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Bsepenue

CoBpeMeHHas MHTErpalbHasg cXeMa OGBEAHMHSET B OA-
HOM KpHCTajljie KPEMHHS JECATKH U COTHHU TLICAY 3JIEKTPOIl-
HLIX CTPYKTYpP MHKPOCKONHYecKHX pa3mepoB. OGecneyHTh
TaKyi0 BbICOKYIO CTEN€Hb HHTerpalHd MOLJa TOJBKO TEXHO-
Jiorus, AOBeAeHHas [0 cOBeplueHcTBa. I neiicTsHTesIbHO,
TEXHOJIOrHs, KOTOPYI0 MBI Ha3niBaeM NJaHapHOH H Ha MpHH-
uHMnax Koropoit 6asHpyioTcs pa3paoTKa H NPOH3BOACTBO
NpPaKTHYECKH BCEX COBPEMEHHLIX NOJYNPOBOJHMKOBLIX MpH-
GopoB M HHTErpajbHLIX CXeM, ABJIAETCH YHuKaabHOH. OHa
NO3BOJIAAET YNPaBATh KOJHYECTBOM NMPUMECH, HCHHCIAEMDIM
MHJJHApAHLIMH NOJISMH NPOLEHTa, PEryJHpOBaTh TOJLIHHY
NOJYNPOBOAHHKOBLIX CJIOEB C TOYHOCTBIO JO COTLIX AoJei
MUKpOHA, CO31aBaTh CTPYKTYPLI C JIHHEHHLIMH pa3MepaMH
MCHee MHKDOHA. YpOBeHb NpPOU3BOACTBEHHOH YHCTOTEHI, Tpe-
Oyemoli B NjaHapHOM TEXHOJOrHH, HAMHOroO BLILIE, YeM
B MCAMUHHE, aTOMHOH NPOMHILJIEHHOCTH H B JiioGoi Apy-
rofi OTpacJjlK NPOMbILLIECHHOCTH.

[Inanapras TeXHOJIOTHS CTPOHICH Ha TaKHX METOA@X,
KaK 3nuTakcus, Adddysus, HOHHOe JerHpoBaHHe, NpeuH-
3noHHaA cOOpKa, H JIPYTHX, ONMCHIBAEMLIX B KHHrax HacTo-
Anlell cepuu. PaccmarpuBaemuiit sfech Mevon ¢oTosHTO-
rpadu SBAAETCS OLHHM K3 BaXKHEHIUMX B NJIaHAPHOI
TexHoJorku. Cieayer NOAYepKHYTh, YTO B MiaHapHOl Tex-
HOJIOFHH MHOTHe MeTOAB MOJKHO 3aMCHHTL aHaJOTHYHLIMH
HiAd BoofIle MCKJIIOYHTb H3 TEXHOJOTHYECKOro MNpouecca.
Huddysuio B psie clyuaeB ¢ ycnexoM 3aMeHAET HOHHOE
JIerHpOBaHHE, TEXHOJOrMA MHOIMX IlaHapHBIX NpuGopop
nosBoJisieT olofiTich Ge3 sMUTAKCHATBHOrO HApanHBAHMH,
a pa3Hoofpasuc MeTOf0B cGOpPKU HIOrfa Adxe YAUBJSET.
U Tonpko orosMTOrpadus ocTaeTCA HEM3MEHHHIM M HEH3-
OeXXHLIM KOMIOHEHTOM  TeXHUYECKOI0 [ponecca TNpH
co3falivi J11060ro MiaHapHoro MpHGOpa — OT MPOCTOro AHO-
Jia j10 GoJIbIIo HHTEr pajbHON CXeMDl.

Cytn dotosmTorpaduueckoli 06paboTKH 3aKJI0YAETCH
B CO3JIallHH 112 [I0BEPXHOCTH N0JYTPOBOAHMKOBOM MOJJIOXKKH
3alluTHOro pesrvepa tpeGyemoii xoHQUrypauuu. Has artoil
UEMH Ha MOAJOXKKY HAHOCAT CJIOfl CBETOYYBCTBHTEJLHOIO U
CTOKKOro K arpecCHBHLIM ¢haKTopaM BellecTBa, Ha3HBaeMo-
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ro ¢oropesucroM. 3aTeM coii (QOTOpeancTa NOABEPraloT
BO3/I€HCTBHIO OMpPEeJleJICHHOH J03Ll M3JyueHHs, Yaile BCero
yabTpadyHONETOBOTO (YD), Mexy MCTOUHEKOM H3JNYYCHHS
U cioem noMewaloT ¢GoTouabnon ¢ H30OPAKCHHIMM 8-
MeHTOB Mpu6opa. B peaysinrarte JOKanbHOro jicHcTeYs H3Y-
YCHHsT CBOMCTBA PE3HCTA HIMCHRIOTCs B 1IYIKIILIX YT1acTKaX.
Tlocnenyiouias onepanus 1POSRJICLN NPCBpaILACT CKPHTOE
H306paxKcHHe B peibedHOe 34 CUET Yjialiclins 1acTH CJIos
pesucta. ObpasoBaBuMiics penbed Hemonb3yeTest Kak 3a-
LIMTHAS MAacKa NpH TPaBJCHHI OOJJIONKKI HTH JIOKAJBHOM
HaHeCEeHHH 112 Hee KaKNX-NHOO BCIECTB, Yallc BCCro Me-
TaJJIO0B.

Takum o6pasoM, ¢ NOMOLIBIO (GhoTONNTOrpagrd co3jlaer-
cs1 TpebyeMas KOIHTYpaIllsl HOJYyNPOBOAINKOBOFO MpHE0-
pa, ero akTuBHHX 06JacTeil, KOUTAKTOB, coeAnien iyl u T. M.
Onepaluin  (OTONANFOTPA(INI  MUOIOKPATIO  IIGBTOPAIOTCS
B npollecce U3TOTOBJICHHH MpHEOpa, HanpuMmcp, nNpH C€O3jla-
HHH CHIOXKIOR nnTerpaibHofi cxembl jo 12 pas. Ila kax-
JIoM 3Tane GOTOAHTOrpadHl LI06DAKCIHSL TOUNO COBMEILA-
I0TCA ¢ NoayucHibiMi paHee, Lean yueeTb, uTo Ha (oOTO-
wadaoHe ofnlulio pazmculaeTcs NCCKOIBLKO TLICSITT 3JieMel-
TOB, MINIAMaJIbILIC PA3MEPLE KOTOPLIX MOTYT COCTARJIATL 1-—
2 MKM, 11 sneMewinl 5o 1) wabaonon AOMKIL [ocKiej0Ba-
TEAbHO COBVCHATLCS € TIIITOCTBIO e Xy:Ke 1 MKM, MOXHO
npelcTaBnTh, 11aCKOJIbKO OTBUTCTBCHNA [)OJlb (T)OTU.'lll'l'Ol‘pa-
bHUH B mIanapnoil TeXNoIorn.

IIpu ontnucckoii PporTomurorpadun n3odpaxkceikc co3jla-
CTCsl ABYMST METO;1aMH: npocknieil #3o6paxkenust oroumab-
nona 4eped OOBCKTUB 11a LOBCPXHOCTb cnosi (hoTopesncTa
(npoekunoHHas poroantorpadiisn) ¥ MAOTILM KOHTAKTIEIM
nepeHocom (kcHTaxTHasn doronuTorpadus). Ilernuiii Me-
TOJL M3JlaBHA MPHMENSICTCS 1P E3TOTOBJICHIN caMux (oTo-
ma6onos. Ero OTAHUBTICALION HYCPTOH ABINCTCA BLICOKasn
Pa3peuraonast cnocofuoCTh, ONIIAKG Ona JIOCTHFACTCsl lia
nojC Mayoro pasmepa, noyToMy ONTINCCKYIO 1POCKIHIO CO-
4CTAIOT € MCXaHIMCCKIIM NCPCMCUIEHHEM IJTACTHHH, MOKpPbI-
TO# aMyabcHeli wiu (poTopeancToM, Takofl ONTHKO-MEXaliM-
YeckHil MeToj mpucmyieM MpH n3rotondcumu (poTowabio-
HOB, O mas GOTO-UrTOrPadIN WIanapuux CTPYKTYp 11pOU3-
BOJIUTCNBHOCTD €I'0 CHHIIKOM Hil3ka. 3MleCb TpeOyeTcss OfHO-
BpPeMEHHO C03jiaBaTh H306pa’iendsi MaJbiX Pa3MepoB Ha
60JLLIMX N0aNX — GO MM u 6oiice. Pa3paboTka 06BEKTHBOB
WIS 3TUX ueneil  sBJsIeTcst CJAOYKHOW npo6semoil. dtuMm
O6bACHAETCS MOKA ellle Manas pPacHpOCTPAHEHHOCTb MpoeK-
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uvonmo# Gotonutorpaduy, XoTsi OHa ¥ HMCCT PsiJi cepbes-
HBhiX TPEHMYLICCTB Mepefl KOHTAKTHOH: B MepBYK oOyepelb,
MeHDIIeC KONHTCCTBO ACHEKTOB H OTCYTCTBIC N3HOca ¢oTo-
wa6nowon. Bropofi MeTox co3naHus u3oGpaXKE€HWs HCMOIb-
3YyerTcs MOYTH [10BCEMCCTIIO, MO3TOMY H3NlaraeMblit MaTepuan
OTHOCHMTCH TNaBITIM 06pa30M K LieMy.

B nnanaproit Texnonorun ¢otonutorpadus Hama Croe
HauGoJice AApKOE BOMnouleHHe: 6e3 Hee OHJO Oul NCMBICIH-
MO CO3MlaHHC COBPCMEHHBIX NPHOOPOB M HIITErPaibHRIX
cxeM. Opuako upuyenchue Qoronutorpad)HieCKHX MeTOMOB
B MHKPO3JICKTPOHHKE Ha 3TOM Ii¢ orpanuvxBaerca. C no-
MOILLIO (POTOAUTOrPAUI M3IOTABJASMOT TONKO-H TONCTOME-
HOYHBIE KOMINONEHTH, licnaTHple IJIATLI, BHTPABJAMBAIOT
MpeIy3HOIIHbIE ACTANH, CO3AAI0T TOYHBIC MIKaAkl H Tpadape-
Te AJIs lausLieHus. B GonsrnneTBe ciyyaes Mcrtoin! ¢o-
TonMTOrpadun, pa3paboTanHbie I MNaHAPHOH TEXIONOTHY,
MPHMCHMMBl H K ADYUHM o6nacTsiM.



1. HeratusHble 1 noautueHbie oOTOPE3IUCTLI

DOTOPEIUCTH! — CIOXKHLIE [0JHMCPIIO-MOHOMEDHbIE CH-
CTCMDBI, B KOTOPHIX MOA AeHCTBHCM H3NYYEHHS onpepeieH-
HOTO CHEKTPajibHOIO cocTaBa ApOTEKAaIOT (POTOXHMHYECKHE
npolecchl. TIo/e3HbIM PC3YNbTAaTOM 3THX NPOLECCOB ABJA-
eTCl JIOKAMBIOC H3MClIEeHHEe PACTBOPHMOCTH MOJMHMEPHOH
cucteMpl. POTOPE3HCTEl, ¥ KOTOPBIX PAaCTBOPUMOCTHL 3KCMO-
HHPOBAHHOIO YYaCTKa yMEHbIIAeTCs, 11a3kiBAIOT HeraTHB-
HBIMH, (OTOPCIHCTHI, PaCTBOPHMOCTL KOTOPHIX Mocje obny-
venua Bo3pacTact,— no3utHoHeiMu. Tlocne o6paGoTku sKc-
IIOHHpOBalMIoro ()oTopesncTa B COCTaBC, YAansioLleM
pacTBOpHMble YHacTKH, 06pa3yercsi pesnbedpHoe u3obGpaike-
live (penbed), KOTOpoe AOMKHO OBIThL YCTOHYHBHM K BO3-
NeficTBHIO arpCCCHBHHIX (PaKTOPOB: KHCJIOT, ILej0Yel U T. .
INoauMepunie cHcTeMbl, ciocoGHEE K 06pa30BaHHIO 3aLLKT-
HBIX pesibed)oB, MOTYT GbITh YYBCTBHTE/bIDL HE TOJNBKO K BH-
JHMOMY CBETY, HO H K APYIuM BHAAM H3Ny4yeMHS — peHTre-
HOBCKOMY HJIH K MOTOKY 3JIEKTDPOHOB.

Ha puc. | nokasamo, kak ofpasyetcs penbed NIpPH uc-
NoONL3OBAHHH HCIATHBHOIO H IIO3HUTHBHOTO (OTOPE3HCTOB.
He ocranasnunasich a MHOIOUMCIICIHHBIX CBETOUYBCTBHTE b=
HhIX CHCTeMax (CBCACHMS O HHX MOXKHO HaiTH B paoTax
[1—4]), ykaxem, yto npolecchl, aealulle B ocliose o6pa-
3oBaHHA penbedHoro H3obpaxelus JEAATCA  Ha TPH
[Py TIb:

doTolonHMepn3alllA K 00Pa3’oBaHHE IICPACTBOPHUMBIX
y4acTkoB; laHGoJee THIIHYIRIMH IS CHCTEMLI, B KOTOPOIM

| . Lol .
Hezamulroid peme- Jlosumibrord

SEARREEE TR

H3ny-
} ; yenle

Webnow

A Pemeg

Suwrmoh noene PJJ}; Z
atpasmuy Lo0RbreNs aonacmu

Puc. 1. O6pasopakc penbeda NP 1ICNONL3OBAHHH HETaTHBHOTO H No-
3HTHBHONO (hOTOPCIHCTOB,
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HCNIONIb3YEeTCS 3TOT INpPOLECC, ABJAITCA ICTaTHBUHE (OTO-
pesucTsl — 5QHUPH KOPHYHOH KHCAOTH W MOJNHBHINIOBOIO
clHpTa;

ClIMBAHHNE JIMNCIHEIX OJIUMCPOBR PajiKajiaMu, 06pa3yio-
LHMHCH NPH (OToNIM3e CBETOYYBCTBHTENbIBIX COCAUHEIHH.
Hcnonp30BaHue kayuykon ¢ A062aBKaMH CBETOYYBCTBHTCJID-
HHIX HELIeCTS, TAKHX, NANpHMep, Kak Oncasnim [5], maer
BO3MOXKIIOCTb 1IOJIYUHTb HCKJIOYHTCILHO KHCIOTOCTOHKHE
HeraTHBHEIE OTOPCIHCTHI;

\ Cemovybrmbumenswan
H-C-0H  yusmoroumwan

un—c—ID( ey By OH=C-H
———h——
H—C—0-C—CH=CH—Cghy T 6 m

H-C- N OA—C—H
H—C—0H XE-6-1%
uH—c—nD( C5My— CH = CH—C—0—C—H
H=G-0-C —  CH=\CH— gy )@‘D“U
Cocdmsirocyul armo oH-G—H
KUY

Menewypa nomibuniinboeo Branurobenue
cipma Ry rocmunabor coasy

Puc. 2. Crpykrypa stoamsudimmunamara (11BLL).

OTONK3 CBETOUYBCTBHTCJALHLIX COCAHIIEHN ¢ o6paso-
BanueM pacTBOPUMBIX seiecTs. IlpumepoMm ciyxar 6osb-
WIKHCTBO NO3HTHBHLIX (OTOPC3UCTOB, B KOTOPHIX (OTONH3
coe/HEHHE, NTa3HBaeMulX HadTOXuHonauasuaamu (HXI),
MPHBOAWT K TOMY, YTO OGJYUCHHLIC YYACTKH CTAHOBSITCH
pPacTBOPHMEIMH B LILENOYNBIX COCTABAX.

Sdupu Kopuunoil (IMHHAMOHNBIOIN) KHCNOTH H MOJH-
BHHWJIOBOTO CMTHPT4, HA3LIBAEMHE COKPALIENIO MOJNMBIHHUI-
uunnamaramu (T1BI1), mmeloT cTpykTypy, nokasanHyio 1a
puc. 2. Ucnouka IIBL] HacuWTHIBAET THICAYH ATOMOB H
CKpyyeHa B JJIHHHYIO CIHpajlb, OT yrJIEPOANoil OCHOBH KO-
TOPOfi OTXOMAT UHHHAaMOWnbILe rpynnd. Ilpw morzoime-
HHH W3NyYeHHsi ¢ JOCTATOYNOM SICPruel PBETCA ABOAHas
cBg3p C=C B umHnaMounabHoli rpynne. IloyeMy peetca
HMEHHO 3Ta CBs3b, BHAIIO M3 CPABIEHHA 3JHEPIHH CBAeH
Pa3NIMYNLIX TPyII aToMoB, BXoasinux B coctap IIBIL. Hdnn
H3omiposanneix rpynn C=C, naxoAsuinxcsi nie GCH30Nb-
HOro Kosblia, 31a sucprusi pasua 2,5- 105 /monk, ans
rpynn C=O0 oua coctapnger yxe 3,0-105 IIx/Monb H
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ans rpynn C=H nocturaer 4,0- 105/ /monb. Bosnukaro-
IHe npr paspeiBe CBO0OAHBIE CBASH NPHBOAAT K 06pa30Ba-
HINO MOCTHKOB, CLIMBAIOLLHX MONCKYJY MOJHMEpa B XHMH-
YecKil CTORKYI0 TPEeXMCPUYIO CeThY.

B ucratunieix ¢oTOpesHcTax Ha OCIOBC KayuyKOB CBe-
TOUYBCTBHTENBIIASL COCTABISION(AN AODABNSICTCS! MCXAaHHUEC-
KIl B pactsop nonumcpa. Venoibzyemoie anst ¢goTope3ucToB
KayuykH (M301PCHOBLIH, UWHKNOKaYyYyK H A].) COMAEPKAT He-
KOTOPOE YHCJIO JIBOMIBIX CBS3CH, 1O CBCTOYMYBCTBHTCIBHOCTD
YICTHIX  KAyuyYKOB HejocTaTowmna pdisi  QovonutorpaduH.
TMostoMy K Kayuykam A06aBASIOT  CCUCHOHAN3ATOPHL
(nanpumep, 6ucasuasl), cojepxaue AuOiiHLIC CBA3IL:

!
]

m— & _D— o — —cu—@—nb
/

|
CHs

Iog peficTBHeM M3JyYEHHS NPORCXOAHT pasJioxkeHHe Guca-
3M0B K 0GpasyoTca amiutpent. IIpoayktsl 5Toro doToxu-
MHYCCKOTrO Da3iOMEHHs BCTYMAaIOT B XMMHIUCCKYIO PCAKUHIO
¢ MOJEKyJaM# Kayyyka, B pe3ysJbTaT€ 4Hero BO3NMKaer
TpPEXMepHas ceTKa.

B nosutuniniXx $oTope3ncTax lelib ¢GOTOMI3a HHasi: OHa
3aKkAI04acTCsl B OOPA30BAHHH DPACTBOPHMBIX COCAHICUHIL.
HOnn ocywectnienust 3Toff 3agaull yo06H0 HCNONKBL3OBATH
nadroxunonauasner (HXI),

0
A

BHGOD KOTOPHIX OMpeACsieT K1acc HCnoL3yeMoro noJiiMe-
pa (nocratouno ya3kuit) H CnocoG MNPOABAEHHA H306paxe-
1. OOnACHsETCs: 3TO T€M, 4TO, IO CYNIECTBYIOUAM Npes-
nonoskemiaM [1], npu raspuime coszin C=N 1 yxone Mone-
Kydapl a30Ta wWecTigncnioc 6Cn3oinR0e 101bLO nepecTpan-
BACTCA § NATINIEHHOE, 06Da3yeTest unjicikapheH, Kotopoik,
B3aHMO/ICIICTBY R C MMEIOLUIMIICH B (JI0€ (hoTOpesHcTa Mose-
8



KyJiaMH BOJLI, IACT UILICHKAp6oloBylo xucioTy. Pactropii-
Mble cOJII MIENKAapOONOBOH KHCJOTH MOJMYIaloTCA TOJBKO
npn o6paboTKe pacTBOpaMH CO CBOIHCTBaMH OCIOBaHHI.
B pesyabraTe nposiBHTCIb fO/DKEN GLITh NIENOUHBIM H MOJIH-
Mep JIOJDKeN B HeM pacTnopsithesi. M3 pacTBopHMEIX B Le-
7o4axX MOJIHMEPOE 110 KHCHOTOCTOMKOCTH 11 CMOCOBHOCTH
K obpasoBalllo MICKOK NpPHroflibl (eHondopManbACTHA-
HHe CMOJIbl — HOBONAYILIE W Pe30JibHble:

OH 0k i{1] 0k
| [ . | |
H—/l—GH7— 7 n—/l-—mz— — ¢y — [OH
\ \ ’ \\\
7 | n m
HoBonar (11=4~8) 00 Peagn (n=2-8; m=4—70)

[TonuMepel BBOAAT B GoOTOPC3UCT ABYMs cTocobamu:
B COCTaBe C/OMHOTO 3(GHpa €O CBETOUYBCTBNTENbIILIM Ha-
(PTOXHHOHAHA3KAOM H B Buae KomuoileHTa pacrBopa. OnuH
u3 HaubGonee npumcHneMulX 3¢upop — 3dup 1,2-HapTOXK-
HOHJIHA3HI-5-Cy NIbOKHCIIOTH H HOBOJIaKa —- HMCET Clleaylo-
[jee CTpOEHHC:

Prod, 5 2,

amor Hagrmoxunorduasud (Ry)
0
=N,

' Heaa yaenme Hobe

0 — 50, OH \ oH

| | |

B -—@—CHZ— —tH |- —Iu
n=2-§ m-0-3

Holoravion coomabramgan (Ry)

Monekyna HagTOXIIHOHAHA3NA, HC NOABCPRHYyTas ofJy-
UCHHMIO, XMMHUCCKI! JIOCTATOMHO YCTOMMHBA W MpEMsITCTRVET
B3aUMOJICHCTBHIO C PC3HCTOM BO/IIBIX DacTBOPOB, KaKk fiie-
JIOYIIBIX, HCIIOJB3YCMBIX IS MPOSIBNEHHA, TaK H KHCIOTIHX,
B KOTOPbIX OCYIUECTBASIOT BROCHEJCTHH TpaBncHHe. Moure-
KyJlbl naTOXIHOILHA3MAA PACIPCRCElbl O BCeMY OfrbeMy
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Csiost oTOpE3HCTA, HO POJIB HX OCOBCHNO BCJAHKA Na MOBepX-
1IOCTH, F/ie OlIM NMPEUSTCTBYIOT PAa3PYILCIIHIO 1E3KCIOHHPO-
Banbix yuacTkoB. [locse yXofa H3 cnos peaucta MOJCKYJBI
agora u O06Gpa3oBanysi HHACHKApGOHOBOH KHUCJOTHI 3TH
CBOUCTBa TEpPAIOTCS, SKCIONUPOBAINDbIE YYACTKY JIErKO CMa-
YUBAIOTCA LUENOUILIM IPOSBUTCAEM U BBIMBIBAIOTCH.

HMrak, Mpl yGesmuincs, yTo B HOTOPE3IUCTE MOKIIO BLIAE-
JIUTh MOJUMEPIYIO H CBETOYYBCTBUTCABHYIO COCTaBJSAIOIIHE;
UIOrAa AOGABJASIOT MONOMEpULIC CEHCUGUIH3ATOPDL!, U3Me-
IISIOLIME CTIEKTPaJbHYI0 YyBCTBHTENbHOCTL pe3ucta. Hanpu-
Mep, K NOJUBUHUJNMIHAMaTaM AOGaBJASIOT CeHCUGUIU3a-
TOPDI, MOFJOILAIOLIHe 3I1ICPIUI0 B AJHIHOBOJHOBOH qacTd
ClCKTpa, a 3aTeM OTAalollHe ce B BUJe KOPOTKOBOJHOBO-
r0 u3nyyerus, K KOTOPOMY MOJUBUHUNLMHHAMAT YYBCTBH-
TejieH. Ba)XHLIM KOMNOHEHTOM (OTOPE3UCTOR SABJSIOTCH
PacTBOPUTEJIH, OT KOTOPBIX 3aBHCAT CTaGUIBHOCTE MHIKHX
pacTBOpOB, XapaKTeDUCTHUKH HAHECEHUS H KayecTBO CJOSt
¢doTopesucrTa, nponeccsl BBIChIXauus cnost U T. A. He cneny-
eT cyHrarh, YTO KaXA4af H3 COCTABJAIONIMX BLINOJHAET
TOJIEKO CBOH oupejeneninie ¢yHkudd. Hanpumep, oT
CBOUCTB MOJiMMEpa 3aBUCHT B OCHOBHOM KHCJOTOCTOHKOCTbL
doTope3ucTa, 110 NpH 3TOM BAaXKMYIO pPOJb UrpPAET H NOIJO-
ueydHe ceera noJjuMepliol coctanismoilel. B colo ouepens,
KHCJIOTOCTOHKOCTL pe3ucTa 3aBHCUT OT CBOHCTB CBETOUYBCT-
BUTENLHOH cocTaBasomel. Tak, B NO3UTUBHLIX (oTOpe3u-
CcTaX Ha OcHOBe Ha(pTOXUHOHAMAIUAOB MPHU HeAOCTATOYHOH
OYUCTKE NPOAYKTa MOTYT COAEPIKATLCA OCTATKM HCXOAHDBIX
upoayKkToB (cyabdoxaopuia, CylbpOKHUCIOTH), B peayns-
TaTe yero KOJHYecTBO AchekTOB B cioe GOTOpesucTa BoO3pa-
craer. Boofiue, ciexyeT NOMHUTE O TOM, 4YTO (poTopesu-
CTEl — MIIOIOKOMIIOHEHTIIbIE  MOHOMEDHO-NOJIMMePUDIEe  CH-
CTEMBI, B KOTODBIX COCTaBJSIOUIHE B3aUMOCBA3AHDI.

Mounekyas ¢oTopesucra npeacTapasioT coboi noanmep-
HDle HENOYKU PasHOH ANUHBLL. ¥ Kay4YyKOB IJIMHA MONEKYJbI
MoxeT OLITh paBrOH 1—2 MKM, U B HEKOTODLIX CJyyasix
9TO BJMSET Ha paspeLlaiomylo cnocoGHocTh $OTONUTOrpa-
¢uu. Llenoyku mojuMepoB UMEIOT JOBOJBHO CHOXKHYIO hop-
My, NPOAUKTOBAHHYIO CTpeMJedHeM CHUCTEMBI XOCTHYb Mu-
HuMyMa cBOGojHOM sHepruu. Llenouka TOJMBUHUJIOBOTO
cnupTa (CM. puc. 2) cxpyuena B iy cnupais. Kopor-
KUe LeNnOUKH HOBOJAaKOB, OUEBUAINO, TOME CKPYYEUD B Chid-
paJu.

OT OCHOBIOH lenH HOJAHMEPA OTXOAHT (QYHKUMONaNh-
UBIE€ TPYNNE: THAPOKCUJIbHBIE, TajJOHMIBE, CBETOYYyBCTBY-
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TesblIble, TakHe, KaK UMHHAMOMJIBHLIC B HCIaTUBIIEIX UJH
Ha(hTOXUIIOHAHA3UAHbIE B IIEKOTOPHIX THNAX NG3UTHBHLIX
peancrax. CpoficTea OYIKUMOHANBHLIX TPYNM ONpenessior
BaXXHble XapaKTePHCTHKH PE3UCTOB: CBETOYYBCTBUTENLIIOCT,
KMMHYECKYIO CTOMKOCTBh, a/re3uio, 3JaCTUHIIOCTbL IJIEHKH H
ap. HanpuMep, cuuTaloT, YTO BBCHEHHE MNOJSPHLIX TPyl
MOBEIIIAET 3KeCTKOCTL II0JMMepa, BBe/EIUe TajJlOUAHHX YyBE-
JIHYUBAET KUCJIOTOCTOHKOCTh (POTOPE3UCTA.

PaayMHbIM DpEACTABNSICTCS XAPAaKTCPHIOLATh DE3NCTH CJEHYIOWHMH
napaMeTpaMH:

CBeTOYBCTBUTENLHOCTL — BC/IHUMIA, O6paTiasl 9KCIOIMLMEH, Tpe
6yeMoil mJist nmepeBofa (GOTOPC3HCTAa B PACTBOPHMOC WJM 1lepacTBOPIl-
Moe (B 3aBICHMOCTH OT TOTO, MO3NTHBIUMI iUIH HCraTHBHLI Pe3NCT)
cocToRlive. UyBCTBHTC/ALHOCTLIO  OlPE/C/ACTCH  TPOMABOAHTENIBHOCT:
npouecca (GOTOAMTOrpadn K XapaKTepUCTHKH oGopynobanns. Hanpu-
Mep, HEOGXORXAMOCTb  MCHOJB3ODAHIA HECTAGWIBHBIX M HEYAOGHBIX
B SKCIUIyaTaUHH PTYTHHIX JIaMIl BblaBaHAa TCM, YTO MAKCHMyM CIIEKT-
panLbHO# YYBCTBHTCJIBHOCTH DE3IMCTOB JIGKHT B oOGnactu Gamxucro Y&
JHalA30na.

Paspewaiomlag  cnoco6uocTe — YNCIO HOJIOC  (HOTOPE3NUCTA,  pa3-
LeNcHHEIX TMPOMEXYTKaMH Takoil ke WipuHel, Ha 1 mMM. Yawe, kcratn,
TOBOPAT He O pa3spellaoniedi CIOCOGHOCTH, a o wbliensomef, T. c.
CMOCOGHOCTH NepefaBaTh OTAGNbHble Majble pasMepsl. Kak paspemaio-
LIaH, TaK M BbYRJAIOMAA CHOCOGHOCTE 3ABHCHT OT MHOTHX TCXHONO-
riyeckHx GakTopon. Koneusas 3aaua CBOAMTCAA K NONYYCHHIO DE3KO
JHGGEPCIHPOBAHHON TPAHHILI MEXJly NCXOZHWM H SKCNOHUDOBAHHWM
YU2CTKAMH CJOH PE3HCTA, MIHHMAJLIO W3Mensuoweiics npH mposbie-
Hill 0 TCPMOOGpaboTKC.

CToliKocTs K BO3NCHCTBHIO arpeccHBHHIX (PAKTOPOB — MOHATHE, KaK
npaBmwo, fie MOfifaiorieccss OGUIHM OMPENICACHHAM; B WACTHOM Clyvae
MOXKET 03HauaTb BEJIM'HHY, MPOIOPUMONAJNLHYIO BPCMERHM OTCJaHBals
JCHKI (OTOPE3UCTA B 1ICHOJIB3YCMOM TPABYTEIC HJIH MPONHKNOBCIAR
TPaBHTCAs CKBO3b TIOPH MJICHKil (GOTOPCAICTA K TNOJUIOKKE (H3MCpACTCA
B CeKyHiax min MHHyTax). B nocrentice speMa croiikocts nickkn doto-
pesucta Bee uame xapakTtepusyior [6] nuoTHocTbio nedextoB (B MM~—2),
NepefialommXcs NMpH TPaBJeHHy I1a MOJUIOXKKY. Tako# nonxon HanGonee
OnpaBjad, MOCKOJIbKY OTCJaHBalie MIEHKH — HeHopMaJbHOe SBJcHHe,
CBHJETEeNCTBYIONUlee O NenpHrofHocTH gotopesuera. Opnako Hano GbTs
OCTOPOMHLIM B OUCHKAX MJIOTHOCTH Ne(eKTOB HA NMOMNOXKKE, MOCKOJLKY
OHH MOTyT MO3HHKATb M HEIaBHCHMO OT dortoautorpadun. Obssatems-
HelM YC/IOBHeM ofecmeyerys CTOWKOCTH ABAACTCA MNosydeHHe OAHOPOL-
Vot GespedexTHoR TienkH (oropesncTa ¢ Bbicokolt aareamet X MOA-
JOXKe § YCTORMMBOH K BO3JENCTBHIO COCTaBoB, NpPHMEHAEMbIX IR
TPOHBJIEHKA W TpaBJeHHs. JIns mo3HTHBHbLIX (POTOPE3HCTOB, B WACTHO-
CTH, YKa3kIBAIOT B2XXHBIi NapaMeTp: yCTOAYMBOCTD K  BO3JNEHCTBHIO
CTaHpapTHoro nposBirTeNs (B MHHYTax). OHa ncskHa ObITh MO Kpaii-
Heil Mcpe na nOpANOK BhILUE BPCMCHH NPOABJICHIS.

CrabuabHOCTD SKCIUIYATAUMOHHHIX CBOfICTD (pOTOPE3NCTOB BO Bpe-
MEHH BEIPAXACTCA CPOKOM CIYXKOW MpH  OTPEAGHEHHBIX  YCAODBHAX
XpaHeHHs 11 licoan3onanius  Ofiecucuenue 9TOro KauecTna — ORH2 H3
Bamueiinx  npoGaer. Jlna xomipoan cTaGMAbNOCTI OTOXUMHUCCKUX
CDOAETR MOIMTHRNLIX PEINCTOB B KaKOI-TO MCpPE MOMWNO HCHOM,30BATH
HaMepeHue onTHMECKOH NAOTHOCTH crod M3sectHofi tomumms [6]. Ontu-
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“ecKas NAOTHOCTL NMPOMOPUIIOHAJ' . HA KOHIGHTPALIM CBCTOUYBCTBHTEND-
HLiX MOJIERYJ, n, NCPNOJHNCCKH ee u3Mepsin, MOXKWO CyAHTh, HE H3Me-
HUJHCh JI¥ XADAKTEPHCTHKH (oTOpeIucTa.

TomM#MO XapaKTepHCTHK BaXKHO 3HATh H HEKOTOPbie OCHOBHHIC
3aBHCHMOCTH, ONMChBaIoW¥Ee nopeneHHe ¢oTope3scToB. K HHM oTHoCAT-
€Al CMeKTpul [OF/IOIUCHHA M Xapak-
TEPHCTHUCCKHE KPHBLIC,

Cnextpbl MOLJIOUCIHA HeraTus-
HEIX DPE3NCTOB NOKa3aMbl Ha pHE. 3.
Y pesnctor na ocuoBe KayuyKoB
¢ Oucaduiaamu nafionaerca OAMH
OTUCTMIRLIT  MakCiIMYM Ha pituse
poduly okoxo 370 um. <oropesH-
ctel Ha ociope IIBLL wumewor nBa
MakClMynMa  HOTAO(CIHA:  OMHH,
KaK H Y CeHCHOMIM3HpODaHHEX Kay-
YyKOB, CBAAK C MOCJIOUICHICM CeH-
cubuanzaTopa (360—370 um), apy-
rofi oTpamtaer norJiouenyne caMoro

\\ TIBL], (280 uMm).
) - TNosntinunie  POTOPEIHCTH TAK-

)
- - WC HMET IBa MaKCHMyMa norJo-
B g 3w A0 meHnn  (puc. 4) ua puuuax BoaH

74

Dimiriecnin RROIHOCTIG | O/7H. €6,

L G, mt 350 u 400 M. B otnuumne ot IIBLL

o00a MAKCHMYMa CnsI3aHel C TNOTJIO-

Puc. 3. Criektp moryiollennft Ue-  penyen ognoft U TOB IKe MONGKYIB
FATIBHLX PESHCTOB: HXI. CnexTpsl norjoliCHHA onpe-

! — xaydayk ¢ GJ:iCli_lISBMQM‘; 2 — celcu- OCAFIOT THN HCTOUTIHKOB 3KCNOUH-
. " poBaHms, nomorant beGpath MaTe-

pHaJabl aif 3KpaunpoBaHuA TUIACTHH
¢ $oTope3InCTOM OT 3IacueUHBaHNS.
an IUCAOUIPOBAMHHY  CJOSE PCINCTA BHA CHCKTPOB  MOCJOIUCHHA
McHsieTest (pric. 3, 4); 3T UANCHCHNS OTPAMAIOT NPONECCHI paapylie-
AHA CBETOUYBCTBHTRNALHBIX MOJICKYJ iNIH CLIHBAMHA ﬂOJIHMEprIX uened,
ITosc3nuIn «BLIXOJIOM» DPCAaKIMH TOTJONICHHA SABJSCTCH H3MCHEHHe
TOJWHHE  Chof (’.bo‘rnpcsnﬂa nocye  nPOABJCHIA. }Illﬂ OlICHKH 3TOrO
npouecca CIHMAIOT XapaKTepH-
ctHyeckue Kkpubeie. Tlpnpepern-
Ham Ha puc. 5 Kpnesas I rnoka-
3bIBACT, KaK YUBCJHYHBACTCA TOJ-
WMHA CJIOA HEraTHBHOTO pesu-
cTa Ha SKCMNOHMPOBAIHBIX yua-
CTKax MO Mepe pocTa 3KCHO3H-
unn. HMa 3tofi kpHmofi mMoxHo
HafiTy Baxsble napaMcTphl pe-
3HCTA;  UyBCTBHTENBIOCTE S=
=1/H,, rpe H;— skcnosnums,
npH  KOTOPORA cJjofi MOJHOCTLIO

pOB2HHLIA pe:‘mc’l‘.

To2p0smu6, %

Vi . !
%40 20 g 480

safy6nen (Mam  paspyweH B Lk Bonns,

cnydac VOBNTHBIOTO  Pe3ucTa);

KOHTPACTHOCTB v=(he—h)/ Puc. 4 CUeKTp mOrIOWCHMS nO3K-
(H—H)) ®  doTorpaguueckyio THBUBIX Pe3sicToB:

whpoty L==H,—H,, rae H,— I — nosonaunan cuona N 18 (0,73 mMuwm).
akcaoalnus, Npu  KoTopoil ua- 2 "“’T“"““"‘_T,',';,1‘{_;"‘7““(0.}‘;\5“;\5“;

qIYac fien CHURANNC HAH paizpy-
Hicnpe CJAof.
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ﬂllﬁ HO3NTIBIOrD PEINCT2a MOWHO CHATL AHAaJOrHYHYIO XapakTte-
preTHucciylo Kpuoyio (kpuvan 2 na puc. 5), Ho GoJlee MONHYIO HHGOOP-
MaUnIo O MOBC/ICHMH MO3MTIBIILX PC3IHCTOB AAET 3ABIICHMOCTH CKOPOCTH
NpOSIBJICHIN OT 3KCDO3HIIHH, KOTOPYIO TOXKE HA3LIBAIOT XapakTCpHCTH-
yeckofi [7]. D10 ofbRCHACICH TeM, 4TO npn paoTe € MO3MTIBILIMH
pe3l4CTaMll BechMa Bawio, uTOGH CJIOH [AXOMIVICS B IUCJOYHOM npo-
AUMTENE MHHHMaMblloe BpeMfi (MPH 3TOM KOJHYECTBO AE(EKTOn MHHH-
ManLIIo), T. €. CACHyCT ONPENCIIHTL  3KCNO3IHIO, oﬁecn(‘,lmualouxylo
MAKCHMAJILIY IO CKO[OCTh nposipicips.
naciosee vpemst B CCCP w 3a pyGexoM paspaGoTano Muoro
pasnnuunx  gotopesnicros. B CLUA, wanpuMep, BLITYCKAIOTCA H npH-
MClflIOTCR 0 [J‘dl\l!Oﬁ MCpC  prerarTub-
Hble M TMO3MTHBIILIC PE3HUCTLI, paape-
wamoas crnocodnocTs  KOTOPLIX Gana-
ka. B otcuccrsennol upakiuke 8 oc-
HOBHOM HCNOJBIYIOTCH 1103HTHBHbLIC q)()-
TOPE3HCTH, TaK Kak  BHNYCKACMBIE
HEraTHBHMLICE pEIUCThl HA OCHOBC mnO-
JUIBITHHAIIIHAMATE U Kay1yra Iic obe-
cneunsaoT TpebycMoro KauccTna go-
tonutorpagnn. B uactuoctn, oun e
AO3BOJIAIOT MNONYUHTHL TAKY)0 2Ke pas-

&

Tonuyuia cno8, MKM

3

Hy Hz
pewamonyo cnocolnocTh, Kax NoIM- .
THBIIBIC. JREnosuYUs, OITA. €0,
YacTo TOBOPHT O TOM, "ITO T1era-
THOUBIC  OTOPCRUCTEl  HMCIOT — MCHb- Puc. 5. XapakTepucTuueckne

Yo paspeniaioliylo CnocodiocTh u3-  PHBLIC LTSl MeratiiBHoro (H
3a Gonbwofi munmin  Modckyn, OJte W TOSHTHBMOrO (2) pesucrob.
MOWET OTHOCHTECST B KaKoi-TO Mcpe

TOJILKO K peancTanm 11a ocnone

KayuyyKos € GOJBLION MOJIGKVAAPHOR MACCOM; B OCUOBHOM M€ HH3Kan
paapciiamigas CNOCOGHOCTL, MCTaTHUBIIbIX PCIHCTOB ONpLHCJIACTCA yCAo-
GHAIME IKCHOHMPOBAltHS n miposinaeins. TIpn skcnonponanny HEraTiib-
HBIX PCIIICTOB, B OTAWTHC OT MO3UTHBHLLY, Yalle BO3INMKACT NO Kpalo
PHCYHKA XapaKTePuuil Opeo.d, BLI3BAMINE OTPaMENHeM CBCTA OT HOn-
JoxKu. B MPOABIUTC/HC TNJICIKA HCrarusluoro pesncta paa(’)yxaer, utTo
MPIBOANT K MCKAXKCEHMIO pasMepon. Ilpouecc pactBopenus nelamyGreH-
Hol 4acTH CHOSl NEraTHBIOTO pPE3HCTa NOMUHHACTCH  H(hY3HOHHBIM
OrpaHHuenHsiM: no SToft Mpr'ukHe TPYJHO MpPOABHTL 3MEGMEHTH! MAaJbIX
pasMepos, Tem ue MCHEE, CyMNsi TNO JIHTCPATYplbiM JIAHHBIM, HA HeraTHs-
HBIX peaunctax (nanpaMep, GHpME «KOmak») MOXHO ybepeHHO noJay-
yaThb MHMHMasbHple pa3Mephl okono | MkM, Tax uto mpoGneMa 3a-
KJljouaetcs B paSpﬂ()OTKQ M DBBIMyCKC Ka4HCCTBEHHBIX leraTHBHEX
pesucrop. Tipu BEIGOpe NEraTHBIIOIO MAK TO3NTHBHOMO pe3ncTa GoMblioce
3HaueHHe MMEIOT MG TONLKO paspeniaioliiasi CllocOGHOCTb, HO M KHCAOTO-
WK eJI0YeCTOHKOCTb. [To3HTHBHLIC PCIHCTHL Ite BLIACPKHUBAIOT LIEJIOY-
UBIX TpaBuTenell, xoTs H3BeCTHH NonkTkH [B] coapath menouecroRKnuit
Pe3ucT 11a ocuoBe O-Haq:.roxmlounnasunon myTeM JOOABJICHHA SITOKCHA-
vLx rpyan. HeraTHBHLC pe3nCTel YCTOMYMBEI K BO3ACHCTBHIO KHCIOT
B mesioveli, 0COOCHHO PE3UCTHI HA OCHOBE KaydyKon.

OTCHCCTBEIHOl IPOMBILJEHHOCTLIO CCPHITHO DHIIYCKAKOTCA NOJHTHB-
Hole (DI1-383, ®I1-PH-7) u ueratnorue (PH-5TK, ©H-11, ®H-11K,
®H-4TB) totopeancte [28], a TaksKe CBETOYYBCIBHTC/LHLIE TPOAYKTHL,
ABJIHIONIHCCS  OCHOBOIT NO3MTHANLX (POTOPE3IUCTOB, TaxKle, Kak ),
27, 11 (nponystut Ne 83 u 7, nxogsugte o pesuersl @11-383 n QI1-PH-7,
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OT/leNbll0 He BBINYCKaloTc). Bce 971 MpOJyKTI MpejcTaBismor coGof
cnoXHele shHpHl HA(TOXHHOHMAdMIa H Kakofi-NHGo dewnondopmanbie-
FHAHO CMOALI, HampuMep HOBoMaKa. B Mosickyfax STHX noAaHMepoR
BOOOPO;T MOXetT ObITh 3amMelieH TanonaoM — 6pOMOM, XJIOpOM, VWOmOM.
BbejieHne noao6HbLIX QYHKUHOHAMBHLIX FPYMN, Kak yxe OTMcYaloch
Bbille, NO3BOJIAET W3MEHATL CBOWCTBA pEIUCTOB: cmocobHOCTh K pac-
TBOPEHHIO, anre3HI0 K ONpeJeNeHHbIM MONMOMKKAM, KHC/IOTOCTONKOCTD.

