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Heab padoThI: U3YyYUTh pacHpeAcsiCeHUE SJIEKTPOHOB IO CKOPOCTSIM,
NOKHJAOIIMX KAaTOJ BAKyyMHOTO JHOJA MPU TEPMOIIEKTPOHHOW SMHUCCHUH, a
TAKXK€ BOJIbT-AaMIIEPHYIO XapaKTEPUCTUKY U0/ U ONPEACIUTh 3HAYECHHUE pa-
O0TBI BBIXOJIa DJIEKTPOHA U3 METAaJLja.

I[Ipubopbl U NpUHALTEKHOCTH: YyueOHas yctaHoBKa DIJI-5.

QJJEMEHTBI TEOPUH

NuTterpanbnas u nuddepeHuuaibiasg QyHKUUM pacnpeae/JeHus

MonekynspHO-KMHETHYECKAsT TEOPUS BEIIECTBA PACCMATpPUBAET TEIA,
COCTOSIIIME U3 MHOYKECTBA aTOMOB MJIM MOJIEKYJ, ¥ KOTOPBIX B pE3yJbTaTe
B3aMMHBIX CTOJKHOBEHUH, MPOUCXOAAIIMX MUUIMAPABI pa3 3a CEKyHIy, Xao-
TAUYHO MEHAIOTCS CKOPOCTH, MMIYJbCHI, 3Heprus u T.0. [loBeaeHue Takux
CHUCTEM OIHMCHIBAETCA 3aKOHAMH, KOTOPBIE HA3BIBAKOTCS CMAMUCMUYECKUMU.
K HHMM OTHOCATCA pacupenesieHHsl MOJIEKYJ rasa 1o CKOpPOCTSIM, 3HEPTHUSIM,
MMITYJIbCY U T.J.

[leHTpanbHOE MOHATHE CTATUCTUYECKON (PM3UKHU — MOHATUE MIJIOTHOCTH
BepositHoctd f (X), T.e muddepenimanbroil yHKImy pacnpenencHus. Be-

POSITHOCTB TOTO, YTO IEPEMEHHAsT X JICKHUT B HHTEpBalie OT X 10 X+ dX, om-
penensieTcs Kak

dp = f (x)dx. (1)

WuTerpanbHoil (pyHKIMEH pacnpeneseHrus Ha3bIBAeTCs BEPOSTHOCTh

HaXO0X/ICHUs MIEPEMEHHONW B MHTEpBaJie OT & A0 X (3/1eCh & — MUHUMAJIbHO

BO3MO’KHOE 3HAYEHHE MEPEMEHHOMN). DTa PYHKUHUS ONPENEIAECTCS BbIPAKEHH-
eM

p(x) :'[ f(x")dX'. (2)

WuTerpanbHas QyHKIMS pacmpeneieHus] MOXKET OBITh BhIpaKeHa Kak
wiomaas moj rpadhukom nuddeperimanbHon GyHKIuu pacnpeaenenus. Ha-
o0opot, nuddepennmanbaas GyHKIHS paclpeaereHuss Mpyu JaHHOM 3Haye-
HUU TIEPEMEHHOUN paBHA YIIOBOMY KOA(DPUIMEHTY KacaTeJbHOU K Tpauky
WHTETPATbHON (DYHKIIUU pacIipeiesiCHusI.

Pacnpenenenne MakcBesiia

[Ipu u3yuyeHuun pacnpeneneHuss MoJeKyl MO CKOPOCTSIM 0eCCMBICIIEHHO
3a/1aBaThCsl BOIPOCOM O YHUCIIE YACTHUI[ C 33JIaHHON CKOPOCTBHIO, TOCKOJBKY
MHO>KECTBO YaCTHI[ CUETHO, @ MHOKECTBO CKOpPOCTEN — HempepbIiBHO. CTporo
rOBOpsi, KaXKJA0W KOHKPETHOM CKOPOCTH COOTBETCTBYET HOJIb MOJIeKyJ. [Ipa-
BUJIbHAS TTOCTAHOBKA BOINPOCA TAKOBA: CKOJIBKO YaCTHUIl UMEET CKOPOCTh B 3a-
naHHoM uHTepBaie (Hanmpumep, oT 300,0 m/c 1o 300,5 m/c)? Hucio yacTtuir co
CKOPOCTSIMH, JIeXKaluMu B uHTepBane ot V, go V, +dV,, ot Vy Ji (o) Vy + dVy,

ot V, mo V, +dV,, onpenensercs kax
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dN=N-f(V,.V,V,)-dv,dv,dv,,

rie N — monHoe konmdecTBo yactwim, f — muddepeHnnansHas QyHKIHS

pacmpeesieHnsi, KoTopas SBisieTcsl GyHKIMEH TpeX MepeMEHHBIX (KOMITOHEHT
ckopocTh MoJiekys). M3 Bcex BO3MOXKHBIX QYHKIUN paclpenesieHns B CTaTh-
CTUYECKON (pu3nke ocoOyio posib UTpaeT pacnpedenenue Maxceenna, 1Mo-
CKOJIbKY OHO OIpEJENsieT paclpeieieHHe OMUChIBAEMbIX KJIACCHUECKOW Me-
XaHUKOM YaCTHUIl B COCTOSIHUU TEPMOJAMHAMUYECKOTO PABHOBECHS:
3/2 2 2 2
m ) V72 +V7+V,
f(V,V,.V,)=| === exp|-m , 3)
27kT 2kT

34

JIx/K — rmocrosiH-
Has bonpimana. Pacnipenenenue MUKpoYacTuIl O KaXKA0W KOMIIOHEHTE CKO-
POCTH COBIIAJIa€T C HOPMAaJIbHBIM (TayCCOBBIM) pacHpelesieHUEM, MpHYEM
CpEIHssA CKOPOCTh MOJIEKYJI B TPOEKIIMH HA JHO0YI0 KOOPIAMHATHYIO OCh paBHA

rjae M — macca Jactuilel, T — temmeparypa, k =1,38-10

HYJIIO, & CTaHAPTHOE OTKJIOHEHHE paBHO o = (/KT /m.

