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JlaGopatopnas paGora Nel
U3YYEHUE 3JIEMEHTHOU BA3bI U TOITOJIOTUH
MNHOJYIMPOBOJHUKOBBIX UHTET'PAJIBHBIX MUKPOCXEM

Heab padoTsl
N3yuuts Tononoruto nosaynpoBoaHukoBoir UMC 1o 3ajaHHOMY BapuaHTy, MPO-
M3BECTH U3MEPEHUS TOMIOJOTMYECKAX PAa3MEPOB JJIEMEHTOB U 3aPUCOBATH ICKU3BI dJIe-
MEHTOB NOJIynpoBogHUKOBOM MMC.

1. KpaTkue TeopeTnyecKkue cBeIeHUs

Humeepanvnas mukpocxema — KOHCTPYKTUBHO 3aKOHYEHHOE MUKPOAJICKTPOHHOE
U3JIeNue, BHIIOIHSIONIEE ONpeIesIeHHYI0 G yHKIIMOHATBHYI0 00pa00OTKy CUTHAJIOB, CO-
JIeprKallee COBOKYITHOCTh DJICKTPUUYECKHU CBSA3AHHBIX MEXK]Ty COOOM JIEMEHTOB U (MJIH)
KOMITOHEHTOB, U3TOTOBJICHHBIX B €IMHOM TEXHOJIOTMYECKOM ITHKIIE.

llonynposoonurxoeas unmezpanvruas mukpocxema (IIMMC) — Mukpocxema, Bce
AIIEMEHTBI U MEXKDJIEMECHTHBIE COCTUMHEHUS KOTOPOU BBHITIOJIHEHBI B 00BEME M Ha TI0-
BEPXHOCTH ITOJTYITPOBOTHUKA.

Kpucmann unmezpanvnou Mukpocxemvl — 9acTh OTYTIPOBOJHUKOBOM TUIACTUHBI,
B 00b€ME€ 1 Ha MOBEPXHOCTH KOTOPOU C(HOPMHUPOBAHBI DJIEMEHTHI TIOTYIIPOBOIHUKO-
BOH MHUKPOCXEMBI, MEXKAJIEMEHTHBIC COSMHEHUS M KOHTAKTHBIC TUIOMIAIKA (puc.
1.1).

Onemenm uHmMe2panrbHOU MUKPOCXeMbl — YacTh MHUKPOCXEMbI, PEaTU3yIOIIast
(GYHKIHIO KaKOTO-JTHO0 3IEKTPOPAINOITIEMEHTA, KOTOPast BBITIOJHEHA HEPa3IeIbHO OT
KpHUCTaJUIa U HE MOKET OBITh BbIJIEJIEHA KaK CAMOCTOSTEIILHOE H3ICIIHE.

Kopnyc unmeepanvroti mukpocxemot — 9actb KoHCTpyKinu UMC, npegHazHaueH-
Hasl JUTsl 3aIIUThl OT BHEITHUX BO3JICUCTBUM U JIJIsl COSTMHEHUS C BHEITHUMU JJICKTPH-
YECKUMH LIETISIMU C TIOMOIIIBIO BHIBOJIOB.

Koumaxmnas niowadka — METaITU3UPOBAHHBIN yJacTOK Ha IJiaTe, CIIy)KaIllui
JUTSI COSIMHEHUST BBIBOJIOB AJIEMEHTOB, a TaK)Ke JUIT KOHTPOJIS AJICKTPUICCKUX Tapa-
METPOB M PEKUMOB (YHKITHOHUPOBAHHUSI.

DaproboyHan CHECE

Coedunumensuee
npoebodnuNy

Apucmann

Leawamens
— KPUCTIING

4 >

N

Boibodnas
para -~

Puc. 1.1. Kpucramt UMC B m1acTMaccoBOM IIJIOCKOM KOPITYCE C ABYXPSAHBIM
PacnoJIOKEHUEM BBIBOJIOB
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ITox Tonosorueit UMC noHnMaeTcs B3auMHOE pacIioyIOKEHUE U COETUHEHUE dJIe-
MEHTOB MHUKpocxeMmbl (puc. 1.2). OCHOBHBIMH AJIEMEHTAMH IOJYIPOBOJHHUKOBBIX
NMC sBastoTCS: pe3uCcTOp, KOHACHCATOP, U0, OUTIONIAPHBIA TPAH3UCTOP, MOJIEBOU
Tpauzuctop, MIII-Tpan3ucTop u BcioMoraTellbHbIe 3JeMEHThI: Tudy3uoHHbIE TIe-
PEMBIYKH, KOHTAKTHBIE TUIOIAKN U (GUTYPHI COBMEIIICHHS.

e

~ | WEED

It i )
1 UE 5 T/ E @/‘V‘Tz,
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Puc. 1.2. ®parMeHT TOMOJIOTUN MUKPOCXEMbBI C OUTIOJIIPHBIMH TPAH3UCTOPAMU
Mmajioit momHocTH: VD1 — nuox (TpaH3ucTop B AMOAHOM BKIoueHun); V11, VT2 —
Tpau3uctopsl; R1, R2 — nuddy3nonnsie pesuctopsr; 1 — koHTaKTHOE OKHO K U dy-
3MOHHBIM pe3ucTopam; 2 — pP-obmacte pazaenutenbHoi nuddysum; 3...5 — KOHTYpHI
KOHTaKTHBIX OKOH K COOTBETCTBEHHO KOJUICKTOpPY, Oase, sMutTTepy; 6 ... 8 — obmactu
KOJIJIEKTOpa, 0a3bl, SMUTTEpA

N

.

1.1. Pe3ucropsl
Ha puc. 1.3 npuBeaeHsl TUIIMYHBIE KOHCTPYKLIUH pe3rcTopoB. Hanbonee pacmpo-
CTpaHEHbl PE3UCTOPHI MPAMOYTOIbHON (POPMBI KaK caMble IPOCThIE B U3TOTOBJICHUH.

e ¥ SECEREey R

a 0 B
Puc. 1.3. KOHCTpYKIIM ¥ TOMOJIOTHH HHTETPAIBHBIX PE3UCTOPOB: a — nuddy3u-
OHHBIN B 0a30BOM cJi10¢; 6 — M Py3nOHHBIN B SMUTTEPHOM CJIOE; B — ITMHY-PEZUCTOP
B 0a30BOM CJI0€

Pesucropsr nonynpoBoauukoBeix UMC GopMupyroTcs Ha OCHOBE CIIOEB: SIMUT-
TEepHOT0, 6a30BOr0 M 0230BOTO MO/ SMUTTEPHBIM (MTMHY-pe3ucTOphl). Eciiu 6a30Bblii 1
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AMUTTEPHBIN CJIOW MOJydaroT Iuddy3uei, To U pe3ucTOpbl HA3BIBAIOT Nupdy3uoH-
HBIMU.

Huddysuonnsie pezuctopsl B UMC hopMupyrOTCs B €AMHOM TEXHOJIOTHYECKOM
IIUKJIE OJJHOBPEMEHHO ¢ 0a30BBIMU U SMUTTEPHBIMU 00JIACTAMU OUMOJISIPHBIX TPAH3H-
CTOPOB. DTO yMPOIAET TEXHOJIOTHUYECKH Tpoliecc. Teno pe3ncropa pa3MenaeTcs B
KapMaHe N-TUIa MPOBOJUMOCTH, KOTOPBIHM pa3MelaeTcs B IulacTuHe P-tumna. s Hop-
MaJbHOUM paboTHI pe3ncTopa P-N-mepexo/l KapMaH — IJIACTHHA JTOJDKEH OBITh 3aKpPBHIT
(cMmereH B 00paTHOM HaIpaBJIEHUH ). DTO IOCTUTAETCA MOJjaueii Ha IJIACTUHY CaMOTo
HU3KOr0 MOTEHIMala MUKpocxeMbl. [lofikiouenre pe3nctopa K ApyruM dJIeMEeHTaM
CXEMBbI OCYIIECTBIISIETCS Uepe3 KOHTAKTHBIE OKHA C TTIOMOIIBIO TPOBOJIHUKOB METAJIIH-
3alluu.

Juddy3noHHBIE pe3UCTOPBI HA SMUTTEPHOM N*-CJI0€ U3-3a CUIIBHOTO JISTHPOBAHUS
MOJIy4arOTCs HU3KOOMHBIMH, UX MPUMEHEHUE OTPAaHUYUBACTCS HU3KUM MPOOHUBHBIM
HarnpsbkeHueM (5-7 B) p-n-nepexona smuttep-6a3a. st mosrydeHus BHICOKOOMHBIX
PE3UCTOPOB MPUMEHSIIOT NUHY-pe3UCmopsbl (3a CUET YMEHBIICHHS TUIOMAAN ToTepey-
HOTO cedyeHus). TonmHa 6a30BOTO CJI0S YMEHBIIICHA 33 CYET IMUTTEPHOTO cios1. Tpe-
Th€ KOHTAKTHOE OKHO Ha MHHY-PE3UCTOPE HEOOXOIUMO /ISl MOAKIIOYCHUS IMUTTEP-
HOTO CJIOSl K BBICOKOTIOTEHIIMAIBHON YacTH JUIA 3alupaHus P-N*-mepexojia Ha pe3u-
cTope.

KoHcTpyKiiis MOHHO-TIETHPOBAHHOTO PE3UCTOPA MPAKTUIECKH HE OTIMYACTCS OT
KOHCTPYKIMH, pacCMOTPEHHBIX BbImie. OIHAKO TEXHOJIOTUS WOHHOTO JIETUPOBAHUS
MO3BOJISIET MOJIYYUTh TOHKHE CJIOU C BBHICOKUM 3HAYEHUEM YJEIHHOTO MOBEPXHOCT-
HOT'O COIIPOTHUBJICHHUS.

B Tab6n. 1.1 npuBeneHbl TUMUYHBIE 3HAYEHUS TOJIIMH CJIOEB M MOBEPXHOCTHBIX
YAEIBbHBIX CONMPOTUBIEHUI pe3UCTOPOB NOIYITPpOBOAHUKOBBIX UMC.

Tao0mn. 1.1
XapaKTEPUCTUKHA HHTCTPAIBHBIX PE3UCTOPOB

VY nenpHOE TOBEPXHOCT-
TonmuHa cios
Tumn pesucropa q HOE€ COTPOTHBIICHHUE ps,
, MKM
Owm/O
Jnddy3nonnblil Ha 6a30BOM clioe 2,5-3,5 100 — 300
Jlnbdy3noHHBIN HA SMUTTEPHOM CJIOE 1,2-25 1-10
[TuHu-pesucTop 0,5-1,0 1000 — 3000

1.2. KonaeHcaropbl
B nonynpoBoaunkoBeix UMC paznuyaroT 1Be pa3HOBUIHOCTHA KOHJAEHCATOPOB:
M/I1-xonaencatop u nuddy3nonHslii konaencarop. Huwxuss o6knaaka MATT-kon-
AeHcaTopa oOpa3oBaHa N*-3MUTTEPHBIM CJIOEM, & BEPXHSIS OOKJIaJIKa METaINYeCKast
(puc. 1.4).



a
Puc. 1.4. Konctpykuus (a) u tononorus (60) MAII-konnencaropa

st popmupoBanust 1udy3MOHHBIX KOHICHCATOPOB HCIOIL3YIOTCS OaphepHbIC
€MKOCTH 00paTHO CMEIIEHHBIX P-N-TIEPEX0/I0B: SMUTTEP-0a3a, 6a3a-KOIEKTOP U KOJI-
JICKTOp-TUTaCTUHA.

B nacTosiiiee BpeMsi BMECTO peasIbHBIX EMKOCTHBIX MJIM UHTYKTUBHBIX AJIEMEHTOB
(60BIION €MKOCTH) MCIOJIB3YIOT UX DJIEKTPOHHBIE aHAJIOTH — TMPATOPHBIE CXEMBI,
MMUTHPYIOIINE CBOMCTBA MHAYKTUBHOCTEH U €MKOCTEH.

1.3. bunoJisspHbIe TPAH3UCTOPHI
B nonynpoBognukoBeix UMC Ounomnsipasiii N-p-N-TpaH3UCTOP SIBISETCS OCHOB-
HBIM CXEMHBIM 3JIeMeHTOM (puc. 1.5). ¥V n-p-n-TpaH3ucTopoB OBICTPOACHCTBUE TIPH
MIPOYMX PABHBIX YCIOBUSX JIYUIIIE, UeM Y P-N-P-TPaH3UCTOPOB. DTO OOBICHAETCS TEM,
YTO MOABUKHOCTB 3JIEKTPOHOB BBIIIIE, YEM JBIPOK.

BN BSRNanans

A A A A

a 0
Puc. 1.5. Koncrpykuus (a) 1 Tonosiorus (6) OUMOJISIpPHOTO TpaH3UCTOpa:
1- smutTep; 2 — 6aza; 3 — KOJJIEKTOP; 4 — CKPBITHIN CIIOH;
5 — MPUKOHTAKTHAs 00JaCTh KOJIJIEKTOpa

OMHUTTEp TPAH3UCTOPA CHIBHO JIETUPYIOT JJIS TOJYYCHHS] MAaKCUMAIBLHOTO KOd(]-
¢unuenta umxkeknuu. ba3dy nemaror TOHKOW (HamMHOTO MeHbIne audQy3noHHON
JUTMHBI MTHKEKTUPYEMBIX B 0a3y 3JIEKTPOHOB) /ISl TIOBBIIIEHUs KOdhdUIreHTa nepe-
HOCA U HU3KOJIETHPOBaHHOM. [10IKOIIICKTOPHBIN CKPBITHIN N*-CII0M HYKEH JIJIs YMEHbB-
IIICHUS] COMPOTUBIICHUS KOJUIEKTOPA B PeKUME HachIeHUs1. O0J1acTh KOJIJIEKTOPHOTO
KOHTAKTa JICTUPYIOT 10 N* I IPEe0TBpaIleHUs] 00pa30BaHMs Mapa3sUTHOTO P-CIIOS B
cinyyae nuddysun |1-BareHTHOTO aTFOMUHMSL.
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B ananoroseix UMC HaxoAsT npruMeHEeHNe TOpU30HTaIbHBIE P-N-P-TPaH3UCTOPHI,
COBMECTUMBIE C IUIAHAPHO-IUTAKCHAIBHOW TEXHOJOTUEH W3rOTOBJICHUS N-p-N-
Tpan3uctopos (puc. 1.6).

|

S ©

R <

[ K w
elelele!

=

o

a 0
Puc. 1.6. Konctpykuus (a) u Tonosorus (6) OUMOISIPHOTO TOPU30HTAIBHOTO
TPaH3UCTOPA
1.4, Inoabl

Juonsl nosnynpoBoaHUKoBbIX UMC MoxHO copmupoBaTh Ha JitoOOM U3 P-N-
NEPEX0/I0B TUIaHAPHO-3MUTAKCHAILHOTO TpaH3uctopa (puc.l.7). Haubonee ynoOHBI
IUI 3TUX 1IeJiel epexoibl IMUTTEp-0a3a u 6a3a-kouiekTop. Ilpu cooTBeTCTBYIOIIEM
BbIOOpE BapHaHTa JUOJHOTO BKJIIOUEHHUS TPaH3UCTOpa BO3MOXKHO IM0J00paTh ONTH-
MaJibHbI€ MapaMETPhl O OBICTPOJAEHCTBUIO, TPOOMBHOMY HAIPSKEHUIO, 0OpPaTHOMY
TOKy (Tabm. 1.2).

6

e ———

2 a

Puc. 1.7. KoHcTpyKIIuM UHTETPAJIbHBIX AUOJIOB: @ — Ha OCHOBE Tiepexo 1a 0a3a-
AMUTTEP C KOJIEKTOPOM, 3aKkopodeHHbIM Ha 0a3y (BK-03); 6 — Ha ocHOBe mepexo/ia
KOJUIEKTOp-0a3a ¢ IMUTTEPOM, 3akopodeHHbIM Ha 0a3y (bO3—K); 6 — ¢ ucmonr3oBa-
HUEM SMUTTEPHOTO M KOJIJIEKTOPHOTO MEPEX0/I0B, KOT/Ia YMUTTEPHBIC U KOJUICKTOP-

Hble oonactu coequHensl (b—2K); 2 — Ha ocHOBe mepexoja 6a3a-3MUTTEpP C pa3o-

MKHYTOMH 11enbio KoJuiekTopa (b—3), 0 — Ha ocHOBe mepexoia 6a3a-KoJIEKTOp ¢ Pa3o-
MKHYTOH 1ensro amurrepa (b—K)



Tabmn. 1.2
ITapaMeTpsl MHTErPAIBHBIX JUOJIOB
Bapuant nquonnoro | IlpoGuBHoe O6paTHbiii ToK beicTponenicTBue, Bpems
BKJIFOUEHUS HaIpsHKEHUE e, HA BOCCTaHOBJIEHUSI OOPaTHOTrO
TPaH3UCTOPA Unp, B P TOKA Tgocr, HC
bK-3 /7 —8 1,0 10
bE9-K 40-70 30,0 50
b-K3 7-8 40,0 100
b-0 7—-8 1,0 50
b—K 40-70 3,0 75

1.5. ITos1eBbIE TPAH3UCTOPBI
Ha puc. 1.8 npuBeneHa KOHCTPYKIIUS MOJEBOI0 TPAH3UCTOPa C KaHAJIOM N-TUIA
npoBoauMocTu. Kanan oOpasyercst Mekly CTOKOM U UCTOKOM. ToJilMHa KaHaia pe-
T'YJIUPYETCS IBYMsI OOpaTHOCMEIIICHHBIMH P-N-TIePEX0JIaMH: 3aTBOP-IITUTAKCUATIbHBIN
CJIOM ¥ 3IIMTAKCHUAJIbHBIN CJION-TIOIJIOKKA.

Focclssl 7
7
e
” ? o
7. 7
m 3 C
a 0

Puc. 1.8. Konctpykuus (a) u Tonosnorus (0) moseBoro TpaH3ucTopa

1.6. Bcmomorareabnbie 3jieMenTbl IMMC

OnemenThl [TMMC 3aekTpuuecKky COeAMHEHBI MEXAY COO0M ¢ TOMOIIBIO METAJI-
JUYECKUX TUICHOYHBIX MPOBOJHUKOB, PACIOJIOAKEHHBIX HAa MOBEPXHOCTU U30JIUPYIO-
LIETr0 OKUCIIA WIM MEXKCIOMHOM n30sauuu. KoHTakTupoBaHue npoBOAHUKA CO BCEMU
00JacTsIMU KpHCTAJIJIa OCYIIECTBISICTCA Yepe3 KOHTAKTHOE OKHO B OKHUCJIE, TPUYEM
JUISL TIOJTYYEHHUSI HAJEKHOTO KOHTAaKTa OKHO 3aKpbIBAETCS MPOBOJHUKOM C MEPEKPHI-
THEM.

Jlsist Toro uToOBI 00ECTIeYUTh HEOOXOANUMYIO H3OJISIIIUI0 MEXKIY TBYMS Pa3HBIMU
TpaccamMy METAJUIN3ALMH, B BAPUAHTE TOIOJIOTUH C OJHOCIOMHON METaJUTU3alUEN UC-
MOJIB3YIOT BCIIOMOTATENIbHBINA JIEMEHT — Ouhpysuonuyro nepemviuxy. B Takoi nepe-
MBIYKE OJIMH ITPOBOJIHUK PACTIONIOKEH Ha TOBEPXHOCTH U30JUPYIOLIETO OKUCIIA, a APY-
roi mpoJjieraer moj HUM B BUJE ydacTka P*- win n*-cios (puc. 1.9). JuddysuonHas
NepeMbIYKa 0 CYIIECTBY SBISETCS HU3KOOMHBIM AUG(PY3UOHHBIM PE3UCTOPOM, HA
TEJIOM KOTOPOTO MPOJI0KEH MEPECEKAIOIINICA MPOBOIHUK.



a
Puc. 1.9. IIpoknaaka mvH MeTaJUIM3AIMY HAJl KAHAJIIOM pe3ucTopa (a) u uepes n*-
nepemMbIuKy (0)

Bropeim BcnomorarensabiM dsemeHToM [IMMC saBnsieTcst BHEIIHASA KOHmMaKmHast
nrowaoka. OHa IpeIHa3HAYeHa JUIsl SJIEKTPUUECKOr0 COEAMHEHUS KpUCTAILIa C BHEI-
HUMH BBIBOJAMHU KOpITyCa C MOMOUIbIO TMOKUX MPOBOJHUKOB. OT KpHCTaia IUIO-
[a/IKa U30JUPYETCS OKUCIIOM, a OT BHEIIHEH Cpe/ibl MaCCUBUPYIONMIUM (3aIlIUTHBIM)
CJIOEM, B KOTOPOM JIEJIa0T OKHO JIJIsl IPUBAPKU BHEITHETO THOKOTO BHIBOJIA.

[Tocneaaum BecrioMoraTenbHbIM 35ieMeHTOM [TMMC sBasitoTcst ghueypul cosmeuye-
Hus. OHU UMEIOT MPSIMOYTOJIBHYIO WJIH KPECTOOOPa3Hy0 (pOpMY WIIH BBITIOTHSIOTCS B
BUJIe HAOOpa PUCOK pa3HoM TommuHbl. Kaxnas ¢urypa cocTOUT U3 IBYX KBaJpaToOB!
OCHOBHOTO (BHEIIIHETO) U BCTPOEHHOTO (BHYTpeHHEr0). KauecTBo coBMeIIeHUs onpe-
JEJSI0T IO B3aUMHOMY TTOJIO’KEHHIO OCHOBHOT'O U BCTPOEHHOTO KBaipatoB. CoBmerie-
HUe OyJIeT uacalbHbIM, €Clii BCe (PUTYphl KOHIIEHTPUYHBI. Yaille Bcero purypsl coB-
MEILIEHHS pacroJiaraloT Ha nepudepur KpUucTajijia MKy BHEUTHUMH KOHTAKTHBIMHU
TJIOIIAIKAMH.

1.7. MAII-TpaH3ucropsbl

M/II-Tpan3uctop umeer 4 BbIBOJIA: UCTOK, CTOK, 3aTBOP U NOAJI0KKA. OCHOBHBIMU
KOHCTPpYKTUBHbIMU mapamerpamu MJIII-Tpan3ucropa sBisitoTcs AJiMHA KaHana Lk u
mmpuHa Kanana b, (puc. 1.10). [ns oOecriedyeHus: HaJAEKHOTO HaBEJACHUS KaHaja C
Y4E€TOM BO3MOKHOTO HECOBMEIIEHUS OTACIBHBIX 00JIaCTel 3aTBOP JOJKEH pacioa-
raThCsl HaJl KAHAJIOM C HEKOTOPHIM (HEOOIBIIINM) TEPEKPHITHEM.

Ocobennocteio MJIIT UMC siBIsieTcst TO, YTO B KQUSCTBE MACCHBHBIX JIEMCHTOB
ncnosib3yroT M/III-tpan3uctopsl. [Ipu ucnons3oBanuun M/III-Tpan3ucropa B kaue-
CTBE pE3UCTOpa HEOOXOIMMO Ha €T0 3aTBOP M0J1aBaTh MOCTOSIHHOE HAIpsKEHUE, Be-
JUYUHA KOTOPOTro OYyJIeT ONpeieNiaTh HOMUHAJ CONPOTUBIICHUs. B KauecTBe KOHCH-
catopoB B M/IIT UMC ucrnonb3yroT eMKOCTb 3aTBOP-IIOJJIOKKA WIIM OaphEePHYIO eM-
KOCTb P-N-Tiepexo/ia CTOK (MCTOK)-TIOIJIOKKA.



10

e M AR e I o I A Wovovororor

haa e

Puc. 1.10. Konctpykuust M/II1-tpan3ucropos: a — N-M/I1-Tpan3ucrop; 6 — p-
M/II-Tpan3uctop; B — koMImmuMeHTapHas napa tpan3uctopon: OKj, OK;, — oxpan-
HBIE KOJIbLIA

1.8. Cnnoco0bI H3011LMH DJIEMEHTOB
Mex 1y akTHBHBIMU U TaccuBHbIME diieMeHTamu [IMMC HeoOxommuMo obecrieunThb

HAJISKHYIO SJIEKTPUUYECKYIO U30JISIIHIO.
PaznuuaroT Tpu coco6a U30sIuu:
e 00paTHOCMEIICHHBIM P-N-TIepeXxo/10M (HEAOCTATOK — HAJTUYKE Tapa3uTHBIX eM-
KOCTEH U TOKOB YTEUKH);
® JMRJIEKTPUKOM (MEHbIIasi UHTETPAJIbHAS INIOTHOCTb, CJI0KHOCTh TEXHOJIOTHUN);

® KOMOMHHUPOBAHHBIN.
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1.9. IlapameTpbl MHTErPaJIbHBIX MUKPOCXEM
Cmenenv unmezpayuu unmezpaibHol mukpocxemovl K — 3T0 TokazaTesnb CTEICHU
cnoxknoctu MMC B 3aBUCUMOCTH OT YKCJIa B HEN 3JIEMEHTOB U (MJIM) KOMIIOHEHTOB
K=IgN, (1.1)
rae N — kondecTBO 21eMeHTOB U KoMmoHeHToB UMC.
Humeepanvhas niomHocms MUKpocxemsi M — YUACIO 3JIEMEHTOB M KOMIIOHEHTOB,
npuxonsimuxcs Ha eguauny mwiomanau UMC (¢ yuetom kopmyca, HO 0€3 BEIBOJOB)
m=N/S, (1.2)
r7e S — IIoIIab MUKPOCXEMBI C YIETOM KOpITyca.
s 6eckopnycHbix UMC BBOAUTCS MOHATHE MHTErpasibHAs MJIOTHOCTh HA MOJ-
JIOKKE (KpHUCTAILIE):
m'=N/S, (1.3)
rje S — miIomaab mouioxkku (kpucramia) UC.

2. Onucanue J1a0OPATOPHOI YCTAHOBKH

J171s1 BBITOSTHEHUSI paOOTHI UCTIOJIB3YETCS ClIeIyIONas arnaparypa: onTudeckas cu-
cTeMa BUACOHAOJIIOCHUS C BUACOKAMEPOH, MOHUTOP, KOMIIBIOTED C IJIATOM BHUI€03a-
XBaTa, KacCeThl C o0pasiamMu, JIyrna, MUKpOMETpUYECKas JIMHEHKA.

JI1st mostydeHust n300paKeHUsl TOMOJIOTUU UHTETPATbHON MUKPOCXEMBI HCTIOJIb3Y-
eTCSl CHCTeMa BHUCOHAOMI0IeHUS aTOMHO-cuioBoro Mukpockorna NTEGRA. Ona
obecrnieunBaeT MojiyueHue n300paxkeHuil ¢ yeenuuenuem B 85 — 1050 pa3. OcHoB-
HBIMU 3JIEMEHTaMH KOHCTPYKIUHA ONTUYECKOU CUCTEMBI SIBJISIOTCS: BUJIEOMHUKPOCKOIL,
MO3UIUOHUPYIOIMIUNA IITATUB, OJIOK OCBETUTEISI © MOHHUTOP. DJIEMEHT KOHCTPYKIIUU
ONTHYECKON cucTeMbl ipuBeACH Ha puc. 1.11.

3. IlopsigoK BBINOJIHEHHS PadOTHI

1. Ucnionb3ys MUKpOMETPUUYECKYIO JIMHENKY, onpeennTe KodPPUIUEHT ONTHYE-
CKOT'0 YBEJIMYECHHSI MUKPOCKOIIA U LIEHY AEJNECHUS LIKaJIbl OKyJsipa MUKpocKkoma. [{ns
ATOTO PACIIOJIOKATE MUKPOMETPUYECKYIO JINHENKY Ha MTPEAMETHOM CTOJIMKE, HAXOS-
niemMcs noJl 0Ob€KTUBOM BHIEOMUKpPOCKOMa. C MOMOUIBI0 FOCTUPOBOYHBIX BUHTOB IO-
3UIIMOHEPA BUICOMUKPOCKOIIA OTPETYIMPYHTE €ro NOJ0KEHHUE TaK, YTOObI LIEHTP 00b-
€KTHBA HaXOJWJICS HaJ NEHTPAIbHBIM «OKOIIKOM» JIMHENKU. Bpamnias perynsarop yse-
JUYeHUsI, 10OeUTeCh, YTOOBI N300paKEHUE MUKPOMETPUUYECKON JTMHEHKHU 3aHUMAJIO
BECh dKpaH MOHHUTOpA UEAUKOM. [Ipr HEOOXOIMMOCTH MPOBEAUTE TOUHYIO (HOKYCH-
POBKY. 3alIOMHHTE MOJI0KEHHSI PETYJIATOPOB YBEIMUEHHUS M TOUHOM HacTpoiiku. Ompe-
JeJINTe TOPU30HTANIBHBIN pa3Mep U300paKeHUsI Ha HSKpaHe MOHUTOPA, COCYUTAB KOJIH-
YECTBO JEJICHUM, NMEPEeKPhIBAIOIIMX dKpaH. LleHa neneHus MUKPOMETPUYECKOW JIH-
HEWKHU yKa3aHa Ha €€ KOpIIyce.

2. Paccmorpute moj MHUKPOCKONOM oOpa3el 3aroTOBKH MOJYIPOBOJHUKOBOI
NMC. [Ins1 3TOr0 NOJIOKHUTE UCCIAEAYEMYIO MUKPOCXEMY Ha ITPEAMETHBIN CTOJMUK. W3-
MEHsI HACTPOMKHU YBEIUYEHHUS, MOJYyUYnUTe YETKOE U300paKeHUE MOJHONW TOMOJOTUN
KpucTamia MUKpocxembl. COXpaHUTe MOJTYyYEHHOE U300paXKeHue, UCOb3Ys CIelH-
aJbHYIO MIPOTPaMMy BUIE03aXBaTa HA KOMIIBIOTEPE.
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Puc. 1.11. DnemeHTbI HACTPOUKHU U300paXkeHust: | — peryasTop yBeIHUUeHUs; 2 —
MOAYJb TpaHcokaTopa; 3 — pyuka MexaHu3ma rpyooi oKycupoBKu; 4 — KOJIBIO
TOYHON (DOKYCHUPOBKH; 5 — CBETOBOJIHASI CUCTEMA; 6 — FOCTUPOBOYHBIEC BUHTHI MO3H-
MOHEPa BUJIEOMHKPOCKOIA

Omnpenenute snemeHTHy0 6azy UMC. Haiiaute Ha MUKpOCXeMe MacCUBHBIC, aK-
TUBHBIE, TEXHOJIOTUYECKUE U KOHCTPYKTUBHBIE 3JIeMeHThI. KOHTYp 001aCTH U30ISI1IUN
TUAJIEKTPUKOM (KOHTYp «KapMmaHa») UMeeT BHUJ TEMHOW YTOJIIEHHOW JIMHUH, MPU
ATOM IPSIMBIE YTJIbl B KOHTYpE 00s13aTeIbHO 3aKpyIiieHbl. BHE KOHTYpa «kapMaHa» Ha
MOBEPXHOCTU KpHCTaJIa HAONIOJAI0TCS XapakTepHble KpanuHku. KoHTyp obOmactu
M30JISIIUN P-N-TIEPEX0A0M UMEET BT TOHKUX TEMHBIX JTUHUHN C MPSIMBIMH yTJIaMu 0e3
3aKpYyTIICHUMN.

3. Onpenenure macmtad uzoopaxkenus tonosoruu UMC, mist gero yctaHoBUTE
HAaCTPOMKH MUKPOCKOIIA B TTOJIOKEHUS, TPU KOTOPHIX Oonpeessuics KodhGUIMeHT yBe-
mudeHus. [Ipu HE0OX0UMOCTH U3MEHUTE MOJI0KEHUE MOy TpaHchoKkaTropa ¢ mo-
MOIIBIO FOCTUPOBOYHBIX BUHTOB. [10J1b3ysICh TEM, YTO TOPU30HTAIBHBIN pazMep MoJIy-
YEHHOTO M300paKeHNS HA MOHUTOPE U3BECTEH, ONPEACIIUTE pa3Mepbl 00acTel, yKa-
3aHHBIX MPETOIABATEIEM.

4. IMonyuurte n3o00paxeHust OTACIbHBIX JIEMEHTOB MUKPOCXEMBI B YBEJITUYECHHOM
Macirade. CoxpaHuTe BCe MOJTyYEHHbIE U300paKeHUs TOTIOJIOTHH, UCTIONB3YsI CTICITHU-
aJbHYIO MPOTPaMMy BHJI€03aXBaTa.

5. Onpenenure xonuuectBeHHble mapamerpsl MMC — crenenn unterpanuu K un
MHTErpaJIbHYIO IUIOTHOCTh Ha KpUcTayie m'.

6. 3anomHute Tabn. 1.3, ucnonb3ys COXpaHEHHbIE PE3YJIbTAThl BU3YaJIbHOTO
OCMOTpA U pe3yJIbTaThl OMPEAECICHUS PA3MEPOB JIEMEHTOB.
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Tabmn. 1.3
Xapakrepuctuku 1 napamerpsl [IMMC

O6o3HaucHHBIA No | Bermomasemas | KomxnuectBo Creniens | [moTHOCTH
3JIEMEHTA Ha byHKIHS KOHTAKTHBIX | WHTErpa- | YMaKOBKHU
MHUKPOCXEME SIIEMEHTA IUTOMIAI0K AU Ky, cm

7. Ilpou3Benure pacuyeT reOMETPUN KOHCTPYKTUBHBIX [1apaMETPOB 2JIEMEHTOB I10-
JYNPOBOJHUKOBOW MUKPOCXEMBI, YKa3aHHBIX IIpernogaBaTesieM: st AU(PPY3HOHHOTO
pesucropa — anuHsb | v mmapune! b; s MIT-xonaencaropa — mumHb lg 1 mupuHbT by
BEPXHEH 0O0KIAIKU; Ui OUTIOSIPHOTO TPaH3UCTOpa — AMHBI | 1 mupuHBL b 6a30Boit
obmactu; s MJII1-Tpan3ucropa — anuns! | 1 mmpuab b 3aTBOpa. Hanecute TH pas-
Mepbl B MUKPOMETPAX Ha 3CKU3 TOMOJIOTHH.

8. Ilo 3amanuio mpenoiaBaTesis HAYEPTUTE ICKU3bl KOHCTPYKIIUM YKAa3aHHBIX JJie-
meHToB IMC.

9. Ha o6mieii Tonmomornn UMC 3anaiite 0003HaUCHUS aKTHUBHBIX, TACCUBHBIX H
BCIIOMOT'aTeJIbHBIX AJIEMEHTOB. VccnenyiiTe KOHTaKTHYIO METAJIIM3ALMIO Ha TTOBEPX-
HOCTHM KpucTtajuia. I1o pe3ysbpraraM JaHHOTO aHAIM3a HNOCTPONTE NPUHLUIHAIBHYIO
ANEKTPUUECKYIO CXEMY, COOTBETCTBYIOIYIO pa3Bojike MeTaym3anuu B [IMMC.

4. CoaeprxkaHue oT4YeTA

1. Kpatkoe omnucanne KOHCTPYKIIMH 3JIEMEHTOB MOJTYNpoBOAHUKOBEIX MMC c
ACKM3aMU TIOTIEPEYHBIX ceueHuil nuddysuonHoro pesucropa, MIII-konaeHcaTopa,
IJIAHAPHO-3MUTAKCUAIBHOTO  TPAH3MUCTOPa, N-KaHAIBHOrO W p-kKaHanbHOTO M/III-
TPaH3UCTOPOB.

2. 3amosTHEeHHAs 0 pe3yabTaTaM padboTsr Tadd. 1.3.

3. Ockus Tononorun UMC B macmitabe ¢ ykazaHueM THIa MPOBOANMOCTH, Ha3Ba-
HUS ¥ pa3MepoB 001acTel B MUKPOMETPAX.

4. DCcKkn3bl KOHCTPYKLHI OTAEIbHBIX UHTETPAIBHBIX 3JIEMEHTOB.

5. [IpuHuunuaneHyto anekTpuueckyro cxemy UMC.

5. KoHTpO/ILHBIE BONIPOCHI

1. Kakumu napameTrpaMu XapakTepHU3yrTCsI MUKPOCXEMBI?

2. Kakuie KOHCTpYKIIUY UHTETPAIbHBIX PE3UCTOPOB, KOHICHCATOPOB BaM U3BECTHBI?

3. Uto Takoe TOmoJI0THs MHTErPATbHON MUKPOCXEMBI?

4. Yto Takoe aKTUBHbIE U MTacCUBHBIE AeMeHThl UM C?

5. Kakum 06pazom peanuzyercst U301 JIIEMEHTOB B MUKpPOCXeMax?

6. Uto Ha3biBaeTCs KOHTAaKTHOM mutomaakoit UMC? Jlnia yero ona npegHa3zHayeHa?

7. O1ieHUTEe OTHOIIICHUE COTIPOTUBJICHUHN ABYX UHTETPAbHBIX PE3UCTOPOB, YKa-
3aHHBIX MPENOaBaTeIeM Ha MUKPOCXEME.

8. Kak paccunrtarh yaesnbHOE TOBEPXHOCTHOE COMPOTUBIICHHE TU(DPY3MOHHOTO
pe3ucTopa 1o U3BECTHOW TOMOJOTUM U HOMUHATY COMPOTUBIICHUS?

9. Kak paccunrath yneabpHyI0 eMKOCTh KOHJICHCATOPA 110 U3BECTHOM TOTOJIOTHH
Y HOMUHAIIy EMKOCTH?
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JlaGopaTopHasi paéora Ne2
MOIEJHUPOBAHUE ITPOLNECCA MATHETPOHHOI'O PACIIBUUIEHUS
MATEPHAJIA UICIAPUTEJISI KOJBLEBOK ®OPMBbI

Heab padoTsl
N3yunth nponecchl MarHETPOHHOTO PACIBUICHUS MATEPUATIOB C MOCIIEIYIOIIUM
OCaXJICHUEM, MTPOU3BECTU PacyeT TOJIIMHBI HANBUISIEMON TJICHKH U €€ pacrpesene-
HUSI B 3aBUCUMOCTHU OT paJiyca MOJIJIOKKH U PACCTOSIHUS 10 UCTIAPUTEIIA.

1. KpaTkue TeopeTnyecKkue cBeAeHUs

Onnum 13 Haubosee 3 PEeKTUBHBIX METOI0B HAHECEHUS IIJICHOK B TNIAHAPHOM TeX-
HOJIOTUH SIBIIIETCSI METOJ] MATHETPOHHOT'O PACIBUICHHS] MAaTEPUATIOB. JTOT METO/I SIB-
JSI€TCSl PAa3HOBUIHOCTHIO MOHHO-TIJIA3MEHHOTO pacnbuUieHUs. PacibuieHne Marepuana
B OTHX CUCTEMaX MPOUCXOIUT 3a CYET OOMOAPAUPOBKH MTOBEPXHOCTU MUILIEHA HOHAMHU
pabouero raza. CKopocTh paclbUIeHHs B MarHeTpoHHo# cucteme B 50 — 100 pa3 Bbiie
[0 CPAaBHEHUIO C OOBIYHBIM MOHHO-TUIA3MEHHBIM pacibuieHHuEM. Bbhicokas CKOpOCTh
paclbUIeHUs MaTepuaia B MAarHETPOHHOM CUCTEME PACHbUICHUS OTIPEACIISIETCS. BBICO-
KOU TJIOTHOCTBIO MOHHOTO TOKA Ha MUIIIEHb. BBICOKAs MJIOTHOCTH MOHHOTO TOKA J10-
CTUTAETCA 3a CUET JIOKAJIU3aIH TJIa3Mbl Y IOBEPXHOCTU MUIIEHU C TTIOMOIIBIO CUJIb-
HOT'O MOINEePEYHOT0 MATHUTHOTO TIOJIS.

