OENEPAJIBHOE ATEHTCTBO I1IO OBPA3OBAHUIO PO

MOCKOBCKUU UHXEHEPHO-®U3NYECKUI UHCTUTYT
(TOCYJIAPCTBEHHbII YHUBEPCHUTET)

M.A. Kupcanos, B.B. Kymun, H.A. Muxanuyk, C.I'. [lokauanos

MMOJIYIIPOBOJIHUKOBBIN IETEKTOP

JlaGopartopHnast pabota

MOCKBA 2006



ITOJIYIIPOBOJHUKOBBIN JJETEKTOP

JlaGoparopHasi pabora

Conep:xanue

BBeIEHME. ... ... 4
KOHTPOJILHO@ BATAHME .......coviiiieeeiiie e 17
JIa00pATOPHAS YCTAHOBKA.........evnuiiieieanieennneanneannn, 18
Padouee 3aMaHMe. .......ooooi i, 20
1. UccenoBanue 3aBUCIMOCTH €MKOCTH JIETEKTOPa OT

HanpspkeHus cmemenus Uey, Ha ero 9JeKTpoaax ........... 21
2. BeiOOp OoNTUMAaNBHOTO HAMIPSKEHUST JACTEKTOPA............ 22
3. U3mepenne cOOCTBEHHOTO YHEPTE€TUYECKOTO Pa3peIICHUS

|0 PR 25
4. 3mepeHune 2HePreTUYECKOro 3KBUBAJICHTA YPOBHS IIIyMa

|0 5 PR 28
5. IIpoBepka NpONOPIUOHATEHOCTU AETEKTOPA. ... .. ........ 30
6. Usmepenne 3pheKTUBHOCTH COOMpaHUs 3apsIOB B

1 1 31
OOpadoOTKA PE3YTBTATOB. .......eenuteernteaneeenneennneaneaennns 32
KOHTpOJIbHBIC BOMPOCHI M 3ATAHUS . . ..eeenenveeneennennennennnnnnen. 34
(03317 (6701901 17 1<) 0121 ) 4 0) ) PR 35
TIPHIIOMEHHE ...ttt 36



MOJYIIPOBOJHUKOBBI JETEKTOP

Ilens pabomer: nzyueHne oOMUX MPUHIUIIOB JACHCTBHS MOTY-
IIPOBOJIHUKOBOT'O JE€TEKTOPA U UCCIEAOBAaHUE OCHOBHBIX XapaKTe-
PUCTHK KPEMHHUEBOTO TMOBEPXHOCTHO-0AphEPHOTO IMOIYIIPOBOJI-
HUKOBOT'O JIETEKTOpa, PabOTAaOIIEro B CHEKTPOMETPUUECKOM pe-
KUME.

BBEJIEHUE

[TonynpoBonuukosbie aerektopsl (III1/1) oTHOCATCA K KIilaccy
MOHU3ALMOHHBIX JeTeKTOpoB. TpedoBaHus K paboueMy BEILECTBY
[T m npuHUMO WX AEHUCTBUS IMPOLIE BCETO PAaCCMOTPETh HA
IIpUMEpPE OJHOPOJHOIO TBEPAOTEIBLHOIO MPOBOIALIETO IETEKTO-
pa. KOHCTpYKTHBHO Takoil NIETEKTOp MPEACTaBISACT COOOW Iia-
CTHHY IMAJIEKTPUKA WUJIHU MOJIYIPOBOJHUKA, TOMEIEHHYIO MEXAY
JIBYMS IUIOCKMMH 2JeKTpoaaMmu. K anekrporaM npuiiokeHa pas-
HOCTh IOTEHIIMAJIOB, CO3JAl0llas BHYTPU paboyero BellecTBa
JJEKTPUYECKOE IMOoJie. byneM aHaiu3upoBarh Cllydaid, Korja JIu-
JJIEKTPUK WM IOJIYNPOBOAHUK HMMEET OMHYECKUU KOHTAKT C
JJIEKTPOJIaMH, T.€. KOHTAKT, IIPU KOTOPOM OCYILECTBIIAECTCS CBO-
00/1HBII OOMEH HOCHUTENISIMHU 3apsjia JII00Oro 3HaKa MEXAy dJIeK-
TPOJAMH M TUAJIEKTPUKOM HIIH MOJYIIPOBOJHUKOM.

3apspKeHHasl 4acTHlla, IpoXoJis depe3 paboyee BELIeCTBO, 00-
pa3yeT Ha CBOEM ITyTH CBOOOJIHBIE JIEKTPOHBI U AbIpkH. [lom gei-
CTBHEM JJIEKTPUUYECKOTO MOJsi 00pa3oBaHHbIE CBOOOJHbBIE HOCH-
TEIW CMELIAITC K JJIEKTPOAAM, UHAYLHUPYs IPHU 3TOM HAa HUX
3aps], 4TO NPUBOJUT K BO3HUKHOBEHUIO BO BHEIIHEH LIENH UM-
ITyJIbCa TOKA.

Bei0op nudnexTprka WM MOMTYNpPOBOJAHMKA B KadecTBE pado-
YEero BENIECTBA OJHOPOJHOTO MPOBOAIIETO JIETEKTOpA HE Clyda-
€H, TaK KaK 9TO BEIIECTBO JOJIKHO yIOBIETBOPITH OJHOBPEMEHHO
HECKOJIbKUM TPEeOOBAHUSIM.



1. Ecnm 3apsikeHHas yacTuila MOoTepsia B BEIIECTBE SHEPTUIO
E,, To cpennee uncio obpa3oBaHHBIX nap 3apsanoB Ny cocTaBiseT
Benmunny No= E; /o, Tie ® — cpeHsis SHeprus, TpeOyIommasics Ha
oOpa3oBaHHe OJHOW Mapbl HOCHTENEH 3apsaa. Uem MeHbIe ,
TeM OOJbIlleé HOCHTEIECH BO3HHKACT B pa0OdyeM BEIIECTBE U TeM
00JIbllle aMIUIMTY/Ia CUTHAJIA, CHUMAaeMOro ¢ JeTekropa. Juanek-
TPUKH M TIOJIYTIPOBOJHUKU 00JIAAIOT CPaBHUTEIHHO HEOOIBIION
BEJIMYUHON , 3HAYEHUE KOTOPOU JICKUT B TMANIA30HE OT EAMHHUII
710 HECKOJIBKUX JIECSITKOB 3JIEKTPOHBOJIBT.

2. Ilpu naBukeHUH 3apsA0B, OOPAa30BAHHBIX 3apsSHKEHHOM yac-
THUIICH, K 2JIEKTPOJaM MX YHCJIO BCIIEJACTBHE PEKOMOMHALMU WU
3axBara JIOBYIIKaMHU MOKET yMeHbIIatbes. IIporecc n3meHenus
yuciia CBOOOAHBIX 3apsAI0B IPUHATO XapaKTEPU30BaTh BEIMUMHOM
CPEIHET0 BPEMEHHU XKM3HU T, KOTOPasi MOKa3bIBAET, 32 KaKoe Bpe-
MS 9HCIIO CBOOOTHBIX 3apsA0B yMEHbIIAaeTCst B e pa3. OueBuaHoO,
YTO aMIUIUTYZA CUTHAajJa BO BHEIIHEW 1IeTIH 3aBUCUT HE TOJIBKO OT
HCXOJIHOTO 4YMclia 00pa30BaHHBIX yacTuiield Hocutened Ng, HO u
OT MX CpPEeJHEro BpeMeHH ku3Hu T. [loaToMy, ueM Oonbliie 3Haye-
HUHN T, a TOUHEE, COOTHOLIECHUE BEJIMYMHBI T U1 BPEMEHU coOupa-
HUS 3apsAI0B, TeM OOJIbIIE aMILIUTY1a CUTHANA. B HEKOTOpBIX Mmo-
JYIIPOBOJHUKAX BPEMsI JKU3HM 3JIEKTPOHOB M JIBIPOK MOXKET JOC-
TUTaTh 3HAYEHUU MOpsAIKa T = 10°+10%cu CYLLECTBEHHO IIpe-
BBIIIATh BpEMs X COOMPAHUS Ha AJIEKTPO/IbI.

3. Bpems coOupaHus 3aps0B Ha 3JEKTPOJbI ONpeaesseTcs
CKOPOCTBIO IlepeMenieHust Hocureneil Vy, (CkopocTh apeiida) B
NEKTPUYECKOM II0JIE, KOTOpas, B CBOIO OYepelb, CBA3aHa C Ha-
MPSHDKEHHOCTBIO TOJIsE £ COOTHOILIEHUEM:

vV +le: M‘F'Ev V _L'Ip: [T -E,
r€ W+, L - — IMOABHKHOCTH ITOJIOKHUTEIBHBIX U OTPULIATEIbHBIX
3apsnoB. YUem Oosibliie MOABUKHOCTH 3apsiioB, TEM MEHbILIE Bpe-
Msl UX COOMpaHHUs Ha DJEKTPOJAbI U TEM JIYYLIHUM pa3peraroInum
BpeMeHeM OyneT oOnaaaTh IeTeKTop. B psae MUAIEKTPUKOB U
MOJTYITPOBOJIHUKOB 3JIEKTPOHBI U JIBIPKU UMEIOT IPUOTU3UTENHHO
paBHBIE U JOCTATOYHO OOJIbILINE 3HAUYEHHUS MOJBHKHOCTEH, U TO-
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3TOMY AETEKTOPBI Ha MX OCHOBE MOTYT 00JIajaTh XOPOLIUMH Bpe-
MEHHBIMH XapaKTEPUCTHKAM.

4. OyeHp BaxkHOE TpeOOBaHHE MPEIbABISETCS K BEIUYHHE
YIEIBHOTO 3JIEKTPUYECKOTO COMPOTUBIICHHUS pabovero BellecTBa
paccmarpuBaeMoro netekropa. Tak kak Jt00oil MaTepuan obina-
JaeT KOHEYHOH 3JIEKTPONPOBOJAHOCTBIO, TO MO JACHCTBUEM DJICK-
TPUYECKOTO MOJIs Yyepe3 Hero Teyer Tok. Yucio Hocureneit 3aps-
7a, TEePEeMEIAIONIUXCA MEXKIY DJEKTPOJaMU U CO3/AIOLINX I10-
CTOSIHHBIN TOK lo, UCTIBITBIBAET cTaTUCTHUECKHE (IyKTyaluu, ad-
COJIFOTHOE 3HAYE€HUE KOTOPBIX TeM 0oJblie, ueM Oobiie ToK. Ec-
U QIIyKTyallud 4Hciia HOCUTENIEH TOKa CPAaBHUMBI C YHCIOM HO-
cuteneit Ny, 00pa30BaHHBIX YaCTHUIEH, TO CTAHOBUTCS HEBO3MOXK-
HBIM BBIJICJICHHE TOJIE3HOTO CUTHANa Ha (oHE 3TUX (IYKTyaluii
(gacto ToBOpAT — HA PoHE HIyMOB). J{JIs1 OLIEHKH JOMyCTUMOH Be-
JUYHMHBI YAETBHOTO CONPOTHUBJICHHUS pabodero BemiecTBa OJHO-
POIHOTO TBEPIOTEIHHOTO MPOBOJSIIETO IETEKTOpa HaiaeM OT-
HomleHue uncia Hocuteneil No K QuyKTyanusiM MoCTOSSHHOTO TO-
Ka |0.

bynem xapakrepu3oBaTh (DIyKTyalluu MOCTOSHHOTO TOKa Be-
JUYUHON CpPEHEeKBaIpaTHUEeCKOro OTKJIOHeHHs G(N) ot cpen-
HEro 4uclia HOCUTENeH, CO3/alIUX MOCTOSHHBIA TOK. CuuTas,
YTO YHCJIO HOCHTENEW IMOCTOSHHOTO TOKa, MEPEeCeKaronInx pac-
crostaie O MEXIy DIIEKTPOIaMHU 3a BpEMsl COOMPaHUST HOCUTENEH
T = d/V,p, onuceiBaerca pacupenenenuem Ilyaccona, BenmumInHa

o(N) = I,T/e, rne e — 3apsn Hocutens. Torga OoTHOIIEHHE
YUClIa Map HOCUTENEH, CO3JaHHBIX 3apsUKEHHOW 4YacTULEHd ¢
€
I, T
Bribepem oTHoOIIEHUE No/G(N)=102, T.€. 33J1aJJ]UM BEJIUYHHY CUT-
HaJla OT 3apsDKEHHOM YacTHUIIhI Ha JIBa TIOpsAKa OoJbIne (IIyKTya-
M TIOCTOSTHHOTO TOKa BO BHEIIHEW Iienu jaeTrekropa. Torma s

CpE€AHEr0 3HAUCHUA ITOCTOAHHOI'O TOKa, INPOXOAAIICTO Y€Pe3 JC-
TCKTOP, JOJDKHO BBIIIOJHATHCA YCIIOBHUC:

11

sHeprueit Ey, k Beanuue o(/N) cocrasiser No/o(N)=
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e _
lo< (E,/w)*=-107".
T
YuuTHIBAs, YTO yEIbHOE CONPOTUBJICHUE MaTepUana p CBA3a-

ES
HO C TOKOM COOTHOIIeHueM lp=—, rae E — HanpsHyKeHHOCTh

QJICKTPHUYECKOI'0 IIOJd B o0BeMe JACTCKTOpa, U IoJaras
- = Uy = U, IIOIy4acM:
2 2
4
o | EST ® V10
p > — - . 104 = — o

E e E eu

n n
rae V=Sd — o06bem eTekTopa.

