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OT ABTOPOB

B a70li ¥HHIre paccKasano O TOM, KaK yeTpoe-
usl ¥ Rak paboranT noJynpoBofHAKoBhe npubopst.

Ilyrs K moHWMAEWI0 BefeT 4epes Gapeepsl — AOCTATOY-
110 KPyTHe B caoxsane. Mu npennaraem csoil mapurpys. Pas-
paGotaTe ero mam nomoram Hamm apyabs: Mmxamn Mrope-
pua J{sakonos 1 Bopuc Vononnu Illknonckuit. Ouens suio-
rie Hamg KOJNJErH TepHeinBO OTBEUAJ N Ha HAIIM BOIPOCH .
Beem mnv ME rayfoko Oaarogapmni.

Mm ocoGenno Gnarogapust Mapmamre AnexcaHgpoBHe
Cumunofi, KoTopas BMecTe ¢ HaMu paccTaBuia BAONL Map-
wpyTa smaKuM — Opefynpe;kpapimiue, sagpemaiimmne o
upennucsiBaonue. Crenana ona aro, cospas ofpas ropHOro
TypHcTa — HAIlero ¥ Ballero CUYTHHKA B HEJerkoM Iyre-
meersun gepes Gapeepsl, Ecam kakoi-aulyap pasjgen Tek-
¢1a HaupHAeTCHA ¢ PUCYHKA, Ha KOTOpOoM maobpajien TypucT
OTHLIXAMOMuil — Bac KT pacckas, He Tpebyiommii ocolen-
1Oro manpskeHus BHuMaHuA, Ecom pam cnyrEmk, ofamba-
fiCh HOTOM, TONAeT BBEPX IO PIOKIAKOM — TO 3Ke CaMOe 0N~
nact & pac. HakoHel, eciin 0H HepenpaniIAeTCa Tepes roPHit
notor, sapybaerca asenopy0oM Ha KPyTOM CKIOHE WM 38~
| IAALBACT B OPANHOE THe3n0 — Oy/ibTe BHUMATENBHL!, OCTO-
POMHEL H TepoenBal,



BBEJIEHNE

JOrory OCHJNT Iy IHA

It's a long way to Tipperary,

It's a long way te go.
It’s a long way te ﬂ)tllc Mary
To the sweetest giel 1 Rnow ®).

THonynpoBofiENKOBEIX NPHNGOPOB CYIMECTBYET Ha
cBeTe BENHK0e MEOecTBO. B TONCTeNHM X MEOTOTOMEHIX CUPa-
BOYHHKAX,TJle IePeTucaens ToNpKo Hassanua npelopos & yra-
BaHE HX CAMEIG OCHOBEEIE CBOMCTBA, OIMCAHH® HOJYOPOBO/I-
HUKOBLIX HpubOpPOB BaHNMAeT HECKONBKO THCHY OTPAHHIl. A
BE/(b B BTHX CHPABOYHHKAX HEPETHCICHH! JANEHO HO BOO LPH-
Gopel. 1 B EMX HuYEro He cKAasaHO HE O (HAMYECKEX HpHI-
nunax, JeauaXx B ocHOB® pabGorm npulopos; EE 0 cxeMax,
B KOTODHX OHE IPHMEHHAIOTCH.

Hak HayumTbcs mnaBaTs B ®TOM Mopef!

Ilyre no Tunuepeps momor. He mmrepeces.

PaGora Benmkoro MHOMECTBA DONYOPOBONHEKOBHX IPH-
Gopon ocHOBaHa Ha CpanAHTeNHEHO HeGoMBIIOM wHCA® Hyeil,
Hexotoprie us 8Tux upell owens npoctH ® Haraanme. Onia-
penue npyramu Tpebyer ycwmanit M TepneHdA. 8aTO OBIANCH
KPYroM 3THX HJiel ¥ OCHOPHEX OPHEIUIOB, MOIKHO HOHATh,
Rak ycrpoeH H xak paboraer mparktnueckm apobolt monympo-
BONHUKOBLI 1pubop.

Ocany noanynposopuukossix npufopos ME HayHOM, XO0-
pPOmO BOOPYZKHBIINCE ¥ OCHOBATOALHO YKPONHB THIIEL

Cuawana, B wacrm | xuuru, M DoBHAKOMEHMCA © OC-
HOPHLIME CBOICTBAMH NOJYHPOBONHAKOB, BSHAaEWe ®THX
CEOICTB CoBepIIeHHO HeoOXomEMO HNA nommMaEma Ppaboris
moGoro monynposoauukoBoro nprbopa. A nas Mrorsx npato-
PoB u jocraTouno. B rakux nmpnGopax mcmonesyerca saMoeva-

*) Rarg pomor oyt mo Tenmepepn,
HKax eme nonro maraTs, mArath ¥ IMATATS.
Eie marats, maraTc W mMATATE, NOKA A YBEMKY Mapn,
Canyn He)KEYI [EBYMKy Ha cBeTe,
(Crapunnan WpUaHCRAA CONJATCKAsS OECH)



TENEAOe CBOICTBO NOMYIPOBOANNKOE CHJIBHO HBMEHHTE CBOe
91CKTPUYECKOe CONPOTHBACHME [1a3e NP o9eHs caalom mame-
nepny BHenumx ycaoenii, Iloatomy, neMepsas comporusnenie
N0JAYHPOROAHNKA, MOKHO UBMEPATH TeMIepaTypy M ocBe-
IEHHOCTH, JABJIEHNe H MATHOTHOE II0Je, HANPSKEHEOCTH
9JEKTPHYECKOTO IONS H CKOPOCTH JIBICHHA FHHUIKOCTH B
jasay YCKOPEHHE WM CTemeHb 3aJEIMIeHHOCTH IOMelleHN.
Taroro poxga opubops: TepMopesncTopEr, GOTO- B TEHB0PEBIHC~
7opit; natankn Xonna w guonn I'amma, mmpoko memoabay-
joresl B GLITY W B NPOMHEIUIEHHOCTH, B HayYHEIX HCCJIELOBA-
AUAX ¥ B BoeHHOM fene. HaskAn# roj BRIYCKalOTCH COTHH
THCHAY, MIVLINOHL B JECATKA MIVIJHOHOB Takux npubopos,

Tem He Menee B 570l KIUre MBI HX paccMaTpuBaTh He Oy-
seM, Bo-meperix, moroMy, uTo TH TpHGOpPE yiKe paccMOT-
peur moxpobHo B npyroii keure Bubmmoreurm «Hmaum *),
A BO-BTOpHX, IOTOMY, 4YTO BCE-TAKN CaMHe Ba;KHEI TIPH-
Gopul, B TOM 4YHCJE U camblii HY/HBEIH, caMHI yHHBepcaib-

*) Jesunwmeiin M, E,, Cupun I'. C. 3HaKOMCTEO € TONYUPOBOJT=
nuxamu.— M.: Hayra, 1984.— Enbnuoreusa «Kpaurs, wup, 33,

8



phil, caMBlll pacHpocTpaHeHHEH, CaAMENI, caMBli, CaMBl mo-
aynposopuukoesii npabop — TPAHSUCTOP, otHocares
npufopaM [pyroro THIa.

Kouewlio, He 3Hasi OCHOBHLIX CBOMCTE NOJXYIPOBONMHAKONL,
HeJb3H NOHATE, KAk pabotaer TpaEsmcrop. IlosTtomy snecs
MEI TIOBTOPHAEM caMoe HeoOxojmMoe H3 TOro, 9ro OHIIO Hami-
cauo B KHUTE (3HAKOMCTRO ¢ moaynpoBogHukamm. [1pm atom
HeKoTOpHe pasfenn Ml mepepaboramm ® cokparman. Hy,
a BTEX CJAYYafX, KOT/a ABTOP «Iy4lie BHAYMATE He MOT», CO-
OTBETCTBYIONIEE DPASHEnkl OCTaBJeHE 0e3 mnsMeHewus.

OpHaro sHaKOMCTBA TOJBKO €O CBOHCTBAM¥M ILOJNYHIPOBOM-
HHKOB Hepoctarouno. Heobxopumo ramme pasoGpatecA B
OYEHE HHTEPECHEIX, HeoOMYHEIX i 1@ BCETHA MPOCTHIX ABJEHU-
fiX, PASHTPLBAICHINXCA He B 00BeMe MoAyNpPOBOAHHKA, a Ha
epanuyaz. B s1oit gkumre Mbl nogpoOHo ofcynuM HBIeHHS HA
TpaunIe KpHCTAZNia B OKpy:;kalouleidl cpefsl W Ha rpanmie
MeK[ly PASIMYHEIME YACTAME OJHOIO H TOIO 7K IOJIYUPOROJ-
HHKa, B KOTOpPHIe BBE[CHEl pasibie IPHMecH.

BOmusy Takax rpasnn, KaK MH YBHUM, BOSHuKaloT of-
nacTH ¢ OvYeHb HeoOmwHEME cpoiicTBaMu — Gapwepu. Cpoii-
ctBa dTHX GapLepoB m Aemkar B ocHoBe paGoThl AHONIOB ¥ TPan-
sucropor. Usyvennem cpoiicte CaphepoR mbl saiimemcd B
gactn Il wumrm. M ram jxe mDosHakommMca ¢ Hoaympo-
BOIHUKOBEIMY HONAME.

B wactm III paccmortpess: npuumummt paGots, yerpoii-
CTBO H IPHMEHEHHEe TPAHSHCTOPOB.

Ilyre wepes Gapreps cioeH: oH MEHEBIIE BCEFO HAIOME-
HaeT MPOryiKy mo mporontanHon nopore. Ckopee ymectHo
CPaBHNTE €ro C ropHEIM noxofoM. B ropax myrtemectsennm-
Ka NOJICTePerajorT JNaBHHE, KaMEENajnl, 3achIAHHEE CHEIOM
TPeNHuK... YBH, HEKTO HE PACCTABANET BAOJNH MapiIpyTa
npepocreperampmue aHakn. Ho mocKoabky mame Bocxokfe-
HEUE NPeANoAaraeTes MacCOBHIM, ME Bee-TAKH pemmau 00os-
HAYATH caMble XapaKTepHee yuacTkn MapmpyTa. Taxan map-
KHDOBKA IIOiCKasKeT BaM, IJe Hy»HO Ourk ocofenio pHIu-
MATENBHEIM, & TAe MOJKHO paccialuThCHA B OTHOXHYTL,



TJACTD I

0OJY ITPOBO/ITHUKIL

Tena, KOH B pPECCYRIGHHE c1ocofi~
HOCTH OpPOBOANTH SIEKTPHIECTBO,
saEmMANme Kak Ok cpefuee Mec-

TO MEJKAY MPOBONEAKaMH W HeOpo-
popankamn, OORKHOBEAHO HABL-
PAIOTCA NONYTPOBONENRAMI.

Haan JlsusyBeruil.
oHaanseuie ocEORARNA  omurHON  dui-
amums, 1826

Honynpopopsnkami.,. Oyayr Ha-
BHIBATECA TPOBOJRBKE ... COOpO-
THBNEHNE KOTOPHX OY¢HL CHILHO
HaMEHAETCH C TEMHepaTypoif.

i H. Kenuecfiepeep, 1014 1.

[Mpomersyrounan — Gonpmas, dem y Meran-
70B, HO BHAYMTENBLHO MOHBIIAM, YeM Y AHJIeK-
TPHKOB, BeJWUHHA YACIBHOrO 3MEKTPHIECKO-
TO CONpPOTHBJIEHNA P H OYCHH CHIBHOE yMeHb-
IeHHE CONPOTHBJICHRS NPH HATPOBO HBJISIOTCH
CaMBIMII XapAaKTePHBIMI TPHBHAKAMEI TOMIYOPO-
poanuros, Y1o0H mOHATH, KaK BOSHAKAET TaKkoe He ouelb Goab-
oe, HO B e 09elb MAJTeHbKO® YAeIbHOe CONPOTHRICHHE, 10-
QGM}T OHO CHABNO 3aBHCHT OT TEMIIEPaTyPH H KaK 3TH !Ipllaﬂﬂlﬂi
CBARANEl ¢ HPYFUME XapaKTEPHBIMI CBOHCTBAMY HOXYIPOBO/I-
1NKOB, NeoOXOMNMO PACCMOTPETh BHYTPEHHee CTPOeHHe 1o-
leupOBGI[lIHHOBLIK K]JHCTBJIJIOB.




