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HPEIANCJTOBUE

Bech ucTOpuyUecKuil OMbIT pa3BUTHS HAYKU MOKA3bIBACT, YTO (PU3UKA — 3TO, MIPEXK-
Jie BCEro, SKCIepUMEHTalbHasi Hayka. COrJIaCHO BBICKA3bIBAHUIO BEIMKOTO (PHU3MKa
A. DiHmTeiHa: "Bee Halm CBeIeHHs] HAUMHAIOTCA C SKCIIEPUMEHTA M KOHYAIOTCS UM,
Takum oOpazom, Kypc QU3MKHU TOJKEH JaBaTh MPEACTaBICHUs O (PU3HUKE KaK O HayKe,
UMEIOIIEH SKCIEPUMEHTAIbHYI0O OCHOBY. B 3TO#l CBSI3M COBEpIIIEHCTBOBaHME J1abopa-
TOPHOTO (PU3UYECKOTO MPAKTUKYMa UMEET BaKHOE METOAO0IOIMUYECKOE 3HAUCHHUE.

[Ipennaraemoe mocodue B KaKOW-TO Mepe pelIaeT 3Ty 3a7adyy U COCTaBICHO Ha
OCHOBE MHOTOJIETHEr0 paboThl kKadeapbl «Puzuka» CeBacTONONIbCKOTO Trocyap-
CTBEHHOT'O YHHUBEPCHUTETA.

Hacrosmee mocobue coaepkut onrcanue 23 1a00paTopHBIX pabOT Mo pasaeiaam
ATOMHOU U SIAEPHOU (PU3HKU U (PU3HKHU TBEPJOTO T€JIa, B TOM YHCIIE IBYX BUPTyallb-
HBIX, U HAIIMCAaHO B COOTBETCTBUHU C IPOTpaMMON IuCUMIUIMHBI «Puszuka» mist ['OC
3-T0 TTOKOJICHUSI.

B onucannu xaxaoi 1abopaTopHOK pabOThI COAEpKATCS: 11E€Tb, PEKOMEHOBaH-
Has JHUTEepaTypa, TEOPETUUECKOE BBEIAEHUE, OOOCHOBAHHUE HCIOJIb3YEMbIX METOJIUK,
npuOOpbI ¥ MPUHAICKHOCTH, MOPSIIOK BBIIOIHEHHS paboT, U3MEpeHne U 00paboTka
HKCIIEPUMEHTAJIbHBIX UCCIEA0BAHNMN, KOHTPOJIbHBIE BOIIPOCHI.

[Tpu moaroroBke K 1a00PaTOPHBIM 3aHIATUSIM CTYJIEHT JIOJKEH COCTaBUTH B pa-
0oueil TeTpaau KpaTKUil KOHCIIEKT BBINOIHIEMON J1a00paTopHOil pabOThI ¢ OMMCAHU-
€M TEOPETHUUYECKOTO 00OCHOBAHHUS, CXEMBbI JJa0OPAaTOPHON YCTAHOBKU U METOJUKU 00-
pabOTKU pe3yNbTaTOB IKCIEPUMEHTATIBHBIX U3MepeHU. OTIEIbHO COCTABIISAETCS OT-
4eT K J1abopaTopHOU paboTe mo ycTaHoBIeHHOU (opme. B otuere k abopaTopHOit
paboTe CTYIEHT AOJKEH MPEACTABUTh JJIA 3alUThI 3alIOJIHEHHbIE TaOIUIbl, PE3YIIb-
TaThl PaCYETOB IKCIIEPUMEHTAIBHBIX U3MEPEHUN U OLIEHKY UX morpemHocTi. Ocoboe
BHHMAaHHUE JOJDKHO YIENATbCA Tpaduueckoid oOpabOTKe MOJYYEHHBIX JAaHHBIX, a
TaKe BBIBOJIaM I10 BBHITIOIHSIEMOM J1Ta00opaTopHOit padoTe.

[Ipn mocTaHOBKE JAHHOTO MPAKTUKyMa YUYTEHBI MOXKEJaHUs psaa OOLIEHMHMkKe-
HEpHBIX Kadeap O BKIIOUYEHUU B (PU3NYECKUN MPAKTUKYM JAOOPATOPHBIX paldOT MO
M3YYEHUIO TOJYNPOBOJHUKOBBIX YCTPOMCTB M MPUOOPOB. DTO HAIIO OTPAKEHUE B
CO37IaHUU IIMKJIa pabOT MO ONTO- U MATHUTORJIEKTPOHUKE (paboThI 1O U3ydeHuUto ¢Go-
TOJIMO/I0B, CBETOIMOJI0B, ONTPOHOB, MarHUTOUOIOB).

Ocoboe BHUMaHUE yAeNsAeTcs JabopaTOpHBIM paboTaM MO sepHON (u3uMKe,
3HAKOMCTBY C COBPEMEHHOW METOAUKON U3MEPEHUM.

OTnuynTenpHas 0COOEHHOCTh JAHHOTO MOCOOUSI COCTOUT TAKXKE B TOM, UTO JUIS
MOCTaHOBKHU Ja0OPAaTOPHBIX pabOT MPeayCMOTPEHO UCIIOJIb30BAHUE KAK COBPEMEHHO-
ro guznyeckoro o0opynoBaHus (IETEKTOPHI O- U B-U3ITyYeHHUs, paJuoOMeTpUUIeCcKast
amnmaparypa, MOHOXPOMATOPbI, MU(PPOBBIE U3MEPUTEITBHBIE TPUOOPHI, OCIUITOTPA(BI
U T.].), TaK U IPOCTEUIIINX MAKETOB JaOOPATOPHBIX YCTAHOBOK Ha 0a3e CTaHAapTHOTO
o0opynoBaHus (pabOTHI IO ONTO- U MAarHUTORJIEKTPOHHUKE U JP.), YTO MPEICTaABISAET-
Csl BXKHBIM B TIEPUOJI IEPECTPOUKHU CUCTEMBI BHICIIIETO 0Opa30BaHuUs CTPAHBI.



B nmocranoBke, anpoOupoBaHnY, HaJIaJKe JTa00OPATOPHBIX YCTAHOBOK, a TAKXKE MPU
COCTaBJICHUM METOJIMYECKUX YKa3aHUW M PEKOMEHJAIMM MPUHUMAINA y4acTHE COTPY/I-
HUKHU Kadenpsl «Puzrka» CeBacTONOIBCKOIO TOCYIApPCTBEHHOTO YHUBEPCUTETA.

Tpyn aBTOpOB pactpenenuics cienyromum oopazom: C.dD. bapanosckuit (71.p. 15),
JI.IT. Boponus (1.p. 8, 18), MLI1. EBcturuees (11.p. 5, 14), O.C. 3aBbsiosa (J1.p. 11, 22),
B.B. Koctiokos (i1.p. 1, 5, 21), A.O. Jlautymienko (.p. 3, 23), A.JL. JleoutoBuu (J1.p. 7),
B.A. Jluctotun (m.p. 15, 19), BJL Jlyuun (m.p. 14, 18), A.A. MocynoB (1.p. 20),
10.B. Myxwuna (i1.p. 10), H.B. Ilerpenko (sr.p. 13, 17), O.B. Porosa (i1.p. 4), M.A. Py-
ouncon (J1.p. 2, 6), K.A. Peidakora (i1.p. 9, 16, 17), B.A. Curaes (o1p. 1, 7, 12).

[ToaroroBka mpakTUKymMa K U3JaHHUIO OCYIIECTBICHA CTApIUINM IIPEoaaBaTesieM
kadeapor «Pusukay J[.I1. BoporuHbIM.

Pabota mo coBepuieHCTBOBaHUIO (U3UYECKOTO MPAKTUKYMa MPOAODKACTCS, U
MBI HaJIeEMCs TIOTYYUTh OT YATATEICH COBETHI U MPEJIOKEHUS TI0 YIyUIICHAIO JaH-
HOTO 1OCO0usl.

ABTODBL.



JABOPATOPHASA PABOTA1

I'PAAYUPOBAHUE IIKAJIBI CIIEKTPOCKOIIA
U UCCJEJOBAHUE JIUHEHMYATBIX CIIEKTPOB
HUCITYCKAHMS IT'A30B. OIIPEJIEJEHUE ITOCTOSSHHOM IJTAHKA
IO CIIEKTPY INOT'JIOIEHUSA CBETA PACTBOPOM

1. HEJIb PABOTbI

1. O3HaKOMHUTBCS C YCTPOWCTBOM CIIEKTPOCKOIIA, TPOrpagyupoBaTh €ro mKaimy
10 IJTMHAM BOJIH.

2. I3y4nTh 3aKOHOMEPHOCTH B aTOMHBIX CHEKTPaX U3Iy4CHHUS.

3. Beruuciaute noctosiHHyr0 [lnaHka mo IiuHe BOJIHBI, COOTBETCTBYIONIECH Ipa-
HULIE CIIEKTPAa MOTJIOIIECHHSI CBETA PACTBOPOM.

2. BUBJINOI'PA®UA

1. CasenneB U.B. Kypc ¢usuku. T.3. - M.: Hayka, 1989. - 304 c.
2. Tpopumona T.U. Kypc dusuku. - M.: Beicur. mik., 1990. - 478 c.
3. Hetnad A.A., SABopckuit b.M. Kypc ¢puzuku. - M.: Beici. mk., 1989. - 608 c.

3. KPATKOE TEOPETUYECKOE BBEJAEHHUE

DNEeKTPOMarHuTHOE U3IydyeHHEe OOYCIIOBIIEHO KOJIEOAHUSAMH AIEKTPUUYECKUX 3a-
PAIOB — AJIEKTPOHOB U MOHOB. MOHBI BCIIEICTBUE 3HAUYUTEIBHON Macchl JAlOT U3IY-
YeHHE HU3KOM 4acTOThl (MH(paKpacHOE), a AIEKTPOHBI B aTOMaxX CIIOCOOHBI Ha U3ITY-
YeHHE BBICOKOW 4acTOThI (B BUAUMOM U yabTpaduosieTroBoi obnactsax). Cnektp pac-
KaJICHHBIX TBEP/ABIX TEJ - CIUIOUIHOM, pPa3pe’KEHHBIX Ta30B B ATOMAPHOM COCTOSIHUU -
JIMHEWYATHIN, & B MOJIEKYJISIPHOM - TIOJIOCATHIN.

ATOMy KaxJo0ro sjieMeHTa npucyu cBoil crnektp. llIBelimapckuii yuensii U.
banemep mogoOpan smnupuydeckyro Gopmyiy, ONMHUCHIBAIOIIYIO0 U3TyUYeHHE aToMa BO-
JI0pO/ia, HO OIMHKCHIBATh 3TOM (opMyIoit GoJiee CIIOKHBIE CIIEKTPHI (HalpuMep, MapoB
MIEJIOYHBIX METANIOB) OBIJIO HEBO3MOKHO.

B 1913 rony narckuii ¢uszuk Hunsc bop mnpennpuHsna mombITKY MOCTPOUTH
KBaHTOBYIO Teoputo aroma. OH chopMynupoBal JBa nocrynara:

1) SJeKTPOHBI B aTOME JBIDKYTCS IO CTAllMOHApHBIM OpOWTaM, HE H3JTydas
SHEPIuu;

2) TOTJIONICHUE WIIM HM3JIyYCHHE KBaHTA DHEPTUM IMPOUCXOIWT MPHU IEPEXO0je
AJIEKTPOHA C OJTHOM CTAllMOHAPHON OPOUTHI HA APYTYIO.

Ha cramnmmonapsasix opOuTax MOMEHT UMITYJIbCa AJIEKTPOHA KPAT€H MOCTOSHHOM
[L1anka

h
mvr =n—, (1)
2
rje I - paanyc opOUTHI; N - HOMEP OPOUTHI; V - CKOPOCTH DJIEKTPOHA Ha HEW.

Ecnu BBecTu rpyboe momymieHue, yTo SJAEKTPOHBI ABUKYTCS BOKPYT sjipa TO

OKPY>KHOCTSIM, TO POJib IIEHTPOCTPEMUTEIBLHON CUJIbI UTPAET KYJIOHOBCKAs CHJIa
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Teopus bopa, UCTIONIB3ysl KJIACCUYECKHE NPEJICTABIICHNUS, HE SIBIIETCS MOCIIEN0-
BaTEJIbHO KBAHTOBOM U MOMBITKH MPUMEHHUTD €€ ISl aTOMOB JPYTHX 3JE€MEHTOB ObLIH
HeygayHbIiMU. KBaHTOBas MeEXaHHMKa YUYWUTHIBACT BOJIHOBBIC CBOWCTBA YACTHUI[ U
yCTpaHseT HeaoCcTaTKu Teopuu bopa. Pemenne ypaBHenus llpenunrepa mist snek-
TpPOHA B aTOM€ BOJOPO/JA JIAET TE K€ 3HAUCHMsI SHEPTUH, UTO U Teopus bopa.

JIist HaOMIOIEHUsT CIIEKTPOB CIIYXaT CHEKTPOCKOMbI, CEKTporpadbl, CTUIOCKO-
bl U Apyrue npruOopbl, B KOTOPBIX MPOUCXOAUT Pa3I0KeHHE OEI0ro CBeTa B CIEKTP.
CHeKTpOCKOIl COCTOUT M3 MPU3MBI U JIBYX 3pUTEIBHBIX TPYO, YKPEIUICHHBIX Ha IITa-
tuBe (puc. 1). Ontuueckas TpyOa, B KOTOpOH OOBEKTHB 3aMEHEH IICINbIO, IUPUHY
KOTOPOM MOHO M3MEHATH C MTOMONIBI0O BUHTA, Ha3bIBAETCS KoJmmuMaropoMm. HazHa-
YeHUE KOJUIMMATOpa - J1aTh MapajulesibHbIM MyYOK CBETA, NaJarOlIUi Ha IPU3MY, MO-
ATOMY IIeJb pacnoiokeHa B ¢pokyce JuH3bI J;.

B npusme mnapasnienbHble JTy4du O€IOTO CBETa MPEIOMIISIOTCS M BCIIEIICTBHE
JIUCIIEPCUN PACIIAJAIOTCS HA NMapajyIeIbHbIE ITyYKW UBETOBBIX Jiyuen. JIunza JI, co-
OupaeT KaxAbli My4YOK JIydel OJTHOTO IBETa B CBOEH (hokaybpHOM TuiockocTu. [lomy-
YEeHHBIN CIEeKTp paccMmaTpuBaeTcs B okyJsip O. Pacnonaras 3purenbHyio TpyOy T2 c
MOMOILbI0 MUKPOMETPUYECKOTO BMHTa M MOJl pa3IMYHBIMU YIJIAMH K TafaroleMy
Jydy, MOXHO COBMEIIIaTh MHACKC (YEPTOUKY B OKYJSIpe) C 000N JMHUEH CHeKTpa.
Ha BuHTE ecTh MUJUIMMETPOBBIC JieNieHus], a OapabaH BUHTA pa3jeieH Ha S50 vacTeit.
Xon BUHTaA paBeH | MM, clieioBaTeNbHO, lIeHa jaesieHus 6apadana 0,02 mm.

Ecnu Ha myTH ydei OT UCTOYHMKA, JAIOLIETO CIUIOLIHOM CIIEKTP, PACIOJIOKUTD
TpYOKY € ra30M HUJIU C paCTBOPOM, TO Ha (DOHE CILJIOLIHOTO CIIEKTPa MOSIBSTCS TEMHBIE
JIMHUM WU TOJIOChI, COOTBETCTBYIOIIUE YACTOTaM MOTJIONIEHHON SHEPTHH.
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g cuHe-(PproseToBoit yactu criektpa. CIEKTp OKa3bIBAaeTCsl OTPE3aHHBIM C CHHe-
(uoneToBoro KoHUA. I'paHuie MoriomeHns cooTseTcTByeT 2Heprus E = 3,72:10°%° JTx.
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[Tnanka h mo popmyine h= E_E A ,TIE C - CKOPOCTh CBETA B BAKyyME.
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4. TIPUBOPHBI U ITPUHAJIVIEZKHOCTHU

1. Cnektpockort.

2. CnekTtpanbHble TPYOKH CO IITATUBOM JIJIsl HUX.

3. UHnyKkimoHHas KaTyIKa.

4. KroBeta ¢ BogubIM pacTBOpoM K>Cro0y.

5. MCTOYHUK CIUJIOIIHOIO CHEKTPA.

6. Tabnuua JyIMH BOJH, U31y4aeMbIX U3BECTHBIM T'a30M.

5. HOPAIOK BBIITIOJIHEHUSA PABOTBI

1. FDCI@VZ/ID08KCZ WKAJjbl cnekmpockKkona

1.1. YcTraHoBHUTD OKYJISIP 3pUTEIBHOM TPYOBI TaK, YTOOBI HHJIEKC ObUT YETKO BHUJICH.

1.2. PacnonoxkuTh MEb KOJUIMMATOPA Mepe]l HEOHOBOM JIaMITOMH.

1.3. Yoenutbcs B TOM, 4TO Bce TymOJiepsl "ceTh" Ha yCTaHOBKE M "CHEKTp MO-
IJIOLICHUA" HaxoAsITcsa B moJioxkeHuu "Boika". [lepexmtouarens "HeoH" - "HensBecCT-
HbIM ra3" mocTaBUTh B MoJIokeHUE "HEOH". [TOIKIIOUNTE BUIIKY C MPOBOJIOM K CETH
(220 B). IIpu 3TOM 3aropuTcsi HEOHOBAs JIaMIIa.

1.4. Nupekc okyJsgpa COBMENIATh MOOYEPETHO C KAXKIOW JUHHUEH CHEKTpa U
MPOU3BOJIUTH OTCUET MO IIKaJIe MUKPOMETPUYECKOrO BHHTA M OapabaHa, MOBTOPSS
€ro JUIsl KaKJIO0W JIMHUU T10 TPHU pasa.

1.5. Pe3ynbTaThl U3BMEPEHUM M COOTBETCTBYIOIIME UM JIJIMHBI BOJIH 3aHECTH B
Tabm. 1.

Taonuma 1

. OTCUeT 110 MUKPO- JIMHA
Ucnyckaronmit [BeT P Cpennee A
METpY, Je BOJIHEI

3JIEMEHT JIUHAHA 3HAUYCHHUE
1 2 3 A, MKM




10

1.6. [Io maHHBIM OMBITOB MOCTPOUTH IPAYHUPOBOUHBIN TpaduK, OTKIAABIBAS IO
ocH abcuycce CpelHre 3HAaYEHMsI TIOKa3aHU MUKPOMETpa, a [0 OCU OPJAMHAT - JJIUHBI
BOJIH.

2. Uccnedosanue auneiyamozo cnekmpd UCnyCKAaHuA
HEU36eCmHo20 ca3a

2.1. TloBepHYTh KOJJIUMATOP TaK, YTOOBI IIEJb HAXOJAUJIACh MEpell TPyOKoH ¢
HEU3BECTHBIM Ta3oM. TymOyepbl "ceThb" Ha YCTaHOBKE W HCTOYHHKE BBICOKOIO
HaIpsDKEHUsT OCTaBUTh B nosiokeHue "Bkia". TymOnep "HewsBecTHbIN rasz" mocra-
BUTbH B HI)KHEE MOJIOKEHUE.

2.2. IloBTopuTh AciicTBUs NYHKTOB 1.4 m 1.5 ynpaxHenus 1. 3aHectu pe3ynb-
TaThl B Ta0IUIy 1.

2.3. Tlo rpamyupoBouHOMY TpaduKy CHEKTPOCKONA ONPEACIUTH JTMHBI BOJH,
U3JIy4aeMble€ HEU3BECTHBIM ra30M.

2.4. Ilo Tabnuiam CIIEKTPOB BBISICHUTD, KAKOH T'a3 SIBISAETCS U3ITyUYaTEIIEM.

2.5. Beikimounthb Tymb6iiep "CeTh" HCTOYHMKA BHICOKOTO HAIPSHKCHUS.

3. Onpeoenenue nocmosaunou Ilnanka

3.1. Bxmrounuts TyMOsep "crnekTp morjomieHus". YOeauThcs B TOM, YTO HHUTH
ANEKTPUYECKON JIAMIIOUKHU JAET CIIOIIHOW CIIEKTP.

3.2. PacnonioxkuTh MIENb KOJUIMMATOPA MEPE]l KIOBETOU C paCTBOPOM.

3.3. HaBectu nHAEKC Ha TPaHUILy pa3zeia NOTJIONIEHHON U HEMOTJIOIMIEHHOH Ya-
CTEU CIEKTpa U CHATh oTcueT. ONBIT MOBTOPUTH S5 pas.

3.4. Ilo rpagynpoBOYHOMY IpapuKy HAUTH JIMHY BOJIHBI T'PAHULbI MOIJIONIE-
HUSIL.

3.5. Paccuurats hino dopmyue :% A

3.6. Haiittm <h>= IZln . Ah,=<h>-h;,, <Ah>:'le
U oe=<2"> 1000
<h>

34€eCh N - YUCIIO U3MEPEHUM.
3.7. Pe3ynbTaThl U3BMEPEHUI U BHIYUCIICHHUM 3aHECTH B TA0JI. 2.

TabOnuma 2

- JINHA BOJI-
Ne OT(C)‘:;;TTHO l\jﬁfK IfI[)I TPaHMIIBI h <h>, Ah, <ah>,
OTIbI- P Py A P 1034 103 | .10 ke 1034 g, %
a TPaHUIIBI 1O- TTOTJIOIICHUS o Tokce Tice
TJIOIICHUS Ai, MKM




11
6. KOHTPOJIBHBIE BOIIPOCHI

1. Chopmymnupyiite noctymnarsl bopa.

2. BeiBeaute GpopMyiibl paanyca O0OpOBCKON OpOUTHI aTOMa BOJOPOIa, CKOPOCTH
AJIEKTPOHA HA HEM, & TAKKE NOTEHINAIbHON, KHHETUYECKOUN U MOJTHOW SHEPTHUH DJIEK-
TpOHA.

3. Kakue cepum B M3JIy4€HUH aTOMa BOAOPOJIa BaM M3BECTHBI U KaK OIpeeIis-
IOTCS1 4aCTOThI, COOTBETCTBYIOIINE JIMHUAM 3TUX CEpUiL?

4. VI3 Kakux 3HEPrui CKIaJbIBACTCS SHEPIUsS MOJICKYJIbl U KaKOW BUJl WUMEIOT
MOJIEKYJISIPHBIE CIIEKTPHI?

5. B uem 3akmmrouaetcs onbIT @panka u ['epria 1 Kakoi BBIBOJ U3 HEro OB clie-
JIaH?

6. Kak onpenenuts nocrosiHayto 1lnanka mo cnexkTpy moriomeHus?

7. Kak yCTpo€eH CneKkTpocKoI?

8. B ueM 3akirouaercs sBJICHUE TUCIIEPCUN CBETA?
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JABOPATOPHASA PABOTA 2

OIIPEAEJIEHUE IIOTEHIIUAJIA HOHU3ALINUA T'A3A
1. HEJIb PABOTbI

Ol'[peI[eJII/ITB IMOTCHIO WA MOHU3AIINH aproHa.

2. BUBJIMOI'PA®UA

1. CasenneB U.B. Kypc obmieit ¢pusuku. T.3. - M.: Hayka, 1989. - 304 c.
2. Tpodumona T.U. Kypc duszuku. - M.: Beicir. mk., 1990. - 478 c.

3. METOJ ONPEJAEJEHHUA IOTEHIIUAJIA HOHU3ALINU I'A3A

im | [Ipu moryomeHny 3JIeKTPOHOM aToMa J0CTaTo4-
_L%“]K CL A HOM DHEPTUHA OH MOXKET IOKMHYTHh aTOM, B pE3yJbTaTe
0 4yero oOpa3yeTcsi MOJIOKUTENbHBIA MOH. DTOT MPOIECC

> (A HazpIBaeTCAd MOHHU3aUMEH. B kauecTBe MOHMU3ATOPOB ra-

. —:’l———] 30B MOTYT BBICTYIIaTh PEHTT€HOBCKOE, YIbTpaduosieTo-

—] “ “ - BO€, PAIMOAKTUBHOE U3JTy4YECHUs, BEICOKAsI TEMIIEpaTypa.
Bo3MoxHna u ynapHas MOHM3alMs, KOrja CBOOOHBIN

Puc. 1 JTBIDKYITANCS JJICKTPOH, OOJadaoMUi  J10CTaTOYHOM

KHMHETHUYECKOM SHEPTUEH, MPU COyAapeHUU BHIOMBAET JIEKTPOH aToMa. PaboTa mpo-
THUB CHJI B3aUMOJICHCTBUSI MEXKIY SJICKTPOHOM aToMa U SIpOM Ha3bIBacTCsi paboToM
noHn3auuu. [loreHunanomM HOHU3aMKU HA3bIBAETCS Ta PA3HOCTh MOTEHIUAIOB, KOTO-
PYIO IOJDKEH IPOUTH JJIEKTPOH B YCKOPSIOLIEM IEKTPUYECKOM IT0JI€ JUIs TOrO, YTO-
OBl yBEJIMUECHHUE €T0 SHEPTHH ObLIO paBHO pabOTe MOHU3AIIHH.

Hemeuxue ¢uzuku [[xeitmc ®@pank u ['ycraB ['epur Ha ombiTe MOATBEpAUIH
HaJIMYUE TUCKPETHBIX DHEPIETUYECKUX YPOBHEN aTOMA. DJIEKTPOHBI, BBUICTAIOIINE U3
karoaa K, yckopsuich pa3HocThio noteHuuanoB U Mexay KatogaoM U CeTKOH u, mpe-
0J10JI€Basl 3a/ICPXKUBAIOIIECE TI0JIe MEXKTy CETKOM 1 aHooM (mopsiaka 0,5 B), nonmananu
Ha aHoj (puc. 1). Eciu B cocyze ObuT BakyyMm, TO TpaK 3aBUCUMOCTH aHOJTHOTO TOKa
OT YCKOPSIIOILIETO HAaIpPsKEHUST UMEIT BU, MOKa3aHHbIN Ha puc. 2. [Ipu HanomHeHun
cocy/ia MmapaMu PTyTH Ha rpaduKe BO3HHKAIM MAKCUMYMbl U MUHUMYMbI TOKa. Pac-
CTOSIHUE MEXKTY ABYMS COCETHUMH MAKCUMyMaMH WJIM MUHUMyMaMu paBHbI 4,9 B.

IToka kuHeTHUYECKas SHEprusi AeKTpoHa MmeHblie 4,9 3B, oH ynpyro B3aumo-
NEUCTBYET NPHU CTOJIKHOBEHUAX C aTOMaMM PTYTH, U3MEHSA JIUIIb HAMNpPaBICHUE
nBvkeHus. Ho y yacTu 35IeKTpOHOB NOCJE CEPUU CTOJIKHOBEHUM BOCCTAHABIMBAETCS
MIEpPBOHAYAIILHOE HAIMPABJICHUE ABWKECHHS. AHOAHBIM TOK PacTeT C yBEIUYEHUEM
YCKOPSIOLIErO HANPSIKEHUS.

I I

U 0 5 10 15UB
Puc. 2 Puc. 3
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Korna sneprus snexktpoHa aocturaet 3HadueHus: 4,9 3B, CTOIKHOBEHUS CTaHO-
BSITCS HEYNPYTUMHU, T.€. JICKTPOH OTAAET CBOK KMHETUYECKYIO SHEPTHUI0 OJHOMY M3
AIEKTPOHOB aTOMa PTYTU. DJIEKTPOHBI, MOTEPSBIINE KUHETUYECKYIO PHEPTUI0, HE
MOT'YT MPEOJOJIETh TOPMO3SIIEE MOJE U JOUTU IO aHOJA, CIIENOBATEIIBHO, aHOIHBIN
TOK pe3ko nagaet. [Ipu nanpHeiemM BO3pacTaHuU YCKOPSIIOIIEr0 HAIIPSKEHUS AJIEK-
TPOH MOXET OMSATh HaOpaTh SHEPIUIO, JOCTATOYHYIO JIJIsl BO3OYX ACHUS aToMa PTYTH
U T.J1., 9YTO 00ECIICUUT CICITYIOIINE MAKCUMYMBI TOKa (puc. 3).

Ecnu nmoTeHuman anoja cienath HUXKE OTEHIMAa KaTo1a, TO AJIEKTPOHbI He3a-
BHUCHUMO OT BEJIMUMHBI YCKOPSIOIIETO HANPSHKEHUS 10 aHOJ1a TOXOAUTH He OyayT. Tok
BO3HUKHET TOJBKO IPHU MOSBJICHUH IOJOKHUTEIBHBIX MOHOB, T.€. KOTJa AJIEKTPOHBI
OyIyT MOHU3HPOBATH aTOMBI PTyTU. Ha 3TOM OCHOBaH croco0 ornpeaeneHus MoTeH-
[IAAJIa NOHU3ALUHA AaTOMOB.

Jlist onpenenenus NOTeHIMala MOHU3aluK B paboTe MPUMEHSETCS ra3opa3psii-
Has JJaMIIa - TUPATPOH, 3alI0OJHEHHAs UCCIIEAYEMBIM Ta30M. PaccTosHue KaToa-ceTKa
MEHbIIIE, YEM PAaCCTOSTHUE CETKA-aHOJ U JIaBJICHHUE ra3za MoAOHpaeTcs TaKuM o0pa3om,
yTOOBI JJTMHA CBOOOJHOIO Mpodera 3JIEKTPOHOB B ra3e Obuia OOJIbIE PACCTOSHUS
MEXAYy KAaTOIOM M CeTKOW. Ha ceTKy mojaercss moJIOKUTENbHBIA OTHOCUTEIBHO Ka-
TOJA TMOTEHIIMAJ, KOTOPBIA MOXXHO U3MEHSTh C MTOMOIIBIO TOTeHIIMoMeTpa R 1 u3me-
psATh BoabT™MeTpoM V. Ha aHon mojaercss oTpuaTebHbIA MOTEHIIUAN, TAKOU, YTOOBI
TOPMO3SIIIee HAPSDKEHUE MEX]Ty CETKOW U aHOZ0M ObLIO OOJIbIIE, YEM YCKOPSIIOIIEee
MEK]ly KaTOJIOM U CETKOM.

DNEKTPOHBI, UCITYCKAEMbIE KaTOJO0M, ABUKYTCS 0 CETKH MPAKTUYECKU O€3 COo-
ylapeHuil U mpuoOpeTaroT KUHETHUYecKyro sHepruto T =eU . Tak kak nmoTreHuuanl
aHosa OoJiee HU3KMI, YeM MOTEHIIMANl KaToAa, TO SJIEKTPOHBI HE OyAyT JAOJETaTh /10
aHoJa M TOK 4epe3 MUKPOAMIIEPMETP PABEH HYJIIO.

[Ipu yBenuueHUM pa3HOCTH MOTEHIIMAJIOB MEXKIY KaTOJOM U CETKOW SHEprus
ANEKTPOHA CTAaHET PABHOM JHEPTHM HOHM3AaUMHM. B NpoCTpaHCTBE CETKa-aHOJ MO-
SBSTCSI TIOJIOKUTEIbHBIE MOHBI, KOTOpbIE OYIyT ABUTATbCS K aHOJYy, Yepe3 aMIiep-
METp NouaeT ToK. HaumMeHpnii NOTeHIMaN CETKH, IIPA KOTOPOM IOSBUIICS aHOAHBIN
TOK, U SIBJISIETCS MOTEHIIMAJIOM HOHHU3AIINH.

4. MIPUBOPBI U INPUHAVIEZ KHOCTH

1. Tuparpos.

2. biioK uTaHusl.

3. Mukpoamnepmerp.

4. BonbT™meETD.

5. OMu4eckoe COnpOTHBIIEHUE.

5. MOPAJOK BBIITIOJIHEHUSA PABOTbI

1. Hoakmouute yctaHoBky (puc. 4) x cetu (220 B) u BriaouuTh TYMONIEp
"Cets". [IporpeTh yCTAaHOBKY B T€UE€HUE TPEX MUHYT.

2. MenneHHo noBbIIask MOTEHIIMOMETPOM YCKOPSIIOIIEe HANPSKEHHE, 3aMETUTh,
MIPU KaKOM €ro 3HaUeHUH MUKPOAMIIEPMETP MOKaXXET HATMYUE TOKA.
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Puc. 4

6. KOHTPOJIBHBIE BOITPOCHI

1. B yeMm 3akimodaeTcs BIeHUE HOHU3AIUN Ia30B?

2. Ilepeuncnure U oxapakTepu3ylTe HM3BECTHbIe Bam cmocoObl MOHHU3AIUHU
rason?

3. Uto Ha3pIBaeTCs MOTEHIIMATIOM BO30YKICHHS U TTOTCHIIMAJIOM HOHHU3AIUH raza’?

4. OOBACHUTE CyTh METOJIa OMpEJICICHUs MTOTEHIIMAIa MOHU3AIMK Ta3a B JIaH-
HOI1 pabore.
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JABOPATOPHASA PABOTA 3

PACITPEAEJIEHHUE ITYACCOHA

1. HEJIb PABOTbI

1. U3zyuenue 3akoHa pacnpeneneHus [lyaccona.

2. O3HaKOMJICHUE C METOJUKON OIIEHKU OIIMOOK M3MEPEHU MpU HaOII0IeHUN
PEIKUX CIy4ailHbIX COOBITHIA.

3. Iloctpoenue kpuBoil pacnpeneneHusa I[lyaccoHa Mo sKcnepUMEHTaIbHBIM
JAHHBIM, MTOJIYYEHHBIM [PY PETUCTPALMU PAAUOAKTUBHOTO U3IIYYEHUS.

2. BUBJINOT'PAD®USA

1. Ilpaktukym no suaepuoit ¢usuke / Ilox pen. I, bamxkuposa. - Ka3ansb:
N3a-Bo Kazanckoro yn-ta, 1985. - 126 c.

2. Kykosckuii FO.I'. [Ipaktukym no sinepHoit ¢pusuke. - M.: Boicm. mik., 1975. -
197 c.

3. TEOPETHYECKOE OBOCHOBAHMUE PABOTbBI

[Ipyn m3mepennn 0ObIX (PU3UUECKUX BEIMYHMH H3-3a Pa3HOOOpa3HbIX HEKOH-
TPOJIMPYEMBIX BO3IAEHCTBUM PE3YyJIbTAaThl U3MEPEHUN HOCAT CTATHCTUYECKHM Xapak-
tep. Ilpu u3yuyeHun MHOrux (U3NYECKUX SBJICHUI OOBIUHO YMCIEHHOE 3HAYCHHE U3-
MepsIeMON BEJTUYMHBI SBIISIETCSI B SKCIEPUMEHTE HEM3MEHHBIM, a PE3yJIbTaThl U3Me-
peHuil (QIYKTYHPYIOT M3-3a HECOBEPIIEHCTBA M3MEPUTEIbHBIX MPHUOOPOB, BO3JEH-
CTBHUSI KaKUX JIMOO BHEWIHUX (akTopoB U mp. IlomydyeHHsle B mporecce u3MepeHuit
YUCJIEHHBIE 3HAYCHHSI PACIPEEIICHb], KaK MPABUJIO, 110 HEKOTOPOMY HENPEPHIBHOMY
BEPOSATHOCTHOMY 3aKOHY, Yallle BCEro, 10 3aKoHy [ aycca. Bmecte ¢ TeM, MOXKHO yKa-
3aTh JIOCTAaTOYHO IIMPOKUN KJIACC 3KCIEPUMEHTOB, B OCO0OM Mepe OTHOCALIUXCS K
(r3MYECKUM SIBIICHUSIM B MUKPOMUpE, KOTJa cama u3Mepsiemasi BeJIMYMHa ClydaiiHa
M0 CBOEH mpupojie. DTO O3HAYAET, YTO PETUCTPUPYEMbIE 3HAYEHUS (PIYKTYHUPYIOT
Jake B CIIy4ae HICaIbHOTO M3MEPUTEIBHOrO MpuOOpa, He MOABEPKEHHOIO CTaTH-
CTUYECKOMY BJIMSTHAIO OKPY>KAlOINX yCIOBUM. M3Mepsiemas BeIMUMHA SBIIIETCS yKE
HE HEMPEPHIBHOW, a TUCKPETHOW U HauboJiee XapaKTePHbIM 3aKOHOM pacIlpeeIeHUs
BMecCTO 3akoHa ['aycca Oyner 3akoH Ilyaccona, a mHorna OMHOMUANBHBIN 3aKoH. Ec-
JM, HapUMeEp, UCCIeNyeTCs paJllOaKTUBHBIA pacraj, HaOJI0/1aeTcsl paccesHUue ya-
CTUL B IaHHOM MHTEPBAJIEC YIJIOB, U3YYAKOTCS SACPHBIE PEAKIIUU - BO BCEX ITHUX CIIy-
gasx (PaKTUUECKH UMEIOT JISJI0 C COOBITUSIMHU, KOTOPBIC JTMOO MPOUCXOIAT, TUOO0 HE
IIPOUCXOJST B JAHHBIA MHTEPBAJI BpeMEHU. TaK, paJOaKTUBHOE PO WM pacnajaa-
€TCSl UJIM HET, YaCTUIIbI JIUOO0 MONaayT B UHTEPECYIONINI HHTEPBaJ yrioB, MO0 HET,
AfepHas peakuus npousoiner win HeT. [lpu moctaTouHo OOMBIIOM YHCIE MOBTOP-
HBIX UCIIBITAaHUI B HEM3MEHHBIX YCIOBHSX CIy4YalHbIE 3HAUCHHUS U3MEPSEMOI BEIu-
YUHBI NPUOIMIKEHHO YKJIa/IbIBAIOTCS B HEKOTOPOE paclpeesieHne BEPOSATHOCTH TO-
JYYUTh B OTEIBHOM HCIBITAHUM TO WJIA MHOE €€ 3HaueHue. Ecin, HanpuMep npous-
BOJSTCS U3MEPEHMS YHCIIa AKTOB PAIMOAKTUBHOTO PACIA/la U CYETYUK PETUCTPUPYET
OTCYETHI N1, Ny,... B TEUEHHUE 33JaHHOTO MPOMEKYTKA BPEMEHHU, TO CPEIIHSIS BEPOSAT-
HOCTh P Mony4uTh npu GOJIBIIOM YHKCIIE OMBITOB OTCYETHI, paBHBIE N OMpPEAEIISIeTCs
cootHouenuem Ilyaccona
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n
p,=<">g ™", (1)

o0
rae <n> - cpeaHee YucCiIio aKTOB paciiaja, IPUIeM < n >= znpn.
N=o0

XapakTepHoil 0cOOeHHOCThIO pactipeenenus [lyaccona siBisieTcs cieayrolee:
1) nucniepcus g2 CTyqaiiHOM BEIMYMHBI N PABHAETCS €€ CPEHEMY 3HAYCHHIO,

1 o0 .
T.€. ::N%(n_<n>)z:<n>,

2) py OOJNBIINX 3HAYCHHSIX <N> paclpe/ieliCHue CTaHOBHUTCS MOYTH CUMMET-
PUYHBIM OTHOCHUTENILHO N = <N> 1 OJU3KUM K pacnpeneneHuto [aycca:

P(e) = _r exp {— ‘C“Z} (2)
7TO, On

rpe E=N—<n>.

Kak BugHo n3 ¢opmyinsl (1) u puc. 1, pacnpenenenue IlyaccoHa monHOCTBIO
ONPENENAETCS 3aJaHUEM TOJIBKO OJHOIO IapaMeTpa - cpeaHero uucia <n>. ITosro-
MY, €CJIM BBIIIOJIHUTh U3MEPEHHS U TIOJYyYUTh COOTBETCTBYIOIIEE paclpe/ieICHUE Be-
JUYUH, TO MOKHO HAWTH UX CpPeHEE 3HaUeHUE <N>, 4TO U SABJISETCS YaCTO OCHOBHOM
LIEJIbIO DKCIIEPUMEHTA.

Puc. 1

N3 dhopmyiel (2) BUIHO, 4TO B Citydyae 3akoHa [lyaccoHa cpemHee KBaapaTHIHOE
OTKJIOHEHHE AN, PaBHOE ¢y , ONPEACIACTCS KaK AN =+/<n >, a OTHOCHTEIbHAS OIIHO-
An 1
<n> J<n>
Takum oOpa3zoM, BeTnYrHA O YMEHBIIAETCSI 0OPAaTHO MPOMOPIIMOHAIBHO ~/<n>H
€CJIM CTOWT 3aJja4a U3MEPHUTh YHCJIO PACIIaJIOB C 33JJaHHON OTHOCHTEIHLHON OIIMOKON
8, TO HEOOXOAUMO CIENATh - 1 OTCUETOB M3MEPAEMOM BennuuHbl. Harmpumep, cra-
52
THCTHYECKas OIMMOKa cocTaBUT He 6osee 1 %, ecu B SKCIIEPUMEHTE MPOU3BOIUTCS
peructparus 10* gactuu.

Ka U3MEPEHUN & =
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Ucnonu3yst dopmyny (2) (B ciaydae +<n>>>1), MOXKHO BBIYUCIUTH BEPOST-
HOCTh P TOro, 4To Benu4uHa € = N - <N> 3aKJII0UYE€HA B UHTEPBAJIC OT £€=€1 10 €=¢2. B
JaCTHOCTH, BEPOSITHOCTh TOTO, YTO OTKJIIOHCHHE U3MEPEHHOTO 3HAYCHUS N OT CpeIHe-
ro <N> He MPEBHIIIACT 10 MOIYIIO BETUIHHBI A0COTIOTHON OMMOKH AN:

P(¢| <An)=0,682. (3)

TouHO Takxe moxydaem

P(< <2an)=0954. (4)

Takum 00pazom, €ciii perucTpUpoOBaTh OOJBIIIOE KOJUYECTBO 3HAUCHUI BeEJH-
quHBI N, TO B 68,2 % ciaydaeB oTcueTsl OYyT OTIWYAThCS OT <N> He OoJiee, YeM Ha
<n>, a B 95,4 % ciy4aeB - He Oojee, yeM Ha 2<n> u T.4. Pe3ynpTaT u3mMepeHus ot-
CYETOB N MPUBOAMTCS BCETIa BMECTE CO CBOCH aOCONFOTHON OIMMOKON An=.<n>, KO-

TOpas ABJIICTCSA ITOKA3aTEIIEM CTATUCTUYECKON TOYHOCTH U3MEPEHUM.
4. MTIPUBOPHI U NIPUHAVIEZKHOCTHU

1. Paquometp b-2 ¢ 6moxom razoBsix cueTunkoB BI'C-2 1 TOPIIEBBIM CUETYUKOM
I'eirepa-Mrosepa.

2. DIIEKTPOHHOE peJie BPEMEHH.

3. ICTOYHUK paAnOaKTUBHOTO U3Ty4YCHUSI.

5. OIIMCAHUE YCTAHOBKHA

Peructpupyercst 6era-pacnaj paguoakTUBHOIO Ipenapara, MIpu MOMOIIU TOp-
1eBoro cueturka [ eiirepa-Mroiepa MCT-17 u paguometpa b-2 (puc. 2).

B kommiekt pamuomeTpa BxonaaT BeiHOCHOM Onok BI'C-2 (rme u ycTaHOBiEH
TOPLIEBOM cYeT4YWK) U OCHOBHOM Oyok BCII, Bkirouaromuii B ceds MepecyeTHYIo
CXEMY JJIsl pErUCTpalK Yuciia OeTa-4yacTull, MONAaBIINX B CYETYUK, U BHICOKOBOJIbT-
HBII BBIIPSIMUTEINb JIs1 MUTaHus cueTunka. Mictounuk uznydenus (M) nomemaercs B
KacceTy BOJIM3HM BXOJHOTO OKHA CUETYMKA. Y IpaBJI€HHE ITyCKOM M OCTAHOBKOM cueTra
4yepes3 3a1aHHbIM UHTEPBa BPEMEHU IPOU3BOIUTCS C IMTOMOIIBIO JIEKTPOHHOIO PENE
BpeMenu (OPB), moakitoueHHOrOo K 1enu Tymoiepa "myck" paauoMerpa.

* U

oPB - BCII bI'C-2 :< MCT-17

p Ses—

Puc. 2

6. IOPAIOK BBIIIOJIHEHUA PABOTBI

1. IToAroToBUTH paguoOMeETp K paboTe, It TOTO:

a) IPOBEPUTH 3a3eMJICHUE NPUOOPa;

0) BBIBECTH PYUKY PEryJsiTOpa HalpsDKEHUS B KpallHee JIeBOE MOJIOKEHHE, CO-
OTBETCTBYIOIIEE MUHUMAJILHOMY HAIPSKEHUIO0, TOAABAEMOMY Ha CUETUHK;

B) BKJIIOUUTH TymMOsiep "CeTp" 1 1aTh MporpeThest Ipudopy B Te€UEHUE ~3 MUH.;

) Hakath KHOMKY "COpoc" 1 yOeauThCs, 4TO MOTaciyu BCE HEOHOBBIE JIAMIIOYKU
IIEPECYETHOI0 YCTPOMCTBA,

1) yCTaHOBUTB MepeKIItouaTesb Koa(PpUIMEeHTOB niepecyeTa B moyioxkenue "x64";

€) OCTOPOYKHBIM MEIJICHHBIM MMOBOPOTOM PYUYKU PETYJISTOpA HANPSKEHUE TMO/I-
Hath 10 1500 B (e Bbimie!).
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2. Ha pene BpeMeHU 3a7aTh BpeMs BBIIEPKKH 3 C.

3. Ipomssectu mo 100 m3mepeHuii unciaa UMITYIHCOB 0€3 MCTOYHHUKA, T.€. UC-
noJib3ys oHoBoe uznyuenue. [Ipu kaxxaom cuere:

a) HaxxaTh kHomKy "Ilyck" Ha pelie BpeMeHHU;

0) mocne OCTaHOBKH CYETa OTCUYUTATh YHCIO HUMITYJIbCOB, JUISI 3TOTO CIOXKHUTh
YHCIIa, CTOSIIIME Y TOPSIINX HEOHOBBIX JIAMIIOUEK;

B) HaXkaTh KHOMKY "COpoc" Ha paauoMeTpe, TeM CaMbIM NMPUTOTOBUTHCS K Clie-
IOYIOIIEMY CYETY.

4. YCTaHOBUTH C TOMOIIBIO JIAOOPAHTA UCTOYHUK U3TYYEHUS B KACCETY U BHOBb
npousBecty 100 uzmMepenuit yuciia UMITyJIbCOB C HCTOYHUKOM.

5. O6paboTaTh MOJNyYEHHBbIE PE3yNbTaThl M MPEACTaBUTh UX B BUAEC Tpaduka
(rucrorpaMmbl) I KaXJ0M U3 ABYX cepuil uamepenuit. [lo ocu abciuce oTkiaabl-
BaTh N - YUCJIO UMIYJIbCOB B OT/IETLHOM U3MEPEHUH, 10 OCU  OpAHUHAT Np - YHCIIO
M3MEPEHU, B KOTOPHIX OBLIO MOJYyUYEHO 3Ha4YeHHue N, T.e. unuciio "Hynei", "equnui",
"nBoexk" U T.x.

6. PaccuuTtaTh 3HaUueHHe <N> MO JIaHHBIM THUCTOTPAMMBbI, UCIIOJIB3YS POpPMYITY
N=Nx
2NN,
0

<n>=—"1="_,

re | - KOJUYECTBO M3MEPEHHM, B KOTOPBIX 3apPETHCTPUPOBAHO N YUCIIO UMITYJIbCOB;

N - o6Griee kosmuectBO BhINOAHEHHBIX H3MepeHuid (N = 100); Npax - MaKCUMaIbHOE
YKCJIO UMITYJICOB, 3APETUCTPUPOBAHHOE B IKCIIEPUMEHTE.

7. Ha rpaduku-rucrorpaMMbl HAHECTH PACUYETHYIO KPHUBYIO paclpeiesICHHs
[Tyaccona njisi OJIy4€HHBIX OMBITHBIX 3HA4eHHM <N>. [Ipu 3TOM HY>XHO YMHOXXHTb
TEOpPETUYECKUE 3HAYCHUS BeposTHOCTeH P, Ha momHoe umcio u3mepenuid N. Torma
00e KpuBble OyAyT OAMHAKOBO HOPMHUPOBAHBI (K MOJHOMY YHCIy U3MEPEHUI) U UX
MOYHO CPaBHUBATb.

8. HaiiTu aGcomoTHyt0 AN ¥ OTHOCUTENBHYIO O (DIYKTyaru 1Mo COOTHOIICHU-

AM AN=A+<NnN> " § = ! AJI1 ¢c4eTa IMPHU YCTAHOBJICHHOM HCTOYHUKE HM3JIYUYCHUA.
V<n>

9. Onpenenntp, Kakas 10JIs1 U3MEPEHHBIX BEJIMYWH UMEIOT 3HAYEHHUS B Juana-
30HE OT (n —m) 10 (n +\/$), JUISl Y€TO HAWTH OTHOLIEHHE YHCJIa TAKUX U3Me-
PEHUI K MOJHOMY 4HCily u3MepeHud. CpaBHUTh MOJIYYEHHBIN PE3yJbTaT C TEOPETH-
YeCKHUM, corjlacHo kotopomy P~0,682 (cMm. cootHomenue (3)).

7. KOHTPOJIBHBIE BOIIPOCHI

1. Kakoii kiacc siBieHUi onuchiBaeT pacnpenenenue [lyaccona?

2. KakoBbI XapakTepHbie 0coOeHHOCTH pactpeaeneHus [Iyaccona?

3. Kak paccuuThiBaroTCsi aOCOJIIOTHAs M OTHOCUTEIbHAS (DIyKTyaruu ciydai-
HBIX BEJIMYUH OT CPEIHETrO 3HAUYCHUS?

4. Kak olleHUBaeTCsl YMCJI0 HEOOXOIUMBIX 3aMEPOB MPH 3aJaHHONW OTHOCUTEIb-
HOM1 omuoke?

5. Kak o1rieHuBaeTcsi BEpOSITHOCTh TOTO, YTO U3MEpsieMasi BETMYMHA N HAXOIUTCS
B OIpEJICJICHHOM WHTEpBaJIe 3HAYCHUH.

6. ONUIIKTE ONBITHYIO YCTAHOBKY U METOJUKY U3MEPEHUI.



19

JABOPATOPHASA PABOTA 4

MN3YYEHUME PABOTBI I'A30PA3PATHOI'O CHETYUKA
1. HEJIb PABOTbI

1. O3HaKOMJIEHUE C METOJAMHU PETUCTPALMU HOHU3UPYIOIIHNX YaCTHLI.

2. N3yuenue npuHuuna padoTel cueTunka I'eiirepa - Mrosepa.

3. IlocTpoeHue CUeTHON XapakTEPUCTHKU M ONpe/esieHne padodero Harpsxe-
HUS CYETUHKA.

2. BUBJIMOT'PAD®USA
1. detnad A.A., Asopckuit .M. Kypc ¢pusuku. - M.: Beicmr. mik., 1989. - 608 c.
3. TEOPETUYECKOE BBE/JIEHUE

Cuerunk ['elirepa - Mromiepa sBisieTcsi HauboJiee paclpOCTPAHEHHBIM JIETEK-
TOPOM siJIEpHOTO H3TydeHUs:. KOHCTPpYKIUs reMrepoBCKUX CYETUUKOB pa3HOOOpa3Ha
U OIpENeNsieTCsl KOHKPETHBIM MX Ha3HaueHueM. l[uimmHapudeckuil ra3opaspsiIHbIid
cuetunk CTC-5, uzydyaemblii B HacTosIIel pabore, MpeACcTaBIsIeT cOO0N MeTalTnye-
CKUI LWJIMHIP, 10 OCH KOTOPOTO HATSHYyTa TOHKas MeTauihdeckas HUTh (puc. 1).
Huth caykuT aHOI0M, TpyOKa — KaTOJI0M.

\ ’,/ K permerpupyromeny
- '_ M .“ YCTPOUCTBY
1\~- M "'}"
R SN
| ---C ]j R
-U wt \
v
Puc. 1

SnepHoe uznydeHue, obnagaroniee JOCTATOYHO OOJBIION SHEPTHEH, TIPEBHIIIA0-
e PHEPTUI0 MOHU3AIMKM MOJIEKYJI Ta3a, CO3/1aeT B 00beME CUETUUKA HOCUTEIH 3apsi-
J0B 000MX 3HAKOB, KOTOPBIE ABMKYTCA MOJ ACUCTBUEM 3JIEKTPUUYECKOIO MOJS K 3JIEK-
TpojaM. [lpu JOCTaTOUYHO BHICOKOM HAMNpsHKEHUHM B O0OBEME CUYETUMKA HAuYMHAETCS
yAapHasi MOHM3ALHMs, TPUBOIAIIAS K IPOLIECCY Fa30BOI0 YCWIIEHUS U CAMOCTOSATEIBHO-
My Ta30BoMy paspsamy. KospuuueHT pasMHOKEHUsS HOHOB MOXKeET gocturatsh 108 u Go-
Jiee, BO3HUKAIOT OOJBIIME UMITYJIbChI HAMPSDKEHUSI HA aHOZE, HE 3aBHUCSILME OT YHCIia
MIEPBUYHBIX UOHOB, 00PA30BaHHBIX YAaCTULICH. DJNEKTPOHHAS ammapaTypa, perucTpupys
HMITYJIbC, OTMEYaeT (DaKT MoMnaJ aHus HOHU3UPYIOILEH YaCcTUIIbI B 00bEM CUETUHKA.

CaMoCTOSTeNBHBIN pa3psi/i, BOZHUKAIOIINI B CUETUYHNKE, HEOOXOIMMO TOTaIlaTh,
WHa4Ye CUCTYMK HE B COCTOSIHHH OyaeT (PUKCHPOBATh CIETYIOIINE YacTullbl. B 3aBu-
CHMOCTHM OT MEXaHM3Ma ralleHus cueTunku [elirepa - Mrosuiepa noapa3aesstorcs Ha
caMmoracsuecss 1 HecaMmoracsuuecs. B Hecamoracsmuxcss TpUMEHSETCS BHELIHEE
TalI€HUE ¢ MOMOUIBI0 CHEHUAIBHOM racserd paIiuoOTEXHUYECKON CXEMBbI, TTEPUOIH-
YECKM MOHWKAOUIEH HANPSIKEHUE Ha CYETUMKE, BCIEACTBUE YErO paspsij MpepbiBa-
ercs. B caMmoracsmuxcd CyYeTYMKax raleHUe JOCTUTAEeTCS HANOJIHEHUEM CUETYMKA
racsiiei CMechlo, BKIIFOUAIOIIEel J0OABKM MHOIOATOMHBIX I'a30B WJIM rajoreHa, Ko-
TOpasi BUAOU3MEHSET MEXaHU3M pa3psija Tak, YTO JOCTUraeTcsi ObICTPOE MpeKpalle-
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HUe pa3psga. B Hacrosmiedn paboTe HCMONB3yeTCs CaMOTACAIIUNCS TaJOTESHHBIN
cuetyuk (CI'C). Ilpeumymectsom CI'C mepen npy-
TUMHU CYETUYUKAMU SIBIIIETCS CPAaBHUTEIBHO HU3KOE
pabouee HampspkeHue - mopsaka (300..500) B u
OonpiIoi cpok cimyxObl. K HemocTtaTkam UX OTHO-
CUTCSl HECKOJIBKO OOJbINas JIUTENbHOCTh pa3psia -
nopsinka 10 c.

Ha puc. 2 nzoOpakeHa TUNM4HAsi cUeTHas Xa-
pakTepuctuka cyetyukoB I'ewrepa - Mromiepa,
MPEACTABIISIIONIAS 3aBUCUMOCTh YUCJa COCYUTAHHBIX UMITYJIbCOB OT HANPSKEHUS Ha
CUYETUHKE MPU 0OYyYEHHH €T0 MOCTOSTHHBIM IIOTOKOM YaCTHII.

Cuer HauMHAETCS NPU HEKOTOPOM MOPOroBOM HanpsukeHuu Ungp, U IIpH yBenu-
YEeHUU HanpspKeHHsl B HekoTopoM auanazone Ui...U; ckopocts cuera | mMano usme-
HAETCS. DTOT y4aCTOK CUETHOM XapaKTEPUCTHUKH, HA3bIBAEMBII IJIATO CUETUYUKA, CO-
OTBETCTBYET PETUCTPALMU Ka)KJOM YaCTHUIIbl, CO3JAIOLIEH B 00bEME CUETUMKA XOTS
Obl 0JHY napy MOHOB. OOBIUHO XOpOIIME CUETYMKH UMEIOT LIMPUHY IJIATO HMOPSAKa
200 B u naxnon ero He npesbimaeT (2...3) % na 100 B. CymectBoBaHue miaTo CHU-
kKaeT TpeOOBaHUSA K CTAOMJIBHOCTH MCTOYHHMKA HANPSDKCHHS, MUTAIONIETO CYETUHK.
Pabouee HanpsikeHre BHIOMPAETCS B CEPEANHE I1IATO.

[TockonbKy cueTHas XapakTEPUCTHKA HECKOJIBKO BHUIAOU3MEHSETCS B 3aBUCUMO-
CTH OT YMCJIa NOCTYMAIOIIMUX B CUETUYMK MOHU3ZHPYIOLIUX YACTHUI, B JIA0OPATOPHOU
paboTe CHUMAETCS JIBE CUETHBIE XapaKTEPUCTUKU 0€3 aKTUBHOTO UCTOYHUKA C PEru-
cTpauueit "poHa" u ¢ paAOaKTUBHBIM UCTOYHUKOM.

4. TPUBOPHBI U ITPUHAIVIEZAKHOCTHU

1. CBUHIIOBBIN AOMUK ¢ 0710KOM Ta30BbIX cueTunkoB (BI'C) u cuetunkom I'eit-
repa - Mroiepa (CTC-5).

2. lexamubiii nepecuetHbii mpuodop (I111-16).

3. BeimpsimMurens.

4. ICTOYHUKH U3TyUYECHHUS.

5. CexyHnaomep.

5. OIMCAHHUE YCTAHOBKHA

Cuerunk CI'C-5 (puc. 3) ycraHosieH B 0510k ra3oBbix cueTunkoB bI'C-4 u mo-
MeEIIeH B 3aluTHBINA 1oMUK (D), 00IuIi0BaHHbIN CBUHIIOBBIMH MIacTUHaMU. McTou-
HUK usnydenus (M) kpenurces B 3axume BOIM3M cueTurka. HampspkeHne Ha CUeTUYHK
noaaercst oT Boimpsmutens (B) u mo-

B

[TI-16
KET W3MCHAThCA BpallleHUEeM PYYKH
D = ofo 7] | TOTEHIMOMETpa B mpesienax (200...600)
Z o
l CIe-s Trrty, B. Jlna perucrpanuu HMMIYJIBCOB HC-

nosb3yercs npuodop I1I1-16 ¢ nexagHoi

I cuctemoit cuera. I[Ipubop cobpan wu3
) ra3opaspsA/iHbIX  CUETUYMKOB  JIaMII-

' ' 3 nekatpoHoB. [lepBelil cripaBa Ha JuLe-
Puc.

BOH MaHeNnu Mpudopa JEKaTpOH OTCUHU-
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THIBA€T YUCJIO UMITYJIBCOB 0 9-TH BKJIIOUUTEIBHO, ACCATHIN UMITYJIbC (PUKCUPYETCS
nudpoii 0 Ha mepBoM JekatpoHe u mudpoit 1 Ha BTopoM. BTopoii gexaTpoH oTcuu-
TBIBAET JECATKH UMITYJIbCOB, TPETUH - COTHU U T.A. Britouenue I1I1-16 ocymectis-
€TCsl KHOMKOM '"ceTh'", Hayajao M KOHELl cueTa MPOM3BOJUTCS KHONKaMU "myck'" u
"cTom" COOTBETCTBEHHO, a YCTAaHOBKA JCKATPOHOB Ha HYJIU - KHOIIKOM "cOpoc".

6. IOPAIOK BBIIIOJIHEHUSA PABOTBI

1. BoiBecT MOTEHIIMOMETP Ha BBINIPSMUTENIE B KpailHee JIeBOe MOJI0KEHHE, CO-
OTBETCTBYIOIIE€ MUHUMAJILHOMY HAIPSKEHUIO, TT01aBAEMOMY Ha CUETUHK.

2. IMopkmounts BeIpsMutens U IIIT x cetn 220 B, nHa IIII HaxkaTh KHONKY
"cerb" W 3arem '"cOpoc"; i1 TOTOBHOCTH NpHOOPOB K paboTe Tpedyercs
S-MHUHYTHBIN MPOTPEB.

3. Cuatb cuetHyto xapaktepuctuky | = f(U) 6e3 pagmoakTHBHOTO Npemnapara.
CueT mpou3BOAUTH B T€UEHHE | MUH. TPHKABI MIPH KaXA0M (PUKCUPOBAHHOM Hampsi-
*eHuu. MeHsaTh HanpsbkeHue depes3 25 B (B o0mactu OBICTPOro U3MEHEHUSI CKOPO-
ctH cueta - yepe3 10 B). 3adukcupoBaTs HanpskeHue Hayana cuera U,

Buumanue: Bo nzbexanue nosomku I1I1 3anpemaercs HaxuMaTh OJTHOBPEMEH-
HO JIB€ M 0oJiee KHOINOK YIIPaBJIEHUS CUETOM Ha MaHenau npuodopa. OuepeaHocTb
ynpaBiieHus cieayromias: "myck", "crom", "copoc".

4. YCTaHOBUTH B 3KUMbI PAJUOAKTUBHBIN Npenapar. PaguoakTUBHbBIN UCTOY-
HUK U3 JIOMHKa CAaMOBOJIbHO HE BEIHUMATh, 3AIIUTHBIN (DApTyK U3 MPOCBUHIIOBAHHOM
PE3UHBI JOJIKEH OBITh 3aKPBIT.

5. CHATb CYETHYIO XapaKTEPUCTHUKY C MCTOUYHHKOM H3IYyYEHHUS MO METOJMKE,
yKa3aHHOM B II. 3.

6. Bce nonyueHHble JaHHbBIE 3aHECTH B TaOJIULIBI POU3BOJILHON OPMBI.

7. I1o BbIMOJSHEHUU PAOOTHI:

a) oTxaTh kKHOnNKy "cetp" Ha [1I1;

0) otkmrounTh 111 1 BEIIPSIMUTEND OT CETH;

B) BbI3BaTh JJAOOpAHTA U CAATh PAJMOAKTUBHBIN IIpenapar.

8. IlocTpouTh CUETHBIE XapaKTEPUCTUKHU MPU padOTE ¢ UCTOUHUKOM H3ITyUYEHHS
u 0e3 Hero.

9. VYkazate moporoBoe HampspkeHue U,,, U paboyee HampspKEHUE CUETYMKa
U,as.

10. Onpenenuth HakIIOH M1aTo K Kak OTHOIIEHHE PA3HOCTH B CKOPOCTH CUETA B
koHe (l2) u B Hauane (l1) "mmato" mpotsbkenHoctsio B 100 B k cpenneit ckopocTu
cuera, T.€. _2Al,-1)

L,
7. KOHTPOJIBHBIE BOITPOCHI

1. Kakue CcyiecTByrOT METO/Ibl PETUCTPAllMA MOHU3UPYIOIIUX YACTUI] U KAKOBBI
MPEMMYIIECTBa U HEAOCTATKU KaXKA0T0 MeToaa?

2. Kak paboraet cueruuk ['eiirepa - Mrosiepa?

3. KakoBo paznuuue camoracsimuxcsi 1 HeCaMoTacsAInXcsi CYHETYUKOB?

4. Kak BbIOupaercs pabouee HaNpsHKEHUE CUeTYUKa?

5. UTo Takoe miaaTo CYETHOM XapaKTEPUCTUKU U KaK OMPEAEIAETCS €ro HAKJIOH?
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JABOPATOPHASA PABOTA S

OIIPEAEJIEHUE DHEPI'MU AJIb®A-YACTUL
N IMEPUOJA NMOJYPACHHAJA HU30TOIIA

1. HEJIb PABOTbI

1. I3yunTh 3aKOHOMEPHOCTH aib(a-pacnaaa U B3auMOACHCTBUE anb(ha-dacTHI]
C BEIIECTBOM.

2. O3HaKOMUTKCS C METOAAMH OIPEAeNICHUs JUIMHBI Tpo0era u YHEPTuu abda-
YacTHII.

3. OnpenenuTh MaKCUMaJIbHBINA, SKCTPANIONMPOBAHHBIA U CPEeIHUN MPOOer allb-
(a-yacTuIl B BO3/IyXe U aJIIOMUHUU, SHEPTUIO alib(pa-yacTull U Mepuoj moxypacnaia
U30TOTA.

2. BUBJIMOI'PA®UA

1. CasenneB U.B. Kypc obmieit pusuku. T. 3. - M.: Hayka, 1989.-304 c.

2. etnad A.A., AABopckuii b.M. Kypc ¢uzuku. - M.: Beict. k., 1989. - 608 c.

3. IIpaktukym mno sinepHoit gusuke / [log pen. LILIII. bamxupoa. - Ka3aus:
N3n-Bo Kazanckoro yH-Ta, 1985. - 126 c.

4. ITpaktuxkym 1o sipepHoit ¢pusuke / [lox pen. B.O. Cepreesa. - M.: Beicui. 1ik.,
1975.-197 c.

3. TEOPETUYECKOE OBOCHOBAHMUWE PABOTDI

Anbda-pacnaa - 3T0 caMONPOU3BOJIBLHOE PAMOAKTUBHOE MPEBPAILCHUE ATOM-
HOTO spa, IIPH KOTOPOM HCITYCKA€TCs OL-4acTULA - Sapo renus »He*. JlaHublii By
PaAMOAKTUBHOTO pacrajia SBJISETCA XapaKTepHbIM M TsKenblX sijaep (Z > 82). B
BHJIE PEAKUX HCKIIOUECHHUM BCTPEUYAIOTCS OL-PAJMOAKTUBHBIE sipa U ¢ Z < 82, Hanpu-
Mep, CpeAr PEAKO3EMETbHBIX MIEMEHTOB MM CPEAN HEKOTOPHIX HEUTPOHOISHUIIHT-
HBIX sfep. Bpemena Ku3HU o-pauoaKTUBHBIX SJI€p KOJIEOIIOTCS B OYEHb IUPOKUX
npeaenax: or 3-10% ¢ s gsPo?? no 5-10%° ner mus goNd*. B To xe Bpems sHeprum
BBUJIETAIOIINX OL-4aCTHUIl BAPbUPYIOTCS B 3HAUUTEIBHO MEHBIIEH CTENEeHU - OT 4 110 9
M>bB (nns peako3eMenbHbIX o-aKTUBHBIX siep - oT 2 10 4,5 M»aB).

B npouecce o-pacnaga pa3iauyaroT JIBE OCHOBHBIE CTaJuu: 0Opa3oBaHHUE OL-
YacTHULIbl U3 HYKJIOHOB Siipa U MCIYCKaHMs OL-4acTulbl siapom. llepBas craaust mpo-
HCXOJUT C JOCTATOYHO OOJBIION BEPOSITHOCTHIO U BCJIEACTBUE ITOTO MaJO CKa3bIBa-

€TCS Ha BpEMEHaX >KU3HHU sijiep, KOTOPbIE, B OCHOBHOM,

U OTPEICNIAIOTCS BTOPOH, CYIIECTBEHHO OoJyiee MeICH-
U HOU cTaguen. 3BeCTHO, YTO O.-4aCTHULIbI, HCITYCKAEMbIE
SHEPrUsio -1aCTHIEL  g71pOM, HMEIOT SHEPTUI0 MEHBIIIYIO, YeM MaKCHMAJIbHOE

' 3HAYEHHE MNOTECHUHAIBHOW SHEPTUU CHUCTEMBI SIAPO-OL-
! gacTuiia (MEHBIIIE BBICOTHI IOTEHIIMAIBHOIO Oaphepa
I

E

pammyq sapa

T

*  Umax, puc. 1). [I[poHUKHOBEHHE (L-4aCTHUILIBI Yepe3 KyJIo-
HOBCKHH Oapbep MPOUCXOIUT BCICACTBUE TYHHEILHOTO

Puc. 1 >¢ddekra.

To
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[Tpo3paunocTs Gaprepa D mpu ABMKEHUN YaCTHIIBI IO PAANYCY ' OTpeaesieTCs
COOTHOUICHUEM

: 1)

rae Do - mocrosinHass, Onu3Kast K equHuIe; Mo - 3pdekTuBHBIN paguyc sapa; E - snep-
THsI YaCTHIIBI; M - Macca YacTHUIIBL.

BeposiTHOCTh yacTHIIBI Maccoit M MPOUTH CKBO3b Oaphep, T.€. MOCTOSIHHAS pac-
najaa sjapa A, IpoNopIMOHATbHA TPO3PAYHOCTH Oapbepa U YMCITy YAapOB YaCTHUIIBI O

Oappep B €IMHUILY BPEMEHH vy ~ L , T1e V - CKOpOCTb O.-4acCTHUIIBL, IpHYeM, j _ [2E

ro m
Takum 06pa30M, MOXHO 3alliucaTtb AJIs1 MMOCTOSIHHOM paciaaa
1 2F f
A=D v=2— —exp[—g.f\&m(U—E)dr]- (2)
ro m
ro

®dopmyna (2) moka3bIBaeT Pe3KyH 3aBUCUMOCTD MOCTOSSHHOM OL-pacraja sjep, a
3HAYUT U MEPUOJIA mojrypacnana 7 u3orona OT 3HEPTuM Ey UCIyCKAEMBIX OL-YACTHII.
Tak, U3MEHEHUE PHEPTrur o-4acTUIlbl Ha 10 % NpUBOIUT K U3MEHEHHUIO BEPOSITHOCTH
o-pacniaga npumepHo B 1000 pa3. @opmyna (1) cocTaBisieT TEOPETUUECKYIO OCHOBY
3akoHa ['efirepa - HetTomna, KOTOpBI MOKeT OBITh 3aITMCaH B BUE

C
@T=Q+J£; 3

rae C; u C, - KOHCTaHTBhI, 3aBUCSIIUE OT 3apsia Anpa. bonee TouHble HcCleT0BaHUS
MOKA3aJii, YTO y OL-U3JIYYAIOIIETro s/Ipa CYIIECTBYET HECKOJIBKO TPYIIIT «MOHOHEPIre-
THYECKUX» OL-4aCTHUL, T.C. ONPEICICHHBIA CHEKTP JHEPTUM, BCIEACTBUE TOTO, YTO
pacnag MOKET UATH HE TOJIBKO HAa OCHOBHOM, HO M Ha BO30YXKJEHHBIE YPOBHH JIO-
yepHero siapa. KpoMe Toro, MaTepuHCKOE SIIPO MOXKET TaKkKe HAXOJIUTHCA B BO30YXK-
JI€EHHOM COCTOSIHMU B PE3yJIbTATE MPEIIECTBYIONIEro B-pacnaa.

