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IPEOVCJIOBHE

B3aMMOCHCTBHE MOIIHEIX HMITYIBCHBIX TYYKOB 3apPHKEHHBIX
YaCTHIl ¢ TBEDAKIM TENOM aKTHBHO MCCNEAYETCH HA TIPOTSKCHHHM
nocneaHnX Tpex AccAtiaeTdil. TepBhle MyGAMKALMM Ha 3Ty TeMy
MOABWIMCH TPAKTHYECKM CPa3y MNOCIE CO3AAHMA MMITYIBCHBIX YC-
KODHTEAEH ¥ NPUBJICKIM BHMMAHWE CHElMamucToB. B HuX OhUTO
[OKA3aHO, 4YTO MNPY TICPEXOAE OT HEMPEPHIBHOIO K BEICOKOMH-
TEHCHBHOMY HMMITYIBCHOMY DEXHMY OCNydeHMA IPOHCXORWT Kage-
CTBCHHOC M3MEHEHME IIDHPOABl PATMALMOHHO-CTMMYIMPOBAHHEIX
npoueccoB. OcoGeHHO 3TO 3aMETHO JUTH MUKPO- M HAHOCEKYHIHBIX
myukoB. JlaHHOE OGCTOATENBCTBO IIOMHMO YMCTO HAYYHBIX 3ajad
TIOPOAWIO 3HAYMTENEHBIC HAIEKIE HA BOSMOKHOCTh TEXHONOIMYE-
CKOI0 IIPMMEHCHMA HMITYNTBCHRIX YCKOPMTENIEH 3apsDRCHHBIX YacTHIl
AN MOIMGHKAIMH (DUINKO-XHMHYCCKUX CBONHCTE MaTepPHANOB M
M3REI.

Oppa m3 HanGoliee BaXHBIX 3aday B paspaGoTke panmHa-
1MOHHKIX TEXHONOTHIX — TIPOTHO3 M3MEHEHMA CTPYKTYPHO-(a3oBo-
T0 COCTOSHHA OGNYYeHHOH NOBEpXHOCTH. OHO, B CBOIO OUCPCHb,
33BUCKT KaK OT (M3MMECKUX NAPAMETPOB BEUIECTBA, TaK U OT
HHTCHCUBHOCTH MCTOYHHKA M3NySeHMA. B 0OMacTH BHICOKMX MH-
TeHcuBHOCTEM (> 101° Br/cM?), CBONCTBCHHEIX, HATIPUMEP, MHED-
LHANBHOMY TEPMOSIGPHOMY CHHTE3Y, OCHOBHEIM S/IEMEHTOM IHC-
CHIIALIMHN 3HEPTHU TyIKA IPH B3AUMOACHCTBUM C MMIICHBIO ABIA-
©TCA BHCOKOTSMIICPAaTYyDHas IUVIa3Ma, XMHETHKa ofpasoBaHMs H
pazieTa KOTOPOH B 3HAMMTENBHONW CTEHEHU ONpEASNAET COCTOAHME
muneHn. [ToBeneHse TakKoif TUIA3MEI MOXHO OITIMCaTh, MCTIONB3YH
CPAaBHMTENBHO MPOCTHIE MOENMM, HO TakKue MYy4kM Manosddek-
THBHEI B 330a4aX MOXMOMKALMN IIOBEPXHOCTH TBEPOEIX TEN.

B pabore OX. AcauHoBa W Ap.", BUOMMO, BIEpBHE BBUIO
TOKA32HO, YTO B OCHOBE MOAUWMHLMPYIOIIETC BO3ASHCTBMSA MOII-

- pucran I.A. Tennomue
Acammop O.X., KpapoSogos B.IL., JIsrases A.E., Cany
TpoIECcCH MPH o&p’aﬁmm nonepxﬂoc‘l"n METANIOB CHABROTOUHLIMU HAHOCEKYHN-
HEIMA Iy9KaMH #oHOB // ®minxa m xamms oOpaboTKH Matepuanop. — 1987. —
Ne 2. — C. 53—59.
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TIOMYHCHMIO aHATHTHHECKOTO PENIEHNS JaXe B NPOCTEMTITNK cnyya-
AX.

IepBeti ommr B PEIICHUH NOAOGHBIX 3aKay Grur TOJAY4eH B
CBA3M C 1POGNEMOil BIAHMOAEHCTBHA nasepHOro HM3MydEHHT ¢
BellecTBoM. HIHTepec MccneAoBaTeNcl K TEXHONOIHSECKINM BO3-
MOXHOCTAM MOIUHEIX JZ3€POB BOSHMK, BHIMMO, paHplle, YeM k
HMIYXbCHBIM ONEKTPOHHEIM M MOHHBIM ITyMKaM. BosmoxHo, 310
CBASAHO © TCM, YTO JOCTATOYHHIE 1O MOLIHOCTH Ja3epHke yeTa-
HOBKM [OABHMNCH HECKONBKO PAaHEINe, YoM addexTHBHO pabora-
OIHEe  TEXHONOTHMYECKHE IICKTPOHHEIC M HOHHEE YCKOPHTENH.
Hexoropsie us nomyuermsx 3nech PE3YNBTATOB GRLIM MCNONH30Ea~
HBI B DEINEHHH 321124 B3AMMOACHCTBMA MMITYIIBCHEX TIYYKOB 3apsi-
KEHHEIX 4ACTUL ¢ TBCDABIM TEIOM, HO MEPCHECTH HX B NIOTHOH
MEpC Ha CHIVAIMIO C MOHAMH WM 3MEKTPOHAMU HEBOIMOXKHO
¥3-32 OONBIIMX PasiUiit B MeXaHWZMax B3AUMONCHCTBUA U3y~
YCHMS C BCIISCTROM.

O UTebHEMH | 0co6eHHOCTSIMU dasormx mpeppamenuii B
TBEPAOM TeNe, BHISEAHHEX BOSAEHCTBMCM MOLIHEIX HMIIYNBCHRIX
TyIKOB 3apDKCHHRIX YaCTHL MHKDO- KM HAHOCEKYHIHOIO ZIuana-
30HA, ABITIOTCH UX OICTPOTEYHOCTH M CIDIBHAN 33BHCHMOCTE ot
yenoBuii  obnydenns. ITommrxy 3KCTICPHMCHTANEHO HCCHASROBATH
9TU GEICTPONIPOTERAIOUME TIPOIIECCE peaKo SHBAIOT yememHEMM,
TaK KaK SKCTIEPAMEHTH! in sit 06EMHO oueHp CHOXHHI B TEXHUYC-
CKOM oTHOWeHuy. TIOSTOMY caMEIf fioCTYIHELT MeTOf Mccheno-
BAHWA B JAHHOM CNY4Ae ~ KOMIBIOTEPHOE MOAC/TUPOBAHHE,

Hpea ucnons3oranma MOJNENVPOBAHHA [UIA OMMCAHMSA CTPYK-
TYPHO-(a30BhIX peBpalienwit B TBEPAIOM Telle, 06Iy4acMOM Mo~
HEIMH  HAHOCCKYHIHMEIMY TTYMKAMHM 33PsDKEHHEIX YacTHL, paHee
6ruia peamusosana MHOTHMM aBropamH. OfHako uxX paboTer mubo
KacaluCh OYCHB BRICOKOMHICHCHBHBIX MYYKOB, KOLAA OCHOBHBIM
OBBEKTOM McCeToBAHMA ABIAETCS EBLICOKOTEMIIEPATYPHas SHICTPO-
PaseTaiomancs asmMa (BHAMMO, MOXHO YIBEPXAATh, YTO TOXO6-
HHC® IYSKM BPAN /M HaWyl NpaKTHYSCKOC NPUMEHEHMe Kak
CPEACTBO MONMGUKAUMH (GUBHYCCKUX CBOYCTE obnyyacMoro ma-

4

Tepuana), MO0 B HMX HCMOABIOBAIMCH CHMINKOM fIDOCTHIE, a
TOTOMY HEAOCTATOYHO HANEXKHBIE MOACAH OMMCAHMS CLEHApHEB
CTPYKTYpHO-ha3oBblX NpeBpameHuid. Kpome Toro, mNpakTHHeCKH
HUKTO HE PaccMaTpMBal BONDOC O MOACIMPOBAHMM MEXaHM3MOB
YCWICHUA MUTPalMM aTOMOB B KOHACHCHPOBZHHOM (ase.

Lens AaHHOK KHUIH — MOCHENOBATENBHO MINOKUTh METOAUKY
KOMIIBIOTEPHOTC MOZIEIMPOBaHMS (Pa30BBIX NPEBPALICHM, 3PO3nM,
o6pa3oBaHMA M pENaKCallMi TEPMOMCXAHMYCCKMX HAIPSXCSHUIL,
repeHoca aTOMOB B KOHACHCHpOBanHoi ¢aze B Meramiax (0L
REHCTBHEM HMMINYIbCHBIX  (IIPCHMYILECTBEHHO HAHOCEKYHHBIX)
MY4KOB 3apKEHHBIX YACTHLL,

OCHOBHOE BHMMAaHHeE COCPEAOTOUYEHO Ha TIPOLIECCAX, MMEIOLIHX
MECTO MPH HE OueHb GONBIIMX IIOTHOCTAX MOTOKA SHEPTHHM, KOTAa
B 0BNy4acMOM BeLECTBE MOIYT CYIIECTBOBaTh JKOOble (Ha3ioBLle
COCTOAHMA. BTa CHTYALUS CONPAXEHA ¢ HEOGXOAMMOCTBIO MCTIONE-
30BaTh CaMble CIOXKHLIC BADHAHTHl MOJCNH, HO OHA MMEET Hau-
Gonpuiee MMPaKTUYECKOE 3HAYCHWE, TaK KaK MMEHHO B JaHHOMN
06/1aCTH TIPOABASIOTCS MAKCHMANBHEIE TEXHONOTMYECKHE BO3MOX-
HOCTM MMIYJbCHBIX YCKOPHTEEH.

B nponecce mMOATOTOBKM PYKONMCH MBI CTAPAIMCH FIO BO3MOX-
HOCTH MHUHUMM3NPOBaTh OOBEM OBG3ODHEIX MATEPHANOB W IIpEf-
CTABUTh NPEUMYUIECTBEHHO CBOM OPMUTHMHAIbHBIE PE3YABTATHI, KO-
TOpblE MOTYT MMETH MPAKTHYECKOE 3HAYCHHE.

Hamnana paGoTa ABIACTCA YacThl0 MCCHENOBAHME TEXHONO-
THHECKMX BO3MOXHOCTEM MYYKOB 3aPAXKCHHBIX YacTMLl I MO-
AuUKauMy GUINKO-XMMUYECKUX CBOMCTB MATEPHANIOB, BEIOTHEH -
HHIX B HayyHO-MCCNEIOBATENBCKOM MHCTUTYTE SACDHOM (BUSHKM
npu TOMCKOM TONMTEXHHYCCKOM YHMBEPCUTETE 10 MHMLMATHMBE
wicHa-Koppecrionaenra PAH A H. Quaenko. Bripakaem eMy cep-
ASYHYIO TIPM3HATENRHOCTh 33 NOCTOSHHEIM HHTEDEC K Hawlei
pabore, adpexTUBHYIO NOMOILIB M TIONC3HEIE AMCKYCCHH.

Mer Gnarogapubl Haummm komteraM I.E. Pemuesy, C.H. fuu-
Hy, O.X. Acaunopy, B.Il. Crenanory, A.B. Xyxosy, I 1. Tepun-
Iy ¥ MHOTMM HDYTHM 33 KOHCY/IBTAlMH, COTEHCTBUE M KOHCT-
PYKTHBHYXO KPUTHKY DE3YNBTATOB M BEIBOAOB.
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BBIIEJIEHHUE DHEPTHM ITYYKOB
3APSKEHHBIX YACTHII B BEHIECTBE

1.1. Ofmue caeaeHns 0 B3IAUMONEHCTBHH
3aPAKEHHBIX YACTHI ¢ BEWIECTBOM

TIpuMeHEHHE MYMKOB 3apSKEHHEIX YACTHIL AN TEXHOMOIMHEC
xolt 06paBoTkn MaTCpHANOR M M3NSAMN NPEAriONaraeT pelicHUe
3a/a4, CBA3AHHBIX ¢ AHAMH30OM MEXAHM3MOB B3AUMOJCHCTBUA U3JY-
YEHWA € BEIMECTBOM, TAK KaK NAPaMETPH PaJMaLMOHHO-CTH-
MYJHPOBAHHLIX TIPOUECCOB 3ABMCAT OT XapaKTepHUCTUK Pamualiu-
OHHEIX NOJIcH BHYTPH 06NyHaeMbIX 0GbeKTOB. IpYroil aclexkr aroit
npofeMBl COCTOMT B KOPPEKTHOM ONMCAHMM KHHETHKH INepeiadd
SHEPTMM TOPMO3SHIEHCS YACTULHI TBEPAOMY TEAY U TIPCBPAIEHHS
€¢ B PHEPIMIO PaJIMALMOHHBIX ACHEKTOB, TETUIOBOTO MOMSA, YAAp-
HBIX BOAH W T.&. XapaxTep palMallMOHHOTO BO3AEHCTBHA B 3Ha-
YWTENBHON MEPE ONMPENENACTCH TEM, KAK MPOUCKONAT MPOUECCH
TIOTEPH 3HEpPrHM Nyyka B BellecTse. [Jo3ToMy JadHas ChaBsa
TOCBAIICHA KPATKOMY MANOXCHHIO QU3MKH B3aMMOLCHCTBHS pa-
JAMALMOHHEIX TTONER ¢ TBEPAbIM TENOM.

Kaxk u3BecTHO, MepeHOE KOPIYCKY/ISAPHOIO U3NYYEHMA B Belle-
CTBE MOXET ORWITH OTMCAH ABYMS MYTAMK — POMICHMEM KUHETHYE-
CKOTrO YPaBHEHMA WM MOACHMPOBAHMEM TDACKTOPHIt GOILIIOrO
4McIa YacTHl (Merod Monre-Kapno). B nepBoM ciydac MBI MMeeM
Jlen0 €O CPCAMUMM XapaKTepUCTHKAMHM TONS M3NYYeHWA, a BO
BTOPOM TIOJY4a€M COBOKYITHOCTE CAYYAMHBIX TPAcKTOpPUIA, KOTOPhiE
MOXHO UCTIONB3OBAT AJif NPUBAVDKCHHOTO BHUMCICHIS €T0 Xapak-
TEPHCTHK.

Kunerwyeckoe ypasHeHue NpeAcTamiseT coboit ypaBHeHHe
6ananca YuC/a YACTHU B MaloM 06BEME B OKPECTHOCTAX TOYKH F B
MOMEHT BPEMEHH f, YUHTHIBAIONIES BCC KAHABl MX NOABICHUS H
vcHyeanosenus [1]:

SRR ED "?, ED L 3voR 8, £ + 3 (BOOF S E 1) -

~[aB[aEY @ -8, E > BYOF BB, 1 = SF 8, E 1,
s

1)
e ¥ — ¢KOpOCTh YacTHULI B HanpaBIcHUH 3, coorpercTyIOwWwan
smeprvn £, O(F, ﬁ, E, ty — nubdepenuyansiad Mo yrlaM 1
JHEPIMM IUTOTHOCTh IIOTOKA 4YacTULl B MOMEHT BpeMEHHM f;
2 (5' - 5, E' » F) — puddepeHimanbHoe Mo yriaM HEPIAK

s

CEYCHHE PACCESHMA, PABHOC BCPOATHOCTH TOTO, YTO YacTHLa ¢
HaNpaBlecHNEM JBIKEHH 3 n 3Heprued £’ Ha egMHMUE JIMHBI

TIYTH HCTHTHEBAET PAcCesHUC B CANHMMHEI TNECHWI YTon OKoflo
HATIPARTEHMS {8 ¥ IPHOBPETAET SHEPIMIO M3 AUHIYHOTO MHTEPBA-

na okono E; 2 (E) — ceycHHE HOIOIEHILL; S 3 E, H —
3
by ueToyHMKa. JlaXe TIPY HAHOCCKYHIHOM BOSACHCTBHI
MHOTAR MOXHO BOCTONB30BATbCS CTALMOHAPHBIM MPHOMIDKEHMEM
ypaeHerua (1.1):
Ve 8, B + 3, (BYOF 8, F) -
< .
~[dB [dEY @ -+ 8, B > E)OF, 3 E) =578 EF. (12
T'paHUYHEIE YCTOBUS BHIGMPAIOTCA MCXOAs M3 TpeGOBAHHA PaBEHCT-
Ba uMcna uacTMI ¢ napameTpamm , £, Najalomx Ha moGyio
IIOMAKY TPaHUIE pa3iefa CUpaBa M ciesa:
SO, 7 &, By - ®F 8, B =0, 3)
rae # — CNMHWMHEIA BEKTOP, HOPMANbHBIL M0 OTHOLISHHIO K
rpamuue paszena cpex; @y, P, — 3HaueHMs IUIOTHOCTH NOTOKa

YACTHL, NAZAIOUIMX CMpaBa ¥ CIACBa.

