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NPEAHCIHIOBHE

Dra KHUra siBJsieTcsl MPOJOJIKEHHeM NpeAbiAymieii pabo-
Tl aBTOpOB «[Ibe303/eKTpHUECTBO KBapua H KBaplleBble pe-
30HATOpPbI». 3/leCb PACCMaTPHBAIOTCS BOMNPOCH, He MOJIyYUB-
IlHe OCBeLIeHHs] B YNOMsHYyTOM Tpyne. B uactHocTH, npHUBO-
ISITCSl BaXKHeHIMe CBeleHHs O KPUCTAJJIHYecKOM KBaple —
Cbipbe /sl H3TOTOBJIEHUS] NMbe303JEeMEHTOB, O TJaBHEeHIIHX
onepalnHsax TeXHOJIOPHYECKOro Mmpollecca NPOH3BOACTBA Pe3o-
HAaTopoB — MIIHGOBAaHHH, MOJHPOBAHHH, OYHCTKe, MeTaJ/lIu-
3allil M MOHTaxe, 06 HX KOHCTPYKUHAX, a TaKXe NaHHbIE
O NpPHMEHeHHH DPe30HATOPOB I/ CTAaOMJIH3aLHUH YaCTOThI
KBaHTOBLIX reHepaToOpOB.

B KHUre He HAIJH OTPa’KEHHs HEKOTOpble HHTepecHbIe
npo6/ieMbl, BO3HUKIIHE B Pe3yJbTaTe HCCAEIOBAHHH caMmoro
mocsenHero Bpemenu. Mmelorcsi B BULy HOBble 00J1aCTH MpH-
MeHeHHs1 KBaplleBbIX pe30HATOPDOB B KauecTBe IaTYHKOB
TeMIepaTyphl, NaBJeHHs, YCKOPEHHs, BJAXHOCTH H T. 1.,
IJ1sS. KOTOPbIX OHM TOJIbKO HauMHAIOT pa3pabaTbiBaTbCl.

SIpocnaBckum M. H. nanucanel ra. | u 3, Cwmarn-
HoiM A. [.—ra. 2 u 5, lyBasnoseiMm B. B. w Cwmarn-
HbiM A. T. —ra. 4.

ABTOpBI BBIpaXalT ray6oKylo 61aroJapHocTb BCeM €O-
TPYAHHKAM M KOJljleraM, OKa3aBIIHM MOMOLIp B MOJATOTOBKE
9TOH KHHTH,



FnaBa nepBas

MOHOKpHCTaJIJIbI KBapua Kak cbipbe
OJs H3roToBJICHUS NMbE303JEMEHTOB

1-1. Mopdosorusi KpHCTaMJIOB KBapua

Kaxabifi, KoMy MPUXOQUIOCh BUAETb KPHCTAJLIbl (B OCO-
6eHHOCTH NpHUpOJHble) KBaplia uJju Jwoboro Apyroro Beule-
cTBa, HeHsbexHo obpallasJ BHHUMaHHe Ha TO, UTO OTHe/b-
Hble KpPUCTaJJbl OJHOTO H TOrO XKe BHJA 4acTO OYeHb OTJIH-
yawTcs APYr OT Apyra: Ha HeKOTOPbIX KPHCTaJJaax MOryT
ObITb CHJIHO Pa3BUTHl TPaHH, COBEpIIEHHO OTCYTCTBYIOILHE
y APYTHX, OTAeJbHble 06pasipl MOryT Ka3aTbCsi Aaxe pe3Ko
aCHMMETPHUYHbIMH ¥ T. A. OkaspiBaercsi, OJHaKo, UTo pac-
MoJIOXKeHUe rpaHell MOAYHHSETCS oNmpeneeHHbIM 3aKOHOMep-
HOCTSIM. ,

Bce kpucrasanbl onpenesieHHONH MOAMUPHKAUUM OLHOTO H
TOro e BellecTBa MOryt ObiTb TNpHUBeJeHb B TakKoe
NoJIOXKeHHe, B KOTOPOM COOTBETCTBeHHble TIpyNmbl HX
rpaHeii OKaXXyTcs mNapaJjejbHbIMU JApPYr Apyry. I3TOT
tdakt, nomMeueHHblli eme B XVII B. JaTcKMUM YyueHbIM
Hunbcom CreHceHOM, MOCTYXXUJ OCHOBaHUEM IJIST OTKPBITHS
BaXKHeHIllero IMIMHPHUECKOrO0 '3aKOHA reoOMeTpPHUYeCcKOH KpH-
cramnorpaduu — 3aKOHa MOCTOSIHCTBA YIJIOB. DTOT 3aKOH JIO-
rHYeCKH MPUBOIUT K BAa’XKHOMY CJIENCTBHIO: €CJH YTJIbl MEXKLY
COOTBETCTBEHHbBIMH T'pPAHSIMH MOCTOSIHHBL AJisl Pas3HblX KpH-
CTaJJIOB, 3HAUUT OHHU TeM OGoJjiee JO/XKHbBI ObITb PaBHbI AJsI
OJHOTO M TOrO XK€ KpPHCTaJJa Ha JI06bIX CTagHsAX ero pocra.
OTciona MOXHO cfiejiaTh BbIBOJ, YTO BO BpeMsl pOCTa TpaHH
KpPHCTaJlJ1a NepeMellaloTcs MmapaJiieNbHO caMuM cebe, T. e.
€ro POCT MPOUCXOMUT MapaJjiieSbHbIMH CJAOSIMHU.

IeficTBUTENbHO, HAOMIOAEHHST 32 POCTOM OTHEJbHBIX
KPHCTaJIJIOB MOATBEPXKAAIOT TAKYl0 TOUKY 3pEeHHS: eCiH
B Ipolecce pocrta TPOUCXOAAT HebosblliHe H3MEHEHHs
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B TePMOJHMHAMHYECKHX YCJOBHSIX, COCTaBe MaTOYHOro pa-
CTBOPA HJIM B OCaXKAEHHH MeXaHHYECKHX NpHMeceH, TO OHH
NPOSIBISIOTCS B NEPHOAMYECKHX H3MEHEHHSIX LBeTa KpH-
CTaJ1a, B NMOSIBJEHHH BHYTPH HEro ra3oBOXKHMIKMX HJIH TBep-
[bIX BKJIOYEHHH W B JPYrHX NOJOGHBIX SIBJEHHSX, MpHYEM
BHYTPH KpHCTa/Jsna o6pasyloTcs nmapaJijiebHble CJI0H, 00bIY-
HO XOpOLIO 3aMeTHble NP ero BHelHeM ocmortpe. Taknue
CJIOM HHOTAA CO3JalOT Kak Gbl MpPH3paK KpHCTaasla B ApY-
roMm Kpucrajaje (HX, KCTaTH, H
Ha3blBalOT «(AHTOMaMH»  HJH
«IPH3paKaAMHY).

Takum 06pa3om, MOXKHO pac-
CMaTpHBaTb KpPHCTaJJ KakK Co-
BOKYIHOCTb HAacJIOeHHbIX napaJg-
JeJbHbIX 000/104€eK, TOJ/LIHHA
KaXXI0H H3 KOTOpbIX B Npelelb-
HOM cJyuyae MoXeT ObiTb paBHa

TOJIIIMHe OXHOH MoJseKyJabl. Ta- Y

KOe MpeJcTaBjeHHe MOXHO pac- | (0001) y
CMaTpHBaTh JHIIb KaK caMoe , j mep—p——
rpy6oe mpuG/IHKEHHE, MOCKOJb- |

Ky TEOpHSl pOCTa KPUCTAJJIOB He X

JlonycKaeT CTPOro MapaJiiesbHo- )

ro OCaX[EeHHs MOJIEKYJSIPHbBIX
cJl0eB. DKCIePUMEHTA/IbHO foKa- Puc. 1-1. Tumbl kpucrainos
3aHO, YTO ITOT POCT MOXKET Mpo- a_c:::f:ﬂ“‘;i‘:;‘f" 6"_315;1'(“_
UCXOIHUTb TOJIBKO I10 CIIHPAJIH, HC- Bon‘
XOsl U3 BHHTOBBIX IHCJOKALHMII.

YuutbiBas 3T0, BCe Ke MOXKHO C H3BECTHbIMH JOMylile-
HHSIMH paccMaTpUBaTh FPAHH KPHCTAJ/A KaK OTPe3KU MJI0-

CKOCTeH, orpaHvyeHHbie MPSAMbIMH JIHHUAMH HUX Tiepeceyc-

Ta6auma 1-1

Yrapl Mex Iy pasiHUHBIMM TpaHAMH KPHUCTaJJa c-KBapua

Yron BeauunHa yraa

Mexny rpanbio pomGo3apa R uau r H rpausio npusmel m | 38°12'32"

Mexny rpansMH 60JbIIOTO H Maoro pom6o’apos . . .| 46°1558"
Mexny ABYMA rpaHsIMH GO/BILIOrO HAH ABYMS T'DaHAMH Ma-

JOTO POMBOIAPA  + + o v v v o v w o v o o o o o - .| 85°45724"
MeKny ABYMS TPAHSIMH IPHBMBl . « o o « & & o o - . . | 60°
Mexpy rpanbio NUHAKOHAA M TPaHBIO NPU3MBL . . . . .| 90°



Hus Apyr ¢ ApyroM. Toraa KpucraJs HH3KOTeMIEpPaTypPHOTO

a-KBaplla mpeacTaB/sercs Kak o6bemHas ¢urypa, ob6paso-

BaHHas NepeceyeHHeM psAAa NPOCTbIX (GOPM: rekcaroHaslb-

HOH MpPU3Mbl M, NBYX poMG60o3ApoB R H r, TPHUTOHAJbHOMH

AMMHpPaMHIbl § M TPHrOHajabHOro Tpameuodnpa x. O6a

pom6o3apa R u r no ¢opMe TOXKAECTBEHHb, HO MO (H3HU-

YeCKHM CBOHCTBAM HMX TIpaHell  pas3JjiHYHbI, MO3TOMY

¢ TOUKH 3PEHHsI KpUCTasjorpadHH OHM He paBHbI APYT ApY-

Iy ¥ JOJIAHBI pacCMaTpHBaThb-

csl KaK pasjuuHble (Urypol.

Yribl Mexxy pasHbIMH I'paHs-

MM KPUCTaJJa JOJAKHbI HMETb

B CpellHeM OmpejeJieHHble To-

CTOSIHHble 3HaUeHHus. DTH 3Ha-

yeHus mpuBegeHbl B Tabu. 1-1.

XapakrepHo#i  0cobeHHO-

CTbI0 TPOMBIIIJIEHHBIX KpH-

CTaJJIOB HCKYCCTBEHHOro

\\ KBapla siBjsiercsi HaJjuuue y

HHX rpaHei nunakouna {0001},

g OTCYTCTBYIOUIHX Y MPHPOAHBIX

Puc. 1-2. Bukauuusanue (sapa- KpHCTaMIoB (puc. 1-1). ¥ mo-

ctanue) Haubosiee GbicTpo pacty- 'CJACAHHX OHHM He pa3BHBAIOTCSA

el rpaHH KpHCTaana. IIOTOMY, 4YTO DOCT KBapua B

b e renonOKEHNA ORI MePNIeHIUKYJISPHOM K HUM Ha-

N TOM MOMEHTbl BPEMEeHH. NnpaBJ/deHHH NPDOUCXOOUT Cc HAH-

Gosibliell CKOPOCTbIO, BCJIEl-

CTBHE 4ero Takas rpaHb ObICTPO BbIKJMHHBaeTcsi (pHuc. 1-2).

OjHakKO HMEHHO N0 3TOH MpHYMHE B HANpaBJeHHH OCH

3-ro nopsiika M BLITOAHO pa3palllUBaTb KPHCTAJJbl KBapla.

EcTecTBeHHO, YTO BECTH POCT IO MOJIHOTO 3apacTaHus MHHA-

KoMJa HepalWoHAaJbHO, II03TOMY 3aTpPaBKH CTapaioTcs Bbl-

MOJIHSITb MHHHMAJIbHOH TOJILIUHBI, HO ¢ HAaHUOOJbIUUMH BO3-
MOKHBIMH NONEepeyHbIMH pa3MepaMH.

Kaxk usBecrso {JI. 1-12], rpanu xpHcTaJoB KBapua, Kak
M rpaHy JIoObIX KPHCTAJLJIOB, He SIBJISIOTCS OGLIYHO HHU MJIO-
CKHMH, HH TJIaJAKUMU. B uacTHOCTH, TpaHy NPU3MBI M Y ecTe-
CTBEHHbIX KPHUCTAJJIOB OObIYHO OBbIBAIOT MOKPBITH <«TOPH-
30HTAJbHbBIMH» IUTPUXAMH, T. €. IUTPUXaMH, HAYUIHMH Ma-
paJieNibHO peGpy MeXKAy TPaHblO TPU3MbI H TPAHBIO OJHOTO
13 poM6031poB R UJH r. DTH IUTPUXH SIBJASIOTCS B CYLIHO-
CTH CTyneHbKaMH, 06pa30BaHHBIMH Y3KHMHU NOJIOCKaMH rpa-
Heil poMGO3APOB, mMepeMeXaloUUMUCH TIOJMIOCKaMH TpaHei
npusmbl (puc. 1-3). lItpuxoBka Ha rpaHsix HNPH3MBI YacTO
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no3soJssieT O6HAPYKUTh 30HBI KpHCTaJ/a, NopaxKeHHble TeMH
WJIH HHbIMH CTPYKTypHbIMH Aedekramu. Hampumep, mpepbi-
BHCTasl LITPHXOBKA, NepecekaeMas Kak Obl WIBaMH, OObIYHO
CBHJETE/NbCTBYET O BbIXOJe Ha MOBEPXHOCTb KpHcTa/la
JIBOHHHKOBLIX TPAaHHLl HJH TPAaHHL 30H C HCKa’XEHHOH KpH-
CTaJJIHYECKOH CTPYKTypo# (Tak Ha3bl-
BaeMbix «OJIOKOB» HJH «CBHJIEH»).
B nmepBoM ciyyae ImIBbl BUAHBI Hafle
BCEro TOTOMY, YTO OJHOH H3 KOMIO-
HEeHT JBOHHHKAa COOTBeTCTBYyeT GoJiee
rycrasi LITPUXOBKA, ueM Apyroi, BO
BTOPOM — H3-32 HECKOJIbKO OTJIHYHOH
OpDHMeHTAlHH IUTPHXOB Yy OTHAEJbHBIX
6/10KOB.

Ha rpanax npu3Mbl TNpHPOAHOrO
KBapla JOBOJbHO 4aCTO BCTPEUAIOTCS
Takxe (UTrypbl eCTeCTBEHHOIO TpaBJe-
HHs, HUMelolllie XapakTepHylo (opmy
«JIOOYEK» C OJHOM CJierka BBIMYKJOH
CTOPOHOH, BHITAHYTbIX B MOPH30HTAJb-
HOM HampaBjeHud. Ecam pacnoJo-
JKHTb KPHCTAJJ TakK, YTOObl BbIIyKJas Puc. 1-3. Kpucraan
CTOpPOHA JIOAOYKH HAXOAUJIACh CHH3Y, KBapua C Pe3KO BhI-

TO OCTPbiff KOHell («HOC») JIONCYKH Y PaXEHHOH WITPH-
npaBoro KpHcraJJa Ksapla Oyaer Ha- XOBKOH TpaHH
p ‘0 p pua oya npusmel (mo PpoH-
npasJied BIIPaBoO, a Yy JI€BOrO — BJIEBO. aemo).

AroT cnoco6 HHOrxa NO2BOJAET pac-
no3HaTh, K KaKofi M3 3HAHTHOMOP(HbIX MoAU(HKALUHH TDPHU-
HaJJIe}KHT JaHHBIH KPUCTaJL.

['panu pomGosxpos KBapla yacTo OGbIBAIOT MOKPLITHI AO-
BOJIbHO XapaKTepHbIMH ¢UrypaMH, KOTOpble Heo6X0LHMMO
OTJMYaTbh APYr OT Apyra IJs mocjelylolledl OpHEHTHPOBKH
kpucranaa. Craenyer, BIpoueM, 3aMeTHTb, YTO CKYJbITypa
rpaHeii pom603apa ecTeCTBEHHbIX KPHUCTAJJIOB KBapua pas-
HbBIX MEeCTODOXK/JEHUHA MOXKeT B 3HAUHTEeJbHOH CTeNeHH pas-
JHYaTbCsl, @ K MOTpeOUTeNI0 KBapleBOro Cbipbsi 3TH KpH-
CTaJ/JIbl 334acTyl0 TPUXOLAT yxKe obesjuueHHbIMH. TeMm He
MeHee B OOJIbLIIMHCTBE <cJydyaeB TpaHH GoJbiioro pom6o-
3gpa R xapakrepusylorcsi Gosee rpyObiM pesabedoM, uem
rpanu pom6Gosgpa r. Haubosee yBepeHHO 3TOT peibed
MOXHO CPaBHHUBAaTb Y NO(MHHEHCKOro ABOHHHKA, eCJH I'DaHH-
a MeXJy KOMIIOHEHTaMH NPOXOAHUT MO IJIOCKOCTH OXHOIO
13 pom6osapoB. B apyrux cayuasx oOblYHO OKa3blBaercst
cnpaBelJIMBbIM Clelylolllee NpaBu/io: HAa rpaHd pombo-
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31pa R BuuHHaJbHble OGpa3oBaHHA MPEACTABASIOT cOGOH
TpexXrpaHHble NUPaMH/Ibl, B OCHOBAHHH KOTOPBIX JIEXKHT
6.1M3KHil K DAaBHOCTOPOHHEMY TpPeYro/bHHUK, HHOrJa C He-
CKOJMIBKO ~ HCKDHBJEHHOH ORHOH 43 OOKOBBLIX CTOPOH
(puc. 1-4); B ocHoBaHHM NOJOGHON ke MHpaMHAbl, oOpa-
3yollelics Ha rpaHd MaJjoro pom6o34pa r, JeXHT TPeyroJb-
HHK, GJIM3KHH K paBHOOeIpeH-
HOMY, HECKOJIbKO BHITAHYTHIf
B BePTHKaJbHOM HalpaBJ/eHUH
(B HampaBJIeHHH K BeplUuHe
Kpucrajia). OqHakKo Ha mpak-
THKE 3TO MpPABHJIO  CJeldyeT
NPHMEHATb C GOJbIIOH OCTO-

POXKHOCTBIO.
a) 6)
HauGonee 3ameTHbIM pesib-
Puc. 1-4. Buuunansusie o6pazo- €POM — Tak Ha3blBa€MOH
BAHHA Ha TrpaHsix Goibuworo (a) «CTPYKTYpOi OYyJBIKHOH MO-
H Manoro (6) poMGoanpos CTOBOH» — XapaKTepH3yIoTCs
KkBapua. rpanu muHakouga O (uHorma

HX HasblBalOT TpaHsMH 6a-
3HCa) y HCKYCCTBEHHO BBIPAlIleHHBIX KDHCTaJOB KBapua
(puc. 1-5). dtor penved no3Boasier ¢ MEPBOro B3raAAa
OnpefeNuTh YKa3aHHYIO napy rpaneil. Kak mpaBuiio, cuHTe-
THYECKHE KPHUCTaJJbl XOpPOLIO OTpPaHeHbl, H y HHX G6e3
TPYAa MOXKHO OGHApYKHTb 'PAHH GOJBIIOTO U MAJIOrO POM-
6034pOB, uepeAyIOIUXCs MeXAy €060l M 06paMJSIOWHX
6a3HCcHYIO T'paHb.

Puc. 1-5. Peabed THma <«GyJIbIXKHONH MOCTOBOii» Ha
rPaHH NMHHAKOHAA HCKYCCTBEHHOTO KpHCTalla KBap-
ua (¢oro JI. U. LinnoGepa).



B nocnennee BpeMsi MOSIBUJIMCh KPHCTaJJibl KBapla, Ko-
TOPBIM B MpOIlECCe POCTa HCKYCCTBEHHO mpuiaaeTcs ¢opma
CTepXKHel, CHJIbHO BBLITAHYTHIX B HamnpaBJeHHH ocH Y
(puc. 1-1,6). Takue cTepKHH Mpe3BbIYAHHO YIAOOGHH I/
H3rOTOBJIEHUS HH3KOYACTOTHEIX 'TJIACTHH HJIH GpYCKOB
X-cpe3oB (xys/a®, —5°<Tu’<<+7°+9°), WHPOKO HCHOMb-
3yeMbIX B TexHuke. BooOlile 1o CBOMM TeXHHYECKHM Xapak-
TEPUCTHKAM HCKYCCTBEHHbIC 'KPHCTaJlIbl, H3rOTOBJSIEMbie
OTEeUEeCTBEHHOH IPOMBIIIJIEHHOCTbIO, B HacCTOsIllee BpemMs
IOYTH He YCTYMalT NpUpogHOMY KBapuy. Bosee Toro, npo-
1lecCOM MpPOM3BOACTBA CHHTETHYECKOrO KBapla MOKIO
yOpaBJsiTh U MOJYyYaThb KpHCTaJ/bl TpeOyeMoil OpHEHTaLHH,
pasmepoB H (opMbl, a TakXe NpPH HeoOXOIUMOCTH B H3Be-
CTHbIX Mpefesax MOXHO BapbHpOBaTb MX XHMHYECKHH co-
CTaB H OKPAacCKy.

Tunel 1 pa3mepwl usroroBaseMbix B CCCP kpucrannos
HCKYCCTBEHHOTO KBaplia yKasaHbl B Tabu. 1-2.

Ta6auma 1-2
HckyccTBenHbI#t KBapn 1A H3AedUi 2JeKTPOHHON TEeXHHKH ¥

MuHHMaNbHble pa3Mepbl
COPT KPHCTAJNJIOB, MM
no ocu X | no ot ¥y no ocu 2

KpynHopasmepHbilf pagHoTexHHUeCKHH

KP-1 45 130 37

KP-2 70 45 52
CpeaHepasmepHbil pafHOTEX HHUECKHH

CP-1 45 80 37

CP-2 60 60 30

1-2. Pa3HOBHAHOCTH KPUCTAJJIOB KBapua

B 3aBucHMocTH OT ycloBuil 0Gpa3oBatiisi KDHCTAJ/IOB (XHMHYECKO-
ro cocraBa MaTOYHOTO DacTBOpPa, TEPMOAHIIAMHYECKHX YCJOBHil pOCTa
M T. I.) OHH MOryT mnpuoGperartb pasAuuHY OKpacky. Yamie Bcero
B MPHPOJHBIX YCJOBHSX KBapil BbIPACTaeT COBEpIUEHHO GecLBETHbIM H
Mpo3pauHbiM. Jta Pa3HOBHAHOCTb KBapua HOCHT Ha3BaHue TroOp bl
Xpycrtaab Kpucraans ropHoro xpycrajas BCTPeYaloTCsi Kak B BHAR
XOpOLIO OrpaHEeHHbIX MHOrOrPaHHHKOB (OOBIYHO B KOPEHHBIX MECTOPOM-
JEeHHSIX), TaK M B BHAE OKAaTalHONi CO BCEX CTOPOH lajbKh (B POCCHI-
nsix). Bec TaKMX KpUCTA/JIOB HHOTAA /IOCTHraeT TOHHBI, OJHAKO OHH,
6yIy4H CTOJb GOJLILHMH, OOBIYHO COMEpPKAT Ouellb MHOFO CAMBIX pasio-
o6pa3HbiX AedeKTOB H peAKo ObIBAIOT MPHIOAHBI 1Jsi NPOMBILIIEHHBIX
neJsen.

Ha rteppuropun CCCP umeercss psia MCCTOPOKAEHHH OKpalleHHOTO
KBapla, NpH4YeM yCTOTAa OKPACKH MOXET H3MEHAThCH OT C1aboi Ke-
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TOBaTOH (LW U TP HH) A0 T'YCTOH, MOUYTH 4YepHOH ¢ GVPOBATHIM OTTEHKOM
(MopuoH). KpHCTaqnbl NpOMEXYTOUHOM OKPacKM HOCAT Ha3BaHue
ABIMY4aTOro KBaplla HIM payXxrtomnas3a. OKpacka KpHCTaJJIOB
BCEX MepeyHCTeHHBIX Pa3HOBHAHOCTEH HCue3aer Mocje MeAJIeHHOro Ha-
rpeBaHust npumepHo no 350° C. INocsie 3TOro naxe MOPHOHBI CTaHOBSITCA
GecilBeTHbIMH H NMPO3pauyHbIMH, KaK ropHbIA Xpycranab. Bce 3TH MoRupH-
KallMH HATypaJbHOrO KBaplla BMOJIHE MPHIOAHBI AJSi H3rOTOBJIEHHs Mbe-
303JIEKTPHYECKHX PE30HATOPOB.

B mpupone BcTpeuatoTcs M TakHe Pa3HOBHIHOCTH KPHCTaJIOB KBap-
1a, KOTOpble He HaXOAAT MPUMEHEHHS B JEKTPOHHON TeXHHKe, a HCIOJb-
3YIOTCSE HCKJIIOYHTENbHO JJIs IOBEJHPHBIX MOAETOK M TOMy NOLOGHBIX
Heseii: 3TO NMpexae Bcero aMeTHCT (KBaply (HONETOBOH OKDACKH)
H po3oBb i KBapu O6a oHM 06s3aHbl CBOell OKpacCKOH NPHMECSM
MOCTOPOHHHX 3JIEMEHTOB.

KpoMe MOHOKpHCTa/JIOB KBapua, B NMpHPOLE BCTPEYAIOTCS W MOJH-
KPHCTAJ/JIN4CCKHe, arperatHele 0Opa3CcBaHWi — KBapUHMT, arart H

S M a.
HckycerBeHHBIH KBapu [Jisi 3JEKTPOHHOH TeXHHKd (pPaAHOTEXHHYe-
CKHH KBapl) H3rotoBJjsieTcsi GEeCUBETHbIM H MPO3PauHbIM.

1-3. JledeKkTsl KPHCTAJ/N0B KBapua

[Moutn kaxnabli NPUPOAHBLIH M MHOTHE MCKYCCTBEHHbIE
KpHCTaJJIbl KBapla cofepkart GoJiee HIM MeHee 3HAUHTeJb-
Hble HapylleHHsi 'OJHOPOLHOCTH. B mpHpomubix KpHcTasaax
3TO MOTYyT ObITb [BOMHHKH, TPEUIMHbI, TFa30BO-KHAKHE H
TBepJble BKJIIOUEHHS, CBHJH U T. I. BoJee Toro, naxe B.Jyu-
IIMX M3 HHX MOHOKDHCTAJbHble YYaCDKH CPAaBHHUTEJIbHO He-
BeJIMKH, a Takde 3K3eMMJSAPbl, Y KOTOPbIX 06/1aCTH, JHIIEH-
Hble BHIMMbIX Ty1a3oM JedekToB, cocTaBjsior GoJgee 25Y,
oT obuero o6beMa KpHCTalIa, BCTPEYAIOTCS KpaiHe pelKo.
Y HCKYyCCTBEHHBIX KPHCTAJ/IOB JBOHHHKH HaGJI0Jal0TCs
TOJIbKO B TeX CJyyasx, KOIJla OHH COLepkKaTcsi B 3aTPaBod-
HOH NJacTHHe. 3aTO TPELIMHbI, TA30BO-XKHJKHE WU TBEpJIble
BKJIOUEHHA (TaK HasblBaeMasi <IPHUCHIIKAa») B CHHTETHYe-
CKOM KBaplie OOHapyXXHBAalOTCS BecbMa yacTo. Bmpouem,
OesgedexrHas 06JacTb B NMPOMBILIJIEHHBIX KpPHCTaJAax IO
aeiictByomum B CCCP ycaoBHSIM mOCTaBKH NOJKHA ObIThb
He MeHee 659 or ux obuero o6bema. [lo 3toil mpuuune
HCIOJIb30BAHHE HCKYCCTBEHHOTO KBapla B IIbe30TeXHHKe
0Ka3bIBAaeTCs1 Upe3BbIUailHO BBHITOJHBIM, TeM 6oJiee, 4TO leHa
Ha HEro 3HAYHTEJbHO HHXKe LeHbl Ha TIPHPOAHOE KPHCTaJ-
JIHYeCcKoe Chipbe.

[To  mopdomornyeckum  npusHakaM  GpasHIbCKHE
JABOMHHMKH OTJIHYAIOTCA OT NOPHUHEHCKHX TeM, YTO IPaHHIIbI
MeX1y KOMIIOHEHTaMH Yy MepBbIX BCerga MpsIMOJHHeHHbI,
TNpHYeM, KaK NMPaBUJIO, CPABHUTEJbHO TOHKHE CJIOH NPaBOro
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KBApila mépeMexKalTcs TAKUMH ke CIOIMH Jesoro. B 1o-
(HHeACKHX IBOHHMKAX TPaHHUbl OObLIYUHO KPHBOJHHEHHBIe,
a MOHOKDHCTaJIbHble YUacCTKH 3aXBaThIBAIOT AOBOJIBHO KpYil-
Hole o6nactd. IloaToMy KOMHOHEHTH HOGHHeHCKOro [BOH-
HHMKa 4acTo yjaeTcs pa3JesNHTb H HCIOJNb30BaTb B TIPOH3-
BOJCTBE OTAeJbHO ADYT OT ApYrTa.

O6HapyKHTb NBOHHHKH B KpHCTa/Je MOXHO IO BHeLl-
HUM NpH3HaKaM (IBOMHHUKOBBIM IlBaM, ¢urypam pocTa H
eCTeCTBEHHOTO TpaBJeHHs1), HO HaubGoJee YBEpeHHO 3TO
yAaercsl AeJaTh [OCJAe NMPOTPaBJIMBaHHS KpHCTaldsaa B IJa-

F O el

Puc. 1-6. Cxema moJaspHcKona.
1 — HCTOYHHK CBeTa; 2 — KOHJEHCOop; 3 — mojsApH3a-
TOp; 4 — BaHHa C HMMEPCHOHHOH XHIKOCTbIO; 5 —
aHaJH3aTop; 6 — OKYJSAP.

BUKOBO#l KucjoTe (moxpoGHee cM. Huxe). bBpasuabckuit
IBOHHHK Jlerko oO6Hapy»KHBaeTcs NPH NPOCMOTpe KpHCTaJa
B moJssipu3oBaHHOM cBeTe. C 3TOH LeJbI0O KDHCTA/N1 MOMe-
IIAI0T B MPO3PayHyl0 BaHHY, HANOJHEHHYIO KEeDPOCHHOM, KO-
TOPYIO YCTaHABJIMBAIOT MEXAY ABYMsl CKpeLleHHbIMH MOJS-
poupamu. B kauecTBe HCTOYHMKA CBeTa MOXHO HCIOJIb30-
BaTb JIaMIly HaKaJuBaHus MourHocTbio 150—200 ar.

CxeMa ycTaHOBKH NpHBefeHa Ha pHc. 1-6. Kpucrann
MOBOPAYMBAIOT BHYTPH BAHHBI O Tex MOp, MOKa ero OMNTH-
yeckas OCb He COBNAjeT C HampaBJieHHeM CBETOBOro Jyua;
MpH 3TOM, eCU CMOTPeTb B BbIXOJHOe OKOIIKO mpubopa,
KPHCTaJJl OKpallMBaeTcss sPKHUMH HHTepdepeHIMOHHbIMU
NOJIOCAMH — TaK Ha3blBaeMbIMH <II0JIOCAMH PaBHOH TOJILIU-
Hbl». OKpacka o6ycJOBJIHBaeTCS HEOAHHAKOBbIM BpallleHHeM
IJIOCKOCTH TOJISIPH3aLHH /ISl pPa3JHYHbIX CIHEKTPaJbHbIX CO-
CTaB/AIOMHMX 6esoro IBeTa H pas3/iHyHeM TOJNLIMHbI Heobpa-
6oTaHHOro KpHCTaJJa B HampasJeHHH ocu Z*.

* Ecan KpHUCTana He HMeeT eCTeCTBEHHOH OrpaHKH, TO Mo MosBJe-
HHIO SIDKOM OKDAacCKH B IOJIIPH30BAHHOM CBETE€ MOXHO CyJHMTb O HampaB-
JIEHHH OMNTHYECKOM OCH, a CJI€AOBATeNbHO, OCYLIECTBJATH €ro NpeaBapH-
TeJbHYIO OPHEHTHPOBKY.
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Ecnn B kpucraane umenotcss 6pasnabckHe ABOHHHKH, TO
OHH NMPHBOJSAT K TOSIBJEHHIO MEJKHX MeCTPbIX MOJOCOK, pa3-
JIHYHBIM 00pa30M HAK/JIOHEHHBIX K [0JIOCAM PAaBHOH TOJLIU-
Hbl. SIBJ€HHe 3TOro ©OOYC/IOBIEHO TeM, 4TO TOBEPXHOCTH
pasjesia KOMIIOHEHT JABOHHHKA OOBIYHO pacloJiaraloTcsl mOj
CaMbIMH Da3HOOOpPa3HbIMH YIJIaMH K ONTHYECKOH OCH; TO-
3TOMY INepeMeKalollHecss CJOH NMPaBOrO H JIeBOTO KBapua

Puc. 1-7. TojoBKa kpHcTalla kBapla, Ha6.1i01aeMast
B HanpasJjieHHy ONTHYECKOH OcH B MOJISIPU3OBAHHOM
cBeTe.

BuaHbl nmojockl PaBHOA TOMUIMHLI H MOJOCKH, OGYCJIOBJEH-
Hble O6pPasuabCcKHMH ABORHHKaMu (o6o3Hayennl GykBaMu A,
B, C) [J. 1-1].

B 6pa3H/JabCKOM ABOHHHKE HMEIOT HEOJAMHaKOBble TOJILHHLI
B HamnpaBJeHHH 3TOH OCH, a 3HAYHUT, KOMIIeHcalHs Bpalle-
HUST TJIOCKOCTH MOJIIPH3aLMH TPOUCXOTUT HEOJHMHAKOBBIM
06pa3oM B Pas3JTHUHBIX yacTax Kpucrauna. ITpumep kapTh-
Hbl, HabJl0aeMoll B 3TOM cjaydae, NMpUBefeH Ha puc. -7
[J1. 1-1].

HoduHeiickue JBOHHHKH Heslb3si BBIIBUTb C MOMOLIBIO
ONTHYECKHX METOA0B, IOCKOJbKY 00e KOMMOHEHThl TaKoro
JNBOHHHKA B 3TOM OTHOIUEHHH 3KBHBAJIEHTHbl JIPYr IpYry.

Hpyrue Buabl AedeKTOB, BCTpPedaIOIUXCA B KPHCTaJ/iax
KBapua, oObl4HO sBJsIOTCA Oosiee WM MeHee IPyObIMH Me-
XaHHYeCKHMH HapylIeHHSMH HX CTPYKTyphl. B uacrHocrH,
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Kak yxe YKasblBaJOCb, 3TO MOTyT ObITb BKJIIOYUEHHSI MaTou-
HOro pactBopa, o0OpasoBaBlliecss B NpoIecce pPoCcTa; Takue
BKJIIOUEHHUs1 (MOJIOCTH) HHOrZa HMelT (OpMy, OTBEYAILLYIO
BHeIIHUM ¢opMaM KBapua («OTpUIATEJbHbIE KPHCTAJJIbI»).
Pasmepbl noJioctelt 'MOryT ObITb MHKPOCKOMHYECKH MaJibl-
MH, HO MOTYT OKa3aTbCi H J0BOJbHO 3HAaUYHTeJbHHMH. Bo
MHOTHX c/ayyasix OHU 06pasyioT LeJble CKOMJIeHHs (ByaJb)
M pacnoJaralpTcs CJAOIMH NapaJ/JeJbHO KaKoH-THOO H3
rpaHeii kpucramaa. Yacro cKomleHHs TIa30BO-KHUAKHX
BKJIIOUEHHH (My3bIpbKOB) (COMPOBOXKIAIOTCH TPELIHHAMH, KO-
TOpble TaKXe MOTYT ObITb 'KaK KPYHNHBIMH, I'PyObIMH, Tak H
Mukpockonuyeckumu. Cuenyer cpasy ke ykasaTb, 4TO Ha-
JIMYHe CKOJNbKO-HHOYIb 3aMETHBIX TPELIHH B TeJe KBaplle-
BOTO 3/JeMeHTa Mbe303JEKTPHUECKOTrO pe3oHaTopa HeLOomy-
cruMo. IlockonbKy Ta30BO-KHIKHE BKJIOYEHHS BO MHOTHX
cayyasx [aloT Haya/ao TpellHHaM, Pa3BHBAIOLINMCS B KPH-
craJjiie B Npolecce ero tepMuuyeckoil o6paboTKH, B HACTOA-
mee ppeMs crapaioTcs usberaTb NOMajaHHsl TMOAOOHBIX
BKJ/IIOYEHHH BHYTPb KBapLEBOTO Nbe303JEMEeHTa.

BrpoueM, camu mo cebGe ra3oBO-KHIKHE BKJIOUYCHHS,
€CJI4 OHH He CONpPOBOXJAAIOTCS TPeLIMHAMH, TPaKTHUECKH He
BJIMSIIOT Ha Kakue-1uGo mapaMerpbl pezoHatopa [JI. 1-2, 1-3].

TBepable BKIIOUEHHs Pa3JHUYHbIX MHHEpaJoB (pyTuja,
NUpHUTa, XJOPHUTA M T. A.) INOBOJBHO 4acTo HabmawomaloTcs
B NPHPOAHBIX KPHCTAJJaX KBapua. B HOKycCTBEHHBIX KpH-
cTajlaX HepeIKH MeJKOAHCIepCHble BKIIOYEHHS TaK Hasbl-
BaeMOH «TBeplod (a3bl» (COJMH HEKOTOPHIX LIEJTOYHBIX Me-
TaJJ0B, BXOJAALIMX B 'COCTAB MATOYHOTO pacTBOpPa M BbINA-
JaloUUX NpU HeGOMbLIMX H3MEHEHHSAX TepMOTHHAMHYECKHX
ycaoBuii pocra kBapua). OueBHIHO, YTO BJIHSIHHE BKJIIOYC-
HHH 3TOro poja Ha 3JeKTpHUYecKHe TapameTpbl Mbe3o3Je-
MEHTOB OIpejessieTcs UX pa3Mepamu H Maccofl. B uacruo-
CTH, MHOTOKPaTHble HCCJENOBaHHS BJMSAHHA Ha yKaszaHHble
flapaMeTpbl TaK Ha3blBaeMbIX <«TOJyOblX HIJI», MpPEeACTaB-
JSIWHUX co00M, MO-BUANMOMY, TOHYAMHIIHEe BOJOKHA MHHE-
paja pyTHJa H BCTPEUAIOIIHXCH B HEKOTOPBIX NPHUPOAHBIX
KpPHCTaJ//1aX, He BbIIBUIH CKOJbKO-HUOYIb 3aMeTHbIX Hexe-
nateqbHbIX 3ddekros {JI. 1-3, 1-4]. To xe camoe oTHOCHTCH
H K TOHYaHIIMM BKJIOUEHHSM TBEpAOH (asbl B HCKYCCTBEH-
HbIX KpHcTa/laax («mpucbinka»). OpHako Gosee KpymHble
BKJ/IIOYCHHSI NOCTOPDOHHHX MMHEpPasoB B KBAapIL CYLIECTBEHHO
yXyALIAIOT HEKOTOpble XapaKTePHCTHKU pe30HaTOpOB, B ua-
CTHOCTH NPHUBOJAT K 3aMETHOMY CHHXKEHHIO HX H06porT-
HOCTH.
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Ewe oxnoii, yacro scrpeuaromieiics pazHOBHIHOCTBIO fe-
dekroB kBapua sBasOTCA cBHJAM. CBHJEBaThIH KBapl Xa-
paxTepusyercs HaJHuyveM obsacTed («OJOKOB) BHYTPHKpU-
cTa/sa, HMEIUHX HebosblliMe 'Pas3jHiYUi B PaclOJ0XKEHHU
psAL0B aTOMOB B KpHucTaJnHdeckod pemerke. [Ipu paccma-
TPHBAHUH TaKOro KpHCTajla B MOJSPH3OBAHHOM CBeTe Ha-
6m0maeTcss HEKOTOpas pa3HHLA B yrjaX MeXAY MJIOCKOCTH-
MH MOJSIpH3aTOpa M aHaJu3aTopa, HPH KOTOPBIX MPOHCXO-
JHUT moracaHue otTae/bHbiX 6a0kKoB. [IpuaHakoM, mo koropo-
MY MOTYT GbITb OOHapyXKeHbl CBHJIM NPH BHEIUHEM OCMOTpE
KpHCTaJJa, ABJseTcs TaK Ha3blBaeMas «MO3aHyHas CKyJbll-
Typa» Ha TrpaHsix MPU3Mbl U cBoeoOpa3Has psibb Ha CKOJAX.
XapakTepHblM NPH3HAKOM CBHJIEBATOCTH KBapla sBJsieTcs
Taxkke U TO, YTO NPH MPOJOJKHTEIbHOM TPABJEHHUH B IJa-
BUKOBOH ((TOPHCTOBOLOPOAHOH) KHCJIOTe OH TepsieT Mpo-
3payHOCTb H CTAHOBHTCH MYTHBIM. DTO CBA3aHO C IPOHUKHO-
BEHHEM KHCJOTH BHYTPb KpPHUCTajja MO MeCTaM «paspbixJje-
HHSI» KpHCTaJJHYecKof pelleTkd (rpaHumnaMm GJIOKOB).
KBapu co cBHJISIMH He NPHUTrOJeH AJsi M3TOTOBJIEHHS Mbe30-
3JleKTpUueckux pesoHartopos {JI. 1-5].

1-4. OGorallleHHe ¥ OLIEHKA KPHCTAJJIOB KBapua

[Tepen oTmpaBKOii KpPHCTAJ/IOB MOTPEOUTENIO HX TOLBEP-
raloT Tak HasbiBaeMoMy oborauenuto. [Ipouecc oGorauie-
HUS 3aKJ/1I04aeTCsi B MeXaHHUECKOM YAaJeHHH yacTell KpH-
CTa/JIOB, B CHJbHOH CTeNeHW Mopa{€HHbIX TPyGEIMH Aedek-
TaMu (B NepBYIO ouepelb TPELIMHAMH, CKOMJIEHHSIMH BKJIIO-
yeHud # T. m.). IlpexBapurenbHO KpHCTaAJJIBI MPOCMATpPHU-
BAlOTCSl B MPOXOASILEM CBeTe H NPy HHTEHCHBHOM GOKOBOM
OCBEIIEeHHH MOIIHOM Jamnol .

ITpu TaxkoM OCBelleHHH XOPOIUO HPOCMATPHBAIOTCA AaXKe
Mejbyailliue, TPyAHO OOGHapyXuBaeMble aedeKThl — roay-
Oble WrJbl, TOHKHE Byanu M T. M. Jasa toro utoGbl yMeHb-
IIMTh ‘Mellaouiee HaG/I0faTeN0 paccesiHie H OTpaXKeHue
CBETa Ha MOBEPXHOCTSX KPHUCTaJJa, €r0 MHOrAA CMayHBaioT
HMMEDPCHOHHON XKHUAKOCTBIO 2.

! Ecn Kpucra/y NMOKPBHIT Tak Ha3biBaeMo# «py6awkoi» (KOPKoi
pPasJMYHbIX OKHMCJIOB, Yallle BCero »cJje3a, OCeBIIMX Ha Hero B 3aBep-
IIAIOIMX CTaJHAX pPOCTa), TO ee yAaJsIOT TPaBJeHHeM B a30THOH HJIH
JPYTHX, COOTBETCTBYIOIUHM 06pa3oM NOJO6GPaHHBIX, KHCJIOTaXx.

2 IMMepcHOHHAs KHAKOCTb HMeET OJMHAKOBBI C KPUCTAJNJIOM [O-
KasaTtesb npenomJeHdsi. TexHoJOrHueCKHe HMMEDCHOHHble XKHAKOCTH He
JOJIKHBI ObITh f/JOBHTHIMH, He AOJKHBI GBICTPO HCHAPATHCS, HMETh He-
BBICOKYIO CTOWUMOCTb. MX mokasaTe/b npesomJieHHsi BbIGHpaeTcss GJAH3KAM
Kk 1,544. YnorpebasioTcs Takue BellecrBa, Kak MOHOGPOM-HadTajuH-a,
TeTpalHH (TeTparuapoHadiTanuH) H cMeCH KepoCHHa WJH CKUNUAapa
C KalHu(pOJbHBIM MacC/IOM.
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YuacTkn Kpucrasia, nmopaxceHHble rpy6biMu JedeKTaMH, CKaJjblBalOT
crenHaJbHbIMH 060raTHTENbHBIMH MoJdOTKaMH. O6pasyiomuecs npH 3ToM
CKOJIBI CJIyXaT JJs HdaJbHeillell OUeHKH KayeCTBa KpucTasJja, ub6o Ha
HUX TpH HU3BECTHOM HaBblKe MOXKHO OGHAapYXXHTb XapaKTepHble MPH3Ha-
KH psila CTPYKTYpPHBIX Je(eKTOB, He3aMeTHbIX MpH NPOCMOTPe B MPOXO-
nslleM HAM GOKOBOM CBeTe: [BOHHHMKOBble MLIBb, ps6b, THMHYHYIO MJIS
CBUJIEBATOrO KBapua, U T. M. Be3dgedeKTHbIM, MOHOKPHCTAJbHBIM YYacT-
KaM OTBeYaloT TJajKHe CKOJbl MJIH B 3aBHCHMOCTH OT HX OpHeHTalHH
TaK Ha3blBaeMble «PAaKOBHCTbIe» CKOJIBI MJH CKOJMEl CO CTPYKTYpOH
«KpPBIIIKM 4acOB» (T. €. CKOJbl, MOBEPXHOCTb KOTOPHIX HANOMHHAET MO-
BEPXHOCTb PAaKOBHHBl HJH Y30p, HAHOCHMbIH HMHOrJa Ha BHYTPEHHIOIO
[I0BEpXHOCTb 3ajJHell KpPBbILIKM YacoB); CKOJB IBOHHHKOB 06Gpasyior He-
poBHble peGpuCTBle MJIH CTyMeHyaThle MOBEPXHOCTH. ['a30BO-XKHAKHE
BKJIIOUEHHs] OCTABJSIOT Mocje ce6sl LEMOYKH MeJKHX JYHOK (Kak Gbl mep-
¢dopauuio), TAHylMECs B Pa3HbIX HamnpabJieHHsAX.

OcraBuwasica nocsie o0oraueHHsi 4acTb KpHCTajjaa ole-
HUBaeTCsd [0 OTHOCHTENILHOMY pa3Mepy cojaepiKalueiics
B Heil Oe3nedekTHON obsactu (MoHooOGJact). dTa obaacTb
coraacHo nedictBylouinM B CCCP TexHHYeCKUM yCJOBUAM
Ha NMPHUPOAHBIA KBapl AOJKHA ObITb JOCTATOYHA AJS H3rO-
TOBJIeHUS] XOTA Obl OJHOH KBaplLeBON 3arOTOBKU Ji0Goro
cpesa pasmepamu 12X 12X 1,5 mm. B 3aBucumocta oT Beca
KpHUcTaJJa, MPoOLeHTa BbIXOAAa U Beca MOHOOGJACTH NMPHPOI-
Hble KPUCTAJJbl pa3jensioTcs Ha MATh COPTOB:

1) coprt akcTpa — KpucTanabl, ux OOJOMKH HJIH TaJbKa,
KoTopble o0ecneuyuBaloT BbIXOA MoHooOgaactH oT 30% u BbI-
we x obieMy o6beMy KpucTa/ia NPH Macce MOHOOG.JAcTH
He Mmenee 1000 e;

2) mepBBI COPT — KPUCTAJbI, HX OOJOMKH HJIHM TajbKa
maccoit B ceipbe oT 300 2 u BblIIE, KOTOpble 06GecneynBaloT
BBIXOJ, MOHoOGJsacTu He MeHee 159 ;

3) BTOpO#l COpPT — Bec CHIPOrO0 MaTepuaja He MeHee
100 e, Beixox monooOaacti He MeHee 109 ;

4) TpeTuii CcOpPT-— Bec CBHIPOTO MaTepuHasa He MeHee
100 e, Beixox MoHOoOOJacTH He MeHee 5%;

5) uerBepTHIl COPT — KPHCTAJJIBI U UX OGJOMKH, HMEIO-
mHe XoTs1 Obl OJHY eCTeCTBEHHYIO rpaHb, maccoit or 30 1o
100 2; o6J0MKH U Tajbku 6e3 ecTecTBEHHBIX TpaHell Maccoil
or 60 no 100 e (npu Beixoae MoHOOGMacTH He menee 10%).

Jlna OueHKH MCKYCCTBeHHbIX KpPHCTa/VIOB KBapila He NpHOGeraior
K MX MeXaHH4YeCKOMY O0O6OrauleHHio; Kak NpaBHJO, OHM NOCTaBJAAIOTCA
norpe6uremo neaukoM. HaunGosee uacro BeTpeuaiouMces MPOHM3BOA-
CTBEHHbIM Je()eKTOM TAKHX KDHCTAJJIOB SIBJSIOTCS MeJKHe Fa30BO-XKHI-
KHe BKJIOYeHHs, MPOKOJb H TPeLHMHbl, CKaNMHBaloHecss 06bluHO BOIH3H
3aTpaBOYHOH MNuacTHHH. B 3TOH yacTH KpucTaana (ee TOJIUMHA He
JOMXKHA npeBbiIaTb 3 MM) YKasaHHble JdedekTbl BNOJHe AONYCTHMBI,
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TIOCKOJIBKY 3aTpaBKa OGBIYHO yHAa/siercss NpH pasfenke chipbsi!. OmHako
I/l TOrO, YTOOBI YJAOCTOBEPHUTbCS B OTCYTCTBHH B OCTaJbHOH Macce KpH-
CTa/Jla TaKHX BKJIOYEHHH, KOTOpble MOrJH G6bl HaTh Haualo TPELUHHAM,
a TaKXe B OTCYTCTBHH 3aMeTHbIX MeXaHHUYECKHX HaMpsKeHHH BHYTpH
KPHCTAJUIOB, KaXJbli M3 HHX MNOJBEPraloT OTXKHIY IIpH TeMnepartype
530° C, mocjie Yero OCyIIECTBJISETCS WX OCMOTP B MpoXxojsiem H 60Ko-
BoM cBere. K mocraBke JJIsi HCIOJIb30OBaHHsI B 3/JEKTPOHHOH TeXHHKe
JIONMYCKAaIOTCS TOJMLKO TaKHe KPHUCTa/bl, B KOTOPHIX He HaG6.ioaaerca
TPELIHH H 3aMYTHEHHIl BHYTPH MOJIE3HOTO 06beMa (M3 Hero HCKJIouaercs
KaK caMa 3aTpaBouHas I1aCTHHA, TaK H HEKOTOpas 006JacTb Pa3pbiXJeH-
HOM CTPYKTYphl BO.IH3H Hee).

B KauecTBe NOMONHUTENbHOH Mephl, MO3BOJSAIOLIEH FapaHTHPOBATbH
KaueCTBO HCKYCCTBEHHOrO KBapla, MPOM3BOJHTCS MPOBEPKa AOOPOTHOCTH
Pe30HATOPOB, H3rOTOBJEHHHIX M3 OJHOTrO-ABYX KPHCTA/JIOB, OTGHpaeMbIX
M3 KaxKAOH NMapTHH Mo NPH3HAKy Hauboublleli CKOPOCTH POCTa.

1-5. TpaBJjieHHe KPHCTANJIOB KBapiia
B MJIABHKOBOH KHCJOTE

ITpu nopmasbhom aTMocdepiioMm AeBJeHHH H KOMHATHOH TeMmepary-
pe KpHCTa/LIMyecKui KBapll pacTBOPSETCA TOJIBKO BO (PTOPHCTOBOJLOPOI-
Ho#t (miaBukoBoit) Kuciaore HoF, uiuM B pacrBope KHCIBIX coJieil 3TO#
KHCJOTH, Kak, HanpuMmep, aBydropucroro ammonus NH,F:HF wuu
nsyodropucroro kaausa KF - HF *. Ilocnegnue 3HauutesbHO Jydmre pac-
TBOPSIOT KBapl, GyayuH HecKOJbKo noporpetbiMu (2o 40—60°C). Ecan
TpaBJleHHe B pacTBopax G6udTOpPHAOB HEO6XOAMMO TNPOM3BOAHTH INpH

Puc. 1-8. lllap, H3roToB/JeHHbIH U3 NPaBOro0 KPHCTaJ-
Jla KBapua, nocje TPaBJjieHUs1 TMJIABHKOBOH KHC/IOTOM
B TeyeHHe Mecslla.

3HaKaMM IUIIOC M MHHYC 0603HAau€Hbl MEecTa BBIXOLOB TeX
KOHLOB 3JIEKTPHYECKHX OCeff, Ha KOTOPBIX MOSBASIOTCA 3a-
psinbl COOTBETCTBYIOULEro 3Haka MNpH DPaCTSIXKEHHH.

KOMHATHOH TeMrepaTtype, B HHX OOGbIYHO J0GAaB/SIOT HEKOTOpOe KOJHYe-
crBo (10 25% mo Becy) 40%-HO# N/IaBHKOBOH KHCAOTH. TakHe cMecH
MeHee fJIOBUTHI, YeM M/IaBHKOBasi KHCIOTA, H GoJee yHOGHH B MPOM3-
BOJCTBEHHBIX yCIOBHSAX.

! Cnenyer saMerutb, uto B Hacrosuiee BpeMs B CCCP IpOH3BO-
AATCA M TaKue KPHCTa/JIbl, Yy KOTOPBIX 3aTpaBKa MOJHOCTbIO yaajaeHa
ellle Ha MPeNNPHATHM-H3TOTOBHTENe (TaK Ha3biBaeMble <«KpUCTAJIHYe-
ckue G6s10Ku»). OHH NOCTaBJAIOTCS M0 JKEJaHHIO MoTpebHTeell.

* Yacto NpHMEHSIOTCA KOMMep4eCcKHe Ha3BaHHSI 3THX cOJeil — Gil-
(opHabl aMMOHHS WM Kajlusl COOTBETCTBEHHO.
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JI0BO/IBHO XOpPOIIO PacTBOPSAETCS KBapl, TakkKe B TOPSYHX KOHLEH-
TPHPOBaHHBIX pacrBopax eakux wemoueis (NaOH u KOH). Mmenno stu
TPaBHTENH HCIOJB3YKTC OGBLIYHO KaK OCHOBa [JIsi NPUTCTOBJEHHS Ma-
TOYHOTO PacTBOpa NPH NPOMBILIEHHOM CHHTE3e KPHCTaJJIOB.

PacTBopenue KBapla MO pa3JHYHBIM KpHCTAJNOrpauyeckKum Ha-
NpaBJeHAsIM BCJIEJACTBHE €0 aHM30TPOIHMH HACT C Pas3JH4HOA CKOPOCTbIO.
BricTpee Bcero KBapl pacTBOPACTCA B HAnpaBJeHHH ONTHYECKOH OCH
(B 3TOM HampaBJieHHd ObICTpPee BCero HIET H POCT KpHCTa/aia). 3Hauu-
TeJbHO Me[JIeHHee WIAEeT pacTBOPeHHe B MJIOCKOCTH, MeprneHaHKyAsApHOH
37Ol ocH. 31ech TOXe 3aMeyaercsi HeKOTopasi HepaBHOMEPHOCTh MpOIec-
ca, 160 HECKOJbKO CKOpee TpaBJIeHHC MPOHCXOAHT CO CTOPOHBI MOJOXKH-

Puc. 1-9. Mukpodororpaduu ¢(uryp TpaBjeHHsi NJIaBHKOBO# KHCJIOTOH
rpaHeil kBapua.
a — rpanp 6a3uca (MHHAKOMIA) JIEBOTO KBapua; BHYTPeHHUe Genble TPeYroJbHHKH
NOBEPHYTbl OTHOCUTEJNBHO BHEUIHIIX HA MaJgblit yroja npoTuB 4acoBoi CTPEJKH; 6 —
Tpakbp MpPH3MEl NpaBoro KBapla; 6 — rpanb Goabuioro pomGosapa R; & -— rpasb
Majnoro pom6osapa r [JI. 1-3].
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TeJbHbIX KOHLOB 3AcKTPHUUYECKHX oceit (3£ler MOJNI0OXKHTE/JAbHOE HaAnpas-
JleHHe MOHHMaercsi B (PH3MYECKOM CMblC/ie — 3TO TOT KOHEl, OCH, KOTO-
poOMYy COOTBETCTBYET MOJIOXKHTEJIbHbI ﬂb(:‘303J1€KTpH‘{eCKHﬁ 3apag npu
MOJI0KHTENbHO JedopMaluH, T. e. npH pactsKeHuu). Harasmnee Bcero
COOTHOILIEHHE CKOPOCTeH pAacTBOPEHHS HJLIIOCTPUPYeTcs ¢(opMmo#, KOTo-
pylo npuHo6Gperaer MOJUPOBAHHBIH KBapuUeBblii lap nocjae MJUTENbHOrO
(8 TeueHue Mecsua) TpaBiacHua 40%-Hoi NJIaBUKOBOH  KHCJIOTO#H
(puc. 1-8). HMHrepecHo, 4TO y4acTKH NMOBEPXHOCTH LIapa, COOTBETCTBYIO-
IHe BBIXOJaM TpeX OTPHIATeNbHBIX KOHLOB JIBOHHBIX oceii (oceil X)
u npuobperalolie B npolecce pacTBopeHuss $opMmy napaJjieJorpaMmos,
NpakKTHYeCKU MNOYTH HJM COBCEM HE MOABepraiorcs TpaBJEHHIO: 4epe3
30 nHell Ha HHMX Jaxe COXpaHsloTcs cjeabl moaupoBku {JI. 1-12]:
Ecnu tpaBuTenb BO3JeficTBYeT HAa TOHKO OTLIIHGOBAH-
HYI0O [OBEPXHOCTb KBapla, TO Ha Hell MO MPOLIECTBUH AO-
CTaTOYHOTrO BpeMeHH 06pasyioTcs TaK Ha3biBaemMble G UT Y-
pol TpaBaenusa'!! OHH HUrpalOT OuYeHb BaXKHYI pOJb
B TEXHOJIOTMH KBapLeBOro MPOM3BOACTBA, TaK KaK MO3BO-
JA0T HAEHTHOHLUHPOBATb TPaHH HJH — UTO ellle Ba)Hece
B COMHHUTENDbHBLIX CJAyuasX — cpe3bl KBapla. XapaKTepHble
AJ151 OCHOBHLIX NPHPOAHBIX IpaHell KkBapua Qurypsl TpasJe-
HUA nokazaHel Ha puc. 1-9. Ha puc. 1-10 mnokasaubl
MHKpodoTorpaduu GHUryp TpaB/JeHHS HEKOTOPbIX BaX-
Hefimux cpe3oB kBapua {JI. 1-1]. CpaBuuBas 3t ¢oTo-
rpaduy, MOXKHO OTMETHTb, BO-NEPBBHIX, UTO KaXKIOH TpaHu
OTBEYalOT (HUrypbl TpPaBJEHHS TOH CHMMETPHH, KOTOPYIO
uMeeT cama rpaub. Hanpumep, Ha rpansx nunakoupa oGpa-
3YIOTCSl TPEyroJlbHHKH 6e3 maocKocTell CHUMMETPHH, HO
C'TPOHHOH OCblo cUMMeTpuHu (puc. 1-9,a); Ha rpaHsx rekca-
rosanbHoll mpuaMmbel (puc. 1-9,6) — acuMMeTpUUHBIE UETHI-
pexyroJIbHUKH, AJHHHASA CTOPOHA KOTOPBIX NMPOTSHYTa BIOJb
ONTHYECKOA OCH KpHCTaNJaa; Ha HCKYCCTBEHHBIX TpaHsX,
neprneHIHKYIAPHBIX 3JEKTPHYECKHM OCAM — (QUIyphl C OCBIO
CHMMETPHH BTOPOro mnopsagka H T. 0. Purypsl TpapieHus
JIEBOTO KBaplla SBJSAIOTCA 3€PKaJbHbIMH OTOOpaKeHUAMH
COOTBETCTBYWIUHX (Hryp MpaBoro Ksapua. Bo-Bropbix,
MOXKHO 3aMeTHTb, 4YTO (Hrypel TpaBJeHHs Ha TJaBHBIX
noBepxHoctsix maactud AT-cpe3a 1OYTH TOXKAECTBEHHBI
¢urypam Ha rpaHsx maJjoro pom6osmpa r (cM. puc. 1-9.e
u 1-10,0), uTo Bro/IHE MOHSATHO, MOCKOJLKY OTJHYHe B OpH-
eHTauuu B o0OMX CJydyasix COCTaBJsIeT BCEro npumepHo 3°.
To »xe camoe MOXHO 3aMCTHTb, cpaBHHBas (QHUILypbl
TpaBJ/eHus pom6o3apa R u maacTuubl cpesa yxl/—35° Ha
puc. 1-9,6 u 1-10,%. [lanee, npuBoAUMble CHUMKH MO3BOJSIIOT

! Yrobpl moJyuuTb HX, HEO6XOIMMO TPaBHTb KPHCTAJJ HJM H3ro-
TOBJIelHbIH M3 Hero npenmapar iie Meiee | 4 B cBexeit 40%-Holt $TOpH-
CTOBOJOPOJHOH KHUCJ/IOTE.
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C¢paBHHTL JeiicTBHe TaKuX TpaBHTesel, Kak MJaBHKOBas
KHCJIOTa M pacTBOp KHcJoi ¢ropucroir coau (puc. 1-10,8
U e, a Takxe puc. 1-10,0 1 e cooTBEeTCTBEHHO). 3aMETHO, UTO
6upTOpHIL BbI3bIBaeT MOsAB/JeHHe OojJee MeJKHX H MeHee
pesbeHbIX (UIyp TpaBJieHHs], YeM IJaBHKOBAasi KHCJOTA,
H 10 3TOi NpHUHHEe eMy cJjelyeT OTAaTb MPeANodYTeHHe NpH
06paboTKe TOHKHX MJACTHH.

Puc. 1-10. Mukpodororpadpuu ¢uryp Tpase-
HHA TIVIaBHBIX MOBEPXHOCTell KBapleBHIX mJa-
CTHH.
@ — X-cpea CO CTOPOHBI TOJOXHTEJNbHOrO KOHIlA
3JIEKTPHYECKOR ocH; 6 — X-Cpe3 CO CTOpPOHbI OTPHILA-
TeJIBHOTO KOHLla 3JIeKTpHYeckoft ocu; 8 — BT-cpe3
(yxl/—49°), TpaBneHue B 40%-HOH NIaBHKOBOH KHCJO-
Te; 2 — BT-cpes (yxI/—49°), TpaBsnenwe B GudTOpH-
fe xanus KF.HF npu Ttemnepatrype +40°C; 0 —
AT-cpes (yxi/+35°), TpaBieHHe B 40%-HOH NA2BHKOBOH KHcaoTe: e — AT-cpes
(yxl/+35°), TpaBaenne B Oudrtopune kanus KF-HF npu temneparype +40°C;
x — cpe3 yx//—35°, TpaBleHue B NJIABMKOBOM KHCJOTe; Takasi durypa Moxer GblThb
npunHcaHa naactuie AT-cpesa, eciiu OHA OWIHGOYHO BhIpe3aHa C MOBOPOTOM B CTO-
poHy GosblIOro pomMGo3apa.
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C nomouibio GuUryp TpaBJeHHS MOXKHO MPH HEOBXOLHUMO-
CTH ONpeNeNHTb MOJNOXKHTeJbHOe (B (HU3HUECKOM CMBIC]Ie)
HamnpaBJieHHe 3JeKTpuueckoit ocu (cp. puc. 1-10,a u 6) uau
y6e1uTbcsl B HaJHuuu IpyGol OWIMOKH B BLIMOJHEHHH KpPH-
crangorpaduueckoil OpHeHTalMH KBapLeBOH 3aroTOBKH (cp.
puc. 1-10,0 u o). Takue omnOkH HepelKH B INPOH3BOI-
CTBEHHOH NPaKTHKe, NOCKOJbKY PeHTTeHOBCKHe 3aMephbl yria
cpe3a, ecld OHH MPOU3BOAATCH OT AaTOMHBIX IIOCKOCTeM
pom603/pOB, He MO3BOJSIOT OTJIHYUTL, HalnpuMep, OpHeHTa-
o yxl/+p° ot yxl/—p°. IlonoOHble cayyau HeZOMYCTHME,
MOCKOJIbKY CBOHCTBA YNOMSIHYTBIX CpPE€30B pPe3KO pasiiH-
yaloTcsl; JaHHble, HeOOXONUMble A/ HX CpaBHEHHs, NpHBe-
neHbl B Taba. 1-3.

Ta6auuga 1-3

KoHcTanThl, XapaKTepu3ylomue NPaBUIbHO
H HenpaBHJIbHO BHINOJIHEHHbIE Cpe3bl KBapua

Cpe3 K;{:;;J%T;;ET, n?;;ig:?%‘gﬁ
Key - mm
yxl/435° (AT) 1 670* 0
yxl/—35° 2 400* 430.10-6
yxl/—49° (BT) 2560* 0
yxl/+40° 1 880* —55.10-6
yxl/+38° (CT) 3080* 0
yxlj—38° 2 100%* —30-10-¢
yxl/—52° (DT) 2070%* 0
yxl/+452° 2 850%* +45-10-¢

* Ha | mm TOJNUIHHBI,
*#* Hi 1 mm cTOpOHBI KBaapara,

Hanpasnenue xpucrannorpaduueckux ocefl u pacrHoJo-
JKeHHe rpaHeil KpUCTaJJja MOXHO ONpeJNeJHTb H MO o4epTa-
HuaAM ¢uryp tpaBneHus: Tak, ocTpblil yron 4eTblpexyroJb-
HHKa Ha IpaHH rekcaroHaJjibHoH mpusMsl (puc. 1-9,6) Bcerza
HanpasjieH K OGosblioMy pom0603Apy, a AJHHHOE NpSIMoOe
pebpo 3TOro ueTbipexyroJbHHKa BCerja pacrnoJjaraercs co
CTOpOHBLI TOro pebpa KpHCTaJ/ia, CKBO3b KOTOPOE NPOXOIHT
MOJIOXKHUTENbHBIH KoHell ocd X (T. €. TOT KOHElLl, Ha KOTOPOM
obpasyercss MNOJIOKHTEJbHbIN 3apsi NPH PacTAXKEHHH KpPHU-
cranna). C gpyrofi cTOPOHBI, ecaH NMPHCMOTpPeTbcsl K GHry-
paM  TpaBJeHusT Ha rpaHd  Oogbiioro pomG6Go3ipa
(puc. 1-9,8), TO MOXKHO 3aMeTHTb, UTO OHH HECKOJIbKO 3a-
OCTPEHBI C OJHOrO KOHIA. DTO 3a0CTPEHHE TaK¥Ke yKa3blBa-
eT Ha TO pe6po NMPHU3MBI, U3 KOTOPOTO BBIXOAHUT MOJOXKHU-
TeJbHbIE KoHel ocH X [JI. 1-5].
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durypel Tpapfetust Ha mAOCKOI TIOBEPXHOCTH MOHOKPH-
CTajlna OLWHAKOBBI MO CBOeil (opme H opueHTHpOBKe. [lo-
STOMY €CIH HamnpaBHTb HAa KBapl NapaJJlenbHblil My4ok
CBETOBBIX JIyueH, TO ONTHYecKUe 3(PPEKTH, NPOH3BOLHMBIE
COTHAMHU TaKMX OAHOPOAHBIX (Hryp, GYAYT CyMMHpPOBATHCS.
B yactHocTH, ecqu ayuum 6yayr nagath Ha KpHCTaJJl CBep-
-Xy, TO BCe OIAHHAKOBO ODPHEHTHPOBAHHble rpaHH (uryp
TpaBjeHust OyayrT o6pa3oBbIBaTb KaK Gbl equHOe 3epkaugno,
OTpaxkaiollee CBeT B COOTBETCTBYIOLIEM  HaNpaBJIeHUH
(puc. 1-11,a). Takux «3epKan» OYHeT CTOJNBKO, CKOJbKO

N
/ 8/
Y7 //I
/
lpawy
&4
Puc. 1-11. Cxembl, nosicusiioliHe 3¢ beKT CyMMHPOBaHHs OTPaKeHHHIX (a)

v TIpesoMaeHHbIX (6) sydeil cBeTa ONHHAKOBO HAKJIOHEHHBIMH IPaHAMH
¢uryp Tpas/eHHus.

pasHbix rpaHefi HMelOT (UTypbl TpPaBJEHHS ONpelae]eHHOro
BHJ1a. B pesynbrare o6Gpasyercsi HECKOJNBKO OTpaxKeHHbIX
Jydeil, CO3HaIOLIUX ¢ TOUKH 3peHHs HabJiojareneil cBoeoO-
pasHble 3aKOHOMepHble CBeTOBble (HUTYpbl, HasbiBaeMble
burypamu acrtepusamal'. TlogoOGHblil ke oddekr
HMeeT MecTO, ecJH NapaJjiieJbHbIH NY4YOK 'CBeTa NPOXOIHT
CKBO3b KPHCTaJJl U NPEJOMJISETCS OJHHAKOBO HAKJIOHEHHLI-
MU rpaHsaMu ¢uryp tpaBaenus (puc. 1-11,6). ITpumenenue
¢uryp acrepusma, mojsyyaeMblx MOAOOGHBIM crmoco6oM, MJs
KpHcTaJiorpaduyeckoil OpHeHTaluu KBapia OblJOo BHEepBble
npepnoxeno akageMukoMm A. B. UlyGuukoswim [JI. 1-12].
B Hacrosimee BpeMs B TEXHOJOTHH KBaplla HCIOJb-
3ytorcst GUrypsl actepuaMa, o6pasyeMble He napaJie/bHbIM,
a KOHHYECKHM TYYKOM CB€Ta, PacnpOoCTPaHSIOILHMCS OT TO-
yeyHoro HcrouHuka (puc. 1-12). B KkauecTBe TOUYEUHOrO
HCTOYHHKA HCIIOJNb3yeTcsl spKas jaMmIa, noMelleHHass B CBe-
TOHeNpPOHHLAeMbll KOXyX C OTBEPCTHEM MaJoro JHaMeTpa.

t Acrepusmom (OT Trpey. «acTep» — 3Be3fa) Ha3bBAlOT fBJEHHE
06pa3oBaHusi 3aKOHOMEPHBIX JYYHCTHIX (3Be3fuaThiX) ¢Hryp npH mpo-
XOXK/EHHH CBETa OT TOYEYHOrO MCTOYHHKA 4Yepe3 TpaBJeHble MOBEPXHO-

CTH HEKOTOPBIX KPHCTaJ/IJIOB.
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quox ¢cBeTa, Najamliuid U3 OTBEPCTHA HA KYCOK KBapua
¢ MmapaJJjeNbHbIMH CTOPOHAaMH, PAacXOAHUTCS BHYTPH Hero
B PasJIHUHbIX HANpaBJEHHUSX U TIPENOMASAETCA TPAHIMH QUTYp
TpaBJieHHsl NPH BBIXOJe H3 BepXHeH NOBEPXHOCTH KpHCTaJ-
na. Baaroxapsi 3Tomy Habaiogarenb BHAUT H300paxeHHe
OTBEPCTHS1 Kak Obl BHYTPH KBapla H HECKOJbKO CMeLIeHHbIM
OTHOCHUTEJIBHO €ro IeHCTBHTEJbHOTO MOJIOKEHHS, a TaKxke
pPa3MHOXKEHHBIM 10 YHCJAY BHAOB MNapaJjie]bHbIX TpaHed
¢uryp TtpaBaenus. Pazmeprl BHAMMOTo H3006pakeHHS TeM
6oJiblile, UeM TOJLIe HCCAEAYeMblii KycOoK KpHcTajana. Pes-

A rr03 Iy /03
| wadmodenus

HOONWTPHUR

Z-cenuus
8ud cbeozy
Hemoynun Hemoywun 6,
cobema cbema 4
2) 9

Puc. 1-12. CBeT OT TOYEUHOTO HCTOYHHKA P, MpoXoas 4epe3 rpaHu Quryp
TpaBJIeHHUs, MDEJOM/SACTCA HAa KaXKIOi H3 HHX TaK, KaK 3TO NPOMCXOJIHT
Ha rpaHu npusMbl (@, 6); pacxoasuiuecs Jyyd obpasyioT aas Habmaona-
Tels MHHMOe M3006pakeHHe WMCTOUHHKA, pacroJsaraiollieecsi B Touke P’
Ka)<iasa rpynna rpaHeli ¢uryp TpasJieHuss o6padyerT cBoe H306pakeHre;
B YaCTHOCTH, TPH TPAHH CTPHLATEJbHOH MHPAMHIbl HAa MOBEPXHOCTH 6a-
3uca B MpUHUHME JCJ/UKHbI 1aTh TpH H3o6paxenus P’;, P’y u Plg(s).