JU1sl KONUYEeCTBEHHON OLIEHKU 3HAYEHUs P MPEAINOSIOKUM, YTO
B JICTEKTOpE 00BEMOM 1 CM® 3apsKEHHBIC YACTHIIBI TOJTHOCTBIO
TepsIOT CBOIO 3Hepruto, E; =1 MaB, o = 5 9B, p = 10%eM%/(B-c).
Ilo mopsaKy BeIMYMHBI ® U L COOTBETCTBYIOT MX 3HAYECHHUSM B
IUAJIEKTPUKAX M MOJIYNPOBOJHHMKAX. Torja MUHUMAIbHO JIOIYyC-
THMOE  yJEelNbHOE  CONPOTUBJIEHHE  OKAa3bIBAETCS  PaBHO
p =10° Om-em.

Taxum 00pa3zom, NPOBEACHHBIN BbIILIE aHAIHU3 M, T, L U OLIEHKa
JOTTYCTUMOTI'O 3HAYEHUsI P PE3KO CY’KaIOT JMaIa30H MaTepHalloB,
KOTOpbIE MOXHO HCIIOJIb30BaTh B KadecTBE paboO4ero BellecTBa
OJTHOPOJHOT'O TBEPIOTEIHLHOTO MPOBOJISALIETO IETEKTOPA.

N3onaTopsl 061a1al0T OOIBIINM YJIEIbHBIM CONPOTUBICHHEM
(~-1O16 OM:'cM), cpaBHUTENBHO MalbIM ®, OonbmuM W. OJHAKO
BpeMsl )KM3HU HOCUTEJIEH B HUX MaJlo M, KpOME TOTO, 3aXBaT HO-
curesnel B 00beMe KpUCTaula IPUBOAUT K BO3HUKHOBEHUIO 00b-
€MHOTr0 3apsija, NOJApHU3aUHU U, B KOHEYHOM UTOTe, HApyLLIEHUIO
paboThI IeTeKTOpA.

W3 nonynpoBOJHUKOBBIX MaTepHaJIOB JIJIsl CO3JaHUSI OAHOPOI-
HeIX npoBosamux [II1/] TpeOyeMbiMu 3HaUYSHUSAMHU ©, T, |1 00JIa-
Jal0T KpeMHMM 1 repmaHuii (Tadi. ).

OpHako NMpy KOMHATHOM TeMIlepaType YAEJIbHOE COIPOTHUBIIE-
HUE KPEMHHS M OCOOEHHO TepMaHMsl OKa3bIBAETCsl CYIECTBEHHO
MEHbIIE, YeM HE0O0XOAMMO MO CAETaHHBIM BBINIE pacueTaMm s
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CO3JIaHMsl paccMaTpUBaeMoro Tumna jaerekropa. Ilokaxem 310 Ha
IIpUMeEpPEe KPEMHHUSL.

Tabnuya 1
XapaKkTepUCTHKH MOTYIPOBOIHUKOBEIX MaTEPHAIIOB
2
/B 2}
Matepuan o, 5B K, em e »©
H- K+ e e’

Anmas 18-20 | 1800 | 1200 - -
Temnypun kanMus 4,65 600 45 >10° 4.10°
Kpemmuit 37 1350 | 480 | 3-10° 3.10°
Iepmannit 2,94 3800 | 1820 10 10°

W3BecTHO, YTO yAETbHOE COMPOTUBIICHUE TUAIEKTPUKOB U T1O-
JyIIPOBOJHUKOB ONPEJEINAETCS Yepe3 IUIOTHOCTH 3JIEKTPOHOB B
30HE MPOBOAMMOCTH U JBIPOK B BaJICHTHOW 30HE U UX MOJIBUXKHO-
CTH CJICIYIOLIUM BBIPAKCHUEM:

1

p=—
e(nu_+pu,)
rae nNu p — IJIOTHOCTHU 3JICKTPOHOB U JABIPOK COOTBETCTBCHHO.

B kpucramne kpemHms, oOnangaromieM COOCTBEHHBIM THIIOM
MIPOBOAMMOCTH (KpUCTaIie, B KOTOPOM aOCOIIOTHO OTCYTCTBYIOT
NPUMECH M CTPYKTYPHBIE NI€(PEKTbI), IUIOTHOCTH DIIEKTPOHOB U
JBIPOK paBHBI N = P = N;(Si) u onpexaenstorcss HOPMyIION:

ni(Si) = 2,8 1016 T ¥2 g EQIKT

rne ' — remneparypa; Eg = 1,1 5B — mmpuna 3anpenieHHON 30HBI;
k — mocrosiHHas BonbiiMana. PaccMoTpuM citydaid 0JJHOPOIHOTO
MTPOBOJIAIIETO JIETEKTOPa ¢ OMUYSCKUMHU KOHTaKTaMH, KOTJa Io-
JTYMPOBOJHUK CBOOOTHO OOMEHHBAETCS CBOOOJHBIMU 3apsiAaMH C
AJIEKTPOJAMH, TUIOTHOCTh HOCHUTENICW B 30HaX B TPUCYTCTBHH
AJIEKTPUUECKOTO TIOJISI OCTAeTCs paBHOBEeCHOW W paBHOM N;(Si).
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Berancnsist 3nauenue Ni(Si) B KpeMHUHM TIpH KOMHATHOM TeMIie-
parype (7' = 300 K) u ucnons3ys nanseie Tabm1.1, momydaeM 3Ha-
YeHue P A OSCIPUMECHOTO KpHUCTaslia p(Si)=2,4-105 OmM-cm.
AHaJIOTMYHBIN pacyeT AJId FepMaHus

ni(Ge)=9,7 - 1015 T 372 .e-Eg/2kT’

rae E¢(Ge) = 0,67 3B naer p(Ge) = 65 Om-cm.

Kpome Toro, yaenpHOe CONPOTHUBIEHUE KPEMHUS U T€PMaHMUS
OYEHb CWJIBHO 3aBUCUT OT HaJM4yus B HUX NpuMmecel. [loatomy
yI€IbHOE COINPOTHUBIEHUE PEAIbHBIX KPUCTAIJIOB JaXke IpH
OUYEHb BBICOKOM CTENEHU MX OUYMCTKU OT IPUMECEH OKa3bIBACTCS
CYIIECTBEHHO MEHBIIIC PACCUMTAHHBIX BbIlIe 3HaueHHi P(Si) u
p(Ge).

[TosToMy B HacTosIIee BpeMsl pa3BUTUE AETEKTOPOB Ha OCHO-
BE€ KPEMHUS U F€pMaHus UAET B HApPaBICHUM CO3JaHMs HEOJHO-
poanbix IIIT/. B takux IIIIJ] ncnons3yrorcs cBOWCTBa mepexo/ia
MEX/1y MOJIYIIPOBOJIHUKAMHU C Pa3HbIM THUIIOM IPOBOAMMOCTH WM
repexoia Mexay MOJIYyIPOBOJIHUKOM U METAJIJIOM.

PaccmotpuM mporiecchbl, MpoUCXoslIle B Iepexojie, oopazo-
BaHHOM MEXJy IOJIYIPOBOJAHMKaMHM P-THUINA U N-TUNA, WIH CO-
KpalleHHO P-N mepexoje (MpuMepbl CocoO0B CO3AaHMsI Mepexo-
JI0B TpHBeJeHbl HIDKE). Bbibepem wuacto BcTpedaroluiics Ha
MpaKTUKE cllyyaid, Korja OAUH U3 MOJYIPOBOJHUKOB (HampuMmep,
p-THIIA) CWIBHO JIETUPOBAH, T.€. KOHLEHTPALUs aKIENTOPHBIX
IpUMecell B HEM CYIIECTBEHHO IPEBBIIIAET KOHUEHTPALUIO MPHU-
Mecell B Kpuctajuie N-tuna. B n-oGiactu mosynpoBOAHMKA OC-
HOBHBIMU HOCHUTENISIMU SBIIIIOTCSL DJIEKTPOHBI, B p-00yacTH —
IObIpKA. B MOMEHT BO3HMKHOBEHMsI KOHTaKkTa Mexay N- u p-
MOJIYIPOBOJTHUKAMU M3-3a PA3IMyUsl KOHLUEHTPALUU MPOUCXOTUT
muddy3us HOCUTENEH B CTOPOHY YMEHBIICHHMS HUX TpajueHTa
KOHIEHTpaluu. Tak Kak MOHU30BaHHbIE aTOMBI JOHOPHBIX U aK-
LENTOPHBIX MpUMecel JABUraTbcs HE MOTYT, B N-00J1acTH TMOJY-
MPOBOJAHMKA BOJU3M KOHTAKTa BO3HHMKAET HECKOMIIEHCHPOBAH-
HBIH TTOJIOKUTENBHBIA 00BEMHBIN 3apsij, B P-00JIaCTH — OTpHULIA-
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TENBHBIN 3aps UOHOB akienTopa. [lo Mepe HakoIIeHUs 00bEM-
HBIX 3apsJI0OB Ha MEpPexojie MOSBISETCS CKAYOK MOTEHIIMaa, Ur-
paronii posib MOTEHIMAIBLHOrO Oapbepa W MPENSITCTBYIOLIHIA
T Qy3un 3IEKTPOHOB B p-00J1aCTh U JBIPOK B N-001aCTh.

B cocrosiHny HacTynuBIIEro JUHAMHUYECKOIO PABHOBECHS TOK
OCHOBHBIX HOCHUTENICH KaXKJIOTO 3HAKa 3a CYET OCTATOYHOU aud-
¢by3uu OyneT ypaBHOBEIIMBATHCS TOKOM HEOCHOBHBIX HOCHUTEJIEH,
TG PYHAUPYIONINX U3 APyroi objacTu, cpepHee 3HAaYeHUE TOKa
yepe3 Nepexo/i OKa3bIBaeTCsl paBHBIM HYJIIO, a KOHLIEHTpaUus HO-
cuTesiel B o0acTu nepexoja Oyaer pe3ko nonmwkena (puc. 1, I).

B npuHnune takoi AETEKTOp € p-N MEPEXOAOM MOXKHO YXKe
WCIIOJIB30BaTh JUIsl PETUCTPALMK 3apsDKEHHBIX YaCTHUIl JaXke MpHU
OTCYTCTBUM BHEIIHETO MCTOYHMKA HANPSKEHUS, TaK KaK B IMOJY-
MIPOBOJIHUKE CYIIECTBYET 00JacTh, B KOTOPOW HAMPSIKEHHOCTH
ANEKTPUYECKOTO OIS OTJIMYHA OT Hyns. Ecnu uepes3 sty o0nacthb
MPOJIETUT 3apsUKEHHASI YaCTUIIA U CO3/1aCT CBOOOIHBIE HOCUTEIH,
TO OHU OyIyT MepeMelarbcs Moj JeUCTBUEM IO 0ObEMHOTO
3aps/ia 1 MHIYIUPOBATH 3apsi/i Ha AJIEKTPOIax.

Opnako o6macTe 00bEMHOT0 3apsifa B p-N nepexoe (TOMIHHA
obmactu mepexoja ) Oka3bpIBaCTCsS MEHbIIE 10cm. [Tockonbky
MpoOeru 3apssKeHHBIX YacTUIl OOBIYHO MPEBBIMIAIOT Ty BEIUYHU-
HY, MPAKTUYECKOTO MHTEPECA TAKOU PEKUM HE TPE/ICTABIISECT.

[Toaromy nipu ucnonp3oBaHuu HEOAHOPOAHBIX [III/] Tommuny
nepexo/ia YBEINYUBAIOT, MPUKIIAIBIBAs K AJIEKTPOJIaM JIETEKTOopa
oOpatHoe HampspkeHue cmernieHus Ugy, T.e. K 3JeKTPOAy CO CTO-
POHBI N-00JIACTH MPUCOEAUHSIOT «IUIIOC» WCTOYHHKA HaIpsiKe-
HUS, K DJIEKTPOJY CO CTOPOHBI p-00JIacTH — «MHHYC». B sTOoM
ClIy4ae BBICOTA MOTEHIIMAIILHOTO Oapbepa pacTeT, BHEIIHEE ToJie
pacTackMBaeT OCHOBHBIE HOCUTENIN U3 00JacTU Mepexoqa, yBe-
JUYUBAsg TEM CaMbIM MPOTSHKEHHOCTh 0OBEMHOTO 3apsifia U COOT-
BETCTBEHHO TOJIIMHY niepexona (puc.1, II).