Hnrerpoauddepenumanstoe  ypasuenue (1.2) moxer ObTh
npeofpa3oBaHo B MHTEIPANbHOE, KOTOPOS B PAAC CIAy1acs Bonee
YAOoOHO AN PEHICHUS:

OF &, B = ®F &E) +
+fatont (7,7, B) a8 [dE'S 7. B~8, B~ OF T, £,
0

1.4y
rae O, (7,8, E) = (7 - £, &, 8, Byexpl-t(7 = £, &, 7, )1+

+ fexpl - +(7) 7 S, B, Eydk.
0
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9TO PAaccTOSHHE OT TOMKM 7 IO BHEMIHEH TDAHMIBI pacCMATPUBac-
Y

Mol obmacTM B HanpaBaeHWM, obpaTHoM Q; t(?, 7, E) =

¢
= f Zt(?— &, 8, E)dE’ — onTudeckoe paccToSHUE MEXAY TOY-

0
KAMH P K F U YACTHBI € aHeprucit £ (dusmueckuli cMBICH
€r0 ~— 9HCIO CPEXHHMX CBOGOIMBIX IIPOGETOB MEXIY CTONKHO-
BCHWSIMU BACHb TIPSMOM MEXLY Pur- 5{2’); f — IUTOTHOCTH
NoToKA Ha rpanuue, T.e. f = O(&,).

VpaBHEHHE INepeHOCa MOXET OBITH CYIIECTBEHHO YNPOIUEHO,
€CAM  BOCTONS30BATECS MPUONIDKEHWIMH HENPEPHIBHOTO 3aMel-
JEHHs GBICTPOI YaCTHIBI M PACCESHMS HA Manble YIAn. Mozens
HENPEPHIBHOTO 3aMEANCHMA NPEATONAraeT, YT NOTEPs SHCDTHH B
KaXAOM KOHKDETHOM CTONKHOBEHHM OTHOCMTENBHO HeBEAMKAa M
TPaCKTOpHA JBYDKEHMS TAKOH YacTHLH GYACT COBNANATH ¢ HEKOTO-
POH CpelHel JMHMEH, KOTOpAafA COOTBETCTHYET HENPEPHIBHOMY
U3MEHEHHIO 3HEPTHH.

B aTOM eiydac IS MHOTMX NpaKTHYSCKHM BaXHBIX 3afay
MHTerpay CTONKHOBEHM#t MoXer OuITh TpencrasieH auddeped-
IMaTbHOU PYHKUMeE:

{Z;E' > EYO(EYE = 3 (F)D(e) + £ IBEYDEN, (15)

rae B(E) — CPEIHAA MOTEps OHEPIMM HA COMHMLY JUIMHBI
(n;ﬁ;ucmme 7n 8 amecs AN KPaTKOCTH ONyLIeHH ). B ofiem
cnydae

8(E) = [ 03 (0. £)4Q, (1.6)
0

e Q — mepeMeHHAS MHTerpupoBaHus. Flcnons3oBakme Bhipa-
seuus (1.5) cymecrseHHo ynpomaer pemeHue MHTerpoandide-
PEHHMAILHOTO ypaBHeHHUs (1.2), koTopoe Gmaroaaps aToit NOACTa-
HOBKC mnpespaltiactess B auddepeHuuanbHoe. JaHoe npubau-
®eHue HauGonce LenecooBpasHo MCNONB30BAT, KOLAA MACCa Pac-
CeMBAIOLICTO LIEHTPa CYIUECTBEHHO OOMBLIC, YeM Macca 4acTHLbL
Takass cHTyalMsi MMeeT MecTo TIPH 3aMEUIEHWM HEHTPOHOB B
THXCEAOH CPCAS, TOPMOXEHHWH 3NCKTPOHOB OTHOCHUTEABHO HeGONDL-
WIVX 3HEPTHH, NETKUX MOHOB M T.J.

AHANOTMMHBLIM 06pazoM WHTEIpasl CTONKHOBEHMI MOXET GBITh
ppeactasieH B Bupe auddepeHHansHOR GyHkuMM B IPHGTH-
JKEHMH DAcCesHmsl Ha Masee YIaw [1]:

3@ »do@dd =31+ (<0 >/4v0, (17
az ° *

TaE © — VIO MEeXAY BeKTOpaMH 5 " ﬁ';

©? = SLIeEx (@)de. (1.8)

s

31ech HARO MPMHATH BO BHUMaHMe, YTO yToa © Man, T.e. pacce-
#HVC WACT BIONL ocHM Z W Omeparop V2 peficTBYET BAONL Tpae-
KTOPHM JBKDKCHMS YACTHILIbL.

Mhur e 6yieM OCTAHABIMBATLCA HA METOJaX DEIIeHHs ypas-
HeHus nepeHoca. ITo JaHHOMY Bolipocy MMeeTcs SonbuIoit Habop
MOHOTpadIHecKo# TUTepaTypHl, B YacTHocTH [1—4].

MeToz CTATACTHYECKMX MCIBITaHmit, Wi Merod Monre-Kapno
[51, MoCTpoEH Ha uAee KOMIIBIOTEPHOW reHepalli Gosnbioro
KOJIMHYECTBA MCTOPUM YacTHL, TPUMEM MX cyanba paccMaTpHBaeTest
B XOJI¢ TTOC/TEAOBATENLHEIX CTONKHOBEHMH. MiX MecTO M pesyibrar
(HaTIpaBneHNe JBIKCHI YACTHLEI, ee SHeprus) ONpeiensioTed ¢
Y4ETOM BEPOSTHOCTEH C NOMOIIBIO TEHEPaTOpa CIYYAiHBIX SHCEI.

Cnyuaittbie uvcna reHepupyrores B obaactu {0, 1}, T.e. Bepo-
ATHOCTL MIOGOTO M3 HUX OKasaTbes B MHTepBale {e, ¢ + de}
MOCTOAKHA U paBHa de|. HampabicHye ABIDKCHUA YaCTHLIEI MOXET

GBITH Da3BILPaHO TNEPBbIMY ABYMS CAydalfiHBIMM UHMCIAMH 4epe3
aMMyTANBHER  (p) ¥ TomApHmA  {x) ymst  p = 2we),
cosy; = 2e, — 1 (T.e. Bee 3HAYEHMs YIIOB B MHTepBane 0 <
€ p € 21, ~]1 < cosy < | paBHOBEPOATHBI).

EcnM r — paccTOHME OT HCTOYHMKA A0 TOUKHM TEPBOro
CTONKHOBEHUSI, KOTOPOE MOXHO OXapaKTEPU30BaTh CEYECHUEM O, TO
BEpPOATHOCTE TOIO, YTO HAaCTUla WCIHITBIBAET CTOJKHOBEHHE B
uHTepsane {r, r + dr}, pasHa

P(r) = o(ryexp|— ja(r')dr’ . (1.9)
[}




[image: image6.png]Bemranity r MoXmo HaitTi, Hexozum u3 pacnpefenenns BEpOAT-
HOCTH CTONKHOBCHHA f10 IIMHE TpoGeros: P(ly = exp(— =}).
3aeck  — ceyeHue B3aUMOJCHCTBUA. TakuM 06pa3oM, OHA MOXeT
OBITH BEITMCIIEHA M3 TPETHErO CAYIAMHOIO YHCIA €31

Iney = - [o(rydr. (L.10)
0

3aTeM BLIMHCARETCH MECTO BTOPOIO, TPETbETo CTOTKHOBCHMH 1
T.A. JIO TEX IOP, MOKA MCTOPKA YaCTUULI HE 3AKOHUHTCH e yTeuKolt
WIH MOTIOMWERUEM. CnenyeT OTMETUTH, 9TO THN BIaMMOICHCTBHA
TOKE DASLITPEIBAETCS TYTEM CPABHCHHA CIydaifHOTO YHCMa © Bepo-
ATHOCTBIO PACCEAHUS! WM MOMIOMEHMS.

Hpy pewewny 3amau mepeHoca MeTomom Monre-Kapno Boa-
HHKAIOMHUE HCTOYHOCTH CBA3AHBI HE CTONBKO ¢ NOTPEIIHOCTAME
MCTOLA, CKONBKG ¢ OIPAHIMCHHEIM MHCIOM PaccMaTDMBAEMLIX
MCTOPH YacThil, OHAKO pa3paboTaHs! TpoLieaypsl, TO3BONSOLINE
TIPH HEKOTOPOM O6beME BBIMUCICHMIT CBECTM K MMHEMYMY 3Tk
onmmbky. Merox ouetn sddexTHBen ms ONMCAaHUA TIEpeHoCa
(OTOHOB, KOIIa HMECT MECTO OTHOCHTENBHO HeGOmbLIOE YHCTIO
BIaUMOACHOTBMH YacTHIEI €O cpeaolt. Ero NpumeHenye mnst woHoB
TpeGYET OYeHb GONBINMX 3aTPAT MALUMHHOTG BpEMEHY.

Iepeiimem x Bompocy 06 ocobenHOCTSIX B3aMMOReHCTBI 3aps-
KEHHBX 9aCTHL U TOPMO3HEIX (DOTOHOB € BelIECTBOM.

1.2. TopMoxeHye HOHOB B BemecTBe

OtammTensHOl 0coBeHHOCTEIO MPOTOHOB, anba-4acTHL, Uo-
HOB ARNAIOTCA BECHMA MANIBIE NPOGErH M OYEHb GOMBLIME NHHel-
HbIC MOTEPU IHEPIUN MPYU TOPMOKESHURM, HTO NOIBOMAET UM ObITH
IGEKTUBHEIM CPeCTROM BO3IeHCTEMS Ha TIOBEPXHOCTh TBEPIBIX
el Teopust B3aUMOAEHCTBUS YCKOPEHHBIX YACTHI ¢ BEL(CCTAOM 3a
TocnegHue 10—15 mer cymecreeHHo TIPOABHHYJACH BRiepe] B CBsI-
3M ¢ UIMPOKHM WCCIGHOBAHMEM BOSMOXHOCTCH pPafHAIMOHHbI
TeXHOMOTHH, B YaCTHOCTH HOHHOM MMIVIAHTALMM. Ony6mukosaro
MHOTO PaGoT, MOCBALEHHBX PASTHMHBM CTOPOHAM 3TOro BOMNpoca
(cM., HanpuMep, MoHorpaduu [6—9]). ITostomy Mer OrPaHHYMMCS]
KPpaTKiM PaccMOTPCHHEM TOMEKO OCHOBHBIX 3aKOHOMEPHOCTEH Baa-
MMOXCHACTBHA TAOKEBIX 3ADSDKEHHBIX YaCTHIL ¢ BCIIECTBOM, BaXHBIX
ANA PeIICHUA 3734, NIOCTARNEHHBIX B HacTosel paGoTe,

HNst pazMalMOHHBIX TEXHONOTHIT HAUBOMbIIES 3HAYEHHE UMEIOT
HOHBI ¢ dHepruelt 1—1000 k5B (Hrokemit Mnpeaen TMMUTHPOBaH
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AnMHOM Ipofera, a BepXHUMM — WMHXCHEPHBIMM TipoGNeMaMM yc-
KOPUTEABHON TEXHMKM). TIPH paccMOTpEHHMM BOMPOCA O NMHEMHEIX
TOTEPAX SHEPIMH YaCTMIl X MX TIDOCTPAHCTBEHHOM DacIpeneneHuy
MOCAe TePMANU3ANIH HeoOXOTHMO UMETh B BHIY, YTO XapaKTepHas
ANUHA BOMHBI Ae Bpoitnma (4 = h/\IZMlE , THe A — TIOCTOSIHHAs
[nanka, M, E, Macca W 3HEPrus WOHA) COCTAaBNsET

10712—107% ¢M, T.c. 3HAUMTENBHO MeHBIIE, YeM \/o. IToaToMy mx
TOPMOXEHME MOXHO PACCMATPHBATh KIACCHUECKM. JHEprus, Heol-
XoauMasg mns cmewenus atoma, £, = 20—40 aB, namHoro meHs-
Iie XapakTepHOW SHEPrMM HANETAIOMETo MOHA. ClCAOBATENBHO,
aTOMBI TBEPAOTO TENa B3AMMOLCHCTBYIOT C TOPMOALIMMMCH MOHA-
MM KaK CBOGU)IHBIC HEMOABWIKHBIE YACTHILBL.

Ectn S, 1 S, — COOTBETCTBEHHO JMEKTPOHHAZ M sANepHas
KOMIIOHEHTH TOPMO3HOM CIOcOGHOCTH (3Mech M Jaliee WHASKC &
03HAYAET NPMHANAEXHOCTE CHMBONA K 3/CKTPOHHOMY B3aHMO-
AEHCTBIIO, & 7 — K AACPHOMY; KDOME TOTO, HHJEKC | OTHOCHTCA
K XapaKTePUCTHKAM YCKOPCHHBIX MOHOB, a 2 — K cpelie, B KOTOpoit
OHM TOPMO3ATCS), CPEJHSS JJIHHA MY YacTHUE ¢ HajalbHOM
aHeprueit £ MoxeT OHITH HalAeHA KaK

E
L f____df ___ 1.11
R(E) = NZ{S,(E) + 5(E) (-t

2 —
rae N, — sjepHas MAOTHOCTL cpedsl. Crpore rosopd, R =
= Rl + R}, tie R, — mpoexTuBHSIA npoGer, T.e. MPOSKIHA

'3
CMELUEHHMA YACTHLGI IIPM TOPMOKEKUN Ha HOPMaNk K [OBEPXHOCTH,
R, — cMemienMe B MEPNIEHAUKYIAPHOM HATIPaBIeHHH. OfHaKo Ha
NMpakTHKe R, Ha MHOTO TOPAAKOB MEHBIUE, YCM XAPaKTEPHBIR
panvyc mydka. ITosroMy 3afauya O NPOCTPaHCTBCHHOM paclpene-
JIEHHH TEePMAUIM30BABUIMXCSA HOHOB OBBIMHO CBOAMTCA K Onpene-
JEHMIO Rp ¥ pa3bpoca 3T BEMHYMHE! (CTPArTIHHIA).

Kparko paccmorpuM cooTHowrenne mexay S, u S,. Ilpu
OTHOCHTENIBHO HeOoNbIMX aHeprsix (E = 10—100 x3B) TopMo-
JKEHHe MPEUMYILCCTBESHHO CBOAMTCHA K MOTepe aHepruM OwlcTpoi
YACTHLH B PE3YIBTATE YIIPYTOTo PaccesHUA, NMPH KOTOPOM Mpouec-
CHI BO3GYXNEHHS M MOHU3ALMH MaloBepOATHH [10].

ECNd CUNH B33MMOJENCTBUMSI MEXKAY ATOMAMH M TOPMO3f-
JUMMHMCSA HOHaMHM JIeXaT Ha TIpsIMON, COeAMHAKUIEH MX LEHTPH,
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[image: image7.png]T.€. HOCAT LCHTPANLHEIN XapaKTep, WM SHEPIMS MOHA NMpCBIIACT
TOTEHIMANM HOHM3ALMU BHEIHUX ofionoyex (>100 »B), To Bsaumo-
HEHCTBIE MOXKET SHITh OTIMCAHO € IOMOIIBIO MAPHEIX MOTEHIIMANOB.

MHOTOYHMCIEHHEIMU PacCuETAMH M SKCIIEPHMEHTAME GbLTO 110-
Ka3aHo, 4TO Ha PAacCTOSHMAX MEXIOY atomamy r < 0,07 HM Hau-
Iyyle TOYHOCTh JaeT NoTeHuman Tomaca—Pepmu

Z,2Z.e
= 214¢ |Z
Vi = 22 zH w
Te Z,, Z, — aTOMHHE HOMEDA YCKOPEHHOTO HOHA M MHIIEHI;
¢ — 3aPAN ONEKTPOHA; y — GYHKUMA SKpaHMpomaHust ToMaca—
®epmu, noapoGH aHanua XoTopoh Aam B [10l; ¢ — mauma
JkpanupoBaHus no O.B. Dupcosy (a = 0,88a;(VZ, + \/ZZ)‘2/3);
3pech ay — GopoBekuit paguyc. Ilpn  r/a <« | x=1-
~ 1,558 7/4 n norenuman (1.12) TEPEXOAUT B KynoHoBekuil [11].
@ Tlpumenenve bynkuun 9KpaHHPOBaHUA B ¢opMe Tomaca—

PMU 33BBILACT TIOTCHUMAN B3aHMOZSHCTBUA TIPH GOMBIIMX MeX-
ATOMHBIX DAacCTOSHMAX. [To3ToMy paccuMTanHEIE ¢ €ro moMoupio
CCUCHHA B3AMMOACHCTBUS W NUHEHHBIC IOTEPH SHEPTMU TaloKe
HMEIOT 33BHIICHHbIE 3HAYCHUS.

