MunuctepcTBo oOpazoBanus U Hayku Poccuiickoit deneparuu
denepalibHOE areHTCTBO M0 00Pa30BaHUIO
SApocnaBckuii rocygapcTBeHHbin yHuBepeuteT um. [LI. Jlemuaosa
Kadenpa MUKpOIIEKTPOHUKH

dusnyeckKkue oCHOBbLI
TexXHonormum
UHTerpanbHbIX CUCTEM

3aoauHuk

Pexomernoosano
Hayuno-memoouueckum cosemom yHusepcumema
0J1sL CMYOeHmo8, 00YUaUWUXCS N0 CREeYUAIbHOCU

Muxposnexmponuka u noaynposooOHUKosble Npubopbl

Spocnasis 2008
1



YK 539.2
bbK 3 84473
D 48

Pexomenoosano
Peoaxyuonno-uzoamenbckum cogemom ynugepcumema
8 kauecmee yuebroco uzdanus. Ilnan 2008 2o0a

Penenszent
Kadeapa MUKPOIIEKTPOHUKU
SpocnaBckoro rocyaapctBeHHOro yaupepceurera um. [LI. lemnnosa

CocTaBUTED
C.I1. 3umun

du3uvyecKkue OCHOBBI TEXHOJOTHU HMHTErPajibHBIX CHC-
@ 4g TEM: 3a/IaUHHK / coct. C.II. 3umun; SApocn. roc. yH-T. — Spo-
cnasib: Apl'Y, 2008. — 36 c.

B 3agauHuke comepikarcs 3a/laHusl U CIPaBOYHbIE MaTepra-
Jbl 111 CAMOCTOSITEIbHOM PabOThl CTYJICHTOB MPHU U3YUYEHUU
(U3UYECKUX OCHOB MHKPOIIEKTPOHHBIX TEXHOJIOTHUUECKUX
MPOIIECCOB.

[Ipenna3HaueH mjig CTYJIEHTOB 3 Kypca, OOy4aroIuxcs Mo
cnenuaiabHOCTA 010803 MuUKpPO3JIEKTPOHUKA W TIOTYIIPOBO-
HUKOBBIE MPUOOPHI (qucuuruinHa « OCHOBBI TEXHOJOTUHU UHTE-
IpaIbHBIX M HU3KOpa3MEpHbIX cuctem», ook OIIJl), ounoi
dbopmbI 00yUCHHS.

Nn.9. bubauorp.:14 Hazs.

YK 539.2
bbK 3 844473

© fpocnaBckuil roCyapCTBEHHBIN
yHusepcutet, 2008



Marepuansl 3aa4 pacrnoyiOKEHbl B COOTBETCTBUH C Pa3/eiiaMHu
JIEKIIMOHHOTO Kypca W MpeaHa3HAYEHBI JJIsl 3aKPEIUICHUS TeOpeTHuye-
ckoro marepuaia. Kaxaplii cTyiIeHT 00s13aH BBITIOJIHUTH PEIICHUE O/1-
HOT'O M3 BAPUAHTOB IO KAXKJIOW U3 TPEX MPEMIIOKEHHBIX TeM. s pe-
IIEHUS HEOOXOJAMMO WCIIOIL30BaTh padboune (opmysibl (rpadukw,
TaOJIUIIBI), 00CYK/IaeMbIe Ha JCKIUAX, WIH HaXOAIIHECsS B YICOHBIX
W3IaHUSAX W3 NMPUBEICHHOTO CIHMCKA JIMTEpaTypbl. HekoTopsie chpa-
BOYHBIEC MaTepHUalbl CTYJICHT HAalJIeT B KOHIIE 3aauHuka. [Ipu padore
CTOUT OOpaTUTh 0CO00€ BHUMAaHUE Ha (PU3MYECKYIO CTOPOHY MOJY-
4aeMbIX PEIICHHUM, Ha BO3MOXKHOCTh peaju3allii JaHHbIX BEJIIMYHUH B
TEXHOJOTHYECKHUX Mpoiieccax. YacTh 3aj1auy COJIEPKUT MPOBOKAIIUOH-
Hble ycioBus. CTyA€HTY B 3TOM Cilydae HEOOXOAMMO MPEICTABUTH
dbu3nueckn 0O0OCHOBAHHBIC JIOBOJIbI, MOYEMY 3Ta 3ajaya HE MOXKET
OBITH pellieHa, YTO HAJ0 U3MEHUTh B YCJIOBUAX JJIi KOPPEKTHOIO pe-
menus. [Ipu dopmupoBanun cOOpHUKA MCIOJIB30BAIMCH 3a/layH, CO-
CTaBJICHHBIC aBTOPOM, U ynpaxuenus u3 [1 — 9], [14].

Pelienue 3aa4 BBIOIHSAETCS CTYJAEHTOM Ha OTJICJIbHBIX JIUCTAX,
KOTOpPBIE CIAIOTCS MPENOIABATENI0 B Ha3HAYEHHBIN cpoK. [Ipu BbIsB-
JICHUM OIIMOOK MPOBOAUTCA paboTa HaJ HEBEPHO PEIICHHBIMM 3aja-
4aMU, U JUCTHI C PEIICHUSIMHU BHOBH BO3BPAIIAIOTCS MPETOIaBaTENIO.
[IpenmnouyreHne crueayeT OTAABATH BBIYHUCICHUSIM, MPOBOAUMBIM Ha
KOMIIbIOTEpE. MaTtemaTuueckrue MmporpaMMbl, MPUMEHSEMBbIE JJIsSI pe-
HIEHUsI, 00CYX JAI0TCA Ha JEKIUAX. MOXHO UCIOIb30BaTh CHEIAAIb-
HbIE IIPOrpaMMBbl BbIYMCIIEHHUM, umeromuecss B Marepuere. Tak, mis
pacyeToB MapaMeTPOB HMOHHOW MMILJIAHTAIIMM PEKOMEHIYETCSl CauT
http://www.ee.byu.edu/cleanroom/implantConCal. JIJIs1 KeJIaromuX MOTYT
OBITH MPE/JIOKEHBI 3a/1a41 MOBBINIEHHON CI0KHOCTH.




3apayuv no teme 1
«TexHONOrns rMOpPMAOHLIX UHTErpanbHbIX
cxeMm. PacuyeT napameTpoB NIeHO4YHbIX
3/1IeMEeHTOB»

Bapuanm 1

1. OnpenenuTs CONPOTUBIIEHUE TIEHOYHOTO PE3UCTOPA JJIMHOU 3
MM U mupuHOW 0,5 MM, €CiIM MOBEPXHOCTHOE CONMPOTUBIIEHUE CO-
craBisier 5 Om/

2. Paccuurath conportuBieHue pesucropa ['-o0paszHori (HopMsl,
ecau mupuHa pesucropa 0,3 MM, a JUIMHBI BHEIITHUX TJIEY COCTABIISIOT
3 u 5 mMm. [ToBepxHocTHOE conpoTuBieHue — 10 kOm/

3. Uro Takoe gomycTuMasi paccemBaeMas MOIIHOCTh PE3UCTUBHO-
ro MJIEHOYHOr0 MaTtepuasa?

4. OnpenenuTh MUHUMAJIBHBIE pa3MEpPbl PE3UCTOPA HOMHHAJIOM
150 OMm ¢ MomHOCTEIO paccenBanus 10 MBT, BRIMOJTHEHHOTO U3 XPO-
Ma ¢ TOBEPXHOCTHBIM cornpoTuieHuem 500 Om/

5. Hailpure MakCUMaJIbHYH0 €MKOCTh TOHKOIUIEHOYHOTO KOHJICH-
catopa ¢ gudnektpukoM SiO W pa3mMepaMH BEpXHEH OOKIAIKu
100x100 Mxm” mpu pabodem Hampsoxernn 30 B.

6. PaccuuraiiTe HHAYKTUBHOCTD KPYIJION CHUPAIH, €CJIM IUPUHA
npoBoAgHKMKa | MM, mar cnupanu | MM, 4HCIO BUTKOB S5, BHEUIHUH
TAAMETpP 25 MM.

BapuaHm 2

1. Onpeaenure MOBEPXHOCTHOE COMPOTHUBJIEHHUE PE3UCTUBHOIO
Marepuaa, €Cii COMPOTUBICHUE PE3UCTOPA MPSIMOYTOJILHOU (POPMBI
paBHO 450 Om, mmHa 10 MM, mMpuHA 2 MM.

2. Paccuurath compotuBieHue pesucropa II-oGpaszHoit dhopMsl,
€CII Kakaasi cTopoHa umeeTr auHy 10 MM, a mapuHa pesucropa 0,5
mM. [ToBepxHOCTHOE conpoTuiieHue 1 kOm/



3. OnpenenuTs MUHAMAJIbHBIE Pa3MEPhl PE3UCTOpPa HOMHUHAJIOM
250 OM ¢ momHOCThIO paccerBanusa 10 MBT, BBINTOJHEHHOTO W3 HU-
XpoOMa C MOBEPXHOCTHBIM corpoTuBiaeHuem 100 Om/ . Jlomyctumas
paccenBaemas MOIIHOCTh 2 Br/cm’.

4. PaccuuTarh BEIWYMHY YJIECIBHOM €MKOCTH IUIEHOYHOI'O KOH-
JeHCaTOpa, €CJIM IUIOIaah BepxXHer oOkmaaku 1,5x1,5 MMZ, a EMKOCTh
koHzaeHcartopa 50 nd.

5.UYto Takoe «TUKCOTpomHOCTh»? HazoBuTe o0JacTM MHKpPO-
AIEKTPOHUKH, TJE 3TO CBOMCTBO IPUMEHSETCH.

6. UeM omnpenenseTcss 100pOTHOCTh TOHKOIIJIEHOYHBIX KOHJICHCa-
TOPOB? MOXET M JUAIIEKTPUK TOHKOIUIEHOYHOTO KOHJIEHCATOPA OJI-
HOBPEMEHHO 00J1a7aTh HU3KUM YACIbHBIM COMPOTHBJICHHEM WU HHU3-
KuM tgd?

BapuaHnm 3

1. OnMHAKOBBI JIM COMPOTUBJICHUS TJICHOYHBIX PE3UCTOPOB, BHI-
MTOJITHEHHBIX B OJHOM IPOILIECCE HAHECEHUS, €CIU UX pa3mepsl 12x3 u
1x0,3 MM*?

