBHOM CHNE, W HC-
HOJB3YIOTC B BBICOKOYACTOTHOH NPOBOAHOH CBSI3H, pafHO3JEKTPOHUKE
¥ APYrHX ofJactsix.

~ MarupTHasi IPOHHIAEMOCTh MarHUTOAHIIEKTPHKA ¢1a6o 3aBHCHT OT
9acTOThl. [I/15 MaTHHTONHSJEKTPHKA Ha OCHOBE KapOGOHUJIBHOTO XKeJje3a
Haya/JbHAasi MarHUTHas NPOHMIAEMOCTh HAaXOAWTCH B mpejenaax 10-—20,
Ha ocHoBe anbcudpepa — 20—94, Ha ocHoBe nepmajioes — 60—250.
Hsgenus 43 MATHUTOAHIEKTPHKOB U3TOTOBJAIOTCS B BHJAE KOJBIEBHIX
H- GpOHEBLIX CepJEUHUKOB WM APYrux KoHUrypauui.

®epputbl. OCHOBHBIM JOCTOMHCTBOM (DEPPHUTOB SIBJISIETCH COUETAHME
BBLICOKHX MArHHTHBIX NapaMeTpoB C GOJIBIIMM 3JIEKTPHYECKHM CONpPOTHB-
JIeHHeM, KOTOPOe NIpeBbILIaeT CONPOTHB/IEHHE (PepPPOMarHUTHBIX METa/IJIOB *
u crtaBoB B 10%—10' pas, u, c/1én0BaTe/bHO, OHH HMEIOT OTHOCHTEILHO
MaJible IOTePH B 06JIACTH NOBBILIEHHBIX YACTOT, UTO MO3BOJISIET HCHOJb30-
BATb UX B BHICOKOYACTOTHBIX 3/IEKTPOMArHHTHEIX yCTPOHCTBAX. XuMHye-
CKHii cOCTaB (DEPPHTOB C BHICOKOH MATHHTHOH TNPOHHLIAEMOCTBIO MOMKET
ObiTh 3anucaH xumuyeckoil gopmynoii MeO-Fe,O; nmin Me**Fel+Ql—,
IZe B KayeCcTBE META/VIa MCMOJb3VIOTCS JABYXBaJeHTHblE WOHBL Mn?t,
Fe**, Co*, Ni**, Zn**, Cd® n gp. HoHsl AByXBajieHTHOTO Merai-
Jla XapaKTepH3yIOT (peppm KOTOpHIH [O/yYaeT HasBaHHE 10 Xa-
PAKTeDH3YIOWEMy ~MeTa/IMYeCKOMY ~HOHY, 'HAanpumep NiFe,O, —
HHUKEJIEBBIL depput, ZnFe,O, — uunkoBbii  ¢peppur. Kpucrammu-
yecKasi CTPYKTypa IIpHBEJEHHBIX (DepPHTOB aHa/JOTHYHA CTPYKType
NPHUPOJHOrc MHHepasna — éﬂaropozmou wnuHenu MgAlL,O,, nosromy
HX Ha3BLIBAIOT (PePPUTAMU CO CTPYKTYPOIl LITHHE/TH WM (hep POLITUHETH.
Takas crpykrypa. Ipexcrasiser cobok IpaHeleHTPHPOBAHHYIO TLIOT-
HOYNIAKOBAaHHYIO KYGHYECKYIO pelleTKy, B KOTOPOH IUIOTHeHIylo yna-
KOBKY 00pasyloT OTHOCHTENbHO O0JIbIINE HOHBL KHCIOPOAA (PIOHHbIl/I pa-
puye 0,132 um). Meraminueckye HOHBLI, UMEIOU{HE MEHbUINE  HOHHBIH
paauyc (0,04—0,1 Hv), pacnosaraiorcss B NPOMeEXyTKaX (y3/ax) Mex-
Jly MOHaMH KHCAO0poja. B eTpykType :TuNA  LIMHHENH CYIIECTBYET JBa
THIIA IIPOMEXYTKOB: TeTpadApHyecKHe, o6pasoBaHHbIE UETHIPbMsI HOHA-

. MH KHCJIOPOZA, H OKTasApHYecKHe, o0pa3oBaHHbIE HIECTbIO HOHAMH KHC-
Jlopofia. B ueHTpax 3THX TPOMENKYTKOB HAXOAATCS HOHBI Merasja.’
B anementapHoii  KyOuueckoll syelike cofep:xurca 64 Tterpasppuye-
CKHX H 32 OKTa3JApPHYECKHX HPOMEXYTKa. B CTPYKType UINUHENH HOHA-.
MH METaJl1a 3aHSITO BOCEMb' TETPa’APHYECKHX (A-y3JIbI) u 16 okrasi-
puueckux (B-ysJibl) NMPOMERyTKA.

Pampeneneﬁue HOHOB JABYX- H TPEXBAJEHTHOrO METa/ia To y3JaM
KpPHCTAIJIHYeCKOH PEelIeTKH OKa3blBAeT CYLUeCTBEHHOE BJAWSHHE Ha Mar-
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HUTHbIE CBOWCTBA (eppHTOB. B 3aBHCHMOCTH OT pacmpejie/ieHist HOHOB
MeTallia PacCMaTpHBAIOT TPH THIA HIHHEel:

a) HOpMaJbHas IUNHHeNb — B A-y3/ax pasMelieHbl HOHBI JBYXBa-
JIEHTHOTO METala, 4 B B-ysnax — MOHBI TPEXBAJEHTHOTO xene3a. XH-
MHYecKast cpopmyna HOpMaJIBbHOH umpmenu 3aNHCBIBACTCA CTIEAYIOUIMM
obpasom:

Me?+ [Fed+] Og -

6) obpatieHHas IINKHENb — A-y3/1aX HaXOAUTCH YacTh UOHOB TpPex-
BaJIEHTHOTO KeJle3a, a B B-y3/ax — OCTaBHIasCs YacTb HOHOB M HOHB
IBYXBAaJEHTHOTO MeTallla, YTO COOTBETCTBYET XHMHUECKOH dQopmyJe

Fed+ [Me?+ Fel*. ] 02—,

rae X — JOJs HOHOB »keJje3a B A-ysiax: :
B) CMeluaHHasi LINHMHeJ b — HOHBI JByX- H TPEXBaJIEHTHOIO METaJLIa
NOSIBJSIIOTCH OJiHOBpeMeHHO B A U B ysnax:

Me;~ Fejr ,[MeiL Fei? ] Oi~.

Pacnpenenenne woHoB 1o A- U B-yanam onpejensiercs: cieiyouumMu
(haKTOpaMH: ‘@) HOHHBIM pajuycoM; 6) Konburypanued >/JeKTPOHHBIX
000/I0UeK HOHOB; B) 3/IEKTPOCTATHYECKOM SHeprueil (3apsijioM HOHOB).

Beime oTMeyasnocs, 4to B (pepPUTAX OCYLIECTBJISACTCS KOCBEHHOe 00-
MeHHO€ B3aNMOJEeHCTBHE, KOTOPOe NPUBOANT K aHTHNapaJJielbHOH OpH-
eHTaUHUd MarHUTHBIX MOMEHTOB COCeHHX HOHOB. B deppoumnuuensx
COCEIIHAMH HOHaMM OKAa3biBAlOTCA HOHbI, Haxopsmuecs B A- u B-ysaax
(A—B-B3aumofieficTBre). ‘B 3TOM-Clyuae pelleTky MOXKHO NPEICTaBHTD
'KaK COCTOSIIIYIO B MACHUTHOM OTHOLIGHHH M3 JABYX mojperierok A u B,
NpuYeM BHYTPU IOAPEINeTOK MarHUTHble MOMEHTHl HOHOB OKa3BIBAIOTCS
napajsenbHsl ApYr Apyry. Takum o6pasom, cyMMapHas HaMarsuded-
HOCTb (heppuTa MOXKeT ObITh MPEACTaBIEHA KaK PasHOCTh HaMarHHYeH-
HocTeH no,upemeTox — OKTayfipHueckoit Ms (B) H TeTpaazlpmecxou
Ma (4), 1. e. M, =M, —M, |

Ecny HamMarHM4eHHOCTH TNOJpPeINeToK HeOJmHaKOBbI KaK 3T0 Ha-"
Gmojlaercst B ciyuae (eppUTOB, BOSHHKAET CIOHTAHHAS HaMarHWYeH-
HOCTb.

LIMHKOBbIH U KaAMHEBBIl (DEPPUTH, KOTOphIE 06JAJaI0T CTPYKTYPOH
HopM’aJIbHoﬁ IINHHeNH, HeMarHHTHB. B 3ToM ciayyae AnamMarHHTHLIE
Hotbl Zn*t u Cd*t sauumaror  A-ysabl, TeM caMbiM B3auMoJeficTBHE
A—B JHKBHAHpYETCcs, B3auMOJelicTBUe B mojpeuetke B (B—B-B3a-
HUMOJIeHiCIBHE) MaJl0 M HEe B COCTOSIHUH CO31aTh yNopsajcueHHe MarHuT-
HBIX MOMEHTOB. '

[Ipy noBeimieHHy TeMIepaTypsl MATHHTHOE YIOPSAOYEHHe paspylua-
ercsi M CIOHTaHHasi HaMarHMYeHHOCTh = yMeHbluaercs, 3aBHCHMOCTb
CIIOHTAHHOH HaMarHMYEHHOCTH (eppouInyHe/ell ¢ YyBeJUUeHHEeM TeM-
nepaTypbl B GOJBIIMHCTBE C/1yyaeB MOHOTOHHO yObiBalollasi H aHaJoTHY-
Ha 3aBHCHMOCTH MJIfl- METAJVIHYECKHX MAarHHUTHBIX MaTepHaJsoB.
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Texnonorna nonyyenns deppuron. PeppuTh NOJYHAIOT METOAOM
KepaMHYECKOH ‘exnojiorun. B NPOMBILUIEHHOCTH B OCHOBHOM HCIIOJIb-
3YIOTCH METOR CyieriBaHKs OKCHAOB MJIH KapGOHATOB HEPACTBOPHMbIX
B BoJie 1 METOA ’repMqucxoro pasioXeHns coJiefl pasnHYHBIX METAJJIO0B.
Han6onee IPOC 1 sBsieTc: MeTOA CMEIIWBAHHS OKCHIOB WK Kap6o-
HatoB. TeXHOMGryq nojyuenus GeppHTOB MO ITOMY METOAY COCTOMT
B CENYIOMWEM: yexonppie OKCHAbl B3BEMIMBAIOT, TOABEPralOT NEpPBOMY
nomoay ¥ TaTes;yoMy nepeMeliBBaHUIO B WIAPOBBIX HIH BUOPALMOH-
HBIX MeNBHMIAY 3avem nouie CYWIKH M NIPECCOBAHHs OpHKETOB (1K
TpayaupOBAHiy) oeyiecTRIAIOT NpeiBAPUTEbHbIA OGKHT NIPH TEMNE-
patype Ba HECK, ko coTeH rpaiycoB HIKE TEMNPATYPhl OKOHYATENb:

Horo o6xura. ljoene sroro crenyer BTopoii NOMOJ N NOPOLIOK HCTIOJb-
3YI0T AR NOMdyyenus wagelnt.

Hsneis M3 geppuros dopMyroTcsl MyTeM IIPECCOBAHNS B CTANbHBIX
npecc-GOPMaX, pynapiuBakis yepes MYHAWTYK, TOPAUEro JHTbi HOX
KaBJEHHEM, TOhguero mpeccoanus. Jf yaydiieHHs [IACTHIHOCTH
IpH HMSTOTOBChyuy yajnenui B (eppHTOBHI NOPOWIOK BBOAAT IJACTH-
puKaTophl (BOLY ' 1io;uBuHHIORE CIIUPT, HAPAHH U Ap ). Uanenue nop-
BEPraloT OKOHYarenpuomy o6MUTy NpH Temneparype 1100—1400 °C.
B npouecce 00yyra mpouckoput cneKaHue YACTHIL M 33KAHUUBACTCA
HayaBUWHMACH Mhy ppesipapiTesibHOM OGXKUre npolecc (peppUTHIALUH
(xwMHYeCKas Phayuus, mpereKaiouiast MeXxAy 4YaCTHLAMH, HaXOAlA-
MHcs B TBEPAOH gaze npu Harpese) no tuny MeO -+ Fe, 05 —- MeFe,0,.

DeppPUTOBHE ¢peyenHpie H3AeHs OTAHYAIOTCSA BBICOKOH TBEPAOCTHIO
¥ XPYNKOCTBIO.  Mexauuueckyio 06paGoTKy (eppuToB MOMKHO TIPOH3BO-
nuTh abpasHBHEG yyeTpyMeHTOM W3 CHHTETHYECKHX a/IMa3os HJH BRI
TIOJHUTE ONePAyyy — peswy, uWLIRGOBKY M HOJMPOBKY. .,

B §eppUTOB, 1y psnesusix MOKHO NPOCHBATb OTBEPCTHA YABTPa3By-
KOM; KPOME TOL,  yiprpastyk T03BOJSIET NPOH3BOAMTH NMAHKY Qeppi-
TOB MEXAY CO0Gj y ¢ merasiom. PeppUTOBbIE AETANHN CKJICHBAIOT NOJH-
CTUPOJIOBBIM, Shoxcu/IHBIM HIH APYIHMU KJIESMH. deppHuThl 10 CBOUM
CBOMCTBAM A€M%1cq Ha MATBUTOMSITKHE M MArHATOTBEPABIC.

by { MarnuToMar e deppuTl MCTIOMB3YIOT IS UTOTOBJICHHA CEpAEH-
HUKOB TPAaHCPGoyatopos, kaTymieK WHRYKTABHOCTH, MArHUTHBIX ab-
TEHH, CTATOPOR y noTOPOB BHICOKOUACTOTHBIX HEGOJILIIOH MOULHOCTH
INEKTPHUECKHX yoropoB, Jeraniefl OTKJIOHAIOWMX CHCTEM Te/IeBH3HOH-
HOH annapaTyPy; Mepputh ofaafalT Gojee HUKOR UHAYKIHeH HAChH-
UIEHUS, YeM M€paniyyeckie peppPOMATHETHKH, NOSTOMY B CHJBHMIX HO-
JISIX WX TIPUMERgry gereneooGpa3Ho, OAHAKO B BHICOKOUACTOTHRIX TO:
n5iX GEPPUTH MoryT pMerh Gosiee BHICOKYIO HHAYKIMIO, TAK KaK OTCYT-
CTBYeT. PasMarlyyppajoiee feficTBUE BHXPEBBIX TOKOB..

Hau6o/1€e P acppocTpatHHEIMM IPOMBHIVIEHHBIME MArHHTOMSATKUME

(eppuTaMH SBAgigres TRepIbie PACTBOPH TPOCTHIX (EPPHTOB CAEAYIO-
HMX ' BHIOB:

a) HUKeIb-lyuyoppie, 1pefCTABAAIONE TBE/BIE PACTBOPDI HU-
KeseBoro $ePPira NiFe,O, u peppura unnka ZnFe,Oy. Xumuueckas
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tyna Ttakoro ¢epputa: Ni, ., Zn,Fe,0,, tiae x gons KoHuewt-
popmy¥ UHHKE B (eppure. ‘
paruy BETRUEHHE KOHUEHTPAaUHH LHHKA 10 HEKOTOPOro npejena (x
yg4 = 0,6) HpUBOAMT K YBEJIHUEHHIO HAMATHHUEHHOCTH HACBULEHHY, |
- 0,4KUHH W MATHUTHOH NPOHMUEEMOCTH W TIOCTOSAHHOMY YMEHbUICHHIO
HHAyKEPATYPbI Kropn (puc. 3.9);
Temniej MAPraHel-UHHKOBbIE, MPEJCTABASIOUINe COOOI TBEpble PacTBo-
6) taprauuesoro deppura MnFe;O, n unrkosoro ¢eppura ZnFe,O,.
pol Mdl€ OEPPHTBL HMEIOT MeHbLIHiA

TakueCHC yraa noteph B obnactd ua- S 74 7T T, °C
vanrer | Ml uem HuKesb-uHHKOBbIC 5 o~ 500
cror |HTbl, 4TO OOBACHSETCH MEHbIH- Z\
PeppuOTEPsiMH Ha rucTepesnc. Kpome g4 N 400
MH Mo MapraHel-udHKoBble (eppHThl X
Toro, OT Oosee Bbicokue TeMmneparypy 47 300
nmeroH H HHAYKUHIO HacbileHnsi. He- 07 \ 200
KiopuaTKOM Maprateil-LuHKoBb(X dep- .~ v \\
JocTatB ABJSIETCA MeHbilee 3HaueHue a1 ‘ 100.
putop'ell  4acToTh {lo HecKOABKHX ’ ;
paéoqrepu)\ B TO BpeMs Kax HHMKeb- RV TR TR TEET,
merariOBble  (eppHThl paboTaloT A0 Ni Fe,0, ZnFe,0,
UMHKRCM LG '
100 N) Jauruesbie tHna Liy s Fe,; O, Puc 39, 3asucumocts vemuepary-
B))’l‘OprX B KaueCTse ﬂ.ByXBaﬂeHT' phbt KIOPH H HHAYKUHH HACHILLEHHA

d , . aas deppuros  Niy-.Zn.Fe,0; or
B Kot METALIA  HCHOML3YTCA KOM- L0 eutpawns unuka (temneparypa

HOTO (. yoHOB _; (Li'* + Fed+). Jlu- oGxura. 1320 °C)

HWIeKCple deppuTl 0GTARAIOT CTPYK-
rrepp¥ OOPALLEHHON UINMHENH, HMEOT Hanbosiee BBICOKYIO WHAYK-
Typoi. HACHIIICHHA # HCTO/B3YIOTCA HA UYACTOTax A0 200 MTu.
o AarnHTOMATKHE (EPPUTHI MAPKUPYIOTCA CJIEAYIOUIMM OOpasoM: 1id
M3OM MecTe IIpHMepHoe 3HaueHWe MarHUTHOH NPOHHLAEMOCTH, 3aTeM
nepsd OYKBH, onpeneisioniue qacmﬂu:xﬁ quanascH. deppursl ansa ya-
uayt 0, -—50 MTI'y oGosunauator Gykeofi H (Huskouacroruble), ans ana-
ctor PHa 50-—600 MI'u BbicokouacToTHble GeppUTH ofo3Hauarores BY.
f1a30€€ B MapK#posKe c/ienyioT OYKBbi, 03HAYaOUIMe cOCTaB MaTeprana:
Ilaser MapraHeu-uunkosbie, H — Hukeab-unHkoBble u 1. A, Hukenb
M .. KOBble (eppHTHl MAPKHPYIOTCR TaKXe mapkon BY.
linnkIaTHUTHBIE CBOMCTBA PANA MATHUTOMSTKHX (eppHTOB UPHBEAEHD!
maba. 3.5. IIns oueHKH [AONYCTHMOIO UAaCTOTHOrO AMaNasoHa, rie
B Taf€l HCIO/Nb30BaThcd (GeppHTOBLIH MaTepHal, BBOASAT MOHATHE KPH-
MOKECKOH HacToThl fyp, TaHTeHC yTJla MarHATHHIX nOTephb PH KOTOPO
TuyedHraer snavewne 0,1.
focr @KHM 06pPa30M, MOXHO CAE/TATHb BbIBOJ, UTO ueM. Bbillle 3HaYeHHe
Ta/1bHOH MAarHWTHOH MPOHHIAEMOCTH (HEPPUTOB, TeM MeHblie HX
Haya/TbHOE 3/EeKTPHYECKOe CONMPOTUBJIEHHE H TEM HHKE UX KPHUTHUECKas!

y1eTOTa.

4acT( 103



Ta6auuwa 3.5

e rn Mymax [He A/M| By, TalTy. °C ;X:]pﬁ o
90000HM 15000 35000 [ 0,24 0,1t} 110 | 0,01 0,001
10000HM 8000—1500 17000 | 4,0 ;0,11 | 110 0,3 0,01
6000HM 48008000 10 000 8.0 0.1 130 {.0,01 | 0,1
2000HM- 1700—2500 3 500 241 0.12 | 200 65 0,5
2000HM 1800—2000 6 000 810,1 70 10,02 10
600HM 500-—800 1 500 401 0,12 110 ] 1,2 102
400HM 320—500 500 56 ] 0,13 120 | 2,0 102
150BY 130—170 350 250 | 0,15 | 400 250 104
J0BU2 4H—65 170 500 | 0,20 + 450 70 104
20BY2 1624 45 1000 [ 0.1 450 120 108

Ha puc. 3.10 npuBejena 3aBHCHMOCTb HAYANBLHON MAarHUTHOHM TpO-
HHUAEMOCTH HHKE/b-UHHKOBbIX W MapraHei-UHHKOBBIX (eppHTOB OT
TeMaepaTypbl. XapakTepHO, uTO ¢ yBEJMHEHHEM TeMmIlepaTypbl u I0-

W
)

Faw s
5000

4000
3000
2000

1000

-8 g

BBILLAETCS ‘W 3aTeM Pe3KO najaer.

deppuThl €  NPAMOYroJbHOH
neraeit rucrepesuca. MaruutHole
MartepHasbl ¢ IpsMOYroNbHOH ner-
aeit ructepesuca ([T ocoGenHo
BaXHbl B  YCTPOHCTBAX aBTOMa-
THYECKOrO YylipaB/ieHua annapa-

,Typbl * TesierpadHoil  CBA3H, Bbl-

YHCJIUTETLHOR TEXHUKH, KOMMY-
THPYIOLIHX Jpoccelieil.

BaxkHbiM 1TOKasaTeseM CBOHCTB
matepuanos ¢ [I[II sasaserca
KO3(DHHLHEHT = NPSAMOYTOALHOCTH
fleTyin CHCTepesHca  Ryy,. KOTOPHIH
onpejensercs Kak  OTHOLIEHHE

' DCTATOYHOM HHAYKUHKH K MaKcCH-

Puc. 3.10. 3aBHcuMOCTL HAYAABHOIN

MarduTHOH NPOHHLAEMOCTH OT TeM-

nepaTypbl AN HHKeJb-IHHKOBHIX H
MApraHeU-IIHHKOBLIX (PeppuTos

3HAKA UHAYKUHH ¢ -~ B, na

_“B ry

MaJbHOH MATrHHTHOR ~HHAYKLHH:
Rny = B /Bnax <<1.

Marepwanst ¢ [T pomkHbl
00/1a1aTb Ma/ibiM BpeMeHeMm fepe-
MaraHYuBanust (BpeMsi H3MEeHEeHHs
KOTOpOoe AO0JKHO ObITh IIPUMEPHO

107%~-10-" c), uMerp BBICOKYIO TeMNepaTypHylo CTAGHABHOCTb Mar-
HHUTHBIX - 11apameTpos, '

[I[I" uMeloT HeKoTOpble MeTa/lHyecKue CIJIABhl XKejle3a W HUKels
(1epMasIon) W CILIABbI XKeJIe30-—~HHKeIb—KabaibT ¢ COepHKauHeM Ko-
Gasbra o1 30 fo 55 %, JeruposaHHble MeNbI0 KK APYTHMH MeTasia-
M. OHH U3TOTOBASIOTCA B BHAE JIEHT TO/MIHHOMN OT eAHHHULL IO HECKOMb- -
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KHX CcoTeH MUKPOMETPOB, HX KoshduiHeHT npaMoyroabHocTH ot 0,85
a0 0,98. ITpokatka MHKPOHHON JIeHTH, ee TepMooGpaboTKa H H3LOTOB-
JeHHe CepIeYHHKOB Cl0XKHee, ueM MPOU3BOACTBO U3JeNHH U3 (eppUTOB,
nostomy depputsl ¢ [ Haxogsit Gonee wupokoe npumenenne. TITT
B epputax peasusyercs NpH ONpeIeSEHHOM cOCTaBe H ycnommx HX
ClieKaHus.

ﬂpommumennocmm OCBOEH BbIIYCK CBbilie 25 MapoK (eppuToB
¢ [T, llupokoe pacnpocTpaHeHue MOMYUYHIH MArHHH-MaprasueBble
H JTuTHEBble HePPHUTDL CO CTPYKTYPOR nuresu. [1a yayuiueHus cBOHCTB
HCMOB3YIOTCH JIerHpoBaHWe HX HOHAMH LMHKA, Ka/blUMsl, MelH, Ha-
tpust U Ap. OCHOBHbBIE xapamepucmhu deppuros ¢ [MI7 caenyrowue:
KostpduienT npwoymﬂbﬂocm Ruy = 0,9 <+ 0,94; ocraroynas uH-
ayknns B, = 0,15 3~ 0,25 Ta, temueparypa Kiopu Tx == 110 =
-+ 250 °C (11Jm varuuii-vaprauuessx ¢eppuron); 550 < 630 °C (ansn
JHTHEBBIX), KOIPHUMTHBHAN Craa Aast QePPUTOB, HCHOAB3YEMBIX B CXe-
Max 4BTOMaTUUYECKOTO ympaBjienus, fAexuT B npefenax 10—20 A/m,
A MATEPHAJIOB, MCHOJb3YeMbIX B  BBIMUCJIHTENLHOR TeXHHKE, -

© 1001200 A/wm.

~ ®eppuret ¢ [T BuInyckatoTcs B BHJAE KOJIBLUEBbIX CEPACUHHKOB Pas-

JUYHBIX THIIOPAa3MepoB WM (PeppHTOBLIX MJACTHH (1aT) ¢ GOJBLINM
KOJAHUYECTBOM OTBEPCTHA, BBIMOJIHSIOUIHX POJMb CEPACUHHKOB, HAMpaMep
A 3AMOMMHAIOUIHX YCTPOACTB BBIIIYCKAIOTCA TLIaThl. pasMepoMm 15 X
» 15 MM, KoTopsie copepxkar 16-16 -= 256 orsepcruil.

K nepoctatkam depputos c¢ [T oTHOCHTCS MeHbUIasi TeMIEparyp-
Has CcTabUABLHOCTb [1ApPaMETpPOB, YeM MEeTaJJHYeCKHX CIIaBOB.

&1 § 3.4. Maruutorsepibie MaTepHanbl

MaruutoTBepAble MarepHa/bl B OTAHYME OT MATHUTOMHTKHX HMEIOT
CyulecTBEHHO GOJIbllIME KOIPUHUTHBHYIO CHJY, KOTOpas pacHo/ioKeHa
8 npepenax or 5-10* go 5-10° A/m, H naowagp nerad rucrepesca.
Takwe MarHuTHble MatepHa/bl NPHUMEHSIOTCH VIS H3TOTOBJEHHS No-
CTOAIHHBIX MAarHHUTOB — HCTOYHHKOB MOCTOSIHHBIX MAarHHTHBIX ToJei,
KOTOpbIi€ NpaKTHYECKH BO MHOTHX CJyYafiX BbITOAHEE, YeM 3JEeKTpO-
_ MarHuTHble,

[TocrosigHbie MarHUTLl HMEIOT PAGOUHil BO3LYIIHBIA 3a30p; CJ/IE0Ba-
TEJbHO, HA PA3OMKHYTHIX KOHLAX BO3HHKAIOT MOJIOCH!, co3jalolline
pasMar{uuuBanllee foje ¢ HanpsHKeHHocTbio 1y, cHUXKalouee HHAYK-
IMI0O BHYTPU MarHura Ao B, KoTopas MeHblye OCTaTOWHOH HMHAYKWHN
B .. Ocratounast ‘WHAYKUMS B, XapakrtepHayer marepHa/J B TOM CJy-
uae, ecTH MarHHT HaXOUAHTCH B 3aMKIIYTOM COCTORRHHH H IIpE€ABapHTe b
O BaMartiguen A0 HACHILLEHWS! B CHBLHOM BHELILleM MarTHHTHOM foJe.

Ha puc. 3.11 'npuBeneHnl KpuBble, XapakTepusyiouiye CBOACTBA Mar-
HUTOTBEPIBIX MATEPHAJOB: KpPHBAA pa3sMarTHHUHBAHHA () —— yuacToK
FUCTEPE3UCHON NeTJIH, paclnofoKeHHbI BO BTOPOM KBajpare; KpHBas
3HEPTHH MarHuTa B 3a30pe (2). YienwpHana MardHrHas HEPTHA HOAH,
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C034aBaeMoOro B BO3AYIIHOM 3a30pe marhura, Ollpeﬂeﬂﬂemﬂ Bpra)Ke<
. HueMm ;
(1 . “r’-Bd Hd'.r 2. ’ : ) = ('%,b)

Muaykuns pasoMKHYTOro Maruura By yMeHbUIaeTcs ¢ yBeauue-
nuem 3asopa. [Ipu 3amkHyTOM Maruute By ~+ B ,, Maruutuas sHeprus
pasHa Hymo, Tak Kak M4 -~ 0, ec/n 3a30p MEXAY MOMOCAMH BEJIHK,
TO HalIPSKEHHOCTb MArHHTHOIO MO/ B 3a30pe paBHA KOIPUHTHBHOM
custe matepnana H.. a B, =0; carenoBatenbHo, 1 B 3TOM caydae Mar-
uutHan sneprys W, 0. [pn nexkoropwix shauenusix B, w H,; avep-

' THR JAOCTHTAET MAKCHMAJbHOLO 3Ha-

8 yeHun

BI’ ”"—_‘———7 4 ,; Es

7 7 Z Wy // W"la?‘ = Bdmax Hflmax" 2. (37)
/
8 X% -Beanuyna W, SBJISETCH BaX-
/’ Heflltlell NpH- OUeHKe KayecTBa Ma-
i Tepuana. @Dopma KpHUBOH pazMariuu-
1 UMBAHUR XapaKtepHiyercr Koapdu-
H HeHp Ha 0 , W uertom BBITYKJIOCTH Y : BH pasf
. . /(B ,H,).

Puc. 3.11. KpHanie pasmarinunsa- Koacp(pmmem BbIMYKJIOCTH MpH-

uusg- (1) u MmarauTHol  3Hepruu (2) Osnxaercs K eguHuUe ¢ yBeJauye-

B BO3AVUIHOM 3a30pe HHEM  [DAMOYTOJLHOCTH - HETAU TH- -

crepesuca. - Makcumanbrasi sHeprus

mariuta Tem Gosibiie, yeM GoJbliie OCTATOYHAs mmymmﬂ B ., Ko3puH-
THBHAad cuaa f, n Kosq‘xpuunem BBITYKJIOCTH ¥.

Marumomep;u,le MartepHalnl 0 COCTABY H Clocoly noJyvyedus noa-
pas3fensiorT Ha ciepywollde rpyunbt 1) JHATbi€ BbICOKOKO3PHHTUBHbIE
CAJIABbl; - 2) MerasnokepamHueckue  MaTepHasbl; 3) MarHuTOTBEpible
deppurbi: 3) cilaBbl HA OCHOBE PEKOIEMEJIbHBIX 9EMEHTOB; 5) npoune
MATHUTOTBEPJ(bie MaTepHaabl (MapreHCHTHBIE CIVIABH, [JJACTHYECKH
Aedopmupyemble criiaBbl M Ap.).

Jluteie BbICOKOKOPUHTHBHbIE cnaasbl. HaunGosbuiee pacnpocrpa-
HEHAEe [OJTYYHIH MATHHTOTBEpABIE MaTEePHAJIbl Ha OCHOBE XKE1e30HUKe T b-
AJIIOMUHWEBLIX M KeJe30HUKeIb-KobaI bT-aJlOMUHHEBLIX CMJIABOB, JNe-
THPOBAHHLIX PAa3JIHYHBIMH NOOdBKaMH.

BhICOKOKO3PIMTHBHOE COCTOSIHHE TAaKHX CIJIABOB 00YC/I0BAWBACTCS
MEXAHHIMOM AUCHEPCHOHHOTO TBEPJACHUS (MHOTAA TaKHe CIJIAaBhl Ha3bl-
BAIOTCH CIIABAMH AUCMEPCHOHHOTO TBep/eHHs). I1pu BHICOKHX Temiiepa-
rypax (1200--1300 °C) pacTBOpUMOCTb 3IJEMEHTOB HEorpadnyeHd M
Fe—Ni--Al-cunassl HaXoAsiTC B OXHOPOAHOM COCTOAHUH (a-dasa).
[Mpu megnenHoM OXJaMIAEHHH A0 ONpENENEHHOH TeMneparypbl HpoMc-
XOOHT [QHCNEPCHOHHLIN pacnaj. paBHOBecHOH ¢asnl Ha ABe (o) H o)
thaznl, npuuem o,-haza No CBoeMy cocTaBy OJH3KA K UMCTOMY Hejesy
W ABASIETCH CHJAbHOMArkurHoil, apyras ¢asa cocrout uz Ni--Al u nb-
asiercs caabomarnutroit. Takum o6pasoM, cHIbBHOMaruuTHan o, -hasa
B - BUAE ONHOJOMEHHBIX - BK/IIOYEHHH pacupeseneHa B HeMaTHHUTHOR
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oy-(Paze. -MaTepHanbl, UMEIOIHEe TaKyIO  CTPYKTYDY, 061aJai0T GOb-.
HMIAM 3Ha4eHUEeM KOSPUHTHBHOH CUJIBL. BBICOKOKOIPUHTHBHOE COCTOSHME
criiaBoB Fe-—Ni—-Al nosnyuaercs npu koHuentpauuu Hukeas 20—33 %
-u amoMuuua 11—17 %. Jas yaydieHHsi MarHHTHBIX CBOKCTB CIJIABHI
06513aTeNIbHO JIETHPVIOTCS, JIErHPOBAHHE MEINbIO TIOBLINIAET KOIPIUTHB-
HYIO CHJY W YJydllaeT MeXaHHYeCKHe CBOHCTBA, HO NPHMBOAMT K CHH-
JKEHUIO OCTAaTOUHOH HHAYKIUHH. JlerupoBaHue KoGaJbTOM MO3BOJSET
CYIIECTBEHHO YJAYYIIHTh KOIPUUTHBHYIO CHJIY W TOBBHIIAET HHAYKIIMIO
HACBILEHHs ¥ KOo3GhGhUUHEHT BHITYKJOCTH. B KauecTBe Jerupymomux
9JIEMEHTOB UCIOJB3YIOTCH TaKKe THTaH, KpeMHHH ¥ HHoGuii. Kospiu-
THBHas cuna H, cnnaBoB mocrturaer 50 KA/M, a MarHuTHasi SHepTHs
(BH)ppax — 12 KIL)K/M3

Marﬂmomepnue marepuansl. Tuna Al—Ni—Co npeacrarasior co-
Gofi cnaap xkede3a ¢ HukeaeM (12—26 %), koGanprom (2—40 %) u amo-
~muHHeM (6—13 %), conpepxauine, Kpome TOro, ¢ LENbIO YIIyYILEHHS
MarHMTHBIX CBOHCTB Jernpymiouiue ao6asxku menu (2—8 %), turana
(09 %) u nuxens (0—3 %). Cnnasel, cojepxamue Gosaee 15 % xo-
- Ganbra, HOABEPralOT TEPMOMATHHTHOH 0GpaboTKe, KOTOpas 3aKJ/ioyaer-

€A B OXJaXIEHHM CIJIaBa QT BHICOKHX Temmeparyp 1250—1300 °C B
CHJIBHOM MarHMTHOM IloJie, IIpH 3TOM BO3HHMKaeT MarHuUTHas TeKCTypa
M CIJIaB CTAHOBHUTCS MAHHTOAHU3OTPONHHEIM. - M3oTponusle cnyiassl ume-
10T MATHUTHYIO 3Heprmo Winax R0 6 kxk/M%, aHuzorponHsie — 1o
16 xIlx/M®.

Jnst YAyuUeH s MarHUTHBIX CBOJCTB CILIABEL NOJBEPTaiOT KPHCTA-
JIHYECKOH TeKCType, KOTOpas co3Jaercs HPH HAIPABJAEHHOH KPHCTas-
. JIU3alHK cijaBa (ocobble YCIOBHsI OXJIaXKIEHHs CIIaBa), B pesyabrare
' "BO3HHKAET: MHKPOCTDYKTYpa B BHAe OPHEHTHPOBAHHBIX CTOJ/IGHATHIX
~Kpuctanios. Tlpu 3tom Habmofaercst yBeHYEHHe BCeX MAaTHMTHBIX
‘napamerpoB. MaruurHast S5Heprus (BH)max nosbimaercs Ha 60—70 %
- TIO CpaBHEHHIO ¢ OOBIYHOH KpHcTajnusaiueil u mocturaer 40 xx/m®.

MarnuTHsle CBOfICTBA Psifia CILIABOB NPHBEIEHH B TabJ. 3.6. Mapxku
,janraBOB oéosﬂaqaro"rcx Oykpamu: b — HPI06HPI M — menp, K — xo-

Taénnua 36

Mapka cnmaBa W, xlx /u He, xA/m Br, Ta
OHO4 3,6 40 0,50
S-JOHO8 - Bl 44 0,60
S JOHK 15 ) 6,0 : - .48 ' 0,75
- JOHK[I18 -~ : 9,7 55 0,99
IOHK 124 18 52 1,15
. IOH13J1K25BA 28 48 1,40
~JOHIJK31T3BA 32 o 92 1,15

IOHIK34T5 14 92. 0,75
IOHOK35Ts - - : 18 110 ' 0,75
IOHIOK35T56A 36 110 11,02
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'

6anabt, H — nukeab, T — Turan, O — amomunuit, A — cron6yaras
- cTpykrypa. Llndpbl yKa3blBaloT NPOLEHTHOE COAePXKAHHE IJIeMeHTa.

Hzgennsi u3 cniaBoB TOJYYaKOT B OCHOBHOM METOJNOM JiHThs. He-
JIOCTAaTKAMM CII1aBOB SABJSIOTCH ocofasi XPYNKOCTb ¥ BRICOKAsh TBep-
JIOCTB, TI03TOMY 00paboTKa MX Ha MeTa/VIOPEeXYUIHX CTaHKaX 3aTpy/IHe-
Ha. Mexatnueckoil o6paboTke B BHJe rpy6oll o6AUPKH pe3aHHeM ¢ [IpPH-
MeHeHWeM TBEpIOCIVIABHEIX PE3L0B NOANAIOTCS CIVIABH, He ColiepKaliue
xo6anbTa. [letain U3 BCeX CIIABOB MOXHO UITH(OBATh Ha NJOCKOLLIH-
(hOBAJIbHEIX HIIH KPYr/IOUIIH(pOBabHbIX CTAHKAX B-ABa NpueMa: rpybas
mnmpoaxa — JO TepMHuecKoH . o6paloTKH, YHCTOBasi — HNOCHE TepMu-
4ecKoH oﬁpaﬁorxn Jas rpy6oit oﬁpaﬁoTKn npynweﬂmoT TaKkKe 3JIeKTpO-
HCKPOBOH MeTox 06paboTKH.

bBeckoGasibToBblE CNJIABH SIBJSIIOTCS JEILEBHIMUH M He ColepRar- jle-
(UUHTHBIX METaJJIOB, HO CBOHCTBA UX HE OueHb BhICOKM. TexcrypoBaH-
HbIe CIJIaBbl, COIEpIKalllHe KoOaJbT, MMET BLICOKHE MATHHTHBHIE Xa-
PAKTEPUCTHKY, HO B HECKOJBKO pa3 Jopoxke, 4yeM GecKoGajbTOBLIE.
_MeraajokepaMHyecKHe M MeTaJJIONAACTHYECKHEe MArHUTBL. OHH CO-
3RAXOTCST METOJAMH IOPOIIKOBOH METa/VIyprHH, KOTOpble NO3BOJSIOT
ABTOMATH3HPOBATH NIPOLECC TIPOM3BOACTBA, NOJYYaTh H3NENHA MO CTPO-
TO BBIIEPXKAHHBIM pasMepam. :

MeTa/oKepaMUuecKue MAaTHHTBl HM3TOTOBJAIOT U3 H3MeNbYEHHBIX
TOHKOZMCIIEPCHOHHBIX Tiopowkos cnyiasoB IOHJIK, a Takxke cniasos
Cu-—Ni—Co, Cu—Ni—Fe nyrem npeccoBanus u AajbHefillero crexa-
HHS NPY BHICOKMX TeMnepatrypax. Tako# crnocof. BHIFOJHO NPHUMEHSTD .
IJis YIDOM3BOACTBA MEJAKUX JeTajell WM MarHuToB CJOXKHOH KOH(HIY-
paumH,

Tak, xak MeTamloxepaMﬂquKHe MACHHTB COAEPIKAT NOPHI, TO HX
MarHuTHBIE CBOHCTBA YCTYNAIOT JHTBIM MaTtepianam. Kak npaswuio,
nopHcrocTs (3-—5 %) yMeHblIaeT OCTaTOYHYIO HHIAYKIHIO B, ¥ Maruur-
HY10 2HepTHI0 Wiay (Ha 1020 %) M IpakTHUECKH He BJIMSET HA KO3D-
UUTHBHYIO cuny H,. MexaHuueckue CBOMCTBA UX BHIIIE, UEM JIHTHIX MAT-
HHTOB. - MeTasloniacTHUeCKHe MATHMTHI M3rOTOBJSATH IPOINE, YeM Me-
TaJJIOKepaMHUYeCKHe, HO CBOHCTBA HX Xyxke. Mertaomactuyeckne
MATHUTHL TOJAYYaloT 3 mHopowrka crviasos IOH wan IOHIAK, coMe-
LIZHHOTO ¢ TMOPOIIKOM JH3JAeKTpHKa (Hanpumep, ¢denosodopMansieri-
Ho#l cmosof). [lpouecc M3rOTOBNEHMA MATHHTOB NOJOGEH TPOLECCY
TIpeccOBaHys MAACTMACC M 3aKJIOYAeTCs B MPECcCOBAHHH IOJ  JaBJe-
nueM 500 MIla, narpese 3aroTOBOK IO 120—180°C 11Jm noJuMepu3a-
MK AHIEKTPHKA.

‘Mexanuueckue CBOMACTBA MeTANJIONJIACTHYECKHX MATHUTOB JyHIle,
YeM y JMTBIX, HO MATHHTHBIE CBOICTBA XYXKe, TAK KK OHH COfepIKaT JI0
- 30 % no o6bemy HeEPPOMATHUTHOTO CBA3YIOMIETO XHAJIEKTPHYECKOro
matepuana: B, menbime Ha 35—50 %, Wpa — Ha 40—60 %.

Marsunrorsepabie. deppursl. Hanbospuiee pacnpocTpaHeHne noJay-
UMM MAarHHTOTBEpJble MatepHasbl Ha OCHOBe GapHeBoro (CTpoHLMe:
Boro) ¢eppura BaFe ;0. (BaO-6Fe,0;) u xofanerosoro ¢eppHTa
CoFe,04 (CoO:Fe,04). KobanbToBhi#t (eppHUT HMEET CTPYKTYpy THIA
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unuHeay, a 6apueBbIH q)eppHT——CprKTypy TNPHPOIHOTO MUHEepaja
MAarHeToIVIOMGHTa C reKCaroHalbHOH perueTkol. Bapuesbie maruuth!
06141107 GOJIBIION MarHUTHON aHH30TPONMeH, KOTopas HapsAy ¢ MeJ-
'KOSEPHHCTOI/I CTPYKTYPO# MNPHUBOAMT K TMOBBILIEHHHIM 3HAYEHUSIM KO-
spuntuBHOM cHibl 10 350 KA/M. I1poMblIeHHOCTD BBINYCKAeT Gapue-
Bbl€ MATHUTH IBYX THIIOB; nsmponﬂue (mapkuposka BU). n anusorpon-
uoie (BA). Texnomorus npoussoictBa MariuToB BH ne orsmuaercs ot
TeXHOJOTHH MarHUTOMSIFKHX (EPPHTOB. "

Oco6eHHoCTh IPOU3BOACTBA MAarHUTOB BA coCTOMT B TOM, uTO nOC/e
NpeBapUTENbHOTO O0KHIa NyTEM MOKPOTO IIOMOJAa IpHFOTOBJAETCA
NONYXKHUJKAST Macca opouika 6apuesoro teppurta, Kotopas Hpeccyer-
Cf B CWIBHOM MArHHTHOM IOJIe MpH OTKauke Bjaaru. B pesysabrate B
Marepualie CO3AaeTcss MArHHTHAsT TeKCTypa M OH CTaHOBUTCH AHH30-
Tpon#biM. OCHOBHBIE TNapaMeTpel MarHHUTOB M3 ‘0apHeBuIX M KobGajb-
TOBBIX Q)eppmoa npuBeness B tabm. 3.7.

Ta6nuuwa 3.7

Mapka MarepHans ' “Br, T~ © He,'kAfm Wmax, xIlx/u®
{BH \ . 0,19 128 3,2
1BH2 . 0,20 .- 136 3,4
2BAl 0,30 200 7,4
3BA ' 0,38 ‘ 168 12,4
3BAl 0,37 208 12,0
3BA2 : 035 240 10,4
1,6KA 0,24 128 5,6
2KA 0,28 - ‘128 7.2

Bapunesble MaruuTsl 06/1a1a10T BHICOKOH CTaGUIBHOCTLIO NIPH BO3JeH-
CTBHM MarHHTHBIX NoJel; BUOpAlHH H yAapHOIo BO3AeHCTBHA, HX MOXK-
'HO HMCINOJIb30BaTh B MArHUTHHIX LensXx, paGoTaloUUX B BHICOKOYACTOT-
HHIX IIOJSIX, TaK KaK CONMPOTHBJIEHHE GapHEBLIX MarHHTOB. BeJHKO (40
10—10° Om-m). Dapueswie MarHHuThl He COePKAT AePUIHTHbIX MaTe-
puanoB 4 npuMepro B 10 pas jeiuesne maruntoB u3 IOHIK.

K Hegocratkam 6apueBHIX MarHHTOB HYXKHO OTHECTH HH3KYIO OCTa-
TOUHYIO HHAYKIHIO; BBICOKYIO XPYHKOCTh M TBEPAOCT, a TAKXe 3Ha-
YUTEJbHYIO 3aBHCHUMOCTE MATHUTHBIX CBOHCTB OT TeMnepaTyphi. KoGans-
TOBHE .(heppHTHl OoJsee TeMHepaTypOCTaGHJIbeI

CnJaaebl Ha OCHOBE PERKO3eMeJbHbIX MeTaanos. Murepmeransinuye-
CKMe COellMHeHHs KofaldbTa C. peikoseMelbHbIMH Meraanamu (P3M):
uepuem Ce, camapuem Sm, npaseogumom Pr, santanom La u urrpu-
em Y — mina R Co,, rne R — P3M of6aanaor oueHb BHICOKMMH 3Ha- .

- YeHHSIMH KO3PUWTHBHOM CUJIBI U MarHUTHOH »Hepru#. Vs stoli rpynms
HauGoJbIIHA HHTepec NpeAcTaBasAoT coenuHenns tna RCoy; n R,CO; .,
KoTopbie 006J1aRal0T Hanfo/blIe MarHUTHON aHU30TPONHeH, 3HAYUTe/b-
HOH BEJHYHHOH CNOHTAHHOW HaMarHMYEHHOCTH H BBHICOKOH TeMIeparty-

%
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poit Kiopu. Coenunenns tuna RCO; HecTabunbHel M pacnajaioTcs Ha
ZBe UM OoJbllee KOJHYECTBO (pa3 MHOI‘OCbaBHOCTb siBasieTCs OAHOH
W3 TIDHYMH TIOABJIEHHS BBHICOKOM KOSPUHTHBHON CHIIbI.

Texnosorns nonyuenus marantos u3 P3M 3ak/mouaercs B clieKaHuu -
HX W3 TOPOIUKOB B MPHCYTCTBUH KUAKOH daswl uiu juthda. JKuaxas
¢asa cosfaetcs 3a cuer Toro, uto P3M Gepercsi B H3GhiTKe. MarguTHble
CBOHCTBA CNNAaBOB TpHBeNEHb B Tada. 3.8,

Tadauna 38

CoeHHeHHe . l He ®KA/M Br, Tn Wmax, kI®iM® Tx, °C
Sm Co; 560 0,92 75 725
Pr Co; : 415 . 0,94 56 610
Smy, sPrq, ;Cos 450—700 | 0,89—1,0 80-—92

Janbneiiiiee  yBequueHHe MaKCUMaJbHOH MarHWUTHOH SHEPTHH Mo-
2KeT GRITh NOJYYEHO TONBKO TpH yBenwueHud B, marepuanos. B na-
cTOfllee BPeMs MoJydyeHsl JadoparopHbie o6pasusl Ha ocHose R,Coy,
cniasa B coctase 52 % Co, 25,5 % Sm, 8 % Cu, 14 % Feu 1,1 % Zn,
KOTOPBIit HMeN caeaywmue napaverps: B, = 1,1 To, H, = — 550 KA/Mm,
Woiax = 120 gJIx/ME.

[lepcriekTHBL HCHOJIB3OBAHMS TaKUX CNIaBOB BejukH. OCHOBHbIE
HeJOCTaTKY - CIITABOB ~— HEBAaXKHbiE MeXaHHYyecKue CBOMCTBA (BBICOKASA -
XPYTKOCTD), ncnonbaoBaHHe JeQUUHUTHBIX « MAaTepHaJoB H  BBICOKAA
CTOUMOCTb. '

Jipyrue MarmuTOTBepABlE MeTaaasl. Kpome paCCMOTpeHHbIX Mar-
HHTOTBEPABIX MaTEePHANIOB NPHUMEHSAIOTCS Haubosee CTapble MarepHasbl
JUIS TIOCTOSIHHBIX MATHMTOB — MAPTEHCHTHBIE CTA/H, & TaKXKe IUIacTH-
yeCKH AeOpPMHPYeMBbI€ CIJIaBhL. .

Mapmencumom BasbIBalOT 0COCHIH BHI MUKDOCTPYKTYDhI CTa/H, KO-

TOPBLIY MOAYYAIOT NIPH GLICTPOM €e OXJaXKIeHHH (3aKaJke). Oépasosa-

Hue maprencuta (200 °C), KoTophil uMeer niacTuHuatyio dopmy, co-
NPOBOXaeTCsl 00beMHBIMH H3MEHEHUAMH, CO3aHHeM OOJIbIINX BHYTPEH-
HUX HATPSXKEHUH, YTO NPHBOAMT K IOSABJIEHHIO GOJIBIION KOIPIHUTHB-
HOH cu/bsl. B HacTosimiee BpeMs MCIOJB3YIOTCSH TOJBKO JErHDOBaHHBE

. MapTeHCHUTHBIE CTAaJH, KOTOPHIE HA3bIBAIOTCA TO Jerupyomel no6aBke:

xpomoBrie (10 3 %. Cr), Bonndpamosee (1o 8 % W) u KoBanbTOBHE
(no 15 % Co). 3navenue W,y A5 MAPTEHCHTHBIX CTaslell HU3KOE M Jie-
KHT B npenenax 1—4 gJ{x/M® KpoMme TOTrO, OHH HMEIOT CKJIOHHOCThL K
crapenyio. B Hacrosiee BpeMs 3TH MaTepHa/bl HMEIOT OrpaHMUEHHOE
TpUMEHEHHE H HCIOJb3YIOTCH AJIsl H3rOTOBJNEHHS MAarHUTOB TOJBKO B
HauMeHee OTBETCTBEHHBIX CHydasx. ‘
" Maacmunecku deghopmipyemoie cnaassl 061aNA0T BLHICOKMMH Mexa-
HUYECKHMM CBOHCTBAMH, XOPOIIO IITAMIYIOTCS, peXYTCH HOMHMIIA-
MH, 00pabaTbBAalOTCS Ha CTaHKaXx. e
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Haunbosiee pacnpocTpaleHHbIMH SABJRIOTCA Ciashi KyHude (60 %
Cu, 20 % Ni. 20 % Fe), xynuko (50 % Cu, 21 % Ni. 29 % Co, oc-
tanbioe Fe) u Bukaaaoii (51,0--54,0 Co. 10—13.0 Y, ocraabnoe Fe).

Cnaapel KyHude AHHU3OTPONHBI, NPHUMEHSIIOTCH B BHAE [IPOBOJIOKH
H wramnosoK. CniaBsl KyHHKO JIOpOXKe CIIABOB KYHH{(e U IIPUMEHAT-
Csl /1A M3TOTOBJIEHHS MATHHTOB CNOXHOH woudurypaumnu. Buxanaof
NPUMEHAIOT A5 M3TOTOBJIEHHS MEJAKHX MarHWTOB CJOMHOH |<0H¢mry~
pauuy.

MaruuTHbple XapakTepHCTHKY AJs BCEX CILIABOB CJELYIONUE: OCTa-
TouHan uHAYKUMA - 0,6--0.9 T, kospuuTusias cuia 24 57 KA m.
MArHUTHAR HEPrus Aas Bukaaios — 4-—14 kllbx v®. kyuude - 2.8
74 kIx/'m®, kynuko — 3,2--4,0 k/lx m*.

4

Kourpoanusie soapocs

1. Kax KAacCHOUUHPYIOTCH MATEPHAAB 10 MATIITIHEN CBONCTRAW?

2. Kakumn napamerpamu XapakTepuayIorTest MarBnTHLO MOTepitadni?

3. Karue notepu BOZUHKAIOT B MATHHTHLIN MarepHanan?

4. Kak csfi3aHa QOMEHHAs CTPYKTYPa ¢ OCHOBHOMf KPHBOM HaMarunuippanms?
3. HazopuTe OCHOBHLlE MAPHHTOMATKAC MaTePHAMABL 11 ONHUIITE 1N CBONCTRA.
6. Kakue maruauribnie sMateplans (iMe0T BHICOKOE 3HaUCHIE MartiTHof [po-

HHLLAEMOCTH, HHAYKUHH HACbIIEHHA?
7. KakoBut CTPYKTYpa H CBO{CTBA MarHHTOMArKux Geppliton?
8. HazoBhre BaKHefiliHe XapakTepHCTHKH MArHUTOTBEPALIX MATEPHAJIOR.
9. Kakue wmarepwajbl M MOCTOSHUKX MAarHNTOR HCHOJAL3VIOTGL B WIEKTPO
TeXHUKE? ‘

FTAABA 4. NPOBONHUKOBBIE MATEPHAJIbI

§ 4.1. O6mue cBeAeHHA 0 NPOBOLHUKAX

B KauecTBE NPOBOAHHKOBBIX MATEPHAIOB MOFYT HCHOIb. JOBATHC 5
TBEPALIE Tena, KHMAKOCTH u raszut. Cpenu TBepabtX (IPOBOMIHKOBLIX
MaTepHaNoB HaHGOMee YacTo B FAEKTPOTEXHUKE TIPDHMMEHSIOTCS METANTh!
W CTWIABBI. ‘

[Mo yneabHOMY 3/7€KTPUUECKOMY CONPOTHB/ICHHIO (1 METALIHUCCRHE
POBOAHHKOBBIE MATEPHAMbl MOKHO Pa36UThL HaA [BE OCHOBUbLIE TPYIllK
METa/l/Ibl BLICOKOH MPOBOAHMOCTH, Y KOTOPBIX {1 1IPH HOPMAALHON Tem-
neparype cocrapisier ne Goaee 0,056 MxOm:-m, H Mmerasipl U cnjiassbl
BBLICOKOTO COTIPOTHUBJIEHHS, HMEIOUIUe {IPH TEX KE YCJAOBHAX O He Me:
nee 0,3 MKOM-M. T1pOBOJHHKOBBIE MaTepUaJIL NEPBOHl IPYNNLI 1pHMe-
HAIOTCS B OCHOBHOM /Il H3TOTOBJICHUS OOMOTOMHBIX M MOHTaXHbIX PO~
BOJIOB, XKW/ KaGesell pasU4HOTO HA3HAYEHHS, WHH U T. A. [TpoBoaun-
KOBble MaTepHallbl BTOPOH TPYNMbi HCNONBIYIOTCS NPH NPOHIBOACTBE
PE3HCTOPOB, 3JIEKTPOHArpeBaTe]bHbIX npuﬁopoa HUTER Namil HAKAJH-
BaHus u T. N,

Ocobyio rpynny COCTABASAIT KPHONPOBOAHHKH H CBEPXNPOBOLHH-
KM -~ MaTepHaJsibl, KOTOpbie 00JaJal0T HHUTOXKHO MafdbiM  YIeNbHbIM

3
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IIEKTPHUECKUM COMPOTUBJIEHUEM MPHU TeM11epaTypax. BIM3KHX K abco-
_JIIOTHOMY HYJIIO.

K Kuakum npoBojHHKAM OTHOCATCS, KaK NPABU/IO, paciiaB/ieHHble
MeTa//ibl U Pa3nuuHbie 3AEKTPOJNUTL. DOJBLIMHCTBO MeTasos: (Tad..
4.1) UMeT AOCTATOYHO BBHICOKYIO TEMIEPATYPY [/1aBJEHHS K TO3TOMY
ABJASIOTCH MHAKUMU [POBOJHMKAMH NPH TOBBILLIEHHBIX - TEMIEpaTypax.
Cpean weTaajoB TOTLKO PTYTh, WMeIOWAs TeMNepaTypy nJaB/ieHUs
0Kk0:10 -39 “C, MOKeT 6bITb HCIOMb30BAHA KaK HKHJKHI l'lpoBOII,HHK upH
HOpMAJbHOU TeMIepaType.

Tacanuwa 4.1

1 £ v o &
TeMiepa- = ? - % "5‘% 91111:?1};1? s 3
AL (RN S fHaenwoernd < o ==zZ QeeRoe 237 -
Leractt AR 2z Keomd zz.) = é_,_ COSPOTIS E e
Hud, “C e %éé ggrii JI;S»;(M 5'8 Z'::
CF =g k| S5 ’ g
—Z Herfp e o [N
PryTs —38,9 357 1 13600 130 10} 61,0 0,958
[leanit 28.5 700 | 870 234 — 1 95,0 0,210 48
Caaui 290.7 12070 { 5910 } 381y — |18,0} ¢.560 | —
Kannii 63.7 775 870 753 92 | 80,0 0,069 58
Hatpui 97.8 883 970 |1260} 125 | 70,0 0,046 50
“MBauit 156,0 | 2075 7280 243 25 | 25,0 0,090 47
JluTuit 186,0 | 1220 530 ]3620 71 — _ -
Qno0BO 232.0 { 2260 7310 226 65 | 23.0 0,120 44
Kanmuii 321.0 767 8650 230 93 | 30,0 0, 1076 42
Caunen 327,01 1620 { 11400 130 35 129.0} 0,210 37
{unx 420.0 907 7 140 3901 il | 31,0 0 /059 —
Marunit 651.0 ¢ 1103 1740 110401 167 § 26.0 0,045 42
Aiomunui 657,0 | 1800 2 700 9221.209 | 24,0 0,028 42
Bapwuit . 710,0 | 1637 3500 268 e 17,0 0,500 25
Cepefipo 961.0 { 1950 | 10500 2347 415 | 19,0 0,016 40
3osoTo 1063:0 | 2600 [ 19300 126 293 | 14,0 0,024 38
Menb {083.0 { 2300 § 940 3851 390 | 16,0 0,017 43
Bepuaaui 1284,0 | 2500 i 850 2001¢ 167 | 13.0 0,040 60
Hukens 1455,0 | 2900 | 8900 | 444 95 | 13,0 ] 0,073 65
" Kobansr 1492.0. | 3000 8710 435 79.1 12,0} 0,062 60
Keaeso 1335.,0 | 2200 7 870 452 73 11,0 0,098 60
Majianui 1554,0 | 2000 { 12100 243 72 1 12,0 0,110
Turan 1725,0 | 4240 4 500 577 15 8,1 0,480 33
Maatuna 1773,0 { 2900 | 21 400 — — 6,61 0,105 —
Xpowm 1850,0 | 2430 7100 13 11,2 0,210 —
Topui 1850,0 | 3500 11500 134 71 9.0 0,186 23
{Lipronuit 1860,0-1 4900 1 500 | 276{ 17 | 5.4 0,410 45
Hpuanii 2350,2 14800 1 22500 | —~ — - - —
FHioGuit 2410.0 | 3300 8570 172 50 7.2 0,140 1 30
Mosrataen 260,20 | 3700 § 10200 2641 151 5,1 0,057 | 46
Tantan 2850,0 | 4200} 16700 142f 54 | 6,5 0,135 38
Penwuit 3180,0 — 20 500 138 71 4,7 0,210 42~
Boasppam 3380,0 550 | 19.300 218 168 7.4 0,065 46
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B cBA3K ¢ TeM uTO MEXaHHU3M 3J1€KTPOINPOBOAHOCTH B METAJIAX KaK
B TBEPAOM, TaK U B KHAKOM COCTOSIHHM OBYCJIOBJEH HallPaBJeHHbIM
NBHMEHHEM CBOOGOAHBLIX IJEKTPOHOB MO BO3AEHCTBHEM 3/1€KTPHUECKOrO
11015, UX NPHHATO HA3LIBATL APOBOOHUKAMU € IACKMPOHHOL npoeodu-
MOCMIbIO WK 1POsOOHUKamu nepgoeo poda. ‘B nposodnukax smopoeo
poda UAM 32eKmpoaumax, K KOTOPbIM OTHOCSTCS pPacTBOPHl, B TOM
YyCae M BOAHBIE, KHC/JOT, Ulesiodedl u cosefl, [IpoxXoxienHe ToKa CBsi3a-
110 ¢ MEPeHOCOM BMeCTe C 3JMEKTPHUECKHMH 34apsjaMi HOHOB BELLECTBa
8 COOTBETCTBUH ¢ 3akoHamu Papapnes. Ilpu 3Tom cocras 3/exTposuTa
* I0CTEMIEHHO HM3MEHSIETCH W HA 3/1eKT-

POAAX BBIAEJSIOTCS MPOLYKTH 3J/1€K- Hon
rpoansa. Cjepyer OTMETHTb, uTO l
MOHHDBIE KPHC ®@-0 --0.
PUCTaNAbI B pacCiliaB/ien- XN NN
HOM = COCTOSTHUH TaKiKe SBJSHOTCS () 7y

HPOBOAHHKAMH BTOPOrO POAA. D e @ee@ce@-|, O
Bece rassl nnappl, BTOMUHCIEH [ @D ¢ ® o ® o ® » 0]

uapel MeTaJlJIoB, [IpH HH3KHX 3Ha-

YEHHAX HaNpPSIKEHHOCTH 3JIEeKTpHUec- Inexmpon
KOrO noas He #ABASIIOTCH MpoBoj- Puc. 4.1, Cxema crpoeruss meTasiy-
Hukamu, [Tpu pOCTHXKEHHU HEKOTO- HJECKOro NPOBOAHNKA

pOro  KPHUTHYECKOTC 3HAYeHHs Ha-

(PSKEHHOCTH SNEKTPUYECKOTro NoJist, 00yCAOBAHBAIOULETO Hayalo yaap-
#Ho#t ¥ (HOTOHU30HM3ALHH, 'a3 CTAHOBUTCA [POBOAHHKOM C 3JEKTPOHHOH
H HOHHOH 3JEKTPONPOBOAHOCTHIO. EcaH ra3 cuAbHO HWOHH3MPOBAaH, TO
IpH paBeHCTBe B efuHHIEe O6beMa UMCAa OTPHUATENbHO 3apsiMEeHHBIX
MEKTPOHOB K UUCAY [1OMOXKUTENBHBIX HOHOB Habalonaetcs ocofoe co-
CTOSIHHE BellecTBa, MOJYyuHBlUIee Ha3BaHHe naasma (puc. 4.1).

K ssexkTpuueckum XapaKTepHCTHKaM MPOBOJAHHKOBBIX MaTepHaJl0B
MOMKHO OTHECTH: YAeNbHYI0 NPOBOAHMOCTb G UM 00paTHyio eff Beauuu-
HY — yJeJbHOE CONPOTHBJEHHE O; KOHTAKTHYIO PA3HOCThL NOTEHLHAN0B
v TepMo3aeKkTpoABHKYyLylo cuay {(repmod[IC); pabory Bbixoma 3Jek-
TPOHOB M3 MeTaa/a.

YaenibHas NPOBOJAHMOCTE M YAENbHOE CONMPOTHEJEHHE NPOBOAHH-
koB. Kak ykasmBasoch Bhillle, JaHHbIE MaTepuasipl 0671a4al0T BHICOKOH
TIPOBOAMMOCTBIO H3-3a HAJH4YH$I 3HAUMTENBHOTO KOJHYecTBa CBOGOA-
HbIX . JJEKTPOHOB, KOTOPAsl BLIpAa)Kaercsi B cHMEHcax Ha wmetp (Cm/m)
¥ MoxkeT ObITh onpejeneHa no gopmyae ‘

\ .
g TiMh 4.1

) 2m Vy ‘ .

rae g -- 3apsig 3aektpoua (1,6-10-'" Ka): n, — uucio cBoGOAHBIX

3.1eKTPOHOB B e€AuHHUlEe ofbemMa MeTaasa; h - cpeaHsas AauHa cBODOA-
"HOTO ‘Npofera 3/J1eKTPOHA MeXAY ABYMA COyLapeHHAMH C y3JaMH pe-
{UETKH; M —— Macca  3JeKTPoHa; V. - cpeaHsis CKOpPOCTh TEIIOBOrO
ABMKEHHA CBOOOJHOrO 3JEeKTPOHA.

Konuentpauus cBoGOAHBIX 3JEKTPOHOB 7, H CKOPOCTH HX XaoTuye-
CKOTO TEIUIOBOro ABHXeHHA Vi 1A Pa3ivuHbIX METaJA0B (IPH Olpefe-
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JleHHOol TeMnepaType OT/IHualoTC HeaHauutensHo. B cBA3H ¢ sTuM ana-
yeHHe yAENbHON TTPOBOAMMOCTH 3aBHCUT B OCHOBHOM OT CpPeiHeH 1/HHbI'
cBOGOAHOTO NpPOGEra 3JeKTPOHOB B KOHKDPETHOM MDOBOLHHKE. TenJio-
Bas CKOPOCTb, B CBOK OYEPelb, ONPELLSeTCs CTPYKTYPOH NPOBOAHH-
'KOBOTO Ma'repnaﬂa Taxk, HaNPHMEp, AJIA WHCTHIX METAJIOB ¢ HaHGo-
Jiee NpaBU/ALHON KPUCTAJNIMUYECKOR pelleTKod 3HAueHHA YAeNBHOTO CO-
MPOTHBJIEHHA ABAAIOTCA MUHAMA/IbHBIMH. W . naobopor, Hanuuue npu-
mecedl u AedeKToB B peuleTKe [IPHBOIAHT K YBEJAHHEHMIO 0.

Yxazaussie siBJEHUS HAXOAST CBOE TNOATBEPKAEHHE U C TOYKH 3pe-
HUSA BOJMHOBO NPHPOALL. 3/€KTPOHOB. DIEKTPOHHbIE BOJIHbLL, pacnpo-
CTPaHSACh B IPOBOAHHKOBOM MaTtepHase, YacTHYHO TepsioT CBOIO FHEP-
rHio Ha JRepeKTax KPHUCTaJA/MUeCcKONl peuIeTKH [IPOBOJHHKaE, pa3Mephl
KOTOPBIX COM3MEPHMbI C YeTBEPTbIC AJHHBI 3JeKTPoHHOH Bosubl. Tak
Kak [JIHHA BOJIHB B MeTalJIMYeCKOM [poBOJHHKe coctaBaser 0,5 HM
(0,5-10~% M), To uMelouLHecsi B HeM JlaKe MHKpoAedeKTsl CO3aoT 3Ha-
YUTEIBHOE PAacCesiBie SHePruu, YTo NPHBOAKT K YMEHbILIEHRIO NOABHXK-
HOCTH 3JIEKTPOHOB H, CJAEL0BATENbHO, K CHIXEHHIO O.

Bmecte ¢ Tem yAeapHas NPOBOAHMOCTb META/IIOB TIDAKTHUECKH He
3aBHCUT OT HANPSUKEHHOCTH 3/JEKTPHUUECKOro MoJs, 3HaUeHHe KOTOPOro
MOMKET H3MEHATHCA B JAOBOJIbLHO UIHPOKHX TNpejenax, 4TO MOJHOCTbIO
cooTBeTCTBYeT 3akoHy OMa (AnddepeHuuasbras Gopma sanucH)

j=oE, N )

rae j — nJoTHocTb Toka, Ajm%  E. -~ HanpsKEHHOCTh 3JeKTPHYECKO-
ro noas, B/m. , .

yﬂPJIbHOQ CONpOTHB/AEHHE MPOBOAHMKA C: CONpOTHBIEHUEM R, ce-
denueM S u ﬂnm{on [ Moxer GbITh paccuntaHo 1o dhopmyse

p==RS/I, . (4.3)

Ipu 3Tom p Bepaxaercs B OM- MM2/M, Takasi BHECHCTEMHAs elUHH-
L@ YyacTo HCHOJb3yeTCH Ha NPAKTHKe, TaK KaK [JIHHY MPOBOAHHKA yA00-
Hee BBIPAXKATb B METpax, a IJoulajib MONepeyHoro ceueHnsi — B KBaj-
paTHbIX MHJIHMerpax. /s repesofa BHecHCTeMHOH eamuuus p B CH
MOXKHO HCMOJb30BaTh cooTHoweHue | Om-M = 108 MKOM-M
= 108 Om mm3/M.

¥ nensHoe CONpOTHBJIEHNE CNJIABOB ONPENENALTCA B OCHOBHOM HaJlu-
yHeM NpuMecell H HapyuleHHeM CTPYKTYDPhl BXOAAUMX B HHX METa//l0B.
OcoGeHHO PE3Ko OHO BO3pACTaer, KOrAd MpH CIVIABJCHHH IBYX MeTaj-
108 ofpasyeres. TBepAbIi pacTBOD, T. €. OHH COBMECTHO KPHCTAMJIU3YIOT-
csi. [1pu 3TOM aTOMBI' OZHOrO Meranja BXOAAT B KPHCTAMLINYECKYIO pe-
werky apyroro. Ha puc. 4.2 npeacrtaBneHa 3aBHCHMOCTb YIeJBHOTO
COMPOTHBJENHUA CMNaBa ABYX METa/JIOB, 0OpasyiolldX ApYr ¢ Apyrom
TBEpPALIH PACTBOP. 3T 3aBUCUMOCTb HATJISIHO WAMIOCTPUPYET OTMEUEH-
Hbl€ BbILLIE ABJAEHHA.

Kak Buano u3 puc. 4.2, kpuBas HWMeeT XapaKTepHbII MaKCHMYM,
COOTBETCTBYIOULHE  BIIOJHE - ONPENE/ICHHOMY COOTHOUIEHHIO MEXAY CO-
lepHaHHeM KOMMOHEHTOB B JAHHOM CllaBe, TIPU-KOTOPOM HaJlHuHe je-

§
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(DEKTOB B KPUCTA/JIMYECKHX PEMIETKAX MeIH U HUKesl GyAeT MHHHMAJ b-
_ HBIM. o :

Korjia ®e npH CrjaBieHuy ABYX META/LIOB HaGMONAETCS Pasfetb-
Hasl KPUCTaJ/IM3aUuMs H CTPYKTYpa 3aCThIBIIEro CM/aBa NpeicTapiser
€0o60f CMeCh KPUCTAJLJIOB KAXKIOTO H3 KOMIIOHEHTOB, YAENbHOE CONpo-
THBJIEHHE O MEHSeTCs] ¢ H3Me- ‘ '

HEHHEM COCTaBa MPAKTHYECKH  JHKOmn
JHHEHHO. a5l N

-ClefiyeT OTMeTHTL TaKXe, ’ / \
YTO NPU ONPELEJEHHOM COOT- o4
HOLIEHHH MEXAY KOMIMOHEeHTa- / \
MH MOTyT  0OOGpPAa30BBIBATHCH 03 \
AABHO BBLIPAXKEHHBIE XHMHUEC- /',

KHe  COEIHHEHHUS — HHTepMe- g2
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CHY, AUCJOKALMHU, H TEIJIOBBIX
. KoJIe6aBHAX COGCTBEHHBIX ATO- v ‘
MOB. [loatoMy yaenbroe conpo-  Pue. 4.3, 3aBUCHMOCTh YAGJHHOTO.  CONPO-

THBJEHHE O MOKHO NpeicTa- THBJEHHA COMaBoB Zn—Mg oT cocrasa:
BUTH K&K 1 -—uueTslll Mgy 2—MgZn; 3 -— MgyZng 4 —

. MgZny; 5 — MgZng; 6 — wHCTBIR Zn
P = Prenn+ Pocr (4'4)

FHE Oueny — YAEMHHOE CONPOTHUBJEHHE, OOYCIOBNEHHOE B: OCHOBHOM
TEIUIOBLIMH KOMNEOAHHAMH PEIeTKH; oo, — YASIbHOE CONPOTHBJEHUE,
BLI3BAHHOE HAJHYHEM He(eXTOR B -KDHCTAJJIHUECKO[ pelerke.
XapakrepHas A MeTa/lJOB 3aBHCHMOCTB YAENBHOIO COMPOTHBIIE-
HUSA OT TEMMepaTyphl NpHBeJeHa Ha puc. 4.4. HarasgHo BUAHO, uTO NpH
TeMnepaTypax, IpeBbllualoniux temneparypy [eGas ©, Kotopas aas
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MeTa/M10B HaxoauTcs B npefenax 400-—-800 °C, yaenwHoe CONpoTHBIE-
H{e BO3PACTET NPAKTHYECKH JIMHEHHO H 06YC/IOBJIEHO B OCHOBHOM YCH-
JIeHHEM TENNOBLIX KosebanHH pemerkd. IIpH 3TOM yMeHbluaertcsi cpe-
H5is1 JYTHHA CBOOOJHOrO npobera 3/7eKTPOHOB, HX MOABHXKHOCTB, a Cje-
JoBaTeNbHO, YMEHBILAeTCs ¥ IPOBONHMOCTb MeTasna,

B o6aacTi HH3KNX (KPHOTEHHBIX) TeMIepaTyp 3HaueHHe P NOUTH He
3BHCHT OT TEMIIepaTyphl M OTpeieNsercss TOJBKO CONPOTHBAEHHEM
Poer-

X apakrep saBHCUMOCTH 0 OT TeMIlepaTyphl A/ist GOJIbLINHCTBA MeTaJl-
JIOB PE3KO0 H3MEHSETCS NPH 1lepexojie 13 TBEPAOro COCTOAHHS B KHUIKOE.
OTMmeueHHOe fiB/IeHHE OCTATOYHO HATVIAAHO JEMOHCTPHPYET 3aBUCHMOCTD
YAeNBHOTO CONPOTHBJEHNS P MeIU OT TemnepaTypsl (pHuc. 4.5).

i

. ) AL
' PT - ' 03 —1/
82+ J
Locm [ 01 g ‘
0 128 T © 0 400 800 1200 %00 T°¢
Puc. 4.4. 3asucHMOCTDb yaeab- { Puc. 4.5, 3aBUCHMOCTL "YAEJbHOIO CO-
WOTO CONDPOTHBJEHHs METaI1?  TNpOTHRJEHHA MeRH OT TEMIepaTypbl

OT TeMNepaTypst

[Ipu JgocTHmenuy TeMnepaTypsl MJaBjieHHs (AJas MelH oHa cocraBs-
asier 1083 °C) yBenuuuBaetcst 00beM MeTa/Ja, T. €. YMEHbLIAETCs ero
IJIOTHOCTb, a BMECTe ¢ He#l W KOoHLEeHTpauusa Hocutensed. B pesynnrate
CONPOTHBAEHHE MeNH BO3pacTeT npumepHo B 2,4 pasa. [as meTasoB,
YMEHbILAIOUHX CBOH 06beM NPH NJIABAEHUH (Tajnd, BACMYT, CypbMa),
3HaueHHe YAeNBHOTO CONPOTUBIEHHS HMEET TeHEHIHIO K YMEHbLUEHHIO,
Viamenenne YAC/BHOTO COMPOTHBICHUS METAJIINYECKOrO [POBONHY-
Ka C TeMmIepaTypo# NpPHHSTO XapaKTepu3oBaTh TEMHepaTyprIM K03(-
¢duumrenTom yaenssoro comporusienns TK p uan ap (K1
Ecmu TeMiepaTypa MeTana M3MeHAeTCs B YIKUX npenmax TO AN
NpaKTHYECKHX IIeJell YAOOHO MCMONb30BaTh KYCOYHO-JMHEHHYI0 an-
NPOKCHMANHMIO 3aBHCHMOCTH p = f (T), KoTopasi IO3BOJISIET ONPEAeTHT
cpej.umn TemnepaTyprm KO3(GhHIUEHT YAENbHOIO CONPOTHBJIEHHS

- 1 PP 45
®o == po T1—T, ’ . ( )

'

rjie p, — YVAeNbHOE CONpPOTHBAeHHe Npi Temneparype T, NPHHATON 3a
‘HauaNbHYI0, a p; —- npH Temneparype T,. Temmepatypy T, oGbl4HO

NPHHUMAIOT PaBHOH 20°C, u noaTomy 3HAYEHHUE ocp 4acTo NPHBOLHTCH
mpu 20 °C.
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Hcnonb3ysa sHayenne Kod(pHIlHeHTa ®,, ONpPEAEJICHHOE LS HHTep-
Baja temnepatryp T,—7,, MOXHO JOCTATONHO TOYHO ONPENEIHUTD yIe/b-
HOE COMPOTHBJIEHHE Py IJIS moﬁon Temneparypsl T, BHYTPH 3TOrO WH-
TepBaJa:

v L ope=0[1 o (T,— Ty (4.6)
JLJisi MeTaslioB 3HayeHHe o, JOCTATOUHO BesHKo (4-10-3 K!-), ay
GO/IbUIMHCTBA CIJIaBOB — 3HauuTeNbHO MeHbine (10-4—10-% K-1),

K uncny ¢haxTopoB, BAUSIONUX Ha YiAeNbHOE CONPOTHBJEHHE METal-
JIMHECKHUX NPOBORHUKOB, OTHOCHTCS U MATHUTHOE I0Je, MOA AeHCTBHEM
KOTOPOTO TIPOHCXONMT HCKPHBJEHME T{*aeKTOPUH JBHKEHHA 3JEKTPO-
HOB, YTO IPHBOANT K H3MEHEHHIO 3JEeKTpo-"
'IPOBOAHOCTH. B

Kak wu3BecTHO, MeralJHYeCKHe MPOBOA-
HHKH H CIIJIaBbl UPUMEHAIOTCH B 3JEKTPOTeX-
HHMKE OOBIYHO B-BHJE !POBOJIOKH Pas3JHYHON
$OpPMBL ¥ CeyeHHH, KOTOpasi H3TOTOBJISIETCS B
MpoLecce ee NPOTSKKH MU BOJOUYEHHUS.

!

[Ipu nedpopmaunu Mmeranna B XOJIOJHOM Tr.
COCTOAHUH HAOMOAACTCS HCKAMKEHHe KPHCTAN-  Puc. 46. Cxema TepMo-
JIMYECKOH PpeUIeTKH, YTO NPHBOAHT TaKie K ~ . mapwl

YBEJHYEHHIO YJEJNBHOrO CONPOTHBIEHHS.

YcTpaHnTh JaHHOE -gBJEHHEe IO3BOJISET OTXKMI, B XOJe KOTOPOrQ
MeTalJl ¥ CNJaB CHauaja HarpeBaloTcd A0 BHICOKGH TeMIepaTyphi, a 3a-
TeM MENJIEHHO oXJaxKpaalwrcs. B peaysneraTe npouecca peKpHcTannn3a-
UHH TIPOHCXOAHT BOCCTAHOB/IEHHE HCKaXKEHHOH CTPYKTYphl H yJeabHOe
COMPOTHBJICHHE  YMEHBLIATCS.

TepMonpuXyiias cHaa, Mexay IBYyMS pa3/jHuHBIMH I]pOBOlIHPIKaMH
(mm nOoAYNPOBOAHHKAMH) NPH HX CONPHKOCHOBEHHH BO3HHKAET KOH-
TaKTHasl Pa3HOCTb NOTEHIIMANOB, KOTOPas 0GYC/IOBIEHA PA3HOCTBIO 3Ha-
yeHuH paGoThl BEIXOA2 JIEKTPOHOB H3 Pa3jHUHBIX Meranjos (puc. 4.6).
B cooTBeTCTBHH ‘¢ 3J€KTPOHHOH TeopHeH MeTasloB KOHTaKTHas pas-
HOCTb NOTEHIHATOB MeX]Y NpOBOAHMKaMH I H 2 MOXeT GbITh ompeje-
‘JIeHa Kak

U1_2=U2"""5U1+_ki‘ln —iq'l“", (4.7)
g " Mg

rae U, u U, — noTeduuansl CONPUKACAIOUNXCA METAJIOB; Mgy H Moo —

KOHIEHTpauHsl 3/]eKTPOHOB B NposopHukax / u 2, k = 1,38-10-28

Ix/K — nocrosiunas Bosbumana; ¢ — abcosmorHas Be‘quHHa aaps-
Ja 3JEeKTpoHa.

) Ecan TEMNIepaTyphl «CIaeB» OJUHAKOBHY, TO B 3aMKHYTOH LleNnH CyM-

Ma pPa3HOCTH TOTEHI{HAJIOB paBHa HyJio. Korja ke paBencTBo Temnepa-.

Typ He HabmoxaeTcsi, MEXAY NPOBOAHHKAMH Bo3HHKaeT 1epM0I]IC, Ko-
TOPYIO MOXHO DacCUHTaTh 1o (GopmyJe

E=Ups4Usy=C(T,—Ty), (4.8)
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ki Ngy " Y ! ‘
—in-—= — KO3(pdUIHEHT,  XapaKTepH3YIOIHHA JaHHYIO napy

re C =
A q

~ (MKB/K).

3asucumocTs TepMo3AC 0T pasHocTH TeMIeparyp criaeB He Bcerﬂ.a
JIMHe#Ha H, CIeA0OBATebHO, HeOOXOLUMO KOPPEKTHPOBATh KOa(pduLMeHT
C B cootBeTcTBUM cO 3Havenusimu temneparyp T. u Ty.

HBa Haonnposauﬂmx NPOBOAHHKA, COCAHHEHHBIX MEXIY coboil ¢
IIOMOLLBIO NalKM HAU CBApKH, HAa3LIBAIOTCS mepMonapol ¥ IpHMe-
HAIOTCH AJST U3MepeHus Temneparypsl. [ns H3roTOB/NEHHs TepMmolap
 MCIIOJIB3YIOTCSl TIPOBOJHMKH, o6/1ajaiomue GOJNbIIMM M CTaOHJAbHBIM
kos(duurentom TepmoIC. \

‘2 f,"r § 4.2. TlpoBOAHHKOBBIE MATEPHANDI

\/;MaTepna.nbl BBHICOKOM nposonumdcru.fépeﬂn yKa3aHHbIX -MaTepHa-
JIoB Haubosee, WIHPOKOE paclpocTpaHeHHe IOJYy4uIn cepebpo, Meldb
U ATIOMHHHM,

C epebp 0 — MeTasL 6eﬂoro 1BeTa, OAUH U3 Haubosiee nedPHIUTHBIX

MaTepHaNoB, TAK KaK COJEpKaHHe ero B 3eMHOM KOpe COoCTaBasieT
. Bcerg Jumy 7-10~¢ % mac. Cpend BceX NPOBOAHMKOBBHIX MAaTEpHAJOB -
cepeGpo oGnajiaeT MHHHMAJbHLIM yIEIbHBIM CONDOTHBIEHHEM TIpH
HOpMaJIbHOM TeMnepaTypej(CM tada. 4.1). B coorBercrpun-c TOCT
6836—80{E;epe6p0“'§nme}0mee mapky Cp999-—999,9,{fo/mKHo conepxarh
He Gosee 0,1 % tpumeceil§ Mexanuueckne xapakTepucTnkH cepe6pa
HEBLICOKM: TBEPIOCTb MO BPUHEMIO cocTaBaseT Beero 25 (HemHoro Go-
Jiee 30/10Ta), Npelen NPOYHOCTH NPH pa3poiBe He npepbimaer 200 Mlla,
a OTHOCHTeNbHOE VIJIMHEHHe NpH paspeiBe gocturaer 50 %. [lo cpas-
HEeHHIO ¢ APYTHMH 6JaropofHbIMH MeTal1aMH (3046ToM; THHaTHHOH) ce-
pebpo - UMEeT NOHUIKEHHYIO XHMHUYECKYI0 CTOHKOCTb, HMEET TEeHIeH-
o 1updYHANPOBATh B MaTepyas NoAJOXKKH, Ha KOTOPHIH OHO HaHece-
HO. B ycnoBUAX BHICOKOH BJIAXKHOCTH W JIPH HOBBINEHHBIX TEMOeparty- -
pax npouecc, 1uddy3nn cepebpa B MaTepHa NOMJIOKKH 3HAUMTENbHO
yCH.HI/IBaeTCﬁ .

'Cepebpo MOCTATONHO WIMPOKO NPHMEHSETCS B aneKTpOTeXHHKe "
2JIEKTPOHHKE, 4 WMEHHO: NPH NPOH3BOLCTBE PAAHOYACTOTHBIX KaGesed,
paBoTANMX B AHATA30HE BHICOKHMX YacTOT, NI 3alUTHl MERHBIX IIPO-
BOJIHHKOB OT OKHC/AeHUs NpH Temrnepatypax Bowe 250 °C,. g5 M3roTOB-
| JIeHHS 3JIEKTPONOB B IPOH3BOJACTBE KEPAMHYECKHX H CIIOASTHBIX KOHJEH-

CaTopoB, TPH H3TOTOBJEHHH W TIDHMEHEHHH KOHTAKTOB H T. 4.}

. B -cBSI3W ¢ TeMm. 4TO B. TOC/JefHee BpeMs -IorpefieHue cepebpa CH-
CTeMaTHYeCKH NpeBhIIaeT NPOH3BOJCTBO NEPBHUHOTO Merasja W Boc-
noJIHEHHE ero JeduuuTa 3a cuer BToquHoro Heo0X0AuMO €O0MIOATE
CTpOrue Mephl 1O €rc SKOHOMHH.

LM e 1 b — meTann KpacHoBATOrO LBETA, TAKKE OUEHb JEQHIHTHbI,
TaK KaK €ro Cofepxanue B 3eMHOH Kope cocrtaBiaser He Gosee 4,7 X
X 10-% % mMac., npuueM B BepxHeH ee uyacTH — okoao 2-10-3 Sror
MeTaJsIJ1 TIONYUHJ Camoe IIMPOKOoe PAaCIPOCTPaHeHHe B KauecTse NPOBOJ-
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" HUKOBOPO MaTepHasa, [OCKOAbKY 00/afaeT UeabiM PALOM TexHHye-
CKH UeHHBIX CBORCTB: MaJsbiM YAEJAbHBIM COTIPOTHBJEHUEM; AOCTATOUHO
BBICOKOH MeXaHHUYEeCKOR NMPOYHOCTLIO; YAOBJIETBOPHTEALHONH CTORKOCTbIO
K KOPPO3HH JayKe B YCAOBHAX TOBBILUEHHON BJAXKHOCTH; Xopoel o6pa-
6aTbIBAEMOCTHIO (NETKO . MPOKATHIBAETCS B JMUCTH], JAEHTHl H NPOTArHBa-
ercs B nposomoxy MaJoro fuamerpa); xopoured cnocoGHOCTBIO K nafike
H CcBapKe. L :

“HanMeHbUIMM yJebHbIM COTIPOTHB/IEHHEM O 06JafaeT XHMHUECKH
udcrasn Melb. Hanuune npumeceit B Meny OTPHLATENLHO BIAHALT HE TOMSb-
KO HAa €€ MEXAHHUECKHE ¥ TEXHOJOTHYECKHE CBONCTBA. HO M 3HAUKTE/b-
HO CHHXKaeT 3JeKTponposoiHocTb.jHaunbosee HexenaTe bHbIMK nNpuMe-
CAMH ABJISIOTCA BHCMYT M CBHHell, KOTOPHIE MOYTH HEPACTBODHUMbI B Me-
K. M 06pa3yloT 1erKonJaBKyl0 9BTEKTHKY, KoTopas MpM KpHCTAAIH3a-
UMH MM pacriofaraetcsl BOKpYT 3epeH. [layke ThICSYHbIE 10IH TPOLEH-
Ta BUCMYTa W COThIe 101H NPOLEHTA CBHHLA NPHBOAAT K TOMY. UTO Melb
rnpu obpadorke nasjennem npu remnepatype 850-~1150 °C pacrtpecku-
saercs. Haanuue cepbl MPUBOANT K yMEHbLICHHIO MIaCTHYHOCTH. Takas
MeAb NpH HM3KMX TeMnepaTypax CTaHOBHTCH Xpynkoit. Ouenb BpeaHo
MPHCYTCTBHE B COCTaBe MEAHM K KHCIOPOAa, KOTODHIH CHOCOGCTBYET
06pa30BaHHIO OKCH12 U 3aKUCH MEJIH, BbISbIBAIOUIMX MOBbIEHHE YyJe/b-
HOTO COMPOTHBJIEHHS.

Cornacro 'OCT 859---78, menb 10 XHMHYECKOMY COCTABY NOAPa3-
Jejsietcsi Ha HeckKoabko Mapok: M1, MOOk, MOk. MOxy. M006,
MO06, MI16, Mly, MIKk, Mld, Mip, k, Ky — KaTopHas meab, 6 — Gec-
KHCJAOPOAHAS, ¥ — KAaTONHAS MepenyaBleHHas, p W ¢ — pacKucieH-
nas, untppot 00, O 1 | orpaxaioT copepxane Menn MaKCl/lMd.}leoe co-
Aepanue MeAH umeoT mapku MOOk. u MO0G.

CojepxKanue MeiH BMECTe C cepedpoM B THX Mapkax cocTaBJ/sier
99,9--99,99 % mac. Cnienyer OTMETHTb, 4To Melb Mapku Mld ¢ nosb-
weHHbM coepixannem  docdopa (0,012—0,06 %), cHmkaou M 3eK-
TPOMPOBOAHOCTS, /151 H3IOTOB/IEHUS NMPOBOLHHKOB MPAaKTHUECKH HE HC-
noJb3yercs. B NPoH3BOACTBE NMPOBOJOB HE MPHMEHAETCH TaKXKe W Melb
vapku Mlp, kortopas packuciena hochopom H COLEPHHUT ero B KoJuue-
cree 0,002—0,012 %. JdanHas meap MoxKeT ObITh HCNOJbH30BAHA NpH
H3rOTOBJEHUH APYTHX THNOB KabesnbHOM nponyxuun HanpuMep Hexo-
TOPBIX BHIOB JIEHT.

1 B HopMaabHbIX aTMOCDEPHBIX YCIOBUAX MEAb AOCTATOYHO YCTOHUYM-
Ba NPOTHB KOPPO3HH, TaK KaK €e XMMHUUECKas aKTHBHOCTb HEBEJHKA.
B cyxom u BraxxsoMm Bo3ayxe, npecHoll Boge npu 20 °C mensb npaktuye-
CKH He okucasercs. HesHauuresnbHasi KOppo3ust Habmonaercs TOIbKO
B coJIeHO BOZe. B npyCcyTCTBHE BJIaTH ¥ YIVIEKHCIOTO T'a3a Ha HOBEpX-
HOCTH MelH ofpasyercsi, KaK MPABUIIO, 3e/eHas JIeHKa OCHOBHOTO Kap-
ponata,»

Hpu HArpeBaHHH MeAu Jo TeMlepatyphl 200 °C uger MeaneHHoe ee
OKHC/eHHe ¢ obpa3oBaHHeM 3aILHTHOHW naeHKH okcuHia mead CuO. Hn-
TEHCHBHOE OKHCJIEHNEe MeAN HAYHHAGTCH NPH TeMnepaType Bhiuie 225 °C.

[Touwxentyo aKTUBHOCTb NPOSABJSIET Me/lb TaKXKe W NPH B3aUMO-
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AeHCTBUY € XOMOJHBIMH H TEMJbIMH - DPACTBOPAMM CONAHOH M CepHOH
KHCJIOT, KOHUEHTPAUUa. KOTopbiXx He mpesbimaer 80 %. Pacrsopimoctb
BOAOPOAA B TBEpOH MEAH MOCTATOMHA MaJsa H jae NpH TeMmneparype
400 °C, cocraBaser ve 6osee 0,06 mr B 100 rfMess pacrsopsietcs B a30T-
HOH KHCJ/IOTE, JOCTATOUHO JErKo COeLHHAETCA € XJOPOM H APYTHMH ra-
JIOTEHAMH, 'MOXKeT TOpeTb B fapax cepbii
MexaHuyecKHe W 3JeKTPHYECKHe XapaKTepPHCTHKHU MPOBOAHHKOBOH
MEAH CYLIECTBEHHO 3aBHCAT OT ee COCTOsIHMsl. Tak, Hanpumep, TBepAO-
TAHyTas Melb Mapku MT umeer MeHbLIYIO NPOBOAMMOCTDL H OTHOCHTENb-
Hoe yaJrHeHHe nepei pPaspbiBOM,
ANg HO GONBIIYIO MEXaHHYECKYIO NPoU-

it Op 1073/ " HOCTb. M TBEPAOCTb, YeM OTOX-
PO kO "o, : PAOCTD, 0

I » Kennad Melb Mapkd MM. Teep-

17914 60 nrocte no bpuuenmo npu 20 °C

1\ pist mean vapkd MT B 3asucu-

N N MOCTH OT CTeNeHH HarapToBKH

11 2 ‘? coctapaser 65—120, a gnsa menu

mapkd MM — ne Gonee 35.
%71 3aMeTHoOe BAMSAHHE HA YKAa3aH-

0 200 400 600 Tomw,C yple  XapAKTEPHUCTHKH MeLH OKa-

Puc. 4.7, 3aBHcHMOCTH V€ILHOTO  CO- 3biBaer W Temneparypa. [lpu ?a-
(IPOTHBICHHA O, npene«'la“npouﬂocm npH rpeBaH”H (0C06eHHO BBILIC 200 C)
pacTAXKEeHHH W OTHOCHTEJLHOrO VAAWHe- B pe3yJbTaTte npouecca pekpH-
HHSL Npu paspuide ALl mean ot TeM-  crajsU3aunuu (puc. 4.7) Mexanu-
MepaTypbl OTHHIE (APOAGIKUTEABHOCTE  onppa XAPAKTEPHCTHKHY H yie/b-
oTxura | u)
HOE CONMpOTHB/EHHE MeIH pe3ko
H3MEeHSIOTCS.
B coorTBeTCTBHH ¢ MEXaHWUECKHMMU M IEKTPHUECKUMH XapaKTepH-
CTHKaMH 1POBOAHMKOBOH MeAH GopMuUpyloTest 1 06/1aCTH ee PUMEHEHNS.
[Mﬂrkaﬂ (OTOKIKEHHAR) Me/lb, YIEIbHOe CONPOTUBACHHE KOTOPOl NpH
20 °C ue posuxHo npesbiuath 0,01724 MmkOwm: M, B BHIE NPOBOJIOK pas-
JTHUHOrO ceueHusi H (POPMbI MPHMEHSETCs!, KaK [pPaBUAO. AT H3roToB-
TeHHs TOKOTPOBOMSILIEMX AU/ Kabesell pas3iMuHOrO Ha3HayeHHsi, oGMo-
TOYHBIX W MOHTAXKHBIX TPOBOLAOB, B NMPOM3BOJACTBE BOJHOBOAOB H T. A.
Kpome Toro, 1eHTodHas Melb LWIHPOKO HCHOJB3YeTcs npn 3KpaHHpoBa-
HUY Kadejeil CBA3M M pajMOUACTOTHHIX Kabesefl. "
1TBepnaﬂ (XOJIONHOTAHYTAR) Melb, YAeNLHOE CONpPOTHBJEHHE KOTO-
poit 1o/DKHO ObiTh He fodee (0,0180 MkOM-M, npHMEHSETCA B OCHOBHOM
Tam, rie HeoGXOAHMO O0eCleYHTh BLICOKYIO MEXaHHYeCKYH0 NPOUHOCTS,
TBEPAOCTh, COMPOTHBASEMOCTb HCTHPANOUIMM HArpy3kaM U yAPYrocCTh.
Takue TpeboBaHHUA K MEAU TIPEAbABASIOTCS NPH H3TOTOBNEHHH KOHTAKT-
HblX NPOBOLOB. IUMH pacipeaeHTeIbHbIX ~ YCTPOHCTB, KOJLAEKTOPHbLIX
NJACTHH  IEKTPHYECKHX MalUMH M- 0P
- [locKoabKy B HacTosLiee Bpemsi Mellb SIBJASETCA CPABHUTEIbHO JOPO-
FUM W JAeUUHMTHBIM MaTepHaJioM, PacXoJOBaHHE ee BeReTCs BechbMa
KOHOMHQ M UPH BO3MOMHOCTH €€ 3aMeHSIIOT Ha Apyrue, MeHee nepu-
UMTHbIE, )
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A AN IOMHH WA — MeTal/l, 3aHUMAIOUIHIA BTOPOE MECTO {10 3HAue-
Huio. (nocJjae Mum) cpelu MPOBOAHMKOBBIX MaTepHAJIOB H HaHGoJee pac-
fpOCTPAHEHHLIA B NPHPOAE, nogKoanv ero CofiepkanHe B 3eMHOH Kope
cocrapJsier. He MeHee 7,5 %

IIupokoe pacnpceTpaneniie B 3AEKTPOTEXHUKE ITOT METALI TIONYUH
He TOJBKO BBHIAY OCTPOro jleduiinra Mel, HO U Gaarogapst CBOMM 3a-
MeuaTe/NbHEIM CBOHCTBaM. A/MOMUKUA, 00/afast GOJMBbLIMM CPOACTBOM
K BO3AYXY, JIETKO OKHC/ISIETCST Ha BO3AYXe, MOKPHLIBASCH 11PU 3TOM NPoy-
HOH OKCHIHOH IMJIEHKOH, KOTOpas 3alllullaeT MeTal/ OT JajbHeHlliero
OKHC/IEHUS U OOYCNOBJIMBAET €ro BLICOKYID KOPPO3HOHUYIO CTOAKOCTh.
Ha nero He eficTBYIOT BOJSIHON nap, NpecHas u Mopckast Boja. B ofbid-
HBIX YC/JOBHSAX, a/ioMUHKA €130 pearupyer ¢ KOHUEHTPHPOBaHHON
a30THOH Kuciortoli. OfHaKO MpH. HArpeBaHHH OH PACTBOPSETCS B pas-
HaBaeHHON CepHOHN K a30THON Kuc/0Tax. Jlerko pacreopsiercst B 1ef0o- -
yax, obpa3ysi NpH 3TOM aJiOMHHAaThl ¢ BhIAEJEHHeM BOJAOPOAA. .

Mo orHolIeHHIO K GOILUIMHCTBY METAJI0B aJIOMHHUIA UMEET OTpHlLa-
TeJIbHBIA SIEKTPOXUMHYECKHH OTEHUHAN U, HAXOASICH B KOHTAKTE C HH-
MH, 06pa3yeT rajlbBaHHueCcKHe [apbl, YTO B NPHCYTCTBUH BJAATH CHOCOG-
CTBYET DPA3BHTHIO 3JMEKTPOXHMHUECKOH KOPPO3HH.

B ¢BA3H C TeM 4TO OKCHAHAA NJEHKA 0G1AaJAeT JIEKTPOH30IALHOH-
HbIMH CBOI:ICTBaMH, B MECT€ KOHTAaKTa IMPOBOAOB. CO3AAE€TCA LOCTATOURO
GOJbLIOE TIEPEXOJHOE CONPOTHBACHHE, KOTOPOE 3aTpy/IHAeT MalKy aJio-
MHHHS OObIMHBIMH MeTofaMu. JJst 3TOH ueln npuxoauTcs HCIOAb30-
BaTb COEUHAJIbLHBIE [IPUIIOH H HAANBHUKH (YJbTPa3BYKOBbIE) JIHGO NpH-
MEHSITh XOJIOHYIO CBAPKY, T.€. MZIaCTHUECKOoe 00XKdTHe NPOBOJOB B Me-
CTé WX KOHTAKTA. _

[TpucyrtcTBHe mpumeceil B cOCTABE AMIOMHHUSA, CPeAH KOTOPHIX HaH-
GoJiee 4ACTO BCTPEUAlOTCs Kese30, KPeMHHH, Melb, UHHK H THTaH,
CYILECTBEHHO CHHXKAIOT ero YIeNbHYI0 NMPOBOAMMOCTb, BAHSIOT HA MeXa-
HHYECKHe XapaKTepHCTHKH H 0OYyC/I0BJAHMBAIOT 06IaCTH €r0 NPHMEHEeHHS .

B COOTBETCTBHH C KOJHYECTBEHHLIM COAEPIKAHHEM KOHTPOTHPYEMbIX
fipuMeceil oTeuecTBEHHAs MPOMBIILLIEHHOCTh BBITYCKAET. a/lIOMHHHH Tpex
MapoK: 0coboit uuctoThl (He 6ogee 0,001 %), Bbicoko#t yuCTOTHI (He Go-
aee 0,050 %) u rexHuueckoit yuctoThl (He Gosee 1,0 %).

’Mapxa a/HOMHHHA HauHHaercsi ¢ GYKBLI A, 3atem niet uudpa, onpe-
AeJISIOLLAs TPOUEHTHOR CollepKaHue amoMUuuA. Tak, Hanpumep, ajuo-
munui Mapku A97 COAEPHKHT 99,97 % aJIOMHHHS, OCTa/IbHOE —- KOHT-
POJHPYEMEIE NPHMECH. .

“Il1s1 3M1eKTPOTEXHHUECKHX Le/1ell HCMOMb3YIOTCA CNeHHaNbHble Map-
kn amomunus ASE u ATE, B KOTOpBIX. CoepKaHHe »Keje3a U KpeMHHs
HAXOJMTCH B ONDEAE/NEHHOM COOTHOIUEHHH, & COojepXKaHde THTaHa, Ba-
Hausi, XpoMa M MapraHiia CHHXEHO JO THICAYHBIX Jlo/ef NPoueHTa:l

B oTOXIKEHHOM COCTOSIHMH TaKOH a/MIOMUHHUA #HmeeT {pehen Ipou-
HocTH npu pacrakennn 80--90 Mlla, orTsocutenbHOe YAJIHHEHHE
25--33 %, a tBepmoctb no Dpuneamo 15—20. YaenbHoe 31eKTpHuE-
CKO€ CONPOTHBJAEHHE NPOBOAHHKOBONO aJIOMHHHS He JOJIKHO TPEeBbl-
watb 0.0289 mkOM- M.
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{"Xononuas fedopManus AJIOMHHMA W HaJMuMe TpUMECel yBeAuuu-
BAIOT TBEPAOCTb H NPOYHOCTH META/IIA, CHHKAIOT OTHOCHTENbHOE YAJIH-
HEHHE M €ro HPOBOAHMOCT. 3

! TIpoBOAHMKOBDIl aJIOMHHUI HCNIONBL3YETCS A5 HIFOTOBJIEHHA TOKO-
IIPOBOJ.IHULHX HHA OBMOTOUNBIX, MOHTAXHBIX U YCTaHOBOUHbIX IPOBOOB,
a TaKKe HeM30JMPOBAHHBIX NIPOBOJOB JUISl BO3AYIUHBIX JHHHHA EKTPO-
tlepefayH, NPecCoBAHHbIX Kl Kabesiell pas/siMyHOro HasHaueHus U T, 1.|
s 3TuX ke uetell MOMET UCLO0b30BATLCH AMOMHHHI CHEHHANbHbIX
mapoxk A7HK, A8K n A8KY, B KOTOpLIX CyMMAapHQe cojiepiKanye npHuMe-
ceit Ti +V+Mr+Cr ymenblieHo no cpaBHeHHIO ¢ mapkamu A7 u AS8.

CnjiaBbl aMOMUHHUS OTJHYAIOTCS JIECKOCTHIO M MOBBILIEHHOH Mexa-
HUYECKOH NNPOUHOCTBIO 110 CPaBHEHHIO ¢ altoMuHueM. B coctas anomu-
HHEBhIX CN/IABOB NOMHMO AJOMHHUS MOTYT BXOAHTb MapraHel, LHHK,
MarHuii, Meb, Xxele30 U KpeMHHH, NpUYeM CoJiePKaHHe Kejle3a U Kpem-
HHSA B COCTaBe Ch/aBa He foJkuo npesbinats 0.7 u 0,3 % COOTBETCT-

BEHHO.
EB MApKaX aJIOMHHMEBBIX CMJIABOB OYKBbl AAI0T HHOOPMALMIO O TOM,
KaKuHe HMEHHO 3JIeMEHTHI cojiepxarcs B cnnase (A — amomunuit, K —
Kpemudit, M ~— meab, Mr -— maruau#i, L -— nuax, Mn -— mapranen),
a uubpbl — UX CpelHee NPOUEHTHOE CofepKaHue. |
CBepXNPOBOJAHHKH M KPHMONPOBOAHHKH. SIBJIEHHE CBEPXMpPOBOAU-
MOCTH ObIJIO OTKPHITO HuAepaanackum pusnkom X. Kamepauur-Onnecom
8 1911 r. Cornacho coBpeMeHHO# TEOPHH, OCHOBHBIE MOJAQKEHHA KO-
Topo# 6biik pasBuThi B padorax 1. Bapauna, JI. Kynepa, Jx. Ipug-
thepa (teopus BKII). nsnenue cBepXNPOBOAYMOCTH METAN/IOB MOXHO
o6BsACHHTH caelyiowum obpasom. T1pyu Temnepatypax, 61u3kux K abeo-
JHOTHOMY HYJIIO, MEHSIeTCSI XapaKTep B3aUMOACHCTBUS 3JEKTPOHOB MeX-
4y coBoft M aToMHOf pelleTKOH, TaK YTO CTAHOBHTCH BO3MOXKHBIM [PU-
TACHBAaHHE OJHOHMEHHO 3apsKEHHbIX SJEKTPOHOB H ofpazoBanue TaK
HA3bIBAEMBIX IJIEKTPOHHBIX (KyrnepoBckux) nap. [lockonbKy Kynepos-
CKHE Mapsl B COCTOSIHUM CBEPXNPOBOAHMOCTH 06Majat0oT GONLUIOH IHep-
' rHeil cBSA3U, OOMEHA SHEPreTUUECKUMH UMMYJ/IbCaMH MEXAY HUMH U pe-
wieTKo# He HabmofaeTcd. [Ipu 3TOM COnpoTHBIEHHE METANIA CTAHOBUT-
CHl MPaKTHYECKH PaBHbiM Hy/M0. C yBenuueHHeM TeMnepaTyphbl HEKOTO-
pas uacTb 3JEKTPOHOB TEPMUUECKH BO3OYKNAETCH U NEPEXOMMT B OLH-
HOUHOE COCTOSIHHE, XapaKTepHoe I/ o6ulunbix MeTasoB. [lpu nocT-
XKeHHH KpUTHueckol Temnepatypsl (T ;) Bce KynepoBCcKHe napbl pacha-
JAIOTCSL U COCTOSIHME CBEPXNPOBOLUMOCTH Hcue3daeT. AHANOruuHblili pe-
3ynpTaT HaGMOJaeTCs NPH ONpeeeHHOM 3HAYEHHH MATHHTHOrO noJs
(KpUTHYECKON HATIPAMEHHOCTH H |, WA KPHTHUECKON UHAYKUWH B, ),
KOTOpOe MOXKET ObITh CO3RaHO KaK COGCTBEHHBIM TOKOM, TakK H HOCTO-
POHHHUMH HUCTOYHHKaMH. Kpuruueckas TtemnepaTtypa H KpHUTHUECKAs.
HanpsKEHHOCTh MATHUTHOTO MOJIsSi SIBASIOTCA B3aUMOCBA3AHHLIMH Be-
JMYKHHAMU. 3Ta 3aBUCHMOCTb AJSl YHCTHIX METANJIOB MOXKET ObiTh HpH-
GJIKeHHO fIpe/cTaB/iieHa CeYIOIHM BbiPaXKeHHeM:
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rae Hy — Kpmnqecxaﬂ HaIPHXKEHHOCTh MATHMTHOIO TOJst HpH ab-
coJloTHOM HyJae; Ty — KpHTHUECKasi TeMmepatypa IpH 0Tcchmpm
MarduTHOro noJas.

ChenoBatesibHo, €Cli HAeasbHbIH csepxnpoaonnnx TNIOMECTHTB B Mar-

HHTHOE ToNe, TO Hekotopo# Ttemnepatype Ty, << T, Oymer coor-
BETCTBOBATH BIOJIHE ONpeJle/leHHOoe 3HaYeHHe KPHTHUECKOH HanpsakeH:
HOCTH MarHuMTHOro nois MHypy. Ipu H > Hyp, v temneparype T,
CBEpPXMPOBOASILIEE COCTORHHE HCUe3aer.

B nacrosiuee Bpemsi u3BecTHO 35 CBEPXNPOBOAHHKOBBIX METAJIVIOB
H Gojlee THICAYU CBEPXIPOBOIHHKOBBIX CIIABOB H XUMHYECKUX COenu-
HEHHH pa3NHYHBIX 3JIEMEHTOB.

Y cTaHOBJIeHB TAKIKE CBEPXIIPOBOAALIHE CBOHCTBA Y HEKOTOPHIX MONY-
NIPOBOAHHKOB (HAanpHMep, aHTHUMOHHAA uHAHMA InSb), cepwl, KceHoHa
u 0p. B T0 Ke BpeMs AJ15i MHOTHX NPOBOAHHKOBBIX MAaTEPHaJOB, TAKHX,
. KaK cepe6po, Meib, 30J10TO, IVIaTHHA ¥ Ap., NaXe IPH OYeHb HHU3KHX
TEMIIEPATypax LOCTHYhL CBEPXNPOBOASIIEIO COCTOSHUA NIOKA He Y/1aJI0Ch,
Hexotoprie 13 CBepXNpoOBOAHHKOBBIX - MAaTEPHAJIOB, NPENCTaB/ARONMX
IPAaKTHUECKHH HHTepec, TpeicTaBieRbl B Tabn. 4.2.

Tabaumna 4.2

CoepxmpoBomsnkH rovmepaTYpa, °C oy, T
DneMeHTapHBH €
HUPHEHH : 272,86 i 0,002
aNIOMHUHME ' ) v —271,80 0,010
0JI0BO . i —269,30 0,031
HHAUA ) —269,60 T 0,030
pPTYyTH A -—268,80 : 0,046
TaHTanA \ - —268,50 0,083
BaHAJAH --267,70 0,130
CBHHEN --265,80 0,080
HHOOHUI ‘ ) --263,60 ) 0,195
CHoXHBHE: ‘ )
cnnas 50% - —264,30 12,000
cnnas 50% —263,50 11,000
CoeAnHeHns: '
raJyiHA Banaus —259,00. ) - 50,000
CTaHHHJ HHOGUA —255,0 22,000

- Tlo dwusnxo- XHMHYECKHM CBOHCTBAM 3JIEMEHTADHBIE CBEPXTIPOBOJ-
HHKH (YHCTBIE MeTaJJIbl) MOXKHO Pa3[eduTh Ha JIBE FPYTNIILI «MSITKHE» —
Hg, Sn, Pb, In; wkectkne» — Ta, Ti, Zr, NbD.

st MArKHX CBEPXNPOBOAHUKOB XAPAKTEPHBl HU3KHE TEMIEPATypbl
NJIaBJEHHS W OTCYTCTBHE BHYTPEHHHMX MeXaHMYECKHX HallPsKeHHH,
B TO BpeMsl KaK XKECTKHE CBEPXIIPOBOJHUKHU OTNHYAIOTCH HaJHUHEM
3HAYUTEJbRBIX BHYTPEHHUX HANpsKEHHH.

C nosunuii TepMOLHHAMHUKY CBEPXIPOBOAHUKOBBIE MATEPHAJIB [P H-
HATO JeJIMTh Ha CBePXNPOBONHUKH MEPBOrO, BTOPOrO U TPETHEro poja.
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Jsisi CBEPXNPOBOAHHKOB MEPBOr0O Poja XapaKTepHbl CKaukoobpas-
HOe U3MEHEHHE Yie/IbHOH TEeNJOeMKOCTH U BNOJIHE ONpeJefenHas TeMie-
parypa mepexoja B CBEPXIIPOBOJSIIEE COCTOSIHIE, KOTOPOE MOXKET Pa3-
PYIINTBbCH YK€ NPH MasblX KPUTHYECKHUX TeMIlepaTypax H HanpsiKeH-
HOCTH MAaTHUTHOro noJss okosao 1 KA/M, uTo 3aTpyAHser HX NpakTHde-
CKOE HCHOJIb30BaHHe: ¥ TakuX MaTepuanoB HaGmopaercs 3ddext
Maiicuepa—Oxcendenbia, 3aKIOYaOIHACS B TOM, YTO NpH llepexoje -
0o6pasua B CBEPXNPOBOASILIEE COCTOSTHHE MarHUTHOE IoJe - BHITaJKHBa-
eTCcsl U3 HEro, T.'e. OH CTAHOBHTCH HA€abHLIM AHAMATHETHKOM.

CBepXTpOBOJHNKH BTOPOrQ POJE  OT/IMYAIOTCH TEM, YTO Nepexoi B
CBEepXIIPOBOJSLILEE COCTOSHHE Y HUX OCYLIECTBJIAETCS HE CKAUKOM, & Mo-
crenexHo. Jlis HUX XapaxkTepHBl ABa KPHTHUYECKHX 3HauyeHHS MAarHHT-
HOM WHAYKUHH Aas Temnepatypsl T, << T,. Eciu Maruursas vHAyK-
I[Hs1 BO BHeUIHEM ToJle HauHHAeT NPEeBOCXOAHTh 3HAYEHHE HHKHEeH KpH-
THYECKOH HHAYKUHMH, TO TNPQHCXOLMT YaCTHUHOE NPOHUKHOBEHHE Mar-
HHTHOrO NONS BO BCIO TOJIIHHY CBepXIpoBoAsilero obpasua. [Ipu stom
noJ, fefCTBHEM CHJBI JlopeHiia 3MeKTPOHLI B CBEPXIIPOBOAHHKE HauHHa-
10T . ABUTATBCH TI0 OKPYMKHOCTSIM, 06pasysi TaK Ha3HBAEMBIE' BHXPH.
BHYTpH BHXpS CKOPOCTH BpallEHHs1 Bo3pacTaeT Mo Mepe NpUO/IHKEeHHs
K OCH O TeX IIOp; NOKa He JOCTHI'HEeT KPUTHUECKOrO 3HAYeHHs U He Ipo-
HBOMJET CPHIBY CBEPXNPOBOAUMOCTH. [lo mepe yBesnueHus: BHeIIHEro
MarH{THOTO NOJS KOJIMYeCTBO BHXpeH BO3pacTaer, a pacCcTosiHue Mexny
HUMH cokpamaercsi. Korjia oHO craHeT COM3MePHMBbIM € pasMepoM Ky-
MepPOBCKON Maphl, NPAaKTHUYECKH BeCh O00BEM IepedfieT B HOpPMaibHOe
COCTOSIHHE W MarHUTHOE MoJie TOJHOCTBIO TPOHUKHET B obpa3sen. K cBepx-
[IPOBOJHHKAM BTOPOTO POJa M3 YHCTBIX METAJITIOB MOKHO OTHECTH TOJIb-
KO ‘HHOOWH Nb, Banammii. V u Texneuuitr. Te.