HU. Jlunaxapa, M. Mappd n X. Ilwnorr Hamuu Gynxumo
:;ﬁzﬂuponaﬂm Xax pemicHue muddepeHIManbHOro ypaBHeHus
1) = %2 (1.13)

TIpHYEM DalluyC SKPaHMpOBAHHSA, B oTmimme oT O.5. @)
ONpENENCH W3 BRIPAXCHUS - Prpcoss, Sun

a= L1307 ey ey
=357 aln” + Z37 (1.14)

Dyrxups skpanuposanns XK. Mouse, p
. € JCTABI:
3Ke e P 220 €T cobolt cymmy

S
ZH = 21 Ciexp(byr/ay, (L15)

e C; M b, — KOHCTaHTHI, KoTophie MOTYT GBITH ITOMY4EHR 13
TIePBLIX NPWHUMNOB KBAHTOBOH MeXaHUKH.

Ha paccrognnax * = 0,07 HM, KOTODHIE MIPalOT OCHOBHYIC
ponb TIpY B3aMMoneHcTBMH MOHOB ¢ E < 1 x9B, nydwee cornacue
¢ 3KCIICPHMEHTOM JaeT noTeHuMan Bopra—Maiiepa:

V(r) = Hexp(-br). {1.16)

Ilpu stom H = 87,7(VZ, + VZ,)*/? 9B; b = 0,953 nm.

Jlanee, 3Has MOTEHLMA B3aMMOLCHCTBMA, MOXHO HaiTy and-
chepeHIMANIBHOE CEYEHNE PACCETHUN MOHA Ha 3aJaHHEIN Yrosi miH
IubhepeHUMATEHOE CedeHHe TIepeJadH SHEPTHH HETOABUKHOMY
aromy. [1paBia, MOMYYUT €r0 B AHATMTHYECKOH (OpME, BHIPA3HB
B ABHOM BUAe 4ecpes V, HeBoamoxHo. IToaToMy Ha IpPAKTHKE

HCTIONE3YCTCA CTEMEHHAA ATNpOKCHMALMs Buma Vo~ r'/™, e

0 < m < 1. Dro gaeT BOIMOXHOCTD 3anHcats auddepenumanshoe

Ce4eHUE MeEpeaady sHepruu B cieayiomem uae [10):
do, = C,E™TV"dT mn 0 < T < T;

n
do, =0 T > T,

3nech T, = AM\M,E(M, + Mz)_2 — MaKCHMANBHO BO3MOXHAs
nepenaBacMas sxeprus. KoHcranTsl C MMEIOT creayomni Bua

2m

(1.17)

ans m > 0,25;  (1.18)

L
c, = %Ambz[—n‘llz] [2H]*" o om o< 025 (1.19)

Opu m < 0,25 noteHuman ¥ ~ 717 anmpoKCUMEpYeT NOTEHLMAN
Bopra—Maitepa, a Tpr m > 0,25 — Tomaca—®Depmu. i, —
KOHCTAHTHI, 3HAYEHMA KOTOPHIX MPHMBeIeHLI B pabore [11].

Taxum oBpasomM,
T,

s, = dean(T), (1.20)

£y

2 NOJHOE CEYCHWE CTONKHOBEHMH, NPHBOAAIMMX K oOpasoBaHui
ICPBVYHO CMEUIEHHBIX &TOMOB, M CPEAHSS SHEprusi BBIGHTEIX
aTOMOB PABHBI COOTBETCTBEHHO
7, s
o, = [do,; (Ty=3" (121)
£, "




[image: image8.png]Hnst seramcnenns  snekTponmolt TOPMO3HOM crocoBHocTR B
O6NaCT OTHOCHTENBHO GombLIMX SHEPTrMH B HacTOAllee BpeMs
LIMpoKo npumensercs ¢opmyna Bere—Broxa, TNOJlyyeHHas Ha
0CHOBE GOPHOBCKOTO IPUGTIDKEHMS ISl pacyeTa nuddepermMans-
Horo cevyenms (7, 12, 13]:

_ 4ZiZ%* 2m,V
Se= mv? 1“7(1 _uﬂz) - ﬂZJ, (1.22)

e / — cpelHee reOMeTPHYECKOE MOTEHIIMANOR HOHM3aLMK pas-
AMTHEX aTOMHBIX oBonouek. TIPMEMIDKEHHO MOXHO CUMTATB, uro
= Zyep, Tae ep = 13,5 3B — aneprus Punbepra, v —’cko-
POCTb uoHa; 8 = V/C, € — ckopocth cBera. PopMmyna crpa-
BEINMBA, CSCIH Zlez/hv > 1 (h — nocrosunas Inanka), m, —
Macca MOKOs SMEKTPOHA. o

(TCECJIM SHEPTHA najaniei YaCTHUBE! OTHOCHTEILHO HEBEIHKA

E < Mza/z 2 q 4
7 207 = 15:10°4, 237 [aB); (1.23)

3Mech A) ~— aTOMHEUA Bec TOpMO3Ierocs HORa, ¥y — Boposckas
CKODOCTL JICKTPOHA), TO MOTEPY SHEPTMH TPOMCXCIAT B OCHOB-
HOM 33 CHET BOICYXNCHMA TONBKO ¢7aGO CB3AHHBIX BANEHTHLIX
MM cBOGOAHEBIX (bepmuencionx) SNEKTPoHOB. MOH noutH He
DaCCCHBACTCH HA 3NEKTPOHAX BCIACACTBHE GONBIION Pa3sHHMUBL HX
Macc. TosToMy MoXHO cumTath, wTo Ha Hero AeicTBYeT Henpe-
PHIBHAS TOPMOJAINAS CHUIA, HANPABNEHHAS MPOTHEOMNONOXHO BeX-
Topy €ro ckopocTH. IIpM cKopocTsX MOHa, MeHBImX CKOPOCTH
OMEKTPOHA Ha nopepxHoctn PepMu (IpUMeHMTEIBHO K TSDKEITBIM
YOHaM OH& COOTBETCTBYeT 3Hepruy 104—106 3B), Topmoadua:

CHWia TIPOTIOPLTMOHANBHA V. ’ et

HosToMy MoxHO 3ammcars

=L |_dE
Se=w; [‘ de = KV (1.24)

Tlonaras, yro ane
, KTPOHBI IIPEACTABAIOT OG0 CROGOXHDIH
igg;goﬂﬂblﬂ ra3, Y. Jinuaxapa u M. Ulapgpd [14) Noxa3amu, uro
MLMCHT POMOPUKOHANBHOCTH K, MOXHO BBMHCIHTE cneny-
oMM obpasoM:

K, = 8nag£[Z,Z,e2/[ZV3 + Z;”]J/ZJ/VB, (1.25)

e & = Z{/(’ =~ 1 + 2. Henocratkom 31oit (hopMyNEL ABNACTCH TO,
4YTO OHA HE YUMTHIBAeT HAGMIOZAIOWMECS B SKCIEPUMCHTax Z,- U
Z ,~0CHWUBIIMH AEKTPOHHON TOPMOZHOI CIIOCOGHOCTY (IIABHEIM

obpasom, B obnact Z, , < 20).

Moaubuumposannas Teopus O.B. ®npcosa [15] yumreBacT
OBOJIOUEHYI0 CTPYKTYDY CTANKMBAIONIMXCA AaTOMOB, KOTOpas M
0oByCcNOBAMBAET YKa3aHHBIE OCUMUIIIMM (T.€. NPEANONAraeTcs, uro
HOH M aTOM MMIUISHHM B [POLECCE CTONKHOBEHMS oGpa3yloT KBa-
3UMOJIEKYNY), HO UMCICHHBIE DAcueTHl OYEHL CIOXHBI IS pea-
nuzaiu. TI03TOMY B TMOCHEAHEE BpeMs GOIBLIOE PACTIPOCTPaHEHHE
nonyynna mpeanoxeHuas X. Cyrusmoit {16] dopmyma, moctpoen-
Hagl Ha OCHOBE IMIMPHYECKUX HAHHBIX:

K, = 2nelagZ¥3ZY3C(2)) C(Z) Vi (1.26)

HeMOHOTOHHO 3aBUcAIiMe OT Z Koa(oduIMeHTs C onpelcie-
Hbl YCXONA M3 MaKCHMAIBHO IOCTHXXMMOTO COBMNAJEHMA € 3Kc-
TIEPHMENTANBHEIMU AaHHAIMM W TipoTaGymupoBanbl [10].

JAns NerKuX WOHOB BRICOKMX SHEPIUl MMEST MECTO OTKIOHCHHE
3asuchmocTH S,(V) or nmHelHo# B cmydae 5 < Z) < 9 aBTOpsI
[17] peKoMEHAYIOT YIMTHIBATE €TO ¢ MOMOLIBIO HOMONHUTENBHOTO
‘leHa B MeBol HacTH BeipaxeHws {(1.13):

S,(E) = 2melagZd3ZY3CU(Z) C(Z) V(1 + E/EQDTT, (1.27)

rac E, COOTBSICTBYeT SHepryu, TpH xoropodl §,(F) mocruraet
MakcuMyma (Ey = 3,5 + 10 MaB).

Takum oGpasoM, B o6nacTH IHEPrui, NpeICTABAAIOIIUX MHTE-
pec UIA DPAIMALMOHHSLIX TEeXHONOTMi ¢ TNPUMEHEHMEM HOHHEX
nyskor (10°—10¢ 5B), BaxHO npH pacyeTax MCPEHOCA MOHOB
YYWTHIBATh KaK 3NeKTPOHHOE, TaK ¥ SACPHOE TOPMOXEHHUE.

Tny6yHa TPOHWKHOBEHMS MOHOB B BEILECTBO MOXET OBITH
ompefeneHa Yepe3 MX CPEOHMI npoSer, AnA KOTOPOTC B NEPBOM
npubTIkeHHy cnpaBefuea dopmyna (1.11). Onnako aToro Heao-
CTATOYHO, YTOBHL MOMYHTH TIONHOE MPEACTABIEHHE O XapaKTEPHEIX
npoBerax TOPMOISIVMXCS MOHOB, TPOCTPAHCTBEHHOM DPacrnpese-
JIEHUM TEPMATM3OBAHHBIX YACTHL W CMEUICHHEBIX aToMOB. [1poGne-
Ma COCTOMT B TOM, YTO YHCIO COYJAPEHH, KOTOPHIE MCIHITAN HOH,
a TAakKe IHEPIWs, TEPSEMAs MM TPH KAXIOM COYIAPEHHH, HOCAT
CHyJaMHEIM XapakTep (KaK M TPAcKTOPHS KaXuod oTACNbHOU
gacTHUE). COBpeMEHHBle METOZbl DPacdeTa IUIOTHOCTH BEpOAT-
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[image: image9.png]HOCTH PACTIDE/C/ICHNS HOHOB F(F 17, E) no aune npobera R, roe
# ~— CXHHMMHBIA BEKTOD HANDABNCHWA ABWXEHUA YACTULE, 0ObN-
HO GasdpyioTcs Ha Modern Junaxapra—Illapddba—Minorra.
CpaBuuBas GallaHc BepOATHOCTEH MOTEpH SHEPIMHM Mo PasIHYHBIM
KaHanaM, MOXHO NOKa3aTh, urto F (F', nE ) YAOBNETBODSIET cheay-
IOIlieMy YpaBHeHHIo [10]:

OF (7, W, E)/of = N, [ do’,[F(, B, E — T)l - FF A E) +

+ PR A, T) + 1,G R B). (1.28)

3necw T, — aneprua, NMepemaBaeMmas ATOMY TIPH YTIPYTOM CTONKHO-
BEHMM; 7' — HANPARICHHe ABIKCHNA 3Toro aroma; £ — emu-
HWUyHan GyHkimus (& = 0, ecnu pews umer o pacrpeJeneHun
npoGeros, M £ = 1, ecAu BHIIOAHAETCH PacyeT pacTpeeneHUs
EMEILEHHEN aTOMOB WIM MOTEPh 3HEPIMH HA HOHU3ANMIO); F —
BEPOATHOCTL  OCYWIECTBACHUS aKTa CMEIIEHHS WIH HOHM3ALMH
{BRIYHCIRETCS. IPEABAPKUTEIBHO U3 YPaRHEHNs, aHanoruuHoro (1.28));
I, — HMHTerpan cromKHOBeHuUit npn HEYIDYTOM DacCesTHUH:

1F R Ey =N, [o[FERE-T) - FGR E) =

_ WFF A E) | | JFE R E
N8, HEERE L Ly o1 ‘—(fj;_l (1.29)

3aece Q, — crpartaMHr BACKTPOHHOTO  TOPMOXEHMs (Qf =
- 2 .
= f T.do,); T, — noreps SHEPTHM B OJHOM aKTe HEYNpPYroro
paccesHus.
> >
O6srino F (7, #, E) pasnaraior mo nonmuHoMam JlexaHapa u

MIUYT MOMCHTBI €€ DACTIPEAENCHUA MO TuyGuHe. HauamisHbii u
UCHTDANIBHEIA MOMEHTH IIOPAIKA #1 PABHBI

a, = {F(R, E)R'AR; u, = [ F(RE)Y(R - (RW"4R. (1.30)
0

Ecn BEpOATHOCTH OTpaeHMWs NAZAIOUMX HOHOB OT NOBEPXHOCTH
Mana (GompuiMe ameprum, HOPM2NIBHOE ManeHue My4ka), JOMKHO
0BeCIEYMBATECA PABEHCTEO 2y = gy = L.

DusecKmil CMBICI MOMEHTOB ApYritx MOPAAKOB CAEAYIOUINH:
@ = AR gy = (R 4y = Ry py = AR

IIeHTPaNBHBIH MOMEHT TPETBETO TNOPAIKA XAPAKTEPUIYET aCHM-~
MCTPHIO TIPOGIIA KOHUCHTPAlMH TePMATH30BABILHXCS UOHOB.

ViMeeTcst BO3IMOXHOCTb APHOMDKCHHO HAWTH KOOPIMHATHOE
pacrpeaeNeHMe TEPMANTM3OBABUIMXCA HOHOB B BMAE (YHKUMH C
NapaMeTPaMH, OMPEACICHHBIMH Y€PE3 COOTBETCTBYIOUIHE MOMEHTHE
pacnipenencHys. Haubonee NpOCTEIM SBIAETCA FAYCCOBCKOE IpeN-

CTaBJICHHE:
- o (R = (REN?
F(F By = it B 1.31
(7, E) n(Rz(E))cx [ HAR(E)) ] (1.31)

rae ®lem?] — monHelit drioeHe MoHOB, a (ARZ(E)) = {RY(E)) -
— (R(E))?] — cpenHeKsaipaTHIHOE OTKIOHeHHe Mpobera. OnHako
OHO OHEHB IpyBo, TaK KaK ABNAECTCS CHMMETDHYHON (yHKuMek
orHocuTensHo (R). TNoatoMy ofbrHO Ha INpakTHKe BBOJAT Mapa-
MeTp acCHMMETPUW PacrpefeneHus S, = uy/ 13’2, KoTOpHIH MO3BO-
AsieT NpUGTHANTE MCIOMB3YEMYIO AITIPOKCHMALIMIO K PEajbHO Ha-
OmoaaeMBIM  pe3ynbTaTaM. JpYTHM TIapaMeTpOM, XapaKTepH3ylo-
UMM pacnipefescHMe NpoGeros, SBIAETCS 3KcLece y = ;44;4;2.
PacnipeseneHue ¢ y > 3 MMeeT 5OJEE BLICOKYIO H OCTPYIO BEPIIHHY
TIO CPaBHEHMIO ¢ IAYCCHAHOM.