!
[ 4
| \6
A A 5
4 3
B
o] —1
i N S N \
™2
S N S

Puc. 2.1. CxeMa MarHeTpOHHOM CUCTEMBI paciblieHUs: 1 — MUIlIeHb; 2 — Mar-
HUTHAs CUCTEMa; 3 — 30HA paciblUIeHUs (3PO3KH); 4 — MATHUTHBIE CUIJIOBBIE JIMHUH;
5 — IOTOK pacHblIAEMOro BEIECTBA; 6 — MOUI0XKKA; 7 — MOJI0KKOIEpKATENb

CxeMa MarHeTpOHHOW CHUCTEMBbI paciblUIeHUs MoKa3aHa Ha puc. 2.1. OCHOBHBIMU
AJIEMEHTAMU CUCTEMBI SIBJISIFOTCS MUILIEHD | M1 MarHuTHas cuctema 2. MarHuTHbIE CH-
JIOBBIE JIMHUU 4 3aMKHYTBI MEX1Y IMOJ0CAMH MarHUTHOW CUCTEMBL. MEX 1y MUILIEHBIO
1 1 mojmoxKoaepkaTeneM 7 MPUKIAAbIBACTCS JIEKTPUUECKOE MOJIe U BO30YKIaeTcs
aHOMAaJIbHBIN TVICIOIIMI pa3psa. 3aMKHYTOE MArHUTHOE MOJI€ Y HOBEPXHOCTH MUILIEHU
JIOKaJIU3yeT pa3psia BOIM3H 3TOM MoBepxXHOCTU. [lonokuTenbHble HOHBI U3 IJIa3MBbI
aHOMAJILHOTO TJICIOUIETO pa3psifa YCKOPSIOTCS 3JIEKTPUUYECKUM IMOJeM u OomOapau-
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pytoT MuiiieHb (katon). [loa nefictBueM nOHHOM OOMOAPAUPOBKH MTPOUCXOAUT PACTIBI-
JICHUE MUIICHU. DJIEKTPOHbI, SMUTUPOBAHHBIE C KaTOJ1a MO JEHCTBUEM HOHHON OOM-
OapAMPOBKH, MOMAAAIOT B 00JIACTh CKPEIIEHHBIX 3JIEKTPUYECKOTO U MAarHUTHOTO TIO-
Jed M OKa3bIBAKOTCSA B JIOBYIIKE. TPAaeKTOPHM IBUKEHUS JJIEKTPOHOB B JIOBYILKE
OJM3KH K IUKJIOUAATBHBIM. D()PPEKTUBHOCTh HOHU3AIMH U TUIOTHOCTH TUIa3Mbl B 3TOU
00JIaCTH 3HAYUTENBHO YBEIMUMUBAKOTCA. DTO NPUBOJUT K NOBBIILIEHNUIO KOHIICHTPALUN
MOHOB Yy MOBEPXHOCTU MHILIEHU, YBEJIMYEHUIO MHTEHCUBHOCTH HWOHHOM OoMOapau-
POBKH MHILIEHU U K 3HAYUTEILHOMY POCTY CKOPOCTH PACHbUICHUS] MUILICHH.
[Ipu MOCTPOEHUU MOJAENH CKOPOCTH OCAXKICHHUS IUIEHKU ITyTEM PACIIBIIIEHUS Ma-

Tepuralia U3 KOJbLEBOr0 UCHAPUTENS CHENAEM CIEAYIOIINE AOMYIECHHUS:

® pacHbUICHHBIC aTOMBI PACIIPEACIISIFOTCS B IPOCTPAHCTBE 110 3aKOHY KOCHHYCA;
® pacHbUICHHBIC aTOMBI HE CTAJIKMBAIOTCS JAPYT C IPYrOM U ¢ aTOMaMH pabodvero
rasa;
® pACIBUICHHBIC ATOMBI OCAXKIAOTCS B TOUYKE COYIAPCHHMS C TTOJITIOKKOH.
B o611em cirydae TONIIMHA IJICHKHA B IPOU3BOJILHOM TOUYKE MOIOKKH OIMMCHIBA-
€TCS BEIPAKCHHUEM:

hzizcosm:os;zﬁ-t, (2.1)
7
rae V — CKOpOCTh pacbUICHUS IO TOJIIUHE; ¢ — YTOJI MKy HOPMAaJIbIO K TTIOBEPXHO-
CTH PACTIBUJICHUSI U HAIPaBJICHUEM PACTBUICHUS; ¢ — YTOJ MEXIy HOPMAJbIO K TIO-
BEPXHOCTH MOJIJIOKKH M HAITPABJICHUEM OCAXKICHUS; I — paCCTOSIHHUE OT DJIEMEHTA pac-
MBUICHUS 10 TOYKH OCaXICHHUSI; | — BpeMs pacIblUICHUS.

Monens porecca HanbIICHHUs OyZeM CTPOUTH AJIs Clydasi, TOKa3aHHOTO Ha PHC.
2.1, Kor[a MHIIIEHb ¥ TTOJITIOKKA TTapaJuIeTIbHBI M COOCHBI. B 3TOM citydae yroi pacmsi-
JICHUSI paBeH yrily KOHJEHCAIUH, T.. ¢ = ¢. PaccMOTpUM reoMeTpruecKyro cXemy
MOJICJI MUIIIEHb-TIO/IJIOKKA, KOTOpas MPEICTaBIeHa Ha puC. 2.2.

Pacnipenenenne pactbUIEHHOTO MaTepuaia Mo MOJIOKKE SBISIETCS IIEHTPATbHO-
CUMMETPUYIHBIM M OTIMCHIBACTCS OJHON MIEpEMEHHOM — paccTosiHUuEeM OT 1eHTpa |. bec-
KOHEYHO TOHKHH KOJIBIIEBOW JIEMEHT IMOBEPXHOCTH MUIIICHU MOYKHO TPEJCTABUTH B
Buae dS=R-da-dR, rue o — yron mexxay | u mpoekiueit R Ha mimockocth momtoxkku X'Y',

YT01 ¢ MOKHO BBIPa3UTh Yepe3 paaNyc KOJbIa U PACCTOSHUE MEXTy MUIIIEHBIO U
noUT0KKoN — COSp=H/r. TloacTaBmsist 3TM COOTHOIIEHUS B ypaBHeHUE (2.1) U cymmu-
pys nuddepeHInanbHbIC 3JIEMEHTBI KOJIbIIa MUIIIEHU ITyTeM MHTCTPUPOBAHMS, TTOJTY-
qaeM:

2
h=7]~- " RdadRat. (2.2)
tRa7— I
Bripasum paccrostaue I yepes sieMeHTsl npusmel |, R, d, H, a:
r=\/H2+|2+R2—2|RCOSa, (2.3)

rae 1>+R%-2[Rcosa=d?. Tloncrasum BeIpaxkenue (2.3) B ypaBHenue (2.2):
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Puc. 2.2. FGOMGTpI/I‘-IeCKa}I cxXeMa MOJCJIM MUIICHB-ITIOAJIOXKKA

Vv H2R
{ T2 12 o2
Razr (H” +1°+R” —2IRcosa)
[IpouHTErpUpOBaB ATO BBIPAKEHHE IO BPEMEHM, MOJYYUM IOJHOE KOJWYECTBO

PaCbUICHHOI'O BEIICCTBA. B namem CiIy4dac nmojiaracM, 4To CKOpOCTb paCHbIIICHUS 110~
CTOsIHHA BO BpECMCHHU U HC 3aBHCUT OT paJuycCa KOJIbla PACIIbIJICHHA, TOT da:

h =

5 dadRdt (2.4)

_Vt H?R
7 RZ(H2 +12 + R? — 2IRcosa)

Jli1st uHTerpupoBanus BeIpaxenus (2.5) o yriy genaem 3ameny b=H>+I>+R? ¢
= -2IR, nony4aem:

h

5 dRdo (2.5)

Vit H2R
h=—1]] dRda (2.6)

T R(,C(b+c-<3030c)2

NurterpupoBanue npoBoguM ot 0 10 27, AemaemM 0OpaTHYIO TOJICTaHOBKY, TOJTY-
JaeM:

2
h=2Vt| H R dR 2.7)
RIHZ+R?—12)? +(2IR)? 1%
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MoXHO TpOBECTH JajbHEWIIee MHTETPUPOBAHUE, HO PE3YyJbTaT OYIET OYEHb
rpomo3nkuM. Ilostomy mpu  pacuete OyaeM  HCNONb30BaThb  YHMCIEHHOE
WHTETPUPOBaHUE BhIpaxeHus (2.7).

KosnmuecTBEHHON XapaKTEPUCTUKON IPOLiecca HOHHOTO PaCIbUICHUS MAaTEPHUAIOB
SABJISIETCA CKOPOCTh PACIIBIIIEHUS, KOTOPAs ONPEAEIAETCS KaK:

v=" (2.8)
t
rine h — TonmuHa pacnpuieHHOTO MaTepuana; t — BpeMst paciblUICHHS.

JIns pacuera CKOPOCTH PACHbUICHUS MaTEPUATIOB IPU HOPMAJIBHOM NAJACHUU

MOHOB MOYHO TI0JIb30BaThCS BEIPAKECHUEM:

v=l My (2.9)
q-N AP
TJie J1 — IUIOTHOCTh MOHHOTO TOKA B CEYCHUH, MEPICHIUKYISIPHOM K HANpPaBJICHUIO
nageHus HoHoB, A/cM?; Y — K03 (ULHMEHT paclblIeHHs MaTepuaia, aToM/uoH; My —
aTOMHasi Macca aTOMOB MHMILIEHM, I/MOIb; ( — 3apsy snextpona (1.6-10°° Kir); Na —
uucio Aporaapo (6,023-10% atom/MoIIB); p — IIIOTHOCTE MaTepHana, r/cM>,
Koadpdumment pacnbuienuss Y xapakrepusyeT 3(()EKTUBHOCTh pacHbUICHUS U
OTIPE/IETISIETCS KaK CPeIHEE YMCIO aTOMOB, YAAISIEMBIX C IIOBEPXHOCTH TBEPAOTO Tela
OJTHOM MaJaroIel YacTHIICH:

FZ
Y =%, (2.10)
Q
rie /> — TIOTOK aTOMOB, BBIOMTBIX C TIOBEPXHOCTH MwuIIeHH, Q1 — TOTOK

OoomOapaupyromux HoHOB. [t ko3¢ duIMeHTa pacbUICHUS TUITMYHBI 3HaYeHHUS 1-5,
XOTs1 OH MOkKeT u3MeHAThes oT 0 10 100. DTO 3aBUCUT OT SHEPTUU U MACChI TIEPBUYHBIX
4acTUL] M YIVIa MX IMaJeHUs Ha I[IOBEPXHOCTh, MAacChl aTOMOB MHUILIEHH,
KPUCTaJUIMYECKOTO COCTOSIHMSI TBEpPAOrO Tela W OpPUEHTAlUMu KpHUCTallia, OT
ITOBEPXHOCTHOM 3HEPIUH CBSA3H ATOMOB MULIEHMU.

Jlig peanu3anuu paciblIeHUs] aTOMaM MUIIEHU J0KHA ObITh COOOIIEHA YHEPI U,
MPEBBILIAIONIASL SHEPTUIO UX CBSA3HM B TBEPAOM Tejie. DTa SHEprusi 0003HaUaeTCsl Kak
IIOpOroBasi YHEprust pacnblieHus £,,,. Bennuumna ee konebnercs B mpepenax 10 —
40 »5B. Ilpu >Heprusix MeHbllle MOPOroBOM pachblieHne oTcyTcTBYET. [Ipn 6ombImx
SHEPrusxX Kod((PUIIMEHT paclbUIeHHUs] PACTET C YBEJIMYEHHEM SHEPIHM MEPBHUYHBIX
YacTHI], JOCTUTAET MAaKCUMyMa, a 3aTEM OMATh NMajaceT. Y MeHblIeHue kordduiirenTa
pacnbplUieHUs mpu 0Oojiee BBICOKMX DSHEPrUsiX CBA3aHO C OOJNBIIONW TITyOUMHOM
MPOHUKHOBEHHUSI YAaCTUI[ B TBEPAOE TEJIO M MEHBUIMM BBIJCICHUEM JHEPTrUU B
ITOBEPXHOCTHOM CJIO€.

CornacHo Teopun 3urMyHia i aMOppHBIX U MOJUKPUCTAILITUYECKUX
MaTepUajoB Il HU3KUX JHEpruil MOHOB 10 1 k3B Ko3duimenT pacnblieHHs
ONPENENSAETCS CIEIYIOIUM BEIPAKEHUEM:

Y:%(X MM, = E, : (2.11)
~ (M, +M,)" 2E,
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rne My u M, — aTOMHBIE Macchl HOHOB M aTOMOB MHIICHH, I/MOJb;, E1 — dHEprHs
HajaloMX HOHOB, 3B; E. — sHeprus cyOnuManuy aTOMOB MUILEHHU (SHEPTUs CBS3U
aToMa C TIOBEPXHOCTHIO), 3B; o — Oe3pa3MepHbIil mapaMeTp, 3aBUCIIIUN 0T M1/Mo.

3aBHCHUMOCTh TMapameTpa a OT OTHOIIeHus Mi/M, Tnpu HOpPMaTbHOM MaJACHUU
My4YKa HOHOB MOKa3aHa Ha puc. 2.3.

27y

1,0

0,5 /

7

0,01 01 1.0 > M,/M,

Puc. 2.3. 3aBucumMocTtb k03¢ duIeHTa oo OT OTHOIICHHS MacChl aToMa
pacnbeuieMoro Mmarepuana Mr k macce nona M

Jlst ynporieHusi pacueToB Kod(duimenta pacnblUieHUs 3aBUCUMOCTh puc. 2.3
MOJKHO anmpoKcuMupoBath. J{ist a(Ma/M;) ncnonbs3yercs BeipakeHue MaityHamu:

— T
oM, /M, _o.1o+o.16(|\/|2/|\/|1)O . (2.12)

[TockonbKy 3HEprus MOHOB MpPHU PACHbUICHUM B MAarHeTPOHHOW CHUCTEME MpHU
pabote Ha aprone nexut B auanazone 350 — 450 »B, To npu pacuere korduiueHTa
pacnblUieHUs Oyner ucnolib3oBaThesi BbIpakeHue (2.11). CnpaBouHble AaHHBIE MO
XapaKTepUCTHKaM PacIbUIIEMbIX MaTepUaIoOB MIPUBEACHHI B Ta0I. 2.1.

Pacuetsl mpoBoasTCs B clenyrouieM Tnopsaake. BHavane paccuuTbhiBaeTcs
KO3 PUIIMEHT pacnbUIeHUs] U CKOPOCTh pACHbUICHHUS MaTepuaja MUIIEHU. 3aTeM
MPOBOJIUTCS NOCTPOCHUE KOHTYPHOT'O N300paKEeHUS TOJIIIMHBI HATBUIIEMOM MJIEHKH B
BHJIE pacpeeleHusl 0 BCE MOBEPXHOCTH, OTPAHUYEHHON PaJnyCcOM MOJJIOKKH U
pacctosinus 10 ucnapurens. KoHTypHsblii rpaduk Takoro pacrpeieieHus IpeIcTaBiIeH
Ha puc. 2.4. ITocie 3Toro pacCYUTHIBAETCS paclpeIeNIEHUE TOJIIMHBI HANIBIIIEHHON TUIEHKU
IO ITOJUI0’KKE M HEPAaBHOMEPHOCTH 3TOr0 pacipeencHus. C y4eToM BBIIAHHOTO 33aHuUs
MIPOBOJUTCS ONITUMH3ALINS OJI0KEHUS TIOUTOKKOIEPKATENS C IMOII0KKONM OTHOCUTEITBHO
MUILICHH.

2. lTopsiioK BHINOJIHEHUSI PA0OTHI
OnTuMHU3UpOBaTh MPOLIECC HANBIJICHHUSI MaTEpUajia B MArHETPOHHOU CUCTEME pac-
NBUICHUS: ONPENEIIUTh PACCTOSIHUE OT HOBEPXHOCTH MUILIEHU, HA KOTOPOM MOKHO I10-
JYYUTh 33JIAaHHYIO TOJIIIMHY HAIbUISIEMON MJIEHKU ¢ TpeOyemMoil HepaBHOMEPHOCTHIO

IPY MaKCUMAaJIbHO BO3MOYKHOW CKOPOCTH HaIbLJICHUSA. BapraHThI 3aaHUI TPUBEICHBI
B Ta0I. 2.2.
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Taomn. 2.1
XapaKTepI/ICTI/IKI/I HGKOTOpLIX MaTepI/IaJIOB, HCO6XOI[I/IMI)I€ JJIL pacqua
. AToMmHas DHeprus
Marepuan ATOMHBIH macca Mo, cyOIuMaIum HJIOTHOC3TB Py
HOMeEp Z; /oM
I/MOJIb E., 5B
Be 4 9 3,48 1,85
Mg 12 24,3 1,59 176
Al 13 27 3,26 2.7
Si 14 28 3.01 242
Ti 22 47,9 4,34 452
v 23 51 3,7 6.11
Cr 24 52 368 719
Mn 25 54,9 3,15 744
Fe 26 55,9 4,15 787
Ni 28 58,7 4,41 89
Cu 29 63,5 3,56 8.96
Ge 32 72,6 3,77 532
Nb 41 92,9 75 8.57
it 42 96 6,9 102
Ag 47 107,8 2.7 105
Ta 73 181 8.7 16.6
W 74 183 8,76 19,3
Pt 78 195 5,56 215
Au 79 197 3,92 19,32
H.cm

0

0.5‘/_/’/—\_\
>rf/

f
0 2

T
4

Puc. 2.4. KonTypHslii rpaduk pacrpeaesieHus TONMUHBI HAMbIIIEMON TUICHKU
B 3aBUCHMOCTH OT PaJuyca INIACTUHBI U PACCTOSIHUS 10 HCTIAPUTEIIA
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Tabun. 2.2
No Tonmuua | [umamerp | HepaBHo- Pagnyc
BapI/Ie_lﬂTa Matepuan | 1uieHKH h, | IJIaCTUHBI | MEPHOCTH | pacIiblIe-
MKM d, cMm A+ % Hust Ry, cMm
1 Al 1,0 10 9) 9,9
2 Si 0,5 7,6 9) 9)
3 Cr 0,1 10 9) 9,5
4 Cu 0,3 10 3 6,5
9) Ti 0,1 7,6 2 9)
6 Mo 0,2 7,6 3 4,5

Ilpumeuanue: 1. Pabounii raz — Ar.
2. llupuHa xoinbia pacusiieHust R,—R1=0,5 cm

1. 3anyctuts nporpammy MathCAD. Otkpeith daiin «JlabopaTopHas paboTa
No2y.

2. BeiOpate u3 Tabn. 2.1 HeoOxoaumbie Uisi pacyeTa mnapaMmerpel. Bmectu
BBIOpAaHHBIE TAPAMETPhI B COOTBETCTBYIOIINE SUYECHKH BXOIHBIX JAHHBIX.

3. Onpenenuth KOAQOUIIMEHT ¢ 110 ANMPOKCUMHUPYIOIEMY BBIPAKEHUIO.

4. TTony4uTh KOHTYpPHOE H300pakeHHe MPOQPUIsl pacrpenesieHus HaIbUIIeMOn
IJICHKA B 3aBUCHMOCTH OT PaJnyca MOJIOKKN U PACCTOSHUS 10 NCTIAPUTEIIA.

5. 3ajaTh 3HAUYCHHE PACCTOSIHUS TTOJIOKKH OT ucmapuress H.

6. OnpenenuTs CPEAHIO, MAKCUMAJIbHYIHO W MUHUMAJIBHYIO  TOJIIUHY
HAIBUICHHOW TUICHKH TI0 JBYMEPHOMY TpaduKy paclpeaeicHHs TONIIUHBI TICHKA
rpaduyeckuM crocooom. s 3Toro MoKHO UCIO0JIb30BaTh PYHKIHIO « TpaccupoBkay
n3 MeHto «Dopmary.

/. BBecTu monyuyeHHbIE JaHHBIE B COOTBETCTBYIOIIME SUYCUKH U TOJYYHTh
3HAUYEHUE HEPAaBHOMEPHOCTHU TOJIIUHBI TUICHKH T10 TITACTHHE.

8. HoOutbcs TpeOyeMol HEPaBHOMEPHOCTH TOJIIMHBI TUICHKH, MEHSA
paccrosiaue 10 ucnapurens (H).

9. JloGuthcs TpeOyemol cpeaHed TOJNIIMHBI HAMBUICHHOW TJIEHKU C TTOMOIIBIO
napameTpa «BpeMs HAITbUICHUSD.

10. 3aHecTu B OTYET BCE BXOJHBIE JAHHBIC, TIOJYyUYCHHBIE PE3YIbTAThl U TpaduK
pacnpenesieHus MPUMECH.

4. KoHTpOJIbHbIE BONPOCHI

1. Kakoii appekT 1eXUT B OCHOBE MarHETPOHHOTO PACTbIJIEHUS MaTEpUAIOB?

2. 13 KakuX OCHOBHBIX 3JIEMEHTOB COCTOUT MarHeTPOHHAs CHCTEMa PaCIIbUICHUS ?

3.0T d4ero 3aBUCUT CKOpPOCTh pacHbUICHHUS MaTepuasa NpU HOHHOMU
OoomOapupoBKe?

4. Ot KaKuxX mapamMeTpoB 3aBUCUT KOADOUIIMEHT PaCTbUICHUS?

5. Kakue pomymenuss JaenaroTcs NpH  HOCTPOEHUM MOJENH  KOJIBLIEBOIO
UCIIapUTEIS?
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JlabGopaTopHas padora Ne3
HAKJJIOHHASA JIOKAJIBHAA NTOHHASA UMIIVIAHTALIUA

Heab padoTsI

N3yunts mponecchl HAKIIOHHOW JIOKAIbHOM MOHHOM MMIUIAHTALMU C YYETOM pac-
MpeAesIeHNs IPUMECH TMOJ Kpasl 3allUTHOW MAacKH, MCCIIEJ0BAaTh 3aBHCUMOCTH IPO-
¢bus pacrpeaeneHus KOHIEHTPALUU IPUMECH OT MMapaMeTPOB HOHHON UMILJIAaHTAIIUH.

1. KpaTkue TeopeTnyecKkue CBeAeHUS
1.1. XapakTepucTHKHU NMpoLecca HOHHOW MMILIAHTAIMHU

CyTb mporecca MOHHOTO BHEAPEHUS 3aKJIIOYaeTcs B (OPMUPOBAHUU ITyYKOB
HMOHOB C OJMHAKOBOW Maccoil M 3apsaoM, 00Jalaiux HeoOX0JUMOW 3HeprueH, u
BHEJIPEHUU HUX B MOJIOKKY (MULIEHB) B 3aJJaHHOM KOJIMYECTBE, HA3bIBAEMOM JI030M.
Taxum 006pa3oM, OCHOBHBIMU XapaKTEPUCTUKAMU MPOLIECCa BISIIOTCS dHepeUsl U 003d
UOHO8.

HeoOxonumas sHeprus Eo npuoOpeTaercs HOHOM IMOA AEMCTBUEM PAa3HOCTH IO-
TeHuuanoB U:

EO :neU, (31)

r7e N — KpaTHOCTh MOHM3aIuuU, N = 1, 2, 3; e — 3aps]l AIEeKTPOHA.
[IpumeHeHre MOHHOTO JIETUPOBAHHUS 110 CPaBHEHUIO C MU (HYy3MOHHBIM MO3BOJISET
00€eCIeynTh:

® CTpOTro€ 3aJaHhe KOJIMYECTBA MPUMECH, OMPEAETIEMOTr0 TOKOM MOHOB B IPO-
1[ecce BHEIIPCHMS;

® BOCHPOU3BOJAUMOCTb U OJTHOPOAHOCTh pacIpeiejeHHsI IPUMECH;

® BO3MOYKHOCTh MCIOJIb30BaHMS B KAUECTBE MACKH U JierupoBanuu cioes Si0;
" S|3N4,

® BHEIpPEHHUE Yepe3 TOHKHUE CIOU AUDIIEKTPUKOB M PE3UCTUBHBIX MaTepHAJOB,

e (oJiee HU3KYIO IO CpaBHEHMIO ¢ TP dy3ueit TeMiepaTypy npouecca.

BwMmecte ¢ TeM npoiiecc HOHHOTO BHEAPEHUS COMPOBOKIACTCS PAIOM SIBJICHUM, IS
yCTpaHEHUS! KOTOPhIX HEOOXOJUMO UCIOIb30BAaHUE CIIEHUATbHBIX TEXHOJIOTMUECKUX
npueMoB. B pe3ynbpTaTe B3aMMOCHCTBHS C HOHAMH B PELIETKY MOJIYIIPOBOJHIKA BHO-
CSITCSl paJluallMOHHbIE TTOBPEXKACHUS, KOTOPbIE TPU MOCIEIYIOIMIUX ONEePAUsIX MOTYT
HCKaxkaTh poduiu pactpeaenenus npuMmecH. JleekTol criocoOCTBYIOT TaKKe YBEIH-
YCHHUIO TOKOB YTEUKH M M3MEHECHUIO JAPYTUX XapaKTEPUCTHK MPUOOPOB. Y CTpaHEHHE
nedeKkToB TpeOyeT MOCTUMILIAHTAIIMOHHON BBICOKOTEMIIEPATYpHON 00pabOTKU — OT-
KHTa.

1.2. IlpoGer nonon
[Ipu nBW>XEHUU B TBEPAOM Tesie OBICTPBIN MOH B PE3YyIbTATEe CTOIKHOBEHHIA C SII-
pamH U 3JIEKTPOHAMHU TePSIET CBOIO SHEPTHUIO U ocTaHaBnuBaeTcs. [lonHas qiuna myTH,
MPONJCHHOTO MOHOM, U €€ MPOEKIUS Ha HAIMPaBJICHUE MEPBOHAYATIBLHOTO JBUKCHHUS
MOHA HA3bIBAIOTCS COOTBETCTBEHHO Mpoberom R u mpoekiueit R, mpobera (puc. 3.1,
a). Ilo Bceit nuue mpoOera oopa3yroTes aedekTasie obmactu (puc. 3.1, 0).
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[/ AR

a 0
Puc. 3.1. Cxema 1BrnkeHUs BHEAPSAEMOro HOHA: a — poder R, mpoeknus mpodera
Rp 1 paccessnue mpoderos ARp u 4R; 6 — o0pa3oBanue nqeeKTHBIX 00IacTel B IOA-
JIOKKE Ha IMyTH MOHa: | — Toueunble nedekTol; 2 — aMopQHbIe 00IacTh

BcenencrBue TOro, 4To YMCI0 CTONKHOBEHUH U DHEPTHS, IIepelaBacMast IIPH CTOJIK-
HOBEHMH, SIBILIIOTCA NEPEMEHHBIMH BEIMYMHAMH, XAPAKTEPU3YIOIIMMH CIIy4aiHBIN
npoiiecc, MpoOer HOHOB AAHHOTO THUIIA C OTHOM U TOM e HadyaJbHOM 3Heprueil He Oy-
JET OAVMHAKOBBIM. /[pyrumMu ciioBaMu, ABMKYIIUECS MOHBI IIOCIIE TOPMOKEHHSI OCTa-
HABJIMBAIOTCS B TOUKAX, pa30pOCaHHBIX M0 BCEMY 00bEMY TBEPJIOTO TeJla, UTO MPUBO-
IUT K pacipeielIeHuIo MPoOeroB U UX MPOEKIUH, JIJIsl ONMCAaHUS KOTOPBIX TPEOyIOTCs
TaKHe XapaKTepUCTUKU (QYHKIUU paclpeieseHus], KaKk CpeAHUN MpoOer HOHOB, CPe-
HEKBaJIpaTUYHOE OTKJIOHEHHE IPpoOera HOHOB U OOKOBOE OTKJIOHEHNE HOHOB IOJ1 Kpai
MacKH (UM TIPOEKIINI MpoOeToB).

BokoBoe OTKJIOHEHNE UMIUIAHTUPYEMBIX HOHOB O0YCIOBJIEHO X OTKJIOHEHHEM 32
CYET B3aUMOJICUCTBUS C KpaeM 3allUTHON Macku (Jucriepcus MIOHOB MO Kpail MacKu).
WM 00bIYHO MpeHeOperaroT, MOCKOIbKY OHO 3HAYUTEIBHO MEHbILIE CPEAHEro mpodera
MOHOB U CPEAHEKBAIPATUYHOrO OTKJIOHEHHUs mpobera nonos. Onnako mansa CBUC c
MUKPOHHBIMU ¥ CYOMUKpPOHHBIMHU pa3MepamMH 3JIEMEHTOB OOKOBOE OTKJIIOHEHUE CTa-
HOBUTCS OYEHb BaXXHBIM, IMOCKOJbKY JBYMepHble 3(@eKTbl BOIM3H Kpas MaCKH
CUWJIBHO BJIMSIFOT Ha BBIXOJIHbIE XapaKTepucTuku npubdopos. Kak u pazdpoc npoberos,
OOKOBOE OTKJIOHEHHE SIBIISIETCS PE3YJIbTATOM PACCESIHUS MOHOB, U MO3TOMY 00a 3TH
s¢dekTa 0OJMHAKOBBI IO MOPAAKY BeTUUYUHbI. CyIIECTBEHHON CTAaHOBUTCS U T€OMET-
pus Kpas Macku, KOTOpasi BHOCUT CBOU BKJIaJ B paclpeesIeHHE IPUMECH.

Pacrnipenenenue npumecu 1noja MacKy mpsiMOyroJIbHON (OpMBbI ¢ yu€ToM OOKOBOTO
paccestHisI MOKHO PacCYUTaTh M0 CleAyIoLel popmyie:

N (Yy-R,)? X+a X—a
C(X,y)=——exp| ————2— || erf —erf , 3.2
) J2z R, Pl TR ? J2-AR, V2. AR (3:2)

p X

rae N — nmo3a ummantanus, 4Ry — oTKIIOHeHHE TTpodera MOHOB IO Kpaii MacKH, a —
MOJIYIIIMPUHA MACKH, Y — KOOpJIMHATA BrIIyObh 00pasiia B HaMpaBJIeHUU MaCHUS NOH-
HOTO Iy4YKa, X — KOOpAMHATA BJOJb HAMpaBICHUs MOBEPXHOCTH oOpasua, R, — HOp-
MasbHbIN npooer, AR, — pa3dpoc WM CTaHIapPTHOE OTKJIOHEHUE MPOESKTHUBHOTO MPO-
Oera.
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Taxke oHUM U3 OCHOBHBIX ITApaMETPOB IMPOIecca MOHHOW MMITJIAHTAIUN SIBIISI-
eTcsl Y20l nadexusi Iy4Ka HOHOB OTHOCUTEIBHO HOPMAJIM K MOBEPXHOCTH MUIIICHH.
[Ipu 5TOM y KpaeB Macku HaOIIOAAIOTCS Ba A deKTa:

1) obpa3oBaHKE TEHEBOTO y4yacTKa:

C(x,y)—&erf (y alj

J2AR’ (3.3)
2) UIMIUTaHTAIMS TIOJT Kpai 3aIlllUTHOM MaCKH:
C(x,y) = C(X) rfc — y
f AR (3.4)
\\\\\\ \.\)\ 3;-_'1”_'[“']‘[—[3]] MACKA
KX XXX XXAK h X XX /\,<'<}<\4
TeneBoii yuacTok i . . H"m"al':'Tau”ﬂ
D, "—’* Mo KpaHd MackH
— el i
2a
v Clxy)
Puc. 3.2. ®opmupoBanue 60KOBBIX Tpoduiieit pacipeneaeHus
HaKJIOHHOMMILUIAHTUPOBAHHBIX TIpUMeEcei
W3 reoMeTprueckux coOoOpaxeHU CIe1yeT:
a =x-tg g,
=(x+d)-tgé,
_ (3.5)
R'=AR-siné.

2. Ilopsinok BBINOJIHEHHST PadOTHI
Pacuér npoBoautcs B nporpamme MathCad. CornacHo BapuaHTy 3a1aHusI 3a1aiiTe
UCXO/HbIe naHHble (Tabn. 3.1). PaccuumTaiite oTKIIOHEHUE TpoOera MOHOB IMOJ Kpaii
Macku ARy. [Ins pacuéra ucnonbs3yiTe 3HaueHHs] KOA(G(OUIIMEHTOB, NPUBEAEHHBIE B
Tabm. 3.2. Jlajiee pacuer OCyIIECTBISETCS MO CIASAYIONIEH MOCIeI0BATEIbHOCTHU:
f(E) := z+ s(E)-E
ARx := f(E)-10™  cem
1. Jlo3a uMnianTanuu, [Mon/cm?]:
N = NO-D
2. Pacuér mapamerpoB a;(X) u ax(X):
al(x) := a—[d + (Rp + ARp)-cos(0)]-tan(6)
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a2(x) := a + [(Rp + ARp)-cos(0)]-tan(0)
3. Pacuer SKBHKOHIICHTPAIIMOHHOW 3aBUCHUMOCTH PACTPEICICHHUS MPUMECH B
KPEMHUMU:

— Bococ _ cos(OM)2In N Cer x-al(x)
f(x,NO) := Rp-cos(D) + jl (ARp-cos(0)) "k LND'&RP'CGS(B)'ﬁ[I f[ &Rx-shl(B)JJJ

— Rocos(B) — |, -cos(ONZ-In N e XA
f1(x,NO) := Rp-cos(6) jZ (ARp-cos(0))"It LNG-&R]J-COS(B)-\ET[I f[&Rx-sin(E')JJJ

ITocTpoenue kpast MacKu:
L(X) =

0 if x>a

-1 otherwise
J11st 3TOr0 HEOOXOAMMO MCII0JIb30BaTh coueTanue kinaBui «Ctrl + ] », a as co-
snanus yeaoswuit If u otherwise «Shift + » u «Ctrl + Shift + ]».

8x10” ° \
f1(x, NO)

6x10" °
£(x,NO)
L(x) ax10 °
I

2x10" ° /

I}}‘
0 —5 —5 —5 I — —5 —5 —5 —5 —4
0 1x10° % 2x107° 3x107° 4x107° sx107% ex107° 7x10 ° 8x10 °  9x10 1x10

X

4. PacrnipeniesieHne HOHHO-UMILIAHTUPOBAHHOM MPUMECH:
AR := ARp-cos(0) + ARx-sm(0)

N —(x— ]SE'LI:JI--::-:rra(lflj)2
T(x) := 5 -exp 5
T cos
‘]:-&R- 1 + erf| Rp- ©) 2-AR
2 W2 AR
4><1020 T T T T
102k ' i
T(X)  2x10°F 1"1._‘._ i
1x10°%F ;,,-- .
| | | 1
0 2x10 ° 4x10 ° 6x10 ° 8x10 °

X
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5. Pacuet npoduis pacnpenenenus npumecu ¢ ya€tom 3¢ dexra o0opa3oBaHuUs Te-
HEBOT'O y4acTKa M UMIUTAHTAIIMN TIOJ] Kpail MacKH:

Clx.y) = N -exp{—l-[? — Rp-cos(ﬂjj2:|_[1 ~ erf[— x — al(x) Jj
77 ARp-cos(0) /27 2 aREI-:os(e) ARx-sin(0)
x=Rp+ P

x— Rp-cos(0 2 )
C(x) := ND'EXP|:[— E&R( )] ;

a) pacmpe/esieHne PUMecH 0] Kpail MacKH:
C(x) (v —al(x)) +[2-a—2-[d+ (Rp + ARp)-cos(0)]-tan(0)]
C2(x,y) := —-erfc| — _
2 /2-(ARx-sin(0))
0) pacnpesneneHue MPUMECH ¢ 00pa30BaHUEM TEHEBOI'O y4acTKa:
C 2(x) -
C3(x,y) := (x) -erfe| ——— ) _?
2 +/2-(ARx-sin(0))
C(x,y) = |C3(x,y) If 0<y<?2a
C2(x,y) if —2a<y <0

2x10™

-~ ,

C(x,y) 1x10"

0 i N
—5x10 ° 0 5x10 °

y
6. PacueT TpéxMepHOro pacrpeesieHus MPUMECH:

Clx,y) i= N . {_1_[?—Rp-cus(ﬂ)jz}[l_ﬂf[ x — al(x) D
o ARp-cos(6) /2 P72\ ARp-cos(0) ARx-sin(0)

xlow := 0 xhigh := 0.6-10 A ene
vlow := 0 yhigh := 10 4 en
xn = 60 yn = 60
i=0.x1-1
_ . Xhigh— xlow
xind; := xlow + |-g—
xn—1

j=0.yn-1
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high — ylo
yind; = ylow + j- 2o Y20

yn -1
Mjj = C(xindi,yindj).

eml

8-10%

Puc 3.3. TpexmepHoe pacrpefeneHue UMILIAHTUPOBAHHON TPUMECH

7. MakcumanbHbIi yX0J P-N-Tiepexo/ia 3a Kpaidl MacKu:

Cl(x) : ol [1 ~f[ x—all) ﬂ 1
®: NO-ARp-cos(@) 2w | \ARxsin(6)
X.=a
x1 = root(CL1(x),X)
Axl:=xl-a
Borauciuts C(X1,Rp).
8. TTonoxeHwue p-N-mepexo/ia Mo MacKoii:

1 N (1 _ o 22®—x |
C2() = 1 {&Rp-cus(ﬂ)-m [1 f[m.sin(e)]ﬂ 1

X:=a
x2 := root(C2(x) ,x)
Ax2 :=x2-a

Beraucnuts C(X2,0).
9. BriBecTu 3HaueHUs IiTyOuHBI p-N-niepexo/a B ieHTpe okHa f(0, N0), Makcumaib-

HYIO KOHIICHTpAIMIO mpuMmecH B yerupoBanHoit obmactu C(0,Rp), mMakcumallbHBI
yX0J p-N-Tiepexo/ia 3a Kpail Macku, yXo/a p-N-Tiepexojia 3a Kpail MacKH.
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Tabm. 3.1
Ne | IIpumecs | Eo, 2B | Rp,am | 4Rp, M | @, HM MKKEJ)'I’/CMZ d,mm | 6,° | No, em?
1 P 100 123 35 400 100 2 6 10%°
2 P 120 149 41 500 150 3 7 10t°
3 P 140 175 47 400 200 2 8 10Y7
4 P 160 201 52 500 100 3 9 10%°
9) P 180 228 S7 400 150 2 10 10%°
6 B 100 398 94 500 200 3 6 10Y7
7 B 120 469 102 400 100 2 7 10%°
8 B 140 537 110 500 150 3 8 10%°
9 B 160 603 121 400 200 2 9 10Y7
10 B 180 665 126 500 100 3 10 10%°
11 As 100 58 12.5 400 150 2 6 10%°
12 As 120 68 14.5 500 200 3 7 10Y7
13 As 140 79 16 400 100 2 8 10%°
14 As 160 89 18 500 150 3 9 10%°
15 As 180 99 20 400 200 2 10 10Y7
16 Sh 100 46 7.4 500 100 3 6 10%°
17 Sh 120 53 8.4 400 150 2 7 10%°
18 Sh 140 60 9.5 500 200 3 8 10Y7
19 Sb 160 67 10.5 400 100 2 9 10°
20 Sb 180 74 11.5 500 150 3 10 10t°
Tabmn. 3.2
3naveHus kodphunreHToB A1t pacuéra ARy
Sh As B
z 1.07 -0.25 2.09
s(E) 0.124 0.186 0.48 1.48 -2.72-103E

3. KoHTpOJIbHBIE BONIPOCHI

1. Onumre npouecc NPOHUKHOBEHUSI HOHOB B BEILIECTBO.
2. Yto Takoe 103a o0aydeHue, 4eM OHa OrpeneseTcs?
3. Kak 3aBucuT jymmHa HOpMaAIBHOTO MPoOera U OTKIOHEHHE HOPMAJIBHOTO TpPO-
Oera OT SHEPTUH UMILUIAHTUPYEMBIX HOHOB, MOCTPOUTE TpauKK U OOBICHUTE.
4. Yem 00yCIIOBICHO MPOHUKHOBEHHE MPUMECH MOJ] 3aIIMTHYIO MacKy B Ipoliecce
VOHHOW UMILTIAHTAUN?
5. Kak m3menutcs mpoduiab pacnpeneneHus HOHHO-UMIUIAHTUPYEMOU TTpUMecH
npu HaTMYuu 3¢ (deKTa KaHATUPOBAHUS?
6. OnummuTe Qu3nyueckue sBJICHHS, 00YCIOBIMBAIOIINE OOpa30BaHHE TEHEBOTO
ydacTKa B IIPOLecce HAKIIOHHOM JIOKaJIbHOW HOHHON UMIUTaHTAI|H.
/. J151s1 yero npuMeHsieTcs JoKaabHasi HAaKJIOHHAs MOHHASI UMILIAHTalUs?
8. OnuimTe OCHOBHBIC AJIEMEHTHI YCTAHOBKH JJISI HOHHON UMIUTAHTAIIHAH.



28

JlaGopaTopHasi padora Ned

TEPMOJUHAMMNYECKHAI AHAJIN3 U ONPEJIEJIEHUE MAK-
CUMAJIBHOTI'O BBIXOJIA KPEMHUA ITPU XJIOPUTHOM METO/IE
JIIUTAKCUHN

Heab padoTsl
N3yunuth mpoliecc XJIOPUAHOTO METOMA SMHUTAKCHH, MPOBECTH TEPMOJIUHAMUYE-
CKHUIl aHallu3 CUCTEMbl «TETPAXJIOPUJ KPEMHUS — BOJOPOI» U ONPEICIUTH BBIXO]]
KPEMHHUS MPH 33JJaHHBIX [TapaMeTpax IMpoiiecca.