KocTh (UTyp acrepuaMa ompejefseTcs B OCHOBHOM Kaue-
cTBOM 006pabOTKH MNOBEPXHOCTH, TJYOHHOH TpaBJeHHA H
aKTHBHOCTbIO TpaBuresns (6oJee MATKHe TpaBUTeNH, ecTe-
CTBEHHO, OGYC/JOBJIHBAIOT MeHee YeTKoe H300paxenue,
a npuMeHeHne GoJsiee TOHKHX abpa3nBoB, Hao0OpOT, crnocob-
CTBYeT MOBBLILIEHHIO €T0 PE3KOCTH).

durypel  acTepuaMa  IJs  TJaBHeHIMX  rpaHet
KBapua nokasanbl Ha puc. 1-13. C ux nmoMouIbIO HETPYAHO
NPOM3BECTH OpHeHTAalUHI0 KpHucraanaa. [Ipakruueckn ynobGHee
BCEro Jejarb 3TO ¢ NMOMOLIbIO (HIYp acTepuaMa Ha HCKyc-
cTBeHHoi rpanu YZ. [leno B TOM, 4TO NMpH 3TOM OTHajgaer
HeoOXOAUMOCTb B ONpeleNeHHH TOro, K Kakod MoAuduKa-
UMM — MPaBOH MJIHM JIeBOH — NPHHAJJIENKUT JaHHbIH KpH-
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Puc. 1-13. ®urypol actepusma npu nab.aione-
HHH B NMPOXOISIEM CBETE OT TOYEYHOro
HCTOYHHKA.

a —Ha rpadiu Gasuca (mHHaKoMpa) KBapua, cnpa-
Ba — MJIsi MpaBoro, cjeBa — JAJsi JIEBOTO KpHCTanana,
6 — 1o Xe, HO NpH Gojee TOHKCOA 06paboTke mo-
BEPXHOCTH; 8 — Ha HCKYCCTBEHHOH IpaHH YZ kBapua;
cJleBa BBEpXY — NPaBblif  KBapil, [MMOJOKHTCJbHOE
(B ¢u3uveckoM cMbicTe) HanpaBieHHe ocH X Ha
Ha6aionaTessi, cnpaBa BBepXY — JeBblH KBapl, MoJo-
XKHTeJbHOe HamnnaBdeHHe ocu X oT Habaopartens
creBa BHH3Y — npasbiit kKBapl., +X or HaGnonarens,
cnpaBa BHH3Y — JeBblii kBapu. +X Ha Ha6Jaiola-
Tens [JI. 1-1].

23



-

cTaJ/1. YHHBepcasbHas CHCTEMa KOOPAHHATHBIX ocel, obuias
I TIpaBOTO W JIEBOTO KBaplla, MoxeT ObITb MOCTpoeHa,
€cJH TMPHHSTH YCJIOBHO, YTO MOJIOXKHTEJNbHO® HalpaB/eHHe
ocu Y y obeux MoaudukallHii BHIXOAUT H3 TOH I'paHH TPH3-
MBI, KOTOpasi paclojiaraercs nod 2paHsro Maarozo pom603o-
pa r (ecau MpH ITOM MOBOPOT K MOJOXKHTENLHOMY KOHIY
ocd Z mpou3BOIHUTCSA TIPOTHB YAaCOBOH CTpesKH). 3HAUHUT, LA
MpaBUJIbHOM NPUBA3KH KOOPJHHATHBIX OCEH K KPHCTaJJy He
HaJ0 3HaTh, K Kakoi MOIU(HUKALMH — MPaBOH HJIH JeBOH —
OH MpPHUHAJJEXKHT, JOCTATOYHO JIMIUb YCTaHOBHTb, KaK B HEM
HanpaBJeHa ocb Z M KaK 10 OTHOLIEHHIO K HeHl pacnoJa-
raiorcs poM6Go3apbl — Ge3pas3JHYHO  Manbiif Hau  60Jb-
IoH.

PaccmarpuBas puc. 1-13,8, MOxKHO 3aMeTHTb, uTo Qury-
pa acrepusMa Ha HCKyCCTBEHHOH TpaHu YZ B cuayuae,
korna ¢usuueckas ocb X 'HampaB/JeHa oOT HaGuOAaTeNs,
UMeeT [OBOJBHO OTYETJIHBO BBIpaXKeHHYI0 (OpMy KocCo-
yroJpHOro mapaJuienorpamma. IIpu 3ToM KopoTKas CTOpoOHa
mapaJJjesorpaMMa COBMajaeT MO HampaBJeHHIO C OCblo Z,
a JJUHHAs TMOYTH TapaJJjenbHa rpaHu OGoJblioro pom6o-
sapa. Takum 06pa3oM, CTAHOBHTCS HECTOXKHBIM Pa3MeTHTb
KpPHCTaJJI: ecld HanmpuMep, IMJOCKOCTb ‘pacnuia AJs cpesa
rpynnsl yxI/B° mosiKHa OBITH BBINOJHEHA NOJ OTPHUATEJNb-
HbIM yrioM B° kK ocu Z, TO ee cje[yeT HaKJIOHATb B CTOPOHY
6osnbmoro pom6031pa, €CAH MOJ MOJOXHTENbHbIM — TO
B 06paTHYI0 CTOPOHY.

K coxaseHnuio, opueHTHpPOBaTh TO (UrypaM acTepusMa,
noJyyaeMbiM B IIPOXOJSIIEM CBETe, MOXHO TOJBKO NMpo3pau-
Hble kpucraansl. [IpaBna, ¢ pa3BuTHeM cHHTe3a KBapla Ta-
KHX KPHCTaJJIOB CTaHOBUTcA Bce Gosbliie, OJHAKO K mOTpe-
6urtesio mocTymaer Bce ellle MHOTO HHTEHCHBHO OKpalleH-
HBIX MODHOHOB. 3HauHuTeJbHAas 4acCTb 3THX KPHUCTAJJIOB JLO-
OblBaeTcs B BHIE OKATaHHOR (€O BCeX CTOPOH TalbKU H
BOOOllle HEe UMeeT Kakux-nmubo rpaHeii. B stux ciayuasx opu-
eHTHPOBKA KBapla no ¢urypam acrepusma MOXeT IPOH3BO-
JIHUTbCA TOJNBKO MyTeM OTpa)KeHHs Myuyka cBeTa OT TpaBJe-
HbIX noBepxHocrell MuHepasna. CooTBeTCTByiOlAs MeTOAHKA
paspaboTaHa H nogpo6GHo omucaHa B pabotax [JI. 1-5, 1-8].
B o6mux ueprax 3Ta MeTOJAMKa CBOJUTC K CJEIYIOLIEMY.
Henpo3paunblil Kpucraan KBapua HJIM KycOK KBapua 06e3
BHeLUHel OrpaHKu mojasepraloT o6paboTKe B MEeCKOCTPYHHOM
anmapare ¥ 3areM B TeueHue 1—2 4 tpapst B 40% -Hoi dro-
pPHCTOBOJOPOJHOH KHCJIOTe, 3areM Ha KpPHUCTAJ/J1 Hampas-
JISIOT JIyd OT «TOYEYHOrO» HCTQUHHKA CBETAa H [PacCMaTpH-
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BAlOT e€ro OTpa)KeHHe OT TpaBJjeHoH mnosepxHoctH. [lpu
OmpefieJieHHBIX MOJIOXKEHUSAX Kycka Ha 3TOH IOBEpPXHOCTH
BHIHA XapakrepHas ¢urypa acrepu3ma, CXeMaTHUYECKH H30-
6paxeHHas Ha puc. 1-14.

Takas ¢urypa nonyuaercs B pe3ysibTaTe CJA0XKEHHS MHO-
KecTBa OTPaXKeHHH OT 'MeJNKHX IpaHel, oO6pasyoiuxcs B pe-
3y/abrTaTe TPaBJNEHHSI H INPHYPOUEHHBIX K [OBEPXHOCTSM,
O/IM3KHM [0 HampaBJeHHAM K 'GOJbIIOMY pomG6031py R,
npusme m u Tpaneuo3Apy X. Kak npasusno, ¢urypy acre-
pusma He yaaercs HaO/0AaTh BCIO cpasy NpPH HEKOTOpPOi
CTaTHYECKON YCTAHOBKe KpHCTaJsa: yToObl YBUIETh BCe €e

JeTajd, KpPUCTAMI  TPHXOAHUTCS 7 ?
cjJerka HaKJOHATb B IIOCKOCTH YZ ‘ A

B Ty U ApPYTYIO CTOPOHY. SIpKOCTb H

pe3KoCTb OTHENbHBIX yacTed ¢Hury- A

pbl HEONHHAKOBBI: BEpXHsAS YacTb

Jyiya OT XapaKTepHOH SIpKOH Tou-

KH @ NOCTeNeHHO yBeJHYHBAETCS N0 ﬁ.%_ LA -
HalpaBJIEHHIO K TOYKe BBIXOJa OCH

Z; oT caMOH BepXyIIKH-Jydya U OT

TOYKH Q@ OTXOLAT aCHMMETPHYHbIE

MyYKH, HalpaBJIeHHbIe BJIEBO y mpa- 4k

BOrO KBaplia U BIPaBo y JEBOrO.

[Tocnennee 06GCTOATENBCTBO MO3BO- a) 9

JISieT pacro3HaTh NMPU HEOOXOAHUMO- .. (.4 ®urypa acre-
CTH SHAHTHOMOP(HYIO MOIHGHKA-  puava naGmonaemas mpH
HIO KpHCTaJaJa. Hepe;u(o, BIIpOYEM  oTpakeHHH CBeTa Toueu-
B 5TOM HeT 0co6oH HaJAOGHOCTH, HOrO HCTOYHHKA OT rpa-
MIOCKOJIbKY BBIILIE YK€ YIIOMHHAJ0Ch a_npa::’; "t{pﬁmﬁn 5
,O TOM, yTo ﬂJIﬂ anBﬂsKH K KpH' JieBbIfl Kpuc‘ra;m:
CTajJly KBapua yHHBepcaJbHOH

CHCTeMBl KOOPAMHATHBIX Ocefl JOCTATOYHO HAEHTHHUHPO-
BaTb XO0Td Obl OAHY H3 rpaHeil 60JbILIOrO WJIH MAaJoTo poM-
6031pa u BBLISICHATb HampasJjieHHe onTuueckoil ocH. Paccma-
TpHBaeMas (urypa acrepusma BIOJHe obGecrneynBaer pelue-
HHe oOeHx 3amauy, MOCKOJbKY HampaBjeHHe ee OCHOBHOIO
Jyya yKasblBaeT Ha TOYKY BbIXoJa OocH Z, a ero BepxHfs
yacTb BCerja pacnoJsiaraerci Ha rpaHd 6oJblioro pom6o-
31pa.

TpaBnenne kBapua mJIaBHKOBOH KHUCJOTOH 1MO3BOJSET pe-
IIHTb BaXKHYIO 3afayy — OOHApYKHTb NPUCYTCTBHe B HeM
KaK 3JeKTPHUeCKUX (HopUHEeHCKHX), TaK M  ONTHYECKHX
(6pasunbckux) aBoitHMKOB. J[Jas 3Toro npomsnndoBaH-
HbIl M TNpOTpPaBJeHHbI KpHCTaaa KBapla (HJH BHIpe-
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34HHYI0 M3 Hel'd NJACTHHY) OCBellalT KOCO NagaiolinM
[TY4Y4KOM CBe€Ta H CJerkKka noBopayuBaroOT A0 TeX IOp, IMOKa He
CTaHeT YeTKO 3aMeTHa rpaHuua mexay OoJiee CHJIBHO H 060-
Jee cnabo OTpaKalOUIUMHU yYacTKaMH I[OBEPXHOCTH. ITOT

Puc 1-15. O6pasupl jopHHEHCKHX JBOMHHKOB, OGHA-
PyXHBaeMbIX TNyTeM TpaBJeHHs Ha IJIOCKOCTH 6a-
3uca.

KomnouenTsl ABOAHHKA AOCTAaTOYHO KpPyInHbIE, HX MOXHO
OTA@NHTh APYr OT npyra[ H HCMNCJB30BaTh HHAHWBHAYAJNIbHO
JI. 1-1].

apdexr o0O6ycsoBaEeH pasqUYHOH OpHEHTHPOBKOH (Hryp
TPaBJIeHUs1 Y PAa3JIHUHbIX KOMIOHEHT ABoiHuka. [loduHel-
CKHe JBOHHHKH NMPH TaKOM HalbmwoneHHMH OOBIYHO XapakTe-
pU3YIOTCS HENpaBU/bHBIMH, KPHBOJHHEHHBIMH TpaHHIAMH
(puc. 1-15), B pelkux cjaydasix 4acTb ABOHHHKOBOrO MLIBA
MoKeT ObITb 3a3yOpeHa OTpe3KaMH NPSIMBIX, apaJijebHbIX
rpaHsiM KpHcragasa. ¥ 6pa3uibCKOro ABOHHHKA IIOB NMOYTH
BCErJa COCTOUT H3 NpPSIMbIX OTPE3KOB, Mapajljie/ibHbiX Fpa-
HAM KpHucTaana. Yame Bcero Ha6/10RalOTCA MOJHCHHTETH-
yeckHe ABOHHHMKH, COCTOSILHE W3 NepeMexalolluxcs napat-
JeJbHBIX CJI0eB NpaBoro M JeBoro kKeapua (puc. 1-16).
HHorna BO3MOXKHBI CJyyad ONHOBPEMEHHOTO CYLLeCTBOBA-
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Puc. 1-16. O6Gpa3ubl 6pa3uabckiX ABOHHHKOB Ha TpaB-
JeHOii NOBEPXHOCTH KpHCTaaia KBapua.

Menkue 6pa3nibCKHe HABOMHHKH 4YacTo GbIBAlOT pa3bpocaHbl Mo
BceMy ob6beMmy kpucraana [JI. 1-1].

HHs1 6pasuibCKHX M NOQHHEHCKHX [BOHHHKOB B OJIHOM H
TOM Ke KpHucTajJje. 3aMeTHM elle, 4yTO NPSAMOJHHEHHOCTb
HJIH HeNpsIMOJIHHeHHOCTh ABOMHHKOBOTO LIBa BOBCE He CJY-
JKHT JOCTATOYHBIM MNPH3HAKOM IJISl TOTO, YTOOLI ONMpejesiHTh,
SIBJISIETCS JIM JAHHbIH JBOHHHK AOQHUHEHCKHM HJIH Opasuib-
CKHM.

1-6. CnaiiHocTb KBapua u ¢urypnl yaapa

Crnoco6HOCTh KpHCTaJJa NpPH yAape pacKajabiBaTbhCs MO
MJIOCKOCTSIM, MNapaJilebHbIM €ro TpaHsM, Ha3blBaercs
cmaiiHoCTh10. B 3aBuCUMOCTH OT NpaBHJABHOCTH 00pa-
3YIOLIMXCSI NpPH 3TOM NMOBEPXHOCTEH pa3/HyaloT rpajaudH
CNafHOCTH: COBEpLIEHHYIO, HECOBEPIIEHHYIO H 3aMETHYIO.
XopolnM NpHUMepoM COBepLIEHHOR CMafHOCTH CIyXKaT KpH-
cranabl ciaoabl. Kpucrannsl kBapua o6JafaloT Jdlib 3a-
METHOH CMaHHOCTBIO MO MJIOCKOCTSIM, MapaJjieibHbiM rpa-
HAIM 060MX poM6031poB R H r.

®urypsl, obpasyiolinecss Ha MOBEPXHOCTH KBapua MpH
ylaape, MOTYT Hapsily C APYTHMH cnoco6aMu CAYyXKHTb IJs
pacnosHaBaHusi rpaHedl M AJsi ONpeleJieHHsT OpHEeHTalHH
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KpHcTaJorpaduueckux ~ oceil. IJToT  crmoco, BhepsbIe
npeanoxennbt A. B. LllyGHUKOBBIM, WHPOKO HCHOJDb3YETCS
B OTEUECTBEHHOM KBapleBoM mnpoussoacTBe. HauGosaee
yno6Ho mo ¢urypam ynapa Ha rpaHd NHHaKouaa (6asuca)
pacnosHaBaTh IpaHH poMG034pOB R H r WM HAXOMHTb Ha-
npasjienusi oceit X uam Y B KyCkax KBapla, JHLIEHHBIX
OTpaHKH. Yap Ha HECKOJIbKO MO/IIJIH-
(doBaHHYI0 TMOBEPXHOCTb KPHCTA/Ia
HAHOCHTCS1 OGBIYHO CTaJbHBIM KepHOM
WM YCTPOACTBOM, MNOJOOHBIM MelH-
uuHCKOMy ckapudukaropy. O6pasyio-
Udecsi OT ylapa TPeUHHbl TocJe
TpaBjeHHs B MJABUKOBOH KHCJIOTE
npuobperalor obliHe oyepTaHus, Ha-
MOMHHAIOIIHE TPEYTOJIbHHK C HECKOJIb-
Puc.  1-17.  ®ury- Ko HMCKPHUBJIEHHBIMH CTOPOHaMH (pHC.
bol ylapa Ha rpais  1.17) Kak B MpaBOM, TaK H B JIEBOM
ITHHaKoOHaa KpHCTaJ-
na Ksapua (no KBaplle BepIIMHbB  TPEYroJbHHKOB
A. B. Uly6uskosy).  Bcerjaa oOpallleHbl B CTOPOHY K 60JIb-
momy pomGosapy R, a GuCCeKTpHCLI
YIJIOB NPH 3THX BeplIMHAX NapaJJelbHbl MEXaHHUECKHM OCHY
KpHctaJia. [Ipu 3TOM noJIoXKHTEeNbHBIM HallpaBaeHHsaM ocefi ¥
COOTBETCTBYIOT HalpaBJeHHs] OT BepIUHH K OCHOBAHHAM Tpe-
yroabHuKoB. Haiifennble nmo ¢durypam ynapa Hampas/eHHs
HOJIKHbl ObITb YTOYHEHBI MO OrpaHKe Kpucrajia, a B Cay-
yae ee OTCYTCTBHSI — ONTHUECKHMH HJIM PEHTIeHOBCKHMH
MeTOAaMH.

1-7. O BO3MOXKHOCTH NMPOMBILJIEHHOr0 HCIOJb30BAHHS
JeeKTHbIX KPHCTANNOB KBapua

B § 1-3 ormeuasoch, YTO KpHCTa/Ibl KBapla, COAepiKalllhe Lenou-
KH MEJKHX MYy3bipbKOB (ra3oBO-XKHIKHX BKJIOUeHHH), 1e Aatomnx Haua-
Jla TpellHHaM, BIOJIHE NMPHIOANbLI AJST H3TOTOBJICHHS 11be303J€KTPHUSCKHX
3JIeMeHTOB GOJIBLIMHCTBA THIIOB; HaJWUYAE BHYTPU HMUX YKA3aHHBIX nedek-
TOB He CKa3blBaeTcs Ha napamMerpax pesonaropon. To ke camoe cnra-
BeIJHBO H AJs1 CJaydas, Korja BHYTPH KpHCTa/Jla OOGHapyXKHMBAlOTCA
«roJ1yOble HIJIBI».

CoBceM MO-HHOMY NPHXOAMTCS CTaBHTb M pelllaTh BOMPOC O BO3-
MOXHOCTH IPOMBILIJICHHOFO HCHOJIb30BaHHsI CABOMHUKOBAHHBIX KpHCTAJ-
noB. Jleso B TOM, uTO [oJroe BpeMsi ABOMHHKM KBapua — Kak XO(uHeH-
CKUH, TaK H Opa3HIbCKHA — CUHTAJHCh COBEPLIEHHO HENMpPHrOAHBIMH AJS
Nbe30TeXHHKH. B 4aCTHOCTH, CHMMeTpHs [IBOHHUKOB COBEpIIEHHO OTJHY-
Ha OT CHMMeTpHH @-KBapua. BpasuibcKHil JBOAHHK OTHOCHTCS K JHIE€K-
CaroHa/bHO-NMHPaMHUAANbHOMY KJaccy 6-m, a HodHHEHCKHI — K TeKkca-
roHaJbHO-Tpaneno3ApHYeckoMy Kaaccy 6:2. CilegoBaTesbHO, HaeabHbIi
6pasusbCKUil NBOHHMK He 06/afiaeT Nbe303JEKTPHYECKHMH CBOMCTBAaMH,
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TaK Kak BCe Nbe303jeKTpHYECKHe MOAYJH s Kjaacca CHMMETPHH G- m
paBHbl Hymo. YUTto Kacaercs podHHeHCKOro [IBOHHHMKA, TO XOTS K.acc
6:2 B npuHUMIE H SABJASETCS Nbe303/eKTPHYECKHM, HO Kak MO nbe3o-
3J€KTPHYECKHM, TaK H IO CBOHM YNDYTUM XapaKTePHCTHKAaM KPHCTaJlbl
3TOr0 KJsacca CyUleCTBEHHO OTJIHYalOTCsl OT TPHIOHAJbHO-TPaneuodapH-
YeCKMX KPHCTAJ/VIOB, K KOTOPBHIM TNpHHaNJIeXHT a-kBapl. Orcioga nge-
JaeTcst BbIBOJ O TOM, YTO M  gOoQHHeHCKHH, M Opa3H/JbCKUi ABOHHHKH
B Nbe303/J1€MEHTe KBapleBOro pe3oHaTopa HegonycTHMbl. IIpH stom He
o6pallaloT BHHMaHHsI Ha TO, YTO TEH30pbl YNpyruX KOHCTaHT nJs O6pa-
3HJIbCKOTO JBOMHHKA COBEPLIEHHO TOXXJIECTBEHHBLI aHaJOrHUHBIM TEeH30-
paM MOHOKpHCTan10B KBapua. CienoBaTe/bHO, MeXaHHUecKHe Kosebanus
NJIaCTHHB, H3rOTOBJIEHHOH M3 GPa3H/bCKOro MBOMHHKA, MOJKHBI NMpPOMC-
XONUTb TOYHO TaK XKe, Kak M KoJeGaHHs OJHOPOIHOH, MOHOKPHCTaJb-
HOH KBapleBOi NJACTHHB. B 4aCTHOCTH, Takue NJIACTHHBI LOJIXKHBI HMETb
ONHHAKOBble PE30HAHCHBIE YaCTOThl, OJHHAKOBble H3MEHEHHs 4YaCTOTb
Kose6aHH#A MPH H3MeHeHMH TemmepaTypsl u T. n. [JI. 1-7]. TlpaBaa, mo-
CKOJIbKY «(H3HYeCKHe» HampaBJeHHsl 3JIEKTPHUECKHX OCEH KOMMOHEHT
6pasHJbCKOro JBOMHHMKA aHTHIApaJIeNbHbl, 3apsifibl, BO3HHKalOllHe HA
HEKOTOPOH IOBEPXHOCTH CPOCTKA MpPH MOSIBJCHHH MEXaHHYECKHX Hanpsi-
KeHHHl B KpHCTaJje, HMEIOT NpPOTHUBOMOJOXHblE 3HAaKH Ha Yy4YacTKax,
MPHHAAMEKAMUX PaA3HBIM KOMIIOHEHTaM. DTO 311a4YHT, YTO CYMMapHHIH
Nbe303JEKTPHYECKHH 3apsx Oyoer MeHblue 3apsifia, BOSHHKAIOUIET0 B TeX
)K€ YCJIOBHSIX Ha IPaHH MOHOKPHCTAJ/bHOM MJIACTHHKH, Ha BEJHYHHY, IIPO-
MOPLUHOHAJbHYIO YABOCHHOM IJOLAAH, 3aHUMAEMOH MeHbLIEHl M3 KOM-
IOHEHT; eCJIU 3TH MJoAaAH GyAyT paBHBI, TO UTOrOBHIl 3apsy OKa)Kercs
pPaBHBIM HYJIIO.

OueHp 4yacTo, 0ZHAKO, OTHOCHTE/IbHbIE Pa3Mephl KOMIOHEHT XBOHHH-
Ka HepaBHOLEHHbI: OJHA M3 HHX ObIBaeT PAa3BHTa 3HAUMTEJNBHO CHJbHEE,
yeM -Apyrasi. B TakoM cpocTke MOXHO BbIZEMHTbH 00JIaCTH, rie CIBOHHH-
KOBaHHasi 4acTb OyZeT CpaBHHUTENIbHO HEBEJNHMKa, XOTsl caMu mno cebe
pasmepel 3THX o6sacrell OKa3bIBAIOTCS HEZOCTAaTOYHO OOJNbLIMMU IS
TOro, 4To6bl M3 HHX MOXHO ObLJIO BHIPe3aTh MOHOKDHCTaJIbHbiE MJACTH-
HBI HYXKHBIX Pa3MepoB.

SIcHO, 4YTO M3 Takoro [BOHHHKOBOTO KpHCTa/lJa BCe XKe MOXer
6biTh HM3rOTOBJIEHA pe30HATOpHAsl MJAACTHHA, KOTOPas MO CBOMM CBOM-
.cTBaM He OyACT OTJIMYATBCS OT MOHOKPHCTAJbLIOH; 3TO BO3MOXHO B TOM
cly4ae, ec/IH IBOHHMKH DacrnojioXeHbl B TOH YacTH NJACTHHBI, KOTOpas
He [OJIKHA TOKDPBIBAaTbCS MeTasJIHYeCKHMu sjektpojamu. [lpusenexHoe
' yclioBHe MOXKeT ObITb JOCTATOYHO YacTO BuIMOJHEHO, MOCKOJIBKY B Ha-
cToslllee BPeMsl KBapLeBble 3JeMCHThl B OOJBLUHHCTBE CJy4yaeB MeETaJsliH-
3HPYIOTCSI HE MOJIHOCTBIO.

BoaMmoxuoCTh HCIO/B30BaHHsT Gpa3u/bCKAX ABOHHHKOB B MOXO00-
HbIX Nbe303JeMeHTax Obla gO0Ka3aHa sKcnepumeHTadbHo [JI. 1-7]. Vcra-
HOBJIEHO, YTO eCJIH 00/1aCTH, 3aHHMaeMbie Meliee Pa3BHTOH KOMIOHEHTOIi
JBOHHHKA, PacnosaraloTcsi BHe 3JEKTPOJa, TO XapaKTEPUCTHKH pe30Haro-
pa COBEpIUEHHO TOXKAECTBEeHIIbl TeM, KOTOPLIMH 006/1aZaloT aHaJIOTHYHbIE
pesoHaTopbl C MOHOKPHCTAJbHbIMH KBapLEeBbHIMU 3JEMEHTaMH.

Yro Kacaercsl ABOHHHKOB, 06pa30BalHbX Mo XOQHNEACKOMY 3aKOHY,
TO CHTyalusi, MoJo0Has OMHCAHHOH BbIlle, BO3HHKAET NPH INPOIOJBLHHIX,
a TaKXe NPH H3rHOHBIX KoJieGaHUAX B TOM CJydae, KOrga TJacTHHA
Beipe3aHa B (opMe NPSMOYToOJbHOrO napaJJenenuncia ¢ pebpamu, ma-
pasJieJbHBIMH KpHcTamlodu3nueckum ocsim X, Y u Z. B 3TOM Jerko
y6eanTbCA, aHAaMH3HPYs TeN30pL YyNPYrHX KOUCTAHT KBapua H J0(HHEi-
ckoro aBOfiHMKAa. Ecam ke M3  CIBOHHHKOBAHHOrO MO OQHHEHCKOMY
3aKOHY KpHCTa/1a H3rOTOBHTb IJIACTHHY KaKoOro-mi6o KOCOro cpesa,
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uanpumep AT, BT wuau suo6oro Ipyroro, To B 3TOM ciaydae Kaxnaas
M3 YacTelt cpocTka OyjeT HMeTb CBOIO yIVIOByl0 opHeHTauuio. Tak,
ecJM OJHA M3 HHUX Bblpe3aHa noja yrioM —49° k ocu Z (BT-cpes), 1o
npyrasi 4acTb, NpHHaJJeXKallas K APYroit KOMIOHeHTe CPOCTKA, OKaXKeTCs
OpHEHTHPOBaHHOM nox yrioM +49° K 3Toii ocH. ITocKo/bKy YacTOTHbIE
KO3((HUHEHTBl Ka)XAOH KOMIIOHEHThl NPH 3TOM OKaXyTcs pa3HbIMH,
naacTuHa GyIeT 3aBeJOMO HEMOHOYAaCTOTHOH, a ee mapaMeTpbl B HHTEP-
BaJie TeMnepaTyp GyAyT nmpeTepneBaTbh BecbMa 3HauHTesbHble H3MEHEHHS.

B psize ciyyaes KpHCTaJ/Jbl, CABOAHHKOBaHHble 10 AOQHHEHCKOMY
3aKOHy, MOTYT ObiTb NpeBpalleHbl B MOHOKpHCTaJIb. [IpHHIMNHa/bHas
BO3MOXHOCTb TaKOro MpeBpalleHHst 643HpyeTCsl Ha TOM, YTO MNpH H3BeCT-
HBIX YCJOBHSIX JIHIUb ONpeXEJeHHBI CrnocoG MOCTPOEeHHsT KPHCTaJJnye-
CKOH pElIeTKH KBapila obecrneydBaeT MHHHMYM ee MOTEHLHaJbHON SHep-
THH; CJIeIOBaTeNbHO, B 3THX YC/JOBHAX MOXHO HOOHTbCS TepeopHeHTalHH
ONHOH M3 KOMNOHEeHT [XO(HHEHCKOro JBOHHMKA, YTO MNpHBENeT K €ro
npeBpalleHHI0 B MOHOKPHCTAJI.

TlepBoHayasbHO pa3aBOHHHKOBaHHMEe KBaplla MPOH3BOXHJIOCH HArpeBa-
HHEM CIBOWHHKOBAaHHOTO KPHCTa/Jia 10 TOYKH a.==f-mpeBpallleHHs (T. e.
npuMepHo a0 573° C) u nocsiepyioliero MHOTOKPaTHOTO Mepexojga uepes
3Ty TOUKY B Ty H Apyryio ctopousl [JI. 1-8]. K HactosilueMy BpeMeHH yxe
HaljeHbl gapyrue, Gosee coBeplueHHble cnocobbl pPa3ABOMHHKOBAHHS
KBapua. JIyymui M3 HMX — METOJ KpY4YeHHsi CIBOMHHKOBaHHOIo KpH-
crajja TMpH TeMmnepatype, GJH3KOH k TeMmnepaTtype a==f-mpeBpalleHust
{(JI. 1-9, 1-10]. 3tuM cnoco6om MoryT OHITb 06paGoTaHbl He Lesble
KPHCTAJIbl HIH HX KYCKH, a JIMIUb IPSIMOYTOJIbHble MJIaCTHHBI, BbIpE3aH-
Hble H3 TaKHX KpucTasnoB. [lapa riaBubix rpaHefl yKa3aHHbIX MJACTHH
HOMXKHA OBITh MapaJJieNbHa HJHM MOYTH MapaJiiesbHa rpaHH GOJBILOro
pom6osxpa KBapua R, a fgBe JpyrHe rpaHH HOXKHBI OBITb Bbipe3aHbl
Brosb oceii X u Z’ ((cpesnt BT, DT u 1. n.). DTHM xKe cnocoGoMm
MOryT ObiThb pa3jBOHHHKOBaHH MJACTHEBI, [1apa TJaBHHX TIpaHell KOTO-
pbIX MPUGJH3HTENTBHO NapaJJejbHa MajaoMy poM603Apy 7, HO MpH YCJIO-
BHH, 4TO GOKOBbI€ TPaHH MJIAaCTHH Bbipe3aHsl Mojx yriaom 45° K ocsim X
u Z' (cpesnl GT, AT — yxls/+35°/+45° u CT —yxls/+38°+HU5°).

Pa3nBofiHMKOBaHHbBIE KBapleBble IJIACTHHBI OKa3blBAlOTCS BIIOJHE
NPHrOAHBIMH /151 H3TOTOBJIEHHS MOJIHOLEHHbIX KPHCTAJIMYECKHX 3SJeMel-
TOB pe3oHaTopoB. TakHe pe30HATOPH HHYEM He YCTYMalOT Pe30HATOpaM
C mbe3o3NeMeHTaMH H3 3aBeJOMO MOHOKpHCTajbHoro kBapua {JI. 1-11].

I'nasa BTopas

OCHOBbBI NPOLIECCOB H3TOTOBJEHHUS
KBapLeBbIX PE30HATOPOB

2-1. Mexanuyeckass o06paboTKka MOBEPXHOCTH
KPUCTaJJIOB

Illnudosanne kBapua. Mexanuueckas o6paGoTKa mo-
BEPXHOCTH KBapLEBbIX 3JIEMEHTOB OIpeJe/sieT OCHOBHbIC
napaMeTpbl pe3oHAaTOpPOB — JOOPOTHOCTb M JOJFOBpPEMEH-
HYI0O cTabu/ibHOCTB (cTapeHue): ueM Jyuiie o6GpaboraHa
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noBepXHOCTb KBapla, TeM MeHbllle MOTepH B MOBepxHoOCt-
HOM cJloe, 06yCJIOB/IEHHbIE 3aTyXaHHeM YNPYDHX BOJH, BO3-
HHUKaIOUWHUX B KoJseGJaIoleMcsi MNbe303JeKTPHYECKOM KpH-
cTaJjlie, MeHbIlIe OTPbIB YaCTHL, He COCTABJANIIUX €IHHOIO
LeJOro C MOHOKPHUCTAJJIOM, H peJakcalluss MHUKpOHampsi-
JKEeHHUH.

Yro6bl MOJAYYHTb MOBEPXHOCTb C MHHHMMAaJbHbBIM KOJHYe-
cTBOM Je(eKTOB, KBapLeBbie 3JeMEHThl CHaya/ja WIHQyIOT
aGpasuBaMH pa3JMYHOrO TpPaHyJOMETPHUECKOro COCTaBa
B ONpelleJleHHON [MO0CJeL0BaTeNbHOCTH, CTporo cobuoaas
NpPUIYCKH Ha BEJMYHMHY CJOS, YAaJIeMOro KaXabM abpasH-
BOM, a 3aTeM IMOJHMPYIOT MHKpomopoukoM. [las yckopeHHs
MexaHHyeckoli 06pabOTKH pe/ibedHbIH CJIOH MOXKHO yaa-
JaTbh TpaBjeHHeM. 3epHa cBoGOAHOro abpasuBa, HAaXOAACh
MeX1y KpHuCTalJoM H UIHGOBAJIbHHKOM, MNpPH OAHOKpaT-
HOM BO3[eficTBUM ©00pa3yloT TpPeLIHHbl 'Ha IMOBEPXHOCTH
KBapua.

[Tocnenyroouiee npokaTeiBaHHe 3epeH abpa3uBa MPUBOAUT
K BBbIKaJbIBAHWIO YaCTHI[ KPHUCTaJJa, KOTOpble YAAJSIOTCS
BOMOi BMecTe ¢ oTpaGoTaHHBIMH 3epHamMu abpasuBa 3a mpe-
Jenbl nosisi MexaHuueckoil o6pabotkn. OnHako Boja B Mpo-
necce UIHGOBAHHUSI CAYXKHT He TOJbKO AJs pasjielieHus H
yla/leHdsi YyacTHl Kpucrajna u abpasusa. Ilponukas B Ma-
KpPOTpEIIHHbl, BOLA BCTyNMaeT BO B3aHMOJEHCTBHE C pa3BH-
TO MOBEPXHOCTbIO KPHCTAJIa, MPOAYKTHl THAPOJIH3A MpPOU3-
BOISIT PpACKJHHUBAIOLlee [eHCTBHE, YMeHblLIas 3HEPTHIO
cBsi3d U, obJjeryasi TeM CaMblM OTpPHIB YacCTHIl TBEpPAOTO
TeJsa.

HlnudoBanne xapakTepuayercsi TOJNLIMHOH pesbedHOTO
TPELMHOBATOr0 W JNedOPMHPOBAHHOTO CJOEB, a TaKXe
MpPOU3BOJUTEJNbHOCTBIO MpOLECCa NPH COXPAHEHHH BLICOKOTO
KayecTBa MOBEPXHOCTH KpHCTaJJa.

Nayuenue Bo3neiicTBUSI aOpasuBHBIX 3epeH 3JIEKTPOKO-
pyHna, xapbuna kpemHus, kapbuga Gopa u anmasa pas-
mepamu 7, 10, 14 u 20 Mxm Ha npomecchl AHCNEPTHPOBaHHs
MoKa3ano, 4To NpH LJAXPOBAHMH KBapua ONTHMAaJbHBIH
pacxon abpasMBOB NpPONOPLHOHAJEH XPYNKOCTH HX 3epeH,
a NMPOU3BOAUTENBHOCTb LIMH(GOBAHHA — JaBJEHHIO H CKOpO-
CTH BpallleHusi uuindosanbHuka. TommuHa peabedHoro u
pPa3pylIeHHOro cJOeB He 3aBHCHUT OT JaBJIEHHSI H CKOPOCTH
BpaiueHusi uiudosanbhuka [JI. 2-1, 2-2].

INpy wmdoBanuu kBapua XapakKTep 3aBHCHMO-
CTH MeXJIy [OoKasaTeJNsMH, ONpele/SOIUMH 3TOT MpoO-
1ecc, H TeXHOJMOTHYecKMMH (akTopaMmH, KaK H mpH uuiHdo-
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BaHHMH cTeKJa !, onpenensercs JUHEAHBIMH OYHKLIHAMU
N=*kd;, h=ked;, a=k:d; a=4h, (2-1)

raie N — NpOH3BONHTENbHOCTb LLIH(POBaHHS; d — MaKCH-
MaJIbHbli pasMep 3epeH OCHOBHO#H ¢pakuun abpa3usa;
@, h — ToNMHA Pa3pyUIEHHOrO W pebeHOro CJI0eB COOT-
BeTCTBEHHO; Ry, Ra, k3 — KO3(PPHIIHEHTHI.

Hans snektpokopynaa k1=0,50; k:=0,15 u k3=0,55;
kapbuaa kpemuus —0,60; 0,21; 0,80; xapbuma Gopa —
0,70; 0,27, 1,00; anmasza — 1,00; 0,33; 1,3. CpaBHuBasi 3TH
K03 HIMEHTB], HETPYAHO BHIAETb, YTO HauboJblueldl MpPoU3-
BOJHTEJNbHOCTbIO o06sapnalor abpa3uBHble 3epHa aJaMasa,
HavMeHblUIed — 3epHa 3JeKkTpokopyHaa. OjHako ciaeayer
HMeTb B BHAY, YTO KauyecTBO ULIM(OBAHUSA, €CJAH €ro OleHH-
BaTb MO TOJILHHE pesabedHOro cJos, yXyauiaeTcs BO CTONbKO
pas, BO CKOJIbKO YBEJIHUHBAeTCsl MPOU3BOJUTENBHOCTD.

A6pa3uBbl U3 CHMHTETHYECKOTO a/iMa3a Ha OPraHHYEecKoM
CBsI3Ke MO3BOJIAIOT NOJYYUTb NpH LLIH(DOBAHHH XOpOLIHe
pesyabrathl [JI. 2-3l. AGpasuBHble 3epHa 3THX aJ/Ma3oB
OOGBbIYHO HMEIOT LIepOXOBATYI0 M MOPHUCTYIO MOBEPXHOCTD, YTO
NPUBOAUT K GOJbLIOA CIENJsieMOCTH CO CBSI3KOH, W obJsa-
galT OoJbIloi XpYNKOCTbIO. DoJiblloe 4HCIO OCTPHIX BHI-
CTYNOB y aJMasHbx a6pa3uBoB 0OGYCJOBJAMBAeT HX BBICO-
Kyl0 pexyiuylo cnocob6Hoctb. [Ipy HeGOJBLIHX YCHJIHSX,
BO3HHKAIOILHX B NpoLecce LIJIH(POBaHHUS, C NOMOILIBIO aJIMas-
‘HbIX abpa3uBOB Ha OPraHHYecKOH CBsI3Ke, MOXHO obecre-
YUTb JOCTATOYHO BBICOKOE KayecTBO 06paGoTKHM MOBepX-
HOCTH TBepAOro Tesa. BcseicTBue 11epoxXoBaTOCTH CBOeH
NMOBEPXHOCTH 3€pHa U3 MCKYCCTBEHHOTO ajMa3sa BecbMa Mpoy-
HO yIepXXHBAlOTCS CBSI3KOH MOUYTH A0 MOJHOTO HMX H3HOCA.
AnvasHble aGpa3uBbl OTJIHYAIOTCS HCKJIOUUTENbHO BBICO-
Koll u3HocoycroiiunBoctbio. lllupokoe pacnpocrpanenue mo-
Jyuyusa o6paboTKa HOBEPXHOCTH TBEPIbIX TeJ aJMa3HbIMH
3epHaMH B CBOOOJHOM COCTOSIHHH.

IIpoBenenne TouHON KaAaccHUKANMH aJIMa3HBIX MHKPO-
MOPOIIKOB MCKJIIOYaeT HaJMYMe YacTHI KpymHo#t ¢pakuu,
yto obecrneyrBaeT OTCYTCTBHE HAapanuH Ha o6pabaTbiBaeMoi
NOBEPXHOCTH, & CJIeJ0OBaTe/bHO, €e BBICOKOE KayeCTBO OIHO-
BPEMEHHO CO 3HAYUTEJbHBIM YBeJHYEHHEM HPOH3BOLUTEJD-

1 CrekJI0, KaK W KBapll, OTHOCHTC K TBeplAblM TesaaM, o6Jajalo-
ILMM THAPOUIbHBIMHE cBoficTBaMu. B 3ToM cMblciie pe3yabTaTel pa-
60T, ONMBITHl B KOTOPbIX NMPOROJAWJIHCH HA CTEKJE, MOTYT ObiThb HCHOJb30-

Balipl AJS KBapua.
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HocTH mpouecca. [To3ToMy B onpefie/IeHHBIX CaydyasX MOXKHO
OrpaHMYMTbCS TOJNBKO UIMH(OBaHMeM a/jMa3HbiMH abpa-
3MBaMH, 3€pHa KOTOPHIX HMEIOT CpPeJHHe pas-
Mepb nmopsaka 1 mxm u MeHee, Ge3 MONHPOBaHHSA
OKHCBIO KeJie3a,"XpOMa WJH APYTMMH MOJHPOBAJbHBIMH IO-
powikaMH (OZHAKO C MOCJAeAYIOIIHM TpaBJeHHeM MOBepXHO-
cru kBapua). Tak, nmanpuMep, npu umiaudoBaHHM KBapua
aGpasMBHbIMH 3€pPHAaMH aJjMasa, cpefHHe pa3Mepbl KOTOPBIX
cocTaBaslOT 15 MKM, M TOCHENyIOIeM TpaBJeHHH B Ye-
ThIpeX(TOPHCTOM aMMOHHH HOGPOTHOCTb KBapleBbIX Opyc-
koB uacrotoit 100 key mocturaer 1,9-10%, a xBapueBbIX
6pyckoB uyactoToil 66,6 xey —5-108 {JI. 2-4]

B paGore [2-3] mpuBOmsATCS JaHHBIE BBLICOKOMOJIEKY-
JSIPHBIX TMOBEPXHOCTHO-aKTHBHBIX BeIeCTB, XOPOLIO CMayH-
BalOIUX 3epHa a/jMas3a. DTH BellleCTBa COAEPXKAT CHHTETH-
yeckue XKHUPHble KHCJOTHI, Ba3eJHHOBOE HJH KacTOPOBOE
Macjio, a B HEKOTODbIX CJyYasX M OJIEHHOBYIO KHCJOTY.
OcHOBHOe BJIMSIHHE Ha HMX MOJHPYIOLLYIO CNOCOGHOCTb OKa-
3bIBAlOT (PU3HUYECKHe CBOHCTBA 3epeH ajMasa H MX rpaHyJo-
METPHYECKHH COCTaB.

HonupoBanue kBapua. Teopus mpoueccoB MOJHPOBAHHS.
MexaHu3M MPOIECCOB TNOJHPOBAHUS SIBJISIETCS HCKJIOUH-
TeJLHO CJIOXHBIM, MHOro3JeMeHTHhIM. Ha npoTsiKeHHH
300 Jser uccaeqoBaTeNH MBITAIOTCS BBISICHHTb €r0 MPHUPOLY.

[TepBoit 6Gbl1a MpensoXKeHa MeXaHHYecKasl TeOpHsl MPo-
llecca MOJHPOBaHHs, PacCMaTpHBAOLIAsi ero MO aHaJOTHH
co mMdoBaHHEM KaK MPOLECC XPYNKOro paspylieHHs IO-
BEPXHOCTH 3epHaMu NoJHpoBasibHoro mnopomka (Heioron,
I'yk, Jlexpeube, I'epienp). Hanuune Ha nmosupoBaHHON MO-
BEPXHOCTH cJieloB abpa3uBHOrO BO3JeHCTBHS NMOpPOIIKa, 3a-
BHCHMOCTb CKOPOCTH MOJIMPOBAHHSI OT Pa3MepoB H CBOHCTB
MOJIMPOBAJILHOrO MOPOLIKA, a TaKXKe M OT APYTMX MeXaHH-
yecKHX (PakTOpPOB CBHIETENbCTBYIOT O TOM, YTO NOJHPOBA-
HHe SIBJISeTCs CJOXKHBIM MexaHHueckuM mpoueccom {JI. 2-5].

Hpyrasi Teopusi o6bsiCHAET NOJIUPOBAHME KAaK NJacTHYe-
CKOe TeueHHe MNOBEPXHOCTHOrO CJIOSI TBEPILOro Tesaa. ITa
TEOPHSl HCXOAHT H3 TOTO, YTO BeIleCTBO MOBEPXHOCTHOIO
CJIOSl, CHAMaeMoOe C BBICTYNOB, OTKJaAblBaeTcsi B YriyOGuJe-
HUAX ILIHGOBAHHOA NMOBEPXHOCTH H CMOCOOCTBYeT ee criaa-
xusanuio (Beitnb6u, ®penu, Cmexan, Boynen). Inacruye-
CKOe TeYeHHe MOBEPXHOCTHOTO CJIOSi OOBSICHAIOT 3HAUYHTE/b-
HBIM MeCTHBIM MOBBILIEHHEM TeMMepaTyphl, Bbi3blBaeMbIM
AeficTBHEM NOJHPOBAJbHBIX 3epeH W MPUBOISALIHM K pas-
MSITYEHHIO CTeKJa B OTHe/JbHbIX TOYKax muoBepxHocTH. He-
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KOTOpble aBTOPBI MONAralOT, YTO MAacTHYCCKHe nedopMalni
B TMOBEPXHOCTHOM CJIO€ CTeKJa MOTYT HMeTb MecTO BCJen-
CTBHME BBICOKMX JaBJIeHHH, BO3HMKAIOIIMX B MecTax BO3JeH-
CTBHS 3€peH MOJHPOBAJbHOTO MOPOLIKA.

H. B. I'pebeHulnkoB BhepBble YyKa3aJ Ha CyLIeCTBEH-
HOe 3HaueHHe (PHU3UKO-XMMHUECKHX M XHMHYECKHX SIBJEHHH
B Mpollecce MOJHPOBAHHUSA CTekJa
Y] [J1. 2-6, 2-7]. Pusuxko-xuMHYe-
CKasl TeOpHUs MOJHUPOBAHHS OCHO-
BaHa HAa TOM, 4TO [OBEPXHOCT-
HBIl CJIOH CTekJ/a, CONPHKAacasch
C BOJO#, XUHMHYECKH C HelOo B3aHu-
MonekicTByer, 00pa3ysa TIHApoO-
JH3HYI0 TJIEHKy. JTa MNJeHkKa
c1a60 CBSI3aHa C HIXKeJeXallluM
cloeM CTeKJa H NpH TMeperBH-
KeHHH CIHpaercss MATKHMH 3ep-
HaMH KpOKyca B HepByKO oue-
peib C BLICTYNOB, OCTaBLIHXCS
nocne mandosanus. OO6Haxalo-

Lty

I1asicsi MOBEPXHOCTb CHOBA B3aM-
MoJelcTByeT C BOIOH, MpPH 3TOM
BHOBb o6pasyercsi THApOJH3HAA
NJeHKa, KOTopass CHUMaercs
C NMOBEPXHOCTH M T. X. OO TeX

A W VA nop, NOKa He 3aKOHUHTCS MPO-

g L(eCC pacLIMpeHHs TOJHPOBaHHON

nosepxHocTd. Takum o6pasom,

P“:P'MQ';(') éi)’:g)’:’: 1 Tlonpord”  moOJMPOBaHHAs MOBEPXHOCTb BO3-

HHKaeT B pe3yJsibTaTe MOCI€10Ba-

TeJIbHOTO pPasbeaHusl BbiCTyNalo-

IIMX HaJ NMOBEPXHOCTbIO 4acTeli KPHUCTaLJIa M  yHaJeHus
cnaGo CBI3aHHBIX C MOBEPXHOCTBIO MPOAYKTOB PeaKIHH.

JlanbHeiiiine MHOrOYHCJEHHBlE HCC/IEJOBAHHS MOATBEp-
AWM NPAaBHJIBHOCTb OCHOBHBIX MOJIOMEHHH (PHU3MKO-XMMHYe-
CKOH TEOPHH MpPOUECCOB MOJMPOBAHHS CTeKMa.

B nocienHee BpeMmsi MPOBOASTCS HCC/AENOBAaHHS B Ha-
NMpaBleHHH JeTaJH3alMH PACCMOTPEHHbIX mpoleccos. B uact-
HOCTH, peub HIeT O XapakTepe BO3LEHCTBHSI 3€PeH MONHPO-
BAaJMbHOTO MOPOLIKA HA NMOBEPXHOCTHBIH CJIOH cTekna M Xa-
paKkTep ero yaajeHus.

Pesysbratel H3yueHHs Da3JMUHBIX CTAaAMil Npolecca MNOJHPOBAHHSA,
fIPOBEENHOr0 C MOMOUIbIO 3JEeKTPOHHOrO0 MHKDOCKONA, MOKAa3blBaloOT, UTO
BbIPaBHHBalIHE LIIH(OBAHHOM MOBEPXHOCTH CTEKJa NPOHCXOLUT HE MyTeM
nepepacrnpejeJeHus CTeksaa, CHHMaeMOro C BBICTYNOB H OTKJa[lblBaeMOro
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BO BnalHHaX, a ylaJcHUEM Da3pyLIeHHOro waupoBaHHEM CJIOs MPH BO3-
HNeHCTBHH KpOKyca Ha crekso. [Ipeamosnaraeresa, yto npH MONMPOBAHUH
cTek/Ja mJacTHyeckue HedopMallii OrpaHHYeHBl UYPE3BBIYAHHO TOHKHM
NOBEPXHOCTHBIM CJI0OEM, H3MEpSieMbiM HEeCKOJbKHMH IeCITKAMH aHrcTpeM !,
T. €. OHH He HIpaloT CKOJbKO-HHOYAb 3HAUHTeJbHOH pOJM B Mpolecce
noaupoBanus. IlociexoBaTenbHOCTh CTagHi Mpouecca MOJHPOBAHMS
wasocTpupyercss puc. 2-1.

IMoBepxHOCTh H3yYyaeMOro cTek/a AO NMOJHPOBaHHA MpejcTaBjieHa Ha
puc. 2-1,a. BHayase NPOHCXOZMT ynaajeHHe KYCOYKOB CTeKJa Mexay
ABYMS TpEWMHAMH, H Ha CaMbiX BO3BHI- .,
IIEHHBIX BBICTYNax MOSBASIOTCA raag-’ .
Kne yuyactku (puc. 2-1,6, 8), 3ateM 3TH /
y4YacTKH mNepeMeuiaiorcss Bray6b, obpa- /
3ysl TJIafiKyl0 MOBepxHOCTb (pHc. 2-1.2). -~ 2
Ilanee npomoskaeTcss npouecc pacluu- -~ \
peHHS  NOJHMPOBAaHHOM  MOBEPXHOCTH . 7
(puc. 2-1,0, e). Ilpoayktel noauposa- ¢ 0 20 3/
HHs yransiotcest. OfHAKO B KOHUE MOJH-
poBaHHs MOXeT Habmonatbcs 3anoa- Puc. 2-2. Hopmaibhoe (/) u
HeHHe HerJyGOKMX BMajMH H OTJIOXeHHe  Hepocratousoe (2) pacnpe-

BellleCTBa Ha UX CTeHKax. AelleHHe TIYyGOKHX  TpeLlHH,
[Mepen HavasoM mnomupoBaHHsi Ha ~ OCT@BLUHXCSl NOCJE MOJHPOBA-

06paGoTaHHONH MOBEPXHOCTH JIOKHO HHSL.

GLITh BO3MOXKHO MeHbile IMyGOKHX Tpe- A —wuncno Ttpemint, [— rayGuna

I(KH, YTOOBI MOXKHO GbLIO 33 MHHHMaJlb- TPELLHH.

HOe BpeMs CHSTb BeCb Da3pYLIEHHbIN
IWIH(OBaHHEM CNOH BIJIOTH A0 OCHOBAHHH CaMblX [JIyGOKHX BIagHH
(pHuc. 2-2).

[Tonnposanne, mo Muewuio Bpioxe u [lonna, ocywecrsasieTcs moJ-
1IOCTbIO B Ciyuae, eCIH yHalsieTcss He TOJbKO pesbedHbIf, HO M Tpelu-
HOBathlil cioi? (puc. 2-3). Ilomyckaercs, 4TO B npolLecce NOJHPOBaHHS
Hapaay ¢ QH3HYECKHMH SIBJEHHSMU NMPHHHMAIOT yyacTHe M XHMHYECKHE.

HurepecHble pe3ysbTare no crapediio npusoxsites B [J1. 2-8]: uepes
onpejlefleHHOE BpeMs INOCJe NOJHPOBAHHsI [OBEPXHOCTH ONTHYECKOro

Puc. 2.3. Cxema pacrpeje/ieHHsi MOBEPXHOCTHOIO H TpH-
MOBEPXHOCTHOTO CJIOEB NIPH MOJHPOBAHMH.

P — cTenenb nonuposauust, A 1 [ — peavedubiit caofi, B n 2 — Tpe-
UiHHOBAThIA CJOH.

! 310 coBnajaer ¢ HAIUHMH H3MEPEHHSIMH, NPOBEXEHHLIMH NpH
HCC/1elOBAHWH MPOLECCOB NMOJUPOBKH KBapla.

2 DT0 OTHOCHTCH H K Ae()OPMHPOBAHHOMY CJIOIO, €CJIH NONHPOBAHUIO
noJABepraeTcs KBapl.
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CTeKJa OGHApYMKeHbl BBINYKJIOCTH BeNHuHHON 0,5—1,0 mim. DTH BBINYK-
JIOCTH TIPEACTaBASIOT Co60i 0coOble KOpPO3HOHHbIe 0Opa30BaHHsl, BO3HH-
KalolllHe BCJEACTBHe yBeJHYeHHs o6beMa NpOAYKTOB THAPOJH3a H 3a-
noaneHus nedeKToB NOBEPXHOCTH CTeKJa MOA MNOJHPOBAHHBIM CJIOEM.
Kax 6bls10 ycTaHOBJIEHO, MOBEPXHOCTHBIN CJIOH Ha MOJHPOBAHHOM CTeKJe
siBasieTcss MHKponopHcThiM. [IpoHHKast uepe3 Hero, Biara BbI3bIBaer rH.1-
POJN3 YaCTHI{ CTEKJa, CHATHIX NpPH WaH(OBaHHKH M NMOJHPOBAHHH H OTJIO-
JKHUBIUHXCS] B IVIyGOKHX IMOBEPXHOCTHBIX jJedeKkTax.

B pa6ore {JI1. 2-9] nosxpoBanne cTek/aa OGBSICHIETCH MEXaHHYECKHM
BO3/efiCTBHEM MOpOLIKAa H O6pa30BaHHEM KPEMHHEBOro CJIOSi THNa reds,
KOTOpBIil yRaJsieTCsl NMOPOLUIKOM MeXaHuueCKH Hau afgcopbuuei. B mpo-
llecce MOJHPOBAHHSI MOBEPXHOCTb CTAHOBHTCA THAPOJH30BAHHOM; Ty6H-

o
Ha 3rtoro cmosi cocraBascer 50—100 A. BosxeficTBHe moJAHPOBaIbHOTO
MOpoLIKAa CBOAHTCSA K YAAJEHHIO THAPOJHM3IOro C/Aos RejaelCTBHe cbpa-
30BaHHs CBf3efl MeXJIy MOJHpPYIOIIHM OKHCIOM H aroMaMu Si na mo-
BEpPXHOCTH.

O6paGoTaHHast CTpyefi KBapueBOro mecka MOBEPXHOCTb HMCET MIIO-
rouxc/eHHble H3JOMBl H TpelHHb. B Hauane mnoJaupoBanis moBepx-
HOCTb npHoOpeTaer rpy6o ONHOPOAHYIO CTPYKTYPY C OuYeHb MeJKi-
MH LapanHHaMH pa3JinyHoil opuentauuy. Ouu o6pa3ylorTcs B pe3yabrare
BO3JIEHCTBHA YaCTHL CTeKJa, BHIPHIBACMBIX C H3pe3alllofi TpelHiaMi
NOBEPXHOCTH. DTa CTPYKTypa GHICTPO IlicyesaeT. B xopowo ouHILCHHOM
o6pasue obHapyxusatorest gacTuupl Al,Os, KOJNHUECTBO KOTOPLIX YMEHb-
IaeTCs MO Mepe TOro, Kak Hcues3aloT Lapamiiibl.

[Tpn nomupoBauui B OIIOM lanmpaBielnn Bce yray6.eHus npHoO-
peralor dopMy oBasa; OAMH Kpall yray6JelHs noytdH He H3Mensier ¢op-
MBI, a APYro¥i 3HAYHTEJbHO H3MEHSETCs, BIVIOTH A0 MOJHOFO COCIHHEHHS
C NMPOTHBOMOJOXKHBIM KpaeM (o6Gpa3oBaHHe rpeGHs). Kpyrtoi kpait cme-
I[aeTCsl B HaNpaBJeHHH YCHJIHS, YTO OCGYCJOBJEHO TEKy4YecTbio MaTrepHa-
na B yruy6nenun. YacTuubl cTekna, BhIpbIBaeMble 3epHaMH MOJIHPOBAJb-
Horo nopomka Fe,O; cobupaioTcsi B yriay6ieHusx, o6pa3ys CTylneHda-
Thle cjoH. [locneHHe pacrosaraloTcst mepmeHAMKYJAsipHO K HaHGomee
nosoroii creHke yriay6aeHus. Il1s co3maHHs Takol CTPYKTYpH Heo6Xo-
auMa Bora. «Cyxoe» TMOJHPOBaHHE NMPHBOLHT K CKOIMJIEHHIO 4aCTHI[ CTeK-
Ja, COeHHeHHBIX MeXAy coboi yactuiiaMu Fe,Oj.

Hccnenosannsi mokasaiu, 4YTO NpoLecC IMOJHPOBAHUs
SIBJISIETCS] KOMIIJIEKCHBIM, OJHAKO MpPH OMNpEAEeNeHHBIX YCJI0-
BHSIX OCHOBHYIO POJIb MOXKET UrPaTh OAMH H3 3JIeMEHTapHbIX
npoueccoB: abpasHBHOe BbIKaJ/IbIBaHHe, CHATHE T'MAPOJIU3HON
IJIEHKH WJH MJacTuyeckoe Teuenue [JI. 2-10].

MonupoBaabHHK W ero cBoficTBa, BaxkHoe 3HaueHHe
B Mpollecce MOJHPOBAHUSI U y[NaJeHUs] MOBEPXHOCTHOTO CJIOS
06pa6aTbiBaeMOro Tesa MMEIOT YNpyro-3JacTHyeckue U BS3-
KHe CBOMicTBA Marepuaja TnosaupoBaibHHka. [Ipupoma mo-
BEPXHOCTH MOJHPOBAJbHUKA CYIIECTBEHHOrO BJHMAHHA Ha
NPOU3BOAUTE/IbHOCTb TOJNUPOBaHUA He OKasbiBaer (JI. 2-5].
DTo naeT OCHOBaHHe MPENNOJOXKHTb, UTO aAcopOUHOHHAS
CIOCcOGHOCTD MaTepHajda MNOJHPOBaJbHHKA He ONpelenser
ero pab6ouux cpoiicTB. [IpumeHsiiHch camble pas3HooGpas-
Hbl€ MOJHPOBANBHUKH: M3 Pa3/JUUHBIX LIEPCTSHBIX MaTepHa-
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JIOB, X/0M4yaToOyMaKHOH TKaHHW, CTEKJOBOJIOKHA M KOXKH.
IIpousBonuTenbHOCTh Npolecca BO BceX CJydyasX OCTaBa-
Jlachb HeH3MeHHOH, eC/H He H3MeHsJach 3JacTHYHOCTb Ma-
TepHaJa.

OnbiTH NMOKa3aju, YTO MNpH ONpele]eHHOH BeJHYHHE
YyIPYTrOCTH pPE3UHOBBIX MNOJHPOBAJBHHKOB NPOU3BOLHTENb-
HOCTb gmocturaer Maxkcumyma. Ilostomy, ompenmeass Tpebo-
BaHHsl K MaTepHany MOJHPOBaJbHUKA, MpexKJe BCEro cje-
IyeT UMeTb B BHUAY €ro 3JaCTHYHOCTb.

B kauecTBe Martepuasa [Js1 MOJHPOBAJBbHUKOB IpeNJIO-
JKeHbl HEKOTOpble BHABI MJacTMacc, KoTopble o6sapmaior
MOYTH ONTHMAJbHBIMH 3J1aCTHUeCKUMH cBoiictBaMu. [lonu-
pyolass cnoco6HOCTb MJIACTMAcCOBBHIX MOJHPOBAJbHUKOB
YBEJIMUUBAETCS] C BO3PaCTaHUEM MOJYJsi YIPYrOCTH.

OO6bluHO MOHPOBAHHE KBAapIEBLIX 3JE€MEHTOB MpPOU3BO-
IHTCcsl HAa (EeTPOBOM MJIM CMOJITHOM, HHOrJa Ha MeTaJjsHye-
CKOM HJIM IIJIaCTMAacCCOBOM TOJIMPOBAJIbHHUKE,

KayecTBO mOBepXHOCTH OLEHHBAIOT C MOMOIIBIO ONTHYE-
CKOrO MHKpPOCKoma (MeToJ TEMHOTro MoJjsl) Mo HaJH4HIO Je-
(ekTOB mocse TpaBieHHsi NMOBepxXHOCTHOro cjosi. OueHka
KauecTBa MOJHMPOBAHHBIX NMOBEPXHOCTEH MO3BOJSIET YTBEPHK-
JaTh, YTO Jyylllel sIBJisieTCsl MOBEPXHOCTb, MOJyyaemast NMpH
NOJIMPOBAHHH KPOKYCOM C BOIOH HAa ONTHYECKOM CMOJISIHOM
nonuposasbHuke. [loBepxHOCTh KBapua, moJHpoBaHHAs NMpH
NOMOIIH MeTa/VIMYeCKOr0 INOJHPOBa/JbHUKA, YCTynmaer =O
KauecTBY MOBEPXHOCTH, MOJyYyaeMOH NPH MOJHPOBAHHH Ha
onrtuyeckoi cmoJsie. Jlaxke 6e3 TpaB/ieHHs NPH YBeJIUYEHHH
npubausurensHo B 400% oGHapyxkuBawTcs yrayomaenus. I[To-
cJle TPaBJeHHs HMOBEPXHOCTHOTO CJIOSI CTAHOBSTCS SICHO BH-
JUMBIMH CTPYKTypa WIH(OBAaHHOA MOBEPXHOCTH U Hpephl-
BHCTBle 60po3Abl, 06pa3oBaHHe KOTOPBIX CBSI3aHO C Mepe-
MellleHHeM MO MOBEPXHOCTH KPYMHBIX 3epeH MOJHPOBAJbHOTO
NOpoLIKAa U 3epeH NMOCTOPOHHUX YACTHIL.

Bpicokoe KauecTBO MOBEPXHOCTH KBapla, NOJHPOBAHHOTO
Ha cMoJjie, oObscHSeTCsl «3aTaruBaHHeM» nedexrtos, obpa-
syiomiuxcss nopu wiaHdosanuu. IlepeMemaromuecss 3epHa,
NPOYHO CBSI3aHHble CMOJIOH, 06J1aal0T OOJbILIOH MeXaHHye-
CKOH 3Hepruei, YTo NPUBOAUT K PABHOMEPHOMY CHSITHIO NO-
BEPXHOCTHOI'O CJIOS, B TO BpeMsl Kak NpHU NPHMEHEHHH Me-
Ta/JIHYeCKOro HOJHPOBAJbHHKA MPOLecC MOJHPOBAHUS NpaK-
THUYECKH INpeKpallaercsi mocje o6pa3oBaHus MOBEPXHOCTHOTO
cJo.

B pa6ore [JI. 2-10] onucaHo moNHpOBaHHE KPHCTaJJIOB
KBapla Ha (eTPOBOM H CMOJITHOM MOJHPOBaJbHHKAX B NPHU-

37



CYTCTBHH Kpokyca H Boabl. Ilpu nonumpoBanunm ksapua Ha
ONTHYECKOH CMoJie B pe3ynabTaTe O0JbILIOr0 JOKaJbHOTO
JlaBJIeHHA cMoJa pa3MsAryaercs, a 3aTeM, cnycTs He6oJb-
IIOH NMpPOMEeXYTOK BPeMEeHH, 3aTBEpIAeBaeT, NMPH 3TOM Cpbi-
BalOTCsl HeGOoJIbIIMEe YYacCTKH OCTPOH KPOMKH, B 4aCTHOCTH
no nepudepuu KBapUeBbIX JHH3. B cjyuyae NBOSIKOBHINMYK-
JIBIX JIHH3 C OCTPOH KDOMKOH XOpOUIHe pe3yJbTaThl MOJY-
YeHbl NPH INPHMEHEHHH MSATKOro ¢eTpoBOTO IMOJHPOBAJb-
nuka. Ilpu sToM o6Gpasyercss moBEepXHOCTb BBICOKOTO Kaue-

Puc. 2-4. Dn1eKTPOHHO-MHKPOCKOMHYECKHH  CHHMOK
NO3EPXHOCTH KBapua ¢ «60po3xaMHy.

CTBa, HEPOBHOCTH Ha KOTOpOﬁ HMEIOT BEJHUYHHY IopAdKa

o
20—30 A. MHorna Ha noJMpOBaHHOH MOBEPXHOCTH KBaplua
Hab/101al0TCs OTAEJbHBIE LapanHHbl — «60pO3/bl», LIHPHHA
KOTODBIX, KaK MOKa3biBalOT 3JEKTPOHHO-MHKPOCKOMHYECKHE

(-]
cHUMKH, cocraBasier 60—300A (puc. 2-4). OxHako Gopos-
Ibl HabJI0xaloTCsl BecbMa peiKO M He SABJAIOTCS 0coOeH-
HOCTBIO 3JIEMEHTapHOro Inpouecca CHATHA THIPOJH3HOH
IJIEHKH, a BO3HUKAIOT BCJAEACTBUE aOpa3uBHOro NeHCTBHS
KPOKyca: MpH J0CTATOYHO CHJIbHOM aJre3ud 3epeH KpoKyca
C MOBEPXHOCTBbIO KBapia BMecCTe C yJHajJeHHeM THAPOJH3HOH
NJIEHKH MOTYT BBIPbHIBATbCSI W HeGoJblllie KYCOUKH KpH-
CTajla, nMpuYeM HEPOBHOCTH MPEBLIWIAIOT TOJILHHY IJIEHKH.
BosmoxHa M npyras npuuHMHa mosiBlieHHsi «60po3l» Ha mo-

38



JMPOBAHHOK MOBEPXHOCTH KBapua. 3epHa KpOKyca, HMelo-
mue Gosiblive pa3Mepbl W 3aKpelJieHHble HAa TOBEPXHOCTH
HOJMPOBaJIbHHKA, NPOHH3BIBAIOT THAPOJIM3HYIO IJIEHKY H
[apanaiT [NOBEPXHOCTb Ha HEKOTOPOM YdacTKe KPHCTaJJia.

[Ipn mnonupoBaHMH NOBEPXHOCTH KBapleBoro O6pycka
OKHCBIO 2Kejie3a C BOJOM Ha TIIATeJbHO IOATOTOBJEHHOM
CMOJISIHOM NOJIHPOBaJIbHHKE TaKHX «60OpO31» He BO3HHKAET.
OO6pa3syercsi NMOBEPXHOCTb BBICOKOTO KauecTBa, a INOTEPH
B TOBEPXHOCTHOM CJIOe TaKHe XKe, KaK M B cJydyae TNOJH-
poBaHHsi Ha (eTPOBOM NOJIMPOBAJIbHUKE, T. €. B 000HX Cly-
4aAX MOXKHO MOJYYHTb MAaKCHMaJbHYIO NOOGDOTHOCTD.

Ipupona u cBoiicTBa mosHpoBasibHOro mopomka., B mpo-
lecce IMOJHPOBAHHs MOPOILIOK AaKTHBHO BO3JeHCTBYeT Ha
MOBEPXHOCTHBIA cyoil o6pabaTbiBaeMOro TBepAOro Teua,
obecneunBasi ero paucneprupoBanue. Jlas mnosupoBaHHs
OGBLIYHO NPHMEHSIOT KPOKYC, NPeACTABASIOIHUA co60d a-MO-
nudukanuio okucH xejiesda (Fe;Osz), u nosupur-cMech oKuc-
JIOB PeJKO3eMeJIbHbIX 3J€MEHTOB C NPeHMYUEeCTBEHHBIM CO-
nepxanueM aByokucu uepust CeO,.

Hsyuenne pu3uKO-XUMHYECKHX CBOMCTB MOJIHPOBAJbHBIX
MOPOIUKOB W HX BJHSIHHSI HA HpOlEcC MOJUPOBAHHS N0 Ha-
CTOSILI[ET0 BPEeMEHH He NPHBENO K YCTAHOBJEHHIO MOJHOM
SICHOCTH B 3ToM Bompoce. OfHH aBTOpBI CUMTAIOT, YTO
AKTHBHBIA MOJHPOBAJbHBIN MOPOLIOK 06JajfaeT 3HAYUTENb-
HOH TBepHOCTbIO, MpeBhbIILAIONUEH TBEpAOCTb obpabaThiBae-
MO# MOBEpPXHOCTH, M NpHAAlOT GosbLIOe 3HayeHHe (opme
YacTHIl MOJHPOBAJBHOTO MOpOWKa, [Ipyrue oOBSICHSIOT BbI-
COKYI0 TMOJIHPYIOILYI0 CNOCOGHOCTb MOPOLIKA HOBBLILIEHHOM
pPeakIHOHHOH CMOCOOGHOCTBIO €ro 4YacTHll, 0O0YyCJOBJIEHHOMH
3HAYHTENBHON CTENMEeHbI0 HX [JHUCIEPCHOCTH M He3aBeplieH-
HbIM COCTOSIHHEM KPHCTAJJHYECKOH pelIeTKH.

BrnepBrle cBOficTBa MNOMHPYIOLUIMX MOPOLUIKOB ObIIH MO-
ApoGHO paccMoTpeHbl B paGorax (JI. 2-11—2-13], rae yka-
3BIBA€TCSl, UTO XUMHYecKas NMpPHpOJa MOPOLIKA HMeeT BTO-
pocTeneHHOe 3HAueHHe; Ha NpPaKTHKe C YCIEXOM HaxonsT
NpUMeHeHHe MOJHPYIOIiHe BeliecTBA Pa3/JHYHbIX COCTABOB.

KauecTBO MOJiHPOBaJIbHBIX MOPOLIKOB, OJHOPOAHOCTb CO-
craBa 3aBHCAT OT cmocob6a ux mnosayueHus. OntuManpHbIR
MOJNUPYIOIIHHA MOPOLIOK AOJMKEH OBITb TOHKOZHCIEPCHBIM,
npUuYeM IHCIEepPrHpoBaHHe NOCTHTaeTcsl He NMyTeM pasMoJa,
TaK KaK TOr/la OTAesibHBIE 3epHA OyIyT HMeTb 3aKOHUEHHYIO
M TNPOYHYIO KPHCTAJJIHUECKYIO CTPYKTYpy, a NyTeM paspy-
IIeHHs] KPHCTAJJIMUEeCKOH pelleTKH MPH XHMHUYECKOH peak-
UHH.
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D¢ deKTHBHOCH MOJHPOBAHUS TBEPJAOTO TeJia OKHCBIO XKe-
Je3a W MNOJHPHTOM B 3HAUHTEJbHOH CTEMNEHH 3aBHUCHT OT
TeMmepaTypbl 00:Hra; onTuMaJjbHas TeMnepaTtypa 00Xxura
OKHCH 3KeJesa cocraBaser 650°C, noaupura— 1100°C.
MakcuManbHOH noaupyiomeil cnoco6HOCTbIO 00siafaer Kpo-
KyC, MOJIyUeHHbII 006XKHrOM THAPATOB OKHCJOB KeJesa MpH
temnepatype okoso 800°C. OTk/IOHEHHe OT 3TOH Temmepa-
Typbl HAa *=100—150° NpUBOAUT K MOHUKEHHIO MOJHPYIOLIeH
cnoco6HOocTH Kpokyca Ha 30—40%. ITpu onTuManbHON TeM-
nepatype o6G:KHUra KpHCTaJJIMuecKas pelieTka KpoKyca, co-
OTBETCTBYIOIASl THAPATY OKHUCH XeJje3a, NMOCTENEeHHO H3Me-
HSIeTCSl M MPH NOJHOH MOTepe BOABLI HJH MOJHOCTBIO paspy-
maercs, HJH CTaHOBHTCS MaJjoycrodunBoi. Ilosyuaembiit
TakuM crnoco6oM KpOKyC mpeacraBiasieT co6Goil BeliecTBO
C ONTHMAaJIbHOH CTemeHbl0 pucnepcHocTH. [lanbHeiiiee no-
BbILIEHHe TeMIepaTypbl 06XKHra NPHUBOLMT K POCTY 3€peH,
T. €. YMeHbLIEHHIO IHCIEPCHOCTH BellleCTBa, H ymNopsiaoue-
HUIO KDHCTAJIINYECKOH CTPYKTYphl ¢ 06pa3oBaHHeM peller-
KH, COOTBETCTBYIOILleHl OKHCH KeJie3a, 4TO BbI3bIBaeT YMeHb-
HIeHHe MOJIMpYIoLleldl CHOCOOHOCTH MOPOLIKA.