2.YeMy paBHO ITOBEPXHOCTHOE CONPOTHUBIICHHE PE3UCTUBHOTO
Marepuana, eciu pesuctop I[I-oOpasHoil ¢Gopmbl HMEET HOMHUHANI
1,5 kOm? Pa3zmepsnl 351€eMEHTOB BHEHIHUX Iuied pesuctopa 1,2, 1,8 u
2,7 mm. Iupuna pezucrtopa 0,3 MM.

3. OnpenenuTs MUHUMAJbHBIE Pa3MEPhl PE3UCTOPAa HOMUHAIOM
50 OM ¢ MOIIHOCTBIO paccenBaHusi | MBT, BBIOJHEHHOTO U3 CILJIaBa
MJIT-3 ¢ moBepXHOCTHBIM conpoTuBIeHueM 50 Om/

4. 3roToBiieHbl ABa OJAMHAKOBBIX IUICHOYHBIX KOHJEHCATOpa CO
cinoamu audiiekTpuka SiO u Si0,. Hackonbko OyayT OTIMYaThCs HO-
MHHaJIbI KOHJAEHCATOPOB?

5. PaccunTante MHAYKTUBHOCTh KPYTJIOW CIIUPAJH, €CIA IIAPHUHA
npoBojHuKa 0,3 MM, mar cnupainy 1,5 MM, 4MCI0 BUTKOB S5, BHEIIHUHN
nuameTp 30 M.

6. Ilouemy mipu nu3rorosiieHMH TOJCTOILNIEHOYHBIX [ IC cymect-
BYET OIpEJICIICHHAs MMOCIIEI0BATENBHOCTD BKUTAHUS TPOBOJHUKOBBIX,
PE3UCTUBHBIX U IUICKTPUUECKUX MACT?



BapuaHm 4

1. CpaBHUTE MOBEPXHOCTHBIE COMPOTHUBJICHUSI MATEPHUAIOB JABYX
pesncTopos: A: 250 Owm, 2,5x0,5 Mm%, B: 450 Owm, 3,7x0,6 Mm™.

2. CyuiecTBEHHO JI OyAyT BJIMATH JBa KOHTAKTHBIX COMPOTHUBIIC-
Husg 1mo 50 Om Ha oOmiee CONMpOTHUBIICHHE pe3ucTopa [-o0pasHou
(dbopMbI ¢ BHEITHUM pazMepoM cTopoH 10 u 12 MM nipu BeMuMHE TO-
BEpXHOCTHOro conpotuBiaeHus 120 Om/ wu mupune pesucropa 1 Mm?

3. OnpenenuTs MUHUMAJbHBIE Pa3MEPbl PE3UCTOPA HOMUHAIOM
5000 Om ¢ momHOCTBIO paccenBanusi 10 MBT, BBITOTHEHHOTO W3
kepmeta K-20C ¢ moBepxHOocTHBIM conpotuBiaeHuem 1000 Om/

4. HailguTe MakCUMaJbHYI0 €MKOCTh TOHKOIIJIEHOYHOIO KOHJICH-
catopa ¢ AuAIEKTpukoM u3 Si0,, pazMepaMH BEpXHEW OOKIIAIKU
150x200 MxM” 1 pabouum Hanpsixenuem 10 B.

5. Paccunranrte BEJIMYMHY MHAYKTUBHOCTH CIIMPaId KBAJAPATHOMU
dbopMbl, ecnu mMpruHa npoBoaHuka 0,2 MM, pacCTOSTHUE MEXIY Ipo-
BojiHMKamMu 0,5 MM, 4MCIIO BUTKOB 6, BHEITHUM pa3Mep MHIAYKTHBHO-
ctu 20 Mm.

6. UeMm pa3nuyaroTCs MaTtepualibl, TPUMEHSIEMBIC I CO3JaHUS
W30JIUPYIONINX ¥ KOHJICHCATOPHBIX CJIOEB B THOPUHON MHTETPATIbHOU
cxeme?

BapuaHm 5

1. Bo ckonpko pa3 OyayT OTIWYATHCS COMPOTHUBIICHUS IIJICHOY-
HBIX PE3UCTOPOB, BBINOJIHEHHBIX W3 MAaTEpHAIOB C MOBEPXHOCTHBHIM
conporuieanemM 10 kOm/ u 30 kOM/ , eciu pa3mMepsl IEPBOTO pe-
3ucropa 8x0,4 MMz, BTOporo — 10x0,8 MM>?

2. Yemy paBHO IOBEPXHOCTHOE COIPOTHUBJICHUE PE3UCTUBHOTO
MaTepuaia, €ClIM COMPOTHUBICHUE pe3ucTopa [-o0paszHoM (Gopmbl ¢
BHEIIHUMH Muiedamu 10x6 mm coctaBisier 50 kOm? IlupuHa pesu-
cropa 0,6 mM.

3. OnpenenuTe MUHUMAaJbHBIE pa3MEpPhbl PE3UCTOpa HOMUHATIOM
850 OM ¢ momHOoCThIO paccenBanusa 10 MBT, BBINIOJHEHHOTO U3 HU-
XpoMa ¢ MOBEPXHOCTHBIM comnpoTtuBieHueM 200 Om/ . JlomycTtumas
paccerBaeMasi MOIIHOCTH 2 Br/cm’.

4. PaBHBI 1 OyAyT €MKOCTH IUICHOYHBIX KOHJEHCATOPOB, €CIIHU
OHHU COJIEpKAT OJIMH M TOT K€ JUDJICKTPUK, HO MMEIOT pa3HbIE Ieo-
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METPHYECKHe pa3Mepsl BepxHeil obxmankm: 1,2x1,7 mm” u 2,00x1,02
MM?

5. Yem BbI3BaHAa HEOOXOJUMOCTb NMPUMEHEHHUS Pa3HBIX METOJIOB
HAHECEHUS MJIEHOK B TOHKOIJIEHOYHOW T€XHOJIOTHU?

6. Kak MOXHO yBEJIMYUTh HHAYKTUBHOCTD IUNICHOYHOW CIUpan?

BapuaHm 6

1. CpaBHUTE CONPOTUBIICHUS IBYX PE3UCTOPOB, BHITTOJIHEHHBIX U3
IJICHOK OJHOI0 MaTepuaja OJWHAKOBOM TOJIIMWHBL: A: MPSMOYTOJIb-
ub1it pesucrop 7x0,7 Mm°, B: pesucrop I'-06pasHoit GOpMBI ¢ MmHpH-
HOW | MM M BHEIIHUMU TIedaMu 4 U 7 MM.

2. Yemy paBHO MOBEPXHOCTHOE COINPOTHUBICHUE PE3UCTUBHOTO
Marepuana, eciu pesuctop I[l-oOpasHoit ¢GopmMbl HMEET HOMHHAI
2,5 kOm? Pa3mepsl 3JIeMEHTOB BHEHIHUX Inied pe3ucropa 1,0, 1,8 u
3,7 mm. [lIupuna pesucropa 0,3 Mm.

3. OnpenenuT MUHUMAJIbHBIE pa3Mepbl PE3UCTOpa HOMHHAIOM
250 OM ¢ MOIIHOCTBIO paccerBaHus 5 MBT, BBINOJIHEHHOTO U3 TaHTA-
Ja C TOBEPXHOCTHBIM COMpOTHUBICHUEM 25 OMm/

4. I3roToBJieHBl ABa OJAMHAKOBBLIX IUICHOUHBIX KOHJEHCATOpa CO
cinosimu gudnektpuka SisNy u Si0,. Hackonbko OyayT OTIMYATHCS
HOMMHAJIBI KOHJEHCATOPOB?

5. Paccunraiite MHAYKTUBHOCTb KPYIJIOW CIIMPAM, €CIU IUPUHA
npoBoanuka 0,1 MM, mar cnupanu 0,5 MM, YMCIIO BUTKOB 3, BHEITHUH
arametp 15 mMm.

6. KakuM cmocoOOM 1oJTy4aroTCsi MEJIKOAUCIIEPCHBIC CTEKJIA IS
MacT B TEXHOJIOTUH THOPUIHBIX HHTETPATIbHBIX CXEM?

BapuaHm 7

1. OnMHAKOBHI JIN CONPOTHUBJIEHUS MIEHOYHBIX PE3UCTOPOB, BHI-
MOJIHEHHBIX B OJIHOM IMPOIECCE HAHECEHUS I CIACAYIOUIUX CITydacB.
A: pesuctop npoctoit hopmsbl, koddduiimeHt popmsel paseH 12; b: pe-
suctop ['-o6pa3Hoii popMbl ¢ BHEIIHUMU TJIedaMu 7 U 3 MM, IIUPH-
Hou 0,5 Mmm?

2. Kakum Oynetr compoTuBieHHE pe3rcTopa u3 cmasa MJIT-3M

nmpu 360K, ecim mpu KOMHATHOW TEMIEPATypEe OHO COCTAaBJISIET
52,0 Om?



3. 3roToBieHbl TpU OAWHAKOBBIX IUICHOYHBIX KOHIEHCATOpA CO
cinosimu amanektpuka Si0O, Al,O; u TiO,. Hackonbko OyayT oTiiu-
4aTbhCs HOMUHAJIbI KOHJIEHCATOPOB?

4. PaccuuTailTe MHIYKTUBHOCTh KPYIJION CIIUpAIA, €CJIM MIUPUHA
npoBoauuka 0,1 MM, mar cnupanu 1,3 MM, 4uCiIo BUTKOB 4, BHEITHUHN
nrameTp 40 Mm.

5. Onumure (PU3NKO-XMMHUUYECKUE TPOILIECChl, MPOUCXOSAINE
MPA BXWUTAHUW TOJICTOTUIEHOYHBIX IMACT B Pa3HbIX TEMIEPATYPHBIX
JAaNa30Hax.

6. [ToueMy 1151 BCEX pE3UCTOPOB CXEMBI B paMKaX TOHKOILJICHOY-
HOW TEXHOJIOTMHA PEKOMEHIYETCS MCIIOJIb30BaTh MATEPUANl C OJHUM
MTOBEPXHOCTHBIM CONPOTUBIIEHUEM, & B TOJICTOILNICHOYHOM TEXHOJIO-
MU — C Pa3HBIM TOBEPXHOCTHBIM CONTPOTUBJICHUEM ?

BapuaHm 8

1. CpaBHUTE MOBEPXHOCTHBIC COMPOTHUBJICHUSI MATEPUAIOB JBYX
pesuctopos. A: 150 Om, 1,5x0,3 mm?, B: 250 Owm, 2,7x0,6 mMm”.