1. KpaTkue TeopeTnyecKkue cBeIeHHs

OcHoBOMOJIATalONMM  3JIEMEHTOM JII000M MOJYNPOBOJAHUKOBON OUIOISIPHON
CTPYKTYPBI SIBJISIETCS p-N-1iepexoi. TexXHOoIOrnuecKuii mpoiecc ero GopMUpOBaAHUS BO
MHOT'OM OTIpeJIesisieT ero cBoiicTBa. Tak B nponecce auddys3uu dbopmupoBanue p-n-
MEPEXOJ0B MPOUCXOIUT TOIBKO BCJIEACTBUE KOMIIEHCAIMNA UMEIOIINXCSA B UCXOIHOM
Matepuaie npumeceid. B OOJIBIIMHCTBE ClIydaeB 3TO HEXKEIATEIbHO, TaK KaK BO
BpEMSsI KaXKJI0r0 MOCJIEYIOIEro ukiia Auddy3uu 4ucao aToOMOB MPUMECH, HE0OXO/T1 -
MO€ JIJIs1 KOMIIEHCAlMU paHee BBEJEHHBIX aTOMOB JIETUPYIOLIEH 100aBKH, yBEINYNBA-
eTCsl IKCIOHEHIManbHO. [Ipenensl pacTBOPUMOCTH UCIIONB3YeMbIX TIpu 1udPy3uu B
KpEMHHUH MpUMeCced TaKOBBI, YTO BBIMOJHUTH 00Jiee TpeX MOCIeq0BATEIbHbBIX TU(-
(y3MOHHBIX TMPOIIECCOB MPAKTUYECKH HEBO3MOXKHO. [loaToMy meromom nuddysuu
TPYJIHO CO3/1aBaTh BHICOKOOMHBIE CJIOU (C HU3KOW KOHIIEHTpAI[Me mpuMecei) U KOH-
TpoaupoBaTh xoa AudPy3un B HUX. HemanmoBaXHBIM SBISIETCS TakKXKe M TO, YTO T1O-
JIBUKHOCTH HOCHUTENIEH 3apsifia OOpaTHOMPOIOPIIMOHATIFHA TTOJIHOMY KOJIMYECTBY MPH-
MecCeH, cosiepKaIeMycs B IOIYIpoOBOAHUKE. B MaTepuaie ¢ 00bIIoi KOHIIEHTpaIuen
JOHOPOB M aKLENTOPOB MOABUKHOCTh YMEHBIIAECTCS, YTO YXYIIAET JIEKTPUUECKUE
napameTpbl MpruOOPOB.

Pemenune paznuuHbIX TEXHUKO-KOHCTPYKTOPCKUX 3a/1a4, B TOM YHUCJI€ U BhIIIE-
IIEPEYUCIIEHHBIX, BO3MOXHO C IPUMEHEHUEM 3NUMAKCUATbHBIX NPOYECCcO8 B TEX-
HOJIOTUH MUKPOSJIEKTPOHUKHU. OTHUM U3 BaKHEUITUX MPUMEHEHUN SMUTAKCUU SIB-
JsgeTcsl mpoiecce (popMUPOBAHUS CKPBITOTO CJOS B TMOJYINPOBOJHUKOBBIX HHTE-
rpajJbHBIX MUKpOcXeMax. Hamuuue CKpBITOTO CJI0S MO3BOJISIET MOBBICUTh OBICTPO-
NecTBUE OUTIOJAPHBIX TPAH3UCTOPOB U BCEM MUKPOCXEMBI B I[€JIOM.

[lon snumakcueu MOHUMAETCA MPOLIECC OPUEHTUPOBAHHOTO BhIPAILIMBAHUS MO-
HOKPHUCTAJJIMYECKOTO CJI0Sl HAa MOBEPXHOCTH MOHOKPUCTAIMYECKOUN MOIITOKKHU. B
MpoIlecCe AMUTAKCUAIBHOTO BBIpaMMBaHUs oOpa3zyromascs (aza 3aKOHOMEPHO
MPOJOJDKAET KPUCTALIMYECKYIO PEIIeTKY IMOJJIOXKKH ¢ 00pa3oBaHUEM IEPeXOo/l-
HOTO JMUTAKCHATBHOTO cyios. llepexomaHbiii cioit CrocOOCTBYET KOTEPEHTHOMY
CpPacTaHMIO JIByX PEUIETOK MO IMJIOCKOCTSIM U HampaBJICHUSIM CO CXOJHOU MIOTHO-
CThIO YITAaKOBKH aTOMOB, Y€pe3 HEro IMepeaacTcss OCHOBHAs WHGOpPMAIUS O KpH-
CTAUIMYECKON CTPYKTYPE MOJIOKKHU B SIUTAKCUATIBHBIN CIIOMN.

B coBpeMEHHOU TEXHOJIOTHHM MPOLECCHl IMUTAKCUHM 3aHUMAIOT OJTHO U3 BEAy-
IIMX MECT B IMPOU3BOACTBE MOJYINPOBOJHUKOBBIX HHTETPAIBHBIX MUKPOCXEM H
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OOJIBIIIMHCTBA TUIIOB JUCKPETHBIX MOIYPOBOAHUKOBBIX TPUOOPOB. DMUTAK CUAIIb-
HbIE CJIOW B HACTOSIIEE BPEMsSI MOTYT OBITh MOJYYEHBI B CTPYKTYPHOM OTHOIIECHUU
0oJiee COBEpIICHHBIMH, YeM 00bEeMHBIC MOHOKpUCTALIBI. OHHM 00Ja7af0T TPaKTH-
YECKH UJI€aTbHON OJHOPOJIHOCTBIO paclpeaeseHus Jerupyromux npumeceid. Co-
JIep>KaHUE HEKOHTPOJIHUPYEMBIX PUMECEN B HUX 3HAYUTEIIBHO HUXKE, YEM B MOHO-
KpUCTaJJIax, MOJYYEHHBIX METOAoM YoXpalbCKOro MU OECTUTeNbHOW 30HHOM
TLIAaBKOM.

[Ipu snuTakcuy aTOMBI MPUMECHU BHEAPSIOTCS U3 BHEIIHEN CPEAbI B KPUCTAIIIIU-
YECKYIO PELIETKY 3MUTAKCHAIIBHOTO CJIOS HEMOCPEICTBEHHO B Iporiecce pocta. OTHO-
[IEHUE YKCJIa aTOMOB KPEMHUS K YUCILYy aTOMOB IIPUMECH JIETKO PETYJIUPYETCS, a DJEK-
Tpou3nYeCcKre mapaMeTpbl AMUTAKCHAIBHOTO CJIOS MOT'YT U3MEHSTHCS B OYEHB ITUPO-
KHX Tpe/ieliax, MPUYeM MOJTHOCThIO UCKITI0YAETCs HEOOXOIUMOCTh KOMIIEHCAIH TPH-
Mecen.

[To mpupoae B3auMOJEHCTBUS «IOJJIOKKA — pacTyllas KpucTtayuindeckas daza»
pa3IYyaloT TP BUJA SMUTAKCUAIBHBIX MPOIECCOB: TOMOAMUTAKCUS (aBTOAMUTAK-
cust — ADC), TeTepOodNMUTAKCUS U XeMOINUTAKCUsl. [ omoanumaxcus — 3TO MPoIecc
BBIPAIIMBAHUS MOHOKPHUCTAJUIMYECKOTO CJIOSI BEIIECTBA, OJHOTUIIHOTO MO CTPYK-
TYp€ C MOJJIOXKKOW U OTIMYAIOLIETOCS OT HEE TOJBKO CONEPHKAHUEM JIETUPYIOUIUX
npumecen. [ emeposnumakcus — 3TO MPOLECC BBIPAUIMBAHUSA MOHOKPHCTAJIJIAYE-
CKOTO CJIOSl BEHIECTBA, OTIIMYAIOIIETOCS MO XMMHYECKOMY COCTaBy OT BEIIECTBA
MOJIJIOKKH, HO OJIU3KOMY €My IO KpucTaaorpadguyeckoi cTpykrype. Xemoosnu-
maxcusi — 3TO MPOLECC BhIPALIMBAHUSA MOHOKPUCTAJUIMYECKOTO CJIOSI BEUIECTBA, B
pe3ylibTaTe KOTOpPOTo oOpa3oBaHWE HOBOW (ha3bl MPOUCXOAUT MPU XHUMUUECKOM
B3aMMOJICCTBUYU BELIECTBA MOAJI0XKKHU C BELIECTBOM, IOCTYNAOIIUM U3 BHEIIHEN
cpeapl. [1oydeHHBIN XEeMO3MUTAKCHAIIBHBIN CJIOM OTJIMYAETCS IO COCTaBy KakK OT
BEILIECTBA IMOAJO0XKKH, TaK U OT BELIECTBA, NOCTYINAIOLIEr0 HAa €€ MOBEPXHOCTh
W3BHE.

1.1. T'a3o¢a3nasi SNUTAKCUS KPEMHHUSA

DnuTakCUalbHbIE CIIOU MOXKHO MOJIYYUTh U3 ra3000pa3Hoi (a3bl UK U3 KOHJICH-
cupoBaHHOM (a3bl (KUIKOU U TBepAoi). M HacTosIee BpeMs MOYTH BCE MPAKTUUECKU
BA)KHBIC METO/IbI TIOJIYYEHUSI aBTO- U TETEPOINMUTAKCUAIBHBIX CIIO€B OTHOCSITCS K Mep-
BOW T'pyIIIIE.

Hawunbonee mmpokoe npakTuueckoe MPUMEHEHUE HaXOSAT METO bl BhIpAIIUBAHUS
MJICHOK TPU B3aMMOJICHCTBUM HATrPETOW MOJJIOKKH C PAa3THMYHBIMU TApOTa30BBIMU
CMECSIMU B OTKPBITOM MpoIEecce. DTUMU METOAaMHU MOIY4Yar0T aBTO3NMUTAKCHAIbHBIC
CJIOW TIOJTYTIPOBOJHUKOB (KPEMHUM, TepMaHui, apCEHU/] TAJUTHSI U Jp.), UCTIOIb3YS B
KaueCTBE aKTUBHOIO ra3a-HOCUTENS BOAOPO/I.

[TpoMbITiIeHHAST TEXHOJIOTHSI H3TOTOBJICHHUSI aBTOAMUTAKCHAILHBIX CJI0€B KPEMHHUS
B OCHOBHOM 0a3upyeTCs Ha UCTIOIH30BAHUH TPYTIITHl XUMUYECKUX TUCCOIMATUBHBIX Ta-
30(a3HbIx MeTo10B. K HUM Ipex]ie BCEro OTHOCSTCS «XJIOPUAHBIA METO]» — BOCCTa-
HOBJICHHE KpeMHHMs U3 mapora3oBoii cmecu [SiCls + Hy] 1 «cumaHoBbIN» METO, OCHO-
BaHHBIN Ha muposin3e MoHocwiaaHa [SiHs + Hp]. B mMenbieit crenenu pacnpoctpa-
HeHBbI MeTo/1bl BoccTaHoBaeHUs kpemHuus u3 SiHCI3 u SixClg
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VYcenex texHonoruu rasogazHoro xummuueckoro ocaxaeHus (I'’XO) oObsicHaeTcs
CJICAYIOLIMMHU €€ IOCTOMHCTBAMHU.

Bo-nepBbix, 10001 MaTepuan MOKET OBITh MOJY4YeH MpH TeMIleparype, 3Hauu-
TEJIbHO MEHbILIEH, YEM MPU KPUCTAJUIM3ALMK U3 paciuiaBa. biarogapst atomy, a Takxke
VCKIIFOUECHUIO IOPOTUX IJIAaBUIIBHBIX NI€YEH U BaHH, MOKET OBITh 0OecrieueHa 0oJibIas
YUCTOTA MPU MEHBIIHX 3aTPaTaX.

Bo-BTOpPBIX, MOTOK OCaXAAIOUIErOCs BEUIECTBA HAMPABICH B CTOPOHY HArpeToi
MOBEPXHOCTH, KOTOpPasi MOKET UMETh CKOJIb YTOJHO CIOXHYIO KOH(UTYypaluio, a He
TOJIBKO IIJIOCKYIO, KaK IpY BaKyyMHOM HalbUICHUU.

B-Tpetpux, 6narogapsi OrpoMHOMY BBIOOPY UCXOHBIX PEAr€HTOB U TUIIOB XUMUYE-
CKHX peaklMil (BOCCTAHOBIICHHE, NMHUPOJIU3, IUCIPONOPLHUOHUPOBAHUE, THIPOJIU3,
OKHUCJICHHE) METOJ IPUMEHUM JIJIsl TTOTY4YEHUs OOJBIIOTO YKCia CIUIAaBOB U XMMUYE-
CKHUX COECIMHEHUM.

B psze ciydaeB ucnonab3yroTcs METOIbl KOHACHCAUN KPEMHUS U3 MOJIEKYJISIPHBIX
Iy4KOB B CBEPXBLICOKOM BakyyMe (10 107 I1a), koTopsle HaxomsT Bee GOIbIIEEe PH-
MEHEHHE B CBSI3M C CO3JaHMEM MOOMIIBHBIX YCTAHOBOK M MOILIHBIX O€3MaCIsSHBIX
CPEIICTB OTKAYKH, MO3BOJISIOIIUX CHU3UTh TEMIIEPATypy aBTOIMUTAKCUH KPEMHUS 10
700 —900 K.

[Ipu razodazHoi SNUTAKCUH aTOMBI TOJTYTIPOBOJHUKA EPEHOCATCS K MOII0KKE
B COCTaBE XMMHYECKOIO0 COECIUWHEHMS. {71 KpeMHUsI 3TO MOTYT OBITh, HalpuUMeED,
tetpaxiopua kpemuusi SiCl, wnu cunan SiHs. Beck nporecc MoxHO pa3OuTh HA Psijt
CTaJNil: MePEHOC PeareHTOB K MOBEPXHOCTHU MOJJIOKKH; aJCOPOIUs U XUMUYECKas
peakiysl peareHTOB Ha MOBEPXHOCTH MOMJIOKKHU; J1€COpOIUs NMPOAYKTOB PEAKIUU;
IIEPEHOC MPOAYKTOB PEAKLUMU OT MOBEPXHOCTU IOJJIOKKH K OCHOBHOMY IIOTOKY;
yHOpsAI0YeHUE aJACOPOMPOBAHHBIX aTOMOB B KPUCTAJNIMYECKYIO peleTKy. Pe3yib-
THUPYIOLIAsi CKOPOCTh POCTA SMUTAKCUAIBHOIO CJIOS ONPENEIeTCs] CaMOl MEJICH-
HOM CTaJIMEN U3 NMPUBEIECHHBIX BBIIIE.

Ecnu ckopocTh peakuuy JUMUTHPYETCS MacCOMEPEHOCOM, TO OCHOBHBIM (haKToO-
POM, ONPENEIIAIONIMM CKOPOCTh OCAXKACHUS, MOKHO CUMTATh OTPAaHUYHBIN ciion. Ta-
KOW peXHM Ha3bIBaloT MU((Y3MOHHBIM, TaK KaK peareHThl U MPOIYKTHl PEAKIHH
JOJDKHBI MPEOJI0JIeBaTh JAMHAMUYECKHM MOTPAHWYHBIA CIOM MNPEUMYIIECTBEHHO
nudoysueit. CkopocTs peakiuu B 1 Py3MOHHOM PEKUME MOKHO PETYIMPOBATH U3-
MEHEHHUEM TOJIIMHBI TOTPAHUYHOTO CJI0S, CYILIECTBOBAHNE KOTOPOTO 00YCIIOBIICHO a/I-
COpPOIIMOHHBIMU CHJIAMU CaMOU MOBEPXHOCTH, a TI0 MEpe yAAJIEHUS OT Hee — BHYTpPEH-
HUM TpeHHEM (BS3KOCTHIO) raza. Yem Ooibllle €ro TONIIMHA, TEM TPYAHEE HAET JI0-
CTaBKa K MOBEPXHOCTU PEareHTOB U3 Apa MOTOKA.

B npotiecce BbIpanuBaHus SMUTAKCHATIBHBIX CIOEB MOYKHO OCYILIECTBIISATh UX Jie-
rupoBaHue. [Ipu 3ToM aTomMbl MPUMECH BHEIAPSIIOTCS B KPUCTAJUIMUECKYIO PELIETKY
pactymei ieHkd. COOTHOIEHUE aTOMOB IIPUMECH M aTOMOB KPEMHUS B T'a30BOM
(haze perymmpyroT TaKuM 00pa3oM, 9TOOBI BRIPAIIIEHHBIHN CIIOU COEepKall 3a1aHHOE KO-
JMYECTBO NpUMecH. MOXKHO MOJTy4aTh CJIOU € JHOOBIM OTIMYHBIM OT MOAJIOKKH YPOB-
HEM JIETUPOBAHUS. DTO MO3BOJISIET M10Jy4aTh BHICOKOOMHBIE CJI0M Ha HU3KOOMHOM MO/~
JIOYKKE WUJIM CO3/1aBaTh PE3KUE P-N-1Iepexo/ibl, He puderasi, HalpuMep, K TBepaodazHoi
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upPy3un. Bo3MOKHO Takke HENMPEPHIBHOE U3MEHEHUE CTENEHU JIETUPOBAHUS SIIH-
TaKCUAJIBHOTO CJIOSl B IIPOLIECCE €r0 BBIPALUBAHMSA, YTO MPUBOJUT K IIOCTEIIEHHOMY
M3MEHEHHMIO YPOBHS JIETUPOBAHUA IO TOJIIUHE CJIOSl. DTOT METOJ MCHOJB3YyEeTCs, B
YaCTHOCTH, B IPOU3BOJICTBE MOJIYNPOBOJIHUKOBBIX COJIHEYHBIX OaTapeil C yJIydIleH-
HBIMHU pa0OYUMU XaPAKTEPUCTUKAMHU.

1.2. X;10puIHbIH METO/X SMUTAKCUHA

XJOpUIHBII METOJI — UCTOPUYECKH MEPBBIA M HanOoJee pacnpoCTpaHEHHbBIN Mpo-
MBIIIJICHHBIA METO/I MOJYYeHHS] aBTOAMUTAKCUAIBHBIX CJI0€B KpeMHus. Ero mmpokoe
NPUMEHEHHE CBSI3aHO C JOCTYIMHOCTHIO BEICOKOUMCTOTO TETPAXJIOPHIa KPEMHHUS U BO-
J0poJa B MPOMBIIIIEHHBIX MacliTabax, 0CBOEHUEM IPOLECCA BOCCTAHOBIIEHUS KPEM-
HUS U3 TETPAXJIOPHUIa, CPABHUTEILHO HU3KUMHU 3aTpaTaMu, OTHOCUTEILHOM Oe3omac-
HOCTBIO IIPOLIECCA U BO3MOKHOCTBIO YIIPaBJICHUS €0 OCHOBHBIMHU ITapaMeTpamH.

IIpouecce anuTakCuM MPOTEKAET B cucreMax rnporovnoro tuna. Poct ADC u3 napo-
razoBoii cmecu [SiCis+H;] mponcxoauT Ha TOBEPXHOCTH KPEMHHEBOM MOJUIOKKH, pa3o-
rperoii 1o Temneparyp 1200 — 1400 K. ITaporazosyro cmecs (I1I'C) [SiCl, + Hz] mouy-
YaloT MYTEM HAChIIIEHUS BOAOPOAA NapaMu TETPAXJOopHUAa KPEMHHUS IIPHU IPOITyCKa-
HUH BOJOPOJIa Yyepe3 ucrnaputeb ¢ KuakuM SiCly.

B3aumoneiicTBue TeTpaxiopuaa KpEMHHUS C BOJOPOJIOM ONHUCHIBAETCS XHUMUYE-
CKOM peakiuei:

SiCly + 2H; — Si + 4HCI. 4.1)
JIeCTBUTEIBHBIN X0 9TOW PEaKIMi MHOTOCTAJIMEH M MOKET OBITh MPEACTaBJICH B
BUJIC TIOCITIEAOBATENIbHBIX U MApaUICIbHBIX PEaKIUid, KOTOPhIE OYIyT PacCMOTPEHBI
MpU TEPMOJMHAMUYECKOM aHAJIH3E.

Peakimuto ocymectsistoT npu temneparypax 1000 — 1250 °C. PeanbHo peakuus
MPOUCXOAUT B HECKOJIIBKO CTaguil ¢ 0Opa30BaHMEM MPOMEKYTOUHBIX HPOIYKTOB
SiHCI; u SiCl,. CkopocTh pocTa 3MUTAKCHAIBLHOTO CJI0S 3aBUCUT OT TEMIIEPaTyphl
npouecca 1 psjaa Ipyrux TEXHOJOTHYECKUX (PAaKTOPOB U OOBIYHO HAXOAUTCA B Ua-
nazone ot 0,5 7o 1,5 MkM/MuH. YKa3aHHas BBIIIE peakius (TOUHEE, BCE €€ COCTaB-
JsoIIKe) oopaTuMa. ITO O3HAYAET, YTO MIPU ONPENENECHHBIX YCIOBUAX, HAIPUMED,
KOrJa TemIeparypa peakldd BBIXOJMT 3a Mpeaebl HEKOTOPOro pabouero MHTEp-
BaJia, CKOPOCTh POCTa CTAHOBUTCS OTPULATEIBbHOM, TO €CTh BMECTO pOCTa AIIUTAKCHU-
anpHOro cios muer ero tpabienue mapamu HCl. Mnu ecnm konuentpanus SiCly
CJIMIIKOM BBICOKA, TpaBjieHue OyneT mpoucxoautb u B orcyrctBue HCl B Hecymem
rase (puc. 4.1). Tak, npu tremneparype 1170 °C u momnspHoit konuenTpamuu SiCly,
paBuoii 0,27 — 0,28, HaunHaeTcs TpaBieHue Si.

HenocpeacTBeHHO nepes MpoueccoM 3MUTAKCHH MOJIOKKH MMOABEPTAKOTCS Tep-
M000paboTKe B BOJIOPOIe WK BakyyMme Tipu Temmneparypax 1150 — 1300°C u BeicOKO-
temnepatypaomy tpasieHuio B [II'C [HC1 + Hj]. IlpemsnurakcuansHas o0paboTka
MOJII0KEK MPOBOAUTCS C LENbIO UX OYUCTKU U 00ECTIeUeHUsI TEOMETPUUYECKOTO COBEP-
[IEHCTBA TOBEPXHOCTH.
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JlernpoBaHue SMUTAKCUATIBHBIX CJIOEB OCYIIECTBIIACTCS MTyTEM KOHTPOJIUPYEMOTO
BBEJICHMS MTapOB JICTKOJICTYUUX coequHeHui anemenToB Il u V rpynm nepuoauye-
CKOM crcTeMbI B rapora3oByio cMmech [SiCls + Hp]. CriocoOb! ierupoBaHust MOTYT OBITH
pa3IMYHBIMH:

L KA SiCl; + H,, P=1at™m v, MKM/MI/IH‘

1600
1500

1400
1300 | OcaxxaeHne

TpaBnenue

0 . . Konnenrparus SiCly,
0,1 02 \0.3 "~ mom. %
1200

1100

0 005 01 015 02 025 Pays10°, arm

a 0
Puc. 4.1. I'panuna ob6yacteit pocta u TpapiieHus kpemuus B cucreme SiCl,—H; B
3aBHCHMOCTH OT TEMIIEPATYPhI M MapIUaIbHOIO JaBicHUs Psicis (2) ¥ 3aBUCHMOCTb
cKOopocTH pocTa snurakcuansHoro cios SiCly (7= 1170 °C) (6)

1)nerupoBaHue U3 pacTBopa (s MOTy4eHHUs TuIeHoK N-tuma ¢ p > 0,1 Om-cm). C
aTOM 1eNbI0 K xkuakomy SiCly nodasnsror neryune npumecu PCls, BCl; u BBr3, koTo-
poie ucnapsirorest BMecte ¢ SiCl, u moctynaror B peakrop. Hemocrarkom 3toro Metosa
ABIISIETCS HEOOXOIMMOCTh MPUTOTOBJICHHS CIIEIIMATLHOTO PAacTBOpa sl KaXKI0H cTe-
TIEHU JISTUPOBAHUS;

2)ra3oBoe JITUPOBaHUE, SBIISIONIEECS 00jee MpaKTUYHbIM. [Ipu 3TOM mpumech
BBOJIMTCSI B PEAKTOP OTAETHHBIM T'a30BBIM MIOTOKOM. B KauecTBe TOHOPHBIX TpUMecen
ucnonb3yercs pochun (PHz) nnm apcun (AsH3), a B kauecTBe akENTOPHON IPUMECH
nuoopad (B2Hg). OTH rasel pa3doaBisitoT BOJOPOIOM U BBOJAT B PEAKIIMOHHYIO KaMeEpYy.
Hcnonb3ys Takol METOJI, y/1aeTCs BhIPANTUBATH SMUTAKCHAIBHBIC CIIOM N- U P-TUIIA C
KOHIeHTpanueil npuMecn 5-10% — 102 em,

K nocromHcTBam XJIOpHIHOTO METO/A CIEIYET OTHECTH BOZMOXKHOCTD MOTYUYESHHUS
JOCTATOYHO COBEPILEHHBIX CI0OEB U OTHOCUTENBbHYIO IPOCTOTY 00opyaoBanus. Hemo-
CTaTKH — 3HauUuTeNIbHas Tuddy3us npuMecend U3 MOJI0KKU B CIION U T0BOJIBHO BBICO-
Kas cTeneHb apTojerupoBanus. uddysus oOycrmoBieHa BBICOKOW TeMIEpaTypou
MIPOLIECCOB; AJIsl €€ YMEHBIICHUS B KaYECTBE JIETUPYIOUICH MpUMeCH B MOJI0KKE BbI-
OMpAIOT PJIEMEHT C HAMMEHbIIUM Kodd puririeHToOM Auddy3un (B cirydyae moioxek N-
TUma He Gocdop, a MBIIIBIK WIK cypbMy). OrpaHHUYeHUEM METOJa B pAJie CIy4yacB
SIBIISICTCS TPYAHOCTD MOJYYCHHS JOCTATOYHO YnucTOro SiCly.

MoskHO HCIOJIb30BaTh BoccTaHoBieHue Tpuxiopcunana (SiHCI3) Bogopomom —
MeTo1, OJM3KUH K XJI0puaHoMy MeToay. Hanbosee BeposiTHO pOTEKaHUE peakiuu 1o

ypaBHEHUIO:
SiHCls(ra3) + Ha(ras) — Si (t8) | +3HCl(ra3)?. (4.2)
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Hcnonp30BaHue TpuxJioOpcuiaaHa MpU BOJOPOJHOM BOCCTAHOBJIEHUU HMEET Pl
nperMylIecTB o cpaBHeHHo ¢ SiCls. DT0 jerkas IUCTWUISIUOHHASA OYMCTKA U3-32
OTCYTCTBUS a3€0TPOIIOB € MPUMECIMU U 00JIbIIas CKOPOCTh ocaxkaeHus. [lepeuncnen-
HbIE IPEUMYLIECTBA MMO3BOJISIOT CYIIECTBEHHO MOBBICUTH TPOU3BOJUTENBHOCTD YCTa-
HOBOK IIPH ITPOU3BOCTBE MOJIYNPOBOJHUKOBOTO KPEMHUS. XJIOPCUIIAHBI TAKXKE MPE-
MIOYTHUTEIIbHEE HCIIOJIb30BAaTh BMECTO CHJIaHA U JAMCHIIAHA MPU OCAXKJIECHUU METOAOM
I'XO, Tak Kak TOMOT€HHOE 3apO/bIIIC00pa30BaHUE MEIKUX (TOHKOAMCIEPCHBIX) Ya-
CTHI] C XJIOPCUIIAHAMH MEHEE BEPOSATHO.

Taxum 006pa3oM, TpUXJIOpCUIIaH ABJISAETCS MPAKTUUECKHU Hauboiee BaXKHbIM Belle-
CTBOM JUJIsl IPOM3BO/ICTBA KPEMHUS, @ TETPAXJIOPU] KPEMHHSI — OCHOBHBIM TOOOYHBIM
IIPOJIYKTOM 3TOTO IPOU3BOJCTBA.

1.3. Tepmogunamuveckuii anaan3 cucrembl SiCl + Hp

TepMmouHaMUYECKUii aHATTU3 TTO3BOJISIET ONPEACIUTD MPUHITUTTHATIBLHYIO BO3MOXK-
HOCTh OCYIIECTBJICHUSI PEAKIIUM, CMEIIIEHUE PABHOBECUS B Ty WM MHYIO CTOPOHY B
WHTEPECYIONIEM MPOIIECCE M MAKCUMATLHO BO3MOYKHBIN BBIXO/T 2JIEMEHTAPHOTO KPEM-
HUsI B 3aBUCUMOCTH OT TeMmriepatypsl u cocrasa 11I'C.

Cucrema Si-Cl-H sBisercss ximaccMYeckuMM HpPHUMEPOM CIIOXKHOTO, HEOIHO3HAY-
HOTO B3aMMOJICHCTBUS PEAarcHTOB NMPHU IOBHIIICHHBIX TEMIIEpaTypax. BBISICHUIOCH,
YTO MPOCTAasi 3alUCh OCHOBHOM peakiuu (4.1) BoBce HE paCKPHIBAET €€ UCTUHHBINA Me-
XaHW3M, KOTOPBIH BKJIIOYACT MHOXKECTBO IMPOMEKYTOUHBIX CTaaAUd M TPOTYKTOB.
CrieKTpajabHBIN aHAIM3 MMOKa3aJl HaJM4KMe B pearupyiomiei cmecu momumo Hz, HCI,
SiCl, rakux coemunennii, kak SIHCI3, SiH,Cl,, SiH3Cl, u eme psma apyrux (Bcero
6omnee 20 KOMITIOHEHTOB).

B o01eM Bujie X011 peakiiii MOXKHO TPEICTaBUTh CIEAYIOIUM 00pa3oM: UCXO/-
HBIE peareHThl — MEePEXOAHbIC COCTOSTHUS — MPOAYKTHI peakiuu. ToIbKO UCXOTHBIC
peareHThl U MPOIYKTHI PEAKIUU SBJSIOTCS CTAOMIBHBIMA XUMUUECKUMU COEIMHEHU-
SIMH, CBOWCTBA KOTOPBIX MOKHO U3YYHTh SKCIIEPUMEHTAIBHBIM ITyTEM.

Xoporee IKCIEPUMEHTATLHOES TOATBEPKACHUE HAXOIUT MEXaHHU3M IIpoliecca
B3aMMOJICCTBHS TETPAXJIOPUAA KPEMHHUS C BOJOPOJOM, KOTOPBI MOXKHO IpECTa-
BHUTH COCTOSIIIMM M3 YETHIPEX IIEMEHTAPHBIX CTaIUN:

SiCls + H <> SiHCIs + HCI; (4.3)
SiHCI; <> SiCl, + HCI: (4.4)
SiCl, > 1/2Si + 1/2SiCly; (4.5)
SiCl, + Hz <> Si + 2HCI. (4.6)

J11s1 pacueTa BbIXOJ1a IPOAYKTOB PEAKIIMI UCIIOJIB3YIOTCSI KOHCTAHTBI PABHOBECHS
peaknuii K),. 3HaU€HUsI ’TUX KOHCTAHT JUTs peakiwmii (4.3) — (4.6) npu pa3IudHbIX TEM-
nepaTypax npeacTaBieHsl B Ta0m. 4.1.

Tabm. 4.1
3HaueHUs] KOHCTAHThI paBHOBeCHs [Tl peakiuii (4.3) — (4.6)
Temmnepatypa, K (4.3) (4.4) (4.5) (4.6)
1173 0,200 0,00115 71 1,74
1373 0,457 0,025 10 1,2
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1473 0,63 0,12 3,8 1,0
1573 0,78 0,48 1,66 0,84
1673 1,0 1,67 0,657 0,72

Ecnu KOHLIEHTpanusl KaXXJoro BEIIECTBA B MOMEHT PaBHOBECHUS YIOBJIETBOPSET
BCEM YPaBHEHUSM PAaBHOBECHS JUIS pEAaKIMi, BO3MOKHBIX B JAaHHOM IIpoIiecCe, TO, pe-
I1asi COCTaBJICHHYIO0 TaKUM 00pa3oM CUCTEMY YPaBHEHUN OTHOCUTEJIBHO BCEX HEU3-
BECTHBIX, II0Jy4arOT 3HaYEHUSI PABHOBECHBIX KOHLIEHTPALUI ITPOIYKTOB JTaHHOTO IIPO-
necca. [Ipu pacuere HEOOXOAUMO YUUTHIBATh TOJIBKO HE3aBUCHUMBIE PEAKIIMU, TOJIBKO
B 3TOM CJIy4ae 4UCJIO YPaBHEHUM OyJIeT paBHO YHCIY HEU3BECTHBIX.

O0603HaYMM KOJIMYECTBO MOJIE KOMIIOHEHTOB B MOMEHT PaBHOBECHSL:

NsiHciz — M1, NHel — M2, Nsicla — M3; Nsiciz — M4, NH2 — Ms; Nsj — Me.
YpaBHEHUSI KOHCTaHT PABHOBECHS PEAKLHM, MPOTEKAIOIINUX IPH B3aUMOACHCTBHUU
SiCly ¢ Hz, MOXHO 3amucath ClIeIyrOIUM 00pa3oMm:

K o mm, _ m,m, _
p(4.3 ' N p(4.4) ’
m,mg m, (m, +m, +m3+m4+m5)
12 2
_(m3(m1+m2+m3+m4+m5)) . ~ m2
K pas)™ K pwe) T mom
: m, : m.m,
[TockosbKy
K K2 =K

K p(4.3) "p(4.4) " p(4.5) p(4.6)’
TO MBI pacriojaraeM TOJIbKO TpeMs YpaBHEHUSIMH C IIECThIO0 HeM3BeCTHRIMU. HemocTa-
IOIIME TPH YPABHEHUS MTOJTy9aeM, COCTaBIIsAs ypaBHEHUS OallaHca 11k KpEMHMS, BOJIO-
pona u xjopa (KoarmdecTBa MOJICH JT0 JOCTHIKEHHUS PAaBHOBECHUS M B MOMEHT PaBHOBE-
CHSl PaBHBI).

J171s1 TOBBIIIICHUS TTPOIICHTA U3BJICUCHUS KPEMHHUS MPH BOJOPOIHOM BOCCTaHOBIIC-
HUHU XJIOPUJIOB TpeOyeTcs O0JbI0I N30BITOK BOAOPOA, YTO MOKHO MPEICTABUTH MO-
JISPHBIM OTHOIIICHUEM:

[Hz: SiCls] =N :1.

VYpaBuenus 6anaHca IMEIOT BU/I;

1) mo xpemamio: 1 = m; + my + Mz + Mg;

2) no Bomopoay: N = 0,5m; + 0,5m; + ms;

3) 10 XJI0pYy: 2=15m;+ 0,5m; + 2m3 + ma.

Takum 00pa3oM, COBMECTHOE PEIICHNE CUCTEMBI U3 IIECTH YPABHCHHH C IICCTHIO
HEW3BECTHBIMH ITO3BOJISCT OTPE/ICTUTH PABHOBECHBIC KOHIICHTPAIIUN BCEX TPOIYKTOB
TIpoIIecca U BBIXOT DJIECMEHTAPHOTO KPEMHHUSI.

1.4. Bausinue TemMnepaTypbl HA CKOPOCTh U MEXaHM3M XJIOPUAHOI0 MpoLecca

Xapakrep TeMIlepaTypHOl 3aBUCHMOCTH CKOpPOCTH Iporecca (puc. 4.2) cBuje-
TEIbCTBYET O TOM, UTO T€TEPOreHHAs peaKlrsl B3aUMOJICHCTBUS TETPAXJIOPUIA KPEM-
HUS C BOAOPOJIOM MPOTEKACT KaK B KWHETUYECKOM, TaK U B TP Hy3NOHHON 00IaCTH.
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B Hu3KoTeMmepaTypHO# 00J1aCTH 3aKOHOMEPHOCTH MTPOIIECcCca SIMUTAKCHU OTIpe/ie-
JSIFOTCSI KHHETUYECKOM cTajuel mpoiiecca TUCCOIMATUBHOM acopOIuu TPUXIIOPCHU-
nana. [lpu mepexoae B BBICOKOTEMIIEPATYPHYIO 00JIACTh SHEPTUSl aKTHBAIIMH PE3KO
YMEHBIIIACTCS, U BO3pacTacT BIHSHHE TU(D(PY3HOHHBIX MTPOIIECCOB Pearupyromux Be-
IIIECTB Ha TpaHUILy pazaena das.

AV, MkM/MuH

10,0
5,0

2,0
1,0

0,5

0,2¢

% 7 8 5 1077, K*

Puc. 4.2. TemnepaTypHas 3aBUCUMOCTb CKOPOCTH XJIOPUJIHOTO MpoIiecca

1.5. Oco0eHHOCTH TEXHOJIOTHHU XJIOPUTHOT0 METOAa IMUTAKCHHU

[IpeumymectBa ['XO mocturarorcs IEHOM OTPOMHOTO pacxojia Ta3000pa3HBIX
cMeceil, Tak KaK uX IUIOTHOCTh mpuMepHO B 1000 pa3 MeHblle, 4eM y TBEPABIX TEN.
[ToaToMy CylIecCTBEHHOE KOJIMYECTBO OCaZKa MOXKET ObITh MOJIYYEHO TOJBKO B MPO-
TO4YHOU cucteme. OrpomMHbIe 00BEMBI MPOTEKAIOIIETO Yepe3 peakTop Ho, BbIONHSIO-
1Iero GyHKIHUIO HE TOIbKO BOCCTAHOBUTEIS, HO U pa30aBUTENS, TUKTYIOT OCOOBIE Tpe-
O0oBaHMs UMEHHO K ero uucrote (mpexae Bcero no H,O + Oy), npuueM punHMIIHAS
ouuncTka (aacopouus, tuddysus yepes Pd) ocyiecTBiaseTcss HEMOCPEACTBEHHO B IIEXe
snuTakcuu. Yucrora Hy olieHHBaeTCs 10 TOYKE POCHI, KOTOPasi HEe AOKHA OBITh BBIIIIE
-75°C, 4TO COOTBETCTBYET KOHIIEHTPALIMM OCHOBHOIO BeuiecTBa 99,9999% wnu npu-
Mmecu He 6onee 1,0 mua™.

IToToK ra3a TOJBKO Ha MEPBBIM B3I KAKETCA MPOCTBIM, JIETKO YNPABISIEMbIM U
u3MepsieMbiM. Ha camom fiesie nake B mpsiMOi TpyOe OH MMEET CIIOKHYIO U HE BIIOJTHE
KOHTPOJIMPYEMYIO CTPYKTYPY: HEPABHOMEPHOCTh PACHPEAEIEHHUSI CKOPOCTH IO ceve-
HUIO U BO3MOKHYIO TYpOYJIEHTHOCTb.

KoHcTpyK1Ius peakIMOHHBIX KaMep U MOAJI0KKOAEPKATENEN ONPEAESIET YCIOBUS
00TeKaHus MOJI0KEK ra30BOi CMEChIO0, a BCIEACTBHE ATOTO — OTHOPOAHOCTH CBOWCTB
CJIOEB U BOCIIPOU3BOAUMOCTb PE3YJIbTaTOB.

B pe3ynbTare nomcka onTUMManbHOM KOHCTPYKIIMU ONMPOOOBAHBI U B TOM WJIM MHOU
MEpe MCMOJb3YIOTCSI MHOTHE TUIIBI PEAKTOPOB, KOTOPbhIE MOXKHO KJIACCU(PUIIUPOBATH
0 CTENEeHW OJIM30CTH K OAHOW M3 JBYX HMJICATM3UPOBAHHBIX MOJIEIECH: BHITECHEHMUS
WK cMmelleHus. B peakrope cMmelieHus mpeaycMaTpuBaeTCsl TypOyJu3aius cMecu
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KPEMHHUUCOAEPKAIIETO KOMIIOHEHTAa C BOJOPOJAOM U JIETUPYIOIIMMU Ta3aMu JUIsl J10-
CTHKEHHS] pABHOMEPHOMN KOHIIEHTPAIIMU CMECH BO BCEM PEakIIMOHHOM oO0beMe. Peak-
TOP BBITECHEHUSI KOHCTPYKTHUBHO PEAIU3YETCsl B BUJE TPYObl IJIMHHOW TOpa3io mpe-
BBIIIAIONICH €€ CEeYEHUE U HE COepKallleil ICTOUHUKA TypOyIu3aluu.

B coBpeMeHHBIX yCTaHOBKAxX peanu3yrorcsa ode mojenu. Ilocne nocrynienus ra-
30BOT0 IMMOTOKAa B PEAKIIMOHHYIO KaMepy HEOOXOIMMO 00eCIeunTh pPaBHOMEPHBIN
HarpeB napora3zoBoi cmecu. JIjist 3Toro opraHusyercs mojay3aMKHYThIN 00BEM € yCII0-
BHUSIMH MaKCUMaJIbHO () ()HEKTUBHOTO MIEPEMEIINBAHIS KPEMHHUICOIEPIKAIIETO KOMITO-
HeHTa. [lanee ucnonwp3yercss MoAenb BeiTecHeHus, koraa I1I'C nmpoxoaut B y3koM H
JUITMHHOM 3a30p€ MEXKIy MOI0KKOAepKaTeIeM U BHYyTPEHHUMHU CTEHKaMH peaKkTopa.