CBepXIpOBOJHHKH TPeThero pojia BKJOUAIOT B ce€bs Henneanbﬂme
CBEPXIIPOBOJHUKY BTOPOrG poja (KecTkue CBEepXNMPOBOIHHKH). [l
HHX XapaKTepHO HaJMuHe KPYNHBIX HEOJHOPOAHOCTEH, BO3HHKAIOUIMX
IIPH BbLAETEHHH APYroit ¢askli WIH IJIACTHYHOM JAeopMupoBanuu. [le-
$EeKTHl CTPYKTYPBL MOTYT CJIYKHTB Y3/aMH 3aKpeIVIeHHsl BUXpel (siBJe-
HHE «TIHHHHTa»), YTO 3HAYUTENBHO NOBHIIHAET AONYCTUMBIE TOKH. Tak, Ha-
npUMep, TI0 IPOBOJIOKE U3 CTaHHBAA HHOOHs NbySn B nonsix ¢ URAYKLHS-
My okosio 10 Tt MpKHO nportyckaTh TOK ¢ IJIOTHOCThIO Bbie 10? A/m?,
IIpu uyacrorax se Gosee 10 KI'L HOTEPH B 3THX MaTepHajaX HOCST IHC-
TepPEe3SHCHBI XapakTep B He 3aBucAT oT ¢opmbl Toka. Ha wactorax
10—100 T'n Kpucrajnuyeckas NJIOTHOCTH NEPEMEHHOrO TOKa Majo 3a-
BUCHT OT YaCTOTHI H 110 aMIIUTYAE NPUB/IIKAETCS K KPUTHUECKOH TI0T-
HOCTH JIOCTOSIHHOTO. TOKa. K CBEpXNPOBOJHHMKAM TPeTbero poja OTHO-
CATCA B OCHOBHOM CIVIaBBI H. XHMHUECKHe COelHHEHHS. v

BricokoTemMnepaTypHbie cBepXnpoBoAHHKY. B1986T.
6LLIO o6Hapy>KeHo ‘yTo Takue BeulectBa, Kak La, M, CuO, (M =
= Ba, Sr), nepexoisr B CBEpXNPOBOAAIIEE COCTOAHHE IPH TeMIepa-
Type, OAM3KOH K TemnepaTtype »KHIKore asora. [loaxke B cucreMax
YBa,Cu 0, nepexos B cBepXNpOBOJsiliee COCTOsIHNE HaB/IOAA/C TIPH
—173 °C U Bbilte. Takde BeUIECTBA, Ha3BAHHBIE BbICOKOMEMNEPANYPHbL-
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Mu. teepxnposo0Huxamy, o0JAjAIOT CTPYKTYpPOH THNA NEpPOBCKHTA
(npnponueiii Munepan CaTiOg) ¥ NpeACTaBAAIOT KePAMHKY C Xapakrep-
HbIM Paclio/io’KeHHeM aToMoB. [lo/yuaior Takue MatepHasibl HyTeM CHe-
KaHUA TOHKOW3ME/IbUEHHOH CMecH OKCHAOB MTTIPHsi, MeAH C KapOoHa-
ToM Gopa. [TojiyueHHn# TakuMm cnocofom o6pasel] CBepXIpOBOAALLEH
KepaMHKH COCTOMT U3 ABYX ¢as3 (coenuHennit). OnHaxo dhasa H3yMpyIHO:
3eJICHOTO 11BETA, npoapalmaﬂ U COEPIKHUT MOHBI UTTPHA, BapHs U MeaH
B cooTHowennu 2 : 1 : 1. [lpyras ¢asa yepHoro uBeTa, HenpospauHas,

COJIEPKHT 60m;mee Konuuecmo menu. CooTHolueHwe HTTpHsA, Gapus
M Mean B Helt 11 2 3. I/IMeHHO Ta dasa v obnajiaeT CBEPXNPOBOASILH-
MH CBOHCTBaMH.

Ceepxnpopopsiiue cpoiictBa Y-—Ba-—Cu—O cucreMbl 3aBHCAT OT
COOTHOILEHHH IBYXBa/JeHTHOH H TpexBasenTHOM Meau Cu*t/Cu’t; name- -
Hsist 5TO COOTHOLUEHHE MOXKHO PEry/HpOBaTh CBEPXNPOBOASAILHE CBOHCT-
Ba. K HacrosinieMy BpeMeHH TOJIYYeHb CBEPXIPOBOJHHKH, HMEIOLIHe
Temnepatypy nepexoga or —168°C no —163 °C.- u IIoTHOCTH TOKa. B
CBEPXMNPOBOASILEM cocToRHHU 10 10* A/cM?, YTO HECKONBKO MEHbLIIe,4eM
VI MeTa/JIHYeCKHX - «TPajHIHOHHBIX» CBEPXIIPOBOJHHKOB.

Begercs nouck HOBHIX MartepHajoB, ofsajaromux Gosblied NJ0T-
HOCTBIO TOKa M OoJiee BBICOKOH TeMIlepaTypoH nepexoja B CBEPXIPOBO-
Astiee coctosinHe. [lepcrneKTHBHEIMH B 3TOM . OTHOLUEHHH = SIBJISHIOTCS
TaK Ha3plBaeéMbie BHCMYTOBbIE CHCTeMbl C XHMHUecKo#l (opmyno#
Bi,Sr,Ca,Cus0,, Temneparypa nepexoaa Xotophix jpocturaer —1568 °C.

CBepxnpoBOAHHKOBbIE MaTepHalibl MOTYYH/IH AOCTATOYHO IIMPOKOE
IpHUMEHEHHE B pa3/NHYHbIX O6MACTAX HAYKH H TeXHUKH. VX Hcnonb3yor
JJ1si CO3/lauusi CBEPXCUANBHBIX MATHUTHLIX NOJiel B 10CTaTOMHO 6OJbIIOH
00J1aCTH TIPOCTPAHCTBA; VISl H3TOTOBJEHHS OOMOTOK 3JIEKTPHYECKHX
MAIIHH M TpaHc(opMaTopoB, 0614 AaI0MHX MaJoH Maccoil H rabapHTami,
1o ouenb Boicokum KI1JI; cepxnpoBonsmnux xabeneii Ans MOUIHBIX Ju-
HHA Ilepefaud 3HePTUM; BOJHOBOJOB C OYE€Hb MaJjbiM 3aTyXaHHeM;
MOIIHLIX HaKONHTeJNeH 3JeKTPHUECKOH 3SHEPTHH; YCTPOHCTE NaMsTH H
ynpasnaeuusi. Ddderr Maficnepa—OKceendensia,  HabmojaeMmpii B
CBEPXTIPOBOJAHHKAX, HCNOJb3YeTcs JUf- CO3JlaHksl onop 6e3 TPeHHA U
Bpawanmuxcs snekrpuyeckux mauwmy ¢ KIA, paBasiM nourn 100 %.
SiBenye «CBEPXNPOBOASLIErO MOABECA» (EBHUTAHHH) NPHUMEHSETCH B
THPOCKONAX M B Noe3aax CBEpXCKOPOCTHOH »Kene3HoH.JoporH # T. A.

Kprnonpoeoguuku K HX yucay OTHOCATCA MatepHaJbl,
KoTophle NpH TyGokoM oxjaxjenun (Huxe —I173 °C) npuobperaot
BBICOKYIO 3JIEKTPHYECKYIO TPOBOJAHMOCTb, HO HE NEPeXolsiT B CBEPXINPO-
BOJISILEE COCTOsIHHE. JTO OGBACHACTCS TeM, YTO TIPH HU3KOH TeMIlepary-
pe yAesbHOE CONPOTHBIEHME NPOBOLHMKA 0C0YCIOBAEHO, KaK NPABUJIO,
Ha/JAHuueM npumecel U pusHueckuMy jedeKkramy pelueTkH. IJoCKONbKY
COCTABJISIONIAST YAEALHOrO CONPOTHRJEHHS, o6ycloBJIeHHass pacceu-
BAHHEM 3HEPruU 3a CUeT TeryioBHIX KosieGaHMH peleTkH, npeHeGpexH-
MO Masna, 1l KpUONPOBOJHHKOB HEOGX0AUMO NIPHMEHAThL XOPOLIO OTOXK-
JKEHHBIH METAaJL1 " BBICOKOH UYHCTOTLI, KOTOPHIH 06Jajaer MHHUMAJIbHRIM
VIAeJBbHBIM CONPOTHBJEHHEM B paGoueMm Auanasone temneparyp ot —240
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10 —190 °C. Kak Bujuo u3 puc. 4.8, Ha KOTOPOM NpuBeIeHa TeMIepa-
TYpPHast 3aBHCHMOCTb YIENBHOIO 3JEKTPHUECKOTO COIPOTHBAECHHA OCO- -
60 YHCTBLIX AMIOMHHMS W MENH, a TaKkKe GEpH/JIMA TPOMBIILIEHHON YH-
CTOTHI, ¢ cojepxKauuem npuMeceli He Gosee 0,1 %, MUHUMAaNBLHBIM CO-
NPOTHBJIEHHEM NIPH TeMIIepaType KHAKOTO a30Ta, CaMOro JelleBoro XJja-
- jareHTta, objajaer Gepusnui. OfHAKO OH oWiMuaercs TJIOXoM TexHo-
JIOTHYHOCTBIO, JOPOr, BBICOKOTOKCHYEH, OCOOEHHO ‘B HbIEBHIHOM CO-
crosiuuu. Kpome toro, y. Gepuisius CHABHO BBIPAXEH MarHHTOpesy-

‘ S crusHblil 3ddexT. MenonpsoBanue

3 : aJiOMPHUA B KaudecrBe KpHOIPO-
PO KDnm . P
S BOjsilEro marepuana OoaJjee :pa-
HHOHAABHO, . TaK  KaK OH HoJiee
10,0

7/ Tse JocTyIieH, JelleB . U MMeeT HH3KHe
59 / 3HAYEHHS YJLeJbHOTO 3JIeKTpHuec-
/ / KOTO CONpOTHBJIEHHS B paGoyem

10 A AManasoHe TeMneparyp. Hanpu-

a5 N/ Mep, amioMHHH# MapKH A999, co-

P JepKauuii  npumeceli He Goiee

: 0,001 %, npu Temneparype »KHA-

a1 e~ KOTO reJIUs HMeeT YIelbHOe Co-

405 1 v npotus/ienne He Gonee (1 + 2)X
Al ' X 107¢ MKOM- M.

401 -  KpHONpOBOJHUKH IPAMEHSIOT-

020 % 0 LK cs B OCHOBHOM JJIs1 M3TOTOBJICHHS
Puc. 4.8, 3aBHCHMOCTD. YAEJNLHOTO 9JeK- TOKOIIPOBOJSALIAX KU1 kaGenei 1
TPHYECKOTO COMPOTHBJeHHs ~Kphompo- ~1POBOIOB, paémaxoumx HpH TeM-
BOJHUKOB OT TeMIOEpaTyphi - nepatypax (KHAKHX  Bolopoja
' (—252 6 °C,) neona (—245,7 °C)

: u asora (—195,6 °C).

CHJlaBbl ¢ 6OJIb KM yAeabHBIM CofipothBaeHHem. K TakuMm MaTepﬂa-
JlaM ©THOCATCS CIJIaBbi, HMEIOUIHe IPH HOPMANbLHBEIX YCJIOBHAX YAEb-
HO€E 3JeKTpHUecKoe conpotHpaeHue He meree (0,3 MKOM: M. ITH MaTepHa-
JIbi HaULIM JOCTATOYHO INMPOKOE IIPUMEHEHHEe NpH H3TOTOBJEHHH pas-
JIHUHBIX 3/71eKTPOM3MEPHTEbHBIX M 3JEKTPOHArpesaTeabHbX IpHGOPOB,
00pa3noBbIX CONPOTHBJEHHH, peocTaToB H. T. .

JLnst M3rOTOBJEHUA 3JEKTPOU3MEPUTENbHBIX TNPUGOPOB, 06Pasuo-
BBIX COINpPOTHBJEHKH H PEOCTATOB NPUMEHSIOTCS, KaK NPABUIIO, CILIABbI,
OT/IHYAIOUIHECST BHICOKOA CTabWABHOCTBIO YIENbHOTO CONPOTHBJIEEUS
BO BPEMEHH H MJIbIM TeMIIEPATyPHbIM KOS(DHHIMEHTOM CONPOTHBIEHH.
K 4ucay TaKHX MaTePHasioB OTHOCSITCA MAHFAHMH, KOHCTAHTaH M HH-
XPOM, OCHOBHbIE napaMeTpbl KOTOPBIX NPHBENEHBl B- tabn. 4.3

MaHrasuyg —3T0 MeLHO-HHKENEBHH CIUIaB, CONEPKAUHNA B
cpennem 2,5—3,5 % uukens (¢ xobansrom), 11,5—13,5 % maprauua,
85, 0—890 % wmepn. Cofiepxande npuMeceil B HeM, CPeld  KOTOPBIX
r/IaBHBIM SIBJISieTCH 3Kesle3o, He JoJxHo npesmiwats 0,9 %. Jlerupoa-
HU€ MapraHlieM, a Tak:Ke NPOBeJeHHe CIeNHUaNbHOH TepMooOpaboTKH
apu 400 °C, mossossieT cTabHIH3NPOBATh YAEIbHOE CONPOTUBACHHE MaH-
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Ta6nonuwa 4.3

Manranny Koncrantan Huxpom Helananbep
flapamerp MHMI-3-12 | MHMi-40-1,5 X20H80 MELE-13-20
}"h;oﬂ-xocn npn  20°C, 8409 8900 8400 8700
Kr/M . :
Temgeparypa naassue- 910—960 | 1200—1270 ] 13801420 1080
uus, °C -
YaensHoe © vgextpade- | 0,40—0,52 | 0,45--0,52 102 1,12 0,30-—9,32
CKOE COMPOTHBJEHHE [NIpH
20°C, MgOM- M ‘ :
Temnepatypuuiit K03 (- (10--25) X 20-10-5 1 (110+=130)%|  36-10->
DULHEHT YACALHOPO 3/€K- X108 ’ X 106
TPHUECKOTO - CONPOTHRAE: -
ks, °C—1 .
[lpegen mnpodnocra apu |  395—540 394—638 686—735 350--1100
pacrsixennn, MITa
Orxocutenshoe  yua- 10--15 10—20 1018 3-- 30
HedwHe NpH paspuise, Y
TepmodAC - 5 nape ¢ 0,9--1,0 39--43 - 14,4
menbio, MkBfC

TaHuHa B uHTepBaJse Temiepatyp or —100 go 100 °C. Manrauuu ume-
eT oueHb MaJoe 3HaueHue TepMoI[IC B nape c MeAbo, BHICOKYIO CTaGH/Ib-
HOCTb YAEJbHOTO CONPOTHBJEHHS BO BPEMEHH, UTO [O3BOJSET WHPOKO
HCMO/IB30BATL €ro (PH H3TOTOBJEHHH PE3HCTOPOB. U 3JIEKTPOHIMEDPH-
TEJbHbIX NPHOOPOB CaMblX BBICOKHX KJIaCCOB TOUHOCTH.
KoHCTaHTaH CONEPKHT Te K€ KOMIOHEHTH!, UTO H MAHTAHHH.
HO B HECKO/MBLKO HHBIX COOTHOLIEHHSX: HUKeJb (¢ kobanbrom) — 39—
41 %, wmapranen — 1—2, menp — 56,1—59,1 %. CogzepxaHnue npu-
meceli Takke JoKHO GhiTh He Goaee 0,9 %. Camo Ha3BaHHe CnJjaBa ro-
BOPHT O NPAaKTHYECKOH HE3aBHCHMOCTH €ro YAE/NbHOrO 3JMeKTPHYECKO-
ro COTNpPOTHBJAEGHHA OT TEMNEpaTypbl, NOCKCJAbLKY a0COMOTHOE 3HAueHHe
Ko3(hpHUHEHTA YAENLHOrO CONPOTHUBIEHHS 3TOMO CM/ABA He MPEBLILIAET
2:10-8°C-1. Tlo HarpeBOCTOMKOCTH KOHCTAHTAH MPEBOCXOAUT MarHa-
HUH, YTO MO3BOJISIET HCIO/b30BaTh €r0 B PEOCTaTAX M HArpeBaTesibHbIX
sneMenrtax, paboraowux npu remneparype po 500 °C. BbicokHe mexa--
HHYECKHE XapaKTePHCTHKH, COYETAIOUIHEeCH € TMAaCTHHYHOCTbIO, M03BO--
JISIIOT U3rOTOBJIATL H3 ITOrO CILIABA TOHYAHLIYIO NMPOBOAOKY, JEHThI, NO-
Jocs v ponbry. Beicokoe 3nauenne tepmod[1C B nape ¢ mMeabio U xKene-
30M MCK/OYAeT MpHMEHEHHe KOHCTAHTAHA B 3JEKTPOH3MepHTeNbHbIX
npuGopax BLICOKOH TOUHOCTH, HO C YCIEXOM HMCNOL3YIOTCS TIPH H3ro-
ToBJIeHHH TepMmonap. CJelyeT OTMETHTh TaKiKe, UTO HaJHYHE B COCTa-
BE KOHCTaHTaHa JOCTATOYHO GOJIBLIOrO KOJIHYeCTBa Aopororo H aedu-
_LIMTHOrO HHKENsl OrpaHHuHBAEeT ero WCHOJIb30BAHHE B M3AEIAX Macco-
BOrO MPOMU3BOJACTBA.
Hu x p oMbl — cniaBpl Ha OCHOBE Kejesa, Coj2pikaulde B 3a-
BHCHMOCTH OT MapKu 15--25 % xpoma,; 556—78 % nukens, 1,5 % map-
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rarua. OHY B OCHOBHOM NIPHMEHSIOTCS A5 U3TOTOBJEHHS 3JEKTpoHarpe-
BaTe/1bHBIX 3JEMEHTOB, TakK KakK 00/1aAaloT Xopolue#dl CTOHKOCThIO NpH
BLICOKOH TeMIepaType B BO3AYLIHON cpefle, uTo 06YC/A0BAEHO GIU3KHMH
3HAYEHHAMH TeMNEpPaTYPHBIX KO3(UILHEHTOB JHHEHHOro PaciMPeHHs]
3THX CILJTABOB H HX OKCHAHBIX NACHOK. [LHTeNbHOCTh PafoThl 3JeKTpo-
HarpeBaTe/bHbIX JEMeHTOB H3 HHXPOMa CYILECTBEHHO NOBLILIAETCS NPH
HCKJIIOUEHHH JOCTYNa KHC/IOPOAa K TMOBEPXHOCTH NpoBodokd. Huxpo-
Mbl UMEIOT BBICOKYIO TEXHOJIOIMYHOCTDb, /1€rKO [POTATHBAIOTCH B TOHKYIO
MPOBOJIOKY HJIH JIeHTy. 3Ha4YHTeTbHOR COJNEpKAHHE HHKeIsi B cocTaBe
HUXPOMOB 06y C/0BIHBAET HX MOBBUUEHHYIO CTOHKOCTH H OrpaHHUMBAET
00/1aCcTH MPHMEHEHUH.

B HexkoTopblX cayyasx Ajss M3TOTOBJIEHHH peocraroa KOHT2KTHbIX
NpYXHH H APYTHX 3/1€KTPOTEXHHYECKUX H3AeAHH NPUMEHAETCH MeAHO-
{uKeseBblfl cnias Heiiauasbep MHLI-15-20, B cocrase kotoporo 18—
22 % uunka, 13,5—16,5 % wuukenn (c KoéaanOM) H OCTaJibHOE ~—
Meﬂ,b ConepkaHue B HEM Pa3/HYHLIX NPHUMECEH HE JOJMKHO MPeBbIATh
099

Heuamlbﬁep. BHELLUHE HAOMHHAIOUWIUN cepebpo (ueM u oObAcCHAeTCs
ero HasBaHHE), UMeeT OueHb BblcoKHe (Taba. 4.3) MexaHuyeckue Xa-
PAaKTEPUCTHKH, MJacTHYEH, HO YAe/bHOe JIeKTPHUECKOoe COMPOTHBAE-
HUE ero MeHblle, YeM y APYrHX chyaBoB. OH HMeeT BLICOKYIO KOpPO3H-
OHHYIO CTOHKOCTb W GJarofapsl 3HAUUTEILHOMY COJep:KaHHIO LHHKA
B CBOEM COCTABE -— MEHBLIYI0 CTOMMOCTH M0 CPABHEHHIO C KOHCTAHTa-
HOM.

Cpeflii c1aBOB BLICOKOIO COMPOTHB/EHHSA, KOTOPbIE, TOMHMO HHXPO-
Md, WHPOKO HCHNONBIYIOTCS IS H3rOTOBAEHHS Pa3iMYHbIX Harpesa-
TeJAbHbIX IJEMEHTOB, HEOOXOAHMO OTMETHTH. KapPOCTOHKUE ClaBbl (e-
xpanu 1 xpomaau. Ouu orHocatcs K cucreme Fe—Cr—Al u conepxar
B ceoeM coctase 0,7 %mapranua, 0.6 % wuukenn, 12—15 % xpoma
3.5—5,5 % anoMHHHs W oCTabHOE — 3Kene30. ITU CIl1aBbl OTIHYAIOT-
Csl BLICOKOH CTOHKOCTBIO K XHMHUYECKOMY paspyLI€HWIO MOBEPXHOCTH
1I0A BO3JeHCTBHEM PA3JIHUHBIX ra3000pa3HbIX CpPejl NPH BbICOKHX TeMmIe-
patypax. HMewT y10BA€TBOpUTENbHBIE TEXHOJOMHYECKHE CBOHCTBa
“ XOpOlUHE MEXaHHUECKHE XapaxKTepucCTHKH (Tabs. 4.4), 4To no3poJiger
AOCTATOUYHO JIEMKO MOAYYaTh H3 HUX MPOBOMOKY, JA€HTBI, NMPYTKH H
apyrue nonydaGpuKaThl, KOTOpbIE CrOCOGHbI CBAPHBATECA H BBIIEPHKH-
BaTh GO/bLINE MEXAHHYECKHE HATPY3KH npu BbLICOKOH TeMrepaTtype 6e3
CYUIECTBEHHLIX Aedopmalliil.

Jaa ofosHaueHHs MapoK XpPOMaJIlOMUHHEBBIX CIlIABOB HCHOJb3YeT-
CR TPaldHILHOHHAA CHCTeMa U3 OYKB U UHCE], OTJIHYANUIAACH TOIbKO
TeM, uUTO /151 0603HaUEHHA AMIOMHHU Hcnoab3yerces 6yksa fO. Tak, o6o-
snavenne X23l05 coorBercTByeT cnaaBy ¢ conmepxanuem 23 % xpoma
H 5% amnoMHHHS.

Cnaass! a5 repmonap. [lnst repmonap, NpuHUKD JedCTBHS KOTOPBIX
H3J10XeH paHee, Haubosiee WIHPOKO NPHMEHAIOTCS C/eAyiollie CIJIaBbl:
konens (56 % Cu u 44 % Ni), amomenp (95 % Ni, ocranbhoe -—
Al, Si u Mr), xpomens (90 % Ni n 10 % Cr). nnatuHopoanii (90 % Pt
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-Ta6aunma 4.4

- Temte- 2 o
o paTypHb
¥ Aenn- Yot g
o Hoe Sje- BB KO- Mpenen Ornoc- | §
Mapxka Temne- Mnor- Ka’(‘)‘;e' s¢ddu - npoyHO- TeapHoe | &
: partypa JO0T g UHeHT CTH fIpH YRIAHHE- g
naasie- Hocrs, _conpo- SNEKTPH- pacrs- Hue NpH | = ¢
crnnrasa HHA, °C KM fm THBICHAE 4eCcKoro KEeHHH, pasphime, | £ 5§
opH compo- uIla -3
20 C’ THBJACHHSA -* o
MKOM-M X 10-5, 8=
°c £y
X 13104 1560 7300 1,18—1,34 | 100—120 700 20 900 -
X233105 1500 7250 1,30—1,40 65 800 10—15{ 1200

u 10 % Rh), xoucranran (60 % Cu 1 40 % Cr). Marepuansl, 06pasyio-
uiMe TepMonapy, noabupaloTca TakuM o6pa3oM, YTOOH B JHana3oHe
H3MepsieMBIX TeMIlepaTyp OHM 06JaJa/H MAKCHMAJbHLIM 3HaueHHeM
TepmodJIC. Ilpu 3Tom norpemiHoCTh B ONpefeseHHH TemnepaTypsl Cy-
IIeCTBEHHO CHMKaercsi. COIvIacHO 3TOMY YCAOBHIO, /ISl M3MEPEHHsA TeM-
nepaTyp MOryT NDHMEHSITbCS CJIEAYIOIHE TepMollaphbl: Meib —— KOH-
CTaHTaH U Mefb—Konenb (1o 350 °C); xkene3o—KOHCTAHTaH, JKeae30—
KOneJlb 4 XpoMeIb—KOonelb (o 600 °C); xpomesp—aimomens (1o 900—
1000 °C); msiatuxopoanii—niatuHa (no 1600 °C).

3nak Tepmod/IC y TepMOmap 3aBHCHT OT HalpaB/eHHs TOKAa B XO-
JIONHOM H ropsiueM crasX. I[IpHHSTO CUHTATD, UTO B XOJIOAHOM CHde TOK
HIET OT HEePBOTO HA3BAHHOTO B Ilape MaTepHasna Ko BTOpPOMY {T. e. OT
XpoMeJia K KONeNo, OT TaTHHOPORHS K NIaTHHE), a B TOpsyeM crae —
HaoBopoT. ,

.Criefiyer OTMETHTb TaK¥e, UTO HEKOTOPhIe HOJIyHPOB()}IHHKOBbIe ma-
-Tepuanbl (nanpumep, TpoiiHoi cmiaB Bi—Sb—Zn) Toxe ob6aanaloT 3Ha-
YHTEJBbHBIMH Ko3dpHurentamu 1epMo3[IC, yTo n03BOJSET C yCnexoMm
UCIOJB30BaTh HX AJSl M3rOTOBJEHUS TepMoaJleMeHToa TepMOreHepaTo-
POB, XOJOIMJBHBIX YCTPOHCTB. H Hp.

KontakTHble MaTepuadbl. D aexmpudeckum KOHMAKmom Ha3BIBAIOT
NOBEPXHOCTb CONPHKOCHOBEHHSA TOKOBEXYIIMX YacTel JIEKTPOTEXHHYE-
CKHX YCTPOHCTB, a TaKke KOHCTPYKTHBHBIE NpHCHocobnenus, obecre-
YHBawIue Takoll KonTakT. [To npuHiuny paGoThl KOHTAKTH PA3AeasIOT-
Csl Ha HENOABHIKHLIC, paspHIBHLIE H CKOJb3AIHe.

-KHenoJABHKHBHM KOHTAKTaM OTHOCATCA LeJbHOMe-
TaJlJIHYecKHe (CBapHbIE WJIM NasHbie) 3a)KHMHLIE (60/1TOBbIE, BHHTOBbIE)
coennnenns. LlenbHoMerannnyeckue COIUHEHUS JOIKHBL OTIHUATHCS
HE TOJILKO MEXaHHYeCKOH NPOYHOCTHIO, HO U oGecneunBaTh CTaGH/bHBIN
3/IEKTPHYECKHH KOHTAKT C MaJIbIM NEPEXOLHEIM CONPOTHB/ICHHEM.

KauecTBo 3a:MMHOrO KOHTAaKTa OlipeielisieTcsl B OCHOBHOM KOHTAKT-
HbIM JlaBJEHHEM H CNOCOGHOCTHIO MaTepHaJja K NJacTHYecKoH aedopma-
1HH. B cBA3H ¢ 3THM TakHe KOHTaKTHLIE TOBEPXHOCTH Lleecoo6pasHo
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NOKPHIBATH MATKHMH KOPPO3HOHHO-CTOHKHMH METaiaM¥ (OJIOBOM, Ce-
pebpom, KaiMueM M Ap.). ,

PaspbsBHBEe KOHTAaKTH . 006ecnedyBalOT NepHOLHYECKOe
3aMblKaH¥e M pasMblKaHHe aJeKTpHuecKofl Henu. Bosee oTBETCTBEHHAS
ux GyHKIHA Tpeponpefenser u fojee ctporne TpeGoBaHHA K HHM: yC-°
TOHUMBOCTL TIPOTHB KOPPO3HH, CTOHKOCTH K CBAPUBAHHIO H JEHCTBHIO
IEKTPHUECKOH 5PPO3HH, CTOHKOCTb K JeHCTBHIO CKUMAIOUINX U YAap-
HBIX HAarpysok, BBICOKHE NPOBOAMMOCTbL M TeNJO(pH3HUEeCKHE CBOHCTBA,
X0poluask TeXHOJOMHYHOCTE M CNOCOGHOCTh NpUpabaThiBaThCA APYT. K
Apyry.

B kauecTBe KOHTAaKTHBIX MaTePHAJIOB JJis C/1aBOTOUHBIX Pa3phiBHBIX -
KOHTAKTOB NIOMHMO YMCTBIX TYTOIVIABKHX MeTaNl0B (BoJbpaMa, MoO-
JubAena) npuMeHsIOTCH  GJaropofinrie ‘MeTaanbl (IVIATHHA, 30JI0TO,
cepe6po), a TaKKe PA3NHYHBIC CIIABBI HA HX OCHOBE (30/10TO—Cepedpo,
nJaTHHA—PYTeHNH, IJafHHa—pOAKH) MeTallJOKepaMHYeCcKHe KOMIO-
suunn (nanpumep, Ag—CdO).

CH/IbHOTOUHbBIE Pa3PbIBHEIE KOHTAKTH H3TOTOBJIAIOTCH, KaK NpaBujo,
U3 MeTa/lIoKepaMHUecCKHX MaTepHasNoB, KOTOPLIE MOTYYaioTCd METOJA0M
HOPOIIKOBOA METAJ/VIYPriuM M BKJIOYAKT B CeOS KOMIIOSHIHM Ha OCHOBE
MeaH H cepebpa: cepe6pPo—oOCKHA KaAMHMA, Cepebpo—OKCHI MEeAH,
Melb—~TrpapuT, cepeGpo—HHKeNb, - cepeGpo—rpadur. Hcenonssyiores
TaK¥Ke H TPOHHblE KOMIO3ULHH: cepeOpo-——HHKeIb—TpadHT, cepe6po—
BOJAb(ppaM—HHKENb, MeAb—BOAbppaM—HuKedb. MenHas u cepebp4-
Hasg ¢a3sl B 3THX KOMMNO3HIHUAX OOECHEYHBAIOT BLICOKYIO 3JEKTPO- H
TEeNJIONPOBOAHOCTb KOHTAKTA, & BKJIIOUECHUS TYTONNAaBKOH (asbl NPHAAIOT
KOHTAaKTaM CTOHKOCTb K MEXaHHYECKOMY H3HOCY, 3JIeKTpHueckoH 3po-
3UH M CBAPHBAEMOCTH.

JJasi U3roroBneHHsi CHIbHOTOYHBIX KOHTAKTOB, pa60Taxoumx npH-
NOBBLIIHEHHHIX © HANPSAKEHHAX M KOHTAKTHBIX ' JaBJeHUAX, . CIHOCOGHBLIX
NPOGHTL - WIH Pa3pyIUHTh MEXAHWYECKHM NYTEM OKCHJHYIO IVIEHKY Ha
KOHTAKTHOH NMOBEPXHOCTH, PEKOMEHAYETCS HCTIOAb30BaTh TBEPAYIO Mellb,
YTO 3HAYHTENBHO YJelIeBJsieT 3JeKTPOTeXHHUYECKOE YCTPOHCTBO.

CKonb3fi . Me KOHTAKTBH JO/UKHB JONOJHUTENBHO OT-
JIMYATBCS BHICOKOH. CTOHKOCTBIO K HCTHPAIOLIUM Harpyskam, KOTOphie
,0cOBEHHO BEJHKH TIpH CYXOM TPeHHH, T. €. Korja oba KOHTaKTa U3ro-
TOBJIEHB M3 OQHOTO MaTepHasa, a TaKXKe NpPH HeyJayHOM BhIGope map.
HauGosee BbICOKMMH KayecTBaMH 00/1afidioT KOHTAKTHBIE Napbl, COCTAB-
JIEHHble H3 MeTAJH4ecKoro u rpadurcoaepikamero marepuasos. [lo-
MIMO HHM3KOTO KO3(dHIUeHTa TPeHus TpadbuT u MarepuaJipl Ha €ro oc-
HOBE OTINYAIOTCA GOMBIIMM HANPSIKEHHEM AYTroo6pasoBaHusi, NOITOMY
H3HOC KOHTAKTOB OT HCKPEHHsi HesHauurteseH. Kpome Toro, Ha noBepx-
HOCTH rpacgura He 0OPasyloTcst OKCHIHbIe TJEHKH ¥ KOHTaKT HMeer
VIHHEHHYIO BOJIBT-aMIEpPHYIO XapaKTEPHCTHKY.

lllupokoe npumenenue 151 H3rOTOBAEHHS - CKOJB3ALIHNX KOHTAKTOB
"HalNIM TakXe NDOBOJHHKOBEIE OPOH3bI H JIaTYHH, OTJHYAIOULIHECH Bhl-
COKOH  MeXaHHYeCKOH HPOYHOCTBbIO, CTOHKOCTHIO K HCTHPAIOHIHM Ha-
Tpy3KaM, YOPYyrocTblo, aHTHGPHKIHOHHLIMH CBOHCTBAMH H CTOHKOCTHIO
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K armochepHOli KOppo3uu (HaanMep, JIC59-1, JIMu58-2, BpKnal
bpb2 u 1. n).

J151 M3roToR/JeHHsT KOJJIEKTOPHBEIX INIACTHH YacTO HCIOAb3YIOTCS
TBepAas Melb, a TakXke Mellb, JerHpoBaHHAsl cepeGpoM, H Apyrue Ma-
TepHAMBL, '

MertannokepaMuka Halla AOCTATOYHO IIHPOKOE TNpHMEHEHHe B
3JeKTpoTteXHHKe. Kak y»Ke oTMeuanoch Bhlllle, STOT MAaTepHas IPHMEHNA-
eTCs VIS U3TOTOBJIEHHA KOHTAKTOB. KPYIJIOH, NPAMOYTONBHOH H CJOXK-
HOM (POpMBI METOJOM NOPOIIKOBOH MeTannypruu. KoMmmosmiuu nosy-
yalTcs IyTeM TpeXx(dasHOro CreKaHHs CHIPeCCOBAHHBIX H3 NOPOIUKOB 3a-
I'OTOBOK JIH0O NyTeM NPOIHTKH cepeGpoM HJIH MeIblo NpelBapHTeNbHO
ONPeccOBAaHHBIX NMOPHCTLIX KAPKAcOB H3 BOJML(ppaMa HIH BOJb(PPAMOHHU-
KeJICBOrO CIasa. ¥ jieapHoe 3IEKTPHYECKOE COTPOTHBJIEHHE META/JIO-
KEpaMHUYeCKHX KOHTAKTOB JO/IKHO OniTh He Gonee 0,07 MxOM:-M npu
20-°C, orTiM4aThcsl BHICOKOH CTAGMABHOCTLIO BO BpPEeMEHH M MaJoH 3a-
BHCHMOCTBIO OT YCJIOBHH axcrmyaTauuu

Xopomue MarHHTHEIE CBOHCTBA HEKOTOPBHIX METa/JOKEpaMHYECKHX
KOMIO3HIMH TIO3BOJNMJN HX HCIONB30BATh JJIs H3TOTOBJEHHSI TIOCTOSAH-
HbIX MarHHTOB METOJIOM TIPECCOBaHHs MOPOIIKA, COCTOSMIETO H3 H3MEJ b~
YeHHBIX TOHKOAHCHEPCHBIX MAFHHTOTBEPJBIX CIJIABOB, C IOCJAERYIOHIHM
cneKkaHHeM NMpM BLICOKHX TeMHeparypax. B pesyJabrate Takoi TexHOJO-
I'MH U3Je/1ds NONY4YalTCcst OCTATOYHO TOUHBIX pasMepoB H He Tpefyior
JanbHeiimel ofpaboTkn. MerajsiokepaMuyeckne MarHHTBHl HMEIOT Bbl-
‘COKYIO ME€XaHHYECKYI0' IPOYHOCTb, HO IIOHHIKEHHble MarHHTHbIE CBOM-
‘CTBA IO CPaBHEHHIO € JIHTHIMH MarsivTaMH, 4To o6YyCJOB/JEHO B OCHOB-
HOM GOJIBIIMM COJlepIKaHHeM (no 30 %) HeMarHHTHOTO CBSI3YIOIIErO Be-
 1lecTBa.

OreuecTBeHHas NPOMBILLIEHHOCTD Bbmycxaer OMHHA/ATh MAPOK
MerajiokepaMuyeckux maruutoB (MKI1—MKI11), y: KoTopbix Ko3piiu-
THBHAs CHJIA MOXKeT Ohith 24—128 kA/M, octatounass nuaykuus 0,48—
1,1 Ta, a 3anaceHHas MarHuTHasi 3Heprus He Gojee 3—16 kJlx/Mm3.
SKOHOMuquKaﬂ 3¢)¢eKTHBHOCTb METAJIJIOKEPAMHUYECKHX  KOMIIO3HIKL,
.06afAIOMMX MATHHTHHIMH CBOHCTBaMM, CYIIECTBEHHO BO3pacTaer IpH
MaccoBoM aBTOMaTHBHpOBaHHOM POM3BOJCTBE MATHHTOB HeGO/IbIITUX
pasMepoB U C/HOXKHOH (HOPMBL.

DNIEKTPOTEXHHUECKHH Yroib OTHOCHTC K TBEPAbIM HeMeTaslinde-
CKHM TIPOBOJHHMKOBLIM MaTepHanaM, H CHIPbEM ISl €ro INPOH3BOACTBA
'MOTYT CJIYXHTb caxa, rpabur, anrpauut. s nonydyenusr MOHOMHT-
HOFO H3JeJHsl HCIOAb3YIOTCHA. CBA3YIOIee BelecTBO (KaMeHHOYroJjbHas
‘CMOJIA MJIM JKHIKOE CTEKJNO) M. OGKHI' IPH BLICOKHX = TeMIIeparypax
(800—~3000 °C). PexuM oGXKHra onpejessieT B OCHOBHOM (OPMY, B KO-
TOpOH yriepos OyAeT HaXoAUThest B HaAenut: Ilpu BeICOKUX TeMneparty-
pax (2000—3000 °C) npoucxoiuT nepexoj yrjepona B gopmy rpadpu-
Ta, TO3TOMY TaKoH Ipouecc NOJY4HJ HasBaHHe epagumuposarue.
o DJIeKTPOTEXHUYECKHA YrOo/b HIHPOKO NPHMEHSeTCs: /ISl H3IOTOBJe-
HUA TIETOK 3/JEKTPUUECKHX MAIUHUH; 3AEKTPOHOB AJS1 NPOKEKTOPOB, AYy-
‘TOBBIX 3JIEKTPUHUECKHX meveil U 3MEKTPOJHTHYECKHX BAHH; aHOLOB TaJb-
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BAaHHYECKHX 3JIEMEHTOB. Y TONbHbIE IOPOIIKH, H3TOTOB/IEHHbIE U3 anTpa-
HTa, HCNOAb3YIOTCS B MHKPOGOHAX I/ CO3JAaHHS CONPOTUBICHHUS,
3HAUEHHE KOTOPOTOo HM3MEHSAETCS] B 3aBHCHMOCTH OT TPHJIOMEHHOro K
HeMy JaBJIEHHA,

Hcnonnayerest yrosib Takxe ¥ IPH H3NOTOBJIEHHH HENPOBOJOYHBIX
BBLICOKOOMHBIX PE3HCTOPOB, PA3JHUYHBIX PA3PSIAHUKOB IJIf TeJIeQ)OHHblx
ceTeH, 3JEKTPOBAKYYMHBIX INPHGOPOB.

KOMIIO3HIHY Ha OCHOBE CAXH U rpadura HCNOb3YIOTCA 11.71;1 3Kpa-
HHPOBAHHUS XKHJ CHJOBBIX Kabenel, N06aBAHIOTCS B COCTAB PE3HHOBBIX
cMecefl A/8 NOBBILIEHHS] MEXAHHUYECKHX XAPAKTEPHCTHK PE3UH, a TaKkKe
CTOHKOCTH K CBETOBOMY H TEILIOBOMY CTapeHmo HEKOTOPBIM arpec-
CHBHBIM . cpe;xaM

Kourpoasuie sorpocht

1. Kak knaccuHUHpYIOTCS NPOBOAHUKOBLIE MaTepHanu?

2. KakoBBH OCHOBHbIE XaPaKTEPHUCTHKH NPOBOAHHKOBHIX MaTePHAJIOB?

3. B uem 3akjoyaeTcs CYUIHOCTh ABJEHHA. CBEPXIPOBOJHMOCTH H KaKHe Ma-
TepHa/ibl MPHMEHAIOTCH AJ5 H3TOTOBJEHHA CBepX- H KPHONPOBOXHHKOB?

4. Kakde cIJIaBhl BHICOKOI'O CONpPOTHBJEHHA HaHOoJee LIUPOKO - NPHMEHSIOTCS

B JEKTPOTEeXHHKE H I KaKMX ueJjeii?
5. Ias kakux nejefl HCHOJL3YIOTCS MaTepHaibl Ha OCHOBC ONaropOAHBIX H

He61aropOAHBX MeTaNI08?

\

TNABA 5. ®UIHKA NAHITEKTPHYECKHX MATEPHAJIOB

§ 5.1. O6uue cBepenus

ﬂua/tefcmpummu HA3BIBAIOT BEILECTBA, OCHOBHBIM 3JIEKTP HYECKHM
CBOMCTBOM KOTOPBHIX sIBJISIeTCS CIIOCOGHOCTD TOJNSPH3OBATBLCSH B 3JIEK-
TpUYeCKOM nosie. B raszooGpasHbiX, KHAKHX H TBEPABIX JHIJIEKTPHKaX
3JIEKTpHYECKHe 3aps/ibl IPOYHO CBA3AHBI C aTOMaMH, MOJEKYJIaMH HJIH
HOHaMH H B 3JIEKTPHYECKOM HOJe MOTYT JIMIIb cMmemartbes. [Tponcxonnt
paszesieHye HEHTPOB NOJOKUTENHHOTO H OTPHLATEILHOIO 3aPSKOB, T. €.
noasipuzauus. HMcnonb3yemble Ha NpaKTHKe AU3JEKTPHKH COJEpKaT
U cBoGOAHBIE 3apsifibi, KOTOPHIE, NIepEMEeINasich B 3/JEeKTPHUECKOM MNOJe,
"06YyC/IOBJHBAIOT 3J1€KTPONPOBOAHOCTD, CIOCOOHOCTL JH3JIEKTPHKA MPO-
NyCKaTh MOCTOSIHHBIA 3/1eKTpHYeCKHil TOK. ONHAKO KOMHYECTBO TAKHX
CBOGOJHBIX 3aPAJ0B B JH3JIEKTPHKE HEBEJHKO, & TI03TOMY BEChbMa MaJl
H ToK. C1eloBaTebHO, JUIS JHIAEKTPHKA XapaKTepHbM fABJAETCH BECh-
‘Ma GOJbloe CONPOTHBJIEHHE MPOXOKAEHHIO TOCTOAHHOTO TOKA.

Husnexmpuneckumy mamepuaramy HasbBaIOT KJacC 3AEKTPOTEXHH-
YECKHX MATEPHAVIOB, NPEJHASHAYEHHBIX JIA UCHOJILIOBAHUS HX IH-
3JIEKTPHUYECKHX CBOHCTB (OKa3BBaTh GOJIBIIOE CONPOTUBIEHHE MPOXOXK-
JEHHIO 3TEeKTPHUECKOro TOKa H CHOCOGHOCTD MOJIPH30BATLCA).

SAeKMPOUSONAYUOHHBIMY  MAMEPUALAMY  HASBIBAIOT JH3JEKTPHYE-
CKHe MaTepHasbl, NpefHasHayeHHbie JJis CO3/aHNA 3/1eKTPHUECKOH H30-
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JASIUHH TOKOBEJYLIUX YacTeHl B 3JEKTPOTEXHHUYECKHX H PAAHO3JEKTPOH-
HBIX YCTPOHCTBAX. DNEKTPHUECKAA H3OJALHA ABJISAETCHA HEoTheMJIeMOH
YACTHIO JIEKTPHYECKOH LEMNH ‘M NPEXKJe BCEro HYXKHa JJs TOro, YTobbi
HE IPONyCKaThb TOK 10 He NpPelyCMOTPEHHBIM 3JIEKTPHYECKOH CcXeMof
NyTIM. - C

"HcnonbayeMble B KauecTBe 3JICKTPOH3OJALHOHHBIX MaTEPHAJIOB Au-
3]IEKTPHKY HA3HIBAIOTCA NACCUBHLIMU JHU3MEKTPHKamMH. B Hacrosmee
BpeMsl LIHPOKO MPHMEHSIOTCS TAK HA3bIBAEMBIE AKMUGHbIC JHITEKTPU-
KH, napaMeTpbi KOTOPBIX MOXKHO PEryJHpPOBaTh HU3MEHAR HATPSIKEH-
HOCTh 3/IeKTPHYECKOTO N0JISl, TEMIIEPATYPY, MEXaHHYECKHE HaIlP fAKEHUs
U Apyrde TapaMeTphl BO3JEHCTBYIOIINX Ha HUX dakTopoB. Hanpuwmep,
KOHJIEHCATOp, AH3JeKTPHYECKHM MaTEPHAaJOM B KOTOPOM CJYXKHT Ibe-
303JIeKTPHK, NOJ| AeHCTBIeM IIPHJIOXKEHHOrO NePEMEHHOro HaMNpsKeHHs
U3MEHSIET CBOH JIMHEfHble pPa3Mepsl U CTAHOBHTCA TeHepaTopoM YJbTpa-
3BYKOBBIX KoJ/ieGanui. EMKOCTb 3/1eKTPHYECKOI'O KOHIEHCATOpPa, Bbl-
MOJHEHHOI'O H3 HEJHHEHHOro JH3JIEKTPHKA — CErHETO3JIeKTPHKA, H3-
MEHfeTCH B 3aBUCHMOCTH OT HAIIPSKEHHOCTH 3JEKTPHUECKOro MOJs;
€C/IY TaKasl eMKOCTb BKJIOUeHa B. KoJseGatenbHblit LC- Komyp, TO H3Me-
‘HAieTCA W €ro 9acToTa HACTPOHKH.

TexHuka, TeXHOMOrHA U IKCHIyaTaUHA a.rxemporexnnqecxoro H
PallHO31EKTPOHHOTO 0GOPYAOBaHHS UPEALABJAIOT CaMble Pa3HOOGpas-
Hble TPeGOBaHUA K CBOMCTBAM HM3JEKTPHUECKHX Marepuanos. Ilomumo
HYXHBIX IEKTPUYECKUX CBOHCTB AM3NEKTPHUECKUE MATEPHANIBI IOIKHbL
00J1a/1aTh elle MeXaHUUeCKHUMH, TePMHYeCKHMH U MHOTUMHU APYTHMH (hH-
3HKO-MEXaHHYECKUMH CBOACTBaMH, KOTOPHIE paCCMOTpeHbI B HaCTOSILIIEM
pasgene.

§ 5.2. 3ueKTPONPOBONHOCTL AHINEKTPHKOB

IIpaKkTHUeCKH HCHO/b3yeMble AM3JIEKTPUKH COAEPKAT B CBOEM OObe-
Me HeGOMIbIIoe KOMHYeCTBO CBOGOAHBIX 3apsoB, KOTOpbIE NepeMeldlor-
‘C B JEKTPHUYECKOM nose. [1o3ToMy AM3/IEKTPHKH Ha NOCTOSHHOM Ha-
TPSMKEHHH NPONYCKAIOT BeChMa MaJbiil TOK. E)TOT TOK H43bIBAIOT CKBOS-
HBIM TOKCM YTEUKH. ‘
© YpenbHan NpOBOAHMOCTL H yJeJbHOE COMPOTHBIICHHE., Ha puc. 5.1
~CXeMaTHYeCKH H306paXeH Y4aCTOK TBEPAOH H30JSUMKM C PAcCTOSHUEM
Mex 1y 3JIeKTPOJaMHU 1w 2h (M) u cederuweM S = bl (M%), o KOTOpOMY
‘TipoTekaeT CKBO3HOM TOK yTeuKH [y (A). Tor Iy ckaagwiBaercs 3
,00beMHOrO TOKa yTeukH [,, DPOTeKalolero uepe3 o6beM, i MoBEPXHOCT-
 HOro TOKa yTeukH [,, NpoTeKalollero no NOBEPXHOCTH H3OJALKH OT
snexTpoia I k 2. Ec K sjiektponaM npuioxeno Hanpsikenne U (B),
TO npoBoAUMOCTh Gy (CM) TaKoro yuacTkd H30JMAUHH paBHA Gy, =
== | .y/U. Benuuuuna, o6parsas G ,,, Haabmae'rc;{ CONPOTHBJIEHHEM
HI0ASLHHE: R 45 = = 1/G s (OM).
“. o s TBEpABIX nusnempuxon ToK [, ONpeNensieT BeIHUHHY OObeM-
“HO# G,; a Tok [, — nosepxHocTHOH G, nposonnmocm H3OJISIIHH, a CO-
1 TBE@TCTBEHHO .06’beMHO€§ R, u noBepxnocTHoe R COHpOTHBJleHHﬂ.
3

” K

-~
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DJIeKTPONPOBONHOCTL AHINEKTPHKA XapaKTePH3YIOT IapaMeTpaMu:
YAeTbHOI 00beMHOH O, H TIOBEPXHOCTHOH G IPOBOAHMOCTBIO HIIH YJIe/b-
HbIM OOBEMHBIM 0, ¥ NIOBEPXHOCTHBIM P, conpoTHBAeHHeM. Eciu obnem-
HOoe COINPOTHBJIEHHE H3OJAUHK (pnc 5.1) paBHo R,, 10 p, = R,S/h.
Ilpunss, uto paccmannBaeMbm yyacroxk umeer Qopmy Ky6a, rie
h=b=10=1 (M), noryunM, uto p, uMeer pasmepHocTb OM-M,

a o0beMHasi TOpPOBOAHMOCTL G, —

_ - — CMm-m-1

¢ ,ﬁ IloBepxHOCTHBIH TOK YyTeukH I,
Iy NpoTeKaer no y4daCTKy JAH3JEKTPHUKA
—

. AauHOH h oT 3jekrpona [ K 2, nepu-

-~ MEeTp KOTOphIX paBed p = 2 ([ 4 b).
[losToMy yZesibHOE MOBEPXHOCTHOE
COTPOTHBJIEHHE PABHO P = p/h (Om),
a npoBoauMOCTh O (CM).

Jas  rasoo6pasHBIX H AKHUAKHX
JIMJEKTPUKOB TIOBEPXHOCTHOE CO-
NpoTHBJEHHE H IPOBOJHMOCTL He
OINpeAeNsIoTCS.

Jlnst onpenenenus yAenbHOro o6b-
€MHOTO H NOBEPXHOCTHOrO COIpo-

 THBJIEHHH JIH3JIEKTPHKOB HCIIO/B3Y-
"I0T  TPEX3JEKTPOIHYIO CXeMy HX
BKJ/IIOYEHHS] B H3MEPHTENBHYIO CXe-
my (puc. 5.2, a —g). Ha obpasue
- TBepRoro amdnaextpuka O]l Bbinos-
Puc. 5.1, Ovemundi I,  nosepx- HAIOTCA  3/IEKTPOLBI:  BRICOKOBOMBT-
HocTHBIA /, TOKH yTeukH yepes yua- Hbi SJIEKTPOL }?’9 ¢ AHaMerpoM d4
CTOK HA3OJISILHE 1 uamepureabhuiit . U9 ¢ auamerpom
dl, UMelolHe BHJ AUCKA, KPYyra; oX-
pauueiil anekrpor O3 B BHIE KOJb-
A ¢ BHYTPEHHHM ds H HAPYKHEM d 5 AMaMETPaMH. 3a30p MeXAy H3Me-
PHTENbHBIM ¥ OXPaHHLIM 3JIeKTPOJAMH A0/KEH ObITh paBeH (2 4= 0,2) mm.
(llonycxaeTcsx NpHMEHEHHEe 3JIeKTPOXOB NPSIMOYIONBHON HIH KBallpaT-
' HOl  ¢opMEL.)

DJIeKTPONAMH MOTYT CJYXKHTh MaCCHBHBIE METAJLIHYECKHE HAXKHMHBIE
3/IEKTPOABI, M3TOTOBJIEHHbIE M3 CTA/H, MEAH HJId JaTyHH. ITpumensior
TaKxKe rpaduToBbie 3JEKTPOAL B BHJAE MKHAKOH BOAHOH CYCNEH3HMH IIO-
pouika rpabura. Mcnonb3yoTes 3/1eKTpoibl U3 OCAXKASHHBIX MeTalJIoB —
MeZH, aJIOMHHHSA, cepebpa, 30J0Ta, IJIATHHBL, HX HAHOCAT PaclblIeHHeM
Me€Ta/l1a B BaKyyMe, JIHGO LIOONHPOBAHUEM, JHOO HAHECEHHEM KHCTBIO
KJes, COAEPXKAUIEro NOPOIIOK MeTalna; ANl KePaMUYECKHX NUJIEKTPH-
KOB 3/IEKTPOAbl H3TOTOBJISIOTCA INyTeM HAHECeHHs PasJIHYHBIX BHIOB
cepeOpsAHBIX MacT ¢ moc/iefyioliuM Bxuranuem. llupoko HCTI0B3YIOT-
€t (OSIBrOBBIE JICKTPOLLL. HIX M3roToBAsIOT U3 OTOXMKEHHOH aTIOMHHHE-
BOIl, OIOBAHHON W/IH CBUHIOBOH (osbry Tomuuuo# ot 5 10 20 mxm. Ha
MOBEPXHOCTb BBIPE3AHHOTO H3 (OJIBIH FJIEKTPOAA HAHOCAT TOHKHM CJIOH

RUIUIININIIN
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Ba3eAHHA U THIATENHHO IPOTHPAIOT K NoBEPXHOCTH 00pasua fausieKT-
puKa.

Mpu usmepenuu p, o6pasel BKAOYALTCA N0 CXeMe, TIOKAa3aHHOH Ha
puc. 5.2, a. OGbemubili TOK [, NpoTeKaeT uepes MUIEKTPHK OT BI
K 3. no «rpy6xe» ¢ nonepeunniM cevennem ndi/4 u anunoht h. dna
H3MEPeHHS TOKAa MOXKeT GbITb HCHOMB30BaH raibsanoMerp I, cHaGxken-
Hbli yutom R, Ecnn Ha anektpon B nomano uanpsikenme U (B),

us

=
N
A
L1}
|

B3
dy LB Ru

a) = d3

0g

BH — i %
]V\~ 1 r
. /, A\
|

« = ' a
N dz
o) 8

Puc. 52. Cxema BKJOYEHHN 00pAa3ua THINEKTPUKE NDH H3MepeHuu 0Gb-
€MHOTO U TIOBEPXHOCTHOrO COMPGTHBJEHHI HA MOCTOAHHOM TOKe

. @ M3MepeHHbI rajbBaroMeTpoM TOK pased [/ (A), TO CONpOTHBJIEHHE
“obpasua pasHo R, = U/l. Toraa p, paccuuthizaercss mno dopmyie

0, == R, m d2/(4h). (5.1)

. B xone usmepenuit or BD x M3 no nosepxHocTH ofpa3na nporekaer
.- IOBEPXHOCTHBIH TOK [, KOTOPBII MOXer ObiTb PaBEH HJHM AaxKe Go/blue
- o6beMRoro Toka yTteuku. s toro uto6bl 3TOT TOK He H3MepsJics rajibba-
- HOMETPOM, B CXeMe M TPeAyCMOTpeH 3asemieHHbit OO (0XpaHHOE KOJb-
1o). [ToBepxHocTHEIH ToK yTeuku uepes O3 OTBOAMTCA Ha 3eMJI0 U MO-
| 3TOMY He u3Mmepsiercs rajbBanomerpoM. Kpome toro, O BripaBHHBaeT
3JIEKTpHUECKOe TIosie Y Kpas B3, uto ofecneunsaer NOCTOSIHCTBO ceue-
;HHSL «TPYGKH», 110 xoropon nporeKaer o6beMHbIl TOK YTEUKH.
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Hamepenne p, npou3BoguTCs No cXeMe, nokasaHHo# Ha puc. 5.2, 6.
Bricokoe HanpsuKeHue Nojaercs Ha 03. I'oBepxHOCTHBIR TOK [ npore-
KaeT oT BHyTpeHHeil KPoMKH O3 — OKPYMKHOCTH C juamerpoM d, —
TI0 TIOBEPXHOCTH 06pasiia K KPoMKe MO — OKPYKHOCTH C JHaMeTpoM
d,;. MoxHo NPUHATb, UTO JUIMHA YYACTKA, O KOTOPOMY TIPOTEKAET No-
BEepPXHOCTHBIH TOK, paBHa (d, — d,)/2, a umplma OTpenessieTCsi CPeJIHHM
auametpoM dep = (dy + dy)/2 v paBua x (dy -+ d,)/2. Ecau namepes-
HOe TNOBepXHOCTHOE CONPOTHBJEHWE DAaBHO R, TO

=R, (dy+d)/(ds—dy). (5.2)

O6beMHBIE TOK yTeUKkH [, yepe3 3asemJieHHbIH BD oTBOAHTCS Ha 3eM-
JIIO ‘M ‘He NONajaeT B TajbBaHOMETP. :

K aaﬂbﬁaﬁoﬂehpy
g w3 y . B’H___ | , K eamébanomempy
g . N
DI | EERr ‘
£ €¢ —. T;—’ X : | /8
_ryry,s sy oL
| ?03‘ 7 2 .
3‘,‘/ . l . :
a) . 9 7

Puc. 5.3.. PacnonioxkeHue 3JI€KTPOLOB Ha Tpy6uaToM (@) M DHUIHRADH-
ueckoM (6) oﬁpaauax

Ecan o6pasisl AN3/IEKTPUKOB HMeroT Tpy6uaryio dopmy, TO. 3JeK-
TPOJbI* BBIOJIHSIOTCS * ILHJTHHAPHYUECKHMH (puc. 5.3, a). Has o6pasuos
MMeIoIuX GOPMY CTepKHs, HCHOJb3YIOT KOJIbUEBbe SJeKTPoasl [ 1 2
{puc. 5.3, 6). 3asop g Mexay M2 n 03, a TakKe MEXAy 3JEKTPOAAMH
1 v 2 jomxen GuiTh paseH (2 = 0,2) MM. Y esnbHoe 00beMHOe CONpPOTHB-
JieH¥e PacCYHTHBAT O Hsmepeﬂﬂomy R, nns Tpy6uatoro ob6pasua no
dopmyne

Py =R, 1p(d ) /(d—d) (B3
ynem,ﬂoe TOBEPXHOCTHOE COTIpOTI/IBJICHPIe paCC‘{I/ITbIBalOT 110 U3Me-

pentiomy Rj:
Ans préanoro oépasua

—R,2nd,/g; o (5.4

A CTEPKHEBOTO o6pa3ua - _ ‘
=R,ndifg. (5.5)
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[Tpu onpeseneHnn P KHUAKUX IU3JEKTPHKOB HCIO/B3YIOTCH H3MEpPH-
TeJibHBIE SYEHKH, NpelcTaBisonikHe co6oit MeTalJiHdecKHe COCYaAbl, H3-
rOTOBJIEHHbIE M3 Hep}KaBelolleH CTalH, MeIH, JaTyHH WJH JAPYTHX Ma-
TepHasoB. B cocynax - pacrionoxensl Heo6XoAuMbIe IS H3MepeHus
3J1eKTPOJBL.

[Ipu nopaue Ha HCDBITYEMBl oﬁpaseu NOCTOSIHHOTO  HANPsKEeHHMs
yepe3 AUJIEKTPHK NMPOTEKAIOT CKBO3HON TOK yTEUKH U TOK aGCOpGIUH.
Tok aGcopOLNY BHI3BIBAETCA MPONECCOM YCTAHOBJEHHS MENJICHHBIX BH-
JIOB TOJIAIPU3AUMHK U crajaer co BpemeeM lcm. (5.3)]. B 6onbwuncrse
JY3JeKTPHKOB TOK abcopOuUMH -ciajaer 3a Bpemsl, MHOTo MeHbluee
60 c. IlosToMy H3MepeHHe CONpPOTHBJIEHUH oOpa3la NPOUIBOAAT mocje
BBbIJIEPXKKH €r0 110/l HANpsiKeHHeM B TeueHHe | MuH, PUKCUPYS OTKJIO-
HeHHe ranbsaHoMerpa. EciaH Bpemsi cnajanus Toka abcopOuuM B AH-
3/JIeKTPHKe MpeBhINaeT | MMH; TO B TeXHHYECKHX YCJAOBHAX Ha Mops-
IOK HM3MepeHHS ero yAejbHOro COTPOTHBJIEHUS OTOBapHBAeTCA BpeMs
BBIJEPIKKM €ro MojJ HanpsiKeHHeM Ilepel H3MepeHHeM BeJHYHHBI CO-
NPOTHBAEHHS .

Pu3nyeckas npUPOAA JEKTPONPOBOAHOCTH AHINEKTPUKOB. Y e/b-
Has TPOBOAHMOCTD ONpPeNe/seTCsl YHCJIOM HocuTeNel 3apsafa n (M%) B
evHuLe o0beMa BeulecTBa, 3apsjgom ¢ (Ka) m noasumuocteio p (M2/B-c)
HOCHTeNs 3apsija:

C=ngwn. L (5.6)

[MonsuKkHOCT  3apsifila — OTHOLUEHHE CKOPOCTH U (M/c), yHopsjo-
YEHHOTO TepeMellleHNs 3apsja B anempnqecxom nose K HaIIpH}KeHHO-
cru E (B/M), anextpuueckoro noas: p == v/E.

B nus/iekTpHKax CBOGOAHBLIMH 3apsjiaMH, KOTOpre nepeMelanTcs
B 3/IEKTPHYECKOM 110Ji€ M O0YCIOBIHBAIOT 3/E€KTPONPOBOJHOCTD, MOTYT
.GBITH HOHBI (NOJIOXKUTEJIBHBIE U OTpHIlATe/IbHBIE); MOJHOHBI (B MHIKHX
JHU3JIEKTPUKAX), 3JEKTPOHb H 3JIEKTPOHHEIE BAKAHCHU (ABIPKH), HOJS-
ponbl. Takve cBoGOAHbLIE 3apsAbl 06Pa3yIOTCsl 3a CHET HArpeBa JIU3JIeK-
TPHKA, B Pe3yJbTaTe KOTOPOTO NPOHCXOJHUT TEPMHUECKAs NHCCOLHALUA
YacTUIL, IPH BO3JEHCTBHH Ha JMIJIEKTPHK CBETa. WIH IIPH: €70 HOHH3H-
pyloilleM (palIMallHOHHOM) OO6JyYeHHH. B- ‘CHIBHBIX 3JEKTPHUECKHX
MO X BO3MOXKHA HHKEKILUS 3apsioB (INEKTPOHORB, JIBIPOK) B’ AUIIEK:
TPHK M3 METa/IHYECKHX 3/IeKTPOLOB; 3apfabl (HOHBI) MOTYT HHKEK-
 THPOBATbCA B JIHIJIEKTPHUK, €CJH 3JIEKTPOJAMH CAyXKaT BOAA WJIH APY- .
rasi JKHIKOCTb — 3/MEKTPONHTEl, B KOTOPbIX HMEIOTCsI CBOGOAHBIE NOJIO-.
HHUTEbHBIE HIH OTPUIATEbHbIE' HOHBI; HAKOHEW, B CHJIBHBIX 3JEKTpH-
YECKHX MOJIAX CBOGOAHDIC 3apsiilbl (HOHbI H 3/IEKTPOHbI) o6pasyiorcs B
AWJIEKTPHKE B pe3ysibTaTe YAApHOH HOHM3ALMH, KOrAa CBOGOJIHEIE 3a-
'pAbl, IIaBHBIM 00Pa30M 3JEKTPOHBI, YCKOPSIOTCS B 3JIEKTPUUYECKOM .
"TI0/1€ M IPHOOGPETAIOT SHEPTHIO, KOTOopas A0CTATOYHA, YTOOH HPH COYAa-
"PeHHH TAKOr® YCKODEHHOro 3JEKTPOHA ¢ MOJTEKyJIOH WJIH aToOMOM Be-
HIECTBA NPOM3OLIIA HX  HOHM3ALHA. :

B KUAKHMX IH3JEKTPHKAX B Hpolecce axcnglyaTauuﬂ nox neucmueM
5/€KTPHYECKOTO MOJIS M TEIJIOTH IPOHCXOAST XMMHYECKHE TPOLECChHl,
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B pe3y/bTare KOTOPHIX TPOAYKTH OKMCJIEHHA 06pas3yloT B KUAKOCTH
TBEpPAblE YACTHUBI KOJIIOHIHOrO pasmepa (avamerp uactuusl 10-¢ m).
Takue TBepAble HaCTHIB NOMNAJAIOT B XKHAKOCTb H TOr'Za, KOIjfa B HeH
pa3sMellieHbl YCTPOHCTBA ¢ OPraHHYecKOH H3oJAsHHeld ¥ HPOUCXOAUT Mo-
cTeleHHOe paspylleHHe H30/ISAIHH; HaKoHel, B XHAKOCTb NOHajaiorT
NpWib ¥ BJara M3 BO3JyXa. YacTHImB Ha CBOIO MOBEPXHOCTL afcop6u-
py1oT (coGupaioT) HMeloiIecs B XKHAKOCTH HOHBL U [I0310MY 3apsiKaloT-
cst. Ecan fuaftekTpHuecKas NpOHMI@EMOCTD BELeCTBA, H3 KOTOPOTo Co-
CTOMT YacTHLa, GoJbllie JHJIEKTPHUECKOH [IPOHHIIAEMOCTH XKHAKOCTH, TO
OHa 3apsiKaeTcs NOJOXKHUTeNbHO. B mpoTHBHOM ciydae Ha yacTHie co-
6upaioTcs OTpHUATE/NbHBIE HOHLI. Taxkas 3apsoKeHHas 4acTHila Haswi-
BaeTCA MOAUOHOM. B 3J€KTPHYECKOM MoJie OHAa NepeMeliaeTcs K dJeK-
TpojaM, TAe oOMeHHBaeTcs ¢ HHM 3apAJAOM, HEHTpaau3yeTcs H ocelxaer
Ha 3JeKTpPoiax. \

[loNioxHTeNbHO 3apsXKeHHbe HOHBI HAa3BIBAIOT KAmuoHamu HOTOMY,
YTO OHH [epeMeLIAIOTCH B JMEKTPUYECKOM MoJe K KaTOAY, OTpHUATeNb-
Hble — QHUOHAaMU, OHH MepeMemiaoTcs K aHoAy. BO6ausu saekTpoloB
NPOUCXOAUT OOMEH 3apsAjaMH MEXAY 3AeKTPOJaMH M HOHAMH, HOHBI
ueﬁTpannsyloTca U Ha aneprozxax BBIACSAIOTCS NPOAYKTBI HeHTpasu-
3alMH —~— MEeTaJJIbl ~ MJIH  Ta3bl,

[Tpouecc snemponposozmocm oﬁycnomenﬂbm nepemMelleHHeM Ho-
HOB WJ/IM MOJIMOHOB, CBSi3aH C MEPEHOCOM BeliecTBa — HOHOB, MOJHO-
HoB. [ToaToMy npu NOCTOSTHHOM HANPsKEHUU C TedeHHeM BPEMeHH KOH-
LUEHTPAUHUS TAKHX 3apAKEHHLIX YACTHIL B o0beMe AU3IeKTPHKa yMeHb-
waercs, M3MEHSIOTCS IMPOTEKAIOWHMA TOK H yledbHas MPOBOAHMOCTH
AH3TEKTPHKA. DTO ABJIEHHE UCTOJIB3YIOT /181 3JIEKTPOOYHCTKH, T He-
JKe/aTebHble NPHMECH B JH3JEKTDHKEe, AHCCOLHHPYIOLLHe Ha HOHbI,
yAansioTes M3 JHIJEKTPHKA B pesyJibrate NPOUECCA 3/eKTPONpPOBOL-
HOCTH Ha MOCTOSTHHOM HANpsiKeHVH. fIBJeHHe MOJIHOHHOH 3/IeKTponpo-
-BOAHOCTH B JKHAKHX AHINEKTPHKAX HCNOJAB3YIOT AJAS HOJIYHEeHHS TOH:
KHX AM3JEKTPHYECKUX CJIOEB HA NOBEPXHOCTH METAJJIMYeCKHX JeTaled.
Taxue csiou 06pasyioTcst IPH OCAXKIEHUH KOJITOHIHBIX 3apsIKEeHHbIX Ya-
CTHU JM3JEKTPHKa Ha 3JeKTPOAAX, KOTOPbIMH C/IYXKAaT H3OJHDYyeMble
IeTasd, NOMELIEHHBe B KUAKUH JUINEeKTPUK, CONEPKaUlUH KOJJIOHA-
HbIE€ YACTHILI OCaXKAAeMOro- AHAJIEKTPHYECKOTO MaTepHana. ‘

DeKTPOHHAS -3/EKTPONPOBOJHOCTE MOXeT HaOJMIAAThCA B r'a3000-
paaHbiX, XKHAKUX U TBEpALIX Au3JeKTpuKax. OHa cTaHOBHTCA npeobJa-
Jaollel B CHJBHBIX 3JeKTpuueckHx mnonaax. [lpoiiecc 3/jeKTpoHHOMN
3JIEKTPONPOBOJHOCTH KPHCTANIMUECKHX TBEPABIX AH3JMEKTPHKOB 00BsC-
HSIIOT Ha OCHOBE MPEACTaBJEHUN 30HHOH TEOPHH 3JIEKTPONPOBORHOCTH
TBEPALIX TeJN.

B ausnekrpuxax umpvma 3anpeuteHHo#t 3onbl AE = 3 -+ 7 3B.
DHepruio, JOCTATOUHYIO [ Nepexolda B 30HY NPOBOAMMOCTH, 3/eK-
TPOHBI MOT'YT HPHOGPECTH 32 CYeT Harpepa JHG0 NPH OOIYYeHHH JUBJIeK-
TPHKA CBETOM, KBAaHTAMM, IHEPTHsl KOTOPBIX 6OJiblle HIMPHMHBI 3arpe-
IeHHOH 30HBl, JHGO MPH TOMEIEHHH JUI/IeKTPHKA B CHJIBHOE 3JIEKTPH-
yeckoe nose. HakoH€l, 3/1eKTPOHBI MOT'YT HHXXEKTHPOBATHCA B IHIJIEK-
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TPUK M3 MeTajlla 3JeKTPofOoB. B IocienyiomeM 3JeKTPOH nepeMenia-
eTcd B KPHCTaJlle B 30He NPOBOJAMMOCTH, 00YC/IOBIHBas 3JEKTPOHHYIO
3J1€KTPONPOBOJHOCTD.

B cna6hiX 3/IeKTPHUECKUX NOJIAX 3/IEKTPOHHAS 3IEKTPONPOBOAHOC Th
He3HauuTe/bHAa. CBOGOJHBIE 3JEKTPOHBI, KOTOPHE NONANAIOT B AHUIJIEK-
TPUK, NOJSPU3YIOT HEKOTOPYIO OKDPYKAIILYIO HX 06JACTb AHIJIEKTPH-
Ka. B pesyibprarte BOKpYT 3JIeKTPOHa KPHCTaJIHYeCKas pelleTKa HCKa-
xaercs. [oBopAT, 4TO BOKPYT 3/1€KTPOHA HMeeT MecTo «ury6Ga», CocTosi-
125 M3 MOJSIPU30BAHHON O6JACTH JHUAJIEKTPHKA. DJIEKTPOH, OKPYIKEH-
Hblif NOJAPH30BaHHON 06G/ACThIO, HA3BIBAIOT N0AAPOoHOM. Ecin ajekTpo-
Hbl MepeMeIaloTcsl B JEKTPHUECKOM TI0J1e, TO NepeMemiaercs u «uryoar,
T. €. IlepeMelnaeTcs NoJaspoH. A 3To0 BO MHOTO pa3 MOBbIUIAET 3PheKTHB-
HYI0 MAacCCy 3/J€KTPOHa H CKOPOCTb YNOPSAOUYEHHOrO IABHXKEHHS 3JIeK-
TPOHA yMeHbluaercs. [1o3ToMy NpOBOAHMOCTD 32 CYeT TAKOT'O MEXaHu3Ma
niepeMenleHHs 3JeKTPOHA HeBeJHKa.

B 1‘83006])&3HBIX 1 KHAKUX AU3JEKTPUKAX 3JEKTPOHLL CBA3BIBAIOTCA
€ MOJIEKYJIaMH, 06paay10Tc51 OTpULATEJBHO 3apsAKEHHBIC KOMILJIEKCHI,
:KOTODHIC NEPEMELIAICTCA B 3JEKTPHUYECKOM I10J1€. B cna6eix SJIEKTpHUE-
CKHX TIOMSIX MOJABHXHOCTh TaKHX HoOCHTeJel 3apsAl0oB HeBeEJIMKaA, [10-
3TOMY 3JIEKTPOHHAS IPOBOAHMOCTb MaJja.

JIeKTPONPOBOAHOCTS Ia3000pa3HbIX AHINEKTPHKOB. B ciadbix a/1ek-
TPHYECKHX TOJAX 'YAeNbHash NPOBOJAHMOCTb T'a3oB BecbMa MaJa. Ha-
npUMep, yAenbHoe oObeMHOe CONPOTHBIEHHE BO3JAyXa TNPH HOPMaJb-
HBIX ycaosusx pasHo 10" Om-m. Tok B 3THX YCHOBHAX BO3HHKAET B pe-
3yJIbTaTe TepeMellleHus CBOGOZHBIX HOHOB U 3/IeKTPOHOB, KOTODHIE 06-
pasyloTcd Noj AeHCTBHEM HOHH3HPYIOIHX U3/Iy4YeHHH 3eMHOH KOphl,
KOCMHYECKHX Jyyeli, yabTpadHOJIEeTOBOTO H3JyUeHHs COJIHIlA, Harpe-
'Ba. Taxkne (axkTopbl HOHH3AIHH HA3LIBAIOT BHEUWIHHMH (paKTOpaMH,
Hapany ¢ uoHH3aupell B rase NPOUCXOAHMT PEKOMOUHAIMS, BO3SHUKAIO-
‘asi BCJEACTBHE OGBEIMHEHHS! NOJOXKHTEIbHBIX HOHOB M 3JIEKTPOHOB,
‘COBEPIADIIAX Xa0THUECKOE HeNpephiBHOe TeIJoBoe ABHXeHue., B pe-
3yJpTare pekoMGuHauuii o6pasyrorcs MOJIEKyJIbl ra3a, He UMelollue 3a-
‘pana. O
B sneKTpuqecxom noJjie 4acTh U3 00pa3oBABIIMXCH HOHOB YHOCHTCSH
X 3eKTPOJAAM H TaM HeiTpasusyercs. TOT NPOUECC ONpejesieT MI0T-
_HOCTb TOKa j,.KoTopas ‘pacrer MpH yBeJIHUCHHH E mo sakony Oma
(puc. 5.4, yuacrok I).

B noae E, Bce 3apsiKeHHbple YaCTHLEHL, KOTOpre 06pa3y10'rc5i B [H-
‘3/IEKTPHKE TIOA AEHCTBHEM BHEIIHUX MOHM3aTOPOB, YHOCSTCS 3JEKTPH-
“JeCKHM TIOJIeM K JIeKTPoJaM, He PEeKOMOMHHPYS, a TOK, NPOTeKalOLH
“yepes JHM3JAEKTPHK, JHOCTHraer HachileHHs (puc. 5.4, yvacrok 2). Tok
HACBILIGHHS] 3aBHCHT OT PAcCTOSIHHS h MeXJy 3/JeKTPOJaMH B KOHIeH-
“carope. Hanpumep, B BO3JyXxe TIpH HOpMajbHBIX YCJIOBUAX IIPH

= 0,01 ™ nanpsikensocts E; = 0,6 B/M, NIOTHOCTD TOK@ juac——
o= 6-10~% A/M¥) mpu h =0,1 M — coorBercrBeHHo 6,0 B/m u
1610714 A/m?, PaGoune HaHpH)KeHHOCTPI B IH3/I€KTPHKE HAMHOIO 6OJIb-
' :
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111€, cJIefI0BATENbHO, Ta30Bbi lmanempux npaxmqecxu BCErAa pa6OTaeT
B YCTOBHSX HACHIIEHHS.

[Ipn manpsiKeHHocTAX, Goapliux £, B raszax HaulHaeTcs Mpoilecc
yjapHoii Honunzauuu (puc. 5.4, ydacrok 3). Obpasymomuecss nox feicr-
BHEM BHEIIHHX HOHHU3ATOPOB 3apsiKEHHblE YACTHUBI YCKOPSIOTCA B
3JIEKTPHUYECKOM NoJie B Ha JJuHe cBoGojHOro mpoGera npHOGPETAOT
SHEPTHIO, AOCTATOYHYIO JJI HOHH3aUUH MOJexy.a rasa. ILiotHocTs
3apsKEeHHBIX YaCTH YBEJHYHBAETCS, TOK PacTeT, YTO TPUBOAKT K Npo-
Goio rasosoro mpomexyTka. [las Bosgyxa npu HOPMA/IbHBIX YCJIOBHSAX
, , nponecc yAapHOH HOHH3aUMKH Ha-
J crynaer npu E, = 10° B/m.

Ecau B ra3oo6pasHoM JIHIJEKT-
pHKe CcolepiKaTcs B3BElIEHHblE ua-
CTHIB — TIPHMECH HJH CHEUHAJIbHO
BBefleHHble . MaJblX . pa3MepoB  ua-
CTHIIBI CMOJI, TJIACTMACC, HU3MeNbYeH-
HBIX KepaMHK, MeJbYailiHe XaneJb-
KM XKHIKHMX JH3JEKTPHKOB, TO 06pa-
Puc. 54. 3aBucumocts TuiotHocTs OYIOUIHECS B pe3yJbTaTeé HOHU3AUHH
TOKA OT HaNpsXKEHHOCTH JJs KoH- MOJIEKYJ Ta3a HOHBl H 3JIEKTPOHBL
JeHcaTopa C rasco0pasHEM AH-  OCe/lai0T Ha TNOBEPXHOCTH YACTHI,

SICKTPHKOM 3apsKalT HX. 3apsiKeHHble YacTH-

1Bl IEPeMellaloTCs B 3JEKTPHIBCKOM

noje, W TOK, NPOTEKAIOWHUH yYepe3 TAKOR JHIJIEKTPUK, CTaHOBHUTCS

GosbuiuM. Takoil Ipouecc MCNONB3YIOT B TEXHOJIOTHH HaHeceHHs Ha

PA3INYHBIE JeTAJIM H KOHCTPYKIMH 3JIEKTPOM3OJHPYIOIHUX . C/I0EB TOA
JeficTBHEeM 3JIEKTPHUECKOro YIOJs.

“3JeK TPONPOROAHOCTL KHAKHX nna.nempnxon. B HenosnapHbIX XHA-
KHX JH3JeKTPHKax AUCCOLHANNS MOJeKyJ Ha HOHb He3HauHTe/bHA, I0-
3TOMY. UHCJO HOCHTeNel 3apsja B efMHUIE oObeMa HEBeJHKO H [POBO-
JIUMOCTb MaJ1a. VICTOUHHKOM HOHOB B HEMNOJ5A PHOM KHIKOCTH MOTYT GBITH
IpuMecH — BJIara, pasJHuHbie NOJAPHBE XKHAKOCTH, YaCTHIL TBEPABIX
BELIEeCTB, MOJIEKY/IE: KOTOPBIX AUCCOHMMPYIOT Ha HOHB. B Takmx cay-
YasiX NPOBOJANMMOCTD JKHAKOCTH Ha3bIBAIOT IPHMEcHOH . MoKy 1Bt oS P-
HBIX - XKHAKOCTeHl AHCCOUHUPYIOT Ha HOHBI B 6O/blIeH cTeneRH, HO3TOMY
HX TPOBOAMMOCTL GoJiblitasi. Ec/iu B HOMAPHOR XKHAKOCTH COAEPIKUTCS
Jaxe HeGoJblI0e KOIHYECTBO NOJISPHOH NPHMECH, TO ee MOJIEKYJIbl Hpak-
THYeCKH BCe JHCCOUMHPYIOT, BO3pacTaeT ¥ KOJHYECTBO AHCCOLUHPO-
BaBUIMX MOJIEKYJ1 HUAKOCTH M NPOBOAMMOCTb CHJIBHO YBEJNHYHBAETCH.

[Nepemelnenne HOHA B JKUAKOCTH NPOHCXOAHT C/IeAYIOLIMM 06pa3om:
Mo coBepuiaetr TelsioBbie KoJeGaHHs B MOJOXEHHH BPEMEHHOro 3a-
KpemieHus ¢ yactoroit v = 10" =+~ 10" T'u. B pesysprate non mpe-
oJllpJieBaer CUJIbl B3aUMOJIEHCTBHS . C COCeJHHMH MOJIEKYJIaMH H fiepeme:
@eTcs, «NepecKakHWBaeT» B HOBOE TMOJIOMKEHHE BPEMEHHOTrO 3aKpene-
HUs, KOTOPOE OTCTOMT HA DACCTOSHUH, DABHOM MEXMOJEKYJsPHOMY
-paccrosrmio (10710 Mm). Cunipl B3auMOJEHCTBHA HOHA C MOJIEKYJaMA
NPHHATO XapaKTepH30BaTh 3Hepmen aKTHBAIHH, HOoTeHIHA bHBIM 6apbe—
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POM, KOTOPBIl HOH TIPEofio/ieBAeT INPH Mepexojie B HOBOE TOJOXKeHHe
BDEMEHHOTO 3aKpemJieHHsl. Ec/u anexTpuyecKoe nojie paBHO HYJIO, TO
TaKHe NepeMelleHHss HOHA PABHOBEPOSITHHI B’ JIOGOM M3 HallpaBJeHHI.
B amekTpuueckoM Io/ie nepeMelleHHe . CTAHOBHTCS HamnpaB/eHHLIM
# ofyc/ioB/IMBA€T NepeHoC 3apsifa, 3JEKTPONPOBOAHOCTD.

L1 Takoro MexaHu3ma nepeMerieHusi HOHa yAenbHas POBOAHMOCTE-
XHIKOFO JIHIJEKTPHKA BhIpaxaercsi (GOpMyJof -

ng2 62 v

B W
T ekt exP( kT)’ 6.7

rpe n — 4HC/I0 HocuTenell 3apsifia B eIHHUIE 00beMa AH3IeKTprKa, M~ 3,
g — 3apan woHa, Kua; 8 — MeXMoseky/isipHOe paccTOsiHHe, M; VvV — .

¢ P g5 - lnp
\ . / ‘ inA '{nA )
) ’\ /| N N
= ' 7
, f/ 4 lr!p/ lgd'
‘ T 6 1 2 3 4 @Wn—~
a) : 9 ’

Puc. 5.5. Sanﬂcnmoc'ng cuporT (a),lno ulnp or YT (6) xnsm
KHAKOTO AUIEKTPHKA

yacrora KoJjeGaHHi HOHA B TNIOJIOKEHHH BPEMEHHOr0 3akpemsenus, I
W — sHepras akTuBalMH IIpoliecca 3JjekTponposoaHoctn, Ja/K.
U3 (5.7) BHAHO, UTO G KHMIKOIO AHINEKTPHKA C POCTOM TEMIEparty-
pHl yBeJMY#Baercs, a YAeJbHOE CONpPOTHBJAeHHe P == 1/0 yMmeHblIaer-
¢ N0 3KCIOHeHLHaJbHOMY = 3aKoHy. (puc. 5.5, a). TlpenskcnoHenra
C pOCTOM TeMrepaTyphl U3MEHAETCS HAMHOTO MeHblle, ueM 5KCHOHEeHTA

exp (— z7)- Iotomy rpaduku 3aBnch0cTeﬁ Inp u In g or obpat-

HoM TeMnepatypsl 1/T npescraBasior co6oli npsAMeie JHHKHE (pUc, 5.5, 6).

~ Ha puc. 5.6 npuBeseHsl 3aBHCHMOCTH P OT TeMIepaTyphl /s He-
'KOTOPBIX KUIAKHX JU3JEKTPUKOB. YBeJHUEeHHe NPOBOAHMOCTH C POCTOM
TeMIepaTypbl CBSi3aHO ¢ yBenuueHueMm noasmxkHoct# lem. (5.6)). Tlon-
'BIXXHOCTb yBEJIMYHMBaeTcsi, TaK KaK PacreT CKOPOCTb yNOPSAO0YEHHOro
JIBHXKEHHSI MOHA, YTO CBSI3AHO C YMEHDbIUEHHEM BSA3KOCTH MWIKOCTH.
~Eme B Gospluefi creneHH MPOBOIMMOCTb YBEJHUHBAETCS 33 CYET POCTa
4Hcaa N Hocutestedt 3apsiia. C yBeMYeHHeM TeMNepaTyphbl IO 3KCIo-
HEHIHAIbHOMY 3aKOHY PacTeT AHCCOLHMAUHS MOJIEKYJI XHIAKOCTH H PH-
' Meced,
. TmareJpHO OUMINEHHBIE JKHJKHE ,zmsneKTann UMelT 6oJbIIoe
ynenbﬂoe conporuBaesue. B Tabn. 5.1 npuBeneHnl 3HayeHHA. p TpaHC-
* (bopMaTOpPHOrO Mac/a B 3aBHCHMOCTH. OT Pa3HOH CTeneHH OYHCTKH (MO
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I'. . CkaHaBH). B cocToSHHH NOCTaBKH TeXHHYECKH YHCTHIE TpaHCHOP
MaTOpHble Mac/ia coepxar B 1 M® ot 107 go 10! mMuKkpouacTuil ¢ pasme-
pom no 100 MxM, cpeaH KOTOphiXx GOJble BCETO COAEPNKUTCH YacCTHIL
C pa3MepamH OT 9 Jo 10 MKM, T. e. yacTHIL KOJIOMAHOTO pasmepa. Ta-
KHe YacTHIbl a6CcopOUPYIOT HA CBOKO MOBEPXHOCTb HMEIOUIHECS B XKHI-
KOCTH WOHEI, 3apsikaioTcs W Oo0yC/IOBJIHBAIOT [IepeHOC 3apsiia, T. €.
- plnen MOJNHOHHYIO 3JIEKTPOIPOBOAHOCTE. B He-

\ \ OYMIIEHHBIX KHAKHUX  KUSNEKTPHKAX P

0" NN

CHIBHO yMeHbIUAeTCS IMPH YBeIHUeHHH
2 | \ TeMIIePaTyphl. das yraneHuss 4actdil 3a-
_ rpA3HEHHH H3 XHAKOCTH. HCHOJB3YIOT
/2.4 WEEN CHelHaJbHbie CHTA ¢ KaJluOPOBAaHHBIMH
N 3 OTBEPCTHSAMH, a TaKxe o6GpabarTeiBalOT
" \ JKHIKOCTH  ajicopbeHTaMH — crelua/bHbl-
\ , MH BeUIECTBAMH, ME/JKHE YacTHYKH KOTO-
. i ~N— PHIX CBA3LIBAIOTCH C. YacTHUYKaMH HpHMe-
v ceff, aacopOupYIOT HX, a 3aTeM YJaJfloT-
\% C M3 MHIAKOCTH C MOMOIILbIO (DHUJILTPOB.
" Jlanee MOXHO NPOH3BOAUTH U 3JEKTPO-
OYHMCTKY JXHAKOCTH,

B cuUNbHBIX 3J€KTPHYECKHX TIOJSAX Ha-
yiHasg ¢ KPUTHYECKOH HaIlpsKeHHOCTH,
KoTopasi ofbluHO paBHa (1 <+ 5)-107 B/wm,
B XKUAKOCTH TIepexofi. HOHAa H3 NOJOXKEeHU
BPEMEHHOro. 3aKpelvieHHst B Jpyroe mpo-
HCXOJUT HE TONBKO B pe3y/bTaTe Ten-
JIOBLIX ' KOJIEOAHHHM YacTHIL, a U NOJX BJHUS-
HHeM 3JeKTpUYecKoro noJjs. [Jo3ToMy pacrer MOJABHXKHOCTD WU HOHA H
HauMHas C HEKOTOPOro 3HaueHHus IVIOTHOCTH TOKa j, MJOTHOCTb TOKA
i yBennanaeTCﬂ N0 3aKOHY

j=loexp(aE), (5.8).

rape ]0—~IIJIOTH0CTb <-TOKa 1MpH KpHTH‘[eCKOH Hanpﬂ)KeHHOCTPI a —
3MHHpH‘{eCKPIH K03 PUIIHEHT.

w s % 5%

Puc. 5.6. 3aBucuMocTh 0
OT TeMmrnepaType [Js Ma-
ceJi:

] — TILATEABHO  OYHILEHHOE;

2 — oyHilleHHOE; 3 — MPOMBLINI-
Jlermoe, 4 — gactopoBoe (o -
PI CxaHaBH)

Ta6auwma 5.1

. Crenenb Temnepatypa, YaeabHoe conpo-
- JusnexTpuk OYHCTKM K (°C) THBRCHRE, OM-M
Tpancdopma- HopwmaabHoe, 353 (80) 2-1010
TOPHOE MacJjo ITPOMBIULTEHHOE
To xe Qunuinennoe 353 (80) 5-10!2
» Tmarenbro 353 (80) 2-1018
OUHUIeHHOe N

\

Kpome TOro, BO3MOM(EH DOCT HHCJA HOCHTENedl 3apsiioB 3a Cuer
yBE/NUUEHHs] KOMMYECTBA AHCCOLMNPOBABINHX MOAEKYJI. B cuiibHOM 1oie.
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AebopMALHs MONEKY/T CTAHOBHTCA HACTONBKO GOJIBLIOH, 4TO OHM pac-
NafaTCcs Ha HOHBL\B 3TOM cnyuae TOK H3MeHsieTcsi ¢ POCTOM Hamnpf-
KeHHocTH: j = j, exp (b} E). '

Haxkownell, B CHABHBIX NOJNAX BO3MOXKHO YyBeJHUEHHE KOHIEHTpauuH
HOCHTeJNIell 3apsiiia 3a cueT HHMKEKUHH 3JIEKTPOHOB C MeTaslla 3JEeKTPo-
IOB U yRAapHOH MOHH3allHU YCKOPEHHBIMH 3aekTpoHamH. Henuueiinniit
"pocr MJIOTHOCTH TOK@ C POCTOM HaNpSIKEHHOCTH BhIpaXkaercs (popmy.iol
J = kE? exp (—p/E), rae k W p — NOCTOSIHHBIE, XapaKTepHble s
AAHHOTO JKHIKOTO ~AH3IJIEKTPHKA.

JAeKTPONPOBOXHOCTH TBEPALIX AMINEKTPHKOB, B ucnoabiyembix B
TEXHHKe TBePJblX JUI/NeKTpHKaxXx — Gymarax, kaproHax, Jakax, 5Ma-
JSiX, KOMNAyHAAX, MJeHKaX, NoJHMepax, KepaMHKax H CTeK/ax, CJo-
_Jlax W MHOTHX APYTHX —— XapaKTEepPHOH sIBJAAETCH HOHHAS 3]E€KTpONpo-
BogHOCTb. [IpH HarpeBe WJIM OCBellleHHMH, IeHCTBMH DajHalluH, CBeTa,
CHJIBHOTO 3/IeKTPHYECKOTO NIOJS CHaya/ja HOHH3UPYIOTCA COAEepaKallie-
. CA'B TAKUX AH3/IEKTpHKAX fedekTh ¥ npumeck. OOpa3oBaBLIMeECs TAKUM
06pa3oM HOHHI OTIPENeqSIOT HU3KOTEMIIepaTYPHYIO fIPUMECHYIO o6acTb
3JIEKTPOIPOBOAHOCTH TBEPAOro AHJIeKTPUKa. Kak H B XKHIKOM AU/IEK-
TPHKe, HOHLI 3aHHMAIOT MeCTa BPEMEHHOI'O 3aKpenJeHHs W OTHOCHTEb-
HO ¢J1abo CBA3aHbl C OKPY:KAloUMM#I yacTHUaMu. B pesyJsibrate Temno-
BHIX KosieGaHMil OHHM mnpeojoneBaloT noreHunanbHuft 6apbep W, Koto-
peifi cocTaBasier ofsiuno 0,5—1,0 3B, u ckaukoM nepememaiorcst B JIpy-
roe noJiokenue. B snekrpuueckoM foJie Takue nepeMenieHHs HOHOB CTa-
HOBATCA HampaB/IeHHbIMH H OHH MepeMelalTcs Mo TOoJI.

[1pu GoJiblueM HarpeBe WM MpH Gosee CUJABHBIX APYTHX BO3geHCT-
' BHAAX HOHHM3HPYIOTCA OCHOBHBIE YACTHIBI, M3 KOTOPBIX. MOCTPOEH TBEp-
ALl JHINEKTPUK. YZesbHas MPOBOLUMOCTD H3MEHSETCH C POCTOM TeM-
nepartyps ¢ Goblieil CKOPOCTBIO, TAK KAK YHCJIO OCHOBHBIX HOHOB Ha-
MHOro 6OJbille HHC/Ia WOHOB, 0Opa3oBaBILMXCS NPH HOHM3aLMH Aedex-
TOB MM npuMeced. [lorenudanbBblil Gapeep W M 3Heprus akTHBaUUH
fipouecca 3/1eKTPONPOBOAHOCTH /IS OCHOBHBIX HOHOB 6oJblle, yem [
HOHOB H mnpuMeceii. Dta 061acTh 3JEKTPONPOBGIHOCTH HA3LIBACTCH BHI
* cCOKOoTeMIlepaTypHOH - coOGCTBEHHOH.

3aBHCHMOCTD Y/Ie/bHON TIPOBOAUMOCTH TBEPAOLO AUSIEKTPUKA C HOH;
HOH 3JIEKTPONPOBOAHOCTBIO OT TEMMNeEpaTyphi TaKaf Ke, Kak # Il
- Muakoro Ausnexktpuka. Iloromy (5.7) cnpaBemnuBa M /1 TBEPABIX
AH3JeKTPUKOB. Ec/in B TBepAoM AUJIEKTpHKe Habsiofaercsi NpHMecHAS
U co6CcTBEHHAst HOHHAsA 3JIEKTPONPOBOLHOCTH, TO 3aBHCHMOCTB MPABO-
JIMMOCTH OT TeMmnepaTypbl Buipaxkaercs (opmysol

o=A4,exp (———W—/-‘——)+ Azexp<—~ LE: )
' kT
rie Ay, Wi n A,, W, xapakTepH3yiOT NPHMECHYIO U C06CTBeHHle
3/IEKTPONPOBOXHOCTH COOTBETCTBEHHO,
B npoluecce HOHHOH 3/1€KTPONPOBONHOCTY KATHOHBI H aHHOHBL 00Me-
HUBAIOTCA 3aPsiiaMH C 3/IEKTPOJAMH U TaKHM 06pa3oM HeHTpajH3yloT-
Csl, Ha 3JEKTPOAAX OCAXKIAETCs METaJlJI, BBIAESIOTCA Ia3bl, COBHpAIGTCA
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YyacTHUKH npumecefi. Moxer HaOMIOAATHCS TaKKe nqéreneﬂﬂoe paspy-
UIEHHE METAJIHYeCKOTo 3AEKTPOJA H MeTalll nncp(pymupyer B JM3JIeK-
TPHK. B pesysibTaTe GMU3 37€KTPOJOB MOTYT 00pa3OBLIBATLCA JIHHHbIE
BeTBHCTHIE TOHYAWILME MeTa/JJIMyecKue HHUTH, KOTOPble HA3biBAlOT OeH-
dpumamu, JHMaMeTp HX paBeH HECKOAbKHM MHUKpoMmerpam. [Ipu Gouib-
(LHX TeMNepaTypax POCT AeHAPHTOB HHTEHCHQHOUPYETCS M OHH MOrYT
npopactd uepe3 Bech obpasen, W 3aMKHYTb 3/IEKTPOJibl HaKOPOTKO.

Bo MHOTMX IH3JEKTPHKAX, HCHOJAbL3YeMBbIX B 3JIEKTPHUYECKOH H30-

. JISIHH, BEJUYHHA O, CHABHO 3aBHCHT OT MX yBaaxHenus. [Jaxe masoe
KOJMYECTBO BJArH, TIOFJIOHIEHHOE THIPOCKONHYECKHM 06pPa3oM, MOXKeT
CYLIECTBEHHO YMEHBUIUTD €r0 cONpoTHBAeHNe. MoJeKyJ bl BOAK XOPOLIO
JAHCCOUHHDYIOT Ha HOHb, B BOJ€ PACTBOPSIOTCH YACTHULI NpHMeced,
OObIUHO cofepiKauluxcs B TeXHHYECKHUX” AHIJEeKTPUKAX: cojeld, ocraTt-
KOB KaTaJiM3aTopoB, KHCJOT, LIeJouell H JPYrux TPYAHO YCTPAHWMBIX
M3 MaTepHa/a MOHOTE€HHBIX BeiliecTB. BJiara ¢ pacTBOpeHHbIMH HOHOTEH-
HBIMHM NpHMECSIMU MPOHHKAET B NMOPLl H MHKPOTpPELIMHLI, BIHTLIBAETCHA
Kaluaaapamy, pacupefensiercs Mo rpaHduaM pasfiesa B- MHOTOKOMIIO-
HEeHTHOM JAW31eKTpHKe. KonHuecTBO mnorJioiieHHo#H H3oasuuel BJaaru
332BHCHT OT BJIAXXHOCTH OKPYXKAIOIIEro BO3AyXa U BpPeMEHH BblIEPHKKH
©o0pasua Bo BJaXHOH aTMochepe WJH B BOJe, eClH usonduus paboraer
B KOHTAKTE C BoOH. [Ipouecc yMeHbLIEHHA O, H3OJNSUHH HMeeT obpaTH-
Mbiit Xxapaktep. IIpH BEICYIIMBAHHH TIOTJIOLIEHHAA BJjara yjansercda H
0, Bospactaetr. [IJis NpeIOTBPALleH s YBIaXKHEHUs H3OAALUUH NOBepX-
HOCTb TMIPOCKONHYHBIX MATEPHAJIOB 3allMIACTCA He CMAYHBACMBIMH
B8OAOH BOJOCTOHKHUMH MarTepHaslaMH, NPeRsTCTBYIOUJHMH TNPOHHKHOBe-
Huio Baaru. Hanpumep, nopucreie 3n1eKTpoKepaMHYecKHe MarepHaJlibi
MOKPHBAIOTCS T/1a3yPbiO; NIOPUCTBIE AHINEKTPHKH IIPONUTHBAIOTCA KU
KHMH WJH  TBEPACIOWUMH  KOMIOHEHTAMH, KOTOpbI€ MJIOXO YBJ/ax-
HAOTCA.

[TpoBonumocTb nuanempuxos — T0JHMEPOB — YMEHbILAeTCs C po-
CTOM TUAPOCTaTHYECKOrO AaBnenus. Ecan ofpasei noauMepa NOMECTHTh
B KaMepy, 3aNOJIHEHHYIO XHAKHM AHIJIEKTPHKOM, H yBeNHIUBATD AaBJe-
Hue B KaMmepe, To npy xasiaenuun P = 0,1 = 1,0 MI1a Moxuo 3abukcH-
‘POBATHL YBeJIHYEHHE eTO COHPOTHUBJIeHMS. Poct COTNPOTHBJEHUSE 00BsAC-
HfieTCA YBelHYeHUeM [UIoTHOoCTH. B Gonee n/ioTHO. ynakoBauHOM Tese
CKOPOCTb YIOPSKOUEHHOTO JABMXKEHHA TakKo# GOJIbHIOH HacTHUBL, KakK
HOH, MeHbIas. '

B CUJBHBIX 3JIEKTPHYECKHX [OJSX . [IOJBHXHOCTD HOHOB HENUHEHHO
YBEJIHUHBAETCS. C POCTOM HanpsiKeHHocTH. [I03TOMY, KaK M B XHAKHX
AM3MEKTPHKAX, B TBEpABIX TOK YBENHYMBAETCH HEJHHEHHO c pOCTOM
HANPAKEHHOCTH 3JMEKTPHYECKOTo noast [eMm. (5.8)).

Ha noBepxHocTH TOKOBERYMIKX HacTell - 3/IeKTPOTEXHHYECKHX YCT-
POHCTB MOTYT CYLLECTBOBATb TEXHOJOIHYECKH TPYAHOYCTpaHUMblE OCT-
pble BBICTYIBI, KPOMKH, OJH3 KOTOPHIX BCJEACTBHE HEOZHOPOLHOCTH
3JIEKTPHUECKOTO TI0J1s1 HanpaKeHHOCTh MOXKeT jocThrats 10°—10° B/m.
B Takux 3JeKTPHYECKHX TIONAX BO3MOXHA HHXKEKHHA B JUBAEKTPHK .
3/IEKTPOHOB € MeTalja KaToha M [BHIPOK C dHORA ‘B TPUIIEKTPOAHBIA
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cnofi. Tlpu Tonmuse ajekTpudeckoli nsonsinuu 5 - 10 MKM rayGHHa
N PH3JIEKTPOJHOIO "CAOA CcocTaBJseT 1—2 MKM. B opraduyeckux ¥ He-
OpraHHyecKuX IM3JeKTPUKaX, HCAOJNb3YeMbIX B TEXHHUKE, MOTYT HMeTb
MECTO HECOBEpIIEHCTBA CTPYKTYpPbl, TaKhe, KaK NpuMecH H JedeKThl,
B pesyabratre o6pasyiofcsi NOBYWIKH [ 3JEKTPOHOB ¢ TIyGHHON
0,1—0,3 3B. DeKTpoHB MOTYT GBLITH BHICBOGOMIEHE H3 TAKHX JIOBY-
IeK ¥ nepeBelleHb B -30HY NPOBOJMMOCTH HarpeBoM, oG/yuyeHHeM CBe-
TOM, 'UOHH3UDPYIOIHM WU3JNYYECHUEM, CHJBHLIM 3JIEKTPHYECKHM TIOJIEM..
Takue MexaHW3Mbl TeHepauuH 3JEKTPOHOB U Ab!pOK 06yCNI0BAHBAIOT
3/JIEKTPOHHYIO 3JIEKTPONPOBOJLHOCTh IH-
snexTpuka. CBOGOAHBIE 3JIEKTPOHBI B A
CHJIBHBIX 3JIEKTPUYECKHUX TOJAX MOTYT g
00pa30BBIBATBHCS M B pesyJjbTare yaap-- y; 7
HOM MoHu3auuu, XapakrepHas 3aBy- /7 N
CHMOCTb  YZENBHOTO ~ CONPOTHRJIERHSA 3
JHU3JIEKTPHKA C 3JIEKTPOHHOH 3JIEKTPO-
NPOBOAHOCTbIO TIOKa3aHa Ha pHc. 5.7. . /]
Ha yuactke / ymenbiuenne p, Bh3bIBa- 4,
eTcsl yBeJUYeHHEeM KOHUEHTPALHH HOCH- L
Tejel 3apsja 3a CyeT HOHH3ALMH (1)~
JI0OByWeK. JTOT . yYacTOK Ha3blBaeTCs )
06nacTbi0 NPHUMECHOH 3MeKTponpoBox- Fue. 57. 3aBucumocts Inp, or
Hoctd. Ha yuacrke 2, rae Bce JIOBYIUKH I/T AR THSICKTpRKa ¢ mpHMeC-
* . HoMt 3JI€KTPOHHOH 3JIEKTp0Hp08011~
HOHHU3HPOBAHH!, yBEJHYEHHe CONpPOTHB- HOCTBIO
NeRust  OCYC/IOBJMBACTCH  TOPMOXKe-
HYEM HocHTeseH 3apsifia DM WX B3aH-
MOJIEAiICTBHH - €~ COBEPLUAIOLMMH  TEIIOBHIE Koneﬁannﬂ YaCTHIAMH,
M3 KOTOPHIX TIOCTPOEH IH3JEKTPHK. Hakouneu, na yuacrxke 3 sueprus,
KOTOPYIO NoJiydaer AH3JEKTPHK NPH Harpese, AOCTATOMHA AN MOHU3A-
UMK coBCTBeHHbIX YacTHI. [losToMy KOHLEHTpauusi Hocutenedl sapsaja
CHOBA HAauMHaeT PacTH, Tellepb yiKe ¢ GOMbIUEH CKOPOCTHIO, H COTPOTHB-
JeHHE CHOBA HAYHHAET YMEHBIIATHCH. :

B ciiyuae 3/IeKTPOHHOM 3/1EKTPONPOBOAHOCTH CONPOTHBJICHUE TBEp-
JABIX JH3NEKTPUKOB ' C YBEJHUEHHEM [aBJleHHs YMeHbiuaercsl. . Takok
>hdeKT HUCNONb3YIOT KaK KOCBEHHOE IONTBEPXKAEHHE CYLIECTBOBAHUSL
B~ AHM3/IE€KTPHKE 3JIEKTPOHHOH 3JeKTPONPOBOAHOCTH.

HamMeneHue 21eKTPONPOBONHOCTH NPH 0GJAYUYEHHH. SJIeKTpOTeXHH-
YecKoe oGopyJOBaHHE ¥ AMINEKTPUKH, NpHUMEHseMble B HEM, NPU 3KC-
NJTyaTalyy Ha ATOMHBIX 3JIEKTPOCTAHLHAX TMOJBEPTalOTCH BO3LEHCTBHIO
TIPOHMKAIOMIEro  H3JyYeHus (panuauun). B - HOpMaJbHBIX YCJIOBHAX
SKCHyaTauny AHCTBYIOT V-H3/yYeHns (y-KBaHTLI PASIHYHON SHePrun)
u HelTpoHbl. B aBapuiinoM pexume JEACTBYIOT V-H3nydehus u B-uamy.
yeHus (GbICTPbIE SJAEKTPOHBI, CKOPOCTb KOTOPHIX CPABHHMA CO CKOPOCTHIO -
cBera). B Ipyrux ycsaoBHAX SKCUAyaTauudH BO3MOXHO. 0O/yyeHue 3a-
PSIKEHHBIMH YaCTHIIAMU: TIO3UTPOHAMHM, TNPOTOHAMH, DA3JTHUHLIMH HO-
HamMy o Ap. [IpoHuKalouHe H3JyueHWsi, AepelaBas CBOW 3HEPrHIo
(MOHOCTBIO .MM YACTHYHO) YACTHLAM, H3 KOTOPHIX IOCTPOEH IH3JeK-
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TPHK, MOTYT BHI3HIBaTh MX HOHH3auu0. [loaToMy Takne H3JyueHUs Ha-
3bIBAIOT uorusupyroujumy usryvernuamu (MH). PesyabraT Bo3zelicTBus
MU na ausneRTpUK 3aBHCHT OT NOTJIOWEHHOH 1036 I u ee MouiHocTH.
INorsiomendoit po3ol /I HaswiBaetcst sHeprus, coobuaemas MM Bemect-
By: Ee enunuueit ssaserca rpsii: 1T'p = JIx/kr. MomHocrb morao-
HIeHHOH Jo3bl P Bhipaxaerca B rpasx B cekyuay (Fp/e).

Ecnn B pesyawrare Bzaumofelicrsuss MM ¢ semecrsoM nponsouia
HOHH3alusl, TO 00pa30BaBLIasCH Napa H3 3JeKTpoHa ¥ HOHA ydYacTBYeT
B Ipolecce 3/JeKTPONPOBOJHOCTH, YBEJNUHBAas TPOBOJUMOCTH  JH-
3JekTpHKa. [lofBIKHOCTD VIEKTPOHA HAMHOIO NPEBBULAET MOABHXK-
HOCTbH NOJIOXKHTEIBHOTO 3apsXKEHHOI0 HOHA, NI0ITOMY yBeJHYeHHe Ipo-
BOJMMOCTH B OCHOBHOM OHpeJensieTcsi KOHIEHTpalued oGpa3oBaBlInX-
CA PH HOHUBALUWU CBOGOJHBIX 3JEKTPOHOB.

YieapHada oGneMHAs IPOBOAMMOCTD ZM3TEKTPUKA CKJIAABIBACTCS U3
COBCTBEHHOM TpoBOAMMOCTH O, (CM/M), KOTOpas XapakTepHa AJs An-
3JieKTpHKa Ge3 of/ydeHust (ee HA3hLIBAIOT TEMHOBOH), W PaiHAIMOHHOH
yAenbHON 06BbEMHON NPOBOAHMOCTH O, (CM/M): 0 = G, -+ Op.

-~ PajuanmoHHas NPOBOJHMOCTD ONpeesieTcsl CTPOSHNeM JHIJIeKTPH-
KA ¥ MOIIHOCTBIO NOTJIONIEHHOM 103kl ¥ NPH H30TEPMHUECKHX YCJIOBUAX
pasHa ' :

o, = AP,
re A — pajMAlMOHHAS TIOCTOSIHHASI, KOTOpAas ONpejensiercss CBOHcCT-
BaMH AMasekTpuka, Cm-m~!; A — noxasaTenb, H3MeHsIOUMicA 105
pasauuHbIX AuanekTpHKoB ot 0,5 1o 1,0.

Beawuuna o, MHOro GoJjblie G. ‘

B Ta6a. 5.2 npuBejeHbl 3HayeHusi A WA s HEKOTOPBIX AH3JeEK-
TPUKOB, '

Ta6anua 52
MaTtepHan Bua o6ayvyenns A, Cuem—! A
droponaacr-4 Henpepriroe 3,1-10-18 1,0
TNoaumernamerakpunar » ' 3,3-10-16 0.8
TlorHaMHALHBE TIEHKY Wmnynscuoe (0,6--2,8) -10-14 —
K-1, 1IK-2, TIK-3
. TepMeTux - BUKCHHT Henpepuisroe 4,9-10-16 0,5
¥-4-21 ' y-u3nyuenne
. Hmnyascroe 2,2-10-15 0,8
o V-H3TTyueHne » ,
Tepmernx TITIK-21 Henpepuiproe 1,7-10~18 0,6
y-H3AYyYeHHE _ '
Wmmyabcnoe 4,3.10-17 190
Y-H3JayYeHne

Ha puc. 5.8 npusejeHsl: 3aBHCUMOCTH 0, H 0, OT MOIULHOCTH JAO3bI
UBJIyYeHus AJs 3JeKTpoTexHHueckoro (apdopa. VX uaMeHeHHe ompe-
JiesisieTcsl H3MEHeHHeM paJHauHdOHHON COCTABJISIOMEH NPOBOAMMOCTH.
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-~ Yactb u3 06pa3soBaBIIMXCS B TPOLECCe HOHM3ALKU 3JMEKTPOHOB 3a-
XBaTbBaeTCA JOBYIIKAMY M He y4acTByeT B IIpOLEcCe dJMeKTPONPOBOL-
‘HoctH. Eciiy TeMeparypa AU3JeKTpHKa B npouecce o6 y4eH sl NOBhIIIa-
€TCsA, TO IPOMCXOJMT HOHU3ALHUS JIOBYIUEK, 32XBaueHHHIE  IIEKTPOHBI
0CBOGOXAI0TCS, KOHUEHTPALHA HOCHTe el 3apsifia Bo3pacTaer u pagua-
HHOHHAA TPOBOJIMMOCTD YBEIHIHBALTCA. Ee pocr onuceiBaerca gopmy-
JIoH

»=Bexp[—E,/(k T,

rie B — npeisKcnoHeHTa, KoTopas ¢J1abo 3aBHCHUT OT TEMIIEPATypHI,
Cm/m; Ep — SHeprus akTUBALHH pannaunonﬂoro TOKa, 3B; k — mno-
ctosiHHas bouabiuMana.

g6 ,cn/n “~
‘ 12 D6nyvenmi
Pl . — 60y N O\ Wrenn
L N v o? | \ \\
] \\PV / .4 ) -74 2
7" AV <’ 0 Hea&'ryveyv% ‘
U — 0t
-16
i 6// \\ 0" ,
0l > Lo 2 I 34
0 0 u* Wt w0t Ripk VIR i
'Puc. 5.8. 3aBHCHMOCTb Gy H p., 3JIEKT- Puc. 59. 3aBHcHMOCTb .
poTexHHYECKOro (apdopa OT MOUIHOCTH - Ing, ¢Toponnacra-4 . OT
no3bl P o6aywenns (mo B. B. Macyosy IYT 6es obayueHHs M upH

H. C. KocriokoBy) ' ' 06ayueHny

- Ha puc. 5.9 nokasaHo, Kak u3MeHsercsi TPOBOJHMOCTE (roponJa-
cra-4 ¢ pocToM Temneparypsl 6e3 oGJayyeHHS H TPH OGIyYEHHH.

Ilocne npexpaineHus 00/Jy4eHHs CBOGOJHBIE ~3JEKTPUUECKHE 3apsH=
Abl peKOMOHHMpYIOT. Harpep yBe/sHuHBaeT CKOPOCTb PEKOMOHHAIMH.
Pajuanvonnas cocras/sioniad: IPOBOAUMOCTH O YMEHbUIAETCA Jo HY-
/1l B TPOBOAMMOCTD JM3JIEKTPHKA CTAHOBHTCA DABHOH TEMHOBOH MpO-
BOJHMOCTH, C/IH NOJ [efCTBHEM H3JyueHHsl B AHAJIEKTPHKE He 06paso-
Baquch HeoOpaTuMbie  fiedekThl. EC/M NpH OGMyYEeHHH TMOIJIOMEHHAS
nosa [ (T'p) 6biia Goabuas, To B IH3NEKTPHKe o6pasyloTcs HeolpaTH-
Mble JeQeKTbl, KOTOphIe NPHBOAAT H K yBequeHmo A K YMEHbIIEHHIO
€ro TeMHOBOH IPOBOXMMOCTH. : :

BaxkHoi#t pajnnanuoHnOR xapaxrepucmxou Jmanempnxa SBJSIET-
Cs1 BpeMfl YCTAHOB/IEHHS BENHUHHBI O, M €¢ YMEHbUIEHHs 0 HYJA NO-
che OKOHYaHHA 00aydeHus. [l HEOPTaHHYECKHUX JHIIEKTPHKOB 310
spems npu 293 K (20 °C) cocrainsieT eAUHHIbI- JACATKH, JUIS OpraHu-
YeCKHX — TBICAYH — JECATKH ThICAY CEeKYyHJ.

[loBepxHOCTHAS 3/1eKTPONPOBOAHOCTh TBEPABIX AHIJIEKTPHKOB. [To-
BEPXHOCTHasl 3JIeKTPONPOBOJAHOCTh OIpee/seTcss CNOCOGHOCTHIO I0-
BEPXHOCTH JHM3JIEKTPHKa aJCOPOHPOBATH 3arps3HAIONHE KOMIIOHEHTHI.

y
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B nepByio ouepellb MOBEPXHOCTH YBJAXHSETCA 3a CYeT BJarH, co-
Hepxawmeicss B oKpyxaioiieid atMocdepe. Xopomo yBJAaXKHSAIOTCH IO-
JSIpHblE IUOJIEKTPHKH (pe3HHa, H3JeNHs Ha OcHOBe (eHobopManbie-
THAHBIX CMOJ M 1Ip.), RHIJIEKTPHKH C HOHHKIM cTpoeHneM (Kepamuku),
creksa. VX HaseBaloT 2udpoduibrbimu BelleCTBAMH B OT/JHYHE OT
- eudpoghobretx, KoTophie He cMauuBalorcs Bojo#l. [uapodoGHBEIMH  AB-
JSIOTCA HENOJIAPHBIE AHAJEKTPHKH (Napadussl, MHOJIu3THMAEH, (ropo-
nsacr-4), AU3NEKTPHKH HA  OCHOBE KPEeMHHHOPTAHWYECKHX COeqMHeHHH
i Ap. Ha nosepxHOCTH cMauyMBaeMOrO JAH3JEKTPUKA alcopOHPOBaHHAS
BJiara pacnpeieisieTci TOHKMM HelpepbIBHBIM CJIOeM, Ha MOBEpXHOCTH
HECMAUHBAEMEIX JHUIJIEKTPHKOB BJara paclpejensercs: OTAeNbHBIMU
ocrpoBKaMHi. TOHKHH c/IOH BJIarH Ha JIOBEPXHOCTH CHUKaeT IOBEpX-
HOCTHOE COTIPOTHBJICHHE JUJIEKTPUKA H OCOOEHHO' CHJIBHO, eClIH OTHO-
CHTe/IbHAS BJAXKHOCTL TpeBbimaer 70—80 %. KamemnkH BOABI MOTYT
CONEPKATh PACTBOPEHHbBIE I'askl H YAaCTHUYKH TBEPJBIX BEIECTB, pacipe-
Je/NeHHBIX B armochepe.