B nekoToprix paGoTax ctopMyJaupoBaHel TpeGoBaHHS
K CBOMCTBaM MNOJHPOBaJbHBIX MHKDONOPOIUKOB, MpUMeHSse-
MbIX I/ 060paboTKH CTeKsla, HCXOAS M3 TOTO, UTO B OCHOBE
npouecca NoJIHPOBAHUSA JIEXKHT MeXaHHUeCKOe BbIKaJblBaHHE
YaCTHI CTeK/na: a) TBEPAOCTb 3epeH HOJKHA ObiTh GoJblie,
YCM TBEPJOCTb MOJIHpYyeMOro Tesa; 6) 3epHa HOJKHBI HMETh
MJIAacCTHHYATYIO ()OpMY; B) 3epHa MOJKHB GBITH XPYNKHMH,
HO He upe3MepHO; T) NpH ApobJieHHH 3epHA AOJKHEBI 1aBaTh
OCKOJIKH C OCTPBIMH TpaHsMH H pebGpamu; 1) mnpelesbHBIH
pasMep 3epHa, onpejelsieMblii BeJHUHHOH HECKHMaeMOro
ca10s1 BOABI, JoJXKeH ObiTh nopsaka 0,4 mxm; e) 3epHa
JIOJKHBI 00/1a1aTh THAPOPOGHEIMH CBOMCTBAMH.

Tpe6GoBanue, npenbsiBasieMoe K pa3MepaM 3epeH, obyc-
JIOBJIEHO TE€M, YTO CPeAHHH AMaMeTp YacTHI MHKPONOPOIIKa
JIO/IXKeH MpeBbIaTh TOJIHHY HECKMMaeMOro aHOMaJibHOTO
CJ1051 BOAbI, BO3HUKAIOIErO HA TpaHHUIle TBEpPAOH W KHUAKOH
(a3, MHAue HeBO3MOXKEH KOHTAKT MOJHUPYIOLIeH YaCTHLH
C NMOBEPXHOCTBIO CTEKJA.

I'napodobHocTe 3epeH MHKpOMOpOIIKa OOYCJHOBJIHBAaEeT
HX CNOCOOHOCTb MPOYHO 3aKPemJsiTbCsl Ha NMOBEPXHOCTH MO-
JauposBajpHuka. TunuuHo ruApodoGHBle NOPOWIKH (OKHCh
XpoMa, KpOKyC) XOpOWO BHEeAPSIOTCS B IMOBEPXHOCTb MOJIH-
poBa/JibHHKa H MPOYHO Ha Hel yaepkuBaioTcs. CnocoGHOCTD
ruapodo6HOro MopoiiKa MpOYHO 3aKPEMsiThCs Ha THAPO-
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(o6HON MNOBEPXHOCTH MOJIHPOBAJbHHKA OOBSCHSCTCS TeEM,
YTO BCJIEJCTBHE IJIOXOH CMauyuBaeMOCTH NMOBEPXHOCTH MOJIH-
poBaJIbHHKA H 3€PeH MOJHPOBAJBHOIO MOPOLIKA HX COMPH-
KOCHOBEHHE NPOHCXOAUT 6e3 yuacTHsi CJIOSi BOABI, MO3TOMY
3epHa NMPHUXOLSIT B TECHbIH KOHTAKT C NMOBEPXHOCTHIO MOJIH-
poBa/ibHHKa M MOJ €ro AaBjieHHeM BHeJPSIOTCS BHYTPb Ha
HeKoTopyio ray6uny. ITocse

CHSITUS JaBJIEHUS 3€PHA MHK- g ol

pOMOPOILIKA TPOYHO YAepXKH-

BAIOTCA  NOJIHPOBANBLHHKOM ~ 4

nox AeficTBHEM MoJeKyasp- § o34

HBIX ‘CHJI. Y faly ;
TuapodunbHble  NOPOIIKH ‘§“’ Tz

(xBapu, Kanbuui), Hao60poT, 3N Jnbs posoerpud

COBEPIIEHHO He 3aKPemysiorT- Y4 T\‘I’/}%/h'

Sl HA TOJHPOBAJbHHKe. 3ep- So ﬂ/m 840,

Ha THAPOQHIBHOTO NOPOWKA Y4y ey - 40

B Tpouecce NMOJNHPOBAHHA TO- 3 | &) 2g

KPbIBAIOTCA TOHYaMIIed miaeH- §° 4}‘ Whar: po Mooy

‘KON BOJBI, KOTOpasl MPensITCT- é 123 45678 95w

ByeT IJIOTHOMY KOHTaKTHPO- s g’* L Y

BaHHIO, BCJEICTBYE Yero OHH §'§§ N §§§ §§§§ 33

HE MOTYT 3aKpemJIaTbcs Jo- g’s\ SEISNNSIER SR

CTaTOYHO IPOYHO.

Puc. 2-5, Buausinue TBepmocTH

l'Io.anOBaanue MOPOUIKH
NOMIMPOBAJIbHBIX  IIOPOIUKOB  Ha

JO/MKHBL 061aKaTh GOJIBIION XHMH-
yecKoil aKkTHBHOCTBIO [JI. 2-14, 2-15].  WHTGHCHUBHOCTb NOJIHDOBAHH: (mo
IMpn o6&ure HeKOTOpOE UYHCJAO Ha- Bypxe u [Maiimecy).
criucnexaetcn B Kontaowepar, [ oot e nomupouer oo
NpH Pa3NaBJHBAHHH KOTOPHIX O6PA-  creme crekma B KyGHYECKHX MHILIH-
3yIOTCSl HOBBbIE I'DaHH, pe6pa H yrabl, Mertpax sa 5000 oGOpoTOB; mO OCH
comepxaiuye 6oabiioe yucao gedek. — abcuuce — ux T&%Iggﬂb no  mkane
TOB  KPHCTAJJIHYECKOH pelleTKH .
(aHHOHHO-KaTHOHHBIE <«[ABIPKH»), 06-

Janamomye cBo6oaHON 3Hepruel cBs3u. [TosToMy B MOMeHT o6pa3oBaHHs
HOBBIe YaCTHLbl 06J1a1al0T GOJbLIOA XUMHUYECKOH aKTHBHOCTBIO. Bypike H
Hajiimec cudtalor, YTO MNOJHPOBAJBHBIMH TOPOUIKAMH MOTYT CJYXKHTb
TaKHe OKHCJbl MeTaJJIOB, KATHOHH KOTODHIX MMEIOT Pa3jHuHble CTENeHH
okucaenus, nanpumep CeOz, Fep0; Cri0; SnO;, MnO, NiO, TiO,.
OkucJbl, MMeIOllHe OJHY CTelleHb OKHMCJEHHS, He aKTHBHBI NP INOJHPO-
BaHMH, 3a uckaoueHuem Al,O; u ZnO.

TBepaOCTb YacCTHI[ NOJHPOBAJBHBIX MOPOLIKOB HE OKa3blBaeT 3HaUU-
TEJIbHOTO BJHMSIHUST HAa WHTEHCHBHOCTb [OJIMPOBAHHSA, KaK 3TO BBHITEKAET
U3 ONBITOB C H3MeJbYeHHBIMM MHHepajaMu (pas3Mmepel 3eped 1—3 mkm).
HMeIOLUMH pa3HyHylo TBepnocTb (puc. 2-5). ITosnyyeHHble paHHBIE nO-
Ka3biBaioT, 4to Mukpomopouiku CeO,, Cr:O;, Fe;O3 ¢ TBepmocrbio 1O
wkanae Mooca or 55 mo 6,5 sBasiorcs nanGosee akTUBHBIMH, [Ipumene-
HHE OKHCH IIepHS B KauecTBe MOJMPOBAJbHOIO MOpOLUIKa noapoGHO OmH-
cano B pa6ore {JI. 2-15].
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OXHMMH M3 OCHOBHBIX MOKa3aTejeil, XapaKTepH3yMOlHX CBOHACTBA
MHKpOIOPOIIKA, SABJASIOTCS TeMnepaTypa H BpeMs 00XKura;, Tak HasbiBac-
Mble MSTKHe, CpPe/lHHe H TBepAble INOPOLIKM MOJNYYaloT TOJbKO H3MEHe-
HUeM pexuMa o6xura. [loqMpoBaHHe MATKHMM NOPOLIKAMH TPHBOLHT
K XOpOIlIeMy KayecTBy 00pabaThiBaeMOll MOBEPXHOCTH, HO CKOPOCTb MpoO-
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Puc. 2-6. Bumsinne TemnepaTyphl

o6xura CeOp.

@ — 3aBHCHMOCTb  HayajlbHOfl CKOPOCTH
TOJHPOBAHHSA OT TEMINepPaTypnl O06GXKHra
CeO;; 6 — 3aBMCHMOCTh HayajbHOR CKO-
POCTH NONHPOBAHHA OT BPEMEeHH oGxKura
CeO;; 6 — 3aBHCHMOCTb Pa3MepOB  KPH-
cTayyinToB CeO, OT TeMnepaTyphl
o6KHra.

Hecca B 9TOM CJyuae H CPOK pa-
60Tl TMOPOIIKOB MeHbIle, UeM
npd  T[PUMEHEHHH  TOPOLIKOB
Goabliell TBepaocTH.  Tmepabie
MHKDONOPOILIKH  TMOJHPYIOT €
Gosiblllell  CKOPOCTBIO, CPOK  HX
pa6oThl 3HAauuTeJbHO  OOJblLE,
ONHAKO OHM MOIVT Lapamnars o6-
paGaTbiBaeMylo NOBEPXHOCTb.

BausiHue TemmepaTtypsl 06-
JKHra Ha Hayalbllylo CKOpOCTb
NMOJNUPOBAaHHA  NOKasaHo  Ha

puc. 2-6,a. YMeHblIeHHe Hayajb-
HOH CKOPOCTH TPH NOJHPOBaHHH
OKHCbI0, 060X KeHHOil npH Gosee
BBICOKHX TeMmIepaTtypax, o0bsc-
HSeTCH KaK YIJIOTHEHHeM OKHCH,
4YTO yMeHblIaerT JeHCTBYIOULYIO
nJolanb NOBEPXHOCTH, TaK H XH-
MuyecKoli HWHakTuBauued. Jas
OKHCH C HHM3KMM COJlepXKaHHeM
nepHusi XapakrtepHbel GosbliHe KO-
sne6aHUsl CKOPOCTH NOJHPOBAHHS
B 3aBHCHMOCTH OT -TeMIIepaTypsl
o6xura (NMyHKTHDH2d KpHBas).
dra OKHCb JOCTHraeT MakKcH-
MaJIbHO# ~ NPOH3BOJAHTENbHOCTH
MOMMPOBAHUS TOJBKO IPH TeMIle-
parype oGxura (1260°C).

BaxubiM (akTOpoM sBJSAET-
csi Takxke BpeMi# oOxwura. Kpu-
Basg Ha puc. 2-6,6 mokasbiBaeT.
4YTO HayajbHash CKOPOCTb MOJH-
pPOBaHHSA OKHCBIO C BBICOKHM CO-
JepXKaHHeM LepHst Pe3KOo yMeHb-
maercs, €ca¥ OGXKHUF NPOU3BO-
IUTCS B TeUeHHe HelLOCTATOYHOTO
BpPeMeHH 1axe NMPH ONTHMAJbHOR
Temmeparype.

Ha puc. 2-6,6 nokasaHo u3-
MEeHeHHe pa3MepoB KPHCTAJIHT-
HBIX 3epeH OKHCH LlepHS B 3aBH-
CHMOCTH OT TEMIepaTyphl.

B pa6ore [JI. 2-16] oTmeua-
ercs Gosiblioe 3HAaYeHHe CTPYK-
TYpbl KPHUCTANJIHUYECKOH pelIeTKH
OKHCH liepHsi B Mpoliecce MOJHPO-

BaHHA. KpuCTanInTHl ¢ rpaHeleHTPUPOBAaHHOA KyGHUECKOM pelIeTKOH
o

pasmepamu 300—500 A o06sagaloT XOPOLIMMH MOJMPOBAJbHBIMH CBOM-
crBamd. OKHcb LepHs ¢ OKTa3JpHuecKoil (a He KyGuueckoir) d¢opmoi
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MéHeé mpuemsaéMa s NONKPOBAHMA. B manHOM ciyyae Ha OAHY TpaHb
KPHCTa/N/1a TPHXONUTCA OGoJsibllee YHCIO aTOMOB LePHS 1O OTHOLICHHIO
K aToMaM KHCJI0poja.

BsauMonedcTBHe MOBEPXHOCTH CTEK/Ja C MOJHPYIOWHUMH OKHCIAMH
COrIaCHO TEOpPHH aire3ud OCYIECTBJSAeTCd NyTeM oOGMeHa LIEJOYHOro
HOHA CTeKJa Ha HOH MeTaJ/lla, COfepKallerocss B NOJHPYIOlleM OKHCJE.
[Tpn 3roM BO3MOXHBI M afcopOUHOHHBIe sABaeHHd. OueBHAHO, BCAKHE
TBepAble BElleCTBAa, HMEIOUHE B CBOEM COCTaBe MeTasIHYeCKHe HOHB,
Crnoco6Hbl K TakKOMY O6MeHYy ¥ MOTYT ObiTb MOJHPYIOLIHMH BElEeCTBAMH.
Ha ocHoBe 3Tux npexcrasjenuii paspa6oraH croco6 MoJydYeHHst Tak Ha-
3biBaeMblX 6e300XKHTOBbIX NOJNHPYIOUIMX BeLleCTB OcaX{JleHHeM H3 pac-
TBOPOB, COJepXKalIMX, NMOMHMO HOHOB MeTa/sa, TaK¥e M KOMILJIEKCO-
o6pasyromue go6aBku. [Ipy BbimageHuu ocajgka Kaxkaasi BHOBb oOpa-
3ylowascs 3JeMeHTapHasi yacTHLa copbupyer 3Tu no6aBku. Be3o6xuro-
Bhle BeLlecTBa YCMeIIHO NPUMEHSIOTcs npu mnoauposaHud. Hcrnoab3osa-
HHe TaKHX 106aBOK moBbiliaer 3(deKTHBHOCTL MonupoBanus Ha 75%
(Mo cpaBHeHHIO C paHee TNPHMEHSIBIIMMHCA IOJHPOBAJbHBIMH MOPOILL-
KaMH).

PoJsb XHAKOCTH B mpouecce NOJHPOBaHUSl. XHMHYECKHH
COCTaB H CBOHCTBA NPHMeHsieMOH NpPH NOJHPOBAHHH XKUI-
KOCTH OKasblBalOT CYLIECTBEHHOe BJIHSIHHE Ha Xapakrtep
obpa3syoleficss NMOBEPXHOCTH H MPOU3BOLUTENBHOCTH MPO-
necca. HauGosee yacTto npu noJaHpOBaHHH NpPHUMEHsETCs
BOJA.

CTOpPOHHHKH TEOpDHH MHKPOaGpa3HBHOrO BbIKaJbIBaHHSA
YacTHII MOBEPXHOCTH B MpoOLecCe MOJTHPOBAHHMS CUHTAIOT,
YTO POJIb >KHAKOCTH CBOJAHMTCS B OCHOBHOM K paBHOMepPHOMY
pacrnpefesieHHI0 3epeH MNOPOLIKA Ha MOJHPOBAJbHHUKE,
OXJIaXKJI€HHIO MOJIHPYEMOTO TeJia H yAajeHHI0 00pasyloluX-
cs npoaykroB. Tak, B paborte [JI. 2-16] ykaseiBaercsi, 4ToO
BOJA BO3JeACTBYyeT Ha BHICTYNHI NMOJHPYeMOll NMOBEPXHOCTH
NyTeM <«BBI[JIaXKHBaHHS», HOO OHa JeHCTByeT B MepPBYIO Oue-
pelb Ha BbiCTynbl TBepaoro teja. ITosupoBanue B 0e3Boj-
HBIX KHJAKOCTSIX BCerja MNpPHBOAUT K obGpasoBaHui0 OoJjee
rpy6oii MOBEPXHOCTH.

Hexkoropble ucciefoBaTesd CUMTAIOT, UTO BOXA, XHMHYe-
CKH BO3JefiCTBYSl Ha CTeKJO, BbI3bIBaeT 06pa3oBaHHe THIPO-
JIH30BAHHOTO INOBEPXHOCTHOTO CJIOSl, MeHee MPOUYHOro Mo
CpPaBHEHHIO C TJIYyOHHHBIMH CJOSIMH M MO3TOMY Jierue yja-
JsieMOro B mpoliecce NOJHPOBaHHUSI MpH [efCTBUH 3epeH
MOMUPOBAJIBHOrO MOpOIIKA. 3aMeHa BOAbI APYTHMH KHIKO-
CTSIMH, HalpHMep KCHJOJOM HJH TPaHCHOPMATOPHBIM Mac-
JIOM, ‘TIOHHKAeT CKOPOCTb MOJHPOBaHHUs NPHMepPHO B 60—
70 pas.

BosgelictBe Bonbl Ha NOBEPXHOCTb TBEPIAOrO Teja
B MpollecCe ero MOJHPOBaHHS MOMKeT ObITb YCHJAEHO HJIH
ocjabseHo nmpu AoGaBJeHHH B CYCHEeH3HI0 HeOOJbLIHX KO-
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JIMYEeCTB HEKOTOPBIX XHMHYECKH aKTHBHBIX BELIECTB: KHC/Of,
mejouell uaU cosell. B 3aBucuMocti ot npuponb H Kojauue-
CTBa BBOIHMMOIO B CYCNEH3HIO BelllecTBa Oosiee WJIM MeHee
3HAYHUTENBHO H3MEHsieTCsl TNPOH3BOAMTENBHOCTh Mpolecca.

Ilpu wuccienoBaHMH BJHSHUST HEKOTOPBIX XHMHYECKHX
yCcKOpHUTe/ell Ha Mpolecchl MOJHpOBaHus1 KBapua [JI. 2-17]
BHISICHEHO, YTO MpPH IOJHPOBAHHH KBAapUEBBHIX 3aroTOBOK,
BbIpE3aHHBIX NMapaJjejibHO MajloMy poM003apy, Ha ONTHYe-
CKO#l cMoJie B NMPHCYTCTBHH (PTOPHCTOBOJOPONHOH KHCJOTHI
CKOpPOCTb Hpolecca B 2 pa3a GoJblue, yeM NPH OOBIYHBIX
cnoco6ax. Ilpn B3aHMOJEHCTBHH KHCJAOTHl C KPHCTAMJIOM H
c o06pasyloluMcss NPH peaklHH TrejeM KpPeMHEeKHCAOThI
OrpaHHYHBaeTCs] 3aTSArHBaHHE HEPOBHOCTeH MOBEPXHOCTHOTO
C/osl; TMOoJyuyaeTcsl NOBEPXHOCTb, COAep:Kalllas TPeLIHHBI,
o6pa3oBaBlinecst B npolecce HIHGOBaHHUA.

[Tpu nonuMpoBaHHH KBapLEBBIX 3aroTOBOK, BBIPe3aHHBIX
nmapajjienbHo GoabIIOMY poM6031pYy, Ha ONTHYECKOH CMoJe
B cycnensuu (1%-Hblit pacTBop GuTOPHUAA KasHusl) mpoLece
MpPOTEKaeT CO CKOpOCThio, B 1,5 pasa Gosbuieil, 4ueM npu mo-
JUPOBAHHHU B MPHUCYTCTBHH OOBIYHOH BOJHOH CYCIEH3HH NO-
auputa. OfHaKo nocje CHATHS NMOJHPOBAHHEM CJIOSI TOJIILH-
HO#H 4 MKM B NMPHCYTCTBMH OHMTOpPHIA KaJHs 'Ha NOBEPXHO-
CTH KPHCTAJJa ellle OTUETIHBO BHAHBI «MAaTOBble» YYaCTKH,
T. €. MOJIHPOBAHHE HeJIb35l CUNTATb OKOHYEHHBIM, B TO Bpe-
Msl KaK NpH MOJHUPOBAHHHM OOBIYHBIM CNOCOOOM mocJjie CHf-
THSl CJHOSl TOJMUIMHOA 4 MKM Ha TNOBEDXHOCTH HMeIOTCH
TOJIbKO OTJIeJIbHble «MaTOBbI€» TOYKM M rayGoKHe Lapa-
TIMHBI, OCTaBIUMecs] OT HanboJ/iee KPYMHBIX 4yacTHl a6pasuBa
M TMOCTOPOHHHX YaCTHLL.

Ina poxkasatesqbCTBAa BaXXHOCTH (PH3MKO-XHMHYECKHX
NpPOLeCCOB, NPOTEKAIOIHUX HAa NMOBEPXHOCTH KPHCTaMJaa MpH
ero MOJIHPOBaHHH, TPOBOAMJHCH HCCJelOBaHHS C IpH-
MeHeHHeM HeBomHbIX Kuiakocreir {JI. 2-10]. CxkopocTb
MOJIMPOBaHUSA KBaplla KPOKyCOM C MPHMeHeHHeM BOAbI OKa-
3ajacb npubausuTtesbHo B 14 pas GoJblie, ueM CKOPOCTh
MOMUPOBaHUsl ¢ HEBOAHOM KuIKocTblo (KepocuH). ITpu mo-
JMPOBaHHHU KBAapla ¢ HeBOLHOH XKHIKOCTBIO CTPYKTYpa DO-
BepxHOCTH OoJsiee rpy0asi: MakCHMaJjibHasi BeJHUYHHA HepOB-

o
HocTell coctaBisier 420 A, B TO BpeMsl Kak NpH NMOJHPOBA-
o

HuH ¢ Bomoit —20—30 A. Ilo mHeHHIO aBTOpOB, B ciyyae
HEBOJHOH KHJIKOCTH NOJHPOBaHHE HOCHT 4HCTO abpasus-
HBIfl XapakTep, H ee poJib KaK HeCMauMBalolleld >XHIAKOCTH
CBOAMTCS K yhaajeHHlo abpasuBa W JUCNePrHPOBAHHBIX 4a-
ﬂuu KpHUcTaJsia.



[1poueccsl AucneprHpoBaHMsi XPYNKOTO TeJa YCKOPSIIOT
TOJBKO T€ XKHAKOCTH, KOTOpBIE JOCTATOYHO XOPOLIO CMauH-
BAalOT [OBEPXHOCTb WJH COJepiKaT BelllecTBa, oOJjanaioline
CNocoGHOCTBIO afcOpOHpPOBATBCS HA MOBEPXHOCTH.

Korga pucneprupoBaHne TBEepAOr0 Tejia HPOHCXOLHUT
B JKHAKOCTH, abCOJIOTHO He CMauyuBalollell I0BEPXHOCTb
TeJa H He cojlepiKalleli NOBEPXHOCTHO-AKTHBHBIX BeILECTB,
TO XHJIKOCTb He MOXKeT BOHTH B MHKpoTpewuHbl. Paspyme-
HHe TeJla B 3TOM CJyyae NMPOHCXOJHT TaK XKe, KaK H B Ba-
KyyMe. YcTbsl MakpOTpeLIHH 3aNOJHSIOTCS MapaMH XKHIKO-
CTH, KOHICHCHPYIOIIHMHCS Ha CTeHKaX B BHIE MHKPOCKOIH-
YeCKHX KareJjieK, KOTOpble B Npoliecce pereHepaluH BbiTeC-
HSIIOTCSI M3 YCTbsl MakKpOTpeLIHHBl. Tak CO3[al0TCs YCJIOBHS
IJis 3ajieunBaHWsi TBepAaoro tena. OJHAKO B peasibHBIX
ycloBusiX B aTMochepe Bcerja NPHUCYTCTBYIOT BOASIHBIE
naphl.

B ToM ciyuae, Korga XHAKOCTb abGCOJIIOTHO CMauuBaer
TBepAOE TeJO, Moj [efCTBHEM KalMJUISPHBIX CHJ OHa
3anoJyiHsier Makporpeutunbl. Ilapel ee MOryT npoHHKAaTh
B yCTbe, Tepexojsliiee B MHKPOTpEIUHHY, TAe DacCCTOsSIHHE
MeK/Jy MOBEPXHOCTSIMH MEXHOHHOTO WJIH MeXKAaTOMHOIO 1O-
psinka. [lo Mepe NpPOHHKHOBEHHS XKHAKOCTH B MaKpOTpe-
IIHHY JaBJieHHE ee YBeJHUHUBAeTCs! H B YCTbe AOCTHUTAeT MO-
psAlKa ThHICAYH aTMocdep. :

B pesyabraTe 0cn1a6JsilOTCS CBSI3H MEXAY YacTHIAMH H
obJieryaercss MX OTPBIB Apyr oT Jpyra. B sroMm cayuyae Ha
JNUCEePrHpOBaHUe TBEPLOrO Tesja 3aTPauyMBaeTCs MeEHbIIAst
pabora.

IToBepxHOCTHO-aKTHBHbIE BelleCTBa AEHCTBYIOT HCKJIO-
YHTEJbHO CEJEeKTHBHO, TaK KaK JAJsi TBEPABIX TeJd H KHIKO-
CTedl CYILECTBYIOT 3aKOHBl cpoAcTBa. UeMm Bhillle CpPOICTBO
MeXIY KPHCTAJJIOM H IKHAKOCTBIO, TeM Jierue MmpoTeKaer
npoiecc MexaHuueckoit 06paboTKH.

MeTtoapl u3y4eHHs npoueccoB mosupoBanus. [Ipu uccie-
JNOBAaHHH NMPUPOJBI MPOLECCOB MOJHPOBAHHS NPUMEHSIOT Ta-
KHe MeTOABl, Kak H3yueHHe o6pabaThiBaeMOH MOBEPXHOCTH
Npd NOMOIIH OOBIYHOTO HJIH 3JIEKTPOHHONO MHKPOCKOMNA;
U3yueHHe 3JIEKTPOHOIDAMM, IMOJYUYeHHBIX OTpaX{eHHeM OT
MOBEPXHOCTHOT'O CJIOS TBEpPHOr0 Tesa; B3BelIHBaHHE MpO-
IYKTOB CMOJHPOBAHUS, H3MepeHHe TeMMepaTypel B MecTe
KOHTaKTa 06pabaThiBaeMO# NMOBEPXHOCTH C 3€PHOM MOJHPO-
BaJIbHOrO MOPOIIKAa M T. M. MHOrHMe aBTOpHl H3YyyalOT Xa-
pakTep oOpabGaThiBaeMON NMOBEPXHOCTH Ha PAasjIMUHBIX CTa-
JIUSIX Tpollecca MOJHPOBaHHS. DTO NO03BOJSAET NPOCAEIUTD
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3a GOpMHPOBAHHEM MOBEPXHOCTH H JAETaNbHO HM3YUHTb €e
CTPYKTYpY, ee «aedeKTbl» B BHIE OCTATOYHBIX BbIKOJIOK,
TPeLUIMH HJH LapamnuH, KOTOpble CBsi3aHbl C MpeAIlEeCTBYIO-

Puc.

2-7. YyacToOK WIJIH-

¢oBaHHOM

46

725%;

NMOBEPXHOCTH

CTeKJIa.

a — yBennyenue 1575%;
4

8 — 14175x,

6—

UM TmpoueccoM nIHdoBaHHA HJH
’)Ke C CaMHM MpOLLecCoOM MOJIHPOBa-
Hust.  [IpoBenennl  Hab.r01eHdAs
CTPYKTYpbI MOJHPOBAHHON MOBEpX-
HOCTH Ha pa3JHYHBIX CTAaXHAX MO-
JUPOBAHUA TNPH MOMOWIH  yJALTPa-
mukpockona (JI. 2-18]. Onsa ycrpa-
HeHHsI paccesiHHOTO CBeTa Hccie-
HLyeMmasi NMOBEPXHOCTb MOKpPbIBAJNach
cJ0eM CEepPHHCTOTO cepebpa, 3aTeMm
Ha NMOBEPXHOCTH CTEKJa LUHJIHHIPH-
YeCKHM  TMOJIHPOBAJIbHHKOM C 3a-
KpPeNJIeHHBIMH Ha HeM 3epHaMH
OKHCH LlepHusl TIOJIMPOBaJach KaHAB-
Ka, KOTopas H MojBepraJjach HccJe-
noBanuio. KoJsiHyecTBeHHasi OLEHKA
BeJIMYHHBI HEPOBHOCTEH Ha MOBepX-
HOCTH TIOJIHDOBAHHOI'O CTeKJa OCYy-
IIeCTBJ/ISAJIAaCh METOLOM MHOTGJyue-
Bol uHTeppepomerpun. OKaszamocs,
YTO HEPOBHOCTH HMEIOT BeJHUYHHV

o
~ 800—900 A.

H3ydenre MOBepXHOCTH CTekja
Ha pa3JHYHBIX CTAAUAX MOJIHUPOBA-
HHd T0Ka3aJno, YTo oTAejbHble yua-
CTKH € MOMeHTa o0pa3oBaHHUS VXKe
HMEIOT OMNpeleNeHHYI0 CTPYKTYpY,
KOTOpas B TedeHHe BCEro npoiiecca
NOJMPOBAHHA OCTaeTcs HeM3MeH-
Hol. M3 3sToro MoxkHo cienarth BhI-
BOI, 4TO MeXaHHW3M 00pa3oBaHus
10JIHPOBAHHON MOBEPXHOCTH 3aKJIO-
yaeTcs JHUIb B NOCJAEIOBATEJbHOM
pacHIMpeHHH OTHeNbHbIX 3JIEMEH-
TapHbIX NJ0LAA0K, 06pasyomuxcs
B Ipolecce ydaJeHHs] HePOBHOCTeH
WAH(OBAHHON! MOBEPXHOCTH.

B Hacrosiiee BpeMs ass uccie-
JOBaHHsl TMpoliecca TOJHPOBAHUSA
IIHPOKO MNPHMEHSIIOT 3JeKTPOHHbIE
MHKPOCKOTMBI TIPOCBEYHBAIOILETO TH-



na. [Ipy 3TOM CTPYKTypy MNOBEpPXHOCTH TBCPALIX TeJ H3Y-
4alOT KOCBEHHBIM METOJOM, KOTrla Hccaelyercss He caM o6b-
€KT, a KOIUA ero MOBePXHOCTH — pellyiiKa.

Penauka, npeacrasasiomas coboit BecbMa TOHKYIO IJIeH-

Ky, JOJKHAa YNOBJAETBOPATbH psny TpeGoBaHuii. OHa He
JOJI)KHA HMeTb COGCTBEHHOH CTPYK-
Typbl TMpH HaOJIOJEHHH B MHKDPO-
CKONle;, [OJI)KHA BOCIPOH3BOIHTDL
pesbed ucciaenyemoii MOBEPXHOCTH
C TOYHOCTbIO, He MeHblied paspe-
mapoulell cnoco6HOCTH 3JeKTPOHHO-
ro MHKPOCKONA; H, HaKOHel, HOJIK-
Ha ObITb JOCTAaTOYHO MeXaHHYeCKH
NPOYHOH.

Bpioxe u Ilonna wccaenosain
MOBEPXHOCTH IJIH(POBAHHOTO H MO-
JIUPOBAHHOTO CTeKJa C NMOMCLUIbIO
3JIEKTPOHHOTO MHKPOCKOIA, HCTIOJb-
3ysl /s MOJNYYEHHS] CHHMKOB J1aKo-
Bble H YIJIEPOAHbIE DENJHKH, KOTO-
pble O/ KOHTPACTHOCTH OITEHs-
auck naatuHoi [J1. 2-19, 2-20]. Ha
puc. 2-7 npuBeleHbl CHHUMKH YYacT-
Ka 1aHpoBaHHOH  MOBEPXHOCTH
B TIpollecce NOJHPOBAHMS, BHINOJ-
HeHHble TIPH Pa3HbIX YBeJHUEHHSX.
IIpn Gosbuiom yBeaH4YeHHH (pHC.
2-7,8) MOXKHO OOHAapYXHTb MHOXe-
CTBO TOHKHX llapalHH, HAYHHAIO-
IIUXCHA Yy KpaeB BBIKOJIKH W Npen-
CTaBJSIOMIUX C0060i, MO MHEHHIO
aBTOPOB, CJiedbl BO3IeACTBUS 3epeH
NOJIHPOBAJIbHOTO NOPOLIKA.

HanbpHefiliee nosupoBanue mpu-
BOAHUT K TOMY, YTO HeGOJsbluMe yua-
CTKH TIOJIHDOBAaHHOH MOBEPXHOCTH
yBEeNHYUBAIOTCS U 3aHUMAIOT MOYTH
BCIO MoBepxHocTb (puc. 2-8,a u 6).
B HekoTopeIX MecTax 3TOH moBepx-
HOCTH BHIHBI OTHEJbHbie BbIKOJIKH
(puc. 2-8,8), ocTaBuiMecss OT maH- DHC. 2-8. MameHenne xa-
¢osanna. Ha puc. 2-9 npencrasie- ngf,’;gi‘,’,ﬁ,ﬂ;”“g@%mgﬁe
Ha NOJHpOBaHHAasA IMOBEPXHOCTh C OOJIHPOBAHHUS.
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JIByMsl TOHKMMH LlapamiHamH, 06pa3oBaBIIHMHCA NPH NOJU-
poBanuu. Ha puc. 2-10,a BuaHaA rpynna uapanuH Ha MOJH-
POBaHHOH IOBEPXHOCTH, HaHECEHHbIX, MO-BUAUMOMY, OCKOJ-
KaMH CTeKJa, 3aCTPSBIIMMH B TOJHPOBAaJbHHKE H3 BOHJOKA
(puc. 2-10,6 1 8), npocMaTpuBaeTcsi OQUHOYHAs LApanHHa
IDH Pa3HbIX YBEJHUEHHSX.

OrnonvpoBaHHasi U MpoTpaBJeHHasi B MJAaBHKOBOH KHC-
JIOTe MOBEPXHOCTb CTeKJa MOoKa3aHa Ha puc. 2-11, Ha koro-
POM MOXHO BHIETb TPeIIMHKH, OCTaBuIMecs Mocje maHbo-
BaHHUs, H MHOXECTBO NPOSIBUBLIKXCS MOCJAE TPaBJEHHS cCJe-
noB nonupoBanusi. Ilpu pactupanuu MOJHPOBAaHHON MOBEpX-

\ HOCTH CYXHM NOJIMPOBAJbHBIM
HJH aJIMa3HbIM NOPOIUKOM Ha
Hell BO3HHKAIOT LapanuHb
(puc. 2-12).
B pa6ore {JI. 2-9] mpouec-
Cbl NOJIHPOBAHHUSA CTeKJa H3Y-
yaJd MeTOAOM H3MepeHHs Be-
COBBbIX IIOTE€Pb B COYETaHHH
C 3/eKTPOHHO-MHKPOCKOMHYE-
CKHM HCCJIeJOBaHHEM H3MeHe-
HUS TomonpadHu MOBEPXHOCTH
NpH NOJHPOBAHUU B pasiHy-
Puc. 2-9. Monuposanunas nosepx- HBIX ycjaoBusAX. C BEIGpaHHO-
HOCTb CTeKJa ¢ ABYMA TOHKHMH TQ y4yacCTKa M3rOTOBJSJH ce-
lapanHHaMH. DHIO DEMJIMK, CHUMKH C KOTO-
pBIX  TOKAa3blBAlOT  JeTajH
npouecca NoJHPOBaHUSl OT 00pa3oBaHHs BBIKOJIOK 10 HX
HCYEe3HOBEHHS,

IToMUMO ONMHCAHHBIX BhIlIE METONOB, MPHMEHSIOT TaKXXe

METOJbl HCCJAeNOBAHHA NPHPOAbl NPOLECCOB MOJHPOBAaHUSA,

Puc. 2-10 IlapanuHbl Ha NOJIHPOBAHHOM MOBEPXHOCTH.



OCHOBaHHbIe Ha Mbe303JEKTPHYECKHX CBOHCTBAX KPHCTaJIa.
IOnsi W3ydyeHHs 3JIEMEHTApHBIX IPOLEeCcCOB IMOJHPOBAaHHS
KPHCTAJIOB, 00JafaloOUMX THAPOPHIbHBIMH CBOHCTBaMH,
A. T'. CMaruHbIM TpeJIOKeH H OCYIIeCTBJEH MeTon H3Mepe-
HHS 4acTOThl MbE30KBaplia KaK NpelH3HOHHbIH MeTOA ompe-
IeJeHHsT OTHOCHTE/JIbHOTO H3MeHeHHs JHHeHHbIX pa3MepoB.
DToMy MeTOoLy CBOWCTBEHHbI
BeCbMa BbICOKasi YyBCTBHTENb-
HOCTb M 60JblIasi TOYHOCTH
U3MepeHHuH.

I1pu uonosb3oBaHHH KBap-
ua AT-cpesa yacroroit 500 xey

Puc. 2-11. TlonupoBaHHas u mnpo- Puc. 2-12. TloaupoBaunas
TpaBJieHHass B MJABHKOBON KHCJOTE MOBEPXHOCTb CTeKJa Tocje
MOBEPXHOCTb CTEKJA. IIH(POBAaHHA CYXHM MOJHPO-

BaJIbRbIM TOPOLIKOM.

H C TeMIepaTypHbIM KO3(PGhHIHEHTOM 4YacTOThl MNOpPSAKa
10-8 epad—! MOXKHO H3MepUTb U3MEHEHHEe TOJIUMHBI d KpH-
craqna (cobmogasi TJOCKOCTHOCTb M MJIOCKOTapaJsjeb-

HOCTb) mopsiaka I A. Tak xak f= to Af/f ~Ad/d.

1
2d Vs '’
o
[Mpu d=0,38 cx namenenue TouHbl KBapua Ad=1A (ua-
CTOTa HM3MepsieTcsl NPH NOMOLIM 3TaJoHa yacToThl). Eciau
JKe HCrmoJb3oBaTh KBapu B (opme Opycka Ha 4acroTy
100 key u TepMOCTaTHUPOBAThL €r0 OT M3MepPEeHHs] K H3Mepe-

o
HHIO, TO MOXHO noayuuth Ad=50A. Ilpu ocobo TiaTen-
HOM COGJIIOJIEHHH YCJOBHi H3MepeHHS MOXHO YyMeHb-
o

wuth Ad npumepso mo 5A.
Onucanublil METOA paciiupsieT AHANa3oH H3MepeHHs: OT-
HOCHTEJIbHBIX JIMHEHHBIX pa3MepoB A0 BEJHUHH MOPsAKa
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10-8 cm u OTKpbIBaeT HOBble BO3MOXHOCTH HCCJAENOBAHHS
BKJaJa pa3/MYHBIX MEeXaHH3MOB NPH MOJHPOBAHHH.

MexaHu3sm noJupoBaHHs KBapua. lsBectHo, uTo cTpoe-
HHe KpHCTaJUIHUECKHX TBEPABIX TeJ Hapyuaercs Beael-
CTBHE MeXaHHYeCKORm 0o6pabOTKH HMX MOBEPXHOCTH Ha TOJ-
IIHHE B HECKOJBKO NECSTKOB H COTEH MOJIEKYJSIPHBIX CJIO€B.
OpmHako HapylleHHe KPHUCTAJJIHYeCKOH CTPYKTYDPbl MOXKeT
NPOHHKATL U Ha OosblIylo T1yGuHY.

OnTHyecKHM NyTeM YCTAHOBJEHO HaJHYHe YYaCTKOB
B NOBEPXHOCTHOM CJI0e, B KOTODBIX HalpaBJeHHe MJOCKO-
cTefl KPHCTAJJIHYECKOH peIleTKH OT/IHYaeTcsl OT HampabJe-
HHUS BHYTPH Kpucranna. O6GHapyKeHO, HanmpuMmep, 4TO Ha
raybune 100 mxkm OT NMOBEPXHOCTH YIVIOBOE CMelLleHHe He-
KOTOphIX o6sacreit cocrasnasier 45’, Ha ray6une 0,5 mxm no-
cruraet 4°. TloBepXHOCTHasi CTPYKTypa NpeACTaBNseT CO-
6off ceThb TpeLIMH, pacuJeHSIOUMX ee Ha MeXaHHYeCKH CBf-
3aHHble KPUCTAJIHTBI, NMPH 3TOM 4eM OJiHKe KDPHCTAJJIHTHI
K TOBEPXHOCTH, TeM MeHblle HX pa3Mepbl W TeM GoJblie
HanpaBJ/leHHe MJIOCKOCTeH OTXOMHT OT MepBOHAvaJsbHOTO Ha-
MpaBJieHUs] KpUCTaMauueckoi pewetku [JI. 2-21].

HccnenoBaldicsi MOBepXHOCTHBIA CJOM KBaplia MeTOJ0M
AudpakuuH PEHTTeHOBCKHUX Jyuell npu a==f-npeBpalleHusax
kpucranna [J1. 2-22]. JucddepeHunanpHblfi TepMHUECKHI aHa-
JM3 TO3BOJHJ aBTOPY ONpeNeNHTb KOJHYECTBO Temaa, Mo-
IJIOIEHHOTO q==f-NpeBpallleHHeM H3BeCTHOTO KOJHYeCTBa
BelllecTBa, a OTCIOla — conepxKaHHe KBapua. B pabore cre-
JiaH BBIBOJI, UYTO «JEKDHCTaJJIM30BaHHAS» YacTb MMCETCs Ha

o

MOBEPXHOCTH B OAHOPOAHOM cCJjoe ToaUuHOA ~ 700 A.
ArtoT cnoft a16o coBeplueHHO amMOpdHbBIH, 160 B HEM OCTa-
JUCb MaJible 006J1aCTH, B KOTODBIX COXPaHWJCS KpPHCTaJIH-
YeCKHH MOpPSIOK.

UHTeHcHBHOCTD AH(PAKIHUOHHBIX MOJOC MNyuyKa peHTre-
HOBCKHX Jyueil, HampaBJeHHbHIX Ha KBapleBbHl INOPOILOK,
cnabee B cayuae MeJKHX YacTHL, YeM B cjydae KpYMHBIX.
Insi KoMHUeCTBEHHOTO MCTOJKOBAHHSI 3TOr0 pe3dyJibTara He-
06X0AUMO JIOMYCTHTb, UTO CJIOH 3epeH Y NMOBEPXHOCTH TOJ-

o

oM okoso 300 A BosjmeficTByeT Ha PeHTTeHOBCKHE Jyul
KaKk aMOpP(®HBIA KpeMHe3eM.

ITpu momouiu 3JeKTPOHHOH AU paKUUH MPOBeNEHO H3Y-
YeHHe TMOBEPXHOCTH MOJHPOBAHHOH KBapleBOA MJIaCTHHBI.
O6HapyxeHbl OTUeT/IHBbIE NU(PPAKIHOHHBIE KOJIbIA, YKa3H-
BalIIHe HAa TO, YTO UMeeT MEeCTO KpPHCTaJnuyeckas CTPYK-
Typa, HO Ge3 omnpeneneHHON o6weil opHeHTauHH. Xopouwo
JsngaHHSOBaHHbIe NsiTHA Ha MOBEPXHOCTH CBHIETEJbCTBYIOT



He TOJIbKO O KPHCTaJIHYECKOH CTPYKType, HO H O TOM, 4TO
slUeHKH Ha BCeH IOBEPXHOCTH NMPHONHMKEHHO MapaJjiesibHBbl.
Onbit [I3BHCCOHA NMOKA3BIBAET, YTO MOBEPXHOCTb COCTOHT H3
MEeJKHX KDPHCTAJJIMKOB, NIPHYEM Te H3 HHX, KOTOpble pac-
MOJIOXKEeHb! O/MXKe K NMOBEPXHOCTH, Xyxke (caabec) cBsi3aHb
MexXJy co0oi, ueM Te, KOTOpble HaxoAsTCsA AaJjibliie OT IO-
BePXHOCTH. ,

Ilpy nosmpoBaHMH KBapua ONHOBPEMEHHO MpPOTEKAIOT
ABa mpouecca (JI. 2-17]. BosaeiictBue MexaHuueckux ¢ak-
TOPOB, BO3HHUKAIOIIKHX NMPH NepeMeLieHHH 3epeH IOJHPOBaJib-
HHKa M HUX JIaBJCHHHM Ha MNOJHPYeMYyl0 NOBEPXHOCTb, MpPH-
BOAHT K paspyweHuio cBsdelt Si—O—Si. O6pasyomuecs
KaTHOHbl H AHHOHBI pearHpyioT ¢ BOLOPONHBIMH H THIpPO-
KCHJIbHBIMH HOHaMH, 06pa3ysi KpeMHEKHCIOTY B Pas3/iHUHbIX
dbopmax.

IIpu nonupoBaHUH MMEIOT MeCTO Aernfiparalusi KpeMmHe-
KHCJIOTHl Ha 30JIb U TeJib H UX CBs3blBaHHe C HAapYyILeHHbIMH
cBa3aMu Si—O—Si Bo BmaguHax MOJHpPYeMOil IOBEPXHO-
cti. CHATHe reisi KPEMHEKHCJOTbl Ha BBICTYNAaX IOJHpYe-
MOl MOBEPXHOCTH IpeobGsajaeT HajJ CBs3blBaHHEM reJis
KPEMHEKHCJIOTE BO BNAJWHAX, YTO H HPHBOJHT K BHIPaB-
HUBAHHIO TMOBEPXHOCTH.

B paGore UI. 2-10] u3yuanacb poJsip NMJAACTHYECKHX [e-
(Gopmauuii, MHKpPOaOpa3sHBHOIO BBIKAJbIBAHH$ H BOJHOH
cpelpl B MpoLecce MNOJHPOBAHHS, NPH 3TOM HOOYEPEIHO
HCKJIIOYaJIHCh KOMIIOHEHTBI, He CBOHCTBEHHbIE HCCJIeLyeMOoMY
MexaHusMy. [lJ1s MOBBLILIEHHS] TOYHOCTH H3MEpEHHsi OTHOCH-
TeJIbHOTO HM3MEHEHHS! JIHHeHHBIX pa3MepoB OBl HCIOJb-
30BaH MeTOJ, HM3MEepeHHSl 4YacTOThl Mbe303JEeKTPHUECKOro
KBapua.

[MoaupoBanunio moxBepratu Kpuctaiabl kBapua AT-cpe-
3a, MUMellue TeMnepatypHbli Ko3()(HLUHEHT YacTOTHl IIO-
psanka 108 epad—! B auanasone temneparyp —7-44°C.
B npouecce naMepeHHii OTHOCHTENBHOTO H3MEHEHHs TOJILH-
Hbl KBapl TepMocTtaTHpoBaju npu 28°C c morpewHocTbio,
He npeBbimalomeit *+0,1°. Iasi cpaBHeHHs YacTOTbI HCNOJb-
30BaJin 3TaJOH uacToThl. IlmockocTHOCTP M IJOCKOMapad-
JIeJIbHOCTb KOHTPOJIMPOBAJIM C IOMOLIbI0 OOLIYHBIX ONTHYE-
CKHX CHCTEM.

ITpu ucciaenoBaHHM posin NJ1acCTHYECKHX AedopMaLHi u3
MeXaHH3Ma IOJHPOBaHHS ObIH HCKIOYeHbl abpasHBHBHIE
3epHa NOJHPOBAJBHOrO MOPOLIKA M XKHAKas cpera. Ksapu
MOJIMPOBAJIM Ha TNOJHPOBAJbHHKE, NpeJBapHTENbHO [0OCTa-
TOYHO TILATENbHO OUYMILEHHOM C LeJbl0 HCKJOYeHHsi abpa-
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3UBHOIO AeHcTBHSI aAcOpGHPOBAHHBIX M aGCOPOGHPOBAHHBIX
MOCTOPOHHMX YacTHL, B TepMeTHYeCKOH Kamepe (BJax-
Hocth 2—49%', Temneparypa 16—17°C). Ilpu yxasaHHBIX
BBIIIe YCJOBHAX CKOPOCTb Ipoliecca MOJHPOBAHUS COCTaB-

asiia okoao 20 A« mun—1.

MexaHu3M MOJHPOBaHHS, CBSI3aHHBIA ¢ aGpasHBHLEIM Xa-
paKkTepoM AHCHEPrupOBaHHS MOBEPXHOCTH KBapua, H3yyajH
B OTCYTCTBHE KMIKOH cpelbl, HO NPH HAJHUUHUH KPOKYyCa,
UCNOJb3yeMOro B kKauecTBe abpasuBa. Kak mokasanu usme-
peHus, CKOpocTb mpouecca abpa3uBHOTO BbIKAJBIBAHHS 4a-

o
CTHI| KpHCTaJia cocraBiasiia 160 A - mun—t. OnHaKo ¢ yMeHb-
IIeHHeM pa3Mepa 3epeH MOJHPOBAJBbHOIO MOPOLIKA CKO-
pPOCTb TaKXke YMeHbIIaeTcsl, a KauecTBO NMOBEPXHOCTH YJyd-
maercs.

CkopocTh MoJMMpOBaHHsi KBaplia KPOKYCOM MpPH HAJAHYHH
JHCTHJIHPOBAHHOH BOABl (UTOGB HCKJIOUHTH abpasuBHOE
JefCTBHe Pas3JHYHbIX YaCTHIl, HAXOASIMXCS B CYCMEeH3HaJb-
HOM COCTOSIHHH), T. €. CKOPOCTb CHSITHUSl THAPOJIH3HOH mJeH-
KH 3epHAMH 3aKpelJIeHHOr0 B IIOBEPXHOCTH MOJIHpPOBaJib-
Horo a6pa3uBa MOJHPOBAJbHOIO MOPOLIKA, COCTABJAAA

o
0,32 A mun!.
Hns usydeHus pojan (H3HKO-XMMHYECKHX IPOIECCOB
KBapl MOJHPOBAJH C NPHUMEHEHHEM HEeBOAHBIX XKHJIKOCTEH
{KepocHHa), NPHYEM CKOPOCTb MOJHPOBAHHS MpPH BCeX Mpo-

o
YHX DaBHBIX YCJOBHSIX cocraBasiia 240 A.mun—!, T. e. He-
CKOJIbKO MpeBbllIajia CKOPOCTb Mpolecca, 00ycJa0BJ€HHOIO
MHKpoabpa3uBHBIM BO3[efCTBHEM 3epeH KPOKyca.

CkopocTh MOJIMPOBaHHS KBapla ¢ BOJOH NMPHOJIH3HTEND-
HO B 14 pa3 GoJbliie, yeM CKOPOCTb €ro MOJHPOBaHHS C Ke-
pOCHHOM. JTO HOKa3blBaeT BAaXHOCTb (DU3HKO-XHMHUECKHX
NPOLECCOB, NMPOTEKAIOUHUX B MOBEPXHOCTHOM CJiOoe KDHCTaJ-
Jla B NPUCYTCTBHH BOABL. Ilpu mosupoBaHHM KBapua C Kepo-
CHHOM HMeeT MecTo GoJjiee rpybasi CTPYKTypa MOBEPXHOCTH

o

M BeJIHYHHA HepoBHOcTeld cocraBiasier 420 A, B To BpeMs

o

Kak ¢ Bogoii —20—30 A. B cayuae npuMeHeHHsi HEBOAHOH
KHIKOCTH TPOSIB/ISeTCs 4YUCTO abpasHuBHOE JeHCTBHe, H ee
posib KaK HecMauHBalolleH XKHAKOCTH CBOAHTCH K ydaJeHHIO
abpa3uBa M JHCIePrHPOBAHHBIX YacTHI[ KpHcTaana. Pesyib-
TaThl ONHCAHHBIX SKCIEPUMEHTOB MOKa3blBAlOT, 4YTO MPH
MCIIOJb30BAHHH BOAbl MEXaHH3M Ipollecca IMOJHPOBaHHs
3aK/yaeTcss B yJaJeHHH THAPOJH3HOH NJIeHKH 3epHaMH
3aKpelJieHHOro a6pasuBa, a NpPH HCMOJNb30BAHHH XKHIKHX
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cpen, He 06/1aa0MUX THAPOJIHTHYECKHM AEHCTBHEM M cMa-
YHBAeMOCTbIO, MOJHPOBAHHE MOMKHO pacCMaTpUBATb Kak
npouecc MHKpoabGpa3HBHOrO BbIKAJbIBAHHS YacTHI| MOBEpX-
HOCTH TBEPJAOro TeJa.

IIpoBenennsie J1. 2-10] uccaeqoBanua JOKa3biBalOT, 4TO
NpH onpefeJeHHbIX YCJOBHAX BCe TPH Npoliecca — HCTHpa-
HHe TMOBEPXHOCTH BCJEACTBHE MJacTHUYeCKHX Aedopmauui,
abpa3uBHOe BbIKaJbiBaHHe, yLajleHHe THAPOJHU3HOH IJIEH-
KH — SBJISIIOTCS 3JIEMEHTAapHBIMH NMPOLECCAaMH MOJHPOBaHUS.

Ha npakTtuke noaupoBaHHe NPOBOASIT, HCIOJb3YSl Kak
MOJIMPOBAJIbHBIA MOPOLIOK, TAK H KHAKYIO Cpely, HallpuMep
Boxy. Ecau yuecTb, 4TO CKOpPOCTb a6pa3HBHOrO BbIKaJIbIBA-
Hus B 20 pa3 MeHblle CKOPOCTH yHdaJleHHs THIPOJIH3HOI
NJIEHKH 3€pHaMH 3aKpemJIeHHOTO IOJHPOBAaJbHOrO IMOpPOLI-
Ka, TO cjlelyeT cIenaThb BbIBOA, YTO MPH MOJHPOBAHHH TBep-
JOro Tesa ¢ THApoGHJBHBIMH CBORCTBaMH (KBapl, CTEKJO
H T. .) OCHOBHBIM sBJsieTcs1 (DU3HKO-XUMHYECKHH mHpolecc
(cormacHo teopuu H. B. I'peGenuiukosa).

ITonuepkHeM, uto GoJsiee obliee 3HAUEHHE HMEET 3JIEMEH-
TapHBIH Ipoliecc MOJMHPOBAHUS, CBSI3aHHBIE ¢ MHKpoabpa-
3HBHBIM BbIKaJIbIBAHHEM YaCTHI[ MOBEPXHOCTH, TaK Kak He-
rHAPOQUABHBIX TBEPABIX TeJ MHoro OoJblie, yeM THIpPO-
(OHUABHBIX.

Takum o6pa3om, HeT HeOGXOLHMOCTH B CO3JLAaHHH eIU-
HOM TEOpHUH TOJHPOBaHHs, W60 NMpH ompejeseHHbIX YCJO-
BHSIX KaxkJas U3 HHX SIBJsETCS CIOpaBelJJHBOH, KaK 3TO MO-
Ka3aHO HaMH Ha NMpHMepe NMPOILIeCCOB MOJHPOBAHHSI KBapla.
ITo cymecTBy kKaxnass U3 TeopHil OGBsCHseT OLMH H3 MPO-
LIECCOB €IHHOr0 MeXaHH3Ma IMOJIHPOBaHHS.

2-2. OuucTKa M TPaBjieHHe NMOBEPXHOCTH
KPUCTAJNJIHYECKHX 3JIEMEHTOB

OdncTKa MOBEPXHOCTH KBapueBbiX 3jaeMeHtoB. [lpu
MpPOU3BOJCTBE KBAapLUEBbIX pE30HATOPOB o0cob0oe 3HaueHHe
HMeeT XHMHUeckass 06paboTKa HX KPHCTAJJIMYECKHX 3Je-
MeHTOB. OHa IWHPOKO NMpPHMEHsIETCS] MOYTH HAa BCEX TeXHO-
JIOTHYECKHX CTaJHfX, HAUYHHas C OLEHKH H KOHTPOJs Kaye-
CTBa CbIpbS, NOCTYmaloLIEro B pPaCNUJOBKY, H KOHYas
06paGoTKON MOJHPOBAHHBIX, a B HEKOTOPHIX CJAydasX H Me-
TaJJIM3HPOBAHHBIX KBapLEBBIX 3JEMEHTOB, €CJH MocJelHHe
noc/ie HamblIEHHS METAaJIHYeCKOH TOHKOH IJVIEHKH B BBICO-
KOM BaKyyMe cONpHKacaloTcsi ¢ aTMocgdepor.

CpoficTBa pe3oHaTOPOB CYLIECTBEHHO 3aBHCAT OT XHMH-
YeCKO#l OYHCTKH IMOBEPXHOCTH KBapleBbIX 3/J1eMEHTOB OT BCe-
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BO3MOXHBIX 3arpsidHenuil. Ha mnoBepxHocTH mindoBaHHbIX
KBapUEBbiX 3JCMEHTOB MPUCYTCTBYIOT TaKHE 3arpsi3HeHus,
KaK OCTATKH HaKJleedHOH MacCTHKH (cMecb KaHH(OJH ¢ BOC-
KOM HJIH mapaduHOM), yacTHIb a6pPa3HBHOrO MHKPOMOPOLI-
Ka (3/7eKTPOKOPYHA) H MeTajja OT WJIHGOBaJbHHKOB (uy-
TYH, JaTyHb), YaCTHLbI, OCTABLIHECS OT MeTAJJIHYEeCKHX H
rpaduToBRIX KapaHpauel (JaTyHb, rpaduTr), a Takxe 3a-
IPsA3HEHHST MHHEpaJbHOTO H OPraHHYeCKOro MPOHCXOXK[e-
HHfl, HanpuMep, MOHOMOJIEKY/SPHbIE KHPOBble IJIEHKH,
ocaxJamlliuecss M3 Bo3ayxa Ha KpHcraaa. I[loatomy mouTH
BCE TeXHOJOTHYeCKHE ONepalMH WH3TOTOBJEHHS KBaplLEBbIX
3JE€MEHTOB MNPOBOAAT ¢ 00e3:KHpPUBAHHEM M TLIATEJbHOH
IPOMBIBKOH.

Hasa ynaneHusi OCTaTKOB HaKJEeYHOH MaCTHKH H o6e3-
KHDHBAHHA KBapueBbiXx 3jeMeHTOB ucmoab3dyior CCl,. UYe-
THIPEXXJIOPHCTHIH YTI/€poA LOCTAaTOYHO XOPOILIHH pacTBOPH-
TeJNb, HHEPTHBIH MOYTH KO BCeM MeTajJaM (3a HCKJye-
HHeM aJIlOMHHHS) H METaJJIOHAAM, HE TOpIoY M He BBI3bI-
BaeT 0XKOTOB NMpPH MOMAaJaHHH HAa KOXY.

OckoJaxu yacTull a6pa3WBHOrO MOpOILIKA, KaK yKasbiBa-
JIOCb, BHEJPSIOTCS B TpellHHbl, 06pa3ylollHecss Ha MOBEpPX-
HOCTH KpHCTaJJ/1a B mpolecce UIIH(POBaHHS, KOTOpOe Mpo-
BOJIHTCS C TOMOIUBIO MHKPOMOPOIUKOB 3JEeKTPOKOPYH-
na AlO;. XuMHYecKUM NMyTeM OYHCTHTb KBaplEBble MJIACTH-
bl oT yactul AlO; HeBO3MOXKHO. DJEKTPOKOPYHI OTJH-
yaeTcss GOJIbIIOH TBepHOCTbIO H HEPACTBOPHMOCTbIO B KHC-
JOTaX W He BCTYyNMaeT B XHMHUYECKOe B3aHMOMAEHCTBHE CO
waudyeMbiM MeTassaoM. B pacTBopHMoe cocTosiHHe 3J€K-
TPOKOPYHJ MOKHO MepeBecTH CIJIaBJE€HHEM CO LIeJoYaMHu
HJIH XPOMOBOH CMeCbl0 B aBTOKJaBe IpH TeMIepaType
Boire 300°C. OgHako KBapl BCTyMaeT B PeaKIHIO CO LIeJo-
yaMu ¢ GoJsibLiell CKOPOCTbIO, ueM 3JeKTpoKopyHa. [Toatomy
MOBEPXHOCTb KBapleBbIX 3JEMEHTOB OYMILAIOT OT 3arpsi3He-
HUA uvacTHuamMu abpa3uBa, HCNOJAB3Ysl YJAbTPAa3BYKOBYIO
06paboTKy.

Jlnst ouHCTKH KBapLEBbIX 3J€MEHTOB OT YaCTHIL MeTajJa
(Fe, Cu, Zn) u rpadura npuUMeHSIIOT XHMHUYECKHH H MeXxa-
HHYeckui cnoco6bl. ITpu xuMHueckoM cnoco6e OYHCTKH Me-
Ta/JJIHYeCKHe YaCTHIBI pPacTBOPSIIOTCS B 1APCKOH BOJKE
(1HNOj; : 3HCI) ¢ obpa3oBanuHeM XJOPHCTBIX COJIeH COOT-
BETCTBYIOLIUX MeTaJjoB. Kpome Ttoro, B pesyabrate obpa-
60TKH B XpPOMOBOH cMecH (pacTBOp JABYXPOMOBOKHCJOTO
kanuss KeCrsO; B KOHUEHTPHPOBAHHOH CEpPHOH KHCJOTE)
rpadUT OKHCJISIETCS N0 YIVIEKHCJOTBI.
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KBapueBble 3/1eMeHTbl MEPEHOCAT ClELHAaJbHbBIM MHHLE-
TOM C HAaKOHEYHHKOM H3 (TOpomjacra HJIH OPraHHYeCKOro
crekna. [Tocne xumuueckoil 06paboTKH MX MOMEILANOT B CIie-
LHAJbHYIO Tapy, MpoleAyi0 XHMHUYECKYI0O OYHCTKY, H MOZA-
CYHIHBAIOT B BBITSXKHOM IIKagy, a 3aTeM BMecCTe C KBaplem
CTaBAT B CYIUMJbHBIA IIKad, rie NofAepKHBaeTcs TeMiepa-
typa 80—100°C. Ecan cymnabHbill wKad yCTaHOBJEH MOJ
BBITSKKOH, INPEIBAPUTENbHYI0O MOACYIIKY B BBITAXKHOM
wKady MOXKHO HCKMO4HTb. [locne moacyuwinBaHus Tapy H3-
BJIEKAIOT W3 CYLIHJbHOrO 1IKada U 3aKpPbiBAlOT e€e repMe-
THYHO CMELHAJbHOH KpBILIKOH, MpeJBapHTENbHO MpOILea-
el XUMHYECKYI0 OUHCTKY.

ITpu MexaHuueckoM cnoco6e OYHCTKH MPHUMEHSIIOT YJlb-
TPa3BYKOBYI0O 06pab0OTKy KBapleBBIX 3J€MEHTOB [IJs yaaJe-
HHSl pa3JIMYHBIX 3arpsi3HeHHi: wvacTHL abpasHBHBLIX MaTe-
puasos, Merajasna u rpadura. B kauectBe paGoueit cpejibl
HCMO/Ib3YIOT UYETHIPEXXJOPUCTHIH VYIJIEPOA KaK aKTHBHOE
o6e3:KHpHBalolllee CpPerCTBO.

Ha moBepxHOCTH MOJHPOBAaHHBIX KBapLEBHIX 3J€MEHTOB
NPHUCYTCTBYIOT TakKHe 3arps3HeHHsl, Kak OCTaTKH MNOJHPOBaH-
HBIX M HakJeeyHnlX cMoJ (KaHH(}oJb, BOCK, NMeK JpeBecHb,
cKunugap, OHTYM); YacTHIBl NOJHPOBAJBHOIO MOPOLIKA
(KpoKyc, MOJUPHT), a TaKkKe 3arps3HeHHs MHHePaJbHOTO
H OPraHHYeCKOro NPOHCXOKJEeHHs, HalpuMep MOHOMOJIEKY-
JSIpHBIE KHPOBble MJIEHKH, OocaKAalollliecss U3 BO3JAyXa Ha
KPHCTAJLIL.

Ins ynanenus ocTaTKOB NMOJHPOBOYHBIX CMOJ € MOBEPX-
HOCTH KBapleBblX 3jeMeHToB Takxke mpumensior CCl,. Ilo-
JIHPOBOYHBIE CMOJIBI TOpasfo MelJieHHee YAaasal0TCs C IoBepX-
HOCTH NOJIMPOBAHHLIX KBAapLEBBLIX 3JIEMEHTOB, YeM HakJeey-
Has MactHka. [Toatomy 06paGoTKy HEOOXOAMMO MPOBOAHTb
B YJbTPa3BYKOBOH BaHHe.

Meroab 06paGoTKH KBapUEBHIX 3/eMEHTOB, MOJHPOBaHHBIX KPOKY-
COM H MOJMUPHUTOM, pa3anynbl. Yacruusl kpokyca Fe,Oj, KoTophle ocralor-
Cd B MOBEPXHOCTHOM THIAPOJIM3HOM CJIO€ KBaplia H Ha ero KpoMkax, ylla'
Ja910T 06paboOTKOfl B ropsuyeM pacTBOpe LApPCKOi BOAKH, NpeACTaB/sio-
meﬁH(c:cfoﬁ cmech ool yacth HNO,; u Tpex uyacTell costHOM KHCJIO-
Thbl .

HOJalHT npeacrasasiet co6oli CMeCb OKHCJIOB peaKo3eMeIbHbIX Me-
TaJJIOB CeMeHCTBa JJAHTAaHHOAOB C MNpEUMYIIeCTBEHHbBIM COAEpXKAaHHEM
aByokucu uesus CsO,, mnpokajeHHOH TpH BHICOKHX TeMmmepaTtypax
(900—1 300° C). B cocras pa3nuunbiX MOJHPUTOB BXOAMT He MeHee 50%
ABYOKHCH Li€3Hd. ﬂﬂﬁ OYUCTKH KBapLUEBLIX 3JEMEHTOB OT 4YacCTHL NOJH-
pHTa HX 06pabaThiBalOT B ropsiuefl KOHLEHTPHPOBAHHON CEpHON KHCJIOTE,
KoTopasi BCTylaeT B p€aKlHI0O C ABYOKHCHIO 1E€3HA:

Cs0;+2H;SO—>Cs(S0s)z+2H:0.
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BMecTo cepHOil KHCJIOTBI MOXKHO NMPHMEHSTb XPOMOBYIO cMecb (pac-
rBop 30 ¢ K:Cr,O7 B 1000 ma xonuenrpupoBanuoft H;SO,).

IMpu xumuyeckoil o6paGoTKe MOJHPOBAHHBLIX KBapUEBBIX 3JIEMEHTOB
B XpOMOBO# cMecH oOpabaTbiBaeMble IeTaJjlH 3arpyXaiot B ClelHaJbHbIe
KHCJIOTOYMOPHbIe KacCeTbl, a 3aTeM B BaHHY H NPOBOAAT YJbTPa3ByKo-
Bylo 06paGorky. KBapuesble 3JeMEHTH B KacceTe MPOMBIBAIOT XOJOAHOI
NPOTOYHOH MHCTH/JIHPOBAHHOM BOLOH (MJIM B HECKOJbKHX BaHHax ¢ JHC-
TH/VIHPOBAHHOM BOLOH), 3aTeM MOMEILAIOT B CYLIHJBHBIA IiKad, Temme-
patypa Koroporo cocrasaser 100—150°C.

B paGore {JI. 2-21] B KauecTBe peakTHBa HCIO/b30BAJH pacI/iaB-
JeHHbIA efKuil HaTtp. ITocie MpoMBIBKH B BoJe KPHCTaMIbl MPOMLIBANHUCDH
B 30%-noit naasukoBoi kuciore (HF) nas ycrpaneHHs cielloB HaTpHe-
BBEIX COJIefl.

[lepex TpaBjeHHeM OYHCTKY TOBEPXHOCTH KBapLeBbiX 3JIEMEHTOR
MOXHO TMNpPOBOAHTb clelylomum obpa3oM. [loaupoBanHble KpHCTaJIbI
MOTPY2KalOT B PacTBOP XPOMOBOH KHCJOTHl H ONOJIACKHBAIOT B BOJE, 3a-
TeM KaX[Ibll KDHCTa/Jl NPOMBIBAIOT C MbIJIOM M BOXOH, BHOBb NOrpy-
XaloT B BOAHLIH PacTBOp aMMHaKa M NPOMBIBAIOT B YHCTON NMPOTOYHOH
Bose. OGe3xHpHuBaHHe Nepel BTOPbHIM 3TalOM TPaBJIEHHS MPOH3BOAAT
B pacrBope K3;PO,.

Crnepyer oTMeTHTb, YTO B HacToOslllee BPEMS OYHCTKAa KPHCTaJIHye-
CKHX NOBEPXHOCTEH KBapLEBbIX 3/J€MEeHTOB MBIJIBHBIM PacTBOPOM HOYTH
He TpHMeHseTCs, TaK KaK 3TO NPHBOAHT K 3aKHPHBAHHIO NMOBEPXHOCTH.

KauecrBo 06e3XKHPHBaHHSA H NMPOMBIBKH NMpPOBEPSIIOT YJIbTPaXHMHCKO-
noM. OGbIYHO Ha TMpPaKTHKe MPHUMEHSIOT CaMBlii MPOCTOH CMOCO6 ompexe-
JIeHHsl KayecTBa O0O0e3XHPHBAIHs H TNPOMBIBKH: €ClIH BOAA [OJHOCTbIO
CKaTbiBaeTCsi C MJIACTHH, TO Npouecc o6e3KHPHBAHHA M NPOMBIBKH CUIl-
TaeTcs 3aKOHYEHHbIM; B MPOTHBHOM CJyyae €ro HafoO MOBTOPHTb.

TuaresabHoe oGesxHpHBaliHE H TPOMBIBKA — 00sI3aTelbHOE YCJIOBHE
BBICOKOKAY€CTBEHHOr0 BaKyYMHOTO HaMbLIEHHs TOHKHX ILIEHOK Ha MO-
BEPXHOCTb KBapleBLIX 3JIeMEeHTOB.

TpaBaenue kpucranna. TpasjieHHe NPOBOAUTCA AJSI
YCKOPEHHs1 NMPOLECCOB MeXaHHuecKol o6paboTKH, yMeHblie-
HHSl pacCesiHUsl SHEPrHH B NMOBEPXHOCTHOM CJIO€, YMeHbLie-
HHSl CTapeHHs, CHSITHS MEXaHHUYeCKHX HaNpsuKeHH#d wiaudo-
BAHHBIX M IOJHPOBAHHbIX KBapIEBbIX 3JEMEHTOB, IJIsi
BbISIBMICHHS] AHCJAOKALHH, /51 MOACTPOMKH 4aCTOThl pe3oHa-
TOPOB M JIPYTHX lenefl.

Kpucrannnuecknit kBapu npencraBisier coO0OH TMOYTH YHCTHIi KpeM-
He3eM SiO,. Ou uype3BbIYaflHO CTOEK XHMHYECKH, MaJloaKTHBEeH M B3aHMO-
JeHCTByeT TOJBKO C KOHIeHTpUpoBaHHbIMH Iuenoyamuy NaOH, KOH,
¢ropucrosoaopoanon (niasukosoll) kucaoroii HF u ¢ kucabimu dropu-
CTBIMH coasiMH (nudTOpHIaMH) Kanus, HaTpus W amMMoHus (NHF.HF,
KF - HF, NaF - HF).

B kayecrBe TpaBHTesei MOXHO HCNOJb30BaTh paclyiaBbl U PacTBO-
pbl eaKkux wenoyei. OQHAKO pacTBOPbl TAKHX LieJOYeH, KaK eIKHi HATP
M ellKoe KaJsH, npu Ttemmneparypax go 100°C cnaGo pacrBopsioT KBapil
Ipu Temneparypax Bbime 100° C cKopocTh ero pacTBOpeHHs MOBHILIAET-
s, HO TpaBJieHHe HeoGXOAMMO MPOBOIAMTL B aBTOKJaBaX, YTO yCJNOXKHSET
npouecc 06paboTKH U KOHTPOJISI TPaBJIeHHS.

HaunGonee 3¢deKTEBHBIM GBICTPOJCHCTBYIOUIUM TPaBHTe-
JieM, KOTOpbIf He TpeOyeT NOBbIIEHHSI TeMnepaTyphbl, iBJAsET-
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¢Sl TJIaBHKOBAst KHCJAOTA. B npon3BofcTBe KBapLEeBHIX d/1eMeH-
TOB HCIOJIb3YIOT KaK KOHIEHTPHPOBAHHYIO MJABHKOBYIO KHC-
aoty (cBeime 35%), Tak u ee pactBopbl. Kpome Toro, naa-
BHKOBYIO KHCJIOTY NPHMEHSIIOT B COYETaHHH ¢ OHPTOpPHIAMH
KaJHsg 1 aMMOHHS.

ITpu Bo3gelcTBHM MJIAaBHKOBOM KHCJIOTHI Ha KBapil BMe-
CTO HepacTBopHMoro B Bofe KpeMmHezeMa SiO, ob6pasyercs
KpeMHedTOopHCcTOBOAOpOAHAsE KHcaoTa HeSiFg, pacrBopumas
B BOJle, B pe3y/bTaTe 4Yero pas3pylliaercs NOBEPXHOCTHBIH
CJIOH KpucTaJa.

BospneficTBHe niaBHKOBOM KHCJIOTbI HAa KBapll NMPHBOAMT
K CIeNyIOLUM XHMHYECKHM peaKLHSIM:

SiO;+4HF =SiF,+2H,0;
SiFi+2HF =H,SiFe.