OcHoOBaHHasl HA TEPMUYECKN aKTUBUPOBAHHOM I'€TEPOr€HHOM IPEBPAIIEHUN SITH-
TaKCHsl JOJKHA OCYIIECTBIISTHCS B PEaKTOPaX C «XOJIOAHBIMIUY CTEHKaMU (Ha YpOBHE
500 — 600°C), uToObI N30ekKaTh OCAKIACHUS KPEMHHUS U TOJUXJIOPUAOB Ha HUX. Oc-
HOBHBIM METOJIOM HarpeBa rpauToBOTO MOJJI0KKOAEPKATENS SABISIETCS UHTYKIIUOH-
HBI HarpeB HU3KOYACTOTHBIM TOKOM, T0JIE KOTOPOTO MPOHUKAET TTy0ke B rpadut u
pa3orpeB OKa3bIBaeTCs 00Jee MATKUM, YTO MPOAJIEBAET CPOK CITYKOBI MOII0KKOAEP-
KaTels.

DTOMY KOMIUIEKCY TpeOOBaHUN BO MHOIOM COOTBETCTBYET BEPTUKAILHBIN peak-
TOP HOBOTO MTOKOJICHUS C IMOJIOKKO IepKaTeIeM-upamMuioi (puc. 4.3).

1
1
4
1
a
i
1

[ B A,

MEELELEE

Puc. 4.3. Cxema COBpEMEHHOT0O MPOMBIIIEHHOTO PEAKTOpA JIJIs SIMUTAKCHATb-
HOT'O HapalllMBaHUs KpeMHUs: 1 — peakTop, 2 — UHAYKTOP, 3 — MOAJIOKKOIEPKATEb,
4 — MoJJI0KKa

2. BapuaHThl 3a1aHuii
JI1s1 3alaHHOM TeMIepaTyphl Mpoliecca SMUTAKCHU U MOJIBHOTO KOJIMYECTBA BOJIO-
pona (BapuaHThI 3a/laHW TIPUBEIEHBI B TabOn. 4.2) paccuMTarh KOJUYECTBO MOJIEH
komroHeHToB [1I'C, onpeaenuts BbIXOJ KPEMHHUS, TOCTPOUTH rpaduyecKyIo 3aBUCH-

MOCTb BBIX0/1a KOMIIOHEHTa XUMHYECKOTO B3aUMOICHCTBHS (110 BApUAHTY 3aaHUs) OT
cootHomeHus [Hy : SiCly].
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Tabn. 4.2
No Temneparypa, | N — Mmonsipaoe konudectBo Hy | Kommnonent II'C
BapHaHTa K
1 1173 100 HCI
2 1373 200 SiCl,
3 1373 100 SiHCl;
4 1473 200 HCI
5 1473 100 SiCl,
6 1573 200 SiHCl;
7 1573 100 SiCl,
8 1673 200 HCI

3. IlopsAIOK BBINOJHEHUS PA0OTHI

1. lMonyuuTs 3a1aHKe y PENOAABATENS.

2. 3ammyctuts niporpammy MathCAD.

3. OTkpoeITh daitn «JIaboparopHas padoTta Nody.

4. BoiOpatb u3 1abn. 4.1 u 4.2 HeoOXoAMMBIE MJisi pacyeTa HapameTpbl U
KOHCTaHTbI pAaBHOBECHUS PEaKLUid, COOTBETCTBYIOIIME 3aJaHHOI TeMrneparype. Beectu
BbIOpaHHbIE TAPAMETPHI B COOTBETCTBYIOIINE STUEHKH BXOAHBIX TAHHBIX.

5. OnpenenuTh MOJIbHBIE KOHIIEHTpaIu kommnoHeHTos [11°C.

6. OnpenenuTh BBIXOJ KPEMHUS B OTHOCUTEIbHBIX €TMHULIAX.

7. Ilo TOukaM TMOCTPOUTH 3aBUCUMOCTb BBIXOJa KOMIIOHEHTa XHMHUYECKOIO
B3aUMOJEHCTBUA OT cooTHOIIeHus [N : 1].

8. 3aHecTH B OTUET BCE BXOJIHbIE M BBIXOJIHBIE JaHHBIC, OJIYYCHHbIE PE3YIbTaThl
U TpaduK MOCTPOCHHOM 3aBUCHUMOCTH.

4. KoHTpOJIbHbIE BONPOCHI

1. Yto Takoe 3MHUTAKCHUS, KAKUE BUBI SIMTUTAKCHAIBHBIX IPOIICCCOB PAa3IMYAlOT
M0 MPUPOJIC B3aUMOACHCTBHS «IOAJIOKKA — pacTylias KpucTauimaeckas dazan?

2. UTo Takoe KOHCTaHTa PaBHOBECHS PEAKIINH, KaK OHA OMPEAeIseTCs?

3. OnummTe JOCTOMHCTBA U HEJOCTATKU XJIOPUTHOTO METO/Ia SITUTAKCHH.

4. OnumuTe JOCTOMHCTBA U HEJIOCTATKU MUTAKCUU TP Ta30(pa3HOM XHUMHUYE-
CKOM OCaXJICHUHU.

5. YUem omnpeaensrorcst AU y3MOHHBIN U KHHETUYSCKUN PEXKUMBI Ta30(ha3HOoN
XUMHUYECKOMN peakiuu?

6. Kakumu crioco6amu OCyIecTBISIETCS JIETUPOBAHNUE SITUTAKCHATILHOTO CIIOSI B
XJIOPUTHOM METOJIE SITUTAKCUU?
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Jlaboparopnasi pa6ora Ne 5
IJEKTPOXUMHUYECKOE TPABJIEHHUE IMTPOBOJIOKU BOJIb®PAMA
JJIsA UBrOTOBJIEHUS 30OHIJA CKAHUPYIOIEI'O 30HAOBOI'O

MUKPOCKOIIA

Heab padoTsl
N3yuuTs mporecc 3IEKTPOXUMHUYECKOTO TPaBIEHUS BOJb(paMa M TEXHOJIOTHIO
MOJITOTOBKU 30HI0B JJIsI CKAaHUPYIOIIETO 30HA0BOTO MUKpockoma. MccnenoBars Biu-
STHAE BPEMCHH JJICKTPOXMMHUYECKOTO TPABICHUS Ha Ka4eCTBO 30H/1A.

1. KpaTkue TeopeTHyeckue cBeleHUs

BpicOKO€ NPOCTPaHCTBEHHOE pPa3pELICHUE CKAaHUPYIOLIEro 30HA0BOIO MHUKpPO-
ckona (C3M) onpenensieTcst 5KCIOHEHIIUATbHON 3aBUCUMOCTbBIO TYHHEIBHOIO TOKA OT
pacCTOsIHKA 1O IOBEPXHOCTU. Pa3pellienre B HanpaBiIeHUU 110 HOPMAJIXA K IIOBEPXHO-
CTH JIOCTUIaeT J0JIeH aHrcTpema. JlarepaibHOe K€ pa3pelieHue 3aBUCUT OT KayecTBa
30H/1a U OTIPENEIISIETCS B OCHOBHOM HE MAaKpPOCKOITMYECKUM PaInyCOM KPUBHU3HBI KOH-
YuKa OCTPHS, a €ro aTOMapHOM CTpyKTypoil. [Ipy npaBuiIpHON MOATOTOBKE 30HJa HA
€ro KOHYMKE C OOJIBIION BEPOSTHOCTHIO HAXOAUTCS JTMOO0 OJJMHOYHBIN BHICTYHAIOIINAMA
aToMm, JHMOO HEOOJBIION KJacTep aTOMOB, KOTOPBIM JIOKAIM3YET €ro Ha pa3Mepax,
MHOI'0 MEHBIIINX, YEM XapAKTEPHBIA PAINyC KpI/IBI/ISHBI OCTpI/ISI (pI/IC 5.1).

N

Puc. 5.1. CxemarnuHoe n300paykKeHHE OCTPHUS 30H1a C OJJHUM aTOMOM Ha KOHIIS

C noMoIIBIO TAKUX 30HJI0B YAAETCS MOJy4aTh aTOMapHOE IPOCTPAHCTBEHHOE pas3-
pelIeHre Ha 00pa3iax U3 pa3InyHbIX MaTEpUAIIOB.

[Tpodunb KoHYMKA 30H]1a SIBISIETCS BAXKHOM XapaKTepUCTUKOM, Tak kKak C3M u300-
pa)KEeHHUs SIBIISIFOTCS] CBEPTKOW (POPMBI MIOBEPXHOCTH HCClIeayeMoro o0pasia 1 30H7a,
KOTOPBIA MCHOJBb3yeTCA I OTOOpaxeHust noBepxHocTu. dopma 30HAA sBiseTCA
OTIpeEISAIONIEH MPU MOJYyYEHUN KaueCTBEHHOTo M3o0pakeHus. Eciu ams aToMapHO
IJIAJKUX TOBEPXHOCTEN KPUTUYHBIM SBJIIETCS TOJIBKO PaInyC KOHUMKA, TO JIJIs1 OTOO-
paXeHUs CTYIIEHEK, CKIIOHOB, SIM U IIPOYMUX PE3KUX IIEPEnaoB IO BLICOTE, KPUTHYE-
CKUM SIBIIETCSA YrOJI 3aTOYKU 30H/A.
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1.1. 3oHabI ISl TYHHEJIbHBIX MUKPOCKOIIOB

B ckaHuMpyromux TyHHEIbHBIX MUKPOCKOIAX MCIHOJIB3YIOTCS 30HIbl HECKOJIBKUX
tunos. [llupokoe pacrpocTpaHeHUE NOJTYYHIIN 30Hbl, TPUTOTOBJICHHbBIE U3 BOJIb(pa-
MOBOI MPOBOJIOKU METOJIOM AJIEKTPOXUMHUYECKOTO TpaBiieHUs. BonbppaMoBbie 30HIbI
ABJISIFOTCS. OJTHUMH M3 HAaWTYUIIMX BAPUAHTOB TP HCHOIb30BaHuK B C3M.

B ckanupyromeit TyHHenpHoM Mukpockonuu (CTM) 30HA UrpaeT posib NpoBOA-
HUKa U MOXET UMETh JII00OYI0 GopMy, HO JUIS UCKITIOUEHUS BIUSHUS T€OMETPUU 30H1a
BAKHO MPUMEHATh KaK MOYKHO 00Jiee OCTpbIM M TOHKHM 30HA. B cimydae ¢ aTOMHO-
cuioBoit Mukpockormeil (ACM) mpu BbIOOpE HCHONB3YEeMOTO 30HIA MPUXOAUTCS
UATH Ha KOMIIPOMUCC MEX]Ty Kau€CTBOM U Ha/IEKHOCTBIO, TOCKOJIBKY ISl HAJIE)KHOTO
3axBaTa M OTCIIEKHUBAHUS B3aUMOJIEHCTBUS HEOOXOAUMBI ONpEesICHHbIE TPO(UIbL U
¢dopma 30H1a. TBEpAOCTH HcciaenyeMoro o0pasia TakKe OKa3bIBaeT BIUSIHHUE HA BEJIH-
YUHY CHJIOBOT'O B3aMMOJICHCTBHSI.

1.2. MeToabl co31aHNsI 30HI0B

MeTob1 co31aHKs 30H10B MOAPA3ICSIOTCS HA MEXaHUYECKUE U PUBUKO-XUMUYe-
ckHe (IEKTpOXUMHYECKOe). MexaHUuuecKue METOJIbl, KaK MPaBWIO, MPeayCcMaTpu-
BAIOT MPOCThIE MEXaHUYECKHUE OTEpaIluu, TAKUE KaK Cpe3 METAJUTMYECKON MPOBOJIOKHU
3 W, Pt-Ir, Pt-Rh, MO, npu koTOpoM HEMOCPEACTBEHHO 00ECIIEYMBAETCSI OCTPHIi
KOHUYUK. TeopeTuyeckn Ha KOHUMKE 00pa3yeTcs HECKOJIbKO MOHOATOMHBIX IIETHHOK,
caMasl INIMHHAs U3 KOTOPBIX U UCIOJIb3YETCS B KAYECTBE 30H/A.

DJIEKTPOXUMHYECKOE TPABJICHUE ABJISETCS METOJOM, MCIOJb3yEMbIM JIJIs MpU/JIa-
HUSI METAUTMYECKUM 30HJaM (DOPMBI KOHYCa C OCTPOM BEPIIMHON. DTOT METO TPO-
JIOJKAET MIUPOKO UCTIOIB30BAThCS B CBOEU MpocTeiiel hopMe MmyTeM MOrpyKeHUs
MeTtamnueckon nmpoBoioku (W, Au, Ta, Fe, Pt, Ir, Pt-Ir) B cooTBeTCTBYIOIINI AIICK-
TPOJIUT U PUIIOKCHHS HATPSDKEHUS K dJIeKTpoaam (puc. 5.2).

Karon

DIEKTPOJIUT

Puc. 5.2. Dnexkrpoxumuyeckas 3aTouka 30H71a

Taxke BO3MOXKHO U3IOTOBJIEHHE 30HJ0B C IIOMOIIBIO MOHHOM 3aTOYKU. B 3TOM
clly4yae CO3JIaHHBII B BAaKyyMe TIOTOK HOHOB AI'" HampaBJieH 10 KacaTelIbHON K 30H]1Y.
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B ciIy4dac BOJ'H)(i)paMOBOFO 30H4a 9Ta oIcpanusa yaajaiacT I/ISOJIHHI/IOHHHﬁ clioun OKCHaa
" CO31acT 30HA C PaINyCOM KOHYHMKA HCCKOJIBKO HM.

1.3. OcoGeHHOCTH AaHOHOT0 PACTBOPEHHA BOJIb(ppama
B mienouHsIx pacTBopax MPOMCXOIMUT pa3iokKeHHE BOJAbI C 0Opa30BaHUEM HOHA

2
WO, . IIpouecc Boinenenus Bogopoaa Ha W 3asucut ot PH pactBopa, riioTHOCTH TOKa

¥ BHJIa TOBEpXHOCTH. OOBIUHO MPOIECC aHOIHOTO PACTBOPEHHUSI BEAYT MPH IJIOTHOCTU
toka i=0,1-0,5 A/cm? u Temneparype 25-30°C. KatoaHas IIIOTHOCTH IIPU 3TOM COCTAB-
nser 0,05-0,1 A/cm?. PactBopenre W B IEI0UH CBSA3aHO ¢ 00Pa30BaHUEM HA €ro MOo-
BEPXHOCTH OKCHJIHBIX IIJIEHOK, IPH 3TOM B IIEHKE HaOJr01aeTcsa 00beMHasi IPOBOIU-
MOCTB CaMOT'0 OKHMCJIAa U €ro OBICTPOE paCTBOPEHUE.
YpaBHEHUS 3IEKTPOJIA3A:
Ks, :2H,0+2e > H,+OH"
A":20H™ - 2H,0+0+2e
Oxkucnenue Boab(ppama:

W+20 WO, (MpeuMyIIeCTBEHHO)

2W +50 > W,0; (Bo3MOkHO okuciieHre 10 WOs3 ¢ ociIe1yomuM pacTBOPECHUEM )

WO, +40H —>WO? +2H,0+2e
W,0, +60H ™~ — 2WO?~ +3H,0 +2e
W +2KOH +2H,0 - KWO, +3H,

ITopsinok peaxiuu pactBopenus W no nonam OH™ paBen 1. B orcyrctBun Toka W
OKpbIT WO3.
B mienounoit cpene BO3MOKEH MEXaHU3M:
WO, +OH~ -»WO, + H* +2e
WO, +OH™ — HWO; +H*

1.4. TexHos0rust 3JeKTPOXUMHYECKOI0 TPaBJICHHUS BOJIb(PPaAMOBOro 30H1a

Texnonorust npurotoBiaeHuss CTM 30HA0B METOIOM 3IEKTPOXUMUYECKOTO TPaB-
JICHUS] COCTOUT W3 CIEAYIOIIMX 3TamoB. 3aroTOBKAa M3 BOJb(PaMOBOM MPOBOJIOKH
YKpEIUIsieTCsl TaK, YTOObI OJAMH U3 €€ KOHIIOB MPOXOAWJ CKBO3b MPOBOJSIIEE KOIBIIO
(K) 1 morpy»kasicst B BoJiHbIN pacTBop menoun (puc. 5.3). KoHTakT MeXly KOIBIIOM U
BOJIL()PAMOBOI TPOBOJIOKOM OCYIIECTBIISETCSA NOCPEACTBOM KaIUIH HIEJI0YH, PACTIOJIO-
’KEHHOH B OTBEPCTHH KoJiblia. [Ipy mpoTekaHum 3IEKTPUYECKOTO TOKA MEXKIY PACTBO-
POM IIEJIOYH U TOMEIIEHHBIM B HE€ METAJJIOM MPOUCXOAUT JIEKTPOXUMHAYECKUI TIPO-
LIeCC TPABJICHUS MEeTajula, IPU KOTOPOM aTOMBI METajula NEPEXOIAT B pacTBOP.

ITo Mepe TpaBieHUs TONIIKMHA IEPETPABIMBAEMOM 00JIaCTH CTAHOBUTCS HACTOJIBKO
MaJIOW, 4TO MPOUCXOJUT Pa3pblB 3arOTOBKHU 3a CUET Beca HWKHEW yacTu. [Ipu sTom
ABTOMATUYECKH PA3phIBACTCS DJIEKTPUYECKAS LIENb U OCTAHABIIMBAETCS IIPOLIECC TPAB-
JICHUS.
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.

KOH

Puc. 5.3. Cxema nzrorosnenus CTM 30H10B U3 BOIb(PPaMOBOI TPOBOJIOKH
C TIOMOUIBIO 3JIEKTPOXUMUYECKOTO TPABICHUS

1.5. YcrpoiicTBO U1 TPaBJIeHHUS MIJI
B pabote ucnomnb3yercst ycTpoicTBO A TpasieHus uri (Y TU). Ono npeanasHa-
YEHO J1JIs1 U3TOTOBJIEHUS U BOCCTAHOBJIEHUS 30HIOB ISl 30HJOBBIX MHUKPOCKOIIOB Mé-
TOAOM 3JIEKTPOXMMHYECKOro TpaBiieHus. Ha puc. 5.4 npencraBieHa cxemaTuiecKkas
KOHCTpyKums Y THU.
/3

“ N[V

\

A\

Puc. 5.4. Konctpykuus yctpoiicTBa it TpaBieHus UrIL: 1 — oTpe3ok Bosibdhpamo-
BOM IIPOBOJIOKH; 2 — KOJIbLO; 3 — BUHT NEPEMEILECHHUS 110 BEPTUKAIH; 4 — NOABUKHBIN
CBETOJIMOJIHBIM OCBETUTENb; 5 — OCHOBAHUE; 6 — NCTOUHUK [IEPEMEHHOIO AJIEKTpUYE-

CKOT'O HaIpsKEHMsI; 7 — BUIEOMUKPOCKOI; 8 — iepKaTeib
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YTH pabotaet caeayromum obpazoM. OTpe3ok BoJibppaMoBoit nmpoBosioku 1 3a-
KpEIUICH Ha JepKaTene 8, KOTOPbIN MEPEMEIIAETCS BBEPX U BHU3 110 BEPTUKAIH BPYY-
HYIO0 € MOMOIIbIO BUHTA 3. OcBelieHre 00ecneuynBaeTcs MOABUKHBIM CBETOHOIHBIM
ocBeTuTeneM 4. Bece aneMeHThl KOHCTPYKIIMM 3aKPEIUIEHbl Ha OCHOBaHUM 5. Bpammas
BUHT 3, IPOBOJIOKY OITyCKAaIOT B KOJIBLO 2 10 HY>KHOH ri1yOuHbI. KoJIblIo H3roTOBIEHO
13 HUXPOMOBOU MPOBOJOKU. [IpeaBapurensHO Ha KOJIBLO 2 BemaeTcs Kamil S-1po-
rienTHoro pactBopa KOH umu NaOH. Tlocne 3Toro BKItOYaeTCss HCTOYHHK MTePEMEH-
HOTO 3JIEKTPUYECKOT0 HAPSLKEHUSI 6 U IPOUCXOIUT MPOLECC EPETPABIMBAHUS BOJIb-
(dbpamMoBOil TPOBOJIOKU ¢ 0Opa3oBaHUEM OCTpO uribl. OnepaTop HAOIIOJAET 3a MPO-
LECCOM TPaBJIEHUA HA DKPaHE KOMIIBIOTEPA MMOCPEACTBOM BHUIeOMUKpockona 7. [Tocie
OKOHYAHHMsI TPABJICHUS ULy | BMeCTe ¢ JepKaTesieM 8 MOJHUMAIOT B BEPXHEE MOJIO-
KEHHUE W BBIHUMAIOT.

Texnuueckue xapakmepucmuxu YTH:

TunuuHbIl paanyc 3aKpyrJieHUs KOHUYUKa Uribl: 0.2 MKM;

Martepuain 3aroToBKH UIJIbl BOIb(pamMoBasi IpoBojoka auameTpom: 0,1 mm;
Jlnana3oH nepeMeeHus o BEPTUKAIU: 25 MM;

Uctounuk Hanpsixenus: 6- 9 B/ 0,5 A nepeMeHHOro TOKa;

YBenuuenne Buneomukpockorna: X 200;

Bpewms TpaBiieHus Uriibl: He OoJee 2 MUH.

2. ITopsAIOK BHINOJIHEHUSI PA0OTHI
NHcTpyMeHTHI U MaTEpHUAIIBL:
e Bonbsdpamosas nposonoka quamerpom 0,15 mm;
e VCTpOKNCTBO /IS M3rOTOBICHHUS ocTpus (puc. 5.5);
e HoxHuIbI.

A4

4

Puc. 5.5. YcTpoicTBO M1 U3rOTOBIEHMS OCTPUS 30HAOBOTO 1aTYMKA:
1 — mapkep, 2 — oTBepcTHUE, 3 — MEpHasi KaHaBKa, 4 — KanuJUIApbI
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1. BoImpsiMuTe IPOBOJIOKY HA JITMHY MPUOIU3UTEIBHO 3 CAHTUMETDA.

2. BcraBbTe IPOBOJIOKY /10 YIIOPA B METAUIMYECKUN KAITMJULSIP CO CTOPOHBI MEp-
HOM KaHaBKHU yCTPOMCTBA.

3. 3ar"uTe MpoOBOJIOKY Ha yros mpuonusurtenbHo 180 rpamycoB, mprkumas ee
MAJIBLEM K METAJUIMYECKOMY KaIUIUIIPY.

N

4. BplTanuTe NpoBOJIOKY U3 KamWLIsipa. BioxuTe NpoBONIOKY 3arHyThIM KOHLIOM
B MEPHYIO KaHaBKy J10 yIopa.
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5. IlpmxmuTe POBOJIOKY MABIEM K MEPHOM KaHABKE.

X

6. OTpexpTe MPOBOJOKY HOKHULIAMH, YIUPASICh PEXYLIEN MIIOCKOCTHEO HOKHHII
B TOopel Kanwuisapa. Baxuo obecneunts nnuny BC=18,5 + 0,3mm.

18.5 + 0.3 mm

>

7. Ans dbopmupoBanus yriia ABC BcTaBbTE MPOBOJIOKY CO CTOPOHBI TOUKU B B 0T-
BEpCTHUE, PACTIOIOKEHHOE B LIEHTPE MPUCITIOCOOTIEHUSI.
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8. Ilporamure NpoBOJIOKY CKBO3b OTBEPCTHE.

9. Co croponsl Touk C BcTaBbTE MPOBOJIOKY JI0 YIIOPa B KAWILISP, OTMEUEHHBIN
KpPacCHOW TOYKOM.

—= (\.L

10. 3arauTe MpoBOJIOKY MPUOIU3UTENBHO Ha 90 TpagycoB, MpUKUMas €€ MajbleM.

=
/ >
11. BeiabTe npoBosioky u3 kanuiuisipa. Yroa BDC nomxen Ob1Th B ipeaenax 90 +

5 rpaaycos. lllupuna 3a30pa nomkHa ObITh HEe MeHbIne 1,0+ 0,5 mMm. [Ipu caumnikom
Y3KOM 3a30pe padoTa JaT4uKa MOKET ObITh HECTaOMIIBHOM.

B

A ¢1D105MM

D T C

12. Co cTtopoHbl TOUkH B BcTaBbTE MPOBOJIOKY B TPYOKY JaTUHKA.
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13. YTonuTe npoBOJIOKY NaibleM A0 YIOpa.

JlaT4uk TOTOB JJIs MOCEYIONIEr0 U3TOTOBICHUS OCTPHUS ITyTEM AJIEKTPOXUMUYECKOTO
TpaBJICHUS.

14. TToBepHHTE KOJIBIIO 2 B CTOPOHY OT jAepxartens 8 (puc. 5.4).

15. BcraBbTe naTuuk B aepxkareis 8 (puc. 5.4).

16. IMoaxmrounte YTU K amantepy, BXOIANIEMY B KOMIUIEKT IMOCTAaBKH, MOIKITIO-
yuTE afantep K dneKkrpudeckoil cetu 220 B.

17. Y6eautech, 4TO peKUM TPABIICHUS BBIKIIOUCH (HE TOPUT KpacHas JamMIouKa
Ha BBIKJIFOYATEJIE).

18. IMoaxmounte g poBoit Mukpockon k USB-nopTy KoMIbroTepa corjaacHO UH-
CTPYKIIMH TOJIh30BaHUSI IIU(PPOBHIM MUKPOCKOIIOM.

19. YcraHoBuTe nepxareiib C JaTYUKOM B TAKOE TMOJIOKEHUE, YTOOBI MPOBOJIOKA-
3arotoBka | Obl1a BepTHKaibHA (pHC. 5.4).

20. [logHuMuUTE BUHTOM 3 JiepKaTeab 8 ¢ JaTYUKOM B BEpXHEE IMOJIOKEHHUE Tak,
9YTOOBI KOHEI] MPOBOJIOKH 1 ObLT BhIIIE KOJbIA 2.

21. [ToBepHUTE KOJIBIIO 2 TaK, YTOOBI OHO OKA3aJI0Ch IMO]T TPOBOJIOKOM 1.

22. OTperynupyiTe mojaoxxeHue udpoBOro MUKPOCKOIIa, U3rudas pyKkon ruOKuit
CTepKEHb-JIePIKaTENh TaK, YTOOBI KOJIBIIO 2 OBLIO B (DOKyCE BUACOMUKPOCKOIIA.
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23. HOBCpHI/ITG KOJbIO 2B IMPCIKHECC ITOJIOKCHUC U HABCCHTC HA HCI'O KaIllJItO 5-

npouentHoro pactBopa KOH (v NaOH) u3 vamku Iletpu, kak mokazaHo Ha pucC.
5.6.

IToBEpXHOCTD KUAKOCTH
Yamka [letpu_

KOH

Puc. 5.6. HaBemmBanue karmm Ha KOJIBIIO

24. TIpuKOCHUTECh TTOBEPXHOCTHIO JKUJIKOCTH K TIPOBOJOYHOMY KOJIBITY, TIOCIIE
ATOTO OMyCTHTE YaIKy BHH3. Ha Kombite oOpa3yeTcs karis pactBopa. Eciau kamst co-
pBajachk MpU MEPEMENMICHHUSIX KOJIbIA, TOBTOPHO MPUKOCHUTECH MMOBEPXHOCTHIO JKU/I-
KOCTH K IMPOBOJIOYHOMY KOJIBITY.

25. CHOBa MOBEPHUTE KOJIBIIO MO/ MPOBOJIOKY | ¥ OMyCTUTE MPOBOJIOKY B KaILIIoO,
Bpailas BUHT 3.

26. YcTaHOBUTE 3a30p MEXKIY KaIlJiel U HUKHEH MOBEPXHOCTHIO TaTUYMKa MPUOIIN-
sutenbHO 2 MM. [Ipu aTOoM mymrHa OyayIieit urisl OyAeT OKOJIo 5 MM.

27. BxurounTte mpoliecc TpaBJIeHUs BbIKIIOUareneM. [Ipu 3Tom 3aroputcs jam-
MOYKa Ha BBIKITIOYATEINE U KUIKOCTh HAUHET KKUIIETH.

28. Habmromas 3a mporieccoM TpaBlEHUS B MUKPOCKOT, IEPUOAMYECKU TPEPhI-
BaiiTe TpaBJICHUE U HAOIIOAANTE 32 YTOHBIIICHHEM BOJIL()PAMOBOM MPOBOJIOKA BHYTPH
KaruIy.

29. Ilocne mepeTpaBIMBaHKs MPOBOJIOKKM HIDKHHUIA KOHEII €€ MajIacT.

BHumMaTeIbHO cjlequTe 32 MPOIEcCOM TPaBJIeHHUs M HEMEIJIEHHO BbIKJIIOYHNTE
YTU nocie nageHus HUKHEH YaCTH 3aroToBKH 1!

30. [TogaMUTE ACpKATETh 8 C UTJION B TaKOE MOJIO0KEHUE, YTOOBI TOJBLKO CaMbIi
KOHYUK UTJIBI OB IOTPYXKEH B KUIKOCTb.

31. BrirounTe Ha KOpOTKOE BpeMs (He Oosiee 1 cek.) mpoiiecc TpaBieHHUs BBIKITIO-
yaTeneM. Brikimrounte TpaBieHueE.

32. Coxpanute nzo0paxkenrne chOpMUPOBAHHOTO 30H1a, UCTIONB3YS CPEICTBA 3a-
XBaTa U300paKeHUs dKpaHa.

33. I[logauMuTE IEepKaTelb ¢ JaTYUKOM C IIOMOIIBIO BHHTA 3.

34. BeiHbTE AATYMK C TOTOBBIM 30HIOM U3 J€pHKaTEJIs.

35. IIpomoiite 30H]1 B CTpye MPOTOUHOM BOBI, IeprKa ero uriioit BHU3. [Ipocyminre
30H/]] MO/ TEIUIBIMU CTPYAMH BO3ayXa. JlJisi mMpoCyIIKU 30HJa MOKHO HMCIOJIb30BAThH

(eH.
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3. KoHTpo/ibHBIE BONIPOCHI

1. Ha3oBuTe ocHOBHBIE MeTOABI M3TOTOBICHUI CMT-30H10B.

2. HazoBute ocHoBHBIE MaTepuaibl 11t C3M-30H70B ¥ TpEOOBaHUS K HUM.

3. KakoBbl otnnuus B TpeboBanusx k 3ou1am CTM u ACM?

4. PacckaxuTe 0 METOJI€ JIEKTPOXUMHUYECKOTO TPABICHUS C AaHOJIHBIM PacTBOpE-
HUEM MaTepuaa.

5. OnuImMTe TEXHOJIOTUIO U3TOTOBJICHUSI 30H/IOB METOJIOM SJIEKTPOXUMUUYECKOTO
TpaBJICHUS.

6. OnummmTe ycTporcTBO 1151 u3roroBiaeHus C3M 30H0B.



8.

9.
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JladopaTopHasi padora Nel
MN3YYEHUE NPOHECCA TEPMUYECKOI'O OKUCJIEHUS
KPEMHUSA

eab padoTsl
W3y4nTh peXHMBI TEXHOJOTHUECKOH OMNepaluud TepMHUYECKOTO
OKHUCIICHUSI KPEMHUSL.

1. KpaTkue TeopeTu4ecKue cBeIeHUs

B mpousBoAcTBe AUCKPETHBIX MPUOOPOB WM HUHTETPAIBHBIX MHKPO-
cxeM (MMC) ucnonp3yroTcsl MOJIyIPOBOAHUKOBBIE MaTepHaibl (TepMaHHH,
KPEMHHH, apCCHU/] TAIUTHS | Jp.), JCTHPOBAHHBIC PA3TUIHBIMUA IPUMECSIMH,
YTO TO3BOJISIET CYIIECTBEHHO U3MEHITh UX CBOWCTBA.

OcHoBHbIM MatepuanoMm ans usroroBiaeHuss UMC no nHacrosiero
BpPEeMEHHU OcTaeTcs KpeMHHi.lcronp30Banre KpeMHUSI B Ka4eCTBE OCHOB-
HOro Matepuana ais m3rotoBieHus UMC o0yciIoBIeHO BHICOKMM KadecT-
BOM MacCKUPYIOIIEH W 3aIIUTHON IUICHKH JBYOKHCH KPEMHUS, MTOTydacMoit
OTHOCHUTEJILHO MPOCTHIM TEXHOJIOTUIECKUM CIIOCOOOM.

Ha oOHa)keHHOH MOBEPXHOCTH KPEMHHUEBOH IUIACTHHBI, HAXOSIICH-
cs Ha BO3JyXe, Jake MPU KOMHATHOW TemIepaType ObIcTpo oOpa3syercs
CJI0I1 OKMCNIa TOJIIMHON OKOJI0 2 HM. boiiee ToncThIe ClIou IByOKHUCH KPEeM-
Hus (00619HO oT 20 HM 710 1 MKM), HCIOJB3yEeMBbIE IS 3KPAaHUPOBKH II0-
BEPXHOCTH KPEMHHS BO BpeMs BBEICHUS JICTUPYIOMIUX MPUMECEH, MOTYT
OBITH 00pa30BaHBI ITyTEM TEPMHUYECKOTO OKHCICHUS MU ITyTEM OCAXKICHUS.
Ecimu mByOKHCH KpeMHUS TIOTYYaeTCs IMyTeM OCAXKICHHS, TO U KPEeMHUH, 1
KHCJIOPOJ ITOIAIOTCS K IOBEPXHOCTH IIACTUHBI M B3aUMOJCHCTBYIOT JPYT C
apyroM. Ilpu TepMuUYecKOM OKHCIIEHHU MPOUCXOIUT HENOCPEACTBEHHAs
peaximst MeXIy aTOMaMH BOJIM3M MOBEPXHOCTH IUIACTUHBI, 8 KUCIOPO.
MO/Ta€TCSI B BHICOKOTEMITEPATYPHYIO TIeub. TepMUYECKH BBIPAIEHHBI OKU-
cel OOBIYHO MMeeT 0oJiee BBICOKOE KadeCTBO, YeM OKHCEN, TOTyYeHHBIN
ocaxkJieHueM. XOTs €ro CTpyKTypa amopdHa, OH OOBIYHO MMEET TOYHBIH
crexuomeTpudeckuii coctaB (SiO;) U ero CBs3b ¢ MOBEPXHOCTHIO KPEMHUS
OYEHb MpOYHA. ['paHMIIa pa3ziena MeXIy KpeMHHEM M TePMHUYECKH BBIpa-
meHHbpM  Si0, WMeeT CTaOWIbHBIE W KOHTPOJIUPYEMBIE JIIEKTPHUECKHE
CBOMCTBA.

Oxwucen KpeMHHS 00pa3yercs yKe P KOMHATHOW TeMIepaType B
pe3yibTate aacopOIuy KHCIOPOAa Ha MOBEPXHOCTH KPEMHHS, HAIIPUMED,
cpa3y Mocie TPaBJICHUS NOJIYHIPOBOJIHHKA. AJICOPOMPOBAHHBIA MOHOCION
KHCJIOPO/a B3aMMOJICHCTBYET C KPEMHHEM C OOpa30BaHUEM OKHCJA M BBI-
JIeNICHIEM 3HAUYNTENIFHOTO KOJMIECTBA TeIlIa:
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Si + O, — SiO, + 840 k/[x/MOIb.

[Ipu 3TOM amcopOupoBaHHBIE ATOMBI KHCIIOPOa B CHUTY UX BBICOKOM
3JICKTPOOTPHUIIATSILHOCTH 3aXBaThIBAIOT 3JICKTPOHBI M3 KPEMHHUS U 3aps-
JKAIOTCSl OTPHUIATENILHO, a aTOMBI KPEMHHS — TOJI0XHUTenbHO. [Tocie obpa-
30BaHMS MOHOCIIOSI OKWCJIa KPEMHHUS TPH JaIbHEHIIeH ajacopOIuu KHCIo-
poJia ANEKTPOHBI M3 TOJJIOKKA KPEMHHS TYHHEIUPYIOT 4epe3 oOpa3oBaB-
LIYIOCST TUDJIEKTPUUECKYIO TUICHKY, B PE3yJIbTaTe Yero BO3HUKAET JBOIHON
SJIEKTPUYECKUN CIOoM (OTpHULIATETIFHO 3apsKEHHBIE aTOMBI KUCIOpOJa Ha
MOBEPXHOCTH OKHCJIA U TOJIOKUTENBHO 3apsyKEHHBIE aTOMBI KPEMHHUsS Ha
MIOBEPXHOCTH KpeMHHMA). Tak Kak AUIIEKTPUK OYCHb TOHKUH, MEXIY HUMHU
CO3/1aeTCS DJICKTPUUECKOE I10JIe, HANpsHKCHHOCTh KOTOPOrO JOCTHUTAET
10’ B/cM, 4T0 mocTtaTodHO AJIS OTPHIBA aTOMa KPEMHUS OT pelIeTKH. MIOHBI
KpeMHUS IpeyroT depe3 OKHCENI K €ro MOBEPXHOCTH, TNI¢ BCTYHAIOT B
peakIuio ¢ KUCIOPOJOM, TaK 4YTO 00pa3yeTcsl OYepeaHON CIIOM OKHCIa.
BHOBB ajcopOupyeTcsi KHUCIOPOJ Ha TOBEPXHOCTH OKHCIA, 3apshKaeTcs
OTPHUIIATESIIEHO 332 CYET TYHHEIMPOBAHHS 3JICKTPOHOB U3 IMOJIOKKH, OISATH
BO3HHKAIOT ABOWHOHN AJIEKTPUUICCKUH CIIOH W IICKTPHUYECKOE TOJIC, BBIPHI-
BaroIe€ NOHBI erMHI/ISI U BBITATHUBAKOIIICC UX qepes OKHCCIJI. BTOT npouecc
MPOJIOIIKAETCS JI0 TOJIIMHBI OKUCIA Topsiaka 10 HM.

3HaueHue IEKTPUUECKOro Mo £ onpeensercs MOTEHIIUaIoM HO-
HU3UPOBAHHBIX aTOMOB KHCIIOPOJa, B OKWCIIE BO3HUKAET Pa3HOCTh MOTEH-
nuaioB U, He 3aBHcAIas OT TOJIIMHBI OKUcHa X. CKOPOCTh pOCTa OKMCIIA
AMEeT 3KCIOHCHIMAIBHYI0 3aBUCUMOCTDh OT HAIPSDKCHHOCTH JJICKTpUYE-
CKOTO TIOJIS ITsI MIOHA KPEMHUS, HaXOISIIErOCs Ha PACCTOSHHUH ¢ OT TPaHH-
upl Si-SiO,.

dx oeE oelU
— e =ep(—), (1.1
dt kT kTx

rje e — 3apsn 2JIeKTpoHa; K — mocrosuHas Bonbivana; T — abGconmoTHas

TeMIieparypa.

[ToaToMy ¢ yBenmW4YeHHEM TOJIIHUHBI OKHCIA X CKOPOCTh €r0 pocTa
9KCIOHCHIIMAIBHO yMEHbIaeTcs. [Ipu 3TOM pacTeT Takke TOJIMHA Oapbe-
pa Ul TYHHEJIMPOBAHHUS 3JIEKTPOHOB, YMEHbBIIAS BEPOSTHOCTH MIPOTEKAHMUS
3TOTO TIpoIecca.

BenencTBre STHX MPUYHH TOJIIUHA IDICHKH OKUCIIA, BRIPACTAIOIIETO
IIpU KOMHATHOM Temriepatype (€CTeCTBCHHBIH WU MEPBOHAYAIBLHBIA OKH-
cel), OorpaHMYUBaETCs TOJLKMHON 5—10 HM. Manas TonuHa U HU3KOE Ka-
YECTBO ITOT'0 OKHCJIA HE IMO3BOJISIOT UCIIOIB30BATE €r0 B TEXHOJIOIHU HHTE-
IPaTBHBIX MHEKPOCXEM.

BBICOKOKAaYECTBEHHBIN OKHCENT MOXET OBITh MOJIYUEH JIUIIb TPH
OKHUCIICHMH KPEMHHUS TIPH BBICOKO# Temmeparype ot 700 101150°C .



Oxucen Si, ¢ 0OIHON CTOPOHEBI, HUMEET BBICOKYIO MPOHHUIAEMOCTb, C
JOpYToil — SIBIIIETCS OAHAM W3 JIYUIINX JUAJIEKTPUKOB C OYCHb BBICOKUM
COTIPOTHBIICHUEM, BIUIOTH IO TEMIEpaTyp, ONHM3KHX K TeMIIepaType IUIaB-
JICHUS.

Poct oxucna kpemuus SiO, NPOMCXOAWT Ha TpaHHUIE pasjena
«KPEeMHHH — OKHCeN» B aTMoc]epe CyXoro KHCIOpPOAa WM NapoB BOJBI
COTJIaCHO PeaKLusIM

Si+ Oz—’SiOz,
Si*’}bC)—a SK32%72I12

ITpu 3tom rpanuia asyx ¢as Si — SiO, aBmxeTcs Briry6Gh MOMYIPO-
BOJIHUKA, YaCTh KPEMHUS ITOTJIOUIAETCS] OKHUCIIOM.

Tonumua wieHkuSIO,, paBHas X, MOMJIONWIACT CIOM KPEMHHS TOJ-
muHor 0,44x. Takum o00Opa3oM, MOXHO CUYUTATh, YTO TOJIIMHA OKHCIIA
MIPUMEPHO B J1Ba pa3a OOJbIIE TONIIHHBI MOTJIOMEHHOTO UM KPEMHUS.