Tnarpa 1
YTO TAROE ODOJYTPOBORHIIK

Hu mpomka ¢ Mamemsoir,
Hr mymy xesa...
A, Boanecrnenuil.
llecen Odenumns
' ATomml noforo BemecTea DICKTPHYSCKH Heii-
TpankEH. Eciu DpUROMHTH SNeKTpHYEcKoe mone K ofwemy,
B KOTOPOM HAXOAATCH TONBKO HelTPANBHEIE YACTHIE, DJIEH-
TPHMECKHi TOK Wepes aToT ofbem He moteger. B camom mene,
DNEKTPHYECKA TOK €CTh HAUPABICHHOE [BHIKEHIE 8apAIKeH-
HEIX YacTHI n0jl felfcTeMeM aneKTpuYeckoro mons. Her za-
PAKEHHEHIX YACTHI] — HeT m ToKa. Takum oOpasom, obmeMm,
SaUOTHEHHRIT aTOMaMyu J060ro pemecTsa, DPELCTABIsAeT CO-
Ooif njueanbHBIA HIONATOP.

Xopomo USBECTHLII DPUMEpP TAKOTO HBOJMATOPA — BO3-
Ayx. B rampom kyGmveckoM caHTHMETpe BOSAYXa HAXOHAT-
cst 2,7-10" monexyn wkuenopona (0;). asora (N,), mopsmmix
wapos (H,0) m npounx rasor, KoTopsie Mbl He Oyaem GpaTs
B pacder, B wamioM atome KucIopopa cofjepikarcs 18 mo-
JIO7RBTEJGHO 3aPMAKENHEIX OPOTOHOB H CTONRKO 3Ke OTPHI@-
TENbHO SaPMKEHHHX oJeKTpoHOB. B mampgom  arome
asora — 7 npotonoe u 7 anexTponoe. Kasanocs Oul, aapsuxen-
HEX 9acTHil — XoTh orbapnait. Ho srw sapsmmennsie yacTu-
Il CBASAHLI MONTHLIMH DJIeKTPHYECKIME CHJIAMH B HeHTpalh-
HEIE ATOMK ¥ MOJEKYJ/k, W B peayinbTaTe BOSIYyX — upe-
KpacHLEE ns0AATOP., BHCOKOBONGTHEE ANHNH Uepelavd TH-
HYTCH Ha MHOI'M@ THICAYH KHJIOMETPOB, HepefaBas DSHEPruio
¢ porepaME mopsaxa 209. A X0pouo CKOBCTPYHpOBAaHHAH
Gatapeiika cnocofHa rojaMm CTOATH Ha BO3JYXe, HE PAsPH-
Manch., ToYHO TAKEM e BeJNHKOJEDHBIM HaoasnTopom GymeT
obbes, sanosBeHHkl TAas0M HeHTPAXBHLIX aTOMOB cepefpa u
Me[|, 3010Ta W PTYTH.

Ilogemy ste mpoBoUMOCTE BTHX e BENIECTE B TBEPUOM
COCTOAHUN pasnuuaetcs Tak cunipo? Hasanock Owm, TBepime
Tella COCTOAT M3 TakuX jKe artomoB. VMl Bce-takm wmpo-
BOJUMOCTE X0pOmero NposofHnKa (Haupumep, cepebpa) Golib-
lue,” weM WpoBOAMMOCTH Xopollero M3oiaTOpa (HampuMep,
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crekna), npumepro B 10%® pas. B pecars THeAY MmsmHAPROB
mmaazuapios pas!

Bonee 10oro, aTOMH OfHOro W TOTO ke BellecTBa, HauUpH-
mep yraeposa (C), B saBmcmMOCTH OF TOTO, B KaKyI0 KpHCTaJ-
AEYECKYI0 PeleTKY TBePAOro Telia OHH COSfWHMINCE, MOTYT
o6pasoBaTh 1 0YE€HD XOPOMNil NPOBOFHAK — rpaduT, B Ope-
KpacHEIl Ws0NATOP — aNMAas.

MeTannsl, OWANCKTPHKH, NOJIYNPOBOJHEKH

Hocnepunit npaMep — ¢ aTOMaMi yraepoja —
HABOJIMT Ha MHCB,9T0 OyJieT /1 TBepJoe Teji0 MeTaJUIOM uiH
AMBMERTPEKOM BABUCHT He TONBKO W, Moer OHTH, jaxie He
CTONBKO OT CBOMCTB ATOMOB, COCTABNAIOINX KPUCTAlll, CKOb-
KO oT TOro, Kague oOTHOOIEHEA
CHNOMATCA § RaMKIoro atToMa C
cocegsAMm, T. €. 0T THIA CBA3e,
o0 heMEAIONMX ATOME B KpHC-
TanJAUYeCKYI0 PeImerKy TBepjoro
tena. Ha puc. 1 mokasana KpHc-
TajnMyuecKad peumerTkKa MeTalia,

a Ha pHC. 2 — IHBNEKTPHKA,
Yuopomenroce  msobpasienne
KpHCTAJUINYEeCKOoH peieTKR HAa
puc. 1 peMoHCTPHPYeT OCHOBHEIE
ocobenHOCTH METAJIINYECKIX
KpucTannos. HpHcTaIImIecKylo
pewieTKy 06pasyor He HeliTpaib-

nc. 1. n306-

:'?a:mmcm;‘;:m::emmﬁ HEE ATOMH, a NOJOKATEALHO
pemerryn Metanaa. Ilpaspap- 98PHEHHLEC HOHLL Ilpu oGpaso-
Rust pelieTHa DOJONNTeNBH0 BABNH DPEIIETKH KasKjuii atoM
BUPMKCHENE BOBOB HOIPY-  MeraJidla JINIIICH OJHOTO BaJIeHT-

WeEa B «rasy us cBoGOHEIX
pomacalioid gl Syt ¥ HOro oNEKTPONA, M BTH HIEKTPO-

JecTREMB cpmssym ¢ or- B (JepHEe KDYMRKE Ha puC. 1)
[eNBELIMD  BOHAMA He ODpHHANNEeHaT Tenepbh HUKAKO-

My KOHKPETHOMY MOHY MeTamiia.
dnexTpoBB, KaKk ODPUEATO TOBOPHTH, o6o0mecTBieHn Kpu-
CTA/JIOM U MOTYT CBOGOJHO UepPEeBHTATHCH NOJl JieHCTBHeM
BHEImMEro sllekTpHIeckKoro moasa. B EKamaom xyOHuecKoM
capTEMeTpe MeTaiia copepxmTca~10%" cpobommrix Hocmre-

*) Momcer GeiTe, pasHEI2 B NPOBOJHEMOCTH XOpOUIHX METAJIOB
I XOPOUINX W3DJIATOPOB OHIYTHTCH HCEee, ecin mpefcrasntb cefe, uto
po cronbko e (~10%%) pas paamep mawen FanaxTnrn (~10% M) Gone-
mwe, uem 1 car.
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neif Toka — sNeKTpoHOB, He Mympemo, Wro MeTANJLl HAB-

NAOTCH HPEBOCXOMHLIMH OPOBOJHEKAMA,
Yopomennoe msobpasienne EKpHCTaanmdecKod pemerkn

KpeMHns Ha puc. 2 IeMOHCTPHPYET COBCEM J[PyToil XapaxTep

) = O=0=
00 DO00000
=== == D—D=(D—(D——
80000002000

(s Jsullsefisilsillst st s llsi st [ 5o

Pac. 2. Cxemarnueckoe wuBoGpajkeHne KpHeTauimueckoll  pemeryn
xpemuna (Si). Yeprouks, cessmpaiompe Jpyr ¢ jgpyroM aromer Si,
neo0paskal0T BIEKTPOHAKE CBHSN

cBf3eil MexKly aromamu, obpasytomuym kpucrann, Kassmerit
ATOM CBABAH C GMUKAaImMMy COCeaAME UPOYHLIME DIAEKTPOM-
HLIMH CBASAMU.

B uemrpe pmc. 2 msofipaxent Beckombro Gosee mompofEHO BieKk-
TPOHEEIE CBABH NPOBBBOAbHO BHOGpaEHOrO atoMma I ¢ €ro 9er Jpems
GAmRaHmIME cocenAMH. Boxpyr atoma no saMkuyTEIM (B Ha camonm fene
AMEIOIAM CIoMEY0 dopMy) opfrTaM BpamEioTCs BOCEMBb IIEKTPOHOB.
ql!"l'ﬁlp(! BIIEKTPOHA H3 BTHX BOCEMU, TAK CKasaTh, NCKOHH HPNHAJIeN-
a0 atomy @: Kpemunil, KAk R3PECTHO, MMEET HA BEEIIHEil B/ICKTPOHAOH
000JI09Ke 9eThipe BANGHTHHIX BIERTPON:. A OTKYIA BAAIHCH OCTANBHNE
ueterpe? Ms pe. 2 papao, 910— 0T coceqei 10 KpiCTaTHIeCKOT penierke,
Ho atom I ge o100pan aTH BIEKTPOHL ¥ COCEJIeH: COCOMICKIe BLKTPOHE
HPOBOIAT RO3ste aToma 1 muine HACTH BPEMEHH, [PYTYW YacTh OHH HpPo-
AOIGKRAIOT UPOROMINTL BOBJIE CBOETO HCKOHHOrO Xoamnua. C [pyroil ero-
PoHLL, RajienTHLIE saeKTponE aTtoma 1 TEHePs OPOROJIAT BO3JIe Hero Juiib
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anerTs ppemenm. Jlpyryo wacyh — Boane cocefHnx aromos, B pesyns-
e B CPERHEM OTPHLATOeIbELI BapAJ BIEKTPOEOB BOKPYr artoma 7
NO-NpPeRACMY BKPHBAJICHTEH BapAly 4eTnpex saekTponoB. Temeps,
opmako, atom ¥ ceasan ¢ aromamu 2, 3, 4 u b (a Te, B CROK OYEPE[EH, €O
CBOEMI COCE[AME N T. [[.) DPOYRRMA PACKTPOHHWME CBHBAME.

Yrobn pasoppaTh 3JEKTPOHHEIE CBH3NM MEMKAY aToMaMmu
pEIIEeTRE ¥ COBJlaTh B TAKOM KpHcTanie cBoGOHEE BNEKTPO-
O, coocofHKIe OEPeHeCUTh DIEKTPUYecKHi TOK, Heob-
xoluM0 saTparTuTh sHeprE®w. OTKya MOMeT BaATBCA BTA
sunepruail Ecnm BesmvuBa ee He CAMIIKOM BEJWKA, a KpUe-
TaJ JOCTATOYHO CHIALHO BHArper, To pIeKTPOHHLIe CBA3IN MO-
ryT GLTh pasoppaEnl 8a CYeT TEOJIOBLIX Kojebanuil penieTHH.
Tlorox pocraTouno sHepruyHEX (oToEoR (MM, UompocTy ToO-
BOpH, CBET ¢ HOAXOAAIEH AAUAQI BONHK) TAKMKE MOMeT pa-
a0pBaTh BIEKTPOHHLIC CBASA B COBAaThH B KpHeTanne cnobon-
HEE BHIEKTPOHEL

Ho upu poeraTouymo Bm3Koif Temmepatype (H B OTCYTCT-
BHE CBeTA) KpHeTana, DOKASAnHLIA HA pHC. 2, ABIACTCH Hue-
aNEERIM H30AATOPOM: CBOGONHEIX HOCHTElNEH TOKa B HEM HeT.

Benwynna smeprum, neobxopuman fgns Toro, 4robur pa-
30pBATH SAEKTPOHHLIE CBA3N MeH(y aToMaMi H CO31aTh B He-
MeTaNNUYeCKOM KpucTanne cpoGofBEil 5AeKTpoH, 0003HA-
gaercd cumBodiom & .. OHa ABIAETCA BaskEEIIEH XapakTepuc-
THKO# KpHCTanda. %naqemm &g 3aBMCHT OT CTPYKTYPH KpHC-
TaJiINYeCKoll PeMeTKn, 0T CBOHCTE BXOIAMMX B Hee ATOMOBH Y
PazJUTHEX MarTepHanoB JexuT B npefeliaXx OoT EHYNA M0 He-
CKONEBKBX [ECATKOR BNeRTpoH-ponbT *).

