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YucjaeHHoe MOACJIMPOBAHUE PA3JIHIHbBIX MEXaHU3MOB cmﬁmme.aunn
HeyCTOﬁqHBOCTH PEJIATUBUCTCKOIO 3JICKTPOHHOI'O ITYYKa B ILJIOTHOM ILJIa3Me

IO. B. Bobwinés, B. A. llanun, M. B. Kysenes, A. A. Pyxaose

Memoodamu quciIeHHO20 MOOETUPOCAHUA UCCTAE008AHA 3ACUCUMOCHIL HETUHEHHOU OUHAMUKU
Heycmouiuueocmu, pa3eusaoweiica npu 63aumooeiicmeul PensmueUucHcKoz0 IJ1eKMpPOHHO20 nyu-
Ka ¢ naomuou naazmoii om niaomuocmu nyuxa. Iloayuenvt u npoaHaiu3upoeansl coomeemcm-

eyrouue pewienus.
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BBenenue

Haubonee Ba>KHBIMH, C TOYKH 3pEHHS HPUIOKeE-
Hui, 11 w1azMeHHo CBY-31eKTpoHUKU SBISIOTCS
a¢ ekt YepeHKoBa, MOCKOIBKY OHH CBSI3aHBI C HM3-
Jy4eHUEM IIJIa3MEHHBIX BOJH, a 3HAYUT, C MPeodpaso-
BAHMEM KMHETUYECKON 3HEPTUHU JIEKTPOHHOIO ITy4Ka
B sHepruro CBY-uzmydenus. OcHOBHOE paziauyne
MEKAY MeXaHHU3MaMH BO3OYKICHUS HU3IydeHHs 3a-
KJIIO4aercss B TOM, YTO KOJUIEKTHUBHBIA 3¢dekr Ye-
PEHKOBa pealu3yeTcs TONbKO B CiIydae ci1aboi CBs3U
My4YKOBOW M IUIa3MEHHOM BOJH, KOTJa IOMEPEYHO-
HEOAHOPOIHBIE (TpyOUaThie) MIa3Ma U My4YOK J10CTa-
TOYHO JaJIEKO Pa3HECEHBI APYT OT Jpyra B MPOCTpaH-
CTBE, YTO U OOYCIaBIMBACT MaJIOCTh NEPEKPHITUS TO-
poxnaaeMblx umu noner [1, 2]. [Ipu 3TOM MI0THOCTH
My4YKa MOXKET ObITh KaK MEHbBILICH, TaK U CPaBHUMOI C
IUIOTHOCTBIO TJIA3MBI.

OpnHouyacTu4HbIN xe dpdekt UepeHkoBa peanusy-
€TCs B CIIy4ae CHUJIBHOM CBS3M IY4YKOBOM M IUIa3MEH-
HOM TOACHUCTEM, YTO B CBOIO OYEPENb UMEET MECTO
npu CONMKEHUH UITH 1Ke IPU B3aUMHOM MPOHUKHO-
BEHUU INyYKa U Iasmel. [Ipy 3TOM MJIOTHOCTB Iyd-
Ka JOIKHA OBITh Majla 110 CPABHEHUIO C TJIOTHOCTBIO
wia3mel [1, 2]. OTMETHM, YTO €CNIU MYYOK JOCTATOYHO
IJIOTHBIN, TO B TOCIEAHEM Clydae B CUCTEME pa3BH-
BAETCs alepuoAnYecKas HEyCTOMYMBOCTh THMA “OT-
punarenbHoi Maceer” [1, 2].
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Cra0mm3anus HEYCTONYHBOCTH, Pa3BHBAIOIICHCS
B peXUMaxX OJHOYACTUYHOTO WM KOJUJIEKTUBHOI'O 3()-
(exToB UepenkoBa, Taxke 00yCIOBIICHA PA3IMIHBIMHU
npuurHaMu. Tak, B cilydae OJHOYACTUIHOTO I deKTa
UepeHkoBa HEYCTOMYMBOCTD HACHIIIAETCS BCIEACTBUE
3axBaTa »SJCKTPOHOB IIyyKa IJIa3MEHHOW BOJHOM,
B ClIy4ae e KOJUIeKTUBHOro 3¢ddekra Uepenkopa
B 3aBUCHUMOCTU OT IUIOTHOCTH Iy4YKa BO3MOXKHBI JIBA
MEXaHW3Ma HEIMHEWHOW CTa0MIIM3alui HEYCTONYH-
BOCTH.

[Ipu cpaBHUTENBHO MajoON IJIOTHOCTH MyYKa €ro
3JIEKTPOHBI TAKXKE 3aXBAaTBIBAIOTCS, HO YK€ HE MOJIEM
W3JIy4EHHUs], a TOJIEeM MEAJICHHON Iy4YKOBOM BOJIHBI
(camo3axBat). B pe3ynprare B my4yke BOSHHKAET MHO-
TOMOTOKOBOE TEYEHHE, U OH Xaorusupyercs [1, 2].
Ecnu >xe MmmoTHOCTH my4yka AOCTATOYHO BENIUKA, TO
MEXaHU3MOM HAaCBIIIEHUSI HEyCTOMYUBOCTH SIBIISICTCS
HEIUHEUHBIA CIBUT YACTOT IMYYKOBOM U MJIa3MEHHOMN
BOJIH, MPUBOSAIMIMM K HAPYUICHUIO UX CHUHXPOHH3MA
paHbllle, YeM B IYy4YKE YCIIEBAIOT Pa3BUTHCS HHTEH-
CUBHEIC JICHTMIOpPOBCKUE Konebanus [1, 2]. JlaHHBIH
MEXaHU3M CTa0MIIN3allii HEYCTOMYHBOCTH HHTEPECEH
TEM, UTO €r0 peanu3anus He COMPOBOXKAACTCA Xa0THU-
3amuMell mydka u onpesensercs (pakTudecku KyOude-
CKUMH HEJTUHEHHOCTSAMH, YTO MO3BOJISIET MPUMEHUTH
JUISL €rO OMMCAHUSI AaHAJIUTUYECKUE METOABl Pa3loikKe-
HUS TPAaeKTOpHI 1 MMIynbcoB [1, 2].

Kak omHOWacTWYHBIN, TaK M KOJUICKTUBHEIA 3()-
(exT UepeHKOBa JTOCTATOYHO XOPOIIO U3yUEHBI, U UM
MOCBsIIIIeHa BechMa OOIMpHAs JuTeparypa. Bmecte ¢
TEM ONpeeNeHHBIH HHTEPEC MpeICcTaBiseT Oonee ne-
TaJIbHBII aHANU3 YKAa3aHHBIX BBIIIE MEXAHU3MOB CTa-
OMIIM3anuy HEeYCTOWYMBOCTH, Pa3BUBAIOIICHCS B pa3-
JUYHBIX PEeXUMax; UCXoId U3 Ooiee oOmiel mMozmenu
WHTEPECHO TakXke OoJiee CTPOro OIUCaTh HETMHEW-
HYI0 TWHAMHKY 3JIEKTPOHOB W MOJEH, KOrjJa JaHHbIC
MEXaHW3Mbl CTAaOWIHM3AIMA HEYCTOWYMBOCTH PEaId-
3YIOTCS B BO3MOXKHO OoJiee “YucToM” BHJE.
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AHaJau3 pacliMpeHHOH MoJen

Bynem wucxomuth U3 MaTeMaTHYEeCKOM Mozenu
My4YKOBO-TUIA3MEHHON CHUCTEMBI, KOTOPOH MPUCYIIU
BCEe HaMOOJEEe XapaKTEPHBIC YEPTHI SBJICHUS ITY4KO-
BOM HEYCTOWYMBOCTU B IUIa3Me M HamOoOJee CyIIeCT-
BEHHBIC OCOOCHHOCTH CHCTEM, H3y4aeMbIX B ILIA3-
MeHHoM CBY-anekTpoHuke.

