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NMPEOUACIIOBUE

[leprioguuecKas JUTEPaTypa, IOCBAIIEHHAs] UH/IYKIIMOHHO! IUIaB-

K€ OKHCJIOB, YXX€ JocTaTOyHO oOmwupHa. OgHako B OCHOBHOM OHa

OCBsINIEHa TMNPUKJIAAHBIM BompocaM. Oilynraerca HeZOCTaToOK
B TEOPETHMYECKOM OCBEHICHMM OCOOEHHOCTEH TMpolecca, KOTOPHIU
3HAUMTEIIPHO OTJIMYAeTCsA OT MHAYKIMOHHOM IUIABKH METaJIJIOB.
[IpakTHUeCcku OTCYTCTBYIOT pabOTHI IIO pacueTy U NMPOCKTHPOBAHUIO
[eyed Uid MHOYKIMOHHOM IDIaBKM OKHCIOB. C MOMEHTa BBIXOMA
B cBer KHurH ’Xomopaueie TUriauM® [5], B KOTOpoM ObUIa CIeIaHa
epBasi MOMBITKA pPACKphITh 3TU BOIPOCHI. IPOLIIO [IECATH JIET.
C 1ex mop cymieCTBEHHO M3MEHWJIMCh METOIbI IUIaBKH, 000pYyIOBa-
HHE, 4 TaK)Ke HEKOTOpPbIE IIOJIOXKEHUA O POJIM TeX WIM MHBIX Iapa-
METPOB MpoIecca.

JlaHHaA KHWra COHOEPXXWUT [IBE€ IJIaBbl — TEOPETHUYECKYI0 M IIpHU-
knagnyio (§ 15 namucan coBMectHO ¢ A. B. likynskoBeIiM) . ABTOp
OnaromapWT 3a okKasaHHyIo momomp B. M. I'aHwuenko, B. B. Hexen-
nera, A. B.IlIkynbkoBa, a TakXXe€ BCE€X, KTO IPUHHMAJl y4acTHe
B CO31aHUM 3TOU KHUTHU.

Ot3bIBBI ¥ 3aMeyaHusi Ipochba NpUChUIaTh MO ajpecy: 191041,
Jlenunrpazn, MapcoBo none, a. 1, Jlenunrpanckoe oraeneHne JHEpro-
aTOMM3/IaTa.

Asrop

BBEAEHMUE

Oxkucibl METa/UIOB OTHOCATCA K KJIACCY MAaTepHalIOB, IIHPOKO

IPUMEHAEMBIX B Pa3/IMYHBIX 00JIaCTAX TEXHUKHU. ITO ONpPEHEIIsaeTCA

YHHUKaJIbHbIM COYETAaHMEM M pa3sHOOOpa3WeM HMX CBOUCTB, U3 KOTO-
PbIX HauboJlee BaXKHBIM SBIIACTCA BBICOKAsA OTrHEyIOpHOCTh. Cpemu
TEXHOJIOTHYECKHUX IIPOLECCOB MNEpepabOTKM OKHCHBIX MaTepHUajioB
OQHMM H3 BaXKHEHIIMX ABJIAETCA MPONECC IUIABKM B TapHHCAXe.
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['apHHMCaXkeM Ha3bIBAETCA CJIOM 3aKpHCTa/JIM30BaBLIErOCsA pac-
[U1aBa, BO3HMKAWIIMA NP KOHTAKTE MOCIEIHEro ¢ XOJIOMHON CTEH-
KOl TUrnA. VHOr[a IUiaBKy B TapHMCaXke Ha3bIBaloT ~IUIABKOH
B aBTOTHIJIE’ H3-3a aBTOMAaTUYECKOro oOOpa3oBaHMA TapHHCaXa
o nepudepruy BaHHbI paciuiaBa. BogooxnaxxaaeMple THTIH, KOTOPBIC
Ha3bIBAIOTCA XOJIOOHBIMHM THUIJIAMM, SABJAITCE EIHHCTBCHHBIM
CpeICTBOM OpraHU3allM{ IUIaBKH B rapHMCaxe, B TO XK€ BpeMs OHH
ABNAITCA HaubOJIee CylieCTBEHHBIM KOHCTPYKTHBHBIM OTIIMYAEM
IUIaBWIBHBIX yCTaHOBOK. [losroMy B [aJbHEHMIIEM H3JIOXKECHUHU
IPOIECC IUIABKM B rapHHca)ke OyeM UMEHOBATH ~ IUIABKOH B XOJION-
HOM THIJIE .

Hanwure MeXIy paciulaBOM M XOJIOAHBIM THUIJIEM TBepHOH (a3bl
BEIIECTBA C HU3KHM K03 HuIMeHTOM JH(hY3UH ABIIACTCA MPEnaT-
CTBHEM MAacCCOIIEpPEHOCY OT THIJIA K paciuiaBy, IO 3TOM IpHUYMHE
IU1aBKa B XOJIOJHBIX THUIJIAX SBJIACTCA He3ar pA3HAKINMM CIOCODOM
I1aBKH. UMeHHO 3Ta 0COGEHHOCTh INPHUBJIEKAET K HEH MOBBILICHHbIN
uHTepec. ID1aBka B XOJIOAHBIX TUTJIAX IIMPOKO M3BECTHA B MeETajl-
JIypruM TyTOIUIaBKMX MeETa/UIoB. BrmepBeie ucrosib30BaHHasg boil-
TonoMm [1] B 1905 r. mpu nOyroBoil IUIaBKE TaHrasna, OHa ObUIA
IO030HEE yCOBEPIICHCTBOBAHA M B HACTOfALIEEC BpeMs NPUMEHACTCA
BO MHOTMX II€peIUIaBHBIX IIpolieccax 3JIEKTPOMeETaIUTy prUuM.

BennencrBue BBICOKOM TeMIlepaTyphbl paciuiaBa MpOU3BOACTBO
IJIaBJIEHBIX OKHMCIJIOB BO3MOXKHO TOJIBKO C HCIIOJIb30BaHHEM IUIABKH
B xonomueix turiiax. Yxe B 1931 r. B CCCP abpa3uBHbIE OKHCHBIC
MaTepHanbl BHIUIABJIAJIA B IOYTOBBIX I€YaX, XapaKTepHOH OCOOEH-
HOCTBI0O KOTOpBIX OBLJIO HaJIM4YMe CTaJIbHOTO BOJOOXJIAXAAeMOTO
KoXxyxa 6e3 dyrepoBku [2]. 3TOT mpouecc UCHOBL3YIOT M B COBpE-
MEHHON TEXHOJIOTMHM IUIaBJIEHbIX orHeymopoB [3]. B mocnemuue
rogbl BO3pOCIM TpeOOBaHMA K UMCTOTE OKHMCHBIX MAaTepUaiioB,
OT KOTOPOM 3aBHCAT MOYTH BCE UX MOJIE3HBIE CBOMCTBA. ITH TPeOOBa-
HUsA He MOTYT OBITh Y[IOBJIETBOPEHBI IIpH OAyrOBOM IUIaBKeE, JaXke
C KCIOJIb30BaHHEM rapHucaxa. IIlpy HarpeBe 31eKTPUUECKOH JyTOH
MPOMCXOAUT 3arpsA3HEHUE paciUlaBa IPOAYKTaMH 3pO3UM WK 30JIb-
HBIMHM OCTaTKaMH JJIEKTPOHOB, a TaKXe KapOMIaMH BOCCTaHOBJICH-
HbIX MeTaJuIoB. OCOGEHHO OCTPO BOIPOC O YMCTOTE OKHMCHBIX MaTe-
PHAJTIOB CTOMT B TEXHOJIOTMM BIPAIIMBaHMs MOHOKPHMCTA/UIOB, Ifie
MCIIOJIb30BaHME IIPAMOIO AYyTrOBOI'0 HarpeBa INPHHIMIIMAJIBHO HUCKITIO-
yeHO. B 3TOM CBA3M NMOABWIKUCH PabOTHI MO MCIIOJIb30BAHMI0 KOCBEH-
HOI'O yrOBOrO Harpepa B ONTHYECKHX II€vYaX, IJIA3MEHHO-AYTrOBOrO,
BBICOKOYaCTOTHOTO IUIa3MEHHOI'0 U 3JIEKTPOHHOI'0O HarpeBOB, a TaK-
X€ IIpsAMOro MHAYKIMOHHOIO Harpesa. VI3 nmepeunciieHHbIX METOHOB
HarpeBa 3HAYUTEJIbHbIE PE3YJIbTaThl MONyYeHBbI NMPU HMHAYKIMOHHOU
mwiaBke B Xxonopubix turimx (MIIXT), nmpencrasnsromien cobou

COBMEILIEHUE HE3arpA3HAILIEr0 MHAYKIMOHHOIO METO[Aa HarpeBa
1 He3arpA3HAIOLIEro crnocoba muasku [4, 5].

HUutepec Kk WIIXT OKHCIIOB OnpeAensaercsa CieiyomuMHi TEXHUKO-
3K OHOMHUYECKMMU [TOKa3aTeIIIMU IIPOIIeCCa:

1) MpOU3BOOMTENIBHOCTBIO, COCTaBIIAIOMIEN [ECATKH KHUIIOTpaM-
MOR B 4YaC M TMO3BOJIAIIIEH PEKOMEHIOBATh pAJ TEXHOJIOTHMUCCKHUX
[POLECCOB [Uisl IPOMBILUIEHHOI'O OCBOCHHUA ;

7) yHeNbHBIMH 3aTpaTaMd 3NEKTPOIHEPrud, juiub B 3—7 pa3

| MPEBBILIAIOIIAME TEOPETHYSCKH HEOOXOAMMBIE 3aTPAThI. Lienecoo0-

pasHocTb ucnonb3opanua UIIXT ocobento BbicOKa npu nepepaboTie
0Cc060 UMCTHIX M JOPOTrMX OKHKCIIOB, KOTJa 3aTpaThl Ha 3JIEKTPOJHED-
FUI0 COCTABJIAIOT JOJIM IIPOIICHTa OT CTOMMOCTH ChIPbA

3) HU3KMMH y[AETIbHBIMM 3aTPaTaMH ChIPb

4) YHMBEpPCAILHOCTBIO TEXHOJIOTHYECKOTO 000pyHoBaHUsA, INpH-
TOMHOTO I nepepaboTKHU LIMPOKOU HOMEHKIIATYpPbl MaTepUaJIOB H
JIETKO IIEPEeCTPauBaeMOro JIsl pa3HbIX TEXHOJIOTHYECKHX MTPOLECCOB;

5) cokpauieHHeM 00beMOB pabOT ¥ KallMTajIbHBIX 3aTPAT Ha INEpe-
neJIbHOM 000pyIOBaHUM, HampuMep ApoOUIIbHOM (IIpH nepepaboTke
B 3€pHO) ;

6) MOBBILIEHUEM KYJIbTY bl IIPOU3BOICTBA.

Crnenyer OTMETUTh HemocTaTkM M TpyaHoctd mnpouecca MIIXT.
ITO Ipexe BCETo:

1) ClOXHOCTP KOHCTPYKIMHM CWJIOBOIO OBOPYyHOBaHHUA (BBICOKO-
YaCTOTHBIN JIAMIIOBBIII T€HEPAaTOp), UTO CHMXKAET HAJEXKHOCTH ILIa-
BIWJIbHBIX YCTAHOBOK B LIEJTIOM;

2) Maible e[IMHMYHbIE MOIHOCTH ycTaHOBOK (He Gonee 200 xBr),
YTO OrPAaHUUMBAET UX NPOM3BOIUTEIIBHOCTD;

3) CIJIOXKHOCTh TEXHOJIOTHYECKOro obopy/ioBaHusi, onpenenaeMas
OCOOEHHOCTAMM HMHAYKUMOHHOTO Harpesa, TpeOOBaHUAMHU TEXHUKHU
Oe3011aCHOCTH, CAaHUTApHBIMM HOpPMaMM M HOpMaMHu pPaMOMHCIIEK-
ITHH ;

4) Heo6XOAMMOCTh B KBaJU(PUIMPOBAHHOM OOCITY XHMBAIOIIEM
IepCOHAJIE.

IIpombrinenHoe ucnonp3oBanue HUIIXT oxucnos pacrimpsercs
C KaXapIM TIoJO0M, pa3pabarTbIBalOTCA HOBBIC TEXHOJIOTHYCCKUE
npoiiecchl ¥ ob6opynoBanue. OCBEIIEHHIO TEOPETUYECKHX U IIPUKIJIANI-
HBIX BOIIPOCOB 3TOM IUIaBKH IIOCBAIIEHA JaHHAsA KHUTA.




[JTIABA [IEPBAA

TEOPETUMECKUE OCHOBSbI
MPOULECCA MHAOAYKUUOHHOW NNABKW OKWUCIOB
B XOJIOAHbIX TUTITIAX

1. NIPUHUUNB! PABOTHI NMEYMEA UNXT

1-1. MpunuunnaneHesie cxembl neveid UM XT n ee BoO3MoOxHOCTH

Cxema mpouecca MIIXT A mepennaBKu MOpOHIKOBOM UIMXTHI

B KpHUCTalIMYecKU OJIOK MoKa3aHa Ha puc. 1. BHyTpu Bomooxmax-
JA€MOro METaJJIMUECKOI'0 THUTNA 4, COCTOAIIETO M3 BEPTUKAJILHBIX
U30JIMPOBAHHBIX OpPyr  OT

1 Opyra CexklM, MOJIy4aroT
BaHHY pacmiaBa 7. CTeHKH
TUCJIA HEe M[pO3pauyHbl [id
JJNIEKTPOMArHUTHOIO  IIOJIA
MHOYKTOpa J, COJIEHOM], KO-
TOPOro KOHIICHTPUYECKH
OXBAaTBhIBAeT THUIEJIb, OJHAKO
[10JI€ MIPOHUKAET BHYTPh THI-
I Yepe3 MIEJIM MEXIy CeK-
iMaMH. PaciuiaB okucia AB-
Boda | : JIAETCA MPOBOTHUKOM H IIO-
o | IJIOIIAeT 3JHEPTHI0 3JIEKTPO-
MarHuTHOTO MOJiA, IIpeodpa-

7 3yA €€ B TEIUIOTY, KOTOpas
pacxogyercsi Ha KOMIIEHCa-

M0 TEIUIOBBIX MOTEPh M U3-

J MEHEHHUE TEIUIOBOTO COCTO-
90  AHMA cagxu. PaciuiaB mepe-
rper Ha 50—250°, mostomy
nocTynamiiast U3 OyHkepa /
yepe3 HOo3arop Z LIMXTa Iijia-
BUTCA B KOJIOUIHUKOBOHU

S Wy N

Puc. 1. Cxema mpoiecca HHIYK-
IMOHHON IUIaBKU OKHCHBIX MarTe-
pPUATIOB B XOJIOTHOM THITIE

30HE J, YBeNU4MBas 06beM BaHHBI. Beencreue TEIJIOOTBO/Ia CHHU3Y
paciiaB KpUCTANIU3YeTCA, popmupys 6ok 8. C momMombio IpUBOA
9 ¥ mepeMeIareHCs 3aTpaBKK /() 610K BBIBOIAT M3 THUIIS BHU3.

B ycnoBuAX JIOKAJIbHOTO HArpeBa MHAYKTOPOM O6beM BaHHEI

o o

TeTel Yo% %%

Y

3 )

' o

IIpu 3t0M KkoOHUrypauws BaHHEI Oyner ocraBaTbCsi HeM3MeEHHOI,

iT0  ABJIACTCA YCIIOBHEM IIOJIYYEHUS PaBHOMEPHOH CIPYKTYphbI
II0 BBICOTE HaANPaBIIsIEMOTO OJIOKA.

Ilo moBepxHoct KoHTakTa paciiaBa C XOJIOJHOM CTEHKOM
THIJI1 00pa3syercsi KOpOuKa rapHHCaXa 6, KOTODBIH NIPENATCTBYeT
JdTCKaHUI0 pacClulaBa B 3a30pbl MEXILY CEKILIUAMHU, npemxpaﬂﬂe'r
PACIUIaB OT HOCTOSIHHOIO KOHTaKTIaZ C METLUIOM TUIJIA, a TaKXe
UTPacT pojib QYTEPOBKH M TEIUIOM3OJIALMH BaHHBI, IIPENATCTBYA
HHTCHCUBHOMY €€ OXJIaXKIECHMIO.

s MsBectnrr nee cxemer (puc. 2) MHOYKIMOHHOrO HarpeBa paciluia-
B XOJNOAHRIX THIIIAX. OHM pPa3NUYAITCH MeECTOM BBOJIa JHEPIruu

HIEKTPOMArHUTHOTO 1I0JIAA B PACILIaB. CTpenxamu noxasano Hampas-
JICHUC IBYOKEHNA SHEPTUM B paciUlaB ¥ OT Hero. Ha puc. 2, a noka-
3dHa KOMIIOHOBKA IT€YH C BBOIOM JHEPIYH Yepe3 3€pKajio paciiaBa,
;!Igiﬂiero UCIIOJIB3YIOT TOpII@BE)fI HHIIYKTOP, KPaeBoe 1ojie KOTOpOro

d4CT B pacnaB. B 37100 cXeme HarpeBaemas u OXJIaXKIaemasi
HOBEPXHOCTH CaJiky pasmeneHbr. 1o 0DeCneunBaeT BBICOKHIT T€PMH-

YCCKUY 7
KOBQ)HH KIJI mnaBxu. Omgako TOPLEBOH MHIOYKTOP MMEET HM3KHUIA
_ HuUMeHT MowmHOCTH, [I03TOMY MOIIHOCTb B pacIUIaBe Majia.
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K e TOro, o TeXHOJIOTUYECKUM 0COOEHHOCTAM 3Ta CXeMa IUIaBKH
p?)l'\rdnnqae'r(’:ﬂ oT IUIABKM B AYTOBOii, IIa3MEHHOH WK 97IeKTPOHHO-
i [ie OCYILIECTBIIACTCA BEpXHHi1 BBOJ, IHEPruy B Cajl-

eBOM TMevax, . v
JII();! HepocTaTKamMH TaiOH CXEMBI Harpesa sSIBIIAETCA 3HauMTEeIbHbIN

neperpeB MOBEPXHOCTH pACILIABA, OTCYTCTBHE €CTECTBEHHOM KOH-
Belpmun B BaHHE M, KaK CIE[ICTBHE, Majias ry6uHa BaHHbI PaCIUaBa.
IlosTOMY CXeMY WIIXT 1o puc. 2, @ HCHONb3yI0T PeNIKO.

00000
00000

Puc. 3. IlepernnaBHbIe MPONECCHI WIIXT: @ — cajoyHbIi mpouecc B my);c;)}l{gr;
HOM TuIVle; 6 — NepHOIMUYeCKUH [ocenoBaTeNbHEI MpoLece B npox%myc_
THUITIE; 6 — HenpepbIBHO-TIOCIIeIOBATENbHEI Ipolecc; & — C JOHHBEIM

KOM paciaBa; O — C BBIYCKOM paciasa yepe3 HOCOK

Ha puc. 2,6 TpefcTaBjieHa CXema Harpesa C BBOJIOM JHEpruu
B paciuias yepe3 60KOBY10 OBEPXHOCTD capxu. Takas cxeMa IUIaBKH
oBeceurBaeT BbICOKHIA COS ¢ HHIYKTOpa U 3HAUMTENIbHYI0 MOIIIHOCTh
B pacrae. OpHaKo HarpeBacMas " oxnzulmaemaﬂ nonepxgocnjl
CajIK¥ COBIIA/IAl0T, YTO CHIDKAET TEPMIICCKHM KIIJI mponecca. Cxema
¥MeeT A, HOCTOUHCTB, BCIIE/ICTBHE yero ee IIMpOKO ucngmsaymr
B TPaKTHKE HH{yKIMOHHO¥ IUTaBKH OKHUCTIOB. BcecTopoHHMI HAarpeB
¢ IepeMeIMBaHkeM PacIiaBa Mo3BOJIACT HOTyYHTh [Ty GOKYI0 BaHHY
C PaBHOMEPHBIM DaCIIpe/ieJICHHeM TeMIepaTyphI IO BBICOTE W pajiy-
ycy; HHOYKTOP, MMEIOIIHMii BHICOKOE HAMPsKEHHe MEX/y BUTKAMH,
BBIHECEH M3 30HBI TEPMOHOHM3MPOBAHHBIX Ia30B Hajl paciaBoM,

YTO CHWXAET BEPOATHOCTH 3JIEKTPHUECKHX HpOﬁOCB M IIOBBINIACT .

HaICXKHOCTh pa60m TICYH. £ |
Turmu i IWIaBKHA 0OBIYHO M3rOTaBJIMBAIOT M3 MeTajuia. 11pyu BbI

Gope MeTajia ONpEEIAIOIIYI0 POJlb HIpaioT 371eKTPOTIPOBOTHOCTD
M TEIUIONPOBOJHOCTH, KOTOPHIE [OJDKHDI GbITH BBICOKUMH, IO3TOMY
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HauboJIee LIMPOKO WCIONB3YIOT TUIIIM M3 MeIM, aTIOMUHUA WA
cepebpa.

Texnonoruyeckue mpoueccsl Ha ocHoBe MIIXT Tak)xe MOTryT OBITH
pasHooOpasnbl. Hanpumep, nepepaGorka MOpPOIIKOB B KpPHCTAIUIH-
yecKyil MaTepHan MOJeT ObITh BBINOJIHEHA KakK IUIAaBKa Ha OOk
M Kak IJlaBKa Ha BhINycK. [TaBKy Ha 610K MOXHO OCYLIECTBHTH
B CEAYIOIMX BAPUAHTAax: B CLAOYHOM (pHC. 3, @), KOr[a UCIONb3Y-
joT [AYXOMOHHBI THresb; B IIEPHOJMUECKOM IOCIEHOBATEILHOM
(puc. 3, 6), KOT[ia MCIIONb3YIOT IPOXO/IHOM THIeTlb; B HEIPEpPBIBHO-
HocnegoBaTeibHoM (puc. 3, ) Takyke B mpoxopHowm turie. [Inasxy
HA BBIOYCK MOYKHO OCYIL[ECTBUTh B BEPTHUKAJIbHOM TUTJIE C JOHHBIM
BhIIyCKOM (puc. 3,2) ¥ B TropH3oHTansHOM THINIe (puc. 3,0)
CO CIMBOM pacilaBa uepe3 HOCOK. TexHoyiormueckue IpoLecChl
BBIPAIIMBAHNA MOHOKDMCTAJUIOB M BapKM CTeKkJla 0a3vpyloTcs Ha
cagouHom mpouecce. I[IponsBopcTBO (acoHHBIX OIOKOB OOBIYHO
OpraHM30BaHO C MCHOJIb30BAHUEM IIOC/IEAOBATEIbHOIO HAIUTABIICHUA.

B paGote [6] npuBemen HanGosee MOJHBIN MEPEUCHD IUIABJICHBIX
OKHCHBIX MaTepuanos, nomyyenusix UITXT. IleperniaBneHsl Bce OKHUC-
Jibl BBICIIEH OTHEYNOPHOCTH, PAL JBOWHBIX ¥ TPONHBIX COEIUHEHMMH
Y CIIIABOB Ha MX OCHOBE, a TAK)KE MOJIyYEeHb! BHICOKOTEMIIEPATY PHbIE
crexiia. B pa6orax [4, 5] umeroTcs ykasanus, 4T0, KpOMe OKHUCIIOB,
MIIXT 6u14 OABEPrHY THI HEKOTOPbIE KapOump! ¥ OOpHIBbI.

1-2. OcHoBbi Harpesa v Bbibop wyactorbl npu UM XT oxkucnoe

WHpy K MOHHBIH HarpeB OCHOBAH HA CIOCOOHOCTH DJIEKTPOMAr-
HUTHOTO TIOJIA IPOHMKATh B TOJIY MaTepHana ¥ 3aTyXaTh B HEM,
OTHaBAA cBOM dHepruio. [Ipd M3MEHEHMM BO BPEMEHH T MATHMTHOTO
HOTOKa B Marepuane ®,* Mo 3HAUCHWIO WM IO HAIPAaBJIEHUIO B KOH-
Type, OTpaHHYMBAKLIEM 00beM Martephasa, BOHUKACT 3JIEKTPOJBU-
XKYIIasi CUila, MIHOBCHHOEe 3HAUeHHe KOTOpOH (B BOJBTAX) DPABHO

e, = —d®,/dr. (1)
Ecnu 3aBMCHMOCTD MArHMTHOTO MOTOKa OT BPEMEHH TTOUMHA-

€TCA CHHY COMIAJIbHOMY 3aKOHY P, = Dy sin27fT, TO meicTBYIOIIIEe
3HaueHue JJIC B matepuasie (B BOJIbTaX)

E, =4,44f0,, ., (2)

rme ¢,, — aMIUMTy[Ja MarHMTHOIO IOTOKa B Matepuane, B6; f —
4acToTa U3MeHeHuH o, [

* YoroBumcs Bce mapameTphbl, OTHOCAIMECS K HarpeBaeMomy OOBeKTy
(xTa wim pacnnas), 06o3HauaTh MHOEKCOM 27, a Mapamerpsl MHIYKTOpa
HHIEKCOM 17,




B 3meKTpONpOBOAHBIX MarepHanax HHAYKTHpOBaHHaA 3
BBI3BIBAET IIPOTEKaHKWE TOKA (B amMIiepax)

= B,z, =E,JNr} +53. ()

3mech z, — MOJIHOE 3JIEKTPHUYECKOE COMPOTHUBIICHNE Ha ITyTH TOKA
B Matepuane, OM; r , — aKTUBHOE CONPOTHBIICHME KOHTYpa TOKa
B Marepualie, OM, X, — PEaKTUBHOE CONPOTHBJIEHME KOHTYpa TOKa
B Marepuane, Om.

TermioBass MOIIHOCTs B BaTTaxX, BhIJEJIAIOIAACA B MaTepHaJIC IpU
POTEKAHUH TOKa, COrjlacHO 3akoHy Jhxoyna—JleHna, Oyner

Po=ff = Pleils, (4)

OTCIO[A ClIeIyeT, YTO UIA YBEJIMUYEHUs MOIIHOCTH, BIJAEIIAIOLICHCS
B Marepuane, Heo6xomumo ysemmuuBath JC B HEM. ITO BO3MOXKHO,
YUUTHIBas BbIpaxkeHue (2), Wid NpH YBEIMYCHUM MArHUTHOTO ITOTO-
ka ®,,,, WIM OpHd yBeTHYEHMH YaCTOThI f, WM TOrO M [IPyroro
BMECTE. |

YBémMueHHss MATHMTHOTO IIOTOKAa B Matepuane [obuBarorcs,
pasmemas MaTtepHayl BHYTpPM KaTYIIKH — HHAYKTOpa, KOTOPHIH
TeHepupyeT MarHUWTHeIM NMOTOK. Ilpy 3TOM 110 BO3MOXXHOCTH YBEJIH-
YMBAIT MarHUTOABWKYLIYI0O CUITy HHyKTOpa W, /, . OTHAKO M yBeJIH-
YeHHE YUCJIa BUTKOB MHAYKTOpa W, , M YBEJIMUEHHE TOKAa HHAYKTOpa
I, orpammueHo. Ilpy BO3paCTaHMH W; KBaJIpaTUYHO yBEJIMYMBACTCH
peaKmBﬂoe CONPOTHBJICHHE HHIYKTOPA. YBemuenue Toka /, orpa-
HUYEHO IpelesibHOM IUIOTHOCTBIO TOKA, IpH KOTOPOH MeTaJm TOKO-
MpOBOJia IUIABUTCA [ake MPH MHTEHCHMBHOM OXJIXACHMH. Taxum
00pa3oM, BO3MOXHOCTH yBeEJIMUYeHUs] MHAYyKTHUpoBaHHOU IJJIC TOII®-
KO 3a CYeT YBEJIMYEeHUs HANPsXXEHHOCTH MarsMTHOIO ITIOJIA Or'paHM-
yenybl. Ilo3TOMYy YyBenHWUYEHHE MOTOKA COBMEMIAIOT C YBEJIMUYCHUEM
YaCTOTHI.

YBenuuenue 4yactorhl f — Oojlee MEPCHEKTUBHBINA CIIOCOD YBEJIH-
yenusa MHAyKTHpoBaHHOM JJIC, HO OH CBA3aH C BHIOOPOM HCTOUHHKA
TOKa, 4aCTOTa KOTOpOro oOpIvHO ¢duKcupoBaHa. [loaTomMy 1paBuib-
HbIi BBIGOp paboueii YacTOThI ABJIACTCSA BaXXHBIM MOMEHTOM B 0Dec-
MIEYEHMH YCIIEIHOrO MHAYKIMOHHOro HarpeBa. IloHsaTtHe ’BrICOKOH
YaCTOThI ‘B MHOYKIMOHHOM HarpeBe CBfi3aHO ¢ BrICOKUM KILJI mpu
nepegaye HepruM B HarpeBaeMoe TeJjio, HO He ¢ abCOJII0THBIM 3Haye-
HMEeM YacToThl. Jlaxe mpH OOJIBIIMX HANPAXEHHOCTAX MAarHMTHOIO
MOJIsA €r0 JHEPrus He OyZeT BBIOENATLCA B MaTepuajie, eCiii nocue-
HUM MpO3paueH jid 3JIeKTPOMAarHWTHOU BOJIHBI, T. €. €CTH BOJIHA
HE 3aTyXaeT B HEM.

Jna upnuupgpa puamerpoM D, W BBICOTOH @ 5, TIOMEIICHHOIO
B OZHOPOOHOE INMEpEMEHHOE MAarHMTHOE II0JIe€ HAIpAXEHHOCThIO
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BBIIE/IAMIIAACA MOIIHOCTh B BaTTax OyjeT 3aBHCETh OT YaCTOTHI f
¥ CBOMCTB MaTepHaia [IMHApa cnefyoummM obpasoMm [7]:

s 4 HZ
PZ Tpym , a s (5 )
roe P, — YACIIBHOC JJICKTPHUCCKOE COIIPOTHBIICHUC MATCPHAIIA

mouaapa, OMM; A — (yHKumA, rpadpuk KOTOpoH MpENCTaBIeH
Ha pHC. 4. 31‘3 byHKLMA

XapaKTepu3yeT 3aBHCHMOCTB |\ | F IB
" BRIICNAIOMICACA MOIUHOCTH 036 0,9
OT COOTHONICHHA m, = e ‘ il
= DZ/(A2\/2_). [locnemuee ™ . '
COOTHOIIEHHE HOCHT Ha3Ba- g | 107

HHE€ OTHOCHUTEJIBHOTO JUaMeT-
pa IMIMHOpa M, B cBOlo  G2%7
ouepenb, XapaKTepU3yeT CTe-
[eHb IPO3PaYHOCTH IWINHI-
pa A 3JEKTPOMAarHUTHOTO 016

0,6

0,5

0,4

0,3

0,12
Puc. 4. PacuerHpie QYHKIUHU 0,05 02
aKTHBHOTO A M peaKTHMBHOro B ,

COIIPOTMBJICHUM IWIMHIApA, Ha- 0,04
rpeBaeMoro B IMJIMHIPUYECKOM

HHOYKTOPE g2 4 8 8 W 12 mza

0,1

moyisi. Yem meHsuie m,, TeM Ipo3pauHee UWMIMHApP. Benwumna A,
eCTh rnyOMHa NPOHUKHOBEHUA TOKA B MaTepHaJl MIMHIPA:

p)
A, =503 / : (6)
. ﬂzf

rie M, — OTHOCHUTEJIbHas MAarHuTHas IIPOHMIAEMOCTh MaTepHualia.
2 P

Mna oxucnos u, = 1,0.

[IpepcraBnensie o riayOuHe HMPOHMKHOBEHMA TOKAa B MaTepHall
MOXHO COCTaBHTb H3 pPaCCMOTPEHHs HEPaBHOMEPHOIO pacmpesere-
HHUSA IUIOTHOCTH MEPEMEHHOI0 TOKa J IO IiIyOHHE IMPOBOJIHUKA B BH-
O€ NOIyOeCKOHEYHOH IUIOCKOM CTEHKH. JTO fABJIEHME Ha3bIBaeTCA

IIOBEPXHOCTHBIM 3P(PEKTOM, a MaTeMaTHYECKOEe OIMCAHHE €ro
HMEET BUJ

s exP(“Zfﬁz): _ (7)
'€ Z — pacCTOAAHME OT OBEPXHOCTH CTEHKH IO TOUKH, B KOTOPOH
OIpPEAEsAIOT IIOTHOCTh TOKA, M; J , — IUIOTHOCTh TOKA Ha IOBEpX-

HOCTH cTeHkH, A/m*. Eciu IIpHHﬂTb z =A,, 10 43 (7) BHAHO, YTO
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A, ecTb Takas rJlyOuHa, Ha KOTOpPOH IUIOTHOCTh TOKA B 2,72 pasa
MeEHbIIIE, YeM IIIOTHOCTh TOKA Ha MOBEPXHOCTH IIPOBOJIHUKA.

XapakTepHOil 0COGEHHOCTBIO CJIOSl MaTepuaia TOJLHHON A, AB-
JIfeTCs TO, YTO B HeM Bbijensaercs 86,5% JHeprud, KOTOPYH HECET
3JIEKTPOMAarHuTHas BOJIHA.

[Ipy HarpeBe HE IUIOCKHX, @ IWIMHAPHYECKUX TCJI KOHCUHBIX
pa3sMepoB, i KOTOpbIX m , > 6, riybuHa NPOHUKHOBCHHMA MaJlO
3aBUCUT OT pajuyca, a TNOBEpPXHOCTHBIA IPPEKT APKO BBIPAKEH.
[Tpu HarpeBe ITMHIPUYECKHUX TEI C M, < 3,5 PACHpe/IeICHUE IIOT-
HOCTM TOKa B MaTepuajie Imepecraer 3aBHCeTb OT 4YaCTOTbl M MEHHA-
eTcd TO pagMycy IWIMHApa IOYTH JIMHEHHO. B 3THX Ciyuasx, IO
qQHAJIOTMM C TOHATUEM IJTyOHHBI IPOHUKHOBEHH:A, BBOIAT INOHATHUC
ryOHHBI AKTHBHOTO CJIOfl, XapaKTEpHOHM OCOOCHHOCTHIO KOTOPOIO
ABNIACTCA BbIAENeHUe 86,5% DdHepruu, IMOCTYNAIUCH B UWIMHIPD.
B paborte [7] moka3aHO, YTO IpM YMEHBILCHUM 4YaCTOThI TOKa MM
nMaMerpa IDUIMHIpa yxXe NpH M, < 3,5 IiiyOuHa aKTUBHOIO CllOs
cocrasnsier npumepHo 0,20, u ocTaercd IOCTOSIHHOM, XOTA A,
VBETMUMBACTCA. BhIIEJIAMAACA MOIIHOCT ', B COOTBETCTBUM
C BbIpakeHHeM (5) mpu 3TOM YMEHBIIACTCA.

U3 eeipaxenus (5) urpaduxa yHkiyu 4 (puc. 4) crefiyer, 410
C YBEJIMYEHHWEM YaCTOThI U C BO3PACTAHUEM 71, UH/AYKIMOHHBIH Ha-
rpeB CTAHOBHUTCH Haubosee 3¢ (HEeK TMBHBIM IIPH /71 5 = 2.5 T e KOTHa
D, >3,5A,. YuutpiBas BeipakeHHe (6), MOXKHO OMpE/I/IUTh MUHH-
MaJIbHYI0 YaCTOTY B repliax, HeoOXOOUMYIo [UJis Harpesa IMJIMHIIPA:

f=3,0-10%,/D2. (8)

OxucHbie MaTepHasbl B KPUCTAUIMYECKOM COCTOSAHMM IPU HOP-
MaJIbHOM TeMIlepaType TMpeAcTaBidAnT COOOM HICabHbIC NU3JICK-
rpuxu. OHM MTPO3payuHbl 1 EPEMEHHOTO 3JICKTPOMArHUTHOI O TOJIA
i He HarpeBawrcA B Hem. UroGbl JHEpIHs IO BBIACIIANACE B ITHX
MaTepHajiax, HeoOXOOUMO HCHOJIB30BATh OUYCHb BHICOKHE YaCTOTHI.
Hanpumep, i HarpeBa Martepuama ¢ p, = 10° Om-m B THIZE
nuamerpom D, = 0,1 M cornacHo Beipakenuio (8) HeobXomuUMO
HCTIONB30BaTh 4acToTy 4.5 - 107 MIm, 4T0 COOTBETCTBYET HH(pa-
KpacHOW uactd crexkTpa. OOHaKo B MPaKTUKE WHIYKIMOHHOIO
HarpeBa MCIOJIb3yeMble YacToThl He npeBbiniaior 10 M1, yro cBA3a-
HO C TPY[JHOCTAMM TeHEpaluM U mepefaud OONBIIMX MOIIHOCTEH
Ha 3THX 4acTOTax.

CkazaHHOe CIpaBeljiuBO, IIOKa TeMIlepaTypa HarpeBaemoro
oOpa3ia He BbIIIE HOpMajibHOU. ECIIM OKHUCHBIE MaTepHalibl MPSIBa-
PHTENIBHO HarpeBaTh, TO MX YHENIbHOE CONPOTHBIICHHE OyAeT yMEHb-
marbea (puc. 5). IIpy IOCTaTOUHO BBICOKUX TeMIIEpaTypax, OIM3KuX
U BhIllIE TEMIEpaTypsl IUIaBJIEHHA, 0, MOXET NPUHMMATh 3HAUCHUA
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10721073 Om-M, uTO MO3BOJISIET WCIIOJIb30BATh [yl Harpesa
U [JIaBKH YacTOThI B JJMAIIa30HE 1 s10" 1n. Hanpumep, s IJ1aB-

«u B Turne maamerpom D, = 0,1 M OKMCH anMUHHUs, UMCIOLIEH

npu TemIeparype TaBjieHus p, = 0,4 - 107% OM-M, MHHHMAanbHasA
yactoTa cocrapiser 1,2 ML

Fes05

= Z [ FezOs o

ek CPeEpumbf s )
200 1000 1500 2000 2500 JO00 K

Puc. 5. TemiiepaTypHble 3aBUCUMOCTH YIOEIBHOTO B3MAEKTPHUYECKOI'0 COMpO-
TUBJICHUS pAa OKKMCIIOB MO HaHHbIM |8, 9, 10]

YBenuuenye 4acTOThI IIO CPaBHEHHI0 C HMIKHUM IIpeJIesioM, OIipe-
HeNAeMbIM 10 BbipakeHUw (&), MOXeT OBITH BBHI3BAHO TEM, UTO
IaHHAsA pEeKOMEHAAauusA MOoJjlyyeHa W3 YCIOBUA HAarpeBa JUIMHHOTO
[ANIMHADa B [UIMHHOM MHIYKTOpE, I[AE€ KpAaeBOH 3PQEKT Hecy-
mecTeeH. Ilpu MIIXT oxucnoB BaHHa paciuiaBa sBJIAETCA Harpe-
Ba€MBIM OOBEKTOM OFPAHMYEHHOH BBICOTHI (TJTyOMHBI), a Ieub
BCETrIla MMeeT KOpPOTKuMil MHAyKTop. Kak Oyner mokaszaHo B § 2,
B 3T0M ciyuae 3¢ (eKTHBHBIA Harpes Oyner mpu m, = 5+10. 3Ha-
UCHHE YacTOThI, BhIGpaHHOE MO (opmyne (8), HOMKHO GBITH CKOp-
PEKTHPOBAHO MOCJI€ ONPENEIEeHUA ONTHMANIbHOIO 3HAueHus m,

lem. Beipaxcenne (29)] B 3aBucMMocTH OT TpeGyeMOil riTyGMHBI
BaHHBI:

i B lospzmzzopt'/Dzz' 9)
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2 BAHHA PACIJ/IABA OKUCHOIMO MATEPUAIA |
KAK NMPUEMHUK 3HEPTUW GHE_KTPOMAI’HMTHOFO NOJIA

2-1. ANNPOKCUMAaLUMUA U YCNOBUA U3MEHEHUA (POPMbI BaHHb!

Mocxonsky mpu UIIXT okucioB TOJNBKO BaHHA pacillaBa ABIIE-
eTCsi IpeoOpa30BaTeNIeM SHEPTHH EKTPOMArHUTHOIO HOMA UHIYK-

Topa B TEIUIOTY, TO BAXHO 3HaTh, KAaK BIMAIT MApaMETPbl BAHHD
' Ha YCNIOBHs 3TOro Ipeodpa-

sopanmsa. IIpencrasnenue o6
srom naer Bhipaxenue (5),
B KOTOpO€ cpead IIpOouHMX
IapaMeTpOB BXOIAT pa3Me-
pbl BaHHbI. HauHem aHaym3
¢ XapaKTepUCTHKHU YCJIOBHH
M3MEHEHNsI pa3MepoB H ¢op-
MbI BaHHBI.

Ha puc. 6 moxa3aH pa3pe3
IMJTHHIPUYECKOTO Grioka
OKMCH aJIIOMHMHMs, Ha KOTO-
pOM BH/IHBI TPY CIECLHAIIBHO
OKpallleHHbIE 30HBI, C Ppas-
JTAYHOM IUIOTHOCTBI0 OKHCH
xpoma. [lepBas, camas Iiy-

Puc. 6. bnok kopyHAa C Tpemsd
OKpallleHHBIMH 30HaMHM OBbIBIIMX
BaHH paciUiaBa

Gokasi 30Ha, 3adbuKcHpoBana GOpMy BaHHbI B MOMEHT IIPEK PALICHIA
waTIaBIeHusa 670Ka, KOr/a paciUlaB MMeJl 3HAUMTENIbHbIM NIEPETpeB,

pHOGpPETEHHBIH MO CTI0eM LIMXTHI B IIPOLECCE HaIUIaBJICHHA, a ITY-
_ GunHa BaHHBI, onpefensemas GONBIIOW CKOPOCTBIO IUIABJICHHA (oxo-
10 10 xr/u), 6bUIa 3HAUMTENBHOM. 3aTeM HaJl 3€PKAJOM pacIliaBa
[IOMECTWIA OTHEYTIOPHbIM JKPaH, MpenATCTBYIOIIMA MOTEPAM SHEP-
MM Ha M3JTyUYeHHe, ¥ IPOLECC IUTABKHU ObUT BBICPKaH [I0 JOCTHKECHHA
CTAIMOHAPHBIX TEIUIOBBIX yCIOBHH. YacTb Xpoma yCriea MCITAPUTHCH,
MO3TOMYy 30Ha G0Ka, COOTBETCTBYIOLIasA ITOMY COCTOAHHNIO BaHHBI,
OKpalleHa MeHee HHTECHCHBHO. HakoHel, TpeTbs, CaMasg BEPXHAA
i TemHas 30Ha Gioxa ¢ukcupyeT dopmy BaHHBI B MOMECHT, KOT/id
6bLJIO JOCTHTHYTO TEIUIOBOE PaBHOBCECHC 6e3 3KpaHa HaJl 3epKaJIOM,
a paciUiaB OKpacHiI¥ JOTMOJTHUTEIIbHO.
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M3 puc. 6 BUAHO, YTO U3MEHEHUE TEIIOBOTO COCTOSIHUA paciljiaBa
cKa3piBaeTca Ha (OopMe BaHHBI, IIPH 3TOM MaKCHUMAJIbHBIH JTHAMETP
ee OCTaeTCs MOCTOAHHBIM, a Ty OMHA M HAKJIOH MOBEPXHOCTU pa3/ieria
¢da3 H3MEHAIOTCA.

OOBIYHO BaHHA NPEACTaBIIsAET COOOH OCECHMMETPUYHOE TEJIO, CO-
cTOsiiLee U3 JIBYX YacTeil: BepXHe# M HYOKHEH. BepxHAA, [uIHHIpUYe-
cKasA 4acThb ABJIACTCA IUIABAIIEH 30HOM BaHHBI. 37I€Ch COCpeIOTOUYCHA
OCHOBHasA M0JIA HHIYKTHPOBAHHBIX TOKOB — MCTOYHMKOB TEIUIOTHI,
pacijiaB OTHOCUTEJIBHO MEPETPET, a8 BEPXHAA MMOBEPXHOCTh — 3€PKAJIO
BaHHbI — ABJIAECTCA YCIOBHBIM (bpOHTOM IUIaBiieHMs. HuoxkHAA yacTs
BaHHbI MMEET IEPEMEHHOE CEUCHHE M ABJIACTCA 30HOM KPHCTAIJIIHH-
3alMy. PacnyiaB 3[€Ch HarpeT MeEHBIIE, a B IOTPaHUYHOM CJIOE —
nepeoxyiaxaeH. 1loBepXHOCTh 3TOM YacTH pacmiiaBa ABJAETCH HPOH-
TOM KPUCTAJUIM3AIMK, U OT YCIOBHMH €€ (HOPMHUPOBAHMA 3aBHCAT
CBOMCTBAa KpHCTaJIM3yeMOro martepuana. HIDKHIOI0 4acTh BaHHBI
MOXXHO aNmpOKCHMHMpPOBAaTh TEJIOM BpAaIllEHHWA C MMOBEPXHOCTHIO

BTOpOro mnopspka. UneHTHPHKAIMA NOBEPXHOCTH IPOU3BOIMUTICA
IIpU MCCIIEJOBAHUM KPHBOH, OUYEPUYMBAIONIEH OCEBOE CEUECHUE BAHHBI.
HCCJIB,[EOB&HHB CBOOMICA K OIpPEJENICHHI0 MOJIOKeHUsA IeHTpa O
KPUBOH OTHOCHMTEJIbHO ee BepuinHbl A (puc. 7), a TakXe K OIpee-
JICHMI0 TapaMETPOB KAaHOHWYECKOTO YpPaBHEHMA KPHUBOHW U IOBEPX-
Hoctd Bpauienua. Ha puc.7,q,6,6 moxasana merogMka TaKoOro
UCCIIEIOBaHMA.

Ha dotorpadpum wunu u306pakeHMH OCEBOTO CEUEHHsI BaHHBI
BBIZICTAOT HEIWIMHIPUUYECKYIO YacTh, OrpaHUYeHHYI0 Kpusoi BAC.
llpoBoaT xopny AB u mapajutenbHyIo €if KacaTeNbHYI0 B TOUKe M.
Yepes Touxy M u cepenuHy N XOpIibl IIPOBOMAT MPAMYIO MN; KOTO-
pad ABNACTCA HamMeTpoM KpuBoH BAC. ITepeceuenue mmamerpa
C OCbI0 CHMMETpHUU [aeT HeHTp O KpUBOH U MOBEPXHOCTH BPAILICHNUA
Touka O aBnserca Takke HaYaJIOM KOOP/IMHAT. |

Ecnu uentp O nexaur Bbuue Bepumnnl A (puc. 7,a), T0 KpuBas

BAC ectp yacTtp 3rutuIca, a AMMPOKCUMUPYIOI[asi BaHHY IIOBEpPX-

HOCTh —  JJUIUINICOMI B 7
pallleHHsA, OIMCHhIBAEMBId KAaHOHUYECKUM
YpaBHEHHEM
42 . ¥ +27 :
o % = (10)

Ecnu wenrp O nexwur muxe Bepiumusr A4 (puc. 7, 6), To KpuBas

BA
mng ¢6sz 4acTh FUNEpOOJIBI, a aANPOKCUMUPYIOIAs IIOBEPXHOCTh —
POOJIOH], BpalliCHUs, OIIMCHIBAEMEBIN YPaBHEHHUEM

i i
a* b?