DHeprusi BBUICTAIONMIMX O-4aCTHUI[ MOXKET OBITh ONpejesicHa MO BEIUYMHE HX
npobera B BELIECTBE, T.€. IO PACCTOSHUIO, KOTOPOE YacTUIA MPOXOIUT JO MOMEHTA
MOJTHOM MOoTepu dHepruu. [Ipu MpoXoKaeHUn o-4acTUll Yepe3 BEIIeCTBO UX dHEPIus
pacxoayercsl MPEeUMYILECTBEHHO Ha MOHU3ALMI0 U BO30YKJIE€HHWE aTOMOB MOIJIOIIa-
IOIETO BEIIECTBA B PE3YJIbTATE HEYNPYTUX CTOJKHOBEHUH C OPOUTAIBLHBIMU DJICK-
TPOHAMH aTOMOB. DTH MOTEPHU U OMPEILISIIOT MPOOET YaCTHUIIbI, T.€. MyTh, KOTOPHIHA
OHA MPOXOJHUT J0 MOJHON MOTEPU SHEPIUM. 3aTpaTa IHEPTUHU HA KaXkAbld aKT HOHU-
3aiuu mana (B Bozayxe =33,5 3B) B cpaBHEHUHU C HAYaJIbHOW 3HEPTrHEHl YaCTHIIbI,
BCJICJICTBHE YEr0 OHA WCIBITHIBAET MHOTOKPATHBIE B3aUMOJECUCTBUSA, U 3TO, B CBOIO
ouepe/lb, OMpeAe/sIeT MOYTU OJWHAKOBBIM MpOOEr OJHOPOAHBIX IO IHEPTUH OL-
gacTtull. [IpoGer sBiIseTCS KOHCTaHTOW, XapaKTEPU3YIOUIEH O-M3IydeHHuEe H30TOIa.
Hekoropoe paznuume B npoOerax 4acTull OAMHAKOBON HYHEPTUU BbI3BIBAECTCS CTaTH-
CTUYECKUMU (QIYKTyallUsIMU B YKMCJIE€ UOHU3AIMOHHBIX CTOJKHOBEHUN U (PIIyKTyaIu-
SIMU MQJIBIX TOTEPh SHEPTUHU B OTIEIBHBIX CTOJKHOBEeHMIX. CBs3b npobdera Ry B BO3-
IyX€e, U3MEPEHHOTO B CAHTUMETPAX, U KHHETUUYECKOU 3Heprun Eq Onpenensiercs M-
MUPUYECKON popMynon
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R, =0,318E” (4)

OObIyHO cpenHuil npoder Rq M3MepseTcss HKCIEpUMEHTaIbHO 10 KPUBOM Ipo-
XOKJEHUS O.-4aCTHUIl Yepe3 BEIIECTBO (puUC. 2), T.€. IPU U3MEPEHUH YKCIa MPOLIE/-
IIUX Yepe3 BEHIeCTBO YACTHIl KaK QYHKIIH TOMIHHBI N(X).

Cpennuii npoOer Ry onpenensercs Kak TONIMHA BELIECTBA, MOIVIOMIAI0IIAs 110~
JIOBHHY YacTHUll. Pa3nuyaroT eile MakCcUMabHbINA MpoOer Ry U 3KCTpanoiInpoBaHHbIHI

npober R., GU3WYECKUN CMBICT KOTOPBIX SCEH W3
pucynka. llITpuxoBoi nuHuENW HA pUc. 2 MOCTPOEHA
muddepentmanbHas kpuBas dN(x)/dx = f(x), moka-
3BIBAIOIIASL  PACIIPEICIICHUE O-4acTUL[ II0 JUJIMHE
x  mpobera.

3Has mpoOer o-4acTUlbl B BO3AYyXE, MOYKHO
BBIUUCIIUTH €€ MpoOer B JIpyroi cpene, MoJb3ysCh
cooTHoIeHnem bperra - Knumana:

0,56-10 2R« ¥/A
P : (5)

e A - aToMHas Macca BEIECTBa, a.€.M.; p - INIOTHOCTh BeIIeCTBa, r/cm>; Rq - cpex-
HUM IpoOEr o-4acTull B BO3AyXe, cM; R - cpelHuid mpoOer o.-4acTull B BEIIECTBE, CM.

N

R =

4. TIPUBOPHI U ITPUHAIVIE2XKHOCTHU

1. CUMHTHIIISIIIMOHHBIN CUCTUHK.

2. I3MepuTenb CKOPOCTH CUETA.

3. [IpucnocobneHue ass nepeMenieHus: ICTOYHMKA allb(a-yacTuil
4. Ilpenapat anbha-pagunoaKTUBHOTO U30TOIA LTy TOHUS.

5. OIMCAHHUE YCTAHOBKHA

JIns perucTpaiuu o-4acTHIl HUCIoab3yeTcs 0ok aerektupoBanus bJIA2-01,
OCHOBY KOTOPOTO COCTaBIISICT CUMHTHJUIALIIMOHHBIN CYSTYMK C KpucTauioM ZnS(AQ).
biiok obecnieunBaeT perucTpalnuio o-4acTuil ¢ dHepruet He menee 5,15 M»aB. Cur-
Hajgbl ¢ OJOKa JETeKTUPOBAHMS TMOCTYMAlOT Ha U3MEPUTENbh CKOPOCTH CyeTa
YUM2-1eM, KOTOpBIA NMOKAa3bIBAET YHCIIO PETUCTPUPYEMBIX CUETUYMKOM YaCTHUI[ B
eAUHUIY BpeMeHHU. PagnoakTuBHbBIN npenapaT PU ycTaHABIMBAETCS B KOOPJAUHATHOE
YCTPOMCTBO, KOTOPOE MO3BOJISAET MEPEMEIATh PENapaT U OTMEYATh PACCTOSTHUE X OT
MCTOYHMKA J0 CUETUHKA.

6. ITIOPATOK BbBIIIOJIHEHUSA PABOTDI

1. IToaroToBUTH U3MEPUTETH CKOPOCTU CUYETa C OJIOKOM JETEKTUPOBAHUS K pa-
00Te B COOTBETCTBUU C HHCTPYKLMSIMH K TprOOpam.

2. YCcTaHOBUTH B KOOPAMHATHOE YCTPOMUCTBO UCTOYHUK O-M3TYyUYEHUSI.

3. Bpamas BUHT KOOPAMHATHOIO YCTPOWCTBA, MOJAATh PAJUOAKTHUBHBIA HCTOY-
HUK HAa MUHUMAJIbHOE PACCTOSIHUE Xo OT OJIOKA JETEKTUPOBAHUS; BEJIMUMHY Xo YUH-
THIBATh MPH JaJbHEHIINX OTCUYETaX MpoOera YacTull.

4. IlocnenoBaTenbHO YBEJIMYMBAsI PACCTOSHUE MEXKAY WCTOYHUKOM M CUYETUH-
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KOM Ha 2 MM, CHUMAaTh MOKa3aHUS U3MEPUTEIISI CKOPOCTH cYeTa (B COOTBETCTBUEM C
MHCTPYKIIMEN K TpUdopy).

5. Ilo mosy9eHHBIM TaHHBIM IMOCTPOUTH TPadUK 3aBUCHUMOCTH CKOPOCTH CUETa
HUMITYJIbCOB OT TOJIIIMHBI CJIOSI BO3yXa MEXKIY CUETYMKOM M UCTOYHHUKOM. [lo rpa-
(bUKy onpeaenuTh cpeiHui mpoder Ry, MakCUMallbHBIN TTpoder Ry 1 skcTpanonupo-
BaHHBIN mpooer Re .

6. [lo HaiineHHOMY CpegHEMYy MPOOEry BBIYUCIUTH, MOJIB3YSICh IMIUPUUYECKON
dbopmymoii (4), (3meck Ry - B cM, Eq - B MaB) sHEepruro o-gacTuil.

7. C nomomuisto cootHomeHus (3) (3neck Eq - B MaB, T - B cekyHaax) BbIYHC-
JUTH TIEPHOJ TOJypaclajga H30TOMa, NmpuHuMMas mius miytonus Ci; = - 53,35,
C, = 1474,

8. BeiuncnuTh nmpoOer o.-4acTul] B aTIOMUHUU, UCTIOIB3Ys COOTHOIIEHUE (5).

7. KOHTPOJIBHBIE BOITPOCHI

1. KakoBbI 3aKOHOMEPHOCTH CL-pacnana?

2. IloueMy o-yacTulbl 001aIAI0T TUCKPETHBIM CIIEKTPOM SHEPTUU?

3. Kakoit MexaHu3M B3aUMOJIEUCTBUS O.-4ACTHUIL C BEIIECTBOM?

4. YTo Takoe CpeIHHIA, SKCTPAIIOJIMPOBAHHBIN U MaKCUMaJIbHBIN npoder?

5. Onumure >3KCHEPUMEHTAIbHYIO YCTAaHOBKY I M3MEpeHus mpoodera
OL-4aCTHII B BO3IYXE.
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JABOPATOPHASA PABOTA 6

HNCCIEAOBAHUE DOPEKTA XOJUJIA B ITIOJYINPOBOAHUKAX

1. HEJIb PABOTbI

Uccnenoanne 3dgdexra Xomra U omnpeneiacHUe THMA, KOHICHTPAUA U TIO-
JBHOKHOCTH HOCHUTEIICH 3apsijia B IMMOJYIIPOBOJTHHKE.

2. BUBJINOT'PADUSA

1. CaBenbeB U.B. Kypc ¢usuku: yued. mocobue 11t CTYJEHTOB BTY30B.- [B 3-x
T.]. - T.2: OnextpuyectBo u Maruetu3M. Bonuel. Ontuka. - M.: Hayka, 1989. - 496 c.
2. Tpopumona T.U. Kypc ¢uzuku. - M.: Beicmr. mik., 1998. - 478 c.

3. TEOPETUYECKOE BBEJIEHUE

CYTI) B(i)(l)eKTa XoJIj1a 3aKJI04YacTCs B clIcaAyromem: €CIN 4CPeC3 MCTAJNINYCCKYTO
WK IIOJIYIIPOBOOAHHUKOBYIO INIACTHHKY, IIOMCIOCHHYIO B MAIrHHMTHOC IIOJIC, IIPOIIYy-

CTUTH IOCTOSIHHBIM TOK IIJIOTHOCTBIO |, HAIIPABJIEHUE KOTOPOTO MEPHEHAUKYIAPHO
BEKTOPY B, TO Ha €€ IUIOCKOCTAX B HANPaBIICHUM, HEPIEHIUKYISPHOM | M B, BO3-

HHUKHET Pa3HOCTh MOTEHINAIOB (1 - (2. [I0ogBIEHNE MTONIEPEYHON PA3HOCTH MOTEHIIU-
aJIOB Ha IMPOBOJHUKE C TOKOM B MarHMUTHOM MoJjie Ha3zbiBaeTcs 3ddexrom Xoia

(puc. 1).
24 B
/!
I 4
| " ‘// /
—— ’ 7
R SRR SR
/ J Py
y
b
o
Puc. 1
XO0JUIOBCKasi pa3HOCTh MOTEHIIAATIOB ONPEAEIACTCA BEIPAKEHUEM
Us=RbjB, (1)

rae b - paccTosHEEe MEXIy paccMaTpUBaeMbIMH MapajlIeIbHBIMUA TPAaHSIMHU MPOBO/I-
HUKA; | - INIOTHOCTh TOKA;, B - MarHUTHass MHIYKIUA oL, R - kosddumnuent npo-

MOPIIMOHATILHOCTH (ITOCTOSTHHAs XO0JIj1a).
[TpocTeiimas Mukpockonuueckasi Teopusi g dexra Xosia OCHOBaHA Ha MPEICTaB-
JICHUU O CBOOOTHBIX HOCUTENISIX 3apsijia B MPOBOIHUKE. PaccMoTpum npoBOTHUK B (hop-
M€ MOpPSAMOYTOJIbHOM IUIACTUHKHU, 4Ye€pe3 KO-

4 1_ ——— - — = = TOPYIO TEUYET TOK IIIOTHOCTHIO | (pHC. 2).
7 VV]E 2 B orcyrcTBHE MarHuTHOTO 1MOJIA TOK B
o 7 o \ \\:Z é . IIaCTHHKE OOyCJIOBJIEH 3JIEKTPUUYECKUM
I ; g\ \ )5 7 x noneM E,, cO34aBacMbIM BHEIIHUM HUCTOY-
¢ \ HUKOM. OKBUIOTEHUUAJIbHBIE TOBEPXHO-

\
+ 4+ + + F+ ++ CTH 3TOrO MOJISi 0OpasyloT CUCTEMY Iep-
Puc. 2 MEHAUKYIAPHBIX K BEKTOpY £, TIOCKO-

0
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cteil. JIBe U3 HUX M300pakeHbl HA pUC. 2 CIUIONIHBIMU JIMHUAMU. [loTeHIman B mro-
00l TOUKe KaXKJIOM M3 IJIOCKOCTEH, a, CIeI0BaTeNIbHO, U B TOYKax |1 ¥ 2, OJUHAKOB.
[TockonbKy HOCHUTENM 3apsiia — 3JIEKTPOHBI - UMEIOT OTPULATENbHBIA 3aps/l, TO CKO-
pPOCTh MX YIOPSIOYEHHOTO ABMKEHHUS V HAlpaBlIeHa MPOTHUBOMIOJIOXKHO BEKTOPY
IUIOTHOCTH TOKA | .

[Ipy mosIBAEHUM MArHUTHOTO MOJIS, MEPIEHIUKYJIIPHOTO HAIPABICHUIO TOKA,
KQKJIBIA HOCUTEIIb OTPUUATEIBLHOrO 3apsia OKAa3bIBAE€TCS MOJ BO3JCHCTBUEM CHIIBI
JlopeHia, IEMCTBYIOMIEH CO CTOPOHBI MArHUTHOIO MOJISl U HAIPABJICHHOW KakK IMOKa-
3aHO HA PUCYHKE 2 BJIOJIb OCH Y BBEPX.

F =e[VxB], (2)
WIH B CKaJIsIpHOU (hopme:
F,=e-<v>-B. (3)

B pe3ynbrare y 35€KTpOHOB MOSBIISIETCS COCTABIISOIIAs CKOPOCTH, HAIPaBJICH-
Has K BEpXHEW TpaHUIle MIACTUHBI. Y 3TOM rpanu oOpa3yeTcsi U30BITOK OTPUIATEb-
HBIX 3apAJI0B, Y HWJKHEHM, COOTBETCTBEHHO, NX HenocTatok. CieoBaTesbHO, BO3HHU-
KaeT JOMOJHUTENLHOE TIONEPEYHOE IEKTPHIECKOE Nosie E, U cuia € E, , IeHCTBYIO-

11asi HA HOCUTENM TOKAa B HAIMPABJIECHUH, POTUBONONOKHOM cuie Jlopenna. [Ipu pa-
BEHCTBE ATUX CHJI YCTAHABIIMBAETCS CTAIMOHAPHOE paclpeeieHne 3apsoB B TOIe-
peuHoM HarpaBieHuu. CooTBeTCTBYIOIIEe 3HaUeHue By onpenensercs ycloBUEM

F.=Fe,
1GR9
e<v>B=¢eky,
OTKyJa
E, =<v>B. (4)

[Tone E,cknmamsiBaeTcs ¢ mojeM E,, oOpasys pesyabrupyromee mone E . Ilo-

CKOJIBKY SKBHUIIOTEHLIMAJIbHBIE MOBEPXHOCTH JIOJKHBI OCTaBATHhCS MEPHEHAUKYISP-
HBIMH BEKTOPY HAIPSKEHHOCTH IO, OHU 3alMyT TOJIOKEHHE, U300paKeHHOE Ha
pUCyHKE 2 myHKTUpOM. Touku 1 u 2, KOTOphIE MpEkIe JekKaIu Ha OJTHOW U TOM XKe
SKBUIIOTEHIIMAIIBHOW MOBEPXHOCTH, TENEPh UMEIOT pa3Hble MOTEHUHUANBI. Pa3HOCTh
MOTEHIHAJIOB MEXAY TOUKaMu | U 2 CBsi3aHA C HANPSHKEHHOCTBIO MOJis Ep COOTHO-
HICHUEM:

U1,2 =h Eb = b<v>B. (5)

YuursiBas, 4YTO CPEIHsSA CKOPOCTh YIIOPSIOYEHHOI'O JIBUIKEHUS HOCUTEIIEH 3a-
psiia CBsi3aHa C TUIOTHOCTBIO TOKA COOTHOIIICHHEM
j=en<v>, wim <v>= 3 (6)
en

HaxoJInum
1
=— jbB. 7
Uz o Jb (7)

[Tonydyennas opmyna coBnagaet ¢ BeipaxkeHueM (1), eciv mooxuTh
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R=——. ©
e-n

Taxum o6pa3om, nocrosiHHast XoJyla 3aBUCUT OT KOHIIEHTpAallMM HOCUTENEH 3a-
psaaa. Onpenenus 3KCHEPUMEHTANBHO R, MOKHO HaliTU U KOHILIEHTPALMIO HOCUTENEH
3apsja.

BaxHoil XxapakTepUCTUKON MPOBOJIHUKA SIBJSIETCS MTOJIBU’KHOCTh B HEM HOCUTE-
nen 3apsana. [IoqBMKHOCTBIO HOCUTENEN 3apsAia HA3bIBAETCSA CPEIHASI CKOPOCTh, IPH-
oOpeTaeMasi HOCUTENSIMA B 3JIEKTPUYECKOM I0JI€, HAMPSKEHHOCTh KOTOPOrOo paBHA
EAVHULIE!

v
(Vo) = 9
0 .
= ©)
[ToIBMKHOCTH MOXKHO CBS3aTh C IPOBOAUMOCTBIO G U KOHIEHTPAME HOCUTE-
et 3apsna. [lefictBuTenbHO, | = €- N-<v>, [loxenum 00e yacTu paBeHCTBA HA HAMPS-

KEHHOCTH 11014 E

i =—en
E E
[IpuHgB BO BHUMaHHUE, YTO éz o, u % =(V,), IOIYYNUM
G = e Nn<Vy>. (10)

N3mepuB noctosiHHy0 X0JU1a U TPOBOJIMMOCTh G, MOKHO TI0 opmyiiam (8) u
(10) HaliTU KOHIIEHTPAIMIO U TIOJIBUKHOCTh HOCUTEJIEH TOKa B 00pasiie.

HerpynHo BUIETh, 9TO 3HAK MOMEPEYHOW pa3sHOCTH MOTeHIMANIOB Uj, 3aBUCUT
OT 3HaKa ABMXKYIIUXCs 3apsanoB. Ha puc. 3 mokaszan addexr Xomna mist 00pas3ios C
MOJIOKUTEIBHBIMU U OTPULIATEILHBIMU 3apsilaMu.

+++ + + + +

m
i
]
o
&;_i
n
:
o

+ 4+ + 4+ + ++

a) 0)
Puc. 3

Hanpapnenue MaraHuTHOM CUJIbI U3MEHSIETCSI Ha MPOTUBOIIOJIOKHOE KaK MPU U3-
MEHEHUU HaIlpaBJICHUsI IBUKEHUS 3apsijia, TaKk ¥ MpU U3MEHEHUH ero 3Haka. Clieno-
BaTeJIbHO, JUIS IBYX Pa3HbIX 0OpasloB MPU OJMHAKOBOM HANpaBJICHUU TOKA W TOJIS,
MarHuTHas Cwia, JEHCTBYIOIIAs Ha MOJIOKUTEIbHBIE U OTPHULIATEIIbHBIE HOCUTEIIH,
MMEET OJAMHAKOBOE HampaBiieHHE. [loaToMy, B cilydae MOJOKUTEIbHBIX HOCUTEIIEH
MOTEHIUAJI BEpXHEH (puc. 3) rpaHu, BbIIIE, YEM HUKHEHN, a B CIIy4ae OTPULIATEIIbHBIX
HOCHUTEJNEH - HIKe. Takum 00pa3om, OIMpeIeNiuB 3HaK XOJUIOBCKON pa3sHOCTH MOTEH-
[IUAJIOB, MOXKHO YCTAaHOBUTb 3HAK HOCHUTEJIEH 3apsia.
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. IPUBOPBI U IPUHA VIEZKHOCTH

. Jlatunk XoJuia.

. Muunammnepmerp.

. Peocrar.

. IUCTOYHMK MOCTOSITHHOTO TOKA.

. DJIEKTPOMAarHur.

. Perynmupyemblii HICTOYHUK MTOCTOSHHOTO TOKA MMUTAHUA 3JICKTPOMArHUTA.
. MUIMBOABTMETD.

. OIIMCAHUE YCTAHOBKHA

O NO Ok~ WwWwiNDE b~

Puc. 4

Hcnons3zyemble mpuOOpsl MmokazaHbl Ha puc. 4. Jlaruuk Xosua pacnosioxKeH
MEX]ly TMOJIOCHBIMU HAKOHEYHUKAMU - KOHIIEHTpaTOpamMu MarHuTHoro mnoiis. O0-
MOTKa 3JICKTPOMAarHuTa MOJKIIOYEHAa K UCTOYHUKY MOCTOSTHHOTO TOKA C peryJupye-
MBIM HanpsikeHueM. [lyrem perynupoBku Toka B 0OMOTKE 2JIEKTpOMAarHuTa ycTaHaB-
JTUBaeTcsa HeoOX0AMMOEe 3HAYEHUE MHIYKIUU B B 3a30pe MEXIy ero mnomrocamu. B
MPOJOJbHOM HANpPaBIEHUU Y€pe3 AATYUK XOJula MPOMYCKAIOT TOK, BEJIMYUHY KOTO-
pPOTO YCTaHABIMBAIOT C MOMOILBIO peocTara 3 U U3MEPSIOT ¢ MOMOIIbI0 MUJIIHAM-
nepmetpa 2. Bennunna toka | He momkHa npesbimaTth 3 MA. B monepeuyHom Hampas-
JICHUM K KOHTaKTaM JaT4rka XoJjulia MOAKIFYEH MUAJUIMBOJIBTMETP 7, KOTOPBINA Ompe-
nensieT pa3HocTh noreHnuanos U,. [lpuMeHsemas KOHCTpyKIMS JaTyvMka XoJjula He
HMMEET BBIBOJIOB JIJIsl KOMIICHCAIIMU HAYaJIbHOW Pa3HOCTH MOTEHIIMAJIOB, TIOATOMY Ja-
€ TIPU OTCYTCTBUM BHEITHET0 MArHUTHOTO TOJIA U HEOOJIBIIIOM MPOJAOJILHOM TOKE |
yepe3 o0Opasel], CyIIeCTBYeT HEKOTOpas MorepeyHas pa3HoCTh moTeHuuanos U,, He
cBsi3aHHas ¢ 3¢dexrom Xoiia. PasHOCTh MOTEHIMATIOB, CBA3aHHYIO € 3(DQeKToM
XoJsuta onpeAesatoT MNPy HAJTMYMU MarHUTHOTO TOJISI U TOKa Yepe3 oOpasel] Kak pas-
HUILYy MEXAY U3MEPEHHBIM 3HAUEHUEM Pa3HOCTH MOTeHIHanoB U, 1 HauanbHbIM 3HA-
yenueMm U, pu TaHHOM TOKe uepe3 oopaser

Us=U,-U,. (11)
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Takum 00pa3oM, pacyeTHBIM MyTEM KOMIIEHCUPYETCS HadajdbHash Pa3HOCTH IO-
TEHIMAJIOB, HE oOycioBieHHas 3¢ dexTom Xomia. Bennuuna U, paznuuna s pas-
JUYHBIX 3HAYeHUM Toka | dyepe3 matuuk u MoxeT obo3HadaThesa Kak Ui, Ugz, Uos 1
T.1. CeayeT OTMETHTh, 9TO TPHOOp 7 UMEET HEBBICOKOE BXOJHOE COMPOTUBIICHUE,
M03TOMY €ro MoKa3zaHus Henb3s npuHuMath 3a J/]C Xomna. UtoOwl paccuntats 9/1C
Xoimna, He0OXOIUMO BOCIOJB30BaThCA 3akOHOM Owma JUIs TOJIHOHM IIeTH, TPUHSB
BHYTpEHHEe compoTuBieHue obpasna I = 200 Om. Hampumep, ecnu B pesyibrare
sKcnepuMeHTa onpezaeneHo 3Hadyenue Uy = 200 mB, | = 0,2 MA, To 3Hast cOpoOTUB-
JIeHWe BHEIIHEeH 1emnu, T.e. mpudopa (R, = 1000 Om), Mmoo onpenenuts IC Xo-
na o opmyiie

en=1-(Ry+1r)=0,2- (1000 +200) =240 mB,
rae | - Tok (B MA) OTKIIOHEHHSI TPHUOOPA, COOTBETCTBYIOIINI MPHIIOKEHHOW Pa3HOCTH
MOTEHIMANIOB. BenmndyrHa 3TOro Toka, B3sATasi B MKA, YHUCJICHHO COBMAIaeT C BEINYH-
HOI TIOTepeYHON pa3sHOCTH MOTEHIUANOB, B3sTOM B MB. OT0 00ycioBiIeHO 0cOOCH-
HOCTSIMU TOCTPOCHHUS IIKaIbl U3MEPUTEIBHOIO MpUOOpa, UYTO W TO3BOJIMIIO HEMO-
CPEIICTBEHHO HCITIOJIb30BaTh 3TO YHCIOBOE 3HAYCHHE ISl MOACTAHOBKH B (hOPMYITY
onpenenenns J/]C Xoma, HO C UBMEHEHUEM €€ Pa3MEPHOCTH.

6. HOPA1OK BBIIIOJIHEHUSA PABOTbBI

1. CHATh BOJBTAMIIEPHYIO XapakTepucTuky Aatuuka Xosuia | = f(U) npu orcyr-
CTBMM MAarHUTHOTO TOJIA M 3HAYCHHSIX MUTAIoIero Hampspkenus U, matuuka, yka-
3aHHBIX B TaO1I. 1.

Tabnuma 1

U, B 1 2 3 4 5 6 7 8 9 10
I, MA

2. IToctpowuts rpaduk 3aBucumoctu | = f(U).

3.1. Onpenenuth pa3HOCTh MOTCHIHAIOB Xoita Uy B 3aBUCUMOCTH OT MarHuT-
HOM MHIYKIMU B mipu Tpex 3HaueHusix Toka | yepe3 matuuk: I1 = 1 MA, I, = 2 MA,
|3 =3 MA.

3.2. YcTaHOBHTH 3Ha4YeHHE TOKa uepe3 natuvk |1 = 1 MA u npu B = 0 onpene-
JUTH ocTaTodHOEe HampsikeHue Upr B JaTUrKe IPpY TAHHOM TOKE.

3.3. YcTaHOBUTH pa3auvHbIC 3HAYCHHS WHAYKIIMH MAarHUTHOTO ToJia B myTem
W3MEHCHHS HANPSOHKCHUS TUTAHUS dJIeKTpoMarauTa (tadi. 2).

TabOnuma 2

Uwm,B 0 4 8 12 16 20 24
Im, A 0 0,25 0,5 0,75 1 1,25 1,5
B, Tn 0 1 2 3 4 5 6

3.4 Jlna kaxI0oro 3Ha4€HUSI UHAYKIWA MAarHUTHOTO TOJISI B onpenennTs Hanpsi-

kenne U,, BosHHKaromee Ha JaTauke XoJla, ¥ 3aHECTH B Ta0JI. 3.
TaOonuma 3.1

I1=1MA

B, Tn 0 1 2 3 4 5 6 7
U,, MB
UH:U:-)'UO]_, MB
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Tadobnuma 3.2

|1 =2 MA

B, Tn 0 1 2 3 4 5 6 7
U,, MB

Unp=U,-Uo1, MB

Taonuma 3.3
|1 =3 MA

B, Tn 0 0,1 0,2 0,3 0,4 0,5 0,6 0,7
U,, MB

Unp=U,-Uo1, MB

3.5. BbuuciauTh 3Ha4YeHHWS PA3HOCTH TMOTEHIMATOB XoOJla KaK pa3HOCTb
U, - Up1 u 3anectu B Tabm. 3.
4. Ananornusble u3MepeHus npoussectu i |, = 2 MA, I3 = 3 MA, noBTOpHB
. 3.1, 3.2, 3.3, 3.4. Jlaunsle 3aHecTy B Ta0Ou. 3.1, 3.2.
5. [Toctpouts rpaduku 3aBucumoctu Uy = f(B) ms 1y, |, u |s.
6. Paccuurars nocrostHHyto Xosa no ¢gopmyie
U, b

R= ,
|-B

rneb=2-103wm.

o 3 .
7. PaccunTaTh KOHLEHTPALMIO HOCUTENEH 3apsga N = % , e e =1,6-101° K.
e

N _ 8R .
8. PaccunTaTh MOABMIKHOCTHL HOCHTENIEH TOKA C = Fo rae p = 0,2 Omm -
70

YACIbHOC COIIPOTHUBIICHUC IIPOBOAHHKA.

7. KOHTPOJIBHBIE BOITPOCHI

1. OnumwuTe noBeaeHNE 3aPSHKEHHON YaCTUIIBI B DJIEKTPUYECKOM U MarHUTHOM
TOJISIX.

2. 3anuimTe BhIpaXeHue 17151 cuiibl JIOpeHIIa v yKakuTe HaIllpaBJIEHUE STON CHITBL.

3. O0BsicHUTE MEXaHU3M BO3HMKHOBEHHUSI XOJJTIOBCKOM Pa3HOCTH MOTEHIIMAJIOB.

4. O0bsacaute dpdext Xoa ¢ TO3UIUN AIEKTPOHHON TEOPHUH.

5. UTo Takoe «MoJIBMKHOCTh HOCUTENEH 3apsia»?

6. Kakx cBsi3aHa MOABMKHOCTh HOCUTEJIEH 3apsga ¢ MPOBOJUMOCTBIO G M KOH-
IIeHTpanuei nN?
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JABOPATOPHASA PABOTA 7

ONPEJEJIEHUE IAPAMETPOB KPUCTAJUIMYECKOM PEIIETKH
N IVIOTHOCTHU BEHLIECTBA METOAOM
PEHTTEHOCTPYKTYPHOI'O AHAJIM3A

1. HEJIb PABOTbI

Nzydenne snemMeHTOB Kpuctamuiorpaduu. OmpeneneHue THMA KpUCTaLTUYecC-
KOM pelIeTKH 1o gedaerpaMmme MoJMKPUCTAIUTMYECKOro o0pasia.

N3yuenue paboTel peHTreHoBckux anmaparoB YPC-60 u YPC-50 IM.

Omnpenenenre MEXIUIOCKOCTHBIX PAaCCTOSIHUN M TJIOTHOCTH MOJMKPUCTAILIAYE-
CKOro 00pa3ia KyOuuecKou CTPYKTYpHI.

2. BUBJINOT'PAD®UA
1. Jetnad A.A., SABopckuit .M. Kypc ¢usuku. - M.: Beici. mk., 1989. - 608 c.

3. TEOPETHYECKOE BBEJIEHUME

ITo onpenenenuto I'.B. Bynbda, kpucTaisioM Ha3pIBa€TCs TE€JIO, OTPAHUUECHHOE B
CUJIy CBOMX BHYTPEHHHX CBOMCTB IUIOCKMMH IOBEPXHOCTSIMH - rpaHsMu. Hayka o
KpUCTaJUIAX U O KPUCTAJUIMYECKOM COCTOSIHUM BEIIECTBA HA3BIBAETCS KPUCTAIIIOTPa-
¢buei. J{ns KpuCTasIoB XapaKTepHbI MpaBUiibHbIE (POpMBI U MX cuMMeTpusi. CBs3b
MEXy F€OMEeTpUel BHEIIHEW (POPMBI U BHYTPEHHETO CTPOCHHS KPUCTAILIIOB, C OJHOM
CTOPOHBI, 1 UX (PU3NYECKHUMHU CBONCTBAMHU - C APYrOM, yCTaHaBIIMBaeTCs (pu3nye-
CKOl Kpuctamnorpadueil. B mpupone mHorga BCTpedarOTCsl JOCTaTOUHO KPYITHBIE
KpUCTAJUIBl, TPaHU KOTOPBIX XOPOLIO pPa3ju4MMbl BH3YaJIbHO, a4 WX BHYTPEHHS
CTPYKTypa CBHJIETEIBCTBYET O TOM, YTO MBIl UIMEEM JEJIO C OJUHOYHBIM KPUCTAJLIIOM.
Takue KpUCTaJUIbl HAa3bIBAKOTCSI MOHOKpUCTAIUIaMU. VX nuHElHbIE pa3Mepsl COCTaB-
70T 0T 10 MKM 7O HECKOJIBKMX METpPOB. MOHOKPHUCTAJUIBI pa3MeEpamMu B JIECITKU
CaHTHMETPOB BBIPAIMBAIOTCS MCKYCCTBEHHO Ha 3aBojax. l'opaszno Oosee pacrpo-
CTPAaHEHBI TBEPJIBIE TEJA, COCTOSLIME W3 MHOXKECTBA OYEHb MEJIKUX KpPHCTaJUIOB
(pasmepom ot 102 1o 10 MKM), CLEIIEHHBIX APYT C APYrOM MEKATOMHBIMU M MEXK-
MOJIEKYJIIPHBIMU CHUJIAMHU U MO Pa3HOMY OPUEHTHUPOBAHHBIX IO OTHOIICHHUIO JAPYT K
apyry. Takue KOMITaKTHbIE TeJla HOCSAT Ha3BaHUE MOJMKpHUCTAIUIMYECKUX. s omnu-
CaHUsl MOJIOKEHUSI TpaHed KpHUCTaJla MOJb3YIOTCS NMPUEMaMH aHAJTUTHYECKON reo-
METpHH, & UMEHHO - CUCTEMOW OCel KoopauHat. Ho eciin B aHaIMTUYECKOW reomeT-
pUU MPEANOYUTAIOT JEKAPTOBBI KOOPJAMHATHI, TO B KpUCTaILIOrpaduu BEIOMPAIOT CH-
CTEMY KOOPAMHAT TaK, 9YTOOBI OCH KOOPJAMHAT ObLITN MapaijIeIbHbI pedpaM KpucTasuia
Y COBIIQJIaJI C IIOBOPOTHBIMU OCSIMHU (€CIIM TakoBble UMeEIOTCsA). [Ipuyem, no kaxaoi
OCH BBIOWpaeTCs CBOM MaciiTad M3MEPEeHHH - a, b, ¢ - MePUOAbl KPUCTALITUIECKOM
PELIETKH, YTl MEXIY OCIMU 0003HAYarOTCs o, f3, V.

Kpucrannam pa3HbIX CAHTOHUNA OTBEYAIOT CJIEIYIOUIUE XapAKTEPUCTUKHU:

1) kyOuueckas: a=b=c, o=B=y=90%
2) TerparoHaipHas: a=Db =c, o=p=y=90%
3) pombuueckas: a=b=c, a=p=y=90°%

4) tpuronansHas: a=b=c, a=p=y=90°%
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5) MOHOKJIMHHAS: a=b=c, a=y=90° B=90°%

6) TPUKIMHHAS: a=b =c, o # P #7y#90%

7) rekcaroHanmpHas: a=b =c, o= =90° y=120°.

Ecnu mapamerpsl rpaHeli M3MEpSITh OCEBBIMH €IMHUIIAMHU (B eMHULIAX @, b u
c,T.€¢. x=A-a, y=Bb, z=C-c), TO IPU TAKOM METOJI€ XaPAKTEPUCTHKH I10JIOKE-

HUS TpaHEH BBIABIIACTCS BEChbMa BaXKHBIN 3aKOH - 3aKOH PaIlHOHATBHBIX OTHOIICHHH.
[TapameTps! m1060i1 Tpanu kpuctamia 4, B, C, BelpakeHHbIE B OCEBBIX €TUHHIIAX,
OTHOCSITCS KaK MPOCTHIC IIeJIbIe YKcCia - MHAeKChl Tpanu h, K, | (namexcer Musutepa).
WHaekcsl TpaHW - 3TO BEIMYHHBI, OOPaTHO MPOIOPIIHOHAIBHBIC MapaMeTpam
rpanu 4, B, C:
1:l:lzh:k:l. (1)
A B C
COBOKYITHOCTh MHJICKCOB I'PAHU HA3BIBAETCS CHMBOJIOM
rpanu. (hKl); cumBon eauamunol rpanu (111). Ecim rpasb
nepeceKkaeT OTpHUIaTeIbHbIC HAPABICHUS OCCH, CUMBOJI 3a-

MTUIIETCS (hkl). Halinem, Hampumep, WHJIEKCHI TpaHH C

napameTpamu: A=2, B=5,C =2 (puc. 1).
OTHoIIEHUEe UHICKCOB TpaHei
111
hik:l=—:—:—.
25 9 Puc. 1
[IpuBenem npoOu k oOmemy 3HameHateno 10, KOTOpbIM MOcCIe 3TOro 0TOpO-
cum. [Tomyuum: h:k:l = 5:2:5. CnegoBarensHo, cumBou rpanu (525). Eciu rpasp ma-

pajienbHa OJTHOM U3 0Ce, HAarpuMep X, OTHOIIEHUE €€ UHACKCOB 3aIIUIIETCS B BUJIE

kii=2L L on)
o B C
Ecnu rpanps nmapamiensHa AByM ocsiM, Hampumep, Y U Z, €€ CUMBOJIOM Oyzer
(h00). Pa3nenus Ha h, mony4gaem oxonvaresnbto (100).
[Tomumo oOo3HaueHuit otaenbHbix Tpaner (hKl) mpumenstorcs 0003HAYCHHMS
JUI COBOKYIHOCTH cxoaubix rpaneii {hkl}. Hampumep, o6o3naueHue {100} 3amensi-

€T COBOKYITHOCTb

Hanpaenenue, nepnenaukyisipaoe rpanu (hkl), o6o3nauaercs {hkl}. Cookyr-
HOCTb HAIPaBJICHUH, IEPIICHANKYJIIPHBIX TPpaHsM, o0o3Hadaercs <hkl>.

[TpocTpaHCTBEHHBIC PEIICTKH, HAIPUMEP, OTHOCSIIUECS K KyOUYeCKOH CHHIO-
HuH, ObIBaroT npocThie (P) U cioxHbIe — 00beMHO-1ICHTpUpoBaHHbIe () 1 rpaHereH-
tpupoBanubie (F) (puc. 2).

e
®

Puc. 2
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B mpocToii pemeTke Ha OQHY SYEHKY IPUXOINUTCS OAHA YACTHLA, T.K. B KAXIOU
A4Yelike UMeeTcsl 8 BEpILMH, a KaXAas 4acTUla B BEPIIMHE OTHOCUTCS B CBOIO OYe-
penb K 8 sueiikam: (Nzl.gz 1).
8
B 00beMHO-LIEHTpUpOBaHHOW pelieTke Ha 1 siueliky IMpUXOoauTCsl 2 4YacCTHILIL:

( Nelgiio 2) , B TPaHELIEHTPUPOBAHHOH - 4!
8

(N =1-8+1-6=4j.
8 2

B kyOumueckoil CHHTOHMH BEIMYUHA MEXIUIOCKOCTHOTO PAacCTOSTHUS Ohy, BBIpa-
KCHHasi B €IUHHMIAX Tepruona wuiaeHTHYHOCTH 8, kak (ynkmus (hkl) Beipaxkaercs
ypaBHEHHEM

2

:__ a (2)
dhkl h2+k2+l2

___ a (3)
d hkl 2 2 2 :
vh+k +1
Takum o00pa3oMm, HaWOOJBIINE MEXKIUIOCKOCTHBIE PACCTOSHUS OTBCYAIOT
HAUMEHBIIIUM 3HAYCHHUSIM ( Ry 12). Jns pedexca (100) d = a. Uem crnoxHee pe-

U

IIETKa, TEM MEHbIIEe PeQIEKCOB MOXKET BO3HUKHYTh Ha peHTreHorpamme. Komuue-
CTBO pe(yieKCOB Ha PEHTTEHOIPaMME 3aBUCHUT OT JJIMHBI BOJHBI PEHTTEHOBCKHX MO-
HOXPOMAaTHYECKUX JTyuei, UCIIOIB3YEMBIX UIS UCCIEAOBAHUSA U OT BETUYUHBI IEPUO-
Ja UASHTUYHOCTU a BemlecTBa. MHaekcol pediekcoB obo3znavarotes H, K, L. Ouu
CBSI3aHBI C WMHJIEKCAMH IUIOCKOCTeW cieayrommmM obOpasom: H=nk, K=nk, L=nl.
OnpenenuB W3 XapakTepa KpUCTAUIMUECKON pelieTku uHAekchl pediexkcoB HKL,
JICTKO HAWTH MX OOIIMI MHOXKHUTENb N U 3aTeM uHeKchl mtockoctu (hkl).

Tak, 1y1s1 KyOUUeCKUX PelIeTOK pa3penieHbl caeayronme pe@uekchl (U HHIEKCHI
hkl):

1) npumutuBHas (P) - Bce;

2) o6vemuo-uentpuposannas (1) - H*+K2+L2 = 2k (cymma KBagpaTtoB MHIEKCOB
peduiekcoB - yetHoe uncio, wiu h+k+1=2k);

3) rpaneueHTpupoBanHas (F) - wim Bce dyeTHbIC, MM Bce HedeTHbIe (cunTas 0 -
YETHBIM);

4) rpaHeneHTpupoBaHHas, aiMasHas (D) - win Bce HeYeTHbIC, MU BCE YETHBIC
NIPU YCIIOBUH, €CJIM CyMMa 4eTHBIX jenutcs Ha 4 (h+k+1=4Kk).

Pentrenorpaduueckuii aHaau3 pa3BUIICS B HECKOJIBKO CaMOCTOSITENIbHBIX
HanpapieHui. OQHO U3 BaXKHENIINX - PEHTTC€HOBCKUAM CTPYKTYPHBIN aHAN3, 3aa4en
KOTOPOTO SIBJISIETCS HAXOXKJIEHUE TOUYHBIX MO3UIMN aTOMOB B BJIEMEHTAPHOU SYEHKE,
YCTaHOBJICHHE MPOCTPAHCTBEHHOM IPYIIBI CTPYKTYPbI, pacipeieNICHUs AIeKTPOHHON
MJIOTHOCTU. PeHTreHoBckuil (a30BbI aHANM3 SBISETCS OJHOM U3 OCHOB KOHTPOJIA
TEXHOJIOTHH MPOU3BOICTBA MOJIYIPOBOIHUKOB, JUIICKTPUKOB, METAJIJIOB U CIJIABOB.

B ocHoBe peHTreHoBCKOTo aHanm3a JIexKuT ypaBHenue Bynbsda - bparra

, (3)

rjae 0 - OpArTOBCKUM yroJl CKOIBKEHHS; N - MOPSAIOK CHEKTpa.
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TOqHOCTB I/I3MepeHI/Iﬂ MCIKIIJIOCKOCTHOI'O paCCTO}IHI/IH OHpeI[eJI}IeTCH B€JII/I‘-II/IHOI>1
Ad

Otcrona cinenyet, 4to 4yeMm Oosblie O, TeM MEHbLIE OTHOCHUTEIbHAs MOTpPEIl-
HOCTb B ONPENEIICHUH MEKIUIOCKOCTHOIO paccTtostHus. 1loaTomy npu npennsnoHHon
ChEMKE BBIOMPAIOT U3IYyYEHUE UCXOJS U3 BO3MOKHO OOJBIIMX peaiu3yeMbIX 3HaYe-
Huit 0. [lo HaliieHHOMY 3HaYEHUIO MEXKIUIOCKOCTHOTO PACCTOSHUS MOXKHO HAaWTH Tie-
PHOJI KPHCTAIUTMIECKOM PEIIeTKH, UCTIONB3Ys popmyiy (2)

a=d,, VN +K +I° (5)
U 3aTeM 00BEM DJIEMEHTAPHOU STYCHKH.

Baxxubie cBefeHnst 00 00bEMHBIX Je(eKTax B KpUCTAJIaX JA€T COIOCTABICHUE
PEHTIC€HOBCKOM ¥ MMKHOMETPUUYECKON IIJIOTHOCTEN UCCIIEAYEMOTO BEIIECTBA.

PeHTreHoBcKast MJIOTHOCTh B CiIy4ae KyOMUECKON CTPYKTYphl MOXKET OBITh pac-
cuuTaHa 1o gopmyiie

p- NN—A (6)
e
rae N - 4iclio aTOMOB B DJIEMEHTApHOU siueiike; A - aTOMHasi Macca aTOMOB, KI/MOJIb;
Na - uncno ABoraapo, Monb ™,

[IpumeHsieMble METOABI PEHTICHOBCKOTO aHallM3a OMUPAIOTCS Ha JBa BHUJA all-
naparyphbl:

1) ucnonp3yroiue cbeMky peduiekcoB Ha poToruieHky (YPC-55, YPC-60 u ap.);

2) npuMmeHsomue cueTunku [eiirepa - Mromnepa (YPC-50 UM) nnu poToym-
noxurenu (JIPOH-2 u ap.).

JIyist perucTpaiiuu peHTreHOBCKUX peduiekcoB Ha (OTOIJIEHKE YacTo yHnoTpeo-
JSIOTCS IWIMHIIPUYECKUE KaMepbl, B KOTOPBIX oOpa3ell yCTaHaBIMBAETCS MO OCHU
KaMmepsl (puc. 3).

[Tpu ykinanke mieHKU B MUIUHIApUYecKon kamepe o Jlebaro - lllepepy ucrnosnb-
3yeTcs IJICHKA ¢ OJTHUM OTBEPCTHEM B IIEHTPE, Y Bbixoaa Jiyua (X). CiemoBaTelbHO,
OJIMKE K OTBEPCTHIO JIeKaT pedaeKchl 01 MaJbIMU yIiiamu 0.

Boixon

X 8 \\2

Puc. 3

[To OKOHYaHUU CHEMKH PEHTIC€HOIpaMMa MPOSIBISETCSA, CYIIUTCA U PACCTOSHUE
2| Mexay CHMMETPUYHBIMH JIMHUSMHU MIPOMEPSIETCS MO/ KOMITAPaTOpOM WU C TO-
MOIIbIO U3MEPUTENLHOM JMHENKHU. [TpoMep mpon3BoaUTCS MO0 MO BHEIIHEMY Kpalo,
aubo no cepenuHe auHUM. B mamepennoe 21, wmm 21, BHOCUTCS momnpaBka Ha Jqua-
MeTp cTosiOnKa 00pasiia 2I o ypaBHEHUIO

210:2ZBHCHI_2r nm ZIOZZZcp_erOSze' (7)
Bparrosckuii yron paccuutbiBaeTcs 1o hopmyiie
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2l _ 2l 0
0= <L = zlbo, ,
. (pam) 1 573 (8)

OddexTuBHbIi TUaMeTp Kamepsl 2R paBeH 57,3 MM (WM KpaTeH 3TOMY YUCITY),
T.€. yroia 0, BeIpaXeHHBINA B Tpaaycax, PaBeH MOJOBHHE PACCTOSHHS MEXKIY CUMMET-
PUYHBIMH JTUHUSMH, BRIPAXKEHHOTO B MIJITTUMETPaX:

o2l
0= 9)

4. IPUBOPHI U NNPUHAVIEZAKHOCTH

1. PentrenoBckas kamepa PK/I.
2. Pentrenorpamma.
3. Komnaparop, nuneiika.

5. HOPAJOK BBIIIOJIHEHUA PABOTBI

1. O3nakomuThes ¢ kamepoit PK/I (pentreHoBckas kamepa Jle6as).
2. 3mepuTh paccTosiHue MEXIy CUMMETPUYHBIMU pediekcaMu peHTTeHOTrpam-
MbI (21), BHECTH MONPAaBKK Ha JUaMETp 00pasiia, BEIYMCIUTh OPIrTOBCKHE YIJIbI O

_ 2o,y 200 ey a0 20 ZZIOJ
(9—4R (pan) =~ 0 57,3 57,3

b

2-57,3 2
u sin0.

3. OmnpenenuTh THIT TPOCTPAHCTBECHHOHN PEMIETKU (CHHTOHMSI KyOndeckas). Ecmu
sin” 0y:sin” 0, sin” 037 sin” 04 = 2:4:6:8, T0 pemerka OLIK.

4. Paccunrath uHIeKch peduekcoB HKL, wunmekcw muockocter hkl, mopsnok
cnektpa N u N.

5. BBIUUCIIUTH MEXKIUTOCKOCTHBIE paccTOsHUS ny 1o popmyite (3).

6. BeIUHCINTD MEPUOI KPUCTAUIMYCCKUI pemeTku a 1o dopmyite (5) ¢ yaerom
ycnosus (4).

7. OnpenenuThb INIOTHOCTH BeliecTBa 1o opmyiie (6).

8. JlanHbie U3MEPEHMI 1 BBIYUCIICHUH 3aHECTH B Ta0I. 1.

Taonuma 1

Nl WKL | bk | o0 | Zhp Al ging | sinzg | G | 2] P

MM MM HM HM Kkr/m®

OlBWINF-

6. KOHTPOJIBHBIE BOIIPOCHI

1. IToHATHE O KPUCTAIIMYECKOW PEIIETKE, MOCTOSHHBIE PEIIETKHU, 3JIEMEHTap-
Has s4yeiika. [IpocTeie U ciiokHbBIE MPOCTPAHCTBEHHBIE peleTk. KonnuecTtBo aToMOB
PELIECTKH.
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2. Kpucranmnorpaduyeckue miockocTi. MeXITOCKOCTHBIE PACCTOSHUS.

3. Ilpupona TOPMO3HOTO M XapaKTEPUCTHUYECKOTO CHEKTPOB PEHTTCHOBCKOTO
U3IIy4YCHHUS.

4. YpaBuenne Bynwda - bparra.

5. Jludpakuys peHTTEHOBCKUX Jy4eil B MOIMKPUCTAIIIAX.

6. Onpenenenre N0 peHTTeHOrpaMMe OpPIITOBCKUX YIJIOB.

7. OnpeneneHue MEXIIJIOCKOCTHBIX PACCTOSIHUIM.

8. CeMb cuCTEM KPUCTAJUIMUECKUX STUEEK.

9. npexcsl KpucTauiorpauuecKkux miocKoCTel.

10. Tlouemy ¢u3nueckue CBOMCTBA KPUCTAJUIOB O Pa3JIMYHBIM HaIlPaBICHUSAM
pa3auyHbI?

11. Onpenenenue TuNa KPUCTAIUIMYECKON PEIIETKH 10 PEHTTEHOTPAMME.

12. Onpenenenue nepruoia KyoOMuecKOl perieTKu.

14. Onpenenenuie MIOTHOCTH HUCCIAEAYEMOIO BEUIECTBA PEHTIE€HOTpAPUUECKUM
CIIOCOOOM.
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JABOPATOPHASA PABOTA 8

CHATHUE CIIEKTPAJIBHOM XAPAKTEPUCTUKHA U OIPEJEJIEHUE
W PUHBI 3BATIPEIIEHHOMU 30HbI ITIOJYITPOBOJAHUKOB
HA MOHOXPOMATOPE YM-2

1. HEJIb PABOTbI

OOmiee O3HAKOMJIEHHE C METOJMKOM HCCIEAOBaHUA (DOTOIIEKTPUUECKUX
CBOWCTB MOJIYIPOBOJHUKOB, U3MEPEHUE CIEKTPAIbHON 3aBUCUMOCTU (POTONPOBOIU-
MOCTH U OTIpeJIeICHNE IIUPHUHBI 3alIPEIIEHHON 30HBI MTOJIYTPOBOIHUKOB.

2. BUBJINOI'PA® U

1. detnad A.A., AABopckuit .M. Kypc pusuku. - M.: Beicur. mik., 1989. - 608 c.

2. CasenweB U.B. Kypc dusuku. T.3. - M.: Hayka, 1989. - 304 c.

3. Enudanos .M. ®duznueckrie 0CHOBbI MUKPO3JIEKTpOHUKH. - M.: CoB. pajauo,
1971. - 375 c.

4. IIpakTUKyM IO TOJYyNPOBOAHUKAM U MOJYNPOBOAHUKOBEIM npudopam / Ilox
pen. K.B. IlamumoBoii. - M.: Beicm. mik., 1971. - 311 c.

5. bymmanos b.U. ®u3uka tBepmoro tena.- M.: Beicm. mik.,1971. - 224 c.

3. TEOPETUYECKOE BBEJIEHUWE

Eciy mipy moTJIoneH|  MOoTyIpOBOIHUKOM KBaHTa SHEPTUU M3IydeHHs hv arek-
TPOHBI BaJICHTHOW 30HBI, MPUOOPETas JOMOJHUTEIBHYIO IHEPIHIO0, MPEBBIIIAIOINIYIO
WJIM PaBHYIO LIMPHUHE 3anpeieHHon 306l AE, nepexoasT B 30Hy IPOBOJIMMOCTH, Ta-
KO€ TOTIJIONIEHUE HAa3bIBAE€TCS COOCTBEHHBIM UM (pyHIaMeHTanbHbIM. Hapsiay ¢ co6-
CTBEHHBIM, SIBJISIIOIIUMCS OCHOBHBIM BHJIOM IOIJIOIIEHUS, B MOJYMPOBOJHUKAX BO3-
MO>KHBI U IPYTUE BUJIbI TIOTJIOMIEHUS: SKCUTOHHOE, MPUMECHOE, MOTIIONIEHHUE CBOOO/I-
HBIMH HOCHUTEJISIMHU, TIOTJIOIICHHE KPUCTAITMYECKON peiieTkoil. B Hacrosei padote
AT BUJBI MOTJIOIEHUS HE POSBIISIFOTCS HA OTBITE U IO3TOMY HE PACCMaTPUBAIOTCSI.

PaccMoTpuM HEKOTOpBIE 3aKOHOMEPHOCTH COOCTBEHHOTO morionieHus. CBer,
najasi Ha MOJIyIPOBOIHUK, BBI3BIBAET MOSBICHUE B HEM M30BITOYHBIX HOCUTENECH TO-
Ka, YBEJIMUMBAIOIINX OOIIYI0 KOHIICHTPAILIMIO CBOOOIHBIX 3apsanoB. [Iporecc renepa-
IIUM HOCUTEJICH IO IeHCTBUEM CBETa Ha3bIBaeTCs BHYTpeHHHM (potorddexrom. Jlo-
0aBOYHYIO MPOBOAMMOCTb, OOYCIIOBIEHHYIO0 BHYTPEHHUM (POTOA(h(HEKTOM, HA3BIBAIOT
(OTONPOBOAUMOCTHIO.

CoOcTBEeHHOE TOTJIONIEHUE BO3MOKHO MPHU BBITIOJIHEHUN YCIOBUS

hv> AE, 1)

rae v:i - yactoTa u3nydenus; AE - mmpuHa 3anpeiieH-

Ee HOM 30HBI OJIYIIPOBOHHUKA.
[Tpomecc BO3Oyx)acHUST (HOTOHOCUTENECH W3 BAJICHT-
HOUM 30HBI MOKa3aH Ha puc. l. DTOT mpolecc NpUBOAUT K
I — 00pa3oBaHUIO Mapbl JIEKTPOH-IbIpKa. 13 cooTHOmEeHus (1)
MY  cmemyer, 4TO II K@XIOrO MOTYIPOBOAHHKA CYIIECTBYET

Puc. 1 cBos "kpacHas" rpanuiia gororpdexra.
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@OoTONPOBOAUMOCTh NOJYIPOBOIHUKA 3aBUCUT OT CHEKTPAIILHOTO COCTaBA U3IIYy-
yeHus. KauecTBEHHO 3aBUCHUMOCTD (POTONPOBOJIUMOCTH G¢ OT JUIMHBI BOJHBI U3ITy4e-
HUsSL A TpUBEIEHa Ha puc. 2. 3/1eCh K€ MOKa3aHa 3aBUCH-
MOCTb K03(ppHIIMeHTa MOTIOMICHUS U3ITY4YEHHUS 1] OT A. %l

CriekTpasibHas XapakTePUCTHKA (OTOMPOBOAUMOCTH Gy
UMeeT BHJ KPUBOM C 3KCTpeMyMOM. KauecTBEeHHO 3TO
MOKHO TMOSICHUTB cleayroomuM oOpa3zoMm. CBeT IIMHON
BOJIHBI A, OOJBIIEH Ay (KpacHas TpaHUIIa), SIBJSETCS HEak-
TuBHBIM. C JIpyroil CTOPOHBI, CBET C JJIMHONW BOJHBI A A
MEHBIIEH Am, CTAHOBUTCS BCE MEHEE aKTHBHBIM IO Mepe 0 Ap Aos
YMEHBILICHUS A, XOTS PHEPTHs KBAHTOB 3TOTO CBeTa Oosee
4yeM J0cTaTo4yHasi AJis1 Bo30ykaeHus npoBoaumoctu. Cran
IPOBOAMMOCTH Gy OOBSACHSAETCS TEM, UYTO MO MEpPE YMEHBIICHUS A U YBEJIUYCHUS
KOHLIEHTpAluy U30BITOYHBIX HOCUTENEH TOKA OBICTPO BO3pacTaeT KO3(p(ULHUEHT TO-
TJIOLIEHUS T MOJIyIpOBOAHUKA. OQHOM M3 MPUYHMH 3TOTO SIBISETCS paccesHue HpoTo-
HOB Ha CBOOOJHBIX HOCHUTENSAX TOKa. TakuM oOpa3oMm, Majarollee Ha MOBEPXHOCTb
IIOJIyIIPOBOJJHUKA W3JIy4EHHE B OCHOBHOM IOIVIOLIAETCS JIMIIb B TOHKOM IIOBEpX-
HOCTHOM CJIO€. B 3TOM TOHKOM CJ10€ pe3KO BO3pacTacT CKOPOCTh IIOBEPXHOCTHOM pe-
KOMOWHAIlMM HEPAaBHOBECHBIX HOCUTEJEH TOKAa M YMEHbIIAETCS MX MOJBHKHOCTD (B
JAHHOM CJIy4ae MOBEPXHOCTh IMOJYIPOBOJHHMKA BBICTYIIAET B KauyecTBE Je(PEKTHOM
00J1aCTH, TAE YCKOPSIOTCS IMPOLECChl PEKOMOMHAIIMU 3JIEKTPOHOB MU IBIPOK). ITO
MPUBOJMT K JIOMOJHUTEIBHOMY CIaly (POTOMPOBOIUMOCTH.

[Ipu omnpenesneHUH MMPUHBI 3aMIPEIIEHHON 30HBI MOJIYIPOBOJIHUKA YCIOBUIHCH
B KaueCTBE KpacHOU rpanuibl (oTorp(deKkra cunTaTh AJIUHY BOJIHBI, TP KOTOPOU Gy,
Ha MMPaBoOW CHaJarolleil BETBH CIEKTPATIbHOW XapaKTEePUCTUKH YMEHbBIIAETCA B 2 pas3a
(puc. 2). llupuHa 3anpenieHHON 30HbI ONIPEACIUTCS Toraa o ¢hopmyie

AE =h L _ (2)
0,5
Ha ucnonw3oBanuu BHyTpeHHEro poTtorddexra 0CHOBAHO yCTPOUCTBO (poTope-
3WCTOPOB - YYBCTBUTEIBHBIX MHANKATOPOB M3ITyUYCHHUSI, TOTYIUBITNX ITUPOKOE MPH-
MEHEHHE B Pa3IMIHBIX 00JIACTAX HAYKH M TEXHUKH.

Puc. 2

4. TIPUBOPHI U ITPUHAIVIEZAKHOCTHU

JI71s1 CHATUSL CIEKTPATbHON 3aBUCUMOCTH (POTONPOBOIUMOCTH TOJTYTTPOBOHUKA
HEOOXOIUMBI:

1. UcTouHuMK M3ITy4eHUS.

2. MoHoxpomatop.

3. doropesucrop.

4. OmMeTp (1aMITOBBIN BOJBTMETP).

B nannoit pabote B kauecTBe MpuOOpPa, MO3BOJISIONIETO TOMYUUTh HA BBIXOC My-
YOK CBETa OMPECIICHHON JIJTMHBI BOJIHBI, UCTIOJB3YETCsl MOHOXpoMarop YM-2. Pa6o-
Yuif IMana3oH JUIMH BOJH Ha 3ToM npuoope coctasisieT (3,8...10)107 m. ITpu padore ¢
MOHOXPOMATOPOM CJIETyET MOJIb30BaThCSI MPUIAraeMbIM K HEMY OMMCAHUEM.
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B kadecTBe MCTOYHWKA WU3JIyYCHUS B BU-

20 JAUMON 00JIACTH CHEKTpa MPUMEHSETCS Jamia

o=l lop =] JIB [  HaKauMBaHWsiA, Jaolas CIUIONIHOM CIEKTp
- __ (puc. 3)

[Ipexkxne YeM CHUMATh CIEKTPAJIbHYIO
3aBUCUMOCTH (DOTOMPOBOAMMOCTU TOJIYIIPO-
BOJHUKA, HEOOXOAMMO MPOTPaTyUpPOBATH MO-
HOXpOMaTop. 3ajgadya MO TPagyHpOBKE CBO-
JUTCST K TIOCTPOSHUIO rpadrKa, MOKa3bIBAIOIIETO, KAKOW JUTMHE BOJHBI U3TyUeHUS Ha
BBIXO/Ie TPUOOpa COOTBETCTBYET KaXKI0€ JeJIeHINEe MOHOXpomaTopa. st rpaxynpos-
KA B BHUIUMOM OOJIACTH CIIEKTPa HCIOJIB3YIOTCS PTYTHO-KBapIIEBHIC JaMIIbI (THIA
[IPK-4 u CBJI)XK-250). Takue mamibl AarOT CHEKTP PTYTH, KOTOPBIM, Ojaromaps
HAJUYHMIO XapaKTEPHBIX TPYNN JIMHWH, WCIOJIB3YETCS KaK OJTAJOHHBIA CHEKTD.
Hauboee MHTEHCUBHBIE IMHUK PTYTH B BUAUMOM obnacty (4...5,8) 107 M yka3aHbI B
MPWIOKEHUU K MOHOXPOMATODY.

Puc. 3

5. HOPAJOK BBIIIOJIHEHUA PABOTBI

1. IIporpagynpoBaTe MOHOXPOMATOP IO JUIMHAM BOJIH.
2. TlocTpouTh rpagynpOBOYHYIO KPHBYIO MOHOXPOMATOPA A = f(n,e,), HOIB3Y-
SCh ATAIOHHBIM CIIEKTPOM. ['pagynpoBOYHast KpUBasi CTPOUTCSA Ha OCHOBE PE3YJbTa-

TOB OMbITA, OPOPMJICHHBIX B Ta0. 1.
Taonunpa 1

JIMHA OTcuer 1o
No BerectBo LBer A
BOJIHBI, Oapalany,
ATAJIOHHOTO CIIEKTpa JINHAU
MKM i 8
1 2 3 4 5

3. CHATH CHEKTPAIbHYIO XapaKTEePUCTUKY (OTOMPOBOAMMOCTH TOIYIIPOBOIHU-
Ka, BBITIOJHSIS ONIEPAIUU B CIEIYIOIICH MOCIeA0BATEIbHOCTH:

a) BKJIIOYMUTH JIAMIOBBI BOJBTMETP W JaThb €My TMPOTPEThCS B TEUCHHE
10 munyT;

0) BKIIOYUTH (POTOPE3UCTOP U U3MEPUTH TEMHOBOE COMPOTUBIIEHUE Ry;

B) BKJIIOYUTh MOHOXPOMATOP M U3MEPUTH BOJIBTMETPOM CBETOBOE COIPOTHUBIIC-
Hue R, poropesucropa B pa3HOM AMana3oHe AJUH BOJH; U3MEPEHUS MPOBOAUTDH Ye-
pe3 kaxpie S0 nenenuii 6apabana MOHOXpoMaTopa.

4. Bocmosib30BaBIIKCh TPAIyHPOBOYHBIM I'paKOM, TIEPEBECTH MOKAa3aHUS U3-
MEpUTEIhHOTO OapabaHa B IJTMHBI BOJH A (B METpax).

5. o dopmyne G:l MOJICUMTATh 3JICKTPOIPOBOJIHOCTH (hOTOpe3ucTopa 0e3
R

OCBEMICHUS ¥ JIJ1s1 (PUKCUPOBAHHBIX 3HAYCHU JIJTUH BOJIH CBETOBOTO MOTOKA.
6. Ilo popmyne ¢ = g, — ¢, HOACUUTATE (POTONPOBOAUMOCTb.
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7. Tloctpouts rpaduk 3aBUCUMOCTH Gy(A). Pesynmbrarsl sKCiepuMeHTa MOTYT
OBITH CYMMHUPOBAHBI B Ta01. 2.
8. Ilo rpaduky ompenenutb Aos U 1Mo dopmyise (2) paccuuTarh MIUPUHY 3a-
MPEIICHHON 30HbI TIOTYTPOBOIHHUKA.

TaOnuma 2

NQ 7\41 RT, OM Om= L’ CM RCy c.= i, CM G = GC¢- O7,
MKM RT OM Rc CM

6. KOHTPOJIBHBIE BOIIPOCHI

1. B yem 3akitoyaercs sBJieHUE BHYTPEHHETO PoTodPdeKTa?

2. TloscHute npupony (pyHAAMEHTAJIBHOI'O IMOIJIOIIEHUS U YKaXKUTE YCIOBHE
€ro CyLIeCTBOBAHUS.

3. Uro Takoe (HoTOmpOBOAMMOCTh NMOMYNpoBOJHUKA? OOBSICHUTE 3aBUCUMOCTD
(OTONPOBOAMMOCTHU OT CIEKTPAIIBHOI'O COCTaBa U3IIYUCHHUS.

4. ITosicHuTe yCTPOMCTBO M Ha3HAYEHUE MOHOXPOMATOPA.

5. Kak ouenuBaetcs "kpacHas rpanuna” ¢gotodpdexra? OObSICHUTE TPOUCXOK-
JEHHS 3TOTO TEPMUHA?

6. Kak paccunTteiBaeTcs mMpUHA 3aPEIIEHHON 30HbI IIOJTYyIPOBOIHUKA?

7. YCcTpoiCTBO, MPUHIIUI ACUCTBUS U MPUMEHEHHE (POTOPE3UCTOPOB.

JIOTIOJIHEHUE K JIABOPATOPHOW PABOTE 8

YUET CI/ICTEMAT\I)/I‘-IECKOI\/JI [TOT'PEITHOCTHU B OIIPEAEJIEHNUA
“KPACHOU TPAHULIBI” ®OTOITPOBOAMMOCTHU
N EE YCTPAHEHUE

Omnpenensas “kpacHyiro rpanuity’”’ dotonpoBoaumoctu (PII) mo momoBUHHOMY
craay OT €€ MaKCMMaJIbHOTO 3HAYEHHs, Mbl COBEPIIIAEM CHUCTEMATHUECKYIO OLIUOKY,
paccuuThIBasi A, TAK KaK HE YUUTHIBAEM HECKOJIBKUX BaXHBIX (PaKTOPOB, BIUSIOIINX
Ha ObIcTpoTy cnajga Pl B JIIMHHOBOJIHOBOM 00JaCTH B MPOBEACHHOM 3KCIIEPUMEHTE.
Bo-niepBbIX, ucnoab3yemasi B ONBITE JIaMIla HAaKaJUBaHUS C BOJIb(PPAMOBON HHUTHIO
HCITyCKaeT M3Jy4eHHE, IJIOTHOCTh KOTOPOTrO HEPABHOMEPHO pacIpeiesieHa Mo JJIN-
HaM BOJIH ¥ noguuHseTcs hopmyse M. [Tnanka

i 27hc? 1
S .e (hcj—l.
P kTA

OOmwmii BUA 3TOM 3aBUCMMOCTH JIJIsl pa3IMUHbBIX TEMIIepaTyp U3aydaTess u300-
paxeH Ha puc. 1.



42

[lonoxxenne makcumyma @Il B mpoBeneHHOM JKcIie-
Br PUMEHTE COOTBETCTBYET OOBIYHO 3HAYEHUSIM JIJIMHBI BOJIHBI
B auanasone (0,74...0,75) MKM U A TpaHMYHOE OTJIMYACTCS
OT 3TUX 3Ha4YeHUH nmpubnu3uTeasHo Ha 0,07 mxm. U3 3aBu-
CUMOCTH, MPHUBEIECHHON Ha puc. 1, BUAHO, YTO MIOTHOCTH
U3Ty4YeHUs BOJIU3U A TPAaHUYHOE 3HAYUTEIHHO MPEBHIIIAET
Jot BOmM3u makcumyma @OII. Tak npu Temmeparype HHTH
HakanuBaHus 2250 K, 4TO COOTBETCTBYET yCIOBUSM ONBITA,

J0.82

0 1 2 3 3 5o wim

oTHOIlIEHUE K =
Puc. 1 J0.75

BOJIH, KOTOPBIM COINOCTAaBIISICTCS TUIOTHOCTh M3NyueHus. Takum oOpa3oMm, Mbl ompe-
JeJIieM TOJIOBUHHBIM crnax (OTONPOBOJMMOCTH B YCIOBHUSIX 3aMETHO BO3POCIIETO
(1Ha 56 %) noToka u3y4YeHus, NaJarIero Ha (OoTope3ncTop, N0 CPaBHEHUIO C MOTO-
KOM M3JIy4YeHHUs], MaJaBIIMM Ha Hero BOau3u Makcumyma OII.