PaccmorpuMm  HMIMHIpUYECKUM — MeTalIMYecKUuil
BOJIHOBOJI C IPOM3BOJIBHBIM OJTHOCBSI3HBIM IOMEpEU-
HBIM CEUYEHHUEM, B KOTOPOM HAXOAATCS OCCKOHEYHO
TOHKHE B TMONEPEYHOM CEUYCHHUM PENSITUBUCTCKUN
3JIEKTPOHHBIN MYy4YOK U 1a3Ma. BonHoBoA moMenieH B
NPOJOJIBHOE CHJIBHOE BHEIIHEE MAarHuTHOE TIOJIE,
MPENSATCTBYIONIEE MONEPEUHBIM JIBHKEHUSIM SJIIEKTPO-
HOB ITy4YKa W TUTa3MBbI (IBMKEHUE TSKEITBIX HOHOB BO-
o0mie He yuuThiBaeM). U my4ok, u mia3Ma B Hadaib-
HOM COCTOSIHUU SBJISIIOTCS MOHOCKOPOCTHBIMU.

DBONIONYSA HEMOTCHUHUAIBHBIX BO3MYILEHUN B Ta-
KOM CHCTEME MOXKET OBITh OIMCAaHa C IIOMOIIBI0 ypaB-
HEHUU AN NOJSPU3ALMOHHOIO TOTEHLMANA BOJH
E-tuna u kunernyeckoro ypaBHenust Bnacosa [1—3]:

Ofpy , 0 12 _
oz et o
=4ney. S,8(7, —7%,)] f, (t.z, p)dp;
%+v%+eEZ%=O; @
o0 10

CunrtaeMm, 4TO B HayaJbHBIH MOMEHT BpEMEHHU
(GyHKUMYU pacrpenenaeHus

fq(O’Z’p)Ef;)q(p):nOoLS(p_pO(l)’ (2)
rac ny, — HCBO3MYIICHHBIC INIOTHOCTH 4aCTHUILl COP-
Ta o

Poq — HCEBO3MYIICHHBIC  HMITYJIbChI JaCTHII:
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U — HEBO3MYILEHHAas CKOPOCTh 3JIEKTPOHOB

My4Ka.
Crnenyst MeTony MHTETPUPOBAHUA MO HadalbHBIM
nanHeIM [ 1—3], oOmiee pemenne ypaBHeHus: Bnacosa
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Cucrema (4) nomoMHSACTCS CICTYIOIIUME OYEBHU/I-
HBIMHU YCIOBUSIMU:

Vbz

ZOL|,=0=ZO; pa|,=0=p0' (6)

[Ipeamnonoxum, 4YTO HayalbHOE BO3MYIICHHE B
paccMaTpuBaeMOl CHCTEME UMEET XapaKTepHBIH Mpo-
JOJNBHBIA pa3Mmep L, KpomMe TOro, CYMTaeM, 4TO H3-
BECTHBI COOCTBEHHBIE (DYHKIHMH (, U COOCTBEHHBIC
3Ha4YeHus kj, MOMEPEYHOro ceyeHus BOIHOBoa. To-
rZla Bce BO3MYIIEHHBIC BETUYHHBI, B TOM YHCIIE U TO-
JSPU3ANUOHHBIA MOTEHIHANT \Jf, MOXHO MPEICTaBUTH B
BUJIE ABOMHOTO psiia

=1m=1 (7)

rae k, =2m/L — OCHOBHOE NPOLOIBHOE BOIHOBOC

9HCIIO.

JanbeHeitmme npeodpazoBanus [3] 3aKIT0OYAOTCS B
nonctanoBke (7) u (3) B (1) ¢ yuerom (2) u BEITIONHE-
HUU WHTETPUPOBAHUSA 110 UMIYJIbCaM py (6) u p. Ilpu
9TOM U1 KO3(h(PULIMEHTOB pasnokeHus ,.(f) B (7)
MoJydJaloTcsi OOBIKHOBEHHBbIE au(depeHnnanbHble
YpaBHEHHUSI BTOPOTO MOPSIIKA, HHTEIPHUPOBAHHE KOTO-
PBIX METOIOM BapHalluH MOCTOSHHBIX MO3BOJISIET BbI-
pasuTh JaHHbBIE KO3((PULHEHTH B BHIE HEKOTOPBIX
WHTErPaIbHBIX COOTHOLICHUH.

IMongcranoBka (7) ¢ y4eToM BBIpaKEHMH I KO-
3¢ UIHMEHTOB () B popmyny ans E. B (1) onpene-
JISieT TpaBble YacTu ypaBHeHUi (4). [Ipumensis Kk HUM
MOCIEAOBATENFHO MNPOLEAYPY HHTETPUPOBAHUS 10
qgacTsIM OECKOHEYHOE YHUCIIO pa3, MOKHO OCBOOOAUTH-
Cs OT HMHTErPUpPOBAaHUS MO BpPEMEHH, 3aMEHUB €ro
cXomAmMMcs  psioM, (opmanbHOE CyMMHpPOBaHHE
KOTOPOT0 MOXKHO OCYILIECTBUTH C MOMOILIBIO (popmy-
JIBI CYMMBI T€OMETPHUYECKON MPOrPECcCu.

Omnyckasi MPOMEKYTOYHBIE, JOCTATOYHO TPOMO3J-
K{€ BBIKJIAJIKWA OIMCAaHHOM Mpoeaypsl BHIBOAA, IpPU-
Be/IeM OKOHYATENBbHBIN BUA MONy4YaeMbIX U3 (4) ypas-
HEHHU ABMKEHUS 3JICKTPOHOB IMyYKa U IIA3MBL:

dp, i & |expliny,)r ., A oy
o= omey | 0,G,p,, + O — K.},

dt 2 n=1 nkz |: P P"ppﬂ anpbn:| (8)
Py 1S M[@Zé o + 50,0 ] K0

dt 2 ol nkz b~ bntbn p=nl pn .C.r.
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3necn
1 2n ]
on :; J. exp(_lnya)dyo; y(x zkzZ(x - (9)
0

6€3p33MepHI>I€ AMILIATYIbl TAapMOHUK IUIOTHOCTEH
IMy4Ka ¥ 1Ij1a3Mhbl,

2 (=
z_ nm did)(rz)’ ((x/ p’b)
m ) ) (10)
= 3 80 —¢m(r,,)¢,: (Fb);
m=l1 |¢m
R n’k? —&*/c? . .d
Sy = 2k2+kfm—A2/c2’ mzzE, (11)
=Sq(;)§, oM’ -pazl2 ¢,

rme o=p,b—
TOHHBIM TJIOTHOCTSM 3JICKTPOHOB My4YKa M TIa3MbI

BCIIMYMUHBI, MMPOMOPLUUOHAJIBHBIC I10-

(S, — IO/ MONEPEYHBIX CEUEHUH TYIKOB).