=1 (11)
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R S A3 UIicouzia
MN 0oKa3bIBAETCA IMapajuliesibHbiM OCH CHMMETDHH IR L

¥ At
Ly ATTYr TTIZAGREAT N . N4 _
i jiE  LAKE SR L L AVEL

(puc. 7,8), 10 neuTp O COBMALAeT ¢ BepUIMHOW A, a KpUBasi BAC R,
apnsierca napaBonoii. [loBepxmocip BaHHBI ANMPOKCHMAPYCTCIH b= m =, (13)
] o
()
sl THIIepOOoJIoNIa
R,
h = ;
a 1
s mapaboionya
b=R,/\a .. (15)
OueBUIOHO, 4TO b ~ R, B JJUIMIICOMAe BpauieHHA IpU 4 . = 4,

B rumepbosione BpauieHus npu a .. ~ 0,4a . B napabonousie Bpamie-
HUA b U R, MMEIOT pa3Hble Pa3sMEPHOCTH M NMPHUPAaBHEHBI ObITh HE
MOT'YT.

B pganpHeuuleM HM3JI0XEHWU HaM NOTPEeOYIOTCA OUEHKH IUIOIAIU
dbpoHTa KpHUCTAIUM3auMu U o0bema BaHHbI. [loatoMy ymectHO
IpUBECTH BBIPAXXECHHA IOBEPXHOCTEHM U OOBEMOB TeNl BpailleHHA,
alTPOKCUMHPYIOIIMX HMXKHIOI0 YaCTh BaHHbBI UEpE3 U3BECTHBIC IIapa-
METpbia ,bua .

I armMIniconja BpaiieHus

Tha? v/ a? — b?

8 ik ——— arc sin
_a:z___bz {d

—2mh(a—ay), (16)

U1 TUIIEpOOJIONa B pallicHUA

% ~HU S [IOBEDXHOCTY BTOPOI'O NOPAMI- i 1D . e
Pyc. 7. K ompéierieHHIo MapaMeTpoB yPaBHCHHS [I0BEPXHOCTH BROP i mf T B @ a, )N (@ +b2) (a¥a) —at —ath 4
K4, allpOKCHMUPY IO1eH bpOHT KPUCTIJIITHIALNY BAHHBL a — IJi5 DI 104 a
i g" aN\/a®* +b* +ab
2

6 — s THnepBoonna; € — s napaborrouna
1 i e I L (17
. ! : . vsﬂz-l':bi (a-{-aK) a +bﬂ+ (az +bg) (a+aK)2*a4 ]: )
MOBEPXHOCTHIO NapabOoJIon/ia BpallleHHA, ONMMCHIEAEMOT0 YPaBHEHUEM V _
1A TIapa
x= (y* +z?) /b (12) pabonounna BpaieHuA

b |

| Sk = — [V(4a, +b%)° — b?]. 18
iina oTpe3ka OA — 3TO mapaMeTp @ B ypaBHCHMAX (10), (Hp}. K ” [V (4a ) ] (18)

| IpeX VPaBHEHHAX HAXOMAT M3 YCIOBHA: y = Ky

[TapameTp b BO BCEX TPEX yp O6vemMb1 yxazaHHBIX Te MOTyT OBITH OIIpEdesiIeHbl IO CIedy-

= — - q . — rnybuHa
Hpu x=4a .., me“Rz pajMyc 3epKaia BaHHDI, Ifz y o . .
K pUcTanM3yloweiica vactd. M3 ypaBHCHUM (10)—(12) cnenyer: e HH
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o Koadduumenr kg, H3MEHAETCA B pauanasoHe 0 chbp < o

2 a | 1 Y 32BUCHT OT TEIUIO(PHU3NUYECKHUX CBOMCTB OKHUCIIA U YCIIOBHIi IUIABKH
Vi =mb*la 3 T 3.7 I, (19) (Temmeparypa pacIulaBa, paclpe/esieHHe HCTOUYHHKOB TeIUla, JIMHEen-
Hasg CKOPOCTh IUIaBJIEHMs IUMXThI). B cBOIO ouepenp, OT 3HaueHHs

runepOoIIous,
. Kgp 33BUCHT CTPYKTYpa KPHCTAJUTU3YIOIUETOCA CIUTKA (CM. IJl. 2,
(@ +ay) a ro KauecTBo.
VK='H'b2[ 5 ‘3“"-‘-'11(]: (20) ) 8
a —
: \ D>=2R 2
napa0domous * \ |
mb*a ' N s 3 > f |
V= ok (21) .
B 2 N O :1|
2 BN wimedettantaen rebusteming Pa i m b e g o R
Eciiv BaHHA HE ABJIAETCA TEJIOM BpallleHUsl, HO UMEET INIOCKOCT- I N ' ] |
. 4
HYI0 CHMMETpHUIO, HallpuMep, NpHd IUIABJICHHM B THIJIAX NIPAMO- ‘%‘ AN o
. X
YroJIbHOTO MJIA MHOTOYTOJIBHOIO CEuYeHMs, TO aMMpPOKCHMAIMIO €€ RS .*.:1:‘_ AR
¢dopMBI IPOBOIAT 1O TOH XK€ cxeme. BriiendaT BEPXHIOK YacTb, N £
s : N (XX
MMEIONIYI0 BHI IpAMoN mpu3Mbl. HMKHIOW 4acTh 3aMEHAIOT TEJIOM EEEEEEEE%E%}‘ S |
. POCILHHAHKAKK . q--l-'in-ln....::::::
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rUIepGOIOUIOM WIH JUIMNTHYECKUM NapaboJIOU/IOM, T. €. durypou,
pAl TOPU3OHTAIBHBIX CEYEHWH KOTOPOH €CTh MOJOOHBIE SIIIMIICHI,
a OCeBble CEeueHMsI BJOJb OCEH ¥ U Z €CThb COOTBETCTBEHHO JIMOO
JUTMAIICHI, MO0 rumnepboIibl, MO0 MapaboIIkI. [lapametpsl @, b, ¢
YPpaBHEHHA ITOBEPXHOCTU ONPENCIIAIOT TAK XK€, KaK Ha PHC. 7. Torb- Puc. 8. Cxema anmpoxkcyuMauyy BaHHBI IIMIIHHOPOM
KO UIA OOHOM BaHHBI 3TO NMPUXOOUTCA [EIaTh HC MEHEE 4€M B JIBYX

OPTOrOHAJIbHBIX CEUCHUSAX. ’
I ynpolIeHHsA TEIUIOBBIX M 3JIEKTPUUECKUX pacyeTOB HMHOTTIA poMe KO PuimeHTa K 4p ONUCaHNs1 GOPMBI BAaHHBI HCTIONB3YIOT

EJIaTeJIbHO BaHHY MPECTaBUTh IQUIMHAPOM. YCIIOBHEM 3aMEHbI TaK Ha3bIBaCMbIH K03‘13‘13P£HH@HT GopMbI kq): PaBHbIH OTHOIIEHHUIO
MOJX€ET ObITh PABEHCTBO IUIOIIAMICH TEIUIOOT/AioNIeH MOBEPXHOCTH [TyOMHbI UWIMHOPUYECKOW YaCTH BaHHBI a, K TOJHOH IiyGuHe
DBACE peanbHO# BaHHbI (puc. 8) u noBepxHOCTH. DFKE 3kBHBa- tC€d4:

JICHTHOTO LIMIMHpa C TeM e paguycoM R, . Beicora myymHIpa a4, kq) =aq,la, = e,/ (d, *a.). (24)

B METpax OIpedenAeTca no gopmyie
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Koadduiment ¢popmer MoxkeT H3MeHATHCA B muanasone 0 <k, <

M S ' R, S (22) S 1,0, mpu 310M 0H onmchiBaeT u3MeHeHHe GOPMBI BAHHBI, HallpUMep

o 27R, 2 OT TOJIBKO napaboymyiecKkoi 10 TOJIbKO IWIMHApHYeCcKO#. Ero 3Haye-

HHMC 3aBHCUT OT YCJIOBHM HarpeBa M OXJIQXXIEHMsS BaHHbBI, a TAKIKE
OT NIONE€PEYHbIX pa3MEPOB HAIUIABIIAEMOro O/10Ka. '

W3 dopmynsr (24) HaiiiemM BBICOTY KPHUCTAJUIH3YIOMIEHCS YACTH

BaHHbl @, =a, (1 — Ky ) ¥, NOACTAaBUB 3TO BhIpaXKeHHe B HOpMyYITy

rpe S, HAXOMNAT TMO OfHOMY W3 Bhipaxkemmii (16)—(18), M*; a, —
BBICOTA IWIMHIPUYECKOM YacTH BaHHBI, M. _
Yron a mexnay xopaamu AB u AC (puc. 8) B CeUeHHH HELMIIUHL:

| PUYECKOli YaCTH BaHHBI XapaKTepH3yeT YCPENHEHHbIX HaKJIOH (PPOH-

Ta KPHUCTA/UIM3AIMK K OCH BaHHBI. YITIOBOH KOJ3(hQUIMEHT TaKo¥ (23), monyuum saeucumocts mexcry Kopp 1 Ky,
XOpHbI B TEOPHM KPHUCTA/UIM3AIMOHHBIX METAJLTY PrUHYECKHX IIPOLEC- kKpp (1 —ky) =D,/ (2a,). (25)
coB [11] nHaspiBaercsi KO3GOHUIMEHTOM (QPOHTA KpPHUCTAUIM3AINN O1ciopa cnepyer, uro B [IEPBOM MPHOJIMXXEHUHN [UIA TeoMeTpHYe-
ey > D, “KOTO mojio0us pasHbIX BaHH JOCTATOYHO MMETh ITOCTOSHCTBO ke
Kop =tg—2— = 7. = 24, (23) ¥ kg, xota mia Gojee CTPOrOoro mnogoOusa HEeOOXOOMMO TaKXKe

“OXPaHUTh XapaKTep ypaBHEHWs IOBEPXHOCTH BaHHBbI.
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Cpenu $akTOpOB, BIUAKIIUX Ha GOpMy BaHHBI U HAKIIOH (POHTa
K pUCTaJIJIN3al MK, CIIEAYET BBIAEIIUTH ITIaBHbIC: TeMIIEpaTy py p4acilia-
Ba T, M yC/IOBMA TEMJIOOTJa4Y¥ OT BaHHbI. JTH (PAKTOPHI 0600111a10T
B Kputepuid buo, ABIAWIIMIACA KOJIHYECTBEHHON MepOd HHTEHCHB-
HOCTH TEIUIOOOMEHA, OIeHEHHOH B CpaBHEHHH C TEIUIONMPOBOIHOCTDHIO
MaTepHaia, ¥ KOTOPhii Ha3bIBAIOT OTHOCHUTEJIbHBIM KO3 GHUIMEHTOM

TEHJIOOﬁMeHa: Bi o .Dzafzk,- (26)

rae ¢ — KO3 PUUUEHT TEIUIOOTAauYl ¢ GOKOBOH IIOBEPXHOCTH BaHHBI,
BI/M{2 -K; A — TEIUTONPOBOHOGTh TBEPAOH (a3bl, Br/Mm-K.
IIpencraBneHue O BIUAHUM OTHOCHUTEJIBPHOM TEMIIEpATyphbl pac-
mwiaBa 9§, ="Tp/T . A KpuTepusa Bi Ha ¢opMy BaHHBI JalOT KpHUBBIE,
IpefiCTaBJIEHHbIE Ha pHC. 9
H H300paXkaloiue cedyeHue
M30TEPMHUUYECKON MOBEPX-
HOCTH T BHYTDH IWJIMH[I-
pHUYECKOro O11oka, HarperTo-
ro ¢ TOpiia B CTalMOHAPHBIX
YCIIOBHAX. OTHOUIeHHA
2a5/D, n D[D, ecTb OTHO-
CUTEJIbHAA TIJIyOMHA BaHHBI
U OTHOCHTICNIbHAsA paJuajib-
Hasd KOOpOMHAaTa COOTBET-
CTBEHHO. Kpusrie, Ipep-

T

Puc. 9. ®opma ¥ OTHOCHUTENIBHAS

Bi=10 | §=12 rnyOuHa BaHHEI [pPH HarpeBse
0.4 L nony6eCKOHEYHOTO IUIMHIOpa
10 08 0,4 2a' "0 0,4 0,8 D/D; C Topia
8
D7

CTaBJICHHbIE Ha puc. 9, BpuuUcieHb! B. M. 'aHIOUEHKO ¢ NMOMOIMIBIO
W3BECTHOTO pEILICHUs YpaBHEHHs TEIUIONPOBOOHOCTH IMIIMHIpA,
HATPETOro ¢ TOpLA M OXJIaXKIAaeMOro ¢ OOKOBOM IIOBEPXHOCTH IIpH
CIIEIY IOLIUX AOIMYIIEeHUAX: 1) nepemMenimBanue B BaHHE OTCYTCTBYET;
2) TEemNIONMpPOBOOHOCTh pacCiUiaBa paBHAa A; 3) Temwioornaya ¢ GOKO-
BOM ITOBEPXHOCTHU OJI0Ka MPOIOPLMOHAJIbHA MEPBOU CTEIICHH TEMIIE-
parypel. IlocnemHee pmomynieHME HE aAEKBaTHO [ICUCTBUTEIIBHOM
TEIUIOOT/Iavue, IMPOMOPIMOHATIbBHOM YETBEPTOM CTEIIEHHM TEMIIEpATYphl
NoBepxXHOCTH Onoka. Kpome TOro, ycjioBHe HarpeBa IMIIMHIpA
C TOpIIa COOTBETCTBYET PEAJIbHBIM YCIOBUAM HMHAYKIMOHHOM IUIABKH
OKHMCJIIOB JIMIUb I MEJIKUX BaHH, KOIZJAa HCTOYHHMKH TEIUIOTHI
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COCpEeIOTOYEHbI B TIOBEPXHOCTHOM Ciioe y 3epkana. [loatomy kpu-
Bble pUC. 9 MOTYT CIIy XHThb OCHOBOH TOJIbKO KauyeCTBEHHOI'O aHa/Ii3a
CBA3M MEXIy YCIOBHAMM IUIaBKM U ¢opmoi BaHHbI. CeMeHCTBO
KpUBBIX (pHUC. 9), PpacroyIOXEeHHbIX ClieBa OT BEPTUKAJIBHOM OCH,
MOCTPOEHO B 3aBMCMMOCTH oT O, npu Bi= const. CemeiicTBo
KPUBBIX CIIpaBa OT OCH TNOCTPOEHO B 3aBHUCHMOCTH OT Bi mpwu Bp =
= const. |

AHaJIM3MPYsA KPUBBIC Ha pHUC. 9, MOXHO yOeOUTHCS, UTO BaHHBI,
COOTBETCTBYIOIIME KPHUBBIM, HU300paXeHHBIM (CJjieBa, IIpH YBe-
JIMYEHHH TeMIIepaTypbl paciulaBa yBeIWYMBAIOTCA IO IJyOuHe,
HO HE H3MEHAIT CBOKW (opMmy, T.e. kcb OCTA€TCA IOCTOAHHBIM.
ABCOMNIOTHOE 3HAYCHME K; 3aBUCHT OT YCITIOBMH OXJIaXIEHMs: IIpH
Bi < 1,0 umeem ky, > 0,5; mpu Bi> 1,0, kp <0,5. B 10 e Bpems
yrojl HaKJIOHA (PPOHTAa KPUCTAJUIM3AIUHM YMEHbIIAETCA C YBeJIHye-
HHUEM TeMIIepaTyphl, T. €. kcbp YMEHBIIIAETCA, CTPEMSACH K HYIIIO.
BaHHBI, COOTBETCTBYIOLINEC KPHBBIM, U300pakKeHHBLIM cripasa, TpH
YBEJTMYCHHN OXJIAXIEeHUA (C yBenuueHueM Bi) yMeHsIIAOTCH IO
IIyOMHE M M3MEHAIT CBOKW (GOpPMY OT MOYTH LMITMHIPHYECKOM
o smwmnruyeckod. llpw srtom koadduument K4 U3MeEHseTCH,
YMEHBIIAACh OT €IMHHIUBI 10 Hyjsi. B T0 e Bpemsa yronm HakjoHa
(GpOHTa KPHCTAJIN3ALMH OCTAETCA HEU3MEHHBIM M, CIIEIOBATEJIBHO,
K, HE MEHACTCS. |

Ii’aR:HM 06pa3oM, B CTallMOHAPHOM COCTOSIHUM M3MEHEHHME TeMIle-
paTypsl paciiaBa ¥ yCIOBUHM OXJIAX/ICHUA BaHHBI IIPUBOJIAT K U3Me-
HeHWI0 e€ riryOuHbl. llpu sTomM TemmepaTypa oka3biBaer BiIMsHUE
Ha HAaKJIOH (DpPOHTa KPHUCTAJUIM3AIMUA ¥ U3MEHSET IJIyOMHY KpHCTaJl-
JIM3YIOIEUCS YaCTH BAHHBI, a YCIIOBUA OXJIaXKIEHUs BIIMAIT HA dbop-
MY BaHHBI H U3BMEHAIOT IITYOUHY IUIaBAIIEH YaCTH. DTO BAXKHO 3HATE
I ONIPE/IENICHUN SNIEKTPUYECKOr0 pEXMMa IUIABKH M BBIGOpE
KOHCTPYKIMH TI€YH.

Cpencteamu oGecrieuenuss BBIGPaHHBIX Kpp U kg sABIAIOTCA
MOIIHOCTD, BBIACITIAIOINAACA B BaHHE M ONpEAEIIA0mas TEMIIE PATy Py

pacCililaBa, ¥ OHaMeTp XOJIOOHOrO THIJIA, OIIPEICIISIIOIIUNA YCIIOBHUA
OXJIaXKIICHUS.

2-2. OnTuManbHbie YCNOBUA Harpesa BaHHbI

- 3afIaBasich IuaMeTpoM, IiTyGHHON K ¢dopmoii BaHHBI U TTONB3YACH
KPUBBIMU DHC. 9, MOXHO OILIEHHTSH TEMIIEpATypPy paciviaBa B CTa-
U}IOHapHOMu WIM KBa3UCTallMOHApHOM cocrosnuu. Ilo meromuke,
U3JI0KEHHOM HMXe, B § 3 rin. 1, MoXxHO ONPENETINTh MOIIHOCTH

"
i HEOOXOmUMYI0 [yl OGecleYeHus IIABKH C BBIGPAHHON BaH-
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Tia aHAIM3a JJIEKTPUUYECKUX YCJIOBHM HarpeBa BaHHbI BBIPpA3HM
P, uepe3 HampskeHue Ha MHAYKTOpe U; ¥ mapameIphl MHAyKIOpa.

P, %U%/Zlgmcos(pl ; _ (27)

roe z,, [OJIHOE 3KBHUBAJICHTHOE CONMPOTHUBJICHUE MHAYKIODPA, Owm;
By o KilJl vHgyKTOpa, COS ¢, — K03 dUIMEHT MOLIHOCTH MHIYK-
TOpA.

Eciu uacTtoTa BbIOpaHa 1o dopmyie (9), TO HpH JIIOObIX MPAKTH-
yeCKH pPEeaJM3yeMbIX F€OMETPHYECKUX COOTHOIICHMAX BAHHBI U MH-
IyKTOpa 7, TMOJIyyYyacTCs paBHBIM 0,95—0,98. 3J10 ABJIACTCA CIIE/I-
CTBMEM OrPOMHOM pa3HHIbI YJIENIbHBIX CONPOTHBJICHMHM pacIllaBa
4 MeIM MHAYKTOpa, OTHOLIEHHE KOTOpbIX paBHO 10°—10°. BeIicOKHi
KIIJ unayKTOpa ABIAETCA BaKHOM MOJIOXMTEJIBHOW OCODEHHOCTDHIO
UIIXT okuCiIOB, OMNpeeAled BbICOKHE TEXHMKO-3KOHOMMYE-
cKHe TOKa3aTelqu mpolecca B meaoM. B To ke BpeMs BBICOKHY
M NOCTOSIHHBIA 1), OKa3bIBa€TCA HECKPUTHYHBIM IApaMETPOM IIpH
obecneucunn ontuMabHbiX ycnoBuii MIIXT um He MOXET CIIYXHTb
KPUTEPUEM IIPH aHAJIN3€ ITHX YCIIOBHH.

OnpeaensomyM apaMeTpoM ABIACTCA COS ¢, . [TokaxeM 31O
CIIEAVIOIIMM pacCyXaeHueM. MakCUMasibHOEC 3HAUCHUE HAIPAXCHUA
U, max B BbIpakeHu# (27) OrpaHMyeHo 5JIEKTPUYECKON TIPOUHOCTHIO
3330p0OB HMHAYKTOpa, no3tomy U; .., MOXHO CUMTaTh MOCTOAHHOM
BejMuMHOM. YacroTa HarpeBa IpH IUIABJICHMM MEHACTCA HE3HAUM-
TeNIBHO, ¥ €€ MOXHO cuutath nmoctosiHHOM. Ilpu OombmiMX 3a30pax
MeXIy MHIYKTOPOM ¥ BaHHOW ¥ IIPH NOCTOSIHHBIX (pOpME M pa3me-
pax MOCeqHeH CONPOTUBJIEHHE Z;, NMPAKTHYECKH HE HU3MEHACICH
B 3aBMCHMOCTH OT TEIUIOBOIO COCTOsAHHMA paciuiaBa. lloatomy z,,
TAKIKE MOJXKHO CUMTATh MOCTOAHHOM BEJIMUMHOMN. YUMTHIBAsA NOCTOSMH-
HOE 3HaueHWe 7),, MaKCHMMAaJbHYI0 MOILIHOCTh B PpaCIIaBe MOXHO
[PECTABUTh 10 BBIPAXEHUIO (27) B CIEAyIOIIEM BUJIE (B BatTax):

(b e Uzjmaxnlcos 01/2 15 = €COS ;. (28)

3pech C, — NOCTOAHHAA BEJIMUMHA, PABHAA S § s xMy > TAC T
MaKCHMATbHOE 3HAYEHME MOJIHOM MOIIHOCTH, MOABOAMMOM K MHIIYK-
TOpY, B-A. _

Uz dbopmynsr (28) crmemyer, uro mp OOJIBIIMX 33a30paxX MHAYK-
topa P, .., 33BHCHT TOJIBKO OT COS ;. ITO CIPABEIJIUBO TAKKE [V
pexxuMOB ¢ mocrossHHbIM U, . Hanpumep, Ipy MOMbITKAaX CTaOUIIU3K-
pOBATh HArpeB BaHHbI CTAaOMIM3aMEN HANIPSKCHUS U, momHOCTs P,
M3MEHAETCS B COOTBETCTBHMH C M3MEHEHHEM COS ¢, . (J1e[IoBaTENbHO,
aHanu3 ycnopui UIIXT okuCioB B pAAe CIy4acs MOXXHO OTpaHMYHTD
PaCCMOTPEHHEM 3aBHUCHMOCTEH COS ¢, OT HHTEPECYIOIUX HaC Iapa-
METPOB T€UM M pEXMMa IUIABKH, TAKHX KaK d,/ay, D,[Dy, m,,

Kips Kgp B IP-

Ll

Ha puc. 10,a u 6 npuBesieHbI TpadyKH 3aBUCHMOCTH COS ¢, (711, )
NpH Pa3IMUHbIX OTHOCHTEJIBHBIX r;ryOMHaX BaHHBI @ ,/a,. B manHom
ClTyuae YBEJHMUEHHE /71, COOTBEICTBYET YMEHBIICHMIO 0, 3arpy3KH
TUr7Isi MpU MOCTOAHHOHM YaCTOTe HArpeBa M IOCTOSHHOM [IMaMeTpe
TULJIS, XOTA YBEITMYEHHIO 1, MOXET COOTBETCTBOBATh KAK YBEJIHUE-
pue f, Tak U yBenuueHue D, . Ymensutenue p, npu UIIXT oxwucnos

a) 5)
COS¢ ] T cosepyf
015 015} <
2 _
5—2.0
104/ L.
0.5 ’,:.._:
0,25 / . \:\ s
040 0,10 ' dy
! : ‘}::-
! \
;J"; ”fr \\\ \‘\
::l ’f \‘
i ' 0,05 o ==
4 4 ~
4 ’f pad™ |
_. / 5
Al _ % b
f e
0 |
e 9 45 T m g W S e

Puc. 10. 3aBucuMocTH cos 1 OT OTHOCHTEIIBHOTO JyMaMeTpa BaHHBI IIpA pa3HEIX
ee (I))'IHOCHTEJILHBIX [JIyOuHaX: ¢ — IIpU HarpeBe HHOYKTOPOM, BEICOTa KOTOPOTO
a1/D = 0,5; 6 — mpu HarpeBe MHAYKTOPOM, BBICOTA KoToporo a1/Dy = 1,0

HIPOUCXOUT C yBeNUYCHHEM TeMIepaTyphl cajxu. [loatomy 3aBucH-
MOCTH, TIpericTaBieHHble Ha pHC. 10, oTpaxaroT uaMeHenue YCIIOBUH
SRUICJICHHA MOUIHOCTH B CaJIKe OT CTapTOBOTO HArpeBa M Ie PBOHA-
HaJIGHOTO IUIABJICHUS 10 EperpeBa paciiaBa.

b /IpKO BBIpaXKeHHBIN MaKCHMYM KPUBBIX CITYXHUT YKa3aHHeM TOTO,
Hp‘; gyﬂlecmymr OIITUMAJIBHBIE YCJIOBUA Harpepa. JleiicTBUTENBHO,
OJIb
o aqemnx P2, WIA MAJbIX 3HAYCHUAX M., PaCIUIaB MPaKTHYECKH
Imo'xﬁ H JUIA 3NEeKTPOMAarHUTHOIO MOJIA, M [OJIe3HAs MOIIHOCTE
BBIIEIIs |
ACTIACTCA B HeM. llpu manbix p,, wnm Gonbimx m.,, pac-

J1aB 7
lIONOBEH MeTayuly, MOBEPXHOCTHBIH 3(dEKT OueHS APKO

BbI
it DEKEH, ¥ TI0NIe3HAA MOIHOCTD BBIZENAETCA TAKIKe IUIOXO. Harpes

. _
c}(l;?)t;gee d3QdexTUBeH B aMana3oHe 2 < M, </, YTO COOTBETICTBYET
HOMY HHITYKIIMOHHOMY Har peBY LMIMHJIpHYECKHUX AeTasei [7].
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e =S e S

[Io 3aBHCUMOCTSM, NIPEJICTaBJICHHbIM Ha pHC. 10, HETpYAHO YBHIETEH
u prusanue QyHkuuu A (m,) (puc.4), KOTOpas OTpaXkaeT U3MCHe-
HUE yCJIOBUH BBIAECIICHNA SHEPTHH B LIMJIMHIPUYECKOM oOpas3iie.

W3 puc. 10 BUOMM, UTO NIPU YMEHDLIEHUH @ , MAKCHMYM II0JIE3HOH
MOIIHOCTH CIABUIaeTCsi B CTOPOHY OObBIIMX M, M CHHXACICA IIO
abconoTHOMY 3HaueHuro. OGo3Hauum m,, IpH KOTOPOM COS @,
MaKCHMAJICH, YEPe3 71, ot - YBeueHue m, opt MEJIKAX BaHH 00DBA-
SICHSIETCA IOSABJIEHUEM OCEBOHM MPO3PaYHOCTH MX, UCKIIIOUHUTH KOTO-
pYI0 MOXHO TOJIBKO CHH)XEHHEM p, WIH YBETHYCHHEM f. 3HaueHnue
Myopt HE 3aBHCUT OT BBICOThI MHAYKTOpA 4, HO U3MEHAETCA IPO-
MOPLMOHANMBHO D, ¥ 0GPaTHO IPONOPIMOHAJIBHO 4 ,. 1locyie aHam3a
HECKOJIBKUX CEMEHCTB KPUBBIX, ITOJJOOHRIX TEM, UTO HPEACTABJICHEI

Ha puc. 10, A. B. lllky1bKOBBIM MOJTy4€HO IMIMPHUECKOE BHIPAXKECHNE
D
= (—=19,3)¢¥ - 0,8, (29)
a
2
rie ¥ - K03 HIMEHT IPONOPIMOHATIBHOCTH MEXY My ont ¥ Dy /a .
IMIMPUYECKOE BhIPaXKEHUE IS Y UMEET BUJL

mzopt

0,016 - (30)

1 %,

3pech k, — K03 PUIMEHT 3aMOHEHNUA OKHA MHAYKTOpa pacilia-
BoMm. OTMeTHM, UTO Kk, BIIMAET HE TOJIBKO HA M, oyt » HO, UTO BAXHEC,
Ha 3HauyeHWe cos¢,. Ilpy 3TOM CyIIECTBEHHOE 3HAUCHHEC HMMECT

HaJIAuMe MeTaJIMUYECKOT0 XOJIOMHOr 0 TUIJiA M IJIOIaAb €ro rOpH30H-
TanpHOrO ceueHna. KoappHuueHTt |

Yy = 0,37 +

k,=8,/(S; =S, (31) .

raoe S, — IUIoLagb TOPU30HTAIIBHOIO CEYCHMsA BaHHBI HA YPOBHE 3CD-
kana, M2; S. — IUIOMAh TOPU3OHTATIBHOTO CEYEHUA OIHOH CEKIMH
TMITISA, M2: 1 — YMCITO CeKIMit; S — IUIomaap OKHa MHIYKTOpa, M” .

C ysenuueHueM K, IpH JII0OBIX 771, 3HAUCHHUE COS ¢ TOBBIINACTCA,
TaK KaK YBEJIHUMBAETCA MOTOKOCUEIUIEHHEe C BaHHOH, a MOTOK pac:
CEAHHA B 3a30pe MHAYKTOpa yMeEHbLIaeTC. MeTayuIMuecKud THIellb
MeXIy HHIYKTOpDOM M BaHHOM COKpailaeT 3a30p, YBEJIMUMBAET K,
M, CJIedOBaTeJIbHO, YBEJIMUMBAET COS ¢;. BIMAHME METAIMYECKOI(
TMIJIA Ha COS ¢, Moka3aHo Ha puc. 10,4, 6, rpe CEMEHCTBO MMyHKTHP
HbIX KPHMBBIX ITOCTPOEHO JIs Ciydyas IUIaBKM B KBaplE€BOM THITIC
KOTOpbIi HE BIIMs€T Ha MAarHMTHBIA IOTOK. B TaHHOM Ciy4ae k, =
= 0,44. Cruioumble KpHBbIe MOCTPOEHBI WA CiTydasd, KOrja uCnojb
3yeTC METAJUIMYECKHH THTeNb, IPH 3TOM KO3 PHIMEHT k,=0,55
OTCrofia BU/IHO, YTO OTHOCHTEIBHO Majbie M3MEHEHUA K, NPUBOTA]

K CYL€CTBEHHOMY M3MEHEHHIO COS ¢, .

24

3ech YMECTHO YKa3aTh, YTO IpH 3HayeHMsX k, > 0,6 mosiHoe
JMEKTPUEECKOE CONMPOTUBJIEHUE WHIYKTOpPA Z,; , B BbIpaXeHuH (27)
ge ocraercsi MOCTOAHHBIM IIpH M3MCHCHHU 0, B BaHHE INOCTOSAH-
Hoit dopmpl ¥ 0Obema. CIIeIOBaTeNIbHO, 3aBUCHUMOCTH P, (m,)
U cosy, (m, ) He ABJIAIOTCA MOJI0OHBIMU, ¥ BeIpaXkeHue (28) He crpa-
geTBo. MaxcumyM P, (m,) cOBHUraeTcs B CTOPOHY GOJIBIIMX m,
10 CpaBHEHHUIO C 71, gp:c- lloaromy nipu Gonsiux k., Hy>KHO BHIGHPATH
PEXXKUMBI ITaBKY C OOJIBIIMMHU 3HAYCHUAMMU 71,, YeM 3TO BBITEKAET,

W3 aHaJIM3a KpUBBIX COS ¢y (mg) .

CosS tP‘f M7= & 5 3

/ ' ; i
010 &

V7 :

0,05

0 0,5 1,0 15 . afay

Puc. 11. 3aBHCHMOCTH COS Q; OT OTHOCUTENBLHOM Iy GMHBI BAHHBI IPU Pa3HBIX
OTHOCHUTEJIBHEIX JUaMeTpax ee

W3 Beipaxenus (29) cnepyer, 4To npH BbIGPaHHBIX D, u m, ycno-

BUS HAWITyulIerO BBIJCIJICHUA IIOJIE3HOM MOLIHOCTH OYOyT B BaHHE
ONITUMAJILHOM [Ty OMHBI

D,y
m2 B 9:3',0 + 038

Ar0pt = (32)
Ha puc. 11 nocrpoens: 3aBucumocts cos ¢, (@,/a,) npu m, = const.
OHu nokaseIBaT, 4TO COS ¢; MOHOTOHHO BO3pacCTaeT C YBEJIHYCHHEM
42 IpM @, S @ M IOCTHraeT NpeJieIbHOTO 3HaueHus npu a,, = (1,0 —
;I-Hi ;52[;: algi ;a;g;n;ao;r: oruz;r}ig. 3HAUUT, HELEJIeCOOBPA3HO IIPOU3BO-
) ;fo 5 1» IOCKOJIBKY 3TO MPUBOJMT K YBEJTHICHHIO
o g pb, YBEIHUMBACT CyLIECTBEHHO MOJIE3HOH MOLL-
HITXT sysees ;fneﬁr [TOKa3aHO, YTO [0 COOOpa>KEHUAM YCTOMUMBOCTH
. e bIOMPaTh PEXUMBI C /., > M5 opt - W13 puc. 11 Bugno,

MHATIa30He m, COS ¢, HOCTUraeT MPEeSIbHOTO 3HAUCHHS
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|
npu a,/a, =1,2+1,0. TlocnepHee COOTHOLIEHHE MO3BOJIACT OIpEne- r}emie 1 . , PACTIONIOXKEHHOE HIDKe TUIOCKOCTH TOpIIA HHIKTOPa,
AT ONTHMAJIBHYI0 BBICOTY MHIYKTOPA @ ,n¢ 110 M3BECTHOM OIITH- ;1363*1; Yot e ie k., Tem Gomse / ;. Ecmi BamHa crato-
MaJIbHOI# TJTy OMHE BaHHBI U3 BhIpaxeHusa (32): BfITCH O KOHIUECKOI, T. €. Ky =0, 70 Ay =h oy ~ 0,54 .
ayopt = (0,8 — 1,0)a,qp- (33) Otcrona CrefyeT BaXHasd PEKOMEHIAIHs MO B3aHMHOMY PacIIo-
TOSKeHMI0 MHAYKTIOpa ¥ BaHHBI IIPH IUIaBKe: IUIOCKOCTh BEPXHEro
MHAYKTOpa BCErAa JIOJKHA ObITh HaJl 3€pKaJIOM BaHHBI U TEM

JKCTpEeMAaIbHBIA XapaKTep 3aBHCHMOCTH COS ¢y (m,) oxa3biBaer

; TOPIA
BJMSAHME Ha BBIOGOP YacTOTHI Harpepa. YacToTy HYXHO BHIOHpATH Bbfme, gen MeHbiIe K, HO He BBIIle TONOBHHBI BHICOTBI MHIYK-
2 : | TOpA.
D,=0,15m | ¥
Dy=010m
B fg’gg . 3. IPOLIECCHI TEMJIOOEMEHA B BAHHE PACILJTABA
B~ ¥
my=3 |
£ [lpu MIIXT sHeprus, Bbiensemas B pacIUlaBe, PacXo/lyercs

Ha IUIaBJIeHME IIMXThl M Ha IOAJEp)KaHWE BaHHBI B IEpPErpeToM
cocTosHUM. BanaHC TEIUIOBOHM MOIITHOCTH BaHHbI MOXeT ObITh H300pa-

eH B BHOE CXEMBI, IpEeICTaBJICHHOM Ha puC. 13, U 3ammmcaH cie-
r OYIOIHM YPaBHECHUEM
& P2=Pm+P6+Pﬂm+Pn+PK’ (34)

rge P, — MOLIHOCTD, IieperaBa-
eMas OT pacijlaBa lmmxrte, KBT;
i Pz — MOIIHOCTh TEIUIOBBIX IIO-
Tepb uYepe3 OOKOBYH IOBEpPX-

S &

FESSSS S SN

| | A ¥ gy |
} 10 =08 <06 <04 02 0 02 04 06 08 ha i;’nc;zefﬁﬂ?af o - MomOCT 1—F
C 3epKaJyia paciuiaBa; ¢ 4
_ P — MONIHOCTh TEIUIOBBIX IIO- !
Puc. 12. 3aBUCHMOCTH COS (7 OT OTHOCHTEJILHOTO CMEIICHUS BaHHBL B MH/IY K- Teph Yepe3 MHO BaHHbI; P, — H gl | "‘; ;
| Tope (MOJNOXHUTENBHOE Hanpann;::ione:;iﬁ I:I!pn pa3yMYHbIX KO3 PHuIMeHTax MOUIMONTY TOIIOB BIX TIOTEDD KON- ? v Ea%Y g
: BEKTUBHBIMM NMOTOKaMHM HaJl pac- P, E
| raxuM 06pa3oM, yToObl MpH TemmepaTypax paciuiaBa BOmM3u 1., mmaBoM. Cymma ueThIpex mocies- P, i g
BBIONHSANIOCh YCIOBHE M, ~ My . OTCIOA OMYUeHO PEKOMEH/IO-  HUX WIEHOB ypaBHewus (34) 5&5‘;:5:’25 :
BaHHOE paHee BhipaxkeHue (9). [IpeIcTaByisieT CcOOOH TEIIOBBIE RS- —F
| B 3akiioueHWe IpOaHAM3MpyeM BiMAHME (OpMbl BaHHbI Ha morepu UIIXT P . ¥ ‘**::E::g ;
| cos ¢, . Ha puc. 12 noKa3aHp! KpUBbIE H3MEHEHHs COS ¢; B 3aBACH- Cormacio [12], TemnoBoit A s ;
MOCTH OT CMEILICHHsA /# BaHHBI OTHOCHTENBHO IUIOCKOCTH MHAYKTOpa. TPOLECC CTAaHOBHTICA KBA3HCTa- e AN
' Eciu BaHHa UMMHApHuecKad, T.e. kg = 1,0, T0 CMemenue BBepX IWMOHADHBIM, M UIA €ro' aHAH3a é RIS —
WM BHHU3 BBI3BIBACT CHMMCTPHUYHYIO PCAKIHIO. CHmxenue cOS¢; MOTYT  ObIThb  MCIOJIb30BAHBL :‘;“_;_:‘:;::g:h ::;EEEEEEEEEEEEEEEEEEEE i Vst j
BCJIE[ICTBME CHIDKEHMA 3JIEKTPOMArHUTHOHM CBA3M paciliaBa C MHTYK- YpaBHe_,HHH Jlammaca wmu Ilyac- EEEEEEEEEEEEEEEEEEEE?:., “::EEEEEEEEEEEEEEE
| | TOPOM M300paXkaeTcsi 3IKCTPEeMAIbHOM KPHUB OH, CHMMETpUYHOU COHa, €CIH KOJIMYECTBO TEIUIOTHI, RSN IR
I8 otHOcutenbHO A = 0. Eciii BaHHA UMeeT KOHUYECKYI0 4acTh H kcb < :.EEE:EEEEE:EEEEEEE:EE:EE:EEEEEE:}"ﬂ Py
. < 1,0, TO CMelieHHe ee BBEPX BBI3bIBAET YMEHBIICHHE COS ¢; GONCe  Puc. 13. Cxema Gamamca mommoctelt  JRESRRiia iy
| 3HauMTENIbHOE, UeM cMeleHne BHM3. Kpusas €os ¢, () CTaHOBUTCA npu UIIXT - oo asese i oa e e

HECHMMMETpPHUHOM OTHOCHTeNbHO /2 = 0. MakcHMyM €€ NpHXOIHTCA
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BBIZEJIAIOLIEECS B 3TOM MPOLIECCE, paCXOAYETCA Ha IIOTEPU B OKPY XKa.
OLYI0 Cpely B CYIIECTBEHHO OOJbIIEd Mepe, YeM IMOIrJIONIAeTcy
npoaykramu peakumu. CiemosarenpHo, MIIXT MOXHO CUMTaTh KBa.
3UCTALIMOHAPHBIM IIPOLIECCOM IIPH BBINIOJTHEHUH HEPAaBECHCTBA

K=P Ip €10 (35)

CootHomieHue (35) Ha3bIBaeTCsA KpUTEpUEM KBa3HCTalMOHap-
Hoctu WIIXT. Kputepuii kBasucraudoHapHOCTH K TpHOOpeTaer
CYILLIECTBEHHO Majoe 3HaueHue He cpa3y nocie Bo30yxaenusa UIIXT,
a IO MPOIIECTBMM HAYaJIbHOI® MEpHOJa B HECKOJIBKO [ECATKOR
MHHYT, Korjga ¢opmMupyeIcs BaHHAa M HAIIaBJIAETCA 4acCTb CIIMTKa,
[Tocie 3aBepileHMs HAYaTbHOTO NepHoJa IUIaBKH P mocturaer
MAaKCUMAJIBHOTO ¥ HEM3MEHHOI'O 3HAauYeHUsA, a K CTAaHOBUTCA pPaBHbBIM
0,4—0,15. B 3TOM COCTOSIHMM IUIAaBKY MOXXHO CUMTaThb KBAa3HCTa-
IIMOHAPHOM M IIpM pacuere cocrapiAmmx Oamanca (34) MOXHO
MCIIOJIB30BaTh (QOPMYJIbI TEOpHUH TeIUloNepedaud CTalMOHAapHOTO
coctoaHusA. Omnpenenum COCTABIAIIIAE MOILUHOCTH  TEINIOBBIX
IOTEPh BaHHBI.

MoniHOCTh MOTEPh Ha U3NYUYEHHE C 3epKajla BAHHBI ONpPEeCIACTCS
ero TeMIeparypol u miomanpio. [IockonmbKy 3€pKajio BaHHBI MOXET

ObITh NMPUKPBITO TOCTYTAKIIEH IMXTOH YaCTUYHO MIIM IOJHOCTBIO,

clefayeT BBECTH K03Gh(dHIMEHT OTKPBITOrO 3epKana, #. 1orjaa norepu
Ha M3nydeHue (B KMJIOBAaTTaX) MOXHO 3aIMcagh

i i
A% £t i
P oo = €508 30( 100 - _ (36)
rae €, — KOG HUUMEHT YEPHOTBI 3€pKajia BAHHBI. 1 OKHCHBIX

pacmiaBoB €, ~ 0,3+0,5; C = 5,76 103 Bt/ (M? - K*) — m3ny-

yaTesIbHas CIIOCOGHOCTb aGCONIOTHO YepHoro Tena; T, — TeMIepary-

pa BauHel, K; S, — muomazp nomepeyHoro CeYeHus moaoCTy TUTILA,

m*; n=(S,—S,)/S,, rme S, — IIomWans 3epKaJa, 3aChINaHHA

IIIMXTOM B IIPOIIECCE IIABKH, M?.
B 3aBHCHMOCTH OT YCJIOBHH IUIaBKU 4 HAXOOMTCA B JIMala30OHe

or 0 mo 1,0. Ilpu n=0 Bce 3epKaJI0 MPUKPHITO LIMXTOU, H NMOTEPH

P, =0, T.e TeIulIoTa C IOBEPXHOCTH BAaHHBI AKKYMYJIHpPYETCA

U3
IIHXTOM M mocrymaer obpatHo B 1uiaBKy. llpu n>0 usmyuenue

PaCcCeHBaEeTCA B OKPYXKAIIee IIPOCTPaHCTBO.
KonpexTuBHbIE MOTEpH P TaKKe MPONOPUHOHAIBHBI IUIOIIA/IH
IIOBEPXHOCTU 3€pKajia, OJHAKO abCOII0THOE 3HAUYEHHE HX HEBEJIMKO.
C mocTaTouHOM TOYHOCTBIO MOXHO cuutath P = (0,01+0,05)P . -
Boblilee 3HaYeHUE BBIOUPAIOT B TUIIAX GOJIBLIErO JHAMETPA.
Temnonepenaya OT BaHHbI Yepe3 GOKOBYI0 MMOBEPXHOCTH SABIIAETCA
pe3yJIbTATOM KOHBEKTMBHOTO TeIVIOOOMEHa B BaHHe, TeIwI000-
MEHa MEXIy pacIUIaBOM H rapHUCaXX€M, TCIUIOMPOBOJHOCTH 4Yepe3
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200 pa3 mensie D,, MOXHO He

Puc. 14. K pacuery Ttemnomepemauu @ J23K|pb———m e __ i
npu HUIIXT u pacnpenenenue Temiie-
paTypel IO TapHHCAXy U 3a30Dy gl 3

¥
X
i

)

TapHHCAX, YePE3 3a30P MEXIIy TAPHHCAXKEM U THIJIEM H Yepe3 CTEHKY

rurisa x Bope. Ilpy HaJIMYMK y BaHHBI IMJTHHAPUYECKQM YaCTH BBICO-

Toit @, (pHcC. 14) morepu uepe3 OOKOBYIO IOBEPXHOCTh LMJIMHPA
| OBaTTax) PpPaBHBbI
6yHyT (B e | D?-ZE E Ly Xnm

Boda
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NAARNRRNANNE

Ype  Pé v y[eJbHbIH ITOTOK
TeIIOBOI MOILHOCTH 4epe3 0o- Sl e
KOBYI0 NOBEPXHOCTh, KBT/M?;
Se =n(D, —§)a, — TIOWaL — — —
GOKOBOM MOBEPXHOCTH TapHHU- +— —

caxka, M2 £ — TOJIIIHHA TapHU- d i e
caxa, M. B ycinoBuax MIIXT
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okucio ¢ = 0,005+0,003 wm. '
YuyurteiBag, 4roO E B 100— . "“"‘*“‘::;:.::::

YVUATHIBATh KPUBU3HY TapHU- Th T,
Caka ¥ CTEHKHU THUIJIA, CUATAA UX Joal~—— o iiicn
IVIOCKUMH. YIENnbHbIM IOTOK
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TEIUIOBOH MOILHOCTH B 3TOM CITy4Yae ONpeleNisiioT no ¢popMyJe i

TeIUIONEpeNiaul Yepes IIOCKY0 cTeHKy (KBr/m?):

To='T
Pﬁ: P £ o ' (38)

- CTHTB  pacyer,

3pecy T, — TemrepaTypa BOMIBI, OXJIaXIAK0LIEil THrens, K;

KO3 DUIMEHT TEIUIOOTHAUH OT paciuiaBa K rapHucaxy, KBt/ (M2 '1%) ;

A, — Ko3pbument TEIUIONPOBOMHOCTU TrapHucaxa, kBr/(m-K);
Aygp — 3 dexTHRHDII KO3 (HIMEHT TEIUTOMPOBOIHOCTH IIPOCIIONKH
1433 MEXIy rapHuCaxeM M CTeHKOi turis, kBr/(m-K): X, — TOJI-
lIMHA 3230pa, M; A, — KO3hPHUIMEHT TECIUIONPOBOAHOCTH MEIHOM
CICHKH TMINA, paBHbiit 0,384 kBr/(M-K); X, — Tommuma cremiu
Jﬁi;; ‘Iouﬁbgfrc; PasHas 0,001-0,003 m; a; — xo3dpduumeHT ren-
TEHKH THrIii K Bofe, kBr/(M?-K). Uro6mr ympo-

2% Uiy npeﬂfﬁperaem TCTUIOBBIM COTPOTHBJIEHMEM KOH-
I€luloodoMena B pacmiase (1/a, = 107%), B Bope
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| W TUT
~ 107°), a TaKXe TeIUIOBBIM CONMpPOTHBJICHHEM CTEHK s

7 A IrapHHu-
~ 10™%). Temneparypy Ha BHYTpCHHCH IIOBerHOCTT PHU
T_ . wWia Temreparype COMHAYC “g- €CITH

| hMae
[JIaBHM CHCTeMY OKHCIIOB. Temneparypy CTEHKE TUTTIA Hp}:;l }KBC?
pasHo#t 323 K mu3 ycCinoBUA OrpaHMyeHHsl BbIMANCHUA COJ ;

cocT Bonsl. Toraa dopMyna (38) MOXeT GbITh HEpENHCcaHa B BHTIE.