B 10 ke Bpems (uznueckuii cMpici “kpacHoi rpaHunsl’” @I A, B TOM, 4TO 3TO
JUIMHA BOJIHBI M3Jy4YE€HUs, BBI3BIBAIOIIET0 BHYTPEHHHI (POTOAP(DEKT, MpU KOTOPOit
BJIBO€ CHIIKAETCS, IO CPABHEHUIO C MAKCUMAaJIbHbIM 3HAYEHHWEM KBAHTOBBIM BBIXOJ
(OTONMPOBOAMMOCTH, TO €CTh BIBOE€ YMEHBILIAETCA YACIO HEPABHOBECHBIX HOCUTENEH
TOKa, FTEHEPUPYEMBIX TOCTOSHHBIM 110 YHUCTY ACHCTBYIOUIMX Ha (POTOPE3UCTOP MOTO-
KoM (poTOHOB. Heckonbko ynpoiias peaibHblil CMBICT KBAaHTOBOTO BBIXOJaA [3, MOKHO
CKa3aTbh, YTO CPEIHEE YMUCIO HOCUTENeH (POTOTOKA, FreHEpPUPYEMbIX Ha KaXKIbIi 1O-
TJIONIEHHBIA MaTepHalIoM MOJYNpoBOAHMKA (OTOH. B monmynpoBoanuke ¢ (yHzaa-
MEHTaJIbHOU (POTONMPOBOAUMOCTBIO [3 BOMM3M MakcUMyMa BHYTpeHHero (hororddek-
Ta IpUOIMKAETCS K ABYM, TaK KaK OJHOBPEMEHHO I€HEPUPYIOTCS 3JIEKTPOH MPOBO-
JMMOCTHU U KBaHTOBO-MeXaHu4eckas AbIpKa. [103ToMy Ji71s1 TOUHOTO ONpeneneHust A
HE00X0AMMO HOPMHUPOBATh MOTOK (POTOHOB, HAIPUMEDP, K 3HAUEHHIO €r0 B MAKCUMY-
Me OII. HamomHuM, 4to 3HEprus (pOTOHOB YOBIBAE€T C POCTOM JJIMHBI BOJIHBI U3IY-
YEHMS], IOATOMY OTHOILIEHUE YHEPTHHU (POTOHOB MPHU Arp U Amax, TAE MOCHEIHSAS JIMHA

~ 1,56, rie MHAEKCHl 03HAYAIOT JIUHBI

BOJIHBI COOTBETCTBYET Gmax, OTIMYAETCSA OT €IUHUILIBL A2 _ M ~Hampumep, B
AV ?»ep

CJlydae paCCMOTPEHHOM BBIIIE Amax = 0,75 MKM, A= 0,8 MkM, TOorma C = 0,75/0,82 =
= 0,9146 = 0,915. [lony4eHHBIN pe3yabTAT MOKA3BIBAET, YTO HOPMUPOBOUYHBIN KOA (-
¢dunueHT as motoka GoToHOB N JOMKEH YYHTHIBATh KaK BO3PAaCTaHUE TUIOTHOCTH
U3JTY4YEHHUs B JJIMHHOBOJHOBOM 00JIACTH Ap, TAK U YMEHBIIIEHUE SHEPTHH OTIEIBHOTO
dotona: N = K/C = 1,70, To ecTh mOTOK ()OTOHOB B HAIlEeM TPHUMEPE BO3PACTET
BOJIM3H A, OOJIEE YEM B IOJITOpPA pa3a MO CPABHEHUIO C TOTOKOM (JOTOHOB B MAKCH-
myme OII.

3HaYUT, KBAHTOBBIN BBIXOJ [3rp Ha OMpPEEICHHON HamMu Oe3 yBEIMUYEHUS IUIOT-
HOCTH TIOTOKa (POTOHOB A, cocTaBisger He 0,5, xak TpeOyercs mo (u3nuecKoMy
cMmbIcity “kpacHolt rpanunbl’ @II, a Toasko aums B = 0,5/1,7 = 0,294 wnu B o61em
BHJIC

B’= Brp/N.
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s Toro 4toObl YCTPAaHUTh PACCMOTPEHHYIO CH-
CTEMaTUYECKYI0 MOTPEIIHOCTh B ONPENENECHUH Arp, a
CJIEZI0BATEILHO U 3aHVIKEHHBbIEC 3HaUeHUA AEy IOIYIpo-
BOJHUKA, MOJIy4YEHHOE B JTAHHOW pabdoTe, Halo ompene-
JIUTh UCTUHHOE 3HAYEHNE IPAaHUYHOM JUIMHBI BOJHBI, CO-
OTBETCTBYIOIIEH KBaHTOBOMY BbIxoay [3, paBHomy 0,5,
T.€. Arp. TOUHOE pelIeHUuE STOW 3aJaud MOKET OBITh
HAWJICHO METO/JOM TIIOCJIEIOBATeNbHBIX NPUOIMKEHHH. o 07 0.8 09
Jns ynpoumieHus OEWCTBUM M YYWTHIBAS MOTPELIHOCTD,
BHOCUMYIO JIpyTUMH (PaKTOpaMH, HE BKJIIOYEHHBIMHU B
pacuer - HampuMep, U3MEHEHHUEM CKOPOCTHM PEKOMOMHAIIMKM HOCUTEJEH TOKa IpH
YMEHBIIEHUU KO3(p(PUIIMEHTA IMOIJIOIIEHUSI CBETa C BO3PACTAHUEM JIJIMHBI BOJIHBI;
KOHEYHON IIMPUHOW WIEIM MOHOXpOMATopa, 4TO OOYyCHIaBIMBAET OJHOBPEMEHHOE
BO3/IeIiCTBHE HAa (POTOpPE3UCTOp (POTOHOB HE CO CTPOrO OINpPENEICHHON JJIMHOM BOJI-
Hbl, a B HEKOTOPOM JHUarna3oHe JUIMH BOJIH AA, - MpUOErHeM K CIENYIOIIEH OLEHKe
xﬁ%m: Gos = szax — (jvzp, ¢ Orp - HICTUHHOC 3HAYCHUEC (1)0TOHpOBOJ:[I/IMOCTI/I, COOTBET-
CTBYIOIIIEE “KpacHOM rpaHuue”.

ITo sTomy 3HaueHuro PII u caenyer HaXOAUTh HA SKCIIEPUMEHTAIIBHON 3aBUCH-
MOCTH }J;)’” , @ TI0 HEMY PaCCUYUTHIBATh MIMPUHY 3aNPEIIECHHON 30HbI OJyIIPOBOIHU-

Puc. 2

Ka: uem _he
AEg - pem
ep
B namem npumepe, COOTBETCTBYIOIIEM PUC. 2, TIPH G 5.
—34 3
agren 2 003107 3107 5 55,1079 i ~ 1,62 9B,
0,77-10

ampu ), MoJydaeTcs 1,52 »B. TabnuuHoe 3HaYEHUE MIHUPUHBI 3aNPEIICHHON 30HbBI

s CdSe, ucnons3zyemoro B otopesucropax, 1,7 3B.

JlanpHeliiee yaydiieHrue Coriacusi SKCIIEPUMEHTAIBHOTO pe3yibTaTra ¢ Tabamny-
HBIM MOXET OBITh JJOCTUTHYTO IyTE€M y4eTa PE3KOr0 BO3PACTaHHs CKOPOCTH PEKOM-
OMHAIIMK HOCUTEJICH TOKa MPU YMCHBIICHUH JIJTMHBI BOJIHBI U3JIyYEHUs, 9YTO 00yCIO0-
BUT TEPEMEIICHUE MCTUHHOTO MakcMMyMa (DOTOMPOBOIMMOCTH, BBIYHCIIEMOTO IO
MaKCHUMaJIbHOMY KBaHTOBOMY BBIXO/IY B CTOPOHY KOPOTKHMX BOJIH U COOTBETCTBYIO-
1€ CMEIICHUEC }J;)’”.

3AJIAHUE: nons3ysch COOCTBEHHBIMH 3KCIIEPUMEHTAIBHBIMU JAaHHBIMH TI0 3a-
BucumoctH S(l) HaiiTh HOpMUPOBOUHBIN KOd(DduIMeHT 1 motoka GoToHoB N, pac-

CUUTATD N;%’" U AE;‘C’”. CpaBHUTH ¢ TaOIMIHBIM 3HAUYCHHEM AEg.
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JABOPATOPHASA PABOTA 9

W3YUYEHUE ®OTOIJEKTPUUECKHUX CBOWCTB
N MMAPAMETPOB ®OTOPE3UCTOPOB (®P)

1. HEJIb PABOTbI

1. Onpenenutb ocHOBHBIE napameTpbl OP.
2. IlocTpouTh BOJIBT-aMIIEPHBIE, CBETOBBIE XapaKTEPUCTUKU U 3aBUCUMOCTDH OT-
HOCUTEIBHOI'O U3MEHEHUS CONPOTUBIIEHUS OT OCBEIIEHHOCTH (POTOPE3UCTOPA.

2. BUBJIMOI'PA®UA

1. dernad A.A., AABopckuit .M. Kypc dusuku.- M.: Beicr. mik., 1989.- 608 c.
2. CasenweB U.B. Kypc ¢usuku. T.3. -M.: Hayka, 1989.- 304 c.
3. bymmanoB b.1. ®u3uka tBepaoro tena.- M.: Beicur. mk., 1971.- 224 c.

4. Enudanos I'.1. ®duszndeckue 0CHOBBI MUKPO3JIEKTpoHUKH.- M.: CoB. paauo,
1971.- 375 c.

3. TEOPETUYECKOE BBEJAEHUWE

®oTO3NEMEHTHl ¢ BHYTPEHHUM (HOTOA(H(PEKTOM HA3BIBAIOTCS
dotopesucropamu (OP), (pucynok 1). OHU UBrOTOBIAIOTCS U3 CEp-
HUCTOTO CBHUHIIA, CEPHUCTOrO BUCMYTa, CEPHUCTOTO Kaamus (2),
HAHECEHHBIX Ha CTEKIIIHHYIO MIACTHHKY (1) ¢ TOKOMpOBOASIIUMU
anektponamu (3). ns ynoOGcTBa UCHOJIB30BAHUS U JJIA 3aIIUTHI  OT
HOBPEXACHUNH (POTOPE3UCTOPH M3TOTOBJISIOT B  IJIACTMACCOBOM
OIIpaBe C OKOILIKOM U C JABYMsI KJI€MMaMH OT 3JIeKTpoj10B. DoTtope-
3UCTOpPbI, B OTJIMYME OT Ta30HANOJIHEHHBIX (OTOIIEMEHTOB, HE
UMEIOT TOKa HACBILIEHUs - BEJIMYMHA (POTOTOKA MPOIMOPLUOHAIBHA

Pric. 1 PUIIO)KEHHOMY HalpsKEHUIO.

DOTO3EKTPUUECKUE MPOIECChl 00J1adat0T MHEPLHUOHHOCTHIO,
KOTOpasi OOBSICHSIETCA TEM, YTO 3JIEKTPOHBI, OCBOOOXIaEMbIE CBETOM, HAaXOJATCS B
cBOOOTHOM COCTOSIHUM B TEUEHHE HEKOTOPOTO OTPE3Ka BPEMEHM - BPEMEHU >KU3HU
($oTO37eKTPOHOB. POTOPEZUCTOPHI UMEIOT OOJIBIIYI0 UYBCTBUTEIBHOCTh, YEM Ta30-
HATIOJTHEHHBIC WJIM BaKyyMHbIE (POTORNIEMEHTHI. JIJi XapaKTepucTUKH (POTOPE3UCTO-
POB HCIOJIb3YETCA PsiJ] HapaMETPOB:

1. Voenvnas unmeepanvnas uyecmeumenvnocms K, KOTOpas 4MCIEHHO paBHA
OTHOIIICHHUIO BETHMYUHBI (PoTOTOKA Al, Uepe3 (poTope3ncTop, K BETHUUHE TAIAI0IICTO
Ha HEro CBETOBOr0 MOTOKa @ MpHU MPUIOKEHHOM K (HoTOpe3ucTopy HampsixeHuu U,
paBHOM €UHUIIE

1

-

.

NNNNNRTEE
|| b\]

Ai
vo
rie Al - OTOTOK, paBHBIN Pa3HOCTU TOKOB I - (CBETOBOTO) H I, - (TEMHOBOTO).
Tak kak @ = ES, rie E - 0CBEIIEHHOCTh (DOTOPE3UCTOPA; S - €ro MOBEPXHOCTD,
TO MIPH HOPMATLHOM TIa/ICHUU CBETa

K=

/
E:72,
r
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rae | - cuna cBeTa UCTOYHMKA, B KaHAENaX; I - pacCTOSIHUE OT UCTOYHHMKA CBETA JI0
dboTopesucropa.
OKOHYATENBHO MOIYYaeM

PO (1)
QU ESU ISU
2. Unmezpanvnas yyecmeumenbHOCms Y ONPENEISIETCs IPOU3BEACHUEM YIETb-
HOW MHTErpajbHOM YyBCTBUTEIBHOCTH Ha MPUJIOKEHHOE Hampsbkenue U
y=KU = AL (2)
D
MaxkcuMasbHasi 4yBCTBUTENBHOCTh Ymax OyA€T NMpU Umay, T.€. NIPH HPEIEIIbHO
JOIYCTUMOM PaboyYeM HaIpPSKEHUH.
3. Cnexmpanvhas 4y8cmeumenbHOCmy Y.
B 3aBucumoctu ot Marepuana npoBoaHuka "®P" MOryT UMETh pa3InyHYyIO YyB-
CTBUTEJIBHOCTH K Pa3HbIM JUIMHAM BOJIH Ia/IAOIIET0 CBETa OT YIbTPauOoIETOBON 10
Oonvkaiimei nHppakpacHoi, T.e.

v=,00). 3)
4. OmnocumenvHoe usMeHeHue conpomusieHus BbIYUCIseTCs o popmyiie
AR _ Ry~ R: (4)
R R

riae R; - compoTuBiaeHUe B TEMHOTE; R¢ - COMPOTHUBIIEHNE TIPU OCBEIICHHOCTH.
5. @omonpogooumocmsp

oo L _ 1. (5)
Re R:

BonpT-amnepHble XapaKTEPUCTHKU BBIPAXKAIOT 3aBUCUMOCTh (DOTOTOKA OT MpPH-
noxkeHHoro HanpspbkeHust U k poTope3uctopy npu HEM3MEHHOW BEIMYUHE CBETOBOTO
noToka. CBETOBbIE XapAaKTEPUCTUKU MOKA3bIBAIOT 3aBUCUMOCTh (POTOTOKA OT CBETO-
BOI'0 MOTOKa @ MpHU NOCTOSHHOM HamnpsikeHuu. M3 cBeTOBOM (MHTErpalibHOM) Xapak-

TEPUCTUKHA MOMKHO ONPENEIUTh MHTErPajIbHYI0 YyBCTBUTEIBHOCTD (DOTOPE3UCTOPA.
4. MTPUBOPHI U NPUHAJUVIEXKHOCTHU

1.®oTope3ucTop.

2. Ontuyeckasi CKaMbs.

3. BonbTMeETp, MHOTOIIPEAETBHBI MUKPOAMIIEPMETP.
4. IToTeHITMOMETD.

5. cTOYHUKY MEPEMEHHOTO U OCTOSTHHOT'O TOKA.

6. Kitou.

7. Tpancdopmatop.

5. OIMCAHUE CXEMBbI U3MEPEHUI

DJIEKTpUYECKass cXema JJIsi U3MEPEHUW mnapa- N\
MmeTpoB "®P" mnokazana Ha puc. 2. Onrudeckas — = |

=

YCTaHOBKA COCTOMT M3 JTAJOHHOM JaMIibl, KOTOpas |r
YKpeIieHa Ha INTATHBE M YCTAHOBJICHA HA ONTHYE-
CKOM CKaMmbe, (POTOPE3UCTOPa, YKPEIUICHHOTO TAKXKe
Ha mTaTuBe. JlaMIo9yka muraercsi OT UCTOYHUKA TI0- Puc. 2
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CTOSIHHOTO TOKa 4Yepe3 peocTaT R W ¢ MOMONIBI0 TEPEKITI0YATeNIsI MOXKET OBITh
BKJIFOUE€HA HA BpeMsl OCBellleHus (poTope3ucTopa.

6. IOPAIOK BBIIIOJIHEHUA PABOTbBI

1. CoOuparoT ANEKTPUUECKYIO U ONITUYECKYIO CXEMBI.

2. CHumaroT BoJbT-amnepHbie xapaktepuctuku | = f(U)g mis onpeeneHHbIX
3HAYCHUH OCBCIICHHOCTH. JlaHHBIE TEMHOBOTO TOKa I, (T.c. mpu E = 0) onpenessror
no mukpoamnepmetpy st U ot 0 1o 4,2 B uepe3 kaxnpie 0,6 B, unu 6epyt no yka-
3aHUIO MpernojaBaTess u3 Tadi. 1.

Taonuma 1

U B 0
i MKA

0,6 1,2 1,8 2,4 3,0 3,6 4,2

3aTeM OMpenensoT ic - CBETOBOM TOK [0 MHKPOAMIIEPMETPY JUISl TEX JKE 3HaUe-

Huit U npu E = const. PaznuuHble 3HaUeHHUs OCBEUIEHHOCTH IMOJIy4alOT U3MEHEHUEM

paccTosiHuA I' OT TOYEYHOTO UCTOYHHKA /10 oTodeMeHTa. JlaHHbIe 3aHOCAT B Tab. 2.
3aBHCUMOCTH

(6)

(7)

i =f(U)
u
ic=f(U)
BBIPAKAIOT rpaMueCcKy B OJJHON CHCTEME KOOP/IMHAT.
3. OnpenensiorT CBETOBBIC XapaKTEPUCTUKH (POTOPE3UCTOPOB, T.€. HAXOIAT
I = le-i, = f(E)u u3 Tab. 2. 3aBucumocts Al = f(E)y BbIpakaroT rpaduuecku.

Tadnuuma 2
3,6 4.2

o,mm| UB 0 0,6 1,2 1,8 2,4 3,0

M JIK i MKA

4. Ilo BOJBT-aMIIEPHBIM XapAaKTEPUCTHKAM JJIsl Pa3IMYHBIX OCBEIICHHOCTEN £ u
HanpspkeHni U ¢ ncnonp3oBanueM Ta0. 3 onpeaenstoTes mapaMeTphbl POTOPE3UCcTopa:

a) TEMHOBOE COIIPOTHUBJICHUE R.= U;
I
0) COLPOTHBICHNUE IPH OCBEIICHUN R = ;
I,
B) OTHOULIEHUE — AR _R:~ R, 1_LT;
R R: Ic

r) OTONPOBOAMMOCTD  —

1
R

1

R
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5. OnpenensoT yaenbHyI0 4yBCTBUTEIBHOCTH oTopesuctopa (K) mo popmyne
(1) nna U = 3,6 B u 3HaueHuil CBETOBOTO MOTOKAa, COOTBETCTBYIOIINX 3HAYCHUSIM
r=0,1;0,2; 0,3; 0,4; 0,51 0,6 m.
PesynbraT 3anucate B BUAE:
K=<K>x<AK >,
= <AK >
<K>
6. OnpenensoT UHTETPaIbHYI0 YYBCTBUTEIBHOCTh (poTOpE3ucTopa ¥ 1mo dhopmy-
ne (2) nns U = 3,6 B u 3Ha4eHmis cBETOBOTO TOTOKA, cooTBeTcTByromux I = 0,1; 0,2;
0,3; 0,4; 0.5; 0,6 m. Pe3ynbTaT 3anucath B BUJE:
Y=<y >t <Ay >,

*100% .

e= N> 100% .

<y >
OnpenenuTh 3aBUCHMOCTH:

R=f(E)y,, =

2 =f(E), u o=/(E),.

IToctpouts Tpu Tabmume! 111 U = 0,6 B; 2,4 Bu 4,2 B.
Tabonuma 3

r M 0,6 0,5 0,4 0,3 0,2 0,1
E JIK
D M
R: Om
1/R; Cm
Rc Om
1/R¢ Cm
AR Om
o CMm
AR/R; -

7. KOHTPOJIBHBIE BOITPOCBI

1. B uem 3akirouaercs sBieHHE BHyTpeHHero (oroaddekra? Chopmynupyiite
3aK0HBI hoTodPdeKTa.

2. llepeuncnure u oxapakrepusyite Bubl GoTOIHPEKTOB.

3. Ha ocHOBe 30HHOM TEOpPUHU TBEPIOTO Teia OOBSICHUTE SIBJICHHUE COOCTBEHHOM
Y IPUMECHOU NMPOBOJAUMOCTH MOIYITPOBOHUKOB.

4. OOBsICHUTE MEXaHW3M BIUSHUS AJICKTPOMArHUTHOTO HM3Iy4deHUs (CBETa) Ha
AJEKTPONPOBOJIHOCTD MOJIYIIPOBOJHUKOB.

5. HazoBute u naiitTe onpeneneHusi OCHOBHBIX MApaMeTpoB (POTOPE3UCTOPOB.

6. [lepeunciure JOCTOMHCTBA U HEAOCTATKU (POTOPEZUCTOPOB.

7. IlpuBenuTe mpUMeEpPbl IPAKTUYECKOTO TPUMEHEHUS (POTOPE3UCTOPOB.
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JABOPATOPHASA PABOTA 10

OIIPEJIEJIEHUE UHTETPAJIBHOM YYBCTBUTEJbHOCTH
®OTODJIEMEHTA C 3AIIUPAIOLIUM CJIOEM

1. HEJIb PABOTbI

W3ydenne ycTponcTBa, IPUHIIUIA IEHCTBUS U OCHOBHBIX XapaKTEPUCTUK (OTO-
AJIEMEHTOB C 3aIIUPAIOLIUM CIIOEM.

2. BUBJIMOI'PADUA

1. CasenneB U.B. Kypc ¢pusuku. T.3. - M.: Hayka, 1989. - 304 c.
2. Jletnad A.A., AABopckuit b.M. Kypc ¢usuku. - M.: Beicur. mik., 1989. - 608 c.
3. Enudanos I'.1. ®uzuka tBeporo tena. - M.: Beicmr. mk.,1977. - 288 c.

3. TEOPETUYECKOE BBEJIEHME

[Ipu ocBemieHnun pP-N-mepexoja B 3aMKHY-

2 . .

_ v‘q ToM nenu Bo3HUKaeT DJIC U 3JIeKTPUUECKUM TOK.
e — ——r [C]

'( . @ = DTOT TOK Ha3bpIBaIOT ()OTOraabBaAHNYECKHM.

f_fTAT‘;*f 2 VYkazaHHoe sIBIEHHE UCTOJb3yeTcs B (PoTo-
i i

I T R N DJIEMECHTAX C 3alUpPalOIIXM CJII0€M, Ha3bIBACMBIX
Puc. 1 TaKKe BEHTWJIbHBIMU UK (HOTORIEMEHTAMHU C -

n-mepexogoM. POTOAIEMEHTHI CIIyKaT WHIWKAa-

TOpaMH JIYYUCTOW DHEPTUU M MPEeOoOPa30BATEISIMU ATOW IHEPTUU B AIICKTPHUCCKYIO
sHepruro. CXeMaTHIeCKH YCTPOHUCTBO (DOTOIIEMEHTA ¢ P-N-TIEPEX0I0M U BKITFOUCHHE
€ro B IIeMb MOKa3aHo Ha puc. | (cTpelkamu Moka3aHa OCBellaeMasi MoBepXHOCTh (o-
TODJICMEHTA).

Ha moBepXHOCTH MCXOAHOTO MOJYIPOBOJHHMKA N-THNa myTteMm auddysuun dhop-
MUPYETCsI TOHKHI CIIO MOTyMpOBOJHUKA P-THMA: 00pa3yeTcs P-N-mepexo/.

Paccmorpum mpunnmn aeictBus (GoTodnieMeHTa ¢ P-N-TIepexoaoM Kak HCTOY-
Huka DJIC.

1. Ocsewenue omcymcmeyem.

n - THI P - THII
soloo B »TOomM ciydae p-n-mepexo HAaXOAUTCS B
®®|00 PAaBHOBECHOM COCTOSIHUU. PU3HUECKUE TPOLECCHI,
polo0

MPOTEKAIONIME B 3TOM Cliydae B P-N-miepexoje,
OMHCaHbI B TEOPETUUECKOM BBEAECHUU K padboTte 12.
BaxHo emnie pa3 mog4epKHYTh, YTO 3a CUET Iepe-

p - THI pacnpeneneHus SJICKTPOHOB W JBIPOK B P-N-
y ....E  TIEpEeX0J/ie BO3HUKAET MOTCHIIMAIbHBIN Oapbep e,

E. ﬂhl / rac (k - KOHTAKTHasd pPasHOCTb IMOTCHOMWAJIOB Ha

s =SS S repexone.
/,5””’”” E Bennuuna norennuansHOro Oaprepa Ha pP-N-
S— 5 MepeX0ie B COCTOSHUM PABHOBECUS MPEICTABIISIET
co0Oll BHYTPEHHIOIO XapaKTEPUCTUKY MOIYIPO-
Puc. 2 BOJHUKA. UHMCIIEHHO »HEpreTUdYecKuil Oaprep €@

n - THUIL
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OJIM30K K IIMPUHE 3ampenieHHON 30HbI COOTBETCTBYIOUIETO IOIYMPOBOJHUKA. 3a
CUET HAIMYUA €k B P-N-TIEpEX0/ie BO3HUKACT DJICKTPHUUECKOE MoJie F, HAalpaBICHHOE
OT N- K P-MOJYIPOBOAHKKY (pHC. 2).

2. Ilpu oceewernuu.

[Ipu ocBemieHnM B 00beME MOJYIPOBOJHUKA N- M P-TUIIA TCHEPUPYIOTCS DJICK-
TPOHHO-IABIPOYHBIC TIAPHI 32 CUET MEPeXoa JICKTPOHOB M3 BaJICHTHOW 30HBI B 30HY
npoBoguMocTu. OOpa30BaHHBIE MPU 3TOM OCHOBHBIE HOCHUTEIHM HE TPEICTABISIOT
0co00oro MHTEpeca, Tak Kak MpU MPAKTUUECKH JTOCTHKUMBIX HHTCHCHBHOCTSIX CBETa
MJIOTHOCTH OCHOBHBIX HOCHUTEJICH HE MOTYT 3aMETHO NPEBBINIATh UX PABHOBECHBIX
3HadyeHnid. OJHAKO TJIOTHOCTh HEOCHOBHBIX HOCHUTEINICH, CO3JJaHHBIX CBETOM, MOXKET
BO MHOTO pa3 MPEBBIIATh MX MaJlble PaBHOBECHBIC KOHIIEHTpanuu. [Ipu 3TOM nBU-
*KeHue GOTOHOCUTENECH OyIeT ompenesaThCsl KOHTAKTHBIM mojieM £ B P-N-miepexoe.
Tak 31mekTpoHBI, 00pa30BaBIIHECs B P-00J1aCTH, KOHTAKTHBIM I10JIEM BBIOPAChIBAIOTCS
B N-00J1aCTh, a IBIPKU - U3 N-o0Jactu B P-o6iacTk. [loaTomy p-o6aacte Oyaer moa-
3apsHKAThCS TOJIOKUTEIIBHO, a N-00J1acTh - OTPUIIATENIBHO. B COOTBETCTBHM C ATUM B
n-obnactu ypoBeb PepMu |, CMECTUTCS BBEpX, a ypoBeHb Depmu L, B p-obnactu
CMECTHUTCS BHU3. DTO YKBHBAJICHTHO TOSIBICHHUIO JOMOJHATEILHON pPa3HOCTH TTOTCH-
rnanoB Ue, MPUIIOKEHHON P-N-TIepexoay B MPsSMOM HampaBiieHnd. Ee Ha3piBaroT ¢ho-
toanekTpoaBkytiei cuioi (botod/]C). Ha Benmuunny Uo MOHU3UTCS MTOTEHIIMAB-
HBI Oapbep Ha P-N-TIepexojie, a TO MPHUBEACT K Bo3pacTaHuIo Tu(Py3HOHHOTO TOKa
gyepe3 P-n-mepexon. [Iporecc pasaeneHusl MOABWKHBIX 3apsI0B W dHEPreTHYecKas
auarpaMma pP-n-mepexoja mpu OCBEIICHUH TIOKa3aHbl Ha pUC. 3.

p-Tun
N-TUI
o) O o
(P k_ CI) A
E: O
Hn €Uyt Hp
o4 E,
E, =
_
E
Puc. 3

Wrak, npyr OCBELIEHUU NPOUCXOIUT OTKIOHEHHE P-N-TIEPEX0/a OT COCTOSHHUS
paBHOBECHsI - IOHMXKAETCs MOTEHIMANIbHBIN Oaphep Ha nepexoae. Cucrema CTpeMUT-
Csl BEPHYThCSA B COCTOSIHUE PABHOBECHSI 34 CUET BO3PACTAaHUS IPSIMOTO TOKA yepes P-
n-nepexon. ®otosnement padortaer kak UCTOYHUK DJC: mpH MOAKIIOUEHUHU €T0 1O
LEIN MTOTEYET INEKTPUUECKUI TOK.

OnHOM M3 OCHOBHBIX XapaKTEPUCTHK (POTOIJIEMEHTOB SIBISETCS WHTErpaibHas
YyBCTBUTEIBHOCTh, OTPAXKAIOIIAsl 3aBUCUMOCTh (DOTOTOKA OT CBETOBOTO MOTOKA MPH
MOCTOSIHHOM HAIpSKEHUHU Ha 3akuMax (oTtodnemeHTa. CyliecTBEeHHbIM IperMyle-
CTBOM (hOTOTaIbBAHUYECKUX AJIEMEHTOB Iepes, GoTorIeMEHTaMu ¢ BHEIIHUM (HOTO-
s pexToM sBISETCS BHICOKAsi MHTErpajibHasl YyBCTBUTEIBHOCTD.
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DOTORNEMEHTHI C P-N-TIEPEXOIOM SIBIISIIOTCS Pe0oOpa30oBaATENISIMU JTyYUCTON SHEp-
MU B 3JIEKTPUYECKYI0. AHAJIM3 MOKAa3bIBAET, YTO HanOoJiee MOAXOMAIIMMH TOIYIIPO-
BOJIHUKOBBIMU MaTepHrajamMu JJisi (POTOTATbBAHUYECKHUX JIEMEHTOB OKa3bIBAIOTCS TE, Y
KOTOPBIX IIMPHHA 3aIIPEIIeHHOMN 30HBI JIGKUT B npeaenax 1,1 < AE < 1,6 3B. B Hacro-
AIee BpeMs Al M3TOTOBJICHUS (POTORIEMEHTOB HamOoJee HIMPOKO MPUMEHSETCS
KpeMHUIl. DTO OOYyCIOBJIEHO €r0 CIEKTPAJIbHON UYyBCTBUTEIBHOCTHIO B IIHPOKOM
JMama3oHe COMHEYHOTo M3Iy4deHus (Max - B 3eneHoit obmact). Kpemuuessie ¢poto-
AJIEMEHTBI UCTIONB3YIOTCA B KAYECTBE UCTOYHUKOB MUTAHUA 3JIEKTPO- U paguoania-
paTypbl Ha UCKYCCTBEHHBIX CIYTHHKAX 3€MJIM U YIPaBISEMbIX KOCMUYECKUX allla-
paTax, a Takke B Ha3eMHbIX ycioBusx. Pacuer mokaseiBaet, uro KIIJ] kpeMHHEBBIX
npeoOpazoBaTeneil colHeuyHOW 3Hepruu coctamiseT okosno 21 %. Jlyumme coBpe-
MeHHbIe JabopatopHbie oOpasisl umerot KII oxomno 15 %.

3. UnumeepanvHasa uyecmeumenbHocms omosiemenma.

NHuTerpanbHOl 4yBCTBUTEIBLHOCTHIO (DOTODJIEMEHTA - Y HA3bIBACTCSl OTHOIICHHE
BEJIMYMHBI TOKA ', JaBA€MOTo (OTOZJIEMEHTOM, K BEIMYMHE MaJAlOIIer0 Ha HEro
CBETOBOT0 MOTOKa &

V=5 (1)

i’=1- o, (2)
rie | - Tok (hOTOANIEeMEHTa; Ig- TCMHOBOH (HYJIEBOH ) TOK (DOTOIJIEMEHTA IIPH BBIKITIO-
YEHHOM OCBeTUTEINE. YUyBCTBUTEIBHOCTh BBIPAXKAETCS B MKA/JIM.

ITockombky
@ =ES, (3)
Y JUIsI TOYEYHOT'O UCTOYHHKA 3aBUCUMOCTh OCBEILIEHHOCTH OT PACCTOSIHUS -
J
E== (4)
o

riae E - ocBemeHHOCTh (DOTORIEMEHTA, JIK; S - IJIONIalb CBETOYYBCTBUTEIBLHOTO CIIOS
gorosnemenTa, M% J - cuna cBeTa JAMIIOYKM HAKaIMBaHUS, KI; o - PACCTOSHHUE
MEXy UCTOYHUKOM CBETa U ()OTORJIEMEHTOM, M, TO
_i'rg

35 ()

/4

4. AI3SMEPEHUS U OBPABOTKA PE3YJIbTATOB U3MEPEHUI

1. Cobpath cxemy, Kak MokazaHo Ha puc. 4.
2. He Bxirouasi JamIiouky, ONpeneiuTh HYJEBOW TOK rajibBaHoMeTpa lg (mpH
OTKPBITOM (POTOIIEMEHTE).
3. YcranoBuTh ()OTOANEMEHT Ha paccTossHuM 25...30 M OT UCTOYHMKA CBETA.
4. OTKpBITH KOJIMAYOK (POTOZIEMEHTA, ONPEACIUTH 10 TajJbBAaHOMETPY BEIHUU-
Hy ¢oroToKa I U paccrosiHue ro. Paccuutars cuily OTOTOKA CO3/1aBAEMOTO UCTOY-
HUKOM cBeTa 1o gopmyie i’ =1 - lo.
5. Beraucauthb miaomaab S GoToUyBCTBUTEIBHOTO CIOS.
6. 3MepeHust MpoBECTH HECKOJBKO pa3 (10 yKa3aHUIO MPENoiaBaTessi), MEHss
roHa 1...2 cm. Pe3ynpTaThl H3MEpEHH U BEIYUCICHHUH 3aHECTH B TA0JIUILY.
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7. IloncraButsk B (5) 3HaueHud i, o, J, S, B3sATHIE U3 KAXIOr0O OIBITA, PACCYU-
b b

TaTb 3HAYCHUC HHTGI‘p&HBHOﬁ YYBCTBHUTCIBHOCTH Y.

5. OBPABOTKA 3KCHEPUMEHTAJIBHBIX JAHHbIX

1. BeruncnuTh MHTErPAIBHYIO YYBCTBUTEIBHOCTD Yi IS KAXKI0TO0 N3MEPEHHUS

(4ucno u3MepeHuit - Mo yKazaHHWIo MpernoaBaTes).

1 n
2. BEIYHCINTB cpesiHee 3HaueHne <y>==>"y, .
n=«
i=1

3. Beruucauts Ay u (Ay)?.
4. BbIUHCINUTH CPETHIOKO KBAIPATUYHYIO ITOTPEITHOCTD

5. 3amarh 3HaUYEeHUE HAJCHKHOCTH O (IO yKa3aHHIO MPEIOaaBaTes).
6. BeruncimTh rpaHuLbl JOBEPUTEIBLHOIO HHTEPBAA:

Ay = t,(n)-AS, Ay.

7. BIUUCIUTh OTHOCUTENIBHYIO OTPELIHOCTD ¢ = AY100 %.

PesynbTaTel 3aHectu B Ta0I. 1.

Y

Taonuma 1

Ne | o,

i,
MKA/n

<y >,
MKA/
JIM

Ayi,
MKA/I1

(A )2,
(MKA/
M)

ta(n)

ASy,
MKA/n

Ay,
MKA/n
M

%

<y>iy

MKA/
JIM
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6. KOHTPOJIBHBIE BOITPOCHI

1. JlaiiTe onpeneneHne NHTETPaIbHON YyBCTBUTEIIBHOCTH.

2. BeiBenute (opmyiy uisi OmpeleseHUsT UHTETPAIbHOM YyBCTBUTEIBLHOCTH
(dhoTorIemMeHTa.

3. O0ObsicHUTE TPUHIUT PabOTHI (DOTOIIEMEHTOB C 3aMUPAIOIIUM CIIOEM.

4. Jlalite onpenesieHue ypoBHs DepMmu.

5. Hauepturte sHepreTuyeckyro quarpammy P-n-mepexoja u o0bsiCHUTE padoTy
dboTornemenTa.
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JABOPATOPHASA PABOTA 11
N3YYEHUE XAPAKTEPUCTUK TEPMOPE3UCTOPOB

1. HEJIb PABOTbI

HCCJ’IGI{OBaHI/Ie OCHOBHBLIX XapaKTCPUCTHUK U I1apaMCTPOB TCPMOPE3NCTOPOB.

2. BUBJIUOI'PADUA

1. CasenneB U.B. Kypc ¢usuku. T.3. - M.: Hayka, 1987. - 304 c.

2. Tpodumona T.U. Kypc ¢usuxu. - M.: Beicmr. mk., 1990. - 478 c.

3. Netmad A.A., SABopckuit b.M. Kypc pusuku. - M.: Beicm. mik., 1989. - 608 c.

4. EnudanoB I'.M. ®usndeckre 0CHOBBI MUKPOIEKTPOHHUKH. - M.: CoB. paamo,
1971.-375 c.

5. TIpakTHKyM TIO TIOJYIPOBOJHUKAM U TOJYIIPOBOJHUKOBEIM mpubdopam / [Tox
pen. K.B. IIlanumoBoii. -M.: Beicur. mik., 1971. - 311 c.

6. bymimanoB b.1. ®u3uka tBepaoro tena. - M.: Beicu. mik., 1971. - 224 c.

3. TEOPETUYECKOE BBEJIEHHME

1. Tepmopesucmopwvr (TEPMUCTOPBI) - 3TO MPUOOPHI, CONPOTUBICHUE KOTOPHIX
3aBUCHUT OT Temmeparypsl. Tepmopesuctopsl (TP) npencrasnsior coboil 00beMHBIE
MOJIyIPOBOJITHUKOBBIE PE3UCTOPHI C OOJIBLIIMM TEMIIEPATYPHBIM KOAIPPUIIUEHTOM CO-
IIPOTUBJICHUS] U HEJIMHEWMHOW BOJIBT-AMIIEPHOM XapaKTEpUCTUKOWU. M3roTaBnuBaroTcs
TEPMHUCTOPBI C MOMOIIBIO CIENUATIBHOW TEXHOJOTHH U3 CMECH Pa3JINYHBIX BELIECTB,
HaIlpyuMep, U3 CMECH JIByOKHCH TUTAaHA C OKHCHIO MarHus, 3aKAUCH HHUKEJS C OKHCBIO
autus U T.1. TP BbIMycKaroTCs B BUIIE CTEpKHEH, TpyOok, AuckoB. Pazmepsr TP Ba-
PBUPYIOTCSI OT HECKOJIBKMX MUKPOMETPOB 0 HECKOJIBKMX CaHTUMETpPoB. Ha ocHoBe
TP pa3paboTaHbl CHCTEMBI U YCTPOMCTBA JUCTAHIIMOHHOTO U3MEPEHUS TEMIIEPATYPHI,
ITPOTUBOIIOKAPHOW CUTHAJIM3ALMH, TEIUIOBOro KOHTpoiid. CBorictBa TP mupoko wnc-
MOJIB3YIOTCS B AJIEKTPUUECKUX LEMNAX Ul CTaOMIN3alluy HANpSKEHUS U CUJIbl TOKA.
OCHOBHBIMHM XapakTepucTUKaMH TP cily>kaT 3aBUCUMOCTB €ro CONPOTUBIIEHHUS OT
TEMIIEPATYphl U BOJIbT-aMIIEpHAst XapaKTEPUCTUKA.

2. PaccMOTpUM € TOYKH 3pEHHsI 30HHON TEOpPHUM TBEPJOro Tejia, 4eM 00YCIIOB-
JIeHa 3agucumocmsv conpomueénenus 1P om memnepamypsi. B onynpoBogHUKaX IpU
aOCOJIIOTHOM TeMIepaType, paBHOW HYIIO, BCE AJIEKTPOHBI HAXOJSATCS Ha SHEPreTH-
YECKUX YPOBHSX BAJIEHTHOUW 30HBL. DTHU AJIEKTPOHBI HE MOTYT Yy4acTBOBAaTh B JJIEK-
TPUYECKOM TOKE, T.K. TH000€ X IBUIKEHHUE CBSI3AHO C U3MEHEHUEM SHEPIUH U CJe/10-
BaTENIbHO, C MEPEX0J0M Ha 0ojiee BBICOKHI PHEPreTUYECKU ypOBEHb, YTO HEBO3-
MO’KHO B Mpejenax 3anojiHeHHoi 3086l [loatomy nipu 7' = 0 K monynpoBogHuk mno-
N00€H M30JISITOPY M €ro MPOBOJMMOCTH paBHA HyIO. Ilepexos 371eKTpOHOB B 30HY
IIPOBOJAUMOCTH CBSI3aH C 3aTpaTou 3HEpruu AE,, paBHOU LIUPUHE 3aIPELICHHON 30-

HBI, 1 MOKET MPOU30NTH O] IEHCTBUEM BHEITHUX (PAKTOPOB (TIOBBIIIICHUST TEMITepa-
Typbl, 00y4YeHus u T.1.). brarogaps Hamuuuio B 30HE MPOBOAMMOCTH CBOOOJIHBIX
SHEPreTUYECKUX YPOBHEMN, SJIEKTPOH MOXKET MEPEMEIIATHCI MO HUM MOJ JACHCTBUEM
BHEIIHETO 3JIEKTPUYECKOTO 1oJsA. C TOYKH 3pEHUSI 30HHOM TEOPUHU TBEPJIOTO TEa 3TO
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COOTBETCTBYET IMPOTEKAHUIO DJIEKTPUUECKOTO TOKA B KPHUCTAIIE. 3aBUCUMOCTD JJICK-
TPOIPOBOAHOCTH OT TEMIIEPATypPhl TOJYNPOBOJHUKA BBIPAYKAETCS IKCIOHECHIINATb-
HOM (yHKITUEH:

AE
c=0, exp(—k—TO), (D

r7ie Go - IOCTOsSIHHAS Benn4nHa; AE) - MIMPHUHA 3alpeieHHON 30Hb1; T - abcomoTHas
Temreparypa; k = 1,38-10* [lx/K - mocrosunas Bonbimana.

DIEKTPOMPOBOAHOCTh MOJYIPOBOJHUKA PACTET C YBEIMUYECHUEM TEMIEPATYPHI.
3T0 00YCIOBIEHO TEM, YTO KOHLIEHTPALMs HOCUTENIEH TOKA NPU YBEJIIMYEHUU TEMIIe-
paTypsl Bo3pacTaeT B OOJbIIEH CTENeHH, HEXXEITH YMEHBIICHHE MOABHKHOCTH JJIEK-
TPOHOB H3-32 COKpAIIEHUs CpeAHel AIMHbI cBoOOoHOrO npodera. Ecnu B momynpo-
BOJIHMKE UMEIOTCSI IPUMECH, TO 3TO IPUBOJUT K 00pa30BaHHUIO BHYTPH 3aIPEIICHHON
30HBI JJOMIOJHUTENBHBIX SHEPreTHYECKUX ypoBHeH. [Ipu 3ToM mos mpuMecsMu OHU-
MalOT HE TOJBKO aTOMBI IIOCTOPOHHUX 3JIEMEHTOB, HO U pa3iNyHbIe e(EKThl B KPU-
CTaJlle, a TaK’K€ HECOOTBETCTBHE CTEXMOMETPUUYECKOTO COCTaBa BELIECTBA KpUCTaJ-
Ja. DTU ypOBHU MOTYT IOCTaBISATh JIEKTPOHBI B 30HY MPOBOJMMOCTH (JOHOPHBIE
YPOBHH) WJIM 3aXBaThIBATh DJICKTPOHBI W3 3aNOJHEHHOW 30HBI (AaKIEITOPHBIE YPOB-
HU). OYeBUAHO, YTO 3HEPrus akTuBauuu AE, HeoOXoaumMas Uil epexoaa 3JIeKTpo-
HOB C JIOHOPHOTO YPOBHS B 30HY NMPOBOJUMOCTH WJIHM U3 3aMOJHEHHOW 30HBI HA aK-
HENTOPHBIA yPOBEHb, 3HAUUTEIHFHO MEHBIIIE, YeM DHEPIusi, HeoOxoauMmast sl mepe-
X0J1a MEKTPOHOB U3 3alI0JHEHHON 30HBI B CBOOOAHYIO. biiaronapst aToMy 4muciio HoO-
CUTeJNeN 3apsaa U 3JIEKTPOIPOBOAHOCTh MPHU YBEIMUYEHUN TEMIEpATyphl (B ompeje-
JIEHHOM HMHTEpBaje) Bo3pacTaloT. 3MepeHus mokaspIBaloT, YTO B 3TOM HHTEpBAie
TEMIIEPATyp 3aBUCUMOCTbh CONPOTHBIICHUS TEPMOPE3UCTOpA OT TEMIEpPaTyphl ¢ JI0-
CTaTOYHOW TOYHOCTBIO aNIPOKCUMUPYETCS BEIPAKEHUEM

R, =R, eXp(AEA kT) =R, exp(?) ' (2)

rae Rt - cCONpOTUBIIEHHE TepMope3ncTopa npu temmeparype 7; Ry - HadallbHOE CONpo-
TUBJIEHUE TEPMOPE3UCTOPA, 3aBHUCAILEE OT CBOMCTB MaTepuania, rabaputoB TP u T.1.;

AE - OHCPI'UA aKTHUBAILIUH, B:Af - IIOCTOsIHHAA BCIMYMHA, OIIPCACILICMAad MaTCpHa-
2

som TP u xapakTepusyromias ero TeMmrnepaTypHbii KodQPHUIIMEHT COPOTUBIICHUS.
3. Pacuem snepeuu akmusayuu AE u koaghgpuyuenma B
[Iponorapudmupyem cooTHolieHue (2):

lnRT:lnRo+§. 3)

Bripaxenue (3) npeacTaBisieT co0oil ypaBHEHUE NPsIMOM B KOOpAMHATAX In Rt
ot 1/T, TaHreHc yriia HakJIoHa KOTOPOM K OCH a0CIUCC pPaBEH 3HAYEHUIO KOd(ppuiu-
enta B. IlocTpouB 3KCIEPUMEHTANIBHO MOTYYEHHYIO 3aBUCUMOCTD In Rt ot 1/T (puc.
1), onpenenum 3HaueHust kKodduieHTa B 1 SHEPrUK aKTUBALUU 10 hopMysiam

o.n_ MR, —InRy,
W=BB="r )

T, T
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INR;

A

INRt,

IRy, B

S

1/T
1/T, 1T,

Puc. 1

AE = 2kB. (5)
4. OCHOBHBIM MapaMETPOM TEPMOPE3UCTOPA SIBIACTCS meMnepamypHulil KO3gh-

Guyuenm conpomuenenus o.. OH ONpeaeNnsaeTcs Kak OTHOCUTEIbHOE U3MEHEHHUE CO-
npotusiienus TP npu usmenenun remneparypsl Ha 1 K

_1dR

o=—— 6
R dT (6)
YyuuthsiBas (2), BeipaxkeHue (6) 3anuiieM B BUJIE

a:—%z. (7)

3Hasi NOCTOSIHHYIO B, MOKHO BBIYHUCIUTH O AJIs JIIOO0H TEMIIEPATYPHI.
5. PaccMoTpuM TUIIUYHYTO 8otbm-amnepHyto xapaxmepucmuxy TP (puc. 2).

A

Puc. 2
Ha HauanbHOM ydacTke AB XxapakTepucTHKa MOYTH JTUHEWHAs], T.K. IPU MaJIbIX
TOKaX, COOTBETCTBYIOLIUX 3TOMY Y4YaCTKy, paccemBaeMasi MOIIHOCTh Ha TP HemocTa-

TOYHA JUJI1 3aMETHOI'O0 M3MEHEHUS TEMIEPATYPhl U CIEAOBATENBHO JJISI YMEHbBIICHUS
comporuyieHusa TP. IIpu nanpHenmeM yBelIMYeHUH CUIIbI TOKA paccenBaemasi MOII-
HOCTh CTAHOBHUTCS 3HAUMTENbHOW, TP HarpeBaercs BhIlIE TeMHEPATypbl OKPYKaro-
et cpenbl u conpoTtuBieHue TP ymensimaercs. Takum oOpa3om, HauMHAsI C HEKO-
TOPOT0 KPUTHUYECKOTO 3HAUYCHUS CUJIBI TOKA [, HANIPSDKEHHUE Ha MPUOOpPE MIPU YBEIU-
yeHuu Toka ymeHbiiaetrcs (yuactrok BC). O6nacts xapakrtepuctuku BC sBnsgercs
paboueit o0nacTeio TokOB TP.
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IToMHMO BOJIBT-aMIIEPHON XapaKTEPUCTHUKH, CBOMCTBA HEJIMHENHOTO CONPOTHUB-
aeHust TP MoryT ObITh OXapaKTEpU30BaHbl €r0 CTATUYECKUM U JU((epeHIINaTbHBIM
conpotusieHueM. Cmamuueckoe conpomueierue R, paBHO OTHOLIECHUIO HaIlpsiKe-
Hus Ha TP k mpoTtekatouiemy no Hemy Toky. Eciu B pabGoueii obnactu XapakTepu-
CTUKHU BbIOpaTh TOUKy C, TO TaHT€HC yria Yy MEXAy OCblo adCLuCcC U MpsSMOH, Uay-
nieil B Touky C JacT BEIUYUHY CTaTUYECKOT0 conpoTuBiieHus TP

U.
R =tgy= IC . (8)

c

ITpu nepexone ot oaHoit Toukn BAX k coceHel, CTaTHYECKOE CONMPOTUBIICHUE
n3Mmensiercs. OHo xapakTepusyer nosegaeHue TP B pexxume Hem3dmMeHHoro toka. [lox
oughgheperyuanvbHbIM conpomueieHuem R; MPUHATO MOHUMAaTh OTHOLIEHHUE OECKO-

HEYHO Majoro npupaiieHus HanpsbkeHus dU Ha TP k cOOTBETCTBYIOIIEMY MpUpa-
nieHuto Toka dl. luddepeniinanbHoe CONPOTUBICHUE YUCICHHO PABHO TAaHT€HCY YT-
7a (@ HakJoHa kKacarenbHOM K BAX B paboueit Touke C 1 XxapakTepu3yeT MoBEACHUE
TP nipu 1OCTAaTOYHO MATBIX OTKJIOHEHHSIX OT IIPEANISCTBYIOMIETO COCTOSHUS
R - too dU
=18 ¢ = dl . (9)
Tak, ydactky AB BonbT-aMmepHON XapakTEPUCTHKUA COOTBETCTBYET IOJIOXKH-
TenpHOe 3HaueHue auddepenuuansuoro conporusienus dU/dl > 0, a yaactky BC -
orpunarensHoe, rae dU/d < 0.

4. IPUBOPBI U IPUHA VIEZKHOCTH

1. Ileus.

2. TepmucTopsl.

3. MocCT OCTOSIHHOTO TOKa.

4. AmrniepMeTp, BOJIBTMETP, PEOCTAT.
5. Tepmomerp.

5. OIIMCAHUME METOJA U CXEMA YCTAHOBKHA

1. Ins u3aMepeHus 3JIEKTPUUECKOTro conpotusieHus TP npu pasnnunoi Temrie-
paType MpUMEHSIETCS] OJMH U3 MPOMBIIUIEHHBIX TEPMOPE3UCTOPOB, KOTOPBIM BKIIIO-
yaetcs B cxemy mocta MBII-47 (MO-59, MBUY-49) (puc. 3).

HarmpsxkeHne nuTaHus yCTaHABIMBAETCS PEOCTaTOM Rpgr mo BoiabTMETPY V.
Tepmopesnctop HarpeBaercs B EUH, MUTAEMON HAIPSHKEHUEM IIEPEMEHHOTO TOKA OT
nabopatopHoro aBtoTpancopmaropa JIATP-1. Temmeparypa uzmepsieTcs TepMo-
METPOM.

2. Jlnst cHATHSI BOJBT-aMIIEPHON XapaKTEPUCTUKH coOmpaercs cxema (puc. 4).
Jlo6aBouHOE conpoTHBIEHNE R HEOOXOAUMO Ui OOECeueHUs] YCTOMYMBON paboThI
CXEMBL.
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Puc. 4
Puc. 3

6. IIOPAJOK BbIIIOJIHEHUSA PABOTDI

1. U3meputs cOpoTUBIEHUE Ry TEPMOPE3UCTOPA IPU KOMHATHOW TEMIIEPATYPE.

2. BKIIIOUHTB DJIEKTPOIIEYh M MPOU3BECTH M3MEpPEHUs1 conpotusieHus TP npu
pa3IMYHBIX TeMIlepaTypax oT koMHaTHOU 10 600 °C uepes 50 °C.

3. [lomyueHHble JaHHBIEC 3aHECTU B TAOJIMILY.

4. TToctpouts rpaduk 3aBucumoctu Ry = A 7).

5. [loctpouTts rpaduk 3aBucumoctu InRr = f(1/T).

6. 1o rpaduky 1. 4 onpeaenuTs NOCTOSIHHYIO B.

7. Onpenenutsb dHepruto aktuBanuu AE o ¢popmye (5).

8. Ilo popmyse (7) BerunucnuTh TeMieparypHbiid ko3dgduuuent o st 7= 300 K,
315K, 330 K.

9. CHATh M MOCTPOUTH BOJBT-aMIIEPHYIO XapakTepucTuky TP npu KoMHaTHOMU
TeMIeparype.

10. BpIuMCIUTh BENMUYMHY CTAaTUYECKOrO U U] PEepeHIHMaTIBHOIO CONMPOTUBIIE-
HUW JIJIS1 HEKOTOPOM TOYKM HA YYACTKE XapaKTEPUCTHKHU C OTpHULATeNIbHBIM Tudde-
PEHLIHAIBHBIM CONPOTUBIICHUEM.

7. KOHTPOJIBHBIE BOITPOCBI

1. YUeM oTIMYAIOTCS SHEPTETUICCKUE COCTOSHUS DJICKTPOHOB B M30JIUPOBAHHOM
aToOM€ W KpucTaie?

2. Uto Takoe 3anpenieHHble U pa3penieHHbIe SHEPTeTUYECKUE 30HbBI?

3. Ilpu KakuxX YCIOBHUSX AJIEKTPOHBI U3 BAJCHTHOW 30HBI MOTYT TIEPEXOAUTH B
30HY IPOBOAUMOCTH?

4. KakoBa 3aBUCUMOCTH COTPOTUBJICHUS TIOTYTPOBOJHUKOB OT TEMIIEPATYPHI?

5. O0OBsICHUTE BOJIBT-aMIIEPHYIO XapaKTEPUCTHKY TEPMHUCTOPA.

6. Kak ¢ momoIisio TepMope3ucTopa cTabMIM3upoBaTh TOK B nenu? Hampsoke-
Hue? Temnepatypy?

7. Yto Ha3BIBaETCA TEMIIEPATyPHBIM KOA(h(OHUIIMECHTOM CONPOTHUBIICHUS?

8. Uto Takoe ctatudeckoe u quddepeniuanbaoe conporuienue TP?
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JIOITOJIHEHUWE 1 K JABOPATOPHOW PABOTE 11

N3YYEHUE XAPAKTEPUCTHUK TEPMOPE3NCTOPOB

1. U3yuuTh MeTOAMYECKUE YKa3aHUs K paboTe.

2. O3HAaKOMHUTHCS C PUOOPAMHU U CXEMOU MOAKITIOUEHUSI.

3. HE BKJIFOYAS TTEYD, npou3BecTy U3MEPEHUE CONPOTUBIICHUS] TEPMHUCTOPA
TR, mpu KOMHATHOM TemIiepaType, IJIsd Yero:

a) TOAKIIOYUTE K MOCTy HocTosiHHOro Toka (P-329) rampBanomerp (KJI€MMBI
mocta ['1, I'2), uzmepsiemblii Tepmopesuctop (kiaemmbl Xol, Xo2) ¥ HCTOYHUK TUTA-
HUsl (coenuHuTh KieMMbl MocTa b1, B2 u cooTBeTCTByIOIIME KIEMMbI U3MEPUTEIb-
HOH YCTaHOBKH);

0) U3MEPUTH TEPMOMETPOM HAYAIIbHYIO TEMIIEPATYPy TEPMOPE3UCTOPA;

B) YCTAaHOBUTH Ha NepeaHeil nanenu mocra 3HadeHus R>= 1000 Om u R3;= 100
OM myTeM 3aMbIKaHUsl COOTBETCTBYIOIIUX THE3];

') Ha IepeJHEN NaHEIu U3MEPUTEIbHON YCTAHOBKHU MEPEBECTU NMEPEKIIOUATENH
K1, K2 B monoxxenue «Bxny;

1) Ha TepenHel maHenu Mocta 3aduxkcupoBath KHONKY «I'PYBOy, ypaBHOBe-
CUTh MOCT BpaiieHueM pydek aexaj (1...5) mieua pesucropa (CTpesika rajibBaHOMET-
pa MOJBOAMUTCS K HYJIO), 3aTeM HaxkaThb KHONKY « TOYHO» 1 mosy4uTh TOUHBIN OT-
CYET.

3HayeHUe CONMPOTUBIICHUSI CHUMAETCS C PydeK JeKaja U ompezensercs no ¢op-

R
MyJe R, :—2-R1.
3
1000

Hpuviep: R, =1000; Ry =100; Ry = 631; Ry == --=-631=6310 On.

4. TlonkmrounTh 3ekTporneysb k cetu 220 B. Ananoruuno (m.m. 3a...31) npous-
BECTH HM3MEPEHHE COMPOTUBIIEHHM TEPMUCTOPA NPU PA3IUYHBIX TEMIEpATypax OT
xomHaTHOH 10 60° uepes kaxapie 5° [MEYb OTKJIIOYUTD, pe3ynbTaThl 3aHECTH B
Tabm. 1.

Taonuma 1

2 C T, K /T, Rtr, OM | Ig(RTR) B, K AE,»B | AE, Ix | a, K
K-l

5. CuaTh BOJIbT-aMIIepHYIO Xapaktepuctuky U = f(I) Tepmope3ncTopa, BbINOJ-
HSISl YCJIOBHME: TMOCJI€ YCTaHOBKM Toka BbDKAATh 30... 40 cexyHI, mocie 4ero CHSTh
MOKa3aHUs BOJIbTMETPA U 3aHECTH B Ta0. 2.

YCTAHOBKY OTKJITOUUTE !
Taonuima 2
I, mA 0 5 10 15 20 25 30 35 40
U,B
IIpnmeuanue:

s cuamus BAX ucnonv3yemcs uzmepumenvbHas YCMaHo8Ka, 8 cxemy KOmopou
nooxmouaemest mepmopesucmop TR, !
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JIOTOJIHEHUME 2 K JABOPATOPHOW PABOTE 11

OINPEAEJIEHUE TUITA TTPOBOJUMOCTHU
[HOJIYIIPOBOJAHUKOB METOAOM TEPMO3OHIA

1. HEJIb PABOTbI
Omnpenenenue TUIa IPOBOJUMOCTH ITOIYIIPOBOJIHHUKOB.

2. BUBJINOI'PAD®UA
1. dernad A.A., AABopckuit .M. Kypc pusuku. - M.: Beicur. mik., 1989. - 608 c.
2. CasenweB U.B. Kypc ¢usuku. T.3. - M.: Hayka, 1989. - 304 c.

3. TEOPETUYECKOE BBEJIEHHME

PaccMoTpuM 0IHOPOAHBIN NOJYNIPOBOJHUK IPU HAJIMYUU TPaJAMEHTa TEMIEpa-
Typbl. ECiii osrynnpOBOJJHUK HarpeT HEpaBHOMEPHO, TO CPEIHSS SJHEPTUS HOCUTENIEH
3apsAza U uX KOHIEHTpauus OyAyT OoJiblIe Tam, I¢ Bbllle TeMmneparypa. Benencreue
3TOr0 B MOJYIPOBOJIHUKE BOSHUKHET AU(P(Y3UOHHBII MOTOK HOCUTENEH 3apsiaa, T.e.
BO3HUKHET JJIEKTPUYECKUM TOK. [Ipn pa3oMKHYTOW LM B CTAlIMOHAPHOM COCTOS-
HUU TJIOTHOCTh TOKa BO BCEX TOUKaxX 00paslia paBHA HYJIIO. ITO BO3MOXKHO Oaroja-
ps MOSABICHHUIO B PE3YNbTATE 3aPSAJOB SJIEKTPUUYECKOIO MOJs, KOTOPOE BBHI3ZOBET B
KKJI0M TOYKE MOJYIPOBOJHUKA TOK, KOMIIEHCHUPYIOIIMI MOTOK HOCHUTENEH, 00y-
CJIOBJICHHBIN T'paJMEHTOM TemrepaTypbl. Ha oOpa3ine BO3HUKAET 3JE€KTPOBUKYILAs
CHJIa, KOTOPYIO Ha3bIBalOT TEPMONICKTPOABIKYIIEH CcHIoN. ONpenenB 3HaK TEPMO-
ANIEKTPOJBHIKYIIIEH CHJIbI MM HAIPABJICHHE TOKA BO BHELIHEH LIENH, HETPYAHO yKa-
3aTh THII IPOBOJIUMOCTH ITOJIYIIPOBOJHUKOB.

ITycTb, HanpuMep, TaH NOTYIPOBOIHUK C JIEKTPOHHON MPOBOAUMOCTBIO (puc. 1).

Puc. 1 Puc. 2

Eciu x MOBEpXHOCTH MOJTYITPOBOAHUKA YKPEIHUTH JBa 30H]A, OJIMH U3 KOTOPBIX
HarpetT neubto I1 1o Temneparypsl T; (ropsiunii 30H1), a IPyro HAXOJUTCA TPHU KOM-
HATHOM TeMIiepaType (XOJIOAHBIN 30H), TO Oyaromaps TpagueHTy TeMIepaTyp B IO-
JTYTPOBOJIHUKE AJEKTPOHBI TUGDYHIUPYIOT U3 JIEBOM YaCTH MOJYIPOBOIHUKA B TIpa-
BYIO TakK, 4TO JieBasi 4acTh OYyJET 3apshKaThCs IMOJOXKHUTEIBHO, a MpaBasi - OTpHUIIa-
TeJIbHO. BO BHENIHEN 1I€MM BO3HUKAET TOK, HANPaBJICHHBIM OT TOYKH A K TOouke B,
T.€. OT TOPSIYETO 30HAA K XOJIOJHOMY.

Ecnu uccnenyercs moyiyipoBOAHUK C JBIPOYHON MPOBOAUMOCTEIO (pHC. 2), TO
OCHOBHBIE HOCUTEIHU 3apsifa - ABIPKU - TUPOYyHAUPYIOT BAOIL OJHOPOIHOIO TOJTY-
MPOBOJAHUKA W3 JIEBOW YacCTH B MPABYIO, JieBask 4acTh (TOUYKa A) 3apspKaeTcsl OTpHUIla-
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TeNbHO, TpaBas (Touka B) - monoxwutenbHO. Bo BHelIHeW Leny BO3HUKHET TOK,
HaIMpaBJIECHHBIN OT TOUKU B K TOuke A, T.€. OT XOJIOJJHOTO 30H/1a K TOPSIYEMY.

Takum oOpaszom, HampaBlieHHE Toka Wi 3HaK TepMoIJIC, MOXKET CBUICTEIb-
CTBOBaTh 00 3JIEKTPOHHOM MJIM JIPOYHOM MEXaHU3ME MPOBOIUMOCTH.

B nanHoi#t paboTe omnpeseneHrne TUIIA HOCUTENICH 3apsijia IPOU3BOIUTCS Ha MPU-
Oope, cxeMa KOTOpOTo TpeCTaBlIeHa Ha puc. 1.

OCHOBHBIMH 3JIEMEHTaMHU MpHUOOpa SIBISIOTCS TOPSYUN W XOJIOJHBIA MeTaslIu-
YECKHE 30H/Ibl, TaJIbBAHOMETP, 00pa3ell MoIyIpOBOIHHKA.

4. IPUBOPBI U TIPUHA JUVIEZKHOCTH

1. ITpubop 11 onpeneneHns 3Haka OCHOBHBIX HOCUTENEH 3aps/a.

5. MOPAJOK BBIITIOJIHEHUSA PABOTbDI

1. BkirounTs npubop B C€Th NEPEMEHHOIO TOKa ¢ HampsbkeHueM 220 B (Bkiro-
YeHHUE M€Y HarpeBa 30H7a).
. 2. YCTaHOBUTH Ha MOJCTAaBKY HCCIENyeMbIi 00-
p-THUn /_\ n-THH paBeu_
S 3. Ilocne HarpeBa 30HJa NPHU KPATKOBPEMEHHOM
o~ = KacaHUU MOBEPXHOCTH oOpas3la 30HJIOM OIPEAETUThH
@ & [0 OTKJIOHEHUIO CTPEJIKHM TaJlbBAHOMETpa HallpaBJe-
HHUE TOKA BO BHEILHEH LENu U TUI MPOBOJIUMOCTH 00-
pasma.
[IpuHuun omnpeneneHus TUIA TPOBOJUMOCTH
Puc. 3 oOpasna mnosicusiercss Ha puc. 3. Ha sTtom pucyHnke
0003Hau€Ha NOJIAPHOCTh KJIEMM TajlbBAHOMETpa H
BO3MOYKHOE HaIlPaBJICHUE OTKJIOHEHUS CTPEIKU U, COOTBETCTBEHHO, TUI IIPOBOAUMO-
CTH ITOJYTIPOBOIHHUKA.

l
e

Y

NONYNPOBOOHUK

6. KOHTPOJIBHBIE BOITPOCbBI

1. YUto Takoe p- U n-noJIyNpOBOAHUKU?

2. Yto Ha3bpIBa€TCS OCHOBHBIMU U HEOCHOBHBIMU HOCUTEISIMH 3apsia B MOJIy-
MPOBOJIHUKAX?

3. OOBsicHUTE TEeMIEPATYPHYIO 3aBUCUMOCTh KOHIIEHTPAIIMK HOCUTENEH 3apsiaa
B MMOJYIPOBOIHUKAX.

4. OOBSACHUTE CYIIHOCTh METO/Ia TEPMO30H/IA ISl ONPEICIICHNs 3HAKa HOCUTE-
nel 3apsiia B OJTYIIPOBOJHUKAX.
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JIABOPATOPHAS PABOTA 12

UCCJIEJOBAHUE MOJYIPOBOJHUKOBBIX BBINPSAMUTEJIEN
1. HEJIb PABOTbI

N3yunth NpUHLMII OEUCTBUS U BOJIBT-AMIEPHYI0 XapaKTEPUCTHKY IOJIYIIPO-
BOJHHMKOBOTO BBIPSIMUTEIS, ONPEACTUTh KOHTAKTHYIO Pa3HOCTh MOTEHIIMAJIOB B 00-
JACTH p-N-TIEpEXoa.

2. BUBJIMOI'PA®UA

1. detnad A.A., AABopckuit .M. Kypc pusuku. - M.: Beicur. mik., 1989. - 608 c.

2. CasenweB U.B. Kypc obmelt ¢pusuku. T.3. - M.: Hayka, 1987. - 304 c.

3. Enudanos .M. ®duznueckrie 0CHOBbI MUKPO3JIEKTpOHUKH. - M.: CoB. paauo,
1971.-375 c.

3. TEOPETUYECKOE BBEJIEHME

[TpuHIMI AEHCTBUS MOTYTPOBOAHUKOBBIX BBITPSIMHUTENCH OCHOBAH Ha SBIICHU-
AX, TPOUCXOMASAIINX HA TPAHUIIC, PA3ACISAIONICH JABa MOIYIPOBOIHUKA C PA3IUUYHBIM
TUTIOM TIPOBOAUMOCTH: JJICKTPOHHBIM (1) U AblpouHslt (p) (puc. 1, a). B n-
MOJIYTIPOBOJTHUKE MMEETCA OOoJbIasi KOHIEHTPALUs SJEKTPOHOB, HA3BIBAEMBIX OC-
HOBHBIMU HOCHUTEJISIMH 3apsijia; BMECTE C TEM B N-TIOIYIIPOBOAHUKE BCETIa UMEETCS U
HEOOJIBIIIOE KOJTHYECTBO ABIPOK, HA3BIBAEMBIX HEOCHOBHBIMUA HOCUTEIAMU. DTH JBIP-
KU TIOSIBJISIFOTCSL B Pe3yJbTaTe MEPEeX0/0B JIEKTPOHOB M3 BaJCHTHOW 30HBI B 30HY
MPOBOAMMOCTH. AHAJIOIMYHO JBIPKU B p-TIOJIYNPOBOJHUKE OyAyT OCHOBHBIMU HOCH-
TEJSIMH, a JIEKTPOHBI - HEOCHOBHBIMH.