CBeToUYBCTBHTEILHOCT  PA3MHYHBIX  NDOJYKTOB, KaK TNOKa3aHO
p pabote [6], npHmepio onHnakosa. TIpu sToM 33 Mepy uyBCTBHTCb-
HOCTH TIPHIIMMANH KOHCTAHTy CKopocTs ¢oTosnsa, onpejiefisneMylo no
H3MCHEHHIO ONTHUECKON TIOTHOCTH 110 Mepe BI(CHOHHPOBZHHﬂ " paapy-
wekHun Monekys HXJI. LCcnH e TPH QNPC/ICJACHHH CBCTOYYRCTBUTE)Nb-
HOCTH B KauyecTbe KPUTCPHA BuﬁpaHa IKCIIOINNN A, npu KOTO]’\Ofl JIOCTH-
raeTcA MaKCHMaJbIlAfl CKOPOCTb [POSIBJICRHSA, TO I'lpO(‘JlC)KHBﬁ(‘T(‘H 3aBH-
CHMOCTb CBETOUYBCTBHTEJBHOCTH OT BHIZ raliowia, 3aMelaloilero
BONOPON B TONMMeEPHOM mMoOJexkylle clioxuoro sdupa. B pabore [9],
nan;)umep, OTMeqacTCAl, YTO BPCMA JIOCTHIKCHUA MaKCHMaJbHOM CKOPOCTH
npofAILJCMA 3aMCTHO CHMIKAGTCH B psAAY BOAONOA— XJiOp — GpoM —
fion. Tak, Ans peaucTa Ha ocHose mposykta Ne 85, B koTopom BOMOpON
He 3aMmcueH, oo coctaBiasio 50 ¢ (ToamHHa cuost 15402 Mem,
ocpernentocTy 40 tuic. sk, namna JIPIN-250), a nns peawcra Ha ochose
npoaykra Ne 7 (3amectHrens ftoa) 7,5 c.

CTpoenHe NOJHMEPHON MOJieKyJbl 3aMeTHee BJHAET Ha  JApYrHe
cooficTBa PESHCTOB, HeM Ha CDETOYYBCTBHTENBHOCTb: CTocoBHocTb pac-
TBOPATECA B OPraHHYCCKHX PacTBOPHTENAX, ANre3uio, CKOPOCTb TEpMO-
JIH33a. DTO OTHOCHTCA KaK H moJHMepnolt cocrasaswomed sdupa, Tak
H K cMmone, AoGaBisieMoft Kk 3QuUpy TpH TPHroToBsienHn pesucron, Ha-
npuMep, mpoaykr Ne 27 o6najacT HamGoJec BblCOKOfi pacTBOPHMOCTLIO
B OpraHH4eCKHX PAaCTBOPHTCAAX; BAIKOCTH PE3UCTOB HA OCHOBE 3TOTO
nponykta 8 5—6 pas npeselmaer mAskoctb peaucra PT1-383. Moo
MPCANOAOKHTL, HTO 3TO CBOACTEO OGVCHOBJACHO  MPOCTPAHCTBCINON
CTPYKTypofi MoMuMEpMiof MOMEKyJH, BXojsine# B cocras adupa. Ilno-
Xas PACTBODHMOCTH HEKOTOPHIX TIPORYKTOB. TAKMX kax Ne 83, B mupoxo
NPHMEHAEMOM AROKCAHE MPHBOAMT K TOMY, uTO B cjoc pesucta PT1-383
BO3HHKAI0T XOpONIQ H3BECTHbIC TEKHOJNOTaM «JIYUH», Tax Ha3WBaKOT
BO3NUKKAIONLKe NDH UEHTPHOYTHPODEHHH HEPOBUOCTH, KOTODHIC HMET
BHj Jywell, pafinajbHO PacXOUANIMXCA OT UcHTPa nuacthubl. Jlye npen-
CTABNAET YNacTOK CJ0f, OT/IHYAIOWHICA KaK mo TomukuHe (B cocenmHed
BNafMHe TOJMIUWHA MOWKET OLITh MeHblle Ha 60—90 HM), Tak u mo
KosgdHuneHTy npenomienns [10]. TTosBneHHe ayuefi BhiSbiBaeT Jo-
KanbHOC M3MeHEHHe Da3MepoB, TaK KaK VC/OBHA SKCNIOHHDOBAHHA nyweft
Ha phbicTyne # Brafduue pasNNuHb. BOIHHMKHOBEHHE Nyvefi HEAONYCTHMO
NpH npoeKUnOHHOA QoTosmTorpaduH, rae OCBEIEHHOCTh MANA M ee
HoNeGaHHA TPHBOAAT K Gonbllofi HEPaRHOMEPHOCTH n3obpameHns.
B cnoe ¢oropesicra Ha ochose nponvkra Ne 27 nyve ke HaGmo-
RAeTCR, a BHICOKaf PacTBOPMMOCTb 3TOTO NPONyKTa No3sodser paborars
Co CNOAMM TOMUMHON RO 3—A4 MKM.

Haunymirefi agresuefi ofnafaer doropeanct PIT-PH-7. Ovepnmwo,
570 CBOACTBO TaKkXKe CBf3aHO C NoOMMepHOM cocTaphsiomefi: B cocras
®T1-PH-7 BXOIOHT He TOMbKO HODOMAYHAA, HO H De3QJbHAA cMOna (Kak
no6apka B pactoop). Peaosblible cMOJIL IOCTATOYHO XOpOIQ cefsi 3a-
PCKOMCHROBAJN B KayecTse MOJIMMCpHWX no6aBok K peaurrtaMm. B pa-
fote [11] npopefeHo wucciefOBaHIie pAJjia PESUCTOB ¢ nobamKamn
HOBonatuoft MAH pesonbmofi cMols. Tlokasawo, uto peswcr OTT-PH-7 y
pesucis Ha ocvoBe Npofykeon Ne 27, 30, 83 B coderaHHM ¢ pesovibnoft
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cModtoli  OGecreulpajor syunice xavectso gotronntorpadur na Jo6ex
OAJOXKKAX, MPHMCNACMEIX B MJAHapHoil Texnoaorkd (okHced, docho-
POCHIMKATIIOE CTEKNO, ANIOMHMHHH, XpoM), uem roToBuift pesuct OI1-383
M PE3HCT Na ocHove mpoaykta Ne 30 B cMecu ¢ MoBonakoM, 3jech e,
oxllaKo, OTMevacTcsi, YTO pe3uCTHl Ita ociuoBe npoaykra MNe 27 no-
KasLBaOT TPUMEPHO ONMHAKOBBE XOPOMHIME Ppe3yJbTaThl NPH HCOONb-
30BaHMH KaK Pe3obuoil, TaK M HMOBOJANIION CMON, CAENYeT TIPH3HATD,
Y10 BOMPOC O BIANAIHH CprKTypbl noJnMepa HNOCTATOHIIO CAOXKEH H
10 KOHL@ HE BEHISICICH.

O6 anre3np pE3HCTa K MOANOKKE MOXKHO CYANTb MO Yray CMayu-
pafHsi UM MOBEPXMOCTH momnoXkH. B pa6orax [6, 61] mccaenoBanm
npoUCCCH CMAYMBAHHA DE3HCTOB H HX COCTABAAIOUIMX: CBETOTYBCTBM-
TebHbIX TPOAYKTOB, CMOJ M pacTBOpHTenel. Munumansneie yrab cma-
uapanrs (meniee 1°) Ha dochoOpoCcHNUKATHBIX, GOPOCHANKATHLIX CTERNAX
H OKMcAe nokasan npoaykr Me 7, Ha amoMuuHA — opofykt Ne 27.
PacTooppl 110BOSIauiiofl H pe3acdbHOl CMOJ MJ0XO CMayMBAOT TOMJOKKH
(vrabl cMaudpanks 3—8°), ma oclopakuy dYero Cuenan BhIBOX O TOM,
4TO 2[Are3WOilHLlc CBOficTBA B GOMBLLIOH CTENEHH OGECNEeYMBAIOTCH B3au-
MONeliCTBHeM C MOANOXKOfi OReTOHYBCTUMTCABHOTO UPOLYyKTa. Becbma
Ba)KeH Takmxe DHEOP pacTBopHTens. OnTumalbHoe coueTamue BHICOKOM
pacToopfiollell CNocOGHOCTH M XOPOUIETO CMAYMBAMMA NO3BOJACT MO-
ayuuTs MeTuasTHaKeroM. Ilupoko ucnoibsyeMBt B NpaKTHKE HIrOTOB-
nEHMs  PE3HCTOD IHMETHAGOPMAMHL SMAUHTENbHO YCTYNaeT emy no
9THM nOKasatensimM. IlpHBeneutiie CBegeHMS TOBOPAT O TOM, WUTO
CBOACTBA BceX COCTABAAIOLIHK  pESHCTOB  TECHO  B3IaHMOCBAIAHEL,

2 BONPOC BJANMAHNST HX HA KadgecTno qJOTOJlHTOrpanHH H3y4Yed-He non-
HOCTBIO.

TpakTrHueckve pexOMeHZAu¥M N0 BLIGODY WO3HTHMBHOTO pESHCTA
MoryT Guth copMynnpoBann clefyiomrM o6pasoM. HMa cepuiivo Bhi-
nyckaeMbiX (OTOPEINCTOB Pa3ymHO Hemoab3onath OPI1-383 nam  doro-
JIMTOTpadun TI0 TEPMUYECKOMY OKHCJY H AJNIOMHMMIO; AAf (OTONHTOTpa-
&uy N0 MPHMECIIO-CHANKATHBIM CTeiUIaM GoJiblile NMOAXOAMT (oOTOpEINCT
OI-PH-7. K coxajeuHio, KayecTBO STOTO PE3UCTA H3MEMSETCR OT
NapTue K naptTud. Ccam BO3MOKIIO NpuMenenHe necepnfikbiX (oTOpe3n-
CTOB, MpeanoYTeHHe OTAAKT PE3NCTy Ha ocHode npoflykta Ne 27 B co-
YETAMHH € HODOJNAYMOW HaM pesonbyofi cmonamu. [lpu paGore ¢ pesn-
CTaMy ua ocHoBe Npoayxkta Ne 27 cleflyeT MOMHHTB O €T0 BLICOKOR
CKopocty TepMonusa. B paGore [6] Toka’samo, 4TO NpH TEMnepaType
100°C makcumanbho nonycTHMOe BpeMs TepMOOBDAGOTKH Aas pe3HCTa
@I1-27 cocrasnser 9 muu, a pas pesucta DI1-383 — 60 mun. Ecam
9T Bpems WeAOCTATOUMO ISl YAAJNEHHA PACTBOPHTENR M3 CJOA DE3HCTa
OIl-27, cnenyer cumkath TeMnepaTypy NepBOil CyLIKH.

B xadecTBe mpHmepa npupefeM Texukyecxue YcaoBhi (TY) wa
fosnHTHBHLIE ¢oTopesucTLl. B imx oroBopema paspelnaowas Croco6-
HOCTL nf olpesenenHofi TOMUHKHE cloa: e Mexee 500 nuuui/mm TIpH
ToMuwHe 0,7—0,8 mk». CTOfKOCTL K BO3NENCTBHIO aTPECCHBHBIK (ax-
TOPOB OUEHMBAETCS [UIOTHOCTBIO NEQEKTOB AAf TOMUIMHE CAOS (OTO-
Pe3ancTa 0,7—0,8 kM. POTOPE3HCT HAMOCAT HA OKHCAEGHHYIO TJIACTHHY
KPeMHMs1 1 npoBoasT Bce ornepauru doroiutorpadum, 3a HCKNOYEHHEM
SKCMownpoBanua. Tlocsc 3TOFO ONPEAENSIOT MJAOTHOCTH NPOTPABIEHHBIX
B OkHcne medextos mMeromom saexrporpadmuu [12] uan me mo koam-
YCCTBY k.3, Ha NOpMOMXKKY TUIOWIAZIOK ANOMHWHSA, HAMEUIEMHLIX NOBEpX
OkHcna, Tlna ¢otopeaucta OI1-PH-7 nnotrocts nedextos, onpefeneH-
HEIX 3nekrporpadmuecks, He NOJHA npeppliaTh 0,3 pedext/MmZ Dt
SMatenne ykasano ann 'POSHCTA, OTGUALTPEBAHHOTO Yepes GyMaHb{
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$naeTp, NpuMenss memGpannnic GRALTPEL € AMaMeTpoM  TOp 1,0—
0,25 mxM, MoXHO oGecneynTh MAOTHOCTb fiedenron oxoso 0,01 ne-
text/MnZ llpn npobepke MacKHpyloUulHXx CBONACTB CJHOA PE3NCTa METO-
JIOM K. 3. MJIOWIAR0OK HANWASIIOT (HOCJIC TpanJelna OKncna wn ynajeuua
peancTa) cioil amoMuHusL TOJILEHOG 0,3 MM uepes Mackn ¢ 480 ot-
pepcrusiMy gHaMeTpoM 300 MKM d MAMCPIIOT mpoment miowanor, mo-
Ka3niBaoui¥x K. a. ﬂJlﬁ 3TOr0  METojaa HOpMa ilCdJcI(TI]O(‘TH B
cocrapasier 3%. B TY npuponstcs taxike nakie Juisl KHAKoro $oOTo-
pe3ucTa: COfep)KaHKe CYXOro OCTaTKa, MIOTHOCTb pacTBOpa, NOKA3aT&Ib
npenomsiesns. Hurtepecuo orMetnts, yto B 1Y na pesuctsl, BHNycKae-
mble b CIIA, BKJIOYCHW NOKA3ATEIL RPCIOMICIHS JUIA JKHAKOrO H
CyNXOTo pE3HCTOB, OTJHualojuHecss no semmune. Jlas  norpeCutens
PC3UCTOD BAXKHO 3HATH KOIGGHUMCUT MPCHOMJICHHA BHCYLWEHHOrO CA0H
$GoTopeancTa, No 3MAYCHHIO KOTOPOIO MOXHO CYIMTE O CTCNEHH pas3-
pYWeHHA CDCTOYYBCTBHTENbHEIX rpynn [1C]. Tak, y wueskcnonHpobar-
Horo cnosi pesucra ®IT-PH-7 nokasatens npesomscHus n==|,660,02
(y munroro pesncta n=1,439+0,05), a y noJROCTLIO SKCMOHHPOBAI-
Horo Cllon n==1,5820,03, uTo 6nuako k NOKa3aTeNIO N PEJIOMICHHS
108 PE30JBLHO-HOBOJSAYHON CMOJbL, BXOfnuweh B PEIUCT B KayecTne
nonumepnoﬁ OCHOBBHL. Yxaaano B TY 1 TIOBEPXHOCTIIOE HaTAKEHHE
pactoopa dotopeancra npH 20:0,5°C. S1oT noKasatens BaXHO KONTPO-
JMUPOBATL, TAK Kak OT BCJMYHHB MOBCPXHOCTIIOTO HATSKCHHA PE3HCTA
3aBHUCHT, 6yne1 JIN ON XOPOLIO CMayHBaTh [ONNOKKY.

JLJist BHICYWEINOrO CNOA PCIHCTA PCrJIaMCHTHPYETCH BHEIMHHA DHI:
MOBEPXHOCTb CA0fl AOJIKIA ObiTh pPOBUOI, B CMOC He JIOMKHL HaGMO-~
RaTLCY  BKJIOHYCHII MpH paccMaTpHRalMM MO  MUKpPOCKOTIOM THNA
MHH-4 (300—400 kpaTHoe yBesHUCHHE) € 3eCHBIM CBETOGHIALTPOM.

B TY na oco6o yucrsle (GOTOpEnCTW pAfl 3apyCekibiX  dhupM
PerfNamMeHTHPYCT CO/CPIKAHHE BDPCAMWX TpHMeceH — HONOD  IIeAOUIIbIX
METa/lIOB M MCTajJIOB, OTDETCTRCHHLIX 3@ BO3HHKHODEHHC HCHTPOD
reHepaunn-pekoMGrsaunK. Tak, B pesuctax Mapku Microresist-707 [13]
ofllee CONCPXKaHHe HOHOB MeTajnob He mnpesbilaer 10~5 a wonoB
KajHd, HaTPHA, JMTHA, oJoBa H 30J0Ta coctapier 3-10-6 (ana
KAXAO0ro B OTAGIBKOCTH). Kpome Toro, ykasbiBaloTcs MpefeibHOC CO-
nepxanne ponpl (meHce 0,2%) ®  poNYCTHMAas MYTHOCTb pacTBOpa
(menee 5%).

Brinycraemntiy cepnitio HeraTHBHHIL (otopeanct PH-5TK wuaroros-
JIEH Ha OCHOBC NOJINBHHHUJILMHHAMAETA C ﬂOﬁaBJIEHHEM CeHCH()HﬂHSaTOpa.
Mo cpoeli mpHpome 5TOT peducT GMMAOK K HIDCCTHOMY (POTOPEIHCTY
KPR ¢npmer «Konak». OpHano sToi ¢HpMOK ¢OTOpesHCTId mocTan-
JAIOTCH D KOMNJICKTE €O CIICHHAJIN3IPOBAHHLIMH paﬂ()aBHTEJIEM H npo-
HBHTEJEM, H 3THM BO MHOIOM OGEeCneNHBACTCH DBbICOKOC KayecTpo qJOTO-
antorpacpkd. dotopeanct PH-11K n3rotobsen Ha oOCHOBE Xayuyka,
CEHCHOHJIM3NPOBAHHOrO a3ufocofiepxamnm  coenmieHueM.  Heratusuie
(oTOpeSHCTH. MPHMCHUSIOT OCHIYHO B TEX CIYHaHX, KOT/la NO3HTUBHHIC
HEMpHrOANL, MaTpHMEp NPH TpaBJeHHH B [IeJouax MR JKe AIfl sa-
WHTH TOJCTHM CROCM DNDH 3JCKTPOJHTHYCCKOM HJIH XHMHYCCKOM Hane-
cenun Meransos, PaspaGoran Takxe K DbINyCKaeTCsi HeraTusuni doto-
pesucr ®H-4TB, cnenuasnbHo npefiRasHaucHHbI /ISl HAHECEHMA TOJICTIHX
oloep panKkopum MetopoM. Mcesienopannio CBOACTS HEraTHBHWX (orto-
PE3NCTOB, B YACTIOCTH Npoiieccon GOTONN3a H TEPMOIH3a, MOCBAlEHA
patota [14].

B nouicguuc rogsl GHICTPHIMH TeMOAMH pa3paGaTHBAIOTCA M mpo-
WSDOJIATCA De3HCTH JUIA 3JICKTPORHO-Nyyesol smtorpaduu [15]. Ilo-
noGHo (oTOpe3HCTamM SACKTPOHOPC3HCTHl ACAATCS HA HEFaTHDHbE, B KO-
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JOpLIX  HaA JICACTBICM SJCKTPONHOTO MyyKa MOJIIMe)y  CluBaeTesl, i
HOIUTHBHLIC, B KOTOPbIX 3ILCIHOHHPOBAHHBIE YUACIKIL ACCIPA RTHPY WS,
quCTBHTeﬂbHOC‘I‘b IJNEKTPOIOPEINCTOB ONPEACTHFICTCH hak MM AL LT
SNIEKTPUHCCIHIL 3apAHA HA CAMNHLIY LJOUIAMI CJOSI PEe3sycTa, TPeHveMblil
s NOAHOro CuLinBaHusl Wi PASPYUICNIS SKCOOIPORATIOIN  YHac i,
€JIHHIINA N3MCPCHilsSl HyBCTBITeABIIOCTH KajeM2.

HeraTHBHLIMH 3ACKTPOUOPCINCTAMH MOFYT OWTL NOJHMEpL, Y KO-
TOpbIX OCJIyUCHHE SMEKTPONAMH BLIILIBACT MPOLECCH TENEPEYHORO CLUHM-
DAHHA: NOJMOYTaNHEHT, NOJIMHAONPCH, TNOJIMBUHUIXIODH, NOMHCTHPON,
NOJMHAKPAHJIOBAs KHCAOT2 H ee Sq)HpH, HOJIHQ)EHHJICHHOI(CZH, nartypalb-
Hblit hayyyK u Ap. M3 arux nONHMEPOB NOJKOMAT T€, y KOTOPHX TeM-
nepatypa CTCKJOBAHHEA DLIUE KOMHATHOH H, CCTCCTBEHKO, llanbonec
KHCJOTO- H IMesioyecToitkne. [1pH pa3paGoTKE HEraTHMBHLIX 3JEKTPOHO-
PE3NCTOB 1IMeeT 3HaYCHHC pacnpenesieHne no MOJICKYJIAADHI M MaccCam.
Cpennfisi MOACKyNRpPIas Macca noJUKHA ObiTb BO3MONKIIO GOJBLIOH, no-
CHOJIbKY MPOHABCACHHE CC Ha YYBCTBHTCJBHOCTL CGCTb DCOJIHYHHA IIOCTOSIH-
Han [16]. Camo pacnpesclichie ROJKHO NEXaTb B ouellb y3KOM JHa-
nasoHe Macc, TaKk Kak NpHCYTCTOHC 6ONBLILHX MONCKYJ1 BbI3LIBAET CHHN(E-
HHE pa3pellalouieli CNOCOGHOCTH, a y MOJeKYJ € Manoii MONCKYJASpHOH
Maccolr TEHJCHUNS K CUIHBANINo 1lH3Kd, HX JICrKO pacTooputh npH
l'lpOﬁBllL‘HHH, B pesynbTate 4ero MOTyT NOABUTBCA CKBO3HbIe OTBEpCTHSA.

M3 onncaHHWX B JINTCPaType HETAaTHBHHIX 3JIEKTPOHOPEINCTOD  3a-
CHY/ARUBAKOT BillIMaHHC cACnyIOUHe !

L. DIIeKTPOHOPE3HCTLI C  BHICOKOH YyBCTBHTEJBHOCTBIO, BRJIOYAID-
Wpe INOKCHRHPOBAHHHE MOJIHKAONPEH I MOJMOYTAZMEeH, a TaKKe COono-
JnMepul 3QHPOB METAKPHAOBOH M aKpunoboil kueaor [17]. ¥ snokew-
AMPOBAHHLIX PE3UCTOB YyBCTBLITENILHOCTb mocTHract (2—5)-10-8 Kufem?
npy Tonupme caost 0,3—1,0 mn. D70 Ha 3—4 nopspka Bhiwe, uem
y MO3HTHBHLIX 3JICKTPOHOPC3HCTOB (MOUTH Yy BCCX HETaTHBHBIX 3JEKTPO-
MODE3HCTOD YyBCTBNTCALHOCTL BHWIIE, YeM Y [103UTHBHLIX). UybcTph-
TENPHOCT., COMOJIMMEPOB HCCKOJILKO HHIKE, HO TaKiKe puicoka: 10-7—
10-0 Kafem? upn tonmunne caos 008—0,12 mkm. Ha cionx stax
SJCKTPONOPE3HCTOB € MOMOW{BIO SJCKTPORKOTO CKaHHPYIOWEro MMKpO-
CKona OwJM oJyuell JMHRK WHPHHOW 0,5—0,7 MKM Ha pacCTOSIHHM
2 wKm apyr or apyra. llpospmtescs pmasi CONOJNHMEPHbIX  Pe3snCTOD

AIBIMETCS  TPIXJIOPSTHIIEH, pasbabnTesieM — sTHIOBHIT  3dup  yHCycHOM
KNCHAOTLI.

2. DNeKTPOIIOPEINCT € BLICOKOH KHCAOTO- H L[GHONECTORKOCTLIO —
NOJHBUHHAXJIODHA. UyBCTBHTENLHOCTL ero npu TosummHe ciofl 0,5 MKM
cocrapisier 3-10-5 Kufcw?, 3neKTPOHOPE3NcT O6CCnCuHBACT NOJYYEHNC
JIHAR  JOBOJLHO XOPOWEro KauyecTBA C LWHPUHOM HAKJIOHHON YacT
JUHHR OkoNo 1 MKM.

3. 3waynTespuLIt MHTCDEC NPEACTABASCT T[PYNNa TOJHCHIOKCAHO-
BbIX  anekTponopesnctoB. B 3THx nosmmepax nojy  Bo3ucHcTBIleM
SJCKTPORNOrD OGNYUCHHA HIK MOCNCAYIOWell TepMOo6paGoTKY oprawui-
YCCKMEe COCHIMHCUHA MOYTH MOJHOCTBIO Pa3pylualotcsi M OCTalouhcs
CroH ofnanaet CBOMCTBAMH aMODPGHOIH NBYOKICH kpemuit. C nomoutsio
HonumeTHimuKnockunoxcakna [18] Ouina ocyuecTsiena oxncnosas macki-
POBKa mpn Auddysnn u n3rotoBienn GHROMSIpHEIE TPANIHCTONH € XO-
POWRMy - xapakTepncthkaMn. Ciuoll peancra walOcHNM Ha  naacThily
KDEMIIUS, SKCMOHIPOBANK, NPOSLASIAN B aNETONE HECKONLKO CeKYHJ,
Mporpesasty » aTvocdepe asota npn Temncpatype 1250°C, nocne uero
NPOBORMNY RHMGYANO. Macky nerko yaalsnH B niaBLKOBOR KHchOTe,
W npouenypy nostopsnn. Peadict  TaKKe ¢ yemexoM  Henosn3opasH
B KayeCTBe MACCHBHPYIOEFO NOKPBITHS; B 3TOM CJyYac MPOSIRNEHHLIA
2575
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peaved nojweprany 10-mu 06paGoTKe BO BAAMKIUOM KHCnopode HPH
680°C ¢ nocaciyoyy yIIOTHENEM B CYXoM a3oTe nipy 200°C B Teye-
tive S0 Ml HyBCTBUTEJILUOCTD MONMMCTHALMKNOCHIOKCAHI HEBLICOKA:
1,5-10-% Knfcu? npu tomunee caon 0,5 axm. Paapemawowan croco6-
nocth pesucra B padoie [I8] we oucnmBanach, 0 Hefl MOMHO CyAMTB
N0 TOMY, uTO W3IOTOBJCHHBIC TPAHZHCTOPL HMENH LWHPUHY SMUTTEPa
5 Mam.

4. Herarupivie cBeTouyncTBHTeNbHLIE (POTOPEAUCTH C yCNEXOM MO-
IYT MCUOAB3OBATLCST W SIS SJCKTPOIHOM nuTorpad:u. YyscTBUTENLHOCTD
doropeancra KTFR coctapnser 3-10-% Kn/cm? npn Tomwuse crnos
0,16—0,25 wmKM, Ha LeM 1I0JY'AI0T JWHHH LIMPUHOH 2 MHM C HepoB-
HocTbio Kpan 0,05 Mk

[MoarnTHBHLIE 3N€KTPONOPEIUCTLl COARAIOTCH HAa OCHODE NOMUMEPOB,
B KOTOPHX 1IOL [HCHCTBHCM 3JEKTPOHHOTO MAMy4eHMS TNPOHCKOLHT
AECTPYKIHA ¢ O0pa3oBaiueM fIPOLYKTOD MeHbllell MoJeKynsphodl mac-
Cil, HAUPHMEP: MLOJHMCTHIMETAKPHNAT, NOIMETHICTHPOJ, NONHH3OOY-
THREH, LeMNIoN03a U ee 1IpoH3BogHbie  fp. Ilpm BuiGope nonuMepa
YUNTLIBAIOT €rp KHCAOTO- H UWENOUCCTOHKOCTb, afATeani0 K NOMNOMKe,
TEMUCPaTypy CTCKNOBAHHi, PacmpefiefieHiic TI0 MONCKYNADHLIM MaccaM
npu BLIGOpe IO3HTHBHHIX SJICKTPOHOPE3UCTOB HMEET MeHbllee 3liaueHue,
ueM NpW BLIGOPC HEraTHBHLIX, HO TPH OLHOM BAXXHOM YCJOBHH: pace
UpeACIEHNsT 1O MaccaM HCXOQHOro M OOJMYyYEHHOTO NOANMEpPa MOJKHB
B LOCTATOYHOA CTCHCHM OTAMMATHCA.

PaccMOTpHM OCHOBHBIE THNILI TO3HTHBHLIX 3JIEKTPOHOPE3NCTOB.

1. HanGosee wupoko B NpOHABOACTBE LOMYNPOBOLHUKOBLIX WpHGO-
POB ¥  HHYCTpaJIbHLIX  CXeM  TpHMEHSIeTcs  [IOMMCTH/IMETAKDHAAT
(IMMA). Ou ouenb craGuneH BO BpeMeHH, HeuyBCTBUTENeH K YO
HanyueHuio, CTOEK K BO3AEHCTBHIO GONBLIIWHCTBA XHCAOT (KpoMe cons-
noi), Yyscteuteswhnocts [TMMA cocraBnser 5-10-3 Knfcm? npn Ton-
muHe cnos 0,5 mxM. Paspemaicwasn cnoco6iocts, koTopyilo obecneun-
BaET S5TOT 2JIEKTPOHOPEINCT, RBNACTCH HaHOONbILEHA 1O CPaBHEHNIO
¢ mobbiMy OPyruMu: OLIIH DONYYEHBl JMHHM LWHPHHOK oxono 0,1 Mxm.
C wucnonsaosanuem [TMMA  uarotoBreHEl, HaTpHMep, TPaH3NCTOPH
¢ ppuuoii uonocox Metannmsanry 0,5 mxm. Ipossurenem gas INIMMA
cnymar 95%-Hblil 3THNOBLIK COIHPT, CMECH METHNITHAKETOHA C HMAONpO-
nunosbiM cnupromM (30 :70) maM MeTHAN3OCYTHNKETOHZ C HM3OMPOMHIO-
BbiM cumpToM (25 :75).

IMonyuntes [TMMA soxno nonnMepnsanneli MOHOMEpa WHIH e
pacteopernen 5%-Hoit Mertakpuiathoft cMonsl B cepoyriepoge [16].
Cpennsia MosckyssipHast macca ucxofinoro [IMMA cocrabnser 100 Thc.,
uoche obnyueHyst olla craHoButcsi pabHO# npumepso 10 T, )Kena-
TeJpHo, uTo6Ll pacupefesneHde no MONeKYASPHLIM MaccaM HCXOLHOTO
NMMMA 6uino BoamoxHo Gonee y3IKHM.

2. Moavtnuuie cBerouyscTBUTE/NbHLe (oTOpeanctul AZ-1350 oec-
LIEUHBAIOT 1iPH 3JEKTPOHHOM SKCLIOHIPOBAHHH NPHMEPIIO Te e pesydlb-
TaTe, yTO H Npu outmieckoir dotosnvtorpaun. Llupuda numnui, nony-
YCHMLIX, HaupHMep, oGsyuennem pesdcra AZ-1350 cocrasnser | mxm
upy tomuune ciost 0,3 mMkM. HyBCTBHTENBHOCTbL MOAWTHBIEIX Xm‘ope-
AHCTOB B CPCANEM 12 NOPALOK HHME, 4eM HeraTHBHGIX, fnas AZ-1350
oHa cocravdser 8-10-5 Kajem? upn tonwuue cnon 0,36 mum.

3. AddexkTHRIy IO MAaCKUPOBKY UPH HOHIIOM TPABNEHHH TIOIBONAET
OCYILECTBHTL ~ 5/1ehTPOUOPe3HCT  1oJHCTHPON  CyJb(or.  [losurushue
3NEKTPOMOPE3HCTL! XYHE [POTUBOCTOAT BO3LAEHCTBHIO HOHOB, YeM Mera-
TuBHHe, HO fPEBOCXO/NT (OCAEAHME 10 Paapellaiolelt CROCOGHOCTH.
o svoil upuuviie npenctabisier MNTepec paspaGoTka [19] noanrmsnore
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peancta (soanCTHPON Cydibhona) ¢ BeChMa Manofi CKOPOCTLIO paspytlie:
HHA TOA BO3neNCcTBHEN HoHOB: okoao 0,5 um/c, PesHcT nodyuawoT cotio-
nuMeph3aunen crupona ¢ SO, pacTROpHTENEM CHYAUT MCTOKCHSTHA-
aueTat, nposbatcaeM — cmech 60%-noro muokcana u 40%-uoro wao-
ppONHJODOTO  CAMpTa, Uy BCTBHTENRUOCTH ]E3UCTa  COCTABAHSICT
10-5 Kafem? npyn Tonwmue cnost 0,3 MKM.

2. MeTofbl U3rOTOBMEHUS U XAPAKTEPUCTUKU
¢orowabnoros

Jns nmonyuenust kommickta dorowabaolos —- nabopa
CTEKOJI € COBMENJAIOIHMHCH MIIOXKECTReNTILIMH H306p axe-
NHSMH, IMEIOILVMH Masbie Pa3MCDhl 3JEMENTOB B OONBIIYIO
ofwyo mowagb — NPEMCHSOTCS TpH MeToRa (MaM HX
COYETAHUSN): ONTUKO-MexQHuuecKull, 0OBESHHSIOUIHHA BLICO-
KOpaspellaollyIo NPOEKUNIo Madoil MIoLaAl ¢ nocjienona-
TeJIbHBIM MYJALTHTUJIMIHPOBAHACM H OCHOBAHHLIE I1a OpHMe-
HeHHH (OTONOBTOPUTENEH; CKAHUPOBAHUA, B KOTODOM MHcC-
HONBL3YIOTCA MOAYNUDYEMbIE MO AJHUTENLIOCTH WAM AMILJH-
Tylle CBETOBLIE WJIH 3JEKTDOUIEIE YYKH; pPacTposoii, ocy-
LIECTBAAEMEIH ¢ NOMOUILIO JHIIB0BLIX, 3€pKaNbHBIX UJH TO-
norpagHuUecKHX pPacTPOBEIX YCTpOHACTB.

B HacToslice BpPCMST ONTHKO-MCXallHICCKAY METOA au-
Gosee pacmpocTpaiied. Mbr e GyneM OCTAnABAHBATLCS HA
HeM nofipo6II0, Tak Kak OH JIOCTATOUIO ITOJHO onHcal B JIH-
Teparype [20], a paceMoTpum 0BLLYI0 cXEMYy TIpoiecca u3-
FOTOBJIEHHUST KOMILTEKTa GoTowabaonos 1 coBpeMerHoe 060-
PYZoBanue ANS €rQ OCYULECTBJEINS,

Ipn opranuzaumu mpoiecca nenecoo6pasio BHAEARTL
IBa BHja NHGOPMAIHA: OCHOBIYIO — O TOMOJOTHM CTPYKTYp
M RONONHHTENLHYIO (MM BTODHYNYIO)— O THIE WwaGaoHOB,
MYJBTHIIHUMPOBAHMK, MOPSAKE KOHTpoas ¥ T, A. Cxema
H3roToRNEHHs (OTOWA6NOHOB MPUBOANTCS HA PHC. 6.

Cuayana paspabaTniBaeTcsl TeXHMUECKOe 3ajlaHHe Ha
KoMnnekt ¢otowrabnonos. GopMupyercss OCHOBHass H JO-
NONHHTeNbUAA HHMGODMANUsA, NpHYEM MOCJAENHss WrpaeT
BecbMa BamHYI0 DOJIb; K Heil OTHOCSTCS:

l. Vkazauus o Tnne wa6aoHOB— ¢ MPO3pAuNbIMA 3JC-
MEHTaMM Ha TeMIIOM NOJEe Wl ¢ TEMHbIMH 3JeMEeNTaMM Ha
cBeTnom. Takoe jenenue MMeer 3HauelHe Kak NS YMellb-
wennyg pn MYJALTHIAHUIPORAIHSE (HGCROABKY OT THTA wa6-
JoHa ByayT JaBMCETL YCJAOBNSN HKCOOWMPOBAWHs), Tak H
4na KoHrposa wabnonos, IIpu KOHTPOSE BAaXHO 3MaTh THI
.
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dotomabnona, Tak kak MM OnpeleNseTCs XapaxTep Omac-
HbIX ZedextoB. Hampumcep, ¢oromia6nos nas co3faHus
6a3bl TpausncTopa Npe/ICTABASICT NPO3paunbie OKHa 1a TEM-
1IOM [ioJle ¥ omaclibiMM JiePCKTaMH SIBJISIIOTCS [IeNPO3payHble
OCTPOBKI XpoMa.

2. npopmauns o MynbrHnaMuuposaiuy. IloMuMo Kosm-
UeCTBA  MYJbTHINTHUMDPOBANNLIX CTPYKTYp O6o3HaualoTes
NPONYCKH CIPyKTyp, Ofrnerualoliue conMeLieiline M KOHT-
posnb, a TakiKe JOObe ApPYrHe HeNMepHOAMUCCKHe H300pa-
KeHust (HoMepa, TeCTOBHIC CTPYKTYPH M T. LL.).

3. Kontposbiian undopManus, KoTopas AeaHTCst Ha JiBa
Bitma. Onun Bug (3anaoulnil) ykaswBaer, KakHM ofpasoM
BBITOJTHAIOTCS. OTMETKH COBMCUICIHA H O6Gf3aTeNbHble AN
CNOXHBIX NPHOOPOB TecTOBBle CTPYKTYPH, MO3BOJAIOIIHE
NMPOBEPATb Pa3pellaioliyld crNocobGHOCTh (POTOMHTOrpadmy,
TEXHOJIOIHUCCKHE NMAPaMCTPH (IIOBEPXHOCTHOE CO'IPOTHBJIE-
I¥e, Ae()eKTH OKHCJA) M 3JeKTPHUEcKHe napaMeTpbl mMpHEO-

I Paspadomra __I
ﬁ;vp/;(r/ﬂn
UNPOLMaLR

Terobran unpopme~
YR (ImONenoeusy

Mypeial —I
RS Howmpoiin y

Shensiiesue

HOnuR

Pue. 6. Cxena #7310 0TOBACIISL DiHGAOHOB.
20



2. Ko BTOpOMY BWJly OTHOCATCSl YKa3alHsg O MCTONHKE M

KpUTEPHAX KOHTDOJIS XaPaKTEPHCTHK H3IOTOBJCHHEIX wab-
70HOB: PA3MCPOB, COBMeLacMOCTH, KPHTHUECKHX ofnactefi,
-1e¢bel(l'OB U T. O

OcHoBHas ¥ IOHOMHITENbHAA HHGDOPMALHA HCTIONb3YeT-
cfl B TiPOIECCE U3IOTOBJEHHS KAK KOHTPOJBHO-KONCTPYKTOP-
ckast AOKYMCHTalMs W4 )Ke, ecay npuMeusietess 3BM, xak
nporpamma yipapiachus.

Cnenywllcil cTajiueli siBAsieTcsl H3rOTOBJEHHE OPHIHMHA-
JI0B, KOTODOE OCYIMCCTBASICTCS B OCHOBIIOM C TOMOIbIO
PYYHHIX H 2BTOMATHUCCKHX KOopfsHatorpados. TlpuMepoM
koopakHaTorpada € TPOrpAMMILIM YTIPABJIEHHCM MOXKeT
CTyXATh  OTEUeCTBCHNAs  Mofean DM-703 [20]. Touynoers
koopAunartorpatba IM-703 cocrasnser =50 MKM, Makcn-
MalbHasi CKOpPOCTh JABHKenust peana— 100 Mm/c, BBOR
unopManuy — portosnexTprucckuii ¢ 6ymaxuoét nepdo-
JIEHTH B ABOMMIO-CCATHYHOM Kofte. CtpeMsierie MOBLICHTh
CKOpPOCTb H3rOTOBJIEHHs] CJIOXKHBLIX  OPHI'HIIANOB  TIpHBeNo
K TOMY, uTO OOHIUIIbIE METO/L BLIDC3KH M cKpailCHpoBaHus
HauyKHalT 3aMensThes  dortorpadpuucckumu.  TlpuMepom
peanu3atlun (poTorpaduueckoro MeTola CJIYXKHT aBTOMATH-
YeCKHii KoopHMIATOrpad, B KOTODOM IIyUuOK cBeTa PHCYEeT
n3obpaxkenne 1a QoTOTUIACTHIIE WM JTa3ePHLH TYyuoK Bol-
KHraeT usobpaxkenne B TOHKOMIEHOWIIOM TOKPMWTHH.

Janbhefinmum 3TanoM JONXKINO SIBUTHCA H3rOTOBJIEHHE
YMCHBILULITHOrO HPOMEXKYTOUIIOrN 1mabnona ¢ NOMONIBIO pe-
OyKUHOHHO! KAMCPLI, O/THAKO PA3BUTHE MCTOMOR H3rOTOB-
nenns waGnoHOR (raKTHUECKM CTHPAET paanulil MeXRy
CTaINSIMH H3rOTOBJEHHSI ODHTHIIANOB M TIPOMEXKYTOUHBLIX
toTowabnoHoB, MOCKONBKY MOXKeT GHITh TIOJyYeHO C AOCTa-
TOUHOM TOUHOCTHIO CPa3dy TIPOMEXYTOuHOoe u3ofparxkenue.

Cywecrsyor aBa ¢oTorpadHueckux MeTORA CO3XAMHS
TIpOMeXyTOYHOro n3o6pakenus: ¢ororaboprsil merod u
METOO cramIposaktin MOAYyNHPyeMEM Ty4YkoM cBeta, PoTo-
nabopueiit rexepatop u3o6pakeHHii, TPHMEPOM KOTODOTO
MOXeT CNyXHTh oTeuecTBeHHasi mMofens dM-519 [20], co-
AEPMUT clieRylOUIHe OCHOBHBIE Y3JbI

— HCTOYHHMK OCBellenus ¢ JaMTOA-BenuiWKOA HAH
PTYTHOI! namMTiof cBCPXBBHICOKOTO AaBJeHHs;

— naGopHas AuadparmMa u3MensieMoH KoH(pHrypauud,
HanpuMep B BHAe CXOASULHKXCH JIEMECTKOB, O6Pa3yloLIMX
NPAMOYroskitble  OTBEPCTHST paamuuiioro pa3Mepa (no 65
THC. BapuanTon), Mahparma MoKeT TakKe NOBOpaYM-
PATher ma 90° (¢ aIckpernnimM aroM, nanpumep, 0,2°)
OTHocuTenbio ueHTpa,
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— BBICOKOK2YeCcTBeHHH I OOGDLEKTHB,  IpOeLHPYIOLIHi
¢ yMenbiienyeM o6uiyHo B 10 pas otpepcrhe Anadparmuy
11a GOTOMIACTHIIKY; )

— KOODAMHATHHIl CTON, mnepeMellalolIMics MO JBYM
OCAM ¢ BBHICOKOK TOUHOCTBIO (nopsinka +0,5 MkM); nepeme-
LleH¥e CTONMA OCYLIeCTBIAETCS CEPRBOSBHIATeIAMH H ynpan-
JfeTcs NasePHHMH HHTepdepoMeTpamu;

— ynpannsiowas 9BM, B KoTODyI0 BBOAHTEA MpOrpan.-
Ma mociefopaTenbliol paborLl reltepaTopa, conepXKailas
c/IeIyollve OCIOBHEE OTepallkfll YCTaHOBJEHHe ATHHbY, LIi-
PHHB K YIJla OBOPOTa AHa()parmb; YCTaNOBJIEHHE KOOPAM-
11aTH OZIION N3 TOMEK 3JeMelTa H30GpaiKelns; TepeMewc-
HHE TI0 OCAM H TIOBOPOT CTONA; 3KCUOHHPOBAHME,

Jnst KOHCTPYHPOBaHMS ODHTHEGNIOB KOMMJieKTa M3 8
CIOXKIHX GOTOMAGNONOB JUIS HIITErpanbHOfl CcXeMBl MpH
meTone doTonabopa Tpebyercd 2 u; AiA NONyYeHUs TPOMe-
XYTOUIHX WabaoHop 112 ¢oToNa6oPHOM reliepaTope — elle
I 4. Tlps ucmosb3osanuu 06bIYHOrO MeToma, T. €. ¢ IO-
MOLIBIO PEAYKUHOIIHOM KaMephl, 3Ta e onepauns Tpebyer
okogqo 100 q,

Eme 66sblreit npoH3BOANTENBIOCTH TO3BONAET LOCTHY(
rerepaTop ¥306paxeluii co cKaHUpyoouIHM ny4oM. B ogHom
H3 BO3MOXHBIX BapHaHTOB TaKOro TrenepaTopa Jiyu remui-
HEeOHOBOrO J1a3epa MOJAYJIHDYETCS MO olpeneneHnofl npo-
rpaMMe, 3aT€M [I0MajlaeT na BPAlAIoLcecs NEeCATHIPAHHOC
3epKano 1 (OKycHPyeTessh B MJIOCKOCTH  OTOMITACTHITKH.
I'pans 3cpxalla pa3popauMBaeT CRETOBOE MATHO B JIHHHIO,
MPOUCXOANT cABHr cTona ¢ doTongactmikoll K crenyolan
rpalb CO3AAeT HOBYIO JIHHHIO, YeDeKphiBAIOLLYIOCH YaCTH'-
Ho ¢ nepeoil. Kongurypauns nonyyarouerocs nao6paxerus
onpeseNfeTCs LJIUTENbHOCTbIO CBETOBLIX HMMYJIbCOB, YHC-
JloM 06OPOTOB 3epKana H CKOPOCTbIO MepeMelleHus CToNa.
C noMowbIo Takoro reHeparopa npOMeXyTOuHbA ¢hoTo-
mabson cpeHefi cnoxuocTH cosfaercd 3a 10—12 mmu
BMecTo 24 4, Tpe6yeMbix npa paboTe ¢ aBTOMaTHYECKHM
KoopaxHaTorpadom.