B xayecTee ammpokcHMMpYIOHieH GYHKLMM 4Halle BCero Mc-
[ONBIYIOT IONYrayccHaHy, pacnpeneacHue DIKBOPTA, Moaydaemoe
pasnoXeHHeM F 1o MofiuHoMaM DpMUTa, DA3TOKEHHE 1O MOAHHO-
MaM CoHUHa, HO Haubonee GIM3KUE K IKCIICPHUMEHTAIbHO Habmio-
JAACMbIM PE3YABTATHL MONYYAIOTCSE B TOM CAYYac, €CNU HCIIONB3OBA-
Ha M3BEeCTHasd U3 MaTeMaTuHeckol craTHcTHXM GyHKumA -ITupcona
1V poga [17], KoTopas NpeAcTaBAseT coGOH cAEAyIOMIYIO KOMOM-
HalUIo!

Froey = 2l + (x/a) 9 expl~v - arctg(x/a)],  (1.32)
Tae x, @, ¢ — OYHKUMH 9ETEIPEX TIEPBBIX MOMEHTOB MO Mpo-
exTBHOMY mTpoGery. TloApoGHEBIM aHauM3 BO3MOXHOCTEH 3ToM
GVYHKLMH mpedcTasnel B pabore [10].

Pacyer F 3pecs npeamonaras CIeXYIOWIHE AOIYIIEHHMS.

— HE YYUTEIBAIOTCA 3AEKTPOHB OTAAYH;

-~ DpaccefHUEe Ha INEKTPOHAX TPOUCXCANT 6e3 u3MeHeHUs
HaNpaBIeHAs ABIKCHHA HOHA,

— SHEPruei cpsay aToMor npenebperaior;

— YNpyroe paccesHHE Ha aTOMaX MMUICHM M HEYNpyroe Ha
BNEKTPOHAX CYUTAITCS HE3aBHCHMBIMH,

— BEWIECTBO MMIIEHM OAHOPOAHO M H3OTPOIHO,




[image: image10.png]— CTONKHOBSHUST ABNAIOTCH TNMApHLIMM H TOCIEAYIOLIEE He
3ABMCUT OT MPEABLAYUICTO.

HeoBX0MMMO OTMETHT, YTO IS NETKUX MOHOB Iipu £ = 1 MaB
R = R, Ho st E < 1 MaB pasnnude MoXeT OBITh CYIIECTBCH-

HBEIM. CBa3b Mexay R, ¥ R (py yCIOBMHU MCIIONB30BAHMSA NOTCH-

1Mana TApHOTO BIaMMoAelcTBusi THma ¥ ~ RZ) wmmeeT cieny-
oW BHA:

;’ =1 ~ xe’E (-x), (1.33)
rae x = M,S,/M S, E, — wHTerpanbHas NoKa3aTenbHas QyHK-
wat. Ecau M,S, Bennko (Malble SHEPrHM, TAXENSIE MOHEI), TO

51«.~.(1+M/3M)*‘
R 2 [E

a CTParTMHTH B 067aCTH HU3KUX SHEPTUI CPABHUMEL C NpoGeraMH.
A.K. Bpaiicom [18, 19] paspaGoraH MeTOA PeLICHHA KUHETHYe-~
ckoro ypasHenua (1.28), oGmagalolmuii TeM NOCTOMHCTBOM, $TO
TIO3BOJIAIET MONYHATh HEMOCPEACTBEHHO MCKOMEIE (QYHKUMM, a He

HX MOMCHTEL

MeToz NpeanoaracT CAEAyIOUHe AOMYUICHH:

1. MaTepuas MMOICHW TpPEATIONAraeTCs OJHOPOAHBIM ¥ HM3OTPOI-
HEIM (aMOP@HEIM MMM TOJNUKPHUCTANNHIECKMM). TakuM obpa-
30M, sdbexT xaHAMMPOBaHMA HE YYUTHIBACTCS.

2. SlpepHOe M 3MEKTPOHHOE TOPMOXCHHE CUHTAIOTCH HE3aBHCH-
MBIMH, HE BIHAIOIIMME IPYr Ha Apyra (OGOCHOBAHHE 3TOro
NONIOXEHHA colepxures B [14]).

3. Topmo3sMecss MOHB He BIMSAIOT APYT HA Apyra. OUEHKH Tio-
Ka3blBaloT, YTO TEPEeKpLIBAHHME KACKaAHBIX obmacreit Gyner
MMETh MECTO NPH IVIOTHOCTSX TOK3 B COTHM-THICAYM KHIOAMIIED
Ha KBanpaTHuIM caHTUMerp. Takum obpazoM, adbdexr B3anmHo-
TO BIMSHMA HE CYIICCTBEH JaXe NPM CWIBHOTOMHEIX DPEXIMAX
obNyYeH1s, PaCCMOTPEHHBIX B IaBax 2—3, M pacyeT NoTeps
3HEPTUM MOXHO BECTH B OJHOYACTHYHOM MPUGIIDKEHHH.

KpaTko paccMOTpMM ocHOBHBIE nonoxenuss Moacnu. OB603-

HAY¥M BEPOATHOCTH TOIO, YTO HOH ¢ HAYAIbHOM aHeprueH E, Ha

mybune [x, x + dx] nmeer arepruio E, kak P(E,, E, x)dx. B
[15] pynxums P(E,, £, x) annpoKcHMMpyeTcsl BbIDaXeHHeM

. RAEy) + R(E))
Vi, AR L(Ey) 2ARYNE,)

Py, E, x) = > (1.34)

ae R’ — TPOSKTMBHEIA NPOGer MOHOB B MarcpHane MHILCHM,
ARF — wx crparrauur. Torma yhenmbHbLIE NOTEPH 3IHEPTHM Ha
oyonHe x onpcncnmorcu HHTETpaNaMu:

$, (&) .
Q) = fml’(lfg, E,x)dE;  (135)
o sm

Q,(x) = {mP(EO, E, x)dE,; (1.36)

EO
0() = 0,0 + Q0 = [ P(EyE, ©)dE. (13
L]

3mech 0, — MOTCPHM SHEPIMM Ha SIEpHOE TopMoXenue; O, — Ha
aMeKTPOHHOE TOPMOXeHUE; () — MONHLIE NOTEPH 3HEPTHI. MoXHO
TAKKE PACCIUTATh TIOTEPY SHCPIMM HA CO3XaHMe TOBPEXICHHH B
TBEPAOM Tene:

4(E)

Q) = IWP(EW E, x)dE, (1.38)

e S, onmpefenfeTcd dbyukumeit PobuncoHa (B GeapasMepHBIX
CRHHULAX):
.
5,6 = %f—ﬂ—)»dx, .39
014k [L)
FeVY = o+ @Y = 1,309,
g(y) = y + 0,402445°7% + 3,4008y"%,
k, = 0,1333722'%a,,
A,
473 — 2 .
=28 2,212 + 224, + 4y
Torma npodwuis MOBPEXACHHI B COOTBETCTBHM C dopmynoit
TRN-cTanaapra MOXHO ONIMCATh MPOCTHIM COOTHOIIECHMEM:

0.80,(x)

1.40
T (1.40)

D(x) =
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4TOGBI BEIGHTD aTOM M3 y31a KPUCTANIMYECKOH PELICTKH.

Bee snauenma Q ¥ D paccuMTaHHl Ha oAMH voH. YToBh
TEPeHTH K MOMIHOCTH JHEPTOBBLICACHUA M CKOPOCTH TeHEpauyy
IedeKTOB, MX HYXHO YMHOXUTb HA TUIOTHOCTb [IOTOKA YacTHI[.

HpoGers BIoms ompemeneHHLIX KpHcTajiorpahMYecKux Ha-
TIPABNEHUA MOTYT CHITBHO OTAMYATHCA OT NPOGErOE B AHANOTWYHBIX
No coctaBy amMopGHbIX Marcpwanax. Takoe sIBeHMe HasmIBacTcs
KaHATHPOBAHHEM M TIOAPOGHO M3ydaeTcsi B NOCAEAHME rOIEL.

Ecnu moE! BReTalor mog ymoM ¢ < Y (:pkp — KPMTHYECKMit
YIOX), OHM MOMAAAIOT B UEHTPANBHYIO YaCTh OAHOTO M3 CTDYKTYp-
HbIX KaHaiOB M WX sAACPHOE TOPMOXeHHe ocaabueHo. Kpuru-
HecKui YTON KaHATMPOBAHWA CBS3AH € SHEPTMEH YACTHL M Napa-
METPaMH PEILETKH CHEAYIOMUM COOTHONIEHHEM:

7 22 7 ed
Z;Zz_e, comn £ > ~L
Yp = (1.41)

2
\/ézzquezg, e o< M,
2 dE d o’

fic @ — UIMPMHA KaHana, d — DACCTOSHME MEXAY COCEXHHME
aroMaMu B UeNo4uke. Ecmm a ~ d = 0,1 HM, To LI TaXemnx
yoHoB ¢ £ ~ 10° 3B Vyp HE TIPEBRINACT HECKONBKHX IPALYCOB.
KaHanuposaHHklc MOHEI GYIYT TepATh SHEPIMIO B OCHOBHOM 3a
CHET BIAUMOACHCTBUS ¢ 3INEKTPOHAMM cpefmbl. UTO Kacaercs wgac-
THL, BRUNEJIUMX M3 DPCXMMAa KAHAIMDOBAHMA, OHM GyAyT Top-
MO3HTECA TaK K¢, Kak U B aMopbHoit cpene. [Mo3ToMy KoHLEHT-
PALHMOHHEI NPOGIIL B KPHCTAILIE MOKET MMETh B2 MAKCHMYMa,
OAMH 13 KOTopbix GymeT o6YCNOBNCH TepManU3alMeil XaOTHUECKI
ABWAYINMXCS MACTUL, 4 APYIOH — KaHaIMpoBaHMeM. B peajbHbix
KpHCTAJLIAX pacnipene/ienue MoxeT Gertb Gonee cnoxumm. Ilpu-
HHMMas BO BHMMaHUEC, YTO KaHATMPOBAHUE OMPEAEICTCS, IABHEIM
06pasoM, BIAUMONCHCTBHEM ¢ 3/ISKTPOHAMH KpHCTanna, MakcH-
MaJIbHY20 T1yGHHY TIPOHMKHOBENVS MOHOB MOXHO 3aINCaTh KaK

£ E
L aE 1 dE VE
Ry = = -
N, {S,(X) N, {K,\/E‘ 2 NK, (1.42)

20

Dra 3aBUCHMOCTh XOPOHIO NOATBEPXIEHA 3KCIICPHMEHTANBHO. Hc-
cneposanue R (Z), Z,) TIOKA3BIBACT, YTO TIOCKOJNBKY S, ABIACT-

ca ocHwWInMpylomei ¢QyHkumel, MakcMManbHBle npoberd Toxe
MMEIOT CHIBHYIO 3aBHCHMOCTh OT Z| M Z,, U 3THMH TlapaMeTpaMHu

MOXHO YCWINTE WK ocnabure 3d@eKT KaHATHPOBAHMS.

1.3. TopMomeHne 3/1eKTPOHOB B BElIECTBE.
TO[)MOC!HDC n3ny4eHue

B PAAURLKOHHBIX TEXHOIOFHAX oBbMHO HCIONB3YICT TTYYKH
3NIEKTPOHOB ¢ 3Hepruedt 10* — 107 3B. i TAaKuX YacTHLl OCHOB-
HBIMW KaHaNaMH ITOTEPb IHEPTHU TIPH TOPMOXCHMM HABASIOTCS
BO3OYXASHUE, HOHH3AUMA (/) M MCIYCKAHHE TOPMO3HOTO M3Ny-
yeHus (b). CooTBeTCTBEHHO

dE _ |dE dE
dx [dx], + [dx]b‘ (1.43)

B mHTepecyloledt Hac o6MACTM SHEPIMM TNOTEPU HA BO3OYXK-
JACHHE M HOHM3AUHMIO SBNSIOTCA TOMHUHHMDYIOUIHWMM H MX MOXHO
TONYYMTs, MHTErpupys JutdbepeHIMANBHOE CEYCHUE HEYTIPYToro
paccesnua. IlonHas TOTEPH SHEPrMM 3MEKTPOHOM ARIASTCH pe-
3yNbTaTOM GONBHIOTO YMCHA B3aMMOAESHCTBMYI ¢ Manol mepenaueit
sHepruy ("HenpepbiBHOe 3ameaneHue”). Taxum obpazoM, B Mmoo
TOYKE TPAEKTOPMM OHAa OMNPECACTCS HAYAIBHBIM 3HAYCHHCM
SHEPIYU M IIMHON IYTH, KOTOPBIH NpOLUIa YacTHIila.

Pepnux n KapincoH MoAyqiuiM BbIpaXcHME UIA CPEOHHX IOA-
HEIX (MOHM3ALMA M BO3GYXIAEHHE) FOTEPE IHEPIHMH PCIIATHBUCT-
CKOro 3ICKTPOHA Ha CIMHMUY mmmnel [20]:

2 22,20 4 2
_ [JE] = 2amyer3 P2 (e 4 1) [ (el v )
:

dx Ay ele+2) 272
? 2 1
Lol | 2t -8 (44
+c+l+8[e+l] (c+])21n2 } (144)

3;[30]: € -~ KWHETHYECKAA 3HEPIWA 3JJNCKTPOHA B CAMHHUAX m‘)cz;
p — TROTHOCTb BEUIECTBA; 7 ~ KAACCHUECKHMH PAIMYC SMEKTPOHa;
Ny — uncno Asoragpo; I = Z,(9,76 + 58,8Z;"'%) — cpemmuit
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[image: image12.png]TOTCHIMAL HOHHM3ALUK aToMa M & — monpaska Lllrepuxeitvepa Ha
apdexr miorHoCTH [21].

B cllysae HEpe/ATHBHCTCKIX SMI€KTPOHOR HCTIOMB3YIOT dopmyny
Bere—Bnoxa:

(1.45)

~[2E} = gpmcre2 P2 e 4 102 L16mycie
dx |, 0" g e+ 2 7

Hpyroit dusudecKu omyTUMEI Kanan NOTEPh PHEPTMM IMEKT-
POHA TIPH TOPMOXEHHH B TBEPAOM TEN¢ — TOPMO3HOE MATYYeHHE.
HnM uroraa npenebperalor Npu omucanuy KOOPAMHATHOIO paciipe-
ACMICHM TIOTMIONICHHOMN JI03K1 B 33/la4aX TeXHONOTHYECKOTO ITPHMe-
HEMHA SNICKTDOHHBIX Ny4koB. ONHAKO B HEKOTOPEIX M3 HMX,
HaNpHMED, MDY PaMAUKOHHBIX MCTIBITAHMSX MATEDMAIOB M M3je-
M, KOTAa TOPMOSHHIMM (POTOHAMM UMMTHDYETCH DEHTTEHOBCKOS
M3IySCHMC SJEPHOTO BIPEIBA, MPOLECC MX TEHEPAUMM M TOTIO-
WEHNA MMEET GONbIoe NPaKTHYECKoe 3HaueHHe. TTosTOMY Hike
MIIOKCHBL  COOGPAXCHUSA, KOTODHIC NO3BONAIOT CPABHUTEIBHO
TIPOCTO ONPENCNATh AOMIC SHEPTHYM BNEKTPOHHOTO IydKa, TpaHe-
$opMUpYeMyIO B TOpMO3HOE MATYYeHHE.

OYeBHIHO, YTO JTHHeHHuE TIOTEPH 9SHCPTMH 3MEKTPOHA ¢
oHeprucii £ Ha TOPMO3HOE ManydeHMe MOTYT OBITb ONMMCaHE]
cneryomeit hopmymoit:

dE ol
—[dX]b = N{hvﬂa—v&dv, (1.46)

rae o(E, v) — ceuenue ucnycKaHus doTtona ¢ yacrotoit v; N —
ALEpHAA MWAOTHOCTS; v, = E/A; A — nocrosntas Mianka. Bepo-
ATHOCTL  MCTIYCKAHMS (POTOHA TOPMOJHOIO MANYUEHMA B TONE

ATOMHOTO 2/Ipa W 3NSKTPOHOB NpOMOPUMOHANBHA v~!, ToaTOM
(dE/dx) =~ E, ’ Y

O6srHO BBOMUTC 3bdeEKTHBHOE ceveHme PAIMALIHOHHBIX 110~
TEPL 04
&

(—ﬁjb = Nogk. 147

Ecrm 31-xezprwr 3JICKTPOHOB  YAOBIACTBOPACT ycHoBUlO £
~1/3

» 137myeZ;', 10 cevenme panmanMoHmX ToTEPL U, He

3ABUCHT OT £ M cocTaBnsieT nmpumepho 2 - 1072722 1n 183 - Z;13.
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[IpH MeHBIHUX IHEPTHAX BMEKTPOHOR 0, CHAGO 3aBUCHT OT 3HED-
THH W B OYCHb NPOCTOM NPUGIMKCHUM MOXHO 3amMcath [22]

op = 6102823 {4 InRE/ (myet)] - 2} [eM?].  (1.48)

Taxum obpazom, (dE/dx) pacreT NpONOPLHOHANLHO JOra-
pubMy sHepruMm ¥ Z2, a COOTHOWIEHWE MeXAy NOTEPAMM Ha
HNOHM3AUHMIC M TOPMO3HOE M3NYYECHUE MOXET Gbl’l'b OIIHCaHO crneny-
JOBIUM BBIDAXEHUEM!

