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moit noaycdepsr (puc.5):

2R

Puc5 Puc.6

2q
E=k—,
2
a cJjeaoBareabHO, MOXHO BbIYUCJ/INTD U JaBJICHUE:
p=EFEao,
rne 0 = ——, — TIOBEPXHOCTHAs ILJIOTHOCTDb 3apsja. Pe-

3yJIBTUPYIONIAs CUJIA PaBHA M0 BEJMYMHE CHJIE JIABJIEHUS Ha
IJIOCKOCTD, 3aMbIKaoNyo noaychepy (puc.6):

F = miR'p.

[Tpunnmas Bo BHUManume, uto F, = 2F, moayunm

KOHIIEHTpUYecKoil nosycdepoil paguycom R u 3apsajgom Q
G6yner pasHa 2F. Ho aTy cuily JIerko BBIYMCJUTD, 3HAS
HAIIPSIKEHHOCTD 3JIEKTPUYECKOTO T0JIs Ha TIOBEPXHOCTH 6OJIb-

OU3BNYECKUM

o9 _ 99

2R’ 8me, R’
I'.I'puzopsan

OAKYJIDbBTATUB

[lante MHe
Da30exXaTbCs!

C.BAPJIAMOB

BIMJKEHUE 3APAKEHHBIX YAC-
ﬂpm{ B rase 107 JeHCTBUEM 3JIEKT-
PHUYECKOTO T0Jis, KAK M3BECTHO, IPH-
BOIUT K BO3HUKHOBEHWIO PA3JUUHBIX
THUTIOB TA30BbIX pa3psnoB. Hexkoropbie
U3 HUX HAILIN TIPAKTUYECKOE IpUMe-
Henue. Tax, ¢ MOMOIIBIO JYTOBOTO Ta-
30BOTO Paspsi/ia MPOU3BOISAT CBAPKY
MeTaJTMYeCKUX JleTajeil, a ra3opas-
PSIIHDbIE JIAMIIBI UCIHOJB3YIOTCS ISt
OCBEIIEHNs [TOMENIEHUN U B PEeKJIaM-
HBIX 11es19X. Ho 1 oram «CBSITOr0 OJb-
May, U MOJIHMU — 3TO TOXKE Pa3psi/ibl B
rase.

Yo mpe/iiecTByeT HaYady rpo30BO-
TO paspsana, T.e. MoaHnn? Kak Bo3HH-
KaeT JIEKTPUYecKoe IMoJjie B BO3ayxe?
Ecnu BaM wuHTEpecHbI 9TH BOIPOCHI,
MIPOYTHTE CHAYAJIA CTATbi0 «IJIEKTPU-
yeckasl MaimHa B armocdepes B 3TOM
Homepe KypHasia. A 3iech Mbl 06Cy-
JIUM, KaK JBIDKYTCS 3apsKEHHbIE dac-
TULBI 10 TOrO, KaK HAYHETCS Ta30Bblil
paspsia. IloHATHO, YTO 3TH YACTHIIBI
JIOJDKHBIL IBUTATbCA HE TaK, KaK HEMNT-
paJibHbIe YACTHUIIBI.

[laske B OTCYTCTBUE BHEIITHETO 3JIEK-
TPUYECKOTO TI0JIST B Ta3aX BCerja nMe-
10TCST 3apsSIPKEHHDIE YaCTHIIbI, KOHIIEH-
TpaIys KOTOPBIX MaJa 110 CPaBHEHUIO
¢ KOHIIeHTpaluell HeHTpaJbHbIX Yac-
THIL — aTOMOB U MOJIEKYJI, €CJIH TeMIIe-
parypa mmke 1000 K. O1u sapsxen-
Hbl€ YaCTHUIIbl HEITPEPBIBHO 00Pa3yIoT-
csl TI0J1 JICHCTBHEM KOCMUYECKOTO H3-
JIyYEHHSI U W3JIyYeHWH PaMOaKTHB-
HDBIX BEIEeCTB U NCYE3AI0T B Pe3yJibTa-
Te peKOMOMHAIMN IIPU BCTpevyax vac-
THIl C Pa3HbIMU 3HAKAMH 3apPS/IOB.
Ecsin ra3 momMecTuTb B 3JIEKTPHYECKOE
110JIe, TO TIOJ[ €r0 JIeHCTBUEM 3apsiyKeH-
HbIe gacTuipl puobperator (B cpes-
HEM) JIOTIOJHUTETbHY 0 KHHETHIECKY IO
9HEPTHI0. ITa JHEPrust MOXKeT ObITb
riepe/iaHa IPyruM 4acTUIAM ITPH CTOJIK-
HOBEHMSIX.