2. Onpenenure BEIMYMHY KOHTAKTHBIX CONPOTHUBIIEHUN PE3UCTO-
pa, eciu oOlllee COmpoTUBIECHHE pe3ucTopa ['-o0pazHoil (popmbl C
BHEIIIHUM Pa3MEPOM CTOPOH Mo 11 MM mpu BeTWYHMHE MOBEPXHOCTHO-
ro conporusieruss 100 Om/ u mmpuHe pe3uctopa 1 Mm cocTaBisieT
15 kOm?

3. OnpenenuTe MUHHMAJIbHBIE Pa3MEPhl PE3UCTOPA HOMUHAIOM
350 OM ¢ mMomIHOCTBIO paccenBaHus 1 MBT, BBIIIOJHEHHOIO W3 HU-
XpoMa ¢ TOBEPXHOCTHBIM COMpoTuBIeHHEM 25 OM/ . Jlomyctumas
paccerBaeMasi MOIIHOCTH 2 Br/cm’.

4. Haliiute MHHUMAIBHO BO3MOXKHYIO TOJIIMHY JUIJIEKTPUKA
Al,O; B TOHKOIUICHOYHOM KOHJICHCATOPE, pAaCCYMTAHHOM Ha pabouee
Hanpskenue 10 B.

5. Paccunranrte BEJIMYMHY MHAYKTUBHOCTH CIIMPaId KBAJAPATHOMU
dbopmMbl, eciu mupuHa npoBoaHuka 0,15 MM, paccTosiHUE MEXTYy TTIPO-
BojHUKaMu 0,5 MM, YMCIIO BUTKOB 5, BHEIIHUM pa3Mep MHIAYKTHUBHO-
CTH 25 MM.

6. UeM 0OyCIIOBJIEHO BBICOKOE 3JIEKTPUYECKOE COMPOTUBIICHHUE B
KepMeTax ?



BapuaHm 9

1. Bo ckoiapko pa3 OyAyT OTIWYAThCA COMPOTHUBIICHHS ILJICHOY-
HBIX PE3UCTOPOB, BBIMOJHEHHBIX U3 MAaTEPHUATIOB C MOBEPXHOCTHBIM
conpotuBienremM 20 kOm/ u 100 kOwm/ , ecnu pa3mepsl NEPBOTO
pesuctopa 6x0,2 MM, a BToporo — 12x0,9 Mmm™?

2.UYemy paBHO NOBEPXHOCTHOE CONPOTUBJIECHUE PE3UCTUBHOIO
Marepuaia, €ClIM IOJHOE COMPOTUBJIEHUE pe3uctopa [-o0pa3Hoii
dbopmbl ¢ BHemHUMHU tuiedamMu 10 u 5 MM cocrtasisier 60 kOM, a co-
IIPOTUBJICHUSI KOHTAKTOB B cyMMe paBHbl 10 kOm? [llupuna pesucto-
pa 0,5 mwM.

3. Onpenenurte MUHUMAIBHBIE pa3MEpbl PE3UCTOPa HOMHHAIOM
250 OM ¢ momHOCThIO paccenBanusi 10 MBT, BBIMOJIHEHHOTO W3 TaH-
Tajia ¢ MOBEPXHOCTHBIM comnpoTusiieareM 100 Om/

4. Kak M3MEHHTCS €EMKOCTbh IICHOYHOIO KOHJEHCATOpA IMPHU IO-
BBIIEHUU TeMmrieparypbl A0 340K, eciin OH COOEPKUT IUAIECKTPUK
TiO,, wuMeeT TreoMEeTpUYECKHE pa3Mepbl BepXHEW OOKIANKU
1,0x1,9 MM’ U TOJIIIMHY CJIOSI AURJIEKTpUKa 1 MKM?

5. 3anumuTe GOopMyay EMKOCTH MHOTOCJIOMHOTO KOHJIEHCATOpa U
NOSICHUTE MOPSAOK COEAMHEHUST OOKIIAOK.

6. Kakue yciioBusi y4UTBIBAIOTCS MIPU BHIOOPE MUHUMAJIBLHOM I1IU-
PUHBI TUIEHOYHOT'O pe3ucropa?

Bapuanm 10

1. CpaBHUTE CONPOTUBIICHUS IBYX PE3UCTOPOB, BHITTOJIHEHHBIX U3
IJIEHOK OJIHOTO Marepuala OJINHAKOBOM TOJIIIUHBI.
A: ipsiMoyronbHBIH pesuctop 5x0,3 mm®, b: pesucrop I1-06pasHoii
(GhOpMBI ¢ IUPUHOM 1 MM U BHEIITHUMM IIJICYaMH 110 7 MM.

2. Onpenenure yJeJlIbHOE KOHTAKTHOE COIMPOTUBIICHUE, €CIIM Ha
JOJIF0 KOHTAaKTOB MPUXOAUTCS 5% OT MOJHOrO CONMPOTUBIICHUS PE3U-
cropa 25 kOM, a JaB€ KOHTAKTHBIE IUIOMIAJIKA HMEIT pPa3Mepbl
1x1 mm> Kaxxgas.

3. Onpengenurte MUHUMAIBHBIE pa3MeEpbl PE3UCTOPa HOMHHAIOM
250 kOm ¢ MomHOCTBIO pacceuBaHust 10 MBT, BbIMOTHEHHOrO M3
kepmerta K-20C ¢ moBepxHocTHBIM compotuBieHueM 1000 Om/



4. 3roToBiieHbl ABa OAMHAKOBBIX IUICHOYHBIX KOHJEHCATOpPA CO
cinosimu amanektpuka Al,O; u Si0,. Hackonpko OyayT oTivyarhbes
€MKOCTH KOHJICHCATOPOB?

5. Paccunrante MHIYKTUBHOCTh KPYTJIOW CHUPAIH, €CIN MUPUHA
npoBoauuka 0,2 MM, mar cnupanu 0,6 MM, YMCJIO BUTKOB 4, BHEIITHUH
nraaMeTp 45 Mm.

6. Hapucyiite nuaum Toka B pesucrope ['-o0pa3noit popmsl u 1o-
sscHUTE 3G (PEKT TOMOJIHUTEIPHOIO HarpeBa BHYTPEHHEIO yrja pe3u-
cTopa.
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3apayv no teme 2
«[narpamMmmMbl COCTOSAHUN. INMUTAKCUSA.
NMpoueccbl TepMNYECKOro OKUCIIEHUNA

KpeMHUA»

Bapuanm 1

1. Onucare AuarpaMMmy COCTOSIHUN «aJIlOMHHUM — KpeMHUI». Ka-
Kasi MAaKCUMaJIbHO BO3MOYKHASI TEMIIEPATYPA BKUTAHUS ATFOMUHUEBBIX
KOHTAKTOB Ha KPEMHUHU?

2. Halitu BpemMs, HEOOXOAMMOE JJIsl BbIpAIlMBAHUS CJIIOEB JUOK-
cuga kpeMuus TonmuHon 500 aM Ha kpemuuu opueHTanuu (111) pu
temreparype 1100°C B cyxoM KUCIOpOJE U B Tapax BOJBI.

3. IlokazaTh, 4TO €CJid MOJIBEPTHYTh KPEMHHUEBYIO IIACTUHY Py
MOCJIEAOBATEIIBHBIX ONEPAUA TEPMUUYECKOTO OKUCIIEHHS, TO PE3YJIb-
TUPYIOIIAs TOJIIUHA TUICHKU OYyJET ONPENeNsiThCd W3 BBIPAKEHUS
X2=X12+X22+. . .+Xn2, rAe Xi, Xs...X, — TOJIIMHBI OKHUCIA, KOTOPhIE OBbLIN
Obl MOJYyYEHBI MPU MPOBEACHUM KaXKIOW M3 ATUX OmNepanuidl Ha He-
okuclieHHo# miactune. ChopMynupyiiTe, 1jig Kakux yCJIOBUM cripa-
BeJIMBA JaHHas Gopmya?

4. KpemnueBass mactudHa opueHTtanuu (100) okucnsercs He-
CKOJIbKO pa3 B IPOLIECCE U3rOTOBJICHUA UHTETPAIBHOU cxeMbl. Halitu
PE3YJIbTUPYIOLIYIO TOJIIMHY OKHKCJIA TMOCTE KaXKIOW W3 MOCJIeN0Ba-
TenabHbIX onepauuii: A — npu 1100°C 60 MUHYT B CyXOM KHUCIOPOJIE;
b —1000°C 2 yaca B BoastHoM mape; B — npu 1000°C 6 yacoB B cyxom
KHUCIIOPOJE.

5. B MacKupymoeM OKCHUIIHOM CJIO€ TOJIIMUHOW X; BBITPABIIMBA-
ercst AupPpy3noHHOe OKHO. B OKHE BbIpalmuBaeTcs CIoil OKucia ToJ-
IIMHOU X;. TOJIIMHA MACKUPYIOWIETO CJIOS IPU 3TOM BO3PACTAET N0
x3. [loka3zaTp, 4TO BBICOTA CTYIIEHU HA MOBEPXHOCTH KPEMHUS OIpe-
nensiercst BeipaxkenreM h=0,44 (x,-x5+x,).

6. OnuiuTe yciaoBUS U MEXaHU3M OOpa30BaHMsI KBAHTOBBIX TO-
YEeK MPU MOJEKYJSIPHO-TY4YEBOM SMUTAKCUU 110 MeXaHu3My CTpaHCKH-
Kpacranoga.
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BapuaHm 2

1. Onncate guarpaMmy COCTOSIHMM «30J0TO — KpeMmHui». Kakas
MUHUMAaJIbHasl TeMIepaTypa naiku HeoOXxoauma sl YCTaHOBKH KpH-
CTaJljla KpEMHUSA Ha 30JIOTYIO TTOJIJIOKKY?

2. Haittu Bpems, He0OX0auMOe AJi BBIPALIMBAHUS CJIIOEB JTHOK-
cuga kpeMHus TonmuHor 300 HM Ha kpeMHuu opueHTanuu (111) npu
temnepatype 1200°C B CyXxoM KUCIIOPOJIE€ U B ITapax BO/IbI.