B HacToslee ppems ucnonbzoBanye doTonabopHEIX re-
HEPATOPOB WIMPE, YeM TreHepaTOpOB CO CKaHHPYIOIIHM ny-
yoM. ClieyeT OTMETHTh, UTO 32 nocfienHHe roib paspabot-
ka2 GonbLIMX W cBepxGOTbHINX  HITEIDANBHBIX  CXeM H
BHEAPEeHHe MeTOAO0B MAaIUMHHOro TPOEKTHPOBAINA CYLIeCT-
BELHO HM3MeITH Hayalbi(He 3TAMH TeXHOJOTINCCKOro npo-
uecca uarotoaenus dotomabnouns TexHUucCKoe 3ananyc
Ha dotomabaeH ans Gomblucit MHTCrpasbHOR CXeMpt yiK©
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ye HMEET CMLICTA DBHIDAXATL B BHJE TONONOrHYECKOro
JepTeXa: CMHUIKOM CAOXNHO 1l HElPONYKTHBHO CBlio Obf
{OArOTOBHTH TaKofi uepTexs. Mexopbim TeXIMUCCKHM LoKy-
MEHTOM TIDH H3TOTOBJeNHH (HOTOWa6M0NOB CHOKIULIX Hil-
TerpafibliLIX CXeM CTaiOBHTCS TIDHNIHNHANbHAS SMEKTPH-
yeckafl CXEMa, KOTODYIO € NOMOLIbIO 2BM u natopa anro-
pHTMOB npeo6pa3syior B Tonogoruueckyt. Paspuras cucre-
Ma MAIIMIIIOTO NPOEKTHDOBaIMA 103BOJISET B KauecTse HC-
XOAIIOH MCTONb30BaTh (YIKIHON2ABIYIO CXeMy ycTDOHCTBA,
o KoTopoit 06pa3syloTcs noruueckas, 3JeKTPHYECKAs H TO-
nonornueckass cxempl. Mudopmanus o tononorws, paccyu-
rauHoft DBM, BponMTCA 11EMOCPEACTBEHNO B TEHeparTop
n300pakeHns,

BepueMcs, OHaxo, K LIMPOKO HCNONL3YyeMOMY TpaiM-
LUHOMHOMY METOIy, IIPH KOTOPOM TNDOMEXYTOUHBIl HeraTHp
M3rOTOBJIAIOT C NOMOWbI0 peayKunoilnofl kamepe. Ha atom
sTalle TPHXOAMTCS pellaTh 3afayy NOJyuellls BbICOKOKa-
yeCTBEHNIOrO HM3ofpaxenus Ha GonbLioM nose. B peaykuu-
OHHBIX KaMepax NO3TOMY NPHMEHSIOT CAOXHHEe MHOTOJMH-
30BbIE DIaliaxPOMaTh C BHICOKHMM pa3spelrenneM (oxono
400 nuunit/mM) B GombliiM pabounm nonem (Ko 90 mwm
y JNyylI¥X oGBEKTHBOB); NPHUMEDOM CIYXKAT OOBEKTHBLI
¢upmer Oplon cepun S-Planar ¢ ¢oxycHuM paccrosiHueMm
195 mm.

Crepytownt 37an — MyJbTHIIHIMPOBAHHE — OCYLIECTB-
nfleTcs € noMouUlbid (OTONOBTOpHTENEH, NPEeACTaBIAIOLHNX
coyeranpe BbICOKOpa3pemiapowedt penyKUHOHHOH Kamephl
(nmH neckonbKHX) € TOUHHIM KOOPAHHATHHIM cronoM. Hns
MyJbTHNNHLHMPOBAlIHA TaKke TPeOyloTcst O6BEKTHBH OYCHB
BLICOKOTO KayecTBa, HO C IECKOAbKO OTJIHMYAIOmMMHCH Xa-
paKtepuctiukamin, Jlnst HOCTHXKeHMsT NDefeNbHo BHICOKOH
paspewarouieii cnocobuocty (Gosee 1000 nummit/mm) pa-
Gouee nose o6bexTHBA TNPHXOAMTCA YMEHBINATb, OGHIYIO
€ro AnameTp nie npepuiaer 4--8 Mm.

Tounoctb nepememiennss KOOPAHHATHOTO CTONA COBPe-
MCHHOTO OTONOBTODHTENA HCKIIOUHTENBIIO BBICOKA: JIO
+0,2 MKM y OHOMO3MUHOINILX TOBTODHTENEH M OKOJIO
2 MxM y muoronoanunonnnx. Jlaf paGors cdoTonoBTOpUTE-
N3 ReoOxofnma XKecTKas TeMNnepaTyplias CTaGHnu3anHsa:
KoneGaiins TemnepaTyph B NOMEWIENHH He JOMKHL MPEeBLl-
Wary, +0,5° C. XapaxTepHCTHKH TDeX COBPEMENHLIX (oTo-
NOBTOpuTeNell npuponsTes B Tabm. 1.

Bl paccMoTpenn ONTHKO-MexallHueCKHi MeTof H MeTOoJL
CKaHupopanus, Cpenyer KpaTko ynmoMsuyTb of SJIEKTPOH-
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TaBanua |
cPaBHPlTe‘lLHHe AAPAKTEPHCINIKH  COBPEMCURBIX

dorononTopnTeneit
XapakrtepicTuHa 2M-522, CCCP ANR-1, U)\P D‘Cvﬁl[[xn'

Yucno nosnpnit 1 9 6

Macwrab yMenbuenus 10K 15%¢; 103 6 10X

Paspemenne (MuunMans- 1,5 1,1; 2; 5 1,5
Hbiil pa3Mep), MKM

TOYHOCTBL  MO3WUHOHHPO- 40,2 2 2
BaHNSA, MM

Bocrnpou3sofinmoc e 1i0- 40,2 40,15 40,25
SHIFOHKPOBAHNSA, MKM

MakcuManbHoe nepene- 80 54 100
meHue ¢Tosla, MM

Maxcnvanshoe nioJie 8 2,85; 4,25; 8
O6BEKTHRE, MM 7,25

Croco6 (oxycnpokH AproMaTu- Pyunoit

HECKNH

110-7Ty4€BOM MCTOAE HaroTouienus ¢oTouabionos, B KOTO-
POM HMCHONBL3YCTCH  OpHime  cralmposanus. Tlpumens«
ycranopky JEBX-2B (Slnonus) u DBM, momHo monyunth
XpoMHpoBaiibiil $oTomatnoln ¢ MUHEMAJBIBM PA3MEpO::
1 Mxm na nope maowanbo 50X50 mm. dToT pasmep I
SABNSETCS MPENeNbIbIM ¥, OMYEBHANO, AOCTHYL CYOMHKPOIl
1I0ro Avanasofia Da3MepoB C  TOMOULLIO  3JCKTpOINIoro
3KCIOMHPOBAIIMS MPAKTUUCCKY JIeTYC, UCM € [IOMOLBIO OMTII
YeCKHMX MeTOOB (He rOBOps O TOM, UTO OpeJleNioM nocsejl-
Hux siBasiercn 0,15—0,2 mkwm).

PacrpoBile MeTONH B3roTOBACHMA WabOHOD He HALLL:
JI0 HACTOAUIEro BPEMcelll UIHPOKOTO MpHMEHelus, OAHAKO
llexoTopble paspabotky 3acayikuBarT punMauud. Ilanpu-
MEp, pacTpoBas Kamepa € MO3aHUIlO-3€PKanbHOH cucTemoil
(B onnoii w3 Konerpyxuufi 7X7 sepkan ¢ paaMepoM CTOpO!
50 MM, pacctosiueM MCHKAY llewTpamu 55 mMM) nosposse
noAy4¥aTh pPasMHOMCINIBE HIOGPaXKeHhs C MHHHMAJbILIMI-
paamepamu 3—4 mim. Onncana rosiorpaduucekas cucrema
MYJNIbTIOARII POBANIHA, B KOTOPOH HCIOIb3YeTCsl Tonorpam
Ma € 3alHChIO Toucuuoro pactpa, Paspcmaloman croco6
HOCTh [ONYUCHIKX H3o6paxcHuii noxa lcpenuka (oKou¢
100 snHuA /MM), HO, HMCMOAbL3YsT nyuiike o6bekTHrL B 6o
Jlee KauecTBCHHbie [ONOrPaMMbl, T. C. 3ATHCANNbIE HA OVElil
TIOCKHX CTEKNaX M BHICOKOKAUCCTBCHIINX (DOTOIMYNBCHSX.
ce MOXKIIO 3HAYMTENBIIO [IOBLICUTE.
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Hesapucusio OT HCNOAL3YEMOTO METOAA OMYYEHHE BhICOKOKauecrt-
scHHbx  (OTOWAGNOHOS HO MHOLOM  OUPELCIBIETCH  TEeXHOJIONHUCCK UM
ypoBNCH 1 XAPAKTEDHCTHKaMI (UTOUYBCTBHTCAbULIK MATEpHason, ¢oTo-
facrumok Mmt oTonnar (0cobomIoCKX CTEROJ, TOKPhITHX  ¢oTope-
sycrom). POTOMIACTHIKN 1 (OTOIVIATL JOJKHEI OTBEUATH CJCAYIOUIUM
TpevOBNIIIMG

— BLICOKas pajpelaloas cnocoblocTh: MANBLICIUYIO paspellaowyio
cl10c00HOCTh OGecncunBaloT goTopedncth (Goace 2500 anumii/m);

— BECORAA KONTPACTHOCTh: nandonee KontpacTin QoTopesncTst H
cremiantiLie (OTOIMYALCHH 12 [ACTHHKAX «Konax-HR» u orevect-
pesunx BP;

— OCTaTOURS BHICOKAs CBCTOUYBCTBHTCABHOCTb: HU3KAs CBCTOUYB-
CTBITCALHOCTE  (pevopesncTos (ua 2—3 nopsiiKa mxe, yeM ¥y (oTo-
sMyubCHil)  3aTPYENACT ucuoAL3OBayHe GoTONMAT B MOBTOPUTEARX
¢ nenpepUBIBIM [BHCUNEM CTOAE;

— rounast  QuKCcanMa  UNOCKOCTH  M3olpaxcenns:  u300paikeHns
¢ MHKPOMHBIMH H CYGMIhDOHHWNI pasMepaMH MOMYYEILT € NOMOLULIO
OGLCKTHROB, TAYGHHA Pe3KOCTH KOTOPHX ‘'Ipe3sudaiivo Mana (2—
J MEM); TOMWMHA UYBCTLHTEALHOTO CNOA W ce KosebanHe nmo noJio
NoSKNE OhTL NIOSTOMY BOSMOIKIIO MCHBIINMA, @ TJIOCKOCTHOCTb CTCAK-
Aol NOMIOAKH — MARCHMAAbIIO DBLICOKOIL Y syqwuy (poTonnacth-
now TOMIMHNA IMYALCIN cocTaBisneT $—7 MKM, ToMulHHA cnocB (o1o-
[CIUCTOB  MHOTG  Meubllle — NOpsAjKa  foad Mukpona. IlnockoctrocTi
(QoromnacTuiox  ¢upxb  «Konak» nexnr n  npepcaax ot 10 ;o
0,2 MEM/cAM.

— MuMHMaJibHoe 4uchno NedexTos (Nof AedeKTaMK IOHRMaIOTCs
{POKOJIbL, BKOYEHNS! ¥ T. 1),

O6padatusary oTOMATCpHANL HEOBMOMINO 0CO60 YHCTBMU PeaK-
THBAMH B DNDOIADOICTRCHIILX LOMCILENHsX BLICWero KkJjacca. B wacr-
HOCTI, PCKOMelyeTCsl HpHMensTL YALTPA3BYKOBOE BosfieHicTsie npu
GTMUIBKAX (POTOINACTHIION N1 NOCTORUNYIO (QUABTpAIHIO DX DacTBOpOsB,
BKJIOUAY [ACHOHH30BAINIYIO DOJY, OT MacTHU pasmcpaMi Bonee 0,5 muM.
OGpatoTka npoBoiMTCH B CRaBaHApay ¢ JaMREAPIULIM N0TOKOM. Tpe-
Cobanmst K peryairpoBke TCMUepaTyjLl CPejibl MOryT OBITh Onpefencuhl
U3 ClenyIoluMx cooSpaxenni:  kosdduunent annefivoro pacuupenns
creon (8—10) -10-9, paznep noanomsn — 50—70 MM, CAENOBATE/bHO,
Konebanuna temnepatyput *1°C NL3IOBYT HIMEGCIIlE PACCTOAHKA MMy
KpafiuumMn ctpyktypavn na 0,4—0,6 M.

KayecTBe [PHMCPA MOMHO NPKRBECTH Nalilhie O PeMHMax ofpa-
Gotku  thoTonnactuuoK [21]:  ToduoCTh TOANEpIANHA  SKCHO3HINN
+02 c (» uHTeprane o1 4 MO 6 C); HOMUCHTpauwk pacTsopos 205,
BpeMely Mpopejelis XMMUYLCKUX NPOLECCOB =2 ¢, TeMmepaTyphl pac-
TBopos 4:0,15°C, tempepatypu npu cywxe +5°C,

JIEYeT OTHEALHO ]ACCMOTPETh BaXKHBIH BONPOC HAroToBAEHMA
MCTa/nn3Hpopauutix  nonuit  oTowabioHoB. B KauecTee nopnoMex
AU KO HCNOJLAYIOTCH LAACTHIGH PasMepoM upimepuo 70X70 mm?2
IoTOMowmKoft or 2 no 10 MM M3 onTHuecKoro crekna mapka K-8 (sto
CTCKNo oTiocurea K Knaccy kpowos). [Ipumencune o6LiKMoro okoMHoro
(rehna wemenaTe/LHo, NOCKOILRY OHO B 2,5 pa3a MeHee yCTOIMNBO
K ctupammo w uapanamno, 6ojce noaBepKeHo 06pa3OBAHMI0 NOBEPX-
HOCTHLIX wanieToB, conepiT GOALTIOC KONHUECTBO NCeKTOs (3ameri,
OWnako, wro p CHIA oponioe ¢TeEN0 MHMPOKO NPUMCHSETCH JUISL 13M0-
TOBACTI; WaGuonon H3-3a ro 1MI3KOI CTOHMOCTIIL).

.. A\ OUICTRKIT NOBEPXNOCTH CTCKSA NCPCil HANCCCHHEM METanAHYuC-
CROI NACUKN MPUMCIBIOT BIACPAKY B XPOMOBDI CMCCH B TeueHie 24 y
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n obpafioTky B cMecH amMHaxa ¢ nepexucwio Boaoposa. Henoepeacr.
BCHHO nepen HaubliCliHeM XpoMa IPOBO/AT TepmoospaGorky mpn 400°C
Hap o6paloTky TaACOwNM paspagoM. Ianeinenne xpoma OCYLUECTE-
nnercs w3 BoabhpamoBLiX ucnapureneii 1 nakyvme 6,6-10-% Ila co
cropocthio 0,5—0,8 um/c. Tlpnmensiercn xpos mapxu XO B BHAE ue.
wyex pasmepom 3X3 wmM. Yeriyiikn Tpassitcsi B consnod  KHCNOTC,
a nepeg HanplCHHEM OTHUTAIOTCH NPH TeMNcpaType, Gnuskoft x TeMie-
patype HClapeHHst. Ontumanshan TEMICPATYPA nROAJOMKH IpH Hal-
nennn 100°C; npu MeHbweRt ToMnepaType pacteT nAOTHOCTS pederTos
B TUIEHKe, yMeHbLIAIOTCA afresusi ¥ NMPOYHOCTL K cTHpaHmio. Ilopuiuenie
TeMnepaTypul NPUBOAHT K TOMY, 4TO CTPYKTypa IN€HOK CTaHOBUTCs
KPYIHO3EPHHCTOM, @ KOJMYeCTBO Ne()EKTOB BHOBh BO3paCTaerT.

Hanunenne xpoMa MoXer LPOBOIMTLCA B OnM HAW gBa (BHOIN:
naxe B TPH) MPHCMA, MOCKONLKY NMAOTHOCTh MPOKOJIOB y MHOTOCHOMBHHX
HOKPLTUH cHHMaercs. PasrepmeTwsanus w no0u0JHHTENbHLIE TEPMOOG-
pafoTKN nocsle Ka)KAOro HaTb/IeHnsl BLIABBAIOT OKUCACHWE MOBEPXHOCTH
Xposa, Tak vTO MHOrOCHORHLE TINClKK TpaBsaTca nDCnOi"IHO, npHyen
pepxuuil ciofi cTpapinBaerca Gucrpee. Ilocne wanbmenusl MOANDKKY
¢ XPOMOM OTMKUFaloT npH Temuepatype okono 400°C ans yBenHueHmHs
AAre3uH; UPW ITOM CJenyeT KOHTPOAHPOBATL NAOTHOCTH TPOKOAOL,
ROCOpas MOMeT YBEAMWHBATbCA. D nnedke XPOMa COAEPMATCA XaoTi-
1eCKW paclONOMXEeHHbIe MPOKOJIhL, pacnpcpenedyde hOTOPHX NO pa3Mepam
XOpOWO OMUCLIBAETCHi HOPMAnULHLIM 32KOHOM. CpejIHnii pasMcp npoKo.aa
cocrapaser 0,5—! MrM. ITnOoTHOCTL [POKONOB AaBUCHT oOT OGpaGoTkn
[OBEPXHOCTH CTEWNa, PEXKHMOB HAODLMEHUS W TOJUIHHB MJEHKH Kpoma.

IMpu dortonurorpadun no xpomy creayer ofpauiate ocoboe BHU-
MaHNC YA KauecTBO MnpoBelellus BCCX ouepaum“l. Meros HaHecellHst (lJOTO'
peaucta meAMed OCeCHeUHBATL Manoe KOAHYECTBO ledeKTOB  Calos.
B pabore [22] ortmenaercs, uto BeanedekTHhie NOKPLTHH JOCTHraloTCS
METOOM OKYHAlIMA CTCKAIHNUX NOANOMEK B (lJOTOI)CCiHCT. TOJ‘IUUIII_\'
cnoft cregyer TNOAGMPATL nifl KamEoro Kxaacca ¢oToiwabnonoe Tal,
YTOOHR NPH MHHHManbHOM 4HCNE ne(lJeKTOD €lue  BOCIPOHIBOLHAHCL
MUHHManbtble pasMepnl Haobpawcuus. B paGore [22] pekomenpyetcst
rotosuii thorowadnon obpabatwsate npu 425°C Ha BO3myxe B TevewHe
2 4 jans CO3MaHHA Ha IOBEPXHOCTH XPOMa TOHKOTO cNoOf, TOrAOLAEI0-
wero B Ofnactu AAvE Bond 365 WM. Ha 3Tux gadnax ponH HekoTopwe
(HOTOPE3HCTLY (HAMpPUMEP, (1a OCIOBE NONHBHHUNUHHIIAMATA) 1OFAOUEIoT
Mang SHCPUHH, Tak HTO yALTpacHONETOBOE H3nydeHHe MPOXOAHT CKHBOIh
cnoi pe3HcTa u OKNCha, OTpamaeTcsl OT KPeMHM3l, noliagact Ha Xpom
H CHOBa OTPaxaeTcs. an €031aHNK Ha Xpome MOrNOLUAOINCH TINeHK
BpelHbifi 3(deKT MHOTOKPATHOrO OTPAaMEHHSl YMEHBLLIAETCH.

Hrak, Ml KpATKO .pacCMOTPetu NpOLECC H3roToBnerHa (orowacno-
1108 W yGepguAuch, 4TO OH [OCTATOMHO CAOMEN. CnOMCHOCTL 3Ta OGBsC-
NAETCH TeMH BHICOKWMU TPeOOBAHHSIMH K XapaKTePHCTHKaM, KOTOPHINI!
o6napaioT (OTOIAGNOHM: MUAKPOHHLIC pa3MepPH  3NEMEHTOB, TOYHOC
cobmeluehte, Gonslive paGouve monst, muxHnMys pedekto. ITpasnanuo
OpraHn3oBaThL (UpOUECC MPOUIBO(TBZ U KOIlTpOsL (lJOTOU.laﬁJIOHOB MO
MWCT NOMOYL CHCTEMa I(.IlaCCH(lJHKauHH HX 110 CROKHOCTH H3TOTOBJICH!IA
U YPOBHIO XapaKTEpH3ylolWX Wabnon napametpoB (cM. TaGn. 2).

TpennonomuM, naroroenniotca poronadnony s MOIN-Tpanaucro-
pa ¢ MHIEManbHhM paavepoM 5 MkM, ponyckoM 0,1 muM B Kpuru-
ucckoii naciuansio 0,2 mm2 Ina stux Goronabionos N0 nokasarens:
cootBeTeTBylOWHY rpynn onpenensercn knacc B4l Has CBY tpan-
3MCTOPOL HVXKHLI mabnoum wnacca 41, just GOMLUINX MITCrpARLHLIN
cxem B44 wnm B45 g 1. p PasGuenHe Ha KJAcCul NOSBONSET OTAENNTD
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Ta6anuma 2
Cucrema Knacaignkauun ¢orowabiaonos

Ipynia noxasaTeseit pasmepa

[TapameTpbt (poTowabrona A E B r Jil

MupnMaJLHLIE  pasaiep, 10 5 2 1 0,5
MKM
[NapameTpu poTOWaS. 0112 Tpymna nokasateneii TovnocTu
1 2 3 4 5
onyck, MKM:
ga paaMep (nocne go- 2,0 1,0 0,4 0,2 0,1
mycka)
Ha mmar 41,0 +0,5 40,2 40,1
KauecTBO Kpas (Heposb- 2,0 1,0 0,5 0,2 0,1
HOCTB), MKM
[NapameTpH (poToLuatnona Ipynna nokasateneit ne«pexmogm
1 2 3 4
Kputiueckas  niomasb 10-2 10-2 10—t | 10
npubopa, cm?
HonyctiMas  nnoTiocTh Menee
netherroB, cMm~? 10 1 0,1 0,01 0,01

RPOU3ROLCTBO CNOMHHIX waBJoOHOB OT MPON3BOACTBA pHAOBOH  lipo-
AYKIHH, HaNPUMCD, WCNOALI0RATE [UIA HanGosiee OTBETCTBCHHBIX KJ3cCOn
0Co60 MNOCKHe CTCKNA, BhUIENNTL Mpeun3uoHHoe ofopyaoRaHie, a TakKe
BBECTH MECTKHil KOHTponb nedekToB. Cpeaennst o pgetpextax 1aGsonos
M BO3MOMHEIX MPHUHHAX HX TOABJENNAl HHTaTenl MOMCT HafiTH B pa-
Gote [23].

XpoMupobaHike oTOWABAOHb, INIPOKO HCIONLIYEMHE B HacTos-
Wiee BpeMs, XapakTCPH3YIOTCA [OBOJLIIO BRICOKON MAOTHOCTBIO JOKaJb-
HHIX pedextor: 3—4 Tpokona Ha | cM2 3TO NPHBOAMT K TOMy, 4TO
Ha ciomurx dorowabnonax, npeanasHaueHHLIX, HAMPHMED, ST HATO-
TOBJIEHH: GOABIIHX HHTCrPaJbHLIX cxeM, okono 30% crpyxrTyp oxaau-
Baercq GpakopannuMu ¢ camoro Havana. Ilo mepe akcmayatauns xpo-
MUPOBaHHLX (oTOIaGnoHOB TAOTHOCTE MPOKONOB GLICTPO BO3pacTact,
H y#&e nocne 50—100 koHTakTon (hOTOMIAGAONM NPHXOJHTCH MEMATH.
Lipoxonn u apyruc npospaunbic gedextit B nicliKe MeTajliHUIeCKoro
Xpoma BO3HHKAlOT, B ltephyio OUCPCMb, H3-33 TPYANOCTCH noaymetins
PaBltomeplioli MenKOKPUCTAMMWICCKO CTPYKTYPH Aneusin. #Yxe orume
Han0Ck, YTo CTPYKTYpa IMIEHKN XPOMa 3aUICUT OT MUOTHX (aKTO}OB:
CTCNeHN pakyyMa qpH HanKACHHI, CKOPOCHIl lanblncius, oGpaGoTKi
TNOBEPXIOCTY * CTEKASIMION TOANONKH, TECMUCPATYPH NOANOKIH N T. A

XpoMupoBaHHLIMH (poTOWAGIONAMI KOHKYPHPYIOT TaK HasLiBac-
MUle «TpaHciapenTHie» (OTOWAGION, NOMYYWBIUHE CBOC Na3paHme
32 mocraTouno BbICOKOE MpOllyCKaHNe BHAWMOTO CBeTa 3nemeliTaMu
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wadaona, B Y& auanasoHe CBeTa NPONYCKHAR CHOCOGHOCTH Tal
WadA0HUB MAMd, 1t Ny MOKHO YCHCILHO TPUMCHATL LA (oToMN I,
rpaguu. Chpo3b plicyHok (OTOWARAOH KOPOWO PaaNUuUMO  HIOO|...
KCIME, TIOAVUCHHOE panee lid NOAYUPOBOIHHKOBON NEACTIHE, HYTO OF
Aacruaer oncpammo conMeuicnHsi,  OCHOBIBIM  JAOCTOHHCTBOM  TpaBChiy.
peutnux (poTOWaGAOHOR ABASIETCA GoJce HU3KAsn, “€M y XPOMHPOB:,
Hets, TAoTHOCTH npoxonoB [27]. HsBecTibl HECKONBKO THUOB TIEH:--
OPHMCHACMBIX 1381 TPaHCHAPEeHTIl
thoromalbaoHoB; Haubosee OCBORHO
AYECHLC IVRTIOK ORACTE A0Iesd,

[lanecenne MACHOK OKUCH HC.»:
OCYIICCTBASIOT ~ PCAKTHBILIY  PACI
nueM 0o pasnomeieM  MeTam
rammgeckny  coctuennit. Boyeranoi
PCaNTUBUCro  paciulienust oA
GLITe  NPCAYCMOTPENl Narjies  CTCKJs
NLIX MOMAOIKCK H Bpaluenue Kapycc
¢ ioomxami. Mumics 03roToB e

3 ouneToro sKedacsa  «Apmko». Po.
ML BaOLLCHIE 1A MOJUSPIIEPOA.
Hol ycranoske YPM 3279013 mpnv
Acnul o padore [24]: pasneune
¥ S, X 10 Tla; Tok Muamens [80—300 1~
TOK  HAK.A0 Katoa DO 60 A;
anoja 18 -2,5 A; nanpsxenue

sienn 2 2,5 kB, Han yayuwens

KANCCTDA  TPABICHITST  HACMCHTOR AL

abix pasmepoB  npcpaomenc  [20) 1.

0 NOCHUTh TJCHKH (13 CMECH OKHCH Nttt
fe(G)5+0y 3a ¥ okucH BaHaaus (mo 90%). Metc-

K3 HaHeCEHHf TACHOK OKHeN e

Puc. 7. YcTpoiictBo Kameppl 08 B3 napeBi Qasyl MeTaI00prai

IR OCaR(eliHs TNeoK oxy-  ICCKOTO COCAHNCHNS fpolile, ueM M
CH MeJeail: TE) PCAKTIEIOTO  pacdbLIentia.
1 — warpesatens; 2 -- MORNOKKA, CxeMATIDICCKI  YCTPOHCTBO &,
3 - peaxtop; 4 - BWTaNKA, POl il OCAZOICHIN ITCHIOK OKHCH M

aesa nokalano ia pac. 7. Crexammnt

LOOKKa  pacnoacena paboueii 1o
CKOCTbIO BIN3 Ansl yMCHLWENHS KonudecTea fedeKToB B  IACHKe.
¥raexkucanhi  ras  uponyckaior  [20]  cknoa  cocyir ¢ Fe(CO),
HaxXOAAUGIMCA  TIPIL KOMIIaTioll  TeMUCPATYpe, 11 34TCM  CMeLiusaiol
C KHCSOPOAOM, MEOOXOAIMEIM AN NPOTCKAlNA Prakig@l; MOXIO %y
MENRTL CMeCn KUCAOposa ¢ A20TOM anst Gosnce 1udKoro yupaBnens
ckopocThio ocan:acuus. OntnMadnlian TeMilepaTypa MOMIONEK oK.
100°C, Buine 160°C ee ypeamupsatl. Henbasd, TaKk KaKk DOAYNACMBIE [
37oM MAelKH TAoxo Tpasytes. OHn M3 BapnaHroe rasopodl cmeci.
200 cw¥mmu yraexncioro rasa n 10 cm®/Mmu wucnoposa. Cropoct
POCTa TAGUKH CHALIO 33GHMCHT OT packola KHEGIODOAA K HI3MEHneT:
nr mpenedax ot U a0 160 mm/Muit npn yBenamuiciing pacxopa ot 5 on
20 ex?jMun.

Tl)ﬂBJlEHHe nnenoK OKNCH XKele3a OCyIMCCTRAAIOT B CMeCH Koo
ueHTpHponalnoi coAanoll wucaoTu n soaut (1:1). Cwopoctb Tpainne
Husi B 3TOM cocTame mopanjaxa 10 um/c, npuueM oua B Golbwol cTeren.
3apucut oT TCMl'lepaTy[)hl TOANOXKH an ocax<aerHu. ﬂBHaﬂ aapkci
MOCTL, CKOPOCTYM TPARACIAA OT TEMICHATYPI NOAYNCHUA K 06paborw.
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oKIICH JKEJIC3A TIOIBOJIET HCNOJL30BATH EC B KAUECTBE HEOPTAHINCCKOTO
(pOTOPEIUCTA. Oast ofayueHuss mielloh OKNCH JhAC3A TOALIMAOI OKOAO
0,25 MitM MOKCT OnlTE ucronbsoan c()OKYCHPOBAHHMIT Ny4 MOHHO-
aproOBOTD JIA3EPa  MOUIHOCTLIO 1,5—2,5 Br. Ortnoluenne cropocreit
Tpaunienils OGAYIeHHbIX 1 HEOBMYNCHILIX yU3CTKOB .LOCTArano 25. IMpu
CKOPOCTH CK@HIpPOBaHns 2-10% cm/c ypaetcss moAyuWTb AHHHH UIIPHHOI
| wky; TIOTHOCTh MOIUMOCTH npii 3toM coctaBasct 10 Br/ma?

ToMUHHA IMIENOK OKHCH )KEle3a B TPaHCTAPCHTHUX (oTomaGnoHax
mewur B upeacaax ot 120 jgo 240 um. CKBO3L TJICHKM TaKoil TOALMHN
npOXO/UT 4acTb (okoao 10%) akTunuuMoro W3aywucnna, H 3TO HeOd-
XONMMMO YYHTHBATE 1pH nogdope pewcumon Goroantorpaguu. ¥ xpoMn-
pOBaHHLIX (IOTOLIAG0IOB HENPOIPAUHIIC IJCMENTH MOJHOCThIO SKpaHH-
pYlOT AKTHHMYHOC W3JyuCiHe, U TepedsKCioNHpobaiue 3jieck Mence
onacHo. HaioMHnM, yTo 3QWpeKTH HCPeIKCHONIpOBaNK) OCOGEHHO HCTKO
MpORBASIOTCA DM HAJIINHE 3230Da MEXJy MAGMONON H (GOTOpEINCTOM,
Korza BO3UHKAIOT AHGpakunoiHue angells. Llean B o6aacTu Tewn non
HENpoapauUHLIM 3JCMCHTOM XpOMHPOBanHOro ¢orolannoia NPOHCXOJNT
MOHMOTOHIIUIT Caj HITENCHBIIOCTH NAXaloNIero CUeTa, TO MO NOJYHpo-
3payHLIM BMEMCNTOM Tpaicnapentioro ¢otomabnona pacnpeaesesne
AHTEHCHBIIOCTII NIPHOGDETaeT OCUIARDYIONLTH  XapakTep. 3To 0O6BHC-
HSIETCA TeM, uto BOJNEH Kpas b ofaactu TeHu uaTepdepupyioT nBa
Ayua: TPOWEKT CKBO3b [JENKY OKHCH XKejfeaa M Au(pparnpoBaHHbIf
Ha ee Kpaw.

flo ofe CcTOPOIB OT TCOMETPHUECKOTO Kpasi AeMCHTa pachofio-
JKATCA UEPEenYIOUNIeCH CBCTJLIC W TEMIthe [OJIOCH, TapajinenbHLle KO-
Typam anmeMenta. B peaysbTare MOMKET ROSHHMKIYTL Tak HaduiDaemblil
«BOIHON Kpaily, HPHBOASIUMI K HCKAMXCIHIO PA3IMCPOB 3JEMCHTOB H
CrpamuunBAIOIUIY) BOCNPOHABEACHHE MasLiX  3JMEMEHTOR  U306parkeHHs
¢QoromaGuona. B 06aacTh OkMa, TAC PCINCT JIOJAKCH OHTh ypafetl,
OCTAIOTCH NOJOCKH PCIHCTa, COOTBCTCTRYIOIUHC MIIMMYMa WHTeHCHB-
HOCTH, a BOKpYl' OKMa B COC PCIHCTA MOABNSIOTCS IUeNH, COBHajialollie
€ MaKCIMyMaMm RNTCHCHBAOCTI. CTPOro roBoOps, UOAOOHIC SIBACHHY
OTHOCATCSL K SKCIOUMPOBANUIO MONGADOMATHIECKHM CBETOM, OAIIaKO Ha
NpaxTHRe OKASLIAETCs, UTO Nipil KonraTnoji (oTosurrorpadum peanu-
3YIOTCA YCAUBHA JLIST BOSHUKNOBCINA HH{y3nonHnX Kkapran. HdekcTon-
TeLHO, CTEeRARMILIE (OTo11a64011, HMEIONHil KOPOTKOROAUODYI0 ThaHHLY
fponyckaniist CBeTa, B CoucTauim co caoeM GoTOpe3ncTa, HOTACINAIOIUMM
CBET TOMLKO AQ ONPCAE/CUNOH AJHINIOBOAHOBOA ThaHuiM, ©O6pasyer
duAbTp co crexTpannindm uuTepBafoy AA=0,32—0,43 mMxm. B paGore
26] ounetiemn: pam ATOro CAyMam BenHdNNa CUCKTPAABIOTO PasMbITHS
INOpaKuMOHHLX MAKCHMYMOD 11 KOTCPEMTHAR JUIMHA BAOJL BOJIIOBOTO
$ponTa. Oxrasanoch, TG PIZMLTHC MAKCHMYMOD  COCTABMSET BCEro
VTK/V}\ =~15%, a KorcpeHTHasi [UTHHa onpeacnfieTci  COOTHO-
wennem Lioe=AR(b=210 MkM  (tne R=1i0--13 oM — paccrosuure or
HCTOuMMKa cBeTa Jio KomileHcopa, b=04—0,5 cx — suHedubtii pasmep
HcTounnKa).

Ulocrennee o3uayaer, 9To NpU KOHTAKTHOH (oToauTorpadrd BroAe
MOTYT BO3NMKATL 4EPEJIiIONUIECSE MaKCHMYMbl H MHIMMYMH Ha pac-
CTosunsx go 10 stxM 1o 00e CTOPONBI OT reoMerpHueckoil rpasnuLl
snementa. Otcona cfiejlyer BLIBOA, uTo paGora ¢ TPalCnapeHTHLIMA
PoTowabnonar TpeGyer TINATENLHOrO HOAGOPA SKCHOIMLMM W oBeECHe-
Heunn MuuuManLHoro 3asopa mexpy ¢oromadaoHom u peauctoM. Ecanm
BLINonuATL 3To BaxHoe TPEGORBAIHC, MOMXKHO NOOHTRCS 3aMETHOrO YAyu-
WeHun gayecTna GoToAuTOrpadil, 3aMelnn Xpomobble ¢OTOMaGACIL
TpaucnapentuuiMe. Tag, 10 AANUEM 3apyOCHILIX # QTCUCCTRCINUK pa-

29




6OT, BAOTNOCTL ITPOKOJOB B IJICHKAX OKHCH Kesieaa JemuT B npeneftay
01—0,5 peperr/eM?  [loHumenHe NAOTHOCTH MNpoKonoB OOBACHAETCS
TEeM, 4TO, B OTJl4Me OT ADOMA, IUICHKH OXHCH menesa uMeloT Goree
PaBIOMCPHYIO CTPYKTYPY.

Lige nyuimyio 0;010pojiocTs 00ecnennsalor naeHkH kpemena., Kpew-
UM NOTACILACT CIVILHCE, NCM OkHMCL eneda, W gan  Qorowaéiouos
JLCCIaTOuHG TOJULMHE ItacHKH 75—80 umM. IlneHxkn kpemwua noayuaior
BaKYYMHBIM HANBLLICHNCM, PEaKTHBILM PACTIH/EHHEM, OcaXKmeHHeM u3
napopofi dasu; HocaciHi croco6 npescTaBasieTcst HauGonee MogXOLl-
uwins, Ha ndcHKax KpeMHust MOMXHO HOAYUHTh 3JEMCHTBI H300paKeHus
pasMcpamMmu ~ | MKM, (PHUCM NCPCTPabAHDAlHE Ne DBLISHBAaeT CIJILHOTO
H3MeHeHIst pa3sepos. Hanocuts dotopeancr Ha ineHkH KpemHufl, Kax
W (1a INCHKH OKHCH KC/C3a, CNENyCeT CPasy JKe [ocae OCaMKpeHus e
HOK, B UDOTHBHOM CAYyYac aArc3us) PE3NCTa K HX NOBEPXHOCTH YXYA-
maercs {0(‘06cml() 910 OTNOCHICH K Mnenikam kpemunsi). Ecan Takas
nicHKka HaxOAWTCsi JIOAIO HA DBO3AyXe, pexoMennyercs o6pabaThiBaTl,
¢oTtowabnod vepea HaNCCCHHCM PE3HCTA B CWPTOCOJEPAKALUMX ©OCTa-
BaX HAH CPa3dy 3aniHiuaTh CUCLMANLILM MOKPLITHEM, yZaisieMBM nepe:
dotonutorpadueir [27]. Tlnoxas afrcslis KpeMHHEBBIX NJAEHOK HMeeT
H MOJNOKHTCILHYIO CTOPONY: NP SKCILTyaTaluw K Takum doromabnonam
He IIDWJINNACT PEINCT, OMM MEHLIIE LayKaloTcst H ne TpebyloT cTOAL
4acToif OTMBIBKH, Kak XxpomupobanHee (mocne 10—20 KoHTa®TOB).
@oTomalnoHsl Ha UACHKAX OKNCH JKEencda H KPeMHHMsi ofnafaloT BH-
COKOil H3HOCOYCTOITUMBOCTLIO: B 4-—5 [as 6oavlie, YeM XPOMHPOBaHHHC,
T. € N03BoAsOT ocyiuecTBasntt, go 500 kouraktos [27].

3. TexHonorus doTonutorpadgmm

Ilpouece xkoutakTHONl oToauTorpaduu, cxema KOTOPO-
ro npunBcpeHa na pHc. 8 navunaercsl c 00paGOTKH MOLNO-
meK. B rnpousBojcTBE COBPEMEHHLIX TIONYNPOBOMHHKOBHIX
npubopon uaie Bcero UCIONB3YIOTCK KPeMHHEBME MOMLIONK-
KHM, 114 MOBCPXIOCTI: KOTOPHIX HAHECCHBl TJIEHKN JIBYOKHCH
KPEMIIHSI, TIPIIMCCHO-CIMTHKATHBIX ¢TeKoa (docdopo-  6o-
POCHJIMKATIIBIX) MeTasmion (arnioMuHuUS, Mosnbpena).

[ns onenky xavecTBa MOJJIONKKH FIPINMEHSIOT BH3YaNb-
Ml KOHTPONL H H3MCDCIME Yrila CMayuBaKUs Kanjell Bo-
jol [61]. TTpx Bu3yansHOM KOHTPOJIE B TEMHOM ToOJie MUKPO-
ckona upu yvemuuchmit okono 200X ¢uxcupyloT nopepxHo-
CTUBIE 3arps3ICHIUS, NPOSBASIONHCCT B BHAE CBETALMIXCH
ToucK. KOHTponh ocviiecTsasieress ofurno B 5 ofaacrsx,
JAOUYCTHAMOe KOJNUECTBO TO'ICK D 110Je SPCHIlﬂ Ml‘leOCKOI’Ia
3aBNCIHT OT CAMKIIOCTY NPHGopa: AIA GOJLUINIX HETCrpain-
HBIX CXCM, nanpumep, jounyckaercs e Gonee 1—2 crpersi-
LIIXCS TOMEK,

HaMepennst yrna cmaunpanus Kanjei BOLBI MPOM3BO-
ST € 1OMOLLBIO YCTALOBKYU KOUTPONsl Yryida CMayuBarus
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YKYC). Ha moRJoKKy NAHOCHAT KATUIO YHCTOH BOAM, H
Ha 3KpaHe TPOeKTOpa HaMmepsior yron O, obpasyeMmuii eio
¢ MUIOCKOCTBIO TIOMJIONKKH. DTOT yroa JACT KOCBCHIYIO HH-
opMalmIo 06 anreaum crnost GOTOPCINCTA, yKasTIBAS Ha
cTeneHb CMaUMBAEMOCTH NOJUTOMLM BOAHLIMK PACTBODAMHM
Tpaame.neﬁ. Uem wMeHblIc O, 1&M, OueBmpo, 6GoJbINE
NoATPABAKBAHHE TOA 3auMTILIME: y<acTKaMn; em Oodblie
yroji CMauMBauusa BONOIi, TeM nyuite KavecTBo (OTOMITO-
rpadun.

Horsanerm —_—
oo - Henenre
Pomopeeden aalrorol resucra |
] . :
HMoecenie Nepbes Rl W 2 L — Truhnone
m/’m— i IR bomite ¢ v\ waedvan: 7, /,L, ﬁ,;‘,,,,l;;,,q
pgzlmu wos o Bcere e i - §
L
[} [N
@z’fgmﬂ ‘ Tpcbumene |
noduosry

Puc. 8. Cxema upouecca kontaktnoft dporonntorpadin.

B Hacrosiee BpeMs MCTO/UIKY uamepennfi yraa O no-
BOJIBHO LIMPOKO MPHMEHSIOT JUISl ONEelIXH XapPaKTCPHCTHK
MOBEPXHOCTH MNACTHH KPeMilNsl; JIOCTATOUHO BLICOKAS 4yB-
CTBHTEJIBHOCTL METOJIMKA [I03BOJFET KOUTPOMHDOBAThL Ha-
PYIIeHHs TPOIEccOB OKucienusn w nuddysun, 3arpasnenns
TNAcTHH, HM3MeHeuusi HX CBOMCTB APW XpalcluH u T. A
Cpenneknappatuuhas Oumn6ka MeTORa He NPeBHINAET
+2,6% B uHTepBase 3uaueHnit yrios oT 15 no 55° [28],
T. . MeTojl B JOCTATOUIOH Mepe BOCIPOH3BOIM H TOUEH.

Ha nosepxuocTil nBYOKHCH KPeMIHST MOFYT HAXOJMTLCS
cunokcanopuie (Si—O0-—Si), cunanonsisle (Si—OH) rpyn-
Ml MW MOJIEKYJInl a/IcOPOMPOBAHNONR BOJILI, TPHUEM eCsH
BOAa o6pasoBana c¢ MOBEPXIOCTBIO OKHCJA NPouHble CBA3N
(nanpumep, BomOpOmMyIO CBA3B), TO YMAJAHTH ee Ouelb
TPYAHo. COOTRETCTREHIIO YTOJ CMAUHMBAIINS BOON MeuseTes
OT 50—55° [nis YNCTON CUAOKCAIOBOH NOBEPXHOCTH, HOJY-
YEHHOH OKMCJIEHMEM B cyXOM Kuciopone, no 30 --32° nua
OKHCTieHHst B napax BOHHl non napnenweM. [lpu xpanenmu
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OKMCNENHBIX TNACTHH Ha BO3NYXE MPOHCXOAHT MC/UieHHOC
yMCHDLUIEHHE Yra CMAuMBaHns H3-3a aAcoPOLHM  BOAL:
HCXOnHOe 3Hnauenne ©,=055° nanaer no 42-—45° uepca
2 u u no 39--41° uepes 24 y. Pe3ko moHwKaer yroa cMauu-
BanHs obpaborka OKvCJA B BOje, KHCchoTax (A30THOH Hau
cepuofl) H OCOGCHHO B PACTBOPAX, COMACPIKAILHX IIaBHKO-
BYVIO KMCIOTY.

ITa oxHcicHHBeE MOMUIONKKH, 1HONYUeBIbe OGHYUHEIM Tep-
MHUCCKHM OKHCJCHHEM D CyXOM KHCJIOPOIAC H/IH mapax Bo-
i, (OTOPC3MCT Jyulle BCero HalloCHTh cpasy (B Tewenic
1 u) nocne OKHCICHHST 6€3 KAKMX-NHO0 JIOMOJIHTENBHBIX
obpatotox. Lenn nOANOAKKN 400 XPAHHIHChL HAN OKHCEd
C CaMoOro HauaJja O I'WIPOQHALHLIM, MeJlaTesana TepMC.
obpaboria. MuuuManeHas Temueparypa oOpaGoTku B cy-
xoM asoTe p Teuenue 1 u coctabasier 700° C. O6paBorka
B TOM e peX<uMe, HO BO BJIAXIIOM KHCJIODOJe Majod(dek-
TIBHA (YyIoJ cMavHBaris okoao 25°). Ilannyuinye peavis-
TaTel Jaet kopoTkas (5 mnu) ofpaGorka mpu TCeMnepary
pax suie 1000°C, npuucw cpepa MOUTH 1€ Urpaer poJH.
O6patorka noa MK namnofi tena 3C-3 B teuenne 30 mun
TAKXC MO3BOJASET NOAYUNTL GONbLIUNE YIJBl CMAauHBaHUA.