Pacnipenenenne MakcBesuia MOKHO 3anucaTh HE TOJIBKO B JEKAPTOBOM,
HO U B JIPYTUX KOOPAMHATHBIX cUCTeMax. [{MIMHAPUUYECKYIO CUCTEMY KOOP-
IUHAT yJ0OHEee BCEro MCIOJIb30BaTh B TE€X 3aJadax, IJI€ UMEETCs CUMMETPUS
OTHOCHUTENIBHO HeKoTopoil ocu. C moMouipto pacnpenencHuss Makcsemia B
ATOM CHCTEME KOOPAMHAT MOYKHO OINPEEIUTh IUIOTHOCTh BEPOSTHOCTH IS
paauanbHOM (T.€. MEPHEHAUKYISIPHON K OCH CUMMETPUH) KOMIIOHEHTHI CKO-
pocty yacTun V,

m ) mv?
f(V)=| ——= | -exp|—= |22V, 4
( r) (27[ij P 2KT ' @
rae V,” =V, +V; . HauBeposTHeiilee 3HAYCHHE paOUAIbHOL CKOPOCTH PABHO
V. = JKT/m. (5)

Cdeprueckas cuctemMa KOOpAUHAT MUCHOJB3YETCs TOTa, KOraa u3ydae-
Masi pu3MYecKas cucteMa o0JajaeT eHTpadbHOM cuMMeTpuei. Pactipenene-
Hue MakcBesuia, 3aliCcaHHOE B 3TOW KOOPAMHATHOM CHCTEME, ITO3BOJISIET HAM-
TH pacHpeleIEHUE YaCTUL] IO MOYJIF0 CKOPOCTH:

32 p
f(V):47zV2(Lj exp _mv . (6)

27KT 2KT

OTtcrofa ciielyeT, YTO HauBEpPOSITHEHIIEE 3HAYEHUE MOMYJSI CKOPOCTH
YaCTHUIIBI PAaBHO
V =,/2KT/m. (7)
N3 ¢opmynsr (3) cremyeT Takke pacmupenesieHue M0 KUHETUYECKUM
sHeprusm mV?2/2:
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f(E)= 3(ij3/2 EEen| - ®

7 \ KT

Ha puc. 1 npuBenensl rpadvku, WLTFOCTPUPYIOITUE pacHpeae/ICHUs 110
CKOPOCTSIM U 3HEPTUSIM coryiacHO Gpopmyiiam (3), (4), (6), (8).

f(V).f(E)

0.8

0.4

0 1.0 20 V/V,.E/kT

Puc. 1. Pacnpenenenne Makcgeiia 1o KOMIIOHEHTE BEKTOPa CKO-
pOCTH B JEKapTOBOM cHCTEME KOOPJAMHAT (a); M0 pajuaJbHOU KOMIIOHEH-
T€ BEKTOpa CKopocTH (0); Mo MOayIto ckopocTH (B); mo sHeprusiMm (r). [1o
TOPU30HTAJIBHON OCH OTJIOKEHO OTHOILIEHHWE CKOPOCTH MOJIEKYJIbl K Hau-
Oonee BepoaTHO# V, mubo sHeprun K Beanunne KT

TepmodJieKTpoHHAasI IMUCCHS

JInst u3ydeHus pacnpenereHuss TEPMOIIEKTPOHOB IO CKOPOCTSAM M OII-
penenenuss pabOThl BBIXOAA MCIOJB3YETCA SBJICHHE TEPMOAIEKTPOHHOU
SMUCCHH U UCCIIEOBAHNE 3aBUCHUMOCTH TOKA B BAKYyMHOM JMOJE OT TEMIIE-
paTyphl KaTo/a U HAMPSXKEHUSI MEX1y KaTOJAOM U aHOJOM.

Tepmonnekrponnast smuccust (TD) — UcHyckaHHue 3JIEKTPOHOB Harpe-
THIMU TBEPABIMHU (peXe KUAKUMH) TenaMu. [ OonblIMHCTBA BeliecTB T
HaOJI0JaeTCsl MpU TeMIlepaTypax, 3HAUUTEIbHO Oojiee BBICOKHUX, YEM KOM-
HaTHad. Tak, ;s nmoidydeHuss TO 3aMeTHON BEIMYMHBI OOJBLIIMHCTBO TYIO-
IJIaBKUX METAUIOB HeoOxoauMo HarpeBath n0 temmepaTypsl 2000 — 2500 K.
SIBneHue TepMOAIEKTPOHHOM SMHUCCHH MOKHO OOBSCHUTH Ha OCHOBAaHUU CO-
BPEMEHHBIX MPEACTABICHUNA O CTPOEHHWH METaIOB. MeTayll NMpeacTaBiser
co00l KpUCTAITTMYECKOE TEJO, B Y3JIaX PEIIETKH KOTOPOTO PACHOI0KEHBI I10-
JIO)KUTENIBHO 3apSKEHHBIE HMOHBI. MEXy MOHAMHM HaxXOIATCS BaJCHTHbBIC
ANIEKTPOHBI, KOTOPbIE MOTYT CBOOOJHO TNEpeMeniaThCsi BHYTPH MeTasuia
(3JIEKTPOHBI MPOBOJIMMOCTH).