[IpoBoauMOCTs TEpEXOAHON 007aCTH, K KOTOPOH MPUIIOKEHO
oOpaTHOE HANMpsHKEHHWE CMENIEHUs, OTIWYHA OT HYJs, TaK KakK B
objacTu mepexo/ia UMeeTcs OMpeJesieHHas IUIOTHOCTh CBOOO-
HBIX HOCHUTEJIEH 3apsijia U, CIIeJ0BATEIbHO, Yepe3 Mepexo] MocTo-
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SIHHO TIPOTeKaeT TOoK. JlelicTBUTENBbHO, B OTJIMYKE OT p-N Iepexoa
0€e3 BHEITHEro 3JEKTPUUYECKOTO MOl TOK HEOCHOBHBIX HOCHTENIEH
y)K€ HE YpaBHOBEUIMBAETCS TOKOM OCHOBHBIX HOCHTENEH, IMo-
CKOJIBKY NPAKTUYECKU HU OJMH OCHOBHOW HOCHUTENb HE MOXET
MPEOJI0JETh BBICOKUN TMOTEHIUANbHBIN Oapbep, CO3/aHHBIH
BHELIHUM 3JIEKTPUUECKUM I10JIeM B obsacTu nepexoza. [loatomy
yepes mepexoj] OyIeT mpoTekaTh TOK 3a cyeT nuddysum Heoc-
HOBHBIX HOCUTENEH B obmactu nepexoaa (audQy3uoHHBIH TOK).

Tak kak KOHILIEHTpAalMsg HEOCHOBHBIX HOCHUTEJEH BHE Mepexo/ia
(3TO, B OCHOBHOM, ABIPKHU B CIIA00JETUPOBAHHOMN N-00JIaCTH) TIPO-
HOPLMOHANIBHA Ty, TAE T, — BPEMs KHU3HU IBIPOK 10 HX PEKOMOU-
Haluu B N-00JaCTH, @ KOHLEHTpPALlUsd HEOCHOBHBIX HOCHUTENEH B
nepexojie npomnopuuoHansHa T, rae T — BpeMs Ipeiida AbIpok ye-
pe3 mepexojl, TO UX COOTHOIIEHHUE B IIEPEXOJIE U BHE €r0 COCTaB-
JSeT BEIUYUHY T/7T,.

Kpome Toro, B 30He mepexoja MOCTOSIHHO WJET TeIuioBas re-
Hepalusl 3JIEKTPOHOB U JIBIPOK. DTU HOCUTEINH, IEPEMELLASCH 110
JEHCTBUEM 3JIEKTPUUECKOTO MOJIsA, TAKXKE SBJISIOTCS UCTOYHHUKOM
TOKa (T€HEepallMOHHBIN TOK).

[Ipu ckopocTu TEIIoBOI TeHepaliil HOCUTENeH B mepexoje ~
~ Ni/T, X TWIOTHOCTH B 00IACTH p-N TEpexoza MO OTHOIICHUIO K
IJIOTHOCTH BHE Iepexoja MpPONOPHUOHAIbHA OTHOLICHUIO 1/T,.
Tak, Hanpumep, B IIIIJ[ ¢ p-n mepexoaomM Ha OCHOBE KpPEMHHS B
3aBHCHMOCTH OT pa3MepoB 00JacTH mepexoja Bpemsi COOMpaHUs
T nexxuT B Juana3oHe 10° - 10%¢. CpaBuuBas T ¢ BEIMYNHOM T,
B KpeMHUH, NpuBeneHHoH B Tabn.l (1, ~ 10 3 C), BUJIUM, YTO
T<< 1p. [Io9TOMY IJIOTHOCTH HOCUTENEN B NIEPEXOJE OKA3LIBACTCA
Ha HECKOJIBKO TOPSIIKOB MEHBIIE IUIOTHOCTU HOCHUTEJEH BHE Ie-
pexona. CrnenoBaTesbHO, Yepe3 mepexoa OyAeT MpoTeKaTh Cyllle-
CTBEHHO MEHBIINH TOK, YEM B CIIy4ae OJHOPOAHOTO IMPOBOJSAIIETO
JETEKTOpa OJIMHAKOBBIX T€OMETPHUYECKHX pa3MepoB. [pyrumu
CIIOBaMH, TIOCKOJIBKY YJEIbHOE CONpPOTHUBIEHHE OOpaTHO Ipo-
MOPLUHOHAJIBHO IMJIOTHOCTH CBOOOIHBIX HOCHTENEH, 3Hau€HUue P
MOJIYTIPOBOJTHUKOBOTO MaTepuasa B 00JaCTH Mepexoja OKa3bIBa-
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eTcs NpHOIM3NUTENEHO B T,/7 Oonblle, 4eM BeIMYNHA YACIBHOTO
COMPOTUBIICHUSI BHE 00JACTU TMEpPexoja, T.€. MCXOJHOTO MOITY-
MIPOBOJHUKOBOTO MaTepHarna.

p p

a) ) a)

n n
Na NAa

0) 0)
Nx Nx

B) A B)

ey - ++:+I+:++ b2

Puc.1. Xapakrepuctuku paBHoBecHOro p-n nepexoza (I) u p-n nepexozna ¢ o6paTHbIM
cmeienneM (I1): a — KOHIEHTpaNKs HIEKTPOHOB U JBIPOK; O — KOHIIEHTPAIUS HOHU30-
BaHHBIX aTOMOB IIPHMECEH; B — pacmpereneHne 00BbeMHOTO 3apsiia

CoBpemMeHHasi MPOMBIIUIEHHOCTh BBIITYCKAET MHOTO pa3jiny-
HBIX TUIIOB HEOJHOPOIHBIX KpeMHUEBBIX U repManueBbix [II1/]. B
oTiure oT HeogHopoaHbix [T/ Ha ocHOBe repmaHus ¢ KpeM-
HueBbIMH [1I1]] 00b14HO paboTarOT MpU KOMHATHOW TeMIepaType.
B 3aBucumoctu ot crocoba cozgaHus mepexoja paziuyaroT clie-
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JyIOIMe TUIbl KPEMHHUEBBIX JETEKTOPOB: MU((Y3HOHHbBIE, HOH-
HO-JIETUPOBAHHBIE, IOBEPXHOCTHO-0apbepHble. B muddy3noHHbIX
JeTeKTopax mnepexoj coznaercs Auddysueil JOHOPHBIX aTOMOB (B
OCHOBHOM (ochopa) B OTYNPOBOTHUK p-THITA WITH AKIICTITOPHBIX
aToMoB (00pa) B MOYITPOBOJIHHUK N-THIIA.

B HMOHHO-JIErHpOBaHHBIX JETEKTOpaxX MEPEeXOJ| CO3/IAaeTCs BBE-
JICHHEM MPUMECHBIX aTOMOB B IMOJIYIPOBOJHUK MPHU €ro o0iayye-
HUU TTy9KOM HOHOB.

B moBepxHOCTHO-0apbhepHBIX AETEKTOpaxX MEepexo]] BOSHUKAET
Ha TIOBEPXHOCTH KPEMHUsI P HAHECCHWH HA HEE MCIIAPCHHEM B
BaKyyMe HEKOTOPBIX METAJIJIOB WJIM OKUCIICHUEM ITOBEPXHOCTH Ha
BO3JIyXe€.

Oco0eHHO MIMPOKOe MPUMEHEHUE ISl PETUCTPALlUU PA3IUYHO-
ro TUMA 3apsHKESHHBIX YaCTHUI[ HAIUIA KPEMHHUEBBIC TOBEPXHOCT-
Ho-0apwepHbie III1/]. Tommuua nepexoma takux I/l cpaBHH-
TEJIHO HEBENMKA, OHU OOBIYHO MCIOIB3YIOTCS IS CIIEKTPOMET-
PUU TSDKETBIX 3apsDKEHHBIX YacTull (IPOTOHOB C JHEpPrHeH [0
5 M»B, ansda-uactur ¢ suepruei 10 20 MaB, TspKenbIX HOHOB,
OCKOJIKOB JIEJIEHHUS ), AIEKTPOHOB ¢ 3Heprueit 1o 200 k3B, ans pe-
THCTPAIlUU TMOTOKOB HHU3KOXHEPTeTUYCCKUX PEHTTCHOBCKUX H
raMma-KBaHTOB.

OcCHOBHBIE IKCIIYaTAIMOHHBIE NMapaMeTPbl KPeMHHEBBIX
noBepxHoctHo-0apbepubix IIIIJI. B Hacrosiiee Bpems Takue
[HIT1 n3roToBIIAOTCS B OCHOBHOM U3 KpeMHus N-tuna. [locie co-
OTBETCTBYIOIIIEH OOpaOOTKM B MOBEPXHOCTHOM OYE€Hb TOHKOM
clloe KpeMHHS N-ThUra oOpaszyeTcsl CION ¢ BBICOKOHM TIOTHOCTBIO
JBIPOK, CXOJIHBIN TIO CBOMM CBOMCTBaM ¢ Tu(DPy3UOHHBIM CIOEM
p-TUIA.

DNEeKTpUUECKU KOHTAaKT ¢ OOpa30oBaHHBIM Ha MOBEPXHOCTU
CJIOEM IIEPEX0Ja OCYIIECTBIISETCA Yalle BCEro ¢ IMOMOLIBIO TOH-
KO IUICHKH 30J10Ta, HAHECEHHOW B Bakyyme. Ha npyroit cropone
KpUCTaJIa CO3/1A€TCSI OMUYECKHM KOHTAKT PACIBIIIEHUEM aJFOMHU-
HHS B BaKyyMe€ WJIM HaHeCEHHWeM HuKkens. B mporecce perucrpa-
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LMY MOHU3HUPYIOIIEro M3Iy4yeHUs Ha JETeKTOp mojaercs oOpar-
HO€ HaIIPSKEHUE CMEIICHHUS.

ITo I'OCTy Takue moBEepXHOCTHO-OaphepHbIC KPEMHHEBBIC JIC-
TEKTOpHI 00o3HadatoTcs cienyromum odpazom: J[KIIc-100. Ma-
nenbkas Oyksa mocie JIKII yka3piBaeT Ha THUIT KOHCTPYKTUBHOTO
odopmitenus, nudpel 0003HAYAIOT IUIOMAAh TYBCTBUTEIBHOM TTO-
BEPXHOCTH JIETEKTOpa B KBaAPAaTHBIX MUJLIMMETPAX.

OO6bruno xapaktepuctuku I[II1J] mpuHATO TMOApa3AensTh Ha
F€OMETPUYECKHE, INEKTPUUECKUE U PATUOMETPUYECKUE.

K reomerpunuyeckum nmapamerpam I/ oTtHOCsTCA TONMIMHA
YyBCTBUTEJIHHOW 00JacTH, TOJIIMHA MEPTBOTO CJIOS U ILJIOLIA/Ab
YyBCTBUTEIbHOU ITOBEPXHOCTH.

Iloa 4yBcTBUTEIBHOI 00J1ACTHIO TTOHUMAETCS Ta YacTh 00b-
ema [IIT/I, B KOTOpOI B3aMMOJICHCTBHE HOHU3UPYIOLIETO U3JIyde-
HUS C MOJIYIPOBOJHUKOBBIM MaTe€pUaioM MPUBOAUT K BO3HUKHO-
BEHMIO IIOJIE3HOT'O CUTHAJIA HA BBIXOJHBIX AIEKTPOJAX JAETEKTOPA.

ToJimuHAa 4YyBCTBUTEJIBbHONH 00JIACTH — 3TO MPOTSKEHHOCTh
o0yacTH Tepexoja, W3MEpeHHas M0 HOPMald K TOBEPXHOCTH
[IIA. Jns moBepXHOCTHO-0apbepHBIX NETEKTOPOB TOJIIMHY 00-
nacti d MOXKHO BBIPA3UTh yPaBHECHHEM:

d :\/2‘908}'l pU, +U,,),

I7ie € — ANEKTPUUECKas MOCTOSHHAS;, € — UAJIEKTpUYEcKas Mmpo-
HUIIAEMOCTh KPEMHHUS; I — TOJABUKHOCTh OCHOBHBIX HOCHUTEJEH
cJ1a00JIETMPOBAHHOIO MOJIYIPOBOAHHUKA; P — YJAEIbHOE COMPOTHUB-
JIEHWE UCXOJHOTO MaTepuana KpeMHUsl N-TUIA, KOTOPbIIA UCIOJb-
30BaH JJi co3faHus aetektopa; Up — pa3HOCTh MOTEHIMAIOB B
ob0jacTh mepexola B OTCYTCTBUE BHEIIHETO HAMPSKEHUS;
Ucy — 00paTHOE HanpsbKeHHe cMetenust, nojgasaemoe Ha [IT/].
[Tonyyaemblil B HacTosIEe BpeMsl KPEMHUN N-TUIA MTO3BOJISET
M3rOTaBIMBATH NpOMbINUIEHHbIE AeTekTopbl Tuna JKII ¢ Tommu-
HOW 4yBCTBHUTEIBHOM 00sacTu, He mpeblimatonieid 300 MKM.
ToammHa MepTBOro CJ10s1 ONpeNesIeTCs] Kak HEUyBCTBUTEb-
Has vactb [II1J], pacrionoskeHHass MeXAy BXOJHBIM OKHOM U YyB-

14



CTBUTEILHON 00JACThIO JIeTeKTOpa. Y MOBEPXHOCTHO-OAPhEePHBIX
nerektopoB thuna JKII MepTBblii cioli onpenensercs TONbKO
TOJILIUHON TJICHKU 30JI0Ta, HAHECEHHOW Ha MOBEPXHOCTb KpPEeM-

Hus, ¥ cocTarisgeT S 20+50 mxr/cm (S 0,03 MkMm).