Cucremy (8) ¢ yaeroM (9), UCKIIFOUAs C TIOMOIIBIO
(5) umnynbcel, ynoOHO 3amucaTh B (opMe IBYX
OOBIKHOBEHHBIX T ((epeHInaTbHbIX YPaBHEHUI BTO-
poro nopsiaka:

2
d’y,
dr*
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VYpaBuenus (12), pomonHeHHbIE HadalbHBIMU YC-
JIOBHUSIMH

i & expling,)
[,

n

(12)

X

s

Ay

= kZVOOL;
t=0

Vol =k.203 a=pb, (13)

NPENCTABIAIOT CO00H HENWHEWHbIE YpaBHEHUS My4-
KOBO-TUIa3MEHHOT'O B3aUMOJICUCTBHS B PENSTUBUCT-
CKOM HEIOTEHIIMAIBHOM Cilydae. JTH ypaBHEHHS OT-
JMYArOTCST OOJIBIION OOIIHOCTBIO, TIOCKOIBKY MPU MX
BBIBOJIC HHMKAKHE OrpaHMYCHUS Ha IWHAMHUKY pac-
CMaTpPUBAEMBIX JJICKTPOJMHAMHYECKUX MPOIIECCOB HE
HaknaaeBanuchk. (I[Ipeanonaranock, 4To MpU ITy4YKO-
BOW HEYCTOWYHMBOCTH YacTOTa TAPMOHUKH C HOMEPOM
n O0mu3Ka K nk,u.) 310 oTpasmwiock B mncepnoaudde-
PEHIIMAIBHOM XapaKTepe OrepaTopoB B KO3 HHUIHeH-
tax (10), (11) u OGeckOHEYHOM CYMMHUPOBaHHH II0
BCEM T'apMOHHUKAM IJIOTHOCTH MyYKa U TUIa3MBbl, 4TO B
CBOIO OYepe/Ib MPUBOMUT K MPAKTHYESCKON HEBO3MOXK-
HOCTHU YUCJICHHOTO PEIICHHS JaHHbBIX YpaBHCHHM.

Jns ynpomenust ypasuenuit (12) Oynem cuuTarts,
YTO IJIOTHOCTH IUIa3Mbl MHOTO OOJIBIIE TUIOTHOCTH
My4Ka, YTO €T BO3MOXHOCTD ONHKCHIBATH 3JIEKTPOHBI
IU1a3Mbl B JIMHEWHOM mpuOamkeHnd. CTodimme e B
MpaBbIX yacTsx ypaBHeHwi (12) nceBnoauddepeniu-
aJIbHBIE OIepaTOpbl MpeodpaszyeM cieaylommuM obpa-
3oM. [IpencraBum

v, =kut+y, (14)
rie y — obe3pa3MepHasi Ha k, KOOpIAWHATA DJIEKTPOHA
My4YKa B CUCTEME KOOPJMHAT, ABIKYLICHCS CO CKOpO-
CTBIO U.

BBeneM MensieHHBIE aMIUTUTYABI TAPMOHHUK IUIOT-
HOCTH Iy4Ka P, (¢) ¥ miasmsl p,,(¢) , HONOXKKB

Pon = lsbn (t) exp(_inkzut);

1 2n ]
o = — j exp(—my)dyo; (15)
T o
Ppn = P (1) exp(—ink_ut),
TOI/Ia TIPY BBITOTHEHUH HEPaBEHCTRA
2 272,22 Uz
ki, +n°k;y~ >>2n czz o, (16)
MOHUMAEMOr0 B OMEPATOPHOM  cMmbicie  (Tae
o= id/dt — oneparop, aelicTByrOIMII TONBKO Ha

MeJICHHBIE aMIUIUTYABI), BBIpaXKeHUs id Kodpu-
uueHToB (10), MOXKHO IPUBECTH K BUAY:

G"Om _ lim 2k22’\{72 ) nk;u 1+ k dhlkmm (,”_‘,)
c 2 dk,
(a.=p,b); (17)

0 =G, |n’ky> -2 ”k;“ (1+ k dInG, Jm ,
C

2 dk,

a camu ypaBHenus (12) ¢ yaerom (13)—(17) 3anucats
CIeIyIOIUM 00pa3oM:

<5 et 2B (1060 +
(1——6\/7(\/7(; (1- ch)+k,,,,) )p,m} }
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3nech onpexneneHbl 0e3pa3MepHbIe MEepEeMEHHBIE U

napameTphl:
\/ﬁ 2
a,06, O, _

T= Loy, kut; G0 G
b Lpn wb

n

2 2,3

TR S
P k“muzyz kibnuzyz >
1 1 , Mo, . a,
n()n - 1__ 2 n()l’t = ~0 5 a«n =" >
° ap” G, oo,
~ 2 - 2
G”: +kp”; Gzzu_zyz’
G(Xp” c
; - k, dInk
&, = kipnkibnSprGZ; k,, =1+ j%,
o0 1 (pm(}_/';J)(pm (}_;p)
Gy= 25335 Ll (19)
m=1 kLm +n kZ'Y ||(pm
ER N B 1 ()
2 m o
=5, ; o=bp;
Lon amzz:l kim ) kzzyfz |(Pm 2 p
-1/2
~ 1 2

—  v=|1 ,
! 2 dk, c?
rac f}%p — KOOPpAWHATHBI 3JICKTPOHHOI'O ITyYKa U I1J1a3-

MBI B ITOTICPEYHOM CEUCHHH BOJTHOBO/IA;
€, — MEJUICHHBIC aMIUTHTYJIbI TAPMOHHK ILJIOT-
HOCTH 171a3Msl (12).

VYpaBuenus (18) ynoOHBI TeM, 4TO B HUX, IOMHMO
TeOMETPUYECKUX (DaKTOPOB M NAapaMETPOB CBS3H, SB-
HO BXOJUT IAPaMETp /0, G (uiu ocblcs2 ), ompene-
JIAIOMUNA CUIIBHOTOYHOCTD myyka [1, 2]. B HacTosmei
paboTe naHHBIA mapamMeTp cuuTaercs MaibiM. Cucre-
Ma (18) momomHsieTcs CTaHIAPTHBIMH HAYaJbHBIMU
YCIIOBUSIMHU:
ay,

fy
=Y, +a,cosy,;; —= =0
w0 S0 " dtl, (20)

Yy

T

Pesynbpratel anaimza

[IpoBoast nuneapuszauuio ypasaenuit (19) u cum-
Tasi, YTO YEPECHKOBCKUM PE30HAHC My4yKa C IJIa3MEH-
HOI BOJHOM MMEET MECTO Ha MEePBOM MPOCTPAHCTBEH-
HOH TapMOHUMKE # = 1, MOXKHO MOJMYYUTH CIEAYIOICE
JUCIIEPCUOHHOE YpaBHEHUE IMHEUHON TEOPHUU:

2

. i |22 |22 _
o oo, i || ku 1)
2
) Gl ~ 8
—Op I_GKblk_(z Z—% l—Gle_(Z )

z z

rac 8(1) — KOMHJ’ICKCHI:;II;’I I/IHerMCHT,
[0
—r <<,

u

z

VYpaBuenne (21) mogpoOHO MPOaHATU3UPOBAHO B
pabore [4], rne OblIH ONpeneTeHbl Pa3TUYHbIe PEKU-
MBI Pa3BHTHS MYYKOBOH HEYCTOMYMBOCTH U IMOIyde-
Hbl COOTBETCTBYIOIIME HHKPEMEHTHI. B Hacrosmen
pabore aBTOpPBHl B JajbHEHIIEM HCIOIB3YIOT 3TO
ypaBHEHHE NIPH YUCICHHOM HHTErPHUPOBAHUH CHUCTE-
Mel (18) ¢ yuerom (20).