DocdopocrnnkaTHbie CTCKJIA, B OTJIHYHE OT JIBYOKHCH
KDEMHHS, HUMCIOT PE3KO BHPAXKEHHYIO THADOPUALHYIO TO-
BCPXHOCTE — Yro cMauuBanus Bonofl pasen 13—15° u coot-
BeTCTBEIHO KayecTBo PpoTonurorpaduu namioro xyxe. ITo-
BCPXHOCTHRIE cBOficTBA (oCPOPOCHAHKATHHX CTCKOJ 3aBH-
CAT OT COOTHolleHHsi msTnoxHucu Qocdopa u  ABYORHCH
kpemuHs. O6HuYno cosjlacres (hagza, Goratas NATHOKACRIO
docdopa, uaupumep, NpH NOMYUEUHH SMHTTEPUHIX CJI0EB
¢ BHCOKOH MOBCpXHOCTILON KOHLEHTpanMell, Npu TeTTepHpo-
Banuy npimeceii u 1. & sarnowncs Gocdopa rurpockonuy-
a ¥ aKkTHBIIO Tornoiaer snrary. Bo3aMomHo Taike oGpa-
30BdNe Ha HOBEPXHOCTH CTCO! F}l)lpOKCH.."lbllle rpynn no
cieflylomel  cxeme: KoopAuHauuonlioc uyncao docdopa
yMenbllaetest ¢ 5 po 4 npe nocrpocumy docdopocunnkar-
HOTO CTCKME; MOSBJSIETCS [1EMOCTHIOBHEL KHCIOPOK, KOTO-
Pbifi JIErKo CBSI3BBACTCSH C MPOTONOM, BO3NMKAIOIIMM TNipH
OKHCAeHNY, B ripoxciypHylo rpynuy. Cacnyer cTpeMuTsest
K TOMY, WTOGB KOHUCHTDAIHS HsITHOKHCH docdopa He mpe-
suitiana Tpefyemoil. INockonbky raxnpifi atom ¢ocedopa
CBA3HBACT MO NATPHA, JUIS CTAaOUJIH3AlHK TNapaMerpon
npn6opa nocratouno obeciicunTs Kounenrpario dpocdopa
B cTexye He pbime 10/7— 10" cu—3. Kauectso ke dortomn-
Torpadin npu 3TOM peako yayuwmactes. Ko coxareumo,
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peryspoBaTh COACPIKAIUE UATIOKICH (dochopa B cTeka
IpYAlo B OBBIMIO OHO HavHoro phine. MOXKIO pekoMeHNo-
gaTh moayyenre gocdopocunIKaTIOrO cTeKNa Pa3NIOKEHH-
emM CMECH YeTBIDCXXJIOPHCTOro kpemiis u ocuna (50:1)
jpu TEMmeparype 250—550° C. KaueeTso (oToantorpagun
na GOCGOPOCHINKATHOM CTCKIC MOMKHO YJyulINTh, 06pado-
Tap ero B OpPrasoCHIAHAX.

B paGore [29] nccneloBato monsme oSpaGoTKIl 1104~
JIOXKEK B PacCTBOPE JUIMETIHXTOPCHSI2Ha B TPAXAOPITH~
jlelie 11 yribl cMauMBatns Bojiod M GOTOPE3NCTOM, a Tak-~
Je 1A KauecTBO Tpapaeulis (M3MCHCHHC pa3MepoB H KJIMH
foaTpaBanBainn). OutnManphuMi pekumamu c6paboTkn
cyuTaloTCs caeayiouilie: Boylepaika B 10%-nwom pacTpope
rHMeTHIInXopeHnana (1 Muu), IPOMBIBLA B UlCTOM TPH~
xjopatitenie (1 muH) n TepvooBpaborka mph 450°C na
posfyxe (45 muu). dTa o6paGoTKa Pe3KO CIHMIKACT OTKJO~
HEHHE Pa3MepoB (MPHMCPHO HA MOPSROK) NIpN THABIEHHIY
¥ YMEHBLIACT BJHSIINC NCPCTPABIMBATIHS.

OGBACHUM  KAUCCTBCHIO SIBJICHHUS, 11POMCXONAINHE IPII
o6paboTKe B AuMcTHLUMXIOpPcHaane. HaBeetno, uto mmMe-
THJIMXJIOPC3 Al OXOTHO PCATHPYIOT € BONOi, oOpasys
TMAPOKCHJIBHBIE COGNUHIICIINST —- CHJIMKOJBI:

(CH3)5SiCly | 2H,0==(CHs),Si(OH),+2HCI.
CHJIHKOJI]:I I-leyCTOfI'{HBH, OHN OTpaloT l‘H}lpOl(C}IJIbHHe rpy1~
MBI, MPEBPAILAAChL B CHIAHKOHH

O—..
(CH,),Si (OH), -- H,0 = (CH,),Si < .
KOTODBlE CKJOIHB K MNOJMHMepH3allMi, IPHUCM CKOPOCTb,
C Kakoil 06pa3syloTes 1€, 3aBHCNIT OT XapaKkTepa Opraui~
yeckoro paanxkana. Juveruamixaopennan 6uicTpo mosauMe-
pnsye'rcn B Llél'll’l., CTpoemqe KOTOPWX aHaJOruuno CHJIO~
KCAHOBBIM LCTIAIM Ha IOBEPXHOCTH KpeMmiHs. Bo Braknoi
cpene cBofofHHE CBA3H CHIOKCAHOBON 1COM 11aCHlilaloTCsH
FHAPOKCHJBIIBIMA TPyMNaMu H ThipodobHas CHIIOKCaHOBas
MIOBEPX110CTL MpeBpauiaeTcest B 6ojec MHAPOPHILIYIO CHJIa-
liosibyylo. JlaneHetinnil KONTAKT ¢ BJAATOI MPUBOJAHT K TOMY,

YTO Ha TOBEDXIIOCTH AJCOPOHPYIOTCH MOJEKYJhl BOJIH.
Crpoenne ¢GocOPOCHNMKATHOTO CTCKIA — auaslorHdIo
CTPoennIo ApyoKuct kpeMHnsi. Pocdpop moker cam obpaso-
BBLIBATL CTCKJIO B «IyCTOTAX®» )BYOKHCH KpeMuusi, «JIumn-
RHi» 110 cpaBIIEIHIO ¢ ABYOKHCHLIO KPCMHMS aTOM KHCIOPOKa
O0yCoBnBacT GOMLWYIO THIPOCKOIMYHOCTL (ocdopoch-
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KaTHOTO CTEKsa, TaK KaK K HEMY JIerKo MpHCOeNMNSeTcs
npotoll, 06pa3ys THADOKCHABIYIO rpynny. IloBepXHOCTb
tdocOpoCHNMKATIIOTO cTeKNa TIVIpobHIbIY, YIB! CMauH-
BaHHA BOAOM Mannl ¥ KauecTBo doTtonuTorpadun HH3KOe.
Tlpu o6paGoTke ABYOKHCH KPCMIME HiM (hocdopocunrkar-
HOro CTEKNa B AHMETHIHXJODCHIAHE [POHCXONAT Clefylo-
wre peakiny, Cliayana OTIENNSAIOTCH THPOKCHIbHBlE TPyIL-
b, ¥ BMeCTO [¥X IpPHCOCAMHAIOTCH IENOYKH CHJIMKOHOB

CHs
|
5t
7 I\
TH 0 CHy O
! / \
5 CHy—5i—CHy  CHy—Si—CH;
7 I\ | ! |
0 Ty O 0 ] 0
/ \ | 1 }
CH:,—SII,'—CH; CHy 5|L Cy  CHy SIL CHy  CHy S|L CHy CH5/ 'l\CH3
DR I P ST
= s't/u\slt/ﬂ\ﬁ/ﬂ\m/ \slt

Bce cpofouible cBS3M Ha HOBEPXHOCTH 3aHATHI OPraHu-
UeCKHMH pajinKallaMH, TaK uTO HH BOJa, HH DE3HCT ee ue
CMayuBaloT. YBeNHuuBaf KONUCHTPalHMIO AHMETHALHMXIOD-
CHnaHa B PacTBOPe MW MOBBIIAF TCMIEPaTypy PpacTBopa,
LOCTHraloT Goniee MOJHOH 3aMCHLI PHAPOKCHJLIIBIX TPy,

ITpr Tepmoo6paloTke NPOMCXOMMT Pa3pbip CBA3efl MeX-
Jly KPEMHHEM M OpraiimyecKMMM papvxaisamu. s paspn-
Ba H30JHMpOBaHION cBf3K Si— C Jl0CTATOMNO  [PCBRICHTDL
350°C, HO, oueBIIHO, TpPeOYCMOC KAYCCTBO MOBEPXUOCTH
HocTuraeTcs fpn Gosec BLICOKNX TCMICpaTYpax, MOPSAJKa
400—-450° C. Ilopepxnoctieie cpoiictBa Qocdopocnnkar-
IOT0 CTeKNa H JIBYOKIICH KPCMHHSI CTZNOBATCS TMOXOXKHMH.
BuicokoTeMIepaTypRYIO TepMooGpaGoTKY CTCKOM, aHanory-
HYIO MPUBEENHO} JUIA IBYOKHCH KPEMHHKS, BPHJL I MOXKHO
PEKOMEHIOBATh, TaK KaK MX TETTePUDPYIOIMe CBOHCTRa
tepsitotes. Tloneana wndpakpacHas CyLika B Teuenue
30 muH, ypennumBawwas y ¢GocpoPOCHIANKATHHX CTEKON
yros cMauusanus ponoit ot 15 po 35°

TIncHKH amoMuHNA XapakTepHayloTes GosbluMM  pas-
GpPOCOM MOBEPXHOCTIILIX CBOHCTB, UACTO PE3HCT IVIOXO CMa-
YMBAET MOBEPXHOCTL MOANONKH. II3MCHerns noOBepxioCT-
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(5ix CBOMCTD ANIOMUIINS, BEPOSITIIEE BCCTO, CHAAHLI C YCIO-
paAMH NANBLIENHS, KOT/a [UIEKY 3ATPASHAIT OCTATKH
aKyYMIIOTO Macna ¥ MAaTCDuan HMCIapHTCIS. Omnm w3
cpencTd BOPEOH C NeCTaGHABHOCTEI0 CBOHCTD TIEHKH SBAsl-
erchl HAaTLWIENHE AJIOMHMHHMS 37eKTpOHHO-JYYeBbIM METOIOM
(3 KAILTH pacrniasa,

7 " 30K

i
/1

e

2 )

Puc. 9. Criocofihl HaneccHusl (OTOPEsucTon:
@ —nenrpudyriuposative; § - pacnmjeHHe;
& —oKynamue; ¢ — Haneceuhe BaNKanmW; f — A03ATOP AJIR Tofaud DesncTa; 2 —
NoANONKKA; § — CTOAMK LeuTpUDYTH; 4 -- NPHBOA; & — ABHraTeNb; 6 — TAXOMETD;
7 — narpenaemas nnanwaiiGa; &--nonnokra; 9 — opcyuka nonaAvK pe3ncra;
10 — dopeytika; [f —Konubno AAR 3apAnkH peaucta; J2 — NOAsSoKKa; 13 — 3asen-
NERHBIN nnegectan; {4 — noanomku; 15 — duabTpopaubLift exarult Bo3nyx; 16 —
eMKocTh nNR cGopa pesucra; 17 — nonnomka; I8 — pepyliHh ponux; I9 — nopava

peancra; 20 — poANK lalecelks.

& -~ 5NeKTPOCTATHYECKOE LA LIECEHHE;

HaHeceHHe cnios pe3HcTa 11a MORIOXKKY ualle BCEro ocy-
IkecTByncres uenrpudyrnpopanuem (puc. 9, a). Ilpu Brio-
UeHHM LeHTPuoyrd XHukui (POTOPE3VCT paCTEKAETCA TOX
lefictBuem uenTpobexubix cun. [Ipunerawousil ¥ noanoxxe
TPaHuyHLlii crnod GopMupyeTcs 3a cueT ypaBHOBEUIBAKMS
UeHTpoGexI10f cunBl, MPOMOPIHOHANBHON yHcjy 060POTOB,
¥ CHJIBI CONMPOTHMBJNEHIA, 34BHUCAUICH OT KOPE3MM MOJIEKYJ]
Pesucra. C Kakoil-TO TOUNOCTBIO KOredus XapaKTCpH3yeTcs
BAIBKOCTBIO pacTBOPA, Tak UTO TOTIHIA CJIOS IPSIMO NIPONOP-
UHOHanbna BSI3KOCTH 1 OGPATIO NMpOUOPIIOHAJbIA UHCTY
oGoporop 1entpudyry. s GonbIUNX WBMEHEIIi TOMLIMHbI
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€;10eB MPUMCHSIOT OGLIUIIO PEryJIMpPOBKY BSI3KOCTE PEINCTE.
a noAdnpast uncto oSopoToB, A0OUBAIOTCA TOUNO TpebyeMoh
TOJILIMHEL.

Bpems uenTpu(yrupoBanHs Majlo BNHseT Ha mapaMer-
pHl crtost; mstst popMuposannus cnos focratouro 20—30 c.
Ecnu pesuer mojaetest U3 J03aTopa WM KancdbliALbl Ha
NEIOALIDKIIYIO YIO/UIOXKKY, BPCMA MEAKRY N2HECCHHEM MNCHA
KOTO PC3WCT# 11 BRIIOUCHNEM WEHTPIYYrn fonsio OGBITHL
muHsMasshey (0,5 | ), ui06n Bsiskoctn pesncra He Me
IIS1ach B Pe3VALTATE LICOAPONIN PACTBOPHTCICH,

Ilpu ueHTPHYripPOBAHMH Ha KpPAIO MOMIOKKH BCerfia
BO3NHKACT yTOMIlleRIe (Bajilk), UNIPHIA H BLICOTA KOTOPO-
ro 3aBHCAT OT BA3KOCTH DE3NCTA, CKOPOCTU Bpalllenny
uenTpuGY i 1 GopMbl NOANOKKHE (HANPUMC], 1A HCKPYTIIHN
HOANOKKAX TPY, U0 U3GABITLES OT BayIng). 340Ch YMCCTHO
MOAYEPKIYTh, UYTO HPAKTHYCCKII HEBO3MOXKHO IS GoTope-
31icTa 060§l BASKOCTH MO/ 100paTh TAKHCE CKOPOCTH Bpallle-
HiIf, 1TOOBI AOoCTHUL TpedyeMoli ToaunHel cyos. Hanpnmep.
MONKITKA TIOAYUITH TOJCTHE CAOK Ha DE3HCTaX C MAJIOA BS3-
KOCTBIO, CHIKASl CKODOCTL BpALleHIls, SIPHBEAET K PE3KOMY
BO3PACTAaHHIO UIMPIHEL Basiflka, TAK YTO MPHJIETCST YBEJIUIHTL
H BA3KOCTB, H CKOPOCTL HAHCCCHIIA. :

B caoe, nanecention na ueHtpudyre, sceria ectb BHYT-
PEHHHC HanpsDKEeHHsT; FUIOTHOCTh Ne(eKTOB NOBONLHO BLICO-
KA, B 4ACTHOCTH, 6yarolapsi TOMY, UTO NLUIE H3 OKPYIKaKo-
nefl cpcAbl 3acachiBacTCst B IEMTP BPAlAIOEroCs JHMCKA
(nnck spasiercst cBocoOPA3HLIM LEHTPOOEKHEIM 112COCOM).
B nacToszee BpeMsT HEeT YCTAHOBHBIIEroCst MHENHS O TOM,
KaKoBo 10/mKilo OmTb yckopentie neutpudyrn. C omuoft
CTOPOMH, CUHTACTCS, UTO Pa3roil JOAMKCH 3aNNMaTb MUHH-
MajibHoe Bpemsi (MIVIIHCEKyH/Bl), T. €. AOMKHA TOUTH
MrHOBEHHO YCTallaBJUBAThCSl Ta CKOPOCTL, Ha  KOTOPOIi
dopmpyercs cioit Tpefyemoil ronuuHE. JIAs docTmKenus
3TOM wes pa3paboTaHLl CNCHHANDLHbIE KOHCTPYKINH LEHT-
pudyr. C xpyroii cTopoln, NpakTiYeCKHil ONBIT TOBOPHT
0 TOM, UTO ME/UICHHLIA pa3roit HIM faxke ABYXCTyNEHYaToe
(cuauajio Meptentoe, 3ateM GLICTPOC) H3IMCHEIHE CKOPOCTI
N03BOJISIET UOAYUaTL TOpasio Oosee KAuCCTBCHIUHE crod
pesucta. OcobeHHO 3TO OTHOCHTCS K TaKOMY PE3HCTY, Kak
@I1-383, B KOTOPOM CBCTOUYBCTBHTCALILIA MPOAYKT MMeeT
HCBBICOKYIO TIpeAenbiylo PAcTBOPHMOCTS (B NaHIOM PacTso-
pirrente). Ilpn nancceunn PIT-383 B pexnve c GricTppim
PAa3roHoM 1iOuTH BCCIla 1260/ 1a107Cs yile yNOMHHaBIIHecs
BhILIC «JYUl»; TIPH UCPBOHAUANBIO MCLIENIOM BDAaULEHHH
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y7aeTcsl MONYYNTh Gosiee PABHOMCDHBIC MO KauCeTBy CAOH.
B mofoM chyuac ciCAyeT [OMINTD, UTO TOMILIHA CAOS
§ ero KauecTBO 3aBUCAT NPH LeHTPHQYrHPOBAHHH OT: THIA
pE3UCTa M €r0 BAIKOCTH; MAKCHMAILHOH CKOpOCTH Bpailie-
Insi; YCKODEHHS LEUTPUYTH, TeMmepaTypH H BRaAXKHOCTH
Opr}Kalou.lei'l cpefht; CBOMICTB NOBEPXHOCTIH MOANOMKKIIL

Kpome neurtpuipyruposaHis H3BECTHL! TaKHC MCTOJbI
aneceins $OTOPE3HCTOB, KAK PaclbijenHe, 3NeKTPOCTATH-
yeckOe HaHeceHue, okynariie (nanm kynanue), noain. Hane-
cerue ¢oTopeancTa pacnuienem (prc. 9, 6) no3possict
Mosyuath IWUHPOKHIL HIITEPBAN TOMIUIHGEL CI0eB, IPHYeM NOSt-
JIOXKKA MOXKET HMCTh ICIJIOCKYI0 moBepxHocTh. Potopeancr
[14aHOCHTCS M3 UWICBMATHYECKOTO NNCTOJCTA-PACIBTesN s,
[TapaMCTpuL CJIOR 3ABUCAT OT ABJICIINA I TCMICPATYPH 103~
JyXa, paccTOSIE OT conia A0 MOAMOKIUI, BAIKGCTH pesli-
¢Ta H KOUUCHTPAL CYXOro NPOAYKTA, THNA PACTROPHTCHSA.
[pu amexkTpoCTaTHUECKOM NaHecewnn (pHe. 9, 8) oTope-
3HeT HClCprupyercs Janbo ¢ momolliblo (POpCynkn, JMHEO
caMo 3MEKTPIYECKOC [osie IPOGHT MIAKOCTH HAa MeJIKHE
Kalju AHaMeTpoM npuMcpuo 10 MrM. 3apsuKeHiblc Kaian
YCKOPAIOTCS [0JCM 11 OCAIKIAI10TCA 11a NOJNIONKY. DnexTpo-
CTaTHUCCKOE HarecCH)C OCYIIECTBHTL CUIOXHEE, UCM IPOCTOC
pacmpiIenne, NOCKOAbKY MPHXOIUTCH JIOMOJHHTCIBHO yui-
TLIBATh 3NEKTPHUECKIIe CBOHCTBA Pe3uCTa: YNCIBIOE CONpo-
THBJENIHe W /ludnekTpuyeckie mnorepd. OcHOBHON TPymuo-
CTBIO NPH 112HECCIIHA PE3HCTA PacHBJICHIIEM SBISIETCH YCTPa-
HellHe OHJM W JIPYFHX  3arps3HCHHil, TPHTArHBACMBIX
3MeKTPOCTATHYECKHM MOACM HAN CTpYyell BO3AYyX4.

B nocnestec Bpems oco6oe BHHMaHIe yIeJscTes HaHe-
CeHHI0 OTOPC3HCTOB 1IONUBOM WJIH oxyliaHHeMm (pHe. 9, 2).
PaspaartniBaiorest chietipasnbible (POTOPE3UCTHI, NanpHMep
KAR-3 {30], menpHroarbie ann UenTpHPYrHPOBAHHS, HO
7aoue paBHOMEDHEE CJION TPH  OKYHAUHH TOJVIOKKII
®otopesuct KAR-3 XapakTepmayercs Hu3KOH BABKOCTBIO
(10—14 cn) npn Gonbllofi KOHUENTPaIKME TBEPNOTO Belle-
CTBa (24—26%); B nacnopre pesHcTa yKasHBaeTCH 3apil-
CHMOCTP TOMIIMHH C/1051 OT CKOPOCTH HM3BJICUEHHS MNOJUIONK-
KH A3 pacTpopa: ot 1 10 4 MKM MDH M3MeHeHWU CKOPOCTH
ot 5 10 30 cM /MuIr.

CMONL3YeTcs fUNS HAHECEIHSt PE3HCTA M BAJKOBLIH Me-
TOL. Yeranopka KoiBeidepnoro tena (pHc. 9, 9) o6ecrcuH-
BAET papyosepriocTs TonmmMILI cjon B Npexesaax +5% u
NpHTORHA pnns nawecellHst pesHcTa 112 MOJVIOXKKE JIo6oro
THOA: or rewarnuix MAaT JO KpemHmeBLX uaactHn [31].
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OcHoBlible NpuUMIEL BO3POCILErO HITEPECA K 3THM MeTOJIaM.
MIIHIIMAfbHAS IJIOTHOCT AeCKTOB B CJIOC, BEICOKAS MPOMI-
BOMUITEJbHOCTb, ©OJbIIME BO3MOMCHOCTH aBTOMATH3ALML
npouecca.

NepBas cywka 3aKaHuMBaeT (POPMHPOBAHME CrOfl POTO-
pesncra. [Ipn ynasnennn pacTBopuTenss o0LeM NOJHMMED:
YMEHbIIAETCH, CJIOH CTPEMHTCHA CHATBLCA, HO JKECTKO CKpell

JIEHRas C HHM MOJJIOXKKa Tpe-

usATCTBYeT 3ToMy. Bosimkaio.

1,5 lilde HANUPAKENHs ¥ XapaKkTep

Z_j UX pacupejle/lenns oUpeness:-

P 10TCA CpoficTBAMU  poTOpEsH-
CTd U PCXKAMAMH CYLIKH.

Poab neppoii cymsu ofni-
110 HEJIOOICHMBAIOT, CUHTAY,
UTO 112 3TOH omepally AOCTil-
TOYHO Y/aluTh PaCcTBOPHTEID.
UTto 3T0 faJleko He Tax, 0Co-
. 6eRHO /ISl TO3HTHBHLIX pesll-
80 w12 CTOB, MOXKIIO  YOeanThCs,

Ternepamypa cyuwe, € Barasuys Ha piic. 10, rae npi-
BefleHa 3aBHCHMOCTL OT TEM-
Puc. 10. 3asucumocts BpemeHll  1MepaTyYPHl CYWIKH TAaKMX Baih-
senounposatust (1) 2”‘“‘“&;‘ HbIX TapamMeTpoB, Kak BpeMs
J Y (& feMeNTa
"’“pec”‘f‘_'r"ﬂfi’::l';;}r’ﬁ); cym’w_ SKCTIOUHPOBAUHS M TOYHOCTH
nepefayn pa3Mepa 3JE€MEHTa
nocne nposisnerns. Hamo ol-
METHTb, YTO IPI 1EPBOH CylIKe KoneGaHus TemuepaTypul
moryT focturat 10°C 3a cueT HecoBeplIeHCTBA HarpeBaTeL-
HbIX KaMep, owuGOK oNepaTopa, HempaBHIbHON KOHCTPYK-
uun jcpxKaTens noinoxex. Ocofo OlACHBI llepenaabl TeM-
HepaTyphl BHYTPH KaMephl M CJMIIKOM OHCTPLIE Harpes.
MaxciiManbry!0 TeMnepaTypy CYWIKH BHOGHPAIOT ISl KOHK-
peTHOro THma (OTOPE3NCTa, HICXOAA U3 KOHCTAUT TepMOoJil-
32 CBETOUYBCTBHTeJNbLHLIX MojtekyJs [6]; npu npesobiutensn
9TOH TeMmnepaTyphl 11300paX(CHHe HJIH He TPOsBIAETCs, HAl
A5l ero nposipjeHns TpeGyeTcs Gosblloe BPeMs, B peayJinr
TaTe Yero pacTeT IJIOTHOCTH JieeKTOB M NajaeT TOYHOCTD
nepeaayll pa3mMepoB 3JIEMEIITOB.

Jas cynikd icionb3yiot Tepmoctatei win MK ycranos-
KII, 1103BOJISIOIINE 3HAYUTENLHO COKPATHTL (MO CPaBHEHNIC
¢ TepMocTaTamu) spemsa cywikn. OnpoGopan MeTon Cyury
s CBY nevax, nnsi xoToporo TpPeGylOTCs BCEro JHINL CC
kyua. CoobGutanock, uto npu CBY nporpese e Tombit
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e3KO TOBbINIAETCST MPOH3BOJINTENLHOCTh, HO M YCTPaHAETCS

onacHOCTh «Illeperpena» (oTopesncra (BOpOYeM, TO fIBJE-
ppe [OKa He ofbsICHEHO). YnyyuiaeTcsi TaKKe KayecTBo
[(pOABJEHHS: n300paXkenne MNOsBJseTcs MIHOBEHHO IociCc
[orpyeHns B IposBuTedb. Jlna CyUIkH pesncTon HCHOIb-
aytoTcs [IEYM MOLIHOCTIO 200—400 BT, palotraioine Ha
gacroTe 2,45 I'Tu.

DKCMOHMPOBAHME M TPOABIEHHE HEpPA3PHIBHO CBA3AHE
Mexay co6oi. B cuny a10r0 jUIA BHIGOpaA peXmMoB, ofec-
NeurBaIOIMX TOYIYIO Tepefayy pasMepos, HeOOXOAMMO
OAMOBPEMEHHO HM3MEHATh BPEMf NpPOFBNEHHS M SKCTOHHPO-
pauns, [Ha mpaxTuke, ORHAKO, YacTO MOJB3YIOTCS METOAOM
noa60pa ONTHMaNbHOTO 3HayeHls OJHOrO mapaverpa NpH
¢ukcaupp apyroro. C rpy6mM [puOAnMKEHHEM HaXOMAT
ppeMeHa 9KCTIOHHPOBAHMS M NPOABJIEHHUS, PH KOTOPLIX HO-
nyuaeTcs YOBJETBOPHTENbHOe KayecTsO penbeda. Ilpn pa-
60Te C NO3UTHBHEMI pe3HCTAMH HpPOBEPSIOT IUIOTIOCTb Mpo-
KOJIOB B CJIOE pE3HCTa JIaHUOH TOJUINHbI, ANA yeroma ImJa-
CTHMRKY OKHCJIEHHOTO KPEMHHSl C HM3BECTHOM 1JIOTHOCTBIO
[edeKTOB B OKHCJe HZHOCAT CNOH pesncTa, BHICYIIHBAIOT
Cr0 M NPOMIBAAIOT B TCYCHHE BPEMElH, NPHUMEpHO BJBOE
6oJbIIer0, deM HalileHHOe B Hayasne 'BpeMf HPOABJIEHH.
3aTeM npOBOAAT BTOPYIO CYWIKY H TpableHue M Ompesess-
10T, HACKONBKO yBEJIHYHNACh TUIOTHOCTh JICEKTOB B OKHCIIE
3a cyeT TIPOHMKHOBEHHUS TPABHTEJNfl CKBO3b JIPOKOJH B CJI0€e
pesucta. Ilpy 3tom npepmonaraeTcs, YTO POCT TJIOTHOCTH
LeheKToB BLI3BAH TOMBKO NPOLECCOM MpOsBAEHHs; 3TO J0-
MyCTHMO, TaK KaK MpOfiBIeHNe NelcTBUTENnbHO ABIsETCH OC-
HOBHOW NpHUMHON yBenHYeHHs IUIOTHOCTH nedekToB B cJo-
AIX TIO3HTHBHBIX (OTOpe3HCTOB. Pexomenyercs s cpaBHe-
HHfl TIPOBEpPATH MJOTIOCTL Ae(pEeKTOB 11 HEMpOsIBJAEHIIOM
cnoe. Ecant ipi MakcumManbHOM BPEMeHH NpOsBRelns miIoT-
HOCTb fleheKTOB CAMUIKOM BENHMKE, CNENyeT YBeJIHYNLTh TOJ-
HIMHY €/osi Mnn cMeHuTb (OTOPE3MCT H CHOBA TOBTOPHTh
OMHUCaHHble BHIIE NPOIERYPbL.

OKOanTeanO JUIs1 n060ro THIA PeslCTOB CUMMAloT 3a-
BHCHMOCTH TOYHOCTH Mepejiain PasMepOB M306paKeHHsr OT
BPEMEHN HposiBieHns MPH PUKCHPOBANHOM BpeMeHH SKCHO-
HHPOBAHHA n OT BpeMeHMm SKCNOHMPOBAHMA TpPH (HKCHPO-
BaHHOM Bpemenn NMPOABAEHHS; B pe3ynbTdTe HaXOJAT ONTH-
Mallbible Bpemena, cOOTRETCTBYIOUIHE TOMHOCTH Iepefaus,
-C;;:;;fgf K enuuuue. Tloj6upas BpeMA IKCIOHMPOBAHIIS,
pteseds TUIATENbHO CTAOHINIBHPOBATL OCTanblibie HaKTOpH,

UlHe Ha TOYHOCTH Nepejlaun PasMCpOn M30BPAKEHII:
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kosieGallusl OCBEUIEHNIOCTH; HEM3GEXHBI{ 3a30p Mexuy ¢o-
TOWAGA0IOM M PE3UCTOM; MOBLILUEHHE TeMIepaTyphl CJIOof,
HHOT/Ia BO3HHKA0Iee NIpH 9KCTIOHHPOBAHHH.

Hns kOHTpOAs OTHOCHTENbHOM OCBEIIEHHOCTH MNpHMe-
HsoT moxemerpul Tuma lO-16. PexomenjyeTcst uponepsiTi
paBHOMEpPHOCTL oCBellleHnst nnactide B 20—30 Toukax.
3710 noMoxer 130aBMTHCH OT CEPhE3NBIX OUIMBOK, KOTH:
H3MEHEHHC DPA3MepoB H300paKeHus HPHINCHIBAIOT H3MEHe-
HMIO BPEMEHM SKCIIOHHPODAHMS, a Ha JleJleé OHO BLI3BAHO
KONebalMAMY OCBEIEHHOCTH 110 NJOulajd MNACTHHDL.

3a cuer 3azopa Memjy LWAOJIOHOM H PC3LUCTOM BO3IIH.
KaeT ¢pcHeneBcKas JAuQpakuys, oCOGEHHO 3aMCTHasi Mpu
ManblX pasMepax HaoOpaxenus. Jlns vMenbimenns Bemuun-
HB! 3a30pa OOKYIIO NMPUMEHSIOT BaKyYMHBIil 11411 MHEBMATII-
YyeeKHil MpUKKM 1nabnona.

Ilcnionk3oBaHmie ANst SKCIOHKPOBAHHST MOIHBX PTYTIIHN
NaMN ITHOT/a BHI3BBAET HarpeB CTOJIMKa YCTAHOBKI COBMC
mICHMs M caMoli mMONoKKHM Co cnocM ¢ortopesncta. ITo
MOXKET 1IPHBECTH K BO3HMKHOBEHHIO HETaTHBHOrO M306parc-
HHSI, OCOOEHIIO ecnu 3JKClo3NuMs TnojofpaHa HEBepHO i
SIBASIETCH  ChnwkoM  Gonbioit. Hanpumep, HeraTusuoc
HaobpaXkeluc 1a CNOC MO3MTHBHOTO pe3ucra obpa3yeTcs
10/l fiefcTBHEM NOOOYHMX Deakluil, HHULMAPYEMBIX Harpe-
BOM HJIH NEePe3KCHO3HLKEN U JaIomuX POJIYKTH, He pacTBo-
pHMbIE B LIEJIOUHOM lIpOsIBUTENE.

CoBpeMeHHHE YCTAHOBKM /U151 SKCTIOHHPOBAHKS M COBMC-
LWEHNs TIPEACTABASAIOT CoBON CNOXKHBIC ONTIKO-MeXaHuye-
CKHE KOMNNEKCH. MeTol CoBMeuieHHsl, HCUOJb3yeMbiii
L YCTAHOBKAX, MOXET OHhTb BH3YaNblbM 1K QOTOSNEKTPH-
4YeCKHM; OT HEro 3aBlICHT TOMIOCTh, Pa3pelleHIle M NpPOW3-
BOJMTCABIIOCTL Npouecca. B nocnepuce BpeMst  cospanbi
doToINEKTPHYECKHE YCTAIOBKIICOBMeUIEHS, TOUHOCTh KOTO-
pLIX B TIpunuune MoneT joctirats +0,1 MM, Bo mpakTu
uyecknn panHa +=0,85 mkm. das paGoThl Takux yCTaHOBOK
TpeGyIoTCs Cliellnanbliple OlOpHLe 3HAKH: Ha wabjoHe nHe-
npospaunble 1ITPUXH, Ha NOJUIOKKE BHITPaBNEHNBIC Kanan-
K, [Oipliia KOTopuX B 2 -4 pasa Ounblie, MeM INTPHX3
TIpc/iBapuTesIbHO  1IPOBOAMTCS C  1OMONIBIO  ONTHYECKOIn
MHKpockona rpyGoe COBMELEHHE, 110CA€ YEro BKAKOYAaeTcs
$OTONEKTPHUECKHUIl MHKPOCKON H TOYIlOE COBMENIEHHE OCY-
WIeCTBASICTCH K60 BPYYHYIO 1O NOKA32HHK TallhbBaHOMeT-
pon, nuBo aBTOMaTHUECKH, eCnu BpejeHa obpaTHas cBsial
Ha MHKPOMAlNIYANTOPE CTOMIKA,

Paspelratonast CiocofnocTs 1 MUHIMaNLHLR pasmep
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aobpaKenlis IPH BH3YAJILHOM METOJe ONpECeARITCs X4-
paKTEpUCTIKAMIL MUKpOCKOIla YCTAHODKIL. Kax npanuso,
[pHMEHFAIOT MHMKDOCKONEL € YBEJUCHHEM, H3MCHSIEMBlN
m;aBHO WL JIKCKDETHO B llpefienax ot 40—80X (oB3op)
no 100 400 (Tounoe conMellelne); MUHKMMaNbHbE pa3-
Mepsi 1300paxi€riss okono | MKM.

ToyHOCTb COBMELUENNIS] B YCTAHOBKAX 3aBHCHMT, B mep-
pyso OuEpeAL, OT lipliina paGoThl 1 KadecTsa BHIIOJHE-
pns Mukponannnyaaropon. IlanGonee tono paGoraioTt Ma-
WY ASATOPY, TIpeAcTaBasiouue coboi ABOIiHOM crapeinmi
napalyIelorpaMM ¢ BHHTOBBIM TpuBojoM. MalmnynnTtopst
cr1ocoBHbl O0eC€YHTh TOUHOCTH TNepeMemlieHuss 0,1 MK,
HO peaNlbHas TOULOCTh BU3YaNbIOro CoBMeLLClls COCTABsA-
et 06bYHO =1 MKM 0 oupejeasercs pajoM daxtopos. Cpe-
M HUX CJeAYeT YKa3aTb pa3Mep W KOHTPACTHOCTb 31aKOB
coBMelLleHHs1, hOPMY 311aKOB, @ TAKIKE TIOCTORHCTBO THX Ma-
paMeTpoB B [POLECCe TEXHONOTHYECKHX 06pabOTOK TQIIOAK-
K. ONTHMAaNbHBIMK MOTYT CUMTAThCsl 3HaKH, ofpa3sylouiue
Ty COBMEUICHHHU WUTPUX, BUKCAHHHKI MEXY ABYMS APYTHMH
wTpuxaMu. KOHKpPeTHO, LIHPHHa LITPHXOB MOXET [;aBHAThCS
3 MM, anuHa B 10 pa3 Gonblile WKPHHBI, KOHTPACTHOCTh 0,3—
0,4. 3a30pbl MKy COBMELIEHHHMHK IUTPUXAMH JOJXKIILI CO-
cTaBAATh 4—7 yra. Mun. CRepyer yIuThiBaTh, 970 IIPH OKHCIE-
HHI 1 TPaBJIeHHH PasMephl 3HaKoB MeHsioTcs. Ha TouHoCTh
COBMEIEHHUS! BJAMAIOT CEOMETPHUYECKHE M ONTHYECKHE CBOit-
CTBa MOJUIONKEK, @ Tak)Xe CyOBheKTHBHHIE OCOBEHHOCTH One-
paTtopa. CoBMewmeHHe GopMalbHo NpeicTaBaseT cobol uc-
KPeTHHil TOCJae0BaTENbHLIM TNpPOLECC, OCYIECTBfeMbIl
B CHCTEME I'Jla3 — pyKa C o6paTHOH CBA3bo. TonAbKo ocTpo-
Ta 3peHus 3ABHCHT OT JliaMeTpa 3pauka, afanTauul ria-
3a, Mecta u306paxieHust Ha CETYATKE, CIEKTPANbHOrO CO-
CTaBa M3NyUeHlsl, ipKocTH Gold U PErucTpHpyeMblXx 06b-
exroB u T. j. OTGop onepaTopos OBLIYNO HPONCXOJAHT CTil-
XuRHO, HO, BO3MOXKHO, ClejlyeT pa3paGoTaTh ClleuHalbHble
TECTHL.

TponseoiinTenbHOCTL YCTAHOBOK B OCHOBHOM 3@BHCHMT
OT JJINTeNLHOCTH CaMOTO COBMELIEHHS W OHICTPONENCTBHS
JIONIONHKTENLHBIX YCTPOUCTE 3arPY3KM — BHITPY3KH TIOANO-
*eK. PaBouee BpeMs COBpeMCHHHX YCTaHOBOK COCTABAfET
46—60 ¢ jns OOHUYHHX K 5—15 ¢ ANf aBTOMATHIECKHX
Makcumanenas IIPOM3BOIMTENILHOCTh JIOCTHT@eTCsl Ha aBTo-
MaTudeckux crcTeMax, rjie MpuMeHeHbl HOTOEKTputleCKui
MeToj. copMellleHusl, aBTOMATHYECKHIl JlO3ATOD 3SNepruw
SKkcnouupopaHils, NOTOUNAS MOJala NOJJIOKEK; Takas CH-
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tTeMa dameniicT 8—15 oncpatopon |32). JMns mux e Tpe
Byercsl obecneueHHs OANOBPEMEHNON PC3KOCTH H30OpakKe-
HHST Ha 11a6JIOHE M NOJIOKKC, KAK PH BU3yaJIbHOM COBMe-
UIEHHH, YTO SIBJSIETCH GOJbIIMM JOCTOMHCTBOM (HOTOIJEKT-
piucckuX ycranopok. ITosiBAfETCs BO3MOKHOCTL yCTaHOBUTL
GoJIbLIO[T 3a30p NIPK COBMEILEHHH Y IPAKTHUECKH YCTPaHHTL
u3Hoc oTowabnonos. JII0GONBITHBIN BapHAHT yBeNHYEHHs
cpoxa CAyXObl (oTOLabNOMOB peasn3yeTcsi B yCTAaHOBKAX
C NOCTORIIHBIM 3a30POM, OCTAOLUIMCS K TOCJE COBMELICHHS,
npu sKcnoHupoBaHuu. KoHEYHO, Ha TaKHX YCTaHOBKAX TPYA-
Ho Mony4uTh u306paKeHus pa3MepaMui MeHee 3—4 MKM.
Ho ue crout 3a6wBaTh O TOM, 4TO NpPH SKCIOHWUPOBAHMI
€ 3a30pOM [l€ MEPENlAlOTCH MCNKHC fe(eKTH, T. ¢. TaM, Tie
TpeGopaHus K JIePEKTHOCTH BBICOKH, a K paspelialouel
CIOCOBHOCTH  HU3KH, TpUMeHEHMe [OA06HOro MpHHUKIA
BecbMa NosiesHo. CBeIeHHS O COBPEMEHHKIX YCTAHOBKAX COB-
MeILEHHs MOXHo HailiTH B pabote [20].

IposiBNeHne HEraTUBHLIX PE3MCTOB ABJSETCHA MPOLECCOM
yAAN€Husl SKCNOHMPOBAHHBIX Y4YaCTKOB B OPraHMYCCKOM
pacTBOPUTEJIE: TOJNYONE, TPUXNOPSTUNEHE ¢ T. fi. [lnsa mosu-
THUBHLIX PE3HUCTOB TPORBAEHHE — GoNee CNOKHAR XUMMYE-
CKasl peakuus Y MpoBejeHHe ee TPebyeT ocoboil TUlATENb-
HOCTH.

N5t nposiBAEHMS TO3MTHBHLIX PE3MCTOB HCHOJB3YIOT
BOjHHE 1tesioyHble pacTBoph: (0,3—0,5) %-Hblit  pacTBOp
enkoro Kanus, (1—2)%-uuii pacteop TpunaTpuiidocdara,
OpPraHWUECKHE IIENOYM — sTallonaMuHLl. 3 Hacrosuiee Bpe-
M$! TIOBCEMECTHO MPUMEHSIIOT CNOCOS MyNbBEPHU3ANMM TIPOS-
BUTENS, YAYUILAIONMHE KAYeCTBO 1 POSIBNEHHS (OCOGEHHO MpH
MaNLX paaMepax u3obpaxkenuit) H NO3BONSAOUIKA aBTOMa-
TH3MPOBATH 11POLIECC.

Ilpu nposBneHMH OYEHb BaXKHO KOHTPOJIMPOBATH TEMIIE-
patypy u BenuuuHy pH nposButens. I'lpu usmeneHuun peni-
guHsl pll pcero nuib Ha AECATYIO JOMI0 pA3Mep SMEMEHTa -
MeHsieTcs ipuMepHo Ha 109, oT HoMHHana.

Cywxa nposBJEHHOTO CJIOA TPOBOJIMICH IIpH TeMmrepa-
Type 120—180° C. OT TemnepaTypH H XapaKTe€pa MOBBILIC-
HHSl €C BO BPEMS CYLUKH 3aBHCHT TOYHOCThL NEPENAYN pas-
MepoB 1306parkeHnit. Pe3knil narpen BbI3bIBAET ONJIBLIBAHHC
KpaeB, Mo3TOMY aAs TOUHOl nepefaun Madbix (1—2 mkm)
pasMepoB CNejlyeT HPHMEHSITb IJIABHOE MJIH CTYyIEHYaToe
NoBHIUCHHC TeMuepaTtypsl. IlpnvepHLI pexnM oGpaGoTkil
HosuTuBhoro peancta ®OIT-383: 10—15 MuH IpH KOMHaTHOII
TeMuepartype, 20— 25 Mun 3 repMoctate 1pu 120° C, aarem
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pepexoienne repmocTaTa na 150 - 160°C u narpes o 3T0H
TeMIEPATYPHI.

Tpasnenue c 3awuTolt penbedoM K3 pe3ucTa IPUMENH-
TenbHO K IOJUIOXKKaM pa3nuiaioro THIIa PacCMOTPeHo
p a4

Ynanexne doTopeancra npuobperaeT HCKNIOUHTENBHO
pa)KHOE 311AUEHME, TAK KaK OT 3TOfl OlIEPALMK 3aBHCHT Ka-
YyecTBO TMOCHENYIONMX TEXHONOTHYECKMX omepauuii: OKucne-
wusl, Aubdysun, nateceHuss Metanna u ap. PacnpocTpaHeHo
MHEHHE, YTO TMOCKONBKY MeXNy doronuTorpadued ¥ ITHMH
onepalusiMi DBCErfa TIPOMCXOAMT OYMCTKa (OTMHIBKA) Maa-
CTHH, TO YHalecHue (GoTOpPe3UCTa CBOJUTCH TOSbKO K Paspy-
IIEHKI0O M CHATHIO HONMMMEpH3oBaHHoro penweda u3 ¢oro-
pesucta. ITO He TaK: yJaneHMe caMo lio cebe JAONKHO
ofecrieddBaTh XOPOILYIO OUHCTKY NOBEPXHOCTM OT 3arpa3-
HeHHil, BHeCEHIHX B 1pouecce oTonutorpaduH.

B nacrosiniee BPEMS HCIIONb3YIOTCH CJEAYIoUIHEe METOLBI
ynaneHus: GoTopestcTa: JICCTPYKUMS HosauMepa (HallpuMep,
cynbuponanuemM B ceprofl kHchioTe); obpaGoTka B opra-
HHYECKHX PACTBOPHTENAX; NNa3MOXHMIYECKas, TepMMIecKast
unu QororepMideckass o6paboTka, CBOAALIASCH B OCHOB-
HOM K OKHCJIHTENbHOIH JIECTPYKUMK B KMCIOPOSIE MAH KHCIO-
PONIOCOMIEPIKALIUX Ta3ax.