Oxcun kpemans SiO,, TOTYYCHHBIA METOJOM TEPMHYECKOTO OKHC-
JICHHS, OIUPOKO HCIOIB3YeTCS B TEXHOJOTUH WHTETPATBHBIX MHUKPOCXEM
JUTSL pa3TIMYHBIX [IeNeH:
1) maccuBaIysl MOBEPXHOCTH MHTETPAIBHBIX CTPYKTYP — OKCHIHAS IUICHKA
HAHOCHUTCA AJIs1 KOMIICHCAI[MH OOOPBAHHBIX CBSI3€H, KOTOPBIE MOTYT 3aIl0JI-
HATBHCSI aTOMaMH Pa3JIMYHBIX MpUMecel M MPHUBOAUTH K YBEIWYCHHIO IIO-
BEPXHOCTHBIX TOKOB;
2) u30A1HsL IPUOOPOB B CXEME;
3) MacKHpOBaHHE IMOBEPXHOCTH IIOJYIIPOBOJHUKA MPH MOHHOM JIETHPOBa-
HUHU U JUQQy3Un — 3TO MO3BOJISET 3AIIUTUTH O0JIACTH, B KOTOPHIX HE HAIO
poBoIUTh M dy3uto;
4) B Ka4uecTBe 1MoI3aTBOpHOTO AuAtekTprka B MJIII-cTpykTypax.

Ha puc. 1.1 nokasansl TonumuHbl mwieHOK SiO,, KOTOpbIe NPHUMEHS-

FOTCA B MUKPODJICKTPOHHUKE.

TonumHa okcuaa
A

I mxm{— 3amMTHBIN CI0H

0,1 MEM— Macka
H3onsun npubopos
10 HM =
ITonzaTBOpHBINH
I[H?J'ICKT})HK
I umM [ EcTecTBeHHBIH

OKCHJL




Puc. 1.1. llpumenenne SiO, B KpeMHHUEBOH TEXHOIOTHH
1.1. Metoabl oOKucJIeHHS KPeMHUS
1.1.1. OkucieHde KpeMHHsI B mapax BoAbl

Jis mosrydeHus 3aIIUTHBIX IUAJICKTPUYECKUX TUICHOK Ha KPEeMHUHU
HCTIONB3YIOT TEPMHYECKOE OKHCIEHHE B Tapax BOJBI BBICOKOH UYHCTOTHI
(ynenpHOE comportuBieHue mopsaka 10 — 20 MOwm-cm). BricokoTemmepa-
TYPHYIO PEAKIUI0 KPEMHHUS C BOJASHBIM MApOM HCIOJB3YIOT B TOM CIy4ac,
KOIJla KOJUYCCTBO Mapa HE OTPAHHUYMBACT CKOPOCTh peakiuu. s moa-
JIepKaHUS HEOOXOIUMOI0 MapIHaLHOTO ABJICHUS BOJSHBIX MapoOB Y IO-
BEPXHOCTH KPEMHHEBBIX TIACTHH BOY MOJOTPEBAIOT.

CrpyktypHOe (HhOPMHUPOBAHUE IJICHKH OKCHAA MPOUCXOIMT 3a CUET
QG y3nOHHOTO TIEpeHOCca BOJIBI Yepe3 CIIOW OKCHIA K TTOBEPXHOCTH KPeM-
Hus. Ha ctpyktypHOE (hopMHpOBaHHE IJICHKH OKCHIIA OKa3bIBACT BIHSIHUE
BOJIOPOJI, OOpa3yoUINiics B MPOILECCe PEAKIHH OKHUCICHUS M TUQPYHAH-
pyrommid BriIyOb MacTHHBL. Tak kak ko3 ¢uiueHT quddy3und Boaopoaa
(2:107° eM?/c mpu 1050°C) 3HaunTENBEHO GOIbLIE, YeM KodhHIHEHT Tud-
dy3uu Boger (9-10° em?/c mpu 1050°C), To 06pa3oBaHKE THAPOKCUIBHBIX
IPYII Y TPAaHHUIIBI pa3jieia «KPEMHHUN — OKCHI» OOBSICHIETCS HATUIHEM HE
TOJILKO MOJIEKYJ BOJIbI, HO ¥ BOJIOPO/A.

JIOCTOMHCTBOM JAHHOTO CIoco0a SIBISETCS BBICOKAas CKOPOCTh
OKHUCIICHHS.

1.1.2. Oxuciaenne KpeMHUsI B CYyXOM KHCJI0pojae

[Tpn okuciIeHNH B CyXOM KHCJIOPOZE CKBO3b PAacTYIIYIO IUICHKY OK-
cuna nuppyHaupyeT He BoJa, a MOHBI kucioponaa. Kosgoumument nuddy-
3WH KHCJIOPOJa B TUICHKE OKCHIA (2,8-10714 em?/c mpu 1050 °C) 3HauuTeNH-
HO MEHBbIIIE, YeM y BOAOPOJa M BOJBI IIPH TeX ke ycnoBusx. [loatomy cko-
POCTh pocTa OKCHIHOW IUIEHKH B CyXOM KHCIIOPOZE MEHbIIE, YeM B rapax
BOJIBL.

Tak kaxk B mpouecce 00pa3oBaHHs OKCHUIHBIX IJICHOK OTCYTCTBYIOT
BOJIOPOJ U TIapbl BOJIBI, TO B CTPYKTYpE BBIPALIEHHOI'O OKCHJA HET THUAPO-
kenbHBIX Tpynm (OH). OtcyTcTBHE TMAPOKCHUIBHBIX TPYMIT MPUBOAUT K
00pa30BaHUIO MTPOYHBIX CBS3EH KHCIOPO/Ia C KPEMHHUEM.

1.1.3. OxuciieHne KPeMHUS BO BJIAKHOM KHCJI0pojae
IIponecc okucneHUs: KpEMHHS BO BIaXXHOM KHCIOPOAE MpeAcTaBIls-
eT co00if KOMOMHAIMIO IByX paHee PaCCMOTPEHHBIX MPOLIECCOB OKHCIICHUSL:
B Iapax BOJbI U B CyxoM kuciopone. Cyxoil ¥ OUYMIIEHHBIH OT mpuMeceil
KHCJIOPOZ, TPOITYCKAIOT Yepe3 BOASHYIO OaHIO, IZle OH HACHIILAETCS rops-
YUMH BOASHBIMH IapaMHy, U 3aTEM MOJAIOT ero B pabouyio kamepy. Conep-



JKaHWE BJIATH B IOTOKE KHUCJIOPOAA ONpEAETICTCS TeMIepaTypoil BOISHOMN
0aHM U CKOPOCTHIO TIOTOKA KHUCIOPO/Ia.

Tak xak CKOpoCcTh 00pa30BaHMs OKCHIHOTO CJIOS B Mapax BOJBI 3HA-
YUTEJILHO BBIIIE, YEM B CYXOM KHCJIOPOJIE, TO CKOPOCTh MPOIlecca OKHCe-
HUS KPEMHIS 3aBUCUT OT COJIEPKaHHS BIATH B TOTOKE KUCIOPOIa.

OCHOBHBIM JIOCTOMHCTBOM JaHHOTO METOJa SIBJISETCS TO, UTO OH I0-
3BOJISIET JIETKO U3MEHSATh KOHIIEHTPAIIMIO MapOB BOABI B MOTOKE KUCIOPOa
U BapbUPOBATh CKOPOCTh OKUCIICHHUS.

DHeprus aKTHBAIMHM PEaKIUU OKUCJICHHS BO BIIAXXHOM KHCIOPOJE
YMEHbIIACTCA C YBCIIMYCHUEM KOHICHTPALIUU ITapOB BOJbI. SHCPFHSI aKTu-
BallMH JIGKHUT B Auana3zoHe oT 1,3 3B, 4To COOTBETCTBYET MPOIECCY OKHC-
JICHUs B CyXoM Kuciopone, 10 0,8 3B, 9To cOOTBETCTBYET MpoIeccy OKHC-
JICHUA B aTMOC(epe BOISHOTO Iapa.

1.1.4. KoMOMHMPOBAHHBII METOA OKMCIECHUSA

B mpou3BoaCTBE MONMYIPOBOJHUKOBBIX NMPHOOPOB M WHTETPATBHBIX
MHKPOCXEM IIHPOKOE NPUMEHEHUE HALUIM ABYX- U TPEXCTYNEHYATHIN CIIO-
COOBI TEPMUYECKOTO OKUCIICHHS KPEMHUS. DTOT METOJ OCHOBAH Ha TOCie-
JIOBaTEIbHOM HCIIOJIb30BAHUM B Ka4Y€CTBE OKUCIHUTENEH CyXOoro KUCIopoa,
BJI&KHOTO KHMCJIOPOJia WJIM BOJIIHOTO apa M CHOBa CyXxoro kucijopoxa. Ta-
KOW TEXHOJIOTUYECKUH mporiecc 00pa3oBaHUsl 3aIUTHON JUIEKTPUUECKON
IJIEHKU OKCHJAa KpPEMHHS BbI3BaH TE€M, YTO OKCHJ, BBIPAIICHHBIA B aTMO-
cthepe cyXxoro KHCIOpoaa, IMEeT 0oJiee COBEPIICHHYIO CTPYKTYPY IUICHKH,
HO MaJTyl0 CKOPOCTh €€ POCTa, a BHIPAIlCHHEIH B aTMoc(hepe BIAXXHOTO KH-
CJIOpo/a W TTapoOB BOJABI HMEET MEHEE COBEPIICHHYIO CTPYKTYpPY, HO Ooiee
BBICOKYIO CKOPOCTB POCTAa.

1.2. MaTtemaTH4ecKoe ONNMCAHME POCTA OKCHIHBIX CJIOEB
1.2.1. Moaeasn duaa — I'poyBa

OCHOBHOH MOJIETIBIO POCTA OKHCIA SBISIETCS Modens Juaa — I poyaa,
paccMaTpHBaloOIIas porecc OKUCICHHS B JIBa 3Talla — MacCONEPEHOC OKHC-
JUTENS B PACTYIIEM OKHCIIE M MIPOTEKaHWE XUMHYECKOW peakIii KPeMHUS
¢ okmciuTeNieM. B Mojienu paccMarpuBaroTes Tpy moToka (puc. 1.2).

1. MacconepeHOC OKHCIIHUTEIS Yepe3 BHEITHIOK TPaHUIly PACTYIIETO
okucna SiO; u3 ra3oBoit ¢pasel (motok F;)

*
F = h(C -Cy ), (1.2)
rae h — koG UIMEeHT epeHoca OKUCISIFONIAXCS aCTUII UePEe3 BHEITHIOK
rpannny okuciaa, C u Cp — KOHIEHTPAIMK OKHUCISAIOMIMXCS YacTHIl BHE

OKHCIIa ¥ BOJIM3HM MOBEPXHOCTH BHYTPH OKHCIIA B JTF000 MOMEHT BpeMEHHU
okucnenust t (Cy 0OBIYHO MPUHAMAIOT PABHOM TPEAETBHON PaCTBOPUMOCTH



okucnutens B Si0O,).

le—— x —» Xo
| G c
=Y
F,
F3 _
0O,
H,0 SiO, Si

Puc. 1.2. J/IlnarpaMmma BBICOKOTEMIIEPATypPHOT'O OKUCICHUS KPEMHUS

2. NMuddy3ust OKUACIAIONINX YACTHIl YePe3 OKUCET X K FPaHUIle pas-
nena SiO, — Si (motok F,)

-D—1, (1.3)

rae D — xoadpdumuent muddy3nn oxucnsromuxces dactui; C; — KOHICH-
Tpalyst OKUCIIUTENs Ha rpanuiy SiO;, — Si; x — ToJIIMHA OKHUCIIA.
3. Xumuyeckasi peakiius B3auMOJCHCTBUS OKHCIUTEISI ¢ KPEMHUEM
Ha MexdasHoi TpaHuIe Xy (MOTOK F3)
F; =k -Ci , (1.4)

rae K — ckopocTh peakmum.
B ycnoBmsix ycraHoBuBIIerocsi pasHorecus (motoxk F = F; = F, =
F3) pemaercs quddepeHimanbHoe ypaBHEHHE ISl CKOPOCTH OKUCIIEHHS

dx F *
& _F_jke 1+E+ﬁ , (1.5)
dt N N h D

rae N — 4ucI0 YacTUI[ OKUCITUTENS], HEOOXO0IUMOE ISl CO3JAaHUS €IUHUIIBI
o0beMa OKHCIIA.
BBenem 0003HaueHUA:

*
11 2DC
A=2D|=+=| B= . (18)
k h N

Torma MoxHO 3amucaTh, 4TO:
dx B
dt  A+2x

L(1.7)



Tepmudeckoe OKHCIEHHE KPEMHHSA MOXKET IPOBOJUTHCSI MHOTOKpATHO. s
TaKoTO MpOIecca CIEAyeT MMETh B BUIY, 4To npu t = 0 Ha HOBEPXHOCTH
KPEMHUSI y’KE MOT OBITH CIION OKFHCJIa TOJIIUHOH Xo. [loaToMy mMHTETpHpOBa-
Hue ypasaeHus (1.7) Benercs B mpenenax Xo — X, ¥ PEMICHUE €TO IMEET BUIL:

x* + Ax = B(t +1g), (1.8)

rae ty — BpeMs, COOTBETCTBYIOIIEE HAYaIbHON TOJIIIMHE OKUCTA Xo.

3aBUCHUMOCTD TOJIIIMHEI OKHCIIA OT BPEMEHH OKHCIIEHHS IPH BBICO-
kot (ot 700 mo 1200°C) temmeparype mzoOpaxkena Ha puc. 1.3. [Ipu ma-
JIBIX BpeMeHax okucieHus (t <<A?/AB) pocT OKHCIIa ONHCHIBASTCS JTHHEH-
HBIM 3aKOHOM

B
x=—(t+ty) =k, (1.9)
A
npu GOJIBIINX BpeMeHax okucienns (t>>A%4B) — napaGommaecKim

x* =Bt=kt, (1.10)

rae K u Ky— KOHCTAaHTBI JIMHEHHOTO M NapaboNMIeckoro pocTa COOTBETCT-
BEHHO.

HmeeTcs HEKOTOPOE XapakTepPHOE BPeMs ., IPH NPEBBILEHUU KO-
TOPOTO JHWHEWHBIM 3aKOH pOCTa OKHCJIA IMEPEeXOAWT B MapaboNudYecKuit
(puc.1.3).

x = (BIA)-(t+to)

x*= Bt

Xeap X>+AX = B(t+t)

»

0 txap

Puc. 1.3. 3aBUCUMOCTD TOJIIIMHBI OKHCIA KPEMHUSI OT BpEMEHU
OKHCJIEHHUS TP BBICOKOM TEMIIEpAType

VYpaBuenue (1.8) MOXHO 3amucaTh B BUAE:
2
X A
—+—x=t, (1.11)
B B
eciu 1p<<t, TO t{yMOXHO HE yUUTHIBATH.
IMonenus Bce yactu ypaBHeHus (1.11) Ha X u mpoBens HeOobIINE

peoOpa3oBaHUs, OTYUHM:
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t A
Xx=Bl ———|. (1.12)
X B
Vpasuenue (1.12) ecTh ypaBHEHHE NPsIMOiA B KoopauHaTax [X,1/X], kotopas
OTCEKaeT Ha OCH a0CIIUCC OTPE30K, YUCICHHO PaBHBIN 0OpAaTHOW BEITUUMHE
JIMHEHHOM KOHCTAHThI A/B = K|, 1 UMeeT yroyl HaKJIOHa, TAHTEHC KOTOPOTO
paBeH napadoNNYeckoil KOHCTaHTe pocTa okucia B = Ki,.
VYpaBHeHue AppeHryca KOHCTaHT CKOPOCTH MO>KHO 3allUcaTh B BUJIE:

E
B=C exp| —— |, (1.13)
&P kT
E—C exp _5 (114)
A KT )

rne C; u C,— mpemKcnoHeHNnaNbHBIe KOHCTAHTHI; By u E; — sHeprum akru-
Baruu;K — mocrosiaaas bonbimana; T — Temneparypa.

3HaueHus NMpeAdKCIOHEHIMANBHBIX KOHCTAaHT C; 1 C, ¥ SHEPTUH aK-
TtuBanui E; u E; ast opuenTarm kprctamia (111) npexcrasiens: B tabu. 1.1

Tabmuma 1.1
Pexum B B/A
Cyxoit O, C, =7,72:10°MKM* /4 C, = 6,23-10°mkm/a
E,=1,233B E,=2,005B
Brnaxusrii O, C: = 3,86-10°MKkM*/u C,= 1,63-10°mkm/a
E,=0,78 5B E,=2,055B

MuHnumanbHoe 3HaueHne C,COO0TBETCTBYET NMPOTEKAHHIO Mpolecca B
HampaBiIeHWH opueHTarmu  kpemHus  (100), MakcumaiapHOE OIS
(111).3aBUCHMOCTD OT OpHEHTAIWH TIOTOKKUIIS JTHHCHHON KOHCTAHTHI
A/B = kjBecbMa cymiecTBeHHa, 0COOEHHO TP HU3KKX Temreparypax:k;(111)
>k(110) >k;(100)mpu okucnenun B 060 cpeae. Kpucramminyeckas rmioc-
KOCTh, MMeromas 0ojiee BBICOKYIO IUIOTHOCTh aTOMOB HA IOBEPXHOCTH
KpPEMHHUS, I0JDKHA OKHCIAThCS ObicTpee (puc. 1.4).

Mogens [una — I'poyBa omuchIBaeT JOCTATOUYHO TOYHO 3KCIIEPH-
MEHTaJIbHBIE PE3yNbTaThl B IIMPOKOM JHMAala3oHE TEeMIIepaTyp W TOJIIHMH
OKHCIIa, 32 NCKJIIOYEHHEM HayaJIbHOTO yJ4acTKa pocTa OKUCHOTO ciosi (0co-
OCHHO B CyXOM KHCIIOPO/I€) TOIIMUHON MpuMepHO 10 30 HM.

1.2.2. Moaean» Maccoyna
Ha HawansHOM dTare okucieHus mpu x< 30 HM CKOPOCTh OKHUCICHHSI
dx/dt oxassiBaeTCS 3HAYUTENBHO BBIIIE TOM, KOTOpAs IPEICKA3BIBAETCS MO-
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nensio/luna — I'poysa. CymecTByromass Mojaeds Maccoya JIydine BCero
MOAXOINT JJISI ONMHCAHHUSA POCTa TOHKHUX OKCHUAHBIX IICHOK HAa HadallbHOM
9Tare OKHUCICHHUAN TaKXKe PaboTaeT U ISl IPYTUX TOJIINH.

1 2 1 2 1 2
-— \
a 8 7 EN 7 8 7
5 6 5 6 5 6
(100) (110) \ (111)
1
3 2 ®
o3 0?2 o' o’ o o’ %
4 1 1
3
3] o,
6 7 5 6 _7 5 7
o, o, o o o ) ot °

Puc. 1.4.0puenTtanus Kpuctawia KpEMHUS:
a — Kpucrauorpaduueckue IIOCKOCTH; O — PacloNoXKeHHe aTOMOB
B KpPUCTAIIOrpauuecKux MIOCKOCTIX

CKopocTh pocTa TOHKHX TICHOK SiO, ISl pa3IMIHBIX YCIOBHM 3KC-

TICPUMEHTA MPEACTABIIACTCA B BUJC!

dd’io - B Cexp % |+Cexg — % | (L15)

X, +A L, L,

rzie Xp — HavajbHas TonmmuHa okucia; C; m C, — mpeasKcroHeHManbHbIe
KOHCTaHTHI OIUCHIBAIOT yBEIMYEHHE CKOPOCTH HA Ha4dalbHOM dTame; Ly n
L, — xapaxrepHsle anunbl.IlepBas 3aryxaromias 3KCIIOHEHTa UMEET Xapak-
TepHyIO0 JUIMHY L, mopsaka 1 HM, BTopas 3KCIIOHEHTa UMEET XapaKTEePHYIO
unHy L, mopsaxa 7 HM.

IlepBoe cimaraeMoe B IpaBOW 4YacTH SBJAETCA  JIMHEWHO-
mapaboIMYecKuM BEIpa)KEHHEM, KOTOpOe BKIIOYaeT B cebs u mapabomude-
CKYIO, W JIMHEHHYI0 KOHCTaHTBI CKOPOCTH POCTa OKHCIIA COOTBETCTBEHHO,
Kak 3To omnpezeineHo [unom u I'poyBoM, HO 3TH BeIMUUHBI B Moaenu Mac-
coyla COBEpIIEHHO Apyrue. YpaBHEHHE ApPpEHHYcCa KOHCTAHT CKOPOCTH
MOYKHO 3aIlicaTh B BUJIE:

B=C,exp —% , (1.16)
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B E
B_c ep[-Ex) @i
A B Xp( ij

rne Cg u Cga— IperdKCroHeHIMaIbHBIE KOHCTaHThl; Eg n Ega— aHeprun
akTtuBaluu; K — nocrosHuas bonbimana; T — TemmepaTypa.

3HayeHUs MPEIIKCIOHEHIUAIBHBIX KOHCTAaHT Cg U CgaHl dHEPrHid
akTuBaimi Eg 1 Egja U1 pasnuuHbIX OpHEHTAIMi KpHCTallla MpescTaBiie-
HBel B Tabn. 1.2. HemocratkoMm 3TOil Mojenu SBIS€TCS TO, YTO 3HAUYCHHMS
koHCTaHTCy M Ex3aBUCAT OT TeMIepaTyphl.

Tab6muma 1.2
TeMneparypHblil Tuana3zoH
T<1000 °C T>1000 °C
OpueHranus

- (100) (111) (110) (100) (111)
Cg,HM?/MHH 1,7.10% | 1,34-10° | 3,73-10° | 1,31-10° | 2,56:10°

Eg, 9B 2,22 1,71 1,63 0,68 0,76
Cegs, HM/MuH | 7,35:10° | 1,32:107 | 4,73-10° | 3,53:10% | 6,5-10"

Eg/a, 9B 1,76 1,74 2,1 3,2 2,95

Hpyras ¢opmymuposka (1.15), roe nBa criaraeMbIX, KOTOPBIE Tpe-
CTaBISIIOT cO0OH CKOPOCTH pocTa B PEKMME POCTa TOHKOW IUIEHKH, HKCIIO-
HEHIMAJIBHO 3aTYXal0T U MOTYT OBITh BEIPa’KeHBI KaK:

B+K, exp(—t} K, exp(—t]
ax, _ 2 ) (1.18)
dt 2%,+A

rae Bce 4 mapametpa Ky, K;, 7117, OHUCBIBalOTCS YpaBHEHUSIMU AppeHyca:

E
K =K exp| —— |, 1.19
=K ><p( ij (1.19)

(1.20)
K,=K, exp(—E“j,

k
T, =786 (—Ej e
17 " Xp kT '
(1.22)
= Oe P ,
e )

0 0 0 0
rne K, K, , 7, 7, — npemxcnonenmuansusie xouctante; E,, E,, |
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ET1 , EI2 — OHCPI'MH aKTHUBAllUU.

ITpenskcnoHEeHIMANBHBIE KOHCTAHTBl M SHEPTUH aKTHBAIMU M3 3THX
YPaBHEHHH IS PA3INYHBIX KPUCTAUIMIECKUX OPHEHTAINN MPU OKUCICHUU

B CyXOM Kuciopoze B auana3one temmepatyp 800 — 1000 °C mpencrasie-
HEBI B Ta0I. 1.3.

Tabnuna 1.3
KoncranTa PasmepHocTh (lOO)OpHeHTaH?f 1I;[))I/ICTaHIIa (110)
K/ HM®/MHH 2,49-10" 2,7-10° 4,07-10°
Eu 5B 2,18 1,74 1,54
K HM®/MHH 3,72:10" 1,33:10° 1,2:10°
= 5B 2,28 1,76 1,56
) MHH 414-10° | 1,7210° | 53810°
E.. 5B 1,38 145 2,02
d MUH 271107 | 156107 | 1,63-10°
E., 5B 1,88 19 2,12

AHAIIUTAYECKOE BBIPAKCHUE I TOJIIUHBI OKHCIA Xg BBITIIIHAT
cleqyronM 00pa3oM:

t t

(Zxo + A)jxo = {B +K, exp[— T}L K, exp[— Tﬂdt. (1.23)
1 2

IMociie MHTErpUPOBaHUs 110 BpeMeHH OT 0, rie X; SBISETCS TOJIIH-

HOHM €CTECTBEHHOTO OKHCIIa, 10 BPEMEHH OKHCIEHUs [, Ipu KOTOPOM TOJI-

[IMHA OKKCJIa PaBHA Xg, TOJIYYHM:
t
l-—exp|—— ||+ M
p[ - ﬂ ' (1.24)

1- exp(— LH +M,
71

Mo = (% + A ), My =Kyzy, M, = K,z (1.25)
VYpasuenue (1.24) sBhseTcss KBaapaTUIHBIM U MOXKET OBITH PEIICHO

TIOJTYYCHHUEM aHAIIUTUYCCKOT'O BBIPAXKCHUA 3aBUCUMOCTH TOJINIMHBI OKCHUAA
OT BpEMCHU OKMCJICHUA:

Xg + Axy = Bt+ M,

C 3aMeHOM
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2
A t L A
X, = (2) +Bt+ M| 1-exp " +M,| 1-exp -, Mo =73 (1.26)

1.3. IlapamMeTpsl, BIAUSIONIHE HA MPOECCTEPMHYECKOTO
OKHCJICHUSI KPEeMHUS

Ha npouecc TepMuyecKkoro OKUCIEHUS KPEMHHS BIHAIOT CIEAYIO-
ume (QakTophl:TeMIepaTypa OKHCJICHUS,AaBJICHUE OKHUCIUTEIS B OKpY-
JKarolllel cpene, OpUeHTalUs OKUCIAEMON MOBEPXHOCTH KPEMHUS, YPOBEHb
JIETUPOBAaHMS U TUI IPUMECH B TOJUIOXKKE.

OCHOBHBIM TEXHOJOTHYECKHM TMapaMeTpOM, BIUSIOIINM Ha TPOLECcC
TEpPMHUYECKOTO OKHCJICHHS, SIBJISIETCS TeMIlepaTypa okuciieHus. B ypasHe-
Huu (1.10) TemnepaTypHas 3aBUCUMOCTb Mapa0O0INIecKoi KOHCTAHTBI CKO-
poctn B ommceiBaeTcs ypaBHeHHeM Appenuyca. KoHcranta B B mMomenn
Huna — 'poyBa nuHENHHO 3aBUCUT OT NMAapLUUAIbHOTO aBJICHUS OKUCIUTENS,
BCIIJICTBHE YETO MOXKET OBITh UCIIOJIb30BaH 3aKOH I eHpH:

C = HPs, (1.27)
rae C — koHIeHTpalus okucnutens;, H — nocrostaaas ['enpu; Ps — mapuu-
aJIbHOE JIaBJICHUE OKHUCITUTEIIS.

Ha puc. 1.5 nokazana cxema yCTaHOBKH JJIsl TEPMHUUECKOTO OKHCIIEe-
HUSL KPEMHHUSL.

Ar

0, —X)

T
O

Puc. 1.5.Cxema ycTaHOBKH JIsl POBEAEHUS MIPOLIECCA TEPMUUECKO-

T'0 OKWCJICHHS KpeMHUs: 1 — kpaHbl; 2 — ocymuTenb; 3 — GunbTp;4 — pado-

qas Kamepa;d — rmeyb; 6 — MIaCTHHBI KPEMHWSI; / — BBITSDKHAS BEHTHJISITHS;
8 — yBnaxxuurenn; 9 — momorpesareb
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2. [Topsiok BBIMOTHEHUS] PAadOTHI
IIpoBecTnn MonenMpOBaHHWE MpoOLEcCa TEPMHUECKOTO OKHCICHHS
KPEMHHS C TIOMOIIBIO MPOTpaMMBl, co3nanHoi B cpexe NI LabVIEW (puc.
1.6): uccrnemoBaTh BAMSHUE PAa3IHIHBIX ()aKTOPOB HA MPOIECC OKUCICHUS.

OKHMCNEeHWe BO BAAXKHOM Kucnopoae

:

s
T - Doorcrwe
=0 —
— =
A y -
\ y i
[—— e
-
Harpes nap. ann =
wte o
P w:
al i 20 °C e
w [ =
wot [~
Bpews owcienus: | 0 u
B e Ry LA e Tonuwka okucna: (0,007 MM
[ BT A A R

Bpeun secnems, wes

Harpes patoue KAMEPE  3alakwe 13BARHHA YeKOpelwe Karpess  YCKOPEHWE npouecca
500 600 20

@ s 800 15030 2 )
Sy & e 1 poriy I.s_“/ 5
| o Y D e -
™ 0- -0 o
2 1 i o a5
oy, S - 5 .
y = . E
20 *C 1 ar

Puc. 1.6. I'naBHBIN BUI IpOTrpaMMBI JUIs BBITOJTHEHUS
BUPTYaJIbHOI'O 3KCIIEPUMEHTA

BapuanTs! 3a1aHuii npeacraBieHsl B Taou. 1.4 u Tadn.1.5.

Tabmumua 1.4

No | Pewum Si | xmm| Puo| P2 10c | 7,0
OKHUCJICHUA aT™M aT™M

1 | Cyxoi 100 | 20 | 27 | 12 | 938 | 1062
2 | Branoi 111 | 510 | 1,6 | 30 | 1017 | 119
3 | Cyxoii 110 | 10 | 1.0 | 29 | 1113 | 1045
4 | Braeoii 100 | 260 | 32 | 21 | 1167 | 1112
5 | Cyxoii 111 | 22 | 11 | 22 | 1133 | 916
6 | Braxnoi 110 | 651 | 1,5 | 11 | 992 | 957
7 | Cyxoii 100 | 45 | 20 | 33 | 949 | 1003
8 | Branoi 111 | 399 | 17 | 10 | 97 | 1027
9 | Cyxoii 110 | 25 | 28 | 25 | 919 | 976
10 | Braubiii 100 | 288 | 30 | 19 | 1067 | 999
11 | Cyxoi 111 | 58 | 34 | 34 | 1181 | 923




16

Oxonyanue Tadnuue! 1.4

12 | BmaxxHsrit 110 333 2,2 3,3 1112 1143
13 | Cyxoit 100 34 1,2 3,7 931 939
14 | BrmaxxHsrit 111 700 2,6 3,5 1131 996
15 | Cyxoit 110 60 1,6 3,6 1200 1076
16 | BmaxxHsrit 100 513 2,5 1,8 1060 1109
17 | Cyxoit 111 37 1,0 2,8 970 929
18 | BmaxHsrit 110 271 1,8 14 940 1085
19 | Cyxoit 100 42 1,6 2,4 1035 1046
20 | BrmaxHsrit 111 630 14 2,4 1199 1182
Tab6muma 1.5
Ne Si Tpasxans °C | P, aT™M t, 4 th, 4 t3, u
1 111 1062 1,2 0,81 1,50 2,31
2 100 1190 1,6 0,36 1,10 1,47
3 110 1045 2,9 0,60 1,30 1,90
4 110 1112 2,1 0,64 1,00 1,70
5 100 916 2,2 0,68 1,20 3,00
6 111 957 1,1 0,99 1,50 2,00
7 100 1003 3,3 0,52 1,20 1,75
8 100 1027 1,0 0,82 1,40 2,10
9 111 976 2,5 0,48 1,00 1,70
10 110 999 1,9 0,30 1,00 1,50
11 111 923 3,4 0,59 1,30 2,10
12 100 1143 3,3 0,73 1,10 1,56
13 100 939 3,7 0,65 1,25 2,13
14 110 996 3,1 1,00 1,50 3,00
15 111 1076 3,6 0,62 1,15 2,20
16 110 1109 1,8 0,83 1,33 2,60
17 100 929 2,8 0,56 1,20 2,00
18 110 1085 1,4 0,33 1,12 1,90
19 111 1046 2,4 0,80 1,43 2,80
20 100 1182 1,3 0,67 1,00 1,61

1. 3aHyCTI/ITC nporpamMmy MOACIUPOBAHUS. I[anee HaXXMHUTEC KHOIIKY

IIJ'ISI Mepexo/ia B rIIaBHOE MEHIO BUPTYAIBHOTO CTCH/IA.
2. Bribepure KpuCTaLIOTpaQUUECKyI0 OPHEHTAIIUI0 KPEMHHUEBOM
TIO/IJIOKKY COTJIACHO BapuaHTy 3anmanus (puc. 1.7). Haxmure kHOTKy «/la-

JIee».




OPUEHTALMA
KPUCTANNA Si

100 ~
+ 100

[ 111 :I

110

Bobixog,

Puc. 1.7. Br16op kpucramiorpapuaeckoil OprHeHTaIHN

3. Beibepute pexunm oxucneHus: «B cyxom O,» mwim «Bo BiaxaOM
O,» corllacHO BapHaHTY 3aJlaHMs, MpeACTaBIcHHOMY B Tabn. 1.4. B mosBuB-
IIEMCsI OKHE BBEUTE BCe HEOOXOIMMBIC HCXOHbIC JaHHbIe (Tabm. 1.4).

3.1. YcraHoBUTE 3HaYCHUS TeMIlEpaTypsl 11 M AaBieHus P; B pado-
yell kamepe ycTtaHOBKU. IIponsBeanute MoaenupoBanue nporecca. s aTo-
ro HaXXMHTE Ha MEpBBIA (s pekuma cyxoro O;) WM BTOPOH KpaH (i
pexxumMa BiaxxHoro O,), okasaHHble Ha GYHKIMOHAIbHOU cxeme (puc. 1.8).
IMonyuyue HeoOxoauMYyr0 TONIHHY Si0,, OCTAHOBUTE MPOIECC MTOBTOPHBIM
HakatneM Ha kpaH. CoxpaHuTe rpaduk pocra IUIEHKH, MIEIKHYB 10 HEMY
npaBoii kKHOMKo# Mo, Beibepure Export — ExportDatatoExcel. TTo mo-
JIy4€HHBIM YHCIOBBIM 3HAYECHHUSIM TTOCTPOHTE TpauK 3aBUCHMOCTH TOJIIHU-
HBI TJICHKH OKHMCIIa OT BPEMEHHU OKHUCIICHUSI.

=

Puc. 1.8. ®ynkunoHanbHas cxema

3.2. Haxxmute xHonky «Haszan». M3MeHuTe 3HaueHUS AaBICHUS U
Temrepatypsl Ha P, u T, (Tabis. 1.4) COOTBETCTBEHHO M MOBTOPHUTE JCUCT-
Bus 1. 3.1. CpaBHHTE pe3yJbTaThl U ClEJAiTe BBIBOJBI O BIMSHHUU JaBIIc-
HUSI ¥ TEMIIEPATYPhl Ha POCT IUICHKH.
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4. TlpoBegure MOIEIUPOBAHHE MPOLECCA OKHUCICHHS B PEXHME
«KoMOUHUpOBaHHEI». YCTAHOBUTE WCXOJHBIC 3HAYCHHS COTJIACHO BapH-
anty 3aganus (tabdn. 1.5). [ng Hagana nmpomecca Ha (GyHKIMOHAIBHOM CXe-
M€ HOBEpHHUTE MEPBBII KpaH IS 3amycka okucieHHs B cyxoM O,. 3atem
MIOBEPHHUTE BTOPOH KpaH Ha CXeMe I OKHCIIEHHs BO BiaxkHoM O,. Jlamee
3aKpoiiTe BTOPOM KpaH Ul MPOIOJIKEHHSI OKHUCIICHHS KPEMHHUS TOJBKO B
cyxoM O,. CoxpanuTte rpaduk pocra IICHKH.

5. 3aHecHuTe B OTYET MCXOJHBIC IAHHBIC U PE3YNIbTAaThl IKCIIEPHUMEH-
TOB B BH/JIE I'paUKOB 3aBUCIMOCTEH.

4. KoHTpoJIbHBbIE BONPOCHI
1. KakoBa pousib okuciieHus mieHok B Texnoiaoruu UMC?
2. Ommmute (HU3NIECKYI0 CYIIHOCTH IpoIiecca TEPMHUICCKOTO OKHCICHHS
KPEMHHSL.
3. [lepeuncnuTe 0COOEHHOCTH PEKUMOB OKUCIICHHUS KPEMHUS.
4. Kakne mapaMeTpbl BIUSIOT HA CKOPOCTH OKUCIICHHS U Kak?
5. Kakue cymecTByIOT MOAETH OMMCAHIS POCTa OKUCIIA KPEMHUS?
6. B uem cyTh 1 oTimunst moaeneii/[una — 'poysa u Maccoyna?
7. PacckaxuTe O METOJAaX OKHUCJIEHHUS AMAIEKTPUYECKUX IUIEHOK Ha IOo-
BEPXHOCTH KPEMHHUEBBIX MOJIJIOKEK.
8. B uem mpeumMyiecTBa U HEJAOCTATKH METOJIOB CYXOT0, BIAXKHOT'O OKHC-
JICHUS] KpEMHUS?

JlaGopaTopHasi padora Ne2
JIOKAJIBHASI HOHHASI UMIIJIAHTALIUST

Hean padoTbl
W3yduTh mpolecchl HAKIOHHON HOHHON HMMIUIAHTAIlMA C YYETOM
pacnpeneieHus: MPUMECH MO Kpast 3alllUTHONW MAaCKH, MOCTPOUTH MPOGHIIL
pacnpeneeHus: KOHICHTPAIUU IIPUMECH.

1. KpaTkue TeopeTH4ecKue cBeleHHs
1.1.0cHOBHBIE XapPaKTEPUCTUKHU NMpolecca UMIIAHTAIIUU
HonHasi IMIIaHTaMs — 3TO MPOIIECC BHEAPEHUS B TBEPIOTEILHYIO
MOJJIOKKY MOHHU3MPOBAHHBIX aTOMOB C SHEPrueil, JOCTaTOYHOM IS mpo-
HUKHOBEHHUS HX B NPUIIOBEPXHOCTHBIC 00JAaCTH MOMIOKKH. OCHOBHBIMHU
XapaKTepUCTUKAMHU JAaHHOIO Mpollecca SIBJSIOTCS SHEPrus M J03a Mydyka
noHoB. Hambonee oOmMM NPUMEHEHHEM WMOHHOW MMILIAHTAIUH SBJSICTCS
MPOLIECC MOHHOTO JIETUPOBAHUS MAaTEPHANIOB, TaK KaK 3Ta TEXHOJOTHS MO-
3BOJISIET C BBICOKOW TOYHOCTBIO YIPABIATH KOJMYECTBOM JICTHPYIOIIECH
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npumecu.VIoHHass WMIUTAHTALMsT XapaKTepU3yeTcs YHHBEPCATBHOCTBIO H
THOKOCTBIO TIPOIIECCa, YTO MO3BOJISIET MOJTyIaTh HEOOXOANMBIE KOHIIEHTPA-
MM TpPUMECH B TeX CIydasX, KOrga JpyrHe METOJbl HEHpHeMIIe-
MelLIIporiecc MOHHON MMIUTAHTaIllMM MOJKET OCYLIECTBISATHCSA TPH HHU3KHX
TemnepaTypax (BIUIOTH IO KOMHATHBIX), Olaromapsi 4eMy COXPaHSIOTCS
UCXOJIHBIE 3JIEKTPO(PH3UIECKUE CBOWCTBA KPUCTAIIIOB.

BmecTte ¢ 3TMUM mpolecc MOHHOTO BHEAPEHHsI COMPOBOXKAACTCS U
pSIOM HEraTHBHBIX SIBIEHHH. B pesynbraTe B3aMMOJECHCTBHS C HOHAMH
BO3HHUKACT OOMJIME PaTUaIlMOHHBIX Ae()EKTOB, CITIOCOOHBIX MPHU MOCIEIYIO-
LIMX TEXHOJIOTHYECKHX OINEpallsiX BHOCUTh HUCKKEHUS B MPOQUIM pac-
npejaeneHus npuMecH. Takue AeeKThl MOYTH HOJHOCTHIO YCTPAHSIOTCS
ITyTeM KPaTKOBPEMEHHOTO OTKura (st kpemuus ~ 900 + 1100 K).

1.2. lIpoOer uonon
[Ipu BHeApeHNH B MHIICHH OBICTPHIC MOHBI B PE3YIIBTATE CTOIKHO-
BEHUI1 C aTOMHBIMH SAPAMH U JIEKTPOHAMH TEPSIOT CBOIO SHEPTHIO M OCTa-
HaBJIHBAIOTCA. J[IMHA IyTH MOHOB OT MOBEPXHOCTH MUIICHH IO TOYKH BHE-
JIpeHUs] Ha3bIBaeTCsl UIMHOI npobera R, a ee mpoekuusi Ha HalpaBleHUE
HePBOHAYAIBHOTO JBIXKEHUs — Hpoekuueil mpodera R, (puc. 2.1, a). Ilo
BCelt aHe mpobera 06pasyroTes aedexthsie obaactu (puc. 2.1, 6).