Peakiuss pacTBopeHHsi KBapua B NJAaBHKOBOH KHCJOTe
conpoBoxpaaercs o6pasoBaHHeM (PTOPHCTOTO KpPeMHHs B ra-
30060pa3HOM COCTOSIHHH, KOTOPBIN He BBILENSeTCS B HPHUCYT-
crBuu u3beitka HF, a pactBopsiercs B Heit ¢ o6pasoBaHHeM
H,SiFs. B HauanbHbIi MOMEHT MJIAaBMKOBasi KMCJIOTa BecbMa
HHTEHCHBHO pearupyer ¢ KpPHCTa/JJIoOM KBapla, ecld ero Io-
BEpPXHOCTb Xopolio ouHmieHa. OcobeHHO BeJHKa CKOPOCTb
peakUMH B CJyyae, KOrja KHCJIOTAa B3aUMOJEHCTBYeT CO
IIHGOBAHHON HJIH NMOJHPOBAHHOH NMOBEPXHOCTbIO KPHCTAJ-
Ja (uMeeT MECTO MCK/AIOYHTEJbHO pPa3BHTAsi MOBEPXHOCTD,
T. €. NMOoBepXHoCTb OoJblIOH MJOLIAaNH), HAa KOTOpOH pac-
noJioXKeHbl c¢Jabo CBsI3aHHble HJH COBCEM He CBSI3aHHbIE
c obuiell mMaccofl KpHCTa/jla YacTHLbl, a TaKXKe MHKPO- H
makpotpelunnsl. [IpoHukasi mo tpeuuHam B ray6b KpHcTad-
Ja TJaBHKOBasi KHCJOTAa B3aHMOLEHCTBYeT C YacTHLAMH
KPHCTaJlJla MOYTH CO BCEX CTOPOH, YTO H MPHBOJAUT K 60Jb-
oA CKOpPOCTH TpaBsJeHHs. Uepes HeKoTopoe BpeMsi Haubo-
Jee paspbiXJeHHble MexXaHHuecKoil o06pabGoTKOH YyuacTKH
paspylleHHBIX ¥ HapyIUeHHBIX CJIoeB — peJbedHOro, TpeliH-
HOBATOr0 U J1e(OPMHPOBAHHOTO C YCTbSIMH MHKPOTpeIIHH —
BBLITPABJHBAIOTCS,, H CKOPOCTb TPaBJeHHS yMeHbliaeTcsl. 3a-
TeM KHCJOTa BCTYNAeT B pPeaKLUHI0 ¢ HeHAapyLIeHHbIM Mexa-
HHYeCKOH 06paboTKOil cloeM KBapLa, T. €. ¢ MOHOKpHCTAJ-
JUYECKOR CTPYKTYpO#H, MNpH 3TOM CKOpPOCTb TpAaBJeHHS
B ONpele/ieHHbIX YCJIOBHAX OCTAeTCs MOCTOSIHHOMH.

CocTosiHHe MOBEPXHOCTH KPHCTaJJMa MOCJAe TpaBJeHHS
3aBHCHT OT TOTO, yJAaJieHbl JIH cl1a6o pacTBOPHMBbIE HJH He-
pacTBOpPHMBble MNPOJLYKTbl pEaKIHH B MpOLECCe TpaBJeHHS
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C
C MOBEPXHOCTH KBaplLa HJIH OCTAJHCh Ha Hell B BHAE OCafKa
HJIH KPUCTAMJHUTHBIX cjoeB. EcJu mpodyKThl peaklHu ocra-
IOTCSl Ha NOBEPXHOCTH KPHCTAaJJa, TO OHH NpPeNsTCTBYIOT
JOCTyny TJaBHKOBOH KHCJOTHI K OTAENBHBIM Y4acTKaM
MOBEPXHOCTH, H TpaBJleHHe MPOHCXOAUT HepaBHOMepHo. [1pu
ylaJleHHHd C TNOBEePXHOCTH KBaplia MPOAYKTOB peakilyH, Ha-
npumep H,SiFs, TpaBmenue nporekaer ¢ GoJsbliell cKo-
poctbio U GoJiee paBHOMepHO, MpHUYeM BeJHYHHA HEPOBHO-
CTefl B MOBEPXHOCTHOM cJoe yMeHbliaercsi. CKOpoCcTb TpaB-
JICHHS TOBBILIAETCs, €CJAH B Mpollecce TPABJEHHS DPAacTBOD
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Puc. 2-13. 3aBHcHMOCTb TOJIIHHBI TPaBJIEHOrO

CJ10l, OTIpene/saeMoll HHTep(epeHIHOHHHIM Me-

TOAOM, OT BpeMeHH TpaBJ/ieHHs1 (MOBEPXHOCTb
krapua AT- u BT-cpesa moauposaua).

nepeMellliBaeTcs HalpUMep, NPH BO3AeACTBHH YJbTPa3ByKa.

ITocse mwan@OBKH B NOBEPXHOCTHOM CJIOE, KAaK YKa3biBa-
Jochb paHee, oOpa3yeTcd TpeIIMHOBATHIH CJ0#H, 06YCJAOBJH-
BalOLMH HATSI)KeHHs, KOTOpble MOTYT OKa3blBaTb BJIHSIHHE
KaK Ha NpOLECChl pacCesiHHsl SHEPTHH, TaK H Ha MpPOLECCH
crapenusi. Ilocie moampoBanusi Takxke obGpasyerca CJOH,
06YyCJIOBJIHBAIOIINMA HAaTsXKeHHe I[OBEPXHOCTH KpHCTaaa,
B pesyabraTe TpaBJieHHSI 3TH HATsKEHHsI CHHMAIOTCS, YTO
MOXKHO ONpeAeJUTb ONTHUECKHM NyTEM, HCIOJb3Ysl SIBJAEHHE
HHTep(depeHIIHH.

B kauecrBe XHMHYECKOro peareHTa NpH TpaBJieHHH NMOBEPXHOCTHOrO
H TPHMNOBEPXHOCTHOrO CJIOEB HapsAy C NJIaBHKOBOH KHCJIOTOH npHMe-
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HaoT ¢ropucro-kucablit kanuii KF-HF (6udropun kanus) u  ABY-
¢ropuctoii ammonuit NH.F-HF (6udTtopun amMMonus).

Budropun ammonus MeHee ToKchueH H oGiamaer Gosee «MATKUM»
NeficTBHeM (MeHbLIASl HHTEHCHBHOCTb TPaBJIEHHS) MO CPaBHEHHIO C MJia-
BHKOBOH KHCJIOTOH M ¢rTopHcTO-KHCAbIM KanueM. IlIupoKo HCRoJb3yIOT
TaKXe CMecb QTOPHCTO-KHCJIOro Kajus H ABYGDTOPHCTOrO aMMOHHSL.

Herpyano Buzerb, 4To BpeMs Ha MexaHHUeCKy© o6palOTKy MOXKHO
YMEHbILIHUTb, YAaJss TPaBJeHHeM HapYIIeHHbIH CJOH M Ha ONpeleJelHylo
rny6uny penbedHblil Cnol. B 0CO6eHHOCTH 3TO CyulecTBeHHo AJs ofne-
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Puc. 2-14. 3aBuCHMOCTb TOJILIHHBI TPaBJIEHOrO

CJIOSi, ompeneJsieMoii METOJOM B3BeLIHBaHHS,

OT BpeMeHH TpaBjeHHsi (MOBEPXHOCTb KBapla
BT-cpesa mnundosana).

paunﬁ, rae HCNONb3YIOT MEJIKO3EpHHUCTbIe a6pa3HBu W TOJIHpOBaJbHbI®
NOPOLUKH.

o
3aBHCHUMOCTb MEXAy BeJHYHHO{ cTpaBJ/eHHOro ciosi A (A) u Bpe-
MeHeM TpaBJeHHs (MuH) B BaHHe C HaChIIEHHBIM pacTBOPoM (TOPHCTO-
ro aMmonus npu Temneparype 27,0+0,2°C mJa KBapueBbIX 3JEMEHTOB

AT- u BT-cpesa onuchiBaeTcsi cienyloueil dbopmysnoli (c owwu6bkoi no0
30%) /1. 2-23]:

h= At*. (2-2)

B cayuae AT-cpesa: A=200, a=0,74, B cayuae BT-cpesa: A=135,
a=0,50. )

Ha puc. 2-13 u 2-14 npuBeneHbl pe3yJbTaTbl H3MEHEHHS T[JIyGHHBI
TPaBJIeHHS] B 3aBHCHMOCTH OT BpeMeHH. YBeJHYeHHe HaK/JIOHa NPAMOM
npu TpaBaeHuu njactiH AT-cpesa 12 aun o6bscHAGTCH NOSiBNeHHeM pa-
KOBHH BCJEACTBHE YHaJleHHs] ABYMEPHBLIX OCKOJKOB Y BJIHAHHEM OpHEH-
TallHH KpHCTa/JuIOB. 3a BpeMs TpaBieHHsi ot 30 cex mo 1 mun, Korma
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HabJiogaercss uHTencHBHas nedopmauusi, cpefHsAs raAybuHa TpaBJeHus

o
mocruraer 600 A M JMwb B OYeHb PeNKUX ClydYasx ZoXomut Ko 960 A.
UYepes 2 mun nedopmauus npekpaiaercsi, cpelHsas riay6HHa Tpas/ieHHR

nocruraer 1400 A. Tlo-BHAMMOMY, TpPaBJEHHIO MOJABEPraloTCs TONBKO
BBINMYKJ/IOCTH.

CKOpOCTb TpaBJeHUsI KBaplia CHJBHO 3aBHCHT OT kadectBa 06paGot-
KM ero mosepxHoctd. I'py6o mandoaiHbie KBapueBbie 3/MeMEHTH (MH-
xponopomwkaMn M20 u Gosee) mMpOTpaBIMBAIOTCA HaMHOro GhICTpee, YeM
TOHKO 1LTHdOBaHHble (MuKpomopoiukamMu M10, M5 u Menee).

CKOPOCTb TpaBJIEHUST 3aBHCHT OT KOHIEHTpPAalHH pacTtBopa H €ro
cBexkectdH. TpaBjieHHe B CBeXENPHrOTOBJEHHOM pacTBOpe MPOHUCXOIHT
3HAYHTEJbHO HHTEHCHBHee, YeM B HCIoJb3oBaHHOM pacrtBope. Co Bpe-
MeHeM CMOoCOGHOCTb pacTBOpa K TPaBJeEHHIO NMajaeT Jaxe B TOM Clydae,
Korxa OH He HCIOJIb3yeTCsH.

YMeHbllleHHe NHCCHMALHMH SHEPrHH KBapla Npu TpaBJe-
HHM. B npomecce TpaBleHHsT MJIaBHKOBAasi  KHCJOTA
pacTBOpsieT XaOTHYECKH OpHEHTHPOBaHHbBle KPHCTAJLIbI,
o6pa3oBaBIlHecs NMPH MeXaHH-
yeckoil 006paboTKe MOBEPXHO-
CTH KBapleBOro 3jeMeHTa.
IIpn sToM yMeHbuiaeTcst IHC-
CHMalluss SHepPrHH B MOBEpX-
HOCTHOM cJloe KBaplia H Bo3pa-
cTaeT ROGPOTHOCTb KBapLEBO-
ro pesonaropa. KosnuecrseH-
*~.  Hbie OTHOLIEHHs MexAy KO-

OpOTHOCTBIO H JJIHTEJIBHOCTBIO
) TpaBJICHHSl OMHCaHBl B paboTe

4 2 % Smexx {J1. 2-27). WccnemoBaHHe mpo-
Puc. 2-15. 3aBucumocts no6por- BOMHJAOCHE € KBapUEBRIMH
HOCTH KBapia OT MPOLOJXKHTENb- 6pyCKaMH H3 TMNpPHPOAHOIO H

HOCTH €ro TPaBJeHHs. HCKycCTBeHHoro kmapua, IToc-
L s wsap.  "“YC N6 KaXJIOTO aKTa TpaBJIeHUs
B IUVIaBHKOBOH KHCJIOTE KBap-
1ieBble GPYCKH TILATEJBHO MPO-
MblBaJH B AHMCTHJJIHPOBAHHOH BoJe H CIHPTE C MOMOILbIO
MATKOH 6esMubell KHCTOYKH, 3aTeM MPOCYILHBAJH B BAKYyM-
HOH meyd, moMellanu B JabopaTOpHBIA HeprKaTesb, HaXo-
JNMBIUMACSA MOJ KOJIAKOM BaKyyMHOH YCTaHOBKH, H H3Mepsi-
au po6porHocTb GpyckoB. Ilepen usmepennem no06pOTHOCTH
KBapLeBbfi GpPycOK pacmosarajd Y3JOBbIMH JIHHHSMH Ha
HUTAX AuaMmeTpoMm okojo 30 mxm B nabopaToOpHOM [epxKa-
TeJle, HCNOJb3ys ClelHanbHoe Mpucnocobuenue. 15 ymeHb-
IIEHHS1 TOTrPELIHOCTH H3MepeHHs JOGPOTHOCTH, CBSI3aHHOM
C OTKJIOHEHHEM OT Yy3JIOBOH JINHHH, BBINOJIHSJIH NeCATHKpAT-
Hble M3MEepeHHs MocJe KaxkJIO0ro aKTa TpPaBJeHHS.
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B npouecce TpaBaeHHsi mpupoaHoro kBapua B 45%-HoM
pacTBOpe MJaBHKOBOH KHCJOTHI HabJiomaeTcss BHauaje BO3-
pacraHue go6poTHOCTH, 3aTeM uepe3d 28—30 mur OHA yMEHb-
maercss (pHc. 2-15, kpuBas I); ecau 3TOT XKe GPYCOK ocTa-
BHTb B BaKyyme mopsiaka 5-10~3 mm pr. cT., T0 D06GpOT-
HOCTb KBapueBoro 6pycka CHOBa HauyHHaeT MOBBILIATBCA H
npubausuTenbHo uyepe3 70 4 JOCTHraeT MaKCHMAJbHOTIO
3HAYEHHUS.

IToBbilieHHe KOGPOTHOCTH B HayaJje TPaBJEHHS CBSI3aHO
C pacTBOpEHHEM MOJHKPHCTAJJIHYECKOrO BellecTBa B IO-
BEPXHOCTHOM cJioe. 3aTeM M3 pacTBOpa MJAAaBHKOBOH KHCJO-
TBl Kak 06JiacTd ¢ GoJbluefl KOHIEHTpalUUel B CTPYKTYypHble
KaHaJbl KBaplla HAYMHAIOT MPOHUKATb IHCCOLMHPOBAHHBIE
HOHBI H aTOMBI, pa3Mepbl KOTOPBIX MEHbllie IHaMeTpa CTPYK-
TYpHBIX KaHaJjoB. [TosToMy mo6GpoTHOCTb KBapueBbiXx Gpyc-
KOB HayHHaeT yMeHbluaTbCsl. B BakyyMme, B KOTOpbIl MmoMe-
IIAIOT KBapl, CHOBAa HMJET NPOLECC BbIPABHHBAHHSI KOHILEH-
tpauuu. I[IpoHuKiine paHee B CTPYKTypHBIE KaHaJbl MOHB H
aToMbl THGOYHAUPYIOT B HHX H BBIXOASAT HAa MOBEPXHOCTD.
ITpu 3TOM HDO6GPOTHOCTH .NOCTHraeT MEePBOHAYAJBHOTO Ma-
KCHMAaJIbHOrO 3HaueHHs, UMeBLIero Mecto uepes 28—30 mun
nocjae Havaja TpaBieHHs. Takum o6pa3oM, MpPH TpaBJeHHH
B KBapue MPOUCXOAAT Kak HeoGpaTHMble, Tak H obpartH-
Mble NMPOLECCHI.

Ilpn u3yueHHM TpaBJIEeHHSI HCKYCCTBEHHOTO KBapla, BbI-
pallleHHOTO Ha 3aTpaBKe, BbIPe3aHHOM mapaJJenbHo 6asHc-
HOM rpaHH KBapLa, BBISCHHJIOCH, YTO JOOPOTHOCTb KBaple-
Boro Opycka BHauyajie MOBHILIAETCS M HOCTHraeT MAaKCH-
MaJbHOTO 3HAueHHs, 3aTeM Ha mnpors:KeHnu 10—60 mux
ocraeTcsi HeH3MEHHOH, mocje yero nmoHuxkaercs 6e3 mocJje-
IYIOIlero BO3BpAallleHHss K MNEPBOHAYaJbHOMY 3HAYEHHIO
(puc. 2-15, kpuBas. 2), AHajorHuHbie pe3yJbTaTh Ha6JiO-
HaJuCh B OTAENBbHBIX CJAyyasix M LI NPHPOAHOrO KBapua.

Caenyer OTMETHTb, YTO MMEIOT MECTO CJIydYaH 3amasjbl-
BAIOLEr0 BO3MeACTBHA MJAaBHKOBOH KHCJOTHI Ha po6poT-
HOCTb NPHUPOAHOro KBapua. Ecaum mnpekpaTuTb TpaBJeHHe
cnyctsi 28—30 muu, TO HOGpPOTHOCTb mNOHMXKaercs. Ha
puc. 2-16 npencraBieHbl 3J€KTPOHOrpaMMbl, IOJydeHHble
IPH OTPaKEHHH 3JIEKTPOHOB OT MOBEPXHOCTH KBapla, obpa-
6oTaHHBIX abpa3WBaMH pa3JHYHOrO T'DPAHYJIOMETPHYECKOTO
coCTaBa. DJIEKTPOHOTpPaMMbl MOKAa3bIBAIOT, YTO MOBEPXHOCTb
KBapua (wandoBaHHOTrO, MOJHPOBAHHOTO H NPOTPABJCHHOTO
B 5% -HOM pacTBOpe MJaBHKOBOH KHCJOTH «4. . a.») COCTOHT
H3 MOHOKDHCTAJbHBIX GJIOKOB H[€aJbHOIO CTPOEHHS, OpHEH-
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THPOBaHHBIX MapaieJabHO JIPYr APYry, T. €. Ha IOBEpX-
HOCTH Ha6.1101a10TCS Pa3pbiBbl CIJIOIIHOCTH KPHCTAJAMA KakK
pesysabTar CABUroBbiX Aedopmauuit NPH ero pacnujJoBKe H
wudoske. Tommuna storo cmos ~1 mxm. Ha puc. 2-17
MPHBOAHUTCA 3JEKTPOHOTpPAaMMa MOBEPXHOCTH KBapla, LIJIH-
¢doBaHHOro a6pasuBOM, CpeIHHII pa3Mep YaCTHLU KOTOPOTO
nopsiika 7 MKM, ¥ TPOTPaABJEHHOro B MJABHKOBOI KICJOTC.
PacmndpoBka 31Ol 3/1€KTPOHOrpaMMbl MOKa3bIBaeT, UTO Ha
MOBEPXHOCTH KBapLa pacHoJOKeHbl MOHOKPHCTaJibHble Bbl-
CTYIbl, NPaBUJIBHO OPHEHTHPOBAHHBIE MO OTHOLIEHHIO K CBOE-
My ocHoBaHHIO. IlnaBuKoBasi KHc/JOTAa pacTBOPSET BBIKPO-
WHBLIKeCA B Npolecce WAN(GOBAHUA YaCTHUbI KPUCTANaa H

Puc. 2-16. DnekTpoHOrpaMMbl NMOBEPXHOCTH 06paGo
CnpaBa — NPOAOJIKHTENbHOCTb
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aGpa3nuBa H oOHa)KaeT MOHOKDHCTAJbHBII MHKpopeabed
KBapua.

[IpencraBasaioT HHTepec pe3y/abTaThl H3y4eHHA KHHETHKH
IBIEHHI B CTPYKType NMOBEPXHOCTHOTO CJOsi NpH Bo3JeHcT-
BUM XMMHYECKHX peareHToB H TemmepaTypbl. [loBepxHocTb
KBaplia nojBepra/n Tpas/eHHI0 B 5%-HOM pacTBope NJaBH-
KOBOIl KHCJIOTHI «Y. X. a.» B TeueHHe 40 mun. [locae TpaBae-
HHS KpHC1aJJ1 NPOMbIBaJH B CNHPTE, a 3aTeM NPOCYLIMBAJH
oGecnbiieHHOll  cTpyeil Bo3ayxa. Pasmepnl wuyactuiu, co-
CTaBJSIOUIX HEePOBHOCTH MpPOTPABJEGHHOrO KBapua, KoJje-
6anuco ot Bennunuol meHee 0,15 no 0,57 mxm, cpeliHue pas-

TAaHIHOro acHMNOTOTHYECKHMH MeTOJaMH KBapuad.
NoJHPOBaHHs 4 #; cnpaBa — 9 4.
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mepbl 6usku K 0,30 mxm. I1pn yBesHueHHH MPOMOJKHTENb-
HocTH TpaBjeHHsi A0 90 Mun TNOBEPXHOCTb MNpeACTaBasIa
co6oii peabed C HeueTKHMH KOHTypaMH. Pasmepbl yacTHll
B 3ToM cayuae KoseGanuce ot 0,24 no 0,88 mxm; cpennue
pasmepbl yacTul cocraBasau 0,53 mxm.

CTpyKkTypy MNOJHPOBAHHOH MOBEPXHOCTH KBapua H3yua-
JAH npu HarpeBe ero jJo Temneparypel 550°C B TeueHue

Puc. 2-17. DneKkTpoHorpaMma MOBEpPXHOCTH WIIH(OBAH-
HOrO M NPOTPABJIEHHOTO KBapua.

48—50 4. Ins npepoTBpallleHHst OKHUCJAeHHs obpasua MpH
NOBBILIEHHH TeMMepaTypbl HarpeB IPOBOJAMJH B BbICOKOM
BakyyMe IMpH J[aBJeHHH B BaKyyMHOH CHCTeMe TOpsiAKa
10-6—10-" mm p1. cr. OG6Gpas3ubl KBapua HMeau QopMmy
6pycka nauHoit 54,3 mm u ceueHuem 7,8X7,8 cm2

Ha puc. 2-18 mpuBeneH 3/IeKTPOHHO-MHKPOCKOMHYECKHI
CHHMOK C pelJIMKH, KOTOpasi CHSITa C KBapla, HarpeToro A0
temneparypbsl  550°C  (saekTpoHHoe yBeqHueHue 11 100%,
obuiee yBennuenue 48700%). Ha nosepxHocTH xBapua Mpu
TeMnepaTypHol o6paboTKe NOSIBHJIHCH TpPEILIMHBI MOpsJKa
0,5 mxm. Ilo-BupHMOMY, TpelMHbl MOSIBJASIOTCS WJH B pe-
3yabTarte GBICTPOrO OXJax[AeHus Kpucramia ¢ 550 po 400°C,
HJIH TIPH HarpeBaHHHM KpHCTaJsla B pe3yabTaTe [AeACTBHs
rasoBbIX BKJIOYEHHH, MOAXOASIMIHX GJH3KO K NOBEPXHOCTH.

[To Mepe neficTBHSI NMJIaBHKOBOH KHCJOTbI IOCTeNEHHO
obHa)kaeTcsl HeHapylleHHass MOHOKPHCTaJbHas CTPYKTypa
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kBapua, M AOODOTHOCTb BO3pacTaer, MOCTENeHHO npHGIH-

XKasCp K HEXKOTOPOMY MAaKCHMAaJbHOMY 3HAYCHHIO, COOTBET-
CTBYIOLIEMY UICTOIl MOBEPXHOCTH KPHCTAJLIA.

Ha puc. 2-19 npusene-

Ha KpHBas 3aBHCHMOCTH

JA0OPOTHOCTH OT BpeMeHH

TpaBjeHuss 15%-Hoi naa-

BHKOBOH KHCJIOTO# ULTHdO-

BaHHOTO W MOJIHIPOBAHHOID

KpHcraana. Kak BuaHO H3

pHCyliKa, 3aBHCHMOCTbL J0O-

OPOTHOCTH OT IJIMTENbHO-

CTH  TpaBJEHHs  NOMYH-

mﬂ./f" i Pg"?*ﬁ LS @RS Eaon

2} A 8 S
(0/ 4

0 7 4 & £ W iz 4 1 .wun

Puc. 2-18. daektpoHHO-MHKpocKonH-  Puc. 2-19. 3aBucumoctb po6por-
YeCcKHi CHAMOK MOBEDXHOCTH KBap-  HOCTH OT JJHTEJbHOCTH TpaBie-
1[a, MOJBEPTHYTOrO HArpeBAHHIO IO HHA KBapua.

550°C.

HAeTCs TOM Ke 3aKOHOMEPHOCTH, KoTopas Oblia ycTaHOBJe-
Ha MPH H3YyYeHHH TIPOLeCcCOB HIIH(POBAHUA H NMOJHPOBAHHA:
no6potHocTh B mpouecce 06paboTKH acHMITOTHYECKH HpPH-
OG/iMxKaercss K HEKOTODOMY MaKCHMaJlbHOMY 3HAuyeHHIO.
Xox KpHBOI 1103BOJISIET YCTAHOBHTH ONTHMAJbBHYIO MJIHTEN b+
HOCTb KakKJIOro 3Tama KakK MeXaHH4YecKOd, TakK H XHMHYe-
cKoit 06paboTKH MOBEPXHOCTH KBapueBHIX 3jeMeHTOB. Cie-
IyeT MOAYEPKHYTb, UTO PE3YyJbTAThl XHMHUECKOH 0O6paboTKH
3aBHCAT OT MNpeallecTByIOlIell MeXaHHYeCKOH 06paboTKH.

2-3. Mpoueccbi MeTANIH3AMH H HX BIHSHHE
Ha napaMeTpbl U XapaKTePHCTHKH Pe30HATOPOB

CBoiicTBA TOHKHX MJIEHOK M YCJHOBHSl HX TOJIY4YeHHSI.
Ilns HanblleHHs TOHKHX MeTaJIHYeCKHX IJIEHOK Ha M-
BEDXHOCTb KpHCTaJJja KBapllia HCIOJNb3YIOT HCMapeHHe Me-
tTanna B BakyyMe. Ilpu npaBnenun 10—4—10-5 mm. pr1. cT.
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B BAaKyyMHOH CHCTeMe MeTaJsllbl B pe3y/bTaTe HarpeBaHHsi
HCNApAIOTCS C MOCJefylolllel KOHIeHcalHed MapoB Ha MO-
BEPXHOCTH. PaccrosinHe MeXAy HCTOYHHKOM HCMapeHHs H
MOBEPXHOCTbIO KOHAEHCALHUH [OMKHO OBbITb MeEHbllie CBO-
6onHOro MyTH mpoGera aTOMOB HCIapsieMOro MeraJJa. Eciu
3TO yCJOBHe He COOJIONAaeTCss, TO BO3MOXKHO CTOJKHOBEHHE
aTOMOB C MNOCJEAYIOUMM OOpa30oBaHHEM MJEHOK HH3KOro
KayecTBa BCJEACTBHe OCa:KIEHHs YaCTHL, I[PeBbIIIAIOLIHX
pa3Mepbl aTOMOB. )

CymiecTByIOT pas/HuyHbie croco6Gbl Harpesa MeTajja 10
TeMIIepaTypbl HCIAPEHHSI B BaKyyMe, HO OGBIYHO MPHMEHSIIOT
Harpes B Hcmapureasx. Ilas Ttoro uto6bl MeTass1 XOpOLIO
HCNapsiJicss ¢ NPOBOJIOYHBIX HCHApHTeNel, OH JOJKEeH cMa-
YMBaTh HX H 00/1aJlaTh JOCTATOYHbIM HaBJIEHHEM MapoB AJS
HCIapeHus NpH TeMmepaType, KOTOpas HHXKe TeMIepaTypbl
IJ1aBJIeHHSl MaTepHasa HCIapuTess.

Marepnan u ¢opmy ucnaputens BHIGHPAIOT B 3aBHCH-
MOCTH OT CBOHCTB HcnapsieMoro Meranna. OOblyHO Aas
HCIapeHHs B BaKyyMe HCNOJB3YIOT 30J10TO, cepe6po U aJio-
MuHuH. Jn1s MeTasM0B, KOTOpBIE N0 HCHApeHHsl MJIaBSiTCA
H CMayuBalOT IIOBEPXHOCTb HcmapHuress (HampuUMep, aJio-
MHHHH), IPHMEHSIOT CNUpaau U3 Bosbdpama. [Ipu 3ToM Ha
BHUTKH CIHDaJH MOABEIIHBAIOT HAaBeCKH H3 HCIapseMoro
meraina. Jlas HanblaeHuss cepe6pa H MeOd NpPHMEHSIOT
HCIapHTeNH M3 MOJHOJAeHa, KOTOPhIH Jyulle CMayHBaercs
3THMH MeTaJl1aMH, YeM BoJbdpam.

CkopocTb HclapeHHsl 3aBHCHT OT JaBJEHHs NapoB B Ba-
KYyMHOH CHCTeMe: YeM MeHblle JaBjieHHe, TeM GoJblue CKo-
poctb Hucnapenuss. C yMeHbLIEHHEM JaBJEHHS CHHXKaercs
OKHCJIEHHE, U HCIapeHHe NPOMCXOJUT NPH MeHblleH TeMIe-
patype. CKOpoCTb HCNapeHHs 3aBHCHT TaKXe OT NOBEpX-
HOCTH HCIIapHTes.

CTpykTypa KOHZEHCHPOBaHHBIX IJIEHOK H3yyaJach IpH
. IOMOIIH 3JIeKTPOHHOro MHKpockoma. IlneHKH cocTosAT u3
arsoMepaTtoB, 00pa3oBaHHBIX BCJAEACTBHE MHIPALHH aToO-
MOB IOJ, IeHiCTBHEM MOBEPXHOCTHBIX CHJI, BOSHHKAIOUIUX NPH
KOHEHCAllUd aTOMOB Ha MOBEPXHOCTH KpHcTaana. Takas
CTPYKTypa IJIEHOK 06ycJioB/IHBaeT ocoOble (PH3HKO-XHMHYe-
ckHe cBoHcTBa. Tak, HampuMep, 3/1eKTpHYECKOE CONMpPOTHBJIE-
HHe KOH/EHCHDOBAHHBLIX IVIEHOK O0oJblle, YeM Yy MacCHB-
HOro MeraJJa.

Tonkue Merananyeckne MJIeHKH, 06pasyioliHecs MPH
HCIIapeHHH MeTasJia B BaKyyMe, XapaKTepH3YIOT HX TOJIIH-
HOM, OZHOPOAHOCTHIO, HENMpepLIBHOCTbIO, TBEPROCThbIO, CTa-
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GUJIBHOCTBIO, XapaKTepoM IOBEPXHOCTH, a TaKxe Clele-
HUEM C NOKpbIBaeMOH NOBepXHOCThI0. KauecTBO HieHOK 3a-
BHUCHT TaKXe OT BpPEMEeHH HCHapeHHs, TeMIepaTypnl Hcha-
puTeJs, KOJHUECTBA Ta30BBIIENIEHU!l B BAKyyMHOH CHCTEME,
CKOPOCTH OTKauyMBaHUs, (GOPMBI U PACIOJIONKEHHS KPHUCTAJ-
JIOB II0 OTHOIUIEHHIO K HCIAPHUTEI0, CTEMNeHH OYHCTKH U
06pabOTKH NOBEPXHOCTH, ajAre3uy NJEHKH K NOBEPXHOCTH
KOHAEHCALHUH U TepMo0o6pabOTKH.

TwatenbHasi mNpegBapHTeNbHAsi OYHCTKA MOBEPXHOCTH
KOHIEHCALHUH SBJSETCS HelpeMeHHbIM YCJOBHEM MOJy4YeHHS
IJIEHOK BBICOKOTO KauectBa. [ss ynmanenust cios amcop6u-
POBaHHBIX YaCTHUL NOCJEe XUMHUYECKOH 06paboOTKH NpHMEHs-
IOT OYHCTKYy B Bakyyme OoM0apIHpOBKOH IOBEPXHOCTH
KBaplua MOHAMH IpPH cnaboM 3/1eKTPHUECKOM paspsifie HJIH
NporpeBaHHeM A0 BBICOKOH TeMIlepaTypbl B BBICOKOM Ba-
KyyMe.

Ilpyu uOHHOM OYHMCTKE HCMOJB3YIOT CJEIYIOLIHI peXHM pas3psfd:
cuna toka — 50—100 ma, HanpsixeHue — 2 000 8, Bpems — 5—30 mun.
Hounnass GomGapoupoBKa MNPOM3BOLMTCH C IOMOMIbI0 TpaHchopmaTopa
BbICOKOTO HaNpSIXKeHHs, 3aXKHMBl KOTOPOrO TILATEJbHO H30JMHPYIOT, 49TO-
6bl MpPefOTBPATHTh NMPOHHKHOBEHHe pa3psiia BHYTPb AH(QY3HOHHOrO Ha-
coca.

TosmuHa NJIEHKH ONMpefessieTCs BpeMeHeM HCMapeHHs W CUJION TOKa,
HCTIOIb3YeMOro JJIsi HarpeBa HCHApHTEA.

TBeprocTh KOHZEHCHPOBAHHOMA NJIEHKH 3aBHCHT OT TEM-
NepaTypbl HCIApuTeNsl: YeM BbIllEe TeMIlepaTypa, TeM G60Jb-
IIe TBEPAOCTh MJIEHKH.

B npouecce nosyyeHHsl MeTaJJHYECKHX IJEHOK B Baky-
YMHOH cHCTeMe BBIAeNSIOTCH ra3 M napbl. Eciu ux He yna-
JHUTh INOJHOCTbIO, TO OHH NONAAYT NOX INJEHKY, 4TO IIpH-
BOAMT K IJIOXOMY CLEMJIEHHIO IJIEHKH C KpHcTaJjaoM. [Ipu
60JIbINOA CKOPOCTH Ta30BbIAEJNEHHST pellaolHM (aKTopoM
ABJseTCA CKODOCTb OTKAauMBAaHUS N0 PaBHOBECHOTO [AaBJie-
Hus 10—% um pr. cT.

BrlicokOBaKyyMHast YCTaHOBKAa [AJsl HAMbLIEHHS TOHKHX
IJIeHOK MeTaJjlla Ha NOBEePXHOCTb KBapla moJikHa obeche-
YuTh OOJBUIYIO CKOPOCTb OTKAUMBAHUSA, OTCYTCTBHE HJIH
MHHHMYM 00paTHOrO NOTOKAa NMapoB MAacja MEeXaHHYeCKOro
H AMbPy3MOHHOTO HACOCOB, HOHHYIO OUYHCTKY H HAarpes
o6pasna.

ITpu HaHeceHHH OXHOPOAHOM MJIEHKH KOHCTPYKUHIO Aep-
)KaTesls U TOJOXKEHWe HCNMAapUTeNs BRIGHPAIOT B 3aBHCHMO-
CTH OT reoMeTpHH ob6pasua. O6pasusl yKpenasior Ha chepu-
yeckoM JHepxartene. Hcnaputenr pacnosaraior BOMH3U
LleHTpa pajuyca KpPHBH3HBL. Jlasi HOJyueHHs ONHOPOZHOM
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IJIEHKH Ha GOJIbIIHX NJOCKUX NOBEPXHOCTAX OMHOTO HCHa-
puTeJsi HeNOCTaTOYHO. XOpouide pe3yJbTaThl [aeT NpHMe-
HeHHe KDYroBOTO HCIOAapHTeNas, paauyc KOTOPOro paBeH pa-
adycy obpasua, a paccTossHHe OT HCMapuress A0 NOBepx-
HOCTH KOHJEHCAllUH TaKXe DaBHO ero paguycy. B apyrux
cjaydasx AJis MOJyYeHHs OLHOPONHOH IJIEHKH yBeJHUHBAIOT
YHCJIO HCIApHTeNeHd HJIH HCINOJb3YIOT BpalleHHe o6pasua,
Ha KOTOpbIi HAHOCUTCA TOHKAas MeTajJauyeckas IIJIeHKa.

CuensieHHe NJEHKH C MOBEPXHOCTbIO Kpucraina. Ilpou-
HOCTb IIJIEHKH ONpenessieTcsl PAaCCTOSIHHEM MeXAY aToMaMH
ocaxKIalollerocss mMeranna W atoMaMu Kpucraana. OmnHako
Npd caMOM TNPOYHOM MHPHJIHNAHHH METAJJIHYECKOH MJEeHKH
K MOIJOXKE OHAa ynajsercsd C NOBepXHOCTH 6Ge3 paspylie-
HUA KpucTasana. DTo OGbACHAETCH XapaKTepoM B3aHMOLei-
CTBUSl NOJHMPOBAHHOH NOBEPXHOCTH KBapua ¢ mnapamMHu Me-
TaJjja, N1pd KOTOPOM MPOHCXOAHUT KOHAEHCAllHs MapoB B IO-
TPAHHYHOM CJIO€ KBapl — MeTaJJ C COXpaHEeHHeM HX HHIH-
BHyaJIbHBIX CBOHCTB.

O6pa3oBanue MJIEHKH HA KPHUCTaJJe MOAYHHSETCS 3aKo-
HY, COTJIaCHO KOTOpOMY CBOGOmHAsl 3HEeprus CHCTEMHI INpH
06pa3oBaHHH PaBHOBECHOrO 3apojbllla KHUAKOH (ashl
(B cootBercTBHH C ypaBHeHHeM ['u66ca) 3aBHCUT OT KBa-
Ipara pajauMyca KpHUBH3HbI DPaBHOBECHON KamlJH, KPaeBOTrO
yrja CMayuBaHUS KalJIH HA TNOBEPXHOCTH pasjgena H Io-
BEPXHOCTHOTO HATSKEHHS CHCTeMbl Kallls — HaCHIeHHbIA
nap — HOBEpPXHOCTb pa3fena.

C yMeHnblleHHeM KpaeBoro yria pabora 06pasoBaHust
KalJIi yMeHbLIAeTcs, a NPH IOJHOM CMauydHBaHUH OHA paB-
Ha HYJIO, T. €. KalJsi MOJIHOCTBIO pacTeyeTcsi MO MOBEpX-
HocTH kpucranana. C yBenudeHHeM Ko3(dHUHEHTAa CyXOro
TPEHUsI KpaeBOH yroJ CMayuBaHHS yMEHbIIAETCs, YTO NpH-
BOJHUT K POCTY CMayHBaeMOCTH NMOBEPXHOCTH.

Taxkum o6pasoM, ISl MOJNyYeHHST MeTaNJHUECKOH MJIeHKH
* BBICOKOTO KayeCTBAa HENOCPEACTBEHHO Nepei MeTaJsJIH3alH-
efi Heo6XOAMMO NPOBOJAHUTH NpeleIbHyI0 OUYHCTKY MOBepX-
HOCTH KBapla, N00HBasCb MaKCHMAaJbHOH BeJHUYHHBI K0O3(-
¢uUHeHTa CY¥XOT0 TPEHHUH.

TloBepxHOoCTh pasfesa ABYX (a3 oka3blBaeT Ha NPOLECC
KpUCTa/Iu3aluu TeM GoJsblllee BJHSHHE, YeM MeHblIe KO-
53¢ UIHEHT NMOBEPXHOCTHOrO HATSXKEHHS Ha TpaHHle pas-
Iejia MeXAy MOMJIONKKON u 3apoxkiawoolledcs ¢asoil. Bean-
ypHa 3TOoro KosdduuueHta omnpenensercs B3aUMHBIM pac-
NOJIOXKEHHEM AaTOMOB [ABYX KpDHCTaJIHuecKHx Tea. Ecuau
pacmoJioxKeHHe aTOMOB Ha TpaHHLE pasfiesa, y KOTOPOH
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'BO3HHKAe1 KDHUCTAJJIHYECKHR 3apofbill, TO »Ke, UYTO H Ha
(compHKacalouleiicd ¢ HUM TpaHM 3TOTO 3apofbilla, M pac-
(CTOAIHUSI MEXJy aTtoMaMH Nmo o6e CTOPOHbI OT MOBEPXHOCTH
pasjena paBHbl, TO KO3(P(HLHEHT MOBEPXHOCTHOrO HATAXKeE-
HHS1 BecbMa MaJ (B OCOOEHHOCTH, eC/ii COBMAajxaeT BaJIEHT-
HOCTb HOHOB). [Ipu 3TOM MaJsibl pa3Mephl KpUCTAJNIHYECKOTO

:3apojbllla, KOTOPbI HOJKeH HMeTh Miaockylo ¢opmy. Ilpu
MaJiol BeJqHuyMHe KO03(h@dHuIHeHTa  MOBEPXHOCTHOTO HAaTsIXKe-
HHSl KPHCTAJUIM3YIOIIAACSA IJIEHKA MeTaJjja CMaydBaeTr IO-
BEDXHOCTb KDHCTaJ/lJ1a, HA KOTOPOM BO3HHKAeT 3apOMblLI; OH
MOXKeT NpeACTaB/ATb coboit omHoaTtoMHublll caoii. O6Gpasyio-
masicd KpUCTaJnuyecKas IJeHKa KakK Obl NpoJoJ/Kaer
'B IIpollecce CBOEr0 pOCTAa KPHCTANJ KBapua, Ha KOTOPOM
(OHA BO3HHKAeT U pa3BHBaeTCs.

OpueHTHpOBaHHAs KpPUCTAMIH3AUHA M3 KHIKOH (hasbl
TIPOHCXOIHT HAa AHH3OTPONHOH MOAJNOXKe, HANpHMep Ha
'’KBapue, ¥ NPH HENOJHOM COBMAaJEHHH CTPYKTYp KpHCTaJ-
JIOB, €CA¥ B HHUX HMEIOTCS «CONpATraloliHecss» AaToOMHbIe
KOMILJIEKCHI.

Jlns monyuyeHHs] NMJEHKH BbICOKOTO KayecTBa G6oJiblIoe
3HayeHHe HMMeeT YHCJIO UEeHTPOB KpHCTAJNJIH3ALHH, KOTOPOE
B OCHOBHOM 3aBHCHT OT TEMIIEPATYPhl MOIJIOXKKH.

. TIpoBomumoctb cepeGpa H 30J10TA, KOHAEHCHPOBAHHBIX
Ha cTekJse npu Temnepatype 20°C, mosBisieTcss MpH TOJIIH-
He cJ10f O MKM, a KOHIEHCHDOBAHHBIX INpPH TeMmepaTrype
200° C —npu 18 mxm {JI. 2-24]. DTH nauHble MOATBEpPKIA-
torcst paboroit [JI. 2-25], rme mokasaHo, YTo NMpH Temmepa-
Type nomiaoxkku 575°C aTombl cepeGpa Ha Hell He KOHMEH-
cHpyloTCH.

Ha npakrtuke Merannuueckue MJEHKH HAHOCAT Ha IO-
BEPXHOCTb KBapua mnpu Ttemmeparypax 20—200°C; ontu-
MaJbHOe 3HayeHHe TeMIepaTyphl, IPH KOTOPO#l 00pasyloT-
cfl NJIeHKH HauBLICUIETO KauecTBa, eLle He YCTaHOBJIEHO.

Tepmuyeckas 06paGoTKa NJEHOK M BJHSHHe TemmepaTypnl Ha HX
CTPYKTYPY H 3JeKTPH4eckHe cBoiMcTBa. [locsie KoHAeHCALMH MeTaJjnye-
CKHX MNJIEHOK Ha MOBEPXHOCTH KBaplia MX TeMmepaTypa MOHHXKaeTcs, MpH
3TOM BO3HHKAIOT lATSXKENHsl, B YaCTHOCTH pactsikeHue — cxarue. [lo-
3TOMY MoJiyyaeMmasl CHCTeMa KBapl,— MCTaJ/IMyecKasl NJeHKa HyX1aercs
B TepMHuecKoil o6pabGoTke. B paborte {JI. 2-26] npuBeneHbl j1aHHble 15

o

niaeHok TtoauuHo# 1000—3 000 A (ta6.a. 2-1). Tlpu ocTbiBauuH KoiI-
JeHCHPOBAaHHBIX TMJIEHOK H3 aTOMOB 30JI0Ta HHXe Temnepatypu 80°C
BO3HHKAIOT HaTsiKenus nopsaaka 850 xI"-cu~2, a B nieHKax H3 aToMOB
cepe6pa — nmopsiaka 750 kI -cm~2 CyniccTBoBaHHe BHYTPEHHUX HaTH-
JKGHHA KaK B MeTa/VIMUeCKHX MJIeHKaX, Tak H Ha rpaHulle MJeHKa —
KPHCTa/1 TNMPHBOIHUT K YXYHAIUIEHHIO HX CTaOMJbHOCTH Bo BpPEMEHH, UTQ
NpOSBAAETCA B CTAPEHHH KBapLEBbIX Pe30HaTOPOB.
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Ta6anma 2-11
Hexoropsle ¢usudeckue cBoficTBa 30J0Ta H cepebpa [JI. 2-26]

= U )
g g S & —a | Cpeasee naraxensne,
g “ 3 2‘8 g E 3 kI [cm3
Temne- gg =z 36 = § = 93
aTypa > (3 &
Merana I'IJII;BJ!};HHSI, 58 E"o‘x g8 ::'@.
*C e Sw | Ea¥x| 37 Ha6io- | BBIYHCJIEH-
Es go 2 | 2.z 55 | maemoe Hoe
330 CEE) g2 2=
[=%-% ZEL | Swex]| 24
Au 1063 200 14 80 8 850 900
Ag 960 200 19 80 8 750 1200

OTMmeruM, 4YTO eClM KOHJEHCHpOBaKHHe MeTa/UIMYeCKHX NJEHOK Mpo-
Hexoaut npu teMneparype 20°C, To HaTsKeHUS], BOSHHKAIOIHMe B IJIEH-
kax npu temnepatypax 20—80°C, MOXHO CHATH TemmepaTypHoii o6pa-
60TKOH B BaKyyMHOH neuu nmpu Temmeparypax ~ 200°C ¢ mociaenyiomum
MeJJIeHHbIM OXJaxcAeHueM. [lanbHefilllee MOBbILIEHHe TEMNEPATypPnl IPH:-
BOIUT K BO3HHKHOBEHHIO B IJIEHKaX cepebpa pekpucraiausauuu (225°C),.

T. € K YKPYINHEHHIO KpHCTas--
I 7 JHTHBIX 3epeH cepeGpa. 3to»
70 ] 06YCJIOBIHBAeT yMeHbIUEHHE I10--
,]/ 25y ~ BEPXHOCTH CLENJEHWS MeTajut--
r
/
/

on |k

/ YeCKOH IJICHKH C KDPHCTAJJIOM,
50

7 1700 @ CJENOBATeNbHO, yMeHblleHHe

— / NOPOYHOCTH M yXYALIEHHE OIHO--
0 d75p DOLHOCTH H  3JIEKTPONPOBOLHO--
A cTH (MPH ONpefe/seHHBbIX TOJLLH--
£\ 700  Hax maeHKH). DneKTpoxH, obpa-

4w A\ 3yeMble HambBUIEHHEM B BaKyyMe:
Y . \ 150 aroMoB cepe6pa Ha MNOBepx-

2 : 1o HOCTh KBapla, MOC/He TepMHue-
0 7 46 7 W wex ckoil o6pa6orku npu 300°C cra-

HOBATCA  NPAKTHYECKH BeCbMa.

Puc. 2-20. 3aBucumoctb conporus-  HEMPOYHBIMH.
JIeHHs1 TJIEHOK OT BpeMeHHu crape- Harsxennst, Bosuukaowue
HHS. B IIeHKaX, B OCOGEHHOCTH Ha
FpaHHle KBapU—IJEHKa, MNPHBO-
. IAT K OTCIaHBAHHIO HX OT MOJH-
POBaHHON MOBEPXHOCTH Kpucranna. OGHIYHO oTcilauBaHHe Habmomaercs
NpY MHOrOC/JOHHOM HambUIEHHH 3JeKTpoNoB H3 cepe6pa. OHO BO3HHKaer
Yy KpaeB MeTa/UIHYeCKHX 3JEKTPOIOB H YCHJHBAaeTcsi € KaxAHM rmocie-
npyomum HanelieHueM. [To-Buaumomy, ayymuM crnoco60oM, CBOGOLHHIM OT
YKa3aHHbIX HEJOCTAaTKOB, fBJSAETCS OIHOKPAaTHOe HambiIEHHE MeTaslja
npu Ttemnepatype noitoxkku 200°C c nocienmyiowiel moCTpofikoi ya-
CTOTHl B TeX XK€ YCJOBHsiX BaKyyMma, T. €. POLECC NOJKEH GHTb Hempe-
poiBHBIM. OfHAKO AOCTaTOYHO TOYHAsi MOJACTPOHKA YacTOTHl KBapleBhiX
3JeMEHTOB B HaCTOsilllee BPeMs He MOKeT GHITb NMpOBefeHa, Tak Kaxk Ha
TEXHOJIOTHYECKHI MPOLECC BJHAIGT caMble PasjHyHble (AKTOphI, Y4YeCTb-

KOTOphle OueHb TPYyIHO.

Tosuna MNJEHOK, HCIOAb3YEMbIX B KayeCTBE 3JIEKTPOLOB, COCTAB-

Jser 600'—50001&; a TOYHOECTh Mpu Meraanusaudu *=10A u Gosee.
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B cneumanbubix coyuasx wHHTepBan TOMWMH MUEHKH  pactupsiercs,
a HHTepBaJ TOYHOCTH CyxKaercsl. TO/IMHKY 3JEKTPOAa H €ro reOMeTpHuio,
B YaCTHOCTH AHAMETP H OTBOJBl META/IHYECKOH IJIEHKH, MOAGHpaloT
SMIIHPHUYECKH, CTPEMACh NMOJYYHTh HaH.IyYlllHe SKBHBAJEHTHblE, TeMmepa-
TYPHO-YaCTOTHble U CNEKTpajbHble XapaKTepHCTHKH. OfHH H3 OCHOBHBIX
napaMeTpoB TOHKHX IIJIEHOK — JOJITOBPeMeHHast CTaGHJIbHOCTb — 3aBHCHT
B OCHOBHOM OT TEXHOJIOTHYECKOTO PeXHMa HX MOJyYeHHs (BBICOKHil Ba-
KyyM Ge3 COIepKaHHs «3arpA3HsIOUHX» NMapOB, COOTBETCTBYIOLLAS TEM-
neparypa o6pasua, ero MOATOTOBKa HEMOCPENCTBEHHO Nepe] MeTalliu3a-
uHefl M T. I.) H NMOCJENYIOWEro HCKyCCTBeHHOro crapenus. Harpepanue
B BaKyyMe IJICHOK, HaHeCEHHBIX Ha CTEKJSHHYIO NMOLJOXKKY NpH TeMmme-
parype Bbime 200°C, npu KOTOpOH MNPOHCXOIUT peKpHCTaJIU3anus,
NPUBOJHT K NMOBHILIEHHIO HX CONPOTHBJeHHs (puc. 2-20 u Tabm. 2-1).

JlaHHble 06 M3MEHEHHH 3JEKTPHYECKOTO CONPOTHBJEHHS INJIEHKH RO
BpEMEHH MO3BOJAIOT CYIMTb O BeJHUMHe cTapeHus. CrapeHHe JIEHOK,
MOJYYeHHHIX HCHapeHHeM cepeGpa

5 Moir
B BaKyyMe C KOHLeHCalWed ma- Vi,
POB Ha CTEKJSIHHOA MOIJI0XKKe 80 -
npu Temmepatype 20°C. mnpu P s e
HarpeBanuu ux po 250°C npu- ) 7
6nuKaeTcsi K CTapeHHIO MOHO- W —~
KpHCTa/IMyeckoro o6pasua ce- N
pe6pa. C noBbllIeHHEM TeMIepa- 5 &z
TypH cTapeHHe o6pasla ckau- 2 N
KOOGpasHO yCKOpsieTcs. \

Kak 6bl10 ykasaHo Bhile, .

yMeHbIlIeHHe NPOBOAUMOCTH B pe- | A P
3yJbTaTe HarpeBaHUs  MJIEHOK 0§ W W Zomem
BhIe TeMmepaTypbl PeKpHCTaJ-
au3auud  OGYCNOBJIEHO  POCTOM Puc. 2-21. 3aBucHMOCTb CONpO-
H30JIMPOBAHHBIX KPHUCTAJIOB, YTO THBJIEHHsI 30JI0TON NJEHKH OT
HPUBOAUT K YKPYMHEHHIO 3epeH 4acTOTHI,
CTPYKTYPH IJIEHKH H TOSIBJIEHHIO 1 — 0ZHOPONHAA TJIEHKA; 2 — HEOAHO-

poaHas MJIeHKa.

Pa3pHBOB CILIOMIHOCTH.

Ilpu uccremoBaHHHM 3aBHCH-
MOCTH CONpPOTHBJIEHHA IIEHOK H3 30JI0Ta OT YacTOTH O0Ka3aaocCh, 4TO
C MOBLILIEHHEM YacTOTH COMPOTHBJEHHE OZHOPOIHON MJIEHKH H3MeHseT-
Cfi MeHbllle, yeM HeOJHOpPOXHON (pHc. 2-21).

TepMuyeckasi 06paGoTKa TOHKHX MeTAaJIMYECKHX IJIEHOK MJsA CTa-
OGuau3auMH UX (U3HYECKHX H 3JIEKTPHYECKHUX CBOMCTB HOJXKHA NpPOBO-
AuThcst ¢ cobaiofeHHeM TpeGOBAaHHI CTPOrofi BaKyyMHOH TIHTHENBI NpH
ndaBienun 1-10=% mm pr. cT. 1 MeHee, TaK Kak Harpesalue B BO3LyXe
NPHBOAUT K BO3PACTAHHIO 3JMEKTPHYECKOrO CONpPOTHBJECHHS MJIEHOK BCJISH-
cTBue abcopGuuu KHcaopoaa (puc. 2-22).

BakyymHasi cHCTeMa M OYMCTKA MOBEPXHOCTH KBapua mepex Merad-
ausaumeii. M3 npuBefleHHBIX Bbille KAaHHBIX O XapaKTepe CLEMJEHHS Me-
Ta/UIHYeCKOH IJIEHKH C IMOBEPXHOCTbIO KDHCTa/Ia CJIELyeT, YTO OYHCTKA
MNOAJNOXKKH JOJKHA OCYLIECTBJIATHCA TaKHM CHOCOGOM, KOTOpHIH o6ecne-
YHBaeT MNOJydyeHHe MAaKCHMaJbHOrO XO03(@uuueHTa CyXoro TpeHHs (KO-
s(pdHIHeHT CyXOro TPeHHS NPONMOPUMOHAJEH CHJe CLeNJeHHS IJIEHKH
C NMOBEpPXHOCTbIO KpHCTaJaa). Boabllyio posb HrpaloT KOHCTPYKUHs Ba-
KyyMHOH cCHCTeMH, coctaB aTMochepbl BaKyyMHOH KaMephl, a TaKxe
afcopOuys ra3oB M NMapoB Ha MOBEDXHOCTH KBaplia NMPH ero HarpeBaHHH.

OGbIvHO BaKyyMHasi cuCTeMa, NPHMEHseMas IJsi MeTaJlJIH3aluH Mo-
BepXHOCTefl KBapIEBBIX 3JeMEHTOB, COCTOHT H3 MeXaHHYecKOro u IH®-
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¢ysuonHoro macocoB, cosgalomuxX Aasiende 10-3—10~% y 10-é—
10-7 mm prT. CT. COOTBETCTBEHHO, H JIOBYIIKH, OXJaXAaeMoil BOJOM,
HJIH TIOJIYNPOBOAHHKOBO JIOBYLIKH. JIOBYWIKH CTaBSIT MeXAy BaKyyMHO#
KaMepoH, B KOTOPOH NPOHCXOJHMT HamNblieHHe MEeTaJUVIHYCCKHX ILICHOK, H
auddysnonHbiM HacocoM. B Takux cucreMax npd gasaennd 5. 10-5—
1.10-% mm pr. €T. IPHCYTCTBYIOT MOJIeKYJbl BO31yXa, BOJBI, OpraHuye-
CKHX COeJHHEHHH, a UHOTJA H Mapbl MacJaa.

ITapbl Macna, obpasyiowmuecs npu pabore nuddyznoHHOro 1 Mexa-
HHYECKOr0 HacOCOB, OKa3blBAIOT OTpHUATeNbHOe BJMsiHHe Ha TPOUeCcCchH
MeTaJlJIH3aLHH.

BosnefictBHe HOHHOM OYMCTKH Ha MNOJJOXKY H3 CTekJaa, Koropas
noiseprajiach HarpeBaHHIO, yMeHbilaer KO3(QHUUHEHT CYXOro Tpeuus
npy o6pa3oBaHHM Ha NMOBEPXHOCTH MJIACTHHBI Mac/sanoil mienku. OGpa-
30BaHHe 3TOA NJIEHKH OOGbsACHAETCA
crepyiouiM o6pasom. Ilapw macaa,

- - -

ox|F [ A KaK H3BECTHO, COCTOAT M3 MOJIEKYJ
25 -t —Basa}/ CJIOKHOTO  XHMHYECKOTO  COCTaBa.
ST T Ilonagas Ha ropsYyl0 NOMJOXKKY,
“CL 1T I 11T OHM pasnaraloTcsi Ha Hefi, o6pa-
21 - a/ﬂu‘\b 3ys BecbMa INPoOYHOE XHMHYECKoe

—t -1 L Oyt | COeHHEHHe C MOBEPXHOCTbIO. ITOT
r 1 IA~T 1" f—1 mpolecc mpoTekaeT NPH HArpeBaHHH
gl L LAET I TL T 1] o6pasua or 50 no 300°C. Moue-
T b ; KyJbl Pas3JHYHHX Tra30B M Mapos,
- CHHXKAIOIHE aKTUBHOCTb 06GpasoBa-

IS0 w0 s 20 0T ypg MacasHOR MUIEHKH, yAaasIOTCSA
NMPH HOHHOH OYHCTKe.

Ha6mopanucy cayvan nossie-
HUSI MacJasIHOH IVIEHKH Ha NMOBepXHO-
CTH KBapla, YTO NPHBOLHJIO K yMeHb-
WeHHI0O JOGPOTHOCTH INpPH €ro Ha-
rpeBaHuu U 0e3 HOHHOH 60MGapAupOBKH. [/ MpeNOTBPAllEHHs MOSABJE-
HUS Mac/JSHOH IJIeHKH Ha IOBEPXHOCTH KBaplla Hepen MeTajlu3auHed
NPHUMEHSIOT ClellHaslbHble BAKYYMHble CHCTeMb, B KOTOPhIX OTKayKa BO3-
AyXa H3-MOX KOJMaka TMNPOH3BOXHTCS C NOMOILbIO DPTYTHBIX HAacCOCOB,
npuyeM Ans BLIMOPAXKHBAaHHS MOJEKYJ BO3AyXa HCIOJb3YIOT BBICOKO-
3@ dexTHBIbIe JOBYIUKH, HAaMOMHElIIHble XKHAKUM a30ToM. JlaBreHue B pa-
6oueM oGbeMe (MOL KOJMAKOM) BAKYYMHOR CHCTEMH JOJIKHO ObITh He
Gonee 1-10-% mm pr. cT.,, Tak Kak B TeueHHe | cek Ha IOBEPXHOCTH
KBapua NpH TaKOM JAaBJEHHH aACOpOHPYeTCst OJHOATOMHHI CJOMA ocra-
TOYHBLIX Fa30B.

o
- Ecan ckopoctb Hcmapenus Mmerajsa MeHbiue, uyem 300 A-cex—!, TO
OCHOBHBIM HMCTOYHHKOM 3arpsi3HEHHs] TOHKHX IJIEHOK SIBJAIOTCH MOJIEKY-
Jbl afcop6upoBaHHOro cjofl. ITOCKOJIbKY MpH HaHeCceHHH IUIEHKH Ha TO-
BEPXHOCTb KBaplia CKOPOCTb MCMAapeHHs Meralia cocrasaser 100—
o

Puc. 2-22. 3asucuMocts comnpo-
THBJIEHHS TUIEHOK cepeGpa oT
TeMInepaTypsl U CpPefsl.

140 A-cex!, Bausanue MOJeKyn aacopGHpOBaHHbIX ra3oB BeCbMa CylIe-
CTBEHHO.

3apucuMocTb Ko3(dHIHENnTa CYXOro TPEHHS! OT TEeMIepaTyphl CTEK-
JISIHHOM NMOJJIOXKKH H3y4yanach B pa6ote [JI. 2-25] npu BHGOpe onTHMab-
HOTO pexHMa HOHHOH OYHCTKH. B pesyabraTe HarpeBa NOMLJIOXKKM INpH
OLHOBpEeMEHHOM MNEHCTBUM rasoBOro paspsfa koddouuuent cyxoro tpe-
HUA pesKo majaer. Harpes naacTuH, HMeOIHX NOJHPOBAHHYIO NMOBEPX-
HOCTb. B Ta30BOM paspsifie (mpu Temmeparypax cBhiwie 40°C) npusBomut

72



K pe3KOMY YXYAIUIGHHIO CIEMJeHHA MJeHKu cepe6pa C NMOBEPXHOCTHIO
TBEpAOTO TeJa.

OpHako u 6e3 HarpesaHHs MNONJOXKKH HOHHas OYHCTKAa IIO-
3BoJisieT NOJYYHTh BecbMa GoJbluoi Ko3dduuueHT cyxoro tpeius. Tak,
yZAaJoch MOJYYHTb KO3(QQHUHEHT TpeHHs no crekay 1,027 u mo KBapmy
0,873. dddexTuBHOE HEHCTBHE HOHHOM OYHCTKH B JaHHOM Clyyae MOXKET
ObiThb OGDBACHEHO TEM, YTO B ra30BOM pa3spsle MPOHCXOMHT PasoXKeHHE
yrJIeBOJOPOOB M NMapoB Mac/ia X BOABl NMPH OLHOBPEMEHHOH peaKUHH
COefMHeHHs yrJepoia C BOXOPOJOM BOIB M BO3AyXa, T. e. 06pa3oBaHHe
CO u H, c nocsenyiomess 0TKau4Koi UX HaCOCaMH.

B BHICOKOBakyyMHO#l cHcreMe (ocraTouHoe paBaeHHe 10-7—
10-8 mm pr. c1.) He ynaercs MOJNYYHTb KO3((HUIHEHT CyXoro TPeHHs
Mo CTeK]1y NpH €ro HarpeBanlHH, TaKOH, KaKk B OOBIYHOA BaKyyMHOM
[cucreme, nyTeM OYHCTKH NMOBEPXHOCTH CTeKJa 6oMOapAHPOBKOA HOHAMH
JI. 2-26].

Cnoco6bl yayyllleHHsi MapaMeTPOB H XapaKTEPHCTHK Me-
TAJJIH3UPOBAHHBIX KBapUEeBbIX 3JIEMEHTOB. DKBHBaJEHTHbIE
napaMerpbl 1 XapaKTEPUCTHKH KBapUEBHIX Pe30HAaTOPOB BO
MHOTOM ONpefesioTcs BoI6OpOM MeTranna AJst 3JeKTPOJOB,
HX KauyeCTBOM, HATSKEHHSIMH, METOLOM MHOACTPOHKH YacTO-
-Thbl, PEXKHMOM TepMHYecKoii 06paGoTKH, mpoBefeHHeM npei-
BapHTEeJbHOH MNOATOTOBKH MNOBEPXHOCTH KDHCTaJJa Tepex
MeTaJJu3alues u T. A.

Jlns HaHeceHHs 2JIEKTPOLOB HAa IIOBEPXHOCTb KBapla
NPHMEHSIOT NpPeHMYLIeCTBEHHO 30JI0TO, Ccepe6Gpo, HHKeJb,
HHOTa — aJIOMHHHHA. B BakyyMe npenBapHTeNbHAsi OYHCT-
Ka M o6e3rakKHBaHHe NMPOBOASATCA B OTPAHHYEHHOH CTENeHH.
O6pasyiomascss npd BTOPHUHOA MeTasJIM3aUMH IJEHKa
3JIeKTpoJa MNOJyuaeTcs NOPHUCTOH, YAaCTHYHO OKHCJASETCH H
cnoco6Ha afcop6upoBaTh 3HAYHTENbHOE KOJHYECTBO MOJie-
Kya raza ¥ napos. MIMeHHO mosToMy Ansi BTOPHYHOH Me-
TaJJIM3alHH HCIOJAb3YIOT 30JI0TO, KOTOPOE MaJso BOCIpHHMUH-
BO K 3arpsi3HCHHIO.

Oanako B HeKOTOPBIX CJyuasix 30JI0TO BbI3biBaeT yXyi-
LIEHHEe XapPaKTePHCTHK KBapLEBBIX 3JeMeHTOB. TakK, HalpH-
Mep, pPe30HaTOphl, KBapleBble 3MeMeHThl KOTOPBIX MOKDBITHI
30JI0TOM, Ha BbICOKHMX YaCTOTaX H FapMOHHKax OKa3BIBaIOT-
CA BecbMa UYyBCTBHTEJIBHBIMH K YPOBHIO BO36YKaeHHS.
B cB3M ¢ 3TUM A/ BTOPHYHOTO MOKPHITHS 3JEKTPOJOB BHI-
COKOYaCTOTHBIX DE30HATOPOB HEKOTOPbIe aBTOPbl PEKOMEH-
AYIOT NPHUMeHATb cepe6po.

Onnako npu HaHeCeHHH Ha IOBEPXHOCTb KBaplEBOTO
3J1eMeHTa 30JI0TOl OJHOCJOHHON MJEHKH B BaKyyMe pe3oHa-
TOPB! MPHOOPETAIOT HCKJIOYHTEJBHO BBICOKYIO HOJTOBpEMEH-
HYI0 cTabuabHOCTb, AocTHTammywo 110~ B cyTKH.
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Kpome Toro, 30/10T0 Jierko Hcnapsiercs, o6nagaer xopo-
el 3JeKTPONPOBOJHOCTBIO, BBICOKOH COINPOTHBISEMOCTHIO
10 OTHOUIEHHIO K XHMHUECKHM BO3AEHCTBHSM.

[Mpu HaHeceHHH MeTaJIHUECKOH NJIEHKH MO/MKHO GBHITH
obecneyeHo CTporoe coO6JIIOJeHHe YHCTOTH Ha Bcex 06e3
HCKJIIOYEHHS CTAaJHSAX TEXHOJOTHUECKOro Mpolecca.

Jlna BBICOKOKAYeCTBEHHOTO HAaMNBIJIEHHS TOHKHX MeTal-
JIMYEeCKHX IJIEHOK Ha NOBEPXHOCTb KBapla Leaecoo6pa3Ho
HCIO/Ib30BaTh BAaKyyMHYIO CHCTeMy ¢ Ge3MacisHbIMU coJe-
HOMAHBIMH KpDaHaMH H JOBYIIKaMH, BBbIMOPa*KHBAIOIHMH
3arpsi3HeHHsl NMPH TeMIepaTypax XKHAKoro asota. C IeJblo
noJyyeHHsi PABHOMEDHOrO paclpefiesieHHss Meraana 1o
MOBEPXHOCTH KBaplia HClapeHHe B BLICOKOM BaKkyyMe MpoO-
BoaHI0Ch A. YopHepoM H3 BOCbMH HeGOJBIIHX BOJb(pPaMo-
BbIX Harpesarejiel OJHOBPeMeHHO Ha 06e CTOPOHBI KpPHCTAJ-

o

jga. Tonumuna asnextpona cocrasasaa okoso 800 A. Ilocre
NMPUBAapKH CTeK/JIAHHOrO 6aj/joHa K OCHOBAHHMIO pe30HATOp
NpHNaHBaJd K BaKyyMHOH YCTaHOBKe U B TeueHue 6 4 mpo-
H3BOJHU/IH HeNpephIBHYI0 OTKAuKy npu Temnepatrype 140°C.
3aTeM INocJie BaKyyM-TeMIepaTypHOH BbIZEPKKH -NPH [JaB-
Jenud mnopsaaxka 108 mm pr. cT. NPOM3BOAMIH OTHAMNKY
LITEHreJ T MUKPOTopeJsKoH.

TMpeunsuonHsle KBapueBble Pe30HATOPHI, MOJyuYeHHble TaKHM obpa-
30M, HMeIOT H06poTHOCTh 4—5 - 108 u crapenue mopsaka (1 +10~° u me-
Hee' 3a MecCsill.

B Hekorophlx paboTax yKasbiBaercs, UTO CTapeHHe MeTaJIH3HpO-
BaHHBIX KBapleBbIX pe&30HAaTOPOB B OCHOBHOM BbI3bIBA€TCs YMEHbIICHHEM
HaTAXKEHUd Ha rpaHule KBapl — METaJJIMYeCKas IMJeEeHKa H3-3a TeMmlepa-
TYPHBIX H3MEHeHHH M NepeHocoM Maccel Merajsa. BoagefictBue 3Tux
(GaKTOpoB HQCHT NpPOTHBOMOJOXHBI XapakTep, H B HEKOTOPHX KOH-
CTPYKUHUAX DPE30HATODOB OHH CKOMIICHCHDOBAHBI MOYTH IOJIHOCTBIO. Io-
9TOMY OYHCTKA KBapLEBbIX pe30HAaTOPOB BBLICOKOTEMNEPATYPHBHIM OTXKH-
roOM B NpoOUECCE HU3rOTOBJIEHHA M0JI2)KHaA MPHUBOIHTb K CHHUXKEHHIO AOJro-
BPEMeHHOfl CTaﬁHJIbHOCTPl, MOCKOJIbKY IIpH 3TOM YBEJIUYHBAIOTCA HaTsAxKe-
HHsT H yMEHbUIAaeTCA NepeloC MacChl METaJa. Ham npencraBasgercs, 4Tto
3TOT BOMPOC HYXAA€TCA B NOMOJIHUTEJbHOM H3YyYE€HHH.

OnHo¥t M3 OCHOBHBIX 3aJay IPH CO3LAHHH MpPElH3HOH-
HbIX KBAapLEBHIX PE30HATOPOB SIBJSETCS YMEHbLIEHHe [aB-
JIeHusl rasa BHYTPH BaKyyMHoOro 6aJijioHa, B KOTOPHIH IO-
MellleH pe3oHaTop. DTy 3aLauy MOXKHO DEIIHThb, HCNOJb3YS
TeXHOJIOTHYeCKHe NPHEeMbl H METOIbl OUHCTKH, NIpHMeHsIeMble
B 3/IEKTPOBAKYYMHOH M TPaH3UCTOPHOH NPOMBIILIEHHOCTH.
OnHako 3TOMYy MelllaeT HENOCTaTOYHOE KAueCTBO KpEMJIEHHS
TOKOOTBOJOB — MJIACTHH K KpIICTaM1y, KOTOpble NMpPH COOT-
BETCTBYIOLIUX BBICOKHX TeMIepaTypax OTHAHBAIOTCH, eCJH
He HCNOJIb3yeTcss TePMOKOMIPECCHOHHAS CBapKa.
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TexHosornueckuit npoiiéé¢ Meraaausaunu keapua. /oG-
POTHOCTb M JOJATOBPEMEHHasl CTaGHJABHOCTH pPE30HAaTOPOB,
Ha KBaplieBble 3J€MeHThl KOTOPbIX B BBHICOKOM BaKyyMme Ha-
NblIseTcs TOHKAas MeTaJsJ/HyecKasi TJIEHKa, B CYLIECTBEH-
HOH Mepe oOIlpefleIAIOTCA TEXHOJOTHel mpoliecca MeTaJsIi-
sauuy. [To cyumecTBy Bech TeXHOJOTHUECKHH mpouecc Mpo-
H3BOJACTBA pa3JIMYHBIX KBApIEBbIX pE30HATOPOB, B 4YacT-
'HOCTH H TIpOLleCC MeTaJsJH3alHH, AOJMKeH OBITb aHaJOTH-
‘YeH TeXHOJIOTHYECKOMY NpOolleccy NPOU3BOJCTBA «XOJOLHBIX»
3/IeKTPOBAKYYMHBIX NpPUGOPOB, T. €. NMPOTEKATb B YCJIOBHUAX
‘BAKYYMHO# T'HTHEeHHI.

Ocoboe BHHMaHHe HeOOXOAMMO YAeNsATh 06e3raKHBa-
'HHI0O KBapLEBOTO 3JeMEeHTa, MEeTaJJIHUeCKHX H [H3IJIEeKTpH-
YeCKHX JeTajJeH pe3oHaTopa B BLICOKOM BaKyyMe, BHIOH-
;past COOTBETCTBYIOIIME ONTHMaJbHble TeMIlepaTyphl. Mare-
pHAJBl, MOMELIEeHHble B BaKyyM, BBIAENSIOT pas3/HuHble
rasbsl 10 Tex NOp, NMOKa He HacTynaer AMHAMHuyeckoe paBb-
HOBecHe NpolieccoB afcopbuun H pecopbuuu. Ecau mare-
pHasbl MOMECTHTh B 3aMKHYTbIH 0GbEM, B KOTOPOM [aBJe-
HHe, Hanpumep, mopsnka 10—2 mm pr. cr., To BCJeACTBHE
BbIeJNeHHsl Tra3oB pAaBjeHHe HoBeicuTCA. C  moBbIlLIEHHEM
IaBJIEHHST B BAaKyyMHOM CTEKJISHHOM OaJ/lioHe, B KOTOPOM
HaXOIHUTCSl KBaplLieBblii pe30HATOp, ero JOO6POTHOCTb YMEeHb-
maercs 4 Habma0MaeTcss CHCTEMATHUYECKHH CIOBHT YacTOTHI
pe3oHaTopa, KOTOPbIH MOKeT ObITh OTOXIECTBJIEH CO CTa-
peunem [JI. 2-27] Ilpu onpeneneHHoM AaBJeHHH (H Hamps-
JKeHHH Ha KBaplle) BO3HHKAeT 3JeKTpHYecKHH npobofi B ra-
30BOH Cpefe, KOTOPbIH HHOIA HOCHT NMEPHOJHUECKHH Xapak-
TEP U CONPOBOXKAAETCS BCHBIIIKAMH (<HOHH3ALHOHHBIEY
TOJIYKH) .