3. Iloka3aTp, 4TO €ciiid MOJABEPTHYTh KPEMHHUEBYIO IUIACTUHY PSALY
MOCJICIOBATENIBHBIX OIEpAMd TEPMUYECKOTO OKHUCIIEHHS, TO PE3YJib-
TUPYIOIIAs TOJIIUHA TUICHKH OYyJET ONpPEAeNSIThCd W3 BBIPAKEHUS
x2=x12+x22+. . .+xn2, e X|, X3...X, — TOJIIMHBI OKUCIIA, KOTOPhIE OBLITN
OBl TOJIy4YEHBI MPU MPOBEICHUU KAXJIOW U3 ITUX OINepaluid Ha He-
oKkHCJIeHHOM mnactuHe. ChopMyaupynTe, I KaKuX yCIOBHUM cIpa-
BeJIJIMBa JaHHas hopmyna?

4. KpemuueBass tuactuHa opueHtanuu (100) oxucnsercs He-
CKOJIBKO pa3 B IIPOLIECCE U3TOTOBIICHUS UHTETPAJIbHOU cxembl. HanTu
PE3YJIbTUPYIOLIYIO TOJIIMHY OKHKCIIA TOCIE KaKIOW W3 MOCIENO0Ba-
TenbHbIX omnepanuii: A — nipu 1200°C 40 MUHYT B CyXOM KHCIIOPOJIE;
b—-1100°C 1,5 gaca B BogsiHom nape; B — npu 1000°C 4 gaca B cyxom
KHUCJIOPOJE.

5. B kxpeMHUEBOM JIaCTUHE CO3/laHa ITyOOoKasi BEpTUKaIbHAs Ka-
HaBka mwmpuHOoM | Mkm. IlmacthHa OKucCIIETCS B mapax BOJABI IIPHU
temrneparype 1000°C st 3anosiHeHus: kKaHaBKU okucioM. Kakosa 0Oy-
JEeT pe3yabTUPYIOIIAsl MPHUHA TTOJOCKU JUOKCUIa KpeMHus? CKoJb-
KO Ha 3TO MOTpeOyeTCsi BpeMeHU?

6. ChopmynupyiiTe OCHOBHBIE OTJIUYHUS METOJA MOJICKYJISIPHO-
JyYEBOM 3MUTAKCUU OT JPYTUX BAKYYMHBIX METOJIOB.

BapuaHnm 3

1. Onumure guarpaMMy COCTOSTHUM «cepedpo — kpeMuuii». [1po-
aHATM3UPYUTE, MOXKET JIM 3Ta CUCTEMa ObITh IPUMEHEHA JIJISl KUIKO-
(dha3HOM AMUTAKCUHN KPEMHHUS.

2. Haittu Bpems, HEOOXOOUMOE JJI1 BBIPALIMBAHUS CJIOEB JIHOK-
cuna kpeMuus tonmuHon 800 HM Ha kpemHun opueHTauuu (111) npu
temrneparype 1300°C B cyxoM KUCIOpPOJE U B TTapax BOJBI.
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3. Iloka3aTp, 4TO €ciiid MOJABEPTHYTh KPEMHHUEBYIO IUIACTUHY PSAY
MOCJIEIOBATEIIBHBIX OIMEPAMA TEPMUYECKOTO OKHUCIIEHHS, TO PE3YJIIb-
TUpYIOIIas TOJIIMHA IUICHKU OYyJET OMpPEeNeNAThCs U3 BBIPAKCHUS
x2=x12+x22+. . .+xn2, 7€ X|, X;...X, — TOJIIMHBI OKUCIIA, KOTOPhIE OBLITN
Obl MOJIyYEHbI MPU MPOBEICHUU KAXJIOW M3 ITUX ONepaluid Ha He-
okucneHHou mnactuHe. ChopmynupyiTe, A KaKux YCIOBUN CIpa-
BeJIJIMBa AaHHas hopmyna?

4. KpemnueBasi mactuda opueHTtanuu (100) okucnsercss He-
CKOJIBKO pa3 B MPOILIECCE M3rOTOBJICHUA MHTETPAIBLHON cxeMbl. Haiitu
PE3YJBTUPYIONIYIO TOJIIMHY OKHCJIA MOCHE KAKIOM W3 MOCJIEN0BaA-
TenbHbIX onepanuii: A — npu 1300°C 50 MUHYT B CyXOM KHCIIOPOJIE;
b — 1200°C 1 4gac B BoasHom mape; B — mpu 1000°C 3 yaca B cyxom
KHUCJIOPOJE.

5. B kpemuueBo# minactune opueHtanuu (111) nokansHo Gpopmu-
pyeTcst 001acTh TUOKCUAA KpeMHusl. BepxHuil ypoBeHb 3TOM o0iacTu
JIOJKEH COBIIAJIaTh C TOBEPXHOCTHIO MOIOKKU. Kakoi riyOuHbl Ha-
0 clieNaTh MKy mOpu TodmuHe ¢dopmupyeMoro okucia 300 HM?
CKOJIBKO BPEMEHM 3alIMET MPOLIECC OKUCICHUS, MPOBOJAUMOIO B CYy-
xoM kucaopoze npu 1200°C?

6. [IpoBennTe CpaBHUTENBHBI aHAIA3 SMUTAKCUAIBHBIX IJICHOK
KPEMHHUS, MOJTYUYECHHBIX U3 Mapora3oBoi ¢a3bl MO CUIAHOBOM U XJIO-
PUIHOU TEXHOIOTHSIM.

BapuaHm 4

1. Onummure guarpaMmy COCTOSIHUM «MHAWN — rajuiiy. [loscHu-
T€, KAKUE CBOMCTBA IBTCKTUKU «HUHIAWW — TaJUIMW» ITO3BOJSIOT HC-
IIOJIb30BATh €€ ISl U3TOTOBJIEHUS KUJAKUX KOHTAKTOB K IOJIYIIPOBOJI-
HUKOBBIM MaTEpHUaJIaM.

2. Haittu Bpems, He0OXOauMOE AJi BBIPALIMBAHUS CJIOEB JTHOK-
cuga kpeMuus TonmuHon 600 HM Ha kpemuun opueHTanuu (111) pu
temreparype 1150°C B cyxoM KuCIOpOJE U B Tapax BOJBI.

3. Iloka3aTp, 4TO €CM MOJABEPTHYTh KPEMHHUEBYIO TUIACTUHY PALY
IIOCJIEIOBATEINIBHBIX OIEPALMHA TEPMUYECKOTO OKHUCIIEHHUS, TO PE3YJIb-
TUPYIOIIAs TOJIIUHA TUICHKU OYyJET ONpPEeNeNsiThCd W3 BBIPAKEHUS
X2:X12+X22+. . .+Xn2, 7€ Xq, X5...X, — TOJIIUHBI OKUCIIA, KOTOPBIE OBLIN
Obl MOJYyYEHBI MPU MPOBEACHUM KaXKIOW M3 ATUX ONepanuidl Ha He-

13



okucneHHo mactuHe. Chopmynupyirte, A1 KaKux YCIOBUN CIpa-
BeJIMBA JaHHas Gopmya?

4. KpemnueBass mactudHa opueHTauuu (100) okucnsercss He-
CKOJIbKO pa3 B MPOLIECCE U3rOTOBJICHUA UHTETPAIBLHOU cxeMbl. Halitu
PE3YJIbTUPYIOLIYIO TOJIIMHY OKHCIIA IOCIE KAXKIOW M3 MOCIEeNOBa-
TenbHBIX omepanuii: A — mpu 1250°C 50 MUHYT B CyXOM KHCIIOPOJIE;
b —1150°C 1 yac B BogsinoM nape; B — npu 900°C 4 yaca B cyxoM Ku-
CJIIOpOZE.

5. KpemuneBass miactuHa opueHtanuu (100) mokpsita clioem
okucna 200 am. Kakoe nonosiHUTENbHOE BpeMsi OTpeOdyeTcst AJis TO-
ro, 4ToObl BbIpacTuTh eme 100 HM JUOKCHJa KPEMHHUSI B CyXOM KH-
cnopoze mipu 1000°C?

6. ChopMynupyiiTe OCHOBHBIC TEXHOJIOTMYECKHE BO3MOXKHOCTH
METOJIa MOJIEKYJISIPHO-Ty4€BOU SMTUTAKCHMU.

BapuaHm 5

1. OnumuTe guarpaMMy COCTOSSHUM «repMaHui — ramuuin». Ecim
HAHECTH IUIEHKY Tajulusl HAa TEPMaHU, TO KaKas TemIeparypa mocie-
yIo1Ier TepMooOpabOTKH BO3MOKHA B IAHHOM TIJICHOYHOM cucteme?

2. Halitu BpemMs, HEOOXOAUMOE JJIsl BbIpAIUBAHUS CJIIOEB JTUOK-
cuga kpeMHus ToimuHon 350 HM Ha kpemuuu opueHTanuu (111) pu
temrneparype 1050°C B cyxoM KUCIOpPOJE U B Tapax BOJBI.

3. [TokasaTp, 4TO €cliv MOJIBEPTHYTh KPEMHHUEBYIO ILUIACTUHY Py
MOCJIEN0BATEIIBHBIX ONEPAUMNA TEPMUUYECKOTO OKUCIICHHS, TO PE3YJIib-
TUPYIOIIAsl TOJIIIUHA TUICHKU OYyJET ONPENeNsiThCd W3 BBIPAKEHUS
X2:X12+X22+. . .+Xn2, 7€ Xq, X5...X, — TOJIIUHBI OKUCIIA, KOTOPBIE OBLITN
Obl MOJYyYEHBI MPU MPOBEACHUM KaXKIOW M3 ATUX ONepanuidl Ha He-
okuclieHHO# miactuHe. ChopMynupyiiTe, 1jig Kakux yCJIOBUM crpa-
BeJIJTMBA JlaHHas hopmyJia?

4. KpemnueBass mactuda opueHTanuu (100) okucnsercs He-
CKOJIbKO pa3 B IPOLIECCE U3rOTOBJICHUA UHTETPAIBHOU cxeMbl. Halitu
PE3YJIbTUPYIOLIYIO TOJIIMHY OKHKCJIAa TMOCIE KaXKIOW W3 MOCIeN0Ba-
TenabHbIX onepauuii: A — npu 1000°C 30 MUHYT B CyXOM KHUCIOPOJIE;
b —1150°C 1 yac B BoasiHoM nape; B — npu 950°C 2 yaca B cyxom Ku-
CJIIOpOJIE.

5. KpemnueBas mnnactuHa opueHTanuu (100) mokpsita cioem
okucia 100 am. Kakoe gonosHUTEIRHOE BpeMsi TOTPeOyeTCs ISl TO-
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ro, 4T00BI BeIpacTUTh emie 100 HM TUOKCHa KpEeMHHUS B mapax BOJBI
npu 1100°C?