IoBepxHocTh .ajficopbupyer HblIb, ra3bl ¥ APYTHe BeiecTBa, obpa-
3YIOHUIHECS] B Pe3yJbTaTe MPOTEKAWIIHUX B XOJe 3KCIIyaTalHH H30Jd-
OHH  (PH3MKO-XUMHYECKHX = IIPOLIECCOB B OKpYKamollell JH3JIeKTPUK
cpefie. CHJIBHO 3arpsi3HsIETCS TIOBEPXHOCTb 3JIEKTPOH30MSIHOHHBIX KOH-
CTPYKUHH (BbICOKOBOJIbTHbIX BBOJOB, M30JIATOPOB H 1p.), pa60"raloumx
B 3arps3HeHHON aTMoChepe HpOMbIIIIJIEHHbIX H NPHMODCKHX DPaHOHOB.
O6Gpa3oBaBLIMiiCst HA NMOBEPXHOCTH CJOH 3arpsi3HEHHH HUMeer 3/eCb Ta-
KOe HebOoJIblIoe 3JIEKTPUUECKOE CONPOTHBAEHHE, YTO 3HaYeHHe HOBepX-
HOCTHOT'O TOKa YTEUKH JOCTATOYHO /sl HaFpeBa MOBEpXHOCTH JO TeMile-
paryp, 6oabnx 373 K (100 °C). Ilpu Taxom Harpepe BPOHCXOIUT BCKH-
naHue BOJbL Ha MoBepxXHoCTH. Ecsiu 3TOT Hpolecc NPOUCXOAUT B yCJIO-
BUAX YBJIAXKHEHHS JIOXKIEM, TO Tiepenaibl TeMIeparyp IpHBOJAT K 00-
Pa30BaHHI0 MUKPOTPEIHH ¥ MEXaHHYECKOMY Pa3pyHIEHHIO TNPHIIOBEpPX-
'HOCTHOrO. cj1051 u3oasAnuy. He uckioyeHa 1 BO3MOXKHOCTE BO3AeHCTBHS
'PA3/IMYHEIX ArPECCHBHBIX TPOAYKTOB Ha NPHOOPH PaLHO3NEKTPOHUKH
H aBTOMATHKM NPH MX HCHOJb30BaHHH IJS PeryJHpPOBaHHA pPaGOThI
3/JEKTPHYECKHX ' MALIHH M aNNapatoB B YCTPOHCTBaX HEPTETHKH, HA-'
3eMHOTr0, BO3/YIIHOTO H BOAHOrO TpaHcmopra. [TosToMy B KOHCTPYK-
UUSAX NPHOOPOB. IPEAYCMATPUBAIOTCH TepMEeTH3alHst Y3J0B ¢ pa3BHTOH
MOBEPXHOCTBIO . HIEKTPOH3ONAIIMOHHBIX - [IPOMEXKYTKOB, 3alliTa HX INO-
BEPXHOCTH ClEelHaJbHBIMH HecMauyHBaeMbIMH, He3arpsA3HSIOWUMHE rep-
merukamu. Hacrpofika u pemont npuGopos, Tpebyiomue pasrepMertsa-
IMH, JOJ/IKHBI BBINOJNHATHCA INPH YCJIOBHH, KOIJA HCKJIOYEHO BCSKOe
3arpsi3HeHue W yBIaXKHEHHE 3JEKTPOH3O0JSIHOHHBIX Jeraneii. Dnek-
TPOKEPAMHYECKHE 3JIeKTPOUSOASANHOHHEIE KOHCTPYKIMHE NOKPHIBAIOT-
CSl CMEeUHANBHBIMH  TPSA3CCTOHKHMH I/1a3yPSAMM, IIMPOKO HCIOJb3yer-
Cfl 3alIUTa MX MOBEPXHOCTH  FHAPOGOGHBIMH KPEMHHAOPraHAYECKHMHU
JAaKaMH M repMeTHKamu. [JOKprITHE H3 KPEMHHHOPraHHYECKHX COeAH-
HEHHH NPHMEHSIOT IS 3aliHTHl NOBEPXHOCTH - 3JIEKTPOH30ASALHOHHBIX
KOHCTPYKIHH, H3roTOBJEHHEIX H3 CTeKJa.
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§ 5.3. Monspuaauus ARSIEKTPHKOR

JduanekTpHueckas NPOHHNAEMOCTb H - NOJASPH3oBaHHOCTH, Ha
pHc. 5.10 usoOpaxkeHbl ABa MJIOCKHAX KOHAEHCATOpA, TJIOLLAND 3/IEKTPO- -
J0B KOTOPHIX paBHa S (M%), a paccTosiHMe Mexay HMMH A (M). B xou-
meHcatope, H3oOpaxenHoM Ha puc. 5.10, a, Mexnay 3JeKTPOfaMH Ba-
Kyy™, a Ha puc. 5.10, 6 — nuanextpuk. Ecau snekrpuyeckoe Hanps-
’KeHune Ha anektponax U (B), to HaHpH)KeHHOCTb JIeKTPHYECKOTO HOJA
pasHa E = U/h (B/wm). .

DneKTPHUECKHH 3apfj, HAKOMJEHHBHIH B KOHAEHCATOPE C BaKyyMOM,
HasbIBaeTcs -CBOGOIHBIM 3apsifoM H pageH Q, (Ka).

g ‘; ~Q C g 0p) . 1'(00*04')
: B '
ol o
g : ‘
I
. 2] Gl .
cliI ]
v = B 1
= Sl [
1 1L
a) 8)

Puc. 5.10. dnextpuueckne 3apsaasl - ([ — cBoGoxmbie,
O —— CBA3aHHHE) HA 3JEKTPOXAX KOHJAEHCAToOpa INpH
nozave Hanpskenus U

B sJeRTpUYECKOM HOJIE B YaCTHLAX, U3 KOTOPHIX MOCTPOEH AM3JIEK-
TPHK, CBA3aHHbIE MOMOKHTEIbHEIE H OTPHIATENbHBIE 3aPSi/ibl CMEUIAIOT-
cs. B pesynbraTte o6pasyioTcs 3/eXTPUYECKHE AMIIONH € 3JEKTPHYECKHUM
BeKTOpoM m = ¢l, TAe ¢ — CyMMapHbIH TOJIOXKHTeNbHBIH (H 4HC/IEH-
HO paBHBI eMy CyMMapHbIfl OTpHUATeNbHBIH) 3apsn yacTuust, Kiu; [ —
paccrosiHie MexAy UEHTPaMH [O0JIOMHTEIbHOrO H 'OTPHILATE/BHOIO 3a-
psiia, maedo amnonsA, M (puc. 5.10, 6). [TosToMy Ha rnoBepXHOCTH AM-
3/EKTPHKA O06GPA3yIOTCA MOJsPU3ANUOHHBIE 3apsAbl: OTPHIATE]bHbI
y NMOJIOKHTEJNBHOTO 3J1eKTpojia, i Hao6opoT. [I/isi KoMIeHcauuu 3THX fo-
ASIPU3AUHOHHBIX 3apAA0B HCTOUHUKOM 3JIEKTPHUECKOTO HANPSIKEHHS
co3flaeTcA NOMOJIHUTENbHBIA cBA3aHHb 3apsn Q. CymmapHeii nos-
Hblit 3apsg Q B Komyiencarope ¢ JH3JIEKTPUKOM paBeH -

Q - QO + Qn =€ Q(h ' (59)

rae &, — OTHOCHTeJIbHaH AHU3JIEKTpHUYECKad HPOHHHHEMOCTI:
SJIeKTpHIIECKaﬂ E€MKOCTh KoHAeHCaTOpPa € BaKYyMOM Mexay 3nex-
TpOJaM¥ paBHa
Co=Qu/U. (5.10)
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Emkocts C, (®) HasbBalOT reomeTpuqecxoﬁ eMKOCThIO K . HleHca-
Topa.

EmkocTb C 3TOro KOHAEHCATOpa € JHIJIEKTPHKOM MEXAY 3JEKTpO-
JlaMH  paBHa

C=Q/U. T (5.11)

Hs (5.10) u (5.11) ¢ yuerom (5.9) cieayer, 4to €, paBHA OTHOLIEHHIO
eMKOCTH KOHZEHcaTopa C JH3JIEKTPHKOM K €MKOCTH TOro e KOHJeHca-
TOpa, TAe MEeXAY 3JeKTPoJaMH BaKyyM: ‘

€p= C/Co.

JlnaneKTpHyecKas IPOHHUIAEMOCTh SIBJISAETCA BAXKHEHIIHM MaKPOCKO-
- MHYECKHM [apaMeTpoM JH3JEeKTPHKA, XapaKTepH3YIOUIMM Tpolecc fo-
JISIPH3ALUH, ¥ OHA MOXKeT ObiTh HafiileHa N0 M3MepeHHOH eMKOCTH KOH-
AeHcaTopa C AH3JEKTPHKOM.

EMKOCTb MJIOCKOTO KOHJEHCATOpPA pAacCUUTHIBAETCA Mo GopMmyie

C=¢eye, S/hy ’ (5.12)

rae g, = 8,84-10~'* ®/m — ajekTpUUECKas MOCTOSIHHAS.

Hponssenenue goer = & (D/M) HasbiBaeTCA abcoaromroi QusneKmpu-
4eCKOUL NPOHULAEMOCTIBIO,

EMKOCTh UMJIHHAPHYECKOTO KOHAeHcatopa (cM. puc. 5.3, a) paccqu-
~ THIBAIOT No QopMmyte
c_%amumd% . . B.13)

dy ~
3HaueHus [, d, ¥ d, BHIDAXKAIOT B METpaXx.

HismepeHus anexTprdeckoll emkoctd Ha yacrote 50 ['u o6bruHO -npo-
H3BOJAT MO CTaHJAPTH3MPOBAHHOH METOAHMKE C IIOMOILIbIO YeThipex-
TUIEYEro MOCT2, NPHHIHIHAIBHASL CXeMa KOTOPOro ﬂ306pa)xeﬂa Ha
puc. 5.11. [Ias u3mepennsi MoxeT ObITh HCHOMB30BaH IJIOCKHH WJIH M-
JIHHIPHYECKHI KOHNEHCATOP € 3/IEKTPOLAMH, TIPHMEHSIEMBIMH JUISI H3Me-
pEeHHs YEAbHBIX OOBEMHBIX CONPOTHBJEHHH (cM. pHe. 5.2, a, 5.3, 4).
_I/Icnbnyemul'«’x ob6paseit O BKAIOUAIOT B ONHO H3 BHICOKOBOJILTHLIX IJjie-
yeli MOCTa 10 TPEXITEKTPONHON Cxeme (0XPAHHEBLA 3AEKTPOL 3asewxmo¢)
B mpyroe BHICOKOBOJBTHOE IIJIEUO MOCTA BKJIOYEH BHICOKOBOJILTHBIN OO-
pasuoBuil Kongercarop C,. [ToctosiHHbl pe3uctop R,, IYHTHPOBaH-
Hblil epeMeHHOH eMKocTbio Cy, H Ge3bIHAYKIHOHHHIH NepeMeHHBIH pe-
. suctop R g BKIIOYEHHl B- HH3KOBOJIbTHHIE IJjleud MocTa. B cxeme Mocra
CONpPOTHBJIEHHE nepeMeHHOMY TCKY 1/(wC) eMKOCTHBIX BHICOKOBOJIbTHBIX
n/ieyei HaMHOro GoJIbllleé CONPOTHBJIEHHH, BKJIOYEHHBIX B HH3KOBOJIbT-
Heie 1eyH. CnefoBaresbHO, MPAaKTHYECKH BCe MajieHHe HalpsKeHust,
TI0/laBae€MOr0 C BBICOKOBOJILTHOrO TpaHcopmaTopa BT, npuxonurcs
Ha €MKOCTHBIE, BBLICOKOBOJIBTHEIE IJIEUH MOCTA. HoaTOMy MOXKHO 6e30-
[acHoO MPOH3BOAMTE YPABHOBEIIMBAHHE MOCTAa NMYTEM U3MEHEHHs CONpPO-
THBJIeHHsI R U eMkoctH C,. B ciyuae npoGos o6pasua C ui o6pasuo-
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BOTO KoHfeHcatopa C, pa3psiHUKU P NpefoXpaHsSIOT onepaTtopa u aJje-
MEHTbI HU3KOBOJILTHOH CXeMBl MOCTa, v
YpaBHOBEHINBaHHE MOCTa IIPOH3BOAAT IONEPEMEHHBIM H3MEHEHHEM
R u C4, XOHTPOJHPYA NpoLECC NO WHAWKATOPY paBHOBecHsi MP.
3atpukcuposaB 3Hauenysi R; u C, B MOMEHT DaBHOBECHS, PacCUMTHI-
BAIOT TaHTEHC YTI/a JM3/EKTPHYECKHX NOTepb KOHJAEeHcaTopa no ¢popmy-

Jie

rge [ — wacrora Hanpspkenus (o6biuHo 50 Tn); C, — emrocts, D;
. R, — conporusienne, Om.

Br

Puc. 5.11. INpuHuunuajbHas cXeMma quprexn.neqero BBICOKO-
BOJIBTHOTO MocTa Aas naMepewus C 1 tgd KOHIEHCATOPOB Ha
yacrote 50 I'm: =

HO — ucnbityeMbiit. naockuit kougencatop. ¢ B3, U u-03; Cp— ob-
pAa3uoBbI KOHAEHCATOP G¢3 noreph: C, — Marasuy eMkocreit; R, — pe-
auctop, o0niyHe ¢ conporunieHuem. 10000/ (OM); R; — Geanluiyxun-
OHHBIl pmepemenHblii. pesnctop;, VB — wnankarop. paByoBecnsa; P — pas-
\ pAAHHKH; BT — BLICOXKOBOALTHLIN Tpa Hcd)opMaTop; "D — sKpan

Eciu B cxeme MocTa pesncTop R, HMeer compoTHBiesne R, =
=10 000/xn OM a eMKOCTh KOHJeHcaropa C, BbIPAXKACTCS B MHKpODa-
a;Lax (1 MKP == 10"% ®), 10 paccqmbmaeMbm no (5.14) 'tg & pasen
0,1¢C,. o
EMKoCTh KOHJieHcaTopa Bbl‘{PICJIHE’I(,ﬂ no qjopmyne

C= CoRy/IR, (1 +1g28)). - (5.15)

Jlns  mMHoOrmx .ﬂnaheKTpuKoB tgd < 0.1, noaTOMy B (5.15) tg®
npeHe6peramT.

OrxocurenpHas AM3/MEKTPHUECKAs - nponuuaemomb BLIUMC/IACTCA 110
H3MepeHHou emkocTH C ¢ ucnonw3osaduem (5.12) u(5.13).

Has H3MEDEHHS &, HHAKUX JUIICKTPHKOB NPHMEHSAIOT H3MepHTe/Ib-
Hble AYefikY, rle CIOH KUAKOCTH PACHONONKEH MEXKLY BBICOKOBOJILTHBIM
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H HU3KOBOJIbTHBIM snempo,uom VisMepuresibnas’ siuefika MOXKeT GbITh
BBHITIOJIHEHA B BHJe TUTOCKOH vamy (IJIOCKH KOHJIEHCATOp) MJH COCYAa
C pasMeIleHHBIMH B HeM IHJIHHAPHYECKHMH 3JIEKTPOAAMH (LHIHHADH-
yeCKUH KoHJeHcarop). Takue siuefiku HCTIOMB3YIOT W TIPY H3MEpeHHH
VAENBHBIX - 3JI€KTPHUECKHX CONPOTUBJAECHHH JKHAKHX JHIJIEKTPHKOB.

[TonsipuaoBaHHOE COCTOSIHHE JHIJNEKTPHKA XapaKTepH3yeTcs emie
U 3JEKTPHUECCKUM MOMEHTOM €IHMHMIBI 00beMa — IO PU30OBAHHOCTHIO
P (Kn/m?), KoTopasi cBsi3aHa ¢ unsnempnqecxon HpOHHHaeMOCTbIO €OOT-
Homenvem P = g, (e, — 1) E.

- Tlonsipu3oBaHHOCTL ABJISIETCS BEKTOPHOH BeJHUHHOMN, .Ha puc. 5.10,6
JIsi KOHJIEHCATOPA C IAMIIEKTPHKOM CXeMaTHYecKd H300pakeHhl 4acTH-
Ubl AH3AEKTPHKA, B KaXKAOHK H3 KOTOPHX B peay/ibTaTe TOJSPH3ALHUH.
obpasoBasncs snekTpuueckuil momenT m. Torja, rno onpefeneduo, P=
= nif, TJe n — YHCJI0 YacTHI B efHHHLe ofbeMa.

DneKTpUYeCKHH MOMEHT, KOTOPHIH BO3HUK B pe3yJ/bTaTe NOJspU3a-
UHY yacTHLbl, paBeH m == aE, rie o — NOJAPHU3YEMOCTb UYaCTHIE,
@M% ITO MUKPOCKONMYECKast XapaKTepUCTHKA noaspusanuu. Ilo-
JISIPH3YEMOCTD ¢ CBSI3aHA C JMIJIEKTPHUECKOH - IPOHHIAEMOCTHIO e7,
KoTopas Bpra}KaE‘:TCS{ ypasuenuem Kaaysuyca — Mocorri:

\ er =11 +2n &/(3e0)]/[1~—n o/(3z,)].  616)

Pu3anveckas IPUPOAA NOJNSPHIALHH. HpmmTo pasnuyaTh YHpYTIyio
(6bICprm HepeslaKCauHOHHYIO) U HEYNPYrylo (MeNeHHYIO, penaxca-
UHMOHHYIO) TIONSAPH3aUMH, ¥ D Py T asa MNoAAPU3ALHS 3aBepLIAEeTCs
NpaKTHYECKH MFHOBEHHO 3a BpeMs f (), HAMHOTO MeHbIee NOJyNEPHO-
na T/2 =1/2 [ (f — uacrora, ') npunoxentoro Hanpsoxkenus. Hosrto-
My npouecc OBICTPOM TOJISPU3ALMH CO3JA€eT B AU/IEKTPHKE TOJIBKO PeakK-
THBHBIA TOK. K TakHM NOMApH3auuAM OTHOCATCS 3JEKTPOHHasl (3aBep-
maeTcst 3a Bpemsa 10~1® — 10~ ¢) u wonnas ynpyras (yCTaHaBJuBa- .
ercs1 3a Bpems 10~ — 10‘13 ¢). Heynpyras noispusauns sa-
BEpILAETCs 32 BPEMS, COM3MepPHMOe C TI0/TyTIePHOIOM NPHIOKEHHOTO Ha-
TpsIKeHHs .

3aekTpoHHas noaspusauus. B aJIeKTpnquKOM II0Jle B aTOMaX WJH
MOJIEKYJ/IaX, U3 KOTOPBIX NOCTPOEH AH3INEKTPHK, AedopMHpYIOTCs (CMe-
HIAIOTCSA) SIEKTPOHHbIE OBOJIOUKH, TMIaBHEIM oO0pasom BHemnue. Cwmelne-
Hie 3IEKTPOHOB' TIPOUCXOJ[UT Ha MaJible PACCTOSAHHS B TpefeaX CBOHX
aromoB U MoJsiekyJs. Takasi mossipusauus NPOHCXOAHT y BCeX JH3JIEKT-
' PHKOB He3aBHUCHMO OT HX arperaTHoro COCTOSIHMS M CyHIeCTBOBaHHS B
HUX JAPYIHX BHZOB TOJISPH3ALMH.

Ha puc. 5.12, a cxematnyecku H3oGparxkens! ieopMallis B 3J1eKTPH-
YEeCKOM TIojie 3JIEKTp0HHOPI 0GOJICYKH aToMa BOJOPOAa H 06pasoBaHuE B
NOJISAPU30BAHHON YacTHIle KBasnynpyroro (KaK Gor YIPYTOTrO) 3JEKT-
PUYECKOTO MOMEHTA 11,

JIM37eKTPHKH, Y KOTOPLIX MMEET MECTO TOJIBKO JIEKTPOHHAS nonxpu-
3anHsl, Ha3bIBAIOTCS HENOAAPHOLMU JMSJEKTPUKamMH. B MoJexy/ax He-
TIONSIPHBIX AN3JIEKTPUKOB IEHTPHl NONOKHUTEIBHOTO U OTPHUATEILHOTO
3apSAJOB COBNAJAIOT, NOITOMY TaKue MOJEKyJ bl Henoasipusie. Hamnpu-
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Mep, HeroJASPHBIMH JHI/NEKTPUKAMH SABJSIOTCS: rassl — rejiuil, BOJO-

POX, as0T, METaH; XHIKOCTH — Gensos, TerpadopM (UeThIPEXXJIOpH-

" CTHI ymepon) TBep/Ible — ajiMa3, TOJH3THJeH, droponnacr-4, napa-
dun.

Jlna HemosApHBLIX IHIJIEKTPHKOB Ananempnqecxaﬂ npomuaemocrb

£, B Ko3(pdHUIUEHT JydenpesOMJIEHH Vp CBS3aHBl - COOTHOLIEHHEM

£#0

9 , | 5 - 7 &)

Puc. 5.12. CxeMartnyeckoe H300paiKeHHe [POLECCA 3JEKTPOHHOR (), MOH-
HoO#l ynpyroii (6) u aHNOJbHON (8) NOAAPHIANHMA

g, v,% Paccunrannyio Mo Takoii GopmyJie &, HashBAIOT AHIJIEKTPH-
yecKOH [IPOHUIIAEMOCTRIO, U3MEPEHHOH B S/IEKTPHYECKOM  NI0Jie 6ecxo-
HEUHO GOJIBIIOH YaCTOTHI, H OGO3HAYAIOT &y

- 3HayeHHe JH3JIEKTPHUECKON NPOHUIAEMOCTH Tra3000pPasHBIX JH-
3JEKTPUKOB MaJIO OT/IHYaeTcs oT 1, a st HeNoJIsIPHBIX XHAKHUX U TBEp-
AbIX ZHS/IEKTPHKOB He. NPeBhillia-

et
E’l‘ 2,5. rr Tﬁepdud L KXadsud | Yazoobpasnsid

C pocToM TeMIepartypel UHCHO | dusmnexmpun | uspexmpun | dusnermp
YacTHL 7 B eJMHHIE oObeMa au- 3

 3MEKTPHKA yMeHbllaetcs, a nosto- | =

My ymeHblaercst H &, [cm, (5.16)]. 2
HUsmenenue JM3/IEKTPHYECKOH - |
(POHHIAEMOCTH TIPH TNOBHIIEHHH [ — \
TeMIIepaTyphl XapaKTepH3YIOT TEM- : '

nepaTypHuM Kosdxpuuuedtrom TK. — = 7
d : Kun
o= 0‘;{ Hamenenusi n ¢ po-

Puc..5.13. 3aBHCHMOCTb e, o1 T pas He-
C’I‘OM TeMnepaTypr HE3HAYHUTEJb- ) MOJIAPHOTO llﬂalleKTPHKa

1. [losToMy €, HENOASIPHBIX AH-
:)JIEKTpPIKOB [OpPH YBEJHYEHHH TeMHepaTypbl yMEHbIHaETCH majo. Ha |
pHC. 5.13 mpHBeneH cxemMaTuyecKWH' TpadUK H3IMEHEHMS &, Hemossip-:
HbIX IU3JIEKTPHKOB NIPH yBe/IHYEHHH TeMiepaTypsl, a BTabl. 5.3 — 3na-
yeHust TK e, A5l HEKOTOPHIX H3 HuX.

ﬂuanempnqeexas{ NPOHHILAEMOCTD HeHOJIHprIX JM3IEKTPUKOB - He
H3MEeHSeTCS C POCTOM YacTOThl ﬂpHJlO)KeHHOI‘O HanpsKEeHUs BIIOTH 10
10'2—10' ['u. 10 CBUJETE/IbCTBYET O TOM, UTO TPOLECC 3JAEKTPOHHOH

W
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-~ Ta6bauma 5:3

Paccuurapnbii - HaMepenystli.
JinsnexTpuk - B, TK e, K—' TK &, K—"
Bonopon Hp 1,00027 —0,92-10-8 : —
Asor Nj 1,0058 —1,98-10-6 —
Meran CH, 1,0095 —3,24- 106 -
Bengon CeHs 2,218 1 —0,96- 103 —0,93-10-3
Terpadopm CCl, 2,163 —0,91-10-3 —0,69-10—3
{ToausTunes BbicoOKOro 2.3 —0,81-10-3 . —
naprenus (CgHyg)n '
®roponnacr-4” 1,9--2,2 —-0,33-10—3 —
(CoFg)n ‘

nonﬂpgsauuu NPOMCXONHMT 3a BPeMA HAMHOrO MeHbimee, dem 10-13—
——10~1

Hounan ynpyras noaspusamusa. OHa NPOUCXOAUT B KpHCTAIHYe-
CKHX JU3JIeKTPHKAaX, HOCTPOEHHBIX H3 NOJOXHTENBHBIX H OTpHLATENb-
HbIX MOHOB, — B TaJIOHJHO-IIEOUHBIX KPHCTALaX, CNOAAX, KepaMH-
Kax. B aJekTpHYecKoM IoJie B TAaKHX JHIJIEKTPUKAX TPOUCXOJHT cMe-
HIeHWEe 3JIEKTPOHHBIX 000/I04eK B KaK/IOM HOHE — 3JEKTPOHHAS 110JA-
pusauusi. Kpome Toro, ynpyro cmeumiaiorcsi JIpyr. OTHOCHTEIbHO Apyra
NOJpeLIeTKH U3 MOJIOKHTE/IbHBIX H OTPHUATEIBHEIX HOHOB (pHC. 5.12,6),
T. €, TIPOMCXOANT yNpyras HOHHAA NOJSPH3ALHA, DTO CMelleHHe NMpH-
BOAUT K TOABJIEHHIO JOMOJHHTENBHONO 3JEKTPHIECKOTO MOMEHTA My,
YBETUYHBAIOWETO MO/ PU30BAHHOCTD, & CJIEJOBATENBHO, U AUMJIEKTPH-
YeCKYIO TPOHHIAEMOCTD ‘Ha €, TaKuM oépasoM, IU3JeKTpUuecKan
MPOHKIAEMOCTD HOHHOTO KPHCTAN/a DABHA &, = By + €y, THE 1y
3aBUCHT OT (H3HYECKON NPHPONbI HOHOB, CHJI -HMX B3aHMOAEHCTBHA U
CTPOEHHS KPHCTAIHUECKO! DELIeTKH.

Honnasa nossipusaunusi  3aBepiuaercs. 3a 10-13—10-1% ¢, noaTomy
£, HOHHBIX KPHCTAJJIOB HE 3aBHCHT OT MacTOThl NMPHJIOKEHHOI0 Hanpn-
XeHus BIJIOTh 70 102 — 10" T,

C yBenuuenueM TemriepaTyphl H CBS3aHHOTO C 3THM yMEHbLICHUS N
3HAYEHUS &y, H €,y YMEHBLIAOTCA., ONHAKO BHI3BAHHOE TENJIOBHIM, pac-
UIHPEHHeM YBEIHUECHHE MEXHOHHBLIX PACCTOSHUI MNPHBOLMT K ocrabie-
HHIO CHJI CBSI3H MEKIY, HOHaMH H [03TOMY K YBEJTHYEHHIO HX CMelleHHs
B /IEKTPHUYECKOM '[0JIe, a ClIe0BATeNbHO, K POCTY &r,. [IpHueM Takoe
yBeJIMUEHHE &,, HAMHOro GoJbllie, YeM yMEeHblLIEHHE 32 CUET TeIJIoBOTO
pacummpends. Takum oGpasoM, €, HOHHBIX KPHCTAIIOB C POCTOM TeMIie-
patyphl ysennuusaercs (TK &,>0), xak y kpucrania NaCl (puc. 5.14).

Heynpyrue noaspusauus. K neynpyrum noxsipusauusaM oTHOCHTCH
© AMOOJbHAS NONAPUIALHUS, KOTOpasi HabMOKaeTCs B MOAAPHBIX Fa3000-
PA3HBIX W XKUAKHUX Ju3jextpukax. [lossiprbie AU3JEKTPUKHA NMOCTPOEHDI
H3. NOJIAPHBIX MOJEKYJI, B KOTOPBIX UEHTPH NMOJOXKHTENbHBIX H. OTPHLA-
TeJIbHBIX 3apsIoB He coBnajawrt. [lonspHas moneKkyna umeeT cobCTBEH-
Hbifi INEKTPHUECKUMl MOMEHT  (IMNOJbHBIH MoMeHT) pp (Kia-M), kax

154 : 4



3TO CXeMATHUYECKH NOKasaHo Ha puc. 5.12; ¢. U3 nonspHBIX MoJERYT
cocTosAT ra3oo6pasubie ammuak NHj,, naper Boast u cnupros. TMoasip-
BLIMH KHIKHMH JH3JEKTPUKaMH fBJAOTCH' BoAa, xJjopbenson C,H,CI,
uuTpoGenson CgHy;NO,. B ssekTpuueckom nosie B TAKHX MOJEKYyJax
CMeIAlOTCsl 3JIGKTPOHHEIE 000IOUKH — COBEpILAETCS  3JIeKTPOHHAsS! M0~
Jsipusanus. Kpome Toro, MNpPOHCXOIHT JMNOJBHAS MOJSAPHUIALHS:
MOMEHTBl Mp MOJEKYJ HeCKOIbKO
opuentupyorcs no momo E (em. T} ,
puc. 5.12, g). B pesynbrare Taxoil /
nonsipH3allMd yBenuuuBaercss P, a 59 e
clefioBatesbHO, H &,. [ToBopoT Mo-
JIEKYJBl | KaK 1IeJOr0 B 3JEeKTpHUe- /
CKOM T0J1e HAGJIOAAeTC B NOMSAPHBIX 5/
ra3oo0pa3HblX U KHIAKHX JIU3JIEKTPH- /
KaX, BfI3KOCTb KOTOPHIX HeBeJHKa.
B TBepALIX MOJAAPHEIX NHIJEKTPHKAX 200 300 TK
npouece JUNOJbHOH MOJAPH3ALHH Puc. 5.14. 3 ConcTan
COCTOHT B JebOpMaliy = y4acTKOB- m?: ot A:';““"&‘gglb“?k&?z 3T4><
3BEHBEB, ' CETMEHTOB MOJIEKYJ HJIH X 10-4 K-1)
ODHEHTAllMH OTAENBHBIX MOJSPHBIX :
TPYNI MOJEKY.I.

15t opreHTauuy Aunoss TpebyeTcsl BpeMs, KOTOPOE XapaKTepu3y-
eTcs BpeMeHeM pesiakcanuy T. IToc/ie CHATHSI BHEIIHETO NMOJIA B TeYEHHE |
T OpHEHTAlHsl NOJSAPHOA MOJIEKYJbl NOJ JEHCTBHEM TEIIOBOI'O JABIKE- .
HUsl YMeHbIIaeTcs B € pa3 (¢ — OCHOBaHHE HATYPaJbHOTO Jorapupma),
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Puc. 5.15. 3aBHCHMOCTD &, HOJIﬁpHOI‘OV ,unahexrpuxa or T Ha yacrorax
. fi<<f: (@) ¥ .ot [ npu temneparypax T\<T, (6)

Bpems pesakcaiii npsMo IPONOPIHOHAJIbHO BA3KOCTH AH3JIEKTPHKA H
o0paTHO NPONOPIHOHAJIBLHO TeMnepatype. Bs3KkocTb IU3JEKTPHKA C po-
CTOM TeMIEPATypbl 3KCNOHEHIHAJIBHO YMEHBLIAETCS, TIOITOMY YMeHblia-
ercs H T. B artoli obsacTH TeMmeparyp &, C pOCTOM TEMIEpPaTypPhl YBe/U-
yuBaetcst (puc. 5.15, @) yuactok 6. YMeHbleHHe €, Ha ydacTKe g2
BBISHIBAETCS PajopHEHTAlHEH NOJAAPHBIX MOJEKYJ B pe3yJbraTe Tenso-
BOTO JBMKEHHSI, HA Y4aCTKe a6 — yMeHbilleHHeM NIOTHOCTH.

/
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- Ecnu nonynepron npusoxenHoro Hanpsixkenns T/2 <C T, TO 371eKT-
pHUECKHe MOMEHTHL NOJIPHBIX MOJIEKYJl HE YCNeBAIOT OPHEHTHPOBATHCA
B 3/IEKTPHUECKOM TIOJIe M JIMNOJIbHAs NOJiApH3alus yMmeHbmaercs. [lo-
3TOMy & TOJISIPHOTO JIH3/IeKTPHKA yMeHbliaercs (puc. 5.15, 6). B 3a-
BHCHMOCTH OT CTPOEHHS JHM3JIeKTPHKA U BHEUIHHX YCJOBHMH BpeMsi pe-
JIaKCaIlHH nunonbﬂoﬂ NOJIIpH3ALMH H3MEHAeTCs B INMPOKHUX Npefenax —
— or 108 go 10-!

Ipu opnemauun B 3JIGKTPHYECKOM IIOJIE JMIIONH TIPeOi0IeBAIOT
 MEXMOJIEKYJISIPHLEIE CHJbI, TOBOPAYHBAIOTCH C «TPEHHEM»; B 3TOH obna-
: CTH TEMIIEpAaTyp AUNOJbHAS HOJAPH-

ér - 3a1s IPOUCXOAUT C IOTEPAMH IHEp-
50 5007y, ‘ THH, . :
' Honno-pesakcauHOHHAR TOASPH-
0 AP zauma. Hcnonbayemble B Texuuke

TBEpAble. AUINEKTPHKN MOTYT HMETh
50 HeIJIOTHYIO YIIaKOBKYy o0beMma . 4a-

40 60 0. 60 200 TC crunamu. B’ Takux marepHanax oG-

Piic. 5.16. 3apucumocts ¢, natpuepo-  PASYIOTCH HOHBI, KOTOPHIE B XOfe Ten-

CHIMKATHOTO cTekna of remmepary- JIOBBIX KOJeGaHwii nepeGpachiBaioTes
PH Ha PasHmX uacToTax (no P. §.. H3 TOJIOXKEHUH BPEMEHHOTO 3aKpel-

XonakoBckoit) JIeHUA Ha PACCTOAHUS, COMIMED HMbIE

C pAacCTOSIHHSIMH MeXJIy 4YacTrHia-

mu (10~1° M), M 3aKpenJIsIOTCA B HOBBIX NOJIOXKEHHAX. B a/ekTpuueckom
noJie nepeGpockl CTAaHOBATCS HANpaBJIeHHBIMH. B pesysbrate B 1ManeKT:

PHKE BO3HHKAET Pa3J/IHUKE B PACTIOIOKEHHUH HEHTPOB NONOKHUTENBHOTO U -

OTPHLATEJNBHOrO 3apsifioB, T. €. DOABJSAETCH 3I/EKTPHYECKHH MOMEHT.

Takoit npoLecc Ha3bIBAIOT HOHHO-PE/IAKCALMOHHOMN nossgpusauueit. C po-

" CTOM TEMIepaTypsl YHCJIO HOHOB, nepefpachbiBaeMbiX B HOBBIE NOJOXeE-
HHs, YBEJIMYHBAETCS, MO3TOMY PACTYT NOJSPH3OBAHHOCTb M JHU3JEKT-
pHueckas nponunaemocth. Ha puc. 5.16 npHBeeHa 3aBHCUMOCTE &, OT

| TeMIepatypbl A/ HaTPUEBO-CHJIMKATHOrO CTeKkna, B CTPYKTYpe KOTO-
poro HMeIOT MeCTo C/IabOCBsA3aHHbIE HOHBL.

MHErpausoHHan NOASPH3ALKA. DIEKTPOUSOISIHOHHbIE MaTepHasbl
MOTYT ObITH HEOLHOPOAHBIMH, COCTOSILIMMH H3 IH3IJEKTPHKOB, Y KOTO-

'PBIX & ¥ O PA3/IHYAIOTCA. Ha puc. 5.17, a cxemarnyeckn wso0GpaseH
SJIEKTPHUYECKHH KOHJAEHCATOP C HEOJAHOPOJHBIM  (ABYXCJIOHHBIM) AH-
9EKTPHKOM, a Ha puc. 5.17, 8 — coCcTosiMM U3 MHOTHX GJIOKOB, Kak
3TO . HMEeT MeCTO, HAaNpHUMep, B MOJHKPHCTAJIHYECKOM Martepuane.

‘Ecnn B ABYXCNOHHOM JH3/JIEKTPHKE €,y <C €, U Gy >> 0y, TO NPH
Hogaye Ha 371€KTPOAs! MOCTOSHHOTO HAIPSKEHUS B HAYaJIbHBIH MOMEHT
BpeMeHU IIJIOTHOCTb TOKA B IepBoM ci1oe 6yaer Gosbire. D10 npuBeleT
K 00pa30BaHHIO Ha rpaHHuile pasjiea NOJNOKHTENbHOTO 34paid +AQys
(puc. 5.17, 6). Ilo Mepe HakoiUIeHHMs 3apsja YCTAHOBUTCS COCTOSIHHE,
KOrZa NJIOTHOCTH TOKOB B NEPBOM M BTOPOM CNOAX CTAaHYT PaBHEIMH.
B nmusnexTtpuxe, - coCTOAUIEM M3 MHOTMX GJIOKOB C  Pas/IHYHBIMH -
& - W O, JONOJHHTebHbE 3apsifbl 06pas3yloTcs Ha TpaHuue GJOKOB
(puc. 5.17, &). DroT BUA MOIAPHU3AULH HASHLIBAIOT MEXKCIOEBON TIOMAD H-
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sanueil. HakoHeu, B AUS/IEKTPHKE MOTYT HMeTb MECTO TakHe C/l1abGoCBsAs
3aHHbIC HOHBI, KOTOPHIE B pe3yJkTaTe TellJIOBEIX NepeGpocoB, HaNpasasn-
eMBIX I10JIeM, NEPEMEIAOTC K 3JeKTPoJaM U TaM 3aKpellisfiorcs, JIo-
Kanuayiotes. B pesysibrare 6143 3/1€KTpOOB oﬁpaayerca 06beMHEIH 3a-
pAR Quuie, OOYCNOBIHBAIOUIMH 3/IEKTPHYECKHH MOMeHT M = (g A.
Taxkyio NOJISIPU3ALMIO HA3KLIBAIOT . OGHEMHO- -3apI0BOH nwmpnsauuen
WM BBICOKOBOJIbTHOM MOJISIpU3ALHed.

! 2
f/mu IIC/muZ Crod | (Lnoi
: et | e,
e,< & +
+ + -
+
2 >o; b '
G| & :

8 : 2

Puc. 5.17. Mozens NpouECCOB MUTPALUOHHON NONAPH3AUMH B
JQHSNEKTPHKAX ¢ HEOXHOPOAHOM CTPYKTYpOil:

a, 6B [OBYXCHOHHOM; 8—&— B OIQUHOM TIOMUKDHCTRIIHYECKOM; 9~
C BBICOKOBOJIBTHOH NoJsipH3anuei

[Mpouecchl MHUIpalHOHHOH NOJAPH3AUMM OAHH M3 CaMbIX MeJJIeH -
HbIX. Bpems Ha HX 3apepiueHHe H3MeHsieTCsi B mpenenax 1--10-% c.

CnonTanHas (CAMONPOH3BOIbHAs) NOJsApH3aLHs. JloMeHHas noaspH-
3auus. CerHeToaJleKTPHKH. X apaKkTrepHule I/ CeTHeT03/IeKTPHKOB CBOH-
cTBa BHepBble ObUIH OOHApYXKEHE Yy CerHeTOBO# coaH. B panbuei-
WeM CETHETO3JIEKTPHKAMH CTasi Ha3biBaTh BelIECTBa, CBOHCTBa KOTO-
PBIX NOJOGHBI CBOMCTBAM CETHETOBOM COJH. B cerseroanekTpukax jaxe
B OTCYTCTBHE 3JEKTPHYECKOTO MNOJs Hab/ozfaeTcs CaMoNpOH3BOJIbHOE
CMellleHHe YaCTHIL — HOHOB B HOHHBIX KPHCTaNJ1aX M/IH NONSPHBIX paju-
KaJIOB MOJEKYJ/l, KOTOpoe¢ NPHBOAHT K HECOBNANEHHIO LEHTPOR NOJO-
JKUTETLHOrO ¥ OTPHLATENBHOTO 3apAJoB B oObeMe IM3/IEKTPHKA, T.€.
nossipusauny. Takas TNoOJsIpH3anys HasbBaeTcs CHOHTaHHOM (camo-
NpOH3BONBHOM). B’ peaysnbrate B JAN3JEKTPHKE oépaayiorca ob6aacTH—
JIOMEHHI, TJie BCe HaCTHIbl, 00YC/IOBJIHBAIONIHE CAMONPOH3BOJILHYIO 10JIS-
PH3aMIO0, CMEIIeHEl B OJHOM HaNpaBJeHHH. B 3TOM HampasJjieHHH OpH-
€HTHPOBaH H BEKTOP CIOHTaHHOMH mosspusoBaHHocTH P, nomena. B co-

/ | | 157



CeJHUX NoMeHax Hanpaaneﬂue P, Moxer GuiTh npomsononomnmm UG
nepneHiHKy/AspHBIM (pHc. 5.18, a)

B ssiekTpHueckoM moJie B cemeroanempuxax HPOUCXOIAT yIpyrue
3/IEKTPOHHAS M HOHHAs TOJAPU3ALMM, a TaKXKe Heynpyrasi AOMEHHAs.
B npouecce noMeHHOH nonspH3anHH BeKTOpbl P, foMeHOB OpHeHTHpY-
10TCS 1I0- HaNPaBJIeHUIO 3JeKTpHueckoro noda (puc. 5.18, 6). Tlepeopx-
eHTauell HanpaBJeHHH P, JOMEHOB OGBSCHSAIOTCS XapaKTepHhle AJis
CEerHeTO3/IEKTPUKOB He/MHHeHHble CBOMCTBa: NETVIS JIHU3JEKTPHUECKOro

. ‘ - P Puge
- € Foci
= /
b/ S, .
133’ 5321 TF’ Py —F
Pse\, /4N
a) 5
ép
€ryoy
‘ F T T
2) : 4) §

Puyc. 5.18. Xapakrepune cBOCTBA CErHETOS/IEKTPHKOR:

| .@— CYIeCTBOBAHHE JOMEHOB; 0§ — JAOMEHHaH - NONAPH3ALMS, 8 — MeTas
\ IH3JIEKTPHYECKOro THCTepesHca; & — 3ABHCHMOCTb €r OT HANPAXKEHHOCTH
3eKTPHYECKOro noas; O - 3aBHCHMOCTb r B P OT TeMnepaTyps!

THCTEpe3Hca W pesKasl 3aBUCHMOCTb UX AHBJNEKTPHYECKOH NpoHHuae-
MOCTH OT HaNpSIKEHHOCTH 3JeKTpHueckoro moas (puc. 5.18, ). Ilo-
sapusoBanHecTb P Kpucranna ¢ pocrom Hanpsikennoctd E ysemnui-
BaeTcs 3a c4eT opueHTauuu P, 1OMEHOB M JOCTHraer MOJAPHIOBAHHO- -
CTH HachllleHus: P yac. C yMeHblIeHHeM HamnpskeHHocTd npu £ = 0
Ha6MojlaeTcss OCTAaTOYHAS NOJSPH3OBAHHOCTb P ooy, TAK KaK B AUAJIEK-
TPHKE COXpaHseTcs BhI3BAHHAS JIEKTPHYECKHUM TIOJIEM OpHEHTalus [0-
- MEHOB. YMEHBIUHTb TIONAAPHIOBAHHOCTL P 10 HYJIA' MOXKHO TIPHJIOKHUB
K 06pasiy KOSPUHTHBHYIO CHJY, 3JeKTpudyecKoe noje E.

Jlas cersero’ieKTPUKOB XapaKTepHBI BRICOKast (o HECKOJIBKUX Thi-
csiu) IM3/IeKTpHYecKas NPOHHIIAEMOCTb H Pe3Kas ee 3aBHCHMOCTh OT TeM-
nepatTypsl (puc. 5.19, d). YBenuuenue Temueparypbl IPHBOAHT K 0CTa6-
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JIEHMIO . CHJI, INpeNnATCTBYIOMUX OpHeHTaluu joMeHoB. Iloaspusosan-

HOCTB JHJIEKTPHKA, BbI3BAHHAS NOMEHHOH MoJsipusauued, yBejiuyBa- -
ercd, a €, JOCTHraeT MakCHMaJbHOTO 3HaueHHs fpu Temnepatype Ty,
KoTopyto HasbiBaloT Temnepatypodl Kiopu. CnoHTtanHas NOMspH30BaH-

Hocthb P, npu temneparype Kiwopu ucuesaer. [Ipu T > Tk cerHetroanekr-

PHK TepsieT CBOM CEFHeTOIJeKTPHYECKHe CBOHCTBA W CTAHOBUTCA OGLIY-

HbIM JIHHEHHBIM JHIJIEKTPHKOM, €, KOTOPOTO HE 3aBHCHT OT HanpsikeH-

HOCTH 3/IEKTPHYECKOTO MOJIs.

§ 5.4. JnanexTpHuecKue norepu

YaeasHble (HINEKTPHYECKHE MOTEPH H YFOJ AHINCKTPHHYECKHX M0~
Tepb. I H3JeKTpHUECKMMH NOTEPSMH HAa3bIBAIOT MOUIHOCTb, MOIJOLiae-
MYIO B' IU3JIEKTPUKE O], JeHCTBHEM NPHJIOXKEHHOTO Hanpskedus. [Tore-
PH MOLIHOCTH BbI3LIBAIOTCS 3JE€KTPONPOBOAHOCTBIO H MELJIEHHBIMH 110/~
puaauusamu. Eciu B IU3JMEKTPHUKE HMEIOT MECTO ra3oBble BKJIOYEHHS
{nopsl), TO TIpH paBoTe ero Ha BHICOKHX HANPSKEHUAX H BHICOKHX 4acTo-
Tax TIPOHCXOAMT HOHM3ALUA r'a3a B HOPax, YTO BHI3LIBAET NOTEPU HA WO-
HU3aLHIO.

Ilpu BK/AIOYEHHH HA NOCTOSTHHOE HaNpPAXEHHE KOHJEHCATOPa, MEXAY
3JIeKTPOJAaMH KOTOPOTO HAXOIHTCA JHIJEKTPHK, uepe3 Hero mpore-
KaerT najaloiuii co BpeMeHem TOK, paBHbll [ = [, + l,60 + Ion
(puc.. 5.19, a).

ToK cMelleHHs! (eMKOCTHbIH TOK) /. BbI3BAaH CMEHIEHHEM 3JEKTPOH-

- HbIX 000J/I0YEK aTOMOB, HIOHOB, MO.HeKle T. €, TIPOLECCOM YCTAHOBJIEHHHA

ObICTPBIX, YNPYTHX TOJfipH3auHii; OH cnajaer B TeueHue 10-16 —

— 10~ ¢, a nostomy npax’mqecxn He BLI3biBAeT paccestHUsi IHEPTHK B
IH3JIEKTPHKE,

Chnagamommit co BpemeHeM TOK abcopbunu [, oﬁycnomeﬂ cme-
lleHHeM CBFASAHHEIX 3apsiloB B XOJe MeNJEeHHBIX NMOJAPH3aUNH H BH3bi-
BaeT paccesiHHe JHEPTHH B JH3JEKTPHKe, AHBJIEKTPHUECKHE TIOTEpH.

CkBO3HOM TOK yTeukHd / , BbI3BaH nepeMellieHHeM CBOGOLHBIX 3apsi-
OB B AH3JIEKTPHKE B IPOLECCE 3JEKTPONPOBOLHOCTH, HE H3MEHSETCs
CO BpeMeHeM H BLI3bIBaeT NoTepd, ana/orHYHbIE norepﬂM no 3aKoHy
Hxkoyas — Jledua B IPOBOAHHKAX.

CrenoBaTeNbHO, Ha TIOCTOSTHHOM HAampsKeHUH [OTEPY, BbI3BaHHBIE
TOKOM aGCOpOIlM, HMEIOT MECTO TOJNBKO B HEPHOMA, KOTrJa IPOHCXONHT
npoLecc MeJIeHHbIX NIONPH3aUnl, T. €. NPH BK/IOUCHHH KOHIGHCATOpa.

Ha nepemenHom HanpsiKeHHH I3 5. HMEET MeCTO, eC/H BpeMs pesiak-
CalHK mpouecca MeLNeHHOH MOoJAPU3AUMH MEHbIUE HIAH COU3MEPUMO C
NOJYTIepHOJIOM TIPUJIOKeHHOro HampsuxeHns (v < T/2). B stom cay-
yae MOILLHOCTb, PaccenBaeMas B JHJICKTPHKE N0/ BO3JeHCTBHEM Ha HETO

' 3JIEKTPHUECKOTO TOJIA — RH3/NEKTPHYECKHe TNOTepH, OO6yC/IoBIHBaE-

Mble TOKaMu I U [, 6., HAGMOJAIOTCA B TEUEHHE BCEro BPEMEHH [PHIIO-

- KEeHU A Hanp;m(emm

Ha puc. 5.19, 6 npusejena AHArpaMMa TOKOB, HPOTEKAIMIHX Yepes
KOHJEHCATOp C AM3JNEKTPHUKOM Ha IepeMeHHOM HanpsieHHH. EMKocT-
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T 10K </, anepexaer Hanpsxenue U mo dase Ha yrosa Y0° U 0O3TOMY
He cosjaeT norepb. MoliHocTH B Jmdaexktpuke. Tok abcopumu [, g
onpejessercs NOAsApU3ALUAMH, NPOLECC  YCTAaHOBJEHHS KOTOPHIX CBsi-
3aH ¢ rotepsimi 3Hepruu. IlosToMy OH umeeT PeakTHBHYIO [y, W aK-
THBHYIO { 3, cocTaBasouue. CKBO3HO# TOK [, x COBNAAAET 10 (ase ¢ npu-
JIOXKEHHbIM HalpsiXKeHHEM. Cymmapﬂbm ToK | uMeet peaktuBHyi0 [,
= [, + Ipa ¥ aKkTHBHYIO [, = [,, + [,y cocTaBisionine H onepemaer
HanpsiKeHHe Ha yroa ¢ < 90° Yroa 8, ponoausiomui g0 90° yron ga-
30BOTrO C/IBHIa MEXJY TOKOM. M HanpsiKeHHeM B eMKOCTHOM LEeNu, Hasbl-
BalOT y2aoMm Ouafzexmpuueacux nomepb.

laa Ik,

Ie

Ipa

I

¢ ‘ U
a) . i g)
Puc. 5:19. 3aBHCHMOCTb TOKAa YTEUKH Hepe3 JHINEKTPHK OT BPeMeHH

_Ha TOCTOSIHHOM HANPSKEHMH (4) W BEKTOPHas JHarpaMMa TOKOB,
NPOTEKAIOMIKX Yepes AUIEKTPHK Ha NepeMEHHOM HampsxenHu (0)

W3 BeKTOpHO# AuarpaMmbl TOKOB CELYeT, YT0 , ’
tgd=1,/1,, (5.17)

rae tg 5 — MAH2EHC Y2 OUIRCKMPYUHECKIX nomepe, KOTOpHl ABJIsAETCA
'BAXKHBIM [aPaMETPOM, XaPaKTepH3YIOIUM KauecTBO [M3JIEKTPHKA IPH
paGoTe Ha TEDEMEHHOM HANPSIKEHHH.

Ins [U3NeKTPUKOB, IPUMEHSIEMbIX B TEXHHKE BHICOKHX 4acTOT H Bbl-
COKHMX HaRpsiKeHHH, sHaueHue tg 8 He JosokHo mnpepsiuath 1073 —
— 107* 3uavenne tg 8 AuaNeKTPHKOB, NPeAHA3HAYEHHBIX NS PaGOThi
B MEHEe OTBETCTBEHHBIX YC/IOBHSX, HOMYCKAETCsl MHOTO GoJIbIIIeH.

“Ec/u emrocTsb koHzeHcaropa C (@), to PeaKTHBHbIA = TOK pasen

= Uol, tie U — npunoKeHHoe Hanpspkende, B; o=2nf— yriao-
Baﬂ YacToTa, paj/c; [ — 4YacToTa UPHACKEHHOro HanpsixeHus, Iiu.
Crnenopare/ibHo, aKTMBHas COCTBJAIOWAA CYMMAPHOTO ToKa [, paBHa
I, = I,tgd = UoCtg 8. Toraa momsacts P, = Ul, (B1), BbIAEJISIO-
1uxca B KOH}IEHC&TOpe JU3NEKTPHYECKUX TIOTEPh PaBHA

P, =D Ctgd. (5.18)
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*[TonctaBus B (5.18) 3HaueHHe eMKOCTH NJIOCKOIO KOHIEHCATOpa,
paccunteiBaemolt no (5.12), u npuHas S;= 1 Mm% h = | M, noayuum
dopMyay nns pacuera YAEJbHBIX AB3JEKTPpUUeCKHX notepb (Brt/m3):

Pyyn=5,56.10-11 E%e, f tg §, (5.19)

rie E — wanpsbxkeHHOCTh 3JieKTpuUeckoro mnojsi, B/m; &, tg § =
= &; — Koa(hpuluenin dusrekmputeckix nomeps, o, = 556X 10~ X
X-& [ 1.0 — nposodumocme OQuarexmpuka Ha nepemeHHOM HARDA-
axceruu wacmomet f, CM-M~1,

Wamepenue tg 6 Ha uacrore 50 [ npousBoasT 110 TOH XKe CTaHAAPTH-
30BaHHOl MeTojHKe, KOTOpas NpUMEHSeTCs IJIsi U3MEpPEeHHS 3JMEKTPH-
YeCKOH €MKOCTH C IOMOUIbIO YeTblpex-
nneuero mocta [em. (5.3)1. . tgd

Jlu3/ieKTpHUEeCKHE MOTEPH B Ta3o- }
00pa3HeIX JAMAJEeKTPUKaX. B cnabhix - ;
3JIEKTPUUECKHX HOJAX JAH3JIEKTpPHUYec- v (
KHe noTepH B rasax oOYCJIOBIHBAIOTCH r ;
3JIeKTPONPOBOAHOCTHIO.. CKBO3HOH TOK [
yTeuku /.y, NpOTeKaluuil uepe3 KOoH- - L )
JEHCATOP C Ta30BBIM JIHIJIEKTPUKOM, , Un U U
BecbMa  Man M tgd s rtakoro Puc. 5.20. 3asncmmocrn tgd
Konjlencatopa npu 50 I'l OGBIYHO HE o1 panpsiKewns AAS XHBNEKT-
Gosiee 107, pHKa ¢ rasOBHIMH  BRJIOYe-

Ecau auanektpuueckuMm Marepua- HUAMU
JOM B  KOHJAEHCATOpe CJAYXKHT JH-
5JIEKTPHK € T'a30BBLIMH BKJIOUEHHSIMH, TO IPH POCTE HANPSIKEHHs B HUX
HauHHaeTCHd WOHM3aHHA Tasa. DHeprus, 3aTpayHBaeMasi Ha HOHH3AIMIO,
HasulBaeTcs NOTepAMHU Ha HoHu3aumio. [lorepn Ha uonusanmio P,y
MOXKHO PacCUMTaTh 00 NpuOAHKeHHOH (Qopmyne Py, = Af (U -
— Uy 3, rae A — koaddpuuienT, KOTOpPHI 3aBUCHT OT pasmepa, dop-
Mbl H PacloJioKeHHs I'a30BOro BK/HOYEHHS, IVIOTHOCTH ra3a H JU3JeKT-
pHUECKOH NPOHHUAEMOCTH JHIJIEKTPHKA; [ — 4YacToTa NPHIOKEHHOTOo
Hanpsikenus; U — pabouee nanpsixenue; U, — HalOpsxeHnwe, IMpH
KOTOPOM B Fa30BbIX BKJIOYEHHSIX HAUWHAETCA HOHH3AINA.

3aBucumocTb tg & OT HanpsnKeHUS NPUBEleHA Ha puc. 5.20, koTto-
PYIO Ha3bIBAIOT KPUBOH uonusayuu, a Touky C — mouxoll uoHusayuu.

Ecan npu yseanueHud U HanpsiKeHHOCTb JEKTPHYECKOro NOJSA B
BO3AYUIHOM BKJIOYEHHH JOCTUTHeT NPOGUBHOrO 3HAUEHHS, TO NPOHCXO-
T pa3psi, npoboi. Takue paspsiibl B BO3LYIIHOM BKJ/IOYEHHH HashBa-
10T wacmusHbimu paspadamu. OObIYHO H30JALMA 3JEKTPHYECKHX Ma-
IIMH H aNnaparoB, Kabeselt H ApYrux YCTPOHCTB COAEPKHT BO3LYLIHBEIE
BKJIOUEHHA Pa3HbIX pa3MepoB. MonH3anus tHavana BO3HHKaeT B Kpyl-
HbIX (6GoJbIIOro obbeMa) BKJIIOUEHHSIX U € POCTOM HanpsiKeHHs pa3sBHBa-
ercsl B Goslee Menkux. [ToatoMy c-pocrom Hanpsikenus tg 6 ysennuusa-
€TCs1, JIOCTHTasi MaKCUMyMa npu Hanpsoxenun Uy = 2U,. Ecian Bce
" BO3/iylUHbIE BKJIIOUEHHS HOHU3HPOBAHbl, TO FHEPrHs Ha HOHU3ALHIO HO-
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BBIX BKJIOUeHHH Gosblne He Tpe6yeTcn H C pocToM. HanpsKeHHs tg §
‘ymeubmaerca |

" AMaJeKTpHYecK He norepu B »mm(nx AMJIEKTPHUKAX. B HENnoMAPHHIX
HUAKOCTAX JAUJIEKTPHUECKHE NOTEPH BLI3BAHE! 3JEKTPONPOBOJHOCTHIO.
Tostomy tgd onpenensiercs [,y (pnc 5.19, 6), 3HaueHue KOTOPOro nps-
MO JIPONOPIHOHAJIBHO YLENBHOH IPOBOXMMOCTH O AM3JIeKTpHKa [cM.
(5.20)]. TIpoBoAHMOCTb 3KCNOHEHIIHANBHO YBENHHHBAETCS C POCTOM TeM-
neparyput [cm. (5.7)], Takxke uaMensiercst ¥ g 6 JKHUAKOro AM3/IEKTPHKA
npu Harpese (puc. 5.21).

C poCTOM 4&aCTOTHI YBEJHUHUBAETCS €MKOCTHBIM TOK /., TNpoTeKal-
WK yepe3 AM3IEKTPHK, 8 AKTHBHHIA TOK CKBO3HOH yTeuku [, OC-

tgd tnd

Puc. 5.21. 3asucumocth tgd nenonspuoro (1) u noaspuoro (2) au-
3/1EKTPHKOB OT TeMnepaTyphl B UacTOThH )

Taercsi nocrostisbiM. Crenosarensto, [em. (5.17)] tg 8 Henoasiproro
KUJKOTO JHU3/JEKTPHKA ¢ POCTOM 4acTOThi yMmeHbliaetcs (puc. 5.21.6).
B NOAAPHBIX KHUAKHX JHIEKTPUKAX TIOTEDH BBI3BAHBl 3JEKTPO-
HPOBOJHOCTBLIO M. MOJAPH3ALMEH, KOTOpHe oéycnosnnaaxoT 3HAUEHHE
TOKOB [ ¥ {460 (puc. 5.19, 6). .
Ilpn HU3KKMX TeMnepaTypax BA3KOCTb JH3JEKTPHKA TaK BeJHKa, 4TO
- IUTOJNH «3aMOPOXKEHBI», HE OPHEHTHPYIOTCH B 3JEKTPHYECKOM NoJe H
JAMNOJbHASA MOJSPH3ALHS He NPOHCXOAuT. [1poBOANMOCTE AM3JIEKTPHKA
NPH HU3KHMX TEMOEpaTypax Majla, a NOITOMY HEBEeJHKH [,y ¥ Bhi3piBae-
MBle MM AH3JeKTpuyecKHe norepH. Ilostomy tg 8 xuaxoro nosaspuoro .
JU3/eKTPHKA NPH HU3KUX TemnepaTypax uMeer HeGoJbiloe 3HAYeHHEe
(puc. 5.21, a, nyuktupHas aunus). C POCTOM TEMNEPATYpPHl BA3KOCTb
JH3MeKTPUKAa YMEHbLIAeTCs, BpeMs pejakcauud HOJSPHLIX MOJEKYJ
CTAHOBHTCH MEHbIlUE H OHH BOBJIEKAIOTCA B npouece noaspusanuy. Opu-
eHTalusA (NOBOPOT MONEKY! B TI0/I€ B PE3YJILTATE NPEOJOCHHsI MEXMO-
JIEKYJSIPHBIX -CHJI) TIPOHCXOAUT ¢ «rpenuem». Ha pabory mnpoTus cua
TPEHUS -3aTPAYHBACTCS SHEpPTrHsl 3eKTPHYeCKoro MoJsA, Kotopas H pac-
CeHBaeTCH B JH3JEKTPHKE,” aKTHBHAs COCTABJSIONIAs 1 aa TOKA abcoph-
uuH [, ¢, yBeanuuBaercs M tgd nusnextpura ~ pacrer (puc. 5.21, a).
[lpu Temneparype 7":l BA3KOCTh AM3JIEKTPHKA YMEHbINAETCH JO TaKOro
3HaYeHus, YTO BpeMs pesakcauuH u noaymepuon (T/2=1/2f) npuao-
HEHHOro HaNpsXKeHHs CTaHOBATCA OJAWHaKoBbiMH. [lonspHpie MoJeky-
Jibl- B- TedyeHMe OJlHOrO MNOJIynepuoja NOBOPAYHBAIOTCH HAa MaKCHMaJb-
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HBIA YO/, a B TeUeHHe APYroro HOJNyIepHoja, TAe HanpaBjeHue 3JeKT-
- PHYECKOTO M0J151 IPOTHBONONOXKHO, OPHEHTHPYIOTCS B APYrOM HanpasJe-
nuu. Takum 06pasoM, MojsipHast MOJeKyJa, HelpephiBHO Clielys 3a
H3MEHEHHEM 3JIeKTPHUECKOro IMoJis, TTOBOPAuHBAeTCA HA MAKCHMAABHBIH .
yroJi, JU3JeKTpHUecKHe NIoTepy H tg & nocruraror makcumyma. [Ipu no-
C/IEYIOIIEM pOCTe TeMIepaTryphl BASKOCTh CHHXKaeTcs eule OoJblie U
BpeMsi T CTAHOBUTCS MeHblue nosynepuopa t < T/2. usjekTpuue-
CKHMe TNOTEepH 3a TOAYNEePHOJ [PHJIOKEHHOro HalPsKEeHHs, KOTopbie
BO3HHKAIOT TOJBKO B TeUEHHE Bpe-

98 o MEHH ODHeHTaliMH JHNOJA, YMEHb~
s | 2wt waoresi. K ToMy ke HauuHaer
f §w CKa3blBaThCA JE30PHeHTHpYLIee
P . JieHCTBHE . TENJIOBOTO JBHXKEHHH,
Q15 ! ‘ ‘

\ tg & -
-\ \ 030|— : LS N
|
. =70°C o ! \ |
) i 2L ‘
N\ |
. !

005 / " li\ s / 'i \\\

20 0 W W% Lo 60 iy
Puc. 5.22. 3asucumocts 1gd ot Tem- Puc. 5.23. 3asucuMocts tgd or ua-
nepatyphl . [Js COBOJIAa HAa Pa3HBIX crorsl Adst wutpobeHsona npu 10 u

yacrorax (mo K. A. AnapuasoBy) i 55°C (mo §. I0. AxanoBy)

paccTpauBaioliee OPHEHTALUIO JHMOJbHLIX MOJIEKYJ B node. B pesyib-
tate npu T < T/2tg 8 ymeHbmaercs 1o Majblx 3HaueHHH.

JanbHediulee M3MeHEHHe TeMNepaTyphl NPHBOJUT K 3aMETHOMY yBe-
JHYEHNIO ¢ AH3JIEKTPHKA, a NOITOMY K pocTy /.y, KOTODBIH onpejesser
Ha STOM y4YaCTKe JUIeKTPHYECKHE NOTEPH, U tg 6.

Ecan niorepu u3MepdaTh Ha APYro#, GoJibuiel, 4acToTe, TO MAKCHMYM
tg 6 nabmopnaercss npu Gosee BbicOKoi Temmepatype. das Toro utoGhl
Ha GosplleH uacrore (MeHbILEM NOJYNEpHOAE) cOGMOAANOCh PaBEeHCT-
BO T==T/2, HeOOXOXHMO yMEHBLIUWTbH T, Yero MOXKHO JOCTHIHYTBL Harpe-.
BOM [M3JEKTpPUKa 10 60JIleEfl\T€MHepaTypr (puc. 5.22). - -

Ha HusKuMX yacrotax JM3/JEKTPHUECKHEe TOTEPH B MOJAPHBIX XKHMI-
KHUX AHJIEKTPHKAX B OCHOBHOM OHNpPEREJSIOTCH 3JAEKTPONPOBOAHOCTHIO,
T. €. He U3MEHSIOUHMCSH ¢ YacToTol  TOKOM /.. JlH3/JeKTpHUeCcKHe fHoTe-
pHU OT TOKa [, 5, HAMHOTO MeHbLIE, TaK KaK UHC/I0 MOBOPOTOB AUTOJEH
B eAHHULY BpeMeHH el Mano. C yBeJHUEHHEM YacTOThl PEAKTHBHbLLH
tok [, pacrer, a tg § ymeHbInaercs, KaK y HENOJAPHBIX JU3JIEKTPH-
xoB [eM. (5.17)]). -

C yBenuueHHeM 4YaCTOTH UYHC/I0 MOBOPOTOB HOASPHON MOJEKYJBI B
eIMHUILY BPEMEHH pacTeT W AHI/JIEKTPHUYECKH® NMOTEPH, BHI3BAHHBIE TO-
KOM [, 5o, YBEAMUHBAIOTCH, CTAHOBATCA HAMHOrO OOJBIIMMH, uYeMm TIO-
TepU OT 3JeKTponposofHocTH. Pacter u ig 8, nocruras makcumyma
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1pM 4actote [y, rae T/2 = v (cM. puc. 5.21, 6). Ha 310t vacrorte no-
JApHbIE MONEKY/bl, CIeAYA 338 H3MEHEHUEM IJIEKTPHUYECKOTO M0/, He-
IpepLIBHO MOBOPAHHUBAIOTCA HA MaKcHMaJbHbill yron. Hakoweu, Ha
yacrorax, rae T/2 « T, BpeMeHH /s IOBOPOTA MOJIEKYJL HEe XBaTaerT,
14 6c YMeHbIaetcs, a tg 6 CTAHOBUTCSH MaJIbIM.

Ilpu narpese obpasua makcuMmym tg 8 casuraercs B o6J1acTh GoJib-
wux vacror (puc. 5.23). [Ipu 3ToM T yMeHbUId€TCS M IS TOTO, YTOOHI
BHITIOMHSNOCH PaBeHCTBO T/2 = T, HEOGXOMMMO YBEJHYHBATb YACTOTY
NPUIOKEHHOTO HaNPsKEHUs .

tgd = 109] ép
4 , P10 g0 63
ér —t 6',
gors |- T, o
Fe6:10°1y |1 :
e
0,010 a0
6-10°
N\ //
0005 : 0,005
0 » _ ;
100 200 300 T ? 104 weE vt fy
g 9

Puc. 5.24. 3asucumoctb & M tgd or Temneparypul Ha PA3HEIX 4acTOTAxX (a)
u tgd OT YaCTOTH ANA CHTA/IA HA OCHOBE OKCHjOB (6) (no M. 1. Maw-
. KOBHY)

JlHaneKTpUYEeCKHe NOTEPH B TBEPABIX AHANEKTPHKAX. B HenmossipHBIX
TBEPABIX JHINEKTPHKAX JHIIEKTPHUUECKHE [MOTEPH BhI3BAHBl 3JEKTPO-
JIPOBOJHOCTBIO, 8 B MOJAAPHBIX — 5JE€KTPONPOBOJHOCTBIO U AUNOJBHON
noasipusanueii. Boiue (cM. § 5.3) ormeuanock, YTo B TBEPABLIX AHBJIEKT-
pHKaxX JHIOJBbHAH NoOAApH3alUs M[peACTaBasieT Cco6oH  AedopMaluio
3BEHDEB, CErMEHTOB .MM OPHEHTAUMIO MNOJMSPHHIX TPYNN MONEKYJ B
3/1eKTpHUecKoM noge. Mamenenue tg § or Temneparypbl. 4 YacTOTH J1si
TBEP/bIX HENOJAPHBIX U NOJNSPHBIX AM3JEKTPHKOB TaKHe XKe, Kak U AJIs
Xuakux (puc. 5.21—5.23).

B xone TeIIOBOH HOHHOH MOJSPU3ALHH TBEPABIX JAHIJEKTPHKOB

ilepe6poc CAaBOCBA3AHHBIX HOHOB B 3JEKTPUUECKOM MOJE€ NPOHCXOANT
¢ [OTepsMU 3HEPrud. B HEKOTOPHIX AUIIEKTPUKAX ¢ HEMIOTHOH yra-
KOBKOI ofbemMa uACTHIlaMM, HaNpUMep CTeK/aX, rje HMeeT MeCTO HOH-
HO-pe/akCallHOHHAs MoJsApU3aLUs, TaKzkKe HaGMIOJAI0TCS 3aKOHOMEp-
HOCTH U3MeHeHusi tg8 oT TeMepaTypsl ¥ 4acToThl, XapaKTepHbie LJIs J1u-
nonbHO# nosspusauud. Ha puc. 5.24 npuBeeHbl TeMnepaTypHble U
YaCTOTHBIE 3aBHCHMOCTH AJIA AMIOMOLUHHKOCHIHKATHOIG CTEKJa — CH-
raisa Ha ocxoBe okcujoB SiO,, Al,O4 u ZnO. CyiecTBOBaHUE HJIH OT-
CYTCTBHE MAKCHMYMOB tg 6 B TeMnepaTypHOH H 4aCTOTHON 3aBHCHMOCTSIX
(puc. 5.24) 3aBHCHT OT ye/I0BHH TepMOOGPabOTKH CTEKJa.
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YBennueHHe tg 6 npu Harpepe B CTeK/e WM B MOJHKPUCTA/INHYe-
CKOM - IH3JIEKTPHKE — KepaMHuKe — MOXKeT TaKKe Bbl3bIBATBCSt OAHO-
BPEMEHHO YBEJIMYEHHEM NPOBOAMMOCTH MaTepHasa H poCTOM YHCJa cla-
GOCBA3aHHBIX HOHOB, YYACTBYIOIIHX B HOHHO-PEJaKCAUUOHHON TIOJAPH-
3auuy. TaHreHc yria TU3MEKTPHYECKHX [OTEPb TAKHX MATEPHANOB C
yBeJHUEHHEM TeMIepaTypbl pacTeT, HO MAKCHMaJbHOE €ro 3HayeHue .
NpH H3MEPEHHAX He (PUKCHpyeTcs, KaK 3To BHAHO M3 puc. 5.25, rie
npuBefeHbl 3aBucumoctit tg & or Temneparypel aia Na — Ba — Mg—
a/IOMOBOPOCHAHKATHOTO CTEKJid, BBICOKOBONLTHOrO (aphopa H crea-
THTA.

tg?d
Y
oo Aed ]
g " 74 020 :
100 A L / [
wid sENaa
) /r ag,10 /
0,01 [ ‘ ' 005 / /.
“ /1
0,005 : |
0 00 200 Joo 1°C 0 10 200 3p0 TeC
a) ‘ ‘ / E &~
Puc. 5.25. 3aBucumMocTy ot TemnépaTypm:
a — pis Na—~Ba——Mg-—anmmoﬁopocuuukamom CTeKIa  Ha pa3HBIX uacToTax (N0
P. 4. Xomaxopckoil); 6 — pasg Bblc)t()l«gmgbmoro)(bﬁpdmpa (1) u crearnra (2} (no
ajleery

JlusnexTpuueckue  NOTePH B CETHETONEKTPHKAX ONPEelensiloTcst
3/EKTPONPOBOLHOCTLIO H JOMEHHOH noaspH3auueii. Mamedenus tg
OT TeMnepaTyphl U YaCTOThl /1Sl HUX TaKHe XKe, KaK W AJIsi TBepPAbIX 10~
" IAPHBIX JQH3/MEKTPHUKOB. :

IvsnekTpuyeckie NOTepH B  KOMIO3MUHOHHbIX ansnempuqecxux
MaTepMasax ONpele/sioTC CBOHCTBAMH KOMIIOHEHTOB U HX B3AHMHBIM
paclMoNOXKEHHeM, T. €. CTPOCHHEM MarepHana.

HauGosiee yacto H30/SLMOHHBIE MaTepHaJbl NPEACTABAAIOT COGOM
MOCJIEOBATENLHO PACTIONOMEHHDIE C/IOH IHI/IEKTPHKOB. [lisi AByXC/lOH-
HOro Au3/eKTprka tg § paccyuthiBaercsi no popmy.ie

tgd >~ [(1 —v)tg by, 0tg 8 enl/[(l —v) &,y -+ Vel

Ectu M3/1eKTPHK NPEICTABIACT COOOM CTATHCTHYECKYIO ‘CMECh He
B3aHMOJCHCTBYIOUUX MEXly coBoit Matepuanios, To tg & KOMHO3HLHH
MOXKHO PACCYHTAThb [0 MOJYIMITHPHUECKOH (opmydie-

tgd=1tg 6ytgdl—v,
rile v—uv obbeMHas KOHLERTpauus NepBOH - KOMIIOHEHTHI.



§ 5.5. duekTpuueckas NPOYHOCTb AUIJNEKTPHKOB

Tipo6oii aAM3IeKTPHKOB M 3AEKTPpKYECKas NPOYHOCTL. Eciau B Xoje
MOBBIULEHUA NPUAOKEHHOTO K HU3OMAALMH HANPSKEHHA HANDAMKEHHOCTh
3/IEKTPUUECKOTO [0S B AUIIEKTPHKE MPEBHIIAET HEKOTOPOE KPHTHYe-
CKOe 3HaueHue, TO [U3JEKTPUK TePsieT CBOM 3/IEKTPOU30AUPYIOLIHe CBOH-
crBa. CKBO3HOH TOK, NMPOTEKAIOIIHH uepe3 AHM3JEKTPHK, PE3KO BO3pac-
taer jo 10% A/M2, a conpoTHB/eHNe IM3JEKTPHKA yMeHbluaeTcs 1o Ta-
KOro 3HavyeHus, 4To HpOI’ICXOHI/IT KOpOTKO€e 3aMblKaHHe 3JEeKTPOLOB.
3To sABJeHMe HasbBaWT npoGoeM  AH3JEeKTpHKA. J3HaueHHe Ha-

: - MpsKeHHS B MOMEHT 0po6Gosi Ha3bBaOT

Iy NPOOHBHBIM HaNpsKEHHeM, HalpsXKeHHOCTh
B MOMEHT HPoGOs — 3JIEKTPUUECKOH Mpou-
N HOCTBIO.

Ha puc. 5.26 1okasaHa THOMYHAA 3aBH-
CHUMOCTb  CKBO3HOTO TOKA, [POTEKAIoIero
yepe3 AHJIEKTPUK, OT NPHJIOKEHHOro Ha-
npsikeHus npu npo6oe: Ecam Hanpsketue,
—e NP HJIOKEHHOE K AUINEKTPHKY, focTurao U gy,

Up U TO CKBO3HOH TOK pe3KO yBeJHUUBAaETCA JaxKe
TOTZa, KOTJa HanpsizKeHde Ha 3JeKTpojax
Puc. 5.26. Tunuunas 3a- yMeHblUIaeTcsl, TaK KaK B [H3JEKTPUKE MNOJA
BHCHMOCTb CKBOSHOTO TOKA - peficTpreM NPUJIOKEHHOIO HAMPSIKEHHS TNpPO-

OT NPHJIOXKEHHOTO Hamps- :
Keuns npH npobGoe aws- MCXONAT HeoOpaTHMble H3MEHEHHS!, DEe3Ko
_JeKTpHKa yMeHbLUAIOIHE €T0 3/JeKTPUUECKOe COMPOTHB-

_ JIeHue.

B 3aBHCHMOCTH OT CBOHCTB H30/1LHH ¥ MOLULHOCTH UCTOYHHKA 3JIEKT-
pUYECKOM 3HEePTHH, C [OMOINBI0 KOTOPOro NOJAeTCst HanpsiXKeHHe Ha
ofpasell, nocjie Mpo6oOs B M30JALHHE MOIYT HaGMOAATLCS CJEAYyIOLHE
H3MeHeHHs. B MecTte npoGost BO3HUKAET MCKPa, & NPH OOMBIIOH MOIIHO-
CTH HCTOUHHKA — Ja)Ke 3JIEKTpHUecKasi Jyra, noj AeACTBHEM KOTOPOH
IIPOHCXOUAT OMJIaBaeHHe, Oo0ropaHue, pacTpecKHMBaHHE M TOMY M0/1006-
Hble H3MEHEHHS W JIHIJMEeKTPHKA, H 3JeKTpoAoB. B npobutom TBepiaoM
JNUJIEKTPHKE B MeCTe (1poBosi MOKHO OOHADYXKHThE NPOOHTOE, NpPOILIaB-
JACHHOE, NPOKIKEHHOe OTBepCcTHe — cael npobosi. Ecian. K takomy o6-
pasily TRePIOH H30MALUYN HANpSKEeHHe NOPUIOKHTh TIOBTOPHO, TO NPO-
H0i1 TPOUCXOAMT, KAaK N[PaBH/IO, NMPH 3HAYHTENLHO MEHbIIHX Hanpske-
nuax, uem U, nepsoro npotos. [Ipu npo6oe rasoco6pasHbX H KHUIKHX
AHIJIEKTPHKOB TOC/AE CHATHUA NPUAOKEHHOTO HANpPSKeHHS NpoGUTHIil
MPOMEXYTOK BOCCTAHABJIMBAET flepBOHAadYajbHbie 3HaueHuss Uy, Tak
K3aK ATOMbl M MOJIEKYJIbl Ia3a HJIH KUJKOCTH NPAKTHYECKH MIHOBEHHO
AMGBOYHARPYIOT B 06beM, KOTOPBIH 3aHHMaJ/IM paspylleHHbe B MpoLec-
ce npo6os "YacCTHIIHL. '

Ecnu npoGofi 3/1eKTpHUECKOH M305LUHM NPOUCXOAHT B OXHOPOAHOM
91eKTpHuYecKoM noae, To E g, == Uyp/h, rae E g, — snekTpuueckas
npounoctb, B/M; Uy, — npo6Gusnoe Hanpsikenue, B; h — paccrosi-
HHe MEXAY JEKTPOAAMH, TOMHIMHA H3OMSALHUH, M.

b ———
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Ha npaktHKe npoGHBHOe HANpspKeHHe yAOGHO BhIpaXkaTh B KHJO-
BOJbTAX, TOMIHAY AH3JEKTPHKA — B MIJIJIUMETpax, a 3JeKTPHYECKYIO
NPOYHOCTh - B KMJIOBOJIbTAaX Ha MUJJIAMETP. B 3Tom cayuae cnpaseaiu-
Bhl caefiylomue cooTHowenus: 10 B/Mm = | MB/m = [ kB/MM. ‘

[lpn onpenenenuu E;, TBEpAOro AUIIEKTPHKA MOMKET IPOH3OHTH
npoéou N0 TIOBEPXHOCTH — MepekppiTHe 06paslia, T. €. MOBEPXHOCT-
Hbiil Ipo6oit (puc. 5.27). B 3TOM ciyuae IPOGHBAIOTCS BO3AYX HJIH XKHA-
KOCTh, OKpYyXKatouiye o6pasell TBEpAOro AHalekTpHka. Hanpsxenue
[OBEPXHOCTHOrO TEPEKPBITHA 3aBHCHT OT ,

CBOACTB TBEpJIOro [H3JEKTpHKa, (opMbI ; l

ofpasua, 3/7eKTPOJOB H 3aKOHOMEPHOCTH

npo6ost OKPyKaolell . Cpen. |7

DKCIEpUMEHTANBHO ONpefessieMasi Be- V1 2
Javuyna E g, 3aBHCHT OT TOJIIMHBEI 06pas- 7
Ha AV3EKTpHKA, (OPMB ¥ TJIOWAAH )
3JIEKTPOJOB, CKOPOCTH ToAbeMa H BpeMme- I
HH BO3JEHCTBHSl TNPHJOKEHHOI® Hanps- 605

menust. 3uavenve Egp Ha TNOCTOAHHOM l()l“)c‘u*r’i%e!(gﬁ;"{‘: ?gpf o
HalPSKEHHH - MOXKET CHJIBHO OTIHYATBCH  pasna Teepgoro  AM37eK-
ot E;, Ha nepeMeHHOM, a TaKXKe pasau- TpHKA
yaloTcst 3HaueHus E,, Ha UMOYJbCHOM
HanpskeHuu npu yacrore 50 T'u #u npu
GoJsiee BBICOKHX wacToTax. Ha BEJIHIHHY E ;p BIHAIOT W ApYyTHe q)ax- .
‘Topbl. Onpeesenye 31€KTPHUECKOH TPOYHOCTH HPOBONMTCH CTaHAAp- -
TH30BAHHLIMH MeTOJaMHU. TONbKO B.3TOM CJyyae BO3MOXHEI CpaBHeHHe
IV3JIEKTPHKOB MEXLy COGOH M KOHTPOJb HX KayecTsa.

O6pasunbl ans onpejenenuss E, TBepAbIX JHIIEKTPUKOB AOMKHBI
obecreunBatbh NPoGOH B OLHOPOAHOM HOJE€; HX pasMephl 3aJaloTcs B
cTaHJapTax, ¥ OHH HamHoro 6oJjiblie pasMepoB 3JEKTPOLAOB LA TOro,
YTOOB HCKJIOYHTb NOBEPXHOCTHBIA TpoGok. [is nperorTspaiienus no-
BEPXHOCTHOrO NPOGOS MOXHO NPOBONHTL onpefienenye £y, Ha obpas-
I1aX, PacNOJOXEHHbLIX B JKHAKOM JAHIJIEKTPHKE, HalpHMep TpaHcdop-
matopuom macae. Ha puc. 5.28 npusegensl ¢opMbl H pasmepsl psifa o6-
pasuoB Aast onpefenenus E ,, TBepApX AM9JIEKTPHKOB. Eciiu ToAmMHa
ofpa3ua He MO3BOJIsieT onpenesiuth ero Upyp, TO B HEM BHINOAHSIOT
IPOTOUKY, KaK 3TQ NOKa3aHO /1A TOJACTHIX TiocKoro (puc. 5.28, 6) u
HuIHBApHYecKoro (puc. 5.28, d) o6pasuos.

' B KauvecTBe 3J€KTPOICB MOIYT HCIOJb30BAThCS MaCCHBHble MeTas-
JIHYECKHE HAKUMHBIE 3/IEKTPO/IbI, H3TOTOBJNEHHbBIE U3 HEPXKABEIOLIeH CTa-
JIH, MEJIH, JIATYHU H APYTHUX METAJJIOB; NIPHTEPTHIEC Ha Ba3eiiHe W TpaHC-
topmatopHoM Mac/e (GoabIoBble, HANBIIEHHbE B BAKYYME MeTasJnye-
CKue, rpaduToBble M ApyrHe anexkTtpodsl. g nosyuenns B Mecte mpo-
605t OJIHOPOJHOTO NoAs Auamerp D; HHIKHEro 3JeKTPoja JOMKeH GbiTh
HE MeHee uYeM B TPH pasa GoJjblie auamerpa [ BepXHEro 3JeKTpola
(puc. 5.28, a). Moryr NpUMEHATLCH H 3JEKTPOJAbl ¢ OAWHAKOBBIMH JAHa-
‘meTpamH (puc. 5.28, 8). OnHopoHoe NoJie B TOHKHX NJEHOYHbIX 06pa3-
uax obecneynBaer npuMeHeHke noaychepruueCKoro BepxHero 3JeKrpoja.

v
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B Kkepamuueckux obpasuax nonychepryecKuil 3JeKTpol obpasyercs
B pe3yabTaTe MeTaJJIH3allMH noJgychepuueckofl nyHKH (puc. 5.28, 2).
Hns onpenenennst E ;, MUAKHX AHIJIEKTPHUKOB HCHOJB3YIOT CHEIHA b-
Hble fueHKH, BHIIONHEHHbIE M3 Ghapdopa, crekaa, KBapla HAH CHElH-
- AJbHBIX - TJIACTMACC; ~HE  PearHpyIOWUX C UCUBITYEMBIMH ~ KHUIAKHMH
JAHIEKTPHKAMHK.  DJEKTPOJbI - 3/1eChb ~ U3FOTOBJSIIOTCS = U3 JIATYyHH
{puc. 5.29). : , :
Vamepentie Uy, 06pasuoB AM3MEKTPHKOB NPOM3BOAMTCS HA HCIIbl-
‘TATe/IbHbIX YCTAHOBK:X, NPUHUHNHANBHASA CXeMa KOTOPHIX H30GpakeHa
Ha puc. 5.30.
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Puc. 5.28. O6pasubl a1 OnpejeJeHns: 3JeKTPHUECKO poY-
: ‘ HOCTH TBEPJBIX 3/JEKTPOH3OJISALHOHHbIX MaTepHaJoB

\

Ycranoska ans uaMepenus Uy, npu gactore 50 I'm (puc. 5.30, a)
COCTONT M3 HCIBITaTesNbHOro TpaHchopmaropa T s NOBBILEHHS -Ha-
npsokenus. HanpsikeHue Ha HH3KOBONBTHOH OOMOTKe 3TOro TpaHchop-
MaTopa MJIaBHO MJIH. CTYNEHAMH H3MEHAETCS C IIOMONLbIO aBTOTPAHC-
¢opmatopa AT.O6pasen / NOAK/MIOYEH C NOMOWIBIO 3JIEKTPOAOB 2 U 3
¥ BBICOKOBOJILTHOH OGMOTKE HCIBITaTeJbHOrO TpaHchopMaTopa. 3aulut-
Hbl pe3UCTOp R CIYAKHT LIS OTPaHHYEHHs TOKa, NMPOTEKAIOHIero IpH
npoBoe 1o BBICOKOBOMBTHOH 06MOTKe TpaHcdopmatopa 7. Hanpsaxe-
HHe Ha o0paslie U3MEepsIeTCsi BOJLTMETPOM V, KOTOPHIH IpajiyupyIOT 1o
Hanpsi2KeHHIO0 BHICOKOBOJBLTHOM 06MOTKH. MOLIHOCTD HCIBITATENBHOR YC-
TAHOBKH JOJI’KHA OBITH LOCTATOUHON, 4TOOGB! YCTAHOBHBUIMHCS TOK KO-
POTKOTO 3aMbIKaHMsl NpPU TPoGoe CO CTOPOHBbI BLICOKOTO HAaMNpsIKeHHs

Gpl1 He Menee 40 MA npu HCHBITAHHAX TBEPABIX H 20 MA KHAKHMX AH-
' 3IEKTPUKOB. DTOT TOK KOHTPOJIUPYIOT 10 ‘amMnepmeTpy MA, mporpaiyH-
POBaHHOMY 1O TOKY KODPOTKOIO 3aMbIKaHHsl B BBICOKOBOJBTHOH OGMOT-
Ke. HanpsikeHue Ha TOKOBEAYIIHX YaCTsX BEICOKOBOJLTHOIO TpaHchop-
maTopa u pesnctope R onacho Ars xu3nu. [lostomy Tpancopmatop T,
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pesucTop R M HCHBITATE/bHOE NOJI€, HA KOTOPOM DACNONOXKeHb oGpa- -
sen I, sqexTpons! 2, 3, pasMelaoT B 3alluTHOH Kamepe 3K. ‘

B xojie onpesiesienius Uy, HanpsiKeHHe Ha HASKOBOJIBTHOH OOMOTKE
IJIABHO WJ/IM CTYNEHSMH MOBBULIAIOT H (GUKCHPYIOT HATPsXEHHe NPobost
no posipT™MeTpy V. B tenu HH3Koro HanpsieKeHHS NPeRyCMOTPEHO aBTo-
MaTHYecKoe yCTPOHCTBO, KOTOPOE OTKJOYaeT NMUTaHHe YCTAHOBKH B MO-
MeHT npobos. CursanbHas jgamna CJl yka3biBaeT Ha BKJIOYEHHE H OT-
KJIIOYEeHHe “yCTaHOBKH.

Hust namepennst U 5, Ha noctosiiHoM Toke (puc. 5.30, 6) B uens Bbi-
COKOro HanpsiXKeHHsl BKJIOYAIOT BbICOKOBOJBTHBIN AHON /] M KOHAeHca-
T0p Cy, KOTODBIE CHOYKHT HAJIsi
CTJIaXKHUBaHUSA MNyJbCAUUN TOKA B -
3Tof ozmononynepuoaﬂoﬁ cxeme
BBITP SIMJIEHUS .

Uucno. npoboeB. NpH HCIbITa-
HMAX OroBapHBaeTCsi TeXHHYec-
KHMH YCJOBHAMH =~ Ha CBOHCTBa
MatepuanoB. OnHako B J10GoMm
cayvyae 4Huco - 1poboeB  LOJKHO
ObITh HE MEeHee 5, a NP HCHBITaHKH}
Y3KHX H JIEHTOYHbIX MAaTepHa/lOB
JIeKTPofaMH ¢ AHaMeTpoM 6 MM
YUCAO NPOO6OeB LOKHO ObiTh He
menee 10. B Tom ciayuae, ecam Prc 529. Sluefika pJast onpejgesennus
OTHE/bHEIE PE3YABbTATHl OTIHYAIOT- gﬁgff;;‘gg gaggf;ﬁggﬂ }K;’J?;f;’;,oﬁg:
Cfl OT CPEJHero apHPMETHYECKOro wit 31w 52 ,
6osee uem Ha 15 %, uucio npo6o-
eB YBeJHYHBAETCH B JiBa pasa.

P usuueckas npupoia npobos nna.neKTanos. Paszauuaior crepyio-
e BHABL NPOGOSt KHIAEKTPHKOB.

DNeKTpHUYECKHH Npo6oii, B Ipolecce KOTOPOro AH3JIEKT-
PHK paspyllaeTcsi CHIAaMH, AeACTBYIOIMMH B 3JE€KTPHUECKOM TMoJe Ha
3JIEKTPUUECKHE 3aPAJIbl €10 aTOMOB, HOHOB HJIH MOJIeKyJ. JTOT BUJ, Ipo-
6ost npoTeKaer B Teyerue 10 % — 10-% ¢, t. e. mpakTHYECKH MTHOBEHHO.
~ On BbI3bIBaeTCA -yAapHO#l HOHH3auuel anektpoHamu. Ha aiune cBoGon-

HOro mpofera A 3/JeKTPOH B 3JjeKTpuueckoM nose E nproGperaer sHep-
ruo W = eEA, rae e — 3apsi ajiektpoHa. Eciu 3Heprus snekTpoHa
AOCTAaTOYHA [VIf MOHHM3AlKH, TO 3/JEKTPOH NPH COyAapeHHH C aTOMAMH,
MOHAMH HJIM MOJICKY/IaMH, M3 KOTOPHIX COCTOHT JIH3JIEKTPHK, HOHH3H-
pyer ux. B pesysibraTe NosiBAsIOTCS HOBBIE 3JIEKTPOHBI, KOTOPbIE TAKMKE
. YCKOPSIIOTCA 3JIEKTpUUYeCKUM nosem o sxeprun W, Takum obpasom,
KOJIHYECTBO CBOGOAHBIX 3/IEKTPOHOB IABHHHO BO3PACTaeT, uYTo MPHBOAUT
K DPE3KOMYy TOBBLILEHHIO MPOBOAMMOCTH H 3JIEKTpHYECKOMY [POGOI0.
[110THOCTE XKHAKHX U TBEPABIX AUJIEKTPHKOB GoJIble IJIOTHOCTH Ta-
3000pa3HbIX, a 03TOMY AJHHA CBOGORHOTO NMpoGera 3/eKTPOHOB B HHX
Menpme. 115 Toro 4ro6bl 3MeKTpoH nprobpes suepruo Wy, B XKHIKOM
.M TBEPROM JH3JIEKTPHKAX .HYXKHa. Golibmiasi HanpsKeHHOCTb 3J1eKTpH-
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yeckoro nossi. ClIeoBaTe/IbHO, B CIydae J8KTPHYECKOro Npo6ost 31eKT-
ipHYecKas NPOYHOCTH MKHAKHX H TBEpPABIX JU3JIEKTPHKOB GOJbILe, veM
'rasooﬁpasﬂbrx JeficTBHTENBHO, NPH. HOPMAaJIbHHX YCJIOBHSX JJs BO3-
cayxa En, = 3-10° B/M, 1/ XKUAKHX DU3JIEKTPUKOB MOXKET JOCTHTaTh,
108 B/m, pist TBepabIX (MOHOKDHCTA/IIOB) — Raxe 10° B/m.
DanekTpoTenmoBOoHl nmpoboih, o6ycloBIeH -Nporpec:
CHBHO. HAPACTAIOIHM BhIie/eHHEM TeIJIOTH B JHA/MEKTPUKE . TIOL. JeHCT-
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Puc. 5.30. punnunnanbuas cxema uiMepeHus npo--
GUBHOTO Hanpsi:KeHHMs Ha uactore 50 I'm (a) u Ha
MOCTOAHHOM HanpsiKeHun (6)

i

BUEM nuanempuqecxnx noTeps HiH 3JIeKTpOHpOBOJ1HOCI‘M €ro 4acTo Ha-
3bIBAIOT TENVIOBbIM 11poGoem. TemioBoil 1poGoil BO3HMKAET, KOTAA Ha-
pyliaercs paBHoaecue MEX(AY TENJIOTOH, BbIAGSIOIEHCA B AUSNEKTPHKE,
H TEILIOTOH, KOTOPasi OTBOAMTCA B OKDYZKAIOULYIO Cpeny. Ecau Brhigens-

OLASCs TerioTa GoJblie OTBOLHMOM, TO AHIJIEKTPHK HarpeBaercs 4 B
MecTax HAHXYAIIero TEeIOOTBOJA TeMiepaTypa BO3PacTaeT A0 TaKOro
3HAYEH U, UTO MPOHCXOLUT NPOKOT, NPOIIAB/IEHHE, T. €. npoGoil. Bpe-
M# Pa3BHTHS H BeNUYUHA' Uy SIEKTPOTEINIOBOTO NPOGOst 3aBHCAT OT
KOHCTPYKIHH 3/JEKTPOH3O/NSUHOHHOTO  H3JeJIHs] (oGpasua) u ycaosnit
OTBOJA BbLAEAAIOUIEHCSH B IU3MEKTPHKE TEILIOTH B OKPYXAIOILYI0 cpely.
TenJioBoit npoGofi passuBaercs B Tedenue 10-% — 10-% ¢, 1. e. Bo MHO-
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ro (MUJIJIHOHBI) pa3 MeJJeHHee SJIEKTPHHECKOTO. 3navenne E ), cocTas-
aster jo 107 B/m.

DAeKTpOXHMMHUYECKHH npobo# (arekTpuyeckoe
cTapeHye) ofyc/aoB/eH MENIEHHbBMY H3MEHEHUAMH XHUMHYECKOro Cocra-
Ba M CTPYKTYpH AHU3JEKTPUKA, KOTOPHIE Pa3BHBAlOTCA TOL JeHCTBHEM
3J€KTPHYECKOTO TOJS HJIM pa3psaioB B OKpyxKaiomefl cpege. Bpems
pa3BHTHA 3JEKTPOXUMHYecKoro npobosi cocrasiaser 103 — 10% ¢ u Ha-
3LIBAETCS BPEMEHeM KH3HHM T, AMaJeKTpHKa. C yBeJuueHHeM HamnpsiKe-
HHA WIH TEMAepaTypsl T,,, Kak npasujo, ymeHnsiaercs. [lpouecc anext-
POXMMHUYECKOT0 MpoGOosi pa3BUBAETCH B JEKTPHUYECKHMX NOJAAX, 3HAUU-
TeJbHO MEHBIUHX, YeM 3JeKTPHUecKas MPOYHOCTh AMIJIEKTPHKA.

Bosmoxkue! ¥ 1pyrue pa3HoBHIHOCTH MEXaHH3MOB 1po6Osi, KOTOpbIe
HUMEIOT MECTO B 3THX TPeX THNax Npodosi, Kak OTIelbHblE CTajHH Pa3BH-
THA TIpoilecca NOTEPH 3JeKTpuyeckoll npodyHocTH. Pas3nnualoT MoHH3a-
UHOHHBIH, 3eKTPOMEXaHHUYECKHH, 3JEeKTPOTEPMOMEXaHHUeCKHH Mexa-
HU3MBL pO6GOSI. ,

Howunsauvouus i npo6ofd Bo3HHKAET B peayJbrare
NeHCTBHA HA AMIJIEKTPHMK YACTHUHBIX Pa3psJloB B rasoBbIX Tnopax. Pas-
pPYWHTEAbHOE BO3AeACTBHE YaCTHYHBIX Pa3psANOB Ha AH3JNEKTPHK 00y-
CNIOBJIEHO MHOTHMH (hakTopamu. Hanpumep, NOJHMEPHEIE NHDJIEKTPHKH -
1o, IeACTBYEM YaCTHUHBIX Pa3psoB OKHCIAITCS; o6pasyloluecs B pe-
3y/AbTaTe YACTHYHHEIX DAa3PSAOB 3J1EKTPOHBI H HOHBI, 6oMBapaupysa CTeH-
KH HOp, NPOU3BOAAT MX PO3HIC, T. €. M2XaHMYeCKH paspyuiaior; obpa-
,3YIOLLMECs OKCHIABI a30Ta H O30H XMMHUECKH pas3pylaloT MoJuMep; Ha-
KOHell, PaspylialoT CTEHKH NOpPHI TENJIOBO€ BO3JAEHCTBME Ieperperoro
paspsloM rasoBoro BKJIOUEHHS.

DnexTpomMexaHHuuecKu#l mnpob6o# HabGmonaerca B
NOJNIHMEPHEIX JHIJEKTPHKAX HPHU TemMnepaTypax, Korja OHM HaxoAfaTcs
B BBICOKO3JAacTHYHOM cocTosiiuy. Ilon neficTBHEM CHJI 3J]€KTPOCTATH- °
YECKOro  NMPHUTSKEHHUS, BO3HUKAIOUIMX MEXKAY 3NEKTPOAAMH INIPH - BHICO-
KOM HanpsiKeHUH, IIPOUCXOLHT MEXaHHUeCKoe CAaBJHBAHHUE JU3JIEKTPH-
Ka, YMEHbIUeHHEe ero TOMIHUHEL. [1pH focTiIkeHHH KpHrudeckoil Aedop-
MAaLlMH NPOHCXOAHT MeXaHHYecKoe pa3pyileHHe obpasla.

DaekTpoTepMoMexaHuueckud opo6o#H 4B
JISIETCST PA3HOBHAHOCTBIO 3/1EKTPOTENJIOBOrO U HaOMI04aeTCs B XPYIKHX
IHM3JIEKTPHKAX, HanpHMep B KepaMHKax, colepxKaumux Topnl. BOJIH3H
HOHHM3HPOBAHHKIX Ta30BHIX BKJIOUEHHH o6pasyioTcs neperpersie 06-
JIaCTH AusJeKTpHKa. Mx TemioBoe paciupenue 6oablle, YEM y MEHEE Ha-
rpetelX obsactefi. B pesyabrare B JU3J€KTpHKe BO3HMKAIOT MEXaHH-
YeCKHe HanpsKeHHsl, KOTOpble NPHBOAST K OOPAa30BAHHUIO B XPYIKOM
MaTtepHajie MHKPOTPEIHH B B KOHEYHOM MTOTe K MEXaHHYEeCKOMY pa3s-
PYLHEeHHIO.

ﬂpoﬁon ra3000pa3HbiX nnanempnxos. Bosayx cayxuT BHewHeH
H30JAnMeHd 37eKTPOU3ONALMOHHBIX Y3JI0B TPaHCHOPMATOPOB, BBICOKO-
BOJILTHBIX BBIKJIIOUATe/1€H, H30IATOPOB JHRHH 3JIeKTpoNepenaul u apy-
THX 3JIEKTPOTEXHHUECKMX ycrpoiicts. Bosfyx u apyrue rasoobpasHble -
JM3JIEKTPHKH HCNIONB3YIOT B M30JISIIHK KOHZAEeHCATOpOB, Kabesed, pac-

171



NpefeNUTENbHBIX YCTPONCTB 3/ieKTpocTaHIKA. [T03TOMY KOHCTPYKIHMH Ta-
KHX 3JIEKTPOTEXHHUECKMX H3JIeNHH pa3pabaTLiBaloTCs ¢ yyeTOM 3JI€KT-
pHuecKol NMPOYHOCTH Ta30B, B aTMOC(hepe KOTOPHIX OHH paboTaioT,

I'asoobpadnple 1M3IEKTPHKH OOAANAIT BHLICOKMMH 3JEKTPOH30JS-
LIHOHHBIMH CBOMCTBAMHU TOJIbKC NPH HU3KHX HaNpsKeHUsX. B cuibHbiX
3/JIEKTPHYECKUX MOJAX, KOrja HaYMHAeTCs NPOLEece YAapHOR HOHH3a-
1M}, TPOBOAKMOCTDL 'a30B P€3KO BO3PACTAeT. JHEPrHsl MOHH3AIUH MO-
JIKYJl HJIM aTOMOB pasfHyHbIX ra3oB M3meHsercsi ot 4 xo 253B. Ta-
KYI0 HEPTHIO HMEET 3JIEKTPOH, €C/H CKOPOCTb ero JBMIKEHHSI paBHa
1000 xm/c. BeposiTHOCTH WOHM3aAUHK NepeMelialoNUMHCA B Ta3e I0JIo-
KUTE/bHBIMH HOHAMH HAMHOTO MEHbILE, HYeM 3/IeKTPOHaMH. ITO CBA3AHO
C TeM, 4TO MOJOXKUTEJNbHbIE HOHBI 06J1aJAr0T MEHbUIeH TOJABHAKHOCTLIO.
Ecay npH cToNKHOBEHMHM C MOJIEKYJIaMH OHM TIPOM3BOXSAT HOHH3ALHIO.
To 06pa30BaBUIHACS 3JIEKTPOH TIPHTHTHBAETCH K TNOJOXKUTENHHOMY
HOHY H pexkoMmOuHMpyeT ¢ HHMM. Haxouern, yckopeHHHIH [0 GOJBIIHX
SHEPTHI HOH TIPH B3aMMOJEHCTBHH C 3JIEKTPOHOM aTOMa WJIH MOJEKYJIbI
rasa nepeiaer eMy He3HauMTE/NBbHYIO YaCTh SHEPTMH, TaK KaK €ro mMacca
B THicAUK pa3 6oablie Macchl 3JEKTPOHaA.

[Mpoboft paspuBaercsi caefyiomnm ob6pasom. [lox seficTBreM BHew-
Hero MoHHW3aTOpa, HalpHUMep NpH HOTOIMHCCHH 3JEKTPOHOB ¢ Katoza, B
PA3PHJHOM INIpOMEXYTKe o00pasylorTcsi 3JeKTpOHH. IJTH = IIepBHYHBIE
3JIEKTPOHB!, IePeMElasach OT KaToJa K aHOAY, NPOU3BOAAT YIAPHYIO HO-
HU3ALMIO, B pPe3yJbTaTe Uero BO3HHKAeT M JlepeMelaeTcss K aHOAY CO
ckopocerbio 10° M/c mepBuuHas 3jeKkTpoHHast JaBuHa. Ha myTtu ciepo-
BaHUA JNaBUHB 06pa3yeTcsl KaHa, COCTORINUH W3 3JEKTPOHOB U MNOJO-
MKHTEJNBHEIX HOROB, IJIOTHOCTb KOTOPBIX JIABHHHO YBEJHYHBAETCS M OHa
TeM GoJibiie, uem 6auKe (QPOHT JIaBHHBI PACIIOJNOKEH K aHOLY.

B psiie ciyuaeB YCKOPEHHBIH MOJIEM 3JEKTPOH NPH CTOJKHOBEHHH C
UACTHLIAMM Ta3a JlepellaeT HM CBOI0 SHEPrHi0, OfHAKO HOHM3ALHM He
NPOUCXOANT. DHEPTHA 3aTpauMBaeTCsi Ha INEpeBoj B BO30YyXKAEHHOe
COCTOSIHME 3/IEKTPOHOB B aToMax WM MoJekynaax. B nocaepyrowem
3JIEKTPOHBI BO3BPALLAIOTCS B HEBO3OYK/IEHHOE COCTOsIHYe, a 3allaceHHas
u30bITOUHas SHEePrHs MasyyaeTcs B BMJe KBaHTa cpera, (otona. Poro-
Hbl 06pa3yloTcsa M B pe3y/bTaTe PeKOMOHHAUKH 3JEKTPOHOB H HOHOB.
@oTOHH paClpOCTPaHsIOTCs co ckopocthio cBera (3-10% M/c), n ux
3Heprys B HEKOTOPHIX CJyyadx AOCTATOUHA, YToOHl IpoussecTH (oro-
HOHM3AIHI0 IPYTHX aTOMOB HJIH MOJIEKYJ, PACNOJIOKEHHBIX AaJ€KO BIie-
pelu ¢ponTa NepBUYHON JIaBHHBI. B pesysbTaTe NosIBJASIOTCH BTOPHYHbIE,
o6pasoBaBuinecs 32 cuer - (POTOHOHU3ALHH 3JEKTPOHE!, KOTOPHIE B CBOIO
oyepelb HAUMHAIOT NPolecC yAapPHOH MOHUBALMH M NMOPOXKIAAIOT HOBblE
3/IEKTPOHHbIE JIaBHHEI, pacroiokeHuble 1ajeKo Buepen GppoHTa nep—
BHYHOH JIABUHBI,

Ha csenyowmelt cragun oTaenpHble daBUHEL HArOHAIOT APYT Apyra,
CJIMBAIOTCA H,00pa3yIoT CIJIOMHOH KaHas. Bosee noiBKHbIE 3A€KTPoO-
HbI ObICTpEE nepememaxmcn K aHOMy, TO3TOMY KaHaJ B QCHOBHOM COCTO-
MT U3 TIOJOXKHTENbHBIX MOHOB ¥ €ro HasuiBaioT crpumepom. Crpumep
umeer .GopMy ocTpusi, .0OpalieHHOro K. KaTopy. B6amsu ocrpus — ro-

a
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JIOBKM CTPHMEPa -— HalpPsKEHHOCTb 3/EKTPHUYECKOTOo NOJs MOBHIIEHA
1 06pasyIolIiecsi B pa3psAHOM NTPOMEXKYTKE 3JEKTPOHBL IPUTATHBAIOTCH
K octpuio.- B pesysbrarte obsactb 6/1M3 TONOBKH CTpUMepa NpeBpamia-
eTcs B 3JIEKTPONPOBOJALLYIO IJIa3My, COCTOSIIYIO H3 MOJIOXMTENbHBIX
HOHOB M 3/IEKTPOHOB, UacTb 3JEKTPOHOB PEeKOMOHHHPYET C HOHAMH, 110+
poxnas (poTON3JyueHne, KOTOPOe BbI3BIBAET BTOPHUHO (HOTOHOHH3ALHIO.
O6pasyiouiaecs (poTo3JIeKTPORbl POXKAAI0T HOBble, JOUEpHHE: 3JeKTPOH-
Hble JIABHHBL, U CTPHMep IllepeMellaeTcss K KaTody, a TeHepHpyembie Go-
TO3JIEKTPOHB! BTATUBAIOTCA B 06/1aCTh, 3aHATYIO MNOJOXKHTEIbHBIMH HO-
HAMH, OpeBpamlas ee B 3JeKTPONPOBOAdlLyo niaasMmy. Crtpumep mepe-
MellaeTesl K KaToly co ckopoctbio 10% m/c.” ‘ '
HaxoHel, cTpuMep ROCTHraeT Karola, U 3JeKTPONPOBOASIIME 1/1a3-
MEHHBIH KaHas 3aMblKaeT paspsHblil NpoMexyToK. B pesyabrare yia-
pOB IOJIOXKHTENbHEIX HOHOB Ha MOBEPXHOCTA KaTofla 06pa3yercsi KaTol-
HOe IISITHO, W3Jiyyarolllee 3JeKTPOHBI, KOTOphie co ckopocThio 107 Mm/c
pacnpocTPaHsIOTC N0 3JEKTPOIPOBOAALIEMY IJla3MEHHOMY KaHaly K
aHOAy. DTOT mpouecc HaGMIONAeTCs B PA3PsiIHOM NPOMEXYTKe Kak Hc-
Kpa (MckpoBoX paspsan). [1Ipo6HBHBIM HaNpsXeHUeM rasa spJgercs Ha-
npsixeHHe, MPH KOTOPOM NPOMCXOAHT MCKpoBOH paspsid. Eenum  momr-
'HOCTb MCTOUHHKA HANPSXKEHHs JOCTATOUHA JUist MOMJEpKaHHUst Hclape-
HHMA MeTa/ula KaToja W MOUIHOTO XYTOBOTO pa3psijia, TO MEKAY JeKT-
pOZaMH. 3aropaeTcsi 3JeKTpuyeckas Ayra (AyrosoH paspsj).
CKOpOCTH pacnpocTpaHeHUsi 3JeKTPOHHLIX JaBHH K aHONyY, CTPHMe-
pa K KaToly H 3JeKTPOHOB ¢ KaTOJAHOrO NFATHA K aHOAy Go/bluKe, HO-
3TOMy TIpoGOH rasa B OANQPOAHOM [0Je PA3BHBAETCH BechMa ObICTPO.
Hanpuwmep, npoboi npomexyrka | cM NpH HOPMaibHBIX aTMOCPEPHBIX
veaoBusix 3aBepuiaercs 3a 10~ — 10-7 ¢. Boarogapsi 6o/bliok ckopo-
CTH Pa3BUTHs NPoGOI rasoB Ha NepeMeHHOM HaMpsKeHHH C 4aCTOTOH
50 ' npoucxonuT, eCMH aMIUIATYJHOE 3HAYEHHE NIPHJIOKEHHOTO Halps-
" JKEHUsT HOCTHIaeT POGHBHOTO HaIpPsKEHHST TPOMENKYTKA Ha TOCTOAH-
HOM ToKe. TIp¥ KpaTKOBPEMEHHOM BO3NEHCTBHH HalpsKeHHs Pa3psii B
rase MO¥eT He OQOpPMHTbCS M NPOOUBHOE HANpPsKEHHE MMOBHIIIAETCH.
" Takoe yBenmWueHue XapaKTepusyior KodQhuinuedTom uMnyasca Ki,ns=
= Uppuun/Uxnpsps TAe Upp umn — TPOOHBHOE HANpPSIKEHHE TPH
"AanHOM uMnyviece; Uy — NpoOHBHOE HANpPsiKEHHe NPH NOCTOSHHOM H
nepemenHoM HanpsokeHuy ¢ yacroroft 50 I'u.- Koaddunnenr nmnyinbca
3aBHCHT OT (OPMBI UMITYJIbCA H OJHOPORHOCTH 3JEKTPHYECKOIO MOJS B
pa3psiiHoM npomexytke. [Ipun npoGoe NpoMexyTKOB Cpe3KO HeoJHo-
ponHbeM noseM K,y MOKET IOCTHraTh 3HaueHus 1,5.

st npofost raza B OJHOPOZHOM IOJieé XapaKTepHH 3aBHCHMOCTH
/IEKTPHUYECKOA TNPOYHOCTH OT IVIOTHOCTH Tasda H PacCTOAHHA MEXIY
3sieKTpofiaMi. [10THOCTL rasa IpAMO NPONOPUHOHA/IbHA AABJIEHHIO U
o6paTHO NpoNopUHOHaAbHa abCOMIOTHOH Temmeparype.

Ha puc. 5.31 nokasana 3aBHCHUMOCTH Ey, BO3flyxa OT JaB/IEHHS
Ha TIOCTOSIHHOM HATIpsXKeHMH B ofHopoiHoM mnose. [assenue 0,1 MIla
COOTBETCTBYET HOPMAJBHOMY = aT™MocdepHOMYy JAaBienmio npu 20 °C
(101,3 xIla). C ysenuuenweM pxasJsenusi £, pacrer MOTOMY, UTO H&
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MeHbLeH JyIMHe CBOOOJHOrO npobera 3/71eKTPOH MOXKeT HabpaTh dHep-
THI0, JOCTATOYHYIO I/ HOHH3AUMK NpH Oosbliel HanpsixeHHocTd. [Ipy
YMEHBIIEHUH AaBJenns £, cHMKaeTcsd, TaK KaK yMeHbIIAeTcs YHCJ0
MOJIEKYJT B €lUHHIe o0'beMa. ITO NPHBOAHT K yMEHbLIEHHIO YHCJIA CTOJK-
HOBEHUl 3JIEKTPOHOB C MOJIEKYJ/1aMH rasa, a CJIefoBaTeNbHO, U BEPOSAT-
HoctH uoHusauuu. Ipu oyenb BricokoM Bakyyme NpoGofi IpoMexKyTKa
IIPOMCXOAMT 32 CYET XOJIOJAHOH 3MHCCHH, «BHIPHIBAHUS IJEKTPOHOB M3
nosepxHoctu karofa. Ias obnacry, rae E;p yBeTHUMBaeTCs C POCTOM
Aasnennsi, U yp BOSAYIIHOTO TNPOMEXKYTKA PACCUHTHIBAETCS 110 POPMYyJIe
Unp=Uxpo® rae U,y — npobusHoe
£pp h HanpsiKeHHe TIpYU JaHHLIX JaBJICHUU U TEM-
! nepatype; U ppe — NpoGMBHOE Hanpsixke-
HHe NPHM HOPMaJbHBIX YCIOBHAX (HaBJe-
mug P = (0,1 MIla n rtemneparype ¢ =
= 20°C); O — OTHOLIEHHe  MJIOTHOCTH
| BO3lyXa TPH J4BJIEHHH p H TeMIepary-
! pe ¢ (°C) K INJOTHOCTH BO3AyXa NpH HOP-
GiMiq P  MaubHbIX  yesioBHax: & = 293-107° p/

/(273 + 7).
Puc. 5‘3:1; 3aBHCHMOCTD 3JIEK- HNamenenue Enp BO3/lyXa B OJHODPOX-
TP““ECKO;‘T”;;;:::;: BOSAYXA . poM TIO/Ie NPH M3MEHEHHH PacCTOSHHS h
MeXJy 3JIeKTPOJZAaMH. [0Ka3aHO Ha pHC.
5.32. Tlpu manslX h 3jeKTpuvecKas NMpoy-
HOCTb CHJIBHO YBEJAHYMBAETCH MOTOMY. YTO Pa3BHTHE IIPOUECCOB MOHU-
3allMy 3aTPYAHACTCA U3-3a MaJsoH ofllell NMMHBL CBOOOJAHOrC npobera

3/IeKTPOHOB.