(1/e,

(/s .,
caka TIpMHUMaeM paBHOH

i

i
|
.I

Jlomyctum, ut0 Pro < Pyy = Py, T.€. BCA MOITHOCTS 4epes JIHO OTBO-
TMTCA BOJOM TUIJIA. JTO [ONYILEHNE TEM CIIPaBEJIMBEH, YeM OOJIbliIe
BBICOTa MOBEPXHOCTH KOHTAKTAa THUIJIA CO CIIATKOM M YeM XyoKe
TEIUIONpPOBOAHOCTD MMOCIIEHETO.

3amMeHHM KPHUCTAJUIM3YIOLIYIOCA YacTh BaHHbI LJIMHJIPOM C DPaB-
HOI TEIUIOOTHAIONIEN MOBEPXHOCTBIO S, ONPEAEIAeMOM 10 ypaBHe-
HUAM (16)—-(18)- JIomMyCTUM TaK>Xe, YTO MOILHOCTD PJ1 OTBOIIMUTCH

OT 3TOT0 UMIMHAPA TOJIBKO Y€pe3 ero 60KOBYI0 MOBEPXHOCT S , =
=S — 0,251 (D, — £)*. Mockombky S , cOCTABNIAET TONBKO YacT
MOBEPXHOCTH IQUIMHADA, TO YIENbHAA MOIIHOCTh NOTEPh Py , = *
o Pn /S 5 2~ Py> KOTOPAA ABNACTCA YAEITBHOH MOIIHOCTBHIO oTeph
yepe3 peasibHOe [THO. C Opyrou CTOpPOHBI, TepMHUYECKOE CONIPOTHUBJIE-
HWE TEIUIOBOMY IIOTOKY C MOBEPXHOCTH pEAJIbHOTO OHA OOJIbLIE
TEPMUYECKOI'0 CONPOTHBIIEHUA MOTOKY C GOKOBOH IIOBEPXHOCTH
IMIMHAPUYECKOM YacTH BaHHbl. [lo3ToMy Bcerga BeImonHAETCS
HEPaBEHCTBO Pg > P, - OTCI0/1a BO3HMKaeT BO3MOXHOCTD €111€ OIHOTO

-" Ta s 3%%
iy 5/)\1' ¥ xa/}\acb

KoadhguumeHt N, 4 B KBT/ (M-K) MOXHO IIpeII;CIaBHI:br::aK B)\:; ;
+a, .. X, TAe Ny — K03} PULMEHT 'ren;ru::rq:u:}rr.t:n:m{:uc:w;I il
30pe IpH yCpe/IHeHHO! TeMIepaTypeé CTCHOK TUI A p o ,

3¢ PeKTUBHBIN k03 PUIMEHT TEIUIOOTTIAN

| M-K):, @ et

(39)

3 AR e (_?&_3‘)4] (40) JIONYIEHHsA, a4 HMMEHHO: pg . =p.. YUdThIBasA €ro, OIlpeIeIIUM
Apan = 704323 [ (750’ 100 MOIIHOCTh TEIVIOBBIX IIOTepPh Yepe3 [JHO BaHHHI (B KHJIOBATTaxX):

caxka, K, KoTo:

P.=PeS6. =D S, —0.251(D, — £)?]. 43
(0,8+0,9) Ty i i o My 1 8¢ (43)

PaccMOTprM Temeph TEIUIOBOH 6aNaHC WIMXThI, NOCTYMAKOIIEH
B miaBKy. Cpenaem fionyuienue, Yo BCsi MOLIHOCTD, TepeIaBaeMas
UIMXTE C 3€pKajia paciylaBa, U[leT HA W3MEHEHHE TEIUIOCOMEPIKAHUSA

LIUXThI, T.€. IIMXTAa B TUIJI€ HaJl, pacIUIaBOM HE MUMeEeT TEeIUIOBBIX
MOTEPh. ITO MOXKHO 3aIMCaTh TaK:

P.=M__ (Hr, —H,q4),

rae M, — MaccoBas CKOPOCTb IUIABJICHHS ILMXTHI, Kricy Hy

—H, 98 — TEOPETHYECKM HEOGXOMMMas YJIeNbHASL SHEPrus IIABKHU
AAHHOH IIMXTBI, paBHASL SHTATIBITMY PacIUiaBa, B K JDK/KT

HTp —H298 0 ETB .(Tnn R 298) tad + E}K (Tp e Tnn)- (45)

S0eCh ¢, — Cpe[HAA B MHTEpBaje remneparyp (7., —293) K
YACHIbHAA TeruioemMkocts umxtsr, kJDk/(xr-K); ¢, — cpemusas
B HMHT€pBane TemMIeparyp I', — T, yAenbHas TEIUIOEMKOCTb pac-
Wiasa, kJDk/ (xr’K); AH — ynenbHas TemiorTa IIaBIeHMS LIUXTEI
“UIM M3MEHeHue SHTanbimH, kJk/Kr. Beipaxerue (44) ompenenser

5 rape T, — TemMnepaTypa BHEIIHEH TOBEPXHOCTH rapHu
i pylo B TEPBOM MPHOMKEHIH BHIOMPAIOT PABHOM
€ — TIpUBEICHHbIN k03 HULMEHT YePHOTBI

€=€,€,/(€; t €3 — €,€,);

(41)

| roe €, U €, — KO3(QHUIMCHT YEPHOTRI CTEHKHM THITIA K rap}mg%x%
COOTBle:rCTBeI-II{O. VyuThIBasi, YTO Y OKHCIICHHOH Mexir.u npf ol
= (0,55 OKUCIIOB €, ~ 0,7, monywm u3 (4 ) e=0,
g bl : 1 CJI0S1 TapH¥
| 3a30p X, B MeTpax BbIMMCIAIOT 1O BEJTMYMHE YCATIKH CII #
l caxa ¢ HHZMBTPOM D, mpu TemMmepatype €ro Hapy/KHOH HOBED

1 HOCTH Tr

(44)

x3 -—"'O,SD:Z&(TM ol Tr)! (42
ro paciuMpeHH

/ MHO
— TvpHBI KO3MOUIMEHT JTHHCHH I
roe o TeMIepaTyp e

nepeiuiaBIaeMoro OKMCIIa, 1/K, B3sATBIA NpH YCPe

1 patype 0,5 (Tt Tt -
| [TpoBepuTh pacuer

L e

HeoBGXOOUMO 0 TOXIECTBY YACHIBHBIX no:ﬁf
-;l ec |

KOB pﬁ — (TIIII e Tr)kl"/;: e (TF — 323))\343/363. ECJ'[6H ';:)I;lﬂyry]

yIenbHbIX MMOTOKOB HE coOmonaeTcs, TO CiIeyeT BbIOPd pemﬂ

1] TeMIIEpaTy py T, ¥ TpOaenarTh pacyeT BO BTOpOM np::}ﬁnnm :(onp

il 7

1 MOIHOCTh TEIUIOBBIX MoTepb P, uepe3 [HO Bafib!

. OcHopHas 4acTh F; - _ _
MeTMTh MCXOA U3 CICMyIOHnX coOOpaeHHH Heobxomumywo P, u3

31
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IIOJavy IIIMXThI HA 3€pKaJIO pacCiuiaBa, OT JUCIICPCHOCTH WIH I'DAHYJIO-
METPHUYECKOIr0o COCTaBa HNIMXTHI, OT CKJIOHHOCTH €€ K CIICKAaHMK HITH

IUCCOIMAIIMM, OT HaJMuMs BJIaTM WIH aacopOMpOBaHHBIX TIa3oB

M psifia IPYTUX ITPUYHH.
Ecnu Beipazuth P (B KWJIOBaTTax) uyepe3 y[eJbHBIA TEIJIOBOK

IOTOK P, ., TO
P.=pSyu=0n,0—05S,, (46)

rae Sy, 93, 1 — BEIUYHHBI, aHAJIOTHYHbIE BEJIMUMHAM B GopmyIie
(36). OueBupHO, uro-ipu # = 0, Py, = pyyS,,anpun=1, P, =
= 0. B Haubomnee o6ieM BH/E yAEIbHBINM MOTOK MOXHO MPEICTABUTD
B BHUJIE

Py =a(T, — Ty (47)

3aece ¢ — Ko3bduUIMEeHT TeIto00MeHa paciulaBa C IIMXTOM,
kBt/(m*K). IlockonbKy IIMXTa Haf, pacIuIaBOM MOXET CIIEKAaThCH,
00pa3yst CBOMBI, TEIUIOOOMEH MOXHO IIPEICTABHTh I100GHBIM
TEIJIOOOMEHY B MaJIOM 3a30pe€ X, T. €. TEIUIONPOBOJHOCTDBIO M U3ITY-
yeHHeM. llo aHajorum c BeIpakeHMeM s A,y B dopmyne (39)
KO3 PUIMEHT 2 MOXKHO 3aIIMCaTh TaK: -

0= A3/X; + Qyay, (48)
rome A, KO3 (PHUUMEHT TEIUTONPOBOJHOCTH IIapOB OKMCJIA Ha[
pacruiaBoMm, kBr/(M-K); a,.. — 3¢pdexTuBHBIN KO3 PHIMEHT

TeINI0OOMEHa M3JIyYeHHEM B 3a30pe MeEXAY pacIyIaBOM B BaHHE
M paciulaBoM Ha cBofie nmxthi, kBr/(M?-K). 3101 K03 dDUIMEHT

3alIMCHIBAIOT AHAJIOTHYHO opmyie (40):

100 100
Ty = Tn

To A T
€€o[( ) ( ) | (49)

Qusn

W3 Bhipaxkenusa (48) crnemyeTt, YTO €CIIM IIMXTAa MOCTYHAaeT IIPAMO
B paciuiaB ¥ 3a30p x, = 0, TO @ — oo, UTO HepeanbHO. B 3TOM Ciryyae

CIIEAYET HCIIOJIb30BaTh MHOE BbIpaxkeHUE mid a. IlIoCKOIbKY mpouc-
XOOUT CMAauMBaHHE PACIUIABOM [UCIEPCHBIX YACTHIL LIUXTHI, TO Q =
= @pYm/Vxp> THE @ =~ 10° KB/ (M*:K) — K03 dUIMEHT Tem100T a2
YM OT PaciUiaBa K KpPUCTA/UTU3YEMOMY MATepHaly; Yy, — MIOTHOCTS
MOpOIIKa IUKXTHI MIpH Temrepatype, 6muskolt K Ty, KI/M>; 7, —
[UTOTHOCTh KPHCTAJUIMYECKOrO MaTepHaja TaKXKe IpU TeMIIepaType,

omskoi k T, , kr/m>. B 3TOM ciiyuae 3HaueHWe @ COCTaBJIsieT
107! —10% xBr/(M?*-K) ¥ CHJIBHO 3aBMCHT OT COCTOSIHMA M CBOMCTB
IIMXThI, B Y4CTHOCTH OT 3HAYEHHMs MOTEPh NPH NPOKAIMBAHMU HIIH

OT YMCJia JUCCOIMPYIINUX COCTAaBIIAOMIINX.
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Ecnu Py CTaHOBHTICA COM3MEPUMOH C MOLIHOCTBIO Py, IIPOUCXO-
JAT HapylleHWe YCIIOBMA KBa3UCTAUMOHAPHOCTH (35) M HapyiueHue
GajaHca MOIIHOCTEH (34). 310 IIPUBOJIUT K YMEHBILUEHUIO TEIIOCO-
fep>XaHus BaHHbI M K MNajeHuio 1 D Ha ¢ponre KPUCTAIIITU3alIUH

IPOUCXOAHUT OBICTPOE (POPMHPOBAHUE CIIOA KPHUCTaJUTUTOB, KOTOPBIH
[IOTOM HMPOABIIACTCA B CTPYKTYpe 610K a.

CoctaBJIEHHE TEIUIOBOrO 0anaHCa BaHHBI M HIUXTHI HEeO0XOMUMO
s onpefeneHusa rermosoro KIIJI mponecca, xoropsiii omiceisaetcs
bopMyJIOH

M =Pp/ Py +P (50)

B kBa3ucTauuoHapHbIX y?HOBHﬂX gt <P_, nosromy n.. Bcerga
MaJt, 1 9eM MEHBIIC KPUTCPHM KBa3UCTaMOHAPHOCTH K, TeM MenpLe
Ny MO‘;‘:KHO HOJAHATD 7., HO TOJILKO LEHOH MOTEpH pPaBHOBECHBIX
yCJIIOBMH B BAHHE U, CTICIOBATENBHO, LIEHOH MOTEPH KayecTBa KPHUCTAJI-
JU3YIOMWEHC CTPYKTYpbl. O6brHO 7, He mpesbimaer 0,35—0.15.
ITO CBUAETENILCTBYET O TOM, UTO C TeINIOTEXHHUECKON TOUKH 3pEeHUA
mpouecc MIIXT okwucinor sensercs HECOBEPILCHHBIM IIPOLIECCOM.
E:Icnonbaoaaﬂﬂe °TO OIpaBNaHO TONBKO B TEX CIyYasX, KOIIa Tpe-
OYCTCH HOJIyHHTh BBICOKOE KauYeCTBO M YHCTOTY IPOLYKTOR IUIaBKH,

HEAOCTIOKUMDBIC ITDH HCIIOJIB30BAHMU JIPYTMX METONIOB W 00opyHo-
BaHUA.

not)

4. ONPEAEJNIEHUE 3NEKTPUMECKUX NMAPAMETPOB
UHOYKUUOHHON NEYM C XONOAHbLIM TUIMNEM

HbIM THITIEM IIPOBOJAT B CBS3HM C HEOGXOIUMOCTHIO COrJiaCOBaHM
€€ paboTel ¢ paboTOll HCTOYHMKA BbICOKOYACTOTHOM JHEPIrUH —
'IAMIIOBOTO reHeparopa, I KOTOPOIro Ieyh C PacminaBoOM CITY >KHUT

-Harpyskom. Utobpnr MPAaBWIBHO BBIOPATh JIAMIIOBBIi reHeparop,

HY)I{HO SHaTb €ro pabouyio yacToTy u KOJIEOATEIIbHYI0 MOIIHOCTS.
Hactory, Heo6xomuMyI0 s NIABKH, BBIOMPAIOT IO YCIIOBUIO (9)',
4 MOIHOCTP W [pyrHe IapamMeTphl COINIACOBAHMS oﬁpe,t'[e"nﬂmi‘
B P€3yJibrarte PacCiueTa, U3JI0XKEHHOI'O HUXKE. - |
B ocnoBy omnpenenenus VICKTPUYECKHUX TIAPAMETPOB MEUH I10JI0-
KCH PacyeT MHIYKTOPOB MO METOMY IONHOIG MarHMTHOIO IOTOKAa
UPUBENIEHHbIA B [7], m03TOMY 31€6CH He Oynem 060CHOBBIBATS BbIBOﬂ;}
PaCYeTHBIX hopmyit. ITOT MeTox maet YOOBJIIETBOPUTEIBHOE COBIAJIE-
HHE pacueTHBIX mapameTpoB C IKCTIICPUMEHTOM NpH @ ¢ = a., = 3A,.
OTla 310 ycroBMe He cOGmIOmaeTCs u armpm«:cumam{fz ’BéHHii
HIHHIpoM [0 dopmyrte (22) ] naer 3mavemme a, >a,, T0 Ajs
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HUCIIOJIb30BAHUA HUXXEU3JIOXKCHHOrI'O NMopAAKa pacu€Ta HYKHO IIPHUHATL

[IMPUHY TOKOPACIpee/IeH)sA B UJIMHIPUYECKON BaHHe @, = @ - Bee
INEKTPUYECKHE ITapaMeTphbl BaHHbBI CIIE[YeT BBIYMCIATH IPH ITOMU
BBICOTE TOKOpacmpenenenus. llorpemmHocrs B onpeaeI€HHU pacyer-
HbIX 3HAUYEHUU B pe3yJibTaTe NMOJOOHOW 3amMeEHbl COCTABJIAET MCHCC
10%. 3dto wmiumocTpupyloT rpaduku puc. 11, Ha KOTOpBIX COS @,
IIpH @ ,/a , > 1 OCTaeTCA HEU3MEHHDBIM.
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Puc. 15. K pacuery snexTpuueckux napamerpos UIIXT

[lockonbKy pacyeT CyLIECTBEHHO 3aBUCUT OT KOHCTIPYKIMH
XOJIOOHOTO THUTJiA ¥ (POpMbI BaHHbBI, OTPAHMYMMCA PACCMOTPEHUEM
Haubosee o6OmIEr0o BapHaHTa KOHCTpYKIMH meud (puc. 15). B Hei
IWJIMHPUUECKHUN TIPOXOOHOM THUIEJIb C BHYTPEHHUM [uamMeTpom D,
M CO CTEHKAaMM pajyaJibHOW TOJIIIUHOW b, BBINTOJIHEHHBIMHU U3 BEPTH-
KalbHbIX CEKLMI, OXBAYEH MWIMHAPUUECKUM OJHOBUTKOBBIM UHIYK-
TOPOM C BHYTpPEHHMM uameTpoMm D,, ¢ paguajbHOU TOJIILMHOM !
M BBICOTOH @ ,. BHYTpu THIJIsi HAXOOUTCA BaHHA paciulaBa riry OMHOM
a,, ANMpOKCUMHPOBAHHAA IMIMHAPOM M HMeEIOas TapHUCaX &.

Kpome TOro, MCXOOHbIMHM [aHHBIMH [JId pacuera sABJIAIOTCH.
yacroTa f B repuax, yaeJIbHbIe 3JIEKTPUUYECKUE COTMIPOTUBIIEHUA ME[IH
p, M paciulaBa p,, a TAKXe MOIIHOCTb P ,, olpenensaemMas BbIpaxe-
Huem (34). Ilpu pacuere npeneOperaeM MOIIHOCTHIO, BbIACIIAIOIIEH-
C B CTEHKax MEJHOro TWINA, KOTOpasa cocramiser 1-2% ot P,

Pacuer HauMHAWT C OIpPEHCTICHUA OTHOCUTEJIBHOIO [UaMETpa
BaHHbBI pacIljlaBa

My :'Dp/(Az\/z_)-: (51)

34

rae S, — IJIOaas 3a30pa, M

)
’u_
{I
roe Dp"‘ =D, 2¢, M. B turnax, umepomux D, > 0,1 M, ¢ gocrarou-

HOJi BBICOKOM TOUHOCTbIO MOXXHO cuutath D) = D,. I'myGuna (B mert-

pax) MPOHUKHOBEHNs TOKA B PaCIliaB A, =503vp,/f.
AxTABHOE ¥ BHYTPCHHEE pEAaKTMBHOE COINpPOTHBJICHME BaHHBI

(B oMax) :

2
i
P o p:::z A: (52)
i Wﬁzm%
il SR (53)

Koadduimenrot A U B HaXOHOAT MO rpadpukaM 3aBUCUMOCTEH MX
ot m, (cm. puc. 4).

CoOcTBeHHbIE AKTUBHOE U PEAKTUBHOE CONPOTUBJICHUSA WHIYKTH-
pYIOLIETrO IIPOBO/IA HHAYKTOpa (B OMax):

ry=x,=mD,p,/(a,Ag), (54)

rie g = 1,0 Wig OOHOBUTKOBOro MHaykrTopa ¥ g = 0,7+0,8 — mnaA
MHOTFOBUTKOBOI'O MHAYKTOPA.

Peak THBHOE COIPOTHUBIIEHHE, OOYCIIOBJIEHHOE ITIOTOKOM pacCEesHUs
B 3a30pe Mex/1y MHIYKTOpPOM M TUIJIEM C paciulaBoM (B OoMax),

x. =19 10"°FS. jay | (55)
2 |

S, =0,785[D{ — (D, +2b)?]. (56)

PeakTHBHOEe CcONpOTHBIIEHHE IIYCTOrO MHAYKTOpa 0e3 yuera

Kpaesoro 3¢ dexra

Xio=6,2-10"%fD?/a,. (57)

PeakTuBHOE compoTuBIIeHHME, 0OYCIOBIEHHOE MArHHTHBIM MOTO-

KOM 00paTHOTO 3aMbIKaHHA, T. €. MOTOKOM BHE HHIyKTOpa.

& X10
T : 58

A€ ky — NMOmpaBOYHBIA KOIGhGDHUIMEHT CAMOMHIYKIMH MaCCUBHOTO
KOJBUEBOro MHAyKTOpa. OmpenmenuTs K, MOXHO MO BbIPaXKEHHIO

Ky = 1 . (59)

D [ 10,406
L A meis 10315 + o Y
gl 0218 (75 )" |
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KoadpunyeHT npuBeOeHUs IapaMeTpPOB pacilylaBa K MapamMerpam

HHIyKTOpa
2
X0
Cl_“w > |
r% b b e (60)

PeakTUBHOE COIIPOTURBIIEHHE UHAYKTOpaA C paciyiaBOM

2 2
e N
3=xl+C[x2-l-.xS+-r2 x2 : ]. (61)
0

X1

JKBHUBAJIECHTHOEC aKTUBHOE COIMIPOTHUBJIICHUE MHAYKTOpa C pacCilia-
BOM

Feg =y ¥r1,0, (62)

3

JKBHUBAJICHTHOE ITOJIHOE CONPOTUBJIEHHE HHOYKTOpPA C PacIylaBOM
W 2
Tox uHpgykTOopa (B ammepax)

L = 107 0 (64)

HampsixxeHue Ha MHOYKTHUPYIOIIEM MPOBOMAE MHAYKTOpa (B BOJIb-
Tax)

U, =12, .. (65)

Ecniu BbixomHOe Hampsixenue rewepatopa U, mpepmuaer U,

B HECKOJIBKO pa3, HEOOXOOWMO COTJIaCOBAaTh 3TH HAIIPSAKEHWs, B3AB

YMCII0 BUTKOB HHIYKTOpa W, GOJblie, Y4eM O[IHH.
wy, = U [U,. (66)

llpr 3TOM HY>XHO mepecuuTaTh COGCTBEHHOE ZAKTUBHOE COIPOTHB-
JIEeHHe HMHOYKTOpa 7, BBIUMCIEHHOE IO BbipaxkeHuio (54), BrIOpaB
COOTBETCTBYIIIEE 3HAaUCHUE KO3 PUIMEHTa 3aNGITHEHHSA g .

JNEKTPUYECKUH KO3 (PUIMEHT MOJIE3HOTO HEHCTBUA HHAYKTOPA
C pacIuIaBOM

Ny =107, (67)

AKTHBHasi MOILHOCTb, MOABOOMMAA K HMHAYKTOpPY (B KHIIOBAaT-
Tax),
'Pl =P2/1?1. (68)
[lonmHass MOWIHOCTH, MOABOOMMAA K HHAYKTOPY (B KHMJIOBOJIBT-
amrepax),
S, =UlI, .107°. (69)
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Koag duipieHT MOLIHOCTH MHIYKTOpa
cos 9; =P, /S;. (70)

Ha puc. 16 MOKa3aHbl KPUBbIE M3MEHEHHs JIEKTPHUECKUX XapaK-
TepUCTUK TeUH WUIIXT B 3aBUCMMOCTH OT OTHOCHUTEJIBHOTO JHaMETpa
BaHHbI 11, TPH IOCTOSAAHHOM MOIITHOCTH P, , BBIIEJIIEMOH B pacIljiaBe.

10 10
09 ¢ 3 1. ' 9
Z
0,8 — ' - 8

5 ¥ / 6
07 /
/ y
0!5 4 f 1.:-*’"' \\ _.5
/ \
0,5 i | : | 1“'iu,r5
\
04 5 4
03 ey 3
8 A=\
02 : 2
0,1 1
0 L ! i | i | 0
B 0 03 05 071 1 it G T %

Puc. 16. OnekTpuueckHe XapaKTEePUCTHKH HHIAYKTOpa B 3aBHCHMOCTH OT
, , My = f(p2) Npu NOCTOAHHBIX 3HaYeHUAX Dy, f, Py

E=bo s = 2 — cos @, [cos ‘pln‘%)ﬁ 3 — TO ’e, HO BBIYMCIIEHHOE METOIOM

CBA3aHHBIX KOHTYpOB Ha 9BM; 4— C/Cmax; 9 — M1/M1max 0 — X13/X 13max;

7= U)Uimin 8 — I1/I1min 9 — P1/P1min

KpuBbie paccuMTtanbl 1O WM3NOXKEHHOM METOOMKE M H3006paXkaioT
BEJIMYMHBI, B3AATbIE B OTHOCHUTEJIBHBIX €OWHMIIAX K MaKCUMaJIbHOMY
HJTA MHHMMaJIbBHOMY 3HAaY€HHIO I1lapaMeTpa B MCCIIEAyEMOM [Hana3o-
HE m,. BboiOpaHHbIM quUanma3oH /7., COOTBETCTBYET YCIOBUAM IUIaBKH
OT HPAKTHUYECKHU MPO3pavyHOM CaJKH i INEKTPOMArHHTHOIO IOJIA
m, ~ 0,1 10 ApKO BRIPaXKEHHOIO MOBEPXHOCTHOTO 3(h(deKTa B pac-
[l71aB€ m, > 5. KpuBbie puc. 16 moka3pIBal0T M3MEHEHUE TOTO HIIHM
UHOTO TmapamMerpa IUIaBKM IIp¥M M3MEHEHUU YaCTOThI, YAEIBHOTO
COIIPOTHBIIEHHs pacIjlaBa WM JHaMeTpa BaHHBI.
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M3 apanm3a KpuBbIX puc. 16 cnemyer, yto npu MIIXT oxHCon
ONTUMAJIbHBIM [UAaNla30HOM 1, ABJACTCA [Mana3oH 2,5—7 (3amrpu-
xOBaHHasg o6macte Ha rpaduxe). Ilpu cHuxenumm m,, HaIIpUMED,
BCIICICTBAE YMEHBIICHHUS YaCTOThI WIH YBEJIMUEHHUA 0, , PE3KO MAACT
aKTUBHOE CONPOTUBIIEHUWE BAHHBI r,, NPUBEICHHOC K COIPOTHBIIC:
HUI0 MHAYKTOpa. JTO MPOMCXOAUT BBHUAY yMEHBIICHHI K03 DUIHU-
enta mpusenenusas C u xoddduimenta A, KOTOPbIH IpU M1, < 1 mo-
)K€T ObITh OlIEHeH mo d¢opmyie A =O,125m§ . YMeHbLUCHUE 7,
IPUBOMIMT K YMEHBIIEHHIO COS ¢, ¥ M, U, KaK CIeACTBUE (IpH MO
nep>kaHuK TpeGyemMoi MOIHOCTH P, ), K yBEeJTMUCHHIO TOKA ¥ HalIPA-
KEHUA Ha MHIYKTOpPE, YTO SIBJIAETCA HEXeaTe/IbHbIM, 2 B OOJIbILIMH.
CTBE CJIYYaeB TEXHUUYECKU HEBBIMOJIHUMBIM yCIIOBUEM.

[Ipn yBenuueHuun m, >4 CHHXKAWICA 7, H X,. ITO IPUBOIOMT
K CHIDKEHMI0 JKBUBAJIEHTHOIO AaKTHBHOIO CONPOTHBIICHHA F
U COS¢, HHAYKIOpa, HECMOTpsA Ha OTHOCHTCIBHOE YyBEJIMHCHUC
ko duumenra npuBeaeHus C. B 10 xe BpemdA 70, OCTACTCA ITIOUTH
MOCTOSAHHBIM. TOK M HalpsKCHWE YBEIMUMBAIOTCA HEIHAUMTEIIBHO.
[fooToMy yBenuueHue ni, He sBJIACTCA KPUTHUYHBIM YCIOBHEM LA
[polecca, ¥ MOXKHO yBEJIMYMBATh TEMIIEpAaTypy pacIuiaBa (CHIDKATH
p,) WIH yBEIMYMBATh AMAMETp TUIJIA B 2—3 pa3a NpOTUB ONTHUMAIIL
HOT'O, €CJIM MOIIJHOCTH I'eHepaTopa JOCTATOUYHO.

OcoBennocthio UTIXT OKMCIIOB ABIAETCA HCKIIIOUATEIIBHO BBICO:
KHM JJIeKTPHYECKHH KIIJI unoyKTOopa, HOCTUIAOLINH 0,98—0,99
M Malio 3aBHCSALIMIA OT 3a30pa MHAyKTOopa. Jlaxe npu m, < 1, KOI/
mapaMeTphl MHAYKTOpAa C CaiIkod ONM3KM K MapaMerpam IIyCTOro
uHaykTopa, ero KIlJ cocraBnsaer 0,7—0,5. 910 0OBACHAETCHA OrPOM:
HOUM pasHHMuEHl Y/IENbHBIX TEKTPUUECKUX COMPOTUBIICHUH MEIH ¥
paciuiaBa. Beicoxuii 7, BO MHOIOM KOMIIEHCUPYET CylIeCTBCHHO HU3
KMl TEMJIOBOH 7., ONIPEIENIAEMBIN IO BbIPAXKCHHUIO (50) u mo3BOAET
OpraHM30BaTh IMIPOLECC C BBICOKHM IOIHBIM KIII nmeuwt n = 0N,

MeTon MOJIHOTO MAarHMTHOIO IIOTOKA J[JaeT 3HAUCHUsA COS ¢y,
XOpPOLIO COBMAJaioLIie C pe3yJsibTaTaMyi YMCIIEHHOT0 METO/a pacyeTs
IpU My = My 4,ps, KOTOPOE ONPEENACTCA IO dopmyne (29). Ilpu
M, <Myqpne SHAUCHHS COS ¢ TNONYYAIOTCS 3aBBILICHHBIMM, 3 TIpH
My > My oy 3AHIWKEHHBIMY, MPHIEM TEM Gonblle, YemM OOJIbIIe
Am = |m,,, —M,| ¥ YeM MeHbLIE d,/a,. Hanpumep, Tpy Am =
=23 u ajal = (0,25 pa3nuupe pe3ysbpTaToB II0 00eUM pacyeTHBIM
meTomikam mocturaer 40—50%. IlorpemrHocTs MOXXHO OOBACHUT!
TeM, YTO METOJ IMOJHOrO0 MarHMUTHOTO MOTOKAa HE YUUTBIBACT TOKM:
MHIyKTUPOBAaHHbIE Ha TOPLEBBIX MOBEPXHOCTAX THHIPHIECK OF
BaHHbI pacIljiaBa.

Eciy TOYHOCTh PEKOMEHIYEeMOIro MeTo[da pacueTa HE YHAOBJIETBO
psieT YUMTAaTeNsA WIM CUCTEMA “HHAYKTOp — paciUlaB’ He COOTBETCTBYC!
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cxeMe puc. 15, TO HY>XHO NpUMEHsTH YHUCJIEHHbIC METO/bI PACYCTa
o yeronb3oBaiueM 3BM. B HacTosmee Bpems Ha OCHOBE METO/a
cBS3aHHBIX KOHTYPOB pa3paboTaHO HECKOJIbKO BapHaHTOB MHOTO-
j1eNeBbIX TPOrpaMM pacueTa UMIMHAPHYCCKUX HHIYKTOPOB C HeMAar-
HUTHOM OCECHMMETPHYHON 3arpy3KOH [13, 14] . B 3tux nporpaMmax
TOKOHECYLIHe CIIOM MHIIYKTOpa M BaHHDI pa3buBawT Ha MHOXECTBO
ONBIEBBIX IEMEHTOB C MOCTOSHHBIM 3HAYCHMEM IUIOTHOCTH TOKA
B mpenenax CEUCHUA IIICMEHTA. IIjisi omMCaHMA 3NEKTPUYECKUX
MpoueccoB B KaXIOM JJIEMEHTE MCHONb3YIOT YpPaBHEHHE BTOpOTO

3axoHa Kupxroda:

[fzrn'l'jzﬂf%;anlm: n’ (71)
rge 7, — AKTUBHOE CONPOTUBJICHUE M-TO IJIEMEHTA; M. — K0P
ULMEHT B3a¥MHOM MHIYKUMH 3JIEMEHTOB m U n, U, — BHeLIHee
HaMpPsXKEHHE, MPUIIOKEHHOE K JJIEMEHTY. 3apaya CBOJUTCA K pelle-
HUI0 OTHOCHTEJIbHO TOKOB CHCTEMbI 1 alre0panyecKuX YpaBHEHWH
[epBOro MOPAJKA C KOMIUIEKCHbIMH KOd(duImeHTamMu. PereHue
JTHX YPAaBHEHMI [1a€T KOMIUICKCHBIC 3HAYEHHsA TOKOB B KaXIOM
onemente I ,,=1,,+jl,,, C TOMOLIbI0 KOTOPHIX MOXHO HAUTH
Ipyrde MapaMerpbl WHAYKUMOHHOM CUCTeMbI. TOUHOCTh OIpe/iesie-
Hus pacueTHbIX napameTpoB MIIXT 3aBUCMT OT TOYHOCTH MCXOIHBIX
MaHHBIX ¥ GOPMYJI, ONMUCHIBAIOLIMX KO3 (PUIMEHThI B3aUMOUHIYK-
AU MEXAY JiieMeHTaMu. Merop tpeOyeTr Hanuuvsa IBM u Tijarejib-
HOM MOArOTOBUTEILHOU pabOTHhI.

[IporpamMma 37eKTpUYECKOrO pacyera MHIYKUMOHHOIO Harpesa-
Tejifd HEMarHUTHBIX ciUTKOB |[13]| Obuia Mcnonp30BaHa IS HPOBEP-
KH W OLEHKH 0071aCTH IIpUMEHEHMsA H3JI0XKEHHOrO BBIILIE MOpAIKa
pacuera. [Ipy 3rOoM B mporpammy ObUI BKIIIOUEH YYET BIIMAHUA
METAJUIMUECKOTO0 XOJIOOMHOTO THUIJIA. Turens anmnpoOKCHMHUPOBAH
UWJIMHAPOM C pajiviajibHOU TOJIIIUHOK b U C OOHMM BE€PTHUKAJIbHBIM
pa3pe3oM Mo oOpasymomen. Toku B mpotuBodaze Ha BHEIIHEH
U BHYTPEHHEU IOBEPXHOCTAX pacCMATpHUBANIMCh NPHU APKOM IIOBEPX-
HOCTHOM 3¢ dexTe. Pe3ybraThl pacyeTOB HCIIONIB30BaHbI IIPU IIO-
CTpoeHymu rpadukoB puc. 10 u puc. 11, a Takke INPUBEICHBI 1A
CPaBHEHHA C pe3y/ibTaTaMU pacyeTa, BBINOJIHECHHOIO IO METOMLY
fIOJIHOTO MArHUTHOTO MOTOKA. Ha puc. 16 noka3saHsl B BHJIE IMyHK-
TUPHOW KPUBO# 3aBUCUMOCTH COS ¢, = f(m,).




5. YNIPABJIEHUE NMPOLUECCOM WUNXT sapucumocteil Py, Pr3 ¥ P BBIXONAT U3 Pa3HBIX HAYaIbHBIX TO-

y . qex ¥ WMeI0T Bo3pacTaioutyio KpyTusHy. Ilpu 3akpeiToM 3epkane
5-1. AHanu3 yCNOBUN YCTONYUBOCTH panpst P, ; =0, 2 mpAMas P, BBIXOIWT W3 Hayajla KOOP/MHAT,

Tennosoro 6anaHca NaaBKwK HO MOeT MMETh OONbLIyI0 KpYTH3HY, 4eM P ,, IIOCKOIbKY 0e3

[OTepb MATYUEHUEM JIETKO IOy IHTD Tp N P
HHIIYKHHGHH&H [JIaBKa OKMCIIOB B XOJIOOHBIX THUIIIAX ABJIACTCH KpHBaﬂ 3aBUCUMOCTH P2 =.f(a2) IIOCTPOEHA C YUETOM €€ HOHOﬁHH

MHOTOIIapaMETPUYECKNM MPOIECCOM, KOTOPbIH XapaKTEPIEBYETEﬁ anirAaCIE 008 O, zf(%) (cM. pc. 11) COMTACHO BHIPHKEHHIO
GOBIINM UYKCJIOM YIIPABIAKIMKAX U BO3MYILAKIIMX BO3ACUCTBHH,

Cpeny BO3MYLIAKOLMX BO3[EHCTBUH OCHOBHBIM CJICMIyeT CHUMTATS _ WS RO S e TR
HapyIleHHe TeIJIoBOro GajiaHca, MPUBOJAILIEE HE MPOCTO K OTKIIOHE. -
HHUI0 PEXUMa OT ONTHMAIBHOTO, a K ITIOJHOH MOTepe BO3MOXHOCTY
HarpeBa U MpEexX palicHUIo0 MUIaBKH.

bamanc MouHocteu P, =P ABIACTCA HEOOXOIUMBbIM, HO HEJIO-
CTATOYHBIM YCJIOBMEM OOecleyeHHusi YCTOWUMBOrO BO BpPEMCHK
npouecca UIIXT. 310 00DACHAECTCA TEM, UTO P, aBnaeTcs QpyHKLHEN
COS ¢,, KOTOpbIH, B CBOI OYepe/lb, 3aBUCHT OT TEMIIEpATypbl §
M rnyOuHBI @, BaHHBL. B TO € BpeMA T, u a, caMu sBJIAIOTCH
dbynxuuamu P, . Ecnu BenefcTBHe BHELIHEH TIPHYIMHBI H3MCHUTCA T P,
WM @, BaHHBI, HAXO/AIIEACS B CTAIMOHAPHOM TEIUIOBOM COCTOAHMH
TO 3TO NMPHUBEJET K CAaMONPOU3BOJIBHOMY M3MEHCHUIO BCETO PEXUME
nnasku. CedoBaTenbHO, KpPOME H3BECTHOTO yCJIOBUA DajaHC:
moruocreit, mpy UIIXT momkHo ObITh 00ECNEUYEHO YCIOBUE yCTOU:

| | 7  Pner
YMBOCTH 3TOro Oamnamca, KOTOpOe MOXHO 3anucarh TaK: Pwm{ '
dP dP dP dP
I > 2 } I1 > 2 .
da 2 da p) d Tp d Tp

>
P

L

=3
=

=)
3

P —————————— N et el R [ ]

h#_--#-u___-_—.—_ - S N S O s e e el - R

|

R D R ) [ BB SR DRt R Al

N
L

23 Q¢ dzz az
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Puc. 17. Cyneprio3us 3aBHCUMOCTEH BbIIENAIIECHCI MOIIHOCTH U MOILHOCTH
Ha puc. 9 O6puia mokasaHa 3aBUCUMOCTD dy O1 Tp IIpU ITOCTOAHHON MOTeps OT 71y OrHEI BaHHEI [IPY pa3HbIX TeMIlepaTypax paciuiaBa
b

kputepuu Bi. B aTom cryuae ycnosue (72) MOXHO CBECTH K O/THOM)
U3 IBYX HEPaBEHCTB. (28). Touxm mnepeceuenma A, —A, u B,, B, XapakTepU3ylT
Ewe T. W. Babar [15] yka3piBan Ha CymIeCTBOBAHUC NIBYX TOYCK yClOBMsi, HpH KOTOPHIX BHIMOMHACTCH GanaHC MOIHOCTEH. Onnako
TeIJIOBOTO 0ajnaHca — YCTOMYMBOH M HEYCTOMUMBOW — IIpM MHAYK TOYKM B, ¥ B, XapaKTepu3yloT HEyCTOWUMBHIN GasaHC, MpH KOTO-
MMOHHOM MIaBKe B 06beMax, 00/IafialoyX X0 Obl OTHUM MEPEMCEH POM Majioe OTKJIOHEHWe MPUBONMT MO0 K KPHCTAJUIM3AlMH pac-
HBIM pPa3MepoM, HalpuMep IIIyOUHOH WM JMaMETPOM, H3MEHAIOLIK IUIaBa BCENCTBHe TOrO, 4ro P >P,, ;mbo K mepexofy pexuma
MHCSI NP H3MEHEHHH MOJBOIUMON MOIIHOCTH. B HameM cCiyua B TOYKYy A, wm A ,, Bcneacrsue Toro, uro P <P,. B Toukax 4,,
Ha puc. 17 mpencTaBiieHa CYTNepHO3UIUA KaueCTBEHHBIX 3aBMCHMO A,, A; TemNOBOH GanaHC YCTOWUMB, TAK KaK 3€Ch BBINOJHAETCA
cTeii MOIHOCTH TeIuToBbIX moteps Bammbl P =f(a,) ¥ BbIIen? ycnoBue (72), u moboe oTkioHenne 7', WK @, BO3BPAIaeT IVIABKY
joweiicss Mompoctd P, =f(a,). 3aBUCHMOCTH P_  TIOCTpOEHb B MCXOHOE COCTOAHWE. JTO ABIICHUE p.gomm OINpElIeIMTh K&K JIMHa-
¢ yU4eTOM TOro, uro mouiHocts P, =~ 0,05F ., aP, +Pg=pgnD,ya; MAYECKOE paBHOBECHE, B KOTOPDOM COOTHOIIEHWE [APaMeETpOB,

Torna Pn ~ Pﬂm + pﬁﬂDzaz, M TaK KaK MOLIHOCTH P i Ay I}e 3aBUCH XapaKTEPUIVIOMIUX INIaBKY, OCTaeTCsd HEU3MEHHBIM, ITOKa HE U3ME-
OT d,, TO 3aBUCHMOCTD PII =f (az) [IpeACTaBIIACT cobor npsAMYK HATCA BHEHIHHE cbalc'ropm, [JEACTBYIOIIIHEC Ha HEe.

TUHMIO C Hayajiom npd P, . ¥ C yIJIOM HaKJIOHa, KOoTOpbIU ABJIACTC! M3 puc. 17 BumHO, 4TO Yem 6ObBIIE notepu P, ¥ P, TEM MEHS-
> o . : < HBH
¢byHKIMEN yOeIbHOH MOIIHOCTH Pg. MomiHoctd P, ¥ Dg T€EM Bbl LI€ FnyﬁHHa CTaOMJIBHOM BAHHEI, HAIIPHMED a,, <d,,. Ecim npu mo-
it
e, yem BbIe 1 o CremoBaTenbHO, ¢ BO3pacCTaHUEM Tp MpsAMBK Tepax P_ 3 YU€CTb MOIMHOCTD P, HEOGXOIMMYI0 [JIA pacIUIaBJICHUA
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IIAXTHI, TO 3TO CABHHET NpAMYI0 BBEpPX IapajijieJIbHO caMOH cebe,

Ecmm cymmy noteps xapaktepusyer npsamas P_,, T0 €IMHCTBEHHO}

TOYKOM 0ajaHca MOIIHOCTEH ABNAETCH Touka A 4> M ITOT Oasauc
HeycronuuB. llpy Hamuumu moreps P . BOOGIIE HET MEPECEUEHMs
C KpUBOH P ,, 2 3HaUUT HET U IUIaBKH.

V3 3TOro mpoCTerinero rpa¢puuecKoro aHaau3a CieayeT, uTo Jijis
obecrieueHuss ycronunBoro npouecca UIMMXT HEOGXOIUMO CTPEMHUTb-
¢l K YMEHBLICHHMIO TEIUIOBBIX IIOTEpb, MpeXJe BCEr0 COKPAIas
MOTEPH H3JIYYCHHEM C OTKPBITOTO 3€pKajia BaHHBI. JTOTO MOXHO
[OOHTHCS, HAIIPUMED, 3aKPbIBasi 36pKaJI0 BaHHBI TEIUIOBBIM 3KPaHOM
MJIM 3aCbINIaB €ro IIMXTOW. 3aKpbIBas 3€pKaj0 3KPAHOM MIIM LIIHX-
TOM, MBI CHMXKaeM MOLUHOCTh M3NTyuyeHMs Ha AP, . _ ¥ MOBbIlIaeM
Temrepatypy pacmiaBa. (CefoBaTenbHO, mapamerp m., YBETHUMBa-
eTcs. EC/iM B HCXOMHOM COCTOSIHMM BaHHA MMella M4 opt > TIPU KOTO-
poM COS ¢; U P, MaKCUMaJIbHbI, TO YBEJIMYCHUE M1, BEOET K CHHXKe-
HUI0 P, Ha HeKOTOpOe 3HaueHue AP ,. Bo3MoXXHa pa3nnuHas peakiys
BaHHbI Ha COKpaIllCHUE IIOTEph H3JIyUYECHUEM IIpH 3KpaHUPOBaHHUH,
a UMEHHO

(73)
(74)

ecu |AP,
eciu |AP

2 AN 1,10 Ad 2> 0}
LA, )10 84, < 0,

31ech Aa,
dbuyecku.