Ecin snavenne &, Beluko, To Harpepanme [axe [0 0Yens
BLICOKOH TeMIEpaTyphH Ee Cosfaer B KPHCTAIIE CKOJIBKO-
mlyns samMersoro wueia ceoGopamx oxextponoB. Ilpm no-
cratoyso Gonsmom sHaveHHMEH &, KpHETAJN MOer Jayke
pacunaBUTECA PaHEIe, YeM B HEM 3a CYET TeIJIOBOTO APMKe-
nnA BO3HEKHeT xoT# 6w ojuu ceoGompmii HocHTenb. Takme
vaTepuanb ¢ GompmmMy sHAYeHHAMN €, ABNAKTCH THIHY-
HEIME JIH2JIeKTPHKaMH.

Ilpn meGonbmom spavennm &, BarpepaBmejake 0 He
CAMITKOM BHICOKOH TeMEepaTyphl ODPHBENET K PasphiBy BHA-

*) Epppnua sgepron 1 anexrtpoe-poast (1 eB) pasmseres 4,6
K107% ok,

Horeqro, B o0RYFEX MuTeiicKnX Macirrafax 9Ta SHEPTHA HISTOMK-
gi. Ho B Tom mmpe, koropuii M cofnpaeMcn nayuaTs, Mope aTOMOB H
saexTpoEOR, BennunHEa 1 3B BuINHJNT oueRb coampmo. Tak, cpenHAs
sEeprHA TemNoBHXx KojaeDamnil YacTHs! IPH HOMHATHOH TeMmeparype
papnseTca Bcero 0,026 eB. BEepruA (PoTOHE KPACHOI0 CBETA paBHA
~1,8 sB. Knmersueckoii sueprnn smextpoma B 1 8B coormercrRyer
cKopocTh ero fipmenns ~6-107 cu/c,
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qUTEABHOT0 THCIA BJIEKTPOHHLIX CBAZCN H MOABISEHIO OTHO-
curentHo Gonbuoro uncna ceoboxnrx mocureneii. Kpucrann
npuobperaer cumoco0BOCTE UTPOBOAMTL 3NEKTPHYECKW TOK.
flcHO, ¥TO «B pacCy:JeHNH CcHoco0HOCTH UPOBOIMTE BJICK-
TpuvecTBod Matepman ¢ Hebonpumm spavenwmen &, Oyner
gaEEMATE ¢KAK OBl CpefiHee MeCTO MeXAY DPOBOJHHKAMH H
menposonankammy. Bens «cnmocofmocTs mpoBomuTH DINERTPU-
9ecTBO», TPOBOEMOCTH, NPONOPIEOHANLHA KOHIEHTPATHi
cpo00/IHLIX HOCHTENEH ToKa, B DposonEnKax (MeTannax) KoH-
nenTpanua cBofofBEHX HOCHTeJeH ouenb Benuka. Oma cooT-
peTCTBYeT CHTYAIRH, KOrjaa BCe EDJIGKTPG'BHHB CBH3H paso-
pBaHLI I BCE BaJieHTHEE BiAeKTPOoHH cBoGofHw. B «memposos-
HEEAX» (IHONEKTPHKAX) HOCHTENel TOKAa UPAKTUYECKH HeT.

ficHo TasKe, 9TO y/eNbHO® CONPOTUBJEHHE MaTepHana ¢
peConbInM BEaYenneM &, MoMeT 09€Hb CHUIBHO M3MEHATE-
cA ¢ TemMpmepatypoit. B Meranmax KoEOEHTpanEA BIEKTPOHOB
He BAaBHCHT OT TemuepaTypu. llaske mpu abconrornom Hyne
BCE HNIEKTPOEH OCTATCA CROGOMLIMM W COXPAaHAIT cuocob-
NocTE NPoBOXUTL ToK. B THnNYROM puanexTpEKe ¢ GonbmmM
spavenneM &, TenuoBoe JIBWKEHMe He ¢mOCOGHO pasopBaTh
IEKTPOHELIE CBA3H W1, Cle/loBaTe/IbHO, KOHIEHTPAIHA Jek-
TPOHOB TaKxe ne Oyfer HAMERATHCA C TemuepaTtypoii. A BOT
B MaTepmanax ¢ mefonbumM smnadenmeM &, noaynposod-
HUKGZ, KOENEHTPAnuA cBoGOIEKIX W HOCHTENEH, UPONOPHHO-
BaJsbHAaH 4YHCJY DPasopPBAHHLX BHJIEKTPOEBLIX cBAseil, Gyuer
0%EHB PE3KO pacTH ¢ yseamdenuem temuepatypu. CooTpercr-
BEHHO YJeJbHOe conpoTHBNeHue p Gyler IPH HATPERE CHIBLHO
YMeHAIIAThCH,

lTax, moaynpoBOjENER — 970 HeMeTalNHYeCKHe MaTe-
puajitl ¢ OTHOCHTENbHO HeGonbmoil pemnunnoit smeprum &,.

Snavenme &, NNA THONYEHX DOJYUPOBOJHHKOB JIEFKUT
B OpefleflaX OT HECKONBKNX JECATHX JIoNell D3eKTpoH-BOJIbTA
70 ABYX-TPEX SNeKTPOB-BONGT. Tak, aisa auTHMORHAA BHONH
(InSb) snavenme &, = 0,17 aB. Taxoit neGonnmoii aneprueii
obnajawr yre KBaHTH HHQpPaKpacHoro Hanywenus ¢ jUiM-
uoif Boxan A =~ 10 mem. Iloatomy ws InSh wsrorasnusaror
NPUEMBMKN WHGPAKPACHOro BBNYYEHWs, Nexalmue B OCHO-
Be npubopos HogHoro Bienus. [na repmanns (Ge), ma ro-
TOPOro G M3rOTOBJENL NePBEE TPAHSHCTOPH ¥ MONYIpO-
BopHUKOBLEe Amonn, &; = 0,72 oB. [lna xpemsus (Si) —
OCHOBHOTO MaTepuaja COBPEMEHHOH DOXyUpOBOIHUKOBOIL
anexTposury, &, = 1,1 sB. Apcenmn rammus (GaAs) —
vauboliee UDEPCHEKTHBEEN MATCPHAN TOXYMPOBOAHMKOBOLL
SJICKTPORMKY Oixaiimero Gymymero, umMeer savenue &g =
=1,49B, B rpoiinomM nonyuposofEmKOBOM CcoenMEEHIH
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GaAlAs, ucmolbayeMOM A COSHAHNA OONYOPOBOMHM-
KOBHIX CBeTOJINONIOB W 5asepoB, sEavenme &, B 3aBHCHMO-
CTH OT  0THOCHTEXAbHOro coflepsanua Al u Ga, nesxut B Ipe-
nenax o1 1,4 B (GaAs) go 2,17 B (AlAs). B xapGune xpem-
pua (SiC), ma Koroporo cospanm Hambonee Hage;kHLE R
crabuibEEe CBeTONuMONL:, crnocofHre paGoTaTh UPH OYEHB
BHICOKON TemuepaType, &, = 3 3B.

My nmepeumcimim TONBKO HECKONBKO Hambonee BalKHHX
DOJYOPOBONHMKOBLX MaTepualioB. Beero e cmureamposa-
HEl, H3YYeHE ¥ HCHOJNB3YIOTCA WA OPAKTHKE COTHE NONyHpo-
BOJHUKOBEIX coenunennii,

CofcTBenHBIE TOJTYIPOBONHAUKN

Co6cTeeHHKIME HABKLIBAIOTCA TOJNYUPOBONHHKM,
B KOTOPHIX KOHIEHTpanu#f cBoOOHEX HOCHTENEH TOKA Ompe-
HenseTcH TONBKO TemueparTypol m coferBenHoil, mpHCYymeH
faHHEOMY LOJNYNPOBONHHKY, BeIHYNHON DHEPrH:E CBASH &g.

Moxer ROSHEKEYTH 3akOHNEE ponpoc: a 4eM, cobGeTBen-
HO, eMle MOKeT OUpPeenAThCH KoHLeHTpauns ceoloHLX HO-
cnreqei

HKax st ypupium B pjlaneHeiimmen, ojjuoll B3 caMHX Xapak-
reprux ocoGeEROCTEH NONYIPOBONHNKOB ABIACTCA ONEHb BLI-
COKas WYBCTBHTEALHOCTH MX K HEBEPOATHO MAJIEM KOJXHIECT-
Bam npumeceii. Copepuienno HHYTO/KHAA, HEONYyTUMAA HO B
KaKuX IPYyIHX MaTepHazax nofaBKa HOCTOPOHEHEro BElEcTna
B KOJIHYCCTBE OHOTO ATOMA HA MIUUIMOH B [ayke Ha MHEJJIH-
ApH 8TOMOB HOJYNPOBOJNHEKA MOMET 3aMeTHO USMEHHTE ero
CBOMCTBA I OPHBECTH K TOMY, YTO KOHIEHTpAanus cBoGomHLIX
HocHTeseit 6y1eT onpeenaTrCH He coOCTBeHHEME CBOMCTBAMN
HOJIyIPOBOJHMKA, 8 KONMHYECTBOM W XaPaKTePOM BBeJeHHOI
npuEMecH,

Ilpencranum cefe, ofmaxo, camyi0 DpOCTYI0 CATYanuio;
ODHKaKNX npuMeceil, HUKAKEX MePeKTOB W HapymeHni KpHC-
Taq DONYIPOBOJHEKa He copiep:nT. B uneanbmoi Kpueram-
JHYECKOH pelleTKe, TaKoH, KAK HOKAasaHa HAa PHC, 2, KAIKIbIl
SJIeKTPOH yHep:kHBaeTcA Ha cBoed opbure, m urobur ocnobo-
NUTH €ro, HY»KHO 3aTpaTuTh SHepruio &,. Ilycts Temuepa-
1ypa Kpuctanna 7. Hakam jons anexkTpOHHEIX CBH3ell oKa-
mercA pasopraBBoi? VWnn, uro 10 sKke caMoe, CKONBKO ¢cBOGOM-
HLIX BJIEKTPOHOB BOBHHKHET B KPHCTAJJIe UDPH JIaHHOM TeM-
nepatype?

JHeprua XaOTHYECKOIO TEIJIOBOTO JIBIMKEHHA YACTHIL,
CTPeMALIEr0CA PaBOPBATEH HNEKTPOHHEE CBASHE MEIY aToma-
ME, 10 UOPHAKY DENNYHHL paBHAETCH, KAK HUIBECTHO
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kT, rne k — nocroaunan Doapnmana. (3mavenme &k =
= 1,38.107% L/ = 8,6-10° »B/H.) Tlpm KomB&THOI
remuepatype (300 K) smeprus rennoporo pemuenms k7T =~
= 0,026 sB. Ilpn 09ens BHICOKOI ¢ IpaKTIYeCKOH TOUKE 3pe-
mus Temoepatype 200 °C, mam =500 K, sneprua kT =
= 0,043 5B, Menjty Tem, kak Mm yxe snaem, suavenume &,
AnA TAOMYHLX DONYODPOBOONEUKOB ropaspge swme. Momer
EOK&HHTHH! UT0 B TAKOM Clhly4dae TeEOJopoe ABIKeaHe nﬂOG'
me oKa)ercs BHecuocobBHLIM E

pazopBaTh HA OJHOM 3JIeKT-
poHHOI cBasum cBoGogHNIe

HOCHTeNIH OpH  YCAOBHH 7 2 7 % 5
kT < &; » rpmcranne me _
BosankEyT, OnHako 570 He
& 7 8 9 0
TaK. >
Heno B 70M, 970 Beawdn-
ma k1 xapaxTepusyer nuuib m 2 3 % -

CPefiHIOI0 TEILIOBYI0 BDHEp-
ruo vactur, Opsaxko wua-aa
cay9aifHoroy XaoTHIECKOTO ) 17 18 19 2
XapaKTepa TemJIOBOTO JBH-
MEHNA B KPUCTANNe B Kay-
bl fannEEE MOMeRT HalilyT-
Cf ATOMLI, YA BHEPTHA ro-
paspio Gonbule, YeM cpepEas