U3 mapamerpos, onpeneneHHbix B (19), Beiienum fiBa:

e 0Q,, IOCKOJIbKY UMEHHO 3TOT MapaMerp OIpe-

puvIeM

JIENSIeT PEeXUM Pa3BUTHUSI HEyCTOMUMBOCTHU. [leiicTBuU-
TEIBHO, CCIIU TIa3Ma U IMyYOK COBHAAAIOT B MOIEpey-
HOM Ce4eHUH BonHoBoxa (7, =7,), 10 @&, =1 (19), u

B CHUCTEME peann3yercs onHoYacTHuHbIA ddekt Ye-
perkosa [1, 2]. Ecmu ke 7, #7, — 1yd4oK u miasma

pasHeceHbl (MpUYeM BechbMa 3HAYUTEIBHO) B TIPO-
CTPaHCTBE, TO O, <<1, M HEYCTOHYMBOCTH pa3BHBa-
ercsd B peXUME KOJUIEKTHBHOTO 3(dexra YepeHkoBa
[1,2];

. \/OLTI G (W 0,,G”), ONpPeeNIOMmKHA CHTh-
HOTOUHOCTh Tyuka [1, 2, 4]. (ITockonbKy, KaKk BUIHO
u3 (19), 3a 3aBUCHMOCTB OT TUIOTHOCTH ITy4YKa B ypaBHE-
HUsX (18) oTBeuaroT mapaMerpsl Oy, (B YACTHOCTH, Clpy)).

e CuwnTas, 4TO TUIa3Ma U IYYOK MPENCTABISIOT
coboit TpyOku ¢ TomumHaMu A <<r, 1 Ay <<R, n

CpefHUMH pajuycamu 7, <R u 1y <R, mist npose-

JICHUS1 pacueToB 3a(UKCUPYEM CIEAYIONINE 3HAUCHHS
OCHOBHBIX ITapaMeTpoB, BXOAALIMX B ypaBHeHHs (18)
W XapaKTepU3YIOUINX PEISITUBU3M ITydKa, MIOTHOCTD
MJIa3MBbl, @ TAKXKE€ TEOMETPUI0 CUCTEMBI U HadyaJIbHbIC
YCIIOBUS:

R=18cMm, 1, =0,65 cMm, Ap =A, =0,1 cM,
10 6 (22)
o, =50-10" pan/c, y =2, a,=10"",

u OyzeM BapbUpOBATh JBa MapaMeTpa: o, U 7, , Xapak-
TEPU3YIOIIMX IUIOTHOCTH MJIa3Mbl U B3aUMHOE PacIo-
JIOKEHUE TIa3Mbl U ITy4YKa (MX B3aUMHYIO OJTU30CTh) B
BOJIHOBO/IE.

OtMeruM, 4TO TeoMeTpudeckue (GpakTopsl, coaep-
Kamuecss B kod(p¢uuuentax ypaHenwid (18) (cm.
o6o3nayeHus (19)), BBIYUCISIUCH B HIMHAPUIECKON
CHCTEME KOOpAMHAT MO (QopMyiaM, NpPUBEACHHBIM,
HarpuMmep, B [1], mpuueM Uisi pacyeToB UCIOIb30Ba-
JIOCh BOJIHOBOE YHMCIO k;, COOTBETCTBYIOLIEE MaKCH-
MyMy WHKPEMEHTa, TOJIy4YaeMOro B Pe3yJbTaTe 4uc-
JICHHOT'O PelIeHus] UCTIEPCHOHHOrO ypaBHeH s (21).

PaccmorpuM BHauane HENIWHEHHYIO JHUHAMHUKY
My4YKOBOW HEYCTOWYMBOCTH, pa3BUBAIOLIEHCA MpHU
CHUJIBHOM B3aMMOJICHCTBUY TJIa3MEHHONW U ITyYKOBOH
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noacucreM. Jns storo momoxum r, = 0,7 cMm (mpu Pe3ynbraTel pacueToB mis Mydka Majiod IUIOTHO-
~ _ 10
sToM @, #0,7) M oTmenbHO mpoaHamM3upyeMm nsa  CTH (momoxxum @, = 1107 pan/c) npeacraBieHs Ha
MpEAETbHBIX CiIyyash My4yka CPaBHUTEIBHO Malod U puc. 1—4.
OOJIBIIION TIIIOTHOCTH.
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Puc. 1. 3aeucumocmu amnaumyo 601H NIOMHOCHU:
a — Iy4Ka; 0 — IJ1a3Mbl OT BpeMeHu npu 7, = 0,7 cM 1 o) = 1-10" pag/c:
1 — 1-s1 rapMOHUKa; 2 — BBICIIHE TAPMOHHUKH
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Puc. 2. Dazoevle n10cKOCMU INEKIMPOHOE NYUKA Ol WECU MOMENMOE epemenu npu v, = 0,7 cm u @, =1-1 0" pao/e:
a—1=8;6—1=9,6—1=1l;6—1=13;0—1=15;¢ —1=17
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Puc. 3. Dazosvie mpaekmopuu uemwipex snekmponos nyuxa npu v, = 0,7 cm u @, =1-1 0"’ paose
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Puc. 4. 3asucumocmu Koopounam uemoipex 31eKmMpoHos
(dpazogvie mpaexmopuu Komopuix npedcmasnenst Ha puc. 3) om epemenu
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Ha puc. 1, a, 6 n300pakeHa BpeMeHHasi AMHAMHKA
aAMIUTUTY] TIEPBBIX MATH TAPMOHUK IJIOTHOCTU 3JIEK-

, COOTBET-

TPOHOB ITy4YKa |f)bn (r)| U TUIa3MBI ‘ﬁpn (1:)

CTBEHHO, Ha puc. 2, a—e — (a30oBbIe IIOCKOCTH
3JIEKTPOHOB My4Ka AJIs IIECTH MOMEHTOB BPEMEHH; Ha
puc. 3, a—e — Hanboree xapakTepHble (a30BbIE TPACK-
TOPHUHU YETHIPEX INIEKTPOHOB IyYKa; Ha puc. 4, a—2 —
BpEeMEHHasi TUHAMUKa KOOPJAUHAT ¥ = )(T) 3TUX YEThI-
pex AIIEKTPOHOB.

Crnenyer OTMETHUTh, YTO Ui OONbIICH HATJISIHO-
CTH Ha puc. 3 M 4 HCNOIb30BaHA KOOpAMHATA JJIEK-
TpoHa )(T), ABJSIOMIAsICA HEMOCPEACTBEHHBIM pelle-
HueM ypaBHenmii (1) (Oomee TOWHO — TO
TOPU30HTANBHON OCH Ha pHC. 3 U MO BEpTHUKAIBHON
ocd Ha pHC. 4 OTIOXKEHa KOOpAWHATa )j, TAe j —
HOMEp, MOJCIMPYIOIINHA 3JIEKTPOH KPYITHOM YACTHLIBI).

st moctpoenus xe (a3oBbIX INIOCKOCTEH Ha puC. 2
WCIOJB30BAaHO 3HAUEHHME ITOM KOOPAMHATHI, MpHUBE-
JIeHHOE K uHTepBany [0;27] mocpeacTBOM BBIACICHUS
u3 y(T) MaKCUMaJbHO BO3MOXKHOT'O MHTEpBaJia, Kpart-
HOTO LIEJIOMY YHCHIY 2T.

W3 puc. 1—4 BHAHO, YTO MYYOK MOIYJIHPYETCS

MTOJIHOCTBIO (| Py, ~1) M B HEM MHTEHCUBHO BO30YX-

JaloTCsl BCe TapMOHHMKHM pHc. 1, a, a crabunmzanus
HEYCTOHYMBOCTH OOYCIIOBJICHA 3aXBaTOM 3JIEKTPOHOB
My4Ka MoJjieM IJIa3MEHHOM BONHBI. A MMEHHO, Ha Ka-
IO JUINHE OCHOBHOM T'apMOHUKH IIa3MEHHOM BOJI-
HBI 3JICKTPOHBI My4Ka (POPMHUPYIOT CI'YCTKH, KOTOpHIC
COBEpIIAIOT KoJIeOaHusi MEXAY TopOdaMu MOTeHIHaNa
TUIa3MEHHON BOJHBI, TO OTAaBas €d dHEPTHUI0, TO OT-
Oupast obpatHo. [TockonbpKy 32 0mIHO KosebaHUe Cry-
CTOK JABaXKABI CTAIKUBAETCS C MOTEHUUANBHBIMU TOp-
O0aMu (OIMH pa3 C MEepeaHuM, IPYrod pas ¢ 3aJAHUM),

TO OCHUJIIAIIUA aMIUIHUTY/AbL [5b1| MPpOUCXOOAT BABOC

, UTO BUAHO U3 CPABHCHUA PUC. 1, a

qaiie, 4eM y ‘ﬁpl
ul,o.