Takum o6pasoM, H3-3a MOBLIIIEHHS NABJEHHS B BaKyyM-
HoM OaJjoHe pe3oHaTopa He TOJNBKO YXyNMIAIOTCS €ro
OCHOBHble CBOACTBA, HO M pe3Ko YXYALIaeTcsi HaAexX-
HOCTb, @ CJIef0BaTeNbHO, H CpOK paboThl. Iloaromy Heo6-
XOAMMO TPOBOJUTb BecbMa TIIATeNbHOe 00e3rakHuBa-
HHe Bcex 0e3 HCKJIOUEHHS 3JeMEeHTOB M JeTaJjell, BXOIs-
WHX B KBapleBblif pe3oHaTop, coOJIOfasi OMNTHMAaJIBHBIE
ycjaoBusi (maBjeHHe B BaKyyMHOH cHcTeMe, TeMIepaTypa
UT L)

OnHoBpeMeHHO ¢ OGe3raKHBaHHEM HOJKHA IPOBOJHTH-
¢ TepMHueckass 0O6paboTka KaXKHOH H3 BXOISILIUX B pe-
30HaTOp HdeTasell AJA CHATHUA HaNpsKeHHH, BO3HHUKAIOIIHX
NpH HX MexaHHueckod o6GpaGoTke. DTy OMepauHIO HeNb3s
NPOBOAHTD HAa MOJHOCTBIO CMOHTHDPOBAHHOM pE30HATOpe,
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TaK KaK MHOTHE JeTaju HeoOXOAMMO HATrpeBaTth A0 TeMm-
nepaTyphi, npessimarouteii 200°C, npu KoTOpOit KBapileBbli
3JEeMEHT OTXOJHMT OT OIOp HAepiKaTessd BCJAeACTBHE MJaBJe-
HUS pUMOs. DTO NONYEPKUBAET HEOOXOAUMOCTb NIPUMEHEHHs
TEXHOJIOTHH TEePMOKOMIIPECCHOHHO! CBapKH, M03BOJsAOLIEN
npousBoauThb Harpes Ao 400° C u philue.

CgoiicTBa o6esraxKeHHbIX [eTajiel KBapLEeBOro pes3oHa-
TOpa HOJIKHBEI COXPAHATbCSA Ha MPOTSKEHHU BCEro TEXHOJO-
FHYECKOro IMpolecca MeTaJJIH3alMH NMOBEPXHOCTH KpHCTaJ-
Jaa. MexonepauuoHHOe XpaHeHHe [103TOMY MPOBOLHUTCS MpPHU
JaBJeHHH TOro e MOpPSAKA, YTO WU JaBjJeHHe B BaKyyM-
HOM 6aJJ/oHe B 3KCHJyaTalHOHHBIX YCJAOBHHX, T. €. MNpHU
10-4—10-5 mm pr. cr. XpaHeHHe 4 TPaHCNOPTHPOBAHHE
JOJIKHBIL OcyHLECTBJIHTbCﬂ B BaKyyMHBbIX aMIyJax HIH B 3a-
KyyMHBIX TepMOCTaTax !.

[Mepen HambliendeM MeTaJHYECKOH NJIEHKH Ha noaepx-
HOCTb KpHCTajia HeoOXOAMMbI TLIATEJbHOE XHMHUETKOE
TpaERJEHHEe H OUHCTKA.

MoHTax KBapLEeBOro 3jJeMeHTa B KpHCTaJJlofepikarese
AOJIKeH NMPOBOMUTLCS B repMeTHUeCKOi Kamepe, B KOTOpYIO
NMojUlyBaeTcs HEATPanbHBIA OCYWIEHHBI ras, HampaMep
azor. C6opKy ClIeflyeT OCYIIeCTBJIATh CO CTpOXKaHMIUM CO-
6/0JeHeM YCJIOBHHA THTHEHBI. O/:maxo 3TOT crnocob MOHTa-
’Ka BCe e HMeeT CYIIeCTBEHHBIH HeJOCTaTOK: NPH CBapke
HOXKH, Ha KOTOPOH CMOHTHPOBAH KBapLeBbl pPE30HATOP
¢ 6asJoHOM, Pe30HATOpP CONpHKacaercs C BO3AYXOM, H €ro
aeTajd aacopGupylOT uacTHUB ra3oB. B cBA3u ¢ 3TUM
NpeacTaB/asieT MHTepeC BO3MOXKHOCTh MeTa/u3alHyd KBap-
LEBbIX 3/IEMEHTOB, 3aKpelJsieMblX B KpHCTaJJ0JepKaTene
6e3 mocsefylollero BblHeCeHHs HX B aTMoctepy Bo3ayxa
[J1. 2-271. TIpu 3tom o6e3rakuBaHue, TepMUuecKass o6paboT-
Ka, HOHHAs ~OYHCTKA, HAarpeB IOAJNOXKH, MeTaJJH3alHd,
MOACTPOHKA YaCTOThl M HCKYCCTBEHHOE CTapeHHe NMPOBOILAT-
csl B BHICOKOM BaKyyMe 3a ORHMH LHKJ, YTO NPHBOAUT K OT-
CyTCTBHIO 3arpsisHeHH#l W mno3BoJsier cobmawojath TpebGoBa-
HHS BaKyyMHOH TIHrueHbl Ha Bcex 0e3 HCKJ/IOYEHHS omepa-
HUAX.

OG6BIYHO BBICOKOBAKYyMHasi cHCTeMa ¢ OPBAaKYyMHBIM H
In(pdy3uoHHBIM HacocaMHi, B KOTOPOH AJISI BHIMOpa*KHMBAHUSA
NapoB HCHOJb3YIOTCH JOBYIIKH C JKHAKUM as3oToM, Haer
BO3MOXKHOCTb NOJNyYaTh B 00beMme, I'le MPOHUCXOAUT MeTaJl-

! BakyyMHasi TUTHeHa [OJXKHa OblTh obecredeHa Ha Bcex Ge3
MCKJIIOYEHUs ONepanusX TEXHOJOTHYECKOro Ipouecca.
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An3alnusa, AOCTATOYHO HH3Koe MaBJeHHe (mopsaka 10—6—
10-7 mm pr. c1.) (pHcC. 2-23).

[ToaroToBKa mMOBEPXHOCTH KBaplua HEMOCPeJCTBEHHO Ie-
pel MeTaJjiM3alliell — HarpeBaHHe KpDHCTa/ila U HOHHad
OYHCTKA MOBEPXHOCTH — HOJIXKHBI NPOBOAHTLCA INOCJ/EN0Ba-
TeJbHO, NIPHYEM CHayasa HOHHAs OYHCTKA, a 3aTeM Harpe-
BaHHe KpHCTaJja. ,

[NoBbIlIasi 3Heprul0 HOHOB ONpedesqeHHbIX ra3oB, COLep-
Kalluxcsl B BO3AyXe, MOXHO o0ecneuuTb OTpPHIB cnabo
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Puc. 2-23. CxemMa BBICOKOBAKYYMHOH yCTaHOBKH.

1, 25, 26 — curHaabuble JaMnbl; 2, 4, 5 — MOHM3ALHOHHBIA MaHO-
MeTp; 3, 24 — a310oTpaHcOpMaTOpH; 6 — BAKYVMHO-TEeMIIepaTyp-
HbI# MUKPOCKOM; 7 — KBapueBmi#l pe3oHaTop; 8 —- MeTalJH4YeCKHR
BaKyyMHBI# KoOANakK; 9 — BakyyMHas mnjuTa; /0 — TepMonapHbIf
Manomerp; 11, 12, 14 — BakyyMHbI 3aTBOp; /3 — pajMOMeTpHue-
ckue saMmnbl; 15, 16 — Kpausl; I7 — dbopBakyyMHBIE Hacoc; 18 —
noixorpeBatens AHMdy3HoHHOro Hacoca; J9 — nHbdYy3HOHHBIA
MacasiHbI# Hacoc: 20 — a3oTHas JOBYUIKA; 2/ — aBTOMaTHYECKHM
W3MepuTesb AOGPOTHOCTH H 4YacCTOThl ¢ HHdponevaTaiouiefi Ma-
UIHHON; 22 — OCBETHTENb; 23 — aMmcpMerTp.
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¢BA3aHHBIX YACTHIl KBaptia W AamcopGHpoBaHHBLIX uacTH1f,
Bo3pmeiicTBHe HOHOB MaJiblX 3HEPIHH MNPUBOAHUT K yaaje-
HHIO C NOBEPXHOCTH aAcopOHpYyeMbIX MOJIEKYyJ BOAbI, MacJa
H yIJIeBOAOPOAOB, BXOAALIMX B cocTaB aTMocdepbl BbICOKO-
BAaKyyMHOH yCTaHOBKH C (OPBAKyyMHbIM H AHGIDY3HUOHHBIM
Hacocamu. Ilpu npoBefeHMH MeTaJJM3alHH B BbICOKOBA-
KYYMHOH CHCTeMe, OTKauka B KOTOPOH NpPOH3BOAUTCS C MO-
MOHIbI0O PTYTHBIX HAacoOCOB C 0e3Mac/asiHbIMH COJIEHOMIHBIMH
KpaHaMH, yKa3aHHble BHIle IpollecChl He HMEIT MecTa,
NO3TOMY MOXHO HCNOJb30BaTh HOHbI GOJIbHIMX 3HEpTui, He
omacasicb TOro, YTO NOJ BO3leHCTBUEM HOHOB IOBEPXHOCTb
KBaplua Gyder HarpeBaTbcs. DTo TeM GoJiee LesaecoobpasHo,
4TO MeTaJJIMYeCcKylo IJIEHKY Jyulle HAaHOCHTb Ha Harpe-
toift 10 200° C xpucrani. OcTbiBaHHE IJIEHKH OTHOBPEMEHHO
C KpHCTaJJIoM (IpH MelJIeHHOM TeMIe) MOJIKHO BbI3bIBATb,
HO-BHAHMOMY, 3HAYHTEJIbHO MeHbIIHe HaTAXKeHUs, ueM
B clyyae, KOT[a TOHKas MeTajiHuecKas IJIeHKa KOHJeH-
cHpyeTcsl Ha NOBEPXHOCTH KBaplia, HMeIOUero KOMHATHYIO
TeMIlepaTtypy.

Vcnapsiemple B BakyyMe MeTasibl (3040T0, cepeGpo)
HOJDKHBI ObITh JOCTATOYHO XHMMHUYECKH UHCTBIMH, YTOGbI 0Ge-
CMeyuTb BBICOKYIO MOJITOBPEMEHHYIO CTaGUJILHOCTh YaCTOTHI
KBapieBblx pezoHatopoB. Crapenue ux nopsinka 1-10-9 3a
Mecsil[ AOCTHTaeTcs IPH CTPOrOM KOHTpOJie 3a XHMHYecKoH
YHCTOTOH 30JI0Ta M NpU obGecleyeHHH BBICOKOTO KayecTBa
HanbleHHs 30J0ThIX 3JIEKTPOJLOB.

IToacTpofika pe3oHaHCHOM HacTOTHI KBaplia K HOMHHAaJb-
HOMY 3HAUeHHIO OCYIIECTBJsIETCS aBTOMATHYECKH; Ha KoJie6-
JIOWMACA KBapI[ ¢ BHICOKOH CTENEeHbI0 TOYHOCIH IO YacCTo-
Te «IOAMNbLISETCH» MOMOJHHTEeNbHAs Macca MeTasa, KOTo-
pbli KOHAEHCHpYeTCcs Ha MepBOHAavaJ/bHBIH 3JEeKTPOL.

ConepkaHHe Ta3oB B MaTepHa/ax [Aep:KaTedsi HHOrAA
ObiBaeT BecbMa 3HauHTesNbHBIM. [To3TOMY IpH 3aBapke HOX-
.KH M OaljioHa ra3 HHTEHCHBHO BblJe/sieTcsi U3 [eTajel
KPHCTaJJIO[epKaTess, eClH OHH NpeJBapUTENbHO He ObLIH
oGesraxkeHol (3TH neTaju Harpesatores go 250° C). Tak,
npun HarpeBaHHH HHKens no 400°C BbiensieTcss  OKoJO
1,8 2-me-2~1. B pesyabraTe 3aBapKk#H BaKyyMHoro 0aJjiioHa
BO3HHKaeT <CABHT De30HAHCHOH YacTOThl  KBapIleBOro
pesoHaTopa, M elle He YCTaHOBJEH ONTHMaJbHBIH pe-
KHM, NPH KOTOPDOM H3MeHeHHe YacTOThl Obiio GObl MHHHU-
MaJIbHBIM.

IMpu nasnennu nopanka 10-6—10~7 mm. pr. cT. npoBO~
IMTCS BaKyyM-BblJepXKkKa (o6Ge3ra’kHBaHHe, TepMHUecKas
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06paboTKa, HCKYCCTBEHHOE CTapeHHe KBaplla M HampsKeH-
HBIX 3/IeMEHTOB KOHCTPYKILHH) B TeueHHe 8—14 u, a 3areM
TOTOBBIE PE30HATOPbI OTNAWBAIOTCH OT BaKyyMHOA yCTaHOB-

KH NMPpH NMOMOUIH MHKDOTOpEJIKH.

ITnaBa Tperbs
Koncrpynposanune

KBapLeBbIX PE30OHATOPOB
3-1. Tunbl KOHCTPYKUHI KBapLEBBIX Pe30HATOPOB

ITo KOHCTPpYKTHMBHOMY BHINOJIHEHHIO, TOUYHee, MO MaTe-
pHajaM, HCHOJb3yeMbIM [/ H3TOTOBJEHHS HAPYXHBIX KO-
’)KyxoB (6aJsJIOHOB) KpHcTaJssofep:Karesed, KBapleBble pe-
30HATOpH!, BHIMyCKaeMble MPOMBILIJIEHHOCTbIO B HacTosllee
BpeMs,, MOXHO pasJeJUTb Ha uyeTbipe OCHOBHBIX KJjacca.
3T0, BO-NEPBBIX, PE30HATOPbl B IMJACTMAacCOBBIX KOpIycCaXx,
paspaboTaHHble B HauaJbHbIH NepPHOA IPOM3BOACTBA pe30-
HaTopoB; OJaromapsi HpOCTOTe YCTpoiHcTBa M CBsI3aHHOH
C 3THM OTHOCHTEeNTLHOH [elleBH3HOH OHM U cefuac eme

IIHPOKO NPHUMEHSIOTCS BO MHOTHX He
OuYeHb OTBETCTBEHHBIX H3[eJHUSIX DPaRHO-
U 3JIEKTPOHHO# TeXHHKU. Bo-BTOpHIX, rep-
MeTH3HDOBaHHbIE PEe30HAaTOPbl B MeTaJ-
JUYECKHX KOpTycaxX, IepexXHBalolHe
Tenepb CBOe BTOPOe POXKJAEHHe B CBA3H
C pa3BHUTHEM TEeXHHKH BaKyyMHOIUIOT-
HOM XOJIOAHON CBAapKH KOXYXOB C OCHO-
BAaHUAMHU. B-TpeTbuX, BaKyyMHEle pe3o-
HaTOpbl, BHIMOJHSEMble B CTEK/ISTHHBIX
6anmonax. HakoHen, B-ueTBepTHIX, Kepa-
MUUYECKHe BJIaro3aliHlleHHble Pe30HATOPHI
Pa3/MYHBIX BHUIOB, B YAaCTHOCTH MHKPO-
IJIaThl A5 3TaXKEPOUHBIX MOMyJeil; HaXo
3aMeTHTb, 4TO, HECMOTPSl Ha BeCbMa HH-
TeHCHBHble pa3paboOTKH 3JIeMeHTOB 3Ta-
XKePOUHBIX MOAYJefl, MOCHeNHHe OTHIOAb
ellle ‘He HALIIH CTOJb IIHPOKOTO NpHMe-
HeHHSI B PallH03JEKTPOHHKe, KaK 3TOro
OXHJaJH1 paHee; TO3TOMY NPOH3BOACTBO
Pe30HATOPOB-MHKPONJAAT B INpPOMBILIJIEH-
HBIX Macmtabax elle He OpTraHH30BaHO.

KBapuesele pe3oHatopsl B MJIacTMac-
¢OBbIX KOpmycaXx, Bhiyckaembie B CCCP,
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Puc. 3-1. Brem-
HHiT BHA ¥ raGapu-
TH pesoHaTopa B
IJIaCTMaccoBOM
Kopmyce.
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10 CBOHM BHelUHHM (opMam H rabapuraM OTJAMYAIOTCA OT
TeX, KOTOpble NpPelyCMOTPEeHbl HOPMaJIH3aLHOHHBIMH JOKY-
MeHTaMH MexX/lyHapOAHOH 3JIeKTPOTeXHHYECKOH KOMHCCHH
[/I. 3-1]. 3To BbLI3BaHO TpPHYHHAMH HCTOPHYECKOTO Xapak-
Tepa, a IOCKOJNbKY pacCMaTpHBaeMble DPe30HATOPHl HbIHE
SIBJISIIOTCS  MaJIONEPCHeKTHBHLIMH, HET CMbICJa H3MEHAThb
CyIlleCcTBYIOIlllee TIOJNOXKEHHe.

Puc. 3-2. BHyTpeHHee YCTPOHCTBO BBICOKOYAaCTOTHBIX KBapleBbIX pe30-
HaTOPOB B MJAaCTMaccoBOM Kopmyce.
a — Ha vactoTy 500 x2y c nnacrunod AT-cpeza; 6 — nHa uyactoty 5 Mey c nuacTu-

Ho#t BT-cpesa.

OreyecTBeHHble M/1aCTMAcCOBble Pe30HATOPbl H3rOTOB-
JSI0TCSl B UMJHHADPHYECKHX Kopnycax Ha uactorhl 10—
300 xey u 500—16000 key. Buewmmnuit Bum u raGaputhbl
TaKHX pe3oHaTOpop Mnokasaubl Ha puc. 3-1. Tlpusemem
yKasaHHble Ha 3TOM pHCYHKe 3HauyeHHS Hyaxe U Dyaxe:

qg::g;f”f&"e' Hmaxc' Mu Dmaxc' mu
10—50 76,5 25
50—100 65 25
100—3C0 58 25
£60—2 000 50 22,5
2000—16 000_ 40 20

ITpumeprl BbiMO.IHEHHS BHYTpPeiHCH KOHCTPYKUHH pe3o-
HaTOpPOB C MNbe303JeMEeHTaMH, (CGBepUIaloUHMH KoJaebaHHs
CIABHIa M0 TOJILIHHE, NPHBeAeHbl Ha pHC. 3-2,
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B Takux pesonatopax Ha uacrorax cBbilie 500 key wuc-
NOJb3YIOTCS NpsiMOyroJsibHble miacTuubl cpe3oB AT u BT,
IUIMHA KOTOpPbIX COBNAajaeT MO HaMpaBJieHHIO C 3JeKTpHue-
cKoil ocbio Kpuctasnaa X. Ha TopueBbiXx TrpaHax MNJacTHH
BBINOJIHAIOTCS  (pacKH, XOpPOIIO BHIHble Ha MNPHBOIHMMBIX
(doToCHMMKaX, C NOMOUIbI0O KOTOPBIX CO3[aeTcss OCTphIH
Kpa#, coBmafalolHui ¢ HeATpaJbHOH JHHHUeH NPH TOJLIHH-
HbIX KOJe6aHHAX M HCNOJb3YeMblH [Jist 3aKpelnJeHHs Ibe30-
3JIeMEHTOB B NPYXKHHHBIX 3axkumax. [l/JuHa nbe3ossneMeHTa
nogbupaercsd TakKUM o6pa3oM, uTOObl NPH H3MEHEHHH CHJIbl
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Puc. 3-3. BuewHuii Bua pesoMaTtopos BHaoh M1 u Bl
(a), M2 u B2 (6), M3 u b3 (s8). (Pa3mepnl ykasaubl
B Tabm. 3-1).

3a)xkarust B IPYXHHax 4actoTa KoseGaHHIl pe3oHaTopa He
HU3MeHsJach; KPHTEepHeM INpPaBHJIbHOCTH BbIOOpa LIMPHHDI
NJIACTHHBI SIBJISETCS NOCTOSTHCTBO AMHAMHYECKOro CONpPOTHB-
JIeHHs1 KBaplua B JOCTaTOYHO WIMPOKOM HHTepBaJje TeMmIle-
patyp.

[epMerusupoBaiiible KpaplieBble pPC30HATOpbl B MeTal-
auyeckom kKopnyce uarotosasiores B CCCP mpenmymiect-
BEHHO Ha uyacToThl cBbille 750 key. B 3trom muamasone
(Bmmoth no 100 Mey) ux BuellHull BuA, rabapuTHble H
ycTaHoBouHble pa3mepbl onpegeasiorcs [OCT  6503-67
«Pe3oHaTopel KBaplieBble repMeTH3HPOBAHHbIE Ha YaCTOTh
koseGanuit or 0,75 mo 100 Mey». CornacHo 3TOMy cTaH-
AapTy pe3oHATOpbl paccMaTpHBAeMOro Kjaacca HOJKHBI Bbl-
nycKaTthcsl C/eNYIOIIHX THNOB: M — MHMHHATIOpHble, Ha JHa-
nason ot 5 mo 100 Mey; B — manorabaputHble, Ha Bech
auanason yactot, oxBaTeiBaeMbix [OCT, onu mMoryT BeinoJ-
HATLCSL C JKECTKUMH BBIBOJAMH [Jisl BCTaBJeHHs B NaHeJb
(puc. 3-3,a), ¢ MArKHMH BbIBOJAaMH [Js1 HeNOCPEICTBEH-
HOHl npumaiku B cxeMe (puc. 3-3,6) M C KECTKHMH Jyxe-

6—1187 81



HBIMH BBIBOZAMH MAJIS MOANaAKH K HUM MOHTAXHBIX IIPOBO-
nos (puc. 3-3,6). B taba. 3-1 pnalorTca OCHOBHBIE pas-
Mepbl pe30HAaTOpPOB, MPHBENEHHHX Ha puc. 3-3.
TaG6auna 3-1
OcHoOBHble pasMephl (#.) pe3oHaTOpoB THHOB M ¥ b

& v
& JE
E H B b A d h 8
2 ge
a. [
Ml | 135 43| N_ga3 |4.6_03 | 490,15 140,05 |1,54£0,3 | 2
M2
QS
1
B2 |9,7_0_52 |9,2_0’52 8'9—0,36 12,3540,15 1,240,05 1,840,3 6
B3

KBapieaep:xateiu 3THX DPe30HATOPOB COCTOAT H3 JBYX
yacreil: OCHOBaHHS, Ha KOTOPOM MOHTHPYETCsl BCSl BHYTpeH-
Hsisl KOHCTPYKIMS H3[eNHS H NMbe303JeKTPHYECKHH 3IJTEMEHT,
M KOoXyxa (Kosmnauka).

Koxyx uale BCero BbINIOJHAIOT M3 Helisuabbepa (cniiaB
MHIL 15-20, 65% Cu+15% Ni+20% Zn) merogoM XoJOA-
HOM BBITSXKKH; TOJILMHY KOXKyXa IIpH BHITAXKKE CTapalTcd
JOBECTH IO MHHHMYMa, BO BCSIKOM CJyuae HeXeJsaTeJbHO,
uTo6bI OHA npeBbilIana 0,3 mm.

MarepnasoM [Js H3rOTOBJIEHHS OCHOBaHHs OObIYHO
cayxut KoBap (cniaB H29K18); moctouncTsom 3artoro cmJja-
Ba. IBJIsIeTC TO, YTO ero Kod(pdHLUHEeHT TepMHUecKoro pac-
mupeHus 6aH30K K KO3 (HUHEHTY TepPMHUECKOTo pacliupe-

Anacmuns: us

. 3 N UI0/78Y LoKHOCG
Mecmao naiwy « Mamepuarna

e

pTeTeTeTe

UWU ,

Puc. 3-4. Tunbl KOHCTPYKUHi1 KBapueaepkaTejeli BBICOKOUYAaCTOTHRIX

TepPMETH3HPOBAHHBIX PE30HATOPOB.
a — crHpanpible TMPYXKHHHBIC 3aXKHMbl, MPHMEHSIOTCS IJIs1 MOHTaxa IJIOCKHX TJa-
¢Tin; 6 — I1-06pa3uble NPOBONOYHbIE CTOMKY, NPHMEHSIIOTCS JJSi MOHTa)ka JHH3
Ha YaCTOTHl He HHxke | Mey M TJIOCKHX TJACT#4H B pe3oHaTopax Tuna B; B JeH-
TOYHBIA Jep:KaTeJb, MPHMEHsIeTCS MJIsi MOHTaXa JIMH3 Ha YacTOThl He HHXKe
2,5 Mey 1 NAOCKHX MJacTull; & — AepKaTelb C MeXaHHYeCKHM 3aXKaTHEM Ibe30-
3/eMeHTa, NPEMeHseTCsl A MOHTaXa JHH3 Ha 4acToThl He nuxe 1 Mey.
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ust crekon C-49-1 (3C-5Na) u C-49-2 (3C-5K), korophié
HCNOJB3YIOTCA AJiA H30JAAUHH HaPYXKHbIX BbIBOAOB pesoHa-
TOpa, BIeKaeMblX B OCHOBAaHHE KBapueaepkKarteJss.

BuyTtpennsiss KolCTPYKUHSI p€30HATOPa BLIMOJNHAETCS B PasHbiX Ba-
puanTax. B uacrioctd, KpelljieHHe KBapUEBOH MJACTHHBI (TpH TOJILIHH-
HBIX KoJslebaHHSX) IHepejKo OCYLIeCTBJASIOT C MOMOLUbI0 ABYX CIHpalb-
HbIX MNpPYXHHHBLIX 3a)XUMOB (puc. 3-4,a) M3 GpPOH30BOH HJH CTaJNbHOM
npoBosiokn auamerpoM ot 0,15 mu (mpeHMyIIECTBEHHO IS CTalH) A0
0,3 mm (Ppocdopucrass Gponsa Tunma 6poHsst BpO®). Ilpumensiorcs H
Gosee «xKectkue» nepxarenu. I[locaenHue mnpeacTaBiasior co60i aH60
napy pa3HOBBLICOKHX CTOeK M3 OTHOCHTEJBHO XXEeCTKOM HHKeNEeBOH Mpo-
BosiokH auamerpoM 0,4—0,5 mm, COrHyTOH B BHIAe MPSMOYrOJBHHOTO Ma-
paJjejorpaMma, OfHa M3 KOPOTKHX CTOPOH KOTOpOro MPHBAPHBAaeTCs
K BHYTPEHHEMY BBOAY KONTAKTHOIO IUTHIpbKA, JHGO Mapy OTPE3KOB HH-
KeJIeBbIX JIEHTOYEK, TaKKe NMPHBAPHBAaeMbiX K BHYTPEHHEH 4acTH IUTHIPb-
Ka; Ha [JpYrom KoHle JEHTOYKH JesNaeTcs Npopesb, B KOTOPYIO BCTaB-
JNsieTcs M 3aTeM NpHNauBaeTCsl KBaplieBas mJiacTHHa (puc. 3-4,6 u 8).

MonTtax KBapLUEBbIX 3JIEMEHTOB Ha YacCTOThl HHXKe ~1 Meu B 1ep-
JKarelsdX BCEX pAacCMOTPEHHBIX KOHCTPYKUHH HeJOMYCTHM, IIOCKOJBKY
TaKHe 3JeMeHnThl 06/aJaloT yKe JOBOJbHO 3HAUHTEJbLHOH Maccofi; BCAed-
CTBHEe 3TOT0 MeXaHHYecKasl NMPOYHOCTb HX KpeIlIeHHs <«Ha Becy», C Mo-
MOLIbIO OJHOM JHWIb Mapbl MasgHbIX COEJMHEHHH, Ha KOTOpble JIOXKHTCA
BCS Harpyska, Hejgocraroyna. B momo6ubix ciayuyassx npuberalor k 3a-
KpEIJIEHHI0 KPHCTa/lJla C MOMOLIbIO CIelHaJbHbIX Pacnopok (HampHmep,
Kak Ha pHc. 3-4.,2).

OcHoBaline KBaplefepxKaTels COeAHHSeTCS C KOXKYXOM OOGBIYHO Ny-
TeM Naliku MsArkuM mnpunoeM. Ilo paBueit Tpaguuuu AJs8 3TO IeJH
MCIIOJIb3YeTcsi 3BTEKTHYECKHH OJIOBSHHO-CBHHUOBHIA mpunoii IT1OC-61.
ITockoabky npHu nafike AJs1 MOBBILIEHUS NPOYHOCTH ILIBa MOJKHO obec-
NMeYnBaTbhCsl 3aTeKaHHe IMPHMIOS MeXAY COeNMHAEMBIMH JdeTassMH IOJ
NeiCTBUEM KaNUJJISIPHBIX CHJI, B KOHCTPYKUMH PacCMaTPHBAEMOro COEIdH-
HeHHs MpefycMaTPHBAeTCs COOTBETCTBYIOLIMH 3a30p, BeJHYHHA KOTOPOTrO
nomxHa Gbith okomo 0,1 mm. Ecau (kak 310 0oO6biyHO OHIBaeT) mnakka
OCYILeCTBJISACTCA MOC/Ie MPeJBAPHTENBHOTO OOJYXKHBAaHHS COEILHHAEMBIX
MOBEPXHOCTEHl KOXYyXa H OCHOBAHHS, TO 3TOT 3a30p MOXKET ObITh 3HAYH-
TeNbHO MeHbIIHM. Bo Bcex cayyasx 3a30p He [JOJIKeH INPEBHIIATb
0,25 MM, MOCKOJIBKY HHaue KaNmHJJIPHBIE CHJIBI, obecneyHBaloliine 3amoJ-
HeHHe ero NpHIoeM, He NPOABJAIOTCS.

ITpenBapuTenbHOe NMOKPHITHE TOHKHM CJI0eM INPHIOS Y4YacTKOB, MOX-
JIeXallliX CMauBaHMIO, NPOH3BOJAHTCA AJ1 TOro, YyToObl CBEeCTH A0 MHHH-
MyMa BepoOsITHOCTb MOMajaHHs NapoB (hi0oCa, HCIOMb3yeMOro AJs OYH-
CTKH 3THX y4acTKOB, BHYTPb pe3oHaTtopa. [lo3ToMy caM mpouecc naiku
XKeJaTeJbHO BECTH B BaKyyMe MJM B HHepTHoil cpene. s obGecneyeHHs
BO3MOXKHOCTH CBOGOZHOrO BHIXOAA rasa M3 BHYTpeHHero oGbeMa peso-
HaTopa B mpouecce NMafKH (eCcl1M €ro repMeTH3andss NMPOH3BOAHUTCH He
B BaKyyMe), a TaKxe JJs NOCJeLYIOLIero 3amoJIHEHHs1 3TOro o6beMa,
B KOXYXe pe30oHaTopa NpeIBapHTENbHO IIPOCBEPJHBAIOT HEGOMbIIOE
OTBepCTHe, KOTOPOe 3amauBalOT yXe IO 3aBepIleHHH Bcex APYrux ome-
pauui i

! 3anoJsHeHne BHyTpeniero ob6bema pe3OHaTOPa, repMeTH3anHs KO-
TOPOrO OCYIUCCTBASETCH MSATKHMH MPHMOAMH, KAKHM-JTHO0 XHMHUECKHM
MaJIOaKTUBHBIM Fa3oM (a30TOM, Jyulle HEOHOM HJH aproHOM), a He €ro
MoJNHash OTKayka HEOGXOAHMO IOTOMY, YTO MATKHe NPHNOM He CO3AAI0T
BaKyyMHOMNJIOTHOTO COEIHHEHHS.
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lasonafosinéntie pesoHaTopa n4Xke WHePTHHIMHM ra3aMu
MOJIHOCTbIO He YCTpaHseT B3aHMOJEHCTBHe KpHcTaJsia (H
TeM 0oJiee HAHECEHHBIX HAa HEro 3/eKTPOJOB) C BHeLiHeH
cpenoii. IlosTomy Bce GoJiee KecTkHe TpebGOBaHHA, NMpedb-
ABJsieMble K HeoOpaTUMbIM H3MeHEHHSIM NMapaMeTpoB pe3o-
HaTOpPOB C TeueHHeM BpeMeHH, OOYCJOBJIHBAIOT HeOOXOMH-
MOCTb Nepexojla K BaKyyMHbIM KOHCTpYKuMsiM. CkiafbiBa-
IOTCSl [Ba NapaJijlesibHbIX NYTH pelleHHs 3Toil NMpobJeMbl:
OIMH M3 HHUX, HCTOpHYeCKH GoJsiee paHHHUH, — 3TO Nepexon
K BaKyyMHBIM CTeK/JSIHHBIM pe30HaTopaM, BTOpPOH NyTb —
NONBLITKH (KaK O0Kas3aJjocCb, BecbMa YycCHellHble) NPUMEHHTb
nocJefHHe JOCTHXKEHHS TPAH3HCTOPHOH TeXHHUKH B 006/1aCTH
CO3[aHHS BAKYyMHOIJIOTHBIX COeJHHEHHH MeTOAO0M XOJOJ-
HOHN CBapKH MeTaJIHYeCKUX JeTaJiel.

Crek/AHIbIE BaKyyMHble PE30HATOPHI MOABHJAHCH yxke B 20-Xx rogax.
o OblIH TaK Na3blBAEMble «CBETALIMECH Pe30laTOpLI», HCHOJb30BaB-
IiHecsl He AJA CTaGMJM3aUHH YacTOThi, a4 CKOpee KaK TOouYlible HHAHKATO-
pbl  HAaCTpPOHKH pajHoYacTOTHLIX reHeparopoB. Ouu  He  OblIH
B CTPOrOM CMBLICJC CJI0OBA BaKyyMIbLIMH, MOCKOJbKY AJs GOJbllied APKO-
CTH CBeYeHHS 3allOJHANMCh CMECbl0 HEOHa M TedHs (MO JdaBJeHHeM
B HECKOJIbKO MHJ/UIHMETPOB PTyTHOro crosi6a). Hamo 3amerHTh, 4TO H
B Hacrosliee BPeMs MHOTHE De30HATOPbi 3aMOJHSIOTCS reiueM (mpUMep- .
HO MOJ TeM e JaBjeHHeM: OT | Jo 5 MM pT. CT.), HO NpH 3ITOM
npecjeAyercss Apyras Uesb: Takoe 3aloJHEHHe CcrocoGeTByer Jyyllei
Telyonepefaye OT CTEHOK 6a/yIOHa K KBapLeBOMY 3JeMeHTy, YTO OueHb
BaXKHO NpPH TEPMOCTAaTHPOBAHHH pe3oHaTopa. ['eanit B jpanHoM chayuae
BbIGHpaeTcss MOTOMY, YTO €ro TemJIoNnpoBOIHOCTb JHIUb 1a 159% MeHbiue
TNJIONpPOBOAIOCTH BOAOPOAA, HO obpallelue C HHM B OTJHYHe OT BO-
popoja 6e3onacHo. ‘

BakyyMmuble KBaplieBble pPe30HATOpPHI B KayecTBe KOMIO-
HEHT TreHepaToOpoB H (HJILTPOB HayaJH NPUMEHATbCSA INpH-
MepHo ¢ Hayasa 40-Xx rogoB; BO MHOTHX cJaydasX, OJHAKO,
HX HCIOJIb30BaHHE OTrPpaHHYHBAJIOCH H3-3a TOrO, UTO BHeIl-
HHe pa3Mepbl TaKHX pe30HaTOPOB CHauyasna OblIM Ype3Bbl-
yaiiHo BeJqMKU. Tosibko B cepenuHe 50-x romos, Koraa GbLIH
paspa6oTaHbl MaJiorabapuTHble BaKyyMHble pe30HATOpbl
B 6ajsoHaX panHosaMn «NaJbYHKOBOH» CEpHH, HX YIesb-
HblH Bec B oflleM uuc/le NPOHM3BOAMMBIX KBaplieB HaudaJj
6bicTpo Bo3pactath . K 1960 r. oTeyecTBeHHON npoMbiLLieH-
HOCTbIO OblIH OCBOEHbl M MHHHATIOpHble BaKyyMHble pe3o-
HaTopbl B raGapuTax pagHoJaMn THna «apo6b» 2. MMeHHO

t B CCCP mnepsble o6Gpasubl MajoraGapHTHEIX BaKyyMHBIX Pe30Ha-
TOpoB Obla BbimosHeHbl 3. 3. XaidkuubiM, M. M. SpocnaBckum
H.lgl:.6 I;Iosmmxosbm B 1955 r., a MX NpOMBILVIEHHBI BHIMYCK HayaJscs
¢ 1956 r.

2 TlepBbie oGpasubl pe3olaTOPOB 3TOil Pa3sHOBHAHOCTH OGBlIM BbI-

noasenst M. M. SIpocaasckum u 3. 3. XaiikuubiM nipu yuacrun H. T. Ba-
cuna, I1. T. TMossuskosa u 3. M. KupcaHoBoii.
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5TH MoAM(HKAUHH BaKyyMHbiX pe3oHATOPOB Haubosed fifi:
poko pacnpoctpanensl B CCCP, XoTs Hapsily C HHUMH mpo-
AOJXKaeTcsl ellle BbIIYCK Pe30HATOPOB, OTHOCHTENbHO 60Jb-
WHX 1O COBPeMeHHBIM Npe[cTaBaeHUAM rabaputos (B Gau-
JIOHAX pafHoJaMN «OKTaJbHOH» cepuu). l'aGapuTHble H
YCTaHOBOYHble pa3Mepbl BCeX MepeuuCaeHHBIX THIOB pe30-
nartopos B CCCP ycranasausatorcs TOCT 11599-67 «Pe3so-
HaTOpbl KBapileBble ‘BAKyyMHbI€ HA  4acCTOThl KoJeGaHuii OT
4 xey mo 100 Mey» M COOTBETCTBYIOT y¥Ke YINOMHHABIIHUM-
Csl peKOMeHAauuAM MeXIyHapoqHOH 3JeKTPOTEXHHYECKOH
komuccuu [J1. 3-1].

[To stomy I'OCT BakyyMHBle pe30HATOpHI MOApa3jesi-
I0TCSl Ha CJIeflyIOllHe YeTbipe THIA:

D — MuHHATIODHbIE, B GaJsioHe auamerpom ao 10,2 mm,
Ha dacrtothl oT 40 1o 200 xey u ot 4500 xey mo 100 Mey *,
C BOCEMbIO HapyKHbIMH BbIBOZAMH;

C — masoraGaputHble, B 6asjione guamerpoM mo 19 ma,
Ha yYactoTel oT 4 Key mo 100 Mey, c ceMblo HapyKHBIMH
BBIBOJaMH;

Jl — manorabapuTHble, B GaajoHe [QHAMETPOM  [I0
22,5 mm, Ha uactrorel or 100 mo 150 xey u or 490 no
3000 2y, c 1eBATHIO HAPYKHBIMH BbIBOJIAMH;

Ll — HOpMa/IbHOTO HCMOJIHEHHsl, B GaJj/iOHe [HAMETPOM
no 30 mm, Ha muamasoHsl yactor oT 100 mo 120 xey u or
1 no 8 Mey, c nByMs HapyKHbIMH BbIBOLAMH.

.Pesonatopsl TtumoB C u JI MOTyT BBHINMOJHSTBCS Kak
C JKEeCTKHMH BbIBOJAMHU (LUITHIPbKAMH) [JIS BCTABJIEHHS B Ta-
Heab (Cl u 1), tak u ¢ MATKAMH (TMGKHMH) BbIBOZAMH
I0Jis  HeNOCpeNCTBEHHOH MNpHNalKu K [pPYruM 3JeMeHTaM
cxembl (C2 u [2). Pesonatopsl THna 3 BBINOJHSAIOTCA
TOJIbKO ¢ THOKMMH HapyXKHbIMH BbiBogaMu (D2), a pe3oHa-
topel THna Il —nau6o ¢ rubkumu BeiBomamu (L12), saubo
C JKEeCTKHMH JIYJKEHbIMH JienecTKaMu AJsl NMOJANafKH K HHM
MOHTaXHbIX npoBoxoB (113).

OcHOBHble HapyXKHble Pa3Mephl Pe30HATOPOB NMpHBEIEHbI
B Tta6a. 3-2. Ha puc. 3-5 mnokasaH BHemHHH BHI pe3o-
HaTOPOB.

Pasmep H oTcunThiBaeTcs OT MJOCKOCTH, NepHeHIHKY-
JsipHOM ocH OaJslioHa pe3oHaTopa H obOpasywolledl npu mepe-
CeueHHH C HAPYXKHOH NMOBEPXHOCTbIO KyNoJsa 6aJjjioHa pe3o-
HATOpa OKPYXHOCTb AHaMmerpoM 5,2+0,1 mm nas peso-

* B nocleqHee BpeMsl AMaNa3soH HII3KOYaCTOTHHIX PE30HATOPOB pac-
wupeH npumepHo ot 20 xo 600 xey.
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Ta6auna 3-2
Pasmepri H u H, (uo puc. 3-5) BaKyyMHHX pe30HaTOPOB

Pe3onarop TMoanHanasoHkl 4acToT, Ky H, mn Hy (H:MGO.'Iee) '
2 40—60 80_-_|:2 87
60—75 704-2 77
75—85 60+2 67
85—100 5032 57
100—120 4532 52
120—150 4042 47
150—200 3232 39
4500—100 000 32F2 39
Cl, C2 4—6 9043 100
6—60 753 85
60—65 65+3 75
65—160 6043 70
160—200 5543 65
200—250 5043 60
250—350 45%3 55
350—500 3843 48
500—840 7543 85
840—100 000 3243 42
I, 12 100—150 7543 85
490—3 000 60+3 70
112, 13 100—120 — 75
1 000—8 000 — 85

Mpumevanne, JHonyckaercss H3TOTOBJIEHHe DPE30HATOPOB C pa3sMeDaMH, MEHb-
mumMH H ¥ H,, HO BHGDaHHRIMH H3 DsIfa 3HaYeHHR pa3MepoB, yKa3aHHHX B TaGJHle;
MpH 9TOM Da3Mephl Pe30HaTOPOB BHAA D2 MoryT 6bITb paBHH H =15 nau 20 mmu, H,=
=22 uau 27 MM COOTBETCTBEHHO.

HatopoB Buia 92 u 11,14-0,1 mm pas pesoHaTopoB BHIOB
C1, C2, 1, O2.

PacnoJjioxeHue WITHIPBKOB H HX pa3Mepbl ONpenessoTcs
no 'OCT 7842-64, tun PIII4 nasi pesonatopoB Buma Cl
u PUI8 nna pesonaropo Buma 1. Beisom 8 y pesona-
Topa D2 nosxkeH GbiTh oOpesaH. as pesonaropa LI2 mo-
NycKaeTcsi INpUMEHeHHe IITeHreJeBaHHHIX O6aJlJIOHOB MHJIH
HOXEeK, HO IIpH 3TOM BLICOTa Pe30HaTOpa He MOJIXKHA Bhl-
XOIUTh 3a Npefenbl pasmepa M, ykazaHsoro B Tabn. 3-2.
HItenresnesannbie 0aJioHBl AOMYCKAIOTCA TakXke AJS pe3o-
HaTOpOB APYrHX BHAOB. [l/1si 3THX pe30HATOPOB AOMYyCKaeTcs
TaKXe NPHMEHEHHEe I0KOJS APYrod KOHCTPYKLHH C BBIBO-
namu (Jenectkamu) moj naiky. Ha pHe. 3-6 mpuseneHsl
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Puc. 3-6. CxeMbl LICKOJIEBKH CTeKJASHHBIX BaKyyMHbIX Pe3CHaTOPOB,

A — DRyXMmoJiocHble pe3dHaTopbl ¢ 7, 8 H 9 BbiBoaamu: a — ofwufi cayyat, 6 — yacr-
1I0OJIIOCHbIE P230HATOPH! ¢ 7, 8 U 9 BbIBOLAMH: @ — H3THGHbIE MJACTHHBI; 6 — H3ruGHLIE
4eThIPEXMNOJNIOCHble Pe3CHaToOphl ¢ 7, 8 H 9 BHIBOAAMH: @ — M3THOHble NJIACTHHBI, MJa-
NeJIeHHBIX 3JIEKTPOJAxX); 6 — H3rHGHbIE H KPYTHJAbHble GPYCKH; 8 — GHJIBTPOBbiE Naa-

OCHOBHOR
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BLINOJIHAEMBIX B 6aJUIOHaX PANHOJIAMII PASIHUHEIX CEPHil.

Hbil cayuaft — 6uMopdHHIA BHGPATOP C BLIBOZOM OT CpeJHEro 3Jekrpoaa; b — Tpex-
H KpPyTH/AbHBle OpyCKH; 8 — GHMOpPQHME C BHBOZOM OT CpefHero sjaekTpoxa; B —
CTHHBI C NMPOAO/ABHBIMH H CIBHrOBHIMH KOJIeGaHHSAIMH Ha BTOPOR rapmoHuke (npu pas-
CTHHB C pasfeAeHRLIMH SAGKTPOfaMHd NPH NPOAOALHEIX H CABHMOBHMX KoJeGaHHAX
4aCTOTH.
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CTAHAapTHBIE CXeMbl HX II0KOJIeBKH B COOTBETCTBHHM C Np4-
BUJaMH, ycraHoBjaenubiMu MIK [JI. 3-1].

Jnuna ruGKuX BbIBOLOB pe30HaTOpPOB BbiGUpaeTcs 3a-
Ka3YHKOM H3 CJIEeAYIOIUX YeTblpeX HOMHHAJbHBIX 3HAUeHHUH:
8_1, 14...1, 20_1 H 35_—1 MM.

Kpucrannogepxatend BaKyyMHBIX CTEK/JAHHBIX DE30HAaTOPOB, Kak
paBHJIO, MPEACTABAAIOT COGOH Gosiee HJIH MeHee KECTKHH pelueTyaThii
KapKac, BBINOJIHEHHBIA H3 HHKEJEBOH HJH CTAJbHOH NPOBOJOKH H CJIO-
ASHHIX HJM CTeKJSIHHBIX pacnopok. OThesbHble OCOOGEHHOCTH KOHCTPYK-
IHH KapKaca CBSi3aHbl, €CTECTBEHHO, C OCOGEHHOCTIMH KBaplieBbiX 3Je
MEHTOB, [JIl MOHTaXXa KOTODbIX OH NMpeAHa3HauyeH: HX pa3MepaMH, CHO-
co6oM kpemseHHss M T. m. Ilocse cOopkH Kapkac ycTaHaBJHBaercs Ha
CTEKJISTHHOM OCHOBaHHH (HOXKKe) COOTBETCTBYIOLIEro THNa, H ero MeraJ-
JIHYecKHe 4acTH (CTOMKH) NpPHBapHBAIOTCA K BHYTPDEHHHM BBOXAaM HOX-
KH ONHHM H3 OGHIYHBIX METOJAO0B TOuYeyHOH cBapKkH. I[IpeumyiecTBoM
TAaKOA KapKaCHOH KOHCTPYKLHH SIBJSIeTCSl JIEFKOCTb H YAOGCTBO MOBTOP-
HOH cOOpKH pe3oHaTOpa B Cjyiae HEOOXOAHMOCTH €ro nepeleJKH: NPH
3TOM Becb KapKac BMecTe C BMOHTHPOBaHHbBIM B Hero mbe303/JeMEHTOM
nepecakHBaercss Ha HOBOe CTEKJISIHHOe OCHOBaHHe .

KBapueBhifi 3jieMeHT NpeaBapHTeNbHO HACTPaHBaercss Ha 3aJaHHYIO
YaCTOTY C HEKOTOPHIM IPHIIYCKOM elle MO €ro yCTaHOBKH B JepiKaTelib.
ITocnie MoHTaka MpOH3BOAHTCS OKOHYaTeJbHasi HaCTPOfKa, B IPOLECCE
KOTOpPOA CJeNyeT YUYHTHIBaTh, 4TO IOC/Je OTKaiyKH BO3JAyXa H3 G6aJuIoHa
4aCTOTa DEe30HAaTOpa MOXKET HEeCKOJbKO H3MEHHTbCA B CBSI3H CO 3HAYH-
TeJIbHHIM YMEHbLIEHHeM 3aTyXaHHs KoJieGaHHH.

HacrpoeHHble pe3oHaTOpHl IOCJAe NMPOMBLIBKH, CYLIKH H TepPMOTpEHH-
POBKH 3aBapHBAIOTCA W OTKAuYMBAIOTC X0 3afaHHOro paspexenus. Mas
Toro uroObl B Mpolecce 3aBapKH BLICOKas TeMmepaTtypa, HeoOXoxuMas
I/ paclijiaBleHHsl CTeKsa, He BO3MeACTBOBaja Ha KDHCTalll, MeXKy
HHM H OCHOBaHHEM pe3OHaTopa OOGHYHO YCTaHaBJHBAIOT ABa-TPH CJIO-
ASHBIX HJH OIMH CTEKJSHHBIAI NHCK, KOTOpHle CJIyXaT TEMJOBHIMH 3Kpa-
HaMH. C nesbio oGecreyeHHs TJIOTHOH MOCaAKH CHIOASHBIX JHCKOB BHY-
TPH CTEKJASHHOrO G6aJIOHa OHH BHIOJNHSIOTCA C HECKOJBKHMH 3aoCTpe-
HHAMH no nepuMerpy (puc. 3-7), KOTOpHe CJerKa CMHHAIOTCS NPH
BCTaBJIEHHH Kapkaca B 6auloH. CreKJsiHHble JHCKH 4acTO CHapsiXKaloTcd
JOTOJIHATEJbHLIMH PaCOpPHHIMH NIPYXKHHAMH.

B HexoTOpHIX cayyasx (OGHYHO y HH3KOUAaCTOTHBIX PE3OHATOpPOB)
KapKacel CHa6aloTcsl HONOJHHTENbHBIMH CJIOASHBIMH HJIH CTEKJASHHBIMH
JHCKaMH, KOTOpHie YCTAaHAaBJHBAIOTC B BepXHei MX 4aCTH H CJIyXar
B KayecTBe pAaclMOPOK, (HKCHPYIOLIHX NOJIOXKEHHe MeTa/VIHYeCKHX CTOeK
BHYTpH Gasyona. TakHe XHCKH, KaK NpaBH/IO, HMEIOT B IMONEPEYHHKE
Te XKe (GOpPMH, YTO H TEMJNO3AIIHTHHE 3KPaHbl, HO HEPEAKO BHINOJHSAIOTCA
C OTBepCTHEM B LEHTPe IJsi OG/erieHHs OTKadKH BHYTpeHHero ob6bema
pe3oHatopa. Eciii B03MOXHO, yepe3 3TO OTBEPCTHe BHIBOAMUTCHA HapyKy
OJlMH M3 TOPLOB I1be303jeMeHTa, MOALLIH(OBKOA KOTOPOro IpOH3BOAUTCA

1 Heo6xoauMocth B tTakofi Mepeneike BO3HHKAaer B Tex Clydasx,
Korjza nocJje 3aBapkH M OTKa4KH pe3oHaTopa €ro 4acrora OKa3hiBaeTcs
8a npeje/laMH YCTaHORJICHHHWX AOMYCKOB.
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JIOATOHKA YacTOThl COGCTBEHHBIX KoJeGaHHii pe3onatopa. Ilomepeunsie
pasMepbl Y pacHOpHBIX CHIOASHHIX JHCKOB BBHAY HEKOTOPOH KOHYCHOCTH
BHYTpeHHeH YacTH 6a/JIOHOB NMPHXOMHTCS [e/NaTh HECKOJbKO MEHbLIHMH,
HeM Yy HHXHHUX 3KPaHHDPYIOWIHWX CM04 (TPH HCIOJb30BAHHH CTEK/JISHHBIX
IHMCKOB B 3TOM, Kak NMpPaBHJO, HeT HaJOOHOCTH, H60 HMH OGeCleYHBaIoT-
Csl  JOCTATOYHO GOJblUHE 3a30pbl, KOMIIEHCHpYeMble MeTaJJIHYeCKHMH
NPYXHHAMH).

Hexoropele pasHoBuaHOCTH HauGoJiee pacnpOCTpaHeH-
abix B CCCP KOHCTPYKHMI BaKyyMHEIX Pe30HAaTOPOB IIOKa-
3aHbl Ha puc. 3-8.

C HenaBHHX NOP B psife CTPaH AOBOJbHO BHICOKHMH TeM-
MaMH CTa/j0 Da3BHBATbCSl INpPOHU3BOACTBO CTEKJSHHBIX Ba-
KYYMHBIX DPe30HaTOPOB HOBOTO THIMA, [0 CBOEMY BHEIIHEMY
BHIY, KOHCTPYKIUHH H rabaputaM MoJOGHBIX METaJJHYECKHM
repMeTH3HPOBAHHBIM pe3oHaTopaM, BoimyckaeMbiM B CCCP
no I'OCT 6503-67. IIpeuMyliecTBaMH 3THX PE3OHATOPOB
SIBJIAIIOTCA CPaBHHUTEJNbHO MaJblii 06beM, yIOGHAsT «ILIOCKas»
¢opMa, a riaBHOe — B3aHMO3aMEHseMOCTb C MEHee COBep-
LIEHHBIMH U yXKe HEYNOBJETBOPHTEJNbHbIMH, ¢ TOUYKH 3PEHHs
COBPEMEHHBIX Tpe6GOBaHHN M0 [OJrOBpPeMEHHOH cTaGH/b-
HOCTH, repMeTH3HPOBaHHBLIMH pe3oHaTopaMu. IlepBbie 06-
pasusl TakKHX pe30HAaTOpOB OblIM co3maHbl B KaHage
B 1955 r. JI. 3-2]. IlomoGuele KBapipl H3rOTOBJISIOTCS
n B CCCP.

HanGonee ciioxHOA NpH pa3paGOTKe CTeKJSHHLIX aHaJIOrop repme-
TH3MPOBAaHHHIX PE30HAaTOPOB B MeTa/JIHYeCKHX Koprycax Gblia npoGJe-
Ma CBapKH B BaKyyMe OCHOBAaHHS H KOXXyXa B HeIOCPeACTBEHHON GJH30-
CTH OT Nbe303/IeMeHTa H MPHTOM 6e3 HCII0JIb30BaHHS KAKHX-JAHGO TelsIo-
3alIHTHHIX 3KpaHoB. Pemanach 3ra npo6/ieMa no-pasHoMy. B Kanage,
HalpHMep, YCOBEpLIEHCTBOBAJH CIIOCO6 OrHeBOH 3amafKy ras3oBbIM IIJa-
MeHeM, NIpHYeM YJaJoCh CTOJb 3HAUHTEJbHO COKPAaTHThb BpeMs, HeoG-
XOMHMOEe Ha NpOBeleHHe STOA ONepalHH, YTO H3MEHEHHs B KBapLeBOM
3/eMeHTe H3-3a TelJIOBOro BO3MEACTBHA He BHIXOAMJH 3a JONycKaeMmbie
npegentl. B ABcrpuu paspaGoraH APYroit Crnoco6 repMeTH3alHH Ppeso-
HAaTOpOB — MyTeM pa3orpeBa TOKAMH BLICOKOH YacTOTH KOBapoOBOro
KOJIbL{a, NpeJABapHTEJbHO BIIASHHOTO B OCHOBaHHe KPHCTaJNIOHEpKaTels.
Ceflyac eie TpyAHO OTAATh MPEANOYTEHHe KaKOMY-JHGO H3 STHX Crio-
co60B, XOTSI METOJ pa3orpeBa KOBapoBOrO KOJblla TOKaMH BHICOKOHA 4a-
CTOTHl KaXeTcs Ha IepBHIA B3rJISX O6oJjiee MNEepClHeKTHBHBIM XOTs Obl
ROTOMY, 4YTO OH B TpHHIWIE NONYCKAeT ABTOMATH3aLHIO IMpouecca.
HiMeHHO 1O 3TOMY NyTH NOUNIH IIPH Pa3paGoTKe MOXOGHHIX pe30OHATO-
poB u B CCCP. Bo3MoxHO, 4TO 3aBapKa pe3OHaTOPOB CMOXeT GHITh
3aMeHeHa 3aKJeAKOH BaKyyMHOINIOTHBIMH STOKCHAHHIMH KOMIAayHIaMH.

KOoHCTpYKIIMH paccMaTpHBaeMbIX pPe30HAaTOPOB CBOMCT-
BEHHBI HEKOTOpble OCOGEHHOCTH, 00YC/IOBJI€HHBIE HEO6XOMLH-
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MOCTbIO MNPOTHBOCTOSITb BO3AEACTBHIO OTHOCHTEJNBHO BbICO-
KO TeMmmepaTyphl, pa3BHBaloLlelicss NpH 3amnaiike 060JOUYKH.
B Takux KOHCTPYKUHSIX HENPHUMEHHMBl MSITKHE TMPHIIOH,
nJaBsiiiecs: npu reMneparype nuxe 300° C; mostomMy B HHX
M He MCMOJb3YIOTCH NastHble COeAHHEHHUSI.
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Jome a— s 6anJoHOB BHYTPEHHHM

nuametrpom d=20 Mm (9-WITHIPb-

KOBble MaJbYHKOBOR cepuu); 6 —

d=16,4 MM (7-1UTHIPLKOBBIE Malb-

YHKOBOR cepuH); 8 —d=T7,6 MM
(cepun «apobb»).

|_;45
Fe— ”—az_—"‘
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BHyTpeHnHee ycTpolicTBO KpHCTaJlIodep:xaTessi HaMOMH-
HaeT yCTPOHCTBO [epxaTessi B repMEeTH3HPOBAHHbIX pe30oHa-
TOpax C MeTaJJHYeCKUMH KOXYXaMH H OCHOBAHHAMH.
OnHako AN KpenJeHHsl Mbe303JeMeHTa K CTOHKaM BMeCTO
NpHNOSA 3[eCb NPHMEHAIOT TOKOMPOBOASIIIME MAacThl HJH lle-
MEeHTbI, COCTOsilllHe, HAanpHMep, H3 CMeCH TOHKO H3MeJbyeH-
Horo cepebpa, JIerKom/JaBKOrO CTeKJa M OpraHH4YecKo#
cBsi3ku. Takylo macry BxuraioT npu Temneparype 450—
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Puc. 3-8. BakyyMHHe CTek/siHHBE KBapleBble pPe30HaTOpH,

H3rOTOBJIIEMbIE OTeueCTBEHHOM TNPOMBILLJIEHHOCTDIO.

a — 6HM

[

6 — uaruGusie

PYCKH Ha 4acToThl 2—60 X2y (majbyHKOBHIE); 8 — HSTHOHBblE NJAaCTHHHI H&
(«naabyuKo-

cJaeBa — Ha BTCDOM rapMOHHKeE
4 —T0 Xke, B GAANOHAX PAfHOAaMI CEPHH «<APOGbL»; K, A — DpelH=

CABHI IO TOJILIHHE

k2y (e«npoGb»); & — KPYTHAbHLHIe GPYCKH HA 4acToThl 40—

opdHble, Ha wacroTel 0,6—3 K24 (MaJbYHKOBLIE);

Y, ClpaBa — Ha OCHOBHOH uacToTe,
(nanbYHKOBbIe); O—MJACTHHB C NPOAOABHBIMH KOJNEGaHHAMH («APOGb»); e—

KOHTYPHHIe NNIAaCTHHH Ha 9acToThi 150—800 X2y (<«naibuHKOBbLIE»); M — KOHe

TYPHBIE IJIaCTHHH Ha 4acToThl 300—600 x2y («apobb», GecKapKacCHbie); 8 —

9acToThl 20—200

200 xe

BbICOKOYACTOTHble IJIACTHHbl W JIHH3BI,
Bhle»);

SHOHHEIE PE3OHATOPH.

500°C onnoBpemenHo B coof-
BETCTBYIOLIHE TOYKH JepiKa-
TeJNst I B KBAapLEBYIO IJIaCTH-
1y, 4eM H CKPemJsioT UX APYr
C JApyrom.

Merannnueckne — meranu
KPHCTaJJI0[iepKaTessi, KpoMme
BbIBOJIOB, BBIIOJHAIOTCA U3
KapOCTONKUX MaTepHaJoB,
He  TepsllOIUMX  YIPYrOCTH
npu HarpeBanun Jjgo 450—
500°C, wanpumep H3 cCTa-
qeii Mmapok K40HXM  uau
H36XTIO (3M1702) uau xe
U3 Hukens  mapku HII2
(TOCT 2179-59). Koncrpyk-
nus apMatypel obsajgaer oco-
OeHHOCTAMH, OOYCJOBJEHHBI-
MH TexHoJiorHefi cOOpKH pe-
3oHatopa. Tak, Hanpumep,
ISl TOBbILIEHHS MeXaHHue-
CKOH MpPOYHOCTH YCTPOKHCTBa
KpelJleHHs1 MOHTaXKHble CTOM-
KH yallle BCero BHIROJIHAIOTCSH
C Tak HasbiBaeMbIMH «(piaax-
KaMH» B BepXHeii 4YacTH
(xpafinuii caeBa obpasen Ha
puc. 3-9), B KOTOphle IJOT-
HO BXOAHT KBaplLeBas mJja-
CTHHA; 3TH (JIaXKH NpPOYHO
yAep:KHBAIOT ee JAaxe TOrAa,
KOrZla OHa ellle He CKpemJe-
Ha C apMaTypo# mactoff HJH
LIEMEHTOM.

Pesonatopn paccmoTpeH-
HOrO THMA BHLIMYCKAIOTCA KakK
B MaJjiora6apdTHOM, TaK H B
MHHHATIODHOM  HCTIOIHEHHH
(T. e. c BHEIIHHMH pa3Mepa-
MH, COOTBETCTBYIOIIHMH KakK
tuny B, tak u Tumy M I'OCT
6503-67). Paspabotanbl H
BLHIMYCKAIOTCSA B PAfie CTpaH
CBEDXMHHHATIOPHBIE IJIOCKHE
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KBaplbl pasmepaMu 6X6X3,5 mm; Takne KBaplibl H3rOTOB-
Jstioresl 1a yacroret ot 10 Mey u seimie. Uto Ke Kacaercst
pe30HaTopoB JAPYTMX THIOB, TO OHH MOIYT ObiTh BHIIOJ-
HeHbl Ha uacToThl oT | Mey u Bbilue NPH HAPYKHBIX pas-
Mepax 19,7X19,2X8,9 mm u Ha yacToThl cBbilie 5 Mey
NpU Hapy:KHbIX pasMepax 13,5X11,0x4,6 mm. Huskoua-
CTOTHLIC pE30HATOPbI B MNJOCKIX 0aJsjoHax He CUHTalTed
NepCreKTHBHBIMY, MOCKOJbKY KBapubl B 6aJjJoHax paiHo-
JaMn THna «ApoGb» UMEIOT MeHbluHe 06beMbl, a KOHCTPYK-

Puc, 3-9. TunnyHbHe KOHCTPYKHHH KpHCTa/Jojepkaresell mJio-
CKHX CTEKJIAHHHIX BaKyyMHLIX DE30HAaTOpOB.

LMA CTeKJSHHLIX OCIIOBAaHHH Takux samn obecneunBaer 6o-
Jee ynoGHOoe pasMelleHHe BHYTPEHHHX Jerasefl pe3oHa-
TOPOB.

CBoeo6pa3nast KOHCTPYKIHs GecKapKacHbIX HH3KOYaCTOTHBIX pe3OHa-
TOpoB B GannoHax pajguoJaMn cepHH <«apo6b» omucaHa B {JI. 3-3]
Kpennenue nbe3osjaeMeHTa (MJAaCTHIB HJId GPYCKa C ABYMS HJIH YETBIpb-
Mst TpPOBOJIOYHBIMH OTBOAAMH) B TakoM pe30HAaTOpe OCYUIECTBJSETCS
C MOMOLIbI0 BBapEHHBIX BO BHYTPEHHIOIO NMOBEPXHOCTb GaJjljloHa MeTasiu-
YeCcKHX NpOBOJIOYHBIX 3axsaToB (puc. 3-10, 3-84¢). Ilapa Ttakux 3a-
XBAaTOB BHIBOAHTCS CBOMMH KOHIAMH HapyXKy uepes CreHKy G6aJjjioHa,
M K HHM NMOJBOJAHMTCS HANpSIXKEeHHe BHEUIHEH LEnH.

KBapueBrit BUGpaTop ¢ OTBORaMH, oGpe3anHBIMH TOYHO MOJ BHY-
TPeHHHI [QuaMerp Ga/sloHa M 3aJy>KEHHBIMH Ha KOHIaX, BCTaBJSIOTCA
TaK, 4TOObl 3TH OTBOAHW BXOAMJH B Na3bl 3aXBaTOB. 3areM, MOAHOCA
nasyIbHAK K BHeLIHel CTOpoHe 6aJ/uioHa B HENOCPeACTBENHO# O6JH30CTH
OT 3aXBaTa, PaCIJIaBJAIOT NMPHIOH H, TaKuM 00Pa3oM, 3aKpemisloT KpH-
CTaJIHUeCKHi 3JeMeHT BHYTPH CTekasHHoro kxopmyca. Hacrpausaior
pe3oHaToOp myTeM HamafKH HeGOJBIUHX KOJHMYECTB NPHNOS Ha TOPUEBYIO
rpanb IJIaCTHHH, Nocjie Yero 6a/uIOH 3amaHBaloT.
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B nocaegnee BpeMsl, Kak yxKC OTMeYaJsoch, LIMPOKOE
acnpocTpaiesde MOJYUYHIH MHIHATIODHbIE BaKyyMible pe-
JHaTOpbl B MeTaJlIHYeCKHX Kopmycax. Takue pe3oHaTopsl,
aK MNpaBu/o, BLINONHSIOTCSI B CTAHAApPTHBIX KOpmycax
POMBILIIEHHBIX TpaH3ucTopoB (pHc. 3-11). OxBaTbiBae-
/bl HMH YaCTOTHDLIIT AHanason npoctupaercsi ot 4—5 Mey

) ,

Puc. 3-10. KoHcTpyKuis
AByXmomocHoro  Geckap-

KacHOrO  pe3oHaTopa, Puc.  3-11. Kpapuesblit
Mbe303JEMEHT  KOTOPOTO pesonatop B Kopmyce
MOHTHPYETCH Ha YeThipex TPaH3HCTOPHOro  THMNA.
NPOBOJMIOYHLIX  OTBOLAX.

| — xonocThie  3axBaThl! 2 — U BbIllle, BIJIOTb OO Bepx-
A Hefl TPaHHIBI OCBOEHHOTO

B Hacrosilliee BpeMs JHa-
naszona. [Ibe3oasnemeHTHl paccMaTpHBaeMblX pe30HATOPOB
BLITOMHAIOTC B (opMme  KpyrablX MJaacTHH  (MJIOCKHX
JANCKOB MJIH JIHH3) M KpemsTcsi B JepxaTene ¢ [MO-
MOLIbIO Mapbl KECTKHX JICHTOYEK, MPUNAUBAeMBIX K pebpy
KpHCTaJa. .

Hekotopeimu ¢upmamu B CIIA Beimyuiensl o6pasibl
pe30HaTOpOB, BLIMOJHEHHBIX MOAOOGHBIM e MeToJoM, Ha 60-
Jee HHU3KHe YacTOThbl (BMJAOTb A0 3BYKOBbIX); OAHAKO ILH-
POKOTO NMPHMEHEHUS OHH ellle He HallJIH.

Cneundunueckuii BapHaHT KOHCTPYKTHBHOTO HCIIOJHEHHS
pe30HaTOpPOB BO3HHK B CBA3H ¢ NMOATOTOBKOH K MacCOBOMY
BHEAPEHHI0 3/JeKTPOHHON annapatypbl, cocrosiuleii H3 6J0-
KOB 3TaxkepouHbix MoayJeil. C 3Toil 1e/abl0 pa3paboTaHbl
pesonaTophl, npeacrasasioniie coboil 3MeMeHTbl TakKHX MO-
nyJeli — Tak nHasblBaeMbie MHKpOTMJAThl. JTH KBaplbl npel-
craBJas0T coboil n1160 KepaMHueckHe MJACTHHKH CTAaHAApT-
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Puc. 3412. O6pasubl KBapleBbiX Pe30HATOPOB —
MHKDOMJIAT A/l 3Ta)KePOUHLIX MOAyJIeH.

Horo pa3mepa 10X10 mm c ¢acoHHBIMH BbIpe3aMH MO
KpasM, K KOTOPbIM IIPHKPENJSIOTCS CBEepXMHHUATIOPHbIE
CTeKJISIIIHbIe HJH MeTaJlIMYecKHe pe30HATOpbl MOMepeyHHU-
KoM He Gonee 6—7 mm, nubo crnelHajbHble KepaMHYeCKHe
Kopnyca, B TeJie KOTOPbIX OCYLIECTBJSIOTCS MOJOCTH HJS
MOHTAaXKa Nbe303JeMeHTa; TaKas MOJOCTb 3aTeM 3aKphIBaeT-
¢’ KPBILIKOH, TOXKe KepaMHUecKOH, KOTopasi TepMeTHYHO
COeNHHsIeTCS C KOpNycoM INyTeM 3amafiku WA 3aJHBKU
SMOKCHIHOH CMOJIOH WJH [PYrHM KJesi[HM BelIeCTBOM

Puc. 3-13. HuskouacToTHbI DPe30HATOP MOAYJbHOrO THMA.

(puc. 3-12). ITopoGubie pe3oHATOPbl MOHTHDPYIOTCS BMeCTe
C APYTMMH 3JE€MEeHTaMH CXeMbl B COCTaBe MOAY/SA H 3aJH-
BAlOTCSl TAKXKe BMeCTe C HUMH.

OueBuaHo, uTo Gaarogapst MajabiM pa3MepaM Ibe3o0-
3JleMeHTa WYaCTOTHBIH JHana3oH pe30HaTOPOB-MHUKpOMJAT
MOXKET pacnoJsiaraTbCs B 06J1aCTH JOCTaTOYHO BBICOKHX 4a-
CTOT — He HuKe npumepHo 5 Mey. Pe3sonatopnl na 6Gogee
HHU3KHE YacTOThl MOTYT OBbITh BGLIMOJHEHHI B BHAE LEJOTO
monyasi momepeunukom 11X11 mm n Bbicotoii ot 15 10
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28 um. [Tomo6GHbie KBaplibl MOJYYHJIH LIKPOKOE pacnpocrpa-
Henne B CCCP u npuMeHAIOTCA He TOJBKO B amnmnaparype
MOJY/JbHOH KOHCTPYKLUHH: 6Jarofaps Hx He6OJbUIMM pa3Me-
pam, BecbMa ymo6HOH ¢opme, CPaBHHTEJbHOH NpPOCTOTE
B NPOU3BOACTBE, a NOTOMY OTHOCHTEJNbHOH [ellleBH3He OHH
HaxXoAAT LUIMPOKOe NMpHMeHeHHe B MaJorabapHTHBIX reHepa-
Topax, ¢puabtpax u 1. n- Ha puc. 3-13 nmokasaHa KOHCTPYK-
IMSl pe3oHaTOpa MOMAyJbHOro THMa. Takue KBaplsl OT/IHYA-
I0TCSI BBICOKOH MeXaHHYeCKOH NMPOYHOCTbIO, XOPOLUIHMH 3JeK-
TPHUECKUMH MapaMeTpPaMH H MOTYT BBIMOJIHATBCSA Ha YaCTOTHI
no kpaiineii mepe ot 100 no 800 key. Mmetorcs o6pa3susl no-
JNOGHbIX pe30HaTOpoB Ha G6oJiee BbICOKHE UYaCTOThl, BIJIOTh
no 5 Mey.

3-2. Tpe6oBaHMsi K MaTepHajaM, HUCNOJb3yeMbIM
B KOHCTPYKUHSIX KBapUeBbIX pPe30HATOPOB

[To psAiny nmpHYMH Nbe30TEXHHKA 10 CHX NOp OGBLIYHO He MPeLbABJA-
Ja CBOMX cneuu¢uyeckKHx Tpe6GOBaHMUiT K METAMIYPrHH, XHMHUECKOW
NPOMBILIIEHHOCTH U APYTHM OTPACJAsiM NMpPOM3BOACTBA KOHCTPYKIHOHHBIX
MaTepHaJoB (HCKJAOYas, pa3yMeercs, NPOH3BOJACTBO OCHOBHOIO Chipbsi —
KPHCTaMJIOB Mbe3oKBapua). [lo3TOMy NpH HCNONb30BAHHH METAJJIOB,
CTeKJa, MJacT™MacC U T. . B KBapLePe30HaTOPHOH TeXHHKe NPHXOAMTCH
npucnocabiuBaThC K MaTepHa/laM M H3AeJuAM o6ulero Ha3HayeHus
HJIH K TeM, KOTOphie BBINYCKAIOTCS MO Chel#aJbHbiv TEXHHYECKHM YCJIO-
BHSIM [PYrHX BeTBefl PaAHO3JIEKTPOHHKH, Yalle BCEro — 3JeKTPOBaKyyM-
HOTO HJIM T10JyNPOBOAHHKOBOIO NMpPOH3BOJCTBA.