BOnu3u mnoBepXHOCTM MeETauia CYHIECTBYET MOTEHIMATIBHBIA Oapbep,
MPEMSTCTBYIOLIUI BBIXOAY 2JIEKTPOHOB U3 METallIa, U, CJIeI0BaTEIbHO, YTOObI
yIAIUTh JEKTPOH U3 METaIlJIa, HY)KHO 3aTPaTUTh HEKOTOPYIO SHEPTHIO.

MOKHO CUHUTaTh, YTO MOTEHMATIbHAS SHEPTUS FJIEKTPOHOB HA FPAHULE
METall — BaKyyM HM3MEHSETCA, KaK MOKa3aHo Ha puc. 2, rae A — ypoBeHb I0-
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TCHHI/IaJIBHOfl 9HCPIruu 3JICKTPOHA BHYTPH MCETAJaA. HOTCHHI’I&HBH&SI OQHCPIrusa
QJICKTPOHA BHC MCTAJJIa 110JIAracTcsAa paBHOﬁ HYJII0, CJICA0OBATCIbHO, BHYTPHU
MCTaJllIa OHA OTpUILIATCIIbHA.

Jjis TOro 4TOOBI AJAEKTPOH MOT
IIOKMHYTh METAJII, €r0 KUHETUYECKas
SHEpPrusl JOJDKHA OBITh OOJIbIIE TIIy-

A OnHpl noreHuHanbHOU ssmMbl W,,. Pac-
IpeIeICHUE JICKTPOHOB 10 SHEPTHIM
B METa/UIC TOJUYMHSICTCS pacrpeiesie-

U |
0 — 1
€p
=
W:
A |

anro ®epmu — [lupaka (puc. 3):

1 dn 1

~

daw (W—WF)'
l+expl ————
kT

©)

Puc. 2. IloreHumaabHbIA OapbeD

Wo

Puc. 3. Pacnpenenenue 351eKTpo-
HOB I10 SHEPTUsIM B METaJIE

3nece W — sHeprust snekTpoHa; I —
abcomoTHast Temneparypa; dn — duc-
JIO 3JEKTPOHOB C 3HEPIHEN B MHTEP-
Base (W, W+dW).

W3 pacnpeneneHust ciegyer, 4To TOJIBKO He-
3HAUUTEIbHAS YacTh 3JIEKTPOHOB B MeTajuie o0Jaza-
€T JHEpPrusiMU, OOJBIIMMHU HEKOTOPOrO 3HAUYCHHUS
We, HazpiBaeMoro sHeprueir @Pepmu  (0OBIYHO
KT<<WE; npu komHaTtHo# Temmneparype k7=1/40 5B,
We — nopsanka Heckonbkux 3B). Oneprus depmu
ONpeEsAeTCs MOJIOKEHUEM BEPXHETO 3arOJHEHHO-
IO SHEPreTUYEecKOro ypoBHS B MeTajule Mpu abco-
JIOTHOM HYJIE TEMIIepaTypbl, Ha3bIBAEMOT'0 YPOBHEM
@®epmu F. Ypoenbr Depmu ABISIETCS XapakTepH-
cTuKO# nanHoro meramia, npudeM We<W,,. Dnep-
I'MI0, PAaBHYIO Pa3HOCTU MEXAY ITyOMHON MOTEHLHU-
anpHOM MBI W,, 1 ypoBHeM Depmu We, Has3bIBaIOT
paboTol BBIXOJA DJEKTPOHA M3 METaia U 0003Ha-
qaloT e (e — 3apsj AJIEKTPOHA, ¢ — MOTCHIIUA BbI-

x0J1a). OOBIYHO e U3MEPSIETCS B AIEKTPOHBOJIBTAX.
[Ipn KOMHATHOW TemmepaType KOJUYECTBO AJIEKTPOHOB, 00JIaJar0IINX

SHEPrUeM, NOCTAaTOYHOM JIsi BBIXOAA U3 METAJLL
(xpuBasg 7T; Ha puc. 3). [Ipu HarpeBaHuu Mertasia
TPOHOB PE3KO Bo3pacTaeT (KpuBas 1, Ha puc. 3) U B

ITpuGopoM, ¢ MOMOIIBIO KOTOPOro H3ydae
ANEKTPOBaKyyMHbIN 1HOA. CXeMaTHYeCKOe yCTpOH

3aHO Ha puc. 4.