6. OnuIIMTE OCHOBHBIE KOHCTPYKTUBHBIE OTIMYHS TEXHOJOTHYE-
CKOM yCTAHOBKU METOJIa «ropsiuei CTEHKW» OT YCTAaHOBKHM METOJ1a Ba-
KYYMHOI'O OCaXJICHMUS.

BapuaHm 6

1. Onummure nruarpaMMy COCTOSIHUM «r€pMaHu — UHInN». Ecinun
HAHECTH IUICHKY WHJWS Ha T€pMaHUi, TO Kakas TEMIlEpaTypa Mocle-
yIo1Ier TepMooOpabOTKH BO3MOKHA B IAHHOM TJICHOYHOM cucteme?

2. Haiitu Bpems, HEOOXOAUMOE JJIsl BBIpALIUBAHUS CJIIOEB JUOK-
cuga kpeMHus ToimuHon 150 aM Ha kpemuuu opueHTanuu (111) npu
temreparype 950°C B cyxom KUCIIOPOJIE U B Mapax BOAbIL.

3. IlokazaTh, 4TO €CJid MOJIBEPTHYTh KPEMHHUEBYIO IUIACTUHY Py
MOCJIEA0BATEIIBbHBIX ONEPAUNA TEPMUUYECKOTO OKUCIICHHS, TO PE3YJIb-
TUPYIOIIAs TOJIIUHA TUICHKU OYyJET ONpPEAeNsiThCd W3 BBIPAKEHUS
X2=X12+X22+. . .+Xn2, rAe X, Xs...X, — TOJIIMHBI OKHUCHA, KOTOPbIE OBLIN
Obl MOJYyYEHBI MPU MPOBEACHUM KaXKIOW M3 ATUX OmNepanuidl Ha He-
okuclieHHo# miactuHe. ChopMynupyiiTe, 1jig Kakux yCIOBUM cripa-
BeJIMBA JaHHas Gopmya?

4. KpemnueBass mactudHa opueHTtanuu (100) okucisercs He-
CKOJIbKO pa3 B IPOLIECCE U3rOTOBJICHUA UHTETPAIBLHOU cxeMbl. Halitu
PE3YJIbTUPYIOLIYIO TOJIIMHY OKHKCIIA TMOCIE KaXKIOW W3 MOCJIeN0Ba-
TenabHbIX onepauuii: A — npu 1200°C 50 MUHYT B CyXOM KHUCIIOPOJIE;
b —1150°C 2 yaca B BogsgnoM nape; B — npu 950°C 1 gac B cyxoM Ku-
CIIOpOZE.

5. B MacKkupymoeM OKCHUIHOM CJIO€ TOJIIUHOW X; BBITPABIIMBA-
ercst AupPpy3noHHOoe OKHO. B OKHE BbIpalmuBaeTcs CI0il OKucia ToJ-
IIMHOU X;. TOJIIMHA MACKUPYIOWIETO CJIOS P 3TOM BO3PACTAET N0
x3. [loka3zaTh, 4TO BBICOTA CTYIIEHU HA MOBEPXHOCTH KPEMHUS OIpe-
nensiercst BeipaxxenrneM h=0,44(x,-x3+x;).

6. [losicHuTe pa3znuuus B TEPMHUHAX «INHUTAKCUAIbHAs IIJICHKA»,
HOJIMKPUCTAIINYECKAA IUICHKA», «TEKCTYpHUpPOBAaHHAs IUICHKA,
«amopdHas TICHKa.
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BapuaHnm 7

1. Onummure auarpaMmy COCTOSIHUM «T€PMaHUM — aTFOMHHUI.
Ecnu HaHecTH TJIEHKY aTlOMUHUS HAa T€pMaHUM, TO KaKasi TeMrepary-
pa mocieayomed TepMooOpadboTKU BO3MOKHA B JIAHHOM TIJICHOYHOM
cucreme?

2. Haitnute Bpemsi, KOTOpoe moTpedyercs Jjisi HAaHECEHUsI OKCUJ-
Horo cjos TonmuHon 450 aM npu temreparype 1050°C. Iponecc ok-
CUIUpOBaHMS  XapakTepuzyercss mnapamerpamMu  A=0,31  MkM,
B=0,47 MKM>/4ac.

3. IlokazaTh, 4TO €CJid MOJIBEPTHYTh KPEMHHUEBYIO IUIACTUHY Py
MOCJIEN0BATEIIbHBIX ONEPAUNA TEPMUUYECKOTO OKUCIICHHS, TO PE3YJIib-
TUPYIOIIAsl TOJIIIUHA TUICHKU OYJET ONPENeNSIThCd W3 BBIPAKEHUS
X2=X12+X22+. . .+Xn2, rae X, Xs...X, — TOJIIMHBI OKUCHA, KOTOPhIE OBLIH
Obl MOJYyYEHBI MPU MPOBEACHUM KaXKIOW M3 ATUX ONepanuidl Ha He-
okuclieHHO# miactuHe. ChopMynupyiiTe, s Kakux yCJIOBUM crpa-
BeJIMBA JaHHas Gopmya?

4. KpemnueBass mactuda opueHTtanuu (100) okucnsercs He-
CKOJIbKO pa3 B IPOLIECCE U3rOTOBJICHUA UHTETPAIBHOU cxeMbl. Halitu
PE3YABTUPYIOLIYIO TOJIMHY OKHUCJA MOCIE KaXXKI0M M3 MOCIIEI0Ba-
TenabHbIX onepanuii: A — npu 1000°C 120 MUHYT B CyXOM KHUCJIOPOJIE;
b — 1250°C 2 yaca B BoasHoM nape; B — npu 850°C 1 yac B cyxoMm Ku-
CIIOpOZE.

5. B kpemuueBoit miactune opuentanuu (100) nokansHo Gopmu-
pyercst 00nacTh JMOKCHAA KpeMHUs. BepXHuil ypoBeHb 3TOM 001acTu
JOJDKEH COBIIAJIaTh C MOBEPXHOCTHIO MOJI0KKHU. Kakoil rimyOuHbl Ha-
0 clenaTh SMKY mOpu TodmuHe dopmupyeMoro okuciaa 300 HM?
CKOJIBKO BpEMEHU 3alMET MPOLIECC OKUCICHUS, TPOBOAUMOIO B CY-
xoM kucnopoe mpu 1200°C?

6. KakumMu MeTomamMu SMUATAKCHM BO3MOXKHO MOJy4YaTh YJbTpa-
TOHKHUE TUICHKH MOJYyITPOBOJHUKOB TOJIIUHONW B HECKOJIBKO HAHOMET-
poB? JlaiiTe 000CHOBAaHWE CBOMM BBIBOJAM.
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BapuaHm 8

1. OnummuTe AUarpaMmy COCTOSIHUW «T€pMaHuil — 30510TO». Ecin
HAHECTH IUICHKY 30JI0Ta Ha T€pMaHuil, TO Kakas TeMIepaTrypa mocie-
TyIoIIeld TepMooOpabOTKH BO3MOKHA B JITAHHOM IJIEHOYHOM cucTeMe?

2. Haitnute Bpemsi, KOTopoe moTpedyercs Jjisi HaHeCEHUsI OKCHUJI-
Horo ciyos TonmuHo# 250 am npu Temneparype 1050°C. Tlpoiecc ok-
CUIUpOBaHMUS  Xxapakrtepusyercs mapamerpamu  A=0,31  Mkwm,
B=0,47 mMxm*/4ac.

3. Iloka3aTp, 4TO €CJIM MOJIBEPTHYTh KPEMHHUEBYIO TIACTUHY PAIY
MOCJICIOBATEIIBHBIX OIMEPAMA TEPMUYECKOTO OKHUCIIEHHS, TO PE3YJIIb-
TUpYIOLIasl TOJIIMHA IUICHKU OYyIeT OMpEeNeNaThCsi U3 BBIPAKECHUS
X2=X12+X22+. . .+Xn2, re X|, X3...X, — TOJIIUHBI OKUCJIA, KOTOPhIE ObLIN
Obl TOJIy4YEHbI MPU MPOBEICHUU KAXJIOW M3 ATUX ONepaluid Ha He-
okucneHHou miactuHe. Chopmynupyirte, A KaKux YCIOBUN cIpa-
Be/IJIMBa AaHHas hopmya?

4. KpemnueBasi mnactuda opueHTtanuu (100) okucnsercss He-
CKOJIBKO pa3 B MPOLIECCE U3rOTOBJICHUA UHTETPAIBLHOU cxeMbl. Halitu
PE3YJIBTUPYIOLIYIO TOJIIMHY OKHCIIA IOCJIE KaXKIOW W3 MOCIEeNO0Ba-
TenbHbIX oneparuii: A — mpu 1000°C 180 MUHYT B CyXOM KHCIIOPOJE;
b — 1050°C 2 ygaca B BogsiHoM mnape; B — npu 1150°C 2 yaca B cyxom
KHUCJIOPOJE.

5. B kxpemMHueBOM IIaCTUHE CO3/jaHa TIIyOOKash BepTUKaIbHAs Ka-
HaBka mupuHOM 1 MkMm. IlmactuHa okwucisieTcs B mapax BOJIBI MPH
temrneparype 1000°C st 3anosiHeHusl KaHaBKU okuciaoM. Kakosa Oy-
JET pe3yJbTUPYIOIIas IUPUHA TOJOCKU JUOKCUAa KpeMHus? CKob-
KO Ha 3TO MOTpedyeTcsi BpeMeHU?

6. OnumuTe CBOKWCTBA METAJLIA-PACTBOPUTENS. B METOAE JKHJIKO-
dha3HOI STUTaAKCHH.

BapuaHm 9

1. Onummure auarpaMmy COCTOSIHMM «T€pMaHUM — OJI0BO». Ecim
HAaHECTH IUICHKY OJIOBa HAa F'€pMaHUM, TO Kakas TeMIIeparypa mocie-
TyIoIIeld TepMooOpabOTKH BO3MOKHA B JITAHHOM INIEHOYHOM cucTeMme?

2. Haitnute Bpemsi, KOTOpoe noTpedyercs il HaHeCEHUsI OKCHUJI-
HOTO CJOSI TOJMIIMHON 2 MKM Tipu Temmepatype 920°C npu naBieHuun
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napa 25 arm. [Iponecc okcuaupoBaHus XapaKTEpU3yeTCsl apaMeTpa-
mu A=0,5 mrm, B=5,0 Mmxm*/uac.