B cuiy Toro, 4to KOHIEHTpaIMsl 3JE€KTPOHOB U JBIPOK 10 pa3HbIE CTOPOHBI OT
TPaHUIIBI pa3jiesia 3HAUUTEIBHO PA3IMYalOTCs, SJIEKTPOHBI CTPEMSITCS TPOHUKHYTH B
p-007nacTh, a AbIpku AUGOYHIUPYIOT U3 p-007acTH, B n-00J1aCTh. DJIEKTPOHBI, MEpe-
X0/l uepe3 IpaHully paszfielia, OCTaBJISIIOT Mocie ceOs MOJOKUTENbHO 3apsiKEHHbIE
HEMO/IBIYKHBIE MOHBI JOHOPOB, a JIBIPKH, YXOs U3 p-00]acTd, OCTaBISIIOT OTpHUIla-
TeIbHO 3apsDKCHHBIE HETIOJBMKHBIE HOHBI aKIIENTOPOB. B pe3ynbrate p-o0iacTh 3a-
psXKaEeTCsl OTPULATEIBHO, a 1-00J1aCTh MOJOKUTENBHO (puc. 1, 0).

n__p
@ i+ @ O
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a) 6)

Puc. 1

Taxkum 00pa3om, Ha TPAHMIIE JIBYX MOJYMPOBOJTHUKOB 00pa3yeTcsl TaK Ha3bIBa-
emasi 0bactb 00beMHOTrO 3apsiia. B 3Tol 00macT BO3HUKAET JIEKTPUUECKOE TIO0-
je E, HampaBIICHHOE OT 71- K p-TOJAYIPOBOAHUKY. 1107 BIMSHHUEM 3JIEKTPHYECKOIO
noss E B p-n-niepexojie BO3HUKAET BCTPEUHBIH MOTOK 3JIEKTPOHOB M3 p- B 11-00J1aCTh
U JBIPOK U3 n- B p-00JaCTh.
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OTOT BCTPEUYHBIM MOTOK MOJYYHJI Ha3BaHHUE Jpeu-

— P (hoBOrO TOKA MM TOKA IPOBOAMMOCTH. TakuMm oGpasoM,
3’ "\-/"[”E;" S i S ,Hpeﬁ(l)OBBEﬁ TOK OOYCIIOBJICH JBYIKEHHUEM HEOCHOBHBIX
| ‘ HocHTelNen 3apsiaa. Tak Kak pe3ylnbTHUPYIOIUNA TOK B U30-
@%D — [PE{ﬁ JIMPOBAHHOM MOJIYIIPOBOJIHUKE JOJKEH ObITh PaBEH HY-
~ | ~ | mo, To 1udy3MOHHBINA TOK, OOYCIOBICHHBIN JABUKECHU-

Puc. 2 €M OCHOBHBIX HOCHUTENICH 3apsia, ypaBHOBEIIMBACTCS

IpeihOBBIM TOKOM, OOYCIIOBJICHHBIM JIBIDKCHHEM HEOC-
HOBHBIX HOCUTEJICH 3aps/a.
CxemaTH4eCKHl TOKH Yepe3 n-p-mepexoj B COCTOSSHUM PABHOBECHS, T.€. MPU OT-
CYTCTBHMU BHEIIHETO 3JIEKTPUYECKOIO MOJs MOKa3aHbl Ha puc. 2. PaccMoTpuM sHep-
TETUYECKYIO AarpaMmmy n-p-miepexojia Mpu pa3auyHbIX €r0 COCTOSIHUSX:

1. Pasnosecrnoe cocmosnue

r Enp Hanuuue o00beMHOTO 3apsiia B MeEpexoje
' . . v

f . [ o [, TPHUBOAUT K BOSHUKHOBEHHIO KOHTAKTHOM Pa3HO-
" /}/e/%// /Cy CTH TIOTEHLUAJIOB (P U TMOSIBJICHUIO DHEPreThye-
i C v vy

e Y. ckoro 6apbepa e@x Ha n-p-riepexonae (puc. 3). Tak
| 77777, kak B COCTOSIHHH paBHOBECHUS CpEAHSIS IHEPTHS
T 7777 ipp AJIEKTPOHOB 10 00€ CTOPOHBI OT Mepexoaa OJUHA-
: - KOBa, TO ypoBeHb Depmu OyJeT HAXOIUTHCS Ha

Puc. 3

OJHOM TOPU30HTAJIH.

2. Obpamnoe (3anuparuiee) cmeuieHue

[Tpunoxum Kk n-p-nepexoy BHellIHee HanpspkeHue U Tak, Kak IMOKAa3aHo Ha puc. 4, a.

Icea .
\ \Y ; Lhnp

~ . E.
| o 4

f e(%e+)

i r—— P

E. __/ £,
Mn
+ - /®
N-TUn | p - TUN E,

6)

a) lpp -

D

Puc. 4

B sTom cnywae mpuinoxkeHHOE BHelIHee HampspkeHue U cyMMupyercs ¢ KOH-
TaKTHOM pa3HOCTHIO TMOTCHIIMAJIOB (k. BBICOTa mMOTEeHIMaIbHOTO Oaphepa Ha N-p-
nepexojie yBeNMuuuTcs u cranet paBHou e(@x +U) (puc. 4, 0). YBeIu4eHHE BBICOTHI
MOTEHIIMAJIBHOTO Oaphepa He OTPA3UTCS Ha BEJIMYMHE TOKA MPOBOAMMOCTH 4Yepes3 Te-
pexoa. JlelicTBUTEIBHO, NI HEOCHOBHBIX HOCHUTENEH 3apsia Moje B N-p-Tiepexoe
SIBIISICTCS TSHYIIUM, YCKOPSFOIIIHAM.

Hudpy3uoHHBIN K€ TOK, OOYCIIOBJIECHHBIA JBH)KEHHEM OCHOBHBIX HOCHUTEINEH,
pe3ko magaer. Takum 00pazom, B JaHHOM ClTydae uepe3 n-p-nepexoi OyaeT NpoTeKaTh
TaK Ha3bIBa€MBbI OOpaTHBIN TOK. DTOT TOK MaJl MO BEJIMYMHE, TaK KaK KOHLIEHTpPAIUs
HEOCHOBHBIX HOCUTEJIEH 3aps/ia MEHbIIIE KOHIICHTPAIIUM OCHOBHBIX HOCHUTEJEH.
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3. Ilpamoe (nponycknoe) cmewenue.

V3MeHHM TIOJIIPHOCTD MPHUIIOKEHHOTO K n-p-niepexony Hanpsbkenus U (puc. 5,
a). B aToM ciyyae HanpspkeHue OyJIeT YMEHbIIATh BEIHUNHY MTOTEHITHAIBHOTO Oaph-
epa mo 3HadeHus e(@x -U) (puc. 5, 6).

‘{@ﬁ | e,

—— i e
sl N
—_ /IAP
- ,N-THUI | p-THMI £ WWEV
v ¢, 6)

Puc. 5

Tok MpPOBOJMMOCTH MPHU 3TOM OCTAHETCS HEU3MEHHBIM, KaK U B IPEAbIAYIIEM
ciiy4ae, T.K. JUIsl HSOCHOBHBIX HOCUTENEH 3apsiia Mojie B n-p-Mepexojie OCTaeTcs Tsi-
HyluM. {ndPy3noHHBI TOK 3JEKTPOHOB U JBIPOK PE3KO BO3PACTAET BCIEICTBHE
YMEHBUIEHUS TOTEHIMAIBHOTO 0apbepa. Yepes n-p-nepexo/1 oTeueT MpsiMOi TOK.

Taxum 00pazoMm, Mbl pacCMOTPENH JABa COCTOSIHUS n-p-NEPEXoja, Pe3KO OTIIH-
YaIOLUXCS BEIMYMHON MPOTEKAOIIETO TOKA. DTO CBOWCTBO M-p-IIEPEX0]1a UCIIOIb3Y-
€TCs JJI1 U3TOTOBJICHHS MOJIYTIPOBOAHUKOBBIX BBIIPSIMUTENEH TOKA.

Ecnu BBIIPAMUTENBHBIM U0 BKIIOYNTH B LIENb IEPEMEHHOIO TOKa, TO B TEYe-
HUE OJHOTrO Mojdynepuoaa OyJeT Teub NPsIMON TOK, @ B TEUEHUE JPYroro noiymepu-
0J1a - OYeHb MaJIblii 0OPATHBIN TOK.

3aBUCUMOCTh MEXIY TOKOM M HampsDKEHHEM Ha JUO0JIe MOXKET OBbITh 3alucaHa
AHAJIUTUYECKU WM TPEACTaBlieHa TIpa@UuecKku B BUAE TaK Ha3bIBA€MOM BOJIBT-

amriepHoi xapaktepuctuku (BAX). AHanuTHyecku 3Ta 3aBUCUMOCTh UMEET BU/T
eU

=5 —l,s =15(e'T —1). (D
eU

ITpu o6paTtHOM cmemennn U<O u ciaraemoe € KT << 1. Toraa iep=is. OOpaT-

eU
HBIA TOK is Ha3bIBAIOT TOKOM HachkimeHus. [Tpu npsmom cmemernn: U>0 u e KT >>1,
eU
Torja iny~ise KT , T.e. iy pacrer ¢ poctom U MO SKCIOHEHTE.

I'padux 3aBucumoctu i or U (BAX) nokazan Ha puc. 6. CBolicTBa BBIIPSIMU-
TEJBHBIX JINOJOB XapaKTePU3YIOTCS KOA(DOUIIMECHTOM BBIPSMIIEHUS O, PABHBIM OT-
HOILEHUIO MpPSIMOTO TOKAa Iy, K OOPAaTHOMY losp, M3MEPEHHBIM IPHU OJMHAKOBBIX
HaIPSHKCHUSX ;

a:-l;a , 108 U'ra:‘uiaa :

Iiéé
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Puc. 6

Ha n-p-niepexoze (puc. 6).

[Ipn 3HaueHusAx npsmoro cmemenus U>@g
NOTEHIIUAJIbHBIA Oapbep Ha n-p-miepexoje IMpak-
TUYecKkHu nucueszaeT. CONpOTUBICHUE THOJIA B 3TOM
ciydae OOYCJIOBJICHO JUIIB IOCJIEI0BATEIHLHBIM
COTIPOTUBJICHUEM O0BEMa TIOJYMPOBOJAHUKA W
KOHTakTOB. BAX M3 3KCHOHEHTHI MNEPEXOJUT B
npamyto JmHUKP. [IpoBoas kacarenbHyl0 Ha JIH-
HEWHOM y4acTke npssmou BetBu BAX o mepece-
YEHUS C OChIO HampspKeHUss U, MOXHO OLCHUTH
3HAYECHUE KOHTAKTHOM Pa3HOCTH MOTEHIIMATIOB (P

4. Memoowsl noayuenuss u ycmpoucmeo noaynpo8oOHUKOEbIX 8bINDIAMUMEIel

‘

Auddysus

§ey

J

|
r

2(p- Tﬁn)

1 (n - Tum)

Puc. 7

row

Haubonee pacnpocTpaHeHHBIM METOJOM IIO-
JTy4EeHHs p-N-IIEPEXO0/I0B B HACTOSIIEE BpEMS SIBIISI-
ercs Meto TUPQy3un akIENTOPHON IPUMECH B p-
MOJIYITPOBOJHUK U JOHOPHOW MPUMECU B N-TIONY-
mpoBOoJHUK. [lepexooM Ciy HUT rpaHuua, OTIe-
JSromas 00JIacTh ¢ Pa3IuYHbBIM THUIIOM ITPOBOJU-
Moctu (puc. 7). lllupokoe mpUMEHEHHE HAXOIUT
TaK)K€ SIUTAKCHUAIBHBIA METOJ TMOJIYYEHUs p-n-
MEPEXOI0B, COCTOSUINI B HapallMBaHUU Ha IOJY-
IIPOBOJHUKOBOM IOJIOKKE OJHOIO THIIA IIPOBO-

JMMOCTH CJIOSl TOJYIPOBOJHHUKA C MPOTUBOIIOJOXHBIMA THUIIOM IIPOBOJAUMOCTH.
YcenemHo ocBanBaeTcsl METO IMOJYUYEHUS p-n-TIEPEXOA0B IyTEM BBEACHHUS B IOJY-
MIPOBOJIHUK HEOOXOAMMOM MPUMECH C TOMOIIBIO MOHHOTO IMy4YKa - METOJ MOHHOTO
JIETUPOBAHUS.

4. MIPUBOPBI U IPUHA JVIEZKHOCTH

1. McTouHuk TOKA.
2. IloTeHmomeTp.
3. MwmmuaMnepmeTp.
4. Mukpoamiiepmerp.
5. BonbeTmeTp.
6. [1omynpOBOTHUKOBBIN BBITPSIMUTEIT.

5. CXEMA UBSMEPEHUU

B paGote uccnemyercss 3aBUCMMOCTh CHJIBI TOKA 4epe3 JHUOJ OT BEIUYUHBI U
HaIpaBJICHUS TPHIIOKEHHOT'O HaNpspKeHHs. [ m3MepeHus Toka coOupaercs Ielb
1o cxeme (puc. 8).
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Puc. 8

6. IOPAIOK BBIIIOJIHEHUA PABOTbBI

1. 3meputh TOK 4Yepe3 IUOA, U3MEHSSA BEIMYHMHY W IOJISPHOCTH BHEIIHErO
HanpspkeHus. Pe3ynbraTel 3anucath B Ta0m. 1.

Taonuma 1

Hanpsoxenue U, B
[Tpsimoit Tok lp, A
OOpaTHBIN TOK logp, A
Koaddumument Bempsm- | o
JICHUS

2. Ilo pe3ynpraTam uzMepeHnus noctpoutb BAX. YuuTeiBas CymecTBeHHOE pas-
JUYNE B 3HAYCHMSX I, U ly5 LEJIECO00pa3sHO MpsMyr0 U oOpaTHyro BeTBU BAX
CTPOUTH B Pa3HOM MacuITaoe.

3. [loctpouTtsk rpaduk 3asucumoctu o = f{U).

4. OnpenenuTh KOHTAKTHYIO PA3HOCTh OTEHIIUATIOB (x B p-N-TIEPEXOJIE.

5. Ilo pe3ynbpTaTtam pabOThI Cli€JIaTh BHIBOIBI.

7. KOHTPOJIBHBIE BOITPOCBI

1. Yto Takoe p- M N-TIOTYNIPOBOTHUKHU?

2. Uto Ha3bIBaeTCsI OCHOBHHIMH M HEOCHOBHBIMH HOCHUTEJISIMU 3apsijia B MOJY-
MTPOBOTHUKAX ?

3. OOBsicHUTE TEeMIEPATYPHYIO 3aBUCUMOCTh KOHIIEHTPAIIMK HOCUTENIEH 3apsiaa
B MTOJIYTIPOBOJTHUKAX.

4. Yto Takoe p-n-nepexon?

5. OOBIcHUTE MEXaHW3M BO3HHKHOBEHHS 00JACTH OOBEMHOTO 3apsia U KOH-
TaKTHOM pa3HOCTHU MOTEHIUAIIOB B p-n-MIEPEXO/IE.

6. YKaXuTe COCTaBIISIIOLIME TOKA, MPOTEKAIOIIEro Yepe3 Mepexo] B paBHOBEC-
HOM COCTOSTHUU, OOBSICHUTE UX TIPUPOJTY.

7. Hapucyite SHEPTETUUECKYI0 IUarpaMMmy p-n-lepexosia B COCTOSSHUU PABHO-
BECHsI, PU TIPSIMOM M OOPATHBIX CMEIIICHHUSX.

8. 3anuiuuTe U 0OBICHUTE AHATUTUYECKOE BBIPAYKEHHE ISl TOKA YePE3 MEePEXO/I.

9. Hapucyiite u 00BSICHUTE BOJBT-aMIEPHYIO XapaKTEPUCTUKY BBIIPSIMUTEb-
HOT'O JINOJA.

10. Yto Takoe k03P GUITUEHT BHITTPSIMIICHHS?

11. Kakue MeTo1bl MOTydeHuUs p-n-nepexo 0B Bam n3BecTHbI?
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JIOIIOJIHEHWE K JJABOPATOPHOW PABOTE 12

NCCIELOBAHHME BOJIbT-AMIIEPHBIX XAPAKTEPUCTHK
p-n-1IEPEXOIOB IIOJIYITPOBOAHNKOBLIX ITPMBOPOB
OCHUJUVIOTPAONYECKMM METO/I0OM

1. HEJIb PABOTbI

W3yunts ocrumiorpaguueckuii MEeTo1 HaOMI0ACHNUS BOJIbTAMIIEPHBIX XapaKTe-
PHUCTHUK MOIYITPOBOIHUKOBBIX PUOOPOB.

HccenenoBars BOJIBT-aMIIEPHBIE XaPAKTEPUCTUKU ITOJYIPOBOJIHUKOBOIO IUOJA,
cBeToauona, poroanoaa, GoTopeanucropa, p-N-Mepexo10B TPAH3UCTOPA.

2. BUBJIMOI'PA®UA

1. [Toptuc A. ®usndeckas naboparopus. - M.: Hayka, 1972. - 320 c.
3. IIPUBOPHI U ITPUHAJVIEXXHOCTHA

3.1. I'enepatop HU3KOM yacToThl ['3-53.
3.2. DAeKTpOHHOIY4YEBOM ocriorpad.
3.3. YcraHoBKa 111 HaOIIOIEHUS BOJIBT-aMIIEPHBIX XapaKTEPUCTHUK.

4. TIOPAIOK BBIIIOJIHEHUSA PABOTBI

4.1. Cobpatb cxemy, u300pax€HHYyI0 Ha puc. 9.

.Y
C QHO./"d— .‘\>X
3r R \\\.—‘-—— )

E R g

VD 3
A <

™~ B e

Puc. 9

4.2. Bxirounts 3ByKoBO# reHepatop ['3-53 B cets 220 B.

4.2.1. Ilepexmouarens "[logananazon” nmoctaBuTh B noJioxkenue "0".

4.2.3. Ilepexntouarens "HanpspkeHue BbIxoja' mocTaBUTH B mosioxkenue "3 B".

4.3. BKIIOYHUTh 3JIeKTPOHHOTYy4eBOM ociimuiorpad B ceth 42 B.

4.3.1. C noMomipto pykoarok "Spkocts" ( * ), dokycupoBku ( - ), KOOpAUHAT
(©), (X), ycTaHOBUTH IEKTPOHHBIN My4OK MPUMEPHO B IIEHTP dKpaHa TPYOKH OC-
nusuiorpada.

4.3.2. Haxatp TymOnep "max" Bxoma Y.

4.3.3. Haxxatp TymOsiep Bxona X.

4.4. YCcTaHOBUTH BBIXOJHOE HAIpsKEHHE 3BYKOBOro reneparopa  (1..2) B¢
nmoMoIbio pykostku "PerymupoBka Beixona'. [lomyuuTs Ha skpane ociuiorpada
YCTOMYMBYIO BOJIbT-aMIIEPHYIO XapaKTEPUCTUKY HCCIEAYEMOr0 MOJIYIPOBOAHUKO-
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BOTO MpuOopa. 3aprcoBaTh MOTYYECHHYIO XapaKTEPUCTHKY B OTUET K JIA0OpATOPHOU
pabore.

4.5. HabGmromaTe Ha 3KpaHe KapTUHY BBITIPSAMIICHUS TOKA. JIJIT 3TOTO BKIIFOYHTH
BHYTpEeHHIOI cHHXpoHM3aInio 1 uim 10 'l U ¢ mOMOIIBI0 PYKOSITKA CHHXPOHHU3a-
[IUH TTOJIY9UTh YCTONYMBYIO KapTHUHY BBITIPSAMIICHHUS. 3apHCcOBaTh MOJYyYEeHHYIO OC-
[IIJIOTPAaMMY  BBITIPSIMIICHHUS TIEPEMEHHOTO HAMPSIKEHUS B OTYET.

4.6. I3MeHsIst 9acToTy, MPOCICAUTh TUHAMUKY WU3MEHEHHUS BOJIbT-aMIICPHOM Xa-
PaKTEPUCTUKH TUOJIA.

4.7. TloBTopuTh MyHKTHI 4...6 m1a hoToanoaa, cBeTOANOAa, (poTopesnucropa, p-
n-TIEPEXO0/I0B TPAH3UCTOpa MO 3a/JaHUIO TIpernojaBareis. Pe3ynbraTel HAOIIOACHUN
3aMmcaTh B OTYET.

4.8. ObopMHUTE OTYET U ClIeTIaTh BEIBOJIBI IO padoTe.

5. KOHTPOJIBHBIE BOITPOCbBI

1. OOBSACHUTh METOAWKY MOJYYEHHUS BOJIHT-aMIIEPHBIX XapaKTEPUCTHUK C ITOMO-
1IBI0 ocHUIorpada.

2. IlossCHUTH aCCUMETPUYHYIO KapTHHY BBIIPSMIICHUS TOKA.

3. IlosscCHUTH BAWSHUE YACTOTHl Ha BOJIBT-aMIIEPHYIO XapaKTEPUCTUKY MOIYIIPO-
BOJTHUKOBBIX MPUOOPOB.
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JIABOPATOPHASI PABOTA 13

N3YYEHUE TYHHEJBHBIX ANO/J10B
1. HEJIb PABOTbI

WNnmoctpamnus sddexra TyHHETUPOBAHUS MHUKPOUYACTHI] CKBO3b MOTEHIHANb-
HBII1 Oapbep Ha MpUMepe aHaan3a padoThl TYHHEIBHOTO AMO/1A, UCCIEI0BAaHUE BOJIBT-
aMIIEpHOM XapaKTEPUCTUKU TYHHEIBHOIO THOJA.

2. BUBJIMOI'PA®UA

1. dernad A.A., AABopckuit .M. Kypc pusuku. - M.: Beicur. mik., 1989. - 608 c.

2. EnudanoB I'.1. ®usndeckue 0CHOBBI MUKPOAJIEKTpoHUKH. - M.: CoB. paauo,
1971. - 375 c.

3. bymmanoB b.W. ®usuka tBepaoro Tena. - M.: Beicm. mik., 1971. - 224 c.

3. TEOPETUYECKOE BBEJIEHUME

CyIIHOCTh TYHHENBHOTO 3 eKTa 3aKIH0YaeTCs B TOM, YTO YacTUIA, UMEIOLIas]
SHEPruto E MEHbIIE BHICOTHI MOTEHIUAIBHOTO 0apbepa Up, MOXKET MpH ONpeaeeHHbIX
YCJIOBHSIX MPEOOJIETh €ro 0e3 MOTepu PHEPTUu, €Ciu ¢ 00eux CTOpOH Oaphepa UMe-
I0TCSI U303HepreTudeckue ypoBau (puc. 1). [Ipu 3ToM BEpOSTHOCTH TYHHEIHPOBAHUS
TeM 0O0JIbIIIe, YeM MEHBIIIE IMUPUHA MOTEHIMATBHOTO 0aphepa | u ero Beicota U,

JUisi maeanu3upoOBaHHOIO MOTEHLHMAIBHOTO Oaphepa HpsIMOYTOJbHON (HOpMBI
(puc. 1, a) BEpOATHOCTh MPOXOXKICHUS (TYHHEIMPOBAHHWS) MUKPOYACTHUIBI CKBO3b
Oapbep paBHa

21
D =Dye n Uy E ), (1)
rae Do - koagdunrent, no nopsaKy BEIUUYUHbBI OJIM3KUN K €TMHHULIE.
Jlist moTeHumanbHOro Gapbrepa mpous3BosibHOU (hopmbl (puc. 1, 6) 0b6oOuIeHNEe
dopmysbl (1) IPUBOIUT K CIEAYIOMIEMY BBIPAKEHUIO IS BEPOSITHOCTH TYHHEIHPO-
BaHUS:

%2
D :Doe_h){l 2m(U(x)—E)dx. (2)

Tynnenbubiit 3¢ EKT urpaer OOJBIIYI0 POJib B 3MeKTpoHUKe. OH 00yCIOBIH-
BaeT MPOTEKAHUE TAKUX SBJICHHUM, KaK YMUCCHUS DJIEKTPOHOB MO/ ICUCTBHUEM CUIILHO-
rO MOJIsi, TPOXOXKJIECHUE TOKA Yepe3 TOHKUE TUAICKTPUUECKHE TUICHKHU, Tpo0oit P-Nn-
nepexoaa. Ha ero ocHoBe co3maHbl MOTYNPOBOJIHUKOBBIE TYHHEIBHBIC JUOJIBI, pa3-
pabaThIBAIOTCSl aKTUBHBIC TIJICHOYHBIE DJIEMEHTHI U T.I.

U 24

a) 0)
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TyunenvHwvill OU00

B TYHHENBHOM JHOJE MOTEHIHAILHEIM 0aphepoM siBIseTcsa P-N-mepexox. s
3aMETHOTO TPOSBICHUS TYHHENIBbHOTO 3¢ (dekTa B P-N-niepexoie He0OXO0AUMO BBITIOJ-
HEHHE JIByX OCHOBHBIX YCJIOBHIA:

1. lIupuna o61acTu 06BEMHOTO 3apsaa B P-N-Nepexoie, HHbIMU CJIOBAMH, HIU-
PUHA MOTEHIMAILHOTO 6apbepa Ul 3JIEKTPOHOB JOJDKHA OBITh Mana (Iopsaka He-
CKOJIBKHX JIECATKOB aHTCTPEM).

2. p- ¥ N-001aCTH MOIYIIPOBOJAHMKOB JOJKHBI OBITH BHIPOXKICHEL, T.C. HMETh
BBICOKYIO KOHIEHTPALUIO JETUPYIOIIUX IIPUMECEH (aKIENTOPOB U JOHOPOB), TOCTH-
raroyro 102°...10% aromos/M°. B sTOM ciyuae ypoBeHb ®@epmu OyleT MPOXOIUThH
BBILIE JIHA 30HBI IIPOBOJAUMOCTH B 7-00JAaCTH M HIKE IIOTOJIKA BAJICHTHON 30HEI B P-
00JIaCTU MOIYIPOBOJHUKA. Kak Mbl yBHINM HUJKE, B 5TOM CIy4aB C 00EHX CTOPOH
p-N-nepexona o6pa3yroTCss H309HEPTETHUECKUE YPOBHH, MEXKITY KOTOPHIMH BO3MOK-
HBI TYHHEIBHEIE Tiepexobl. [lonoxkenue yposHs DepMU B BBIPOKICHHOM SIIEKTPOH-
HOM M JBIPOYHOM MOIYIIPOBOJHUKAX MOKA3aHO HAa pUC. 2.

n-TUmn
p-THI

E—— S UL Hn
C_o- —O0— —o——o—Ed
B "F— rEr *Ea E
I Y T
a) 0)
Puc. 2

Kak BHIHO Ha 30HHBIX Auarpammax (puc. 2), B NOJYINPOBOAHUKAX N-TUNA
BCJIeICTBHE OOJIBIION KOHIIEHTpAIMM JOHOPOB B 30HE MPOBOJAMMOCTH OOpa3yercs
"mpumMecHasi 30Ha", 3alOJIHEHHAsI JIEKTPOHAMU. B P-MoJynmpoBOJAHUKAX MpPUMECHAs
30Ha, 3amojHeHHas "nplpkamu" (T.e. CBOOOJHAS OT 3JEKTPOHOB) 0Opa3yercs B Ba-
JeHTHOM 30He. Takum 00pa3oM, BCE SHEPreTUUECKUE COCTOSHUS, JIeKallhe HUXKe
ypoBHsI depmu, 3aM0THEHBI AIEKTPOHAMHU (Ha PUCYHKAX OHU 3aIUTPUXOBAHbI), a BbI-
i€ - CBOOO/IHBI.

Jlist ananm3a paboThl TYHHENIBHOIO JIMO/AA PACCMOTPHUM SHEpPreTUYECKUEe Tua-
rpaMMBbl P-N-Tiepexo/ia Mpu OTCYTCTBUH CMEIICHHS U TIPHU PA3IMYHBIX HAMPSKEHUIX
CMELICHMUS.

1. Cuewenue omcymemeyem. Ec ‘

[IycTe BHELIHEE HANpsHKEHUE HA P-N-TIEPEXOHE OT- \ y
CYTCTBYET. YpoBeHb PepMu B P- U N-MOJIYIIPOBOJHUKAX A
MPOXOJUT TOPUZOHTAIBLHO, HET MEPEKPHITUS CBOOOIHBIX \

oTBeTCTBYET Touke "0" Ha BOJIBT-aMIIEPHON XapaKTepH-
cruke (puc. 3).

¥ 3aHATBHIX DIEKTPOHAMM YPOBHEH B P- M N-001ACTAX M /A , / '\L/ZZZL
TOK 4epe3 P-N-MepeXo/] OTCYTCTBYET. ITO COCTOSHHE CO- //

V



Uosp.

L.ogp.

2. OmpuyamenvbHoe cmewerue.

[Ipu nogaye oTpULIATEIBHOTO CMEIIEHUS Ha P-N-tiepexo 1 ("MuHyc" HCTOUYHHKA
MPUCOEAUHEH K P-00s1acTH, a "mmoc" - K N-00J1aCTH) 3aMOJHEHHbIE 3JIEKTPOHAMU CO-
CTOSIHUSI BaJICHTHOUM 30HBI P-00JIACTH OKXKYTCS JISKAIIMMH TTPOTUB CBOOOTHBIX CO-
CTOSTHUM 30HBI TPOBOJAUMOCTH N-00sacTu (puc. 4). BenencTpue 3Toro pe3ko Bo3pac-
TET YHUCIIO TYHHEIBHBIX MEPEX0/0B JIEKTPOHOB CJIEBA HAIPaBoO (ITOKA3aHO CTPENKa-
MH) U TOK BO3paCTeT.

3. IIpsimoe cmewenue

[Ipu momaue mMpsMOro CMEIIEHUs TI0O MEPE €ro POCTa 3alOJHEHHBIE COCTOSHUS
30HBI MPOBOJAUMOCTH N-00JIACTH OKaXyTCS MPOTHB HE3AIOJIHCHHBIX COCTOSHUUN Ba-
JICHTHOW 30HBI P-o0mactu. [Ipm 3TOM HaYMHAET BO3pacTaTh KOJUYECTBO TYHHEIb-
HBIX IEPEX0JI0B JIECKTPOHOB M3 30HBI MTPOBOIMMOCTH N-TIONYTPOBOJHUKA Ha CBOOO/I-
HbIC YPOBHHU B BaJICHTHOW 30HE P-TIOMymNpoBoAHMKA. Korma qHO 30HBI IPOBOAUMOCTH
N-00J1aCTH OKAKETCS Ha OJHOW TOPU3OHTAIH C ypoBHeM Depmu P-001acTh, MpssMon
TYHHEJBHBIA TOK JJOCTUTHET MaKCUMyMa (TYHHEJIUPOBaHUE AJICKTPOHOB U3 N- B P-00-
JacTh TIOKa3aHO Ha pHc. 5 crpenkamu). JJaHHOMY COCTOSIHMIO P-N-Tiepexoja CooT-
BETCTBYET yuacTok "0-a" BOJMbT-aMIIEpHON XapaKTEPUCTUKU JUOIA.

JlanbHeiiee yBenuueHrue MpsMoro CMEIICHHS MTPUBEIET K YMEHBIIICHUIO TOKa,
TaK KakK YHUCIIO 3aHATHIX COCTOSHUM B 30HE MPOBOAUMOCTH P-00J1aCTH, JSKAIIUX TTPO-
THUB CBOOOJHBIX COCTOSIHUM B BAJICHTHOW 30HE P-00JacCTH, CTAHOBUTCS MEHBIIIE, IO~
CKOJIbKY YacCTh MX OKAa3bIBACTCSl MPOTHB 3ampeileHHo 30Hb P-o6nactu. Hakowner,
MIPU TAKOM CMEIIEHUH, IPU KOTOPOM MCUE3HET NMEPEKPHITHUE 30H, T.€. MOJOKEHUE THA
30HBI TTPOBOJIMMOCTH N-00JaCTH COBMAJACT C IMOJOKEHWEM BAJICHTHOW 30HBI B -
00J1aCTH, TYHHEJIbHBIC MTEPEX0/Ibl MPEKPATATCS U TOK JOCTUTHET MUHUMYyMa (puc. 6,
y4dactok "a-6").

a Unp.

‘ obp.
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[Ipu manpHelIIEM YBEIUYEHUU TPSIMOTO CMEIIEHUS TPOUCXOIUT YMEHBIIICHHUE
Oapbepa Ha P-N-Tiepexo/ie: HAYMHACTCS MHKEKIUS dJIEKTPOHOB U3 N- B P-00JaCTh |
IBIPOK W3 P- B N-001acTh (HA puC. 7 TEPEXO/Ibl MOKa3aHbI CTpenKoi). Uepes p-n-me-
pexon moredeT MudPy3HOHHBIH TOK KaK B OOBIYHBIX HEBBIPOXKICHHBIX P-N-TIepe-
Xo7ax. 3aBUCUMOCTh THU((HY3UOHHOTO TOKA 1y Yepe3 P-N-Tiepexo OT MPUII0KEHHOTO

HAIIPsKCHUA ITIOKA3aHa Ha PHUC. 7.

Ec <-

E

inp

Takum  oOpazom, cBoecoOpa3Hasi BOJBT-
aMIlepHasl XapaKTepHUCTUKAa TYHHEJIBHOTO JHOJIa
o0ycOBJIEHa HAJIO)KEHUEM TOKa TYHHEJIBHBIX
MEPEX0I0B AJICKTPOHOB (COCTABIIAIONIAs TOKa 1
Ha puc. 8) u nuddy3noHHOTO TOKA (COCTABISIO-
mas 2). Pesynbrupyromas 3THX TOKOB (COCTaB-
nsomas  3) W IpeAcTaBiseT coOOW BOJIBT-
aMIIEPHYIO XapaKTePUCTUKY TYHHEIBHOTO THOA.
OCc00OEHHOCTBIO BOJIBT-aMIIEPHON XapaKTEPUCTH-
KM SBJISICTCS HaJIU4We OTpHIlaTeapHoro audde-
peHIMAIBHOTO compoTuBiieHus "R," Ha manmaro-

eM y4acTKe "a-6"( _du )
meM y4d R, dR<O

Puc. 7

Uobp,

L

imp

oS/o.

Lnp

Lok

Puc. 8

Hanuuue oTpunatenbHOro COMPOTUBJICHUS U pe3Kas HEJTUHEWHOCTh BOJIBT-
aMIIEpHOM XapaKTEPUCTUKHU TYHHEJIBHOI'O JIUOJia MO3BOJISIOT HUCIOJb30BATh €ro Kak
AKTUBHBIN 2JIEMEHT B PA3JIMYHBIX PAJAUOTEXHUUYECKUX YCTPOMCTBAX: YCUIUTENSIX, T'e-
HepaTopax, cMecuTensix. Kpome Toro, Ha TYHHENBHBIX JUOJaX MOXHO CTPOUTH pa3-
JIUYHBIE UMITYJILCHBIE YCTPOMCTBA - TPUITEPHI, CITYCKOBBIE CXEMbI C OY€Hb MAJILIMU

BpEMCHAMM IICPCKIIIOYCHUS.

4. TIPUBOPHBI U ITPUHA/VIEZXKHOCTHU

1. TyHHENbHBIN AUO.

2. YcTaHOBKa JJIsl CHSTHUS BOJbT-aMIEPHON XapaKTEPUCTUKH TUOIA.

5. OMMCAHUE W3MEPUTEJBHON YCTAHOBKH

CxeMa yCTaHOBKH JJIsl CHSTHSI BOJIbT-aMIIEPHON XapaKTEPUCTUKU N300pakeHa
Ha puc. 9. Jluoxa Bkimtouaercs B rHe3Aa 'l u I'2. Tok yepes auoa usmepseTcss MUILIH-
amMrmepMeTpoM MA, UMEIOIINM JBa Tpesesia U3MEPEHUH, MePEKITI0YaeMbIX TyMOJIe-
pom I12. Hanpspkenue Ha Auoje u3MeHsieTcs: noreHuuomeTpoM Rj. [lepekitouarens
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[11 cmyXuT A mepeKiIoueHus poja paboT (CHATHE BOJbT-aMIIEPHOM XapaKTepu-
CTHKH Ha NOCTOSSHHOM TOKE, IEPEMEHHOM TOKE).

)

K ocmmmnorpagy

Puc. 9

6. IIOPAJOK BBIITIOJIHEHUSA PABOTbI

1. Cnuamue sorvm-amnepnoi xapakmepucmuku Ha NOCHOAHHOM MOKe.

Bxirounts 1roa B CXeMy I CHATHS BOJIBT-aMIIEPHOM XapaKTEPUCTUKH HA I10-
ctostHHOM Toke. TymOnep Il moctaBuTh B mpaBoe mnoisioxenue. [lorenuumomerp Ri
IIOJTHOCTBIO BBIBECTU IIOBOPOTOM PYKOSTKH IPOTHUB YAaCOBOW CTpENIKHU. IloakimtounTs
YCTaHOBKY C IIOMOILBIO CETEBOTO IIHYpa K ceTH ¢ HanpsbkeHnueM 220 B.

VBenuuuBas HalpsHKCHUE MOTCHIIMOMETPOM Ri CHATH 3aBHCUMOCTH [ = f(U).

Pe3ynbrarel n3mepenuit 3anectu B Tadbauiy. Ocoboe BHUMaHUE OOPATUTh HA CHSITHE
y4acTKa OTPULATEIBLHOTO COMPOTUBICHUS.

2. Cuamue 601bm-aMnepHoll XapaKmepucmuku ocyuiiocpaguyeckum memo-
oom.

Jlns HaOdroeHusT XapaKTepUCTUKH TYHHENIBHOIO AHOJa Ha ocuuuiorpade
HEO0OXOAMMO MOAKIIOYUTH MOCIEAHUN K COOTBETCTBYIOUIUM KJIEMMaM YCTaHOBKH.
Ilepexmntouatens 111 mocraBuTh B JIEBOE MOJOKEHUE. 3apPUCOBATH BOJBT-AMIEPHYIO
XapaKTEePUCTHUKY C dKpaHa ocluiorpada.

3. CpasHumb noayuenHvle XapaKxmepucmuruy.

7. KOHTPOJIBHBIE BOITPOCHI

1. YUto Takoe BBIPOKICHHBIE P- U N-TIOTYIPOBOIHUKN?

2. O0BsicHuTe pabOTy TYHHEIBHOTO TUOJA.

3. Hauepture cxemy p-n-nepexoaa Ais JUOJA MPU OTCYTCTBHUM M HAJIUYUU
CMELIECHMUS.

4. Jlaiite onpenenenue ypoBHsi Depmu.

5. 3anummute pacnpenenenue Oepmu - upaxa.
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JABOPATOPHASA PABOTA 14

NCCIEAOBAHUE KPEMHHUEBOI'O CTABHJIMTPOHA

1. HEJIb PABOTbI

1. Onpenenuth HanpsbkeHue cradumusaruu guoaa KC 156 A.
2. OnpeaenuTh CTaTUIECKOE U JUHAMUYICCKOE CONMPOTHRIICHUE CTAOMIMTPOHA B
paboueii Touke, BEIOpaB €€ M0 yKa3aHUIO MpernogaBaTels.

2. BUBJIMOI'PADUA

1. llTammvoBa K.B. ®u3nka noaynpoBOAHUKOB: YIC€OHHUK JJIS CTYACHTOB BY30B.-
M.: Dueproaromuznat, 1986. - 416 c.

2. IlaceinkoB B.B. u ap. [lonynpoBoHUKOBEIE TPUOOPHI: YUEOHUK /JISI BY30B.-
M.: Beicn. mk., 1983. - 398 c.

3. Tyros H.M. u ap. IlonynpoBogHHKOBbEIE TPUOOPHI: YUEOHUK ISl BY30B.- M.:
Dueproaromusaar, 1990. - 576 c.

3. TEOPETHYECKOE BBEJIEHUME

CtaOuauTpoHOM (OMOPHBIM JHOJIOM) HA3bIBACTCS
MOJIYITPOBOJTHUKOBBINA TIPUOOP, HAIPsKEHUE HA KOTOPOM  Uogp 0|/ Unp
B 00JIaCTU DJIEKTPUUYECKOTO MPOo0O0s Cl1a00 3aBUCUT OT  |Uppe——" |
TOKa B 3aJJaHHOM JHAaIla30H¢ M KOTOPBIA NpEIHA3HAYCH |
JUIsl cTaOUM3auy HanpsibkeHus B nenu (puc. 1). Ctabu- }
JIATPOHBI PAGOTAIOT B PEKUME HIEKTPHISCKOTrO MPOOOs. |
[Ton neficTBUEM CUIIBHOTO AJIEKTPUUYECKOTO MOJIsSt B 00J1a-

CTH P-N-TIepexo/a OOpaTHBI TOK PE3KO BO3PACTAET MPHU
MaJIbIX M3MEHEHUSAX TMPHUI0KEHHOTO HAMPSKCHUS W3-3a \
CWJIBHOM 3aBUCUMOCTH KOd(pduiimenTa o y1apHOi HOHU-
3aIuy IS 00JIaCTH JIABUHHOTO TIP000s OT HAMPSKEHHO-
CTH DJIEKTPUUECKOro moisi: o= AE™, rae o0braHO M > 5, 4 - MOCTOSIHHAS, 3aBUCS-
mas OT MaTepuaia, U3 KOTOPOTro M3TrOTOBIICH MpuOop. HampsskeHHOCTh dieKTpude-
ckoro 1o E B 001acTH TaBUHHOTO IIpo00s IpeBblnaeT 3Hadenue 107 B/m, mostomy
Ha0I0AaTh yIApHYI0 MOHM3AIMI0O MOXKHO JIUIIL B P-N-TIEpexojaax, MOCKOJbKY CO-
3paTh nossg 107...108 B/M B 01HOPOAHBIX MONYIPOBOAHUKAX YPE3BEIYANHO TPYIHO.

CyTh sIBIEHUS JIABUHHOTO TMPOOOS COCTOUT B TOM, YTO HOCHUTEIH 3apsja,
HaIrpuMep SJIEKTPOHBI, PA30THABIIUCH B CHJIIBHOM 3JIEKTPUYECKOM I0JI€, MOTYT TIPH-
0o0pecTH PHEPrUI0, MOCTATOYHYIO JUIsl MOHHM3AIMU aTo-

ICT max

Puc. 1

MOB TMOJYIPOBOIHUKA, T.€. 1715l 00Pa30BAHMS HOBBIX HO- ||~ p-Tun
CUTEJIEN 3apsala. YCKOpEHHE DJIEKTPOHOB J0 IOpora ; b't’ng;"” e L"D,;”_“,:
WOHU3AIMU 3aBUCHT OT COOTHOILICHUS JIBYX (haKTOPOB - || ~
YCKOPEHUSI BO BHELIHEM AJIEKTPUUECKOM IOJIE U pacce- T Lpp , \:I—)
MBaHHUs DHEPTMU MNPHM CTONKHOBEHMSX ¢ (oHoHmamum. |~ |7 Lre
HauOonpunii BKIIaJ B pelakcaluio Mo SHEPrusM BHO- S

uc.

cat ¢oHOHBI ¢ 3Hepruei Oombiel,l »B, Ha3pIBaeMbIe
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ONTUYECKUMU. YCKOPEHUE O SHEPTrUU MOHU3AIUU &; MOXKHO MPOWLIIOCTPUPOBATH
JAUarpaMMou, moka3aHHOW Ha puc. 2. 3aech | - cpentsas ammHa cBoOOaHOTO mpodera
AIEKTPOHOB, HE3ABUCAIIAsl OT UX SHEPruu. B mepBoM ciiyyae B OUE€Hb CUJIBHBIX 3JICK-

TPUUYECKHUX TOJISAX, KOTJIa BBITIOJIHSACTCS YCIOBHE ‘EEZ‘ > ho ), TIC hi,, - FHEPTHSA OII-

TUYECKOTO (DOHOHA, IEKTPOHBI MOTY HaOpaTh SHEPIUI0 MOHU3ALMH &, B pE3yJIbTaTe
MHOTOKPATHBIX CTOJIKHOBEHUH ¢ (hoHOHaMM (JimHUA 1). DTO, Tak Ha3pIBaeMoe, IUd-
¢dby3uoHHOE TNpUONIDKEHHE YyAapHOW uWoHM3auud. Bo BTOpoM ciydae, Korna

‘EEI ‘ < fi ), HOCUTEM MOTYT HaOpaTh SHEPIHIO &y JIMIIb HA PAacCTOAHUAX Ly, MHO-

TOKPaTHO MPEBHIMIAIONIEM JUIMHY cBoOOHOTO Tpodera | (yuams 2). BepositTHOCTE Ta-

v LU
KOro mpoOera 10 Iopora MOHM3aluu 0e3 CTOJIKHOBeHuu P, =eXp| —— |.DT1o npu-
I

OJIMKeHUe Ha3bIBAIOT Apei(oBbIM. B y3kux p-n-niepexonax yaapHas HOHU3ALUS UAET
1o 1udpy3noHHOMY MIPUOJIMKEHHUIO, & B TOJICTHIX, IJIABHBIX - MO ApeidoBOMY.

B crabunutponax oOpaTHBIM TOK AuOja, T.e. pabounii yuactok BAX, ompene-
JSI€TCS BBIpAXKECHUEM

logp = M(ls + ),

rae ls - oObIuHBIN TOK HachIlleHUs oOpaTHOM BeTBM BAX p-n-nepexona (cMm. omuca-
Hue pabotel 12); |y - TeHepallMOHHBI TOK P-N-TIepexoja, ONpenesieMblii CKOpo-
CTBIO TEIJIOBOM reHepaluu HOCHUTENed B 00iacTu o0beMHOro 3apsaa; M - koaddu-
LMEHT JJABUHHOTO YMHOXEHUS HOCUTENEH 3apsiia.

OH MOeT ObITh pacCCUUTaH C MOMOUIBI0 KOA(DPUIIMEHTA YIapHON NOHU3AIUY O,

HAIpUMep, [T 2MeKTpoHoB 5y _ K1 roe K = B snecs p - KOOQQHIHIEHT yaapHO#
n K ) a. s

5
MOHHM3aLMH JUIs IBIPOK; 7 — expl (K — 1) j adx |, e & - TOJIIMHA 001aCTH 00BEMHOTO

0
3apsaa p-N-nepexona.

OO0BIYHO KOA(DPUIIMEHTHI JIABUHHOTO YMHOKE€HUS HOCHUTEJIEH pacCUUTHIBAIOTCA
o opmyiie

U

rae b = 3 i KpeMHHEBBIX CTAOMIUTPOHOB; U0 - IPOOUBHOE HampspKeHHe P-N-
nepexona; U - mpuiokeHHOe K P-N-TIepexoay HampsiKeHHE.
BaxxHOl XapakTepUCTUKON CTAOUIUTPOHA SBIISIETCS €r0 JTUHAMUYECKOE COIpPO-

tusienue , _ 49U (B paboueii Touke). UeM MeHbIIe BEINUYMHA I, TEM BBILIE KAYECTBO
dl

CTa6I/IJ'II/IBaHI/II/I HaIIPpsSKCHHA. HOTepI/I B ANOJIC Ha ’KOYJICBO TCILJIO OIPCACIIACT CTa-

npoo

U .
THUYECKOE COMPOTUBICHNE R = — (B paboueii TOUKe).
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4. IPUBOPBI U IPUHA JIVIEZKHOCTH

1. Maker ycTtaHOBKM [u1s u3MepeHuss BAX moiaynpoBOJHUKOBOTO JUOAA.
2. Crabunutpon KC 156 A.

5. MOPAJOK BBIITIOJIHEHUSA PABOTbI

1. BKJIIOUUTH YCTAHOBKY.

2. IToaAKII0YNTh CTAOMIIUTPOH K TUOJHBIM KJIEMMaM B 0OpaTHOM (3amuparoliem)
BKJIIOUCHHHU.

3. YBenuuuBas MOTEHIIMOMETPOM HaMNpspKeHHE Ha cTadbmnuTpoHe oT 0 g0 6
BOJIbT, CHSITh 3aBUCUMOCTh TOKa cTabunutpoHa Ic oT Hanpsbkenus U U 3aHECTH €€ B
tabn. 1. Hampsbkenue yBennuuBaTh Ha 0,5 B B auanazone ot 0 1o 5 Buna 0,2 B B
nuana3oHe ot 5 1o 6 B.

Taonuma 1

Hanpsokenue, U, B
Toxk ctabwiutpoHa, lc, MA

4. OnpenenuTh AMHAMUYECKOE M CTATHYECKOE COINPOTHUBIICHHS] CTAOMIUTPOHA
ipu 5,8 B.

5. IToctpouts rpaduk 3aBucumoct lc (U).

6. 1o pe3ynpTaTaM M3MEpEHUN clieNaTh BBIBOJ O XapaKTEPUCTUKAX CTAOUIIUT-
pona (Ucn , len, I, R).

6. KOHTPOJIBHBIE BOITPOCDBI

1. Yto Takoe CTaOMJIMTPOH, U KAKOBO €r0 Ha3HAYEHUE B AIEKTPUUECKUX LIETISIX?

2. KakoB (pu3n4ecKkuii MEXaHM3M CTAOMIIM3AMU HAIIPSKEHUSI Ha OOpaTHOM BET-
Bu BAX onopHoro nquona?

3. OOBsicHUTE MEXaHU3M yIapHOW MOHHW3ALMU MpHU JAaBUHHOM Ipoboe P-N-me-
pexona.

4. Yto takoe K03 (UIUEHT JaBUHHOTO YMHOXEHHUSI HOCUTEJEH, U KaKOBO €ro
BIIMSIHUE Ha 0OpaTHBIN TOK quoja?

5. CMBICII CTAaTMYECKOTO M TMHAMUYECKOTO COMPOTUBIICHUH CTAOUIUTPOHA.
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JABOPATOPHASA PABOTA 15

N3YYEHUE BUIOJAPHOI'O TPAH3UCTOPA
1. HEJIb PABOTbI

HSY‘-ICHI/IG pa6OTBI 6HHOJI$IpHOFO TPaH3UCTOpA. HCCHCI{OB&HI/Ie CTaTUYCCKHX Xa-
PAKTCPUCTUK TPAH3UCTOPA B CXCMC C O6HII/IM OMHUTTCPOM.

2. BUBJINOI'PA® U

1. CaBenneB U.B. Kypc obmeit ¢pusuku. - T.3. - M.: Hayka, 1989. - 304 c.
2. bymimanoB b.H. ®u3uka tBepaoro tena. - M.: Beicir. mik., 1971, - 224 c.

3. Enudanos I'.1. ®duznueckne 0CHOBbI MUKPOIJIEKTPOHUKHU. - M.: CoB. paauo,
1971.-375 c.

3. [IPUBOPHI U IPUHAJUVIEZXKHOCTH

JlaGopatopHas yCcTaHOBKA.

4. TEOPETUYECKOE BBEJIEHHE

&/ /.

K

b /K B
%) 6) N

Puc. 1

1. bunonsapmuwiii mpan3ucmop - TOTYNPOBOJHUKOBBIM MpHOOp, NMpeaHa3HAYECH-
HBIA 111 YCUJIEHUSI, TE€HEpUPOBAHMS M MPeoOpa30BaHUs INEKTPUUECKUX CUTHAJIOB.
N3o6peten B 1948 r. V. lloknu, Y. bparreiinom u JI. bapnunsim (HoGenesckast
npemusi 1956 r.). Tpansuctop npeacTaBiIsieT co00 MOHOKPUCTAUIMYECKYIO CTPYK-
Typy - NOJIyIPOBOJHUKOBYIO IUIACTUHY, B KOTOPOM TEXHOJOTMYECKH CO3JaHbl TpU
yepeayroumecss 00JacTH ¢ pa3MYHBIMU THIAMH MPOBOAUMOCTH: P-N-P WM N-P-N
(pucyHnok 1, a,0). Cpennsisi o6sacth HazbiBaeTcs 0azoit (b), kpaiinue - samutTepoMm ()
u koyuiektopoM (K). baza otnenena ot amurTepa SMUTTEPHBIM P-N-miepexoioM (Tie-
pexon Ob wiu OI1), oT KomwIeKTopa - KOJIEKTOpHBIM nepexoaom (mepexon Kb mnm
KII). Ot 6a3bl, 3MHUTTEpA U KOJUIEKTOPA ClIeTaHbl METAINIMYECKHUE HEBBIIPSIMIISIONINE
BBIBOJIbI - OJTHOMMEHHBIE SJIEKTPOIbI.
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a) paBHOBECHOE
COCTOSTHHE

6) pabounii
pesKum
B) MoJie HC-
TOYHHKA
| i@-;;. @ﬂ 3aXBar MOJICM
KOJIJICKTOpa
l aﬂcf)daysm ‘ P
C(‘?U'LO / T I') TPAH3UCTOP
" "
- — _ _ _/ / 3aKPBIT

— /

b

Puc. 2

2. Cxembl 8KIIOYEHUS U NPUHUUN OCLICINEUSL.

B TexHuKe MPUMEHSIIOTCSI TPU CXEMBbI BKIIFOUCHHS TPAH3UCTOPA: C OOIIUM dMUT-
tepoMm (OD) c obmelt 6a3oi (Ob) u ¢ obmum kosektopoM (OK). Ipunuun nei-
CTBUSI CXEM B 3aBUCHUMOCTH OT CTPYKTYpPbl MPUMEHSEMBIX TPAH3UCTOPOM P-N-P WU
N-p-n He paznuyaeTcs. ToIbKO B P-N-P-TpaH3UCTOPaX TJIABHYIO POJIb B TPOTEKAIOIINX
npolieccax NPUHUMAIOT ABIPKHU, a B N-P-N-TPaH3UCTOPAX - DJIEKTPOHBI.

Cxema c O3

PaccmoTtpum ¢usndeckue mporecchl MpOUCXOISAIINE B TPAH3UCTOPE HA TTPUMEpE
TpaH3ucTopa P-N-p-tuna. B pabouem pexxume k smutrepHomy nepexoxny (II1) mpu-
JI0)KEHO TMOCTOSIHHOE HampsbkeHue cMmeneHus: Us, (711 KpeMHHUEBBIX TPaH3UCTOPOB
Us, = 0,6 B, s repmanueBsix Ug, = 0,3 B) monmxkaromiee noTeHIIMaIbHbIN Oapbep
nepexoja 6a3a-dMUTTEpP TaK, YTO OH OKA3bIBAETCS BKIFOYCHHBIM B MPSIMOM HarpaBs-
nenuu (puc. 2, 6, puc. 3), Kak roBopsT, "oTKpsIT". K komnekropHomy nepexoy (KIT)
MIPUJIOKEHO 3HAUYMTENIbHOE 00paTHOe HamnpspkeHue Uy,, MOBBINIAIOINIECE MOTEHIIUAb-
HBII Oapbep nepexoia U CO3Jar0Iee CUIIbHOE 3IEKTPUUECKOE M0JIe Ha TPaHuLle KOJI-
JIEKTOp - 6a3za. DTO MoJie SBJISICTCS TOPMO3SIIIUM JIJIT OCHOBHBIX HOCUTEJIEH 3apsia B
oOnacTtu 6a3bl.
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[Tox neiictBueM Hanpsbokenust Ug, yepes amutTepHbii nepexon (O11) Teuer nps-
MOi1 TOK |,, KOTOPBIN 00YCTIOBJIEH IIIaBHBIM 00Pa30M MHKEKIIMEH IBIPOK U3 YMUTTEPA
B 0a3y. CuipHOE 3JIEKTPUYECKOE I0JIe, COo3aBaMOe B TOHKOM o0yiactu 6a3bl MOII-
HBbIM HcTOYHUKOM Uy, pe3ko HeomHOpoaHO (puc. 2, B). [lo mepe ynanenus ot obia-
CTH KOJUIEKTOpa U MPUOIMKEHHS K 00JaCTH AIMUTTEPA MOJI€ YMEHbIIIAETCS OT MaKCH-
MaJbHOTO 3HAYEHUS! MPAKTUYECKU A0 HyJA (3ddeKT skpaHupoBaHus 0azoi mosis
KOJUICKTOPA).

[ToaTOMYy nBHIKEHHE ABIPOK, MHKEKTHPOBAHHBIX U3 AIMUTTEpa B 0a3y onpeensi-
eTcsi cHavana auddysuen (M3-3a pa3uyuus B KOHICHTPAIUAX - B 0a3e JBIPOK OYCHD
Majo), a TaK Kak TOJI[MHA 0a3bl Maja Mo CPaBHEHUIO CO CpeIHEH JIUHON mpolera
TBIPKH 10 PEKOMOMHAITUH C JIEKTPOHOM, TO OOJBIIMHCTBO IBIPOK nuddyHaupys qe-
pe3 0a3y MOCTUTAOT Tepexoa KOJUIEKTOp - 0a3a W 3aTSITUBAIOTCS CHUIIBHBIM TIOJIEM
Ha rpanule nepexona Kb, o0pa3ys tok kominekropa |, HesnHauutenbHas 4acTh Jbi-
POK PEKOMOMHUPYET, HE3HAYUTEIbHAs YacTh OTBETBIISIETCS B 0a3y, 00pa3ysi TOK 0a3bl
ls (puc. 3). Takum oOpazom,

]3:];<+]6 H 16<<[}<’ ]KzIB'

B nenp 6a3pl BKIIIOUEH MCTOYHHUK yCUJIMBae-
moro HanpsbkeHus: AUs. Besikoe n3meHenue Hampsi-
KEHUs B Ilenu 0a3bl BHI3BIBAET HM3MEHEHHUE TOKa
smurtepa Al, (B COOTBETCTBUU C BOJIbT-aMIIEPHOM
XapaKTEPUCTUKON P-N-TIepexo/a) U COOTBETCTBEHHO
- U3MEeHeHHe Toka Koyiektopa Aly, mpuuem, Al = Al,

- LT~ " MOCKOJIbKY B IIE€NH KOJUIEKTOpAa BKJIIOYEH BBICOKO-
= > TF BOJIBTHBIA UCTOYHHUK Uy,, TO aMIIUTyIa HaIpsiHKe-
Hus AUx Ha conmpoTuBieHUU HArpy3ku Ry 3a cuer
npoTekaHusi Toka Al OkaspIBaeTCa AU/, =R, -Al, Y

Puc. 3
MOXKET BO MHOT'O pa3 HpeBBIIHaTB AU@‘ .

OtHoweHye , _ AU, - Ha3bIBAETCS KOOQUUMEHTOM YCHIICHHUS 110 HAIPSOK CHISL.
AU

TpaHSI/ICTOp TEM JIydlIC, YEM MCHbIIAA 4aCThb AbIPOK MHIKCKTHPOBAHHBLIX SMUTTCPOM

co3zaer Tok 0aspl. OTHOIICHHE }, = Al yaspiBaeres ko3 puLIIeHTOM Nepenayu

Al

ToKa 0a3bl. Takum 0O6pazom,

AUK=RH'AIK=RH'h213'A15=?‘hzla'AUm
2

rae R,- o0bEMHOE CONPOTUBICHNUE 3MUTTEPHON 00IacCTH TpaH3HCTOpa. DTO COIPO-
TUBJICHUE SIBJISIETCS] BXOJIHBIM CONPOTUBIIEHUEM TPAH3UCTOPA CO CTOPOHBI MCTOUHHKA
YCWJIMBAaEMOTO cHrHaiga. Takum oOpa3om, B MEepBOM MNpUOIMKEHUH KOIPPULIHUEHT
YCUJICHHS TI0 HAIIPSKEHUIO
Ky = R ha1s-
R,
KoadduimenT ycunenus mno Toky B nepBoM NpUOINKEHUN PaBEH
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K= Al hais-
Als
KoaddurmenT ycuneHus mo MOIHOCTH ONPEACIISIETCS KakK
K P KU K I-

OTU nmapaMeTpbl MOKHO OINPEICIUTh, UMESI CEMEICTBO BOJBT-aMIIEPHBIX XapakK-
TEPUCTUK TPAH3UCTOPA.

Takum 06pazom, TpaH3UCTOP, BKIIOUEHHBIN 110 cxeme ¢ OO, naeT 3HauuTeIbHOe
YCHJICHHE M0 HAMPSHKEHUIO0, 110 TOKY U 1o MoImHocTu. Eciu k nepexoay Ob moakito-
YuTh 00paTHOE "3amuparolee” HampsbkeHue, To Tud@y3noHHBIM TOK dSMUTTEp-0a3a
pPE3KO yMeHbIIaeTcs, punyeckas TONIMHA 00J1acTh 0a3bl YBEIUYUBACTCS U CTaHO-
BUTCSI CPAaBHUMOM CO CpeIHEH JIMHOM Ipodera JbIPOoK 10 peKOMOUHAIUU (pUC. 2, T).
B pesynpTaTte 06macth 6a3pl OBICTPO OOCHHSICTCS HOCUTEISIMUA TOKA W MPHOOpETaeT
OOJIBITIOE COTMPOTHUBJICHUE, KOJUICKTOPHBIN TOK TajaeT. TpaH3ucTop, Kak TOBOPST,
"3aKkppIBaeTCs".

K nHegocratkam cxembl ¢ OO ciefyeT OTHECTU CHIIBHYIO 3aBUCUMOCTb KO3 (u-
IMEHTA YCWJICHHSI OT YaCTOTHI YCHJIMBAEMOTO CHTHAJA (TUIOXHE YaCTOTHBIC CBOMCTBA)
1 OOJIBIIINE UCKAXKEHUS BCICACTBUE CYIICCTBEHHOW HEJIMHEHHOCTH BXOJHOM Xapak-
TEPUCTHUKH (pHc. 6).

Cxema ¢ Ob

Cxema Bkmrouenus tpansucropa ¢ Ob mnpuBenena Ha puc. 4. Ousznyeckue
MPUHIUIIEL pabOThl CXeMbl aHANOTUYHBI cxeme ¢ O3. TexHUYecKkue ke mapaMeTphbl
CYILIECTBEHHO Pa3JINYarOTCSl.

_ N
AUs E[ﬂ VT @Rﬁ
Uss —,— N —T— Us
.
Pic. 4

B otimume ot cxembl ¢ OD HCTOYHUK YCHUIIMBAEMOTO CUTHANA MOJKIIOUYEH HE K
0a30BOMY, a K OMUTTEPHOMY JIEKTPOHY TpaH3ucTopa. I3MeHeHne HanpshKEeHUs HC-
TOYHUKA CUTHANA A[/; BBI3BIBAET U3MEHEHUE AJ OMUTTEpHOro Toka. Ho mockons-

Ky [.<],, TO K03pPULUEHT yCUIeHUs MO TOKY K= Al, _| OKa3bIBACTCS MEHBIIE
K

enuHuLBl. BxomHoe conpotuBieHue TpaH3ucTopa B cxeme ¢ Ob R, oy OKa3bIBaeTcA
MHOTI'0 MEHBILIE BXOJHOIO CONPOTUBIIEHUSA R, o5 B cxeme ¢ OD. D10 co3maer ciaox-

HOCTH IIPY COTJIACOBAHUM BXOJHBIX M BBIXOJHBIX CONPOTUBIICHUM I KAaCKaIHOTO
coenunenus ycunutenein. KoaddurmenT ycunenus mo Hanpsm»KeHUIO

AUc_ AIc'Ri | R

AUa Ala : RsxOE RexOE

Kuvos =
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KoadduimenT ycunenus mo MOUTHOCTH paBeH

Bonbiioe nocronnctBo cxemsl ¢ Ob - Xopoliue 4acTOTHBIE CBOMCTBA. JTO 00b-
SCHSAETCS SKPAHUPYIOUIUM JecTBHEM 0a3bl, KOTOpas Mo MePEeMEHHOMY TOKY SIBJISET-
cs ""3a3eMJIEHHOU".

Cxema ¢ OK

Cxema BKIIIOUCHUS TpaH3UuCTOpAa C O6HII/IM KOJUICKTOPOM IIPpUBCACHA HA PUC. 5.

1+
UK3
L
VT
AU
_'_ Uss RH
' 1
Puc. 5

[TocKONBKY MCTOYHMK YCUJIMBAEMOIO CUTHanma Al/, W CONPOTHUBIEHHE R,

Harpy3ky BKJIIOYEHBI B OOIIYIO IIEb 3MUTTEPA, TO BXOJHOE HAIPSHKEHUE U BBIXOJ-
HOE IPUMEPHO PaBHBI, T.€. KOAPPUIMEHT YCHICHHS N0 HANPSXKEHUIO MEHbIIE €U-
Huubl. KoagpuuueHnTt ycuinenus no Toky

AV
Kok ®—— = ha1,-
Alg

JIOCTOMHCTBO CXEMBI - OOJIBIIOE BXOJHOE COMPOTUBICHUE U XOPOIIUE YaCTOT-
HbIE CBOMCTBAa, a TAaKK€ OYEHb HHU3KOE BBIXOJHOE corpoTuBieHue. [Ipumensercs
cxema ¢ OK miis corylacoBaHusl CONPOTUBIIEHHS] HArpy3KH C CONPOTHUBIIEHUEM HC-
TOYHHMKA CUTHaJla W B KaYECTBE YCWJIUTENS MOILIHOCTH MpU paboOTe HA HU3KOOMHYIO
a100 4acTOTO3aBUCUMYIO Harpys3Ky.

5. BOJIBT-AMIIEPHBIE XAPAKTEPUCTUKU TPAH3UCTOPA

BosnbT-amMnepHble XapaKTEpUCTUKU TPAH3UCTOpPA TO3BOJSIOT MPUMEPHO Olle-
HUTH TapaMeTpbl TPAH3UCTOPa, KOIDPUIIMEHT yCUlieHUs Kackajga B PEKUME Majoro
CUTHAaJA.

a) Bxoonwvie xapakmepucmuxu - 3TO 3aBUCUMOCTh TOKa 0a3bl OT HaNpsSKEHUS
MeXy 0a30if M SMHUTTEPOM IPU YCIOBUM IMOCTOSHHOTO HAMPsKEHUS KOJUIEKTOP-

OMUTTCP: [k - f(U53)‘UK3:const .

TunuaHBIN BHI BXOJHBIX XapaKTEPUCTHK ITOKa3aH Ha puc. 0.
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] M4l KTr3!s
|igl,1nA
50
50 4 U= 958

L)

g8
Jg
20
10

1
g 45 46 {”s:' , 8

Puc. 6

Bun xapaktepucTuku c1a00 3aBUCHUT OT HAMpPSDKEHHUS MEXIY KOJUIEKTOPOM U
OMHUTTEPOM. DTO OOBICHIETCS IKPAHUPYIOUNIMM JeiicTBueM 0Oa3bl Ha mepexon Ob.
Bomu3u touku "mepernda', T.e. KOrjma TpaH3UCTOpP OTKPBIBACTCS, XapaKTEPUCTHKA CY-
IIECTBEHHO HEJIMHEIHA, CIIeJOBATEIbHO, BXOJHOE COIPOTUBIIEHUE CUIIBHO 3aBUCUT OT
HaIPSDKEHUS MEXIOY 0a30M M ASMUTTEPOM. DTUM OOBSACHSIOTCA OOJIbIINE TAPMOHHUYE-

CKHe MCKaxkeHHs cxeMbl ¢ O0. BXOI[HOG COIIPOTHUBJICHHC Rgxz% PaCCUUTBIBACTCA
o

BOJIM3M TOYKM Neperuda, npuyeM npupaiieHus Hajo OpaTh TOCTATOYHO MaJIbIMU.
0) Bvixoousie xapaxmepucmuku - 3aBUCUMOCTH TOKa KOJIJIEKTOpA OT HaIpsiKe-

HUA KOJUICKTOP-OMUTTCP IIPH YCJIOBHH IIOCTOAHHOI'O TOKA 6331)1 Ik:f(UKQ)‘
1 s=const

TeopeTndyeckn BBIXOJHBIC XapPaKTEPUCTUKW  JOJDKHBI  TIPEACTABISATH  COOOM
psiMbIC, T.K.
[i=ho, 15, [s=const; [, =const.
TunuuHBIN BU peaJbHBIX XapaKTEPUCTUK IMPUBECH Ha PUC. 1.

,iK,’HA 1'6- MKA
|- ~ 120
1090
d -
a0
&r 60
4 4
2 - 20
z
L
Y 2 p 5 —3-
&  M0lu B
Puc. 7

Camast HWDKHSSL XapaKTEpUCTUKA IpU [, =0 COOTBETCTBYET MPOTEKAHHIO 00-
pPaTHOrO TOKa KOJJIEKTOpa, 0OYCIOBIEHHOTO JABM)KEHHEM HEOCHOBHBIX HOCUTENEH U3
0a3bl B koJutekTop. Pexum npu [, = 0 HasbiBaeTcs pexumoM "orceukn. [Ipu ouens
MajlbIX HamnpsuKeHMsX [/, HaOII0JAeTCs PE3KOe MaJeHUe KOJUIEKTOPHOIO TOKA U He-
3aBUCUMOCTh TOKa KOJUIEKTOpa OT ToKa 0a3bl. ['0BOPSAT, UTO MPHU 3TOM TPAH3HUCTOP

BXOJIUT B PEXHUM HACBHIINICHHS, KOTOPBIM XapaKTepu3yeTcs TeM, YTO MPU MaJIbIX
HaIpPSOKEHUSAX KOJUIEKTOP-IMUTTEP 00a P-N-Tiepexoaa, Kak SMUTTEPHBIN, TaK U KOJI-
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JIEKTOPHBIA OKa3bIBAIOTCS CMELIEHHBIMHU B MPSIMOM HarpasieHuu. g cxemsl ¢ O

COIIPOTUBJICHUC HAI'PY3KHU RH = Reblx CoBIIagacT € BbIXOAHBIM COIMPOTHUBICHHUCM CXC-

MBI (TpansucTopa): p _ AUk
6blX AIK :

IIpu pacyere R, HEOOXOIUMO BBIOMPATh PaOOYMIl y4aCTOK BOJIBT-AMIIEPHON

XapaKTePUCTUKH.
8) IIpoxoomnvie xapakmepucmuky - 3T0 3aBUCUMOCTH TOKa KOJUIEKTOpa OT TOKa
0a3bl MPY MOCTOSIHHOM HAIPSKEHUU KOJUIEKTOP-IMUTTED:

Ii= f(15)‘UK3=const .