XapakrepHo# /sl Fa30B fAABJASETCS 3aBHCHMOCTb £, OT Npousseje-
Hua ph (3akod Ilamena). Takue yCTaHOBJIEHHBIE 3KCIEpPHMEHTAJIBHO
3aBHCHMOCTH [ BO3AyXa, BOAOPOJA, aProHAa M HeOHa NOKa3aHbl Ha
puc. 5.33. L5 KaXIOro K3 ra3oB MMeeT MecTo cBoe MUHMMatbHoe U .
KOTOpOE 3aBHCHT OT CBOHCTB Marepuana Kartoja. Uem Bhile padota BHI-
X0Jla 3NEKTPOHA ¢ MeTasna, TeM 6osbme Uy, L1 pasHbiX ra30B MUHH-
majbpHoe U ;p nexnur B npegesax 200—300 B, ans Bosxlyxa OHO PaBHO
330 B (mns npoMmexyTKa ¢ MeIHbIMH SJ]eKTpO/IaMH)

DJiekTpUyeckas TMPOYHOCTb Ta3a B.OAHOPOAHOM ToOJ€ . 3aBUCHT OT
YacToTH IIpWJIOKeHHOro Hanpspkenud. [1py yacrorax 50—100 T'u Uy
BO3/lyXa NpaKTH4ecKH coBnajgaer ¢ U,y Ha MOCTOSHHOM HaIpsKeHHH.
[Tpu yacrore 5-10° ' oHo ymenbuiaercs Ha 25 % oT HauaslbHOro 3Ha-
YeHHsl. YMEHbIUEHNE BBI3BAHO HCKAXKEeHHeM 3JIeKTPHYECKOro O/ MEX-
Ly 3JEKTPOJaMH TOJIOXKHTENBHBIM - O6BEMHBIM 3apsAoM (TIOJIOKHTEb-
HBIMH HOHaMH), obpa3yromuMcs B Xoje Houusauuu. IIpu Takodl wacrore
3a BpeMms . noaynepuosa (107 ¢) nosoxurenbHell 0ObLEMHBIH 3apaj He
ycrepaeT HeHTpPaJM30BaThCH Ha Karofe. B Tededue ciaeqyroulero mno.ay-
TIepUOAa, T 2JeKTPUUECKOe 1oJie, CO3faBaeMoe IIPUJIOKEHHBIM HamNps-
JKEHHEM, UMeeT TIPOTHBONOJIOKHOE HANIPABJEHNE, MONCKHATENbHBH 00b-
eMHBI 3apsjl YCHAMBART JMEKTPUUECKOE IoJe, H 3TO OfJervaer MoHH-
3aunIo, a noaromy Uy, camkaetcs. [Ipu Goabmnx yacTorax npojioJIKH-
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TENbHOCTb MOJYNEPHOAA HAMPAXKEHHs CTAHOBATCH MEHbile BPEMEHH .
(QOPMHPOBAHHA 3/EKTPOHHBIX JdBHH, M JJIS 3aBeplleHus npobosa He-
06XOAMMO MOBHILIATL NPUJIOKEHHOe Hanpsxkeune, Uy, pacrer.
[lpo6oii rasa B HEOXHOPOAHOM IOJIE OTJIHYAETCSH OT MPOGOA B OAHO-
poanom. Heoxmoponnoe moue obpasyercst MEKAY OCTpHEM H IJIOCKO-
| CTBIO, KOAKCHANBHLIMH LAMHHAPAMHU, MEXLYy cdepHuyecKHMH OBEPXHO-
CTSIMH, €CJIH PacCTOsiHHE MEXIy HUMH 6GoJblue paguyca cdepbi. B tex,
MeCTax MeXAy 3MeKTPOAaMH, I'le HaNpSKeHHOCTh MMeeT MOBHILIeHHOe
3HaYeHHe, HayMHAeTCH YAapHas HOHHM3AUMS yiKe [ODH HaNpsKeHusdx,
MEHDBLIHX XapaKTePHOro AJsi NAHHOIO TPOMEXYTKA NPOGHBHOTO - Ha-

.

(/np,KB
w Y
Enp g, MB/m B | /
\ ; , 2 g
8 | NN Yo
6 . -+ o 25 \ //{'/) '
. o p — V
4 G2
’ oo A
‘g1 82 10 W00 hmm Ot r 70 w2 ph, lia-w
Puc. 5.32. 3aBHCHMOCTE 3JieK- Puc. 5.33. 3aBucumocth - -#POOUBHOrO = Ha-
TPHYECKOH MPOYHOCTH BO3AY- UPSKEHHS OT NpOH3BEICHHS ph B oaHO-
Xa OT pACCTORHHS MEXIY . POJHOM ToAe:
IJACKTpojaMH B OXHODOAHOM [ — AR BO3AYXa; 2 — OAN BOAOPOAA; - 3 -~ AAS

noJie TNPH HOPMAJBHBIX YCJO- aproHa; 4.-- ins HeOHa
BHAX Ha yacrore 50 'y i

npsxenus. B pesysbrate BO3HUKAET H JIOKAJIN3YETCs B OrpAHHUEHHOM
30He paspsifl B Buje Kopous. Takyio GopMy paspsiia Ha3bIBAIOT Henoa-
Hewu npoboen 2aza. MouusuposanHas niasMa siBJIAETCS NPOBOIHUKOM H,
CJIEOBATEIBHO, MPOAO/IKEHHEM JIEKTPOLA, OKOJIO KOTOPOro BO3HHKAET
KopoHa, V3-3a 3TOoro dbopma 3JeKTpoaa H3MEHSETCs TaK, UTO 3JIEKTPH-
4ecKoe ToJie OKOJIO Hero BbIpaBHHBaeTcsl. MakcHMa/bHasi HanpsikeH-
HOCTB 3JIEKTPHYECKOTO [0S CTAHOBHTCA PABHOH HANPSKEHHOCTH, MU-
HUMAJBHO HEOOXOAUMOIl /11 yAapHO# vonH3auuu. [Tostomy KopoHa He
PacrpoCcTpaHsieTcst Ha BeCh Pa3psiiHbli ﬂpOMe}KYTOK [Ipu noBeeHHH
HAIPSDKEHHUs KOPOHA TEPeXONUT B ncxpoaon paspaj, a npn JocraTou-
HO# MOLHOCTH HCTOYHHKA — B yT'OBOH.

Mpo6oii uakux quaaekTpukos. [Tpuposna npoGos )KH,ZIKHX Ananem—
PHUKOB BO MHOTOM 3aBHCHT OT-HX YHCTOTHI.

duekTpuueckas dopma npoGos Habmojgaercs B NMpelebHO YHCTHIX
MULKHX JU3JIEKTPHKAX. DJekTpudeckHil Npobolt pa3BUBaércs 3a Bpe-
M 10~28-—10-% ¢, [Ipyrue Buabl npoGos KMAKOCTH 3aBEpLIAIOTCS 33 60-
Jiee JuHTesnbHoe BpeMms. [loaromy snekTpHuecKHil npofoi Habmonaercs
H B TeXHHYECKH YHCTHIX XKUAKHUX AUIJIEKTPHKAX IPH Ma/biX BpeMeHax
- BHILEPKKH 06paslia Mof HanpsikeHueM (Manslx 3Kcnosuumsix). Ha puc.
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5.34 HpPIBQlIEHa THIMYHASA 3aBHCHMOCTb F'qjp, TEXHHYECKH YHCTOIO xmn-
KOTO JM3JIEKTPHKA OT BPeMEHH BBIIEPKKH MNOJ HalPAKEHHEM,

[Tpouecc aJjieKTpHYECKOro Npo6osi HAUHHAETCS C HHXKEKLHH 3J1eKTPO-
HOB B JKHJIKHHA JU3JEKTPHK C KaToZa H 00pasoBaHHs 3JEKTPOHHHIX Ja-

BuH. B Xome pacmpocrpaHeHust

JJABHH BO3HHUKAIOT 'CTP HMBpOHO}IOﬁHbIe

06pa3oBaHusi, KOTOphE B Pe3yJ/bTaTe IPOIeccoB. POTOHOHH3aUUHN Iepe-
MEIIOTCA OT aHOJA K KATOy O CKOPOCTBIO 10% m/c. [IpoGoii 3aBepiua-
ercst, Korja MJasMeHHbil KauaJ 3aMblKaeT 3JekTpoisl. [loTHOCTE

Lnp, By

08—

w07
105

107 0¢ w7 08 1

Puc. 5.34. 3aBHCHMOCTb 3JIEKTpHue-

CKO#l MPOYHOCTH TEXHHHYECKH YHCTOro

HMUAKOrO JAHIIEKTPHKA OT BpeMeHy

BbUIEPIKKH NOJ HANPAXKEHHEM - UPH

ssekTpHyeckoM (/) W APYTHX meXa-
HH3Max (2) npobos

KHIKOCTH ~ CYILIECTBEHHO . 0oJblle
IVIOTHOCTH  rasa; CJeJoBaTesIbHoO,
JIJiHa CcBOGOHOTO TIpobera 3JeKTpo-
HOB, . MPOM3BOASIUIHX HOHHM3aNMIO,
3fech MeHbuie, [lostomy 3Hepruio,
JHOCTATOUHYIO JIIfl HOHH3ALHH, SJIEKT-
poH TIpHOOpeTaeT IpH - HaNpsKeH-
HoctH B 100 pas Soaniued, yem B ra-
3ax. DnekTpuyeckas MPOUHOCTD IPH
3JleKTpiyeckoii Qopme mnpobos Jo-
CTHTaeT NpEeleNbHBIX WIS KHAKHX
JU3TeKTPHKOB Beuuud — 107 B/m.

[Tpu : sxcnozuuusx, GoJbLIHX
10-% ¢, npoBoil TeXHUYECKH YHCTBIX
KUAKHX JIM3JIEKTPUKOB Pa3BHBAETCS
13-32 Ue/oro psifia pasIHuHBIX Npo-
[eCCOB, MPOTEKAIOIIHX TIO TENJIOBOMY
MeXaHH3MY. -

B xuikocty, COIlep>KauLen raspl, npo6oil HAaUHHAETCA C HORU3ALUMU
rasoBblX BKJoYeHH#A. B pesy/ibrare wonusaunu rtemiieparypa CTEHOK
ra30BBbIX BKJIOYEHUH BO3PAcTaer, yto NMPHBOAMT K BCKHIAHWIO MHKPO-
06BEMOB MKHIKOCTH, NPUMBIKAOMHX K BKMoYeHH0. O6heM rasa yBeau-
YUBAETCH, BKJIOUEHHS CJAUBAIOTCS, 06pasys MeXAy 3JeKTPONaMH Mo-
CTHK, [0 KOTOPOMY NPOXOJHUT paspsiil B rase. Hpnquﬂon npobos MOXeT
CTaTh TPYAHOYIATIAEMBIH C/I0H rasa TtoqmuHoi 10-% m. Ha aneKTponax
KOTOpBIE HCIOAB3YIOTCS Aist onpefenenus £ p. I'a3pl uMeroT madbiii Ko-
sppunuenT TenyonposofHocTy. CreloBaTebHO, CJI0OH rasa Ha 3AeKTPO-
Aax obpasyer ydacToK ¢ GOJIbUIHM TEIJIOBBIM COMpOTHBJIEHHEM. B pe-
- 3yJabTarte.-Temieparypa OJH3 paHHUbI pasfiesia KUAKOCTh — a3 Mo-

BBIILIAETCS, YTO NPUBOJAHUT K BCKHUNAHHIO XKUIKOCTH, a Jajlee U K ee Ipo-
Goto. B nipouecce npo6ost xuAKOCTH ¢ GOMbLINM COAEpXKaHueM rasa (ra-
30BBblE BKJIIOYEHHS), KOTODLIE MEPBOHAYAIBHO UMEIOT chepuyecKyio ¢op-
MYy, B 3JIGKTPHYECKOM . loJie jedopmupyiorest. [lpyu RedopmanuH oHU

NpeBpatialoTCA B JJITHICONISI

BpalleHus, YAJUHAIOTCA H CAHBAIOTCA

00pasys CIIOWHOA ra3oBEIf KaHA/! MeX/y 3JEKTPOJAMH, YTO MpPHBO-
AUT K 1po6o0. [INst KUAKUX AH3IEKTPUKOB ¢ FA30BLIMH BKJIIOUEHUSIMH
E yp yBenuunBaercs ¢ poctoM fAabjienus (puc. 5.35,a), Tak Kak yBesu-
YHBAKOTCA TeMIlepaTypa KHIEHHSI H' PaCTBOPUMOCTb a3a B KHAKOCTH,
YTO 3aTPYAHAET pocT o0beMa rasoBbIX BKJIOYEHHH.
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‘MexaHusm npo6os YBJIAXKHEHHBIX KUIKOCTEH 3aBHCHUT OT COJepKa-
HUA M COCTOAHMA  BOAH B HUX. Boga, cojepxamasici B XHAKOM IH-
3JIEKTPHKE B CBOOOJHOM BHJi€, MOXKET ObITh B 3MYJ/IbCHOHHOM COCTOSTHHH,
KOTJia 06pa3yloTcs cepuyeckye KanedbKH BOJbl ¢ AHamerpom . 107¢ M
B asnektpuueckoM NoJsie BOASIHBEIE BK/OUYEHHs] BTATHBAIOTCA B HpOCTpaH-
CTBO MeXJy 3JeKTpojiamu M Jedopmupyrorcs. [Ipu pedopmaunu obpa-
3YIOTCSI 3JUIKNCOHAB! BpaleHHsi, KOTOPbie NOMAPH3YIOTCA M NPUTACHBE-
IOTCH APYT K APYTY H, CJAHBAfACh, 3aMBIKAIOT 3JIEKTPOJbl MOCTHKAMH C Ma-
JBIM 3JIEKTDHYECKUM COTPOTHBJEHHEM, [0 KOTOPHIM HDPOXOXMT paspsii.
ItuM TiporieccoM 0OObsCHAETCS YMeHbIUeHHe L 5, TpaHchOpMaTopHOTO

£ \ ,
p 7, Epp KB Am \
T, 720 \
. ) 80—
40
P a 001 403 0,03
Codepwarue bnaeu, % rmac
a) 4)

Puc. 5.35. 3aBucuMocTts Eyp OT [aBJCHHS JIJs XKHIKOTO — JHAJIEKTPHKA,
cojepxamero rasosble Bkjovenua npu T1<T, (@), u Tparcopmarop-
'HOFO- MacJjia OT yBJlaxKHeHHs (6)

MacJa TIpH ero yBJjaxkHeHuH (puc. 5.35, 6). DnekTpuueckas NPOYHOCTh
TPaHCHOPMATOPHOTO Macja 3aBUCHT OT TeMnepartypsl (puc. 5.36). Ilpu
temiiepaTypax, 6auskux K 0° C, copepxainasics B Macje BOfla Haxo-
JMTCS B SMYJILCHOHHOM COCTOSIHUM M. E ;, HMeeT MHHUMaJIbHOE 3HaYeHHe.
C yBennueHueM TeMIlepaTyphl BOJa NEpPeXOLHT B PaCTBOPEHHOE COCTOf-
HUe, T. €. OTAe/JbHYIO ee (PPAKUHIO U CBOGOLHOE COCTOSIHHE Mcye3aer.
B coctosiHMM pacTBOpa TPUMECH BOJAE B MEHBIUEH CTENeHH CHUKAET
E 4p TpanchopmaropHoro Mmacnia. Ilpu temneparypax, Goasumx 70° C,
B TpaHcopMaTOPHOM Macjie HauMHaeTcs IPOIecC KHIEHHs JEeTKHX €ro
(pakuui ¥ KOJHYECTBO Tra3oB YyBeJIMUMBAETCH, 4YTO CHUXaeT K.
YBeaunuenve E;, NpM NOHHKEHHH TemIepaTypsl A0 40° C BbI3BAHO TeM, .
4to BoAa ofpasyeT OTAeNbHYIO hpakiHio U 3aMep3der. DJIeKTPUUecKas
NPOYHOCTh CYXOTO Macsia HMeeT OoJiblllee 3HaUeHHe, UeM YBJIAXKHEH-
HOTO, U MPAKTHYECKH HE USMEHSETCs 1O TeMNeparyphl 70 °C.

B _3aTPHA3HEHHON TBEDABIMH YACTHIAMH KHAKOCTH YaCTHYKH 3arpss-
HEeHHH — BOJIOKOHNiA, ca)ka, NPOAYKTH pa3pyIleHHs TBepAoH H30.d-
HUH B 3JEKTPUYECKOM - TI0JI€ — TOJIAPHIYIOTCS, BTATHBAIOTCS B MeX-
3JIEKTPOJHOE NPOCTPAHCTBO H, TaK XK€ KaK 3MYJbCHOHHAs Boja, obpa-
3YIOT MeXIY 3/EKTPOIJAMH CHJIQUIHbIE LEeNOYKH ¢ NOHHKEHHBIM 3JEKT-
PHYECKHM conpoTHBJeHHeM. [To 3THM LlenoykaM H IIPOXOANUT pas3psif,
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[Tporecc mepepacnpenesieHusi YacTHUeK MNPHUMECEH B MEXIJIEKTPOA-
HOM TIPOCTPAHCTBE, TIPEAUIECTBYIONHA NPOGOI0 XHAKOCTH, TIPOTEKAeT B
TeueHue ANHTeNbHOTO Bpemend, Ao 10° ¢ u Gojee. [Tostomy E . 3a-
IPSI3HEHHBIX JKHIKHX JHOJEKTPHKOB TNPH HMIYJbCHOM HAINPsKEHHH,
KOrja nepepacnpelesienyie He ycleBaer 3aBepLINTbCs, GoJblle, YeM Ha
NOCTOSTHHOM HanpsikeHnd. Kosddbuunent nmnysbca npu npoGoe sjech
MOMKeT GHITh PaBHEIM 5—7.
~ *B XHUAKMX AHIJEKTPHKAX, conepmaumx BO3IYILHbE BKJIOUEHHS,
TPOTEKAIOT U NPOLECCH XHMUUECKOIO PA3JIONKEHHs KHAKOCTH TOH Jel-
cTBHeM vonusauuu. Takoe siBl€HNe HA3BIBAIOT 60bMAAUIAUUET HUIKO-

cmu. B Kayecte 3J1€KTPOH3OJALH-

Enp,KB/mm OHHBIX LIIHPOKO HCHOJB3YIOTCH KU

! ' KOCTH, COCTOSIII[HE H3 HeNpeJe/bHbIX

16 A , . yraeBojlopozioB. B Xxoze BosibTanu-

/ : ‘3allHM TaKMX KHAKOCTEH yBeJHUH-

‘ BAIOTCSl MOJIEKyJsipHAs macca ‘u BfA3-

KOCTb, BBIIeNAETCA BOJAOpOA, T. €.

pacrer ofbem rasosoit ¢asel. [1po-

40 0 % g e UecC HOHHSAUMH Ta3a BO BKIIOYe-

HHUSIX NPOTEKAET B .3/JEKTPHUECKHX

.Puc: 536. 3asucumoctb Eyp Ha Ne-  [IQJIIX, HAMHOrO  MeHBIIHX Enp

pe€MEHHOM HaNnpAXECHHUH OT TeMIepa- }KHnKOCTH, HOSTOMy TaKOﬁ B]’ul HpO‘

Type as1st cyxoro (/) M yBAaxKHeH- ‘ .

HOro (2) TpaHC(HOPMATOPHOrO Macia Gost OTHOCAT K 3/1EKTPOXHMHUYEC-

: . KOMY. DT [poueccel 00yC/I0BAR-

\ BalOT - -3JIEKTPUYECKOE  CTapeHye

KUIKUX  JHM3JIEKTPHKOB. BpeMﬂ NOATOTOBKH  1po6osi - B XOf1€e BOJIb-
Tanusauuu jpocruraer 10° ¢ u Gosee.

DjieKTpUYECKas NPOUHOCTb MKUJIKHUX HHAJEKTPHKOB B OLHOPOAHOM
niosie GonbLIAs, YeM B HEOAHOPOAHOM. B HeOZHOPOJHOM To/ie B MUAKO-
CTH MOXeT Hab/ofaThesl HemosiHbif npoboit (kopona). [lox aeficrBrem
KODOHBI TPOHCXOJAT NPOLECCHl  HHTEHCHBHOIO PA3JIOKEHHs] MKHUIKOCTH,
B.pe3yJIbTaTe KOTOPHIX 0OpAa3yIOTCH NPOAYKTH, PE3KO CHHXKAOIIME ee
3JIeKTPUUECKYIO NPOYHOCTh.: Hanmpumep, npu pasjoxeHud HeQTAHBIX
Maces 00pasyloTcs ropioyde rasul M caxa. Eciiu KOpOHHBIH paspsaL me-
PEXOJIUT B AYTOBOH. ‘TO NPOLECCHl PasJIOXKEHHUS PE3KO YCKOPSIOTCA.

[1pu nosbimenun yacrotst go 10° I'n E ,, TpaHcdopMaTopHOro mac-
Ja — ¢J1abonoSPHOro KHUAKOFO - AH3JEeKTPUKA — yMEHbLIAeTCs, YTo
BbI3BAHO €00 Pa30CPEBOM 3a CUET AHIJNEKTPHUECKHX NOTEPh.

Mpo6oii TBepabIX AMaNEKTPHKOB, PasBurHe ToH WAH HHOK (OPMBI
1po6os 3aBUCHT .OT NPUPOIL TBEPROTO AHANEKTPHKA U YCAOBHH onpele-
JIEHUS 3JIEKTPUUECKON NpoYHOCTH, [Ipy HCNBITAHUAX HA -UMIyJbcaX ¢
anvresbHoctbio 108 — 10-% ¢, B yc1oBHAX, - KOTAa. OTCYTCTBYIOT pas-
pPSbl Y KpaeB 3JIEKTPOAOB, HMeET MeCTO ' 3JeKTPHYECKHH npoboi
obpasua. Eciy npoBoJHMOCTE TaKOTo JAHSJEKTPHKA BeJIHKa U Pe3Ko 33-
BHCHUT OT TEMHEPATYypHl, TO NPH BhIIEpXKKe ITOr0 XKe 00pas3ua- Hoj . Ha-
npsikenyem B Teuenue 10-2— 10-2 ¢ B HeM pa3BUBAETCs TENJIOBOR TIPO-
6ofi. Tlpn Bo3pefictBuE Ha obpasel B TeueHHE JJIMTEIBLHOTO BpPEMEHH

s
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MEHBIUMMH HATIPSAKEHUSAMH, OJHAKO TaKMMH, NPH KOTOPHIX B JHA/IEKT-
pPHKE TIPOHCXOAAT YACTHYHBIE DPA3PAJ]bl . B Ia30BHIX BKJIOUEHHSAX HIH
Ipyrye npoueccsl, oéycnosmmaxoume 3JIeKTPHYECKOE ' CTapeHHe, Ha-
GmojaeTcst 31EKTPOXUMHYECKHH NPoGOi.

J17ist 3/1€KTPHYECKOro NPOGOs TBepHLIX AH3JEKTPUKOB XapaKTepHbI- -
MH IBJASIOTCA CJIEAYIOLEe IPH3HAKH. B CHIIBHBIX 3/1eKTPHYECKHX NOJASX
B 3aBHCHMOCTH TOKa, NPOTEKAIONIero Yepes AW3JeKTPUK, OT HallpsiKeH-
HOCTH 3JIEKTPHUECKOTO TIO/IS OTCYTCTBYET YUACTOK HACKIIIEHUS, XapaK-
TEPHHIH [J5 Ta30B W YHCTHIX Xuiakocred (cM. puc. 5.4). [lpu yseauye-
HUH HATIPSKEHHOCTH TOK fNiepe] npofoeM pacTeT IKCIOHeHINanbHo. [las
CamMbiX DA3NUYHBIX 10 CBOHCTBAM AM3/IeKTPUKOB E, H3MeHseTcs B J0-
BOJIbHO y3KuX npejenax: 107 — 108 B/m. Benuunna E ;, He 3aBHCHT OT

£ mp | . £np

| ' ‘ i
' ‘
1078107342 Bpema,t 10°7-107 . Tomuura, m
o&z,emmx afpasyof : 6)
1076-1072 Gna
monkux odpasuel

a)

Puc. 5.37. 3aBucumocts Eqp NPH JIEKTPHUECKOM Npoboe TBEp-
ABIX I[HSJIeKTpHKOB OT BpeMeHH BBIUIEDKKH MO0j HAaNpAKeHHeM
(a) u TronmuuHL 06pasua (6)

CBOWCTB 'Cpeflsl, OKpYykawiuell obpaszel. DMeKTpuyeckasi OPOYHOCTh MO-
HOKPUCTAJIJIMUECKHX ~QM3JEKTPUKOB pasnnyaercs MpH nNpoboe BLOJb
PA3/IHYHBIX Oceli MOHOKpHCTaAna. Benuyuua E ; He 3aBHCHT OT BpeMe-
HY BBIJIEPKKH 06pa3ua Noj HANMPSKEHHEM H ero ToJuuHs: (puc. 5.37).
[poboit o6beMBbIX 06pa3lioB NPOUCKXOAUT B pe3yJibTate (hOPMHPOBAHHS
ORHOH MaBHHBI 3JIEKTPOHOB M 3aBepuaercst B Tedenue 10-5—10-7c.
[TosTomy npu MeHBLHIMX BPEeMEHAX BHIAECPXKKH NpoOOH He ycrneBaeT 3a-
sepmuthes U E p pacrer. [Ipo6oit ToHkuX (Tomuunoi 10-8 —10-% M)
AMIEKTPHUECKHX IIJIEHOK OOYC/IOBJEH (hOPMUPOBAHHEM MHOTHX '3J€K-
TPOHHBIX JAaBHH H [03TOMY TpebyeTr Gosiee NNHTENBHOTO BPEMEHH — '
10-¢ —10-%c. B rtakux ofpasuax - E, yaenuqnsaeTc;{ yXxe npu
BBIIEPIKKAX T10J Hanpsukennem, Medbmyx 10~%-—-10-% ¢. as Toro
4yToOBl B TAKHX- IWIEHKAX ofpasyioiHecs npu npofoe 37MeKTPOHHbIE 1aBH-
ubi NPUOGPENH JOCTATOUHYIO A 11POOOS MOUIHOCTh, HEOGXOLHMO yBe-
JIMUHTD HATNPSDKEHHOCTh 3JeKTpuyeckoro noss. Ilostomy E,, mpu
TOMHIHHAX 06pasna, MeHbux 10-7 — 10-% M, yBenuyuBaercs U MOXer
pocturarh suavensit 10'° B/m. Tlpu snexrpnueckom npoGoe Ey, He
3aBHCHT OT TeMIIEPATypHl, WTO COOTBeTCTBYeT ydacTKy A Ha puc. 5.38
(kpuBasi I). OnHako B Au3/1€KTPHKAX, KOTOPHIE UMEIOT AeheKThl, 06pa-

179



3YIOlLHe JIOBYLIKH JJisi 3JIEKTPOHOB, BO3MOXKHA TepMHUecKas HOHH3a-
UMsl JOBYLIEK, a CJEJ0BATENBHO, YBENUUEHHE KOHUEHTPALMH 3JMEKTPOo-
HOB # ymenblienue E ,, (yuacTok B). dneKTpuuecKkasi NPOYHOCTb HOH-
HBIX KPHCTAJJIOB IPU HMILY/IBCHBIX HATIPSKEHHSIX C POCTOM TeMieparty-
DBl MOXKET U HECKOJIbKO yBeIHuMBaThes (puc. 5.38, kpusas 2). 310 Bbl-
3BaHO TOPMOMKEHHEM 3J1EKTPOHOB B 30HE TPOBOJAMMOCTH NPH HX B3AHUMO-
AeHCTBHH C HOHAMM y3JI0B KpHCTaMInueckolt pemwetkd. [Ipu aaekrpuue-,
CKOM ‘TipoGoe B O}lHOpOlIHOM nojte E ;, Gosibile, yeM B HEOAHOPOZHOM.
Besnnuvna E,, HEONLHOPOJHBIX MO
F CBOUCTBAM JIHI/IEKTPHKOB 3aBHCHT OT
r noasy  3jiektporoB. UYUem Goablue
A MJOUIAAb 3JEKTPOAOB, TeM GoJibllee
YHCA0 JeeKTOB B JM3JEKTPUKE MNOoma-
AaeT B 00beM MEXAY 3JIEKTPOJaMH.
Takoe ymenbmienne E;, xapakrtepHo
st O6yMar, KapTOHOB. H JJAKOTKaHeH,
KOTODBIE MOTYT COAEPXKAThb DPa3/nyHbIE
BKJIIOYUEHHA C HE3HAYUTETbHBIM 3JeKT-
Temnepamypa ~ PHYECKHM COINPOTHBJICHHEM, I HOPU-
v " CTBIX 'KEpPaMHK, [Jie BO3MOXKHA HOHH3a-
Puc. 5.38. 3asucumocts Enp  y1yg rasa B nopax.

;‘g:m;f(em%:ffe‘:g;’mgg(’(jgg Has snexrporensioBoro npoGos xa-

TeMnepaTyphl " pakTepHo chenywomee. [IpoGoii, Kkak

: ‘ . IPaBUJIO, TIPOHCXOAMT B TOM Mec-

Te ofpasua, rie YCJAOBHA TeNJOOT-

Boja Hauxyawue. Bennuuna Uy, 3aBHCHT OT YCJIOBHH TeN/IOOTBOAE,

T. €. OT CBOHCTB TOH Cpefil, B KOTOPYIO NPH HCHBITAHHAX MOMENIaeTcs

obpasell. 3a Bpems GoJsiee JIUTENLHOM BBIAEPKKH NOJ HANpPAKEHHEM

IAHM3JEKTPHK HarpeBaercsl 3a CyeT JAU3/IEKTPHUYECKHX noTeph GoJblie,

noatomy E p, cHuxaercst (puc. 5.39, a). [Ipu nipoGoe To/cTbiX 06pasuos

TEIJIOOTBO/ OT HX BHYTPEHHHX obJlacTell 3aTPyAHEH, O3TOMY OHH Tiepe-

rpetsl GoJbie. CilleoBaTebHO, NPH YBETHUSHHH TOJUIHHEI oGpasiia
E ;p ymenbiaercs (puc. 5.39, 6).

[1pu TerioBom npo6oe E ;,, yMeHbILIAETCSA C POCTOM TEMIIEPAaTypPhl OK- -
pyaiotiieft cpefint (puc. 5.39, 6). YMeHbllleHHe BbI3LIBAETCS POCTOM Tell-
N0THI, BbIEIAIOMIEHCA B o6pasle 3a CYeT AU3JNEKTPHUECKHUX TNOTephb, H
yMeHbLIEHHEM TeNJIOThl, OTBOAHMON OT ofpa3ua B OKPYHKawollyio cpe-
1y. Ha noctostHHOM Halp 2KeHUH AU3J1eKTPHUECKHE TOTEPH BBI3BIBAIOTCA
3JIEKTPOIPOBOJHOCTRIO . H - ONPENeNAIOTCH 3NE€KTPHYECKUM CONMPOTUBJIE-
Huem obpa3pa. s TJIGCKOro KOHAEHCATOpa HX & PACCUMTBLIBAIOT 110
popmyre P= U*R = U%(p,h). Ha nepemennoM HaupsikeHuu ¢ yue-
toM (5.19) notepu MOKHO paccuuTaTh 10 dopmyte P = 5,56- 1011
X U2e,f tg 8S/h. Buixensiomasncs B AU3JIEKTPUKE TEMJIOTA OTBOAUTCSH
yepes 3J1eKTPOJb M pacceusaercs ¢ HX NOBEPXHOCTH, CyMMapHasi IJo-
uiafp Koropo#l paBHa 2S. TennooTBoAOM € TODLEBLHIX NOBEPXHOCTEH
o0bluHO npeHebperatoT. OTBOAMMAS MOUIHOCTb PAaCCUHMTHIBAETCA MO (op-
myne P = 0728 (T — T,), ' rie Or — cymmapHbifi KoadduuHeHTt
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TEINI0OTBOA OT AM3JEKTPHKA B OKpyxaiomyio cpeny, Br/(m: K); T—
. temneparypa Audnekrpuka. Eciau P > Py, TO NOJI JEHCTBHEM NpU-
JIOKEHHOIO HANpPSIKEHHUS TEMIepaTypa AHIJAEKTPUKA yBEeSHYUBAeTCH,
4TO C TEYeHHEM BPEMEHH MPHBOAUT K €ro TenI0BOMY paspyllueHHio —
NPOIJIABACHHUIO, NPOKOrY, APyruM nojio6HbM spaenusm. [IpobusHoe
HaMpPsIKEHHE PACCUHTHIBAIOT U3 YCIOBHSA, 4TO P = P ;. C pOCTOM TEM-
neparypsl T, yMeHbaoTest p, U Pory, pacrer tgd, a nosToMy Eup
yMeHblUaercs .
MexaHHu3Mbl 3EKTPOXUMHIECKOr0 po6os pasHyaloTcsi B opranu-
YECKHX H HEOPraHMYeCKHX AMI/JKTPHKAX.

OcHOBHOH NpUYUHOHA 3JEKTPHYECKOrO CTaPeHHS N[OJHMEPOB SBJS-
10TCS1 YACTHUHBIE Pa3PsiAbl, OCOGEHHO HHTEHCHBHBIE Ha NMepeMeHHOM Ha-

Unp
£ I/ E n £ n
P P Up_— p

Eny

Bpems - . Tomyuna Tepnepamype
a) 9 4

Puc. 5.39. 3asucumocts Enp 0pH 3/eKTpoTémioBoM npoboe TBEPAbIX AH3-
JEKTPHKOB OT BPEMEHH NDHIOKEHHS HaNpsXKeHHs (a), TOJNHHB obpasua
(6) H Temaepatypsl ()
npsikednu. [loa AedcTBHEeM YaCTUUHBIX Pa3pAJ0B B rasoBOM BKJIIOYEHHH
MPOTEKAIOT pas3/IMYHble NTPOLECCH, KOTOPbIE IPUBOLST K PA3P yLIEHHIO 14~
'3JeKTPHKa B o0beMe, NPUMBIKAIOLIEM K ra3oBOMY BKJAOUeHHI0. OxHUM
M3 TaKHX TNIPOLECCOB sABJsieTcs oOpa3oBaHue AEHAPHTOB — BeTBSILUXCH
TOHKHX (AHaMeTpoM 1 MKM) TpyGoueKk, 3alosHEHHBIX OOpasyionIuMcst
B pe3yJibTaTe Pas/oHKEeHHsA NoauMepa rasom. JEHAPHTHL B XOJe pocTa
BETBATCS H C TEYEHHEM BPEMEHH TPOHH3BLIBAIOT BCIO TOJLY AMIIEKTPH-
Ka, 3aMblKas 3JeKTPOAbl 3aNOJHEHHBIM I'a3oM KaHaloM, MO KOTOpoMy
IPOUCXOANT Npobo# u3o/asuNu. Takoh Mexanuim npobos Habaoaaercs
B GyMaxKHO-Mac/JaAaHON H301A1HH Kabesel, B H30/ALNH Ha OCHOBE 310K-
cuHbIX cmoa. Ecau usonsiyusi paGoraer B YCAOBHSX  NOBBILIEHHOH
BJIX(HOCTH, TO MOTYT Da3BHBATBCA M BOJHbIE JEHADHTHI. B cnoncroft
H3OJIAILIUK Ha OCHOBE MOJIUMEPHBIX [JIGHOK MOJ AEHCTBHEM UYACTHYHBIX
paspAA0B NPOUCXOANT pa3pyIIEHHe NOBEPXHOCTH IJIEHKH. B pesyJibra-
Te YMEHBIIEHHS TOJIUHHBI YMEHblaeTcsl ee NPOOHBHOE HaMpsKeHHe.

CrapeHHe HEOPraHHYECKHX JHU3JEKTPHKOB NpoTeKaeT foJiee HHTEH-
CHBHO Ha TNOCTOIHHOM HanpsKeHHH. B npouecce HOHHON 3JEKTpONpO-
BOJIHOCTH IPOHCXOAHT TNEPEHOC HOHOB, T. €. BELleCTBA, YTO NPUBOAHT K
HeoOpaTHMOMY H3MEHEHHIO XUMHYECKOr'o cOCTaBd MaTepuana B obbeme
obpasua wan usfienusi. [losromy E ;; AM3/IEKTPHKA MOXKET YMEHBIIHTh-
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csi | npousoiijer ero npotoft. Ha puc. 5.40 B kauectse nmpumepa npuise-
AeHbl 3aBucuMocTH E ;, dapdopa or KoJanuecTsa NpoHIesero yepes o6-
pasupl 3jeKTpHUYECTBA. BHAHO, UTO MPOLieCcC CTAPEHHUS NpoTeKaer jaxe
U nociie NPOTEKaHHs uepe3 ofpasel, GOJMbUIONO’ KOJIUYECTBA 3JMEKTpHUe-
cTBa. Ecu 3/1eKTPONPOBOAAHOCTE HEOPraHWYeCKOro AH3JIEKTPUKA IEKT-
pOHHas, TO B 3/JIEKTPHUECKOM T[0J1€ B HEM PA3BUBAIOTCH 3/JEKTPOXHMH-
YeCKHE MPOLECCh, KOTOPHIE IOATOTABIHBAIOT HHKEKUHMIO 3JE€KTPOHOB
WM JBIPOK C 3/AEKTPOJOB, UTO NPHBOAHT K HPOGOID.

CKopocTb Tpoliecca 371eKTPUYECKOro CTapeHHs Bo3pacTaet NpH yBe- -
JIMYEHHH HaNpPSKEHHOCTH 3JEKTPHUECKOro mnoJs. BpeMs T, pasBHTHSA

: .- 3/1eKTPOXHMHYECKHX MPOLECCOB JIeK-

Exp, M8 , TPHUECKOTO CTApeHusi MPH  [0CTO-
N AHHON TeMmeparype OpraHUYecKHX

20 \ H HEOPraHHYECKHX  JHIJIEKTPHKOB

® S MOXHO PacCYuTarh MO anlennpmec-

% 2 | xoit dopmyne Ty = AE-™, rzxevA-:

g 75 Grn TOCTORHHAs, 32BHCHIIAs OT yCIOBHH

CTapeHus; m — 1nokKasatedab, Ofl-

Puc. 5.40. 3asucumocTs Enp BhICO- pefiesisieMblil  SKCNEePUMEHTAIbHO M
KOBOJIbTHOTO apdopa oT KoJHye- - .

cTBAa 3jeKTpudecTsa, npoweguero ~USMEHSUOUMHCA B UIMPOKHX NpENE-

yepes o6pasusl TOMLHHOA 7 MM: jgax: 3—14. Bpems = XKH3HU - yMeHb-

/ — HanpapJeuMss (POGHBHOCO H ITOJAPH- maercas € pOCTOM TeMIeparypol no

3yIolUleTo" HANPAXKEHHH coByagaiot; 2— . s
He cosnanator (o X, C. Bajeeny) 3KCNOHERINATLHOMY 33K0HY T =

== Tg €XP (k—g) rge W ——sneprus

AKTHBALMH npouecca crapenus, JXK; k — nocrosanHas bBoJbi-
mada, Jx/K; T — rtemneparypa, K. :

- H3meneHHe 3eKTpHYECKO# NPOYHOCTH RPH 0GJAY4YeHHH. DNeKTpH-
yecKasi NPOYHOCTH NPH JIEKTpPUUeCKOH (GopMe Npofosi He HaMeHseTCs,
ec/lH B MaTepHaJie NOA JNEeMCTBHEM HOHU3HDYIOUWINX H3Jy4YeHHH HE NIpo-
H3omLIH HeoGpaTHMBlE (PH3HKO-XHMHUYECKHE TPOLECChl NeCTPYKUIUN Ma-
Tepuasna.

Honusnpyomye uanyuyesusi GoJabiLofl MOUWIHOCTH BLISHIBAIOT HarpeB
BELIECTBA H YMEHBINAIOT ero TemJIONPOBOAHOCTb, 4To CHMxaeT En,
IpH TenJoBoM npoboe AusiexTpuka. [Ipu obnyueHuu B A3/IEKTPUKE MO-
ryT HabJoAaThCsl Ta30BbleTeHHe H HOHM3ALNSA ra3a B nopax. DTH Npo-
“LlecChl YCKOPSIIOT PaspylieHHe U CHIDKAIOT 3JEKTPUYECKYIO. TPOYHOCTL
AMDJIEKTPHKA, KaK H HaCTHYHBIE PAIPANLI, Boanuxaiomne B AU3JIEKTPHU-
Ke B 2JEeKTPUUECKOM [I0JIe,

I1ybnna HeoGpaTHMBIX npeBpameHHH B CTPYKTYPe H COMYTCTBYIO-
ilee MM CHUMKCHHE S/IEKTPHYECKOH NPOYHOCTH SJNEKTPOU3ONAUHOHHBIX
MaTepHuasioB 3aBHCAT OT NONMOUIEHHOH N03bl UOHHW3HPYIOMHX H3Jyue-
HHH. DJieKTpHYecKast NPOYHOCTb AECTPYKTHPYIOUHUXCA PH O6IyUeHHN
No/JIMMEPOB YMEHbIllaeTCsi NPH Takol NOIVIOWEeHHOR J03e, KOrja pesko
YXYALIAIOTCA HX MeXaHuueckHe cBoiicrsa. B nmonumepax, KoTophie npu
obayuenHH cupaiores, E ;, yMenpaercs NpH TaAKOH NOTJIOUEHHON O~
3e, rje obpasel pa3pymiaeTcs B pesyJbTare HapacTaHus XPYNKOCTH.
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Hanpumep, E yp, - CTEKJIOCTIOAHHUTOB W, CTEK/JIOMHKAHUTOB, CTEKIOTEK-
CTOJINTOB M CTEKJOTKaHEeH, 3TMOKCHAHBIX U NOJHYPETaHOBbIX. HANIONHEH-
HbIX KOMIIayHJOB He H3MEHSIOTCS NpH 06JyYeHHH Ha BO3LyXe WIH B Ba-
KyyMe Jo norJjouenssix ao3 107 I'p. Tloaurerpadroparunen (propo-
n1acT-4) Ipy 06JyueHHH JeCTPYKTHPYETCs, o6pasisl U3 HEero pa3pyua-
1orcst TIpH Habope 103wl 108 I'p u Tepsior CBOIO 34€KTPHUYECKYIO NPOY-
HocTh. B cTpykType noamstHnentepedTasarta (naBcasa) npu obayuve-
HUH (POHCXOAAT CIIKBAHHA U 3/IEKTPHUECKAS NPOUHOCTH TAKOH ILICHKH
He u3meHseTcs A0 norjowenHo# gospl 108 Tp. Quuako oGpasusl 06-
JYYEHHON. IIEHKH HACTOJBKO xpymm uTO Pa3pYLIAIOTCS NPH HEIHAUY-
TeNLHBIX MeXaHHUeCKHX Bo3jieficTBusix. Hanbosee CTORKHMH K obayue-
HUIO SIBJIAIOTCA KepaMHYeCKHe 3JIeKTPOH3OIALHOHHbIE MATEPHA K.

ToBepxHocTubiii npoGoii. IlopepxHocThbifl npoGoll AW INepeKphl-
THE Hab/oJaeTcsi He TOJIbKO NPH. HCHBLITAHHH O6pPa3LoB IHAJIEKTPHKOB ¢ -
Gosbiliof 3/1EKTPHUECKOH NPOYHOCTHIO (cM. pHuc. 5.27). B anextpousosns-
UHOHHBIX KOHCTPYKLMSIX, TaKHX, KaK BceBO3MOXKHbIe hapdopoBble
MJ1aCTMACCOBBIE 3JIEKTPUUECKHE H30MATOpH, (apdhopoBbie MNOKPHILKH
3/1eKTPHUECKHX BBOJOB BLICOKOIO HaNpPsKEHMS U UX BHYTPEHHSH H30-
Jasauus, padoraolias B TpaHcGoOpMaTOPHOM Macje, npH HeBaaronpu-
STHBIX YCJIOBHAX BO3HHKAIOT NOBEPXHOCTHHIE npo6on W JlayKe MOXKer
06pa30BaThLCA TIOBEPXHOCTHAST KOPOHA.

YBraxHeHHe U 3arpsisHeHHe NPUBOAAT K MCKaXeHHiO paclpepesne-
HHUSA TIOTEHIIHAIa H TOKA YTeYKH Ha 1OBEPXHOCTH TBEPAOro AUI/IEKTPHKA.
BCJEACTBHE YEro JVleHKa BJard B OTASIbHBLIX MecTaX ucnapsercs. Tlpu
paspeiBe NPOBOAsALIEH T/EHKH B PA3HBIX MECTax Ha NOBEPXHOCTH BO3-
HUKAIOT MOLIHbIE HCKPbI; 1O], JefCTBHEM KOTOPHIX B MaTepnane MoryT 06-
Pa3’oBLIBATLCS! NPOBOASIIIHE KaHa/bl — TPeKH, '

[ToBpexjieHne TIOBEPXHOCTH TBEPAOro IHIJIEKTPHKa 'BC/IELCTBHE
NOBEPXHOCTHOTO Npo6O#, BLI3bIBAIOLIETO OOGpa3oBaHHe NPOBOASILLHIX
C/IeNIoB, Ha3bIBAETCST mpexuHeom dusrekmpura. CNOCOGHOCTE JHIJIEKT-
PHKa BBIACPKHMBATH BO3JEHCTBHE NOBEPXHOCTHRIX NPOGOEB Ge3 TpeKuH-
ra XapakTepU3yercs TPeKMHrocTORKOCThI0. TpeKHHroCTOHKOCTS . Olpe-
[ENAETCS 10 BPEMEHH Ly p, B TEUEHHE KOTOPOTO NPH CTAKAAPTHHIX opmax
3/MEKTPOJIOB M HATPsDKeHHM Ha HUX Uy, 'TOK, TIPOTEKAMOMMA MEX1Y
3/IeKTPOJAMH 110 NOBEPXHOCTH AU3/IEKTPHKA, JOCTHIAeT 3a]laHHOTO 3Ha-
‘uennst [pp. Bo Bpems ucnbiTanmi NOBEPXHOCTh AM3/IEKTPHKA, Pacoio-
KEHHAS MeXJly 3JeKTPOJaMH, CMAYHBACTCH JIEKTPOJUTOM MyTeM naje-
HUS, Ha Hee ONpefesieHHOro 4HC/Ia Kanelb WM. HAHECEHWS HAa MOBepX-
HOCTb TOHKOTO, MEJJIEHHOTG CTEKAIOLIEro CI0s 3JeKTPOTIHTa. BO3MOMXKHE
3arpsi3HEHNEe HOBEPXHOCTH cumewqecxou UBUIBIO W TIOCAeAyIoee ee
yBHaXKHEHHE, - .

TToBepXHOCTHbIN HCKPOBOH Pa3psii CYIIECTBEHHO He HOBPEXIAeT 1o-

BEPXHOCTh HEOpraHHUeCKHX AU3NeKTpHKOB. ONAHAKO NpH MOUHOM AYTO-
BOM paspsilie NPOHCXOAUT ONNABJEHHE NMPHIOBEPXHOCTHHIX CJI0EB Jame
thapdopoBLIX HU30AATOPOB, a TNOBEPXHOCTb OpPraHM4eCKHX JUIJIEKTPH-
KOB 00yI/MBaeTcst H Ha HeH ofpasyercs CN/IOMHOA NPOBOASLINA Ce,
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CnocoGHOCTh JM3JEKTPUKA BLIEpIKHBATH - BO3EHCTBHE Ha €ro no-
BEPXHOCTb 3JEKTPHUECKON NyrH 6e3 HeonyCTHMOro YXYAllIeHHs! CBOHCTB
Ha3BIBAKOT Jyeocmolixocmpro. JLyrocTOHKOCTh AH3JEKTPUKA HA l€peMen-
HOM HanpsikeHuu uactotsl 50 'l onpenensierca Tokom Ryru [, u Bpe-
meHeM ¢;. [1pu onpenenenuu ¢, 6/H3 NOBEPXHOCTH TIOCKOTO oépasua Ji-
s.neKTana pasMelaoT ABa 3/1eKTPOAa, K KOTOPLIM NPUJIOKEHO Hanpsi-
xkenue 1000 B, n ropur gyra, Tox Kotopo#i pased /. Bosuukaltonas ayra
BO3/ICHICTBYET HA NMOBEPXHOCTh AM3INEKTPHKA, B pe3ynabTaTe 4ero uepes
BpeMs {; Ha TIOBEPXHOCTH OOPa3yeTcsi TOKOIPOBOAAILAS MepeMbIYKa.

’ Hpu paspaboTKe MHOTHX 3/IERTPOHION ALUHOHHBIX u3jeau#t ux no-
" BEPXHOCTH KOHCTPYHpPYyeTcs TaKoil, YTo6bt IPeAOTBPATHTH NIPU 3aTpsi3He-
HUH W yBJaXXHeHUH oOpasoBaHHe NOBEPXHOCTHbIX HCKPOBHIX PaspaioB -
u KOPOHBI. Hanpumep, DoBepXHOCTb H30JSITOPOB BLINOJNHAETCS pebpH-
cTOM, 4TO YAJHHAET NyTb [OBEDPXHOCTHOTO paspsja, a C/AefoBaTel]bHO.
flOBBILIAET ero HanpsxeHue. Pe6pa usonaropa o6pas3yioT Takxe M yua-
CTKH Ha €T0o TIOBEPXHOCTH, - 3alllUIIEHHbIE OT CMAaUMBAHWS -BO BpeMs
JOXKAS,

Hanpsxenne noBepXHOCTHOTO NEPEKPHITHS lmanempm(a B rase Mo-
KT ObLITh YBeIHYEHO, €CNH NOBBICHTDL AABJIEHHE,

§ 5.6. MexaHudeckne, TepMHYECcKHe
H QPU3HKO-XMMHUYECKHE CBOHCTBA AHINEKTPHKOB

Mexanudeckne cpolicTea finsaekrpukos. OHU XapakTepH3yioT Ciio-
COBGHOCTH AM3JEKTPHUKA BLIIEPXKUBATH BHEILHWE CTATHYeCKHEe H AHHAMH-
YyecKHe Harpy3kH 6e3 HeJoNyCTHMBIX M3MEHEHHH NepBOHAYa/bHBLIX pas-
mepoB ¥ ¢opmbl. CTatiueckasl Harpy3ka Ha MaTepHaJ NpH dKcmayara-
UMH WIH MCIbiTAHUAX NJIaBHO BO3pactaeT ¢ 06yCJOBJIEHHON CKOPOCTHIO.
JIMHAMHYECKAs] BO3JEHCTBYeT MIHOBEHHO, PHIBKOM, yAapoM, OLICTPO HM3-
MEHsIsICh TI0 BeJIMYKHe H (M/M) Hanpas/IeHuUIO.

CriocofHOCTh AN3/IeKTPHKA BbIIEDKUBATL CTaTHYECKHe HAIPY3KH Xa-
‘PAKTEPHU3YETCS PA3PYIIAIOUMIAM HANPS2KEHUEM NPH PACTAMKEHHH, CKa-
THH WM HM3ruGe, Npee/oM TEKYYecTH, OTHOCHTEJbHBIM  YIJMHHEHHeM
NpH paspniBe, OTHOCHTENBHOH AeopMalHell IPH CXKATHH H APYTUMH Xa-
pakTtepuctikaMmy. [lepeunciaenHble napamMmerpsl onpenenmorca crasjap-
TH3HPOBAHHBIMH METONAMH.

JList vCnbiTaHuii HCIONB3YIOT OGPa3libl ONpPeAeeHHON GOPMBI H pas-
mepos. . Hanpumep, ompenesende Nnpo4YHOCTH Ha PaA3PHB
TOHKHX JIHCTOB GYMard W KapTOHa IIPOHM3BOAAT Ha o6pasuax B BUIE No-
JA0COK WHpHHO# 15 MM (Ans Gymarn) Han 50 MM (A5 XapToHa), AJHHOM
180 uau 100 M. Ilpy cTaTHYeCKUX HCNBITAHKAX AHU3OTPONHBIX JHCTO-
BBIX MaTepHaJoB 0Opasiibl BHIPE3AIOT B0/ U NONEPEK PYyJIoHa; 06pasiyi,
BhIpe3aHHbe BLOJbL PYJIOHA, MMEIOT GOJblee paspyluaiouiee Hanpsike-
yMe U MEHbILEee OTHOCUTENhHOE YIJHHEHNHE IPH PaCTsKeHHHU 110 CpaBHe-
HHUIO ¢ 06Pa3LOM, BbIPe3aHHbIM NoNepeKk pyJaoHa.
© Jas naacrMace BaXKHBIM ITapamMeTpoM SIBASETCE CONPOTHU B J €
Hue packaJJusatius JlasaeroonpeleneHts HCIOMb3YIOT 0F-
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pasubt pasmepamu 151510 mm. B Xone ucneranuii B topeu ofpas-
"l(a, Pa3MeLLeHHOTO Ha HHAKHEH ONOPHOH IUIHTE Pa3pLIBHON MAallMHK,
BaBJ/IHBaeTCA KJIHH, YKPEIVIEHHbIH Ha BepxHed muiure. CONPOTHBAEHHE
packanbBaHUs paccuuteiBaercs no dopmyne S, = F/b, rae F —
Havboabluasn Harpy3Ka B MOMEHT pacKa/biBaHusa obpasua, H; b — wmu-
puHa cpepHel yacTd o6pasna, M.

Mexanuueckue cBOHCTBa TMOKHX Martepuasos (6yMara, JaKOTKa-
HH, LJIEHKH) XaDAaKTEPH3YIOTCA TAKHM YCJOBHBIM NapameTpoM, Kak
CTOHWKOCTBIO K HaAphH BY. as ero onpefejnenus HCNoJb-
3YIOT MOJIOCKH MaTepuaJjia wxpuHo# ot 8 no 20 mM. [losocka nponycka-
eTCsl B 33aKpEIJIEHHYIO B BEPXHEM 3aMKUME PA3PHIBHOH MallHHBI CKOOY,
neperuGaercs Ha 180°, nocie ueéro o6a ee KOHIA 3aKPEIVIAIOT B HHKHEM
zaxume. Ckoba umeeT (Gopmy MOJNYKOIbLA. B 3aBHCUMOCTH OT. LIHPUHBL
IOMIOCKH pajuyc NOJAYKOAbUA MOXKET UMeTb pasmepnl oT 5 g0 13 mM.
Takum obpasoM, Npy RATAMHEHHH IOJOCKH HAWGO/bLIHE YCUMHS Nepesa-
oTed Ha ee Kpas. CTOHKOCTb K HajpbIBY YHCIEHHO pPaBHA HATPY3Ke B.
HHIOTOHAX, MPH KOTOPO NPOHCXOAUT HAAPHIB KPAeB [OJOCKH,

TBepRAOCTbHIO HA3LIBAOT CNOCOGHOCTL MaTepHajia CONPOTHB-
JIATBCS BHEAPEHHIO B HEro Apyroro, 6oJee TBepjoro matepuana. B 6o/b-
LIHHCTBE CJy4aeB IPH ONpele/ieHHH TBEPAOCTH 3JEKTPOH30MALIHOHHBIX
MaTepHanoB, HCMOJbL3YETCs CTATHUECKHH MEeToj BIAaBJUBAHHS HHJIEHTe-
pa B NOBepXHOCTh o6pa3sua NpH 3ajaHHoi Harpyske, OGLIUHO HHAEHTED
fnipeAcTaB/afeT coBoH. NONUPOBAHHBIA WIAPUK U3 3aKa/JeHHOH cTasii ¢ JH-
ametpoM 5 MMm. Teepgocts H (H/mMm?) onpepensiercst ray6nnoii BIABJH-
BAaHUSA HMHIeHTepa no ucredenuy 30 ¢ mocje HArpysKH M PacCUUTHIBAET-
cs no dopmyne H = F/(ndh), tae F — Harpyska, H; d — nuamerp ma-
pHKa, MM; b — ryiy6HHA BIAaBJIUBAHHA. '

CnocoGHOCTD JH3/1eKTPHKaE BbAEDIKHBATH AMHAMHUECKHE MEXaHHYeC-
KHe HArpysKH XapaKTepusyloT y AapHOH BSA3KOCThiO H
CTOHNKOCTDBIO K BUGPp AL UK YjieabHas ylapHasi BA3KOCTb——
OTHOLLIEHHe 3Hepruu ylapa TpH H3JMoMe ofpasia K IJIOUEAAU ero no- -
nepedHoro cedenus. OHa XapakTepH3yeT NpoYHOCTh MaTepuania npu Au-
HaMHueckoM H3rxbe. B TakoMm pexkume paGotaloT MHOTHe Y3Jbl 3/1€KTPO-
TeXHHYeCKOro o60pYAOBAHHSA, BHINOJHEHHbIE W3 IIACTMACC, CJIOHCTHIX
MJ1ACTHKOB H JAPYr4X MATEpPHAJOB. ¥ I2pHYIO BA3KOCTb H3MEPSIOT C TO-
MOILbIO MAaATHHKOBLIX KONPOB, CXeMa pafoThl KOTOPHX MNpHBEIEHa Ha
puc. 5.41. Tsxensift MasTHUK / TIOJHUMAIOT HA BBICOTY hy U HUKCHPYIOT.
O6pasen 2 ucrbTyeMoro MatepHaJga, KOTophlii uMeeT ¢opmy 6pycka 6es
paspesa u C pa3pe3oM NocepefnHe IJIA BAIKHX MATEPHATOB, pasMellaoT
Ha JBYX onopax konpa. [IpH ocBoGoxAennn HHKCaTOpa MaATHHK Taja-
€T, JiomaeT obpasell H NOAHUMAETCA 1O HHEDIHH Ha BBICOTY Ay, KOTOpas
3aBHCHT OT CBOHCTB HCMBLITYEMOTO MaTepHasa. Pa3HoCTb MOTEHLHA/b-
HbIX 3HEPTHH MasiTHUKA B NOJOXKEHUAX h, W h, onpepenser pabory
ynapa Ay, = G (hy — hg). rie G — Bec mastHuka. H. Ynenbhas
yaaptas Ba3koCTb W, ([lx/mM? unu H-Mm) paccuuTtsiBaercs no gopmy-
ne Wy, = Ay,/S, rae S — njomaab nonepeyHoro ceuenus oGpas-
ua, M2 '
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CrofikocTs Ma1epnanoa H H3CJIHI K Bnépaumm onpexesisercs or-
CYTCTBUEM MEXaHHYECKHX MOBPeXACHUH, HAPYIICHUEM TepPMETHUHOCTH
B C¢/lydae repMeTH3HPOBAHHLIX KOHCTPYKIHH, cOXpaHeHHeM B 3ajaH-
HBHIX FpeAeaaX 3JEeKTPHYECKHX NapaMeTpoB M30JsIHH NOoc/ie BO3NEHCT-
BYISi B TEUEHHE ONpPE/e/IeHHOTO BPeMeHM BHOpALMK ¢ 3ajlaHubIMU flapa-
MerpaMH (aMIVIHTYJOH YCKOPeHMS, AMana3oHOM yactoT W Ap.). Hdas
BUODAUMOHHBIX HCILITAHWA MaTePHaJOB H H3JeNHA HCHONB3YIOT-
¢sl clneruasnbHble BuépauHOHHMe CTEHJbL.

st MHOFMX  31€KTPOH3OJSLHOH-
HbIX. MATEPHAJOB BaXKHLIM MNapamer-
poM ABJASIETCA T HOKOCTBHB, KO-
Topas obecrieyuBaer COXpaHeHHe Bhi-
COKHX MeXaHHUECKHX U BJeKTPUUECKHX
napaMeTpoB H3OAALUHHM NPH CaMbIX pas-
HOOOPa3HBIX MeXaHWuecKux jedopma-
uusgx. Merojpl onpegeieHns rHGKOCTH
OCHOBaHbl Ha ONPEAE/NeHUH YHCAa nepe-
rHOOB TOHKOIO Martepuata, BBI3bIBAIO-
wux ero paspyuwenue. ['m6kocte onpe-
IeJSIT C IOMOILIO NpUGOPOB, Ha3bi-
BaeMbIX 3JactomerpamM. Has ucmbita-
HYH HCMO/B3YIOT 00pasell B BHJIe NoJoc-
ki 25 x 200 MM, KoTopas pacriosaraet-
€5l BEPTHKAJBHO U 3aKUMaeTcsd Mex-

i s v omee. AY aoywn napan ryGox. Bepxitsa

neneHus  yxapuodi  ssiskoct  APa ry6OK —MOXeT —TNOBOPauHBATHLCS

MaTepHaloB . BOKpPYTr TOpPH30HTAJAbHOHM OCH Ha 3a-

' paHee yCTaHOBJICHHEIH ' yrod. K mux-

Hell mape  ry6oK  TOJABeWIMBAeTCA

4AIKa ¢ TPY3aMA. THOKOCTD OnpefieVIsieTcs  YHCIoM JIBOMHBIX Neper-

60B, KOTOpbHIE A0BOAST OGpasen A0 paspbiBa. [lpn onpesiesieHHi rhGKo-

CTH JIaKOBLIX IJIEHOK TOHKYIO MEAHYIO (osIbry ¢ HaHeCeHHOH J1aKOBOH

NIeHKOH ¥3THOAIOT BOKPYT CTep}KHeH pasuslXx aHamerpos. [Tokasatesnem

PHOKOCTH CIYMHUT HAUMEHbIUHH JHAMETP CTEPXKHS, NpH nsmée BOKpPYT
KOTOPOTo TJIeHKa ellie He PACTPECKHBAETCH. -

Tepmuuyeckue CBOACTRA nua.nempm(on. [ToBepenne pnsnexTpuka
NpH- HAarpeBaHHN XaPAKTEPH3YeTCs PsiIOM CBOHCTB, KOTOPHIE B COBOKYII-
HOCTH OTIPEJEJIAIOT €ro JONyCTHMYIO paGouyio Temueparypy. K paxueii-
UM TEPMHYECKHM CBOHCTBAM MaTepHaJ/ia OTHOCATCS TEMJIONPOBOAHOCTD,
TeNI0EMKOCTb, IV1AB/IEHHE H PA3MATUeHHE MaTepHata, Tell0Boe pacLin-
penue, Harpeaocmﬁkocm CTOMKOCTb K TEPMOYAApaM.

TennonpoBoAHOCTH ONPEASTALT NPOLECC OTBOAA TENJIOTH
oT HarpeTbiX NPOBOJHUKOB H MArHHTONPOBOLOB Uepes ClIOi 3/eKTPHYe-
CKOJl M3OJSILIHH, a TaKXKe M OTBOA TENJIOThl M3 TOMIIH 3JEKTPHUECKOH
H30/JALMY, HarpeToll 3a CYeT NHAIEKTPHUECKHX noTepb. KosHuecTseH-
HO TENJIONPOBOAHOCTh XapaKTepU3yeTcs Koa(pqmuueHTOM TEeNIONPOBOJ-
noctd A [Br/(¥- K) uan B1/(m-'C), KOTOpHIiA PaBEH KOINUECTBY TENIOTHI,
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npowejineli 3a ¢JHHHLY BpEMEHH Yepe3 cAMHHUY IVIOWAZH NPH rpaju-
ente Temnepatypsl 1 K/m. Kak npaBuso, AH3/€KTPHKH SIBASIOTCS IJIO-
XHMH TPOBOJHMKAMHU TemwloTsl M ux Mast. Kosdduuuenr tennonposon-
HOCTH HMEET 3HaueHHe s ra3oB {2--5)-10-2%, a ans TBepALIX JAMINEKT-
pukos 0,02—3,0 Br/(m- K). -

Tennoemxocts C[JIx/ (KI‘ K)] BemectBa onpenesnser to
KosinuecTBo Temnorth Q (Jlk), Kotopoe Heo6XOAHMO IJisi Harpepa rena
macco#t m (xr), ot Temneparypsl T, o T (K) v BxoauT B ypaBHeHne Q=
=Cm (T — T,). Bpema HarpeBa HJH OXJAaXIEHHUS 3JEKTPOU3OJALH-
OHHBIX KOHCTDYKUMH 3aBHCHT OT TEIUIOEMKOCTH WCHOJIb3YEMBIX B HHX
MaTepHa/IoB, TEMJIOEMKOCTh OIPENENSeT KOJHUECTBO TEMJIOTH, He06Xo-
IUMOH JVIsi MX RAarpeBa B XOJe TeXHOJOTHH H3rOTOBJIEHHS N UeJbId pax
APYTUX TIPOLECCOB. ¥ JeNbHAA TENJIOEMKOCTh HEKOTOPBIX JAUSJIEKTPH-
KOB IIPH HOPMaJbHBIX TEMIEPATypaX HMEET 3HAUEHHS: UIEJNIOYHBIE aJio-
MOCHJIHKaTHbie crekjia — 300 — 1000 [x/(xr- K), snekTpotexuuye-
cknit ¢pappop u creatut — 800—900, opraHuyecKHe HOTHMEDHI —
1200—2200, umedraHple 3jexTpou3onsiyonsnie Macia — 1800—-2500,
BoZa — 4200 JLx/(xr- K).

Teepable KPUCTANNHYECKHE AKIJIEKTPHKH NPU HArpeBe MJIABATCA U
J1S1 HHX XapaKTepHHIM [apaMeTpoM SBJseTCA TeMnepaTypa
nanasaedusn Ty, (K). AMopduble MaTepuasbl NepeXOLsT U3 TBEP-
JOT0 COCTOSIHHA B XKHJKOe B HHTepBaste Temneparyp. Takoll nepexon
XapakTepusyloT TeMhnepaTypoH pasMaruesnusa 7Tpam
TemmnepaTypy pasmsirueHus TakuX AMIJIEKTPHKOB, Kak OGUTYM, BOCK, U
HEKOTOPLIX BHJAOB KOMNAYHJOB ONPELEJSIIOT METOAOM «KOJbIA M IIapar.
ILisi 3TOro HCHBITYeMbIH JH3JEKTPUK 3aMHBAeTCsl B MUIHHIAPHYECKOE
Koo Jo camore Bepxa (puc. 5.42, a). Tlocne 3arsepuesanust Au-
3JIEKTPHKA KOJIBLO TOMEIIAIOT HA CTOMKY H B IIEHTPEe NOBEPXHOCTH KJa-
AyT craapHol mwap. CToAKy NnoMelaoT B cocy) ¢ xuaKocToio, [lpu Ha-
rPEBaHNH NPOUCXOJHT DPa3MATUEHUE HAUSAEKTPUKA U NOJ HArPY3KOH,

CO31aBaeMOH IIAPUKOM, OH BbIJABJIUBAETC U3 Ko/IbUad. 3a T jagy NPH-
HHMAIOT TeMIIepaTypy, NP KOTOPOH BEIIABJICHHAS MaCCa KOCHETCH mia-
CTHHEI, DAacHoNOKeHHOH Ha ray6une h.

TemnepaTypa pasaMmsirdeHHst IJacTMacc onpegeasiercss no Buka
(puc. 5.42, 6). OGpa3zen HarpeBawT B TEPMOCTATE U OJIHOBPEMEHHO HOJ-
BePraioT BO3JEACTBHIO CKHUMAIOIIETO YCHJIMA. YCHIME CO3jaercs Ha-
rpy3ko#i 10 unn 50 H u nepenaercst Ha ofpaser uepes crepkeHb H HH-
JeHTep B BUJe TpyOouku ¢ auamerpom 1,13 MM 1 aauuol 3 MM, 3a T paaw
JKeCTKHX IJaCTMace NPHHHMAIOT TeMIEparypy, IpH KOTOPoH HHIeHTep
BHeApHTCA B ofpasen Ha ray6uny 1 MMm. Temmeparypa pasmsirueHus
nnacTMace M JPYTHX MaTepHaJIOB ONpeAesieTcsl TaKXKe NPU OIHOBpe-
MEHHOM BO3JEHCTBHM TEMIIEpATypbl H H3rubamouieil HarpysKu Ha o6pa-
sen. Tak onpenensior T paew N0 Maprency (puc. 5.42, ¢). O6pasen pac-
[0J1araloT BEPTHKAJbBHO, -3aKPENiAsl KOHCONBHO B HIXKHEM '3aXuMe.
BepxHuii 3aXHM XKeCTKO CKpellJleH ¢ peHKof-pbiyaroM, Ha KOTopo#
nepemeniaercad rpys. Taxkum 006pasoM MOXKHO H3MEHATh HM3rHGaIolULyI0
Harpy3ky. eopmanuwo o6pasua npu Harpese KOHTPOJHPYIOT € TIOMO-
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wylo yxasarens aebopmauu, 3a T,y NPHHUMAIOT TEMNEPATYPY, rae
uKcHpyeMas ykasaTenem Aepopmaurs pasHa 6 mMm. Crannaptom npeny-
cMoTpero onpeaenenne Ty, N0 NPoruéy pacnoNoKeHHOTO FOpH3oH-
Ta/JbHO Ha ABYX ONOpax CTEPXKHA H3 AHIJIEKTPHKA NOJ JAeHCTBHEM Ha-
'TPY3KH, KOTOpaa NpHKJIAJLIBAETCA K cepeluHe cTepkHA. CrepikeHb
umeet pasmepnl 11010x4 Mm. 3a T a0 NPHHHMAIOT TEMIEPATYPY,
npu Kotopoi nporu6 cocrasur 0,33 Mm.

Hensimyensia
- mamepuan ff - : ; Ynasamens degaa,zzz-
llap ! Konsuo Ipys
ondKa g
Crepwensy,
[ ] :
i 7
Nnacmuna Cocyd Wndenmep %
a) " OBpasey
E Yxasamens degpopmayuy
e
/
i Tepmocmam

7.

b3 Pomaz

dfpasey —1 |

Sawum Puc. 542. Cxemnl onpejene-

: HHS  TEMOEpaTyphl -—— Pasmsr-

YQ YEHHA O METONY <KOJblIa H

re N e wapa» (4), no Buxa (6) 4 no
Tepmbemam Y Maprency (8) .

JM3/IeKTPHK, KaK ¥ JApyrHe marepua/bl, NPW HAarPeBaHHU PacuIh-
psietcss. TepMHUYe@CKOEe pacUIHpeHHe OUEHUBAOT TeMIle-
patypHbiM Kosddunnentom Aauuel TK/ (K-?) W TemnepaTypHBEIM KO-
axpumpentom obbemMa TK V (K-1). TemneparypHbill Kos(puunenT 06b-
ema paseH yTpoeHHoMmy Koadpuuuenty aaunbi: TKV = 3TK!. 3naue-
Hue TK ! Go/blIHHCTBA AN3JIEKTPHKOB H3MeHAeTca B npefenax (0,3~
+20)- 10-°K-!. Becpma man TK [ kBapueBoro crekna: 0,055 x 10-3K-1,
T03TOMY H3/e/JHSA U3 HEro He pa3pyLIaloTcs IPH Pe3KHX nepenajax Tem-

"mepatyp. B KOMNO3HLHOHHOM 3/1E€KTPOH3OJASILLHOHHOM MarTepHane, Co-
CTOSAIILEM M3 JM3JEKTPUKOB ¢ pasHbiMH TK [, npyu HarpeBaHuy HJH OX-
JlaXKeHHH BO3HHKAIOT BHYTPEHHHE MeXaHuyecKue HanpsxeHus. [lpu
MHOTOKPaTHOM NOBTOPEHHH LMKJA HAarpeB — OXJaXKAEHHE B TAKHX Ma-
Tepuanax obpasylorcs TPEIHHb, PacCJ0eHus U ApYyrue MeXaHHYecKHe
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NOBPEXACHHH, CONPOBOKAAEMblE PE3KUM CHHXKEHHEM HX 3JIEKTPHUECKHX
napaMmeTpoB.

Jns KUAKUX 4 aMOpPHBIX BA3KHX MaTepHaioB (CMoJ, KOMNAVHAOB)
Ba)KHLHIM I1apamMeTpoM ABJIAETCA B A 3 K 0 ¢ T b. BA3KOCTb CBOHCTBEHHA
TeKYUHM . TejaM, I HMEeT MeCTO CONPOTHBJEHHe NepeMeLleHHIO OJHOM
4acTH (OQHOro CJOsl) Tela OTHOCHTENbHO APYrof. DTO CONPOTHBIEHME
XapakTepusyercss AMHaM HuecKoH Baskocreio ([la-¢) U Kune-
MaTHUYeCKOH BA3KOCTHIO (M%/c), paBHOH OTHOLIEHHIO IHHAMUYECKOH Bsi3-
KOCTH K INIOTHOCTH MatepHana. Ha npakTuke noaesyiores y ¢ J o B-
H 0 i Ba3KocTbio (BY), KoTOpas cBsi3aHa ¢ JIMHAMUYECKOH H KMHEMATH-
4ecKo# SMITHPHYECKHMH COOTHOILEHHAMH. YCJIOBHAs BSI3KOCTb H3Meps-
€Tcs C NMOMOIIbI0 BUCKO3HMETPOB PasHbIX THNOB. C NOMOIIbI0 KaNUAsAP-
HbIX WIH YHHBEPCaJbHBIX BHCKO3HMETPOB BY nsmepsiercst no Bpemenu
HCTEYEHHs! 3aJaHHOTO OGbEMa KHAKOCTH uepes KanW/UIAD HJIH CONJO-
3alaHHOrO JHameTpa. B pOTAUHMOHHBIX BHCKO3HMETPAX HCABITyeMas .
XHAKOCTb 3arPy’KaeTcsi B NMPOCTPAHCTBO MEX]Y KOAKCHABHBIMH M-
JIUHAPAMH, QMH H3 KOTOPHIX HENOABHXHBIN, a Apyrof spamaerca. BY
onpenenseTcds No 3aTpaTe MOIIHOCTH Ha BpalleHHe UMJIHHApa. Bas-
KOCTb OIIPEAE/AET 3/IEKTPHYECKHE CBOHCTBA 3JIEKTPOH30NALLHOHHBIX Ma-
TEPHAJNOB H TaKHe TeXHOJOTHYecKHe NPOLEeCCH IPOH3BOACTBA 3J1€KTPH-
4yecKOH H30JAIHH, KaK NPONHTKA TBEPIBIX MATEPHAJIOB JlaKaMH, KOM-
nayHAamH, TIpeccoBaHMe MaTepuasoB M H3JeJMHH U3 HUX. BsAsKocTb Mu:
HepaJ/JbHOro MacJja onpeJie/isseT KOHBEKIUOHHbBIH TEIJIOOTBOJ OT Harpe-
THIX 4YacTell B OKPYXAlOWYI0 Cpely B MACASIHBIX TpaHchopMaTopax.
BBLIKJIOYATE/1AX W JIPYTHX yCTPOACTBAX.

B npouecce skenayataiyy MaTepuaibl M H3[eaHsA NOABEPraTes Bo3-
JIeACTBHIO Pa3/IMuUHBIX CTapAmMX ux dakropoB. B nepsylo ouepenp K
HHMM OTHOCATCA Harpes H aNeKTpuueckoe HanpskeHue. OLHOBpEMEHHO
MOTYT BO3JeHCTBOBAThk BJIaXHOCTh, XHMHYECKH aKTHBHbBIE BEIECTBA, pa-
IMalHA, MeXaHUYeCKHe Harpy3Ku, B TOM YHc/e BHOpDAUMOHHBIE, [JIY-
60koe oxaaxaeHue u ueanit pan Apyrux. CnocoGHOCTb 3JEKTPHUECKOH
H30N9UHN 6e3 NoBpeXAeHHA ¥ 0e3 HeAONYCTHMOIO YXY/ALEeHHs NPaKTH-
YeCKH BaXKHbIX JJIs Hee CBOHCTB BBIJEPXKHBAThH JeHCTBHE OJHOrO HJH
HECKOJILKHX (DAKTOPOB B TeYeHHe BPEMEHH, CPABHUMOIO CO CPOKOM 3KC-
TyaTalHt, onpejeNseT ee CTORKOCTb K BO3JEHCTBHIO TaKHX (HaKTOPOB.

HarpesocrtoiikocTs 5/IEKTPUUECKOI H30/IAIMH Onpeje-
ASIOT MO H3MEHEHHAM €€ 3/eKTPHYECKOM IPOUHOCTH, TAHTEHCY YIJI1a 1n-
3/JIEKTPHUECKHX HOTeph, NMOTEPE MacChl, MEXaHHYECKOH IPOYHOCTH, a
TaK#e APYTuX napaMeTpos NPH BblIEPIKKe NPH MOBBINEHHBIX MO CPaB-
HeHHlo ¢ padouel Temneparypax. Hanpumep, npu TemnepaType pasMsr-
YeHHA CHUJIBHO CHUXAETCS] MEXaHHYecKash MPOYHOCTh JAH3JCKTPUKA H Jie-
(opmMalys u3fenuil yBeIuYUBaeTcsa 10 ONAcCHBIX NpejesoB H OHH BHIXO-
LAT U3 CTPOS.

[loaTomy onenxoit Har‘peBOCTOHKOCTH MaTepHaJsa MOXeT CIYXKHUTb
T paam 0 Mapreucy. KpurepueMm BhIXOfa U3 CTPOA H3OASLUH MOXKeET
CAYXKHTb TaKXe YMEHBIIEeHHE ee 3NMEeKTPUUecKol NPOYHOCTH BABOE NO
CpPaBHEHHIO CO 3HaueRHeM A0 ucnuiTanui. Ilokasatesnem HarpeBocTOM-
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KOCTH MOXKeET ObiTb TAKMKE H BPeMsl BhLIXOJ@ M3 CTPOs BCeX 06pa3ioB NpH
KaXX10f TemnepaTypé MCTBITAHUHA.

Matepunasl, HCNO/B3YeMbie B H30JALAK SJEKTPHYECKHX MALIMH,
TpaHcPOpPMATOPOB U aANNapaToB, MO HArpPeBOCTOMKOCTH Pasie/isioT Ha
ceMb KnaccoB. Jlasi KaXOro K/iacca ycTaHaBIMBATCS ONpeJleseHHas
MaKCHMa/IpHAS TemNepaTtypa, NPH KOTOPOM MartepHan MOXeT IJIHUTENb-
1O paBortaTh 6e3 yxyJuieHust cBOACTB (Tabr. 5.4).

Tadbauua 54

Obosuaqge- Temneparypa, OCHOBHBIE FPYIIL 3JIEKTPOUIOASLHCHHBIX

HHe Kjaacca Xaparte¢pHayiouan MaTepHaJoB, COOTBETCTBYIOIHE ZAHHOMY KJaccy
knace, K (°C) )

Y 363 (90) Bosokuucrele Marepanab M3 IEIIOJO3BI,
XJIOTIKa, HAaTYPaJbHOrO IWEAKa H MOJHAMH/IOB;
NAaCTMACCH C 'OpraHuYecKAM HANOJHHTE/IeM,
He TponHTaHHHEeE CBA3YIOMHM COCTABOM; IO-
JUBHHHJIXJODHA;, BYJKAHH3HPOBAHHEIL HaTy-
PaJbHBIA Kay9YyK
a4 378 (105) BosoknucTee  MartepHanan,  IPONHTaHHBIC
MacCAAHBIMH, MACJSHO-CMOJAHLIME H APYTHMH
JIAKaMH; M30JAUHS - 9MAJHPOBAHHBIX  NPOBO-
OB Ha MOMHBUHHJALETANIEBHIX JaKaX; MOJH-
. AMHJAHbIE CMOJIN
E 393 (120) CHHTeTHUECKHE BOJIOKH2, NJIEHKH, CMOJbl,
CJOHCTHE MJACTHKH, [JAaCTMAacCH Ha TepMo-
PEAKTHBHEIX CBA3YIOWIMX; MH30JALUHA SMad-
POBAHHLIX IPOBOJOB Ha SIMOKCHIHBIX JiaKaX;
NOHKapOOHATHRIE NIJIEHKH
B 403 (130) Marepraasl Ha OCHOBe CalOZBl, acbecta U
CTEKJIOBONIOKHA B COUETAHUH ¢ OFPAHAYECKH-
MM CBA3YIOIIMMH M NPONHTHIBAIOUIMMH COCTa-
BaMH  COOTBETCTBYIOINEH HarpeBOCTOHKOCTH;
NONMHTPHATOPXJOPITUIICH
F 428 (155) Te ke MaTepHaJnl B COYETAHHH C CHHTETH-
| 4eCKHMH CBSI3YIOULUMH; H3IOJHUMS 3IMaJHpO-
BaHHBIX MNPOBOJOB Ha NOJHIGHPEMHIHBIX - U
nousGUPUHAHYPATHHX JaKkax

H 453 (180) Te ke MaTepHain ¢ KPeMHHUOPraHHYECKHM
CBA3YIOIINM; KpeMHHIOPraHUYeCKHe  3JacTo-
MepH

[nst marepranos, pabotaiowux npy GoAbILIKX TeMnepaTypax, Kjac-
Cbl HarpeBoCTOHKOCTH XapakTepusyiotcst Temrneparypamu 200, 220 n
250 °C, a npu eite. Gosiee BbicokHX — 275, 300 °C M TaK Jajiee yepes
Kaxzsie 25 °C. :

Hsonsimus uenoro psga 5/IEKTPOTEXHUYECKOr0 ¥ Pa/IiO3JeKTPOH-
HOTO oﬁopynoaamm JOJIKHA COXPaHATh CBOHM CBOMCTBA DPH OXJaxJe-
Huu Jo — (60-+-70) °C, a B psiie C/1yuaeB W HPH TeMIeparype XKHUAKOTO
asora (— 196 °C), Bomoposa (—252 °C) u. resus (—268,7 °C). Ilpn
HH3KHX TeMnepaTypax 3J/1eKTpHUeCKHe CBOHCTBA AMINEKTPHKOB, Kak
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npasuJo, yaydwmawores. Ho mexanuyeckue cBoicTsa snacmuubxx 1. FHO-
KHX B HOPMa/bHBIX YC/IOBUSIX MaTeDHA/IOB NPH HHU3KHX TeMnepaTypax
M3MEHSIOTCA, OHH CTAHOBSATCH MKECTKHMH, XPYNKHMH U JIEFKO paspylua-
10TCA, OCOOEHHO MPH Buépauuﬂx XoN0A0CTOHRKOCTDb 3JEKT-
PHHECKOll M30JISIUHH ONpele/NseTCs MyTeM CPaBHEHHS MeXaHHYECKHX
XapaKTepUCTHK MPU OTPHLATENbHOH H. HOPMaJbHOH 'TemIleparypax.
Hanpumep, uamepsior fedopmalivu NpU pacTANEHHH 1IDH HU3KOH U NpU
HOPMaJIBHOH Temreparypax, BO3HHKAIOIKe O AeHCTBHEM OAMHAKOBOrO
_YCUJHS, W PacCUUTHIBAIOT KO3MMULUEHT XOJNOJOCTOHKOCTH: Ky gqp=
= l,/l,. XosogocTOMKOCTh onpejensiercs nperetbHO HH3KOH Temnepa-
- Typo#t Ty oy, NPH KOTOPOH Ky, OCTaeTCS eiie NOCTOAHHBIM..
CrofikocTh K TEpMOYJapaM onpejeisercd LIs Xpyn-
KHUX MaTepHaJ/IoB H M3jenuil u3 HuX. Hanpumep, HaoasaTopsl U3 3/1eKTpo-
TeXHHueckoro ¢apdopa A0KHH BbIAEPKHBATb TPEXKpaTHOe HarpeBa-
HHe 6€3 3aMETHOrO YXYAIIEHUs OCHOBHBIX cBOHCTB. [lpu onpegenenuu .
CTOMKOCTH K TePMOYAAPaM HarpeTkle H30JSTOPb NOrPYHKAIOT B NEAAHY IO
BOAY, I'ie BEep#HBAIOTCS onpeeseHHoe Bpemsi. [lociie BbIAGPIKKH KOH-
AHLIHOHHPYIOTCSH Ha BO3JyXe Npy KOMHATHOH Temneparype. [anee uukd
HarpeB — oxJaxjeHue nosropsioT. [locse Tpex UUKAOB TepMOYNapos
H3ONATOPHI Konzmunonnpyxorc;x W NOABEPraloTcs JeKTPHUUECKHM HCTlbi-
TAHUAM. « 4
PU3HKO-XHMHYECKHE CBOMCTBA AMIJIEKTPHKOB. DJNEKTPOH30/AL{HOH-
Hble MaTepuasbl HMEIOT CaMylo Pa3juYHYI0 CTOMKOCTh K pa3pylUeHHIO
(KOppO3HH) NpH KOHTAKTHPOBAHHHU C BOJOH, KHCJIOTaMH, ILETOYaMH, CO-
JIeBBIMM  PAacTBOPAMH, Macjamy, Tonnusamu, rasamu. [1pw onpepene-
HHH X UM OCTOH K OCTH o0pa3lsl J/IHTETLHOE BPEMA BbLIEPKHUBA-
I0TCSl B yCAOBUAX, Hanbo/ee GAM3KHX K IKCIVTyaTaUHOHHBIM, MOC/TE ye-
ro OTIPEENSIIOT H3MEHEHUE HX BHELIHErO BHAA, MACChi, SJEKTPUYECKHX H
ApYTHX. napamerpos. Hanpumep, B HeTAHBIX Macnax mp 3Kcnyara-
UHH NPOHCXOAHT KOPPO3Hs MOrPYIKEHHBIX B MacNo H3OJSILMMU H METaf-
JIOB, B npolecce KoTopoil o6pa3yloTcst KHCIOTH H Macao crapeer. Kuc-
JIOTHI COZIep?KaT H NJI0XO OUHIIeHHoe Mac/o. KoJIH4ecTBo KHCAOTE B Mac-
JIe XapaKTepHayeTcsl KHUCITOTHBIM WHCJIOM, PABHBIM KOJIHYECTBY FPaMMOR
€IKOro KaJHs, He06X0JUMOTro sl HEHTpanu3au1u. BceX ¢CBoGOLHEIX KHC-
JIOT, COAePKAIUXCA B | KI UCMBITYEMOro MaTepHasa.
BararoctofikocTb [IH3NEKTPHKA ONPENETALTCA €ro’ CHo-
COBHOCTLIO COPGHPOBATb BJAry H3 OKpYKatouweH cpeisl (BJaXXHOro
Bo3lyxa). B npouecce BhlIepKKH BO BJIaXHO# atMocdepe KOHTPOJIHPYIOT
H3MEHEHHE TaKHX NapaMeTpoB AHIIEKTPHUKA, KaK YAeIbHOe O00BEMHOE
COINPOTHBJIEHNE, 3JEKTPHUYeCKas MPOYHOCTh, CONPOTHB/IECHHE H3OIALHM
#u Apyrue. [lapaanenbro onpepensioT BJaaronorionieHde obpasia:
= 100 (m, — m)/m, rie m — HauanpbHaa Macca oGpasua, m;, —
Macca ofpasila noc/ie €ero BLIAEPXKH B TEUEHHEe BpEMeHH BO ‘BJIAXKHOM
armocdepe. A ‘ -
BolocTo#fKkocTh H BOJNOMNOTJOULEHHE onp'ene-
JSIOTCA 10 U3MEHEHHIO TAKHX JKe NMapaMeTpoB AUSJIEKTPHKa B Mpolec-
Ce BRIIEPKKH €ro B-JHCTHAJIMPOBAHHON BoOJe.
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[Ton neficTBHEM HOHU3UPYiOWMX H3nyuenutt (M) MOryT npoHcxoauTh
HeoGpaTHMbIE H3MEHEHHA CTPYKTYPH AHJIEKTPHKA; KOTOPHIE Ha3hIBAIOT
paanoau3oM. B nosumepax pagHosiu3 NPUBOAHT K CTPYKTYPHPOBaHHIO—
o6pa3oBaHHI0 CBfI3eH MeXAY MOJIEKYyJaMH, a TaK¥Ke K AeCTPYKUUH —
paspyiieHuio Mo/lekyn. B pesyaprate H3MeHSIOTCSE (DH3HKO-XHMuue-
CKHE CBOHCTBA MOJMMEPOB (TeMmIepaTtypa NJIaBJIeHHA KPHCTANIHYECKHX
NOJUMEPOB, TEPMOIIACTHYHOCTH, XWMHUeCKasi CTOHKOCTb, PacTBOpH-
MOCTB), MEeXaHHUeCKHe CBOHCTBA (paspyiuaiolliee HaNpsiiKeHHe, MOAY/b
YNPYroCTH, XPYNKOCTL); 3JEKTPHUYECKHE CBOMACTBA (3JEKTpHuecKas
IPOYHOCTD, YAeJbHOEe 0ObeMHOoe H NMOBEePXHOCTHOE conpotuBaenHe). Pa-
AMOJIH3 KePAMUYECKHMX [H3/1eKTPHKOB [POUCXOAHT B pe3dy/braTte Io-
TJIOIEHHsT 3HaunTeabHO Goablux oz MM. B npouecce peiictBus MU
KOHTPOJINPYIOTCS U3MEHEHHs Mpexje BCero MexaHHuecKux CBOHCTB Au-
3nekTpuka. Bo MHorux ciyuyasx HeoOpaTHMble M3MeHEHHS MeXxaHuye-
CKUX CBOMCTB ONpe/iesIiOT HAMEHEHHSA SJEKTPHYECKHX CBOHCTB — 3JI€KT-
‘PHUECKOI NIPOYHOCTH ¥ 3JIEKTPHUYECKOTO CONPOTHBJIEHHS IHIJIEKTPHKA.

TponukocToHKOCTSH AHINEKTPUKA ONpeleisercs No us-
MEHEHHIO YJeJbHOro OO0beMHOTO0 CONPOTHBJEHHUSA, TaHleHca yrja au-
SAEKTPUYECKHUX [OTEPh, IJNEKTPHUECKOH H MexaHHYecKo#l IPOYHOCTH,
a TaKXKe JpYrux napamMerpoB noj Bo3feHcTBHEM - TPOMHUECKHX KAHMAaTH-
4ecKHX (paKTOpoB. [/ pafioOHOB C TPONHUECKHM BJAXCHBIM WJIH CYXHUM
KJIAMATOM, C TPONHUECKHM MOPCKHM K/JIHMATOM XapaKTePHBIMH SBJSIOT-
cq caepymonne (GaKTOPBE: XOJOJ, 2Kapa, B/aara, CoJTHeYHas pajdalus,
atMocdepa, 3arpAsHEHHAs MOPCKOH COJ1BIO, NYCTHIHHOH HJAH CTenHOH
MBLIBIO, TECKOM, TNeNJIOM, XHMHUYECKHMH COEJMHEHHSIMH, BO3JeHCTBHE
MHKPOOPraHu3MOB — IIJ1eCHEBbIX TPUOOB 1 DaKTepHil, BpeauTenel X uBor-
HOro MHpa — TePMHTOB, MYDaBbeB, TapaKaHOB, IPhI3YHOB H JAPYIHX
npeacraBuTened dayHhl. :

KoHTpoJbHbIe BONPOCH

1. ToueMy HH3JIEKTPHKH HPOBOASAT TOK? Kakue napameTphn XapaxTtepusylor
3J1eKTPONPOBOAHOCTh?

2, Uem BHI3BaHa 3neKrponposouHocm ra3oB, XHJAKHX H TBEPAbIX AHINEKTPH-
KOB?

3. Or Kakux aKToOpOB 3aBHCHT nponouumocrb RU3JEKTPHKOR?

4, TloveMy nuanexTpHKH noasipusyiorca? Kakue napaMerphl XapakTepH3yioT
nonApu3aluio?

5. Uro npeacTaBasioT Co00il GLICTPhie H MEAJEHHbe BUAE NONAPHIALHH?

6. Uro npexacraBasioT cobok nuaﬂeKTpﬂqecxue norepr? Kakue mapamerpsl HX
XapakTepH3yoT? ;

7. Ot Kakux GaxTOPOB 3ABHCHT AH3EKTPHUYECKHE NOTEpH?

8. Hoqemy IHINEKTPHKH TePAIOT 3JEeKTPHYECKYIO npquocrb" Kakue napdmeT-
phl XxapaKTepH3yloT npofoit?

9. Uro mpexcraBasior coboft mpouecch aneKTpuqecxoro 3JIeKTPOTEILIOBOry U
31EKTPOMEX AHHWECKOrO MPOGosi?

10. Kakuma napaMeTpaMH XapaKTepU3YIOTCA, MeXaHHW4YecKue, TepMHyecKue M
$HINKO-XHMHYECKHEe CBOACTBA AMIJIEKTPHKOB? :

11. KakuM o6pa3oM CBA3aHh MexaHHUeCKHe, TEPMHUECKHE H (PH3HKO-XHMHYec-
KHe TapaMeTphl ¢ NeKTPHYECKHMH CBOHCTBAMH JIM3/MEKTPHKOB?
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FTJIABA 6. JUIJIEKTPRYECKUE MATEPHAJIDI

§ 6.1 I'aaooﬁpasuue iuanempuxu

TlpeHMyLIeCTBAMH Ta30B N€PEA OCTATbHbIMH BHAAMH JIR3IEK TP HYeC-
KHX MATEPHATOB SBJAIOTCH BbICOKOE yIENbHOE CONPOTHBJIEHHE, Majbli
“TAHTeHC yIJa AHDJIEKTPHYEeCKHX IoTeph, MaJjasi: (6JIH3KaSI K elHHHLE)
Ju3JiexTpHYecKas nponnuaemocts. Hanbonee pakupM cBOACTBOM rasoB
SIBJI€TCS. HX CIOCOGHOCTB BOCCTAHABJIMBATH 3JIEKTPHYECKYIO UpOY-
HOCThb NIOCJIe paspsija. '

Kpome Bosnyxa B KauecTBe 3JIEKTPUYECKOH M30ASLHH IIHPOKO HC-
. TIONB3YIOT JABYX~ ¥ TPEXAaTOMHBIE Taskpl — a30T, BOJAOPOL, YIVIEKHCJBIA
ras. NeKTPHYeCKHe NPOYHOCTH ATUX I'a30B IPH HOPMaJbHBIX YCJIOBHAX
MaJIo OTVIHYAKTCA APYT OT APYra W MOT'YT ¢ JOCTAaTOYHOH TOYHOCTBIO NPH-
HUMAaThCH PABHBIMH NMPOYHOCTU Bo3ayxa. B taba. 6.1 npuBenenn OTHO-
WEHHUs 371eKTPHYECKOH NPOYHOCTH HEKOTOPHIX T'a30B, BKJIOYAasi M BEICO-
Xonpounele E g, ., K sneKTpnqecxoﬁ NpoYHOCTYH BO3Ayxa E , 4, Ko-
TOpasi NPUHATA 3a eAunuuy. B 3Tol xKe TaﬁJmue JAaHbl TOUKH KUIIECHUS
'Ta30B IIPH HOPMAJIbHOM JAaBJIEHHH.

oy . " Ta6aununa 6.1

~ nepary-
Ta3 nn;:"?xgm, g:h:u:zlu%, Enp P/Eup B
Azor ' ' R - 1L,25 —196 1,0
Texcadropun cepht (sneras) 6,70 —64 2,3
Huxnopdropmeran (dpeon-12) 6,33* —30 : 2,4
I'excaproparan : 9,01 —78 20 .
Tpuropmernanenradropeepa | - — —20,4 3,05

* Hpu‘ 9—30\“(3.

Jqume BCEro TpeﬁoBaHH;{M K rasay, npnmeaﬂeMbm B anemponso-
JIALMOHHBIX KOHCTPYKUMSAX, YAoBAeTBOpsAoT saeras SFq i ppeon CCLF,.
FekcadropsTaH HeMb3st MCMOAB30BATH NPH NOBBILIEHHBIX AABIEHUSX M3~
3a HU3KHX KDHTHYeCKHX flapameTpoB (Pyy == 3,3 Mlla, T = —24 °C).

A30T uMeeT ¢ BO3LYXOM npaxmqecxn OﬂHHaKOBYIO 3JIeKTPHUECKYIO
APOYHOCTb ¥ YACTO NMPHMEHsieTCss BMECTO Hero AJIs 3alOJHeHHsi Fa3s0BbIX
KOHJIEHCATOPOB H APYTHX ‘LeJell, TaK KaK He COJePMHT KHCJIOpPOAA,
O0Ka3hLIBAIOIIET0 OKUC/AOLLEe BIHSHUE Ha CONPHKACAIOUHeCs ¢ HUM Ma-
TepHaJlbl. ‘

3HAYHTEbRBIA HHTEDEC MPEICTABISIET Bonopon, HMEIOLHH BeChMa
BLICOKHiT KOS(()HUHERT TEIJIONPOBOJHOCTH, HECMOTPS Ha €ro MEHbILYIO
3JIEKTPUYECKYIO NIPOYHOCTb IO CPABHEHHIO ¢ Bo3iyXoM. Bogopona mpu-
MEHsIeTCSl B KayeCTBE 3/IEKTPOU30AANMOHHON M OXaaXJaouied cpeipl B
KPYNHBIX TypGoreHeparTopax. . ‘
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‘Dneras wiaM rexcapTopHi cepbi (SFg) nmeer BJIEKTPUUECKYIO TIPOY-
HOCTh NpHMEPHO B 2, 5 pasa Bhiule, yeM y Bosayxa. [lockonbky sseras
ob/niajiaeT HU3KOH TeMIePaTypoil KUNeHMs U BEICOKOH INIOTHOCTHIO, TPHU- -
MepHO B 5,1 pasa Taxkesee BO3AYXa, OH MOXKeT GhITH CXKatT Jio AaBJICHAS
2 MIla Ges cxxuxenus. Dieras HETOKCHUEH, XHMHUYECKH CTOEK, He pas-
JaraeTcsi Ipy Harpese Jo 800 °C. Ocoﬁemxo BEIVKH €ro NPeUMyINecTBa
NPH NOBBIIEHHBIX JlaBaeHMsAX. Dieras oénanaer He TOJIBKO GoJiee BEICO-
KOM 3JIEK [PHUECKOH MPOYHOCTHIO, YeM BOAYX, HO H CyIIecTReHHO 60+
Jiee BBICOKOH “Ayroracsuiell crnocoGHocTthio. IlosTomy Hapacrawompmu
TeMIaMH MAYT paspaboTKa M CO3JAHNWE 3/1€Tas0BHIX BhIKJIIOUaTeself u
PacCIpeNe/HTe/IbHLIX YCTPOACTE; B KOTOpbE HAPALY € BBIKIIOUATEIAMHE
BXOAAT DasbelHHHUTENH, KOPOTKO3aMBIKATENH, TpaHChOPMATOPHl TOKa
H HalpsikeHusi. B nociesxee BpeMs HaMeTHJIAch TEeHIEHLMA TPaKTHYe-
CKOTO HCIONb30BAHNUS 2JIerasa B BHICOKOBOJNBTHBIX KabesiX,  CO3faHbi
ONLITHEIE 06pasubl. IlpeuMyuiecTsamu 9/1erascBoro KaGeis no cpapHe-
HHUIO C GYMaXXHO-MaC/AHbLIM AB/IAIOTCS MaJias 3;J1eKTPHYecKas eMKOCTb 1
AM3NGKTPHYECKHE NOTEPH, XOpoliiee -OXJAaxjeHne. DBiaronaps. rakum
TIPEHMYLIECTBAM 11O SJIera30BEIM ‘KaGeasaM  MOMKHO repenaBath OUeHb
HoJIBIIHE MOIITHOCTH. :

.

§ 6.2. )Kmume AHINCKTPUKH

}Kmume JH31eKTPHKH HPeNCTaBAfIOT COGOH MeKTPOU30/ALHOHHbIe
JEUAKOCTH,  MCHOAb3YeMble' B 3VIEKTPUUECKUX ‘aNnaparaX BHICOKOrO Ha-
IPsKEHUs, a Takxe B 6/10KaX 3/eKTPOHHON annaparypsl. ITpumenenue -
3JIEKTPOHIOAANHOHHBX KUAKOCTEH NO3BOIAET 00ECTIEUUTE: HALeKHYIO U
AJIMTENBHYIO PaGoTy JIEKTPHUECKON M30MSLHH, HAXOISUHXCH NOA Ha-
P sKeHHeM 5JIEMEHTOB KOHC’I‘pyKuHH u OTBOLU/ITB OT HHX TeMJIOTY, Bhi-
AeNFOULYIOCS IPH paéoTe

Hedrsinbie Macaa nosyuaior q)paxunormoﬁ neperouxon 'HePTH. Bb!*
JesleHHble $PaKLMH NPEACTABJAIT .CoGOH CIOKHYIO CMeCk YIAeBol0po-
JoB napadUHOBOTO, HadTEHOBOTG W APOMATHUECKOID: PSIAOB. ¢ HeGoab-
1O NPHMECHIO APYTHX KOMIIOHEHTOB, COJCPIKALINX ‘ATOMBL CePBI, KHCJIO-
pola u asora. Hedranpie Macha, B XOTOPHIX 1pe0GAaiatoT HepTeHOBbIE
YIJIEBONOPO/IbI, ‘HASHBAIOT HapTEHOBEIMM: B TpancdiopMaTopHEIX Mac-
JIaX HX cojepxanue-gocturaer 75—80 %. Heobxonumoll cocrasHolr ua-
CTBIO 3JIEKTPOH3O/SIIMOHHBIX HedTARBIX Maces SIBJSIOTCH TakKe = apo-
MaTHUYECKHe YI/IeBOJOPO/bl, CONEPKAHHE KOTOPbIX OrPaHHYHBARTCS Ol
' pefiefieHHBIM onTHMyMoM (o0buHO 10--12%), ofecnednBaiomuM Hau-
GoJibliee YBEMHUEHHE CpoKa ciayxObl. Mannmnee Konnuectso apuMari-
YeCKHX ymesonopoma YBEJHYUBACT TAHIEHC YIvia nuanemprmecxnx
HOTEPS..

YOGkl IOMYYHTD. Tpaﬂcmopmampﬁoe Mac/1o, MPHUTOHOE AJIs TpHMe-
HeHHsl, HeOOXOAHMO OUHCTHTE MACHSiHbIA IHCTHAJNAT, KOTOPHIA OCTaer-
€S OCNE OTTOHKH OT Hecp'm JETKHX HetpTenponymoB Gengund, Kepo-’
CHHA, JINIPOUHA.
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JHeTuanat oumIaioT CepHOR KUCJAOTOMN, 3aTeM HeHTpanu3yiorT Ie-
J0UbI0, POMEIBAIOT BoJO#H U cywat npu 75—85 °C, npopysas uepes Hero
B034yX. Jlis o4HCTKH OT npumeceil 1 MeEXaHHYeCKHX 3arpsisHEHHI Mac-
Ja OUABTPYIOT yepe3 ajcopGeHThl — BElIECTBA, HMEMOILHE CHIBbHO pas-
BHTYIO NOBEPXHOCTh.

Caexee TpancxpopMaTopHoe (KOHJlEHCElTOpHOG) Mac/jio uMeeT oObIYHO
COJIOMEHHO-KE/ITHIH LBET, NIPHUEM UYeM TAYGKEe OYHCTKA, TeM CBETJee
macao. Macna, OeiBlune B SKCOIyaTauHu, H3-3a HaKOIJIeHUsT nporxvx—
TOB OKHCJIEHUSl HMEIOT TEMHBIH [(BET,

Koujercatoproe Mac/lo f0JyYal0T U3 HH3KO3ACTHIBAKOUIHX BbICOKO-
KaueCTBEHHBIX HedTell MV NyTeMm JONONHUTENbHON OUHCTKH aACopPOeH-
‘ramu TpaHchopmaTopHOro Macia. Onepaund OUHCTKH KOHAGHCATOPHOTO
Mac/a KHCIOTOH M IIEeNoYbio NPOBOASTCA TaKxe, Kak ¥ AJf Tpancdop-
MaTOPHOTO, HO GoJiee IJUTENbHO H TIIATENBHO,

Tak xaxk HedTsiHbIE 2JIEKTPOH3OJSALMOHHLIE Macaa ABJAIOTCH TOpIo-
UHMH KHMAKOCTAMH, TO OHH NPeACTaBAgoT cofoi BoJbIIYIO TOKAPHYIO
OLIACHOCTb B MAaC/SIHBIX XO3AMCTBAaX. IHEPIOCHCTEM, TZe YacTo HCROMb-
3yloTcs ThicAuM ToHH Macaa. IlosTomy npaeuna noxkaphok 6Gesonac-
HOCTH npu paGoTe ¢ MacJOHANOIHEHHLIM 0GOPyAOBAHHEM NO/KHBI TIIA-
TeJbHO cobmojiaThes. [loKapHas onacHOCTh OLEHHBAETCst N0 TeMmilepa-
Type "BCMBIIKH NapoB TpancdopMaTopHOro Macja B CMECH C BO3LYXOM,
KoTopast He Ao/mKHa Oulch Huxke 135—140° C. B tex cayuwasx, xorja
TpaHchOPMAaTOPHOE Mac/]0 NPHMEHSETCS B MaC/sHbIX BHIK/IOYATENSX
BBICOKOI'O HaNpsKeHKs, BAXKHbIM NapaMeTpoM Mac/a ABARETCA TeMiepa-
fypa 3acThiBaHud. Macjo B 3TUX 3JEKTPUUECKHX annapaTax CaAYXKHT
A5l OXJAaXJAeHHs KaHana LYrH U GBICTPOro ee rall€HHs] B MOMEHT pas-
pBIBa KOHTAaKTOB. B TO Bpemsi Kak ofpluHOe TpaHCGOPMaTOPHOE Mac/o.
MMEEeT TEMOEpaTypy 3acThiBaHus oKoJo — 45 °C, cneiinajibHOE «apK-
THYECKOE» MaC/10, NPeIHa3HaueHHoe Aist PaGOThl Ha OTKPBITHIX MOACTAH-
unsix B pafionax Kpainero Cesepa, umeer TEMIEPATYPY ' 3aCTLIBAHMS
-—T70° C (mapka ATM-65). ,

Haufonee Ba)kubie st NPaKTHYECKOTrO INPHUMEHEHHUS Tpchcbopma-
TOpHOrO MacJsa cpoiictsa Hopmuposausl TCCT 982—80. M3 srtux xa-

. PAKTEPUCTHK HeoGXOANMO 3HATh KHHEMATHUECKYIO BSA3KOCTb NPH TeM-
neparype-20 u 50 °C, Tak Kak npu yBeJMYEHHH BA3KOCTH CBepX JOMy-
CTHMBIX PEJEJIOB XYXKe OTBOAWTCS TeIVIOTa OT 0OMOTOK ¥ MarHHTONPO-
EOfia TpaHCpopMaTOpa, 4TO MOMNKET NPHBECTH K COKPALIEHHIO CPOKa
Ca1yxObl 3AEKTpHYeCcKol H30asiLu#. CTAHAZPTOM HOPMHDOBAHO TaKike
TaK HA3bIBaeMOE KHCJOTHGE ‘uucsao — Kosauuectso rpammos KOH, ko-
TOPHIM MOXKHO [OJIHOCTBIO HEHATPanH30BaTh BCe KHUCJLIE MPOAYKTHI, CO-
Aepxaline B 1 Kr macsaa. DT0OT NOKasaTesb BazkeH A yuyera CTapeHHs
Mac/a B [POLECCe ero 3KCIyaTauuu U ANst pasHbiX MapoK Maclia He
nosxen npeboiuats 3dauenuii 0,03—0,1r KOH na 'l kr. [na pacuera

 paciunpuTesnell TpaHcgopmMaTOpoB, B KOTOpbie NEPEXOANT YacTb Macja

#3 6aKa TpaHchopMaTOpa IPH NOBBILIEHHH TEMIIEPaTypPhl, BaXKHO TaKXe

yuHTbIBaTbh M. IJIOTHOCTH Macja, Kotopas cocrasaseT 0,85—0,9 mr/m?,

H TemriepaTypHbIf Koatp(buuuem OGBEMHOrO pacCilIipeHusi, UMelolnh
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snayenue okoso 0,00065 K-'.. CriocoGHOCTh Mac/a OTBOAHTD TEIJIOTY
OT MarHHTONPOBOAA M OGMOTOK TOTPYKEHHOIO B HETO Tpancpopmaropa
3aBUHCHT OT YJE/IbHOH TEN/JOeMKOCTH, PaBHOH IPH HOPMaJbHOH TeMIle-
patype npumepro 1,5 Ix/(xr- K), ¥ KoahbdHiHeHTa TeIIonpOBOIHOCTH
okono | Br/(m: K). Obe 3tH xapamepncmxu pH pocTe Temneparypbl
- YBeJHYHBAIOTCA.

Mo cBouM AHSJIeKTpI/IquKI/IM xapaKTepyIchaM XOPOILIO OUHIIEHHOE.
OT NpuMecel M BJarH TpaHchOpMaTOPHOE MAC0 O6JAaiaeT CBOACTBAMH
HeTIOJISIPHOTO JAH3JEKTPHKA. 3HAUEHHe AU3JEKTPHUYECKOH TpOoHHIaeMo-
cru nipu 20 °C pasro 2,2—2,3, tg 8 npu wacrore 50 ['u ansa TpaHcdop-
MAaTOPHOro Macja He Jo/ukeH npesbiwath 0,003. Benuuuna tg 6 onpene-
J1sieTcsl TIPOBOJAMMOCTDIO H 3aBHCHT OT CTEHEHM OYHCTKH TpaHcdopmaTtop-
Horo Macja. [losyueHne maces C IOHHIKEHHLIMH J[U3JA@KTPHUECK UMK TIO-
tepssMH (3Hauenue tg 8 oxosio 0,002—0,0005) pist kabeseft H KoHjeHca-
TOPOB TpeGyer OueHb XOpollel OYHCTKH ¢ TMpUMeHeHHeM aicopGeHTOB.
3aBucumocThb tg 8 TpancdopmMaTopHOro Macia OT TeMiepaTypsl Ha yac-
tote 50 'l nokasana Ha puc. 6.1. ¥Yaenshoe 3/IeKTPHUECKOE CONPOTHB-
JIEHHE cBexKero TpanchopMaTOpHOro Macaa npu HOPMAJILHOH Temnepa-
Type He npesbliuaer 10" Om-M.

Baxno#t XapakTepucTHKO# Macaa sBJSETCH ero 3JeKTpHuyecKas
NPOYHOCTh, KOTOPAS UPEe3BbIYAHHO UYBCTBUTEJbHA K YBJIAXKHEHHIO.
[TpaBuna TexHUUeCKOH 3KCIUIyaTaluuH SJIeKTPOCTaHIlHH (ITT9) npenyc-
MAaTpPHUBAIOT OMpeJieleHHble HOPMBI 3JIEKTPHYECKOH NPOYHOCTH AIS YHC-
TOr0 M CYXOTo TPaHCHOPMATOPHOTO Macsd, NPHUTOTOBJAEHHOro AJisf 3a-
JMBKM B aNnapar, ¥ JJIs MAc/a, HaXOQMBILIEroCsi B SKCIUIyaTaUHH.

[1poGoit Mac/ia NPOU3BOAAT B CTAHAAPTHOM. paspsiHHKE MEXJY HO-
IPYEHHBIMH B Mac/10 MeTa/VIHYECKUMH JHCKOBBLIMH 3JIEKTPOJaMH Jua-
MeTpom 25 MM C 3aKDYyTIJIeHHBIME KPasiMi [IPH PacCTOSHHY MeXIy HUMH
2,5 mm, [Ipo6uBHoe HanpsizKeHHe TEXHUYeCKH YHCTHIX Mace] B CTaHaapT-
HOM pa3psiIHHKE COCTABISET 50—60 kB npu 50 't 1 npumepro 120 kKB
pH BO3AEHCTBHUH HMNY/ABCHOrO HanpsizkeHus. [lpumech Bojbl B Mac/e
CHHXKaeT 3HayeHHe NPOOHMBHOro HampsixeHusi. Eciy Boja nHaxoautces B
Macje B BHAE 5MYJBCHH, T. €.-B BHJe MeJpuadllux Kanejek, KOTopbie
BTSICUBAIOTCS B MeCTa, I'Jie HaNPAKEHHOCTE N0/ BeARKE, TO B 3TOM Me-
CTe M HauuHaercs paspuTHe npo6osi. Xapakrep HaMeHeHHs NPOGMBHOTO
HanpsKeHHsl TPaHCHOPMATOPHOTO Mac/a, COJlepKallero BJjary, B 3aBH-
CHMOCTH OT TeMnepaTypnl noKasaH Ha puc. 6.2. ¥Ypenuuenne npoGHBHO-
ro HamlPSXKEHHs!' C POCTOM TEMIEPATYPhl OOBSICHSIETCsT NEPEXOIOM BOJIbI
3 CyCIIEH3HH B MOJIEKYJSPHO-PACTBOPEHHOE cocTosiHKe. PocT npoGus-
HOFO HANPSDKEHHS NPH yMEHbLUEHHH Temnepatypsl Humke 0 °C ofbAc-
usercsi o6pasoBaHueM JbhJa H POCTOM BSI3KOCTH Macaa. ‘

IIpu paore Mac/HOHaNOJHEHHBIX TPAHCHOPMATOPOB HIH JPYrHX
3JIEKTPHYECKHX annapaToB, COAEPKallUX MAacjo, HabJofaercs Hocre-
TeHHoe yXyaieHne paGouMX MapameTpoB Macaa: tg §, upeta, KHCJIOT-
HOCTH, BSI3KOCTH, TeMIlepaTyphl 3aMep3aHHsl H Ap. Atu IpOLeccHl Xa-
pakTepU3YIOTCs NOHATHEM «CTAPEHHE?, KOTOPOE CONPOBOXKAAETCS H3Me-
HeHHEM XHMHUYECKHX M 3JjeKTpodusnueckux nokasaresneli. HauGoiee

196



HHTEHCHBHO NPQUECCH CTAPEHHUS MAC/Ia [POTEKAIOT NPH IOBBILEHHH TEM-
nepatyphl Macja A0 MaKCHMaJbHO AOMyCTHMOH (oObluHO paGovas TeM-
nepatypa Mac/a He npesbimaer 95 °C) npx ofHOBpeMeHHOM BoajeficT-
BUH 5JEKTPHYECKOro 1o/ist. CTapense yCKOPAETCs TaKiKe 33 CYeT OfHO-
BPEMEHHOTO BO3/IeHCTBHS CBETA, H3NYUYeHHH BBICOKHX SHePruil W NpH-
CYTCTBUSI HEKOTOPLIX MaTepua/ioB M COEAMHEHH#l, SBJAIOLUMXCS KaTa-
Ju3aTopaMy CTapeHHsi. AKTHBHBIMH KaTa/H3aTopaMH SIBJSIIOTCH Melb
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Puc. 6.1. 3asucumocts tgd Tpasc- Puc. 6.2. 3aBHCHMOCTL TPOOGUBHOrO Ha-
(hOpMaTOPHOrO Macja OT TeMiie- npsikeHus TpancOpMaTOPHOrO Macaa

parypet npu yactore 50 I or Temnepatyphl (macqo T=1500, co-
/ = MacjI0, TOAYYEHHOE METOXOM KHC- aepxauee 0,0040 9% mac. Boxn npu

. WOTHOH  OUMCTRM; = 27 - Macio; QuH- nepeMEHHOM Hanpmxemm)
- H[eHHOE nyTexv% 06paboOTKH ajfcop-
€HTOM

i ee CTIIaBHI, a TaKxke COMH MelH, XKefiesa, Kobanbra, OpraHnuecKux Ku-
CJIOT, pacTBopUMbIE B Maciie. B Hauase npoliecca crapeHus macsa ofpa-
3YIOTCA YACTHYHO -PACTBOPHUMBIE - 3arpsA3RAIOILHE. TIPOLYKThL ~— CMOJIBI
H:KHCAOTHL, @-C - TeueHHeM ‘BPeMeHH TOSBIAITCS  TSXKeIble HepacTBOPH-
Mbl€ OCAJIKH, KOTOPHIE B BUAE «MJ1a» WIH «ILIAMA» OCAXKIAIOTCS HA [He
6aka, Ha MEHEe HarpeThlX 4acTAX TPaHc(hopMAaTopa H B MECTax ¢ NOBHI-

* IIEHHOH HaNpsKeHHOCThIO Nojsi. Cof Hila 3HAYUUTENbHO YXY/LIAET Tel-
JIOOTBOJ OT HArPeThX JeraseH, 4 HUSKOMOJEKYJ/SPHble KHCJIOTHI, CO-
epKalHeCs] B COCTAPEHHOM Mac/le, Pa3pyMaloT = H30JSIHIO OGMOTOK H
BHI3BIBAIOT KOPPO3HIO METa/NIOB. DJIeKTPHUECKOoe MoJe YCKOpsieT Mpo-
uecc CTapeHUst Macja H H3MEHAET XapaKTep NpPOAYKTOB OKHCJEHHS Ma-
cen. [lpu crapeHHn HEKOTOPLIX COPTOB Mac/ia B 3/71€EKTPUUECKOM 1OJIE MO-

| KeT Hab/MONATLCS TAKXKE M I'a30BblAeseHHe, 0T KOTOPOro 1436aBJ1m0TCﬂ
noabupasA coctas Macaa.
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C 1@ebio TIOBBILIEHNsT YCTORUMBOCTH Maces K IPOLECcaMm CTapeHHst HX
TOCTaB NOAGHPAOT TaKHM 06pasoM, uToObl B HEM He COAepKasaoch ec-
TECTBEHHBIX KaTaJH3aTOPOB OKHC/IAEHUS U COXPAHSJIHUCh COEAMHEHHs,
samenaomue okucienne. Takue BellecTBa HasblBalOTCa uneubumopa-
Mu. B Macia BBOAAT TaKXe CHHTETHUECKHE HHIUOUTOPBI — HOHOJI,
JBPC B xonueyrpauuu or 0,1 no 0,5 %. Bpenenue vonona samenns-
€T Tpoilecc crapeHus Macaa B 2—3 pasa. UTobbl NPOAJIUTE CPOK CIYXK- -
0Ll Macaa B oﬁopmeBaHHu MCTOJIb3YIOT PA3/UUYHBEIE METOMbI. Haubo-
jlee pacnpocTpaHeHHblH enocol — repMeTHsauus o6opyAOBaHUS, B pe-
3yJibTaTe KOTOPOH YCTPaHAeTCH HeNOCPEACTBEHHBIH KOHTAKT Mac/a C
KHCJIOPOJOM BO3AyXa. DTOT NPHEM HCNOJb3yeTcsl B KabesabHOH, KOHAeH-
caTOpHON TeXHHUKe H'B TparcdopmaropocTpoennu. B Tpancdopmaropax,
KpOMe TOTo, AJs 3aMe/JI€HUA HAKONICHHS IPOAYKTOB OKHC/IEHHA Maca
HCHIOJIb3YETCST METOJ, eCTeCTBEHHON LHPKY/IALME Macsia 4epe3 Tak Ha-
3bIBAEMBIH | TEPMOCH(OHHBLIE  (UABLTP, KOTOPHIH MOXKHO NEPHOAHYECKH
3aMeHRATh Ha CBEXKHH, 3aTNOJIHEHHBIR afcopGeHToM. Takue QUIbLTPb No-
CTOsSIHHO coefinHeHsl ¢ TpaHchopmaropom. s TpaHcdopMmaTopor pas-
JHYHBX raGapHuToB pa3paborano okono 20 tunos tepMmocudonos. Oco-
OEHHOCTBIO TePMOCH(OHHBIX (DUABTPOB ABJSETCH BO3MOMXKHOCTB 'BOCCTA-
HOBJIeHHs Macaa 8 TpaHcdopmartope Ge3 ero oTK/AoueHus. dns npeno-
TBpAILEHUS -OKCUANDOBAHUA M YBJaKHEHHA Macja B TpaHcdopMaTo-,
pax cBoGoxHOe NMPOCTPAHCTBO MEXIY TIOBEDPXHOCTBIC Mac/la U KPhill-
Koil 6aKa WJIH PaciipUTeNs OObI4HO 3aNOJHACTCS a30TOM.