@a30BbIE MIOCKOCTH 3JEKTPOHOB Iy4Ka Ha pHC. 2
MPEACTABJIEHBI A CIEIYIOIMX MOMEHTOB BPEMEHHU:
puc. 2, a — T = 8 — HavaJIbHBIN ATAIl Pa3BUTHS HEYC-
TOWYMBOCTH, KOTAa aMIUIUTYIbl BOJIH pacTyT (akTu-
YEeCKH I10 IKCIIOHEHTE; 6 — T = 9 — HacCbIlIeHHE He-
ycToMuuBOCTH; puc. 2 6—e — t = 11, 13, 15 u 17,
COOTBETCTBEHHO, — MOMEHTHI BPEMEHH, MPUOTHKEH-
HO COOTBETCTBYIOLUIME MHUHHMYyMaM OCLMJUIALUN aM-

TUTATY ABI ‘[3 1

, IMOTOMY OTBCYAIOIHC IMOJIHBIM KOJIC-

O0aHUSAM CTryCTKa, T. €.
YETBIPEM.

W3 3TX pHUCYHKOB ciemyer, 4To Ha Ka)JoM Iie-
pHuozae KonebaHMii CrycTka ¢ ero ppoHTa BBLACIACTCS
rpynmna “orcTarommx’ 3JIEKTPOHOB (OT OCHOBHOTO
MOTOKA JIEKTPOHOB OTJENAETCSA UX OUEpPETHON MabIid
MOTOK, aHaJOTMYHO oOpa3oBaHHIO "OGapaiikoB" Ha
MOBEPXHOCTH MOpPSI IIPH CUJIBHOM pa3roHE BOJIH BET-

OJTHOMY,

IBYM, TpeM H

POM), YTO MPUBOIUT K TMOSIBIICHUIO MHOTOIIOTOKOBOTO
JIBMKECHUS.

Bonee peranbHO paziauuuie B MOBEACHUU DIEKTPO-
HOB Ha HEMMHEHHOM CTaauu pa3BUTUSI HEYCTOMYHMBO-
CTH MOXXHO HaOIIONaTh Ha puc. 3 u 4, T/ie mpeicTaB-
JieHbl (ha30BbIe TPACKTOPUU W BPEMEHHAs TUHAMUKA
YETBIPEX AJIEKTPOHOB, UMEIOUIMX B HAYalbHBIA MO-
MEHT BPEMEHHM pa3NUyYHble HayalbHbIC YCIOBUS

W € [0;27’[], T. €. pacriojararomuxcs Ha JJIMHC BOJIHBI

MEepPBOHAYAIILHOTO BO3MYIICHHS B PA3JIMYHBIX TOYKAX
Y TIOMAIAIONINX TEM CaMBIM U3HAYAIBHO B PA3IHYHBIC
(ha3pl Mo MIa3MEHHOH M IYYKOBOH BOJH M MX Tap-
MOHHK.

W3 maHHBIX PUCYHKOB BUIHO, YTO JIBHXKECHHUE JJICK-
TPOHOB (B CHCTEME KOOPIWHAT, IBUXKYIICHCS C He-
BO3MYIIEHHOH CKOPOCTHIO TMYYKa ) CKJIAJBIBACTCS
M3 MOCTYIATELHOTO (TOPMOXKEHHE) U KoJleOaTeIhbHO-
ro nBmwkeHuit (cMm. puc. 4, a, 6, ). ®a30BbIe Tpack-
TOPUU, COOTBETCTBYIOIINE TAKOMY JIBUKCHUIO, MPEJI-
CTaBJIIOT CcOOOH KpHBBIE “HUKIOWAHOTO” THIA
(cMm. puc. 3, a, 6, 2). OmHAKO BO3MOXHBI O0JIee CITOXK-
HBIC CUTYyalluH, KOTJIa 3JCKTPOHBI B HEKOTOPBIC MPO-
MEKYTKHA BPEMEHU UCHBITHIBAIOT BEChMa 3HAYUTEIIb-
HOC YCKOPCHHE, U UX 3aMEJICHHOE IOCTYMATeIbHOS
JIBUKCHHUE B CPEIHEM OKAa3bIBACTCS HE3HAUUTEIHHBIM
(cMm. puc. 4,61 3, 6).

OTMETHM, YTO pa3inyue B CPETHEM 3aMEICHHOM
MOCTYIATEIBHOM JIBHXKCHUH DJICKTPOHOB, UMEIOIINX
pazTUYHbIC HAYaJbHBIC YCIOBUS, BUAHO U U3 PUC. 4, 2,
U 3, 2, KOTOPBI COOTBETCTBYET MPOMEKYTOYHOMY
cirydaro Mexay puc. 4,a, 0;3,a,6 u 4, 6; 3, 6.

[IpuBeneHHbIC BHINIE 3aKOHOMEPHOCTH HEJIHHEH-
HOW JMHAMHKH HEYCTOWYMBOCTH COOTBETCTBYIOT pe-
KUMY ofHo4YacTHyHOro 3Qdekra UepeHkoBa, korma
TJIOTHOCTh MTyYKa CPABHUTEIIBHO HEBEIIMKA, U CHUIIAMH
BBICOKOYACTOTHOTO MPOCTPAHCTBEHHOIO 3apsija Iyd-
Ka MOXKHO npeneOpeys [1—3].

PaccMoTpuM Temeph MPOTHBOMONOXKHBINA TIpemes
My4YKa CPaBHUTEILHO OONBINON MIIOTHOCTH, MOIIOKUM
ato o, =20-10" pax/c.

Ha puc. 5—8 wusobpakeHO TO e, YTO M Ha
puc. 1—4. U3 puc. 5, a BUAHO, YTO MYYOK TaKKE
MOJTHOCTBI0 MOZAYJIHMPYETCS IO IJIOTHOCTH, H B HEM
BO30YXalOTCS BCE TapMOHUKHU, XOTs HanOoJee WH-
TEHCHBHOW TO-TIPEXKHEMY SBJSICTCS TepBasi TapMOHU-
ka. Kak cnenyer us puc. 5, 6, aMIumTyja HaChIICHUS

MEPBOIl TapMOHUKHU IUIa3MEHHOW BOJIHBI ‘[5 p1‘~0,28,

YTO HaXOMUTCS YK€ Ha TPaHU BO3MOXXHOCTH HCIIOJb-
30BaHUS JUTsl ONMUCAHUS JWHAMHKH 3JICKTPOHOB ILIa3-
MBI JIMHEHHOrO MpuOmKeHus — cucteMsl (18). (ScHo,
YTO JANbHEHIICe yBETUUYCHNE IUIOTHOCTU TyYKa, T. €.
Oospllice e¢ NPUOMIKEHWE K TUIOTHOCTH IUTa3MBI,
MPUBOIUT K Pa3BUTHIO B CHCTEME JIBYXITYYKOBOH He-
YCTOHYMBOCTH, KOTOpas B JIAaHHOW paboTe He pac-
cMmatpuBaercs.) Y3 3Toro xe pucyHka BHIHO, 4TO OC-
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TUIAIA HCpBOﬁ TapMOHHKHU Ha CTaAUHW IIOCJIC Ha-
CBhIIICHUA HGYCTOIZQHBOCTH SABJIAIOTCA MCHCEC pPCry-
JIAPHBIMA 110 CpPAaBHCHUIO C I/I306pa)KeHHLIMI/I Ha

dyldt
1

12—

-y

0

dyldt

puc. 1, 6, U, Kpome TOro, HAaYMHAIOT BO30YKIATbCA
KpaTHble TapMOHUKHU IIA3MEHHOW BOJHBI, Hambosee
WHTEHCUBHOH U3 KOTOPBIX SBIISIETCS] BTOPAS.