IInomanbs YyBCTBHUTEJBHOH MOBEPXHOCTH — 3TO 4acThb IIO-
BEPXHOCTH JIETEKTOpa, 4epe3 KOTOPYI0 M3JIydEHHE IONaJacT B
YyBCTBUTEIbHBIN 00beM. KpeMHUI, BBITycKaeMblii B HacTOsIIEE
BpeMs1 IPOMBIIIJIEHHOCTBIO, IT03BOJISIET U3rOTaBIMBATh JETEKTOPBI
C IJIOUIA/IBI0 YYBCTBUTEIBHOI MOBEPXHOCTH HE Oojiee 5 M,

K ocHoBHBIM 3jiekTpuueckuM mnapamerpam I moxuHO
OTHECTU E€MKOCTb JETEKTOpa, OOpaTHBI TEMHOBOM TOK, DHEpre-
TUYECKHI SKBUBAJICHT YPOBHS LIyMa.

Emkocth nerexkropa. [loBepxHOCTHO-0aphepHBIN JAETEKTOP C
MOJIaHHBIM Ha HEro HampsHKEHUEM CMELIEHUS MOXKHO MpUOIIU-
JKEHHO paccMaTpHUBaTh KaK JBa METAUIMYECKUX JJIEKTPOJA C U30-
JATOPOM MeXAy HUMHU. Torga eMKocTb AeTeKTOpa Cper U TOJNILU-
Ha YYBCTBHTENbHOW oOmacth d CBsA3aHBl COOTHOIICHHEM:
Crer=€0€S/d, Te S — muoIaap 4yBCTBUTEILHON MOBEPXHOCTH. B
bopmyny st Cyer BXOIUT UMEHHO 3HaueHUe d, a He TOJIHAS TOJ-
IIMHA CaMOr0 KpUCTaJlJla KPEMHHMsI, U3 KOTOPOTO MU3TrOTOBJICH Jie-
TEKTOp. DTO CBSA3aHO C TEM, YTO, KAK OTMEYAJIOCh BBILIE, COMPO-
THUBJICHHE 00JIACTH TIEPEX0/a CYIIECTBEHHO OOJIBIIE COMPOTHBIIE-
HUS UCXOJHOTO MaTepHalia MOJyINpPOBOJHUKA, U IIOATOMY HaIps-
JKEHUE, M0JIaBaEMOE Ha dJIEKTPOJBI, 1aJaeT B OCHOBHOM Ha mepe-
XoJe.

OOpaTHBIii TEMHOBOW TOK KPEMHHMEBOIO IOBEPXHOCTHO-
0apbepHOro JIETEKTOpa MpHU NPUWIOKEHUH K HEMY HalpsDKEHUs
CMEILIEHUsI CBSA3aH C MPOTEKAHMEM TOKa uYepe3 IMepexoHyI0 00-
JacTh, 00J1a/1aI0UTYI0 KOHEYHOH MPOBOAUMOCTBIO (00BEMHBIN TOK
YTEUKH) M MPOTEKAHHEM TOKa YTEUKH depe3 moBepxHocTh [IT1]]
(mOBEepXHOCTHBIN TOK yreuku). OObeMHBII TOK umeetr nuddysu-
OHHYIO U T€HEpAI[MOHHYI0 KOMIIOHEHTHI, MPUPOAAa KOTOPHIX 00-
cyxzaanaceh Bbllle. [I0BEpXHOCTHBII TOK YTEUKH OLIEHMTH pacye-
TOM MPAKTUYECKH HEBO3MOKHO, XOTSI BO MHOTHX CJIy4asiX OH BHO-
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CUT OCHOBHOM BKJIaJl B 0OpaTHBIN TeMHOBOH TOK. [ToaTOMYy 00BIU-
HO 3HaYeHHE OOpPaTHOTrO TEMHOBOTO TOKa M3MEPSAETCS dKCIEpH-
MEHTAJIbHO U NPUBOJUTCS B ACHOPTE HA JAHHBINA SK3EMILIAP Jie-
TEKTOpa JUIsl ONTUMAJIbHOTO HANpSKEHUS CMEIIEHMs (IOHATHE
xapakrepuctuku I[IIIJ[ — onTumanbHOE HANpPSKEHHWE CMEILEHHUS,
npuBoAMTCS HUXKe). Tak Kak oOpaTHBIA TOK JaeT, Kak MPaBHIIO,
ocHoBHOM BKJiaj B myMsl I1I1/], 3Ta Xapakrepuctuka oTHOCUTCA K
BaXHBIM 3JIEKTPUUECKUM IapaMmeTpam JeTekropa. /g nerekropa
tuna JIKII tunuynoe 3HaueHre oOpaTHOrO TOKA YTEUKHU JIEKUT B
untepsaie (0,05 — 0,5) MxA.

JHepreTuyeckuil IkBuBasieHT ypoBHs myma IIIIJI xapak-
TEpU3yeT Pa3dopOC aMIUIUTYJ HMMITYJIbCOB Ha BBIXOJE JIETEKTOpa,
CBSI3aHHBIN C MPOTEKaHHEM OOPATHOTO TEMHOBOT'O TOKA MPH MPH-
JIO’)KEHUU HanpsbKeHus cMmelenus. Kpome Toro, TemioBble MyMsl,
CBSI3aHHBIE C (IYKTyallsIMU CKOPOCTH TEIJIOBOTO ABMXKEHUS HO-
CHUTEJICH, MPOSABISIOTCS KaK (IYKTyalluu HANPSHKEHUS Ha KOHIIAX
MIPOBOJIHUKA M, KAK CIIEJCTBUE, SBISIOTCS TOMOJHUTEIBHBIM HC-
TOYHHUKOM pa3dpoca aMILIUTY/ UMITYJIbCOB Ha BBIXOJIE€ AETEKTOPA.

DHEpPreTU4YeCKuil SKBUBAICHT YPOBHA IIyMa MPHUHSATO OIHUCHI-
BaTh BEMHMUUHOU AFEy jer = 2,35Cy sier, TNI€ Oy ner — CPEIAHEKBAJIPA-
TUYecKue (DIyKTyalluu aMILTUTYJ] UMITYJIbCOB Ha BBIXOJIE JIETEK-
TOpa, BBIPAKEHHBIE B €JUHUIAX dHEpruu (00buHO — K3B). Dke-
NIEPUMEHTAIbHO ONpPENENUB AFEy, jer, MOKHO CHEJIATh BBIBOJ O
Bkuaje mrymoB [II1/] B coOcTBeHHOE SHEPreTHYECKOe pa3pelieHIe
JETEKTOPOB. MeTo/InKa u3MepeHus: BEMUUUHbI AEyy, qer IPUBEIEHA
B paboyeM 3aJJaHHH.

K pagnomerpuyecknm nmapamerpam I/ oTtHOCATCS mapa-
METPBI, CBA3aHHBIE C PETUCTPALUEN NOHU3ZUPYIOILIErO U3Iy4EHMS,
B YaCTHOCTH, COOCTBEHHOE JHEPreTHYECKOe pa3pellieHue, Mmpo-
MOPIMOHAIBHOCTD JIETEKTOPa, FPPEKTUBHOCTh COOMpaHUs 3apsi-
7la, CO3/IaHHOTO MOHM3MPYIOIIMM H3Iy4eHHeM, 3(PQPEeKTUBHOCTD
pEerucTpanyy YacTHIL.

Hapsiny ¢ coGOCTBEHHBIM SHEPreTHUYEeCKUM pa3pelleHneM B Ka-
YECTBE XapaKTEPUCTUKH BCEW CIEKTPOMETPUYECKOW YCTAHOBKH
(merekTopa COBMECTHO C 3JIEKTPOHHBIM TPaKTOM) MOJIb3YIOTCS
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MIOHATHEM NOJIHO20 IHEPemUu4ecko20 paspeuierus. JTa BeInIuHa
YUUTBIBACT TAaKXK€ BKJAJA DJEKTPOHHOTO TpaKTa B pa3dpoc UM-
IIyJIbCOB 110 aMIUIATYIaM.

N3BecTHO, YTO MOJHOE YHEPIETUUECKOE PA3PEIIECHUE CIIEKTPO-
Metpuueckor ycranoBku ¢ III1J] B xauecTtBe neTekTopa 3aBUCUT
ot BenuuuHbl Ugy. ITosTomy npu sxcrutyaranuu I tuna JIKII
OO0JIBLIYIO POJIb UIPAET MPABUIBHBINA BHIOOP HANpPSKEHUS CMellle-
HUSL.

Metoauku BbIOOpa ONTHMAJIbHOIO HAIPSDKEHHS CMELEHHUS,
U3MepeHusi COOCTBEHHOro sHepreTuueckoro paspemenus I[IT1/],
3G GEeKTUBHOCTH cOOMpaHus 3apsja, MPOBEPKU IPONOPLUOHAIb-
Hoctu [1I1/] npuBenens! B paboueM 3aJaHUH.

KOHTPOJIBHOE 3AIAHUE

[Ipu moaroroBke K J1abopaTOpHON paboTe BHIOIHUTH Clie-
IyIOIlre 3aaHusl.

1. Paccuurath 3HadeHHe 3apsaga, COo34aBacMoro anL(ba-
o 239
4aCTunucu OoT HCTOYHHUKA Pus YYBCTBUTCIIBHOM 00BeME HHH

2. PaccunTath MUHUMAJIBHYIO TOJIIMHY YYBCTBUTEIBHOH 00-
. 22
aactu d B III1/], B KOoTOpO# anbda-yacTuiia OT UCTOYHHUKA °Ra
IOJTHOCTBIO TEPSIET CBOIO SHEPIHIO.

3. Iloctpouts O)KI/II[aeMOG pacng)eneneHHe HMITYJIbCOB II0 aM-
IUIUTYaM s MCTOYHHKA %Pu + 2*®Pu, cunras, uTo mo-
HOE OTHOCUTENIBHOE DHEPreTUYECKOE PA3PEIICHUE NETEKTOpa I
anba-yacTui ¢ s3ueprueit 5 MaB coctasnser 2 %.

[Ipy BBINOJHEHNH JAHHOTO 33JaHUsl BOCIIOJB30BAaThCS CBEIE-
HUAMH, U3J0KEHHBIMU B pasaenax «Beemenue» u «llpumnoxe-
HUE», a TAK)Ke JaHHBIMU U3 Ta0J.2.
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JIABOPATOPHASA YCTAHOBKA

OyHKIIMOHAIBHAS CXeMa YCTaHOBKH MpuBejaeHa Ha puc.2. Uc-
CIIeIyeTCs CTaHJAPTHBIA IOBEPXHOCTHO-O0APBEPHBIN IMOIYIPO-
BogHUKOBBIA nerektop JKIIc-100 (mmomans 4yBCTBUTENIbHOU
MoBepXHOCTH JieTekTopa 100 MM2).

W3mepures AMIVTHTY THBIH
Hacoc Ha6op C ol £7-8 AHATIBATOP |
IK
B
Biok 1 “net” Ycunurens
jg R Cros LTZ
H [] “]"eH”
I'eneparop Ocrmiorpady
Y= BB2-07 CI-112A [~
Bbiok Ha-
TIPSDKCHAS
CMETICHHS
Puc.2. ®yHkimoHagbHas cXeMa yCTaHOBKH
[TonynpoBOTHUKOBBIN ~ JETEKTOP M  HCTOYHUKU  alb(a-

W3IIYYCHHS PACIIOIOXKEHbI B OJIoke neTekTupoBaHus «biok 1».
Ob6nacTh nepexo/ia MoJynpoBOAHUKOBOTO JETEKTOpPa CO CTOPOHBI
30JI0TOTO AJIEKTpoJia 00Jy4yaeTcsl OJHUM U3 allb(a-UCTOUYHUKOB,
KOTOPbIE MOYXXHO MEHSATH C IMOMOIIIBIO PYYKH, BHIBEZCHHON Ha 60-
KOBYIO CTeHKY Ojyoka 1. Bpamienuem pyuku, pacrnojoK€HHOW Ha
BEpXHEH Kphllke 6J0ka 1, MOKHO BapbUpPOBATh PACCTOSHUE Me-
Ky JETEKTOPOM U HCTOYHHUKOM B Ipezenax 6 — 40 mm.
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Jlj1s TOro 4TOOBI UCKIIIOUUTH OTEPH SHEPTUU ab(ha-4acTull B
BO3JIyX€ MEXKIY JIETEKTOPOM M UCTOYHUKOM, BO3IyX U3 pabodero
o0bema 6moka 1 orkaumBaercs popBakyyMHbIM HacocoM. Hacoc
BKJIIOYAETCSl HA BCE BPEMs SKCIIEPUMEHTa M 00ecreunBaeT B pa-
OoueM oObemMe OJOKa JAeTeKTUpOBaHUS Bakyym -~ 6,6 Ila
(~5 102 MM pT. cT.). C momo1nbio BeHTWIa B Maructpanb oTkau-
KM MOXKET COCJIMHATHCS C aTMOC(EPOI.