Maciia, no6biBaBIIHe B 3KCIAyaTaLUH, NOABEPraTCs Perenepantu.
Buriara u KpynHble TBEp/be NPHMECH YAAJISIOTCS HA PA3/TUUYHBIX LEHTPH-
dyrax (11s 3/7€KTPHUECKHX aNnapaToB HanpsixkeHuem Humke 35 kB).

- Ins 3n€eKTPUYECKUX anlapaToB HanpsixkeHHeM Boinie 35 KB macia oun-
WAIOTCS OT COAEPKAINUXCS, B HAX BJAarH, rasoB H JErkKHX npuMecell my-
TeM TepMOBaKyyMHOH o6paloTKH B crnenuanbHbX annapartax. Ocymka
Macesl TIPOM3BOAMTCH HCKYCCTBEHHBIMH IIEOJHTAMH, KOTODble U3BECTHBI
Take NMOJ Ha3BaHHEM «MOJEKY/IApHbIe cuTa». Macjla ¢ KHCAOTHBIM Y#C-
gom nuxe 0,4 mr KOH Ha 1 r nopsepraioTcs OUMCTKE MPUPOAHBIMH K
CUHTETHYECKUMH aJcOpPOEHTaMH NpH TemnepaTtype 50—60 °C. ,

OcCHOBHBIE XaPAKTEPUCTHKK PEreHepHPOBAHHOTO Mac/a JOJKHBL CO-
OTBETCTBOBATE HOPMaM Ha CBEXHE Macna.

Kpome tpaHchopMaTOpHOro mMacaa B aneKTpOTeXanecxou NPOMEILLI-

- JIEHHOCTH HAaXOJsIT IPHMEHEHHE JPYTHEe BHAbl HePTAHBIX Macea. K Hum
OTHOCATCA KOHJEHCATOPHbIE, KaOe/bHbIE U Mac/a VIS MAC/SHBIX BBIKJIIO-
yaTenielt u KOHTAaKTOHbIX YCTPOHCTR peryJuposaHus HaTp AXKeHUA NOx
HarpysKok.

CHnTeTHUECKHE HKHAKHE uuanempuxu OHH NPUMEHAITC B TexX
eayuasnXx, Korjaa HeoOXOfMMO O0ecneunTs AIUTENbHYIO U HAJNEXKHYIO pa-
60Ty BLICOKOBOJIBTHHIX 3JIEKTPHUYECKHX anNapatoB NPH IOBBIIEHHBIX
TENJIOBHIX HArPY3KaX U HANPAKEHHOCTH IJeKTPHUYECKOro Moas, B IO-
*apo- UM B3PHIBOOHACHOH cpelle. YKuAKHe JHIJEKTPHKH HAXOUAT NPH-
MeHeHUe W 15 3aJMBKH I'epPMEeTHYHBIX KOXKYXOB, B KOTOPLIX pacrosara-

" 10TCsl OJIOKH 3JIeKTPOHHOH afinapaTtyphl.
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Hanﬁonbmee anMeHeHHe no.nythm cuﬁ'rémqecxﬁe m'HﬂKOCTH Ha
OCHOBe xnopnpoxaaxmmx YIJIEBOJOPOXOB, UTO CBS3aHO C HX BHCOKOIM
TEPMHYECKOH = YCTOHYMBOCTBIO, — 3JIEKTPHUECKOH = CTAaGHIBHOCTBIO, He-
TOPIOYECTDIO, NOBLILIEHHBIM  3HAUEHHEM JHJIEKTPHYECKOH IIPOHHIaeMO-
CTH U OTHOCHTE/BHO HeBLICOKOH cTonMocThio. [1o 3apyGekHBIM Ja4HbIM,
‘€CNM LieHY He(TSHOro Mac/a NPUHATh PABHOH E€IHHHIE, TO CTOHMOCTH
XJIODUPOBAHHBIX YIVIEBOAOPOLOB IO OTHOLIEHHIO K Maciy pasHa 4—10,
KPEMHHﬁopFaHW{eCKHX xXujakocrer — ot 80" 1o 370, ¢ropopranuye-
CKHX XHIKoCTedl — Jio 1150. OfHaKo B ¢BSI3W ¢ TOKCHYHOCTBIO XJOPH-
POBAHHLIX YIVIEBOAOPONOB HX NpHMEHEHHE CHAYANA OrpaAHHYHMBAJIOCH, a
B HacTofllee BPeMsi IOYTH NOBCEMECTHO 3alpEIleHo, XOTs B 3KCIIya-
TallHH €l UMEETCS MX  SHAYHTENIBHOE KOJHYECTBO,

XJiopupoBaHHbie ymeBonopom:I MOXHO TOJNYUHTDL IYTeM XJIOPHPO-
BaHU$ AHQ)eHHJIa CeH; TIpu 5TOM MOXKHO noJy4aTh IMPOAYK-
Thl € Pa3/INYHOH CTENEHBIO ,xnopnposaﬂnﬁ: TpH-; TETPa‘, TIeHTa- H IeK-
caxsopaudennsl. Ilo Mepe yBenHueHHs CTENEHH XJOPUPOBAHUA PACTYT
MOJIEKYJIsipHas Macca, IJIOTHOCTb, BAABKOCTb, TEMIIEPATYpa 3aCTHIBAHMS'
1 Kunexus. Bmecte ¢ Tem Bo3pactaer M 5K0JIOrMyecKasi ONacHOCTh, HO-
STOMY B KOHJICHCATOPOCTPOEHHH NEHTAXJIOPAHDEHHI (COBTO) Gbl 3ame-
HEH Ha TPHUXJIODAMQEHH], XOTS OH U mvxeer NIOBLILIGRHYIO BASKOCTb
TIPY. HUBKHX TEMIepaTypax.

Jans npuMeHeHust B CHIIOBHIX - TpaHCQ)opmaTopdx 8 CCCP ucnosb3y-
10T B OCHOBHOM coBTtos-10, mpefcraBisiomuil coboit cmech 90% nenta-
xJopaudenuna u 10 % TPUXJIOPGEH30/a, KOTOPLIA HMeeT B paboueM HH-
TepBaJie TeMneparyp Bf3KOCTb, OJH3KYIO K BA3KOCTH TpaHcopMaTop-
HOro Macja. OJZHAKO IO CBOMM BSI3KOCTHO-TeMIIEpPaTyPHLIM CBOHCTBAM
coBTON-10 3HAauYMTENBHO yCTyNaeT rekcojy, fpencrabJsiolieMy coboii
cmeck 20 % nenraxsopiudennia u 80% rexcaxnop6yTapueHa. Tex-
COJl He '3aCThiBaeT TIpH TeMIeparype JIo —60 °C u MeHbIE NOABEPKEH
‘BJIMSHHIO 34arpsi3HEHHH. 3HaueHUs TaHreHca yr.na nns.nempnqecxﬂx
noTepp sl TpUXJopAudenuaa, coprona-10 u rekcona npH 90 °C ne-
xar B npefenax 0,015—0,03. YnenpHoe ofbemuoe conpotubaenne no-
JIHXN0pANGEHHIOB TIDH paﬁoqnx TeMrepatypax —— B Ipenenax 3-10°—
10" Om-m. Hakimenee nonspHbe CBOACTBA NPOSABASIOTCS Y TreKcoa, ¥
kotoporo & npu 70 °C ne TpeBHILIAET 2,7-2,9. DiieRTpUdECcKas Npou-
_HOCTb GOJIBIIMHCTBA XKHIKOCTeA HAa OCHOBE XJIOpPICTbIX Yr71eBOAOPOAOB
npu 20 °C se npesmimaer 18—22 MB/M.

Kunkue JUSNeKTPHKY HA OCHOBE ermﬂuuopraﬂnqecxux coeuuﬂe-
HUi (nonHopraHocunokcanos). OHY ABJSIOTCS HETOKCHUHBIMH H SKOJO-
THYeCKH 6e30nacm>1MH OTH - XKUAKOCTY - NpENCTaBisioT  coboi
NONUMEPHl C HH3KOH CTENEHDbIO TIOJHMEPH3AHHH, B MOJIEKY1aX KOTOPhIX

COJIEPIKUTCS MOBTOPSAIONIANACST CHJAOKCARHasi .pynnuposKa— Si— O—

- —Si—, aroMbl KpeMHHs KOTOPOHl CBS3aHBL C OPIaHHUECKHMH Pajly-
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Ka/aMu. B 3aBHCHMOCTH OT CTpOCHHS DafuKasa (METHI-, STHI-, PEHHI-),
HEeNOCPeNCTBEeHHO CBA3AHHOTO C aTOMOM KpEeMHHSI, OCHOBHbIE rpynnsl
KPEeMHHHOPTaHHYECKUX XKUAKOCTEH HMEIOT HA3BAHKE: “TIOMUMETHICHIOK-
casosble (IIMC)K), nonnstuncunokcanossie ([19C)K), nonupennacniok-
canosbie ([ICD)K), monuMeruadenuicunoxcanobsie ([IMCXK). Temme-
paTypa BCHBILKH NAapoB 3THX KHAKOCTEH HOpMUpYeTcs He Huxke 300 °C,
TemnepaTtypa 3actbiBaHus — Huxe —60 °C. [lpn Temnepartypax Go-
"Jlee BBICOKHX, YeM TeMIiepaTypa BCHBILIKH NAPOB, 3TH XKHUJIKOCTH CAMO-
BOCIIJIaMeHsIoTCs Ge3 KOHTAaKTa C OTKDBITEIM NjaaMeneM. 116 cBouM Am-
JEKTPHUECKHM  XapaKTEPUCTHKAM ' HOJHOPTAHOCHIOKCAHOBHIE YKMAKO-
CTH NPHOMHAKAIOTCA K HEeNOJSPHLIM JinsaekTpukam. Tak, M1 noJusTH-
CHJIOKCAHOBLIX XKuakocreli tg & = (2-+-3)- 10 A e = 2,4+25; p=
= 101102 OMm: ™, U,y > 45 kB. ,
[TosnnopranocuioKcaHOBEIE XKHAKOCTH HMCNOJNb3YIOT B UMMYJbCHBIX
TpaHchopMaTOpax, CHeliHaJbHBIX KOHJAeHcatopax, OJOKax paluo- H
3/IeKTPOHHOH aNnapaTypsl U B HEKOTOPHIX APYrHX Cayyasx.

JKHaKHe JH3JIEKTPHUKH HA OCHOBE )TOPOOPTAHMHYECKHX COEHH eHMil.
OHH OTIHYAIOTCA HEropIOYeCThiO, BHICOKOH XHMHYECKOH, OKHC/HTEb-
HOH H TepMHUeCKOH CTaGUIbHOCTBIO, ‘BBICOKHMH 3/1eKTPODH3HUECKHMY
U TenjonepenarlHMU cBodcTBaMHu. [lo xuMuueckoMy cocTasy npeacTae-
JSIOT COGOH Yr/IEBOAOPOAbL, aMHHEL, S(HPLI H APYTHE COELMHEHHS, B KO-
TOPBIX aTOMBI BOJOPOJA YACTHUHO HJIM NOJHOCTBIO 3aMelleHbl ATOMaMH
Topa WK XJ0pa (B XJOP(TOPOPraHAUECKHX coeauHenusx). Ecan ato-
MBI BOIOPOJA TONHOCTBIO 3aMelleHEl Ha aTOMbI (hTopa, TO TAKHEe COeHe-
HH$l HaspiBAlOTCA  nepgmopuposannsimy. Hekotopre ¢ropyraesoso-
POABI M (PTOPXJIOPYI/IEBOAOPO/B! HALLTH TIPHMEHEHHE B KayecTBe XJajo-
[ATeHTOB W MOJYYMJIH Ha3BaHHE X.adOHO8 (paHblle UX HasbBaad dpeo-
Hamu). Hekoropoie copra XJIajOHOB NONYUHJIH NPUMEHEHHE B KAyecrTse
AKUIKHX JUS/JEKTPHKOB. OTOPYIJIEBOJOPOAHBIE KHUAKOCTH MONYUHIH
nDpUMeHeHHe /s 3aloJHEHMs HeOOMBMIUX TPpaHCchOpMaTopoB, ONOKOB
3JIEKTPOHHOr0 000PYAOBAHUs M APYIHX 3JEKTPHYECKHX ANNapaToB B
Tex cjyyasXx, Korja paGoude TeMIepaTyphl BeIUKH 1S APYTHX BUAOB
JKWIKHX JIM3/EKTPHKOB. HekoTopble uephTopHpOBAHHBIE JKHIKHE AU~
‘BJIEKTPHUKY ‘MOI'YT HCHONb30BATBLCS JIIst COSAAHUS" chapmenbnoro 0X-
JaXJEeHUSl B CHJIOBBIX TpaHC(QOpMATOpax.:

[To ju3/1eKTpHYECKUM CBOMCTBaM Q)TopHPOBaHHme ‘yr/iieBoJIOpCAB
'MOT'YT OLITh OTHECEHBI K HENOJAPHBIM coenuHeHusM. Tax, mis Xaano-
Ha-112, xnanona-113, xiagona-114 snauénue tg 8 =-0,0001=-0,0002,
o = 1022 10 Ow- eM, & = 2,225, Uyp = 28249 kB 8 cranaaprt-
HOM paspsilHUKe.

CMech XJI4fIOHOB ¢ BO3AYXOM B3phiBoGe3onacHa. XJIaJlOHB HPU3HAHEL

HETOKCHUHBIMH COE€AUHEHNSMH, OAHAKO B IIOMEULEHHH, 3alOJTHEHHOM HX

* 1apaMH, BO3MOXKHa CMepTb TeHHOKpOBHbIX KUBOTHBIX OT YAYHibs, Bbl-
3BaHHOTIO, IO~ BH,ZII/IMOMY, HEeJOCTaTKOM KI/ICJIOpO}la HpH BBICOKHX TEM-
nepaTypax XJIaJ0Hbl Pa3naralpTcs C BLIACJIEHUEM TOKCI/IHHHX HpO,ZIYK'
“TOB.
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§ 6.3. Ho.nmwepu

B HaCTOsIIEM pasfiefie paCCMOTpeHbI SJIeKTPOHSOJIﬂuHOHHbIe MaTepn-
anbl, OTHOCALHeCS K rpynne nojuMepoB. HexoTophie NoJHMEpHI, Ha-
NnpuMep TOJUCTHDPO, nonnanﬂmxnopnu, IIPUMEHSIOT. HeNOCPeCTBeH -
HO [IIsi W3TOTOBJIEHHS 3JIEKTPHUECKOH U30MSUUH, [APYrHe HCIOMB3YIOT
JUisl WRTOTOBJIEHHS] MHOTOUMCJIEHHBIX 3JEKTPOH30MALNOHHBIX MaTepua-
JIOB ~— CJIOMCTBIX IWIACTHKOB, PE3UH, IJIACTHUECKHX MAcCC, -KOMIIO3UILU-
OHHBLX CJIOOCOJEPKALIHX MATEPHUAIOB H MP. - ~

OcHoBHEle OnpefefeHnHs M CBoiicTBa mojaumepoB. [Ins u3rotosJe-
HUS 3JEKTPUYECKOH H30JAIMH UCHOAB3YIOT GOJBIIOE ' UHC/IO MaTepua-
JIOB, OTHOCSIIIMXCA K rpynne nonumepos. [Tonumepn — BbICOKOMOJEKY-
JAsipble coeflnHenusi. OHH HMeT GOJABILYIO MOJEKYJ/ISPHYIO Macey.
Mouseky bt MONHUMEPOB, Ha3bIBAEMBIE - MAKPOMOACKYAAMLL, COCTOAT - M3
6OMBIIOTO YHC/]Ia MHOTOKPATHO NOBTOPSAIOIMXCA CTPYKTYPHBIX TpyIIuU-
POBOK (3/1eMEHTAPHBIX 3BEHBEB), COEJAMHEHHBIX B LEMH XHMUYECKHMH
ceaszamu, Hanpumep, B Monexyne NOJUBHHHIXIOPHAA

H H H H HH
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H CIl H H CICI
NOBTOPAIOUIMMCSL 3BE€HOM ABJMAETCS TPYNNUPOBKA

o H "H ‘
' [ '
—C—C— L
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H Cl

HonuMepu nonyqaroT M3 M O HOMep 0B — BellecTs, Kamxaﬂ MO-
JleKyJia KOTOPHIX CIIOCOGHA OBPA30OBLIBAT OHO MM HECKOIBKO COCTAB-
HbIX 3BeHBeB. Tak Kak [0JUMEpHI MPEACTABJIAIOT COG0H CMECH MOJIeKy.J
C. pasJHuHOR JJIMHOHA TenH, To oA MOJEKYJIApHOR MaccoH ToauMepa
MOHHUMAIOT ee CpeJHee cTaTHCTHUeCKoe 3HadueHune: MonekyasipHas macca
NOJMMEPOB MOXKET JOCTHTaTh 3HAYEHHH B HECKONbKO MHJJIHOHOB.

CreneHb, NOMHMEpH3allHH — BaXKHAA XapakTepH-
CTHKa TIONMMEPOB, OHA PABHA UHC/TY 3JI€MEHTADHbIX 3BEHbEB B MOJIEKYJIE.
Hanpumep, crpykrypryio dopmyay nonusnmmxnopuua MOHO 3alH-
CaTb B KOMNAKTHOM BHAE
H II-I . '

L C—C—

[
.
H A /«
rie n — cTeneHb rnoauMepusauuy. Ilosumepsl ¢ HU3KOH CTENEHbIO NO-

JUMEpU3auHuM Ha3bIBAKOT oaucoMepamu.
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Hoaumepuaaqueu HA3BIBAIOT PeaKIHIO- ofpasosaHnsi NoauMepa 3
MOJIeKY/1 MOHOMepa Ge3 BBIIEJIEHHS HH3KOMOJIEKY/IAPHbIX NOGOYHBIX
nponykros. I1pu 1ol peakuuu B MOHOMepe U 3/IEMEHTapHOM 3BeHe 1o-
AuMepa cobao1aeTcs OHHAKOBLIN /J1eMEHTHBIA  COCTaB.

HauGonee pacupoctpanentoi pasaosnnnoc«rmo peaxiun nonmvxepn—
3anuu HBJIHeTCH enHas HOJIHMepI/IBaILI/IH npu KOTOpOPI MaKpOMOJIeKy.)'Ia
o0pasyercsi N0 LENHOMY MEXaHU3MY myTeM TOCeNOBaTeNbHOrO IpHCoe-
JHHEHHS MOJIEKYJsI MOHOMEPOB K pacryiieii uenu. CoequHenus ¢ ABOH-
HBIMH CBSI3SIMH, KAaK MpPaBHJIO, TOJHMEPH3YIOTCH 1O UENHOMY MeXaHu3-
My. anMGPOM peakuuu noJuMepusalnun AIBJISIETCSA TIOJHMEpH3auHs
3THJIEHA:

h Hzc CHg"‘*['—‘CHz“—‘CH"M]n

TloNMKOHAGHCALHS — DeaKUust 06Pa3oBaHUsS MOJMMEPA U3 MOHO-
MEPOB C BblAeJeHHeM HM3KOMOJIEKY/IPHBIX BEl[ECTB (BOIBI, CHMpTa H
Jp.). . DneMeHTHBIH COCTaB HOJIHMepHOH MOJIEKYJTbt omnqaercg 0T 3ne-
MEHTHOTO COCTABa MOJUMEPHON MOJIEKYJIbi.

Peakius noJMKOHIEHCAUMH MPOTEKAET B TOM CJly4ae, ec/lH MOHOMep-
Hble COEJMHEHHs CONePAT XMMHYECKH aKTHBHbIE IDYMINH, CTOCOGHbIE
BCTYNaTh BO B3aHMOJEHCTBHE. PeaKilus MOJMKOHIEHCALHH JIEXKHT B OC-
HOBE TIOJIYUEHHS BaxKHEHUINX BHICOKONOMMMEPOB, TaKHX, KaK (heHoJI-
(opMaibIernHbEe CMOJIH, noausgupHeie U Ap. TepMHHOM «cMosa» B
NPOMBILIIEHHOCTH HHOT/A NIOJB3YIOTCH HAPAMLY C HA3BAHHEM <IIOJIUMEPY.

[Tonnmeps! aenaT Ha ABa THNA — JHHEHHLIE ¥ MPOCTPAHCTBEHHBIE) -
B 3aBHCHMOCTH OT NPOCTPAHCTBEHHOH CTPYKTYPH MakpoMosekya. B
JIMHEHHBIX ‘ TIOJIUMepax MaKpOMOJIeKlebI' COCTOSIT M3 HOCJENOBATENbHO-
CTH. MOBTOPSIONLHXCA 3BEHBEB ¢ GOMBUINM OTHOMIEHHEM NJIMHBL MOJIEKY-
JBl K €e TIoNepedHbiM pasmepaM. MaKpPOMOJEKYIL NP OCTP a H-
CTBEHHBD X NOJIUMEPOB CBA3aHBI B OCILYIO CETKY.

TepMoanacqume TIOIMEpE! (1epM0anacm) noﬂyqaroT Ha OCHOBe
NOJHMEpPOB ¢ JUHeAHOH CTPYKTYpoil Makpomoseky.. [Tpu HarpeBaHuH
OHM Pa3MATYAIOTCS, a NP OXJIaXKAeHHH 3aTBepiesaioT. [Ipu 3ToM npo-
LIEcce He NPOUCXOANT HUKaKHX XHMHYECKMX uaMeHenuil, s sjaekrTpu-
YECKOH M3O0/MALMH TePMONNIACTH IPUMEHSIOTCA B OCHOBHOM B dopme Hu-
Tell WM TIIEHOK, TIONYYaeMbIX H3 paciiaBos. Crioco6HOCTb K ‘popmosa-
HHIO H K DAaCTBOPEHHIO B NOJXOASIIMX TNO COCTABY pacmopmemx co- -
XPaHSAETCs y HUX H TIPH TIOBTOPHBIX HarpeBax.

TepMopeakTHBHBIE TOJIUMEDHI [y YakoT u3 HOJIHMGPOB, KOTOpbe
pH HArpEBAHHH HJIH NMpH KOMHATHOH TeMIepaType BCAEACTBHE 06paso-
BaHis NPOCTPAHCTBEHHOR CETKH H3 MAKPOMOJIEKYJl (OTBEpMKEHHS) Ne-
PEXOJAT B HEIUIABKOE H HEPACTBOPUMOE coctosinye. JToT npouecc SAB-
nsercs Heo6pamelM

Ha cBoiictBa NOJTMMEPOB BJIMSET HE TOABKO MX XUMHUECKHI COCTaB
4 CTpOEHHE, HO TaKKe W (uauueckas CTpyKTypa BemecTsa. B nonume-
pax c perysispHo#t CTpyKTypoit MaKpOMOJEKYJ, T, €. Korjaa Haﬁmo,u;aer-
csl ONpeJie/IeHHbIH NOPAIOK B YePEJOBAHHH JIEMEHTAPHBIX 3BEHbEB, BO3-
MOXHO Ha/HYHe KPHCTANIHYECKHX ofJacTell, XapaKTepHU3yeMbIX CTPOro
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onpeJe/ieHHbIM IPOCTPAHCTBEHHBIM PAacHOMOXKEHHEM Leneid ¥ OfHOBpe-
MEHHO 3/MeMEHTADHHIX 3BEHLEB MAKPOMOJEKyJd. B amopdHBIX nosHme-
pax OTCYTCTBYeT NAJbHHH MOPAAOK B PACHONOMKEHHH MAaKPOMOJEKYJ.
JIuHehnple aMOp(hHbIE ¥ KPHCTAN3YIONIHECS TOJUMEPEI MOFYT HaXo- .
AUThCH B TpeX HU3HUECKUX COCTOSTHHUSIX: CTEKJI000pa3HOM, BBHICOKO3]a-
CTHUHOM M BA3KOTEKydeM. . ’ .

B crtexno006Gpa3HoM COCTOSIHUH TOJUMEPni - 00/1a4a10T
xpynkoctsio. Temmnepartypa, NpH KOTOPOH B NpPOLECCE HarPeBAHHS M0-
JMmep mpuoGpeTaeT 31aCTHYHOCTb, HA3BIBAIOT TeMIepaTypol CTeKJ0Ba-
uus (T,). Ilpu Gosee BEICOKHX TemMnepaTypax MaTepHasibt o6na;1ar07
Gospluoft ynpyro# aedopmanneit
W HaXOUSITCH B BBICOKO3JIACTHU-
HOM coctosiHHM. Ilomumeps:, Ha- 4l
XOAsIIIHECS B BLICOKO3JIACTHUHOM
COCTOSIHUH B HIMPOKOM HHTEpBase
TEMIIepATypP, HA3HBAIOTCHA 3J1aCTO-
Mepamy MM Kayuykamu., Ecawu
Harpesath NoJuMep, HAXOASLIHI-
cfl° B BBLICOKO3J1aCTHYHOM COCTOSA-

 HHH, 1O TeMiepaTypbl TeKyuecTH -
T:, TO MATEpPHAT TNEpPexoguT B
BASKOTEKYUEE COCTOAHHE.  p,. 63 3agucumocts nepopmannu ot
B arom cocroaruH Martepuasa ob- temnepaTypul y JHHEHHBIX TOJHMEPOB:
Jajaer HeO6paTHMbIMH naacTH- [ — amopdubil; 2 — KpucTanguueckull; CC —
decKuwu  flepopMaMAME,  Bee | CTOVIO0PASToR SonOmie: e MO
flepeurC/eHHble CTafi MaTepHal ’
TIPOXOAHT NPH NMOHMKEHUU TemIe-

paTypel. OOpIyHO 3TH HUBHYECKHE COCTOSIHHS BBIABJSIOT 10 3aBI/lCHMO-
CTH  Jepopmanua — Ttemnepatypa (puc. 6.3).

KpucTanniueckye NoJHMepPhl OGLIYHO COflepKaT KaK Kpucraslinye-
CKYl0, TaK ¥ aMopdHyIo (asbl. MHOrne CBOACTBA NOJIMMEPOB 3aBUCAT OT
COOTHOWEHYs aMophHON | KpHCTamuqecxou (bas — CTeNeHH Kpucrtaj-
JIMYHOCTH.

COBOKyHHOCTb xapamepncmx onpefesIONHX TOBEJEHHE NOJHMe- -
poB B 3JeKTpHueckoM none (E .y, Py 0s, &, ¥ tg 8), B 3HauUTENBHOM
Mepe 3aBHCHT OT NOJAPHOCTH 3BeHHEB MAKPOMOJEKYJ, HaJIM4Hs OcTa-
TOUHBIX peaxunonﬂocnocoéﬂux (byHKIHOHATbHEIX) IPYNI B Pa3Jjyy-
HBIX TNIPUMECEH M M3MEHsIeTCsl OT TeMIIepaTyphl, YaCTOTHI,  aMILIHTYHbI
BHEIIHEro 3JeKTPHUUeCKOro moJs. ﬂnanempnqecxne CBOHCTBA NOJMMe-
POB CBA3aHBI C HX CTPOCHUEM, MOJIeKleﬂpHOI/l CTPYKTYPOHR W 3aBUCAT OT
TeMIIEPATYPHI.

3nauenue p, TONUMEPOB OMPEAE/AETCS HAJINYUEM B HMX ‘HOCHTenei!
3apsila MOHOB, TOJSIPHBIX TPYNI U _HX TOABWXKHOCTBIO. s Henonsp-
HBIX OYHLIEHHLIX OT TIpHMeceif TIoAMMepOB, HOJYUeHHBIX NOIHMEPH3alH-
efl (MoNMSTHMEH,  TOJHCTHDPOJ, NOJIUTETPAPTOPITHIEH), XapaKTepHbl
Gonbipe 3HayeHus - p, = 101 = 10 Om-m, manwit tg & =~ 104
masoe sHauenue e, = 2,0-~2,4. [lonapHple nosumeps nMelor Gosee

BTC

oA

-

- ' ' : 203



HH3KHE 3HaueHus p,, 6oibuine snayenns €, u tg 8. OrpocutenbHas au-
3NIEKTPHUECKas NMPOHHLIAEMOCTh cnaéononﬂpﬂbrx TIOJTUMEPOB COCTABJISE-
eT 06b1HO 2,8—4,0; 118 NONSPHBIX B 3aBHCUMOCTH OT CTPOCHHS MOJUMe-

pa ona metsiercst ot 4 o 20. Bavsnne cTpoeHHs noJuMepa Ha €, B OC-

HOBHOM Ofipele/ifeTcad 3HaueHueM NUNOJIbHOTO MOMEHTd OTAE/JLHOTO 3Be-

Ha MaKPOMOJIEKYJbl ¥ UHC/OM NIONAPHBIX I'PYNN B eHHHIE 00beMa, NpPH-
ueM g, 3HAYHTETHHO BO3PACTAET NPH YBEJHUYEHUH B MOJUMEPE CONEPIKA-
HHA BOIBI. YBeJHUYEHHE CTeNeHH KPUCTAJJHYHOCTH TakxkKe MPUBOIUT K
VBEJIHUYEHHIO €,; TaK, y aMOp(HOro nofucTupona e, -cocrapnasier 2,49—
2,55, y xpucrasinueckoro — 2,61. [Ing npnMenenns nosivMepoB B Ka-
Ge/IbHON TEXHHUKE NpeIIOUTHTe]bHEee MaTepualsl, ¢ Mayioll &, (Henossp-
Hble U C1a60OMONAPHEE TIOAUMEPH]), B KOHAEHCATOPOCTPOEHHH — C TIO-
BBILUEHHBIMH 3HAUEHHSMH €. IIpH BBICOKHX - UacTOTaX HCMOJIB3YIOTCS
TAKHe e NOoJUIMepH], KaK NOJHMITHJEH, IMOJHCTHPOJ, mojurerpadrop-
3THJEH, ¥ KOTop'blx MaJbl €, W IHIJEKTpHuecKue notepu. B HusKkoua-
CTOTHBIX KOHJEHCATOPaX UM HPY MOCTOSHHOM TOKE MOXKHO IPHMEHATH
" TIO/IHMEPHI € TIOBHILIEHHOMN &, B CTEKJI006PA3HOM COCTOSTHHH.
3nauenus tg 8 saBucsaT 'OT XHMHYECKOrO CTpOEHHS, CTPYKTYPH INO-
anvepa. HuskomosekyaspHbie TPUMECH W, B UACTHOCTH B/ara, BKJIO-
ueHHsa nyssipefi BO31yXa, TblJIb, YACTHILI HHU3KO- W BBICOKOMOJEKY-
JIAPHBIX BEIECTB MOTYT npmsecm K TOSIBJCHHIO JOTOJHHUTENbHBIX MaK-
CUMYMOB B TeMIiepaTypHoi 3aBucumocty. tg 8. 3uauenus tg & pns neno-
JAPHEIX NOJUMEPOB JAeXAaT B npefensax or 10=* mo 10-% B6ausu u BHI-
ute T, BosMOxKeH pocT tg 8 Ipu NOBBLILEHUM TeMIepaTyphl, YTo 06yC-
JIOBJIEHO TIOBLILIEHNEM HOHHOH NPOBOAMMOCTH NosWMepa. 3HaueHus tg O
MOJISIPHBIX  TIOTUMEPOB B CHJBHOH CTENEHH 3aBHCAT OT 4acTOThl H
_TeMIepaTyphl, YTO OTPAHUUYHBAET WX NpUMeHeHHe NPH BHICOKHX YacTo-
TaX. , : , :
DnekTpuueckas NPOUHOCTb Eyy, ¢ NOBHILEHHEM TeMIepaTypbl Pe3Ko
cHyKaercs B obnacth T, mast amopdubix U T 5 1718 KpHCTANLTHYECKHX
* nonumepos! Tlosspubie noauMepsl uMel0T Gojee BhicOKYIO:  E gy, ueM,
HeNnoJsipHbe, B 06J4CTH KOMHATHBIX M Gojee HU3KHUX TeMiepartyp.’
HarpesocroiikoCTh noaMMepHLIX MaTepHadoB. [iurensHasi: pabo-
yas TeMneparypa JHHEHHbIX NOJAMEpPOoB, 3a HCKJOUeHHEM (TOpCofep-
Halux 1 nonmpeﬁmos He npessiaer 120 °C, ocobenno HArpeBOCTOH-
KH KPEMHHHOPraHHYeCKHe H HEKOTOpblE ApYrHe 3JeMeHTOOpraHuYecKHe
TI0JIMMEDEL, . * IJIHTeNbHASL pabouas  TeMrneparypa KOTOPHIX LOCTHraer
180200 °C. BrICOKYIO YCTOHYHBOCTL K JIEHCTBHIO TOBHILEHHON TeMe-
paTypHl NPOABASIOTCS HOJUMEDHI TIPOCTPAHCTBEHHOIO CTPOSHHUSL. ‘
. Tpupopssie cmoabl, K-uneny npuposHbix CMOJL, UMEIOIHX 3HAYEHHE
B '3JIEKTPOU3O/SILIHOHHON TEXHHKE, OTHOCATCH WeNJaK, Kauudoas (rap-
nuyc) u Aautapb. [IpuponHbe CMOMEI NPENCTABAAIOT COGOM OPTaHHYECKHE
COEJIHHEHUS] B OCHOBHOM DPACTHTE/]BHOIO H -GHOTEHHOrO IPOUCXOXKIE-
uusi. [IpH HarpeBasMy MPUPOLHBIE CMOJIBL PASMATYAKOTCS M ILIABATCS .
B Bojie npupoaHble CMOJIbI HEPACTBOPHUMBI; @ B CIIHPTE, S(DUPE, HMUPHBIX
U 3QUpHBIX MacaaxX U APYFHX opraﬂnqecxnx pacmopmemx pacrBo-
PHMBIL.
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Ol e n nak upercrasisier coGoOi NPOAYKT HKU3HEAEATEIBHOCTH He-
KOTOPBIX HACEKOMBIX HA. BETBAX TPONHYecKHX fAepeBheB. OH Xopoimio
PACTBODHM B CHHpTE, MOUTH HEPACTBOPUM B GeH3une u GeHsoje, mjia-
Butcs npy 80 °C, mpH ANHTebHOM HarPeBaHHH TNePeXolHT B HellJiaBHOe
H HEpacTBOPHMOe cocTossHHe. 1o MU3JIeKTPHYECKHM CBOHCTBAM lHeNNaK
OTHOCHTCSI K C1aGOnossapHuM AusnekTpukam. lllennak npumensiercs B
3JIeKTPOTEXHHKE IJIaBHEIM 0Gpa3oM B BHJE CIMPTOBOrO pacTBOpa Ajst
H3TOTOBJIEHHUST KJeAHX J1aKOB, JUISi CMOASHON M30/ALMH, a TAKXKe s
JIAKVPOBKH JeTased.

‘Kauundonap— xpynkas cMoja, noaydyaeMast U3 CMOJBI (KHUBH-
ubl) xBOHHbIX AepeBbeB. OHa pacTBopsiercs B ‘crnupTe, GeHsuHE, GeH30-
ne, He(TSIHBIX M PACTHTENbHBIX MaclaX H B APYTHX DACTBOPHTENStX, B
_BOJile HepacTBopHMa. [lo AM3NEKTPHUYECKHM CBOHCTBAM KaHHU(OJIb MO-
XeT GbITh OTHECEHA K CJ1a00MoJISIPHBIM IH3eKTpHKaM. I1pumensierca as
M3rOTOBJIEHHS JIAKOB M KOMIAYHAOB, UCIIOIb3yEMBbIX B 3JEKTPHYECKOH
M30J11L MY, RobaBiasiercs K HedTAHOMY Mac/y IpPH . NPONUTKe GYMarkHON
H30JIALHE CHAOBHX Kabenell, B GOJBIIOM KOJHYECTBE TIPHUMEHsIETCs Kak
COCTaBHAs UACTL MHOTUX 3/IEKTPOH3ONALUHOHHBIX CMOJ, B YACTHOCTH
Q)eHOJIO(popmaJlbnemnHux U 0 H3OUPHBIX.

S nTapb-— HCKONaemas cmona pacrteHufi ¢ TeMnepaTypon nJ1as-
nerust Beune 300 °C; He pacTBOPAETCA TIOYTH HU B KaKUX PacTBopHTe-
JISX, pacTBOpSiETCs ToC/]e pacniaB/leHHs B CKHMNJape, cepoyTJepoje.
Oensune, macaax. SIHTapp — caaG0NOJAPHBIE IH3JEKTPHK € BBICOKHM
3HayeHneM yAeJabHOTo ConpoTHBAeHUs py = 1017 Om, KoTOpoe MaJio 3a-
LBHCHT OT BJlaxHOCTH. [IpuMeHsercs orpaHH4eHHO H3-3a AOPOTOBU3HHL,
‘TJIaBHBIM 06PA30M B 3JIEKTPOH3MEPHTEbHBIX NPUOOPAX, B KOTOPHIX Tpe- -
OyeTcs BHICOKOE 3HAYEHHE CONPOTHBJACHUS U3OJIALMH, .

CunreTHYeckue mnoJumepbl. JIuHeliHpIe HenoJspHBIE TIONHMEpH.
K wernonsipHeiM TonuMepaM ¢ Ma/bIMH JH3JIEKTPHUECKHUMH TOTEPAMU
OTHOCATCH NOJAMITHIER, HOJAHCTHPOJ, noauTerpadropathier. Monomep-
Hble 3BEHbSl MAKPOMOJIEKYJ 3THX NOJUMEPOB He 06/ajaloT AUTIOIbHBIM
MOMEHTOM. DTH NOJMMEPHI UMEIOT HauBo/Ibliee TeXHUUECKoe 3HaUeHHE H3
MaTepHaloB, NOoJydaeMBIX NOJHMepH3alued. :

Hoansruiaen (I13) nonryyaior npy BHICOKOM, CPEHEM M HH3-
KOM LABJIEHHH NOJUMMEpH3auuell 3THIeHA B NPHCYTCTBHW KaTaJH3aTo-
posB. i : ; . .
Honustuiey — KpHCTamusy}omnﬁCﬂ HosuMep, creneHb KpUCTasl-
JIUIHOCTH KOTOPOTO IIpH KOMHATHOM Temiiepatype pocturaer 50-—90 %
B 32BUCHMOCTH OT Cloco6a noayuenusi. Ot Apyrux TepMoInIacToB OTJIH-
yaeTca BeckMa HeHHbIM KOMINJIeKCoM CBORCTB. JI/151 MoJansTHIIEHa XapaK-
TEPHEl: BHICOKAS TIPOYHOCTB, CTOHKOCTb K JeHCTBHIO arPeCCHBHBIX Cpef
H pajHaliy, XOpOoWHe IU3/NeKTpUYeckHe CBOHCTBA, HETOKCHUHOCTD.

-BeiltyckaeMblii B HPOMBILIIEHHOCTH MOJNMSTH/IEH B 3aBUCHMOCTH OT
crocoba MoJyueHus Pas/ivyaeTcs Mo MJIOTHOCTH, MOJIEKYJIsipHOH Mac-
Ce M CTeNeHH KPHCTaNNHYHOCTH. [1/0THOCTE NOMHSTHIICHA H3MEHARTCA B
npenenax 910—970 xr/m®, rtemmepatypa pasmsiryenust 110—130 °C.
HauGoasuiefi crenensio. KpHCTaNJHYHOCTH, TVIOTHOCTH H TeMHOepartypoit
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pasmsAruenus ob/anaer NOJHUITHIEH HH3KOTO U CPeHero AaBienus (1o-
JU3TH/EH BRICOKOH nstoTHocTH). [osinatuien, nosyyaeMeifi Ipy BLICOKOM
JaBJEHHH, HMEET MEeHbINYIO NJNOTHOCTh. TaK KaK M3AeNHs U3 IOJHITH-
JleHa CTAHOBSITCS XPYIIKUMH TONMbKO NpH —70 °C, TO OHU MOTYT 3Kcrmy
aTHPOBATECA B CYPOBBIX K/IHMATHYECKAX YCJIOBHAX:

TToaH3THIEHbl HHSKOTO M CPEHEro NABJIEHWS OTHOCSTCS K IOJHMe-
pam ¢ DeryJapHOH CTPYKTYPOH MOJIEKYJ W -HA3BIBAKOTCS UBOMAKMIYe-
ckumu noaumepamu. C yBeJHuYeHHEM MOJEKYASPHOR MacChl # OCOGEHHO
TIJIOTHOCTH, YTO XapaKTepPHO /i H30TaKTHUECKOTO NOJHITH/IEHA, BO3-
pacTtaetr XUMHYeCKas CTOHKOCTb nojuMepa. [losusTuieH croex k neft-
CTBUIO LleJIoUell, PAaCTBOPOB CoJIeH, OPTAHHUYECKHX KUCAOT (Jaxe K KOH-
LeHTPHPOBAHHOH CONAHOH U IJIaBMKOBO#H kucioram). 12 sriue 80 °C
PacTBOPAETCH BO MHOTHX DPAaCTBOPHTENSX, OCODEHHO XOpPOWO. B yrie-
BOJIOPOJIAX M HX Ta/iOr€HNPOHIBOIHBIX. Has ysenudenust atmocdepo-
CTOHKOCTH M CTOMKOCTH K TEPMOOKHC/IHTE/bHBIM TIPOLECCAM B NOJIHITH-
JleH BBOAST Pa3JHukble CTA0UIH3ATODI .

T'l/10THOCTD IONMATHAEHA HE BJHSET CYLIECTBEHHO HA ero RUJIEKTpH-
yeckHe CBOHCTBA, HO NPUMECH B NOJHSTHJIEHE BBICOKOH NJIOTHOCTH yBe-
JHYHBAIOT JU3JEKTpHuecKre notepd. ONHAKO Majble JH3JIeKTpHYEcKHe
floTepH MOJU3THIEHA NO3BOIAIOT ‘HCIOAb30BATh 3JEKTPOH30JSIHOHHBIE
- MaTepHaspl ¥ H3AEJNHs HA ero OCHOBE B IUYPKOM [Mana3oHe 4acToT M
TeMIIepaTyp.

B NpOMBIILIEHHOCTH NOJy4atoT NOJMSTHIEH CO «CUIHTOR» CTPYKTYPO#
MOJIEKYJI, KOFJa CO3/AAIOTCS [ONepeuHble XHMHUYECKHe CBA3H MEXAY JIH-
HeHHLIMH IeNAMH MakpoMosieKyst. «CUIHTHIH» TOMHATHIEH MOKHO NONY-
4YuTh NPH OOGNYyYEHHH MOJHITHIEHA YACTHUAMH BBICOKMX JHEPTHH HAu
fpy AeHCTBHM CMNEUHAJbHEIX TNEPEKHCHBIX COeAMHEHMH, BhI3LIBAIOLLHX
_ CLIUBKY MAaKPOMOJEKYJ NpH BBHICOKOH Temneparype. Tako# no/jmmep
CTAHOBHTCH DPe3HHONONOGHLIM NpH 110—115°C n coxpansier NIpOYHOCTh
npu temneparype no 200 °C.

[JonusTuieH NPHUMEHALTCS B KauecTBe anempousomunormoro Ma-
TepHaJ/a B 3JMEeKTPOTEXHHKE W PaJHO3/J1€KTPOHUKE, B KA6e/ 1 HON NPOMBbILL-
JIEHHOCTH, B CTPOUTENBCTBE, B KAY€CTBE aHTHUKOPPO3HOHHBIX MOKPHITHH
v T. A. TlonusTHiIeH BCeX MAPOK sBJIsETCS PU3HOIOTHUeCKH Ge3BPEHbBIM,
MO3TOMY NOJYYHJI IUHPOKOE npumerenie B npon35011cnae TOBAPOB Ha-
POLHOTO TIOTPe6JAEHHS.

Moaucrupoan [—H,C-—CH —CgH; —I,. nonyuar nomn-
MepH3aluell MOHOMEepPHOTO CTHpoJ2. AMOPQHBIH HOJHCTHPOJ HONYYAOT
'B BHIe OJ0KOB, 3MYJbCHH, CYCNEH3HH HJIH PacTBOPOB, @ H30TaKTHYe-
CKHH — B NPUCYTCTBHH CIEUHATbHBIX KATANH3ATOPOB. Homncmpon -
TepPMOTNIACTHYHEII MaTepHasl ¢ BEICOKHMH JIM3JEKTPHUECKUMH CBOHCTBA-
Mu. . LI 37IeKTPOTeXHUYeCKHUX Lie/ief B OCHOBHOM IIDHMEHSETCHA 6.10u-
Hbt# TOJHCTHPOJ, 3MYJbCHOHHBIH HMeeT XyIiHe JH3/eKTPHYeCKHe Ho-
Ka3aTeJy U HCIOJb3yeTcs Jfif ¥3rOTOBJEHUS - IJIUTOYHBIX MEHOMIaCTOB

" KOHCTPYKUHOHHOT'O HA3HAYEHHH, H30TAKTHUUECKHMH B TNPOMBIHIIEHHOCTH
¥3-3a TPYAHOCTEH TiepepaGoTKH B H3JeNUS He BbINyCKaeTcH.
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TTosucTHpOL . XHMHYECKH CTOEK, YCTOHYHMB K BO3JEHCTBHIO  BJaTH,
pacTBOpAeTCst B 2POMATHYECKHX M XJIODHPOBAHHBIX YIJIEBOAOPORAX,
NMPOCTHIX M CHOXKHBIX 3pupax. K HeflocTaTKaM TOJHCTHPONA OTHOCATCS
HU3KAa%, MEXAHUUECKAst POYHOCTb M HEBHICOKAA TENMJOCTOHKOCTD.

BJaounstit nosMcTHpON npo3paueH, GecusereH, npomnyckaer 90 %
BHUAMMON yacTH cBeTa. BricoKUl noKasartesb NpeoMiIeHus oOyCI0BAH-
BaeT NMpUMEHeHHEe OJIOYHOTO MOJNHUCTHPOJIA A H3FOTOBJIEHHS ONTHYE-
CKHX crexkos. Temmeparypa creknoBauusi nonmucruposa 80-—82°C,
a Temrepatypa exanIyaTaxmn I/I3IlEJIHH U3 HEro He JOJIXKHA npeBbxmaTb”
60 °C.

s nmmcmpona nonyqam‘ nonncmpomﬂue MIEHKH TOJIIMHOR
10—100 mkMm, HashiBaeMbie cmupogaexcom. Ilaenkn oranyalorest 601b-
WIOH TIPOYHOCTDIO, BBICOKUMH JHIJIEKTPHUECKHMH NoKAsaTeAMU M TpH-
MEHSHOTCH B KOHAEHCATOPHOHA TeXHHKeE.

TTofMCTHPOJ HIHPOKO TIPUMEHSIETCH ISl HATOTOBJIEHUS neranei
JEKTPO- U PAZHOIJIEKTPOHHLIX NPHOGOPOB,:B KabeJbHOH JPOMEIILIEH-
HOCTH B Ka4eCTBE.BbICOKOYACTOTHOTO 3JIEKTPOH3OJIALHOHHOTO MaTepHa-
N8, JJIsi M3TOTOBJEHHS NOJMCTHPONbHBLIX JakoB. [lepepabateiBaercs B
H3JeAHsA BCeMH CNOCo6amMy, HCNOAb3YEMBIMH AJsl TEPMOMIACTHYHBIX Ma-
TepHaJIOB,: Ocuosnon MEeTOJ nepepaéorxn B H3JeJ1He — JIUTbe IOJ AaB-
JIEHHEM.

CsoficTBa moJiHCTHpONA ynquaro'r nyTeM BBENEHHS CHEelNHaJbHBIX
BELIECTB ~— HHIUGHTOPOB — ISl NIPELOTBPAIEHHs CaMONPOM3BOJIBLHOM
NOJIHMEPH3ALUH BO BpeMsi XPaHEHHS, KOTAA H3-3a MOSABJIEHHST BHYTpeR-
HUX MeXAHHYeCKHX HaNpsiKeHUH Yy NMOJHUCTHPO/A BO3MOXKHO NMOSBAEHHE
Tpewun. B pax cayuaes ais ycTpaHeRusi 3TOTO fABJEHHS B HOJHCTHPOI
BBOAAT HEKOTODHIE BH/IbI CHHTETHYECKHX KaYUyKOB. ‘

Moaunrerpadropsrunen (IITOI) [—CF, —CF,—I8
CCCP-Boinyckaercsi noj HazpanueM (ropormiact-4. (topropas Mapxa) ¥
nonyuaercst nonumepusanueii terpadropytniesa F,C = CF,.. Crenens
kpucramiuunoctd I1T2® okoao 90 % (npu. TeMneparype sKcmyarta-
uun 50-—70%). Kpucrannnyeckas CTpPyKTypa Hapyluaercsi npu teme-

. patype.okos0.327 °C, mocsie Yero noauMep MEPeXofUT B BHICOKO3JAC-
TUYECKO® COCTOAHHME, COXpaHMAIOHIeecs BIVIOTb N0 TeMNepaTyphl pas-
noxenwus (okoso 415 °C). Padouas TeMnepaTypa or —269 10 260 °C. .

Bricokas paGouas TemnepaTypa M XHMHYECKas CTOHKOCTL BBIASTISIOT
TIT®3 cpenit apyrux oprauudeckux nosumepos. [ITPD He ropur u ne
pacTBOpSIETCs B iHaNa3oHe pabouHX TeMNepaTyp HH B OJHOM PacTBOpPH-
TeJle, Ha HEero He AeHCTBYIOT KHCJOTH, 1IeJIOUH H ApyTrHe arpeccHpHLe Be-
utecrsa. [IpeBocxoxst 301010 M NNATHHY N0 XMMHYECKOH CTOMKOCTH,
[1T®3 ne cMaukBaeTcst BOJOH, IPOABJAET CTONKOCTD K BO3JEHCTBHIO TPO-
NHYeCKOoro KJAHMATA u rpHOKoBoi Maecend. Hekotopoe BosjeficTBHe Ha
[T ®2 oxa3pBalOT JIHLb PACIVIABIEHHEIE UIE/IOYHBIE METAJIBI H ATOMap-
Hblfi (TOp NIPH TIOBBILUEHHBIX TEMIEPaTypax. [IT®3 nmeer HCKJIIOUH-
TEeNBLHO ~BEICOKHE BJIEKTpOHSOJIHIIHOHHbIP CBOHCTBA, NpPHBEJEHHLIE B
Taba. 6.2. '
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Ta6adua 62

Honuremadn‘op-

CaoficTBa HMonnaranen Hongcrupon STHICH
YaedsHoe 06beMHOe COMpPO- 1015 1015106 10151 018
TuBJjetue, OM-M o O
OTHOCHTeNbHAs JuatekTpuue- | 2,2—24 2,526 1,9—2,2

cKaf npoHumaeMocTs npu 1 MI' : :
Taurenc ' yraa = auasiekrpuue- | (2-—4).10-% (2--4) v10—4 - (2—2,5) -10—*
ckux. notepp mpu 1 klu—

I MI'u ; 5 :
JJaeKTpHYeCKas IpOYHOCTh, | ~ 45~.-55 25 25—27
B*/M . B
Hmurenstas paﬁoqaa Temme- | .7 90 L T0 260

parypa, °C : :

* DJeKTpHUECKaHd MPOUHOCTb IJIfl TOHKHX, TOMIWHHOR 2—20 MKM, IUIEHOK no-
JiH3THJeHa, mojuctHpota, [IT®D nocruraer coorsercrsenso 150, 110, 2500 MB/m.

A

K nepocrarkam ITTDD orHocsTca Moa3yyecTs, BO3HUKAIOIAS 110X
JeficTBueM HeGONBIIMX MEXaHWUYeCKUX HArpy30K, M HH3Kag yCToHuH-
BOCTb K BO3JEHCTBHIO 3JIEKTPHYECKOH KODOHBIL.

OO6bIYHBIEe 15T TEPMOITIaCTOB METO/b! nepepaéoﬂm A5 HTCDS He-
nparoansl. Manenus uz [T naroraBnaoTés MeToNOM creKanHs NpH
TeMHepaType360 380°C mpenBapHTesbHO OTGOPMOBAHHHIX H3 HTCD9
3aroTOBOK. .
 IIT®3 ne ckaeusaercs ¢ APYyrUMH MaTepUanaMH oéquHMMH‘MeT,ona-
MH, TaK KaK UMeeT MIOXYIo aire3uio (K/IesIyio. ClocoGHOCTD, MpHUJIH-
naHue) K- APYyruM MaTepuanaam, no3Tomy s CKJAEHBaHU s ero HoBep X HOCT-
HOCTh HEOOXOAMMO TOABEPTHYTH CHElHAbHOH 06pa60TKe (B TnemmeM
paspsjie, XUMHUECKOMY TDABJIEHHIC U Ap.).

[TT®3 npumensioT B DaZMO3IEKTPORHKE, anemporexmxe LIS U3-
FOTOBNEHHS 3JIEKTP HUECKOH H3G/IsiLuK TIPOBONOB, Kabenel, KOHAeHCaTo-
poB, TpaHChOPMaTOPOB, PAGOTAIOUIHX MPH BHICOKHX. n nusxux TeMnepa-
TYpaxX WJIK B arpeCCHBHBIX CPefax.

~TIT®3 pusuonoruuecku GesppeneH, HO npu TemnepaType BhiLIE 250
950 °C u3 HEro HAYHHAETCs BhijlejeHHe BBICOKOTOKCHYHBIX Tra3oobpas-
HBIX MPOAYKTOB, KOJUYECTBO KOTOPHIX Pe3KO Bospacraer npu HarpeBa-
HMY BBILLIE TEMIEPATY Pl PA3JIOKEHHS .

JIuHeliHpte nOAApPHbIE ToIMepbI. ITo cpaBHeHmo c HCHOJIHprIMH
fOJUMEPaMH  MaTepHasbl ITOH TPYNbl 061a8210T GONBILHMHA 3HAYEHHSA-
MH JH3JeKTpHYeCKOoH mNpoHHuaeMocTH (& = 3--6) ¥ NOBBLIIEHHBEIMH
AMSJIEKTP MUECKHMH MOTEPSIMH [tg§ = (1=6): 10 -2 ya vactore | MI'ul.
Takue cBOHCTBA 00YC/OBIHBAIOTCA aCHMMETPHUHOCTBIO CTPOEHHS 3Jl€-
‘MEHTapHBIX 3BEHBEB MAKPOMOJIEKYJ, 6/1aroiaps ueMy B 3THX MaTepHa-
Jax BO3HHMKAeT IUNONbHO-DENAKCAUHOHHAS Mojspusauus. Y jaeabHoe
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HOBEPXHOCTHOE CONPOTHBIEHHE 3THX MATEPHAJIOB CHJIBHO 3aBHCHT OT
BJIAXKHOCTH OKPYy2Kalollied cpeibl. K uHciy 3TUX TIOJHMEPOB OTHOCATCHA
MOJTUBUHUAXJIODHA, NOJHITHIeHTepedTalaT, ¢roponnacr-3 (NOJAHTPH-
(propxnopaTHIeH), ToNAHaMHAHBIE CMOJBL. [Is 371eKTPOTEXHHUECKHX
nejgefl 3TH NOJHMEPHl HPUMEHSIIOTCS B OCHOBHOM K&K H30JISIHHOHHBIE H
KOHCTPYKIHOHHBIE B [HATNA30HE HH3KHX YACTOT. :

Doausunuauaxaopuyn ([IBX) npeacrasaser cofoli nonn-
Mep, INoJydYaeMmblii NOJHMepH3anHed XJOPHCTOro BHHMJIA ¢ obpasoba-
HHEM BBLICOKOMOJIEKYJ/ISPHOTO COEIMHEHHS TIO CJedyIoLieH cXeme:

' n CH,=CHCl-[ —CH,—CH

‘
Gl dn

Monekyna XJ/JOpHCTOrO BHHM/A acUMMETPHUHA H . JIO3ToMy o6jazaer
pe3KOo BbIPaXKCHHBIMH NOAsAPHBEIME cBoHcTBamu. [IBX 6aaromaps Beico-
KOMY COJEpXXaHHIO XJOopa He BOCIJIAMEHSETCS M NPAKTHYeCKM He To-
put. Pasnoxenune IIBX naunnaercs npu 170 °C. [IBX uepactBopum B
BOJle, cIMpT?, GEH3HHE H MHOTHX APYTHX pacTBopuTensix. [1pu Harpesa-
HMH OH PACTBOPSACTCA B XJOPHPOBAHHBIX YIJIEBOAOPOAAX, ALETOHE, 00-
J1alaeT BHICOKOH CTOHKOCTBIO K AEHCTBHIO CHJIBHBIX Y cna6b1x KHUCJIOT Y
mesouel, CMa3ouHLIX Macell:

[IBX xopowo coBmemaercst ¢ nactudUKaTopamu, KOTOpble yayy-
LIAIOT €r0 /ACTHYHOCTb, HO B TO K€ BPEMs HeCKOJIbKO YXYIWAaloT AH-
3M€KTPHYECKHE CBOHCTBA. B 3/1eKTPOTEXHHKE KECTKHH MaTepHaJ, Hasbi-
BaeMbl#l uxUNAGCMOM, HAXOLUT OFPAHHYCHHOE NIpHMeHeHye. [114 3/1eKT-
PHYECKOH H30JISIHK, B YaCTHOCTH AJISl KabelbHOH H3OJSLHM, NpHMe-
Hsiercst naactuduuuposanHelfl [1BX, HaswiBaembill naacmuxamom.
O6bIYHO TNPHMEHSIIOT TaKHe TIIaCTHPHKATOPHI, KaK AHGyTHAdTANTAT H
TpuKpesungpochar. Bsenenue miacTHHKaTOpa HE TOJNLKO YJydinaer
snactuunoets [IBX, HO M NOBbILIAET €ro MOPO30CTORKOCTL. BBenenuem
CrielHa BHbIX nnacm«buxampoa MOXHO NIOJTYYHTh HAACTHKATHI,; CTIOCOG-
hbie padotath Npu —60 °C, ofHako crenyeT yuuTHIBAThb, Y4TO TPY BBe-
Aesuy 6OJIbI]JOI‘0 HX KOJIHYECTBA Pe3KO: B03paCTaIOT TnoTepH npoaommo—
CTH.

MaTepHaJm Ha -OCHOB® HBX HMMEIOT BBICOKYIO  BJIAarOCTORKOCTb, YTO
oﬁecneqHBaeT MM IIHPOKOE NPHMEHeHHe IJisT H30AAIHU 3alHTHEIX 066~
JioueK ‘KabelbHBIX H3JeNHI, H30NAUMH NPOBOJOB, a TAKXKE B BUJIE TPY-
GOK, JIeHT, JIMCTOB B 3J1eKTPDUMYECKHX MAILMHAX H amnnaparax, paboraw-
KX Ha NPOMBLIITeHHBIX yacToTaX. [1BX npuMeHsioT TakKe B KayecTse
MaTtepuana, racmuero 3JEKTPHYECKYIO AYTY B ommoua}omen armapa-
TYype.

[Torurpu (pT OpPXJNOD3THACH (cpToponJIaCT-B) [—CFy—
—CFCl—I, noayuaor nomumepusauneit rpudropxiopstaiena. dropo-
nnacr-3 Hau Mozmqmunposanﬂuﬁ cpropomaCT-SM——KpHCTananecxnﬁ
NOJIUMEP C- TEMNEPATYpPOH IIaBJeHHS KPHUCTANJIHYECKOH a3kl OKOJIO
215 °C. ®roponaact-3 10 CpaBHEHUIO ¢ (OTOPOMAACTOM-4 HMEET MEHb-
Y10 TEDMHYECKYIO CTOHKOCTL M CNOCCOEH OTIHEMIAThH XJOp IPH TeMIile-
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patype Boie 260 °C. Kaxk u ¢proponsact-4, 370T NONTHMEP MMEET BHICO-
KYIO XMMHYECKYIO YCTOHYHBOCTb, HO B OTJHYHE OT HETO MOKET Iepepa-
6aThiBATLCA B PA3NHUHbIE JIEKTPOTEXHAUECKHE H3Je/Hs METOAOM npec-
COBaHHsA NpH temnepatype 220—250 °C. Ilo cBOMM 3JIEKTPOH30J AL{MOH-
HpM cBoficTBaM Qroponsact-3 3aHUMaeT IPOMEKYTOYHOE TNOJAOKEHHE
MEXNY TOJUBHHHAXJOPHAOM H (TopomjacTom-4. droponsact-3 npwu-
MEHFIOT I/ M30JSUMH NPOBONOB M KaGesefl, AIsl M3rOTOBJEHUs pPas3-
JHYHBIX JeTajiell PajHo- M 3JIEKTPOTEXHHYECKOH NPOMBILIEHHOCTH,
MJIS TIPOH3BOACTBA IJEHOK B NPOH3BOACTBE KouneﬂcaTopOB 1 dosbrupo-
BaHHHIX AHIIEKTPHKOB. ~

B Ttabn. 6.3 npuBeneHH OCHOBHBIE NOKA3aTesH paccmmpenﬂmx JIH-
HefiHBIX TOJIAPHBIX To/uMepoB. Crenyer UMeTh B BHAY, UTO B HACTOSI-
Iljee BpeMf B IIPOMBIILICHHOCTH BBLINYCKAETCS GOABLIIOE YHCAO CONOJM~
MEPOB PACCMOTPEHHLIX NOJAHMEPOB, T, €. TAKUX COEJMHERHH, KOTOpHE
NONyYAOTCH H3 HECKOJBKHX MOHOMEPOB H TO3TOMY COAEpKAT B HENH
HEeO/INHAKOBLIE 3JIeMEHTaPHEIe 3BeHbsl. CornonuMepsl MOryT GbiTh TOMY-
YEHB! C HYKHBIM KOMIJIEKCOM TeX HJIM IPYruX CBOHCTB.

Ta6nuuwa 63
Honnsnﬁendnop—
CaoficTBa ' TonuBUHKAXIOPHA XJIOPITHACH
’ . (broponaact-3)
Oyge.mmoe 06BeMHOE ' COTIPOTHRJICHHE, ‘ 10“-—10‘3 1,2-101
M-M ' :
OrrocuTenbHas ARINEKTPHUECKAT - 3,1--3,4 ) 2,627
aporuyaeMocts npu 1 M - . ..
TaHrenc yria AUSAEKTPHYECKUX  IIO- 0,015—~0,018 0,01
reps npa § MI'u . -
duexrphueckas npogiocts, MB/m : 3545 13—15
Jaurensuas paGoyast TeMmmeparypa, © 90 Or —195 no:
° ' : . +190

ﬂo.numepbn, noay4aemsie nonnxongeﬂcauueu B 3aBI/ICHMOCTH OT
ocobennocTel NPOBE/IEHHS PeaKIHH HOJIHKOHILeﬂcaLIHH MOI‘y’I‘ 6bITb Ho-
Jy4eHEl nonmvxepm KAK'C JIHHEHHOH, TaK ¥ ¢ IPOCTPAHCTBEHHOM UITH CeT-
yatoil CTPYKTYPOH MoneKyJl. B CBA3H ¢ TeM YTO NPH NOJHKOHACHCAIMH
NPOHCXOJMT BbiJENEHHE HH3KOMOJEKYJISAPHBIX no60YHBLX NPOAYKTOB,
KOTOpbIe He BCerja MOT'YT GbiTb MOJHOCTBIO YAaNeHbl W3 Noaumepa, 1u-
3/IEKTPHYECKHE XAPAKTEPHCTHKH TIOMUKOHASHCALMOHHBIX  [TOJIHMEpOB
HECKOJILKO HHIKE, UeM y TNOJy4aeMblX ¢ NOMOUIbIO noaumepusauuu. Op-
HAKO NOJHMKOHAEHCALHOHHBIE MOJNMMEDE! MOTI'YT ObITh NOJYUeHbl C PSLOM
LEHHBIX CBOHCTB, OGYC/IOBIMBAIOLIMX HX LIHPOKOE IPHMEHEHHE 1/ Ma-
TEpHaJ/IOB, NPUMEHsSEMbIX B 3/IEKTPOTEXHHUECKUX LennAX. Tak, JuHelr-
Hb€ TIOIMKOHIEHCAHOHHbBIE NMOJNUMEPBl HMEIOT BBICOKYIO NPOYHOCTh M
60J1b1II0€ YAIMHEHHE TIPH paspbiBe. MHOTHE W3 HHX CNOCOGHBI BBITSITH-
BATLCH B TOHKHE HHTH, M3 KOTOPHIX MOXKHO NOJYYaTh 3JEKTPOH30.s-
LHOHHbIE TKaHW, NPpsKy. HekoTopele nojsuMepbl NPHMEHAIOTCS AJISL U3~
FOTOBJIEHHSI NVIEHOYHBIX MaTepHanoB. B oTiinuue ot JHHeAHBIX NOTHKOH-
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NEHCALMOHHBIX MaTepHa/0B, KOTOPLIM INIPHCYIIH CBOHCTBA TEPMONJA-
CTUYHBIX MATEPUANOB, NPOAYKTH, ABJASIONIHECH B CBOSH KOHEYHOH cra-
AHH TEPMOAKTHBHBIME, IITHPOKO TIPHMEHSIOTCH KaK CBS3YIOILEe B ILJIACT-
maccax, ‘B KauecTse JAaKOBOH OCHOBBHI H B NPOH3BOJCTBE CJOHCTHIX MJja-
CTHKOB.

@enonquopManbnermexe HoA¥Mephl. (CMOJB) — HPOAYKTH TIOJH-
KoHJeHcalnH ¢enonoB ¢ (opMasipieruioM. B 3aBucumMocTsd OT ycjo-
BUH [IPOBEAEHHS MOJHKOHAEHCAIMH MOMKHO NOJYYHTh TEPMOMNJIACTHY-
HbI€ CMOJIBI, HA3bIBAEMbIe HOBOJIAUHBIMH, HJIH TeDMOAKTHBHLIE, HA3bIBae-
BEIC Pe30JBHLIMH. TepMOAKTHBHBIE CMOJIBL HA3BLIBAIOT TaKKe OaKenH-
TOM. ! '

Hoponaunsle cMoabl NosyuyaoT NpH W3bbiTKe deHosna (o6buHO 7:6)
B NPUCYTCTBMH KHCJIOTH, @ Pe30/bHble — NpH U36bITKe hopMasibieruia
(6:7) B wenounoit cpege. Popmysa HOBONAKOS BHIVISIIHT CJELYHOIIHAM
obpasom:

OH On
CH,

HoBonauuble cMoJisl COXPAHSIOT I[JABKOCTh M PAaCTBOPHMOCTH B
STHJIOBOM CIIMPTE H B APYTHX PACTBOPHTEIAX LIpH HarpeBaHuu. FIX Mox-
HO TepeBecTH B pe3oJbl JAeHCTBHEM (opMalbjerdia HiIH ypPOTPONHHA
(rexcametuaenTeTpaamMuua). HenocpencTreeHHo nocse rnosyuenust Gaxe-
JAUT Haxoautcst B cragud A (pe3os), B KOTOPOR OH COXpaHsieT NJas-
KOCTb W pacTBOpuMocTb B cnupTe. [lpH HarpepaHuu. 6akesnnTa B CTd-
auu A no temnepatypsi 110—140 °C oH Npoxoput Yepes npoMexRyTou-
HYIO CTajHo B (pesuTosn), KOTja cMoJia PacTBOPSETCS JHIIb YACTHYHO,
U NEPeXOJHT B HEIJIaBKYIO H HEPACTBOPMMYIO cTanuio C (pesur).

HoBosaussle cMosbl NPHMEHSIOTCH A NPOH3BOJACTBA JAKOB H
Tpecc-NOPOLIKOB )15l H3TOTOBNEHHA SJNEKTPHUECKOH H3OJISLHH, PHUEM
npoiiecc nepexoja JMHEHHOro nojiuMepa B NPOCTPAHCTBEHHBIR OCylile-
CTBJSIETCS B NPECCax Mpu U3TOTOBJIEHHH H3LeNuil HOC/TIe CMENIeHHs CMO-
JIbl C YPOTPONHHOM.

Pesut (Gakenut B crajiin C) OTIHYAETCS BBHICOKOW MeXaHHYECKOI
NPOYHOCTBIO U CPABHHTENBHO XOPOLIHMH ' S/EKTPOU3OJISLUOHHBIMU. Xa-
pakrepucTukaMH. [loJsipHOCTb KaK HOBONAUHHIX CMOJI, TdK U Gakennrta
B cragun C CBf3aHa ¢ HaJHYHeM B MX MOJEKYJaX THAPOKCHIbHBIX
rpynn OH. Pasnokeunue pesuTos, COTIPOBOMKAaEMOE o0yriuBaHueMm,
HabatofiaeTcs npu Temnepatype Bhitue 300 °C.

Tlpu 3ameHe (eHONa AHUAMHOM HJIH KPE30JIOM MOJYYaloTCs a'H H-
T H H 0= ¥ KPe3ojohopMaJbAerHIHbIE CMOJIBI. DJIEKTPHIECKHE CBOHCT-
Ba U BOAOCTOHKOCTb PE3HTOB 3THX CMOJ Jyuyllle, YeM y HOJyYeBHBIX HA
ocroBe (erosa u Gopmaapieruia. Bee cMo/H Pe30aBHONO THIA WHPOKO
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NPHMEHSIOTCA NIPH H3TOTOBJAEHUM CJOHCTBIX IVIACTMKOB  (F€THHAKCAa H
TEKCTOTHUTA). ,

MoausdupHBE CMOTH TOYYalOT TNpPH IOJHKOHAEHCAIHH
MHOTOOCHOBHBIX KHCJIOT C MHOTOATOMHBIMH COHpTaMu. JI/1s 571eKTpoH30-
JALHOHHLIX LEeNell HCNONBb3YIOT NPEeHMYIIECTBEHHO 3THJIEHIJIHKOIb H
ruuepHH. JluHeHAHble TIONUMSGHPH TepedraseBol KHCIOTHL SBJAIOTCS
TepMONJIACTHUHBIMH TIOJIHMEPAMH M NIPHMEHSIOTCS. B BHJe MJIEHOK H BO-
JIOKOH, a TEePMOPEaKTHBHLIE MOJH3PHDHL HCTIONB3YIOTCA B KauecTse
OCHOBHI JIAKOB.

TepmopeakTHBHEIE NOJHDUDPLL HA OCHOBE (hTaJeBOH KUCJOTH Ha3bl-
BAOT T A H(GTAaA€BH MH CMOJaMH, KOTOPhbIe HAa NPAKTHKE HAXOAAT
NpHMeHeHHe Moc/1e MOAM(UKAUHH KHPHBIMH KHUCJIOTaMH. DJEKTPOH30-
JALMOHHLIE JIAKH Ha OCHOBE MOJHMHIHPOBAHHBIX I'JIH(TANEBLIX CMOJI
NPUMEHAIOTCA A1l NPONUTKH OOMOTOK 3JIEKTPHYECKHX MallHH, TPaHC-
(opMaTopoB U APYrUX alnapaToB, paGOTAIOIHX B NMOrPYKEHHOM COCTO-
SIHHH B MHHEpalbHOM Macie.

I'nugranespie jJaKd NMPAMEHRIOT B Kaéenbﬂoﬁ‘npOMblmeeHHocm B
KayecTBe CBA3YIOLIEro CTEKJIOBOJOKHUCTOR H30MALNY 06MOTOYHBIX NPO-
BOJOB.

Tepmon1acTHYHBIH IONUMED, NOyYaeMblH H3 STHJIEHTIHKONS H Te-
pedranesoil KHC/IOTH, HMEET CTPOEHHE

— CHy—CHy— O — !L!‘@ —0—CH,—CH, —
' i

()

H HasbIBaeTCs HOJmaTmeHTepe(pTanaTOM. B CCCP sTor nonumep Ha3bi-
Baercst naBcagoMm, B CIIA — nakpoHoMm w/iu Maitnapom, B BenukoGpu-
TAHHH — TepuaeHoM. I1eHKH U HUTH NaBCaHa NPHMEHSIOT B IPOU3BOA-
£TBEe KOHJEHCATOPOB M B KAYE€CTBE NA30BOH H30JSIMU 3/1€KTPHUYECKHX
MalllWH, a TaK¥ke I/ NPOU3BOACTBA CHHTeTHYeCKHX Gymar. IIpounocts
nJaeHoK U3 jgaBcada B 10 pas Bhule, ueM u3 noausTHIeHa (1o, 290 Mlla).
OHH UMEIOT BBICOKYIO SNIEKTPHUYECKYIO NMPOYHOCTD | (no 180 MB/m) n no-
BBIILEHHYIO HArPEeBOCTOMKOCTD (JUIHTe/bHAsA Paboyas TeMInepaTypa 120—
—130 °C). JlaBcau orauyaercsi CTOHKOCTBIO K NOJABJSIOWEMY UHCITY
opranuueckux pacrsopurenefi. [lo KusneKkTpuveckum “TIOKa3aTeNsM
aBCaH OTHOCHTCS K C/1aBOMONADPHBIM  JIM3EKTPHKAM W OTJIHYAeTCS
BBICOKHUMH H3JIEKTPHUECKHMH CBOHCTBaMH.

DHOO0KCHILHL e NoJUMEPH LIKPOKO NPUMEHSIOTCA B paanfuqﬂblx
06/1aCTAX TEXHHKH, YTO CBSISAHO C PSIAOM HX UEHHBIX CBOHCTB, CPEH KO-
TOPBIX BaXKHOE 3HaYEHHe MMEET CIIOCOGHOCTh OTBEPKAAThCA '6e3 AaBie-
HUSL TIPU 1HCTBHHU TEI/IOTH W OTBEPAHMTE/NEH B TONCTBIX CIOSX C Mabl-
MH VCaJKaMH. Snoxcnﬂ,ﬂme CMOJIBL X2PAKTEPH3YIOTCH HanuyueM B HX
MOJIEKY1aX FMOKCHAHBIX IPYTN (KOJIEN)

HyG—CH—
0



B HCXOLHOM COCTOSHHH 3KMOKCHIHBIE CMOJbE NIPEACTABAAIT COBOH
BSI3KHE JKUJKOCTH, KOTOpHIE I0J AeHCTBHEM OCOGHIX BeIleCTB — OTBep-
AuTeNell — nepexoiaT B TBepJOe COCTOSIHHE, CTAHOBSICh TEPMOPEAKTHB-
HBIMH MaTepHaJaMi. B 1ipolecce OTBEPIKIEHHS, KOTOPHIH NPOTEKAET
pPAaBHOMEPHO, 3TIOKCHAHBIE CMOJIB IPHOOGPETAIOT MPOCTPAHCTBEHHOE CTPO-
enne. [lponecc oTBepKieHus siBJisercs YUCTOH NoAUMepH3alMeH, T. e.

. npoTekaeT Ge3 BblAeJeHHs KaK1X-1HGo MOOOYHBIX NPOAYKTOB. DMOKCHI-
HBbI€ CMOJIBI MOT'YT OTBEPXXJAThCA NMPH KOMHATHOH TeMnepatype (Xonof-
Hoe oTBepiKienue) uiau npu Harpese no 80—150 °C. B nociennem cay-
yae noJyuyaercss Gojiee BHICOKasl 3JeKTpHUecKasi NPOYHOCTh. BrIGOp OT-
BepAUTENS] OKa3bplBaeT GOJblIOe BAHMSHHWE Ha pasJHyHbIe CBOHCTBA OT-
BePKICHHBIX 3MOKCUAHBIX CMOJI, TaKHe, KakK 3JaCTHYHOCTb, HarpeBo-
croiikocTh M Ap. JIst X0N0AHOrO OTBEPKAEHHs SMOKCHIHBIX CMOJ NpH-
MEHSIIOT 4acTo a30TCOAEPKAILHE BEUIECTBA (aMHHBI), VISl OTBEPKIAEHHS
NPH Harpese — aHTHAPH/LL OPTaHMYECKHAX KHCJIOT. [IpumeHennio B
3JIEKTPOTeXHHKE STOKCUAHBIX CMOJ cnoc06CTByeT HX MaJiad ycajka npu
oTBep/IeBaHHH, KoTopas He npesocxout 0,5—2 %

B KauectBe 3JI€KTPOH3OMSIUHOHHBIX U repmeruanpylomux Marepua-
JIOB 3MOKCHAHBIE TIOJIHMEpHl LIMPOKO NPHMEHSITCS B PaAHONIEKTPOHH-
Ke, NPUGOPOCTPOCHHH, 3JEKTpoTeXHHKe. Kak BHICOKONPOYHBIE KOHCT-
PYKLHOHHBIE MaTepHaJNbl OHH HAXOAAT NPUMEHERNe B PaKeTHOH H Koc-
MHUYECKOH TEeXHHKe, aBHallM{, CYAOCTPOEHHU, MAIIHHOCTpoeHuH. b.a-
rojaps XOpoLIeH aire3ny K CTEKJY, KEpaMHKE, APEBY, NJiacTMaccaM, Me-
Taj/1aM 3TMOKCHAHBIE NTONUMEpPHl TPHMEHSIIOTCH A/ U3TOTOBJEHUS BBICO-
KOMPOuHHIX KJ/eeB. KieeBble 1B YCTORYUBHI K AEHCTBHIO BOJBI, HEMO-
JSIPHBIX PACTBOPHTEJEl, KHCJIOT, Liejouefi H XapaKTepH3YIOTCsS BbICO-
KOl MEXaHUYECKOH NPOYHOCTBIO. DNOKCHAHBIE NMOJHMEDHI [IPUMEHSIOTCS
TaKXe /IS N3TOTOBJEHHSA JIAKOKPACOUHBIX MOKPHITHH. Ha ocHoBe snok--
CHHBIX TTOIHMEPOB H3TOTOBJSIIOT KOMHAYH/K FOPAYEro U XOJ0LHOTO OT-
BepXKJeHusA. B KauecTse HamnoJHUTesNel IIHPOKO NPHMEHSIOT MHHE-
pasbHbe H OPraHHYeCKHe BEIIeCTBa, .

MHorue 3MOKCHAHbIE CMOJBI H UX OTBEPAHTE/IH OKa3biBalOT Ha opra-
HH3M UYeJIOBEKa TOKCHYecKOoe JefcTBHe, T03ToMy paboTa ¢ HUMHU TPeGy-
eT COﬁJIlOlleHPIﬂ HEOOXOLUMBIX TTPABUJI NpPe/I0CTOPOKHOCTH. OrBepxeH-
HBI€ STIOKCHHBIE CMOJIEL YK€ HE TOKCHUHBL.

KpeMHUHHOpPraHuY eCKHE CMOJb (HMOJHOPTAHOCHIOK-

CAHBI, CWJIHKOHBI) OblIM BrepBble cuiTe3upoBannl B CoBerckoM Corose
B 1937 r. 6aaronaps pa6oram K. A. AujxpuanoBa. B nHacrosmee BpeMms
B NPOMBIUIEHHOCTH BBITYCKAETCs] OrPOMHOE KOJIMUECTBO KpeMHuilopra-
HHYECKHUX BbICQKOMOJIeKy.fIﬂprIX COC}IHHEHI’IH KOTOpbI€ HaXQJSAT HIUPO-
Koe NpHMeHeHHe O/arofapsi psily LEHHBIX CBOHCTB, Npexje BCEro BbI-
COKOH TepMO-, TEINI0-, BOJO-, aTMOC(HEPOCTONKOCTH U XOPOLIHM JH3JIEKT-
PpHYECKHUM CBOI/ICTBaM

K peMHUAOpraHHYeCKHe nonnmepm MpeCTaBAsIOT co60H HeopraHu-
yecKHe Leny, COCTOSIIUE U3 ATOMOB KPEMHHS U KHCIOpoJa H oGpamien-
Hble OpraHuJyecKHMH paiavkanamu. OCHOBY CTPOEGHHS MOJIEKYJ COCTaB-
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nser | «CHJIOKCAHHAs» UEMNOYKa U3 YepeAyIOUINXCs aTOMOB KPEMHHA H
KHCJIOPOJA:
— 8‘1—-O—~S]1——O S[1——~
i l l
TToMopraHocH/IOKCaHbl MOT'YT OBITH KaK TEPMOITACTHYHBIMH, T. €.
UMETb JIHHEHHYIO CTPYKTYPY MOJIEKY.

o
—85j—0—-8i—0—
| |
‘ R ‘R
TaK ¥ TEPMOAKTHBHBIMH 'C IPOCTPAHCTBEHHOH CTPYKTYpO# THIIA
R R f]{
| I
—8i—0—S8i-—0—S8i -~ '
- ( ;
R R
O
R. R
| |
—85i—-0—-8i——-0--Si—-
| | |
R R R
rae nmoi R nogpasymeBarOTCs OpraHuYecKHe pajuKalsbl, TaKHe, KakK
st  — C,H;, merun — CH,, denun  — CgHg. ‘

CBoOHCTBA MOJMIHOPTaHOCH/IOKCAHOB 3aBHCAT OT XapaKTepa CHJOKCa-
HOBOH CBSI3H ¥ HaJUYU$ OPraHHUYECKHX PajHKaJoB y aTOMOB KDEMHHS.
CBs3b KPEMHHE ~— KHCIOPOJ TEPMUYECKH (oJiee YCTOHYHUBA, YEM yIvie-
poa — yrJjiepojHas CBY3b. Opraﬂnqecme pajMKaJbl ¥ aTOMOB KpeM-
HUA CHHXKAIT TePMHUYECKYI0 CTOHKOCTb MOJHOPIaHOCHJIOKCAHOR, HO B
TO XK€ BpPeMs NPUJAAIOT UM BOAOCTOHKOCTb H 3JIACTHYHOCTD, xapaKTep-
Hble /11 OPFraHHUECKHX MaTepHasioB.

Kpemuuiiopranuyeckye HOJUMEPBl MOTYT GHITh TOJTyYeHbl B BUIE
3MACTHYHBIX CMOJI, TBEPAbIX Tel M JKHAKHX AN3JMEKTpuKoB. Biarogaps
TOMY YTO KPEMHHHOPraHAYECKHe COeIHHEHHS NPAKTHUECKH He CMadu-
BAlOTCH BOJOH, OHH HAXOAAT NpHMEHEHHe I/ HPHAAHHA BOJAOOTTaJKH-
BAIOLLHX CBOHCTB M/IACTHYECKHM MdccaM, KepamHuKe ApyTHM MarepH-
anam,

K nejoctaTkam STHX CMOJI OTHOCHTCS (MX CPaBHUTENbHAs LOPOFO-
BH3HA, HH3Kas MeXaHHYECKas IIPOYHOCTb, NJIOXAS AAre3ns K COJNbLINH-
CTBY APYTHX MaTepHaJOB M HH3Kas MacJA0CTORKOCTD.

[Tonopranocu/IokcaHOBLIE JaKH HAXOASIT IPHMeHeRHe B KauecrBe
CBA3YIOIIMX I Pa3JUUHbLIX KOMIIO3HILHOHBLIX 3JIEKTPOM30JIALHOH-
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HbIX MATEpHAJIOB, HanpumMep CJIONAHBIX MATEPHAOB, IIaCTMAce, CO-
HCTBIX NJIACTHKOB, CTEKJOTKaHEeH, B KayecTse TPONHTOYHBIX. COCTABOB
IJsT H30JTANMM SJAEKTPHYECKHX MalIMH KJjacca HarpesoctofikoctH H,
BJIaTOCTORKOI'O HCIOJHEHHS, a TaK¥Ke s paloTwl- B YC/IOBHSX TPONIK-
KOB, J/Ifl 3a/MBKH M KOMNAyHIHPOBAHHKA Y3/IOB H }xeTaJer 3JIeKTPOH-
HOT'0 060pYOBaHHS.

IToawnumupw (ITHM) — nonumepsl, cogepxamue UMHIHYIO TPYIi-
MHPOBKY aTOMOB

. —Cox,
—co”

—— OTHOCATCA K YHCAY RanGoJiee HATPEBOCTOMKHX opraﬂnqecxnx NOJH-
mepoB. [Ipu 500 °C njenxa U3 noJHUMHIOB BABOE NPOYHEE, UeM TIeHKa
u3 nosustuieda npu 20 °C. Passoxenue NOJTHMEPA HAYHHAETCS NPH
remneparype Boiie 400 °C, mieHka Re NIaBHTCH M HE pasMAryaercs
1ipu remneparype 10 800 °C. Hapsay ¢ BeicoKo# HarpeBocmﬁKoc'rb}o no-
JIHMMHABL 06/1aJal0T HCKIIOUHTEBHOR 'XO/IONOCTOHKOCTBIO BIUIOTh JO
—269 °C. - OTIMYa0TCs XOPOWIMMY  HANEKTPUUECKUMH TI0Ka3aTellsiMH.
HpnmeHmoT NOJIMHMUJIB A/ H3COTOBJIEHHS IUIEHOK, JIdKOB, HAl'pPeBO-
CTORKUX BOJIOKOH. .

-CBOHCTBA TePMOPEAKTHBHBIX 3/JEKTPOU3OJISIIHOHHBIX NOIHMEpoB 63
Hano/HuTe el npuBeleHnl B Taba, 6.4.

Ta6auna 64
CaoficTpa 32;2;2?:;— JnoKcnAubE 525:5&?&%
Hble
Yae/bHOe | SJEKTPHYECKOE  CONPOTHB- 1021010 1012 -1018 10121914
Jenue, OM-M . .. .
DaexTpiteckas npo‘momb MB/u o 12186 2080 15—25
Ilnsnempmecxax - np(m«unaemocm 5,0—8,5 | 3,0—4,0 3,5—=5,0
mpu 50 T - : : ‘ :
“Tadrenc ‘yrua gnssexrpugeckux . mo- | 0,06—0,1. .1 0,01—0,03. | 0,01-—0,03
Tepsb apu- 50 I . : . e
OCLerTebeHa;[ paéoqaa ‘TeMIeparypa, 105120 120140 180—220

§ 6.4. MaacTmacchl ¥ TAEHOYHBIE MATEPHANE

[lnacTMacchl HAXOAAT NPUMEHEHHE B 3JIEKTPOTEXHHKE KaK B Kaue
CTBE JEKTPOH3O/SIIHOHHLIX, TaK U B KAayecTBe KOHCTPYKIHOHHBIX Ma-
TepuasoB. [lo cocraBy B GOJBIIMHCTBE CJIYYAaeB MJIACTMACCH [IPEACTaB-
| ISIIOT, COGOH KOMIIO3HUKM M3 CBA3YIOMIETO W Hanoauutens. B kavecrse
CBSI3YIOWIEr0 HCMOJNB3YIOT HAuGosee 4acTo MONUMEPHHIE MATEPHAJb,
criocoGHbIe . 1epOPMHPOBATECS MOJ BO3AeHcTBHEM aaBienus. CBA3yO-
(e CBASHIBAIOT B €MHOE HENoe APYrHe KOMIOHEHTH K NPHAAIOT MaTe
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puany XapakKtepHble cpofictBa. MHoria fnipumeHsiercsi U HeopraHuye-
CKoe CBA3YIoLIEe, HANIpUMeEp CTEKJIO B MUKAJEKce, UeMeHT B acOoLeMeH-
Te. HanoauuTenu HCNOAB3YIOTCA WIS YJYULIEHHS TPOYHOCT-
HBIX CBOACTB, YMEHBIIEHUA YCaAKH, IIOBHILIEHUS CTOMKOCTH K BO3AelCT-
BHIO Pa3JIHYHBIX CPEJ, a TAKXKeE Jis CHHMKeHus croumoctd. Harnonunure-
JI¥ TIOJPA3Ae/IsAIOTCs Ha OPTaHHYECKHE M HeOPraHHU4YeCKHe, a Kakias H3
Tpynm, B CBOIO odepelb, NOAPA3fe/sieTCsa Ha NOPOIKOOOpasHbE U BO-
JogkHUcTeie. K oprannueckum NOPOLIKOOOPa3HBIM . OTHOCATCS ApeBec-
Hasi MyKa, AMCHEPCHbIE NOJHMEepBl, K OPTraHWYeCKHM BOJOKHHCTHIM Ha-
NOJIHUTENSIM — XJIOIKOBBIE  OYEeCHI, CY/AbDHUTHaR UeL0/1032, OyMax-
Hasl KPOLIKA, CHHTETHYECKHe BOJIOKHA. K HeOpraHWYeCcKUM TOPOMIKO0G-
pa3sHbIM HaINOJIHUTEJNSIM OTHOCATCS MOJIOTast CJOAA, KBapiesas MyKa,
ac6ecT, TajJbK, KaoJnH, CTeKJIOBOJOKHO H Ap.

Kpome CBAZVIONNX ‘M HATIOJHUTENEH NPUMEHSIOT H1aCTHPHKATOPbI—
A8 yJAYdIIEHHS TEeXHOJOTHUECKHMX M JKCIJIYaTalldOHHBIX CBOHCTB
naactmace. IlnactrukaTopsl Takke YBEIHYHBAIOT X0J0JOCTOHKOCTh'
IJIaCTMACC U YCTOHYHBOCTb MX K BO3AEHCTBHIO Y/IBTPaHONETOBOLO H3-
Jy4yeHusi. B HeKoTopHIX - IulacTMaccaX cofepiKaHue IaacTHhuKaTopa
mozKer pocturath 30-—40%. Ha onpenenennnlx crafgusix nepepaboTKi B
I/1aCTMacchl J0OaBJSIOT «CUIMBAIOLIME peareHTHIy, pa3/IHYHBIE MHALMA-
TOPH! JTIOJIUMEPH3ALNH B COYETAHMM C YCKODHTEASAMH M aKTHBATOPAMH,
KPacHTEJNH Pa3NHYHHIX KJIACCOB ¥ HeopraHuuecKue MUrMeHTs. B Hexo-
TOphble TIIaCTMACChl BBOAATCH CTaOUIIM3ATOPHL — XHMHUECKHE COE/InHE-
HHSl, CIIOCOGCTBYIOIIHE JJIUTENBLHOMY COXPAHEeHHIO CBOHCTB IlacTMAce
W TIOBBILLIEHMIO. CTOHKOCTH IIJIACTMACC 'K BO3JEHCTBUIO TEIJIOTHI, CBETa,
Kucgaopoja soszayxa. Ilo cnocofHocTH K (OPMOBAHKIO NOJHMEpDHBE Ma-
TepHasbl NOAPa3fieNFIOTCS Ha [BE T'PYINbI TEPMOIVIACTHYHLIE *(TEPMO-
WJIACTBHI) H TepMOpeaKTUBHbE (peaKronaactsl). IIpu -(opMOBaHHH H3-
JeJTMH U3, TEPMOIIACTOB XMMHYECKHH 'COCTAB IMOJIMMEPOB HE H3MEHACT-
Cdl; a B pedkTonsiacrax NPOUCXOUT HBMeHeHPIe 1704 chyKTypm H Coc-
TaBa. '

Harorosnennie perasnefl ‘U3 mactMacc npon3sonmc;{ Ha CReUHanb-
HOM ofopynoBaHuu. [locie npenBapUTENbHLIX omepariyiii‘ cMelenus,
Tab/IeTUPOBAHYUS, CYLUKH TIPOH3BOLAT MeXaHHUYeCcKylo -06paboTKy, 'CBa-
PHBAIOT, CKJIEHBAIOT, OKPALINBAIOT, METANIH3HPYIOT. TepMONnacThi nipe-
pepabaThIBAIOT JUTBEM IOJ, JABJIEHHEM, NPSIMBIM IPECCOBARKEM, SKCTPY-
3Uell H 006pabaThIBAIOT PA3JHUHLIMH criocobamy. PeakTornacTel nepepa-
6aTBIBAIOT NPAMBIM JIUTHEBHIM NIPECCOBAHUEM M JIUTHEM O AaBJieHHEM,
oGpaéaTbmaroT MeXaHHYeCKHM l'lyTeM CK/IeHBAHMeM M MHOTJA XHMHYe-
CKOI CBapKoil.

PaccmoTpuM KpaTko OCHOBHBIE METO}lbI H3TOTOBJIEHHS H3JETHH H3
‘naactmace. - PeakTonsacTel npeccytoT B npecc- GopMax NpPSAMBIM - WIH
JIUTBEBHIM crioco6oM. Cxema npsiMoro crocoGa nokaszaHa Ha puc. 6.4.
Ilpu atom enocobe marepuan B BUAe TaGJETOK, MOPOUIKA UIH BOJOKHH-
CTOH Macchl 3aK/M4ABBAETCS B HArPeTyIo 3arpy30uHyI0 Kamepy MaTpHibl
2. C nomorplo yaHcoHa / K HeMy TIPHKJAaALIBAETCSI aBJIEHNe, MATEPHAN
pasMsIrdaercsi M 3a CUeT TemIoThl GopMa YIJIOTHAETCHA, 3aN0JHSAET BCIO
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opopmasiolLyio No0CTs 8 M 3aTeM orsepm;laeTcﬂ W BbITANKHBAETCS
.C TIOMOIIBI0 WITOKA 4. ;

Tlpu nyTheBOM NpeccoBaHUH MaTepnan B npecc- ¢)opme B OT/AeJbHON
KaMmepe CHauaJsa pa3orpeBaeTcs, a 3aTeM uepe3 JIMTHUKOBLIE KaHAJEL BhI-
jAaBauBaercs B opopMmuTeabHyo Kamepy. [Ipsimoe npeccoBanue npume-
HSIETCS JUIsi OTHOCHTEJIBHO HECJOXKHBIX JeTasedl, JIHTbeBOe — JJIsi He-
GoabUINX JeTasedl Cl10KHOH Komburypauun ¢ MOBBLIIUEHHOH TOYHACTHIO
pasMepos.

JIuTbe NoJ faBjieHHEeM PEaKTOINIacToB nposonmca Ha JIUTbEBBIX Ma-
WHHAX . pa3Ju4HbIX THIOB. CXeMa JIHTbsl NOJ NaBJEeHHeM MJIaCTMACC C
HCTIONb30BAHUEM YEPBAYHON [JIACTHKALHH TO-

KasaHa Ha puc. 6.5. Peaktonnacr B Bufe no- P
poluKka MJIM TpaHy/a MnocTynaer H3 OyHKepa 4 '

B LWWJIHHID 5, CTEHKH KOTOPOro 06OrpeBaioTcs % l
10 50—100 °C (nomorpesatenn 2). ITlocae niaa- / ///7
CTHKALMK MaTepHa/ NepeMelaeTcs 4epBAKoM 3

Bnepel, [le HaKamiupaerca — onpefeneHHas RN\ N 2
[03a MaTepuana, W 3aTeM MPH NOCTYNaTesbHOM Z\N\Bx
JABUKEHUM. YepBfKa, BIPBICKUBAETCS Yepes COMmI0 St

L - ¢

6 B dopmy /, wuarperyio o 130 — 250 °C. Tlo RN
OKOHYaHHU OTBEPXKeHUS MaTepHana (opma pac- ‘ ’
KPBIBAETCSI U [OTOBad JA€Tanb 7  BbITAJKHBAET- :
cq ToJKartesaeM. JIMThe TOX. HaBjeHHeM Tepmo- ~ Puc. 6.4. Cxema npsivo-
(11acTOB B OCLIMX YepTax COOTBETCTBYET JUTbIO. © (r‘fgf‘;"c‘égigc:ﬂ";“"m)
PeaKTon/iacToB, HO B NEPHOA (OpMOBaHUA Tep- - Lo 070 T L
MOTIJIACTOB JHTbeBas (hopMa OXJaxnaercs. ua; - 3 — odopmamOLLan

Hepepaﬂﬁorxa TEPMOTJIACTHYHBLIX MaTtepuajop —"O7Ch - (aerar):
IKCTpy3Hedl . -OCyLIECTBNAETCS Ha CNELUaNbHbIX
MalIMHAX — JIKCTPylepax  (UepBSUHLIX IIpec- " ‘ ‘
cax). Hderanu: niu nonaychabpHKaTsl MOJYYaAIOTCH IlyTeM HENpephLBHOTO
BBIAAB/IUBAKYSA MATEPHAJIA, HAXOASIIETOCS B BA3KOTEKYUYEM COCTOSHHH,
_uepe3 OTBEPCTHS ONpeAeNeHHOr0 ceueHHs . BpinaBiiuBaeMbie 3arOTOBKH -
MPOXOAAT Yepe3 KanHOpyrollue, OX/JIAXKAAOUHE W NpPHEMHbie YCTPOH-
ctBa. JKCTpyzvel nepepabaThiBaOT GOJbUIHHCTED TEPMONACTOB, H3. KO-
TOPBIX - NOJYYAlOT TNPOMUIbHEIE U3AETHUSA, prém NJEHKH, JIUCTHl, Ka-
GeNbHYIO. HBOJALLHIO, : E

HIkupokoe npHMeHenHe B aneKTquecxux MalUKHAX, annaparax,
Tpauchopmaropax, npuéopax NoJyuniH CJIOUCTHIE IVIACTHKH, NMPEHMY-
WeCTBEHHO 3/IEKTPOU3O/IAIMOHHOrO HasHaueHus. K cioucrhiM niacrh-
KaM OTHOCSITCSI TETHHAKC, TEKCTOJHT C paBHbIMH HaNOJHUTEAMH U JApe-
BECHOC/IOHCTHIE.

I'etuHaxkc nonyyaercsa TIyTeM ropsYero npeccoaamm Gymary,
NPONUTAHHONR = TEPMOPEaKTUBHOH - cMOJIOH. ['e€THHAKC H3roTOBJsIeTCs]
no TOCT 25500—82 1 2718—74 (u3 cyjpdaTHO-UENTI0N03HOH GyMary).
Ilpu - usrotopjeHuu reruHakca Oymara NpPONHTHLIBAETCA PACTBOPOM
CMOJIBI ONpeJe/IeHHOR KOHUEHTpAUUH U cymures nipu 100—140 °C na
NPOMHTOYHEIX MAIHHAX o CKOpocThio 10—60. M/MuH. [Tocsie BbiXoaa H3.

v
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CYIHIBHBIX KaMep fymara Hapeaaercyl Ha JIHCTbI, COPTHPYeTEs U yKJa-
ABIBAaeTCA B Na4YKy B 3aBHCHMOCTH OT TPeOyeMOH TOJILIMHBI FOTOBBIX JIH-
CToB. 3aTeM NAUKH 3aK/IaAbIBAIOTCSH B MHOTO3TaXKHBIE T'MAPABIHYECKUE
npecchl, Ha Koroprix npn 150—160 °C u nox naenenneM 6—10 MIla
npeccytorcst. Bpemsi BbIlepXKKH TPUHUMAETCA M3 pacuera 2—5 MHH Ha
1 MM TONIIMHBL TIPECCYeMOro JIACTa, H3rOTOBJIAEMOrO Ha OCHOBE (DeHOMb-
HBIX CMOJI, H 7—10 Mu# Ha 1 MM JUIsl reTHHAKCa HAa OCHOBE 3TIOKCHAHBIX
cmoJi. Hocsie BbiepKKH npH BBICOKOH TeMmeparype JIHCTBL eTHHaKca
oxJaxjarca 0e3 CHATHA AABJEHHUS 10 KOMHATHOH TeMmiepaTyphl, 3a-
TeM CHUMAIOT JlaBJieHHe, Nayxkyi BLIHAMAIOT M3 mpecca, o6pe3aioT M yna-
KosbiBaloT. [erunakc corviacHo ynomsHyroMy F'OCTy Bhimyckaercs He-

§EY6S [‘Avv—ﬂ \ / l__— ==1,,<...
7 Y\T\Y\T\Y\\_\\_\‘— b
N SSNINNRINE S—"

o olo o IOOOOOOOI -_.._
7 6 = e

Puc. 6.5. Cxema auTbs noi naBeHHEM. TJACTMacC ¢ HCNOJIb30BAHH-
eM uepBAYHON MUIACTHKALMH:

! — dopma; 2 -— HarpesaTelbHLIe NEMEHTH; 3 — uepBIK | (RO34TOP- -nAacTHKa-
'rop), 4 — 3arpy30qﬂmﬁ 6yakep; 5 -— Ma'repnanbx-mﬁ LHAMHAD; 6 — cormo 7—
. ‘peTann

~

CKOJbKUMX Mapok. OTMeTHM reTHHaKc Mapky X, KOTODLIH HMEET [OBBI-
WEHHYIO 1TaMyemMocTb, W Mapku JIT, H3TOTOBJISEMbIA Ha OCHOBeE JIaB-
caHOBOH GyMarn u 3MOKCHAHON. CMOJBI. OcHoBHbIE OCOBEHHOCTH J1aBCA-
HOBOTO TEeTHHAKCA —— MOBbILIEHHAS CNOCOGHOCTD K HITAMIIOBAHHUIO, BBICO-
KHe BIAroCcTOMKOCTh, MeXaHHueckue H 3/IleKTpHIeCKHe cBojicTBa. Baa-
TOJaps BBICOKOMY YDOBHIO 3/IGKTPUYECKHX CBOWCTB B YC/IOBHAX TOBHI-
WEHHOH BJIAXHOCTH JETa/IH U3 HETO He TPeGYIOT JAKHPOBKH.
Tetunake MapkH | HCMoOMb3yeTcs AJs naxenen pacnpeae.nmenbﬂux
YCTPOMCTB, LATOB, H30MALHOHHEIX neperopoz_xox B YCTPOHCTBAX HH3KO-
O . HaNpsAXeHud. - Belnyckaercs Ha ocHOBe (eHOI0(hOPMa/IbAET HIHbIX
CMOJ1. DJjleKTpHuecKas NPOUHOCTE TETHHAKCa B NepHeHAHKY/IAPHOM. Ha-
npaBleHHu c1oaM £, = 20-+-40 MB/M, AusnekTpuyeckas npoHuuae-
MOCTh €, #= 5--6, I[yrocmuKOCTb reTHHaKca Ha (eHoJodopMabie-
THIHOM CBA3YIOIIEM HEBBICOKA — NOCJ€E BO3NEHCTBHs AyTH Ha NOBepX-
HOCTH MaTtepHa/a OcTaeTcs HayIJIepoxenHbii ciel. Tak Kak reTHHakc—
C/IOMCTHIH MaTepUasl, TO €ro 3/eKTPHYECKHE CBOHCTBA B HalpaB/eHHH
‘BJOJIB U TONEPEK CJIOEB HE OMHAKOBRL. Y I€/NbHOE 06BEMHOE CONPOTHB-
Jenue Bloab cioes B 50—100 pa3s, a sJjeKrpuyeckasi NpoyHOCTh B 5—8
pas Huxe, yeM nonepek cyioes. I'eTuHakc ob6pabaThiBaeTcs PeXYLUIMM HH-
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CTPYMEHTOM U3 TBepbiX CI1aBOB. [TOBEPXHOCTHBIH C/IOK MaTepHasia NpH
06paboTKe He CHUMAETCs, TakK kax 5TO BeJeT K yXYIEHHUI0 BJIaTOCTOMH-
KOCTH.

JIns M3roTOBJNEHHS NEYATHBIX CXeM pallHoaJleKTpOHHOH annaparyphl
" BeiTycKaercst 0kosio 10 pa3/iHyHBIX Mapok (GoJbrHpOBaHHOTO C ORHOM H
¢ BYX CTOPOH reTHHaKca. [/ U3roToBJIeHHs TAKOTO FreTHHAKCa HCIIOJb-
3yeTcsl - 3JIEKTPOJUTHYUECKAs MeJHas (ponbra roamunoit 0,035 —
0,01 Mm.

"TexCTOMUT aHAJNOTHYUEeH remHaKcy, HO H3TOTOBJISIETCS M3 TIPOMKTAH-
noit Tkanu (FOCT 25500—82 wu 2910--74). TeKCTOMUT, U3TOTOBJIEHHA fi
Ha OCHOBE XJIONUaTOOYMAaXKHOH TKaHH, NPONUTAHHOW (enosodopman b-
JeruHol -cMosiolt, MoxeT paboraTh B UHTepBaJje Temneparyp or—60 no
-+ 105 °C. OrinuurtesbHOR 0COBEHHOCTBIO TEKCTOIHTA SIBJAETCSH MOBbI-
IIEHHOE COIPOTHBJIGHHE PacKa/JblBAHHIO H HCTHpaHHio. Tekcroaut B
5—6 pa3 mopoxke retHHakca.

3a nocnennue . 10—15 J1eT NpOMbBILIJIEHHOCTBIO OCBOEH H CEPUHHO Bbl-
IYCKARTCS pPsiJi HOBBIX MApPOK JIMCTOBBIX 3JIEKTPOTEXHHUECKHX CTEKJO-
TEKCTOJHTOB, HAaNpHUMep CTEKJIOTeKCTOMUT Mapku CTI®D, obaapaiomini
BBICOKOH ME€XaHHUECKOH NPOYHOCTDHIO NpPH NOBHILIEHHBIX TeMIepaTypax,
ordecrofixue crekqaorekcronutel CTIb u CT3B-H, crekaorekcroaunt
'CT31 ¢ noBbILIEHHBIMH JAH3JIEKTPHYECKHMH XapaKTEPHCTHKAMH B yCJIO-
BHAX TIOBLILIEHHOH OTHOCHTeNIbHOH BJaxkHocTH. [IpumeneHune crekJo-
NJIACTHKOB B KauyecTBe 3/EKTPOH30/SIIHOHHOTO H' KOHCTPYKLUHOHHOTO
MaTepuala B 3JeKTPOMAlIUHOCTPOEHHU JI03BOJISIET -CO3AABATb 3JEKTPH-
yeCKHE MalllHbl Pa3HBIX KJACCOB HATPEBOCTOMKOCTH, NMOBBLIUIATL HX Ha-
JI€KHOCTh B IKCIJIyaTallWh W pelHaTh PAX HOBBIX TEXHHYECKHX 3a/lad,

K Jpyrum BHIaM C/IOHCTBIX IIACTHKOB OTHOCATCSI L P € B € C H O-
caorctoie nmaactukru (JCI) tHna daHeps Ha GakenaHTOBOW
cMoJie, GoJiee JeIIEBBIE, YeM TE€THMHAKC, HO ¢ XYALMMH 3JEKTPOH30J%-
UHOHHBIMY CBOHCTBaMH M Gojiee THIPOCKOMHYHBIE. '

KpoMe JIHCTOBBIX CIOHCTHIX TUIACTHKOB HAXONAT npumeHeHHe ¥ Ha-
MOTaHHbBIE H3JIEJIHsi, KOTOPbie U3BECTHDI IIOJl HA3BAHHEM TeTHHAKCOBBIX
(6aKeUTOBBIX) TPYGOK H UHJIHHIPOB pas.nnqﬂoﬁ JUIMHBL ¥ JHamerpa.
CpoiicTBa HAMOTAHHBIX H3JETHH YCTYNAIOT CBOACTBAM JIUCTOBBIX CJIOMC-
“TBIX TJIACTHKOB.

B pasnuubbix 06/1acTAX 3JEKTPOTEXHHKH HaXoAAT HpPIMEHQHHe
3IEKTPON30MAIHOHHbIE OpraHHYecKHe oJUMepHble MJIEHKH — TOHKHE H
rudKye MaTepHa/bl, KOTOpbie MOTYT ObiTh HAMOTAHBI B PYJ/IOHbLL Pa3/jiny-
HON wHpKHBL. [lNeHKH Hauu WHMpoKoe NpUMeHeHHe B NPOH3BOACTBE
KOHJIEHCATOPOB, 3JIEKTPHUECKHX MALIKH, aNNapaToB H Kabe/lbHbIX H3fle-
JRH. DJIEKTPOUSOMALHOHHBIM NJIeHKaM JJIsi OTJIHYHA KX OT IJIEHOK ApY-
TOro Ha3HaueHHs TPHCBAMBAIOTCS CHENHAJbHble MAPKH. DTO HEOOXOMH-
MO, TaK KaK OT 3JEKTPOU30JSIHOHHON HJeHKH Tpefylorcst ocobas YMc-
TOTa HCXOJHOTO NOJHMEpPa, OTCYTCTBHE CJIENOB KaTalusaropa M ApyrHx
3arps3HeHH, YACTOTA MJIEHKH NPH U3TOTOBJAEHUM U PSJl APYT'HX ClelH-
puyeckux tpebosanni. OpraHuyecKue NOJTUMEPHLIE JIEHKH MOTYT ObITh
pasjesieHsl Ha JABe OoJbIIHE TPYIINGL, pa3Ae/snioliecs No AeKTPoPHau-
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ARIRUM  CBOMCTBAM: HeronApHbIe U MosispHbE TeHKH. HeronsipHeie
MICHKH XAPAKTEDH3YIOTCS HU3KHM 3HayeHHeM &, = 22,5 U MaJbIMH
SHAUEHMSAMM TaHIeHca yrja JH3MeKTPHYecKHX HOoTepb (tg 0104,
6narojaps yeMy OHH MOTYT IPUMEHSTHCA B BHICOKOMACTOTHOM TEXHHKE,
XOTS IOCTATOMHO LIHPOKO UCMOJB3YIOTCS H NPH NOCTOSTHHOM M TIepeMeH-
HOM HajpsKEeHUH IPOMBILIIEHHOH YacToThl. [lonsipHble TJIEHKM HMeOT
foBBIIIEHHbIe 3HaueHus &, oT 3 fo 10—15.u tgd = 10-? +~ 10-2. Onmn
NPHMEHSIOTCH KaK TpU MepeMeHHOM HanpsXeHHH POMBIILJIEHHO . yac-
TOTHI, TaK ¥ NPH MOCTOSHHOM HaNPsIKeHHH. ‘

st H30/1A1HH  OGMOTOK HH3KOBOJIBTHBIX . 3/IEKTPHUECKHX MAaLIHH
BAaXKHYIO DOJIb HTPAIOT NOJUMepHBie TJIEHKH C TIOBBILEHHOH HarpeBo-
CTOMKOCTBIO. Masias To/MKHa NJIEHOK HapaAy ¢ BEICOKHMH 3HaYeHHsIMH
3J1eKTPHYECKOH W MeXaHHYeCcKOH NPOYHOCTH ofecrneyyBaeT HE TOJIBKO
YBeJHUEHHEe HAJEXKHOCTH, HO H CYyLlecTBEHHOe YyJydllieHHe TeXHHKO-
5KOHOMHMYECKHX InoKasatesaed. IlpumeHeHue mjeHok tomuuHoii 0,2—

0,35 mm nossossier MeXaHH3HPOBaTh OﬁMOTO‘lHO H30IHPOBOYHBIE pa-
BOTHI.

§ 6.5. Pesunn

[lInpokoe NpUMEHEHHE B SJEKTPOIPOMBILIIEHHOCTH ¥ OCOGEHHO B Ka-
GeJIbHBIX M3JeJHAX I0Jyun/a pe3rHa. PesuHa COCTONUT M3 MHOTOKOMHO-
HEHTHOM cMecH Ha OCHOBE KayYyKoB H GJIM3KHUX K HHM IO CBOHCTBAM Be-
IECTB, HA3BIBAEMEIX djacToMepaMy. Pe3nHa jis moNyyeHUs  HeoGX0U-
MBIX CBOHCTB TIOABepraercs NPOHeCCY TaK Ha3hbiBaeMOH BYJKaHH3alHH.