Ha puc. 18,4 u 6 wzobpaxennt 3aBucumoctd P, =f(a,/a,)
upl, =f(a,/a,), HOpMUPOBaHHbIE K HATIPAKEHUIO HHAYKTOpa U, =
=10kB,1.¢. P(1) = P/Uf. ITomo6HO 3aBUCUMOCTIM COS ¢, (@z/ay)
(cM. puc. 11) xpuBbie P, Ha puc. 18 pacmonaraoTcs ofHa MO
ApyTOH IO Mepe YBeJIMYeHHus m, oT 3 o 10. 3a ucxomHoe cOCTOAHME
BaHHBI NPUMEM COCTOAHHE B TOYKE ] TIOJIYYEHHOM IepeceueHHueM
npsAMoH P, u xpuBoit P, npu m, = 3. lIpumeM TakxKe, 4TO TEIJIO-
BBIE NOTePU P 7y MMEKT JIyUHCTYI0 COCTaBIIAILIYI0 C 3epKaia pac-
mnasa P, ., KOTOpas i CiydYasi, HIOKa3aHHOTO Ha puc. 18, a, paBHa
18 xBr/xB*, a mna puc. 18,6 — P, = 10 xBr/xB?. [peqnonoxum
Aajiee, YTO B pe3yJIbTaTe 3aChIIKH LIMXTHI HAa 3€pKaji0 BaHHbI COCTAB-
nawowas P, YMEHpUIWIACh OO0 HynsA, a 1 p TMOJHANIACH TaK, YTO
m, = 10. Hsmenenne cocrosaHusi BaHHbI M306PaKe€HO CXEMATHUHO
JKHUDHOH CTPEJIKOM OT TOUKHM / K TOUKe 2, ONpe/iensaeMoil mepeceue-
HHEM KpuBOH P, npu m, = 10 ¥ MyHKTUPHOU MPAMOI P_,, IpOXO-
JAIIEH Yepe3 Havyaso kooppuHat, rae P, = 0. [Ipsamasn P_ ., mapain-
nenbHa P, IOTOMY YTO P W3MEHAETCS MejieHHee, yem T , B CHITy
MHEPIMK Tipouecca Temnonepenaud. OHako MO Mepe BO3pacTaHUs

Pg> P, YBEIMUYMBAET CBOIO KPYTU3HY U [IEPEXOIUT B 3aBUCUMOCTH
P
n3-

M3MEHeHHe TiIyOuHbl BaHHBI. [lokaxxem 310 rpa-
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Pn3 >P2’

JliAa COCTOAHHA BaHHBI B TOUKC 2 XapaKTepHO HEPaBEHCTBO
[103TOMY BaHHa HauMHaeT oxjaxJaTbcsa. Ecim Gb1 He ObUIO

ATOr0 OXJIaXKEHHUsA, TO YCTOHUMBOM MOTIJIa OBl CTaTh TOUKA 4, HO IIpH
oXJTaXKIeHMH pacCIllaBa CHWXKACTCA m, . IloaTtomy TOYKa, XapaKre-
pu3yomnias TEIUIOBOM OajlaHC, OKAa3bIBaeTCA Ha [OPYyrou KpHUBOU

P2=f(m:z)'

a) 5)
«Br )} P(1) 7 kBT 4 P(1) 1
«B? kB?
30} 0T
my=7/ My =/
| 4
’ |
m2:10 =1
20 ot | I/ 2 20 w |
I :
| : : |
g e g
| | | ,
| | I
U I ;
| | r :
L ey
L 10 /
10 - Boall o
| | / | ;
I i / : |
I : & ks i :
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| I ,"' I |
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yr / doy4 a
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Puc. 18. W3ameHeHUe COCTOSAHUSA BaHHLI MpH 3KPaHMPOBAHHU €€ U3TIYUCHHUA

q — APH:;JI}APz;ﬁ“APHgH*(APz

[Ilpepnonoxum, uro HOBOE 3Hauenue m, = 7. Torma tnemyromum
IPOMEXXYTOYHBIM COCTOAHHEM BaHHBI fABIAeTCA TOuKa J3. Ilocne
OUEPE/IHOTO U3MEHEHHA Dy C yMeHbienneMm T, mpu m, =7 ycTa-
HaBJIMBAIOTCA HOBBIC MOTepH F_,, ¥ OKOHYATEJIbHOE COCTOSIHHE
BaHHBI ONWCBIBACTCA TOUYKOM 4. ITO COCTOSAHHE SBIAETCHA YCTOM-
“WBbIM. [yGuna BaHHBI @,, TpU 3TOM GOJbBIIE HCXOTHOH TIIIy-
Ounbi g, , . |

B paccMoTpeHHOM mNpHUMepe M3MEHEHHE [OTEPh M3ITYYEHH-

€M AP .= PaBHAJIOCH MONHOH MOIIHOCTH H3JTyYEHUS £, =
= 18 xBr/kB®. 310 Gombie, uem usmenerme AP, = 13 kB1/kB
MEXIy cocTosHMsiMu BanHb! | u 2. Pasauma |AP,, | — |AP,| >0

4 pacxonyercs Ha yBenuueHue 06beMa M TEIUIOCOHEP>KAHHA BAHHBI.
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Ha puc. 18,6 mnpusenen apyroi mnpumep. MameHeHwe moTteps
AP,.. =10 xBr/kB?. 310 wMmeHsme, uem wusMeHeHHE AP, =
= 13 kBr/xB?, onpenensemoe cocToaHUAMYU BaHHBI B TOUKax / u 2.
C momombio pacCy>XIEHMH, aHAJIOTMYHBIX MPEABIAYLIMM, MOXKHQ
[I0OKa3aTh, YTO KOHEYHOE YCTOMYMBOE COCTOSIHME B TOuke 4 Oyner
PH @54 <d,q. Pa3HUIA MoOLIHOCTEH JAP_. | = {AP,| <0 # ong
KOMIICHCUPYETCA 3a CUET CHIDKEHHs TEIUIOCOACPKAHUA BaHHBI,
a 3HaAYUT U ee ob6bema.

OGpatim BHUMaHHE Ha TOT (aKT, YTO B 060MX NpUMEpaxX K paHu-
pPOBaHHME H3JIyYEeHHA [eJaeT Ipouecc Ooyiee 3xoHOMHUHBIM. Jlaxe
IpH YBEJIMYEHUH IIIyOMHBI BaHHBI YCTOMYMBBIM OajlaHC MOLLHOCTEN
B TOUYKE 4 MOJIy4aeTCs NPU MEHbIIEH MOUIHOCTH P, , 4eM B HCXOIHOM
COCTOSIHUH /. |

PaccMoTpuM ycCrioBMS, IPH KOTOPBIX BBINOJIHAITCA HEPaBEHCTBA
(72) m obecneumBaeTcs CTaGWIBHBIA TEIUIOBOM O0ajlaHC IUIABKH.

Ilockonpky BO Bcex 3JIEKTPOTEPMHUECKHX ITPOLECCAX BCEr[a
dPH/dTp >0, a mpu UIIXT scerma dP_/da, > 0, T0 COOTHOLIEHN S
(72) 3aBeqOMO BBIMOHAIOTCH, €CITH

dP,/dT, < 0w dP,/da, <O0. (75)
OHu Tak>Ke BHINONHAIOTCA, HO IIPH OIPaHWYEHHBIX YCIIOBUAX, ECIIH
dP,|dT, > 0 wm dP,/da, > 0. (76)

U3 rpajuxor puc. 18 BugmHo, uro npu a, <a,, dP,/da, >0,
a Npu a, > a,, dP,/da, =0. Jro 3HauMT, YTO0 BaHHBI, riIyOHHa
KOTOPBIX OOJIbIIIE BBICOTHI UHOYKTOpa, BCEraga UMEIOT CTabHIIbHbIN
Tery1oBoM OanaHc. OmHako kak ObUIO yka3aHo B § 2-2, Takas IiaB-
Ka HeXXellaTelIbHa, TaK KaK BEJIMKY HENPOU3BOMUTEJIbHBIE 3aTPaThi
sHeprum. llenecooOpa3ko mnIaBUTh Tak, YTOOBI BHIIOIHAIOCH COOT-
Homrenue (33). Ilpu 3TOM BCerna crpaBeyIMBBI cOOTHOMIEHUA (76).
Ecnu YACTIBHBIE TIOTEPH Dy, ONpPENENANMINE KPYTH3HY NpAMOM P
(puc. 18), a cnemoBatenbHO, 3HaueHWe mnpousBomHol dP_/da,
BEJIMKH, TO TEIUIOBOM OaJIaHC TaKOM IJIABKH OKa3bIBAETCA YCTOWYM-
BbIM, HarlpumMep, bastaHc B Touke A (puc. 18,4, 6) npua,fa, <1,0.
Yem BbIlIE TemMmepaTypa I, wi 4yem Oombiie kpurepHit Bi, Tem
KpyYe BBEpX HeT 3aBUCUMOCTb P = f(a,/a,) ¥ TeM IpH MeHbIIHX
rTyOMHaX BaHHbI MOXeET OBITh OOecreueHa CTabMIIBHOCTD IUIABKH.

bojiee KOHKpEeTHO YCIOBHMS YCTOHYMBOCTH #€IUIOBOro GanaHca
BaHH C MAJIOH IITyOMHOM MOJXXHO OIpPEHeNuTh, €CIIM MIPUHATH BO BHU-
MaHHe 3aBHCHMOCTHU cOS ¢, = f(m,) (¢Mm. puc. 10). B § 2-2 6pu10

[IOKa3aHO, YTO NpH KO3 dHIMEHTe 3anoIHeHusa UHAyKTopa k., < 0,6
BBINONHAETCA CoOTHOLIeHUe (28). B 3ToM cityuae

dP dcos dcos
2 i Ci P1 = Y1
dTp ai’Tp dm »

dH'iz
dp,

dps
dT

(77)
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Yuureisasd, 410 7, (0,) = Dz\/f—/ (500+/ 2p,y H 9TO [JIsi OKHCIIOB
P4 (Tp) = Pnn [1 iy l';r‘c,; (Tp 45 THH)] y TE aﬂ — ICMIICPATy PHBIH
K03huuMeHT YHCJIBHOTO °CONPOTUBJICHHWA paclljlaBa, JIETKO IIO-
Kazarh, 4ro dm,[dp, <0 u de/dTp < 0. Kpome toro, u3 puc. 10
BUIMM, 4TO IIPU M, < M, .+ UMeeM dCOoS q::l/dm2 >0, a npH m, >
> My optdC0S ¥ /dm, < 0. Cnenoparensto, nepsoe M3 HepaBeHCTB
(75) BBIIONHAETCS TOJIBKO MPU M, = m, pt*
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Puc. 19. Harpysousble X2paKTepUCTHKH OJHOKOHTYPHOTO JIaMIOBOI'O TeHe-

paropa -

llpp k, > 0,6 cootnHomenns (28) He crpaBeTMBBHL. YuHTHIBAS
(27),a Taxe, wr0 z |, =~ x, 5> MOXHO 3aIucaTh

dP 4 Ufnl dcos Yy dx
! 13 .
A o B g cOS ; 78

3 Beipaxenus (78) cnemyer, uro dP, [dT, <0, ecru
dcos ¢, < cos ,dx, [x, ..

Hqcmonbxy mpu UIIXT Bcerma dx,, <0, cos Yy/%,5, >0 mpu
Icos ¢, /x,,1 <0,1, T0 mnocmemee YCIIOBHE BBINCIIHAETCA, ECIIH
dcos ¢; <0, a |dcos ¢, | > 0,1 ldx .|« Ilo xpuBBIM pHC. 16 BHIHO,
9TO 3TO MOXeT ObITh, eciu IUIABKY OCYLIECTBIIATD IIPH My > My 1t -
Cnenopartensho, mpu Kk, > 0,6 ycTOWUMBBHIH mpouecc BOBMO}KgH,
HO HE NIPH MaK CUMaJTbHOM 3HAYEHHH COS P -

Paccmorpum TCIIEPh BIIMAHHE pEXUMa reHepafﬁpa Ha CTa0MIIb-
llf;);el‘;a:él;am;n. Onna u3 HATPY30UHBIX XapaKTEepHCTHK JIaMII0BOTO

PCACTaBsIeT COBOM 3aBUCHUMOCTE KOJEBaTeIbHOM MOIII-
gg;zn JIaMIibl P, OT 3KBMBAaJIeHTHOTO CONIPOTHUBJIEHUA KOJIE0aTeIIh-
KOHTYypa R, puc. 19. Bo Bcex ClIy4asiX — 3TO IKCTpeMalibHas
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3aBMCMMOCTh C MaKCHMyMOM NIpu R, =R, |, KOTOpas XapaKTepu-
3yeT IpaHWYHBIM PEXUM JIaMIIbl MeXAy HeJOHAmps>KeHHbIM (IIpy
R, <R, .,) ¥ mnepeHanpsxenHoiM (mpu R, >R, ) pexumamu,
MomHocTs P, NpONnOpuHMOHaNbHa P, MO3TOMY €CIH dRB/dTp >0,

10 dP,/dT <0 MOXeT OBbITh TONBKO MpH YCIOBMH R, 2B
U €Clu dRa/dTp <0, 1O dPZ/dTp <0 moxer OBITH TOJIBKO IIpH
Ra < Ra.rp‘

llocMOoTpuM, Kak HM3MeEHsAETCA R, OIHOKOHTYPHOTO T€HEpaTopa
(puc. 19) ¢ u3MeHeHHMEM TeMmepaTyphl paciuiaBa. MHIyKTHBHas
BETBb KOHTypa COCTaBJIeHAa M3 HHIOYKTUBHOCTH L ,, MHIYKTOpa
C THTJIEM M pacCIUIaBOM M M3 0aJU1aCTHOM MHAYKTUBHOCTHU L ., BKIIIO-
YEHHOM IIOCJIEOBATE/IbHO ¢ MHOAYKTOpOoM. OGBIUHO 3TO MHIYKTHB-
HOCTh IUMH M (uOepa, HO MOXeET ObITh M CIelMayibHasi MHIYKTHUB-
HOCThb, COIJIaCyIoliaA KOHTYP C F€eHEPATOPHOH JIaMIIOM. IKBUBAJIEHT-
HO€ COIIPOTUBJICHUE

2
(‘xﬁ T x 13)

R = —————

? 4
13

roe xg = 2mfL  — conpoTuBiieHre GayIaCTHON HHAYKTUBHOCTH, OM;
X1, U 1, — onpegendArwrca no ¢popmynam (61) u (62), coorser-
ctBeHHO. Ilockombky 3aBucumocTs 7 |, = f(7,) UMeeT MaKCUMyM
(cMm., Hampumep, puc. 16), To u3 (79) cnenyer, YTO 3aBUCHMOCTSH
R, =f (Tp) TaK>)X€ 3KCIpeMajibHas, HO TOJIBKO C MMHMMYMOM.

Onpenenum, npu Kakux ycnoBuax R, =R, . WM

(79)

2
(xg + X13) “dr 1,
"%3 dTy

dR,
dT,,

2 (-xﬁ:_xlg_)dxla

= 0. (80)

YuuThiBas, 4TO OTHOWIEHHE (Xg+Xx,,)/r ;, €cTb HOGPOTHOCTS
( KoHTypa, u3 (80) cnemyer, yto R, = R, :, TIpH YCIIOBHH:

dr13 Ol 2 dxli

ar, @ .

Ecmu Lg— 0, 10 Q = 1/cos ¢, u (81) MOXHO mepenucars Tax:
dr ,, =~ 2cos ¢,dx, ,. (82)

YMEHBIIMTECA B 3—4 Dasa COOTBETCTBEHHO,

yXxe He bonee ueM B 2 pa3a. IIpu mamsHeiimenm COK pallleHNU I’y OUHBI
BaHHbI T€HEPATOpP CIIE[IyeT NEPEBECTH B HEJTOHANIPSKEHHBIN PEXHM.

Takum obpasom, npu m, < m, opt YCTOMUHBYIO MJIABKY MOYHO
[IOJIyUHTh, PabOTas TONBKO B HENOHANPSKEHHOM PEXUME J1aMIIbI,

a HpU M, =~ Myopt, PADOTadg TONBKO B NEpEHANPSIKEHHOM pexume.

B HEOOHAIIPpAXCHHCM pPEXUME JIaMIla UMeeT CPABHUTEJIBHO HU3-
xuit KIII (puc. 19) B ornmuume or [I€ pEHATIPSI)KEHHOTO  peXKHMa.
[losroMy BBIBOZ O BO3MOXXHOCTH HONYYEHHSA VCTONUMBOTLO poliiecca
[UIaBKH HMEHHO B IICPCHANPSXXEHHOM PEXUME ABJIAETCH BaSsKHBIM
TeM 0OoJiee, UTO 00eCTeUMBaETCA YCTOMYUBOCTE IUITABKH TIpH CaMI:;IJ;
L[eIeCO00Pa3HbIX 3HAYCHUSAX m.,, = 5+10.

CpaBHMBasA 3aBUCUMOCTH COS ¢, = f (m,) npu pasnuuHbIX a,
ua, (cM. puc. 10,4, 6), uatepecho OTMETHUTh, YTO B YKa3aHHOM
AUala30HEe M, YMEHbLICHUE I'TTyOHHBI BAHHBI B 2—3 pa3a BCIe[ICTBUE
€€ OXJIDK/ICHMA HE U3MEHAET 3HaKa IPOU3BOIHOH dcos gal/dmz,
H PeXUM IUIABKH HE NEPEXOIUT B HEYCTONYUBHII. Bo3mMoxHO Tem
OOJIbIIIEE U3MEHEHHE IJ1YOHHBI BaHHBI, 4Y€M OOJIbIIIE BBICOTA MHOYK-
Topa. Hampumep, npu a,/D,= 0,7 +1,0 ITyOMHA BaHHBI MOXET

HO nipu @ /D, = 0,5

B mByXKOHTYpHBIX cxemax, KOTOpPBIC HaMDOJIEE IIMPOKO HCIIONE-

SYI0T B yC1anoBkax MIIXT, sakonomepHocTH n3amenenusg R = J{T )
3 P

Coxpansiorcs. Ilosromy pexomenmammu 1o BBIOODY yCIIOBMI yCTOM-

"VBOM IUIaBKH TIONyYalOTCSI TAKHMH e, KaK P MCIOJIb30BAHUN
OTHOK OHTYPHOM CXEMBI.

OIIMMH peXUMOM UIIXT, sensaworcs:

1 :
) HANpPSOKEHWE ITHTAHMS AHOMA JIaMIibl £, M3MeHsieMOoe pery -

PYEMBIM BBINpAMHTETEM:

2 w
) Hanpsxenue ODpaTHO! CBA3M WM Hanpskenne Ha cere

JTO 3HAyYMT, YT0 R, =R smin [IP¥ OTPHIATCJIPHBIX IIPHPALICHUAX JIAMIIB] ({g, U3MCHAEMOE KaTyIIKO obparHou cBsaA3M:
: b

7 1, 10 aDCOJIIOTHOH BEJIMYMHE B 2C0S ¢, pa3 MEHBIIMX, YEM OTPHIIA-

3
3) xo3bdumment CBA3H M MexIy aHOIHBIM u pabouuM KOHTY-

TETIbHOE MpHUpalieHue x,,. AHaIH3Hpys KpHBbBIE puC. 16, nmerko pamm, KOTOpPBIM H3MEHSIOT KOPOTKO3aMKHVTOH
YOEOUThCA, YTO 3TO BBIIOJHACTCA B MajiOM [IMaNa30HE Am, = MeUaemMoy BHYTPH KaTyIIKY aHO iy
= Myopt — My (7 3max) - C AOCTATOUHOM TOYHOCTBIO MOXKHO CUMTATh

4TO R, = R, iy IPH My = M, o - CrieiOBaTENIBHO,

€CIH My < My one> TO AR, /AT, <O;
CCTIH My > My gt 5 TO dRB/de, >0

KaTyIIKOH, Iepe-

1IOTE€Pb OT BaHHBI U Ipex/e Bcero P

5
prm':[" H3J1

83) ypos
(83) ypomens KOTOpBIX peryi USMEHAA OTKPBITYI0 IUIOINAID

3CPKana pacnnaga:
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JIAC e |
6) MaccoBasgd CKOPOCTh IIOJauUM IIMXTbI M S—-_ OCyHLICCIB Mag - ng — UHAYKTHBHOCTH MyCTOro MHAYKTOpa M HHAYKTOpa C pac-

03aTOPOM C HE3aBHCHMBIM MPHBOMIOM; T
7) nMHE#HAs CKOPOCTh BBITATH »  yamiapiemHoro Giokg : :

P BaHUA V _ d OnuuM U3 BaXHbIX yCIOBHH CTAlMOHAPHOM ITABKHU H KPHTIEpHEM

WA OTHOCHTENTBHOTO MBHXXKCHWA MHIyKTOpa M TWLIIA, OCYIRECIBIN:  o0p g copapus MapaMeTPOB DEry/MPOBAHHUA ABIIACTCA NOCTOAHCTBO

SMOTO CHEUMATTAHLIM NBOZIOM: PAfiIRTD SR dopmp! BaHHbL. Ero I0CTHIaioT mpH PaBeHCTBE MacCOBBIX CKOPOCTeil

VipaBlieHHe DEXNMOM HAUMHAIOT C NEPBBIX XK€ CEKYHA MOCIe o onauy pmaxThl M, €€ IIaBNeHus M, 1 KPUCTaJUIM3aLMH pacilIaBa
BKJIIOUEHHsA BbICOKOYACTOTHOTO HalpsDKEHHA IIPH CTAPTOBOM HAIpPE:  ag (B KWIOrpaMMax Ha cekyHay). Takum o6pa3oM, yCIIOBHEM
Be CaJlKd. B HauanbHBIM IEpHOJ, KOrJa THrejb HC MMEET paciUlaBa CT;: wTbHO# (OPMBI BAHHBI ABJIACTCA PAaBEHCTBO
M HHAYKTOp paboTaeT MpPAKTHUSCKH B PexHME XOJIOCTOTO XO.a : ' M =M _ =M 85
¢ HU3KHMM COS ¢, , IPUXOIMTCA (GOPCHPOBaTh HANPAKCHUE Ha JIAMIE - S et Kp? (85)
u paGouem KOHType. llpy 3TOM. HANMPAXKCHHUE E u cBa3s M Mexny KOTOpOEe OJHO3HAYHO OMpENENAeT JIMHEHHYI CKOpOCTh (B MeTpax
KOHTYpaMH MaKCHMAJIbHDbI. Orpa}mquHeM peXxHMa B 3TUX YCIIOBHUAX qa CCKYHHN} HaIJlaBJICHUA OIIOKa UM OTHOCHUTEIIRHOTIO [epemMerie-
SIBJIAETCS JONYCTUMasi MONIHOCTh OTeph HAa CETKE JIaMIIbI. Hanpsixe- pusa uHmyKTOpa ¥ THIIIA
HHe OGPAaTHON CBA3M JOJDKHO GBITH TAKHM, YTOObI CETOUHBIN TOK I AM
He MPeBbIIIAJ IOy CTHMOTO Ui JAHHOM JIAMITbl 3HAUCHHA . , Vo = “;‘ : | (86) |

[Tocie MOABIIEHUs PacIUIaBa HAUWHAETCA WHTEHCHBHOC BBIICIICHHUE _ a0 |
MOIIHOCTM B BaHHE M YBeJIWYeHHE €¢ 0OBeMa. 310 compoBoXaaerTca TAC ¥ — INIOTHOCTb pacIlyiaBa, KTr/m>. Kpurepuem corjiacoBaHus

YBEJIUYCHUEM ¥ , , U COS ¢, ¥ NIPUBOIHUT K YMEHBILIEHHIO B HECKOJIBKO M, M_ . 4V, ABIETICA NOCTOAHCTBO PaCCTOAHMA MEXIY 3€pKa-
pa3 R, KOHTypoB. l'enepaTopHas Jamiia MepeXOJMT B HeJIOHANps: JIOM BaHHBI ¥ BEPXHUM TOPIOM HHAYKTOPa, KOTOPOE KOHTPOIIUPYIOT
YKEHHBIN PEXUM, XapaKTepU3YIOHMIMHCA COOTHOLICHHEM MOCTOAHHDIX BU3YaJIbHO.
COCTABIIAIOIIMX AHOOHOTO M CETOYHOIO TOKOB [/ a0/l g0> 5, 2 TAKXKe B capgounsix mponeccax MIIXT Hepenmxo mpoucxomur HapyiieHue
misxam  KILL TlepBoHauanbHOe (hOpPCHpOBaHHOE Hampsbkere E TemioBoro GanaHca BCNENCTBHE YBENIMYCHWA NOTEPh, M €CIH He CO-
OKa3bIBAETCA CIIHIIKOM BEJHMKO, H €ro ClnefyeT yMCHBIIUIDL B 1,5- OGmopmeHo ycnosue (72), TO HaUMHAETCs KPHCTALUIM3aIMA, OCTAHOBUTH
2,0 pa3a, OTHOBPEMEHHO HYXXHO YBEJIMIMTD Ug. Ecym yBenuuenue KOTOpPYI0 H3MEHEHHMEM pexHMa IeHepaTopa MpaKTHYeCKH HEBO3-
UE HE YMEHbIUAeT COOTHOIUEHHE TOKOB M HE IEpeBOJHT namiy MOXHO. OGBIYHO B 3TOM CHUTyauMH COS ¢ NeYd OYEHb MaJl U pe3epBa
OOpaTHO B epeHaNPsAXKEHHbIH PEeXHM, TO HeoOXOIMMO YBEIMuMT) HAIIPAXKEHHsA IeHepaTopa OKa3bIBaeICA HENOCTaTouHo. Yame Bcero |
R,, ymeHbias CBsA3b M MeX[y 2HOMHBIM H pabGouMM KOHTYpami. HOMOTaeT 3aChillka HIMXTOH KOJIOIIHMKOBOH 30HBI TUIIA. IIpenmy- |
[Ipn yBenuueHMd oOObemMa BaHHBI CYLICCTBCHHO u3MeHseTcs LIECTBO 3TOrO IpHeMa Mepel MPOCThIM IKPaHHPOBAHUEM U3JTYUYSHUS
peaKTUBHOE COINPOTHUBJICHHEC HHAYKTODA. Hanpumep, B mnpouecce, COCTOHT B TOM, YTO NOPIMH PACIUIaBJICHHOM IIMXTHl YBEIHMYMBAIOT
u306paKeHHOM Ha pHC. 10, x;, YMEHbIIAETCA Ha 25% 110 CpaBHEHHK 00BEM M TEIUIOCOJEpXKaHWe BaHHBI U, CJIE[IOBATEIIHHO, YBEIMUMBAIOT
C pexuMoM Xonocroro xoma. Takoe CHIKEHHE coorercTBYe! COS ¢ Teud. O[IHAKO 3aChUIKa LIMXTOK HE JOCTMIaeT MeJH, eCiH

H3MEHEHHI0 COGCTBEHHOM YacTOThl pabouero KOHTypa Ha 15% W CHit [Poch > JAP
>KEHHMIO TeHEepHPYEeMOH YaCTOThI Ha 3HAYCHHC, peB bIILAIOLIIEE NOIY CTH

voe OTKIOHeHHe +2.5%, KOTOpOe YCTaHOBJIEHO i MCHOJb3YeMbD
nonoc yactor 1,76 u 5,28 MI'n. IToaromy npu GopMHPOBAHUH BaHHD 6. HASBHAYEHUE WU XAPAKTEPUCTUKA

rpebyeMoro oGreMa HeoOXOAMMO NOACTpauBaTh 4acToOLy, yBEJTHH CTAPTOBOro HArPEBA NPU MNXT
pas emxocts koHtypa C,. Ilpemensr mamenemua C onpenenaw!

(B dapapnax) nmo opmyIe
CK 2‘ 52 CK 7

e w v e e ———— —mmmm

HBJ’II'

6-1. 3apaum u meToab! cTapToBOroO Harpesa
L 10 L 13

TR T _ (84 4 f 81 OBUIO oTMeueHO, YTO MHOYKIMOHHBIH HArpeB M IUIaBKA
(2nf) “L 1oL 15 CHBIX MaTE€pHajioB BO3MOXKHBI JIMILIb. II0C/IE TOTO, KaK OHH IIpef-

- BapUTENIBHO H 5
roe C,, 1 C,., — EMKOCTH pabouero KOHTYpa B PeXKHMC Xonocrort o R IaIrPeTH AO BBICOKOW TEMIICpaTyphl [APYTMM HCTOYHHM-
XOHa M ITIpM HAJIMYMM BaHHbI OKOHYATEJIBHOIO obvema, &; L - UIPCIBADUTENIbHBIM HIIM CTapTOBBIM HAarpeB CHMIKAET
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it B purax ¢ D, >0,2 M oobeM V.. MOXeT ObITh MEHbIIE PEKO-

| tik yIEJIbHOE JJIEKTPHUYECKOE COIPOTHBJICHUME OKHCIIOB, ACIACT y MEHIOBaHHOTO 3HaUeHuA, €ClIM CTApTOBYI0 BaHHYy IIOIYYHTh B BHIE
i HEMpO3pauHbIMA Ul 3MEKTPOMArHUTHOrO mojyA. B oOmem Buy Konhlia urm Topa (puc. 20). BHeiHMiA JUaMeTp U rIIyOHHa BaHHBI

i 3afjayeil CTApTOBOTO HAarpeBa fABNIACTCA HAYabHOE M3MCHCHHE Telng . 97D, u 0,2D,, a paguajbHas IMpHHA J[OJDKHA OBITh
i | OHU3HUYECKOr0 COCTOAHMA CaIKH, P KOTOpPOM B HEU MOJKET MHIYy Ee venplie DIyOHHbI aKTHBHOTO CJIOA 02Dcy (cM. §1-2), 1me
!I!: THPOBATLHCHA TOK, HOCTHTOIIHI:IfI JTUTA IIOII}”IEI—IHH MOIIIHOCTH P 264 BbllleﬂﬂeT-Cﬂ 86,5% BHEPFHH 3H3KTPOM3FHHTHOI‘O oJjisg, MOCTYyIIa-
fiit | crIocOGHO# He TONBKO KOMIIGHCHpOBAaTh TeIUIOBbIe moTepu P, oo g cajky. Ecmu cede-
it ‘ OT 30HBI HarpeBa, HO ¥ OGeCHeuMTh IUIABJICHME JIOTIONHUTENIbHON e ykoniblia MPAMOYTOIBHOC
pil | o6peMa HmXThl. ECiIM MOMHOCT, MOYIIyI0 Ha YBECIMYCHHC 00BeN; (puc. 20), TO V.. = (0,035 —
i | pacmiaBa, 0603HauuTh Pp,, TO COOTHOIIEHHE MOLIIHOCTEH TOCy — 0,05) D23, Vel
i CTAPTOBOr'O HArPeBa [I0JKHO OBITH ClIeAyIOLIHUM: PacCMOTpUM YCTIOBHS BbI-
?.i,;i |\ Mo | o (87) HOJTHEHHS nepaBeHcrBa (87).
i [locie moimydenus V., Hadw-

B mocnecrtapToBoM MHOYKIMOHHOM Harpese MpeXye BCEro MOk HaeTCA WHIy KIMOHHBIM Harpes
HOo ObITh HapyireHo ycnosue (73). CocrosiHMe CalkKM B HaYalIbHbI paciiiaBa. YBenuueHue €ro
MOMEHT MOXHO ITOKa3aTh Ha puc. 17 nonem mpasee TOUKH ( HEYCTOj
YHBOTI'0 JUHAMHYECKOTO PaBHOBECHs, C KOTOPOIO HAUMHAETCA YBEIH
yeHHe 06beMa BaHHbBI 1 MOIITHOCTHU, BBIEIIAIOLICHCA B HEH.

AHanM3 YCJIOBHM CTapTOBOIO HarpeéBa CBOJMICA K pPEIICHUK
HECKOJIbKMX KOHKPETHBIX 3a/a4, a8 UMEHHO:

1) onpenenenne KOHEUHOU TEMIIEPaTy phl CTApTOBOr0 HarpeBa, Ko
TOpas ABJIACTCA HaYaIbHOM TeMIepaTypor MHIYKIMOHHOTO HAarpeBa, oosema OT V.. A0 KOHEUHOro oObeMa BaHHBI OOBIYHO IIPOTEKAeT

2) ompeneneHue 0GbeMa CaJKH, HATPETOro CTapTOBBIM MeTONoN3a 10—30 muH. IToaromy moxHO Cumrats, 4T0 Pp o) >2r,. Ecmu

2CT

Puc. 20. Cxema cTrapToBOH BaHHBI
B TUIVISIX GOJIBLIOIO JUaMeTpa

HarpeBa, IPEAIOJIONKNUTh, YTO YAEJbHBIE NOTEPH IO BCEi MOBEPXHOCTH JHUCKA
3) BBIOOpP METOHA CTapTOBOro Harpena. S . TOCTOAHHBI ¥ PaBHBI yHEIbHOMY MOTOKY TEIUIOBON MOIIHOCTH
Cormacio [5], TemmepaTypa CTapTOBOro HarpeBa, KOTODYKc ero O0KOBOH ITOBEPXHOCTH K CTEHKE THIJIA, TOrJa (B BaTTaXx)

Ha3bIBalOT KPHUTHYECKOU, IPAKTHUYECKM I BCEX OKMCHBIX MarTepl A

‘ P..=—— 298 89

anoB pasHa T wiu T JUKBHUAyCa. 3TO OYEHb YIPOMIAET KOHTPOIL | mer = " xo (T 298), (89)

33 Pe3yJIETAaTOM CTapTOBOTO Harpesa, KOTOpPbIX (PUKCHPYIOT I

baxTy MOABIICHHA XHUAKOH (ha3pl. MUHMMAaBHBIA 00bEM pacIlIaBi rae A, — KO3)OHIMEHT TemIoNpoBOAHOCTH LMXTHL, Br/(M-K);

3 X, — CJIOM LIIMXTBI MEXJY pacIUIaBOM H CTEHKOH THIJIA, M.

KOTOpBbIH [IOJDKeH ObiTh momyuen, paseH (0,075+0,077) D23, MR
a BaHHA HOJKHA MMeTh dopmy, nomobryio mucky c D,. =~ 0,7D, R pacicl HHIUKIPONHOTO HaTpesna o R
MOJIHOrO MATHMTHOrO IIOTOKAa [JaeT 3HAYMTEIIBHYI0 IOTrpPEIIHOCTD.

F
ua, ~0,2D,, n ObITh PaCHOJIOKEHHOH B IUTOCKOCTH WHAYKTOD: ry .

O3TOMY U1 OIIpeEeJICHUs HANpPsAXKEHNA Ha MHOYKTOpE B IIOCIIeCTap-

TOBOM HarpeéBe MOCTYIIMM CJIedyIolMM O00pa3oM: OIpenesIuM CHauva-

I Mo1IHOCTh, HHAYKTHpYyEéMasd B TOHKOM [HCKe, B BaTTaX, COIJIacH

i 5], onpenensercsa BhIpaXKeHHEM AP

At 5], omp P e i | Jia HalpAXKEHHOCTh MArHUTHOTO MOJIA, TIPU KOTOPO# 06BeM CTapTo-
P, . =012 g s Ho @ o ll fhies (88 Boit BaHHBI yBeymumBaercs. C 3TOi LETBbI0 MOJCTABMM BBIPAXKEHHA

i
{1 88) u (89) -
||| | rae Mo — MarHHTHASA TPOHMIAEMOCTh BAKYyMa, paBHas 4 ) tfepe)s D( B o e B D

| ‘ X 107’ I'a/m; H,, — aMIUIMTY/Ia HalPsSDKEHHOCTH MarHUTHOTO IO S e l,éigz_memm D.=0,7D,; a,=0.2D,; x,=0,15D,;

Torma HanpsiXXeHHOCTh MarHUTHOTO NOJA (B aMIepax

1 Ha TNOBEPXHOCTH [MCKa, A/M; p., — YHAENbHOE CONpPOTHBIIEHK Ha merp)
pacriaBa npu T, Om.Mm. W3 Beipaxenus (88) ciemyer, 4To ¥ . ;
e ' MHIYKIMOHHOTO HarpeBa [MaMeTp BaHHBI fABJIAETCA Mapamerpo) s s 3-10
G m = '_—i"_"' pCT (TIIJ’I o 298)- (90)
Haubonee KPUTHYHBIM M, CJIEIOBAaTEbHO, NP CTApTOBOM HAarpes Djf
' >KeJIaTeNbHO TOJTyYMTh BaHHBI ¢ oTHowmenuem D, /a .. > 1,0. | 51
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Cuurasi, YTO pacnpelesieHHe HaNpAXEHHOCTH MarHUTHOIO IIOjy
B CHCTeME€ NPHMEPHO TaKO€ XK€, KaK y MyCTOro MHAYKTOpa, IIOJIk.
3ysACh 3aKOHOM IIOJIHOTO TOKAa, MOXXHO OMpPEHACuTh TOK MHIYKTOp,
B HavaJIbHbIi MOMEHT ITOCJI€ CTApPTOBOrO Harpesa (B aMmepax)

a,H,,
-I_ Pk el : 91
ICT wl /2 ( )

Hanpsixenne (B BOJIbTaX) Ha MHAYKTOpe B HAYaJIbHbIH MOMEH]

IIOCJIECTapTOBOr0 HarpeBa IIpefCcTaBiigeT COOOM HaIpsKEHHE XOJIOC.
TOro xoxa. OHO JOMKHO OBITH HE MEHBIIIE, YeM

Uyep =1

I

xl'j

(92)

Ile X; — peaKTHBHOE COIPOTHBJIEHHE ITyCTOrO MHAYKTOpa, KOTOPOE
OIPENEIIAETCA MO BhIPaXKeHH0 (B OMax)

x, =62 -10fD2 w2k, ﬂ% . (93)

3necy k, — nonpaBouHsblii KO3QGUIMEHT CaMOHUH/IYKIHH, OIpe]ie-
JIAEMBIH 110 BbIpaxkeHuro (59).

Hanpumep, npu crapToBOM HarpeBe OKHCH aJIlOMUHHA Ha 4acCTOTe

= 5,0 MI'n B Turne ¢ D, = 0,1 m ¢ MHAyKTOpOM BhIcOTOR 2, = 0,04 M

BbryMciIeHUA 1o ¢opmyriam (89)—(93) maroT 3HaueHHe BHTKOBOTO
HalIpsOKEHUs Ha HHOyKTope, pasHoe 3150 B/Buroxk.

BpiGop cTapTroBOro 06bheMa BaHHBI M KPHUTHUECKOM TEMIIEPaTyphI
ycioBeH. MoxxHO oO0ecreunTs HMHIYKIMOHHBIH HarpeB U IUIaBKY
CaiKi OT HAYaJIbHOro O00BbE€Ma ropas3f0 MEHBIIIErO, YeM PEeKOMEH]IO-
BaHO. JTO CBA3aHO TOJIBKO C MaJibiM COS ¢ U TpebyeT yBerIuyeHvus
HapsDKeHUA Ha HHOYKTOpe B 5—10 pa3 mpoTuB HOMMHAJIBHOTO.
BBITONTHUTD 3TO JOBOJIBHO TPYIHO W3-3a OTPaHMUEHHOH 3JIEKTpHUE:
CKOH IMPOYHOCTH 3a30pOB NEYH.

CTapToBbIi HarpeB UIMXTHI OCYUIECTBIISAIOT HEIOCPENCTBEHHO
BHYTpU THUTINIA, I 3T0r0 MOryT OBbITh MCIOJIB30BAaHBI CIIEIYIOIINE

METOIbI: 1) HarpeB TEmIONPOBOMHOCTBIO OT METAJUIMUECKOTrO WIIH

CT 1cT

vy Gombiioro muamerpa. Ilocneqee ABNAeTCA yCIOBHEM

cBOBOIHOTO BBOMA JIEKTPOOOB [OyTH BHYTpPb THIJIA. MOIIHCCTD
et wua BBITH MOCTaTOUHOM 1A MOJIyYeHUA CTapTOBOro oobreMa

pacryiaBa M JOJDKHA coctaBiATh 0,3—0,5 MOMHOCTH HHAYKIMOHHOT O
mrpegarem-. MUcCosb3yI0T 3aKphITyI0 TEPMHYECKYH0 OYTY, 3aBHCH-
Myio or paciuiaBa. YmoTpeGnAnT TONBKO rpauUTHPOBAHHbIE JTIEK-

TpOfBl, KOTOPBIE UMEIOT MEHBLIYIO 30JIbHOCTh ¥ BBICOKYIO TEMIIepa-
Typy OKHCIICHHA. Hepacxofyembie BOIOOXJaX/I2EMbIe JIEKTPO/EI
MpUMEHATh HE CIeJlyeT N0 MPHUMHE HeYCTOMUMBOCTH aBTOIICKTPOH-
goit myru 1 Beicoxoro (200—300 B) Hanpsikenus, KOTopoe Tpebyer
TONOJHMTENBHBIX Mep 10 obecnevennto GesomacHocTu. I'padurnpo-
BaHHbIE JIEKTPOABI MOTYT BOCCTaHABIIMBATH OKHUCJIBI U OOPa3OBbI-
BaTh KapOMIbl METaJUIOB. BMecTe C 30JIbHBIMHM OCTaTKAMM 3JIEKTPO-
0B KapOHabpl ¥ IPOAYKTbI BOCCTAHOBJICHWs 3arpsA3HAIT PacClyas.
[lo 37Ol NMpUYMHE TAKOW CTapTOBBIA HAarpeB 1lejieCO00pa3HO mpHMe-
HATH TOJIBKO B MEPHOANYECKOM HIIM HETPEPBIBHO-IOCIIENOBATEIBHOM
mpoleccax HaliaBJIeHUA (cMm. puc. 3,6, 8), B KOTOPBIX HauaJIbHbIH 32-
rpA3HeHHBIN Y4acTOK 0710Ka OKWCIIa BIOCIIEICTBHM OTOPaKOBBIBAIOT.

Hanpumep, B pabGore [16] cTaproBbii HarpeB TepMHYECKOH
AyToi MOCTOAHHOrO TOKa ObuI Mcmoiib30BaH mpu 3anycke MUIIXT
C 1e/IbI0 HAIUIaBJIEHWA OKUCHBIX OyiokoB ceyeHuem 250X300 mm.
Jyry 3axuranyd I[OJ CJIO€M LIMXThI MEXAy ABYMsdA JJIEKTPOJAMH
miamerpom 50 mm. llocime oOpasoBanmMsa paciuiaBa 3JEKTPOJIBI
pazgomwi Ha 50—70 MM M Qyra CTaHOBWIACh 3aBMCHMOM OT pac-
maBa. A muradusa Oyry MCIIOJIb30BAJIA BPallaloIMiCA CBAPOYHBIM
npeobpasoBarenb. PexuM wu3MEHsIM TNOJIOXKEHUEM 3MEKTPOIOB
¥ BO30OyXXHeHuWeMm Mauminbl. Jlvanmason Hanpsixenuu 25—40 B, a ou-
afmasoH Toxo0B 250—-350 A. Harpes ornuyancsa BbICOKOH 3¢pdexTuB-
HOCTbIO, HO HEIOCTaTKOM €ro, KpOME 3arpsA3HEeHMii pacIUlaBa, SBJId-
JIOCh 3HAYMTEJIPHOE MMbUIEOOPA30BAHUE U HIYM.

6-2. IK30TEepMUYECKUA CTAPTOBbLIN HarpeB CXXUraHuem meTanna

i | rpagUTOBOrO TE€ja, HarpeBaeMoro HMHAYKTHUBHO WIH pPE3WCTUBHO,
2) NpAMOM HarpeB 3aKpbITOW JMEKTPUUECKON AYTOM; 3) MHIYKIMOH-
HbIi HarpeB 3JIEKTPOIPOBOMHON COCTABIISIONIEH MHOTOKOMIIOHEHT-
I HOU IIMXTHI C MOCIIEAYIOLIMM [00aBlieHHEM B paciiiaB He3JIeKTpo-
‘ | MPOBO/IHBIX KOMIIOHEHT; 4) HarpeB TEIUIOTOM 3K30TEpPMHUECKOH
peaKiM¥ OKHCICHHA CXHUraHHeM MeTajlld, OKHUCEJ KOTOpOro moj:

JIEXKUT NJIABJISHUIO. ,

i U3 [IEPEUMCTIEHHBIX CHG(;OFOB HauboJlee IMPOKO HCIOIb3YIOT
| HarpeB 3NEKTPHUYECKOM IOYyIrou M TEIUIOTOM CXHUraeMoro Merajia.
HUcronb3oBanue AyroBOro HarpeBa UiAd MOJIYYEHHS CTapTOBOIO

it paciinaBa 1e1ecoo0pa3sHo B YCTAaHOBKAX HENPEPhIBHOI'O HAIJIaBJICHNS

iaubonee MPOKO A CTAPTOBOrO HarpeBa UCIIOJIb3YIOT TEIUIOTY
IK30TEPMUYECKOHN peaKlLMM OKMCIIEHHs MeTaJlla, OKMCeJI KOTOPOro
momiexur MIIXT. Meron 3akmirouaercd B MHOYKIMOHHOM Harpese
AeOONBIMIX KONMYECTB MOPOLIKA, KPYNKH WIH CTPYXKKH METalia,
SAJIOKCHHBIX B TUIellb BMeECTe ¢ IIMXTOoH. MeTan HarpeBaiwT 10 TeM-
HCPATYPBI BO3TOpaHusi HA BO3[AyXe, MOCJIE YEro OH CropaeT Camo-
CIOATCNIBHO C BBIJICJICHWEM 3HAUYNTENIBHOTO KOJIMYECTBA TEIUIOTHI.
Hpenfamem{mﬁ B 1964 r. [17, 4] meTton npuBiiek BHMMaHHE IIPOC-
tOTOH ¥ rapaHTHPOBAaHHOM YMCTOTOM NPOAYKTOR peakuyu. Coxuranue
MCOTAJIJIa MOXKeT HPDOTCKaTh 110Jd CJIOE€M IIIMXThI, YTO Ba>XHO [UiA
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COKpaileHWsA TEIUIOBBIX ITOTEPh, OITOMY MOXHO Harperh M paciiig.
BUTb 3HAUMTENbHBIM 00beM HmiXThi. IlpH ru1aBke mpOCTBIX OKMCIIOp
(Al,03, TiO,, Y,0, u p.) crapToBbIii HATPEB CKUTAaHUEM COOTEBET.
CIBYWIIETO METaljla HE BBHI3bIBACT HApYIIIEHHUA B CTEXHOMETPHUe.
CKOM coCTaBe pacmiaBa. OTKIOHEHHMA OT CTEXHOMETPHUM MOTy7
BO3HUKHYTH JIMIIb IIPH HEIIOJIHOM OKMHCJIEHMHM MeETajlla U 00pa30Ba.
HUHA METaJUIOOKHMCHOrO CluiaBa. Ecim mwiaBke NMOJABEPrarT OBOUHBIE
WIH TPOWHBIE CHCTEMBI, TO MOXHO CXXHMIaTh METaJll JIDOOr0 OKHCIIg
CHCTEMBbI, KOTOPHIH [ICIIEBJIC WJIH JOCTYIHEH.

KommuectBO MeTayma g, HeoOxoauMoe I NMPOBEOCHUST peaKIluy
OKHCJIEHHsA C TepMHUYECKUM 3ddekToM (, JOCTATOUHBIM IS MOITy-
YEHUA paciuiaBa B 0Obeme, paBHOM V .., MOXHO ONPEHETHTh HCXO/Is
M3 OanaHca 3HepruM. K crateaM pacxopa oTHOCATCA: 1) M3MEHEHue
TEIUIOCOACPKAaHUA OKHCIIa B oObeme V' . NpH M3MEHEHUH TEeMIIEpa-
Typsl or 298 K mo 7, ; 2) CKpbITas TeIUIOTa IUIABJICHUA OKHCIIa
B o6beme V. ; 3) TemnoBble OTEPU 3TOr0 00beMa.

llpy cxuranum wmerayuia Me okmucen o0pa3yeTca IO peaxiy
xMe + 0,5y0, 1, MexOy +q, TOe q — TeIwIoBOH 3 (PeKT peaxiul
OKHCJIEHHsA X MOJIEH MeTajljla, YUCJIEHHO paBHBIM YIEJIbHOW TEILIOTE
obpasoBanusa okucna (—AH7) B kJbk/kmoms mpu remmepartype T.
3HaueHuss AH'7 1aGynMpoOBaHbl M NPHBENEHbI B CIIPABOYHOM JIMTeE-
parype [9, 10]. TemnoBoit 3pdpekT O B KMIOMKOYIIAX OT CIKUTaHUS
g KWIOI'PaMMOB TPEXBAJIECHTHOI'O METaJlyIa COCTaBUT

A
d OT CKUTaHHUA IBYX- 1 UCTBIPCXBAJICHTHOI'O METaJlJ1a
0=AHS £ (95)

M 2
roe M — MmonApHas Macca MeTajuia.