[T/l noakIroUYeH K 3apsA104yBCTBUTEIBHOMY MPEAYCHIUTEIIO
bY(C2-01-1, umeroremy xkodddumnueHT npeodpa3zoBaHus 3apsia B
HaIpsDKEHUE ~ 410" B/Kux (240 %), u MCTOYHHMKY BHEIIIHETO Ha-
npsbkenus (6mox «HanpsbkeHue cMenieHus»), yCTaHOBICHHOMY B
kpeiite. Pesucrop R, pacnosnoxen B Onoke npexycunutens. [lo-
JSPHOCTH UMITYNIbCOB, noctynatomux oT [1I1/] na Bxon npexycu-
JIUTETIS, TOJIOKUTETbHAS.

C BBIXOAA MPEIYyCHWIUTENST UMITYJIbCHI IMOCTYMAIOT HAa pPa3beM
«Bx0a A» ocHOBHOrO ycunurens bYC2-47, koaddunuenr ycu-
JIGHUsI KOTOPOTO M3MEHsieTcs B mpenenax oT 4 go 2048, ¢ momo-
b0 CTYNEHYATOTO MepeKovaresiss KodQQPUIMEHTa YCHICHUS
«rpy00O» M perynaropa IUIABHOTO H3MEHEHUs Ko3(]duimenrta
ycusieHus «aBHo» ot 0,5 10 1 B mpenenax KakKaou CTYIEHH.

B cxeme ycunurens mpenycMOTpeH 010k (OpMHUPOBAHHS UM-
MyJIbCOB, COCTOSIIIUN M3 MHTErpupyomei 1, (t, > 0,05 MKc) u
muddepernmpyromen t, (t, < 12,8 Mrc) nemnouek. [Tapamerpsr
dbopMupyIOIIUX 1eNel YCTaHABIUBAIOTCS C TIOMOIIBIO TEPEKITIo-
ygatenen «dudd.mxc» u «MHTErp.MKC». MakcuMmanbHasi aMIuIu-
Tyzaa BeixogHoro curHaia bYC2-47 ve nomxkna npessimats 10 B,
TaK KaK MpU aMIUTUTyax, npesbimarmmx 10 B, napymaercs iu-
HEHHOCTh YCUJICHUS M HAOJI01aeTCsl OTPAaHUYEHUE CUTHAA.

C BBIXOJIa YCHJIUTENSI UMITYJIbCHI HAIPSDKEHUS TOMAIOTCS Ha
BXOJl MHOTOKaHAJIbHOTO AMIUIUTYAHOTO aHAIU3aTopa UMIYJIbCOB,
KOTOPBIA HWCIONB3YETCS I U3MEPEHHUS] aMIUTUTY]] UMITYJIbCOB,
MOCTYMHAIONINX B CIy4ailHble MOMEHTHI BPEMEHH, XpaHEHHS U 00-
paboTku wHpOpMaMK. AHAIM3aTOp BHIMIOJIHEH Ha 0asze mepco-
HAJIBHOTO KOMITBIOTEPA, B CUCTEMHBIM OJIOK KOTOPOTO BCTPOECHA
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mjaTa, CcoJep)kKamas aMIUIMTYIHO-IH(POBON MpeodpazoBaTeib
umityibcoB (ALIT), u maMsTh A XpaHeHUs! JaHHBIX.

C momompro yHuBepcaiabHoro ocumwmiorpada Cl-112A ocy-
IIECTBIISICTCS KOHTPOJIb (POPMBI UMITYJILCOB ¥ U3MEPEHHUE UX aM-
IUTUTYABI, a TAaK)Ke U3MEPEHHE HANPSDKEHUsl CMEIlleHus, ojjaBae-
MOT0 Ha JIETEKTOP.

Jlis kanmuOpOBKM AJIEKTPOHHOIO TpaKTa B €IUMHHUIAX 3apsia
ucnoinssyercs «I'eneparop Bb2-07», «psimMoii» BbIX0A KOTOPOTO
yepes A03upyrouyto eMkKocTh Cho,=1 n®d, pacnojokeHHYIO B
OJIOKe TPEeAYyCHIIUTENS, COSAMHEH CO BXOJOM HPEAYCHIUTENS
bY(C2-01-1 (pa3weM «reneparopy). I1oisspHOCT UMITYJIBCOB Te-
HepaTopa MOJIOKUTEIbHASL.

Emkocte IIITJ] u3mepsieTcs ¢ momombio npudopa «M3mepu-
tens E7-8». U3mepurens noakmoudaercs ko Bxoay IIITJ] uepes
paszseM u Tymbnep «M3mepenue Cy», KOTOpbIE TOMEIIEHBI B IKpa-
HUPYIOLIMHI KOPIIYC ¥ PacnoiiokeHsl Mexay BbixonoM I/ u ka-
6enem, uaymmm Ha Bxog bYC2-01-1. B mpomecce wu3MepeHus
cobctBeHHBIX mIymMoB mnpexycunutens BYC2-01-1 k ero Bxomy
nojkIitouaercs Habop KoHaeHcaropon — «Habop Cx.

[Tony4yeHHble 3KCIEPUMEHTANIbHBIE JaHHBIE CTYJIEHTHI COXpa-
HAIOT B BUJe (ailioB Ha KECTKOM JTUCKE MEPCOHAIBHOTO KOMIIb-
I0Tepa BHyTpH namnku «Studenty B cBoell epcoHaIbHOM Marnke.

PABOYEE 3AJIAHUE

[TokazaTh mpenoaBaTeNto pe3yibTaThbl, TOJTYYECHHbIE TIPU BbI-
IOJJHEHUU KOHTPOJIBHOIO 3a/1aHUsl, U, OTBETUB Ha JOINOJHUTEIb-
HBI€ BOIPOCHI, TIPUCTYIUTh K U3MEPEHUSM.

Ilepen Hagamom paGoOTHI TPOBEPHUTH MOJKIIOYCHHE OJOKOB
AJICKTPOHHOW amnmapaTypbl B COOTBETCTBUHU C (DYHKIIMOHAIBHOU
CXEMOW YCTaHOBKH.

bnoku BB2-07, BYC2-47, «HanpsbkeHne cMelmeHus», ycra-
HOBJICHHBIE B OJJTHOM KpeiTe ¢ 6mokom nutanuss BHH2-22, u 610k
BYC2-01-1 Brimovarotrcss TymMOJIepOM, pa3MENIeHHBIM Ha Tepe.i-
Hel manenu 6moka BHH2-22.
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BxtounTs Bce mpuOopsI B ceTh. JlaTh mpubopaM mporpeTses B
teyeHue 10 — 15 muH.

[Topsanokx paboTel C aMIUIMTYAHBIM aHAJIU3aTOPOM, MPOTpam-
Moii 00paboTkH criekTpoB, ocimuiorpadpom Cl-112A npuBoauT-
Csl B OTJEJIbHBIX HHCTPYKLHUSX.

1. UcciienoBanue 3aBUCMMOCTH €MKOCTH JI€TEKTOPa OT Ha-
npsikeHnsi cMemeHus U,y Ha ero 3jeKTpoaax

W3BecTHO, 4uTO mMpHHA 4yBCcTBUTEIbHOW oOsactu B IIIIJ] 3a-
BUCHT OT HamlpsbKeHHs cMmenieHus d ~m . EmMxocth mepexona
Cer CBSI3aHA C IUPHHOM TIepexoaa cooTHomeHneM Crer = €0eS/d.
Orcroga Cper ~ 1/\/% . Ilpemuiaraercs npoBeCTH AKCIIEPUMEH-

TaJbHYIO MPOBEPKY JaHHOW 3aBUCUMOCTH. JlJis 3TOr0 peKoMeHay-
€TCs BBIIOJIHUTH CIIEYIOIINE ONepalim.

1. Tlogkmounth U3MepUTENbHBIA Kabenb nmpubopa «3mepu-
tenb E7-8» k pazpemy «M3mepenne C» U BKIIOYUTH TyMOJep
«3mepenue C».

2.  U3mepuTh  BEIMYMHY  SKBUBAJIEHTHOH  €MKOCTHU
Coxs=CrertCy, paBHYIO CyMMapHOM eMKoCTH Tiepexoia Crer U €M-
KOCTH BXOJHBIX Lieneil npexycunurens Cy, OT HalpsOKeHUs cCMe-

menust. Kak ormeuanocs Beiiie, Cyer ~ 1/,/U . , mO3TOMY Criemy-

o )
€T 0XHIaTh, 4TO Hanbosee cuibHOe n3MeHeHue Cher OT Uy, Oyaer
MMETh MECTO B AMAIA30HE MAJIBIX 3HAYECHHUI HANPSHKEHUS CMENe-
HUs. B cooTBeTcTBUU € 3TUM pekoMeHyeTcs BeIOupath Ugy, B 00-
JJaCTH MaJIbIX 3HA4YeHU# C¢ maroM | B, mocTeneHHO yBenuuuBas
mar BIUIoTh 10 55 B (manpumep, 3 B, 4 B, 5 B, 7 B, 10 B, 15 B,
30 B, 55 B). Benmnuuna U, = 55 B cooTBeTcTBYeT MakcUMalib-
HOMY TacrnopTHOMY 3HaueHuto Ug,, KOTOpoe JomycKaeTcs moja-
BaTh Ha JaHHbIH oOpasern JIKI1c-100.

ITo moxazanusim E7-8 oneHuts ¢uyktyaruu 3HaYeHUNH Coy 32
BpeMs U3MEpeHN. BennunHa eMKOCTH BXOJHBIX LENe MpeayCH-
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JIUTENS U3MEPEHA 3apaHee U €€ 3Ha4eHHe NPUBEIEHO Ha KOpITycCe,
B KOTOPOM pa3MelieHbl pazbeM u TymoOmep «M3mepenue Cy.

[To oxoH4YaHUU M3MEpEeHUI 00A3aTEIbHO BBIKIIOYHUTH MPHOOP
«U3mepurens E7-8y», oTkimrounTh kabenb oT pazbema «M3mepenue
C», moctraButh TyMOIEp «M3meperue Cy» B monoxeHne «BhIKI.».

2. Bb100p onTUMAJILHOTO HATIPSIKEHUS I€TEKTOPa

Ilon ommumanvnvim nanpsadgicenuem cmewjenus, MOAABAEMBIM
Ha [II1/1, monumaercsa HanpspkeHue cmetieHust Uy, Tpu KOTOPpOM
Il JTaHHOW SHEPruM YacTHIl MOJHOE SHEpreTHYecKoe paspelie-
HUE CIIEKTPOMETPUUECKON YCTAaHOBKH (T.€. COOCTBEHHOE dHEpre-
tuyeckoe paspeuenue I1I1J] ¢ yuerom Bkiaza B 3HEpreTHUECKOE
pas3pelleHue 3JIEKTPOHHOTO TPAKTA) SIBJISETCS JTYUIIHUM.

Ilepen HauanoMm u3MepeHUil MOATOTOBUTH OJIOK JE€TEKTHPOBa-
Hus K pabore. [l 3T0ro HEOOXOAMMO: a) 3aKpbIThb BEHTUJb B,
COCAMHAIOLMM MarucTpaib OTKAYKH C BO31YyXOM; O) BKJIIOUUTh
¢dopBakyymHbIi Hacoc TymOaepom «Hacocy (B mpucyTCTBUH Tpe-
[0JIaBaTeNs UM JIS)KYPHOTO HH)KEHEPA).

TTOMECTHTB MO AETEKTOPOM HCTOYHHMK aibda-uactun U +
+ %Py + 8Py (8 okomke Ha KpbIlIKe O50ka 1 JTOMKHA CTOSITH
uuppa 3). DHeprum anbda-4acTUll H3OTONOB IPHUBEACHHI B
Tabn1.2. YCTaHOBUTh MEXIY JAETEKTOPOM M alib(ha-UCTOUHUKOM
paccrosinue 10 MM (cM. BUSHpPHYIO IIKaJly Ha KpbIiike Oioka 1). B
3TOM ciy4ae 3arpy3ka [I1J] (T.e. yncno gacTur, perucTpupyeMbix
B €JMHMIlY BPEMEHHU) CTAHOBUTCS TaKOM, MPH KOTOPOM SHEPreTu-
YECKOE pa3pelIeHHUE JETEKTOpa 3a CUET HAJO0XKEHHUS HUMITYJIbCOB
MPaKTUYECKH HE YXYLIACTCS.