DJIEKTPHIYECKOe TOJIe 3aCTaBJIeT 3a-
PSIPKEHHbIE 4acTHIbl HPOOUPAThCs
CKBO3b «HECTPOIHbIE» PSI/IbI HENTPAJIb-
HBIX YaCTHIl U COYIAPATHCSI C HUMHU.
Curyanust MO>KeT ObITb OIMCaHA MPO-
CTOW MOJIEJIbIO: Cpe/u IJIOTHOTO rasa

HEUTPAJIBHbIX YACTHUI[ HAXOUTCS Pa3-
PEKEHHBIN Ta3 3apsUKEHHBIX YACTHIL.
CTOJIKHOBEHUS 3apSUKEHHBIX YACTHI
JIPYT € JIPYTOM TOKE MPOUCXOAT, HO
OYeHb PEIKO, M uX MokHO (II0Ka) He
paccMaTpuBaTh. B cpeiHeM miIoTHOCTD
3apsI/IOB B Ta3e paBHA HYJIO, T.€. KOH-
HEHTPAIMU OTPUIATEIBHO U TIOJIOKHU-
TEJIbHO 3apSKEHHBIX YaCTUI[ PaBHbBI
apyr apyry (HefirpasibHbIil Ta3).

Mesk/ty ABYMST TIOCJIE/OBATETbHBIMI
CTOJIKHOBEHUSIMU YACTHIBI yCIEBAIOT
MIPOJIETETh HEKOTOPOE PACCTOSIHHE, KO-
TOPOE XapaKTepU3yeTcst CpeHeit Jim-
Hoii cBoGogaHoro mpobGera A. Iloka
3apsUKEHHAsT YacTUIA JIETUT CBOOO/THO,
OHA JIBIIKETCS ¢ YCKOPEHUEM TI0]] JIeHi-
CTBUEM BHEIIHETO 3JIEKTPUYECKOTO
0JIsT, B KOTOPOM HaXOUTCs Ta3. Ecim
raz WMeeT HU3KYIO0 TEMIEpaTypy, TO
HeHTpasIbHbIe YaCTHI[bI Ta3a [IEPE]] CTOJI-
KHOBEHHEM C pPa3OrHaBIIelcss 3apsi-
SKEHHOU YacTUIe MOKHO CUUTATh I10-
KOAIIMMUCH.

Yupyrue CTOJKHOBEHUSI JBYX Yac-
i (HEeBaXKHO, 4TO OJHA U3 HHUX 3apsi-
JKEeHa) MPOMCXOJAT TaK, 4TO SHEPIHs
MEK/Iy YaCTUIIAMK TI€PEPACIIPEIEISIET-
cs. Ilyctp Macca HelTpaabHON YacTu-
1l M, a Macca 3apsUKEHHON YacTHILbI
m (MeHbInas, yeM M), Torja 3a OJUH
VIOPYTUil yiap SHEPrudyHasi 3apsiKeH-
Hasl YaCTHIA, UMEBIIAs JI0 yAapa sHep-
ruio W, nepefact HelTpaabHO 4acTH-
1[e DHEPTUIO B JMANAa30HE OT HYJIS JI0
8WmM/ (M + m)2 (11pu 1060BOM CTOI-
knosernn). IIpoBepbTe 5T0 caMoCTOs-
TEJbHO.



[ToHsATHO, YTO YeM MeHbIlle Macca Ha-
JIeTAIOIel YaCTHUIIbI, TeM MEHbIe 3Hep-
run GyJIeT Tepe/laHo BTOPOMY y4YacTHH-
Ky YIPYToro CTOJIKHOBeHus. Takum 06-
pas3oM, GbIcTpee BCEro HAKaIlJIMBAIOT KH-
HETUYECKYIO0 3HEPruio, MpHOOPETEHHYIO
BO BHEIITHEM 3JIEKTPUYECKOM TI0JIEe, JIer-
kue (B CPaBHEHUHU C aTOMaMU M MOJIEKY-
JlaMu) 2JeKTPoHbI (OHU TPOCTO TIPU y1a-
pax orgaiorT Menbine). Hac, KoHeYHO
JKe, TPEeXK/e BCEr0 WHTEPECYIOT CTOJK-
HOBEHHS JIETKUX 3JIEKTPOHOB, MMEIOMINX
3apsi/i e, C MaCCUBHBIMH YaCTHUIIAMU.
Cpennsg sHeprusi, nepejaBaeMasi aJieK-
TPOHOM HeHTpaJbHOW 4YacTuile Ipu
CTOJIKHOBEHUU, UMEET MOPS/IOK BeJINYNu-
upt Wm,/M (TOUHBIH pacuer cpegHero
3HAYEHUS [JIaeT JIONOJHUTEJbHO YHCJICH-
Hblil MHOxuTENb mopsaaka 1.) Xora B
CBOOO/THOM T10JIETE MEK/LY y/IapaMu 3JIeK-
TPOHBI MMEIOT YCKOPEHHe, HaIpPaBJICH-
HOE TOJIbKO BJIOJIb BEKTOPA HAIIPSIKEH-

Hoctn £, meno6osbie yaapnl obecrieun-

BAIOT IOSIBJIEHUE Y 3JIEKTPOHOB COCTaB-
JIFIONINX CKOPOCTH W B HAllPaBJIEHUH,
MePIEH/INKY JIIPHOM E.