3. [TokazaTp, 4TO €cliv MOJIBEPTHYTh KPEMHHUEBYIO ILUIACTUHY Py
MOCJIEAOBATENIBHBIX ONEPAUNA TEPMUUYECKOTO OKUCIIECHHS, TO PE3YJIb-
TUPYIOIIAs TOJIIUHA TUICHKH OYJET ONPENeNSIThCd W3 BBIPAKEHUS
X2:X12+X22+. . .+Xn2, 7€ X|, X5...X, — TOJIIUHBI OKUCIIA, KOTOPBIE OBLIN
Obl MOJYyYEHBI MPU MPOBEACHUM KaXKIOW M3 ATUX ONepanuidl Ha He-
OKHCJIeHHOW miactuHe. ChopMyaupynTe, I KaKuX yCIOBHUM cIpa-
BeJIJTMBA JlaHHas hopmyJia?

4. KpemuueBass 1uactuHa opueHtanuu (100) oxucnsgercss He-
CKOJIBKO pa3 B IIPOLIECCE U3TOTOBIICHUS UHTETPAJIbHOU cxembl. HanTu
PE3YyIBTUPYIOLIYIO TOJIIUHY OKHCJIA IOCIE KaXI0W W3 TOCIEI0Ba-
TenbHbIX omnepanuii: A — nipu 950°C 180 MUHYT B CyXOM KHCIIOPO/IE;
b —950°C 3 yaca B BoggHom nape; B — ipu 950°C 2 yaca B cyxom Ku-
CIIOpOZE.

5. KpemnueBass mnactuna opueHTtauuu (111) mokpeita ciioem
okucna 200 M. Kakoe gonosHUTEIRHOE BpeMsi TOTpeOyeTcs JyIsl TO-
ro, 4To0bI BeIpacTuTh emie 100 HM AMOKCHIA KPEMHHUS B CyXOM KHU-
ciopoze nipu 1000°C?

6. [losicauTe CyTh mpolecca 3MUTAKCUU C TPUMEHCHUEM METAJI-
JIOOPTaHUYECKUX COCIMHECHUN.

Bapuanm 10

1. Onumure AuarpaMMy COCTOSIHUW «T€pMaHUi — CBUHENY. Ecin
HAHECTH IUICHKY CBHMHIIA HA T€pMaHUM, TO Kakas TeMmIieparypa mocie-
TyIOIIer TepMooOpadOTKH BO3MOXKHA B TAHHOM TIJICHOYHOM crucTeme?

2. CpaBHUTE BpeMsi, KOTOpoe MOTpeOyeTcs JUisi HAaHEeCEHUsS OK-
CUJIHBIX CJIOEB B mapax BOJbI TOMIMMUHON 0,22 MKM ¥ | MKM mpH TeM-
nepatype 920°C npu nasnenuu mapa 25 atM. [Ipouecc okcuaupoBa-
HUS XapakTepusyercs mapamerpamu A=0,5 MM, B=5,0 Mxm’/9ac.

3. IlokazaTh, 4TO €CJid MOJABEPTHYTh KPEMHHUEBYIO IUIACTUHY Py
MOCJIE0BATENIbHBIX ONEpAlMid TEPMUUYECKOTO OKHUCIICHHS, TO PE3YJib-
TUpYIOLIasl TOJIIMHA IUICHKU OYyIeT OMpeNesaThCsi U3 BBIPAKECHUS
X2=X12+X22+. . .+Xn2, rAe Xi, Xs...X, — TOJIIMHBI OKHUCHA, KOTOPhIE ObLIN
Obl MOJYYEHBI MPU MPOBEACHUN KAXKIOW M3 ATUX OIepaluil Ha He-
okucneHHo miactuHe. ChopmynupyiTte, A KaKux YCIOBUN cIpa-
BeJIMBA JaHHas Gopmya?
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4. KpemnaueBass mactuda opueHTanuu (100) okucnsercs He-
CKOJIBKO pa3 B IIPOLIECCE U3TOTOBIICHUS UHTETPAJIbHOU cxembl. HanTu
PE3YJbTUPYIOLIYIO TOJIIMHY OKHKCJIA TMOCIE KaXKIOW W3 MOCJIeN0Ba-
TenabHbIX onepanuii: A — npu 1150°C 160 MUHYT B CyXOM KUCITIOPOJIE;
b—-1150°C 1,4 gaca B BoastHom nape; B — npu 1150°C 2,3 yaca B cy-
XOM KHUCJIOPO/IE.

5. KpemuueBas miactuHa opueHTanuu (111) mokpeita ciioem
okucya 100 am. Kakoe gonosHUTEIRHOE BpeMsi TOTPeOyeTCs JyIsl TO-
ro, 94ToObI BeIpacTUTh eme 100 HM TuokcHuaa KpeMHUsS B Mapax BOJbI
npu 1100°C?

6. Kakumu cBoiicTBaMHM [OJDKHA 00J1alaTh JIOJOYKA B METOJE
Henwscona xuakodaszHoit anuTakcuu?
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3agaum no teme 3
«TepMmunyeckaa anpdysus.
MoHHaa nmnnaHTauuda. Metannusauusa»

BapuaHnm 1

1. Yemy Oyner paBHa MOBEPXHOCTHAs] KOHLIEHTpALMS MPUMECU
Oopa mpu 3aroHkKe B KpeMHui npu temmeparype 1200°C?

2. IIpu tremneparype 1150°C mpoucxomut nuddysusa ¢pocdopa u3
HEOTpAaHWUYEHHOTO McTOYHMKA B KpeMHUUM KJIb-1 B Teuenue 60 mu-
HyT. [locTpouts mpoduib pacnpeneneHus MpuMecHu U rpaduyuecKu
ONpeNIeNTUTh TIIyOuHY 3aneranus p-n nepexonaa. CpaBHUTH 3TO 3Haye-
HUE C BBIUUCIICHUAMU 10 (hopMyIIE.

3. B kpemnauit KO®-10 npoBoautcs nByxcraguiiHas auddysus
oopa. 3aronka npoucxoauT npu temneparype 1000°C 20 munyT, pas-
rorka npu 1200°C 1 ygac. [ToctpouTs npoduias pacnpeneieHus: npu-
MECH U ONPEACIIUTH TIyOUHY 3aJIeraHus p-n Mepexo/ia.

4. Kakas sHeprusi noHoB ¢ochopa HeoOXoauMa I CO3JAHHS
MakcHManbHOi KoHnenTpauuu 1-10'7 cM™ ma royGume 1000 A rmra-
ctunbl K/[b-10? Kakas npu sTom HeoOxoanMa 7032 U KaKOB TIPU ITOM
pazopoc?

5. IIpu uoHHOW ummuianTauuu Oopa B KO®D-7,5 MakcumaibHas
KOHLIEHTpAYs COCTaBUJIA 2-10"% em”. ['myOunHa 3aneranusi mepexoja
coctaBuia 200 HM. OnipeenuTe HEPTrI0 HOHOB U 103y 00JIyYEHUSI.

6. Kakue npo0sieMbl TPUXOAUTCS pellaTh MPU CO3/IaHUU MEIHOU
METAJUTA3ALUHN B UHTETPAIIbHBIX CXeMax?

BapuaHm 2

1. Yemy Oyner paBHa MOBEPXHOCTHAs] KOHLIEHTpALMS MPUMECU
Oopa npu 3aroHke B kpeMHui npu temmneparype 1000°C?

2. IIpu Temnepatrype 1200°C npoucxoaut auddysus docdopa usz
HEOrpaHU4YeHHOro ucTtoyHuka B kpemHuil KJIb-10 B Teuenue 40 mu-
HyT. [TocTpouts mpodusib pacupencieHus MpUMEcH U rpaduuecKu
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ONpeNIeNUTh TIIyOuHY 3aneranus p-n nepexonaa. CpaBHUTH 3TO 3Haye-
HUE C BBIUUCIICHUAMU 110 (hopMyIIE.

3. B kpemnauit KO®-10 npoBoautcs nByxcraguiiHas auddysus
oopa. 3aronka npoucxoaut npu temneparype 1100°C 10 munyTt, pas-
ronka nopu 1200°C 1,5 uaca. Iloctpouts npoduib pacrpeaeiacHus
MIPUMECH U ONIPEACIIUTh ITyOUHY 3aJIeTaHus p-n Iepexo/a.

4. Kakas sHeprusi noHoB ¢ochopa HeoOXoauMa I CO3JaHMS
MaKcHManbHOi KoHnenTpauuu 1-10' cM™ ma royGume 1250 A ma-
ctunbl KJ[b-1? Kakast npu a3ToM HeoOxoauMa 103a U KaKOB MPU ITOM
pazopoc?

5. Ilpu monHoi uMmiutantanuu 6opa B KOD-20 mMakcumanbHas
KOHLIEHTpANUs COCTaBUJIA 2-10" em”. ['myOuHa 3aneranus mepexoja
coctaBuia 150 uM. OnpegenuTe 3HEPTrUI0 HOHOB U 103y 00JIyYEHUS.

6. OLICHUTH CONPOTHBIICHUE ATIOMUHHUEBOIO AJIEMEHTA METAJUIHU-
3amuu pasmepamu 10 mxM x 1 MM x 100 A. Kakoe konuuecTBo Ten-

JIOTHI BBIACIUTCS 3a | MUHYTY B TaKOM 3JIEMEHTE NP MPOMYCKAHWUH
toka 0,1 MA?

Bapuanm 3

1. YeMy OyaeT paBHa MOBEPXHOCTHAS KOHLECHTpAIUs MPUMECH
docdopa npu 3aronke B kpemHui mpu temreparype 1000°C?

2. IIpu Temnepatype 1200°C npoucxoaut qud@ysus 6opa u3 He-
OTPAHUYECHHOTO UCTOYHHKA B KpeMHUN KOD-4,5 B Teuenne 40 MUHYT.
[Toctpouth npodusib pacnpeaeieHus MpUuMecHu U rpauyecku ompe-
JEIUTh TIyOuHy 3ajieranusi p-n nepexoja. CpaBHUTH 3TO 3HAYEHHE C
BBIYHCIICHUSIMH TI0 (hOpMYyIIE.

3. B xpemuuii KJIb-10 mpoBogutTcs npyxcraauiiHas aud@ysus
dbocdopa. 3aronka npoucxoaut npu temmneparype 1100°C 10 munyT,
pasronka npu 1200°C 1,5 gaca. [Toctpouts npoduiib pacnpeneiaeHus
IPUMECH U ONIPEACIIUTh ITyOUHY 3aJIeraHus p-n Iepexo/ia.