~ NN/ 0
~ 7|
S
N, e ! 7 b
-
5 7
A K A

Puc. 4. Katox B BakyyMHOM
auoae
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MexTy 3IeKTPOIaMH CO3/aeTcsl AIeKTpuueckoe nose E , TopMossiee
JIBUKCHHE UCIAPUBILIUXCS C KaToJa dJEKTPOHOB. OTpHIATENbHOE HANpsIKe-
HHE UTpaeT poiib (pUIbTpa, MPOMYCKAIOIIETO TOIBKO T€ dJEKTPOHBI, paauab-
Hasi CKOPOCTb KOTOPBIX JOCTATOYHO BEJIMKA, YTOOBI MPEO0JIETh MOTEHIIUAT b-
HBII Oapbep MEXAy aHOJOM U KaToIOM (paJuaibHOe IMoJie He BIUSET Ha Mpo-
JOJIbHYIO KOMIIOHEHTY CKOPOCTH).

Ha anox momaayT 3JeKTpOHBI, SHEPTUsl KOTOPBIX Oouiblie paboThl CUII
AIIEKTPUYECKOTO TOJIS IO UX TOPMOKEHHUIO:

mv?/2>eU, (10)
rae U — norennuan anoaa. OTcroja ciielyeT ycJIoBUE MOMAIaHusl 3IEKTPOHA
Ha aHOJ:
2eU

—
N3Mmepsiss aHOAHBIM TOK IPU U3MEHEHHHM BEJIUYUHBI OTPUIIATEIBHOTO
AHOJIHOTO HAINPSKEHUSI, MOXKHO HEMOCPEICTBEHHO MCCIEN0BATh pacipeere-
HUE TEPMORJIEKTPOHOB IO In()}
CKOPOCTSM WJIA  DHEPTHUSIM. I 111
JIns ~ 3TOrO0  paccMOTpUM
BOJIbT-aMIIEPHYIO XapaKTepu- !
ctuky (BAX) BakyymMHOTO I !
M0/a, T.€. 3aBHCUMOCTb Me- |
|
|
]

V. >V =

min

(11)

KAy aHOJAHBIM TOKOM H pa3-

HOCTBIO TIOTEHIIMAJIOB MEXIY o

JJICKTpOJaMHU, IIOCTPOUB €€ B 0 _U

noiayjsorapuMHUIECKOM Mac-

mrrabe (puc. 5). Puc. 5. BonbT-amnepHasi xapakTepucTHUKa
[Ipu OONBIIKUX MOTOKHU- BAKVVMHOT'0 I10aa

TEIBHBIX MOTEHI[MATIaX TOK MPAKTUYECKUA HE 3aBUCHUT OT HAIPSKEHUS, TaK KaK
BCE BBUICTAIONINE C KATO/Ja DJCKTPOHBI MOMAJAI0T HA aHOA. DTO MPEACIbHOE
3HaYCHHE TOKA Ha3bIBaeTCs mokom Hacvluyenus (yaactok Il ma puc. 5).

ITpu Hanpsixkenun U <0 aHOAHBIA TOK BBIUMCISAETCA CIETYIOIIMM 00-
pa3oM. PaccMOTpUM TOJBKO 3JIEKTPOHBI C paJUalbHBIMU CKOPOCTAMHU OT V,

no V, +dV, . [InoTHOCTH TOKa, CO3JaBa€MOr0 3THMH YaCTUIIAMH:
dj=e-V, -dn. (12)
3mech € — 3apsa dJekTpoHa, dN — YHCIO YacTHIl B OTOM HHTEpBalie
CKOPOCTEH, KOTOpOEe BhIpakaeTcs uepe3 QyHKIMIO pacupeneneHus MakcBen-
Jla B IUJIMHAPUYECKON CUCTEME KOOPAMHAT KaK
dn=n,-f(V,)-dv,, (13)
rae N, — IOJIHOE YUCIIO YaCTHUIl Ha PACCTOSHUMU I OT ocH nunuHapa. IlonHsii

TOK 4e€pe3 UUWIMHAPUYECKYH) IMOBEPXHOCTh paguyca I OINpEeneisieTcs 4epes
WUHTETPAI:
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1(U)=$ j dj, (14)
Viin(U)
rae S — IUIONIAaAb MWJIMHIPUIECKON MOBEPXHOCTH BHYTpU auoxaa. [loacras-
a5 B popmyny (14) BeIpakeHue i TUIOTHOCTH ToKa (12) M yduThIBas BhI-
paxenue (13), momydaem:

1(U)=enS [ V,-f(V
Vin(U)
[Tepenucas (15) ¢ yuerom ¢yHKIHMH pacmnpeneiacHus MakcBemia B 1H-
JUHAPUYECKON CUCTEME KOOpPAMHAT JJI paJuajbHON COCTABIISIONMIEH CKOPO-
ctu (4), umeem:

)-dv.,.

r

(15)

r

© 3/2 o mv,2
I(U)=en,s | Vr-f(Vr)-dVr:enOS(ﬂ) 1 [ v?e#.dv,. (16)

kT \/E V'n(U) r e

Vmin(U) mi
m)* 1
Beenem koncranty C, =en,S T F , nepenueM (16) B Buge:
V2
o0 mVr2
1(U)=C- [ V?-e 2 .dv,. (17)
Vmin(U)

Ecnu TOK HE 3aBUCUT OT BPEMEHH, TO Yepe3 JII00YI0 HUIUHAPUIECKYIO
MIOBEPXHOCTh C OCBIO, COBNAJAIOIIEH C KaTOJIOM, 3a PaBHbIE IPOMEKYTKH
BPEMEHH IIPOXOAUT OJHO U TO K€ YHMCIIO JIEKTPOHOB, T.€. IPOU3BEACHUE N,S

HE 3aBUCHUT OT PacCTOSIHUA /10 ocu auopaa. Takum oOpaszom, BeipakeHue (17)
OIPEENSACT aHOIHBIN TOK.
Beoas HoByio nepemennyto X =eU /KT u mpousBoms 3amMeHy nepemMeH-

HOW MHTErpupoBaHus B uHTerpaie (17), moimydaem BoIpakeHHE JJIsl aHOIHOTO
TOKa KaK (PyHKIIHMIO OT X:

1(x)=C T t? - exp(-t?) - dt, (18)
Jx

rae t — npomexyTouHas nepeMeHHasi UHTerpupoBanus (t = «merz / 2KT ).