VYCcTaHOBUTH ONTHMalbHbIE MapaMmeTpbl AudQepeHuupyromen
T, U UHTETPUPYIOLIEH T, IIENOYeK B OCHOBHOM YyCUJIUTENE, KOTO-
pble 00ecreynBal0T MaKCHUMaJIbHOE OTHOIIEHUE aMILIUTYIbl CUT-
Hana ¢ Beixoga [IITJ] k mymam npegycunurtens (B COOTBETCTBHH C
MacIMOPTHEIMU JAHHBIMU UCHOJB3yeMoro B padote BYC2-01 stu
napaMeTpbl UMEIOT CIeAYIoLUe 3HAYeHUs: T; = T, = 1,6 MKcC).
[Ipu TakoMm BeIOOpE T, U T, BKJIAJ IIYMOB MPETYyCHIIUTENS B MOJI-
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HO€ »HepreTuyeckoe paspemenue cuctemsl [T mmoc anex-
TPOHHBI  TPaKT  OKa3bIBA€TC MHUHUMAJIbHBIM.  TymOiep
«Audd.MKC» T0JIKEH CTOATH B MOJI0XKEHUH 1.

Tabnuya 2
DHepruu anbda-4acTHIl H30TOIOB
UzoTon Oueprus anpha-gactun, M>B Bexon, %

5,156 73,3

29y 5,143 15,1
5,105 11,5

= 4,773 15
4,816 84

238 5,499 72
Pu 5,456 28
4,599 5.4

4,782 94,6

2Ra 5,490 100
6,002 100

7,687 100

[Togats na II1/] MakcumanbHOE HanpspkeHue cmereHus Uey, =
= 55 B. U3mepss no ocummiorpady amMIiMTyAbl HMIYJIbCOB Ha
BoIxosie ycumutenst bYC2-47, nmopo6pats kodhduimeHT ycuie-
HUS TaKUM 00pazoM, 4TOObI MaKCUMAaJIbHBIE aMIUTUTY/bI HE Tpe-
BeIau 4 — 4,5 B.

C nmomomp0 aMIUIMTYJHOTO aHAJIA3aTOpa CHAThH paclpeserne-
HUE WMITYJILCOB MO aMIUTUTy/aM (TIpeaBapUTeIbHO HEOOXOAUMO
BHHUMATEIbHO O3HAKOMHUTHCA C MHCTPYKIIMEH 1Mo paboTe ¢ aHaIu-
3aTopoMm). Bpems usmepenus BbIOpaTh TaKUM, YTOOBI CTATUCTHYE-
ckue (pIyKTyaluy B YHCIIE UMITYJIBCOB B MAKCUMYMax aMIUTHTY/I-
HOTO pacmpeneneHus: He npesbimanmu 4 %. [lomyuennoe amrum-
TyJIHOE paclpeieNieHue COXpaHUTh B BUE (ailia B cBoel mepco-
HAJIbHOM Manke Ha KOMITbIOTEpE.

[loBTOpUTH aHAJIOTMYHBIE W3MEPEHHUs ISl APYTUX BEJIUYUH
Ucw, MeHsist Uy, B quanazone ot 1 10 5 B uepe3 ~ 1 B; nanee ue-
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pe3 10 — 15 B (pexomennyemsbie 3HaueHus U, B, mpubmmsu-
tenbHO 55; 30; 15; 5; 4; 3; 2; 1). CoxpaHuTth naHHbIe B BuAe ¢aii-
JIOB.

UTo0b! OnpeAenuTh ONTUMaIbHOE HanpskeHue cmemeHus Uey,
3Ha4eHHEe KOTOPOro OyAEeT UCHOJIb30BAThCS B CIEAYIOUIMX MyHK-
Tax JabopaTopHOil paboThl, HEOOXOAMMO MO MOJIYYEHHBIM pe-
3ynpTaTaM Ui Kaxaoro Ug, BBIYMCIHTH IOJHOE a0COJIIOTHOE
sHepreruueckoe paspewmenue AE, cucrems! I/ rumroc siek-
TPOHHBIN TPaKT.

W3BecTHO, 4yTO aOCOMIOTHOE 3HEpreTHYecKoe paspemenue ALy,
BBOJMUTCSI KaK IIMPUHA PACIPEAEICHUS UMITYJIbCOB 10 aMIUIUTY-
JlaM Ha €ro IMOJIyBBICOTE Ul JaHHOW 3HEPruM YacTHIl U BbIpaxa-
€TCsl B DHEPreTUUeCcKUX eAMHMIax. B Hamem ciyyae ais HaXxox-
JIEHUs TIOJIHOTO a0COJIFOTHOTO 3HEPreTHUecKoro paspemeHus AEy,
PEKOMEHIYETCSl UCIIONIb30BaTh PACHpPE]CIICHUE HUMIIYJIbCOB I10
aMIUTUTY/1aM, COOTBETCTBYIOILIEE SHEPIHM alib(ha-uyacTHll, UCITyC-
KaeMbIX SIpaMu 23y (cm. Tab6m.2). Bennunna AE, HAXOIUTCS U3
dopmynst AE, = o-AN, e AN — 9iciio KaHaJIoB, paBHOE IIMPHHE
pacripesielieHusl Ha ero HOJYBBICOTE AJIsi SHEPrHM aylb(a-4acTHIll
uctounmka 2°U; o — SHepreTHYecKas MIMPHHA KaHAua aHaTH3a-
TOpa, BIpakeHHas B K3B/kanai.

Bennuuna o Beruucnsercs ans kaxaoro Ug, Kak OTHOIIEHHE

E. —
ol 92 1ne Eq ¥ Eqy — DHEPTUH MOHOPHEPIETHYECKHX JIH-

N1 - Nz
Hull anba-yactui; N; u N2 — HOMepa KaHaloB, COOTBETCTBYIO-
X s gagHoro Ug, MakcuMyMaM aMmIUTHTYJHBIX pacrpesene-
HU# oT anbda-yactuil ¢ sHeprusimu E,; u Eyp, HaIpumep, 2y u
239p

Hcxonast u3 MOMydeHHBIX PE3yIbTaTOB, OMPEACIUTh ONTUMAIb-
HOoe HampspkeHue cmemieHust Ug,, mpu kotopom cuctema [TIT]]
IUTEIOC AJIEKTPOHHBIA TPAKT MMEET JIy4Illee YHEPreTUUYECKOE pa3-
peLeHue.

(0}
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3. U3mepeHne cOOCTBEHHOI0 YJHEPreTUYECKOr0 pa3pele-
Hus TT1]

[TonHoe abGcomoTHOE IHEpreTHUecKoe paspemienue AE, sBis-
€TCsl TMapaMeTpOM, KOTOPBIM OIMCHIBACTCS pa3Opoc aMIUTHTY]
HUMITYJICOB Ha BBIXOJIE DJIEKTPOHHOI'O TPAKTa, MOJKIIOUYEHHOTO K
JETEKTOPY, PETUCTPUPYIOIIEMY MOHOIHEPTeTUYECKUE YACTHUIIBL.
Pa30poc ammiuTyn MMITyJIbCOB CBSI3aH, BO-IIEPBBIX, C Ipoliecca-
MU, OTHOCSIIUMHCS K COOCTBEHHO JETEKTOPY H, BO-BTOPBIX, C
mpoleccaMy YCWJICHHS W aHalld3a CUTHAJIOB JIETEKTOpa JJIeK-
TPOHHOM aIapaTrypou.

DKCIepUMEHTAIbHO U3MEPUB BKJIAJ Ka)XJI0ro U3 ITHUX MpoIiec-
COB B IIOJIHOE A0COJIIOTHOE SHEpreTudeckoe paspewieHue ALy,
MOXHO CJIeJIaTh BBIBOJl, UM B OCHOBHOM OIIPEEISAETCS IMOJIHOE
paspelleHue CUCTEMbl demeKkmop + 3eKMpPOHHbII MPAKm W, Ta-
KAM 00pa3oM, NMpU HEOOXOAMMOCTH IIeJICHAPABICHHO YIy4IIaTh
BENMUYUHY AE),.

Pazpgenuts Bk AeTeKTOpa M AJIEKTPOHUKH B AE; MOXHO
CJIETYIOIIUM 00pa3oM.

Ecnu pacnpenenenve UMITyJIbCOB MO aMIUIMTYAaM Ha BBIXOJE
AJIEKTPOHHOTO TpaKTa ammpOKCUMHUPYETCS HOPMAJIbHBIM pacrpe-
JIeIeHuEeM, TO TIOJIHOE abCONIOTHOE YHEPTETHUECKOEe pa3pelieHue
AE}; MOXXHO TIPEICTaBUTh B BUJIE:

AE2 = (2,35)% -(6%er + O%),

TJI€ Guer M Goy — CPEAHEKBAAPATHUECKHE (IYKTyaIlH B aMIUIUTY-
JaX HMMITYJIbCOB, OOYCIIOBIIGHHBIE TPOILIECCAMH B JIETEKTOpE U
ANEKTPOHUKE COOTBETCTBEHHO. Torna BKIJIaJ B MOJHOE YHEPTETH-
YECKOE pa3pelieHne 3a CUeT MPOIECCOB B JETEKTOPE XapaKTepH-
3yeTcst BeMHMUUHON AE = 2,35G,.;, Ha3bIBAEMON CcOOCMEeHHbIM
9HepeemuuecKuM paspeueHuem 0emexkmopa.

Pa30poc ammuuTy MMIYJIbCOB AJIEKTPOHHOW ammapaTypoi
CBSI3aH C HAJTMYMEM BXOJHBIX IIIYMOB YCHJIMTEIHHBIX YCTPOUCTB,
HECTaOMIILHOCTBIO aIapaTyphl, JTUCKPETHBIM XapaKTepoM IIpe-
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o0pa3oBaHMs aMIUTUTY/IBI B aHalu3aTtope. Ecim mo cpaBHEHHIO C
BIIUSTHUEM IIIyMOB BCEMH OCTalIbHBIMU (DaKTOpaMH MOXKHO Mpe-
HeOpeYb, TO B ATOM CIIyYa€ Goy=OCuyc, TJ€ Omyc — CPEAHEKBAAPA-
THYECKUE (QUIYKTyallMd aMIUTUTYyJ IIYMOBBIX HMIyIbcoB. Ha
MPAKTUKE BEJIIMYMHY BXOIHBIX ITYMOB YCHUJIUTEIIBHBIX YCTPOMCTB
yalie BCEro MPHUHATO XapaKTepU30BaTh BEIWYMHOM HEpreThye-
CKOr'0 SKBHBAJICHTA YPOBHS IIyMa YCHIIMTEIBLHOIO TpakTa ALy, yc.
Bennuuna AL,y paBHa IIMPHUHE PACIPEIEICHUS IIYMOBBIX HUM-
MyJIbCOB MO aMIUIUTY/IaM Ha IMOJYBBICOTE 3TOTO pacHpeieseHuUs.
[TockoybKy M3BECTHO, UTO pacIpeleIeHrUe IIYMOBBIX UMIYJIbCOB
M0 aMIUIUTYJlaM OIKUCHIBAETCS HOPMAJBHBIM paclpeielieHueM,
SHEPIreTUYECKUI SKBUBAJIEHT YPOBHS IIyMa YCUIIUTEIBHOTO TPaK-
Ta AE, yc CBA3aH C Oy yc COOTHOIIEHUEM AFy, o= 2,35C  ye.

W3 tpex BennumH: AFy, AEer 1 AE, yc MOKHO HEITOCPEICTBEH-
HO U3MepUTh 3HaueHust AL, u AL, ¢, a COOCTBEHHOE dHEpreTHYE-
CKO€ pa3pelleHre AeTeKTOpa ONPeaeIUTh o Gopmye:

AEe=|AE* — AE;_yc .

MeToauka HaxOXACHUs MOJHOIO YHEPreTHUECKOTo paspelie-
Hus AL, paccMoTpeHa B mpenpiaymieM myHkre. CylnecTByromas
METOJIMKA W3MEPEHMs] HHEPreTHMUECKOr0 SKBUBAJIECHTA YPOBHS
IIyMa yCUJIMTEIBHOTO TpakTa ALy, yc 3aKIFOYACTCS B CIEAYIOIIEM.