OneHnM, KaKyl CPEIHIOI XaoThyec-
KYIO U KaKyI0 CPE/IHIO0 yIIOPS/I0YEHHY IO
CKOPOCTb TPHOOPETYT 3JIEKTPOHBI IPH
«IIPOJIABJIMBAHUU» 3AJEKTPOHHOIO rasa
CKBO3b Ta3 HEHTPAJbHBIX YaCTHIl IO/
BO3/ICHCTBUEM TIPUJIOKEHHOTO 3JIEKTPH-

yeckoro moJst E wm kakoii Gymer ux

cpeanss kunerndeckas sueprus. (Ilpes-
HojlaraeM IOKa, YTO MOHU3AIMsS He IIPo-
HMCXOJNT. )

[IpuMeM BO BHMMaHME, 4TO YHOPSIO-
YeHHOEe JIBUKEHHE CBA3AHO C YCKOPEHH-
eM

KOTOpOEe 3JIEKTPOHbI MMEIOT BO BpeMs
CBOGO/THOTO TIOJIETA MEXK/y JBYMS IO-
cJie/oBaTeJbHbIMU ylapaMu, T.e. B Teue-
HUE BpeMeHU

vXaOT

CBs3b MEXK/Y Cpe/HEll YIOpS/I0YeHHO
U CcpellHell XaoTHYecKOW CKOPOCTSIMU
JIBUDKEHUST MOKET ObITh, TAKIM 00Pa3oM,
BBIpAKeHa COOTHOIIEHHEM
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[TycTp B pesyJibTare HANpaBJIeHHOTO /IBU-
JKEHMS 33 BPeMs T 3JIEKTPOH CMECTHUJICS
OT CBOEro HAuasbHOIO IIOJIOKEHUSI Ha-
BCTpedy BekTopy E Ha paccrosiHue
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OUBUYECKUMN BOAKYJIbBTATUB

[Tpu aTOM yMEHbIIIEHNE ero NOTEeHIHAJIb-
HOIl SHEPrUU B 3JIEKTPUYECKOM I10JIE CO-
CTaBUJIO

2
Eex:m.

2mo

Xaor

3a 9T0 JKe BpeMsl B pe3yJIbTaTe XaoThyec-
KOTO JIBUKEHUS 9TOT 3JIEKTPOH ITepeMec-
TUJICS HA PacCTOsiHUE y W ucnbitaa N
CTOJIKHOBEHUI, MpuyeM

N = vXaOTT
A
Vnmes B cpepHeM sHEpruro
mo’
W = 2}(30T ,

9JIEKTPOH TIPH KAK/IOM yIape OTaBaJ ee
(m/M)-10 wacTp.

Cpe/iHsist KHHETUYECKAsT 9HEPTHS Xa0-
THYECKOTO JIBIDKEHUS DJIEKTPOHOB HE
MEHSIETCSI, A BCJEICTBUE YIIOPSIOYEH-
HOTO JIBUYKEHUs TOTEHIIHATbHAS JHEP-
THsT KQKJOTO 9JEKTPOHA B DJIEKTPHIEC-
KOM TIOJIe YMEHBINAEeTCS. IJIEKTPOHDI
TP COYIAPEHUAX C HEHTPATbHBIMU Ya-
CTUIIAMU TIEPEJIAIOT UM DHEPTUIOo, W Ta3
narpeBaercs. Takum o6pasom, pabora
CILJT 9JIEKTPUYECKOTO TOJIST B KOHIE KOH-
1I0B UJIET HA TOBBIIIEHNE TEMITEPATYPbI
rasa.

ITpupaBHsieM BeJUYUHY TIOTEPH IHEP-
THH 2JIEKTPOHA TIPU y/apax yMeHbIle-
HUIO €T0 MOTEHITNATbHO SHEPTHU B 2JI€K-
TPUYECKOM TIOJIE:
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Orciojla MOKHO HalTHU CPEHIO CKO-
POCTb XaOTUYECKOTO JIBUXKEHUS, a 3aTeM
U CPE/IHIOI0 CKOPOCTH YIOPSIZIOYEHHOTO
JIBIDKEHUST 3JICKTPOHOB!