Pl

dyldt

0,3 —

0,2 —

0,1 —

10
Puc. 5. 3asucumocmu amnaumyo 6011 niomuocmu om epemenu npur, = 0,7 cm u @, =20-10" pao/c:
a — Ty4Ka; 6 — II1a3MBl;

1 — 1-s1 rapMOHUKa; 2 — BBICIIIHE TAPMOHHUKH
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Puc. 6. Dazoevle n10CKOCMU INEKMPOHOE NYUKA O WECMU MOMENNOE 6pement npu v, = 0,7 cm u @, = 20-1 0"’ pao/e:

a—1=24;6—1=256—1=255—1=26,0—1=27;¢6 —1=30
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Puc. 7. Dazoevle mpaekmopuu wemoipex 31eKmponos nyuxa npu r, = 0,7 cm u @, = 20-1 0" pao/c
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Puc. 8. 3a6ucumocmu Koopounam uemsipex INEKmponos (pazosvle mpaeKmopuu KOMOPvIX RPedCcmagiensvl Ha puc. 7)

Om eépemenu
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Ha puc. 6 nanbel ¢a3oBbie MIOCKOCTH 3JIEKTPOHOB
My4yKa JJI1 MOMEHTOB BpeMeHH oT T = 24 1o 1t = 30.

W3 HUX BUIHO, YTO B OTJIMYHE OT MPEABIIYIIEro
cilyyasi HachIlLIeHUE HE 00YCIIOBIEHO 3aXBaTOM 3JIEK-
TPOHOB My4yKa MOJEeM IJIa3MEHHOH BONHBI. CrycTok
oOpasyercsi Ype3BBIYAHO PE3KO, IOCKOJIBKY 3JIeK-
TPOHBI B TOPMO3AIIMX (a3ax Mol U3-32 PEISTHBUCT-
CKOT'0 YBETMUEHHS MACChI, THTEHCUBHO TEPSISI CKOPOCTH,
YCTPEMIISIIOTCS K LIEHTPY OyIyIIero crycTka, He ycreBas
MPU 3TOM 3aMETHO CMECTUThCs (cM. puc. 6, 6). B mo-
CIIEAYIOIIME MOMEHTBHl BPEMEHH YacCTh JJIEKTPOHOB
BOJIN3M LIEHTpa CTyCTKa, UMEIOIINX HanOOoJbIINe OT-
HOCHUTEJIbHBIE OTPULATENbHBIE CKOPOCTH, TIONAAAI0T B
YCKOPSIOUIYIO a3y Moiis, HO MOCKOJIBKY CHJIBI BBICO-
KOYaCTOTHOT'O MPOCTPAHCTBEHHOTO 3apsifa IMydKa yKe
BECbMa 3HAYUTENBHBI, 3TH 3JIEKTPOHBI HE YCIEBAIOT
MPHOOPECTH MOJIOKUTENBHBIE CKOPOCTH, H MPOHCXO-
OUT UX OTpaxkeHue (cM. puc. 6, ). B manpHeimem
obpazyercsi Bce Oomplle TPYMI OTPaKCHHBIX JJICK-
TPOHOB, YTO NMPHBOAUT K IOSIBIICHHIO MHOTOIIOTOKO-
BOCTH (cM. puc. 6, 2, 0), U K MOMEHTY BpEMEHH, COOT-
BETCTBYIOILIEMY MUHUMYMY IYYKOBBIX U MJIa3MEHHBIX
BomH (Tt ~30) — dakTuueckn K pasBayly Crycrka
(cM. puc. 6, e).

B naneneiimem (30 < t < 37) mporece dhopMupoBa-
HUS CT'yCTKa MHOTOTIOTOKOBOW CTPYKTYPHI (CM. puC. 6, 0)
W TOCTeyIomnid ee pa3Baj HoBTOpsAloTcs. Bee 3To
XapakTepHO MAJs Pa3BUTUSl HEyCTOWYMBOCTH B arle-
puonuueckoMm pexume [1, 2]. MmmocTpauueit JaHHO-
TO YTBEPXKICHUS SABISIOTCS TaKkKe M300paKeHHs Ha
puc. 7 u 8 B UX CpaBHEHHH ¢ pUc. 3 1 4.

Tak, HanpuMep, B OTIWYHME OT pucC. 4 Ha puc. 8
BUJHO TPaKTHYECKH HEMPEpPhIBHOE, MOHOTOHHOE
YMEHbILIEHHE KOOPIMHATHI 3JIEKTPOHOB Iydka (110
T ~30), 4TO B CBOIO OYepelb CBUACTEILCTBYET O CO-
BEPUICHUN HJIEKTPOHAMH JIMIIb TOCTYMATEIbHOTO
JBWOKEHHsI, 00yCJIOBIEHHOIO MX PE3KUM (arepuou-
YEeCKUM ) TOPMOXKECHHEM.

Ilyctp Temepp CBA3b IJIa3MEHHOHM U IY4YKOBOH
MOJICUCTEM sIBJsieTCs ciiaboi. M3BecTHO, 4TO HEyc-

o iV il
N i e RS U M
0 40 80 120 160 200 240

a

TOWYHMBOCTB IPH 3TOM OYJET pa3BUBATHCS B PEKUME
KoJutekTuBHOTO 3¢ ¢dexta Yepenkona [1, 2]. Paccmot-
pUM, Kak W3MEHSETCs HEMWHEHHas AMHAMUKa Heyc-
TOWYMBOCTHU MPU YBETUYEHUH IUNIOTHOCTH ITyUKa.

B cayuae myuka Manmoll IJIOTHOCTH IOJIOXKUM
w, =1-10" pan/c, r, = 1,3 em, &, #2,2-107. Pe-
3yJlbTaThl PAacyeTOB JUId Iy4dKa Majod IJIOTHOCTH
MIpEeACTaBIIEHBl HA puc. 9—12.

U3 puc. 9, 6 BUIHO, UTO HA CTAAMU TMOCIE HACHI-
HIEHHS aMIUIMTYJa IUTa3MEHHOW BOJIHBI M3MEHSAETCS
HEPETYJIPHO, M €€ OCHWUIILMM 3aTyXaroT. Moayis-
Usl Ke MydKa IPU 3TOM CHIJIBHO MajaeT (CM. puC.
9, a). Takoe moBeneHrne aMILTUTY/L BOJTH 00YCIIOBICHO
Xao0TH3aluel My4yKa, KOTOPYI0 MOKHO HaOMoAaTh Ha
(hazoBeIX muockocTsx (cm. puc. 10, e—e). [Ipenmect-
BYIOIIEE TAHHOW XAaOTHU3alMM MOSBIEHHE TPYNH OT-
paXXEHHBIX 3JEKTPOHOB M BO3HHUKHOBEHHE MHOIOIO-
TOKOBOT'O JIBFDKEHUS M300pakeHsl Ha puc. 10, 6, 6.

B naHHOM ciy4yae MeXaHHM3MOM HAaCBILIEHHS HEyC-
TOMUMBOCTH SIBJIIETCSI CaMO03axBaT WIIM OTpa)KCHHE
3IIEKTPOHOB OT “TOPOOB” MOTEHIMAA MYyYKOBOW BOJI-
HBI, ITOCJIE KOTOPOTO B IMyYKE BOSHHKAET MHOI'OIIOTO-
KOBOE TE€UYEHHUE, U OH Xaotusupyercd [1, 2].