Harypaabvus it xayuyx (HK) nomyuaior us mieunoro
coKa (J1aTeKca) pacTeHHR — KaydykoHocoB. Ilo xmMuueckomy cocta-
BY OH npeicraBJsieT coGofl NoJHUMepHHH yrieBojopon cocraBa (C;Hyg)y,
B OTJEJBHLIX 3BEHbSX MOJEKYJbl KOTOPOTO UMEIOTCS JBOHHBIE CBSI3H:

--CH,—C=C—CH,;—~C=CH—CH,—

| |
CH, CH,

BbicoKasi- 5/1aCTHIHOCTb KayuyKa OGYCJIOB/IEHA TeM, 4TO €ro- Mone-
JIEKYJIbl UMEIOT anrsar006pasny}o «tapHupHyio» dopmy. foa- nefct-
BHEM DACTATHBAIONIMX YCHJHMH QopMa UENOUKH KayuyKa NPUGIKaeTcs
K NpSAMOJHHEHHOH, 1ipy 3TOM HOJNYYaloTCs pEHTI‘eHOFpaMMbI xapakTep-
Hple IS KPHCTAJVIHUECKHX TeJl, HMEIOUIUX YIOPsiIoueHHOe pachoioxe-
BHe MOJIEKYJI B IPOCTPaHCTBE. B HEpaCTSAHYTOM COCTOSIHUH KayuyK MMe-
T CBOHCTBAa aMODMHBIX Tel. UHeThlli HATypanbHbill KayuyK J/Is1 H3ro-
“TOBJIEHHSA JEKTPHUECKOH H30JAIHE HE NPHUMEHsETCs, TaK KAK OH U ero.
PACTBOPHTENH MMEIOT Malyio CTORKOCTD K AeHCTBHIO KAK MOBBILIEHHBIX,
‘TAK W NOHHXKXEHHBIX -TeMIepaTyp. STH HELOCTATKH YCTPaHSIOTCS noc/e
npoBefleHHs IIpollecca BYJKAHH3aUUH, T. €. Harpena.nocje BBeleHHa B
KayuyyK cepol. [Ipy By/JKaHH3aUHH JBOHHLIE CBSI3H HEKOTOPHIX Liellouey-
HBIX MOJIEKYJ Pa3pHIBAIOTCA H CIIHBAIOT LENOYKH MOJIEKYJI Uepe3 aTOMbE
— § — ¢ ofpa3oBaHHeM MPOCTPAHCTBEHHON CTPYKTYPHI.
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[To CBOMM - JM3/IEKTPUYECKHM XapaKTEPUCTHKAM HATypajbHBIA Ka-
YYYK MOXeT ObITb OTHECEH K NPaKTHYEeCKH HENOJIAPHBIM JHIIEKTPHKaM
p ~10"¥ OM-M; &, = 2,4; tgd = 0,002. [Ipu yBennueHHH B cOCTaBe pe-
3WHBI CEpbl NOC/e BYJKAHH3aUMH Kaydyka HabJioflaeTcsi yBeJHyeHHe
e, u-1g8, cBsizaHHOe C yCHJEHHEM NOJSIPHBIX CBOHCTB MartepHasa M3-3a
BJIHSIHMSI aTOMOB Cepbl. 3aBUCHMOCTH €, 4 tg § By/IKaHU3MPOBaHHOTO Ka-
yuyKa OT COJepIKaHusi B HEeM Cepbl OKa3aHel Ha puc. 6.6. [Tpu cofepxa-
HHH cepbl B KoJuuecTBe 1—3 Y% INOJIYHaloT MATKYIO pe3m{y, ob1anaio-
Y0 BBLICOKOH PacTsIKHMO-
cThi0 ¥ yHupyrocteio. Ju- 6,-“” tgé-10?

3JIeKTpHYECKHE cBodcTBa %

PE3MH CHJBHO 3aBUCAT OT Lol 4

€OCTaBa De3MHOBOH cMecH U | oen

OT TexHoJlorku. [lna caxe- .l 4 A\ /'K\

BHIX pE3HH, B KOTOpPHE B 7

KauecTse HalOJIHUTENeH . 320 4 y

'YIYUIIEHHS ~ ME€XaHHYeCKHX / [

CBOUCTB- BBOJUTCH  caXa, 28| ¢ —
3JIEKTPOH30IsIIHOHHBIE CBOH- / \

CTBA NOHMIKEHBI, TOITOMY B Z4f 2 _

SJIEKTPOTEXHUKE OHM TIpUME- \¥ tgd| .

HSIIOTCH TOJIBKO TaM, T'ie He. &
“TPeOYIOTCS . BBICOKHE 3JIEKT- . ,
puueckKHe CBOHCTBA, HampH- . Puc. 6.6. 3aBucumocts &, u tgd By/IKaHH3HDO-
Mep IJIS1- H3TOTOBJIEHHSI 3a- BAaHHOTO KAayHyKa OT COACpXKaHHA B HEeM cepbi
WIHTHBIX 060J104€eK (L1JIaHTOB) »
PE3HHOBBIX Kabeselt. JIs° OGLIYHEIX 3J1eKTPOH30IAUUOHHEIX PesuH JH-
anempmecxne xapaKTepnchH Jexar B - CJIeAYIOHIMX [pejenax:

~ 108 Om-M; &, = 3-=7; tg$ = 0,02--0,1 (zum CaXKeBbIX DPe3HH
0 25) Eqp = 20+ 30 MB/u.

IIpH H3rOTOB/IEHHH PE3UH B COCTAB PE3HHOBOH CMECH BBOJAAT PasjHy-
Hple HaNOJMHUTENH (MeJ, TaJbK), a TaKKe KPACHTENH, KaTaJiH3aTOphi
(yckopuTenu) npouecca ByJKaHH3alMK M APyrue Betectsa. Ha Toko-
TOPOBOJAIIME KUJbI PE3HHOBAs CMeCh -HaKJaJbBaeTcs B BHUAE TPYOGKH
onpejeseHHOR TOJNIKHB (METOOM 9KCTPY3HH) H B TAKOM BH/IE BYJKa- -
HU3UPYETCsA. PasjiMuHble - KOHCTPYKUMOHHBIE: JHAJEKTPHUECKHE H3jle-
JIUsi BYJKAHH3HDYIOT B Ipeccax ¢ NOMOUIbIO Tpecc-dopm.

~ IIpenmyliectBoM NpHMeHeHHs DE3HHBI AJI H3OJISUMH H 3aLUIUTHOMH
000/IOUKH ' .Kabesiel - ABJsIeTCST  BO3MOMKHOCTb  TOJIY4EHHs] TPeGyeMol
rUOKOCTH, . BJIATOCTONKOCTH, MACJOCTOHKOCTH, CIOCOGHOCTH HE pachpo-
CTPaHATb FOPEHHE M BLICOKHUX 3JIEKTPHYECKHUX H (PU3UKO-MeXaHHUeCKHX
xapakrepuctuk. [loBpilleHBas HArpeBOCTOMKOCTD pPE3UH JOCTHraeTcss |
NpHMEHEHHeM CHHTeTUYeCKHX Kay4dyKoOB THIA KPEMHHHOPraHHUECKHX.

Pe3nHa HaxofuT NpHMEHEHHE /IS H3TOTOBJIEHHs H3O0JSIHH YCTaHO-
BOYHBIX H MOHTaXHbIX NPOBOJOB, 'MOKHX IIEDEHOCHBIX MPOBOJIOB H Ka-
Gesiel, a TaKKe IJIS 3aUIMTHLIX T€PYATOK, KaJlOll, KOBPUKOB H H30JS-
HUOHHHIX TPYOOK, NpHMEHHEMBbIX IPH MOHTAXKe TPOBOJOB.

S 10 15 20 25 30 5,%
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Kak 3/1eKTpoH30/sHOHHBIf MaTepHas pe3rHa HMeeT U psifi HelocTaT-
KoB. K HX yHClHy crefyeT OTHEeCTH HH3KYIO HarpeBoCToiKoCTh. [1pH Ha-
TPeBe pe3uHa crapeetr, CTAHOBUTCA XPYNKOH M TPECKAETCH. BeicTpoe
CTapeHHe Pe3HHbl HaGJIORAETCS TAKMKe NpH BO3ACHCTBHH HA Hee CBeTa,
0co6eHHOo yabTpaduoaeToBoro. PesyHa He yCeToHuHMBA K AeHCTBHIO 030-
Ha, KOTOPBIH MOKeT 06PA30BbIBATLCS IIPH HOHU3AMNKNA BO3LYHIHBIX BKIIO-
YEHHH HJHM B OKPYKAIOUIEM BO3JlyXe NpPH- BbICOKHX HaNpSAMKEHHOCTHX
3sektpuueckoro nossi. OcofeHHO pesko 030H BJHSET Ha CTapeHue pe-
3HHbl, eC/d OHa pafotaeT B PACTAHYTOM COCTOSIHHH, TaK Kak NPH 3TOM
ofpasyoniuecss B HauaJle cTapedusl TPEIIHHBI MOTYT yraybaaThbes, B pe-
3yJbTaTe Y€ro O30H IIPOHHKAET Bee faJbille B riyOb matepuana. Ceo-
fonHas cepa, He CBsI3aHHAs XMMHYECKH ¢ KAyYyKOM, KOTODAst UCNOJb-
30BaJjach KaK BYJKaHU3HDYIOUHA areHT, LeHCTBYET HA MeLHBIE JKHUJbI,
006pa3ys Ha NOBEPXHOCTH CEPHHCTYIO Melb, KPOMe TOLO, OHA. yXyJula-
eT 3J1eKTPOH30JIIIMOHHBIE CBOHcTBA pesuH. [JoaToMy cepa He peKoMeH-
JyeTcst /s U3rOTOBJIEHHS M30JSUHOHHOA Pe3HHbl, a IPUMEHSETCS TOb-
KO IpH M3TOTOBJNEHHY LIJAHTOBHIX pe3sdH. B kauectBe "BYJKAHU3UPY-
IOLIErO areHTa JJIst U3O/ASIIHOHHBIX Pe3HH HCHOJABL3YIOT THypaM — opra-
HHYECKOe COEMHEHRUE, colepikaliee cepy. TuypaMm obianaer tTeM CBOH-
CTBOM, YTO NpHAAeT pe3uHaMm 6oJee BLICOKYIO CTOHKOCTh NMPOTHB TENJo-
BOTO CTAapEHHS JI0 CPaBHEHHIO C CEPHACTHIMH COEiHHeHUsIMU. B To Bpems
KaK JI/ifl CEPHUCTBIX Pe3NH AONycKaercs paGouas Temneparypa +55 °C,
AJlsi THYPAMOBBIX pesiil oHa nosailiaercst 10 +65 °C, a npu Haj uuuy
CBUHLIOBOH WM NOJMBUHHAXJODHIHOR 000J0UKH naxe go -+80 °C.
Eciay HeoB6X0AHMO Ha MELHYIO XKUNY KaGeaAbHOTO H3AEIUs HAHECTH O6hIY-
HYIO PE3WHOBYIO H30JSIHIO, TO MeAb NpeliBapUTeJbHO INOKPLIBAETCH
pasiefuTebHLIM CJI0eM OJI0B& JIH60 APYroro Meradna, He NOABEpPIMKeH-
HOFO BJIASHUIO CePbI, HIH Oymaro#. ‘

[1py BhiCOKOH CTeeHH BY/IKAHH3AUKHK B CTPYKTYpe Monexynm Kay-
YyyKa .MIOYTH 1i0JIHOCTHIO HCUE3al0T IABOHHbLIE CBSI3M U NOJNYYaercsl TBep-
JAbiA 3JIeKTPOH3O0JSNMOHHBIA MaTepuas, HasbiBaeMmblii 360HUTOM. D06o-
HuT conepxkut ot 30 20 35 % cepwl, OTJAHYAETCH BBICOKOH TBEPOCTHIO,
He 3/1ACTHUEH, WMeeT.Malyl0 XOJOOCTOMKOCTb. OTHOCHTENbHOE YAIH-
HEHHE Mepejl pa3pbiBoM AJ5 TEXHHYECKUX Pe3uH cocrasJser 150—500% .
-a.Ji1s1 360HuTa — 2—6 % . BRImycKkawoT 360HHT B BHJE LIPYTKOB H TPY-
.-BOK, KOTOpHIE XOpOLIO NMOANAIOTCA MeXaHHuecKo# obpabotke. B ajext-
pOTeXanecxoﬁ IPOMBIILIIEHHOCTH 360HHUT IIPUMEHseTCs-KaK MaTepuat,
HMEIOIHH KOHCTPYKUHOKHOE H 3JIEKTPOH3OMSALUOHHOE SHAYRHHE.

CuuTeTHUYEeCKHA KayuykK (CK) wHpoKo IpUMEHRIOT
TOMHMO HaTypasbHOrG Kayuyka, ocoOGEHHO B KaGesbHOH IPOMBIILIEH-
HOCTH. PesuHbl A5 3aUUTHBIX 06oJoueK Kabene H3TOTOBJAIOTCA HC-
KaounTenbho Ha ocoBe CK, a B M30/ISILHOHHBEIX CMeCsiX GoJiee NoJIoBH-
ot HK samensnior na CK.

ByTumoBu# Kayuyk (ByTHIKayuyK) 1oJyyaior COBMeCT-
HO# mosuMepu3anuel H300yTHIeHA ¢ HeGOIBIIUM KOJHUYECTBOM H30TIpe-
Ha uau 6yraguena. ByTunkayuyx oraunvaercsi-Gosiee BBHICOKOH CTOHKO-
CThIO, UeM HaTypasbHBIf, K TeIIOBOMY cTapeHuto. Peswnbl Ha ochoBe
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GyTHIKaydyKa omw;a;orca BJIATOCTORKOCTHIO U xopomumu 3J1eKTpon30—
ASOHHBIMH CBOMCTBAMH, MMEIOT GoJiee BHICOKYIO 030HOCTORKOCTD, YeM
pesunnl Ha ocHoBe HK, uto onpejesnsier ux npuMeHenue A/is H3rOTOBIE-
HUS PE3WHOBOH H30/sUHH, paboTaioilefl NPH OTHOCHTENLHO BBICOKHX
TeMrieparypax M BbICOKMX Hanpsixenudx. K negmocratkam 6ymm<ayv
YyKa OTHOCATCSH 3HAUMTENbHBIE OCTATOUHBIE ae(bopmauuu NpH pactsxe-
HUH W CKATHH.

XnoponpeHOBHHN Kayuyk nonyqaroT‘ HOJIHMepldsaILH-
eit xjoponpera. B CCCP 3ToT KayuyK BbINYCKaiOT NOJ H4a3BaHHWEM «Ha-
HPHT», 3a PyGEROM — «HeonpeH». XHMUYECKOe CTPOeHHe XJ0ponpero-
BOTO KayuyKa oByC/IOB/IHBAET €ro BechbMa LieHHbIe CleilHpryecKue cBoli-
CTBa M3-32 NPUCYTCTBHsI ATOMOB XJIOpa B MOJEKYJIe XJ0PONpeHa, KOTo-
pbiff, ABJSETCS NOJISIPHBIM, AN31EKTPUKOM H 00/1a/laeT HEBHICOKHMH SJIeKT-
POH30JIAIILHOHKBIMK CBORCTBAMH, HO B TO e BPeMs UMeeT BhICOKYIO CTOM-
KOCTb. K JEHCTBHIO Mac/1a, KepociHa, 6eH3HHA, Pe3dHb! Ha OCHOBE 3TOTO
Kay4yyKa UMeIOT 3HaulTeJbHO 00Jee BHICOKYIO CTOMKOCTD NIPOTHB JeficT-
BHSl 030Ha M GOJILLIYIO YCTOHYHBOCTD K CTAPEHHIO, HeM PE3HHBI Ha OCHO-
se HK. C nanuuueM Xjiopa cBA3aHO U Apyroe CBOMCTBO XJ10pONpeHoso-
. [0 KaydyKa — Heropiouyecrtb, ‘

CrofikocTb HAHPHTOBBIX Pe3HH K HedrenpopyKram BBITOXHO HCHIONb-
ayercst B Kabessix, 3KCILIyaTHPYeMbIX [pK OypoBbIX H Pa3BEJOUHLIX pa-
GoTax. Heroploque PE3MHBl HCNOJb3YIOTCA B Kabenax, NpeiHasHaueH-
HBIX JJIst PAGOTHI B IIAXTAX H NOXAPOONACHBIX [OMEILEHHX,

‘HepoctaToK X/I0pOIpeHOBOrO KayyykKa H pe3ud’ Ha ero OCHOBe —
HH3KHE S/IEKTPOH3O/NALHOREbIE XapaKTEPHCTHKH, NOBHILIEHHAS BJAro-
IIPOHULAEMOCTD, HU3KAas XOJIONOYCTOHUHBOCTb, PE3KOE CHHKEHHE NMPOoy-
HOCTH M OTHOCHTEJIBHOTO YI/IMHEHHS NPH NOBLILEHHH TEMIEPaTypHl.

KpemMHufiopranudecKkHne Kay4dyKH BOCHOBE CTPO-
€HHs MOJIEKYJIbl HMEIOT nonucnnoxcaﬂosylo LemnouKy {cM. c. 214).
Jlns nonyyenusi pe3SMHOBBIX cMecel Ha OCHOBe erMHHHOpFaHH‘IeCKOI‘OV
KayuyKa 'K HeMy [106aBAslOT HANOJHHTENM - KpPeMHEKHc/otTy (Geniast
caxa) ¥ IMOKCUJ THTaHA H BynKaHnsyloumn areHT — nepocKul Genso-
una, .PesuHbl Ha OCHOBE KpeMHMHOpraHWuecKHX ~KayuyyKos obiajaior
BEICOKOH ~ 'HATPEBOCTOMKOCTHIO. ~[liutenpHas paGouas remneparypa
250 °C, pasnomeﬂue noJsinMepa Hacrynaer npu 400 °C. K uueny npe-
MMYLIECTB KPEMHHHOpI‘aHH‘!eCKHX PE3HH OTHOCHTCS HX BBICOKES X0JIO0-
YCTOHUHBOCTb —— OHH COXPAHAIOT THOKOCTb IIPH TeMHepaType or —70
10 — 100° C' ‘11 Bbicokue anempousomuﬂoms{e CBOHICTBA,

‘Henocratkamu - KpeMHHAOPTAHUYECKUX KayyyKoOB H pe3nH Ha ux
OCHOBE “ABJISIOTCS HEBHICOKHE MeXaHHueckihe CBOHCTBA, MaJas CTOH-
KOCTh K PACTBOPHTENSIM H JOPOrOBH3HA.

B KkaGeabHBIX H3[eJUSAX HAXONAT NpHUMEHEHHE KpeMHuAoprannye-
' ckue pesunbl Mapok K-69, K-1520, K-673, K-69T. ‘



§ 6.6. Jlaku, amaiu, KOMAayHAB

3nempou30muuounb{e JIaKH  TIPEJICTABAAIOT OG0l  KOJIOUAHBIE
pacTBOpPHL Ha JAaKOBOH OCHoOBe, oépasymmen rioc/ie yjaJieHHs pacTBOpH-
. Teqs NJEeHKY, KoTopast 06JlallaeT 3JIeKTPOH30/SIHOHHBIMH -CBOHCTBaMHY.

JlakoBast OCHOBA TNIpejcTaBiisieT co0o# Ty YacTh Jaka, Kortopas 06-
pasyeT IUIEHKY H COCTOMT M3 OHTYMOB, BBICBIXAIOUHX DPACTHTE/IbHBLIX
Macei, NIPHPOJHLIX HIH CHHTETHUECKUX CMOJ, a TAaKXKe U3 MX KOMMO3H-
uuf.

CuHTeTHYECKHE H npupozmue CMOJIBI, npnmeHHeMme npu 'H3TOTOBJIE-
HUHR 3JIEKTPOH3O/ALHOHHBIX JAKOB, 3Majlel H KOMIIayHJ0B; ONHCAHbl B.
§ 6.3. PaccMoTpHM TakKe NpUMeHsieMble JJsl JIAKOBOH OCHOBLI pacCTH-
TeJibHbIE ‘Mac/ja 1 GUTYMBI. :

PactureabHb e MacJa, HoJyuyaeMmble U3 CeMAH pa3iuy-
HbIX' pAaCTeHHH, crocoOHbI N0 AefcTBHEM Harpesa, OCBeLICHHs, CONpPH-
'KOCHOBEHHsl C' KHCJIOPOJIOM BO3AyXa M [IDYTHX (PAKTOPOB NEPEXOAUTH B
TBEpAOE COCTOsIHHE. BbIChIXaHHe Maces sIBJSETCS CJIOKHBIM XHMHue-
CKMM MpPOLECCOM, CBA3AHHBIM, C IIOJHMEPH3AUHOHHBIMH -HPOLECCAMH H
[OTJ/IOMIEHHEeM Mac/IOM HEKOTOPOTO KOJIHYecTBa KHCJIOpO/a U3 BO3AYyXa,
NO3TOMY "Macca JbHAHOTO U NOJAOOHOFO MaceJs INPH CyIIKe MOXKET He-
CKOJIbKO yBesnHuHBaTbcs. Hanbosee mHMpoKo NpuMeHsIOTCA JbHAHOE H
TYHIOBOE Mac/ia. ITH MacJ/a, ecId UX HAHECTH Ha NMOBEPXHOCTh, GHCTPO
BBICHIXAIOT ¢ 06pa30BaHHeM TBepAO# HensaBKoH nyieHkH. [T1edKn u3 Tyu-
FOBOTO Mac/1a He PACTBOPSIOTCS B OPTAHAYECKUX PACTBOPHTENSX, CTOH-
KM K JIEHCTBHIO BOJBI, 2 IVIEHKH JIbHSIHOTO MacJ/ia OUTH He pacTBOPAIOT-
cst B pacteoputensix. HaunGosiee BBICOKHMH 3/1EKTPOH3O0SIUHOHHBIME
- CBOMCTBaMH 06/1aJlaeT TYHTOBOE MAac/I0, KOTOpoe fBJSeTCH TOKCHUHBIM
npoayktoM. KaranusatopamMu peakuHil BbICHIXaHHsi Maces SBIAIOTCH
COelHHeH NSt CBHHIA, KoOa/bTa, KaJbllia, BBOAHMEIE B Mac/ja B BHAE CO-
Jefl, pasauuyHBIX KucaoT, Takue BellecTBa HA3LIBAIOTCSH CUKKAMUBAMU.

b ¥ Ty M Bl — yepHble, TBepAble WM IJIACTHUHBIE BelleCTBA C
aMOpP@HOK ' CTPYKTYPOH, COCTOALHE B OCHOBHOM H3 CJIONKHOM CMecH yr-
JIeBOLOPOJOB U TPOAYKTOB MX AajbHeHIIeH NoJuMepH3alliu U, OKHcae-
uus. [TpupoiHble GUTYMEI, HasbBaeMble TaKXKe achaabTaMH, CONEpXKar
pasiiuyHble MHUBEpaJbHbIE IIPUMECH. DUTYMBl OpH HAI'DEBAHUH MEpeXo-
IAT B JKHAKOE COCTOSIHWe, TIPH OXJaxkAeHWH 3arsepesaior. TIpH Hus-
KMX TeMmepaTypax OHM XPYNKH W JalOT -XapaKTepHBIH: H3J10M B BUJAE pa-
KOBHHBI. JIyulline 3/1eKTPON30/IAIHOHHbIe CBOHCTBA, KAK TIPABUJIO, HUMe-
o1 60J1ee TYTONABKHEe GHTYMBI, . OHY - TPYAHEe pacTBopsitorcsi H GoJiee
xpynku. Temneparypa pasMsirdeHHs GHTYMOB MOXKET GBITH JOBBILIEHA
f1yTeM MPOIYCKaHHA BO3AyXa yepe3 pacnasieHHbift 6utym. [lo cBoum
AM3/IEKTPHUECKHM XaPaKTEPHCTHKAM GHTYMBI MOTYT OBITb OTHECEHBl K
c1200NoASPHBEIM CcoedHHeHusM: JLas 371eKTPoH30NALHOHHOR TeXHHMKH
HauGoJiee  IWHPOKG NPHUMeHsIoT HedTsiHble Gurymbl- Mapox BH-111,
BH-1V, BH-V u Gonee ryronnaskue cneu6uTymbt Mapok B u T,

PactBoputenn — JieTy4ue KHIKOCTH, TIPHMEHsieMble JJ1s pPacTBope-
HUS JIAKOBBIX OCHOB H yJ/eTyyHBaloulkecs B Tpolecce obpasoBanus
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nfedkd. PacTBoputensiMd MOTYT CHYKHTh apoMaTRYeCKHe YIJeBOA0pO-
Ibi, CIUPTHL, CAOXKHBIE H MPOCThie 3bUpPbl, CKUNUAap H Ap. B cocras na-
ka, KpoMe T0T0, MOTyT BXOAUTh CJENYIONINe ~JONONHUTE ILHbIE Be-
1ecTBa. ' .

CHKKaTHBB — BeLIECTBd, YCKOPHIOIHE NPOLECC BLICHIXAHUA PACTH-
TeNbHBIX Maces H J1akoB, [lnacTHQUKATOPH! —— BeuiecTBa, NPUAAIOUIHE
"3/IACTHYHOCTD ¥ YAAPHYIO TIPOYHOCTD JIAaKOBOH Ti1eHKe, OTBEpANTENH -~
COefUHEHNs, CIIOCOGCTBYIONINE OTBEPHACHUIO MueHKH Jaka. Munuua-
TOPbl W YCKOPHTENM —— BellecTBa, YCKOPSIOMNe npolece o6pasoBaHus
nonumepos. VHrHOHTOPBI -— COCJMHEHHR, IIPENSTCTBYIONIHE NpPexJe-
BPEMEHHOMY 3aTyCTEBAHHIO.

DAEeKTPOH3OJSILMOHHEIE 3MaJIH NPEICTaBAAI0T COGOR JaKU, B COCTAR
KOTOPBIX BXOISIT MHUTMEHTHl — BLICOKORMCIIEPCHbIE HEOPraHHYecKue Be-
WECTBA, MOBHILIAIOUIHE TBEPAOCTh W MEXaHHUECKYIO NMPOYHOCTh JIaKOBOH
NJIEHKH, TENJONPOBOAHOCTH, AYTOCTOHKOCTb. B kauectBe nurMeHrow
YacTo NPUMEHSIOT AMOKCHJ THTAHA, JKEJEe3HhH CYpPUR B Jp.

DNeKTPOU30JIALUOHHBIe KOMNAYHAb B OCHOBHOM COCTOSIT U3 TeX e
BEIIeCTB, KOTOPbIE BXOAAT B COCTAB JAKOBOA OCHOBBI 3/EKTPOH30/sIUR-
OHHBIX JIaKOB, HO B OTJWYHE OT JIAKOB HE COMepXKat pacTBOpUTENedH,
B MomeHT TipUMeHEHHS TIPH, HOpMadbHOH W NOBBILEHHOH TeMneparype
KOMNAYHAB HAXOAATCA B XKUAKOM COCTOAHUH U TBEPACIOT HIOC/E OXJIAK-
NEeHHS WM B PE3Y.TbTaTe NPOHCXOAAIHX B HUX XHMHUECKUX NPOLLECCOB.

Kpome Toro, B coCTaB KOMIayHAOB MOTYT BXOAHTH aKTHBHbIE pas-
faBuTesn, TOHWKAOLIME BA3KOCTb KOMNAayHAA. 1acTHPHKATOPHL, OT-
BEDAUTENH, HHHUMATOPH ¥ MHIHOHTOPbI. HA3HAYEHHS KOTOPHIX Te XKe.
4TC K B JaKaX. B coctaB KOMNayHAd MOTVT TakyKe BXOAUTH HaNoJHHTE-
JH — HEOPraHHueCcKHe W OpraHHueckhe NMOPOIIKOOGPA3HBIE HIH BOJIOK-
HHCTHIE MaTepHadbl, TIPHMEHSIEMble ISl YMEHBIUEHHS YCALKH, Yyiyuue-
HHA TENJOIPOBOJAHOCTH, . YMEHBIUEHUS TEMIEpaTyPHOro KoshpuuHenTs
pacuIMpeHus W CHHXKEHHUS CTOMMOCTH. B xavectse nanonnuteneil npu-
MEHSHOT HbIAEBUAHBIH KBAPL, Ta/bK, CHONSHYIO UbLIb, acOECTOBOR i
CTEKNSHHOE BOJIOKHO ¥ psJl ApYyrux.

DNeKTPOUSONSILIHOHHBIE JIAKHM M KOMIaYHAbl UIMPOKO TPUMEHSIIOTCSH B
3MEKTPOUIQNSLHOHHOR U KabeJbHOH TeXHHKE, B NPOH3BOLCTEE 3JeKT-
pHYECKHX MAlIHH, TYPBO -W rHAPOreHepaTopoB, 'annaparos, Tpanchop-
MATOPOB, pACHPENSIHTENbHLIX  VCTPOHCTB, B BBICOKOMACTOTHON TeX-
HUKE,

Buéop mIeKTpOLL’»OﬂRIU/IOHHU)\ JaKOB WJIH KOMIAYHIOB AAS ToH Man
HHOIT KOHCTPYKILHH OCHOBBIBAETCS Ha 3HAHUHM TEXHUUYECKHX TpeboBaHHH
A5t AavHOH KOHCTPYKUHH # VCAOBHH ee paboThl, Ha (DHIHUECKHX H 31EKT-
PHUHECKHX = XAPAKTEPUCTHKAX JIAKOB W KOMIAYHIOB, ONPEIESSIeMbIX (O
orercrBytoiiipvun [OCTamn u rexunvecknmu yeaosuamn (TY).

[To HazHAYeHHIO N BbIIONHAEMbIM DYHRIUSAM 3/1eKTPOH3OSLIHOHHbIE
JAKH IPUESTO NOAPA31esiTh Hd TPH OCHOBHbIE xpynnbl' TIPOTNTUTOUHBIE,
NHOKPOBHbBIE W KJesuiHe.

[Iponurounsie aaku fipeHA3HAYEHBI /15 nponm KH H30JALHH 06MO-
TOK 3JIeKTPHUYECKHX Malllii ‘M alfapaTtoB, AAA NPONUTKH PA3AUUHBIX
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SNEKTPOU3O/SUHOHHBIX MATEPHAIOB BOJOKHUCTOTO CTPOEHUs — OyMa-
TH, TKAHH, CTERJIOTKAHH, 3I€KTPOKAPTOHE H Ip. - ,

TToKpOBHBIE NaKK HCHOJNbB3YIOT AJIST CO3JAHWS BHEUHeH 3allTHOM
OTHAEJNKH Pa3INuHLIX. JMEKTPOH3ONAUHOHHLIX [eTanell, MeraJiHuecKHX
Y3JI0B H JeTajeil, NOKPBITHS NPEABAPHTENLHO NPONHTAHHBIX OOMOTOK
. 3IEKTPUYECKHX MAaUIMH U annaparoB. K 3tofi rpynne OTHOCATCS Takke
SMajib-JIaKH, NIPEMeHsieMble B KaGebHON [IPOMBITIIEHHOCTH, H TONYIPo-
BOAsILLHE JIaKH, 06sajlaloliie TOBLILIEHHOH YIe/JbHON NPOBOAUMOCTDIO.

Kuesumue naky ApelHA3HAYAIOTCSl 1S CKJAEHBAHHWS PAa3JHUYHBIX
3/MEKTPOH30/IS IHOHHBIX MaTepnanos ¥ jaetanedl, caoab, Gymarh, Kap-
TOHA H T. T

HpHBeﬂeHHdﬂ KﬂaccmpHKaum JaKOB B 3HAUHTENbHOH Mepe fBJsS-
ercsi YCJIOBHOM, TaK KaK OAHH M TOT XK€ JIaK WHOTAA MOXKeT CJAYXKHTb H
TIPONUTOYHBIM ¥ KJIESILHM, HaTlpHUMep 6axenmosbm JIaK TIPW NPOU3BOL-
CTBE CJIOHCTHIX MJACTHKOB.

[To croco6y Cyuiku 3/€KTPOU30JISIIMOHHbIE JIAKH JeNsTCst Ha JaKH
BO3JYIIHOH, MJIH XOJMOAHON, CYUIKH M Ne4HOH, MU ropsiues,

Jlaky BO3AyUIHOH CYLIKH BhICHIXAIOT H 00pa3YIOT IWIEHKH TpebyeMoro
KayecTBa NIPY KOMHATHOH Temneparype. O6pasosaHye IVIEHKH JlaKa BO3-
' QYWHOH CYIIKH MOXKeT NMPOHCXOAMTb B pe3y/braTe ylAaJeHHs JeTyuux
pactBopHTe/eil, OKHCAUTEbHbIX H/IH TOJHMEDH3aUHOHHBIX TIPOIIECCOB
(B MacASTHBIX WJIV OHTYMHBIX J1aKaX), @ TakxKe MpH BBEJEHHH COOTBETCY-
BYIOLIMX OTBEPAHTEJEH XOJIONHOIO OTBEPXKIEHHH B JlaKaXx Ha OCHOBe
HEKOTODHIX CHHTETHYECKHX CMOI. '

Jlaku nevHo#, iy ropsiuell, Cyniku cofepxart B OCHOBE BEICOKOKHNf-
1lHe pacTBOPHTENH, MeNJIEHHO yJeTyyuBaloulHecs NPH HOPMaJbHOW -
TEMIIEPaType, WJIH KOMIO3MUHH pas/MUHBIX TEPMOPEaKTUBHBIX CHHTe-
THYECKHX CMOJI, B KOTOPHIX BO BpeMs CYLUKH IPH BBICOKOH Temnepartype
100 °C ¥ BbllIE NPOUCXONST PeaKUUU OKHC/IEHHS, nonumepnsaunu ITh i
NOMHKOHAEHCALHY,

[To XMMHUECKOMY COCTaBY JIaKOBOH OCHOBBI snémponaonﬂunonnme
JIaKH AeJISITCS Ha TPH-OCHOBHBIE TPYMIILL: MacasiHble, cMOJAHbE, 3GHPO-
LE/JTIOJIO3HBIE,

Macasanrle (Macnoconepmamne) NaKH COCTOST H3 BBICHIXIOILHX pac-
THTEAbHBIX Mace] W HaTYPaNbHbIX WU CHHTETHYECKHX CMOJ WM OHTY-
MOB ¢ H006aBRKOH CHKKATHBOB. V3 BrichIXalomiyX Maces -HauboJee 4acTo
OpUMEHSIOT JIbHSHOE, TYHTOBOe, OHTHCHKOBOE HJH HX cMecH, PacTtBopn-
TeJISIMA SIBJIAIOTCS anubaTUiecKie yriaeBojopolsl (KepocuH, ya#T-cnu-
PHUT), apoMaTHuecKune (TOJNYOJ, KCHJOJ) HIH UX CMECH, a4 TAKMKe CKHIIH-
Jap. K rpynne mac/isiHbIX JI2aKOB OTHOCATCA Mac/siHO-OMTYMHBbIE, Mac-
JSTHO-KaHU(oNbHBIe, MacJAsAHO-aJKHAHbE dakH. B cocraB macigaHo-Gu-
TYMHBIX JIAKOB BXOJSIT DACTHTEJbHHIE Macja B KOMIO3MIHM ¢ achasb-
TaMu ¥ achanbTHTaMu JMG0 HCKYCCTBEHHBIMH HE(TSHLIMH OHTYMaMH ¢
100aBKOH CHKKaTHBAa. B cocTaB Mac/isiHO-KaHUQPOABHBIX JaKOB BXOAST
KPOME BBICHIXAOMNX DACTUTEJIbHBIX Macesi Mpenapatsl, COAeprKaliue
KaHudoab. MacisaHo-adKHAHBE JAKH NPEJCTABIATIOT cOBONR NPOAYKT pe-
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~dKUHH NO/THKOHAEHCAILU Y MHOFOATOMHbIX CIIUDTOB C MHOI‘OOCHOBHMMH
KHCJ/IOTAMH.

CMmonsiHble JIaKH NOJYYal0TCs. Ha OCHOBE CHHTETHYECKHX CMOJ. Hpu-
MepoM SBAAIOTCH (eHoNodopManbieriaHble CMOJbI, PAacTBOPEHHBE B
3THIOBOM CHHPTE, BOAHHE (PEHOJO -HAH KpesoodopMaabierujiHble
JAaKH, He coflepxauipe cnupra. K 3tofi e rpynne oTHOCATCH JakKH Ha
OCHOBE NOJMIPHPHBIX, INOKCHIHBIX, KPEMHHHOPTaHHUECKHX CMOII, aa-
KH Ha OCHOBE TOJH3QUPHBLIX, INOKCHAHBLIX, KPEMHHUAOPraHHYECKHX
CMOJI, JIAKH Ha OCHOBE HATYDPAJIbHBLIX CMOJ UM GHTYMOB.

SpupoLleNII0JIO3Hble JaKH,  NpeAcTaBadioulne coGofi  pacTBOPHI
pa3IMIHBIX 3DHPOB . LEMTI0I03b  (HUTPOLEON03a, STHILE/I0/103a)
¢ 100aBKOH IJAaCTHHUKATOPOB . CMECH CO CJOXHBIMH 3pupamu, crupra-
MH, KETOHaM{ H apoMaTHHeCKHMH YIJA€BOJOPOAAMH HMEIT OrpaHHueH-
HOe TIPHMEHEeHHEe B 3JIEKTPOTeXHHYECKOH MPOMBIILIJIEHHOCTH.

DJIeKTPOU3OJSLIHOHHbIE KOMIIaYH/b! 10 CBOEMY HAa3HAYEHHIO U BHIOJ-
HeMblM (DYHKIIMAM AeJATCS HA [ABE OCHOBHBIE I'DYIHILL: NMPONUTOUHBIE 1
sanuBounbie. [Iponutounbie KOMIayH/bl C/lyKaT JJIA 3aNoHeHHs oD,
KaMUAISAPOB U BO3AYLIHBIX BKJIIOYEHHH B 3JIEKTPOU30AALHOHHBIX MaTe-
pyanax, HCOJIb3YeMbIX IVIaBHBIM 06Pa30oM A5t OGMOTOK I/IEKTPUUECKHX
MalllHH, KaTylleK afnapartos, TPpaHchopMaTopoB M APYIHX 3JE€KTpOTeX-
HHYeCKHX KOHCTPYKUHH. [Tocsie npolUTKH NOBLILLIAGTCH 3MEKTPHUECKAS
MPOYHOCTb MaTepHa/Ia U BCell KOHCTPYKLHH B HEJIOM, YJyHUIAIOTCA Ter-
JAOMPOBOAHOCTD, TeMI00TAaYa OOMGTOK, 4TO NO3BOJAET YBEJUUHThL MOLI-
HOCTb 3JIEKTPHUECKHX MALIHH ¥ annapaTtoB MPU TexX Xxe rabapurax. yse-
NHYHBAIOTCH MeXaHUYeCKad IPOYHOCTb, BJATOCTOHKOCTh, CPOK cnywﬁbl
BCEH KOHCTPYKLHH,

[To OTHOWEHHIO K HarpeBy 3 JeKTpOHSOJIﬂllMOHHbIG KOM[TayH}.IbI ne-
JAATCA HA TEPMOMJIACTUUHBIE H TEPMODEAKTHUBHDBIE.

TepmonaacTiunbie KOMNayHAL TBEpAbie fipH HOPMaJAbLHOH Temnepa-
Type, NP HarpeBAHHH PA3MACHATCH, CTAHOBATCA MJIACTHYHBIMH H Tie-
PeXONfT B KHIKOE COCTOSHHE, NMPH OXJameHHH CHOBA 3aTBepABAIOT.
PacnsiaB/iesse W OTBEPHACHHE KOMIIAYHIOB 3TOH IPYNNLI MOXKHO NMPOBO-
AUTh MHOTOKPaTHO. [lif W3rOTOB/JEHHA STHX KOMNAYHAOB YACTO IepuMe
HAOT HedTANbe OUTYMbl B COUETAHMH C PACTHTENbHBIMH U MHHEPAdbHbI-
MH MacsaMH, KaHHGDOJDbIO H HEKOTOPBIMH TEPMOTLTIACTHYHBIMH TIOJIAMe-
paMHu.

TepMopeaKTHBHBIC KOMIIAYHAbl B MOMEHT UX NPUMEHEHH Haxonmc;{
B JKHIKOM COCTOSIHHH, 2 3aT€M 3aTBEPAEBAIOT B Pe3Y/bTaTe MPOUCXOAA-
I{HX B HUX XHUMHdecKuX peaxuui. OTBepiesHe KoMnNayHaoB 3Tol rpyi-
MBI TIPOUCXOAMT NOA AHCTBHEM OTBEPAHMTENA WAH Katasnusatopa. [lecie
OTBEPXKJCHHS KOMNAYH/ CTAHOBHTCS TBEPAbIM, HENJIABKHM K He pacTBo-
PHUMBIM B OOBLIYHBIX pacTBopHTeNdX. Kak H MaKu, 3TH KoMNayHIbl JeJaT-
cfl Ha KOMNAayHIbi TOPSYETO. H XOJOJHOTO OTBepXAeHus. Kommnaywant
FOPAYEro OTBEPKACHHS MEPEXOAsT B TBEPIOE COCTOSHUE NpH cnenpanb-
HOl TepMHuecKod oO6paboTKe, a KOMNAYHAb XOJOAHOIO OTBEDHK/IEHHS
MepexoiAT B TBEPAOE COCTOHKE MOJ JefcTBHEM OTBepAuTenel,
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Mo xumuueckoMy cocTaBy 3A€KTPOH3OJIALHOHHbBIE KOMHAVHIbI Ae-
JATCH HA KOMMAYHAbl, M3ITOTOBJsIEMblE HAa OCHOBE He(TAHBIX GUTYMOB,
pPacTHUTeNbHLIX HJAH MHHEpaJbHBIX Maces M Kanudosad, # KoMnayHabl Ha
OCHOBE CHHTETHUECKHX CMOJI. B KoMMayHObl, H3roTOB/AfAEMble Hd OCHOBE
pa3anuHbIX HedTAHBIX GUTYMOB, HHOTAA A00ABJSIOT JbHAHOE UIH MUHE-
paabHoe Mac0 H Kauudosab. KomnayHAbl Ha OCHOBE CHHTETHYECKHX
CMOJI U3FOTOBJISIOTCS HA OCHOBE MOJMIQHPHBIX, STMOKCHAHBIX, SMOKCHI-

HO- HOJIHS(t)HprIX erMHHHOpFaHH‘leCKHX u ﬂpO’-lHX CMOJ H HUX KOMIO-
3HUHA.

§ 6.7. BoJsokHuCTble MaTepHAID

\_BoslokHucTEe MarepHajbl COCTOAT — MPEHMYILECTBEHHO U3 4acTHLL
yAJAHHEeHHOH (OPMbl — BOJIOKOH, IMPOMEKYTKH MeXAY KOTOPhIMY 3a-
fIOJTHEHBl BO3NyXOM Y HelpONHTAHHBIX MaTepHa/loB U NMPHUPOLHLIMH HJH
CHHTETHYECKHMH CMOJIAMM Yy NPONUTAHHBIX, [IpeuMyluecTBamMi MHOTHX
BOJIOKHHCTEIX MaTepuasoB HBJSIIOTCH HEBbICOKAA CTOWMOCTH, AOBOJb-
1o 6oJIblIIasT MEXAHUYECKAas NIPOYHOCTb, THOKOCTh U YROGCTBO 06paboTKy.
HejgocraTku — HeBbICOKHe 3JeKTpUUeCcKas NPOUYHOCTh U TeMJIONpOBOA-
HOCTb. 60Jee BLICOKAf, YeM Y MACCHBHBIX MaTepHa/I0B TOrO e COCTaBa.
THIPOCKONHYHOCTL. [lponvTka yaydlaer cBOMCTBA BOJIOKHHCTLIX MaTe-
pHasoB.

Henponuranible BOAOKHHCTBIE MATEPHAbI (10 BULY HCXOAHOFO Chip bsi
MOXKHO (IOAPAa3/Je/HTh Ha MaTepuasbl M3: a) PaCTUTEAbHbIX BO/OKOH,
6) Oymaru, KaproHa. XJonyatoOGyMa:KHOR NpPSiXKU M TKaHU; B) XKHUBOT-
HBIX BOJOKOH (HaTypaJbHblH LK), T} HCKYCCTBEHHBIX H CHHTETHuYe-
CKUX BOJIOKOH (AUETAaTHBLIHA IUeAK, KalpoH W Ap.); .J) HEOPraHHYECKHX
BOJIOKOH (CTEKJISHHOE BOJIOKHO, achect).’

[epeBo fBJseTCS ONXHMM H3 NEPBBIX 3JCKTPOH3OJISLUHOHHBIX U KOH-
CTPYKUMOHHBIX MarepHaJioB, NMOJYUUBLIHX [pPHMEHEHHE B. 3/eKTpoTeX-
HHUKe, UeMYy CocoGCTBOBA/H ero JeiieBH3Ha U JEerKoCTb MeXaHHUYeCKo#
obpaborku: OcHOBOM flepeBa, Kak H BCAKOrO PAacCTHTE/NBHOTO BOJMOKHA,
ABMAETCH  OPraHWyecKoe BeIIECTBO -~ LeJJI0N034, NPeACTaBAfAonas
co6oi no/iMMepHbIH Yr1eBof0pPOL (C4H1405).. MOTEKYIBL KOTOPOTO, HME-
10T BHA MIMHHBIX Lerel ¢ YHCJAOM 3BeRbeB A0 ABYX ThICS4. B Kakaom
3JeMEeHTAPDHOM 3BEHEe MOJIEKYJIbl COREPMUTCH HO TPH THAPOKCHIbHBIX
rpynasl OH, ofycnoBanBaioinx noaspHoCTL HEAJN03E. DTH FPyNnb
CMELIATCH B JIEKTPHYECKOM [MoJie 110 OTHOLIEHHIO KO BCEH MOJEKYJIsp-
HOW UENH, 4To co3faeT 3dpexT AHINOMBHO-PALHKAILHON NOASPHIAUNY.
[Mostomy Leaa0103a HMeeT OTHOCHTETBHO GOJbILIHe  KHINEKTPUUECKYIO
IIPOHHLAEMOCTb ¥ TAHTEHC yrJia nuanempnqecmx noteps (g, = 6.5+
=7, tg § = 0,005-=-0,01).

Bosiee Tsxenbie nopoibl AepeBbeB UMEIT GOALUIYIO Mexaﬂnqecxym
IPOYHOCTDB, YeM Jjaerkue. ﬂpo‘mocrb nonepexK BOJIOKOH Y lI€peBa MeHbL-
1€, YeM BAOJb,

K HejocTaTKam fiepeBa OTHOCHTCH BBICOKAS [HIPOCKOUUYHOCTD, He-
¢TaHJAPTHOCTh esoucm HHU3Kas Hal‘peBO(_TOHM)(‘Tb u ropiodects. [Ipu
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1IPONUTKE JepeBa JbHSHLIM MACJAOM HJH pa3/JHYHBIMH CMOJAMH CBOHCT-
Ba yayuwaloresi. Ecau jnera/iu U3 Jepesa npejHasHadeHbt s paboThl
B TpaHchOPMATOPHOM Mac./ie, TO HOC/Ie CYUIKH OHH NPOTUTHIBAIOTCS TeM
e MacyoM.

e B sjexTpoTexHuKe 1epeBo NpHMEHseTcs AN H3TOTOBJAEHWA Jepe-
BAHHBLIX OIOP JUHHIA 3JeKTponepenaut, KpenexHelx aeTaJjed TpaHcdop-
MaTOpOB BBICOKOTO H HH3KOIOG HanpsKeHUs, 1a30BLIX KJIWHLEB 3JEKT-

_DYYeCKHX MAIIWH U T. 1.

;ByMam W KADTOHBI — JIHCTOBbLIE WJH pYJOHHbIE MaTepHanbl Ko-
POTKOBOJIOKHHCTOTO CTPOEHHS, COCTOALLHE B OCHOBHOM U3 HeJL0M03bLL,
Hautosiee TOHKUHA ¥ BLICOKOKAYeCTBEHHBIH BU/L 3JE€KTPOH3OJSILUOHHBIX
OGymar — KoHjeucaTtopHasa Oymara. rpHMeHsieMas JJIf H3rOTOBJEHUA
AM3JEKTPHKA KOHACHCATOPOB iKonneHcaTopHylo Hymary H3roToBJSIOT
u3 cyabpaTHol ApesecHoi wesmoaosbf B CCCP paspaboraH npocToit
cnoco6 MPOH3BOACTBA GOPHPOBAHHOH LEAJI0N03bl, oOecneuyuBaroLlui
KOH/IEHCATOPHOH GyMare pe3ko CHHKEeHHYIO 3aBHCHMOCTh tg 8 or miot-
HOCTH 6yMary£]} [To HoBo# TexHosoruyn B=EEEP BhIMycKkaercs Hymara ma-
pok: KOH — obplanas, CKOH — cneunanbHaf, yay4uleHHOro Kayecr-
Ba, MKOH — ¢ ManuiMn  ansgekrpuueckumu norepsmd, IMKOH -
¢ BBICOKOH 3/IeKTPHUECKOH MPOUYHOCTLIO K MaJbIMHU nOTepﬂwﬂ

{ [1pn Hcnonb30BaHKH KOHAeHCaTOPHON GyMaru B KauecTBe JIHJIEKTPH-
Ka oOpliHO 6epyT HECKONbKO CJ0EB ¢ NPHMeHeHHeM pa3/HUHBIX NpPOIU-
TOYHBIX MacC, B KAYecTBe KOTOPBIX MOTYT HCIO/Jb30BATLCS pas/u4yHbIe
HefnosisipHbIe,{ MOASAPHbIE, XKUIKHe, MONYHKHUAKHE ¥ TBEpPIble NPOMUTOY-
wpie macentd Tipnvenenne neckoabknx caoes oBecneynBaeT NepekphiTie
CKBO3IILIX OTBEPCTHIf I NPOBOAAILIX BKIOUEHHA B OTACALHBIX AHCTAX.
Bymara He siBasieTcs BBICOKOYACTOTHLIM AHsjAeKTpukoM. Ha nepemen-
HOM TOKe OHa Hcioabayetca 10 vyactorel 10 kI 1.

[K uncay crapefiniux Martepuanos. NPUMEHAEMBbIX B KAuecTBe SJeKT-
POHM30/ ALIHOHHBIX, OTHOCHTCS 3JeKTPOKAPTOH./ITO CBA3AHO € €10 HHU3KOH
CTOHMOCTBIO H XOPOIIMMH TEXHOJOTHYECKHMHU cBoficTBaMM,| B couera-
UM ¢ BBICOKOH CTAOMJILHOCTBIO M MEXaHHYECKOH MPOUHOCTBIO BpH Hpo-
HUTKE 3AEKTPOKAPTONE TPAHCPOPMATOPHBLIM MACJOM MOKHO NONYHUUTL
H3OJHUMIO C BBICOKHMH 3JEKTPHUECKUMH rapaMerpami./

{ s npoH3BOACTBA 3/1€KTPOU30/ILHOHHBIX KAPTOHOB HaufoJgee k-
POKO TIPUMEHSIOT CYJb(DaTHYIO uenmo 103y, & B HEKOTOPbIE BUABI KapTo-
1108 106aBASIOT XNOTKOR ; KOR cTeneuu yucToTH.f

/‘ KapromsapkutAM/ s 1106aBJmeTcn XJIOIKOBAf LeaA0034a,
HMeeT Ay4uIHe 31eKTPHUECKHE XAapaKTEePHCTHKH, YeM KapTOH Mapku A.
DNEKTPOHIOAALMOHKEBIE  CBORCTBA KAPTOHA VAYYUWIAKT [IPH  PONUT-
Ke ero MUAKHM AMINEKTPUKOM, 1I03TOMY IJIEKTPOM30/AUMOHHLIN Kap-
TOH IIHPOKO MPHMEHSETCH B KAUECTBE OCHOBHOIO TBEPAOIo MaTepHa/a B
CHJIOBBIX TpaHcoOpMatopaX, /IS KOTOPBIX OH BbITYCKAeTcst MATH pas-
JAHUHBIX MApOK.

M3 maTepHaoB BOJNOKHHCTOrO CTPOEHHMS B 3JEKTPOMAWIHHHO-H all-
NAPATOCTPOCHNH IIMPOKO NPHUMEHSeTCH JHCTOBAA W TpyOuatas dubpa
B OCHOBHOM B K3U€CTBE KOHCTPYKUHOHHOIO W H30JAIHOHHONO Matepi-
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ana.{Tak Kak Mox JeflcTBHEM 3JekTpuueckoil Ayr# ¢huGpa Bhigeaser
60/1bILIOE KOJIMYECTBO TA30B, TO B IJIeKTPHYECKHX aNfapaTax OHa Hc-
f10/1b3YeTCA TaKkKe U B KauecTBE AYroracuTe/bHbIX s/eMenToB | onHaKo
HCTI0Ib30BaHKe GUOPHl A8 STOH Le/IH COKPAIlaeTcs W3-3a BO3MOXKHOCTH
NpHUMEHERHA APYTHX MaTepHa/oB ¢ 6oJee BHICOKHMH AH3JEKTPHUECKU-
MH M MEXaHWYeCKHMM XapaKTepHCTHKaMU (OpraHUYecKoe CTeKJso, BU-
Hunaacr, $eHonsoopMaibieTuiHbe cModibl). jHsrotoBnsietcs ¢ubpa us
TOHKOH GyMaru, [pOMyCKaeMod dYepe3 pacTBOpP XJOPHCTOIO HMHKA.[
[locne namoTky Ha cTanbroil 6apabaH M NOJIYYEHHs HYMKHOH TOJIIIHHBE
</I0, B KOTOPOM OTAE/bHbIe CJON OyMars NPHAUNAIOT APYF K APYTY,
¢uGpa cpesaerca ¢ GapaGaHa, TIIATENbHO NPOMBIBAETCS BOAOHN d rpec-
cyercst. [IpombiBKa HeoGxoxuMa 4151 YAaJAeHUsl CJE0B XJAOPUCTOTO LIHH-
Ka, yXYALIAOUIETO 3JIEKTPOH30JALMOHHBIe cBolicTBa (hubphl. JIHCTOBYIO
IEKTPOTEXHHUECKY0 (HOPY u3rorosasior Mapku P33 no T[OCT
14613—69 TonwmHoit 0,4—12 mm.llBer ¢ubpsl B 3ABHCUMOCTH OT
HCNOJL30BAHHOIO KpacuTeass MoxeT OblTb KpacHOro, KOPHUYHEBOro,
4epPHOTO WJIH Ceporo 1BeTa.

®ubpa HeycroluuBa K BO3ACHCTBUIO BJIaTH, N03TOMY OHA HE [ipUMe-
Hsaetcs A Aetasell, TpeSylOMIMX COXpaHEHHA TOUHbIX Pa3MepoB, TaK
KaK [Py NOToueHUH Baard ¢ubpa MeHser cBou pasmepsbi. [Ipn uarpe-
ganuu 1o 180 °C ¢pubpa MeaseHHO obyrauBaeTcss W NpH TeMNeparype
oxosio 300 °C BocnameHnsercs.

JlakoTKaHH — THOKHE 3/IeKTPOU3OJAIMOHHBIE MaTepualbl, Hpex-
cTapasioiiie co6ofl TKaHb, MPONHTAHHYIO -3JEKTPOH3OJAALHOHHLIM Ja-
koM. K nponuTaHHbIM BOJOKHHCTBIM MaTepHa/aM OTHOCATCA TaKKe Ja-
KOOYyMaru H 3JEKTPOU3OMSTUHOHHBIE JeHTel. OcHOBa NPONUTAHHBLIX Ma-
TEPHAJOB -— TKAHb UM OyMara — ofecreyHuBaeT BLICOKYIO MeXaHHuye-
CKYIO NPOYHOCTb,  THOKOCTb H ONpeleseHHYIO 31aCTHYHOCTD. ZNIEKTPO-
M30/ILHOHHBIE TaKH, 3a10/HAR TIPY NPONHTKE NOPHI TKaHH, 06pa3yioT
Ha MMOBEPXHOCTH MOC/E BBICHIXaHUA MPOUYHYIO MJIEHKY, KOTOpasa oGecre-
YHBAET XOpOUIHE 3JEKTPHUECKHEe CBOHWCTBA H CTOHKOCTb K jeiicTBHIY
BJAry,

j/TaKOTKaHH H3rOTOBJAIOT HA OCHOBE XJIOMYATOGYMAXKHBIX, LUETKOBBIX
A CTEKJSHHBLIX TKaHEH H3 CMHTETHYECKHX BOJIOKOH, OHH HaXORAT IpH-
MeHeHHe B 3JIEKTPUUECKHX MaluMHaX, anmnapaTtax., KaGeJbHbIX uU3ge-
JHAX B BHAE pa3JHYHBIX JIEHT, NPOK/JIAN0K, 00epTOK W IP.

B 3aBHCHUMOCTH OT THUMA MPOMUTHIBAIOUIETo aKa JAKOTKAHH [ojpas-
AeNSIOTCA HA CBET/Ible (3KeJIThle), U3TOTOBJsIEMEIE HA MACJAAHLIX JaKax,
M YepHBEe — Ha MacASHO-GHTYMHBIX Jakax. (CBeT/bie JAKOTKaHH HMe-
10T BBICOKHE 3JIeKTPUUECKHE XapPaKTePHCTHKH, YCTOHUMBH - K BO3JeH-
CTBHIO HepTAHbIX Maces, 6eH3HHa, BOAbI, HO UMEIOT NOBLILIEHHYIO CKJOH-
HOCTb K TEl/IOBOMY CTAPEHHIO, B NpOLecce KOTOpora ObICTPO Hapacraer
KECTKOCTb Mpu HarpeBe. UepHbie JaKoTKaHH 00s1a1al0T 60/1€e BLICOKH-
MH, UeM CBeTJ/bie, JJEeKTPUUECKHMH XapaKTepPHCTHKaMU. BJIaroCTOHKO-
CTbIO U MEHBIUUM TEIJIOBHIM CTAPEeHHEeM, HO He CTOHKH K BO3JLEHCTBHIO
macesl M 6eH3HHa. JlakoTKaHH, B KOTOPHIX B KAYECTBE OCHOBBI HCHOJIb-
3y€TCs KanpoHoBas TKaHb, NPeBOCXOASAT M0.CBOEH 3JaCTHYHOCTH LIes-
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KOBBI€, HO OHM MeHee YCTOHUHBbl K pe3KOMY IOBBHILEHHIO TeMIepaTyphl,
HAllpUMep TNpH TNafKe H30JMPOBAHHLIX NPOBOAHHKOB. B rnpou3Boactse
JAKOTKaHe#l HCTNOMb3YeTCsl TAKXKE CTEKJOTKAaHb C pAas/IMUHBIMH THMa-
MH TIDONHTBLIBAIOWIKX COCTABOB (MAac/AHBIX, KPEMHHHOPraHHYecKHX.
(TOPONNACTOBLIX), MHOTHE MapKH KOTOPBIX OTJHYATCH  BLICOKOW
YCTOHYHBOCTRIO K BO3JAEHCTBHUIO TEMIIEPATYPHI, BJAAXKHOH cpellbl U ApY-
THX (aKTOpOB.

OcHOBOHN nakoTKaHel siBJAAETCs, KaK 3T0 OblJI0 OTMEYEHO, Pa3NUYHO-
ra poja TKaHb, BLINOJHEHHAsI METOAAMH CHelHaabHONH 06paboTKH AJHK-
HOBOJIOKHHCTOTO ChIPbsi, HasbiBaeMoro BojokHoM. [lisi asekTpoH3ods-
UHOHHOKR TeXHHUKH HCROAL3YIOTCS pPAa3/jiduHbie THNB BOJOKOH, B TOM
gncae acbecToBbe BOIOKHA, TIONydaeMble U3 MHHepaJa «acbecT» J0BOJb-
HO C¢J10XHOro cocrtaBa. AcbecToBhleé BOJOKHA 110 CPABHEHHIO C OpPraHu-
YECKHMH MeHee NPOUHB ¥ 6oJ1ee XKeCTKH, NI0ITOMY B Psijie cy4aeB K ac-
6eCTOBOMY BOJIOKHY N00aBJRIOT XJONKGOBBIE CUHTETHYECKHE U ApYyrue
BOJIOKHA, AcbecroBas npsika NpHMeHReTcs 115 OMJIETKH HarpeBOCTOMH-
KHX NpoBOAOB ¥ Kabenell, npeanasHauennsix s paboThl Npy Temnepa-
Type 50-—450 °C. B 3J1eKTPONpPOMBILLIEHHOCTH BLINYyCKAaKOTCs ac6ecTo-
Bble 3JIEKTPO- H TENJOH30/RLUHOHHEE JIEHTH, WHYPbl, KapTOHbl, 1O-
CKH.

B ssiekTpOMaluynHO -1 3JeKTPOannapaToCTPOEHHY U APYTUX OTPACAAX
HAPOJHOTO XO3SINCTBA LIHPOKO HCIONL3YIOTCS 3JEKTPOH30JALLHOHHbIE
rubxve Tpy6xu. Haubonee mmupoxkoe npuMeHeHHe MOJNYUHAH JAKHPO-
BaHHbIe TPYOKH U TPYOKH, H3rOTOBJsIeMble HA OCHOBE KayuyKa # Hasbl-
BaeMble 3/1aCTOMEPHBIMH.

§ 6.8. Cawpa w cawonsxsie MaTepuans

Caoabl NpeicTaBasioT coboil Tpyniy MaTepuaioB, OTHOCAILLIMXCSH K
BOJHBIM AMIOMOCHJ/IMKATAM C APKO BhIDaKEHHOH CJHOUCTON CTPYKTYpOI,
KoTopas o0yCJ0OBINBAET BLICOKYIO aHU30TPONHIO CBOHCTB, T, €. HEOAHHA-
KOBOCTb (PH3HKO-MEXAHHUBCKHX H 3JEeKTPHUYECKHX XAPAKTEPHCTHK B Ha-
NPaBJIEHUN BAOJL H NOTIepeK cJioeB. B KauecTse 3JieKTpUuecKon n3ons-
UMH B HacTosfllee BpeMsl NpPHMEHSIOT ABa BHAA MHHEPAJBHBIX CJIGN:
MYCKOBHT M (JIOTOITHT.

KpoMe DpUpOAHLIX CIIOA TPHUMEHSIOTCA TAKMXKe W CHHTETHUECKHE.
Cooza sABJISI€TCS BEChbMA IEHHBIM NTPHPOAHBIM MHHEPAJbHBIM 3JEKTPO-
U30JIILIHOHHBIM Marepuajom. HMcnosb3opaHnye ee B KauecTBe H30JSIINH
KPYNHBIX Typ0O -U I'HAPOreHepaTopoB, TATOBLIX 3/1eKTPONBUrATE/CH H B
KauecTse AU3IEKTPHKA B HEKOTOPHIX KOHUEHCATOPAX CBSI3AHO C €€ Bhi-
COKOH  9JIEKTpHUECKOH TNpPOYHOCTBIO, HATPEBOCTOMKOCTBIO, MexaHuye-
CKOH NPOYHOCTHIO ¥ TUOKOCTHI0. B npupole cmoaa BCrpevaeTcs B BHAE
KPHCTANIOB, KOTOpPHIE CNMOCOGHBI JIErKO PACLIenIATbC Ha MITACTHHKY
110 1apaiesblpIM APYTr APYFY MJOCKOCTAM (NJIOCKOCTAM CHAHHOCTH).

Cmonbt — JOCTaTOYHO WHPOKO PACNPOCTPAHEHHbIE MUHepaJbl H Co-
crasastor 3,8 % macchl 3eMHOM KOpbI, OJHAKO NMPOMBILIJIEHHEIE MeCTo-
POMAEHHS MYCKOBHTA M (pIOTOINHUTA, COLEpKall{e KPUCTAJJIbl A0CTa-
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TOUHO KPYMHbIX PA3MEPOB, HEMHOTOUHCAeH b, B Hamwe# crpane kpyinrHo-
pasMmepHbIil MyCKoBHT fobhiBaetcss B Kapenbckoit ACCP, B UpkyTckoi
¥ B MypMaHcko#l o6/actaX, a GJIoronuT — B Mypmancxou 06J1aCTH U B
SIkyrckoit ACCP. 3a py6exoM KpynHbIMH CIOASIHBIMH MECTOPOMKIEHY 51 -
mu pacnoaaraer Munus.

XHUMHYECKHH cOCTaB JIPUPOAHBLIX CJIOJ MOMKET GhITh [PHOIHKEHHO
BLIpaXKeH CJAeAYIOMUMHE GopMynamu:

MyckoBuT —K,0.3AL,0,-65i0,-2H,0
duoromur —K,0.6MgO-A1,0,.6Si0,-2H,0

Kpoume Toro, B c/Iofsl MOTYT BXOAHTb APYIHE XUMHUECKHE 3JIEMEHTHI,
OKAa3blBaOLIMe BJANSIHIE HA UX CBONCTBA.

B mecropoxieHHSX c/1i0Ly OOBIYHO HaXOASIT BMeCTe ¢ KBapueM no-
AEBbIM INTATOM ¥ APYTHUMH MHHepasiaMHi. [IpuMech TpexBaJieHTHOTO Ke-
Jlesa NpHAAaeT MyCKOBHTY KOPHUHEBYIO MM KPAaCHOBATYIO OKPACKY, NPH-
yeM MYCKOBHT ¢ TAKOH OKpacKoH cuHTaercss Hauayywium, MycKoBuT 3e-
JIEHOBATOTO 1BETa C IPHMECHIO ABYXBAJIEHTHOI'O ¥Kene3a HMeeT yX YALLEeH-
Hple JM3JEKTPHUECKHE CBOHCTBA, B YACTHOCTH NOHHXKEHHOe YIe/bHoe
06beMHOE CONpOTHBAEHKE.

MyckoBHT 4 ()/IGTONUT B MPAKTHYECKHX YCJIOBHAX IMPUMEHEHHS CJIO-
ASTHOH H30JI5LHY UMEIOT BBICOKYIO XHMHUECKYIO CTOMKOCTL, TIPHYEM MYC-
KOBHT 6oJee croek, ueM ¢uoronut. CHJAbHBIE KHCJIOTHL H LIEJ0YH JAeHCT-
BYIOT Ha MYCKOBHT H (VIOTOIHUT TOJBKO NPU 3HAUHUTENBLHOH KOHUEHTpa-
WHH, TIPH HarpeBaHH# U AJIHTEAbHOM KOHTAaKTe.

[lo ssiexkTpyyeckuM CBOHCTBAM MYCKOBUT SIBJSETCS OJAHUM H3 JIyy-
KX 3NeKTPOU30JISIIHOHHBIX MaTEPHANOB H NIPEBOCXOANT B 3TOM OTHOIIE-
Huu ¢aoronut. Kpome toro, ou foJsee NpoueH MexaHUUecKH, Gosree
TBEpA, THOOK M ynpyr, uem dwioronuT. [Ipn BarpeBaHuy CaIOAB JO He-
KOTOPOH TeMnepaTypbl M3 Hee HauMHAaeT BBHACASATHCA BXOAALlas B
ee cocraB Boja. [Ipu 3ToM B pe3ysbraTte BCOyYMBaHMSA ChA0fja Tepser
UPO3PAYHOCTb, TOJIUIHHA €€ YBeJHYHBaeTcs, MexaHH4ecKHe CBOHCTBA H
3JIEKTPUYECKHEe XAPaKTepHCTHKH yXyumaTes. [Last pasiHuHBIX CAOA
TeMnepaTypa O0GE3BOKHBAaHHS KoJebseTcsi B BecbMa IIHPOKHX Ipefe-
Jiax: 'y MYCKOBHTOB OHa 06biuHo #e meHee 200 °C, y (JIOrOnHTOR — He
menee 800 °C. Hexotopuie pasHoBuAHOCTH QuioronuTa HMeloT Gojee
HH3KHe TeMuepartypul o6e3oxuBauus (150-—250 °C), uto cBs3aHo ¢ Ho~
BLILIEHHBIM COAEPKAaHUeM Bojbl. Takue CJAIOAK HAXOLAT NPUMEHEHHE
TOJIBKO AJIA MaJIOOTBETCTBEHHBIX lLienef.

Temnepartypa I/aB/JIeHHs] CJIOJ 3aBACHT OT HX XHMHYECKOT0 COCTaB4
u Haxopurcst B npenenax 1145—1400 °C. PacnnassieHHasi cawofa npH
3aCThIBAHHH He 0OOpasyeT KPHCTA/IOB NPEXHEro cocrapa. [loayuae-
MBI [OCJIe OCTHIBAHHS paciljlaBa CTeKJOBUAHBIA MaTepHaJ He sABJsET-
CfAl CIIOL0H.

CHHTeTHYECKas C0Jla [OJIyYaeTcs ITyTeM Pacn/aB/eHHd B BRICOKO-
TeMOepaTypHOil Neyd HIMXThl CTIelHAJbRO NOA0OPAHHOIO COCTaBaA C IO-
CJIEYIOIMM BechMa MeJIEHHBIM OXJ/aXAEHHEM pacr.iaBa, B pesyabrare
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4ero KpHcTalU3yeTcs CHHTeTHuecKas caioia. CHHTeTHUecKas C/0Aa,
HasblBaemasi propdoronurom, obaanaer Gosee BbICOKOH XHMHUECKOH
CTOAKOCTBIO, HArpeBOCTOHKOCTBIO, palHMallHOHHOH CTOHKOCTBIO, ueM
npyUpoasblil daoronur. JT0 CBA3AHO C TeM, UTO BO PTOPYJIOromuTre OT-
CYTCTBYET KPHCTaJ/IH3alionHas Boja, ruapokcuabhbie rpynnel OH B
HeM 3aMmelleHbl Ha HOHBI ¢ropa. CuHTETHUecKas CJI0fa 3HAYUTEJNBHO
Jopoxe, ueM npuponsasi, OHa noayyaercss B BHULE CPaBHUTENBHO He-
BOJIbIWIKMX KPUCTAJNJOB M TpyAHee, ueM [PHPOJHAS CII0Ja, paculens-
eTcst. [1o 3THM UpHYMHAM CHHTETHUYECKAd C/I0JA He MOXKET paccMaTpH-
BaTbCAd KaK 3aMeHHTe b [IPUPOJLHOH, OAHAKO OHA npeacraBaser 0oJ/b-
{IOH MHTEpeC H3-3a BBICOKUX 3JEKTPUUYECKUX. CBOHCTB. Propdaoronur
HAXOAWT NPHMEHEHNE B KAUecTBE H3OJSAILMOHHBIX MATePHAJIOB B 3JIEKT-
DOHHBIX Jamnax, A/ OKOH BOJHOBOZOB, B KauecTBe AHIJIEKTPHKA KOH-
AeHcaTopoB, padotalomux Ao temnepatypul 600—700 °C, o s Apyrux
u3JleMi, NpHMEHAEMbIX B PajHo3JeKTPoRHKe. Kpome Toro, Ha ocHOBe
CHHTETHYECKOH C/IIO/Ibl MOXKeT ObITh U3TOTOBJEHO, KAK U Ha OCHOBE MPH-
DOAHOH CAOJbI, MHOTO PA3JIHYHBLIX MHTEPECHbIX AJA TeXHHKH Marepua-

Joe, CpaBHeHHe CBOHCTB MYCKOBHUTA, (iorolinTa v gpropdaoronura npu-
BeneHo B Taba. 6.5.

Ta6aruna 65

Y nenbyoe ;f,f‘;";,f,
Harpeso- NCKIPHYE- '-)JIEKKT[)HIIEF {InotHOCTD,
Bua cmoant croftkocTs, CKOE COTPO- | oyux norepn Kr/u?
c THBICHRE, npu yactore ’
Om-m 1 MT
MyckopuT 500—609 19121014 0,0003 (2,6--2,8)-10°%
$uaoronut 800—900 1011—1012 0,0015 (2,7-+-2,8)-10°
CuuTteruueckas 1100 1041015 0,0002 (2,6-+2,8) - 102
cmosa  (prop-
¢.1oronur)

34BUCHMOCTH TaHreHca YIaa LHIJEKTPHUYECKHX
MYCKOBHTA OT TEMIIEPATypbl MPH pAasHbIX YacTOTax NPUBEAEHLI Ha
puc. 6.7, a 3ABUCHMOCTb 3IJEKTPHUECKOH TIPOYHOCTH MYCKOBHTA,
(psoronurta n propdioronuTa OT TOMMHHE — HA pHC. 6.8,

Ciroasinble MaTepHasbl H3rOTOBJAIOT HA OCHOBE TaK Ha3HIBAEMOH Iie-
nauof carofbl. [loc/e OYHCTKH C/IOAB OT TOCTOPOHHUX MHUHEPAJIOB MpPH
ee W3BJIEUEHUH W3 TOPHBIX NOPOJ OHA HOCHT Ha3BaHHe 3a6oiino20 coipya.
3abofinbifi ceipel, pas3tupaercss BPYUHYIO, PacKa/blBAeTcst HOMXOM Ha
JaCTHHKY ¥ ofpe3aercs. [losyyeHHas ienaHasi c/oAa npHMEHseTcs
LJ1sl APOU3BOJCTBA MHKAHHUTOB.

MuUKaHUTBl MPEACTaBASAIT COGOH JIUCTOBBIE UM PYJOHHHIE MATEpHA-
ABl, MOJyddeMble CKJACHBAHHEM MEXAY co0o# MIacTHHOK LilenaHoM (igu-
UaHHOH) cHOAbl, B KayecTBe CKJEHBAIOUIMX MaTepHaJoB NPUMEHSIOTCS

lnoreph  CI04bl
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pa3JiHuHLIe, NPEHMYIIECTBEHHO CHHTETHUYECKHe, CMOJIBI MM Jaku. Yac-
TO MHKAHHTAMH HAa3LIBAIOT JHCTOBbIE MaTePHAJLl HA OCHOBE LHEeNnaHoU
cmofbl. 'H6KHe MW pYJIOHHBIE MaTepuaJbl HashBAIOTCH MUKAJIEeHTOMH
U MHKaOIHEM.

B 3aBHCHUMOCTH OT BHJd NPUMEHSIEMOH C/IOAB PA3/IHYaloT MUKAHHUTHI
M3 MYCKOBHTA U (IOronuTa U X cMecH. [lo obnacTam npHMeHeHHs pas-
JAMYAIOT MATH OCHOBHBIX BUJOB C/IOASIHBIX JHCTOBBIX MATEPHAJOB: KOJ-
JIEKTOPHBIH, TPOKJIANOYHbIH, (POPMOBOUHBIH, 'MOKHI U TEPMOYIOPHLIL.
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R N AN Sy \](\\; I

0 2 40 R0 80 100 TC 0 004 008 Qr2 46 Q2 A

Puc. 6.7. 3asucumocts tgd cimonnt Puc. 6.8, 3aBMCHMOCTB  3/MEKTPHUECKOH
OT TeMnepaTyphl: [IpOYHOCTH CMOABl OT TOJIIIHHBI!

! — Mmyckoeut _api f=1 Mlu: 2 — mycKo- !~ MyckoBuT: 2 — daoronur; 3 — dropdao-

sut apu  [=50 Tu. 3 — cHuTeTHyeckasn roMT

cntoga  (dropdaoronur) npu f=1 MTu
u 50 Tu

PassiduHble MUKAHUTOBBIE MaTepHa bl 06/1alal0T CPAaBHHUTENbHO BbI-
COKO#H HarpeBOCTOHKOCTBIO.

Kon/1eKTOPHBIA MHKAHUT, W3TOTORJSEMbIH U3 (DJOronuTa, Kak 6o-
Jee JIETKO HCTHPAIOLIErocd, UCNOAb3YIOT B BUJE IUTAMIIOBAHHBIX 3aroTo-
BOK, KOTOPbI€ NPOKJIAIBIBAIOTCS MEKJY MEHBIMH NJIACTHHAMH KOJJIEKTO-
POB. 3JIEKTPHUYECKHX MallHH. Ko/eKTopHBI MUKAHAT 06/ajaer Xopo-
UIMMH MeXaHUUECKHMH CBOHCTBAMY #. JaeT Maayio (He 6onee 2 %) ycai-
Ky B YyCHOBHSIX OOJIBLIOTG [JaBJeHUS W TOBHIUEHHOH TemilepaTypbl
{no 160 °C).

[TpoKNAAOUHBI MUKABUT NPHAMEHSAIOT AJIS CO3JaHHA PA3IHUHDBIX 3JeK-
TPOU3OJALMOHHBIX IPOKJIAJ0K, Waib u T. n. OH U3rOTOBJIACTCS U3 MycC-
KOBHTA, (JIOTOMUTA HAH HX CMECH C MaJabIM KOJHUECTBOM CBSI3YIOLIero—
raudrais uaM Kpemuuiiopranuueckoit cmoast (3—20 %).

dopmMoBouHble MHKaHUTH codepxkar oT 5 o 20 % cBsisyloutero
(randrans uIM KpPeMHUHOPraHWYecKOH CMOJIbI), OCTajlbHOe — CJIola.
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[1pu narpeBe onm cnocoGHbI (POPMOBATLCA H COXPAHATL NPHOOPETEHHYIO
KOHDUTYypaluio TIPH OoXJaxKAeHMH. [IpuMeHsloTcad NPH H3TOTOBJICHHK
KOJJIEKTOPHBIX MaHXKeT, (paHLeB, KapKacoB, KaTyilek, TpyOooK U Apy-
THX H3JenuH.

PasHoBURHOCTEIO (OPMOBOUYHOIO MUKAHHUTA SIBASETCA MHKadOJIUA—
OJIMH HJIM HECKOJIbKO CJIOEB LIENAHOH CJIOABI, CKJEEHHBIX JTaKOM MEXAY
co6oft U OGyMa>KHOH HJM CTEKJOBOJOKHHUCTOH NONJIOXKKOH, NOKPBIBAIO-
el c/HoRy ¢ ofHoH cropoubl. OH npHUMeHneTca 4/ U3roToB/eHus Teep-
JOH H30JISIMH CTepkHel SIKOPHBIX 0OMOTOK MalliMH BBICOKOTO Halpsike-
HHSA, @ M3rOTOBJSETCH M3 (PJOrONHUTA HJIH MYCKOBHTA Ha TJIH(TAIEBOM,
noAU3PUPHOM UJIH KpPeMHUAOPraHHUYeCKOM CBS3YIOUIEM.

MukaJjieHTa SIBAsIETCd Pa3HOBHUAHOCTBIO TUOKoro muxanuta. Oua
RJEUTCH H3 IENaHON CJIOAB KPYNHBIX PAa3MePOB TOJIBKO B OZHH C/0H
H UMeeT IOJJIOXKKH M3 CTeKJOTKAHH, CTEKJOCETKH WM MHKaJeHTHOMH
6ymard ¢ IBYX CTOpoH. MuKaneHta fBMAAETCS OCHOBHOH H3onasuuei o6-
MOTOK MHOTHX 3JIEKTPHUECKHX MALUHH BBICOKOTO HATIPSIXKEHHS,

TepMoynopHbIfl (HarpeBOCTOHKHHA) MHKaHUT HE CONEPXKHT OpraHH-
yecKoro cpsiaywouiero. Marorosnsercs on Ha ocHose ¢oronura, CBs-
3YIOIHUM KOTOPOro. CJAYXKHT (PochOPHOKHCIBIA aMMOHUH (ammModoc).
Taxo#l MUKaHHT, NpUMeHsieMblli A1 H3TOTOBJIEHHS] M3OJSILHU JeKTPO-
HarpeBaTe/lbHbIX NPHGOPOB, crocobeH paboTaTh [IPM TeMIepaType B
HECKOJILKO COTEH I'PalyCoB.

C/HOJUHATL B CIOMOIIACTSL SIBJASIIOTCS PA3HOBHAHOCTBIO CMIOAAHDBIX
Oymar, noJyyaeMblX U3 C/IIOASIHBIX OTXOJOB (€3 NpeaBapHTeNbHOH pyY-
HOH INENnKH.

CmOANHHTH, Ha3biBaeMble 34 PYGEXKOM «CAMHKA», WATOTOBJSIOT H3
CMOJBI «<MYCKOBHT». M3MenbueHHas ¢/0fa ¢ BOIOH OTJIMBAETCsl Ha Cer-
Ky 6ymarofiefaTe/]bHOH MaulMHbl, B Pe3yJabTaTe MOJYYaeTcsl CAKAHHH-
ToBass GyMara Tommuno# 10—-150 Mxm. Takasi 6ymara paspyiuaercs
TIpH CONMPUKOCHOBEHHH C NOMIAPHBIMH MKHAKOCTSMH HJH Bogoii. [IpH mpo-
NUTKE H CKJIEHBAaHHH C NOLI0XKKAMH MOJNYYalOTCH JIUCTOBBIE CAXOIHHHUTHE
(KoneKkTopHBIH, (opMOBOUHBIE, THOKHI), cmonunudosuil (pPyJIOHHBI
MaTepHan) M CHIOAHHATOBHIE JieHTHl, C/IOAUHHTOBHIE MAaTepHasbl TI0
CBOHCTBAM NpPUOG/IHKAIOTCH K MUKAHWTOBLIM, HO, KaK IIPABUJIO, MMEIOT
NOKBHIKEHHYIO TO CPAaBHEHMIO ¢ MHKAHHTAMH BJIAaTOCTOHKOCTh U Mafoe
yIJIHHEHHe Tepe] pa3phiBOM.

Cmofonnacrosble 6ymMaru Clyxar AJisi H3TOTOBJEHHS CJIOAOIIIACTOB
{(nensiTca 110 NPHMEHEHMIO Ha Te JKe TPYIILL, YTo U caoauauTh). Ciaogo-
IJIACTOBble OyMarvd H3rOTOBJISAIOTCHA, KAaK H CIOJHBHTOBbIE GyMary, Ha
fymarofe/aresbHOA MaliHHe, HO Ge3 MPHMeHeHus cea3ywilero, Takasn
TEXHOJIOTHS BO3MOXKHA GJaroiapsi TOMY, 4TO Cpasy Hocie paclielnse-
HUSt KpHCTANAB! (YemIyAKH) TNPHPORHON CIOABI CNOCOGHBI MPOYHO COe-
IVHSITBCA 32 CYET CHJ MEKMOJIEKYJIAPHOIO B3aUMOAEHCTBHSA (CHJBI KO-
resu). [To cpaBHeHHIO CO CMOAUHUTAMU CIIOAONIACTBI HMEIOT, KaK Ipa-
BHJIO, GoJiee BHICOKYIO MeXaHHYeCKYIO TIPOYHOCTb H GoJiee BBICOKYIO yC-
TOHYMBOCTb K BO3IEHCTBUIO 3J€KTPHUECKOH KOPOHbL (KOPOHOCTOHKOCTD).
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§ 6.9. Crewsro u Kepamuka

Crekn1006pasHoe COCTOSIHUE ABJSETCSl OCHOBHOH Pa3HOBUAHOCTbIG
aMOPhHOro COCTOSIHUA BelilecTBa. CTeK/1aMH Ha3blBAOT aMopdHbie Te-
Ja, MoJayYyaeMble NyTeM MepeoxJa)KIeHHsl pachlaBa He3aBUCHMO OT HX
XUMHUECKOTO  €OCTAaBa ¢ TemneparypHod ofsacTy  3aTBepieBaHHSA.
npuobperaioniMe B Pe3yabTare HOCTENEHHOrO yBeJHYEeHUs BA3KOCTH
MEXaHHYeCKHe CBOACTBA TBEPAbIX TeA, MPHUEM MPONecc nepexoia w3
JKHJKOTO COCTOSIHHSA B TBEPAOE SIB/ISETCH 06paTHMbIM.

B nacrosimiee Bpems B COCTaBbl CTEKOJ BBelleHa 6OJbLIA%R YaCTh 3J16-
meHTOB [lepnoanueckoit cucremnt J1. M. Mengeneesa. Tlo xnmuuecko-
MY COCTaBY HMEIOLIME PAKTHUECKOe 3HAueéHHe CTeK]a AeNTCH Ha TpH
OCHOBHDBIX THIA: OKCHAHBIE — HA OcHOBe oKcuaos (Si0,, GeO,. B,0,.
P,O;, Al,Oy, ranoredujsele — Ha ocHoBe ranorenupos (BeF,, dTop-
OepH/aTHBIE CTEKAA), Xa/JbKOTeHWAHbIe -— Ha OCHOBE CYJb(MHIOB, ce-
JIEHHJIOB U TeJTYPHILOB.

HanGosee wmpoko nNpHMEHSIIOTCS OKCHHBIE CTEKJA, KOTOpbE B 3a-
BHCHMOCTH OT COCTABa IeSTCA Ha PAN KJAaCCOB H Tpyim:

no  BHAY OKCHAA-CTeK.J0o0Opa30BATeNs - CHIHKATHbE, GOpaTHbIe,
tochaTHble, repMaHaTHBIE, aNlOMOCHJIUKATHEIE H T.1;

TI0 -COEPXKAHHUIO IIEJOUHBIX OKCHAOB — (ecllesouHble (MOryT Co-
AePKATDH IeNOoUHO-3eMebHEe okenanl MgO, Ca0O, BaQ), manoiienou-
Hble, MHOTOLIE/I0YHbIE.

[TosyyeHue cTEKON MPOU3BOAUTCH NYTEM «BAPKM» HCXOAHBIX KOMNO-
HEHTOB CTE€KJa B CTEK/JOBAapPeHHLIX NeuaX H MpH GbICTPOM OXJaIeHHH
pacnaasieHHoro maTepuana. lpn pacnaaBiaedny LXThl B pe3yanraTe
peakl iy COCTaB/ISIOUINX OKCHAOB M YAaJeHHH JIETYYHX COCTABHBIX yac-
teit (H,0, CO,. SO,4) nonyyaercs 0J{HOpoAHas cTeKkJoMacca, KoTopas H
HJET Ha BbIPaBGOTKY CTEKJISTHHBIX M3e/iil. M3roToB/ieHHbIE CTEKISHHbIE
M37e/Hsl TIOJIBEPTAIOTCS OTXKUIY NPH LOCTATOYHO BBICOKOH Temrnepary-
pe ¢ NOC/MeRYIOIHM MeJJIEHHBIM OXJKAeHHeM ANs ycrpaHeHHs MeXayh-
YeCKUX HaNpsiKeHuH.

dU3UKO-XxHMUUECK e “CBOMCTBA crekaa. Haubosnee Buicokue roxasa-
TeJIM MeXaHHUeCKHX CBOHCTB MMEIOT KBapueBble U GecllesouHble CTeK/Ia.
a HauboJiee HU3KHE -— CTEKJd ¢ MOBBILEHHEIM COAEPKAHHEeM OKCHIOB
PbO, Na,O, K,O. ‘

[T10THOCTE ¢TEKOJ OOHIYHO HAXOAUTCA B npefenax 220--6500 krim®,
TensionpoBoAHOCTL CTEKJA MO CPABHEHHIO C APYTUMH TeNaMH HCKJ/IOYH-
TeJbHO HU3Kas (HauboJbUIYIO TENJONPOBOLHOCTE HMEIOT KBapuUeBOe M
BopocuankartHoe crekaa). TepMuueckas cTOMKOCTL CTeK.Ja npaAMo Npo-
TOPUHOHAAbHA €10 NPOYHOCTH NPYU Pa3pbiBe U 0GPATHO NTPONOPLUHOHANb-
Ha €ro ynpyrocry # Kosh@uuueHTy JHBeHOTO Paciiypenus.

XuMnueckass yCTOHUHBOCTb CTEKJ/1a 3aBHCHT OT COIPOTHBAAEMOCTH
ero paspyiuamniueMy BO3AEHCTBHIO Pa3/fHYHBIX PeareHToB —— BONBI, KH-
caor, uesodell. J119 3JeKTPOTEXHHUECKHX CTEKOJA XHMHUecKas ycroil-
YHBOCTH MMEET B pfAe cAydyaeB CyliecTBeHHoe 3HaueHlie. Haubo.ibineh
CTORKOCTBIO K BO3AEHCTBHIO BJaru obaanaeT keapiesoe crek.o. uapo-
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JIMTHYECKAS CTOMKOCTh CTEKOJ CHAbHO YMEHbLIAeTcsi NPH BBEJEHWH B
COCTAB CTEKJIa WIEJOUYHbIX OKCHJIOB.

JsexTprueckue csoltcrBa crexsda. OHH B CHJIBHON CTeMeHu 3aBHCAT
OT COCTaBa CTeKJd. BOMBUIMHCTBO cTeKOJ XapaKTepH3yeTcs HOHHOH Npo-
BOAUMOCTLIO. HeKoTopble criennanbHBE BHABL CTEKOJ —— XaJbKOT€HH]I-
Hble, BaHaaWeBbie (TIOJNYNPOBOAHHKOBHE) — HMEIOT 3JEKTPOHHYIO HJH
CMEIZHHYIO MPoBOAUMOCTb. Haubosee CHALHO NOHHKAIOT 3JeKTPONpO-
ogHoctk crekoa SiO, u B,0O,. HauMeHbiuyio 3/eXTponpoBOAROCTL
UMEET KBaplleBoe CTEKJO, a HanGOAbIYIO — BBICOKOWeN0yHbie. O6bu-
Ho Gonee XHMMHYECKM YCTOMYHBBIE CTEeKJa HMEIOT MEeHbILYIO 3JEKTpPo-
[IPOBOAHOCTD. DJEKTPOIPOBOJHOCTL CTEKOJ OYeHb ObICTPO BO3pacTaert
Py yBEJAHUYEHUW TEMNEPATYPHl M3-3a YBeIHUEHMs MOABHXHOCTH HOHOB.
YaensHoe 06beMHOe CONPOTHBJEHUE NPOMBILIICHHBIX CTEKOJ TIPH HEBbi-
COKHX TeMmIepaTypax KojeGsercst B npefenax 10% — 10" Om-M. 3amer-
ibl BRI B %IeKTPONPOBOIHOCTL CTEKOA BHOCHT TIOBEPXHOCTHAR 11PO-
BOAMMOCTb, CHJbHO 3dBHCSLEA OT aACOPOHPOBARHON BOASHOR LJEHKM,

JlusnekTpuueckue NOTEPH B CTEKJAX CKJAaAbIBAIOTCS H3 NoTepb MPo-
BOJMMOCTH W [NOTEPb PeNaKCALMOHHBLIX M CTPYKTYPHBIX; tg 8 crekoa
VBEJIHYHBAETCA ¢ POCTOM COJAEDPIKAHUS LIEJOUHBIX OKCHIOB TPH MaJjoM
CONlepKaHUM OKCHIOB TsixKeablX MerannoB. Creksna ¢ BOJbUIHM COAEp-
xauuem okcunos PbO u BaO umeror Huskui tg §.

CaMylo HH3KYIO AU3JEKTPHUECKYIO NPOHHLAEMOCTh HUMeeT KBapLeBou
crekno (e, = 3,7+-3,8) n crekjooGpa3upit GOpHLIH aHruapua (e, ==
= 3,1+-3,2) y KoTophlXx Hab/mopaercs NpedMYLLECTBeHHO 3/1eKTPOHHAA
noaspusauus. [IpH HaaWuMH B COCTaBe CTEKOJ OKCHAOB METaJ10B
CBUHIA ¥ Gapusa, obrajalol¥X BLICOKOH TOJASIPH3YEMOCTbIO, £, CTEKON
YBEJUYUBAETCH H CTAHOBHUTCH BLICOKOH (0Kos10 20).

[Ipo6ofi cTexkos BBI3LIBAETCH 3JEKTPHYECKUMH M TEINJOBLIMH NpO-
ueccam. [lpH nocrodHHOM HanpsisKeHHH 3JeKTpHYecKas [1POUYHOCTL
CTEKJ1a BecbMa BeJHKa W gocturaer 500 MB/M, a npu yBenyueHuH Tem-
nepaTypel pe3Ko CHUXKaeTcs. B mnepemMeHHOM 3JeKTPHUECKOM ToJe
3/JIEKTPHUECKas NMPOYHOCTh CTEKO/ cocTasisier 17—80 MB/wm.

Han6osiee BoICOKHMH CBOHCTBaMH 06J1a/1a€T KBapliEBOe CTEKJO, Bbl-
AJI3BJIEMOE W3 TOPHOTO XPYCTajsg HJIM YHCTHIX KBapleBblX [1€CKOB.
KBapuesble cTeksa OTJIHYAIOTCH BLICOKOH ONTHYECKOH TNPO3pavuHOCThI.
MEX3HHYeCKOH [IDOYHOCTBIO . IPH BBICOKHX TeMmIeparypax {CBbllie
1000° C), nHepTHOCTBIO K NeHCTBHIO MHOIMX XHMMUYECKHX DeareHTos,
BLICOKHMH 3/JIEKTPHUYECKUMHU XapaKTepUCTHKAMH: NPH HOPMaJsbHOH TeM-
neparype tg & = 0,0002; ¢, = 3,8; p, nupu 200 °C okoso 10 Om-M.

KBapueBoe cTeK/10 HAXOAUT NpUMeHEHHe IS H3TOTOBJICHHA PA3IHY-
HBIX H3AeJMHH B 3/]1eKTPOPAJHOBAKYYMHON NpOMbILIVIEHHOCTH: TpyGua-
Tbi€, ONOPHbIE | [POXOAHBLIC W3ONATOPHI AJS IAEKTPHUECKHX [a3004HC-
THTeJIbHBIX YCTAHOBOK, BbICOKOBOJIGTHBIE H30MATOPH 51 BLICOKOROJ bLT-
HBIX JIMHH{A, pa3JHYHble AETAIH NepeMeHHBIX KOHAEHCATOPOB, KaTyllek
CaMOUHAYKUHUH, naMmn, Npu6oOpoB, aNNapartoB  mp.

3akanesHHbie W30JATOPHI #3 OOBIUHOTO HENOYHOTO CTeKsa, XOTH W
HECKOJBKO YCTYNAT NO CBOMM CBOHCTBAM TAKHM K€ WM30J5TOPaM U3
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MaJIOEJOYHOTO CTEKAA, MOTYT 3QGDEKTHBHO HCHOIb30BATECA B KadecT-
Be nogsecHbIX H3oasaTopoB. B CCCP nojpecHbie 3aKasieHHbie CTEKJIsiH-
HbI€ BBICOKOBOJIbTHBIE H304ATOPBL [IC-4-5 yerayoBaeHsl Ha JMHUAX
snekrponepefaun 31, 110 n 220 xB. KoHcrpykuus Takoro u3osistopa
npHBejeHa Ha puc. 6.9,

Pasnoo6pasne ¥ 0coGeHHOCTH CBOHCTB NOJAYNPOBOAHMKOBBIX CTEKOJ
OTKDHIBAIOT LIHPOKHE BO3MOMXKHOCTH JJIf MX NpPUMEHEHHs B 3JIEKTPOH-
HBIX TpHOOPAaX M YCTPOHCTBAX, HANPUMED B TEPMOCONPOTHB/ICHHAX, B
CBETOQHNBLTPAX U (POTOCONPOTUBJIE-
HHUAX, COUeTAONIKX HabupateibHOe
[IOTJIoIleHHe CBeTa ¢ NOBLILIEHHOM
3JIEKTPOIPOBOAHOCTHIO,

AnexTpuyeckas Kepamuka. Ona
npeacrasiser coCoH Marepuan, 1mo-
Jyyaembii B pe3yJbTaTe OTKUIa
(OpPMOBOYHOH MacChl 3aJaHHOTO XH-
MHYECKOT0 COCTaBa H3 MHHEPAJOoB M
OKCHIOB Merajstos. [lpu cootser-
CTBYIOULEM BBIGOpE COCTaBa KePaMHKH
. . .13 HEe MOXKHO TIOJNYUHUTH MATEpHasbl,
Puc. 69. BpicokoBOJBTHBI  JHHEAHBI o
goxsecoli  cTexisuHmii  maoasTopQONANAIOIIME PA3HOOOPASHBIMHU CBOH-

[1C-4-5: cTBaMH. B 3JeKTpoTexHHYecKoH
1 H30JAILHOHHAA JeTaNlb H3 33aKaNeHHO- )4 paﬂHOaJ]eKTpOHHOﬁ ﬂpoMbﬂ_ﬂ_ﬂeH-
e e, OPte HOCTH KepaMuuyecKas  TeXHOJOTHs
Kuit uyrys), 3 crepxens (cram CTS)i ppymensercss  JI  H3rOTOBJEHMS
4 -— 3aMoOK  (cTanb); 5 — neMeHTHO-NlecHa
Has - CcBA3K2; 6 — npokaafka (ton, MAax  RHIJICKTPUYECKUX, NOJAYHPOBOAHH-

Koxa) KOBBIX, Tbe303JEKTPUUECKHX, Mar-

: HUTHBIX, METANJIOKEPAMHUECKHX H
Apyrux usfeauii. Muorune KepaMHUECKHe MaTepHalbl HMEIOT BhICOKYIO
MeXaHHYECKYI0 IPOYHOCTb H HArpPeBOCTOHKOCTb, BHICOKHE 3JIEKTpHue-
CKHE XapaKTEPUCTHKH, OTCYTCTBHe MexaHMYecKux Jedopmauuit npw
JUIUTeIBHOM TPHUJOKEHHN HAaTpy3KH, GOJBIIYIO, YeM Yy OpTraHHYecKux
MaTepH4JIoB, YCTOHUHBOCTD K 3JIEKTPHYECKOMY M TEI/IOBOMY CTAPEHHIO.
KepaMHKy MOXKHO NIOJBEPraTh METANIH3ALHU OObIYHO METONOM BbIKHIa-
HHA cepe6pa M OCYUIECTBJASATb repMeTHUHbIE Cllad ¢ METAJJIOM.

[llupokoe NpUMeHEHHE B KauecTBe 3/1€KTPOUIOISAUUOHHOTO MaTepHa-
J1a HaXOLHT 3/1€KTPOTEXHHYECK U hapdop. KOTOPHIH ABAAETCH GCHOBHBIM
KepaMHYECKHM MAaTepHasioM, HCIOJNb3YEeMbIM B HPOU3BOACTBE WIHPOKO-
TO acCOPTHMEHTAa HH3KOBOJALTHBIX M BBICOKOBOJBLTHBIX H30JAATOPOB ¥
APYTHX U30JISIIHOHHAIX 3/IeMeHTOB ¢ paGounm HanpsixenueM 1o 1150 K1§
nepemerHoro u o 1500 kB mnocrosiHHOrO TOXKA. SHeKTpOTexymecxnu
dapoop, Kak u Mobas KepaMHKa, COCTOUT U3 KPHCTAJIMUECKOH, amMope-
HOH M rasoBoil ¢a3. Ero cpofictBa onpefensores XUMUUecknm u haso-
BBLIM COCTABOM, MHKDPO- H MAKPOCTPYKTYPOH H TEXHOJOrHeH U3roToBJIE-
HHA. i

PaccMoTpuM OCHOBHbBIE OCOGEHHOCTH KEPAMHUYECKOH TeXHOJIOrHH Ha
npuMepe sjekrTporexundeckoro dapdopa. OCHOBHBIMH KOMIOHEHTAMH
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dhapdopa sBASIOTCH CHIPHEBLIE MaTepHaJ/bl MHHEPAJbHOIO NPOUCXOXK-
AEHHS — TJIHHUCTBIC BELIECTBA (KAOAHH U IVIMHA, KBapH, NoJeBoit wnar,
runc, nermatut). [MHHCTbie BeilecTBa B CHIPOM BHJE NPH 3aMeuinBa-
HHMH UX ¢ BOJOH oBnajatoT CBOHCTBAMH NJACTHHHOCTH U NPH JOCTaTOY-
HO BLICOKOH Temnepatype cnocobubt cnekaTtscsi. [liacTHunoCTbh TiMHM-
CTHIX BelleCTB JAeT BO3MOMKHOCTH (POPMOBATHh UX HUX U3JAEIUA pa3ny-
HO#t GOpMBI, KOTOpasi COXpaHfeTCsi foCJe CYLIKM U O0XKHra fpH BbICO-
KUX Temreparypax. Msmenus, M3rOTOBJEHHbIE M3 TVIMHUCTBIX BELIECTB,
0T GOJbUIYIO YCAAKY NpPHM CyuiKe H Ipu o0XKHUre, KpoMe TOTO, OHH
CKIOHHBI K o6pa3oBaHuio TpeiiuH. Temneparypa CneKkaHUs TaKHUX Be-
tects Beicoka. Ilostomy B coctaB dapdopa BBOAAT «OTOLLAOLIME» Ma-
TEpUabl, CHWXKAOLIUe yealky U fedopmalunio usnennit npu cymxe. Ta-
KHMH MaTepHanaMH CAyXKaT KsBapu H OuTbie (apdopoBbie H3AeaHSA.
[Tonesoft wnar ¥ nerMaTuT ABAAIOTCS MaBHAMH NPpH 06pa3oBaHH
dapdopa: oHU MAaBATCH NpH Oosee HUIKUX TeMIepaTypax, YeMm IJiu-
HUCTBIE BellecTBa ¥ KBapul. [ fiaBHON COCTaBHOH 4acTblo KaoJHHa ABJAA-
eTcA PHAPOATIOMOCHINKAT, HAa3hBaeMblfl TIHHUCTLIM BELECTBOM HJIH Kao-
aunutoM, ero coctap Al,O4-2 SiO-2 H,0— 53710 BbICOKOCOPTHAS IVIHHA.
B sope xaoaun obpasyer cycneuauto. IlnacTuunbie orteynopHsie rau-
Hbl B KayecTBe COCTABHOH YacTH cofepxKaT KaoJMHHMT. KBapil cocToHT
u3 kpemHesema Si0, ¢ HHYTOXKHBIMY NpUMecsiMU. [loJ1eBbie WATH Npes-
CTaBARIOT cOO0H GE3BOAHBIE ASOMOCH/INKATHI, cOpepxalie HOHbl Nat,
K*, Ca*t. [lermatut COCTOMT M3 MOJIEBOTO ILUNATa U KBapua. TBepinle
KOMUOHeHTh! $apdopoBoit macchl MOABEPTAINTCH IPyBOMY H TOHKOMY 110-
MOJY H nocJse 106aBieHnst HeG0AbIOro KOIHYeCTBa BOAbl B3MYUYHBAKOTCH,
ofpasys CyCneH3HIo, ¥ NojarTes B cOOPHHKH uepe3 BUOPOCHTO M Mmar-
HUTHBlE Cellapatopbl. 3artem Ha PUILTP-TPEccax OTHKUMAETCS H36LITOY-
Has BOA@ ¥ Macca foc/de fepeMHHKH B BaKYYMHbIX Npeccax, NPOXois
uepe3 MYHALITYK onpeienesHolt (opmbl, npeBpauiaeTcs B 3arOTOBKH
Tpebyemoil IJIUHEBL, KOTOPbie ¥ NojaroTest Ha PopMOBKY.

Hsnenusn u3 gaphopoBol macchl NOAYUAIOT PAa3IHYHBIMU CIOCOBAMH:
06TOUKON, NPECcCOBKOR, OTAHBKON B runcosnie GOPMbl, BblAaBJIHBAHHEM
yepe3 OoTBEpCTHE HYXKHOM koudurypauwui. flocsne opopmaenns usgenvs
MPOHU3BOAUTCHA CyliKa nosydabpHkata Aas yrajseHus BOAbl, BBOAHUMORN
B MacCy s NpHaapusi e naactuudoctu. Caeayiomast onepauus —
raasyposatie $GappopoBuiX M30J4ATOPOB — NPOU3BOAUTCS LA Npelo-
XPaHEHUsSt OT 3arpsA3HEHHs W CO3J4HMS MOBEPXHOCTH, JIErKO OYHIde-
MOH B yCAOBHAX 3Kchuiyatauuu. [lpu obacHre riasypHoe NoOKpuITHE
MJIABAUTCA Y NOKPLIBAET MOBEPXHOCTD HU30AATOPA TOHKHM CTEKAOBHAHBIM
cnoeM. [1a3ypb yBeaWUWBAET MEXaHHUYECKYIO TPOUHOCTh, «3aIJlaXKy-
Basly TPEULUHBI ¥ ApyTHe Ae(eKThl, yMEHLIIACT TOK YTeUKH [10 NOBEPXHO-
CTH H3ONATOPOB W MOBBiLAeT WX HampsKeHue nepekpuitusi. O6xur
hapdopoBLIX H3OAATOPOB B 3aBHCHUMOCTH OT paamepoB Ajautcs ot 20 g0
70 u o COOTBETCTBYIOLIEMY peXxuMy. MaxcuManbHas Temnepatypa 00-
JKHTd B 3aBHCHMOCTH ot BHla dapdopa ot 1300 no 1410 °C. dapdopo-
Bbl€ H3JEJHSA MOMEULAIOTCH B IteYbh B CliellalbHbIX KOPOoGKax — Karice-
JAX, H3rOTOBIAEMBIX W3 OIHEYNOPHBIX IVIHH, YTOGb NPEAOXPAHUTDH H3-
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JeqIHsT OT TONOYHBIX Fa30B W JIPYrux 3arpsisHenuil. OGXUrC OpPOU3BO-
JMTCSI B TOPHAX — TeyaX NPepLIBHOIO AENCTBHA — WM B TYHHEJbHBIX
neuax HenpepsBROTO feficTBus. [IpH o6xHre NpoMCXOMUT ycalka u3fe-
Jui (yMEHbLUEHME Pa3MepoB OOKHIaeMOro H3jJeauf), KoTopas MOMKeT
fgocturath 20%, Mo3TOMY ycaixy HeOGXOOMMO YUUTBIBATE 1IPH KOHCT-
PYHPOBaHHH M3JeNHH.
Hanvune crekJOBUAHON $asbl OUpefesisieT A0BOJAbHO BLICOKYIO Me-
Xanuyeckyio npovHocts dapdopa. Papdop uMeeT BBICOKHA npenel
npousocty Ha cxxkatne (400—700
= MITa), snauurTe/bHOE MEHbIUHH
‘ npejlel OPOYHOCTH TMPH PacTsxe-
Huu (45—70 MIla) u opu usrube
(80-150 MIla). 2aexrpousoss-
uuoHHpie ceolictBa dapdopa npu
HOpMAJILHOH TeMilepaType MO3BO-
JAIOT  HMCOOJNb30BATH €F0  MpH
HH3KHX  yacroTtax: €, o~ 67,
tg 6 =~ 0,02; tg & anexkrTporexHu-
— ueckoro dapdopa, oAHAKO, ObiCT-
PO PACTET NPH YBeJHUEHHH TeM-
nepatypsl, 4TO 3aTPYAHSIET MpH-
MEHeHHe ero NPH BHICOKHX TeMIe-
patypax H Ha BBICOKMX YACTOTAX.
DnextporexHudeckuil  dapdop

L

Lo‘%) HaxXOJHUT NpUMEHEHHE AT H3ro-

TOBJIEHHSI ~ BBbICOKOBOJNIBTHBIX W

Pic. 6.10. Usoasiops: HHU3KOBOJBTHBIX H30JIITOPOB pas-

o — QnOPpHLIK rpynast A u B wa 6 kB: 6 - JIMYHOTQ THUNRA, K HUCAY  Bbi-
npoxonuok rpyanel b wa 6 kB COKOBOJIBTHBIX ~ M30JSITOPOB  OT-

HocATesl: 1) crauumonapublie Anas
0DOpYLOBAHNA  PACTPENEJUTENBHBIX  YCTPOACTB W annapaTypbl —
OTIOPHBbIE, NPOXOAHLIE, BBOAbI, Mac/JOHaNOJHEeHHble, NOKPHIIKH pas-
HOI'G Ha3HaueHus, 2) JUHEHAHBIE I8 AHHAA SJEKTPONepenay — MoiBec-
Hple ¥ mThipeBuie. Ha puc. 6.10 moxasanbl HeKOTOpblE TUIIB H30JSTO-
POB, M3roToB/sieMble H3 3JeKTpoTexuuyeckoro dapdopa.

Jlsisi M3roTOBJIEHHST BBICOKOUACTOTHHIX BHLICOKOBOJILTHBIX H30JATO-
POB [IPUMEHAIOT CTEATHUTOBYIO KE€PaMHKY, TaK Kak gapdop HMeer CHJb-
HY!0 3aBHCHMOCTDb 3JIEKTPHUECKUX XapaKTepHCTHK OT TeMmIepaTyphl H3-
3@ HaJMUUs OOJbIIOTO KOJIMYECTBa [10JIEBOHINATOBOIO CTEKJAA C NOBHI-
HIEHHOH 3J1eKTPOTPOBOAHOCTHIO. CTeaTuToBasi KepaMHKa H3TOTOBJASET-
¢fl Ha OCHOBE Ta/lbKOBLIX MHHEPAJIOB, OCHOBHOH KPHCTAIIHYECKOH da-
300 KOTOpBIX fABJAAETCA MeracHaukar Marnus MgGO-Si0,. CreatutoBbie
MarepHaJ/ibl XapaKTEePH3YIOTCA BBICOKMMH 3HAUEHUAMU O, B TOM 4HCIe
Ipu BLICOKOH Temmepatype, MaabM tg 8, 3a uck/aoyeHHeM MaTepHana
rpynnet 210 TOCT 20419—83, npenHasHayeHHOTO JJisl MPOH3BOACTBA
KPYIHBIX BLICOKOBOJILTHHIX H3oJATOopoB, CreaTHToBasi KepaMHKa Xa-
pakTepH3yeTcst BBLICOKMMH MeXaHHUYECKMMHM CBOHCTBaMH, CTabHJIBHO-
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€Thl0 MapameTpoB MpPH BO3JAEHCTBHH Pa3JMYHBIX BHEWHHX (aKTOPOB
(BJ1ary, TemiepaTypsl, BLICOKOIO HanpskeHus W 1p.). baarogaps seico-
KUM 3/71eKTPOMEeXaHHUeCKHM CBOHCTBAM CTEATHT HauleJ] NpuMeHeHhe
IS M3TOTOBJEHHA BLICOKOYWACTOTHBIX YCTAHOBOUHBIX JAeTaJsed, BbICO-
KOBOJBTHHIX W HH3KOBOJBTHHIX KOHJAEHCATOPOB, BLICOKOBOJLTHBIX aH-
TeHHBIX BHYTPHUJ/IAMIIOBBIX TOPHCTBIX H APYTHX H3oJsTopoB. [lnactuu-
HbIH BBICOKOYACTOTHBIA BHICOKOBOJBTHBIH cTeaTnToBblil MaTepuan CITK-2
NMpHMEHsieTcsl JUIS H3TOTOBJEHHS KPYNHOTraGapHTHBIX H30JHTOPOB, a
Hemtactuunele CHII, CK-1, B-17, C-55 n C-4 — st ¥3roroBJjeHHs
3JIEKTPOH3OMSILHOHHBIX JAeTalell U BHICOKOUACTOTHHIX KOHAEHCATOPOB.

Jis npuMeHeHus B paguoTeXHUUECKOH U 3JE€KTPOHHON NpOMBILIieH-
ROCTH OO pa3paboTano GOJbLIOE KOJHUECTBO HOBBIX KEpaMHUECKHX
MaTepHaJ/oB, 06JajalouliX [OBBIIIEHHBIMHY CBOHCTBAMH TI0 CPaBHEHHIO C
{pappopom. OTMETHM JINLIL HEKOTOPHIE H3 3THX MaTepUanos.

Paauodapgop npeacrasisier coboit gapdop, crekaoBupHas ¢asa Ko-
TOpOro of6vs1aropoXkeHa BBeleHHeM B Hee Taxenoro okcupa BaO. Yabr-
padapdop pasiHUHBIX MApOK XapakTepusyercsi GOJIBUIHM COAEPIKAHH-
em AlL,O, u fABAfeTcd asibHEeHIIMM YCOBEPLIEHCTBOBaHHEM pajuotap-
dopa. Yasrpadapdop uMeeT 1O CPABHEHHIO ¢ OOLIUHBIM (aphopoM
TNOBLILIEHHYIO MEXaHHYeCKYI0 IPOUHOCTh H TENJIONPOBOLHOCTD,

BrlcoKorIHHO3eMHCTash KepaMiKa (a/JIOMHHOOKCHA) B OCHOBHOM CO-
CTOHT M3 OKCHAA amoMuHMA (ranHoszema) Al,O,. J10 Matepuan Tpedy-
€T BechbMa BBICOKOH Temneparyprl ofxura (o 1750 °C), zarpyaHsiouwel
€ro u3roropjeHue. OH OT/NIHYAETCA BLICOKHMM XapPaKTEPUCTHKAMM: Ha-
rpesoctofikocTeio 20 1600° C, BbicokuM p # Massiv tg 8 npu nosbiwen-
HbIX TeMIeparypax, YPe3BbiuaiiHO BBHICOKOH TEilJIONPOBOAHOCTHIO M Me-
xanuyecko# IpouyHoctho. Ilosnkop, uMeroluil 0co6o MIOTHYIO CTPYK-
Typy (6au3Kyio K TeopeTnueckoil 1iis A1,0,), obiajaer ontuyeckodl npo-
3paYHOCTBIO M UPHMEHSIeTCA JUis M3TOTOBJAEHHS KOJO HEKOTOPhIX cile-
UHANBHBIX UCTOYHHKOB TOKA. DNEKTpPHUYECKHEe XaPaKTEPHCTHKH HEKOTO-
DbIX  BbICOKOUACTOTHLIX KEPAMHUECKHX MATEPHAJOB [IPUBEIEHBI B
Taba. 6.6,

Tabauua 6.6

f 5:10° mpu | MI't DaeKTpHYECKAS
Mar a , iIIDS‘II*’(()(:’I‘}) pH
epuat npu 20°C npu 100 °C 0 CfoB/E;(() .
Pamopapdop 35—45 50—60 15—20
Lo Sh| ook | ER
TeaTHT — 5 .
Ynerpacreatur ’ 3-—-6 610 20--30

KonpencatopHast Kepamuka umeer mopbillendne (g, = 10--230)
W BbICOKHE (&, == 900) 3HayeHHsT AUIIEKTPHUECKON IPOHHIIAEMOCTH.
B nepsom cayyae kepamMuKa OTHOCHTCH K BBICOKOUACTOTHBIM IH3JIEK-
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TpukaMm H tg & Ha yactore 1 MI'u ne gomKen npespliath 0,0006, Bo BTO-
poM ciyuae KepaMHKa HH3KouyacroTHast — Ha dwacrore 1000 I'n tgd
= 0,002-+0,025. K xoHpeHncatopHo#l KepaMuke OGBIYHO HpelbABIIsieT-
cs1 TpeGOBaHUe BO3MOXKHO MEHBUIETO 3HAUEHHS TEMIIepaTypHOro Ko(-
buiHeHTa THJIEKTPHYECKON MPOHHIAEMOCTH, MHOTHEe U3 KOHAGHCATOP-
HBIX MaTepHajoB HMEIOT B CBOEM cOCTaBe AHOKCHI THTaHa —— PYTH.
(TiO,). B npunarom B CCCP ofo3Hayennu Takue cocTaBbl HMEIOT GYK-
By T («THTaHOBas KepaMHKa»); nocjaefyiomas uudpa obbruro obo3nava-
eT HOMHHANbHYIO AWINEKTPHUYECKYIO NMPOHHLAEMOCTh, IDTH MaTepua.bl
Ha3bIBAIOT TaKxkKe THKOHAaMH. Cpeld HHX MOXHO BbIIENHYh KEePAMHKY
Ha OCHOBE THUTAHATa KaJblus U THTaHara crponuus — CaTiO4 u SrTiO,,
[Ipy BBICOKHX YacTOTaX Yy 3THX MATepHasoB TemleparTypHas 3asBuci-
MocTh 1g0 Bhipa)keHa ciao, OHAKO 3TH BULBl MATEPHAJIOB XapaKTepu-
3YIOTCS TIOHMKEHHOH 3/MeKTPUUECKol npoyHocTeio (8-~12 MB/m). Tpu
JAJINTENBHOA  BBIACPXKKE TIOJ TOCTOSHHBIM 1A IPSKEIHCM  TUKOHA0BA Y
KepaMHUKa NOJABEpPraerca 3JIeKTpoXHMHueckomy crapennio. H3-3a Buico-
KOTO OTPHIATEJIBHOTO  3HAYEHHs  TeMrepaTypHoro  KoshdwitHenTa
€, 5TH MATEPHasbl NPUMEHSIOTCS A5 KOHAEHCATOPOB, K NOTOPbHIM lie
NpeabABJIAIOTCA TPeDOBAHUS TeMlIepaTypHOl CTa0HJIBLHOCTH eMKOCTH.
[lns noBblluenHs TeMAepaTypHOR CTaCHJABHOCTH B KepaMHKY BBOAST
KOMIIOHEHTBI C MOJIOXHTEbHEIM 3HAueHHeM TeMIepaTypHoOro Kosddu-
uvenrTa g, Takue MarTepHa/ibl 4YacTO Ha3bLIBAIOT TEPMOKOMIIEHCHPOBAN-
HeiMU. K 3T0il Tpynie OTHOCATCH THTAHO-UHPKOHHEBasi KepaMHKa
TiQ, — Z1Q,; CaTiOy — CaZrO,, JanTanOBas KepaMMKa CHCTeMbl
[LaAlO, — CaTiO,, crauuatHas u Jpyrue KepaMH4YecKHe MarTepHaJibl.
ITpeumymtecTBoM OeCcTHTAHOBON KepamMuKH #ABJsercs 6oJiee BbICOKAS
YCTOHUHBOCTL K BO3/A€HCTBHIO MOCTOSTHHOTO HANPSIKEHHUS .