Pacxomnasn vacte TemioBOro GajaHCca CTapTOBOIrO HAarpeBa BBIPa-
XaeTcs CIIEeOyIIUM 00pa3oMm:

VerYox
Mo

(= [(HTHH_H293)+AHIIJI] t Py (96)

3pecb Hp,. u H,9g — YHEnbHOE TEIUIOCOAEpKAHUE OKMCIA
mpu T, u 298 K coorsercrBenHo, xJx/kmomnb; AH__ — ynenbHas
TeIUTOTA IUIABJIEHHs OKHCNa, KJDK/KMOIIb; 7y, . — ITIOTHOCTb OKHCIIA,
kr/m>; M, — MonsipHas Macca OKHCna, P — MOIIHOCTb TEIUIOBBIX
OTEpPh OT 30HBI Harpewa, KBT; 7 — BpemMsa CTapTOBOrO Harpesa, C.

M3 Bolpaxenusa (96) cnemyer, YTO YeM MOJIbIIE MIET peaKiys
OKHCJIEHHsA, TeM DOJIbllIe BpEMs CTAPTOBOrO HarpeBa 7 U TeéM OOJIBLLC
TpeOyercsa CXMraTh Merajuia, YToObl KOMIIEHCUPOBATh IOMOJIHUTE]ID:

HbIC IOTepH 3HEpruM. JKenaTerbHO MPOLECC CXKUraHUudg METaJUId
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opraHu30BaTh xax aguabatHbid. CleIoBaTENIbHO, €r0 HY>XHO IIPOBO-
Ty NTUO0 OYCHD OBICTPO, B TE€UYEHHE HECKOJIbKUX~CEKYHII, JTH0O0
¢ y30TIAIMeN 30HBI PEAKIMHA OT XOJIONHBIX CT€HOK THIJIA, COKpaIias
spauenue P, 4TOObI NMPOM3BENCHUE P, T OKa3anoch ManbiM. Ecim

a3aHHbIE YCIOBHA COONIONEHBI, TO BTOPBIM CJIaraéMbIM BBIpaXKe-
s (96) MoxaHo npeHeGpeus. [IpupaBHuBast Bbipaxenue (94) wim
(95) K BbIpaXeHUI0 (96), MOXHO ONpPENEeTUTh MUHMMAJIbHOE KOJIH-
yecTBO MeETallla B KWIOTrpaMMaxX, HEOOXOOMMOe i CTapTOBOTO

Harpesa CaiKH.
(97)

rme G — OTHOCHTEJIbHAA yJ[ejbHasi Macca MeTajlla, HeobXxomumas

il HarpeBa M pacCIlIaBJICHWA €IMHMIIbI MacChl OKHcna. g OByx-
} UeThIPEXBAJICHTHHIX METAJIJIOB

E- 0. Yo

M
G= [(Hr. —H,o3) + AH Sl
[, 298 ) o ) AH  Mox (98)
B CITy4ae TPEXBAJIEHTHBIX METAJUIOB
2M
G=|(Hr. — H + AH - — 99
Ir. 298) it | AHD Mon (99)

B 1abn. 1 mpuBenens! 3HaueHus Maccel G psAla METaJUIOB, o6pa-
3ylomMX HauOonee TyromiaBkue oKHcibl. Temmeparypa 7T o6pa3o-
BaHMA OKHCa, HeoOXOomMMas i ompepenenus AHS_ BbiGpaHa

Tabauya 1
Me-ran.; Be Al Sc Ti Cr Y 1
N° 3JIEMEHT£; 9 13 21 s 22 40
G 0,138 | 0,121 | 0,133 [0,137 0,207
Yor G, KT/M3 480 | 515 | s80 | 1220 | 985 [ 1150
Merann m Sth U
; N° ang_r_urenra 41 62 72 90 92
G 0,195 | 0,186 | 0,205 | 0,201 | 0,234 | 0,257 | 0.308
Yox Gs kr/m> 1210 | 1460 | 1490 | 2270 | 2570 | 3375

PaBHOM 2000 K

(KpoMe OKHCIIOB 1m1€JI0YHO3€e MeTBHBIX METaJIJIOB,
A KOTOphIxX ee

IPUHMMAITK paBHOM T, - MeTamna). B ta6m. 1 npu-

Bene | e
ACHBI TaKiKe 3HayeHUs nmpousBenennsa Gvy,. , NpeOCTaBIIAIOIIETO
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yHeJIbHYI0 MacCy MeTajlla, HeOOXOQUMYI0 [jisi Harpesa H paciiagy
HUA 1 M° COOTBETCTBYIOLIETO OKHUCIIA.

Ormerum, uTo Ha (poOHE YeTKOI KOppeNALUMH YBETHUEHHUA y/ien,
HOH Maccel 7,,G GONBLUIMHCTBA METaJUIOB C YBEIMUYEHHEM IO
KOBOIroO HOMEpa B II€EpHOJWYECKOM cucreme MeHaeneena, rpym
LIETIOYHO3EMENbHBIX MeTaUIoB (Kpome Be): Mg, Ca, Sr, Ba .
COCTaBNACT MCKIIIOUeHHe. Pacuersr mo (98) mawT 3HaueHus Youl
[IEJIOYHO3CMEIIBHBIX METAJUIOB OTHOCUTENIBHO OOJbliMe, YeM [y
METAJIJIOB U3 APYTHX I'pyII CUCTeMbl MeHerneena: '

Metann Mg Ca St Ba
N¢ anmemeHTa 12 20 38 56
Yox G, KT/m> 660 880 1480 1590

. 9TO CBA3aHO C Te€M, UTO ILLEJIOYHO3EMETTBHbIE METAJIIBI ABJIAIOTC
dKTUBHBIMH 3]IEMEHTaMH, OONaJalolMMH BBICOKHMM CpPOJCTRO)
K KHCIOpOLy ¥ [Oanli{MMH HauboJiee NMpOYHbIE OCHOBHBIE OKMCI)
MIX ak THBHOCTB OIIpefiensieTCsi MaJIOl IHEprUeli CBA3M B COGCTBEHH)

PEIICTKE, OTPaAXCHHEM Yero ABAAKTCA HU3KAA MEXaHUYECKy
MpOYHOCTp M HU3KHE Temmeparypbl I, u T _. CpaBHeHHE 3Ty

TEMIEpaTyp C TEMIepaTypaMH IUIABJIEHUA COOTBETCTBYIOIIMX OKH
JIOB IPUBOJHUT K BBIBOAY, YTO HIEJIOYHO3EMEJIbHBIE METAJIJIBI B IIPHE
M€ HEBO3MOXXHO HCHOJIB30BATh [JiA 3K30TEPMHUUECKOTO CTap1(
BOT'O Harpesa ux okucnoB nepen UITXT:

Meramnn Mg Ca Sr Ba

¢ i °C 651 63.5 770 707
i iy 1107 7160 1383 1640
Oxkucen MgO CaO SrO BaO
g <) 2800 2590 2430 1920

JKCIEPUMEHTATIbHbIE HAGIONEHUs MOATBEPKIAIOT 3TOT BBIBO]

Manas 7T, MeTawa, mo cpaBHeHMio ¢ 7, OKHC/a, OHpesiernse

MCIIapeHUe MeTajlla NPH MHOIYKUHOHHOM Harpese 3aJiojiro o HocCTl
KEHUsI KPUTHUYECKOH TeMIlepaTypbl oKucia. Ilapsr Metaimia okuch
I0TCA, MUHYSA XMIKYH0 a3y okucia. IIpu atom, HecMOoTps Ha 3HaW
TEJIBHBIM TEIUIOBOM 3¢ PeKT peakuui, He obecneunBaeTca Heo6xoy
Masd KOHLEHTpalMsA SHEepruM BCIIEACTBHE aiMabaTHOIrO pacIIMpeHd
obbeMa, B KOTOPOM IpOTEKaeT peakuusa. I103TOMy mmxrta, OKp)
Kawoiias 31oT 00BeM, He maBuTCA. bonee roro, pacumpsiomanc
B 00beMe BO3YIIHO-OKHMCHAsA CMeCh BhIGPACHIBAET IIMXTY U3 TUIJH
YTO MOJKET MPUBECTH K aBapHUH IUIaBUIIBHOIO 0GOPYI0OBaHN.
TlonbITKY MCTIONB30BATh IS HArpeBa OKWMCIOB IIETOYHO3EMeD
HbIX METAJUIOB OKHCIICHUE IPH CXuraHuy MetayuioB I wiu IV rpy?
bl MOKAa3aJIM, YTO NpH Temmeparypax Beiue 2000 °C mpoucxon¥
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BOCCTAHOBJIGHME UIETIOTHO3EMENIBHOTO METajlla M BO3TOpaHHe ero
MapoB, COMPOBOXIAIOMIECC ONMCAHHBIMU BBILIE [a30/MHAMHUYECKH-
My SABJICHUAMH. HUccnenoBsaHue Hsoﬁapﬂo-naorepmpiquKoro [IOTEH-
[Mayia OKMCJIOB B 006J1aCTU TeMIIepaTyp 2200:-—2600 C noka3spiBaer,
4T0 MPOYHOCTb MX BO3PACTAET B CIEYIOLIEH IOCIIE/I0BATEIBHOCTH:
MgO, SrO, BaO,Al,03, Ca0, Zr0,, La,0;. Merannsl, o6pa3yiorue
Gojee MPOYHBIE OKMCIIBI, MOTYT CIYXHTb BOCCTAHOBHTENIAMHU Jyif
MeHee MPOUYHBIX OKMCJIOB LIETIOYHO3EMENIbHBIX METa/IOB, KOTOPBIE
oxa3ajuch B Havane psana. Takum obGpa3om, CTapTOBBIM Harpes
OKHCIIOB IIEJIOYHO3EMEJIBHBIX METAJUIOB C MCMOJIb30BAHUEM PeaK LMK
OKHC/IEHNsA KaKOro-mubo M3 3TUX METAJIOB, 3aTPYJIHMTENIEH H, ClIe-
[OBATENIbHO, HYXHO MCIIOIb30BATh HHBIE METO/IBI, HAPUMED PAMON
HarpeB IEKTPUUECKOU [YTrOoM WM IUIaBKY Yepe3 Apyrue OKHUCIIBI.

B 3axmiouenne omucaHus ycinosuii ctapta UITXT ormetnm, uto
B THUIJIAX MOBBILIEHHOIO JUaMeTpa, B KOTOPhIX CTapTOBBIM Harpes
3aTpY[AHEH M CBA3aH C IMOBBIIIEHHBIM PacXo/I0M MeTajlla, HEKOTOPYI0
JKOHOMHMIO ITOCIIEIHEro MOJIyYaroT MPHU UCIOJIb30BaHUU CIIEIYIOLIETO
IPOCTOI'0 MpHEMa: HEOOJIbIIIHE HAaBECKH METAJUITMUECKOM KPOILKH
WIA MOPOLIKA pa3MEIIAlT B IIMXTE B HEIOCPEACTBEHHON OIM30CTH
OT miener MexXny CeKuusamH TUriA. IloBeilIeHHaA HanmpsHKEHHOCTSH
MAarHMTHOTO MOJIA B LIENH U PANOM C HEI0 YBEIMUMBAET YIEJIBHYIO
MOIIHOCTh, HHIYKTUPOBAHHYI0 B METajUie. ITO CYLIECTBEHHO COKpa-
[jaeT BpemMsA Cxuranus ero. Ilo Tou xe nmpuuMHe BO3pacraer yIiesb-
Hajg MOIIHOCTP B paciuiaBe, o6pa3ymomeMcs IOCIe CTapTOBOTO
HarpeBa. llostomy HanexHocts B030Oyxnenus MIIXT noBsimaercs
[IpH OTHOCHUTENBHOM COKpPAIeHMM pacxola MeTajUla I CTapTa.

3aBepuias InaBy o Teopermueckux ocHoBax UITXT, chopmysm-
PyeM HEKOTOPbIE BBIBO/IBI H PEKOMEH/IAIMH ;

1. UIIXT oKMCIOB BO3MOIXKHA JTHILb HOCTE CTAPTOBOTO IUIABJICHHS
UX OPYTHM HCTOYHMKOM TeIw1oThl. C HaubonsnmM 3¢ dexToM TaKum
HCTOYHHKOM CIIYXHT 3K30TepMHUYECKAA PEAKLHs OKMCIICHHUA CHXU-
FaHMEM HEOOJIBIINX KOJTUYECTB COOTBETCTBYIOIMX METAJIIOB. |

2. Banna pacriaa moxer ObITh omMcaHa Ko3bdUIMEHTAMHU
GpoHTa KpucTaIM3auMK W dopmbl BaHHbI. Kpucrtanmmsyromiascs
1aCTh BaHHBI MOJXKET ObITh aNMMPOKCHMMHMPOBAHA C JOCTaTOYHOM TOUY-
HOCTBI0 QUT'YPOJi C MOBEPXHOCTHIO BTOPOTO MOPSAAKA. |

3. 3aBHCHMOCTH MOJI€3HOM MOIIHOCTH B BaHHE M COS @ MHIYKTOPa
OT OTHOCHTEIBHOTO [MaMeTpa BaHHBI M, UMEKNT MaKCHMYM, YTO
IIO3BOJIACT MCIOJIB30BAThH ITH 3aBUCHMOCTH [JIA ONPEICIICHUA OIITH-
ManpHbIX ycoBun UITXT.

4. Ilpu 3apanubIx quameTpe U rinyGuHe BaHHbI yactoTy Toka UITXT
ICHyer BhiOUpate mpu T =T, WMCXONA M3 3HAUEHHUS My opt > TIPH
OTOPOM COS Y MaKCHMarIeH.
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5. UToObI UMETH OONBLUINK COS ¢ HHAYKTOPA, HYXXHO YBEITUYUBATY
€ro BBICOTY M KO3 HUMEHT 3aNOJIHEHUS pacIUIaBOM M pa3Meriary

OTHOCHTEJIBHO BaHHbI TAKHM 00pa3oM, YToObI BepXHUH TOPEL] MHIIYK.

TOpa ObUI BCEraa BbIIIE 3€pKajia BaHHBI.

6. MeTannuuecKMi XOJIOQHBIM THreJlb YBEAMUMBAET COSyY MHYK.
TOpa 3aJJaHHOTO JuaMeTpa TeM Oolnbiie, yem OOJIbilIe paJydasibHbI
pasMep CEeKIMU THUTJIA.

/. B nmepeHanpAXEeHHOM pPEXHUMe JIaMIIOBOT0 F€HEpaTopa yYCTOMYH.
Bocth MIIXT oGecneuwnBaercst, ecnu m, > mi, ¢, @ B HEJIOHANDS.
JKEHHOM PEXUME — ECITH 1My < My ot -

8. lleun mma MIIXT oxucnos umeror musxuit reriosou KIIJI,
cocraBiAmMd 15—35%, ¥ HMCKITIOUMTEIBHO BBICOKHH 3JIEKTpHYe.
ckun KIIJl, mocruraronmin 95—98%. Homuemt KIIJI ycranoBxy
¢ yuerom KIIJI mammnoBoro regepatopa cocraBuser 7—25%.

[JIABA BTOPAA

NMPMUMEHEHUA UHAYKILLMOHHOW NINABKW OKWUCHNOB

7. MONYYMEHUE NJIABJIEHBLIX OKUCHbLIX MATEPUASOB
AnA OANbBHEMKWENA NEPEPABOTKW

[Io macce nepepabaTriBaéMbIX MaTEpHaJIOB MEPEIUIAB TOPOIIKOB
B KOMIAKTHBIM KPHUCTAJUIMYECKHU OJIOK 3aHMMAaeT MEpBOE MECTO
cpenu pasnuuHbix npuMeHenui UIIXT oxucnos. Ilocne HanasneHus
OIOK OOBIYHO NOHBEpralT HAPOONIEHUI0 M H3MEJIBYEHHUIO, YTOOH!
MOJIyYHTh KPHUCTAJIMYECKHE ITOPOILIKH, KOTOPbIE UCIOJIb3YIOT JIHOO
B KauecTBE abpa3uBOB, MUOO B KayeCTBE 3aChINIOK M HAGHBOK, Mub0
B KaYeCTBE ChIpbs [IJIA U3rOTOBJIeHNA orHeymnopos [18]—[20]. Yamue
BCETO MeperiaBKe IMOJBEPraioT IMOPOLUKH 3JI€MEHTapHBIX OKMCIIOB.
B HEkOTOpBIX CIyuasxX B ILIMXTY BBOIAT HeOOJBIIME KOJIHYECTBA

IPYTUX NNETUPYIOIHX OKHCIIOB.

Cpemyu TpeGoBaHuUM, IPeAbABIIACMBIX K TEPEIUIaBy, MOXHO OTMeE-

TUTH HauboJIee oome:;

1. YucroTa KOHEYHOrO MPOOYKTa HOJIXKHA OBITh HE HUXKE UHCTOTHI
UCXOIHOU HIMXTHI.

2. IIpou3BomMTENIBHOCTD MpoOlecca AOMIKHA OBITh MaKCUMAaTBHON,

d YACJIbHBIC 3aTPAThl SHEPIrvMU U IIMXThI MUHUMAJIbHBIMU.

3. UHorpa tpebyercs olpeNieIeHHBIN pa3Mep 3epeH U OlpeneIieH-

Hasg MX ¢opMa (HampuMep, NpH BBHIIUIABKE aOpa3sHBHBIX MaTe pHajioB
TpeOyerca u3omerpuuHas ¢opma 3epeH).
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HefenﬁaBKa IOPOLIKOB MOXET OBITH OPraHU30BaHa B BUJIE IBYX

SUHIAMAAIBHO PasHbIX pOLIECCOB: B BHAE IUIaBKM Ha OJOK
np: Bn};];e IaBKY Ha BBIITYCK. [InaBxa Ha GJ10K mpeacTaBiAeT cOOOH
%1 |

qarIaBJIeHHe KPHCTAJUIMIECKOIO pJI0OKa OrpaHWYEeHHOU WM HEOT-
pAHWYEHHOH MacChl C TOMOIIBIO BaHHBI CPaBHUTENBHO MAJIOTO
obpema. IlmaBKa MOXET ObITh OCYIIECTBJIEHA B CaJJOYHOM BapHaHTE
(cM. PHC. 3, @) ¥ B HENPEepHIBHO-NIOCIEOBATe]IBHOM BapHaHTaxX
(cm. puc. 3, 0, g). B cBOI0O OUEpe/ib, INIABKA HA BBINYCK 3aKIII0YACTCA
© HAKOIJIEHWH PpAacIUlaBa, B TEPErpeBe €ro Iepe/l BBIIYCKOM M3
yrnsi M B BBIMyCKe (CIMB) B M3JIOXKHMIY HIH B OXJIaXIaeMyIo

iamepy, Wi B eMKOCTb C BOJIOH (CM. pHC. d.e.d). 4.
Mamum Gomee mnoppoGHyro xapaxtepuctuky HIIXT Ha 6rok

1 HA BBIITYCK.
Cadounvlii npoyecc HIIXT Ha 610K OCYILECTBIISIOT B ITIYXOOOHHBIX TUT-

qsx. MOmOOGHBIX IIOKa3aHHOMY Ha pHC. 21. TlepBOoHayanlbHO THIeNb 3aNoJl-
?

HSIOT IUMXTOM, BHYTpPH KOTOPOH
MOMENIAI0T CTPY XKKY WIH KPYIKY
MeTajuIa Ui 3K30TepMHUYECKOIo
craproBoro Harpepa. Ilocie mo-
JIYUeHUsI CTapTOBOW BAaHHBI U BO3-
Gy KOeHHS MHOYKUMOHHOW IUIaB-
KM NepBOHAauabHasA IMXTa pac-
iapiseTcA, oOpa3yd BaHHY,
o06peM KOTOpOH MHOTO MEHBI®
obpema THUITIA. B 3Ty BaHHY
3aCHINAI0T HOBBIE MOPLMH 1M XTHI
¥ TakuM oO0pa3omM 3aNOJIHAKT
THTENb paciUlaBoM. 3asepumB
FOMOICHH3alMI0 paciyiaBa BoO
BCEM O0OBEME, €0 KPpUCTANIIM3Y-
0T, b0 MemWIeHHO CHMXad
MOIIIHOCTb TI'eHepaTopa, 00
MpoCTO BBIKIIOYas Harpes. Ilocne
OXJIXICHHSA 3aKpUCTAIIM30BAaB-

Puc. 21. I'myXomoHHBIM TUTeNb
CO CheMHBIMU CeKUMAMU, Ipem-
Ha3HAUYeHHbBIM I  CaJJOYHOrIo
nponecca UIIXT Ha Gnok u s
BRIpaUMBAHUA MOHOKPHCTAJUIOB

IMACA ONOK BeMMMAIOT U3 TUrnA. [Ipumep momoGHoro Ojioka M3 KOPYHZA
[IOKa3aH Ha puc. 6.

Ilocrouncreom cazousoro mponecca MITXT sBnsieTcs mpocroTa o6opyrio-
BaHWS M OpraHM3aliMd IDTABKM, IIO3TOMY Yallle BCETro ero MCHOoNb3yoT B J1a00-
PaTopHo#t mpakTuke. [lepBble McCrnegoBaHMA M NPaKTHYECKHE IMPUMEHEHUS
MIIXT GbDmM BBIONMHEHE! MMEHHO Ha CaJOYHBIX Meyax. Mansmt oGsem THIIIER
I03BOJISICT ONEPHPOBATh MAILIMH KOJMUYECTBAMHM IMXThHI (lo[yac JOpOroH
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U Je@UIIMTHON) ¥ UCIIOJIL30BAaTh IS NMUTAHUS IeYel CpaBHMTEIBHO MaJIOMo

 AanToBKIM HATPEBOM 00pa3yioT MEPBOHAYANIBHYIO BAHHY M HAUMHAIOT MHAYK-
HBIC I'e¢HepaTOPHIL. Crap . |

HHYIO TUIaBKY. Ha BepXxHeM TOpIi€ 3aTpaBKH MMeEETCA Ia3, B KOTOpBIA
OpHum U3 pe3ysIbTaTOB MCClIeNOBaHUM ObLUTO ONpe/esieHne CTCNCHH 3arpsy ;‘;‘T‘;Ki;r 4 KpUCTAIUIH3YeTCs paciliaB, YeM oGecneuuBaloT 3alenyicHHe 3aTpas-

HEHU S IepeIUIaBIsIeMOr0 MaTepuajyia Meanio XojogHoro TMIvisA. B pabore | 18 i ¢ GyayumM OIOKOM. U3 6yHkepa / ¢ noMoLIbIO 103aTopa 3 C IPUBOIOM 2
nokasaHo, yro npu UIIXT Al,O; u Y,0 ; 3arpsasHene Cafiku MEIBIO HE Iipg (mxTa MO LMXTOMPOBOLY 4 MoCTynaeT B THUI€Nb, IUIABUTCA M HallOJIHAET
peimaetT 107°%, a B pabote [19] ykaspmaerca, yro UIIXT 6enoro Kopyhy paumy. [ocie ¢opmupoBaHHs BaHHEI BKIIOYAOT MPHBO/L 10 ponuKoBOH

NpM CKOPOCTSX HAIUIABJIeHHA 0,1, ety 1] B YCTHABIMBIIOT TAKOH peXHMM CHHIKEHMA 3aTpaBKU, UTOOBI 3ep-
0,2 MM/MHH NIPHBOIUT [aXe K OUHMCTk gajio BaHHBI OCTaBaJiIoch Ha OOHOM YpPOBHE OTHOCHUTENBHO HMHIYKTOpa 7.
MaTepuasa BCleACTBHE pa3ielieHUs Npy
MecCei HanpaBJleHHON KpHCTaJlId3alikej
B wactHOCTH, CyMMa IpUMeceH, COCTap
nsoum@as B ucxomHou umxrte (0,89
ymeHbpmiaetTca 40 0,35%. OuMcrky mp
UIIXT oTmeuvaloT TaKXe aBTOpPhBI g
6oThl [6], yKa3biBasg, YTO IIpH BHICH
KOi TeMIlepaType M3 paciuiaBa BbIIg
pPalOT TaKUe JieTyuue IIpUMeEcH, Kaj
OKHMCIIBI HIETIOYHBIX 3JIEMEHTOB, XJIOpK
Obl, HUTpaThl, CYyJIbdaTbl U HEKOTOPLL
APYTHE.

Hepocratkamu camouyHOro MHpouece
ABNAKTCA: 1) Manasd npou3BOIMTENL
HOCTb, OOYCIIOBJICHHAsl = IIePUOIUYHO
CTBIO oOmnepauuii ¢ MajbIM KO3(Mduim
CHTOM MCIIOJIB30BaHWA 00OpynoBaHu4!
2) OonbIIOH ynenbHbI pacxo SHepruy,
00y CJIOBJIEGHHBIH 3HAUMTENIBHBIMHM 10
TepsAMA Ipd TOANEPXAHUM pacIUlaB
BO BceM oO0ObeMe THINIA M IIpeBbILIR
oUW TeOpeTHYEeCKH HeOGXOMAMBIH pac Puc. 23. O6umit Bug ycraHoBku Kpucrann 402’

XOIl B 5-7 pa3, a uHorga B 10 pas;

1]

IIpn oOpasoBanuu HacThuUlel Haf PacIaBOM LIMXTONPOBOZ, BHLIIONHSIET pOJIb
UIYPOBKH, NPUBOMMOM B [IBHMOKEHHME NpUBOLOM 5, 6. Korma 3aTpaBKa BhOifeT
Puc. 22. Cxema HenpephIBHO-TIOCHENO" u3 kneH, a B POJIMKH €€ MomnajeT HarulaBJICHHBIN ONOK 9, 3aTpaBKYy OTHENSIOT
BaresipHoro npouecca MIIXT Ha 650K o1 Groka u BBIHUMAIOT U3 YyCTaHOBKH. Ha 3TOM KOHuYaeTCsA HayajbHBIA 3Tam
fipoliecca U HauMHaeTCHd COGCTBEHHO HENpEepPHLIBHO-NOCITENOBATEILHOE HAIJIAB-

IeHMe Onoka. [Tocie Hamnapnenus Gjioka ONpe/IeJICHHOW MJIMHBI €10 HM KHUH
3) Hem3be xHpIi MeperpeB paciulaBa B TUIIAX Maloro aMameTpa M Ivy Guibl KOHCH OBIaMBbIBaOT Ha yyacTKe MeXIY ynopom 12 u Kynaykom I 4, KOTOpbIii

[leperpeB BhI3BaH HeoOXOOUMMOCTBIO paboTaThk B ONTHMaJbHOM [Marna3oHe mz?m:’mi‘ H3rubaoumit MOMEHT Ha 3TOM yuacTke 6i1oxa. ToBapHas nponyKiMs,
KOTOPbIi B THITIAX Majioro O§ameTpa [OCTHXMM IIpH OTHOCHTENbHO GopunitBBIXOMANAT U3 yCTaHOBKHM NOOOGHOro THMMa, NpefcTaBiseT coGoll MepHBe

TeMIIepaTy pax, YeM B THITIAX Gonblnero IMaMeTpa. HIMHApHYeckue Gnoku muamerpom 0,1-0,15 M u mminoi 0,5—1,0 m.
[lo Ha3BaHHBIM NpUYMHAM CaJiouHbli BapuaHT MIIXT muis nepemnasa no Ha PHC. 23 moxasan oGumit BUA ycTaHoBkM “Kpucramn 402, B KOTOpoik
POLLIKOB B IPOM3BOACTBEHHBIX MacIuTa0ax peKOMEHIOBATh HE ClieayerT. PeaM30BaHa cxema puc. 22 [ 36]. Ha HyneBolf oTMeTKe HaxomiTcs IIKad

Henpepwvigno-nocaedosareavuvii npoyecc HIIXT wna 6a0x nNOKa3aH HEEKCH;“:BW TpaHChopmaTtopom 100 xB-A u Bempamutenem. Ha Mmetasuinye-
puc. 22. Ero cxema HalloMHHaeT cXemy Mpoliecca HelpephBHOR pa3mupii _ of 3CTaKaje BRICOTOM 2,5 M pa3sMemiaeTcs JiaMIOB LI reHepaTop MOILHO-
METaJJIOB. “INN . KBT ¥ wacroToit 5,28 MI'n, TexHONOTMYeCKas Kamepa ¥ uKadg c anmna-

B MCXOOHOM COCTOSHMM 3aTpaBKa /3 yCTaHOBJIEHa B POJIMKax THHymﬂﬁpawpoﬁ Yipasnenus. [Ipou3BoIMTeIBHOCTD YCTAHOBKHA (0 25 Kr/u) mmasJie-
Kietd Il v 3aMBIKaeT CHU3Yy NPOXOAHOH TUTeNnb &, KOTOpLI 3achillaH nmxtoit. F0T0 OKHCHoro Matepuana ¢ T, . =~ 2500 °C. Pacxon BoIsI 1o 6 M3 /u.
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\i' it JIOCTOMHCTBOM HeNpePLIBHO-NOCTAENOBATEIBHOTO NIPoLeCea ABJIACTCH By . oce KOTOpOH pasieniKa i npo6lieHMe MHOTOTOHHOI'O OloKa sIBiIs-
i | Kasd TPOM3BOMMTESIBHOCTE M HH3KWE y[ebHBIC 3HEepro3aTparhl IO CPaBlicy, ga ONOK, TI -

3TU o ceppe3HOM Mpo0bIeM
¢ calmouHbIM pexumMoM. B T1abmn. 2 npuUBEOCHBI noxKasaTesd i ofg eTcH cep raTKAMH HENPEPLIBHOI'O ITPOILECCa HAMIABJICHU A ABIIAIOTCAH !
;i‘;; | | npouneccoB. JiiA CpaBHEHMA yHCIIbHBIX 3HEprosarpat AW, 13MepeHHBIX dk  HEAOCTa

S HHEW MOBECPXHOCTU TUITIA IO MEPUMETPY 3€pKajia BAHHBEI.

| xu HeoGxomumeie AW L e ol . MOJIOXKEHUE BaHH Ip T 130 UK CHPOBAHO

itk pUMEHTAIBHO, B Taln. 2 NpUBEleHbl TEOPeTUUCC Tt HocKoNBKY NPOCTPaHCTBEHHOE IO bl CTpPO _ p ;
i |

IS TUIABKH KaXIOTO OKHUCIIA, olpefensieMbie o GopMyJIc (45) . OTHOIIgy NBEpKEHBI OFHU ¥ Te @ TOUKH MOBEPXHOCTH TUIIIA. CeKUMHU ero

vt TIO
AWTEOP/AW cooTBeTcTBYeT monuHomy KIIJI ycTaHOBKH H xapalc'repﬂayg’ 3§PWT yepe3 300-500 u paGoTel B 32aBHCMMOCTH OT TOJIIMHBI CTEHOK.

| I i xax TemwioBoit KITI mpomecca, Tak u osnexrtpuueckuit KIII ycTaHog 5 (CrmeKaHWe UMXTHl B KOJIOUIHWKOBOH 30HE NpH IUIABKE HEKOTOPbIX

i ‘ W3 Ta6n. 2 BUOHO, YTO nonup KIIJl 3aBUCHT HE TOJIBKO oT YC.IIOBHH HH&B;OKHC;IOB HAIIpUMeED Mg(), KOTOpO€ HapyuliaeT CXod INMXThI IO HIAXTS THUIJIA.
I | | ¥ ? i
!; | | ‘ | HO U OT IPUPOABI OKH CIIA. 3. Majad HajJeXHOCTb 3allelUieHHA Onoka c B&TpaBé(Oﬁ, pe3yIbTaToOM
(MEEN Ta6.uy4ero MOJKeT OBITH OTPhIB 3aTpaBKM U-OCTAHOBKaA [IBH KeHHU L, ONTOKa.

‘ 1‘ 4. DeKTprUeCKHil NpoGOH BO3AYIIHEBIX 3a30POB MEXAY CEKUMAMHU THIIA,
| E MCIOIB30BAHUY LIMXT MOCIe 06OTalleHu s, COOEPIKAIMX HOHE]
i [Inomane | Ilpoussopd- l V mesTbHBIA Pac TeOPeTH‘WCK&ﬂgCO%;IHO e
..'_ "i ; !i I;. L i H Z
1111 H;gi; CeyeHHs TEJIbHOCTD X Ol IHE PrUH He‘)ﬁmn:h:a” [TepeurCICHHBIC HENOCTATKU MPUBONAT K aBApUsAM M MPEKPAIICHUIO IUIaB-
fiih 11 - Vs TUTJIA, npouecca, AW, kBT-u/KT iﬁnmaﬂx;‘wm' Mepam# TIPEAYTIPEKICHU S aBAPUAHBIX CUTYALUM SBJISIOTCS ;

It ],5' | S0 m? - 10% KT [4 Teop? ) 1. [leppogMyueCcKuii KOHTPOJIb 32 COCTOSTHAUEM TUTJISA H Olle paTMBHasl 3aMeHa
it ero LeMMKOM MIIH OTHENBHBIX CeKIMM. JIIA 3ToH Liend B KOMIUIEKT YCTaHOBKHU
101 S CaoyHb NMpoLece »Kpucraul 402 BKIJIIOYEH 3aMacHOi TUrenb U HaGop pe3epBHBIX CEKIMH
A TR 8.5 1,1 K HEMY.
ii|'i'!-' il L gg g’g I 7’0 0,65 2. Ucnonb30BaHue MeOHOI BOIOOXJIaXKHaeMOH UIypoBKH 4 (cM. puc. 22),
| 3 :
it Z10, 50 | 2’5 1 5,3 1,3 Ha3HaueHHMe KOTopoil mpoOuBaTh M OOpylUIMBAaTH B BaHHY CIIOM CIEKILEHCA
| | ‘ Sma03 50 4’0 | 4,1 1,65 nmxTel [ 21]. BemiojiHeHHass B BUJIe TpyOnl C Npue MHONH BOPOHKOU HIYpPOBKa
pitt 1 11 Uyals 3.1 7,6 0,71  opHOBpeMEHHO CIYXMT HMXTOIPOBOJOM, UYTO CHUIKAECT MOTEPU LM XTHI U IbDIE-
i 11 Y703 gg 2’7 | 3:5 0,95  o6pa3oBanue NpH IUIABKe.

}:iii | Al203 ’ 3. Hcnonb30BaHHE 3aTpaBOK C TOJIOBKAMM, MMEIUHMHM I[IMPOKHHA a3
fii HenpephBHO-NOCTEOBATE/IBHBI NPOLECC Iisi 3aTeKaHWsi QACIUIABA, MJIM C TOJIOBKAaMH, KOTOPHIE 3aIUTaBNIAIOTCS B HU K-
gﬂ;. |l VA0 95 25.0 2,3 0,71 HIOIO YacTh Onoka.

pii Af 8 50 10,8 2,8 0,95 4. Ucrosib30BaHie TUITIEH, B KOTOPHIX MEXCEKIIMOHHBIE 3a30pbl pacCIMps-
L " ;

1 e M %) 3 30 12,0 6,0 1,5 I0TCA II0 paguycCy, 4TO CHHM)XXaeT BEPOSITHOCTh 3JNIEKTPUYECKOr'0 ITpoObos 3a-
Tl' :r .1‘ : CgO 80 7!2 4’2 1,1 3GPOB [ 31] " .

i . HITXT na gbinyck TOABUNACH KaK peaklMs Ha pAn HeyHmoOCTB Helpephis-
HHeRAY HOM IUTaBKH Ha OJIOK ¥ KaK 3aMeHa Ipoliecca ApobneHus Groka.

ll'i It \ [lo cpaBHEHHIO C OYTOBOM IUIaBKOi OTHEYNIOPOB yOEJIBHBIA PACXOL SHEP  Jlel CTBUTENBHO, BepTUKAIbHAS CXeMa HalUIaBJIeHHs Gnoka (cm. puc. 22),
i Il npu MIIXT B 2—3 pasa Oonblie. KoHcTaTupys 3TO, CneflyeT UMETh B BiBoIulouieHHas Ha ycraHoBKe “Kpuctann 402, uMeeT BBICOTY 4,5 M, 4TO ompe-
il A yTO CpaBHMBAIOT MoKa3aTend OO0OpyAOBaHWsi, HaXOUQALIECTOCA CLIC B onhlﬂinengeT PasMelIeHHe 1 00Cy iaBaHHEe YCTAHOBKH Ha MBYX 3Taax uexa. Taxoxke
| | ‘ pa3paboTKe, M IIOKa3aTel¥ NPOMBIIUICHHBIX NEueH Oonbilod MOUIHIHA ABYX 3Ta)caX pa3melneHa yctaHoBka YUII-120/1,76 [ 22]. 3To Heymo6HO,
i;',' i M npou3BomuTenbHoCTH. Kpome Toro, cieAyeT NMPpHHATL BO BI-IIIMEHHH:L;I:{ pa&:;eu;eﬂne arperarTos o mpHBOHTgnH ObU1O OBI ngﬂmoqmrenmee.

uii!; e OTHOCHTENIBHAS HOJIs 3aTpaT Ha JMEKTPOZHEPIUI0 B CTOMMOCTH KOHCHH €CTHO TaK>e, UyTo ApoOiieHue U U3MeJTbyeHue OlI0Ka CBS3aHO He TOJIBKO
T ‘

NpOAyKTa TeM MeHbIle, YeM HOpOXe HCXOMHOE CBIPHE. Hanpumep, GﬁTPff;aHCHOHBSoBaHHEM JOMOTHMTeNIbHOTo 0GopyAoBaHusA U C Gonbnmmu 3aTpa-
i Ha amexTposHepruio mpu UIIXT okucd UTTpUsA Mapku Ui JIIOWHOCPGP{KO“;“‘I 3HB_PII«H’1, HO W C 3arpA3HCHHEM 3XeJe30M MpoAyKTa IUJIaBKH, UMCTOTa
cocTapisaioT MeHee 0,2% CTOMMOCTH CHIPOM LIMXTBIL. | EPﬁm,HBJIHETCH ITIaBHOM 1IENBIO BCEH TEXHOJIOTUM.

| JIOCTOMHCTBOM HeIlpePhIBHOIA UIIXT Ha Onok sABIseTCA TaKXe TBXH;B MBCIM nenonssopars UIIXT Ha BRIOIYCK paciiaBa, To OTMagaeT HajmoOGHOCTH
'| IMYHOCTH 6JI0Ka B pa3jieiiKe U u3MenbueHHd. bioK B BU/C NIMHHOTO I EBTXMSMM BRITATUBAHUA U pa3fenkd Omoxa (cm. puc. 22). IT0 COKpa-
i MaJIOT0 [pameTpa I03BOJIAET YNPOCTUTH 3TH OICpaAIH. BceneacTBHE TeFll:l BCPIMKaJIBHBEI pa3mep YCTAaHOBKH, [e€aeT e KOMHakTHo#i. Ecmu,
| yIpYyTHX HanpsxeHu# BeCh OJIOK H OTHEIBHBIC KPUCTaJUIMTHI CHJIBHO HaﬁT {fﬁ)ﬁhge TOTO, CTpyi0 paciuaBa pa3GpLI3TMBATE B MOMEHT BEIIYCKA M3 TUIIA,
SKeHBI ¥ JIETKO JIOMAIOTCS Jaxe OT Jierkoro ynapa. Pasfenka Groxa He HaqemmKHIQtlaeTca- HEOOXomIMOCTE B IpOOIIeHNH, a B psAfie CIIYYacB U B U3MEIIb-
OTXO[OB H o6ecreyuBaeT mojlyueHue KYCKOB pa3mepoMm 1o 20 MM. JT0 Hﬂﬁcnexu{;dampﬁma' Oimemm Takxe, yro UIIXT Ha BROIYCK OTKpBIBaeT Iep-
| JIeT MCIOJIB30BATh MIA MEJIKOro APOONeHUs ¥ M3MENBUCHHA JICTKOC, M;Hm = Y JIATBA. paciyiaBa B GOpMYy M TOJyUYeHHs IUIaBJIEHO-TMTHIX OTHEYTIOP-
" raGapuTHOE M IpOU3BOJMTeNbHOe 060py/IOBaHNe, HAPHMEpP KOHYCHBIC g; priilmﬁ.

| muonHbie Opo6unku tana KWJI-300. CpasHuTejibHaA IPOCTOTA nepepa colel & OCTM INIaBKM Ha BBIIYCK OKMCHBIX MATE€pPUATIOB CBA3aHBI C BhI-
6roKa SBIAETCH BaxdbiM npeumymectson: UIIXT nepen myrood mids EMICPaTypoif pacruiaBa U y3KMM TeMITepaTypHBIM HHTEPBAJIOM €TI0
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| | 4= L : S ! _ gt

Lo Hﬂwgm—gcﬂom poKa3aHa Ha PpHC. 24. Cnue paciuiaBa OCYIIe-
& omyCKaHHM KOHHHECKOLO nia 4 Tarns 3. Tlpu 3TOM paciuias

il K py CTAIIIM3a1MH. MocenHee 0GCTOATENBCTBO 3aCTaBIIACT 3HAUMTENIBHO Tiepy, MIIXT

T T NEPET g R
| | CIUTAB Tepell B Iy CKOM. B 1yroBbIX Meyax BO3MOKHOC perpen, orpngerca HpH
| rpesaTh pa P y v _aer BEpLUMHY rapHucaxa Ha JHE paunel. CTpys najgaer B OXJax(ia-

C epoBKU copa. HanmpoTHB, Ii u UIIXT neperpey pporniaBiiac _
OrpaHHueHB! CTORKOCTEO QYTED kit Doy v 5. rje pa3buBacTCs Ha Karli Wik aaCTHIBACT B BHJIE HATEKOB.

crioBMeM HOpMarbHO# paboThI ey ma = 5+7). Y Neyel emy 10 Kamepy
oy S S Wi / : (Bﬂfi’a ﬁ Yro OBl JOBTOpHBIHA IMKI HE auHAThH CHOBA CO CTapTOBOTrC Harpesa, patr

Boda | | —_— - jap M3 TAINA HEB3A BEMYCKATh MONHOCTH0. OCTaBINasiCA 4acth ero CIIYXuT

cTapTﬁBBIM paciuIaBoM g HoBOM MIIABKH. C sroif el nociae CnuBa 0.8—
- _ _ - 0.75 gﬁé_r_-.i_‘ema paHHbl KOHYC 4 noOHUMAKT U 3anpaoT THIENb, pepe KuMad

. -
i gt o [

3

T Gl e sopaia B TpOCTpaHCTBE, TIOTOMY
A =l — 3 BO3MOXKHOCTH ycnojis3oBadud 1o~
Gadposate HOGHOTO YCTPOHCTBA OF pAHMHCHb!,
f AR ' HATIPEMED, oHO He MOXCI OBITH
T T M CTIOJIB30BAHO A MUTHS B U3J10XK-
= N 4 HEH,Yc
B cma3u € geoBxonE MOCTRIO
5 sHauMTENBHO Meperpesatd PACILIan
AN TR ¥ [onyuYars TaK Ha3LIBAEMBIE 10~
" N psune’’ BaHHBI C TOHKMM B ~TOps-
by A==’ . uyum” TrapHHCaXeM, B CCKIMODH-
pOBAHHBIX THITAX ms MIIXT
Ha BBIIYCK CYHIECTBYET OIIaCHOCTD
3TIEKTPHYECKOTO npofosd MEXAY
| 6 cexIMsIMU THIJIA, IpojoTa TapHu-

Puc. 25. [Mlpomecc BBOIyCKa pac-
orapa w3 meuu MIIXT

caxa ¥ HeKOHTpOJMpPYEeMOIC BBRIXO[2 paciliasd gepe3 3a30phl MEXOy COKUH-

s | lB w9 avi. XoTs 3TO He NPUBOIMT K aBapui, HO ABJIACTICH HexenaTeNbHeIM. A
004a CHMKeHUS BEPOATHOCTH MpoBOEB B 3a30pax H OB LINCHAA NPOYHOCTH IapHi-
T L Caa CeKiMH TUITIA HYKHO BRIIONHATE U3 KPYITIBIX TpyGoK (CeucHHE A-A,

puc. 24), a wmcio cexumit BpIGApaTh IO BO3IMONGOCIH GonpumM. MOXHO
, PEKOMCH/IOBATD ciepyouyn Gopmyiy i onpefeIeHHA WAIA CeKLMM

puc. 24. Tleus s AIXT Ha BBITYCK

] — momuTaxHas MIaT@opma; 7 _ pHOyKTOp; J — THUTENb; 4 — KOHHYECK .
[og-3aTBOp; » — Kamepa IulH npuema paciuiaBa; 6 — perynupoBOYHas rau | h= Uil 06 OEs), (100)

. 7 — xyjadKy 3aTBOPHOIO MexXaHu3Ma : S |
yCTAHOBKY 3aTBOPA; 7 — Kyn P rme & — mmpuHa 3a30pa, M; Fp

| | | _ spexTpHYecKas MPOYHOCTH BO3AYXA B 3430
oTCyTCTBYeT CBOJ MM OH BLIIOJIHEH U3 BOOOXIAXIaeMOH MeJH. [loaToM pax mpu Temmeparype rapHuCaxa, B/m. OpueHTHpPOBOYHO MOXHO IPUHATH
nofyueHMe OTHOCHTEIIBHBIR TeMnepaTyp Tp/ Ton = 1,2+1,4 He cocTaBJl IipH TeMHEpaTypax rapaucaxa go 2000 °CE, = 10° B/m, anpH TeMIepaTypax
rpo Giie MBL. . seiue 2000 °C umeem £, = 5 - 10* B/m.