TeopeTnyeckn 3aBUCUMOCTD JTMHEHHAA: [, = 151, [, C IJIABHBIM IIEPEXOIOM K
oOnactu HackieHnus. [1o mpoxogHON XapaKTepUCTUKE pacCUUThIBAeTCs Kodppuiu-

CHT Tlepe/ian ToKa 6asbl: ;, Al
, .
Als

6. CXEMA JABOPATOPHON YCTAHOBKH

Cxema uzmepenuss BAX Ha mOoCTOAHHOM TOKE NpuBeAcHa Ha puc. 8. M3meHeHue
pexruMa paboThl TeHEpaTOpa OCYIIECTBIISICTCS C MIOMOIIBIO PEryJIUPYEMbIX HCTOYHH-
koB nutanus UI1; u U1l cooTBETCTBEHHO HA BXOJIE M BBIXOE CXEMBI.

K2
K O
— 1))

julo Y

Puc. 8

7. MOPAJOK BBIITIOJIHEHUA PABOTbI

1. CHATh CeMENCTBO BXOHBIX XapaKTEPUCTUK TPAH3UCTOPA.

2. CHATBh CEMENUCTBO BBIXOHBIX XapAaKTEPUCTUK TPAH3UCTOPA.

3. CHATb NPOXOJHYIO XapAKTEPUCTHUKY.

4. Tlo pe3ynapTaTam HU3MepeHUl noctpouTh cemerictBo BAX Tpansuctopa. Ha
rpadgukax OTMETUTh Hepabouue 00JACTH PEKUMOB TPAH3UCTOpaA (OTCEUYKU W HACHI-
HICHMS ).

5.BBIYMCINTE BXOJHOE R, , BBIXOJHOE R,  CONPOTHUBIIEHHS, KOO(Y(DHUIUEHT Iie-

6blX
penadu Toka 06assl jp,,, .

6. BerunciuTh 0ku1aeMblii KOOQQUIMEHT YCHICHUS 110 HANPSDKEHUIO K, M IO
MOIHOCTH K , JUIS MaJIOro CUI'Haja.

7. Cnenath BBIBOJBI U JIaTh PEKOMEHIAIIMN OTHOCHTEILHO BHIOOpA TOKa 0a3bl
JUTSI TIOJTyYEHUS MAaKCUMAIBHOTO KO3 GUIIMEHTA YCUIICHHUS.
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8. KOHTPOJIBHBIE BOITPOCHI

1. U306pa3ute cxembl BKIIOYEHHS TPAH3UCTOPA, OOBSICHUTE

MPUHIINI UX PAOOTHI.

2. OxapakTepu3yiTe IpUHIIMN ICHCTBHS TpaH3UCcTopa B cxeme ¢ O0.

3. JlaliTe KaueCTBEHHYIO YPaBHHUTEJIbHYIO XapaKTEPUCTUKY CXEM BKJIIOUEHHUS C

03, Ob, OK (1o BX0JHOMY, BBIXOJHOMY COIPOTHUBIICHUSIM, KO3 PUITUEHTAM yCcuie-
HUS IO HAMPSKEHUIO, TOKY, MOIIHOCTH).

05?

4. OxapakTepusyiTe BIUSHUE TOKa 0a3bl HA MapaMeTpbl TPAH3UCTOPA B CXEME C

5. [lepeuncinure u oxapakrepusyite odnactu npumenenus cxeM ¢ 09, Ob, OK.
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JIOIIOJIHEHUE K JJABOPATOPHOWM PABOTE 15

N3YYEHUE BXOJHBIX N BBIXOJHBIX XAPAKTEPUCTHUK
TPAH3UCTOPA OCHUJUIOTPAOUYECKUM METO/I0M

1. HEJIb PABOTbI

1. 3yuuts paboTy TpaH3UCTOPA.
2. MByunth ocumimorpa@uyeckuii MeToT HAOMIOJCHNUS BXOIHBIX M BBIXOJHBIX
XapaKTePUCTHUK TPaAH3UCTOPA.

2. BUBJINOT'PADUASA
IToptuc A. ®usnueckas nadoparopus. - M.: Hayka, 1972. - 302 c.
3. IPUBOPHI U TIPUHAJUIEZKHOCTH

3.1. 'enepatop HU3KOM yacToTh [ 3-53.
3.2. DnexrponHoayuyeBoi ocumorpag Cl-1.

3.3. YcraHoBKa a1 HAOMIOAEHUS BXOJHBIX UM BBIXOJHBIX XapaKTEPUCTUK TpPaH-
3UCTOpA.

4. HIOPAJOK BBIITIOJIHEHUSA PABOTBI

4.1. Cobpatb cxemy Juisi HaOJIOJEHUSI BXOJIHBIX XapaKTEPUCTUK TPAH3HUCTOPA,
MIPEJCTABICHHYIO HA PUCYHKE 9.

4.2. BxirounTts 3ByK0BO# reHepatop ['3-53 B ceTs 220 B.

4.2.1. Ilepexmouarens "MOAAUMNA3OH" nocTaBuTh B mojioxxenue "0".

4.2.2. Pykosarkoit "YACTOTA" ycraHoBUTh yacTtoTy 50+100 I'm.

4.2.3. Ilepeximouarens "HAMNPAXXEHUE BbIXOAA" noctaBuTs B nosoxenue "3 B".

4.3. BxmtouuThs 37€KTpOHHOIY4YeBOM ociuiorpad B cetb 220 B Ttymbiepom
"CETb".

4.3.1. YCcTaHOBUTH 3IEKTPOHHBIN MyYOK B LIEHTP SKPaHA C MTOMOIIBIO PYKOATOK
"APKOCTb", "®OKYC", "OCb Y BHU3, BBEPX", "OCb X BJIEBO, BIPABO".

4.3.2. Beikimrounth cUHXpoOHM3auuio. s storo mepekmouarens "OUAMNA3OH
YACTOT' nocraButs B 1nojioxkeHue "BbIKIT", pykosarky "OCJIABJIEHUE" ycTaHOBUTE B
nonoxenue 1:1, pykosarku "YCUNEHUE" oceli Y u X noctaBuTk B nosioxkenue "'10".

(3-10)B

I 1=40MKA
FQ—ZOMKA
(_— Vio

v

Puc. 10
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4.4. YBenuuuBas HaIpsDKEHUE BBIXOAA 3BYKOBOro reseparopa [3-53 1o
0,5...1 B, momyunTs Ha 9KpaHe ocHmIorpada yCTOMUMBYIO BXOIHYIO XapaKTEPUCTH-
Ky TpaH3UCTOpA.

3aprcoBaTh MOIYYEHHYIO XapaKTEPUCTUKY B OTYET K JIaDOpaTOpHOU padoTe.

4.5. Bxmtounts kHonkou "K" Hampsbkenue 4,5 B Mexay KOJUIEKTOPOM W AMUT-
TepoM. 3apucoBaTh MOJYYEHHYIO XapaKTEPUCTUKY B OTUET.

4.6. Cobpath cxemy /Jisg HaAOJIIOJACHHS BBIXOJIHBIX XapaKTEPUCTUK TPAH3UCTOPA,
MPECTABICHHYIO Ha pUcyHke 10.

4.7. IToBTOpUTh NYyHKTHI 4.2...4.3.2.

4.8. YBennuuBas HanpsHKEHUE BBIXOAA CO 3BYKOBOro reneparopa ['3-53 no 1 B,
MOJIYYUTh Ha dKpaHe ocIuiorpada yCTOHYMBYIO BBIXOJAHYIO XapaKTEPUCTUKY TpaH-
3UCTOpa. 3apUCOBATh IMOJIYYEHHYIO XapaKTEPUCTHKY B OTYET K JabopaTOpHOM
pabore.

4.9. BxmounTts kHomnkoil "K" Hanpsikenue 1,5 B, mogaBaemoe Ha 6a3y. M3menss
HaIpspKeHUE Ha 0aze ¢ MOMOUIBI0 PYKOSTKH MOTEHLIIMOMETPA, IPOCMOTPETh BBIXO/I-
HbIE€ XapaKTEPUCTUKHU TPAH3UCTOPA. 3apUCOBATh MOJYYECHHbIE XapaKTEPUCTUKHU B OT-
YeT K JJabopatopHoil pabdore.

4.10. I3MeHs1s 4acTOTy 3ByKOBOI'O T€HEPATOpA, MPOCIHEANTh TUHAMUKY U3MEHE-
HUSI BXOJIHBIX M BBIXOJIHBIX XapaKTEPUCTUK TPAH3UCTOPA.

5. KOHTPOJIBHBIE BOITPOCHI

5.1. OOBsACHUTE METOAMKY IMOJTYYEHHUS BXOJHBIX M BBIXOJHBIX XapaKTEPUCTHK
TPaH3UCTOPA C MOMOIIBIO ocuiIIorpada.

5.2. KayecTBEHHO MOSICHUTE MPUMEPHBIN X0J1 XapaKTEPUCTUK U BIHMSHUE YaCTO-
ThI HA XapAKTEPUCTUKHU TPAH3UCTOPA.
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JABOPATOPHASA PABOTA 16

W3VUEHUE MPUHLMUIA JEVNCTBUSI ®OTOINO/IA,
CBETOJMO/JIA M DJIEMEHTOB JAUOJHOIO ONTPOHA

1. HEJIb PABOTbI

O3HAaKOMUTKCS ¢ (HU3UKON PAOOTHI OCHOBHBIX 3JIEMEHTOB ONITPOHHON TEXHUKU U
W3YYUTh UX DJICKTPUICCKUE XapaKTCPUCTUKH.

2. BUBJIMOI'PA®UA

1. Hocos O. P. Onroanekrponuka. - M.: Paauo u cBs3b, 1989. - 360 c.

2. Enudanos I'.1. ®uznyeckre 0CHOBBI MUKPO3JIEKTpoHUKH. - M.: CoB. pajauo,
1971. - 275 c.

3. [luxtun A.H. ®u3nyeckre OCHOBBI KBAHTOBOM 3JIEKTPOHUKH M OMTORJIEKTPO-
HuKH.- M.: Bercm. mk., 1983.- 304 c.

4. Mapynuu JI.C., Tyro H.M. Onrosnektponuka. - M.: DHeproaromusiar,
1984. - 256 c.

5. [Manumosa K.M. ®u3zuka nomynpoBoaHUKOB. - M.: Dueprus, 1976. - 416 c.

6. I'epmrynckuit b.C. OCHOBBI 3JEKTPOHUKA W MHUKPOIIEKTPOHUKU. - Kues:
Briia mkoia, 1987.- 456 c.

3. TEOPETHYECKOE BBEJIEHHUE. OIITO3JEKTPOHUKA

OnTORIEKTPOHUKA - 3TO 00NACTh SJCKTPOHUKHU, U3YJarolIasi ¥ UCTIOIb3YIOMIast
MPOIIECCHl B3aUMOJICUCTBUS OMTHYECKOTO M3JIYYEHHs C BEUIECTBOM IS Mepeadd,
npuema, 00pabOTKH, XpaHEHUsS ¥ 0TOOpakeHusI nHGOpMaIuu. ITU GYHKIIMU BBINOJI-
HSIOT ONTORJIEKTPOHHBIC MPHUOOPHI, CO3MaHHBIE METOJaMU MHUKPOIJIEKTPOHHOM TeX-
HOJIOTMM M OTHOCAIIUECS K MpUOOpaM TBEPAOTEIBHOW 3JIEKTpOHUKU. DU3HUecKoit
OCHOBOM ONTOXJIEKTPOHHUKH SIBJISIOTCSI TIPOIIECCH TPEoOpa30BaHus ONTUYECKUX CHUT-
HAJOB B AJIEKTpUUECKUE (U HA0OOPOT), MPOIECCHl PACIPOCTPAHEHUSI ONTUYECKOTO
M3IIyYEHHS B PA3JIMUHBIX CpelaxX U €ro B3auMOJCHCTBUS C BEIIECTBOM.

OnTuyeckoe M3IMyYCHUE OXBATBHIBACT JUAMNA30H 3JICKTPOMArHUTHBIX BOJH JTH-
HOM OoT 1 HM 10 1 MM. DTH TpaHUIBI JOCTATOYHO YCJIOBHBI M MEPEKPBHIBAIOTCS CO
CTOPOHBI KOPOTKHUX BOJIH C MSATKMM PEHTTCHOBCKHM H3JIYYCHHEM, a CO CTOPOHBI
JUTMHHBIX BOJIH - ¢ CYOMUJUTMMETPOBBIMU paJrioBoJHAMU. [IpakTHdecku B OMTORJICK-
TPOHHBIX MPUOOPaAX UCHOJIb3yeTCs Auana3zoH JiauH BoaH A = (0,2...50) MkMm, 4TO co-
ctaBisieT o mkane sHepruid A (0,02... 5,0) 5B u cooTBeTCTBYET MIMPUHE 3anperieH-
HOW 30HBI TIOJYTIPOBOJHUKOB. Takoe OMTUYECKOE M3TyuYeHUE BOSHUKAET B Pe3yibTa-
T€ BO30YXICHHUS BAJICHTHBIX 3JICKTPOHOB aTOMOB IOJYNMPOBOJAHUKA W HMX IMOCIEAY-
IOIIIEH U3TydaTeIbHON peKOMOMHAIIUU C JIBIPKAMH.

JIyist perucTpanuu ONTUYECKOTO M3IYUYEHHUS B OMTORJICKTPOHUKE MCIOJIb3YeTCS
BHyTpeHHUI (HoTod(DPeKT, T.€. reHeparus CBOOOIHBIX HOCUTENIEH 3apsiia B OIYIPO-
BOJIHUKAX MPU TOTJIOMIEHUN CBETA, MPUBOJAIIAS K YBEIIMYEHUIO UX DJIEKTPOIPOBO/I-
HOCTH WJIU K BO3HUKHOBeHHIO (hoToD/[C.

Bunnmoe dyenoBe4ecKkuM T1a30M ONTUYECKOE M3TYyYEHUE 3aHUMAET Y3KUN JHa-
na3zoH crektpa: or 380 uMm (puoneroBoe) mo 780 HM (KpacHOE M3ITyUYEHHUE), 3AKITIO-
yeHHbIH Mexay yiabTpaduoneroBeiM (10...380 um) u umubpaxpacuasim (0,78...100




87

MKM) U3ITy4eHUSIMU. MaKCUMyM 4yBCTBUTEILHOCTH TJIa3a COBMAAAET C MAKCUMYMOM
SHEPTUM COJHEYHOTO M3IIyYeHUs, JOXOIALIETO 0 3eMJIH, MPUXOIIIIMMCS Ha 3eJe-
HBIi cBeT (555 HM), 9TO SBJISETCS PE3yJIFTATOM JITUTESIILHOTO TPUCIIOCOOJICHHUS Opra-
HOB 3PEHHUS YEJIOBEKA K YCIOBUSAM KU3HU Ha 3eMIIe.

OnTuyeckoe usnydenue aaet yenoeky Oosiee 90 % uHpopManyu 0 BHEIIHEM
mupe (depe3 opranbl 3peHusi). OrpoMHbIe MH(POPMAIMOHHBIE BO3MOXKHOCTH CBETa
OOYCJIOBJIEHBI CIIEIYIONIMMU €TI0 OCHOBHBIMH OCOOEHHOCTSIMH, UCIOJIb3yeMbIMU B
ONTOAJEKTPOHHBIX MPUOOpaAX:

1) BBICOKOM 4aCTOTOM 3JIEKTPOMArHUTHBIX Konebanuii (mo 10%° I'w), mo3somnsio-
el B MUJUIMOHBI pa3 yBEJIMYUTHh WH(DOPMAIMOHHYIO €MKOCTh KaHalla ONTHYECKOM
CBSI3U 110 MOJIOCE MPOITYCKAHUS IO CPABHEHUIO C PAJIUOCBS3BIO;

2) Manoi IIMHOM BOJHBI CBETA U BBICOKOH (MOpsaka A?) paspelnaromei cro-
COOHOCTBIO Iepeiayll IBYMEPHOTO U300paKEHUs, a TaK’KE BO3MOYKHOCTBIO BBICOKOM
KOHIIGHTPAIlMU YHEPTUU ONTUYECKOTO M3IIy4YeHHs] B MPOCTPAHCTBE (peaanu3yemMou ¢
ITOMOIITBIO JIA3€POB);

3) 3JCKTPOHEUTPATBLHOCTHIO (POTOHA KAaK HOCUTENS MH(DOPMAIIUH, UCKITFOYA0-
el B3auMOICCTBIE ONTHYECKUX MTyYKOB B BOJIHOBOJIaX (CBETOBOJIaX) U 0OECIeU -
BAIONICH MPaKTUYECKU HUJCAITbHYIO MOMEXO3AIIMUIIEHHOCTh U 3JIEKTPUYECKYIO pas-
BSI3KY BXOJ1a U BBIXO/Ia ONITUYECKOW CUCTEMBI CBA3H.

OCHOBHOIl TEHJEHUMEH pa3BUTUSA OINTOAIEKTPOHHBIX NPUOOPOB SBIAETCA
yCTpaHEHUE ITBOMHOrO mpeoOpa3oBaHUs SHEPTUU (PIEKTPUUECKON B ONTHUYECKYIO U
Ha000pOT) U CO3JaHUE YUCTO ONTHUYECKUX MHTErpajJbHBIX cXeM. Takas 3ajadya CTOUT
nepen MHTEI'PAJIBHOM OHTI/IKOPI, HO OHa €llIE JaJIeKa OT CBOETO UHKEHEPHOT'O
pemenus. CoBpeMeHHasi ONTORJIEKTPOHUKA Pa3BUBACTCS B CIEAYIOIIUX OCHOBHBIX
HaIpaBJICHUAX:

1) uHIUKATOPHBIE YCTPOUCTBA (€IMHUYHBIC, IMHEHHBIE, ITU(PPO3HAKOBBIC UHIKA-
TOPBI, TAOJIO U TBEPOTEIBHBIE SKPAHbI) i1 BU3yAJIbHOTO 0TOOpaXkeHust HH(popMaIuy;

2) bopMupoBaTENN CHTHAJIOB M300pa)KCHUH (IBYMEPHBIX KapTHH M 00pa3oB),
KOTOpBIE€ COBMECTHO C MUKPOIPOLECCOPAMH COCTaBIISIIOT CUCTEMY MCKYCCTBEHHOTO
3peHus B pOOOTOTEXHUKE, B OyAyIeM IpeIHA3HAYCHHYIO U JIJISl YEJIOBEKa,;

3) BOJIOKOHHO-ONITUYECKUE CUCTEMBI CBSI3H, TIEPENAIOIINE CUTHAIBI HA PACCTOS-
aus (102...107) M 110 BOJIOKOHHBIM CBETOBOJAM C IOTEPAMU ONTHYECKOW SHEPIHU Me-
Hee 0,1 nb/xm;

4) onTuveckas BEIYUCIUTENIbHAS TEXHUKA, BKIIIOYAIONas B ceOsl CHCTEMBbI OITH-
YECKOM MaMATH ¥ YUCTO ONTHUECKHUE TTPOIIECCOPHI.

OmHOBpPEMEHHO MPOUCXOIUT pa3paboTKa W COBEPIICHCTBOBAHUE CYIIECTBYIO-
[IMX JUCKPETHBIX ONTOXJIEKTPOHHBIX MPUOOPOB: CBETOAMOOB, ONTPOHOB, TOIYIIPO-
BOJHUKOBBIX J1a3epOB ((POTOMPUEMHUKOB, MOAYJISITOPOB U Ap.).

Pa3paboTka u BHempeHue B paauodniekTpoHHyro ammapatypy OIITPOHOB
(mpubOpOB, B KOTOPHIX KOHCTPYKTUBHO OOBEIMHEHBI U3TydaTelb U (HOTONPUEMHUK,
CBSI3aHHBIE MEXIY COOOM ONTHUYECKH U M30JMPOBAHHBIC DJICKTPUYECKHU) MO3BOJIUIIO
3aBEPIIMTh KOMIUIEKCHYI0 MUKPOMUHHUATIOpU3AINHIO anmapatypsl. [Ipu sTom onrpo-
HBI BBITIOJHSIOT HE TOJBKO (YHKIIMU pelie, TpaHc(hopMaTOpoB, MOTEHIIMOMETPOB U
JPYTUX U3BECTHBIX PAJMOKOMIIOHEHTOB (Ha Ka4eCTBEHHO 0OJiee BBICOKOM YPOBHE),
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HO U PSJT HOBBIX CXEMOTEXHUYECKUX (QYHKIMI. MHOTHE ONTO3JEKTPOHHbIE MPUOOPHI
BOOOIIE HE UMEIOT aHAJIOIOB B MUKPOAJIEKTpOHUKe. TakuM 00pa3omM, ONTo- U1 MUKPO-
AJIIEKTPOHUKA HE MPOTHMBOPEYAT M HE COMEPHUYAIOT, a B3aUMHO JOMOJHSIOT IPYT
Ipyra, HEU3MEPUMO PaCHIMPssi BOBMOXHOCTH 00paboTKH MH(MOpMAIUU KakK 1Mo 00be-
My, TaK 1 10 CKOPOCTH.

CoBMellieHHE B ONTORJIEKTPOHHBIX (DYHKIIMOHAJIBHBIX YCTPOMCTBAaX ABYX CIIO-
co00B 00pa0OTKU U Tiepeiauyu UHPOPMAIIUU - ONITUYECKOTO U DIIEKTPUUYECKOTO - 103~
BOJISIET JIOCTUTAaTh OIPOMHOTO OBICTPOACHCTBHSI, BHICOKOW TJIOTHOCTU Pa3MEIICHHUs
XpaHuMoil HH(OpMalMU, CO3AaHHE BBICOKOAI(D(PEKTUBHBIX CPEACTB OTOOpakKeHHUs
uHpopMaiuu. O4eHb BaKHBIM JOCTOMHCTBOM 3JIEMEHTOB OINTO3JICKTPOHUKU SIBISICT-
Cs TO, YTO OHHM ONTHYECKH CBSI3aHBI, & ANEKTPUUECKU M30JIMPOBAHBI MEXIY COOOIA.
D10 0becrneynBaeT HaJAEKHOE COTJIACOBAHHE PAa3IMYHBIX ONTOAJEKTPOHHBIX IIETeH,
COJICHCTBYET OJHOHANPABIEHHOCTU Mepenayn MHPOpMAIH, TOMEX0yCTOHYHBOCTH
KaHaJIOB Mepe/layll CUTHAJIOB.

C onTo3aeKTPOHUKOMN CBSI3aHbl HOBBIE MPUHIUIIBI U1 METO/bI PabOThI U MOCTPO-
€HUsI OOJIBIIMX CUCTEM BBIYUCIUTEIBHON TEXHUKH, ONTHUUYECKOHN CBSA3M, 3allOMUHA-
HUS U 00pabOTKM MH(POpPMAIMK, HE UMEIOIIMX aHAJIOrOB B TPAJULMOHHON pajguo-
anekTpoHuke. Crofa OTHOCSTCS MAalllMHbl C TaK Ha3bl-Ba€MOW KapTHMHHOM JIOTHUKOM,
CBEPXOBICTPOACHCTBYIOIUE BBIUMCIUTEIbHBIE KOMILJIEKCHI CO CKOPOCTbIO 00paldoT-
xu uaopmaruu (10°...101) ¢, naszepnoe TeneBunenue u T.1.

W3roTtoBieHne MOTympOBOAHUKOBBIX 3JIEMEHTOB ONTOAIEKTPOHUKH - ONTPOHOB -
COBMECTUMO C MHTETPAJIbHOIN TEXHOJIOTHEH, TTOATOMY UX CO3JJaHUE MOXKET OBITh BKITIO-
YEHO B €TUHBII TEXHOJOTMYECKUIN IIMKJIT IIPOMN3BOJICTBA MHTEIPATEHBIX MUKPOCXEM.

PaccMoTpuM OCHOBHBIE TEXHHYECKHE CPENICTBA ONTOXIEKTPOHUKH. OCHOBHBIM
AJIEMEHTOM ONTO3JIEKTPOHUKHU SIBJIAETCS ONTPOH. ONTPOH MpeAcTaBisieT coOou ye-
TBIPEXITOIIOCHUK (pHC. 1), COCTOSIIMI U3 TPEX IIIEMEHTOB:

- HICTOYHMKA u3nydenus (porousmydarens) 1;

- ONITHYECKOM Cpe/ibl (AKTUBHOM, JTMOO TTACCUBHOM) 2;

- IpUEMHUKa u3ay4deHus (poTonprueMHuka) 3.

Bce nneMeHThl ONTpoHa 3aKIFOYaTCs B TE€PMETUYHBIM CBETOHEIPOHULIAEMBIN
KOpITYyC.

Coueranue ortousnyyarenst U GOTONPUEMHHUKA B ONTPOHE MOJYyUUIIO Ha3BaHUE
OMTORJIEKTPOHHOM mapsl. Hambosnee pacmpoctpa-

] 5 _‘[""I""— HEHHBIMU H3JIy4YaTeIsIMU SBJISIFOTCS IMOJIYIIPOBOMI-

! Bbixoa
Broy, ! 1 3 | |—e HHKOBBIE cCBeTOAMOABI. OHU MMEIOT BBICOKOE
| ! osicTponericTBue (nmopsaka 0,5 MKC), MUHHATIOP-
—_— \ Hbl ¥ HaJeXHbI B padore. CrieKTpaibHbIe Xapak-

TEPUCTUKU (OTOU3IyHATeNs JOJIKHBI OBITH CO-
racoBaHbl ¢ (QoronmpueMHUKaMu. [locKoibKy
CXEMOTEXHUYECKUE BO3ZMOXKHOCTH ONITPOHA ONPEEIISIFOTCS TJIaBHBIM 00pa30oM Xapak-
TEepUCTUKAMH (DOTONIPHUEMHHKA, STOT JIEMEHT U J1aeT Ha3BaHHe ONTpoHa B 1eynoM. K
OCHOBHBIM Pa3HOBUAHOCTSIM ONITPOHOB OTHOCSITCSI:

- pe3ucTopHbIe ((HOTOMPUEMHHUKOM CITY>KHUT (POTOPE3UCTOD);

- muoanbIe (hOoTONPUEMHUK - (poTOANON);

- TpaH3UCTOPHBIE ((HOTOMPUEMHHUK - POTOTPAH3UCTOP);
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- TAPUCTOPHBIE ((POTOMPUEMHHK - (POTOTHPHUCTOP).
B nannoit pabote paccmarpuBaercsi paboTa IUOAHOTO ONTPOHA, CXEMATHUECKOe
M300pakeHHE KOTOPOTO MOKa3aHO Ha PHUC. 2.

OU3NMYECKHUE ITPMHIMIIBI PABOTBI CBETOAMOI0OB

( — TpaauiuonHelie (B ObITY) HCTOUHUKU HEKOTE-
PEHTHOTO ONTHYECKOr0 HW3JIyYECHHS: HaKaJIbHbIE H
2 3
<1S o zg) ra3opaspsaHble JIJAMIIOYKH HE MOTYT OBITh UCTIOJb-
v 30BaHbl B COBPEMEHHBIX ONTO3JEKTPOHHBIX MpPH-
: | L 0opax, Tak Kak OHM HC YIOBIETBOPSIOT TPEOOBa-

HUSIM 10 OBICTPOAECUCTBUIO, MOTPEOIIEMON MOLI-
HOCTH, HaJIe)KHOCTH, TabapuTaM, COBMECTUMOCTH C
MUKpPO3JIEKTPOHHBIMU IpUOOpaMu. DTUM TPEOOBAHUSAM YJOBJIETBOPSIOT JIUIIb IO-
JYNPOBOJHUKOBBIE CBETOM3IYYAIOUINE JUO/ABI (CBETOJUOJBI), XapaKTEPU3YIOLIHECS
BBICOKON 3((EKTUBHOCTHIO MPSIMOr0 IMpeoOpa3oBaHMs SJIEKTPUUECKON >HEPIUH B
CBETOBYIO, HAJIC)KHOCTBIO M OOJIBILIUM CPOKOM CIIY>KObI, BBICOKUM OBICTPOJECHCTBHEM,
YCTOMYMBOCTHIO K MEXAaHUYECKUM U KIIMMATUYECKUM BO3JICUCTBUSIM.

Ceemoouo0om HA3bIBACTCS MOJYIPOBOJAHUKOBBIA MO C p-N-TIEPEXOJO0M, BbI-
MOJTHSIOMUN QYHKIIUU TTPeoOpa30BaHus AIEKTPUUECKUX MH(POPMAIIMOHHBIX CUTHAJIOB
B ONTHYECKHE HA OCHOBE MH)KEKIIMOHHOM 3JIEKTPOJIIOMHHECLEHIMU. B onToanexTpo-
HUKE CBETOJIMOJIbI ABJIIIOTCS OCHOBHBIMU HMCTOYHHMKAMHM HEKOT€PEHTHOIO M3ITy4YEHUS
BUIUMOro U ommxHero uadpakpacHoro (MK) nuanazoHoB criektpa (C AJMHON BOJHBI
ot 400 aM 10 2 MKkM). OHH IIUPOKO UCTIOIB3YIOTCS B COCTaBE ONMTPOHOB, BOJJOKOHHO-
ONTUYECKUX JMHUN CBSI3M, B JAaTUHUKaX, (DOTORIEKTPUUECKUX YCTPOICTBaX aBTOMAaTH-
KM U KOHTPOJISI OKPY KAFOILEN CPEebl, UHANKATOPaxX U IPYyTruX yCTPOMCTBAX.

JIroMUHECHIEHIIUS - 3TO U3Iy4yeHue, MpeacTaBisioniee co00i U30bITOK HaJl TETl-
JIOBBIM M3JIyYEHHMEM Tejla W MPOAOJDKAIOUIEECS B TEUEHUE BPEMEHM, 3HAUYHUTEIBHO
MPEBBILIAIOIIETO MEPUOJI CBETOBBIX KoseOaHuil. JlloMHHECUEeHLUs, B OTJIMYHE OT
TEIJIOBOTO M3JIy4€HHUs, MOXKET Ha0Jt01aThes Mpu oot Temnepartype. Ecnu Temio-
BO€ M3JIyYEHHE MCITYCKAEeTCs 32 CUET BHYTPEHHEH 3HEpruu BEUIECTBA, TO JIIOMUHEC-
LEHLMS BCerjaa Bo30yXJaeTcsi BHEIIHUMU HCTOYHUKAMH SHEPIUM (JIEKTPUUYECKUM
MOJIEM WJIM TOKOM, IMOTOKOM 3JIEKTPOHOB, BO3JIEUCTBHEM CBETA, XUMHUYECKOW peaK-
uuen u ap.). B cBerogmonax groMHHECHEHIMS BO30YKAAeTCs 3a CUET YHEPruu HH-
KEKTHUPOBAHHBIX p-N-TIEPEX0I0M HOCHUTENEH 3apsiga B aKTUBHYIO 00iacTh (0azy) nu-
oJa.

Puc. 2

Nmxeknus (MpOHUKHOBEHUE HEPABHOBECHBIX (M30BITOYHBIX) HOCUTENICH 3apsiaa
B 00J71aCTh 0a3bl CBETOIMO/1a TIOJT ACHCTBUEM BJIEKTPUUECKOTO TOJIs ) MPOUCXOIUT IpHU
IpsIMOM CMeIIeHUU p-N-niepexoaa. [Ipu pexkoMOMHAIUM YaCTH 3TUX HEPABHOBECHBIX
HOCHUTEJIEH 3apsia BOSHUKAET HEKOT€PEHTHOE ONTHYECKOE U3IyUYEHHE C Y3KUM CIIEK-
TpoM. [lpyras 4dacTh HMHKEKTUPOBAHHBIX HOCHUTENIEH PEKOMOMHHpYeET Oe3bI3ayda-
TenpHO. [[71s1 Toro, yToOBI OOMBINAsS YacTh HOCUTENEH 3apsga peKOMOWHHpOBAIA C
U3ITy4YEHUEM CBETa, MaTepHall CBETOAMOJIAa JAODKEH OBITh JOCTATOYHO LIMPOKO30H-
HBIM (C IIMPHUHON 3ampenieHHoN 30HbI O6ojiee 1,5 3B), conepkath MUHUMAJIBHOE KO-
JUYECTBO CTPYKTYPHBIX Ne(EeKTOB U OBITh "MPSAMO30HHBIM" - MUHUMYM 3HEPTUU
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AJEKTPOHOB B 30HE MPOBOJUMOCTH JOJKEH COBNAJATh C MAKCUMYMOM UX SHEPTUU B
BaJICHTHOM 30HE B (DYHKIIMM MMITyJibca (TOYHEE - KBAa3UUMITYJIbCA) JIEKTPOHA B KPU-
CTAJUTMYECKOM peleTke. B Takux maTepuanax KBaHTOBBIE MEPEXObl C U3TYyYECHHUEM
WIN TIOTJIOIIEHHWEM CBETa MPOUCXOAT 0€3 U3MEHEHUSI UMITYJIbCA AJIEKTPOHA JJIsl BbI-
MOJTHEHUS] 3aKOHA COXPAaHEHUs MMITyJibca (TaK Kak UMIYJIbC (POTOHA TpeHeOpeKUMO
MaJl 10 CPAaBHEHHUIO C UMITYJIbCOM 3JIEKTpOHa). [0 U mocie nepexoia UMITYJIbC JIeK-
TPOHA paBEH HYJIIO (€CIU YCIOBHO HAyajao OTCYETa SHEPTUU U KBA3UKMITYJIbCA COBME-
CTUTh C OCHOBHBIM, CTAI[AOHAPHBIM COCTOSIHUEM HJICKTPOHA B aToMme). THUIMHUYHBIMU
MIPSIMO30HHBIMH TTOJTYTIPOBOAHUKAMH sBisttoTess GaAs, InSb, InAs, HekoTopbie cocra-
BBl TBEPABIX PACTBOPOB JABOMHBIX coenunenui snementoB 11 u V rpymn (A3B®):
GaAlAs, GaAsP, InGaAsP, 6onsmmHCTBO coequHenuii tuma A?B® (ZnS, ZnSe, ZnTe,
CdsS, CdTe), a Taxke psg apyrux qBoHbIX coeaunenuit (PbS, PbSe, PbTe).

BeposTHOCTh M3iTydaTenbHON peKOMOWHAIINN, OYCHb HU3KAs B HEMPSIMO30HHBIX
noyynpoBojgHuKax (Hampumep, GaP), MoxkeT pe3ko Bo3pacTu mpu oOpa30BaHUU B
HUX M303JIEKTPOHHBIX (JIEKTPUUECKH HEUTpaJIbHBIX) "NMOBYIIEK" HOCUTENEH 3apsija.
B GaP Takue noBymiku 00pa3yroTcsi MyTeM JIETUPOBAaHUS KPUCTaUIa a30TOM (3ame-
IAIoIUM B pelieTke atoM ¢gocdopa) WM OJHOBPEMEHHO KHUCIOPOJIOM M ITMHKOM.
[Tocne cBs3pIBaHMS TApbhl HOCUTENIEH 3apsa Ha TaKOM IIEHTpE (JIOBYIIKE) OHH pe-
KOMOWHHUPYIOT M3TydaTeIbHO, a U30BITOK MMITYJIbCA DJIEKTPOHA TMEPEIaeTCs] ITOMY
HEHTPY. DHEpPrusi KBaHTa CBETa NMPHU TaKOM IEpPEX0Jie OTIWYAETCS OT IIUPHUHBI 3a-
MpENIEHHON 30HbI (MEHBIIIE €€) Ha BEJIMUUHY DHEPTUM CBSI3M HOCUTEIICH 3apsjia Ha
noByuke. CBetoaunonsl Ha Gochuae rajuius, JErHpOBAHHOM a30TOM, M3JIy4aroT 3e-
JICHBIN CBET, a JIETUPOBAHHbBIC ITMHKOM W KHUCJIOPOJOM - KpacHbIl cBeT. Hambomee
pacrpoCTpaHEHHBIM COBPEMEHHBIM MaTepHaloM JUIsl CBETOIUOJOB SIBISETCS TBEP-
aeiii pactBop GaAsP, B koTopoM, M3MeHsIs COOTHOIIIEHNE KOHIIEHTPALUNA MBIIIbIKA
u gocdopa, MOKHO MEHSITh HIUPUHY 3aMPEIICHHON 30HBI, a CIEAOBATEIBHO U IIBET
CBEUYEHUS - OT KPACHOrO 10 KEITO-3eJIeHOro. CBETOAMOBI C LIBETOM CBEYEHUS OT
roryooro 10 (prosIeToBOro co3aaroT Ha ocHOBe kapouaa kpemuus (SiC).

Makcumanbabiii KITJ] cBeToano0B (OTHOIIEHHE MOIIHOCTHA ONTHYECKOrO W3-
Jy4eHus K NmoTpedssieMoil anekTpudeckoil momuoctu) He npesbimaeT 10...15% nns
ncToUHUKOB Buaumoro ceeta U 20% - ms UK-usmydareneit, 1axke B TOM ciiydae, KO-
/12 KQXKIbI WHKEKTUPOBAHHBIN AJIEKTPOH MPU peKOMOUHAIMK "pOJIUT" KBAHT CBETA.
[ToTepu onTHUYECKON SHEPTHH BHYTPU KpHUCTaJIa CBETOAMOJA OOYCIOBJIEHBI, B OC-
HOBHOM, CaMOIIOTJIONIEHUEM HU3JIyYEeHHs] B TOM K€ KpPUCTaJUIe WIM B MOJJIOXKKE, a
TaK)Xe SBJICHUEM IOJIHOTO BHYTPEHHETO OTPAKEHUSI CBETA HA TPaHULIE pa3zelia Kpu-
CTajjia ¢ BO3yXOM.

JIns CHUKEHUSI CaMOTIOTJIONICHHUSI CBETa MPUHUMAIOT Psii TEXHOJIOTHUYECKHUX
MIPUEMOB: CO3/Ial0T MHOTOCIIONHYIO CTPYKTYpPY KpHUCTallia, 00ecTeurnBaronyo ""MHO-
TOMPOXOJHOCTh" (MHOTOKPATHOE OTPaKEHUE CBETA, T€HEPUPOBAHHOTO BHYTPU KpHU-
CTajuia, OT €ro ThUIOBOTO KOHTaKTa - T.€. CO CTOPOHBI, TPOTUBOMOJIOKHON BBIXOIY
cBeTa) U "mepensnyyeHue" (MOBTOPHYIO U3JIy4aTeIbHYI0 PEKOMOMHALIMIO HOCUTEEH
3apsna, oOpa30BaHHBIX B pe3yJbTaTe MOTJIONMICHHs] CBETAa BHYTpU Kpuctamia). Jlis
YMEHBIIIECHUS JOJIM OTPAKEHHOTO OT MOBEPXHOCTH KPUCTAJUIA CBETA M YBEITMYCHHS
MPEAEIBHOTO yIJIa MOJHOTO BHYTPEHHETO OTPAXKEHUS! KPUCTAIT 3AJIMBAIOT MPO3pay-
HBIM TIOJIMMEPHBIM KOMIIAYH/IOM, UMEIOIIMM HAPYKHYIO C(PepUIeCcKyI0 MOBEPXHOCTb.
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Takas nacTmaccoBasi JIMH3a, UMEIOIIAsl [TOKa3aTeNlb MPEJIOMIIEHUS IPOMEKYTOUHBIN
MEXI1y KPUCTAJIJIOM U BO3AyXOM, CHI)KAET MOTEPU Ha BHYTPEHHEE OTpaxkeHHue, ooec-
MEeYNBACT HEKOTOPYIO (POKYCHPOBKY CBETa B HANpPABICHUH HOPMAJIH K MOBEPXHOCTU
KpUCTaJUIa U 3allMIIAET KPUCTAUI OT BHEIIHUX BO3ACHCTBUI KIMMAaTUYECKUX U Me-
XaHU4YECKUX). [l ynydlieHus: XapakTepUCTHK HaNpaBICHHOCTU HU3IY4YEHHUs Kpu-
CTaJIJ1 IOMEIIAIOT TAK)KE€ B KOHUUYECKUM OTpaXkaTellb.

K BaykHEHIIMM 3KCIITyaTallMOHHBIM IIapaMeTpaM CBETOAMOA0B OTHOCSATCS:

1) cuna cBeta (B KaHzenax) I ICTOYHHKOB BHIUMOTO CBETa M MOILTHOCTD H3-
ayuyenus st MK-uznydareneil npu 3aJaHHOM 3HAUYE€HUU NPSAMOIO TOKa (OOBIYHO
10...20 MA);

2) TIOCTOSTHHOE TIPSMOE HANpPsDKEHHE TMPH MaKCHMAIBHO JIOIMYCTUMOM TPSMOM
TOKe (0OBIYHO MPSIMOE HamNpsDKEHUE He mpeBbimaceT 1...2 B);

3) nnuHa BonHbI cBeta (vim MK-u3inydenus) B MaKCUMyMe CHEKTPaJbHOUM Mo-
JIOCBI, a TAK)KE 'TIOJNYIIMPHUHA" CIEKTPAIBHON MOJIOCHI, U3MEPEHHAs! HA YPOBHE TOJIO-
BHUHBI BBICOTHI CIEKTPATIBHOTO THKA;

4) pabounii TeMnepaTypHbIi quamna3oH (00braHO oT -60 °C 10 +80 °C);

5) yrou u3iydeHus (B crepajraHax), B KOTOPOM COCPEIOTOUEHA OOJIbINast YacTh
U3JIy4aeMOW SHEPTUH;

6) UMIYJIbCHBIE XapaKTEPUCTUKU: BPEMEHA HAapacTaHUs U Claja UMITYJIbCca W3-
Jy4YeHUs MpH BO30YXKACHUM CBETOAUOJA MPSMOYIOJbHBIMU HMMIIYJIbCAMH TOKa
(06b1yHO 3anatotes Tosbko st MK-u3nyyareneil, BXOAAMIMX B COCTaB ONTPOHOB WIIH
BOJIOKOHHO-ONITUYECKUX JIMHUH CBSI3N).

B texnnueckux ycnoBusx (TY) Ha Kaxablil TUI CBETOMO1A IPUBOSATCS TAKKE
UX BOJBTaMIIEPHBIE M JIFOMEH-aMIIEPHBIE XAPAKTEPUCTUKU (IIOCIECIHUE TPEACTaBIA-
10T COO0H 3aBUCMMOCTh MOITHOCTH M3Ty4Y€HUs (WJIM CHIIbI CBETA) OT MPSMOI0 TOKa B
paboueM nuanaszone tremneparyp). B TY ykazansl U npeaenbHO AOMYyCTUMBIE YPOB-
HH, KaK PaccenBacMOM JJIEKTPUYECKOW MOIIHOCTH, TaK M BHEIIHUX BO3IECHCTBHIA
(KIITMMaTUYECKUX, MEXaHUYECKHUX U PAIMALIUOHHBIX).

CaeTousnyyarouye AMOIbl WM CBETOAUOIBI - 3TO MOJIYIPOBOJHUKOBBIE JUOIBI,
npeoOpa3yroume 3eKTPUUYECKYI0 JHEPTUI0 B YHEPTUI0 ONTHYECKOTO M3IIyYeHHS Ha
OCHOBE SIBJICHHSI WHKEKIIMOHHOM JIFOMUHECUEHLNHN, MPOUCXOIAIEN B MOIYIIPOBOI-
HUKOBOM KPHUCTAJJIE C 3JIEKTPOHHO-IBIPOYHBIM [IEPEX0/I0M, FETEPONEPEXOOM, JINOO
KOHTaKTOM METAJUI-TIOIYIIPOBOJIHHUK.

CBeToAMOI0M Ha3bIBAIOT U3TYYaIOUIUI MOIYIPOBOAHUKOBBIN MPUOOp C OJHUM
AJIIEKTPOHHO-ABIPOYHBIM IE€PEXOJ0M, IPEAHAZHAYEHHBIM JUIsI HEMOCPEICTBEHHOIO
peoOpa3oBaHusl AJIEKTPUUYECKOW HHEPTrUM B SHEPTUI0 HEKOT€PEHTHOI'O CBETOBOIO
U3IIy4YEHMUS.

[Ipn mporyckaHuu B CBETOJMOJI€ MOCTOSITHHOTO TOKa B MPSIMOM HamlpaBJICHUU
(npsiMoe cMeleHne) B P-N-1epexo MHKEKTUPYIOTCS U30BbITOUHBIE HOCUTENN TOKa -
AIIEKTPOHBI U AbIPKU. [Tpr pekoMOMHAIIMM YacTU 3TUX HEPABHOBECHBIX HOCUTENEH 3a-
psaa (3JEKTPOHOB U JBIPOK B P-N-TIEPEXO/I€) BOZHUKAET ONTUYECKOE HEKOT€PEHTHOE
U3ITyYEHUE C Y3KUM CIEKTpoM. Jlpyras yacTb MH)KEKTUPOBAHHBIX HOCHUTENIEH 3apsja
pPEKOMOMHUpPYET Oe3bI3ayyaTesbHo. [ M3roToBIEHMS] CBETOAMOJOB HCIOJIB3YIOTCS
MOJTyTIPOBOTHUKOBBIE MaTepuabl, Takue Kak apcenun ramums (GaAs), apceHua amo-



92

munus (AlAS), docdun maaus (INP) u ux TBepabie pacTBOphl. B 3aBUCHMOCTH OT TIH-
PHHBI 3aMpeIEHHON 30HbI OIYIPOBOIHUKA U3ITy4YEHHE MOXKET JieXkaTh B UH(ppakpac-
HOM, BUJUMOM WM B yJbTpaduoseToBoil obnactax cnektpa. Hambosnbliee pacnpo-
CTpaHEHHE MOJIYYHMIIU CBETONO/IbI, M3JIyYaIOLINE KENThIN, KPACHBIN U 3€JICHBIN CBET.

CBs13b JUIMHBI BOJIHBI A C IIMPUHOM 3alpelieHHoi 3006l AE onpenensercs co-
OTHOUIEHUEM

1,24
AE =2—_
- ®

r7e A - BeIpaxkaeTcsa B MKM; AE - B 3B. OnTruueckuii 1uamna3oH CEKTpa COCTaBISET
ANEKTPOMArHUTHHIE BOJHBI C JIMHOW BodHBI OT 1 MM 1o 1 am. KIIJI cBetoguomos
BUIUMOro usnydeHus cocrapisiet ot 0,01 mo 10... 15 %.

B cBeToanonax ¢ 1enpio NOHWKEHUS MOTEPh HA MOJIHOE BHYTPEHHEE OTPaK CHUE
U TIOTJIONICHUE B TeJie KPUCTAUIAa JIJIsl MOCJEAHETr0 BBIOMPAIOT MOTyCcPepruecKyro
dbopmy, a U yIAyUIICHUSI UX XapaKTEPUCTUK HAMPABICHHOCTH U3TYyUYEHUSI CBETO/IU-
0J1 IOMEIIAIOT B Mapaboandeckuil uim konnueckuit orpaxatrens. KIIJI cBeroamona ¢
nonychepudeckorr popmoii kpuctamia gocturaet 40 %. CpoiictBa U 3(pdeKkTuB-
HOCTb, pa0OThI CBETOJIUOIOB XapaKTEPU3YETCsI COBOKYITHOCTBIO JIEKTPUUECKUX, CBE-
TOBBIX U IKCIUTyaTallUOHHBIX NTapaMeTpoB. BaxkHel e u3 Hux:

1) noctosiHHOE npsiMoe HanpsbkeHue Uy, py MakCHUMaabHO JOIYCTHMOM TOKE;
BennunHa Uy, U1 OOJIBIIMHCTBA CBETOAMOAOB HE IIPEBBIIIAECT €ANHUIL BOJIBT;

2) sspkocThb cBedeHust auoza B (xJI/M?) npu MaKCHMAIbHO JOITYCTUMOM IIPSIMOM
TOKE lppmax. SIPKOCTH OOJBIIMHCTBA CBETOJMOJOB HAaXOJUTCS HAa YPOBHE 10%...10°
Kn/m?. 3nauenue lypmax MIMEET BEMMYMHY MOPSIKA EMHUL-IECITKOB MUJUIMAMIIED;

3) INosHast MOLTHOCTD M3TYUYSHUS Proyy PaBHA JACCATHIM JOJISIM MUJUTUBATTA;

4) cniekTpasibHas XapaKTePUCTUKA U3JTyueHHs, MPEACTaBIIstoIIas co0oi 3aBHUCH-
MOCTh OTHOCHUTEIILHON MOIIHOCTH U3Ty4eHUS P/P o OT JJTUHBI BOJHBI U3TyUCHHS;

5) XxapakTepuCTHKa HAIPaBICHHOCTH, OMPEACAIONIas BEIMYUHY HHTCHCHB-
HOCTHU CBETOBOI'0O U3JIYYEHUS B 3aBUCUMOCTHU OT HAIIPABJICHUS U3Ty4YCHUSI.

Macca npubopa He TpeBbIIACT J0jde rpamma. TemmeparypHblid aUana3oH:
-60 °C...+70 °C.

B Hacrosiee BpeMsi MPOMBIIICHHOCTh BBITYCKAET ITUCKPETHBIE U MHTErPaIb-
HbIe (MHOTORJIEMEHTHBIC) CBETOIMOAbI. OHM HaXOJAT MPUMEHEHUE B KaUeCTBE CUT-
HaJIbHBIX UHIUKATOPOB. IHTErpaibHbIe CBETOAMO I TPUMEHSIIOTCS B PA3JIMYHBIX CHU-
cTeMax OTOOpa)keHHs MH(POpPMAlLMU, MPU U3TOTOBJICHUU LIBETOBBIX IIKad, Ta0JIO U
sKpaHoB. CBETOAMO/IbI IPUMEHSIOTCS TIPU U3TOTOBJICHUH YCTPOUCTB ONTUYECKOM JIO-
Kalluy, ONTHYECKON CBSI3H, CBETOAaIbHOMEPaX U T.]I.

B psine obGnacteit cBeTOAMOIbI KOHKYPUPYIOT C POJICTBEHHBIM MM MPHUOOPOM -
MHKEKIIMOHHBIM JIa3€pOM, KOTOPBIA B OTJIIMYHUE OT CBETOAMOJIa TE€HEPUPYET KOre-
PEHTHOE U3JIy4YEHHUE.

Takum 006pa3zom, CBETOAMOBI SIBISIOTCS BOKHEUIIIMMH 3JIEMEHTAMU OTTORJICK-
TPOHUKH.

OUSNYECKUE T[TPUHIMIIBI PABOTBI ®OTOAMOJOB.
XAPAKTEPUCTUKN ®OTOAMNOJOB
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B ocHoBe pabGoThl 1H000T0 (POTOAIEKTPUUECKOTO YCTPONUCTBA JICKHUT DJIEMEHT,
JIEKTPUICCKUE ITapaMeTPhl KOTOPOTO M3MEHSIOTCS IO JeHCTBUEM ocBemieHus. O1-
HUM U3 JIEMEHTOB TaKOTO POAA SBISETCS (POTOTHOI.

®oToaNO A TMPENCTaBIsIET COO0H p-N-TIepeXxoi, B KOTOPOM HUCHOIB3yeTcs 3¢-
(bexT pa3zencHus HEPAaBHOBECHBIX HOCHUTENCH 3apsja Ha IpaHUIle p-N-iepexoja Mmpu
BO3JICHCTBUM Ha (OTOINO] CBEeTa. Pa3nuyaroT qBa peskuMa padoThl HOTOIHOIOB:

a) BEHTUJIbHBIN;
0) GOTOIMOTHBII.

BEHTUJIBHBIN PEXXHM

BeHTUIIbHBIN peXUM XapaKTepU3yeTcs
OTCYTCTBUEM HCTOYHHMKA BHEIIHEro Harps-
xeHusi B nenu ¢dotoauona. B orcyrcrBue
CMEILEHUsI MEXy p- U N-00J1acTAMHU CylIe-
CTBYET MOTEHIIMAJIbHBIN Oapbep, IHEPreTH-
yeckas AuarpaMmma KOTOpOoro mpeacTaBieHa
Ha puc. 3.

B oOnactu p-n-nepexona mMeercs 00-
JacTh OOBEMHOTO 3apsiga, B KOTOPOU CyIile-
CTBYET 3JIEKTPUUECKOE MOJIe. DTO MPUBOIUT
K TOMY, 4TO 0€3 BHEIIHETO 3JIEKTPUYECKOTO
CMEUIEHUSI 3JIEKTPOHHO-IABIPOYHbIE Maphl,
BO3HMKIIME MOJ JIEWCTBUEM CBETa B 00JIa-
CcTH 00BEMHOTO 3apsa, OynyT pa3AeisIThCs
BHYTPEHHUM TIOJIEM: NIBIPKK OYyIyT BhIOpa-
CBIBaThCSl B p-001acTh M CO3/1aBaTh TaM W3-
OBITOYHBIN TIOJOKHUTEIIBHBIM 3apsJl; JJICK-
TPOHBI IIepeMenIaTbes B N-00J1acTh U co3/1a-
BaTh OTPULIATEIIbHBIN 3apsala. Mexny p- u N-
00JacTsIMU 3J€MEHTa BO3HUKAET Pa3HOCTb
noteHanos U, .

DHepreTudeckas auarpamma p-n-¢hoTo-
oA MPU OCBELIEHUH B OTCYTCTBUM BHEUI-
HET0 UCTOYHUKA HANPSKEHUS MPUBEACHA HA
puc. 4.

Ecnu yepe3 COOTBETCTBYIOIINE KOHTAK-
Thl COCAWHUTH JAPYT C JIPyroM N- U p-00-
JaCTH 4Yepe3 CONPOTUBIIEHUE HArpy3ku Ry,
TO BO BHEUIHEH LEMU MOTEYET TOK, HAMpaB-
JIEHHBIN OT p-006sactu K N-o0nacTH, - (oto-
TOK.

®dototok |, mpoTekaronuii yepes co-
MpOTHUBJIEHHE Harpy3ku R, (3TuM Compo-

Iupuna obaacti
o6beMHOTO 3apsaa |

CrerT
OkHO

Konrakr
n P

Konrakr

Puc. 6

TUBJIEHUEM MOJKET OBIThH BapHH(aeMBIﬁ AKKYMYJIATOP, ABUIATCIIb, HaneBaTeJIBHblf/'I
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3JIEMEHT U T.J.), COBEPILAET IMOJIE3HYI0 padoTy.
OHeprusi cBeTa mpeoOpazoBajach B DIJIEKTpHUUE-
CKy!0 »Heprur. OnmcslBacMbIe IIPOLIECCHI CXeMa-
TUYECKH ITOKa3aHbl Ha pUC. D.

Ha puc. 6 nokazaHa TUIIMYHAsT KOHCTPYKLMS
¢doroarona. BHemHN KOHTaKT BBINOJIHEH B Qop-
Me koJbla. O6nacte p-N-nepexona BHYTPU KOJIb-
11a, TaK Ha3bIBAEMOE OKHO, JIOCTyIIHA ISl cBeTa. B
(doToMOAE TUIOCKOCTh p-N-Tiepexoja pacrojara-
eTcsl OJIM3KO K MOBEPXHOCTH KpUCTauia (Ha PACCTOSHHMM MOPSAKA €OUHUL MUKPO-
metpa). Takoil p-N-mepexo] MOXKHO HM3TOTOBUTH METOIOM AU(PPY3UH UIU HOHHOU
VMMILTAHTALU K.

[Ipy TakoM KOHCTPYKLMH ITOJABIISIONIAS YaCTh HEPABHOBECHBIX HOCHUTENEU 3a-
psilia - JIIEKTPOHOB U IBIPOK, BOZHUKAIOIIUX I10J ACHCTBUEM CBETA HE YCIIEBAET IIPO-
peKOMOUHUPOBaTh, MUY YHAUPYET 10 IPaHULB] p-N-TIEpeXo/ia U pasJeisieTcs MNoJIeM
p-n-niepexona. B aToM ciydyae BOJIBTMETpP, MOJAKIIOYEHHBIN HEMOCPEICTBEHHO K (o-
TOAUOAY, ornpeaenseT BeHTuIbHYI0 (oToD/[C. Ecnu k poTonmnony HEMocpeacTBEHHO
MOJIKJIFOYEH aMIIEpMETpP, TO OH ONPEJEIUT TOK KOPOTKOTO 3aMbIKaHUs |f B BEHTHJIb-
HOM PEXUME.

Ha puc. 7 nuzobpaxeHsl BOJIbT-aMIIEPHBIE XapaKTEPUCTUKU (OTOAMOJA U 3HA-
YEHUS TOKa KOPOTKOTO 3aMmbikaHus lf, BenTunbHor ¢GoTtoI/C - ¢y 17151 O1HOM U3 Xa-
pPaKTEepUCTUK (KpUBasi 2, BbIACJICHHbIE TOUKH).

Puc. 7

®OTOJUOHBIN PEXUM

DOTOAMOAHBIA PEXKUM XAPAKTEPU3YETCS] HAIU-

® f f ueM oOpaTHOTO HampspKeHHs Ha nepexoje. Ha puc. 8
\\: R NOKa3aHO MOAKIIOYEeHHE (OTOAMOAAa B DIIEKTpUYE-
-] E  CKyIO Iemb. DHepreTuyeckas [uarpamMma IpU TaKOM

~3] ~ BKIIOYEHHMHU H300paxkeHa Ha puc. 9.
be3 ocBemeHus TeHEpaMOHHBIM TOK p-N-Tie-
Pric. 8 pexoja (Tak Ha3bIBa€Mblii TEMHOBOM TOK) OINpEAeIsIeT-

Csl YUCJIOM DJIEKTPOHOB M JIBIPOK, BO3HUKAIOIINX B 00-
JacTU O00BEMHOIrO 3apsiia 3a CYeT TerioBoi reHepamnuu. [Ipu ocBemeHnn oOpaTHO
CMEIIIEHHOTO Iepexojia CBeToM ¢ 3Heprueit hv > AE, rne AE - mmpuHa 3arpenieH-
HOU 30HBI, TOK 4€pe3 MePEeX0/l YBEINYNBACTCS. BO3ZHUKAIOMINI 11O IEUCTBUEM CBETA
(OTOTOK BO CTOJIBKO pa3 OOJbIIIE TEMHOBOTO, BO CKOJIBKO pa3 YKMCIIO HOCUTENECH, CO-
31aBa€MbIX B 00J1aCTH 0OBEMHOTO 3apsijia CBETOM, OyAeT OOJIbIlle, YeM YHCIIO DJICK-
TPOHOB U JBIPOK, BO3HUKAIOIIUX 32 CUET TEIJIOBOM IeHEpaIluH.
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ppLmA )

Puc. 10 Puc. 9

Bennunna oOpatHOoro HanpspkeHus Uggp, MPUKIAABIBAEMOTO K p-N-TIIEpexony,
coctapnsier 06bryHO 10...30 B. C yBenuueHueM oOpaTHOTO HaMpsDKEHHs 007acThb
o0BeMHOro 3apsza pacmupsiercs. Benmunna Uys, 1 KOHIIEHTpaLMs IPUMECH B CJ1a00
JIETUPOBAHHOM N-00JIaCTH KpHCTaula BBIOMPAIOTCS TAaKUMH, YTOOBI MPaKTUYECKH
BECh CBETOBOM MOTOK, NaJArOIMNA Ha MOBEPXHOCTh (HOTOANOIA, TOTIOTUIICS B 00JIa-
CTH O0OBEMHOTO 3apsiia U Aal BKiIajg B (GoToToK. OOBIYHO HEeoOXoauMasi I 3TOTrO
TOJILIMHA 00€THEHHONU 00JIaCTH COCTABIISIET HECKOJIBKO MUKPOMETPOB.

3aBHCHUMOCTh TOKa OT OCBEILEHHOCTH oOpa3ua ((poTonnona) Ha3bIBAETCS JHOKC-
aMIIEpHOI (CBETOBOI) XapakTepucTukoi nmpudopa. B ¢poronnoanom pexxume oHa Ju-
HEifHa B OOJIBIIIOM JHaIa3oHe CBETOBBIX MOTOKOB (puc. 10, kpusas 1). B pexxume ko-
POTKOTO 3aMBIKaHUS CBETOBAas XapaKTepucThuKa HenmmHewHa (puc. 10, kpuas 2).

BaxxHbpIMu XapakTepucTUKaMH (POTOIUO/IA SIBISIIOTCSA €r0 CIIEKTpajibHas U UHTE-
rpajibHas 4yBCTBUTEIBHOCTU. UyBCTBUTENBHOCTHIO HA3BIBACTCS (PU3UYECKAs] BEJU-
YiHAa, paBHAs OTHOIIEHUIO (OTOTOKAa K BEJIMYMHE CBETOBOro mortoka. Ilo
OIIpEEIICHUIO

},:L; 1’=1 - o, (2)
()]
rae i’- gororok; @ - BeNMYMHA CBETOBOTO MOTOKA; Ip - TOK (DOTOAMOMA TIPU BBIKITIO-
YCHHOM OCBETHTENIe (TEMHOBOM TOK); | - TOK (hoTO MO 1A,

Kak u st 1100bIX ONTUYECKUX MPUOOPOB Pa3IMyalOT CHEKTPAIbHYIO U MHTE-
IpalibHYI0 YYBCTBUTEIBLHOCTh. Tak Kak OCBEHIEHHOCTh (hOTOIMOAA ONPEEseTCs OT-
HOIIIEHHEM CBETOBOI'0 MOTOKA K OCBEIaeMOM IO, TO

()]

E=-5> (3)

rae E - OCBEIIeHHOCTb, JIK (7oKc); D - cBETOBOI MOTOK, JM (JIIOMEH); S - ocBelae-
Mas TIomas, M2, IIpy 5TOM OCBEIEHHOCTh CBA3aHA C CHJION CBETa MCTOYHMKA CJIe-
JYIOITUM BBIPQKEHHEM

E=", (4)

rie E - ocBemeHHOCTb, JK; | - cuia cBera, ki (KaHena); I - pacCTOSIHUE OT UCTOYHU-
Ka 10 poroguonaa, M.

[Moncraeisas (3) u (4) B (2), momyyaeMm BBIpOKEHUE JJISL ONPENCICHUS WHTE-
IPANbHON YyBCTBUTEILHOCTH
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1S ©)

Crnenyer ykasarb, 4TO (DOTOJIMOAHBIA PEKUM UMEET psAJl IPEUMYILIECTB TEpe.
BEHTUJILHBIM PEXKUMOM: OOJIblIasi YYBCTBUTEIBHOCTh, MEHbINAs HHEPLUHUOHHOCTD.
[IpOMBINIIIEHHOCTHIO B HACTOSIIIEE BPEMS BBIMTYCKAIOTCS HECKOJIBKO TUIIOB (OTOIUO-
noB Ha ocHoBe Ge, Si, a Takke Ha OCHOBE MOJIYIPOBOJHUKOBBIX COCIUHEHHI JIBOM-
Horo (GaAs, InAs, GaP w np.) u TpoitHoro coctaBoB (GalnAs, GaAlAs u ap.). do-
TOAMO/I, U3TOTOBJICHHBIA U3 ONpPEIEIEHHOr0 MaTepuaia, cnocooeH 3hPpexTuBHO pea-
TUpOBATh HA CBET C JJIMHOM BOJIHBI, JEXKAIIEH TOJIBKO B ONPEAEICHHOM JUana3oHe.
DTO CBOMCTBO (DOTOMMOIOB HA3BIBAIOT CEIICKTUBHOCTHIO. O01MacTh MaKCHMaILHOM
(OTOUYBCTBUTETHLHOCTH JTHOJOB ONPENEISETCS MIMPUHON 3aMpeIieHHON 30HbBI TOJTY-
MIPOBOJAHUKA U COOTBETCTBYET YCIOBUIO

Ey> AE. (6)

[ToympoBOTHUKKM ¢ HEOOJBIION MIMPUHON 3alpENIeHHOW 30HbI, TaK Ha3bIBae-
MbI€ Y3KO30HHBIE TOJYNPOBOJHUKH, HCIOIB3YIOTCA Uil CO3JaHus (POTOAMOJIOB,
YYBCTBUTEJIBHBIX K CBETY C MaJoi 3Hepruei KBaHTOB. [10ynpoBOAHUKY C OOJIBIION
IIUPUHON 3alpeiieHHON 30HbI (IIMPOKO30HHBIE MOJYIPOBOAHUKHN) HCHOJIB3YIOTCS
JUTSL CO3/IaHUSI PUEMHUKOB YIbTPa(HOJIETOBOIO CBETA.

4. TOPAJOK BBIITIOJIHEHUSA PABOTbI
YITPAXXHEHUE 1

Puc. 11

1. CoOpaTh 2JIEKTPUUYECKYIO CXEMY, MOKa3aHHYyIo Ha puc. 11.

2. Ilepexmrouarens K mocraButh B monoxkenue "[1P" (mpsimoe cMmerieHue).

3. Bxitounth MuuinamMnepMerp kirodoMm Ko (HHKHEE MOJI0KEHHE). Y CTAaHOBUTD
Ipeaenbl MIUTHAMIIEPMETPA B MTOJIOKEHHE 15 MA.

4. BxurouuTs B 1iens cBeroauoa C/I; nepekmtouarenem T (mosnoxeHue 2).

5. YCTaHOBUTH peOCTaTOM HYJIEBOE CMEIEHUE (PYKOsTKa peocTrara MpoTUB Ya-
COBOM CTpPEJIKH JI0 YIIOpa).

6. CHATH BOJIBT-aMITIEpHYIO XapakTepucTuky cBeroanoaa C/{;. Tok u3MEHSTh B
npeaenax 0,5 mA or 0 go 7...8 mA. U3mepenunst TpoBOAUTH NMPU NPSIMOM CMEIICHUU
JUTSI TIPSIMOTO TOKA.

7. HaGmrogaTh 3a MpoOIECCOM CBEYEHMsI CBETOAMOA. Pe3ynbTaThl SKCIEpUMEH-
TaJbHBIX UCCIIEIOBAHMM 3aHECTH B Ta0OI. 1.
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Tabnuma 1

Pe3yibTaThl JKCIIEPUMEHTAJIBHBIX HCCJIE10BAHUI CBETOIHOI0B

Tok |, mA 0,25 0,5 1,0 15 55 6,0
Hanpsixenue U, B

I[BeT n3my4yeHus: CBETOANOAA:

I[J'II/IHa BOJIHBI U3JIYUCHUA:

YcraHoBUTh nepekitouaresib T B monoxkenue 3. IIpu 3ToM B cxeMe noakioda-
erca cBeroguona C/12. [IpoBecT ChEMKY BOJIBTAMIIEPHON XapaKTEPUCTHKUA CBETOU-
onga C/I2 B COOTBETCTBUH C ILII 5, 6.

8. [IocTpOUTh BOIBT-aMIIEPHBIE XapAKTEPUCTUKN CBETOINOIOB.

9. Ilo dopmyne (6) OLIEHUTHh HMIUPUHY 3AMPEIICHHON 30HBI IS MUCCIEYEMBIX
CBETOJIUOJOB:

- JUIMHA BOJIHBI KpacHOTO n3nydeHus - 0,7 MKM;

- JUIMHA BOJIHBI 3€JI€HOT0 n3imydeHus - 0,5 MKwM;

- JUTMHA BOJIHBI XKENTOTr0 u3iydeHus - 0,6 MKM.

10. TIo BOJBT-aMIEPHOM XAapPAKTEPUCTUKE ONPEIEIUTDH BEIWYNHY KOHTAKTHOU

Pa3HOCTH TOTEHIIMATIOB IJII HCCIETYyEMBIX CBETOAMOJOB. BenuurnHa KOHTaKTHOM
Pa3HOCTH MOTEHIIUATIOB (P, MOXKET OBITh OMpE/esieHa, eC-
JIM TIPOBECTU KacaTeNbHYI0 Ha JMHEWHOM ydacTke BAX 4
MIPSIMOIT BETBU JI0 TEPECEUYEHUS C OChIO HANIPSHKEHUS (puC.
12). 3HadyeHHE @y CIYKUT JJIS MPUOJIMKCHHOW OIECHKH
IIMPUHBI 3alIPEIICHHON 30HbI MTOTYIPOBOIHUKA.

11. Onenuts nonoxxenune ypoBus depmu B npudiIu-
KEHUHU OJMHAKOBOTO JIETUPOBAHUSA p- U N-TUIIOB MOJY- . 1 o -
IPOBOIHKMKOB CBETOAMOIA. 0 ¢ U

12. M3o6pa3uth B MacmTabe >HEPreTUYeCKyro IHa-
rpammy p-N-repexojia CBETOIMO0/Ia B OTCYTCTBUE CMEILIEHUSI.

YIIPAXKHEHUE 2

1. CoOpaThb 3JIEKTPUUYECKYIO CXEMY, IOKa3aHHYIO Ha puc. 11.

2. CHSTb CBETOBYIO XapaKTePUCTUKY (DOTOIMOAA B PEXKUME KOPOTKOTO 3aMbIKa-
Hus. s aToro nepexiiroyarenb K mocTaBUTh HEMTPAJIbHOE MOJIOKEHHUE, BKIFOUUTH
ko4 Ki (HukHee nosioxkeHue). Bxirounts Mukpoamnepmerp kiouom Ko (BepxHee
ITOJIOKEHHE), CONMPOTUBIICHNE R B HIDKHEE TOJIOKEHHE (3aKOPOTHTH (DOTOIHOI).