ANNNNNNN
AR

ANNNNNNN
i

a o

Puc. 2.1. Cxema ABWXEHHUS BHEIPsIeMOro MOHA: a — mpoberR, mpo-
exkuus npoberaR, u paccesanue npoderos AR, u 4R; 6 — obpasosanue ne-
(eKTHBIX 001acTel B MOJUI0KKE Ha MyTH HOHA: 1 — ToueuHbIe 1e(eKThl; 2 —
amop(HbIe o0nacTu

BcnencTBue Toro, 4ro 4MCIO CTONKHOBEHUH M DHEPIUs, epeiaBac-
Masi IpU CTOJIKHOBEHHH, SIBIIIOTCS MEPEMEHHBIMM BEJIMYMHAMU, XapakTe-
PU3YIOIIMMH CITy4aiHBIN Mpoliecc, MpoOer MOHOB AaHHOTO THUIA C OAHOW U
TOW K& HavyaJbHOW SHEepruer He OyAeT OJMHAKOBBIM. J[pyrumMu cioBamw,
JBIDKYIIUECS MOHBI MOCIE TOPMOXKEHHS OCTAaHABIMBAIOTCA B TOUYKAaX, pas-
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OpOCaHHBIX IO BceMy 00beMy TBEpIOTO Tella, YTO IPHBOJMT K pacipesene-
HHIO NIPOOETOB M MX MPOSKIHMH, I ONHCAHUS KOTOPHIX TPEOYIOTCS Takue
XapaKTepUCTUKH (YHKIMHU paclpeneleHus, Kak CpPeIHUH MpoOer HOHOB,
CpeIHeKBapaTHYHOEe OTKIOHEHHE Ipobera HOHOB U GOKOBOE OTKIOHEHHE
HOHOB IT0JT Kpaif MacKy (MIJIN IPOEKIHN IPOOEToB).

BokoBoe OTKIOHEHHE MMILIAHTHPYEMBIX MOHOB OOYCIJIOBJICHO B3aH-
MOJICHCTBHEM HX C KpaeM 3alMTHON MacKu (AuCrepcHsi HOHOB IOJ Kpai
Macku). VM 0OBIYHO IpeHeOperatoT, MOCKOJIbKY OHO 3HAUUTEIHHO MEHBILE
cpenHero mpobera HMOHOB M CpPEIHEKBAJPAaTHYHOTO OTKIOHEHHs Ipodera
HMOHOB. OI[HaKO JUISL CBer6OHLIlII/IX HUHTETPAJIBbHBIX CXEM C MUKPOHHBIMH U
CyOMHUKPOHHBIMHU pa3MepaMH 3JIEMEHTOB OOKOBOE OTKIIOHEHHE CTAHOBHTCS
OYCHb BAXHBIM, IMOCKOJBKY IBYMEpHBIE >()(MEeKTHl BOMM3HM Kpas MacKu
CHJIBHO BIHMSIOT Ha BBIXOZHBIC XapaKTepUCTUKH NpuOopoB. Kak u pa3bpoc
npoOeroB, OOKOBOE OTKIOHCHHUE SIBIISCTCS PE3yJbTATOM PacCesHHs HOHOB,
1 1o3ToMy 00a 3TH 3()(eKTa OJHMHAKOBBI IO NOPAAKY BeanduHbl. Cymect-
BCHHOM CTAaHOBHUTCS ¥ TEOMETPHS Kpasi MacKH, KOTOpasi BHOCUT CBOM BKJIa[
B pacmpeleieHle IPUMEcH.

Pacnpenenenue npuMecH oJy Macky MpsiMOYroJibHOH (hOpMBI ¢ yde-
TOM OOKOBOTO PacCcesHUs MOXKHO PacCUuTath 1o cienyronieil Gpopmyie:

2
C(x,y)= exp b sz) Jerf XF2 o X728 | (22)
J2r R, 2AR, J2-AR, J2-AR,
rae N — mo3a uMIUIaHTauu [I/IOH/CMZ], AR, — oTkJIOHeHHE TpoOera MOHOB
oJ] Kpait Mackd [CM], 8 — MOMyIIHpHHA MAaCKH [HM], Y — KOOpAWHATA BIIyOb
oOpa3na B HampaBJIeHWW MaJCHUS MOHHOTO ITydka [CM], X — KOOpIHMHara B
HanpaBJIeHUM TOBEPXHOCTH 00pasua [CM], Ry— HopMainbHblii poder [CM],AR,
— pa30pocC WM CTaHJAPTHOE OTKIIOHEHUE IIPOEKTUBHOTO Ipodera [Cm].
Jlo3a UMIIaHTALUH OTIPEEIISIETCS MO BBIPAXKEHHIO !
N =N, D, (2.2)

riae Ng — poHoBast KOHIIEHTpalMs ipuMecH B Si, D — 103a 00mydeHus..
OTKIIOHEHHE MOHOB TI0J] Kpail MaCKW MOYKHO pacCUUTATh KaK:

AR =7+s-E, (2.3)

rze Z ¥ S — KO3 PUIIEeHTHI annpokcumanuy, £y — SHeprus, nprooperaeMas
MOHOM TI0J JIelicTBHEM pa3HOCTH noteHnuanoBU.
3HaveHus K03(PHUIMECHTOB Z U S IpUBEEHBI B Tabd. 2.1.

Tabuuma 2.1
[Tpumech Sb P As B
z 1,07 0 -0,25 2,09

S 0,124 0,48 0,186 1,48 -2,72-10°- E
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Taxoke OJHUM M3 OCHOBHBIX ITapaMeTPOB MpoLecca HOHHOW MMIUIaH-
TallUH SBJIACTCS YroJl HaeHHs Iy4ka HOHOB OTHOCHTEIILHO HOPMAJH K IO~
BepxHOCTH MumeHH. [Ipu 3ToM y KpaeB Macku HaOmoaroTcs 1Ba 3¢ dexra
(puc. 2.2):
1) oOpa3oBaHIE TEHEBOTO yUacTKa:

C(x,y)= C(X) erf \H‘; J; 2.4)

2) AMIUTAHTANHUS IO/ Kpaii 3alMTHOW MaCKH:

CX

Cxy)=

erf{ 2y j (25)

3ammTHas Macka
)

Y
d 7 N\ \/
TeneBoii yuacTok :‘T" = VIMIutanTanus Mo
o 2a ;: Kpaif MacKku
Y
N(x.y)

Puc. 2.2. ®opmupoBaHne OOKOBEIX Mpoduiiel pactpeaeIcHus
HaKJIOHHO MMIUIAHTUPOBAHHBIX IPHMecer

W3 reomeTpruecKiX COOOpaXKeHNUH CIeAyeT, 9To

a, =Xx-196,
a, = (x+d)-tgé, (2.6)
R'=AR-sind.

2. ITopsi0k BBINOTHEHUS] PadOTHI
CMozenupoBaTh TEXHOJOTHYECKHI MPOIECC HAKJIOHHOW HMOHHOM
AMITJIAHTAIUY ¢ TIOMOIMIBIO TIPOTpaMMEI, co3manHoi B cpeae NI LabVIEW
(puc. 2.3), mony4uTh MPOPHIH pacpeesieHns] KOHIICHTPAIIUH IPUMECH.
1. 3amyctuTe mporpaMMy MoJenupoBaHus. Jlanee HAKMHUTE KHOIKY

JJIA TIepexXo/Jia B TJIaBHOC MEHIO BUPTYAJIbHOI'O CTCHAA.

2. Haxxmure xHONKY «BKi1./BBIKILY 1151 IPOBEPKH PabOTOCIIOCOOHO-
ctu obopynosanus. Haxxmure kHOnKy «Jlanee».
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BEOA AaHHbLIX

BuiGop npumeck

Sb

_ 3ammTHas Macka

i HepruA MOHOB, k3B
200 300

HUMnnanTamnus

< T 400
1NN \ { \
Ny — v ] = e
\J\, “——  nox Kpail Macku J
. a a 0 600

1
150

BseavTe napamerpbi: .
NO - poHOBaR KoHUEHTPaLMA NpHMeck & i

Rp - HOpManLHLI npaber (M)

I A 14
o = 1 x 10| 1/em*3
2 AR - OTKAOHEHNE HOPMANLHOTO NPoBera (Hu)
v r) 01 D - aoza oyuenna
— € - NOAYWMPHHA OKHA B Macke 7100 mKKn/(em*em)
&
AR b b1y

- TonWMHA MacKK (MKM):

v? N - 2022 nMnnaHTauMM (1/em"3)
© — yron nagenns nowo (rpag) 1E+16
g1
‘ Hazag I | HAanee I

Puc. 2.3. I'maBHBIN BUA IPOTpaMMBbI JIs BBIITOJTHEHUS

BUPTYaJIbHOI'O 3KCIIEPUMEHTA

BapuanTs! 3a1aHuii ipecTaBieHbl B Ta0u. 2.2,

Tabmuma 2.2

IIpu-
Mech

Eo,
3B

Ro, | AR, | 4, DMxKn/em | du | O,
HM | ,HM | HM 2 M 0

No,3
cM

P

10
0

12 40
3 35 0 100 2 6

10t
5

P

12
0

14 50
9 41 0 150 3 7

10t
6

14
0

17 40
5 47 0 200 2 8

10t
7

16
0

20 50
1 52 0 100 3

10!
5

18
0

22 40
8 57 0 150 2

10"
6

10
0

o |O | ©

39 50
8 94 0 200 3

10"
7

12
0

46 40
9 102 0 100 2 7

10"
5
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14 | 53 50 10t
8 B o | 7 | 110 ] 150 3 |81 %
16 | 60 40 10t
9 B o | 3 [122] 200 2 |93
1 18 | 66 50 1 | 10
0 B o | 5 | 126 ] 100 3 ol s
1 10 40 10t
1 As o | 58 125 4 150 2 | 6| 7§
1 12 50 10t
5 As o | 68 145 | 7 200 3 | 7173
1 14 40 10!
3 As o | 79| 16 | 100 2 | 8] 75
1 16 50 10"
p As 0 | 89| 18 | 150 3 |9 %
OxoHuaHue TadIuLB! 2.2
15 As 180 | 99 | 20 | 400 200 2 | 10 | 10"
16 Sh 100 | 46 | 7,4 | 500 100 3 6 | 10"
17 Sh 120 | 53 | 84 | 400 150 2 7 | 10%
18 Sh 140 | 60 | 9,5 | 500 200 3 8 | 107
19 Sh 160 | 67 | 10,5 | 400 100 2 9 | 10"
20 Sh 180 | 74 | 11,5 | 500 150 3 | 10 | 10™

3. B mosBuBIIEMCS] OKHE BBEJIUTE MCXOIHBIC JaHHBIE COTJIACHO Ba-
puaHTy 3anaHus. Haxkmure kHOMKy «[lanee» Juis nepexona K OKHY pe3yiib-
TaTOB AKCIIepUMEHTa (puc. 2.4).
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Monyuennbie pesynurates

Bin/Brakn E = [
- 1 PI=T=—} d
l a I o= = a
(rawr 1 '
Mpoduab pacnpegenenns npumecn Pacny THE Vi n ]
o 456420
-1E+ 1 4E+2
e 3562
e 3E.2
4E+1
) B 25642
X SE+1 2
Ie] O 22

-6E+ 1
-TE+ 16

-8E+1¢ 1E+21
-9E+ I SE+19

-1E+11-) '
-80 -70 -60 -50 -40 30 -20 -10 0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70

x 2a (mKw)

s

Boixoa

Puc. 2.4. OxHO pe3yIbTaTOB HKCIIEPUMEHTA

4. IlpoBegure MOAENUPOBAHME MpOLECCA, HaXaB  KHOIKY
«Bxi./Beikiy. Tlonyunre npoduib pacrpeeieHusl NPUMecH ¢ y4eToM 00-
pa3oBaHMsl TEHEBOTO A PeKTa U UMIUIAHTAIMH IO/ Kpaik MacKH U Pe3yJib-
THpYIOLIEee pacupe/esieHie HOHHO-UMIUTAHTUPOBaHHO# iprMecH (puc. 2.5).

5. CoxpaHHTE MOJTyYEHHBIE 3aBUCHMOCTH, IIEIKHYB 110 HUM IIPaBOH
KHOTKO#1 MbIny. Beibepute Export — ExportDatatoExcel. ITo nmoixyueHHbIM
YHCJIOBBIM 3HAUCHMSIM IOCTpOHTEe TpeOyemble rpaduKu pacrpenerneHus
TIPUMECH.

6. Ilomyuute pacnpeneneHue NMpHUMECH JUIi TPEX IPOU3BOIBHBIX
3HaueHu# yria §. Crenaiite BbIBOJ O BIMSIHUM YIiia MaJCHUS IIy4Ka HOHOB
OTHOCHUTEJFHO HOPMAJH K OBEPXHOCTH MUILICHH.
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MonyuenHbIe pezynbTaThi

Bwn/Buicn

Mpodunb pacnpeaeneHns npumecn Pacng TH[ i npumecn
4,5E+20
LB 462 FaX
X
-3E+1 I \
3E+2 \
4E+1
= S, 2,56+
X 5E+1 %
O 22
Y e I
TE+1 1,562 I \
841 1E.2 \
-9E-1 5E+19
X
811 : o N
80 -70 60 -50 -40 30 -20 -10 0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 7o 80
X 2a (mkm)
Hasaa

Puc. 2.5. Pe3ynbraT paboThl IporpaMMBbl

7. PaccunTaiiTe MakCUMaJIbHBIN yXoJIl P-N-niepexojia 3a Kpail Macku
AXq (Y = Rp) ¢ nomomnisto nporpammel MathCAD:

a,(x}=a—[d +(R, + AR, )-coso] -tan @,

N x—a,(x)
Cl = * 1— I"f _— —15
g v27-N,-AR -cosé ( ° (ARX-sinHJJ
x:=a, x1:=root(C1(x), x), AXL:=a—xl.

8. Haiimute mosoxkeHue p-N-repexoa moa Mackoi Ax, (y = 0):

a,(xy=a+|(R, + AR )-cos(6)]-tan(),

N a,(x)—x
(x) V27 -N,-AR -cosd ( ° (ARX .sinHJJ
x2:= root(C2(x), x), Ax2:=a—x2.

9. PaccuuTaiite rmyOuHy p-n-nepexoja B LueHTpe okHa (X = 0):
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f(x,N,)=R, cosd+
+.[2:[AR -coso] -In N 1-erf L{(X)
' V27 -N,-AR, -cosf AR, -sin@

10. Beiuncnure MakCUMaJIbHYIO0 KOHLIEHTPALUIO IPUMECH B JIETUPO-
BaHHO# obmactu (X = 0,y = Ry):

N 1(y-R -cos@ ) x—al(x)
Clx,y)= expl —=| ———— | ||1-erf| —————||
() N2 N, AR -cosd @ 2( AR -cosd J ( [ AR -[sin)|

11. 3anmecure B OTYET HUCXOAHBIC JAaHHBIC, IMMOJYYCHHBIC B XOJAC MO-
ACITUPOBAHUA 3aBUCUMOCTH, U PE3YJIbTAThI pacycTa.

3. KoHTpo/1bHBIE BONIPOCHI
1. OnumuTe nporecc MPOHUKHOBEHHS HOHOB B BEIIECTBO.
2. Yto Takoe /1032 00JIydEeHUsI ¥ YeM OHA ONpeelsieTcs?
3. UeM 00yCIIOBICHO MPOHUKHOBEHHUE MMILIAHTUPYEMOI MPUMECH MO 3a-
LIUTHYIO MacKy?
4. Kak wu3MeHHTCS Npouib pacrpeneieHls HOHHO-UMIUIAHTUPYEMON
MIPUMECH NTPY HATWYKH 3P (PEeKTa KaHATUPOBAHUS?
5. Ilepeunciite OCHOBHBIE XapaKTEPUCTHKHU MPOIIecca HOHHOW NMILTaHTALIH.
6. Onummre (U3MYECKHe SBJICHUS, JIeKallle B OCHOBE 00pa3oBaHUs TeHe-
BOT'0 y9acTKa U MMIUIAHTAIMH 110J] Kpai MacKH.
7. J1ns guero npuMeHsieTcs JIOKaJIbHast HAKJIOHHAsT HOHHAS UMIUTaHTaus?
8. OnumnTe OCHOBHBIE 3JIEMEHTHI YCTAHOBOK JUTS ITPOBEJCHUSI HOHHOW NM-
TUIAHTALHH.

JlaGopaTopHas paGora Ne3
MOJIEJIUPOBAHUE TEXHOJIOI'MYECKUX PEXKUMOB
MHNPOLECCA JU®PY3UU ITPU POPMUPOBAHUU
BUIIOJISIPHOM TPAH3UCTOPHOM CTPYKTYPhI

Hean padoTbl

HccnenoBaTh BIMSHHE PEXMMOB TEXHOJOTMYECKOTO Tporiecca and-

(y3uu Ha CTPYKTYpY MHTETPAIEHOTO OMITOJISIPHOTO TPAaH3UCTOPA.
1. KpaTkue TeopeTu4eckue cBeeHH

Ion ummezpanvrbiMy TEXHOJIOTHSIMM TIOHMMAIOT MHUKPO- M HAaHO-
TEXHOJIOTHH, C MOMOIIBIO KOTOPBIX B 00BEME M HA TIOBEPXHOCTH TBEPJAOTO
Tena (MOTYMPOBOJHUKOBOM HIIH JUIIEKTPUYECKON ITOAT0XKKH) CO3[ACTCs
YCTPOMCTBO MJIM MHOXECTBO YCTPOMCTB, Ka’KA0OE M3 KOTOPBIX, B CBOIO OUE-
pelb, COCTOUT U3 OTPOMHOTO KOJIMYECTBA B3aMMOCBSA3aHHBIX 3JIEMCHTOB.
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IosiBneHNEe MHTETPAIBbHBIX TEXHOJIOTHH CTAaI0 BO3MOXHBIM Oiaro-
Japst pa3paboTke psAna 0a30BBIX TEXHOJIOTHYECKHX IPOLECCOB, TAKUX KaK
OCaXJICHHE MaTEpHaJIOB, X TPABJICHHUE, TUTOrpadys U JIOKAJIbHOE JIETUPO-
Banue. [locieqHee MpOMCXOOUT NOCPEACTBOM TUDYy3HH.

Jlughgpysueii Ha3BIBAIOT OOYCIOBICHHBIH XaOTHYECKHAM TEIUIOBBIM
JIBIDKCHUEM IIEPEHOC aTOMOB, HAIIPaBJICHHbIH JIeHCTBHEM TIpajueHTa KOH-
LEeHTpalMy Wik Temneparypsl. AnddyHnnpoBaTs MOryT Kak cOOCTBEHHbIE
aTOMBI peleTku (TakoW mpolecc Ha3bIBaOT camoauddysueid nim romo-
i dysueit), Tak 1 aTOMBI IPYTUX XUMHUYECKHUX JJIEMEHTOB, PACTBOPEHHBIX
B NOJIYNPOBOAHUKE (TpuMecHas tuddysust win rerepoaud dhysus), a Takxke
TOYeuHbIe Ne(EeKThl CTPYKTYPbl KpUCTaJUla — MEXKJOY3eJIbHbIE aTOMBI H
BaKaHCHH.

K ocHOBHBIM XapakTepucTHKaM (OpMHPYEMBIX U} y3HOHHBIX
CJIOEB OTHOCSIT:

1) mOBEpXHOCTHOE CONPOTHUBIICHHUE;
2) TmyOuHY 3ayieraHus P-N-Tepexona;
3) pacripenerneHue IpUMECH B CIIOE.

Maremarnyeckoe onucanue mnpouecca 1upQy3nun 0OCHOBaHO Ha JIBYX
3akoHax ®uka. [lepBoe ypaBHeHue Puka XxapakTepu3yeT MPOILECC MACCO-
NepeHoca BelecTBa B TBEPAOM Telle U OTPaKaeT B OJHOMEPHOM Cily4dae TOT
(haKT, 4TO MOTOK NMPUMECHBIX aTOMOB B HAIpPABICHUU X Yepe3 CANHHUYHOE
MOTIepeyHOe CeueHHe PONOPLUUOHAIICH IPAAUEHTy KOHIIEHTPALMH IPUMECH
B 3TOM HaIPaBJICHUU:

F(x,t)= —DM, (3.1)
dx
rae F(X, t) — mmotHOCTH mMOTOKA aTtoMoB; D — xoaddunment nubdysuu;
dC(x, t)/dx — rpaaueHT KOHIICHTpAIMKA MPUMECH B HATPABICHUH X. 3HAK
«MHUHYC» 03Ha4YaeT, YTO MOTOK HAIPaBIIEH B CTOPOHY YMEHbBIICHUS KOHIICH-
TpaIyH.

Bropoe ypaBHenne ®uka CBS3BIBACT paclpejeleHHe NMPHUMECH BO
BPEMEHH C pacrpeJieNieHHeM 10 KOOpAWHATE U IMEeT BUIL:

2
dc -D d’C
dt dx’

[Ipomecc nerupoBanust 0OBIYHO MPOBOIMTCS B JiBa dTana. Ha mepom
B TOHKHMHA IPHUIIOBEPXHOCTHBIA CIIOH IOJyIPOBOAHWKA BBOJHUTCS HEOOXO-
JVMOE KOJIMYECTBO MPUMECH, 0OECTIeUNBAOIIEe Ha BTOPOM 3Talle 3aaHHOE
COIIPOTUBIICHHUE U TONIIMHY JIETHPOBAHHOTO ciost. [IByxaTamHas nuddysus
MIO3BOJISIET JIydlle KOHTPOJMPOBATh Ipoliecc W obecneynBaeT Tpedyemoe
JUISL TIPAaKTUKY pacripeaesenue npumecu. Kpome toro, nposeaeHue nNepBoro

. (3.2)
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stana quddy3un npu Oosree HU3KOU TeMIIepaType, 4eM BTOPOTo, objerdaet
YCIIOBUSI MACKHPOBAHMS OKHCIIOM TIOBEPXHOCTH TIOJTYTIPOBOAHHUKA.

IBym craamsam an¢¢y3HOHHOTO IIPOIEcca COOTBETCTBYIOT J(Ba pe-
meHus ypaBHeHHsT PuKa MU Pa3IUIHBIX TPAHUYHBIX YCIOBHUSX!
1) Ha mepBoOM 3Tare paccmaTpuBaeTcs Ou(Qy3ns ¢ MOCTOSIHHON MTOBEPXHO-
CTHOW KOHIeHTpanued (v nuddys3ust n3 OECKOHEUHOTO MCTOYHUKA MPH-
MecCH);
2) Ha BTOpOM 3Tane — Au(dy3ust U3 OrpaHUIEHHOTO HCTOYHHUKA IIPHUMECH.

B nepBoM cityyae mpuMech MOCTYIaeT HENPEPHIBHO Yepe3 IOBEpX-
HOCTh KpHcTamia (x = 0) U3 BHEIIHEro MCTOYHUKA (TaK Ha3bIBaeMas «3a-
TOHKa» IPUMECH), @ BO BTOPOM — KOJIMYECTBO NPUMECHBIX aTOMOB OTpaHH-
YEeHO, MOBEPXHOCTh KpHCTaJUIa AJISI MPUMECH HENPOHMIAeMa, W MO Mepe
JBIDKCHUS IPUMECH BIITyOb KPHCTAJIa HCTOYHUK OOeIHIETCS («pasroOHKa»
TIPUMECH).

Jnst auddy3un nmpuMecu B MOTyNIPOBOAHUKE HanOoee CyIIecTBEH-
HBI TIEPEMENICHUS M0 MEXIOY3IUsIM M BakaHCHsM. OOBIYHO B KPHCTAJIE
MIOJTYTIPOBOHHUKA MIPUCYTCTBYIOT I[Ba THIA NPUMECEH — IPHMECH BHEApPE-
HUS ¥ TIpUMECH 3aMmelleHus. B mepBom ciiydae mexanusMm nuddy3un cBo-
JIUTCSI K TOCJIEIOBATEIbHOMY MEpPEX0Jy NPUMECHOr0 aromMa M3 OIHOTO
MEXA0Y3JIHs B IPYroe; BO BTOPOM — aTOM IePEMEIAETCs 10 BAKAHCHSIM.

[Mpumecu, co3naroniye B MOJIYNPOBOJHUKE TOT MJIM WHOM THM MPO-
BOJIUMOCTH, SIBJIAIOTCS TNpUMeCsMH 3ameleHus. OCHOBHBIE JIOHOPHBIC
MIPUMECH B KPEMHHUH — 3JIeMEHTHI V Tpynmsl Tabnunsl MenneneeBa — ¢oc-
(dop, MBIIIBSIK, CypbMa. AKIENITOPHBIE MpuMecH — 3meMeHTH ||| rpymmsr:
00p, aXFOMHHUWH, TaINNH, WHAWNA. BONBIIMHCTBO XK€ AJIEMEHTOB, OTHOCS-
mmxcs K qpyruM rpynmnam tadnunsl Menneneesa (I, 11, VI, VIII), o6pazyrot
B KPEMHHH pacTBOPHI BHEAPEHUS, T.€. TUOOYHAUPYIOT O MEXKIOY3IIHSIM.

1.1. Tuddy3us n3 6eCKOHEYHOT0 UCTOUYHUKA MIPUMECH
Lenpro mepBoro sTama quddy3un SBISETCS BBEJACHHE B IMOIYIPO-
BOJHUK TOYHO KOHTPOJHMPYEMOI'O KOJIMYECTBA INPHMECH, KOTopoe OymeT
CIYKUTb OI'PaHUYEHHBIM MCTOYHMKOM Ha BTOpPOH craguu npouecca. Ilpu
9TOM MOBEPXHOCTHAs KOHIIEHTPANXs IIpUMecH Ha rpaHuiie X = 0 Bce BpeMs
ocTaeTcs MOCTOSTHHOM 1 paBHOI Cy. HadanbeHOE ycroBue Ui penieHns BTo-
poro ypaBHeHust Puka UMeeT BUA:

C(x,0)=0. (3.3
FpaHMque YCJIOBHUE MOKHO 3allMCaTh KaK:
C(0, t) = C, = const, (3.4)

rae Cs — MOBCPXHOCTHAA KOHICHTpAUA IPUMECH.
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OTo0 03HaYaeT, 4TO B HaYase Iporecca IpuMech B 00beMe KprcTaslia
OTCYTCTBYET, OJHAKO Ha HMOBEPXHOCTH €€ KOHLEHTpPAUUs B JFOOOH MOMEHT
BpemeHu paBHa Cg. B mpormecce nuddys3nn npumech K TOBEPXHOCTH KPH-
CTaJllla MOCTYNaeT W3 BHEIIHeTr0 MCTOYHUKA HENPEpbIBHO M IIOTOK €€ BCe
BpeMsi OZIMHAKOB.

Pemennem ypaBuenus ®uka Oyner BolpakeHHE BHJIA:

X
2Jbt’
rae erfc (4) = 1 — erf (1) — dyHKIMSA, HOMOTHSIOMIAS IO €ANHUIIBI HHTETPA
ommubok [aycca.

Bripaxenue (3.5) xopotro BeIonHsETCS pu Auddy3un npumecn u3
ra3oBoil (asel. CKOPOCTh MOTOKA MPUMECH, NOCTYNAOIICH K IIOBEPXHOCTH
KpHCTAIIA:

C(x,t)=Cy -erfc (3.5)

D
F(xt)=Cg - |=-
wt
Torma 3a Bpems B TBepmoe TeIO MOCTYHMHUT KOJIUYECTBO MPHUMECH,

OIIPEACIACMOC BbIPAKCHUCM

(3.6)

Q=}F(x,t)dt=ic JDt. (3.7)
0

\/; S

3TO BEIpa’KEHHE XOPOIIO BBHIMOIHSAETCS B TOM Cilydae, KoTaa Iiryou-

Ha MPOHUKHOBEHUS MPUMECH JOCTATOYHO BEJIMKA — MPEBHIIIAET HECKOIBKO

MHUKpPOMETPOB, a KOHIIGHTpalus MPUMECH CPaBHUTEIHHO HeBelIHKa (He 0o-

nee 10" cm®). MakcumalbHOe 3HAUYCHHE BETHIHHBI CspaBHO mpenensHON

PacTBOPUMOCTH NPUMECH B KPEMHUM NpH JaHHOH Temneparype Cp,. Ona

onpenensercs $pa3zoBoil AUArpaMMOI COCTOSHUS JUISI KPEMHHSI B COOTBETCT-

BYIOIIEH NMpUMecH. 3HAUECHHUS MPEIeIbHOW PaCTBOPUMOCTH TSI HEKOTOPBIX
npuMecei B KpeMHUU npuBeieHb! B Tabu. 3.1.

Tab6muma 3.1
IMpumech As P B Sh
C o 20-10%° 18-10% 5.10% 0,6-10°
P mpu 1150 °C | mpu 1150 °C | mpu 1200 °C | mpu 1300 °C

1.2. Tuddy3us n3 orpaHU4eHHOTO0 HCTOYHHKA MPUMECH
Henpto BTOpOro 3tana auddysuu sBiseTcss MOTYYCHUE 3aIaHHOTO
pacnpeneneHus MpuMecH. BbICOKONErMpOBAaHHBIM MMOBEPXHOCTHBIN CIIOM
MOJTyITPOBOIHMKA, OOpa30BaHHBIA Ha mepBoM 3Tane aupy3uu, CIyKUT
HUCTOYHHUKOM HPUMECH, KOIHYECTBO QKOTOPOro ONPENEeICHO BBIPAKCHHEM
(3.7). oBepxHoCcTh X = 0 cunTaeTcsi AOCOMOTHO HEMPOHHUIIAEMOH, T.€. T0-
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TOK IPUMECH 4epe3 3Ty MOBEPXHOCTh B JII000E BPEMs OTCYTCTBYET, ITOITO-
MY IpaHUYHOE YCJIIOBUE MOXKET OBITh 3aIIUCAHO B BHUJE:
acy)_, (3.8)
OX
Bcest npuMech cuMTaeTcsi COCpeIOTOYEHHON B TOHKOM MPUIIOBEPXHO-
CTHOM CJIO€ TOJIIUHOHN h, a pacnpenesieHre MPUMECH B 3TOM CJIOE PaBHO-
MepHo. [ToyHOe KOJMYECTBO MIPUMECH B IPE/ICIBFHOM ClTydae ONpeessieTcs
3HAUYEHHEM MOBEPXHOCTHOW KOHIEHTpaluu Cg ¥ TOJIMHON JIETMPOBaHHOTO
ciost h. TlosHOE KONMYECTBO BBEACHHOW MPHUMECH, TAKMM 00pa3oM, Oymer
OIIPEJEISATHCS C TIOMOILBIO BEIPAKEHHS:
Q=Cs-h. (3.9
Ipu nuddy3un Briayds KpHCTAIa HOBEPXHOCTHAS KOHLCHTPALUS
NpUMECH Bce BpeMst OyneT yMeHbIIaThes. HadanbHple yCIOBUS IS perie-
HUS BTOPOTo ypaBHeHHs1 Puka MOTYT OBITH 3allCaHBl B 9TOM Clydae Clie-
OyronmM o0pazoM:

_ (C, 0<x<h;
C(X,O)—O—{ 0, x>h. (3.10)
Pewenne ypaBuenust @uka nMeeT CleAYyIOMUN BU:
_ Q X 2
C(X,t)—ﬁexp [-(2_\/5) ] (311)

U siBJsieTCs pacnpenenenueM ["aycca mo X.

B peanbHBIX YCIOBUSX JUIS CIOEB JOCTATOYHON TOJIIUHBI (HECKOIIb-
KO MKM) pacrpe/ielieHHne IIPUMECH XOPOIIIo OMHUckIBaeTcs (pyHKnuei ['aycca
(3.11). OgHako s CI0EB MaJIO¥ TOJIIMHBI TAKOTO COBIAJCHUS HEe HaOt0-
JIAETCsI U3-3a TOTO, YTO MOBEPXHOCTh HE MOXKET OBITh a0COIOTHO HETPOHU-
naeMoil mnsg mpuMmecHu. [IpakTHueckn HEMPOHHUIIAEMOCTh MOBEPXHOCTH
o0ecrieunBaeTCsl CO3IaHUEM Ha MOBEPXHOCTH KPEMHUS Cios okucia. OHa-
KO Ha TpaHUIle «KPEMHUH — OKHCEI» UMEET MECTO IepepacipeeieHne
npuMecei. DTo HEOOXOJUMO YYHTHIBATH NPHU ONPEIEICHUNA KOJHMYECTBa
BBOJIMMOM MPHUMECH.

1.3. ®opmupoBaHHe TPAH3UCTOPHOM CTPYKTYPBI

ITpu popmMupoBaHUN TPaH3UCTOPHOI CTPYKTYPHI MOKHO BBIICIUTH 4
OCHOBHBIX JTara.

1. 3aroHka KOJUIEKTOPHOU PUMECH.

2. Pa3roHka KOJUIEKTOpHO! IIPUMECH.

3. 3aronka 6a30Bo¥ pUMeECH.

4. Pasronka 6a30BOl MPUMECH 1 OJTHOBPEMEHHAsI 3aTOHKA SMHUTTEP-
HOM IIPUMECH.

Ha puc. 3.1 HarmaagHO MOKa3aHbI BCE ONEpaLny, IPOBOJUMBIEC IPH
CO37IaHNH OUTIONSIPHON TPAH3UCTOPHOUN CTPYKTYPHI.
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Puc. 3.1. OcHOBHBIE TEXHOJIOTHYECKHE STAITbl (JOPMUPOBAHUS HHTE-
TPAIBHOTO OMIIOJISIPHOTO TpaH3UCTOpa N-P-N-TUNA: @ — OKUCIICHHE, 6 — (o-
ToJUTOrpadus KOUIEKTOPHOT'O CJI0sI, 6 — 3arOHKa KOJUIEKTOPHOW IPHUMECH,
2 — OKHCIIEHHE, 0 — pa3rOHKa KOJUIEKTOPHOI IIPUMECH, e — TPaBJICHHUE, )¢ —

OKHCIIEHHE, 3 — (poTomuTorpadus 6a30BOro cios, 1 — 3aroHka 0a30BoMH
NPUMECH, K — OKUCIIEHNE, 1 — GoTomuTorpadus IMUTTEPHOTO CIIOS, M —
3aroHKa SMHTTEPHON MPUMECH U pa3roHka 0a30BOi mpumMecu
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2. [Topsiok BBIMOTHEHUS] PAadOTHI

Pabora mo MonenmupoBaHHIO TpoIiecca CO3MaHus OUTONAPHON TpaH-
3UCTOPHOH CTPYKTYPHI METONOM IU(PY3UH OCYIIECTBISACTCS C TOMOIIHIO
MIPOTPaMMEI, CO3JJAHHOW B cpelne OOBEKTHO-OPUEHTHPOBAHHOTO MPOTPaM-
mupoBanusg BorlandDelphi (puc. 3.2). Llens BermonaHeHUs pabOTH 3aKITF09a-
€Tcs B MOI0OPE ONTUMANILHBIX 3HAYCHHUN BPEMEH MPOBEICHUS TEXHOJIOTH-
YECKHX PEKHUMOB NUGGY3UH U1 MOTYYCHUS 3aJaHHOW TOJIIUHBI 0a3bl
(hopMHUpPyEeMOro TPaH3UCTOPA.

Bapuants! 3aganuii npezacraBnensl B Tabn. 3.2, rae T comexropa H
T pas.connexropa — TEMIIEPATYPHI 3aTOHKU M PA3TOHKU KOJUIEKTOPHOM MpHMECH
COOTBETCTBEHHO, T ga — TEMIIEpaTypa 3aroHKd 0a30BOW MpUMeECH,
Taar svurrepa — TEMIIEPATYPA 3aFOHKU SMHTTEPHOM MPUMECH.

Tab6muma 3.2
Tomm- doHoBas
NQ Ha 6331)1, KOHHeH- T3ar41<0m K Tpa&xom K T3ar. 68.31719 K Tzar.ammn K
MKM Tpars,
CM

1 1,16 10" 1073 1173 1293 1373
2 1,08 10%° 1100 1250 1200 1400
3 0,88 10" 1083 1390 1200 1400
4 1,38 10" 1309 1400 1290 1400
5 1,26 10%° 1280 1374 1216 1399
6 2,02 10Y 1384 1472 1327 1471
7 1,16 10" 1273 1433 1293 1473
8 1,40 10% 1000 1160 1020 1220
9 1,70 10" 1300 1400 1350 1450
10| 0,78 10" 1197 1392 1204 1373
11| 0,92 10%° 1092 1290 1210 1385
12| 1,88 10Y 1358 1400 1267 1428
13| 1,64 10" 1100 1200 1300 1400
14| 1,18 10%° 1173 1200 1273 1373
15| 1,16 10" 1083 1390 1200 1400
16| 1,78 10" 1273 1433 1293 1473
17| 144 10%° 1073 1173 1293 1373
18| 1,48 10Y 1309 1400 1290 1400
19| 0,80 10" 1280 1374 1216 1399
20 | 0,96 10™ 1197 1392 1204 1373
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thafin  SkcnopT

TexHONOrAYeCKHid 3Tan

3arOHKE KONNEKTOPHOR MpHMECH
PasroHica KoNNEK TOPHOA NpHMEck
C, cm-3 SaroHka fasoBod npHMeck
o © o~

ﬁﬁﬁﬁﬁﬁﬁﬁ 3aroHKa SMMTTEPHOM NPHMECH

MoAroTOBUTENBHBIE TEXHOJOMYECKME ONepaLm

l OKHENEHHE I

[ DOTOMHTOrPadHA KONNEKTORHOND COA ]

[ TpasneHHE ]

MapamMeTpbl NPpoBe AeHKWA Athdyanm

&
d, MEM

BpEMA 3aroHKH KoNNekTopa

J

Puc. 3.2. I'maBHBIN BUI TPOTPaMMBI IS BBITOJTHEHUS
BUPTYaJIbHOI'O 3KCIIEPUMEHTA

1. 3amycturenporpaMMy MOJAEIUPOBaHUS. B TosBHBIIEMCS OKHE
BBEAINTE IaHHBIE, COOTBETCTBYIOIINE BapHaHTy 3ajlaHus. POpMHUpYyeMBbIH
THUII TPAH3UCTOPA JUISL BCEX BAPHAHTOB — N-P-N.

2. Ilepen HavanoM (GopMUpPOBaHKS 00JIACTH KOJJIEKTOpa HEOOXOAH-
MO NPOBECTH MOATOTOBUTENBHBIE TEXHOJIOTHYECKUE omnepanuu. Haxmure
KHOTIKY «OKHCIIEHHE», U Ha TIOBEPXHOCTH MOJCITHUPYEMOH CTPYKTYPHI HOS-
BHTCS CXeMaTHIECKOe N300pa’keHNe OKCHIHOHN IIICHKH.

3. Ilpn nHaxkatnn KHONKH «OKHCIEHHE» CTAHOBHUTCS AaKTHBHOI
kHOmKa «PDoTonurorpadus KomIeKTOpHOTo cios». [Ipm HaxaTtuum Ha Hee
MIPOUCXOIUT YAAJCHHWE YaCTH OKCHIHOW IUIEHKH B MecTe (hOPMHUPOBAHUSA
KOJUIEKTOPA.

4. C nomomplo mnon3yHka Ha naHenu «llapamerpsl ImpoBeaeHUs
i dy3un» ycTaHOBHTE BpeMsl 3arOHKH KOJUIEKTOpHOW mpumecu. CiieBa
MOYKHO YBHZETh I'pa(MiK pacrpeesieHns] KOJJIEKTOPHOH NpUMecH B CTPYK-
Type C OTMEYEHHO ()OHOBOW KOHIEHTpALMEH ITPUMECH.

5. Haxxmute xHOnKy «Jlaneey» i mepexoia K cleIyloLIEMy ATamry
MOJENUPOBAHUS TPAH3UCTOPHOM CTPYKTYpBl — pa3rOHKE KOJUIEKTOPHOM
MIPUMECH.
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6. Ilepen sTamoM pasTOHKHA KOJUJIEKTOPHON HMpPHUMECH HEOOXOIMMO
CHOBA ITPOU3BECTH OKHCIICHHE C TOMOIIBIO COOTBETCTBYIOIIEH KHOIIKH.

7. C IOMOIIBIO TIOJI3yHKA YCTAHOBHUTE BPEMS Pa3TOHKH KOJIIEKTOP-
Hoi mpumecH. IIpu 3TOoM Tpaduk pacmpenencHus MEHAETCS, W IPHMECH
nepepacnpeznensiercs no crpykrype. Onpenenure riryOnHy 3ajeraHust KO-
JISKTOPHOTO Nepexoia ¢ TOMOIIbIO BEPTUKAIBHOM IIKAJIbI.

8. Jlanee ocyecTBiIseTCs 3aroHKa MpUMeCH J1sl 6a3bl TpaH3UCTOPA.
OOpature BHMMaHuWe, 4To KHONKU «OxuciaeHue» u «Poroiurorpadus»
CTaHOBATCS HEJOCTYIHBIMH, TaK Kak Iepes MPOBEICHUEM IOATOTOBUTEb-
HBIX ONepaluii Ha JaHHOM JTalle HeoOXOIUMO YHaJeHHE CJIOs OKHCIA CO
Bceil moBepxHocTH 00pasia. Haxmure kHonKy «TpaBieHue».