BepmycK pacmaBa u3 THITA MOKET OBITh OCYIIECTBJICH HCpe3 goHH!  JIpyIWMm BapuaHTOM YyCTPOHCIBA [ULi IIABKH Ha BLIIYCK ABNSETCA TUTCID
OTBEpPCTIUC (IOHHBIH ppmyck) (cm. puC. 3,2) m uYepe3 HOCOK (puc. 3:‘13 BUIe TOPH3OHTAIEHON BONOOXIaXAaeMOH KIOBETHI (puc. 26) . s NCKITIO-
c HAKIIOHOM THUITIA MM [EUM. JloHHBI BBIIYCK Bceria IIPGIHIO‘I‘IHTBHBH“‘ YeHMSA NpobOeB B IUIGBHILHOM INPOCTPAHCIBE KIOBCTY BLOIOMHAIOT HEeCEeKIH-
OH ocCyLIeCTBIIACTCA KOPOTKOM CTpye# H, crieoBaTeNIBHO, C MEHBIIMM oXnd! OHMPOBAHHONM, HO C LMPOKON MPOJIONBHON MLIENBIO CBEPXY, HWEPes KOTOPYIO
[eHueM e, a TaKXe Ho3BOJIsIET CKOHCTpYHPOBAThb npocTyio Neydb C ynoOHOBBOAAT mmxTy. HakomuieHue paciviaBa HPOMCXOAMT, [oKa KioBeTa HaXo-
<OMIIOHOBKO# M BBICOKHM CO3 @y. Tureinb TaKOM IeYd OCTaeTCA germopBH! MATCA B TOPHU30OHTANBHOM MOJIOKCHUH. QaTeM €€ HAKJIOHAKT Ha 10-15°
HEIM, YTO TOBBILAET HAMIRNHOCTH paboThl, B 4aCTHOCTH CHM KaeT BePo’[TH"m{H BBIIYCKAIOT PaciUlaB yepe3 HOCOK. THIeNb MOXeT UMETh OZHY WK nBe 30HbI
JeKTpHYeCKHX Mpo0boeB B L 1aB WIHHOM NPOCTPAHCTBE, OCKOTIBKY npy BbINY HATPeBa | 23], Kak 3TO MOKa3aHO Ha PHC. 26. B nepsoit 30He (ceuenre A—A)
Ke paciulaBa Harpes He spiKTIoualoT. TIpocTeiad KOHCTPY KUMA ycTpoiicT
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| HHAAAE IIPpOMCXOOHUT IUIABJICHHE IMXTHI H HaKOIUICHHE pacmnaBa. Bo BTopoii 3
| 1 et B (ceueHne B—B) NpPOHCXOMHT NOOOTPEB CTPYH B npouecce OBHXKCHUA gq UIIXT Ha BBOIYCK COS ( MeWd MEHSeTCA B IIMPOKHX Hpedeax: oT
A xenmoly x Hocky. IlpuumHoil [IoZIOrpeBa ABNAETCA NOBLILCHHAA Hallpsy, flps | 1 BBOIYCKOM paciUlaBa oo 0,01-0,008 nmocne Bemycka ero. 1o
5.!! “ | HOCTb MAarHMTHOrO IONA, CO3/JaBacMas KOHIEHTpaipel MarHUTHOTO nof'P:z“M Heipzmw JIHOE IMOBBIIICHHE HANpSXKEeHHS Ha MHOYKTOpPE M MOBBI-
fiitit ‘ B CYXalLIeMCs CeYeHHH KIOBETHL. Oﬂmﬂefomcﬂom anmeKTpuYecKoro npobos 3a3zopoB. Heo6xomuMOCTE OB bI-
B mponecce miaBku mo 3epxany BaHHEI NOMEPEK OCH THITIA MOXET Mpy i o skeHHEe B MOMEHT BBIIYCKa paciUlaBa H3 THITIA YCIOXHSET YIIpaBlie-
| ‘ | KaTh IIYHTHPYIOLIMA TOK. JTO ABJICHHEe HeXeaTelbHOE, TaK Kak HPHBQ%aT;HaggcmM U SBIIAETCA ero HeHOCTaTKOM.

eB P;;KJIE‘IEHHE pacCKaXeM O MNPUMCHEHWH OKHMCHBIX MaTepHajioB, Mepe-
mapnenHbix HMIIXT. Hanpumep, B pabGore [ 20] nnaBneHas OKHMCH HTTpus
6LUIa MCHONB30BaHa UIA M3TOTOBJIEHHMS OrHeymopoB. H3nemus mmermt xaxy-
ryocad mopucTocTh OT 0,5 70 22%, MOBBIIICHHYI0 MEXaHHYECKYIO MPOYHOCTD
i XMMHMUYECKYI0 CTOHKOCTh. X TepmuyecKad CTONKOCTb, ONpenensieMasi KOJM-
JeCTBOM TEIUIOCMEH [0 MOABJIEHHSA Tpeu@H B pexame: 1300 °C — Bosmyx,
6eoia B 20—30 pa3 Bl TEPMHYECKOM CTOMKOCTH M3MIENMH M3 CHIPOH LIMXTEL

BemuiaBieHHbI KOpyHZ [ 28] Obul mepepaboTaH B aGpa3suMBHOE 3epHO U Hajiee
B aOpa3suUBHBIM HHCTPY MEHT, a IUIaBJIcHAaA OKMCh MarHUA — NMEPHUKIIaA3 — B MO po-
HIOK OJIEKTPOTeXHHYECKOro IIepHKIasa id HaOMBKHM TpyGUYaTHIX 3IeKTpPO-
HarpeBaTenield [ 24]. Bo Bcex cinyvasix MOKa3aTenu KauecTBa MaTepuana coor-
et BETCTBOBAJIM ITOKAa3aTeJIAM BBICIIErO KJIacca.

| | I - hq.----.-.--.l-—l---.h.--.-.---..hqq.'-.-n.-.--.-.'-.

B. KAMECTBO HAMNJIABJIEHHOIO BJIOKA
U OCOBEHHOCTU KPUCTAJUIUIALIUU NMPU UNXT

Kpucrayumueckuii 610k nocne HamwraBnenus MIIXT umeer mome-
PeYHOe CeueHHe TOH K€ (POPMBI, UTO U ceuyeHWe TUIJIsA. IIoBepXHOCTD
Omoka miepoxoBaTas, C HaTeKaMu M rodpamMu BbICOTOH 10 1,0 MM
i CO CrefiaMy HCXOAHOH mHUXThI. CTpyKTypa G110Ka IMONMHK PHCTAILIIH-
16CKasl C BRIPKEHHBIMU CTIOAMH KPHCTAILTHTOB. Y GOKOBOI MOBEpX-
HOCTH B CJIO€ TOJIIMHOM 1O 1,5 MM CTpyKTypa CloXKeHa M3 MeJIKHX
HEOPHEHTHPOBAHHBIX KPHCTAIUIMTOB, 006pa30BaBIINXCS [IPH 3aKaJIKe
_ ~ pacmnasa. I'my6xxe noABIAIOTCA KPYNHbIE CTOIGYATHIE KPUCTAJUTUTHI
i J‘ 5  | Puc. 26. Ilews ona UITXT Ha BEOIYCK C THITIEM B BHIE FOPH3OHTANILHOMN H-C Hpemwymecmefmoﬁ PaJTiaJIbHO-0CEBOH HAIIPaBJICHHOCTBIO, YTO

i _ _ BETSI C By MsI 30HAMH Harpesa - 00yCnoBnIeHO KPUCTA/UM3aIMEN C HEIUTIOCKMM ¢poHTOM. Kprcran-
(A y mﬂl}"ﬁ,’lﬁp; 2= TUTenb; 3 — OCh HAKJIOHA TUrnA; 4 — Mexauusm HaxToWTATHI HATIPAXKEHBI U JIETKO OTOCIIATCA APYT OT Opyra. HOpHC‘I‘OCTb
Ny 5 — CIIMBHOM HOCOK; 6 — KOHUCHTPATOD MArHUTHOTrO NOusA; 7 — OTHeynopHOIIOKa paccesstHHasA M OOBIYHO HeBeNMica UckimioueHueM ABIISAIOTCS
i I sarnyimka; & — GyHkep GTOKM OKHCHBIX cHcTeMm, cofie Al
i , pxammx AlyOj, y xoTophIX mopuc-
:‘1 i | TOCTe Iocturaer 40%. Ilockonbky o6bem pacmiaBa nmpu UIIXT man
1000 cm°, ycamounas paxoBuHa Mana BCerma

| i COIIPOTHBIIEHKE PacIIaBa MaKCHMAJIBHO. ' [ny6una u (pOpMa BaHHBI ABNIAITCA BaXKHBIMH TCXHOJIOTHYCCKH-
5;‘| B mewn c ropusoHTamBHOM KIOBETOM TeILIOBLIC norepu Gonpie, a cod Hapamerpamm, ONpenienAomMMH CTPYKTYpy Onoka. Kak 6buio
i 1 MCHBILIE, YeM B MW C BEPTHKAJIBHBIM THITIEM, O3TOMY yIe/IEHbIE snep!!OKa3aHo B § 2-1, BaHHa COCTOMT M3 ABYX YacTed (IMTMHOpUYECKOH
| ‘?.[55 3aTpaThl Npd IUIaBKEe B KIOBETC MNPHMEPHO BABoe Oombie. 3amerum, H BJUIIﬂ'ITHIIBCKGﬁ) H MOXET ObITh OIMMCaHAa K03¢)dmuneﬁram (I) H-

i ||I YHACTIBHEIC 3HEPro3aTpaThl P INIaBKE Ha BROIYCK Boo6wie B 4—6 pa3 Gonblra o YPaBHEeHUI0 (23) n K03 24 I;Io
i d°M TIpd mnaBKe Ha GJIOK, BCIENCTBHE CYHIECTBEHHO MEHBILEIO TEWIOB% . <10 » 6ot GHUIHEHTOM dbopmbr (24). pu
| ®p ~ L,V B OIOKe mpeobmamaior PajiiaIbHO HAIIPaBJIEHHbBIE KPHC-

i KTIII.
> 1,0 mpeo6naganT KpPHCTAIIMTBI C OCEBOIl

[ rmTsL. pn K p
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HanpaBJIeHHOCTBI0. IIpH Ky, — °° 1HO BaHHBI CTAHOBUTCA ILIOCKy

W JJUIMIITUYECKada YacTh €€ MCye3aeT. JTO XOpOILUIO HILIIOCTPUpy,

puc. 27, roe mNOKasaH NpOJONbHBIA CKoJl O7I0Ka OKHCH Mary
C BAHHOM, OK PallIEHHOH Iepe]] BhIKIIIUEHEM Harpesa.

IIps MOCTOAHCTBE M PaBEHCTBE MaCCOBBIX CKOPOCTEH IUIABJICY
M KPHCTA/UITM3aUMH [CM. paBeHCTBO (85)] peXuM CUMTAIOT YCTay
BUBIIMMCS, a NpodMIb BaHHBI HeW3MEHHbIM. Takoe cocToay
HaCTyN4eT NOCjie HamaBnenus Gnoxa seicoroit (1,0—1,5)D;, xon
BIIHSIHME TEIUIOOTBOJA B 3
TPaBKY MEpEeCTaeT CKa3blBaj
Csi, 2 TEIUIOBOM KOHTAKT BaHy
C THUIJIEM CTaOMIH3HpYeET(
OmHako JMHEHHBIE CKOpOQ
IUIABIICHUA U KPUCTAIIIM3AI]
pasyiiuHbl 1O NPUUYMHE HEO]
HAKOBOHM IUICIAOM IIOBEDXH
CTH- 3e€pKayia paciulaBa, IJ
IJIaBUTCA IIMXTa, M IDIOIA]
dponTa KpUCTAJUM3AIMU §,
JivHenHas CKOpPOCTh IDIARBN

Puc. 27. CeueHue Onoka, Bamy
KOTOpOro HMesna IUIOCKHHA (pok
paspgena ¢a3s kcbp > o0

HUsA Van (CKOPOCTD BBITATHBAHUA O5IOKa M3 THUIJIA) OIpPEIEi
IPOU3BOAMTENIBHOCTD Npouecca M, 1 Boipaxaerca dopmyson (86
B cBoo ouepenp, JMHENHAs CKOPOCTh KPHUCTAJUIM3anUH (B MeT

Ha CEKYHIY )
va =MKP/(7SK)5 (]01
rae Sy onpenensaerca no ogHou u3 popmyn (16)—(18). OtHomreH

pr/vIIJI G5 lep (102

M Ha3pIBacICA KO3(h(PUIMEHTOM KPUCTA/UIM3AIMU, KOTOPBIH BMEC
C Kgp U kg ABIACICA TpeThei Oe3pasMEpHOM XapaKTepHCTHK(
BaHHBI. K0o3pumueHT K, ,, MOKa3biBaeT, BO CKOJIBKO pa3 CKOpoC!
KPUCTAJIJIM3AIIMH OTJIMYAaeTCA OT CKOPOCTH IUIABJICHHMA MIUXTE
B o6uiem ciryuae 0 < kyp < °°, HO B KBa3HCTalHOHAPHOM pexH)
O0<kyp<10. Ecni B KBa3HCTAUMOHAPHOM DEXUME Vi, H Vg
3aMeHUTDb Boipaxenusamu (101) u (86), o

kp =mD2[(4S,). (103
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Ero MOXHO BBIPa3sHTh 4epe3 Kaps €CTM QPOHT K PUCTAIIIM3A1 MK
SR Eﬁ' B puge KOHyca (cMm. pHCZ. 8) ¢ yrnsmﬁa IpU BEpILHHE.
Hpeﬂnﬁmamm xonvea S, = 0,257D; csc(a/2), M”. YUuTbIBAS, YTO

cse(@2) =1+ [1/tg(@/2)]?, a taxxe, uto tg(a/2) = Kgp, Bbipa-
cenye (103) MOXHO TePENUCaTh CIIeJly OIMM 06pasom:

K = I

G5 '\/1 T (I/kd)p)
['padK 3aBHCHMOCTH (104) mpepncraBieH Ha puc. 28, kpusas /.
Moxaxem, uro npu UIIXT Ha G/10K ONTUMAaJIbHBIM SABJIAETCA TAKOH
pem, mpu KOTOpoMm Ky, ~ 0,7, uro coorBeTCTBYET Kgp = 1,0.

(104)

11
|
|
!
s
Puc. 28. 3aBucuMOCTH KO3(]-
dbHIEHTa KPHCTAIM3AIMKE H Y
OTHOCHTENBHON InyOuHbI KOHK- =
yeCKOH YacTH BaHHBL OT KO3(-
dbunuenTa ¢poHTA KpUCTAILIH- -
e 2 kep

- M3 Beipaxceris (102) cnemyer, 4To mpH 3aaHHOH v, , 1'POH3BO-
AUTENBHOCTh HAIUIABJICHMA Oyner Tem Oolnblie, YeM MEH:IE Ky .
OueBHAHO, NpH IWIOCKOM GpoHTe U ki = 1,0 umeem v = Vip
¥ I[POM3BOAUTE/IBHOCTD HAIUIaBJICHUA OKAa3bIBAETCA HAMMCHBIIIEH.
CrienoBarenbHO, Mpouecchl ¢ GONMbLIMM K, p H IUIOCKHM (ppPOHTOM
KPHUCTAa/UIM3allMK HeXesaTelIbHbIe.

C mpyrou cropoHsl, mwiaBKa ¢ riyGOKOHW KOHHYECKOH BaHHOI,
Y KOTOpOH Ky, < 1,0, ornmuaercss BBICOKOH v U XOpOILEH Ipo-
M3BOJMTENBbHOCTRI0. OOHAKO 4TOGBI ObGecmeuwnTh IITyGOKYI0 BaHHY
4 BBICOKYIO V. ., HEOOXOIMMO NeperpeTh paciuiaB, a 3TO COMPOBOX-
AJCTCA yBENWYCHHEM MOTEPDh ¢ 6OKOBOH 1MOBEPXHOCTH BaHHBI M 6J10-
Ka. llotepu Bospacrator npomopumoHansHO @,. OTHOCHTENBHASA
rnybuHa. a,./D, = 1/(2k4,) M npepcraBnser coGoit Ha puc. 28

THNEPOONIMYECKYI0 3aBHCHMOCTh 2, UTO YKa3bIBa€T HA POCT HMOTephb

C YMCHBLIEHNEM kg, , 1 Kicp-

- Takum oBpasom, ontumansaeM IPOLECCOM KaK IO TEXHHUKO-
3KQHGMEGKM IIOKa3aTenaM, TaKk M IO KayeCIBY CIPYKTYPBEI
Onoka (pammansHo-0ceBbIE KPHCTaJUIMTBI) ABJIAETCA IUIaBKa, IpH

KOTOpo# kcb =10, a k., ~0,707 (3amrrpuxoBapHas 06IaCTh
Ha puc. 28). - ke : ;
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B 310#1 CBA3M NpeNCTaBiIAeT HHTEpPEC OOPaTUTHCA €llIe pa3 K pHC. 9,
JIONIONTHUTENbHBIA AHAJIM3 KpPHUBBIX, MpEACTaBJIEHHBIX Ha PHC.9
IIOKa3bIBaeT, YTO B CTAalMOHAPHBIX TEIUIOBHIX YCIOBHAX BaHHy
¢ kpp ~ 1,0 NomyuaroTcsi NpH OTHOCHTENIBHO OOJIBIIMX IIE€PEr pe.
Bax pacmiasa, 6 = 1,2+1,4. Y3 3tux ke kKpHBbIX ClIe[lyeT, 9TO i
CKOJIbKY K4, HE 3aBHCHT OT KpUTepus Bi, TO MpOM3BOTUTEIBHOCT,
UITXT Ha OnOK TakXXe HE 3aBHCHT OT YCJIOBHHM OXJIaXXICHHy
boka.

KpoMe HakJiOHa ¢pOHTa KPHUCTAJUIM3alMH Ha KayecTBe HAIUIaB.
ngeMoro 6rmoka cka3piBaeTcA GopMa BaHHBI M aOCONIOTHBIA 00bey
XUOKOCTH B Heu. llmmHppuyeckas yacTb BaHHBI MO3BOJIACT MOIy-
YUTh CPABHUTEJIBHO I'JIAIKYI0 MOBEPXHOCTH OJ10Ka, H30€XKaTh HATEK OB
u rodpos. Onpenendwuyo pojb IIPH ITOM UrpaloT CBOHCTBA I'apHY:
caka. EciM rapHHca)X OTHOCHTENIbHO TOpsYMii M TOJIIUIHMHOH B [IOJINH
MWUIMMETPaA, TO OH 00jaJjaeT JOCTaTOYHOM IUIACTHUYHOCTBIO, UYTOOM
neopMHUPOBATECA IOH, HaBJICHHWEM CTON0a >XMOKOCTH M IIPHHATH
¢bopMy BHYTpEHHEH IOBEpXHOCTH TUIJiA. ECiM rapHMCaXX TOJICTHIY

¥ XOJIOOHBIA, TO OH HE UMeeT HEOOXOIUMOM TUIACTUYHOCTH M MOBEpX-’

HoCcTh Onoka mnonyvyaerca rpy0oH, roppupoBaHHOH, C HaTeKaMi
B MECTax BbIXOJ[a pacCiljiaBa K NOBCPXHOCTH THUIJIA.

YcioBua 00pa3oBaHMA TrapHUCaXka TOJNIUMHOM & MOTYT OBITh
ONpedesieHbl M3 YypaBHEHHMA TeEIUIOBOrO OanaHca [UIA YAEJIbHOI(

OTOKA TEIJIOBOM MOIIHOCTH 4epe3 rapHucaXx (B MeTpax)

Ar(1—6;)
f= ————— (105)
ay (0, — 1)
rae 0, U 0, — OTHOCHUTEJIbHbIE TeMIIepaTy bl PacCIiaBa U rapHUCaXa
OueBUAHO, €CIM TapHHCaXX 0Opa3yercsi B YCIOBHAX “XOJIOGHOH’
BaHHBI (0, ~ 1,0) u cam ”xonoaneni” (0 < 1,0), T0 OH nOMyYaeTCs
TOJICTBIM M HemwlacTHuHbIM. HaoGopor, B YCIOBHUAX ’’ropsyen’
pannbl (6, > 1,0) u “ropsuero” rapmucaxa (0p ~ 1,0) Tommmu
ero Maja, a INTAaCTUYHOCTh 3HAYUTEIIbHA.

[louatus ropsuer” ¥ >’XONOAHON”’ BaHH OTHOCHUTENIbHBI. UX
MO>KHO OIIPEHEIIMTh I10 HAJIMYMIO WIIM OTCYTCTBHIO Y BAaHHBI IMJTHH]:
pHYECKO# YacCTH, T. €. IO 3HaueHMI0 Kodpduumenta kg (24). Obpz
IaACh CHOBA K PHUC. 9, MOXHO OTMETHTh, YTO IIPH OrpaHMYCHHOM
OXJIaXKHAEeHMH BaHHBI (Masible Bi) pake nmpu ManbIx 0, IMITMHOPHYE
CKasd 4YacTb BaHHbI OKa3bIBAaeTCA BBICOKOH, kg —> 1,0. Crnemosa
TeJIbHO, TaKasi BaHHA SABJIACICA ~TOpPSAYEH , @ FapHHCAaX €€ TOHKUM:
HampoTeB, B YCIOBHAX XOpolero oxnaxnenus (Gomsime Bi), maxe
IpH 3HAYUTENbHBIX 0, IMIHHAPUYECKAsd YaCTh Y BaHHBI MOXC!
OTCYTCTBOBaTh, kg —> 0. BaHHy crefyeT cuMTaTh ’’XOJIO[HOH :

M rapHUCAX €€ OyOeT TOJICTHIM.
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TEIIHOCTH Miponecca cunTe

B 3ak/ioueHHe aHAIH32 CTPYKTYypbl Ol0Ka M yCnoBHi#l ee cOpa-
sopaHHA YK@KEM Ha YCIOBHA BO3HHKHOBEHHS IIOCJIOHHOM KPHC-
2y TH34IAH, TPOSBIIAIOIICHCS B OUYEPEIHOCTH CIIOEB KPHCTAJUIMTOB
HOpMATBHBIX OCH orioka. JT0T OedeKT KPUCTAJUT3AIMH CKa3bl-
paeTcsl HA pa3Mepe KPHCTAJUIMTOB, TAK KaK IPAaHMUbI CIIOEB Orpa-
HHUMBAIOT HX POCT. BOSHHKHOBEHHE KaX[IOTO HOBOIO CJIOS CBA3aHO
¢ HapylIeHHEM DaBHOBECHOTO COCTOSHHA Ha $pOHTE KpHUCTaIIJBI3a-
gud ¥ BO3HHKHOBEHHEM HOBBIX LEHTPDOB KpDHCTA/UIM3aUMH, YTO
[POMCXOMMT IIpH 3HATMTENLHOM H3MEHCHMH TEMIIEPAaTyphl BaHHBI
B menoM. TeMmmepaTrypa MOXET HM3MEHATHCA 11O JABYM INPHUYMHAM:
1) BCIeACTBHE H3MEHCHHsA BBOJMMOHM MOLIHOCTH IPH H3MEHEHHH
3IEKTPHIECKOTO PEXHMa MHIYKTOpa; 2) BCIEACTBHE OTBOMA TEILIO-
Tl B LIMXTY, HOCTymaiourylo HepaBHOMepHo. [locrmemmsas mpuumma
0COOEHHO APKO NPOABJIACTCA IIPH PYYHOH TIO/ja¥ye LIMXTHI B IUIABKY.

B xauectBe Mep OOpbOBI C MOC/IOHHONM KpHCTa/UIM3alLHeli Cliemyer
yKa3arh Ha HCIO/Ib30BaHHE CTaOWIIM3alMH IEKTPHYECKOrO peXKHMa
JIAaMIIOBOTO I'€HEPaTopa H MEXaHWYECKHX [I03aTOPOB C PaBHOMEPHOW
mopaved umxTel. Cienyer peKOMEHIOBaTh IIABKY C “TO psauein’’
BaHHOW. B HeW (POHT KpHCTAUIM3aIMH yHaleH OT 3epKalna, rie
MPOMCXOMUT IUIABJIEHHE LIMXTHI, M KOJIEOaHUSA TEPMHYECKOTO COCTO- -

AHWA paciulaBa y 3€pKajla MEHbBIIIE CKAa3bIBAIOTCHA HA COCTOAHWH
(pOHTa KPUCTAIJIM3ALHH.

9. CUHTE3 OKMUCHbIX COEAMUHEHMUIA
“ NONYYEHUE TBEPALIX PACTBOPORB

BTopeiM 1o kosymuecTBy HCIIOJIE3YCMBIX IDIaBJICHBIX MaTepUaJiOB, HO Iep-
BBIM 110 3HawIMOCTH NpumeHeHHs: WUIIXT OKHMCIOB SABJIAETCH XM MUUYECKH
GIHTE3 B OIMOKOM ¢hase BHICOKOTEMIEPATYPHBIX COCIMHEHHH ¥ TBEPABIX
1;:6’1‘301)05__ '—I;ime BCCT'O BBRICOKOTeMIIEpaTy pHEIE OKHCHBIE COSIMMHEHM S CHHTe-
Tag}!:;l:‘ ?K?S:Lq;aaﬂﬂmm; METOIOM, IpPH KOTOPOM CMECH MOPOILIKOB 3JieMEH-
o Ommatri‘g H::m*r ipin Temnepatype (0,6+0,8) Ty mosmyyaemoro
B e o M TEMIICPATYpbl CHHTE3a ABNAIOTCA JMBO TeXHUue-
b T , HE CIIOCOOHOM o6ecnieunTh TpebGyemyio TeMIIEe paTy py,
i o ﬁc); OopHocm WM HU3Kasd XMMHYeCKast CTOHKOCTH peaKTopa,
e ﬁepggqjamml‘ CiHTe3. Meron UITXT ymiuleH 3TMX OTpaHMYeHM,
B o o e Tf:ap:axmu MOJXHO 3aMCHUTh pEaKUMAMU B XM IKOCTH
M ot ol YUIECTBCHHO BBIIIE T,;,. (lepcTBUSIMM nmomo GHOIN

1) cok

) PallICHWEe BpeMEHM peakuMy B COTHH Ppa3 M IOBBILICHHE IIPOU3BOIH-~

3a:

2) ; '
YBelIiuYeHue OAHOPDOAHOCTH COEOMHEHHMS M CHM)KCHHE COIe prKaHM f

Hexn
POPEATMPOBAHHEIX M CXOIHEIX OKM CIOR no 0,1-0,01%:

3) oJyye
HHe
o 4 COCIMHEHUA B KpUCTa/UIAYECKOM BHIE C COB epIUEHHOH
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OKMCIBI ¥ HX COeIMHEHMS SBIAIOTCA COSIMHEHUAMY NepeMeHHOTo CoCTaRa, |«
Tak Kaxk o0mamamoT nepeMeHHLIM COOTHOUISHHMEM KOMIIOHEHTOB M B TBEpIonm — *

cocTosiHuM 0O0pa3yIioT CTPYKTYpY BBILATaHMA B npenenax o0macT™M TOMOTEH.
poctd. [lepeMeHHBI COCTAaB OKHCIOB H UX coeguHeHWH OOyCIOBJICH Haijg
BCEro BaKaHCHMAMH B MOApeleTKe KU IOpOoHa, XOTd BO3MOXHBI HapyUICHH g
u B nmonapeiieTke mertannoB. [lockonsky UIIXT oxucnoB B NONABNAIONIEM
CONMBUIMHCTBE CIIY4YacB IMpOBOAAT Ha BO3JyXe, TO, BO-MCPBBIX, KHGIOPOQ
BO3yXa #ABJIAETCS O0OHA3aTENBHBIM KOMIOHEeHTOM JI000f peaxkiMi MexXay
neyms Uy Gonee OKUCIAMH, BO-BTOPHIX, yyacTHe €ro B ITOH PEaKIMy Oflpe-

nensieTcs (QUINYECKMMH yCIOBHSAMA NMpPOTEKAHUA €€, M MPeXIe BCero Temie.
. paTypod, TaK KakK MapuyanbHOe [OaBJjICHHE KHUCIOpoHAa B BO3AVIIHON CMECH

/ ' ; ",
NOCTOSAHHO. B oaroff CcBA3M peakuus THna Me O+ Me,03 —> Me Mes0y
He SBAAIOTCA HCTHMHHBIMM M JIMIIL KayeCTBEHHO OTPAXAT INPEBpalliCHU

B cMCTeME Ha OCHOBC 3aKOHOB HOCTOAHCTBA COCTaBad ¥ KPAaTHBIX OTHOILUCHUH,

CBolicTB2 OKMCHBIX COeNMHCHMU CYHNISCTBEHHO 3aBHCAT OT KOHIUEHTpalWy
BaKaHCHHl B NoApeHicTKE KMCIOPOHa, a TaKXe OT BAJICHTHOM yCTOHUMBOCTH
KaTUOHOB. B YacTHOCTH, eCcnM coemuHeHue obnamaeT ALIPOYHBIM THIIOM IIPO-
BOMMMOCTH, Hampumep umuHerd Tara MgAl,Og4 u MgCr,04, KOTOpBEE MpH
noTepe KUCIOpofa umenT dopmyny MgAl,O4_y, The X — WACIO AHHOHOB
Ha @QOPMYIBHYIO eOMHMIY, VIIEeHNIIMX U3 CBOEH HOApeHIeTKH BCICACTBHE
HH3KOIO [aBileHMS KUCUIOpOHa IIpH CHHTE3e, TO IECKTpONPOBONHOCTE TAKHX
COeMMHEeHHH YBeIWUNBACTCH ¢ YBENHUCHUEM X, HO HESHAUKMTEIIRHO.

Muaye oOGCTOMT [HeNno V coenuHEHUH, o0naJamnMx JMeKTpOHHBIM THIIOM
IpOBOAMMOCTH. ECIM KAaTUOHBI COSIMHEHMA HMEIOT NEpe MEHHYIO BAJICHTHC CT,
TO € VXOHOOM KHCIOPOOa YacTh BBRICHIMX OKHM(JIOB BOCCTaHABIIMBACTCH [0 HU3-
X W DOABNATCH oOMeHHBIC JIEKTPCOHBI B IMOAPEHISTKES, KOTOPHIC onpene-
NS0T MEKTPONPOBOAHOCTE. TaK, Y OKHCHBIX MarHHTOIMIICKTPUKOB — deppu-
roB Tuna mmuuenu MeFe,0, moTeps KUCHOpofa HNpHBOIMT K QOpmyle
MeFe ?é’*_zx —> Fe 5}0 4_x- OUeBHIHO, YTO YeM Gonblue X, TeM BBIIIE 3MEKTPO-
[POBOOHOCTE COSIIMHEHH S,

Fony KaTHMOHB! COeMHeHUs He MEHAWT BaIEHTHOCTE H OOMEHHBIC B3aMO-
meicTBUA OTCYTICTBYIOT, TO MOJONMTEJIbHBE BaKaHCHH B NOIUPEeLICTKEe KMo
pofa GIOKMPYIOT HMEOUMECS JEKTPOHBI HPOBOIMMOCTH, M 3CKTPONPOBO/L:
HOCTH CoOeIMHEHUA NajacT ¢ yBelMuenMemM Torepd kKucnoponda. [IlonoGroe
sBjeHMe HabmiopgaeTcs#, Hanmpumep, Y XxpomuToB P3M. Orxur coendHEHUA
B KHCIOPOHOCOHepKaileH# aTmMocpepe 3aloNHACT BAKAHCHU H YBeMWiBacT
[IPOBOIM MOCTE. |

H3meneHue IeKTPONPOBOOHOCTH KpHCTAJUIMUYSCKOR (a3sl B obnact
remmepatyp 20—2000 °C ne Gespasnuuso s ycnopuit MIIXT. Yka3aHHbBM
DHalia3oH TeMIepaTyp €CTh [Mana3oH, B KOTOPOM HaXo[WMTCA rapHMCcaX IUIaB-

CKu. ECi¥ rapHucax 3EeKTpONpPOBOJICH, TO B HEM BHIIENACTCHA 4YacClh JHEPIVH.

TemmepaTypa rapHuUCaXa MOBBIIACTCH, H OH MOXeT BOOOIIE HCUe3HYTh. TaKad
cutyanus aHanoruuHa MITXT ¢ “ropsueit” BaHHoi. OHa TpeOyeT mep O yse-
JIMYCHHIO TeKTPUUCCKOM MPOYHOCTH 3a30pOB Mex(ly CEKIHAMM THTTIA. B 4acT-
HOCTH, TUIJIM UIA CHHTe3a JIeKTPONpPOBOIHBIX COoeMHEeHUM HOTIKHBI YAOBJICT
BopATH ycnoBuo (100),T.e. ¥METh MHOTO CSKIMHU, BBIIOIHEHHBIX H3 KPYTN R
Tpy6ok. EcnM 3MeKTpONpoBOOHOCTE COENMHEHMS OCTAeTCA MAIOH B yKasaH-
HOM [Mana3oHe TeMIepaTryp, TO MOXXHO HMCHONB30BAaTh TaAKHME ke THITH, KaK
ISl TiepeliaBa MOpoiKoB. PaccMOTpHM HECKOJIBKO MpHMEpOB CMHTE33
cCOCIMHEHMH M TBEpABIX pacTBOpOB ¢ nomoiusio UIIXT.

IMoayuenue naaenenvix yemenros g cucreme CaO—Al ,03. B cBsa3m ¢ uwr
POKMM HMCHOJIB30BAHMEM BBICOKOTEeMIICPAaTypHBIX NPOHECCOB B MeTannyprut
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o icHIICA MHTEpeC K HEeMEHTY Ha OCHOBe allOMMHATOB Kanbuusi. Ha ux ocHo-
3 TOBMmT HaOMBHBIE MaCChl i YCTAHOBOK BHENEYHOI'O BaKYyMHU-
aﬂ’ﬂﬂ | CTB.TIH: IJid XKejgoO0OB [OMeHHEBIX Iteyeit, Uisd meuel IeMeHTHOIR
Hpﬂmhwlel.ﬂ-[ﬂm AJis pEMOHTA CTEKJIOBAPCHHBIX ITeUeH U JpyIHX arperaros.
* B paborte [ 25] ObUIa MCCIIeiOBaHa BO3MOXHOCTH IOJIYYEHHUS BCEX COeEIM-
':"'__'_f_ffﬁHHaPHﬂﬁ cucrembl Ca0O—-Al 203 ¥ omnpenerneHa ux crocoBGHOCTE K I'HI-
ranun. [ ATNXT Obuti BBIGpaHBl LMXTHI, COOTBETCTBYIOIME COCTABY
JUHEHMH : CAg, CA3, C3A5, CA, CirA7, CsA3,rme C= Ca0, A = Al »03.
25K[bIA COCTAB IUIABWIIM Ha ONIOK B TPOXOJHOM TuIIe. [D1aBreHsle MaTepuansl
scriefloBald KPUCTATUIOONTHYCCKU U peHTTreHorpaduuecku. 3atemM maTepuan
npoOuad U M3MEIIBYAIM, a Y MONYYeHHBIX MOPOLIKOB MCCIIE/IOBAJIM THApATa-
YCTaHOBJIEHO, YTO BCe COCTaBBI, 3a HcKmoueHueM CAg, NpakTHYeCKH
gHo(asHbl. OTMeueHa o0macTe TBEpABIX PACTBOPOB C KPUCTAIUIHYECKOM
CTpYKTYpOH IIBYXATIOMUHATA KaJIbUMA NpH HEeJOCTaTKe ITMHOo3ema. Popmyna
3THX MaTepHajioB MOXET OBITh NpeicTaBiieHa B Bune CA,_,, me 0 <x <0,3.
[Ipu yAenbHON MOBepXHOCTH MOpoIikoB 4000 cm?/r U3 CHUHTE3MPOBAHHBIX
coematieHnit TONBKO C5A3, C3A5, CAy_y u CA NposBSOT THAPATAUMOHHYIO
aKTHBHOCTE. AKTHBHOCTh YBEIIMUMBACTCA C YBEIHUCHUEM VIETBHOIM MMOBEPX-
Hocty A0 7000 cm?/r y Bcex coemmHeHuit, kpome CA. Pe3ynbTaThl HCCIeIOBa-
HUif TMO3BOJAIOT ChmenaTh BeiBOM, uro MIIXT wmu pgpyrum BUOAOM 3MIEKTpo-
[UIaBKH MOXET OBITh MOJIYYeH BBICOKOKAYeCTBEHHBIA HEMEHT, He yCTY Aol

M0 BAXYIIMM CBOHCTBAM CHEYEHHOMY HeMeHTy. O6a3aTelBHBIM YCIIOBHEM

SABIIACTCA ONTUMAJIBHBIM (Da30BBIA U XMMMUYECKMH COCTaB, COOTBETCIB VIO
C3As5 wn CAj_x, U IOMOJT 10 BO3MOXKHO GoNbILIel yOensHOM IOBEePXHOCTH.

llonyuenue naaenenoeo myanura 6 cucreme Al 503 — Si0,. Boicoxas
TEPMOCTOMKOCTh MYJJIMTOBBIX OTHEYNOPOB [eNaeT 3TOT MATEPUasl OIHHM U3
BaXHBIX B TEXHOJIOTMH OTHEYTIOPOB U IOCTOSHHBIM OGBEKTOM HCCIeA0BAHMI.
CoriacHo muarpamme cocrosiHus Al 503 — SiO5 [ 27] MymIMT mpefcTassieT
CO0OH coefMHEeHHe MEPEeMEHHOI0 COCTaBa ¢ O6NAacTBIO T'OMOTEHHOCTH OT
3Al 503 - 2810, Ao 2Al ;03 - SiO5 M ¢ KOHIPYSHTHHIM IUIaBJieHHeM. MyIi-
JITY B €T0 CHMHTe3y IIOCBSAILEHO MOOCTaTOYHO MHOIO HCCIIeHoBaHui, OgHaKO
CHHTE3 JJICKTPOIUIABKOH BO BCeM [ualla3oHe 00IacTd IOMOI'CHHOCTH ellie
HE U3YYeH. .

‘Meron WIIXT mpu mnocnefoBaTeNbHOM HAIIABIICHHH 1O CXEMe puc. 1
no:mﬁmm‘_ HOJIyYMTE B OHOM OJIOKe BCe BO3MOJXHBIE COCTABBI COEIMHEHMA,
¢ClM B THIeNb NMOAABaTh LIMXTY IEPeMeHHOI'0 COCTaBa. IIpu 3aTom kpucrasn-
JIHBaLmﬂ COCIMHCHHUSL C COCTABOM, COOTBETCTBYIOIMM IepeIUIaBiIsieMON 1M XTe,
Oﬁememaei‘cx MaJibiM 00BeMOM BaHHbI (50 — 100 mi1), ManeIM BpeMeHeM
gg;ﬁb:;ainbin M&T;Pﬁaﬂa B XHIKOA dase (30 — 100 c) u HeGonblmM neperpe-
i coe € Iyny (50 — 100 °C). Xummueckoe B3aMMOMeHCTBHE KOMIIO-

—ovs COCHMHCHHSA NMPOTeKaeT B MXMAKOH ¢ase Cco CKOPOCTHIO IUIABJICHUSA
;’Ip;x Tgeh;gﬁgeﬂl'on, a MaJlpld TIEPETPEB M MAajioe BpeMs CYIeCTBOBaHHUS
mem%m | E;}B{Dg:m'r S10, 3HauMTeNnbHO MCHAPUTHCS M M3MEHUTH COCTAB
e fB‘BImK' e CHMHasl CKOPOCTh HalllaBlieHHs 6nmoka 5—8 mm/MuH onpene-
s Ymén H}; 6:opocm KPUCTAUIM3alMU M 00eCrIeurBaeT Ha I'paHMlIle pa3fena

gt L G HM3KUE K 3aKAJIKE.
mﬁmeiaéﬁ;?méﬂig] ;énnﬁ [UIaBKU HMCIONB30BAIM CMECH MCXOMHBIX OKHCIIOB,
. -55% e 80; Aicig TBEPOBIX pPAacTBOpPOB IOHarpaMMEBL, T. €. C COCTa-
T Harpeaeﬂnn 203 (0 macce) uepes xaxuble 5%. IIockonbKy npu
NORD Hatsers aBHJIM WMCTYI0 OKHCE Al 503, TO Hepsoﬁ B IUIaBKY

O Ala, conepikatiast 80% Al ,04. bei1 HamasiieH 6ok gymHoi 0,6 M
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nmepeMeHHOro cocraBa oT 100% mo 60% Al »O3. IloBblilieHHOE KOJIHYecTy,
Al ,O03 B KoH"" TjI0Ka CpaBHUTENBHO ¢ 55% Al 03 B HCXOOHOH NIMxy,
OOBACHAETCA 4YaCTMYHBIM Mcnaperdem SiO, u pa3GaBieHueM ciUiaBa Al 20,
HaurHasAg cO cTapTa. KOpYHHOOBBIA y4yacToK Grioka OTOpaKOBAJIM KaK He Iipg
CTaBJIAIOIINN UHTEpECa.

[lo ocu Onoxa BEIpe3alid HECKOJNBKO Npol Mid MHKPOCKOIHMYECKOrg
XAMHYECKOTO M PEHITeHOBCKOIO HccaenoBaHud. MUKpPOCKONHYECKHH aHary,
MokKasaji, 4Yro npeoOnagamoumei ¢dasoif Bo Bcex npobax ABIACTCA MYIlniy
MEXYy KpucTallllaMd KOTOpPOTO HaXOOATCS TOHKHE Mpocinoiku crexiia. Koy,
YeCTBO CTeKJIa BO3pacTaeT ¢ yBejiMuceHUeM B cruiaBe Si0, yTO ABIIAETCA Criep,
CTBHEM KpHCTAUIA3AlMHA B HEpaBHOBECHBIX YCIIOBUAX. XMMHUECKHMH H PEHTTe.
HOB CKHMH aHa)M3 MOKa3ajl, YT0 CUMHTEe3MPOBaHEBI TBEPOBIC paCTBOPEI B ILMPOKOY

HHTepBajie COCTaBOB: OT myJumuTa 3Al O3 2510, mo mparura 2Al ;03 * 810,
OOHAKO He YHaJIoCh MpOCNIelMTE UYeTKOH CBA3M MEXJOAY COCTaBOM MYIUINT;

H IapaMeTpaMH 3JIeMEHTAPHOM KPHCTALINYECKOM sSueliky. Pe3ynbTaThl aHAIIN3;
MOOTBEPXOAIOT IIPaBUIIBHOCTE OHarpaMMbi paBHOBECHBIX COCTOAHHM CHCTEMy
Al,O3 — SiO, c o6nacTeio TBEpABIX PAaCTBOPOB Y MYJUIMTA.

OneIT UccenoBaHuA MyJUIMTa NPONEeMOHCTPUPOBAJl BO3MOXXHOCTH MCHOIL
30BaHUS IIOCNEOBAaTEIIEHOIO HAIUIABIIEHU A M XT e peMEHHOTO COCTaBa B O/I1H
OJIOK [jiA M3YUYCHHUS UarpamMm COCTOAHUA B cyOGcomuay cHOM 0051aCTH.

[Toayyenue xpomucrbe0 3aeKTpOKOpyHOQ. ITOT MaTepuan SBIIETCH
OCHOBHEBIM IIpY M3I'OTOBJICHHM MaccoBorc abpazumHoro uHCTpymeHTa. Oy
[pencraBisgeT cobol TBeparmi pacrsop 1,0-1,5% Cr 103 B Al ,O3. [lonyuaior
ero B OYTOBBIX 3JIEKTpolleyax IUIaBKOM Ha Onox unu Ha BhmyckK [ 2]. Ilpx
UIaBKe OCHOBHOH MpoOremoM sBJIAeTCA BOCCTAHOBIICHME XpoOMa YINIepOLOoM
AEKTPOIOB. B pesyiisTaTe BoccTaHoBIeHusa nuuis 40—50% MCXOOHOTO KOJU-
YeCTBAa OKHCH XpoMa IoNajacT B TBepAbli pacTBOp. PacTBOpEeHHBIN B KOPYH/E
XpOM paclpeneicH HEpaBHOMEPHO Mo 00beMy KPHUCTATUIMTOB, YTO 00y CIIOBH-
BAacT BHYTpeHHHE HAINpAXXeHUSA B CTpYKTYpe. BOCCTaHOBJIEHHBIA XPOM B BHIE
MeTaJITHYeCKOHA ¢a3bl CHHUXACT KaueCTBO abpasuBHEBIX HU3CiUl, BRI3LIBAs TaK
Ha3bIBaeMbIe HIPHUIKOIY MHCTPY MEHTA.

B pabore [ 28] umeneo 3kcnepumeHToB mo HMIIXT xpommcToro KopyHpa
sABJIAJIaCh OLICHKA YCJIIOBMH IUIaBKH M CpaBHEHHE KayecTBa IPOLYKTA C pe3yllb
TaTaMM AyToBOH IUIaBKH. IDTaBKY mpoBOOWIM Ha OJIOK B MPOXOMOHBIX THITISAX

¢ ouranpio ceyeHus 0,11 u 0,045 m?. VCXOOHBIM CBIPBEM CIIY XHMJI TTIMHO3EM

Mapku 'A-85 ¥ XxMMHMUYECKH WICTad OKHCE XpOMa.

Y cuHTe3MpOBaHHOI'O MaTepHualia MCCIEHOBAIIM XMMHUYECKHU cocTaB, Iapa-
METPhl KpUCTAJIMYECKON pelIeTKU, KOHIEHTpauuio TBepAoI'c pacTBops
XpoMa M paclpedeiieHHe ero B pPelIeTKE, HACBIIHYI0 MacCy, MeXaHMYeCKYo
IPOYHOCTE M LUMEPYOUIYI0 CHoCOOHOCTE abpa3sMBHOIO 3epHa. Pe3ynbrarthl
HCCIIEJOBAaHHUHN MOKA3aJIH ;

1. UIIXT obecneunBaeT NpakTHYEeCKH IOJIHOE BXOXOEGHHE OKHMCH XpoMma
B TBepAbli pacTBOp. KOHIeHTpanus Xpoma B 00beMe KPUCTAUIMTOB PaBHO-
MEPHa, a pellleTKa KOpYyHIa cBOOOOHA OT HaIpsAKeHHH, JTO M03BOJIAET COKOHO"

MHTL JOPOTrQCTOAILYIO JIETHPYIOLIYIO HOOAaBKY, COKpAaTHB €€ KOJMYECTBO

B MCXOOHOH IIMXTE.

2. B cBA3M ¢ OTCYTCTBHEM YITIepoda U BOCCTaHOBJICHHOT'O MeTajljia CHHTE-
3MpOBaHHLII MaTepHan IOJIYYaeTCA TI'OMOIEHHBIM, YTO IOBBIIIAET KayeCTBO
aDpa3HBHEIX H3/IENHIL, B YACTHOCTH MCKITIOHAET * TIPHKOTH .

3. Hemocratkamu MaTepuasia SBJISIOTCH Malible pa3Mephl KpPHCTAIUIMTOB
N0 CPaBHEHHIO C AYTOBOH IUIaBKOM H HX MIOJIbYaTOE CTpPOEHHE. ITO 06CcToATENb
CIBQ CIIYXHUT NPUYMHOHA TMOHHMXEHHS MEXAHHMUYECKOH MpOYHOCTH abpa3uBHOTO
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rpuMepHO Ha 5—7%. Kpome TOTr0, UT'OJIbYaTOE CTPOEHHE KPHUCTAIIIMTOB

:::Pﬁamt[aei‘ B0o3MOXXHOCTE monyyeHusi nocie UIIXT numidg — 3epHa OOIBLIMX
F " opmaxo MOCIeNlyIOIUe MCCIICNOBAHNA NMOKA3aIH, YTO MeJiKOKPH CTaJlIH Ye-
o TexcTypa GJIOKOB XpOMMCTOI'O KOpPYH[a OlipefenseTcs MalbIMH pasMe-
. BaHHBI M OOJIBIIIOH CKOPOCTHIO KPUCTAUIM3AalM¥ B HEPaBHOBECHBIX
Yéﬁmﬁﬂx. VBenuueHue IONEepeYHOTO CEeUEHHMs THUIJIA M CHHMI)KCHHE CKOpPOCTH
o eTA/IM3AIMY TIO3BOJIMIM TOJIYUMTh MaTepUall, KPHUCTAUIMTHI KOTOpOTro

" M&.ﬂg pasmepbl 3X3X10 MM, YTO COOTBETCTBYeT MaTepuajy Iocie AYTrOBOM

ﬁmﬂxg Pa3ymeeTcsl, 3TO JOCTUTHYTO II€HOM CHHXKEHUWS NPOU3BONUTEIIBHOCTH
i 'yﬁgﬂnqeﬁnﬂ yIeNBHOr0 pacxona 3Heprud. Ilo stum mokaszatensam HMIIXT
YcTyﬂaeT cyIlIeCTBYIOIIEMYy CIOCO0y MpOU3BOACTBA a0pa3sMBHBIX MaTepHAJIOB.
B sakJjiloucHHMe INpuBeneM Tabn. 3 U3 paboThI [22] ¢ HaumMu HOOaBiie-

m.m;,ﬁko'ropaﬂ comepxut noxasareau UITXT npu cuHTe3e U IWIaBKe Ha GNOK

psfia XMMHUCCKHX COe[IMHEHUN IPU UX ONBITHOM IIPOM3BOCTBE.