WNHuTerpan He BbIpakaeTCsl aHAIMTUYECKH Yepe3 dJeMEeHTapHble (yHK-
muu. OTHAKO MOXHO NPUMEHHTH ciaeayromuid npueM. [IpouHTerpupyem 1o
qyacTsaM BbipaxkeHue (18), momyuum:

l(x)=C- Jxe ™ + T exp(—t?)-dt |. (19)
N

Koncranty C MOXHO MOJIYYUTHh U3 YCIOBHS, YTO MPU OTCYTCTBUU 3a-
nupatomiero HanpspkeHus (X =0) JODKEH MOTYYUTHCS MOJIHBI TOK IMHCCUU

|, . UaTerpupys (19), ¢ yuerom 3toro ycnosus nosnydaem C =21, / \J2r.
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Brtopoii unen B BoipaxkeHuu (19) BaxeH JUIIb MPU MAJIbIX 3aMUPAIOIINX
HanpspkeHusx U , mperedperas uM v jorapudMupysi, moaydaeM:

I eU

In| — |=const ——. (20)
JU KT

OTC}OI[a CICOYCT, YTO IIpU OTPHULATCIIBHBIX INTOTCHIHUAJIAX Ha JIOI“apI/I(i)-

MHUYECKOM BOJIBT-aMIIEPHOM XAPAKTEPUCTHKE BAKyYyMHOTO IHOJA HMEETCA

IPUOIMKEHHO JIMHEHHBIA y4Ya- i
cTOK (CM. pHc. 6). lnL N5
Takum oOpaszom, rpadux 2
|
3apucumoctd In| —— | ot U 4

o

CCThb IpsAMasd JIMHHUA C YIJIOBBIM

koddurmenrom /KT, dro 8
MO3BOJISIET OICHUTH TeMIIepa- 10
Typy OJJEKTpOHHOro raza. E& 2 4 6 : U

MOKHO CPaBHUTH C TEMIIEpATYy-
pou karoma. Temmeparypy Ka-
TOJa IPAMOT0 HaKajla MO’KHO PacCYMTaTh IO BEIMYMHE TOKA Hakana |, u ma-

Puc. 6. Jlorapudmuueckas BAX nuoma

IeHUs HanpspkeHud Ha kartone U . [l oneHKH TeMIlepaTypbl HUTH Hakalla
ONpeeNsAeTCsl BeIMYNHA CTaTH4Yeckoro comnporusiaeHus vutu (R=U /I ) un

PacCUUTHIBAETCS €€ TeMIIEpaTypa.

Takum oOpa3om, B JaHHOU paboTe TemIieparypa KaTtoja OmnpeaesieTcs
KOCBEHHBIM METOJIOM Ha OCHOBAaHHUM 3aBUCUMOCTH CONPOTHUBJIEHUS MPOBO/I-
HUKa OT TeMmeparypsl. Ecnu npu temneparype T, CONpOTHBIEHHE MPOBOJI-

HUKa paBHO R,, a mpu Temneparype 1 paBHO R,, TO memnepamyphviti Ko-

aghpuyuenm conpomusnenus ONpeaesieTcs Kak
o= ﬁ (21)

R, -(T —TO)
B kauectBe Temnepatyp T u T, MOXKHO OpaTh M aOCONIOTHYIO TEPMO-

JUHAMAYECKYI0 TeMIiepaTypy B KenbBuHax, u temneparypy no mkaie Llens-
cusi. Beipaxas u3z ¢opmynsl (21) temmeparypy T, moiydaem pacueTHYIO
(dopMyITy ISl OIEHKH TeMIIEpaTypbl HAKaJeHHOIO KaToa JIaMIIbl:

T:—RT_R°+TO, (22)
aR,
R =U, e/ Ve (23)

rie @ — TeMneparypHblid Ko3((UIIMEHT COMPOTUBIICHUS] MaTepuana, U3 Ko-
TOPOT'0 U3rOTOBJIEH KaToJ, R, — CONpOTUBIEHUE KaTOa IpU Temueparype T, .