OCHOBHBIMH YC/IOBHSIMH, KOTOPBHIM HOJIXKHBI YHOBJETBOPATb Mare-
pHaJbl, HCMOJb3yeMble B KBapleBbiX pe30HAaTOpax, SIBJASIOTCS AOCTaTOYHO
MaJjlas XHMHYecKass aKTHBHOCTb, He3HaYHTe/JbHOe Tra300TiAeJieHHe paxe
B BaKyyMe NpH NMOBLILIEHHOA TeMNepaType W NOCTATOYHAs JOJroBpeMell-
Hasi CTaOW/IBbHOCTb MEXaHHYECKHX CBOHCTB. DTH YCJOBHS MCKJIIOYAIOT
BO3MOXKHOCTb HCNOJIb30BaHHsA GOJIBIIMHCTBA NMOPUCTBIX MaTepHaJioB, MHO-
FHX NJacTMacC H pe3HH, HeKOTOpHX MeTa/oB M T. n. Kpome Toro,
B BaKYyMHBIX pe30HAaTOpax CJeAyeT BecbMa OCMOTPUTENbHO OTHOCHTHCS
K BbHIOOPY KOHCTPYKUHOHHBIX MeTaJlIOB, CIJIaBOB, NpPHIOEB W T. M., IO-
ckosbKy H3BecTHO {JI. 3-4], yTo npH [JOCTATOYHOM pas3pekeHuH U
BbICOKO/l TeMnepatype MOXeT HAOMIOAAaTbCA [OBOJBHO 3aMeTHOe HX
H¢napeHHe H NoOCJelylollee OcaKleHHe Ha TaKdHe IeTaJH CHCTeMbl, A
KOTODBIX 3TO HENOMYCTHMO. DTOT MNpOLECC, HAaNpHMep, MOXeT SBHThCH
ONHOA M3 NPHYMH HeoGPaTHMOro H3MEHeHHMs NapaMeTPOB pe30HaTOpa
BO BpeMelH.

TpeGoBaHust BaKyyMHOH TrurueHnl OOGYCNOBJHBAOT HEO6XOJHMOCThb
npHMeHeHHss B KOHCTPYKLUHH pE30HAaTOPOB KOPPO3MOHHOCTOMKHX Mare-
pHanoB, HECMOTPS, 3a4acTylo, Ha HX NEPHUHTHOCTb H OTHOCHTEJbHO BbI-
COKYyI0 croHMocTb. [leo B TOM, uTO OKHMCILI BelyT ceGsi B Bakyywme,
KaK B BOCCTaHOBHTE.ILHOH cpeje, NOCTENEeHHO Nepexoisi B HHble COexH-
HEHHS W BblleJssi NPH 5TOM B TeYeHHe JJHTEJIbHOrO BPEMeHH KHCI0pO[
HJH pyrue rasbl, pearupys C KOTODHIMH KBaplieBas NJacTHHa HJH
HaHeCeHHbIl Ha Hee 3JIEKTPOJ MOTyT CC BPeMeHeM 3aMeTHO H3MEHHTb
CBOH CBOHCTBa.
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C HeoOXOOHMBIMH IJIsl MPAKTHUCCKHUX LeJICH XapaKTCPHCTHKAMH Ma-
TepuaJoB (craJel, LBeTHLIX METaJlJOB M CHJaBOB, CTeK/J1a, KEPaMHKH,
C/MOAbI, MJIAaCTMAacC H T. M.), MCHOJL3YCMbIX AJS W3rOTOBJIEHUs Pa3jHy-
HBIX JleTa/leli KOHCTPYKUHMH KBaplleBbiX DPe30HAaTOpPOB, MOXKHO O3HAaKo-
iwﬁrr%cu B ; paboraX, CHeUHaNbHO MOCBSILIEHHBIX 3TOMy  BONpOCY

. 3-5—3-9].

3-3. Koucrpykuus ksapuesoro BHOpaTopa
Nbe303JIEKTPHYECKOT0 pe3oHaTopa

OCHOBHBIM 3/1EMEHTOM MNbe303JeKTPHUECKOTO Pe30HAaTO-
pa sBasiercss KBapleBolil BuGpatop. CorsacHo obluenpuHs-
TOH B Hacrosiliee BpeMS TEPMHHOJIOTHH KBaplleBbl M
BUOpPAaTOPOM Ha3biBaeTcsi KPHUCTAJNJIMYECKHH 3JeMEeHT
pesoHaTopa, cHaOeHHBIfl 3JeKTPOZaMH H, B Cjlyyae HeoO-
XOJIMMOCTH, NPHNASTHHBIMH K HEMY UTPOBOJOYHBIMH TOKOOT-
BOJaMH, NpeJHa3sHaueHHbIMH TakKxXe M /5 €ero MOHTaxa
B JepxKareJe. :

Oco6eHHOCTH KOHCTPYKUHH BHGpatopa omnpelensiioTcs
npexJje BCEro BHAOM KoJe6aHHH KBapleBOro 3JieMeHTa.
HauGonee xapakTepHbIMH OCOGEHHOCTSIMH SIBASIIOTCS KOH-
¢urypalusi HaHOCHMOTO Ha 3JIeMeHT 3JeKTpoAa M Bbl-
60p ToOYeK 3aKpemJeHHs OTBOJAOB H HX COeIHHEHHS C TO-
KOBelyIIUMH JeTajsiMu Aepxatenas. Haunyuiee coueranue
3/JeKTPHUECKHX H MeXaHHYeCKHX XapaKTepHCTHK pe30HaTo-
poB MoxeT ObITb o6ecrneyeHo JIHIIb B TOM CJyyae, eclH KpH-
CTaJJ 3aKpenJsieTcss B y3JOBBIX TOYKaX, T. €. B TeX TOYKaX
ero IMOBEPXHOCTH, KOTOpble HEe TMpeTeplneBalOT CMelleHHH
B npouecce Kosneb6aHuil. ITocKonbKy 3/eMeHTH KpeMJeHHs
KpHCTasaaa, Kak NMpaBHJIO, SBJSIOTCS M NPOBOAHHMKAMH, CO-
e[MHSAIOIIHMH ero ¢ BHelIHeH 3JileKTpHUecKoH uenbio, popMa
3JIeKTPOHOTO CJIOSl MeTasaa oO6ycaoBAHBaeTcss HeoOXOaH-
MOCTbIO TOJIBEJIEHHS] COOTBeTCTBYIOLel (pa3bl BHeLIHero Ha-
NpsKEeHHsT HempeMeHHO depe3 Yy3joBble ToukH. [losTomy
B GOJIBUIMHCTBE CJy4yaeB KaXKAbIH 3JEKTPOA, MOMHMO OCHOB-
HOH YacTH, MpelHAa3HAUYEHHOH NJs1 BO36GYKIeHHS 3aNaHHOTO
BUAA KoOJeGaHUH, NOMOJHSAETCS CHelHaJbHbIMH OTBOAAMH,
mefKaMH HJIM KapMaHaMH, COeIHHSIOLUIHMH OCHOBHYIO 4acTh
C TOYKaMH NPUNANKH TOKOOTBOJIOB.

XapakTepHbIM MpPHMePOM sBJfieTCs 3JeKTPoX B ¢op-
Me 3aMOYHOH CKBaXXMHBI, HAHOCHMBIH Ha MNbe303/JeMeHThl
¢ TOJIMHHBIMH KoJeGanusamu. [lefictByloueil yacTbio 3Jek-
TpoLa B 3TOM cJyuae siBJsieTcl JHCK B IICHTPe KpHCTaJJja,
a 1WefKa CJHYXKHT AJS NMOABeleNHs 3JeKTPHUeCKoro Hamps-
KEHHST OT TOYEeK KpeNJeHHs. pachnoJarampliuxcs OoO6BIYHO
Ha pe6pe miacTuHel B MecTax Beixoga ocu Z' [(JI. 3-10].
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Pa6otbl, nmpoBenenHble B MOC/HEIHEE BPeMsl, CBHIAETEJb-
CTBYIOT O BO3MOXHOCTH NpPH OMpeNeJeHHbIX YCJIOBHSX MOJ-
HO# Jl0Ka/M3allMd M36PaHHOrO BHAA KoseGaHHil Hemocpen-
CTBEHHO MOJ «NATaYKOM» HAHOCHMOTO 3JieKTpoaa. dto obe-
CrmeyuBaercsi TOYHbBIM noabopoM Kak JaHaMeTpa, TaK H
TOJIIHHBI 3TOTO «MNATauKa» (MPHYEM OKOHYATENbHYIO pery-
JIUPOBKY YacTOTbl KoJeGaHHH NaHHOTO pe30HAaTopa MpPHXO-

Y,

29
Puc. 3-14. U3aru6 kBapueBbix cTepxHef.

JHTCS TIPOM3BOLHTH YXKe INyTeM HaHeceHHs CJOsl [H3JleK-
TpHKa, HalpHMep MOHOOKHCH KpeMHHsi). Takum oGpasom,
NnosiBJseTC BO3MOXKHOCTb OObeNHHeHHs B OJHOH KBaple-
BOil MJIaCTHHe T'PYNNbl H30JHPOBAHHBIX APYT OT JIpyra peso-
HATOPOB, CJYXalLIHX, HanpuMmep, 3JeMeHTaMH MHOTOKDH-
crajbHOTO (uabtpa. C npyrofi CTOPOHBI, H3BECTHBI yCleLl-
Hble MOMBITKH BbINOJHEHHS] Ha HEaKTHBHOH YaCTH TaKoOro
KpPHCTaJ/lJla COBOKYITHOCTH 3/JI€MEHTOB 3JIEKTPOHHOH CXeMbl,
KOTOpble MOTYT ObITb HaHEeceHbl, HallpHMep, MeTOAOM Iile-
HOUHOH TexHOJNOTHH. TakuM 06pa3oM OKa3blBaeTCs BO3MOX-
HbIM H3TOTOBJISITb MOHOJIHTHble (PHJIBTPOBBIE H JaxKe reHe-
patopHble OJIOKH, YTO OTKpbIBaeT HOBble H UYpe3BblYalHO
3aMaHuHBble NepCHeKTHBH .

OcranaBauBasicb Ha pe30HAaTOpPaXx, Nbe303JeMeHTbl KOTO-
pblX coBeplualoT KoJieGaHHs APYruxX BHIOB, HauboJiee Bax-
HO paccMOTpeTb KOHOQHrypalHiO 3JeKTPOAHBIX MOKPBITHH,
HaHOCHMBIX Ha Te NMbe303JeMeHTbl, B KOTOPHIX NMpH KoJseba-
HHSIX JOJUKHBI BO3HHKAaTh HEONHOPOAHble HedopMalHH.
Ha puc. 3-14 nokasaHo, kakuM 00pa3oM K KBapleBOMY

t TlogoGHble HAeH BbIABHraNHCh H JaXKe NMATEHTOBAJHCh yXe HeOI-
HOKDATHO, HO MPAKTHYECKOE OCYILECTBJEHHE HX CTAJO BO3MOMHBLIM JIHIIb
6aarogapsi HefaBHuM paGoram [JI. 3-11].
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CTEPXKHIO AOMKHO OBbITb NPHJIOKEHO BHELIHee 3JIeKTpHYe-
CKoe MmoJe, uToObl B HEM BO3HHKJa JAedopmauus (a — B MJiao-
ckoctdH YZ; 6 — B naockoctH XY) wu3aru6a OCHOBHOTrO BHJA.
IMpu takux pedopmauusax B TOUKAaX, PACMOJOXKEHHbIX Ha
paccTOSIHUSIX OT TOPLOB, NpHMepHO paBHbix 0,224 nauHLI
CTepXKHS, pacho/araloTcsi y3JoBble TOUKH. DTH TOUKH OOHa-
PYKHBAIOTCS Ha T'paHsX, NapaJJe/bHblX MJIOCKOCTH KoJeba-
HMH, U JIeKAT HA NMPOJOJBbHBIX OCHX 3THX rpaHedl. Bo3uuka-
€T eCTEeCTBEHHbIH BOMPOC, KaK M0JKHbI ObITb BBHIMOJHEHDI
3JIEKTPObl, HAHOCHMble HA TPAHH CTEPXKHS 1JS TOTO, YTOOHI
7 K KaXJIOMy H3 HHX uyepe3 OT-
BOMbl, INpHCOeAHHSEMble K KDH-

‘ 7 CTaJJy B  Y3JOBHIX TOYKaX,
NN Y’ MOTJIO ObITh MOJAHO HampsKe-

X S
a) P HHe B COOTBETCTBYIOLleH @ase.

= 7' HauGonee ynauHoe pelieHHe
ﬁ/y, IJIST  MJIaCTHH, KOJebJMoIIuXcs

no JJHHE — WIHpHHE B IJO-

A
e AT

o,
A Z
\ @/’/ ‘7 X 7’
— ==
RN B :
> 9

Puc. 3-15. KoHdurypauus 3/1eKTpoJoB, HAHOCHMBIX Ha H3rHGHbIE Mbe30-
3J1eMeHThI.

a — y NJacTHH, COBepluaoliuXx Kone6GaHus Mo AJHHE—ILHPHHe (B TJIOcKocTH Y'Z’

ans kBapua); 6 —y OPYCKOB, coBeplualoUlHX KoneGaHus B miaockoctu XY (XY')

KBaplUa (TPexXMoJIOCHBIR BapHaHT); 8 — TO JKe, ABYXMOJMIOCHbIA BapHaHT; & — Yy Ou-

MopdHbIX BHGpPaTOpPOB 6e3 BbIBOAAa OT CpeliHero 3JekTpoma; 0 —y GHUMOPDHBIX
BH6PATOPOB CO cpepHell TOUKOA.

CKOCTH, OmpejessieMOHl TJaBHBIMH TpaHAMH, OBLIO Mpel-
aoxeno B (JI. 3-12] (puc. 3-15,a). CoenuHuB momapHO
OT/AeJIbHbIe 3JIEKTPOAbl 3/J1eMeHTaMH KOHCTPYKUHH Kapkaca,
MOXKHO, NMOMHMO YeTbIPEeXMOJIOCHOTO, NMOJYYHTb TpeX- HJH
ABYXMOJIIOCHBIH pe30HATOp; CJeAyeT TONbKO HMEeTb B BHAY,
4To ANS BO3OYXKAeHHs H3rMOHBIX KoJleGaHUH Kak Ha NMpOTH-
BoJIeXallMe, TaK M Ha CMeXXHble YacTH MeTaJlJIONOKPBITHS
HeoGXOIHMO TMOJaBaTb HaNpsiXKeHHe B IHPOTHBOMNONOXKHOMH
dase.
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B toM cayuae, korma usrububle koJjebGaHHs B OpycKax
NOYTH KBaJIpPaTHOTO ceyeHHs BO36GYKAAIOTCA B MJOCKOCTH
XY (unmu XY’), 3neKTpoabl L0JKHbI ObiTh HaHEeCeHbl Ha
BCE YeTbipe JaBHble TPAHH KpHCTaJla H COeIHHEHBl JpYyr
C HpyroM Tak, 4To6bl Ha JIOGbIX [ABYX COCEJHHMX TpaHfX
3JIeKTpHUecKHe MOTeHlUHanbl GblIM B npoTHBo(ase; B TO XKe
BpeMsi TOKOOTBOIbI MOXXHO 3aKPemJsTb JIHIIb Ha ABYX IIpO-
THBOMOJIOXKHBIX APYr APYTYy TpaHsiX, MNepneHIHKYAsPHBIX
ocH Z’, KoTopble KaK pa3 JOJKHBI OKa3aTbcsi B (hase mpyr
¢ npyroM. BeIXoll M3 3TOro NMOJIOXEHHS COCTOHT B TOM, UTO
K KaKHM-TO Y3JIOBBIM TOYKaM, PacloJIOXKeHHbIM Ha TpaHaX
XY’, nogBoasitcsi y3KHe KapMaHbl MJIM LIeHKH OT 3JIEKTpPO-
JI0B, pacrnoJiaralouiuxcs Ha rpaHax Y’Z’; oueBHIHO, 4TO NPH
3TOM YKa3aHHble TOYKH [OJIKHBI ObITb 430JHPOBAHbl OT
OCHOBHOH YaCTH TeX rpaHel, B KOTOPbIX OHHM paclnoJararoT-
ca (puc. 3-15,6 u 8).

UeTbIpeXMOJIIOCHBII BapHAHT Pe30HATOPOB C H3THOHBIMH
O6pycKaMmMH, Kak INpaBHJO, HAa MNpPaKTHKe He HCIIOAb3YyeTcs,
MOCKOJIBKY JJISi TOro, 4TOObl He IOMYyCTHTb BO30YXKIEHHS
Kosie6aHUH CXKaTHSl — PacTAXKeHHsT Mo JAJHHe, Te TpaHH
6pycKOB, KOTOpble MeplNeHAHKYJ/SPHbl 3JeKTPHUECKOH OCH
KpHUCTaJJ1a, NpelNoYHTaIOT COEHHATb HAKOPOTKO.

Y 6umopdHbIX BHOpPAaTOPOB pa3aHyaloT ABa clnocoba HX
BKJIIOUEHHSI BO BHELIHIOI leNMb: C BbIBOAOM OT CpPeIHEro
ajekTpona uau Ge3 Hero. Kakaomy H3 3THX cnoco6oB
BKJIIOUEHHSI COOTBETCTBYeT CBOH crmocob c6opku BHOpartopa.
VMenHO, eciii BUGpPATOp BLIMOJHSETCA C BHIBOLOM OT Cpel-
Hell TOYKH, TO Ha Hee MOJAeTcsl 3JeKTpPHYeCKoe HanpsiKeHHe
OIHOTO 3HaKa, A Ha o06a BHEWHHX 3JEKTpOAa — INPOTHBO-
MoJIOXKHOTO 3Haka. [ns nonyueHus npu stoM H3ruba He-
o6xonuMo, 4ToGbl HAMpaBJIeHHs 3JeKTpPHUECKHX ocell (KpH-
crannodpusnueckux oceit X) B KaxKAOM 3JeMeHTe BHOpaTopa
copnaganu. Ecau Ke BBIBOL OT cpelHero 3JeKTpofa He
Iesaercsi, TO Ha KaXXAblH KPHCTaJJIMUECKHH 3JeMeHT aeHcrT-
ByeT 1oJle OJHOTO HAaNpaBJIeHHs, 3HAUMT, AJAS TOro, YTOOH!
ONMH M3 3JIeMeHTOB CXKHMaJjcA KakK pa3 Toraa, Korga apy-
roil pactsiruBaeTcsl, Heo6XoqHMO, YTOObl HX 3JeKTpHuUecKue
oci OblM aHTHNapaJJielbHbl. B mocnegHeM ciayuae KOH-
CTPYKUHSA 3JeKTPOLOB BHOpaTOpa OueBMIHA: MX BCEro [Ba,
OHH HAHOCATCA Ha NPOTHBOMOJOXHbIE rpaHH BHOpartopa H
usonupyloores apyr or apyra (puc. 3-15,e). Korma xe He-
06X0JHMMO OCYIIECTBHTb BBIBOA OT CpEIHEro 3/eKipojia, To
JB€ [JIaBHble TPaHH, HAXOASIIMECS] HAa BHEUIHHX CTOPOHAX
BHOpaTOpA, AOMKHBI GBITH MO ONHHAKOBBIM MOTEHLHAJIOM.
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IIpn 3ToM HauboJsiee pauHOHAJNBHO, TAaK Ke KaK 3TO HejaeT-
ca y 1u3rubGHbBIX OpPYCKOB, OAMH H3 TOKOOTBOJOB, NMPHNAsH-
Hbll B Y3JI0BOH TOYKe, OTCOeAMHUTL (MyTeM pa3pbiBa Me-
TaAJONOKPLITHA) OT 3JEKTPOAa, HAHECEHHOrO Ha Ty TPaHb,
rie OH pacloJioXKeH, M MOABECTH K HeMy d4epe3 OGoOKOBoOE
pe6po LIefiKky HJAH «KapMaH» OT cpeiHell ToukH. OauH H3
BO3MOXXHbIX BAPHAHTOB HCHOJIHEHHs MOJOOHOTO COEJHHEHHs
nmokasaH Ha pwuc. 3-15,0.

Y nbe303JIeMEHTOB, COBEPIIAIOUINX KPYTHJbHBIE Koseba-
HHA, OlHa mapa Yy3JOBbIX TOYeK oOpasyercs B MecTax
BbIXOla OCH KpyueHHs. He-
TPYAHO BHJETb, UYTO Yy 3THX
Nbe303JeMEHTOB  J0JXKHA
HabJ/10aTbCsA M BTOpas ma-
pa y3J0B — B LEHTPaJbHbIX
TOYKaX BTOPOM maphl IJas-
HBIX IJI0CKOCTeH OpycKa.
[TosTomy moaBenenue K
TakuM OpyCKaM 3JeKTpH-
Puc. 3-16. Komctpykuusi kpapueso- YECKHX HaNpsKeHHH, He-
ro Bu6patopa NpH KPYTHJbHBIX KO- 00X0AUMbBIX JIJISI BO36y}K-
NeGaHUsIX HAa OCHOBHOM 4actoTe (d)  feHHA  KPYTHJAbHBLIX KO-

H Ha BTOpOit rapMmouuke (0). neGauuil, He mpeacTasJser

co6oil 3aTpynHeHHH: ojHA
¢asa mnomaercs yYepe3 IMapy NPOTHBOMOJOMKHBIX TO-
KOOTBOAOB, BTOpasi—Ha JPYrylo W3 3THX JAByX Tmap
(puc. 3-16,a). Ecan Heob6xogumMo moJayuuTh, KoJseba:
HUSI HAa BTOPOM TrapMOHHKe, TO K [be303J€MeHTy MoJ-
MauMBaloTCst HE JBe, a 4eTbipe Mapel OTBOAOB, pacnoJaralo-
IUMXCSl HA PACCTOSIHHH YeTBEPTH AJHHBbI 6pycKa OT KaXKAoro
U3 €ro TOPUOB; KaXJAbll H3 3JeKTPOJOB, HAaHOCHUMBIX Ha
KPHUCTaJJ, NpH 3TOM J[EJNHTCS MOoNepek Ha JBe MOJOBHHBI
(puc. 3-16,6). EcrecTBeHHO, 4TO NpH 3TOM BO BHeLIHEH
Ueny WM B KOHCTPYKUHH Kapkaca 3JeKTPOAbl HYXHO CO-
e[IHHHTb APYT C APYroM, Tak, yTo6bl BMCCTe OKa3aJHChb Te,
KoTopble Ha puc. 3-16 OoTMeueHbl OAWHAKOBbIMH 3HAaKaMH.
KoHcTpyKTHBHOE BbINOJHEHHE NMOAOOGHOTO pojaa coeAHHeHnHiH
BHHO M3 pHC. 3-8e. )

[Ipononbuble KoseGaHUs TaKXKe MOTLYT BbIMOJHATHCS
nbe3o3JeMeHTaMu Tpynnbl X-cpe3oB KakK 1ia OCHOBHOM ua-
CTOTe, TaK M Ha rapMoHHKax. CJueayer 3aMeTHTb, UTO rap-
MOHHKM BBIIlE TpeTbel HCMOJB3YIOTCS B ‘HacCTOsillee BpeMs
J10BOJIbHO pefiko. O6YC/I0BAEHO 3TO TEM, UTO TapMCHHYECKHe
KBaplUbl MPU MNPOAOJBbHBIX KoJeGaHHAX NMpeAcTaBARIOT coboi
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Kak Obl MeXxaHHYeCKoe COe/lHHeHHe HEeKOTOPOTro YHCJa n CeK-
UM, Tle n paBHO HOMepY TapMOHHKH; Ka’Kiasi H3 CeKLHH
peaer cebst noso6HO  H30JHPOBALHOMY pe3oHaTopy; 1O
CBOMM 3JIEKTDHYECKHM XapaKTePUCTHKAM COBOKYIHOCTb
3THX CeKUHH 3KBHBaJeHTa Kak Obl mapaJJjenbHOMY BKJIO-
YEeHHIO N1 pPe30HaTOpPOB, KOJeOGJIOIHXCS Ha OCHOBHOM Ya-
crore. ITo 3TOii mpuuynHe NpHMEeHeHHe TapMOHHYECKHX pe-
30HaTOPOB Ha OTHOCHTEJNbHO HHM3KHMX YacCTOTaX HEBBIFOJHO
H3-3a I0BOJIbHO 00JIbIIOH AJHUHBI Mbe303JeMEHTa, a Ha BHI-
COKHX 4acToTax OrpaHHYeHHs] HA pa3Mepbl KBapleBOil mjaa-

Puc. 3-17. PacnosioxkeHHe y3.JOBBIX JHHHE Ha MPOJOJIBHO

KoJle6/IolUXCs KBApleBbIX MJIacTHHAX cpe3a xzsfa’, rae a°

u3menserca or 0 1o 180°% a°=90° cooTBeTcTBYeT Ccpesy Xy,
opuentauns x2s/70° — cpesy xys/—20°.

CTHHBI HAKJAaAbIBAlOTCS HeOOXOAHMOCTBIO obecrneyeHus He
CJHMIIKOM OOJbIUMX OTHOWEHHA UIHPDHHBI KaX Xo#l OT-
AenbHOH ceKUHH K ec qiauHe. Takum obpa3om, coue-
TaHHe O6OJIbIIOTO UMC/A CEKUHH OKa3biBaeTCsl MPaKTHYECKH
Helesnecoo6pasHbIM.

ITpu npomonbHbIX KoMeGaHHSX Ha TABHBIX MJIOCKOCTAX
nbe3oanemMeHTa obpasyercsi He y3JoOBasi TOYKa, a Y3JoBast
JIMHHSI, TIPH OCHOBHOM YacTOTe NpOXoisllasi uepe3 IeoMe-
TPUYECKHII LUEeHTP YKa3aHHBIX Mjockocteil. B obmem cayuae
3Ta JIMHHS pacnoJjiaraercsl Nnoj HEKOTOPBIM YIrJOM K Ha-
NpaBJEeHHIO JUIHHB TNJAcTHHH, W TOJBKO [HJs1 cCpes3a
xys/{—18,5° stor yron pasen 90°. [TosoxkeHHe y3JOBHIX JIH-
HHUH 1451 IPYTHX CPe30B 3TOH TPyNIbl HILIIOCTPHPYETCS CXe-
moit {JI. 3-13], npuBenennoit Ha puc. 3-17. Ctporo rosops,
Npunaiky OTBOAOB CJeAyeT OCYILECTBJATb TOJbKO [0 3TOH
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JIMHHH, YTO He BCerxa BbINOJHSIETCA: B psifie CAydyaeB [Jsi
NOBBILICHHS] MeXaHHYeCKOH INPOYHOCTH pe30oHaTopa MNbe3o-
3J€eMeHT KpensT He OJHOH Iapoll OTBOAOB, a ABYMsi, NpH-
yeM MocCJefHHe pacrnojaraioT Ha JHHHH, MapaJJjebHoll Top-
naM naactuabl. OyeBHAHO, 4TO AJsI cpe3oB xys/a®, eciau
a’#%—18,5°, 3T0 MOXKeT HHOrga NPHBECTH K 3aMETHOMY
YXYAIIEHHIO MapaMeTpoB KBaplia.

PacnoJsioskenne y3/noBblX TOYEK y MJACTHH, COBEpLIAlO-
KX KosJebGaHHsl CABHra MO KOHTYDY, ONpeaenasieTcss MOAOH
coBeplIaeMbiX HMH "KosnebGauuii. OueBUAHO, YTO MpU KoJe-
6aHuax BHAOB m=1,n=1 Oymer HaOJIOAATLCS TOJbKO
ONMH y3eJ; TakMe KoJebaHusi B036yXKIalOTCsi B Mbe30-
371eMeHTaX ¢ KBaJpaTHO# (MAM TOYTM KBaJPAaTHOH)
WM KpYrJaoH (GopMoH IMaBHBIX rpaHed. ¥ mjaacTHH, COBep-
wamlKuX KojebaHuss BUIOB m=—2, n=1; m=3, n=1;
m=2, n=2 4 T. 1., B npuHuune o6pasyercsi Mo HeCKOJbKY
y3J0BbX ToueK. HeTpyano yGemuTbcsi, 4TO MX KOJHYECTBO
paBHO npousBegeHuro (2m—1):(2n—1) B TOM cCayuae,
Koria aedopMalHHM COCEIHHX CEKIIMH, Ha KOTOpble MOXKeT
ObiTb yCJOBHO pPa3GUT Nbe303JE€MEHT, MNPOUCKOAAT KaKk Obi
B ¢ase apyr ¢ apyrom (puc. 7-24 B {JI. 3-16]). HMmenuno
Takue KoJeGaHHst M COBEPLIAIOT MPSMOYTOJbHbie MJIACTHHBI
DT-cpesa u xBaapatHble maactuubl ET-cpesa, mouemy HX
KpelJileHHe H MOXKeT OCYLIECTBJASTbCS cpa3y B HECKOJbKHX
TOYKax: JHOO B y3/aax KaxKJOH M3 ceKuuH, Jubo Ha rpaHH-
axX 3THX CeKUuH. 3aMmeuaTesnbHO, YTO KpEMNJeHHe MJaCTHH
Ha rpaHHlaX CeKUHWH, KaK Nokasana npakTtuka, obecneuu-
BaeT 3aMeTHO GOJbIIYI0 YCTOHYMBOCTb NMapaMeTpoOB pe3oHa-
TOPOB KO BCSIKOT'O POJla BHEUIHHM MEXaHHUYECKHM H KJaHMa-
THYecKuM BospeidctBusiM. Ilo 3Tofi npuuuHe KBajapaTHbie
naactuubsl ET-cpesa (m=2, n=2) u mpsMOyroJbHble MNJa-
ctudnl DT-cpesa npu bfl~0,4 (m=2, n=1) uenecoobpas-
HO. 3aKPeNJATb B T€OMETPHUECKOM ILIEHTpe IVIaBHBIX IpaHed;
Hanpotus, naactuubl DT-cpesa npu b/[=~0,23 (m=3, n=1)
pasyMmHee 3aKpemasitb JByMsl HapaMH OTBOJOB, NpHIauBae-
mMbiXx Ha paccrosinusix 0,318/ ot kKaxzaoro U3 TOpLOB Nbe3o-
ajeMendTa !, BnosHe monycTtumo, TeM He MeHee, KPelmUTb, Ha-
npuMep, npsiMoyrosbHbie miaacTHHbl DT-cpe3a, y KOTOPBIX
b/l=0,4, B ysnax obenx CeKIMH, pacnojioXKeHHbIX HAa pac-
crostuuu 0,22/ ot KaxkaOH M3 TOPUEBHIX IpaHed MNJAaCTHHHI.
Pacnosioxenue yanoB y nbe3oasementoB DT-cpesa c Heko-
TOpPLIMH HaubGoJsiee BaXXKHbBIMH AJs NMPAKTHKH COOTHOIUEHHS -

! HanoMuHaeM, 4To [ — AJWHA IIACTHHB, a b — ee wWwupuHa,
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MH MeX1y MX UIMDHHON M JJIMHOM MOKa3aHO Ha pHC. 3-18.
Ouenb yNnOGHbI JJs MOHTAXKa M JOMYCKAaiOT IIHpOKHeE
BO3MOKHOCTH B 3TOM OTHOLIeHWH mjactuubl GT-cpesa. Ilo-
CKOJIbKY KosieGaHHsl pa6oyero BuJa MPOUCXOASIT Y HHUX My-
TEM IONMEPEMEHHOTO CXKATHS — PACTSXKEHHs] MO UIHPHHE
nbe303jieMeHTa, TO MpH 3TOM obpasyeTcsi y3JoBasi JHHHS,
pacnoJjaratwouiascst BAOJb BCeH €ro AJHHBI MOCEPEIHHE KaxK-
J0¥ M3 raaBHBIX rpaHeil. [lpunauBaTb NpoBOJIOUHBIE OTBOJbI
K TakKO# MNJacTHHe MOXKHO
B JIOObIX TOYKAxX 3TOH Jiu- @AM_-! L
HHH, YeM LIMPOKO M MOJb- [y [ | oeen
1

pe— ) —emy

3yIOTCSl, MPHMEHsii HHOTJa m=2.n=1
LJsi KPeNJieHdsi MJ1aCTHHbI .
10 YeTblpex Nap OoTBOAOB, ! ' *' . | owmaz
pasMelllaeMblX MOYTH MpO- - | m=S. o=t
H3BOJIBHO. @1 __[__J

OTBozbl Aasi Kpen/ieHHs 4
BCeX MepPEYHCIEHHBbIX BbIUE : , : o
pasHOBHAHOCTeH mbesoanme- 3| 1 + 1 ¢ « & - |70
MEHTOB BBITIO/HSIOT Yallle 241
BCcero M3 GpoH30BOH Ipo- e e

BosoKH  Mapku  bBpOd
(dochopucras 6poH3a)

OHaMeTpOM B CeYeHHH OT %J J Lam ar¢
0,1 go 0,32 mm. Haubonee 451

yaobua npososoka JHa- Puc. 3-18. Pacnonox(,eﬂne y3JI0BbIX
merpom 0,2 MM, HO TPH 1ouex y mpesosnementon DT-cpesa
OTHOCHTEJIbHO BbICOKHX Yad-  npu pa3iuYHBIX MoAax KoJjeGaHui.
CTOTaX COOCTBEHHBIX KoJIe-

6aHufl NJacTHH HMHOTAA TNPUXOJUTCA MNpHMeHsiTh GoJjee
TOHKYI0, a Ha HHU3KHX — Oosiee tosctyio. OTBOJbI JHaMerT-
pom 0,25 unn naxe 0,32 mm yacto uMcnoJabL3ylT U TOrAa,
Korja HeoO6X0AMMO MOBBICHTH MEXaHHYeCKYl0 MPOYHOCTb pe-
30HaTOpa, XOTS1 MPH 3TOM B psifie CayyaeB M NPHXOIHTCA
MHPHUTBCSI C 3aBEJIOMbIM yXY/ILIEHHEM 3JEKTpHYecKUX Mapa-
MeTpOB pe3oHaropa l.

Bonbuioe 3HayeHue nMmeeT A03MPOBKA MPHUNOS, HCMOJb-
3yeMoro AJs NMpumaiku TOKOooTBomoB. O6luee mpaBujio MoO-
)KeT ObITh cHOPMYJHPOBAHO CJAEAYIOLIMM 06pa3oM: KoJsHue-
CTBO MpHNOS AOJXKHO ObiTb MHHHMAJbHO BO3MOXHBIM H
cTporo moctosiHHbIM. I/t MOHTaxa OTBOJOB IHAMETPOM

2/1=0,135
m=5;n=1

‘ e £ 2

1 B mepBylo ouepelb cHHXKaeTcsi A0OPOTHOCTL pe30HATOpPa, a Tak-
®e yxyawaercsi cTaGHAbHOCTb ero 4YacTOTBl M JHHaMHU€CKOro conpo-
THBJIEHHS] NPH H3MeHeHHSX TEMNepaTypbl OKpy»Kalolieil cpefbl.
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0,2 mm chaenyer pekoMeHpoBaTb He OGosee 0,2 me npuion
Ha KakIYl0 MaiKy, TOJbKO B 3TOM cJyyae, Aa H TO INpH
o6beMe mnbe3ossneMenTa, Ooabinem 0,03 cm3, MOKHO OBITh
YBEpEHHbIM B TOM, YTO MoJIOXKeHHe 3KcTpemMyMa TUX Gyaer
onpeesiTbCsl YIJIOM cpe3a MJIacTHHBI, a HE ee MOHTAaXKOoM.
MoHTaX nbe303/71eMEHTOB Ha NMPOBOJIOYHBIX OTBOJAX CTa-
JIM TIPUMEHATD ellle B caMoM Koule 30-X rofioB, ONHAKO ykKe
BCKope Oblj 3aMeueH MpH-

(7 CylMii €My HeIOCTaToK.
5 Okaszanocb, YTO TOCKOJIb-
i N Ky mJollalb, 3aHHMaemas
P — —3 nailkol Ha MOBEPXHOCTH
", ha %x |} KBapLeBOH MJACTHHBI, [0-
74, A CTaTOYHO BeJHKa, Mexa-
¢ . HUYeCKHe KoJeGaHHs mo-
< cnefHeii  00yCJOBJIHBAIOT

Puc. 3-19. PacnosoxeHue pediiek- packauky — LOBOJBHO  HH-
TOpHOTO Tpysa Ha npoBoourom or- ~ TCHCHBHBIX BHOpauuii mpH-
Bozme [JI. 3-15]). COCIUHEHHBbIX K HeH TO-
KOOTBO#OB. Mago roro,
YTO 3TOT MNpOLecC NPUBOAMJ K 3HauuTeJbHOH ToTepe
3Heprud Kosie6aHHH Tmbe303J€MeHTa, BeJHYHHA 3ITHX IMO-
Tepb 3aMeTHO H3MeHsilacb B 3aBHCHUMOCTH OT OKpY-
Kawoliell temneparypbl. [lpemnoxenunii [JI. 3-14] cno-
co6. 6opbObl C TakKOrO pojaa NOTEPSIMH  3aKJIOYaeTcs
B TOM, UYTO Ha MPOBOJOYHBIX OTBOAAX B OINpefeJeHHbIX
TOYKax 3aKpelsioTcsd TIpy3bl — IIAPDHKH  NpHNOS, Me-
TaJadyeckHe AHCKH M T. M., HTpaioliiie poJb OTpaxkaresei
BOJIH MeXaHHYecKHX KosebaHuil. EctecTBeHHO, 4TO 3Ty poJb
OHH MOTYT BBINOJIHATH JIMIIb TOTAA, KOTJA paclojaraiTcs
Ha paccTosiHusix /i, 3[4, 3/ ¥ T. 1. JJAHHBL BOJIHbI, BOSHHKAIO-
mell B OTBOAAX, CYHTasi OT BepLIHHBI KOHyca IpHIOSN
(puc. 3-19). Bec rpysa nonxken ObiTb JOCTATOYHBIM JJIS
"Toro, uto6bl ero geicteue Obiio addekTuBHbiM. Torga or-
BOJ MOXHO 3aKpellIsiTb Ha CTOHKAaxX HJH APYTHX KOHCTpPYK-
THBHBIX 3JeMeHTax jepiKaTensi B JI060i TOYKe, pacroJo-
JKEeHHOHN nosaau rpyasa.

[Tonoxenne rpy3oB MoxkeT ObiTb AOCTATOYHO MPOCTO
paccyuTaHo, €CJH H3BECTHBI yNpPYyrHe KOHCTAHTHl MaTepHaJa
otBooB. [lns pacuetra HcCmosab3yeTcsi H3BECTHOE BbIpaxe-
HHe, oNpejensiolllee 4acTOTy H3THOHBIX KoseOaHHH KpYIJo-
ro CTEepXKHS, 3aKPENJeHHOro Ha OJHOM KOHLE:

*d
f=gep (3-1)
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Tle v — CKOPOCTb paCHpPOCTPaHEeHHst MNPOJOJIbHBIX BOJH, d —
AuaMeTp CTepxHsl; [ —ero AauHa; m =~ 1,875 aas nepeoil u

1 . .
m—= (Il — —2—) n OJs n-d TapMOHMKM H3TMOHBIX KoJseGaHuil.

IMockoabky aas dochopucroit Gpousnt v=3,6-10° cm/cex,
70 u3 (3-1) MOXKHO HaHTH BblpaxkeHHe JJIf PaCCTOAHHSA JO
rpysa [: -

| [mm) = 378m)/d]f, (3-2)

rae d [uM], T {ey).

Kak nokasana npakTHka, HeT HEOOXOQMMOCTH NpH KaX-
no# uactote KoJeGaHHE pe30oHaTOpa YCTaHaB/JHMBATb TIpY3
B TOYHOCTH Ha pACCTOSIHMH, MOJCYHTAaHHOM IO GopmyJe
(3-2). BrnosHe ynoOBJIETBOpPHTEJbHBIE pe3yJabTaThl MoJayda-
I0TCSl, €CJM I TPYNMbl YacTOT PAacCTOsiHHS 3TH BbIOH-

TaG6auma 3-3

Paccrosinusa no rpy3oB, HanauBaeMbliX Ha NPOBOJIOYHbIE
TOKOOTBOAbl pe30HAaTOPOB, MHHHMAJbHbie MacChl 3THX rpy30B

JlH.aMeT) MPOBOJ JKH, MM
IpoBo~
JI0Ka
BpOd 0,00 0,13 0,15 0,20 0,25 0,32
< < < < o [ ~
é’f ) (\i & N. o ‘\: ) < | N. ] N.
s | E S | = S | E S o |z R E 3
S . 3 > | = > | = > | &® 2 = > | &= >
= e o a <} a o o o e o a o a
S = |s =g ~ 18 o “ s =
o 1gx| ¢ [Sx| 9 |83 ¢ [sS=x| © |g=x] 8 |gx]| &
[=i-3 a R m X m oS m as m a s m A m
2238 |1,55| 0,023 ] 1,000,045 [ 2,10 0,050 | 2,35 0,081 [ 2,60 | 0,135 2,95 | 0,144
38—59 (1,250,023 (1,55}0,045|1,70 ] 0,050 1,00| 0,081]2,15| 0,105|2,40 | 0,144
59—89 11,05[),015(1,25] 0,030 (1,35} 0,040 1,55 0,054 1,70 | 0,072 1,90 | 0,096
89—150]0.80 | 0,015 (0,95 0,030 | 1,05 0.040 | 1,0 | 0,054 | 1.35] 0,072 | 1,50 | 0,096
150—250 | 0,69 | 0,005 (0,75 0,012 0,85 0,015]0.95] 0,022 1,00]0,027|1,10| 0,036
250—350 | 1,10 0,005(1,35} 0,012 1,50 ] 0,015|1,70 | 0,022 | 1,900,027 2,10 0 036
350—450 (0,90 | 0,005 (1,10} 0,005{1,25]0,000| 1,40 0,012|1,55]0,012}1,75| 0,015
450—500 10,80 | 0,004 | 1,00 | 0,005 f1,10|0,005(1 25}0,00)|1,40| 0,009 | 1,55 0,012
600—800 | 0,65 | 0,004 [ 0,€0 | 0,004 { 0,90 | 0,005 | 1,00 { 0,005 ] 1,15{ 0,003 { 1,25 | 0,006

paloTCsi OAHHAKOBBIMH; C TEXHOJOTHYECKOH TOUKH 3peHHs
3T0, OYeBHAHO, Gosiee ya06HO. 3HaueHHs [ sl pas3jIHUHbIX
MOAAHANAa30HOB YacToT, pekoMmeHngoBaHubie B (JI. 3-15],
a TaKXe COOTBETCTBYIOILHE MHHHMAaJbHbie Macchi Tpy30B
npuBefeHsl B Taba. 3-3.
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3-4. YcroituuBocib KBapUEBbIX PE30HATOPOB
K BHEUIHHM MEXaHHYECKMM BO3AEHCTBHAM

Bo3aMokHOCTD HCMOJIb30BaHHSI KBAapLEBOro pe3oHATOpa
B YCJOBHSIX BBICOKHX MEXaHHUeCKHX Harpy3ok onpejenser-
csl B MepBYIO ouyepelb KOHCTPYKLHEH KpHCTaJ/1o[epKaTess.
H3BecTHO, uTO BO3JelicTBHE BHELIHHMX CHJ MOXET INPHBECTH
K 3HAYHTEJNbHbIM H3MEHEHHSM, HHOTAA faxe HeoOpaTHMBIM,
4acToThl M JPYrHX MapaMeTpoB KBaplieBOTOo pe3oHaTopa,
a B psje cJyuaeB H K €ro pas3pyLieHHIO.
XapakTtepHble NpUMepbl H3MEHEHHS 4acCTOTbl PE30HATO-
pPOB B Mpoliecce BO3AEHCTBHS Ha HHUX JHHEHHbIX (LEHTPO-
o 6exXHbIX) YCKOpEHHH mpH-

f 4f - 33-
e [£0° /| BeAetbl Ha puc. 3-20. 3a
L errenn | 1 MeuaTesbHO, 4YTO Habuao-
—=" / | JlaemMble NMPH 3TOM H3MeHe-
=~
25— = HHUsl 4acToThl oOpaTHMbI H
==

Z] JIOBOJIbHO TOYHO BOCHpPOHM3-

15 10 -5 70 5 7 s
57 Vseravonverg BOAATCS OT H3MepeHHs K
e 05 H3MepeHHlo; 3T0 00cTos-
o TeAbCTBO B MNpPHHLHIE MO-
~ “0 3BoJsier HCNOJb30BAaTh
Z L5 KBapUEeBbI pe30HATOp B Ka-

al

Jexopenve devimbyem Sengpenve Fedembyen
DEPRENTUNY 1OPHO 110CKOCTIY & rr0imocmy pedpe svnsar
pedpa runsss 07 '

Puc. 3-20. M3MeHeHus 4acTOThl KBapleBbIX pPe30HAaTOPOB MOA BO3Jei-
CTBHEM JIMHeHHbIX VCKOpEHHIL.

@ — 1Jisi H3THGHBIX PE30HATOPOB HA YacTOTy ~ 10 Key B 3aBHCHMOCTH OT BEJHYHHBI

W HanpasjieHUs YCKOpeHusi; 6 — MJIsi pe3oHATupoOB Ha vacroty ~ | Mey B 3aBucH-

MOCTH GT HanpaBJeH: st YCKOPEHHs, PaBHOro |5 g: NMLe303JeMeHT BbINOJAHEH B (op-
Me ABOSIKOBLIMYKJION JIHH3LI, coBepluaiouieit KoneGaHusi M0 TOJLULHHE.
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yecTBe [JaTyHKa /sl H3MepeHHs] TNOLOOHBIX YCKOpeHHH.
3HauuTe/IbHO MeHee peryJspHbii Xapakrep HOCST H3MeHe-
HUSI MapaMeTpPoOB pe30HATOPOB MoJ Bo3xelicTBHeM BuOpa-
LHOHHBIX Harpysok.

CoBpeMeHHble KOHCTPYKIIMH KBapUEeBbIX pPe30HATOPOB,
KakK NMpaBHJoO, NO3BOJSIOT 06eCNeynTh H3MEHEHHSI MX 4acTo-
Thl NIpH YcKopeHUH N0 15 g B mpenenax no =5-10-% B gua-
nasoie or 5 Mey u Bbie, o *=10-10-% ot 2 go 5 Mey,
a0 +15-10-% B nuanasoune ot 0,75 g0 2 Mey v o =20-10-6
Ha elle OoJiee HH3KHX 4YacTtoTax coOCTBEHHBIX KoJeOaHHH.
Onunako ecan yacrora BUGpalMH COBIajaeT C YacTOTOH Me-
XaHHYECKOTO pe30HaHCa pe3oHaTopa, TO OTKJAOHEHHSI €ro
napameTpoB OT 3HAYEHHH, H3MEPEHHBIX B CTATHUECKHX YCJIO-
BHSIX, pe3ko Bo3pactaior. Bosee Toro, pesoHaTopbl 0GBLIYHO
He ©moco6GHbl JUTEeJbHOE BpeMsi HAaXOAHTbCS B TaKOM CO-
CTOSIHMM U BCKope paspyiuaiorcs. [Tostomy nosbllieHHe Me-
XaHHYeCKOH YCTOHYMBOCTH PE30HATOPOB IpeXje BCEro CBs-
3aHO C BO3MOXKHOCTbIO CO3JaHHsI KOHCTPYKUHH, He ob6Ja-
JNaoUIMX MeXaHHYeCKHMH pe3oHaHcaMH B 3aJaHHOM [Hama-
30HEe 4acTOT BUOGpaUHH.

Cnenyer OoTMETHTb, YTO K BHYTpPEHHEHl KOHCTPYKLHH pe-
30HATOpPa HEMPUMEHHMBbI Takhe OOBIYHO HCMOJb3yeMble CIO-
co6bl TMOBBbILIEHHS MeXaHHYeCKOH YCTOHYMBOCTH, Kak 3a-
JHBKA CMOJIAMH, KJESIMH, 3alpeccOBbIBaHHE B KaKHe-JHGO
BSI3KHE H30JIUPYIOIIHE Macchl U T. M., BecbMa 3P deKTHBHbIE
st GOJBLIMHCTBA [PYTHX KOMIIOHEHT 3JIEKTPOHHOH ammna-
partypbl. [Jeso B TOM, YTO KBapLEBBIH 3JIEMEHT pe30HaTopa
JOJI)KeH HMeTb BO3MOXKHOCTb CBOOOAHO coBepllaTb MeXaHH-
yeckue KoseGanusa. [TosTomy mio6ble mpHeMbl, NPHBOAALIHE
K OrpaHH4YeHHI0 3TOH CBOGOABI, NPHHUUMNHAJBHO HEAOMNYy-
CTHMBI.

[Ipn ucnonb3oBaHHM NepPEUHCAEHHBIX Bbllle CNOCOGOB
NOBbIlIEHUS] BUOPONPOYHOCTH MEXaHHYECKHX CHCTEM B HHX
CO3/a€eTcsl 3HAUHTENbHOE 3aTyXaHHe Ha Pe30HaHCHBbIX 4acTo-
Tax  BeaeacTBue OGoJbIloi  BSI3KOCTH Cpefbl. ITOCKOJbKY
B PE30HATOPHOH TeXHHKE HITH MO 3TOMY NyTH Helesaecool-
pa3Ho, oOblYHO pellleHHe HILYT B APYroM HanpabJeHHH —
CTapaloTCs BbIBECTH PE30OHAHCHBbIC YACTOTH KOHCTPYKUHH 3a
npepenbl AuanasoHa 4acroT BHOpalHiH, BO3JEHCTBYIOLIMX
Ha u3genne. PaccuuTeiBaTh Ha CHHXKeHHe 3THX YacToT IO
ypOBHsA MeHee | ey, UTO MPHMEPHO COOTBETCTBYET HHXKHEH
rpaHHlle aManasoHa 4acToT BHOpalUHH, KOTOPHIM MOJBEp-
raercsi COBpeMeHHasi 3JeKTpPOHHAs anmnapaTtypa, AOBOJbHO
TpyaHo. I[lostomy 0GbIYHO CTPEMSTCS K TOMY, YTOGHI
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4acTOTbl MEXaHHWYECKHX pe30HAaHCOB ObiM MOAHATHL MO
2—>5 ThIC. ey, T. €. MIPUMEpPHO 0 BepXHeH I'paHHLbl yNOMs-
HYTOro TOJBKO UTO AHama3oHa. JlocTHYb 3TOr0 MOXKHO MY-
TEM YBeJHYEHHS IKECTKOCTH KpHCTaJJoAepxkartens, Ipe-
IeIbHOTO yMEHblLUEHHs pa3MepoB JeTajell KOHCTPYKLHH,
HUCMOJIb30BAaHUSI B HEH MaTepHasJoB C BO3MOXHO MeHblIeH
ru6KocTbIO, a TakKe NyTeM BbiOopa TakKoro cpesa KBapla,
KoTopblii o6ecneuns Gbl HaHMEHbIIHE BO3MOXKHbIE pa3Mephbi
nbe3osnemenTta. Llenecoobpa3Ho TakxKe, €ClIH 3TO BO3MOXK-
HO, YKPEIJIATb Mbe303JeMeHT 6oJsiee yeM B JBYX TOUKax.

liaBa uerBepras

KBapuesbie reneparopbl

4-1, Bausdnne pasiuuHBIX NPOLECCOB
Ha cTaGHIAbHOCTb YaCTOThI F€HEPATOPOB

[IpeunsHoHHbIi KBapueBbll reHepaTop COAEPKHT KOM-
MJIeKC 3JIeMEHTOB H KOMIIOHEHT paJH03JeKTPOHHOH amnapa-
TYpbl, BKJIOYAIOMIHH BBICOKOJOGPOTHBIH U BbICOKOCTaOHJb-
HbIfi KBaplUeBbIH pe30HAaTOp C HHUYTOXKHO MaJbiM CTape-
HHeM, cTaGHIH3UPYIOILUA YacToTy KosaeGaHHH coOCTBEHHO
reHepatopa, BBICOKOCTAGHJBHBIA HCTOUHHK IHTaHHSI CXEMbl
reHepaTtopa, BHYTPEHHHH M BHEWHHH TepMoOCTaTbhl C CHCTe-
MaMH aBTOMAaTHYECKOTO peryJHpoBaHHs, MOAJAepKHUBAIOILHU-
MH TeMIepaTypy C BBICOKOH CTeleHbl0 IOCTOSHCTBA
(0,001°C u menee). B cocraB 3TOro KOMIJIEKCa BXOJIHT CH-
CTeMa aBTOMATHYECKOTO PEryJHPOBAaHHs aMIIUTYAbI (APA)
M CHCTeMa KOppeKLUHH 4acToTbl (pHc. 4-1).

/@ F] ¢ b 5 b 6

Puc. 4-1. IlpeuusnoHHelii KBapuesblil re-
HeparTop.
I — BHewHu# TepMOCTaT; 2 — BUYTPEHHHHA Tepmo-
ctar; 3 — cXema aBTOPeryJHpPOBaHHS TeMmneparty-
pbl BO BHYTPEHHeM TepmocTaTte; 4 — reHeparop;
5 — ycunutean; 6 — Bhixod; 7 — cHctema APA;
8 — cxeMa peryJHpOBaliHs TeMMepaTypul BO
BHEIUHEM TepmocTare.

! TyiaBa uanucaHa astopamu cosmecrtio ¢ B. B. IllyBasnoBbiM.
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OG6biuHO A1 obecrneyeHHsi MOCTOSIHCTBA TEMIEPATyphl
pe3oHaTopa W OTCYTCTBHsI TPajHeHTOB B Mbe303JeKTpHue-
CKOM KpHCTaJlle TNpHMEHSIIOT TepMOoCTaT, COCTOSIHHA H3
IBYX KaMmep — BHYTpEHHe#l M BHeLIHefl, ¢ MPONOPLUOHAJb-
HbIM peryJupoBaHuem TeMmnepatypbl. s oGecneueHus cra-

6GHJIBHOCTH NMapaMeTpoOB M Xa-
pPAKTEPHCTHK 3JIEMEHTOB CXe-
MBI TeHepaTopa ero mome-
UIA0T BO BHELIHHUH TE€PMOCTAT.
Ha cra6unbHOCTE 4acTOTH
KBapleBOro pe3oHaTOpa, Kak
YKa3blBajoCh, CyHLlecTBeHHOe
BJIHSIHHE OKAa3blBaeT aMILIH-
Tyla KoseOaHHH, MO3TOMY A
MOCTOSTHCTBA YPOBHs cHrHaJja
reHepaTopa MNPHUMEHSIOT CHJb-
HYI0 OTpHIaTeJbHYI0 o06paT-
HYIO CBfI3b B yCHJIHTeJe H CH-
CTEMY aBTOMAaTHUYECKOI'O pery-
JUPOBAHHS aMIIUTYAbI.

UyBCTBHTEJNbHOCTb  TeHe-
pHUpYyeMo¥ YacToThbl K H3MeHe-
HHSIM B DPEaKTHBHOM COMpPO-
TUBJIEHHH CX€Mbl, CBSI3aHHOM
C 'KBaplieBbIM pe30HaTOpOM,
3aBHCHT OT KPYTH3HBl Xapak-
TEPUCTHKH PEaKTHBHOTO CO-
NPOTHBJIEHHUS pe3oHarTopa
B6HM3M HOMHHAJBHOA dacTo-
Thl. DTa BeJHUYHHA NOJyyaer-
cs nuddepeHupoBaHHeM
PEaKTHBHOT'O COMNPOTHBJEHHS
KBaplleBOro pesoHaTopa o
OTHOCHTEJNIbHOMY  H3MEHEHHIO
4acTOTh

X, __ %L, .
«(7) (a7

(4-1)
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Puc. 4-2. 3aBHCHMOCTb PEaKTHB-
HOTO M AKTHBHOrO COMpPOTHBJE-
1IH KBapleBoro pe3oHaTopa oOT
OTHOCHUTEJNBbHOTO H3MEHEeHHst Ya-

CTOTHI.
| — nuana3oH YNpaBJeHHs 4YacToToh.

puc. 4-2, nospoasiot cdop-

MynppoBaTh o6iive TpeGoBaHMS K CXeMe reHepaTtopa cie-

nylomum o6pasom {JI. 4-1}:
8—1187
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a) HeoOXOAMMBIl NHANa30H OTPHLATENBHOLIO0 COMNPOTHUB-
JIEHHS] JOJIKEeH COCTaB/sATb 51—15 ox;

6) oTpHUaTeJbHOE DEaKTHBHOE COMNpPOTHBJEHHE JOJXKHO
peryaupoBatbcsi B npefenax 400—1700 ox;

B) MOJIHOE OTPULATEJNbHOE COMNPOTHBJEHHE CXEMbl HOJK-
HO mojjepxkuBatbcs nocrosgHHbiM Jo 0,1 om npu obecneue-
HUH CcTaOHJIBHOCTH 4acCTOThl reHeparopa mopsinka 1-1071,
Nbe303JIEKTPHYECKHH TOK uepe3 KBapll NOJKeH CTaGHIH3H-
poBaTbCs HA ypoBHe nopsiika 70 mxa ¢ MOCTOSTHCTBOM IO-
psiaka 1 06;

r) B CxeMe reHepaTopa HeoO6XOAHMO MPHMEHATb KBap-
ueBbie pe3oHaTophi, NpeAoTBpaualue KonebaHus Hexena-
TeJIbHBIX PEe30HAHCHBIX YaCTOT, B YaCTHOCTH Ha TpeTbed rap-
MOHHKeE-

Co3pnaHHble C yYyeTOM 3THX TpeGoBaHHE BbiCOKQCTaOHJIb-
Hble KBapleBble rerepatopbl uactotoit 2,5 u 5,0 Mey obna-
JNaloT napamMeTpaMH H xapak-
Iy-f-—f TEPHUCTHKAMH, OMNperesioLH-
' MHCSI mapaMeTpaMH H Xapak-
TEPHUCTHKAMH  PE30HATOPOB,
KOJ1eBJIIOILHXCS Ha MATON rap-
MoHuke. Takne mpeun3vOHHbIE
KBapleBbie reHepatopbl obJsa-
" JAIOT He TOJbKO BBLICOKOH M0JI-
roBpeMeHHOH CcTabHIbHOCTBIO
(MaJibIM cTapeHHeM), HOCTH-
yr grajomeit 10 u MeHee B Me-
— —= Csll, HO M BBLICOKOA KpaTKo-
Puc. 4-3. Kpatkobpemennas BPEMEHHOH CTaOUJIBHOCTbIO —
cTabuibHOCTh KBapueBnx rewe- OT 2-10-° 3a 1 mcex mo 3X
DaTopoB Kak (yHKIHA mNepHoxa X 10-12 33 1 cexk.
BLIGOPKH. B kBapueBoM renepaTtope
| — BAusiHHEe  OAHHOYHOrO HILTPA;
2 — TennoBoff wym or BcnoMoratean- UMEIOTCA  CJelylOLlHEe OCHOB-
e arpn  HBIE HCTOYHHMKH WIYyMOB, BJIHS-
neTau reHeparopa (osmywaiownd).  JOHIHE HAa KPaTKOBPEMEHHYIO
cTaGHABHOCTb YaCTOTHI BCJEM-
cTBHe ee QUYKTyalHH: Temjo-
BOH u Apo6oOBOHl IyM COOGCTBEHHO TeHepaTopa, BbI3LIBAIO-
IMHA BO3MYILEHHE YacTOTHl KoseGaHHi; afAWTHBHBIA ILIyM,
CBSI3aHHBIH C BCIOMOTrAaTeJbHbIMH LEMsIMH, KOTOPbil He OKa-
3blBaeT BJMSHMSI HAa KoJeOaHHs, a CKJAAbIBaeTCss ¢ CHTHa-
JoM; (aYyKTyauWun dacToTbl reHepatopa, 0O6YCJiOBJEHHbIE
KBaplUEeBbIM pPe30HATOPOM HJH H3MeHeHHSIMH IapaMeTpoB
CXeMBl,
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Ha puc. 4-3 npuBenerinl feoperiiueckue pesysbTaThi,
YUHTBHIBAIOLME BKJAJ Pa3JHYHbIX (PIAYKTyauH# uacTOThl re-
HepaTopa B 3aBHCHMOCTH oT nepuoja ebibopku 1. I[Ipu ma-
JbIX H 6OJbIIHX BpeMeHaX HHTErPHPOBAHHS LIYMbI reHepa-
Topa mnoguuHsiiotcss 3akony 1/V 1. C nepexogom mymoB,
OMHCbIBAEMBIX 33aKOHOM 1/ J/T, OT BLICOKOTO K HH3KOMY
YPOBHIO HaKJIOH MpPSIMOf COOTBETCTBYET 3aKOHY 1/t.

Bknan HcTOYHHMKA IIyMa, XapaKTepH3YIOLIerocsi 3akKo-
HOM 1/v, 3aBHCHT OT CBOHCTB BBIXOZHOro ¢uabtpa. Ecan
3¢ pexTHBHAs BeNHYHHA MAOOPOTHOCTH (DHJAbTPA He OUYEHb
BeJIMKa, TO KPaTKOBpeMEHHad CTaGHJIbHOCTb YacCTOTHl TeHe-
paTtopa B OCHOBHOM oOmnpeJe/sieTcsl HaJHuHeM 3TOro HCTOY-
HHKa IIyMa,

@uykTyaunu 4acToTbl, OOYCJOBJEHHbBIE TPETbHM HCTOY-
HHKOM IDyMa, XapaKTepH3yloTCs CHEeKTPaJbHOH MJOT-
HocTbio 1/f. B pasHbIXx cxeMax reHepatopa 3TOT HMCTOYHHK
JefCcTBYeT pa3JHYHbIM 06pa3oM H 3aBHCHUT OT THIA KBaple-
BOTO pe30HaTopa M CXeMbl reHeparopa.

JLo6pOTHOCTb KBapLEBOrO Pe30HATOpa HrpaeT OCHOBHYIO
posib B MOBBILIEHHH CTAaOHJIBHOCTH YacTOTHl reHepaTopa OT-
HOCHTENbHO CJYy4YaHHbIX HM3MEHEHHH MapaMeTpoB CXEeMHl.
KpatkoBpeMeHHasi cTaGHJIBHOCTb YAaCTOTHI reHeparopa He-
MOCPeACTBEHHO omnpefensieTcsi AOOPOTHOCTbIO JHIIL B TOM
cJayyae, eCqIH BTOPOH HCTOYHHK IIyMa AOCTaTOYHO 3¢dek-
THBHO NMOJABJIEH Y3KOMOJOCHBIM (UJIBTPOM B BHIXOJHOH CTY-
MEeHH.

HccnenoBanus BHyTpeHHEro TpeHHsI B KPHCTaaJaax KBap-
1a, NpoBefieHHble B TNOCJeAHee BpeMs, MOKa3blBAlOT, YTO
MOXHO TOJNYYHTb KBapleBble pe3oHATOpHl ¢ BecbMa 60Jb-
mwoi Ro6poTHOCTbIO, AocTHratomei (30-+86) - 108 (JI. 4-2],
4TO MO3BOJISgeT NPUOIU3UTLCS K pellleHHIo Bonpoca o6 ompe-
JleJIeHHH eCTeCTBEHHOH LIMPHHbI CNeKTPaJbHOH JHHHH KBap-
LEBOTO reHepaTopa MpH KOMHATHBIX M CcBepxHH3KHX (2°K)
TeMIeparypax.

4-2. NlecraGuansupyouue pakropsi

B npouecce paboThl KBaplLgBOro TreHepaTtopa Ha Hero
OKAa3bIBalOT BJIHSIHHE pa3jHyHble AecTabHiH3HpyOLIHe (ak-
Topbl. JlJS NMpeuU3HOHHBIX KBAaplEBbIX reHepaToOpoB K Ta-
KUM (aKTopaM MOXKHO OTHEeCTH, HampHMep, H3MeHeHHe Ha-
NPsKeHUs1 MUTAHUS JEKTPOHHBIX JaMm (TPaH3HCTOPOB) H
CXeM aBTOpDEery/JHpPOBaHUA TEeMNepaTypod BHYTPEHHEro H
BHELIIHEro TepMOCTATOB; H3MEHEHHS MapaMeTpPOB H XapakTe-
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PHCTHK 3JIGKTPOHHBIX JlaMIl (TPaH3HCTOPOB), NMPOHCXOASLIHE
Kak npu paborte, Tak MU B pe3yJbTaTe HX CMEHbl; H3MCHe-
HHEe aKTHBHOH H DEaKTHBHOH HArpy3ku u T. n. Has kBapue-
BbIX reHepaTtopoB ofIlero HasHauyeHHsl K TakuMm ¢dakropam,
KpPOMe HEKOTOpPbIX H3 IMepeYyHC/JEeHHBbIX, OTHOCATCS BJISHHSA
TeMIlepaTyphl, BJAaXKHOCTH H aTMoOC(epHOro naBjeHHS.

Ha xBapueBble reHepaTopbl, NpHMeHsieMble B COOTBeT-
CTBYIOIUX PaJHalLlMOHHBIX YCJOBHAX, OKa3blBAalOT BJHSHHC
MOTOKH OBICTPHIX M MeJJIeHHbIX HEeHTPOHOB, y-H3JyUYCHHE,
KOCMHYECKOe H3Jydenne H T. A. K aecrabuiausupylouum
(hakTOpaM cJedyeT OTHECTH TaKXKe BJHSHHE 3JeKTpuue-
CKOTO U MAarHHTHOTrO moJed.

Bausuue pnecraGuausupyiomux (akTopoB Ha YacToTy
KBapLeBOro reHepatopa TeM MeHblle, yeM Bbille A06pOT-
HOCTb KBapLIeBOrO pe3oHaTopa.

B renepaTope kak aBTOKOJe6aTeNbHONH CHCTEME MPH CTa-
LIHOHApHBIX KoJieOaHHSIX BCerha BHINOJHAETCS YCJOBHE paB-
HoBecusi (ha3oBbix cooTHoweHui {JI. 4-3]:

(Pa _l— q)ﬂ = O’ (4-2)
rﬂe q)a:f(‘”,pnpz,-- -,pn); ‘P@—:f((”,pupz»- ..y pn); @ —
KpyroBas 4acrtoTa; pi, P2, ..., Pn—— QaKTOpHI, ONpeessio-

mue casurd ¢as. I[lpu usmeHeHuu ¢as nox neilcTBHeM Ka-
KuX-1160 AecTabuIH3HPYIOLIHX (aKTOPOB, HanmpuUMep aHOA-
HOro HanpsiXKeHHsl, TEMIepaTyphl, BJAaXKHOCTH U T. M., YCTOH-
YHBOMY CTAlMOHAPHOMY COCTOSIHHIO aBTOKoJebaTe/jbHOM CH-
cTeMbl OYJeT COOTBETCTBOBaTb ypaBHeHHe

.+ Ab, 1 b+ Ay, =0. (4-3)

Taxk kak cucrtemMa HaxXxOHTCS B CTAal[HOHAPDHOM COCTOSIHHH,
TO

Ay, + Ap, = 0. (4-4)

3TO ypaBHeHHe H3MeHeHHst OajiaHca (a3 MOXKHO 3allHCarTh,
B CJejyloleM BHIE:

Y O o
+2mApn+dpA +2—Apn_0; (4-5)

i=1 i=1

YRR B S VA N VY S

i—l i=1
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Orciona HecTaBUIBHOCTD YAacCTOTHI KBapueBOTro reHepa-
Topa, 06yCcJOBJIEHHAs BJAHSIHHEM BCEX AeCTaGH/IN3HPYIOMIHX

¢ axkTopoB, paBHa:
n
0%,  Obg ,
\ pn AP"+20pp Pn
® =1 i=1
lTl = /0%, 0% : (4-6)
Km‘f‘%) ©
Ecin w~ 0o 1 H3MEHeHHe YyacTOThl KBapLEBOro pe3oHa-
TOpa MO CPaBHEHHIO C ero cOOCTBEHHOH uYacTOTOH Maljo, TO
caBur ¢asbl

bome = S (R L), (+7)

3uas, yro
R I/VL1C1§ Q=‘”L:/R1

H .
1 L
P-—' Cl > Rp
noJryyaem:
row 1 1
-—(;)—::T ~ —Q—Q—. (4'8)
Im oo

Takum o6pa3oM, C yBeJHueHHeM HOOPOTHOCTH BO3-
pacraioT crabuau3upyOlllde CBOHCTBA KBapLEBOro pe3oHa-
TOpa Kak Ko/ieGaTeJbHOrO KOHTYpa H YMeHbLIaeTcsl HecTa-
GUJIBHOCTD YacTOThl I€HepaTopa.

HsBecTHo, uTO ueMm Bbille KpPyTH3HA (pa3o-yacToTHOH Xa-
pakrepuctukd (®UX) pesonatopa no cpapHenuio ¢ PUX
cXeMbl, TEM MeHble BJHsSIHHE CXeMBI Ha yactoty. dTa (op-
MyJia TMOKa3biBaeT TakKXKe, YTO K reHepaTOPHOH cxeme JOJXK-
Hbl TPEeIBABAATbCS Upe3BbIYAHHO BBICOKHE TpebGoBaHHs.
KBapuesbiii pe3oHaTop HOJKeH ObITb TaK COTJIacoBaH C re-
HEpPATOPHOH cXeMoH, YTOGB MOXHO OBIJIO MOJHOCTBIO pea-
JH30BaTh Ha MpPAKTHKe Ty CTAaOHJIbHOCTb, KOTOPYIO MOXKeT
o6ecreynTb COOGCTBEHHO KBapUEBbIl Pe30HATOp Kak Koseba-
TesbHBIA 3jemeHT. [loaToMy B Hactosiliee BpeMs OCTaeTcs
aKTyaJIbHOM 3aJaya COBEPIIEHCTBOBAHMs CX€Mbl TeHepa-
TOpa, a TaKXKe MOUCKH MPHHLHUMHAJIbHO HOBOTO €€ pEeLIeHHs.

C yMmeHblIeHHeM CBsI3M pe30HaTOpa CO CXeMOH BO30YyXK-
IeHus ocnabeBaer W BausiHue ApoGosoro addekra Ha QayK-
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TyaUHH aMmmjiTyAbi kBapua. OTMéTuM, dfo ¢ yBeanueHHeM
JNOGDOTHOCTH CBSI3b MEXJy KBapLEBbIM PE30HAaTOPOM H Tre-
HepaTOPOM MOXKeT ObiTb 3HAUHTENPHO YMeHbllIeHa.

4-3. OCHOBHBIE CXEMBI KBapleBbIX reHepaTopoB

B HacTosillee BpeMsi mpuMeHseTcs okoso 20 cxeM KBap-
LeBBIX TeHepaTopoB. PaccMOTpuM JHIIbL HauGosee pacrpo-
cTpanennbie. KBapueBbie reHepatopbl yno6HO pasjenuTh Ha
JBe TPYNMbI: TeHepaTopbl MapaseJbHOro pe3oHanca (OCUHII-
JATOPHblE CXeMbl) H TeHepaTophbl NMOC/IEN0BATeJbHOTO pe3o-
HaHca ((UIbTPOBBIE CXEMHI).

o
£, =
J T Cn
= [
£, £,
ZT ! TQ’/

r
.l- 9 4
el

Puc. 4-4. CxeMbl reHepaToOpoB «NapaJ/iielbHOro» pe30oHaHca.

g ==

B ocuunnsTopHbIXx CXeMax KBapleBbli pe30oHaTOp BO3-
6yK1aeTcst Ha 4acTOTax, NPH KOTOPBLIX €ro PeakTHBHOE CO-
NpOTHBJEHHE HMeeT HHAYKTHBHLIH XapakTep, T. €. BHYTpH
pe3oHaHcHOro npomexyrtka. OueBHIHO, C 3THM H CBSI3aHO
Ha3BaHHe NAHHOH TIPYMNIbl reHepaToOpOB — TeHepaTopbl ma-
pansejbHOro pesoHaHca». K 3TuM reHepatopam OTHOCATCH
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TPU BHAA TpexToueuyHblx cxeM (puc. 4-4): a) eMkoCTHas;
KBapIlEeBbll PE30HATOpP BKJIOYEH MEXIy KOJJIEKTOpoM H Oa-
300 TpaHsucTopa (WM aHOJAOM H CeTKOH JlaMIbl); 6) HHIYK-
THBHAf: KBApUEBbIH PE30HATOP BKJIOYEH MEXAY KOJJIEKTO-
pPOM H 3MHTTEPOM TPaH3HCTOpa (MJH AHOAOM H KaTOAOM
JaMMbl); B) MHAYKTHBHA$i: KBApUEBbIl pPe3OHATOD BKJIOUYEH
mexay 6asoil ¥ SMHTTEPOM TpaH3HcTOpa (HJIH MeXAy ceT-
KOH H KaTOJIOM JIaMIibl).

[enepatopsl Mo cxeMe eMKOCTHOH TPEXTOUYKH IOJYUHJH
Hau6oJiblllee pacnpocTpaHeHHE BCJEACTBHE MPOCTOTHI KOH-
CTPYKLHMH H HAaCTPOHKH, OTCYTCTBHS MapasHTHbIX KoJebaHHH
H, YTO OCOGEHHO BaXKHO, BCAEACTBHEe obecreyeHHsi HanGoJb-
mwei cTaGUIbHOCTH YaCTOTHI.