M 1/4 eEN 1/2
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13 mosyueHHbIX (HOPMYJI BHHO, YTO
CPE/IHsIs CKOPOCTb Xa0TUYECKOTO JIBIIKE-
HIS DJIEKTPOHOB B 2(M / m)v : pa3 60Jib-
e cpejHeil CKOPOCTU WX YIOPSIOYeH-
HOTO JBIsKeHust. J[axke /ISl TaKOro Jier-
KOTO Tasa, KaK Tejiiid, 9T0 OTHOIIEHUEe
paBHO npubausuTeabHo 170.

Kuneruueckast sHeprusi 3J€KTPOHOB
CBsI3aHA, B OCHOBHOM, CO CPE/IHEN CKOPO-
CTHIO UX XaOTHYECKOTO ABIKeHNs (BKIA
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VIOPSIIOYEHHOTO [IBUSKEHUST TIpeHebpe-
SKMMO Mal):
M\ eEX
w=|—| —.
m 2
(D10 BBIPAKEHME CIPABELIUBO, TOJIBKO
ecou W O RT. Ecou s10 HE Tak, TO
CpeHAs KMHeTHYECKas SHEPIrus JBUKe-
HUS 9JIEKTPOHOB, COIJIACHO KJACCHYEC-
KO MOJIEKYJIIPHO-KUHEeTHUeCKOl TeopuH,
KOHewHO ke, pasHa (3/2)kT.)
3aMeTnM, YTO CpeHne KHHETHYECKHe
SHEPIHU XaOTHYECKOTrO J(BVKEHUST HEeHT-
PAJIbHBIX YaCTHI[ ¥ 3JEKTPOHOB MOCJE
BKJIIOUEHUS DJIEKTPUYECKOTO TOJSA 3Ha-
YuTeIbHO padinyatorcs. B dusuke gaxe
BBOJIUTCS CIIEIUANBHOE MOHATHE — DJIEK-
TPOHHASI TeMIIEpaTypa:

M eEN

m 3k

1/2

SIEKTP

[Ipu cooTBeTCTBYIOIEM 3HAYEHUU Ha-
MPSIKEHHOCTH  3JIEKTPUYecKoro moJist E
9Ta BeJMYUHA MOJKET OBbIThb 3HAYUTEIHBHO
6oJIblIIe TEMIIEPATyPbl HEHTPAIbHBIX Ya-
CTHII.

Mbl BBISICHWJIM, KAaKyl0 3HEPrHIO IpU-
00peTaIOT 3JIEKTPOHBI TPU  «IIPOJIABJIU-
BaHWKU» 3JIEKTPOHHOTO Ta3a uepe3 Tra3
HEeUTpaJbHbIX YacTUIl IO JeHCTBUEeM
BHeIlIHero ajiekTpudeckoro tmoJist. Co-
IJIACHO TOJIyYeHHBIM (POpMYyJIaM, Cpeji-
HsST KUHETUYECKAsl SHEPTUST HJIEKTPOHOB
MPOTIOPIIMOHATBHA BeJIMYUHE HATIPSIKEH-
HOCTHU 3JIEKTPUUECKOTO TI0JISI, B KOTOPOM
HAXO/IUTCS Ta3, W CPeJHeil JJjiuHe CBO-
6oanoro mpoGera uyactui, B rase (mpu
(pukcupoBaHHON TeMmmepaTtype JJIMHA
cBOGOIHOTO TIpo6Gera dYactuil o6paTHO
NPONOPLUUOHANbHA JABJEHHIO rasa).
YBesinuenne HAMPSIKEHHOCTH 3JIEKTPU-
veckoro moJsist (W yMeHbIIeHue JaBJie-
HUS Traza) MPUBOJUT K TOMY, YTO IPH
HEKOTOPOM 3HAYEHHUU HE BCE YAPbl HJI€K-
TPOHOB O HEHTPAJIbHbBIE MOJIEKYJIbI OY/YT
yupyrumu. WM kakuMu GyayT mocej-
ctBusa? Ecyii BaM 9TO HHTEPECHO, TIPOYU-
Taiite B 9TOM HOMEpe XypHasa CTaTbio

Buumanmio Hawmx uutarenei!

XKenaowme nonyunts 06HOBREHHDIN
rekct kHurm A.M.Yeproyuana «®Dusuka.
CnpaBoyHMK ans CTAPLIEKIACCHUKOB U
aburypnentos» (M.: SKCMO-TPECC,
2000), moryT Hasitn ero Ha cavite Poccwsi-
CKOro rocyaapCTBeHHOro yHMBEPCHTETA
Hepm u rasa um.M.M.lybkuna:

http://www.citde.gubkin.ru/de/demo/
physics

unm Ha cavite Vivos Vocol:

http://www.vivovoco.nns.ru

lMonuwivi Texcr kumrm 8 PDF-¢popmare
3aunmaet npumepro 1,2 M6.