Pre. 8. Xaoruueckoe TENA0B0e
senmumEa. B ToM uwmcne n JBIKEHEE PERODEANO Oy N3 BuEK-

Takue, ybs speprus Gons- agnmmx cBaselt (MEMY ATOMAMN
me, dYem 3aHadenne &g. #9 m 20). OGpasoBancs cpobojmil

Taxux aToMoB OMeHS HEMHO- DAEKTPOR (OB HAXONTCH MENSLY

ro. Ho omm ecth — myacyp BtoMaMn I,2,6 m 7) a mupka.
B snextpmueckon mone E otpnia-

SNEKTPOHHLIX CRAEH MEANY  yoqppo sApMAKeHHLE paexTpon Gy-
aTOMaMH OKazierTcs pasop- per genraTsca BOpapo, a JupHa —
BanHOi#. YT0 npw sToM mpo- BJIEBO
w3oiijler, NOKA3aHO Ha pHC.
3. Opma ma coaseit (Mexay atomamu 19 u 20) pasopsana.
Buiprannsiit co cpoelt opfmTi syekTpon maxommTCH B Nan-
HHIl MOMEBT B KBaJIpaTe, 06pasonannoM atomavm I1,2,6 u7.
«CooGonmwien snextponm » xpuerasme. Uz puc. 3 cpasy
BHAEO, 970, roBopn o0 sieKTpoHe, BHIPBAEHOM W3 CHCTE-
ME Me;kaToMBEIX cBfigeif, kax o csofomnom, nygme 6n Bee
BPeM#, 10 Kpaiilieit Mepe b yMe, CTaBuTH CJ0BO «CBOBONHELI»
B kaspaku. B camom mene, NO0-HACTOAIEMY CBoGONHL ayeK-
TPOH, JIEKTPOH B BaKyyMe, IOKA HA Nero He JIeHCTBYOT HNeK-
'PPK'mc_yoe 1oJie, HE HCUWTHBACT HUKaKUX BoaaelicTenii. «Cro-
%Hung SJIEKTPOH B KpHCTaJNe HAXOMATCA B CI07KHOM DIEK-
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TpHYECKOM ToJie, 0GpasoBaBHOM HOHAMH PeIIeTKH W BajienT-
HEIME STeRTpoHaMH coceimux aromos. llog peiicTemem aTwx
poneit «ceobofEkI dRERTPOH B KpHcTaZne copepmaer Gec-
npepLBHEE XaoTwdeckne mepememieiinsg (rem Gonee OrieTphie
H SHEPIrUYHLIe, YeM BLINe TeMnepatypa KpHCTajia).

[Top peiicTBueM BHemEero aiexrTpmyeckoro noas E cmo-
Gonunii 9JIeKTPOH B BaKyyMe OBHKETCA ¢ NOCTOAHHEIM YCKO-
penuem a = eE/m, (my — macca cpofomHoro snexTpoHA) M
BCE BpPEeMA YREIUIUBAET CKOPOCTh, IOKA OHA He npubinsuT-
cH K CKODOCTH cBeTa H He orpaEmyutcA addexTamm, pac-
CMATPHBAEMBLIME  TeOpueH OTHOCHTEABHOCTH (peAATHBHCT-
ckumu adderramu), «Ceobopnbiiiy sjieKTpOH B KpHCTaNIe DO
felicTBHEM BHEINHETO TONHA MOjkeT [ABAraThbCH CBOOONHO TONb-
KO0 B TEUEHNE 09¢Hb KOPOTKOIO BPeMEHH. 3aTeM... HIH Tem-
JI0BOE JIBHIKEHUe PEeINeTKH BACTABHT DJEKTPOH OTKIOHHTHCH
OT TPAeKTOPUI, OpeJIHCHBAEMOH €My BHEITHEM DOJeM, KW
BNEKTPOH HATONKHETCA Ha ATOM UPHMECH MM Ha KaKoR-HU-
Gynp nedexr kpucrasmvecKoii pemerkn, B pesyneraTe yac-
THIX CTONKHOBEHHI DJIeKTPON B KPHCTAJJIE Iake B OMeHD CHIIb~
HEIX DJIEKTPHYECKHX TONAX, KaK OPABHIO, NBHETCHA BAONB
gons co ckopocThio, He Goapmeit wem (1—3)-10° w/c. B cna-
OHX DIIeKTPHYECKHX DOJNAX N8-3a CTONKHOBEHHWE ¢ pemert-
KOli CKOPOCTH BNEKTPOHA B KpHeTazne (a He yCKOpPeHRe, KaK
B Bakyymel) mpomopumoBanbHA HANPMKEHHOCTH 3NEKTPH-
geckoro noad *). Tax aro, ymorpebnsas repymunm «cBoGoanail
BIEKTPOH B KPHCTaJNe), «cBoboubLil HOCHTEND 3apAjary, cie-
AyeT DOMHERTH, YT0 OpmiaratesbHoe ¢cpobofwnity osmavaer
He TOMOecTBO co cBo0OJHHM BNEKTPOHOM B BAKYYME, & CHO-
cofHOCTH: HADPABJEHHO [BUTATHCH HOJi JleficTBHEM BeKTpu-
gecKoro monxs, ofycnopnuBan snexTpmueckuin Tox. IloaTomy
oveREb ¥acTo cBOOOJHLIE BJEKTPOHH B KPHCTAJIE HABKBAKT
saekmponaMy Rpoéodumocmu.

Hepxu, Ilpocmepmm Temeps sa mopeienHeM
DIEKTPOMHON CBASH Mewpy aTomamm 19 m 20
» | (puc. 3), pasoppanpHOil TENNOBLIM JBIKEHAEM.

| [Ipugem Gynem cpapEmBaTL DOBEeBHE 270
cBHSH C mopefienueM cpobOJHOTO BJEKTPOHA.

Eeny g RpuCTANNY He DPIIOMKEHO BIEKTPI-
geckoe noje, cBoGOMELI 971€KTPOE XaoTHYeckn
DepeMemaeTcs poj jelicTRHEM TENnoBHX KoxeCammit Merk-
Oy aTomMaMmu pemeTku. A kak seper cefs pasopBamHan
ceaab? Jlo6oit na snexrpomos, CBASHMPAKMUX aToMu 19

*) 9710 u ectb sakon Owma. IlocTapaiiTech caMum yCTaHOBUTH CBA3b
nengIy sakoHoM OMa B yTBepHIeENeM, UT0 CKOPOCTh 3MeKTPoHa 0 Kpi-
cTazie mpOLOPHHOHANBEE HANPAMCHHOCTH MOJA,
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7 20 ¢ cocemEEME ATOMAMM, MOMKET LODACTE HAa TPaeKTo-
puio, ¢ KoTopoii Gbt BHOMT SNEKTPOH, ¥ BOCCTAHOBHUTE
pOAHONEHAYH cBAshk Mexay aromamu 19 u 20, Ecm
9TO NUPOHMBOIINIO C DIEKTPOHOM, CBASWBABIEM, HAIDH-
mep, atoun I4u 19, To pasopeanEas ceazk (Gymem nns Kpat-
KOCTH HBASHBATH €€ [LIPKOI]) nepemMecIHICA B moJiodseHye
nesmpy avomavu /4 m 19, Caepyromum marom moser OHTH
nepeMenienne JHpPKA B DO3UIMI0 Mexiay aromamu 9 u 14, nan
19w 18; nam 14 u 15; vm pupem, 970, 1oR06HO 3JEKTPORY UPO-
BOIHMOCTH, pPasopRaHBasA CBA3SHL, NPEA, MOYKeT XaoTmuec-
KN DepeMeIiaThCH MEHIAY aTOMaMH PeilerTHH.

Ecan ¥ KpUCTARIIY NPijiO’ReH0 BHEMEHEE DIEKTPHIECKOe
pone, Ha XAOTHYECKOe JBIUKemEe CBoOOJHOTO BNeLTPoHA
HaKJa[WBaeTCH HANPABJeNHOe JBICHEE ero DPOTHB IOJA:
BOSHIKaeT aaekTpEueckuii Tox *). Yro B Tared cuTyanum upo-
uexonuT ¢ Appwoi! CHoBa BOSBPATEMCA K CHTyaumy, HOKa-
sapsoil Ha puc. J. llpnm Banmvnm snexTpEYecKOro moud, Ko-
HEYHO, HA DVeTVI0 TPaeKTopun me:xny atomamu /9 u 20 mo-
sket, poofiie TromOpA, mepeMecTHTHECH J0G0l anexkTpom ua
ceganmamux arouu 19 m 20 ¢ mobeim w3 ux coceneir. Ho
Teneps, NP HaNHYMH BHEINHEro mojnf, Bﬁﬂﬁﬂﬂhﬂlylﬂ BEpO-
ATHGCTH 3aMECTHTL PASOPBAHEYI0 CBASH HMEIOT BNEKTPOHLI,
cesiguBamnme atomil I8 1 19. ViMenHO 3TH SAEKTPpOEL BHEHI-
HEe 10Ne ¢TAHeTH Ba MecTo pasopsandoir ceaau. [a xaormuec-
KOe DepeMemieHNe ILPKHE HAKJIANLBACTCH HANPABIEHHOE He-
peMenienye BAONG Hodf, JT0 He 3HAYNT, Y70 aaMenienue obs-
3aTeNbHO WPOMBOIIET DIIEKTPOHOM, CRASHEAKWIUM aToMmn /8
u 1Y, a na clepymomeM bdrane AmpKa 00A3aTeNLH0 OKayer-
ca Mexay aromavu 17 u 18. Hanomenwe sremuero monf He
OpeKpanaeT XxaoTuMecKoro JBHKeHNA JHPRH TaK ke, KaK 0HO
He BPeKpamaeT XaoTHYeCKOTO BUIKEHNA snekTpona. B obomnx
cAyuasx HAJNO/REHHe TOAHA MPHBONUT TOJBKO K DOABIEHUIO
B XA0THYCCKOM [BIIKEHNN YaCTHI] OUPe/leNeHnoil HampaBieHr-
Hoetu. W mamparnenmocrs sra (ofpatum HA 910 0coboe BHU-
MaHne!) cooTBeTCTRYET NepeMeleHnIo IHPKA B CTOPORY, HPO-
THBONOJIOKEYIO HAUPABJNEHBOMY ABIKEHRIO BJIEKTPOHA. DIeK-
TPOH NPOBO/MIMOCTH HANPABICHHO JIBIZKETCA OT (MHEYyCA)
K €¢niiocy», a pasopBanHas CBfASh, JILIPKa,— OF Gocay K
{MEHYCY» BIONL BEKTOPa DIEKTPUHMECKOTO MOJIA.

Eme pas nomuepknem: peansmo mepememamrcs anesTpo-
Hul. Hukawoil peanbroii wacTumsr «mupxm» me cymgecTpyer

*) Hanommmy, gro n EHTPHYECKOM DO0Je DIEKTPoE HalK OTpHIA-
TEABHD BAPMKEHHEAR YacTNNA IBHIKETCH 0T {IMHHEYCa® K (ILIOCy», T. €.
TPOTHR BEKTOpa HATIDIMKCHEHOCTN BIEKTPIUECKOro HOJTH, KOTOpHT Beer-
A8 BAUPAIIEH OT 1UIK0CAY K ¢MUEYCYh,
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(maupuMep, B OTAMYHE OT BNCKTPONA, ILPKY HENbaA H3BIED
43 KPHCTANIA W HByYuTh ee mopefenue B Bakyyme). Urobm
poaepERYTs 910 00CcTOATENbCTRO, JUHPKY MHOTJA HA3EIBAKOT
weasunacmuyelt, JIWpra ecTh OPOCTO OTCYTCTBHE DJIEKTPOHA
HA TPAaeKTOPHH, CBASLIBAMINEH APYT ¢ APYroM aTOME KpHC-
taxna. Ho ropaago ypmoGuee cnenpTh He 8a HepeMelcHAEM
BAEKTPOHOB ¢ OfiHOH cBASW Ha APYTYO, 4 32 OepeMelleHnueM
OycToH CBASH — ¢ILIPKEY.