3neck ciemyer AaTh cieayroulee noscHeHnue. Kax
W3BECTHO, CaMO3axBaT 3JIEKTPOHOB pEaIM3yeTcsi B
My4YKax JOCTaTOYHO OONbIIoN rmiuotHocTH [1, 2]. AB-
TOPBI XKe AJs1 y100CTBa CpaBHEHHS C PACCMOTPEHHBIM
paHee ciay4yaeM CHJIBHOM CBSI3M HCIIOIB30BAIM ITYYOK
BeChbMa Majol TIOTHOCTH. OHAKO BTOPOM MapaMerp
3a/1a4yM, OMpENEeNAIoMUN CBA3b IJIa3Mbl U Iydyka, B
CBOIO O4epenb, OblT BBIOpaH CTONB MallbiM, YTO B Ta-
KHX YCIIOBHSX IUIa3MEHHAs BOJHA TaKXKE HE YCIIEBAET
BBIPACTH 0 HEOOXOAMMOW BEIMYMHBI JJIS 3aXBaTa €10
9JIEKTPOHOB My4Ka. [IyukoBas jke BOJIHa, Kak U paHee,
BBIpacTasl 0 3HAYMTENBHBIX aMIUINTYJ, UMEET BO3-
MOXXHOCTb 3aXBAaTUTh 3JIEKTPOHBI Iy4YKa COOCTBEH-
HbIM niosieM. Ho B 1aHHOM ciiydae Bce ke UMEEeT Me-
CTO HEKOTOpas KOMOWMHAUusi JBYX MEXaHU3MOB
HaCBIILIEHNs — 3aXBaTa U caMO3axBaTa.

0,004 —
= o
0,003 —|
& 0,002
0,001 —
TR IR T T B
0 40 80 120 160 200 240

0
Puc. 9. 3asucumocmu amnaumyo 6011 niomnocmu om epemenu npur, =13 cm u @, =1-1 0"’ pao/e:
a — TydKa; 6 — TIJIa3MBbl
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Puc. 11. @aszoevie mpaekmopuu uemoipex 1ekmponos nyuxka npu v, = 1,3 cm u e, =1-1 0" pao/c
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Puc. 12. 3asucumocmu Koopounam uemoipex 31eKmpoHoe (hazoevie mpaekmopuu Komopuvix npeocmaenensvt Ha puc. 11)
om epemenu

Hecmotps Ha TO, 4TO CTyCTOK (CM. puC. 2) IBHO HE
o0pasyercsi, HEKOTOpbIE 3JCKTPOHBI, KaK BHAHO W3
puc. 11, a, 6, 2 u 12, a, 6, 2, coBeplIalOT JBUKECHUS,
aHaJIOTMYHbIE N300paKeHHBIM Ha puc. 3 u 4. Bmecre
C TeM B OTJIMYHME OT Cily4yasl CHJIbHOH CBSI3U TOSBIIS-
I0TCsI “TIpOJIETHBIC” ANEKTPOHHI (cM. puc. 11, 6 u 12, 6).
Kax Bugno u3 puc. 10, 0, e, Takux CHIBHO 3aTOPMO-
JKEHHBIX 3JIEKTPOHOB JOCTaTOYHO MHOrO (B HWKHEH
9YacTH JaHHBIX (a30BBIX MJIOCKocTer). U3 3Ttux xe
PUCYHKOB CIEAYyeT, 4YTO IOMHMO 3aTOPMO>KEHHBIX
UMeeTcs elle U HEKOTOPOE YHMCIIO0 YCKOPEHHBIX JJIEK-
TpoHOB. Bce 3T0 mo3BonsieT paccMaTpuBaTh CTPYKTY-
py, n300pakeHHyl0 Ha puc. 10, e, Kak croxacThue-
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0,015 —f
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CKMIl  clod, o0pa3oBaHHBIHK B  OKPECTHOCTHU
cermapaTpHchl, 1 OOBSICHUTh HAOIIONAEMYIO XaoTH3a-
LU0 ITyYyKa U3BECTHBIM CIIEHApUEM BO3HHMKHOBEHUS
Xaoca B TaMWJIBTOHOBCKHX CHCTEMax BCIIEACTBHE pa3-
pYLIEHHS CenapaTpucChl MOA AEHCTBUEM HEKOTOPOIo
MEPUOJMYECKOr0 HETPUBUAIBHOTO BO3MYIIEHUS (KO-
TOPOE MOXKET OBITH CKOJIb YTOAHO MajibIM) [5].
Paccmorpum Tenepp mpenenbHBIN ciiydall Imydka
0OJIBIION IUIOTHOCTH. [1070KUM, YTO ) = 30-10" paxc,

r, = 1 eM, &, #2,3-107. Pesynprathl pacueros

MpeacTaBIeHbl Ha puc. 13—16.
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Puc. 13. 3asucumocmu aMnIumyo 60JiH NIOMHOCIMU OM 6pemeHu npu t, =1 cm u @, = 30-10" pad/c:
a — Ty9Ka; 6 — IIa3MbI
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Puc. 14. Daszoevie niockocmu INeKMPOHOE RYUKA Ol1A WEeCHU MOMEHMOE 6pement npu v, =1 cm u @, = 30-1 0"’ paose:
a—1=2400; 6 — 1=2450; 6 — 1 =2500; 26— 1 =2550; 0 — 1 =2600; ¢ — T=2650
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Puc. 15. @aszoevie mpaekmopuu uemolpex s1eKkmponos nyuxka npu v, =1 cm u @, =30-1 0" pao/c
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Puc. 16. 3agucumocmu Koopounam uemspipex 31eKmponos (hazoevie nNOCKOCMU KOMOPBIX npedcmagnenst ha puc. 15)
om epemenu

Kax BugHO 13 puc. 13, 6, mocie HACHIIICHUS aM-
IUTMTYJa IJ1a3MEHHOH BOJIHBI OCTAaeTCsl MPaKTHUECKU
MOCTOSIHHOM, WCIIBITHIBAas BECbMa HE3HAUMTEIbHbIC
ocumusinyy. Kak y:xe ToBOpHIIOCH paHee, 3TO Xapak-
TEPHO JUISL Pa3BUTHUSI HEYCTOMYMBOCTH B PEKUME KOJI-
nektuBHOro 3¢ dexra Yepenkona [1, 2].

JluHaMuka 5SJEKTPOHOB MJISl ILECTH MOMEHTOB
BPEMEHH, COOTBETCTBYIOUIMX PAa3IUYHBIM CTaIusIM
pa3BUTHA HEYCTOHUMBOCTH, MpeAcTaBjieHa Ha puc. 14.
Bruiors mo MmomenTa Bpemenu T = 2400 (cm. puc. 14,
a), yxKe BecbMa OJHM3KOr0 KO BPEMEHH HAaCBILICHUS,
pacronoXeHnue dIeKTPOHOB Ha (ha30BOM IUTOCKOCTH
0CTaerCsl ¢ XOPOILIEH CTENEeHbI0 TOYHOCTH PETYISIPHBIM
W COOTBETCTBYET HAUYAILHOW MOAYJISILIMY MyYKa Ha Tep-
BOW TapMOHMKE.

KpaTHble rapMOHUKH el1le MPaKTHYECKH He BO30Y-
JKACHBI MU BHOCST B TaPMOHUYECKOE IBIDKECHHE JJICK-
TPOHOB JIMIIb Cla0ble BO3MYILEHHS, MPOSIBISIOMINECS
B TOM, YTO Ha HaYaJIbHYIO (JUTMHHOBOJHOBYIO) MOAY-
JSIIMIO HAaKJIAAbIBaeTCA MOKa €lle OYeHb Majiasi MOAY-
JSMsE ¢ MEHBLIMM NPOCTPAHCTBEHHBIM MAacIITaOOM
(cMm. puc. 14, a).