Tabauya 3
| Iotians ITorpe6- | IIpousmo- I YoensHbIM
CHHTE3UpY €MBIil MaTepHall | ceyeHuss | o oh & o o pacxon
i : s e | MOIUHOCTD, | HOCTB, | 3Hepruy,

: KBT Kr /4 KBT-y/Kr
. |
Kopyun Al,O3 0,04 140 21,3 6,57
S it 3A1,0 5 - 2Si0 0,04 1532 16,1 9,50
. 273 : 0,09 | 161 25,0 6,44
Imanens MgO - Al,0 5 | 0,09 184,2 28,3 6,50
Xpomur sanTaHa La Cr O3 0,04 | 1096 9,25 11,8
®opcreput 2MgO - Si0, 0,04 | 103 175 5,88
Honomut MgO - CaO 0,008 39,0 5,5 7,1
Ca0 + 13%Mg0O 0,008 38,0 6,1 6,2
[lupkonat KanbIUsA
IUIaBKa B MIPOXOIHOM
. THIJIe | 0,008 16,5 11,0 |
IDTaBKa B ITIYXOIOHHOM
TUTTIE 0,011 30,0 7 . 25,0 I 1,2

10. BbIPAIIMBAHUE MOHOKPUCTAIIOB

Bosmosxxuocts miutensHOro ymepxxanus pacimiaBa npu HIIXT
NO3BONAET CO34aTh YCIIOBHMsA, OIIM3KHE K paBHOBECHBIM, U OOecIe-
9UTh BbIpalIMBaHHWEe MOHOKPUCTAIUIOB. JUIA 3TOM IEJIM MOXHO
HCIIOJIb30BaTH JIMILG [IBA METO/Ia BhIpalllMBaHWsA U3 paciulaBa, a UMEH-
HO! 1) meron Yoxpasbckoro, 2) mMeTof, pa3paboraHHbii B Ou3uye-
CkoMm uHcTuTyTe M. I1. H. JleGemeBa AH CCCP (OHUAH). ITockomnbky
IDHHIMOBI ¥ anmapaTypa OOOMX METOIOB CYLUECTBEHHO pa3jIMYHBI,
PaCCMOTpUM MX OTHEIIBHO.
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Bvipawugarnue OKUCHBIX MOHOKPUCTAAA08 No MeTo0y Hoxpa,)

CK020 BBITATMBaHMEM u3 paciulaBa npu UIIXT BrepBbie Opyy
ucronb3oBaHo ®. Moudoprom [29], Ho Ge3 coobuieHUA O pe3yy,

ratax. Meron G6bu1 Takxe peaymmsosad B CCCP [5] mpu Beipaiug,

HUM MOHOKPUCTAJUIOB HUKeneBoM mmmuenu (Nij—xFex)O - FegO
rae x < 0,05. B xauecTBe XOJOOHOro THIJIA IPUMEHAIU HHnmep
THTEJIb C BEPTUKAIBHBIM BUTKOM. O[IHaKO HEJOCTATKH YCTPOMCTR
MaJIbld O0BEM paciulaBa M HECUMMETPUYHOE TEMIEpaTypHOE Iy

B BaHHe — ONpelesAyId Mallyio [UIHHY ¥ HEeCOBepILEHHbIA rabury,

KpuctaJuioB. llo3xe s BeITATMBaHMA MOHOKPUCTAJUIOB HTTpy
eBoro d¢epporpasara ObUIM MCHOJIB30BaHBI THUIJIM, IOJOOHBIE U3
Opa’keHHbIM Ha puc. 21, KOTOpble HMeEIU HEOOXOOUMBIM OObey
Kpome TOro, X JOCTOMHCTBOM SABJIAJIaCh BO3MOXHOCTb BpalllCHyy
TUTJIA BOKPYT BEPTUKAIIBHOU OCH, YTO OOECHeUMBaJIO IMJTHHIPWY
CKYI0 CUMMETPHUIO BAHHBI.

OpHako B yKa3aHHbIX paboTax OBUIO OIMCAaHO BhIPANIUBaHY
MOHOKPHCTAJUIOB TOSIbKO OKHCHBIX IIOJIYIIPOBOOHHUKOBBIX Marng
puanoB — ¢peppuros, UIIXT u BeipanniBanne KOTOPHIX CYLIECTBEHH|
IpPOIle, YeM OKHCHBIX [OUINIEKTPUKOB. BoO-EpBBIX, MOTOMY, YI(
TeMIepaTypsl IUIaBJICHUA (QEPPUTOB MHOI'O MEHbINE, BO-BTOPHLIX
[IOTOMY, YTO TpeOyeMbId i CTaOWIBHOM IUIaBKU [UAIA30H 71, =
= 5—7 mocT>xuM Oe3 TpyZa B BaHHAX JII000ro oosema.

B 310U CBA3M BaXHBIM HAaYYHBIM U MNPAKTHUYCCKHUM HOCTHIXXCHUCY

ObUI0 MOJTyYeHHe MOHOK PHUCTAJJIOB pyOMHa U neikocandupa [6, 32|
ABTOpHI 3TUX paboT MMOKa3aJiM, YTO MeTOo, YOXpaIbCKOro COBMECTHY

¢ MIIXT, ecnu ypenbHass MOIIHOCTb MOTEPh p, OT paciuiaBa 3a cuel

TEIUIONPOBOIHOCTH BIIOJIb KPUCTAIJIa OOJIbIIIe YIeIbHON MOTHOCTH
TEIUIOBBIX IIOTEPb HU3IIYUCHHEM p, C OTKPBLITOTO 3€pKajia pacIljiaBi
Ecnu mpencraButh p,, cornacHo 3akoHy ®ypse, kak A dT/dl
a p,, cornacHo 3akoHy Credana—Bomsimana,kak €,Co (7,/100)"
TO ycioBHEe coBMecTUMOCTH MeToma Yoxpansckoro u MIIXT 3amm
IeTCA TaK: ; |

Apn 10°dT S8 06].
eCatodl: " (1

30eCh App; — KOIQOHUUMEHT TEIUIONPOBOMHOCTH KpHUCTasLl
BOMu3u ¢poHta kpucraymmusammu, Br/(M-K); dT/dl — rpagued
TeMIlepaTyphbl B KpHUCTaJUIe BONMU3N (DpOHTA Kpuctam3amuu, K/M

K coxanenuio, mpu BRITATHBAHME MOHOKPUCTAJIJIOB U3 pacIiiaBol
TYTOIUIABKMX OKHCIIOB ycrmosue (106) He BpIIONHAETCA, TaK Kak Ty
OUEHb BEJIMKH, a Ay, Mainbl. IloaToMy npakTuuecku BCerja p; > py
Ilog xpucTanmoM NpoUCXOIUT aKKYMYJ/IMPOBaHHE TEIUIOTHI, M TEMIIE
parypa paciulaBa B MEHHUCKeE IMOBBIIIACTCA OTHOCUTEJIBHO OCTAJIbHOI(
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'“.gepKaﬂﬂ 310 NPUBOAUT K CHWIKEHUIO NTOBEPXHOCTHOI'O HATAXCHKA

MEHWCKE, YTOHUCHHIO KPUCTA/UIa M []aXe K OTpbIBY ero OT paciuia-
. Ilpy moOMbITKE MOHU3HUTH T, IpOUCXOIHUT paguaibHas KpUCTajli-

" Lausl TIO 3€pKaly BaHHBI, HCICTIOUAIONAA BOIMOXKHOCT [IATIHEH-
‘111-81"0 BBITATUBAHUA KPUCTAILIA.

- ABTOpBI PadoTHI [32] mobunuch ycnexa, MpUMEHHB Hall pacIuia-

*BQM TeIIOBbIE KPaHbl, KOTOPhIE CHU3W/IY MMOTEPH U3JIyUCHHEM U U3-
II_..____%:_:“'.:'_'eHPIJ'IH COOTHOILICHUE YIEIbHbIX MOUIHOCTEH Py U p,. [Ipy HAJIMUMK
31cpaHOB ycnosue (106) MOXxHO mepenucaTh B CIeIyIOLIEM BHIE:

Rin ~10°dT
enpco(rr‘;‘ — T3 )dl

> 1,0. (107)

- 3phech €, — NpUBEIEHHBIH KOIDQUUMEHT YEPHOTHI, ONPENes-
gMbm o Beipaxcenuio (41) ; T, — remneparypa skpana, K. HerpynHo

BH}].BTB yTO YeM BhbIlIe Temreparypa 7;, TeM HaJeXXHEW BBIIIOJIHA-

emﬂ ycinosue (107).
OpuriHasbHO pelleHa Ta e npo6iiema B pa6ore [33] mpu BITH-

mBaHmI MOHOKpUCTaioB opTodeppura urtpus YFeO; (Marxetux
¢ ympaBisgeMoOl [OMEHHOH cTpyKTypor). W3myuenue 3epkaina
| pacnjiaBa KOMIICHCHDOBAHO BCTPEUHBIM TOTOKOM JTyUMCTOH IHEPriH

"‘_—_’EPBX YTOBBIX KCEHOHOBBIX JIaMIL CeeT naMIl pacmpefesieH II0
| MOBEpXHOCTH paciuiaBa, HO HE NONAJAaeT Ha MEHHCK M KPUCTAIUL.
~ Cxema YCTaHOBKHM C TaKHM KOMOMHUDOBaHHBIM HarpeBOM CajiKu
. XOJIOFHOTO THITIA MOKAa3aHa Ha puc. 29.

BeiTArMBaHMEM M3 paciliaBa pu UITXT Obii BBIpALEHbl MOHO-

'%;lcpmtrannm nerkocandupa U pyouHa miMHou mo 160 MM U fuamer-
~ pom mo 35 mm. Ckopoctu pocra cocrtaBimsyu 10—30 mm/u mpu
vyactore BpamieHuss 3atpaBku oT 20 go 140 o6/muH. ILTOTHOCTH
"'._é:.;:@}":;:l;ﬂcnoxaunn B Ga3MCHOM IUIOCKOCTH cocTaBmsuia 10°—10° ¢

-2

- Pacnipenenenvie Xxpoma B pyGHHOBBIX KPHCTaJLIaX ObLIO paBﬂomepﬂo

[0 pajuycy, HO HEPaBHOMEpHO II0 BbICOTE KPUCTAJLIA, YTO OODACHA-

_eTCcA WCIapeHHeM XpOMa W3 paciUlaBa B IIPOLECCE BbITATHBAHUA.
Conep}xal-me XpoMa B paciUlaBe KOPPEKTHPOBAJIM BBOIOM €roO

B BaHHY [0 OIIpEIEJIeHHON MIPOrpaMMe.

[Ipy KOMOMHMPOBAHHOM HarpeBe BBIPACTUIIM OIHO]a3HbIE MOHO-

':"Kpnc’mnnm YFeO,; pmmamerpom Ao 25 MM M mmHOA 10 50 MM.

- Inockwit - GpoHT KpUCTAUTM3AIMU ONpPENENIANl BHICOKOE cogepmeg-
2 -

' ¢1BO cTpyKTypbl. IImorHOocTs mucnoxamuu pasHa 10°—107 cm

Bmpame}mme KpPUCTAJJIbI TIO3BOJISUIM  [IOJIyYaTh IIHaCTHHbI st

. MAarHUTOONTHUECKUX MCCIIeIoBaHui mwromanpio 1o 4,0 cm?

“Hyxmo ormerurs, 410 TpeOOBaHUE CTECXHOMETPUU I{pHCTaIIJIOB
- 3acTaBiIAeT BBIPAILMBATH UX B aTMOCHeEpe KHCIOPO/ia IOBBIIICHHOTO
- maBnenus. Ocooennoct MIIXT u mpouecca BHITATUBAHUA, @ TAKKE
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Puc. 29. CxemMa YCTaHOBKHU ¢ KOMOMHHMPOBAHHBIM MHOYKLUMOHHBIM U pajyali-

OHHBIM HAarpeBOM pacIUiaBa [jid BBIpAalMBaHUS MOHOKPHCTAaIUIOB IO METOHY
YoxpallbCKOI'o

| — npuBop mepemMelneHus IMTOKa; 2 — BHHTOBas mapa; J — NpHUBOJ Bpalme-

HUA IMTOKA; 4 — IUTANTHYECKUI OTPaXKaTeahb; J — UCTOYHHK cBeTa; 6 — mITOK

¢ Kpuctamiom; 7, 9 — xBapueBoe okHO; 8 — xamepa; [0 — meus oTXKHra;

11 — wanykrop; 12 — xomomHBIN THrenb ¢ pacwiaBoMm; /3 — mpuBon mepe-
Memedusa turnsa; 4 — naMmoBeId reHepaTop

ONKCaHUE aNNapaTypbl [JIfd BBIPAIIMBAHMA IIpU aOCOIIOTHOM [aBiIe-
Huu ra3a go 10 MIla usnoxensr B [5].

Beipawuganue MOHOKPUCTANN08 NO MeETO0Y, pa3paboTaHHOMY
e @®HAH, 3akmouaerca B nmposefeHud HIIXT B caouHOM pEXHUME,
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ﬁHﬂHPﬂBﬂeHH@ﬁ KPpHMCTAJIM3alMH paciuraBa CHU3Y BBEPX U B IOJTY-
" enuy TONHMKPHCTA/UTMYECKOTO GNIOKa, CIOXEHHOrO M3 KpYIHBIX
| KPHCTAJUTHTOB, K@XJIblii U3 KOTOPBIX ABJIACTCH MOHOK PHCTAJITIOM.
M Gomnblile 00BEM THUIIIA, YeM OJIMXKe K paBHOBECHBIM YCIIOBHA

pﬂa ¥ YeM UKiile KOMIIOHEHTHI IIMXThI, TEM KpPYIIHee ¥ KaucCTBCH-
; rh.. 3 X - N
ee KpUCTUIATSHI GII0Ka. B cymHOCTH, MeTO[I MPefCTaBlifeT CO00H

omibukaumio merona bpurixkmena—Crokbaprepa, OTIMHAACh OT
.'l-'-'ﬁi;b'mmna nByMsA IpU3HaKamu: 1) rpafueHT TEMIEpaTyphbl B pac-

smape B HAllpaBJIEHMM pOCTa CO3[1ai0T HE TPa[IMCHTOM TCMIICPATYPbl

uérm, a TPaMEeHTOM MAarHMTHOTO YOJI# MHIYKTOpPA; 2) BCIEOCTBUE
gamuus 00 uepudepuy BaHHBI MHOXKECTBA 3aTPaBOUHBIX IICHTPOB
HPH KpucTauiE3aiyu GOpMupyeTcss He MOHO-, a TOIMKPHCTALL.
" [leHTpb! OpPMEHTMDOBAHHbI IPOM3BOJIBHO, II0ITOMY HAMOOIIBIICH

3

CKOPOCTBIO POCTa 00JIa/ialoT Te KPUCTAUIMTEL, Y KOTOPBIX HallpaBJie-

" Hue MpPEMMYILECTBEHHOU TEIUIONMPOBOTHOCTH COBHAAaeT ¢ HalpagJie-

meM OTBOJA TEIUIOTBI OT paciuiaBa. KpucTajuibl, BhIPAIlCHHBIC

\3TMM METOLIOM, BCEr[ia BHITAHYTBI BHONb OCH C HaWIyWYIlIed TEIUIO-
_[IPOBOJIHOCTBIO.

" ABTOpBI MeTO[la YKa3biBalT B [6], uro momoGHBIM OOpazoM
MOXHO 1M0Jiy4aTh HeboJblMe, HO BeCbMa COBEPIICHHBIC KPUCTAJIIbI

'Sc0,, Y,0;3, Al,03, Y3Als04,. Tem xe MeTOOM ObUTH BbIpALUCHbI

KPHUCTAILIBI OKKCHBIX COCIMHEHUHU CO CTPYKTypOii mepoBcKkuta [34],
B uactHoctH fipo3paunbie CTOJIOYaTBIE KPUCTAJUIRI SX5X10 MM
tutanatos Ca, Sr, Ba u BompdpamuroB Ca u Ba; mIacTUHYATHIC

npoapaussie kpuctauisl 5X3X0,1 mm pururadatros La, Pr, Nd.
. Opmaxo Hau0boOJlee BBHIIAIIMMCA pe3yNIbTaTOM, MOIYy4YECHHBIM
mo merony, paspaboransomy B OUAH, sBnsercd CHHTE3 HOBOIO
Kjlacca MOHOK pucTauioB—duammuTo™ [35].

~ OuanuThl NpeACTaBIAlT COO0H ONTHYECKH MPO3PavHbIe KPUCTATI-
JIBI TBEpHBIX pPAacTBOPOB 3aMEHICHNA Zr0,, HfO, ¢ xybunueckou

PeleTKOM, CTaOWJIM3MPOBAHHOM OKHUCIIaMM MarHus, Kallblivi,

. CTpoHIMsA, OGapusA, CKaHOuA, JIAaHTaHA, HTTPUA WM PEIKO3EMEIIbHbIX
- METaJIJIOB B MAaCCOBBIX IOJIAX [0 40%. OuaHuThl HE UMEIOT IIPUPO/I-

HBIX aHaoroB. VX cBoMcCTBa CYLUIECTBEHHO 3aBUCAIIAC OT XMMHUC-
CKO# IPUPO/IBI ¥ KOJIMUECTBA CTaOMIIM3UPYIOIIEro OKHKCIIA, oApOOHO

‘u3noxensr B [6]. HeoGbruaiHO GOMBIIMM, CO 3HAYMTETIBHOM JIUC-

Hepcreil oKa3ajics y HUX II0Ka3arellb IPEeIOMIICHUA 1= 2125222,
ONpeeANIMi ONTHYECKHE U I0BEJIMPHbIC IOCTOMHCTBA KPUCTATLIORB.
HWntepecnpiM 1A TEXHUYECKOTO TPMMEHEHUSA KPHCTAIUIOB ABJIACTCS

*3a co3paHMe M HCCIENOBaHME HOBOTO KJIACCa MOHOKPHCTAJLIOB —(PHAHATOB
B. B. Ocuko, B. K. Anekcaunpos, B. M. Tatapunues, H. A. Hopuc u I'. A. Op-
WMHHUKOB ymocToeHsl JlenuHcko# npemuu 1980 T.
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B BI:ICOKOH TEMIICPATY bl IL1ABJICHU 2750 °C, HU3KOWN
- oeru 7o 2000 °C, Bricokoit TBepmocTH (8 MO MUHEPATIOTH-

%CKOﬁ ;..*;-"f-'-":j:'aﬂE) U 3HaqHTeHhH0H INEKTPONPOBORHOCTH NPH TEMIICPa-
Oﬁop}fﬂﬁﬂaﬁﬂe Ui peaiM3anyy meTopda (DHAH IMeeT CBOIO
crienupuKy- XOJIOJHbIE  TUITIM  BBINONHAT T[IYXOJOHHBIMHY,

Puc. 30. Cxema mneun yCTaHOBKHM JUIS BhRIpallMBaHUA MOHOKPUCTAJUIOB IIO
| meTony OUAH

e GyHKep ¢ mIMXTOH; 2 — Ho3aTtop; 3 — NMpHBOJ H03aTopa; 4 — XOmMOoOHbIN
Turens; 5 — KOJIEKTOp MOABOLA M CIIMBA BOABI; 6 — MHOYKTOD; 7/ — cexIim-
OHMpOBaHHOE NOOBMXKHOe OHO; & — dukcatop gaa; 9 — BHUHTOBBIE Haphl
Nepemenienun turna; I0 — npusox ycranosouHoro mepemenieHusi; I/ —
MydTa; 12 — npusoy pabouero nepemerieHus

30

4
|
|
E

gBTOpaMH  pabOThI [34].
‘BOIOMONBON M ChEMHBIE CEKIMM. ITO MCKJIIOYAET HAJIMYME IIOXKApO-
\QACHBIX LUIAHTOB M NO3BONAET JIETKO 3aMEHATh CEKIMH, TpeOy-
-__mﬂ_{[fle PEMOHTA.

:'accqﬁtraﬂﬂbmm Ha CaJiouHBI¥ npoiecc muaBku. llocne 3aBeplICHNUA
SaBKHU GJIOK KPHUCTaJUIATOB HEOGXOMMMO U3BJIeYh U3 THIJIA, HOITO-

My MOCITIETHUN JIOJDKEH ObITh pa3beMHbIM. Hauboree yaauyHOM Clie-
gye'r MpU3HATh KOHCTPYKUMIO TUrnA (cM. puc.21), CO3[aHHYIO
Turenp uMeer HOHHBIA KOAaKCHAJIbHbBIU

. (Cxema neum ImokaszaHa Ha puc. 30. Ilockonbky mneub OJIKHA
.:@5€CH6‘{HTB HalJIaBJIeHWE BaHHBI 3HAUMUTEIBHOrO 00OBEMa, TO B HEH
[pelyCMOTpEH eMKHH OyHKep I ma umxTel. BeICTpOE YyCTaHOBOY-
Hoe M Me[UleHHOe paGouee TNepeMelIeHHe THUITIA OTHOCHTENBHO
HENOIBYKHOIO MHAOYKTOpa 6 06ECIedYeHo pas3/iesibHbIM 3JIEK TPOIIPH-
BQI{OM 10 w 12. JInsa 3aumdThl NepcoHasia ¥ 000pyoBaHUa OT MOIII-
HOTO TEIUIOBOrO W3IYYCHUs BAHHBI MEUb MMEET BOMOOXJIXIACMYIO
Kamepy, KOTopad OJHOBPEMEHHO TO3BOJIAET CO3/aTh KOHTPOIHPY-
gMyt0 aTMOChepy npH HOPMAJILHOM JIaBJICHHH. Ileur BMecCTE C reHe-
paTopoM ¥ annapatypoil YNpaBJieHMA COCTaBIAKT YCTAHOBKY
”Kpncrann 401 — buaHuT”’, KoTOpas moapoOHO omucaHa B [36].

11 W3YYEHWE AUATPAMM COCTOAHUA OKUCHBLIX CUCTEM

B{}SMGHCHOCTB ucnonb3oBanua UIIXT mns ucciefoBaHus guarpaMm COCTO-

| a:HmI OKHCHBIX CUcTeM 0a3upyeTcs Ha CleOyoLMX XapaKTEepHBIX 0COOeHHO-

CTSAX IUIaBKM

" 1) Ha sBNeHUM HalpaBJICHHON KpHUCTAIUIM3alMU OT nepudepuu K TEIUIOBO-
MY LEHTPY ;

~ 2) Ha BO3MOXHOCTH OCYILUECTBUTH 3TY KPHCTUUIM3AIMIO B PaBHOBECHBIX
u HEpﬂBHOB eCHBIX YCIIOBHAX IO XeJIAHUIO 3KCIepHMEHTaTopa,

'3) Ha ycpedHeHHMM COCTaBa BaHHBI IO 00BeMy B JI000H MOMEHT BCMHE[-
70'1'.31»13 iepeMellMBaHuA U JUDDY3UH.

. UssecTHO, uTO eciid B OuHapHoM cucreMe A—B (puc. 31) XMOKOCTH CO-
mana I KpucTanuM3yerci B PpaBHOBECHBIX YCIIOBHAX, TO TBepHoH d¢a3on
ABJIAETCA O-TBep/ibli pacTBOpP, OTJIIMYHBIL OT COCTaBa MCXOOHOU >XUIKOCTHU.
Ecri B BaHHY He IIOCTYIaeT IMXTAa, COCTAB XMUIKOCTH H3MEHACTCA OT TOUKHU /)
O TOYKH 3, 2 COCTaB KPHCTAUIOB — OT TOYKH 2 mo Touku 4. Ecnu B mpoiiecce
.'.ﬁHCTanmiaamm paciilaBa LmXTa cocTaBa | mocTymaeT B BaHHY H o0BeM
Tocnnenuell He u3MenseTca (MomoOHO TOMy, Kak 3TO NIPOMCXOOUT NMpU 30HHOH
INIaBKe), TO COCTAaB PAacCIUIaBa M COCTaB PaBHOBECHBIX KPHUCTALIOB O cTaOusmM-
3MpyeTca B TOYKax 3 U 4 COOTBETCTBEHHO.

Ecinu Ta e »MOAKOCTh OymeT KpUCTANIA30BaThCA B HEPAaBHOBECHBIX yCIIO-

- BUAX, O/M3KUX K 3aKajKe, To 6e3 MOCTYIUICHUS IIMXTHI B BaHHY KpHCTAJLJIH-

3aIMSA 3aKOHUMTCH IIpH 3BTEKTHUECKOH TeMIepaType MM [aXKe HHXC €6,
T. ¢. ¢ GONMBILIMM IepeoxIaxkaeHneM. B TBepoM COCTOSHHU OynyT HaXOMUTECA
KpUCTaiIhl NepeMeHHOI0 COCTaBa OT TOUKM 2 OO0 TOYKH O M 3BTEKTHKA CO-
CTaBa Touyxku £, mpedelbHOe KOJMMYECTBO KOTOpPOH B MPOUECHTAX ONPEACIMTCH
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COOTHOILEHHEM | (7-8)/(7-E)] 100%. Ecniv B BaHHY MOCTOSIHHO IOGaBIIATY
nmxTy ¥ He MEHATb 00beM pacrimapa, To npu 3aKaike KUIAKOCTH Oy AT KpHc-
Taru30BaTbCA HEPABHOBCCHLI mepechinieHHBIA (- TBEpAbI pacTBOp COCTaBa
TOYKH 4.

Ecnu COCTaB MCXONHOTO cmaBa II mpuxomuTcss Ha SBTEKTUYCCKYIO T'OpH-
30HTab AMArPaMMEL, TO paBHOBecHol chasoit cHauara OYyACT Q-TBEPABIA pac-
TBOp NEepeMEHHOT'0 COCTaBa OT Toyku 5 o TOUKH 6, 3aTEM IBTCKTHKA COCTaBa

E. DBTeKTHKa TaKike OyHeT xpucrannuzoBaThcs H Ipu OCTOSSHHOM [1006aBie-

LHOM HaluiaBJie-
6 — 11l pona;

'
2

5 &
i B BaHHY IIMXTBI cocTaBa II. E 2
- [Ipu HEpaBHCBECHOH KpucCTayumsaumm croraa II 6e3 no6aBrieHUs LIMXTE] S —
xapTHHa NMOBTODHTCH, HO 3BTeKTHKM GydeT OTHOCHTENIBHO OOnbllIe, Y€M IIpH % |
PaBHOBECHOH KpHCTAIUIU3ALIMH, 2"
a wuMeHHo: [(9-11)/(9-E)] -k
r 100%. Ecimu Xe ILIMXTY BBOOUThH E_. ‘gg N
I I B IUI4BKY, TO B YCIOBMSAX 3aKall- =9 E
e :1 i Ki OyHeT KpHCTa/UIU30BaThCs % ’-é ©
2% ’ | 3BTEeKTHYECKAsA CTpYKTypa Co- é y a
: | Xudkacmes craBa Toukd 11, cocroAumias us o & o
L g HepaBHOBECHBIX KpHCTAIUIOB { S 8 o
e N, L 10 ¢ | S @
| ) Sy O i
] A N3 3mUX paccyXOeHuu Cie- o E |
N AYeT, YTO eCJIH XHUIAKOCTb II0- E g o
L) : - CTOSIHHOIr'o cocTaBa (' KpHUCTal- S s
o 9 /6 11 £ IM30BaTh CHAYaJia B HEPaBHO- . %E
: ¥ 38
o atf E pra Puc. 31. K mosicCHeHUI0O paBHO- = g"a
| i d . BecHOH W HepaBHOBECHOH KpHC- E = §
A B TaJIJIN3a1lM4 paciuiaBa % & .
&
_ 2 S 2
BECHBIX, a2 3aTeM B PaBHOBECHBIX YCIIOBHAX, TO MOJIYUYHM MHUKPOCTPYKTYDY, ‘ QB E
B KOTOpOM HEpaBHOBECHasd YaCTk MMeeT (pa30BhIi COCTaB CyG6COIMIYCHOM | _‘5 5 =
0QacTM mMarpaMMel IIpy TeMIlepaType CONMYC AaHHOTo cocTaBa C, a paBHO- s ¥ 4 < 3= 5
BECHasA 4acTb MMeeT (hasbl TaKxke CyGCONMMIYCHON 06NacTi, HO MpH TeMIepa- il AU At - S =2 D
Type JmkBuayc. Ecnd mnonoOHol IBOHHON" KpHCTanjM3aliy IOABepPrHyTh e . ‘; X 5 E*f,
HOCIENOBATENIbABIN pAJl COCTaBOB OT A 110 B, T0O MOXHO NOJIY YA TE IIpelicTaBJIe- vt e~y s e s E =
HHE O mpoleccax MepBHYHOW KPUCTAJM3AMHM BCeil CHCTeMBI CIUIaBoB. Ilpo- el oL el T e N e 3
IecChl BTOPWYHONW KpHCTAIIM3AMM MOTYT B KAaKOW-TO CTelleHH ’’CMa3aTh’ — N | >
KapTHHy NepBHYHBIX MpEBpAILEHHH, HO B YCIOBHMSAX 3aKATKH BTODHYHASA 3 SN -
- KpucCTamm3sanyus HUKOT/1a IOJTHOCTEIO He TIPOM CXOJIHT. 1 T - |
HenpeprmHo-nocienoBaTenbubii crioco6 UMTXT no3sonser IIPOBECTH IUIaB- ! = i

Ky YIOMAHYTOTO pslia COCTaBOB MOCIENOBATENIBHO OMH 3a APYruM B 0 Gumi
Ook. Ilpu srom mpedbImyIwit COCTaB JHMINDL HA MAIOM yuacTke Olmoka oka-
SBIBAaeT BIMAHWE Ha KOHUECHTPAUMIO CIUIaBa Cefyloniero cocraBa. Ha puc. 32 | . |

{IDUBENIEHO YeThIpe NMpUMepa MOCIEHAOBATENIBHOTO HAIUIaBJieHUA B OOWH GIOK | ~ O Y 9 it

Puc. 32. UamMmeHeHHe KOHICHTpalMK pa
HUM LMXTHI MepeMeHHOI'0 cocTaBa B OH

| 5 el
. i | |
HIMXTEI IepeMEHHOTO COCTaBa Hayu 6oNnee TUIMMYHEIX GMHAPHBIX CHCTEM. v : L |
b ———— - -
IIpouecc NpPOBOOAT clieAyoimMM ob0pasom. IlepBoHaYaibHO M3 HIMXTH L. | i !

' | [ X
‘Hécl‘_om KOMIIOHeHTa A HaIUIaBJIAIOT 3aTpaBoyYHbHi yuacToK. Ero uccnenosanue _E___.}..-::JI._ ~<t-b - gilb--m = x
OOBIYHO He mpeCTaBiIsAET MHTEpeca, MO3TOMY KOHell 3aTpaBOYHOIO Y4acTKa 'u::.{cE Talg ' ! ! b oo 000
ABNACTCS HayalioM MCCIIEAYyEeMOTIo acTKa | G “

. ny ydacTka Onoka, T.e. Toykod (. 3Bartem NI TN

BaHHY COCTaBa A BBOJAT NEPBYIO U3 YIIOMSHYTOT'O psifia IIIMXTY C COCTABOM -k).;.\\ ,.. NN N _
C;. Ee xoymuecrBo JOJIXKHO OBITH IOCTAaTOYHBIM, YTO GBI pa3GaBUTh KUOKOCTL | il o i T o .
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A, BBIKpUCTAUIN30BaTh B GJIOKE y4acTOK IepeMeHHOMH KOHIICHTPAllH ¥ BTy
Ha y4aCTOK NOCTOSHHOH KOHUEHTpamuu (. OGBMHO BBICOT2 TAKOTO YUaCTkj
1,5-2,0 pnamerpa 6noka. KpucTanmisaumio ocyecTBisoT OBICTPO, B PEXHMe
3aKkayiky. CKOpOCTh HallIaBJIeHWSA BenmMka (5—10 mm/muH). Ilpu 3T0M B ci.
creme ¢ muarpammoii 1 poaa (puc. 32, 2) kpucranmM3yeTcsa BTEKTHKA Hepag.
HOBeCHBIX (a3 4 + B. B cucreme ¢ muarpammoit I pona (puc. 32, 6) KPUCTa-
JIN3YeTCs HEpaBHOBECHBIM IEPECHINICHHBIA Q-TBepabli pacTBOp. B cucTeme
¢ puarpammod IV poma ¥ MHKOHIDYSHTHBIM IUIaBJIEHMEM CoedMHEHyus
(puc. 32, 6) KpPHUCTAUIM3YETCA CMECh HEPAaBHOBECHBIX (a3 Q + 7. Haxoney,

B CHCTEME C NEPUTEKTHKOA (puc. 32, 2) Tak xe, Kak B cilyyae (puc. 32, 6)
KPUCTA/LTM3Y €TCA MEPECHIEHHbI! Q-TBepaLI pacTBop. }

[Tocnme HamaBNIeHUsA OIIOKa yKa3aHHOW BEHICOTHI MOMAAYY IIMXTHI U CKOPOCTE
KPUCTAUIM3ALMNA DPE3KO CHUXKAIOT, 2 BaHHY BBIICPXMBAIOT NP HEeM3MEHHOM
pexyme N0 yCTAHOBIICHHS paBHOBECHBIX ycioBuii. ITay3a mosxHa GBITE HOCTa-
ToyHo# (10—15 MuH), YTOGEI MpoLECCHl TeIUIo- H# MacCooBMeHa CTaOUIM 3UPO-
BaJIUCh. JepPKaJ0 pacIUlaBa B 3TOT NEPHOI OKa3bIBACTCA OTKPBITBIM, U, YTO O]
BaHHa HE 3aKPpUCTAIM30BallaCh, €€ TeMIlepaTypy HeoOXOOMMO MOBBLICHTL
Ha 100-200°C. HecMoTps Ha vyBemMueHHe TEMIIepaTyphl, 06BbeM BaHHL]
COKpaIllaeTca ¥ M0 QPOHTY KPHCTAIUTH ALK o0pasyeTcs Cnod KpHCTAIUIMTOB
PABHOBECHBIX C paciUlaBom cocraBa (. 3TOT cnolf ouyepumBaeT BBPXHIGK;
Ipanuiy y4yacrka 0—1. Ha puc. 32,¢ BupgHo, uyTo IIEpBBIi paBHOBECHBIA CIIOU
COCTOUT H3 KpPHCTAIJIOB KOMIIOHEHTa A4, a B OCTaJIBHBIX CHCTEMaX — 3TO
PaBHOBECHBIM Q-TBepIbIi pacTBOp.

3areM B TMIeNb 3aChMIAIOT IIMXTY COCTaBa (7, CHMXAIOT TeMIEparypy
BaHHBI H TIOBTOPAIOT IpOUENyphl GLICTpod M MemTeHHOH KPHCTAIIM 381U U
Tollyuas yuaCTOK /—2 HepaBHOBECHBIX M PaBHOBECHBIX da3. 3arem BB.CI:IIIaIO';
HMXTy cocraBa C'3 ¥ T. 4. 1O YHCTOT0 KOMIIOHEHTa B. KoHleHTpanu g »umakoc-
T4 II0 MEpE IUTAaBKHY KaXIOT'0 €0CTaBa U3MEHAETCH B COOTBETCTBHU CO CTYIEH-
HaTOH KPUBOH, u300paskeHHON Ha puc. 32, CTyNeHBKH KOTOpPOH €CTE COCTaBEI
BRIOpaHHEIX HMXT. ®a30BLIf COCTaB GIOKA MOKA3aH INTPUXOBKOM C yKa3aHueMm
@a3. Ha mpakTuke UACHTHOUKALMIO (a3 ocyuiecTBIA0T neTporpaduyeckym
AWM MUKPDOPDEHTI€HOBCKHMM aHAMM30M. IUIA 3TOro K3 KaXJoro yyacTka Oioka
BRIPE3AIOT TEMILIETHI, BKIIIOYAIOIIME PABHOBECHbLIE U HEepaBHOBECHBIE (ha3kl.
i elg:goﬁnaﬂ MCTO/IMKA XOTA ¥ He NMO3BOJAET NOCTPOMTH OMATPAMMY IIOJI-

“ThIO, OJHAKO MNO3BONAeT N
o OJIyUdTb CIICAYIOILIYI0O MH(POPMAIMIO O CUCTEMe

. 1) KoHUeHTpaumoHHEBIE 06macTH TBEpABIX paCTBOPOB H INpedeNbHYI0 pac-
TBOPHMOCTbh KOMIIOHEHTOB ;

2) COCTaBhHI CIUIaBOB, KOTOpEIE NMPpH MEePBUYHON KPUCTAUIM3AIUE UMEIOT
PBTCKTHYeCKUe MM HEPUTEKTHYECKIE IIPEB PallleHH S
3) COCTaBhI BTEKTHYECKUX U NEPUTEKTUYECKH X CIUIaBOB.
OueBnHO, uTO TOWHOCTE MHBOPMAIMH Tem BbINe, YeM MeHbIe pa3HUIA
;I:;grr COCTaBaMM COCeOHMX HMXT. JIoCTOMHCTBaMu METOOA HCCIIEHIOBaHUA
. o &

1) BrIcOKasg OIICPaTHBHOCTD, MO3BOJIAIOLIAS MOJIYUHUTD BCe (ha3bl CHCTEME
B OMHOM Oroke;

2_.) BO3MOXXHOCTE UCCII€IOBaHUA JIIOOBIX OKHMCHBIX CHCTeM 6e3 Or'paHHYCHU A
TEMIIepaTy pbl TMKBUHYC: |

3) OTCYyTCTBHE BIMAHMSA Ha pe3yJILTATHI IUIAB KU MaTepuasna TUTJIA.

K HefocTaTkam meTona cieflyeT oTHeCTH : |

1) oTcyTcrBHE BO3MOXHOCTH U3MEPHTE TeMIepaTypy ($a3oBEIX IpeBpaliie-
HUH, YTO He NMO3BOJIAET IOCTPOUTE MarpamMmy;
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1-'.'-_1"51‘1‘0651 NONYyY4uTh HepaBHOBECHBIE (ha3bl, HYX-

pyemoro coctaBa. OGbem ofHOW mpoObl paBeH
' 1,0-1,5 cm®, u B3iATb ee MOXHO C TOMOUIBIO

u puc. 22).
| MeTolla MCCeOBaHMA sABNAeTcA puc. 33, TAe

HBIi W3 LMXTHI
- CTeMe

" rmHO3eMa 0 oObemHOM ponu, paBHOH 35%
- MgO uepe3 xaxnabie 5%. UToObl OTIMUWMTEL OOMH

 Puc. 33. IlpomoneHOe ceuyeHue ONOKa MepeMeH-

2) 3HAUMTEBHBLIM pPAacXOl UMXTOBbIX MaTepUaJIOB, cocTapnawoumin 0,3—

ﬁ : -"-'::Ibis__-r(r Ha KaXXObIM MCCleAyeMBblil COCTaB;

3) Hanuyde MCKaXXeHUH (ba30BBIX MpeBpanieHuil KU3-3a YCTO 3aAKATOUHBIX

'y He YHCTO PaBHOBECHBIX YCIIOBMI KpUCTaIIIM3aluy.

" [lo moBoay NOCJIE[AHET0 MYHKTa 3aMeTHM, YTO OCOOEHHO TPYIHO ofecre-

sy

guTh 3aKaNKy paciuiaBa, Korja KpuTepuit Buo [cm. dopmyny (26)] mai,
mm korna xo3dduiuueHT (PPOHTA KPHCTAIIM3aALUU ktbp < 1,0. B stux ciuy-
. yasx moboe ceueHue GIOKA COHEPXKUT TOJBKO |

paBHOBECHLIC dasel Wi ONU3KHE K HHUM, WU,

‘HO 3aKanmuTh IpoObl paciUiaBa KaXOoro HCCIe-

MelHOM BomooxJIaxuaemol mypoBku (cMm. § 4

WimocTpaiidei  NpUMMeEHEHHsA  ONMCAHHOTO
Q0OKa3aH KpUCTAJUITMYECKMM OJIOK, HaIUlaBJIeH-
IIEpeMEeHHOI0 COCTaBa B CH-
Al,03—-MgO  (mmarpamMma KOTOpPOH
 XOpOLIO MCCIeloBaHa), HauMHas OT UMCTOroO

| yYaCTOK HAIUIaBJIeHMsi OT [ApYroro, paciulaBbl
npu Bhigepkke oxpammBam 0,1% Cry0s.
" TemieThl KaXAOi 30HBI ObUIM TOMBEPTHYTHI
. merporpaduuecKOMy MCCIIE[IOBAHMIO C  MJIeH-
. Tndukanveir a3 No NOKa3aTENAM IPETOM-

 JIeHUA ng U np*.

- HOTo cocTaBa B GuuapHoit cucteme Al203 —MgO

Ha puc.33 pasmuuuMbl Cleayoupe 3aKpUCTAUIM30BAHHBIC CIIOM: 1 —

Genbii KOpYHH; 2, 3, 4 — KOpYHI, OKpallleHHbI B PO30BBI L{BET pa3iMyHOHU
uHTeHcuBHOCTH HoGaBkamu Cr,03. KopyHp B 3THX YETBIpEX 30HaX HMMeEET

HOpMalbHble MOKa3aTelu NPeNOMIICHHS: 1y = 1,767 u np = 1,754. Cno#t 5 —

ApKO-OpaHXKeBEIA (Ha puc. 33 — 3T0 CaMblif TeMHBIH Y4aCTOK nmpuHoOu 12—

" 13 mm) npenmcrasnser coGoit cimaB ¢ 98-99% Al,O3. B ero cTpykTypy

- BXOJUMT KOpYyHHO C HOpMaJIbHbIMH MoKazaTensiMi MIpeloMJICHUA U €MHHYHBIC

3epHa mmuHem MgAl,04. Crioli 6 — cBeTNO-GexeBBIH, LIMPUHOH 10 MM
COOTBETCTBYET COCTaBY O9BTEKTHKH. B ero CTpyKType HOCHTH(MHUMPYIOTCA

* [lerporpaduyeckue uccnenoBanus nposeneHst JI. M. JlonoTo u 3. A. 3aii-

HEeBOH.
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Genbnit, tmMpuHoit 20 MM CoOOepxuT 75%
Cn=1,718u 1-2% ME€TacTa OUITBLHOI
JI0-OPAaHXEBBI U OpaHXeBLI, 06
COEpiXKaHue A1203 OT 75% no

LMHEeNIH ¢ n+= 1,718 u SBTEKTUKA Me
IOIIIEM K KOHILY GJji0Ka.

3
CPHa KOpyHIOa u LIMTAHENIM, a Takke H30TpPOIIHbIE 3€pHa [ICPECBILIEHHOrg

IBEpHoro pactsopa Al,O3 B MgAl,O, ¢ 1.7
3€JICH bIi, HMpUHOH 30 Dbl S Lzz'()?ﬁpgn;rgig
TBEpIBM pacTBop Al,O3 B mwmmHeny u umeeT 1,722 <n< 1,726

Ciou 5, 6, 7 nonyummucs I
L PH HAIDIaBJIICHUW ONOHOM MIMXTHI COC
Al;,03+5% MgO B BaHHY i C He;‘:iiﬂiiff

OKpackoii O o Oen
Oro u mmpuHort 70 mm. Comeprkanue
Al,03 B HeM MeHsieTcs of 95% no 80%. 30eCh NpeACTaBJIEHb: IUNUHe:.

;bx?i: i(;ZiaS; TBEpORIT pacTBOp Al,03 B LITMHEM, UMEIOUMA IepemeH-
Lol 13:1 OH 1,718 <n<1,722; “meracrabunpmas daza - Al,0
g 203) cng = 1,685 u p= 1,654 B KormuyecTBe OT 5% B }mmeg

HaCTH 1 10 10% B BepxHeit yacTy “JI03; eNMHUYHBIe 3epHa KOpyHHa. Cloi O _

Al»03. B ero coctas BxomuT LMW HEJIE
dassr § — Al;03. Crion 10w 1] — cger.
HICH IBMPHHOK 65 MM HMEIoT NIEpeMeHHoe
65%. 3mecy B CTPYKTYpe HMMEIOTCHA 3epHa

KLYy 3epHaMu B KOJIM4YeCTBe, BO3pacra-

B HammaBieHHOM Ol1oke

" U3 TPOWHHOM CHCTeMby Z10,—-A1,03-5105, KOTOpPYIO LIKPOKO HCHONB3YIOT

| I7IsL M3TOTOBJIEHHSA OrHEeYNOpPOB KIIAJAKH BAaHH CTEKIOBapeHHbIX meuei [37].

Ob6pexTOM HCCNeloBaHUM ObDIM BBIGpAHBI COCTABBI C COOEpPXAHHUEM KOM-

" noHenToB (M0 Macce) 5-50% Al,03; 25-90% Z104; 5-20% SiO,. B Heko-

| Topble WMXThl BBOmMwM 1o 1,3% CaO u o 2% Na,O. Hamasmisuim OlOKH
' ceuenneM 0,25X0,3 M, yTo MeHBIlIE MUHMMAJIBHOI'O CTaHIApTHOTO pa3Mepa

- 0,25X0,4 M u onpeliensanoch HeJOCTATOYHONH MOUIHOCTBIO IeHeparopa. Crap-

. In3aiyu. JIaHHBIC XMMHYECKOTI'0 U CIEKTPATILHOIO

. pacmaBa. Bce o0pa3igr umenu TpellMHEL, TaK KakK

. TPEIIMHOBATOCTh, OJlHaKO COBCEM M30eXaTh Tpe-

TOBLII HAarpeB OCYLUECTBIISUIM CKUTAHUEM AJIIOMUHHUEBOM CTPYKKHU UM U CIOJTb-

© 30BaHMEM DOJIEKTPUYECKOH AYIrd MOUIHOCTBI J0 20 kBT. BbhUmM HaIUIaBIIEHEI

6ioku BeICOTOM 10 0,65 M. BHelIHSASA MOBEPXHOCTh
O/IOKOB HYX[ANack B mexaHuyeckot obpaGorke ..
M3-3a HAUTUYHUA CIIOSA ClleYyeHHOM ILUMXTHI M HATEKOB § = u i .-

HE IPOXOOUIIM TepMooOpabOTKY IMOC/e IUIaBKH.
JlobaBKHM cOOBl U Mena B LMXTY YMEHBIIANIH

HIKH HE YIA4JIOCb, HYTQ CBHIECTECIIBCTBYET O MOBLI-
HICHHOW CKOPOCTH OXxJjia)KOeHUs IOoCie KpuCTal-

AHAJIM30B MOKa3aJId ynoBJIETBOPUTEIIBHOE COOT-
BCTCTBMEC XMMHUYECCKHUX COCTAaBOB OJIOKOB M UCXOM-
HBIX LMXT, a TaKXxe OIHOPOOHOCTE OIOKOB
no mmHe. HaGmioganock ymeHbllIeHHe copepa-
HAA KpeMHe3eMa B cpenHeM Ha 0,5-1,0% Bcnen-
CTBHE€ HEKOTOpOIro wucnapeHus ero. OTkpbiTas
. nopucrocTh KoJebamace ot 2 mo 5,0% B 3aBHCH-
. MOCTH OT COCTaBa Y pexuMOB IDIaBKH. Jlyulme
- oOpasitbl WMeNU HYJEBYIO MOpUcTOoCTh. [leTporpa-
(rYecKHe HCCIEeNOBaHus MOKa3aId HaJMuYue Tpex
OCHOBHBIX (a3: OamenenTta, KOpyHOA M CTEKIIa.
B oOpasuax c conepxanuem Gonee 70% ZrO,
UMella MeCTO APKO BhIpa)KeHHasd [OeHOpUTHasA
JIMKBallMA, KOTOPAadA Bcerja sABJIAETCA CIEOCTBUEM

Puc. 34. HannaerneHue Gpyca KBaZipaTHOTO ceye-
Hud 0,12X0,12 m. MaTepuan — MyJUIAT

HepaBHOBeCHOM KpHcrayum3auuu. B o6pasuax ¢ 50% Z1r0 ) noMMMO 3BTEKTH-
YeCKO# cmecH OamJiesrenTa M KOpYyHIOa HaGniogamMch NMepeceKalolmecs Lenu
OappelienTa. Hamuuie kapxaca TyromiaBkodl ¢a3sl OOBIUHO YBEMUYMBACT

o nepugepuu BaHHLI,
CPaBHHUTEIIEHO MaJThix f.