Hrag, ecnu kaxkum-ymGo o6pasom (BampuMmep, ¢ HOMOIIBIO
KBAHTa cBeTa ¢ octaTo9no GornEpuioi oHeprued unm sa CHET
TENNOBOTO [(BHFKEHNA) pasoPBATh OIHY H3 ME7KATOMHKIX BIleK-
TPOHHHIX CBAseH, T0 Yy KpPHCTAJJIa NOABHTCHA He ofiHa, a jipe
BO3MOM{HOCTH NpoBoinTh ToK, [lepsans — pBwKemme oTpuiia-
TeldbHO 3sapsKeHHoro cnofoHHOTO HIEKTPOHA HOM AEHCTBE-
eM BIeRTpHIecKoro uons. Bropas — HampaBJiieHHOE Uepeme-
IeHNHe BJIEKTPOHOB ¢ coceflHNX opbuT HA Mecto ocBOGOHMB-
melcH mycTol CBA3H. JTOT BTOPOM MeXaHUBM BJIeKTpPOUpO-
sopuocTn yaofHee opucmBaTh Kak japmikenne (QURTHBHOI
JaCTHIN, ¢AWPKEY, 3apAKEEHON TONOMKUTENBHO H B YIEH-
¢f B HAUPABIECHHA, MPOTHUBODOJNOMKHOM [BHIKEHMIO 3JEKTPO-
HOB.

I'emepayun u pesomOmuanun, XaoTuvecKoe TeUJIOBOe
IBHKEeHNe HEUPEPUBHO paBpH_BﬂB’l' BJIEKTPOEEHE CBH3H Meik-
Ay aToMaMu H cosfaer (reEepupyer) cpoGoJiHEIE BIEKTPOLLI
o upkH. He npusefier 1 aT0T Oponece K ToMY, YTO BCE DJIEK-
TPOBHHE CBA3W OKa/KyTCA B KOHNE KOHIOB PasopBAHELIME
M UOAYUDPOBORHHE DpeppaTerca B Mertann? Her, me npw-
seper]

Xaormueckn Onys;ujas mo Kpucrandy, cBoCopHHIE SNeK-
TPOH H JHPKA MOTYT okasatocH papoM. CeoGojEnil siex-
TPOH 3aHAMAET CBOE MecTO Ha CBOGOJHON TPAEKTOPHE Meri-
aTroMEOH cBAsE, H.,. cBOOOHHLIY 9JIeKTPOH M JHpKa OMIO-
spemenno ncvesar. Taxolt nponece masuBaercs pexombuna-
upeii, YT0 B DEpeBojie ¢ NATHHE 03HaYaeT «BOCCOEUHEHHED,

B ycranopupmemcs, cTanMoHaPHOM COCTOAHHEM CYHECTBY-
€T IRHAMAYECKOe PABHOBECHE! CKOJNBKO BAEKTPOHOB H JILIPOK
(sMeRTPOEAO-IHPOYHKX DAP) COBHAETCA KAXIYI0 CeKYHAY b
obmeme DoAyOpPOBOIHEKA 33 CYeT TEOJOBOH FeHepamiy, CTO/b-
ko e ux 6ymer rebuyTs 3a cder pexomOuBaiun. B nonyopo-
BOJHUKE TPH NaEHOE TeMmepaType yCTAHABIMBAETCH OUpe-
feNleENas PABHOBECHAS KOHIEHTPAINA SMEKTPOHOR U [LIPOK.
Ilama Bafaga — oupefiennTh BEIHYMHEY pPaBHOBECHOW KO-
HeHTPANUE B 3aBHCHMOCTH 0T 3HaYeHNH H 85_..

Jna ororo cmemyer ompeieNnTh, CKONBKO CBOGOAHEX
nocHTeNel cosfgaeicA B enmnuile ofheMa HONyDPOBOJHNKA
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B GIUBHILY BPEMEHH M CKONBKO uX rufEer 8a cyerT peKoMOuma-
nuw. B yenosEAx PaBHOBECHA DTH [Be BeNMIWHE JOIKILI
6nrh pasen. IlpupaBrusas ux gpyr Apyry, Ml H Ompene-
JIEM PABHOBECHYI0 KOHIEHTDAINIO HOCHTEJeil.

Tennosas TeHepALNs] SIEKTPOHOB H JuIpok. Mu yixe spa-
eM, B 9eM COCTONT IIIABBAA 0COGeHHOCTE refepanuy 3eKTpon-
HO-JKPOYHEIX TAP DOJ AeHiCTBYEM TemnNoBoro upuikennf. [lna
HX oﬁpaaonannﬂ HY){HA DHEepPrus, MaATHATENBHO ):rpenummo-
masn cpenmox smepruio k7.

Coryanuu, Korma AJs TOro, Irofk HEKOTopoe coOHTHE
ITPOMB0MIN0, WY;kEA Golbmas «mopnus» osneprun AZ, 3ma-
guTeapEO DpeBnmaiomas senuguny kT, merpevarorcs npa
HCCMeOBANYYE TPOMARHOTO YHCJIA CAMBIX Pa3BOO6PA3NEIX
fusnyeckux mporeccop. C EUMU HPUXONETCH CTalIKMBATb-
¢A OpU M3YIeHUN ucliaPeHnd BOJH ¥ pacuafia aTOMEOTO AL(pa,
ACHYCKAHUA DIEKTPOHOB KATONOM BAKYYMHOH JaMOkl I pac-
" Opefiesenus MIOTHOCTH Ta3ok B aTMocepe. B onmmom ms oc-
HOBOHX paspenos ¢uankn — cratHcTuIeckod (usnxe, po-
KABRIBAETCH, ITO BEPOATHOCTE TAKOIO cobOHTHA BCEI'la 1po-
nopuuonansaa exp (—A&/kT):

0~ e—AEKT _ (1)
B supamenan (1) e — wueno, pasmoe 2,7183... u maasnac-
MOe OCHOBAHHEM HATYPANBHHX fnorapudmos,

3aBHCHMOCTB, ODNCHBAaeMas Beipakesmem (1), HasumBa-
eTCH DKCIONeHIHANBROMH uiN, Gosee daMuNbLAPHO, BKCIOTE-
roif, Braapurecs B nee BOEMaTeabHell — oma GyHeT compo-
BOMIATE HAC Yepe3 BCIO KEHIY W BCTPEYATHCH OYEeHH 9ACTO:
HaM Hepe[lKo ODPUMIeTCH HMETh JIeNo ¢ COOBITHAMY, IJIA OCy-
MECTBJIEHUH KOTODHIX HYHHA SHEPraf, 3HAYNTENLHO OOIL-
maf, 9eM CPefBAA Teluiopaf ameprus ~ kT,

Smavenns smeproii A¥ = ¥, TpeSywomuxca juA paspssa iek-
TPOHEKIX CBASEH B PABNNYEEIX HOJVIPOBOJERKAX, HAM HSsecTHLl. (ae-
ROBATeALN0, 8HAR TeMmeparypy 7', momcHo nojicanTtars mo gopmyne (1)
BEPOATHOCTh O0PAB0BAENA BNEKTPORHO-JHPOYNON NADH B DASJTYELX
marepaanax. Ilpn Xommaraoii remmeparype (k7 = 0,026 9B) nas InSh
($g = 0,17 3B) a7a BEPORTHOCTH NPONOPLHORANERA € 6% ~ {,44.1073,
Nas  Si = 1,1 3B) seposTHOCTH NpOMOPIEOHANERE € 1%
= 4,23-10°°, mna GaAs (B = 1,4 oB) — 56 ~ 4,12.10°%,

TipesenensEse mpnMeps BarnanEoe BIVIOCTPUPYIOT OCHOBHYIO 0CO-
GermocTs  axcromeRnuanbEON  8ABRCHMOCTH: BEANMNEA BKCHIORCHTL
CU€Hb CINIBHO HAMEHACTCH OPH H3MENeHpN TOKABATeNs KCIONCHTH,
Yeenmucnue A¥ npumepro B 1,27 pasa OPH Oepexofie OT KPEMOLA
X apcemmjly raznus eiever sa coboii ymersmenue BepOATHOCTH 06paso-
BALHA 8)IeXTPORRO-JINPOTHON TAPH npasepro s 100 000 pasl Bamernm,
UTO CTONE iKe Pearoe paMeHeHHEe BepoaTHOCTH ofpasopanns SNEeKTPOHOR
B Rpipox Gyner BaGaionaTLcs B B OJIIOM § T0OM JKE NOAYNPOBOARIKE 1PN
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naMeenEN Temueparypil. Flampmwep, urofH yMEHBINHTH BEePOATHOCTH
of pagopamns aAERTPOEUO-Jipounol naps 8 Si 8 100 000 paa, poera-
TOYHO OXJAZNTL KPHCTANN KpPeMERA 07 KOMEATHON TeMOepaTtypw o
—78° C, 7. €. BCETO-HABCETO [0 TEMICPATYPH (CYXOTO NLIAY, KOTOPHIM
OXJIAMTAINT MOPOKEHOE.

Urax, uncno snextTpomHO-mEpouskx nap K,, coanamae-
MEIX KAaEAy 0 CEKYHIY B efHEHIE 00beMa DONYHPOBOJNUKA,
pPaBHACTCH

K =as et (2)

rae o — kod9dpPunueET NPONOPIUOHATBLHOCTH, PASIMTHEIL [UIs
pasumX DOJYIPOBOJAHEKOR.

C apyroit cTOPOEK, Ka[yi0 CERYEAY B Toil jKe ejHumle
o0vema ncqeane-r 34 cYeT peKoMOMHANEN HeKOTOROe 9THCI0 Ho-
cutesieit K,. Or 4ero ke 3aBECHT YHCHO PEKOMOMHEpYOMMX
nncn-reneﬁ‘g

PewomGnuanes blexTponoB M Ablpok. [Jns Toro wrolLs
pPeKOMGUEMPOBATh, JNEKTPOH W JHPKA AODKHE BCTPETHTHCH.
OGeynun, OT 9ero saBHCHT 9acToTa Takux BerTped. Ilpopena-
eM CcJenylomuil MECHennnil sKcuepEMmeHT. Dypmem cuaegute
8a HakuM-BHOYAbL aTOMOM KPHCTANJINYECKOH pe meTKua u
O0TMEYATh DOABJEHNE B er0 OKPECTHOCTH, CKasKeM, JBIPKH.
flemo, uto wem Goiibmie HHIPOK MMeeTCH B e[l Bmme ofnema
NONYNPOBOMERKA, TEM Tame OB GymyT HOABJIATHCH: BEpo-
ATHOCTE DOABJIEHUA IHPKY IIPONOPIUONAILEA KONHERT Daly
nurpok p;. o Tem sxke npuanaam BEPOATHOCTE TOABIEHUS CBO-
GomHOro BIEKTPOTA B OKPECTHOCTAX 9TOrO ;Ke aToMa IPOIop-
I(HOHANBENA KOHIERTPAIUH 3IeKTposos n; *). Hac untepecyer
BEPOATHOCTH ONHOBPEMEHHOTO NOABJIEHEHA B OKPECTHOCTAX
4TOMAa ¥ HNEKTPOEA, W JANPKH. JTA BEPOATHOCTH (T. €. BEpo-
ATHOCTL WX BCTPeYH W pexombuBamuu) HponOpHMOBANBNA
MPOMSBEeHNI0 HOHIEHTDANWII SJIEKTPOHOB ¥ MNEIPOR 7 p;.
Taxum obpazom, uncno Hocurelel, peKOMGHANPYIONIHX Kan-
IVI0 CeKYHAY B eguBmie o0beMa, PaBHAETCH

K, = Pmp;. (3)

Hoadgmmuent npounopumosansnoctn i, Tak ke, KaKk U & B
dopmyne (2), pasnmumEll A PAsHEIX DONYDPOBOJAEUKOB.
B cofcrsennnx DollyIPOBOJHUKAX, KOTOPHE MK Hayda-
eM, HOCHTeJH TeHepUPYIOTCA W PeKoMOMEHDYIOT Beerja
wapamm. llostomy n; = p;. Orcioma cnepyer, uro

K, = pni =ppi. (4)

*) Hepesc «i» y ofosmavenmil n; & p; — OT AHIANICKOTO CJIOBA
intrinsic (BEYTPeHRE OPHCYIIH, coécmennuﬁ].
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HKonueaTpanius BICKTPOHOB M ALIPOK B COCTBERROM Na-
aynposojmmke. IIpupaBEuBag WNCHO €FRECEKYH[HO HOABIS-
omuxesa map K, sucany rabuymux K,, meonysem

ae ™6™ = pnf =Pt ©)

Orclona BaxOXUM, WTO
n=p;=Valpe ™",
i
) ni= pi=(AB)"e . (©)

Beawguni: A u B usMepsores B cm?, Jlns Boex monymnpo-
BONATMKOR, ¢ KOTODHIMA HaM IPUIETCH WMETh Jell0, SHaYenus
A u B xopomo nasecrant. Ilpn womnaTteofi TemMnepaType 9Tu
gpavenus AeIKAT B mpefenax mpumepno or 1017 mo 10 oM,
Bnan sesmmunnl A uw B, nerko paccgnTarts ¢ momomnio gop-
myni (6) sHawenmA KOHIEHTPAIMHu CBOGOTHLIX HOCUTEJNEii
B JmofoM TomynpopoinmKe nps moboif Temmepartype.
B ra6a. 1 s HeKOTOPHX HONYIPOBOAHUKOB IPABEAENL 3Ha-
gerun &, u n; upun KomEaTHOH Temueparype (300 K).

