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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.
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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.
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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):



16

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 HEPAaBH