B Haimem ciyyae naMiia uMeeT OKCUIHBIN BOJb()PaMOBBI HaKalbHbINA KaTOA
¥ MO>KHO TIPHHATH, uT0 o =4,5-107° K™,
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B dopmyne (22) npeanoyTuTeabHEE UCIONB30BAaTh TEMIEPATypbl 1 U
T,, BeIpakeHHBIE 110 1Kane KenbBHHA, NI MOCIEIYIOMETO UX HEMOCPEICT-

BCHHOI'O CpaBHCHHUA C ITOJIYUCHHBIMH B XOJC 06pa6OTKH OKCIICPUMCHTA 3Ha-
YCHUAMM.
3a HayaJbHOE 3HAYCHHUE RO CICOAYCT IIPUHATH COIIPOTHUBJICHUC HUTHU HA-

Kaja npu komHaTHOM Temneparype T, ~300 K u cumrats paBHbBIM R, ~ 0,16

Om, CONPOTHUBIICHHE K€ Pa30rpeTOro Karojaa ompeaemnseTcs rno 3akoHy Oma
nyrem wusmepenns Unk, Ink  BctpoennsiMm  «M3MEPUTEJIBHBIM
[TPTBOPOM» nio dhopmyie (23).

OIIMCAHUE YCTAHOBKHA

brok-cxema yueOHON yCTaHOBKHM JJIsI U3yUEHUSI pacIpe/ieTICHUs TEPMO-
AJIEKTPOHOB MO CKOPOCTSAM METOJIOM 3aJEP KUBAIOIIETO MOTEHIMANA TPe.-
ctaBieHa Ha puc. 7. [lepea Hadamom pabOThl C MOMOIIBIO MPUTIATAEMBIX TI€-
pPEMBIYEK THUIIA «TIOJIbIIAH-TIOJbIIAH» HEOOXOJUMO coOpaTh cxeMmy sl pado-
ThI, MIOJKJIFOUMB HAKaJ JIAaMITbl K MIOHIKAIOIIEMY TpaHchopMaTopy, a aHOI — K
OTPHUIIATEIILHOMY IOIIOCY PETYIUPYEMOTr0 NCTOYHHKA MUTAHUS TTOCTOSTHHOTO

TOKa. JlJIsl 3TOro nepeMplukaMy COEAUHUTH BBIBOABI COOTBETCTBEHHO IOMap-
HO: XS1 — XS3; XS2 — XS4; XS5 — XS6.

R .

=Y paz2 (l\

I = xss()
quuult:::nmuunm + B2 e
(\')WZ —

XS6y._

~220 B ~2,5 B Xﬁl XS_S _
O O

Puc. 7. biok-cxema ycTaHOBKHU

HOPAAOK BBIITIOJIHEHUSA PABOTBI
1. U3yuenune pyHKkuM pacnpeaeieHUs 3J1eKTPOHOB [0 CKOPOCTAM

1. BrirouuTs 1abopaTopHBI MOYIb B ceTh ~ 220 B.

2. Tlepeectu nepexmtoyatenb CETb Ha maHenu ycTaHOBKH B TIOJIOXKE-
Hue «BKJI», mpu 3TOM IOJKEH 3aroperbesi COOTBETCTBYIOIIUM CUTHAIBHBIN
cBetouo. JlaTh mpubopy MporpeThesi He MeHee S - 7 MUHYT.
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3. CoOpatb cxemy s uccienoBanus BAX BakyymHoro amoja B 00-
JIACTH OTPUIIATETHHBIX HAMPSHKCHUA HA aHOJE, COSTUHSS KOHTPOIBHBIC TOYKU
0JIOK-CXeMBI (puc. 7).

4. 3anucaTh 3HaYCHHE TOKa Hakaia (katoja) InK u majgeHus Hampsoke-
HUs Ha Hakane (katone) Unk . PesynbraTel 3anectu B Tab. 1.

5. Paccumrars mo ¢opmyse (23) conmpoTUBICHNE HAKAICHHON 10 HEKO-
TOpPOW TeMIepaTypsl HUTH KaToga R, a mo ¢popmyie (22) reMneparypy Karo-

naT.

6. Haxatp kHonky «YIIPABJIEHUE» u, ynepxuBas e B TeueHue ~ 3
CEKYH/]I, BOUTHU B peXUM CHATUSA BAX nuona mpu oTpULATENBHBIX HAIPSIKeE-
HUSIX Ha aHOJIE€ IIPU JAaHHOM TOKE Hakajia (TeMIiepaType KaToJa).

/. IlnaBHo Bpamas pyuky «HAIIPSOKEHUE AHO/IA», cHATh 3aBu-
CUMOCTb TOKa aHozaa |, ot 3anep;kuBaroero noreHnuana Ha anone U ,. Ipu

3TOM CJEAyeT Y4eCTb, YTO aMIEPMETP B LIEMH aHOJla CHA0KEH aBTOMaThYe-
CKHM IEPEKIIOYaTEIeM MPEAEIIOB U3MEPEHHUS, TOKA3aHUSI MOT'YT WHAMIUPO-
BaTthcsd B MA (Mmwntmamnepax), MKA (Mukpoammepax), NA (HaHoamIiepax).
Texymas equHuIa U3MEPEHUs] 0TOOpa)kaeTcsl MOCIE COOTBETCTBYIOIIETO YH-
CJIOBOT'0 3HA4YE€HUS Ha AucIiuiee. Pe3ynbTraTtel M3MepeHus 3aHECTH B Ta0u. 1.

8. Paccuurarh Benmmunnsl U, u In( N / Ju A), pEe3yJIbTaThl TAKXKE 3a-

macarh B Ta0J1. 1.
Tabauna 1

Unk=..B; Ink=..A; T=..K

U,,B l,,4 \jU_A In(IA/\/U_A) v,ct V., m/c

9. Ucnonw3ys Beipakenue (11), paccuutarh 3HaYCHUE MUHUMAIBLHON
CKOPOCTH 3JIEKTPOHOB V., HOCTUTHNIMX aHONA, AJIA Kaxkaoro 3Hadenus U ,.