0lloka — 6pyca us MYJIIIUTa

KBaJlpaTHoro cevenus 0,12X0,12 m.
OcHoBHEIE TpeboBaHu1, :

[TOPUCTOCTH, TPeUMHOBATOCTH
IIOB epXHOCTE

BaHHe
Oroku-6pyces 6GbUH Ha-

IIEPBBIX IKCIIePUMEHTORB Oolipeneinun

C TOHKHM U IDIACTHYHBIM FapHUCAaXeM

bpyc umeer 10 e CeYeHue.

[
.'.

Y
b
|

I.t:..‘-"!.-'.'_; g e, iy e
By >

KOPPO3UOHHYIO CTOMKOCTH OTHEYNopa.

IbraBku nmpoBoaunu Ha vactoTe 1,76 MI', moTomMy 4TO IpH MCIOJIB30BaHUK
5,28 MI'y cepaueBrHa 6j10KOB OKa3bIBalIaCh HENPOIUIABJIEHHON. DTO 0GBIACHS-
€TCA CHHIKEHMEM COs ; TpH SPKOM MOBEPXHOCTHOM 3(pdeKTe B TUIIIAX
Oonsuioro ceyeHus. Huskuit cos ¢; onperenseT HeOGXOMUMOCTH BHICOKOIO
HampsXeHUA Ha HHOYKTOpe, KOTOopoe reHepaTop obecrnieunTh He MoXxeT. Henpo-
IJ1aByieHue CepAleBHHBI QIIOKa MOXXHO OOBSCHUTE TaK>Ke IUIOXOHN TeIulolepena-
Uer oT nepudepun K UeHTpy caaky TMITA. Takas e KapTuHa HabJoaeTCs Npu
[TONBITKE HAIUIABJIATh Goxu ceueHueM Ooree 0,3X0,3 m Ha yactote 1,76 MI'LL.

Insi Toro 4ToOBl yBenuuuTh MONEpeuHble pa3mephl HaIUIaBiIsieMOro Ormoka
0e3 CHUXKEHUA YaCTOThHI U 0OecCreunTh NIpoIuIaBJIeHue CepaueBHHEBI €I'0, MOXHO
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MEHJLY THTTIEM U OOPHOM. YCoBus ycneumHoro

" HOM mnaBxu § > Az, @3> A,, e §

B KoHCTpykumum popna- OOJIXKHEI

OBITE MpenyCMOTpeHEI: 1) konyc-

. HOCTh KHu3y B 1—10%, 00ycioBen-
Hasl yCankol ciuTka IIpH oXJIaXKIe-

 HMM; 2) BO3MOXHOCTE pPa3bopku Ha

mis BeIGopa OIITHMaBHOT'0 YpOBHSA
. YCTaHOBKH HX; 4) SKpPaHHPOB K2
. IDIaHIOB, IOBOAAIMX BOAY K mop-
- HY, TaK Kak OHH IepeceKanT 30HY
- 00nyyenus c IIOBEPXHOCTH pacIuiaBa.

.~ Puc. 37. INIEMEHT apouHoro My dens
- pasmepom 0,22X0,22 M uz KOpyHia

B Hee MOrpyxaioT ROpH. Kpucrammsanus
BECHBIX YyCIOBHSIX Wu3-3a3 HHTCHCUBHOT'O TEIUIOOTBO

TEJIHBIX HATIPAKeHUH ¥ TpelmHoR aTOCTH.
IIpumepom pesynrrarta INIABKH B 3a30pe ABNsgeTCs APOYHBI Mydens
H3 KopyHpa [16], anemeHT KOTOporo nokasaH Ha puc. 37. HapyxHgre pPa3meprl

Prc. 36. Cxema Heyy

— COHYCHBII nopy. 2 _ ,
Pacmmag g 3a3ope;, _53 — HHOVKT : | HOH ocu. Takum o0pa3omM, omerr H3TOTOBNeHus WUIIXT IPOQHIHPOB aHHEIX




] i:’ff?&'ﬂagoneu, ciielyeT yKas3aTh, YTO B OTIIHUHME OT TOpPIIKOBOH CTEeKJIOBapeHHOH
. The OTXKMT CTeKoG/IoKa MPOBOAAT B TOM XK€ THITIC, B KOTOPOM Ba:f}?cﬁ
4710, ¥ TpM TOM XX€ HarpeBe, B XOJIOIHOM THIJIC HpH HHOYKIHO L
eBe OTHMI CTeKIIa HeBO3MOeH. Kak TONmbKo MpH OXJIaXCHHM Pacil

13. UHAYKUMOHHAA BAPKA CTEKNA

HUsI WHCTOTHI CTeKIa. OIHAaKO Mo3xe MosBHIACE HHAYKIMOHHAs BapKa cfema

B KBapHeBhIX XOJIOMHBIX THIVIAX, KOTOpEHIE mpemHAa3HAYAIHChH cyrvoo mng

cﬁecueqem: Ht:{nhc;;ql;:rl; NOBBIIICHHA TeMIlepatyphl Bapku [ 39]. Bapka crexiy

C MHEYKIHOHH) CBOM B METAJUMYECKHMX XOJIOOHBIX THUITIAX OIM

B pabotax [ 6, 40, 41]. "
Hcnons30BaHue XONMOOHEBIX TuTilelt OIipenenser pag ocoOeHHOCTel TexHo.-

F

JIOTMHM BapKH CTeKna. Ilpexrme Bcero xommoneHTEI B BHIE coJiel He romsitcy

CTEHKaX XOJIO/IHOTO THITIA M 06pa3ywT wucrory, KOTOpas B3aMOIeHCTBYer
C Me[Ipio THITIA. Honanas B miaBky, coeminenus MEH oxpauuimlor CTEKIIO
Hammy 230THOKHCIIBIE COMM HOJMHbLI OBITH MCKITIOUEHBI M3 IIAXTLI. Ecm
B KaUeCTBE€ KOMIOHEHTOB HWMXTHI HCHONB3YIOT YITIeKHCIbIe COIH, TO Mpo-

¥

i JaCTaBIIACT NPH COCTABNEHMM LIMXT HCHOMH30BATH TONLEKO IPOCTEIe
_ Hpyroit ocoberHocTIO Bapku cTekna sBngeTc 10, 4To OGBIMHbIE TIPHEMEL
CTapTOBOT'O HarpeBa He IPHI'OMHEI 1A MHIYKIMOHHOHR BapKH CTEeKJI2, TAK KaK
He olecrewMBaloT Heo6XOmMMOro o6nema CTapToBOH BaHHEBI MU GO aa;pﬂanﬂmr
CTeKNo. Bapky Gecuienmoumsix BBICOKOTEMIIEPAaTYPHEIX CTEKONI MOKHO Hauy-
alb C HHOYKINHOHHOH IDIaBKH CaMoro BBICOKOTeMIIepPaTypHOTO oKHCIa
3313!*'!, II0 Mepe BBEJEHHSA B IDIaBKY IPYIYMX KOMIIOHEHTOB, CHUIKAIOT TEMIIE:
:_0 pac:nana B COOTBETCTBHHM C H3MCHEHHMEM TeMIepaTypEl JIMKBHAYCA.
O VLA HICTIOYHEIX CTEKOJI 3TOT MpHeM He MPUIONeH, TaK Kak TIpH BBE-
AcHHH COJiell ILIENIOYHBIX MeTAJIIOB B BBICOKOTEMIICPATYPHYIO BaHHY OHM
HCIIAPAIOTCA GBICTpee, YeM PACTBODHAIOTCH B Heil. [losromy HawmmaTe miaBky ?'“=
| ;‘:Imx CTEKOJI CICLYET C pacIIaBIIeHUs JIETKOIUIaB KHX KOMIOHEHTOBR, 2 3aTeM 5
. G‘acg;;l::mﬁonee TYTOIUIaBKHe, MOBBILAA NOCTENeHHO TeMIIepaTypy BaHHEL. 1?
~ Crap HAIrPEB JIETKOIUIABKHX COCTABIIAIOMMX MOXHO OCYILECTBIISTE ¥ '
- PaCIIaBNIAA HMX TIpeBAPHTENBHO B meuw COTMIPOTUBNEHHA WU HEHOJILS_V; e O THIJIA [Uif BApKH CTEKJIA

g i Puc. 38. KoHCTPYKIHA a/IOMHHAEBOT i
] _ cexnux U3 Kpyrno# TpyOxu; 2 — pacriOpHbIH KOHYC; g = F““M‘“ﬂi
" omopsbii XoMyT; 4 — CcTHXKHOH GONT; 3 7 YOO SO B AU

: -Hpm:;lmoqﬂm HarpeBarenk MPAMO B XOJIOOHOM Turjie. B Ka4yeCTBe MMpome-
 XKYTOYHOIO HarpeBaTens PCKOMEHyeTCA MCNONBL30BaTh CTEPIXEHb M3 HH3KO-
OMHOI'0 KpeMHHA, 3aNagHubIl B KBapueByIio amMmyny.

KOCTEIO paciliaBa, KOTopax 3aTpYOHSA &
CT KOHBCKTHBHOE M 3MEeKTPOIMHAMMYE- B
:K_oe m}peMeHMBBaI-mg H TIpENATCTBYET NPOLEcCY OCBEeTIeHUS Tgol‘omore}mn g E;QTIETPQHPOBOIIHOPT er:cl::} Crexno6oK HATMHAET HHTEHCHBHO OXAXAATECA.
CTEeKI1a. | HBI HarpeB INpeKpal@cTCH. - i e
Rmo o [6] 1A nepemenmBanus pacnmnaBo crexon cucremn: | = S eT HeDEMECTHTH H3 XOJOJHOTO THIMIA B OTXATOBYI Hews [0 TOTO,
2V3—-Al303-8i0,, rme R=Sc, Y, La wm pPeaKO3eMeNbHEI MeTarkT i tro cienyeT mop 700—-670 °C. B npoTHBHOM CiIy4ae OH
PCKOMEHIYeTCA MCIONB30BaTh BOMOOXIIAXKIAEMYIO MEILANIKY, KOTOopas . " Kax OH OCThIHET C MOBEpXHOCTH JO 1 e o ook
pacTaeT rapHucaxxeM. OmHaxko Haymuue ; : ) . paspyumrcd TNop HeACTBHEM TepMOYIpyIH aIpsiKeHHH. - |
- ; afMeHTa TeMIl TR Y ' | Th He MeHee 8 U
00ycioBNIeHHOTO MpHCYTCTBHEM xonm?ﬂro TeJia BHepa;yp i B muarverpon 1o 0,15 M K maccoft Ao 3,0 KT CHCIYEY npr?:::: HOHHO BMecTe
OTPHLATEJIBHO CKa3aThCA Ha KAUECTBE MepeMelys amﬂﬂﬁo;camﬂﬂymn; e " CHauasia H3MEHSS TeMIepaTypy Ho Nporpamme, a ToTo °P ’
: = - e c G I"' ; !
::grm:ﬁ 1CIIO/IB30BATE JMIIL'B Hayalle MPOLECca TOMOTeHH3AHH 3m;§§f; e Q?ammmezzzglﬁzkm UMeIOT KOHCTPYKTHBHEIE OT/IHUMA: 1) B MeIHBIC
. POLIECC ClleflyeT BBIIEPXKOH BaHHLI : | B lnnm WA
- H HEeKOTOo S CTeKJIomMaccy oT
PhIft OTpaHuYeH TemmepaTypoit 06pa3osanus 1;2‘0 WYHBIX Cmso " Bg ik il ' Tur BHYTph BCTABNIAIOT KBApIEBLI CTaiad, gl OKHCh KOTOpOTO
- i P y3bIped.  OkpacK# MeaBl; GO THITIH K3rOTaBIHBAIOT M3 aNnOMAHKA,
90 i3 91




:e q;;cnpamaer CTeKJIO; 2) CeKUMM THIJIA BBINOJHAIOT U3 KPYIVIOH TpyGxy
| O cexlui BBIOMpalOT CornacHo pexomeHpammu (100) c mensio HCKmo:

tm L ]
Tb NPOOOH B 3a30pax; 3) TUITIH BHIIONHAIOT pa3beMHBIMH, YTOOHI MMery |

BO3MOXHOCTE OBICTPO
S fosiaass Yo mICT?)POH::;I;:aTL Oiiok crexna mua orxwura. Ha puc. 38 noka-
Ilpe
oo s KSR T ach, D pabor | 1 s o
TUurme. B pabote | IUISA 3TO
Ef:f; p:’:):ea%imm;j:;goc :mamaemoro TUTIJISL BBIOIOTHUIIA JOHHOE (]JTB ep cm:f
HOI'0O MeTaJNIMYeCKOTO cn;ﬁinbgm” 3aTBOpOM B BH[e TPYOKH H3 XapOIpou-
IHOHHO  CIEIHAEHbIM (BTOP.LIMI;H RiipaQotye TpYoRy taorponain Runy.
MPO6KA M3 3aCTHIBILENO CTEKT HHOYKTOpOM, IIpH 3TOM PpPacCIUIaBIIsIIACK
e s e T a, KOTOpas 3aKynopuBana TpyOKy, H CTEKJIO-
B JaHHOM ClIy4ae OCTaBISTH HaK WC Kak H Ups TaBke OKNGIOB Ha BAINYCK,
i e RapEs 16 HathaT:KDTopoe KOJIMYECTBO pacIuiaBa B TUITIE, YTOOKI
S CO CTapTOBOTO HarpeBa.
R L D e Tﬁm, 4TO JNEeKTPOIPOBOOHOCTh pacCIllaBa CTEKIle
OnpenensaoiummMy Ko MIIOHBH: O OT TeMIIepaTypEl, HO H OT COCTaBa pacIUIaBa.
1 KpeMHe3eM, [loaTomy ka :ID;H B o O
BaTk B IpedBapUTEIBHBIX AITEIE BOBLEL COCTSB TSNS NPHXOIMTCH HCCTIE/I0-
HOT'O nMaMeTpa XOJIOOHOI0 QTECHGPHMEHTEX C HOCIBIO OIIPEOCJICHUA OITHMallb-
Harpesa. IJIA U SNEKTPHYECKOr'o pexxMa HHAYKIMOHHOIO

14, BLICOKOTEMMNEPATYPH
ek PATYPHBIA PALUALVOHHbIA HATPEB

Hanﬁznuj:rf ;Hinfaﬁaﬁﬁﬂnmrr ot s simg oo v o i
2500 °C Ha Bo3myxe WM nﬂrﬁxﬁmiﬁﬂiﬁi 061;:,1‘03 4ﬂ20 M,
) ' £ - aIMoc@epe . Mo T
mﬁ?ﬁm?;::ﬁ?:?:” . e, CBO[ﬁC'I'ﬁM u;i;;r;
HCIIOJIb30BaHU A HHXTPI;TOH Pacinasa. B NEpewMClIeHHLIX paHee NPUMepax
HEJIOCTATOK M CTAPATHCH B WHOCTE Pya;y PaCCMATPUBAMM KaK HeH3GexHbiit
S0 i v i e U TOMRSRRIDY Pacntmms,
OpmHako ecnu y:IZCTB s W AN S
00namamoT oYeHs Bmcoénqsonnmmm SOSEpH © OBCPXHOCIN SCPRAIA BAHHLI
5 -10°® kB1/M? u aGcomoTH OTEHITMAJIOM, C YMENBHOH MOIIHOCTEIO 5+ 10% —
HO IPENICTaBUTH, UTO 3T il e e T SRS MDY
CKOMY HA3HAYEHHIO y ) Tegﬂ b oson ot st e 9 el
i Afwe Tennoﬁmﬂﬁc ctBa MIIXT, B KOTOPEIX MPOMCXOOMT He HPOCTO
SHEPIWHM OIITHYECKOI'o H OTCeph, HO NEICHANpPABIICHHAS reHepal|sa JyuMCTOH
IPenCTaBIIgIOT coGolt HOB Lﬁ@paxpacnom AHanasoHa BomH (0,4-400 mxm),
PACIUIaB OKHCNA SBIAETCS KJ1acc meyedl paqMalMOHHOTO HarpeBd, B KOTOPAIX
HUTHOro mnonf. ITockoimk THII> NPeoOpasoBaTelleM SHEPIMH JIeKTPOMar-
T€pMHH OCYLIECTBIIACTCA y: HOROOHoe npeoGpasoarme mis menci snexTpo-
Boit), TO cleyer mmem’ll‘{b ?'nigﬁ?ex METOPAX HALPERS. (PeMCTHDMIHR, HyTO-
B IIOJIe M3/IYYeHHS PACTUIABA OKHCIIOB - IpEMYIIeCTBa palMallAOHHOT'0 HarpeBa

1) ocymecrBns
eTCA B OKHCIMTEIbHOM
[Mana3oHe TeMIIepaTyp: SEMOCTONG R0 el MU sO

2) He HMeeT
IIPHHIMUITHUAITBH BIX
Harpesa: OI'paHWYCHHH IDIOUIadH I[IOBEPXHOCTH
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1

&

T

| 0OBEKT Harpesa;
~ 6) 30Ha Harpesa CIO
. 7) BhICOKaA cTaGUITBHOCTD JIy UM CTOrO NOTOKA;

: MeCTUTE (YTepOBKY, -9KpaHbl H BCI
| ppraHM3alMy TeXHOJIOTHHYECKOro npoiecca.

. panyueHMA MOKa3ajM, YTO JIyWIIMMH Xapax

JOCTMTHYTBI TeMIlepaTyphl paciuia-

. panyuenmsa pacmiaBoB  AlyO3 M
. Y,03 or TemmepaTyphl, MOCTPOCH"
. Hple N0 pe3yNbTaTaM H3MepeHuA
| JyuMCTOro MOTOKa C MOMOUIBIO HPO-
| TOYHOTO CTAlMOHApHOTO KallopHMeT-
" pa. OTHOIIEHHE M3MEPEHHbIX YJIE/Ib-
| HEIX MoUIHOCTe#t K  MOIIHOCTH
" panyueHus aGCOMIOTHO YEPHOTO Tena

 Puc. 39. YnensHble MOIIHOCTH H3NTY-

e Po — MOIIHOCTS,
- Y203 kyan cOCTaBHI
-~ 0,38. Cnepyer OTMETH
- noB pacmwiaB Y03 0

. TrpeBaeMbIX Telax.

3) He 3aBMCHT OT EKTPHUCCKUX U MATHUTHBIX CBOHCTB 00BbeKTa HarpeBa;

4) umeeT HeorpaHHUeHHBI! CpOK iy kOBl HarpeBaTels;
'§) mpu COOTBETCTBYIOLICM BbeIfOpEe OKHCIA NPAKTHUYECKH HE 3arpA3HACT

Kol{Ha, He MMeeT IMHAMMYECKHX OTOKOB;

Hald pacillaBOM OOCTVIIHO H [O3BOMAECT pas-

8) pabouee MpPOCTPAHCTBO
oMOraTelibHble mpHucnocobeHus id

KHCJIOB B KayecTBe HMCTOYHHMKOB

WcciieloBaHKsa pacIUiaBOB Pas3sjMUHBIX O
TepUCTHKaMH oONajaeT paciuias

B 3KcnepuMeHTax ObUmH

T

KBT

ol

Ba Y203 o 3700 9C (Tycpun = M
— 4300°C), npu 3tom 90% u3ny-
yeHHA NMPHUIUIOCH Ha [{ana3oH BOJH
0,4-3,5 mxm. Ha puc. 39 NMoKa3aHBbl
3aBHCHMOCTH YAenbHOH MOIIHOCTH

:
po*10"°

. yeHMsi C TMOBEPXHOCTH abGCONIOTHO

. paryphl MOBEPXHOCTH

gBngercs KO3 UIMEHT

YTo CHOEKTp H3JIyuYeHHs D
U3 puc. 39 cienyeT, 9To € pacillaBa

‘a € pac;miaBa Y03 — B [AHaNasoHe 0,41
P ya;y B KCIIEPHMEHTAX pocturana 35 KBT. KoadhhuuueHT U3y YeHU A

Kyan = P y351/P 05

TeMIlepaType U, CleoBaTeNbHO, MeHBliIe 3aTpa3HsaeT 00BEeKT Harpena.

HenoCTaTKoM pajHalOHHOIO

CTOpPOHHOCTB, KOTOpasA OIpefciiet
[To3ToMy HCHONB30BaTh ero Heliecoobpa3Ho UiA

IpOTSKeHHBIX OO0BEKTOB C MAJBIM CeYEHHEM

TOHKOCTECHHBIX HITH
is MOOEJIMPOBAHHSA YCIIOBHH Harpesa B COJIHEYHBIX I

. cryuasx 3aMeHsATH MOCTefiHie B IKCIepHMEeHTaXx. -

~ yepHoro Tena u pacmiasoB AlyO3 i,
u Y,03 B 3aBHCHMOCTH OT TeMIie- 0 il o
2000 2800 3600 °C

OM YepHOTHI paciyiaBoB €, NpH ITOM [OIy CKaloT,
acIUIaBa mofobeH cneKTpy abcoNoTHO YepHOTO Tela.
Al,0 3 eXxuT B [ManasoHe 0,45-0,515,

—0,37. MouHOCTb NyUCTOr0 IOTOKa

(108)

notpebnsiemMas yCTAHOBKOH M3 CCTH, kBT. [Ipu WwiaBKke
0,25-0,3, B OTAENBHBIX CIy4adX NOCTUral 3HaYeHU A
T, YTO MO CpaBHEHWIO C pacnAaBaMH IPyTUX OKHC-
GnamaeT HauMeHBbIIEH YNpYrocThio IapoB IIpyd OHOH

Harpesa Haln pﬂCIIJIﬂB‘OM ABNACTCA OOHO-

GonbliMe I'pagMeHTHI TeMIlepaTyphbl B Ha-
HarpeBa

(cTepXeHb, HUTB), a TaKXe

[UTeHOYHBiX 0OBEKTOB. JTOT HATPEB MOXKET CIIYXKMTh TAKXKe
yaX ¥ B HEKOTOPBIX
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HoBbie BO3MOXHOCTH OTKPBIBAaET 3TOT CHOCOG HarpeBa B HCCIEHOBAHMAX
CBOHCTB pAacIUIaBOB. Y)Xe OBUTM OTMeYeHBI pPe3yJILTATHI H3MepeHHs € paciiia-
BOB. Kpome TOro, OpUIM MpOBENEHBI 3KCHEPHMEHTHI O H3MEpEeHHMIO MOBEpPX-
HOCTHOI'O HaTKeHHHA pacmiaea Al,O3 meromom Bucsiielt xawm’’. Py6uno-
BBIE CTEPXKHM HMaMETPOM 2—-3 MM IUIaBHJIH ¢ TOpHa HANyYeHHEeM paciliaBa
Y703. OGpasymonyocs Kamwmno »MOKOCTH dororpadpupoBany U MO KOHGpHUIY-
pauuy ee Npouisd BHMNUCILNM OB €PXHOCTHOEe HaTAXeHHMe »uIkKocTH. OHo
OJIy4aIoch paBHeM 1,47+0,2 H/m. '

C esb10 NOBBIEHHA KO3 duiMenTa Ky, B neyax MITXT IS pagMaIHON-
_ HOTO HarpeBa CTPEMATCA YBENHUHTE Pyan. YBemmueHHe Pya, C yBeIHYCHHEM
TeMIepaTyphl pacillaBa OrpaHUYMBAETCA CTaGHIBHOCTBIO FApPHACAXA K JISKTPH-

YECKOH TNPOYHOCTBIO 3330DOB MEXAY CeKUMAMH TUIIS. OGHNHO feperpes
pacilaBa He npeBbimaer 1,27... Jnsa TONnyYeHU A GONBIIMX lieperpesoB
HYXHO TIpHMEHATH XOJIOHble THIVM ¢ GOnblmMM wiCIOM. cexuui, KaK Ipu
BapKe CTeKOJI. |
Hpyro#t nyTe yBenuyeHHsA P uan — YBelMuYeHHe nmamMerpa D, 3epkana
BaHHBI — TaKKe MMeCT OrpaHuueHue. Ilpn yBemivenum otHomenus Ds/a 5 cTpe-
MUTEJIEHO YMEHBINACTCA COS (1 M pacTeT HalpskeHue Ha MHAYKTOpe. Ecru D,
YBEJIMUMBATh, COXpaHAN OTHOWIeHHe Dy/a, MOCTOAHHBIM, TO Ky, VBETHUH-
BAETCA HECYNIECTBEHHO. JKCHEPHMEHTHI MNOKA3LIBAIOT, YTO ONTHMATBHLIM
ABJIAETCHA COOTHOLICHHE (Da/a3) = 2,0. Hpu 3roM BaHHA JIOIKHA UMETSH CHH3Y
TONYNIKY  HAIUIaBJICHHOI'O ONOKAa BRICOTOM NMpHMEpPHO DaBHOM @3, 4TOOBI
COKPATHTh OTEPU TEIUIOHPOBOAHOCTEIO B MHO THITIS. |

Rpmm NCPCICKTUBHBIM HAlpaBJIeHHEM pa3BHTUS KOHCTPYKIMM mNeuels

AT PAHAMOHHOI'O HarpeBa MOTYT ObITH MeuM, NpelCTaBjIeHHbIe HA pHC. 35,
Y KOTOpPBIX TMOBBLIICHHOE OTHOIUGHHE S5/Sg M, CIHEHOBAaTENBHO, BHICOKOE
OTHOWIeHNE Py /P,

15. USMEPEHUE 3NEKTPONPOBOAHOCTU PACHIIABOR

Snexrgmpononﬂocn PacCIUIaBOB K, = 1/p, sABNsAeTCHE OIHHM
U3 BOKHEHUIINX CBOHCTB OKHMCHBIX Marepuanos. Hanm npepcrasiie-
HAA O IpHUPONE, 3HAYEHWHM €€ Yy Da3HbIX OKHCIIOB B 3aBUCHMOGTH
OT HpYTHX XapaKkTepHCTHK pacIUiaBa SIBILAIOTCA €lle OYeHb OrpaHH-
YeHHbIMH. HanbGonee momHO paGGThI HO MCCIENOBAHMIO EKTPOIPO-
BOJHOCTY PacIUIaBOB TYTOIUIaBKHX OKHCIOB 0GOBIMIEHBI B MOHOTpa-
duu [8] . [IpakTHuecky Bce H3BECTHBIE HCCTENOBAHAS OCYILIECTBIISAIIN
PaclinasieHne auOO B Bakyyme, MO0 B HHEpTHOM arMocoepe.
- B 10 e Bpems GompummCcTBO TeXHOMOrHIECKHX IPOIECCOB C XHIKH-
MK OKHCNaMK IIPOMCXOJIAT TOJBKO Ha BO3MyXe, Ifi¢ Helb3A IpeHe-
Opeus BiIMAHHEM OKMCIIMTETBHBIX yernosun. lloatomy npencrasnaor
MHTCpeC TaKWe METOHBI MCCIe[JOBaHMH. KOTOpbie MO3BOJIAIOT MoJy-
HHTh MHQOPMALMIO O CBOMCTBAaX PACIUIABOB MMEHHO B OKMC/IHTETH-
~ HBIX ycioBuAx. MIIXT oxucrioB oTKpsIBaeT Takyio BO3MOXHOCTS.
 KCUEPHMEHTH! 1O M3MEpEHMI0 K, pacrnaBa Al,O; mpu MIIXT
Ha BO3fyXe¢ ¢ HCHONB30BAHHEM KOHTAKTHOTO METONA OMMCAHEI
B [43]. OueBnpHO, 4TO MOIOGHBIH METOI MOXET MPUMEHATHCH JIHIIL
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‘B OrPaHMYEHHOM [Mana3oHe TeMIEpaTyp M He Ui MoGBIX OKHCIIOB.
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" Hwke ommcaH MeTOfi GeCKOHTAKTHOTO M3MEPEHHS Kp MHAKHX
'.f;{-’_{.{;ibxncnoa mpu UIIXT Ha Bo3gyxe, KOTOPBIM HE HMEET YKAa3aHHBIX

N
L i

| orpanuueHuL.
" B § 4 npuBemeH MOpPANOK pacyera 3MEKTPHICCKHX IapameTpoB
| MHOYKIMOHHOM TeYH NpH HarpeBe BaHHBI H3BECTHOU KOH(bUTYpaluy
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" § C HM3BECTHOM K, paciana. Ilpengnaraempii MeTOJ CBOMTICA K pe-

]
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e

}  menmo o6parHOi 3aauM: N0 W3BECTHBIM (M3MEPEHHBIM) JEKTDH-
| geckMM IapaMeTpaM e W H3BECTHOH KOHCTPYKIMH BaHHbI HaWTH
" COOTBEICTBYIOLIEC 3HAUEHWE K,. B. 3TOM cCiydae HMHAYKIMOHHAA
| meus NpeBpalIaeTCs B M3MEpHUTENbHOE YCTPOHCTBO, M Tpedyercs
" ppIfparh TaKOl MapameTp Neud, KOTOphid HaubGonee CyIeCTBEHHO

W

| W3MEHAETCA IIPH U3MEHEHMH K,. VI3 rpadukoB puc. 16 BuaHO, YTO
' TaKOBBIMM fABIAKICA 73 y cOS @y. CBA3b MEXY My H Ky CIEyeT
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.~ u3 seipakerna (51) (Om™' -M71):
Ky =m3 - 10%/ (2fD3). St

~ BuiGupas u3mepsieMbld NapaMeTp M3 ABYX Ha3BaHHBIX, NpeIOY-
 jeHHe cneyer OT/ATb COS ¥y, MOTOMY 4TO OH ABNAETCA Geapasmep-
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" HaoGHOCTH empenenaTs KO3 UIMERTH! Nepefai H3MEPHTENbHOTO
" yCTPOHMCTBA. JTO NOBBIIIAET TOYHOCTh KOHEYHOTO pE3ynbTara H3Me-
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~ pEHHH.
© MeTO[ HCCENOBaHHA 3aKITIOYACTCS B CIEMYIOIUX IKCIEPHMEH-
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' TanBHBIX ¥ PACUETHBIX ONEPAIHAX:
1. DxcrepuMeHTaIbHO H3MepAnT cos ¢y npu HIIXT uccrmenmy-

. eMOr0 OKHCIIA.
2. DKCHEpHMEHTaJIbHO ONpeleNAlnT KOH(DHUIypaluio BaHHBI

=

o drelasal s e, S
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" M NOJIOXEHHE €€ B TIeUH. |
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3. C noMoipK PeKOMEHIOBaHHOU pacueTHOM METOIUKH WIH

. MareMaTHYecKoro MopenupoBaHuA Ha J3BM A MCHOIBb3yeMOH

" meus C BAaHHOH peanbHON KOH(MUIypalyy BHIMMCIAIT 3aBHCHMOCTH

f cos ¢; = f (K3), AHATTOTHUHYI0 3aBHCHMOCTH COS ¢ = f(m,) (xpu-

= Bas 2 Ha puc. 16). _

. 4. Vcmonms3ys KpuBYI COS @3 = f(Kz) KaK HOMOrpammy, Mo
| 3KCIepHMEHTATBHBIM 3HAYCHWSAM COS ) HAXOMAT 3HAUCHHA Kg,
| KOTOpBbIe ABNIAIOTCA UTOTOM UCCIIE[IOBAHNA.

| OcoGeHHOCTPIO pe3yiIbTaTa ABIAETCA €ro JyalbHOCTb: OJHOMY
" 3KCIIEpMMEHTAIIBHOMY 3HaUEHMIO COS 3 COOTBETCTBYET [IBa 3HAUCHHUA

ke
Ll
F

g ;

" K,, BCIEACTBHME TAKOrO0 3KCTPEMAIBHOTO XapaKTepa 3aBHCHMOCTH
~ cosy; = f(Ky). A HCKITIOUEHUs QyalbHOCTH, KpOMe abCONIOTHOTO
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| 3HAUEHMA K,, HEOGXOMMMO ONEHHTh 3HAK TEMIIEPaTyPHOTO KO3(-
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U3MEpAIOT pAL 3HAUCHHH COS ¢; NPU HE3HAUMTEIbHOM HOBBILICHUY
TeMIepaTypbl BaHHBI, YTOOBI HE U3MEHUTH ee KOHHUrypauuo. U3me-
pPEHHOMY DAy 3HaY€HHH COS ¢, COOTBETCTBYIOT [IBa pAna 3HaUCHHH
K, C MPOTHBONOJIOXHBIMH TeMIlepaTypHbIMM KO3 PHUIMEHTAMH.
cTuHHbIE 3HaYEHHA Ko COCTABIIAIOT BO3PACTAIOIMHA PALL.

JKCNIePUMEHTAJIbHOE H3MEepeHHMe COS ¢, Ha YacToTax BbIIlIe
1,0 MI'y ¥ mpM ManbIX aOCOJIIOTHBIX 3HAUEHHAX €r0 CONPSKEHO
C HEKOTOPBIMH TPYOHOCTAMHM. IIpomemuieHHOCTP HE BBITYCKAaeT
CTaHAAPTHBIX M3MEPHUTEIIEH, MOITOMY GbIT CO3[aH J1abOpaTOPHBIA
MaKeT Takoro Inpubopa. IIpuHuMn ero paGoThl OCHOBAH Ha peaiH-
3auuu  cootHoueHusa (70). B ocHOoBy wu3smepenus P; TONOXEH
CYMMapHO-Da3HOCTHBIM METO[, U3MepeHusa [44], c.mOMoOIibI0 KOTO-
pPOro BBIIONHANT COOTHOIIIEHHE

(iytuy)® — (i —uy)? =4uiy, (110)

rge #; U 1y — MIHOBEHHBIC 3HAUCHUSA HAMNpPsKEHUA U TOKA MHOYK-
TOpa COOTBETCTBEHHO. JUIs yMeEHbIlIEHUA MOTrPElIHOCTH IIPU CXEM-
HOM IIpeoDdpa30BaHUU CUTHAJIOB B JIaOOpaTOpPHOM MAaKeTe IOJIy4aroT
TOJIbKO CHTHaJIBI, MPONOPIMOHANIbHBIE {1 tu; U i — Uy, IIpeobpa-
3yIOT UX B CUTHAJIBI IOCTOAHHOI'O TOKA M B TAKOM BHJIe U3MEPAIOT.

IlpaBomepHOCTh TIpeoOpa30BaHWsA CUTHAJIOB B TMOCTOSIHHBIA TOK
OIlpenenserca TeM, YTO NMHUTaHWe MHOYKTOpPa OCYILECTBIIACTCA CHUHY-
COMJAIIBHBIMM HAIIPSXKEHUEM M TOKOM, T. €. ij =1y, 18in wit;, u; =
= Upsin(wt — ¢, ). Ecnmu @ — curHan patymka toka ¢ K03¢du-
IIMEHTOM TIepeNauy¥ K;, a b — CUTHaJI JAaTUMKA HaNpsAXEHUA C KO-
GHUIMEHTOM IIepeiaut Ky, TO

a +b =il +k,U;cos ¢, +] k,U;sin o, ;
BemipsiMiieHHbIe TOKM CUTHAJIOB CYMMBI U Pa3HOCTH @ M b GynyT

Ig+p = (}éfll - rcuUl'éé's 0,)?* + Ky Ui sin? P15
Iy —p = (xil; —x,Uycosp,)? + x5 Ufsin® g, (111)

Onepauuy BO3BedeHMs B KBaJpaT M BBIUMTAHHA H3MEPEHHBIX
3HaYeHHWH TOKOB OCYILECTBIIAIOT IpM MaTeMaTH4ecKol 00paboTke
pe3ynbTaToB, IPH ITOM

(112)

[lonnyro momHOCTD S ONpemensaT mociae U3MepeHHs CHTHAJIOB
a U b ¥ nepeMHOXEHUA UX 3HAYCHHH:

ab=k;ix, [1U; = KiK.

I oy —I: 5 =4x;5,1,Uicos Y, = 4KiKybl;.

(113)
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' UersepTas 4acTb

Vi ke

B 13) ccrb cos ¥y

orHOmeHus Buipaxennsa (112) Bhlpmzwﬁ_

Taxum oOpa3oM, Jif H3M3P3H}m 08y
b~ ety USTHIPEX CHTHANIOB: @, b, Ig + bsla — b-
 XOJHMBI U3MEPE P H3MEpHTENA  COS ¥y
. DpexkTpHueCcKad IIpUHIAITATIbHAA cxemMa R
ysenena Ha puc. 40. KOHCTPYKTUBHOE HCIIOIHEHHC EF . HOCTHBIN
P qactoTel 5,28 MIm. CyMMmapHO-pas

MIONHEH B BHAE PaBHOIUICYHOIO MOCTa M3 pe-

n ""0 MHDOBATEIIb Bb bl TOK2A
ik fH£OPEB RI—R4. Ha ero puaroHamy HOCTyNaiol o

51

' MeHTaX IO
aiikHas CXeMa U3MEepHUTeIa COS ‘.,01 B SKCIiepH

)

onpedeNcHHuIo EKTPO

o [] ¥ aKTUBHO-eMKOCTHOTO IeTUTENA

npefcTaBiIAeT coBoit BUTOK MEOHOTO
¥ UTMHBI HHOYKTOPA, d KGHH‘BHCM;Ef
. T :
B pumonHeH B BO3AYLIHOM HCHOJHCHMH © BH[IC i‘?}i Rnﬁacnpe-
" Curpams: a +b ua — b dhopMupyoTCH Hd prame sianin 1. 13
E o6Gpasyiorcs B CHIHAIDI [IOCTOAKHOTO TOKa ILET@KTIE EBHC’IG;)aMﬁ
LI, JT4 ¢ dumstpamu L3 B L2 ¥ OT paHHHTEIBHBIM 1; e
RS 4 R6. MuzaMiepMeTpsl Il w HII2 CHY}K&:I EHH‘HOBPEMGHHO#
" curnanos. Korpa BbIKIIHYATeH sl BaM;{Hy ' I, _» COOTBET-
npubopst U1l % HII2 w3MepsioT CUTHAIBL fg +b ¥ - aoﬁa rprGOpa
" rpenno. Korma zamxuyt SI, a 52 pm?}(ﬁ OMIGIYT — TpHG0-
i WaMepsIoT CUrHan b; KOrjd 3aMKHYT 52,251 P BCE
- Taxasi CXema MO3BOJIAET MONYUHIb

{ieHTaMy Tiepefiady U He OIpe/ics
CTaBJIACT

¥ HanpsokeHus C JaTuMK
& C-— (RI-R4). Harmx LI
IPOBOJIA, pasMenieHHbIN BOMH3

1 o oqMHAKOBBIME KO3QOD
. CuTHa/bI C O/IMH [TorpelmocTs H3MEPHTENA CO

2 /i

" jarp 3HAUEHMA IOCTIEMTHHX.

 mpumepro 10%.
3t

X




......

[Tpodonrenue aban. 4

3 H3MEepeHHuax
OHPGI[BJIHEMP&H KOHC CYIEGCTB“yeT - CHCTCMATHieCKas  TOTpPeLIoCTs
YCTAHOBKH Ha 31 EKTTPY HEH U3MEDPHUTENIA U BIIMAHUEM BHEMBHTO£
HUSA cncremamecxo%OManmmoe none mupyxropa. IlnA McKmiowe- |
3HaYEeHHE COSyY,, a e NOTPEIIHOCTH OmpenenAnT He abCcomoTHOe | A |
1° 'O npHpaieHue Acos ¢, = COS ¢; — COS @10
2

Temneparypa, K BHEKTPOHPO-:LOIIH(T.;TB,
Do a0t OM "M

—-—

B

Taxkasa 3amuce paBoMepHa IIOCKI(I)I:OCTH IeYx Ha XOJIOCTOM XOny. ~ Z10, “ocy” 90% mon.
®) G , b
89)°, CBOHCTBEHHBIX Hetla;‘.[ HHXTBKY‘ HPH SHAUCHHAX ¢, ~ (80= 3 Y»03 ”ocu” 10% mo. 3233 0,47
[IPH H3MEHEHUH ¢, . , COS ¢, M3MEHSETCA NHuHeiHo §F
JKCIepUMeH
| TaJIbHOE ompe 8 ' | o ==
IECTBIIAIOT CIEAYIOLIHM g Gg:f::};“e CKUHtl)HTYPaW BaHHBI Oocy- §& ZrO, “ocy” 90% mon. | 0.53
CUTHAJIOB H3MEDUTENIA B B - “pasy IoClie 3aluCH IMKIIa % Y,G; “ocy” 10% Mon. 3233 =
Kpacsauex HPHMECH Ham HMaHHy BBOAAT HEOONBUIOE KOJHWYECTBO 4 Nd»O “oéﬁ" 0,9% |
KPUCTAIUTH3AIMA pa pumep Cr,03, 1 BhIKTIOUaloT Harpes. Iocne B o (113323 0,69
i nioss OCHPZCI;E? 2 H OXJIaX/EHHA G0Ka IMOCIe[HMil pa3
UPYT KOHO g : n
TH. Pa3 | HI'ypanuio oK 34
B BZEII::;;;T MAIOT C TOYHOCTS10 110 0,5 MM B T C R MO v 40% 2043 0.9
\ eHTaX Gbmn . , : 59, %9 2 |
ALO,. Y0, a 7+t HCCIIEZIOBAHBI HAa BO3MyXe PACII - 41203 ¢ 30% 5083 1.1
3> X203 u Z10,, nocnemuuii P bl B SiO, v’ 30%
CTBAaX, COOTBETCTR s AHAM ¢ nobaskamu Y,05; B KonHye- 2 g 2153 1,7
YIOUIX  cOCTaBy ¢uanmutoB. Kpamiduxamus 1

HCIIOJIb30BaHHbBIX |
OKHCIIOB Y pe3yIbTaThl IKCIICDUMEHTOB IIpHUBeE
ceX JKCIepUMEHTaX MNpHHUMAIN

IOEeHBI B Tab1. 4.
. TemriepaTypy paciulaBa BO B
paBHOM TeMIlepaType 3epKalia BaHHbI. Ee u3mepsUM ONTHYECKUM
‘Bo3moHag owmmMOKa B ONPEJCTICHHH

: Tabauya 4
mupomerpom OITIINP-17.
Tarophan Temmeparypa, K | 21€KTPONpoBosHOCTS, & Temmeparypbl COCTaBIIAIA +40°. TlorpenHoCTh U3MEPEHHs AEKTPO-
i X 10%,0m~! + m~! &  nposopHocTH (De3 yueTa MOrpelHOCTH W3MEpEHUA TEMIIEPATypbl)
; — I cocramana 15-20% B 3aBHCHMOCTH OT MOJIOKEHHs U3MEPEHHOTO
Al,03 "ocy” 2473 1,5 & Acosy, Ha KpHUBO# 3aBUCHMOCTH COS ¢y = f(Ky)-
2673 2.2 $ MonyueHHsle 3HaueHUs Ko pacmiaBa Al;O3 OMI3KH K pesylbra
N 27173 3.1 | Tam, noyueHHbIM B BaKyyMe ¥ B aproHe 1 IPHUBE/IeHHBIM B paboTe
; - £ & [8]. Oro mosBonAeT CAENAaTh BBIBOL, yTO COMEp>KaHue KHCIopona
b itonsis oriiciiat 2373 0.4 B aTmocepe MIABKU BIMACT HECYIIECTBEHHO Ha 3JIeKTPONpPOBO/-
2573 1.1 - (8 HOCTb JKHJIKOH Al,05. HampoTtus, 3/1€KTpONPOBOIHOCTL paciuiaBa
: Py Y,0; Ha BO3[yXe NPUMEPHO B 20 pa3 HIDKe, YeM B BaKyyMe WIH
L = B a2proHe. BepoATHO, 3TO OTpaXkaeT HEOJMHAKOBOE BJIMAHME KHCIIO-
. it : pOfia Cpefibl Ha CTPYKTYpY PaciuiaBoB pasHbIX OKHCIIOB.
- Y203 ms momunopopos 1 : 4_1’ 7 CpaBHMTENBHO GOJbLIAsA MOrPEIIHOCTH U3MepeHil 3JIEKTPOIIPO-
hegly 2 " BOJHOCTA H HepaBHOMEPHOCTh TeMIEpaTyphl paciliaBd npu UIIXT
59 © He TMO3BOJIAKT OTHECTH NPE/UIOKEHHYIO METOIMKY K TOYHBIM METO-
MO (Ges ; R o i"‘_(_)___ ;laM HCCIIe[IOBAHHA. OpHaKO BO3MOXHOCTh NPOM3BOIUTH H3MEPEHHA
- P8 ) ™ .\ B moboii arMocdepe, B TOM THCIIE B OKMCITUTENIbHOM, [ENaT €€
TR, 0,9-1,2 [IEHHOM BO MHOI'HMX NMpaKTUIECKUX CiIydYasaX H, B yacTHOCTH B IIpaK-
> S e ®  Tuxe UIIXT OoxHCIOB.
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. B pesymsTate 00630pa obnactv ucnonb3oBauus MUIIXT OKHCIOR
nol;&emm, q;;)ﬂ zgzmoxmocm €€ KaK HHCTpYMEHTa B Hay4YHBIX HCCJIe-
aHUAX HEC HCYEpIaHbl, a M
; acIITabbl MPUMEHEHHS B
YecTB e
Paspaeﬁ OTizOMé:CI}I;I;IeHH()m fponecca HempepbIBHO paCUIUPAIOTCA.
o Eaﬂl::mmm ¥ IIPpOM3BOJUTEIIBHBIX YCTaHOBOK
MCTOIOB IINITaBKH OTKDb '
_ IBaI0OT HOBBIE IIep-
CIIEKTUBb ,
KTUBBI JUIA 3TOTO YHHKaJIBHOTO Ipomecca. B KauecTse 6:15-

CHHTe32 KapOuIoB, oxcHKapO
S OB,
OOpHIOB M OpYTUX TYIOIUIGBKHX COCIMHEHU’H. . S
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