Tabruna i

Tl yOpoBOgHIK InSh Ge Si InpP
&g, 9B 0,17 0,72 1,1 1,3
Cobernenman  woutentpa- | 1,3.108 | 2 4.1018 | 1,1.10% | 5,7-107
nuA ng, ca _

TIony OpoesoiHIK GaAs GapP Si0
®g, 9B 1,4 2,3 2,4—3,2
Cobernennan  KOHUEHTPA- 1,4-107 0,8 —2.4072
HHA Ry, cMP d ' flat-2

Karue pumopnst Mosxno uspness us rabu. 17 Ipewsne nee-
IO 8ajanuM DPOCTOM BOMPOC: JIETKO JIH H3y9aTh ONeKTPHIeC-
Kie cnojictsa coGetsensrix noxynposogmukos? B 1 em® pas-
JNYBEIX Kpuerangos copepiiutcs ~10%% aromor. Ywmernim
MLl HDPUBHELN BasHBATH BelleCTBO, B KOTOPOM CONEPAHTCH
OMH Hocropounuil arox Ha 1000 coberpensnx (T. e. Konmen-
Tpauua mpmmeceii ~0,1% ). C xumugeckoii Toukm apemus
H3YMHTENBHO YHCTEIM GyneT BemecTBO, B KOTOPOM OB 10-
CToponnuit arom npuxoputca Ha 100 000 coGerBemmmx. Tem
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e MeHee DTO 03HAYAET, 9T0 B Ka3IoM Ky OMuecKoM canTUMeTPC
semeecrsa Oyaer comepxatbes ~10'7 mOCTOPOEEEX aTOMOB.
A Tenepb mpefcTaBuM cefe, YTO NpUMECH, HOUABIAA B HOIY-
npoBOAHNE, coocofHA cpaBHHTEJNBHO JIETRO OTAAaRaTh CBO-
GommLii BIEKTPOH un¥ o6pasoBEBaTh AWPKY. (UyTh nanbme
- MLl VOEmUMCH, YTO O¥eNh MHOTHE OpUMecH OOJAafawT 3THM
cpoiictBoM.) Torfa ¢ XuUMAYeCKOH TOYKY BPEHNA H3YMHTENH-
HO YHCTHH TepMaBEWil (KOBLEBTPamdsf mpHMecedl BCEro
0,0019%) 6yner npu KOMBEATEOR TeMIepaType copepsRaTh Co3-
JAHBHX OpuMechio dJlekrporos npumepno B 4000 pas Gonwie,
ueMm coGersennix. Hpesmmmit — 8 10 000 000 paz Gonkiue.
Qocdun rammus — B 10'7 pas Goubme!
A Bepmb npusmecu COAepMaTCA ¥ B MCXOABHIX MaTepHANAaX,
N3 KOTOPHIX HOJNYYAKT HOJNYHPOBOIHMKOBHE KPUCTAIUIN,
H B cTeHKaX meveil uw npu6GopoB, rjge HPOHCXOAHT CHETE3 M
OuUNCTKA LOMYHOPOBOAANKOB, H B OKpyKameM BO3nyxe.
Copepnrerno usbaButhes 0T npuMecell mesoamoiso. Ho
COBMECTHRIMH MHOTOJIETEUMH VCHIHAMNA (I]HEHROB B TeXHOJIo-
OB, METaJIIyproB, XUMHKOB H MHOrHAX Opyrux crenuanu-
CTOB CO3HaNL MHOTOTHCJIeHELEe MeTONLL, H03BOJIAIOIIHe TONY-
waTh HOJAYIPOBOAHUKOERE KPHCTANJIE YANBHTEIHBON YACTOTH .

Becrurennnan 30HEaN NNABKA

OnEnM u3 METOJIOB NOAYHEHAA YACTHX NOIynpo-
BOAENKOBLX KPHCTAIIOB ABASETCA METONl Gecmuzent-
HOIL S0HHOI nAGEKU.

Brepeue MeToJ| 80HHOIN MABKA G NPHMEReR JUTA
OuUNCTHE repManud B 1952 r. amMepHKAECKOM YYeBLIM
B. Midpammom. IIpEELuUD MeTOJ|R NOACHAETCA pne. 4.
Crep:eHEs H3 CPABHUTENBEO TPAIHOIO HOIYIPOBONHKKA
TMOMENAETCH B HOJE MOIHON0 HCTOYHAKA CBEPXBHICOKO-
sacrorgore (CBY) weay€emms, cosjapaemoe mEfiykropoM. Ilpn
BEJIOMEHIT UNJIYKTOpa HeDONBIIAR 4aCTh CTCPHHH, HAXOAAM@AACH
EHYTPH DHJAYKTOPa, pacnaapiaaercda. Ilerna pEjlykTOpa MEJIeHHO
JIBMHAETCH BJONE CTeIKER (EA puc. 4 cnesa Hamparo). Horpa pacnnae-
Jieppaf 9a4cTh BHXO/NY U3 METAN HBEAYKIOPAa, OHA BHOBL BaciLlBaer
(kpucrannnayerca). H BoT oKasuBaercs, 4T0 B 370l BEOBb BACTHEB-
mell YacTH KpHeTanna apuaMeceil CONEPIHHTCA Topasfo MEeHblie, YeMm b
HCXOHOM MATEpuane.

B ocuone meTofia 30HHON IUABKN JGENT XOPOINIO NIBECTHOE B XUMEI
FIDAEIME Cerperaunn npimeceii. To cavoe Asnerne, Giaroiapsa KOTOPoMY
Jiej, KPMCTAININaYIDIHICA 13 CONeHol MOPCKONM BOJLI, caM npaRTHIC-
CKn He coflepant cony. C ABIERNEM CETPEranil Xopomlo BHAKOME IO~
nsipaukl. OTnpaniffacs B OyTENIECTBRE 0O JbIaM conesoro CerepHOrO
JleposuToro oKeana, NPECHEYH BoAY onm ¢ cofoii me Gepyr. Jlocrarouno
PACTONNTE Kyeok Nbjia (ofpasoBasnierocsi U3 oYenb conenoii pogm!) —
U DpecHEaf DOA K YCAYraM HIyTellieCcTBeHHNKOR.

IprupEa SIBICANSI COTPEranpl SAKNIOYAETCA B TOM, WTO HKOIJA
D Oponecce OCTHIANNS Pacuiana BAYuEAeTCA ofpasoBamme KpHCTAIIL-
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qeeKofl pelleTRY, vYalle BCero JHEPIeTmsecky GoJee BEIFOJEEIM OKashl-
pacTCs PASMEIICHNEe B CTPOANIEHCA PENIeTKe (CBOCIo», A HE NPHMECHOrO
aToMa.

ITpencrasimy cefe MYy collenoil BOAK, KOTOpan OpH MOHMKERUN
TeMpeparypsl Hawaja BacTiEaTh. OGpasosamwe Jipfla, KaKk IPasmEIO,
paguEAeTcA ¢ Kpaes ayx#, Eend oTAoMuTs 07 Kpan UPOSPATAYIO TOH-
KYIO IHIBCTHARY ABJA O HoTpoGoBaTh €@ HA APLK, OHA OKAIKETCH COBEP-
menEo npecEoil. Kyaa e pesanack
cons? TIpe BHOTPANBAENE KPHCTAN- ==k
NNUECKOIT PEmeTk LA OHA 0KA34J1aCh :
orrecEeHRoil n3 TRepaoil dasm (nbpa)
B HAXOMANIYIOCA PAIOM  FRUOEYIO
daszy (sopmy). Crpoampiicn penierie
JIBIA OKaBaJOCh Berofmee 2alpaTh
N3 HAXOJAMErocs pPAJiOM Ppacniasa
(BOpE) ¢CBOW» MOJIEKYJIE!, OCTABHD 1y~
mepopase por Na u Cl B smjroit  Ppe. 4. Cxema sonnoii nias-
daze. ki ] — yuacToX  KpHCTAN-

Oraonieane  KOHNEHTpanug Ka- Jih, OUYNICHHLIN DPOXOHIe-
Koit-nuGo mpmMecn B Tsepyoil dase  gmem somn; 2 — pacmarap
K KOHNEETpAnME 7TCIl € UPHMECH B (gopa); § — y1acTOR Heown-
paxommueiica pafioM KUAKoll (asé  mewnmoro nonympOBOJEMKA;
maapisaetcA  KoaddEnEEETOM paciipe- 4 — pesnA  MAYRTOPA
penemna K. Uem MeHbIIE BelIvIHA
Ky, 1M KTOBHEE O9HMIASTCH KPHCTAILN OT UPHUMECH B Ipoliecce
KPHCTaJIIRanuan., .

. Meroji 20HHON MIABKD Ta0(e BCETO NPHMERACTCA 1A OMACTRE Kpem-
HIlSE — CAMOTO BASKHOTO HOJYUPOBOIENROBOTO MATEPHANA COBPEMERNOIf
N0JAYOpoBOAEEKCBOH ajexTpomnky. B tabanne npusenesn xoad@uim-—
enThl PACHPENENEENA JUTH HEKOTOPHX N8 BAIKHEHIIEX upmMecei, co-

pepmampxen B Si:

Tipnmecs Cu Zn B Al Ge o En Ag

K, |0,0045( 10 | 0,8 0,002 0,33 | 0,35 | 0,016| 0,3

Wa aabnuns sapgEo, 4To MeAh, NOOK, AJOMNENI YAAAAIOTCA B3
PACTYINGrO MOHOKpHCTA/NIa oueHn sddextnsno. 3a ofiH NPOXOJ, SOHLI
BJlO/IB KpEcTauia Si kornenTpanna Cu yMenninaeres B 1/K, D= 220 pas,
Al — 8 500 pas, Zn — 's 10° pas. Ipumecn Ge, P, Sn n As ypanure
anammensno cioxmee. [losroMy JUis NOAYHEHNE MOHOKpHCTAIIIOB,
OTBEUAIOIINX COnpeMenaiM TpeGoBaHIs M, MNOJA MPHXOANICH OCYIecT-
BIATE 10 50 npoxofoe 30BN BIOIL OYNIIAEMOTO CTePHREA.

_ A BoT mpnmeck Gopa (B) A 30HHOH TUIABKN HPARTUMECKT HEYAS-
Bima. Jlaa 6opeiu ¢ #elo nprxogs7cA npuleraTs ¥ CUCLHalbEEM Me-
Pam. L TeM KaK 0oJ[BEPrnyTH KPEMOHil S0HHON OYNCTHE, E6ro pac-

H OOMEMAIT B aTMocepy BIAIKEOLO BOAOPONE, KOTOPLII
"GNW ¢ Gopom seryuee coepnmenue runpuy BH,. Bop ynerysu-
DHETCH, & ocTankuKEe NpPHMECH SOEHad nnaska ypepenno Geper ma cefst.

Mexopanm MaTepnanos, KOTOPHIT NOJBEPTAETCH OUACTRE METOJOM
SOAHON TMAEKY, ssimeTcsi TAR HA3EBAEMEN! TEXHITECKil X pemsmi,
Copepisanie opiveceil B Kotopom cocrasnaer ~1%. LEro noayuaior
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113 OPRPOJHHX OKHCI0B KPEMHNA — NECKa NN KBAPLA, BOCCTRHOB/IE-
mHEM B IUIaMEeHH sllekTpudeckol Jyram.