B psite cayyaeB s U3TOTOBJIEHHSI KOHJIEHCATOPOB NPHMEHFIOT
yasTpacdapdop, CTeaTHT W APYrHe BUIbLl YCTAHOBOYHOH KepaMMKH.

OcHoBY HH3KOYaCTOTHOM KeDaMUKH COCTABJISIIOT THTaHAT 6Gapis
BaTiO, i TBepabie pacTBOPH HA €ro OCHOBE, DTH MaTepHAAbl OTJIHYAKT-
CsT BBICOKHMH 3HAYEHHIMH JHIJIEKTPHUECKON 1IPOHHIAEMOCTH U €€ HeJH-
1eABON 3aBMCHMOCTBIO OT HATPSHXKEHHOCTH 3JEKTPHUECKOTO IO,

§ 6.10. AxTvBHbIE QHINEKTPHKU

B 10 Bpems Kax K 11aCCHBHBIM IH3JEKTPHKAM TNpPelbABJIAIOICH Tpe-
O0BaHHA COXPaHeHHA CTaOHJIBLHOCTH CBOUCTB TIPH PA3JHUHBIX BHEUIHHX
BO3AEACTBHSAX, K [M3JEKTPHKAM, BHINOJIHSIOUIMM AKTHBHLIC OYHKUHM
yIpaBJeRMst SHepruell WJaM npeoGpasoBaHusi TocTynawolel HHpopma-
ILAK, TIPENBABASIOTCH TPEGOBAHHA COBEPLICHHO HNPOTHBOMOJIOKHbIE,
YeM cHbHee N3MEHSAIOTCA CBOMCTBA MaTepHaia NpH BHENIHHX BO3MYyllle-
HHAX, TEM Jyulle TAKOH 3JeMeHT BBIMOJHAET CBOH (PYHKIAHU.

JIM3/IeKTPHKH, CBOHCTBAMH KOTODPBIX MOXHO YIPAaBAATH C NOMOILBIO
BHEIIHHX 3HepreTHYECKHX BO3JEHCTBHH M HCIOIb30BATh 3TH BO3/EHCT-
BHA LIS cO3JaHHs (YHKIHOHAABHBLIX 3JEMEHTOB 3JEKTPOHHKH, OTHO-
CSITCS K TPYTIIE AKTHBHBIX AU3JEKTPHKOB: CEMHETO-, The30- U TUPO3IEKT-
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‘PHKH; 3JEKTPO-, MarHHTO- H aKyCTOONITHYECKHE MaTepHalbl; NHIJIEKT-
pHYECKHe KPHCTAJNJBL ¢ HeJHHEeHHBIMH ONTHYECKHMH CBOHCTBAMU U 1p.

PaccMoTpuM axTHBHBIE JM3JIEKTPHKH, HallefuiMe HauboJee UHpo-
KOe [pHMEeHeHHe,

CerneTosNexTpHKH— BelllecTBa, obdJajaroliye CIOHTaH-
HOH nosisipu3auuned (cM. § 5.3), Hamnpas/ieHHe KOTOPOH MOXeT ObIThb H3-
MEHEHO C TIOMOLUBIO BHELIHEro 3JIEKTPHYecKoro. nojs. CerserossaekTpH-
KH 00JIafaloT psaoM crelndHUIecKUX CBOHCTB, KOTOPBIE NPOABIAITCA
JA4iib B oNpele/eHHoOM AHanasoHe Temnepatyp. Temnepatypa Tk (cer-
Hero3JieKTpHUecKass Touka Kropu) sABnsiercs Temnepatypo# Ha3oBoro
flepexoja, HHXKe 3Tl TeMiieparypbl CerHeToOIeKTPHK obaajaer JoMen-

20@)
g
£ T -
|
§000 }
| |
() 4000 }
2000\~ ‘ ]
Emax=110 %8/ T -5 6K
0
200 100 0 wo %
Puc. 6.11. OcxoBuas kpusas mo- Puc. 6.12. JdusjeKTpHuecKas TPOHH-
JISIPH3AHUHH  CeCHETO3JeKTPHKA H LtaeMOCT, THTaHaTa GapHs B 3aBH-
NeTIst AUINEKTPHUECKOTO  I'HCTe- CHMOCTH OT TeMmnepaTypbi NPu pas-
peauca - JHYHOM HATIPSAKEHHOCTH  3JIEKTpHUE-

CKOro noJjig

HOU CTPYKTYPOH M XapAKTEPHbIMH CEerHeTO3/EKTPHUECKHMH CBOHCTBa-
M#; BBIflIE 3TOH TeMNEepaTyprl IPOHCXOAUT pacnaj JOMEHHOR CTPYKTYPbI
H CerHETOI/IEKTPHK IEPEXOAHT B MapasjeKrpuyeckoe cocrosnue. Cirel-
CTBUEM JOMEHHOTO CTPOEHHS CErHeTO3JNEKTPUKOB ABASIOTCA HelnHeRHas
3aBUCHMOCTD MX 3JEKTPHYECKOH HHIYKUHMH OT HAIPsiKEHHOCTH 3JEKT-
pryeckoro noast (puc. 6.11), KoTopas HOCUT Ha3BaHHE JHM3JEKTPHUECKON
fetsin rucrepesuca (eM. § 5.1), H pe3Ko BupakeHHas TeMmneparypHas
3aBHCUMOCTD JIH3JIEKTPHUYECKOH NPOHHILAEMOCTH, B KOTOPOH MAaKCHMYM
NH3A€KTPHUECKOH [POHUIIAeMOCTH NOCTHraercsi MpH TeMmrepaType, Co-
orsercreyomedt Touke Kropu. Ha puc. 6.12 npupejera 3aBUCHMOCTb -
3JIEKTPHUYECKOH NPOHHILAEMOCTH THTaHATA OapUs OT TeMilepaTyphl IpH
Pa3UMHON HATIPSKEHHOCTH 3JEKTPHUECKOro 1oJs.

B Hacrosiiuee BpeMs H3BeCTHO HECKOJIbKO COTEH CeIrHEeTO3JIEKTPHKOB,
KOTOPBIE 1O THITY XUMHUECKOH CBASH M (HU3HYECKHMM CBOMCTBAM TIPHHATO
noApasfes1aTs Ha ABe IPyNMbl 1) MOHHbIE KPHUCTA/ILL, K KOTOPLIM OT-
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nocatcest tdranar 6apun BaTiO,, tnranar csuiua PbTiO,, HHobat ka-
ausi KNbOy, Gapu#t -HatpueBsiit HuoGar BaNaNb,O,,, nau cokpa-
wenno BAHAH; u Ap.; 2) AunonbHele KPUCTAIIK, K KOTOPHIM OTHO-
carcst  cerHeroBa coib  NaKC,HOq - 4 H,O, tpurauuuucynsdar
{NH,CH,COOH) - H,SO,, aucuapodocdar kaaus KH,PO, u ap.

Bee coepiuenys rnepBoit rpynnsl HepacTBOPHMBI B Boje, 00JajdioT
3HAUMTENbHOH MEXaRHUeCKOH NPOUHOCTBIO, JIETKO 10JYYAIOTCS N0 Kepa-
Miaeckoft rexnosorin. JunosbHble coeanHeHus, Haobopor, obaajator
MaJ0H MeXaHHYeCKoH POYHOCTbLIO M PACTBOPHMOCTBIO B Boje, Giaroja-
ps UeMy MOXKHO BBLIPACTHTb KPYIMHblE MOHOKDPHCTAJIbl 3THX COElHHe-
HHH 13 BOAHBIX PACTBOpPOB.

CerHerosNIeKTPHKH HAXOANT NpHMeHeHue: LR W3TOTOB/AEHHR MaJIo-
rafapHTHBIX HH3KOYACTOTHBIX KOH/JAERCATOPOB ¢ 6OJIbLIOH YALIbHOH eM-
KOCTbIO; /1 U3TOTOBJIEHHA MaTepHasoR ¢ BOJbUIOH HENTHHEHHOCTbIO MNo-
ASPH3ALHI 0 IHYIeKTPHUSCKHX YCHIHTe e, MOAYISTOPoOB o 1py-
ruXx y“p'dBJlHeMle )/C'X‘P()HCTB’, B BbIYHCAHTEAbHON TEXHHKE — /I HUeeK
NaMATH; LA MOAYJSALHH W NpeoOpa3oBaHUA Ja3€PHOr0o H3JNyYeHHs; B
NbE30- ¥ NUPO3JEKTPUYECKUX npeobpasopatensix. Cpeau KoHgeHcaTop-
HOM cerdeToKepaMyuKH MOXHO BblAE/NUTb pajA Marepuastos. Hanpuwmep.
T-900, kpucrannuyeckas $asa KOTOPOTo MPeACTaBAAET cOOOH TBEPABI
pactBop tutanato crporius SrTiO, u Bucmyra Bi,Ti 0, ¢ remnepa-
rypo#t Kiopu Tk 140 "C. 2vor MatepHan HMeeT CraameHHylo 3a-
BHCHMOCTD JMIJEKTPHUECKOH [POHHUAEMOCTH OT Temmeparypbl. [las
NPOH3BOACTBA MaJioTabapHTHLIX KOHAGHCATOPOB Ha HU3KHE HaNpsKeHH:
ucnoap3ytor takxe marepuan CM-1,143roToB/isemMbifl Ha OCHOBE THTAHa-
ta 6apua ¢ 106aBKONH OKCHIOB LIMPKORUs K BUemyTa. /st H3roTOBACHHUS
KOHAEHCATOPOB, paGoTalolMX PH KOMHATHOH Temiiepatype, B TOM YHC-
Jde W BHICOKOBOJILTHBIX, Hcnoabsyercst matepnan T-8000 (¢, ~ 8000).
WMEIOLME  KpHCTasanueckyo  ¢asy Ha ocHoe BaTiO,; - BaZrO,.
Touka Kiopu sToro mareprana Haxoantest BOIH3H KOMRATHOW TeMllepa-
TYPbI. :

J1s u3roroBaeHust HeJIMHENHBIX KOH/JAEHCATOPOB NPUMEHSIOTCH ApY-
rie cerseTosNeKTpHueckie martepuasbl, 06/ajat0lLHe PE3KO BhIpAXKEeH-
HbIMU HENHHEAHBIMI CBOHCTBAMH — - CHIBHON 32BHCHMOCTBHIO RHIAEKT-
PHUECKOH IPOHHILAEMOCTH OT HAHPHAEHHOCTH 3NeKTPHUECKOro 110414,
Takue Marepuasbl HasblBAOTCH gapurkoHdamu. Bapukonab npeanasia-
UeHbl 419 YIIPaBJeHUs [1apaAMETPaMH JIeKTPHUECKUX HeleH 34 cueT da-
MEHEHHA MX eMKocTH. CerHeTos/IeKTpHKH, JIeTAs rvcTepesuca KOTophiX
Mo ¢dopme GaH3KA K [IPIMOYTOJBHON, HalpHMep, TakHe, Kak TPHIJIM-
uuteyssdar (TTC), MokHO NpUMEHSTL B 3aTOMHHAIOIIMX YCTPOHACTBAX

!

Kpuctaabl 11€KOTOPbIX COrterodiekTpHKkos 1 allTHCeTHeTO2.1eKT-
PHKOB MMEIOT CHJBHO BhIPAMENIbI 31eKTPOONTHYECKHU]T 3PPeKT (aHTu-
CerHEeTOYNeKTPHKH, KAK H CETHETONEKTPHKH, TAKXKE UMEIT AOMEeHHOE
crpoedye, OJAHAKO CIOHTAHHAS NOJAPH30BAHHOCTL KAXKAOTO AOMEHA Y
HHX PaBHA HYMO, TAK KaK AWIOJIbHbIE MOMEHTH! BHYTPH KaXJI0ro JoMe-
HA COPHEHTHPOBaHbl AHTHIAPANJENBHO). DNeKTpooliTHyeckud sddert
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SARAIOYALTCA B W3MEHEHIUI NoKasateas NPeJOMJEHHS CDEeAbi, KOTOPbIil
BbI3BAH BHEUIHHM MOCTOSTHHBIM 3JeKTpHUecKHM floiem. OH HasbBaeTcst
auuediHblv (3dxpext [TokKenbca), ecny MOKA3aTe/Nb [IPENOMJIEHHS H3Me-
HAeTCd NPOTOPLUHOHAAbHO NEePBOH CTeNeHH HAUPANKEHHOCTH, M KBaapa-
THUHBIM, ecJH HabJojaeTcst KBaJpAaTHUHAS 3aBHCHMOCTb OT HaIIPSKeH-
Hoctd noas (apdekr Keppa). DnekTpoonTHuecKHe CBOHCTBA CETHETO-
5MEKTPHUECKHX KPHCTA/N0B KHCTNOB3YIOTCA WIS MOAYJAALMH J1a3€PHOIG
H3JIYUEHHS, OCYLIECTBJSIEMOrO 3MACKTPHYECKUM TOJeM, [1PHJI0KEHHbIM
K KpucTanay. [Las 3/eKTPOOTTHUECKHUX MOAY/IATOPOB CBETa HCIOAb-
3y10T KpHucTanan Huobara autea LiNbO, aurnapodocdara Kaans
KH,PO,, npospaunyw cerserokepamuxy cucrembl LITCJl, npencras-
JAA0IYI0 COOOH TBEPJAble pACTBOPbI LHPKOHATA-THTAHATA CBHUHLA C OK-
CUIOM JIAaHTaKa.

[Ipe3osmeKTpPUKEU — [QUIIEKTPHKH C CWIBHO BbIparkeH-
HbIM  11be303TeKTPHYECKHM 3hhekToM. [IpaMbiM  Mbe303eKTPHYeCKHM
sqxpel\“rom Hd3bIBAOT HBJACHHE HOJAAPUIAUHNH AHIJCKTPHKY 04 ACHCTBH-
eM MexaHuuecKHX HanpsikeHuil. Ilpu oGpaTHoM nbe3oadibeKTe [IpOHUC-
XOJAHT U3MEHEHHEe PA3MEePOB AUIMEKTPHKA NOA AHCTBUEM NPHIIOKEHHOTO
IEKTPHUECKOTO NoJsl. XOTA B HACTOSIIEe BPEMs H3BECTHO (o0J/iee ThiCH-
YU BelecTB, 06J1aJaloiHX Nbe303JeKTPHUECKHMH CBOACTBAMH, B I1LE30-
TeXHHKE MPUMEHsIeTCs OrpaHHYeHHOe KOJHUYECTBO MaTepuanoB. Bax-
HOC MECTO CpeAy HUX 3aHHMAeT MOHOKPHCTAMINYeCKHHA KBapLl, U3 KOTO-
poro Bbipe3aloT MAACTHHBL C HYXHOM JAst NONYYeHHS BbICOKHX XapakTe-
PHCTHK KpHcTanmorpadpuyeckod opueHtauued. Kpaplesoie pesoHaro-
pbl, NPEACTABJSAOUIHE COGOH NOJSUPOBAHHBIE KBApUEBble MAACTHHKH ¢
C 3JIEKTPOJaMH W JepxareneM, UMEIOT OveHb maJjbili tg 8 # BBICOKYIO
MeXaHHUecKyl0 JNOOPOTHOCTb (T. €. MaJble MeXaHWYecKue TOoTepH).
Mexannyeckasi J0OPOTHOCTD (BeandHHa, obpaTHas tg 0) B KBapueBHIX
pezoHatopax MoxeT gocturath 10% — 107, Kpove KBapua B pasauutbix
115e301peobpa3oBaTenX HUCNOABIYIOT KPHUCTANAb  CyJdbdhara JUTHS,
cerHeToBOH coJld, HHoOaTa H TaHTajata JuTtua. lupoko npumeHsercs
AN M3COTOBJICHHA Mbe3onpeobpasoBaTenel Nbe3odneKkTpHyeckas Kepa-
MHKA, H3TOTOBJIS€Mas B OCHOBHOM M3 TBEpAbIX PACTBOPOB LUPKOHATA-
titatata ceuHna  PbZrO,--- PbTiO, (LTC). Ilpeumyiuecrso nseso-
KepaMuKH Ttepejl MOHOKPHCTAANAMH —— BO3MOXHOCTbH W3TOTOBJEHHUS daK-
THRHLIX IAEMENTOR CAoKHON GopMbl H moboro pasmepa. [Ibesokepamu-
Ka MPUMEHSIeTCs ANl U3rOTOBJAEHUA MaaorabapuTHLIX MUKPOGHOHOB, Te-
AedOHOB, JETOHATOPOB, JATYMKOB AaBJEHUH, AedopMalii, YCKOPEHH,
BUOpalKi, §1bE30PE30HAHCHBIX (BHABTPOB, JHHHH 3aJepXKKH, Mbe3o-
TpaHchopmMaTopos H Ap.

K aKTHBHBIM JM3JEKTPHKAM OTHOCHATCH N H PO3JEK TP HKH,
T. €. AUSICKTPUKH, oBaanaltne 1HposjekTphueckiumM sddextom. [Tn-
POSTEKTPHUYCCKHA 30XDEeKT COCTOHT B U3MEHEHHH CHOHTAHHOR NOJAPU30-
BAHHOCTH JNUINEKTPHKOB TIPH H3MEHeHWH Temneparypbl. K THOHUHbIM
JAHHEHHBIM MHPOINEKTPUKAM OTHOCATCA TYPMAJHH H CYJbPHT JHTHS .
{IMpO3MEKTPHKY CHNOHTAHHO MOJSPH30BAHBlL, HO B OT/IHYHUE OT CEerHero-
TEKTPHKOB HANpaBAeHHe HX HOAAPH3AUMH HE MOXKeT ObiTh M3MEHEeHO
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BHEILUHHUM 3JeKTpHueckuM noseM. [Ipu HensMeHHoH TeMmeparype CHOH-
TAHHAA TOJIAPH3OBAHHOCTL NHPO3JEKTPHKA CKOMIIEHCHPOBaHa CBOGO-
HbIMH 3apsALaMH TIPOTHBOIIO/I0KHOTO 3HAKA 3a CYET NPOLECCOoB 3EeKTPO-
IPOBOAHOCTH M AJCOPOLIHH 3apSKEHHBLIX YaCTHL[ W3 OKPYXKAalOIMeH - at-
vocdepsl. TIpH H3MeHeHuM TeMmmepaTypbl CHOHTaHHAs MHOJAPH3OGBAH-
HOCTb M3MEHSETCA, YUTO MPUBOAUT K OCBOOOXKAEHHIO HEKOTOPOro 3apsia
Ha TIOBEPXHOCTH MHPOJMEKTPHKa, Giarofaps 4eMy B 3aMKHYTOH LenH
BO3HHKAET 3J1eKTPHYECKHH TOK,

MuposhderT HCHOMb3yeTCHd MJIA CO3AAHUS - TEIIOBLIX JAaTYHKOB H
NPHEMHHUKOB JYUHCTOH 3Hepr'Hy, NpejHa3HaMeHHbIX, B YaCTHOCTH, A4
perucrpaulu Hidpakpacdoro u CBY-usayuenus.

3HauuTeNBHBM 1UPO3DhEKTOM 06/1aa10T HEKOTOPBIE CETHETOIEKT-
pUyeckue KpHCTAJJibl, K YHUCAY KOTOPHIX OTHOCATCA HHOGAT Oapusi-
CTPOHUMA, TPUrIMUHHCYAbdaT -~ TI'C, nuobat M TaHTaNaT JUTHA.
[TupossiekTpHuecK il 3BHEKT MPOSBJIAETCH TaKkKe B M0JsPH30BAHHON,
T. . HOJBEPrHYTOH AeHCTBHIO NOCTOFAHHOIQ JEKTPHUECKOTO 110/, cer-
HeTOKepaMHKe, 4 TAKXEe Y HEKOTOPbLIX MOJHMEPOB, HAIPHMEp Y NOJIAPHU-
30B4HHBIX MOJUBHHUIAEHOTOPHIA H HOJHBHHHAHAEHXJIODH]A.

KsnekrperaMm orTHOCATCA AHIJNEKTPUKH, COCOOHBIE J/IHTE b
HOE BpeMS COXPaHATb I10JSPU30BAHHOE COCTOSIHHE H CO3AABAaTh B OKPY-
KarolleM UX 1IPOCTPAHCTBe 3JeKTpuyeckoe noJe. OcTaTtouHast TOJsPH-
3alHA B 3JeKTpeTax B OT/JHUYHE OT NHPO3JEKTPUKOB B HOJSPH30BAHHBIX
CETHETOMEKTPHKOB KOMIEHCHPOBaHa He MOJHOCTHIO, 4YTO TIPHBOAUT
Y HHX K OTJIMYHON OT HYJIst BHEIUHEN HaNpsIKEHHOCTH 101, KOTopas Mo-
#eT OblTb OueHb BHICOKOH. CYIIECTBYIOT pasjH4Hble CIOCO6h Hogayue-
#un 3jaeKrperoB. Tak, TeépMoasIeKTPeThl MOYYA0T MYyTeM OXJAaKACHHSA
B CH/IBHOM 3JEKTPUUYECKOM TI0JI€ paciilaBa MOSPHBIX JAHIJIEKTPHKOB;
$OTO3NEKTPETH HATOTOBJISIOT H3 MaTepuasioB, 06JafalolnX (QOTO3IEKT-
POIPOBOAHOCTRIO — Cepbl,  CYJb(MHTa KaiMus -— [PH OJHOBPEMEHHOM
BO3JZEHCTBHY CBETA H 3JIEKTPHUYECKOTO 11015, KOPOHO3JEKTPETHl N0Jyya-
0T ((PH TOHHIKEHHOM AABJIEHUU Ta34 B KOPOHHOM pa3psfe u gp. Ecnu 3a-
pAd B 3JE€KTPETe CO3JaeTcd 3a cYeT Pa3/IMYHLIX pesaKcallHOHHBIX MeXa-
HU3MOB (l0JISIPH3ALUH, TO" TaKHe 3apsilbl HasbiBAlOT eemeposapadamu.
Sty 3apAAbl MMEIOT 3HAK, [IPOTHBOIIOJIOKHbBIHA 3HAKY 3apsia 3JIEKTPOIOB.
Ecin 3apaapt nepexolsatr Ha MOBEPXHOCTb TBEPAOrO AHIJIEKTPHKE U3 [0~
JASPU3YIOLILTO 3J1EKTPOJA HIH BO3/YLIHOTG 3a30Pa W HMEIOT TOT JXKe 3HaK,
YTO M 3VIEKTPOAbL, TO TaKHe 3aPsiibl HA3LIBAIOT 20M03aPA0AMLL.

[‘oMosapsabl 1peobsafanT y HEOPraHHYeCKHX (KepaMHUeCKHX) Mare-
pHAJIOB W OPTaHHYECKHX HEMOJSIPHBIX AH3JIEKTPHKOB, I'eTepo3apsabi-—
Yy OPraHHYECKHX [MOJAPHLIX HHIJIEKTPUKOB. BpeMs KU3HU 3JieKTPETOB
MOXKET ZOCTHTATh B HOPMAJBHBIX YCJAOBUAX HECKOABKHX JIET, HO BbicTpo
YMEHbUIARTCH C MOBLILIEHHEM TEMMepPaTypbl ¢ BJIAMHOCTH 32 CUET OCBO-
DoXKIeHHs H HeATpaJau3allMK HOCHTeJeH 3apsja, 3aXBaueHHBIX JICBYIII-
KaMmH.

HauGoupiree npakTHYeCKoe NPUMEHEHUE HAXONAT JEKTPEThl H3 T1JIe-
HOK HosuaTHAeHTepedTanata (n1aBcana), pronsacrta-4, nosukapbonata
H Ap. DNeKTPeTh NPUMEHSIOTCS sl H3TOTOBJEHHSE MHKPODOHOB, Teje-
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thOHOB, JI03UMETPOB PAAHAUHH, BJAXKHOCTH, 3JEKTPOMETPOB B 3JEKTPO-
doTorpaduu U BO MHOTHX APYTHX Caydasix.

TBepable AV3MEKTPUKH [/5 ONTHUECKHX KBAHTOBHIX TeHEpaTopos
{na3epoB) ABJAAIOTCH aKTHBHOMN CPENoH, NpeAcTaBaouLel COO0H KpHeTan-
JHYECKYIO MIH CTEKJ006Pa3Hyio MaTpHILY, B KOTODOH DPaBHOMEPHO pac-
TnpefleJienbl aKTHBHbIE HOHBI (aKTHBATOpBbI). Bee mpouecch fOT/oHIeHHs
¥ H3Jly4eHHs CBeTa CBA3aHbl C NepexojaMM 3JEeKTPOHOB MEXAy YPOBHS-
MU aKTHBHOIO HOHA, IPY 3TOM MaTPHILA WIPaeT NacCHBHYIO posb. CHeKTp
H3Jy4YeHHs Jla3epa B OCHOBHOM 3aBHCHT OT THIA aKTHBHOrO HoHa. Kak
BEIIeCTBO KPHCTAMINUYECKOH H/IH CTeKI006pa3HOf OCHOBBI, TaK H aKTH-
BATOPh! AOJKHBI YIOBJETBOPATH LEJIOMY PAAY CllenHduueckux Tpebo-

BaHu#. CBOHCTBA HEKOTOPbIX Ja3epHhX MaTepHaJ/OB IMpPHUBENEHb! B
B Tabs. 6.7.

Tabawna 6.7

Marpuna AxrTHBaTOD "j;[;%};i“];?nsw,ﬂ
Py6un Al,04-4-0,059, Cr,O, Cra+ 0,7
FpanatY;Al;0,, Nd#+ 1,6
daoput CaF, Us+ : 2,61
dropur mapranua MnF, Nij2+ 1,93
Crexao Na,0-B,0;-25i0, Nd3* 1,06

KoHTpoasHbie BONpoCh!

1. KakoBp nperMyniecTsa ra3oofpasHbiX JHNEKTPHKOB fepel OCTA/NbHbIMY Nif-
AaMH 3JeKTPOH3ONALHOHBHBIX MaTepPHAJNOR?

2. Kakne ¢yHkuuy B TpancGopMaTOope BHIMOMHAET TPaHCHOPMATOPHOE Macho
Il KakKle TpeGOBAHHA NPELBABJAIOTCA K HEMY?

3. B ueM cocTOHT 0COGEHHOCTb peakuyif NOAHMEpH3aUHH 1 NOJHKOHIeHCAHH:
TEPMONNACTHYHBIX ¥ TEDPMOPEAKTHBHBIX NOJIHMEPOB?

4. B 4eM COCTOHT NPONECC BYJIKAHHIALUMH DEIHHE?

5. Kak noay4aot 300HHT?

6. Kak 31€KTpOH30/ISIHOHHLIE JaKH KIAaCCHQHIHPYIOTCH MO OTHOUIEHHIO K Har-
peBy, Ha3HaueHHIO, XHMHUECKOMY COCTaBy?

7. Yro cofolt mpenctaBafioT KOMNAYHAB H KaKOBHI OCOOEHHOCTH TPHMEHEHHs
TEPMOMTACTHUHBIX U TEPMOPEAKTHBHBIX KOMIAYHAOB?

8. Uro cobof npeacraBasier JaKOTKaHL? YeM vepHule TIKOTKAHH OTAIHAIOTCH
OT CBETJBIX?

9. Kakde THIBl CTIOX TPHMEHSIOTCS AN 3JIEKTPHUECKHX Lened W YeM OHH 0T
JAHYAIOTCS N0 CBOMCTRAM?

10. Yro coloit mpencraBisoT crekaa? Mx kaaccHdukauHs 710 COCTaHy.

11, Kaxue MaTepHasin TPHMEHSIOTCH [T M3TFOTOBJEHHS KOHJIEHCATOPHOH Ke-
pamukn? Tpe6oBanHs K HHM.

12, Kakne 1HINeKTpHUeCKHe MATEPHANB  HA3BIBAIOTCS akTHBHBMU?  Kakue
GYHKILMH OHH MOTYT BHITOJHAThL B IAEKTPHUECKHX UCNsix?

13, Hro co60# NpeacTasnaioT NHe303eKTPHKN, NRPOYICKTPHIN 1 FJICKTPeTH?



FAABA 7. NMPOBOJA, WHHBI U KABEJTH

§ 7.1. Tiposona ¥ WHNHBI

O6momounsle nposoda TNpelHa3HAUEHb JIsi M3TOTOBJEHHS OGMOTOK
9JIEKTPHUECKUX MAlUHH, annapaTtoB ¥ pasJuuHbiX npubopos. [lo mare-
pranam, NpHMEHAEMbIM JJIsi H3rOTOBJIEHHS TOKONPOBOASILHX KHJI, OHH
JAeNATCST Ha MelHble, ajlOMHHHEBbIe MH3 CIJIABOB CONPOTHBJIEHHS. Bhi-
TIYCKAIOTCs1 TaKKe [IPOBOJa C IPOBOAHUKAMH H3 [pATOLEHHBIX METAJJIOB,
6UMeTaNOB W CIENMaJbHBIX CIIABOB, B YACTHOCTH CBEPXIIPOBOASIIMX,
HO OoOBeM MX BHIIIYCKA HE3HAYHTEJIEH H HCHO/B3YIOTCS OHM B OCHOBHOM
B U3AeJaHAX, PaBOTalOWHX B CHEUHDHYECKHX YCJIOBUAX (BbICOKASt HJAH
HU3Kas TeMneparypa, BaKyyM, arpeccHBHbIE CPeJbl). -

- I'lo BUAaM H30AA1HI0 OGMOTOUHBIX NPOBOAOB MOMKHO KJACCHPHIIHPO-
BaTh CJAeNYIOUIUM 06pa3oM: 3MaJjieBasi; BOJOKHHCTASl H 3MaJeBO-BOJIOK-
HHcTasg; OyMa)kBag; [171aCTMACCOBAsA, BKJOUAs TIEHOUHYIO, CTEKJOBO-
JIOKHHCTasA, CTEKJO3Ma/eBas ¥ CILIOIHAS CTEKASHHAS.

O6MOTOYHBIE TIPOBOAA C 3MaJeBOR H30JsHell OTHOCATCA K camof
MaccoBod M HanboJjiee IPOTPECCHBHON rpyIne NpoBOAOB, 4TO OOYCJOB-
JIEHO I1eJ1bIM PSAOM HX JOCTOHHCTB., OBsajas MalbiMH TOMMMHAMH H30-
JSIUU (HECKOJBKO MHKDOMETPOB), XOPOIIHMH PH3HKO-MEXaHUUECKHMH
M 3JEKTPOM3ONALHOHHBIMYE XapPaKTePHCTHKAMM, HarpeBOCTOHKOCTHIO,
OHH NO3BONAOT CO3A2BaTh HA UX 0a3ze 3/IeKTPHYECKHe MAIUMHBI K an-
NapaThl C NOBBILEHHBIM KO3(DPULIHEHTOM HCHOILb30BAHUA 11a3a, YTO Clio-
cOOCTBYET YBEJMUYEHHIO HX MOUHOCTH WJIH CHHKEHHIO rabapHToB JipH
COXPaHEeHHH CYUEeCTBYIOWIHX MapamMeTpoB. Kpome Toro, NpOH3BOACTBO
9SMa/JMPOBAHHBIX IIPOBOAOB OTIMYAETCS MEeHblIel TPYAOEMKOCTBIO H Bbi-
COKOH NpPOH3BOAUTENBHOCTEIO TEXHOJOFHYECKOro oGOpYHAOBaHUA, HO
CBAI3aHO, KaK MPaBUJIO, C UCHO/Ib30BAHHEM TOKCHUHBIX BEILECTB.

B HacTosiiee BpeMsi OTEUECTBEHHAS TPOMBILIIEHHOCTL BbITyCKaeT
SMaJIUPOBaHHLIE TIPOBOJA € M30JISILIHEH HA OCHOBE MAC/SHBIX M BBICOKO-
NPOYHBIX CHHTETHYECKHX VIAKOB C TemiepaTypHbiMH HHiAekcamM (TH)
105, 120, 130, 155, 180 u Bbiule, NOA KOTOPLIMK NOHUMAETCS Td TeMmite-.
paTtypa, NpH Kotopo#i pecypc nposoia pasen 20 000 u.

K uucay npoposop ¢ THU 105 ortHocsTeca 06MOTOUHEIC NPOBOJA Ha
Mac/JsHOH H HOJHBHHMJIALETANE€BON OCHOBAX. '

MenHpie sMaaHpoBaHHEBIe IPOBOAA C H30J511MeN Ha OCHOBE MACAARBIX
JsakoB (Mapka [13J/]) BeinyckaoTces B AnanazoHe nuametpos 0,02—2,5 M.
DTH NPOBOZA MMEIOT JIOCTaTOYHO BEICOKHE 3JIEKTPOU3OJALHOHHbBIE XapakK-
TEPUCTHKH, KOTOPHIE COXPAHAIOTCA faxe B YCAOBHAX BO3AEHCTBHUS NOBhL-
IIEHHBIX TeMnepaTyp 1 BJax)HOCTH. OIHAKO 110 MeXaHUYeCKHM CBOHCTBaM
CTOMKOCTH K BO3JGHCTBHIO pacTBOpHTeNeH OHH CYIWECTBEHHO YCTYHalOT
POBOAAM C H3OJSILIHEN Ha CHHTEeTHYECKHX JakaX. [Iposoga mapku [12J1
PUMEHSIOTCS, KaK TIPaBMJIO, 1Sl H3TOTOBJIEHHS KATYIUEK 3JIeKTpHYe-
CKHX annaparos, paMoK NpuGopoB u T.I.

Kpyrapie meansle ppoBofa Mapok I[19B-1 w TI9B-2 (auamerpom
0,02—2,5 mM), npaMoyrosbHbie MelHble npoBoga Mapku [I3BIT (ceue-
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tinem 1,4—20 Mm*) — 3TO 3MajHpOBaHHblE NPOBOJAA C H3OJAALLUER Ha
floJMBUHHJIAIETa/IeBOH OCHOBE; KDYIJble aMOMUHUEBBIE IIPOBOJA MAPOK
[TOBA u TI9BAt (auamerpom 0,08—2,44 mm) — Ha NONUBHHWIDOP-
MaJIb3THIATIEBOM J1aKe «BUHHGVIEKC»; KPyrJible MeiHbIEe NMPOBOAA Mapok
[I3M-1 u TIDM-2 (anamerpom 0,02—2,5 MM) ¥ NpAMOYro/bHLIE MET-
Hble npoBoja Mapkh [TOMIT (ceuensiem 1,4—20 MM?) — Ha NOJHBHHHA-
thopmMaJsieBoM saKe «MetaaBHHy. Lludpst 1 1 2 B Mapkax 1poBojoB cooT-
BETCTBYIOT HOPMJILHOH H MOBBLIIUEHHOH! TOJUIMHE 30NN,

Hekoropasi uacTs TMpPOBONOB ¢ H30JsIUMEH Ha JlaKe «BHHHEIEKC
BBITYCKAGTCH C JKWJAaMU M3 CHJAABOB  BBICOKOFO  CONpPOTHUBJIEHHS:
[I3BKT-1 u TIDBKT-2 (rBepawiit koHcrautaH) Ruamerpos 0,032—
0.8 mm; TI9BKM-1 u [IDBKM-2 (Msrkufi KOHCTaHTAH) AHAMETPOM
0,10—0,80 mu; [IOBMT-1 u TTOBMT-2 (reepanii mauranuu) auamer-
pom 0,02--0,80 mm;. [[9BMM-1 u T9BMM-2 (MArku#i maHraHus) guva-
merpom 0,05—0,8 mm; [I9BHX-1 u [I9BHX-2 (MAarkast HuxpomoBas
npososioka Mapku X20H80) anamerpom 0,02—0,4 mm. Kpome Toro, Ha

J1aKe «MeTaJ/IBUH» BHINYCKAIOTCS MEAHBIE XJ1aJ0CTOfKHe [IPOBOLA MApKH
[TOMBM, T13C, TI3CA, TI3CB n ap.

[TpoBoaa ¢ M3oasLKeEl HA NOJHBUHHJIALETAAEBONH OCHOBE OT/IHYAIOT-
CA BbICOKHMH MEXaHMYECKHMH XapaKTePHCTHKAMU, XOPOIIHMH 3JEKTPO-
M30JALUMOHHLIME CBOHCTBAMH, CTOMKOCTBIO K ACHCTBHIO HEKOTOPBIX ar-
PECCHUBHBIX CpeJi, UTO II03BOJISET C YCIEXOM HCIOJb30BATh X MJISl H3ro-
TOBJACHHUS OOMOTOK JMEKTPHUUYECKHX MalIMH ¥ annapatos 6e3 AONOJHH-
TeJhHbIX MTOKPLITHH.

AmaJsuposatbele nposogaa ¢ TH 120 Buinyckawtest mapok [TIBTJI-1
u [IBTJ1-2 nuamerpom 0,05—1,6 MM ¢ u3ossilMel Ha ocHoBe 1oJIHYpe-
TaHOBOTrO JakKa. OTAHYHTENbHON 0COGEHHOCTBIO STHX IIPOBOLOB SIBASET-
€ BO3MOMHOCTb OONYKHUBaHHA #X 06e3 NpeABAPHUTENbHOH 3aYMCTKH
IMAJH, YTO 3HAYMTENbHO ofjerdaer naiiky. DJIEKTPOUICMALHOHHBIE U
PU3HKO-MeXaHUIECKHE CBOHCTBA 3THX TIPOBOROB [IPUMEPHO COOTBETCT-
BYIOT CBOHCTBAM IIPOBOIOB C U30JsHIMEH Ha OCHOBE IOJWBUHHJALIETAE-
BbIX J1AKOB, HO OTJIMYAIOTCS TIOBHILIEHHOH TePMONIACTHYHOCTBIO, 4TO
MCKAI0YaeT MX HCTIONDb30BaHKME IS JIEKTPHYECKHUX MaliuH GOJbUION 1
cpeaneit MotiHOCTH. OHH NPUMEHAIOTCHS B OCHOBHOM B NIPHBOPOCTPOCHUH
# paJHOTEXHHYECKOH IPOMBINJIEHHOCTH,

OcHoBHYIO 4acTb 3Manuposatusix nposojos ¢ TH 130 cocrasasior

HPOBOJAA C U30JALHEH Ha NONHIOUPHBIX (HOMUITHIAEHTEPedTANATHAIX)
nakax. Kpyribie mennsie nposofa Mapok [19TB-1u [12TB-2 rinycka-
iorcsl B AuanasoHe Auamerpos (,03-—2.5 wmM. Asajordumbie NpOBOja
BBIYCKAIOTCA C H30JsUHedl W3 paciaasa rnoauaduproit cmomst TC-1
{npoBoga Mapku [12TB-2-TC) ¢ xuamerpom 0,40—1,56 MM, Brinycka-
OTCH TaKae M Kpyribie aJioMHHHeBble 1poBoja mapku [I9TBA, npua-
MeTp KoTophlx cocrabJaser 0,14—2,5 mm, [IpamoyroyibHbIe TIPOBOJA ¢ TI0-
nusdupHoit usoaaunved (mapku [IDTBII) sriyckaroTcs TONMBKO Men-
upie ceueuem 1,4--24,3 mm®. J1715 -MEXaHH3HPOBAHHOH HAMOTKH 3JIEKT-
poisuraTened BeIMycKaioTcs TNPoBoAa Mapkd [ID9TBM ¢ anamerpom
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0,25-—1,40 MM, KOTOpble OTJIHYANTCS MOBLILUEHHOH TOJUMHOR U305~
UHH.

Hzossiuvonnbie NEHKH Ha OCHOBE TMOJH3(PHPOB AOCTATOUHO CTONKH
K AeHCTBHIO pacTBOpHTe/el, BHIAEPXKHUBAIOT HWCIbITAHME HA TEPMOILIA-
cruuHocTh fpH 200 °C, omMualoTesl NOBHILIEHHOH 3JEKTPUUeCKO IIpoy-
HOCTBIO, HO MEXaHHUYECKHe XaPAKTeDHCTHKH UX HUXKE, UeM Y NOJHBHHHUII-
auerajieBblX nueHoK. OCHOBHBLIM HEJOCTATKOM 3THX IPOBOIOB ABJSET-
Csl HH3Kast CTORKOCTb K TETJIOBOMY YAapy, T. €. KpaTKOBPEMEHHOMY BO3-
JAeHCTBHIO BbICOKHX TeMIepaTyp, UTo OOYC/OBJIEHO: XHMHUECKOH MNpu-
pofo#l nosumepa. B ¢BA3K ¢ 3tum mposona mapku [19TB He pexomveH-
AyeTcs HCIo/Jb30BaTh B 3JeKTPooGOPYAOBaHHH, PEXHM paboThl KOTO-
pOro rpeanoa4raeT HajHu1e TOKOBBIX Meperpy3ox.

K TH 155 oTHOCATCA B OCHOBHOM 3Ma/iMpOBaHHBIE 1POBOAA C H30-
Astupell Ha noauabupaMuiHOf ocHoBe MapKH [19T-1565. Oun BeIycKa-
JOTCS ¢ MEIHBIMH >KHJAaM¥ Kak Kpyrjaoro (auamerpom 0,06-—2,44 mm).
TaK ¥ npsmoyroanuoro (Mapka [19TII-155) cevenus B guanasone 1,6-—
11.2 mm®. [To cBOMM 3J€KTPOH3OJNSILHOHHBIM H MeXaHMYeCKHM Xapak-
TEpUCTHKAM JaHHbBlE NPOBOJA HIEHTHUHBI nposojaM Mapku [I9TB,
#o ofaafatot Gosiee BhICOKOH HATPEBOCTONKOCTBIO M CTORKOCTHIO K TeTl-
JOBOMY YA4py, YTO 3HAYHTeBHO paciiupser oO6JacTH UX HCIOJb30Ba-
HHs.

Bosee Bhicokne napameTpsl, uem nposofa mapku [19T-155, umeror
npoBofa mapkry II19TM ¢ uzoasuyed Ha ocHoBe MOMU3GUPUUAHYPHTHU-
MHJHOTO Jlaka, TaKKe otHocdAmMecs Kk TH 1565, Ouu BeInyckatoTcs B JH-
anasone auamerpoB 0,80-—-1,32 MM M npHUMeHsIOTCSt AT H3TOTOBJEHHSI
OOMOTOK 3JIeKTPOABHraTes el elHHOH cepUH, pabOTAIOIIHX TPU TeMrie-
patype He Boiuie 155 °C. [Juis afekrTpoaBuraresedi, 3KCIIyaTHP YIOUIHX-
csi B XOJMOAMJIbBHOM O0OpYINOBAHWH, TNPHMEHSIOTC IPOBOJA MAapKH
[2®-155 (guamerpom 0,29-—-1,04 wmm), KOTOpbHle OTJAUUYAIOTCA OT
npoBogoB Mapku [I9TM TosbKO TeM, YTO YIOB/IETBOPSIOT CIENHANbHBIM
tpeboBanusaM N0 XJagoctofikoctv. Ha Gojiee BbicoKHe Temmepatyphbi
{180 °C ¢ BoiuIe) UCHOML3YIOTCS, KaK NPaBU/IO, SMANHPOBAHHbIE NPOBO-
Ja ¢ H30/51HeH Ha MOJIHaMHIHON W MOJMHHMUAHOH OCHOBaX.

KpyrJble npoBoja BBINYCKAIOTCst B AMana3oHe Avamerpos 0,50—
2,50 MM, a npsiIMOYTO/bHBIE — B JHana3oHe ceyenudt ot 1,6 1o 11,2 mm*,
[Tomumo BHICOKOH HAarpeBOCTOHKOCTH 3TH [1POBOJA OTJIMYAKTCH I[OBhI-
{IeHHBIMH MeXaHHYECKMMH XapaKTEePHCTHKAMH, CTOMKOCTBIO K TOKOBBIM
neperpy3kaM M XJaj0HaM, HMEIOT JOCTATOYHO XOpOLIME 3JeKTpHYecKue
CBOCTBA., DTH NPOBOJA HCMOJB3VIOTCA B TeX CJiyyasix, Korjga Heobxo-
AumMo obecneyHTh HAJEXKHYIO paboty saektpoobopyroauusi ¢ TH 180 u
Bblllie, OCOGEHHO MPH TAMKENBIX YCJIOBHAX H3rQOTOBJEHHS OOGMOTOK.

Mepuste kpyrase nposofia Mapku [19T-200 u npsimoyroapHsie Map-
gu [12TT1-200 nmeror TH 200,

Ias jnutenpHodl pabGoThl B uHTepBasie rtemnepatyp 220—240°C
MPUMEHAIOTCY MeJHble W MeJBble HHUKEeJHPOBAaHHDIE 3MaTHPOBAHHbLIE
MpoBOJAa ¢ H30Js1Uell Ha TIONMUMHUAHOH ocHoBe, Kpyribie MeaHbie npo-
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Boja Mapku [19T-umup (TH 220) u Mmennbie HUKeNUpOBAHHLIE MAPKH
TTH3T-umup (TU 240) Buinmyckatotes B Ananasone auamerpos 0,10—
2,50 mm. TlpaMoyro/ibHble MelHbIe HMKENTHPOBAHHLIE MPOBOJAA WMEIOT
mapry TTHITII-umMua n nsrotoBasiioTes B Auanasode ceueHud 1,4—
5,1 mm2.

O6MoTOYHbIE IPOBOJA C NOJHAMMAHON H30JsLUHEH HMEIOT CaMYIO Bbl-
COKYK0 HarpeBOCTOHKOCTL Cpeid 3IMaJMPOBAHHBLIX IPOBOJAOB, AOCTATO4-
HO XOpOIIHE 3JeKTPHYECKHe XaPAKTePUCTUKH, KOTOPHIE IIPAKTHUECKH
HE U3MEeHSIOTCS NPHiHX HarpeBaHuH 1o Temrepatyps 230 °C. Opnako
TIPOH3BOJCTBO 3THX TIPGBOJACB CBS3aHO C HCIIOJIb30BAHHEM JIOPOTHX Je-
GUIUTHBIX M TOKCHYHBIX' MATEPHAJIOB, YTO 3aTPYAHSIET UX TIPOH3BOACTBO
U CYIECTBEHHO OTPaHMYHUBAET 0GJIACTA UX TIPHMEHEHUS.

‘TIpoBoaa c BOJIOKHHCTOH H30JILIHE! HA OCHOBE XJOMYATO0yMaxKHOH
MPSUKH, HATYPATbHOTO ‘Le/IKa, & TAK)KE CHHTETHYECKHX BOJIOKOH H3-
TOTOBJISIIOTCS!, KaK MPABU/I0, METOJOM [ABYXCJOHHOH OGMOTKH TOKOIPO-
BOJAMWMX Xua. Meanble Kpyrasle (quamerpom 0,36—5,20 mm) u nps-
MoyroJibHble (ceveduem 1,7—83,1 mMM®) nposoia ¢ AByxc/0HHOH XJj0m-
yaTobymaxkHofl uzossiuuel nmeror Mapky 1B /1. AmomndueBre nposoja
¢ TeM e THioM n3oasiuuy (AIIB]]) BeinyckaTes B AHalla3oHe qHaMeT-
pos 1,32—8,00 MM u ceuennii 6,8—88,7 mm>,

[Tporoaa ¢ uzoasiuuell U3 ABYX CJIOEB HATYPANBHOTO lWIENKa BHIAYC-
KalOTCs KaK ¢ MEJHBIMH TPSIMOYTOJIbHBIMU KHJIaMH cedeHueM 2,24—
—8,00 mm? (Mapky TTHIT), Tak ¥ ¢ XKUIaMH KPYTJI0H HOPMbBI U3 MSITKOTO
(Mapku [THIJTKM) u teepporo (Mapku [TIIKT) koucranrana B guana-
30He namMeTpoB 0,09—0,40 1 0,09—0,15 mm coorBercrsento. Msoaauuo
M3 [BYX CJIOEB JIABCAHOBbIX HHTEH HMEIOT KpYIJble MeJHble MPOBOAA
mapku [TJIM1, Kotopule BHINYCKAIOTCSI B Auanaszone Amamerpos 0,40
1,32 MM B OueHb OrpaHHUYEHHOM KOJHYECTBE, TAK KAK JIaBCAHOBAH H30-
JSIUASE UMEeT MaJyi0 CTOMKOCTh K YIAPHBIM HATpY3KaM.

Insa BoMOKHHCTON u30MAsALuY, KoTopas umeeT TH 105, xapaxrepHsl
6o/bittas ToMMHA M3oJauuM (0,1—0,2 MM) U THTPOCKONMHYHOCTDL, He-
BBICOKAA SJIEKTPHUYECKasi IPOYHOCTh, YTO OTPAHHUHBAET UX HCIIOJb30Ba-
HHe 6e3 AONOJTHUTEAbHLIX NOKPLITHHA, KOTOPLIMH, KaK IPaBUJO, SBJS-
I0TCSl 3MaJb-JIaKH Ha MAac/AgHOH, IOJIMBHHUIALETAIeBOR, NMOJUdQHPHOR
W IpYrux ocHoBaX. B cBa3W ¢ aTuM B Kadectse nonydabprkara IpH npo-
W3BOJACTBE 3THX NPOBOJOB HCNOMBIYIOTCH 3IMATHPOBAHHBIE NPOBOAA.

Mennble xpyrable nposoga Mapok [19BO (muamerpom 0,40—
2,20 mm), IO (amamerpom 0,05—1,50 mm), I13JI0 (nuamerpom
0,20—1,32 MM) AMEIOT H30/ISLHI0 H3 OAHOTO CJIOS XJOMUATO6YMAXKHOTO,
WIEeNKOBOI'O M JIABCAHOBOTO BOJIOKHA COOTBETCTBEHHO U OTHOCHTCH
x TH 105. Taxoit ke TeMnepaTypHbI HHIEKC HMEIOT NPOBOAA Ma-
pox TIBJIO, ITJIIIKO, IMAJIIKA, IT3JB/ u T. A.

Ha TH 120 suinyckarorcs uposoia Mapox [IIBTJIJIO (quamerpom
0.20—1,32 mm) u IIAMJIOT  (amamerpom 0,08—0,50 mMm), a Ha
TH 130 — nposona mapku [I9TBJIO (0,20—1,32 mm).

O6MoTOYHbBIE IPOBOXA ¢ BOJIOKHUCTON M 3MaJjieBO-BOJIOKHHCTOH H30-
JALHEH UCTIOJNB3YIOTCH, KaK NPaBWIo, MU HAMOTKH JIEKTPHUECKHX Ma-
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IIUH, alnapaTtoB H HpHﬁOpOB B T€X Cayuasix, Korja IIpu H3roTOBJACHHH
0OMOTOK [IPOBOJ, HCIILITHIBAECT ITOBbLILIEHHBIE MEXAHHUYECKHE HaTpPDYy3KH H
HET 2KeCTKHX orpaﬂuqe}mﬁ Mo TOJNUIHHE HU3OJAALNH.

O6moTtouHble TPOBOAA ¢ GYMAXHON U3oasuuell orBocsitest K TU 105
1 BLINYCKAIOTCA TJ1aBHbIM 0Opa3oM Js H3TOTOBJEHHS! OOMOTOK Maciis-
HbIX TpaHchopmaTopoB. Kpyr/ble mMelHble U aJlOMHHHEBbIE NPOBOJA Ma-
pok [1B u ATIB ¢ uzonsiuedi u3 JedT rene@oHHON WK KabeabHON Gyma-
T{ TOJUIMHOH He Gojiee 0,12 MM BbINYCKAOTCS B AHAlla30HE AMaMETPOB
1,18—5,2 u 1,32—8,00 MM coorsercTBeHHO. [IpAMOYTro/IbHbIE TPOBOAA.
UMeloIINe TaKHMe e MapKH, BHINYCKAWTCH B AMaNa3oHe ceueHHul: Mel-
npte -— 3.0—90 mm?, amomunueBnle — 7,2—100 mm2.

Hra tpancdopMaTOPOB BLICOKOIrO HAUPSKEHHS HCHONB3YIOTC 1PO-
Boga Mapku [IBY (ceuennem 12-—109 mM?) ¢ usoasiuHeld U3 YIIOTHEH-
HOH BBICOKOBOJBLTHON KafeabHoll 6vmaru toaimHol 0,08 mw.

B MOLLHBIX CHJIOBBIA TPANCPOPMATOPAX H PraKTopax AJs yMelbhie-
HHA TOTepPb BCJAEACTBHE NOBEPXHOCTHOrO addexTa u NoBLieHus rioKo-
CTH NPOBOAA HCHOAb3YIOTCH JloApasjieeHHble W TPAHCTIIOHHPOBAHHBIE
NpoOBOAA. ;

[Toapasgenennsie npopoaa mapok [1BI1 y HBITY cocrosar u3 asyx
UK TPeX SJIEMEHTAPHLIX M30/JHPOBAHHLIX NPOBOJAHUKOB, KOTOpHIE pAC-
HOJATAITCA B TIPOBOE N1aPasesbHO H HMEIOT O0LLYH0 OYMAaKHYIO H30.151-
1LHIO, Y[ABOEHHAasl ToJlHHa KoTtopoH cocrasiaster 0,96—2,96 mm. dne-
MEHTaPHBIE IPOBOAHUKY AN NMOAPA3/ie/SeHHbIX NPOBOJOB M3TOTOBAHIOT-
cs B AMamnaszope ceuenni 13,5-—68.8 mm?,

Tpaucnounposanssle nposofa mapok [ITb u I1TBY tupexcrasastor
co60fl  KOHCTPYKIMIO, KOTOpasa COCTOHT H3 HEUETHOIO . KOJIHYeCcTBa
3/EMEHTAPHBIX NPSMOYTOJbHBIX [IPOBOJHHKOB C 3MaJseBOH H30J5LHERH.
Pacnoa0KeNHbIX B ABd C/I05 C PA3ATHTENLHON GyMaxKHOH MPOKAUKOH
MeX1y HuUMU M ¢ ofulell OyMaxHOHW H3oJsAusied. B pamnbix nposoaax
KaIbli TIPOBOAHUK HENpephiBHO H3MEHSieT CBOE T10JO0XKeHHe IO ceue-
HUIO 110 BCeH 1/1MHE NPOBOAA, YTO peljaeT npobJjeMy ypaBHHUTeNbHBIX TO-
KOB M Pe3Ko CHIzKaer motepn B oOmotkax. [IpoBoja mapok IITB w
ITBY Buinyckaiorcs B AuHanasoHe ceyenuil 6,75—30,53 mm?.

OO6MOTOUHBIE TIPOBOAA € NJAAacTMacCOBOH u30JsiliHeHl OTHOCATCH K
TH 105 1 1pUMEHSIOTCS B OCHOBHOM A/ W3TOTOBJAEHHS 0OMOTOK lio-
IpYKHBIX 3JEKTPOABUIaTe1ell, KOTOpEIe PAabOTAlOT B Cpefle NepeKaunBa-
eMOH KHUAKOCTH MDY IMOBHILIEHHLIX TeMnepatypax W jAasjieHusx. Ouu
BbLITYCKAIOTCS, KaK NPaBUIO, C OQHO-, CeMH- M JAEBATHAALATHIPOBOJIOU-
HOH KWJIOH, HOMUHANBHBIN AHaMeTpP KOTOPOH HAXOAUTCA B Auanasone
2,24—7,8 mu. INpoona mapox TNBJIIT-1 u [MBIT-2 umetor aByxcaoit-
HYIO H3OJSLHIO H3 LOJKITHIEHA HH3KOH M BBICOKOH IVIOTHOCTH, 4TO
1103BOJIIET MX BKCIJYaTHPOBATh TNPH HANPSIKEHUSIX COOTBETCTBEHHO
380 u 660 B. Ha paGouee nampsizkenue o 3 xB BhIIyckaeTcss NpoBoA
mapku IITIBJI ¢ aByxXcoaoiinoil noaustuneHoBoil wusogsuuei. [Tposoi
mapk# TIIIBM B KauecTBe HapyxHOrO CJI05 HMEET KOMIO3MIHIO HA
OCHOBE MOAM(MHHMPOBAHHOTO HOJMNPONUIEHA.
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O6moTouHbe IPOBOJA C IIEHOUHOH M30/SIIHEH TaK:Ke OuYeHb IIHUpPO-
KO TIPUMEHSIIOTCA AJIA NOTPYKHBIX saeKTpojBHrarteseii. [IpoBofa Mapok
[IBTBITAJI-3 u TITBITAJI-4 BhinycKaOTCst ¢ MEAHBIMY HKUJIAMU B JANa-
Tiazone auamerpos 1,74—2,83 MM, M3onsiuust JaHHEIX MTPOBOAOB COCTO-
UT M3 c10s Noau3PupHON 3Majau, Tpex (UeThipex) CJ0eB JaBCAHOBOH
TJIEHKH | ABYX CJ10€B JIAaBCAHOBOH HMUTH C NOAKJERKOH H nponuTKol no-
au3dHpHON cMosioit Mapku T®-60 u orrocuTest k TH 120,

Harpesoctolikne nposoga ¢ naeHounol usoasiuuedn (TH 180) Bui-
NyCKAlOTCS B OCHOBHOM IPSIMOYTOJBHOM (DOPMBI M HMEIOT CJENYIOLIHe
Mapru: [TTd — ¢ uzonsinei u3 gentoudoro groponnacra-4; MIIeY—
¢ H304sA1Meld U3 seHTourOTO (TOponsacra-4 ¥ noAUHMHIHO-GTOpONAa-
CTOBO#l TIJIEHKH (pasmephl  CTOpoH a = 1.68+2.26 mm, == 2,44
+3,28 mm); TN, TTTTHU-K, TIIM-V — c usoasiuell 43 NOJAHMMHIHO-
dropounacToBoil WieHkY (Auamerp 2,00—3,15 mm); TTTIAIT-1, TTTTATT-2,
[MTIMIIK-1, THIMUIIK-2, THIATNK-3 — ¢ #3oasiuvedl ofHOH, JABYMS
HIH TpeMs JieHTaMH JAYOJMDOBAHHON TNOJHHMHAHO-PTOPOILIACTOROM
IWNEHKH (pasMepnl CcTOpoH a = 1.12--4,00 mMm, b = 7,50=-12,60 mm).

HexoTopas uyacTh 06MOTOUHLIX NPOBOIOB ¢ TJICHOUHON H3OJSUWEH
MpUMEHAETCA /151 OOMOTOK BBICOKOBOJIBTHBIX 3JIEKTPHYECKHX MalnH, K
WX YHUCTY OTHOCHTCSH NIPAMOYTroJibHbIA npoBoA Mmapxu [ITTJIBO, uzons-
11151 KOTOPOT'O COCTOUT M3 TPEX C/I0EB JIaBCAHOBOM TJIEHKH ¥ OJHOTO CJ10s
Xa009aToGyMaXKHOH TpskH, [aHHBI OPOBOX BBUIYCKaeTcs B JHa-
nasone ceyedni 3,0—80 mm* u orHocures K TH 105.

O6MoToYHbIE NIPOBOJA CO CTEKJIOBOJOKHHCTOH H30JAAUUEH OMYUH/IH
OueHh IUHPOKOe PACHPOCTPAHEHKE BBHAY BHICOKOA HALEXKHOCTH, NOBHI-
IEHHON HArPEBOCTOHKOCTH, CTOHKOCTH K TOKOBBIM INeperpy3kaM. Onu
NPUMEHSIOTCS B OCHOBHOM Ji/Is1 OOMOTOK 3JE€KTpOoJBUraresell, pabortaio-
IHX B TAXKeJAbIX YCJOBHSIX (XHMOCTOHKOE 060PYJ0BAHUE), 3JEKTPOLBH-
raresield VI KPAHOB: MOPCKUX CYAOB K CYXHX TpaHcdopmartopos. Boi-
(1yCKAOTCH OHU C MEAHLIMU ¥ AJIOMHHHEBBIMU XXHJAMH Kak Kpyrjaoro,
Tak H npsiMoyroabsHoro cedeus. Ha TH 155 nsroroBasioTes nposoja ¢
u3oasuKed H3 ABYX CJNOEB. CTEKJOBOJOKHA, KOTOPOE IOAKJIEeHBAeTCH
W nponuTeiBaeTcs raudraleBbiM JaxkoMm (nposoaa mapok [ICH, TICAT,
MCA-J, TICAT-JI, AIICH). HWeneke T B Mapke mnpoBoja yKasbi-
BaeT Ha NPHMEHEHHEe YTOHEHHOTO CTeKJOBOJOKHA, J] — Ha J0NoJHR-
TeNbHE coll 1aKa, A — Ha asioMHHHEBYIO KMy, TIpu Hcnob3oBaHUA
AJ151- IOAKJEHAKH U IIPONMATKH CTEKJOBOJOKHA KPEMHHUOPTaHWYECKOrs
Jaka Bhmyckaiores nposoja Mapok [ICKI, TICAKT, TICAKT-JI,
NCAK-J1 (TY 180). Ha Gonee Beicokue temnepatypsl (500—600 °C)
npuMeHsoTes nporoda Mapkn TO)K, kortopnie umeroT GumeTaninue-
CKYIO JKHJY (MeIb — HHKE/Ib) H CTeKJOBOJOKHHCTYIO H30JAAUMID HA
KPEMHMHOPTAHHYECKOM 3aMacjuBarese, MPONUTAHHYIO OPraHOCH/IHKAT-
HLIMA COCTABAMA. AHAJIOTHYHYIO MEAHO- RUKEJEBYIO XXMy HMeeT NPOBoj
mapky [THCIK.

B nesHauuTeNbHOM OGbeMe BBLIIYCKAeTCA TaKikKe INPOBOJA MapKH
MITBCI (TH 155), uMeromuii MEIHYIC SMATHPOBAaHHYIO NMOJMUSDUDPHBIM
JAKOM MIIY €O CTeKJIOBOJOKHHCTOH W3oMsiuued,
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OcHoBlBle TapaMeTPbl YKa3aHHEIX POBOAOB NpHBeAeHs: B Ta0a. 7.1,

Ta6auua 7.1

Mapka HoMunanbubie pasmeps YaBoennas ToAUIMHE
npoBoaaA TOKONPOBOSIIHE HHABI, MM HIONSAIMH, MM
rch Z 1,050 0,23—0,35
TcaJ1 6=0,9--56; b=2,24+125 0,32—0,50; 0,27—0,42
NCaK < 1,050 0,23—9,35
TICAK-N a=0,9-+-5,6; 6=2,24--12,5 0,32—0,50; 0,27—0,42
NCAT < 0,35--2,12 0,18—0,25
[ICIT-J1 2 0,315—-2,12 0,14—0,24
MCAKP a==0,9--3,55; b==2,24=-10,00 0,26—0,34; 9,22—0,24
CAXT-N & 1,16—2,44 0,35
N3TBCL a==1,01+3,53; b=2,83=8,0 ‘ 0,51—0.,61
& 1,60—3,05 0,27—0,33
Ancho a=1,8-+36; 6==3,35-+14,0 0,39—0,50; 0,27—0,40
& 0,315—38,00 0,28—0,36
TIOX a=0,9--3,55; b=2,12=-10,6 0,44—0,62; 0,35—0,43

TIpumeuanue PasMeps TOKONPOBOAMIIEH JKHABL: A KPYLJOi — Ana-
verp &, LIa NpAMOYTroJbHON — pasMepbl CTOPOH a, b.

Creks09ManeBas U30a5UHA 0OMOTOUHBEIX MPOBONOB B CBOEH OCHOBE
cofepxut cucremy Si0O, — PbO — B,0Oj, yro no3poJsier AaHHBM 1po-
BOZAM JUIHTEIBHO paboTaTh NPH BLICOKHX Ttemneparypax. Hasuuwe
OUMeTaNJINYECKOH MeJHO-HHKEJIEBOH KUJbl (HUKeTb HAHOCHTCH MeTo-
JIOM TI;IAKHPOBAHHS) TIOBBIILIAET CTOHKOCTD 1POBOJOB K AEHCTBHIO OKHCIH-
TenbHOH cpefbl. JIJisi TIOBHILIEHUSA 3JTACTAYHOCTH M 3JEKTPHUYECKHX Xa-
PAKTEPHCTHK CTEKJ0IMAaNeBas M30Js1{Usl TOKPbIBaeTCsl, KaK NPaBHJIO,
OPraHOCUJIMKATHBIMU coctaBaMu. L1 AauTenbHOH 3KCIlyaTalMH NpH
400 °C BeinyckawTcs 0OMOTOYHBIE IIPOBOJla CO CTEKJI0SMaJIeBOH H30J-
uueldl mapku I12)KDB. PaguanpHag TOMLIMHA H3OJALMH  COCTaBJSAET
3—7 MKM, a NpoGUBHAs HAHPSKEHHOCTb — 0K0J10 30 MB/m.

Huist pabothl npu Gosiee BricoKUX Temneparypax (500 °C) Brimyckator
TPOBOA. C KHJIOH M3 OHMMETaJMYecKoH NPOBOJOKH cepebpo-HuKeb,
kotopulft uMeeT Mapky II3)KB-700 u obJagaer NMOBLIIICHHON TOJMIHHOH
u3onauun (7—10 Mrm).

O6MOTOUHbIE TPOBOAA CO CIIOUIHON CTeKIAHHON H30asHell noayya-
10TCS. METOIOM BBHITATHBAHUS TOHKOH MeTaJJIMYeCKOH HUTH U3 pasorpe-
TOrO TOKaMH BBICOKOH UACTOTHI IPYTKA MeTasl1d, HaXOASIIEerocst B CTeK-
ASSHHOR Tpy6Ke, M OTHOCATCS K KJaccy MHKponpoBofos. [lpoBoaa
¢ MaHTaHWHOBOH XuJjoi (quamerp 3—100 mxm) umetor mapky ITCCM
¥ UCNOABL3YIOTCH B OCHOBHOM [Jisi PUIOTOBJEHHS Pe3ucTopok. Meanne
riposoga Mapku [IMC umetor anamerp 5—200 MKM, a TOJHIHMHA H30JIs-
uH cocraBaser 1-—35 MM, [IpoBoaa co CHJIOMWIHOA CTEKIAHHOH H30J5-
1Hel OLleHHBAIOT M0 [IOTOHHOMY JIEKTP HYECKOMY CONPOTHBJ/ICHHIO H TEM-
niepaTypHOMYy Koa((HIHeHTy CONPOTHBJEHHA. B COOTBETCTBHH C ITUMHU
apaMeTpaMH OHH TMOJAPA3NeJsIOTCS Ha BoceMb I'PYII M TPU KJjacca.
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[JoMuMO yKa3aHHbIX B KJIACCHOUKALMK BHIIIYCKAIOTCH TAKXKE BhICO-
KOYACTOTHBIE [IPOBOJA, KHJbI KOTOPBIX CKPYUHBAIOTCH H3 OTHEIbHBIX
3MaJ¥POBAHHLIX TIPOBOJIOK A5l YMEHbLIEHHS [OTEPh OT NOBEPXHOCTHO-
ro sddexra u sddexkra Guusocru (Mapxwn SO, JIBUIA, TTAJ10,
JIDJL, JIDI, JIDTIKO); ofmorodrble 1poBoja ¢ AebTa-acGecToBoil
usonsuued (mapka [1JA), npumensiemble B TSATOBBIX 3JE€KTPOJABHTATE-
JAAX; CBEPXBLICOKOIPOBOASALIHE W KPHONPOBOASUIME [IPOBOAA C KHJIA-
MH Ha OCHOBE CNJIABOB HHOOHH — THTaH, HHOOHH — UHMPKOHHH, 3Ma-
JUPOBAHHbIE DA3AUYHBIMH JaKaMmu.

YcTaHoBOUHBIE [1POBOJA TIpeAHA3HAUEHB! LIt PACIPENETCHUA 3JIeKT-
PHUECKOH 3HePTrUd B CHJOBBIX M OCBETHTEJbHBIX YCTAHOBKAX MPH He-
NOJIBMKHOH NPOKJALKE HA OTKPHITOM BO3AYXe # BHYTPU MOMEIUEHHI, a
TAKKe /A NUTAHHS 3JEKTPOABHrare el H MOAKJ/IIOUEHHSA [POMBILLIEH-
BLIX U Ja0OpATOPHLIX NEPEHOCHBIX NPUOOPOB W annapatypol. JlaHubie
npoBofia BellycKalTes Ha Hanpskenue 380, 660 u 3000 B kpyraoi u
TJAOCKON (hOPMBI C MEIHBIMHY H aJIIOMHHHEBBIMH JKHJIAMU, KOTOPLIE U30JH-
PYIOTCS PE3UHON MJTH NJIACTMACCOH M PACHONAraioTes HapasiesbHo Ju-
60 CKpYYUBAIOTCH B CEPIEUHUK.

ITpoBona ¢ pe3unoBolt usossLHell, OCHOBHbIE MADKH KOTOPbIX MpHBE-
feubt B TabJa. 7.2, KONYCKAIOT AJUTeNbHbII HArpeB xua 10 65 °C, upu
HCMOJIh30BAHUHM TEILIOCTOMKON pe3UHbl Ha OCHOBE OyTHJIKAyuyKa —-
20 85 °C, a npoBojA ¢ KPEMHUNOPraHHUECKOH PeIHHOBON H30ARIHel MO-

Tabawna 7.2

N } HoMuuaapHoe ceye- Hapyxupti
Mapka nposona Uyeno wn GRe KHAB, MM2 AnaMerp, Mm
nPTO 1 0,75—120 3.7—19.3
2; 3 1120 7.5—38,9
4; 7 1,5: 2,5 7.9—41,6
9,6—15,8
11,6—19,9
10 1,5: 2,6 15,0, 16,5
14 2,5—120 16,4; 18,6
ATIPTO 1, 2;3 3.7—19.3
7,5--38,9
7,9—41,6
7 2,5—10 1,6—19.6

10 2,5 16,6

i4 18,3
NMPH 1 1,5--120 3,8—18,6
MPTH 3,9-214
ATTPH 1 2,5--120 4,2—-18,7
nPH 1 0,75—120 3,4—18,6
AITPH 1 2,5—120 4,2—18,7
MPr'H 1 0,75—120 3,5—-21,4

ATITIP 2; 4 2,5--10 3-14,0—-9,2.19,4

12,1-17,3
3 2,5 5,0--19,0

™
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FyT dsuTensio paGotats tpud 180 °C. B HekoTopsix cayuasix 3TH npoBo-
Aa moryt umerh peauHoByio (ITPPTI), naacrmaccoByo (ITPB/1) usu
meTaqiauueckyio ([IP®J1) obonouxy.

[TnactmaccoBasi (HONHITHIEHOBAS WIH M3 MOJUBHHWJIXJIOPHUAHOIO
UJIACTHKATA) HM30JALUHA JOlycKaeT AauTe/pHEA Harpes jgo 70 °C. Mx
OCHOBHBIE MAPKH (IpUBeLEeHBl B Tabs. 7.3.

Ta6auwa 7.3

Huamerp, mm
Mapka nposona Ceuenne, MM*
360/660 B 660/1100 B
AITB 2,0—120 3,40—16,9 3.40—17,70
[IB1 0,6—95 2,0—15,6 2,40—15,80
[1B2 2,0—95 3,20~—15,66 3,80--16,10
[1B3 0,5—95 2,10—17,97 2,50—18,40
B4 0.5—10 2,14—7,28 2,64—7,68

MonmamxcHewe nposoda NMPUMEHSIOTCA B OCHOBHOM KODPOTKHUMHU OTpE3-
KaMmH JJI51 HeTIOABWKHOH IPOKIAJKH IPH BHYTPHU- H MEXKOJOYHBIX COEIH-
HeHHSIX NPHOOPOB, ANMAPATOB U JAPYrUX SAEKTPUUECKHX 4 PafMoOTeX-
HUYeCKHX ycTpoictre. B cBfsM ¢ pasHooOpasuem YC/I0BHE HX [PH-
MEHEHUS MOHTAaMHble TIPOBOA2 HMEIT GOJbLIOE KOJHYECTBO MApOK, CO-
Iepxallux cjaelylouide OyKBeHHbe o0003HaueHUA: nepBast OyKBa
M - MoHTaxHBIH;, BTOpaf OykBa B — NONHBHHUAXJOPHAHAH H30/S-
uus, [T — nosusrnsienosas, [1O — obnydenHast HOJAUITHACHOBAS,
P - peaunosasi, C — u3 crekJoBoJoKHa, JI -— jaBcaHoBas, ®@--
droponiacrosas, Ul — wenkosas. Iocaepywiuiue O6ykBb  060-
anauaior: K — kanpoHoBas ofosouka; 3 — 3KpaH B BHIE OIJIETKH W3
MeIHOH npoBoJoku; T — Tpomuyeckoe HcOOJHEHHe;, Y — yCH/IeHHas
Auiaa u 1.8 VHOTaa HA BTOPOM Mecte B Mapke fpoBOAa CTaButes OyK-
Ba [ (rubxufi). .

Mo THIly M30J5LHY MOHTAXKHBIE TPOBOJA MOMKHO Pa3fefuTh Ha TPH
rpynibi: O6UIETO TPUMEHEHHR, HAarpeBOCTOHKHE H BbICOKOBOJIbTHBIE.

MoHTaKHble NPOBOAA OBGLIETO NMPUMEHEHHS BBINMYCKaIOTCH OBbIUHO C
MEAHBIMH JYXKEHbIMH JKUIAMU ¢ BONOKHHCTOHN, MJIACTMACCOBOH H KOM-
OUHUPOBAHHOH H30AsLUEH B KANPOHOBOH 06oJouke uau Oe3 Hee ©
lpeaHa3HaueHnt Aas paboThl NMpu nepemMeHHOM HanpsukeHuu o 1000
B B auanasose temrneparyp ot —50 1o —+70 °C.

Harpesocro#ikve MOHTa>KHBIE IIPOBOAA H3FOTOBJIAIOTCS, KaK [IpaBH-
N0, ¢ IIPHMEHEHHeM H30JAUHH H3 ClMTOro (06JAYYeHHOTO) NOJINITHIEHA,
KpeMHHHOpPraHHYecKoH pe3uHbl, (PTOPONIACTOB, a TaK:Ke KOMOMHaIUH
CTEKJOBONOKHA € (PTOPONNACTOBON NEHKOH, UTO [103BOJAHET MX UCIO/b-
30BaTh B HHTEpBase temnepatyp ot —60 xo -+ 250 °C.

BbicOKOBO/IbTHBIE ~ MOHTaXKHBIE  1IPOBOAA  (HANpUMED, MapKh
MBMIT-2) ¢ nonusTHAEHOBOH U30/AsKeH UCTOMB3YIOTCS 1IPH Hanpsxe-
nuax 2, 2,6 v 4 xB u npu remueparypax or — 60 go 85 °C.
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OcCHOBHBIE THITBI MOHTAXKHBIX IIPOBOJOB PAa3/THUHOTO Ha3HaYeHHS
1peAcTaByieHsl B Tab.1. 7.4.

Ta6anuna 74

O6igero npUMeHeRns “ HarpesocToftkne
{ e ¢ eqeHne
n!;g;:)\:a HHCIIO KHA NE;JIITH;::{”’ lxgg};g;a HHCA0 KU )lEH.n, MM?
MI'll 1 0,05-—-0,12 |MKP 1 0,75—120
MIU T 1 0,12—0,75 {MKPT
MKP3
MI'CAl 1 0,20—1,50 |MIIO 7—49 0,12—0,75
MI'CJID 1 0,35-—1,50 |MI103
MB 1 0,08—1,00 (MIIOY
MI1 1 0,08—2,50 |MCTI1 I 0,08—6,00
MB3 2,3 0,12—1,00 |MCTILJT
MBK 1 0,08—2,50 §MCTIII"
MITK 1 0,08—2,50 {MT OITO 2 0,12; 9,20
MBK 2,3 0,12—1,00 MY IATI20
MIIK 2,3 0,121,500 |[M®DOJI 7--20 0,20

Hasi 8030ytunbix AuRUL 3AeKmponepedasy BHITYCKAIOTCS HEH3OIUPO-
BaHHbIC NPOBOJA U3 MeAH, AJIOMMHUS, aJIOMPHUEBLIX CIJIABOB, a TaKXe
CTasleaJIOMHHHEBBIE NPOBOAA, KOTODPHIE U3TOTOBRJSIOTCS MYTEM CKPYTKH
U3 OTAEJbHLIX 3M€MeHTapHbIX NPOBONOK. B HEKOTOpHIX cayuyasix A4
NOBLIWEHHS CTOHKOCTH MPOBOJOB K aTMOCHEPHBIM BO3AEHCTBUSIM HX NO-
BEPXHOCTb NOKPLIBAIOT TEPMOCTOHKOH CMa3KOH.

Mennbie npoBojaa {Mapku M) BhINYCKAalOTCS B ANAnas’one CeueHyi
4-—400 MM* ¢ yncnoM NPoBOJOK o1 | jo 37; amomuHueBble (MapKy A)—
16—800 Mm% c yuncoM npoBosiok oT 7 1o 61; U3 a/IOMUHHEBOTO YRPOU-
HEHHOro cIiaBa (Mapk# An) — 16—-185 MM® ¢ uucjaOM TPOBOJOK OT
7 1o 19.

§ 7.2. KaGesn

CuJsioBble Kabenu NpeiHasHaueHbl sl NePejaud W PAChpefle/IeHus
3NEKTPUYECKOH 3HEPrHH IIPH HAIpPSDKEHUH NPOMBILUJIEHHOH YACTOTh H
MTOCTOSTHHOM HalpAXeHHUH U ABJASIIOTCA HauGosee OTBETCTBEHHbIMII H3je-
AUAMH Kabe/bHO# oTpac/y.

OcHoBy KaaccuduKauuu CcHJIOBLHIX kalbeneit (puc.7.1) cocraBaser
3HaYeHHE HOMUHANLHOTO HANIPSKEHUSA, PU KOTOPOM Kalesib MOXeT pa-
GotaTh AMHUTEJbHOE BpeMs. B cooTBeTcTBHM ¢ NaHHO# Kaaccudukanuei
rpynny Kabesed HN3KOTo HanpsrKeHHs COCTaBIAT Kabenu, npenHas-
HagyeHHple 151 paloThl B 3JEKTPHUECKHX CETSAX C M30JMPOBAHHOH M 32-
JeMJVIEHHOM HeHTpaJiblo nepeMeHHoro Hanpsixenuss 1. 3, 6, 10, 20 n
35 kB, uacroro#t 50 T'u, a Takxke B CeTsiXx HOCTORHHOTO HAUPHIKEHHS
(0fHO -M IBYX>KHNbHbIE Kabenn).
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B CCCP cunoBble KaGean HU3KOro HaNpPSIKEHHS BIITYCKAKTCH € 6y-
MaXKHOH NPONMTAHHONA, PE3HHOBOH H IJIACTMACCOBON H30MSIIHeH B OfHO-
ABYX-, TPeX- H YeThIPEXJKHJIBHOM HcTogHenuu (puc. 7.2—7.4). Ogno -u
TPEX>KHJIbHbIE Kabend NpeAHa3HauyeHbl A8 paboThl B CTHX ¢ HAMpPsKe-
Huem 1-—35 kB, a AByX- M YeThIpeXKHJIbHbIE -— C HAMPSKEHHEM A0
1 kB. Uersepras xunia B Kafesne ABJIseTCA 3a3eMIAIOMEH UK 3aHYA0-
IOILEH, U NO3TOMY €e CeueHHe, KaK NPaBHJIO, MeHbLIE CeUeHHsI OCHOBHbIX
#un. JKuael KaGesell HH3KOTO HANPAKEHUST H3TOTOBJAIOTC M3 MEAH H
aMIOMHUHHST OLHONPOBOJIOUHbIE JHOO MHOTONPOBOJIOUHBIE yIJIOTHEHHOTO

Lunobeie wadenu
|

[ Husrozo Hanpswerus ] [ Bsjconceo HaﬂpﬂXEHuﬁJ
C Syramrou £ | 1C Loi C dymaxrou : p
ponumaHOG C npacmmaccabos pesurobou PRI ¢ npacmmaceoBod
< eu u3e. ; 7
usgnayued uonguu 30nAYUEU v UNRUe
LByxaunsHoi e, Macaa- fa30-
YARUA HbIE MIbIPEXKLINHBIE HANDAHEHHbIE HONONHEHNBIE
L{HﬁHﬂMUﬂbﬂb/EJ ]l,’oex»m/w-/b/e ] Msmm dabnernus ] Beicornoeo iaé’/zeumf

Puc. 7.0, Knaceubukaiusi CHaoBeix kabencd

1ina, IlpuMmeHenne CKPYYEHHBIX H3 OTARIbHBIX NPOBOJOK KU CHO-
BbIX Kabesaeli No3Bo/ser COXPAaHHTb MX FMOKOCTH NPH GOJBWHX ceye-
HUSIX.

CucreMa MapkKMpOBKHM CHJIOBLIX Kabenel oT/iMuaeTcs AOCTATOUYHOM
IIPOCTOTOR H OJHO3HAUHOCTBIO. COryacHo 3TOH cHCTeMe, MeHble TOKOHPO-
BOASAIIHE KHJIB B MaDKHPOBKe Kabesell He 0603HAYAIOTCS CIIEIHaAbHOM
Gyxksoii. Hanuune amomMHHUEBOR »HJbl o6o3uauaetcsi GykBo# A, Ko-
TOpas CTaBHTCA B HauaJe Mapku Kadens. Cienyiomias 3a Heit GykBa yKa-
3bIBAET HA MaTepHaa M30AALHK Kabena: Il — noanstnieu, B — nouu-
BUHHAXJOPUAHBIH naacTHKaT, P — pesuna, Ilc — camosatyxawouiui
nonusTHIEH, 18 — BYJIKAHU3UPOBAHHBIA MNOJUSTHIICH.

BymakHan [pOnNUTAHHAA H30JsALHUS HE HMeeT OYKBEHHOro o6o3Hade-
nusi. Tperps OykBa Mapk¥ kafens o0o3HauaeT THN 3aWIUTHOH oboJIOu-
ku: A — amomunuesad, C -- csunuoBas, [1 — nosustunenosas, B--
nosnBuHHIIXxAopnanas, P — pesnnoas, HP — obonouka M3 pesuiibi,
ne nojaepxxuBaioieii ropenusi. [locaeinne 6yKsbl 0603HaualOT THN 3a-
ILHTHOTO NOKPLITHS: [ —- 6pous U3 ABYX CTaJbHbIX OIHHKOBAHHBIX JEHT
¢ AHTHKOPDPO3HOHHBIM 3AUTHLIM TTOKPOBOM, DH — TO e, HO He C FopIo-
UMM 3ALHTHEIM TIOKPOBOM, [ - OTCyTCTBHE 3alIMTHBLIX MOKPOBOB O-
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BepX GpOHH HJAH 000J0YKH, K -~ OPOHS U3 KPYIJIBIX CTAJIbHBIX OUHH-
KOBAHHBIX NPOBOJIOK C 3AHTHBIM MOKPOBOM, [1 — Gpons H3 MNOCKUX
CTAJIbHBIX OIHHKOBAHHBIX TNPOBOJNOK C 3alIMTHHEIM [OKPOBOM, B —
OpoHst W3 npoduaAupoBanHO# cranbHoH Jentw, s (n) — 3amur-
HbIl MOKPOB M3 BLIIPECCOBAHHOrQ MIIAHTA U3 IOJHBHHUJIXJIOPHIHOIO
nacTHKaTta (MoausTiieHa).

CusioBbie Kabesd HH3KOro HanpsaxeHus ¢ OyMaxHo# IponvTaHHol
H30/ALMEN 0 KOHCTPYKTHBHBLIM NIPU3HAKAM AENATCS B OCHOBHOM Ha Ka-
Genu ¢ mosicHoi usosaured (1o 10 kB) ¥ ¢ oTAeNbHO OCBHHLIOBAHHLIM H
wumamu (20 1 35 kB).

Puc. 7.2. IIByxxn/abHele kabeJin Puc. 7.3. Tpexmuibuple kabein
¢ KPYrJAbiMH (@) H CerMeHTHbI- ¢ KpyrasiMy  (a) U CEKTOpPHBIMu
Mu (0) xunamu (G) XKuaamu

Cusosble Kabesiy ¢ MOSACHON H30J5LMeH BbI1YCKAOTCA TPEXXKHJb-
HOrQ THIA C CEKTOPHBIMH XKUJIAMH H3 MeAH HAH a/IOMHRUS B AMATNAZ0HE
cevedguit 6240 mm%. B KauecTBe HM30JSNMH B HHX HCHOJIb3yeTca Ka-
fefbHast GyMara, KOTOpast HakJaAblBaeTCs Ha MUY METOLOM O6MOTKH H
IPONHTHIBAETCS 3aTeéM BA3KHM MacaokauudoabubiM coctasoM. [losepx
CKPYHYEHHOTO - H3  U30JUPOBAHHBIX
HUJI CepPIEUHHKA Kabess HakJaibl-
BAeTCS NOSICHAS M30JIfLHS, TOJLIHHA
KOTOPO# MeHbIlle, ueM ToJIIIHHA (as-
HOH (2KHUJIBHOH) M30JALHH, TaK Kak
KUJBHAA U30AALHA PACCUMTHLIBAECTCS
Ha JHHeHOe HaNpsKeHHe, KOoTopoe
B TpY pasa GoJblie (asHoro.

B kabenax Ha HanpsKeHust | #. Puc. 7.4, Yerwipexsmuabhble Ka-

3 kB Tonmpea M3oaAuMd BeIOHpaeT- enn

€4, KaK NPaBujo, H3 YCIOBUA €e Me-

XaHUUECKOH MPOYHOCTH (OTCYTCTBHA NOBPEKAEHUH Nipu uarudax). [Ipo-
MEXKYTKH MEXKAY H3OJUPOBAHHBIMH JKUJTAMH 3AONHSIOTCH XKIYTaMu
U3 cy/bdaTHOH Gymar.

Tax Kax GymaKHasa NpoNHTaHHAA H30ALNH HMeeT 6O/bILYI0 THIPO-
CKONHUYHOCTb, TO TPH €€ HCIONb30BAHHH HEO0XOAMMO NPUMEHSThH Me-
TannHueckne o6o/I0YKY (CBHHUOBHIE HJH aJIOMHHUEBbIE), KOTOpPbLIE 3a-
UIHUIAIOTCS OT MEXaHHYeCKHX MOBPeXASHHH H KOPPO3HH CHEHHAbHbIMH
ToKpeITHAMH. CHOBBIe Kafesu ¢ NMOACHOH M30Js1Hell CoCTaBISIOT No-
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Ka eue Go/blIyIO 4acTb KabeqpHOH NPOAYKUHU M HMEIOT CAeAyIoliHe
mapku: AC, ACT, CT', AAllls, AAllln, CB, CBI', Cllie, AAB u T.4.

CyliecTBeHHbIM HEJIOCTATKOM CHJIOBBIX KaGeneil ¢ 6yMaXkHoH Mpo-
IUTAHHON H30IANKEH ABASETCA OrpaHHdYenHe Npy MPOKJIaJKe Ha MECT-
HOCTH ¢ GOMBIIUM NTEPENALOM BBICOT, TAK KAK B 3TOM C/ydyae MApONHTOU-
HbIIl COCTAB MOCTENEHHO CTeKaeT B HHXKHIOI YaCTh TPACChl, 4TO MPUBO-
AWT K NOBLILIGHHIO AaBJeHNST B KaGene W MOXeT BbI3BaTh MOBPEXAeHHe
06os0ukn. OXHOBpEMEHHO BEpXHUI yUACTOK Kalessi JHIIAeTCs 3HAUM-
TeJbHOI YACTH NIPONHTOYHOFO COCTABA, UTO IIPHBOAMT K 00pa30BaHHIO M-
CTOT U, CJeJ0BaTeIbHO, K YMEHBIICHHIO 3JEKTPHUYECKOH NPOYHOCTH Ka-
6ena. [lostomy ykasanubie Kafeau peKOMeHAyercs TPUMEHATh [pH
tiepenage soicot He Gosee 20 M, Aaa KabGeseft Ha Hanpsrkenue | KB,
15 M g5 Kabesell Ha Hanpskenue [0 kB.

Ha Tpaccax ¢ Go/buM nepenaiom BEICOT PEKOMEHAYETCS PHMEHSTH
cnenMasbHble Kabesu AJ5 BepTHKaAbHONH npokaaiku tuna CbB u UCH.
KaGenb mapku CDB umeeT 06eIHEHHO NPONUTAHHYIO GYMaKHYIO H30J151-
UHI0, KOTOpAas H3TOTOBJSIETCS NTyTeM YJaJeHUst HEKOTOPOH 1acTH [IPOIH-
TOYHOTO COCTaBa MpIH HATPEBe B CNELMHaJbHbX yeTpoHcTRax. CHIlKEHHe
J1EKTPHHYECKOH NPOUHOCTH H3IOJNAUNH  KOMDEHCHDYETCS NOBLILUEIHEM
ee toawuHbl. Jlasa kabeneit ¢ ofefHEHHO TNpPOMHTAHHON H30JAUHel
nepenajn BbICOT Na Tpacce cocrapyer He Oonee 100 M. B mecTHoctsix ¢
¢ OONbIIMM MepenajgoM BEICOT TMpuMeHsiercsi Kabeip mapku HCB, 6y-
MAXKHAR H3OAAUUS KOTOPOTO NPOMUTHIBACTCS HECTEKAOUIMMH NPOTIH-
TOUHBIMH COCTABAMHM HA OCHOBE CUHTETHUECKOro Lepe3nHa, ob/alatollm-
mu B0abINONA BS3KOCTLIO NpH paboueil Temiiepatype xabeas, xopoiei
aure3refl K KHJI€e M JOCTATOHMHO BLICOKUMH 3JEKTPOU3OISILHOHHBIMI
CBOHCTBAMH, 4TO MO3BOJMAET HCMOAB30BATL HX B CETAX C HANPAMKEHHEM
Io 10 xB. :

Ha mHanpsikenus 20 u 35 kB B CCCP wusroroBasiorca  Kabequ
NU00 B OHOXW/IBHOM HCMOJIHEHHH B CBHHUOBOW W amioMuBHeBOH 000-
nouke ¢ ceueHuem K 120300 Mm%, n1H60 B TPEXMKUJIBHOM HCIOJAHE-
I'HH, 1IPH KOTOpOM Kalesb CKPYYHBAGTCH W3 TPEX KPYIJbIX H30JHMPO-
BaHHbIX OyMa)KHOH NPONUTAHHON H30JALMEN KU, KaXKAas H3 KOTOPbIX
HMEET CBHHLIOBYIO 060J0UKY, UTO H03BOASET CO34aTh B Kabene pajuaJb-
Hoe ajeKTpHueckoe nose (mapkun OCB, OCK, AOCH, AOCBET', AOCK).
KaGesu ¢ oresbHO OCBHHUOBAHHBIME XKudamu ceuenueM 120—150 mm?,
COXPAHAKT [OCTATOUHYI THOKOCTb, COAEPIKAT MEHbIUee KOJHUYECTBO
[IPOTTUTOYHOrO COCTABA M HMMEIOT JIyUlliHe YCJIOBHS JJ51 TeNJOOTBOAA.
Henocratkom ux sisasores Gosbiias Macca v NOBLIIEHHLIN PacXol me-
TaAAd LT 000JN0YEeK.

CunaoBbie Kabeau ¢ pe3sHoBOH H30AsILKeH [IpeiHa3HaUueHbl B OCHOB-
HOM /151 HeNOABHIKHOW NPOKJAAAKHU C MaJbIMH pagHycaMH H3ruba B cersix
nepemMeHHOro Hanpsxenus 660 B wiu nocrosinHoro xanpsxenus 1,3,
6 u 10 kB. daunne kabejan MOTYT UMETh MeIHbIE UM aJIOMHHHEBBIE TO-
KOMPOBOASIILHE KUAB KAK KPYIJIOH, TaK M CeKTOPHOW (opmbl, H30/H-
poBanubie u3oasiinottoll pezuwoit. [NoBepX H301UPOBAHHLIX KU UK
CePACUHHKA Kadedsl, CKPYYEeHHOro W3 HeCKOJNbLKHX XU/, HAKAALLIRACT-
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ot 000J/I0UKa U3 CBHHIA, TOJIMBHHUAXJOPHAHONO NJAACTUHKATA MM LIIAH-
roBofi pesutbl. B HEKOTODBIX Cly4asix, KOTOPbIE ONPENESSOTCa YCI0-
BUSIMH NPOKJaAKY Kabedell. OHH MOTYT HMETb YNPOUMAIOULHE MOKPOBBI.
COCTOSILLHE H3 ABYX CTAAbHBIX J@HT, H 3aLIUTHbIE AHTHKOPPO3UOHHBLIE
NOKPOBbl 00bIUAHOH KOHCTPyKUHH. OCHOBHbIE MapKH Kaleseil ¢ pe3uuo-
BOH H30ssILHENH (IpHBeAeHbl B TabA. 7.5.

Tabauwua 7.3

{lepeMeHnoe Mocrosynoe Hanpsxenne, B
: Hucao AAHPIKE- B
Mapra Kabeau OCHORHBIX wye 660
N {oeToAH O 300 6000 o000
\ 1000) ,
| ) .
P . ! 1—-240 1,5--500{ 2,5—500] 240400
ACPT I 4--300 4500 | 4500 | 240—400
cbr 2.3 1 —185 — — —_
ACPT 2 4240 - —_ —
ACPT 3 2,5—240 — — -
BPT, HPF 1—3 1240 - - _
ABPT, AHPI -3 4—300: — —
. 22,5300
CPBIT, ACPBI[r ! 240, 400, - -~
500
C.PBl, ACPBI t - — 95, 240, -
400, 500

CPB, CPBI, BPbBu, :
CPB, BPBI, HPB,
HPBI 2.3 2.5 185 _ — _
ACPB, ACPBYT, ABPB, 2.3 4240 ] — -

" ABPBu, ABPBI. AHPB, 2,5—240. e — —~
AHPBTI »

CunoBbie Kabesu C 114acTMAcCOBOM H30JsILHeH MpeHa3HAYEHbl LS
HENOABHXHON NPOKJAAKH H MOT'YT KCIJYaTHPOBATLCS B 3JEKTpHue-
CKHX. ceTdax nepemeHHoro uanpsxenust 1-—35 kB. 210 Haubonee
nepcnexmsﬁbm THI Kabenelt, NOCKOJbKY OHH JIOCTATOYHO MPOCTHI B U3-
FOTOBJIEHHH, * Y 1OGHbI NpH MOHTaXKe U 3KCIUlyatauuu. [Ipumenenue
JIaCTMACCOBOH (MOJMUITHICHOBOH HJAH 1I0JHBHHHAXJIOPHAHONA) H30.5-
UHH, KOTOPAR OTAHUYAETCA XOPOLeH TEXHOJOTHYHOCTBIO, THOKOCThIO, A0
CTATOYHO BBICOKHUMHU 3MEKTPOH3OJIAUHOHHBIMY XaPAKTEPUCTHKAMH M
BJATOCTOHKOCTBIO, TIO3BO/ISIET BO MHOTHX C/AYHasX OTKA3aTbCA OT TMPH-
MEHEHHS MeTa/MHUeCKHX 0(GO0JI0UEK, YTO 3HAUUTENbHO CHHXKAET maccy
Ka0eaa W ero crouMocTs. OHH H3rOTOBASIOTCH B OJHO- H MHOTOXH/TbHOM
HCTIONIHEYHH C MEAHBIMH H AJIOMHHUEBHIMH TOKOTIPOBOASIIIMMH XKU1a-
MH KDYIJIOH .M CEeKTOPHOH (opMbl . B AMANA30He CeueHH# 1,5--
240 mm? (taba. 7.6). das xaGeas na wanpsmenue 1 —10 kB moxer
UCIIONB3OBATLCA KAaK MNOJAHBUHHAXJAOPHAHAR, TAK W MOJH3TH/IEHOBAs
H3OAALHKA, NPHUEM TIPHMEHAETCR HE TOIBKO TEPMOMNIACTHUHBIH (JHHEil-
HbIH) TIOMHITHACH, HO M CLIHTBIH, KOTOPbI HMeeT GOJbLIYIC HaTPEBOCTOH-
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Tabaugna 706

HoMunanbroe HaupsxeHue, kB

’ Mapka kaGenst KU 0 1 3 6
.66 :

41 1,5--50 | 1.5—240] — —
412550 | 25240 — —
4| 4-50 | 6—240 | 6—240 —

BB, T1IBT, [IcBI, [1aBT,| |
ABBTI, AIIBI, ATICBI, AllsT 1
ABB61Us, BB6l1lls, ATIB6I1s 2—
[1BB6Ile, Allcb6lls, [1cb6ls,
Allsb6llls, I18B6I1s

ABAIlls, BAlls, ABsHlle, | 3, 4 — 6240 6—240 | 10—240
[18Allls .

ABBT, BBY, AlNBT, TIBT, 3 —_— — — 10—240
AlleBT, HCBF AI'IBF [MaBT,

ABBﬁUIB

Bb6lls, AIlBoUls, TIBwlls,
AFIcBéIHB [TcBo6llls,
AHBBéHIB I1sB6lIB

BBr, BT, MeBT, NsBT

: — lis—2s) — | -
ABBT, AIIBT, ALIcBT, AllsBT

— | 2,5-35 — —

T

[3 W]

kocth. Kabeau Ha Hanpsikedue 35 KB UMEIOT TOJIBKO NMOMHITHIEHOBYIO
H3OMISILLHIO, KOTOpAaA ofecliequBaeT SoJliee BLICOKHE 3JICKTPOHIOSIIIHOH-
Hble XapaKTePUCTHKH,

B nacrosiulee Bpemsi CHJIOBbie Kabe/u ¢ 1aCTMacCOBOH H30AfiLIUEH
BCE HIUPE NPUXOAAT Ha cMeHy kabensim ¢ nponuTanHoi GyMaxHoN H30-
asiuet. .

B CCCP na nepemenHoe Hanpsukedue Bhiue 35 KB npuMeHsorcs B
OCHOBHOM CHJIOBble Kabesau Mac/oHANOJHEHHOTO THna HH3koro (0,4
0,5 MIla) wu Boicokoro (Goaee 0,5 MIla) aasuse-
nuti. Mcrnonb3osanue NOBHILIEHHOFO JABJEHHS B
KaGese ~3aTpyAHSeT pasBUTHE  HOHM3ALUOHHBIX
f1POLECCOB B I'&30BbIX BKAIOYEHHSAX, YTO NO3BOJIAET
NPUMEHATH GYMAXKHYI0 HMSOJALUIO, NPONMHTAHHYIO
MacsoM, TDPH ' HAUPSKEHHOCTH  SJAEKTPHUYECKOro
nosst 20---25 MB m. '

Ha wanpsxeune 110 — 220 xB  usroroBms-
0TCA, KaK MNpaBu/o, kKaGean HH3KOro JaBJjeHust

Puc. 7.5 Kabeaw pye 75) I kabesu HMEIOT TONBKO MeqHbie
© Mapkn MHCA s ’ ; 2
nanpaxKenne 110 kB TYKEHbe Kuibl cevenuem 120 — 800 wmm*. 1o-
BEpX KOTOPbIX HaKAajbiBaercs OyMaKHas U30-
JAAUMA, [IPONUTAHHAS MAaJOBS3KHM MHHEDPAAbHbLIM
maciom. [Las YIYUHIEHHST NOARUTKH OyMaxKHOH WM3O/IALNMH Mac/ioM B
HEeHTPE MM/Ibl Kabeis UMEEeTCH Kanas, KOTODPbi (GOPMHUPYETCs OOLIYHO .
H3 JyKeHbX Z-o6pa3ubix  11poBosioK. [Tp# GoablIof TOMKRE H30J5-
ity (anq kabens Ha Hanpaxenue 200 kB) unoraa genawTtcs KONONHU-
TeJIbHbIE KaHaabl 1104 06010uKoi Kabeas, 4Tobbi YMEHbUIUThL lepenaj
AaBNeHHA B M30MAUHH NPH HarpeBaHUH U OXJaXKIeHHy Kabens. Kpome
TOTO, KaHaa B IIEHTPE XHJbl MOMXKET ObiTh 00pa3oBaH C MpHMEHeHHEeM

o
"Il 7%
Jl{/’l

N
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CIUpaNnbHO HAMOTAHHOH KPYIVIOH WM IIPSMOYTONBHOH HPOBOJOKH H3
HEpIKaBeloleH CTajq{, MOBepX KOTOPOH HAaKJa[biBAETCA HECKOJIbKO
TIOBHBOB CErMEHTHBIX TIpOBOJOK. Kabean HH3KOro AaBjieHUs HUMeloT
TOIBKO CBHHLOBBIE HJIH aMOMHHHEBbIE 060/104KH. CBHHLOBAS 060.104KA
BCErfia yCHAMBAETCA ABYMS MeAHBIMH JEHTAMH, HAJOXKEHHBIMM C PAATUY-
HbIMH I1aramMH, a aJIOMHHHEBas NOKPHIBaeTCsl GoJiee BJAroCTOMKHM NO-
KPbITHEM B BHJE LINAHIA W3 NOJUBHHUJIXJOPUAHOTO miacTHKata. JLis
NPHAAHHS Kabesio ¢ anioMuHNEBOR 060104KOH §oabwed THOKOCTH HHOT-
Ja npuMeHSIOT rodpupoBaHHe obosoukH. [loeepx oboJouek Kabesiei
HU3KOro AaBJEHHS HAKJIAJBIBAIOTCS 3allHTHBLIE [10-
KDBLITHS, THII KOTODPHIX OHpelessieTcss YCAOBHAMH
NpokJaiKu Kabess.

Cucrema MapKHpPOBKH Kabenell HUSKOTO laB.je-:
HHA OT/iH4aeTcs AOCTATOYHOH NPOCTOTOH H BKJIO-
yaet B ce0st caenyrolue OyKBeHHble 0603HAUEHUS:
M — wmaciioHanosnHenuslft, H -— HU3Koro paB.je-
uug, C -— cBUHUOBAs  000J0UKa, A — amioMH-_
HueBasi ofosiouka, Ar — rojpupoBanHas ano
vunueBas obosouka, B — wwranr w3 noausu-
HAJIXJOPUAHOrQ MiacTHkara, UIBy — 10 Xxe, HO ¢
YCHJIEHHBIM 3aUIHTHBIM c7oeM noj uwiadrom, K — :
OpOHSl U3 KPYIVIBIX CTaNbHBIX OLHMHKOBAHHLIX NPOBOJMOK, A -— 3aiyT-
HBLIA JIOKPpOB H3 CAOeB 6HT}/MHOY0 €oCtTaBa JiaBCaHOBbLIX (HJ’IH PESHHO-
BbIX) JIEHT M TIPONMTAHHOH X aGenbHOH TpPsXKH.

Macnonanonnennsie xa6eqHu BbICOKOTO JAaBjeHHsl (B CTaJbRBIX TPy-
6onposojax) Ha nepemennsie Haupspkenusa 110, 220, 500 xB Buinycka-
“torest B CCCP aByx mapoxk: MBAT n MBATk. Mapka ka6ens paciung-
pOBLIBaeTCs caefyiolinM obpasom: M — mMacjoHanonHenssi, B— B,
cokoro, I — napnenus, T — B cranbHoM TpyGonposone. Coue TaHu -
6yks TK, 03HAYaeT, UTO XKHJIA KAGEJ s IOCTAB/ISETCS HA MECTO MOHTAXKa
B KOHTellHepe ¢ Mac/JoM. DJEeKTpHuYecKas NPOUHOCTbh 3TUX Kabeneil Bol-

. e, ueM y Kabejel Hu3Koro jajeHusi, OHU GoJjiee HaJEXKHBl B paéoTe
Gnarofapsi HaJUYMIO MPOUHOH CTaNbHOH 060J0UYKH, TOJIMHA KOTOpOH
coctasJsier 10 mm. -

Kax BunHo H3 puc. 7.6, KOHCTpYKLUHUS Kabesns conepmm TpH (aswl,
3aTSIHyTHE B CTa/1bHOH préonposon, KOTOPHIH 3aM0JIHAETCS MacJIOM NOJ,
nasnennem 1,5 MIla. Kaxnas ¢asa npencraBsasier cofoit XKHAY, CKPY-

. UEHHYIO M3 MEAHBIX JYXeHbX MPOBOJNOK H H30JAUDOBAHHYIO NPOIMUTAH-
HOll KaGenbHOH 6ymaroil ¢ BHICOKOH 3JI€KTPHYECKOI npodHocTbio. [as
ycTpaHeHusi a¢ddekTa NPoBOJGUHOCTH liepes H30JAHPOBAHUEM Ha XKUJAY
HAHOCHTCH 3KpaH H3 TOJYNPOBOAALIMX JeHT. Hasnuuue noBepx H30-
JSIUW 5KPaHa H3 MeJHBIX NnepHOopUPOBAHHKIX JIEHT, DasleeHHBIX JABY-
MfL CJOSIMH NOJyIPOBOASALLEl 6yMaru, cosfiaer B Kabese pagHalibHoe no-
Jie, 4T0 CoCOGCTBYET NOBHIIEHHIO JIEKTPHUECKOH TPOUYHOCTH H30JAIHH,
st obneruenns 3aTATHBAHHA KM/ Kabelst B TPyGONPOBOA ¥ yJ1yylle-
HUs TemnmooTBoaa hasel Kabesss UMEIOT TIPOBOMOKH. CKOJNBXKEHHS, KOTO-
pble BHIMOJTHSIIOTCA H3 HEMarHWTHOTO MaTepuana.

Puc. 7.6. Kalear
mapku MBIAT
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Ilpn npoxnaake kaGess B 3emJe CTalbHOH TPYSONPOBOJ 3aLLHILIAETCS
OT KOPPO3NU HAHECEHHEM TIOKPOBA. COCTOAILETO H3 CJIOEB TYFOTWIaBKOro
OHTYMa C K&OJAMHOM W rujipousonnToMm. Eciy Kabedb NpokaajlbisaeTes
B 0JIOK4X, TO HADYXKHBIE aHTHKOPPO3HOHHBLIE NOKPOBH COCTOAT TOABKO
13 cj1os GHTYMHOTO Jaka toaumuHoi O, 1-—0.25 vmm. :

MacsonanosnHeH Hble Kabey BbICOKOTO NaBJAEeHNs BhIIYCKAIOTCS B JH-
arasone ceuennt 120—1200 MM* npHMeHUTELHO K 04HOH (a3e.

["asonanosHeunsie Kabenn NPeacTasAsioT cofoft KOHCTPYRUMIO, B KO-
TOpoi# OyMaxKHasi H3OJSLHS, (POTHTAHHAS MacjoM. HAXOLUTCH 104
JaBjendem rasa B npepenax 0,7—3,0 Mlla.

CaThlil Ta3 MOXET HEIIOCPEACTBEHHO MOCTYHBATH B H30JS1LHIO Kaben s
(3a30pbl MEXIY JeHTaMM OyMaru, NPOCTPAHCTBO MEXKAY NPOBOJOKAaMH
BHYTPH »KHJIbI) JHOG, HE CONPUKACAsich ¢ U30ASUHENH, OKA3LIBATL Ha Hee
ZAaBJIEHHE Yepes3 ClIeUHaNbHOE YCTPOHCTBO (MeMOpaHy). 3anonHenue ra-
30HaNOAHEHHBIX Kabesell TPOM3BOAHTCS, KaK [PABHIIO, CYXUM H OuH-
LIEHHBIM OT npUMeceil a3’oToM. B HEeKOTOpBIX CydadX HCHOJb3yercs
cMech a3ata u saerasa (SiFg), KoTopas nMeeT {OJIBLIYIO DJEKTPHUECKYIO
IPOUHOCTD.

B cBA3M ¢ TeM 4TO 3JeKTPHUECKUE MAPaMeTphi Ta30HaN0IHEHHBIX Ka-
Hesiell pecbMa HECTAOUJAbHBI, MOCKOJNBKY JNOCTATOYHO CHTLHO 3aBHCAT OT
AaBaenus H temnepatypn rasa, 8 CCCP rakue kaGean NpaKkTHUECKH He
NPUMEHAIOTCS, XOTH 33 pyGerkoM, Hafpumep B AHIIAN, OHH NONYHHIH
JI0BOJILHO (IIHPOKOE PAaCHpOCTPaHeHHe, TaK Kak IHAYKTEILHO Heisienne
MacJOHAaNoMHEeHHbIX Kabened, ‘

Kafean BbiCOKOro HanpsikKeHHs C 111aCTMACCOBOH M30MRLHEH B
CCCP BRINYCKaloTCsl B, OLHOKHUABHOM HCIIOJIHEHUH HA 1IePEMERHOE Ha-
npsxenne 110 u 220 kB, OnH uMe0T aoMMHUeBbIe XKHJIb KPYTAOH
thopMbl AHGO 0AHOIPOBOAGUHBIE (ceuerreM 350 w 500 mM?), JHbO MHOTO-
npoBoJIOYHBIE (ceyenteM 625 MM?), KOTOphIe H30JgMPOBAHBI BYJaKaHH3H-
DOBaHHBIM NOJH3THIEHOM. ‘ -

HcnoarsoBanme ByJKAaHH3HPOBAHHOIO -HOJIUITHIEHZ [[OBbILIAET ‘Ha-
rpeBocToiKoCTb H3oa iy (10 120°C) u cTORKOCTL K AeHCTBHIO TOKOBbIX
neperpy3ok. Jns ypenuuenuss jekTpUueckod npouHocTH Kabeis no-
BEDX KHAB H U30JAAUHM ToauHuoR 11,4— 13 MM oanoBpeMeHHO HaK/1a-
AbIBAIOTCA SKPAHBl U3 LOJYHPOBOAAILETO NOIHITHICHA,

B cooTBeTCTBHM € TEXHHUYECKHMH YCJAOBHAMK ITH Kabeau BbIlyCKa-
totes caenywounx mapok: Allell — kabesib ¢ amoMHHHEBOR MHJOH,
HBOIMPOBAHHON BY.JIKAHU3MPOBAHHLIM TNOJHITHICHOM -B 0BOJIOUKE W3
nosHaTHIena Huskoro nasaenns; Allsllc - 1o xe, Ho B 060s0uKe K3
camosaryxatotiero noaustinera; AITsIly — To ke, 10 ¢ ABOHHOM 060-
JOMKOH M3 caMosarysiatoulero nonusrusena; AllsB - to ke, ho B 0060-
JOYKe U3 NOAWBHHMUAXJIOPHIHOTO I1VIACTHKATA.

[Mpumenenne xabeaefi ¢ nxacTMaccoBofl H3oAsiuned B 3nexTpUue-
CKHX ceTaX Ha nepeMenHoe Hanpsykenue 100 kB # Buiue no3BoAseT 3HA-
UHTENBHO CHHANTL CTOUMOCTh KaGeNbHBIX JIMHUN, YCKopsieT ripolecc ux
MOHTdAXKa M ToBhbIILIAET }/)106CTBH HX IKUTyaTallny.
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KoHTposibHble KaGeny npenuasHadensl Ajisi NPHCOEXHHEHUS 3/1eKT-
pHYECKHX IIPHGOPOB U aNflapaToB B 3/1eKTPHUECKUX pacipefe/ HTeNbHbIX
YCTPOHCTBAX C IlepeMeHHBIM Hanps:keuHeM Jo 660 B wacrortoii no-
100 ' unm noctosuusM 1o 1000 B npu TemnepaType okpyxaionieli cpe-
abt o1 —50 no 50 °C. OHH MOryT NPOKJIAABIBATBCH W HAa OTKPLITOM
BO3JyXe TPH YCAOBHH 3aLIATHL HX OT MEXAHHYECKHX NOBpexAeHuil H
BO3JEHCTBHs IPSIMBIX COJIHEUHBIX Jiyuel. JlaHHble KabesqH H3rOTOBIAIOT-
€A C OLHONPOBOJOYHAMH. MEIHBIMH. H AJIOMHHHEBBIMH KHUJIaMH cede-
aHeM 0,75—10 mM2, 4HC/I0 KOTOPBIX MOXKET COCTAaBASTh OT 4 j10 61.

KaGesu MoryT BhITycKaThCsl Kak B ofLieM 3KpaHe, TaK H C OTAE/Ib-
HO IKPaHMPOBAHHBIMH XKUNaMH. B KauecTBe MaTepHanoB AJsi H30JALMH
TOKONPOBOASAIKX JKHJ TAKHX KaGesefi NPHMEHAIOTCA DE3UHBI C HOp-
Ma/ibHO! H NOBBILIEHHOMH HaI‘peBOCTOHKOCTbIO a TAKKe M/1aCTHUEeCKne
Macchl (MOMM3THIEH, CAaMO3aTyXaIOU(HH NOMUITHAEH, NOJHBHHHIXIO-
PHAHBIA NJAacTHKAT, groponsact). TouliHHA H30ASLUMM, KaK NPaBHJIO,
cocrasaser 0,2—1.2 mm. OG6osioukn TakHX Kabeseidl M3roTOBJSIOTCA
M3 Pe3HHbl, NOJMHBHHHAXJIOPHAHOTO NJIACTHKATA MJTH U3 MeTassIa (CBHH-
HoBasi WM CTajbHasi roppHpoBanuas).

- CHcTeMa MapKHPOBKH KOHTPOJIBbHBIX Kabenell NpakTHYeCKH He OTJIH-
YAETCA OT CHUCTeMb! MapKHPOBKH CHJOBBIX Kale/edl HH3KOro Hanps-
Kenusi. OTAuYHe COCTOUT JIHHIb B TOM, 4TO HA NEpBOM MecTe B MapKe
KOHTpoJIbHOTO Kabens craButcest 6YkBa K, ecsu kabeab umeer MelHble
®Kuael, W 6yksbs AK, eciu aniomMHHHeBbIe.

Crneunanbupie KaGesqd B 3aBHCHMOCTH OT HAa3HAYEHHS M YC/IOBHH
NPOK/IALKH PasfeqsloTCAd Ha TruOKUe BBICOKOrO. HalPAXKeHHs, st
pajHoycTaHOBOK, a3pOJApOMHLIE, LIS 3JeKTPOCBapKH.