@Esdx), _ EZ (1.49)
(dE/dx), ~ 1600myct ’

Vuurbigasi GONBUIVIO 3HAMMMOCTE TOPMO3HOTO M3IYYEHUS [UIA
PaIMAlMOHHEIX HCIIEITAHHA, DacCMOTPHM Gonee MompoGHO ero
OCHOBHBIC CBOICTBA. COMIACHO 3aKOHaM KJIAaCCHYECKOR 3MeKT-
POIVHAMUKM, JNEKTPOH ¢ TMONHOM sHeprueit £, ABMrasgck B Kyio-
HOBCKOM TIOJI€ AP H UCTILITBIBAK YCKODEHHME, MMEET BEPOATHOCTH
M3NY4HTh KBAHT ¢ HCPruel K M NepecHTH B HOBOE COCTOSHME C
anepruelt £’. Tak Xak #a4po, B TOJNE KOTOPOIO IIPOHCXOXHMT
HCITyCK2HHUE KBAHTA, 3HAMHMICABHO TAXKCICE 3JACKTIPOHa, OHO B
TIPMHLIMIIE MOXET NMPHHSTh Ha ceBa moboit umnynsc. Cnegopares-
HO, CTIEKTP TOPMO3HOTO HaRYYCHMA JONKEH OLITh HENPEPHIBHEIM B
obnacty areprun xeaHToB or 0 no E. M3 kBaHTOBO-MeXaHMUECKHX
coobpaXeHUit MONyYeHO CleAyloulee BhIpaXEHMe MIA CeveHus
TOPMO3HOTO M3NyueHus [23}:

do = p | H, [/ (Pye/E), (1.50)

TAE p; — IUIOTHOCTE KOHCHHBIX cocTosHu:; H ;= MATPHYHBIH
3IEMEHT INEPEXOJA CHCTEMBI M3 HAVaJIbHOTO COCTOSHHMA / Mepel
MCITYCKaHMEM KBAHTa B KOHeuHoe [ Tocie MamydeHus; Py —
HavyalbHBIA MMIOYNLC 3MeKTpoHa. Tafiriep B paMKax GOpHOBCKOTO
NpUONMKEHMST MONYYWI TIONHOE CEYEHME WIIYYCHUS TOPMO3HOTO
KBaHTa B MHTepBasle 3HepTHit or K Ao K + 4K (mpu s10M 3xeprus
3NEKTPOHA ymeHbltaeTcs ot £ mo E') xak aubdepeHunansHoe
(oHo TIpMBeAeHO B [23]), TaK ¥ NPOHHTErPHPOBAHHOE MO YIIAM:

2 2 3
Pr By S,
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[image: image13.png]SE | 55, 8EE' (BXE + P2P)
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rae L =2-n{(EE’ + PP - 1) /K], Sy =In[(E + Po(E - Ppl;
S =1n[(E + P)y(E - P)].
Cornacho Taditnepy, ans FIPUMEHHMOCTH GopHOBCKOro TIpH-
GRIDKEHHS HEOBXOMMMO BHINOMHEHME yenoBuit: 2n2,/1378 «< 1
2Z,/1378 =< 1, vae B u B’ cooTBETCTBEHHO CKOPOCTH INEKTPOHA
B SAMHHLAX CKOPOCTH CBETA [0 M TOGHE MATydeHuss TOPMO3HOTO
doroHa. OnHako naHHOE BbIpaxeHHe TIONYYEHO NSl KYJIOHOBCKOTO
TIONsL, KOTOpOC B peaNBHBIX SApaX, OCOBEHHO ¢ Bompimm Z,,
IKPAHUPYETCHA IEKTPOHAMK. et SKPaHMPOBAHHA CYyLIECT-
ssem-m, GCI H3MySCHAE IDOMCXOMT NPH MAPaMETPaX cOYRAPEHUs
KX K pasuycy K-oBoMouKH, MaKCHMAnRHEL mpu rmpamcma);
COYIApeHHs, GONBIUMX pa;aMyca aToma. Brlpaxenne m1n cevenm
TOPMO3HOFO M3NYMEHMS ¢ Y4eToM thakTopa 3KPAaHHPOBAHHA, KOTO-
Poc  XODOWIO  COINACYETCA ¢  SKCNMSPHMENTOM B  obmacTi
£ = 2—10 MaB, nonyueHo lapddom:

2Z[ ¢ Jak £’ ‘
_2Z [ ek 2[E
oK) = 15 [,,,ng] Xt [F] T3 [FH x
x [lnM(O) 1 - %arclgb} + %[ﬁln(l iy

42 - b 2 2

+ e arctg 4 ~ P I e (1.52)

e b =2ZEE'ZY/(111K);
+ (ZY 12,

CooTHemeHne Wlapdda oTnudaercs or pesynerata Taitraepa
TEM, 'TO JACT KOHCUHOE 3HAMCHHE CEUCHMS MatydeHUS torona ¢

/M Q) = (K/2EE")? +
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MaKCHUManbHO# 3Heprueit Ey — mocz, 3TO XOpOWIO COINAcyeTca ¢

3KCHEPUMEHTOM.

TakuM 0Gpa3oM, OTCIONd MOXHO TNONYYMTH BCE OCHOBHBIC
XapaKTePHCTHKY TONsI TOPMOIHOTO W3NYYEHUS.

Ha puc. 1.1 npuBemer ero THOM4HBIA CIEKTP, TPOMHTEr-
PUPOBAHHBIA MO YIVIaM BBUICTA, M3 KOTODOTO BHAHO, YTO OCHOBHAs
JAONST TOTOKA SHEPTHK HEPEHOCHTCA BCE XK€ BBICOKOIHEPIETH-
YECKHMH YaCTHLAMH. DTO 0GCTOSTENBCTBO BHHYXIAET NPH NPOBE-
JeHNY KMITYIbCHBIX PaJUAlMOHHKIX MCTBITAHUM B PEHTTCHOBCKOM
4acTH cnektpa (MeHee 10° 3B) NpemenbHO NOBHINATH TIOTHOCTH
TOK2 3JIEKTPOHOB, 4TOOH ofecmedurs HeoGXORUMYK IDIOTHOCTB
MOTOKA SHEPIUM TOPMO3HOTO M3INyYeHUs B TPEOYEMOM MMama3oHe
IHEPrHi.

Tpunnmas Bo BHuUMaHwe (1.52), MOXHO MOKA3aTh, YTO Cpel-
HSIST MOTEPS] SHEPrMH ABIDKYINMXCS SNMEKTPOHOB Ha TOPMO3HOE

M3AyEHMe TIPOTIOPUHONATEHE Z5:

2 2E 2
(LE) ~ Nz[m ]zg(E +mety [ ZEERE 4 (153
b

% mec
HrTak, 4eM TsDKeNee MMIIEHB, TEM GOJBIUE BEIXOX TOPMO3HOTO
wnanydenus. [Ipagnaa, clnexyeT OTMETHTh, YTO MAKCHMAJBHBIA BEIXOS,
MMECT MECTO B TOM Ciydac, KOIJa TOMUMHA KOHBEpTOpa /..
crleAyloluM o6pa3oM cB3aHa ¢ TIoNHoMH JUIMHON ripoGera 3MeKTpo-
HOB Ry
~0,155
Ay = 1,07Z7%15R,. (1.54)

Ha puc. 1.2 npuBeacHa 3aBHCHMOCTb IOJHOTO BhIXOZA OT
OTHOCHMTENTBHON TONIIMHE! W SHEPIUM 3MEKTPOHOB IJIA JIETKOTO M
THXKESOrO KOHBEPTOPOB.

Bropuankic (GOTOHEI, BOSHMKAIOIIME TIPH TOPMOXEHHM 3aps-
XEHHBIX 4YacTHl, CHOCOCHE! B x 40

HEKOTOPBIX Cly4yasdX BRIABATh E
B BELIECTBE PAN TEIUIOBBIX H % 30
MOHM3ALMOHHBIX [IPOLICCCOB, 0,05 Mo
< 20
I
Puc. 1.1. DHepremHyecKoc pac- NEN 10
NIPCACCHAE MHTCHCHBHOCTH TOP- N 05 1 5
MO3HOTO MITYICHMS B 3aBUCH- % 0 - r T
MOCTH OT 3HEPTHH AMEKTPOHOR 0,01 0,10 1,00 10,00
23] E, Ms8
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Fuc. 1.2. 3aBECHMOCTb NONHOTO GHEPrETUYECKOTO BEIXO/A TOPMOSHOIO H3-
JyMeHus  2MCKTPOHOB PA3NMYHLIX DHEPTHEA OT TOMIMES! KOHBEPTODOB H3
amoMunua (@) B Bonbdpama (6) [23).

HMMEIOWMX HMHOTAA BAaXHOE 3HAYEHWE IS DaIMAIHOHHEIX MCIThl-
TaHWH M TeXHONOTHYeckoil 06paborku MaTepuanos u H3OeNni.

1. B ofnacTy Majbix 3HepTHit MPeOGAANAIONIMM ARTACTCH do-
To3ddexT, IPH KoTopom HOTOH TIEpeAacT CBOIO 3HEPIUIO CBY3AH-
HOMY 971ekTpOHy. POTOINEKTPOH TOKHIAeT aToM, obiajas 3Hep-
el T) = £ ~ E,;, tae E = hv — sHeprus cbotoHa, E,, —
OHEPTHA CBASH 2MEKTPOHA Ha - obomouke. Ecau E He ouews
CHIBHO OTIMYaetTcs or £, ceueHue Qorosdderra g MCHAETCA
CKayKoobpasHo, npUieM (Op)x > (9¢)1 > (9g) y n Pacuersr mo-
KasHIBAIOT, YTo okono 80 % Bcex cobriTHil nponcxc;nm C ydactieM
ANeKTPoHOB K-oGonouxu. Jlnsn sueprum dorona £ = hv = moc2
CEYEHHE (0g,) x MOXET BBITH BEIYMCICHO TIO topmyne

(1.55)

)
mge

_ 3 (mycty?"223
Colx 3 [ J 2(137)"(hv)7/22.

Hognoc ceueHue oToddthekra paBHO CymMMe cedeHmit Mo
BCEM -ObOMOYKAM H B NMCPBOM NMPHGIMACHMM MOXeT GHITh npea-

5
CTABICHO KaK 0g, = 7 (9g) g ABTOpHI [20] nOKA3EIBAIOT LENECOOB-

Eaauccn MCTIONB30BAHMSA CAEAYIOUIEr0 NPEACTABACHHS [IOHOIO
CHCHIA GoToaddexTa, NPeANTOXEHHOTO B 26]:
4

7o(E) = ¥ a,E, (1.56)
i=0

rae ¢ — ko3dduimeHTE TPONOPLUMOHANLHOCTH, SBAAIOMIMECH
¢bynxuuaMu aToMHOTo HoMmepa (conepxarcs B [26]).

2. CleaylomwyM BaKHBIM MPOLECCOM, CBOMCTBEHHBIM hOTOHaM
OTHOCHTENIBHO HEGONbIIHX SHEPTUi, ABIACTCA KOrepeHTHOE (pene-
€BCKOE) paccesiHue, NP KOTOpoM (hOTOHEI OTKIOHSIOTCS aToOM-
HEIMH SNEKTPOHAMH 63 TOTCPU 3HEPTHH B COOTBETCTBHM ¢ -
(hepeHIHATBHBIM CeHEHUEM

doy _1[ 2] )
e =3 [mur:z (I + cos’y]F(q, Z,), (1.57)
rle q — WMIyasc (oToHa; ¥ — YTOR erc paccesHudt; F o —

opMbaKkTOp, KOTOPSIA MOXKET GBITH BHMHCIEH B PaMKax Onpeje-
NeHHON Mojenu aTroma, Hanpumep Modein Tomaca—Pepmu.

KorepeHTHoe pacceaHHe oONajaeT CHIbHO BhIDAXEHHOM aHu-
30TpONMeHt BIEPE M [OSTOMY €ro Y4eT MMEET CYIIECTBEHHOE
3HAYEHME TONBKO s TOMCTHIX MuweHe#. Ero Biiaa B monnoe
cedeHMe B3aHMoIeHcTBUa mpu E = 10 k3B cocraenser 2—3 %,
pospacraer a0 6—8 % mpu £ = 100 xaB, a 3arem SwicTpo nagaet.

3. HexorepeHTHOe (KOMIITOHOBCKOE) paccesHue HoToHa ABsI-
eTcsl OCHOBHEIM HpOLIECcOM B obnactH 3Heprmu E = 0,1—5 MaB.
JuddepeHunansHoe MO YIAaM CEYCHHME €ro, BLMHUCACHHOE IO
dopmyne KneitHa—HummHel—TaMMa, XOpolo conlacyercs ¢ dKe-
TIepHMeHTOM. TIDOMHTEIPMPOBAR €I0 MO YIMIaM, MOXHO TIONYYHTh
MIOJIHOE CEYeHWe:

2
opg = "[moc] {[1 - 2K + L)/K 22K + 1) +

+ %(21( + 1)2}% (1.58)

1,4
tatx
e K = E/myc?.

4. PoxaeHMe fap 3NCKTPOH—IO3WTPOH B TIONE fAPA MMEET
MECTO TONBXO NMpH 3Heprum (oToHa, HpeBsuualoliei 1,022 MsB.
DnekTPOH TaKo# Taphl, TIPOXOAA YEPE3 BEIUECTBO, CO3AAET TOPMO3-
HOE M3My4eHHe U BBI3BIBACT MOHM3ALMIO aTOMOB CpeXbl, a Mo-
IUTPOH AHHUIWIMPYET, CO3[aBast HOBblE OTOHHL.

Ceuenme 06pajoOBaHUA Iap B IOJNE INEKTPOHOB MPOTMOPLMO-

HameHO Z,, a B IOME sapa — Z%. TloaToMy BTOpPO#t MpoLECe
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[image: image15.png]npeobnazaer NPaKTHYeCKH NpPH MOGHIX Z,, KPOME CAMBIX HH3KHX
3HaYCHMN,

BripaxeHue ana ceuenus 06pasoBaHus NMap B mome sApa B
OBILEM CTYYaE MMECT CNOXHBIA BUM, ¥ AHANUTHUECKH EI0 MOKHO
TPEACTABUTE TOBKO B BECHMa OIPAHMYCHHOM MHTEPBANE SHEPTHil:

2 28 2F
28 218
37 [9 e F] myc? « E = myc?Z;'?
, (6e3 sxpanmpoBaHus)
Z?
28 _
= [71;, [1832;17%) — %] E > 13Tmyc?z;1

(TIONHOE SKpaHMpOBAHME).
(1.59)

Tparminoe  amaucHue 137myc’Z;'% newur B mpesemax 15

(Rb) — 30 (Al) M»B. Tlpu B3ammoneicTBUH poToHOS ¢ BemecT-
BOM, KPOME NEPCUMCICHHBIX B M. 1—4, HEOGXOLMMO YNOMSHYTH
TIpOLECCH MHOTOKDATHOTO DACCEsiHMA, (OTOSICPHEIE DEAKIMH M
T-Z., HO HX CCHEHMA BCChbMA MAllkl M B GORBUIMHCIEE CAY9AeH He
MMCIOT CYIIECTBCHHOIO 3HAMCHMA.

HonpobHbie namnste 06 SKCTICPUMEHTANBHBIX HCCNCAOBAHMSIX
XaPAKTEPUCTUK TOPMOSHOIO U3NYYEHHUS MOXHO HaliTH B MOHO-
rpadmsax [24, 25].

1.4. BaaumoneiicTene naazmst
C NOBEPXHOCTBIO TREPAOTO Tena

Ceifyac MHOTO BHMMAHMs yxensercs BOTIPOCaM TIPYMEHEHHUS
fLTa3MbL A7 MOIMGUKALIMN [OBEPXHOCTH MATEPMANIOB U M3ICTUL.
TpenmymectBa niasMeHHEIX TexHOMOTMI OYEBMIHEL YAENbHBIC
3aTpaTEl SHEPIMU HA OCAKIEHHUE CAMHMLLI MacChl BEIICCTBA Ha-
MHOIO MEHBINE, YEM TpPH MMIVIAHTALMM WOHOB, BO3MOXHOCTH
HaHECeHMS MOKPHITHIL Ha GONIbLINE IVIOWAIM; CPABHUTEIBHO Ae-
wrepoe obopynoBaHHe U Ap.