Xumuyeckast NECTPyKIHS, HanpuMep, NO3HTHBIIOTO pe-
31CTa B CepHOIi KHC.10T€ MPHBOJINT K OGpa3oBaHMIO KOPOT-
KuX ueneil mosnmepa (HoBonaka) i CyNbdpupoBaHHBIX MO~
Homepos HXI rpynn. Tlocne o6pabGoTkw ®  ceproit
KucioTe TpeOyercst TONbKO OTMBIBKA Bouol. Oddexs
TMBHOE CynbhoHpoBaHue uneT n  uarperoii ao 160°C
KOULEHTPUPOBAHHON KMCIOTE, NpHYEM PACTBOP GHICTPO HCTO-
waercs. Kpome umcToii cepuiofi KMCAOTH IpIIMEHSIOT €€
CMECH C JIBYXpOMOBOKICJBIM KanueM (Xpommnxom) an6o
¢ 1nepexucelo sopoposa. Ilocneunce npegnouTutensnee, TaK
KaK B XPOMIIIKC COJICPIKATCsl HONDLL Kanus, KOTopbie MoryT
TIPHBECTH K HECTaOMABLHOCTH 11APAMCTPOB INauapu biX NpH-
6opoB. Cumech cepnioit Kucaots ¢ 30%-Ho# HEPEKIIChIO BOAO~
posia (3:1) obecneyunaer npn Gonce MM3KoR TeMricparype
(70—100°C) xoporlylo OYMCTKY NOBEPXHOCTH.

Ynaneune doropesmcta XuMuuecKofi AeCTpyKuriel cep-
HOB KucnoToli pecbMa 3G(EKTUBHO, UO HE NPUMENHMO ANFA
MCTannuaupoBaHHbix HoAnOKeK. 3ameueno Tae [33], uro
NPU Harpesamnnu cepuoit knciotht cpHue 160°C MoxeT
06pazoBathest mAcIKa CCPHHCTOrO KPEeMIHs, BJausiolnian 11&
pouecent okucnenns n Audbdyauu.

43



st ynanenuns pesncTa ¢ MCTANJTHUECKHX MOBEPXHOCTCH
TIPIMENSTIOTCS TaKie OpraHideckue pacTBOPHTENI, KaK Al
TOH, METIMIITHAKETOH, UCHIIO30MbE. I1pakTHKYIOT AMNHTEND.
Hbic BLLUep:KKY (1o 1 CyT) MnacTHH B OpraHHWCCKHX pact.
BOPHTENSIX € HOCJEAYIOUIRM Y.1aNelueM pasByxicro pesibe-
tda MexaHuueckn (ramnoHom). JlobanneHue K OpraHHUeCKM M
pPacTBOPNTENAM OPralliucCKIX OCHOBaHNE (»TaHONaMHIOR)
vayullaeT kadecTBO npouecca. Tax, AoCTaTouHo IGdheKTHB-
noe yaanenve (IOTOPE3HCTA C AJIOMHMHHS OCYI{ECTBJSION
B Harperoit o 80° C cmecn nuMcrundopmamMmia ¢ MOUO-
sTanonamiiiom (1:1); 3Ty onepauuio NOBTOPSIOT JBAMKAL!,
KOUTPOJIHPYsT KAueCTBO yNaJeHls B TeMUIOM TNOJNC MHKPO-
ckona. KagecTBo ynaneuns B opraiu4eckix pacTBOPHTCNAX
B GOMBILOH Mepe 3aBHCHT OT TE€MIICPATYpbt BTOPOi CYIUKIIL
JKenatenbllo mojio6paTh Takiie peXUMb (oTosnTOrpaduu,
47066 3Ta TemNepaTypa Onila MMHUMAanbHOH (He BBilc
120° C). ITpu rny6oKo# NOJMMMEPH3ALNK Pe3nCTa, HACTYNA0-
meit npu 150-—200° C, opranuuecknMH pacTBOPUTENIAMH HC
V/ACTCST YAANUTh penibed) € MOJJIOKKHM J1axKe NPH JIOMOMNHH
TENLHOM MeXaHudecKoM BO3ILEHCTBMW, T. €. HPOTIpKE TaM-
TIONOM WJI VIILTPa3BYKOBOH o6paboTke.

OrpanHdyeHHEHEe BO3MOXKHOCTM  XHMIUECKHX METOJOB
obycnonua HeobxonumocTh paspaboTke Gonee sddexTHd-
HBX Cnoco6oB ypadenlsi (oropesucTa, B IEPBYIO OUEPE/L,
¢ MeTannudeckux nosepxHocTeil. Tak, 6wno naiijieno, 410
npu 06paboTke pPC3HCTa B cpejie KHCopopa NMPH TCMIiepa-
Typax 700—800° C npoucxoaHT OJHOBPEMEHHO OKHCIHTEND-
Hasi H TepMHUecKasl AECTPYKIMS, pe3lcT yaaasercs ¢ 6omn-
woit ckopocrhio. Ocpeulentie NOANOKKH YP CcBeTOM MO3BO-
JSICT PE3KO CI3UTh TeMIepaTypy 06paboTicM: pe3HCT yna-
asietest npn 260°C 3a 25—40 mun [34]. HoGapnenne 29,
030112 YCKOPsIET MPONCCC Y/AJICHHA PC3ICTA.

Bcee foace mimpoxoe npumeneitiic HaxoauT 8 hocacCanic
roAL WIazMoNuMngeckiii metoi yvaadenns {33], B ocmone
KOTOPOro nexiit o6paboTka B HM3KOTCMNEDATY IO KHCJO-
ponnoii unaame opy gasyennu 5-102 Fla. B Tako#t nnasme
IPOUCKOAIT PsiA XIIMHUECKHX MpeBpalenuil, B pe3ynbrare
KOTOPLX  0OPa3yioTcsi axkTHBIBIC YACTHIibl:  ATOMAPlibifl
KHCJIOPOM, O30H H BO3BYXK/EHHBE MOJeKynhl KHclopoja.
Cojepacalie aToMapHoOro KICNOPOAA, HAIPHMCP, Moxker
JoeTHraTy 10—20%, CTONbKo e COoACPAIITCS H BO3GYIKaen-
HOI'O MOJIEKYARPIOro Kncyiopoaa. Opramiicexie coeinme
uust, Tanie kax QorTopesict, 1ok JICiiCTBUEM aKTIBHOTO
Kucsopofa pasnaraiotcsi. Beenchie 1% a3oTa nossomsier
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yBeJMUBTL CKOPOCTL yjlaaciiin (oropesucta na 20%, a 19
pojopona — Ha 1009, 1o cpabBHenHo co CKOPOCTBIO ynane-
wust B UMCTOH KHcnoponioit naasve. 310 ApJieHne oGbACHS-
eTCs KATAJMTHUECKIM JCTICTBHEM TaKKX IIpUMcceit, Kak Bo-
10pO4 M @30T, 1ia BLIXO/L aTOMAPIIOTO KHCAOPOJia.
Paspylicilic pesucTa MOA ACHCIBHCM NNIa3Mbl Hauuna-
eTcst B HaHOOJCC YAIBHMLIX MCCTaxX — 110 JIBOHUIILIM CBA3sIM.
3aTeM 00pa3yioTCsl HPOYKTLI € MaJlol MOJCKYNSAPHOR Mac-
coii; OHH YJIETYYHBAIOTCH If B OOHCME IJ1as3nit 10(BCPraIoT-
cs1 palibHEAIICMY OKMCJIEHHIO, pasJiarasich 10 KOHEUHBIX
NpOLYKTOB —- YIJIEKHCJIOro ra3a i BOJbL.

Prc, 11, CxeMaTnucckoe MIoOPaX<cHHE YCTALOBKH MJ1a3MOXHMHYECKOro
yhanctust $poTOpeIncTa:

I — pazpyaian Ka 2 — HuAYKTep; 3 — oGKNAafKH  Kongeucatopa; 4 — pora-

MetD; 5 — natexat 6 -— PEAYKTOD, 7 — HCTOWINK 1a3a: 8 — knaman; 9 — pa-

KYyXuwit matuun; 0 — xpoluka; {f — pakyym-nponol; /2 — BLIMyCKHOW Knaman.

YetaHoBka st 1I1a3MOXHMIIUECKOro yananeins ¢oTo-
pesncTa nokasana cxeMartuueckd na puc. 11, Hcnonssona-
nue BU reneparopa nosponsieT Bo30VIKaTh pa3psil 2JICKT-
posaMu, BeIIECCHIEMI 32 HPCACAL PCAKIIIOHHO-Pa3pslIHOR
KaMepol, uTo OOCCNCWIBACT UICTOTY XNMIMECKNX Iponec-
cos, [enepatopul paGotaior na wacrote 13,56 MI'n upn
BHXOJIHOI MouHocTn na anexrpogax 300 - (200 Br. Kucno-
POZ HOCTYlaCT © PCaKWIORHO-pa3psiiyio kamMepy (pacxon
rasa 120— 1000 cv3/Mun) B HCUPEPHIBHO OTKAUMBAETCH
BaKyyMHLIM HACOCOM JLTsi WO/LICPIKAHUST JIaB/IEHNs Ha ypOB-
He 1,3.103 [Ta. Pcaxkuuonno-paspsiiHas KaMepa HMeET
CIOKHYI0 KOHCTPYKLHK, OT KOTOPOM 3aBICIUT KauecTBo
ynanewsi pesiicta M CTCNCNn BO3/efiCTBHS na3sMBl Ha Ma-
PaMeTpnl HOAYNPOBOAUNKOBLINY CTPYKTyp. Jcno B ToM, uTo
B KaMcpe BO3MHKACT  3JICKTPOMATHHTHOE TOJle  BBICOKOM
HAMpsKeHIIOCTII, KOTOPOE BHI3LIBAET NETPAAALMIO lapaMer-
POB cTpykTyp, MeHbUIYIO y GUIONSPHHX M BeCcbMa CYL1eCT-
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peHyto y MOIT-ctpykryp. Hunyunponsanuee BU nnasmoii
3apsiabl HAKANJKBAIOTCS Ha HOBEPXHOCTH pasfiesia OKHCeT —
KPeMHKII M YRYAIIAIOT SJNEKTPHYECKUE XaPaKTEpPHCTHKH.
ITa6monanock cHuXKeHHe ITPOGMBHOIO HANPSIKEHHT p—f-
NEPEXO/IOR, YBEJHYEHHE TOKOD YTEUKII, 1I0fIBJIeHHe HHBEp-
CHOHHHIX KAHANOB, CHWXKeHHe KO3(D(MUKMEHTa YCUJIEHMs MO
TOKy TpaHauctopoB H T. . O6pabotka nnacrue ¢ MOIT-
CTPYKTYPaMH BHISHIBACT MOSIBJIEHHE MOMOXKHTEbHOrO 3aps-
/la B OKMCJIe 110/1 3aTBOPOM; HalpfKeHHe IJIOCKHX 30H pac-
TeT, pa3Gpoc STOro napamerpa OT HJACTHHH K MJTACTHHE
TaKxKe ypennyupaercs. [Tocaenyiownil TeMrnepaTypHBbIH OT-
xur npH 500—1000° C yacTnuno cnmiMaeT 3TH HEXKENaTeNb-
Hble addexthl. MeHee uynerpirTenblB K 06paboTke B na3-
me MOIT-cTpyKTYypLl ¢ KPeMHHEBHIMH 3aTBOPAMK M CTPYK-
Typbl, B KOTOPHX OKHCEN 110/l 3aTBOPOM JierkpoBaH (oc-
dopom. Kpome Toro, 11oxasano, uTo, eciu Beflej 3a yaane-
HHEM DE3HCTA B KHCJOPOJIHOI mna3Me npopecTh o6paGoTKy
B aproHoBoil I/asMe, CTENEHb AETpajauny OKWCNa YMEHDL-
wHTes  [35).

KoHeTpyKuns KaMep B YCT2HOBK@X 1J1a3MOXMMHYECKOTO
y/laJieHusl PE3NCTa TAKOBa, YTO r'a3 110CTYnaeT B PeakyHOH-
HHIl 06BEM uepe3 clcTeMy TPYOOK, B KOTOPHX BO36yiK/Na-
ercsl cobeTBelHO pa3psifl. 32 c4eT 3TOro MAACTHHH OT/AeNe-.
Hbl OT 30HH MaKclManbHoit HanpskenHoctw nons. OnHo
U3 OCHOBHHX TpeGoBaHHil K peakuHOHHO-pa3psifiHOl KaMe-
pe — ofeclieyeHHe PABHOMEDPHOCTH IIpOLECCa YyAalleHHs.
CKOpOCTL OKHCAMTENHHOrO Da3pylieHust H YAAJEHHs pe3i-
CTa B IJa3Me 3aBlICHT OT MHOrMX (aKTOpPOB: KONHUECTBA
aKTHBHOTO KHCJIOPO/a, a CJIe0BaTeNblo paGoyero nasieHHs
B KaMepe, Pacxojla KHCMOpO/a, 11a/l€HKsl JlaBJIeHHSl B KaMe-
pe, CONEPXKaHKsT U THNA NPUMeceil B KHCJIOPOJE; KOJHUECT-
Ba 06pabaTbiBaCMBIX MIACTHIL, TOYHEE, OT PACCTOSIHUS MEMK-
Ay IHMH B KacceTe-—IIPIl MaJbiX PAacCTOSIIMAX ra3 Kak
6bl 3aJIEPXKUBACTCS MEYKJLY IMIACTHIIAMIL 11 CKOPOCTL Y/adc-
HUSl NaJIa€T; TAK/KE UTPAIOT POJib NOJOAKCHHC IACTIIH B Ka-
Mepe, T€OMETPHYECKIie pa3Mepbl M Macca KBApUEBLIX Kac-
CeT, XapaKTeplUCTHK CaMoit IIa3Mbl, OlPEACATEMHX ClOCO-
GOM BBOJla KHCJIOPOJla B KaMepy, MECTOM H METOJO0M IpHAO
xerHss BU sHeprum g o6beMy rasa; THna (oTopesucra u
TOMUMHYL cflosi poTopesucra; yposus BY morlnoctu B pas-
psifle, OT KOTOpOTo, B 4AaCTHOCTH, 3aBIICHT Pa3orped pesu
CTa H MOJOXKII.

TemitepaTypa Tesi, HAXOAANUIXCS B IJ1a3Me, MOMKCT Jic
*xaTts B npefenax ot 50 o 600° C 8 sapicuMocTH oT ypoB-
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list MOILLHOCTH I JLABJCHIST B KaMepe. Pasorpei pesicia
IPHBOJMT K YBEJIHIEHHIO CKOPOCTH €ro yafeHus.

CaenyeT OTMeTHTb, YTO MJIa3MOXHMMYECKHH METOJ [103-
BONSIET YNaNsITh € TMOBEpXHOCTH HOJINIOXKEK U HeopraHuye-
CKHe 3aTpsI3HEHIls], CoJiepKaliliecs] B pe3ucTe MK MOlaB-
wKe Ha NMOBEpXHOCTb HpH JpYTrHX obpaborkax. ITna3moxu-
MHUYECKO® Y/iajieHue ¢ O/lHOBPEMEHHOH OYMCTKOM 1I0BEpXHO-
cTu npoM3posiAT B BU nnaaMe kucnopona u ranoreHoyrne-
pona (Hanpumep, dpeora). B Takoil nnasMe ecTh H aKTHb-
HHit KHCJIOPOJ, YAaMsTOUIHit OpraHuYcCKHe COENMHEHMs, M
aKTUBHLIE XHMHteCKHe BeulecTBa, peaTHPYIOLHe ¢ HEOpra-
HUYECKIMH 3arpsI3aHEHMSIMK W NpeBpallalouike ux B rasoo6-
pasHbie TIPOAYKTLL Ilpu 3TOM yJanstoTCst oNoBo, XKeneso,
MBILIBSTK, CBHIlel, Mefib, LMHK, HaTpuit u T. Ji. Baxwuoe
ycnopHe addexTupHOCTH 10706HOR 06paboTku 3akawouaeT-
cs1 B TOM, 4TO CMech KHCJOpofa M TasoleHoyrjiepona He-
OGXOIMMO NPUroTaBAMBATH HENOCPEJICTBEHHO Nepen nosa-
uelt B KaMepy: pasjiefleHne JBYX IJIa3M CHHXKaeT KauyecTBO
ynaterust.

4. MNpaxtrueckme Npuemsl doTonuTorpadmm

Mpurorosnenne noautusHbx thoropesvcros. B xauecTBe
THIHNYHOTO TIpHMEpa I[PHBCAEM METOJIMKY HPUIOTOBNEHHA
doTtopeancTa Ha OCHOBE NpoaykTa Ne 27.

Ipurorapsior pactopurens u3 150 MA MoHoMeTHsI0BO-
ro sbupa AUETATITHNCHINIKKONS, 75 MM puMeTHIdopMaMi-
oa ¥ 15 MM sTHAUeNN030bBa. 3aTeM pasMeibualoT B dap-
dopopoit cTynke wHoposiauHylo cmony Ne 18, TILaTEAbHO
OTGHpasi KYCKHM JKeNTOro upera (He poO30BaTOro, Tak Kak
ITOT UBET MMEET OKHUCJIEHHAH CMoJia, HENPHTO/HAH JJIsT NpH-
roTopsieunst pesucra). Pactsopsnor 60 r mopoluxa cMOLt
n 36 r HaQTOXHHOHAMA3MA B PACTBOpPHTEJle, BbUEPIKHUBAS
B 3aTeMHeHHOM MCCTE Ji0 [OJHOrO pPACTBOPEHMs] TBEpJIbiX
HponyKToB (He MeHee 2 CYT.). PUNbTPYIOT (OTOPEINCT He-
Pea popodky ¢ o0e3sonenHutM ¢ilibTpoM 3 pasza (ToHKast

WIbTPALMsT Yepes MeMOpauHble (UIBTPL! OCYIlleCTBJISETCS
Ha paBoyem MecTe mo Mepe HanoGhoctn). Bce paGoTe mpo-
BOMAT 1101 BHLITSKKOI, © 3an[UTOH OT aKTHHWYHOrO CBeTa.

PaugT pesuct B TeMHLIX OYTLHIKAX € 1UIPUTEPTLIMH npo-
Kamy, :
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Cocraebl piin npossnenns. OBbYNO Ann OposiBaeHHs nO-
3HTMBHHX doTopesincTos Haioin3yoT 0,05 M pacrsop el-
koro Kanus, 2% -Huli pactBop TpHHaTpHii(ocdaTa, noGannss
MHOIJIA K 1I0CNIeJIHEMY TVIHUEPHH JJIST 3aMefjlenusl Mpouecca.

Crepyer yuuTHIBaTh, UTO Y LIHPOKO NPHMEHSIEMOro Ipo-
SBUTENST Ha OCHOBE €JIKOro KajlH MOXET M3MEHATHCH Besll-
gynna pH M3-3a mOrNOIICHKS YrAEKHCNOrO rasa u3 BO3AYXd
M BblILENAUHBAIIST CTEKASINON HOCYA, B KOTOPOil XpaHsr
peSHCT. STOT nposIBITCN b 1)€KOM(.’IIJI)'CTCH TOTOBHTL € TakliM
pacdeToM, 4TOOBI OIl MOT OLITh NOVINOCTBIO HCIONBL3OBAIl 33
8—10 u.

CralHNbHElE BO BPEMEHH CBOMCTBA OGECHEYHBAIOT TaK
HasplpaeMuie Oydepubie nposBrtenn. Oaud u3 HuX (Gopart-
Hbl Oydepuuii npostBUTENDb) ObUI JOCTATOYNO MOTHO HMCCHe-
JIOBAH M TOKa3aj BechbMa Xopouite xapaxrepHctuki. Cocras
BopaThoro GydepHoro MpOABUTENS OnpeensieTcst COOTHOLLE-
HHEM

10 ma 0,05 M NayB4O74-x ma 0,1N NaOH,

I7le 3HauyeHHsl ¥ BHOHPAIOT, ucxons H3 TpebyeMofl BesHYHHbI
pH (tabun. 3).
Ta6anua 3

3apucuMocTh MeW Ly Ao3aBKo#t eflkoro HaTpa X M
Besnuidnoit pH Oydepuoro nposeutTenn

x, ma| 11,2 12,0 12,7 14,0 15,0

pH | 11,72 11,98 12,12 12,28 12,39

Xopolilee nposiBNieHile C YeTKMM KpaeM H TOYHO repeja-
ueil pasmepoB nauuilaercsi co 3HavenHii pH=123 —12,35
(+25°C). Besmuuna pH GydepHoro TNpoSBHTENs ocTaeTey
ICH3MEHHOf B Tenelnre Mecsiuya i Gosiee.

CpapueHue yeThpex THIOB NPOFABHTCJCH: A OCHOBE €f-
KOTO @AW i harpa, TpHnatpuiiocdara 1 6opatHoro 6ydep-
IIOr0 — [DOKA3aJI0  JIPHMCPIIO  OJ(HIAKOBHE  PE3YJBTAThl 110
IVIOTIIOCTH  TIPOKOJIOB  H  TOMHOCTIL  NEPe/laud  pasMepon
(rabn. 4).

Bpema nposmienust v Oyipeprnion 1posinatene ¢ pH==
=12,32 cnost peancra ®11-383 romumnoi 0,7 MxM cocrapssi-
et 15 ¢. B 0,05 M KOH ¢ teM xe pH 3To npems npeBoiaer
3 MHH, OplveM KadecTno nposiienns xyxe. [poasuteas 11a
OCHOBE €JIXOTO Kaiu lIauimaeT Xopolwo «paloTaTh» €O 3pa-
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yenuit pH=12,65; ouesinno, uto upoOsBIEHHe B Bomace
CHJIBHOIT [11€T0YN MOXKET IIPUBECTH K NOBLIIIEHHOI IMIOTHOCTH
1POKOI0B.

ITposiBuTENsIMIL JIIs1 HETaTHBHEIX (POTOPE3NCTOB cAayXKaT
OpraHuyeCKue pacTBOPUTENH — TOYON, TPUXJIOPITHUIEH.

Peuentypsl TpaBureneii. MOHOKPHCTANTHYECKHH KPeMHMH.
B nnanaproit TEXNOJOTIH, Kak [IPaBHJIO, KPEeMHHIT TpapsT
¢ ZOMOANNTENLHOM 3AUINTOH OKNCJOM, T. . Cllayand BCKpLI-
BAIOT OKHa B OKICJE, @ 3aTCM, 1le ClIIMas pe3ncta, NPOBOLAT
TpapJieHHe caMoro kpemimus. B kauecToe Tpanureseil lenods:
3yIOT CMECH [IJ1aBUKOBOI, a30THOH M YKCYCHOMN KMCNOT B pas-
JIMYHLIX COOTHOLeHmsix. Tak, HanpuMep, omMcaHn [48] pe-
3yNbTATHL TpaBjeHHs yrayGnemmit jo 30 MxkM B cocrtaBax
HF: HNOj: CHy;COOH=2:9:4 u 1:3:1. CxopocTh TpapjieHus
coctapnsina 4—8 MiM/MHH, GOKOBOE NONTPABIMBAHHE pab-
HSIOCh TIPUMEPIIo NIOJI0BHHe MyGuunl TpapyeHust. B paGore

Ta6auna 4
CpapumTesbHbE XAPaKTeMICTHKH BPOSBHTEJeH

Npomsitesn pH (+26°c) | THAOTOCTE npoko- ) Onviocrrreauian -
Boparhuii 6y(epumil 12,32 0,13—0,14 3,05-+0,39
0,05 M KOH 12,65 0,17—0,18 3,94-+0,47
0,05 M NaOH 12,65 0,27 13-65.“;"53
2% Na,PO, 12,23 0,14—0,16 4,2540,84

[36] npemnoxxen Tpaprtent HF:HNO;3:AgNOy=1:4:4, koTo-
Pvlit Maslo BO3/ICHCTBYET Ha MACKUPYIOWHIT OKUCEL.

B 1nocnenuee mpemst assi TpaBJeHNs KPeMHHs HCIONb3Y-
10T anu3otponuuie Ttpasutesn: 10%-upiit pacroop enroro
HaTpa,  STHJIEHJMAMHU-TIIPOKATEXUHOBHIN,  I'MIpa3nHOBbLIT
u ap. [28]. M3-3a Goabluoli 2HEPrin aKTUBALMH 3TH TPabu-
Teln TpeOyioT 1tarpeBa JI0 BLICOKMX TeMIepaTyp, OJM3KiX
K TeMiiepatypaM ux Kuienus.. POTOPE3UCTH 11€ BLIEPKUBAIT
TaKoro Bo3jeHCTBNA UIEJ0YM M TEMIIEPATYpLI, TaK YTO POJb
dotonuTorpadun CBOANTCR K NOAYMEHILO OKOIl B MACKMpYIO-
IlleM oxuene. ['panHubl OKOll B OKICHE JIOJUKIIL BBITH CTPOro
opueHTupopaitet. IlaipHnep, 1IpH TpaBlieNvl KaHABOK B INa-
CTHHe xpemHisl ¢ nosepxuoctnio (100) neobxonumo 1pesy-
CMOTpeTh PHCKY HJII CKOC BHOJL Bhxona ockoctit (111)
112 nosepx116cTn, M Qotoiuadaon pacnojiarath Tak, 4To0Lt
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St Kd3Hapox wLiVIM napannesisHo PHcKe. Torna cremxht K-
HaBok OyyT OrpaHuuenbl maockocTaMu (111) u wATH Tou-
HO moy yraioM 35° K 110BEPXHOCTY, a TiyGuHa TPABMEHUS Ka-
11aBK¥ ONpefIeuTCs IWHPHHOH OKlla B OKucJe (Mo JIOCTHKe-
HMM 3TOH r/yOMHEI NpOLlecC TpPAaBJIEHHS OCTAHOBATCH).
OnTuManbHblit COCTAB TPABHTENs B MOJAPHLIX NPOLEHTAX:
stunedanamud 35,1%, nupokatexurn 3,7%, soma 61,2%,
TeMnepaTtypa Tpabnenus 110+1°C.

B Tex cayyasx, KOrJia MacCKHDYIOLIMH OKHCEN Iledlbis)
HCIIONB30BAaTh, IIPUMEHRIOT Gosiee TONCTHE CJIOH HOTOPE3HCTA.
OcHoBHY10 poNb NPH 3TOM HrpaeT BhIGop pexuma BTOPOIl
cymku. B pa6ote [37] mns tpaBneHua 1a nonupoBalHOI
H 1JIMdoBanHON NOBEPXHOCTH KPeMHHs NpejsiaraeTca cocran
HF:HNO;:ClH;COOH =2:7:2, Hcnonp3onanca MNO3UTHBHLIN
doropeauct c cootHowenveM HXJI: voBonak=3:7, 10%-
1L PacTBOp B [MOKcalle; TOJMIMHA CJIOf COCTaBMAj]a S—
10 mxm. [Ipu MunuManbiioM pasMepe okHa 100 MxM ynaBa-
JIOCh BHITPaBJMBATL YIyO/eHHs He TAaKy!lo XK€ BEJHYHHY,
lpuMeHsis CTyNellyaThlil pexxuM Bropo#t cywku. Buavane
npoviBJieHHblH pedpefd (TonmuuoR 3 MKM) HarpeBaercs
B TepMmocTaTe o TeMneparypel 100°C, 3aTeM cremyeT Mep-
JleARuil B TeveHue 3 u warpes no 120°C (momycTuMa w 3-u
BhiiepxKa nipu 100—110°C) wu, HakoHel, GEICTPHI Harpes o
180°C, nputeM BLIepXKKa NMPH 3ITOH TeMIepatype AOMKHA
OBTb KpaTKOBpPeMellHOi Bo u36erKaHue paspylLueHNs Pe3HCTa.

Nomkpucraniuyeckrit kpemuuit. Ou TpaBuTcA OhICTpee,
YeM MOIIOKPHCTAJJIMYECKHIl, N03TOMY XeJaTeJhHO HCNONb30-
BaTh MeIJIeHHble TpABHTEAH. IJisl TpPaB/JeHUS! TOHKHX CJIOEB
TNONUKPHCTAJIITHYECKOTO KPEeMHUsl PUTOJIeH TPaBHTeb, BK/IIO-
qawluui Ba COCTaBa:

Cocran A: 40 u. a’0THOH KuclOTH, | 4. MuaBMKOBO#l KMc-
JIOTHY.
1 4. pactBopa a3oTHokucioro cepetpa (1 r Ha
100 Mn1 Bosibl).

Cocras B: 2 u. nponuneHrnukons, 2 4. JAEHOHH3OBaMHOL
BOJIHI.

Ilepen TpamieHwem oBa cocrasa CMeLIMBAaOT BO (TOpO-
nnactopoit mocysne (1:1) it BuinepKuBaloT 5 MuM 11pH KOMHaT-
Hoii Temneparype. CKOpPOCTh TpaBJeliifi B TaKOM TDaBurele
0,1—0,2 MxrM/MuH, Kpasm HONYYalOTCHl JOCTATOYNO YETKHMH;
BIpPOYEM, 3TO CHIILHO 3aBICHT OT KayecTBa 1OJIMKPHCTAMNH-
YyeCKoro KpeMHuA. [l Tpapliemns TOJICTHIX cnoeB (no 200
MKM) NOIIKPHCTAJTHIECKOTO KPEMHHA TIPHUMEHMMEl aHH3O0T-
POIIHHE COCTABEI C 3ALHTOH OKHCNIOM.
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Fepmanmii. HanGonee wvpoxo uclosnb3yerces TpasuTedb
cnelylolero coctana *): 1 4 GpTopPHUCTOROAOPOHON KHCIIOTHI,
1 4. a30THOIl KHCJIOTEI, | 4. mepekucH BojOPOjia H 4 Y. BOMIBL

CkopocTh TPaBNEHHA OKOJIO 3 MKM/MHH, CTENEHb pacT-
papauBanua He npesbuuaer 10% npu Tpasneunu nta rayonHy
He Gosiee 10 Mxkm. Onucansl TaKIKE TPABHTENH JJIsl repMaHIA,
B KoTOpHE BXopsT 30%-Has mepckuch momopona (1 u), Bo-
a2 (4 4.) n xakoi-nuGo xomunekcoo6pasopatens (1 4.) —
XJIOPHCTOBOJIOPO/IHAS, YKCYCHAsl, JIMMOHHAS, I1lABEJIEBAR WU
BHHHA$5 KHCJOTLL.

Apcennn ranmma. Insi M30TPONHOro TPABJIEHHS HCIOJb-
3ywoT coctapn: 1) 1 u. Gpoma n 1000 u. meTiioBOro cnupTa;
2) 1 4. 30%-noit mepexucn BoaOpojia, 5 Y. CEpHOYE KHCJIOTH
u 1—2 u. Bonei; 3) 3%-HEl pacTROP CHIOXJIOPHTA HATPHS.
OOLIYHO HPHMEHSIOT JONOJHHTENILHYIO 38LIUTY OKHCJaMH
KpeMInsl Wiy amoMuaus. PacrpapniiBanie paxe ¢ 3auniuTol
OKHCJIa JIOCTATOYHO CHJbHOC-— o 20 MKM NpH pasMmepax
okua 100 MM u rnyGuxe Tpamieuns 25 MxM. Taxoe Gosb-
1loe PAcTpaBIMBAHHE H MEDPOBIOCTb JIHA JIYHOK, BEPOSTHO,
CBA3aHbl € aJICOPOLMENl MOJEKYJ TPABMTENS lla [paHHLAax
OKMCJIOBOH MAaCKH; 3TO 3aTPY/ISET AHDQPY3HIO MOJEKYI.
INpumenenne Tpaputens 0,7 M I11,0,+1 M NaOH, pna xo-
TOPOro JIUMUTHPYIOUIUM (aKTOPOM siBiAercd ne nudysHLLil,
a XMMHYeCKM# MexXaHM3M, TIO3BOJIIET YJYYIIHTH KAYECTBO
doTonuTorpaduu (ua HeratumHom toTopesncte). Apceuns
rajius, TaK e, Kak M IPyrHe HHTEDPMETAJJIHYECKHE COeHHE-
HHf, MOYKHO TPABHTh B CMeCHX a30THOH, (proplicToBOROPOIHOI
H YKCYCIO KHCJIOT, aHAJOTHYHO KPEMHHIO.

AnusoTponHoe TpansieHHe apCCHILIA TaJUIHA OCYIICCTBIIS-
1T B coctaze H,O0, — NH,OH [39]. CkopocTs Tpasnenus
coctaBnsier 0,1—0,2 MKM/MHH 1pH TpaBJIEHHH IJIACTHHEL,
opuerTHposannoi 110 miockocty (100).

Apcenup  unpusa, Gochup ranauMa, AHTHMOHHMA HHANSL.
Hus Tpapneumss apcenmja NIyst OPUFOJEN PAJ{ COCTABOR
[40], us xoropux ans QoTonMTOrpadHI YalE UPHMENFIOT
creayrownii: 3 4. azoTHON KHcsoThl, 1 4. ¢ropHcTOBONOPON-
10iT KUCTIOTH H 2 u. Bojibl. TparJeilne Npu KOMHATHOH TCM-
IIEPATYPE HIET CO CKOPOCTHIO OKOJIO 40 MKM/MHH sl mice-
xoctu (111).

Dochun rasius TpaBAT B CMECHX Aa30THOH KHCAOTH
¢ constnoii nnu gropHctosonopouoi (1:1) [40).

*) B 3Toil rsiase BCIOAY, KPOMC OrosopCIiIMX Cayfaack, JIMCCTCfl
B nuay (42—46) %-van dropucrosofioponnas, ((7—72) %-nasn asotuan
H JefisMasl YKCYCHan KHCJIOTHI.
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AnTuMmoly HIHS MOKIIO TPaBHTh B 3THX 7K€ CMECSIX,
HOOABIIAS, ecay HYKHO 3aMeJINTh peakuwmo, 1 1. Boawbl.

JByokucs xpemuna. [lnisi TpaBieHHsi TepMHYECKH BhIpa-
WENION ABYOKHUCH KPEMHHMST HUCIOJAb3YIOT COCTaBhi lia OCHOBM
GTOpHCTOBOAOPOANOI KHCIOTBl M (TOpPHIA aMMoOINA. Pexo-
MeH/IyeMblil B 3apybeznoil TPaKTHKe TpasHTefib HMCCT CO
crap: 7 u. ¢ropuctoro ammotnsa B 40%-nom BoaHoM pacT
pope ¥ | 4. JTOPHCTOBOAOPO/IION KHCI0TH.

B paGorte [41] 1npendioxern TOT Ke TpaBITedb C COOTIO-
urenneM  32:2,5, CKOpOCTb TpaBAeHHsi 1IpH TemIlepaTypc
22+3°C cocraaser npumepHo 0,08 mkm/mun. Ilpy nosstuce-
I TeMIepaTyphl CKOPOCTh Bo3pacTaer u npH 40°C pocTura-
er 0,22 MxM/muH, T. €. HeOOXOMHMO TEpMOCTATHPOBATHL HPu-
uecc Tpapaerns. ITpHMeHsOT Takike TPaBHTeJH C APYrHmIl
COOTHOMIEUAMH COCTaBAsIOINX, HaupuMep: 1) 10 4. ¢ro-
pucroro amMoinHs, 3 4. (PTOPHCTOBOAOPONION  KHCAOTLI
u 20 u. Boam; cxopocrs Tpasaendst 0,12 mkm/mun [42],
2) 3 u. dropncroro ammouns, | 4. ¢TopHcTOBOAOpOLHOI
KHCHOTH M 7 4. BOAH; CKopocTh TpaBieunst 0,06 mrm/min
[11]. Tpamirren 1pH JJUTETbHOM XpaHEHHH «CTaPElOT»,
CKOPOCTh TPaBJCHNS YMenbilaeTcs (upnmepno ua 20%).
B paGore [11] nmpeamoxeH  ckopocTHOH — TpaBHTeND
(0,22 mxm/mmi): 2 4. cepuoii kucaorel, yu. sec 1,135, 1 u.
()TOPHCTOrO aMMOIIHs.

TpumecHo-cunuKaTHble cTekna. 1paBnT B Tex e cocTd-
Bax, 4T0 M ABYOKHCh lpemnusi. Muorna ymenpluaoT (BABoe)
KOMIYECTBO  (HTOPIICTOBO 10POANIOI  KHCAOTH, TaK Kak CKO-
POCTI, TpaB:IeNHsl CTEKO;l (1aMIOrO Belile, YeM JBYOKHCH
Kpemuusi: o 30 um/fc past ocopoCHIUKATIIONO CTekaa
n 0,7—12 numjc ana poyoxkucH kpemHns. B japyxcraofivex
CNCTEMAX CTEKJIO — [BYOKHCL KPEMHHS Da3Jiiuusi B CKOpo-
CTAX TPABJCINIA 11 IUIOXAs ajireshsl PCIHCTAa K CTEKNY Tpli-
BOAAT K 3MAMHTCALILIM  pacTpasiupanusa. Jlas  Gopnoul
C JI0/OBILIM  SIBJELHEM  [PHMEINSIOT  PasaHuibe  ClocobLl.
OnMil 13 HHUX 3aKTIOUEETCA I8 TOM, YTO CTPABJHBAIOT TONLKO
Cnoit  IPHMECHOr0 CTeKkid, 3a1CM  INIACTHHY  1IpOMEIBAIOT.
nposoasT TepMooBpaBorky npu 180—200°C, B pesynbrarce
KOTOPOIl Kpas (pOTOPE3NCTIBHOIO peiheda «ONyCKaloTCA» Ha
OKIICET, W 3aTem TpaBat okncen. JIpyrHe <nocoBul paccmoT-
peHsl & . 5.

Movoouncs, kpemums. Bee TpasHTenn COMEPIKAT B TCN
W UNHX  KosingecTsaX  (PTOPICTOBOAOPOANYIO  KHCIOTY:
BBOJIA PA3ANYULIE KOMIOLIENTH, MOXIO PCTYyJIHPOBATH CKO-
pocTh M xadecTBo Tpasicuds: 1) | 4. dTopHCTOBOIOpOAHOIL
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gnenorH, 1 u. ¢roprcroro ammonns (50%-nulit pacrsop);
ckopocTh Tpasienust 0,001 mim/c; 2) 1 u dTopucToBOJIOPO-
Hoil KHCaoTLl, 2 4. $TOPHUCTOrO aMMOlMSA, 7 4. NepeKkHCH BO-
HOpOJia U 5 4. BOJBI; CKOPOCTL TpaBnenis 0,025 miM/c.

UYaunle Bcero TpaBjieHHE MOHOOKHCH KPEMHHUS MPIIXOAHTCA
BHIIIOJHATL B COCTABE MIIOTOCIOINON CHCTEMb — Pa3Boukit
METALIH3ANHH B HHTETPATbIIbIX CXCMaX HJIH NMACCHBHPYIONIUX
moKpLITHSIXK. B 5THX c.lydyasx BamHO, YyroGk TPaBHTCAbL He
BO3/IeHCTBOBAA 11a ApPYIHe cIoH. PeKoMeHayloTes crexylo-
LiMe CoCTaBLl:

1) Mornookich KpeMiliis lla 10X MOJNUGACH —- 30710TO -~
moanbnen [43]:1 4. GTOPHCTOBOMOPOAHON KHCIAOTH, 5 «.
2%-noro pacrsopa AgNOs, 5 u. BoJibI;

2) MoHookHch KpEMHHS Ha CJI0SX XpOM — 30J10TO —
xpoM [43]: 2 u. ¢TopucToBOAOPOIIONH KUCHOTH, 2 1. dTOpH-
CTOr0 aMMoliHsi, 5 4. asoTiokncloro cepefpa, 20 u. BOIHI;

3) MoHooknch kpeMHus Ha ciloe PbO-Si0z-B0y-MeO
[44]:13 u. ¢ropucroBosopoAnofl kiicaoth, 100 u. u306yTH-
JIOROTO CIHPTA, CKOpocTh TpasJjenns 0,5—0,8 Mmim /MHH.

HuTpnn xpemuns, okcmHurpua kpemmusi. Hutpua kpem-
HHsl TPABNTCsI BO HTOPHCTOBOAOPOAHDII KHCAOTE, BO3AEHCT-
BHS KOTOpOH (pOTOpe3UCTH INpPAKTHMYeCKH Ile BLIACPIKHUBAIOT.
Ilo 3Toit upMulHe TpaBJCHHC TPOBOAAT C HOACIOCM MONHE-
Jena. OKCHUNTPNA KPEMHHS XOPOLIO TPAaBHTCH B TOM IKe
TPABITEJIE, KOTOPLIH (IPUMCHSAIOT 1PH (OTOJNNTOrpadhHl 110
aJlloMITHMIO: 7 u. a30TIOHA KNcAOTH, 15 u. opTodoctopHroi
KHCJIOTH, 3 Y. yKCyCHOIl KHCAOTH, 1 u. BOMH.

Oxucamr  merannos. Tpassenne Al:O;  ocyuiecTBasior
B narpetoii oprodochopiioii xiienore. Ons TpabienHs OKH-
ci wegesa Fe;0, [25] ncnioab3yior Bomnelit pacisop codsi-
Holl klicxaoTul (B paBHOM cooTHoweHun). Ilpr kommnarnoi
TCMNCpaTyYpPe CKOPOCTL  TPaBAEHISI  COCTABJIACT  OKOJIO
3 IIM/C 1, KaR yIRe OTMCUANOCH BLHIC, CHALINO JABHCHT OT
YCAORBINT OCaAICINS ILICHKI OKICH JKCJIC3a, B 4acrocTh oT
TeMuepatypn ocasciachua. Oxuconn miina IngOy 1 onona
SnO, xnMHUECKH O4CHb CTORKIL K KiCNoTaM (3a MCKJiode-
1eM pTOpHCTOBOABPOAIION KIICAOTH) M HX coiiM. Tpasutb
STl OKNCJABI MOMKIO B [ArPCTLIX 1ICTOMAX, HO MacKa I3
pesticTa He BhlAcpKHBAET NO;W0ON0H o6paborkn. Ilosromy
ns potoauTorpadu UVTL AU Tle €mNICTBCHHBIM BLIXOZOM
AIBJASETCS 1ICMOABIOBAIIC PCARIUNI 3aMCIH 0J0BA HIK Hil-
WIS AKTHBALIM NCTAJLIOM, HAIPIMC]D IWHIKOM:

211C1
2HCl 4 Zn= ZnCl, 4 11,; SrO, 411, —~- SnCl, 4 2H,0.
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IMpakTHueckn UMHK BBOAAT B pactBop 18%-unoil connHoi
KHCJIOTH B BuJe UuHKoBo# nulnu {45]. IlpuroToBnsiioT Boj-
HYIO CYCIIEH3HIO I[UHKOBOIl NLINH, HAHOCAT €€ Ha MJacTHHY
H ONYCKAIOT IJIaCTHHY B KHCJOTY. TpaBiieHHe MAET TOJNBKO
B MOMEHT BhIJleleHNst BOJIOPOJA, T. €. IIMHKA JIOJIXKHO XBa-
THTb 71 00pasoBauust BOMIOPO/IA B TeYeHHE BCErO BPEMEHH
Tpapnenns. Eciin pesnbed NMOJHOCTBIO He BHITPABHIICH, MOXK-
HO M3BJICYb 1JTACTHHY, MPOMLITb, BHCYUINTL, IPOKOHTPOJIH-
poBaTh MOJ MHKPOCKONIOM, CHOBA HAaHeCTH CYCIEH3HI0 H
JOTPABHTb JI0 KOHIA.

Xpom. IlneHkn xpoMa XHMHYECKH OUeHb YCTOHYMBBI, Tak
KaK Ha HX JIOBEPXHOCTH HIPAKTHUECKH BCErla MMCETCH Toll-
Tafimil HezaMeTHBI cyiofi oxkuen xpoma (CreOs), koTopas
OPelSTCTBYeT B3aHMOJECTBHIO MeTasila ¢ KHCIOTOH (XpoM
CTOMT B PA/ly HANpAKEHHI MeX1y UIHKOM H JKeJle3oM M
B COJISIHOH KHCJIOTe JIOMKEH Jlerko pacTsopuThes). OKHeb
XpOMa DacCTBODPACTCH B CONAHON KHCJIOTE NPH HArpeBaHHH,
ee MOXHO TaKme YHANUTh IPOCTHIM cocKabauBanueM. Ofi-
Hako jis (QoTonmiTorpacdHl Hanbosiee TIpHrojlen CIocod
KPATKOBPEMEHHOIrO IIPHJIOXEeHNst HeGoJIbLIOro HaNpsixKeHHus,
KOTOpPOE pa3pyluaeT cJoM OKucH Xpoma. OcyluccTsisieTcs
3TO KOHTaKTIIPOBAaHHEM MOBEPXIIOCTH XPOMa, Haxojsmefcs
B pacTBOpE KICJOTLl, C MeTajuioM (aJlOMHHHMEM, UHHMKOM,
0JIOBOM, MarHueM, clliapamil STHX MeTaunnon H T. i.) O6wiy-
HO TNpumeHsioT 12—16%-nbiit pacTROp cONAHOM  KHCNOTHL,
a U MMM POBAHKS PeaKuMll — aJloMIIHERYO NPOBOJIO-
Ky. Peaxiuisi MHHTEHCHBHO HauMIIACTCS B MeCTEe COIIPHKOCHO-
BeHIIsl, 2 B Y/laJIeHIHIX YIacTKax Halslo/aeTcs Hel0Tpasdlil-
paHue. B [46] npensoxeHo jiif ynydllleHHst paBHOMEPHO-
CTH [06aBJIATL B TPABHTENb TOBEPXHOCTHO-AKTHBHHE BELl(E-
crea tHna CB-104 u CB-102. Kpome consnoit KucnoTh
NpUMCIRIOT HacllleHHHI pacTBop AlCls, narpethiil go 70°C.