é 51;{0/ T~ ia:'/_'.z'oi
- < mens g
—4 jrg )
—{0t

z[
"2 Puc. 4-6. O6o6uieHHAass 3KBHBa-
JIeHTHAas cXeMa TreHepATOpoR focie-

JOBATE/JbHOTO pE€30HaHcA.

o~
Y\
1]

Ons B0o30YyXKIEHHS KBapLeBOro pe-
Puc. 4-5. DkBMBa-  3opgaTopa Ha TapMOHHKAX TIPHMEHSIOT
AEHTHAA =~ CXEMA 5 a3HOBMAHOCTD €MKOCTHOH TPEXTOUKH
€MKOCTHOH TpeXx- o
ToukM ans BosGyx-  (PHC. 4-5), B KOTOpPOH ONHAa H3 eMKO-
NeHHss kBapuesbix ~CTe€HM 3aMeHeHa nmapaJJejbHbIM KOHTY-
Pe30HAaTOPOB Ha  pOM, HMeEIHM Ha yactoTe paboueit
TapMOHHKAX. rapMOHHKH €MKOCTHO€ COTPOTHBJEHHE,
a Ha HHU3IIMX FapMOHHKax H OCHOBHOH
yacToTe — HHAYKTHBHOe comporusiaenHe. IIpu stom Bo3Oyx-
JleHHe reHepaTopa Ha HHU3LIHX rapMOHHKAaX W OCHOBHOH ya-
CTOTe HeBO3MOXHO. .

O6o6weHHasi 3KBHBAJeHTHAsi cXeMa TeHepaTopoB IO-
c/le0BaTeJbHOrO pe3oHaHca H3o6paxeHa Ha puc. 4-6.
HerpyaHo BuAeTb, uTo /060 KBAapUEBbIH reHepaTop mocJje-
[iOBaTeJIbHOTO pe30HaHCa MOXKHO MPEeACTaBHTb B BHAE pe3o-
HAHCHOTO HJIM aNnepHOJHYecKOro yCHJHTess, B Lenb obpat-
HOM CBAI3H KOTOPOTO BKJIOYeH KBapleBblil pe3oHaTop. Bos-
6yxKIeHHe TaKoro reHepaTtopa Oyler MpPOMCXOIMTb Ha
yacrorax, rie obpatHas CBfI3b MakKCHMaJsbHa, T. €. BOJIH3H
N0C/Iel0BATENbHOTO Pe30HAaHCa.
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Puc. 4-7. Cxembl reHepaTOpoB MOC/eJ0BaTeJbHOTO Pe30HaHca.

a - reHepaTop ¢ KBapueM B KOHType; 6 — reHepaTtop C KBapueMm B UelH o6GpaTHOH
cBa3u, 68 — redepatop bBatscpa wa ABYX Tpausiuctopax (namnax), e — reHepatop
Bataepa Ha onnoM Tpanauctope (namne); 6 — resepatop Xerucpa Ha OAHOM TpaH-
3uctope (nmamne); e — redepaTcp Xers#epa Ha ABYX TPaH3HCTOpax (namnax).
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K renepatopam mocaenoBaTeJbHOIO pe30HaHCa OTHOCST-
Cl TCHEPATOp C KBApPLEBBIM PE30HATOPOM B KOHTYpe, B LleMNH
obpaTHOH cBfI3W, reHepaTtopbl Dartjepa Ha oaHOH namime
(TpaH3ucTope) MM Ha OBYX Jamnax (TpaHsucTopax), re-
HepaTopbl XerHepa Ha OJHOH JaMne (TPaH3UCTOpE) HJH
ABYX Jamnax (TpaH3UCTOPax) M MOCTOBble TeHepaTopbl
C HeHTpa/nu3auHeHl CTAaTHYECKOH eMKOCTH KBapLEBOrO pe3o-
HaTopa. DKBHBAJIEHTHBIE CXeMbl TepeulcJeHHbIX [eHepaTo-
poB H306paxeHbl Ha puc. 4-7 u 4-8.

Y
<S>
i |
|
(X

B
D le Ly ;L I['zl
['//
Puc. 4-8. BapuaHTbl cXeM KBapleBbiX TIeHepaTOpPoOB ¢ HelTpanu3aunei
CTaTHYECKOH EeMKOCTH.

HaunGonbllee npuMeHeHHEe HaXOAAT reHepaToOpbl C KBap-
LeBbIM PEe30HAaTOPOM B KOHType, B LlenH oGpaTHOH CBf3H,
o6a BapHaHTa reHepatopa no cxeme bataepa u reHepartop
no cxeme XerHepa Ha JABYX TpaH3HcTOpax (/ammnax).

K cxemaM c KBapLeBbIM pe30HATOPOM B KOHType OTHO-
CHTCS €MKOCTHasi TPeXTOYKa C Pe30HaTOPOM B HHAYKTHBHOH
BeTBH KOHTypa. dTa cxema paboTraeT Kak Ha OCHOBHOH ua-

L

Puc. 4-9. Cxema renepatopa Kaau an1s BO3-
6y>KIeHHs] TPeXNONIOCHBIX KBaplEBLIX PE30Ha-
TOpPOB.
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cToTe, Tak H Ha rapMmoHukax. Ilpu stom nas obecneuenus
BO3MOXKHOCTH BO30Yy:KA€HHSI TOJbKO Ha HeOoGXOJHMMOMH rap-
MOHHKE pe30HAaTOp INYHTHPYETCS pPe3HCTOPOM, KOTOPbIi
BHOCHT 3aTyXaHHe JIUIIb NMpPH OOJBIUHX PAacCTPoilKax KOH-
Typa. DTHM e Pe3HCTOPOM MOXKHO OrPaHHYMBATh Mpejebl

4 ‘ Al
"_{ (; t+—o=c{[}e

41
BRL

Puc. 4-10, DxBHBa/NeHTHasi cXeMa KBapleBOro pe3o-
HaTopa.

L, Ci, R, — 3kBHBaJleHTHble HHAYKTHBHOCTb, €MKOCTb H CO-
NPOrUBJeHHe MNOTePb COOTBETCT3EeHHO;, Cp-— CTaTHYECKas
€MKOCTb.

JOMyCTUMOM mepecTpoiiku no yacrore. Pazbpoc napamerpos
3JEMEHTOB cXeMbl B mpefenax +30% okasbiBaeT BiHsIHHE
Ha yacTtoTy He Gogee, yueM Awfw=10-3/Q (J1. 4-12).
lenepatop mo cxeme XerHepa Ha OJHOM TPaH3HUCTOpe
(1aMne) HaxXOZHT MpUMEHeHWe B ammapatype IJs u3Mepe-
P X HHS TIapaMeTPOB M XapaKTEPHUCTHK
—(——(}—o¢ KBapUeBBIX DEe30HATOPOB. I'enepa-
TOpPBl ¢ HeATpaju3auuell craTHYe-
Puc. 4-11. DksuBanent- CKOH €MKOCTH KBapueBoro pe3oHa-
has - nocrenosateqbHas  topa CJOXKHBI B H3rOTOBJEHHH H
cxema KB:;’T'fBaom PE0-  HacTpolike; OHM He HALLIH LIHPO-
pa. KOro npuMeHeHus. B guanasoue
HH3KHX yactor (4—30 xey) uacro
IPHMEHSIIOT TeHepaTop C TPeXNOJIOCHBIMH pPe30HaTOpaMHy,
cxeMa KoToporo H3cOpaxkeHa Ha puc. 4-9. Ecam BmectO
TPaH3UCTOPOB HCMOJb3YIOT JaMIbl, TO HaJHYHE KacKaja
SMHTTEPHOrO MOBTOPHTeNst HeobGsA3aTeabHo. [lpu 3toMm
Touka I coepmnHsieTcsi ¢ TOuKo# 2.
3aBHCMMOCTL MMMEJaHCa KBapUEBOro PE3OHaTopa OT 4a-
CTOTbl. AHA/IM3 3KBHBAJIEHTHOH CXeMbl. DKBHBaJeHTHAs CXe-
Ma KBapueBOro pesoHatopa Hu3o6paxkeHa Ha puc. 4-10.
Hmnenanc pesounatopa

R (14ja
b= *9)
A -
rae a=2 _fsi Q — o6o6lieHHast paccTpoiika KBapLEBOro peso-
Af f - ’s
HaTopa; P fs —uacTotra  noc/e10BaTEJILHOTO

pezonanca;  f-—paGouas  uwactora  pesonatopa; Q=
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= (f—l‘]—l—ﬂo6pomocrb pesonartopa; 8,= 2afKC,R, —
OTHOILIEHHE COMPOTHBJEHHUS] MOTePb K PEaKTHBHOMY COMNpO-
THBJIEHHIO CTAaTHYeCKOH eMKOCTH. Ecsim 5KBHBajIeHTHYIO cxe-
My, H3o6paskeHHyl0 Ha puc. 4-10, npeoGpa3oBaTbh K cxeMe,
n3o0paxeHHOi Ha pHc. 4-11, TO 3KBHBaJeHTHble MOCJENO-
BaTeJbHble pPeakTHBHAas W aKTHBHAs COCTaBJASIIOLIHE MOTYT

ObiTb 3amucaHbl B BHIE

= R, ; 4.10
Rk'—— (1 _6oa)2+6g » ( )
Xp=R, =00 (4-11)
(1 —8om)2 4 95
“w t)(,r/ﬁ, % _i)r/ff
st 2t 402 1401
szt 22¢
287 20
24t 18
L 5;:0'/
20t 6
%6} #%
of 12
i 0
s / 0
L //
4 —~ g
-2 2\ s\ 6 8 wa
==
- ======\/ |
-4+ 25 5\0"9 ¢
s 751 %7
-8t 2
i a2 f
-/Z, w
i Wy 2345678890
- 16} ’

Puc. 4-12. 3aBHCUMOCTb 3/1EMEHTOB MOCJ/EN0BAaTeNbHON CXeMbl 3aMelle-
HUs KBapueBoro pesoHaTopa xp/Ri=f(a) u Rx/Ri={(a).
123



®a3oBhii yron @r H KpyTH3HAa H3MeHeHHss (a30BOTO
yriaa dor/da cOnMpoTHBJIEHHS] KBapLEBOrO pe3oHaTopa B 3a-
BUCHMOCTH OT PacCTPOHKH COCTAaBJSIOT:

tgor =a(l —8,a) —8; 4-12)
doy I — 20,0 i
d—;_l—{-[a(l —B,a) — 8,2 (4-13)

.44_\
-051

-06

435

-g7+

-08L

Puc. 4-13. 3aBucuMocTb KpyTH3HBI (a30BOi Xa-
PaKTepUCTHKH pe3oHaTopa oT 00600LieHHOi pac-
cTpoiikH dox/do=f(a).
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3asucumoctd Xy, R, u deu/da oT paccTpoilkn pe3onartopa
u3obpaxeHnbl Ha puc. 4-12 u 4-13. dTu 3aBHCHMOCTH MO-
3BOJIAIIOT clenaTh CJefylolHe BbIBOAL. 3aBHCHMOCTH X
H Ry oT yacToThl ABy3HauHH. Hanpumep, oqHo U To XKe 3Ha-
yeHHe X MoxeT Ha6JIOJaTbCsl HA JBYX YacTOTax, T. €. MpH
OJHOM 3HAaYeHHH YacCTOTHl HACTPOMKH KOHTypa MOTYT BO3-
OyxaaTtbcst ABe 4acTOThl. JlJIsi OCHHMJMATOPHBIX CXEM PeXHM
pa6oTel BOJHM3H NapaJJseJbHOTO De30HAHCA HEYCTONYHB H
camoBo36yxnenHe HeBo3moxHo [JI. 4-5]. MoxHo mnokasaTh,
YTO 3TO OTHOCHTCSL M K TreHepaTtopaMm TIOC/Jel0BaTelbHOTO
pe3oHaHca.

C yBeanueHHeM paccTpofiKH BO3pacTaeT MOCJe10BaTENb-
HOe aKTHBHO€ COMpOTHBJEHHEe Ry, MO3TOMY YCJOBHSI CaMo-
B036YXK/IeHHsI NI TeHepaTOpPOB MOCAeL0BATEJIbHOTO pe3o-
HaHCa YXyIIIATCS.

IMpu yBennueHHH 89 MAaKCHMyM HHAYKTHBHOTO CONPOTHB-
JIeHHs1 KBaplla yMeHbluaercs, NpH 8o=0,5 KBapueBbIli pe3o-
HaTop SKBHUBAJeHTEH €MKOCTH, NPH 3TOM Bo036yXKIeHHe
KBapleBbIX DPE30HATOPOB B OCLUHJIJISITOPHBIX CXeMaX HeBO3-
MOXKHO. .

C yBennuenneM a u 8, ymenbiuaercs KpyTu3Ha usmeHe-
HHUs1 ha3bl CONPOTHBJEHHST KBapueBoro pesonaropa. Corsac-
Ho [JI. 4-6] crab6uiusupyomasi cnoco6HOCTb KBaplEBOro
pesoHaTopa NMpH 3TOM yMEHBbIUAeTcs.

Jlnst noBbllIeHHsT CTaGHABHOCTH YacTOTH reHepaTopa He-
0o6xonuMo paboraTb GJaHKe K YacToTe TMOCJAeIOBATENbHOTO
pe3oHaHca M BHIGHpPATb KBaplieBble PE30HATOPHI C MaJbIM
3naueHHeM Op. Ecau 3Hauenue 8, BeJHKO, TO HaZo NpHMe-
HSITb KOMIIEHCALIHI0 CTAaTHYECKONH €MKOCTH C MOMOIIbIO mna-
panJeNbHO BKJIOYEHHOH HHIYKTHBHOCTH, 4YTO BO3MOXKHO
. JMIIb B HEKOTOPHIX FeHepaTopax IMoc/eJ0BaTeNbHOTO pe30-
HaHca.

4-4. TeHepaTopbl HA TPAH3HCTOPAX M JaMmax

CyllecTByeT HECKOIbKO CHCTEM MapaMeTPoB TPaH3HCTOPOB Kak ue-
ThipexnosiocHuka. HauGosbllee pacnpocTpaHeHHe MoJyuHJAa — CcHCTeMa
Y-napamerpoB. OHa BecbMa y[106Ha, Tak KakK MO3BOJsET NMpH pacuere
ycHIuTenell ¥ reHepaTopoB Ha TPAH3HCTOPAX HCIOJAb30BATh Te K€ caMble
METO/Ibl M MPHEMbl, KOTOpble NMPHMEHAIOT MPH pacyeTe JaMMOBBIX TeHe-
paTopoB M YycHaMTeneft. 3anuileM BHIPaXKeHHf, CBS3bIBAIOILHE TOKH H
Hanpsi:KeHHsl TPAH3NCTOpPA Kak ueThIpexmoJiocHHka (puc. 4-14):

is:Yﬂeﬁ—}-Yuex; (4-14)

ix = Y3106 + Yooxe (4'15)
125



Beipaenusi, cBsi3biBaloliMe TOKH M Hanpsykerus B samne (puc. 4-15),
HMeIOT BHI:
ie=0; (4-16)

I
io = See + 7 Ca- (4-17)

OTMeTHM, YTO NPOBOAHUMOCTb Y2 COOTBETCTBYET KpyTH3He S Jammbl.
YKe HA OTHOCHTENbHO HHU3KHX YacCTOTax TNPOBOAUMOCTb Y»y €CTh KOM-
nJeKcHass BenHYMHA. AHajgorom Yy sBasieTcs [POBOAMMOCTb, BeJH-
YHHa KOTOpoH 06paTHO MpOMOPUHOHANBHA BHYTPEHHEMYy COMpPOTHB-
JMewHio  Jamnbl. Bxomguas mnposoaumocte Yy, u  oGpaTHas  Tpo-
BOJAMMOCTb Y(» He UMEIOT aHAJOroB B JaMne. DKBUBaJEHTHble NMPOBOJIH-
MOCTH TPaH3HCTOpPA — KOMIJIEKCHble BeJMYHHBI M yXXe Ha OTHOCHTEJbHO
HHU3KHX YacCTOTax CHJbHO 3aBHCAT OT Yacrtorol {JI. 4-6].

B [JI. 4-7] npoBeneHo cpaBHeHHe CXeMbl €MKOCTHOHl TPEXTOUKH H
CXeMbl C KBapUeBbIM pPe30HAaTOPOM B KOHTYpe W B LeNH OGPaTHOMH CBA3H
Ha TpaH3HCTOpAaX M JaMmax Aas uyactor, Menbuiux 0,05f,. ITo Temnepa-

i
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¢
o
%
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F— : ]
Puc. 4-14. Toku u Ha- Puc. 4-15. Tokn u Ha-
NpsiKeHUs] B TPaH3H- NpsixKEHUst B JaMIIe.

crope.

TYPHOH M peXKHMHOH HeCTaGHIbHOCTH YacCTOTbl TFeHepaTopbl Ha TPaH3HU-
CTOpax M JaMnax OKa3blBalOTC MPUMePHO paBHOUEHHbIMU. HM3meHenus
BXOJHBIX H BBIXOIHBIX EMKOCTeHl B 3aBHCHMOCTH OT TeMmepaTypbl H OT
pexuMa B TpaHaucTopax GoJjblie, uyeM B JaMnax, Ho y TPaH3HCTOPOB
MHOro GoJibllie KPYTH3HA, TaK YTO €MKOCTH KOHTYpPOB B reHepaTopax
Ha TPaH3HCTOpPax HaMmHoro Gosblie, YeM B reHepatopax Ha Jamnax, H
03TOMY CTabHJLHOCTD YaCTOThI JaMIOBBIX H TPAH3HCTOPHBIX reHeparo-
pOB NPHMEPHO OJHHAKOB2.

OnHaKo TPaH3UCTOpHbIE IeHepaTophl 06/MafaloT TAaKHUMH NpenMylue-
CTBaMH, Kak MaJsble ra0apuThl M Bec, Majas notpeGiseMasi MOLIHOCTD,
MaJjasi MOLUHOCTb, pacceMBaeMasi Ha KBapueBbIX pe3oHaTopax. B cBs3u
C 3THMH TNIPEHMYIUeCTBAMH B HOBBIX Pa3pabOTKax MPUMEHSAIOT He JaM-
noBble KBapueBble TeHepaTopbl, a TPaH3HCTOPHble. B mocnenHee Bpems
HayaJH MCMOJb30BaTh KBapleBble F€HEPATOPbl Ha TYHHEJbHLIX IHO0J1aX.

4-5. T'eHepaTopbl Ha TYHHEJbHBIX AHOLAX

W3 BoabT-amMnepHoil XapaKTepHCTHKH TYHHENBHOTO IHO-
na (puc. 4-16) cmepyert, yto Mexny toukamu Vo u V; TyH-
HEeJIbHbI THOM MpeacTaB/sieT cOGOH 3KBUBAJEHTHOE OTpHIA-
.TeJlbHOe compoTHBJeHHe. Ha ToM xe pHcyHKe mNpHBeneHa
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3aBHCUMOCTb JH((epeHIHaNbHOTO OTPULLATENBHOIO CONPO-
THBJIeHHs] R OT HampsiXKeHusi V Ha TyHHeJbHOM JHOJe.

Ecan K TyHHeJIbHOMY [IHOALY NOAKJIOUHUTL KoJebaresb-
HBEIl KOHTYp, PE30HAHCHOE CONpPOTHBJEHHE KOTOpPOro 60Jib-
mwe, yeM auddepeHUHANbHOE CONPOTHBJIEHHE TYHHEJIbHOTO
JHOJa, TO BO3HHKHYT KoseOaHUs ¢ 4yacToTol, 6Ju3Kol K ua-
ctote KoHTypa. Ha 3TOM mpuHIune H OCHOBaHO NpHMeHeHHe
KBaplUeBOro pe30HaTopa B reHepaTopax Ha TYHHEJIbHBIX
NHOMaX. .

[IpeuMyllecTBOM TYHHEJbHBIX ITHOAOB SIBJSIETCS BBICO-
Kasi rpaHuyHasi yactorta, maJjble rabapuTbl, Maaas norpeod-

xa)| . 4
s ; i
a8 L c
a6 4 Ok 7
(]
24 4
£ P .
492
JA v | .
aqa
o R ) Puc, 4-17. Cxema reHepaTopa Ha
200 L TYHHeNbHOM [HOIE C KOHTYypOM noJi-
240+ HOro BOJIHOBOTO COMPOTHBJIEHHA.
?30:
szt JsieMasl MOILIHOCTb M MaJjas
360t MOUIHOCTb, pacceHBaeMasi Ha
wol KBapleBOM pe3oHAaTope, He-

F JOCTaTKOM — MmaJjas BbIXOA-
Hasgs MOLIHOCTb.

Puc. 4-16. BoabT-amnephas xa- B Hacrosimiee BpeMs IIH-

PaKTEPHUCTHKA TYHHEJbHOrO JHO- poKoe paCHPOCTpaHeHHe noJy-

1a W 3aBUCHMOCTb OH(pdepeH- eBbIX
UHAJBHOTO  OTPHUATENLHOTO CO- UHJH TDH CXEMbl KBApL

npotusaennss Ry or Hanpsxenns ~T[€HEPATOPOB Ha TYHHEJbHBIX
Ha THOZE. nuopax. Ileppasg u3 HUX—Te-

HepaTop C KOHTYPOM MOJHOTV
BOJIHOBOTO compoTuBJjeHusi (puc. 4-17). Cxema ero mnpen-
cTaBasieT coboii OOBIUHBIH YeThIpeXIJIeUHH MOCT, B OAHY
AHAroHaJb KOTOPOro (MeXIy TOYKaMH a H b) BKJIIOYEH TYH-
HeJbHBIl IHOX, a B APYyryw (Mexay ToukamMu ¢ u d) —
KBaplueBbil pe3oHatop. [TockosbKy MOJIHOE CONPCTHBJEHHE
KBaplleBOro pe3oHaTopa Ha BCeX 4acToTaX, OTIHYAIMHMXCS
OT 4acTOTHl TOCJ€EI0BATENbHOrO pe30OHaHca, BEJHKO, TO JHa-
rosanb ¢c—d Ha 3THX YacTOTaX, a TAKXe TMPH OTK/JIIOUeHHOM
pesoHaTope MOXKHO CYHTaThb Pa3oOMKHYTOH. B atom ciyuae
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napajiejbHO TYHHEJNBHOMY AHONY OKAasbiBaeTcst BKJIOYEH-
HBIM KoJie6aTeJbHblH KOHTYD, COCTABJEHHBIH H3 HMHIYKTHB-
HoctH L, eMkoctH C M aKTHBHBIX CONPOTHB/AEHHH Ry H Rs.
DKBHBAJEHTHOE CONMPOTHBJEHHe R; TAKOro KOHTypa IpH
YCJAOBHH, UYTO B KaXJIOM H3 €ro Mjey BKJIOUEHO aKTHBHOE
CONMPOTHBJIEHHE, DPaBHOE BOJIHOBOMY, T. €. Ry=R,=p=

=V LJC, Takxke paBHO €ro BOJHOBOMY CONPOTHBJIEHHIO H

He 3aBHCHT oT uyacrtoTthl. [lpeanosaras, 4TO TyHHEJbHBIA

JHOA YCTOHYHB TNPH KOPOTKOM 3aMblKaHHH, W BhIOHpas
-

B<R, mpuxoaum K BBIBOAY, UTO cXeMma He Gyzer pa6oraThb

L
o o : l I
' L c
PIH
£ ) P \
—l—[ = ¢
Puc. 4-18. Cxema reuepatopa Puc. 4-19. Cxema reHepaTopa
Ha TYHHeJIbHOM JHOJe C KBaple- Ha TYHHeNbHOM IHOJE C KBapue-
BbIM Pe3CHAaTOPOM B HHLYKTHB- BbIM PE30HAaTOPOM B EMKOCTHOMH
HOH BEeTBH KOHTYpa. BeTBH KOHTypa.

6e3 xBapueBoro pe3doHaropa. Ha uacrore mocaepoBartesb-
HOrO pe3oHaHca CONMpPOTHBJEHHE AHATOHAJH PaBHO COMPO-
THBJIEHHIO TOTEpb KBapleBOro pe3oHaTopa, M NpH omnpeje-
JIEHHBIX COOTHOLIEHHSIX MeXIy MapaMeTpaMH BO3MOXHO
caMoB0306yxKieHHe cxeMbl B 06s1acTH yacTtoT BOJH3H MoOcje-
JI0BaTeJIbHOTO pe30HaHca.

CamoB036y2K/leHHe TeHepaTopa Ha TYHHEJBbHOM JHOIE
C KBaplleBbIM pe30HATOPOM B HHIYKTHBHOH BeTBH KOHTypa
(puc. 4-18) mpoHcXOZHT BOGJH3H YACTOTH NOCJIELOBATENb-
HOro pe3oHaHca. B fnaHHOM ciyyae pe3oHaHCHOE CONPOTHB-
Jenne KoHTypa LC MakcMMasabHO, H TreHeparop Bo30yX-
naercst. ConporuBienne Ry yBeqHUMBaeT MOTEPH B KOHTYpeE;
€ro BeJIHYMHY M TapasuTHble 4acTOTH B KOoHType LC cie-
nyeT BblOHpaTbh TakuM o6pa3oM, yTOOBI cXeMa reHeparopa
6bl1a YyCTOHYHBOH MpPH OTCYTCTBHH KBAapLeBOTO pe30HaTopa.

Tperbsi cxeMa — reHepaTop Ha TYyHHeJBLHOM JHOIE
C KBaplUeBHIM pe30HAaTOPOM B €MKOCTHOH BEeTBH KOHTypa
(puc. 4-19). Ecau OTK/IIOUHTH KBAapUEBHHA pe3oHATOp OT
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reHepaTopa, TO MpH ONpeJeJeHHbIX COOTHOLIEHHAX M
napametrpaMu Koutypa L, C u Ry renepatop Oyzner y
4yuB (NMpeAnoJaraeTcs, YTO TYHHEJEHBIH NHOL YCTOHUHMI
KOpOTKOM 3aMbikaHuH). [TockoabKy shBHBaJieHTHOe a
HO€ COMPOTHBJIEHHE KBapLEeBOTO pe3oHaTopa Ha 4YacToT
clleloBaTeJIbHOTO pe3oHaHca R; MaJjo, TO NpPH BKJIO
pe3oHaTopa B CXeMy reKepaTopa CONPOTHBJEHHe Ry
THPYeTCsl COMPOTHBJIEHHEM Ry, yc/loBHe YCTOIYMBOCTH
patopa Hapyuiaercsl, H oH Bo36yKaaeTcs Ha yacrore,
KOM K YacToTe NOoC/ef0BaTeJbHOTO Pe30HaHCa.

4-6. Pacuer cxeM KBapueBbIX F€HepaTopoB

Jas  mosyyeHHs BBICOKOH CTaGHJIBHOCTM 4YaCTOTHl XKeJa
HCIOJb30BaTh TPAH3HCTOPHl Ha YacToTax, rAe elle c1abo MPosB.
UX HMHepUHOHHble CBOMCTBA, T. €. Ha uacrortax [<C0,5f, [(JI. 4-7
rie fs —uacToTa, Ha KOTOPOil KpyTH3Ha TpaH3ucTopa Yy yMeHb

B V2 pas no cpaBHeHHIO ¢ KDYTH3HOH HAa OYeHb HH3KMX YaCTOTaxX
KO B CBSI3H ¢ GoJblloil noTpeo-

HOCTbIO B BBICOKOYACTOTHBIX ‘ns
KBaplieBbIX TreHepalopax TpaH- T -
3HCTOPBI MDUMEHSICT H Ha YacTo- 7 ‘x
Tax Bbille [, Jlasi Jdyymux Bul-  AAG
COKOYaCTOTHbIX TDAH3HCTOPOB 15 L /
tuna 1T313 u 1T311 f,~25 Mey, e r
B TO BpeMs KaK H3rOTaBJHBAIOT 70 ——
U NPHUMEHSIIOT KBaplieBble peso- -
HATOpHl Ha  Y4CTOTH  CBbIWE / y, ¢
100 Mey. 5

TeopHsi TPAH3UCTOPHHIX re- A 2
HepaTOpPOB C KBAapUERBIMH pe30- )
HaTOpaMH JIOCTATOMUO XOPOIIO
paspa6oTaHa JMIIb M USC10T 4 .ﬂ q,Z__’ a4
f<<0,5fs [JI. 4-10], mostomy or- {,,,"
paHHYUMCS H3JI0XKEHHEM MeTo- ‘—"g;——'
0B pacyeTa reHepaTopoB A0 ¥a- ”
crot_0,5fs. Puc. 4-20. Dxcnepumenrant

Ha puc. 4-20 n puc. 4-21  apnpokcumupoBanHbie (myHi
TpHBeAEeHbl 3aBUCHMOCTH  KOJI- ﬂm."m) XapaKTepHCTUKH
JIEKTOPHOTO M 6a30BOr0 TOKOB TpaH3ucTopa (3HaueHHs TOK
OT HanpsxkeHH Ha Gase ana yBennuenst B 10 pa3)
Tpansuctopa I1403. DTH Xapak-  ;_; _S(e,—E’ ), S=L. /(e —E
TEPUCTHKH UMEIOT MHOro ooLie- 161;“6(875‘5/2);’ 06:,6/&,6_
ro C XapaKTepHCTHKaMHK aHO0[-

HOTO M CETOYHOrO TOKOB JaMIL.

PasnuuMe MexJAy HHMH 3akjo4aeTcs B TOM, 4UTO Xaf
CTHKH KOJIIEKTOPDHOrO TOKa sBAfAlOTCA mnpasbiMH. IloatoMy
HepaTope Ha 6a3y TpaH3ucTOpa He0o6XOAMMO TMoOAaBaTh Ha
cmewerne Es.q, MPH KOTOPOM KPYTH3HA XapaKTEPHCTHKH KOJLIEK
TOKa B TOYKe NMOKOA S, JocTaTouHa Ajsi Bo3GyxaeHHs. Hanp
CIBMra XapakTepHCTHK Ix(es) H is(es) coBmajawr. B ciyus
annpoKCHMHPOBATb XapaKTEPUCTHKY ix(€s) NpAMON JauHueil, a :
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PHCTHKY ig(es) — mapaGosioft, TO HaNMpAXKEHHS CABHIa HX TaK¥ke COBMa-
aator. IlosToMy yraibl oTceukd © TOKOB KOJMNEKTOPa H 6asH OXHHAKOBHR
KpyrH3na craTHyeckHX XapaKTEPHCTHK KOJJIEKTOPHOrO TOKA TPaH3H-
CTOPOB MHOro GoJsibllle KPYTH3HBI aHOAHOrO TOKAa Jamn. DBa3oBuiit Tok
_ Gosibllle CEeroYHOTO TOKAa JaMm.

‘4" Z "J e,
| »"2x % Onnako B reHepaTopax mNOBH-

L4
. - - — LIEeHHOH CTabHJBHOCTH cjeayer
<2 | |5=006 | Je&y=0596 BHIGHPATb DEXHM TaKHM o6¥>a-
15 \ 30M, YyTOObl nepBas TapMOHHK®
T 6azoBoro Toka Gblia Mana

' >PK (peakuneii 6a30BOroO TOKa Ha

1 £, =0 I56 KOHTYp TeHepaTtopa G6yjaeM mnpe-
ll “Z= 0996 He6Gperatb). [asa xapax‘r%pucmx

<2 KOJITEKTOPHOT'O TOKa YAOOHO HC-

5 2% 47995€  15np308ats KyCO‘{Hg,-JlHHeﬁHy'IO
’ annpokcumamuio  (puc.  4-20,

& gyﬂxwp). Insa xapakTepHCTHK

a30BOro TOKa B 3aBUCHMO-~

0 45 10 15 206 CTH OT TuUma  TpPaH3HCTOpa

Puc. 4-21. DkcmepumeHTanbHple y ~ MOXKHO HCNOIB3OBATL ~ KyCOUHO-

annpoKCHMUPOBAHHAs  XapaKTepH- SZE:G%WWCKYO‘O C“ Kycoqﬂo'.i’.m‘

CTHKH TOKA KOJJIEKTOPA B 3aBHCH- yxap:;:e%nkmlmiu"gz;sosoig
MOCTH OT HanpsiXKeHHs H JITIeK-

pTope a Koanex TOKa OObIYHO Gosiee HeNHHEAHH,

: 4eM KO.I.1eKTOPHOTO, TO B 60Jib~

IIHHCTBE CJYyYaeB NPHMEHSIOT

KYCOYHO-NapaGosiHuecKyl0 annpokCHMauuio. AHaNHTHYECKH aNNpOKCHMH-~

pOBaHHbIE XapaKTEPHCTHKH KOJUIEKTOPHOTO TOKa MOTYT OBITh NpeacTaB-

JIEHB B BHIE

_ JS(26— E’s) npu e = E's; 418
: x | 0 npu e6 < E's, (4-18)

rae S, E's u es— COOTBeTCTBEHHO KpPYTH3HA, HamnpsiXXeHHe CABHra Xa-
PAKTEPUCTHK U MTHOBEHHOE 3HaueHHe HampsKeHHS Ha Gase.
AHanuTHUECKH annpoKCMMHPOBaHHbIE XapaKTEePHCTHKH Ga30BOTO TOKa
NpH KYCOYHO-NapaGoJHYECKOH anmpOKCHMAlMH MOTYT OblTb NpeiacraBlie-
Hbl B BHIE
. fo6(¢6 — E'6)* npu es=E’s;
ig= , (4-19)
| 0 npu es < E’c;

rie 6s — KodpdHuuueHT napabobl, anNpOKCHMUPYIOLIEH XapaKTEPHCTHKY
TOKa Gas3bl.

AHasH3 3aBMCHMOCTH KOJJIEKTOPHOTO TOKa OT HaNpsiXKEHHs Ha KO&-~
NIEKTOpE NpH PA3NMYHHX HanpsiKeHHsx Ha Oase (puc. 4-21) npusoautT
K CleAylOLldM pe3ysbTaraM. TOK KOJANEKTOpa npu OGOJbLUIMX HampsiKe-
HHSIX HAa HeM MNPAaKTHYECKH He 3aBUCUT OT HaNpsiKeHHs; B 06/NacTH Ha-
chillleHus, rae 6a30Boe HanpsikKeHHe c1alo BJAHAET Ha TOK KOJJIEKTOPA,
XapaKTepPUCTHKH ix(ex) YHOOHO ammnpoKCMMHPOBaThb MPSMOHA C KPYTH3-
Ho# Sy, Npoxosuleii yepe3 Hayano KOOPAHHAT (JMHHEA KDPHTHYECKOTrO

pexuma):
=8y . (4-20)

B sToft o6aacTH TOK 6a3bl pe3KO BO3pacTaer.
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CpaBHenHe XapaKTEPHCTHK TOKAa TPAH3HCTOPa C AHAJNOTHYHEIMH Xa-
PAaKTePUCTHKAMH IJIA JlaMIl TO3BOJIIET YTBEpPXKAaTh, YTO Ha Yacrorax
menee 0,5f, mpH pacueTe reHepaTOPOB Ha TPAH3HCTOPAX MOXKHO IpH-
MEHATh TEOPHIO, Pa3paGOTaHHYI0 [Jisi JaMIOBBIX rexepatopos (JI. 4-5].

Meron pacuera KBapueBHIX TFeHepaToOpoB Ha uacrtorax Menee 0,5,
Ul. 4-7] paspaGoran npu caeayiomux AonylieHusx: 1) remepaTop pa-
6oTaeT B HeJOHANPsKEHHOM DeXH-

Me (Takofl pexHM fBjIsercs BLIrOJ- L

HBHIM B CMBICJIE NOBLILIEHHT CTAaGHb-
#€0CTH YacTOTH), NOITOMY BeJIHUH-
HOA BXOJAHON NPOBOIAMMOCTH NpeHe
6peraior; 2) Ha 4acTOTaX, MEHbUllx
0,5f,, ®ha3a KpyTH3HBl Maja, U ee
CUHTAIOT PaBHOA HYJIO.

Pacyer reHepaTopoB mno cxeme
€MKOCTHO TPeXTOYKH C pPe3oHaTo-
POM B KOHType M B uenH o6GpaTHofi
cBaA3n. CxeMbl TreHepaTOPOB BMecCTe
¢ GJOKHDOBOUHBIMH  3jemeHTamMH Puc. 4-22. Cxema renepartopa
TIpHBeJeHbl Ha pHc. 4-22—4.24. ¢ KBapuesbiM DE3OHAaTOPOM MeX-
BHauane paccMOTpHM pacyer peXxH- Iy KOJIIeKTOPOM H 6a3ofi.
Ma, KOTOpuiH OyneT OOGWIHM [Jad
BCeX Tpex cXeM reHepatopoB. Pac-

YeT 3JIEMEHTOB pe30HaHCHBIX KOHTYpOB G6ynem paccMaTpHBaTh M
KaMI0ro reHepaTtopa OTJEJNbHO.

Jo Havana pacuera ROJMXHB ObITb BHIOpAHEI CXeMa TreHepaTopa,
‘HanpsXXeHHOCTb pexHMa, (akrop perenepauud G, KodpduuueHr oGpar-
Hof cBA3u K, HanpsixkeHHe Ha KoJ/IeKTOpe TpaH3HcTopa Ey, nocTOsiHHas
TOCTaBJAOIAsA TOKa KOJIEKTOpa [xo, CXeMa NHTaHHS reHepatopa H
CONpPOTUBJIEHHEe aBTOMATHYECKOTO CMeLleHHs B LEeNH 3MHTTepa R.

CpaBHEHHe CcXeMm, pa60Ta|ou1ux B ONHHAKOBBLIX YCJIOBHAX NpH ONTH-
MaJbHBIX NapaMerpax KOHTYPOB, MO pe3yJbTaTaM HecTaGHJBHOCTH dac-
TOTH B (QYHKUHH NHTAIOLHX HanpsikKeHHH NMOKa3blBaeT, YTO HAH/yYlIyIO
CTabu/MbHOCTh OOEcrmeunBaeT CXeMa C KsaplUeBhlM DPE30HaTOPOM MeXAY
KOJJIEKTOPOM U 6a30fi, a HaUXYALIYI0O — CXEMa C PE30HaTOPOM B LEMH
o6patHoit cBasu. Ilpu 3TOM aMIIHTYHa HanpsiKeHHs Ha KoJJleKTope
Uy B cxeme Ha puc. 4-23 MHOro MeHbllle, 4eM B CXeMe Ha pHc. 4-24.
B Ttex ciyuasx, Koria Tpebyerca O6oJiblias aMIVIATyAa M NapaMeTphl
KOHTYPOR BO BCEX CXeMaxX OTJIHYAIOTCA OT ONTHMaJbHBIX, MaKCHMa/bHYIO

2o

3
| }
>

N

~
J |
| ]
S

Puc. 4-23. Cxema reHepatopa C KBapLUEeBHM pe-
30HAaTOPOM B KOHTYype.
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cTabuJbHOCTb 4acTOThl obecrneydBaeT cxeMa C KBapleM B LeNH o6part-
HOA CBA3H.

B resepatopax c/efyeT OCYLIECTBJSTb HEJOHAMNPSKEHHBIA pPEXHM
H BbiGUpaTh (akrop pereHepauuu G=2—4. Kospoduunenr obpaTHoi
CBSI3H W HCXONHBe JaHHBle AJa pacuera pexuma (Ex, Ixo) HaZo nox-
6upathb TaK, 4ToGbl 06ecneyHTb MaKCHMaJbHYI0 CTaGHJIBHOCTb YacTOTHI.
3uauenus HanpsikeHusi Ex, Toka Ixo, kK03pduuuenta obpartHoir cBsizu K
H CONPOTUBJEHHS B lleNu 3MHTTepPa R, Asl pANa OTeYeCTBEHHBIX TPaH3H-
cropoB ! npuBenensl B Taba. 4-1 {JI. 4-7].

Puc. 4-24. Cxema reHepaTopa C KBaplUEBbIM
pe3oHaTOPOM B lEenH OGPaTHOMA CBA3H.

Ta6auma 4-1
IlapameTpsl TPaH3HCTOPOB

Tun -rpausnc-ropal E, e Tgor M@ K Ry, on
M3 —TI115 8—10 5—10 0,1—0,3 200
140, — 1403 3—5 2—6 0,8—1,2 = 300
1410 — I1411 6—8 4—6 0,7—1 300

Pacuer reHepatopa npoBOAMTCA Clefyiomum o6pasoM. [Ipu BbIOpaE-
HOM 3HaueHMH (axTopa pereHepauHn G OnpefesnsiOT yron OTCeYKH 0,
a 3areM 1no Ta6n. 4-2, B KOTOpOi npHBeneHB KO3PHULHEHTbI
pasnoxeHHss HMIYJbCca TOKOB B TPaH3HCTOPe, HAXOAAT BeJHUHHBI

cos 8, Y, (8), 12 (8) u v3 (6).

Jna pacuera pexxuMa HeOGXOAMMO 3HAaThb NapaMeTphl TPAH3HCTOpA
S, 06, E’s u Sk. IIpu ompenenennn S, 06, Es XapaKTepHCTHKH CaeXyeT
annpoOKCHMHPOBaTb TaK, YTOOGE OHH BO3MOXHO GOJbile COBMNafaJH
c peanabHbIMH (pHc. 4-20). Ecnn cootHomenne Up<<Ux.xp He BHIOJ-
HfETCH, TO HaJ0 M3MEHHTb UCXOAHble HZAHHble []1s1 pacueTa reHepaTopa
NyTeM yMeHblleHHs [xo WM yBeqH4eHHs Eyx; ecqu BbINOJHSETCA, TO
pacyer ciefyeT MPOLOJKHTb.

3nas Us, y, (0), Ux, MOXHO paccuuTaTh aMiVIMTYyAy NlepBoil rap-
MOHHKH TOKa KoJJeKkTopa [x M CONpOTHBJEHHe Harpy3ku Ry mno ¢ep-

MyJiaMm
Ix1=SUsy1(0); (4-21)

! [TapaMeTpbl yTOYHSAIOTCS NMPH HaCTPOAKe CXeMBEl reHepaTopa.
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Ta6auma 4-2

Yrabl oTceYkH H KO3(hGHUHEHTHI PasioweHHA HMOYJbca
TOKOB B TPaH3HCTOpe

8 cos § To T 13 1

60 0,500 0,109 0,196 0,043 0,081
65 0,423 0,136 0,239 0,062 0,114
70 0,342 0,166 0,288 0,086 0,156
75 0,259 0,199 0,337 0,116 0,208
80 0,174 0,236 0,390 0,154 0,269
85 0,087 0,276 0,445 0,198 0,342
90 0,000 0,319 0,500 0,250 0,428
95 —0,087 0,363 0,554 0,309 0,516
100 —0,174 0,411 0,611 0,376 0,617
105 —0,259 0,458 0,662 0,448 0,725
110 —0,342 0,509 0,713 0,530 0,840
115 —0,423 0,558 0,760 0,620 0,959
120 —0,500 0,609 0,805 0,707 1,080
130 —0,643 0,708 0,878 0,894 1,321
140 —0,766 0,801 0,934 1,082 1,547
150 —0, 866 0,881 0,970 1,248 1,735
160 —0,940 0,944 0,989 1,386 1,879
170 —0,985 0,985 0,997 1,470 1,970
180 —1,000 1,000 1,000 1,500 2,000

Uy
Ra= 7 (4-22)
Benuuuna Rn MOXeT OHTb onpenesieHa TakKxe H IO (})OpMyne
Ry G
Ry = m=-&Tl' (4-23)

Ecau 3Hauenuss Ry, BBIYMCJICHHBIE 1O 3THM JABYM (OpMyJaaM, COBnaAaior,
TO 3TO CJAYXKUT MOATBepMKJAeHHem MNPABHUJILHOCTH pacyera.

Jlanee paccudTHIBAaIOT HampsiXKeHHe cMelleHHs Ha 6ase Es, I0-
CTOSIHHYIO COCTaBJsoLLyl0 [0 H NepBYi0 rapMoHHKY J6y 6a30BOro Toka:

Es=Ugcos b4 E'q; (4-24)
oo =aUZ% §? (8); (4-25)
;= aUZ+{? (0). (4-26)
3Has Ex # Ixo, MOXHO pacCYHTaTbh HaNpSXKEHHE HCTOYHHKA IIHTa-

HUSA B KOJIJIGKTOPHOF[ nHemnu
; E~Ex+IxoR1. (4-27)

Onpenenum HanpsixkeHHe S5KBUBAJEHTHOrO HCTOYHHKA MHTaHHA B LE-
nH 6asnl Ese. I 3TOr0 HEOGXOZMMO HCXOISt M3 YCHOBHA Re¢>>Xs
(X2 — comporHBJieHHe NJIe4a KOHTYypa MeXAy Ga30of H SMHTTEPOM) BHI-
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6paTh BEeJAMYHHY SKBHBAJICHTHOTO CONPOTHB/IEHHSI aBTOMATHUECKOro CcMe-
wenuss B uend 6aswl Re. [TockombKy pacuer koHTypa reHepaTopa emge
He NpoBeleH H He H3BeCTHO X, BhiGHpaeM Rg., C GOJbIIMM 3anacoM
(Roa=~1—2 Kom):

Eg,u=E¢+IxoRs+160R6,0. (4-28)

[MposepuM BHMOJHEHHE yCNOBHsS CaMOBO3GYXIEHHs TreHepaTtopa.
Lns sroro HaiineM HanpsixeHHe Ec.n B TOYKe NOKOS MO CTaTHYECKOR
XapaKTepHCTHKe i.‘(eag (puc. 4-20), mocTpouB JaMHHIO HarpyskH, Omnpe-

6.5 —
Remum [w= ——pH— W NpH H3BeCTHbIX BeAHUHHAX Ix U Ec.n cTPOHM
-]

JINHHIO Harpy3KH, a TOYKy nepecedeHHs C [x onyckaeM Ha JuHHio Es,
T. €. HanpsiXKeHHe B TOuke NOKosi E¢.n. Jlasee mo cTaTuyeckol Xapax-
TepHCTHKe ix(es) ompeneisieM ee prm31-1§ Sa=Alx/AUg npu es=Eqn,
a 3aTeM NpoBepsieM BLINOJNHEHHE YCI0BHA SnRy=>1. Onpelesnsem, kpoMe
toro, conpotHB/ieHHss Ri=R6/A U R:=Re.s/(1—A) (A=Es.s/E), Mom-
HOCTb Py, OT6HpaeMylo OT MCTOYHMKa MMTaHUA KOJUIEKTOPHOi LieNH, KO-
JebareqbHYyI0 MolHOCTb Py M MoOWHOCTL Py, pacceuBaemyio Ha KOJ-
JIeKTOpe:

Py= Exlx; (4-29)
P, = —; Uglx; (4-30)
Py=P,— P, (4-31)
a Takxe Ko3(pOHUHEHT MONE3HOrO AEHCTBHS KOJJIEKTODHOH LeEmH
N=~Py/P,, (4-32)

KOTOpLIl Y reHepaTopoB € MOBLINIEHHON CTaGHALHOCTHIO YaCTOTHl fABJISET-
csl MaJIofi BeJHYHHON.

Oco6eHHOCTH pacyeTa reHepPaToOpa C KBAPUEBbLIM PE30HATOPOM MEXK-
ALy KoanextopoM M Gasoi. las pacuera eMrocted Koutypa Cy, C; H K030-
¢uunenta o6patHod cBsiday |K| ROMKHO GHTb H3BECTHO YnpasJsioliee
conporuBjeHne Ry (13 pacuera peuMa), S5KBHBaJEHTHOe aKTHBHOe CO-
NPOTHBJIEHHE NHHAMHYECKOH BETBM KBaplUa Ry H 4acToTa KO/NeGaHHR fyx.
Bemuuunnl Cy, Cp u | K| onpenensior no ¢popmynam:

1,53-10° K, . Co 1. K, i
G="f Rk T TR K= l/—)?
1 —
+ R
(4-33)

B stux ¢opmynax X, — conporusienne emxoctH Cy:

1,53.10°%
C2//X2 = f'Rlca )

fx u3mepsiercs B Merarepuax, C;, C; — B mukodapanax. B remepatopax
Ha TpaHsucropax tuma I1401, I1402, I1403 onruMajibHBle 3HAYEHHA
Ko=~1—1,5, a Ha Tpansucropax tuna I1411 K,~0,7—0,8. B cayuae,
KOTAa 3aJaHO HanpsXeHHe Ha KouaeKrope Uy, BbiGop Ko HECKONbKO
ocaoxusercss. C yuetoM ¢akTopa pereHepauun G H TOKa Ixo O CTa-
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LHOHAPHOrO peKMMa ONpeleJsIOT HanpsiXKeHHe Ha Ga3e TPaH3ucropa Us.
Ecan n3pectio G, |K| u Ri, xosdpouunenr K, ompenensior no ¢op-

My#Ae
K|? F?
1<,=LF_|[1+‘/1+‘—-1-<-|—2J, (4-34)
rae F=2Ry/R;.

[pu 3amannon amniuryne Uy pacuer mapaMeTpoB KOHTypa reHepa-
TOpa CBOAMTCSl K onpefeeHuto |K| (mpu n3BecTHOA M3 pacuera pexH-
ma Beauunne Us) u Ko, a 3aTeM — K pacueTy eMKocTeii kKoHTypa C. H
C;. Ins yMeHblleHHs KojebaHHii HanpsiXKeHHA CMELIeHHsi KOHJEHca-
Top C, JOMKEH MMeTb GOJIbUIYI0 €MKOCTb, KOTOpas Ompenensiercs i3

BbIpaXKeHHA

0,159
Ci=y (4-35)

anx.o.G :

BeanunHa Rsx.o.6=AUg./Al, onpenensercs No BXOZHOA CTaTHYeCKoi
XapaKTepHCTHKe TPaH3HCTOpa.
[lpy muTaHUH KOJVIEKTODHO IeNH B CXeMy BKJIOYalOT Apoccep L.
Hpoccenb BHIGHPAIOT H3 YCJIOBHI

10-2 10-2
X,p-]00=Xc‘:~(oL=E-]0'z; L= o, !

a eMkocTb Cox — H3 YCJIOBHi

1

1
Xu~100=XC’; m-lOO:m;

Cea = 100C,. (4-36)

OcoGeHHOCTH pacyera reHepaTopa ¢ KBapueBbIM Pe30HaTOpoM B lLe-
nH oGpatHoii cBa3H. [{na pacyera nmapaMeTpoB KOHTYPOB AO/KHO OHIThb
H3BEeCTHO ympasJsiolllee COMPOTHBJeHHe Ry, 4acTora KoJeGauui [
aKTUBHOE COMPOTHBJEHUe AUHAMHYeCKoil BeTBM KBapla Ri. Ilpexknme uem
NPHCTYNHTb K pacyeTy, HeoGXOZHMO BHIGPAaTb COMPOTHBJEHHE NEAHTENs
Rs B uenu o6paTHOM CBSI3M M3 coOTHouweHuA: mpu Ry/R1<0,25
R6=0,5Ry, npu Ry/R1>0,25 R¢=~ (0,8—1)R;. Bui6pan Bo. MOXHO pac-
cyutaTh napaMerpbl KoHTypa. IIpu usBectHoix Ry u Rg Hauaydmas cra-
6u/bHOCTD 4YacTOTH obecrneuHBaercss B ToM chaydae, eciu Ko=Ci/C:
H CONpPOTHUB/JEHHE Harpy3kn Rx=pQ (p— xapakrepucTHueckoe COmpo-
THBJIeHHe, Q — NOGPOTHOCTb KOHTYpPa) BBIYHCIAIOTCS mo dopMmyaam

1 R R
Koorr = —QRV; Ra.onr = 4Ry (] + R_Z'> (l + R_;)' (4-37)
. |4 2Ry

6

Ianee ciaenyer BbGpaTh HOGPOTHOCTb KOJJIEKTOPHOrO KOHTypa Q.
Ecnu usBectHbl Ry, R6, Koonr M Rm.omr, TO HECTAGHIBHOCTb YacCTOTHI
npaKTHYeckH He 3aBHCHT oT Q. [TosToMy, BHGHpass Q, MOXKHO PyKOBOZ-
CTBOBAaTbCSA TOJNBKO KOHCTDYKTHBHbIMH cOOOpakeHusiMH. He cienyer Bbi-
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6upath Q<10, Tak KaK NmpH 3TOM CHJIbHO YXYAIIAlOTCA (PHABTpYOmIHe
¢BOfiICTBA KOHTYpa, MapaMeTph KOTOPOro PaBHH:

L= l,59~10'.Rn.on'r .
—_—fx = Q ’
_ 1,59:10-% (1 4+ Koonr) Q,

C2 f K Rn .ont (4'38)
C,
€= Koors*

3neck L muxen, Ra [on], Cy, C; [ng], f B Mey.
Kos¢p¢uuuent o6paTHoll CBA3H AJA CXeMBl C KBaplleBHIM Pe30HATOPOM

B uenu obpatHoll cssH | K | = Kon, n= -ﬁ-
?

Ecan sapaHa amnautyfa Ug, TO pacyer NPOBOAHMTCA CJEAYIOIIHM
o6pa3oM. Ipu 3agmannoM Ux u BuiGpanHbX G, [xo B H3BECTHOR aMILIU-
tyle Us KoadduuuenT o6GpaTHOM CBA3H HAXOAHTCA H3 COOTHOLICHHS
|K|=Ug¢/Ux. OnpenensieM BeinuuHy Rg, YAOBJETBOPAIOILYI0 3Haue-

Huo | A
! 2F
R6=R1D(l+‘/.l+5-(l+—l;i>' (4-39)

K|+ F)
D= T =K

rae

Pacyer ocTasbHBIX NMapaMeTpoB KOHTYpa MPOBOJAHTCA OGHLIYHHIM CMOCO-
GoM. BeruuciuM Takde nmapamerphl cxeMHl, kKakK C,, Ceéx, Lap, Cp 1 Cs.
[Tycte Roe=pPQ, rae P — xo3¢(duuueHT BKIOUEHHs KOHTYpa:

530 CC, .
P=C_2’ z=my
Cs
=a’

EmkocTb Cea BHIGHPAIOT M3 YC/OBHH

1
XGJ[' 10 = Roe; Roe = 100 m‘y

OTClOAAa
100
—_— 4.
o1 =GR (4-40)
Jlpoccesb onpefensiioT H3 yCJIO0BHHA
X’p = Roe' 10; ROO' 10= (!)L,
oTcioia
Roe . 10
L= o (4-41)
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Emrocts Cp onpemessioT H3 YCJOBHH

1
ch'100= Roe; Roa =100 'w—cvp"

oTciofa
100
= @Rge ) (4.42)
Emkocte C ¢ onpefesfiioT H3 YCjoBHH
1
Xe6-10=R¢; R¢= IO(I)—CG_’
oTclona
10 4-43
Co= Rs-10 . ( - )
EmKocTb B LienH 3MHTTepa OnpeRessior no gopmy.e
0,159
1= TRyrows (4-44)

Oco6eHHOCTH pacyeTa reHepaTopa ¢ KBapueBLIM Pe30HATOPOM B KOH-
Type. PacueT redepaTtopa C KBapileBbIM De30HaTOPOM B KOHType MOYTH
He OTJHYaercsd OT pacyera reHeparopa C €MKOCTHOR TPeXTOYKo# H Mpo-
BOIMTCA B TOH Ke MOCJELOBAaTeNbHOCTH. [lomo/qHHTENbHO HaZo PacCyH-
TaThb HHAYKTHBHOCTb KOHTYpa no ¢opmyie

2,53.10*
b= CC @4

2 __Z1=2
Fx Ci+C.
H CONMPOTHBJEHHe, IIYHTHDYIOUWee KBapLUeBH Pe3oHaToOp,

_1,59-10°
N P

B stux dopmynax L; [mxen]; Co, Ci, Cy [ngh], fx [Mey], Rm {om]. Co-
NMPOTHUBJEHHe Ry CJIYXHT IJIs NMONABJIEHHS Napa3HTHHIX KoJeGaHull 3a
CYeT CTaTHYeCKO# eMKOCTH KBaplesoro pesoxaropa Co.

4-7. CpaBHeHHe PasJIMYHBIX CXeM FeHePaTopoB,
CTaGHIH3UPYyeMBbIX KBaPLEBBIMH Pe30HATOPAMH

CpaBHeHHe TeHepaTOpPOB MO CXeMaM €MKOCTHOH Tpex-
TOYKH C KBapleBbIM Pe30HaTOpOM B KOHType H B ILeNH
o6paTHOH cBs3H, npoBeleHHoe B [JI. 4-7] ana yacToT Me-
Hee 0,5f;, mo3BossieT caesaTh BHIBOJ, YTO HaHGOJBILYIO CTa-
OHJBbHOCTb YacTOTHl OOecrneyHBaeT reHEpaTop C €MKOCTHOH
TpexToukofi. TeMnepaTypHasi HecTaGMJBHOCTb KBapIEBBHIX
reiepatopos B OcHOBHOM omnpepeasiercs TKY pe3sonaTopos.
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YXon yacToThl NpH H3MEHEHHH NapaMeTPOB CXeMBl reHepa-
TOpa BCJEICTBHE H3MEHeHHsI TeMNepaTyphl MHOTO MeHbIle.
ITostomy npu Gosbwux 3HaueHusix TKY pesonatopos 3TH
TPH CXeMbl KBapLEBHIX IeHEpaTOPOB NPHOJH3HTENbHO pPaB-
HoueHHbl. Ilpn maabix sHauenusix TKYU pesonatopos (107
H MeHee) TreHepaTop C KBapLeBbIM pe30HAaTOPOM B LEMH
00paTHOH CBfA3H YCTYNaeT IO TeMIepPaTypHOH CTaGHJbHOCTH
reHepaTopy MO cXeMe eMKOCTHOA TPeXTOYKH M reHepaTopy
C KBapLeBbIM pe3oHaTopoM B KoHType.. CTaGHABHOCTB TpH
HM3MEHEHHH NHTaHHA reHepaTopa C KBapUEBbIM pPe30HATO-
poM B LenH o6paTHOH cBfI3H NpHGJH3HTENBbHO B 3 pasa
MEeHbllle, Y4eM B CXeMe eMKOCTHOH TPeXTOYKH H y reHepartopa
c pesoHaTtopoM B KOHType. OgHaKo reHepaTtop ¢ pe3oHaTO-
poM B uenH oOpaTHOM cBfI3H oGJagaeT CyLECTBEHHBIM
NpPEeHMYLIeCTBOM: NPH OXMHAKOBOH aMIIUTYJe HalpsXKeHHA
Ha BHIXOJle B reHepaTope C pe30HATOPOM B LienmH 06paTHOH
CBfI3H Ha KBapleBOM pe30HaTOpe pacceHBaeTCs MeHblIas
MOILHOCTb.
Momnoctb, paccenBaeMasi Ha KBapLeBOM pPe30OHaTope
B reHepaTope C pe30HAaTOpOM B Lend OOpaTHOR CBfA3H,
paBHa:
R,

257 [y, (6)]2R2 (4-46)

KB —

MO].U.HOCTb, paccenBaemasi Ha KBaleeBOM pesonaTope

B €MKOCTHOH TpexXTOuke M B TreHepaTope C pe30HaTOpOM
B KOHTYype, paBHa:

2

Pys -

K,S

Il

(12 ()% (4-47)

1
2

ITosToMy reHepaTop ¢ pe3oHaTOpoM B Liemu oO6paTHOM CBsl-
3M CJIeflyeT MPUMEHATb B TeX CJIydasiX, KOrja IpH 3aJlaHHOH
JOOTYCTHMOM MOILIHOCTH, pacCeHBaeMOH Ha KBapLEBOM p€30-
HaTope, HEOGXOAHMO MOJYYHTb GOJIbLIYI0 MOIIHOCTb TIeHe-
patopa. EMKOCTHasi TpeXToukKa H reHepaTop ¢ Pe3oHaTOpoM
B KOHType 1O CBOHM CBOHCTBaM IPHMEPHO OJHHAKOBHI.
EMKOCTHYIO TPEXTOYKYy cjefyeT NPHMEHATb B TeX Caydasx,
KOT/la He HYXHO NOJCTPaHBaTbh reHepaTop AJsA JOCTHXKEHHS
Tpe6yeMoro 3HaueHHss HOMHHaJbHOH uyacToThl. Ecau reHe-
patop Heo6X0QMMO TOACTPaHBATh, TO GoJjee yAOOHBIM OKa-
3biBaeTcsi reHepatop c pesoHatopoM B KorTtype. Iloa-
cTpofiKa ocyLIeCTBJseTCS H3MEHEHHEM HHAYKTHBHOCTH KOH-

Typa.
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Croco6Gbl pacuera reHepaTopa Ha uyacrtorax Goaee 0,5f;
He paccMaTpHBAalOTCH, MOCKOJbBKY, KaK MbI yKa3biBaJH, TeOo-
pUsl TPAH3HCTOPHHIX TeHEpPaTOPOB HAa 3THX YacCTOTax paspa-
G6orana HemocraTouHo moapo6uo [JI. 4-7]. OpHako ombIT
NpHMEHEHHs] KBapUEBBIX €HEpaTOPOB Ha PasMYHBIX YacTo-
TaxX NO03BOJISIET BBICKAa3aThb HEKOTOPHE COOOpaXKeHHs OTHO-
CHTEJIbHO IPHMEHEHHS CXeM reHepartopa H IJs 4actot 6o-
nee 0,5f,, B muanasone 4—30 key nJisi TPEXMOJIOCHBIX pe-
30HATOPOB HANO NpPHUMEHATb reHepatop mo cxeme Kanu
(puc. 4-9). B nguanasone 4 xey— 30 Mey ™moxHO npu-
MEHAITb E€MKOCTHYI0O TpPEXTOuKy, INpHueM B [HanasoHe
4—800 xey HexesaTeNbHO MpUMeHeHHE GJOKHPOBOYHEIX HH-
OyKTHBHOCTel BBHAY HX Gosbiiux raGaputoB. B atom cay-
yae yZO6GHO MPHUMEHATb BApHAHT CXEMBI E€MKOCTHON Tpex-
TOYKH C 3a3eMJeHHbIM KoajektopoM. Ha uyacrorax cBeile
30 Mey npuMeHsiTb €MKOCTHYIO TPEXTOYKY Helesecoo6pas-
HO, TaK KaK BeJHYHHA §p Y KBapIEBOrO Pe30HATOPa BEJHKa,
CTaGHJBHOCTh YaCTOTHI YXYAIIaeTcss W Ha 6oJiee BHICOKHX
yactoTax caMoBo36yxzaeHue HeBo3MoxHo. Ciemyer oTMe-
THTb, YTO €MKOCTHasl TPEXTOYKAa SBJAETCS €/HHCTBEHHOA
cxeMofi, B KOTOPOfi OTCYTCTBYIOT mapasuTHble KoJje6GaHHS.

Ha uacrorax 800 xey—30 Mey u Bbillle, ec/i reHepaToOp
Heo6XOIMMO NepecTpaWBaTh, CJEAyeT IPHMEHSITb TreHe-
paTop € pe30HAaTOPOM B KOHType. JTa <CXeMa YCTOAYHBO
pabGoraer Ha uactotax no 90 Mey. B nguanasone
800 xey — 90 Mey cnenyer NpUMEHSITh TEHEPATOP C PE3OHA-
TOPOM B uen# o6paTHON CBf3H, ecau TpebyeTcsl MOJYUHTh
6oabmyio MomHocTb. IIpu 3TOM Ha uyacrorax cseime 30—
40 Mey cnepyer npUMEHSTb KOMMEHCALHIO CTATHYECKOR
eMkoctH Cp C MOMOIIBI0O HHAYKTHBHOCTH, BKJIOUEHHON ma-
paajenbHo kBapuy. Ha uacrorax cseime 90 Mey moxHO
TPHMEHSTb TeHepaToOpbl, CXEMBI KOTOPHIX HpeIJa0XKeHb
Baraepom [JI. 4-11].

4-8. TepmocraTnl

IMpu npoekTHpoBaHMH TepMocTaTa HEOGXOAMMO MpoBe-
CTH pacyeT MOIIHOCTH H BPEMEHH HarpeBa TepMocTaTa H
kKo3bdHIMeHTa CriaXXuBaHHS KoaeGaHufl TeMmepaTyphl.

TepMocrar coctout us aemndupyomero, NPoBOAAIIETO,
MOJOTPEBHOrO H H30JHPYIOUIETO UHIHHAPHYECKHX CJIOEB,
BJOXKEHHBIX OJHH B Apyrofi. Bo BHyTpeHnu# o6beM nemMndu-
pyIollero NUHAHHApPA TMOMeIlaeTcss KBapLUEBHI pe3oHaTop.
IMpoBonsiuufi cnofi BelpaBHHBAeT PasHOCTb TeMIepaTyp MO
IJIMHE TNOBEpXHOCTH IMJHHIApA, NMPH 3TOM MaTepHaya HOJ-
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JKeH HMeTb BBICOKYIO TeIJIONPOBOJHOCTb H HE3HAUUTEJBHYIO
YAEJbHYIO TemlI0eMKocTh., HeMnbupyoumii cinoit KoMKeH
crnoco6CTBOBAaThH TOMY, 4TOGBI TeMmepaTypHbie KojeGaHus
HOJNOTPEBHOrO CJIOS OBIJIM JOCTATOYHO MaJbl 1O aMIIUTYIE
BO BHYTpPEHHEM TIPOCTpaHCTBe TepMmocrata. Eciau 0o — Tem-
nepatypa BHeEIIHeH NMJIOCKOCTH 3TOro AeMNGHUPYIOLIEro caos,
TO Ha ero ruybuHe [ Temmepatypa OmpeleJisieTcsi COOTHO-
IIEHHEM

8= 10, exp (.- %) (4-48)

rie p— MJIOTHOCTb MarepHala; C— yHeJbHas TemJoeM-
KOCTh; @ — KPYroBasi uacrota KkoJeGaHuUfi TeMmepaTyphl;

A — Ko3((HUKEHT TemI0NpOBOAHOCTH. Benuuuna) pc/22
paBua 1,8 nnsa Bosnyxa; 10,6 nasa crekaa; 22,3 gnsi Boinoka
H 44,5 nas ac6ecra.

DJIeMeHTHl peryJHpoBaHHA TeMnepaTtypoii uejecoobpas-
HO pacnojiaraTh B KOHTAKTe C NPOBOMASIIIHM CJOEM.

Koadbdunuent craaxkupanus koseGaHHfi BHELIHEH TeM-
nepaTtypsl (MO OTHOLIEHHIO K TeMIepaType BHYTPH TepMo-
cTaTa) paBeH:

Ab
a= 2 _ b (4-49)
AS, :
n
rae Bn= 2 dW/dt — xoadunueHTH YyBCTBHTEJILHOCTH 3JI€-
i=1
MEHTOB  peryJMpoBaHMs  TeMmepaTypel B  TepMOCTaTax;
W — MouiHOCTb HarpeBa TepMOCTaTa.

l'aGapuTel TepMocTaTa CUHTAIOTCA 3alaHHBIMH, €CJH
H3BECTHBE pPa3Mephl KBapleBOrO pe30HaTopa H CXEMBI IeHe-
patopa. CuuTaloTcd 3aJaHHBIMH TaKXKe TeMIepaTypa Tep-
MOCTAaTHPYEMOTO OOBEKTA M OKpYKaiolle#d Cpensl.

IOns pacuera MOLIHOCTH, MOTPeGJsEMOfl OT HCTOYHHKA
3HEepPTUH U HeoOXOMMMON [Js1 YCTaHOBJIEHHSI TENJIOBOTO CTa-
IHOHAPHOTrO pexHMa B TepMOCTaTe, BOCMOJb3YeMCH MeTO-
noMm, omucaHueiM B [JI. 4-13, 4-14, 4-15]. BuyTpeHHsss H
BHEIHAS 060JIOYKH TEPMOCTATa SBJASIOTCS COOCHBIMH KpYT-
JABIMH IMJIMHAPAMH, PaJHYyChl KOTOPHIX COOTBETCTBEHHO Iy |
U Iz, 2 PAcCTOSIHHE MeXJAy BepXHell M HHXKHel KpBIIIKaMu
uunauanpos Al=Il,—!;; nepemaj teMnepaTypsl MexXAy BHY-
TpeHHedl H BHewHed obesouykaMu AO=—0,—0;.
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KosnuuecTBo TemnoThl, HEOGXOAMMOe MJsi COXpaHeHHUs
YCTaHOBMBIIErOCsI PeXHMa, PaBHO:

Q= =Y, (0,—b), (4-50)

1
rae Ry — TensoBoe cOMPOTHBNeHHe; Yp= R— — TensoBas

IPOBOXMMOCTb  TEMJIOM3OJSLHOHHOTO  CJIOS,  3aBHCAILAs
oT kKo3(pdunueHta renJo-
MPOBOJHOCTH H30JISIIHOHHO-
rO CJIOS U reOMeTPHYECKHX — | T~
pasmepoB TepMocrara. —
Pacuer Y, nposoaurcs 1 e ¥ = I 1
B TNPEeANOJIOXKEHHH OIHO- - ]
POIHOCTH H30JIHpYIOLLeH - -
o6onoukn.  Temnousons- - :

LIHOHHBIA cJIOfi pa3GHBaeT- 1 )
cs Ha TpH uvactd. C gocra- l

TOYHOM CTeNeHbI0 TOYHOCTH
MOXHO CYMTATb, UTO L

Yr—Y,+2V, (4-51) ARERNY o
rae Y,—rtemnoBas mpoBo- /-7 T T~
JMMOCTb TIPOCTPAHCTBA
MeX1y  UHJIHHIpHYE- =2z

CKHMH CTE€HKaMH Tell-

MOHSOMAUMH C KOHHYE- b~ 4 o5 Paspes Tepmocrara B

CKHM Cpe€30M TOpLOB, HanpasJeHHH o6pasyloulelt IH-
Y, — 10 X)e mas TOpILE- JIUHIpA.

BbIX YCEYEHHBIX KOHY-

COB.

IMpoBenem pacuer Kaxmo# cocrasasiiomefi obuied Ten-
JIOBOH MPOBOJHMOCTH TEIVIOM30JISILIMH TepMocTaTa. Brine-
JIUM BHYTPH UMJIHHAPHYECKOTO TEMJIOH30JSLHOHHOTO CJIOA
TOHKHH KOAaKCHAJIbHBIA IUJIHHIPUYECKHN CJOH palgHycoM r
H TonmuHOH dr (puc. 4-25). TemnoBoe conpoTHBIEHHE
3TOr0 3JIEMEHTapHOro CJAO0s

dR, = _dr, (4-52)

rae Sy=4xnrl, | —nosoBuHa NJHHB CJI0S TOJIMHOR dr,
Tak kak
r—ry __rp—r,
—I, =1,
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TO
_ l,— 1, roly —ril, -
l._rz_rlr—l— p— =ar b, (4-53)
rae
Q= l,—1, b= roly —ryl, !
Tog=—1ry ro—1r,

Iloncrapnas (4-53) B Bhipaxenue S,=4nrl u B (4-52)

ToJry4aem:
S, = 4xr (ar -} b); (4-54)

dr
dR 1= m . (4‘55)

TenjioBoe conpoTuBieHHE

14 7;;-
= Tm S r(ar + b= 4m; In b - (4-55")
14 -E;:
Ecin ryfry=10[l;, 7o b=0 u dopmyna (4-55') npunumaet
CJeAYIOMUA BUJ:
Ty
1 1 1 ,
R1= $ dRi-:-m(—r—‘——'z'). (4'55, )
r
B obmem ciyyae
V== (4-56)
1 an
n
b
14 .

Beoaa Bemmunmnnl A=r,/r,, B=UL[/l, u C=r,/2],

noJiy4yaem:
Y= 4nil, g=2 L. (4-57)
In—5
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Onpenennm TemioBoe CONPOTHBJEHHE 3JEMEHTAPHOTO
Cllosl, BBbIAENHB BHYTDH YCEYEHHOrO0 KOHyca KpYroBo# IJIO-
CKHUf CJIOH paflHycOM I M TOJILIMHOH dx:

dx
dRy= 35

,U,Jlﬂ OTbICKaHHs CBA3H Me}KlIy X U r COBMECTHM HauaJo
KOOpAHHaAThl X C IIEHTPOM MEHbIIEro mo mjaoliaad OCHOBa-
HHA yCEUYEHHOro KOHYyca. Hepr11H0 BHAETH, UTO

2C(A—1)

r_r‘"l"t,-t, X=r4+—p——x. (4-58)
Hubdepenuupys, noayyaem:
B—1 .
dx = '—m df.]

TenqoBoe COMpPOTHBJIEHHE M NPOBOJHMOCTb DaBHAI:

1
R, —XdRz—-mT; (4-59)
1 4nNl, AC?
VZa=rm="3—1" (4-60)

OGmiast TemnJioBasi IPOBOAHMOCTD

Y, = 4ril, (’* B _1_ 424 ) (4-61)

LA TTB=1
g

ITpn H3MeHeHHH rp MOXKHO HAafTH MHHHMYM TeILIOBOM
MPOBOAMMOCTH; MOLIHOCTb, HEOOXOAUMAsA [JIS NMOAJEepKAHHS
TEMNepaTypsl, TakKe GyNeT MHHHMAJbHA.