OTArmmMTens Ol 0COBEHHOCTRIO TIA3MBI ARNAETCH TO, 4TO NpH
KOHTaKTe C HEMt NMOBCPXHOCTH ONHOBDEMEHHO TOABCPraeTcA GoM-
6apIupoBke MOHaMK, 3MeKTPOHAMH, HEUTPANIbHBIMM aTOMaMH, BO3-
AEeHCTBHIO ONIEKTPOMATHUTHOIO H3Nyyerus. B CHy4yae BEICOKOTEM-
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riepaTypHoOil MnasMbl B cocTaBe 60MOapAMPYIONINX YacTHIl MOTYT
GBITE ¥ HEHTPOHBI.

91 addexTH MOPOXAAOT LCHBIA DS ABICHMIL Ha MOBEpX-
HOCTM TBEpPIOTO Tena. Ml He OygeM uX pacCMarpHBaTh, OF-
paHMUUMCS MWL TEPEYHACTCHUEM HauOGoNee CYIIECTBEHHBIX U3
HHX:

— OTPaX¢HHUE¢ HOHOB H HCﬁTPMbeD( AaTOMOB;

— HIecopbums aacopbMpOBaHHEIX aTOMOB,

— HMIUTRHTAIuA;

— DAaCTIBUIEHHEe M MCTIapeHHE aTOMOB ¢ IIOBEPXHOCTH;

— Guucrepysr (oGpa3oBaHue My3bipeit Ha noBepxHocTH, ofny-
YyaeMoi MOHAMHM ILTOXOCPACTBOPUMBIX I'a30B);

— 0Bpa3cBaHie HOBBHIX XMMIIECKHX COCAHHCHMIT;

— XMMHYECKas 3PO3ust TOBEPXHOCTH;

— HEYNPYTHE TPOLIECCHl NIPY B3AHMONEHCTBUM HOHOB ¢ MOBED-
XHOCTBIO (M3MCHECHME 3apAJHOIO COCTOSHHA HOMOB, HOHHO-3EKT-
poHHast M GOTOHHAR 3MMCCHA);

— TEPMOMEXaHMYECKHE HANPIKCHMA,

— (a30BHC NPeBPalICHAS K T.L.

Cuuraercsa JIOKA3aHHBIM, 4YTO B 337a4aX O MEpelasie IHCPIHM
IUIa3MEHHOTO MOTOKA TBEPIOMY TENMY ITOYTH BCS SHEPIUs IUTasMbl
BBLIEAAETCA B €I0 NPUIIOBEPXHOCTHOM COE TOMWMHo# 1077—
105 em. Taxum ofipazoM, ME MMeeM JeN0 ¢ IOBEPXHOCTHBIM
FCTOYHMKOM TEIUIA M (YHKUMA 3IHEPrOBLIENEHHMA MOXET ObITb
3ajlaHa B mpocredmeM Buge. EcaM TIasMa MMEET OYEHb BEICOKYIO
TeMIieparypy M TpeGyercs Gonee TOYHOe 3HAHME CTPYKTYDHI TEIUIO-
BOTO NoJA, BDYHKIWS MCTOMHMKA TEIUIA AOJUKHA OLITh IIOCTPOEHA
KaK CyNeprosniunsi QYHKUMIA HEPrOBBIACICHMS BCEX YAcTHL, COC-
TABRAIOUIMX MNA3MY, C YYETOM UX CHEKTPANBHOTO PACTIPERETCHUA.

Cejfyac aKTMBHO BeAyTes DPAaGoTHl RO H3YYEHMIO TEXHONO-
IHYECKYX BO3MOXHOCTGH IUTasMbl, o0pasyeMol NyuoM Jasepa M
TYYKOM 3aDMAKECHHBIX YACTHIL IIPH B3aMMOMEUCTBHM C IOBEPXHO-
CTBIO TBEPAOTO TENA.

1.5. BaaumoneiicTBie BbICOKOMHTEHCHBHBIX MydKOB
32PSOKEHHBIX YACTHI C BEUIeCTBOM

H3BeCTHO, UTO NO Mepe POCTAa IVIOTHOCTM TOKA IPOHCXOINT
M3MEHECHME MCXaHH3Ma TOPMOXEHHS 3apsSXCHHBIX YacTHL B Belle-
cree. B 1976 r. Ha ycranoeke "Tpuron” Brnepssle Habmogancs
AHOMATBHHO CHIBHBIM HArpeB (ONBTH CHOKYCHPOBAHHEIM CHMIIRHO-
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[image: image16.png]TOYHBIM ANEKTPOHHBIM NMYYKOM B YCTOBMSAX, KOTAA €€ TOMIIMHA
6ruta MCHbUIE KITACCHMECKOW [UTMHBL MPOBera ONMHOMHOIO 3MEKT-
poHa [27]. 3ro oOCTOATENBCTBO O4YEHb BAaXHO ANA TeHEPAaLHH
BLICOKOMHTCHCHBHEIX TONeH TOPMO3HOTC DEHTTEHOBCKOTO W3ITy-
HSHUA M MOACTMPOBAHMS BO3ACHCTBUS MANYYCHUH ANEPHOTO B3DHI-
B3 C [IOMOHIBIO CHJIBHOTOMHBIX I[y4KOB 3apsKeHHbIX wacTau. Ilo-
ITOMY OCHOBHOI 3afadycii HACTONIIETO paifena SBAAETCH KpATKuif
aHANM3 OMYOIHKOBaHHAIX PaboT MO IOBOAY MEXAHM3MOB WX B3aH-
MOJIEHCTBHS ¢ KOHACHCHPOBAHHKIMH CPEIaMM ¢ LIC/bIO YOTAHOBMT
TOT NPefiel TUIOTHOCTM TOKA, KOIJA HeoBXOAMMO YYMTEIBATbL He-
AURUTHBHOCTL PAIHALMOHHEIX NIPOLIECCOB NPH €€ HapacTAHMH.

BUIMMO, OfHUM M3 MEPBHX CHCTEMATHYECKHMX MCCACIOBAHM
acofeHHOCTe} TOTO mpoltecca Grila pabota [28], BHIOAREHHAS B
HHW snepuoit ¢usvxy npu TOMCKOM [1ONMTEXHHYECKOM YHH-
Bepcurere. Ee aBTOpHI, momaras, 4o BpeMs AUCCUNALUM SHEPLAH
GRICTPOTO aneKTpoHa B KOHIeHCHPoBaHHoM cpeae (10712—107! ¢)
HAMHOTO MEHBLIIC BPEMCHH, XApaKTEPH3YIOLIETO U3MEHEHUE TIApa-
METPOB MafaloIEre HA BEWECTBO NyuKa (Ha npaktuke ~1077 ¢
{29]), menonp3oBanK cralMOHApHOE ypaBHEHHE NEPEHOCA NEKTPO-
HOB B OJHOMCDHOM npubmkenuu. IIpH 3ToM cuuTanock, 4To
OCHOBHEIM (aKTOPOM, OKAILIBAIOINNM BIMAHME HAa KHHCTHKY 3TOTO
TpoLecca, ARLIETCS 3MEKIPHYCCKOE MONe, KOTOpPoe B 0bLieM
Cydae cosfaercs OGBEMHEIM 3apSAOM CaMOTO ITy4Ka. 3aBHCHMOCTD
MPOBOMMMOCTH CPEAbI OT TUIOTHOCTH TOKA 3ajaBaNach Ha OCHOBE
IKCIICPUMEHTAIBHBIX JAHHBIX. PacTipesenesue Mo xoopauHate ro-
TEPSHHON SHEPIMH GHICTPHIX 3/CKTPOHOB B HEYNPYTHX CTOMKIO-
BEHMSAX C aTOMaMy CPeflbl B PacueTe Ha OJHY NAJAIONIYIO YACTHILY
BRMHCISUIOCH To iopmyne:

r
D(Z) = }fmf dTB(TYW(Z, U, T), (1.60)
ar T"

tde J — miotHocTs ToKa; B(T) — yaensHEle MOTEPH 3HEPIruy
BwicTporo anexTpona ¢ aMepruei 7 5 Tp» T, — Bepxuss rpanuua
CIICKTPa 3MEKTPOHOB M NOPOrosasi 3HEPIHMs, HYDKe KOTOPOH Bce
SRCKTPOHBI CIUTANHC TEPMANUIOBAHHBIMU;, ¥ — IUIOTHOCTS I10TO-
Ka; U — KOCHHYC YIMa MeXGly BEKTOPOM MMITYTbca SNEKTPOHA M
ocplo OZ.

Ha pue. 1.3 mpencraBieHtl Kpvmhie 3aBUCHMOCTH pacnpeae-
Jaeuna D(Z) B ymiepose M MeaM OT ILTOTHOCTH TOKa, KOTopas B
JZHHOM CIyuae BRIPOXCHA HaNDKEHHOCTHIO 3/EKTPHMECKONO I10-
i1, OTHECEHHO# K IUIOTHOCTH BewlecTBa £/p (HeoBxoaumo npu-
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D(Z)R,/mey a 6
4

Puc. 1.3. PacnpefencHue SHEPIHM, NOTPEGNEMON BMCKTPOHAMK ¢ Hadalb-

HOli sHepruell 1 MaB B HeyIIpyrux croNKHOBEHMSX, B IUIACTHHE yIiepoaa

(@) u Mega (6) TORmMHOR, PasHON MONMHOMY Mpofery ONUHOUHOLO NEKT-

poHa [24]: @ — E/p = 0 (0); 1,0 () MB~cM2/r; 2,0 (2); 2,5 (3); 3,0 (4);
6 — E/p =0(0); 3,0(1; 50(2;70).

WITH BO BHMManme, yro E = J/o, rae ¢ — uporopmmocts). Tlo
MEpE e¢ POCTa YMCHBIIAETCS IyOMHA TIPOHMKHOBEHMS SIEKTPOHOB
B BELIECTBO, MAKCHMYMEI Daclpelle/lcHMH CMEWaloTCa B o6GMacThb
MAaJBEX l‘][y6HH M YBEIMYUBACTCH MX abconoTHOe 3HaYcHMe. Takoe
nopegenne D{(Z) obBACHNETCA TEM, YTO B BeUISCTBE WaCTHULBI
HaYHHAIOT ABUTATECS B TOPMO3SIREM 3MEKTPHYECCKOM II0fe, KOTO-
poe OKa3BIBACT Ha NMYy4OoK AedoKycupyiolllee BOINCHCTBHE, YINIOBOS
pacnpeie/]eHHE YacTHIl CTAHOBHMTCA LIHPE, OHM JOCTUIANOT JARHHOH
IyGHEBI, MPOIIs B BElIECTBE GoNee ANVHHBIA IYTb M, cicdoBa-
TERBPHO, HCIMTAB GONbUICE YMCIO YOPYFMX M HEYNPYIMX COYHa-
peHHI. ABTopbl [28] HemaloT BEIBOL O TOM, HTO CYINECTBYIOT ABa
MEXAaHM3Ma HarpeBa BELIECTBA: NEpEfaycH SHEPIMM eMy 3a cuer
NpPOlCCCOR HEYNPYTOTO PaccesSHUA GLICTPEIX DeKTPOHOB M Benen-
CTBME TIEPEXONa SHEPTMM B3aMMOACHCTBIN GHICTPBIX SNEKTPOHOB C
SMEKTPUMECKHUM TIONEM B TEIUIOBYIO NMPH PACTCKAaHHM 0GBeMHOTO
3apsia, cosganoumero 3ro none. IIpapaa, HeoGXOAMMO OTMETHTD,
4TO BTOPON MCXAHM3M HIDAcT 3aMETHYK) PONb ToAbKO B CiaGompo-
BOJSIMX CPEAaX, B YACTHOCTH B IUEA3MeE, KoTopas obpasyeTcsl mpH
B3PHEIBe MULIEHH, oGAyd4aeMoil fyaKoM.

Posib cOGCTBeHHOro MarHHTHOIO MONA B JaHHOM CHydae He
HPHBAT BO BHUMAHUE.

MarHHTHEIM TOPMOXEHMEM B CBO¢ Bpemsi ObuM OOBICHEHb!
TICPBBIC 2KCTIEPHMEHTE! 110 AHOMANBHOMY HOTIOINCHHIO CHIBHOTOY-
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[image: image17.png]HOTG 3ACKTPOHHOTO TIyYKAa B METAMMHMECKHX MyeHsx [27]. B
ITOM ClIyyae Iy4OK JIOKAIH3YETCsl B 06AacTH, CPaBHUMOM ¢ 1apMo-
POBCKHM DallMycoM 3NEKTPOHOB. CTeNeHb 3aMarHMYEHHOCTH 3lIeK-
TPOHOB OGBIMHO XapaKTCDU3YETCs MapaMeTpoM w7, TAE w;, —
JIaPMOPOBCKas YacTOTa, T;; — XapaKTEePHOS BPEMsI 3MEKTPOHHBIX

CTONIKHOBEHMIL. B cyyae BO3ACHCTBHA MydKa IUIOTHOCTE BELIECTBA
(nma3amet) GHICTPO yMeHBI@eTcsl M TPOM3BCISHHE w1, e

INEKTPOHBI 3aMarHu4eHEl. KoadhduumeHT aHoMaIMM SHEPIOBKIaAa
B Qonbry coctasmser 31/21,, tae I — ToK ryuKa, 1, =178y [kA] —
ToK Anbbzena, 8 = V/c, a y = (1 - §)¥* [31). Hansheitume
PacHeTH 10 METOAY MATHHTHOH THADOIMHAMMKM OTIPEAEMTH OC-
HOBHBIC 32KOHOMEDHOCTH NPOHHKHOBEHHS METAAMIIEPHEIX 3IEKT-
POHHRIX IYYKOB B JOCTATOYHO pa3pexeHHyK TulasMy [32, 33].

B [30] paccMorpeHo TOpMOXeHMe Tyuxa NpH HAIMMUH Mar-
HUTHOFO NONA B MPUSIIDKEHMM HECTALIMOHADHOTO CIy4ast B MONY-
GeCKOHEUHOM TeOMeTpHH, BIMSHHE KOTOPOTO YHHMTHIBALOCh HO-
TOMHUTENBHEIM H3MEHEHHEM HaTDaBACHUA ABUXCHUS YACTHIH,
OMPEACIAEMEIM YPaBHCHHEM

mye & vf) = - elf A, 1)

.
rae H — HampsXeHHOCTh MarHMTHOTO mons. Ha pre. 1.4 npuBe-
A€HB KPHBRIC KOOPAHHATHOIO pacTpeieacHHs MOTACIIEHHON A03kE
B rpadute. B nenom no dopMme OHM HAOMUHAIOT. KDHMBHIC Ha
puc. 1.3. Marauthoe nome okasmBaer doxycHpyIolee  aeicTBue
Ha Iy40K, HO 3HaueHWe ITOro hakrTopa 3aMETHO TOMEKO IIpH
CPaBHMTENBEHO GONBIUINX IUIOTHOCTAX ToXa (mopsaxa | MA/em?).
YHeT MaTHMTHOTO WOJNS IIPMBOIMT K TOMY, §TO pacdeTHas

D(Z), MoB - w2 MaKCHMAJIBHAs TeMrepaTypa
by Ta3Mer, ofpasyloueicas B no-
10 10 MA TIOTHTENE TNPH  BO3NEiiCTBHU

TIYYKa 3CKTPOHOB, OKA3bIRAET-
8- €1 NpHMEpPHO BHBOC BONbBUICH

{puc. 1.5) [34].

Puc. 14. Pactipencnenne nornomeH-
Holt sHEprHM B TrpaduTe npH pas-
JUYHEIX  TOKAX MY4KAa (HavyanbHas
IHEPrus 3nexkrpoHos — 1 MaB, pa-
Amye mydka — 0,2 cM) {30].

0 01 02 03 04 1.5
Z.ricm?
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mex B8
50 2

Puc. 1.5. MsmeHeHHe MakcHManb- 40

HOW TeMIIEpaTyphl INA3MBI €O Bpe-
MeHeM mpu Bo3feHcTBHM cunpHo- 30
TOYHOrO 3MEKTPOHHOTO ITYyYKd pa- 20 1
maycom 0,05 ¢M, TokoM 1 MA na
TAHTAROBBI TOMMOTHTENh TOAMMHOK  4q
0,02 o Bea yueta (I) n ¢ yserom

{2) maranTHOrO noys [34).