9. Nanee HaxMuTe KHONKY «OKHCIIEHHE» 711 HAHECEHUS! OKCUIHOM
IUICHKH 1 KHONKY «®PoTtonuTorpadus 6a30Boro cios» Uil CO3JaHUS OKHA
ot 6azoByto auddysuto.

10. YcranoBuTe BpeMs I IIPOBEICHUS OTICPAINN 3aTOHKH 0a30BOH
npumecu. Ha rpaduke mosBisieTcst KpuBasi, COOTBETCTBYIOIIAs pacIpese-
JIeHn1o 0a30BOW PUMECH.

11. C momomkto KHOTIKH «Jlanee» mepeiaure K mocieHeMy dTamy
(hopMHPOBaHUsI TPAH3UCTOPHOM CTPYKTYpPBI — pa3roHke 0a30BOil IpuMecHu u
OJIHOBPEMEHHOM 3arOHKE IPUMECH 3MUTTEPA.

12. JIng TOJHOTO YyHAJEeHUS OKCHAHOM IUIEHKH HAXMHUTE KHOIKY
«Tpaeneruey. Ilocie 3TOro nmpoBeauTe TEXHOIOTHIECKHUE ONEPALUU OKHC-
nerns U potonurorpaduu st GOPMUPOBAHUS OKHA TIOH AIMHUTTEPHYIO 00-
JIacTh U 00JIaCTH NOAJIETUPOBAHMS K KOJUIEKTOPHOMY CJIOIO.

13. YcraHoBuTe BpeMsi 3aroHKM AMUTTEpHOU npumecH. [lomydurte
UTOTOBYIO TPAH3UCTOPHYIO CTPYKTYPY.

14. Tlepeiinute K OKHY pe3ydbTaTOB MOAEIHPOBAHUS C TOMOIIBIO
kHONKH «Jlanee». B HeM oTpakaroTcsl HCXOJHbIE JaHHBIE, PE3yIbTAThI IIPO-
BEJICHHOTO HKCIEPHMEHTa, a Takxke rpaduk 3(h(HeKTUBHONH KOHIEHTPALINH
IIPUMECH B CTPYKTYpE.

15. Y6enurech B TOM, YTO TMOJYyYEHHOE 3HAYCHHE TOJIIUHBI Oa3bl
COOTBETCTBYET 33aJaHHOMY BapHaHTy. B ciydae HEBBIIOJHEHHS JTaHHOTO
TpeOoBaHUS HAXXMHUTE Ha KHOTKY «Ha3zam» u, HOBTOPUB BBIIONIHEHHE M. 4
— 14, noGeiiTech HY)KHOTO pe3yNbTaTa.

16. CoxpaHuTe MMOJIy4YEHHbIE PE3yIbTaThl pabOTHI.

17. 3aHecute B OTYET MCXOAHBIE JAaHHBIE, MOJEIUPYEMYIO TPAH3H-
CTOPHYIO CTPYKTYpY, I'paduk pacnpeneneHus 3pPeKTUBHON KOHIEHTPALUH
NPUMECH U Pe3yJIbTaThl BUPTYAJIBHOIO dKCIepuMenTa (puc. 3.3).
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7" PezyabTatl Moge THPOBaHMA E@@

3drhekTMBHAA KOHLEHTPALUWA NPUMECK B CTPYKTYpe MCXOAHbIE AaHHbIE
THN TRaHZHMCTOPA: n-p-n
1E+22

DOHOESA KOHLEHTPaUKHS: 1E+15 -3

TeMNepaTypa 3aroHKH KONNEKTORa ! 1120k
1E+21

\ TeMNepaTypa PasMoHKA KONNEKTORA! 1420k

1E+20 TEMNEpaTypa aroHkH Basbl: 1270K

\ TEMNEPaTYPa 3aroHKH IMMTTEDS! 1370K

1E+19
MapameTpbi MOAEAWPOBaHUA

Bpemst 3aroHicH KonnekTopa: 19 man
C, cM-31E+18 r\

EpSMs pasmOHkn KonekTopa; 126 mant

Bpsms 3aroniw faser: 20

BT
V Bpsms 3aroMiH ST TERA: 0
1E+16

MapaMeTpbl CTPYKTYpbI

I nyBkHa SaNeraHHa KOnMeKTOpHOrD 1,72 mEm

F nepexoaa;
I ny0MHE ZaneraHmA 3MMTTEPHORD 1,06 mEm

NEPEROAS:

o5 A 15 2 25 3 35 4 45 5 TonuuHaBasel 0,66 MEM
X, MK

1E+15

1E+14
o

Puc. 3.3. PesynbraT paboThl IporpaMMBl

3. KonTpobsHbIe BOIPOCHI
1. Yro Takoe mudy3usa? Kakne emé mporecchl JIernpoBaHys BbI 3HacTe?
2. HazoBuTe OCHOBHBIE XapaKTEPUCTHKH AN(PHY3NOHHBIX CIOEB.
3. Kak Marematuuecku onucheiBaeTcs npouecc 1updysuun?
4. Onmiute Mexanu3Mbl quddy3un npuMecei.
5. YUro takoe koddpdunueHt auddy3uu NpuUMecH M dHEPrHs aKTUBALUH
nporiecca auddy3un? OT Y4ero 3aBUCAT ITH MapaMeTpPhI?
6. Onmre poriece auddy3un U3 6ECKOHEYHOTO MCTOYHMKA mpumecH. [lo-
cTpoiiTe rpadvKy pactpeieNieH st IIPUMECH M0 TITyOHHE JUIs 3TOTO CITydasl.
7. Pacckaxure o muddy3nn U3 orpaHUuUEHHOT0 HCTOYHUKA ITPUMECH.
8. Kakoa nociie1oBatesisHOCTh (POPMHUPOBAHUS TPAH3UCTOPHON CTPYKTYPHI
MetooM auddy3nuun?

COJEP)KAHUE
JlaGopaTopnas padora Nel
W3ydenue mporecca TePMUIECKOTO OKACTEHUS KPEMHHS. .......eenvenveeneenuennnens 1
JladopaTopHasi padéora Ne2
JlokambHAS MOHHAS UMIDTAHTAIIHS. ......eenvenreeneesrreesnennenseesresnessnesnnesnesnssnenneas 16

JladopaTopHasi padora Ne3
MonenupoBaHe TEXHOJIOTHIECKHX PEXXUMOB Tporiecca 1uddy3nu
npu GopMHUPOBAHUN OUITOJIIPHON TPAH3UCTOPHOM CTPYKTYPHIL.....ceenvennenn. 23
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MHWHHUCTEPCTBO OBPA3OBAHUSA U HAYKA POCCHUICKOW ®EJIEPAIIAN

PS3AHCKH TOCYJAPCTBEHHBIN PATAOTEXHAYECKHAA YHUBEPCUTET

HHOAI'OTOBKA CTYAEHTOB
K TEKYIIEMY U ITPOMEXYTOYHOMY
KOHTPOJIIO OCBOEHHWS KOMIIETEHIIUIA

MeTtoauueckue YKa3aHusd

Psaszans 2016



YK 621.3

IToaroroBka CTyIEHTOB K TEKYIIEMY H HPOMEXYTOYHOMY KOHTPOIIO
OCBOCHHUSI KOMIIETCHIHMII: MeTogmdeckne  ykasaHus, / Pssan. roc.
pamnotexH. yH-T cocT.: T.A. Xonomuna, E.H.EBnoxnmosa. Ps3ans, 2016.
16 c.

[TpuBeneHbl PEKOMEHOAINH, ONPEACNAIOIINE  IIPOUEAYPHI
OLICHWBAHMsl 3HAHWH, YMEHWH, HAaBBHIKOB M (WJIM) OMNBITA JAEATEIBHOCTH,
XapaKkTepu3yonme dTanbsl  (OpMUPOBaHMS KOMIIETEHIMH CTYAEHTOB,
oOydJaromuxcsi 1O MporpaMmaM OakajlaBpuara W MarucTparypsl IO
HanpaBneHussM mnoarotoBku 11.03.04 u 11.04.04 «OnekTpoHUKa u
HaHo3NeKTpoHuKay, OOIT «HaHOTEXHOJIOr U B DIICKTPOHHUKEY.

OTMe4eHBl OCOOEHHOCTM TEKYLIEr0 M IPOMEXYTOYHOTO
KOHTPOJISI OCBOCHHUS KOMIIETCHIMH 00yJaloMUMHUCS TI0 CaMOCTOSTEIbHON
pabote u 51a0OpaTOpHBIM TNPAKTUKyMaM MpPU H3YUCHHUH CIEIHAIbHBIX
JVCLUILINH, a TAKXKe TIPH MPOX0XKICHNH ITPOU3BOJACTBEHHOHN MPAKTHKH.

ITpenna3Ha4yeHbI Ul ayAUTOPHOH M CaMOCTOATENLHOM
paboTEI.

Tabn.2. bubnmorp.: 4 Ha3B.

Komnemenyuu, mekywuii KoHmpons, npomencymoyHbuiil
KOHMPOJb, MEMOOUYecKue pekoMeHOayuu, Kpumepuu oyenKu

[Tewataercs o PEHICHUIO PEAAKITUOHHO-U3AATCIILCKOI'0 COBETA
Ps3ancKoTO rocyJapCTBEHHOI'0 paAUOTCXHUYCCKOTO YHUBCPCUTCTA.

Peuenzent:  PernoHanmpHBIH  LEHTP  30HIOBOM  MHKPOCKOIHHU
(KOJICKTHBHOTO TOJIb30BaHMs) TPH Kaeape MHKPO- W HAHOJJICKTPOHHKH
Ps3aHCKOTO TOCYHapCTBEHHOTO paJMOTEXHHYECKOTO YHHBEPCUTETA (IUPEKTOP
uentpa H.B.BumHsakoB)

IToaroToBka CTyI€HTOB K TEKYILLEMY U IPOMEXKYTOUHOMY
KOHTPOJIIO OCBOEHHMSI KOMIIETEHIIUN

CocraBuTenu: X onoMuHa TaresiHa AHIpeeBHA
E B 11okxuwMmo B aEnena Hukomaesna
Penaxtop P.K. Manryrosa. Koppextop H.A.Opnosa

[Moamucano B nedars 01.08.16. ®opmar Gymaru 60x84 1/16.
Bymara mucuas. [Teyats Tpadapernas. Ycu meu. i1.1,0.
Tupax 30 3x3. 3aka3

Psi3aHckuil rocy1apcTBEHHbIN paJOTEXHUYECKUI YHUBEPCUTET.
390005, Ps3ans, yu. ['arapuna, 59/1.



@®opMBI TEKYIIEro KOHTPOJIS yCHEeBAEMOCTH
Tekymuit KOHTPOJIb YCIIEBAEMOCTH CTYAEHTOB MPOBOJUTCS C LSO
OIIpEeNIeNICHNs] CTEIICHH YCBOCHHS y4eOHOro MarepHana, CBOEBPEMEHHOTO
BBIBJICHUS U yCTpaHEHHs HEZOCTATKOB B MOATOTOBKE O0YYArOIIUXCS
U TPHHATHS HEOOXOAMMBIX Mep IO COBEPIICHCTBOBAHHIO METOIMKH
Nperno/iaBaHusl Y4eOHOH IUCIUIUINHBI, OpraHu3aluy paboThl 00Yy4aIOIUXCs
B X0Ji¢ y4eOHBIX 3aHATHH U OKa3aHUS UM HHAMBUAYaJIbHONW IOMOIIIH.

K KkOHTponrO Tekyledl ycreBaeMOCTH OTHOCSTCS NPOBEpKa 3HAHUIM,
YMEHMH W HaBBIKOB OOy4aroNMXCS: Ha 3aHATHAX, IO pe3yjibTaram
BBIMOJIHCHHS ~ OOYYAIONUMUCS HHIUBUIYAIbHBIX  3aJaHdN, MPOBEPKU
Ka4yCCTBa KOHCIICKTOB J'IeKI_[I/II‘/’I 1 UHBIX MaTCpUaIoB.

Texkynuii KOHTPONb MO yYEeOHBIM AWUCLHUIUIMHAM MPOBOIHUTCS B BHUIEC
KOHTPOJIBHBIX PAcyeTHBIX 3aJaHHi, TECTOBBIX ONPOCOB IO OTACIBHBIM
TeMaM, TPOBEPKH 3aJlaHWi, BBINONHAEMBIX CAMOCTOSATENIBHO M Ha
7Ta0OpaTOPHBIX 3aHATHAX, @ TaKXKe HDKCIPEcC — ONPOCOB M 3aJaHHH IO
JIEKIIMOHHBIM MaTepHajaM U 1a0opaTopHEIM paboTaM. Pe3ynbTaThl penieHus
3aga4y M OTBETHl Ha BONPOCHI TECTOBBIX 3aaHHH KOHTPOIUPYIOTCS
IIPETo/IaBaTeNIeM.

Huxe B kauecTBe MIPUMEPOB MPUBCIACHBI METOANYCCKUE PEKOMCHOAIIUN
10 (POPMHUPOBAHHIO OTUETOB 110 CAMOCTOSTENLHOI 1 TabopaTopHOii paboTam.

Memoouueckue mpeboGaHUA K CMPYKMype aHATUMUYECKO20
omuema

no camocmoamenvhoi paoome:

1) TUTYJIBHBIN JIUCT;

2) yacTh | — «AHanuTHUYecKas 4acTb» - aHaJIW3 pasjerna
WHJIMBHIYaJIbHOTO 33JaHHUs MO AMCIHUIUINHE, (OPMYINPOBKA AKTYaJIbHOCTH
TEMBbI, LIEJIN ¥ 33/1a4 pa3pabOTKM WIM HCCIEJOBAaHHUS OOBEKTAa M IpenMeTra
pa3pabOTKM MM HCCIEIOBaHHSA, OLEHKA COBPEMEHHOIO COCTOSIHUS
H3y4aeMoi mpoOIIeMBl;

3) gacte II - « OcCHOBHasg 4YacTh» - pPe3yIbTATHI
BBINTOJIHEHUST OCHOBHOW YacTW pa3/iela WHANBHIYaJbHOTO 3aJaHUS IO
quciuruiiae  (0030p HAyYHO-METOJIUYECKUX MH(OPMAITMOHHBIX
HUCTOYHHUKOB - COBPEMEHHBIX HAyJYHBIX CTaTell W MoOHOrpaduii mo Teme,

BBISIBJICHHUE BOIIPOCOB, Tp€6yIOIHI/IX yl"J'Iy6J'ICHHOFO N3Yy4YCHUS; (bOpMPIpOBaHI/IC
1 000CHOBaHHE COOCTBEHHOM TOUYKHU 3pCHMs Ha pacCMaTpuUBacMbIC HpO6J’ICMLI
U BO3MOXHBIC MYTU HX Ppa3pelICHUs; H€06X0,HI/IMI)IC pac4eThl,
MOJCIUPOBAHUEC u Apyrue 3aJlaHus, npeayCMOTPCHHBIC TeMOU
CaMOCTOSITeIILHOM pa6OTBI. MaTepnaJl HC JOJDKEH HMCTh  TOJBKO
KOMITHJIATUBHBIN XapakTep, HO 06HaﬂaTb HOBI/I3HOI71, HpaKTH‘IGCKOﬁ
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3HAYMMOCTBIO, OTpa)kaTh TOUKY 3PCHHS aBTOpa Ha W3ydaeMble MPOOIEMBI U
Pe3yIbTaTH IPOIETaHHON paOOTHI

4) gacth 11l —«Bakimouenne» — 3aKIIFOYEHHE U BBIBOILI T10
pe3yabpTaTaM BHITIOTHEHHON paboTHI;

5) CHHCOK HCIIONB30BAHHBIX HAYYHBIX W HAYYHO-METOIMYECKIX
HCTOYHHKOB;

6) mnpunoxeHus (mpu He0OXOIUMOCTH).

Memoouueckue mpedosanus K opopmenuio
OMYent06 no 1a6opamopHsLM padomam
Oryer 1o J1abopaTopHO# paboTe OIDKEH COEPIKATh CIIEIYIOIIHE MIEMEHTBL:
— HOMe], Ha3BaHUE U I1eJTh PabOThI;

— YepTex (PyHKIMOHAFHON CXeMBI YCTAHOBKH, BBIMOJHCHHBIN KapaH/IAIIoM 10
JWMHEHKe MO0 TPH TOMOIIM COOTBETCTBYFOIICH KOMITHIOTCPHON HpOrpaMMBI, C
coomonennem Tpedosarrii ECK/I;

— OCHOBHFIC pacyeTHBIC COOTHOIIICHIIS,

—  TaOMMIBI Pe3yNBTATOB SKCIICPHMEHTOB, BBINOJIHEHHBIC KApaHIAIIOM IO
JIMHENKE;

— rparKK SKCIEPHMEHTABHBIX 3aBUCHMOCTEH, TIOJTyYeHHBIX NP BBINOJTHEHUH
TlabopaTtopHO paboThT,

— BBIBOJIBI, COZIEprKaIIIle aHAIM3 SKCIIEPHMEHTATIbHBIX 3aBUCUMOCTEH, CPaBHEHHE
PEe3yJIBTaTOB, OTYYEHHBIX B paboTe, C JaHHBIMU CIIPABOYHON JINTEPATYpPhL.

[pu BbIMOMHEHNN JTAOOPATOPHOKM PAbOTHI KAKIAOMY CTYIEHTY HEOOXOIMMO
HMETH TIONHOCTHIO OOPMIICHHBIN OTYET TI0 PaHee BHIIONHCHHOH paboTe U OTYeT 1o
BBIIONIHAEMOI ~ paboTe, CoAepKallMid BCE TICPEUYHCIICHHBIC OJIeMEHTHI (32
UCKJTFOUYCHHUEM SKCIICPUMEHTAIBHBIX JAHHBIX B TaOJHUIlE, rpa(UKOB, BEIBOMIOB).
Ipr HecoOMOICHNN YKa3aHHBIX TPEOOBAHMH CTYIEHT K JlabopaTopHOH pabote He
JIOITYCKAETCSL.

®dopmupoBaHEe y O00YydJarOmmMXcsi BO BpeMs OOydeHWs B ceMecTpe
MPETYCMOTPEHHBIX CTaHIAPTOM KOMIIETEHIMI Ha 3Tamnax JabopaTopHBIX 3aHSTHIA
(mocre Kakmoi J1abopaTtopHOW pabOThl) M CAMOCTOSITENIBHOW paboThl  (Ha
KOHCYJIBTAISIX) OLICHWBACTCS 10 KPUTEPISIM IIKATBI OIEHOK - (GadTeHO» — «HE
3a4TCHOY.

OreHkH "3a4TeHO" 3aciTy’KUBaeT 00ydJalOMIMNCs, 00OHAPYKUBIIUIT
3HaHWsSI OCHOBHOTO y4eOHOro Marepwaja B 00beMe, HEeOOXOIUMOM IS
JanbHemed yueObl M mpencrosimield paboTel 1Mo mpodeccuu, 3HAKOMBIA ¢
OCHOBHOH JTUTEPaTypOil, PEKOMEHJOBAHHON MPOTrPaMMOii, CIIPaBJISIOLUIUNACS C
BBINIOJIHEHHEM rpadyiKka M COJAEpXaHUsS 3aJaHuil, NpPeTyCMOTPEHHBIX
y4eOHBIM IIJTaHOM.

Ouenka He  3auTeHO"  BBICTABISCTCS  OOydaromemycs,
OOHapyXUBIIEMY IpoOesbl B 3HAHMAX OCHOBHOTO Y4eOHOro Marepualia,

n
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JOIYCTUBIIEMY TPHWHIMIINAIBHBIE OINMOKNM B BBIIOJHCHWH 33aHUH,
MPETyCMOTPEHHBIX YUCOHBIM IIAHOM.

DopMBbI NPOMEKYTOYHOT0 KOHTPOJISA

@®opMoOii TTPOMEKYTOUHOTO KOHTPOJS IO JUCLUILUIMHE SIBISIETCS
3a4eT WM 9k3aMeH. K aTamy MpoMeXyTOYHOTO KOHTPOJIS JIOIYCKAroTCs
oOygaromuecs,, TOJTHOCTBIO BBITOJHHUBINNE BCE BHABI Yy4eOHOI pabOTHI,
NpPEeIyCMOTPEHHBIE YYeOHBIM IUIAHOM M INIPOTPaMMOM  TUCIHIUIMHBL
dopmamu mpoBeneHMs 3adeTa WM OK3aMEHa MOTYT OBITH  TECTBI,
NHCbMCHHBII WM YCTHBIH OTBET IO YTBEP)KACHHBIM 3K3aMEHALMOHHBIM
OwreraMm, CcHOPMYJNUPOBaHHBIM C  YYETOM  COAEpXaHHsA  y4deOHOU
JTUCLIUIIINHEI.

KpuTepuu oneHkn KoMIeTeHIHIl 00y4alOIUXCS
W IIKAJIbI OlleHNBAHUS

OueHka cteneHy (HOpMHUPOBAHUSI KOMIIETEHIIMH, ChOpMyITHPOBaHHBIX
B (hesiepanbHBIX TOCYAapPCTBEHHBIX 00pa30BaTeIbHBIX CTaHAApTaxX BBICILIETO
o0pa3oBaHMs 10 HamNpaBIE€HUIO NOATOTOBKM OakanaBpoB (11.03.04) u
maructpoB  (11.04.04) «ONEKTPOHMKA M HAHORJIEKTPOHHKAY,
KOHTPOJIMPYEMbIX Ha pa3NUyYHBIX J3Tamax WX (OPMHUPOBaHUSA Y
o0ydJaromuxcsi, TMPOBOAMTCS  IpENojaBaTeIeM BO  BpeMs  JICKIWH,
KOHCYJIbTAIl{ ¥ Ta00OPAaTOPHBIX 3aHATHH IO IIKAJIE OIEHOK «3a4TEHO» — «HE
3auyreHO». OCBOEHHE MaTepHayla AWUCHHIUIMHBI M JOCTATOYHO BBICOKAs
cTeneHb (OPMUPOBAHHUS KOHTPOJMPYEMBIX KOMIETEHIMI o00ydaromerocs
(3 dexTuBHOE U CBOCBPEMEHHOE BBITIOJHEHHE BCEX BHUIOB YU€OHOH pabOTHI,
MPEIYCMOTPEHHBIX Y4eOHBIM IUIAHOM M y4eOHOIl IporpaMMoii) ciyXaT
OCHOBaHMEM Il Jomycka oOyd4aromierocss K JTaly I[POMEXYyTOYHOMH
aTTeCTAIlMU — 3a4eTy WM IK3aMEHY.

Ienpto mpoBemeHUS  MPOMEXKYTOYHOM aTTecTalmuu (3a4era MIN
9K3aMeHa) SBJISIETCS MPOBEpKa OOMIEKYIbTYPHBIX, 00IIENPOhecCHOHATBHBIX
U T1podecCHOHANBHBIX KOMIIETEHIMH, NPHOOPETEHHBIX CTYJICHTOM MpH
M3y4eHUH KOHKPETHOW IUCLUILIMHBL. YPOBEHb TEOPETHUECKON ITOATOTOBKH
CTy/lEHTa  ONIpEAeNseTcs COCTaBOM W CTENEeHbI0  (OPMHUPOBAHUS
NPUOOPETEHHBIX KOMIIETEHINH, YCBOCHHBIX TEOPETHUECKMX 3HAaHUH U
METOJIOB, & TaK)Ke YMEHHEM OCO3HAaHHO M 3((QEKTHBHO NMPHUMEHATh UX NpPHU
pELICHNH TPAKTUYECKHUX 3a]a4

OK3aMEH OpPTraHM3yeTCs W OCYIIECTBISAETCA, KaK MpaBmiio, B (opme
cobecenoBanus. CpelcTBOM, OMPEACISIONIAM CojiepkaHue cobeceqoBaHus
CTYJIEHTa C 3K3aMEHATOpOM, SIBIISIETCSl YTBEP)KIACHHBIM 3K3aMEHAI[MOHHBII
Omyer, cojnep)aHWe KOTOPOTO OIpenenseTcs OCHOBHOW 00pa3oBaTeNbHON
nporpammoit  (OOII) «HaHOTEXHONOTHH B DJJIEKTPOHHMKE» M paboueit
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MPOTPaMMOI AUCIMITUIMHEL. DK3aMEHAIIMOHHBIA OMIIET BKITIOYAET B ce0sI, KaK
NpaBWJIO, TPH BOMPOCA, M3 KOTOPBIX I[BA OTHOCSTCS K TEOPETHYECKUM
paszmenaM JAWMCOMIUIMHBI W OJUH — IPAaKTHYECKOMY MPUMEHEHHIO
TEOPETHYECKNX 3HAHUH K PEIICHHIO 3a/1a4.

Ot1eHKe Ha 3aKIIIOYNTEIHHON CTaANHU SK3aMEHA ITOIBEPTAIOTCS YCTHBIC
OTBETHI 3K3aMEHYIOIETOCS Ha BOIPOCH! IK3aMEHAIIMOHHOTO OMIeTa, a TakxKe
JIOTIOJTHUTEIbHBIE BOIIPOCHI 9K3aMEHATOPA.

IIpuMeHsIOTCS Ccrlemyrolue KPUTEPUM OLCHMBAHUS KOMIETEHIIHH
(pe3ynbTatoB):

-YpOBEHb YCBOEHHsI MaTepHaa, IpeJyCMOTPEHHOTO IPOrpaMMOii;

-yMEHHE aHAJU3UpOBATh MaTepHal, YCTAaHABIMBaTh NPHUUYUHHO-
CIIEZICTBEHHBIC CBS3H;

- IOJTHOTA, aPTYMEHTHPOBAHHOCTH, yOESKAEHHOCTH OTBETOB Ha BOIIPOCHI;

-Ka4ecTBO oTBeTa (00IIas KOMITO3MIHS, JIOTHYHOCTH, yOEKZEHHOCTS,
00IIIast APy IUTIHA);

-MCIONB30BaHUE JOTIOJIHUTENBHON JIUTEpaTyphl MpPU TOATOTOBKE K

3TaIly IPOMEXYTOYHOH aTTECTAINH.

IIpumensieTcs deTslpexOanbHAs IIKaja ONCHOK: "OTIMYHO",
"xoporo", "yIOBIETBOPUTENHHO", "HEeyI0BIETBOPUTENIHLHO", YTO
COOTBETCTBYET IlKajie "KOMIIETEHIIMH CTYJCHTa MOJHOCTHIO COOTBETCTBYIOT
TpeboBanussMm PI'OC BO", "koMmeTeHIMH CTyIEHTa  COOTBETCTBYIOT
TpeboBanusMm OI'OC BO", " KkoMmMmeTeHUMH CTYICHTa B OCHOBHOM
cooTBeTcTBYIOT TpeboBanusMm ®I'OC BO ", " xoMmmeTeHIIMH CTyAeHTa He
cooTBeTCTBYIOT TpeboBanmsmM GI'OC BO".

K omenke ypoBHS 3HaHMH M TNpPAaKTHYECKUX YMEHHH W HaBBIKOB
MPEABBISIOTCS CIEeAyIOMue oomye TpeboBaHusI.

«OTau4HO»:

riryOOKHe ¥ TBEp/ble 3HAHMS MPOTPAaMMHOIO Marepualia IporpaMMBI
JUCLUIUIMHBI, TIOHUMaHHWE CYIIHOCTH W B3aWMOCBS3M pPaccMaTpHBaEMbIX
SIBIIEHUH (TIPOIIECCOB);

MIOJIHbIE, YETKHE, JIOTHYECKH MOCIe0BaTeIbHbIE, IPABUIIBHBIE OTBETHI
Ha ITOCTaBJICHHBIE BOTIPOCHI; YMEHHUE BBIICIATH TTIABHOE W JAETaTh BEIBOBI.

«Xopowio»:

JIOCTAaTOYHO MOJHBIE W TBEPABIE 3HAHUS MPOrPAMMHOTO MaTepHaia
TUCHUIUIMHBI, TPaBWIbHOE IIOHMMAaHHE CYIIHOCTH ¥  B3aHMMOCBS3U
paccMaTpruBaeMBbIX SIBJIEHHH (TTPOIIECCOB);

MOCJIeI0BaTENIbHBIE, MPAaBUIbHBIE, KOHKPETHBIE, 0€3 CyIECTBEHHBIX
HETOYHOCTEH OTBETHl HA ITOCTABJICHHBIC BOIPOCH], CBOOOIHOE YCTpaHEHHE
3aMeyaHuil O HEJOCTaTOYHO IIOJHOM OCBEIICHHH OT/ENIBHBIX IOJ0KEHUN
MpPU IOCTAHOBKE JOMOJIHUTEIBHBIX BOIIPOCOB.

«yIlOB.]IeTBOpHTeJ]bHO»Z
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3HaHHUE OCHOBHOTO MPOrPaMMHOIO  MaTepHana JUCLHUIUIMHBI,
MOHUMAaHWE CYIIHOCTH W B3aMMOCBSI3M OCHOBHBIX PacCMaTpPHUBACMBIX
SIBIICHHUH (TIPOIIECCOB):

MOHNMAaHHE CYITHOCTH OOCYXXTaeMBIX BOIIPOCOB, TPaBHIBHBIE, 0€3
rpyOBIX OMmHMOOK OTBETHl HA IOCTABIICHHBIE BOIPOCH], HECYIIECTBCHHBIC
OmMOKHA B OTBETAX Ha JIOTIONHUTEIHHBIE BOMIPOCHI.

«HeynoBJ1eTBOPUTETHHO»:

OTCYTCTBUE 3HAHHMH 3HAYMTENILHOM 4acTH NPOrpaMMHOTO MaTepuana
JUCUUIUIMHBI; HENpPaBWIBHBIA OTBET XOTs OBl Ha OJMH M3 BOIPOCOB,
CYIIECTBCHHBIC U pr6ble OIIMOKY B OTBETaX Ha JONOJIHUTCIbHBIC BOIIPOCHI,
HCAONMOHMMAHUEC CYHIHOCTHU H3JIara€MbIX BOIPOCOB, HCYMCHHC IMPUMCHIATH
TEOpETHYCCKHUE 3HAHUS IPH PEIICHUH NPAKTUIECKUX 3aaad, OTCYTCTBHE
HaBBIKOB B OOOCHOBaHHWH BBIABHUTACMBIX NPEIIOKCHHA M MPUHAMAEMBIX
pELICHUH.

I[Ipu Tpex Bompocax B Owmiere oOmas OIEHKA BBICTABIACTCA
CIIEIYIOIINM 00pa30M: «OTIHMIHOY, €CITN BCE OIIEHKH «OTIMYHOY HIIU OJTHA W3
HUX  «XOpOIIO»;  «XOpOIIO», €cIM He Oolee  ONHOM  OLCHKH
«yIIOBJICTBOPHUTEIILHO»; «YAOBICTBOPUTEIBHO», €CJIU ABE U OOJiee OLCHOK
«yIIOBJICTBOPHUTEIILHO»; «HEYAOBIIETBOPUTEIBHO», €CIM OJIHA OIlleHKa
«HCYIOBJIETBOPUTEIILHOY», 4@ OCTAJIbHBIC HE BBIIIC YEM «YIOBJIIETBOPUTECIHLHOY
WA ABE€ OLCHKHN «HCYIOBJICTBOPUTCIBHO.

IIpakTukn
OCHOBHOW MENbI0  Y4eOHOH, MPOWU3BOACTBEHHOHN , MPENIUITIOMHON

NPaKTHK sBISETCS (OPMUPOBAHUE Y CTYAEHTOB OOIIECKYIBTYPHBIX,
JUYHOCTHBIX M TPO(ECCHOHANBHBIX KOMIIETEHINH, HalpaBiIeHHBIX Ha
3aKpeluleHHe W yIUIyOJICHHE TEOpETHYECKOH MOATOTOBKH, OBIIA/ICHHE
YMEHMSIMH U HAaBBIKAMH  CaMOCTOSATENBHOM  IOCTaHOBKM  3ajad,
CTPYKTYPHPOBAHHUS U aHAJM3a MOJYYCHHBIX PE3YJIbTaTOB, (OPMYIHPOBKH
BBIBOJIOB, IPHOOPETEHNE M Pa3BUTHE HABBIKOB MIPOBEICHUS MHXCHEPHOH M
HAyYHO-HMCCIIEJIOBATEILCKOM  paboOTBl, MOATOTOBKY K  BBIIIOJHEHHUIO
BBIITYCKHON KBaIH(UKAITHOHHON paboTsl. POpMBI IPOBEICHHUS YKa3aHHBIX
BUIOB IIPAKTHKH - TaOOpaTOpHAas W/MIH 3aBOJICKAs.

B 3agauu, Hanpumep NpOU3BOICTBEHHOM TPAKTUKU CTYJEHTOB BXOIST
CleyIouye:

-M3yYeHHE COBPEMEHHOHN 3JIEMEHTHOH 0a3bl AJICKTPOHHON TEXHUKHU

U TUIIOBBIX TEXHOJIOIMYECKUX IIPOLECCOB;
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- M3YyYCHHE U aHaJM3 BO3MOXXHOCTEH pelIeHus 3a]a4, BO3HUKAIOIINX
B XOZ€ MPOU3BOJCTBCHHOM NEATEIHHOCTH, U TPEOYIOMHUX YTIyOICHHBIX
3HAHWM;

- aHAJIN3 HAYYHOW M MPaKTHYECKONW 3HAYNMOCTH IIPOBOIUMBIX pabdoT;

- ¢opMHpOBaHHEC HABBEIKOB 0000MCHHSA W 0OpabOTKH IOITydeHHBIX
Pe3yIbTaTOB, aHATN3a U OCMBICIICHHS UX C YUETOM JINTEPATYPHBIX TaHHBIX;

- U3MEpeHusi M OKCIEPUMEHTAJIbHbIE HCCIEIO0BaHUS OOBEKTOB

JNIEKTPOHUKH;

- ydacTue B NPOBEICHUU MOJIENBHBIX U HATYPHBIX SKCIEPHUMEHTOB MO
ONTUMH3AIMU CTPYKTYphl M KOHCTPYKLIHMH MCCIEIYEeMBIX HPUOOPOB U
yCTpOﬁCTB, OIICHKa HMX KadyeCTBa M HAJACKHOCTH Ha CTaaudx IIpo-
EKTUPOBAHUS M IKCILTyaTaIliH;

- TOATOTOBKA pE3yNBTATOB HCCICIOBAHUN Il OITyOJIMKOBAaHUS B
HAYYHOH IeJaTH, a TakKe COCTaBJICHHE 0030poB, pedepaToB, OTUCTOB H
JTOKITIA/IOB;

- TIPIMEHCHHE METOIOB M CPEACTB KOMIIBIOTEPHOTO MOIEIHPOBAHUS
(u3MYeCKUX TPOLECCOB M SBIEHMA B Marepuanax, npubopax H
YCTPOMCTBAX AMEKTPOHUKH U HAHODJIEKTPOHHUKH;

- oTpaboTKa HaBBIKOB cOOpa, 0OpabOTKHM, aHaIU3a U CUCTEMAaTU3AINH
Hay4HO- TEeXHAYECKOU I/IH(I)OpMaHI/II/I 0 TEME€ UHAUBUAYAJIBHOI'O 3aJIaHUS;

— oTpaboTKa HaBBIKOB (QOPMYJIHMPOBAHHS W pELICHHS 3a/ad,
BO3HHUKAIOIIUX B MPOIIECCE BBHITIOTHEHUS! WHAMBHIYAITBHOTO 33 JaHHS;

- BBINIOJHEHHEC WHIMBHUIYaJbHOTO 3aJaHUS IO TPOU3BOICTBEHHON
MPaKTHKE;
- MPOBEACHUE aHAIN3a JOCTOBEPHOCTH IOTYUYSHHBIX PE3YIIbTATOB.

COJIEP’)KAHUE IMTPOU3BOJICTBEHHOM NNPAKTUKH

[Ipou3BoacTBEHHass TpakTHKa TIPOBOJMTCS B paMkax oOrmei
KOHLIETTIUHN MOJrOTOBKH, Ipejrnonararoein ¢dopMupoBanue
npodeccHOHANBHBIX ¥ KOMMYHHKAaTHBHBIX YMEHUH, CBSI3aHHBIX C Hay4HO-
HCCIIEI0BATENIbCKON paboroii, IIPOEKTHO-TEXHOJIOTUYECKOI
IIPOU3BOJCTBEHHON JESATEIBHOCTBIO.

Tematuka  MeponpUATUH, NIPOBOAMMBIX B paMKax
IIPOU3BOJCTBEHHON NPAKTUKH, CBSI3aHA C MU3yYEHUEM OCHOBHBIX METOJIOB
MIPOEKTHPOBAHUS AIEKTPOHHBIX TPHOOPOB, CXEM M YCTPOHCTB PA3IUIHOTO
(hyHKIIMOHAJIBHOTO Ha3HAYEHUs, MOJTOTOBKM TEXHWYECKUX 3aJaHUH Ha
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BBIMOJIHCHUE TMPOCKTHBIX pPa0OT M TEXHOJOTHMYECKHX IIPOIIECCOB Ha
IIPOU3BOJCTBE; HOCTAaHOBKOM Hu MIPOBEICHUEM HCCIIEIOBAHUN
XapaKTEPUCTUK U MapaMeTPOB 3JIEKTPOHHBIX YCTPOHCTB,  OOBEKTOB
MHKpPO- U  HAHOTEXHOJOTHil; JMATHOCTUKOW IMapamMeTpoB MPHOOPOB U
YCTPOWCTB B  TPOM3BOJCTBEHHBIX  YCJOBHUSIX; TEOPETHYCCKUM U
IKCIEPUMEHTABHBIM ~ U3y4YCHUEM MHKPO- ¥ KBaHTOBOPa3MEpPHBIX
00BEKTOB.

Bo BpeMs pou3BOJCTBEHHOM MPAKTHKH CTYJCHT JIOJKCH

H3YYHTh:

- (opMBl OpraHu3alMyd HAYYHOH JAEATCILHOCTH B BYy3C HIH

IIPOU3BOJCTBEHHON — HA NIPEANIPUATHY;

- HAyYHO-METOIMYECKYI0 JIUTepaTypy Mo mnpaBuiaM o(OpMIICHUS
PE3yJIbTaTOB HAYYHOM JESITENbHOCTH,

- JIMTEepaTypHbIC W MATEHTHBIC HUCTOYHHUKU MO pa3pabaTbiBaeMOi
TeMe C 10 HX HCIOJb30BAHHS MPU BBIIOJIHCHUH BBIMYCKHOM
KBaJTH(PUKAITMOHHON PabOTHI;

- METOAbI UCCJICAOBAHUA 110 TEMEC UHANBUAYAJIBbHOT'O 3a/IaHUs;

- METOJIbI aHANIN3a U 00pabOTKU IKCIIEPUMEHTANILHBIX IaHHBIX;

- TpeboBaHus K OOPMIICHUIO HAYIHO-TEXHUIECKON JOKYMEHTAINH;

OCBOMTH:

- npaBuiia IKCIUTyaTalH HCCIIeI0BATEIBCKOTO WU
MPOU3BOJICTBEHHOTO 000PYI0BaHUSI;

- METOJABl aHallu3a, CUCTEMATH3aluK © O00O0OINEHUS HAyYHO-
TEXHUYECKOH HH(OPMALIUK IO TEME HHIUBHIYAIHLHOTO 33 [aHUSI;

- METOJbl aHaiM3a JOCTOBEPHOCTH, HAYYHOW U MPAKTHYECKOUN
3HAYUMOCTH PE3yJIbTATOB MPOBOJUMBIX HCCIICIOBAHUI, a TAKKE TEXHHKO-
IKOHOMHYECKOH 2P pekTHBHOCTH pa3pabOTKH.

CozeprxaHue pOTrpaMMBbl POU3BOICTBEHHON MPAKTHKHU BKIIOYAET B
cebs:

- H3YYCHHUE BO3MO>KHOCTEH MCIIOJIB30BAHUS HOBBIX (l)H?:quCKI/IX
SIBJICHUH JJI CO3[]aHWs HOBBIX MATE€pUaJiOB, TEXHOJIOTHI, KOMIIOHEHTOB,
npUOOPOB M YCTPOHCTB IEKTPOHUKHU, MUKPO - U HAHOZJICKTPOHUKHU;

- OCBOCHHC OpraHU3AIMOHHBEIX (OPM H METOJOB OpraHU3alUU
HAYYHBIX KCCIICIOBAHUI B BBICIIEM YYCOHOM 3aBEJCHHUU WM OCHOBHBIX
MPOU3BOJICTBEHHBIX MPOTPaMM Ha IPOMBIIUICHHOM PEANPUITHN;

- (dbopmupoBaHue MPAKTHICCKUX HaBBIKOB HAYYHO-
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MCCIIeI0BaTEIbCKON paboTel B  BBICHIEH MIKOJNE, IIOATOTOBKH,
CHUCTEMAaTH3alud W OQOPMIICHHS HAaydYHOTO Marepuana Io Tpedyemoi
TeMaTuke B cooTBeTCTBHH ¢ TpeboBanusmu ['OCToB;

- OLEHKY JOCTOBEPHOCTH, HAyYHOH HOBHU3HBI M MPaKTHIECKOM
3HAYMMOCTH  PE3YyJIbTATOB HAYYHO-HCCIEIOBATENECKOW pPadOTHl  HIIH
MIPOEKTHO-TEXHOJIOTHIECKOTO PEIICHHUS;

- CpaBHEHHE pe3yJbTaTOB HCCIIENOBaHUH (pa3paboTok) ¢
AQHAJOTUYHBIMH OTEUECTBEHHBIMHU U 3apYOS)KHBIMH Pe3yJIbTaTaMu.