EcteerpennnM cTpeMaciueM Gu10 n3faBiuTLes oT Mo-
KaALIIOro NHNIINPOBANIS PCAKLMI N BBECTI BOCCTANOBII-
Tenh HeloCpC/CTBCHIO B pacTiop rtpasnteas. Tak, onucan
TpaBHTeNb, MPEJCTaBNFIONHIl CMECh CONANOH  KHCIOTH
¢ rumpasni julrnipoxnopusiom [47]. B pa6ore [46] upeano-
KEHO ITIPOBOANTL 1PEABAPHTENLHO aKTHBauno B 3%-nom
BOJiHOM pacTBope Ooprujipuna xanus B Teuenne 30 ¢ v 3a-
TeM TPaBuTh B 25Y% -Hoil consinoil Kuchore. CKOPOCTh Tpap-
nennst 0,1 MxM/Miun, MIHEManblibl]l pazMcp, NOJYYENHpI
aBTOpaMM 3Toi paloThl, COCTARJN 2 MKM.

B nocncmnce BpeMsi 3a pyGEKOM I B OTCUECTBEHUON
NpaKTHKE sl TPaBIeHHSl XpPoOMa YCIeNo TNPHMEHSIOTCHA
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ipablTend Ha Ocitope cosefi uepnsi: 1) 164 r amMmoHieBod
conu Hurpata wnepusn (NH,):[Ce(NO;)s]4H.O, 130 ma
cosisiHoft KucyioThi, o 1 1 mosd; 2) 200 My cepHOKHCIIOro
uepus, 100 Mn consiHof KucyoTh, 10 MJ CEPHOII KHUCJIOTHL,
po 1 n Bouel. Bo BTOpOM cocrtaBe OGKYIIO HPOHUSBOJNAT
[OTPARJIMBAHHE OKOH B HJEHKe xpoma [20].

Anomunnii. Tlpu 3amute NO3HTHBHLIMHM (OTOPE3UCTAMH
B OCHOBHOM IOJIL3YIOTCSl HArpeToil opTotocopHOl Kucno-
Toft NGO «XONOJMLIM» TPABHTENEM, COCTOAULHM H3 CMeCH
opTodochopHOl, YKCYCHOM, a30THOI KHCnOT u pojki. OpTo-
tdocdopuan kucnora HmeeT GOMBLIYIO BA3KOCTh, NMO3TOMY
yAaJieHHe NMy3HPbKOB BOROPOMA, 0GPa3yIOMXCA B IPOLEC-
Ce Tpaplelius, 3aTPYAHE!l0; YHaJATh KE KX 1E00X0/IIMO
JUIA TOro, 4TofLi HE OCTapBaljiich HCNPOTPABRJICHILIE YYaCT-
KH — XapaKkTepHble KpyTibie «IATaykH» aniomuHus. Ha-sa
MOBLILIEHHOH BSI3KOCTH CKOPOCTh TPABJIEHHS OrpaHHUYEeHa
nubdysnein Monekys TpaBHTeNs H, CJEeOBATENLHO, 3aBH-
CHT OT TONUMHEI cJlos afoMuBHs. B [41] npusejens akcne-
PUMEHTAJILHLIE faHHBIE: C YBEJHYEHHEM TOJILHHE aNIOMH-
Hust oT 0,3—0,8 MkM mo 1,2—1,6 MKM CKOPOCTL CHHXaJlach
ot 0,43 no 0,25 mkm/Mud. OTmerHM, opHaKo, YTO IpH
Hanunelinn Gosee TOJICTLX IJIENOK MOMJIa M3MEHAThCS HX
CTPYKTYPa. ¥MEHbIIHTL BPEJHOE BIIMSIHHE BA3KOCTH TPaBH-
Tesis1 nomoraeT pHGpaunsa ¢ gactoroii 30—50 I'm ¥ manoi
AMIUTHTYLOH; CKOPOCTh TPaBjieHusl NPH 3TOM BO3PACTaeT,
a ee 3aBHCHMOCThL OT TONILMHLI cnost ocyabepaeT. MoxHo
pexoMermosaTh [41] 1oMuMo BuGpanui 1pHMEHNITL JBa co-
CTapa TPaBHTENEH — /NS TOHKHX M TOJICTLIX CNOEB AJIIOMH-
nus: 1) past Torknx cnoes (He Tosuie 1,6 mMxm) 45%-ubiit
pactsop oprtodochopHoit kucnotnt npu 60+=1°C; 2) pnn
TosicToix TuieHox (5—10 mkm) 60 My opTodoctopHoil Kuc-
gots (1,73 r/em3), 15 Mo usonpoirmiosoro crnupTa, 10 Ma
NEeHOHH30BaHHOI Boab. KosnuiecTsa ykasans aJisi OfiHOBpe-
metHoit o6paGoTku 10 nnacTHH; CKOPOCTh TpaBieHHs
0,33 mkm/MuH, Temilepatypa 60=1°C,

CoOTHOUIEHHS KOMHOHEHTOB B «XOJNOAHLIX» TPABHTENAX
MOTYT GbITh ciiepylomumu: 1) 12 4. opTodocdopHoit kucsno-
Thl, 5 4. YKCYCHO#l KHCJOTH, 2 Y. a30THONl KHCNOTH, 1 W.
Boau; 2) 75 4. opTodoctopiioii kucnoThl, 15 4 ykcycHo#
KHCNOTH, 3 4 a30THOH KHMCNOTH, 5 4 moaw. Ilpu padote
C 3THMH TPABHTEJAMH TAKIKE c YCIEXOM NPHMENAETCS BH-
Bpaumust.

B pabote [48] onncaHnl ciefylollne cOCTaBHl JUlsi pafo-
Tl C TIO3MTHBHEIMH pe3ucTaMH: 1) BOOHEI PACTBOP COMsIHOM
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kueroth (1:4); 2) 36 mn 38Y-Horo pactBopa coammoi
KicnoTel, 380 M xyopuoro encaa (40° Bome); Tpanneniic
1aeT 6uicTpo 1 TpebyeT oxaaxpeHis; 3) 80 r xpomosoro
anrunpuia, 14 r ¢ropnia avvonuns, 40 r kajMusa yKcycHo-
knegioro, 0,1 r xpaxmadia, go | 51 Bom.

IMpu pafore ¢ HeraTHBHLIMH (HOTOPE3NCTAMH IOSIBASIET.
cA BO3MOIKHOCTh JUJIsl TPABJElHsl aNlOMHHHA 11CIOJIb30BATL
uenoynele TpasnTesn: 1 r egkoro natpa, 88 r ¢deppouna-
numa, 800 ma soms. Xopoimnie pe3ysbTaTe JOCTIIAIOTCS 11
Gea BOJILI PN MOJISIPHOM COOTHONICHI CAKOLO 1iaTpa 1i
(eppounannna, pasHom 20:1 [49]. TpaBnewse umer npn
KOMHaTHO# TemnepaType. JIfis1 HeraTHBHLIX DE3HUCTOB Ha
OCHOBe IHMKJIOKayuyKa WCIOJIb30BaNCd TPaBUTC/Ab COCTABA
HaPO4:CHaCOOH:H,0=1:4:1 [50].

Mornubpen. OTuocsiupitcess K HOArpyMne Xpoma MosHGen
XHMHYeCKH MeHee aKTHBCII: €Clill XPOM pacTBOPsieTCH B pas-
6aBJIeHHEIX COJISTHOR M CepHOH KHCJoTaX, To Ha monubjen
OHH He JIeficTBYIOT (B roPsiYMX KHCJIOTax OH pacTBopsieTcsl).
Kpome Toro, kak H xpoM, MOJiHGAE!N NOKphIT CBEPXY nac-
CHBHOH OKMCHO NJIeHKO.

TpaBneHlle MoNuGieHa OCYUleCTBISIOT B CMECH KICJIOT,
nanpHMep a3oTHO# u cossiHoii (3:1) nsm asoTnoit u cep-
Hoii [51]: 12 4. a3oTHO# KMCNOTHI, 1 4. cepHO#l KMCIOTH, 7 1.
BOJibl. B 3TOM cocTaBe mMonnGicH TPaBHTCS C BLICOKOI CKO-
poctblo (npumepro 0,8 MKM/MuN), OKOHYaHHe TpPaBJeHHsI
TOYHO 3a(pMKCHpPOBaTh TPYyHO, MOITOMY HabmwoiaeTcsi 3Ha-
yuTeNLHAs HEOJIOPOXHOCTL pe3yabTaToB. Jlyuuice kayecT-
Bo toTonuTOorpatur oGecrneunBalT Goflee Me/NIEHHLIE Tpa-
BHTCJIH, COCTOAUIME M3 CMeCH a30THOH, opTodocopHoil M
yKcycHO# KuedioT. B Ta6usi. 5 ripusejieHbl peLENnTypb TPaBil-
Tesieli, olmcaHHbX B paboTax no ¢ortoantorpaguu. Cko-
POCTb TpaBJiCHMSI B HHX JICKNT B ulpejenax ot 0,2—-
0,25 wmkm/mun (tpaButenu Ne 3. 4) g0 0,66 mkm/mMun
(TpaBuTen Ne 5).

B pa6ore [41] ana Tpapaeivst mosmbjena 13 CHCTeMe
MosG e — 30710TO  MCIIOJIb30BAaH COCTAB, He TpaBRUmMil
nnedky 3osnota: 10 4. asornoit kucsoTsl, 10 u. xjopHoro
Xenesza, 20 4. aTHNEHrNKONS. CKOPOCThL TPABJIEHHsI B 3TOM
coctare 0,06 mxm/MuH, XpaHenie Gosee 8 u He pexomely-
etcq. JIn8 3/1€KTPOJINTHHECKOTO T]aBJeHnsl C 3aUMTOl o-
TOPe3UCTOM NpUMEHSIOT [51] 3JCKTPONUT crenymiiero co-
crana: 409, opTotocdopHoii kucnoTh, 16% cepHoit kucno-
Thl, 43,5% pout, 0,59, 110BepXHOCTHO-aKTIBIOTO BEIECTBE,
wnotnocts Toka 1,16 A/cm?, Temunepatypa 60° C. MoxHo
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TaGnuua 5

CocraBul Tpasutesiefi Monubaena

COOTHOLIEHHA KOMIUDIEHTOD (B 4ac [Ax)
IonMer
-rpamrr‘;:)m oprooedopuan | azotnan yKeycuas Jlinepz1vpa
KICIOTE KHCI0T2 icnoTa Bola
1 15 7 3 1 —
2 75 3 15 5 {28)
3 7 ] 1 I [52]
4 2 1 2 2 [49]
5 15 2 3 1—3 —

Tak¥c TpaslTh B 30%-Holl cepuodl KWicnoTe mpn Toke
0,1 A/cM 2 1 ROMHATHOIl TeMnepaType.

Bonbgpam. [Ina TpaBieHns BojbhpaMa HCIONB3YIOT
cMechb aMMHaKka C TepeKlIChbld BOJOPOAA B COOTIOLICHHH
3:2 unu 4:3 [53). Cxopoctb Tpamiichus 40 HM/MHH, HDINeM
pexoMeHayeTcs Harpesatb Tpasuteab go 30° C v npuMelaTh
CTylleHdaToe TpaBricliie ¢ IPOMENCYTOUHEIMH CTaJllisiMII TIPO-
MLIBKH ¥ cywku npu 160°C B Tewenne 5 Muu. Moxuo
TaKkKe NPHMEHATb TpaBHTeNb CJIE1YIOLero cocraBa: lu.
NaOH, 3,5u4. KsFe (CN)g, 75 Mn HoO [52]. Onraxo y o6oux
TpasBuTeneli Mana ckopocTh i Gosblune 3nagcHua pH. Hus
CHIDKCHMS CTellenu BO3ZLEHCTBHA 11a OTOPE3HCT lipeaniorKe-
HO HCIOJIb30BaTh TPaBHTEJI, B KOTOPHX (eppollainiyi Ka-
JUA COYETAGTCH €O CMabhMM OCHOBAHMAMH, TaKHMHM, Kak
aTuMeHaMill  ad  aMmMpak, nanpumep 0,5 M sThnen-
anaminHa — 0,5 M HCI- 0,1 M KiFFe(CN)s [54). ¥V rakoro
Tpasntean pH=75 -9,5 1 cxopocTh Tpasncis BelHKa
(1 mxm/muma). B paGote [54] ¢ momouipto ykasamiioro co-
cTaBa MONYYATH JCMCHTHl C MITHHMAJILIILIM PazMcpoM OKo-
Jo 1 MkM. BoabdpaM Xopollo TPaBHICS 371€KTPONHTIINECKH
C 3alUTOfl HeraTiBlIEM pe3HCTOM Bcoctanc: BY KOH, 59,
KsFe(CN)s, 1Y%  UOBCPXIOCTHO-AKTHBHOIG — BCHLCCTBA,
octasbiioe Boja. CKopocTh TpanjcHus 5 uM/c nple naoTIO-
cTn toka 200 MAjem 2 [55).

Tanran. TpasAtr B cMecH a30THOH M ITaBHKOBOIl KHMC-
not (1:1) [52].

3onoro. MoxHo TpaBHTb B yapckoil BOJKE, HO, OYEBHI-
HO, hauGosaec HPUCMACMLIC PC3YJNLTATHL AACT TPABHTCID,
€OCTOAALLI H3 f1011ICTOrO KAk, Hojia ¥ Boju (4:1:1) |56].
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Menp, nukenn. TpapJsienue cjioeB MejlH MOXET OCYHLIECT-
BJIATLCHA B XJIODHOM XKeJie3e, pa30ap/ieHHOM a30THOH KHCJIO-
Te (HNO;3:H,O0=2:1), win B coctaBaX, amafioOrHYHLIX Wc-
NoJib3yeMLIM N5 TpabJjienus ajoMunus: 1) 1 4. oprodoc-
dopuofi kucroTel, 1 u. BOju; Temuepatypa okosio 70°C;
2) 17 mun oprothocdoproii KuCOTH, 17 MJI a30THOI KHCIHO-
Thl, 66 MJ1 ykcycHo#l xkHMcioTnl, 50 MJi Bojbl; TeMuepaTypa
okosio 30°C {59].

Turan. Hcnonb3ys ponosuuTeNbHylo 3aluMTy CJIOEM Ha-
NLUJIGHHOTO 30J10T3, TpaBAT B coctase [60]: 65 cM 3 cepHoit
Kuenothl, 1 cm 3 ¢ropucToBOonopoAnoii KucsioT, 30 cm 3
Bosinl. Cuiofi THTaua Tompuuofi 50 HM MOXHO TpPaBHTL
B cMecH, cocTosiedi u3 10 u 40%-1oro pactsopa aMMHuaka
u 1 1. 40%-noro pacTBopa dTOPHCTOBOAOPOAHON KHCNOTEHL,

Kepmer. Pekomensiyetca nprimenenne ,,B3phisHoii” ¢oTo-

JiMTorpaduy, Tak Kak TpymHo nojnolpaTh TpaBHTeJih, ofec-
11eYHBAIOILNH XOpoluee KayecTBO IIpH OGBIYHOM TPABJIGHHH.
B paGote [61] na macky No3uTHBHOTO PE3HCTa TOJIUHUHON
Gosee 1 MKM HaHOCHJM NpH TeMueparype 1omioxkun 300° C
nojicyioli Banaaua rosmunoi 0,5 MKM M 3aTeM clJiofi Kepme-
Ta ToyuuHoil 0,2 MKM, IlOCKe 4ero «B3pblBajin» ¢OTOpe3H-
CTHBHYIO Macky B 54 %-noit asoTHo#l KHcsoTe.
B paGore [41] na 1 u. 3TorO TpaBHTENA HOCABAANH S U. 3TH-
Jienrsvkoss W 4 4. Bomul. TakoH cocTaB no3soJifeT NPOBO-
JIUTL (poTONIUTOrpaduio 1O 30JIOTY B CHCTEME 30Ji0TO — MO-
nubnen, ne ACHCTBYS Ha MOJHOEH; CKODPOCTh TPABJCHHN
0,36 MgM/MuH.

NMaarvda. ITpuMensiloT HarpeTbie cMecH a30THOH KHCJIO-
Te ¢ GTopucToBopopoaHoii (1:5, Temneparypa 70° C) [57]
nubo c congHoit kucioToii. B paGorte 58] nya doTosmTo-
rpaduiu no wiaTtnne ncnojL3ywT ToncThi oot (1,0 —
1.4 mMxM) nosutusuoro coTopesncta. Ilpu Tpasmenumn
BlIAMaJIe NJACTHHLI HOFPY!RaIOT B XOJIOJUIYIO BOAY, 3aTCM
B narperyio o 70—80° C u TonbKO HOTOM B TPABUTEH CliC-
Ayioiero cocrasa: 1 w. a3oTHOI kHCHOTEL, 9 4. conamoi
kucsiotol, 10 4. Bobl.

Ilpu Temnepatype 70—80°C cKOpoCTh TpanjieHHs cJiofl
IVIATHHH, HOJIYYEHHOTO PEaKTHBHHIM DaciIblJieHHeM, COCTaB-
sgget 0,1 mxm/mun. [IpepBaputesvubiii  HarpeB  IJiacTHI
B BOJjie 1HE0OXOMMM jiif TOTO, 4TOGB!l NPefOTBPaTHTL TEPMO-
yaap QoTope3ncTa, BO3HUKAIOWMI HPH TPaBJCHHU B TOpS-
HyeM TPaBHMTCJIC M HPHBOJIAWIMI K OTCIAHBAaNHUIO pe3HCcTa I
LIOATPABJHUBANHIo 110 TpanunaM. Bropas cymka re npume-
HANACE.
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5. Bonpockl obecneuenus kauvecrsa
poronurorpapmrm

Ot kauectBa npoBejieHns: GoToNnTOrpadpuIeckux onepa-
UMi 3aBHCHT B OCHOBHOM TIPOLCHT BHIXOJa FOAHBIX H3MEJHi]
Ha CTaJIMM ONLITHO-KOICTPYKTOPCKHX paloT, B ONBITHOM W
cepuiinoM 1pon3sojcTee. Hcm cioxkiee BLITyCKaeMoC H3-
Jlesine, TeM Baxnee posib otonutorpaduu. llanpumep, no
JLallHBIM aMePHKaHCKO IpoMEIIIeHocTr [62], npn mpous-
BOJICTBE MaJIOMOUIHWIX TPAH3NUCTOPOB, KOr/lda Ha INIACTHHC
copepxnten 10—20 Teic. cTPYKTYp, BLIXOJ| TOJMLIX JOCTII-
ract 80%, a CTONMOCTL, OAHON CTPYKTYPHl HEC IPCBBLINIACT
0.1 ueurta. 1IpH BbIYCKE NHTCrpaJibHLIX CXeM CpefHed
CJIOXKHMOCTH Ma IJIacTHie HaxonnTesi okoso 1000 cxeM, Bbl-
X0/t rojiHniX coctagnsier 50%, a cTouMocTh CTPYKTYyPH OKO-
sio 3 uentoB. M, makonen, npoussoncteo BHUC xapakrepu-
3yeTcs CAefyIOWHMH UHbpamu: 15—25 crpyktyp ma nua-
CTHHE, BBIXOJ TOjHLIX OKoJO 20%, CTOMMOCTL CTPYKTYpH
okono 10 yosur, 1. e. B 10000 pa3 suiule, 4eM CTOMMOCTh
TPaH3HCTOPHOI CTPYKTYDLI.

IlpuynHa TakKoro KONMTpAcCTa 3aKJIOYaeTcsi B TOM, UTO
GHC uMelor OyYenb Oonblime KpuTHYeCKHe 00J1acTH, 10
IJIOILa/IH MHOTjIa paBHble ITOYTH BCeil IJIOILAH KPHCTAana,
W TIOSIBJIEHHe B Npeslesiax KpUTHYIecKo# o6acTu x0T1s Onl 0f1-
HOTO JIOKAJIbHOTrO jleheKTa NPHBOAMT K OPaky Bceil HHTe-
rpanbHoil cXemnl. JIokanbHele fetekThl MOFYT BOSHHMKAThb
B CHJIy MHOPMX OOCTOSITENILCTB: NAXOJHTLCS B HCXOJHOM
MarepHalie, BHOCHTBCS IIpH TEPMHUUYECKUX ONePaLUAX 3SIH-
TaKCHH, JINGGhY3NH 1 OKHCJIEHHs, OCTABATLCS HA NOBEPXHO-
CTH NAACTHH NIPH HEIOCTATOYHOH OYHMCTKE; HO BCE YK€ OCHOB-
HEIM HCTOYHHKOM JIOKAJBHDLIX JeheKTOB CJAYNKHT (POTOJMTO-
rpacus. OcofenHO 3TO OTHOCHTCS K NPHMEHSICMOft B HACTOS-
uice BpeMsi KONTAKTHOM (oTosIHTOrpaduH.

IToMumo JiokaspHLIX nedekTos npu  dortosmTorpaduu
BO3MO3KHBI 1 JIPyrHe HapyllleHHs kayecTBa. B mepBylo oue-
pejtb, UMH FIBJSIOTCH HCTOYHAS IIEPefiaiya 3ajiaHHbIX 111a0-
JIOHOM Pa3MepOB H IJIOXOe COBMellelHe aseMenTos. Kpaii-
HHM CJlydaeM HETOYIOH llepeflayll pa3sMepoB CJYXKHT KaTa-
crpothudecknii OpaK: pacTPaB/HBAHHE WJIH NIOJIHOE CTPaBJIH-
BaHHe CTPYKTYP M3-3a OTC/IaHBaHMA GoTope3ncta. Buunnne
TOYHOCTH N&pejlayd Pa3MePOB H TOUHOCTH COBMeULCHHUS Ha
BBIXOJ FOJIHBIX CTPYKTYP TaKike CHJIBHO 3aBHCHT OT CJIOXKIIO-
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¢Ty mn3rotapauBaevioro npubopa. B npocTefiimem ciyuy
JUIA LPOU3BOACTBA TPAN3ICTOPOB NPUMCHAIOT 4 GoTOuIAGq.
JIoHa, a mia uponspoictBa BUC — e menee 10 dorouias.
501108, @ oTOWa6JA0NbLl HIFOTABJIAIOT € OIPeJeSIeHHOH OBIRG.
OH, KOTOPYK MOJKHO OlEHNTh MPONEHTOM TOYHO COBMe-
LeHIHX CTPYKTYp UOCHE Jianiivii olepalny COBMELLeHIs,
Ecnn upnmsars, uro 80% crpykryp Ha kaxuom 1wabiomc
TOYHO COBMEIAIOTCH, TO JIIAl KOMIUICKTa u3 4 mabnoriop
oOLLINT BLINOJL TOJAHLIX (10 coBMenieHno) coctanut 309,
a aqn Kommackta w3 10 wmaGaones —ue Gosice 4%, [63).

ITpnyuHL, NPUBOAAULIE K HAPYIICIHKO KavecTna (GoTo-
AUTOrpagun, MOXHO Pa3GHTL 1@ CACKYIOIIHC.

Jlokasibunsic Ae(CKThl: COOCTBCHHLIC 3arpy3lielliid B uc-
noBnoM  QOTOPC3NCTa 11 B MCUbMCH  CTCMel  peakTuBoL
(TPONBITCAIL, TPABUTCAN); 3aFPIANCHIN I3 OKPYXKAIOILCi]
Cpe/ibl, BHOCUMBIE B PC3yJibTaTe JICATEALHOCTH NPOM3BOACT-
BEHHOTr0 NepCcoHasa, OT KOHTAKTA € TeXHOJIOrHYeCKOH Tapoii
11 060pyAOBaiMCM; HH3KOE KaucecTpo pOTOIIaBNOHOD -
NPOKOJIH, OCTAaTKIl HENpO3pauHOH IUIEHKH B OKHaX, BHIKOJ-
KH CTEKIa M T, A.; ACKCKTL l1a MOBEPXUOCTH NOIJIONKKH —-
3arpsA3HCHHUS, OCTAIOUIHECH 1I0CJIE OTMLIBOK, JUIsi SIHTaKkcu-
aJbNBIX IICHOK BLICTYNIBI BLICOTOH 10 1 MKM; Mexauuuc-
CKlle napymenis caos GoTopesHcTa B OCHOBHOM OT Malli-
nyJaslil ¢ NIMHINETOM M BQJICICTBHE IONajaHMs TBEepbix
YACTIIL MEXAY madJIOHOM H pe3ucTOM NPH KOHTaKTe.

Herounas uepcnava pasmepon: HEONTHMAaJLHLIE peXu-
MBI MPOBEICHHS ONEPANHil SKCTNOHIPOBalMA, TPOSBICHHSI,
CYIIKH M TPaBJICUHs, @ TAKIKE OTKJIOHEHHS OT 3a/laHHbIX pC-
JKUMOB; UIOX0M oG0P ¢oTOpe3ncTa W TpapUTeds Jylsl
MOJIJIONKKH lannoro Tuiia (3TH jBa (aKTopa ciie/lyeT BHOI-
paThb COBMECTHO, KaK COCTABJAINIIHE C€JUHOH CHCTEMH);
HaJMuMe 3a30pa Mexly 1absonoM H cjl0eM (POTOPC3UCT2
M3-3@ MCKPIBJCHHS IJACTHH, IONalaHus Mex(ily mabJaoHoM
M WIacTHHON HHOPOJHBIX 4YacTHIl M T. JA.; CHend¢puyeckuc
ocobeHHOocTH (hOTOINAGMONA: MEHbILAsd, YEM Yy XPOMHPOBaN-
HLIX, KOHTPACTHOCTbL TpaHCN4PeHTHLIX 1WabJOHOB H BO3II-
Kawulas 1 pe3ysibTate ONaciOCTb NOABJCHHA «ABOHHOTO
Kpasi» min HCKaXKeHMs KOHGUrypanun SJeMCHTOR.

Ilpekie veMm paccmarpusaTh MeTOALl GOpLbum ¢ mepe-
YHCJCHHLIMH NPHUIHAMK  Hapyllends KayecTBa, CJepycT
OCTaIOBUTLCA Nl OfUIOM BaXKHOM NOJIOXKeHuW. JluTepaTyp-
nple fadnbic M ONWT, HaKONJGHHEIH OTEGYECTBEHHOH I0JYV-
NPOBOANMKOBOl IIPOMLINIICHUOCTLIO, TOBOPAT O TOM, WTO
npodseMy NOBMINEHNS KauecTsa (OTONHTOTPAPHU MONKIO
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BEIIHITD JNHIL 1PN KOMIVIEKCHIOM NoAX0ic. Tobko cosia-
He cammnoit cucteMbl ouncrsn n guabtpannn (ECO®)
bGecneuuBaer BLICOKME BBIXOA TFOAKLIX M3/le/Hf MOBLILIEH-
poit cnoxcHoctu. HejocTtatouno npocto ¢unbTpoBaTh doTo-
pesNCT WIKH OTMBIBATL TUlATENLHO MJIACTHHLI; 11€06X0ANMO
HanaaMTh GWILTPAlLHI0 OKPY)KAlOLlero BO3AYXa, BCEX rd-
30B, OKA4TOrO BO3AyXd, BO/H, PCAKTIBOB, OPraHM30BaTh
OTMHBKY (oTowaGaonos u T. j. Komiexcnoe peuteHne
npobnaeMb kavccrsa (oronuTorpadmil - cAUHCTBCHHO Mpa-
PIVILIBI OyTh 1 J0GOC Ne/loCTAI0ILCE 33CHO MO/KCT CBECTIl
Ha 11CT OCTaJbHbBIC yCHANS.
l Jdna Quaurpannu ¢goTopesucton 11cnonn3yor membpan-
pi¢ GUALTPLL € pa3finuHplv AameTpom nop. Taxue ¢nuwT-
Ll BBIFO;UIO OTVINYAIOTCA 0T O0BCMUBIX Manoli mncomno-
0AIOCTBIO PA3MCPOB NOP I BLICOKOIT HPON3BOANTCABLIIOCTLIO.
leTpyBO NONATDL, UTO, CCiN Ja)e Mahas vacTb nop Gyner
MeThb AHaMeTp, (OnblUN{l HOMHNANBHOrO, B pe3nucTe OCTa-
yTCS HEMHOTOUNCJIEHIbIC KPYAULE YMacTHbl, KaXpas H3
HHUX CMOXXET BHI3BATL IAPYNICUHC LEJAOCTIIOCTII CJI0S pe3il-
cTa N PIIbTpauns noTepsieT CMLIC.I.

QuAbTPL MOMEINIAIT Ha CNCHHANBINX CeTkdX B (PUALT-
po/tepxaTesic ©M3 ncprkabeiolleft cTayn uiam ¢roponsacra.
Peancr 11poapiuBaioT CKkBO3b (QWILTP, MOAARA OUMUICH-
Hbifi BO31YyX MM MIEPTHHII ra3; YpoBeHb jlaBJeHs onpeje-
JsieTesl pasmepamiu (puiabTpa M anamerpoM nop. OGbryHo
MPHMEHSIOT ABYXCTaANfAuyo (GHALTPAIMIO; HANPUMCP, MpH
naroroBnenu caoxunix KMOIT BHC wa neppoii cranuu
GuaLTpyI0T Gosblilie 0&'beMHB PC3NCTa CKBO3b (HUILTP pas3-
mepom 100-—250 M1 ¢ iamerpom nop 0,5—1,0 mxwM, a 3a-
TeM yxe Ha paboyem mccTc nefosbline MOPUNK  pe3HCTa
NPOAARAMBAIOT CKBO3b GHALTD pa3mepoM 13—25 MM
¢ Juamerpom nop 0,25 mxm. B doTopesncrax pcTpeualores
JiBa OCHOBHBIX BIL12 BIWIOUENNil: MeXawHuccKie, T. €. M-
JUHKI WM apyrne B3DenlChHBlE Y4CTHUH, N XUMIUecKwe.
Hanprnvep, B nosntunuuix (otopesncrax tima ®I1-383 npu
HeJIOCTATOUNO MOJNOH OMICTKC CBETOUYBCTBNTEBLHOM CO-
CTaBJSIOWCH MOrYT OCTABATHLCS UACTHYKK YICKOMHOMO Mpo-
aykta  (1,2-nadToXIHOHANA3KWICYMb(OXIOpHAE), CHUXKaK-
WHe 3aWnTHBIe QYHKLIMYM CNOS — PN MPOSIBACHHN B LW{CA0Y-
ILIX COCTaBaX B MECTAX XHMHYECKHMX BKJIOYCHMI NpPOUCKO-
AMT GLICTpOEe paspyilieliie ¢/I0s 11 BO3HHKAIOT JOKaJbHBIE
npoxosn. [TomuMo ¢puavtpanun sp@exTNbHa OYHCTKA pe-
31MCTOR HCNTPUPYTHPOBAHHEM, OCOGEHIO BSI3KMX [CIMCTOB:
NO3HTUBIBIX ¢ BLICOKHAM CO/\EP:KAHHCM TBCPJOTO NPOJYKTA
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it ileratiiBuax na ochiose kayuykos. s nonyuctinis, nanpy.
Mep, cnoep TOMUWMHON 3—4 MKM HCIOJIL3YIOT NMO3UTHBHLI
(oTopesucT Ha ocHOBe nposykra Ne 27, uMerowLHi BA3KOCT],
30—50 cn. OTduubTPoBaTL Takol BA3KHA Pe3nCT MOXIIG
TOJALKO (UILTPOM ¢ JHaMeTPoM IOP OKOJNO 5 MKM, wig
ABHO  HeNOCTATOYNO i/  ouncTku. Jnsi  uentpddyri.
POBanHsi Pe3HCTOB 1IPHMENSIOT BbICOKOOGOpoTHLIE (6000

o 12000 o6/mum) uentpudy-
ro. Crenenp OYHCTKH Oi-

W penefisierca  IpoH3Begenm-

CM YCKOopeHus (B eIMHHIAx
N ¥ g) ua Bpems (B uwacax).
g B pa6ore [64] pexomerny
g pexo Ny~
Sw CTCH NOJUEpIKIBATL  STOT
N nokKaszaTeJb 1la  Yponuc
§ 70 25000 g-y. Hauubie sToii

paboTbl HO OYHCTKE BSI3-
KOTO HEraTHBHOrO pPe3ucra

951 2 3 4 .

bperm yesmpupyeupobmusy ¥ LEHTpR@yrupobannem (no-

, ; . , 1 kasatennr 1300 g-u) 1
3 42 G4 47 405  QunbTpaudeli  npUBeseHu
[laaremp nop @unsmag, i na puc. 12. Creneun oul-
Puc. 19 Cpasesie. Meronos ot CTKH KOHTPOJHPOBANAach 110
c1fll((;1 q;lomgeauc’ra ueHTp};ln:])yl‘upo- paccesiitio cpera B pesii-
panven (1) u duabtpamneii (2). CTC-

OupTpanua  CXKaToro
BO3/lyXa, HHEpTHOrO ra3a ¥ BOJL OCYIlecTR/IsAeTCA MeMBpall-
HLMP (IILTPaMi, KOTOPble M3TOTOBJISIIOT W3 HHTPOLEANIO-
03, a GuILTPH A5 GOTOPE3UCTOB H3TOTaRMAHBAIOT H3 Be-
L1eCTB, YCTOHUHBLIX K BO3j1eHCTBHIO OPraHH4YeCKUX pacTBo-
purenell (Hanpumep, m3 (ropomwtacra unH Hednona). Oc-
1OBHOH NPHHIMII BCeX NMpHeMOB (RIABTPANHH 3aKMOUAETCS
B TOM, YTO QHJILTP TOHKOM OYMCTKH JOJKEH OLITh MaKCH-
Manbuo npubamxen K paboueMy MecTy.

BrocuMple u3nHe 3arpg3Mends MOTryT BO3HHMKaTh I3
BHEIINHMX MAM BHYTpeHHHX HCTOWHHKOD. BHemmnme dcTowHn-
KH 3arpsi3Henis — 3710 OKpyXawHlas cpejia. Boanyx, nocty-
naowyii ua ywactku (oTonuTorpadHH, NOJXKeH (QHALTPO-
BaTLCSI 0COGEHHOT0 TILATEJLHO.

[Tpupcaem npoctoif npuMep. B cnoxubix cTpykTypax
(Moutnbix CBY TpamsucTopax H UNTErpanbHLIX CXeMmax)
YHCJIO 3JIEMCITOR JIOCTHIAeT HeCKONBKHX TLICAY, a KPUTHYC-
cxas mowans cocrapnsier 5—20 mm 2 [lpuusis, yTo uMcno
tdoronutorpaduueckux onepanuit pasto 8, a oOwuit BuxoN
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JibiX 70%, nafines, uTo BLIXOJL FO/HLIX Ha KaxJIo# onepa-
HU JIOJDKEH CcoCTaBaATh MHHEMYM 96%. Ilpenmonoxum,
%nee, yto Gpak npw ¢QoToaurorpadHl BO3HHKaET 3a CueT
Enauaum{ MeX/y WabJoHOM M Pe3HCTOM TReplLlX YacTHI,
e/laOIHX H3 OKpyXawllell cpeibl B TeyeHHe BpeMeHH
O/IFOTOBKM ¥ TNIPOBCjleHHS onepalud. Lciid cudHTaTb, uTO
TH YaCTHLLI HMEIOT HeKOTOpLH cpepHuit nuamerp, obnana-
T OIMHaKOBOM INIOTHOCTLIO ¥ SHEprHfl WX paclpeleleHa,
anpumep, B COOTBETCTBHH €O cTaTHCTHKOH Makceenna—
iONbIIMaHa, TO MOXHO HaHTH CBs3b MEX/y KOMHYeCTBOM
aCTHL, OCENaIoLIMX 1ia €[HHUIY ITOBEPXHOCTH B eJHHYILY
pemenH, H HX KOHIeHTpauHel B Bosuyxe. [las obecneyenus
a ojlHOfi omepally BLIXoJla roaMbIX, paBHoro 96%, Heobxo-
KMo, uTo6n 32 10—15 Mun KoHTakTa € OKpyXXaloweil cpe-
ofi Ha myacTuiy puaMerpom 50 MM uny Ha wabJoH monalno
e Gosee 8 yacTdu. DTO COOTBETCTBYET CKOPOCTH 3arpss-
eHns 1 vacTHua/cm?-4; nepecyHTan 5Ty BeJHYHHY B KOH-
EHTpalfIo YaCTHIL B BO3jlyXe, HalijleM, yTo oHa Ile JloJIXKHa
penbimath 4 wacTdu/sa. B 1 o Bosnyxa obbiunoro ropod-
Koro paftona cofepxurcs okosio 50 toic. uactuu. Crejo-
ateJblto, cHCTeMa (UILTPain JOJKHA obecleydTh CHH-
{eHHe 3arpssHeHHocTd B 104 pas.

Jlas Toro uto6pl CHU3HTBL pacXojitl Ha GHILTPanuIo BO3-
yXa, NOJIyIIPOBOIHMKOBLIE IIpeANPHATHS pacnonaraT B 3e-
eHLIX 30liaX BHe ropojla, HHorjia noj, 3eMiedl; NaHHpOBKa
oMeineHul 6a3upyerca Ha MpUHuMIe «Ky6 B KyGe», Koria
adbojiee OTBETCTBENHbIE YYaCTKH HaXOUATCS BO BHYTpeH-
em obbeme 3jiaHusi. MoulHble KOHJHUHOBEpDL!, FepMeTHsa-
M5l TIOMEUIeHHH, BLINOJIHEHHE CTeH, IOJIOB H NMOTONKOD H3
eCcTHpaloIUXC MaTepHasioB — obfA3aTelbHble  NpH3HaKH
IPOH3BOJICTBEHNEIX NOMeLLEHNI.

Hansueitiitce yMenbllentne 3arpsi3neniiocTs AOCTHMacTCs
CHOJB30BaHIEM TaKk MasbpBacMbiX YHCTLIX KomnaT. Yncras
‘OMHaTa npeacranianer coboli KOUJILHOHMPOBaHHOE IIOMC-
leHde, OOBIYNO C BepTHKaJbLHLIM JIaMHEapHLIM  IIOTOKOM
03jlyxa. Pasmeppl KoMHaT, KaKk NpPaBujo, HeBeJHKH, Io-
winka 100 m2. D10 obbscHsercs skonoMiueckumu coobpa-
KeHHsIMH: CTOMMOCThL OYHCTKH 1 M3 Bo3llyXa OT uacTHi
asmepamp 5 u 0,5 mxm coornocutess Kak 1:100. BaxkHbiM
CNOBHEM SIBJSETCS CBelcHHe K MHUHUMYMY KoOJHyecTBa
epconlania, paboratoLlero B KoMiaTe oI ABJSIOWIErocs oOc-
OBHBIM HCTOUHHMKOM 3aTpfI3NeHHii.

B uHCTHX KOMHaTaX yllaeTCs NO/UIepXHBATL YHCTOTY
12 ypontie 3 uacTuil pasMmepom mence 0,5 mkM b 1 51 Bo3ny-
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xa. HaxoHen, snytpn MncToit KOMIATH YCTalaBaAUBaT 60k-
CH ¢ JIaMMHapHBIM NOTOKOM (OHH ynoOlice re¢pMeTHUHHIX)
JUISl CaMbLiX OTRETCTRGHHLIX olepanmit. BuyTpun 60Kkcor 0.
CTHMCHMO MHMHHMaJbHOE coJepXaHHe yacTHI: HC Gojec |
uactrunl B 1 J1 BO3jyXa NpH pasMepax uvacThIl  MCHCC
0,5 MKM.

Dokew Ha yuactke (porosntorpadmm, KpPOMe 3TOro,
NO3BOJISIIOT 5Kpan¥ponath HanboJec yyBCTBHTCJBMLIC OlC-
panmn (HaHeCeHHEe M CyllKa PC3IHCTa, 3SKCIONHMpOBAIUC,
HpOSIBJIHINE, BTOPA# CYIIKA) OT BIYTPCHHHX HMCTOUHHKON
sarps3ueHnit. BuyTpenHIle ICTOUNIKM CBAI3AHLI C caMIivy
TEXHOJIOTHUECKHUMH  IIpoueccaMy (HANpHMCP, HCHapenicy
nesoyeit, KMGJIOT), paboroit nepconana u 06OPy;I0BAHHCM.

PaboTa nepconana ABJASCTCH MOULHHM H, K COXaJeHHIO,
Hen36eXXHBIM  (DAaKTOPOM,  BHI3LIBAIOIUMM  3arps3HEls.
C NOBEpXHOCTH KOXH YeJoBeyeCKOro Tela BLJICJISeTCs
B | MHH 10 1 M. 4acTHU MMKDOHHHX pasMepOB: KaneabKi
110Ta, OPOrOBeRLINE yacTUbl, Gakrepun n 1. J. [65]. Bouns-
110€ KOJIMYECTBO yacTHIl BBACASICTCS B pe3yJibTare CTHpaHis
HOJIOBR B NpPON3BOACTBEHHLIX mOmelleHusx. HerpyuaHo noj-
CUNTaTh, YTO €CAH ¢ MOBEPXHOCTH llosla miowa/bio 1 cm?
cTHpaeTcs CJIOf TONLLIHON Bcero B 1 MKM, TO obpasyetcs
Gosiee 100 MJM. NLIIHMOK €O CpeaHHM pa3mepoM 1 Mkw.
TILIMHKE 5TH IOAHMMAIOTCS B BO3/IYX M TaM Maxo/sSTcs BO
B3DEIIeHHOM COCTOSIHHH, CO BpeMEHeM KOaryJsMpys, TaKk uTo
cpefiunit pa3Mep 3arpssilennli BO3pacTacT NPHMEPHO JI0
5 MKM.

OubiT noKkaspBaeT, MTO Ha YyyacTkax doToanuTorpadnu
cnOXHEIX Npubopon 06s3aTenbio Tpebyerea Tpofinas bu-
Tpaumsi: 006was OYMCTKA W KOHAMIMOHMPOBAIIME — uHCTas
KOMHaTa — GOKC C JiaMIIlapHhbiM NOTOKOM,

310 TpeGopaHHe euic B GOJbLICH CTENENN OTHOCHTCH
K 1pon3BojicTBY (oTolabioloB, TaK Kak OHH SIBJISIOTCH
STanoliamMu, ONPCAETAIOMMU KauecTso Bceli GoToNHTOrpa-
dun.

He octanapamuBasick nojipo6ho Ma nplyHHax BO3HMKIIO-
BeHUN JiepekTos GOTOWaln0HOB, IPNBCACM IIPHBIHACHNYIO
oucHKy cpszi JgedexTiocty oromadaonos s wpHGopOR
OIIPC/ICJIEHHOr0 KJaccd € yCJOBMAMHM MH3rOTOBJEHHS (OTO-
wabyonor (Taba. 6). U3 tabanun BULIO, 1aCKOILKO yCAOMK-
HSETCS NPOM3BO/CTBO 11aBJONOB BLICOKOTO KJacca M Kah
pacTyT TpeGoBaHMA K YHCTOTE IIpOM3BOACTBa. B Tabia. 7
JIOLIOJIINTEBIIO IIPUBE/IEll0 COOTHOUICHHE MCIKAY BLIXOMOM
FOAUBIX CTPYKTYP, KPUTIMCCKOfi IJIOWanblo CTPYKTypLl !l
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TaGanuma 7

CooTHOIMEHAe Me/y BWXOHOM TOXHWX CTP, m-yp
Py KpUTHUECKOfl NJIOWALBI0 CTPYKTYPH
JOMYyCTHMOR MJIOTHOCTBIO HedekToB Aj pac-le'r no
pacnpeneyennro Iyaccona p—exp(—S}\)

ILn ekTon X - o
Brixoz nugT(poﬁrr:qggkux ml'!louxz.‘:ﬁp;? ,::T" Buxoa ronmex, %
TORHEIX
crpyrtyp | INoxasaress)
wa omily | crenesmn S) L]

onepaiuio. 0,01 0,10 1,0 WE =~ 5

% o | cud o 40 e 28 Lt

g 2 ] g

o =

70 0,36 36 | 3,6 |0,3 0,09 12 8,4
80 0,22 22 12,2 0,22 0, 05 26 21
90 0,104 10 | 1,0 | 0,1 2,6-10-2 47 42
94 0,067 6,7 { 0,67 0,07 [ 1,7.10-% 68 64
96 0,045 4,5 0,45 0,05 1,25-10-2 77 74

JIONYCTHMOR NJIOTHOCTHIO AeeKToB. DTa TabiHua nosesna
JIIS1 OPHEHTHPOBOYNLIX PacyeTOB AOMYCTHMOH Jle(heKTHOCTI
wa6JoHOB, 3arpsA3HEHHOCTH  NPOH3BOJCTBEHHOH  Cpejiml,
TPOU3BOAHTESLHOCTH ITPOEKTHPYeMOTO 060PYNAOBaHHA H Tak
naJgee.