OcHOBHBIE OCOBEHHOCTH TIONIOIUERM HECKOMIIEHCUDOBAHHAIX
NYYKOB B TOHKMX MONIOTHTEISAX CBA3AHBI ¢ 0bpazoBanmeM obnactu
OTPHUATENLHOIO [IPOCTPAHCTBEHHOTO 3apAja 3a dossroit [35].
DJIEKTPOHB, NPOIIEANIMe DOMBTY, HAXOAATCA MOA NOTCHLHAIBHEIM
GapbepoM, BEIMYMHA KOTOPOTO CPABHMMA C KMHETUNECKOH 3HEp-
riel yactul, IlpoaonsHas MpoexiMA HAMPSKEHHOCTH ACKTPHYCS-
CKOro MOJNA AA fIYIKA ANEKTPOHOB AMameTpoM 0,2 ¢M © SHepruei
1 MaB u Tokom 30 XA mocruraer Gonee 2 - 10° B/m. 310 cozmaeT
TIPEAMOCLUIKY V11 MHOTOKDAaTHOTO TPOXOXMEHUA 3MCKTPOHOB, OT-
pasuBIIMXCA OT Bapeepa, uepes ¢OJBTY, YTO OYCHB BAXHO AU
33134 TCHEPZHH“ MOLILHBIX NOTOKOB TOPMO3HOIO PEHTIEeHOBCKOTO
M3NydeHusi. B 3TOM Mpollecce HAOMONACTCH NOBHIUEHHOC YAETb-
HOE BIOXEHME OSHEPruu mydka B Gdompry. Hanpumep, pacuerst
noKazanM, 9TC MY4OK € FMAPaMETPaMH, NPHBEASHHBIMA BhIUE, B
cpeaHeM 2,4 pa3a NpPOXOAMT aNIOMMHUEBYIO hoARry TONIUMHON
0,01 cM, 4TO B HTOTE NMPHBOAUT K YBEJHYCHUIO SHCPTOBKIAA B Hee
¢ 4 (ams cnaGoTO4HOro My4ka) Ao 15 % OTHOCHTENBHO HAYANBHOH
IHEPIUM.

Jpyrum acneKroM TIPOGNEMBI HEYCTOHYMBOCTH IHEPrOBbIAE-
neHus MpH BO3AEHCTBHH CWILHOTOYHOTO 3NEKTPOHHOrO NMyYKa Ha
TBEPAYIO MHLICHb SIBNSIOTCA TPOLIECCH B AMOLHOM NMPOCTPAHCTBE
yckopurens. Hanpumep, B [36] vccaenoBaHa KMHETUKA U3MEHEHNs
YCKOPAIOUIETO HAIIpAXEHMA, TOKA H MOIIHOCTH SHEPTOBKJIMQ B
IHod W GonpTy. B peanbHOIl cucTeMe MOHNIHOCTh 3HEPrOBKIaza
YBEAMMHBAETC O Mepe HapacTaHMd IJUIOTHOCTH TOK3 TOIBKO B
HadalbHOl CTaZMKM Tpouccca. B LankHeluleM HAuMHAET CKa3bl-
BATBCH CHIDKEHME HANPAKCHMA HAa AMONe (M3-32 OKOHYAHWs NpH-
JIOXEHHOTO H3BHe MMITynbca, NUG0 B PE3yNBTATE 3aKOPauMBaHMA
NpoMeXyTka AHOA—KATOH IUIOTHOH mnasmoit). Tlpu aToM moml-
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[image: image18.png]HOCTh HarpeBa MPOXOIMT HEPE3 MAKCHMYM M HAYMHACT cnajars. B
SKCIIEPMMEHTAX HA YCTAHOBKE "AmHrapa-1" Gbmo mnokasaHo, uro
KOIDDHIUHEHT aHOMAIMM SHEPIOBKIANA AOCTHraeT BEAMMMHBL 8-—
10 B koHIE MMIYAbCa HarpeBa, KOTAa TOK UMceT Oonblioe 3Ha-
JeHHE, a IHEPTHs SNEKTPOHOB HAuMHACT cmajath (puc. 1.6).

Ha 3TOH  Xe YCTAaHOBKE GLUIB HCC/IEAOBAHA BO3MOXHOCTH
YBEMMYEHHs SHEProBKAaJa INydKa Ha CAMHMILY MAacchl aHORHOM
Q)Onbm 3a CHCT IOBBILICHHAA CHABI TOKa B AMOAC C IIOMOIIBIO
PETYIHPYEMOrO NPEObIMIYAsCA. DKCTIEPUMEHTR! TTOKA3aMH, YTO OH
CNocOGCTBYET Gonee PaHHEMY CTapTy TOKa M BO3pacTaHMIO obiero
SHEproBBISICHUA B JHOHE. OJIHEKO CYILIECTBEHHOrO IMOBBINIEHWUA
TeMINEpaTypel (GoNbr¥ He HabMONanock, IOCKOABKY B YCAOBMAX
GoNMee paHHero 3afoJIHEHMS AVOAa NNaiMoil (oOKYCHpOBKa cTa-
HOBUTCA MeHee OCTpOH.

O6MeH 3Heprueil MOLIHEIX MOHHBIX NTYYKOB ¢ KOHICHCHPOBaH-
HBIMM CpeaMM M3yueH He Tak oapobHo. Bee atdhdekT onmchia-
10TCSI, Kak NpaBuno, B OJHOYACTMMHOM NpPUOIIDKCHMM, ¥ Takue
ABEHNA, KaK U3MEHEHHUE TPACKTOPUH JBUXCHUA BCIEACTBHE B3aU-
MOECﬁCTBVlR ¢ 0GBEMHBIM 3apANOM TEPMANU3IOBAHHBIX YACTHLl WIH
MATHHTHBIM TIOJIEM Iy4Ka HE PACCMATPHMBAIOTCA (paboThL Ha 3Ty
TeMy HaM HeusBecTHBI). JaHHoe o6CcTOATENRCTRO, BUIMMO, CBA3a-
HO TIpeXIe BCEro ¢ TeM, 4ro, obmajas GoMbleH MAaccoi, MOHEHI
TOpa3fio MeHbIUe NOABEPXEHH WIMEHEHMIO YINOB DAcCesHHMA B
3JICKTPMYECKOM MM MATHUTHOM IOJI€ 11O CPABHEHMIO C 3JIEKTPO-
HaMHU.

v, M8 LA
15 300
1.0 200
05 100

0

40 B0 80 100 120 140
t, He

0 25 50 75 100 125 150

Puc. 1.6, OcuwnnorpaMMEl HanpsXeHUa V, Toka / W pacCUMTAHHEE nNo

HHM KPUBEIE MOWHOCTH BHEPIOBKIZAA B ZMOA Pp u donsry Pg. Mow-

HOCTb, BKNaAsiBacMad B QONBIY, BO3PACTACT K KOHUY HMNYAbCA B PE3YNBTATE

POCTa TOKA TIYYKA H YBEIMUEHUS KOMDDHUMCHTa aHOMUILHOCTH IHEPTOBKII-
A3 3a CHET JAMATHHYCHHOCTH 3NEKTPOHOB [36].
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XapaKTepHBIM OTIHYMEM MOHHBIX MyJKOB OT 3JEKTPOHHBIX LIS
pelleHHs MHOTMX 3ajay pajualluOHHON (GU3NKK, WHEPLMATBEHOrO
TEPMOSLIEPHOTO CHHTE3Z Y T.J. ABASeTcA To, 4ro Gnarogaps ux
MalbiM NpoBeraM B KOHICHCHDOBAHHEIX CPedax Jaxe And obecre-
4eHua GONBIIMX IUVIOTHOCTE! MOIIHOCTH SHEPTOBBLICACHMS (Ha
yposie >10'3 Br/cm3) TpeSyetcst ropasio MeHbliad MIOTHOCTB
TOKa, YeM JjUIst 3nexTponoB (>10° mo cpameenmio ¢ >10¢ A).
TlpaBna, HEOGXOAMMO OTMETUTH, YTO (PYHKINT SHEPTOBHLACICHUS B
obmacT GoNBINMX KOHUEHTPAUMil 3HEpru# CYNISCTBEHHO 3aBUCHT
OT Temneparypsl mumeHd. Ilpu 7 = 10 3B Goabuioe 3Hauedue
MMeeT HoHu3auusA atomoB. Hanpumep, ang T = 50 aB u mor-
HoctH, cocragmsomeit 10 % IUIOTHOCTH TBEepAOrO TeAa, MOHBI
3onota ©OyAyT MMeTh SdexruBHsit 3apai, pasHed 10,3 [9).
CpobGoaHbIE MEKTPOHE, 06pa30oBaHHEEC B PE3YJABTATE UOHU3ALMMK
aTOMOB MHUIIIEHH, JAKOT 3HAMUTE/ABHBI BKAAL B TOPMO3HYHK CHO-
COBHOCTD TNa3Mbl. KpoMe TOTO, MOXET MPOHCXOANTE BO3GYXIeHUE
CBA3AHHBIX 3JCKTPOHOB, CIIOCOCHOE HIMEHUTL HX 3KPaHHPYIOIIHE
cBocTBa.

Ha puc. 1.7 npeacraneHsl npodiuiy YASALHLIX TOTEPS IHEP-
THM B TOPSYCH M XOMOINHOM MMUICHAX M3 3070TA. YBeMYEHHe
3t dekTHBHOTO 3apAAa cpeRl NPHUBOAMT K TOMY, YTO Npofer MOHOB
TydKa TPY TOPMOXEHWH COKPAalllaeTcs NPUMEPHO BABoe. OmHako
JAHHBIA 3(DGEKT OTCYTCTBYST NP OTHOCHTENEHO HEGOIBIINX TeM-
neparypax MunieHu. [1o3ToMy €ro poJibio B 331a4ax paaMalMOHHBIX
HUCTIBITAHUA M PafHaUKOHHOH MOZM(MUKALMM MaTePHANTOB MOXHO
npeHe6peds.

Taxum o6paioM, ocoGEHHOCTH IHEPTOBRASICHIS TIDH TOPMO-
JKEHUW MOUIHBIX NMYYKOB 32pMKEHHEIX YacTHL CBA3AHBI B OCHOBHOM
¢ HAKOIUICHUEM OOBEMHOro 3apsda, $asoBbIMM M3MCHEHMAMK
BELIECTBA, BIHAHUEM CcOBCTBEHHOTO MATHHMTHOIO Tondg, WOHH-
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[image: image19.png]3alMOHHBIMU NpoLeccamn B ofaydaeMoii cpene. Mx Bknaa aenser-
fl CYMIECTHCHHMM NpM TUIOTHOETAX Toka >10% A/em? a1a noHos
n >10° A/r:MZ st anextpoHoB. [IpMMeHEHNE TOTOGHBIX TYYKOB
AR MOAESNMPOBAHMSL BO3LEHCTBNS PaAUalMOHHBIX TToneif Gombinodt
MOIIHOCTH, TeHEPalHy BHICOKOMHTEHCHBHBIX NOTOKOB TOPMO3HOTO
H3NY4CHUA U T.A. JONXKHO OCYIUECTBAATELA € YUETOM 3THX ocobeH-
HOCTCH.

1.6. 3apsKeHue AN3TEKTPHKOB DPH TOPMOXKEHHUH Y2CTHI

OG“Y’{CHIA& AUBEKTPUUCCKAX MATCPUANOB TIPUBOAUT K HAKOM-
JIEHHIO B HUX 3JIEKTPHYECKHMX 3aPAACE, YTO OKA3bIBaeT 3aMETHOE
BAUSIHHE HA KMHETHUKY TOPMOXEHMSI GHICTPBIX HacTHULL

HCCJ‘{C)IOBZIHVIIO paﬂMaLl“OHl’loﬁ BNEKTPU3ALNKE AMIJCKTPHKOB
nNoA AeHCTBMEM KBa3UCTALMOHAPHEIX JIOTOKOB 3apAKECHHBIX YacTHL
NOCBSIEHO MHOIO TEOPETHYCCKHMX M 3KCAEPHMEHTANABHBIX paGoT
(cM., B wvacTHocTH, MoHorpadmio B.B. I'pomoma [37]). B noc-
NEIHHME TOABl B CBA3M ¢ IUMPOKMM HCCIENOBAHHEM IIPOLECCOB
BMHMO)JCﬁCTBHH MOLWUHBIX MMIMYJbCHBIX IOTOKOB HMIYUCHMSI C
BEIMECTRBOM NoAo6Has npobGaeMa BO3HMKIA M 1A HECTALIMOHADHBIX
npoueccoB. ONHAKO CIOXHOCTh NPOMCXOATIUMX NP 3TOM SABNCHHI
W UX B3aUMHOE BIWSHME, TPYAHOCTD HX ONMCAHAS IIPHMBEM K TOMY,
YTO JAXE CaMa BO3MOXHOCTh PAJHAUMOHHOM SNEKTPHM3ALMU B
MHTEHCHBHBIX WMITYABCHBIX TIOTOKAX H3MYYCHHI MHOTAA ellte nog-
BEPracTca COMHEHHKO.

Tak, aBTophl [38] Ha OCHOBAHUM AHMIN3OB PE3YALTATOB NO
HM3MEHEHMIO pannal.moﬂﬂoﬁ ApPOBOAMMOCTH NPULUIM K BBIBOAY, YTO
JNEKTPUYCCKHUE 3apsijibl B Oﬁﬂy‘lachlX HMHTEHCHBHBIMH TIyMKaMM
AMBIEKTPHKAX HE MOTYT AONTO CYLIECTBOBATEH BCIEACTBHE BBICOKMX
3HAYCHHUH paJvalUMOHHOM NpoBOAMUMOCTH. C ApPYroft CTOPOHEI,
B.M. Jucunsi 1 B.U. Onemko {39] zadmxcuposany anaexkrpu-
ueckuit npoboit kpucrana LiF B aHanormuHsx yenoBusx. [loaro-
My AQHHBIH BOMpoc TpebyeT HanbHERINEro U3YICHUsL,

3apsxeHHe TBEpPIbIX TN, cNoco0HOE NPHBECTH K MX paspy-
WEHHIO BCIEACTBUE NPOGOs, MPOHCXOAUT M3-3a TOPMOXEHMUS 3aps-
XEHHBIX 4acTHL B o0beMe 06/ydacMOM Cpellbl, NIPOCTPAHCTBEHHOM
AHM3OTPONHM BEIECTBA (IETEPONEKHBIC CHCTEMbl); 4epes BTO-
PUYHOE MNMYYEHHE, BCHCACTBUE TIPOCTPAHCTBEHHOTO pacnipese-~
JICHWA rpajileHTa IVIOTHOCTH NOTOKA MOHUIUDYIONIETO U3ITYYEHUS.
Bo Beex caywanx waGmOfaeTcs MAKDOCKOTIHMECKH HEOANMOPOLHOE
pacrpefeleHue MIOTHOCTH 3apsiia no ofbeMy TBEPROro Tela.
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OIIHOBPCMCHHO BO3MOXHO M CYIMIECTBOBAHUC JIOKA/NBHOrC 3apia-
AKEHHS, CBABAHHOIO C Nepepachpenc/eHYEM NIOTHOCTH 3MEKTPO-
HOB TIpU 06pa30BaHUM PAAMALIMOHHEIX AE(EKTOB.