W3Meps0T BENMUMHY IOJHOIO SHEPrETHYECKOIO pa3pelleHUs
AE; 1 QUKCUPYIOT BBIOpaHHbIE TapAMETPhl YCUIIUTEIBLHOTO TPpakK-
ta. OT BXOAAa YCHWJIMTENS OTKJIIOUYAIOT JETEKTOP M, TaK KaK BXOJ-
HbI€ IIyMbl YCHUJIMTEIBHOTO TPAaKTa 3aBUCAT OT BEIMYHMHBI €MKO-
CTH Ha BXOJI€ YCHIIUTEISA, TO HA BXOJ BMECTO JETEKTOpa MOJIKIIIO-
4alT KOHJEHCAaTOp, EMKOCTh Kotoporo paBHa emkoctu [IIIJ[. Ha
BXOJ] ycunutens (00bIYHO yepe3 HeOOoJbIIyt0 eMKOCTh Cjos) TMO-
JAI0T UMIYJIBCHl OT T€HepaTopa UMIYJIbCOB CTAOUILHOW aMILIU-
Tyabl. C IOMOLIBIO aHAIM3aTOpa CHUMAKOT PACIpeAciIeHUE UM-
MyJbCOB MO aMIUIUTY/IaM Ha BBIXOJI€ YCUJIUTENIbHOTO TpakTa OT
reHepaTopa MMITYJIbCOB U ONpPEAEIAIOT BEIUUMHY AN, — 4ucio
KAaHAJIOB, PABHOE IIMPHHE DPACIPEAEICHUS Ha €ro IOJIYBBICOTE.
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Tak kak mpu 3TOM U3MEPEHUH MapaMETPbl YCUIUTEILHOTO TPAaKTa
OCTABAIMCh TAKUMU K€, KAK IpHU omnpeneneHuu AL, s nepexo-
1a oT ANy K DHEPreTHYECKOMY SKBUBAJICHTY YPOBHS HIymMa ALy yc
MOKHO BOCTIOJIb30BaThCSl 3HAYCHUEM OL, MOJTYYCHHBIM MIPH H3Me-
penun AFE,. Torma AE,y. Bbluucisgerca no dopmyne: AL, =
= AN,

B nanHoM 3ajaHumM nmpeaaraercsi K3MePpUTh COOCTBEHHOE
Heprernyeckoe paspemenue IIIJ. Jas 3Toro Heodxoammo
BBINOJIHUTH CJIeyIOlIHe onepanuu.

1. Ilonate nHa III1[] onTumansHOE HanpsbkeHUe cMeeHus Uy,
BBIOpaHHOE B pabouem 3amanuu (11.2). C mOMOIIBI0 aHAIM3aTopa
CHATBH pacHpe/eliecHHe HMMITYJIbCOB IO aMIUTHTYAaM OT aibda-
YaCcTHUIL] UCTOYHUKA 23 + 2%py + 28py. CrarucTueckue omuOKY
B MAaKCUMyMax aMIUIMTYJIHBIX pachpeiesieHuid He JOJIKHBI Mpe-
BoIaTh 4 %. CoxpaHuTh JaHHBIC B BUC (aiina.

2. OtxmounTts npeaycunurens ot I u noaxkmouuTs BXOA
MpeIycuIuTeNss K Habopy KoHaeHcatopoB. (Q0si3aTelbHO BbI-
KJIIOYUTh HampsbkeHue cMmenieHus (ycraHoBuTh U, = 0), nHaue
3TO HampsikeHue OyAeT MmoAaBaThCsl Ha MOJKIIOUCHHBIA KOHIEH-
CaTop U SIBUTCS MCTOYHUKOM JOTOJIHUTEIBHBIX ITYMOB. Y CTaHO-
BUTh 3HAUEHHE E€MKOCTH KOHJIEHCaTopa, paBHOE (Wiu Haumbosee
0JIM3K0€) BeIMUMHE eMKOCTH JeTeKTopa Cher s Uy, COOTBETCT-
BYIOIIETO ONTUMAIBHOMY HAMpPSDKEHUIO CMEHICHHsS (CM. pe3ylib-
TaThl MPEbIAYIIErO 3aJaHus).

[lepexmouarens «Yacrota» Ha TEHEpPATOpPE HMITYJIbCOB
Bb2-07 ycranoButh B monoxxkenue 140 Hz. Bapwupys miaBHyto
perynupoBky «Ammuntyaa» Ha Bb2-07, mogo0Opath mo ociumio-
rpady aMIuIMTyAy T€HEPaTOPHBIX UMITYJILCOB HAa BBIXOJE YCHUJIH-
tens bYC2-47 takum oOpa3oM, uTOoObl OHa HeE IpEBbIILIANA
4 — 4,5 B. C noMoIpio aHAJIM3aTOpa CHATH pacIpe/ieieHHe M-
MyJIbCOB MO aMIUTUTY/aM OT T'€HepaTtopa MMITYyJIbCOB. Bpems us-
MepeHHUsl BbIOpaTh TaKUM Ke, KaKk B mpeapiaymiem 3aganuu. Co-
XpaHUTh JaHHbIE B BUE (haiina.

27



[To oxkoHuaHuM wW3MEpeHUN BBIKIIOYUTH TreHepatop Bb2-07,
IOCTaBUB Iepekiroyarenp «Yacrora» Ha JIHLIEBOM MaHEIU
BBE2-07 B monoxenne «BEBIKII.».

4. U3mepeHne JHEPreTHYECKOr0 IKBUBAJIEHTA YPOBHSI IIY-
ma I

Kak ormeuanocs Bblllle, pa30poc aMIUIMTY/ UMIIYJbCOB Ha BbI-
xone IITJI onpenensercs LenbIM PsIoOM MPOLECCOB, IPOUCXOIS-
IUX B 00bEME JIETEKTOpa: BO-TIEPBBIX, (DIYKTyallUsMU B YUCIIE
00pa30BaHHBIX 3JIEKTPOHHO-IBIPOYHBIX Map, (UIYKTYalUsMH B
qrcie cOOpaHHBIX HOCHTENEH M T.A. bynem xapakrepus3oBaTh Ka-
Kbl MCTOYHHMK pa30poca aMIUIUTYJ UMITYJIbCOB OT TaKHUX HpO-
LIECCOB CPEIHEKBAAPATHYECKUM OTKJIOHEHHEM Gj. BO-BTOpBIX,
pa3dpoc aMIUIUTY]] ompenensercss QUIyKTyaluusIMi aMIUIUTY] UM-
nynbcoB Ha Beixoje III1/] 3a cuer mrymos III1/], cBsi3aHHBIX C Ha-
JMYMeM O0OpaTHOro TEMHOBOI'O TOKa JETEKTOPa M TEIJIOBBIX IIy-
MOB. OTOT TUN (PIyKTyaluii ONMUCHIBACTCS BEIWYMHON CpeIHe-
KBaJIpaTU4ECKOI0 OTKJIIOHEHUS Gy er-

Kak mokassIBaeT 3KCIEPUMEHT, paclpeAeIeHUE UMITYJIbCOB Ha
Boixozie IIIJ] Onmu3ko kK HOpMaabHOMY pacmpeneiieHuro. Torna
coOcTBeHHOEe sHepreTndeckoe paspemenue I1I1/], koropoe sBs-
€TCsl XapaKTEPUCTUKON 3TOr0 paclpeesIeHns, MOXKET ObITh 3alu-
CaHo B BUJIE:

AE* e = (2,35)° (207 400 e1) -

Ha mpaxTuke ¢aykTyaruy aMIminTy ] UMIYJIbCOB, CBSI3aHHBIE C
mymamu [II1/], wame Bcero  XapakTepU3YIOT  BEIUYMHOU
AEyer = 2,350 1er — DHEPTETHUECKUM SKBUBAICHTOM YPOBHS
myma [IIT/1. 3nanne AZEj zor TTO3BOJSIET OIEHUTH BKJIAI B COOCT-
BEHHOE DJHEPreTHUECKoe paspemieHrue (GIyKTyaruid, BBI3BaHHBIX
JPYTUMU TIPOLIECCAMH.
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CymecTByroniass METOAMKA HM3MEPEHUSI SHEPreTUYECKOro K-
BuBasieHTa ypoBHs myma [T/ mms BeiOpanHoro 3HaueHHst Ucy
3aKJIovyaeTcs B caeayronieM. Ha BXoJ yCHIIMTENBHOTO TpakTa, K
kotopoMy noaxitoueH I[II1/I, momaroT UMITyIbChl OT reHeparopa
crabwibHOU amrmutynbl, a III1J] obGayuator aneda-uactuiamu,
COJZIEpKALIMMU B CIEKTPE ABE MM 00Jiee MOHOIHEPreTUYECKUX
rpyni. C NOMOLIBIO aHAIU3aTopa CHUMAKOT PaclpeiesieHHe UM-
MyJIbCOB MO aMIUIUTYAaM OT aib(a-4acTUI] U OT FeHepaTopa uM-
yJ1bCOB. M3 MONYyYEHHBIX aMIUIUTYIHBIX PaclpeieIeHul OT allb-
(a-yacTull ONpEeAETAIOT YHEPTeTHUECKYIO IIeHy KaHalla aHaJIn3a-
Topa. B amMrmummrygHOM pacnpelneneHud, COOTBETCTBYIOLIEM HM-
MmyJibcaM OT TeHepaTopa, pa3dpoc HMITYJIHCOB OOYCIIOBIIEH Kak
mymamu [II1/], Tak 1 BXOJHBIMU IIyMamMH YCHJIUTEIBHOI'O TpaK-
Ta, a IMPHUHA pactpenesieHust ALy jeryc XapaKTEPU3yeT SHEPIETH-
YECKUM 3KBUBAJIEHT ypoBHs 1miyma cuctemsl: 111 + ycunurens-
HbIM TpakT. 3areM MNOJKIIOYAIOT Ha BXOJ| YCHUJIMTENS BMECTO
[ITJI xounencarop, paBubiii emkocty III1/], 1 u3mepsitoT Beauyu-
Hy AEyyc — DHEPIETUYECKOTO DKBUBAJIEHTA YPOBHS LIyMa yCHJIH-
TeabHOro Tpakra. OuYeBHIHO, YTO MOJYYCHHbIE 3HAYCHUS
AEy per.yer AByye 1 BenuuHa AEyy per CBA3aHBI COOTHOLIEHHEM:

AE Zm.HeT.yc = AE zm,HeT + AE Zm_yc, OTKyZla MOYXHO BBIYMCIIWTH
ALy ser.

B nanHoM 3asaHMu mpemiaraercss M3MepUTh JHepreruye-
ckuil JKkBUBaJIeHT ypoBHsa wmyma IIII/L. {ns 3Toro Heodxoau-
MO BBIIOJIHHTH CJIeYIOLIHe Onepamnuu.

1. Tloaxmrouuts [I1/] k mpexycunutento. [Togats na III1J] on-
TUMaJibHOE HampspkeHue cmemenust Ug,. Ilepexmouarens «Yac-
TOTa» Ha reHeparope ummnyiabcoB Bb2-07 ycTaHOBUTH B mOJIOXKeE-
Hue 140 Hz. Bapbupys nnaBHyIO peryivpoBKY «AMIUIMTYAa» Ha
Bb2-07, momo6pars o ocumorpady aMILIUTYTy TEHEPATOPHBIX
UMIYJIbCOB TaKUM 00pa3oM, YTOOBI OHAa HE HAKJIAJbIBANacCh Ha
MMITYITCHI OT anbda-gacturl ucrounnka U + 2%Pu + ¥py. C
MIOMOUIBIO aHAJIU3aTOPa CHAThH paclpeAeIEHUE UMITYJIbCOB II0 aM-
mwntyaaMm. CoxpaHuTh AaHHbIE B BUE (ailna.
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2. V3mMepeHue 3HEPreTMYecKOro SKBHBAJIEHTAa YPOBHS IIyMa
YCUJIIMTENBHOTO TpakTa Ak ye CIEAYET NPOBECTU IO METOAMKE,
OMMCaHHOM B 1.3 pabodero 3afaHusi, WIK Npu 00pabOTKe pe3yib-
TaTOB BOCIIOJIb30BAThCS YK€ HW3MEPEHHBIM paHEe 3HAYCHUEM
AE,y. Ilo OKOHYaHMM H3MEPEHHUH BBIKIIIOYMTH I'EHEPATOP
Bb2-07, nocraBuB nepekiatouaresib «4actoray Ha JULIEBOM MaHe-
nu BB2-07 B nonoxxenue «BbIKILY.

5. HpOBepKa MPONMOPUMNOHAJIBHOCTHA AETEKTOPA

[IponoprroHaNnbHBIA JETEKTOP — AETEKTOP, Y KOTOPOTO BEIU-
YMHA CUIHajla Ha BbIXoje AV MponopruoHaibHa sHepruu £y, mno-
TEPSHHOW MOHM3UPYIOLIEH YacTuield B paboueM o0beMe JeTeKTOo-
pa. IlomynpoBOJHUKOBBIM IETEKTOP SBIISAETCS MPONOPLAOHAIIb-
HBIM.

Jna mposepku nponopuroHansHocTy I/l npu ontumMansHOM
HaIpsDKEHUU CMEIIEHHUS HEO0OXOJWMO BBINMOJHUTH CJEAYIOLINE
olepanuu.