4. Kakas sHeprusi HOHOB Oopa HeoOXoauma JyIsi CO3/IaHUsl MakK-
CUMaJIbHOW KOHILEHTPALUU 110" cm™ Ha riy6une 500 A nnmacTunbl
KO®-1,0? Kakas npu 3ToM HEoOXoaumMa /1032 U KaKOB MPU 3TOM pas-
opoc?

5. [lpu wonHoM uMmIaHtauuu 6opa B KOD-1,0 makcumanbHas
KOHIICHTpAaIUs COCTaBHIIA 2-10" v, I'myOuHa 3ayieranusi mepexojia
coctaBmwia 100 uM. OnpeaenuTe YHEPrU0 HOHOB U 103y 00JTyUCHHS.
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6. OnumuTe 3Tanbl KOHCTPYKTUBHOIO PELICHHS AIFOMHHUEBOU
METAJUIA3ALNH.

BapuaHm 4

1. YeMy OyjaeT paBHa MOBEPXHOCTHAs KOHLECHTpAIUs MPUMECH
docdopa npu 3aroHke B kpemHui mpu temreparype 1200°C?

2. IIpu Temnepatype 1000°C npoucxoaut quddysus 6opa u3 He-
OTPAHUYECHHOTO UCTOYHUKA B KpeMHUN KO®-1,0 B Teuenne 30 MUHYT.
[Toctpouth npoduiib pacnpeaeieHus MpUuMecu U rpauyecku ompe-
JEIUTh T1yOuHy 3ajieranusi p-n nepexoja. CpaBHUTH 3TO 3HAYCHHE C
BBIUHMCJICHUSMHU 110 (hOpMYIJIE.

3. B kpemuuit K/Ib-1 mpoBoautcsi nByxcraauitHas aud@ys3us
dbocdopa. 3aronka npoucxoaut npu temmneparype 1000°C 15 munyr,
pasronka mpu 1250°C 1 uac. Iloctpouts mpoduinab pacrpeaeacHus
IPUMECH U ONIPEACIIUTh ITyOUHY 3aJIeraHus p-n nepexo/ia.

4. Kakas sHeprusi HOHOB Oopa HeoOXoauma JyIsi CO3/IaHUsI MakK-
CUMaJIbHOW KOHUEHTPALUU 3-10" cm” Ha rny6une 400 A nnactunsl
KO®-10? Kakast nmpu 3ToM HeoOXoAauMa J03a U KaKOB MPU 3TOM pas-
opoc?

5. IIpu wonHo# mmmiantauuu 6opa B KO®-10 mMakcumanbHas
KOHIICHTpAaIlUs COCTaBHIIA 5-10"7 oM. I'myOuna 3ayeranusi nmepexojia
coctraBuia 300 HM. OnipeaenuTe HEPTrI0 HOHOB U 103y 00JIyYEHUSI.

6. OLEHUTh CONMPOTHUBIICHUE ATFOMHUHUEBOTO 3JIEMEHTA METAJIIU-
samuu pasmepamu 100 mxM x 1 Mxm x 400 A. Kakoe koaudecTBo Ter-
JIOTHI BBIJETUTCS 3a | MUHYTY B TaKOM 2JIEMEHTE IIPHU MPOIYCKAHUU
Toka 1 MA?

BapuaHm 5

1. CpaBHUTH BEIMYMHY MOBEPXHOCTHON KOHIICHTPALIMU MPUMECH
dbocdopa u 6opa npu 3aroHke B kpemMHui rpu temmeparype 1100°C?

2. ITpu temnepatype 900°C npoucxoaut nuddys3us 6opa u3 He-
OTPAHUYECHHOTO UCTOYHHKA B KpeMHUN KOD-4,5 B Teuenue 15 MuHyT.
[Toctpouth npoduiib pacnpeaeieHus MpUuMecu U rpauyecku ompe-
JIeNUTh TIIYOUHY 3ayieraHus p-n nepexoaa. CpaBHUTH 3TO 3HAUYCHHUE C
BbruucieHusMu s qudysun pochopa B KJIb-10 mpu »tux xe yc-
JIOBUSIX.
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3. B kpemunit KJ1b-0,03 npoBoautcs npyxcraguiinas guddysus
dbocdopa. 3aronka npoucxoaut npu temmneparype 1000°C 25 MuHyT,
pasronka npu 1200°C 1 wgac. Iloctpouts npoduib pacrpenencHus
IPUMECH U ONIPEACIIUTh IITyOUHY 3ajieraHus p-n nepexo/ia.

4. Kakast sHeprusi HOHOB Oopa HeoOXojuma JIs CO3JaHMsl Mak-
CUMaJIbHOW KOHUEHTPALUH 3-10" cm™ Ha ry6une 200 A nnmacTunbl
KO®-20? Kakast npu 3ToM HeoOXoAauMa J03a U KaKOB MPU 3TOM pas-
opoc?

5. Ilpu nonno# nmiutantanuu gpochopa B KJb-10 makcumanpHas
KOHIICHTpAIUsl COCTaBUIIA 5-10" cm™. I'myOuna 3ayieranusi nepexojia
coctaBmwia 200 uM. OnpeaenuTe YHEPrui0 HOHOB U 103y 00JTyUEHHS.

6. OEHUTh CONPOTHUBJICHUE MEIHOTO 3JIEMEHTA METAILIA3ALUU
pasmepamu 50 MM X 1,5 MxMm x 200 A. Kakoe KOJIMYECTBO TEMIOTHI
BBIJICTIUTCS 32 | MUHYTY B TAKOM 3JIEMEHTE MPU MPOMYCKAHUU TOKa 5
MA? CpaBHHUTH 3TO 3HAYEHUE C KOJIMYECTBOM TEILIA, BHIACISIONIAMCS
Ha MEJHOM NpoBOJHKKE nuaMmeTpom 10 MM u gymuoun 100 m.

BapuaHm 6

1. Yemy Oyner paBHa MOBEPXHOCTHAs] KOHLIEHTpALMS MPUMECU
Oopa npu 3aroHke B KpemHuuii npu tremmeparype 900°C?

2. IIpu tremnepatype 1250°C npoucxomut nuddysus ¢pocdopa u3
HEOIpaHWYEHHOro ucrtoyHuka B kpeMHuil KJ/[b-1 B Teuenne 50 mu-
HyT. [loctpouts mpoduib pacnpeneieHus NMpuMecHu U rpaduyuecKu
ONpeNIeNUTh TIIyOuHY 3aneranus p-n nepexona. CpaBHUTH 3TO 3Haye-
HUE C BBIYUCIIEHUSIMHU 110 (popMyIie.

3. B xpemunit KO®-100 npoBoautcs npyxcraauiinas quddysus
oopa. 3aronka npoucxoaut npu temneparype 1100°C 30 munyT, pas-
ronka npu 1250°C 1 gac. Iloctpouts npoduib pacnpeneieHus mnpu-
MECH U ONPEACIIUTH TIyOUHY 3aJeraHus p-n mepexo/ia.

4. Kakas sHeprusi noHoB ¢ochopa HeoOXoauMa I CO3JAHMS
MaKCUMAJIbHOM KOHIIEHTpAIUU S- 10" e ma riryoune 600 A maactu-
Hbl KJ1b-1,0? Kakas nmpu aToM HeoOXoamMa 103a M KaKOB IIPH 3TOM
pazopoc?

5. IIpu nonHOM ummuianTauuu Oopa B KO®-4,5 MakcumanabHas
KOHLIEHTpAs COCTaBUJIA 2:10" em”. ['myOuHa 3aneranus mepexoja
coctaBuia 280 HM. OnpeaenuTe HEPTri0 HOHOB U 103y 00JIyYEHUS.
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6. CpaBHUTE NMPEUMYILECTBA U HEJIOCTATKU ATFOMUHUEBOU U ME/I-
HOW METAJUIA3AIMN B UHTETPAIBHBIX CXEMaXx?

Bapuanm 7

1. YeMy OyjaeT paBHa MOBEPXHOCTHAs KOHLECHTpAIUs MPUMECH
Oopa mpu 3aroHKe B KpeMHui rpu temmeparype 850°C?

2. ITpu Temnepatype 1100°C npoucxoaut nuddysus gochopa u3
HEOTrpaHUYEHHOTO MCcTOYHUKA B KpeMHU KJ[b-10 B Teuenune 30 mu-
HyT. Iloctpouts mpoduib pacnpeneneHuss NpuMecu U rpaduyuecku
ONpENIENUTh TIIyOuHY 3aneranus p-n nepexonaa. CpaBHUTH 3TO 3Haye-
HUE C BBIUUCIICHUAMU 110 (hopMyIIE.

3. B kpemnauit KO®-10 npoBoautcst nByxcraguiinas aud@ysus
oopa. 3aronka npoucxoaut npu temmeparype 900°C 20 MunyT, pas-
ronka npu 1100°C 2,5 uaca. Iloctpouts npoduib pacrpeaeiacHus
IPUMECH U ONIPEACIIUTh IITyOUHY 3aJIeraHus p-n nepexo/ia.

4. Kakas sHeprusi moHoB ¢ochopa HeoOXoauMa Jis CO3JAHUS
MaKCHManbHOI KoHnenTpauuu 6-10'7 cm™ ma royGure 1350 A rma-
ctunbl KJIb-10? Kakas mpu 3ToM HeoO0xoauma J103a U KaKOB IPH 3TOM
pazopoc?

5. Ilpu nonHOM ummuianTauuu Oopa B KO®-2,0 MakcumaibHas
KOHIICHTpAIUs COCTaBHIIa 4-10" em. I'myOuna 3ayeranusi nmepexojia
coctaBuia 50 HM. OnpenenuTe SHEPTUIO0 HOHOB U 103y O0TyUYEHHUS.

6. OUEHUTh CONMPOTHUBIICHUE ATFOMHUHUEBOTO 3JIEMEHTA METAJIIU-
3amuu pasmepamu 150 mxm x 10 mxum x 400 A. Kakoe konudecTBo Te-
IJIOTHI BBIICIUTCS 32 | MUHYTY B TaKOM 3JIEMEHTE MPU MPOITYCKAHUU
toka 0,3 MA?