11a6nonel, Henosb3yeMbie AJis oTONHTOrpaduH, AOJIK-
Hbl IepHONHYEeCKH KOHTPOJHpOBaTbhesi (BLIOOPOYHO)  JuIsi
OllpeJIeIeHHs PeasLioro u3noca. B kommiekTe He nce mab-
JIOHbI PaBHOUEHHLI MO JIOMYCTHMOMH IVIOTHOCTH HedeKTonp.
Haubosee «KpuTHYHBIe» WabJOHL (HanpuMmep, uIaGuoHLI
JJIA NOJIyYeHHsT KOHTAaKTHBIX OKON) cJIejlyeT MeHATb yalle,
yeM OCTaNLHble, Tak Kak HX H3HOC 0COCO0 OmaceH, WJH e
cpady BKMOYaTb B KOMIMIEKT IO HeCKOJbKY HyGiHKaTOB
osmoro uabJoHa.

BaxHywo posb Hrpaer oTMbiBKa (OYHCTKH) (poTouraéio-
Hop. Ha paGoueii mopepxHocTH mabJIOHOB MPH KOHTaKTHOILI
toTonuTorpaduy Bcerfia HalUNaloT OCTaTKH Pe3UCTa, 0CO-
GeHHO NpH HEONTHMAJIbHLIX YCJOBHAX IepBOH CYIIKH, KOrna
Pe3HCT OCTAeTCA «BJIAXHDLIM», HJIH IPH CJHHUIKOM CHJIBIOM
npxuMe wabnoHa k cnow. B npoussojictee KMOIT GHC,
HanpuMmep, NPaKTHKYIOT OTMBIBKY XpPOMHPOBaHHLIX (HOTO-
wabJyioHoB uepes 6—10 konrakToB, lllaGsonbl moMewawoT
B aleTod H NPOTHPAIOT TaMilOHOM, 3aTeM BblAEPXKHBAIOT
B xpomnuke (1—1,6 MuH), TwaTeJbHO TPOMBIBAIOT AeHOII
30BaHHOH BOJOM MW cyllaT cTPyeH OWHIWEHHOr0 BO3Jyxa-
]



pMa 5pQpeKTHRHO QOTONMEBJIOHL OYHILAIOTCS B KHC/IO-

IHOH MJasMe.

Mexannueckde HapylleuHs caost $GOTOpe3sncTa OT MaHM-
WAUME NMUHUETAMH BO3HMKAOT B OCHOBHOM CPasy e 1O-
7€ ero HaHeCEeHHs, KOTIa CJIOW HaXOMHUTCSl B BA3KOTEKyyYeM
PCTOSINMH, H NOCNe OPOsiBJICHHs, Korpa ciofi HabyxaeT.
{ax mokasasu creyWasbHBle HccsenonaHus [66), ans napy-
TeHHs cJ0A JAOCTaTOYHO MHHHMAaJBHBIX YCHJHH NMPH KOH-
aKTe ¢ MHHLETOM, Ha<Ke ecad NMPHMeHsI0Tcs (TOpOIIacTo-
Ble HakOHeyHHkH. Jasi GopeOHl ¢ 5THM BROOM Opaka Jyls
Arpy3KkH — BHIFPY3KH IJIaCTHH PEKOMCHIYeTCA HPHMeHsAThb
NeuHasibible BaKyyMHbIC INHHUETH, NPHCachIBAOI(He MJja-
THHY ¢ 06paTHOIl CTOPOHELL.

Onnum n3 waubosice MOIHLIX HCTOYHHKOB JeeKTOR siB-
HeTcsl onepauysi SKCIOHHPOBAHHS W cOBMeLleHHs. Jliobas

CTH1a, lIONaBIlas MeX/ly 11abJoHOM U Pe3UcTOM MPH KOH-
BKTe MOXeT BBI3BaTb NOsiBJEHHEe JOKaJbLHOro pedexTa.
'BCP/IbIC YACTHULI KPEeMHHsi H CTeKJa MCXaHHYeCKH Hapy-
12l0T cnofi pesucta. MsArkHe Henpo3payHele YacCTHLUI,
BKHe, KaK MBUIHITKH ¥ BOJIOKHZ, B MeHblIeH Mepe TpaBMH-
YIOT CJIOA PesucTa, HO MOrYT JIOKaJILHO 3KPaHHPORATb
OTOK CBeTa BO BPEMsi SKCIOHHPOBAHHMs, YTO NMPH HCMOJb-
OBaHUH MO3UTHUBIIOrO PE3UCTa BLI3OBET lOsiBJIEHHE MPOKOJIA.
IpuBesieM nepededb NPaKkTHYECKHX MePONPHATHH, CHHXAI0-
1¥x Jle(peKTHOCTD Ha 3TO/ ONepauHUH.

1. TmatenrpHass NPOTHPKAa YCTaHOBKH COBMELUEeHHs,
epyojiHucCKNil  OG/lyB YHCTBIM BO3/yXOM, pa3MellleHHe
60Kce ¢ J1aMHHapULIM NOTOKOM.

2. Pabota TONBKO ¢ HEMOBPEK/JEHHBIMH MJIaCTHHAMHU
peMHMsA: XKeJiaTeNbHO, YTOOB Kpas HX OLIIM 3aKpYIJeHH
panJyiendeM. [IpH nosOMKe IUIaCTHHBL Ha YCTaHODBKe CJejlyeT
niaTesibEed MM 00pa3oM OYHCTHTL CTOJIMK, ©OZyB ero
HCTHIM RO3/lyXOM.

3. ITepuonuueckas oTMuinka Gorowabnonos, o6ys yu-
ThIM BO3JLlYXOM IJlacTHH nepey; KOHTAKTOM.

4. KouTposb nJOCKOCTHOCTH MiiacTHH (Hesb3si paGoraTs
MCKPUBJIEHHBIMY), @ MPH MCMOJIL30BAHHH SNMTAaKCHaJIbHbIX
JICHOK — yCTpauenie BbICTYNOB, HaNpuMep, MNOCPE/CTBOM
pe/lBapPHTeNILHOTO  KOHTaKTHPOBaHHA ¢  GpakoBaHHBIM
1a60HOM Ha CHCIHANbHO BbIJICJIEHHOH YCTaHOBKE COBMe-
1eHHA.

Onpejensiollly o poab 1py¥ NPOBeJSEHHH ONlepanHy SKCIO-
HpORaHHsa ¥ COBMCILCHHUS HrpaeT ycusde KOHTakTa. B ote-
€CTBCHHBIX YCTAaHOBKaX COBMEILUCHHS TPYJHO HJAH HeBo3-
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MOXKHO PeryJHpPOBaTb 5Ty ne.

200 JMYMHY, NpuUdeM CuHTaeTcy
4TO 4eM GOJbLIe YCHIIHE, Toy
§~§ w0 Hajex<vee KOHTaKT. DTa Toy.
E'g Ka 3peHus cyry6o Hempanu.m,,.
$'§ w a3, HeOOXO/IMMO NPHKJIAML.
BaTb TOYHO JIO3HPOBaHIIne
YCHIIHe, KOTOPOe OINpelessicr-
Hexomar cA: TpebyeMOH OT Ipomeccy

Yeumie wosmammy paspemaiomeii criocOGHOCTLIo;

THIIOM  DPE3HCTa; TOJMUMHON

Puc. 13. Hameucune naotwoctn  CJOS B KayeCTBOM  CYUIKM
Zepektos Ha wabaone 10CTE€  3TOrO CJIOS,; XaPaKTEPHCTHIKa-

10 xouTaKTOB C NJACTHHON AMa-
MeTpoM 75 MM s Tpex THIOB M NPHMEHsiEMBbIX TNOAJIONCK,

yCHaHa: B YaCTHOCTH HMX HEN/JIOCKOCT-
1= wwsrs  xonrur (1015 '(‘1”; noctbio. ClieyoBaTeslbHO, KOu-
— «yNLTPEAMATKHEP»  KOBTAKT ~— o
5 Kr)y, ap—pe)uum CMHKDPOYCHJIHAR CprKl.l]/lﬁ yCTaHOBOK CoBMe-
(9—200 r). meuuna HOJIKHaA NO3BOJMATH

TOYHO PerysupoBaTh (M KOIl-
TPOJNHPOBATb) yCHJHE KOWTaKTa. B ToOCHe[HMX MOjle-
JIX  aMepUKauCKHX YCTaHOBOK COBMCILEHHS, HampHUMCp,
nmpejlycMoTpeHa paGora B TpeX peXHMax. CraHlapTHuLi
peKUM — TaK Ha3blBaeMbIll «MATKHMH» KOHTAKT — CO3/lacT-
¢ paspsamenveM okoso 1-10* [1a, uro npu AnameTpe naa-
CTHHH 75 MM 03HadaeT ycusue 13,6 kr Mexuy maGJoHOM
# miacTuHoll. Mojudukauuesi sToro pexuMa sBISCTCH
«YJBTPaMATKUA» KOHTAKT, OH XapakTepuayeTcs Ha HOPAJIOK
MeHbIIUM ycusiHeM. M, nakoHell, B peXXuMe «MHKPOVCHJIIS»
ofulee ycmive cHukedo jo 30 T. lla puc. 13 nokasaua,
KapTHHa HaKal/JMBaHus NOBpeX/ICHMH Wa mabfoue locie
10 KOHTaKTOB B Kax/IOM N3 TNepeyHCJEHHBIX DPEeXHMUDB.
Moxno npubnmkenno cuntath [67], yTo cHuXKeHMe ycuTiis
B 4 pasza ymenbuiaer jiedeKTHOCTDb wabnonos B 6 pas. Cae-
LyeT YYUTLIRAaTh, YTO B peXHMe «MHUKPOYCHJIHS» CIIMIKE-
€TCA TOYHOCTh nepeflai, TaK KakK oCTaloTcst 3a30Phi Mex/LY
11a6JIOHOM M PE3HCTOM, O/IHAaKO [Jis GOJBLIMHCTBE H3Jrediuil,
Takux Kak BMIC ¢ pasmepamu s/iemeHTOB GOsiee 5 MKM,
9TOT peXXuM npremseM. Kapauuajiblioe yiydileHde Kavue-
crBa ¢oTOJIMTOrpadui JIOCTHraeTcA aBToMaTH3aumel 1po-
1eccop 06paGOTKH M TPaHCMOPTHPOBKK MJaCTHH.

B wuacrosiee BpeMs oOTeuecTBeHHasi NPOMBIILICHHOCTD
pacroiaraeT apTOMaTH3HPOBAHHBIMK YCTaHOBKaMH, of6pi-
sylouuMe Jiunud dorosutorpadpru. Ilpumepom moxer cny-
#uTb JruHRsg «Kopywu», B KOTOPOH OCHOBHBEIE MpoIecCh!
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paotku  apTomaTH3upoBaHn. OxHako  3arpyska —

IrPy3Ka H TPaHCMOPTHPOBKA NJIaCTHH MPOHU3BOASITCA BpYyd-
cy10. 3a NMOJIHBIA UMK 06pabOTKH NiacTHAAa KOMTaKTHPYeT

TEXHOJIOTHYECKO OCHACTKON W/M TapOfi MHOTO JECSTKOB
pas. [IpuxomuTes HCMo/b30BaTh 3—4 THNA KacceT, U MHO-
roYHC/ieHHBle NEePeKJaZbiBaHHag U3 Tapul B Tapy He crocob-
CTBYIOT AOCTUIKEHHIO BHICOKOTO KadecTBa (hOTOJHTOrpaduu,
IToaToMy NpH KOHCTPYHPOBaHHM COBPeMEHHHIX JHHHH (oTO-
nutorpadMn 3HAYMTENBHOE BHHMaHHEe MPUKOLUTCH YIeJATh
npobscMam TPAHCMOPTHPOBKM MJIACTHH, OGECHeyUBAIOLICH
MHHUMYM CONpHKacaHuil.

HameTunuch nBe oCHOBHLIG TGH/ICHLMH, OMNpejielisicMble
cnocofoM HaHeceHHs pe3wcTa. B NeppOM BapHaHTe IpH KOH-
CTPYHPOBAHHH JIMHHH HUCTOVIbL-
3YIOT KacCeTHYIO 3arpysky—
BHINPY3KYy M TP2HCTOPTHPOBKY
NIacTHH Ha DBO3/IylINOA Mo:
nymke. Inactunn nocrymnaion
Ha BXOA JIMIHH B BepPTHKa/b-
noit Kacecere (20—50 mnacTuu
nuametpom ot 22 no89mm). LL _ o o _—
[ueBMocucTeMa 3a KOPOTKOE W %
ppeMs (Ha 1 nuacTHHy Tpe-

Byercs okoJsio 1 c) mepemelua-

€T HX B HaKONHTE/Nb, OTKY/lA  Pyc, 14. CrcTema TpaHcnopTh:
OHHM MO DBO3RYIIHOH MOAYUIKC  poBKM MJACTHII M2 BO3AYLIHOM
nonapalr Ha 4—8 mapan- nioA1y HIKe:

JenbHO paboTaloIUMX LUEHTPH- ’—"011;“';%;503111":,;“3”—“"“‘5"“"“
¢yru. Jlanee cHosa cobupa-

JOTCsi NTHEBMOCHCTEMOH B KacceTy, NMepesalorcsi Ha cyWKy
¥ T. A. B nmpouecce Bcex 06paGoTOK NAacTHHB MOAAIOTCA
aBTOMATHYECKW M3 KACCET B yCTalloBKY Man o6pabaTmnalor-
CS HCNOCPEACTBEMHO B KacceTax, B 3aBHCHMOCTH OT Xapak-
Tepa TeXHOJIOrHYECKOR ONepauuH.

VCTPOHCTRO CHCTEMB! TPAHCIOPTHPODBKHM MJIACTHH Ha
BO3AYLIHOH II0/lyLIKE CXEMaTHuecKH NOKasalo Ha puc. 14.
YncTHifi BO3IyX DPOAYBAeTCA B y3KHE HAKJIOHHBIE IUEJH
auamerpom 0,6 MM M BLIXOJAMT Ha NOBEPXNOCThL HanpanJs-
iomwed. 3a cyer OHCTPOro JIBHMMEHHS BO3LyXa CO31aI0TCH
MecTHHE paspaXelldsi, MPHTATHBAKLIWC IUIACTHHY MW TOJ-
KaolMe ce prepe/. Mcnosb3ysi KacceTHEle YCTaHOBKH M
TPaHCMOPTHPOBKY IJI1ACTHH Ha BO3/YLIHOH MOJYIIKE, MOXXHO
CO3/1aTh [I0MHOCTLIO aBTOMaTHuecKyr JuHui. CTpyxrypa
TaKol JIMHAK LpUBe/ieHa Ha puc. 15.

e
N AAAIIA SIS,
— =7
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Bo BTOPOM BapHaHTe TaKIKE HCNOJIB3yeTCs KacCeTiag
3arpyaka — BbIlPY3Ka, HO CHCTeMa TPaHCIOPTHPOBKH KOII-
BeflepHan. Ha Ttakoil nuHMM QoOTOpeancT HaHOCHTCA Iie
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CHTPHQYrHPOBAHHEM, a pacHbUICHHEM, TaK KakK IJIACTHHBI
OCTOSIHHO CKPENJIeHL ¢ KOHBeilepOoM.

ApTtomaruyeckass nuuus oupmel In Line Techmology

CIITA) cocTOHT U3 HOCTPOGHHBIX 110 O6LLEMY NPHHIHIY TPEX
CTAHOBOK: HAlleCeHMsl M CYIIKY; NPOABJIEHHA M 3aiylsiu-
BaHHs; TPABJEHUA M (WJH) ylaneHus peaucta. B kaxuofi
yCTaHOBKe JIBHIKETCS! KOHBeilepHas JieHTa, HAa KOTOPO# mJa-
CTHITBI PACIIOJOXHBI BEPTHKAIbHO. PacneineHneM oCyllecTs-
nsieTcs He TOJNIbKO HaHeCeHHe Pe3UCTa, HO M BCe OCTANbHLIE
onepanuH: INPOABJIEHHe, OTMBbIBKA, TpasjeHHe (10jaua
NpoABUTENA, BOABI, YHCTOrO BO3/JyXa, TpaBuress H T. JL.)}
Ha Bxose u BHXOJle YCTAHOBOK HMaXOAATCH HAKOIHTEJH,
B KOTODHIX NJIACTHHBI aBTOMATHYECKH NEPerpyKaloTca ¢ KOH-
Beepa B Kaccetbl ¢ BepTHKanbHLIMH nadaM. [lpu nepe-
rpy3Ke HCIIOJIb3yeTcsl He MeXalMMuCKHil 3axXBaT, a ycTpOHCT-
BO, pafoTaloluee Ha npuHuune BepHynnu (Bosnyx, BbiXoas
M3-NOJ IJIACTHHE, CO3NaeT Pa3psXeHHe, H MIACTHHA MATKO
IpHCACKIBACTCA K YCTPOACTRY).

PaccMOTpeB npUYHMBI MOABJEHHA JIOKAJBHHIX AedeKTOB
# METO/IH GOPbOH ¢ HUMH, MOXKHO chOpPMYJIHpPOBATb HauGo-

Jiee obmye TpeBOBaHUA, BEHIOJHEHHE KOTOPHX HEDOXOAHMMO
JJIS CHIDKEHUSA TJIOTHOCTH AedeKToB npu (poToJHTOrpadHu:

1. Heo6xonumo coanarb MUMHMAJbHYIO 3arpfi3HEHHOCTD
OKpy»XKamwllefl cpeib, yMeubllaTh BpeMs B3aHMOJCHCTBYA
NJIaCTHH ¢ OKpyXalollefl cpeioil (T. €. yCKOPHUTb Onepauuy
U HCKJIIOYHMTbH NPOCTOHM) H IOMJLEpPXKHBATh NOCCTOAHHLIA Ja-
MHUBapHBIFi NOTOK BO3/lyXa, NpeNOTBpallalOUlMil ocCefaHHe
YaCTHI( Ha NOBEPXHOCTb Pe3HCTA.

2. OcHoBHOe BHHMaHMe-gNenyeT oGpalmarh Ha YUCTOTY
B BYX ClyyasX: KOrja pesHUCT «BJlaxeH» (HaHeceHue,
nepsas cyllka, I110ce HPOABJIEHHA) H NPH 3IKCNOLHPOBA-
HHU — coBmeuleHuy. HauGospinee KonuuectBo  AedeKToB
BO3HUKaEeT HMEHHO NpH KOHTaKTe wabsoHa co clioeM oro-
peancra, NOITOMY KPOMe NOMJEpXKaHUA HHCTOTH Haj0
CTPEMUTLCAA K TOMY, YTOOLI YCHJIHe KOHTaKTa IOJlJlepi(HBa-
JIOCh MUHUMAJIBHBIM. PaJiUKaJbHEIM = pellleHHeM SBJIAETCS
nepexoji nHa GecKOHTaKTHY) (OTOJHTOrpachHI0 — NpOEKILH-
OHMYIO U (OTOJIUTOrpa(PuIO C 3230 POM.

3. CHmmenuro nedeKTOB B 3HAUUTEJIPHOH Mepe CHOCOG-
CTByeT aBTOMATH3aUMA TEXHOJOTHYGCKHX ONepauuit M oco-
GeliHO TpOLECCOB 3arpy3KH, TPAHCIOPTHPOBKM H BBHIFDY3KH
NJACTHH; MaHUNYyJMPOBAaIHe INHHLETAMM B NpPOU3BO/ACTBE
CJIOXXHLIX 11pHEOPOB HEJONYCTHMO.
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TlepciiaeM ko BTOpORl Ipynne HapyuleHHil KauecTny,
CBA3AHHBIX C HETOYHOH mepejayeil pa3MEpOB K ILIOXiy
copmeuienyeM, Cpa3dy e cJIGAYeT OTOBOPUTBCH, YTO pag-
JIGJIGHHe Ha ABe TPYMILI HOCHT YCJIOBHBbIH XapakTep, 1o.
CKOJIBKY B (poToNHTOrpady (HGaKTOPbl, ONpeACTSIOIIHE 1105y,
JICHHE JIeCKTOB MJIM HapylleHHe TOYHOCTH mepeaauy, Tecip
cesizanbl. Hanpumep, coBmewgenye (He KOHTaKTHPOBaHHC),
Kasajiocp Obl, He HMEIOUIGE HHYEro OGIIETO C BO3HMKHODC.
HHeM JIOKaJILHHX Jle(eKTOB, Ha NPAaKTHKE OKa3bIBACTCS Kpu-
THYHOIl OlnepalHeil: HEBHHMATENbHOCTh OlePaTOPa, BhICTA-
DHUBLIETO CJIMIIKOM MaJiblil 3230p TpH COBMEIIGHHH Han
MCKDHBJICHHE IJIACTHHLI MOFYT 1IPHBECTH K Cepbe3Hbiy
nospexaeHHam ¢oTowabsona U CJIOA pe3HCTa.

Tlop6op onTUMaNbHBEIX peXXKHMOB nposefeHus (GOTONHTO-
rpaguyecKHx onepauHit obecneursacT TpebyeMy0 TOUHOCTL
nepeAayy NpH MHHHMyME AeCKTOB; AJiA ONTHMH3ALUU PC-
JXUMOB MOryT 6HITH peKoMeHaOBaHm jpa cmocoba. Corsac-
HO MEepBOMY M3 HHMX Ha (GOToUwlalNOH HaKJIenBaloT CBEpXy
(c Hepabouefi cTOpPOHH) HempospauHyio Mackry ¢ 16 kBajl-
paTHHIMU OTBEPCTHAMU Pa3mepoM mpHMepHO 4X4 MM 2. [lo-
MeIAI0T NOBepX MackM 3KPaH H, CABUrag ero, 3ajaiot
pa3nnyHbple BBHIJIEPXKKH, T. €. pasJiMuHble AO3H 3Heprun
3KCNOHHpoBaHHA. [lposkcnoHHpoBaHHYI0O TakuMm o0OGpasoM
NJIAaCTMHY NPOABJAIOT TaKXe CTyNeHuaTo, onyCKasfi B NpOsi-
BHTEJIb 110 OJHOMY PAAY OTBepCTHil Ha 3ajiaHHOe BPeMs; Mpli-
3TOM HampanpjieHHe AO/DKHO ObiTh NMePNEHAHKYNADHBIM 1a-
npaB/ieHHI0 H3MeHeHMA 3skcno3uuuu. TakMm o6asom, Ha
KaXJoil MJIacTHHe KPeMHHA € HaHeCeHMHIM Ha Hefl cioem
¢oropesucra onpepeseHHOft TOMMHBI MOMXHO nonyuuth 16
30H C Pa3JIMYHLMH yCIOBUAMM IKCIOHHDPOBAHUA M MpOsBJE-
Hus, MaMepsas npu cOOTBETCTBYIOILEM YBRJHMYEHHH pPasMCpul
NpOABJIEHHbIX 3JIEMCHTOB M CONOCTABJNAA HX C pa3MepaMn
TeX e 3JieMeHToB Ha (oTowabioHe, HAXOAAT Ty 30HY,
B KOTOpOil TOYHOCTh Tiepejayn pa3Mepa OJM3Ka K eAHHHILC.
Ecnu Takux 30H HECKOJIbKO, BbiGHpaIOT 30HY, AJiA KOTopOil
BpeMs NpPOABJIEHHA MHUHUMaNbHO (4TOOH MIOTHOCTL Aedex-
ToB 6LIa MuHUMaJbHOM). MHorma HC yAaercs INOJYYHTD
Tpebyemblit Pe3yJLTaT cpasdy, TOT/la ONLIT NOBTOPSIOT, H3MC-
Hfil BpeMsl IKCNOHHUDOBAMUA U TPOABJIEHHUS.

Bropo#t cnoco6 3axiiouaeTcsi B HCIOJb30OBAHHH CTyIllell-
YaTOro OIITHYECKOrO KJIHHA, NOMCINAEMOro mnosepX ¢oTo-
waGJoHa. OnTHuecKHi KJIHH TO3BOJIACT H3MEHATL A03y 1ph
OJIHOH M TOM e Bbijep:kKe. DBrlyckaeMble npOMLILUJICH-
HOCTLIO ONTHYECKHE KJIMHbS XapaKTEPH3YIOTCS, KaK NpaBM-
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0, HeGOJBILMM H3MeHeHHeM
THYECKOH IJIOTHOCTH OT 110-
K noswo (Hanpumep, 10-
JILHEIA KJIMH, TIPHMEHSIEMbHi
noJMrpauH, MMeer rpana-
MM  ONTHYECKOW MJIOTHOCTH 3
22, 0,34; 044; ...; 2,57).
TO NO3BOJIAET TOYHO NOA0-
aTb 3KCNO3HUUHIO, HO CyXa-
nHanason ee H3MeHEHHs.
JIfl pacliMpeHHA [danasoHa
KCNO3HIHE MOMHO HCHOJB30-
aTh HEHPO3PAYHLI 3KpaH ¢
MOHTHDPOBAHHBIM B HEro ONTH-
CGCKHM KJIMHOM: CABMras 3K-
aH ¢ KJIMHOM, MOJIyyaloT Ha
sactiHe 3—4 oTHeyaTKa ¢
aA3JTHYHBIMH BbH1EPXKKaMH.
pH 3TOM TOSIBJSAETCH BO3-
OXHOCTL CTYHEHYaToro Hpo-
BJICHUA: KaXX/IHIH U3 OTTeuaT-

Lol

h=135mm

1

|

H I ,
i | L !

KOB BEUAEDXKMBAXOT B IPOABH- ey oy A Iy

rase pasHoe speMA. B peayns-

TaTe Ha OJHOH IIAacTHHe pea- Puc. 16. 3apucHMOCTH BpeMeHH

NPOABJACIHS OT 3KCIO3HLHH, ClfA-

au3ywor 30 pexumon 3KcIo-
HMPOBaHHA H NPOSIBJICHHSI.
Ha puc. 16 npuBegeHs sKc-
NepUMEHTANbHbBE  3aBHCHMO-
CTH, HOJIYYCHHBIC ONUCAHHBIMH

THE METO/IOM CTYNeNTaTOro IKC-

NONHMPOBaKUH H NPOSIBIEIMIs nan

pasquuHbiX  ToawMls  ¢oTopesn-

cra OI1-383 (npomeuTens Oy-
depuii).

cnocobamu Ha cyioax dorope-

sucra @I1-383, rommuHa Kotophix H3MmeHssack ot 0,16
20 1,35 mkm. Kaxpan TOuKa Ha KPHBHIX COOTBETCTBYET
TOYHOCTH hepejlaud pasmepa, pasHoit 1+0,05. HetpynHo
y6eAuTbcA, UTO BPEMEHA IIPOABJICHUA H IKCNOHUPOBAHHSA
cBfA3aHbl MeX/y co60fi 06paTHO HPONOPUHOHANBHOH 3aBH-
cumoctbio. Lenv Bbi6parb (PUKCHpPOBaHHOe 3HayeHHe Bpe-
MeHH 9KCNMOHHPOBAHUsA H NPOBECTH COOTBETCTBYIOIUYIO STOMY
3HAYEHHIO HPSAMYIO, HapalJe/bHy OcH abeuHce, TO nepece-
yeHHe ee ¢ KPHUBbIMH TOYHOH Hepejiayd, CHATHMM JUis CAOCB
Pa3MYHOR TOJIIMHB, JACT OHTHMAJbHEIE 3HAYeHHs BpeMeHH
nposinsienus. Teoperuueckd 6buio noxasavo [28], uro stu
BpeMeHa IPOHOPIMOHAILHL KBajparty TOJHUMHDE c/iof Ae:

k2.t _ (hfl A% _ (hca\ 2
t T "\ ) =t )

= N
P Eoxen
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DkcliepMMEHTanLHO 43 KPUBLIX pHc. 16 nna BpeMeny
SKCHOHHPOBAHHSA faen=10 ¢ nosyyaem Bpems IPOfBJeHIy
cnofi tosmuuuol 0,16 MKM, paBHoe fup=06,5 ¢; ANA crojg
tojuHol 0,27 miM, tpe==17 c. PacueTHoe Xe Bpems
nposBieHus cocTaBisAeT fnpp=6,5 (0,27/0,16)2=18 ¢, yto
JIOCTaTOYHO OJIM3KO K 3SKCIEPHMEHTAJLHOMY pe3yJbTary.
Ananoruydo mif foxen=10 ¢ 3KCNHEPHMEHTaNBbHBIC BpeMera
npossJieHus cioes ronmuuol 0,35 u 0,77 MKM paBHH 5 y
20 ¢, a pacuernbie 5 H 24 c. XapaxrepHolt owMOKOR i1py
nos60pe ONTHMAJbHBIX PEXHMOB ABJACTCS TO, YTO, MOMON-
pas peXHMM JUIA HOBOM TOMILHHBI CJIOA PC3HCTa, MEHAIoT
BpeMf SKCHOHHPOBAHHs, a IJIPOABJAIOT B TCUeHHE TOTO ke
BPEMCHH.

Yacro ypaercs poburbcs TOYHOH Mepenaud pa3Mepon
Ha CTajUH lpOSIBJIGHHOIO pesibeda (oOTOpe3ncTa, HO mpu
TpaBJieHHH BO3HHKaeT 3HAuMTEeNLHOe pacTpaBiHBaHHe H Ka-
YecTBO lIpoLecca B UeOM Pe3Ko yxyuuaercs. OcofeHHO ya-
CTO pacTpaBlUBaHHE H yBeJHYelHe Pa3MepoB HabJo1aloTcsl
Ha oc(PopPOCHIHKATHOM CTEK/e; TPABJIEHHE MJIEHOK aJIOMi-
NIHA XapaKTepH3yeTcs: 3aMETHO Xyjllefl BOCHPOH3BOIHMO-
CTbIO, YEM TPABJICHHE OKHCJA 113 KPEMHHH.

KauceTBO TpaBJienHsi MOMHO YNYUIIHTb, MOBHIIAs TeM-
nepaTypy BTOPOH CyIUKH, HO NPH 3TOM IPHXOJAHTCS yuN-
THIBAaTb BO3MOXHOE OluIaBJleHHEe pe3ucTa N0 Kpaio Haobpa-
XKeHHfl, B Pe3yJILTaTe Yero MeJJKHE 3JeMEHTH He BhbITpPaBJiH-
BaloTcs. Pewarh npobsneMy kauecTBa TpPaBJCHHA CllelyeT
noj6upas oNTHMAanbioe coueTAHHE THIla (OTOpe3HCTa, TPa-
BUTEJIS1 M NOANIOXKH. Hanpumep, yxe oTMeuasnoch, uTo st
tdoronuTorpadui Ha (ochOPOCHIHKATHOM CcTekde HauGo-
nee npuronen poropesrcr PII-PH-7. Xopouee kauecrno
dorosuTorpahun Ha MOGHX NOMJIONKKAX HOJYYaeTcs NpH
HCHONL30BAHHH (DOTOPE3HCTOB HA OCHOBe pe30JILHOH CMO-
Jn ¥ uponykra Ne 27 [11]. DTH upuMepsl roBopsT o 3na-
Yelnd NpaBHJALHOrO nopbopa pesHcTa. 3ameTHOE BJNSIHIC
11a KauecTBO OKa3LiBaeT TpabmTenb. Tak, B pabore [11]
OTMEUYACTCA, YTO, MPUMCHAA JJIsl TPABJEHHS OKHCIIA BMeECTO
obuyHoro 6ydepHoro tpasurens (HT : NH,F: H,0=1:3:7)
cMech CePHOH KMCIOTH ¢ ylenbHHM pecom 1,135 u dropn-
j1a aMMOHHSI B COOTHOWeEHHH 2:1, yjaercsi 3aMeTHO yuy'l-
1IUTL TOYHOCTL Mepejayn pasMEepPoOB M OUNHOBPEMEHHO yBC-
JIMYMTL CKOPOCTL Tpaeiicuns ot 0,06 j10 0,22 mMim/mun.

Ilpn TpapieHun ocoGeHHO MNOMHO MposBAsETCs 3aBI-
CHMOCTL KayeCTBa OT XapaKTePHCTHK MOJUIOMKKH, a 10CKOoJI -
Ky 3TH XapaKTEPHCTHKM CBA3aHLl C APYPHMH TEXHOJOHuC-
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CKUMH NPONECCAMH, TO M OT CTeleHU OTPaGOTaHHOCTH TeX-
HojioruH B uejoM. KoHeuHo, u Ha cTafHAX, NpelliecTBYIO-
LWHX TPaB/ICHUIO, XapaKTePUCTHKH LOAJOMEK HrpaloT Bax-
Hyli0 posib. HanpuMep, H3McHeHHe peXHMMOB HallLLTEHUS
aJIIOMHHHEBLIX TJIeHOK NPUBOJIMT X KoJiebaHHAM OTpaXa-
TeNLHOH CNOCOGHOCTH NMOMJIOMEK M B pe3ysihbTaTe H3MEH#-
IOTCA YCJIOBHA 3KCNOHUDOBAHUS; OKHCJICHHE I[IOBEPXHOCTH
aJIIOMMHHA MOXET BLI3BaTL NJAOXOE CMauuBaHile H CKaTbl-
BaHue pe3ucTa NpH HaHeceHHH. OJHAKO UMeIHO Ha TpaB-
JleHHH CHJIbHEe BCero cKashBaloTcsi KoJeballdA CBOMCTB
IIOJJIOXEK M OTKJIOHEHHs DPEXUMOB JPYrHX TEXHOJOruye-
CKHX omepauuil — okucienusn, Au(dy3uy, OTMLIBKH, MpH-
yeM Gpak Mocse TPaBJieHUA HEHCIPABHM.

[pubeseM KOHKXpeTHHE npUMep TOro, Kak KayecTBo
TPaBJieHUsl MOXeT BLITL yJIyyLleHO 3a CueT KOPPEKTHPOBKH
pexxaMoB Jinddy3uu i OKHCICHHUSA, NPeNLIeCTBYIOIHX (HOTO-
Jsurorpadui. HaMu nmpomoAnnuchL HCcNegOBaHUs TOUHOCTH
nepesayy pa3MepoB NpH TPaBJICHHH ABYXCJIOAHOH CHCTEMBI
thocdopocUIMKaTHOE CTEKJIO — ABYOKUCh KPEMHUSA, NOJYYeH-
HOil B pasJU4HLIX pexuMax JHpPysun dochopa u nocne-
Ayloulero OkHciends. Ha moJMpoOBaHHLIX IJiaCTHHAaX KpeM-
HUA DLIpAlllHBaJH CIOH OKHCNa ¢ pa3nuyHoit TodmuHoi (0
0,14; 0,25 u 0,35 MkM), mOBepx HUX HaHOcuNH caoH docdo-
POCHNIMKaTHOIO CTekna Ju¢pdysuelr docdopa npu 950° C
B TeyeHde 5 u 30 MuH. YacTh miiactyH 3aTeM HOIBepraliu
okuciedno npu 1000°C B Teuenne pas3Horo Bpemenu (0;
15 u 60 mun). Takum oGpasom co3jaBasHCL COuETaHHA
CJIOGB OKUCNIA U CTEKNa ¢ pa3HOH TOJINMHOH H KOHUCHTDa-
nmuet docopa B crekne. PortonHTorpauid NPOBOAHIH
cTaHnapTHLM oGpasoM ¢ ¢oropesucrom PH-PII-7. B pe-
3yJbTare Heclle/loBaHUil GHJIO BBIACHEHO Cllejlyinniee. doTO-
Jurorpadus no ojiHoMy (ocedopocHukaTHOMY cTekyy (7. e.
HaHeCeHHOMY HenOCpPEACTBEHHO Ha KpeMHHH MOXeT ObTb
JIOCTATOMHO TOYHOM: TOYHOCTL mnepefaus [7=1,04 (1=
=(a—ap) /ap, The @ H Gp— pa3Mep INoOCIE TpanJieHHs M
HCXO/IHME Ha waGnone). Ilpu tpapnienus JBYXcoiHOH
CHCTEMBI CTEKJIO — OKHCEJI, He 1I0/IBepraeMoll OKHCJEHHIO
nocae yiupoysun docdopa, OCTHYL TOUIOH Nepelayd pas-
MepoB He ypaercs; B cpeuHeMm I1=1,4—1,5. [lposeyenue
JlaXke HENpO/IO/KHTELHOTO OKHCJEHHA mocue suphysnd
¢docdopa 3nauuTesBHO yJyullaeT TOYHOCTL Mepefayd: A0-
cTatouHo npuMepHO 10 MHI, yTOBLI TOUHOCTDL llepeflauH CTa-
na ne xyxe I7=1,1. Tlapamerpol juGPy3NOHALIX CJIOCB H
cTaBunu3HpyIolHe cBoHcTBa (GochOPOCHIHKATIIONO CTEKIA
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fpY TAKOM OKHCJIEHHH H3MEISIOTCH He3HAYUTEeNbHO, H, ec-
nu NojfiobHas o6paboTka AOMyCTHMA, €e CJEAYET BBOIMTI,
LI yJyqlleHns Kauectsa ¢orosurorpadus. I1puseseHnnie
€000paskeHHs rOBOPAT O TOM, YTO ClE{yeT NPONLYMAHHO 1I0A.
GupaTh cHCTeMy PE3HCT — TPaBHTEL — NOIONKA. B pabo.
}'e [6“]81L)3Hb1 peKOMenlauuy 1m0 BHBGOPY MOUOGHLIX CHCTE:
Tabi. 8).

Tab6nnpma 8
OntuMalibHbe cHCTeMb §0TOPe3UCT—TPaBHTelb—
NOANOKKA
Moz 10xaca @agropeamcr Tpavimens
Oxucen $I1-PH-7, HF:NH,F:H,0=1:3:7
pP-27, H-27,
pP-83, P-7
docgopocn- | ®I-PH, P-27, HF:NH,F:H,0-=1:3.7
JIMKaTHOe P7

CTeKAO

pP-27, 80 r xpoMoeoro awrumpkma, 14 r
®IL.PH-7, P-7 | {)ropupa amMmoniisi, 40 r kaiMps ykcyc-
Hokuenoro, 0,1 r. kpaxMana, 1o 1 1 Bopb!

AnoMurii 'H-27 HPO, (1,87 r/cm?) 18314 70°C;
,PO,:CH,COOH:HNO,:H,
=12:5:2:1'(20°C)

Xpont H-27 ConnHas KHCOTA C AKTHBATOPOM

n pHMeyaHHe. P. H—p&!oﬂhm HAH  LIOBOJIATHAST CMDJI2 B CavOCTOATESNRHO {IPHIO-
TOBIeIHEX (JOTOPE3UCTax Ha ocHoBe npofyktoe N 27, 83, 7.

B 3aksoueHHe NepeurcsiMM psijl ITPAKTHYECKIX METOJI0B,
HanpaBfeHHLIX Ha yJyulleHHe KauecTsa (DOTOJMTOrpagut
4, B NEPBYIO OYEPE/Ib, HAa CHHXEHHE MJIOTHOCTH [CPEKTOB.

«JIoitHan» dotoantorpadrn. BoamoXHBl fBe pasiuo-
BUJIHOCTH 3TOr0 Merosia. OjiHa U3 HUX 3aK/MIOYAETCA B TOM,
4TO HAHOCAT CJIOH (OTOPE3UCTA, CYLIAT, SKCIOIHPYIOT BJBOE
MeEHLIICH /1030, 4eM HYXKHO /ISl NOJHOTO paspylneHua pe-
31ncta (OTHOCHTCS K IIO3UTUBHOMY PE3HCTY) M NpOSBJAIOT
B TEYEHHC BPEMCHII TaKXe BJBOe Menblle ONTHMAJbHOTO.
3ateM mJjacTuHy TNPOMLIBAKT OT IIPOSIBUTENIA, NPOBOASAT
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PBYIO CYLIKY ¥ CHOBa 3KCNOHUDPYIOT, HO HCHONB3YA (OTO-
abJIoH C ApYruM paclpejlesieHHeM JIoKaJbHhIX JedeKTos.
aKuM LIAGJIOHOM MOXKeT GLITh NIPOCTO APYroH AyGIHUKar,
C/IH STANOHHBIH WAabJoH He cojpepXaJs JIOKAaJNLHbIX pedek-
B M BCe Je(eKTb BHOCHJIMCh Ha CTafHM HU3TOTOBJIEHHA
B6aukaTon, au60 JYGNUKAT, CJlesIaHHLIt ¢ APYroro sTallo-
a, XapakTepH3yemOro CBOMM pacHpejesieHHEM JIOKAJIbHBIX
ctexToB. B npocreitinem ciyyae HCnosb3yloT TOT Xe Luad-
OH, YTO M HA MepROM CTaA¥H, HO CABHrAlOT €ro Ha Iuar.
‘OYHO COBMEIAIOT BTOPOH MAGJIOH ¢ NpOsSBIIEHHBIM pelibe-
OM M MpOBOAAT IKCNOHUPOBAHHE C NOJOBHHHOM J030M.
posisks (NOJIOBHHHOe BpeMs) CJIOH HOCJ]e BTOPOrO 3KCHO-
HpODaHKf, NOJYYaloT MNOJHOCTBIO OTKPHITHIE 3JIEMEHTHI,
MecTax e pacnoJOXeHHsl JOKaJbHUX jiedeKkToB cioh
€3HCTa pPa3pylleH TONBKO IAMOJIOBUHY M CKBO3HOH NpOKOJ
¢ BO3HuKaeT. Bo3MoXxeH BapuaHT, MO KOTOPOMY Ha mep-
Off cTajuu cJO# He NPOSBJISIIOT, a NIPH COBMEUIeHHH HC-
[IOJIB3YIOT 3€NeHLHH HHTephepeHUHOHHbH ¢UIBTP, C HO-
MOILLIO KOTOPOrO YiA€TCH BBIIEIHTE 3KCMOHKPOBaHHBIE 006-
NacTH, M3MEHHBLIMe OTPAXKAIOILYI0 CHOCOGHOCTL MO  ToOf
OPHYHLE, YTO B HUX OOJBILAA YACTb MOJEKYJ HadTOXHHOH-
Nuasua paspyllleHa CBeTOM. DTOT BapHMaHT NpejNOuTHTe-
JIeH, TaK Kak LieJoyHo#l mposBHTENL caMm mo cebe co3jaer
JIOKaJibHBle Je(eKThl B cJioe (DOTOpE3HUCTa.