B nocaesuue roast nabumogaercsi OypHOe pasBUTHE BOJOKOHHO-OI-
THUeCKUX JuHui cpasy (BOJIC), BaKHeHAWIUM 3/1€MEHTOM KOTOPhIX fB-
JISIIOTCS . BOJIOKOHHO-oNTHYecKHe KaGean (BOK). ¥Ya3kui cBeroBoii Ja-
3epHBIH J1yY, MOAYJHPOBAHHBIN COOTBETCTBYIOLLHM 00Pa30M, MOXKET pac-
NPOCTPAHATLCS Ha OGoJibILHE pacCTOsSiHUA M NepelaBaTb OrPOMHBIH
o6bem nudopmauuu. Menonbzosanue ero i nepepayy B atmocdepe 3a-
TPYAHEHO H3-32 GOJBLUIMX NOTEPL CBETOBOH 3SHEPTHH, H3-3a UOrJoLle-
HUA H paccesiHusi, 00YC/IOB/IEHHLIX 3arpA3HeHHeM Nepelalolled cpeinl
(4aCTHYKH NbLTH, CaxKM, ra3bl, kaniad Baark). [lo Mepe paspuTus npo-
H3BOJICTBA ONTHYECKH YHCTHIX CTEKOJl ¥ CTEKJISIHHBIX HHTEH Ha HX OCHO-
Be NOSBMJACh BOSMOXKHOCTb NepejaBaTh cBeToBylo 3Hepruio no BOK,
OCHOBHbBIM 3JIEeMEHTOM KOTOpHIX siBisieTcsi OB (onTHuecKkoe BOJIOKHO).
B kauectBe matepuana st OB HCIob3yIOTCS CTEKAa Ha OCHOBE UHCTO-
ro xBapua. Jlyu csera, BBegenHniit ot Nasepa B OB, pacnpoctpansercs .
BAOAb €r0 OCH, €CAd IioKa3aTelb [MpeloMJIeHHst B LieHTPe BOJIOKHE -
6osbiue, yem y ero BHelIHe# NOBEPXHOCTH. DTO JOCTUIARTCS, HANIPUMED,
| yTeM H3roToBJeHHs AsyxciofiHoro OB, uenrpasbeas yacTh KOTOPOro
(cepreyHUK) 3a cYeT JIETHPYIOIMX JOOABOK HMEET NoKasaTesb npeiome-
HUf, HeMHOro Gosbunii Hapy»xHoro caona OB (cserompamammaﬂ o60-
nouKa).

HanpaBienHoe pacupocTpaHeHue CBETOBOT'O NOTOKA TIPOHCXOAHT 3&
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¢cyeT MHOTOKPATHBIX MOJHBIX BHYTPEHHHX OTPaXKeHHH CBeTOBhIX Jyueil
OT TPAHUUBL Pa3/ieNa CepAeUHHK — 00os0uKa, JJHameTp cepieuHuka He .
npesbliuaer 50 MkM, ob6osouku — 100—150 mkm. Takasi cTeknAHHas
HHTB TpeOyeT yNPOUHEHHS H 3aLUUTEL OT BHEIUHWX BO3AEHCTBHEH, M03TO-
My OB nosepx cpetoorparkaiouieil KBapLeBoi 00ONOUKH MMEET 3AIUT-
HOe MNOJIMMepHOe TNOKphITHe. -

Cy1iecTBYIOT pa3HEle BADHAHTBI HAJOXKEHHUS 3aIHTHOH OBGOJIOYKH: B
Bule TPYyOKH, BHYTPH KOTOPOH CBOGOAHO JEKHT CTEKJAHHAsT HHTH;
B BHIE NJIQTHO HaloxXerHoH noJumepHoil obonouku. JlByxc/ioiHas 3a-
muTHas 0060J0YKA, BHYTPEHHUH CJOH KOTOPOH BBINOJHEH H3 JIETKOro
NOJIUMEPHOro MaTepualsa (Hanpumep, CHJAMKOHOBOK DEe3WHbI), NpejiHas-
HauyeHa A AeMI(pHPOBAHNS MEXaHHYECKUX BO3AeHCTBHHA HA CTEKJI0BO-

JIOKHO CO CTOPOHBL BHEILHEr0 HOJUMEPHOTO 3aIHTHOTO NOKPHITHS.
' BOK cocTouT H3 OAHOro WM HecKoabKuX OB) cKpyuenHbIX BMecre
WJIH TOMEIEHHBIX B CrelHaNbHbli NPOPUIbHBIA CEepIeUHHK C-Na3aMH,
a TaKxXe H3 yNPOUHAIUIHX 3/1€MEHTOB (BBICOKONPOUHbBIE CHHTETHYECKHE
HHTH) W 3aWHTHBIX [OAHMEPHbIX (onsTHIeH, [BX-naacrukat) ofo-
JIOUEK.

Taxknum oépasoM BOK MOT'YT H3FOTOB/IATHCS Ge3 P HMEHeH s MeTaJ-
JIMYECKHX 3JIEMEHTOB, YTO NPHHUHIIHANLHO OTJIHYAET HX OT BCeX ApY-
rux kabenell W HpPoOBOAOB.

MoXHO oTMETUTh caenyiotive Aoctouticta BOK:

IHHPOKONOMOCHOCTD, No3BOAAOMan N0 oasomy OB nepenasarh uac-
totl 10 1-——3 T'Ti. obecneunBatoute nepeiasy orpoMHOro o6bema HH-
topmauuy; ,

NOJHAs 3aUMIEHHOCTD nepenaqn OT BJHSHHS BHeUIHUX /1eKTPO-
MarHHTHBIX MOAeH;

MaJible rabapHThl H Macca;

OTCYTCTBHE B KOHCTPYKUHH OCTPOAEDHUHTHBIX LBETHbIX METalI0B
(venb, cBHHEL, AMOMHHHI), KOTOPbie B OrPOMHBIX KOJHYECTBAX HC-
NOAB3YIOTCS TIPH NPOU3BOLCTBE OOBIYHbIX Kabesiell cBA3H;

CEKPETHOCTD TIepefaust HHPOPMALHH, TAK KaK U3/TyueHHe B oxpyzxa-
jolilee TPOCTPAHCTBO NPAKTHYECKH OTCYTCTBYET, @ HCKYCCTBEHHBIH BAIBOL
sHeprui 6e3 paspywenns OB upesBbidaliHO 3aTpyJHEH.

"~ 'Jtn W pyrue JOCTOMHCTBA OGYC/OBW/IH - TEHACHIMIO K 3aMeHe
TPAIHLHOHHBIX Kabeneil CBs3H BOJIOKOHHO-ONTHYECKHMH.

%

KotHTpoabHbie Bonpocs

{. Hate KnaccHdHKaUUIO CHAOBLIX Kabejeil.

2. B uem cOCTOHT oTanuHe Xabeneli BHICOKOTO H HH3KOTO Hanpmxeﬂmi?

3. Ilnn Kakrx uenell NPHMEHKIOT M3OTALMIO H3 nynxannaupouaunoro NOAHITH-
JIEH3 W TIouemy?

4., B 4eM cOCTOHT NPEHMYLIECTBO 3MaﬂﬂpoﬂaHHbIX TPOBOAOB?

5. Kaxye THNW NpoBOAOB .NPHMEHAOTCA AN BO3AYLIHBIX JHHHE snemponepe-
npau?

6. KakoBa OTMIHYHTENBHAS YePTa KOHTPOMBHBIX Kalenei?

7. KakoBa OTJIRYHTENbHAS UepPTa BOJOKOHHO-ONTHYECKHX KaGewef?
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r a ABA 8. NOJIYNPOBOZAHUKOBbIE MATEPHAJIBI

~ § 8.1. OGugue cBefeHUs M KJIacCHOUKALUs NOTYNPOBOLHHKOB

[TonynpoBogHHUKH MO YAEJNbHOMY CONPOTHBJIEHMIO, KOTOPOE NpH
KOMHATHO# Temneparype Jexur B npegenax 10-%—10° Om:cM, 3aHu-
MalT NPOMEXYTOYHOE NONOXEHHE MeXAY NPOBOJHHKAMH H LH3JEKTPH-
Kamd. IlonynpoBoXHHKH 06/1afai0T pPSfOM XapaKTepHLIX TOJALKO A1f
HHX CBOHCTB, Pe3KO OTJINYAMUIHXCA OT NPOBOAHUKOB;

B 60JbLIOM HHTepBaJe TeMieparyp HX yHelbHOE CONpOTHBIEHHE
YMEHDLIARTCS, T. €. OHY HMEIOT OTpHLLdTeJIbelPI TeMnepaTypHblii Kosddu-
LUHEHT YAeNbHOrO CONPOTHBJCHHUS;

NpH BBeJEHUH B NOJIYIPOBOAHHUK HHUTOMKHOIO KO/IHYECTBA npume:
cell MX yJenbHOE CONPOTHBJCHHE PE3KO H3MEHSeTCH;

TNOJNYIPOBOAHMKH YYBCTBHTENbHBI K DA3JHYHOIO pOAA BHEMIHHM
BO3NEHCTBHAM — CBETY, SIIePHOMY H3JYUEHHIO, 3JIeKTPHYECKOMY ¥ Mar-
HHTHOMY NOJIAIM, AABJEHHUIO U T.A.

IlonynpoBoAHMKOBBLIMH CBOHCTBAMH 00sajlaeT LBl pPAA MaTepHa-
JIOB — OPHPOAHBIX U CHHTETHYECKHX, OPTAaHHYECKHX W HEOPTraHHUECKHX,
APOCTRIX H CJIOKHBIX N0 XUMHYECKOMY COCTaBy.

K npocTeiM noJynpoBoAHUKAM OTHOCSITCS IepMaHuil, KpeMHHUi, ce-
JieH, TeJlyp, 6op, yraepon, docdop, cepa, cypbMa, MbILLbAK, CEPOE 0JI0-
BO, HOL.

OMYNIPOBOAHHKAMH SABJSIIOTCS CJIOKHbIE COEJHHEHHS pPas3/IMYHbIX

ssieMenToB Tabulel J1. M. Menjeneesa, coorsercrByouiye oS1iuM hopmy-
JaaM: ‘

ABOfiHble (6HHapuble) coenuuenusi: Al BVY (CuCl, AgBr u np);
AT BVI (Cu,0, CuS u gmp); A! BY (KSb, K, Sb u gp.); Al BVH (ZnCl,,
CdCl, v ap.); AUVBV! (ZnO, ZnS, CdS u ap.); AY BV (ZnSb, Mg,Sb,,
¥ Ap.); Al BV (Mg,Sn, CaSi u ap.); Al BV! (GaS, In,Feg; u ap.);
AUUBV (GaP, GaAs, InSb n ap); A!Y BVI(GeO,, PbS u ap.);
AV BIV (SiC); AV BVI (SbyTey, szs,, u 1p.); AVI BV! (MoOg3, WOg);
AVII BVI (Fe,O,, NiO);

TpoiiHble coennnenus: Al BT BY! (CuAlS,, CulnS, u np.);
Al BV BY! (CuSbS,), CuAsS, u np) AlBVUI BYI (CuFeS H 1p);
Al BIV BV (ZnSiAs,, ZnGeAs,); AV BV BV (PbSlSe2) :

TBepnbxe pacrsopel: GeSi, GaAs,_,. P,; “In <Ali—. Sb u 1p.

K opramuyeckHM NOJYHPOBOIAHHKAM OTHOCATCS cpra.nouuaﬂnﬁ,
4KTpaluH, HaQTanmuH, KOPOHENX U Ip.

CobcTBeHHbIE H NPUMECHbIE NOJYNpPOBONHUKH. Kak u B Merannax,
3/JIEKTPHUYECKHH TOK B NOMYNPOBOAHKHKAX CBA3AH C JpeidoM Hocurenef
sapsana. Ho ecii B MeTannax Basinuve cBOOOAHBIX 3/IEKTPOHOB O6YC/OB-
JIEHO caMOH NMPHPOJOH MeTaJJINYeCKOH CBA3H, TO NOsBJIEHHE HOCHTEJeH
3apsla B NOJYNPOBOAHHKAX OMNpefiessieTcst psijioM (GakTopoB, BaxKHei-
IUMMH U3 KOTOPHIX SBJSIOTCS YHCTOTA MaTepHaJia H teMnepatypa. B aa-
BHCHMOCTH OT CTelI€HH YHCTOThl MOJYNPOBOAHUKH NOAPA3AeNioT Ha
COGCTBEHHbIE H NIPHMECHBIE.
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[NosynpesoaHHK, B KOTOPOM B pesysibTaTe pa3pniBa cBA3eil oGpasy-
€TCA PAaBHOE KOJHYECTBO CBOGOJHBIX 3JIEKTPOHOB U ALIPOK, Ha3kiBaeT-
ca cobcmsennoim. Ha puc. 8.1, a nokasaHa njiockas KapTHHa pacnodJo-
KEHUS aTOMOB B CO6CTB€HHOM TIONYNPOBOJHMKE, HANPUMED KDEMHHS.
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" Puc. 8.1. ITrockoe n306pa>xe1me no-
JAYNPOBOJHHKA:

' @ — cOGCTBEHHOro; "6 — 31eKTPOHHOTO;
8 — JNBIPOYHOro

B HanpapJICHHY IOJ4. Ho 3NEKTPOHbI, XOTA H ABHKYTCHA B ﬂpOTH- .

Kaxnpii atom Ha cBoeH BHelnHei
060JI0YKe COJAEPKUT HYETHIPE AIEKTPO-
Ha. Kaxpeil u3 aTHX ueThpex 3/1eKT-

POHOB CO3JlaeT Mapy C 3JeKTPOHOM .

COCeRHero aroMa, o6pasys -KoBa-
JEHTHYIO cBA3b. KoBaJieHTHast cBA3L
JAOCTATOYHO TNPOYHAsH, H AJf TOTO,
4To6hl 0CBOGOAUTH 3JEKTPOH, TpeGy-
eTcsl onpe/ie/ieHHasi IHEPTHS.

C noBbliLIeHHEM TEMIIEPATYDHl H3-
3a YBEJHYCHHS TENJOBOH 3SHEPTUH
HEKOTOPble 3JIeKTPOHBl Pa3pHIBAIOT
KOBAJIEHTHYIO CBA3b M TOABJSIOTCS
B 30He TIpoBoauMocTH (puc. 8.2, a).
B xpucranne coGCTBEHHOTO MOJMy-
IPOBOJAHHKA KaXJOMY 3JEKTPOHY B
30He TMPOBOAMMOCTH COOTBETCTBYeET
ollHa [BIPKA, OCTaB/IEHHAasi MM B Ba-
JeHTHOH 3oHe. B stoMm cayuae cBo-
GOAHLI 3JEeKTPOH o6JajaeT 3HeprH-
eft, OosbHIell TOH, KOTODYIO OH HMeN
B CBA34HHOM COCTOAHUM, HA BeJHYU-
HY He MeHee 3HepruH IUPHHLI 3anpe-
IE€HHOR 30HBI,

Tax kKak npu KakAoM akTe BO3-

. ByKJlenuss B COGCTBEHHOM IOJYIIPO-
BOJAHHKE OJHOBPEMEHHO CO3JalTcs -

JlBa HOCHTeNsl 3apsifia HPOTHBOINO-
JIOXKHBIX 3HAKOB, TO ofllee Kojuye-
CTBO HocuTesied 3apsifia OyJeT B 1Ba
pa3a O6oJjblie UYHCAa 3IJEKTPOHOB B
30He NPOBORUMOCTH, T. €. 1; = py;
n + pl - 2nt

Tlpy npHUTOKEHHH K KpPHCTALTY
BHEUIHETro AICKTPHUECKOTO noJas
cBoGOJIHbIe 3JIeKTPOHEl OYAYT nepe-
MellaTbesl NPOTHB NOJA (M3-3a OT-
PHIATEIBHOTO 3apaja), a JbPKH —

BOMOJIOXKHOM HarpasJieHHH, CO3AAI0T OBBIYHBIH TOK, COBNAJAOMMUHA ¢
BHEIIHHM NPHJIOKEHHLIM I10JIEM. CaeloBareJbHO, SJIEKTPOHHHH u Jbl-
pO‘{HbIﬁ TOKH TEKYT B OJJHOM H TOM XK€ HanpaBJeHHH U IO3TOMY CKJIa-

ABIBAIOTCH.
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Jlnst GOMBIIMHCTBA NOMYNPOBOLHHKOBbIX NPHGOPOB HCHOJleyXOTCH '
ApHMecHBle HOTYNPOBOXHHKH.

TonynpoBonH#K, HMelOULR IPHMECH, Ha3bIBACTCS NPUMECHBIM, 2
NPOBOJHMOCTb, CO3JaHHAs BBEJAEHHOH NPUMECHIO, HOCHT Ha3BaHHe NpH-
MECHOH NPOBOAUMOCTH.

Eciu B nonynposoganuk IV rpynmel (kpemHu#i uin repmanuit) Bee-
CTH sqieMeHT V rpynnel TaGauusl MeHjeneeBa, HalpUMep MBILBSAK, TO-
4TOMy TIpHMeCH [JIsi 3aBepLIEHHs KOBAJEHTHHIX CBsi3el C aToMaMu
OCHOBHOT'O BellecTBa HeoOXOJHMO YeTbipe BaJeHTHBIX 3/IEKTPOHA
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Puc. 8.2. 3oxHas auarpamMma noJynpoBOAHHKA:
a — cOGCTBEHHOTO; 6 — 3JIEKTPOHHOrO;; 8 — JHPOYHOrO

(puc. 8.1, 6). [laTnlit 3/1eKTPOH aToMa HPHUMECH B KOBaJeHTHOH CBA3H
He yyactsyeT. Co CBOMM aTOMOM OH CBSi3aH CHJIOH KYJIOHOBCKOrO B3a-
UMoaelcTBUSA. DHeprus 3TOH CBA3H HEBesJHKa — HNOpSJAKa COTbIX JoJael
3JIeKTPOH-BONILT. TaK Kak [pH KOMHATHOH TeMIeparype TenioBas
sneprua = 0,03 3B, To oueBuiHO, yTO NpH 3TOH TemnepaType Oyner
NPOMCXOMMTH HOHU3ALMS NPHMECHBIX ATOMOB MblUbSKA BCIEACTBHE OT-
pBIBa MATOTO BaJIEHTHOTO 3JEKTPOHA, KOTOPHIA CTAHOBHTCS! CBOGOZHBIM.
Hapsny ¢ noHH3anueli npuMecH MOXKeT IPOMCXOAMTD H HOHH3AUHUA aTo-
MOBE oCHOBHOro BeiiectBa. Ho B ofsact TeMnepatyp HMKe TOf, IIPH KO-
TOPOH HMEeT MeCTO 3HAYUTebHasi COGCTBEHHAS IIPOBOAMMOCTH, UHC/IO
3J€KTPOHOB, OTOPBAHHMLIX - OT NpHMecHd, OyxeT 3HauuTenbHO OGosbuie
KOJMMYECTBA JIEKTPOHOB U JALIPOK, 06Pa3oBaBIUKXCA B pe3y/ibTare pas-
pbiBa KOBaJIEHTHBIX cBsAseli. B cuny aroro npeobiajaioniyio pois B Ipo-
BOJMMOCTH KpHcTa//a O6yAyT Hrpath 3/€KTPOHbI, H NIO3TOMY OHH Ha3bl-
BAKTCS OCHOBHBLIMH HOCHTE/SIMH 3apflla, a JAbIPKH — HEOCHOBHHIMH,
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Tako#t nosynpoBOAHHK Ha3LIBAETCA 3JIGKTPOHHBIM HAH N-THOA, & TpU-
Mech, OTHAIOLIasA 3J€KTPOHbI, HOCHT Ha3BaHHe NOHOPHOM:

Ha sHepreruueckoil Ainarpamme Ha/juyhe NPHMECH B PelIETKE TOJY-
NPOBOJIHHKA OyJAeT XapaKTepH30BATHCA NOSIBJEHHEM JIOKAJILHOIO YpPOB-
HA, Jiexallero B 3anpenieHHod 3oHe. Tak KaK IIpPH HOHH3alHU aToOMa
MblllibAKA 06pasyercst CBOGOLHBIH 3JIEKTPOH H AJISI €ro OTphiBa Tpefyer--
CA 3HAUUTE/BHO MeHbllasl SHEPrusi, yeM AJsl pa3pblBa KOBAJEHTHBIX
cBsI3eifl KPeMHHs, TO 3SHEPreTHYeCKHM ypOBEeHb JOHOPHOH mpHMecH
J0JKEH pacrosaratbCs B 3aNpelieHHON 30He Ha HeOOMbWIOH rayOuHe
NoJA AHOM 30HbI npoBoguMocTH (puc. 8.2, 6).

Ecan rtenepp B nonynpoBoAHuk IV rpynnsl ta6iauusl MenpeseeBa
seectH ajemedT 111 rpynnel, Hanpumep amoOMHHMI, TO Bce TpU BajeHT-
HbIX 3JIEKTPOHA [PUMECHOTo aroMa GyayT yyacTBoBaThb B 06pa3oBaHHU
KOBA/ICHTHBIX CBsi3efl, OiHa H3 4erhipex cBs3eil:c GHKAHNIMMKH aTOMa-
MH OCHOBHOIO. BEIl[eCTBa OKaxercs He3aseplleHHo# (puc. 8.1, ). B He-
3aMOJ/IHEHHYIO CBf3b OKOJIO aTOMa aJIIOMMHHA 33 CYET TEeMJIOBOH 3IHeEp-
THH MOXET NepeTH 3JeKTPOH OT COCEJHero aToMa OCHOBHOIO BeulecTsa.
[Tpu sToM 0GpasyoTcsl OTPHUATEJNBHBIH HOH aJIOMHHHUS M CBOGOAHAf
AbIpKa, Nepemeniaroijascs Mo CBA3AM OCHOBHOIO BellecTsa M, c/ieloBa-
TeJIbHO, NPHHUMAIOLIAS YYaCTHE B NPOBOAMMOCTH KpHcTaia. [IpuMecs,
3axBaThIBAIOIIAst 3JEKTPOHBI, Ha3biBaeTcs akuentopHoi. las o6pasosa-
‘HHs cBOGOJHOM ILIPKH 3& CYET Nepexoja 3JIeKTPOHa OT aT0OMa OCHOBHOIO
BEIIECTBA K aTOMy NpuMecH TpefyeTcss 3HAUUTENbHO MeHblIe 3HEPrHH,
yeM J/il Pa3pbiBa KOBAJEHTHBIX CBsi3ell KpeMHHsi. B cusy atoro Kouau-
4ecTBa AbIPOK MOXKeT OBITh 3HAUHTEJNbHO GoJIblLile KOJHYeCTBa CBOGOAHBIX
3JIEKTPOHOB ¥ HNPOBONUMOCTE KpHcTamja GyAeT NhIpodHas.

_B rtakoM nonaynposBofiHHKe OCHOBHBLIMH HOCHTeNsIMH 3apsiia OyAayT
ABIPKH, a HEOCHOBHLIMM — 3JIEKTPOHHI.

[Tos1ynpoBoAHHK € aKUEeNTOPHLIMH IIPHMECSAMH HOCHT Ha3BaHHe Jbl-
POUHOrO NOMYNPOBOAHUKA WJIH p-THNA,

Ha sHepreruveckoil auarpamme, mnpeficTaBieHHo# Ha puc. 8.2, 8,
aKuUeNnTOpHas MpHMECh MMeeT 3HepreTHueckdil yposeHb E,, pacmodio-
JKeHHbIE Ha HeOOJbIIOM PACCTOSIHHM Haj NOTOJKOM BaJIeHTHOM 30HBI.
IIpu vonnsanuy aKUENTOPHOHA NPHMECH HPOHUCXOINT MEPEXo]| 3JIeKTPO-
Ha W3 BaNeHTHON 30HE HAa ypoBeHb E,, a B BaJIeHTHOH 30HE IOSIB-
JsieTcA JbIpKa, KOTOpas M fBASeTcs CBOGOAHBIM HOCHTE/NeM 3apsja.

B nponynpoBogHHKax MOTYT OJHOBDEMEHHO COAEpXaTbCH Kak JIo-
HOpHas, TaK M aKuUenTopHas IpuMmech, Takue NOJYNPOBOAHHKH Has3bl-
BaIOTCH KOMNEHCUPOBAHHbIMU.

§ 8.2. 3J1EKTPONPOBOAHOCTD NONYNPOBOLHHKOB
H ee 3aBHCHMOCTB OT Pa3aHYHuIX daxTopos

OCHOBHBEIM CBOHCTBOM BelECTBZ NO OTHOLIEHHIO K IJCKTPUYECKOMY
Ho/MI0 ABJAAETCA 3JIEKTPOMPOBOAHOCTh, T. €. cnocoGHOCTD IPOBOAUTH
3JIEKTpH'~IeCKI/Il“'l TOK IMOJ BO3/e#iCTBHEM ITOCTOSIHHOTO (He u3MeHsOLEero-
cA BO BpeMeHH) 3JIEKTPHUECKOTO HAaIIPAXEeHHS. Ecnu NOJIYNPOBOAHHK
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HAXOIMTCH B 3MEKTPHUECKOM NoJe C HANPSAKEHHOCTbio E, TO HMejoLHe-
csl B HeM cBOGOJIHbIE HOCHTEJIH 3aps/ia IPHOGPETAIOT NOA AeACTBHEM ITO-
ro noas HanpasieHHoe ABMxKeHue. Takoe yNOps/lOuEHHOE HIBHKEHHE
3/IeKTPUYECKHX 3apALOB U €CTb 3JEKTPHYECKHA TOK.

MojiesbHbie NPEACTaBJEHHS MexaHusMa OOpa30BaHHA - - HoCHTE el
3apsifia B COGCTBEHHOM H TIPHMECHBIX M0J1YNPOBOAHUKAX OblIKM paccMoT-
peHb! paHee.

B co6GcTBeHHOM MONYNPOBOAHHKE HOCHTE/SIMH 3apsja = SIBJASIOTCS
_CBOGOAHBIE 3JEKTPOHBI M JBIPKH, KOHLEHTPAUWH KOTOPHIX OJAHHAKOBBHI.
[IpH HaJWYWK . BHEUIHEro 3JEKTPHYECKOro IOJf INIOTHOCTD -3/IEKTPOH-
HOH COCTAaBNRIONIEH TOKA, KOTODHIH IpOTeKaeT uepes CoGCTBEHHbIH MO- -
MYNPOBOAHHK, T. €. YHCJIO SJIEKTPHUYECKHX 3aPAJIOB NEPEHOCHMBIX 32 eli-
HHUILYy BpeMeHH Yepes eMHHIY NJIOMaAH, NepleHHKYIAPHOR Hanpas-
TIEHHIO SNIEKTPHUECKOro noJssi, onpejesaserca Kak

jn =qnUn, N CRY
rie ¢ = 1,6-10~1 — 3apsin 3ﬂeKTp0Ha, Ka;, 'n — koHueHnTpauus
3JEKTPOHOB 30HBI MPOBOJMMOCTH, M™% U, — CpeiHsst CKODOCTb  yfio-
PSIOYEHHOTO ABHIKEHHUS 3/1€KTPOHOB, BO3HHKILAA TOJ AEHCTBHEM JICKT-

pHUecKoro noJsi (gpe#idoBas CKOpOCTh), M/C. .
OG6bIYHO ' CKOPOCTH Uy, nponopuuonanbﬂa HaNPSMEHHOCTH  TONA:

rae @, — KO3(hHIHEHT nponopunouanbﬂocm Ha3bIBaeMbIH TONABHX-

HocThio, M%/(B-¢).

C yuetom (8.1) ypaBHeﬂne (8. 2) MOXKHO IpPeNCTaBasTh B BHIE
rle O = gnp,— yjleJbHas 3JeKTPHuecKas IPOBOJHMOCTb NOJYIPOBOL-
HHKa, OOYyC/OBJeHHas 3aekTpoHamM, Cm/M: p = l/o — ynenpHoe
3MEKTPHUECKOe CONpoTHBIeHHe, OM M. :

AHanoruyno, ABIPOYHAs COCTABJSIOUIAN [JOTHOCTH TOKa AJIsl OG-
CTBEHHOTO no.nynposozmuxa

ip=qrp, E, o (8.4)
rfie p — KOHUEHTPALHA [bIPOK BaJEHTHOH 30HEI, M™% W, — nomamx- :
HOCTh ALIPOK, M%/(B-c). . '

YaenbHas 3/eKTpuuyeckad MPOBOAUMOCTb nonynpoaonHuKa o6y-
CJIOBJIEHHASA JBIPKAMH,

- C Gp=gPly. (8.5)3
CymmapHasl IJIOTHOCTh TOKA uepe3 coOCTBEHHBIH MOJTY I POBOJHHK
j=intip={(gnpn-tqrp,) E. (8.6)

YJle.anaﬂ sJeKTpHIecKas HpOBOlIPIMOCTb COGCTBEHHOTO oy npo-
BOJAHHKA

61 — G - O == o - GP 1 = 411 (1 - 1y). @8
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B npumecHOM noJynpoBOAHHKE NPH KOMHATHOM TeMieparype npH-
MeCh MPaKTHYECKH ITOJNHOCTHI0 HOHH3UPOBAHA U, CAEOBATEIbHO, POBO-
AUMOCTb GyleT onpelensaTbcs, CBOGOAHBIMH MOABHMKHBIME HOCHTENsIMH
3apsja, 31eKTPOHaMH H JbIPKaMH B fi- H P-TIOJYNPOBOAHHKAX COOTBET-
CTBEHHO

On ==y (88)
Gy =gPy Pp, (8.9)

rae n, M pp — KOHUEHTPAUHsA OCHOBHBIX HOCHTeJeH 3apsiia 3JeKTpo-
HOB H JBIPOK COOTBETCTBEHHO.

Tak KakK KOHUEHTPALMA H NOABHUIKHOCTH CBOGOIHBIX HOCHTeeil 3a-
PAZa 3aBUCSIT OT TEMIEPATYPHl, TO U YAeAbHas HpOBOlU/IMOCTb TaKxe 0y-
JET 3aBUCETb OT TEMIEPATYPHL.

[Ipu 5TOM M1 KOHUEHTPALMH CBOGOAHLIX HOCHTENeH 3apaia Xapak-
TepHa 3KCHOHEHIHAa/IbHAsl 3aBUCHUMOCTD, d I/ NOJBHXHOCTH — CTeNeH-
Has. J{sns coGCTBEHHOTO NOJAYNPOBOAHMKA, y KoToporo AE =~ kT, u ¢
y4eTOM TOrO, UTO CTEHEeHHas 3ABHCHMOCTH c/1afee 3KCMOHEHIIMaJibHOM,

'MOXKHO 3aTIHCaTh

Gi=ope A /R (8.10)

3fiecb AE — yIMpHHa 3anpelleHHo 30HBl, B — nocrofinuas Bonbuma-
Ha; T—-abcoJ/lloTHAsT TeMIleparypa; O, — MHOXHUTeNb, He 3aBHCALIHM
OT TEMIIEPATYpPHl; OH AOJKEH BhlpaxkaTb ¢ npH T = oo, T. e. KOrja Bce
BaJIEHTHBIE 3JIEKTPOHBI NMEPEILH B 30HY npoBoauMocTH. 'paduk 3asn-
cumocts (8.10) yno6HO NOCTPOHTBL NPONOrapHPMHPOBAB BbIpaxKeHHe
(8:10):

AE ]
Ino =lIng, T (8.11)
Ha puc. 8.3 3ta 3aBHCHMOCTb NIpeACTaBJeHa B NOJYJIOMapHMHue-
cKoM MacurraGe. TaHreHc yria Hak/AoHa « JaeT BeauuuHy AE/R, otky-
Ja HaxoAuTcsa 3HadewHe AL NSt NOJYIPOBOAHHKA.
Jlnst mpumecroro noaynpoBoAHHKA HOPMya A 3/1€KTPONPOBOAHO-
cTd B ofmeM BHje GyJAeT UMEThb CIERYIOUWUH BHL:

oc=0,e 2 ED g e B/ D, (8.12).

rie AE, ~— 3Heprusi HOHH3ALMH NpuMeceil.

Ha puc. 8.4 npexcrtaBieHa TemnepaTypHasi 3aBHCHMOCTb TOJYHPO-
BOAHHKA C passituHoi KoHueHTpauuel npuMecH. [ToBoiimenue yaenpHo
IPOBOAHMOCTH TOJYNPOBOXHHKA ¢ yBejuueHueMm T B 06aCTH HH3KHX
TeMneparyp 06YC/IOBJIEHO YBeJHUeHUeM KOHUEHTPALMK CBOGOJAHBIX HO-
cdTeslell 3apsiia 3a cYeT MOHH3alMHM npUMecH (puc. 8.4, yuactku ab,
de, RD).

Hak10H NpHMeCHOTO Y4acTKa KPHBO# 3aBUCHT OT KOHLEHTPALHH NPH-
mecefi. ‘C pocroM KOHIEHTPALHU aTOMOB NPHMECH B [0JYNPOBOAHHMKE
YMEHbIIAETCA HAKJOH KPUBOH K OCH alCLucC ¥ OHa BBl pacroJara-
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-ercd. JTo oOBACHAETCS TeM, YTO HAKJOH NpPAMOf B 061ACTH NPHMec-
HOH NPOBOAUMOCTH ONIpefessieTcsl 3HepTHeli HoHu3auuy npuMec. C yse-
JHYEHHeM KOHUEHTPAIHH MPUMECH 3HEPTHA HOHH3AUHMHU -yMEHbHIaeTcCs
H COOTBETCTBEHHO YMEHDIIAETC HAKJIOH: IIPSIMBIX.

I'lpy najbpHefileM NMOBBILIEHHH TeMNEPaTyphl HACTYNaeT HCTOMIEHHE
npuMecH — NONHas ee WoHM3auus. CoOCTBeHHas Ke 3JIEKTPOIPOBOZ-
HOCTb 3aMETHO elle He nposp/asercd. B 3THX ycJ0BHSX KOHIEHTPaLHs
CBOGOJHLIX HOCHTE/IEH TPAKTHYECKH OT TEMIIEPATYPHI HE 3aBHCHT H TeM-
nepaTtypHasi 3aBUCHMOCTb, YA€IbHOH TNPOBOAUMOCTH MOJYIIPOBOAHHKA

lg6h
lg84 e
199 S
90p ; g ,
=3
8 n
[N]
S
3
)
4 % k
‘§ [4
S \ d
3 | fpumecras
\\ npobodumocms
AN kY a —
0 i 4
Puc. 8.3. 3aBHCHMOCTL 3JIEKTPONpO- Puc., 84. 3aBucHMOCTL 3JEKTPONPO-
BOJHOCTH OT Temneparyph s col- BOJHOCTH TNOJYNPOBOJAHHKA ¢ pas-
CTBEHHOI'O NMOJYNPOBOJHAKA JIMYHOI KOHIEHTpalHel npHMecei

olpelienseTcs 3aBUCHMOCTHIO NOABUKHOCTH HOCHTeNeH 3apsja OT TeM-
nepatypsl. Peskoe yBesqnuenue yJenabHON NPOBOAHMOCTH NPH JAaJbHEH- .
mIeM pocre TeMnepaTypm COOTBETCTBYET o61acTH cOOCTBEHHOH SJIEKT-.
POIPOBOJHOCTH.

C nomotnpio KPUBBIX, H300paKEeHHBIX HAa PHC. 8.4, MOXKHO HAXOXUTD
IIHPHHY 3aNpelleHHON 30Hb nonynposo;muxa H SHEPTHIO HOHH3aUHH
npHMeceH.

Y peanipHBIX NONYNPOBOAHHKOB xon 3THX KDHBHIX MOXeT OT-
JHYaThCH M3-32 TOTO, UTO B MaTepuasiaX, MPHMEHSEMEIX Ha MPAKTHKE,
HMEeTCs He OJHH, a HeCKOJbKO BHJOB npuMecen y KOTOpHIX SHeprus
HOHM3aIlNK (aKTHBALMHA) PA3JIMYHA.

B -cuabHBIX 9NIEKTPUYECKHX TOJIAX Habmoaaercs Hapymenne nugel-
HOCTH 3aKoHa OMa [ =0FE, MHHUMAJBHYIO HaNPSXKEeHHOCTh /1eKTpHye-
CKOrO TIOJisl, HAauWHAs C KOTOPOH He BHINOJNHAETCA JAHHEHHAs 3aBHCH-
MOCTb TOKA OT HANpSKEHHS!, HA3BIBAIOT KPHTHUYECKOH, ITa rpaHuua He
ABJseTCS Pe3KOH M OnpefefeHHOH H 3aBHCHMT OT -NIPHPOJL! NOAYIPOBOA-
HMKa, KOHUEHTpDALHH npuMecell, Temmnepatryphl OKpyXatwlled CpPembl.

Tak Kak yjienbHasi DBPOBOAMMOCTL ONpejessieTcst KOHUEHTpauues
CBOGOMHEIX HOCHTENEH 3apfAla H HX MOABHKHOCTBIO, TO JIMHEHHOCTE 3a-
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koud Oma GyJier HapyIeHa B-TOM C/ydae, KOTJd IO KpafHeH Mepe ojHa
‘M3 3THX BeJMUYHH OyIeT.3aBHCETb OT HaHpH)KeHHOCTH sneKTquecxoro
poJIs.

Ec/u H3véneHne aGCOMOTHOTO 3HAueHus CKOpOCTH' csoéoﬂ.ﬂoro HO-
cuTe/s 3apsjia 3a cueT BHEIIHerc MoJs Ha cpeJiHeM NMYTH MeXAy coyla-
peHHsIMH CPABHUMO C TeIIOBOH CKOPOCTBIO, TO NOABHKHOCTDH HOCHTEICH
sapsajga OyJAeT 3aBHCETb OT 3JEKTPHUECKOro MOJs, NPHYEM OHA MOMKeT
KaK YBEMYMBATLCH, TaK 1 YMEHBIIATLCA B 3aBUCHMOCTH OT Temrlepaty-
pbI OKpyatomelt cpessl.

Boanelictsue cuipHoro aJIeKTpmecxoro noJis npmaonm K 3Hauy-
TeJbHOMY POCTY KOHUEHTPalHH cBOGOAHBLIX HOcHteseld 3apsifa. Pasan-

InG

ra 104108 w0t EBm

Puc. 8.5. OnexrpuyeckHe 3oubi monynpo-  Puc. 8.6. 3aBHCHMOCTb NPOBOAUMOCTH
BOJHHKA . B 'CHJbHOM 3SJEKTPHYECKOM  [IOJIYIPOBOIHHKA -OT - HAIPIKEHHOCTH
noJe BHELIHEro 3J1eKTPHYECKOTO NOJis

YaloT HECKOJIbKO MEXaHHU3MOB TNOBLILIEHHS KOHUEHTPaUuuH CBOOOAHBIX HO-
cuTesell 3apsifla B NOJYNPOBOAHUKE MOA ACHCTBHEM BHELIHETO SJEKTPH-
YECKOro IOJfl —— JIEKTPOCTaTHUECKYIO, TepMoaneKTpOHHylo H yAxap-
HYIO HOHH3aUNH,

TToj Bo3melicTBUEM BHEWHEro 3JEKTPHYECKOro N0/  HaNpsKeHHo-
cTpio £ Ha NOJAYNPOBOAHUK. €0 HEpreTHUecKHe 30HBl CTAHOBATCH Ha-
KJIOHHBIMH, DTO NPOHCXOMUT U3-3a J0GABJIEHHA K 3HEpPTHH 3JeKTPOHA B
TIOJYIPOBOAHHKE B C/Iydae OFCYTCTBUS BHEHIHETO NOJISA JONOJHHTEIbHOH
3HepruH, o6yc/IoBIeHHON BHELUHAM 3JeKTpHuecKuM nosem. Kak BHAHO
U3 puc. 8.5 (ropusoHTanbHbe Hepexofpl [ U 2), B CHIbHOM 3JEKTpHYe-
CKOM MoJie TP HAKJIOHE 30H BO3MOXEH Nepexoj 3JeKTPoHa U3 BaJICHT-
HOH 30HBI ¥ IPHMECHBIX YPOBHEH B 30HY NPOBOAMMOCTH Ge3 H3MeHeHHS
3HEPTHH ~— NYTeM TYHHEJbHOTrO TPOCAYHBAHHUS 3IJEKTPOHOB yepes 3a-
IPEIEHHYIO 30HY. DTOT MeXaHH3M YBeJHUeHHs KOHUEeHTpauHH cBoOOX-
HBIX HOCHTeNefl Noj JeficTBHEM CH/ILHOIO 3IJEKTPHUECKOro IoJ/s Hashbi-
BAIOT 3JIEKTPOCTAaTHUECKOH - HoHH3aune. OHa BO3MOXHA B 3JIeKTpHYe-
CKHX TNOMAX ¢ HaupsAmeHHOCTHIO nopsgka 10° B/m. Ecan cBoGognbif
3JIEKTPOH NOA JeHCTBHEM BHEIUHETO 3JE€KTPUUECKOTO TIOJS TPHOGpETa-
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©T SHepTHIO,  JOCTATOUHYIO JJISl Tlepexoja 3/IEKTPOHA U3 BajleHTHOH 30-
Hbl B 30HY NPOBOIMMOCTH, TO BO3MOXHA yaapHas HoHM3auus. YoHusn-
pylomui 3/eKTPOH TMPH 3TOM oOcTaercs B 30He nposoiumoctH. Ha
pHc. 8.6 mpuBeieHa 3aBHCHMOCTb YZE/IbHOH MPOBOAHNMOCTH OT IPHJO-
KEHHOPO 3JIeKTPHYECKOIo [M0Jist, I/l yYacToK -/ COOTBETCTBYET BLINOJIHE-
HMIO JIHHefiHoCcTH 3akoHa Oma, 2 — TepMO3/JIeKTPOHHOR HOHHU3aLHMH,
3 — 3JeKTpOCTaTHUECKOR U yaapHO#, 4 — npo6oio.

Bausiuue pedopmauun Ha NPOBOAMMOCTb TONYNPOBOXHUKOB. [TpoBO-
JUMOCTb TBEPLOTO KPHCTAMJIHUECKOro Tesla HaMeHseTcsl oT AeopMauun
H3-32 YBEJHUYEHHS WIH yMeHblIeHUS (PacTSKEeHHe, CKATHE) MeXKAyaToM-
HBIX PacCTOIHHH H NPHBOAHT K H3MEHEHHIO KOHUEHTPALHH H NOIBHX-
HOCTH HOCHUTeJeH 3apsaja.

KoHueHTpauys MeHseTcs BC/eACTBHE H3MEHEHHSA [HHPHHBI S3HEPIeTH-

' YeCKHX 30H MNOJYNPOBOZHWKA H CMEUIeHHs TPUMECHBIX ypOBHeH, uTo
MPUBOJMT, B CBOIO OYEPE/lb, K U3MEHEHHIO SHEPrHU AKTHBAUMH HOCHTE-
Je#t 3apsna H, CJIEZLOBaTEJTbHO K YMeHBIIEHHIO JIPI60 YBEJIMYEHHIO KOH-
UEHTpALHH.

[ToABHXHOCTD MeHAETCA U3-3a YBETHUCHHS WM YMeHbIIeHHA aMmJIu-
TYAB KOJe0aHHs aTOMOB NPH MX CONHXKEHHHM WAH YAaJeHUH.

BenyuuHOM, YMC/IE€HHO XapaKTepH3YIolleH H3MEeHeHHe y;erleon
MPOBOAUMOCTH MOJYIPOBOJHHKOB NPH OHpEleNeHHOM BHJE aeq)opMa~
HHH, ABJSETCH TEH30UYBCTBUTEIbHOCTh

, A
d,=-=pE (8.13)

AL -
KoTOpasi mpejcTaBiser coGofl OTHOUIEHHE OTHOCHTEIBHOTO  H3MeHEeHHs
YAEABLHOTO COTNPOTHBJIEHHA K OTHOCHTENbHOH JedhopMalty B JaHHOM Ha-
ipaBJieHHH. ’

§ 8.3. doronpoBoAUMOCTD NoJynpPOBOJAHHKOB

Jlo cux mop Mbl paccMaTpHBaJM BO3HUKHOBEHHE CBOOOAHBIX HOCHTE-
Jeil 3apsijia TIOA BJHsIHMeM TelsoBoi sHepruu. IlepeBon snekTpoHa B
CBOGOZHOE COCTOSIHUE HJIM 06PasoBAaHHE JBIPKHM MOMKET OCYILECTBJISTHCS
TaKKe MOJ BO3JIeHCTBHEM CBeTa.

DHeprus Najaiollero Ha MoJynpoBOJHHK CBeTa nepenaeTc;{ 3/eKTPO-
Ham. [1pu 3ToM 3Heprus, rnepepaBaemasi KaKIOMY 3JEKTPOHY, 3aBUCHT
OT YacTOThI CBETOBHIX KO/JIeOaHHH U HEe 3aBHCHT OT SIPKOCTH CBeTa (CHJIbI

‘cBera). C yBe/MUEHHEM 51PKOCTH CBeTa BO3PACTAET HHCJO, MOTVIOUIAIOMHX
CBET 3JIEKTPOHOB, HO HE 3HEPTHs, NoJyvaemasi KaxibM U3 HuX. Cneny-
€T 3aMeTHTh, YTO 3Heprus PoTOHA onpejelsieTcsi BhIPaKeHHeM

=hwv=123/A, . (8.14)
rie h — mocrosnHas [l1aHKa; v — yactutTa CBETOBHIX KoJeGaHwuil;
) — NAMHA BOJIHE TNAJAIOIIETO CBeTd, BbipaxKaeMasi B MMKpOMeTpax.

Jins Kaxporo -onpeneneHHoro TIONYIPOBOJAHHKA JOJIKHA CYLECTBO-
BaTh noporosasi AJiMHa BOJIHMI, olipeleasemMas aHepmeﬁ KBaHTa, gocra-
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TOUHOH. AJ/1s1 BO3GYXKZEHHS 3JEKTPOHA C CaMOro BepXHero ypOBHf: Ba-
JIEHTHOW 30HBI Ha caMbiil HIDKHUH YPOBEHb 30HBI MPOBOAHMOCTH, T. €,
paBHa W¥pUHEe 3anpelleHHoll 30Hb. [losToMy, HMes 3sKcnepuMeHTas b-
HYH 3aBUCHMOCTE (HOTONPOBOJHMMOCTH MOJNYNPOBOJHHUKA OT JJIHUHBL BOJ-
Wbl NAJAI0MIErg CBETA, MOXHO ONpeNe/NUTh HWIMPHUHY 3anpenienyof 30HbI
TOJYIIPOBOIHUKE 3KCTPANIONHUPOBAB KPYTO NAKAIOULYIO KPUBYIO B IJIHH-
HOBOJIHOBOH 00./1aCTH J0 lepeceyeHHsl ¢ OCbIO aOCUHCC.

®oTonpoBoaAUMOCTb NOJYNPOBOJHHKA ONpelessiercs Kak pPasHOCThb
YAEJNBHOH 3/IeKTPONPOBOAHOCTH IIPH OCBEUIEHHWH H B TEMHOTE!

Op =0~ Op. . » (8.15)

TemAoBasi 31eKTPONPOBOAHOCTD ONpeENesaerTcs yKe H3BecTHOH (op-
MyJioH . , :

| Op =Pl » " (8.16)
DNeKTPeNpPOBOJHOCTh NOMYIPOBOJHUKA DK AEHACTBHY Ha HETO CBETa
Oce =4 (N4 An) Uy, (8.17)

rae An — [IONOJIHUTE/NBHOE YHC/IO 3JEKTPOHOB, 06pPa30BABLIMXCA B M10-
JyTPOBOJHNKE BCJ/IEACTBHE OONYUEHHS ero CBEeTOM.
Takum oGpasom, (HOTONPOBOAMMOCTE  GyAeT

: Gg=( A”Mn- (8.18)

OcBoGoxieHHbie CBETOM 3JEKTPOHBI HAXOAATCH B 30HE NPOROAUMO-
CTH OyeHb KopoTkoe BpeMst 10~% — 107 ¢.- [IpH OTCYTCTBUH BHEUIHETo
3JeKTPHYECKOrO NOJS OHH XAOTHYECKH MEPeMeIlaloTCa B MEXAyaToOM-
HBIX mpoMexyTkax. Korja k KpHCTalay HpPHIOMKEHAa PA3HOCTb TO-
TEHIUAJIOB, OHU YYACTBYIOT B 3JEKTPONPOBOILHOCTH.

flocne okonuanHs ocBeleHH o6pasua. JeKTPOHH NepexoiAT Ha
Gonee HHM3KHE 3HEpreTHYeCKHe YPOBHUM — NPHMECHble W/IH B Ba/IeHT-
‘Hyto 30HY. [1pu HenpepriBHOM OCBelIeHNH NOJYIPOBOJHNKA YCTaHAB/IY-
BaeTCsi JTHHAMHUECKOE PABHOBECHE MEXKIY O6Da3yIOUIHMHCS JOTOJIHH-
Te/IbHBIMH (HEPABHOBECHBIMH) HOCHTENAMH H YXOAAILHMH Ha HHMKHHE
VPOBHH, T. €. YCTaHaBJUBaeTCs AHHAMHUecKoe paBHOBecHe MeKAY Npo-
eccaMy resepauuu Hocure el 3apsija H peKoMOHHanel ux.

C noHmKeHHEM TeMIepaTypbl YMeHbILIaeTCHd TeMHOBAs IPOBOAUMOCTD
cayxawas ¢HoHOM, Ha KOTOPOM NOSABJIsAETCA (OTONPOBOAHMOCTh, 2 IO-
3TOMY poJib hoTONpOBOLUMOCTH BospacraeT. Kpome toro, ysenuuHBaer-
ca ¥ abcosoTHoe 3HaueHHe GoTOnPOBOAUMOCTH. ITO MOXKHO Q6BACHUTH
TeM, YTO C YMeHbLUEHHEM KOHLEHTpAllHH TelVIOBbIX HOCHTesel 3apsia
YMEHbIIAETCS BEPOATHOCTh peKoMOHHauMU (OTOHOCHTENeH 3apsja.

§ 8.4. TepmoaneKTpHYECKHE SiBJECHUS
B NOJYNPOBOXHUKAX

K Ba)kHeflIuM TepMO3JIeKTPHUECKUM SBJICHUAM B NOJyIPOBOAHUKAX
" otHOCcATCA 3ddexrTr 3eebeka, [lennTbe u Tomncona. CyuHocTb SBJAEHHA
3eefexa COCTOUT B TOM, YTO B 3JIEKTPHUECKOH LENH, cOcTosleH U3 mo-
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CJIeJoBaTeIbHO COeIHHEHHBIX PA3HOPOAHBIX IOJYNPOBOAHUKOB HJH
NOJYNPOBOAHHKA ¥ Merasa, Bo3HHKaeT JJC, ecau MeXAy KOHLAMHU
3THX MaTEpHAJIOB CYIIECTBYET pa3HocTh Temnepatyp. Ha puc. 8.7 npen-
cTraB/ieHa uellb U3 ABYX cnaep. OJMH KOHel cnast HarpeT o TeMIiepary-
put T1, a apyroft — po T, nycts Ty, > T. [Ipu 3170M B HHenu o6HAPYKU-
Baercd JeKTpoABMKyILaa cuga — tepModIC, Kotopas B 3TOM ciayyae
paBHa

E=0(T,—T)) (8.19)

rae o - Koacpqmuuem TepmoI[IC, koTOpHI olipesenseTcs MaTepnaJla-
MH JByX BeTBefl.

Paccmorpum Mmexanusm o6pasosanust tepmod[IC Ha npumepe OfiHO-
POIHOTO NOJYNPOBOIHHKA, Y KOTOPOrO OJHH M3 KOHIOB Harper 60.b-
e, yeM Bropoit. CBOGOAHBIE HOCH-
TeA¥ 2apsijia y TOPAYEro Kouiua
6ynyT uMmerh GoJiee BHICOKHE 3Hep-
TMH H CKOPOCTH, 4eM Yy XOJIOKHO-
ro. Kpome toro, y ropsiyero KoH-
1a MNOJYIPOBOJHUKA CBOGOJAHBIX
HocuTesell OKaxercs 60Jblue, yem
y XOJIOAHOro. B cuay 3THX npu-
9UH NOTOK CBOGOHBIX HOCHTeJed
OT TOpSYerc KOHUA K XOJOJHOMY
O6yner 0osblue, YeM OT XOJIOAHOTO  Puc. 87. BosHukuosente tepModJC B

K ropauemy.. Eciy xoHueHTpanus UemH M3 IBYX cnaes ‘
CBOGOIHBIX 3JEKTPOHOB U JABIPOK

B TONYTPOBOAHHKE HJIM HMX NOABHKHOCTH He OJMHAKOBHI, TO KOHUBI
TIOJIYNIPOBOJHHKOB OK2XKYTCA HNPOTHBONO/OXKHO 3apSKEHHBIMH.

B 3/1eKTPOHHOM MOJYIPOBOAHUKE OCHOBHBIMM HOCHTENSIMH 3apsifa,
KaK M3BECTHO, SIBJIAIOTCA JEKTPOHBI, NOTOK HX OT rOPAYEro KOHIA K
XonoaHoMy Gyner GoJiblue, YeM OT XOJIONHOTO K ropsiuemy. B pesysns-
Tate 3TOr0 Ha XOJOJHOM KOHUe GyleT HaKalmaMBaTbhCsl OTPHIATEbHBIH
3apsii. Ha TOPAYEM OCTABATBCA HECKOMIEHCHDOBAHHBIH [OJOXKHTEND-
HeH. Bosnukiee sneKkTpudeckoe noje 6YAET BHI3HIBATL MOTOK 3JEKTPO-
HOB OT XOJIOAHOTO KOHNa K ropsiuemy. CrauuoHapHoe cOCTOfIHME ycTa-
HOBHTCS NPU PABEHCTBE 3THX 3JEKTPOHOB, ¥ JBIPOYHOTO MOJMYIPOBOL-
HHKA Ha XOJIOLHOM KOHIE BO3HHKHET TIOJIOKHTE/bHBLIH 3apfifl. Taknum
o6pasoM, no 3Haky TepmoIIC MONKHO CYLUTH O THIIE 3/IEKTPONPOBOAHO-'
CTH TOJIyIPOBOAHHKA. '

AddexT, obpatHuil ABJeHM0 3eebeka, HasbBaOT addekTom [lens-
Tee. OH COCTOMT B TOM, YTO NIPH NPOXOMAEHHH TOKA Yepe3 KOHTAKT ABYX
PA3HOPOAHBIX TOJIYNPOBOJHHKOB HJIM TOJYNPOBOJHUKA H MeTania
NPOHCXOLNT NOTVIONIEHHE HJU BbLASNEHHE TemnJOTbl B 3aBHCHMOCTH OT
HanpaBJieHHS TOKa. '

KosnnuecTBo TENIOTHI, BBIACIAEMOH HJH MOIVIOWIAEMOH B KOHTaKTe
fPONOPUMOHANBHO 3HAYEHHIO NPOTEKAEMOT0 TOKa [,

Qu=I1/¢, o ,(8.20)
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rae Qy— Ttemnora [lennThe; { — BpeMs NpoOXoXkIeHHS Toka; [T —
Kosduuuent [lenbTbe, 3aBHCAMUA OT NPHPO/L KOHTAKTHPYIOINX Ma-
TEpHAJIOB, TEMIIEPATYpPhl M HaNpaBJIEHHS TOKA.

Abdext ToMmncona 3akouyaercss B BBIIEICHHH HWJH MOIVIOIIEHUH
TENJIOTHi IPH IPOXOK/ICHHH TOKAa B OJHODOJHOM MaTtepuajie, B KOTOPOM
CYIeCTBYeT rpajueHT Temnepatyp. Hanuuue rpainuenra temmeparyp B
HOAYNPOBOAHMKE, KaK Mbl BHIACHHJIM paHbile, IPHBOAUT K 06pa30BaHUiO
tepMod[IC. Ecay HanpaB/leHHe BHEILHEro 3/J€KTPHYECKOro NoJs Gyaer
COBNAJaTh C 3JEKTPHUeCKHUM mnoJseM, obycaopaeHHbM TepMoIC, To
e BCS 3HEPTHsl, NOMNEPXKHBAOWIAA TOK, 0GECNeUMBAECTCA BHELIHUM MC-
TOYHHKOM, YacTb PaGOThl COBEPLIAETCS 3a CUET TENJIOBOil 3Hepruu ca-
MOTO NOJYHNPOBOAHHKA, B Pe3y/ibTaTe 4ero OH OXJaxKaaercs. :

Ilpu cmeHe HampaBsneHHs BHEUIHEro 3/eKTPHYECKOro 1ojs OHO Oy-
NeT coBepHIaTh AONOJHHTENbHYI0 paGoTy, 4To NPHBENET K BhHIAETEHHIO
TEIJIOTHl ICNOJMHHTENbHO K TemnaTe [xoyas.

Tensora Tomncona Q, paBHa

Q=t(To—TYtl, . 8.21)

rae T — koadpunvent Tomncora.

§ 8.5. TanbBaHOMarHuTHbIE 3)DEKTH B NONYNPOBOXHHKAX

Tasveanomaenumnbiny 3pekmamu B TONYNPOBOAHUKAX HA3HBA
10TCSl TaKHe SBJEHHS, KOTOpPble BO3HHUKAIOT NPH OJHOBPEMEHHOM JedCT
BHH Ha NOJYNPOBOAHMK 3JEKTPHYECKOrO W MATHHTHOTO NoJeH.

, Bce raspBaHOMAarsuTHbe  3(beKTh

: £ JIeJSATC Ha NonepeuHble  (AeHcTBHE

: . 3JIEKTPHYECKOTO U MaCrHMTHOTO nojel

. ob6HapyxyBaeTcs - Ha TpaHAX HOJYNpO-

y i\ \ - Hanpatreme BOJIHHKA, [apaJjenbHuX aneKTquec:

g ~{ __|2aCtoma KOMY M MarHUTHOMY MOJIAIM) H NPOAOID
F NN £x- Hbie (1POSIBIAIOTCA BIO/Ib 06Pa3ua).

* - K nonepeunnim otHocsITC  3DHEKTHI

:\\ - Xoasa v ITTUHCTay3€Ha, K Napasefb-

AN D HbIM-—H3MeHEeHHe CONIPOTHRIEHHA 0bpas-

L 1 a ua B MarHHTHOM noJe H sddekt Hepu-

v 1 Hanpabrenze - cra (TIpojoJibHASA PAa3HOCTh TeMiepaTyp).

Y Paccmorpum Toabko adibext Xoada.
Puc. 88. K BosurkHoBennio D0C  ECAH DONYIpOBOIHHK, BJONB KOTOPOIO
Xoana B NOAYNPOBOAHHKE Teyer 3MEeKTPHYECKUA TOK, I[IOMECTHTD
‘ ' B MarHuTHOE noJje, TepHeHauKyaspHoe
HallpaB/JeHM0 TOKa, TO -B INOJYINPOBOAHHKE BO3HHKHET IONepeyHoe
3JEKTPHUECKOE TOJIe, NIepneHANKY/AIPHOE TOKY W MarHHTHOMY NOJIO,
310 AB/IEHHE MOJNYUHJIO Ha3BaHWe 3pdekra X0JJ4d, a BO3HHKaoWAs No-
nepeuytas IJ1C — IJIC Xoana.
Ha pnre. 8.8 wusoGpaxesa MAacTUHKA NOJAYNPOBOAHUKA r-THMA.
Dnektpuueckoe nose E HanpapieHo mapanienbHo och Z, a MarHMTHOe

v
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Puc. 8.9, Pacnpenenenne HocuTesell aapsiza B 00jactTsix mo-
JIprOBO}IHHKa C p- H n-THNaMy HpOBO}lHMOCTH:
a — atue/ibHble o6racTd; O — o6nacTH B OLHOM KpHcTaJje UpH OT-
cy'rchuu BHEUIHErQ 3NEKTPUYECKOTrO NOouAsA; 8 — BHElUHee TOJie Hafipab-
aeno wWapeTpeuy AHd@Y3HOHHOMY; @ — BHelliHee IoJie COBIAAAeT. 10
- HaUpaBAeHHIo ¢ AU yanonHbin



peasb, IHOGYHAUPYIOT B NOJAYNPOBOAHHK r-THMA, B pe3yJbTaTe UYero B
NPHKOHTAKTHOM CJIOE NOJYNPOBOAHHKA p-THIIA BO3HHKHET OTPUILATEb-
HBIH 3apsll HOHOB akilenTopHoit npuMecH. TaxkuMm o6pa3oM, 06JacTh pas-
Aies1a TIONYIPOBOAHHKOB 1-H. p-THIIA OKaKeTcsl 06eNHEHHOH CBOGOXHBIMH
HOCHTEJISIMH 3apsilid H, HECMOTPS Ha Manyio wHpHHy d =~ 10-%--10-8 &
Oymer obsnafars 60JBIIMM COMPOTHBJEHHEM, BO MHOIO Pas [PEBLIIIAI0-
UIHM CONPOTHBJIEHHE OCTAJBHOM HacTH MNOJAYNpPOBOAHHKOB. Hammyne
OTPULATE/IBHOTO M TIOJIOXKHTENLHOIO O0BEMHOTO 3apsilioB NMPHBOXHT K
-06PA30BAHHIO 3/EKTPHUYECKOrO MOJSA, KOTOpOE MPensiTcTByer AasibHed-
o memy Jlmp(byanor{HOMy NOTOKY HOCHTe el
: sapsda. B pasroechoe cocTosiiine cueTe-
Ma NPHXOAHUT NMPH YCJAOBUH PABEHCTBA HO-
" 'TOKOB CBOGOIHBIX HOCHTeJeH 3apsja, Bblz-
BaHHBIX TPAIMEHTOM HX KOHUEHTPALMH u
- IM3JIEKTPHUECKHM TIOJIeM OG'BEMHOTO 3apsi-
Ja. Tenepsb paccMOTPIiM, uTO HpoHsoiileT,
eCTH K p-n-Tepexoay MPHAOKHTH = BHeul-
Yo g A0 Upp  Hee nanpsikense. [lycts K p-06JacTit mpi-
—) o COEAMHEH TMOJOMKUTEABHEIA [OMIOC HTA-
' ' HHSI, & K 71-006JaCTH — OTpHUATE/BHBII.
Puc. 8.10. Boabr-amncpuas ~ 1aKoe BHewIHee nojie OyAeT Hanpagieto
XapaKTepHCTHKa 3/1eK- - HABCTPeYy 3/JeKTPHUECKOMY MoJ0, obyc-
TpOHHO- 1“"53::‘”0 nePC- qoBneHHOMY OGBEeMHBIMH . 3apsiZamu. T1pn
: '3TOM 'OCHOBHBIE HOCHTeJIH 3apsija B p- Ii
* N-UOJTYIPOBOAHMKAX, ~ HMEIOUte Haubo.ib-
WIYIO SHEPTHIO, [OJYYaloT BO3MOXHOCTD [IPOHHKATH Yepes’ 06eJHEH I -
c0it B obaacty, rje OHH OKa3bBalOTCH, HEOCHOBHBIMH HOCHTENSIMH 34-
paza u pekomOuHupyior. Takoe HanpasJjenHoe ABHKEHHE HOCHTeJeil
'3apsifia SIBJAAETCH 3JAEKTPUYECKHUM TOKOM, H MOXKHO CKa3aTh, 4TO 3JEKT-
POHHO-ILIPOYHLIH 11epexol NMpy TaKOH MOJSPHOCTH BHEIIHEro Harnpsi-
KenHs OyeT «OTKPhIT» I yepes Hero HoTtever NPsMofi TOK.
I]PH CMeHe No.I14pHOCTH BHE[I]HBFO Hanpaxeing 3u’18]\'1pll‘lt‘LKOL 1no--
e 0DBEMHBIX 3apsiloB H BHeUIHee 110.1e 6y11y1 COBlajaTL 110 HalpaBJie-
0. B pesyabrare AeHCTBHS cyMMapHOro 3.JeKTPHYECKOro Mo/l oc-
‘HOBHbIE HOCHTEJH OyAyT ABHraThCsl OT TIepexofa W repecedb MEPexos.
CMOIYT TOJBKO HeocHOBHble Hocutesad. Tak KaK KOJIMYECTBO HEOCHOB-
HBIX HOCHTEMeH, BO MHOFO pa3 MeHblile OCHOBHBIX, TO H TOK, HMH. 0Gy-
CTOBJIEHHBIH, OYAeT Mad 110 CpaBHeHHIO ¢ TeM, KOTOPbIH MOJdyuuTes
HPH NP5 MOM BKIIOUCITHN. IIpit aaHHOM BKAIOUEHUH 3JEKTPOHHO- ApIpOY-
HblH MepeXOJ «3anepT» U yepes Hero MOKET (POTeKATb TONBKO Mavlbiii
00paTHBI# TOK HEOCHOBHBIX HOCHTeJNeH. ,
~ Ha puc. 8.10 noxazaHa 3aBUCHMOCTb MEXKLY TOKOM, TEKYIIUM Yepes
p-n-mepexoll, ¥ BHEUINUM HANpSUKEHWeM, KOTOPas HAa3bIBAETCS BOJBT-
-aMnepHOH XapaKTepHCTHKOH. OnuchiBaeTcst BOMbT-amilepHast Xapakte-
pHcTUKa p-n- nepexo,zm CASKYIOUIHM BBIPAXKEHHEM:

S [s (’eq Uik Ty . 1), ) (829)
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rae [/, — TOK HacenmeHHs (IpH oO6PATHOM BKJIOUEHHH p-71-TIepexoja
3TOT TOK paBeR oOpaTHOMY Toxy) U — npunoxenHoe HanpsikeHue;
q/(RT) =~ 40 B! nipu xomHaTHOM TeMnepaType

§ 8.7. Ilpocrble MOJNYNIPOBORRHKHY

lepmanuii. Tepmanull — ofHH u3 HauGosee TUIATENBHO M3 yueH-

HBIX TIOJYNPOBOAHUKOB, M MHOI'ME€ ABJEHHUS, XapaKTepHbIe IJs NOJY-

TIDOBOJHHMKOB, BIIepBble 3IKCIEPHMEHTANbHO OBLIM OGHapyXKeHB _HA
3TOM MartepHase,

CyllecTBOBAaHWE ¥ OCHOBHbIE CBOHCTBA TepMaHHs JpeicKasan
. . Menpenees 8 1870 r. Ha3pas ero skacuaunuem. B 1886 r. Hemeu-
kuit xuMuk K. BuHK/IeD 0OHapyXHJI B MHHEPAJbHOM Chipb€ HOBHIH
3JIeMeHT, KOTOpHIH OH Ha3Ba/ repmaHuem. I'epmanuil oxasaJcs 3KBUBa-
Nenten skacuauumo. ConepKanne repMagus B 3eMHOH KOPe HeBeJMKO,
HO BCTpeyaeTcs OH B €CTECTBEHHBIX YCJIOBHAX BO MHOIHX YaCTAX CBeTa.
Brigesnsior repManui ¥3 repMaHHicojepikaiiedl pyAbl yalie BCero B pa-
3y/IbTaTe XMMUYECKOH NepepaGOTKH CHIPbA C NOMOLIBI0 KOHUEHTPHPO-
sauHoit HCl B Buge terpaxnopuna repmanust GeCl,. TerpaxJaopui rep-
MaHMsi — JleTy4as XHAKOCTb, KOTOPYIO NMOABEPraroT I'IYGOKOH OUHCT-
Ke, MCTOJIb3ysl MeTOXbl SKCTPAKUMH H pexTHuKauuu. [locre ouncrky
GeCh, €ro THAPOJIH3YIOT BOJOH, B PE3yJ/IbTAaTe Yero No/yqyaerci AMOKCH]
repmanus GeO, — nopowmok Gesoro usera, [Tocre npocymkn GeO,
BOCCTaHaB/JIHBAETCH B TOKe OUHIIEHHOTO BOAOPOAA IIPH TeMmneparype
650 °C 1o a/1eMEHTapHOTO epMaHus, MPELCTaBJSIONIEro CoBoH cephiit
nopomok, BoccTaHOBNEHHBH TakHM o0pa3oMm repMaHHi Nojsepraercs
TPaBJEHHIO B CMECH KHCJIOT H €ro CHNaBJIAIOT B CAMTKH. CJUTKH He-
II0/1b3YIOT B KauecTBE HCXOJHOro MarepHalnia AJlIs MoJy4eHHs: ocofo uH-
CTOTO TepMAaHHsl METOLOM 30HHOH [IJIaBKH MJIH e HEeNoCPeiCTBEHHOTO
fIONyyenusi MOHOKPHCTA/IOB METOIOM BEITATHBAHNS W3 pacluiasa.

CymBocTb MeTola 30HHOH IVIaBKH 3aKMo4aercs B ToM, uyTto y3kas
pacn/iaB/ieHHasi 30HA TePeMEIaeTcsl BAOJL [OPH3OHTA/NBHO pacmosno-
*KeHHoro obpasua, HaxoAsIUerocs B IrpadHTOBOH W/IH KBapieBoH Jio-
noyke! [Tpumecy, nmeroupecs B o6pasiie, OTTECHAIOTCS K KOHILY CJAMTKA.
Jns BBICOKOKA4ecTBEHHOH OYHCTKH Bech IIPOIECC TOBTOPHAIOT MHOTO
pas WJIH HCIOJNB3YIOT YCTAHOBKH GoJiee COBEpPLIEHHOH KOHCTPYKIHH,
M03BOJIAIOUIHE CO3/1aBATh BIOJb CUTKA OJHOBPEMEHHO YeThlpe HJIH NATh
paciyiaBjeHHEX 30H.

Hnst- nonyyenus MOHOKpH(.TaJIJIa N0 METONY BBLITATHBAHHS M3 pac-
NJaBa THIATENbHO OYMIIEHHBIl OT NpHUMecell repmMaHull pacnaBasiioOT
B YCTAaHOBKe, CXeMa KOTOpoi noxkasaHa Ha puc. 8.11. Pabounum ob6nemMoM
CRYXKHT TepMeTHYecKas BOJOOXJaXKIaeMasi Kamepa, BHYTPH KOTopoil
cosjaercst BakyyMm nopsaka 10-*[la, mim 3amurHasi rasosast cpeja
(43 BoROpOJa MK aproHa BHICOKOH umcToThl). Matepuan (M) nomernaer-
csi B THresib (A), HacakeHHBII Ha KOHel BOJOOXJaXAaeMOro IITOKa
(B-1). HItox B-1 npu nomown s3nekTponpuBoaa NPEBOIKTCS BO Bpaiie-
HHe co CTPOro TNOCTOsHHOH ckopocThto. Kpome Toro, ero moxso ony-
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CKAaTb WJIH MOJXHHMAThL AJIS1 NoaGopa ONTHMAJBHOTO TOJIOXKEHHS THIJIA
€ paciIaBoOM N0 OTHOLIEHHIO K HarpesaresibHoOMy 3jaemedTy B, B kage-
CTBE HarpeBaTeJBHOTO 3/1€MeHTa HCIIOJNb3YIOT OGBIYHO neyb CONPOTHBIIe-
HHSl WJIH HCTOYHHK HHAYKLHOHHOIO BBICOKOYACTOTHOTO HarpeBa. Uepes
BepXHHH (laHel KaMmephl COOCHO ¢ HMKHMM wrTokoM D-1 BBoautCs
BepXHHH wWITOK B-2, HA HHXKHeM KOHIle KOTOPOTO KPeIHTCs MOHOKpR-
CTaJUIMYecKasi 3aTPaBKa KPHCTa/IJIH3yeMOro MartepHana. 3aTpaBKa BBO-
JUTCS B paclljlaB ¥ BLIAEPKMBAeTCS B HEM, NIOKa He NPOU3OHIET oIIaB-
Jierne nopepxdoctd. Koraa ato npo-
H30HJeT, 3aTpaBKy, Bpalias, HauH-
¢ HAIOT MeJJIeHHO IIOAHHMMaTh. 3a 3a-
TPaBKOH TAHETCA KHAKHH CTOJNGHK
pacnjaBa, yAepXKHBAaeMbIl IIOBepX-
HoCcTHBIM HaPsxkenuem. [Jonajas B
LL«E 2 o6sacTb HH3KMX TeMIlepaTyp Haj
NOBEPXHOCTRIO THIVIS, DaclaaB 3a-
|l -m  TBepreBaer, o6pa3ysi OKHO LeJoe C
H—A  3aTpaBKOfi. DTHM cllocofoM B HaCTO-
siee BpeMs  TNOJYYalOT - MOHOKpPH-
CTa/lABl  T'ePMaHHS . AHaMeTpOM JQ
100 MM, a #HorAa u GoJee,

Yucreifi répmanuit obgagaer me-
= j TaJJIMYECKHM OJEeCKOM, XapakTepH-
I 3yeTcs OTHOCHTEJNBHO BHICOKOH TBEp-

JocTplo M Xxpynkocthio. OH Kpuc-
i TaJJIH3yeTcss B CTPYKType aaMasa,

8l : - . mJjaBdaTcs 1pu  temmepatype 937°C,

P L s Jnons A% npowmocrs mpi 25°C papwa 5,33

Tog0M Y0Xpalbekoro r/cm®. B TBepOM COCTOSTHHM repma-

HMH TUIIHYHBIA KOBAJICHTHHIH KpH-

cTanI. KpHCTaJIqueCKHH repMaHui

XUMHYECKH YCTOH({YIB Ha _BO3/lyXe NPH KOMHATHOK Temnepatype. Pas-

MeJIbUeHHBIH B TIOPOIIIOK TepMaHull NIpH HarpeBaHMM Ha BO3LYXe JO TeM-

neparyphl = 700 °C Jsierko obpasyer nunokcup repmatus GeO,. epma-

HMH C1a60 pacTBOPHM B BOJE M NPAKTHYECKH HEPACTBOPHUM B COMAHOM

¥ pas3baBieRHOH cepHOH KucjaoTe. AKTHBHLIMH PacTBOPUTE/AMH Trep-

MaHHsl B HOPMAJIBHBIX yCJIOBHSX SIBJSETCS CMECh A30THOH U IJTaBHKOBOH

KHC/IOT ¥ PACTBOP NepeKHCH BOAOPOJA. [lpu HarPeBAHHHA repMaHui HH-

TEHCHBHO B3aMMOJIEHCTBYET ¢ TajJoreHaMy, cepoil U CEPHOKUC/IBIMU COe-
AUHEHUSIMH.

OcHoBHbIE (DH3UYECKHE CBOHCTBA repMaHus, KPEMHI/ISI H ceJieHa MpH-
Befiens B Taba. 8.1.

TemnepaTypHble 3aBHCHMOCTH YJCJILHOTO conpomx-meﬂm repMaHus
IpU DAas3JHYHOM = COAEpPXKaHHH JOHOPHOH TNPUMECH IpeACTaB/]eHbl HA
puc. 8.12, Tepmanuil, npuMeHsemMbill B NoJNyIPOBOAHUKOBBIX Npubopax,
o6/1afiaeT yae/bHbHIM CONpPOTHBICHHEM OT MHJLIHOHHHIX Josed OM-M Jo

_3Hayenwull, GIH3KHX K YAEABHOMY CONPOTHBACHHIO COGCTBEHHOTO repMa-

sdeopee

.

- 61
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. - Ta6auwua 81

CaoiicTsa Tepmaunit Kpemuui Cenen
AToMHBI HOMEp 32 14 34
ITnomHoers mpu 20 °C, Mr/m3 53 2,3 4,8
Temnepa*ryp\ﬂbm Kosqaqynuprem JH-

nelnoro pacuippenns (0—100°C) 6-10-3 42-10-° 2,5-10-°
YIaenibRasg  TEMJIONPOBOKHOCTD,

Brt/(M-°C) 55 80 3
Temneparypa nnrasaenus, °C 937, 1412 218
‘Co6cTBeHHO®  YMeNbHOE  CONPOTHB- ' ;

Jaedde npu 20 °C, OM-M 0,47 2-108 -—
Cob6ecTBenHass KOHIUEHTPAIHS HOCHTE- .

qefr, M—? 2,5-10" 2-1016 —
[Hupyna sanpewesnoll sous, 3B:

npu 0 K ‘ 0,74 1,165 2,5

mpa 300 K 0,65 1,12 - 20
TloaBHKHOCTD 3/1eKTPOHOB, M2/ (B c) 0,39 0,14 C—
oxsmxnrocTs ABIPOK, MY (B-c) 0,19 0,05 0,2-10*

"ung. Ha sanekrpuyeckne cBoficTBa repMaHus OKA3bIBAET CHJBHOE BJIWS-
Hyle TepMooGpaboTKa. Tak, ecyin o6pasel 71-THIIA HArpeTh A0 TeMnepary-
pal Boime 550 °C, a 3areM pe3ko oXJaauTh (3aKaJuTh), TO H3MEHUTCH
THIL 3JIEKTPONPOBOJHOCTH. AHaJOrHUHAsi TepMOooGpaGoTKa TrepMaHus
p-THIA NPUBOAMT K CHHIKEHMIO YJAEIbHOTO CONPOTHBJEHHS, 6e3 H3Me-
HEHHS THIA 3JeKTPONpoBoJHOCTH. OTKHUr 3aKasleHHbIX 06pasLoB NpH
temnepatrype 500-—58550° C BoccTaHABIHBAET HE TOJIBKO THIL 3JEKTPO-
NPOBOAHOCTH, HO M IIepBOHAYaJbHOE YJeJbHOE CONpOoTHBJeHHe. Ecan
TepMaHHuil pacl/JaBUTh, TO €ro YAeJbHOE COTPOTHB/IEHHE CTAHOBHUTCA
61M3KUM K yJeJbHOMY COTIDOTHBJIEHHIO XKMAKHX METaJIOB, HanpHMmep

pTYTH (0x = 6,5-10-7 Om-m). Ilpumep MapKHPOBKH TepMaHHsi —
LA 075/05, rae nepsas 6ykBa o603HayaeT Ha3BaHue MaTepHuana (['—
repMaHuil), BTOpasi — TUNl 3JEKTPONPOBOAHOCTH (D — 3JEKTPOHHBIH, -

J-—JbIpouHslil), TpeThbsi—Ha3BaHHe Jerupywoiefi nmpumeck (B JaHHOM

_caydae rajius). UYucaurteab ApoGH YKasplBaerT 3HaueHHe YAEJIBHOLO

‘conporusaenus (0,75 Owm-cm), 3HaMeHaTeldb — AHQPY3HOHHYIO AJIH-
HY HEOCHOBHBIX HocHTeslelt 3apsana (0,5 mm).

[epMaHuil NpUMEHSAETCA /18 M3TOTOBJIEHHS NHONOB PA3IMUHBLIX TH-
nos, tpaHaucropos, gatyukos DJAC Xosna, reHzopatuukos. Ontuue-
yeckye CBOWCTBA TepMaHHUS I103BOJISAIOT €ro UCNOJb30BaTh A/ H3TOTOB-
JgeHusi GOTONHOAOB U (DOTOTPAH3HCTOPOB, MOAYJIATOPOB CBETa, ONTH-
yecKHX (UJIBTPOB, a TaKKe CUeTYHKOB SAAePHBIX yacTHll. Pabounft nua-
1a30H TeMMepaTyp repMaHHeBeX mpuGopoB or —60 mo 4-70°C:

Kpemuuit. B npoTHBONOMOKHOCTE TepMaHUIO KPEeMHHH' sAB/IAETCH
OJIHMM M3 caMblX PacIpOCTpaHeHHBbIX JIEMEHTOB B 3eMHOH KOpe; ero co-
Iepxanpe B uefl okoso 29 % . OnHako B ¢BOGORHOM COCTOAHUH B NMPH-
POJie OH He BCTPEYaeTcs, a HMeeTcs TOJLKO B COeJHHEeHUAX B BUjle OKHC-
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Jla ¥ B CO/IIX KPEMHHEBBLIX KHCIOT. YucToTa NPHPOJHON OKHCH KPEMHHUS
B BH/le MOHOKPHCTAJ/IJIOB KBaplia WHorAa pocturaer 99,9 %; s paje mec-
TOPOXKAEHHMH YHCTOTA flecka mocturaer 99,8—99.9 %.

TexHudeckuil KpeMHHH, HoAyyaeMblii BOCCTaHOBEHNEM TPHUPOLHOTO
puokcuia SiO, (kpemueseMm) B 3JEKTPHUECKOH Ayre MeXay rpadHToBLI-
MH 3JIeKTPOZAMH, LIMPOKO IPUMEHSETCS B HEPHOH MeTasIypruH Kak Je-
rUpYIOMMA 371eMeHT (HanpuMmep, TPaHC(POPMATOPHAs CTasdb) H Kak pac-

KUCJINTENb IPUIPOU3BOJACTBE CTAJM.
DAkl - - Texnuuecku# KpemHHH npeactas-
qasieT cobol MeJTKOKpHCTa/JIH4eCKHH

cneK, cofiepxkautuii okojo 1 % mpu-
1 ™ R Mecefl, M KaK MNOJNYIPOBOJHUK HC-
20

NI0JIb30BaH ObITh He MoxKer. OQH 4B-

. [ JSIeTCsi HCXOJHBIM CbIpbeM JJisi Mpo-

0 —\ | H3BOJACTBA KPEMHUS TOJYIPOBORHH-
\ KOBOH UHCTOTHI, COJEpXKAHHE IpHMe-
w0 ) cel B KOTOPOM JOJKHO ObITh MeHee

" N | 10-% %.
10 A\ Texnonorus nonyueHnuss KpeMHUA
0% \ HOJAYNPOBOAHUKOBOH YHCTOTHI BKJIIO-
.,V/’_ \ yaeT B ce6sl CIEAYIOIHE ONepaLuy:
] 1) npeBpaienne TeXHUYECKOTO KpeM-
i HYA B JIeTKOJIeTydee CcoeIuHeHHe, Ko-
LT ;' TOpOe TNOCJe OYUCTKH MoXKeT ObITh
10—t g2 ~ JIEFKO = BOCCTAHOBJIEHO; 2) OYHCTKA

coeMHeHHs] - (PUBHUECKHUMH U XUMM-

YeeKUMH MEeTOaMHU; 3) BOCCTaHOBJe-

P HHe COefIMHeHHs C BHAGTEHHEM YHC-

-50 0 50 100 7150 200 T°C. TOr0 KpeMHUus, 4) KOHeYHAass OYHCTKAa

’ ’ KpeMHHs]  MeTOfioM  OecTHre/bHOH

Puc. 8.12. TemnepatypHble 3aBHCH- SoHHOH [/1aBKH; - 5) BHpamHBaHKe
MOCTH  yhenbHoro  conporseienns ~MOHOKDHCTAJIOB.

TepMAHHA TpPH DAa3JHYHOM COJep- B  nonynpoBOZHHKOBOM IPOM3-

XaHuy LOHOPHOH NpHMECH BOACTBE HaHOOJbLIEE PACHpOCTpaHe-

HHE TIOJNYYHJ MeTOX BONOPOAHOIO

BOCCTaHOBJEHHs TpuxJopcuaana SiHCl,. Ero mosyuaior o6paGoTkoil

M3Me/IbUEHHOT0 TeXHUYECKOTO KPeMHHS CYXAM XJIOPHCTHIM BOIOPONIOM

npu Temneparype 300 — 400 °C:

Si-- 3HC! — SiHCl, -+ H,.

TpHXJIOpCHJIaH npeacTasisier co6oil KUAKOCTb C TeMiepaTypoid Ku-
nednst 32 °C. Tlosromy OH Jierko ouuugaercs MeTO}IaMH 3KCTpaKkuvy, ag-
COpPOLUHH ¥ PEKTHOHKALHH.

. B ornnune or repMaHHs OCHOBHAS OYMCTKA KPEMHHsI OT NpuMeced
OCYIIECTBASETCS XUMHUECKHMH MeToJdaMH. KpucrajsinsaiHoHHble Me-
TORbI UMEIOT 11eJb — [IPEBPATHTh NOJYKPHCTAJIHUYECKHH KPeMHHH, MO-
AydeHHbIH XUMHYECKHM IIyTeM, B MOHOKPHCTANILI ¢ ONpejeseHHbIMH
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3J1EKTPOQU3HYECKUMH cBOicTBAMH, OBBbeMHbIE KPHCTALIH KPEMHUA Bhl-
palMBalOT METOJAMH BLIPALIHBAHHS M3 pacmiaBa H GecTHTeNbHOH
BePTHKa/IbHOH 30HHOH I/IaBKH. [lepBbiff MeTOA NpHMeHSETCS, KaK npa-
BUJO, IJA, NOAYYEHUS KPYHHBIX MOHOKPHCTAIIOB C OTHOCHTENBHO He-
BOJBIINAM YAENBHLIM colipoTHBACHHEM (< 2,5 Om-M). Bropo#i merox uc-
nosab3yerca ANA TOJYyYeHHs] BBHICOKOOMHbIX MOHOKPHCTA/VIOB KpeMHHA
- ¢ MaJIbIM COZeprKaHHeM OCTaTouHbIX npuMmecedl. ChAefyeT 3aMeTHTh, YTO
B TeXHOJOTHYECKOM OTHOIUEHHH KPeMHMH — GoJiee CIOXHBIH MaTepH-
aJl, 4eM repMaHuii, TaK KaK OH UMeeT BBLICOKYIO TeMNepaTypy NJaBaeHHs
1412°C u 8 PacCTIaBJIEHHOM COCTOSTHMHM XHMHUYECKH BeChbMa aKTUBEH
{(BcTynaer B peaKUMIO NPAKTHYECKH CO BCEMM THUTMeJIbHBIMM MaTepHa.ia-
MH).

"MeTojl BBITATHBAHUS 3 pacnnasa Oblj1 paHee OMHCaH. CymeCTBeH-
HbIM HEJOCTATKOM 3TOI'O METOAA NPH WCTIONb30BAHHM €r0. V15 BHIPALLH-
BAHHS MOHOKDHCTA/JIOB KPEMHHS ABJAETCS 3arpsi3sHeHHe KPHCTaJlJIOB
Kic/aopotoM. McTOUHHKOM . KHCIOPOAa CAYXKHT KBapUEBHIE THre/b, KO-
TOPBIH B3aHMOAEHCTBYET C PACTIABOM B COOTBETCTBUM ¢ peakiied

Si‘OZ (rE) -+ Si(m_)*—)‘QSiO.

PacrBopeHHe ‘KBapua B KpPeMHHH He TOJBKO  HPUBOAUT K HACHIIIEHHIO
. KHCJIODOJOM, HO MPH 3TOM BBOAATCH M APYyrHe NMPHMECH, 3aTPA3HSN- -
e KPeMHHuH,

Beprukanbuas 6ecTHresbHas 30HHas MIaBKa ofecredHBA€T OUHCT- |
KY KPHUCTA/IJIOB KDEMHHSA OT npuMecedl W BO3MOMKHOCTb BbIPALLHBAHHS
MOHOKDHCTAJ/IJI0B KPEMHHUS ¢ MaJblM COflepxaHueM Kucjaopoaa. B atom
METOAE Y3Kad paclJiaBJeHHas 30Ha YAEPKHBAETCH MeXAY TBEpIbIMY
YACTAMH CTHTKA 32 CYET CHJI .MIOBEPXHOCTHOTO HaTAKeHHst. Pacnasae-
HUE CIHTKOB OCYIIECTB/IACTCH C MOMOUIBIO. BEICOKOUACTOTHOTO HHIYK-
Topa (puc. 8.13), paboraioinero Ha yacrote 5 M. BricokouactoTHbtil
Harpep M03BOJISET NPOBOAUTHL NMpouecc HECTHTETLHON 30HHON MJIaBKH B
BaKyyMme W B.aTMochepe 3amuTHOH cpedsbl.

MeTosoM BepTHKANBHONH GECTHTENBHON MJIABKH B HACTosiliee Bpems
NOJIyHaloT - KpHCTA/IB  KpeMHus AuamerpoMm . fo 100 mM. Kpucramaibi
KPEMHMA 71- H pP-THTIOB TIOJYYalOT NIYTeM BBEICHUS 1IPH BbIpALIMBAHHY
COOTBETCTBYIOUWMX TpHUMecel, cpef KOTOPHIX Haubosee YacTo HCHOJMb-
sytorcs ocgop .1 Gop. Takue KpHUCTAILL 3MEKTPOHHOTO U JILIPOYHOTO
Kpemuus Maprupytorest coorsercrento K9P u KIB.

OcHoBHbIe PU3UYeCKHe CBOMCTBA KpeMHus npencxasﬂeﬁbr B Taba. 8.1.
[1poBoauMOCTb KpEMHHS, KaK U repMaHHsl, OYeHb CHJAbHO HU3MEHAETCS.
or npucyrctBus -npumecelt. Ha puc. 8.14 npuseieHbl 3aBHCHMOCTH
YHeJTBHOTO COTPOTHBJEHHS] KPEMHHSI W TepMaHHS 0T KOHUEHTpauuH
npumeceii. buaroxaps Gonee mupoxofl 3anpenieHHol 3ose cofcrBeH-
Hoe yZIenbHOe CONPOTHBAGHHE KPeMHHA Ha TPH C JHUIHHM NOPSLKa npe-
BOCXOJHT COOGCTBEHHOE CONPOTHBJIEHHE TepMaHHs.

Kpncmmuqecxnﬁ erMHm?I NpH KOMHATHBIX Temneparypax o6.1a-
JlaeT HeBHICOKOH peaxunoaﬂou CIOCOGHOCTBIO; OH BEChbMa YCTOHUMB Ha
'BO3[lyXe, NMOKPHIBASICH TOHKOH IUIEHKOH AMOKCHAA Kpemunsa. Kpemuui

r
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HepacTBOPHM B BOJie, H€ pear¥pyer co MHOTHMH KHcaoTaMu, Xopouio
pacTBopsAeTCs JMIIb B CMECH a30THOH M T/IaBUKOBOK KUC/IOT M B KHIsl-
el esouHu.

IlnaBreHue XpeMHHS CONMPOBOXKAAETCS HEKOTOPHIM YBEAHYEHHEM €T0
IJOTHOCTH  (npuMepHO Ha 8 %) W CKAauKoOGpA3HBIM ~ yMEHBLIECHHEM
VIAEJBHOTO CONPOTHBACHHS (npuMepHo 8 30 pas). B pacnaasiennom
COCTOSIHHH KPEeMHHH HMEeT VIeldbHOe CONPOTHBRJAEHUE TOPSIAKA
10—* OM-M u Befler cefs1 MOJOGHO KUAKHM METaJIaM.

B HacTosiee BpeMsi KPEMHHUH sBJjsercs 6a3oBbIM MATEPHAIOM TO-
JYNPOBORHUKOBOMH 3/eKTPoHHKH. OH Hcnosib3yercss Kak IS CO3JaHus
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Puc. 8.13. Cxema Gecru- - " Puc. 8.14. 3aBHCUMOCTE YAJBLHOTO CO-

reJJbHOH 30HHOM IIABKY: NPOTHBJIEHAR TNMPOCTHIX - MOJYHPOBOIHH-
1 —~ MOHOKpHeTaMA;. 2 — pac- KOB ‘OT KOHUEHTPAUHH NpPHMeced MpH
o ;

fAAaBNEHHAN 30HA. 3 — HHAYK-
TOp: 4 — MONYKPHCTAAAHUEC-
KHE cTepxenb

_MHTETPAJIbHBIX MHKPOCXeM, TAK M JJIA U3TOTOBJEHHS AHCKPETHBIX IHO-
JYOPOBOXHHMKOBLIX  1ipuGopoB. [lonynpoBosHKKOBbIE MHTErpasibHble
MHKDOCXEMbI, OTVIHYAIONIHECs MAIbIMU Pa3MepPaMH U CIOKHOM KOHpury-
pauned akTHBHBIX OGJiacTeH, HAILIH OCOOEHHO INHPOKOE npnmeHeHHe
B BBIUHCJIHTENbHOH. TeXHHKE M PaJHO3/EKTPOHMKE.

W3 KpemHHS H3roTaBJSIOTCS Pa3/HUHBIE THIIB 110JYIPOBOLHHUKOBLIX
IMOLOB: HU3KOYACTOTHHIE ~ (BBHICOKOYACTOTHHIE), MAJOMOIIHLIE (MOLL-
HbI€), NOJEBbIE  TPAH3UCTOPHI; cTabuiauTpoHbl; THpHcTOphl. 1llupoxoe
npUMeHeHWe B TEXHHKE Hallid KpPEeMHHeBbie (OTOMpeoGpasoBaTe/ib-
Hble NPHOODH: POTOAHOAH, tpomTpaﬂsncTopr (bOTO3JIEMEH Tl COJTHEY-
HbiX Gatape#t. [lomofno repmanuio, KpemHHil HcnoJb3yeTcs AJIS H3TO-
TOBJIEHHS JATYHKOB Xoma TeH30[aTIHKOB, ICTEKTOPOB SIAEPHBIX H3JY-
YeHHH,

Buarogaps ToMy 4TO HIMPHHA 3anpellieHHOH 30HBI KPEMHHH 60ab-
e, YeM IUMPHHA 3alpeeHHOH 30Hbl TepMaHHtsl, KPeMHHeBble NPHOGOpPLI
MOryT paboTaTh OpH fo/iee BHICOKUX TEMIEPATYPaX, YeM repMaHHEBBbIE,
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Bepxuuii TemMneparypHbell Hpefes paboTH KPEMHUEBLIX TIPHGOPOB JO-
cruraer 180—200° C.

Cenen. 2vo snement VI rpynuer taGauust MengesneeBa u 06J1a11aeT
pSiZIoM TIOIE3HBIX 3JEeKTPHYecKHX cBoficts. OH CyuUIeCTBYeT B HECKOJIb-
KHX aJJOTPONHBIX ~MOJMQHKAUHSIX — CTEKN000pas3Hol, amopgHo#,
MOHOKJHMHHOH, rekcaroHanbHodl. IlnaButcs cenen npu 220 °C, xors
TeMIlepaTypa MJIABJeHUsT HECKOJNBKO HeolpeJeseHHa; KHNUT npu 685 °C;
Bce MOIMQUKALNH cesieBa NIPeBpallaloTcs B IeKCAroHaJbHYIO KpHcTas-
JHYEeCKYI0 NIpH HarpeBaHHH B HHTepBaJje Temnepatyp 180—220 °C,

CeJieH IIHMPOKO pacnpOCTPaHeH B 3eMHOH Kope, HO OGbIYHO B MaJIbIX
KOHIeHTpauusx. [1js nonyyenus cesieHa HCNOABL3YIOT JIHGO OTXOJB TPO-
U3BOJCTBA CEPHOH KHCJIOTHI, HaKal/IMBAIOLIKecs B NBLIBHLIX Kamepax,
au60 aHOAHBIA IuJaM, NOJy4yaeMHl MPH 3JIEKTPOJUTHUECKOH OUHCTKE
Meau. Jlns nmosyueHMst ceneHa IIaM HarpeBaloT, CeJIeH MCHapsiercs H
ajcopbupyercs B rasoyJoBHTENE, OPOLIAEMOM IOTOKOM CEPHOH KHC/IO0-

H. K pactsopy J06aB/sioT COJISIHYIO KHUC/OTY; NPH NPOHYCKAHHM ue-
pe3. pacTBOp AMOKCHAA cephl ceieH ocaxpaercs. OcaloK OTOUILTPOBLE
BAIOT, IPOMBIBAIOT, TIABAT H HOJYYAIOT CIAHTKH CeeHa HeoOGXOAUMOLU
topmbl. A OYMCTKH cejieHa HCIOJb3YIOT METOABl BaKyYMHO!H pEeKTH-
$UKalHY ¥4 OYUCTKY C TIOMOLIBI0 MOHHOOOMEHHBbIX cMoJ. B pesysabrare
cofiepxatue npumeceii ymenpwaerca zo 107* %.

JIns W3rOTOBJIEHHS NOJYHNPOBOJHUKOBEIX NpPHOOPOB (BBEIIPSIMHUTE-
Jieit nepeMEeHHOro TOKa H (HOTO3/1IEMEeHTOB) HCNOJIb3YyeTcs cepuiii Kpucran-
Judeckull rekcaroHanpHbd cesteH. IllupuHa ero 3anpelieHHOR 30HBL
1,79 5B. Taxko# cenen o6siazaer AIPOYHBIM THIIOM 3JI€KTPOIPOBOAHO-
cru, Ero ynennHoe comnporusienve nopsiika 10* Om-m (mpu KomHaT-
HO#t Temneparype). CHuKeHHe YAENbHOTO CONPOTHBIEHHS OOLIYHO 10-
CTHIaeTCs NyTeM BBefleHHMs npuMecell — XJopa, 6poma, HoAa.

‘CesieH B OTJIMUHE OT APYTUX TOJYNIPOBOAHHMKOB 00JI4laeT aHOMaJb-
HOH TeMNepaTypHOM 3aBHCHMOCTbIO KOHIEHTPAlHH CBOGOHBIX HOCH-
Tesielt 3apsajia: OHa YMEHBINAETCsi C POCTOM TeMIIePaTyphl, NMOABUKHOCTD
HocuTenel 3apsifia NPH 3TOM BO3pacTaer. DJEeKTPUUYeCKHe CBOUCTBA ce-
JleHa H3MepS/IHCh MHOTHMH HCC/IeIOBaTeNsMH, OJAHAKO AAHHHE BeCbMa
NIPOTHBOPEUHBHL.

Kpome ‘HCro/Ib30BaHUS B JEKTPOHHKE CeJieH HAXOAHT MHOTGYHC-
JleHHble NIPUMEHEeHHs] B TEXHOJIOTHMH KPACOK, MJIaCTMacc, Pe3uHBbI, Kepa-
MHKH, KaK JerHpylouas 1106am<a IpU NPOM3BOJACTBE CTAJMH, B SJEKTPO-
q;omrpaqmu ,

Teanyp. 1o snement VI rpynnst Tabauus Menpeneesa. On sBisi-
ercsl TOJYNPOBOAHHKOM C - LIMpUHOH 3amnpemenHodt 3ouu 0,35 3B,
naBUTCH TIpH remnepatype 451 °C, Jjerko ucnapsercs. Temneparypa
KHNEHHA Teypa NpH aTMOCCIJepHOM JlaBJIeHHH 1390 °C, OYHIAIOT ero
MHOTOKpAaTHOH Heperoukof.

TTonnkpucrannyyeckuil CAUTOK TeJypa HOAYYAIOT IyTeM MejJien-
HOTO OXJIaXK/[€HHs! PACIVIAB/JCHHOTO B OTKPBHITOM THIJIE Te/1ypa. 3aTeMm
U3 CJIMTKA BHIPE3AIOT HECKO/IbKO MOHOKPHCTAJIOB.
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YlenbHOe CONPOTHBJIEHHE YHCTOIO TeIypa NPH KOMHATHOH TeMrle-
parype cocrasisier 29-107* Om-m. On MOXKer GHTD H E)JIeKTpOHHOI‘O H
JbIPOYHOTO THM& NPOBOAMMOCTH.

Texunueckoe NMpUMEHEHHE TeJJIYP Hauies B BUJE CIVIABOB C BHCMY-
TOM, CYPBMOH M CBHHIIOM, KOTOpHIE HCIIONBL3VIOT IJIsi H3TOTOBJIEHHSA Tep-
MO3/IEKTPHUECKHX T'eHepaTopoB.

KapOux xpemuus. On siBAseTCS e{UHCTBECHHBIM GUHAPHEIM COERnHE-
HHueM, o6pa3oBaHHBIM HOJIYNIPOBOAHMKOBLIMH 3jieMeHTaMu [V rpynns
Tabiuubsl Menpeneesa. 210 HoMyNPOBOJHHKOBBIA MaTepuas ¢ 60JbILOH
uMpuHo# sanpementoit soust 2,8—3,1 3B (B 3aBucHMOCTH OT MOAK(HU-

- Kauuit). Kap6uj KpemHUs OPUMEHSIOT A/ H3TOTOBJEHHS oMY IPOBOJL-
HHKOBbIX NPHGOPOB, PaGOTAKMKX NMPH BHICOKHX TEMNEPATypaX BIIOTh
o 700 °C.

Téxuuueckuit KapGuy KpeMHUsi H3TOTOBJSIOT B 3JEKTPUUECKUX Ile-
YaxX ApPY BOCCTAHOBJEHHM JMOKCHIA KpeMHHs (KBapLeBOTO Necka) yr-
JIEPOJIOM: '

N Y

$i0, 4 3C—SiC +-2CO.

B neud 06pasyroTcst cpociluecs NakeTsl Kpucrauios SiC, HasbiBaembie
JApy3am¥. BOJBUIMECTBO KPHCTA/IOB B ApY3aX AMeeT He3HAYHTesbHble
- pa3Mepnl, OJHAKO BCTPEYAIOTCS KPHCTaJJIbl, ‘MMEIOUHEe IJIOMAalb [0
1,5—2 cM. U3 npy3 nytem ApoGreHHst NOJNYYalOT JOPOLLOK kapGupa
kpemuua. Kpucra/iel kap6uja KpeMHUS IOJYIPOBOLHUKOBOH HHCTO-
THL [OJIYYaj0T METOZOM BOSTOHKH B II€YaX C papuTOBBIME HarpeBateiisi-
MH M 3Kpauamiu. [Ipouecc xpucranausaniy NpoBoAAT B aTMocdepe ap-
roHa npu temneparype 2400—2600 °C. [Nonyyaempie KpUcTanin o6bIU-
HO MMEIOT IJIACTHHYATYI0 GOpMy C pasMepoM B IONEPEYHHKE MopsiaKa
I cm. Kapbun kpemuus sBasieTcs OAHHM U3 HauboJiee TBEPAbIX BelecTs,
OH YCTOHUHB NPOTHB OKHC/IeHHs1 A0 Temneparyp csbime 1400° C. Tlpn
KOMHATHOM TeMmIlepaType KapGHA KpeMHHUsS He B3auUMOAEHCTBYeT HH ¢
KaKHMH KHCJIOTaMH. TIpH HarpeBaHiM OH pacTBOpAeTCs B pacmiaBax
uesiouell, -a Takyke B3auMOJeHCTBYeT ¢ opTo<pocq)opHou KHCIOTOH
CMECHIO (HNO3 -+ HF).

DneKTponpoBoAHOCTE KpuctainoB SiC mpH HOpMAaJAbHOH Temnepa-
Type npuMecHas. THUN 3JEKTPONPOBOAHOCTH H OKpacKa KPHCTaJ/IOB
KapGua KpeMHHs 3aBHCAT OT HHOPOAHBIX [IPHMECEH HJH ONPeNeNsIOTCS
u36bITKOM aToMOB Si My C HAJl CTeXHOMETPUUECKUM cocTaBoM. YucThiil
KapOHJ KDEMHHsSI CTeXMOMETPHUYECKOrO COCTaBa OeclBeTeH. [IpumecH
snementos V rpynnsr (N, P, As, Sb, Bi) u xenesa B xap6use AarwoT 3e-
JIEHYIO OKPACKY W 3/JeKTPONPOBOAHOCTb n-THHA, jeMeHTH II (Ca, Mg)
u I1I rpynn (B, Al, Ga, In) — roay6yio ¥ (HOJETOBYID OKpacky H
3JIEKTPONPOBOAHOCTb p-THNA. M36biToK Si npUBOAMT K 3JeKTpoHHOM
sJjekTponpoBofHocTH SiC, a usbhitok C — K JLIPOYHOI.

Kap6un xpemHHs NpHMeHsieTcs AJf CEDUHHOFO BbINYCKa BapHCTO-
POB (HEJWHEeHHbIX Pe3UCTOPOB), CBETORHOMOB, a4 TAKMKE BhICOKOTEMIIepa-
TYPHHIX JHOIOB, TPaH3UCTOPOB, TEH30PE3HCTOPOB, CUETUHKOB H3CTHIL
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BBICOKOH 3HEpPrHH, CNOCOGHBIX paGoTarb B XHMHMYECKH drpecCHBHBIX
cpenax. - ‘ : :

Bunapubie coegunenus. Cpegu OHHAPHBIX COEJMHEHMA NpaKTHYe-
CKOE NpHMEeHEeHHe HaXoiAT coefuHenuss AIBV, AUBVI AIVBIV,

[MonynposoauukoBele coenuHenuss AU BV gmasiores Oamxaiimy-
MH aHajloraMH KpemHus M repManus. OHH oGpasylorcsi B pesyJbraTe
B3aumogeicTBHs asemeHToB [11-6 moarpynnel nepropnueckoil TaGJaHLb!
(Gopa, aJIOMHHMSA, TaJ/IHs, HHAHA) ¢ eMeHTaMH V-6 IOATpYIIe! (a30-
ToM, dochopoM, MulbskoM, cypbmoil). Coenunenust AM'BV npursTo
KNacCHMUIMPOBATEL IO METANIOUAHOMY 3/1eMeHTy. COOTBETCTBEHHO pas-
JIMYAOT HATPHABL, (PochULbI, apceHuAB ¥ aHTHMOHHUZHL. [Toayuator 3TH
COeJIMBeHU sl HJIH U3 PaciliaBa, KOTOPHIH CONEPIKUT 3JIEMEHTH! B PaBHBIX
ATOMHBIX KOHIEHTPAUUAX, HWJIH U3 PAcTBOPA COCAMHEHUS, MMEIOWIEro B
u36biTKe 37ementhl II1 rpynmel, a Takke u3 rasoBo# ¢asel. Kpucran-
Jibl aHTHMOHHUJOB, APCEHUJIOB Ta/lIMs U UHAHA OOBIYHO BHIPALIHBAIOT U3
paciuiaBa BHITSTHBAHMEM Ha 3aTpPaBKy H3-noJ HHeptHOTO duitoca. Croi
MHALKOro Npo3pausoro duioca, HaXoJsierocs noj AaBjeHHeM HHEPTHO-
ro rasa, ofecneyuBaeT IOJIHYIO T€PMETH3ALHIO THIVISL M NOAABJSIET HC-
napeHye JeTY4ero KOMIOHEHTa M3 pacmiaBa. MOHOKpPHCTaNJIBI, NOAY-
yeHHple H3 pACIJiaBa, 06/1aJaloT HeJOCTAaTOYHO BHICOKOM XMMMUUYECKOH
quCTOTOH. JIJIs1 OUMCTKH UCIONB3YIOTCA T€ K€ METOJABl, YTO U AJIs1 OYHUCT-
KH TepMaHHs ¥ KPEMHHA.

Hekotopeie mapaMeTprl paccMaTpUBaeMbiX COEIHHEHH NPUBEILHH B
Taba. 8.2.

Ta6anumua 82

u [
T °C AE, 3B, 2 n . 2 P,.

cromene | Tun ¢ | i | i, | wifio. |-
GaP 1450—1500 { 2,25 . 0,011 0,0075 10
InP 1062 1,25 0,46 0,15 14
GaAs 1237 1,43 0,85 9,043 12,5
InAs 942 0,36 3.3 0,046 : 14
InSh 525 017 77 0,08 17
GaSb 712 0,67 0,4 0,14 15

Apcenun rajusi cpenu coenuHennii- AVBYV sanumaer ocofoe noJo-
_KeHne. Bosbiuas IWHpHHA 3anpenieHHol 3oHbl (1,4.3B), Bricokas mof-
BHKHOCTb 3/IeKTpoHOB [0,85 M? /(B-c)| nossossitor co3faBaTh Ha e€ro
OCHOBE MPHGOPHL, pafoTaioliie NPH BHICOKHX TeMAEpaTypax U BHICOKHX
yacrorax. [lepBeM nosynpoBonuukoM siBasiica GaAs, Ha KOTOpoM B
1962 r. Opln co3faH HHMKEKUHOHHBIH Jsasep. OH Ucnoab3yercs AJiA U3-
rOTOBJIEHHSI CBETOAHOJIOB, TYHHEJbHBIX JHOMOB, AMOXOB ['aHHa, TpaH-
3UCTODOB, COJHEYHBIX Oatapel H Apyrux npuGopos. J[aa usrorosJe-
HHUS JETEKTOPOB B MHOpaKpacHol 00/aCTH CIeKTpa, AaT4HKoB XoJaJa,
TEPMO3JIEKTPHUECKHX T€HEePaTOPOB, TEH3OMETPOB NPHMEHSETCs aHTH-
MOHMJ MHJIHS, MMEIOUHUH OYeHb MaJylo MIHPHHY 3aNPelEeHHOH 30HBI
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(0,17 5B) 1 oueHb BLHICOKYIO NOABHMKHOCTH 3JeKTpoHOB — 7,7 M%/(B-c).
Illnpokoe npuMeHeHHe B CepHHHOH NMPOHM3BOACTBE CBETOLHOJOB HalleJ
docdun rannusi, HUMEOUHA OOMBUIYIO WHPHHY 3anpelieHHof 30HB
(2,25 3B). B orsinune oT Apyrux coefuHeHnd rpynusl AMBYV upessh-
4afiHo BEICOKOH UYBCTBHTENBHOCTBIO K MeXaHUYECKUM HANPAXKEHUAM 06-
JajlaeT aHTHMOHHJ rajIus. YjeabHoe conporusierne GaSb ysennyu-
BaeTcsi B JBa pasa NpH BosjelicTBuU fasJjenud 4. 108 [1a. [Ipn takoM Ke
JaBJeHUH, NPUAOKEHHOM K Kpucraianam GaAs u [nP, ux yjeasunoe co-
npoTusJeHHe MeHseTcs JHWb Ha' 3 %. DBuarogapsa BbICOKOH UyBCTBH-
TEJIBHOCTH K edOopManuaM aHTUMOHMA Ta/lJIAs HCIOJb3YIOT an H3ro-
TOBJIEHHH TEH30MeTPOB.

K nosynpoBonHuKoBeiM coeannernaM AlBV! 0THOEAT XaJbKoTeHu-
Jbl LMHKA, KaAMHA H pTyTH. Cpely HUX MOMKHO BBIIEJIHTH CYJb(OHABI,
Ce/IeHUAB! U TesJyPHIBL.

QcHOBHbBIE qmsuqecxue cBOficTBa zxaHHbix coeAMHeHUN yKas3aHbl B
Tabu. 8.3.

Ta6auma 83

CoefuHeHnn Trmf °c n%f’ng"'C “n,;pn:, gE)Bo‘é)’ Mpr'!pb:[ /Q(OB;CC)'
ZnS 1780 3,74 0,014 0,0005
CdS 1750 253 0,034 ¢ 0,011 1¢
Ng$ 1480 1,78 0,07 -
ZnSe 1520 2,73 0,026 0,0015
CdSe 1264 1,85 0,072 ¢ 0,0075
HgSe 790 0,42° 2,0 —
ZnTe 1239 2,23 0,053 0,003
CdTe 1041 1,51 0,12 ‘
HgTe 670 0,08 25 0,02

f

TexHonorHsa - BhIpAIlUBAHUS MOHOKPUCTAJLIOB coelnHenuit Al'BVI
paspaGoTaHa ropasjo MeHee IIOJTHO, YeM TEXHOJOFHUS M0YIPOBOLHUKOB
tina AUBV. [upoko3onnnie nonynporopuuku AHBVY! npexcrasasior
Co00¥ B TeXHOJIOTHYECKOM OTHOIUEHWH TPYAHBIE 00LEKTH, TaK KaK 06.1a-
JAIOT BHICOKHMH TCMNepaTypaMH NJaB/Je€HHS H BHICOKUMU JaBJIeHHSIMH
JMCCOLMALHNK B TOYKE IIaB/JEHHs. BulpaliuBaHHe TaKHX MaTepHasoB
B GOJIBLIMHCTBE CJy4YaeB OCYIIECTBAsAETCS TepeKpUCTal/Iu3auyedl mnpei-
BaPUTENbHO CHHTE3UPOBAHHOIO COEAMHEHNs uepe3 NapoBylo dasy B 3a-
NadaHHEIX KBapLEBHIX amnynax. [lpumensiior coeluHenus ANBV!
B GOJILIINHCTBE CAYYaes JJifl CO3JaHHs NPOMBILLIEHHBIX JIOMHHODOPOB,
(oTOpe3ncTopoB, BhICOKOYYBCTBHTEJNbHBIX JaTYHKOB XoJaa H HpP[eM-
HUKOB /aJIEKOr0 HH(PAKPACHOTO H3JyUeHHs .

Cpeiu NoOynpoBOAHUKOBLIX COeIWHEHHH THIA AIVBVI Hanﬁonee
H3yYEHHBIMH SBJAIOTCA XadbKoreHHawl ceuHua: PbS, PbSe, PbTe.
Cysbdua, ceNeHus n TeJTYPH/L CBHHIA B €CTECTBEHHOM COCTOAHUK BCTpe-
YAIOTCs B BUJle MHHEPAJIOB rajieHHuTa, KJaycTalaura M ajartaurta. [lepssoii
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MuHepaj fBNseTcs OLHOH U3 CaMbiX DAcNpocTpaHeHHBIX PYA CBHHUAE,

IBa IpyTHX B TpHpole OGHApYKWBAIOTCHA [OBOJBHO pefxo. MoHo-
kpucrainst PbS, PbSe, PbTe nosnysaloT B OCHOBHOM NyTeM ocaxKie-

HHA 13 Ta30BOH (aspl, METOJAOM BHIpPALNIMBAHHUS W3 PAcaBa MU MeTo-

JIOM MEIJIEHHOTO OXJIaXKIEHHs PacIliaBa C HCIO/Ib30BAHHEM ecTecTBEH-

HOTQ TpajiieHTa TeMuepatypsl neun. OcHoBHble (u3HYECKHe CBOHCTBA

Xa/JIbKOreHHJOB CBHHIIA MpuBefeHbl B Taba. 8.4.

v

Tab6anuwa 84

R AE, 3B, 2/(B.c), . M%/(B-c),

Coezlnﬂeﬂuen Tunv ¢ ‘Tpn ’).(3) °C un,;pl:: éﬁ) oé) Mpnpl: /2(0 o(C:)
PbS 1114 0,39 0,06 0,07
PbSe 1076 0,27 0,12 0,10
PbTe 917 0,32 0,18 , 0,09

W3 Ttaba. 8.4 BUAHO, UTO 3TH COEAUHEHHS SBJASIOTCH Y3KO30HHBIMM
-TIOJNYNPOBOAHKKAaMH. XaJbKOTEHHAB CBUHLA HCNOJNB3YIOT M/ H3TOTOB-
JienHsi POTOPE3HCTOPOB B HHPAKPaCHON TeXHHKe, HHDPAKPACHHLIX J1a3e-
POB, TEH3OMETPOB W TEPMOTeHepaTopoB, paGOTAIIUX B HHTEPBAJIE TeM-
nepatyp or KomHaTHOH 1o 600 °C.

Konrpoabubie Bonpocst

1. Uro rakoe noaynpoBoAHHKH? KaKHMH XapakrepHhIMU CBOHCTBAMH OHH 06-
JananT?

2. Kakne SHepreTdveckHe 30HL HMEOTCA B NONYNPOBOJHHKAX H KaK OHH 006-
pasywoTca?

3. Uro Takoe coGCTBEHHEIH, IPUMECHbI H KOMIEHCHPOBaHHEIH nonynposommx?

4, Uem onpenensercs 3JeKTPONPOBOAOCTb MOJNYIIPOBOJHHKOB?

5; Kak BJHAIOT Ha 3JeKTPONPOBOLHOCTH IIOJYNIPOBOIHHKOB TeMIeparypa, ZAe-
" ¢opMauHs, OCBELIEHHe, 3JeKTPHYECKoe MoJjer

6. Kakue TepMO3JeKTPHYECKHe HBJCHHSA B NOJYIPOBORHUKAX HMEIOT MeCTO?

7. Uro takoe adpdekr Xoana?

8. Kak MOMHO OTPeAeaHTh THI MPOBOTHMOCTH Oy IPOBOAHHKA?

9. B uyem 3akmoyaercst 3QQPeKT BHINPAMIEHHA HA p-n-nepexope?

10. HTo cayXHT chpbeM Il NOJYYEHHR TIPOCTHIX. MONYHPOBOAHMKOB? Kakue
OCHOBHBIE TEXHOJOrHUeCKHe ONepalHH HMEOT MECTO NpH NOJYYeHHH KpeMHHs IT0-
JIyNPOBOAHMKOBOH YHCTOTE? ‘
11, Tlovemy paGoufiit TeMuepaTypHbifi Ananasox KpeMHHA GoJablile 4WeM rep-
MaHuA?

12. TloueMy 4/ OUHCTKM KpEeMHHA HCNOJb3yeTcsi OECTHreJbHas 30HHAS
naaska? . ‘

13. Kakne marepra/ibl #CHOJMB3YIOTCH HJISl H3TOTOBJIEHHS HHMXKEKUMOHHBIX Ja3e-
pos u CBETOJHOROB?

Kakge cnoxHble NOJAYNPOBONHAKOBHE COCXHHEHHS HAULMM HauGojee HIH-
poxoe npumeaeﬂne? :
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