3. He BkIII0Yast KICTOYHUK CBETa, ONPEACIUTh HYJIEBOH TOK (oToarozaa p. YcTa-
HOBUTbH UCTOYHUK CBETA Ha pacctosiuuu 25...30 cm ot poToamnosa.

4. OTKpBITH KOJIMAaY0K (HOTOAUOA M UBMEPHUTH 110 MUKPOAMIIEPMETPY BETUIUHY
TOKa KOPOTKOTo 3ambikanus (oTtoauosa I. Cuna ¢poToToKa, CO3/1aBaeMOr0 HCTOYHH-
KOM CBeTa paBHa I =1 - ig.

Pe3ynbTaThl u3MepeHuit 3anucathb B Ta01. 2.

Puc. 12
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TabOnuma 2

Pe3yJIbTaTI>I IKCIICPUMEHTAJBHBIX I/ICCJICIIOBaHPlﬁ BCHTUW/IBHOT0 pe:KUMa

Paccrosinue, m 0,25 0,30 0,35 0,40
ToK KOPOTKOTrO 3aMbIKaHuUs, |, MKA
TeMHOBOM TOK, lo, MKA

®DOTOTOK, I', MKA

Cuna cBera maMmoukd, |,k
OcsemaemMas momiaab Goroauonaa S, M2

5. Onpenenutb o Gopmyse (5) UHTErpaTbHYIO YYBCTBUTEIBHOCTh (POTOAUOA
IPU Pa3IUYHBIX OCBELIEHHOCTSIX U MOCTPOUTHh 3aBUCUMOCTb YYBCTBUTEIBLHOCTH (hO-
TOAMOJIa OT OCBELIEHHOCTH B BEHTUJILHOM PEXKUME.

6. CHSTh BOJBT-aMIIEPHYIO XapaKTEPUCTUKY (OToauO0Aa B (HOTOAUOTHOM pe-
KUME TIPU Pa3IMYHBIX OCBEIIEHHOCTSIX (hoTOAMOA, JIJISl ITOTO:

- BKJIIOUUTH oOpaTHoe cMmetienue. Kimou K nmocraButh B nmososxenue "O0p";

- BKJIIOYUTH MUKpoamnepmeTp kirodoM Ky (BepxHee mosnoxeHue);

- peocratoM R; m3menuts Hampsbkenue ot 0 1o 5...6 B, onpenenss npu 3ToM
TOK 4epe3 MUKpoammepmeTp. Pe3ynbTaTel 3KClIepUMEHTANbHBIX U3MEPEHUN 3aHECTH
B TaOII. 3.

Tabnuma 3

Pe3yJ'II>TaTbI IKCIIEPUMEHTAJBHBIX uccjaeaoBaHuM q)OTO)]I/IO)]HOFO pexumMa

Hanpsokenue U, B 0 0,5 55 6,0
Paccrosuane 25¢cm Tok, MKA
Paccrosuune 30cm Tok, MKA
Paccrosuue 35¢cMm Tok, MKA
Paccrosuune 40cm Tok, MKA
YUyBCTBUTEIBHOCTS,
MKA/M

7. IlocTpouTh BOJNBT-aMIEPHBIE XapaKTEPUCTUKU PoToanoaa B (HOTOIUOAHOM
peXUME MPU Pa3TUUYHBIX OCBEIIEHHOCTSX.

8. 1o ykazaHuio mpenoaBaTensl pacCUNTaTh NHTETPAJIbHYIO YyBCTBUTEIBHOCTh
(dboToMoAa IPU ONPENETCHHOM 3HaYE€HUU OCBEILEHHOCTH U MOCTPOUTH 3aBUCUMOCTD
MHTErPAIbHON 4yBCTBUTEIBHOCTU OT MPUJIOKEHHOTO HamnpsbkeHus. CpaBHUTh UHTE-
IpajibHYI0 YyBCTBUTEIBHOCTh B BEHTUJIBHOM U (DOTOAMOJHOM pEXUMAX.

5. KOHTPOJIBHBIE BOITPOCBI

1. OGBsACHUTE YCTPONUCTBO U MPUHIMUM pabOTHI (OTOAMO/IA, CBETOIUO/IA.

2. OOBSICHUTE METOJUKY ONpPENeNICHUs UPUHBI 3aNPEIICHHON 30HbI MaTepHa-
JIOB CBETOJIMOAA.

3. Hapucyiite sHEpreTuuecKyro quarpamMmmy N-p-repexoia B CBETOIUO/E.

4. Chopmynupyiite onpeenacHue ypoBHs Depmu.
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JABOPATOPHASA PABOTA 1/
NCCIEAOBAHUE PABOTHI ®OTOANOAHOI'O OIITPOHA

1 OHEHKA BPEMEHH KU3HA HEPABHOBECHbBIX
HOCUTEJIEHN 3APAIA

1. HEJIb PABOTbI

N3ydenue ycTponcTBa, MPUHIINIA IEHCTBUS U OCHOBHBIX XapaKTEPUCTUK (HOTO-
IUOHOTO ontpoHa. OnpenelieHne BPEMEHU JKU3HU HEPABHOBECHBIX HOCUTENEH 3a-
psana.

2. BUBJIUOI'PADUA

1. Hocos FO.P. Onroanekrponunka.- M.: Panuo u cBs3b, 1989. - 360 c.

2. CasenweB U.B. Kypc ¢usuku. T. 3. - M.: Hayka, 1989. - 304 c.

3. Enudanos I'.1. ®usuka tBepaoro tena. - M.: Beicur. mik.,1977. - 288 c.

4. EnudanoB I'.1. ®usndeckue 0CHOBBI MUKPORJIEKTpoHUKHU. - M.: CoB. paauo,
1971. - 375 c.

5. Ilpaktukym mo TBepaoTenabHoU 3nekTponuke / I[lom pen. B.U. Ilerposa,
I'.B. CrmmBaka. - M.: U3n-8o MI'Y, 1984. - 390 c.

6. Myxun [0.A. YyeOGHoe mocobue mo Kypcy ONTOAIEKTPOHUKH. JIJabopaTopHbIE
paboTsl. - M.: U3a-so MOU, 1979. - 79 c.

7. I'epmyynckuit b.C. OCHOBBI 3JIEKTPOHHKHA W MHUKPOIJIEKTPOHUKH. - Kues:
Brima mkoma, 1987. - 456 c.

3. TEOPETUYECKOE BBEJAEHHUE

OnTOo3JIEKTPOHUKA - 3TO 00JAaCTh 3JIEKTPOHUKH, OXBaThIBaroIasi IpooiemMy O/1-
HOBPEMEHHOT'O MCIIOJIb30BAHUSI ONTUYECKUX U DIEKTPUUYECKUX METOAOB 00pabOTKH,
XpaHeHus u nepenayn nHpopmaruu. ONTOINEKTPOHUKA OTIUYACTCS OT BAKYYMHOU U
MOJIYITPOBOJTHUKOBOW DJIEKTPOHUKH HATMYMEM ONTHYECKON cBsi3u. TakuM oOpazom,
CYIIHOCTb OITO3JIEKTPOHUKH COCTOUT B 3aMEHE NIEKTPUUECKON CBSA3U ONTHYECKOU.

OCHOBHBIM 3JIEMEHTOM ONTORJIEKTPOHUKH SIBJISIETCS ONTPOH. [IpocTeiiimii onTpoH
NPENICTABISIET COOOM YETHIPEXIIOMOCHHK (pHC. 1), COCTOSIIMIA U3 TPEX DIIEMEHTOB!

- ICTOYHMKA u3nydenus (porousmydarens) 1;

- CBETOBOJA 2;

- IpHEeMHHKA H3Iy4eHus (hoTonmprueMHuKa} 3.

Bce 35eMenThI 3aKI1104€Hbl B TEPMETUYHBIA CBETOHETIPOHULIAEMBIN KOPITYC.

Coueranue ¢orousnydarens u
dboTonpreMHHKA B ONTPOHE MOIYUUIIO T T T T T T N

Ha3BaHUE OITOXJICKTPOHHON Taphl. B \ I 2 | : Buixo
X011
Haubonee pacnpocTpaHeHHBIMU W3- ___,_; 1 p—— 3 | ———
'

JAyYaTesIMH  SIBIISTIOTCSL  CBETOIUOIBI, T ' |
BBIIIOJIHEHHBIE HAa OCHOBE apCceHUIa C e o = -7
raums  (GaAs), dochuna rammus '
(GaP), apcennna unaus (INAs), apce-
nuaa amomunus (AlAs), bochuma naaust (INP) 1 ux TBEpABIX PacTBOPOB.

Puc. 1
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_ ” ITo cBOMM CHEKTPAIBHBIM XapaKTEPUCTHKAM
Brox < — Z; Boxoy  CBETOMHOJbBI XOPOLIO COINACyIOTCs € (OTOMNpH-
€MHHUKaMH, BHITIOJTHEHHBIMH Ha OCHOBE KPEMHHUSI.
z 1 I 4 CxeMOTeXHHYECKHE BO3MOKHOCTU ONTPOHA
OMPENENSIOTCA TJIaBHBIM 00pa3oM XapaKTepu-
ctukamu ¢otonpueMHuka. [loatomy Bux ¢oto-
NpUEeMHUKA 1aeT Ha3BaHHE ONTPOHA B 11eJ0M. K OCHOBHBIM Pa3HOBHUIHOCTSIM OITPO-
HOB OTHOCATCS:

- pe3ucTopHbIe ((POTONPUEMHUKOM CITYKHUT (DOTOPE3UCTOP);

- muoaHbIe ((GOTOTIPUEMHUK - (DOTOIUON);

- TpaH3UCTOPHBIE (POTOMPUEMHUK - POTOTPAHZUCTOP);

- THPUCTOPHBIE {(HOTONPUEMHUK - (POTOTUPUCTOP).

B 3aBucHMOCTH OT COBOKYITHOCTH XAaPAKTEPUCTHUK HCIIOJIB3yEMOM ONTPOHHOU
napbl ONTPOH MOKET BBINOJHATH pa3iMuHble (YHKIUU B AJIEKTPOHHBIX LIEMSIX: Mepe-
KJIIOUEHHE, YCUJIEHUE, COTJIaCOBaHME, IPeoOpa3oBaHue CUTHAIA, MHIUKALUS U JIp.

[enbto HacToOALIEH pabOTHI ABISETCS Hccea0BaHue paboThl (POTOJUOTHOTO OII-
TPOHA, CXeMaTH4ECKOe N300pakeHne KOTOPOro MoKa3aHo Ha puc. 2.

[Ipocreiimas cxema BKIIOUEHHs (POTOAMOAHOTO ONTPOHA MOKa3aHa Ha pHc. 3. JT1a
cxXema MOXeET padoTaTh B KJIHOUEBOM (MMIYJIbCHOM PEXKHUME) U IPU 3TOM CO3JaBaTh Ha
BBIXOJIC MMITYJIbCHOE HalpsDKEHHE, NPEBBIIAIOIIEE IO CBOEH AaMIUIUTYAE YPOBEHb
YIPaBJSIIOIIMX BXOJHBIX UMIYJIbCOB. B MpUBEAEHHOI cXeMe ONTPOH MCIOJIb3YETCS B
Ka4yecTBE YIPABISIEMOro ACTUTENS HanpsokeHus. DOToaMo | BKIIFOYAIOTCS MOCIEI0Ba-
TEJIBHO C CONPOTUBIICHUEM HArpy3Kd - Ry B BBIXOJHYIO 3JEKTPUYECKYIO LEMb, COJEP-
KaIyI0 UICTOYHHK IMMTaHUS OTHOCHTEIbHO BhIcoKoro Hanpspkerus (10...20 B).

[Ipu OoTCYTCTBUU YHPABISIIOLIETO MMITYJIbCAa Ha CBETOJMOMAE U3IyYEHUE OT CBE-
TOAMOJA OTCYTCTBYET. B 3TOM COCTOSIHMU COMPOTUBIEHHE (POTOANO/Ia BEIUKO U TOK
B BBIXOJIHOM LEMM MaJ; CJIEAOBATEIIbHO CHUTHAJ, CHUMAEMBI C CONPOTUBIICHUS
Harpy3ku Ry Man (Ugx = IRy). Tlox Bo3aeiicTBUEM yIpaBIsitOIero BXOJIHOTO UM-
nyJibca HanpspkeHus Uy, M3MeHsieTcsl MPsIMOM TOK CBETOJMO/A U ero u3inydeHue. 13-
Jy4YeHHUe CBETOAMO/a MonagaeT Ha (OTOAUO, B pe3yJIbTaTe YETO COMPOTUBIICHUE €TO
pe3Ko majsaer. ITO MPUBOAUT K PE3KOMY BO3PACTAHUIO TOKA B BBIXOAHOW LIETIH U BO3-
pacTaHMIO CUTHAJIa, CHUIMAeMOI'0 ¢ CONPOTUBIEHUS Harpy3ku Ry. Ilpu stom ammiu-
Tylla BXOAHBIX HUMIIYJbCOB, BO3AEHCTBYIOIIMX Ha (HOTOAUOJ], MOXKET ObITh 3HAYU-
TEJIbHO MEHbIIE, yeM HanpsokeHue Ug,x. AHATOTMYHBIM CIOCOOOM MOTYT OBITH IO-
CTPOEHBI KJIHOYEBbIE CXEMbI HA TPAH3UCTOPHBIX U TUPUCTOPHBIX ONTPOHAX.

CoBMmellieHHE B ONTPOHAX JIBYX CIIOCOOOB 00pabOTKM U mepenayn HHPopMaruu
- ONTUYECKOTO U 3JEKTPUYECKOTO - MO3BOJISIET JOCTUTaTh OTPOMHOIO OBICTPOACH-

R + CTBUS, BBICOKOM IMJIOTHOCTH pa3MEIICHUS

XpaHUMOW UH(GOpPMALIMH, CO3JaHUSI BBICO-
Y KOA(()EKTUBHBIX CPEJCTB OTOOpaKCHUS

Unx C _ uHpopmaruu. OueHb BaXKHBIM JOCTOWH-
CTBOM ONTPOHOB SBIISIETCA TO, YTO OHU
ONTHYECKH CBSI3aHbl, a JJIEKTPUYECKHU
M30JIMPOBAHBI MEXIy coOoi. D10 obec-
Puc. 3 NEYMBAET HA/IEKHOE COIVIACOBAHME pa3-

Puc. 2




101

JMYHBIX ONTOXJIEKTPOHHBIX IIETel, CIIOCOOCTBYET OJHOHAMPABICHHOCTH IEpenadyu
uH(pOpMaIHU, TOMEX0YCTOHYMBOCTH KaHAJIOB MEepeladl CUTHAJIOB.

C oNTO37EKTPOHUKON CBSI3aHBI HOBbIE MPHUHIIMIIBI 1 METOJBI PAOOTHI U OCTPO-
eHue OOJIBIIUX CUCTEM BBIYMCIUTEIBbHON TEXHUKH, ONTUYECKOMN CBSA3H, 3alIOMUHAHUS
U 00paboTku MHGOpPMAIMU, HE UMEIOIIMUX aHAJIOTOB B TPAAUIIMOHHOW PaIUOIIICK-
TpoHUKHU. CI0J]Ja OTHOCSITCSI MAIlIMHBI C TaK HAa3bIBAEMOW KapTUHHOU JIOTUKOMU, CBEPX-
OBICTPOJICUCTBYIONINE BBIYMCIUTEIbHBIE KOMILIEKCHl CO CKOPOCThIO 00pabOTKU HH-
popmanmu 10°...10'! omepaumii B cexyHay, yCTpOHCTBA HaMATH OOJBIION €MKOCTH
(10%...10'2 6uToB), NasepHOE TEAEBUECHHE U T.1I.

N3roroBienne cBETOMOAOB U (POTOMPUEMHUKOB COBMECTUMO C MHTETpaIbHOU
TexHoJIoTHel. B Hacrosiee BpeMsi CO3/1aHbl ONTORJIEKTPOHHBIE UHTETPAIbHBIE CXe-
MBI, B KOTOPBIX Ha OCHOBE coeluHeHHI A°B° u mx TBEpABIX PACTBOPOB, Ha OOLIEH
MO/JIOKKE U B €IMHOM TEXHOJOTMYECKOM IUKJIE CO3/IA0TCS MHTErPUPOBAHHBIE MO-
IyJId, COJIepIKaIlKe KaK OMTORJICKTPOHHBIC DJIEMEHTHI, TaK U "00bIYHbIC" UHTETPaIb-
HbI€ CXEMbl. B TOe BpeMsl HEJOCTATKOM ONTPOHOB SIBJISIETCS TaK Ha3blBacMasl ''3Ta-
KEpPOUYHas"' KOHCTPYKLHs, HECOBMECTUMAS C IUIAHAPHOM TEXHOJIOTUEM.

Haunbonee mmpokoe mpuMeHEeHNnEe B COBPEMEHHOM OMTOZJIEKTPOHUKE MOIYUHIN
onTpoHsl, coaepxamue MK-m3nyqaronuit  auon (uadpaxpactoe uznyuenue - UK)
Ha ocHOBe apceHua ramwus (GaAs) Wi TpOWHOTO MOJIYIPOBOJHUKOBOTO COEIUHE-
Hust GaAlAs u kpemuueBblit potoano. Takue mpUOOPHI XapaKTEPU3YIOTCS BHICOKHM
OBICTpOACHCTBUEM, JIMHEHHOCTBIO MEPENATOYHON XapaKTEPUCTUKH, T.€. 3aBUCHUMO-
CTBIO BBIXOJIHOTO CHTHAJIa OT BXOAHOTO, XOPOIIEE COTJIACOBAHUE CIEKTPAIbHBIX Xa-
PAKTEPUCTUK U3ITydaTelis U MPUEMHHUKA.

[Tpuniun paboTel CBETOIMOAa OCHOBAH Ha MPeoOpa30BaHUU B MOIYNPOBOIHU-
KOBOM JIMOJI€ 3JIEKTPUYECKON ZHEPruu HEMOCPEACTBEHHO B SHEPTUI0 ONTHUYECKOIO
u3nydenus. [Ipu npornyckaHuu B CBETOAMO/I€ MOCTOSHHOIO TOKA B MPSIMOM HArpas-
JeHuu (MpsMOe CMELIEHUE) B p-N-TIepeXo]] MHKEKTUPYIOTCS U30BITOYHBIE HOCUTENH
3apsa - AMEKTPOHbI U AbIpKU. [Ipy pekoMOMHAIMYU 3JIEKTPOHOB U JABIPOK BO3HUKAET
ONTHYECKOE HEKOTEPEHTHOE U3IIYyYEHHE C Y3KUM CIEKTPOM.

[TpuHuun paboTsl MOJYIPOBOAHUKOBBIX (DOTONPHEMHUKOB, B TOM 4HCIiE (HOTO-
auonoB (DJI), ocHOBaH Ha sIBIICHHsI BHYTpeHHEro (HoTodddekTa - BO3SHUKHOBEHUH
HEPaBHOBECHBIX HOCUTEJIEH 3apsija - 3JIEKTPOHHO-ABIPOYHBIX Map MPHU BO3ICUCTBUH
ONTUYECKOTO M3IYyYEHUS] M YBEJIMYECHUU MPOBOAMMOCTH TOJYMPOBOAHUKOB ((HOTO-
MpOBOIMMOCTH). OnTHYECKask cpefia, 3aKIIYeHHAs MEXKIy u3lydareiaeM u GoTorpu-
€MHUKOM HMEET CIEAYIOIIEE Ha3HAUCHUE:

- CBECTH K MUHHMYMY MOTEPH Mepeaadn ONTUYECKONW SHEPTHUHN OT U3IIydaTess K
(OTONPUEMHUKY;

- 00ecneYnTh BHICOKOE 3HAYEHUE MapaMEeTPOB JIEKTPUUECKON pa3BI3KH (COMpo-
TUBJICHUS U30JIALINH, TPOOUBHOTO HAIPSHKEHUS, TPOXOJTHOU €MKOCTH);

- CO37aTh KOHCTPYKTHBHO WEJIOCTHBIA MPUOOp, YCTOMUYMBBIM K BO3ACHCTBHUIO
AKCIUTYyaTallMOHHBIX ~ HArpy30Kk (MEXaHMYECKUX, KIMMATHUYECKUX U  JAPYTUx
(bakTOpoB).

B kauecTBe onTHYeCKOil cpellbl OOBIYHO HCIOJIB3YIOTCS MOJIUMEPHbIE KIIEU U
JIAKH, a TAK¥KE OTPE3KU BOJIOKOHHBIX CBETOBOJOB M BO3/IYIIHBIE IPOMEXKYTKH.
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Takum 00pa3oM, B ONTPOHE OCYLIECTBIIS-

{n, €Tcsi JBOMHOE TpeoO0pa3oBaHUE SHEPIUM.

Caer , % n>n DHeprus 3IEeKTPUYECKOTO CUTHAJIA B CBETOM-
1 )

S oJile mpeoOpa3yercss B CBETOBYIO, a CBETOBOM

CUTHAJI TIO ONITUYECKOMY KaHaTy BO3JIEUCTBYET
Puc. 4 Ha (OTONPUEMHUK M BHOBBH MpeoOpasyercs B
anekTpuueckuit curnai. I[lotepu sHeprum mpu TakoMm MpeoOpa3oBaHUM XapaKTEpU-
3YIOTCSI OCHOBHBIM MapaMeTpoM ONTpPOHA - Kodpduimentom nepeaaun K, koTopsrii
PaBEH OTHOIIECHUIO BBIXOJIHOTO TOKA K BXOJHOMY
k= Lo (1)
I,

Haubounee a3gpekTuBHO CBSA3b MEXKAY MEepeIaTIMKOM U TPUEMHUKOM OCYIIECTB-
JSIETCS C TOMOIIBIO CHEIUATBHOTO CBETOBOJA - BOJIOKOHHO-ONTUYECKOro Kabers,
o0ecnevnBaroIIero MIOMeX0yCTOHYMBOCTh U HAJEKHOCTH CBsi3U. LIlnpokononocHocTh
TaKoro, ONTUYECKOro KaHaja orpoMHas. [loo0HbIe TMHUU CBSI3M MOTYT OBITH HC-
MOJIb30BAaHbl B BBIYMCIUTEIHLHOW TEXHUKE IJIS TMEepeaadd OTPOMHBIX MAacCHBOB WH-
dbopmanum, odpabateiBaemMoil B paznuuHbix 010kax D9BM. Ilepenaua cBera mo BoJio-
KOHHO-OIITUYECKHM CBETOBOJAM OCHOBaHAa Ha MCHOJb30BaHUM 3((eKTa MOITHOro
BHYTPEHHETO OTPAXEHUsSI HA TPaHUILIEC pa3jeia JABYX Cpell C pa3HbIMU MOKa3aTeNIIMU
npenomieHus. Ilpu yrinax nageHust OoJbIiie MpeAesbHOrO JIyd CBETa MOJTHOCTBIO OT-
paxkaeTcsi OT MOBEPXHOCTU paszfena cpell. B CBETOBOM BOJHOBOJIE HCIIONb3YETCS
MMEHHO 3TO SIBJICHUE: JIyY, MTOCJIEI0BATEIBHO OTPAXkasiCh OT CTEHOK BOJIHOBOJA, pac-
MPOCTPAHSETCA B 3aJaHHOM HalpaBlieHUU. B BOJOKOHHO-ONTHYECKUX CBETOBOJIAX
HCTOJIB3YETCS IBYXCIOMHOE BOJIOKHO. OHO cOCTOMT U3 "cepaneBUHbI" (BHYTpEHHEN
KWJIbl) C TOKa3aTeJIeM MPEIOMIICHUS N1 U OOOJIOYKM C MOKa3aTejIeM MpPeTOMIICHHUS
Ny. BHyTpeHHss xujla onTudecku Oosiee TUIOTHAsA, yeM oOosiouka (N1 > Ny); B 3TOM
CJIy4ae JIETKO BBIMOJHSETCS YCJIOBHE MOJHOTO BHYTPEHHETO OTPAKCHHUS: TIPH Taje-
HUW CBETOBOW BOJIHBI HAa TPAaHUILy OOOJOYKH BCSI €€ DHEPrus OTPAKACTCS BHYTPb
"cepaueBuHbl" (puc. 4).

OOBIYHO BHYTpPEHHAS (CBETOBENYIUAs) >KWJA HM3rOTABIMBACTCS M3 YHCTOrO
KBaplla, a CBETOOTpaKaromiasi 000JouKa - U3 KBapla, JIETUpOBaHHOrO Oopom. Jluna-
METp BHYTPEHHEH >KHJIBI CBETOBOJIa OOBIYHO HE MPEBHINIACT JECATKOB MUKPOH, JHa-
MeTp 06050uky - 100 MmxM. Takue CBETOBOIBI OTIUYAIOTCSI BBICOKOM MMPOYHOCTHIO U B
TOXXE BPEMsl yCTOWYUBEI K M3TH0aM B CKpy4uuBaHUIO. CBETOBOBI MOTYT OOBECIUHSTH-
csl B ka0emnu, coJeprKallire J0 HECKOJIbKUX COT IBYXCIOMHBIX BOJIOKOH.

CrnoxHyro 3amady MpeaCcTaBIsieT co0oit
3 a) BBOJI M3JIyYEHHs] B CBETOBOJl OT CBETOM3IIY-

! _,3 YarOIUX JTUOJIOB, B OCOOCHHOCTH OT CBETO-

:1 JIMOJIOB C IMIMPOKOW JHArpaMMOM HampaBJIeH-

5) HOCTU. B 3TOM citydae cBeToBenyias cepii-

xxmgwxx\ [IEBMHA BOJIOKHA pa3MEILIAETCS] HENOCpe/I-

CTBEHHO I0JI aKTUBHOM 00JIaCThIO CBETOAMO-

Puc. 5 na (puc. 5, a). DPPeKTHBHOCTH BBOJIA MOYKET

OBITH TIOBBIIIIEHA C TIOMOIIBIO CTIEIUATBHBIX (POKYCUPYIOIIMX JIMH30BBIX CUCTEM (pHC. D,
0), OJTHAKO 3TO CYIIECTBEHHO YCJIOXKHSIET KOHCTPYKIIUIO YCTPOMCTBA BBOJIA.

2
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JloHbIe ONTPOHBI UMEIOT HU3KHE KO3 duumeHTs nepenaun, pasasie 1...5 %.
OpHaKo ATOT HEJOCTATOK MOXET OBITh KOMIICHCHPOBAH BKJIIOUEHHEM B CXEMY OII-
TpPOHA BHEIIHEr0 YCHJIMTENS], YaCTO M3TOTABIMBAEMOT0 Ha OJJHOW MOJUIOKKE C KpeM-
HUEBBIM (OTOAMOIOM, B €ITMHOM TEXHOJIOTUYECKOM ITHKIE. Takue mpuOopbl OTHOCST
K KJIACCy MHTETPaNbHBIX MUKpocxeM. [lIupokoe pacmpocTpaHeHre TOTYyYHIH TaKKe
OINITPOHBI, B KOTOPHIX HCIOJB3YIOTCS (DOTONPUEMHUKH C BHYTPEHHUM YCUJICHHEM -
JaBUHHBIC (HOTOANOBI, (HOTOTUPHUCTOPHI, POTOTPAH3UCTOPHI U JPYTHE.

B Hacrosimiee BpeMsi OT€UECTBEHHas MPOMBINUICHHOCTh BBITYCKAET CEPHIAHO
6osiee 50 pa3TUYHBIX TUIIOB ONITPOHOB ¢ 0O0BEMOM ITPOU3BOICTBA OoJiee 10 MITH MITYK
B roj. OnTpoHHasi TeXHUKa OypHO pa3BUBAETCS, MOPOXKAasi KAUECTBEHHO HOBBIE MIPU-
OOpBI U TIEeTTbIC TEXHOJIOTHYECKHIE HAITPABJICHUS.

4. OIMCAHUE U3MEPUTEJIbBHOM YCTAHOBKHA

Cxema yCTaHOBKHM JJISI CHATHSI IEPEXOTHOM XapaKTEPUCTUKU U OLICHKA BPEMEHH
’KU3HU HEPAaBHOBECHBIX HOCUTENEH 3apsija Mmoka3aHa Ha puc. 6.

- ] l [ hano
: s
o] | HD—@ﬂ{ ¥=2)| O o
] I I A
R |
= |

Puc. 6

JUtst u3ydeHns NMepexoqHON XapaKTEPUCTHKU MCIOJIb3YETCS 4YacThb CXEMbI IIPH
BEpXHEM ToyokeHnu nepekmoyarenei Ki n Ko, BxonHoW TOK M3MepseTcss MUILIH-
amrepMeTpoM 10 15 MA, BBIXOJHOW TOK - MHJJTUAMIEPMETPOM, BKIIOUEHHBIM Ha
BBIXOJT (hoTOIMOAa onTpoHa ¢ mpeaenamu n3meperus 0,3...0,6 MA.

JIns ouenkn BpeMenu xu3HU Kimoun Ki n K; nmepexirouarorest B HM>KHEE MOJI0-
xeHue. [Ipu 5ToM renepaTop npsAMOYTOJbHBIX UMITYJIbCOB [’ moakirouaeTcs k cBe-
TOAMOAY OonTpoHa, a ocumuiorpad 3JI0 k Beixoay doToanona ontpona. Yacrora u
JUTUTEIILHOCTh UMITYJIbCOB COCTaBIsIt0T cooTBeTcTBEHHO 10 KI'11 11 20 MKec.

Ha puc. 7 noka3aHbel auarpaMMbl IEPEXOAHBIX IPOLIECCOB B ONTPOHE. Pacuersl
MOKa3bIBAIOT, 4TO BeHTUIIbHAS (h0T0DJIC MOXKET OBITH OrpesesneHa mno hopmyse

0,=0,In("+1), (2)
Is
rae @y - BeHTwibHas Gotod/C; ¢, = xkT/e - paBHasi, IpUMEPHO AJI1 KOMHATHOU TeM-
nepatypsl 0,025 5B; It - Tok kKopoTkoro 3ambikanus (oToauoaa onTpoHa; ls - Tok
HACBIIIEHUS IPYU 0OPATHOM CMEIICHHH.
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A B

AT
Puc. 7

B BenTHILHOM PEKHUMCE CIiaq CI)OTOTOKa MOHO OIIKMCAaTh YPABHCHHCM
t

I(t) = If e_; 1 (3)
rjae I(t) - Tok B MOMEHT BPEMEHH t; T - BpeMsl KU3HU HOCUTEJIEH 3apsiia.
[Moncrasusis (3) B (2), momydaeM cieayroliee BBIPAKEHUE TSI ONPEICICHUS
BPEMEHH JKU3HU HOCUTEIIEH 3apsiaa
=0 AA(; , (4)
B
rae At - Bpems, B TedeHHE KOTOporo BeHTWiIbHas potoD/lC n3MeHunach Ha Beu-
YUHY AQs.
Crnenyer oOpaTUTh BHUMaHUE, YTO omnpezesneHne Bpemenn At u A, HeoOXxoau-
MO MPOU3BOJIUTH HAa JMHEMHOM YyYacTKe CIajJla 3aBUCUMOCTU BeHTUIbHOU (HoToD/IC
OT BPEMEHH.

5. HOPAJOK BBIIIOJIHEHHUA PABOTBI

1. Cobpath cxemy, MOKa3aHHYIO Ha PUCYHKE 6.

2. CHATB NEPEXOIHYIO XapAKTEPUCTUKY ONTPOHA.

2.1. ITepexmntouarenu Ki u K> noctaBuTh B BEpXHEE MOJIOKEHHUE.

2.2. BKIIIOUUTh UCTOYHUK MOCTOSIHHOTO TOKa UIT.

2.3. YBenuuuBasi HanpsHKeHUE MOTEHIIMOMETPOM R1, CHSITh 3aBUCUMOCTD BXO/I-
HOT'O U BBIXOJAHOT'O TOKA OT BXOJHOTO HampsiKeHus. BxonHou Tok u3MeHsTh oT 0 110

15 MA.
PesynbraTel u3amMepenuit 3anucarh B 1a07. 1.

Taonumpa 1
JKcnepuMeHTaIbHbIE pe3yabTatbhl BAX cBeToanona
U NMePexoHOoi XapaKTePUCTUKH ONTPOHA

BxoxHoii Tox lex, MA 0 1 2 15
BxoaHnoe HanpsxeHue U,B
BrixogHoi Tox lesx, MA
Koadpduuuent nepenaun K L..
IBX
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2.4. TlocTpouTh BXOJHYIO BOJIbT-aMIEPHYIO XapaKTEPUCTHKY CBETOAHOJA OTI-
tpoHa |l = f(U). [To xapakTepucTuke OnpeneianTh BEIHYNHY KOHTAaKTHOW Pa3HOCTH
MOTEHIIUAJIOB.

2.5. TTocTpouTh MEPEXOAHYIO XapaKTEPUCTHKY ONTPOHA gy = f(lsx).

2.6. Beruucnute AJ11 U3MEPEHHBIX 3HAUEHUN BXOJHOTO U BBIXO/IHOTO TOKOB KO-

/
aduIMeHT nepenaun K =~ PesynbpTaThl 3aHECTH B Ta0. 1.
6X

3. OnpenenuTth BpeMs AKU3HU HOCUTENEH 3apsiia.

3.1. Ilepexmouarenu K; u K; noctaBuTh B HUKHEE MOJIOKEHUE.

3.2. BximtouuTh reHeparop nuiaoo0pa3HbIX HanpsbkeHuid u ocuuiniorpad DJI0.
YcranoButh uvactoty 10 kxl'm, mmurensHOCT, uMIyiabcoB - 10 MKC, BBIXOJHOE
HaIpspDKeHHE Ha TeHeparope - 15...20 B.

[TocmoTpers Ha ocumiuiorpade GhopMmy curHajga TeHepaTopa UMMYIbCOB. Jlis
ATOTO BXO/J] ociiiiorpada moJAKIIOYUTh K BEIXOy TeHepaTopa.

3.3. Iogkmounts reneparop ['M u ocummnorpad 3JI0 B cOOTBETCTBUE CO CXe-
MO puc. 2.

3.4. 3apucoBath kpuBywo penakcanuu ¢otod/C. [lo HakmoHy KpuBOM U Qop-
MmyJie (4) OleHUTh BpeMs )KU3HU HOCHUTENICH 3apsiia.

4. CnenaTh KpaTKue BBIBOJIBI IO paboTe.

5. 3akOoHUYUB pa0OOTYy, BRIKJIIOUNUTE MPUOOPHI!

6. KOHTPOJIBHBIE BOITPOCBI

1. Onummre npyuHIUI paboThl ONTPOHA.

2. llosicaure npuHIUn paboThl POTOAMOA U CBETOAUOA.

3. O0OBsicHUTE TPUMEHEHUE ONITPOHOB B TEXHUKE.

4. B ueM 3akirodyaeTcsi METOJUKA OMpENIETICHUSI BPEMEHHU KU3HU HEPaBHOBEC-
HBIX HOCUTEJIEH 3apsja.

5. O0BsiCHUTE MPUUMHY HU3KOTO 3HAYCHHS K03 (UIIMEHTA TIepeaun ONTPOHA.
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JABOPATOPHASA PABOTA 18

N3YYEHUE XAPAKTEPUCTUK MAT'HUTOAUOJ1OB
1. HEJIb PABOTbI
HccenenoBanne OCHOBHBIX XapaKTEPUCTHUK U ITAPAMETPOB MAarHUTOIHOIOB.
2. BUBJIMOI'PADUA

1. detnad A.A., Asopckuit b.M. Kypc ¢pusuku. - M.: Beicmr. mik., 1989. - 608 c.

2. Buxkymun .M., Cradee B.M. ®uszuka noiaynpoBOJHUKOBBIX MPUOOPOB. -
M.: Cos. paauo, 1980. - 262 c.

3. Ernazapsan I'.A.. Cradpee B.M. Maruutonnojipl, MarHuTOPE3UCTOPbI U UX
npuMeHeHue. - M.: Paauwo u cBs3b, 1997. - 88 c.

3. TEOPETHYECKOE BBEJIEHME

Maruutroguoasl - 3TO MOJIYIPOBOAHUKOBBIEC IMPH-
OOpBI, KOTOPBIE MOJ| BO3JIECUCTBUEM MAarHUTHOTO TOJIS
M3MEHSIOT CBOE AJIEKTPUUECKOE CONIPOTUBIICHHUE.

B monynpoBoiHHMKE, MOMEIIEHHOM B MarHUTHOE
0JIe, MPU IMPOXOKJIECHUHU AIEKTPUUECKOr0 TOKA Ha HO-
cutenu AeucTByeT cuiia JlopeHua, UCKpUBISOMAs UX
JUHUM TOKA. Eciv B mOJIyIpOBOJHUKE OJHUH BUJl HOCH-
T€Jeil, TO TOrJa B HEM BO3HHUKAET MONEPEYHOE SJIEK-
TPUUYECKOE ToJIe - nosie XoJuia. BenuunHa 3TOro mosis
TaKoBa, YTOOBI TOYHO CKOMIIEHCHPOBAThH JEHCTBUE Ha
HOCHUTEJN CUJTbl JIOpeHIia: IMHUM TOKA JTIOJDKHBI OBITh MapajulesibHbI TPaHsaM 00pasiia.
DTO0 yCIIOBHE BHITEKAET U3 TPEOOBAHMS TTOCTOSTHHOW KOHIICHTPAIIMK HOCUTENICH 3apsi-
J1a 'y IOBEPXHOCTEN MOJyIPOBOJIHUKA.

OnHako CKOpPOCTH JIBHYKEHHS HOCHUTENEH HEOJIMHAKOBBI M3-3a TEIJIOBOIO pas-
MBITHS, ITI03TOMY Tosie XOJijla KOMIIEHCUPYET ACUCTBUE CUibl JIopeHa TONbKO i
HOCHUTENEH, NBUXKYIIMXCS CO CpelHel CKopocThio. Ha Oonee mMemyieHHbIE HOCUTENU
cCuIIbHEE JIecTBYeT moJie XoJuia, a Ha 0ojee ObIcTphIe - cuia Jlopenna (puc. 1).

[ToaTOMYy BKJIaJl B IPOBOJIUMOCTb HOCUTEINIEH, ABUKYIIUXCS CO CKOPOCTHIO, OT-
JIMYHOU OT CPEIHEMN, B MATHUTHOM I10JI€ OKA3bIBAETCS MEHBIIIE. Y MEHBIIICHUE IPOBO-
JUMOCTH TOJYIIPOBOJIHMKA B MAarHUTHOM ToJie Ha3biBaercs addextom [Maycca mmm
MarHUTOPE3UCTUBHBIM (3(DPEKTOM MarHUTOCONPOTHUBIICHHUS ).

B monynpoBoJiHUKE ¢ ByMs BUJAaMU HOCUTENEH (AJIEKTPOHBI U JBIPKU) TOJE
XoJia MEHbIIE, TTI0O3TOMY JIMHUM TOKAa B HEM HE MapayliesbHbI TpaHsM U 3G eKT mar-

o HUTOCOIIPOTUBJICHUSI COOTBETCTBEHHO Ooubiie. K mo-
@ B JYNPOBOAHUKAM C IByMSI BUJAMU HOCUTEJIEH OTHOCHUT-
Csl CTPYKTypa p-N-mepexona, T.€. JUOJHAas CTPYKTypa,

] + A Ha3bIBacMasl B TEXHUKE JJTMHHBIM THOJOM WM MarHu-
p n TOMO0M (pHc. 2).

MarautHoe moJie B Marasuroauogax HE TOJBKO
Puc. 2 HCKPUBJCT JIMHUK TOKA, HO U YMCHBIIACT ITOJABHIK-
HOCTb HOCHUTEJICU 3apsjaa, T.K. KOHOCHTpAaluHW 3JICK-

Fn,T)
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TPOHOB U JIBIPOK MPAKTHYECKH OAMHAKOBBI U MOJIE XOJlIa ‘ B, B, B,
OTCYTCTBYeT. YUIMHGHHE JIMHHMH TOKa NPUBOAAT K 9
YMEHBUIEHUIO TNIyOMHBI TPOHUKHOBEHUSI HEPABHOBECHBIX
HOCHUTEJIEH, T.€. K MOBBILIEHUIO MAarHUTOYYBCTBUTEIIbHO-
cTu. VICKpUBJIEHUE JIMHUI TOKA NMPUBOJUT TAKXKE K IOBBI-
IICHUIO0 KOHLIEHTPAlMy HOCHUTENIEH y OJHOW IpaHu U K €€ Bj<B;<B
noHwxkeHuto y apyroi. Ilockonbky s¢¢dexktuBHOE Bpems () U
KU3HM HOCUTEJEW B TOHKHMX IIJIEHKAaX OIPEIEISAETCS II0-
BEPXHOCTHOM pEKOMOMHAIMEN, TO mepepacrpeaesieHue
HOCUTEJEN MPUBOJUT K U3MEHEHHUIO POJIM MOBEPXHOCTHON PEKOMOUHAIIMY U U3MEHE-
HUIO 3(p(PEeKTUBHOTO BPpEMEHHU >KU3HU. PoJIb peKkOMOMHALMM Ha TpaHU, K KOTOPOMl OT-
KJIOHSIFOTCSI HOCHUTENH, BO3PACTacT, a PEKOMOHMHALMA HA BTOPOW TpaHU HE HMEET
0oJapIIOr0 3HaUeHUs. Eciu ckopocTH peKOMOMHAIIMM HA TPAHIX OJAMHAKOBBI, TO (-
(beKTUBHOE BpeMs KU3HU YMEHBIIAETCS U COOTBETCTBEHHO TOK TAaKOI'0 MarHUTOUO-
71a B MArHUTHOM I10JIE€ YMEHBIIUTCA.

Ecnu ckopocTh pekoMOMHAMK Ha OAHOW rpaHu MHOTO MEHBIIIE, YeEM Ha JPYTroi
(puc. 2), To TOorAa MPHU OTKIIOHCHUU HOCUTEJICH K 3TOM IpaHu POJIb PEKOMOMHAIINY Ha
BTOPOI I'paHH C BBICOKOM CKOPOCTbIO pEKOMOMHALIMM PE3KO YMEHBIIAETCS.

D¢ dexTrBHOE BpeMs )KU3HU NIPU TAKOM HAIIPaBJIEHUU MAarHUTHOTO MOJIst OyieT
BO3pacTaTh, IOATOMY TOK MarHUTOAMOJA Takxke OyneT Bo3pacTars. [Ipu nmporusomno-
JIO’)KHOM HANpaBJICHUM MAarHUTHOTO MOJs OyJaeT HaOt0JaThCsl OOBIYHBIN MarHuTO-
IUOHBIN 3 (PEKT - TOK pe3Kko yObIBaeT ¢ pocToM MarHutHoro nosisi. Ha puc. 3 nmoxa-
3aHBI TUIIOBBIE BOJIBT-aMIIEPHBIE XapAKTEPUCTUKN MarHUTOINOAA.

OCHOBHBIMH IIapaMeTPaMU MarHUTOIUOAOB SBJISIOTCS:

1. Borvmogas macnumouyecmeumenviocms. OHA paBHA OTHOILIECHHUIO U3MEHE-
HUS HalpsDKEHUsI Ha 00pasle K MPOTEeKaloEeMy Yepe3 Hero TOKY U U3MEHEHU IO Mar-
HUTHOTO TOJIs, TPUBEAIIETO K JAHHOMY U3MEHEHUIO HAMPSKEHUS

AU
Y AB-T (1)

BonbpTOBas MarHUTOYYBCTBUTEIIBHOCTD OINPEACIISICTCS TIPU MTOCTOSTHHOM 3Hade-
HUU TOKa |, TOmyCTUMOM JIsl JAHHOTO TUIa MarHuToauoa (o0brdHo 1...3 MA).
2. Toxoeas MAcHUMOYYECMEUMENLHOCHY 7 , ONPEACISCTCS U3MCHCHHEM TOKa

Puc. 3

4yepe3 MarHuTOAUO]T TP U3MEHEHWH MAarHUTHOTO MOJISi U TTOCTOSSHHOM HamlpshKeHUH
Ha MarHUTOJIMOE
U
V1= apoal @

TokoBass MAarHUTOYYBCTBUTEIBHOCTh ONPENEIAETCS IPHU TOCTOSHHOM Hampsike-
HUW HAa MarHUTOJMOE U IS uccienyemoro auoaa tuna K/1304b mMoxxer npuHUMarh
(¢ukcupoBanHbie 3HaueHus B nuamnaszone ot 10 mo 30 B.

MarHuToInoAbl UCIONb3YIOTCS B OECKOHTAKTHBIX CUHXPOHHBIX AJIEKTPOJBUTA-
TEJSAX MEPEMEHHOr0 TOKA KaK YyBCTBUTEIbHBIE AJIEMEHTHI JAaTYMKA MOJOKEHUS PO-
TOpA, ONMPEAEISIONUIME MOCIEI0BATENIbHOCTh KOMMYTALIUM TOKA B CEKIUSAX OOMOTKH
cTaTopa.
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OHU NPUMEHSAIOTCS B YCTPOMCTBAX BBIYMCIUTEIBHON

? Upyr TEXHUKU IS W3TOTOBJICHUS OECKOHTAKTHBIX —KIIABHIII

pY4YHOro BBOJA UH(OpPMALMK U YCTPOMCTB JJIsl CUUTHIBA-

Bpix  HUA HMH(OpPMAalMKM C MarHUTHBIX JIGHT - MarHUTOpPE3U-

CTUBHBIE CUMTHIBAIOIINE TOJIOBKH; B PATAUOTEXHHUKE IS

IIOCTPOEHUSI MAarHUTOJMOJHBIX YCUIIMTENIECH, OCHOBHBIM

IIPEUMYILECTBOM KOTOPBIX SIBISETCS AJIEKTPUYECKOE pas-

JeneHue (raJjpBaHUYECKas pa3Bsi3Ka) BXOJla U BbIXOJA; B

aBTOMATUKE JAaTYMKOB IOCTOSHHOIO TOKAa, OECKOHTAaKT-

Puc. 4 HBIX pEJI€ TOKa, JAaTYUKOB ITOJIOKEHMS JBHKYLIUXCS

IIPEAMETOB U T.1.

VYcraHaBIMBaTh MarHUTOJIMOABI CIEAYET TaKMM 0Opa3oM, 4TOOBI JIMHUHM Mar-

HUTHOU MHIYKIWHU ObUIM MEePHEHANKYISIPHBI OOKOBBIM TPAHSIM MOIYITPOBOAHUKOBOU
CTPYKTYphl. THUIOBas cxema BKIIOYEHHs] MarHUTOAM01a n300pakeHa Ha puc. 4.

4. IPUBOPBI U IPUHA VIEZKHOCTH

1. Marauroauo.

2. DIEKTPOMArHHmT.

3. UcTtouHuK perynupyemMoro HanpspKeHHsI OCTOSTHHOTO TOKa.
4. Ammepmerp.

5. BoneT™meTp.

5. OIMCAHUE 3KCHEPUMEHTAJIbHO YCTAHOBKH

Cxema YCTAHOBKHU JISI CHATHUSA BOHBT-aMHCpHOﬁ XapaKTCPUCTUKKU MAIrHUTOJAUO-
Aa U OIIpEACIICHUSA €ro TOKOBOM MarouTO4yBCTBUTCIIbHOCTHU ’Y[ IMOKa3aHa Ha PpHC. 5.

— n %
pA—H =
M M R6
—
+F VD1-VD4
L\/\/\/_ TP1
AN
Puc. 5

VYcTaHOBKAa COCTOMT M3 3JIEKTPOMArHMTa, BHIIOJHEHHOIO M3 KaTYIIKH HH]YK-
TUBHOCTH L m marnutonpoBona M. DIeKTpOMarHuT NUTAETCS UCTOYHUKOM IOCTOSIH-
HOro Toka uepe3 pesuctopbl R1 - R5, or BeImpsAMUTENBLHOTO MOCTa, COOPAHHOTO Ha
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arnoaax VD1- VD4 u noaxiroueHHOro Ko BTOpUYHON 00MOTKe Tpancopmaropa Tpl.
B 3a3ope marnutonpoBoaa M pacnosnoxkeH uccinenyembid marauroanon VDS tuma
KD304b. Marauroano/1 BKJIIOYEH B IIENb MOCTOSTHHOTO TOKAa UCTOYHUKA PEryJnpye-
MOT'0 HalpspKeHUs. BennuuHa Toka B IENW W HaNpsHKEHHE HAa MarHUTOAMOZE KOHTPO-
JMPYIOTCS C IIOMOIIBbIO MUKpoaMIiepmerpa LA 1 BoibTMeTpa U COOTBETCTBEHHO.

[Toouepenno nonkmrovas pesuctopsl R1, R2, R3, R4 u R5 MoxHO cTyneHuaTo
M3MEHATH 3HAUEHUE TOKA B IEMHU JIEKTPOMArHuTa, YTo MPUBOJUT K U3MEHEHUIO WH-
OyKuu B MarHUTHOTro moJisg B 3a30p€ MarHUTONpoBoJa M, riae pacnosioskeH MarHu-
toano. C MOMOILBIO TEPEMEHHOTO pe3rcTopa R6 MOKHO yCTaHAaBIMBATh HA MAarHU-
tonuoae Hanpspkenue ot 1 1o 30 B.

5. HOPAJOK BBIIIOJIHEHUA PABOTbBI

1. BKJIIOUHTH YCTaHOBKY B LIE€TIb IEPEMEHHOTO TOKA.

2. IlepexmrouaTenh TOKa 3JEKTPOMArHuTa S W pe3ucTop R6 ycTtaHOBUTH B
KpalHee JIEBOE TOJIOKEHHUE.

3. CHATH BOJNBT-aMIEPHYIO XapaKTEPUCTUKY MarHUTOAMOAA Ha TIOCTOSIHHOM TO-
K€, JJI1 9TOTO MEPeKIIoYaTeeM S TOKa NEKTPOMarHuTa yCTaHOBUTH BEIMYUHY HH-
ayknuu Bi B 3a30pe marnuTonpoBoga. HauansHoe monoxkenne 1 mepeximouatens S
COOTBETCTBYET BenuunHe UHAYyKIuu B1= 0,1 Tu, mar usmeHeHust THAIyKUUHA MarHUT-
Horo nojnst AB = 0,1 Ta. Ilpu 3ananHOM BenMYMHE UHAYKIIUU CHATH 3aBUCUMOCTb U3-
MEHEHHUS TOKa 4epe3 MArHUTOAMOJ NpU U3MEHEHUHN HANpsKEeHUs Ha HeM. J{uama3oH
M3MEHEHUs HanpsbkeHus ot 2 1o 26 B ¢ marom AU =2 B.

4. Tlony4yeHHbIE JaHHbBIE 3aHECTH B TaOIUIy 1 U MOCTPOUTH rpapuKu 3aBUCUMO-
ctu [ = f(U) Ui KaXKI0r0 3HAUCHHS UHTYKIIMA MAarHUTHOTO TTOJIS.

5. Cnenathb BBIBOJIBI MO padoTe.

6. PaccunTaTh TOKOBYIO UyBCTBUTEJIBHOCTh MarHUTOAMOMA, UCIIOIB3YS (hopmy-

ay (2).
Taonuma 1

Wuaykiust MarHUTHOTO TIOJISt
u,B B1=0,1Tn B2=02Tn B3=0,3Tn B1=04Tn Bs=0,5Tn
1, MKA l2, MKA I3, MKA l4, MKA I5, MKA

(BN

6. KOHTPOJIBHBIE BOITPOCBI

1. O6BscHUTE pabOTy MAarHUTHOTO JUO/A.

2. YUTo Takoe MarHuTOPE3UCTUBHBIN dPDHEeKT?

3. Kakue ocHOBHBIEC XapaKTEPUCTHKHU U TTapaMeTPbl MArHUTOMO/IOB BBl 3HaeTE?
4. HazoBuTe 007aCTH MIPUMEHEHHSI MAarHUTOMO/IOB B TEXHUKE.
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JABOPATOPHASA PABOTA 19

OCHOBBbI JO3UMETPUU. METOJAUKHA OITPEAEJIEHUSA
XAPAKTEPUCTHUK JOSUMETPUYECKOI'O KOHTPOJIA

1. HEJIb PABOTbI

1. O3HakOMJIECHHE C OCHOBHBIMHU ITOHATHUSIMH H OIIpCACIICHUAMU OO3UMCTPUH,
3HAKOMCTBO C AOBUMCTPUICCKHUMU HpI/I60paMI/I H C JJICMCHTAMU JO3UMCTPUUCCKOI'O
KOHTPOJIA.

2. CHaTue KpHUBBIX pacliaga raMmMa- U OeTa-aKTUBHBEIX M30TOIIOB aTMOC(i)GpHOI"O
BO34yXa, ONMpCACJICHUC IICpHUOaa I10JIypaciiaad, CpCAHETO BPECMCHHU JKU3HU paJHOAK-
THUBHBIX HYKJIINAO0B BO3/yXa.

3. HBMCpCHHe MOITHOCTH BKCHOBHHHOHHOﬁ A03bI U OIIPCACIICHUC COACPIKAHUSA
KaJIuAg B COJX paqIuOMCTPHUICCKHUM MCTOAO0M.

2. BUBJINOI'PA®UA

1. CaBenneB U.B. Kypc pusuku: yued. mocodbue ajist CTyIEHTOB BTY30B. - [B 3-x
T].- T.3: KBantoBasi ontuka. AtomHas ¢usuka. @usnuka TBepporo tena. Ousuka
aTOMHOTO fAJIpa ¥ dJIeMeHTapHbIX dyactull. - M.: Hayka, 1979. - 304 c.

2. JTabopatopHsIif mpakTUKyM 10 usuke. - U.2: Yued. mocobue s CTyACHTOB
BTy30B / B.A. bazakyua, JL.I'. Bounosa, H.W. I'nupam u ap.; nox pea. B.A. ba3aky-
1a. - XappkoB: M3natenscTBO XapbKOBCKOTO YHUBEpcuTeTa, 1972, - 240 c.

3. MaiicoBa H.H. JlabopaTopHblil npakTUKyM M0 Qu3Mke: yued. mocodue s
CTyZIEHTOB BY30B. - M.: PocBy3u3gaar, 1963. - 442 c.

4. PyKoBOJCTBO K J1a0OpaTOPHBIM pabOTaM MO MEIULUHCKONW U OMOJIOrMYECKOM
¢dusuke: yed. mocobue mns meaBy3oB / M.A. DccaymnoBa u ap.; moxa pea. A.H. Pemu-
y30Ba. - M.: Beicm. mik., 1987. - 271 c.

3. TEOPETHYECKOE BBEJIEHME

3.1. OcHOBBI 103UMETPUH

B 1896 rony ¢panuysckuit puznk AHpu bekkepenb OTKPbLI SBICHHE paHOaK-
TUBHOCTHU, T.€. CAMOINPOMU3BOJBHOE MPEBPALLECHUE OJHUX ATOMHBIX SIEp B JIPYyrue,
COMPOBOXKIAEMOE M3IYyUYEHUEM U3 SIZIEP JIEMEHTAPHBIX YacTHI] U TaMMa-Iydei, cro-
COOHBIX MOHU3UPOBATh BEIIECTBO. OHU3MPYIOMIMM HU3Iy4YE€HHUEM HA3bIBAIOT JII000E
U3JIy4€HHE, B3aUMOJEHCTBUE KOTOPOrO CO CPElod MPUBOAMUT K OOpa30BaHUIO DIIEK-
TPUYECKUX 3aps/IOB pa3HbIX 3HAKOB. K HOHM3UPYIOIIUM HU3TYyYEHUSIM OTHOCSTCS
raMmma-u3Jiay4eHne, TOPMO3HOE, PEHTT€HOBCKOE U KOPIYCKYJISIPHOE U3TyYEHUSI.

e ['amMma-u3nydeHHe — 3TO 3JEKTPOMArHUTHOE H3JIy4EHHE, MCITyCKaeMOe MpHu
SJIEPHBIX MPEBPAIICHUSX.

e Topmo3HOe u3inyueHHe — (OTOHHOE M3IyUYCHHE C HEMPEPHIBHBIM CIIEKTPOM,
U3JIy4aeMoe MPU YCKOPEHHOM JBUKEHUH 3aPSKEHHBIX YaCTHII.

e PeHTreHOBCKOE U3IIydeHUE — TOPMO3HOE U XapaKTEPUCTUUYECKOE U3TYyUEHHUE C
sHeprueit 1 kaB - 1 MaB.

o KopnyckynsapHoe u3ydeHHEe — TOTOKHA alb(da-, Oera-4acTwil, MPOTOHOB,
HEUTPOHOB U APYTUX YACTULL.
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Tak Kak paaHMOaKTHUBHBIE s/Ipa MPETEPIIEBAIOT CAMOIPOU3BOJIBHOE IPEBPALLIEHNE
HE3aBUCUMO JPYT OT Apyra, TO MOKHO CUMTATh, YTO KOJUYECTBO SAEP dN , pacnaja-
FOLLMXCS 32 MaJblid MPOMEXYTOK BPEMEHU df MPOMOPLIMOHAIBHO KaK YHCIY Hepac-
MAaBIINXCS SAEP, TAK U MPOMEXKYTKY BPEMEHU df

dN = —ANdt,
r1€ A - MOCTOSIHHAs PaJUOAKTUBHOIO paclaja, XapakTepHu3yrollas JaHHbIE sapa.
3HaK MUHYC YKa3bIBA€T HA YMEHBIICHHE KOJIMYECTBA HEPACIABIUUXCS SIIEP C YBEIU-
YEeHUEM BPEMEHHU.

Pazpnenss nepemeHHsbie, noaydyuM auddepeHImaibHoe YpaBHEHHE, ONKChIBAO-
1ee 3aKOHOMEPHOCTH M3MEHEHUS YK Clia HepaclaBIIUXCs siiep BO BPEMEHHU:

d_N:_;{dt.
N

WNuterpupyst manHoe nuddepeHmanibHoe ypaBHEHHUE, MMOJIYIUM OCHOBHOHM 3a-
KOH PaIHOaKTHBHOI'O IIPCBPAIICHUA:

N=N,e™"", (1)
rge N - KOJIUYECTBO HCPACIIaBIIHUXCs aTOMOB B IIPOHCCCC PAANOAKTUBHOI'O IIPCBpPaA-
ICHUA, No - KOJIMYECTBO aTOMOB B HauaJbHBIM MOMEHT BpPpCMCHU.

I{Hﬂ XapaKTCPUCTUKN PAAVOAKTHUBHOI'O paciaga 4aCcTo HNPUMCHAIOT BCIWMYMUHY,
Ha3bIBAaCMYIO IICPHUOJOM IIOJIypaciiaaa. HepI/IOI[OM IMoJypaciiaga T Ha3BIBaIOT BpCM:,
3a KOTOPOC pacimagacTCsda II0JIOBHHA IICPBOHAYAJIBHOI'O KOJHMYCCTBA AOCP, T.C. IIPHU

N,
t=T pacnajaercs NOJIOBMHA IEPBOHAYAJIBHOTO uucaa saep N = 02. Orcrona

N% = Ny,e*" u, cokpamiast Ha N,, HOJTy4HM

ﬂ:m%:0769%’ - T:m%:0,69%. (2)

Mo>XHO 10Ka3aTh, 4YTO CPEAHEE BPEMS KU3HU 7 PATUOAKTUBHOTO SJIpA YHUCJICH-
HO paBHO OOpaTHOM BEJIMYMHE MOCTOSHHOW PaJMOaKTUBHOTO pacraaa A .

=V, (3)

AKTUBHOCTh A HYKJIUJIa B PAJMOAKTUBHOM HCTOYHUKE (AKTUBHOCTH M30TOTA)
€CTh BEJIMYMHA, PaBHAs OTHOUICHUIO YMCla dN s€p, paclaBlIIMXCA B HU30TONE K
MIPOMEXKYTKY BPEMEHHU df , 34 KOTOPOE IIPOMU3OILLIEIT pacial;

dN At
A=| ==5 |2 AN =N (4)

Takum 00pa3oM, aKTUBHOCTh — 3TO (PU3MUECKas BEJIWYWHA, MMOKa3bIBAIOIAs
YHUCJIO PACIaBIINXCS SAEp 3a SMHUIY BPEeMEHHU.
AKTHUBHOCTH U30TOIIA B HaYaJbHBI MOMEHT BpeMeHHU (¢ = 0) paBHA
Ay = AN, . (5)
C yueroM cooTHomieHus (5) BbIpaxkeHue (4) Ui ONpPEACNICHUS aKTUBHOCTU
MMEET BU]T

A= Ae " . (6)
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N3 cooTHOwEeHus (6) BUIHO, YTO AKTUBHOCTh C YBEJIMYEHUEM BPEMEHU YMEHbB-
IIaeTCsl M0 ACHOHEHIIMAIIbHOMY 3aKOHY.

VY enbHas aKTUBHOCTh a PaJMOAKTHBHOTO MCTOYHMKA €CTh BEJIMYMHA, paBHAS
OTHOUIEHUIO €r0 aKTUBHOCTU 4 K Macce m 3TOr0 MCTOYHUKA (AKTUBHOCTH €AMHUIIBI
MAaccChl BEIIECTBA):

a= %1 . (7)

Eounuyvr akmusenocmu.

3a eAMHMIy aKTUBHOCTH B MexayHapojaHol cucreme (CH) mpuHumaercs Oek-
Kepenb (bk): 1 bx — akTUBHOCTh HYKJIUJIA, TIPY KOTOPO#i 3a 1 ¢ IPOMCXOIUT OJMH aKT
pacnaja.

AKTHBHOCTh B MHJUIMOH pa3 Oojbinas 1 Bk HaswsiBaeTcs pesepdopaom (1P0).
Taxum o6paszom, 1 Po = 10° Bx.

Jlo cux mop B sAAepHOM (U3MKE IUPOKO MPUMEHSETCS BHECUCTEMHAs €IUHULA
AKTUBHOCTH HYKJIH/Ia B PaJMOAKTUBHOM MCTOYHHKE — KtopH (Ku): 1 Ku — 3T0 aKTHB-
HOCTh HYKJIHMJIa B PAJMOAKTUBHOM HCTOYHHKE, B KOTOPOM 3a | € MPOHUCXOAMT
3,7* 10Y akros pacmana. 1 Ku = 3,7* 101 bx.

Cnengyer 3aMeTuTbh, 4TO | T paaus XapaKTepu3yeTcs aKTUBHOCTHIO, PaBHOMU
npuMepHo 1 Ku.

Bzaumooeiicmeue uznyuenus c eugecmeom u 003vl UOHUSUPYIOWUX UTYYEHUL.

JIro00# BUJ MOHM3HPYIOLIETO M3IYYEHHS MpPU B3aHMMOACWCTBUU C BEUIECTBOM
IIPOM3BOJIUT B HEM OIpeesieHHble n3MeHeHus. [Ipu 3ToM (OTOHBI PEHTI€HOBCKHUX H
raMmMa — Jiy4eil B3auMOJICHCTBYIOT CO cpefiol HarboJiee CIoKHBIM 00pa3oM. Paznuuaior
YEThIPE XaPaKTEPHBIX MPOLECCa B3AUMOIECHCTBUS, BEPOSATHOCTH KOTOPBIX 3aBHUCST Kak
OT 3apsiia siAep, TaKk U OT SHEPTrUM KBaHTA AJIEKTPOMArHUTHOrO m3iydeHus. 1lepBblil u3
ATHX TIpolieccoB — ¢oronoromieHne. oTodPdeKT sSBIsieTcs TIaBHBIM MPOIECCOM IT10-
TJIOIIEHUS ITPU OTHOCUTENBHO MAJIbIX SHEPTUSAX HOHU3UPYIOIMINX U3TyYEHUH.

Bropoii mpouecc XxapakTepeH sl raMMa-KBaHTOB C DJHEPTrUsIMU MOpPsIKA
1 M»3B. @OTOHBI 3TOTO HAaNa30Ha SHEPTU Yalle BCEro MCIBITHIBAIOT YIPYroe pac-
CesHME Ha AJIEKTPOHAX BHEUIHUX CIIOEB aTOMOB oOiydyaemoro BeuiecTBa. lIpouecc
paccestHusi ()OTOHOB CPEIIHEW SHEPruu Ha SJEKTPOHAX JIOOBIX aTOMOB MOA00EH
YIOPYTrOMY COYJIapEHUI0 CBOOOAHBIX Tell. DPGeKT paccesHust POTOHOB CPEeIHEN dHEP-
MU Ha HECBSI3aHHBIX AJIEKTPOHAX JETajdbHO HUccienoBal B 20-x rojaax MpOILIOro
CTOJIeTUsI aMepuKaHCKuil pusuk Aptyp KomMnTOH, B 4ecTh KOTOPOTO 3TOT IMpPOILECC
noxyuni Ha3BaHue 3pdexra KomnroHa.

TpeTtuil mpoiiecc xapakTepeH sl BBICOKOOHEPTreTUYECKUX raMMa-KBaHTOB (I10-
panka 10 M»aB). B nosie sigpa BRICOKOPHEPreTUUECKUN KBAHT MPEBPAIIAETCA B JBE
YaCTHULIBl — JIEKTPOH U MO3UTPOH, PA3JIETAIOIUXCA B MPOTUBOIOJIOKHBIX HaIlpaBJiie-
HUAX. BeposiTHOCTh 00pazoBanHms map OBICTPO pacTeT ¢ yBeIW4YeHUEM sHepruu ¢o-
TOHOB Y MPOMNOPLUHOHANIbHA KBAJIpaTy 3apsja sapa, B M0JIe KOTOPOTO T€HEPUPYIOTCS
AJIIEKTPOHHO-TIO3UTPOHHBIE Haphbl.

YeTBepThlil Mpouecc XapakTepeH st (POTOHOB, PHEPTUsl KOTOPBIX MPEBHIIIACT
SHEPIUIO CBSI3U HYKJIOHOB B sifipe (> 8 - 10 M»aB). B pesynbTaTe norjaomeHus: Takux
(dhoToHOB HaOmOaeTCs sACpHBIA PoTorhdeKkT — BBIOPOC U3 sAZIpa OJHOTO U3 HYKJIO-
HOB, Yallle BCETO HEUTPOHA.
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B pesynbprarte kaxaoro U3 4eTbIpeX OMMCAHHBIX MPOLIECCOB B CPEE BO3HHKAET
OOJIBITIOE KOJTUYECTBO OBICTPO ABIDKYIITUXCS SJIEKTPOHOB, HEUTPOHOB, 3HAUUTEIIHHAS
4acTh KOTOPBIX 00J1aIaeT SHEPTUEH, TOCTATOYHOM /11 MIOHU3AIMHA aTOMOB BEIIECTBA.

Oxcnosuyuonnasn 0o3a (/).

JI71s1 KOJIMYECTBEHHOM XapaKTEPUCTUKA MOHU3UPYIOLIETO U3IYyYEHHUs BBOJST BeE-
JUYHHY, HAa3bIBAEMYIO SKCIIO3MIMOHHOW 10301 (/[,). DKCIO3UIIMOHHON 10308 (/],)
U3JIyYEHUs] HA3bIBAIOT BEJIMYMHY PABHYIO OTHOUIEHUIO CYMMBI JJIEKTPUUYECKHUX 3apsi-
JI0OB BCEX MOHOB OJIHOTO 3HaKa, 00pa3yIolUXCs B PE3yJbTaTe ACHCTBUS MOHU3UPYIO-
IeTr0 U3Ty4YeHHUs K Macce 001y4yaeMoro BellecTBa.

3a eANHUILY PKCMO3ULMOHHON 703kl B MexyHapoaHou cucteme (CU) mpunu-
MaloT KyJioH Ha kujorpamm (1 Ki/kr), T.e Takyto 103y rnpu kotopoi B 1 kr obirydae-
MOTO BEIIECTBA 00pa3yeTcss CyMMapHBINA 3apsii HIOHOB OJTHOTO 3HaKa, paBHBINA 1 Ki1.

B nHacTosiiiee Bpems, Ha MpakTHKE HauOosiee ynoTpeOdisieMON BHECHUCTEMHOM
CIMHULICH DKCIIO3UITMOHHOM J103bI (/],) sBnsieTcst peHtred (P). 1P — 3To Takas J03a,
IIpH KOTOPOH B 1¢M® cyXxoro Bo3myxa IIpu HOPMAJbHBIX yCIOBUAX obpasyercs 2*10°
rap UOHOB.

CyMMapHbIil 3apsiJi OJTHOTO 3HaKa, KOTOPBIM B 3TOM ciyyae oOpaszyercs, paBeH
2:10%1,6:10'° Kn =3,2:10"1° Kt = 1/3 uKn. TakuM 06pa3oM, SKCIIO3UIMOHHAS J103a B
IP — 5To Takas 7103, IIpU KOTOpoii B 1 ¢cM® cyXxoro Bo3myxa IIpd HOPMAJIEHEIX YCIIO-
BHSIX BO3HMKAET CYMMApHBIN 3apsii HOHOB OJTHOTO 3HaKa, paBHbIN TpeTu HKIL.

Onpenenum maccy 1 ¢M® cyxoro Bo3myxa IIPH HOPMAIbHBIX YCIOBHSX B COOT-
BETCTBUHU C ypaBHeHHEM MeHieneeBa - Knanelipona

m
v=—RT
p IY; )

Macca Bo3ayxa HalJIeTCsl U3 BBIPAKCHUS
_pvM 10° *107° * 0,029

m =1,28*10" kr.
RT 8,31*273
Okcno3unnoHHas Ao3a B 1 P paBHa
% -10
P= 32710 _GKZ :2,58*1074ﬁ_
1,28*10™° m K2

Tak kak 11 MOHHM3AIMK OJHOW Mapbl HOHOB CYXOTro BO3yXa TpeOyeTcs sHep-
I'usi, IPUMEPHO paBHas 35 5B, To npH dKkcmo3uIMoHHoM 1o3e B 1 P B 1 cM® Bo3ayxa
3aTpauMBaeTCs HA MOHM3alMIO dSHeprus, pasHas 2*10° 353B = 7*10!%B =
=1,12*10%1x = 0,115pr.