CorjlacHO BTOPOMY METORY CHa4aJlla npoBOAAT MOJHOCTHIO
Bce omepauuu oToNHTOrpaduH, 3a HCKIOYeNHeM Tpaslle-
HHf NMOMJIONKKH, HanpHMep, OKHCJIeHHoro KpeMHus, Tpasne-
nye OKHCJA OCYILEeCTBJSIOT HanoJOBHHY. 3aTeM Y/alfior
Pe3uCT, MOIOT MOAJIOKKY U NOJ(BepraloT ee NOBTOPHO# 06pa-
GOTKe; JONYCTHMO HCIONB30BaTh, HanpuMep, o6paboTky UK
usnyyenueM. tla ob6paGoraHHyo NOMJAONKY CHOBAa HAaHOCHAT
CJIOR  (poTOpesucCTa, CyWIaT, COBMEUIAIOT ¥ 3KCHOHUPYIOT,
HCHONIL3ys WAaGJOH € UPYruM pachpeilesieHHM JIOKAJNBbHEIX
ZleheKTOB, MPOABJIAIOT, NPOBOJIAT BTOPYIO CYLIKY U, HaKoNew,
JIOTPaBJHBAIOT OKMCENl B OKHaX 0 KOHua. JIokajbHHE je-
deKTH 0 KOHIA MPH 3ToM He JIOTpaBjupaiorcs. CyliecTsy-
€T, OJIHAKO, peasibias OllacHOCTL TOTO, UTO B MECTaxX Jeek-
TOB MacCKHpYyloOIlasi CnocOGHOCTL OKMCJA apyllaeTcsl, naxe
ec/M OH M TPasuiics BABOE Melibiliee BPeMf, YeM 3TO Tpe-
6yercs JIfl IOJHOTO TIPOTPABJIHBAHHUS,

O6a Mertosa «IBOKHOK» (OTOJNMTOrpagMu CHHIKAIOT
T POM3BOAUTEIBHOCTL, H MO3TOMY NPHMEHSIOT HX IPH Kpai-
Heil HeOOXOMUMOCTY, HallpHMep NpH CO3/l@HHM KOHTAKTHLIX
OKOH, Tjle Mane#uinil npoOKos BM3mMBaeT Gpak.
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«JIpoitnnie» oromabnount. Hsrorasnusaor Ppabouyyp
XpOMUPOBaHHHI AyGJIUKAT, UMEIONIHH HEKOTOPOE pacnpeiie.
JIEHHE CKBO3HLIX LedeKTOB H 3epKasibHhi AyOJNUKaT ¢ npy.
rUM pacnipelie/ienHeM CKBO3HHX jedekTon (¢ APYroro sra-
JICHHOrO 11a6JIOCHa WM CO CABMTOM Ha war). 3aTeM Ha pa.
Gounii AyGJauKaT ¢ IOMOIUBIO NHPOJH3a HAHOCAT IJIeHKy
JABYOKIICH KPeMHHS TOJILIHHOM 0,4—0,8 MKM ¥ Ha HecC ILiCH.
Ky xpoma. HaHocaT pesucT M 3KCNOHHPYIOT €ro vepes 3cp-
KaJbHLR Ay6JHKaT, COBMEIas €ro ¢ BhICTYNAIOUIHMH H3-10)
nJleHKu XpoOMa KOHTypamu paGouero py6mukara. Paspensio-
WHi cJIof JBYOKHCH KPEMHHMS INIPeNITCTBYET TPABJEHIi)
HuKHero cjost xpoma. CkBosHHe paedekTH OOOHX cliocn
XpoMa He COBI@faloT, TaK YTO B HTOre IOJyYaercs (oTo-
wa6aon Ge3 npoxosoe. bojee Toro, «ABOHHBIE» hoTOWAE-
JIOHH HaMHOro ycToffuuBee K H3HOCY, yeM OOBIYHLIE, Tak
Kak lIpd CTHPAaHUM BEPXHEro CJOS XpoMa HHXKHHA HaJeXHo
9KpaHHpyeT Pe3uCT OT MONAJaBHA cBeTa. DTH [BA AOCTOHLI-
cTBa NOAOGHHX ¢hOTOWAGJOHOB ONpPaBALIBAIOT HEKOTOpoe
yCJIO)KHeHHe MpoLecca MX H3roTOBJIEHHS.

doronutorpadus ¢ nogcnoeM. ITOT HPHEM HCHOJIBL3YeET-
CH, KaK ITPaBMJo, B ABYX CAyyasix: AJIf TPaBJIEHUsT OKHCIa
H (HOCHOPOCHIHKATHOrO CTeKNia Ha TeX ollepallisix ¢pOTOJIH-
Torpaduu, Korfa 0co6eHHO OllacHhl NPOKOJIL, i [JIS1 Tpaslie-
HHA B COCTaBax, BO3JEHCTBHSI KOTOPLIX Pe3HCT He BLIjiep-
JKUBaeT, ,

Ha nomnoxky HaHOCAT CiOH MeTasa, 06Jajaloiiere
K Hejl Xopollefi afre3ueii 1 He TPaBSAIIErocA B COCTaBe, HC-
noJib3yeMOM JUISl TpPaBJieHusl NOAJIOKKH. [lanee npoeomst
toToauTOrpaduIo ¥ BHMTPABIHBAIOT OKNla B METAJJIHUECKOM
NOACJOE OAHHM TpPaBMTEJEM, a OKHA B IOAJOXKKE ADPYrUM.
IIpu ¢poronutorpaduu NO OKHUCAY U NPHMECHOCHIIUKATHBHIM
CTEKJIaM Yalle BCero B KavuccTBe NOACJIOS HCIONB3YIOT MO-
aubJieH, KOTOPLI TPaBAT B cMecH OpTOOCcOPHOH, yKeyce-
HO#H, a30THOH KuCAOT M BOAL (75:15:3:5) npu reMncpary-
pe 18°C. Okuces u cTewI10 3TOT cocTae He TpaBut. T1pokosiLt
B wabJoHe U B cioe (hOTOpe3ucTa, ECTECTBEHHO, NepealoT-
cs cioi0 moaubaeHa ¥ nanee oxucay. OfHAKO, KaK nokasbl-
BaeT ONBT, PasMephbi HPOKOJIOB B OKHCJE IIPH HCIONHL30Ba-
HUY TIOACHOf TIOJIyUaloTcs HaMHOTO MEHBIUHMH, YeM NpH
TpasJieHnu 6e3 mofcnosi, OueBHAHO, 3TO OODBSICHSCTCH TEM,
urto OokOBOC NOATpaBJHBaHHE OKuclla (B MecTe AedekTa)
NPH MacKMpPOBKe OAHHUM PE3HCTOM BHIPAXKeHO CuJbHee, YCM
1Py JIOMOJNIHUTENLHON MAcKHPOBKe METaJlJIOM, XOpOILO ajrc-
3UPYIOUIUM ¢ NMOBEPXHOCTBIO okucaa., HHorpa HaneceHue

78 -



ojiciion codeTalT © «ppofinofi» ¢oronutorpadued, T. e.
oclic BLITPaBJMHBaHWUA OKOIl B MOJHGjeHe CHOBa IIAHOCAT
€3HCT, NPOBOAAT cOBMellellHe ¢ AYONHKaTOM, HMeEIOLMM
pyroc pacnpegeneide pedeKToB, 3KCNOHHPYIOT, TpOSIBJISI-

, CYIUaT M TPaBAT OKUCEN B OKIIaX.

B Tex cnyuasmX, Koria pe3uCT He BLIAEPKHMBACT BO3ZeH-
CTBHST TPaBHTeNfl, B KauecTBe NOACJON MCOONLIYIOT XHMHM-
YyeCKH I1acCHBHBII MeTans, Takofi, kak 3o/0To. Ilpumenss
ToAcTof 3070Ta, TPABAT Hanpumep TutaH [60].

«BapwmiBHasi» doTonnTorpadun. MeTox B3pbIBHOH HIH
KaKk ee HHOrAa HasbipaloT «oGpatHofi» doronurorpadun
II03BOJIAET CYLICCTBCHHO CHHM3MTh YpOBeHL JedeKTos;
B psiAe CTyyaeB MeTo]l OKa3LIBAeTcsl eAMHCTBEHHO BO3MOX-
HBEM.

CylHOCTL METOAA 3aK/I0UaeTci B TOM, YTO Ha MOAJIOK-
Ke CO3JaloT Macky M3 ()OTOPe3HCTa, HAHOCAT I1a Hee Kakoe-
n16o BellleCTBO (Uallle BCero MeTallI) M 3aTeM B PacTBOpH-
Telle yAansloT pesucT. B pesynnrtaTe octaloTcst TONbKO Te
yYacTKH, B KOTOPLIX HAHOCHMOe BellleCTBO Iionasno Ha moji-
noxky. Tlpu B3puiBHOK doTONMTOrpadMn BaXHO, YTOOLI
6LITH pa3pLIBLI MEXJY MaTepHaNoM, HaHeceHHLIM Ha NOA-
JIOXKY M Ha IOBepXHOCTb pesucta. B nporusnom cryuae
W «B3pLIB» He TIPOM30iJeT, MM NPHAETCA NPHMEHSITh
OPUHYAHTENbHOE yhaleHHe, HallpHMep BO3JEHCTBHCM YJLT-
pasBykoBrIX KoneGaHmi. IAst Toro, urobW H3bexsaTe coe-
JuHeunit, Heo6xopuMo obecneunTb ABa ycJa0BuA: GOKOBLIE
IIOBEPXHOCTH PE3UCTHBHON MacKu AOMKHLI GLITh BEPTHKAMb-
nbiMY (KJHH TIPOfIBJIEHHA MHMHHMMaJten) M HalOCHMbI# Ma-
TepHas AOJIKEH MOCTyNaTh K NOAJIOMKE I10f YIJIoM, GJIU3KHM
K HopMmannHoMy. IlocslenHee yciopHe BHIIONHSIETCST IIPH
HanLUIEHHH MeTallsla B BakKyyMe ¢ pPe3HCTUBIBIM HJH
3JIEKTPOHHO-JyUeBHM HCIIapHTEJIEM, OTCTOAILMM OT IIOAJ0XK-
Kn Ha Gonninoe pacctosiue (okono 40 cm). Ilpn peakrtvs-
HOM pacnbIEHHH, n1a060poT, oca)AaeMulil Marepuan Iolia-
JlacT Ha HOAJOXKKY HOA CaMHMH PasiHYHLIMU yriaMmH.

DOTOpe3UCT HaHOCSIT CJI0EM, TOJNIIHHA KOTOPOro AOMKHA
COCTaBAATL 2—3 TOMUMHLI CJOSI HaHOCHMOrO MeTanna.
Tlocne nenpopomxurenvuoil cymxku (npu 80°C B TeueHHe
10 MHH B TepMocTaTe; TOJIMUA CI0A OKONO 2 MKM [68])
9KCHOHMUPYIOT, NPOABNSIOT H306paKcHUe H CO3AAIOT TAKHM
o6pason macky. Bropyio cyurky He npomoasiT, Tak KakK OHa
IIPUBOAHT K 3aKpyrJIenHio Kpaes penbeda u3 oTopesucra.
Ilo »710#t e lUpHYMHe HCOGXOMMMO TLIATENbHO KOHTPOJH-
poBatk TeMIiepaTypy NOAJOMKKH B IIpONCCCe HaNblIEHHUS.
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OcHoBHag npobiema 3Toro meroa ¢oronurorpaduy —
aJre3us oca¥<JlaeMOro Matepuana k nognoxke. Ias Torg
uT0OH 0GecnevHTh XOPOIIYI0 ajire3Mio, NPUMEHSIOT Pa3iuy.
Hble MeTOAH O00paGOTKM CBOGOAHBIX OT PE3UCTa YHacCTKop
NOBEPXHOCTH TNOANOXKHM: HMOHHOE TPaBJieHHe, OUHCTKY
B TJIel0lleM Paspsie, OUMCTKY B Kucjopoanoi niasme. Ioc.
Jgeminfi MeTon Haubosee 3¢bekTHBEN, TAK Kak NPHMCHHM
MOYTH JAAsl JIIOOLIX MOAJIOXKEK M MOJHOCTBbIO yZajsieT opra.
HHYecKye 3arpsiHeHns.. O6paboTka MJIACTHH KHUCJOPORHOf
J1a3MoOl B TedemHe BPeMeHH, TPeGyeMOro IJs YyHalleHus
c10s pe3ucra ToJwMHOA npumepno 10uM, HOJNOCTHIO OYu-
waer nosepxnocrb [69].

Ilpn wMcnonb3oBaHMH pas B3PLIBHOH ¢oTonuTorpadun
NO3UTHBHOrO pE3UCTa YAaNeHHC Mackd ¢ HaHECEHHLIM Mc-
TaJlTOM OCYLIeCTBJAIIOT B alleToHe, AMOKCaHe, AMMeETHIGOp-
MaMKzle, MOHO3TaHOJaMHHC.

Heratusno-noaurusnan doronutorpadus. Meron ocHo-
BaH Ha NMPMMEHEHMHM Kak HeratuBHOro, TaK M NO3MTHBHOIO
(OTOPE3NCTOB B Pa3/UYHLIX coueraHUsX. [Ipu atom obucr-
Yaercst ollepallusl COBMCUIEHUS] H CHIXKaeTcsl IVIOTHOCTb Je-
pexron, .

PaspenbHoe Hclob30BaHYE HEraTHBHOTO M MO3HTHBHOIO
(OTOPE3HCTOB B ONHOM HpoLlecce OCHOBaHO Ha clefylomHX
cO06parKeHUAX: MPOKONHE Ha iabjioHe OmMacHee Hellpo3pay-
HLIX «OCTPOBKOB» M3-32 HaKalJIHBaHHA NPOKOJIOB N0 MepC
IKCIUIyaTaldy; Ha TeX oliepaliuax (OTONHTOrpaguH, ruc
He JolyckaloTcsl [POKOAB (B OkMCJe), KpUTHYeckHe oGJa-
cTH ¢orowabyuoHa ciaeAyeT BLINOJHATL NPO3PayHLIMH If
NpUMEHAITh HeraTHBHBIY (POTOPE3UCT; Ha TeX oilepaliMsx (o-
ToJAMTOrpadMi, rie He [ONYyCKalOTCA <«OCTPOBKHM» OKHCJIa
HJIH McTajjla KpHTUUeckMe obaacTh mmabnoHa clegyct Tak-
e BLITOJHATL NPO3PauHHMHM M IPHUMEHAITH TO3HTHBHEIH
(OTOPC3HCT.

Tlpn usrotosneHuy, HaipuMep, GHIOJSPHOTO TPAH3HUCTO-
pa c¢oTonuTorpaguio 6a3nl M 3MUTTEpP2 MOXKHO IPOBORMTD
Ha TMO3HTHBHOM pE3HCTC, KOHTaKTHLIX OKOH — Ha HeraTHb-
HoM. TouHO Tak e MMeeT CMHCJ NPHMEHATH HCl'aTHBHHIH
pesucT AJsi GoTonuTorpadun lof H3ogaHpyloulyo audody-
3HI0 B HHTErpajibHHX CXeMax.

O/HoBpEMEHHOe HCIO0JIb30BaHHe HEeraTHBHOTO U 1103HTUB-
Horo ¢oTOpe3ncToB AJA OAHOHK omepau¥u GoToJNHTOrpacuu
nosponsieT co31ars NpakThieckn Ge3fleekTHYIO 3allUTHYIO
MacKy, Tak KaK Pe3ucThl IPOABJSIIOTCA B PasiuylbIX cocTa-
Bax NposBHTeNeH, KaXKAHH M3 KOTOPHIX BO3[efiCTByeT TOJb-
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KO lla «CBOH» cnoff. MexaHHucckHe nedekThl cJOCB H Jie-
¢exTbl, BHOCHMBE (oTolaba0HAMY, TPAaKTHUECKH He mepe-
KPHBAIOTCHA, T. €. CKBO3HBIE MPOKOAL JOJIKHLI OTCYTCTBO-
Batb. CHauana HaHOCAT c/OH NMO3HTHBHOro ¢oropesucra,
Cymar ero, 3KCTIOHHPYIOT, TPOAIBASIOT H 3anybJHBaloT.
3aTeM HallOCAT HETaTHBHBI (hOTOpE3HCT, CyllaT, COBMella-
10T M306paKeHts, IKCIOUMPYIOT (JKenaTeabHo Ha LabnoHax
yuecTb pa3/JuuHe B PeaKIlHM Ha llepeIKCNOoHHPOBaHHe y He-
raTMBHOro H TO3HTHBHOrO PE3NCTOB), NPOSBAAIOT H 3aly6-
nupaior. Takas AByXcnoffHasl NO3MTHBHO-HeraTHBHasi OTO-
nurTorpadua ¢ ycruexoM HPHMEHFETCS] NpPM rajJbBaHUUECKOM
ocaKIeHHH MeTaJlJoB.

6. Nyt pasentns coronmrorpacdmmn

MoKHO cpopmysIHpoBaTth OCHOBHLIE TENJEHLMH, onpeje-
JsiomHe mnporpecc ¢oronuTorpacduH: NOBLILIEHHE paspe-
maiowel CNoco6HOCTH, 1IpOABJIAOILeecT B pa3paboTKe Me-
TOJOB NPOEKUHOHHOHl ¢doTonHTorpadHH M ocobeHHo B mepe-
X071e OT ONTHYeckol (oTONHTOrpacdUd K PEHTreHOBCKoil M
3/71eKTPOHHO-JIyYeBOM JMTOrpaduy; yJyylleHHe peasibHOro
KalueCTBa mpoliecca, B NEepBYI0 oyYcpelb CHIXKEHHE HJIOTHO-
CTH JIOKaNbHDLIX nedeKTOB 3a CYCT NOBLINIEHHS] MPOM3BOJ-
CTBEHHOIl YHMCTOTH, aBTOMaTtH3alldu Tpoliecca, COKpallleHHs
yucJla onepauuii (Hampumep, cO3naHHMe DHCYyHka 6e3 Lia-
6/710Ha, T. €. HENoCPeJCTBCHHO Ha paBoucy nactHHe).

TlpoekuuonHas GoTONHTOrPadHsl OCyUleCTBIAETCA 10
cxeme, Toka3aHHOH Ha puc. 17. Hso6paxcHue ¢orowmabo-
Ha lpoeyHpyercsl Ha HOMJOXKY, NOKPHTYI0 cjloem ¢oro-
pesucra. Has ocyulecrBicHUSI TPoeKUHH Heo6XoAHM CJIOK-
HLIl clieldaJM3HPOBaHHL 06DLEKTHB, OfecrneydBaloHil
BLICOKOE pa3pelleHHe Ha Tosne AMaMeTpoM, paBHOM JHHa-
METPY NOAJOXKH, FIMCHHO CNOXHOCTE CO3JaHHAl MOJAOGHBIX
06BEKTHBOB CAEpHHBaNa M CAePXHBaeT B HU3BeCTHOH Mepe
Pa3BHTHE MPOEKIHOHHOro Meroja ¢OToJHTOrpaduH.

OfHO# M3 JyYILHX COBPEMEHHHX YCTaHOBOK I1POEKIIMOH-
HOH ¢oTonuTorpaduy ABAsETCA ycTaHOBKa «Mukposaiii»,
mogent 100 ¢pupmbt «Ilepkun-damep» (CIHA), obecneun-
Bajoulas TpuH Mmaciutabe npoekudH 1:1 mosyueHue JIMHHIA
WHPHHOA 2 MKM Ha noJjie Auamerpom 75 MM. Ha Hekoro-
pPLIX MOJENAX YCTaHOBOK UPHMEHMIOT APYrie MacuTabH
npoekunu: 2:1, 4:1 u 10:1. Taxk, ucrnonb3oBaHHe B yCTaHOB-
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xe ¢upmbl «Kacnep» (CHIA) macwraba 10:1 nossosser
nojayyarth JIMHMM 1WHpHHOH 1 MkM, Ho paGouee moJsie iipu
3TOM yMeHbILaeTcsl, TaK UTO NPHXOLHTCH NPOM3BOAHTL He-
CKOMBKO MOCJIeJ0BaTeJNbHBEIX 3KCMOHMpOBaHMA (o 25 ma
nsacTHHe gMaMerpoM 75 Mm). B oreyecrBeHHOM NMpaKTHke
yCIlelHo SKCIyarHpyercn ycraHoBka Mogean UB-50, pas-
paboranHan HapogHbim npesiipuatiem «Kapn-Lleitcc Henax

(TIP).
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Puc. 17. Cnoco6rl ocyulecTB/IeHESl NMPOEKUHONIION RUTOrpadHu:
1 — O\HOBPEMEHHOE INTDOELIHPOBAHHE H : 6 — ¢ B npocTpan-

«cTBe H3oOpa}eMusn, & — o6paTHoe oTOGpaXKeHHe. ! — MCTOYHHK, 2 — KOHAE1icop;
3 — dunbtp; 4 — doTowabnon; 5 — o6beKTHR; 6 — NOANONKa; 7 — noNynpoapay-
loe 3epKano, 8 —3epHano; 9 — MHXDOCKON.

Tlpoexnmonnasi ¢oronuTorpadpua [O3BOASET NOJYUHTD
paspellleliye BLIle, T€M KOHTaKTHas, MOCKOJbKY B NOCJEN-
Heit BPeJHyIO poJb HrpalotT AH(QPaKIHOHHLIE SIBJICHHSA, BO3-
HHKaIolHe B 3a30pe MeXAy wabnoHoM M (oTopesucrom;
yCTPaHHTL 3TOT 3a30p IpH HCNONL30BAaHMM KONTAaKTHOH ¢oO-
TosIuTOrpadMH NpakTHucCkH He yhactcs. Kpome Toro, npu
TPOEKLHOHHOM (OTONHTOrpaHy PE3KO CHHKACTCA IIOTHOCTD
JIOKaJLHHIX J1e(CKTOB TOXE 33 CucT yCTPaHeHHs KOHTaKTa,
IpH KOTOPOM, KaK yXe 0TMeuasoch BLlille, B €10l pe3HcTa
BAaBAUBAIOTCA NBIHHKH, MMUKPOUACTHIIL CTEKNA K KpeMHHS,
4 TaKXKe NPOHCXOAMT 3IKPaHHpOBaHHe CBeTa JIOGLIMH He-
Npo3pauMLIMHM UACTHIAMH, TOMNajaloulMMH MEXAy waéno-
HoMm M pesuctoM. Ilpoekunonnas ¢oronnrorpacHs, ofHaAKO,
NpefbsBasieT BrIcCOKHe TpeGoBaHMsl K [IJIOCKOCTHOCTH ITOAJIO-
JKEK M OLHOPOLHOCTH TOMULMHEI C/OST Pe3HcTa. DTo CBfI3alo
C TeM, UTO 1IPH MPOEKUHOHHOH (hOTONHTOrpaduH AJs MOBLI-
IIEeHHs] pa3pelualoeff crocoGHOCTH 06BEKTHBA MPHMCHSIOT
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3nyueHHe, GIM3KOe K MOHOXPOMAaTHHECKOMY; B pe3yJbrare
03HUKAIOT HHTeP(PepeHIHOHHEE 3Q(PeKTH U CTOAUNE BOJHLI

cnoe pesucra. Jlosa M3nyyenus, momyuaemasl cioeM, ro-
a3Jl0 CHJIbHCE 3aBHCHT OT TOMUMHBI €J10f1 M ee KosebaHHM
0 mnacTHHe (H OT IMAcTHHBI K IJacTHHE), YeM TNPH Kom-
TakTHOH (oronurorpadun. TIponsBoAnTeBHOCTL ITPOCKIIK-
OHHOH (oTonMTOrpahMn Hinxe, Tak Kak 6GOJbLIAsI Y4CThb
M3TyYyeHHSl [OrN01AcTesl CTeKJOM MHOTFOJHMH30BOIO 06Dbek-
THBA M BLIAEPHKY NMPHXOAMTCS yBeJHUHBATD.

FPenrmezenolfcroe wanyvesue

% S
QOCEXKIREX
R
RS

(]
b 0%%

Puc. 18. MpuhuMn pentrenoBckolt nutorpaduu:

11— #t pHCYHOK hoT {crott aonora, TomuuHHOR 0,5 MKM); 2,

J — MapKepHele 9SHaKH, ¢ — JACTEKTOP PEHTr€HOBCKOTO M3FYYEHHA; 5 -- OKHa, DBi-

Tpa B ;. 6 — Kp # dio H 7 — nnacTHHa
KpEMHHS,

TemM He MeHee MOXKHO ¢ YBCPCHHOCTLIO CKa3aThb, 4YTO
B 6axaiiune 2—3 ropa npocKNUMOHHBIE MeTOAH (PoToMH-
Torpauy 3afiMyT NpoOTHOE MCCTO B NPOM3BOJACTBE CJOXK-
HBEIX [ONYUPOBOAHHKOBLIX NMPHGOPOB M MHTErpaNbLHEIX CXeM.
HaroroBuTts, HanpHMep, MaTpHIly, COAePIKALLYI0 HECKOJNLKO
coTeH Toicsiu NPUBOPOB € 3apfAAOBOH CBSISHIO M HMCIOLLYIO
pasmepbi Kpuctanna 2525 MM, MOXHO TONLKO METONOM
[POEKIMOHNOH (POTOMHTOrpapHH.

C TOukH 3pcHMSI NanhHCHLIEro NOBLILIEHHs paspellato-
ulci cnocob6HOCTH MHTCpeCHbI paBoTHL 110 PCHTreHOBCKOH
aurorpagpuu. Kak BunHo M3 tabn. 9, B xoropofl cpaBHHBa-
10TCAl pa3siiyiibie MeTOAL JHTOorpadrui, peHTreHOBCKas JH-
Torpagusi 1103B0OMIAIET NOYYaTh pasMephl 37eMeHTOB OKOJO
0,1 mxm [70].
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[TpyHUMT MeTOAA PEHTTeNOoBCKONA JIMTOrPpauu NOSCHseT
cs puc. 18. TIoTok MATKEX PeHTreHOBCKHX Jyuel (YcKOpsio-
ulee Hampskende 8 kB), KOTOpDHII MOKHO CO3HATh C 1.
MOLIbIO, HallpyMep, CHCTeMHb! 3J1eKTPOHHO-JyueBOro Kcliape.
HHSl METa/JIoB € aJIOMHHHCBOM MHILUEHLIO, NajaeT 1
11a6J10H, H3rOTOBJIEHHLIH U3 KpeMHHeBo# mmactTuHLL B 1ya-
cTHHe TONUIMHON 200 MKM BHITpaBjieHO GOJbILOE OKHO, Tay
4TO nepeMbNka Ha JHe OKHa COCTaBjisieT NPHUMEPHO 3—
5 mkM. Ilpy atom ocnabieHHe peHTICHOBCKOTO H3NYYEHHA He
npesuwaer 3 gb. C 1poTHBOIONOXKHOA CTOPOHE! lEPeMBbIY-
KM CO3J2l0T PUCYHOK, HEMpO3pauHmil AJlsl PeHTreHOBCKHX
ayueli. JIifl 3TOr0 UCIOABL3YIOT WJIEHKY XPOM — 30J10TO TOJ-
muHol 0,03 ¥ 0,3 MM coorBercrBeHHO. CaM PHCYHOK HOJy-
1al0T ¢ 10MOIIbI0 CKAHHPYIOIIEro 3JeKTPOHHOTO MHKPOCKO-
na. Tlog wa6noHoM pacronaraloT NOLJIOMNKY, NOKPHITYIO
pe3ucToM (mONMMeETHIMeTakpujatoM). Bpems Bbpepxii
IIPH 3KCINIOHHPOBAHHM COCTaBIfieT HECKOJLKO MHUHYT.

HOana toro, uto6el ofecnetuTh coBMelleHHe WabjoHa 1
HOAJIOXKKY, NPHXOZUTCS] BLITPaBNHBATbL JNONOJHHTENbHLIE
OKHa M 11aHOCHTb Ha UX JIHO METKH coBMculeHus.. PacmoJo.
JKEHHBI cHU3Y NMOMJIOXNKKK N0J MeTKaMH COBMELLEHHsl [eTekK-
TOp PeHTreHoBCKUX Jytue# ¢opMUpyeT cHrHajl paccoriiaco-
BaHHUA Ha HyJIb-Oprail CHCTEMB! COBMELleHHS.

Bosec noppo6Ho texHonorus u3rotoBnenus ¢orouwabdno-
Ha JJifl PEHTreHOBCKOf JUTOrpaduy BHILVISAHT CICAYIOLIHM
o6pasoM. B njacTMHy KpCMEHSI, OPHEHTHPOBaHHYI0 B MJIO-
ckocti (100), npoBoasT aud@ysuio Gopa ¢ KOHUEHTpalueil
2-10"° cm—® Ha ray6MHY, COOTBETCTBYIOLLYIO JKejaeMoi
TOJUIMHE lepeMbIukd. 3aTeM (OPMHDYIOT PHCYHOK Ha 10-
BEPXHOCTH, JierHpoBaHHOW 60pOM, M TPaBAT KPEMHHH c 00-
PaTHOi! CTOPOHLI B CEJIEKTUBHOM TpaBHTese, COCTOMIEM M3
cMecH 3THJeHAHMaMUHa, THpOKaTeXHHa M BOAM (IpH TeMrnc-
patype 115°C). dror TpaBuTeN b PacTBOpsiET CNabojerupo-
BaHHLI!l kPeMHUEI Jr06oro THII2 I1IPOBOAHMMOCTH M LJOXC
TPaBUT CHJbHOJIErHPOBaHHLIE CJOH, TaK 4YTo MNpoLece
ITpekpaliaerTcs Ha rpaiuie ¢ AudrdysuonHbim caoem. MHre-
pPEeCHO OTMEeTHTDb, UTO CTOJIb TOHKas KpeMHHeBasl llepeMbITKa
OCTACTCS] [OCTATOYHO IPOMHOH: NPH ToMuMHe 3,0 MM I
pasMcpax 2,52,5 MM OHa BblepXXHBaeT JaBjleHHe [0
1-105 ITa.

PaccmoTpiM pOCTOMHCTBa M HEeOCTZTKH METOJA penT-
reHoBCKON JTUTOrpadu.

Beicokas paspewatowjas  cnocob6HOCTb — MUHAMAJLHEI.
pa3Mep MOXeT cocTaBisiTh 50 HM IIPH MCOAb30OBaHMM W3-
36



JlydeHHs MeJHOH MHUIEHH; AJf aJlOMHHHEeBOA MHILEHH OKO-
si0 100 M. Orpannyenme paspeliatolliefi CrocoGHOCTH CBA-
3aHO C T€M, YTO MCTOYHHK H3JyUYeHHsl HMeeT KOoHeYHLIe pas-
MEDEBI M He SIBASIETCS] TOUeYHLIM, a TaKXKe ¢ MOfABJEHHEM NPH
B3aMMOLEHCTBHH H3JyueHHsl ¢ pe3ucToM 3aneKrpolioB Oxe u
doroanexTponon. IlepBLifi 3¢dexT HOCHT UHUCTO FeOMeTpH-
YeCKMA XaPaxTep M pa3MeITHe kpas 8, cBfi3aHHOe C HHM,
onpefienserTcss BHpaxeHueM O==z(d/D), rme z—3a3op
MeXAy WabnoHOM M pe3uCTOM; d«— pasMep HCTOYHHKA
{nATHa Ha MuweHH); D — paccrosHHe OT MHIIEHH A0 pe-
aucra. [lpakruueckn z=3mxm,d=1 mm, D=3 cM, T. e.
=100 um. Jna yMeHLILEHHA Pa3MLITHA JKeJaTeJbHO CHH-
}aTb 3a30p, He M3MeHsA oTHouleHHe d/D, or KoTOpOro 3a-
BHCHT 9KCHO3MUHA. Ilpy [OCTaTOYHO IJIOCKHMX TOAMOMKKaX
370 BIOJHE BO3MOXKHO; MOXHO TakXke paboTaTh IPH KOH-
TakTe [LabJOHa CO CJIOEM pesHCTa, TOrJa Z PaBHO TOJLIH-
fie ¢os, a pasmbithe nns cnoss 500 HM cocraBnsieT BCEro
16,7 um.

Paspewatouiasi cnoco6HOCTL peasbHO orpaHHutueHa BesH-
YHHOK TOTJIOUIENNs] PEHTrelIOBCKOr0 H3JYYEHHAl METasiH-
HeCKHMM pHCyHKOM WabnoHa. IlpuMeHsTS TOHKHE NJEHKH
MeTansa HeMbasl M3-32 MX MaJioro NOrJOLIEHHA M CHHXKEHHs
KOHTPACTHOCTH, a BLITPAaBHTL B 6osee TOJCTHIX NJCHKaX
PHCYHOK € MajLIMH pa3MCpaMH 3aTpyaHHTeNbHO.

OTcyTcTeue KOHTOKTQ € Pe3ucTom — BeNHUYMEY 3a3opa
HaxonsIT M3 KOMIIDOMHCCA Mexjy MKesJaHHeM YBeNHYHTH
paspeillaiouyio coCOBHOCTL M CHM3HTH YPOBEHbL [AC(CKTOB.
Ha npaxTike HClOab3yloT 3a30p 3 MKM, NMOCKOALKY pasMc-
pLI MLWIMHOK M JPYTHX 3arpsiaHeHUi COCTaBAAT 1—2 MKM.
Ilpn HM3roTOBNEHUM CTPYKTYp pa3mepaMu 2—3 MKM zomy-
cTHMo paGoraTe npu 3azopc 10 MM,

HeuyscTeuresbHoCTy K 302pA3HEHUAM, TaK KaK OHH He
TNOrJI01WAr0T PCHTrEHOBCKOro Hanydenun. OpHako cnenpyer
NOMHHTH, YTO BTOPHUHLIC 3JICKTPOHL! MOrJOLIAIOTCS] H pac-
CeMBaIOTCA NLMHMHKAMH M [DYTHMMH MHOPOOHLIMHM YaCTH-
LaMH.

OrcyrcTeue npobaeit, CBS3aHHLIX € OTPaXeHHeM H pac-
ceslHHeM M3/yueHusl, Takie sIBJAeTCS OZHHM M3 JIOCTOMHCTB
peHTreHoBcko# Jutorpacuu. B anexkTpoHHO-nyueBoil auTo-
rpauy, Kak H3BeCTHO, 3TH (G (eKTL! HIPalOT CepLe3Hyio
pOJL, OrpallkuKuBasi ee BO3MOXHOCTH.

Hesasucumocte o1 Tuna pe3ucta, NOCKOALKY B NPHHIM-
e OJMHAKOBas pa3pclialowas CIIOCOBHOCTL JNOCTHraeTcs
Ha nosHMMepax, KaKk AeCTPYKTHPYIOIMX, TaK M CUIMBAIOLIKX-
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noj KeficteHem HM3syyesns. Ha npakTtuke, ofHako, npes-
JUMTAIOT HCIOJIL30BaTh MO3HTHBHLIH Pe3HCT THUIA MOJHMe-
rHAMEeTaKpWIaTa, Tak Kak y HeraTHBHLIX Pe3MCTOB MoCje
pOsBJIEHHS yMeHbllaeTcs TOJIIMHA (Mo cpaBHeHMIO ¢ Mc-
XoaHO#H) .

Pabora ne 8 saKyyme — TMOIJIOLIEHNE H3JYUEHHS B BO3-
nyxe cocrasiasier 4,5 AB Ha | cMm, B reJIMH OHO CHMXKaeTcs
no 0,01 nb.

ITpocrora u HU3KAQA CTOUMOCTG TIO CPaBHEHHMIO C 3JIEKT-
poHHO-J1yueBoil JMTorpadueii. Tlpome, ueM B 3JeKTPOH-
HO-JIy4eBOd JUTOTpacduM, OCYmEecTBASICTCS M Npoucaypa
coBMmeureHHst. TIpH peHTreHoBCKOIl JIHTOrpadMM BO3MOXKHO k
o6LIUHOE ONTHUECKOC COBMeIIeHHe CKBO3b OKHa, BRITPaBJICH-
Hhe B ¢oroiuabnoHe. DBuino nposeMoHCTPUPOBaHO, UTO
Tako#l cnoco6 obGecneunBaeT TOUHOCTH OkoJso | MKM. Tou-
HOCTb COBMeEIIEHHS] ¢ NMOMOIIBIO PeHTTeHOBCKOro JeTeKTopa
Moxer gocturarb 100 M.

K HepmoctarkaM peHTreHOBCKON JHTOrpaduu cjaemycr
OTHECTH, B TIePBYIO Ouepejb, 3HaAUHTENbHBIE BLIAEPKH IpH
3KCIIOHMPOBaHUH. B cJsioe nosmMerusiMerakpusiara TOSILLH-
HoH 500 HM morsomaercsi pcero 5% Majgaloulero NMOTOKa
(amoMUHMeBasi MHILeHb). JlsIs SKCNOHMPOBaAHHUSI TaKOro
cJion TpcOyercs: npu HanpsikeHut 8 kB, Toke 50 MA u nua-
MeTpe NATHa 1a MHILeHH | MM Buigepika okoso 20 MHiL.
B nocnenHee BpeMs, OfHako, paspaboTaHbl ClieLHasIbHO AJifl
peHTreHorpaguy peauctil B 100—200 pas GoJsiee UYBCTBH-
TeJbHble M 0OeclieunBaiomue xopolnii koHrpact [71]. dann-
Hejilllee CHHXKeHHe BbUIEPXKKH MOXKeT OLITb AOCTHIHYTO 3a
cueT UCTOJIb30BaHUA MeAHON MHLIEHH.

JIpyrumM HenOCTaTKOM ABJAETCH HabJiogaBilieecs: fIBJe-
HHe OHCTOpcHI TpofBicHHOro n3obpakenus. Ilockosbky
PeHTreHOBCKOC H3syueHHe PpaclpoCTPaHsIieTcsl NMPAMOJIHHEIL-
HO OT TOYETHOro WUCTOYHHKA, 3Ta JIUCTOPCHUSI MOXeT OHTh
BLI3BaHa JMIUL OHCTOpCHeH H306pa)cenHss Ha IuabJoHe.
B KpemHMeBOli mepeMBbluKe, KaK BBISICHUJIOCH, MeXaHHUECKHE
HalpsKeHHs] ManH, 0lHaKo TocJe CO3LaHHsl Ha Hell MeTaJ-
JIHHEeCKOro pHcyHKa (30J10TO) BO3HHMKAIOT 3HAUMTEJLHDLIE
HanpsHKEHHs] B BCAEACTBHE 3TOr0 LMCTOPCHs. Jlnsi koHkper-
Hoff KOH(QHrypauum (KBazpartHas IJOLLajKa 30JI0Ta CO CTO-
poHoii 200 MXM B neHTpe NepcMHUKH pa3MepaMu 2)X2 MM)
uaru6 cocrapaser 300 HM, YTO COOTBETCTBYET pamguycy
KpHBH3nL 2 cM. BokoBasn pHcTOpCHS NPH 3TOM He peBOCXO-
nur 100 BM. Tlop6upan pexXMMELI HaHECEHHA MJIEMKH 30J10-
Ta, MOXHO, OMEBHIHO, CHH3UTL YpOBeHbL HHCTOPCHH.
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B nactosiuce Bpemsi pehTreHosHrorpadus cuie He BII-
JNla M3 crandr naGopaTopHbiX paspaborok. Tem He Mmchec
€ ec MOMOUILIO YBEpPEHHO MOJYYaloT CyOMHKPOHHBiE 37ie-
McHTH (Ha 1voulafd guamerpom 2—5 Mm). Onucano npu-
MCHCHHME DEeHTrcHONMHMTOrpaduu JJisi CO37ialdsl JIHOAOB H
TPAH3HCTOPOB, aKyCTHUECKUX JIMHUH 3aJepXKH C 11epHOJOM
1,55 mMkM ¥ wupHHOH nuuuu 0,7 MKM, UG PaKIHOHHHX
peuietrok ¢ nepHofoM 360 Hm [69).

Nanvheiiiee moBmuueHyue paspernatouleil CrOCOGHOCTH
ofecneyHBalOT 3J1eKTPOHHO-yuyeBlie MeToRH (cM. Taba. 9).
He ocranaBampasicb ha NpuHIMIAX 3/CKTPOHHO-JIyYeBOH
JWTOrpa@uM, AOCTAaTONHO MOJIHO OCBELIEHHLIX B JIUTepaType
{20, 69], paccMOTpHUM HOCTHCHYTHI K HACTOALIEMY BpeMeHH
YPOBEHDL Pa3BHTHSl STHX TIEPCHEKTHBHLIX METOLOB.

OcBoeHb! Ba OCHOBHLIX MeETOJla 3J1eKTPOHHO-Jy4yeBOi
NUTOrpapuy: CcKaHHPOBaHuA C(POKYCHPOBAHHLIM TyYKOM
3J1eKTPOHOB M 3JIEKTPOHHON TpPOEKUHH BCEro M306paiKeHHs.
Jna 06pa6otkn pe3nctoB cOKYCHPOBAHHLIM ITy4KOM HC-
NONb3YIOTCA PacTPOBLIE 3JIEKTPOHHLIE MHKDOCKONDLI HJHA
cneuranunpopanHsie ycraHosku tina JEBX-2B (SInonun).
B 3Toit ycTaHOBKe myacTHHA, MOKPHTaAfA PE3HCTOM, pacrona-
raeTcsi Ha CTOJHKe, llepeMeiaolieMcsl ¢ BHCOKOHA TOu-
Hoctbio (*0,5 MkM) ua paccrosrue 10 5050 mMm. Makcu-
MallbHafl IVIOLaJib CKaHHPOBaHHA Ny4YKa HE NpEBHIlaer
2X2 MM, CKOPOCTb CKaHHDOBaHHMfl MOXeT Meusitbcss ot 10
1o 40 cm/c. MuHnManbHas WHPHUHA 3KCIIOHMDYeMOl JIHHUK
cocTapsier nNpUmMepHo | MxM. Bce omepauuu 110 ynpasje-
fIMI0 IY4KOM M CTOMMKOM ocymecTBaser IBM. Hcmonsso-
BaHMe JiJIsl JINTOrpa)uH PacTpOBOro 3JIEKTPOHHOIO MHKpO-
CKONa 1T03BOJIAIET MOJYYHUTb JHHUM WHPHHOHA okodo 0,1 MkM
Ha nJsouiagu Jgo 6 cm 2.

Meron ckaHupoBauHsi 3JEKTPOHHLIM Ny4yKOM OG/najfact
CCpbe3HLIM HefoCTaTKOM — OH TpebyeT 60sblIero BpeMEHH
3KCIIOHHPOBaHMAl M TeM 6O0/bINero, Y4eM MeHbUIC IIHpHila
osxcnonHpyemofl aMHHH. OT 3TOrO HegocTatKa CBOGOJEH
MeToi NPOEKUHOHHON 3JIEKTPOHHO-Ny4YeBOH JHTOrpadHH.
CyuiHocTh METOfa M cXema ycTpoHcTBa AJSl ero ocymiecTs-
JeHust nosicigiores pHe. 19. OCHOBHEHIM 3J1eMEHTOM YCTpOIi-
cTBa spasierca Tpexcsaohusl dorokaron. s cospauns ¢o-
TOKATO/a Ha KBapucBYIO OTIOJYDOBAHHYIO IJ1IAaCTHHY HaHO-
CAT TOHKHH CJIOH THTaHa, B KOTOPOM RLITPaBAHBAIOT Tpe-
6yemoc HM3o6pameHHe. BHTpaBlieHHDIe ©06J1acTH  CAYKAT
B JlanpHeMieM HCToUHHKOM (oTO3snektTpoHop. [lanec THTaH
OKHCJIAI0T /10 OKMCH THTaHa, nornomampmeit YO nsnyueHie,
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M 3aTCM Ha BCIO TOBEPXHOCTHL HAULWISIOT TWIEHKY Najliaaus
TomiluHoil 4 HM, TIpy ocBelleHHH oGpaTHOM CTODOHW KBap-
1eBOH IJIaCTHHKM YJAbTPadHOJCTOBHIM CBETOM INaJsjlamui
3IMHUTTHPYeT (POTO3JIEKTPOHLI C 3Hepruell He Gosee 0,1 3B.
ITnorHocTe MOTOKa 3JIeKTpoHOB cocTaBiser 100 MkA/cM 2.
Yckopsoiee  3JEKTPHYECKOe  HoJie  HAnpsKeHHOCThIO
10 kB/cM u koakcHalbHOe MarHHTHoe noJie 0GeciieYHBaloT
nepcHoc B Maclurabe 1:1 ajexTpoHHoro H3oOpaxeHHs Ha
KpeMHHCBYIo No0XKy. ITapaMeTprl cHeTeMul TakoBLl: Mu-

HHMaJIbHEIH pasMep aneMeHTa

okoJlo 1 MxM, nmamerp pa-

~10KE Goyero moan Gosee 125 mm,

I — rayouHa ¢okyca 25 MKM, Bpe-

7N 2 Mfl SKCTIOHHDOBaHHMs TPHMEp-
Shompaguo- Ho 5 ¢ (obuiee ppems ofpa-
semabor - 60TKH oNpepenasierca CKOpo-
LapyeEne gy ~CTRIO OTKAUYKK 70 BHICOKOrO

pakyyma). TakHe xapakrepH-
"3 4 CTHKM He MOXeT ofecnevHrhb
HHM OfHA ONTHYECKafl CHCTEMa.

Meron anekrpoHHO-ayYe-
BOH NPOEKUMH HMeeT ABA He-
nocrarka. OCHOBHOH M3 HHX
cBA3aH ¢ coBMeulenHeM. Mox-
HO OCYIIECTBJIATL COBMEUIEHHE
¢ MOMOLIbIO YCTaHaABJIMBaEMOF
B OIIOPHO}i paMKe NONJIOXKKH, Ha KOTOPOH NPOM3BOASIT Mpen-
BapUTeNbHYI0 JIHTOrpacuio. 3arcM 3Ty NOMJIOXKKY KOHTPO-
JIMDYIOT 1O ONTHYECKHM MHKDOCKONOM H ONPeAeJsIoT Ty
KODPEKLHIO, KaKylo Heo0XOJMMO BBECTH B OTKJIOHfIOLIHE
karyiku. CkoppekTHpoBaHHOe u300pa)KeHHe nepeHocsIT Ha
pabouylo MOAJIONKKY, YCTAHOBJICHHYIO B TY JK€ PaMKy: TO4-
HocTb NMpH 3ToM cocraBisier *+2 mxm. [opaspo Gonewmyic
TOUYHOCTb ([0 NoJiell MHKpOHa) obecrneunBaer cnocod CoBMe-
LUIEHHS, OCHOBaHHLIH Ha KONTpOJie NPOBOSMMOCTH, BLI3BaH-
HOH B3aMMOAEHCTBHEM 3NEKTPOHHOrO Iyyka € OKHCJIOM.
K coxaneduio, npyu 3TOM UDPHXOJAMTICH CO31aBaThk 'Ha NOM-
JIOXKKax crnenHajbHLle AeTeKTOphl (Kak MHHHMyM, IBa),
C KOTOPHX CHHMaKlT HHGOPMAIMIO 0O [ABMIXKEHMH Jiyud.
K nerexropaM, npencrapiasiouinM coboit MOTI-koieHca-
TOPH, NDHXOLHTCA IIOABOIHTb COENHMHHTENbHLIE BEHIBOADI,
uTO, KOHEeUHO, Ppe3ko ycjoxuser coemculeHue. Caenyer
NONYEDKHYTb, YTO OIHCAHHLIE METONbl COBMEUIEHHH 10K
elle He HAIIM AOCTATOUHOrO NPAKTHICCKOrO NPHMEHEHH-
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Puc. 19. YcrpoiicTBo AR Npoek-
LIHOHHOM 3MeKTPOMUO-ny4eBoit
nuTorpapuu:

! — ¢oToxaToA; 2 — maacTHHa  (MH-
weHb); d — cTeKNAHHaA TpPYGka (mMe-
TaNAHIHPOBAHHARA).



BropeiM HemocTaTKOM MeToga IOJHOH NpoeKUMH ABJIA-
TCH HeoOXOMMMOCTL CO3JaHHs1 CHAOXKHEIX (OTOKATONOB
BHICOKHM paspeliedHeM. HsroraBnste Takue (hoTOKaTOADLI
\esiccoobpasto Ha pAacCMOTPeHHHX Brlle YycTaHoOBKax co
KaHHDYIOUIMM 3JIEKTPOHHLIM JIyuoM (IIpOH3BOAUTENEHOCTD
IPH 3TOM He OyneT HrpaTh 3HaAYHTEILHOH poan). T. € oba
1eTofla SJIEKTPOHHO-JIyYeBofi JuTorpaguu He HCKMOTANT,
| JOMOJIHAIOT APYTr Apyra.
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