TexpnuecRAl KpHOTANT YCTAEADNRBAETCA BEPTUKANBEO B KaMmepe,
BATIONACHHO NHePTHRIM TAZ0M HAHN OTHAYAHHOH fo rayfoKoro pakyyma.
Buecto MOIIBOTO BHCOKOMACTOTHOTO WHAVKTOPA JiIA COSJIAENA BOHLI
paciuiaBa B HEKOTOPHX COBPEMEHHLEX YCTaHOBKAX HCHOABSYETCA JAyd
mMomEoro nasepa. OGpasoBaBliasicA Kamiifa yICP/KHBAETCHA CHIaMH No-
pepxuocTHOrO HaTmxenusa Si. Taxum oGpasoMm, mnKaKoro cocyna (Tur-
AIfl), YNERUBAIOIEro Kupkuil KpemBmii, Be Tpefyercn. 91a ocobem-
HOCTH METOfla, UOJUEPHHYTad B €ro maspaanm, nossonger mabemars
SarpESHCHAA KPEeMHHA UPNMECAME, NEMPHYEMO BHJIEHSIGHIMHCH ¥
CTEHOK THIIA OpH oveHb Buicokoil (1417 °C) remneparype nxasnenns Si.

Merojom 80HHOH IIADKA YAA8ETCA OYUCTHTH KPEMHDH [0 KOHIOEHT-
panun ~10'% azomos npsvecd 8 1 v, 7. e, 10 YPOBEA, COOTBEICTRYIO-
mero 1 aromy npnvecn ma 10 mmnnpappos aromos Si, M npm svom
Peus njer HE 06 HCKYCCTBE DLIPAINABATEL VANKAJBHEE KPHCTAIIL,
a4 © NPOMLIILIEHROH 7TeXHOJOINH, OPHENTHPODAHHON HA EHKETORHELH
BEITYCK JIGCATROB TOHHE TAKOIO CBEPXYHCTOTD KPeMHEHA.

Boanpamascs k Tatn. 1, Mmomuo ybenurbes, 9T0 Hayie B
CBEPXTHCTOM HPeMHHH € CORePMaHEeM Dpﬂlfec&ﬁ, HE Z‘l‘pGBL.I'—
wapomunm 102 em™®, KoumenTpanms npuMmeceii npAGIUEATENE-
"o B 100 pas Gonpme, yem KoHNeHTPauUA COOCTEEHHHX 2JEK-
TPOHOB W ABIPOK IpU KomBaTHO# Temmeparype. Onue us ca-
MBEIX OYMEBHJIHAIX BRIBOJIOB, BEITEKAKNHX H3 TAKOrO COIOCTaB~
JieEwsi, COCTOMT B TOM, YTO [AJH# HOBEMABUA PeajbEHX
CBOICTR HONYUPOROIBUKOB HEOGXOTEMO HBYYATE MOJYIPOBOJI-
WHKH, COfep/kalupe HPUMeCH,

IlpumecHBIe TOMYNPOBOJIHUKH

Jlonopaas npumecs. Haumem 6 camoro mpo-
croro npumepa. Ilyers B KPHCTAIN KPeMBUA
} KakuM-T0  00pasoM IONAN ATOM MHIBAKA

(As) m samsyr MecTO B OJIHOM H3 yBJIOB KPHCTAL-
fl nngecKo¥ pemieTKH, 3aMecTHB B HeM BaKOH-
HOTO X03ANHA — aToM Si. ATom Si umeer yeTripe
BANCHTIHX 97€KTPOHA, aTOM As — HATh, YeTspe BAJIEHTHHX
9REKTPONAa MhLmbAKa GyAyT yYacTBOBAThH B CBHBAX ¢ Cocel-
HEME aroMaMp kpemmEuA. IlaTeii saexTpoE Gymer yjep-
;umpaTheA aromom As, no ropasgo ciafee, HeM 0CTalb-
HE® YETHPe, NPOYHO (CBABAHELIEY B dIeKTponmhx oplOu-
TAX, OHPEfledAeMEIX BCell CTPYKTYpPoil KPHCTAJLIA KPeMBUS,
Jueprun A&, xoropas Byskma, 9YTo0bl pasOpBaTL CBASD
8T0T'0 TIHTOTO BICKTPOHA € ATOMOM MBIIBAKA ¥ IPeBPATUTH
ero B cpoDOANEIl BaeKTpom, FOPasAo0 MeEbine, 9eM SBeprns
&g, KTODY® HeoOxoAmMO 3aTPaTETh, YTOOH pasopsaTh
CBABH MEMAY ATOMAME KPCMHUS H 0OpasoBaTh BIEKTPOI-
HO-NIHIPOYNYI0 Iapy,




Tlpumecs, AaToMsl KOTOPOH JerKo oTHawT B8JaeKTPOHH,

pasnpaiT nounopeoi. Jlarusckuit raaron donare, or Kero-
POrO TPONSONUIO CHOBO (OHOP), O3WAUACT NAPHTE, REPTBO-
BATE.
MumbAgk B KpHCTA/UIe KPEMEHS SHBJIAETCH A0HOPHON
npumeckio. ITyeTs B ksl KyOuveckuil CanTAMeT P K pueTaii-
na wpemmms Bpefese Ny aromos Mumbaxa, Paccmorpmd
cHAYANA CAMYK) DPOCTYI0 CHTyanuld, KOTHAa TeMOoepatypa
(s wenseumax) kpmeranna ¥ =0. flemo, 0 B 970M Cayuae
Kpucrann npeficrapasier coboil WieanbHkil USOTATOD: KAK HM
mana smgeprms A, Tpefyemas Qs pasppiBa ChasH MEHLY
ATOMOM MBMBAKA U OATRM €0 DJIEKTPOHOM, OpH abcomoT-
HOM EHYyJNe TeMIepaTypH eil B3ATLCA HEOTKYJA.

Eenu TeMneparypa KpHCTanna oTIdYINa OT Hyad, TO
PABHOBECHAS KOHIEBTPANUS (HPUMECHBIX? DICKTPOHOB 1y
olpejiesiuTCA W3 BEIpa@enun, apanormisoro Qopmysne (6):

ra = (AN )%, )

3necs A — ta e peymumpa, uro w B dopmyae (6).
Kax MH HOMBHM, OPH KOMHATHOR TeMpepaType [ns Ppas-
NUYEKX NONYIPOBOABUKOB €€ 3HaYeHpe JeRuT B Npefiesaax
1017 — 10" en®. Vs gopmynm (7) smpteo, uro dem Gonwpmre
KOBIEHTPAI{HS BREJEHHON B HOJNYOPOBONHHK RONOPHOK
npumecn Ng, TeMm Gonbme, OPH TOi K€ TEMIEPAType, KOH-
LeHTPALUS OPHUMECHHX BIEKTPoHOB. Tax 0HO, €CTECTBEHHO,
1 pomxmEo OHTE,

B Qopmyne (7) B mokasaTelie 9KCHONEHTE CTOMT BeJH-
upma A&, a me &, war B Qopmyne (6), ompenensmomeii
KOHDEATPAaTMIo coficTBeHHHX BocuTeneii. Hak wMm1 swaew,
A <L &, a vu ywme ybenmnuch pa@bme, Kak «IyBCTBU-
TeJIbHEAY OJHCIOHEeHATA K BEJMYHHE IOKASaATONHA.

dneprua uonusannu AE (¥Rorna ee maswBawT dHEpTHE i
AKTHBANIHA IIpUMecu), DAUPUMEp, JUIA MHIIbAKA, BREJeH-
HOoTo B KpemEuil, passsercs seero nums 0,05 aB. B 20 pas
MeHbIIe, YeM omeprus @, Tpebyemas s CoSHAEEA dJIEK-
TPOBHO-ANPOIHOE unaps B Kpemmunl*) B coorserersum
¢ gopmynoi (7) (i co 3apaBRIM CMECIOM) 9TO 03HAYAET, YTO
¢HOMHIATMAY ATOMOB MEIMIBAKA, T.e. OTPHE (JIMIIHErod
OATOT0 BNEKTPpona HaYBeTcs NP ropaspo 6Godee HUBKHX
TEMIepaTypax, 4eM FeHepParus MeKTPONHO-AHPOYHLIX Hap.
IloaToMy ©0pu nHBKMX TeMmepaTypax NPUMECHEIX HOCHTE-

*) [lpomecs, sueprus akrTupanumn KOTOpoii AY¥ suaumresnsHo MEEsb-
imne, ueM aneprusu oﬁpagouanna MERTPOREO-IIHpoiHOil mape g,
APUHEATO BABKBATE ¢MENKOIy).
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jgeii B DOAYOPOBOAOMKOBOM  MATEpWaje, Kak HPaBHO,
apnauyuTeNbHEo Golbme, YeMm COOCTBEHERIX.

Ilyers, BanpuMep, B KPEMBEHI BBelena IOBOPHAS HPHMECH
(As) u KoEnemTpanuMs npuMecENX atomoB N, = 10'% en7®.
(Takoe snausenuwe [Ny TUOHYHO Ui MHOTHMX IPAKTHYECKH
paBHX cnygaes.) Jlan wpemmus A ~ B =~ 10" cn®.
Henonvayn dopuynm (6) m (7), nerko mopcumraTs, 9TO
npu remnepatype 10 K KomnenTpanus npuMecHHX aJeKTpo-
HOB cocTaBuUT ng =~ 2,5 » 10* cM~®, a womuentTpamus cob-
CTBEHHEIX DIEKTPOHOB TAK Maja, 9TO [Jare B KpHcTalie
pasmepom ¢ TanakTuky Be Hamioch OB EHH OfEOro cobeT-
BENHOTO HOCHTEJIA.

ITpu rtemmeparype 50X Benwunea ny ° PABHAETCH
~3 +» 104 o™, rTorjla KAaK KOOIenTpanusa co0CTBEEHBIX
PJIeKTPOHOB BCe eme HPaKTHYecKH paBHEA BYN0 B Jobom
peanbioM KpucTanse. 3aMeTuM, YTO IpW BToH Temmeparype
orkoJo 1/3 epeflenBEHRX B KPHCTAJIN ATOMOB IPHMECH OKAa3Ll-
BAIOTCA HOBUB0BAHHAIMH.

A npu wommaTHOH Temnepatype?

Ilpumecsoe weromenwe. A npm KoMBEATEOH TeMOepa-
type $opmyny (7) mCHOAB3OBATH JUIA PACYETOB KOBIEHTPA-
UM [IPHMECHHIX 9NEeKTPoROB menb3d. [emo B TOM,
g10 $opmyna (7) ABAAeTcHA Be TOYHOH, a NPuOImKEHHOH,
Lo Moxeo monpsoBaTbCs TOJNBKO TOrA, KOLga pacctu-
TAHHOE L0 Hel BB_E‘IEHHE ng MBOTO Medbile, 9eM KOH-
IeNTpaluad BBeMeNHLHX aTOMOB npumecu Ny, T.e. Korna
kT << AE.

Ecim me temuneparypa T tak sennka, ro k7T ~ A&
(u Tem Gomee, ecmu kT > A&), 10 BCe MpHMECHHE ATOMSI
0KASLIBAIOTCA WOHNB0BADHHIMEI H KOBNEATPANUA IPHAMECHEX
BICKTPOHOB TpoCTO papnsiercs N, 9T0 sBIEHEE HOCHUT
HA3BAHME (OPUMECHOe WCTOIEHHEe) — TePMUH  [OBOJBHO
ectecTBenumii. JIpm [mocraTouEO BHCOKOH TeMmepaType
BCE ATOMB! OPHMECH OT/anu «IAmNge» JIeKTPOBE B NCTOIHRE
IPUMECHHX BIEKTPOBOB MeTomuicay. Janbueiimmil sarpen
KPHCTANNA He DPUBOAUT K POCTY KOHIEHTPAIMH [PUMECHBIX
BJIEKTPOHOB.

B Si wommarmoit rtemmepatype (300 K) coorsercrByer
obnacT ppumecnoro ucromenusn. Takum ofpasoM, B pac-
cuatpunaesom Hamm mnpumepe mpr 300K ng = Ng =
= 10" em®. HonuenTpamys ke COGCTBEHHEX BIEKTPOHO:
n; npu 300 K pasusnercs Bcero ~10" em™® (cm. Tabu. 1) —
p 100 000 pas wmensme.