CopneprxkaHue MporpaMMbl MPOM3BOACTBEHHON MPAKTUKH BKIIOYAET B
cebs:
- BO3MOXHOE YydYaCTHE MarucTpaHta B  IPOHM3BOJCTBEHHOMN
NIESTeTTHbHOCTH;
-BCTPEYHM CO  CHCHHAINCTAMH, 3HAIOIIUMH  IIOCTaHOBIICHHS,
pacIopsHKeHHUS, IPUKA3bl, METOAWICCKIE U HOPMATHBHEIC MaTepUAIIBL;

-BCTPEYH  CO  CICHUAIUCTAMH, 3HAIONIIMH  TCXHHYCCKUE
XapaKTepUCTHKH W HSKOHOMHYECKHE TIOKA3aTeNId OTCYCCTBEHHBIX W
3apy0ex)HBIX Pa3paboTOK B 0O0JIACTH AJIEKTPOHHOTO MaTepUaNOBEICHMUS,
JJIEMEHTHOM 6a3bl JJIEKTPOHHOM TEXHHUKH, JNIEKTPOHHOTO
pUOOPOCTPOCHHS, IPUMEHEHUSI HAHOTEXHOJIOTUH B DJIEKTPOHHKE;

-BCTpCUU CcOo CricuaJIucraMu, 3HAOIIUMHU HeﬁCTByIOHIHe
CTaHAapThl W TCXHHUYCCKUE YCIIOBHA, IIOJOXCHHUA W HWHCTPYKIUU 110
IKCIUTyaTalliil TPOU3BOJCTBEHHOTO U TEXHOJIOTHIECKOTO0 000pYIOBaHUS,
MpOTpaMMaM HCIIBITAHUH, 0(pOPMIICHHIO TEXHIYECKOW JOKYMCHTAIH;

-M3y4YCHHE BO3MOXXHOCTEH HCIONB30BaHUS HOBBIX (DU3UUICCKUX
SIBIICHUW JIJIsI CO3/IaHUS HOBBIX MAaTEPHAlOB, TEXHOJOTHUH, KOMIOHEHTOB,
pUOOPOB M YCTPOHCTB IEKTPOHUKH, MUKPO - U HAHOAJICKTPOHUKH;

- I3y4YeHHE COBPEMEHHOM 2JIEMEHTHON 0a3bl AIEKTPOHHONH TEXHUKH;
- U3y4YeHUE COBPEMEHHON Hay4HO-HCCIIE0BATEIbCKON annaparyphl;

-CpaBHCHHE  pe3yJIbTaTOB  HCCIEIOBaHMH  (pa3paboTok) ¢

AQHAJIOTUYHBIMU OTEYECTBEHHBIMHU H 3apyOEKHBIMHU pe3yIbTaTaMu/

IIpoBenenue MIPOU3BO/ICTBEHHOU MPAaKTUKXA  BKIIOYAeT  psif
B3aUMOCBSI3aHHBIX 3TallOB: OPraHU3alMOHHbIN; aHATUTHYECKUH; OCHOBHOM
(pac4eTHO-KOHCTPYKTOPCKHIA, TEXHOJIOTHYECKUH " (nm)
9KCIIEPUMEHTAIIBHBIH) W 3aKIIOYUTENbHBIN, BKIIOYAIONIMH aHAIN3
MOJyYSHHBIX PE3yJIbTaTOB, OQOPMIICHUE U 3aLIUTY OTYETa.
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Ne | Pasgeint Buasi yueGHOMI pa6oThl, BKJIOYas | Popmbl
n/ (3TanbI) CaMOCTOSATEJILHYI0 PaloTy CTY1EHTOB TeKylero
n NIPaKTUKH KOHTPOJIs
(oTueTHast
JIOKYMeHTans)
Opranusaiuons | OpraHu3alMOHHOE COOpaHHE MAarucCTPaHTOB C Jloroop Ha
1 Il 9Tan PYKOBOAUTEIISIMH TIPAKTUKH M PYKOBOIHUTEIEM IIPOXOXKIECHHE
OOIl, yroyHeHue 3ajay IpPaKTHKH, €€ MIPOU3BOJICTBEH
comepKaHUsT B 3aBUCHMOCTH OT  MecTa HOHIl TIPaKTHKH
MPOBEJCHUS NPAKTUKU. (pu
-3aKiioueHue JI0roBopa Ha  [IPOXOXICHHE HeoOXO0ANMOCT
MIPOU3BOJACTBCHHON NPAKTHKU (€CIH CTYJEHT n)
HAIpaBJsIeTCs] Ha MHOE MECTO INPAKTUKH, 4eM ITporpamma
BBIITyCKaroIas Kadepa). IIPOU3BOJICTBEH
-CocraBiieHHe M COIVIACOBAHUE C MPEINPUATHEM | HOM IPAaKTHKH
IIPOrpaMMbl TIPOXOJKAEHHUsS HPOH3BOICTBEHHOM
MPaKTUKH, B T.4. MHAUBUAYAJIbHOTO 3aIaHUSI B
cootBeTcTBHHU ¢ TeMoit HUP.
2 AHanuTHYECKHU AHanu3  MHAMBUIYAJIBHOTO  3a/IaHMs no | Yacts | oruera.
i oram (oOmas | mpoW3BOICTBEHHOW npakTHKe. DopMupoBaHHE
4acTh) IUlaHa ¥ rpaduka paboThl HaJ MHAUBHYAIbHBIM
3aJJaHUEM. Coop, AKTyaJIM3aLus
HH(QOPMALOHHBIX PECYpCOB M OOHOBICHHE
TEOPETHKO-METOJOJIOTHIECKUX OCHOB
HccieJoBaHus B pamkax tematuku BKP
3 AHQITUTHYECKH CocraBiieHHe aHAIUTHYECKOro ob3opa HaywyHo- | Yacts Il otuera
i TEXHUYECKON JIUTEPATYPHI o TeEMe
aTan (QYHKIHO- | MPOM3BOACTBEHHOM MPaKTHKH Ananuz
HaJbHAs 9YacTb) | MHQ)OPMAIMOHHEIX pECYpCOB MW  TEOPETUKO-
METO/IOJIOTHYECKHX ~ OCHOB  HCCIICJOBAHMUS,
MPeUIOKEHUs] U PEKOMEHJAIMU IO Teme
HHIUBUIYaIbHOTO 3aIaHus
4 PacuerHo- BrinonHenre ocHOBHOM YacTH Yacts 1
KOHCTPYKTOPCK | UHIMBHIYalTbHOTO 3a7aHus o TeMe | oTdera
nif, MIPOU3BOICTBEHHOM MpakTUKKM.  AHanu3
TEXHOJOTHYECK | pe3yibTaToB pa3pabOTKH (IKCIEPHUMEHTAILHOIO
ui ¥ (um) HCCIIEJOBAHUS), MOJEIMPOBAHUE  IPOLIECCOB,
9KCIIEpHMEHTall | MapaMeTpoB,  XapaKTepPHUCTHK o0OBeKTa
BHBIH TaIbl HCCIIEIOBaHUS
MPOU3BOJACTBEH | BBIBOABI M 3aKiIIOUEHHE IO BBHIMOIHEHUIO TEMbI
HOI PaKTHKU HHJUBHUIYaIbHOTO 3amaHus o
MIPON3BOJICTBEHHON NPAKTUKE
5 Odopmnenne u | IlogrotoBka u  mpeseHtamus ordera 1o | OdopmieHHBII
3aIyTa OTYeTa MIPOU3BOJICTBEHHON NPaKTHKE OTYeT, JIOKJIaX

U TIpe3eHTalus
1o
pe3yabTaTaMm
MIPOU3BOJICTBEH
-HOM MPaKTHKH
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I'padux paboT CTyZleHTa BO BpeMs IPOHM3BOJACTBEHHOM
MPaKTHKH BKJIIOYAET B ceOsi:
- opopMIIeHHE ¥ TIOJTyYSHUE MTPOIYCKOB Ha MPEIIPHUSTUE;
-M3y4YeHHe MPAaBUII BHYTPEHHETO PACHOPS/IKA TEXHUKN O€30MaCHOCTH;
-IpOBEJICHAUE YICOHBIX 3aHATHI U SKCKYPCHIA;
-BBITIOJIHEHHE CAMOCTOSITEIIBHBIX 3a/laHUi HA KOHKPETHOM pabouem
MecTe;
-o(hopMIICHUE OTUCTA;
-cljavyy 3ayeTa 10 MMPaKTHKE.
B nepuon mnpakTHKM clenyeT OpHUEHTHPOBaTh CTyAEHTa Ha
pa3paboTKy TEMbI BBITYCKHOU KBAJTHU(DHUKAIIMOHHOM paObOTh M 000CHOBAHHE
[eTIeCO00Pa3HOCTH ee Pa3pabOTKH.

®OPMbI OTYETHOCTHU 1O NMPAKTUKE

Cornacuo IToJ0XeHHIO O TOPSAKE MPOBEACHHS MPAKTHK CTYACHTOB
0o0pa3oBaTeNbHBIX  OpraHW3aiii  Bbiciiero  obpaszoBanust  (IIpuka3s
MunuctepcTBa obpasoBanus PO  Nell54 ot 25.03.2003) dopma u BuI
OTYETHOCTHU (JIHEBHHK, OTYET U T.I.) CTYACHTOB O IPOXOXKIACHUHU MPAKTUK
orpezessoTest 00pa3oBaTeNIbHOM OpraHu3alen.

OO6miee pPYyKOBOJICTBO U KOHTPOJb 32 MPOXOXKIECHHUEM MPAKTHUKU
CTYACHTOB KOHKPETHOT'O HAIIpaBJICHUA MOATOTOBKH BO3JIara€TcCs MpUKa3oM
peKTopa Ha PYKOBOJMTENS MPAKTHKH [0 HAMPABICHUIO IOJrOTOBKH
MAarucTpoB.

Mepen HAYaIIOM MPAKTUKH PYKOBOAUTEI MIPOBOUT
OpraHHU3al[IOHHOE COOpaHUE CTYACHTOB-MArMCTPAHTOB, HAMPABISIEMbBIX Ha
NPaKTHKY, U HHQOPMHUPYET O €€ LeNisxX U 3aja4dax. PyKOBOJHUTENb BbIIACT
MarucTpaHTy:

-UHAWBUAYAJIBHOC 3a1aHUC U IIJIaH TPOXOKIACHUA HpOH3BO}]CTBeHHOﬁ
MIPaKTHUKH;

- rpauK IpOBEICHIS TPOU3BOICTBEHHON MTPAKTHUKH.

HenocpencTBeHHOE pPYKOBOACTBO M KOHTPOJb 32 BBIIOJHEHHEM
WHIWBUAYAIGHOTO 33aJaHHs W IUIaHA TPAKTUKU CTYACHTA OCYIIECTBISACTCS
€ro HayYHBIM PYKOBOJUTEIICM.

HayuHbIii pyKOBOIUTENH MaTrUCTPAHTA!

- OCYHIECTBISIET IIOCTAHOBKY 3a7ad II0 CaMOCTOSTEILHOW pabore
CTYACHTOB B IIEPHOJ TPAKTHKH C BbIJAYeH WHIUBUAYAIbHBIX 3aaHHA,
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OKa3bIBAET COOTBETCTBYIOLIYIO KOHCYJIbTALMOHHYIO TIOMOIIIb;

- COTJacOBBIBaET TpauK NPOBENEHHS NPAKTHKH M OCYIIECTBISAET
CHUCTEMaTHYEeCKHH KOHTPOJIb 3a €€ XOIO0M H pabOTOH CTYACHTOB;

- OKa3bIBACT IOMOILNb CTYJCHTaM IO BCEM BOIIPOCAM, CBS3aHHBIM C
NPOXOXKICHUEM TIIPAKTUKK M O(QOpPMIIEHHMEM  [JHEBHHKA M OT4YETa O
MpaKTHKE.

I[Ipy  mpoxoXIeHWW  NPAaKTUKK  MAarucTpaHT  IOJy4aeT  OT
PYKOBOAMTENS YKa3aHUS, PEKOMEHJAUM W pPAa3bsICHEHHS II0 BCEM
BOIIPOCAM, CBSI3aHHBIM C OpraHu3alMeil W IMPOXOXKAECHHEM IPaKTHKH,
OTYHUTHIBACTCS O BBIMONHACMOW pPabOTe B COOTBETCTBUH C TpadUKOM
MPOBEICHUSA MPAKTUKH.

Ilo OKOH4YaHWMHM CpOKAa NPOW3BOJACTBEHHOW NPAKTHKH MAaruCTPaHT
MPEeOCTaBIIsET HA Kaeapy CIEAYIONIIe MaTepHabl:

- THEBHHK IIPOU3BO/ICTBEHHOHN NPAKTHKH;

- OTYET O BBIOJHEHUH MPOTPaMMBbI TPOM3BOACTBEHHOM MTPAKTHKH;

- OT3BIB HAYYHOTO pPYKOBOAWTENS WIM PYKOBOAWTEIS  OT
NpeAnpUsTHs, Ha 6a3e KOTOPOrO MaruCTPaHT MPOXOJHI ITPAKTUKY;

- IOKJIaJ U MIPE3CHTALMIO 110 Pe3ybTaTaM IPAKTHKH.

B 1HeBHMKE JI0JKHBI OBITH OTPAKEHBI PE3YJIBTATHI TEKYLIeH paboThl U
BBITIOJITHCHHBIC 3aJlaHusl. I[HGBHI/IK HpOH3BOI[CTBeHHOI>’I MPAKTUKH
3alOJIHACTCA JIMYHO MaruCTpaHTOM. 3amMcu O BBIMOJHEHHBIX pa60Tax
MPOM3BOJATCA TI0 Mepe HEOOXOAMMOCTH, HO HE pEeXe OJHOI0 pas3a B
Henenmo. JIOCTOBEpHOCTh 3amuceil NpOBEpsieTCs PYKOBOJHUTENIEM H
3aBepSIETCS €ro MOJIHCHIO.

OTyer O TpaKkTHKE - OCHOBHOM JOKYMEHT, XapaKTepH3YIOIIWi
paboTy cTyJeHTa-MarucTpaHTa BO BpeMsl IPaKTHKH.

Tekct orTuera moJDKeH OBITH OTPEJAKTHPOBAH M Hare4yaraH C
coOmoeHreM IpaBui O(GOpMIICHHS HAy4YHBIX paboT, MPETyCMOTPEHHBIX
I'OCTom. Crpykrypa otdera ompenemsercss ero ¢opmoil. B order o
HpOH3BO}1CTBeHHOﬁ IMPaKTUKE HTOJIKHBI OBITH BKJIFOYEHBI CJIeayromume
CBEICHHUS:

- MEcCTO TIPOXOXKICHHS (npennpusrue, CTPYKTYpHOE
HOAIpa3/ieNIeHNe ), CPOKHU TIPAKTUKHY;

- XapakTepUCTUKHM W TapaMeTpbl H3y4YEHHBIX KOMIIOHEHTOB,
KOMIUIEKCOB M TEXHOJOTMYECKHX  IPOIECCOB  JJIEKTPOHUKH  H
HaHOJJIEKTPOHUKH;
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- XapaKTEepPUCTUKU M TapaMeTpbl M3MEPUTEIBHOrO 000pYyIOBaHHUS,
NPUMEHSEMOTO0 Ha MPEANpPHATHH, B CTPYKTYPHOM IOJpa3/CICHHN;
MpOTpaMM HCTIBITAaHUH MTPOTYKINH;

- 0COOCHHOCTH TPHMEHICMBIX Ha MPEIIPHUATUH, B CTPYKTYPHOM
HOApa3eieHn  MH(GOPMAIMOHHBIX  TEXHOJOTMH W MPOrpaMMHBIX
MPOIYKTOB;

- OCHOBHBIE METOJMYECKHE NPUEMBl M TIpaBWiIa OQGOPMIICHUS
TEeXHUYECKOH JOKyMEHTaIIH;

- TepedyHclIeHHE U3YyYCHHBIX MOJOXKEHUH M HHCTPYKIMH IO
9KCIUTyaTaI[id IPOU3BOACTBEHHOI'O M TEXHOJOIMYECKOI0 00OPYI0BaHUS;

-[IEPEYUCICHUE  M3YYEHHBIX IIOCTAHOBJIICHHUH, PACIOPSLKECHUM,
MIPUKa30B, METOWIECKNX 1 HOPMAaTHBHBIX MaTepHalOB;

- IPEAJTIOKEHNS TI0 OPTaHU3ALMK W MPOBEACHHUIO NPAKTHKH;

- CIIMCOK UCTIONIb30BaHHOM JINTEPATYPBHI.

Ha ocHOBaHMM  TpENCTAaBICHHBIX  MAaTEpHAJIOB  IPOBOIUTCS
MPOME)XYTOYHAsI aTTECTALMsI MarucTpaHTa 10 UTOraM IPOW3BOJCTBEHHOM
npakTHKu B ¢opme aunddepeHuupoBanHoro 3adera. [IpousBoncTBeHHas
MPaKTUKAa CYUTAeTCsl  3aBEpIICHHOM MpHU  YCIOBHM  BBINOJHEHHUS
MarucTpaHTOM Bcex TpeboBaHMH TporpaMMbl mpakTHKH. OTreHka,
nojy4yeHHas Ha aup(GepeHIMPOBAHHOM 3a4yeTe, BMECTE C OICHKAMU
(3auéramu) MO TEOPETUIECKOMY OOYUEHHIO YIUTHIBACTCS MPH MOIBEICHUH
UTOTOB OOIIEH YCIEeBaeMOCTH CTYICHTOB M HAa3HAUYEHWH CTHUIICHIUH B
COOTBETCTBYIOIIEM CEMECTPE.

MarucTpaHTbl, HE BBINOJHHUBIINE HPOTPaMMy IPOM3BOICTBEHHOMH
NPaKTUKA 110 YBAKHUTEIHHOW TPHYMHE, HAINPABISIOTCS HA TPAKTUKY
BTOPUYHO B CBOOOJHOE OT y4deOBl BpeMsi WIJIM INPOXOJST HPAKTHKY B
WHIWBUAYAIEHOM TOPSIIKE.

MarucTpaHTsl, HE BBIONHUBIIME 0€3 YBAKUTEIHHON NPHUYUHBI
TpeGoBaHUS MIPOTPaMMBEI MIPAKTHKH WA MOy IHBIIIHE
HEYJOBJIECTBOPUTEIBHYIO OIICHKY, OTYHCIIIIOTCS W3 YHHBEpPCHUTETa Kak
MMEIOIIHE aKaAeMUIECKYIO 3aI0JDKEHHOCTh B MOPSIKE, IPETyCMOTPEHHOM
VYcraBom yHuBepcutera U [lonoxeHHEM O 3a4€THOM M 3K3aMEHALMOHHOM
CECCHSX U TOPSIKE JIMKBUJAIINY aKaJeMUUECKOH 3aJ0KEHHOCTH.

@DopMBbI TeKYIIEro KOHTPOJIS
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JUis Texymero KOHTPOJIs KauecTBa YCBOEHHs 3HAHUIl cTyleHTaMu
U OICHKM CTeNeHH (OpMHUpPOBAaHMA  yKA3aHHBIX BBINIE KOMIETEHINUH,
3HaHWM, YMEHUM M NPAKTUYECKUX HABBIKOB MCIIOJIB3YETCS CIIENYIOIUN
JIMarHOCTUYECKUHM MHCTPYMEHTapU:

- KOHTPOJIb ~ PYKOBOJHTEIEM COICp)KaHMS  JTHEBHHKA
MPOU3BOJICTBEHHO MIPAKTHKH;

- 3alMTa CTYJEHTOM OTYeTa O MPOM3BOJCTBEHHOMN MpPaKTHUKE.

Metoandeckue Matepuanbl II0 TPOMU3BOJCTBEHHOW IpaKTUKE
coJiepXkaT TECTOBbIE 3aJaHUsl C BO3MOXHBIMH BapHaHTaMU OTBETOB IIO
KaXXZIOMY U3 pa3/eIoB, MIPEIyCMOTPEHHLIX HHAMBUAYAJIBHEIM 3aJaHUEM Ha
MPOXOXKIACHUEC IIPAKTUKH. Pe3yJ'H)TaTI>I OTBETOB Ha BONPOCHI TECTOBLIX
3aJJaHUi KOHTPOJIUPYIOTCS MPETOIaBaTEIEM.

7.3 ®opMBbI IPOMEKYTOYHOT0 KOHTPOJISA
@®opMmoOii  TTIPOMEKYTOYHOTO KOHTPOJII MO IPOM3BOACTBEHHOM
MpaKTHKE sBIsieTcs TuddepeHIMpoBaHHbIN 3a4eT.

7.4 OnucaHue NoKa3aTeJieil 1 KpUTepHeB OLCHUBAHUS
KOMIIeTeHIUIi HA Pa3JIMYHbIX 3Tanax ux GopMHUpPoOBaHMS, KA
OLleHUBAHUS

OrneHka creneHd (OPMUPOBaHMs yKa3aHHBIX Bbime (m. 7.1)
KOHTPOJIUPYEMBIX KOMIETEHIMH Y 0OyJaromuxcs Ha pa3ndHBIX 3Tarax
nx (HOpMHUPOBAHMS MPOBOJUTCS  PYKOBOIUTENEM B (OpPME TEKYIIEro
KOHTPOJISI ~ COJEpKaHMS JHEBHHKA IPOW3BOJCTBEHHOM  NPAKTHKH,
TECTOBBIX OIPOCOB IO OTJEIBHBIM pa3zeiaM WHIMBHIYaJILHOTO 3a/IaHMs,
pe3ynbTaTaM 3aliuThl OTYeTa I10 MPOU3BOJCTBEHHON npakTHke. OCcBOEHHE
MIPOrpaMMHOTO  MaTepHaja U JIOCTaTOYHO BBICOKas  CTEICHb
(hopMHUPOBAHNSA KOHTPOIUPYEMBIX KOMIIETEHIINHA 00y4aromerocsi Ciyxar
OCHOBaHMEM [yl JIONycKa OOYdYarollerocs K JTaly HMPOMEXYyTOUHOMH
aTTrecTanuu — AupHepeHIIPOBAaHHOMY 3a4eTy MO IPaKTHKE.

YpoBeHb TOATOTOBKM CTYACHTA OIPENEIAETCS COCTaBOM U
cTereHplo  (opMHUpOBaHMS NPUOOPETEHHBIX KOMIETEHIIMH, YCBOCHHBIX
TEOPETHYECKUX 3HAaHWH W METOZOB, YMEHHMEM OCO3HAaHHO, 3()(EKTHBHO
MPUMEHATh MX NPU LEJCHANPABICHHOM IOUCKE PELICHMs AKTyallbHBIX
npoOieM  3JEKTPOHMKM W HAHOIJNEKTPOHUKHM M CUHTAeTCs
COOTBETCTBYIOIIMNM  TpeOOBAaHUSIM  CTaHAAPTOB,  €CIIH CTYAEHT
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JEMOHCTPHPYET CIIOCOOHOCTH PEeLIaTh 3aJa4l Hay4YHO-UCCIIEI0BaTEIbCKON
paboTel ¥ mpodeccCHOHATFHON AEATEIBHOCTH B THIIOBBIX CHTYyaIlUsIX 0e3
MOTPENIHOCTEH MPUHINIHAIEHOTO XapakTepa.

Iloka3zarenu onieHMBaHMsI KOMIIETCHLIIMN MPEACTABIEHBI B pa3aeie 2
HACTOSILEN MPOrpaMMbl MPOU3BOJICTBEHHON MPAKTUKHU C AEKOMIIO3ULIUEH
«3HATb», «yMETb», «BHaneTb». OCHOBHBIMH 3TamamMu (HOPMUPOBAHUS
BBIIICYKA3aHHBIX KOMIIETCHIUN MpPU MPOXOXKJCHUU MPAKTUKU SBISIOTCS
MOCTIEIOBATENbHOE MPOXOXKACHUE COJIEPXKATEIbHO CBS3aHHBIX MEXIY
co0Oi  3TanoB mpakTUKU. VTOroBasi OLEHKA, IMOJy4YEeHHas C YYETOM
OLICHMBaHMs KOMIIETCHLMI Ha pasJIMuHbIX dTanax ux (OPMHUPOBaHUS,
MOKa3bIBaeT YCIIEIIHOCTh OCBOEHHS KOMIIETEHIMH OO0ydYaroIUMuUCs B
MIEpHOA TIPOU3BOICTBCHHON IPaKTHKH.

[IpoxoxneHne NPaKTHKH OCYLIECTBISETCS B COOTBETCTBHH C
IIPOrpamMMoii, pa3paboTaHHOH o0ydJarommmcst COBMECTHO c
PYKOBOAMTENIEM NPAKTUKU OT By3a (HAYYHBIM PYKOBOAUTEIEM CTYJEHTA),
COTJIACOBAaHHOH C PYKOBOAWTENEM OT TNPEeAnpHATHs (NpH HAIWYHAN) |
yTIBepkaeHHON pykoBoguteneM OOII. Pe3ynpTaThl NMpakTUKU JIOJKHEI
ObITh OopMiIeHBI B Bujae oTuera. OTUET SBISETCS OCHOBAHUEM JUIS
aTTeCTALNH CTYJICHTA.

ITo nToraM mpoOM3BOJICTBEHHOM MPAKTHKH MPEIyCMOTPEHa 3allluTa,
KOTOpasi IIPOXOJMT Ha 3acelJaHuM BBINyCKalolleil kadeapbl Win mepen
koMmuccuedr B coctaBe pykoBoautens OOIl «HanorexHonmoruum B
JIEKTPOHUKE», PYKOBOJWTEINSI IPAKTHKH TPYMIBl CTYJEHTOB MU
HayYHBIX PYKOBOIWTEJEH MAarucTpantoB B (GopMe JOKiIana C
NIpe3eHTaIMel B yCTaHOBJICHHBIE YU€OHOM IIJIAHOM CPOKH.

I[lo  pesympraram  arrectauMd  CTYJICHTY  BBICTaBIISICTCS
i depeHInpoBaHHbII 3a4eT (3a4eT C OLEHKOMH).

IIpu BBICTaBIEHUMM WTOTOBOM OLEHKH YUMTBHIBAIOTCS CIEAYIOIIUE
(bakTopHI:

1) OT3bIB PYKOBOJUTENSI OT YHUBEPCUTETA, OTPAKAIOIIMUI
CIIEYIONINE XapaKTePUCTUKH CTYACHTA:

- cobiroieHne rpaduka MIPOU3BOJICTBEHHOI
TIPAKTHKH;

- KayecTBO MOJATOTOBKM OTYETHOW JOKyMEHTalluu
(mpoBepka oT4YeTa Ha COOJNIOJICHWE TpeOOBaHMH 10 (QopMaTbHEIM
IIpU3HAKaM);
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- BBIMIOJIHEHHE  IPOTpaMMbl  IPOU3BOJCTBEHHOM
MIPAaKTHKH ¥ OTPAKEHUE PE3yIbTATOB B OTUETE;

- CaMOCTOATENbHOCTh IIPH  BBIMIOJIHEHUH  3aIaHUM,
MIPEAYCMOTPEHHBIX MPOTPAMMOI IPON3BOACTBECHHON TPAKTUKHY;

- HaydHas HOBM3HAa WU TIPaKTWYecKas 3HAUYUMOCTb

NOJyYeHHBIX ~ Pe3yJbTaToB,  OOOCHOBAaHHOCTh  INPEMJIOKCHUH M
peKOMeHAaIN;
2) npoLeaypa 3aluThl 0TYeTa!

- MOJIHOTA OTPAXKEHUS B JIOKJIAAE U TPE3CHTALUH
PE3YIIBTATOB MPOMU3BOICTBEHHOMN MPAKTUKH, OTPAKEHHBIX B OTUETE;

- 3HAHUE NMPEIMETHOM 00J1aCTH;

- Hay4Has: HOBM3HA U TPAKTUYECKass 3HAYUMOCTh
MOJYYEHHBIX  PE3ylbTaToB,  OOOCHOBAaHHOCTh  INPEUIOKECHUH U
pEKOMEHAALNT;

- rPaMOTHOCTb, Pa3BepHYTOCTb,
CTPYKTYPUPOBAHHOCTH U JIOTHYHOCTH OTBETOB Ha BOIIPOCHI;

3) OT3BIB, IIOATOTOBJICHHBIN pyKOBOIUTENEM oT
NIPENIPUATUS (opranmzanun), XapaKTEepU3yIOLIUi BBITIOJIHEHUE
00s13aHHOCTEH TIPAKTUKAHTA.

ATTecTalysl CTyICHTa OCYIIECTBIIICTCS HA OCHOBAHHUHU CJICIYFOIINX

KpPUTEPHEB:
Ilkana Kpurepnii
OIleHUBAHUS
Oms3b16 pyKogooumens om 8y3a:
3aumeno c
ouenxoii — CTYZEHT CTPOro coOironan rpaduk npaKkTHKY;

— OTYeT MOJIHOCTBIO COOTBETCTBYET TPEOOBAHMUSIM, IPEIBIBISIEMBIM
K OTYETHOU JJOKYMEHTALNH;

— TporpaMma MPOU3BOJICTBEHHON MIPaKTUKA BBITIOJTHEHA
TMOJTHOCTBIO;

— 3aJaHus BBINOJHSUINCH IIOJHOCTBIO CaMOCTOSITENBHO, CTYACHT
MIPOSIBIJI TBOPYECKHIT HOIXOA K PEIICHUIO 3a]1a4 IIPAKTHKH;

— pe3ynbTaThl, IOJY4YEHHBIE CTYICHTOM, OOJNAJaloT Hay4YHOH
HOBHM3HOH W (VM) NPAKTHYECKOH 3HAYUMOCTBIO, CTYAEHT BHEC
000CHOBAHHBIC IIPEUIOKEHUSI U PEKOMEHIAINH.

«OMJIUYHO)

IIpoyedypa 3awumer omuema:
—IOKIAJ M TIPE3CHTAIHsA IONHOCTBIO OTPAXAIOT Pe3yIbTaThl,
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MOJTly4eHHBIE CTYACHTOM B HEPUOA NPAKTHKH U IPEICTABICHHLIE B
oTYeTe;

— CTYZEHT IOKa3ajJ IIyOOKHe 3HAHUS BOIPOCOB TEMBI, CBOOOTHO
OIIepHUPOBAIT JAHHBIMH HCCIIEIOBaHUS;

— pe3ynbTaThl, IONy4YEHHBIE CTYASHTOM, OONafaroT Hay4YHOH
HOBU3HOM M(MJIM) NPAKTUYECKOW 3HAYMMOCTBIO, CTYAEHT BHEC
000CHOBaHHBIC NIPEUIOKEHUSI 1 PEKOMEH/IALH;

— CTYAEHT HPaBHIBHO M TPAMOTHO OTBETHJ Ha BCE MOCTABJICHHbIC
BOIIPOCHI.

Om3v18 pyKoBOOUMEIs OM NPeOnPUAMUSL
CTYIEHT HOJIY4HJI TIOJOKUTEIbHBIH OT3bIB OT PYKOBOAUTENIS IPAKTUKH
OT IPeIIPUATHUSL.

3aumeno ¢ Oms3b16 pyKogoOumes om 8y3a:
OUEHKOIL
«xopowo» — CTYZAEHT B OCHOBHOM COOIIOfal rpadiK MPaKTHKH;
— OTYET COOTBETCTBYET TPEOOBAHUSIM, NIPEAbSIBIAEMBIM K OTYETHOM
JIOKYMEHTAl[M{,  CTYJACHTOM  JIOHNYIUEHbI  HECYIIECTBEHHbIC
OMIMOKY, OTYET BBITOJIHEH C HE3HAUUTEIEHBIMU 3aMEYaHHIMU I10
odopmiieHHIO;
— TporpaMma  IPOH3BOACTBEHHOI [PAaKTUKH BBINOJIHEHA
HOJIHOCTBIO;
— 3aJaHus BBIIOJHSINCH CaMOCTOSTENBHO IIPH  OINPENeIeHHOM
KOHCYJIbTAL[MOHHOM MOJJIEPIKKE CO CTOPOHBI PYKOBOAHUTENS OT
BY3a;
— pe3ynbTaThl, IOJNYYCHHBIC CTYACHTOM, OONaJalT HAY4HOIT
HOBHU3HOH M (WIM) MPAaKTUYECKON 3HAYHMMOCTBHIO, CTYIEHT BHEC
000CHOBaHHEBIE IIPEIUIOKEHNUS M PeKOMEHIAINHL.
Tlpoyedypa sawumer omyema:
— JOKJaA ¥ TMPE3CHTAlUs OTPaKAIOT OCHOBHBIC pPE3YIbTATHI,
MIOJTy9eHHBIE CTYICHTOM B IIEPHOJ MPAKTUKH W NIPEICTaBICHHBIC
oryere;
— CTYZEHT ITOKa3ad 0a30BbIe 3HAHWS BOIPOCOB TEMBI, OIEPUPOBAI
JTAHHBIMH MCCIICIOBaHHS;
— pe3ynbTaThl, IOJY4YEHHBIE CTYICHTOM, OOJNAJaloT Hay4YHOH
HOBHU3HOI H(WMIIM) MPAaKTUYECKOW 3HAYUMOCTBIO, CTYICHT BHEC
000CHOBaHHBIE MPEVIOKEHHUSI i PEKOMCH/IAIHN;
— IpH OTBETax Ha BOMPOCHI OBLIM JOMYIICHBI OLIMOKH, KOTOpHIC
HOCSIT HECYIIIECTBEHHBIN XapaKTep.
Oms3b16 pyKogooumens om npeonpusmus.:
CTYZICHT MOJIYYMII TIOJIOKUTEIBHBIN OT3BIB OT PYKOBOIMUTENS MPAKTHKH
OT  TpeAnpusiTHs C  HE3HAUWTENbHBIMH  3aMEYaHWsIMH |
PEKOMEHTalIUSIMH.
3aumeno Om3v16 pyKogoOumens om 6y3d:




21

c OUEHKOU
«y0oenemeopu
-menvHo»

— CTyZ#eHT He coOmopan rpadHK NpaKkTUKH 0e3 yBaKUTENbHOI
IPUYHHEL;

— OT4eT MMeeT MOBEPXHOCTHBIM aHaunW3 COOPAHHOTO Marepuaia,
OONBIIMHCTBO MAaTEPHAIOB CKOMIIMIIIPOBAHO U3 CYHIECTBYIOIIHX
HCTOYHHKOB 0€3 HEoOXOJMMOIr0 OCMBICICHHS, UMEET HEUETKYIO
MIOCIIEI0BATEIBHOCTG ~ HM3IOXKEHHS  MaTepHana, CTYASHTOM
JIOIYIIEHbl ~ CYIISCTBEHHBbIE OMIMOKM, OTYeT BBIIOIHEH C
MHOT'OYHCJICHHBIMH 3aMEYaHHAMH 110 €ro 0pOopMIICHHUIO;

— Iporpamma MIPOU3BOJICTBEHHON MPaKTUKU BBIIIOJIHEHA
HOJIHOCTBIO;

— 3aJaHMsA  BBINOJHMINCH CAMOCTOSTENBbHO JIMIIb  YAaCTHYHO,
KOHCYJIbTAllHOHHAsl MOAJEP)KKA CO CTOPOHBI PYKOBOJHTENS OT
By3a He OblIa JJOJDKHEIM 00pa30M BOCIPHHSTA CTYACHTOM;

— pe3ynbTaThl, NOJy4YEHHBIE CTYICHTOM, He 00JafaloT HaydHOI
HOBHM3HOH M(WJIH) IPaKTHYECKOI 3HAYMMOCTBHIO, IPESNIOKEHHUS U
PEKOMEH/IallNH HE UMEIOT JOCTaTOYHOTO OOOCHOBAHUSL.

IIpoyedypa 3awumor omuema:

— JIOKJIaJ M IPe3eHTAIHs IOBEPXHOCTHBI, HE OTPAXKal0T OCHOBHEIE
pe3yIbTaThl, IONyYEHHBIE CTYJCHTOM B IIEPHON INpPaKTUKH K
[PE/ICTaBJICHHBIC OTYETE;

— CTYZeHT IOKa3al cialbble 3HAaHUS BONPOCOB TEMBI, HE
OHEpHPOBall JAHHBIMU UCCIIEIOBAHNUS;

— pe3yNbTaThl, MOJYYCHHBIC CTYACHTOM, HE O0NaJaloT HayqyHOM
HOBU3HOH M(WJIM) MPAKTUYECKOW 3HAYMMOCTBIO, MPEAJIOKEHUS 1
PEKOMEH/IaNK HE HMEIOT JJOCTaTOYHOTO OOOCHOBAHUS;

— CTYAGHT HE Jal IMOJHBIX M apryMEHTHPOBAHHBIX OTBETOB Ha
3a/[aHHBIE BOITPOCHI.

Oms3b16 pyKogooumens om npeonpusamus:

B OT3bIBE PYKOBOAUTENS IPAKTHKUA OT HPEANpPUATHS HMEIOTCS
CYILIECTBEHHBIE 3aMEUaHHUSI.

He 3aumeno

c OUEHKOU
«HEy00enemeo
puU-menbHoO»

Oms3b16 pyKogooumens om 8y3a:

— CTYIEHT He coOmrojan rpaguk NPaKTUKH 0e3 YBaKHTEIbHOM
HPHYHHBI;

— OTYET HE MMeeT [CTAIM3HPOBAHHOIO aHainW3a COOPAHHOIO
MaTepHana, MPEICTaBICHHBIC B or4er MaTepHabl
CKOMIWJIMPOBAHBl ~ M3  CYIIECTBYIOIIMX  HCTOYHHUKOB  0e3
HE0OXO0AMMOTro OCMBICIICHHSI, CTYICHTOM JIOTTYII[CHBI
NPHUHIUINATBHBIE OMMOKH B €r0 M3JIOKCHHH, OTY4eT He
COOTBETCTBYET TPEOOBAHHAM K O(OPMIICHHUIO;

— TporpaMma TIPOW3BOACTBEHHOH IPaKTHKH BBITIOJHEHA He
TIOJIHOCTBIO;

— 3a/laHus BBINONHSINCH HE CaMOCTOSITEIBHO, KOHCYJIbTAI[MOHHAS
HOJUIEPKKA CO CTOPOHBI PYKOBOAUTENS OT By3a HE OKa3bIBAJNach
0 IPUYHUHE HESIBKU CTYACHTA,

— pe3ynbTaThl, MOJYYCHHBIC CTYACHTOM, HE OOJAMaloT HaydHON
HOBU3HOM M (MJM) NMPaKTHYECKOW 3HAYUMOCTBIO, OTCYTCTBYIOT
HPEIOKCHHS U PEKOMEHIALNH.
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Tlpoyedypa 3awumer omyema:

— JIOKJaJ M HPE3CHTALUs BBINOJHEHbl 0€3 JOIKHOW CBA3M C
MIPOrpaMMOM NPAKTUKHY;

— CTyHEHT TIOKa3al cjalbble 3HAHMA BOIPOCOB TEMbl, He
OIEpHPOBaJl JAHHBIMU UCCIIEIOBAHNUS;

— pe3yNbTaThl, MOJYYCHHBIC CTYACHTOM, HE O0NaJaloT Hay4yHOM
HOBU3HOM M (MJM) NPAaKTHYECKOW 3HAYUMOCTBIO, OTCYTCTBYIOT
MPEeUIOKCHUS ¥ PeKOMEHAIN;

— CTYZEHT 3aTPyJHMICS OTBETUTH Ha MOCTABJICHHBIE BOIPOCH HIIN
JIOIyCTHJI B OTBETAX IPHHIMITHAIBHBIC OIINOKH.

Om3b16 pyKogooumens om npeonpusamus:

OT3BIB PYKOBOJMTENS MPAKTUKHU OT MPEANPUATUS OTCYICTBYET WM B
HEM UMEIOTCS CYLIECTBEHHbIE KPUTHUECKUE 3aMEUaHHU.

UtoroBass nuddepeHIpoBaHHAs OLEHKA OIpeAessieTcs Kak
CpenHsis apupMETHICCKasl BCeX BBICTABICHHBIX OLCHOK.

PesynbraThl  arTecTalMd  IPOM3BOJICTBEHHOH  NPAaKTHKH
(GUKCUPYIOTCS B 9K3aMEHALMOHHON BEJOMOCTH M 3aYeTHBIX KHIDKKax
cryneHToB. [lomydeHue oOydYaromMMCS HEYAOBJICTBOPUTEILHOW OLCHKU
SBISCTCSl aKaJeMHYECKON 3aJ0JDKCHHOCThIO. JIMKBHAAIMS aKaJeMHUYecKOn
3aJJOJDKEHHOCTH [0 MPAKTHKE OCYIIECTBISIETCS IyTeM €€ MOBTOPHOU
0TpabOTKH N0 MHANBUAYaJIbHOMY rpaduky.
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