BapuaHm 8

1. Yemy Oyner paBHa MOBEPXHOCTHAs KOHILICHTpALMS MPUMECU
docdopa npu 3aroHke B KpeMHui mpu temreparype 1250°C?

2. ITpu temneparype 1200°C npoucxoaut quddysus 6opa u3 He-
OrPaHUYEHHOTO UCTOYHUKA B KpeMHul KO®-10 B Teuenue 50 MUHYT.
[Toctpouth npoduiib pacnpeaeieHus MpuMecu U rpauyecku ompe-
JEIUTh T1yOuHy 3aneranusi p-n nepexoja. CpaBHUTH 3TO 3HAYEHHE C
BBIYHCIICHUSIMH TI0 (hOpMYIIE.

24



3. B kpemuuit KJIb-10 npoBoautcs aByxcraguiiHas auddy3us
dbocdopa. 3aronka npoucxoaut npu temmneparype 1100°C 10 munyT,
pasronka npu 1200°C 1,5 gaca. [Toctpouts npoduiib pacnpeneiacHus
IPUMECH U ONIPEACIIUTh IITyOUHY 3aJIeraHus p-n Iepexo/ia.

4. Kakast sHeprusi HOHOB Oopa HeoOXojuma JIs CO3JaHUsl Mak-
CUMaJIbHOW KOHUEHTPALUH 110" cm™ Ha riny6une 500 A nnmactunbl
KO®-1,0? Kakas npu 3ToM HEoOXoaumMa /1032 U KaKOB MPU 3TOM pas-
opoc?

5. [lpu wonHoW uMmIantauuu 6opa B KOD-1,0 makcumanbHas
KOHIICHTpAIUsl COCTaBUIIA 2:10" em”. I'myOuna 3ayieranusi nepexojia
coctaBmwia 100 uM. OnpeaenuTe YHEPrU0 HOHOB U 103y 00JTyUEHHS.

6. OnummuTe 3Tanbl KOHCTPYKTUBHOTO PELICHUS ATFOMHUHUEBOU
MeTaJTU3alyH.

BapuaHnm 9

1. Yemy Oyner paBHa MOBEPXHOCTHAs] KOHLIEHTpALMS MPUMECU
dbocdopa npu 3aronke B kpemHui npu temmeparype 1200°C?

2. IIpu Temneparype 20°C paccunTaTh BEIUYMHY MOBEPXHOCTHO-
ro CONPOTHUBJIEHUA HA 3Tare 3aroHKU npumecHu 6opa B kpemuuii KOd-
7,5. 3aronka mnpoBoawiack npu Temmeparype 1050°C B Tedenue
20 MUHYT K3 OECKOHEYHOTO MCTOYHHMKA C KOHIIEHTpalMeH, paBHOU
IIPEIEIIbHOM PACTBOPUMOCTH.

3. B kpemuuii KJIb-10 mpoBoautcst aByxcraauitHas auddysus
docdopa. 3aronka npoucxoaut npu temmneparype 900°C 25 munyT,
pasronka npu 1250°C 3 yaca. Iloctpouts npodunb pacupencieHus
IPUMECH U ONIPEAEIUTh TIIyOUHY 3aJleraHusl p-n Nepexoa.

4. Kakas sHeprusi HOHOB Oopa HeoOXoauma JUIsi CO3/IaHUs MakK-
CUMAJIBHOM KOHUEHTPALUH 2° 10" cm” Ha riry6une 1500 A nnactunsl
KO®-1,0? Kakas mipu 3ToM HEoOX0auMa J103a U KaKOB IIPH 3TOM pa3-
opoc?

5. IIpu nonHo# ummnantauuu 6opa B KO®-10 makcumanbHas
KOHLIEHTpAUs COCTaBUJIA 9-10"" cm™. ['myOuHa 3aneranus nepexoja
coctaBuia 450 uM. OnpeaenuTe HEPTrri0 HOHOB U J103y 00JIyYEHUS.

6. OLIEHUTh CONPOTUBIICHUE AFOMUHHUEBOTO 3JIEMEHTA METAaJIH-
saiuu pasmepamu 100 mxm x 0,8 Mxm x 300 A. Kakoe xonuyecTso
TEIUIOTHI BbIIENUTCS 3a 10 MUHYT B TaKOM 3JIEMEHTE IIPHU MPOITyCKa-
HUAU TOKA | MA?
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Bapuanm 10

1. CpaBHUTH BEIMYMHY MMOBEPXHOCTHOW KOHIIEHTPALUU MPUMECH
dbochopa u 6opa npu 3aronke B KpeMHui mpu temneparype 1000°C?

2. ITpu temneparype 20°C paccuuTarh BEIUYUHY MTOBEPXHOCTHO-
ro COMPOTHBIICHHS Ha 3Tare 3aroHku npumecu docdopa B KpeMHUI
KJIb-10. 3aronka npoBoaunachk npu temneparype 1150°C B Teuenue
30 MUHYT U3 OECKOHEUHOTO MCTOYHUKA C KOHIEHTpAIUEH, paBHOMU
MPEAEIbHON PACTBOPUMOCTH.

3. B kpemuuii KJIb-1,0 npoBogutca nByxcranuiinas nud@ysus
dbocdopa. 3aronka npoucxoaut npu temmeparype 1100°C 20 MuHyT,
pasronka npu 1250°C 1 wgac. Iloctpouts npoduib pacrpeneneHus
MPUMECH U ONIPEACIUTD MIyOUHY 3ajieraHus p-n Mepexoa.

4. Kakast sHeprusi HOHOB Oopa HeoOXxojuma JIs CO3JaHUsl Mak-
CUMaJIbHOW KOHILIEHTpauuu 7- 10" cm™ na riryoune 1400 A mmacTuHb
KO®-20? Kakas npu 3ToM HE00X0MMa /1032 U KaKOB MPU 3TOM pas-
opoc?

5. IIpu nonno# nmmnantauuu hocdopa B KJIb-10 makcumanbHas
KOHIICHTpAIUs COCTaBHUIIA 110" em”. ['myOuna 3ayieranusi nepexojia
coctaBmwia 200 uM. OnpeaenuTe YHEPru0 HOHOB U 103y 00JTyUEHHS.

6. OLIECHUTh COIMPOTUBIICHUE MEAHOTO JJIEMEHTA METAILIA3ALUH
pasmepamu 120 mxm x 15 MM x 300 A. Kakoe KonU4ecTBO TEMIOTHI
BBIJICTIUTCS 32 | MHUHYTY B TakOM 3JIEMEHTE MPU MPONYCKAHUU TOKA
1 MA? CpaBHUTBH 3TO 3HAYCHUE C KOJIMYECTBOM TEILIA, BBIACISIOIINM-
Cs Ha METHOM MPOBOIHUKE quameTpoM 0,5 MM u guuHou 500 M.
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CnpaBoy4Hble maTepuarnbl

Tabnura 1
Xapaxkmepucmuku moHKONJIEHOYHbIX PE3UCHODPOE
Marepuan [ToBepxnoctHOe | Temnieparypssiii | JlonmycTumas
CONPOTHUBJICHHE, | KOA(DPUIMEHT | paccerBaeMas
Om/ CONPOTHUBJICHUS, | MOUIHOCTb,
1 0'4, rpaL['1 Br/cm?
Ta 25-100 -2 3
Cr 50-500 0,6-1,8 1
Huxpom 25-300 +1 2
MJIT-3M 50-500 0,6 2
Kepmer K-20C 1000-3000 0,5 2
Tabmnuria 2
Inekmpuueckue napamempuvl NJ1eHOUYHHIX OUIIEKMPUKOG
Marepuan | duanexkrpuueckas | HanpsbxkenHocTs | TemnepaTypHbli
OPOHUIIAEMOCTh | MOJIs Pooo9, ko3 puureHt
10°, B/cm emkoct, 107
rpa):['1
S10 7 2 1-2
Si0, 4 8 2
ALO; 10 9 1,5-5
Ta,0s 25 5 2-3
Ti0, 50 0,2 3
Si3N, 6-7 - -
Tabnuma 3

Ceoiicmea KpemHus

Tun peeTku

Ky6uyeckas O’

[TocTosiHHAS PELIETKU, HM 5,431
Temneparypa miasinenus, K 1690
[ITupuHa 3anpemeHHON 30HblL, 3B 1,15
[TOTHOCTS, T/CM® 2,33
TemionpoBoaHocTh, Br-cM™' - rpax’” 1,3
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Puc. 5. Ilpedenvras pacmeopumocms npumeceii 8 KpeMHuu

Tabnuua 4
3nauenus cpeoneii Onunvl npobea A, u cpeone2o Keaopamuunozo
OMKIOHEHUA G 0J11 KPEMHUEBOU MUWEHU NPU UOHHOU UMNIAHMAYUU

SgaucHHA NapaMeTPOB NPH HMOJaHTAIBH OpPEMeced

2Hep-
A B Al P Ga As In Sh
WOHOB,
koB )'cp 1 a ?‘cp a lr_‘p I a }‘cp a }k(:p 1 g }'cp a 1c13 i a 1(:” a
20 781 321 54| 23| 29| 11 26| 9 16| 4 16| 4-] 14 2114 2
40 |161| b4|112| 40| 57| 19| 49| 16| 28| 7| 27| 6| 23 4|23 4
60 |244| 71|169| 53| 8| 27| 73| 23| 39| 9| 38| 8| 31 5| 3l 5
80-1324| 84|227) 65|115| 35| 98| 29 | 50| 11 481 10 | 39 7138 6
100 | 398! 94|284| 75|145]| 42 |123| 35 | 61| 14 | 58| 12 | 46 B | 46 7
120 |469|102|340| 84|175| 48 | 149 41 72116 | 69] 14 | 54 9| 53 8
140 53711101393 91|205| 54 |175| 47 | 83| 18 | 79| 16 | 61 | 10 | 6O 9
160 |603|116|443| 97|236| 60 {201 | 52| 941 20| 89| 18 | 68| 11 |67 ( 10
180 (665|1211492(103|266| 65 |228| 57 |105|1 22| 99| 20|76 | 12| 74| 11
200 |7251126|541|108 297 | 70 |254| 61 |117| 24 |110| 22 | 83 | 13| 81 | 12
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Puc. 6. 3asucumocms nogepxnocmmuoil KonyeHmpayuu om cpeoHell
npo8ooUMoOCmu CosL OJis1 Ouhy3uu npumecu p-muna 8 KpemHuil
U3 OeCKoHeuH020 UCMOYHUKA

32



”;, oM

w10 0 0’ 10? 10¢
& @1.45'”)"’
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dPusnyeckKkue oCHOBbLI
TexXHoNnormu
UHTerpanbHbIX CUCTEM

Implantation energy
—— 10keV
m— 30 keV
100 keV

Concentration (cm™)