O6o3nauum Y./4ndlj=f;(A), roe fi(A) — HOpMHpOBaH-
Has TemIoBas NPOBOAHMOCTD IMHJIHHIPHYECKOTO TEPMOCTATA,
JaHHBIE JJIsi  pacyeTa KOTOpOi IpuUBeleHbl B TabJ. 4-3.
Onpenenum, HanpHMep, MOIHOCTb, HEOGXOAHMYIO AJS MOA-
nepxaHus teMnepatypsl 0;=>50°C (npu TeMnepatype oKpy-
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Ta6auna 4-3

JaHHble AafA pacdeTa NHJIHHAPHYeCKOro Tepmocrtata [JI. 4-15]
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xKawoweid cpeabl 0;=20°C) BHYTpPH UMJIHHIPHYECKOTO
TE€PMOCTAaTa ¢ pa3MepaMH TEPMOCTATHpPyeMOro obneMa ryj=—
=5 cM, [,=6 cM W HAPYKHBIMH pasMepaMH ry==8cM, [y=
=9 cu. B KayecTBe TeNIOH30JMAUHOHHOTG CJOSI BbIGHpaeM

1

\
5
N

10

1f

Puc. 4-26. TepMocrar.

1 — o6MOTKa mojorpeBa BHelHero TepMocTaTta; 2 — MOCT
u o6MOTKa MojorpeBa BHYTPEeHHero tepmocrara; 3 — LH-
JHHAD H3 KpacHoft MenH; 4 — XiOpaJIOMHHHEBBbIt IH-
auHAp; 5 — cocyn [Hbioapa; 6 — caoit Bofinoka; 7 — Lu-
JUHAP U3 HepxKaBewllel cTajaH; 8 — coeaHHEHHE MeIHO-
ro LHAMHAPA C MPOGKOBBIM cJloeM; 9 — MPOGKOBLIf CJof;
10 — BbICOKOCTAGUNbHLIA renepaTtop; [/ — reTHHakcoBas
naacTHHA.

¢derp, kK03hOdHUHEHT TENJIONPOBOAHOCTH KOTOPOTO paBeH
0,02 kxaafepad-u4. TlogcraBasis uHC/eHHble 3HAUEHHs, MO-
ayuum A=1,6; B=1,5; C=042; Y,=0,053 kxaafepad - 4.
MoiHocts HarpeBa Tepmocrara cocrtaBaser W=1,16Y,X:
XAO=6,15 8T
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Puc. 4-27. Tepmocrar ¢ ABYyMs
cocynamu [proapa.
1 — nexonJacr; 2 — aMOMHHHEBbIA
crakaH; 3 — nepsnilt cocyn [Ibloapa;
4 —BTOpot cocyn [spioapa; 56—
KBapUeBbll pe3oHaTOp; 6 — KpacHo-
MeJHHR CTaKaH.

186

XXX X

B GosbuiHHCTBE CJY-
yaeB IMPHUMEHSIOT TepMO-
cTaThl He C ONHHUM TeIJIO-
H30/ISIIUOHHLIM  CJI0eM, a
¢ HeckoabkHMH. IIpu 3TOM
TaKHe CHCTeMbl IIaCCHBHBIX
TepMocTaToB (puc. 4-26 u
4-27) ob6napmalT BecbMa
XOPOUIHMMH CBOHCTBAMH H
NO3BOJAIOT NPH aBTOMAaTHYECKOM PEryJHpPOBAHHUH TeMIepa-
TypHl ITOJy4aTh BBLICOKO€ NMOCTOSIHCTBO TeMIepaTypbl BHYTPH
0o6beMa, B KOTOPOM HAaXOJHUTCSi KBapUEBbII pe30HATOP.

X2

SIOI00I0I0I0I0 000 00

o

KD

)

XXX

02024

XXXR

020

I'naBa naras

BbicokocTaGuabHble KBapleBbie
reHepaTropbl B CMCTeMe MOACTPOHKH
KBaHTOBBIX CTaAHAAapPTOB YacTOThI

5-1. Mpuxuunel paGoTel KBAHTOBLIX I'eHEPAaTOPOB

Hunyunposannoe usnydenwe. B nociemHue romml MIHPO-
KOe NpHMEeHeHHe IOJNyYHJIH CHCTEMBI C OTPHLATENbHBIM KO-
30 (UIMEHTOM MOIVIOLIEHHS, B KOTOPHIX NOTOK H3JMYYEHHS
He ocnabuasieTcs, a ycunuBaercs. OTpuuartesnbHbiit Ko3hhH-
LIMeHT MOIVIOIEHHS MOJIYYaloT 3a CUET aKTOB HHIYLUHPOBAH-
HOTO (BBIHYXKIEHHOTO) HCIYCKaHHS, HAa BO3MOXKHOCTb CY-
IIeCTBOBaHUSI KOTOpPOro ykasas emle B 1916 r. DiHumredn.

ATOMBI, MOJIEKYJIHl MJH HOHBI NOJA AEHACTBHEM NPOXO.s-
Ilero yepe3 cpely H3JayYeHHsI MepexoasT ¢ 6Gojiee BHICOKOTO
9HEPreTHYeCKOro YpoBHs1 Ha GoJsiee HM3KUA. DTH NEPEXOXHI
~coBepmaloTcsi Ha (OHE CMOHTAHHBIX (CaMONPOH3BOJIBHBIX)
nepexonoB. POTOH, NMpoJieTalOMHKA MHMO BO3GYXAeHHON ya-
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&fuif{bl, KOTOpas HAXOLHUTCS Ha BepXHeM YpPOBHE, COKpallaeT
BpeMs ee XKH3HH B BO3OYXKAEHHOM COCTOSIHHM H [EpPeBOJAHT
Ha HHXKHHH ypoBeHb. Ilpn 3TOM yacTuma ucmyckaer (oToH,
TOXKIEeCTBEHHbIA (DOTOHY, CTHMYJ/HPOBaBIIEMy mepexol. 3a-
TeM faBa (oTOHa, OBHIKYILIHeCS B OJHOM HamnpaBJeHHH H
BCTpeyalolie Ha CBOeM NYTH B036YXKIeHHbIE YaCTHIbI, Bbl-
3BIBAIOT HCIyCKaHHe HOBHIX (otoHoB. Ilpomecc mnpoxos-
JKaeTcsl, H B cpelle BO3HHKaeT Hapacramwllias JjaBHHa ¢oro-
HOB. DTOMYy MpolecCy MelaloT aKThl MOTJIOLIeHHSs, COIpO-
BOXKJalolHecss Hcye3HoBeHHeM (OTOHOB H NepexoaoM
YACTHI] C HHXKHEro ypOBHSI Ha BepXHHIL.

DiiHmITeiH NOKa3aJj, YTO BEPOATHOCTH BBHIHYXKAEHHOTO
HCNMyCKaHUs U MOTJIOLIEHUS PaBHBEI, H MO3TOMY YCJOBHE Ha-
pacTaHus JaBHHBI ONpefessieTCsl COOTHOLUIEHHEM UYHC/IAa aTo-
MOB Ha BEepXHEM M HHXXHEM 3HepreTHuecKHX ypoBHaX. Tak
KaK YHCJIO aKTOB HCIYCKaHHs NMPONOPHHOHANBHO YHCIY 4a-
CTHII Ha BepXHeM YypOBHe, a UYHCJO aKTOB IOIJIOLIEHHS —
YHCJY YaCTHII Ha HHXKHeM, TO IJs CO3LaHHS (POTOHHOH Ja-
BUHBl HeoOXoAuMoO, 4TOGbl Ha BepXHeM <YpOBHE YacCTHL]
ObLI0 GoJsibliie, yeM Ha HHKHeM. Torga akTbl BHIHYKIE€HHOTO
HCMycKaHHs OynyT npeobsafaTh HajJ akTaMH IOTJOLLEHHS.

IMousitHe 06 oTpuumaTeNbHOH aGCOJIOTHOH TeMIeparype.
[Ipu TepMOOHHAMHYECKOM pDaBHOBECHH B 3aMKHYTOH CH-
CTeMe Ha HHXHeM YPOBHe HaxofHuTcs OoJibllle 4aCTHL, 4eM
Ha BepxHeM. OTHOLIEHHE YHCJIA YACTHI Ha BEePXHEM H HHXK-
HeM YPOBHAX yZAOBJeTBopsieT (opmyJse Boabumana

_EE b
Ng kT kT

“L=e =e , (6-1)

TIE Ny, Ny — YHCJO YACTHI Ha HHXKHEM H BepXHeM YDOBHSX;
v —yacToTa HW3JyUYeHHsl, COOTBETCTBYIOILAsi IepeXOfy H3
ONIHOTO 3Hepretuyeckoro cocrosiuuss E; B apyroe Ej,
Es—E,=hv; h—nocrosnuasa Ilaanka; & — mocTossHHas
Boabumana; T — abconioTHasi Temnepartypa. Ecan Es>Ej,
TO ng/m<l1, 1. e. ny>n, npu mo6oi Temneparype T>0.

B 1940 r. B. A. ®a6pukaHT mokasaj, YTO MOXKHO CO3-
JaTh HepaBHOBECHbIe YCJOBHS, NMpH 3ToM OyAeT HMeTb Me-
CTO TaKOe pacnpejesieHHe YacTHI[ M0 SHePreTHYeCKHM ypOB-
HSIM, KOTOpOe [O03BOJISIET peasH30BaThb Cpely C OTPHIA-
TeJIbHBIM K03 (HuHeHTOM TNorJjolleHus. Hns 3storo Hamo
BO30yXKAaThb YaCTHIBl Cpelbl, MepeBOAss HX Ha BepPXHHH
SHEpPreTHYECKHH YpPOBeHb, HIH YOHPAThb YACTHILI C HHXKHEro
ypoBHs. [as moanepxkaHus cpeAbl B BO30yXKIEHHOM CO-
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CTOSIHHM K HeH Heo6X0JHUMO NOJBOAHTb IHEPTHIO, YACTb KO-
TOpOH INpeBpalllaeTcs B 3HEPTHIO BbIHYXKAEHHOI'O HCHYCKa-
HHsl, 4TO NPHBOAMT K YCHJEHHIO H3JyuyeHHs. Peub Huer,
TakuM 06pa3oM, 06 OTKPHITOH CHCTeMeE, C HElIPePbLIBHOM «MOJ-
KauKoii» SHEepPruH, YTO NPHBOIUT K BO3HHUKHOBEHHIO HHBEpC-
HOM 3aceJIEHHOCTH YpOBHe# * (na>ny). DT0 HepaBHOBeCHOE
COCTOSIHHE SIBJSIETCS] CTAllHOHAPHBIM, T. €. YHCJIO YAaCTHI,
HacessIOLMX YPOBHH, He 3aBHCHT OT BPEMEHH.

Jast onmucaHus TAKUX HEPABHOBECHBIX CHCTEM BBOAHTCSA
NOHsITHE OTpHIATeNbHOH abco/oTHOH Temmepatypol. Ilpu
Ey>E|, u no>ny us coorsowenus (12-1) moayuum T<O0.

O06mue npHHUMOBI TeHepUpoOBaHMs 4HacToThl. B 1951 .
NpeAsoXeH MeETOL YCHJIEHHS 3JeKTPOMAarHHTHBHIX BOJIH,
OCHOBAHHBIH Ha HMHAYLMPOBAHHOM H3JyY€HHH. DTOT METO[
oco6eHHO 3(QdekTHBEeH B 06JaCTH yJIbTPAKOPOTKHX pajJHo-
BOJIH, COOTBETCTBYIOLIHX MEpPexojaM MexXAy BecbMa OJIM3KH-
MH 3HEpPreTHYEeCKHMH YPOBHSIMH, W peajIu3yeTcsi B KBaHTO-
BBIX reHepaTopax H ycuaureasax. KBaHTOBble reHepaTophl
UrpaloT BaXKHYI POJp B CHCTeMax, TpPeOYIOIHX TOYHOIO
NojJepKaHusl YacTOThl, H B 3TaJOHAX YacTOTHl H BpeMeHH.

B KBaHTOBBHIX reHepaTopax He3aTyxawluue KoJeOaHHs
B 00beMHBIX pe3oHaTOpax NOAAEepXKHBAIOTCA BCJeLCTBHE
HHAYUHPOBAHHOTO H3JyU€HHs KBAHTOB 3JE€KTPOMATHHTHOH
SHepruH BO30YXKIEHHHIMH MOJIEKY/J1aMH, aTOMaMH, HOHaMH
H sapaMu. YacToTa H3JMydyeHHs OINpelesieTcsi PasHOCTHIO
MEXJy ABYMsI HEBLIPOXKIEHHBIMH 3HEPTeTHUYECKHMH YPOB-
HsiMH: v=(E;—E)/h. C noMompio MexaHH3Ma <«HaKaUKU»
SHEPTHH CHCTEeMa NPUBOAHMTCH B HEPABHOBECHOE COCTOSIHHE,
IPH KOTOPOM Ha BEPXHEM YPOBHE HAXOJAUTCS 3HAUYHTEJNbHO
GoJibllie yacTHl[, YeM HAa HHXKHeM. B 3ToM cocrosiHHH H3Q-
JUPOBaHHAs CHCTEMAa MOXKET CYyLIeCTBOBaThb MJHTEJbHOE
BpeMsi. OnHako B pe3yJbTate BO3AEHCTBHS 3JEKTPOMATHUT-
HOTO TOJIST OHa W3Jyyaer, nepegaBasi U3OBITOUHYIO SHEPTHIO
BBIHYKJAIOLIEMY MOJIO.

J1s1 BO3HHKHOBEHMS] TeHepanuu Heo0X0LHUMO, 4YTOOBI
MOUIHOCTb MHAYUHPOBAHHOTO H3JYy4YeHHs] NpeBbILIaja MOLI-
HOCTb NOTEPb B reHepatope. DTO YCJAOBHE OTPaHHYHBAET MH-
HUMaJIbHYI0O DPas3HOCTb YHCJA YacTHl B eIuHHLEe o6bema
Nng—ny, HaXOASILUXCA HA BEePXHEM M HHUXKHEM 3HepreTHye-
CKHX ypOBHsX. [/ KBaHTOBOTO reHepaTopa YCJIOBHE CaMo-
B030Yy2K/e€HHS 3aliChbiBaeTCsl B BUIE

h
ny,—n,> WQAI—Q:W. (5'2)

148



rae Ao — MHpPUHA JUHUM H3JYyYeHUs KBAHTOBOTO Iepexoia;
d — MaTpUYHBI 3JeMEHT JIHIOJbHOTO MOMEHTa Iepexoja;
Q — no6poTHOCTh pe3oHaTopa.

CnekTpajibHasi UWIMPHHA JIMHUH H3Jy4eHHss KBaHTOBOTO
reHepatopa siBjlsieTcss BecbMa Y3KOH, MO3TOMY OH oGJjajaer
BBICOKOH CTENEeHbI0O MOHOXPOMAaTHYHOCTH.

KBaHTOBBII reHepaTop IpeAcTaBisieT coOOf CHCTEMY,
11aXOASILEYIOCS B COCTOSIHHM C OTPHIAaTeNbHOH Temmeparty-
poil; cHcTeMa TMOMeEIAaeTcss B Pe30HATOp, MPH 3TOM oOllpeje-
JeHHbie ycTpoficTBa obecrneynBaloT BO30yXKJAeHHe 4YacCTHII,
HX COPTHPOBKY, BbIBOJ H3JIyUeHHSI H3 D€30HATOpa, AETeKTH-
pOBaHHe H3JyYeHHs U T. IL

5-2. IpuHUMNHaAbHOE YCTPOMCTBO KBAHTOBBIX
reHepaTopoB

Hesnesnlit reseparop. Ko/auMHPOBaHHBIA IYYOK aTOMOB
nHe3us ABHXKETCS BHYTPH BaKyyMHOM CHCTeMbl, [aBJIEHHE
B KoTopoil cocraasier 10~"—10-2 mm pr. cT. *. I1poxons ue-
pe3 MarHUTHoe noJie ¢ GOo/bUIMM I'DAJHEHTOM, aTOMbI LE3Us
COPTHPYIOTCSI Ha KOMIIOHEHTBl, COOTBETCTBYIOLIHE pasJiHy-
HBIM COCTOSTHHSIM 3Hepruu aromoB (puc. 12-1). 3aren

\’/ K2 6 ,
N - 1 Nt
@ N_ My '“—"___t N &T{,\
2 J
!/ ff

Puc. 5-1. Lle3auesblit reHeparop.

! — UCTOYHHK aTOMHOTrO NYYKa; 2 — CeJEKTOp COCTOsAHuM; 3 —
aHanH3aTop COCTOsAHHN; 4 — mepBbIf MarduT; 5 — NPOCTPAHCTBO
B3aHMOJEACTBHAA; 6 — BTOPOft MarHuT; 7 — OETeKTop,
MarsuTHble 3KpaHBl AJA YCTPaHeHHs BHEIIHHX moJjeft ¥ MPoBOA-
HHKH C TOKOM OJs CO3[aHHsl YynpaBJsieMOro mnojsi B MPOCTPaH-
CTBe B3aHMOJEACTBHA HA PHCYHKe He NOKa3aHhl.

aTOMBI Lle3Us MPONYCKAalOTCS 4Yepe3 BOJHOBOA, B KOTOPOM
OHH B3aHMOJEHACTBYIOT C €ro mnoJem.

ITpy BbINONIHEHHH ONMHCAHHBIX Bbillle YCJOBHI B I1[€3HEBOM
Iydyke OCYILECTBJSIOTCS pe30HaHCHbBIE IepexoAbl AaTOMOB.
JautenbHOCTb BpEMEHH B3aMMOJEHCTBHS, OT KOTOPOH 3aBH-
CHT IIHPHHA CHEKTPaJbHOH JIHHHHM KBAaHTOBOTO TreHepaTopa,

* Bce y3nibl reHepaTopoB He. 5-1—5-3) nomewliaoTcs B BaKyyM-
Hbl€ KaMepkhl.
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onpejesieTcss AJHHOM YCTPOHCTBA M TeMJOBOM CKOPOCTHIO
aTOMOB.

Ins o6HapyxeHHs] pe3oHaHca My4OK aTOMOB LE3HS MpO-
nycKaeTcsl yepe3 BTOPOil MarHuT ¢ GOJBLUIHM rpagueHTOM
noJsisi. AToMbl, COBEPIUHBILHE NEPEXOABI, OTKJIOHSIOTCS K Je-
TeKTOpYy, KOTOphIH MpeacTaBiasieT co60f HarpeTyio MeTaJsliu-
yeckylo JeHTouky. IIpu conmpuKOcHOBeHHH C MOBEpXHOCTbIO
MeTaJJla aToMbl Le3dsi HoHusupylorcsi. OO6pasyommics
AOHHBIH TOK YCHJIHBAeTcsl B 3JIeKTPOHHOM YMHOXHTeJe, UTO
JaeT BO3MOXKHOCTb DETHCTPHPOBATb CHUTHAJ, OOYCJOBJEH-
HBI pPe30HaHCOM.

FazonanonHenHas pesoHaHcHas syeitka. AToMbl pyOunus,
HCOBITHIBAIOLINE pe30HAHCHbIE INepexoibl, MeNJeHHO nud-
¢yunupyior B atMocdepe Oy-
¢epHOTO rasa, B3aUMOHEHCT-
Bysl C MOJIEM BbICOKOYACTOT-
HOro OG'BEMHOr0 pe3oHaTopa
(puc. 5-2).

BydepHrle rase, 3amoJ-
HSIOIHEe PEe30HAHCHYIO suel-
Ky, COCTOSIT M3 HEMarHHUTHbIX

Puc. 5-2.

I'asonanoJiHeHHast pe-

30HaHCHas suedka.

1 — Rb%¥-amMna; 2 — onTH4ecKHHA
¢uabTp; 3 -- BHICOKOYACTOTHHIE peso-
HaTOp; 4 — pe3oHaHcHaa  svYefika
c*6ydepHbIM ra3oM; 5§ — IeTEKTOp.
MarauTHble 3KpaHbl H OOGMOTKH AAdA
CO3MAHHS YNPABAAEMOro MOAA HA PH-
CyHKe He noka3aHbl. Ilpoumeccn cop-
THPOBKH aTOMOB [0 COCTOSIHHAM H
BSaHMOAEACTBHE HX C BBICOKOYACTOT-
HBIM  TOJMeM  MPOHCXONAT  BHYTPH
rasosoft adeflku 4.

‘AALLero

aTOMHBIX 4YacCTHII, YTO MO3BO-
JsieT HCKJIIOUHTb BO3MYILIEHHUS
‘3HEPreTHYECKHX COCTOSIHHE BO
BPeMsl CTOJKHOBEHHS.
BospeficTBHe ONTHYECKOTO
H3JyYeHHS] HaKaukH, HCIy-
cKaemoro jamrmo#t / M ii»0Xo0-
yepe3  ONTHYE KHH

GHABTP 2, PHBOAHT K TOMY,
YTO NPOLECC COPTHPOBKH aTOMOB IO COCTOSTHHSIM NPOHCXO-
IHT B TOH Ke pe3oHaHCHOH suefike 4, re aToMbl C OTO-
OpaHHBIMH COCTOSIHHSIMM B3aHMOMAEHCTBYIOT C BBICOKOYa-
CTOTHBIM NOJIeM 00beMHOr0 pe3oHaropa .

AToMbl pYyGHMAmHf, KOTOpble HaXOAATCA B PE3OHAHCHOM
siyediKe, MOTJIOMIAIOT ONTHYECKOE H3JyuyeHHe BO36YMKIeHHBIX
aToMoB Rb¥-nmamnel u mepexoisit B BO3Gy:KIeHHOe COCTOS-
nue. IlpuMenenue omnrtuyeckoro ¢QuabTpa MO3BOJNSET CO3-
AaTh YC/NOBHSA, NMPH KOTOPBIX H3JayueHne oT Rb¥-mamnel Gy-
OyT MOIJIOLIATh JIMIIb Te aTOMbl pPYGHAMEBOH sMeHKH, KOTO-
pble HaxXOAATCA Ha HHUXKHEM JHEPreTHYECKOM YDOBHE.

ITocnie MHOTOKPaTHOrO MOBTOPEHHsI 3TOTO NpOIlecca B OT-
CYTCTBHE CBEPXBBICOKOUACTOTHHIX NEpexoJoB Bce aToMbl Rb%7
NePeKaynBalOTC U3 HHXKHEro COCTOSIHHS B BEpXHee,
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Ipu BO3HHKHOBEHHH B Pe30HATOpE CHTHAJa, HMEIOUIEro
yaCTOTY pE30HAHCHOrO Mepexofla AaTOMOB, HHAYUHPYIOTCA
nepexo/bl, KOTopble 06HAPYXKHUBAIOT (HOTOAETEKTOPOM MO H3-
MEHEHHIO CTENEHH INOTJIOLIEHHS] ONTHYeCKOro H3Jy4YeHHs Ha-
KauKH.

KBanrtoBblii reHeparop Ha pPyOMAMeBOill ra3oBoii sueiike.
B/ok-cxeMa KBaHTOBOTO reHepaTopa Ha pyOuaHeBOH raso-
BOH siuefiKe CONEPKHUT Te Ke Y3Jbl, UTO H GJIOK-CXeMa pe3o-
HaHCHOM fAuelikH ¢ OydepHBIM ~ ra3oM, HO OTCYTCTBYET
YCTPOHCTBO AJsi ONTHYECKOH HHAMKaUMH. OCHOBHOE pa3Ju-
yge 3aK/aOyaeTcs B TOM, YTO B KBAaHTOBOM reHepaTope Ha
py6uaueBoll ra3oBOil siyefiKe aTOMbI, HaXoAsllHecs B BepX-
HeM COCTOSIHHH, MOTYT ¢ 60sbuiell 3¢ (heKTHBHOCTbIO cOBEp-
watb CBU-nepexoasl. I1pyu stom 3Heprus, H3JjayuyeHHasr aTo-
MaMH, IpeBhIIaeT SHEPTHIO NMOTepb B pe30HaTope, H HACTy-
naer caMoBo36yXKIeHHe reHepaTopa.

BomoponHbiit renepatop. Ilox neficTBHeM 3/1€KTpPHYECKOTO
paspsila B HCTOYHHKE MPOMCXOAUT AHCCOLHAIHA MOJEKY-
JasipHoro Bojpopona. PopmupoBaHHe myyka .aTOMOB BOZOPO-
Jla ¥ BBIIEJNEHUE BEPXHErO COCTOSIHHS OCYLIECTBJAIOTCH, KaK
U B Ile3UeBOM TreHepaTope.

OTcopTHpOBaHHbIE aTOMBI BOXOpPOJAa NONMAajnalOT B OTBEP-
CTHE pe30HAHCHON sUefiKH, Ha BHYTPEHHHE CTEHKH KOTOpPOH
HaHECeHO CHelHa/JbHOE MOKpbiTHe (Hampumep, TedaoH);
IpH 3TOM B pe3yJbTaTe CTOJKHOBEHHS] aTOMa CO CTEHKOH
AYedKH He NPOMCXOXHUT H3MEHEHHS COCTOSIHHSI aToMa, 4YTO
BeCbMa BaXHO JJs paGoThl BOAOPOXHOrO reHepaTopa.

Atombl BOmOpOZa B3auMmopeiictByloT ¢ mojeM BU-peso-
HaTopa B TeueHHe BPeMEHM, KOTrJa OHHM HaXoIATCA B pe30-
HaHCHOH suefike. Eciau NmOTOK BieTalOLMX aTOMOB OKasbl-
BaeTcsl JOCTATOYHBIM JJISl NPEBLILIEHHS YHEPrHH HHAYLHPO-
' BAaHHOTO M3JIyYeHHs] HaX MOTEepPSIMH 3HEPTHH B DE30HATOpe,
TO BO3HHKaeT camoBo36yxneHHe reHepaTopa. CTOJKHOBe-
HHSl aTOMOB BOAOPOAA CO CTEHKOR MPHBOAAT K CMEHIEHHIO
yacToThl reHepatopa. VaMepenuss moxkasanau, 4To JJsi Aua-
MeTpa HaKONMUTeNbHON siueliku 15 cm, Haxonmsmefics Npu
temnepatype 40°C, oTHOCHTE/NBHBI COBHT YacTOThl reHepa-
TOpa BCJEACTBHE CTOJIKHOBeHMH paBeH —(2,9+0,3) - 10-11.
Bocrpou3BoauMoCTh BOLOPOJZHOTO TeHepaTopa COCTABJASET
HeCKOJIbKO eauHHuL Ha 10~18 y He 3aBHCHT OT ero KOHCTPYK-
LHH.

MounekynsapHeiit reHepatop. MoJeKy/SIpHBIH TreHepaToOp
COCTOHT M3 TpPeX OCHOBHBIX Y3JIOB: HCTOYHMKA MOJEKYJSsp-
HOro Nmy4ka; COPTHPYIOLIEro yCTpPOHCTBA, obGecneynBaloLiero
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o6pa3oBaHHe y MOJIEKYJ ra3oBOTO NMyuyKa COCTOSIHHS C OTPH-
LlaTeJbHOH TeMIepaTypoil, H BBICOKOLOGPOTHOr0 0GHEMHOTO
pe3oHaTopa ¢ cOOGCTBEHHOH YacTOTOMH, BecbMa GJIM3KOM K pe-
30HAHCHOH YacToTe CNEKTPAJbHOH JHHUH MOJEKYJSIPHOTO
nepexofa. YCTpPOACTBO NMOMeEINAeTCs B METAJIMYECKYI0 Ba-
KYYMHYIO CHCTEMY, B KOTOpPOH MOJIEpPKHUBAeTCS [aBJeHHe
nopsaaxa 10-6 mm pr. c1. Bpouecce pa6oThl MOJIEKYJISPHOTO
reieparopa Ha NHj rasoo6pasnblfi aMmuak nogaercst B Ka-
Mepy, The MOANEepKHUBAeTCs NaBjieHHe ~ 1 mm prT. CT.

dopmMupoBaHHe MOJIEKYJASPHOTO MYyYKa OCYLIECTBJSETCS
NpH NOMOLIM MEJKOH MeTaJJIM4ecKOoN CeTKH HJH Habopa
TOHKHX KanuwispoB. IIpoxoass uepe3 Hux, MoJsekyanl NHj
BBUIETAIOT B BakyyMHylo cucremy. Has ¢popmupoBanus 6o-
Jiee Y3KOTO Nyuyka Ha NMYTH MOJIEKYJ yCTaHaBJHBAaeTCsl AMa-
(dparmMa c mMa/jbIM OTBEPCTHEM, KOTOPAs OXJa)KITaeTcs KHA-
KHM a3oToM (Temnepartypa ero kumenus —196°C), npu
3TOM IONaBLIMe Ha AHA(QpPAarMy MOJIEKYJbl <«IPHJIHNAIOTY
K Hefl.

B kauecTBe cHcCTeMBI, COPTHPYIOLEH MOJIEKYJIbl, NpHMe-
HSIIOT KBaJApPYNOJbHBIH, IECTH- HJIH BOCBMHIIOJbHBIH KOHACH-
catopbl AJAHHOH ~ 10 cm, HAa KOTOpBIE NOJNAeTCsi HampsxKe-
Hue 20—30 «ks.

O6GbeMHBII pPE30HATOP H3rOTABAMBAETCS OGBLIYHO H3
MHBapa, BHYTPeHHHE CTEHKH KOTOPOTO NMOKPLIBAIOTCS cepeb-
pOM, HaHEeCeHHBIM TrajJbBaHHYecKUM mnyTeM. J[Lo6poTHOCTb
o6beMHOT0 pe3oHaTopa coctasiser okono 103, C momouibio
ClelHaJbHbIX BHHTOB OCYLIECTBJSIETCS MOACTPOHKA YaCTOThI
pesoHaTopa B HebosbliOM auamnaszoHe B6au3u 50 Mey.
Bnyck MosieKy/sipHOTO IyyKa B pe30HATOp NPOHCXOIHUT ye-
pe3 clenuajbHble BOJHOBOAbBI, MO3TOMY NMOTEPH HA H3Jyde-
HHe MaJbl. [lasi KaxXKAOro 3HayeHHss N0O6POTHOCTH 0GBEeMHO-
ro pe3oHaTopa HeOOXOZHMO OTPEryJHpoBaTh HHTEHCHBHOCTb
MOJIEKYJISIPHOTO NyuKa M HaNpsiKeHHe Ha COPTHPYIOLEeH CH-
cTeMe TakuM o6pa3oM, UTOGBl 4YHC/IO BO3OYKIEHHBIX MOJe-
Ky OBLIO JOCTATOYHBIM [JIsi BBHINIOJHEHHS YCJOBHS CaMo-
BO30YXKIEHHS.

5-3. CHcreMbl MACCHBHBIX H aKTHBHBIX KBAHTOBBIX
reHepaToposn

CucreMa NacCHBHOTO KOHTDPOJST YacTOThl BBICOKOCTA-
6uJbHBIX KBapLEBbIX F€HEPaTOPOB OCHOBAaHA HA Pe30HaHC-
HBIX Nepexonax, NPOTeKallIUX B KBAHTOBLIX I'eHepaTopax,
U OCYLIECTBJsIeTCS] BO3XEHCTBHEM uepe3 OOpaTHyIO CBA3b
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paano3aeKTpOHHOH cxembl (puc. 5-3). KBaHTOBble renepa-
TOpel 06JafaloT BecbMa BBICOKOH JOJIrOBPEMEHHOR cTa-
GHIBHOCTBIO YACTOTHl H CNIEKTPANBHOM YHCTOTOR KOJeGaHHui.

KpaTkoBpemMeHHast CTaGHJBHOCTb KBAHTOBHX TeHEpPaTO-
POB 3aBHCHT HCKJ/IOYHTEJIbHO OT CBOCTB KBapleBOrO reHe-
paTopa, MO3TOMY M NpPHMEHsIETCS] CBEPXTOHKHI pe3oHaHC Ha
MHKDOBOJIHAX [JJI1 KOHTPOJISI U MOACTPOHKH YaCTOThI KBap-
LIeBOTO pe30HaTopa.

-

FN

w

N
N
[N

Cmandapmnan
vacmoma B T\

Puc. 5-3. DBnok-cxema reHeparopa, CTaGHJIM3HPOBAaHHOTO
ATOMHLIM Pe30HaTOpOM.
1 — kBapueBbifl reHepartop (cTaGHAU3HpyeMBIi); 2 — ¢da3oBbt MOny-
JNSATOP; 8 — YMHOXHTENb 4YacTOThl; 4 — aTOMHBIt pe3oHaTop; 5§ —
YCHJAHTENb CMrHala pe3oHaHca; 6 — da3oBbIft AeTeKTOp; 7 — MOAY-
JUPYIOULHY reHepaTop.

CymHocte MeTofa CcTa6HIH3alMH YacTOTHl KBapLEBOTO
redepaTopa, Ipd KOTOPOM B LeNnb OGpPaTHOM CBA3H MOMe-
mlaeTcs rasosasi siuefiKa, 3akJjiouaeTcss B ciaenywouieM. Ya-
CTOTa BBICOKOCTAGH/IBHOTO KBapleBOro rewepatopa I mo-
naetca Ha Ga3oBelfi MoLyasiTOp 2 1Js1 TOJYYeHHs He-
60/bLIOR YAaCTOTHOH MOIYJSIIUK, 3aTeM Ha YMHOXHTENb
yacToThl 3, a ¢ Hero —Ha pe3oHatop 4. ITocie mpoxoxne-
HUSI aTOMHOTO pe30HAaTOpa MHKDOBOJHOBBHIH CHTHAN § ycCH-
JMBaeTCsl M MOIYJHPOBAHHBIA CHUrHAJ INOAAeTCsl Ha CHH-
XpOHHBIA (a30BbHIA neTeKTop 6, Ha BHIXOJE KOTOPOTO BO3-
HHKaeT TMOJIOXKHTEJbHOE WM OTPHIATEJNbHOE HalpsKeHHe:
3TO 3aBHCHT OT TOTO, Ha KaKOM CKJIOHe JIHHMH MHKDOBOJI-
HOBOTO pEe30HAaHCA HAXOAMUTCA YaCTOTAa KBAapLEBOrO reHepa-
topa. Ilna ¢urcanmuu 4acToThl MOC/JAEIHEr0 Ha YacTOTe MH-
KPOBOJIHOBOTO pPE€30HAaHCa HampsixKeHHe BBHIGpaHHOM HOJASIP-
HoCTH ¢a30BOr0 JEeTeKTOpa MOJAaeTcsl 4yepe3 YCHJHUTENb H
CHCTEMY CepBOPETYJIHPOBAHUS B COOTBETCTBYyWOMWIel (ade Ha
3JIEMEHT, peryJupyrolui yacrory 7.
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CucremMa MacCHBHOTO KOHTPOJISI 4acCTOThl KBapUEBHIX re-
HEpaTopoB NpuMeHsieTcs B PYOHMAMEBLIX M L€3HeBbIX KBaH-
TOBBIX reHepaTopax. DTOT METOJ KOHTPOJS YaCTOThl MPHTO-
IeH JJs Jio6biXx reHepaTopoB, CTaGHIHM3HDYEMBIX C TO-
MOIIbIO aTOMHOTO pe3oHaHca. [luHaMMKa uenH o6GpaTHOM
CBSI3H KOHTPOJIS YaCTOThbl AOCTAaTOYHO CHJIBHO BJHSIET HA Xa-
DAaKTEPHCTHKH KBaHTOBOrO reHepatopa. Tak, Hampumep,
BpeMsi cpaGaTbiBaHUs LENH KOHTPOJS ONpenensieT AJNHTeJNb-

7 20405752
, 1420405752 |—’ﬂ2 20405752 3
9706k | -107 6w ]030)/
1400Meu

[ ] Qf

Cmandapmnan 5000000000 [ |
yacmoma d [ 20405752

— LueHan nowmpons Qoser
l 7

Puc. 5-4. Biok-cxemMa cranjapra 4acToThl Ha OCHOBE KBaH-
TOBOTO BOZOPORHOTO reHepaTopa.

I — OTMOpPHBIA KBAaHTOBbIA BOLOPOAHBIA TeHepaToOp; 2 — CMECHTeNb —

10 86; 3 — ycuauTeab NMPOMEXYTOUHOA YacTOThl +107 86; 4 — yMmHO-

JKHTeJMb YacToThl. X 280; 5§ — &ha30BLIA HeTEKTOP; 6 — CHHTE3aTop 4a-

CTOTHI; 7 — BeAOM.ilt reHepatop (kBapueBblfi). Yacrora ykasaHa
B Merarepuax,

HOCTb CYIIEeCTBOBAaHHSI OUIMOKH 4acTOTHl KBapIEBOIO TreHe-
paTopa mepel KOPPEKTHPOBKOA MO aTOMHOMY pe30HAHCY.
[Tpu unrepBasax BpeMeHH, NJIUTEJNLHOCTb KOTOPBIX MaJja Mo
CPaBHEHHIO CO BpeMeHeM cpabGaTbiBaHHS CHCTEMBI KOHTpPOJS,
CTaOGUILHOCTD YACTOTHI TeHepaTopa Ta XKe, YTO U y HectabH-
JIU3NPOBAHHOTO KBapLeBoro reHeparopa. IIpu uHTepBajax
BpPEMEHH, INpEBHIIAUNX BpeMs CpabaTbIBAHHSI CHCTEMBI,
CTaGHJIBHOCTb YAaCTOTHl B OCHOBHOM OIIpefesisieTCsi CTabuIb-
HOCTBIO YaCTOThl PE30HAHCHOTO Nepexoja.

B cucreMax akKTHBHOTO KOHTPOJISI 4acTOTH [BOZOPOIHBIN,
py6uIMeBHIE H MOJIEKYAsIpHBbIA reHepaTop (puc. 5-4)] memno-
CPeICTBEHHBIM HCTOYHHKOM CHTHAJa SIBJSIIOTCS KBAHTOBLIE
nmepexofsl B aTOMax MM MoJsekyJax. JIMHaAMHKa cHCTEM
MacCHBHOTO H AKTHBHOTO KOHTPOJISI YaCTOTH COBEpLIEHHO
pasnnyHa. B ciyyae maccHBHOro pe3oHaTopa 4acToTa reHe-
paTopa coIyacyeTcsi ¢ 4aCTOTOA pe30HAaHCHOro nepexoja.
B cucreMe akTHBHOrO KOHTpOJs (asa KBaplLeBOro reHepa-
TOpa mpuBs3aHa K (pase KBaHTOBOro reseparopa. Ilpu stom
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OTCYTCTBYer HEOOXOJHMOCTb B MOAYJALHH YacTOThl CHI-
Hajla, a CKOpocTb cpabaThbiBaHHS CHCTEMbl KOHTPOJS OIpe-
densiercss Ko3(p@UUHEHTOM yCHJeHHsT H IIHPHHON MOJOCH,
KOTOpble BBIGHPAIOTCS MCXOASl H3 YPOBHA J00aBOYHOrO
lyMa, BHOCHMOT'O CHCTEMOM.

5-4. EcrecTBeHHas WHUPUHA CMNEKTPAJbHOH JIHHHH
KBapLEBOro Pe3oHATOpPaA H reHeparTopa

®IYKTYauHu MaKpPOCKONMHYECKHX BEeJHYHH Nbe303JIEKTPHYECKOro KBap-
na. BricokocTaGui/bHbBle KBapleBble reHepaTophl MPHMEHSIOTCS He TOJIbKO
B CHCTeMe MOACTPOHAKH KBAHTOBHX CTaHAApTOB YacTOTH, HO H KaK CaMo-
CTOSITeJIbHBE KOMIIOHEHTH PaJHOJIEKTPOHHOA annapaTypH. B cBfA3su
C 3THM HMeeT CMELICI OLEHHTh BO3MOXKHOCTH MOBHIIIEHHS KPAaTKOBPEMEH-
HOH CTaGHJIBHOCTH YacTOTHI M MOHOXPOMAaTHYHOCTH KoneGaHHH KBaple-
BOrO0 pe3oHaTopa W reHeparopa. Bepxusis rpanuila cTaGHJILHOCTH Nbe30-
3JIeKTPHYECKOr0 pe30HaTOpa H reHepaTtopa ompefeasercss (QJAyKTyauuoH-
HBIMH NpoLeccaMH, OGYC/HOBJIEHHBIMH aTOMHOH CTPYKTYPO# BEILEeCTBa
M TeMJOBHIM JABHXKEHHEM YaCTHU, T. €. eCTeCTBEHHOH IUHPHHOM CIeK-
TPaJbHOM JIHHHH KBapLUEBOTO pE30HaTOpa H reHepaTopa.

EcrecrBenHasi LIHDHHA CNeKTPAaJbHOH JIHHHH KBapleBOro pe30HAaToO-
pa onpeznensiercsi (JAYKTyalusMH (PH3HYECKHX BeNHYHH, XapaKTepH3ylio-
IMX CBOMCTBA KpHCTadJa. B pajfHOTeXHHKe He CyIUECTByeT CTpOro
MOHOXPOMATHYECKHX KoJaeGauuit, uto o6bschsiercs [JI. 5-2] cTaTHCTHYe-
CKO/ NMpHpOAOA (H3MuecKHX siBJeHHA. DayKTyauuu An=m—1 B 4aCTH ¥
noJsiHoro o6beMa V kaKofi-mu60 MaKpOCKONHYECKOH (pH3HUYECKOH BeJHYH-
Hel 1), 3aBucsilei ot o6beMa V u temneparypu T, onpexpeasiiorcs ¢op-
myao# {JI. 5-3]

L e

T
Ant=k—= (dp) +7 (aE
Fv- T B_T-)v

rie k—nocroannas  bBoabuMana  (k=1,38:10"23  Oac-epad—!),
(OE[OT) y=cC» — yAeJbHAsA TENJIOEMKOCTb.

Ucnonb3yss B KauecTBe CTATHCTHYECKH HE3aBHCHMBIX TePMOIHHAMH-
YeCKHX NEPEMEHHBIX BeJHYHHH [, p H C, NOJy4YaeM:

— A 2 — 2
ot — (00%)? BBt (aoip) A7 + (%“c’-)l LA

lye

, (5-3)

rae Aw?, A2, Ap?, Ac®—cpelHHe KBagpaTh (UYKTYaUHH 4YacTOTH,
IVIMHH, TMJIOTHOCTH M YNpPYrofi NMOCTOSHHOA cooTBercTBeHHO. IToxcTaBuB

BbIpaKeHHsl
do\* e, (oo !
(dl)p.c\' 2’ (OP)I.cN p*
H
do:
( c),’P"’ c?
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B (5-4), monyuum:
Ao? Al2 'A'az Be? .
o STttt (3-5)
[lpu a6conoTHol Temnepatrype 300°K, p=2,65 2-cx-3%, cp=
=7 Oxc-2pad-t-cm=3 V=1 cm®, |5 cm; ¢c=8,6-108 H-.-cu-2;
0c/0T =2-10% H-cu—2-2pad -1,

)
bp= (0;) —3,3.10-7 cxton-t Vo

1 fol
_15—(07) =0 10-12 2pag-2.

Ilocne NMOACTaHOBKH 3THX BEJMUHH B (12-5) HaliieM, 4TO

At Al
c2 > Pz >
H NMO3TOMY
Aw? A02
T =T
DyHKuUs BpeMeHHOH KOppeJsluH g(T) coOCTBEHHOH 4acTOTH KBap-
IIeBOr0 pPe3oHaTOpa paBHa:

g (1) = Awy () bw, (t + ) = Awe ™ cos w,, (5-6)

rae 8 — norapudmMuuecKuii JeKpeMeHT 3aTyXaHHS;
@9 — co6CTBEHHAs! YaCTOTa KoJeGaHui.

Cayuaiinasi BeJIMUMHA H3MEHSETCS TeM MEIJIeHHee, yeM CHJbHee Bpe-
MEHHasl KOPPeJIsIHS.

Jlnsi BLIYMCJEHHS] €CTECTBEHHON IIMPHHBI CMEKTPaJIbHOA JIHHHH KBap-
1€BOr0 Pe30HATOpa HCMOJb3YeM MOHATHE CNeKTPaabHON mioTHocTH F(0),
KoTopasi cBsi3aHa ¢ (yHKUHeH BpeMeHHOH KOpPeJSLHH CIeAYIOIHM COOT-
HOLIEHHEM:

—10-2,

0
g = S F () cos wtdt;
0

F(w):%ﬂjg (1) coswdt. (5-7)

[Mopcrasass g (t) B (5-7), monyuaem:
o

F(w)= 2 5 Aw2e% cos w,1 cos widt =
0
Aw? [ 3 + 8 ]
L3+ (0—w)® " 8+ (04 ©)?
Ecan (m—mo)z&(m+o)°)2:\\_-mg H 62<u)§, TO

28 dw?
F(o)=~—F -;g— (5-8)
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Ilpu ¢ayxkryaunn coGcrBenHoM uacTuThl KBapieBOro pesoHaTOpa
¢da3osasi HecTaGHJbHOCTb OMUCHIBACTCH ypaBHEHHeM CO CJ1a0OOBHIpaXKEeH-
HOH HeJHHEAHOCTbIO

%+ (0, + o) x = pf (x, x); (5-9)
X+ opx = pf (¢, X) —20,00x, (5-9)

rje U — MaJiblii mapaMerp. )

Bropoit uien B npaBoii yactH ypaBHeHHs (5-9°), Tak xke Kak H
nepBbiil, ZOCTATOYHO MaJ (C NMOPSAAKOM MaJocTH Aw/w), u, cleloBaTelb-
HO, ypaBHEHHE MOXHO pellaTb MeTOZoM Majoro napamerpa. [lonaras,
uro Wf (x, £) =ax—Pa3%, u nopcrasaas B (5-9), nonydaem:

% + 0px = ax — fx® — 20,80x. (5-10)
Pewenne ypaBuenns (12-10) umeeT cienyiomwui BHA:
% =Q (1) cos [wof + ¢ (1)], (5-11)

rae Q(f), @(f) — cnyuaiinble GyHKUHH BpeMEHH, MeAJeHHble Mo CpaB-
HEHHIO C o (Z).

[pu nomomn meroma Bau gep IMoas [JI. 5-4, 5-11] mepexoaum ot
TOUHBIX YpaBHEHHH K YKOPOYEHHHIM H MoOcC/e yCpPeXHeHWs mo ObicTpome-
pPEeMEHHbIM YJIEHaM HMEEeM: '

. 3 1
0=o(g—ghie +5r ) (5-12)
'é=Ao>+—;-Fl. (5-13)

rae F”, FL — cocrasamiompe (uykryannn cobcTBennoff 4acToTh.
[Iposelis OOLIYHbIE OMEpaliHH, ONpPEAeNHM €CTECTBEHHYIO LIHPUHY

CNeKTpasibHOH JIHHHH V‘szoa 10 -1® (npumepro npu 300° K). C nonu-
YKEeHHeM TeMnepaType o 2° K mupHHA CHeKTpasbHOH JIHHHH YMEHbIUHT-

cd Jio BequHmVAaz/mo% 10-20,

AaekTpHuecKHe TenJoBbie (AyKTyauHH B KBapueBhIX reHepaTopax
¢ tasosoit aBronoactpoiikoii. I1pexnosioxkum, 4TOo Ha BXoA aBTOKOJeGa-
Te/IbHOH CHCTEMBI MOJAeTCsl CTAallHOHApHAasi CiAyyafiHas Qyukuus

u (t) = Ugycos [of + ¢ ()], (5-14)
rae Uy — amnanryna;
@(f) — dynKuusa BpeMeHH, MelJIeHHasi MO CPaBHEHHIO C Of.
VYpaBHeHue njs NOACTPaHBAaeMOro reHepaTopa HalHIIEM B BHJE

¢ (1) = Aw + SE (f), (5-15)

rie Aow — cratuyeckass paccTpofika OTHOCHTEIbHO HOMHHAJbHOH Ya-
CTOTHI;
S — KpyTH3Ha «3JIEKTPOHHOMA» HACTPOHKH;
E(f) — ynpaBasiomee HanpsKeHHe Ha peaKTHBHOH JaMIe.
[TepBblfi useH nNpaBoii YacTH 3TOr0 ypPaBHEHHs YYHTHIBaeT HecTa-
GHJIbHOCTH HEMOACTPOEHHOI0 MOCTOBOro, reHeparopa. Ha Beixole Mocra
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nionyyaercs nanpsikenne v(f), npon6punoHadbHOe OTKAOHEHHIO 4aCTOTLI
NOACTPaHBaeMOro reHepaTopa OT HOMHHAJIBHOA 4aCTOTH wo. C yuerom
HHEPHHOHHOCTH KBaplLEBOro pe3oHaTopa, BXOASIILEro B MOCT, H 6e3 yue-
Ta NOCTOSTHHOH HHTETPHPOBAHUA IETEKTOpa, KOTOpblﬁ npennoJaraercs
Ha BBIXOAE MOCTa, ypaBHEHHE MNOCJACHHEro 3anuilercs B c.nenyxou[eﬁ

tdopme:
%0 (1) 4 v () = Vet ¢ (1), (5-16)

rae To — MOCTOsSIHHAsl BpEME@HH KBapLEeBOTO pe3oHaTopa

2%

1 —_— ———
°= 3w, ’

% — K03 HIHEHT nepemayn MoOCTa;

Vo — HanpsixeHue, nofaBaeMoe Ha MOCT.

OTMeTHM, YTO IIYMBl Ha BXOJXe MocTa He yuHThBalorcsi. Kak MOXKHO
NnOKa3aTh, HX yueT He NMPHUBOAHT K MNOsABJEHHIO AHPPy3un ¢asw MNox-
CTPOEHHOrO reHepaTopa, a BHI3bIBAaeT JHlLIb NOMNOJHUTENbHYIO (asoByio
MOZRYJISIIMIO OKOJIO CPEIHEro 3Ha4yeHHs.

Ipexnonarasi, 4Yro NOCTOSIHHBIE BPEMEHH LieNei YCHJHTENs] MOCTO-
SIHHOIO HanpsiKeHHss T<To, MOXKHO HAamMuCaTh:

B =K[o(t—v)+w ()], (5-17)

rie K — ko3ddHuuuenT ycuaeHus;
T — 3anasjbiBaHHe YCHJMTENS, paBHOe CyMMe BCeX MOCTOSHHBIX
BpeMeHH RC-uenoyexk yCHJHTEJS;
w(f) — wymMoBoe HampsiKeHHe, NMPHBeAEHHOe KO BXOJYy YCHJHTEJS.
Moncrasasa ¢ynkuuio E(f) us (5415) B (5-17) u anddepenunpys
nosy4yeHHoe BbIpa)KeHHe, a 3aTeM npojenaB npeo6pasosanus B (5-16),
HOJYYHM ypaBHeHHe

WP+ ¢ -+ V%K Sy (f — 1) = b6 + Aw + 7 KSw (1) +
+ KSw (t). (5-18)

Tak Kak ¢ (f— ) = ¢ ({) — ¢ (f), 710 ypaBHemue (12-18) mpumeT cre-
AYIOmMHAR BHI:

(vo—t4) ¢+ (1 + A) ¢ = do + 1,KS0 + KSw, (5-18")

rae A=xV,10KS — xo3puuueHT peryaupoBanus aBTOKeneGaTebHOM
cucTeMH ¢ ()a30BOfi MOACTPOHKOM, KOTOPBIi MOXHO NOSICHHTH CJEHYIO-
MM 06Da30M: ec/H HEMOACTPOEHHbIH reHepaTop HMea CTaTHUECKYIo
PAaccTpoiiKy OTHOCHTEJNbHO HOMHHAJbHOW YacTOTH, PaBHYIO A®, TO NPH
3aMKHYTOl OGpaTHOi CBs3H 3Ta paccTpofika ymeHbiaercs B (14A4)
pas, T. e.

Aw

?=I+A-

U3 ypasuenuss (5-18’) caenver, uto 3amkHyTasi CHCTeMa HOACTpPO-
€HHOro reHepaTopa YCTOHYHBA TOJbKO B TOM CJy4ae, KOria To>TA.

OuenuM BequyHHy Koadduuuenta ycuienus K, cdutasi, 4To NoXd-
CTpauBaeMblii BEICOKOCTAGHJIbHBII KBapLEBHi reHepaTop HMeeT OTHOCH-
TeJIbHYI0 HecTaOHIBHOCTh AW®/wo=~10-10 H ko3 dHuUUEHT peryaHpoBaHHA
A=10% uro o6yca0BIHBAaeT pe3yJbTHPYIOIYI0 OTHOCHTENBHYIO HecTa-
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GuabHoctb mopsixa 10—, Jlng xBapueBoro reHeparopa KpyTH3Ha
«3JIEKTPOHHOM» HacTpohirku S= (10-3—10-%)w,. Ecim x=0,1, Vo=1 s,
Q=107, To K=A[xvoVeS=10%4/2QxV,=~5 - 10*

OnpenenuM BAMSIHHe IIyMa Ha CTaGHJBHOCTb 9YaCTOTH NOACTPOEH-
HOro TeHepaTopa, cuuTasi 3afauy CTaTHUecKOfl *; B 3TOM NPHOGIHKEHHH
H3 ypaBHeHHs (5-18’) moayuum:

L] w .
=TT ATTFAYS"T wvy (5-19)

7 /'S,
Ve -1 l/ = (5-20)
®, ToxV oW,

rie S, = 4kTRwAf — cnekTpaipHag MJOTHOCTb WIyMa HA BXOXE YCH/H-
Tens;
Ry — 5KBHBaJIeHTHOE IIYMOBOE CONPOTHBJIEHHE.
Moncrasaaa B (5-20) uucnennsle 3HaveHns (T=300°K, Ru=~
~10% om, T=1,38-10-23 Oac - epad—*, Af=0,06 2y4), nonyuaeM mpu Mo=
=2nf=6,28-10° 24:S, = 100,8-10-20 0yrc-om-cex—!.

EcrecTBenHasi LIMpHHA CNEKTPa/bHOA JIHHMM KBapueBoro reHepatopa,
oGycnoBleHHas TeloBHIMH GaykTyauusmu, npu T = 300° K cocrasiser
92/wy=4-10-18. C monmxcenueM Temnepatypsl Ao T = 2° K crekr-
panbHas IVIOTHOCTb YMeHbLIHTCS Ao S, = 41,4-10-22.2.10%.6-10-% =

=67,2-10-2% goc-om-cex~!, a caef0BaTelIbHO, 9%/@g = 10-*® (npu
T=2°K Q=120-10°%).

OrMeTuM, YTO MEPCHEKTHBHBIM sIBJISETCS HCNOJb30BaHHe HBYXMOC-
TOBBHIX CXeM KBaplLeBHX TeHepaTopoB ¢ ()a3oBOA aBTOMOACTPOAKOH,
npenoxernHbix A, I'. CmaruubiM u I. A. EJKHHBIM, B KOTOPBIX pe3oHa-
TOp SBJISIETCS 3/1eMEHTOM BHYTPEHHEr0 MOCTa H CTaGHJM3HpYyeTcsl Npu
KOMHATHOM TeMNepaType MM Npu Temmeparype 4,22° K.

5-5. IlepcrieKTHBBI MOBbLILIEHHs KPATKOBpPEMEHHOM
H JOJroBpeMeHHO# CTAaGHJIbHOCTH YacTOThl KBapLEBBIX
reHepaTopoB NPH OGBHIYHBIX H HH3KHX TeMmeparypax

Teoperuueckoe pacCMOTpeHHe BONMPOCAa O MOBHIIICHHH CTAaGHJIbHOCTH
YaCTOTH KBapLEBbIX FeHEpaTOPOB MNPHUBOAHT K BHIBOAY, YTO HMEIOTCH
ellle He peaJH30BaHHBIE BO3MOXHOCTH HaXKe-HpH TeMnepaTypax MopAjKa
320—350° K (47—77°C), H MOXKHO OXHAATH MOJYYeHHs] HeCTaGHIbHOCTH
H crapeHus mopsiaka 10-!2 3a cytku [JI. (1-8). B Hacrosiee Bpems
noJiyyeHH pe3yJbTaThl Jiyuile, YeM mporHosuposajoch B (JI. i1-8]

B pa6ore [JI. 5-1] coo6imaercs, uTo cCpeAHHil OTHOCHTENBbHHI YXOR
4aCTOTH KBapLEBHIX reHepaTOpoB uacrtotod 2,5 Mey, Hcnonb3yeMbix
N5 cTaGuaM3anuu nepefatynko, npuMeHseMbix BMC CILA u Boenno-

* IIpu pacuere NOJroBpeMeHHOH CTaGHABLHOCTH 3TO AOMYyIUEHHe He
BHOCHT CYINECTBEHHOH OIIHOKH.
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mopckoit oGeepBatopreit CIA, cocrasisier Heckoabko eamnuy 1013 3a
CYTKH.

IMoayueHHsle pe3yJbTaTBl MOTYT GBITh CYIECTBEHHO YJyYIUEHBI, eCH
KBapUeBHA pe30HAaTOp MNOMECTHTb B KPHOCTAT C KHUIAKHM TleJlHeM
(puc. 5-5). Kak nmnokasamu wuccaenoanus (JI. 5-5]* po6porHocTb
KBapUeBbIX pe3oHaTopoB uacrotoil 1,0 Mey Bo3pacraer ¢ 4-108 mpu
KOMHaTHOH Temneparype mo 86-10® npn temnepatype 4,2° K. B pa6orax
JAPYrHX aBTOPOB TIONYYEHbl Be-
; JIHYMHBL  0ODOTHOCTA TOPAAKA
s B 4 50-105 (JI. 56] u 55-106

e {/1. 5-71.

R Jo6poTHOCTb KBapleBLIX
| pe3oHaTopoB uacroroit 1 Mey
i /5 c 3asopamu KOHCTpyKuud A. T.
I — § CMarWHa  yBeqMuHBaeTcs 10
|ﬂ . 100—120 - 10° npu TeMmneparype
,’I 2,2°K (IpM KOMHATHOM TeMme-
@z gh parype Q=7=9-108) [JI. 5-8].

Bonee noszanumu wuccnenoBaHs-

o - H MH O6bUIO MOKa3aHo, YTO MpH

temnepatype 2,2° K n106poTHOCTH

3THX DE30HAaTOPOB HMEeT BeJi-

ypny 700-10% Ha 5-fi rapMOHHKe

M  NPeBOCXOAMT  HOGPOTHOCTb

aTOMHO-MOJIEKYJ/IIDHBIX ~ reHepa-

TOPOB, ONpEJE/EHHYIO N0 IHPHHE

cnektpanbHoit JaunuH. [Ipu Mmen-

JIEHHOM H3MEHEHHH aMILUIHTY bl

Ibe303JIEKTPHUECKOTO TOKa MpO-

HCXOMHT H3MeHeHHe TeHepupye-

MOil 4acCTOTHl pe3oHaTopa, O00Y-

C/IOBJIEHHOE BJHSIHHEM TeMIepa-

Typs Kpucramna. [lpy T=2°K

3KBHUBAJIEHTHOE AaKTHBHOE COINpO-

7 tupaeHne R,=i10—14 om, o6ias

nosepxHocTb S=25,6 cM?, k=

=09, lp=10"% a, 8=Al/lo=

={(,001, Torana u3MeHeHHe TeMIe-

paTyphl, BbluMCJeHHOe 1o op-

MyJsie, cBsiSHIBalOLlefi H3MEHEHHe

TeMIepaTypbl KpPHCTajlja C H3Me-
HEeHHEM TOKa,

. R3S
Puc. 5-5. Merannuueckuit  cocyn AT, = 3
Jbloapa pas renusi. 4keST

I — ogHWH u3 WTYUEpOB; 2 — BBOAB IJs

Pe30HaTOpPOB H TepMOMeTpoB; 3, 4 — daa- (5-21)

Hell M NJIHTa H3 HepxXareewlled cralu;

5 — a30THasi  JIOBYlLIKAa; 6 — BLICOKOBA-

KYYMHBIl BeHTHAb; 7 — afcopGeHT; 8 — HMeeT BeJHUYHHY MOpAAKA 2X
reJIHeBbIt COCYyA; 9 — a30THBIA COCyX. X 106 3pa0,

* CoofuieHHe O pe3yJbTarax HCC/eJ0BaHHH NOGPOTHOCTH MPH HH3-
KMX TeMIlepaTypaX M CO3JaHHH HH3KOTEMIIepaTypHOro reHeparopa cae-
nano A, T. CmarunbsiM B anpene 1958 r. na KoudepeHuun mo CTaGuii-
3allHH YaCTOTLI.
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KBapuesble pe3oHaTOpsl € 3KCTPEMYMaMH TEMIEPATYPHO-Y4CTOTHBIX
XapaKTepHCTHK npH TteMmnepatypax 2—4°K u 75—79°K (TKU=10-°—
10-1%) umel0OT OTHOCHTE/NLHOE M3MEHEHHE YacTOTh

Ao

— ~10-15—10-1e,

ITpn KOoMHAaTHHIX TemmepaTypax MeNJieHHOe H3MEeHeHHe aMIJHTYAH TOKa
BJIHSieT Ha YaCTOTy MHOTO MeHbllle, YeM JApyrHe AecTaGHUIH3HpYIOLIHE
¢akropel. OnHAaKO NpH HHU3KHX H CBEDPXHH3KHMX TeMIepaTypax BJHSIHHE
HecTaOM/IbHOCTH TOKAa KaK JecTabGuiusupyioliero ¢akropa MoOKeT OHIThb
OCHOBHBIM. B TO Ke BpeMs NpH TeMIepaTypax JKHAKOrO TeslHsi HCIOJb-
30BaHHe KBapLEeBbIX I'€HEPAaTOPOB HMMeCT MPEHMYIEeCTBa, KaK I10Ka3aHO
BbIllle, C TOUKH 3PEHHS NMOBBILIEHAS] AOOPOTHOCTH H B CHEUHAJBHBIX CJIY-
Yasix /s CHHZKEHHs IIYMOB B KpHCTaJIe.

ITpu paspaborke HH3KOTEMIEPaTYPHHIX KBapLEBbIX NeHepaTOpPOB He:
006X0MMO YyAeJsiTb 0co60e BHHMaHHe CTAOGMJIBHOCTH MCTOYHHKA MHTaHHA,
€ro CTapeHHio, a Takxke CTAaOH/ILHOCTH TIeHepaTOPHBIX JaMm M ApYrdx
3/IEMEHTOB CXeM M HX cTapenHio. ClielyeT OTMETHTb, YTO BHICOKHE Pe3yilb-
TaThl MO CTaGU/JBHOCTH H CTAPEHHI0 MOXXHO MOJYUYHTb JHLIb B TOM CJIYy-
4ae, ecqu cXema reHeparopa OyXer craGHJIH3HPOBaHa MO TeMIeparype
€ TMOrpeLHOCTbIO, He npeBblmatowedt 0,01—0,001°.

B03MOXKHO TepMOCTaTHpPOBaHHe KBapLEBbIX Pe30HATOPOB MpHU TeM-
nepatype Hcnapsiomerocs xxuikoro reaus (4,2°K) c¢ norpemHocTbio
+0,05°, a B ciyyae aBTOMaTUYECKOro peryJHpOBaHHs JaBJieHHs: NMapoB
reauss +0,001°. IIpy Heo6XOZMMOCTH MOBHICHTH CTaGHJBHOCTL TeMmepa-
Typbl B 06beMe, B KOTOPOM HAaXOAHTCH KBapll, MOXHO HCIOJIb30BaTb
pe3oHaTopel KOHCTPyKuuii A. I'. CmaruHa ¢ OBYMsi KBaplUeBHIMH 3.e-
MEHTaMH B OXHOM 0aJlIOHe: OJUR KBapl — CTaGHJIH3HPYIOIHH, BTOPOH—
temnepatypHeii. C NOMOLIBIO BTOPOrO KBapua MOXHO He TOJbBKO
M3MEPSATb TEMNEepaTypy, HCIOJb3ys €ro B KauyecTBe JaTyHKa, HO H pe-
TyJHpOBaThb TeMNEpPaTypPy, MOAKJIIOYHB KBAapn B LeNnb oGpaTHOM CBA3H
DPafHO3JIEKTPOHHOH cXeMbl. DTO Haer BO3MOXKHOCTb JOMOJHHTEIbHOrO
TepMOCTaTHPOBaHHs KBaplla C MOTPEIIHOCTbIO, He mpeBbimalomen +0,01°
Torma Temmeparypa KBapLeBoro pe3oHaropa G6yner NOAAepPXKHBAThCA
B TEePMOCTaTHpyeMOM oGbeMe ¢ morperrsoctbio nmopsiaka 0,00001°

JoaroBpeMeHHasi CTaGHJbHOCTb OMpeAe]sercs, Kak YKa3hBaJoch
paHee, NpOLECCAMH, NPOTEKAIOMHMH Ha NOBEPXHOCTH, B CTPYKTYPe H B
MeCTax KpelJieHHs! Mbe303JIeKTPHYECKOr0 KPHCTa/la C AepiKarejem. Pas-
paGoTanHasi TEXHOJIOTHS M3TOTOBJIEHHSI BBICOKOMLOODOTHBIX KBapLEBLIX
pesonartopos [JI. 2-27] mo3BoJisieT CBOAMTb K MHHUMYMY BJHSHHE MO-
BEPXHOCTHO-CTPYKTYDHBIX IPOLIECCOB HA CTApEHHE.

Cornacio Teopeme Hepucra nmpu T—0°K sHTpomHs Kak o6mas
(GYHKIHA COCTOSIHUS BELLECTBAa CTPEMHTCS TaKXKe K Hyao, T. e. S—0.
[Ipn sToM ¢yHKUMOHANbHBIE 3aBHCHMOCTH, CBsi3aHHble C TEMIEpaTypoi,
aCHMNTOTHYECKH NPHOJHIKAIOTCA K OMpeleeHHOMY MOCTOSIHHOMY 3la-
yeHnto. Hanpumep, NJIOTHOCTD NMPHGIHIKAETCH K aCHMNTOTHYECKOMY 3Ha-
YEHHIO BC/IEJCTBHE CTPEMJIEHHS KPHCTaJsla K CXKAarHIO, YTO NPHBOLMT
K GoJiee MJIOTHOM yNaKOBKe aTOMHO-HOHHOM CTPYKTYpbl, ADYFHMH CJOBa-
MH, K Npefe/bHOMY CGJIHXKEHHIO YacTHL, COCTaBJSIOLIHX KPHCTaJIIHYe-
CKYIO pelueTKy. 9TO B OAHHAKOBOil Mepe OTHOCHTCS H K KO3(Q(HiHeHTaM
JIHHEAHOro pacCLIHPEHHs, ONMpeAeNsOMUM TeOMETPHIO KBAapla, H K yNpy-
THM [IOCTOSIHHBIM, ONpEeNEeJsIONIHM H3MEGHEHHEe YacTOThl pe3oHaTopa B
3aBHCHMOCTH OT TeMIlepaTyphl.

Ectb ocHOBaHHSI MoJIarath, YTO Npo6ieMa CTapeHHsl KBapLeBbX pe-
30HAaTOPOB MOXeT OBbITb MOJHOCTLIO pellieHa NMyTeM HCNOJbL30BAHHA HHU3-
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KHX M CBEPXHH3KHX TeMIepaTyp, NPH KOTOPHIX, MO CYIECTBY NOAXOAUM
K npeleibHHM CBOACTBAM KBapleBoro pesoHaropa. Ilosuimenue AoGpor-
HOCTH, yMEHblEHHe 3JIEKTPHYECKHX TEeNJIOBBIX KoJebGaHHM, yMeHblLIeHHe
BJMAHHA Ae(EKTOB Ha pas/H4HBle MPOLECCHl, MPOHCXOLSINHE B KPHCTAJ-
Jie MpH HHU3KHX TeMNepaTypax,— BCe 3TO OTOABHraerT NPHHIHMHAJbHYIO
rpaHHIy HeCTaGHJIBLHOCTH TIeHepaTOpoB, OGYCJOBJIEHHYIO (JYKTYyalHOH-
HBIMH SIBJEHHSIMH B [Ibe303JIEKTPHYECKOM KBaplie.

B nacrosimiee BpeMsi yxe c03JaHBl HH3KOTEMIepaTypHble reHepa-
TOPH C HecTaGHJbHOCTbIO mopsiaka 10-!! mpm Ttemmepatype 4,22°K
[VI. 5-5, 5-6, 5-12}.

Moo noJarath, YTo B NMPHHIMIE BO3MOXHO CO3JaHHe KBapleBO-
rO reHepaTopa 4aCTOTHl HJIH KBapleBbIX 4aCOB, KOTOpble He GyAyT ycry-
naTth MO JOJrOBPEMEHHOH CTaGHJbLHOCTH ATOMHO-MOJIEKYJ/ISPHBIM.

5-6. CpaBHeHHe XapaKTepHCTHK KPaTKOBPeMEHHOM
H J0JroBpeMeHHOH CTaGHIBHOCTH YaCTOThI
KBaHTOBBIX H KBapLEBbIX reHEPATOPOB

B mocJiegHee BpeMsi KBaHTOBBLIH TeHepaTop Ha NMydyKe MO-
JeKyJ aMMHaKa BCeCTOpPOHHe HccaenoBaH. Kak mnokasano
B pa6orax [JI. 5-9, 5-10], He cymecTByer myTeii HaJibHeil-
IIero yJaydlleHHS ero XapaKTepHCTHK, a TaKxKe HeT Iep-
CMEeKTHBHbIX BapHAHTOB, NPHTONHBIX JJS CEpHUHHOro Bbi-
NyCKa TaKHX IeHepaTOpoOB.

KBaHTOBBI/ reHepaTop Ha NMyuyke aTOMOB BOZopona o6Ja-
JlaeT HaWBBICIIeH KpaTKOBPEMEHHOH H NOJroBpeMEHHOH cTa-
6uJspHOoCTbIO nopsinka 2- 1074 3a cyrku (puc. 5-7, 5-8),
a- TaKkke HCKIIOUHTENBbHO BBICOKOH BOCHPOH3BOLUMOCTBIO

o, sona

e

3 [, T DL

Z - e o0

1
ATTTITITITSVeNTTTT I FUUTYNTRI SYURTRTTRINTSTNCAUTI CATTCUNICIRNTURTBIRIIENTUNRTRIniN

0 20 30 44 s & W N«
om 12 yac 42mun ZJ wo/m 19652 o 4 yac 25 mun

. 5 urons 19652

4 13

}f%f'lﬂ

I oo (- 2 %%s 0 o - =
nnn|||lnfuu_uhuu|nnujunnl.n-nnnlnnu_uuuuuulllnnnfnlun

g w2 ¥ W &~

om 19vac 06 mun 2 uwng 19652 do 9 vac 12 mun
b uwna 19652

Puc. 5-6. PesyabTaThl H3MepeHHH pa3HOCTHOH YacCTOTHI

JBYX KBaHTOBHIX BOJOPOJAHBIX reHepaTopoB. JlaHHble MNO-

JyyeHbl MeTOIOM HaGJIOfeHHA 3a HH3KOUaCTOTHHIMH Gue-
HHSIMH JBYX reHepaTOpoB.

162



+5.10718, [lanusle, npuBefeHHnle B Taba. 5-1, nmo3soasioT
onpefeNuTh BOAOPOJHBLIA reHepaTOp KaK NepBHYBLIA 3TaJOH
yactothl. K HemoctaTKaM ero OTHOCHTCS GOJblMOA Bec U
Gosbuive pa3Mephbl, KOTOphle He NpeACTaBJAETCS BO3MOXK-
HbIM CYIIECTBEHHO YMEHBUIHTb.

IlesneBbifi reHepaTop, Tak e Kak U BOLOPOAHLIHA, HMEET
BBICOKHE pe3yJIbTaThl 0 BOCHpPOH3BOAHMOCTH (£3-10-%2) n
HoarospeMeHHoft craGuabHocTH (2-10~13 3a cyTku) *. He-
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Puc. 5-7. CTa6unpHOCTb aTOMHBIX 3TaJIOHOB YacTOTH.

Kaxnass Touka onpejensieT cpejHee KBafpaTHYHOE OTKJOHEHHE
WACTOTH, YCpeAHeHHOe Mo rpynne H3Mepennfl.

BepTukalbHble JHHHH, NPOBEJCHHblE Yepe3 TOYKH, H30GpAaKAOT
95%-HBfl HOBEPHTENbHBIA HHTEPBaA CPeAHEKBAaAPATHYHOrO OTKJIOHE-
HHSI 4aCTOTHI.

CnjomHble JHHHH NPOBEJEHBbl MO TEOPEeTHUECKHM HAAHHBIM,

TIyHKTHpHBIE JHHHH COELHHAIOT TOYKH, MONYYeHHble AAA aTOM-
HOTO STAJIOHA ONpefeNeHHoro THNa.

CumBonaMu Cs, Rb u H o6osnaueHbl TOYKH, OTHOCSIIHECH K HS-
MepeHHAM C NesHeBbIMH, PyGHIHEBHIMH H BOAOPOAHBIMH KBAHTO-
BhIMH TeHepaTOpaMH,

JOCTaTKOM 3TOTO THNA TeHepaTOpoB SBJSETCS HeBLICOKAS
KpaTKOBpPEeMeHHasi CTaGHJIbHOCTD.

Ieneparop, craGuaH3HpyeMBli pe3oHATOPOM pyOHAHe-
BOA Tra3oBofi siYeAKH, UMeeT BBICOKYI0O KPaTKOBPEMEHHYIO
crabuibHOCTb, HanpuMep 2-10~12 3a 1 mun, siBAsETCS BeCh-
ma KoMnakTHeiM (0,017 #3) u gaerkum (18 k2).

KBaHTOBHIi reHepaTop Ha pyOuAHeBOA rasoBol suefike
OTJINYaeTC BBHICOKOH KDPaTKOBPEMEHHOH CTaGHJBHOCTBIO,
CcpaBHHMOA €O cTaGH/IBHOCTBIO BOJOPOJHOIO TreHepaTopa,
H OTHOCHTEJbHO HEUYBCTBHTeJNEH K YAapaM H BHOpauuaM.

* Tpunar B KauecTBe MEPBHYHOTO 3TA/IOHa NJIA ONpENE/NeHHs Bpe-
MEHH.
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