KuHeTHKA 3apsXeHHS 3aBUCHT OT MHOIMX (DAKTOPOR, CROXHBIM
06pazoMm cBA3AHHBIX ¢ XapaKTCPUCTHKAMH PATMALMOHHOIO MOAS M
MaTEPUILHBIMU DapaMeTpamy cpeasl. Ilostomy cosmanne 0606-
JLEHHOM MOIENM 3apAXeHHMS SABIACTCA BEChMAa TPYAHOH 3Jamaveil.
O6BMHO AetaeTcs pad ACMYILEHMH, YTO MO3BONACT KOPPEKTHO
OIHKCBIBATL ONWH W3 MCXaHW3IMOB SABICHWSI, KQTOpHﬁ MOXeT GbiTh
BOCTPOM3BENiEH B DcanbHOM usHueckoM aKcmepumeHte. Yame
BCETO 3aJadvda peuracyresi B ﬂpMﬁJll/DKEHHH HM30TPOITHOTO JH3JIEKT-
puKa (T.¢. IPOBOAMMOCTh M OTHOCHTE/NEHAR AUINEKTPHYECKAA MOC-
TOAIHHAsH BELICCTBA HE 3aBUCAT OT KOOPAMHAT), B KOTOPOM BhiLOJN-
HieTcy 3akoH OMa B UIAPOKOM MHTEpBale 3HaYeHUM HaNPAXEH-
HocTH Tiona obseMHoro 3apaga. IIpu 3TOM BPEMEHHOC M3MEHEHHE
fJIOTHOCTH ofbeMHOIO 3apsja ¢ MOXET OBITE OMHCAHO YPaBHCHUEM
HETPEPHIBHOCTH:

= -v; (1.62)

at

rie V — omepatop [aMuibroHa; 7— BEKTOD IUTOTHOCTH TOKA.
3mecr OOGBMHO Jefaercst JONyIIEHME: j = oF + T,, e ofF —
COCTABMAIOUIAA TOKA, onpeagnseMad cobeTBeHHONR MPOBOANMOCTBIO
JMBNEKTPUKA o TIOA BIMAHKEM HANPSAKEHHOCTH SMCKTPHIECKOTO
nons ofbeMHOro 3apsaa Z J; — BEKTOP IUIOTHOCTH TOKA HOCHTE-
e, MHXSKTUPYEMSIX MCTOMHHKOM M3iydeHws. B maHeOM ciyuae
OTCYTCTBYIOT TOKM CMEIEHHMS, TAK KK NPEANOaraercs, 4ro 3apsa
HaKaNIHBAaeTCd MEeHHO, A KCTOUHMK M3NydeHHs He NYILCHPYET
BO BpeMeHM. [IOACTAHOBKA BHIDAXEHMS I INOTHOCTH TOKa B
VpaBHEHME HenpephlBHOCTH AdeT {37]:

%"1 = - V(a/aeeo)-ﬁ - og/acey — VZ, (1.63)
rae D — BEKTOP ANIMEKTPUHECKO! HHAYKIMM; ¢, — AH3NEKTPHYe-
cKasg noctosHHas Bakyyma. Jan naxoxaerna GyHKUROHANBHON
33BMCUMOCTM g OT [ HeoOXOIHMO JOMOTHMTENEHO MpPOAHANH-
3MPOBATh CACAYIOWYIO CHCTCMY:

Vip = q/eey
o , (1.64)
D = eeyVp
Tac ¢ — CKAJSIPHBIH MOTEHLIMA.
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[image: image20.png]Pemenye mono6Horo poga 3aziad B IPOM3BONBHBIX HAYAIBHBIX
U IPAHMYHBIX YCTOBWSIX OUCHb TPYAHO, OCOGEHHO INS TeX CIIyyaes,
Koraa np"ﬁ]lH)KCHMC KBa3upaBHOBECHOCTH (HBH3MCHHDCT“ 3AeKT-
PHYECKMX CBOACTB o8/ydaemoft Cpelibl) He MPUMCHUMO, YTO UMEET
MECTO MIPH MOIHOM UMNynbcHOM obnygeHuu. Hanbosce caoxubim
30ECh SBNAECTCA BLIGOD 3aBMCHMOCTH 3MEKTPONPOBOAHOCTH M M-
3NIEKTPUYECKO# NOCTOAHHON JAHHOTO BEILECTEBA OT JO3Bl ¥ MOLI-
HOCTH 036l MOHU3MPYIOLIEr0 WINyuYeHUA. M3MeHeHWe RpoBo-
IHMOCTH HEMETA/IOB IIPH 3TeKTPOHHON GoMbapAMpoBKe CBA3AaHO C
00pa3oBaHHEM WIH BHECCHHUEM JONOTHUTENEHBIX HOCUTENEH, KOTo-
PHIE, TEPMANH3YACH, PACIIPEAEIAIOTCS TIO IHEPTETHUCCKUM YPOBHAM
COOTBETCTBYIOIIMX 30H. BpemA Xu3HH MX B TaKOM COCTOAHMM
MOXET ObITh OJHOTO MOopsifiKa € MPOHOIXUTEIbHOCTHIO HMnyasca
TIpH HAHOCEKYHIHOM OBNY4EHNH, HO BOOGILIC-TO MEHSIETCS B OYEHD
1IMpOKHX NpeAenax. HeobGxonHMO OTMeTHTB, YTO B AM3NEKTPHKAX
OCHOBHHE PeKOMOHHALMOHHBIE MPOLIECChi MAYT C y9acTHeM Aedek-
TOB KPHCTaJUIMYECKON DEIIETKH, KOTOPHE, 3aXBaTHIBaA SACKTDOH,
YASPXKUBAIOT €ro A0 NOAXoAa HOCHTENS NPOTHBOMONOKHOTO 3HAKA.
TlosToMy CKOpOCTH PEKOMOMHALMM SNEKTPOHOE M AHIPOK (T.6.
CKOPOCTh YORBaHWA paAMALMOHHON MPOBOLMMOCTH) 3aBMCHT He
TONBKO OT UX KOHIEHTpauMy B 0Bpa3le, HO M OT KOHLEHTPaLMu
LEHTPOB 3aXBaTa, KOTOPask HETPHBHANBHO M3MEHSIETCSt B DpOLEcce
0BAyYEHHs, UTOC C€O3AACT MHOIO TPYAHOCTER IS NOCTPOCHHMA
KORMYECTBEHHON TeopHu [37].

B Hacrosiuice Bpema HauBonee YNOTpeGUTENLHBI B TIPAKTHKE
WCCHEIOBANNA NPOUECCOB 3ApSUKEHMS TPH TECOPHM OMMCAHMA Npu-
POAK! ¥ KMHETUKH ITOTO SBJIEHMS.

1. PeHOMEHOMIOIMYECKOE PACCMOTPEHNE (hOPMUPOBAHHST 06BEM-
Horo 3apsaga (teopua Ipocca—Ceccnepa [40]). OHo npeanonaraet
OTNIMCAHHE TIPOLECCR 3aPMKEHMA HA OCHOBE KOHKDETHOH CXEMBI
U3MEPEHHIt o0bEMHOTO 3apalia, NPUYEM HCMOML3YIOT TONBKO MakK-
POCKONMYECKUE 11APAMETPHI CPENBI.

Jlaunas Teopysi yao6Ha AnA TIPAKTMNECKOIO aHANNIA KOHKpET-
HBIX 32734, HO cnabhiMK ee MECTAMHM SBASIOTCS OTCYTCTBME ydeTa
OCTATOMHOH IOJSPHM3AUMM, OTKA3 OT AHANM33 BAMAHMS DOIH M
MPUPONE! JIOBYIIeK Ha NpOLEcC DENAKCAUMH OB6heMHOro 3apsma,
TIPUHATHE MOJACAM TBEPAOTO Tea TONBKO ¢ OAHMM THIOM HOCKTE-
neit (3neKTpoHOB).

2. AHANH3 HaKOIUIGHUS M pefaxcalyu 3apsina, Gasupylomuiics
Ha TAKMX MMKPOCKONMYECKMX XapaKTEPHCTHKAX, Kak Npupoja no-
BYMICK, WX KOHUEHTpauus M T.0. (reopus Moureiica—Mypdu
{41]). 3mech npeanonaraloTca cAEAYIOMIME HOTIYIREHHS:
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— B 061y4aeMOM MaTepHalc UMEIOTCS HOCHTETH TOMBKO ORHO-
ro THNA (3MCKTPOHBEI);

— 30HHas MOJENb NMPUMEHUMA K THINEKTPUKY ¢ NOBYIUKAMU B
3anpellleHHoll 30HE, DAaclONOXEHHBIMM HIXE YPOBHS IPOBOAM-
MOCTH,

— muby3HOHHO! TTOABIKHOCTBIO HOCUTENEH MOXHO MpeHe6-
peys;

— PANHALHOHHAS TTPOBOXUMOCTh HE OTJHMAETCA OT cobeTBeH-
HOM.

3. Teopum, YYUTHBAIOIIME KAK MaKpOCKONMHYECKHE, Tak H
MMKpOCKOIIMYECKMe CBOjCTBa AMaNekTpnkos (reopus O.B. Es-
JOKMMOBa [42]). 3I€Ch XapaKTCPHBL IPCABAPUTENBHBIE OBUIMPHbIE
IKCMEPUMCHTAILHBE  HCCTeoBaHus, cBalaHCHPOBaNHas OLEHKa
mHoroobpasHeix (HakTopoB, OKRSBIBAIOIMX BIMSHKE Ha paiua-
IMOHHOE 3apAXCHME W BBUBNIEHUE HOBBIX OcobeHHocTeH 3TOrO
npouecca. OCHOBHHIE TIONOXEHHS DPACCMATPMBAEMOH MOACHK C€O-
CTOST B CHEOYIONIEM:

— B AMANEKTPUKE UMEIOTCS CBOGOMHBIE H 3aXBaueHHBIE HO-
CUTENH;

— npu oGMyJEHHM OHANEKTPUKA GLICTPEIMM 3JIEKTPOHAMM B
HeM TIOMHMO 3aTOPMOXCHHEIX (M3GHITONHBIX) 37€KTPOHOB 0bpasy-
JOTCSl 3apsDKCHHBIC HOCHTENH 06oVX 3HaKOB BCIEACTBUE HOHH3AUWM
cpeazt;

— Bee cBoBGOAHEIC HOCHMTEAM B Mpoliecce OOMyEHNs HAX0AATCA
B PaBHOBECHM ¢ HOCHTENSIMHE, 3aXBa4CHHLIMK B JIOBYIUKAX;

— YOMUIb HOCHMTENeH OCYMIECTRANETCH TYTEM WX PEKOMOU-
HAaLMK ¥ apeiica NMOX BIMSHMEM NONS 3apsifa, WHXEKTUPOBAHHOTO
YCKOPEHHKIMH 3NEKTPOHAMH;

— o6ny4yeHHe MEKTPOHAMH BOIISHCTBYET HA UEHTDHI 3aXBaTa,
T.¢. B 3aBHCUMOCTH OT MOIJHOCTH O3Bl MOXCT M3MEHATBCA CTe-
NEeHb 3aNONHEHUS NOBYIEK HOCHTEMSIMM;

— anddysuoHHas CcOCTaRISIONAn ToKa HE NPUHHMACTCS BO
BHUMAHUG;

— IepeHoc 3apslia MOJUMHsAETCH 3akory Oma.

B mnocnemsee BpeMs AaHHAA MOIENb NOMYuWIa HanGonpmee
pacrpocTpaHeHue, TaK KaK clocolGHa XOpoulo OTMCHIBATE MHOTHME
SKCTIEPHMEHTAILHO HabaoqacMble 0COOeHHOCTH TIPOLEcca.

K coxaneHnio, BOMPOCH 3apPAXEHMS NPU MOLIHOM HMMIYIbC-
HoM oBaydeHUH H3ydeHb! BeckMa cnabo. TeM He MeHee HEKOTOPhIE
ONMYGAMKOBAHHBIE PAaGOTHI NO3BOAAIOT CAENATH BHIBOX O TOM, YTO ¥
TIpU BBLICOKOMHTEHCHBHOM HAHOCEKYHAHOM BO3ACHCTBAM MOXET
MMeTh MECTO HAKOIUIEHHE 3apsja.
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[image: image21.png]ABTOPH [43] M3yYMIH KMHETHKY HaKOIUIEHUs 0GbeMHOro 3aps-
Ja B TIOMAMEDHBIX OMINEKTPUKAX IIOA ,:(eﬁc'nmcm BBICOXOUWHTEH-
CUBHBIX HRHOCEKYHIHBIX 3/MEKTPOHHBIX NYYKOB. PacyeTsl, BbINOA-
HCHHEIE B MAaKPOCKOMHMYCCKOM IIPMOAMKEHMH, MOKA3aiu, 4TO C
MOBBIMICHUEM IUIOTHOCTH TOKA KPHBaA 3aBUCHMMOCTH OOBEMHOM
IUIOTHOCTH 3apsifia OT BPeMEHH CYLIECTBEHHO MaMeHsterces. Hawbo-
Jlee XapaKTepHan €€ YepTa — OTCYTCTBHE Hachlllenua, IIpu mocra-
TOYHOM ANMTENBHOCTH WMITyIbca OOBEMHOrO 3apfila K KOHLY
ofayucHus B o0pasie MOXST ¥ He ObITh, HECMOTPSL Ka TO 4TO £r0
TUIOTHOCTD CTITOCOOHA AOCTHraTh 3HadyeHMH, obecrieuyBaloilux Ha-
TIPAXKEHHOCTh HICKTPHUECKOrO TOMA, NPEBBILAIONIYIO NPOBOiHYI0.

HaKO[UlCHP[C 32pAAOB MOATBEPXICHO M 3KCIIEPHMEHTAIBHO.
ABTOPbI Ha OCHOBAHMM TIONYYCHHEIX PE3YALTATOB JAENAIOT BEIEOI O
TOM, YTO IPH BBICOKOMHTCHCHBHOM 0BJydeHMM paspylieHde 06-
PaslioR  QNEKTPUHECKUMM MPOGOSMM  TIPOMCXOMMT 3HAYMTENHHO
paHbllle, YeM 4X Da3OTpeB A0 TEMIlepaTyphl NiasneHuA. Ilpasda,
HeoOX0JMMO OTMETHTh, YTO Hallle BCErO OCHOBHBLIM MEXaHU3MOM
TIOBPEXACHHS SBMAETCA HE TUIABICHHE, a4 TEPMOMEXAHUYCCKWE
HANPSXCHUA.

B mocientee Bpems MoiydeH psL HHTCPECHBIX MaTEPHANOB O
POMH MPOLECCOB 3apsAXeHHs B (POPMHPOBAHMN PaTHALIUOHHOTO
AKyCTHYECKOTO OTKNHKA B TBEPABIX TEAX.

B 3akio4eHHE HECKOABKO CJIOB O 3apAXECHHH noa AeHCTBHEM
DEHTTeHOBCKX (OTOHOB M raMma-kBaHToB. HaxoruieH Gonbiioit
IKCTIEPHMEHTANBHEIA MaTepHall, KOTODHIH CBMACTENECTBYST O TOM,
yro 3GpeKTH 3apEKEHMS MMEKOT MECTO IpH OONYyYCHMH AH-
3NMEKTPMKOB HeHTpaNbHEIMKM YacTHNamu. Hajune nepsosavansHo-
IO JEKTPOHHOTC DABHOBECHA HE TapaHTHPYET OTCYTCTBUS 3apii-
HEIX 2¢deKTOB B NONC FAMMA-WUIYYSHNA. AHANU3, BBHITOJHEHHBIN
B.B. I'bomoseiM [37], f10kazan, 9TO NPaKTHYECKH BCe COBPEMEHHBIE
TEOPETMUECKHE MORENHM 3TOro TNpollecca GasMpyTes Ha cneay-
IOIUX MpeACTARICHUAX,

1. KOMITTOHOBCKHE 3NSKTPOHSI UMCIOT Hecdepuueckoe yriro-
BOE€ pacnpefeicHUE, OPHEHTHPOBAHHOE B RANpaBACHHH IBUKCHUS
nagaoiyx GoToHOB.

2. ACHMMeTPHYEeCKOE PaCTIpEefiecHHe HHKESKTHPYEMbIX HOCHU-
TeNEd TIPHMBOAMT K TOAAPM3ALMM TaMMa-OGNYYEeHHOTO IM3AEKT-
pHKA.
3. OBbeMHEBIT SMeKTPHUYECKHii 3apsid, BO3HHKAIOWMA TIpY 3a-
XBaTe B IM3NEKTPHKE KOMIITOROBCKMX 31€KTPOHOB, M COOTBETCTBY-
IOIIEE EMY IMEKTPHYECKOE IONE ABASIOTCA NPHYMHOA BOIHMKHO-
BEHHA 06pa'rm=[x TOKOB.
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4. Hpouecchl penakcaly PafiMallMOHHOFO 3apsifa Ofpeiessi-
JOTCA BpEMEHEM 7 = £50/0. 3HaucHMe BKTIowaeT B cefa W paiua-
LMOHHYIO COCTARNAIOILYIO MEKTPONPOBOIHOCTH.

5. TMocne mpekpaUleHHs OONYYEHMS HAYHHAIOTCH TPOLIECCH
ZETIONAPU3AUMM M Paspiakd, o0ycrnoBleHHEIe cOBGCTBEHHOM NpoO-
BOAUMOCTRIO.

B [37] M3n0XeH MAaTEMaTWMECKUH arnapatr, KOTOPHIH IO3BONS-
€T OLICHUTb YACKbHBIA 3apAN, CO3JAHHBIA B TBEDAOM Tele [OX
JeficTRIEM [AMMA-KBAaHTOB H PEHTFEHOBCKMX (POTOHOB.

Toapo6HBIit aHAIN3 HEKOTOPBIX ACTIEKTOB 3TOH Mpotnemsl, B
YJACTHOCTH, METOZMKY TTOCTAHOBKH 3KCIEPHMEHTOB, MOXHO HaiTH
B [44].