Crnenyet 3aMeTUTh, 4TO 71032 B 1 P HakaruBaeTcs 3a 1 4 Ha paccTosiHuu 1 M OT
MCTOYHMKA pajiusg Maccol | r, T.e. aKTUBHOCTbIO IPUMEPHO paBHOM 1 Ku.

Mownocme sxcnosuyuonnoi 0ozl (P,).

MOIIHOCTh 3KCTO3UIIMOHHON J103bl HA3bIBAETCS BEJIWYMHA, PaBHASI OTHOIIIEHUIO

AKCITO3ULIUOHHOM 103bI KO BPEMEHU.
r=

rae /[, — SKCIOo3uIMOHHAs J103a; t — Bpems.
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Ha mpakTrke mmpoko MPUMEHSIOT BHECUCTEMHBIE €IMHUIIBI MOIITHOCTH IKCITO-
surmonHou 10361 (P/c, MP/c, MxP/c MxP/a u ap. B mexaynaponnoi cucteme (CH)
npumensiercs 1 A/kr. Ipu stom 1 P/c =2,58%10™* A/kr .

Tloznowennas 0o3za (/) ( npu ob1yueHuU HedHCUBbLIX 0OBEKMOB).

[Tornomennas mo3a (/J,) — 310 (u3MyecKas BEIUYMHA, paBHAs OTHOIICHHUIO
SHEPTUU U3IIYYCHHS K Macce 00JydaeMoro BellecTBa.

3a eMHUITY MOTJIOMICHHOMW /1036l puHUMaeTcs 1 rpeit (Ip). 1 Ip — 310 Takas
71032, TP KOTOPOI 00JIydEHHOMY BEILIECTBY Maccoi B 1 KT cooOIaeTcst IHEPTHUSI JTI0-
O6oro noHM3HUpyromero n3aydeHus B 1 Jx.

1 I'p — »Ta HeMpPUBBIYHAS, MAJIO yIOTpeOsieMasi €IMHNIA, Ha3BaHA B YE€CTh aH-
rinuiickoro ¢usuka A. I'pest.

Ha mpakTuke 9acTo MCHOIB3YIOT APYTYI0 BHECHCTEMHYIO €auHUIly — 1 paf.
Ipax — ab0OpeBuarypa ot anrnuiickux cios radiation absorbed dose, t.e. mornomien-
Has 71032 U3TyYCHUS.

1 7I'p =100 pan.

JIJist MATKUX TKaHE# B MOJie PEHTT€HOBCKOTO WJIM TaMMa-U3y4YeHUN MOTJIONIEH-
Has 7103a | pajg mpuMepHO COOTBETCTBYET 3kcrno3uniuu 1 P, 1.e.

1P ~1pao (TO4HO 1P = 0,88 pad).

Ixeusanenmuas (buonocuveckas) 003a () (npu 0b61yueHUU HCUBLIX 0OBEKMNOS).

Jlist cpaBHeHUs1 Omosiorndeckux 3PQEeKToB pa3IUyHbIX BUAOB M3IYyYEHUN BBO-
JTUATCS DKBUBAJICHTHAS WM OWoOJIOTHYecKas 103a /[lxe. ODKBHUBAJCHTHAS 1032 /[[oxs
omnpenensieTcs no popmylie

ﬂSKG :ﬂn >X<I(r‘ y
rae /[, - norjomeHHas a103a, Ky - Ko3QpuIUeHT KayecTBa Kakoro Ju00 U3IydyeHus -
YUCJIOBOM KOA((DUIIMEHT, KOTOPHIA paBEH OTHOIIECHHUIO MOTJIOMIEHHON J03bI 3TaOH-
HOTO M3JIy4YEHHUS, BBI3bIBAIOIICH OMPENeNIEHHbIN pagnoornosorudeckuit 23 heKT, K 10-
3€ pacCMaTpUBAEMOT0 U3IIYUYCHHS, BBI3BIBAIOIIEH TOT e OMOoIornyeckuii 3 Qexr.

Koaddumment kauectsa K, MOHU3UPYIOMIETO M3JIYYCHHS IO OMPEICICHHUIO pa-
BEH €IMHMUIIC /I raMMa-, OeTTa-u3ay4yeHus, /Il TPOTOHOB U HEUTPOHOB OH PaBEH
10 1 ns ansda-yactui paseH 20.

Enunuiieit namMepenusi 5KBUBaJCHTHOM J03bI SIBISICTCS] OUOJOTUUECKUN HKBUBA-
neHt pana: I 6op = I pao * K,. B mexnaynapoanou cucreme (CU1) equnuiieit 2xBuBa-
JIEHTHOW 03Bl SIBIISIETCS 3usepm (38), Ha3BaHHBIM B YECTh M3BECTHOIO IIBEICKOIO
paauosnora Ponsda 3usepta. [Ipu atom 1 3B = 100 63p.

Takum 00pa3oM, OCHOBHBIE TO3UMETPUUYECKHUE €AUHUITBI MOKHO TIPEICTABUTH B
Tabn. 1.

Maxkcumanvhas sxeusanreHmuast 003a (s )-

MakcumanbHasi SKBUBAJICHTHAS 7032 — 3TO HAUOOJIbIIIee 3HAUEHUE CYyMMapHOM
HKBUBAJICHTHOM J03bI OT BCEX MUCTOYHUKOB M3TYYEHUS B KpUTHUECKOM opraHe. Kpu-
TUYECKHE OPTaHbl PA3CISIIOTCS Ha TPW TPynmbl: | rpynma — Bce TeNo, TOHAABI U
KPaCHBIN KOCTHBIN MO3T; 2 TPYIIa — MBIIIIIBI, ITUTOBUAHAS JKeje3a, )KUPOBask TKaHb,
MeYEHbB, MOYKH, CEJIE3CHKA, JKEIyI0YHO-KHUIIICUHbIN TPaKT, JIETKHE, XPYCTAIUK TJ1a3a,
U Ipyrye OpraHbl; 3 Tpynmna — KOKHBIA MOKPOB, KOCTHAsI TKaHb, KOCTH, TIPEIIIIICYbS,
JIOJTBIKKH, CTOTIBI.
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TaOnwuma 1

MOB

BO3AyXa IpH HOp-
MaJdbHOM  JaBJICHHUH
obpazyercst 2*10° map
HMOHOB

OO6sryueHue
Hctounuk ITone Hexusnix
JKubix 00BEKTOB
00BEKTOB
OKCIIO3UIIMOHHASI TTornomennas
AKTUBHOCTbD DKBUBaJIEHTHAA 1034
J103a o3a
1 Ku-81cpacnaga- | 1 P — no3a, npu KOTO- 0 Lloke =0 *Kr
ercs 3,7*10% aro- poit B lcm® cyxoro A, = "

- TIOTJIOIIEHHAs YHEPTHS
(umm  cymMMapHBIM  3a-
pSa) €IMHULBI MAacChl.
Ipao - pemwmeenosckas
aocopoyUOHHAsSL 003a

1 6sp — oOuonoeuue-
CKULL 9KBUBALEHM pa-

oa
1 65p=1 pao-Kr

ercs 1 arom (CH)

1 Po-8 1 cpacnaga- | 1 P = 0,88 pao 1P =0,88 pao K=1(y,B)
ercst 108 atomoB Ipao =114 P K=10 (n, p)
Ipao =1 P Ki=20 (a)
1 bk - B 1 ¢ pacniaga- | I Kn/ke (CH) 1 I'p=100pao(CH) 1 36 =100 69p(CH)

Yposenwv ¢pona
~] 0 mxP/u

[Ipenenbuo pomyctumast no3za (I11J1) — nauGosnbiiiee 3HaYeHUE WHAUBUIYAb-
HOM DKBUBAJICHTHOM J103bI 3a I'0J, KOTOPOE IIPU PAaBHOMEPHOM BO3IEHCTBUU B TEYeE-
Hue 50 JeT He BBI30BET B COCTOSIHUU 30POBBS MEPCOHANA MTATOJIOTMYECKUX U3MEHE-
HAW. [l KaXaou Tpynmbl KPUTUYECKUMX OPraHOB YCTAHOBIJIEHBI INIPENEIIBHO-
JOITyCTHMBIE JTO3bI 3a roj (Tadi. 2).

TabOnuma 2

['pynna KpUTHYECKUX OPraHOB

ITJ1, 69p/rox

1
2 15
3 30

B Tabmn. 3 npeacrasiena uepapxusi OpraHu3MoOB MO BETUYHHE CPEIHETETaIbHOM
70361, TIpU 00syueHnn kotopoit 50 % ux norubaet 3a 30-CyTOUHBIA CPOK HAOIIO/E-
Husa. Kak BUIIHO, YeJIOBEK U ero Onmmxaimmii Apyr cobaka 3aHUMArOT BEPXHIOKO CTY-
MEHb HEPAPXUYECKOU JIECTHUIIBI PAIUOYYBCTBUTEIHHOCTH.

Tabonuma 3

Bup oprannzma Jo3a, pan Bup oprannzma Ho3a, pan
YenmoBek 450 Yepenaxa 1500
Cobaka 450 Tpurton 3000
O06e3psiHA 525 3os0Tas perIOKa 6700
Kprica 600 Ynautka 15000
Jlsrymika 700 Jlpo3oduna 80000
Kponnk 800 Awme0a 10000
Kypwuia 1000 WNudyzopus 300000
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B 1a6x1. 4 npencraBieHbl TaHHBIE BO3MOKHBIX KIMHUYECKUX TOCIEACTBUN TIPH
PaAMOAKTUBHOM OOJYyYEHUU YEJIOBEKa.

3.2. Kaamnii, coJiu KaJIusl 1 HEKOTOPbIe CBOMCTBA

Kanuii — xumuueckuii anemMeHT 1 rpynmnsl nepruogudeckoil cucreMbl MeHenee-
Ba; aToMHbIM HOMep 19, atomuas macca 39,098. Cepebpucro 6enbiit Metami. [lpu-
POJHBIN KaJluii COCTOMT M3 TPEX M30TOMOB — JABYX CTAOWIBHBIX K (K (B mpupo-

HOM cMecu ux comepxkurcs 93,10 % u 6,88 % COOTBETCTBEHHO) M OJHOTO pagHOaK-
tuBHOTO K (0,0119 %). Bonbmas vacte [{K, UCIyCKas S -IydH, MPEBPAIIACTCS B
u3oron “°Ca, a MeHbIIas 9acTh, 3aXBaThIBas SIEKTPOH, IIPEBpAINAETCS B H30TON “CAr
C BBIJICJICHHEM TaMMa-Tydei.

Taonuma 4

03a 001ydeHus, 03 Tun o0ayueHus
A ya » 0P A [ToBpexaenus
ToranbHOE JlokanpHOE
He oOHapykuBaeTCs KIMHHYECKUX
He 6onee 25 Bce Teno Py
CHMIITOMOB
BpemeHHOE CHM)KEHHE KOJIMYECTBA
50 Bce Teno
TuMdOIUTOB
ToumrHoTa, pBOTa, BAJIOCTH BO BCEM
100 Bce Teno TeJe, 3HAUNTEIbHOE CHIKEHHE
qucia TuMQOIUTOB
CMmepTHOCTD 5 %, «IOXMEJbE» OT
150 Bce Teno P o
obmyuenus 50 %
CHIXEHHE KOJINYECTBA JICHKOIIH-
200 Bce Teno H
TOB Ha JIOJITOC BPEMsI
400 Bce Teno CwmeptHOCTh 50 % 32 30 cyTOK
600 Bce teno CwmeprHocTh 90 % 3a 14 cyTok
He menee 600 Bce Teno Cwmeptaocts 100 %
300-500 Koxa BrinazeHue BosIoc U KpacHOTa KOXKU

Pacnaz[ KaJIus € O6paSOBaHI/I€M KaJIbIIuA NACT IIO CXCMC

o P
88%

CKopocTh 00pa3oBaHus Kanblus ,,Ca XapaKTepu3yeTcs MOCTOSHHON pacrajia
Ay, =4,72%107"° met ™,

VYaenbHas [-akTUBHOCTb KaJlds, XapaKTEPU3YIOIIASCS YUCIOM J -4acTHIL, UC-
nyckaembix 1 r kamus B 1 ¢, paBHa 26. MakcumanbHasi SHEPrus f-4acTHUI] paBHA
1,35 MaB.

[lepron monypacnaza paguoakTUBHOro msoroma “°K cocrasmser 1 Mummapn
320 net. HexoTopsie coenuueHus Kamusi (HarpuMmep, MoTall, J00bIBaBIIUNCS U3 Ape-
BECHOI1 30J1bI) OBLIIM U3BECTHBI B IPEBHOCTHU; OJHAKO UX HE OTJIMYAIH OT COCAMHEHUN
HaTpus. Tonbko B 18 Beke ObLIO YCTAaHOBJICHO PA3IMYUE MEXAY «PaCTUTEIBHON Iie-
noubto» (motamoM K>CO3) n MmunepanbHoU 1ienoubio NayCOs.

Apron [{4r oOpa3yercs B pe3yibTaTe 3axBara sapoM oK odiekrpoHa (K-

40
—,,Ca.

3axBar):



117

K(le
f;’K—>—(‘1 ). ¥ A
(12%)
Ckopocth ~ 00pa3oBaHUSI ¢ ArXapakTepu3yeTcs  TOCTOSHHOW  pacmana

A =5,49%107"" nem™. DHEPrUs UCIYCKaCMBIX y -KBaHTOB paBHa 1,46 MaB. VY nenbHas
y - aKTUBHOCTH KaJlWs, XapaKTEPU3YIOIIAsCs YUCIOM y -KBAaHTOB, UCIyCKaeMbIX 1 T
0OBIYHOTO KaJHs, paBHA IMIpUMEpHO 3,6 KBaHT/(C T).

ConepxaHue KaJvs B 3€MHOW Kope cocTaBiseT 2,5 % 1o macce W Mo pacmipo-
CTpaHEHHOCTH OH 3aHMMaeT 7 MecTo. B cBoOomHOM cocrosiHMM K B TpHpOJE HE
BcTpevaercs. Ero HanOonee BakHbie MUHepaibl 310 cuiibBUH KCl, cuiabBUHHT, KOp-
HAJITUT, KAaMHUT. boraTel KajaueM MHOTHE CWJIMKATHI (CIIOABI, HEPEIUTHI, TIOJICBBIC
mnatel U Ap.). boJibllioe KOIMYEeCTBO KaTUWHBIX COJIEH pacTBOPEHO B MOPCKOM BOJIE,
COJISTHBIX O3epax.

AHanmu3 TOKa3bIBaET, YTO MPH M3YYEHUW TOPOJ C HOPMAIBHBIM COJEP’)KaHHEM
AJIEMEHTOB PSIIOB YpaHa — pajausl, TOPUS M OOJBIITUM COACPKaHUEM KaJIHs BIUSHUCM
O0eTa- ¥ TaMMa-u3Iy4deHUs Kalus Ha Pe3ynbTaThl H3MEPEHUN TpeHeOperaTh HEIb3sl.
Jlns rpanutoB ¢ cozpepxkanuem 1,02%¥107° 9% pamusa, paBHOBECHOrO ¢ ypaHOM,
8*10* % topus u 3,8 % Kaus MOJIy4aeTcs CIEAYIOIEe COOTHOUIEHHE AKTUBHOCTEN:
no p-usnydyeHuro U:Th:K =1:0,47:2,9,; 10 y usinydeHuro U :Th: K =1:0,18:2,5.

CrnenoBaTesibHO, BEJIMUMHA aKTUBHOCTH 32 CUET Kajus OOJIbIlle, YeM DJIEMEHTOB
YPaHOBOTO M TOPUEBOTO PSIOB, BMECTE B3ATHIX. [loaTOMY Mpu U3MepeHuu cojiepxa-
HUS ypaHa W TOPHS B MOPOAax ¢ OONBIIMM COIEpKaHHEM Kallisg HEOOXOIWMO BBO-

JUTH MOTPaBKy Ha OeTa- M raMMa-usilydeHue ;K . B Hacrosimel pabote mis omnpe-

JIeJICHHSI MOIIHOCTH TOJIEBO# /10361 HcTob3yeTcst nmoTam K>COs u cuibBuH KCI.

3.3. PajioH 1 HeKOTOpPBIE €ro CBOMCTBA

ATMochepHbIii BO31yX 00JaJaeT €CTECTBEHHOW pPalMOaKTUBHOCTBIO, KOTOPAs
00yCIJIOBJIEHa B OCHOBHOM HaJIMYMEM B HEM pPaJIOHA M €ro MpoAyKTOB pacnazna. Pac-
CMOTPHUM HEKOTOPBIC CBOMCTBA pajioHa. PaloH ;.°Ra — PaJMOaKTUBHBIA XUMUYCCKHIA

AJEMEHT § TpYIIbl MEPUOJUYECKON cUCTEeMbl MeHjieneeBa; aTOMHBIA HoMmep 86;
WHEPTHBIN Ta3. Bce U30TOMBI pajjoHa paMoaKTUBHBI, OJTHAKO HAMOOJIee JOJITOXKUBY-
IMI U30TOI pajloHa UMEET Nepuo noiypacnana, paBueii 3,823 nus. HecmoTps Ha
OBICTPBII pacnaj] KOJUYECTBO PajioHa B IPHUPOJIE TOCTOSIHHO. DTO OOBSICHIETCS TEM,
4TO paJloH 00pa3yeTcs Mpu pacraje ypaHa, paaus, TOpHsL.

PacnipocTpaneHHOCTh pajoHa Ha 3emiie KpaiiHe Hu3ka. Bo Bcelt atmocdepe ero
conepxutcs auib 370 1. B atMmocdepy pagoH nomnajgaer u3 TOpHbIX NOPOA U APYTHX
00BEKTOB, CO/epX alIMX ypaH uiau Topuil. M3-3a ObIicTporo pacnaaa pajoH He ycre-
BAa€T PAaBHOMEPHO MEPEMENINBATLCA C APYTMMHU razaMu aTMOC(eEpbl, MOATOMY COAEP-
’KaHUE ero HaJl pa3HbIMH y4acTKaMU 3€MHOM MOBEPXHOCTH HEOJAMHAKOBBI. boblie
BCEr0 pajJioHa TaMm, IJie MHOT'O PAJUOAKTUBHBIX PY/I.

Pabota ¢ pagoHOM KpaifHe omacHa. BeI3BaHO 3TO TeM, YTO C BO3IYyXOM PajOH
MIONAJAET B JIETKUE, TJI€ MHOTHE SApa paJOHA YCIIEBAIOT PACHACThHCS 3a BPEMS MEXKIY
BJIOXOM M BBIIOXOM. K TOMy k€ pasioH XOpouo pacTBOPUM B BOJE, a, CIEJOBATENb-
HO, 1 B KpoBH. [locie pacnaga o6pa3yroTcst paJuOaKTUBHBIE U30TOIIBI MOJOHHUS, BUC-
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MyTa, CBUHIA W TaUIAs, KOTOPbIE MPOYHO NPHJIMIAIOT K CTEHKAM JIETKUX U, IOCTe-
[IEHHO HAKAaIUIMBAsCh, MOTYT BBI3BATh MATOJIOTMYECKHE U3MEHEHUS B OpraHU3ME U
npuBecTd K 3aboneBaHusM. [loaToMy paboTa ¢ pagoHOM TpeOyeT OCOOBIX Mep
IPEIOCTOPOKHOCTU (MOIIIHAS BEHTUJISLUS, 3alUTa OPraHOB JAbIXaHUS MapJeBOU IO-
BS3KOM — pecnipaTopoMm u jp.). B Hauane 20 Beka, korja npoBOJWINCH NIEPBBIC UC-
CJIEIOBaHMsI paJlOHa, yYEHBIE HE M0I03pEBAIN 00 OMacHOCTU paboThI ¢ pajoHOM. Tak
aHrnvyaHuH Y. Pam3zaii, MHOTO paboTaBIIMi ¢ PaJioHOM M BIEPBBIC ONPEICITUBIIHIMA
IJIOTHOCTh M @TOMHYIO Maccy pajoHa, morud B 1916 romy oT paka Jerkux.

OpHako pasioH B HEOOJBIINX KOHIICHTPAIUSAX 00sIajaeT 1eaeOHbIMI CBOMCTBA-
MH. JUJIs1 medeHuss 4acTo KCIIOJb3YIOT PaJlOHOBBIE BaHHBL. BO Bpems mpueMa Takou
BaHHbI HeOobIIast yacTh (1 - 2 %) pacTBOpEeHHOro B BOJAE paJOHA NOMAlaeT BHYTPb
opranusma wim abcopOupyetcst Ha Koxke. Pacnagasch, aTOMbI pajioHa U €ro MPOaYyK-
ThI pacnajaa BbI3bIBAIOT KaK Obl MUKPOYKOJIbI, 0J1arOTBOPHO BIIMSIONINE HA OPTraHU3M.
Panplie 1 pagoHOBBIX BAaHH MCIOJIB30BAIM TOJBKO INPUPOJIHBIE HWCTOYHMKH, B
HACTOSIIIIEE BPEMS TaKyl0 BOJY MOXHO I0Jy4aTh MCKYCCTBEHHO B CIELHAIU3HPO-
BaHHBIX JICUECOHBIX YUPEKICHUSAX.

[IpoxykTamu pacmaga pamoHa ;. Ra SBISIOTCS H30TONBI ,'Pb, 2*Bi, &,*Po,
; igPo .

HecMoTps Ha Manyr0 KOHIEHTPALMIO 3TUX MPOAYKTOB B BO3AYXE, UX MOXHO
CPaBHUTEJBHO JIETKO OOHapykuTh. IIpu BcTpede ¢ TBepAbIMU YaCTUIIAMH AbIMA, IbI-
JIM, KareJpKamMu TyMaHa paJuOaKTUBHBIC M30TONBI OCENAI0T HA MOBEpXHOCTU. Ecim
IPOITYCTUTh 3HAYUTEIbHBIA 00bEM BO3AyXa Uepe3 PUIbTp, YIaBIMBAIOIINNA TBEPbIC
YacCTHUIbl, TO MOXKHO CKOHLEHTPHPOBATHh E€CTECTBEHHBIE PAaJUOAKTUBHBIE H3OTOIIBI,
MPUCYTCTBYIOIIME B TaHHOM 00bEME BO3/1yXa, B HEOOJbIIOM 00beMe puibTpa. s
ATOM 1€ MOXKHO HCIOJB30BaTh CIEIUATIbHBIE a3p030JibHbIE QUIBTPHI U (PHIBTPO-
BaJIbHOE TOJIOTHO, a TaK»Ke BaTy WIH (PUIBTPOBAIbHYIO OyMary. AKTUBHOCTh MOJTY-
YEeHHOr0 Mpernapara 3aBUCUT B OCHOBHOM OT S~ M y-paJuOaKTUBHOCTU H30TOMOB

2'Pb :'Bi. HexoTopble XapaKTEpHCTUKH PajioHa W €ro MPOJYKTOB pacmajaa Mpej-
CTaBJICHBI B Ta0JI. 5.

TaOnwuma 5

ATOMHBII XUMUYECKUI Maccooe Pacipoctpanentocts DHeprus
WJIY TIEPUOT
HOMED CHUMBOII 9UCIIO T —— gactui, M>B
82 24Pb 214 B .y, 26,8 Mun 0,69; 0,63
_9 5 - 1997 - )
83 24 214 oy .- p. 32
(B, 99,98%) a, 55
84 2 Po 218 a, B, 3,05 Mun a, 5,998
86 ;éan 222 a, 3,825 cytok a, 5,486
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4. OINCAHUE SKCIEPUMEHTAJIBHON YCTAHOBKHU W METO-
JAUKU ONPEAEJEHUSA ITEPUOJA TTOJIYPACHHAILA PAANOAKTUBHO-
'O U30TOITA

JInst u3MepeHusi MHTEHCUBHOCTH MOHU3HUPYIOIINX U3JIyYeHUH B JaHHOW padote
ucnosb3yercs ao3umeTp PKCB-104, nepensss maHenb KOTOPOro MpeACTaBiieHA Ha
puc. 1.

Tymonep S3 PKCB-104
ronomenme, Oxto s s Tym6ep S2

IMokazanus mpudopa
YMHOHUTb Ha

x 0,001

x 0,001

x 20
TIPU U3MEPEHUN COOT-
BETCTBEHHO MOIIIHOCTHU
’KBHUBAJIEHTHOM 10351,
MJIOTHOCTH MOTOKA,
yAeJdbHOH aKTUBHOCTH

VYcTaHoBUTE B BEpXHEE
monoxenne (PAB)

N

Tymomnep S1
VY CTaHOBUTH MPH BKIFOYCHUH
npubopa B BepXHEe MOJI0Ke-
nre (BKJI).
9 Ipu OTKITFOUEHHUH- B HUKHEE
nontoskenune (BBIKJT)

OO N

N N

Puc. 1

Ha ymueBon maHenw no3uMeETpa MPeayCMOTPEHBI OKHO JUISl MHIAMKALAWA U TPH
TymOepa — Juisl BKimoueHus rpuoopa (S1) u s Beroopa pexkuma ero padotsr S2 u S3.

[Tpu ycranoBnenuu tymoiepa S1 B Bepxuem nosoxenuu (BKJI) anextpuaeckoe
nutanue ot Oarapeu tuna «KPOHA» (9 B) moaxmtouaercss k mozumerpy. [lpu ot-
KJIFOUCHUE DJICKTPUUECKOTO MUTaHus TyMOaep S1 HeoOX0MMO MepeBeCTH B HUKHEE
nonoxenue (BBIKJI).

TymOnep S2 mipu m100BIX U3MEPEHUSIX JOJKEH HaXOIUThCS B BEpXHEM pabodem
nonoxenuu (PAB). TymOnep S3 mnpu BbeINOJHEHWH AaHHOW PabOThI HEOOXOAMMO
YCTaHOBUTH B HI)KHEE MOJIOKEHHE. B 3TOM cilyyae npu u3MepeHHH MOIIHOCTH SKBH-
BAJICHTHOM J03bI MOKA3aHUS B )KUAKOKPUCTAIINYECKOM OKHE JIJIsl MHIUKALIUM CIIEY-
eT yMHOXUTh Ha kKo3pduuuent 0,001. IIpu 3ToM eauHUIA U3MEPEHHS BhIpAXKAETCA
B MK3B/u.

Paccmotpum npumep: Ha Tabno unaunupyetcs yucio 0054; nokazanue npudo-
pa — 54. Ilokazanus npubopa MpU HU3MEPEHUU MOIIHOCTU SKBUBAJCHTHOW 03Bl
HE0OXO0AMMO YMHOXHTh Ha nepecueTHbiil koadduuuent 0,001; B pe3ynprare mnoy-
yuM 0,054 Mx3B/4. YMHOXUB 3TOT pe3ynbraT Ha 100, momyuum 5,4 mxP/u. Bpems
u3MepeHus cocrapisieT npumepHo 270 c¢ (4,5 muH). BpeMsa okoHuUaHHS U3MEpPEHHs
CUTHAJIM3UPYETCS 3BYKOBBIM CUTHAJIOM.

bonee noopobno memoouxa uzmepenus MOWHOCMU IKEUBALEHMHOU 0030,
NIIOMHOCMU NOMOKA U YOeNbHOU aKMUGHOCMU ONUCAHA 8 NACNOPME, COOEPHCAULe20
mexHu4eckoe Oonucamue u UHCMpPYKYUuro no dKCNIyamayuu KOMOUHUPOBAHHO20 NpU-
bopa PKCh-104,
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Jlns onpenenieHuss NOCTOSTHHOW paJMOAaKTUBHOIO paclaja y Mmepuojaa moiaypac-
najia MpoaHajIu3upyeM OCHOBHOM 3aKoH pacnanaa (cootHouenue 1). C yuerom (2) 3a-

KOH paJuOaKTHBHOTO paciiaada MOXXHO 3aIIMCAaTb B BUJC
0,693
- t

N=Nge T
[IpeamnosnoxuB, 4TO MOITHOCTH TIOJIEBOH 036l P MPOIOPIHOHATIEHA N , UMEEM
0,693
P=Pe T
Orcronma
P,
info 20693, (8)
P T

P, o
N3 ypaBHenus (8) cienyer, 4To ln?‘) JIMHENHO 3aBUCUT OT BPEMEHU ¢ .

P o
[TocTpouB rpaduk 3aBUCUMOCTH ln?0 OT BPEMEHHU {, HETPYJAHO HAWTU MOCTO-

SHHYIO PaAOAKTHUBHOI'O paciiaia U IICpuoa Iogaypaciiaia. HpI/I 9TOM IIOCTOSAHHAsA pa-
AUOAKTUBHOI'O pacIiajga 6y,Z[CT PaBHA TAHI'CHCY YI'JIa HAKJIOHA I‘pa(l)I/IKa K OCH a6CHI/ICC

wh

tga:/lzTP. (9)

Tenepb MOXHO paccurTaTh EPUOJ MOTypacnaaa no gopmyse (2)

T 0,69% _

5. MIPUBOPHBI U ITPUHAJIVIEZAKHOCTHU

1. Jo3umerp PKCB-104.

2. Bo3gyxonpoTsiHasi yCTaHOBKA (TIBLIIECOC).

3. PanvoakTUBHBIN Ipenapar ¢ MajibiM NEPUOAOM MOIypaciaaa, NOJTyYEeHHbIN C
MCIIOJIb30BAaHUEM BO3yXOMPOTSHXKHON YCTaHOBKHM (OBITOBOTO ThUIecoca) Ha (Uilb-
TPOBAJIBLHOM IIOJOTHE WM HA BAaT€ JOCTATOYHO 60sbmoro oobema (30 — 50 cm®).

4. Conu, copeprkaniue kaiuii (motam K>COs, cunbBuH KCI).

5. YcTpoicTBa 1isl yCTaHOBKH PaIMOAKTUBHOIO IIperapara u J03UMeTpa.

6. Cexkynaomep.

6. IIOPAJOK BBIITIOJIHEHUSA PABOTbI

6.1 Yupaxuenue 1. Onpeoenenue mownocmu noesoi 003vt cunveuna (KCl)

1. IToarotoBbTe MO3UMETp K pabore. TymOnep S2 ycTaHOBUTE B BEpXHEE TOJIO-
xenue (PADB), a tymbniep S3 — B HuxkHee noJjiokeHre. CHUMUTE ¢ MTOMOIIbIO J1a00-
paHTa WM MPETNOaBaTENS 3aIHIOI0 KPBIIIKY JO3UMETpa.

2. Ompenenute (oH. s 3TOTO BKIIOYMTE MUTAHUE ITO3MMETPa IMEPEBOJIOM
Tymbiiepa S; B BepxHee nosioxxenue (BKJI). I[Ipumepno uepe3 4,5 muH npubop A0.1-
KEH BBIJATh TPEPBHIBUCTHIA 3BYKOBOW CHUTHAI, TPH 3TOM Ha TabJI0 WHIUKATOpa
JOJHKHO HWHIWIMPOBATHCSA 4-pa3psaHOE YWCIO, 3HAYalas 4acTh KOTOPOro, YMHO-
’KEHHasl Ha mepecueTHwI Kodddunuent, paBubiii 0,001 mpu U3MepeHUH MOITHOCTH
MIOJICBOM SKBUBAJIEHTHOM J03bI BHENIHETO (hOHA TaMMa-U3TydeHHUs 1aCT U3MEPEHHYIO
BEIIMYMHY B MUKpO3MBepTax B 4ac (Mk3B/4). YMHOxkuUB Ha 100, mOIyduM MOITHOCTH
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7036l B MUKpOpeHTreHax B yac (MkP/4). IloBropure Tpmxasl usmepenue ¢ona. Pe-
3yJNbTaThl U3MEPEHUS 3aMUIINTE B Ta0I. 6.

3. YcranoBure o6pazery Ne 1 ¢ XJIOpUCTHIM KallieM Ha CIICIHAIBHO MOATOTOB-
JIEHHYIO MOJICTaBKy. YCTaHOBUTE HaJ 0Opa3lOM HCCIEAYEMOM COJIM JO3UMETP U B
COOTBETCTBHUE C IIYHKTOM 2 OIPEAEIINTE MOIIHOCTh 3KBUBAJIEHTHOM 1103b1. [IoBTOpU-
T€ TPHWKIbl U3MEPEHHsI MOIIHOCTU 3KBHBAJICHTHOM J03blI HMCCIIELyeMOu cosn. Pe-
3yNbTaThl U3MEPEHNUS 3aMUIIUTE B TA0I. 6.

TaOnuma 6

Ne Ton <Py> AP, (AP A | k| g%
1
2
3
O6pasen Nel <P;> AP;, (4P)? AS, AP g %
1
2
3

4. PaccunTtaiiTe BEpOSITHOCTHBIM METOJIOM CPEIHIOI0 BEIUYHHY MOIIHOCTH IO-
neBoit 1036l (poHa u obOpasma Ne 1, BenwuMHYy aOCOJIOTHONW M OTHOCHUTEIBHOM IO-
I'PEITHOCTH MPHU 3aJaHHON HajexKHOCTH (a = 0,95).

5. OnpenenuTe MOITHOCTH MOJIEBOM 0361 00pasia Ne 1 ¢ yueTom morpaBku Ha
¢don o dpopmyie (10):

B =(R)=(R,). (10)

6. Paccunraiite 3HaueHue aOCONIOTHOM M OTHOCHUTEJIbHOM MOTIPEIHOCTH MOUI-
HOCTH SKCHO3UIIMOHHOM JI03bI UCCIIEAYEMBIX 00Pa3IIoB.

7. CnenainTe BBIBOABI MO YIIPAXKHEHHUIO 1.

6.2 YrupaxhHenue 2. Onpedenienue co0epiHcanus Kaiusa 6 coaiax paouomempu-
YecKumM Memooom

1. Onpenenute ¢ yuerom (pona (cootHorenre 10) B COOTBETCTBUE C TyHKTOM 3
YOpaKHEHUsI | MOIHOCTH AKCIO3UIIMOHHOMN A03bI 1711 00pasoB Ne 2, No 3, Ne 4 ¢
M3BECTHBIM IMPOIIEHTHBIM COJIEPKAHUEM B HUX Kayusl. Pe3ynbTaThl U3MEpEeHUil 3amnu-
muTe B Ta0I. 7.

2. IlocTpoiite TpaTyupOBOYHUBIN IPaPUK, OTIOKUB HA OCH a0CIIUCC MPOIICHT-
HOE COJIEp’KaHUE Kallus, a Ha OCU OpJAMHAT MOIIHOCTH MOJIEBOU J103BI.

3. Onpenenure MONTHOCTH MOJIEBOW 03Bl JJisi 00pa3ioB Ne 5 u Ne 6 ¢ Heus-
BECTHBIM MPOLICHTHBIM COJICPKAHUEM KaJTusl.

4. Tlo rpamyupoBoYHOMY rpaduKy HaWIUTE MPOIEHTHOE COACp)KaHUE Kajus B
ATUX o0Opasiax.

5. Caenaitte BBIBOABI MO YIIPAXKHEHHUIO 2.



122
Taoauma 7

O6paszen Ne2 (50%) <P3> AP (APi)? AS AP g %

Oopazerr Ne3 (75%) <P3> AP; (4Pj)? AS AP & %

O6paser; Ne4 (100%) <Ps> AP (4Pj)? AS AP g %

O6pasen Ne5 <Ps> AP, (4Pj)? AS AP g %

O6paser; Ne6 <Pg> AP, (4Pj)? AS AP g %

6.3 Ympaxuenue 3. Onpedenenue nocCmoaHHOU pacnaoa, nepuooa noJypac-
naoa u cpeonezo 6pemMenu Heu3Hu paouoaKmuGHvIX U30NMON0E 8 8030yXe
1. Tlomyunte B~ WU y -paauoakTUBHBIN mpenapat. C 3Tol Uemblo:

e 3akpenute (QUIbBTp (BaTy, BJIOXKEHHYIO MEXKAYy Mapiiell) B JepxkaTese Ha
BXOJJHOM OTBEPCTHH IBIJIECOCA;

® BKJIFOYMTE MBIJIECOC U MPOIMYCKANTE BO3AYX Yepe3 MOTydeHHbIH GuibTp (Ba-
Ty) B Teuenue 10 - 15 muH.

2. Bo Bpems paboThI mbuIecOCa MOATOTOBBTE JO03UMETpP K padore. TymOnep S2
yctaHoBuTe B BepxHee mnonoxeHue (PAB), a tymOnep S3 — B HUKHEE TMOJOKEHUE.
CHHUMHTE C TOMOIIIBIO JJAOOPAHTA UK TIPETOIaBaTEeNs 3aIHIOI0 KPBIIIKY TO3UMETpa.

3. 3mMepbTe BEIUYMHY MOIIHOCTH MOJIEBOM SKBHBAJCHTHOM J03bl BHEIIHETO
dboHa B~ u y-uznydenus. i sToro:

® BKIIIOYMTE MHUTAaHUE JO3UMETpa MepeBoIOM TymbOiepa S; B BepXHee MOJIoxkKe-
Hue (BKJI);

e mpuMepHo udepe3 4,5 MUH TpUOOpP JOJKEH BBIIATH MPEPBHIBUCTHIA 3BYKOBOU
CUTHAJ; MpPU 3TOM Ha TabJI0 MHAMKATOpa IOJHKHO MHAMLKPOBATHCA 4-pa3psaHoe
YHCIIO0, 3HAYaIlas 4acTb KOTOPOTO, YMHOXKEHHas Ha MepecueTHBbIH KOI(PUIUEHT,
paBsblid 0,001 npu U3MepeHUH MOUTHOCTH MOJIEBOM SKBUBAJIEHTHOM 03I BHEIITHETO
¢oHa ramMma-usNydeHHs] AAcT U3MEPEHHYIO BEJIMYMHY B MHUKpPO3UBEpTax B HacC
(Mk3B/4). YMmHOoxuB Ha 100, mosydyuM MOIIHOCTH J03bl B MUKPOPEHTI€HAX B 4ac
(MxP/u);

® [IOBTOPUTE TPIKIbBI U3MepeHue (GonHa. Pe3ynbraThl U3MepeHus: 3aluilinTe B
Tab:m. 8.
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e BEIKIIIOUUTE MBLIECOC.
Tadonuuma 8

don
Ne Py, MkP/4 <Pgp> AP; (4Pi)® AS AP | 5%

WIN| -

4. CHUMUTE KPUBYIO pacrnaja ucciemyemoro oopasua. C aToit 1enpko:

e OBICTPO YKpEINUTE UCClIeayeMblii oOpaszell (puabTpoBaIbHy0 Oymary win Ba-
Ty YCTAHOBJICHHYIO Ha BXOJIHOM OTBEPCTHH TBLIECOCA) HA CHEIUATBHO IMOATOTOB-
JICHHYTO TIO/ICTAaBKY;

® YCTaHOBUTE HaJ 00pa3lloM J03MMETP M B COOTBETCTBHE C ITyHKTOM 3 oOIpe-
JICIUTE MOIIHOCTh AKBUBAJICHTHOW J103bl. BpeMs u3MepeHusi coctaBisieT 4,5 MUH.
3HaueHHUEe MOIIHOCTH TMOJIEBOM /1036l 00pa3iia 3amuimTe B Tao. 9.

e BrixiarounTe U BHOBB BKitounTe po3umetp. [Iposeaure 10-15 3amepoB mose-
BOM /103b1, 3HAYEHUE KOTOPOH JOIDKHO YMEHBIIATHCSI CO BPEMEHEM TI0 3aKOHY Pajiio-
aKTUBHOTO pacraja. Pe3ynbTaTsl HN3MEPEHHsI 1036 3alUIUTE B Ta0JI. 9.

Tabnuma 9

MomHocTs 10361, P, MomHocTh 10381,
MKP/4, P=(P)~(P,) In
(6e3 yuera ¢ona) MKP/4 (c yaetom ¢ona)

1©

Bpewms, t,
MUH

=
=
=

5
P

4,5

9,0
13,5
18,0
22,5
27,0
315
36,0
40,5
45,0

=
DB |lo|o|N|o|o|s|w|N| e

5. OnpenenuTe MOIIHOCTH MOJEBOM 03Bl UCCIIETyeMOro o0pasiia ¢ y4eToM Mo-
npaBku Ha poH 1o Gopmyiie

B:<B>‘<P¢>- (10)
Pe3ynbraThl pacuera 3anuiuTe B Tadu. 9.

o F. o
6. IlocTpoiite rpaduk 3aBUCUMOCTH ln?f OTHOIIIEHUSI HAYaJIbHOM MOIIHOCTH

MOJIEBOM J03bl K MOIIIHOCTH OO3bI B HaHHBIﬁ MOMCHT BPCMCHHU B (I)YHKHI/II/I BpEMCHHA
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5
(Ha ocu abciyce OTIIOXKUTE BpeMsl ¢, HA OCH OpJIUHAT ln?). I'paduk momxeH OBITH

IPEACTABIIEH B BUAE NPSIMOM, IPOXOASAUIEN Yepe3 Hayaao KOOPIUHAT.
7. PaccuuTaiiTe TaHTEHC yIjla HaKJIOHA MOJYYEHHON 3aBUCUMOCTH (TIPSAMOI) 1O
hopmyre (9)
In
ga=A=—-—.

T |2

8. PaccuuTaiite o dopmysie (2) nepuos nojaypacmnaaa

r-0.6%/

9. OueHute MOrpemHoOCTh MPU ONPEIEICHUU MMOCTOSIHHOM pacnana v Mmepuoja
nonypacnaaa. OueHuTe cpeaHee BpeMs KU3HU PaAUOAKTUBHBIX HYKJIUJIOB UCCIIEAY-

eMoro mnpemnapara 1o popmyie (3)
—1
=)

10. CnemaiiTe KpaTKue BBIBOBI IO padoTe.
7. KOHTPOJIBHBIE BOIIPOCHI

1. KakoBa nmpupopa anbda-, 6eta- 1 raMMa-u3Iy4eHH.

2. IlossicHUTE MEXaHU3M U MPUPOJY PACCESIHHS TaMMa-KBaHTOB.

3. IlosyunTe OCHOBHOW 3aKOH PaJMOAKTUBHOTO pacraja. [laiite onpeneneHue
nepuoa noiypacnaga. Jlokaxure CBsA3b MEXAY IMOCTOSSHHOM PaJHOaKTHBHOIO pac-
naja v nepruoaoM Ioypacnaja.

4. Onpenenurte cpeHee BPEMs KU3HU SAEp HYKIUIOB.

5. JlanTe omnpeneneHue aKTUBHOCTH, SKCIIO3UIIMOHHOM, IMOTJIOMIEHHON U SKBU-
BAJICHTHOM /103 U €JUHULl U3BMEPEHHUS dTUX BEJIUYHH.

6. Ilosgcuute BaUsIHUE OOJYyYEHHS HA JKUBBIC OpraHu3Mbl. KakoB MOMyCTHMBIN
ypoBeHb 00myueHus? KakoB ypoBeHb (pona?

7. OOBsICHUTE CBOMCTBA pajiOHA U €0 MPOYKTOB pacmaja.

8. IlosicHuTe METONMKY ONpeNeseHUs] MOCTOSHHON pacnaja U Mepuoja Mory-
pacnaja paJu0oaKkTUBHBIX U30TOIOB.

9. OOBACHUTE YCTPOMCTBO M MPUHUMUIT PadOTHl JO3UMETPUUYECKUX MPHOOPOB.
[Tosicaute ocHoBHBIE XapakTepucTuku ao3umeTpa PKCB — 104 (GpiToBOrO A03MMET-
pa «BEJUJIA®).

10. I[TosicHuTE MEXaHU3M U MIPUPOJIY PACCESIHUS TAaMMa-KBAHTOB.
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JABOPATOPHASA PABOTA 20

OIIPEJAEJIEHUE PABOTbBI BBIXO/JA 3JIEKTPOHOB
13 METAJJIOB U HOCTOSHHOM IJIAHKA

1. HEJIb PABOTbI

DKCNEepUMEHTATBHOE OTIPEACIICHUE TEPMOJUHAMUYECKON PaOOTHI BHIX0/1a DJICK-
TPOHOB W3 METAJUIOB M MOCTOAHHOM [InaHka U3 uccinenoBaHui BOJIBTAMIEPHOU Xa-
PAKTEPUCTUKH (POTOIIEMEHTOB C BHEITHUM (POTOIPHEKTOM.

2. BUBJIMOI'PA®UA

1. CaBenweB U.B. Kypc ¢pusuku: yued. mocodue st CTyJIGHTOB BTY30B. - [B 3-x
T]. - T.2. M.: Hayka, 1989. - 301 c.

2. Enudanos I'.1. ®usnueckue 0CHOBbI MUKPOAJIEKTpOHUKH. - M.: CoB. paauo,
1971. - 375 c.

3. Maiicoa H.H. IIpaktukym no xkypcy oomei ¢pusuku. - M.: Beici. mk., 1971.
-448 c.

3. TEOPETUYECKOE BBEJAEHUE

DKCIepUMEHTAIEHOE OTIpeIeNICHUE TEPMOANHAMUYECKON pabOThI BBIXO/A AJIEK-
TPOHOB M3 METAIJIOB U MOCTOSTHHOM [171aHKa BRIMONMHAETCS U3 UCCIIEIOBAHUI SIBJICHHS
doToapdexra. Paznuuaror poTodrpdexT BHEMIHUN, BHYTPEHHUN U BEHTUIIbHBIA. B
COOTBETCTBHUH C 3TUM (POTOIIEMEHTHI OBIBAIOT TPEX PA3THUHBIX THIIOB.

Buemnum ¢dotoaddexTtoMm HazpiBaeTcs HUCIYCKAHHME 3JIEKTPOHOB BEILIECTBOM
MOJ1 IEMCTBUEM 3JIEKTPOMArHUTHOTO M3nydyeHus. Buemnuit ¢potospdexr Habmoa-
eTCsl B TBEP/bIX Telax (MeTajiax, MOJIyIPOBOAHHUKAX, TUIIEKTPUKAX), a TAKXKE B Ta-
3aX Ha OTJIETBHBIX aTOMaX U MOJIEKyJax ((POTOMOHHU3AIIHS).

BuyTtpennuii ¢oTord ekt TakxKe BBI3BIBAETCS MOTJIOMICHUEM JIEKTPOMarHUTHO-
r0 U3TY4YEeHUs MOIYIPOBOJHUKAMH WM AUAIEKTPUKAMU; IPU 3TOM MTPOUCXOAUT Nepe-
XOJ AJIEKTPOHOB W3 CBSI3aHHOTO COCTOSIHWSI B CBOOOAHOE O€3 BBUIETA 3a IMPEEIbI
TBEPJIOTO Tena. B pe3ynpTare pe3ko yBEIWIMBACTCS KOHIEHTPAIHSI CBOOOTHBIX HOCHU-
TeJel TOKAa BHYTPH TBEPAOTO Tela, YTO MPUBOAUT K (HOTOMPOBOJUMOCTH — TOBBIIIIE-
HUIO JIEKTPOIPOBOTHOCTH MOIYTIPOBOTHUKOB U IUAIEKTPUKOB MPH UX OCBEIICHUH.

BentunbHabli GoTOAP(EKT BO3HHMKAET MPU OCBEIIEHWM KOHTAKTA JBYX MOJIYy-
MPOBOJAHHUKOB PA3HOTO THUIMA MPOBOAMMOCTH WJIH MOJYIPOBOJHMKA U MeTaia. B pe-
3ynbTaTe Ha KoHTakTe Bo3HUKaeT DJC (hoTto3/1C) mpu OTCYTCTBUU BHEIIHETO JJICK-
TPUYECKOTO ToJIs. BeHTunbHbIN (oTodhdEKT ucnonb3yercs A NpsMoro mnpeodpa-
30BaHUs COJTHEYHOM YHEPIHHU B AIEKTPUUYECKYIO B COJTHEUHBIX OaTapesix.

B nacrosime pabote ais SKCEPUMEHTAIBHOTO OMpeeieHnus paboThl BHIXOa
AJIEKTPOHOB M3 METAJJIOB M MOCTOSIHHOM IJIaHKa MCMOJIb3yeTCs METOJ, OCHOBAaHHBIN
Ha HMCCIICIOBAHMM SBJICHUS BHENTHETo GpoTod¢deKTa.

Kak moka3pIBaeT OIBIT, CBOOOJHBIE 3JEKTPOHBI MPU OOBIUHBIX TEMIIEpPATypax
MPAKTUYECKH HE TIOKUAAOT MeTalll. CBS3aHO 3TO C TE€M, YTO MOJIOKHUTEIbHBIC HOHBI,
oOpa3yolye pereTky MeTauia, CO3/al0T BHYTPH HEro 3JEKTPHUECKOe IMoJie C TO-
JIOKUTENBHBIM TIOTEHIIHAIOM, TEPUOJANYECKA MEHSIONMEMCSl TIPU TEePEXO/Ae BAOJb
NPSIMO#, TIPOXOISIICH Yepe3 y3IIbl pemeTku (puc. 1).
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¢
A
A

¢0
MmN N J\ 5
U \\ U U \/ r

Bakyym Merann Bakyym
Puc. 1

B rpybom npubmmxeHun 3TUM
U3MEHEHUEM MOXKHO IpeHeOpedb U
CUMTATh MOTEHIMAI BO BCEX TOYKAX
OJIMHAKOBBIM M DPaBHBIM (g. OJIEK-
TPOH, HaxXOJAILIMUICA B TAKOM IIOJIE,
o0jazaeT OTpULATEIbHONW MOTEHIIU-
anpHOM AHEeprueit Wiy = -e@o, T/11¢ € -
3aps]l AIEKTPOHA.

Ha puc. 2 npencraBineHo usme-
HEHUE MOTEHUHUAIbHOW 3HEPIUH
AJIEKTPOHA MPHU NEPEXOAE U3 METall-
na B BakyyM: B Bakyyme Wp = 0, B
Metaiie Wi = - e:@g. 9T0 uU3MeHe-
HUE XOTS U HOCUT CKauKOOOpa3HbIN
XapakTep, HO IMIPOUCXOIUT HE MIHO-
BCHHO, a Ha TPOTSHKEHUM oTpe3ka d,
110 TIOPSIAKY BEJIMYMHBI PaBHOTO Ia-

paMeTpy KpUCTAIIIMYecKON pemeTku. M3 puc. 2 BUAHO, YTO METaUl SIBISAETCS IS
AJIEKTPOHOB MOTEHIMAIBHON SIMOH, KOTOPYIO OH HE MOKET CBOOOJHO MOKUHYTh. BhI-
XOJ] 3JIEKTPOHA U3 METaJUIa, KaK U3 MOTEHLIUAJIbHOU SIMbI, TpeOyeT 3aTpaThl padOTHI.
PaboTa, KOTOpYIO HY>KHO 3aTpaTUTh JJIs YJAJICHUS 3JEKTPOHA U3 BELIECTBA, Ha3bIBa-
eTcs paboTo BhIXOJA.

[Ipu temneparype BOIM3U aOCOIIOTHOTO HYJS 3HAYEHUS SHEPTUU SJIEKTPOHOB
IIPOBOJAMMOCTH 3aKJIIOYEHBI B npenenax oT 0 g0 cosmagaroniel ¢ ypoBHeM Pepmu

A9
7} y }
0
AB=_e¢O Agp
AYA v v
WAV NN
NN WAV
U NN
UU/\[\
SToMCLS
00 An
NN WAV
WAV
Meramn > Bakyym
Y
Wi
Puc. 2

> r

We. Ha puc. 3 sHepretuueckue
YPOBHU 30HBI MPOBOJUMOCTH BITH-
CaHbl B TOTEHIHUAJBHYIO SIMY
(IMyHKTUPOM M300pa)KeHbl HE 3aHS-
teie Tipu 0 K ypoBum). Jlns ynane-
HUS 3a TpeAeibl MeTauia pa3HbIM
DJIEKTPOHAM HYKHO COOOIIUTH HE-
OJIMHAKOBYIO »Hepruro. Tak 3mek-
TPOHY, HaXOJSALIEMYCS Ha CaMOM
HUKHEM YPOBHE 30HBI MPOBOJIUMO-
CTH, HEOOXOJIUMO COOOIIUTH IHEP-
ruto Wrp, paBHy10 IIyOMHE MOTEH-
UAIBHON SIMBI. DTy paboOTy Ha3bl-
BAIOT IMOJIHOM WJTM BHEIIHEW paboToi
BBIXO/IA.

Haunmvenpmass pabota coep-
1aeTcs NpyU yAAJIEHUU 3JIEKTPOHOB,
pacnojlararoniMxcs Ha  ypOBHE
®epmu We. Jliss HUX OHA paBHa
paccTostHuIO OT ypoBHA Depmu 10
HYJIEBOr0 YpoBHA 3Hepruu. Pabora,
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KOTOPYIO HY>KHO 3aTPaTUTh JJI yAAJIECHUS
JNEKTpOHA C ypoBHA PepMu B BaKyyM, W,
Ha3bIBaCTCAd TEPMOIAMHAMUYECKONW pabOTON = a2 1 Wm
BbIXO/1a. JTa paboTa paBHa e —

As=Wp - W. (1) —

[Ipu Temmeparype, OTIMYHON OT ab-
COJIIOTHOTO HYJIs, paboTa BBIXOAA TEpseET, Puc. 3
10 HEKOTOPOM CTENEHU, CBOKO OIPE/IEIICH-
HOCTbh. TemioBoe BO30YX/I€HHE MPUBOJUT K MOSBICHUIO B 30HE MPOBOJIUMOCTH JJICK-
TPOHOB, PAaCIOJIATAIOLIMXCS HAa YPOBHSX, JIEKAIUX BbIIIE YpoBHA DepMHu, ynanieHue
KOTOPBIX TpeOyeT MeHbIIIeH paboThl BBIXOAA. DTO 00YCIOBICHO HECKOIBKIMU (HaK-
Topamu. C pOCTOM TeMrepaTyphbl YBEITUYMBACTCS KMHETUYECKAs] SHEPTUS AJICKTPOHOB,
4TO 00JieryaeT ux BbIxoJ u3 Metamuia. C u3MEHEHHEeM TEMIIEpaTyphbl MEHSIETCS TaKKe
nosoxenue ypoBHs Pepmu. Kpome Toro, n3-3a 00yCIOBIEHHOTO TEIUIOBBIM pacIlIdpe-
HUEM M3MEHEHUSl CPEIHMX PACCTOSHUN MEXAy aTOMaMHu HM3MEHSETCsl IIyOuHa Mmo-
TeHIUaIbHOU sIMbI Wpo. PaboTy, HEOOXOAMMYIO NJIs yIaJIeHUs 3JIEKTPOHA U3 MeTall-
Ja, B TOM CJIy4ae TaKKe Ha3bIBAIOT TEPMOJMHAMHYECKON pabOoTON BbIXOJAa MpHU
COOTBETCTBYIOIIUX YCJIOBUSAX, ITOCIEIHSS OIPEACISIETCS SKCIIEPUMEHTAIIBHO.

Boineraromue 31eKTpoHbI 00pa3yloT HaJl METAIOM ‘DJIEKTPOHHOE 001aKo”.
YacTb 3TUX 3JIEKTPOHOB BHOBb BO3BPAIAETCS B METAJUI, APYTU€ €r0 MOKUAAOT. SB-
JICHUE 3TO BEChbMa IT0X0KE HA UCIIapeHUue KUIKocTer. [loBepXHOCTh MeTaiuia u 3Jek-
TPOHHOE 00J1aK0 00pa3yrOT NBOMHOM 3JIEKTPUUESCKUN CI0M, aHAJIOTUYHBIA TIJIOCKOMY
KoHzeHcaTopy. CHilbl, AEHCTBYIOIIME HA 3JEKTPOH B TAKOM CJIOE, HAIpaBJICHBI
BHYTpb MeTasuia. PaboTa, coBepiiiaemasi MpOTUB ATUX CUJI IIPU MEPEBOJIC JIEKTPOHOB
W3 METAJJIa HAPYXKY, UAET HA YBEINUYCHUE TOTCHIIMAJIBHOW SHEPTrUuM 3JieKTpoHa. Kak
OTMEUAJIOCh, TOJIIIMHA JBOWHOIO 3JEKTPUYECKOTO CJIOSA pPaBHA HECKOJIBKUM MEXK-
aromubM pacctossHusaM d = 107° +10° M (puc. 4). Pa3sHOCTh MOTEHIMANIOB B 3TOM
CJIO€ HA3bIBAETCS MTOBEPXHOCTHBIM CKAUYKOM MOTEHIIMAa HA TPAaHUIIE METAJNl — BaKy-
YM WJIH KOHTAKTHOW Pa3HOCTHIO MOTEHIMAIOB MEKIY METAJZIOM U BaKyyMOM.

JIns OLIEHKM 3TOM BEJIWYMHBI MPOJEIIAEM CIEAYIOIINN OPUEHTUPOBOYHBIN pac-
yeT. [IpencrtaBum cebe, 4TO AIEKTPOH BBUIETACT M3 MeTauia. Torjga B MOCIEIHEM
BO3HUKAET IMOJIOKUTEIbHBIN 3apsi/l, pAaBHbIN 110 MOAYJIIO 3apsiAy JIEKTpOHA. DTOT 3a-
P HA3bIBACTCS AIEKTPUUECKUM U300payKEHUEM AJIEKTPOHA.

97 BAKYYM

2d

e
METAJII

Puc. 4
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OxkaspIBaeTcsl, 4TO B3aMMOJICUCTBHE 3JIEKTPOHA C METAJJIOM PAaBHO B3aUMOJCH-
CTBUIO MEX]Iy JIEKTPOHOM U €ro U300pa’KeHUEM, T.€. CBOJUTCS K B3aUMOJICUCTBUIO
TOYEUHBIX 3apA0B, KOTOPOE HECIOKHO paccunTaTh. [Ipumem d = 10710 m:

1 e 1.6-107%
hio = 47E, 2d 4.3.14.8.85-102.2.10%
N pabota BeIixoma Ap = 1,4 3B. 1o mopsaKy BEIUUYUHBI MOJTYYUIIOCH Pa3yMHOE
3HAUYCHHUC pa6OTI>I BbIXO/14a.
PaGora BBIXOJa JJICKTPOHOB 3aBUCUT OT XUMHUYECKOHN IMpupoabl MCTAJLJIa U KO-

nebercs B mpeaenax HeCKOIbKUX AJIEKTPOH-BOJIBT.
B 1a6n. 1 npuBeaeHbl 3HaueHUS pabOThI BBIXOA JUIS psiJjia METaJIOB.

~14 A

Tabnuma 1
Nerar Pt o
Cepebpo 4,28
AnroMuHHUH 3,47
bepunnmi 3,37
Harpuii 2,27
Kagvuii 3,92
Caunert 4,02
KoOanbT 418
30110TO 481
Menn 4,47
Kenezo 4,36
Pryts 4,52
Huak 3,47
[Inaruna 5,39
Cepebpo 4,28

CrnenyeTr OTMETHUTBH, YTO COCTOSIHHME MOBEPXHOCTH METaJla CYLIECTBEHHO
BJIMSIET HAa 3HaueHue BenuuuHbl As. [logoOpaB onpeneneHHbIM 00pa30M MOKPBHITHE
ITOBEPXHOCTH, MOKHO 3HAYUTEIBHO YMEHbIIUTH A6. Harmpumep, ecnu HaHECTH Ha MO-
BEpXHOCTh BoJibppama (46 = 4,5 3B) cioil okcuja MET0YHO3EMEIbHBIX METAJIJIOB
(Ca, Ba), To Aé cHmkaercs 10 2 3B. DTOT 3P PEeKT UCTONB3yeTCsl B ICKTPOBAKYYM-
HBIX TpUOOpax AJIsl yCUIICHUS! TEPMORJIEKTPOHHOM SMUCCUU U3 KAaTOOB.

B nannoit paboTe 3HaueHHEe 46 M3 MeTajla, a TaK)Ke 3HAYCHHE IMOCTOSHHON
[Inanka ompexaensinoch u3 uccienoBannii BAX BakyymHoro ¢orosnementa. Kak
M3BECTHO, ypaBHEeHHUE DiHIITeHHA Uit poToapdexTa nmeer BU

hv=AB+m\2[I , 3)

rine hv — sreprus GotoHa 4acToThl V; Ag— paboTa BbIX0aa; Vy — MaKCUMAaJIbHAs CKO-
pocTh GoTornekTpoHoB; h — mocrosinHas [1nanka.
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Ha puc. 5 u3zobpaxen rpaduk 3aBUCUMOCTH (POTOTOKA OT HAMPSIKEHUS MEXKITY
KaTtogoM U aHonoM ¢ortornnementa (BAX) nmpu HeM3MEHHOM 3HAUYE€HHUU CBETOBOTO
MOTOKA.

T4

4

Uz U

- -

Puc. 5

N3 rpaduka BuaHO, yTO (POTOTOK CHayayia pacTeT, 3aT€M JIOCTHIaeT HaChIIe-
Hus. MakcumanbHOe 3HaueHue (oToToka I|H Ha3biBaeTcs (POTOTOKOM HACHIIICHMS.
@DOTOTOK CYIIECTBYET U TOT'/Ia, KOT/1a B LIETIM HET UCTOYHUKA NUTaHUs. DTO OOBSICHS-
€TCs TEM, UTO DJIEKTPOHBI IIOKUAAIOT KaTOJ CO CKOPOCTBIO OTJIMYHOM OT HYJIA. HacTh
U3 HUX JOCTUIaeT aHOJA U B OTCYTCTBUM HAIIPSHKEHUS MEXIY dJeKTpoaamu. s to-
ro, 4To0bl (DOTOTOK CTajJ pPaBHBIM HYJIIO, HY>)KHO IPHIOKHUTH K aHOJy HEKOTOPOE 3a-
Jep KUBAOIIEe OTpUIaTebHOe Hanpshkenue —Us (puc. 6).

Katon AHom

f_J‘ﬁ U3 #1."

Puc. 6

OHO NOMKHO OBITH TAKKUM, YTOOBI AJIEKTPOHBI, 00J1aJarolIe IPU BhUIETE U3 Ka-
TOJA Jake HauOOJbIIEH CKOPOCTHIO Vu, HE MOTJU TPEOJOJETh 3aJIepXKUBAIOIIECE
AJICKTPOHHOE TI0JIE M JIOCTUTHYTH aHoja. Mexay MakCUMalbHOM CKOPOCTBIO (pOTO-
AJIEKTPOHOB U 3aJICP’KUBAIOIIUM HAMPSKEHUEM BBITIOJHSACTCS CIIEAYIOIEEe COOTHO-
11(S)505 (S

1
B mV?=eU, (4)

C yuetom (4) Bbipaxenue (3) MOKHO MPEICTABUTH B BUJIE
hv=A, +eU,. (5)

Nsmepenue Uz npu u3BecTHOM 3HaYeHUH V U h 103BOJISET 3KCICPUMEHTAIBHO
ONPENETUTD A8.
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4. SKCITEPUMEHTAJILHOE OITPEJIEJIEHUE TIOCTOSIHHOM TTIJTAHKA h

IToctostnHas IlimaHka MMEEeT MCKIIFOUHTENBHO OOJIBIIIOC 3HAUCHHUE M I[IpsAMO HJIN
KOCBCHHO BXOIUT B OOJIBIITMHCTBO COOTHOIICHUM KBAaHTOBOM (1)H31/IKH. CDYHI[aMeH-
TaJbHBIN XapaKTCp BCIINMYHUHLBI, €€ MCCTO B KBaHTOBOU TCOPpHUHU CTABUT BAXKHOU 33,[[8,‘16171
€C OKCIICPUMCHTAJIbHOC OIIPCACIICHUC. CYHICCTBYIOT Pa3HbIC MCTOAbI U3MCPCHUA I10-
crossanoi h. HambGoiee JOCTYIICH MCTO/, OCHOBAHHBIM Ha HCIIOJb30BAHUU SIBICHUS

BHenHero gorodddexra. [Ipu ocBelieHnn GoToKaToa CBETOM YaCTOThI V UMEEM

2
mv;

hv, = 4, +

WIIN
hv, =4, +eU, (5),
rae U; — Topmo3siniee HanpsKeHne

HOBTOpI/IM OIIBIT, OCBCIIAas (bOTOKaTOIL CBETOM C YaCTOTOM Vo. ﬂJI}I 9TOI0 Ciliy4dasa
2

mv
hv, = 4, + —2
WIH
hV2 :AB +eU2, (6)5
Pemras cucremy ypaBHenwuii (5) — (6) oTHOcuTensHO h, momydaem
U, -U
h — ( 2 1) e (7)
Vo =V

3Has 3HAYCHUA ViU V2 U u3MepuB Ha ombiTe Us 1 Uz, MOKHO BBIYHCIIMTD TTOCTO-
SHHYO h.

CrnenyeT 3aMETUTh, YTO MPU ONpPEAEIEHUN YacTOT, COOTBETCTBYIOIIMX MAaKCH-
MaJbHOM WHTEHCHBHOCTH CBETa, Majarolieil Ha OTOKATO, BOZMOXKHO IPOSBICHUE
TaK Ha3bIBAEMOTO M30MPATENHHOTO WK CeNeKTUBHOTO GoTtorddexra. B yem otnuume
cesniekTuBHOTO GoToddhderta oT HopMaIbHOro? XapakTepHOW O0COOCHHOCTHIO HOP-
MaJbHOTO (hOTOdPdeKTa SABISETCS MIABHOCTH M3MEHEHUS CUJIbl (POTOTOKA HACHIIIE-
HUS B 3aBUCHMOCTH OT JUJTMHBI BOJTHBI (4acTOTHI). [[71s1 IoTydeHusl CpaBHUMBIX MEKITY
co00ii pe3ynbTaTOB HEOOXOAUMO PaCCUUTATh, KaKoil (POTOTOK MPUXOIUTCS HA €IU-
HUILY SHEPTUU U3ITYUCHHS MTOTIOMIEHHOTO aKTUBHBIM BEIIIECTBOM.

Ecnu mo oce abcuucce OTKIaAbIBaTh AJIMHY BOJHBI A, a IO OCH OpAUHAT — (HOTO-
TOK HACBIIIECHUS, COOTBETCTBYIOIIUN €MHUIIBI TTOTJIOMIEHHON aKTUBHBIM BEIIECTBOM
SHEPTUH, TO i1 HOpMaidbHOTO (oTod(PderTa HabI0aeTCs 3aBUCUMOCTD, TTOKa3aH-
Has Ha puc. /.

L J

ha A

Puc. 7
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['padux mokas3wiBaeT, 4TO MpU HEKOTOPOU Ao (KpacHas rpanuia ¢otodrddexra)
NoSIBIIIETCS (POTOTOK M chja (POTOTOKA HACHIMICHHUS IUIABHO BO3pacTaeT MO Mepe
YMEHBIIICHUS A.

CymHocTh ceneKTuBHOTO (poTodddexTa 3aKIr0vaeTcss B TOM, YTO HEKOTOPHIE
BEICCTBA IIPH OIPEACICHHON JIUI HUX JUTMHE BOJHBI Ag UCITyCKaeT 0COOCHHO MHOTO
(OTORIEKTPOHOB, MPUIEM YUCIIO MOCICIHUX YOBIBACT KaK MPU YBEIHMUEHUHU A, TaK U
IIPH €€ YMEHBIIICHNH (pUCYHOK 8). I'paduk mpHBeIeH I KaJIUs; 10 0Ce OPJMHAT OT-
JoXKeHa cwmia (OTOTOKA HACKHIIICHWS, PAaCCUYMTAHHAS HA CIWHHILY ITOTJIOIICHHOM
SHEPTHUH.

Tn
Q

r

600 500 A< 400 300 A, 1M

Pyuc. 8

CenexktuBHBI (POTOIPHEKT MOKET OBITH OOBSICHEH HA OCHOBE SIBJIEHUS PE30-
HaHca. B aToMax akTMBHOTO BEIIECTBA, JAIOUIETO PE30HAHCHBIN 3(P(EKT, FIEKTPOHBI
COBEpIIAIOT KOJeOaHUs C HEKOTOpPOM ompeneneHHor yactoroi. Ecnu Ha 3TO Bere-
CTBO NaJaeT U3JIy4yeHue OJM3KON YacTOThI, TO 3JEKTPOHBI SHEPTUIO TAKOTO H3IIyde-
HUA OyyT ycBauBaTh 0oJiee MOJIHO, OJ1aroaps 4eMy y HUX MOKET HAKOTUTHCS 3arac
SHEPrUu, TOCTATOYHBIN ISl TOTO, YTOOBI OKUHYTh BELIECTBO U CTaTh (HOTOIIEKTPO-
HaMHU.

[ToaToMy HpU BBINOJHEHUU PAOOTHI KEJNATEIbHO HUCIOJIb30BAaTh CBETO(DUIIBTPHI,
KO3 GULHEHT MPONyCKaHUs KOTOPHIX MaKCHUMaJIeH B 00JaCTH JIJIMH BOJIH, JICKAIIUX
BOJIM3U As NJIi KOHKPETHOro (PoTo3seMeHTa, ucmnoiibdyeMoro B padote. CooTBeT-
CTBYIOUIUE JUIMHBI BOJH HAXOMSTCS U3 CHPaBOYHBIX NaHHbIX. Koadduuuent npomnyc-
KaHMs CBETO(MUIIBTPA TAKXKE 3aBUCUT OT A U ONpEJENsieTcsl B HaCTOALEH paboTe 3KC-
nepuMeHTanbHO Ha criektpodoTomerpe CD-26. [lo mmerommMes JTaHHBIM OIpee-
JISIFOTCS 4aCTOThI, COOTBETCTBYIOIINE MAKCUMATBHOUM 3P eKTUBHOCTH (POTOTOKA.