[IpuHATH YKCIEHHOE 3HAUeHNe KOHCTAHT: Macca dMekTpoHa — M=9-10" xe,
-1
3apsz onekTpora € =1,6-10" K. PesymbTatsl 3aHecTH B Tabm. 1.
10. Ucxons u3 3Hauenuit anogHoro toka |, u ycinosus |, =e-v, pac-

CUUTATh KOJMYECTBO JIEKTPOHOB V , JOCTUTAIONIMNX aHOJIA JIAMIIbI 32 1 CeKyH-
ny. PesynbpTaThl Taxke 3aHectd B TaO. 1.

11. TlocTpouTs rpaduk 3aBUCUMOCTH In(l / Ju ) ot U . YOenutscs, 4To

OKCIICPUMCHTAJIIBHBIC TOYKH JOCTATOYHO XOPOIIO JIOXKATCA Ha HIPAMYIO, T.C

ATa 3aBUCUMOCTb UMEET BUJ In( I / \/U ) =a+b-U (cMm. puc. 8). 3mech k0d3d-

(GUIIMEeHT HAKJIOHA TIPSIMOM OTpeeseTCsl KaK
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Aln(1/u
_ & _ M (24)
KT AU
a TeMIeparypa dJIeKTPOHHOTO ra3a

T= (25)

T
b-k|
B dopmyne (25) mb1 yuinm, uro b <0, mosToMy, Tak Kak aOCOJFOTHAS
Y temneparypa T >0, BoIpaxke-
Nowar [+ Hue (25) GepeTcs o Moo
(k=1,38-10% Jlowc/K — mo-
M‘[ \ crosaHas bosbimana). Cpas-
a HUTH TIOJyYEHHOE 3HAYCHHE
T co 3HaueHHEM, pacCUNUTAH-
=< HBIM B 11.5.
AL TN V, e 12.Tlpu  HaiiaeHHOU
: | : TEMIIEPAType  AJICKTPOHHOTO
5 raza T no dopmyie (5) onpe-
JCIATH HauBEPOSTHEUIIIEE
3HAYEHUE PaJUaJIbHON CKOPO-
CTH W TIOCTPOUTH 3aBUCH-
mocte N =v=v(V,). Ora 3a-

v

i T - BHCHMOCTH HTPacT B JIAHHOM

AKCIIEPUMEHTE pPOJb HWHTE-
Puc. 8 rpanbHO  (QyHKIMK pacmpe-
JICTICHHS DJICKTPOHOB B aHOJHOM TOKe. Eciu BBl Bce Tpojenany mpaBUIbHO,
TO JOJDKHA TOJIYYMTHCS KPHUBas, MOXO0XKas HAa KPUBYIO, U300PAKEHHYIO Ha
puc. 8, a.

13. Cnenyrommii sTan — moctpoeHue auddepeHuanbHon GyHKIUHA
pacrnpeiesieHus] 3JIEKTPOHOB aHOJHOTO TOKa Mo ckopocTsMm (puc. 8, 6). Jta
GyHKIIMS paBHA YrJIOBOMY KO3(GGUIIMEHTY KacaTelbHOW K rpaduKy HHTE-
rpayibHOM PyHKUIMM pacnpenenenus. B nanHoit paboTe 3Ta BeMUKMHA BBhIYHKC-
nsieTcs npubnmkenHo. s aToro crnenyer pa3outh ock adcuuce (puc. 8, a) Ha
paBHBIE MHTEpBaAIBI AV , HaUMHAs ¢ HaUMeHbIeH ckopocTu. [lomyuuTs s
KaX/I0r0 MHTEpBaJla COOTBETCTBYIOIME OTHOLIEHUS YUCIIA 3JIEKTPOHOB AV,

JOCTUTHYBILIUX aHOJA, K MHTEpBAIly CKOpocTerd AV, .

[Ipu mocTpoeHUU KpPUBOM OTJIOXKUTH Ha OCH a0CIIMCC CEPEIUHY BBI-

OpaHHOTO MHTEpBANa CKOPOCTEW V., Ha OCM OpIMHAT — BEJIUYHHY
1
f(V)=—Av /AV, t1e v,, — MOJHOE YHCIO SICKTPOHOB, MONABIINX HA

Vmax

aHoO/J 3a €AMHUIY BPECMCHH, OHO OIMPCACIIACTCA C-)KCTpaHOJIHI_II/ICﬁ 9KCIICPUMCH-



11

TaJbHOW KPUBOM JI0 MepecedyeHus ee ¢ ocblo Y . XKemareabHO HMETh HE MEHEE
15 skcnieprMeHTaIbHBIX TOYEK.

14. Haxxath u yJepxkuBaTb B TEUYEHHE ~3 CEKYHJl KHOIKY
«YIIPABJIEHUEY, BoliiTH U3 pexxuma uzmepenuss BAX nuona m nepeitu B
PEXUM U3MEHEHUS TOKA HaKaJla JIAMIIbL.

15. OnmuHo4HO KpaTtkoBpeMeHHO (~0,5 CEeKyHIbI) HaKHMas KHOIIKY
«YIIPABJIEHUE», namenutsh Tok Hakaia INK guoma v MOBTOPHUTH ACHCTBHS
nm. 4 - 13 gis Apyroro Toka Hakaja, BCE U3MEPEHHBIC U BHIUMCICHHBIC 3HA-
YeHUS 3aHECTH B TAOJIMITy, aHAJIOTHYHYIO Tao. 1.