C pocToM BpeMeHHU reHepanus BHICIIUX TapMOHUK
IUIOTHOCTH TMy4Ka ycunuaercs (cMm. puc. 13, a). Ho
JaKe CIyCTs. HEKOTOpPOE BpeMs Mocie CTaOMIn3alun
HEYCTOMYMBOCTH B IIyYKE MO-TPEKHEMY XOPOILIO 3a-

METHa KpymHoMmacimTaOHass MOLYJSLHS Ha IEpBOH
rapMOHHKE, TIOBEPX KOTOpOH 00pa3oBajnach CYIIECT-
BEHHO OoJsiee MeJKoMaciuTaOHasi CTPYKTypa, SBIISIO-
miasics, OYEBHMIHO, PE3yJbTaTOM HAJIOKEHUS BCEX
KpPaTHBIX TapMOHHMK IUIOTHOCTH Iydka (cM. puc. 14,
6—e). Kak crnenyer u3z puc. 14—16, B pesynbrare
Pa3BUTHA HEYCTOMYMBOCTH (PaKTHUYECKHU HE MPOUCXO-
JUT HU KPYIMHOMACIITaOHOrO MHOT'OIIOTOKOBOTO JBH-
JKEHMsI YacTHII, HU UX XaoTH3auuu. Tak, u3 puc. 15 u
16 BUIHO, YTO B MpOIIECCE Pa3BUTUS HEYCTOWUYNBOCTH
BCE JIBUKECHHE DJIEKTPOHOB JIOKATM30BAHO B CPABHHU-
TEIBHO MaJOM MHTEpBale 3HAYCHUH KOOpAMHAT
(~0,4). Takoe HE3HAUMTENHLHOE W3MEHEHWE Hadallb-
HBIX KOOPJHMHAT TOBOPUT O TOM, UTO JBM)KECHHE 3JICK-
TPOHAa HOCHUT B OCHOBHOM KOJICOATEIbHBINA XapakTep,
CpefHee K€ IABMKCHUE 3JEKTPOHOB, MPOSBIIIOLICECS
paHee B UX CHJIBHOM TOPMOXXEHUH, B JJAHHOM Clly4ae
orcyrctByeT. Ha puc. 15 u 16 xopouio BUAHO, 4TO BCe
3JIEKTPOHBI COBEPIIAIOT, MPAKTUYECKH BIUIOTH 0 MO-
MEHTA HAaCBIIIEHHUs, TapMOHUYECKHE KoneOaHus c
YBEITMUMBAIOLICHCS aMIUIUTYIOH OTHOCHTEIBHO CBO-
UX HaydalbHBIX monoxeHuil. (HauanpHble ywyacTku
(ha30BBIX TpaeKTOPHil cM. Ha puc. 15.)

Takum o00pa3oM, HacCbHILIEHHE HEYCTOHYHUBOCTH,
KaK BHJIHO U3 aHaJM3a HEIMHEHHOW TUHAMUKHU 3JIeK-
TPOHOB, HE OOYCJIOBJIEHO ONMCAHHBIMU paHee sBIIe-
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HUSIMU 3axBaTa WM camo3axBaTa. HeycToMuuBOCTH
CTaOMIM3UPYETCS TMPEKIC YEM aMILUIUTYJIbI BOIH BBI-
pacTyT 0 HEOOXOJMMOro s 3aXxBaTa 3JICKTPOHOB
YPOBHSI BCIIEJICTBHE BBIXOJa IydyKa M3 PE30HAHCA C
MIa3MeHHON BomHOH. Takoe ke ObICTpoe HapylIeHue
CHHXpPOHHU3MA CBSI3aHO C TEM, YTO MHTEPBAJl BOJIHO-
BBIX YHUCEN k,, TPU KOTOPBIX UMEET MECTO HEYCTONYH-
BOCTh, B ClIy4ae OYEHb IUIOTHOI'O IMy4YKa BECbMa Y30K
[1, 2]. JlaHHBIN MeXaHU3M CTAOMIIU3AIUN HEYCTOWYH-
BOCTH HAa3bIBACTCS HEIUHEUHBIM CIBUIOM YacCTOTHI
[1,2].

Cpenu  (hakTOpOB, OIPENENSIONIUX HACKHIICHHE
HEYCTOMYUBOCTH, BBIACHSIOT HEIUHEUHBIE CIOBUTH
YacTOT, CBSI3aHHBIE C TOPMOXKEHUEM IIy4Ka, PENsATU-
BU3MOM, a TaKXe C T'€Hepalued BBICIIUX TapMOHUK
ero mioTHoctu. [IpuyemM B 3aBUCHMOCTH OT IJIOTHO-
CTHU MYyYKa U CTENEHU €ro pPelsTUBU3Ma MOLYT peau-
30BBIBATHCSA PEKUMBI, NPU KOTOPBIX OMPENEISIIOLIYIO
poib OyAeT UrpaTh KaXKIBIH U3 TPEX MEPEUNCICHHBIX
BblIIIE (HaKTOPOB.

B wactHOCTH, B cnydae, NpPEICTaBICHHOM Ha
puc. 13—16, HecyleCTBEHHBIM OKa3bIBAETCSl HENU-
HEUHBIN CABUT YaCTOTHI, CBA3AHHBIA C TOPMOXKEHHEM
My4Ka.

Ot1o 00yCcIOBIEHO TEM, YTO B pacuerax ObuI UC-
MOJIb30BaH (DAKTHYECKH CBEPXILTOTHBIA PEISTHBUCT-
CKUM MYy4YOK, KOTOPBIA MOXKHO CYUTATh CHIIBHOTOY-
HBIM, TaK KakK JUisl HEro mnapaMmerp CUIbHOTOUYHOCTH

Jo, o =092 ~1.

Ecnmn xe wucnonb3oBaTh MeEHEE CHIIBHOTOYHBIE
My4KH, TO HAYMHAIOT YBEIMYUBATECS, & CO BPEMEHEM
CHENAI0TCA OINPENENSIOINMI HEJIMHEWHBIE CIBUTH
4acToT, CBA3aHHBIE C TOPMO)KEHHUEM ITyUKa.

s npumepa Ha puc. 17, a, 6 npencrasieHsl ¢a-
30Bbl€ TPACKTOPUM ABYX DJIEKTPOHOB IydYKa, JUISl KO-

Toporo ®, =20-10" pax/c. (OcTanbHble MapaMeTpbl

T€ e, 4To U Ha puc. 13—16.)

B ornuume or puc. 15 cpeanee cmemieHue aiek-
TPOHOB M3 HAYAJIBHOTO IOJIOKEHUS CTAHOBUTCS YK€
Oosee 3aMETHBIM M COCTaBIISIET MOPSIKA HECKOIBKUX
enrHul. JIaHHBIA cioydail sBISIETCS MPOMEKYTOYHBIM
MEKAY CIydasiMH, W300paKeHHBIMU Ha puc. 9—12 u
puc. 13—16 (xots, Ommwke, KOHEUHO, K TIOCIEAHEMY),
U MOTOMY Ipa)MKi OCTAIBHBIX BETHYUH (U1 KPaTKo-
CTH U3JTI0KEHHS) HE TPUBOISATCA.

0,2 -

>

dyldr
=)
L

Puc. 17. @azosvie mpaexkmopuu 08yx 371eKmMpoHO8 NyuKa
npur,=1cwu uw,=20-10" paoc

3akjIoueHne

B nmannoit pabore paccMOTpeHBI Clydan ITy4YKOBOH
HEYCTOMYUBOCTH, 3HAYUTEIBHO OTIMYAIOIIUECS IPYT
OT Apyra Mo CBOCH HEeNMHEHHON NWHAMUKE Ha CTaIUU
Haceimenusd. OmHaKo B ““UUCTOM BHaE” MOI00HOE
peanu3yercsi BeChbMa PEAKO, M TPU MPOU3BOIBHON
IJTIOTHOCTH My4YKa HENUHEWHAs JUHAMUKA HEYCTOUYU-
BOCTH Ha CTaguH e¢ CTaOMIU3allMH, OYCBHUIHO, COUe-
TaeT B ce0e 4YepThl, MPUCYIIHE ITHUM HPEACTHHBIM
CIy4asiM.
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