4. MIPUBOPBI U TIPUHAVIEKHOCTH

1. BakyyMHbIii poTOIIEMEHT

2. HaGop cBeTo@uiibTpoB

3. Cnektpodoromerp CD-26

4. cTOYHUK MTOCTOSIHHOTO TOKA, TIOTEHIIHOMETP, BOJIBTMETP, MUKPOAMIIEPMETP.

5. OIMCAHHUE YCTAHOBKH

CxeMa sKcrepuMEeHTaIbHOM YCTaHOBKH MpUBEIeHa Ha puc. 9.



132

E = 2208
VIIT K,
.
¥ —-—@
—
\T R1
K2
4+, —
i
Puc. 9

Cser ot ucrounuka ceta JI uepe3 ceeropunbTp @ manaer Ha GorosnemeHTa
®D. B nabopaTopHoii paboTe UCIOIB3YETCA CYpPbMSHO-11€3UEBbIN (HOTOIEMEHT, IS
KOTOPOT'O BBIMOJHAECTCA HOPMaJIbHBIA (PoTodddekT. OT ucTOuHMKAa E HaxaTHem
kHonku K2 ¢ morenumomerpa R1 nmopaem 3anep:kuBaroniee Hanpspbkenue Us Ha GoTo-
AJIEMEHT A0 MOJy4YeHHUs HyJeBoro 3HadeHusi pororoka. HyneBoil Tok pukcupyercs
ranbBaHoMeTpoM [, BKIIFOUeHHBIM nocnenoBatenbHo ¢ OJ. [l yBenuyeHus 4dyB-
CTBUTEJIBLHOCTH TaJIbBAHOMETPA UCIOJIb3YETCS YCHIIUTENb NOCTOSSHHOTO ToKa (YIIT),
BKJIFOYaeMblid HaxatueM kHonku K. 3anepkuBaroniee HanpsskeHUE H3MEpSIETCS
BOJIETMETPOM V.

6. IIOPAOK BBIITIOJIHEHUSA PABOTBI

1. O3HaKOMUTBCS C YCTPOMCTBOM M TNPHUHIMIIOM padoThl cnekTpodoromeTpa
Cd-26.

2. Jlns cBeTO(UIBTPOB MCHOJB3YEeMbIX B paboTe (MO yKa3aHUsIM IpernoaaBaTe-
J151) TOCTPOUTH rpaduku K0dPGHUITMEHTOB MPOITYCKAHUSI CBETa a 3aBUCHMOCTHU OT A.

3. [IpoBepUTH SIEKTPUUECKYIO CXEMY MAKETA.

4. Bxmounts nutanue YIIT kmtouom K1, mepesens ero B nosioxenue "Bri'".

5. B VIIT wmcnonp3yroTcs MOTYyNPOBOJHHUKOBBIE T'€PMaHUEBBIE TPAH3UCTOPHI,
MO3TOMY YCTaHOBMBIIMICS peKUM pabOThl HACTYIAET MOCJE MPOTrPEBa CXEMBI B Te-
yenue 10-12 MunyT.

6. C NOMOUIbI0 MOTEHIIMOMETPA YCTaHOBKU Hylsl YH A00uThCSA HyneBoro 3Ha-
yeHus: Toka yepe3 ®D. OtcyrcTBHe TOKa (DUKCUpPYETCs rajdbBaHoMeTpoM [ (compo-
TUBJICHHE (DOTORIEMEHTA B 3TOM CIIy4ae paBHO OECKOHEYHOCTH. )

7. IloctaBuTh CBETOPUIBTP, BKIIOYUTH UCTOYHUK CBeTa. HajkaB KHOIKY KiTtoua
K2 ycTtaHoBuUTH HyJI€BO€ 3HaUYE€HHUE CTPEJIKU rajIbBAHOMETpPA PYyUKOi R moTeHunomer-
pa U 1o MOKa3aHUsIM BOJIbTMETPA ONpPEAEIUTh HanpsbkeHue 3anupanns Uz, M3mepe-
HUS TTPOBECTH 3 pa3a u 3aHECTU B Ta0I. 2.

8. AHAJIOTUYHO U3MEPEHHUSI POBECTHU C APYTHM CBETODHUIBTPOM,
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9. BrikatounTh UCTOYHUK cBeTa, nutanue YIIT kmouom K1 u moreHuuomerp

kirouoMm K2.
10. ITo popmye (7) paccunTaTh 3HaYEHUE TOCTOSTHHOM [Lmanka.

11. ITo ¢gopmyne (5) paccuutarh 3HaUeHHE PAOOTHI BBHIXOJA JIEKTPOHOB IS
JTaHHOTO (hOTOKATO/IA.

Tabaumna 2
No A Ao
n/n Us U3, U1 Us, CP H, ([l c) Ag (3B)
1
2
3

7. KOHTPOJIBHBIE BOITPOCHI

1. ITepeuricaure Buapl hoto3h(HekToB U JaiTe UX POPMYIUPOBKY.

2. OOBSICHUTE CYILIECTBOBAHUE MOTECHIIMAILHOM SIMBI JIJIS1 SJIEKTPOHOB B METaJLIE.

3. Chopmynupyiite 3akoHbI BHEIIHETO (hoTodddekTa, 1ainTe IoHITHE paOOThI BbI-
X0J1a ¥ KpacHoM rpanuiipl potodddexra.

4. B yeMm 3aKir04aeTcs OTIMYHME CIEKTpaIbHOrO 3 dexra 0T HOpMAITBLHOTO?

5. BeiBegute dopmyiy Ui SKCIIEPUMEHTAIBHOTO OMPEACIICHHUS TTOCTOSIHHOM

Il1aunka.
6. 3anmiuTe GopMyITy IS ONpeeSICHUs Pa0OThI BBIX0/IA AIIEKTPOHOB M3 METaslIa.



134
JABOPATOPHASA PABOTA 21

INPOBEPKA 3AKOHOB COXPAHEHMUA ITPU CTOJIKHOBEHHUN
MHUKPOYACTHUIL

1. HEJb PABOTHBI

DKCNEpUMEHTAIIBHO MIPOBEPUTH BBINIOJHEHUE 3aKOHOB COXPAHEHUSI UMITYJIbCA U
SHEPTHUH.

2. BUBJIMOT PA®OUYECKU CIIUCOK

1. CasenneB U.B. Kypc ¢usuku. B 3 1. T.1: Mexanuka. MonekynspHas ¢pusnka
/ 1.B. CaBenbes. - Jlann, 2008. — 352 c.

2. Tpodumona T.U. Kypc ¢usuku: yued. mocodue ais By3oB / T.W. Tpodumosa.
- 19-e m3n. - Akagemus, 2012. — 560 c.

3. Hetnad A.A., SABopckuit b.M. Kypc ¢usuku.- Axkagemusi, 2009. — 720 c.

3. MPUBOPBI U TIPUHAJVIEZAKHOCTH

1. ®ororpadun ¢ TpekaMu YaCTHUL.
2. I'paduky KpUBBIX B KOOPAMHATAX «IIPOOET - DHEPTUSD.
3. MacmtabHas TMHEHKa, TPAHCIIOPTHP, KalbKa.

4. TEOPETHYECKOE OBOCHOBAHME

bricTpas 3apspkeHHas MUKPOYacTULA, monagas B (POTO3IMYJIbCUIO, HAPYLIAET Ha
CBOEM IIyTH CTPYKTYPY KPHUCTALIMYECKON pPEIIETKU 3epeH OpOMHCTOro cepedpa u
JeJlaeT UX CIOCOOHBIMM K MposiBaeHHI0. Cienbl 4acTull B SMYJbCUU (TPEKH) IpU
THIATEILHOM OCMOTPE U MPOMEPE IMOJI MUKPOCKOIIOM MO3BOJIIOT MOIYYUTh UH(OP-
MAalHIO KaK 0 IPUPOJAE YAaCTUL, OCTABUBLIUX CJIEM, TAK U O XapaKTEPE 3JIEMEHTAPHOTO
npouecca (paccesHue, siepHas peakliys, pacnaj YacTHll, poXKJIeHue nap u T.1.). B
JaHHOM paboTe U3ydaeTcsl paccesHuEe O.-4acCTHI] Ha MPOTOHAX, SBISIOIIUXCS sIpamMU
aTOMOB BOJIOPOJA, BXOJAIIETO B COCTaB 3MYJIbCHH.

Kaxxnomy 3Hau€HHIO SHEPrUM JAHHOW YaCTUIbI COOTBETCTBYET OIpEAeSICHHAs
uiHa nipobera. [t onpeaeneHust JJIMHbI mpo0era 4yacTuilbl Ha ¢oTtorpaduu TPEeKoB
HaHOCAT MacITad. CBsI3b MEX/Y SHEPTUSAMH (L-4aCTHIl, IPOTOHOB U JUIMHOM HX MpO-
Oera B JaHHOH SMYJILCUH ONPEAEIISETCS C IOMOIIBIO KPUBBIX, IPUBEACHHBIX Ha puc. 1.

Ha puc. 2 npuBeneHa cxema CTOJIKHOBEHMS (L-4aCTULBI C TPOTOHOM. Mmmyibe

O-4aCTULBl /10 B3aUMOJCHCTBUS paBeH P, =M,V,, 1ocie B3auUMOAEHCTBUSA

a o’

= 7 = 7
P, =m,V, . NMmynbc npoToHa onpesernsieTcs BeipaxkenneM P, =MV, . 3menenne

HAIIPaBJICHUS JBHKCHUSA O-YAaCTHIIBI BCIIEACTBUE CTOJKHOBEHUS C IIPOTOHOM Xapak-
TEepU3yeTCsl yrioM paccesHust 6. Yroa ¢ ciiea mpoToHAa OTHOCUTEIBHO HAYaJIbHOTO
HAINpPaBJICHUS ABM)KCHUS O-4aCTHIIBI HAa3bIBae€TCA YIJIOM OTAAuu. YTJbl @ U O Ha3bl-
BAIOT TAK)KE YIJIaMU BbLIETA.

JlaGopatopHas paboTa COCTOUT U3 TPEX ITAIOB.

[lepBbIii aTamn - onpeneneHue KHHETUYECKUX 3Hepruil yactul K mocie B3anumMo-
JEUCTBUSA C TOMOILBIO KPUBBIX «IIPOOET - SHEPTUSD.
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Bropo# aramn - onpeneneHne UMITyJIbCOB YAaCTHIl M ITPOBEPKA 3aKOHA COXpaHe-
HUsI MMITYJIbCA JUIA JAHHOTO B3aUMOJCHCTBHs. BbIUMCIIEHHE UMITYJIBCOB IPOU3BO-

auTcst o popmyiie
p=+2mK, (1)

rae K - kuaeTHaeckas sHeprus; M - Macca 9actupl (M, = 6,64-107" xr, my=1,67-10"
2Tkr). Tak kaK M - Macca HEPENATUBUCTCKOM YACTHIBI, TO BHIYMCICHHBIA UMITYIIbC
TAaKXKe ABJIACTCS HEPEIATUBUCTCKHUM.

14 T

1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1
12 o T A R - T
1 1 1 1 1 1 1 1 1 1 1
% b S e P Tl Sy R JENQE U [P N )
= S R R R ol R T T T T
R R R S Rt R AR i e
E 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
E. E-----I---I-- [ B I e e e e e
1) 1 1 1 1 1 1 1 1 1 1 1
T 1 1 1 1 1 1 1 1 1 1
1] 4"__1__ [ N e e e e e e el
1 1 1 1 1 |_| u] 1 1
1 1 1 1 1 1 1 1 1
24+-h------r-= bl aleliile el Rl il Rl bl
1 1 1 1 1 1 1
1 1 1 1 1 1
0 t t t t t t
] ] ] ] = ]
=+ L o - o [uy}

0
10
204 -
a0 4 -
120

Mpober B 3MyNLCHH, |, MEM

Puc. 1. Csi3p MEXly SHEPTUSIMHU O.-UYACTHI], IPOTOHOB U JUITMHOM UX Mpobera

Lo 2

—

10 ez . 2102 g

Puc. 2. Cxema CTONKHOBEHUS Ol-4aCTUIbI C IPOTOHOM

JIns IpOBEPKM 3aKOHA COXPAHEHHUs UMITYJIbCA CIEAYET, MOIb3YACh U3TOTOBJICH-
HBIM Ha KaJIbKe CKOJIKOM ¢ (poTorpaduu, HAMTH pe3yNbTUPYIOIUNA BEKTOP UMITYJIbCca
10 IIpaBUJly mapajuiesorpaMma. Eciiv ero HampasiIeHHE COBIAAACT C HAIIPABICHUEM
JIBWKECHUS HAJIETAIOIIEH O.-4aCTHULBI, TO 3aKOH COXPAHEHUS UMITYJIbCA BBITTOJIHAETCS.

Tpetuii 3Tamn - ycTaHOBJIEHHE XapaKTepa B3auMOICUCTBUS YacTHI] (YIIpyroe win
HEYNPYroe) UCXO/s U3 COXpPaHEHUS! KHHETUYECKON AHEPTruu. DHEPrus OL-4acTHIIbI JI0
CTOJIKHOBEHHS C MPOTOHOM (K,) MOKeT OBITH OTpeiesieHa mo Gpopmyie

_Ps )

o H

2m

o
/1€ Pg - UMITYJILC O-HACTHUIIBI IO B3aUMOAEHCTBUS C TPOTOHOM. Ero MOKHO BBIpa3UTh
yepe3 UMIYJIbC YaCTUIIBI TTOCTIE B3aUMOJIEHCTBUS, UCTIONB3YS TEOPEMY CHHYCOB:
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. sin(p+6
b (¢+0) 3)
sing
[TosToMy
I ain 2
K = Kasn_w 2((0+9)’ 4)
sin® g

rae K] - HaliieHHas paHee SHEPrusl O-4acTUIBl Iocie B3aumoneiicteus. Ecim

4 ~ (V)
K, =K, + K, To B3anMoeiiCTBHE YaCTHIl IMEET YIPYTHil XapakTep.

5. HOPAAOK BBIIIOJIHEHU S PABOTbBI

5.1. Onpenenenre SHEPTUU YaCTUIL MOCTIE CTOJIKHOBEHHS.

5.1.1. IToAroToBUTH TAOIUILY AJISI 3AMIKUCH PE3yJIbTATOB UBMEPEHUMN U PACUETOB.

5.1.2. Tlo doTorpaduu onpenenuts JIUHBI TPEKOB U IIUHY MACIITaOHOW eu-
HUIBL. Berauciuts npober vactuil B sMyiibenu (l). YaecTs morpenHocTs n3MepeHuit
(myHKT 6.1).

5.1.3. Tonb3ysich KPUBBIMHU «IpoOer - 3HEeprus» (puc. 1) HAWTU PHEPTUIO Ya-
ctur; (B M»B) mociie B3aumoniecTBHS. YYECTh MOrPEIIHOCTh MU3MEpPEHUM (ITyHKT
6.2).

5.2. OmpeienieHue UMITYJIbCA YaCTHUIL U TIPOBEPKA 3aKOHA COXPAHEHUSI UMITYJIbCa.

5.2.1. Beipasuts sHepruto yactuil (B JJx).

Tao numa 1

Yactima | Al K’ AK” K’ AK”
MKM MKM M5B M5B 101 JIx 103 Tk
o
p
p Ap 0, ¢ Ap=A6O Ko AKq
Hactuua 10 10 rpan M5B M»B
KI*M/C KI"M/C
o
p

5.2.2. Caenath Ha KaJbKe CKOJIOK ¢ (oTorpaduu TPEeKOB B3aHMMOCHCTBYIOIINUX
YJACTHIL.

5.2.3. VI3aMepuThb yrisl BeUIETA YacTHUIL O U .

5.2.4. Tlo dhopmyre (1) BEIUMCTUTE 3HAYEHUS UMITYJIHCOB YACTHIL.

5.2.5. BoruncnuTh abCOMIOTHBIE OMIMOKH U3MEPEHHS UMITYJIbCOB YacTHUI (ITyHKT
6.3).

5.2.6. IloctpouTs Ha Kanbke B MaciuTade (Hampumep, 1020 kr-m/c - 5 MM) uM-
nyiaechbl 4vactul. [lo mpaBwiy mnapasienorpaMma HAWTH CyMMapHBIA HUMITYJIbC
P+ Py

5.2.7. Tlpopomxuth cien o-4acTuIilel. Ecoum 3TO MpomomKeHHWe COBMAaaeT ¢
P, + Pp, MOXKHO yTBEPKIATh, YTO 3aKOH COXPAHEHUS MMITYIIECA BBITIOJHSETCSL.

5.3. YcTaHOBIIEHHE XapaKTepa B3auMOIECHCTBUS.
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5.3.1. BeluucnuTh KHHETHYECKYIO DPHEPTUIO OL-4aCTHIIBI O B3aUMOJICUCTBUS TIO
dbopmye (4).

5.3.2. BbIUMCIUTH OTHOCUTENIbHYIO U aOCONIOTHYIO TMOTPEUTHOCTH HEPIrUu Ol
YaCTHUIIBI 10 CTOJIKHOBEHHUS (ITyHKT 6.4). Pe3ynbTaThl BEIUUCICHUM 3aHECTH B TAOJUILY.

5.3.3. Haiftu cymmy 3HEpruii yactuil mociie BzauMoaenicteus. CpaBHUTH dHEp-
TUI0 O-YaCTHULBI 10 B3aUMOJICHCTBUS U CYMMY SHEPTUN MPOTOHA U OL-YACTHIIBI ITOCIE
B3aumoiericTBus. Cenarh BHIBOJ] O XapaKTepe B3auMOCHCTBHUS.

6. OBPABOTKA PE3YJbTATOB U3MEPEHUI. BBIUUCJIEHUE I10-
I'PEIIHOCTEM

6.1. BoimonHsis mpsiMble U3MEPEHHsI, CYUTAIOT, YTO aOCOIIOTHAs omnOKa u3me-
psieMOii BETUYMHBI paBHA MOJIOBUHE LIEHBI JIEJICHUS U3MepuTeNnbHOro mpudopa. Tak,
€CJId M3MEPEHHbIE YIJbl BBUJIETAa M MPOOET 4YacTUI[ B 3MYJIbCHUU HUMEIOT 3HAYCHUS
0 = 14° lo = 20 Mxm gt a-gactanel 1 @ = 55°, |, = 30 MkM ans mpoTtoHa, TO
A = Ap = 0,5°, a Al, = Al, = 0,5 Mxm, eciiu MaciTabHas enuanna (10 MkM) uMeer
nuHy 1 cm.

6.2. Ilonp3ysch rpadukaMu «mIpoOEr - PHEPrHs», ONPEACTUTh aOCOTIOTHYIO
OIIKMOKY U3MEpPEHUsI SHEPIUHU, YUUTHIBAsI aOCOIIOTHYIO OMIMOKY U3MepeHus mpoolera.
JInst paccmaTpruBaeMoro ciy4vast

K! =(45+01) M>B=(7,20+016)-10"° [Joc;
K, =(1,60+0,04) M>B=(256+0,06)-10" [orc.

6.3. Berauciauth abCOMIOTHYIO ONMIMOKY OMpeAeNeHUs] UMITyJIbcoB dacTull. Ilo-

CKOJIbKY OTHOCHUTEJBHYIO ONMIHOKY BEJTWYHMHBI, 3aJaHHON BBIpaXKeHHEM X =A< A, Ha-

AX 1AA
X0JAT Mo (popMysie — =+ ———, TO OTHOCUTEJIbHAS OLIMOKA ONPEEICHUS UMITYIIb-
X

n A
A 1 AK
ca (popmyna (1)) mmeer BuI ap_ iE? I'paruiel  aGCONMIOTHON  OMMOKH
1 AK
Ap = lLE p?. [ToncTaBuB YMCIEHHBIC 3HAYEHUS COOTBETCTBYIONIUX BEITUYMH IS

paccmarpusaemoro ciyyas ( p),=9,78-10% kr-m/c, pp=2,92-102° kr-m/c), monyuaem
Ap, ==£0,1-10% kr-m/c u App=0,04-10° kr-m/c.

6.4 BbIUUCIUTH OTHOCUTEIBHYIO U aOCOIOTHYIO OUIMOKM 3HEPIHH OL-HaCTHIIbI
no croykHoBeHus (K,). s aToro, BOCHoJIb30BaBIIMCh METOJIOM OIpPEISICHUS TO-
IPEIIHOCTENl KOCBEHHBIX M3MEpEHUH, mpoJiorapudmupoBats Gopmyiy (4), npoaud-
(dbepeHupoBaTh MOJYUYECHHbIE BHIPAKEHUS U 3aMEHUTH AU(depeHuanbl MOrpenrHo-
CTSIMU COOTBETCTBYIOIIMX BEJIMYUH. B pe3ynbrare momyyum:

AK,, i(A;“ +2ctg(p + 0)A(p + 0) + 2ctg e - A(pj :

K

[24 [24
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Jlnia paccMaTpuBaeMoro ciydvasi, yautbiBas, uto A¢ = AO = 0,01 pax, a cieno-

AK

BatensHO, A(p + 0) = 0,02 pax, Haxomum " @ — +0,05(5%). Orciona AK, = +
0,3 MaB u K, = (5,8+0,3) M»3B.

6.5. [IpoBepuTH, BHITIOTHSACTCS JIN PABEHCTBO

K, £AK, = (K. + K, )£ (AK!, +AK ).

B paccmarpuBaeMoM citydae 3TO PaBEHCTBO CIPABEUIMBO B MpeAeiiaX MOrpelil-

HOCTEU IKCIEPUMEHTA!
(5,8 £ 0,3)M»sB = (6,10 £ 0,14)M>»B.
6.6. Cnenath BBIBOJIBI IO paboTe.

7. KOHTPOJIBHBIE BOITPOCBHI U 3AJIAHUSA

1. B yeM cyTh POTOAIMYIILCHOHHOTO METO/1a PETUCTPALIUA MUKPOYACTHIL?

2. ChopmynupyiTe 3aKOH COXpaHEeHUs UMITyJbca. Kak mpoBepuTh, BBITIOJIHSICT-
Csl JI 3TOT 3aKOH IMPU CTOJKHOBEHUH MUKPOYACTHIL?

3. Kakne 3akoHBI COXpaHEHHS BBIMOJTHSIIOTCS TPHU a0COIOTHO YIPYIOM W He-
YOPYTOM CTOJIKHOBCHHUSX ?

4. BeiBegute GopMyiny Ui pacueTa dHEPTUU O-YaCTHUIIBI IO CTOJKHOBEHHS C
MIPOTOHOM.

5. BeiBenute dopmyny s pacuera aOCOMIOTHOM OMIMOKM OMpENeNICHUs HM-
myJibca.

6. BeiBenure hopmyny 11si pacuera abCOTIOTHON OUIMOKU SHEPTUU OL-4aCTHIIbI
710 CTOJTKHOBEHHUSI.
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JABOPATOPHASA PABOTA 22(7B)

IOPEKT KOMIITOHA

1. HEJIb PABOTBI

1. U3yunts 3¢ dpext KoMnroHa ¢ moMONIp10 KOMIBIOTEPHOTO SKCIIEPUMEHTA.
2. OnpenenuTh 3aBUCUMOCTb U3MEHEHHMSI JUTMHBI BOJIHBI MAJJAIOMIET0 U3TyYCHHUS
OT yTJla paccesiHusl.

2. BUBJINOT PA®UYECKUI CIIMCOK

1. Tpodumona T.U. Kypc ¢usuku: yued. mocodue mis By3os / T.W. Tpodpumosa.
- 2-e u3A. - M. : Berci. mik., 1990. - 478 c.

2. CasenneB U.B. Kypc obmieii ¢usukn: y4ued. mocoOue Ui CTyICHTOB BTY30B.
B 3 1. T.3: KBanToBasi ontuka. AtomHas ¢usuka. @usmka tBepaoro tena. dusnka
aTOMHOTO si/ipa U 3iemMeHTapHbIx yactul / M.B. Casenbes. - M.: Hayka, 1982. - 304 c.

3. Jernad A.A. Kypc ¢usuku: yded. mocobmue mms BTy30B / A.A. [leTmad,
Bb.M. SBopckuii. - M.: Beicui. mik., 1989. - 608 c.

3. OIMCAHUE YCTAHOBKHM U METOAUKA NNPOBEJAEHUSA JKC-
IHHEPUMEHTA

3.1 9®PEKT KOMIITOHA

B xonne XVII Beka moutH OgHOBPEMEHHO BO3HHUKIIM JIBE TCOPUHM O IPHUPOJIC
cBeTa. HpIOTOH mpe/yiokuil TeOpUuI0 MCTeYeHMsl, COTJIACHO KOTOPOI CBET MpEACTaB-
JsieT OO0 MOTOK CBETOBBIX YaCTHULl (KOPIYCKYJ), JIETAIIUX OT CBETALIErocs Teja Io
MPSMOJIMHEWHBIM TPAEKTOPUAM. [ FOMTeHC BBIABUHYJ BOJHOBYIO TEOPHUIO, B KOTOPOU
CBET paccMaTpUBaJICs KakK yIpyrasi BOJIHA, paCIpOCTPaHSIOIAsACcS B MUPOBOM 3(upe.

Hanbonee moaHo KOPHMyCKYJSIpHBIE CBOWMCTBA CBETa MPOSBIAIOTCA B dDdekTte
Komnrona. Amepukanckuii pusuk A. KomnroH, uccrnenys B 1923 r. paccessHue mo-
HOXPOMAaTHUYECKOTO PEHTIC€HOBCKOTO H3JIyYEHHS BEIIECTBAMHU C JIETKUMHU aTOMaMH
(mapadun, 60p), 0OHAPYKUJI, UTO B COCTABE PACCEIHHOIO U3yYEHUs HApALY C U3IY-
YeHHEM I[E€pPBOHAYAIBHON [JMHBI BOJIHBI HAOJIONAETCs TakXke H3JIydeHue Oosee
JUTMHHBIX BOJIH. OTBITHI MTOKa3alid, YTO pa3HOCTh AL = A' - A HE 3aBUCHUT OT JJIUHBI
BOJIHBI A MaJaromiero U3ay4yeHus U MPUpOJIbl PACCEMBAIOILIEIO BEIIECTBA, a ONpe/e-
JsieTCsl TOJIBKO BEJTMYMHOM yriia paccesHus 6.

AL =A'- A =24 sin¥(42), (1)
rae A' — JAJIMHA BOJIHBI PACCEIHHOTO U3IyYeHUs, Ac — KOMITOHOBCKAs JJIMHA BOJIHBI,
(npu paccessuuu (HOTOHA HA AIEKTPOHE Ac= 2,426 TIm).

dpdexkrom KomnroHa Ha3bIBacTCA YNPYroe paccesiHue KOPOTKOBOJIHOBOIO
AJIEKTPOMArHUTHOTO W3IydeHHUsl (PEHTTCHOBCKOTO W Y-WM3IyuyeHWI) Ha CBOOOIHBIX
(umu cnaboCBA3aHHBIX) DJIEKTPOHAX BEIIECTBA, COMPOBOXKAAIOIIEECS YBEITUYCHHUEM
JUTMHBI BOJTHBI.

O6nbsicuenue dpdexkra KomnToHa 7aHO Ha OCHOBE KBAaHTOBBIX MPEACTABICHUM O
MPUPOJE AJIEKTPOMArHUTHBIX BOJIH. Ecnu cuMTath, Kak 3TO JeNaeT KBaHTOBas TEO-
pusi, YTO U3NTy4YEHUE MpeICTaBisieT co0oil MoTok (HoTOHOB, TO 3pPext KomnrTona -
pe3yNbTaT ynpyroro CTOJIKHOBEHHSI PEHTT€HOBCKUX (POTOHOB CO CBOOOJHBIMU AJIEK-
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TpOHAMHU BelecTBa (AJsl JIETKUX aTOMOB 3JIEKTPOHBI €J1Ia00 CBSI3aHbI C SApaMU aTo-
MOB, IO3TOMY MX B MIEPBOM MPUOIMKEHUH MOKHO CUMTATh CBOOOAHBIMU). B mporec-
C€ ATOr0 CTOJKHOBEHHS (DOTOH MEpeNaeT AJIEKTPOHY YacTh CBOUX DHEPTUU U UM-
MyJibCa B COOTBETCTBUU C 3aKOHAMH MX COXPAHEHUS.

P’y
~
P \\
Py So
0 So
S
P d
P d
”
”
_ P d
Pe
Puc. 1

PaccmoTtpuMm ympyroe croikHOBeHHE IBYX 4YacTull (puc. 1) — Haneraromero ¢o-
TOHa, 00JIa/Ial0IIero UMIyJIbcoM Py = hv/C u sHepruelt €, = hv, ¢ MOKOAIIMMCS CBO-
OOIHBIM 311eKTpoHOM (9Heprus mokos Wy = MgC?; Mo - Macca Mokos 31eKTpoHa). do-
TOH, CTOJIKHYBIIIMCH C DJIEKTPOHOM, MEPEAET €My YaCTh CBOCH PHEPTrUU U UMITYJIbCa
1 U3MEHSIET HalpaBJeHUE ABUXKEHUS (pacceuBaeTcs). Y MEHbIIIEHHE 2HEprun (hOoToHA
03HAYaeT YBEIMYCHHE JIMHBI BOJHBI PACCESIHHOTO WM3Iy4eHHs. [lycTh MMMynsC u
sHeprus paccessaHoro (GortoHa paBHbl P', = hv/c u &', = hv'. DiekTpoH, paHee MOKo-
MBIIUICS, IIPUOOPETAET UMITYIILC Pe = MV, sHepruo W = MC? U IPUXOAUT B JBHUKE-
HUE — UCIIBITBIBAET OTAauy. [IpH KaxJa0M TaKOM CTOJIKHOBEHHH BBHITIOJTHSIOTCS 3aKO-
HBI COXPaHCHHSI SHEPTUU ¥ HMITYJIbCA.

CoracHO 3aKOHY COXpaHEHUs SHEPTUH,

hao +myc? = ho'+mc? 2)
h
rae h o
CornacHo 3aKOHY COXPAaHEHHS UMITYJIbCA,
hk=mv+ 7k, (3)
2r
rae kK P
Pa3nenuB nmepBoe ypaBHEHHE HA ¢, MOKHO TTPUBECTH €TI0 K BHITY
mc=mgC + 7 (k-k’). (4)
Bo3sBenenue 3Toro ypaBHeHUs B KBapar JaeT:
(mc)? =( moc)? + (nk)> +(nk’)? - 2(nk)(hk’)+2mech (K - k). (5)
N3 puc. 1 cnenyer, uro
(mv)? = (7K)? + (7K )* — 2(AK) (7K ") cos 6. (6)
BoiuTs ypaBHenue (6) u3 ypaBHeHus (5), MOTYUUM:
m? (¢ —v2) = mg?c? - 2 %kk ’(1-cos @) +2moch (K - k). (7)
MosxHo ybeauthes, uto m?(c2 —v2) = my?C?, u Toraa Bee NPUXOIUT K PABEHCTBY:
moc(k - k°) = hkk’(1 - cos@). (8)

VMHOXXUB PaBEHCTBO Ha 2 77, pazaenuB Ha MoCKK ™ u yuts, uro 27 /K = A, momy-
quM HopMyITy
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AA:L(l—cose):z—hsinZQ. (9)
m,C m,C 2

Bripaxkenue (9) ecTb He 4TO MHOE, KaK MOJTY4YeHHAas SKCIIepUMeHTaIbHO Komr-
toHOM (opmyna (1). [ToncranoBka B Hee 3HaYeHU# h, My U ¢ 1a€T KOMITOHOBCKYIO
JUTMHY BOJIHBI 3JIeKTpoHa Ac = h/(mMoC) = 2,426 M.

Hannuue B cocTaBe paccestHHOTO U3MYUYEHUS! «HECMEIICHHON JTUHUH (K3Tyde-
HUS IEPBOHAYATBHOMN JIMHBI BOJIHBI) MOKHO OOBSCHUTH cieayromum odpazom. Ilpu
PAaCCMOTPEHHH MEXaHU3Ma pPacCesHUsl MPEeaIoyaraioch, 4To (OTOH coyAapseTcs
JIMILB CO CBOOOAHBIM 3JIEKTPOHOM. OTHAKO €CIM 3JIEKTPOH CUIIBHO CBSA3aH C aTOMOM,
KaK 3TO UMEET MECTO JJI1 BHYTPEHHUX 3JIEKTPOHOB (OCOOEHHO B TSXKEJNBIX aToMax),
TO ()OTOH OOMEHMBAETCS SHEPTHEN U UMITYJILCOM C aTOMOM B IIesioM. Tak Kak macca
aToOMa 10 CPaBHEHUIO C MAaccOW 3JIEKTPOHAa OYEHb BEJMKA, TO aTOMY Iepenaercs
JMILIb HUYTOXKHAsA 4acTh 3Hepruu ¢oroHa. [103TOMy B 1aHHOM cilydae JJIMHA BOJIHBI
A' paccessHHOro M3JIy4€HUs MPAKTUYECKU HE OYJET OTIMYAThCSA OT JJIUHBI BOJHBI A
MaJAI0LIEro N3JIyYCHHUS.

Oddexr Komnrona HaOmo0gaeTCs HE TOJBKO Ha 3JIEKTPOHAX, HO U Ha JPYrUX
3apsOUKEHHBIX YacTHULAX, HAaPUMEpP MPOTOHAX, OJHAKO M3-3a OOJBIION Macchl MPOTO-
Ha €ro OTJada «IpOoCMaTpUBAETCA» JIMUIb MPU PACCEIHUU (DOTOHOB OUEHBb BBICOKHMX
SHEPIHUM.

3.2. KOMIIBIOTEPHBIA DKCIIEPUMEHT

KoMIIbIOTEpHBIN 3KCIEPUMEHT MO3BOJISIET U3MEHSTH YTOJI PACCESHUS U JIMHY
BOJIHBI Tajaromero u3nydeHus. KommnsrorepHas mporpamma mpeaycMaTpuBaeT pac-
YeT JUIMHBI BOJIHBI PACCESHHOTO H3JIyYEHMS, BBIBOJ Ha MOHHUTOpP BEKTOPHOM aua-
IrpaMMBbI UMITYJIbCOB ()OTOHA U MOKOSIIICHCS YaCTUIIBI IO U TIOCIIC B3aUMOCHCTBHS, a
TaKxke rpadrka OTHOCUTEILHBIX MHTEHCUBHOCTEH TMaIafoIe U pacCesTHHOM BOJTHBI B
3aBUCHUMOCTH OT 3aJJaHHBIX JJIMHBI BOJIHBI MTAIAIOIIET0 U3IYYEHHS U YTJIa PACCESIHUS.

4. TPUBOPHI U ITPUHAIVIEZXKHOCTHU

1. KommnsroTep.
2. Ilporpamma «OTtkpsiTas ¢pusnka 1.1» OO0 «Du3uKoH».

5. MOPAAOK BBIITOJIHEHUSA PABOTbBI. ObPABOTKA PE3YJIBTATOB

1. YcranoBute nporpammy «OTKpbITas GU3HKa» HA KOMIBIOTEP.

2. 3ammyCcTUTe YCTAaHOBJICHHYIO Tporpammy, B paszaene «CoaepxaHne) OTKPONTe
3aknanky «KBaHToBas (u3ukay, BhIOEPUTE KOMIIBIOTEPHYIO Mojenb «KoMrnToHOB-
CKOE paccerBaHue», puc. 2.

3. YcraHoBUTE HavyallbHbIE 3HAYEHUS yTJla PACCESIHUS M JJIMHBI BOJIHBI A Taja-
romero usnyuerus 0: 30° u 0,03 uM, coorBercTBenHo. Haxmure «CrapT» 1 mpoHa-
omonaiite 3¢ppext Komnrona. [Ipoananusupyite noaydeHHbIN rpa@uK OTHOCUTENb-
HBIX MHTEHCUBHOCTEW NAJAIOIIEN U PacCEIHHOU BOJIHBI.

4. B coOTBETCTBUU C UCXOJHBIMH JTaHHBIMU TabJ. 1 ompenenurte AJTMHY BOJIHBI
PacCesTHHOTO U3JIy4YeHHUs: A' B 3aBUCUMOCTH OT yTJjia paccesHus O v IJIMHBI BOJIHBI a-
naromero uinydenus A. [lonydeHHble JaHHbIE 3aHECUTE B TaOJIUILY.
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QeI

LCrapTt

A= 0.0733HmM
p, = 015210 krmfc

a=110°

[E)———{—[3]

L JEE]
Y= 00700 Hm DE__ 007 04

A HHM

. 2N
T T T T T T T I T T T T T T T T T T T T
00E2 0083 0070 0071 0072 0073 0074 0078 007e 0077 00ve

Puc. 2. Mogenb «KoMIITOHOBCKOE pacCCUBaHUC»

5. Onpenenute U3MEHEHUE JIIMHBI BOJIHBI AL U1 KaXKI0ro yria paccesHus 0 u
3aHECHUTE B MOCIEAHIO CTPOKY Tab. 1.

Taonuma 1

0
A, HM
0,03
0,04
0,05
0,06
0,07
0,08
0,09

0,1

AA

30° 45° 60° 75° 90° 105° 120° 135° 150°

6. CnenaiiTe BHIBOJ O 3aBUCUMOCTH M3MEHEHUS JUTMHBI BOJHBI AL OT yrJia pac-
cesiHus 0.

7. s nnvHbl BOJIHBI najaromero niinydeHus 0,03 HM npu Bcex 3aJaHHBIX yT-
nax paccesHus O B3aTh U3 Ta01. 1 3HaueHus A' u AN, paccuntars Sin(0/2), sin%(0/2) u
3aHECTH MMOJyYEHHBIC TaHHbBIE B TA0JI. 2.

8. [1o gaHHBIM Ta01. 2 TOCTPOUTH 3aBUCKMOCTh U3MEHEHUS JIJTUHBI BOJIHBI AL OT

sin2(6/2).
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h
9. Bripasute u3 ¢opmynst (9) A, =—— u, ucnonb3ysa rpauk, paccuuTaiire

oC

KOMIITOHOBCKYIO JIMHY BOJIHBI IJIA 3JICKTPOHA KakK tg yI'Jla HaKJIOHA HOHY‘I@HHOﬁ

MIPSMOM.

TaOnuma 2

0

0/2

sin(6/2)

sin(6/2)

A, HM

A, HM

AN, HM

30

45

60

75

90

105

120

135

150

6. KOHTPOJIBHBIE BOITPOCBI

1. ITpuBenuTe mpuUMeEpHI SABICHHM, TOATBEPKAAIOIINX BOJIHOBYIO TEOPHUIO IPH-
POJBI CBETA, U MPUMEPHI, MOATBEPKAAIONINE KOPIYCKYIISIPHYIO TEOPHUIO.

2. Yo Ha3siBaercs 3ppexrom Komnrona?

3. Kakue 3akOHBI BBITIOJHSIOTCS MPU YIIPYTOM PACCESIHUU CBETa Ha CBOOOIHBIX
3JIEKTPOHAX? 3alUIINATE UX.
4. TlonmyunTe BbIpaKCHUE JJISI U3MEHEHUS JJIMHBI BOJIHBI MAJAIOIIETO U3JIyde-

HU.

5. Ilomyunure MaTreMaTU4eCKOe BBIPAKEHHUE M PACCUUTAUTE KOMIITOHOBCKYIO

JJINMHY BOJIHBI 3JICKTPOHA.

6. OT yero 3aBUCHUT BEJIMUYMHA M3MCHCHUS JJIMHBI BOJIHBI ITAJAOIMICIO HU3JIYy4C-

HUA?
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JABOPATOPHASA PABOTA 23(8B)

OIIBIT ®PAHKA UTEPLA

1. HEJIb PABOTbI

1. UccnenoBanue pacnpeneseHus CKOPOCTEN 3JIEKTPOHOB 0 U MOCIE Coyape-
HHS UX C aTOMAMU U MOJIEKYJIaMH Pa3peKEHHOTO rasa.

2. HccnepnoBanue u aHanu3 ynpyroro M HEynpyroro COyJIapeHHs dJIEKTPOHOB €
MOJIEKYJIaMU Pa3peKEHHOI0 Ta3a.

3. M3yueHue BOJIbTAMIIEPHOM XapaKTEpUCTUKHU yCcTaHOBKM Ppanka ['epua. Jlo-
Ka3aTeJbCTBO JIUCKPETHOCTU DHEPTETHUECKUX YpOBHEHN aTomoB. IIpoBepka mocryna-
ToB bopa.

2. BUBJIMOT PA®OUYECKU CIIUCOK

1. Tpodumona T.U. Kypc ¢pusuku: yued. mocooue mis By3os / T.W. Tpodumosa.
- 2-e u31. - M. : Bricmr. mik., 1990. - 478 c.

2. CagenbeB U.B. Kypc obmieit ¢pusuku: yued. mocoOue ajisi CTyJAEHTOB BTY30B. -
B 3 1. T.3: KBanToBas ontuka. AtomHas ¢usuka. ®usuka tBepaoro tena. dusnka
aTOMHOTO si/ipa 1 3iemMeHTapHbIx yactul / M.B. Casenbes. - M.: Hayka, 1982. - 304 c.

3. Jlernad A.A. Kypc ¢usuku: yded. mocobmue mns BTy30B / A.A. [leTmad,
b.M. SBopckuit. - M.: Bercur. mik., 1989. - 608 c.

3. TEOPETUYECKOE BBEJIEHHME

3.1. OIIBIT ®PAHKA U I'EPLHA

B ocHOBe COBpeMEHHOW TEOPUH aTOMa JISKUT IKCIIEPUMEHTAIbHBIN (PakT, ycTa-
HOBJICHHBIN B omnbITax [xkelimca @panka u ['ycraBa I'epua B 1914 r. B sTux onsitax
HCCIIEIOBATIOCH PACIIPEETIEHUE CKOPOCTEHN AIEKTPOHOB JI0 U MOCIIE€ COYJIapEHHUS UX C
aTOMaMH M MOJIEKYJIaMHU Pa3peKEHHOr0 ra3a. bpulo HaIeHO, YTO MPH CKOPOCTAX
ANEKTPOHOB, MEHBIIUX HEKOTOPON KPUTHUYECKON CKOPOCTH, COYJAPEHUE TPOUCXOTUT
BIIOJIHE YNPYro — 3JIEKTPOH HE MEpPENaeT aTOMy CBOEH SHEPruu, a U3MEHSAET JUIIb
HaIlpaBJICHUE WUMIyJbca. [Ipu CKOpOCTAX, MOCTUTAIOMMX HEKOTOPOW KPUTHYECKOU
CKOPOCTH, CTOJKHOBEHHUE DJICKTPOHA C aTOMOM CTaHOBUTCSI HEYNMPYTUM — 3JIEKTPOH
TEpSET BCIO DHEPIulo, epeaBasi €e aToMy, KOTOPBIMA MOCJI€ ITOTO NMEPEXOAUT B JAPY-
roe cocTostHue ¢ 0osbIei sHeprueit. OTcroaa ciaeao0Bago, 4YTo aToM JIM00 BOOOIIE HE
BOCIIPUHUMAET HPHEPIUI0, TUOO0 BOCIPUHUMAET €€ B KOJUYECTBAX, PABHBIX PA3HOCTHU
SHEPruil B IBYX CTAllMOHAPHBIX COCTOSHUSIX, XapaKTEPHOU JIJIsl JAHHOTO aToMa.

Cxema ycranoBku ®panka - ['epria mokaszana Ha puc. 1. B BakyymHbBIN 6amioH
(TpyOKy) Briasiuel TepMokaton K, cetku C u aHoq A. TpyOKy 3amosHsum napaMu ucclie-
JyeMbIX BEIECTB (PTYTH, Tels M JAp.) MO HeOombimM faaBiaeHueM (~1 mm prt. cr.).
DJIEKTPOHBI, BBUICTEBIINE M3 KAaTO/a, YCKOPSIIMCH Pa3sHOCThIO moteHimanoB U(1) ,
MPUJIOKEHHON Mexk Ty KaTonoM K u cetkoil Ci1 . DTa pa3HOCTh NOTEHIIMATIOB PETYJIH-
pyetcst noteHimomerpom I71. Mexnay cetkoid Co 1 aHOJOM A BKIIFOYAETCA UCTOYHUK
MIOCTOSIHHOTO HampsikeHus mpuMepHo 0,5 B. DTOT UCTOYHUK CO3/1a€T DIIEKTPUUECKOE
moJie, 3aJep>KUBaroIIee ICKTPOHBI MPU WX JABMKEHUU K aHoay. [Ipu sTom aHox Jo-
CTUTAIOT TOJILKO T€ SJIEKTPOHBI, SHEPTUS KOTOPBIX OOJIbIlI€ BEJIUYMHBI YHEPTUU 3a-
JEP>KUBAIOIIETO MOTEHIINAIA.
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E=eU. (1)
HccenenoBaiack 3aBUCUMOCTD TOKA |, pErUCTpUPYyEMOro ralbBaHOMETPOM (MHUK-
poamnepmerpom) G, MOMEIIEHHBIM B IIeTh aHOa A, OT HanpspkeHus U,

K C, G A

S

Puc.1. Cxema ycranoku @panka u ['epia

[Tony4yeHHbIH pe3ynbTaT Js CiIydasi C HapaMu pTYyTH IMOKa3aH Ha puc. 2.

I, MKA

300 / \

N WIVIRY

100

-

0 41 9,0 13,9 U,B
Puc. 2 3aBI/ICI/IMOCTB CHJIBI TOKA OT HAIIPSXKCHUA

Makcumymbl Toka | HaGmoganmucs npu notenimanax U = 4,1; 9,0; 13,9 B. Pas-
HOCTbh MEXIY dTUMHU 3HAYEHUSIMU MOCTOsIHHA U paBHa 4,9 B (c Tounoctsio 1o 0,1 B).
Ecnu x npuioxeHHOMY M3BHE YCKOPSAIOIIEMY MOTEHIHATY MPUOaBUTh KOHTAKTHYIO
Pa3HOCTh MOTEHIIMAJIOB, KOTOpas B omnbiTe paBHsiachk 0,8 B, To momyyaercs psij 3Ha-
YeHHil sHeprui snektpoHa £ =4,9; 9,8; 14,7 3B, B KOTOpoM nepBOe 3HAYCHUE COB-
MagacT ¢ Pa3HOCTBIO MEXKIY COCEIHUMH 3HAYECHUSMU. MakCUMyMbl HA KPUBOW PHU-
CyHKa 2 MMEIOT MPOCTOE UCTOoJIKOBaHUE. [Ioka sHeprus 31eKTpoHOB MeHbIie 4,9 3B,
OHM HCIBITBIBAIOT C aTOMaMU PTYTH YOPYTHME€ COYIApPEHUs, UX IHEPTHs JOCTAaTOYHA
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IUTSL IPEOJIOJIEHHS PA3HOCTH NOTEHIMAIOB MEX Ty AnnekTpogamu C 1 A U TOK Bo3pac-
TaeT ¢ yBEJIMUECHUEM MOTEHI[Maja Mo 00bIYHOMY 3aKoHY. [Ipu noTeHnmnanax, KpaTHBIX
4,9 B, ynapsl CTaHOBSITCSI HEYIIPYTUMHU, 3JIEKTPOHBI OTAAIOT BCIO CBOIO SHEPTHUIO aTO-
MaM pTYTH U 3aJEP>KUBAIOTCS CETKOM. B pe3ynbrare TOK B LIENU aHOJA PE3KO MaJacT.
Ecnu sHeprus 351eKTpOHOB 3aMETHO MTPEBOCXONT BEJIMYMHY, KpaTHYIo 4,9 3B, TO Ta-
KHE DJIEKTPOHBI, MOTEPSB YacTh CBOEW JHEPTUM IPU HEYNPYIOM CTOJIKHOBEHHUH C
aTOMaMH PTYTH, COXPAHAIOT AOCTATOYHO SHEPTUM JIs MPEOAOJIEHHUS 3a0EPKUBAIO-
LIEro HANPSDKEHUS M TOK HAYWHAET BO3PACTaTh.

VYckopsromuii noreHuuan 4,9 B Ha3pIBaeTCs pe30HAHCHBIM MOTEHLIAAJIOM aToOMa
pPTYTH. ATOM JIFOOOr0 XMMHUYECKOTO 3JIEMEHTA XapaKTEPHU3YEeTCs] CBOMM 3HAUCHUEM
PE30HAHCHOTO MOTEHIMAIIA.

JlanpHeNe HUCCIENOBAaHUS IOKA3aJIM, YTO y aTOMOB JAaHHOTO COpTa Cylle-
CTBYET HE OJHO JMCKPETHOE BO30YKIEHHOE COCTOSIHUE, @ MHOKECTBO TAKUX COCTOS-
HUW. Y aToma pPTyTH, HalpUMep, KPOME PE30HAHCHOro noreHuuana 4,9 B umeercs
BTOPOI KpUTHUYECKUH nToTeHunan 6,7 B.

Taxum oOpazom, onbiTel @panka u ['epra nokazanu, YTO SHEPrUsi aTOMOB U3Me-
HSETCSl JUCKPETHO. TeM cambIM OBLIO MOIYYEHO SKCIEPUMEHTAIBHOE MOATBEPIKIe-
HHUeE 1ocTynaros bopa.

3.2 KOMIBIOTEPHBIN SKCIIEPUMEHT

Komnrerorepusiii sxciepumenT onbita Gpanka u ['epria mo3BOJIET UCCIEN0BATH
3aBUCUMOCTb CHUJIbI TOKA OT IIPUJIOKEHHOI'O HAIIPSDKEHMS, IIPOAHAIIM3UPOBATH I1OJIY-
YEHHBIC BOJIBTAMIIEPHBIE XapaKTepUCTUKU. Ilpu mpoBeneHMM DKCIIEpUMEHTa Ha
DKpaH IHUCIUIES BBIBOJATCA [JaHHBIE O IIPUIOKEHHOM HAIIPSHKEHUM W BO3HUKIIEM
JIEKTPUYECKUM TOKOM.

4. TPUBOPHBI U ITPUHAIVIEZKHOCTHU

1. KommnsroTep.

2. IIporpamma «Frank & Hertzy, BeImoaHEHHAs UIT KOMITBIOTEPHOTO MOJCITH-
poBanus ¢uznueckux onbiToB [x. @panka u I'. ['epua n1s moaTBepKaeHUS MOCTY-
natoB bopa.

5. IOPSIIOK BBIIMMOJTHEHUS PABOTHI. OBPABOTKA PE3YJIBTA-
TOB U3MEPEHUN

1. YcranoBuTe KOMIBIOTEPHYIO Tiporpammy «Frank & Hertzy na DBM.

2. 3amycTuTe mporpaMMy, UCTOJIb3Ys SIPJIBIK PACIIONIOKEHHBIM Ha paboyeM CTo-
Jie, B MEHIO MTPOTrpaMMbl BIOEpUTE MYHKT «OmbIT» puc. 3.

2. ITonb3ysich KOMITBIOTEPHOM MPOrPaMMOM, CHUMUTE 3aBUCHUMOCTh aHOJAHOTO

TOKa OT BEJIIMYMHBI YCKOPSIOMIEro MOTeHIuasa Mexay karogoM K u cerkoil Ci.
VYckopsitoliee HapsiKEHUE HA KOMIIBIOTEPE MOKHO M3MEHSITh C MOMOUIBIO KJIABHUIII
yIpaBJlieHHs] KypcopoM <— U —. HanpsbkeHue cienyer U3MeHsTh B auana3zone ot 0
1o 15 B gepes kaxapie 0,5 B, a B obmactu makcumymoB — yepe3 0,2 B, 3anuceiBas
MOKa3aHUs BOJIbTMETPA U TajibBaHOMETpa B Tao. 1.
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i -B} Frank & Hertz o xx : = ___3_'_(_}
Teopia Hochig  Tpo nporpaMy

arT Tema: JUckpeTHICTE eHEpreTUUHMX PIBHIE aToMiB

B cTaHoENSHHA NPMCEOpKKY0T HANPYCHA

; T, A o
:l: Dz: e ; | e
|:.|.| Ij il : efs 158

& i Mokasi npunagie

BonetreTpa

| FaneBaHoMeTpa ;

=l

1A BCTAHOENEHHA HANPYrH KOPHETYETECE KNABIWARM YIPAEAIHHA KYPCopan

Migkaska: |

Puc. 3. Moaens «OnbiT @panka u I'epria»

3. HOCTpOfITG Fpa(l)I/IK 3aBUCHUMOCTH BCIIMYUHBI AaHOJHOI'O TOKA OT YCKOPAIOIIC-
I'O HAIIPAXKCHHA. OHpCIIeJII/ITC us3 rpa(bmca IIOTCHOMAJI B036y>KI[€HI/I}I dTOMOB PTYTH.

Taonuma 1

Howmep 1 2 3 4 5 6 7 8 9 10
OIlbITa
U,B
I, MKA

Howmep 11 12 13 14 15 16 17 18 19 20
OITBITA
U,B

I, MKA

Howmep 21 22 23 24 25 26 27 28 29 30
OITBITA
U,B

I, MKA

6. KOHTPOJIBHBIE BOITPOCBI

1. Kakue 3aKkoHBI COXpaHEHHUS BBIIOJHSIIOTCA MPU YINPYroM M HEYNPYroM co-
YIAApPEHUSIX TEN?

2. Yto Ha3bIBaeTCsl A0OCOIOTHO YIPYTUM U HEYTIPYTUM yJIapaMu?

3. OOBsicCHHTE, HA KAaKUX YYaCTKaxX BOJIBTAMIICPHOW XapaKTEPUCTHKH (puc. 2)
MMEIOT MECTO YNPYTrue M Ha KaKuX — HEYNPYyrue CTOJIKHOBEHHUS DJIEKTPOHOB C aTo-
Mamu?

4. KakoBa JJIMHA BOJIHBI JIMHUM W3JIyYEHHs] IIPH NEPEXOJE JIEKTPOHA B aTOME
PTYTH U3 TIEPBOTO BO30YKIECHHOT'O COCTOSTHUSI B OCHOBHOE?
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5. Chopmynupyiite nmocrynatsl bopa.

6. C moMo1ibto MocTysnatoB bopa moiy4yunTe BhIpaKeHUs! ISl OMPEETICHUS CKO-
POCTH, pajuyca U SHEPTUU ABMKYILIErOCs 3JIEKTPOHA B aTOME BOJIOpOAa U BOJAOPO]I0-
M0/I00OHBIX ATOMOB.

7. Onumurte cxemy yctaHoBku @Ppanka u ['epiia, MOSCHUTE CMBICI OIBITOB
®panka u ['epria u 1aiite MOsSICHEHUST PE3YJIHTATOB STUX OIBITOB.

8. C kaxoil 11es1bI0 Ha 3JeKTpol A (Ha KOJJIEKTOp A) MOoJaeTcs 3aiepKUBaroIiee
HaIpSDKEHUE U U3 KAKUX cOOOpaKeHU OHO BbIOMpaeTcs?

9. Kak mposiBisieTcs KOHTAaKTHasi Pa3HOCTh MOTEHLUHMATIOB B OmbITe dpaHKa U
I'epua?
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NDPUIJOXEHUNUA

POUBNYECKHUE ITOCTOAHHBIE

IToctostHHas Asoragpo Na= 6,02204510%% mons™,
ITocrosinHas bonbimana k = 1,3807:102% Ix/K.
VYHuuBepcanpHas razoBas nocrostuas R = 8,31441 Jhx/(monbK).
DneMeHTapHbIH 3JIeKTpuuecKuii 3apan e = 1,6021892-1071° Ku.
DnekTpudecKas MoCToaHHAs g = 8,85418782:1012 d/m.
CkopocTh cBeTa B Bakyyme ¢ = 299 792 458 wm/c.
IMocrosinuas ITnanka h = 6,626176:1034 Jxc = 4,136:10° aBc;

h =1,0545887:103* Ixc = 6,59'10¢ »Brc.
Macca nokos snektpoHa Me = 9,109534:1073! xr = 5,4858026'10* a.e.m.
OHeprus nokost 3nekTpoHa Ege = 0,511 M»aB.
Macca nokost mpotona M, = 1,6726485:10%" xr = 1,0072776470 a.e.m.
OHeprus nokost npotroHa Egp = 938,26 MaB.
Macca nokos HeiiTpona My = 1,6749543:10%" kr = 1,008665012 a.e.m.
DHeprus mokost HelTpoHa Eq, = 939,55 M»B.
MarnutHas noctosunas po = 4mw107 Ta/m.
[Mocrosinaas ®apanes F = Nae = 9,648456:10* Kin/Moisb.
ITocrosunas Credana-Bonbumana 6 = 5,67032:108 Br/(m?K*).
ITocrosinnas Buna b = 0,00289782 mK.
[MocrostHHas Pundepra R.= 10973731,77 m™.,
Panuyc nepBoii 60poBckoit opouThl ag= 0,529117706:107° m.
KoMITOHOBCKAS JUIMHA BOJIHBI d1ekTpoHa Ac = 2,43:10712 m.
Marsueron bopa pg = 9,27:10%* JTx/T.
DHeprus HOHW3ALMK aToMa Bogopoaa E;= 2,18:108 [Tx.

OTHocuTeIbHAsl aTOMHAs Macca HEKOTOPbIX I/I3OTOHOB*, a.6.M.

H3oTon Macca H3oton Macca Heur-
HEUTPaAIBHOTO pajIbHOro aToMa
aToMa

1H! (Boopo) 1,00783 sB% (6op) 10,01294
1H? (neitrepuit) 2,01410 sB*! (6op) 11,00931
1H3 (Tpurnit) 3,01605 6C*2 (yrepon) 12,00000
oHe? (remmit) 3,01602 7N (azor) 14,00307
He? (renwmit) 4,00260 7N® (azor) 15,00011
3Li® (smurrwin) 6,01513 0™ (xmcmopo) 15,99491
sLi’ (urwin) 7,01601 sO’ (xucnopo) 16,99913
4Be® (6epummmin) 8,00531 13AI%" (amomuHmin) 26,98146

* JIn1s HaxOXKIEHUSI MacCHI siipa He00X0INMO BBIUECTh CYMMAapPHYIO MaccCy 3JIEKTPOHOB.
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Hpoﬁer O-9aCTHI B PAa3/IMYHBIX BEIECTBAX

PaHoaKTHBHbI Ilepnon nonmypacnana OHeprus Jlnuna npobera ‘-IflCTI/II_ILI, CM
H30TOL paluoaKTUB- YaCTULIB, B BO3- B MSIFKOI/IV6I/IOHOFI/I‘-I€-
HOI'0 U30TOIa M>b>B yXe CKOU TKaHU
210pg 138,4 cyt 5,3 3,8 0,0045
212pg 3107 ¢ 8,8 8,6 0,0105
*2Ra 1662 rona 4,8 3,3 0,0040
222Rn 3,83 cyr 5,5 4,0 0,0049
232Th 1,410% ner 4,0 2,5 0,0031
238y 4,510° ner 4,2 2,7 0,0034
2%9py 2,410* ner 5,2 3,7 0,0043
IIpoGer B-yacTui B pa3JIMYHbIX BellecTBAX
Panuoax- ITepuon Oueprus JlmHa mpobera B-4acTHIbl, CM
TUBHBIN noJypacrasia YaCTHIIbI,
H30TOII PaauOaKTUBHOTO Mb»>B B BO3- | B MATKOM OMOJIO- | B aJFOMU-
H30TOIIa yxe TMYECKON TKaHU HUU
4C 5530 ner 0,155 22 0,02 0,008
32p 14,3 cyr 1,71 610 0,92 0,01
S 87,9 cyr 0,167 28 0,02 0,01
*Ca 165 cyr 0,255 47 0,06 0,02
®Co 5,26 rona 0,310 62 0,09 0,029
2047 3,56 rona 0,76 217 0,35 0,11

JliimHa BouH ae bpoiias

B Tabnune npuBeaeHb! JUIMHBI BOJIH A A€ Bpoins s HEKOTOpBIX ABHXKYLIMXCS YacTHUIl U
Ten. Macca M CKOpOCTh YacTHUIl ¥ TeJl 0003HAUYE€HbI COOTBETCTBEHHO OykBamu m 1 V.

A
Yacrtuna, Teio m, KT V, M/c M B JIPYTHUX
eMHHAIIAX

DieKTpoH, obmanarommii saeprueii | 9,11 1031 | 5,94-10° 1,231010 0,123 um
100 »B
D1eKTpoH, obnanaronmii sHepru- | 9,110 18,7510° 3,88101 ~ 0,039 M
et 1000 B
Heiitpon TtemioBoit 1,67:10°%' 2,210° 1,810 0,18 um
[IpoTon 1,67-10°%7 13,86'10* 2,86:10712 2,86 HM
Anbda-dacTuiia, BeUIETAIONIAS 6,610 1,5:107 6,6:1071° 6,6 pm
U3 sipa pajaus
[TeunaKa 10°1° 0,01 6,610 66,0 am
[Tyns 910° 860 8,510
TeHHUCHBIN MY 58103 25 4,610
CHapsz 76-MUIIAMETPOBO# ynI- | 6,2 680 1,6:10°%
K1 oOpasua 1942 r.
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14 pemretox bpase
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Kyfuveckaq i S
p I F
ITnoTHoCTH P MeTas0B (mpH t =20 °C)
Merann p, Kr/M° Merasn p, Kr/M° Merasn p, Kr/M°
AroMuHUT 2 698,9 KobGanbT 8900 [Tnyronwmit 19860
bepminmit 1847,7 JluTnii 534 Pryth 13546,2
bop 2340 Maruwuii 1738 CsuHern 11350
Banauit 6110 Mapranery 7440 Cepebpo 10500
Bucmyr 9800 Menn 8900 Tanran 16600
Bonbshpam 19350 Monnben 10200 Turan 4500
I"epmanuit 5323 Hatpuii 968,4 Topuit 11720
Keneszo 7874 Hukenn 8900 Ypan 18950
30110TO 19320 HuoOwmii 8570 Xpom 7190
Nunnit 7310 Onoso 7298 Le3uit 1870
Upnnuit 22400 Ocwmuii 22570 Huak 7140
Kanmit 862 ITnatuna 21450 [{upkoHwmii 6510
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XapakTepuCTUKHU 3JIEMEHTAPHBIX MOJYNIPOBOIHNUKOB
CO CTPYKTYPO# THIIA ajIMa3a

OnemMeHT ITapamertp Temneparypa [[InprHa 3anpeeHHon
pEUIETKU, HM miasjaenus, °C 30HBI, 3B
Anmas 0,357 - 5,6
KpemHunii 0,543 1420 1,21
I"'epmanwmit 0,566 936 0,78
Cepoe 0JI0BO 0,649 232 0,08

du3nyecKue CBOMCTBA HEKOTOPBIX MOJYNPOBOIHUKOBBIX
MaTepHuaJoB

B tabnuiie npuHSTH 0003HAUEHUS: P - IJIOTHOCTD; tyy - TEMIIEpaTypa IJIaBICHUS;, Ol - TEMIIE-
paTypHbIil KOOPGUIUEHT TUHEHHOTO PACIIUPEHHUS; €0 - LIMPUHA 3aMPEIIEHHOMN 30HBI; L, - TTOABUX-
HOCTB DJIEKTPOHOB; L - TOJIBHSKHOCTD JBIPOK.

BemectBo p, Kr/M° tin, °C a10°°C €0, 9B 1>, M%/(Brc) w,M2/(Brc)
Ge 5326 937 5,75 0,66 0,39 0,19
Si 2328 1417 2,4 1,107 0,16 0,05
Se 4800 219 47 1,79 - 0,0001
Te 6250 452 16,8 0,33 0,17 0,08
GaAs 5317 1238 6,0 1,428 0,8 0,04
GaSh 5614 712 6,9 0,78 0,4 0,065
InAs 5667 942 5,19 0,356 2,26 0,02
ZnS 4089 1830 6,2 3,6 0,014 0,0005
(700 K)
ZnSe 5260 1520 1,9 2,7 0,053 0,0028
PbS 7610 1113 26 0,41 0,06 0,06
PbTe 6450 924 19,8 0,32 0,17 0,084

Upumeyanus

1. K moiynpoBoJHUKaM OTHOCSAT BEILECTBA, Y/EJIbHAs AJIEKTPOIPOBOIHOCTh (G) KOTOPBIX UMEET
Py KOMHATHOM TeMIlepaType MpOMEKyTOUHOE 3HAaUeHHE MEXAY YIACIbHOU 3JIEKTPONPOBOAHOCTHIO
metannos (o ~108...10* Om™em™?) i xopommx mmnexrpukos (o ~107°...1022 Omtem?).

2. KpemHuit urpaer u B onmkaiiiem Oynymiem OyneT Urpatb OCHOBHYIO POJIb B MOJXYIPOBO/I-
HUKOBBIX ycTpoiicTBax. OIHAKO B psijie OTBETCTBEHHBIX (U3MYECKUX U TEXHUYECKHX YCTPOMCTB
KpeMHUIl BeITecHsieTCsl apceHuaoM ramus (GaAsS): y mocaeHero BhICOKasi MOJIBUYKHOCTD AJIEK-
TPOHOB, OOJBIIAs, YeM Y KpEMHUs, IIUPHUHA 3alPEIICHHON 30HBI, B 3 pa3a OoJblmas yCTOWUIH-
BOCTh K BO3JICHCTBUIO pagualiyl U Oobllas TepMUdecKkas YCTOWYUBOCTh (BEPXHUUN Mpesien cTa-
OomnbpHOM paboueii Temmneparypsl coctasiseT 10 200 °C mporus 125 °C y kpemuus). KIIJ doto-
npeoOpasoBareineii Ha GaAs nocturaer 20 %, a Ha Si~15 %.
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Kpacnas rpannua Ao poro3rdgexra

BemectBo Ao, HM BemecrtBo Ao, HM
AroMUHUN 450 Oxkcup Oapust 1235
Bapwuii 484 Oxkcua menu (1) 239
bapwuii Ha Boiab(dpame 1130 [Tapadun 215
Bucmyr 330 [Tnatuna 230
Boma 200 PryTh 260
Bonbdpam 272 PyOunnit 573
I"'epmanmii 272 CBuHenl 310
Keneszo 287 Cenen 220
30710TO 285 Cepa 230
Kanmmii 320 Cepebpo 260
Kanuit 550 Cypbma 310
Kanpnuii 370 CypbMSHO-1I€3HEBBIN KaTOJl 670
Kucnoponno-1ie3ueBslii KaTo 1400 Topuii Ha Bonb(pame 473
Jutui 500 Le3uit 620
Marnuii 330 I{e3uit Ha BosIbpame 909
Menn 270 [le3wmii Ha TUTATHHE 895
Harpuii 540 [{uHk 290
Huxkenb 249

OcHOBHbIE XapaKTePUCTUKH (POTOIHOI0B
Ob6nacThb crek- JInmuHa BOJIHBI WNurerpanbuas | TemHoBoOM IToporo-
Mapka TpPaJbHOU YyB- MaKCUMaJIbHOW | YyBCTBUTENb- | TOK, MKA BbIU I10-
dboToanona | CTBUTENBHOCTH, | UYyBCTBUTEIBHO- | HOCTh, MA/IM TOK, JIM
MKM CTH, MKM
dJ1-1 0,4-0,6 1,6 20 30 1,510
OJ[-K1 0,5-1,2 1,0 3,0 3,0 31010
DJI-A2 0,5-1,2 1,0 6-7 3,0 2,510
OJI-8K 0,5-1,2 1,0 8.10-6 1,0 1,410
OT-1 0,4-1,9 1,6 170-500 300 5107
OTT-2A 0,4-1,9 1,6 1000 50 2,5107




PaboTa BbIX0/1a 3J1eKTPOHOB
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BemecTtBo Pabora BbI- BemecTtBo Pabora BbI- BemecTtBo Pabora BbI-
xoja, 3B xo1a, ’B xoj1a, 3B
AmnroMuHui 4,25 Maruui 3,64 PryTh 452
bapwii 2,49 Mens 4.4 Pyouamit 2,16
bepunnuit 3,92 Monu0nen 43 CsuHer 4.0
bop 45 Kamnii 2,22 Cenen 4,72
Banaanii 4,58 Kanpnuii 2,80 Cepebpo 4.3
Bucmyr 4,4 KobGanbT 4,41 Cypbma 4.8
Boasdpam 454 Kpemunii 4.8 Tammit 3,7
I'epmanuit 4,76 JIntnii 2,38 Tanrtan 412
Keneso 4,31 Hatpwuit 2,35 Topwuii 3,30
3051010 4,30 Huxens 4,50 Yrnepon 4.7
J 5050105070 3,8 HuoOuii 3,99 Ypau 3,3
Wpunmit 4,7 OxoBoO 4,38 Le3uit 1,81
Kanmuii 3,8 OcMmuii 4,7 ek 4,24
IInatuna 5,32 [upxonuii 3,9
I[MapamMeTpsbl (poTOPE3UCTOPOB
Marepuan Jymna BostHbl | ['panuna pabo- | Pabouas OO6Hapyxu- [TocTostHHAas
YyBCTBU- MaKCUMaJIbHOM | 4ero auamasoHa, | TeMIlepa- | TelbHas CIo- BpEMEHH, C
TEJIBLHOTO YyBCTBHTEIIb- MKM Typa, K COOHOCTH
3JIeMEHTa HOCTH, MKM BriT ul/2 oM
PbS 2,1 2,7 300 45108 10*
PbS 2,7 3,5 78 410° 0,510
PbTe 4,1 6,0 78 4108 0,2510*
PbSe 2,3-3,4 55 78 210° 5107
InSb 55 5,7 78 8,6'10° 10®
Ge:Au 6 9 78 7,510° 10®
Ge:Zn 36 40 4,2 410° 108
Hg-Cd-Te 10,6 15 300 1010 108