16. [ToBTOpHUTHh aHANOTUYHBIC NEUCTBUS ISl TPETHETO 3HAYEHUS TOKA
HakaJsa (TeMnepaTypbl KaTojia).

2. Onpenesenne padéoThl BLIX0A JJIEKTPOHA U3 MeTAJLJIA

1. [loBTOpUTH neiicTBug n. 1 - 3 (vacth 1).

2. 3anucaTh 3HaY€HHE TOKa Hakaia (katona) |, v mageHus: HanpsKeHUs
Ha Hakaune (karoxe) U,,.

3. Boruncauts conpotusneHue karoga R =U /| u ompexenuts TeM-
nepatypy karona 7 mo gpopmyie (22).

4. Haxatp kHonky «YIIPABJIEHUE» u, ynepxxuBasi e€ B TeueHue 3
CEKYH/]I, BOUTH B peKUM CHATUSA BAX nuona mpu oTpULATENBHBIX HAIPSIKeE-
HUSIX Ha aHOJI€ IIPU JaHHOM TOKE Hakaja (TeMIepaType KaToJa).

5. [InaBuo Bpamas pyuky «HAIIPSDKEHUE AHOJA», cHATh 3aBUCH-
MOCTh TOKa aHojga lpn OT 3aaepXKHUBAaIOLIEro MOTEHIMAla Ha aHoJe
L,=1(U,).

IToctpouts 3aBucumocts |, = f (U A) . Ompenenuts Tok npu U, =0 B.

6. [oBTOopUTh M. 2 - 5 M1 ABYX APYTUX 3HAYCHHWH TOKa Hakana |, u
najeHus HampspkeHust Ha Hakane U,. [[is aToro HaxaTh M ynep>XuBaTh B Te-
yeHne 3 cexyHa KHONKY «YIIPABJIEHUEY, Boiiitn n3 pexnma cHsatusgs BAX
JM0J1a ¥ TIEPENTH B peXKUM U3MEHEHUs Toka Hakaina |, mammbl.

3atrem KkpaTkoBpeMeHHO (~ 0,5 CeKyHIbl) HaXuUMas KHOIKY
«YITIPABJIEHUEY, usmenntsh Tok Hakana |, nuona. Pe3ynbpTaThl uamMepeHuit
CIIeMyeT 3amucath B Ta0. 2.

7. OnpenenanTb TOKA HACBIILIEHUS TP Pa3IUYHbIX TEMIIEpaTypax myTeM
ymHOoxkeHHss Toka npu U, =0 nHa kodppumuentsr «1», «20», «50»:

IHac = IUa:O ) k '

8. Ilo okoHuaHUU PabOTHI OTKJIIOUUTH YCTAHOBKY OT CETH, NIOCTABUB
nepeximovarens «CETb» B monoxenue «BbIKJI», 1 BEIHYTh CETEBYIO BUJIKY
U3 PO3ETKHU.

1 1
9. IMocTpouTth Tpaduk: ln(;j’;) =f (T) re Temmeparypa karoga T

u3MepseTca B equauiax KenbBuHa.
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10. Beruucauts paboty Bbixoa e Boibdpama. [l 3Toro mpoBOAUTCS

Hac

1
npsiMasi Ha Tpaduke ln(sz =f (T) U TI0 yIJIOBOMY KOd(dUIIMEHTY Tpsi-

Illac
Aln( %Zj ep tga -k
€

MO ompenensercs e, T.e. tga = =— WIH Q= ,Te kK —
A7)
T
nocTostHHas bonbiMaHa, € — aIeMeHTapHBIN 3apsil.
Tabmuma 2
l, = U, = l, = U, = I, = U, =
Ua A Ua Ia Ua A

BOIIPOCHI U 3AJAHUA JJ151 CAMOKOHTPOJIA

1. Kako#i o0mumii BUJT UMEET BOJIbT-AMIEPHAS XapaKTEPUCTHUKA BaKyyM-
HOTO auoja’?

2. [Touemy MOBEpPXHOCTH METaJIIa IPEICTABISAET AJIs SJICKTPOHA MOTECH-
IUAIBHYIO SIMY?

3. Uto takoe ypoBenb @epMu u paboTa BbIXOAA AJIEKTPOHOB U3 METal-
na?

4. YTO Takoe TepMOIJIEKTPOHHAS SMUCCHSI?

5. TloueMy mipu TEPMOIIIEKTPOHHON SMUCCHH pacmpenesieHne cBo0o/I-
HBIX AJIEKTPOHOB MOKHO OMHUCATh KJIACCUYECKUM pacnpenesneHneM Makcsed-
na?

6. 3aueM B cxeme 7Sl CHATHUS BOJIBT-aMIIEPHON XapaKTEPUCTUKH B JaH-
HOM paboTe U3MEPSIOTCS TOK U HaIlpsKeHHe Hakasa?

7. ITo kakomy rpaduKy U KaK BBIYUCISIOTCS PabOThI BHIXO/IA B TAHHOU
pabote?

8. Uto Takoe pacnpenenenue @epmu - Jlupaka? Koraga oHo ucnons3y-
ercs?
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