1. Tlogxntounts npepycunurens K [I1/1. Pazmectuts non ae-
TEKTOPOM HCTOYHHK allb(a-dacThil 2°Ra (B OKOIIKE HA KPHIIIKE
6sioka 1 nomwkHa ctoath mudpa 2). YoenuTbes B TOM, YTO BCE TTH-
KH MCTOUHHMKA “°Ra yMellaTcs B HAOII0AaeMOM JIMana3oHe aM-
IUTUTYAHOTO aHanu3aropa. Eciu 3To He BBINOJHSAETCS, TO 1M0A00-
patb KO3(pPUIMEHT yCUJIEHHUS YCHIIUTENS TaKUM, 4TOObl MaKcCH-
MaJlbHbIE AMIUTUTY/bl UMIIYJIbCOB YKJIaJIbIBAINCH B pabouuil 1ua-
[Ia30H aMIUIUTYAHOro aHaiu3aropa. CHATh pacrpeleleHue M-
MyJbCOB MO amIuIuTynaM. BpeMms u3mepeHus BbIOpAaTh TaKHUM,
YTOObI CTATHCTUYECKHE OLIMOKM B MaKCUMyMaX aMIUTUTYAHBIX
pacrnipenenenuii He nipeBbimanu 4 %. CoXpaHHUTh JIaHHBIE B BUJIE
¢aiina.

2. YCTaHOBUTH TOJA JETEKTOPOM aib(a-UCTOUHHUK 2By 4+
+ 2%y + 8Py (B okomke Ha KpbIIIKe O50ka 1 JTOMKHA CTOSIThH
uugpa 3). He mensist napaMeTpoB CIIEKTPOMETPUUYECKOTO TPAKTa,
CHATBH paclpeelIeHue UMITYJIbCOB [0 aMILIUTYJaM JUlsl JaHHOIO
ucrtoyHuka. CoxpaHUTh JaHHBIE B BUe (aiina.
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6. U3mepenue 3¢ dexTuBHOCTH coOupanus 3apsinoB B IITI{

[onx a¢hgpexmusnocmovio cobupanus sapsioos B I111]1 monuma-
eTCsl BEJIMUYMHA &, paBHAs OTHOIICHHIO 3apPsi/IOB:

& = Q1/Qy,
rae Qi — 3HaYeHHe 3apsija, MOTYyYEHHOTO Ha COOMPAIOIIEM dJIeK-
tpone IIITJ mns sHeprum E,, MOTEPSAHHON MOHU3UPYIOLIEH 4ac-
TUIEH B YyBCTBHTEIHLHOM OOBeMe nerekropa; Q, — pacueTHOe
3HAYEHUE 3apsga, CO3JaBA€MOr0 HOHM3HMPYIOIIEH YacTUIled B
gyBcTBUTEIbHOM 0OBeme III/]. 3nauenue Q, BBUHMCISACTCS IO

dbopmye:
Q2 = EEa/(i),

I7I€ e — 3apsA]l DJIEKTPOHA, (O — CPEIHSAS SHEPTUsl HOHOOOpa30BaHU
B KPEMHUHU.

B nannoii paGote ans onpenenenus BenuuuHbl Qq HeoOXoau-
MO BBIIIOJIHUTG CJIEYIOIINE OTIEPaIUH.

Y CTaHOBUTH IO IETEKTOPOM ab(ha-HCTOUHHK ~PU (B OKOLI-
Ke Ha Kpbike 070ka 1 mommkHa crosath udpa 1). [Togats Ha BXOX
npenycuinTens yepe3 eMKOCTh Cpos (CM. pHC.2) MUMIYJIbCHI Ha-
NpsDKEHUs ¢ reHeparopa (nmepekitouatenb «HacTora» Ha reHepa-
tope Bb2-07 ycranoButh B monoxkenue 140 Hz). [lo3upyromias
eMKocTh Cpo; pacroniokeHa B Onoke npenycwiurtens. Bapeupys
IUTAaBHYIO PETrYJIHPOBKY «AMIUIMTYa», MOJ00paTh aMIUIUTYAY
MMITYJIbCOB HAIpsKEHUs ¢ TeHepaTtopa AV, Takoil, 4ToObl Ha BbI-
XOJIe YCUJIMTENBHOTO TPAKTa aMIUTUTYAbl UMITYJIbCOB OT anbda-
4yacTUIl M TeHepaTtopa ObulM paBHbl. CpaBHEHHE aMIUIUTYJA HUM-
IyJIbCOB Ha BBIXOJI€ YCWJINTENBHOIO TpakTa MPOU3BOAUTCSA C IO-
MOIIIBIO ocIiuIorpada.

Benuunna Q Berancnsercs mo ¢opmyne Qi = AV Chos. s
ornpeneneHus AV, OTKIIIOYUTh ocHmIIorpad OT BbIXOJA YCHIIUTE-
7Sl ¥ IOAKJIIOUUTH K BbIXO/y TeHepatopa. [Ipu stom, uToObI mapa-
METpPbl HMITYJbCOB C T€HepaTopa HE H3MEHWIIUCh, T'€HEpaTop
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JOJDKEH OCTaBaThCsl MOAKIIOYEHHBIM K MPEIyCHUIIUTEN0. 3Has
sHepruto anbga-dactull, 3HaYeHUE Cho; (Chos = 11dD) U cuuTas
® = 1, OICHUTHh OXUJAEMYIO BEIMYMHY aMIUIMTYAbl UMITYJIbCa
rereparopa AV.. YCTaHOBUTH IepeKIIoYaTeNlb ocuuuiorpada Ha
COOTBETCTBYIOIIMM JManMa3oH U3MepeHus amruutya. M3meputs ¢
MOMOMIBIO OcHHIIIOrpada aMIUIUTYAy UMITYJIbCOB Ha BBIXOJE Ie-
HepaTopa, 3aMucaTh pe3yabTaT U3MEPEHHUs B padoUunid KypHaJ.

[To okoHyanuu paboOThl HEOOXOJMMO YCTAHOBUTH MEXAY Je-
TEKTOPOM | anb(ha-uCTOYHUKOM paccTtosiuue 40 MM. BBIKITIOUHTH
HACOC U C MOMOIIBIO0 BeHTU ISl B 06513aTe/IbHO HAITyCTUTh B Maru-
CTpajbh OTKAYKH BO3JIyX. BRIKIIFOUNUTE BCE IPUOOPHI.

OBPABOTKA PE3YJIbTATOB

1. Ucnionw3ys pe3ynbTatsl 1.1 3agaHust:

a) mocTpouTh B Jsorapupmuyeckux koopauHaTax (INCe
InU,,) 3aBucuMocTh eMKOCTH JeTeKTOpa Cprey OT HAPSIKCHUS
cmetienus. OTI0XKUTh Ha Tpaduke OMUOKU PE3yIbTaTOB U3MeEpe-
Huil. CpaBHHUTH MOITYYEHHYIO 3aBUCUMOCTH C TEOPETHYECKU OXKH-
JaeMbIM PE3yJIbTaTOM;

0) ompenenuTh mUpUHY nepexona d mis paznuyabix Uy, Uc-
MOJIB3YSL U1 ATOTO (OPMYITy:

Crer = €0€5/d,

1
rae S — Tomanb IeTeKTopa; g~ — —  O/M — snmekTpuye-
9
47-9-10
CKas TMOCTOosHHasA, € = 12 — nudnexTpuyeckas MPOHHUIIAEMOCTh
kpemuus. [IpuBecTr 3Ha4YeHe d B MUKPOMETpax;
B) UCIIOJIb3YSI OJTHO M3 TIOJYYEHHBIX 3HA4YeHUi O, BBIYUCIUTH

yIeJIbHOE CONPOTUBIIEHHUE (P) KpEMHHUS 110 popmyIie:

d :\/28081'l PUy+U,,),

r7ie |\ — MOJABMKHOCTh OCHOBHBIX HOCHUTENEH clabojIerupoBaHHO-
ro momynpoBomHuka (B wucciaegoBanHom IIIIJ[ »to — n-

32



MOJTYIIPOBOJIHUK, Juisi KoToporo w = 0,1350 MZ/B-C); Uy — paz-
HOCTh IIOTEHIIMAJIOB B 00JIaCTH MEpexo/a B OTCYTCTBHE BHEUTHETO
rncrovyHurka HanpsbkeHus (s kpemaus Ug = 0,5 — 0,7 B).

2. Ilo pe3ynbTaram 1.2 pabodero 3aJaHus MOCTPOUTH 3aBUCHU-
MOCTb IIOJIHOTO DJHEPreTUYECKOro paspeumeHus AL, CUCTEMBI
[T mmroc 3JIeKTPOHHBIN TPaKT I SHEPTUH alib(a-dacTuil uc-
Tounnka “*U or HanpspkeHus: cmereHus. OTMEeTUTh Ha rpaduke
ONTHUMaJbHOE HampsikeHue cmemeHus. [IpuBectu ommbku pe-
3yJIbTaTOB U3MEPEHUM.

3. JIns ONTUMAIBHOTO HANpPSKEHHUsS] CMEIICHUS MOCTPOUTH
pacnpezesieHuss UMIYJIbCOB [0 aMIUIMTYAAM: a) JUlsl FeHepaTopa
UMITyJIbCOB CTaOMJIBHOW aMIUIMTYABI (M0 JaHHBIM 1.3 pabodero
saganms); 0) ams ucrounnka U + “°Pu + 2*®py u remeparopa
HUMITYJIbCOB CTaOMJIBHOW aMIUIMTYABI (M0 JaHHBIM 1.4 pabodero
3aanus). CpaBHUTH LIMPUHY paclpe/elIeHUi TeHEePATOPHbBIX UM-
Myn6COB A 00oux ciydaeB. OOBSICHUTH MONYYEHHBIH pe3yib-
TarT.

4. J11s ONTUMAJIbHOTO HAMPSKEHUsI CMELIeHHUs s anb(a-
YACTHI] HCTOYHHMKA > PU OIPEITHT B SMHALAX K3B:

a) cobcTBeHHOE sHeprerudeckoe paspemenue 1111, ncrnomns-

3yst opmyny A = \|AE; —AE;

0) sHepreTHueckuii skBUBaneHT ypoBHa mryma I1I1/] mo ¢op-

— 2 2
myne: AEy jer = \/ AE, jerye = AL . -
HOHy‘ICHHbIe JAaHHBIC ITPEACTABUTL B BU/IC Ta6ﬂ.3.
Tabauya 3
UCM AEH AEueT AEHL}:LeT AEIIL}’C

CpaBHuTh cOOCTBeHHOE dHepreTuueckoe pazpemenue I/ u
SHepreTu4ecKuii SKkBUBaJIeHT ypoBHs 1ryma I1I1J], o0bsicHUTh 1o-
JIy4E€HHBIN PE3YJIbTAT.
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5. 1o manHbIM 1.5 114 mpoBepkH nponopiuoHaisHocTy I/,
UCIOJNIb3YSl METOJ HAaUMEHBIIHUX KBAJPATOB, MOCTPOUTH 3aBUCH-
MOCTb HOMEPOB KaHAJIOB aHAIM3aTOpa, COOTBETCTBYIOIIMX MaK-
CUMyMaM aMIUTUTYIHBIX paclpeleleHuid OT SHepruu aibda-
yactull. Cnenarb BbiBOJ 0 mponopuroHanbHocTH [T B nccne-
JIOBAaHHOM JIMAIIa30HEe YHEPTUiA anb(a-dyacTHil.

6. Beruncnuth 3¢ dekTuBHOCTS codupanus 3apsaa B III1J] mo
dopmyiie £=Q1/Q2. OOBICHUTD MONYYCHHBIN PE3yIbTaT.

KOHTpOJILHLIe BOIIPOCHI U 3a/IaHUA

1. Jlist perucTpanuy KaKuxX 9acTHIl B OCHOBHOM HCIIOJIB3YeTCs
UCCIIelyeMblil IETEKTOp U moyemy?

2. 3aueM B MOJYIPOBOJHUKOBOM JETEKTOPE CO3JAETCs Iepe-
xox?

3. Yto BimseT Ha 3P PEKTUBHOCTH coOupanus 3apsaos B [TI1]]?

4. Ha xakue XapakTepUCTUKH BIHMSET BEIMYMHA YACIHHOTO CO-
nportunenus [IT1J1?

5. Hapucoate cxemy BrkiroueHus [T/,
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IMPUJIOKEHUE

3aBUCHMOCTh TIpo0Oera JICTKUX HOHOB B BEIIECTBE OT WX DHEP-
THH OIHACHIBACTCS SMITUPUICCKON (bo%Mynoﬁ:
R=aE",
rjae npooer R BeIpaykeH B MKM, a 3Heprusi E — B MaB.
3Ha4YCHUs KOHCTAHT a U D JUIst JISTKUX MOHOB B KPEMHHUU TIPH-
BeneHbl B Ta01.4.

Tabnuya 4
3HaveHus KOHCTAHT a U b IS IerkuX HOHOB B KPEMHUH
Koncranra p d *H *He o
a 13,27 8,48 6,96 1,90 1,61
1,74 1,72 1,68 1,66 1,65
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