A por npu 1000 K curyawusn Gyper coscem umoii, Homn-
HeHTPalus OPHUMECHHX DIEKTPOHOB COCTABHT IMO-IpeHtmeMy
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~40' ep®;, a KommeHTpanuA cofeTBennbIX, pacCUNTaHHAH
no gopmyne (6), Gymer pammatees n; ~ 1,5+ 10" en .
Cobersenusix  onextposos B Si mpm 1000 K oxamercs
p 15 pas Gonbme, dYeM OPHMECHEX.

Cpasnusast gopmyxm (6) m (7), Mokno ybepurses, 910
wyem Gonsme dEeprua &; OO CPaBHEHNIO C BOeprueil momm-
gaman npavecd AE uw gem Gonbmme IPHMECEHX ATOMOB CO-
AePKAT KPHCTAJJ, TEM BHINE TEMIEpPATypa, IPH KOTOPOIl
coberpennan nposogumocts OGyner mpeofaanate Baj DpE-
MecHoii.

BasucaMOCTs KORIMEATPANEN DIEKTPOHOB OT TemoepaTy-
psi. Barnneute ma puc. 5. Kpusas, xoropas ma Hem HoKa-
za@ga, CyMMEpPYeT MHOTOe W8 TOT0, 970 MBI Y3HAIN o CBOil-
crBaXx COOCTBEEHEIX ¥ OPUMECHHX I[IOJYHPOBOAEHKOB. ITa
KpaBas npejcTaBiser coGofl THOHTHYK BaRHCHMOCTH Pap-
HOBECHOM KOBEIEHETPAN#EU CBO-
fogELX 9NEeKTPOEOB B mony- Ann
OPOBOJEUKE OT TeMIEePATY DAL donaemy
Ilpasga, gua oToli saBuUCHMOCTH L e oY
BLI0PAaBEN HeCKOJNbKO HeolHYnLIe

/. Uénacme

: TPUMECHTED
KOODAWHATH: [0 OCH OpAHOAaT / i
OTRIANLBACTCH He KOHIEHTpa- G Génaems

TPUNECHOL

WA 72, a B&JIWINHA 6e BATyPalib-
goro norapudma In n. Ilo ocm
abcyuce — me Temneparypa, a
BeNHuMnA, OGPATHAA TeMICDA-  pue 5. 3agmemMocts  ao-
rype,— 1/7. «Yutate» TaK0li  rapmgma KomnemTpanH pEK-
rpaguK HeNPUBHYHO, 0COOEBRO TPoHoB 0T o6paTHoii Tempe-
HOTOMY, Y70 DPOIBMKEHHI0 IO pazypa

ocn abuuee BEPABO COOTBETCTBYET

HE yBeJMYenie, a yMenbHICHIE TeMmepaTypH. (3mauenue
1/T pacrer — smaverue 7 wuapaer.) Ilouemy gust  oroit
BABHCHMOCTH BHOpPAOE WMEHHO TAKHE KOOPIMHATH, Ml
ceifuac oficypun. A moka IpocTo <«mpodmTaem» rpadur Ka-
gecTeeEno. Haumem ¢ ofmactn muskux TemmepaTyp, T. e.
¢ OpasBoit gacty rpadura, rue snavenue 1/7 pennko, u 6ymenm
ABMTATBCA 10 ocu alcumee crnpapa HAIeRo.

Ilpy Buakmx Tempepatypax, KaK Mer BIeiu, KOBIEeH-
TPAIMA BICKTPOHOB B HOJYNPOBOJEUKE ONpPENeNseTcs KOH-
HeHTpanue# npumecmmx 1entpos. C  poctom Temmepa-
TYPH IPUMECHAR KOBRTEETPALEA PacTeT M ma DTOM y4acTHe
EpuBoli sasucumocts n(7) ompemensercs Gopmynoir (7).

PH  HEKOTOPOil TeMIepaType KOHIEHTPALHA OIeKTPOHOD
TIEPECTaeT aaBuCeTb 0T TeMIepaTypw. 910 06nacTh npUMec-
HOro ueromenun. Bce aToMH mpuMecw yie HONUBOBAHEL,

npabodi e

She
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a cobcrBeHHAs KOEICHETPAlEA BCE €me Topasno MeHbIiic,
wem mpumecnasn. Hawomel, n ofnactn eme Gones BHLICOKHY
TeMuneparyp BaTHHACTCH 0Uenb Peskuwil poCT KOoHHeRTPAL
¢ panbHeduM TNOBHINeHWeM TeMWEPATYPH. JIT0 ofaacts
cofcreennoli mposogmMocTn, THe sasmemmocts n (7)) ompe-
peasieres Qopmynoii  (6).

A Tenepb HECKOJIBKO CIOB O TOM, LOYEMY JUTH BOBHCHMOCTH, OOKa-

BLIBAIOITEH, KaK CRA3AHA ROROEOTPAINA SNEHTPOHOB B IOJIY -
HIRE ¢ TeMIEpaTypoil, Bﬂﬁpnnm MMEeHnO TaKAe Koo IAHATH. J10-
rapadunpyen Qopuyny (6):
T 1
£
!uﬂiZII.lA-— % T (8

n ofoapausyM z = 4T, y=Ilnr, a=Ind, b=8; 2k Torja
dopumyaa (8) wpmofipezer ssakoMEll BHWY y = a6 — br — ne
upsyoit anmir. Vtag, ecin N0 ocH OpAMHAT OTKIazmeaTts ln n, a oo
ocn afenuee 1/7, To 10 TeX nop, NoKa copapepmEBo ypasmeune (6),
sapgcoMocts In p (1/7) ponxEa wpefcTaBNATE COGON MPAMYIO JIMHNIO,
H w10 ocofeHno BayEo, TANTGHC YINA Hakneoma aroil mpaMmoil b=
= @ g/2k MpocTo UPONOPUHOHAIEH BUKEEIEMY HDAPAMETDY MOAYIpPO-
pojunka — $g. B pammux pafoTax no DOJYDPOBOJENEAM TAHOM CnO-
cofl onpepenenina ¥p HCOONBL30BANCH 0YeHB 4YacTo. Ero n ceiiuac eme
HHOPAE HCNOAB3YIOT 0PN HBYYEHHY CBOKCTE HOBKX NOJYOPOBOIHAKOB.

Ecatn 1aKy1o 7¢ ONepanyio Jorapugmiposanus POfeaaTs ¢ ypas-
ucanem (7), 70 JNerko HTLCA, NTO TAHTERC YIka HAKIOHA OPAMOI
In n (1/7) oponopnyonanen seanunme A¥. 3pa¥nT, HOCTPOMB RABHCH-
MOCTE KONHERTPanill 2JeXTPOEOB 07 TeMIepaTyph B KOOPANHATAX
In n (1/7) B o6nacTs npAMecHoii NPOBOUMOCTIT, ME JIETKO MOMKEM oIIpe-
JEANTH DENHINHY @HEPTHH aRTHBanAn mprvecn Af.

Jluipku B snexTpoREOM Donynposopmuse. [lomymposorn-
OUK, B KOTOpHIl BBefleEa [OHOPHAA NIPEMECh, HA3MBAOY
DNEKTPONBHIM  IJH ODONYOPOBOREMEKOM n-taoa. Tepmun
€INEKTPOHNHIl  TIONYOPOBOLEEKY BHOJNHE HIoEATeH. Y7o
mosEeT ORTH ecTecTneBHed, YeM HASHBATEL TaK HOJAYIPOBOJ-
HiK, B KOTOPOM TOYTH BCe CBOGOABHIC BOCUTENHM TOKAa —
snegTponsi? Y7o KacaeTCH DONYNPOBONHHKA R-THIA, TO
aatunckan Gykea «my — oT cnopa negalivus (oTpHEaTEND-
ULif) — OUATE-TAKH BaNOMEELOT, 4TO TaKod IONYIPOBOJ-
HHK CONEMKUT MEOPO OTPULATEABEO BAPMAKEHERIX YACTHI —
BIEKTPOHOB.

Onoaxo pacckas 0 NIONYOpoBONEWKAX R-Tupa Oypet
ne MOJNOH, eCiu MH 3abyNeM HDOWETEPecOoBATHEH, UTO Wpo-
MaoljeT B HONYOPOBONHHKE R-THIIA € NHPKAME, KOTOpHE
B JIEKTPOBHOM HOAYNPOBOJHWKE HPHHATO HABHIBATH HEOC-
HOBHWMI HOCHTeNAMH TOKa. (DAEKTPOHEl, KaAK BeTPyNHC
JOTaflaThCA, B STOM CJAyUYAe BASHBATCH OCHOGHbIMU HO-
CHTENAMIL) :
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; Ilpescae BCErO HY;XHO OTMETHTH, 970 KOI/1a aTOM AOHOpa
AOHA3YETCH H OTJaeT JIeKTDPOH, mman_oﬁ AnpsE He obpa-
ayercs. ATom MEmbaxa B pemerke Si, aHaupumep, OTAaB
nATHH BAJICHTHHIl 2JEKTPOH, OCTAeTCH CBASAHHEIM C CO-
caﬂﬂ:ﬂﬁl aToMaMH KpPEeMHHA YeThiDbMH (IOJHOEHHBIMMY
ceasamm. Her wmKakoii cpobojHOM CBASH, HA KOTOPYW
mornm On TepememaThCA BAEKTPOHH C cocefmmx opOuT,
mogToMy pAHpra me ofpasyercs.

Ha nepsnii Barnsg MO3KeT HOKASATHCH, 9T0 JILIPUK
B DJIEKTPOHHOM MNONYIPOBOIHHKE Gy.ue'r TOTJla CTOANBRKO 3KE,
CKOJBKO # B COBepHIeHHO wmcToM, coGersenHoM. Onuako
aTOT nepsHii Barasn mesepen. JleficTenTensHo, Npu panHOM
Temunepatype 7 Kasiyloo CEKyHAY B JAEKTPOHHOM NOJAYIIPO-
BOJIHMKE pPBETCH DIEKTPOHHHX CBA3CH Mexly artoMaMi o
ofpasyeTcd 21eKTPOHHO-IHPOYHRX Map POBHO CTOJIBKO jKe,
ckonbko ®u B cobGcreennom. Ho rabayt neipku ropaspo
game. Bejlb B 2NeRTPOMHOM TONYOPOBONHEKE CBobOOMHEIX
DNERTPOHOB ropasfo Oonbme, 9eM B coGCTBCHHOM, 3HAYAT,
f BCTpeYa [ABIPKH co UBOﬁOI[ElhIM ANEeRTPOHOM, BCTpeYa,
KOTOpas SasapumBaercs pexomOmmanmeil (m mcYesmoBenmeM
pupen), Oyger mpomexopuTe ropaspgo wame. B pesyabrate
JHPOK B NOAYNPOBOJHOKE n-THNA OKASKHBAETCA Memhbmle,
yem B CODCTBEHHOM Honynposopnmke. CymecTByeT o9eHb
npoctad (QopMysia, CBASHBAIONAH PABHOBECHYIO KOHIEN-
TPAnEI0 [BEPOK p U IEKTPOHOB NI B TONYIPOBONINKE:

p-n=ni (1. ©)

Hewm Gonkme onexTpomos, Tem menbme Abpox (B maolopor).
Bamnmm n; B Qopmyne (9) mpepcrasnsier coboit syasenme
COOCTREHHOE KOHIEHTDANUN HOCHTeNEHl NpH NAHAON Temue-

patype I m onpepensiercs supamenmem (6).
Honssynce dopuynamm (9) m (6), serko mopcanrats,
910 B KpeMmMu n-Tuna, HanpuMep, NPH KOMHATHON Temmne-
PaType u KomnemTpanmn siexTpoHon 10'S em® wommenTpa-
I AKPOR coctasat ~10% eM™ — B JecaTs MuANMApnOB
Pas menbuie, wem snextponos! IlomsTHO, Kakue HOCHTenn
1€Ch OCHOPHLIE, 4 KaKHe — HeOCHOBHEHE.
~ Hame BSpaxoMcTBO ¢ NPHMECHEIMA MNOJYHPOBOIHENKAMN
- ABJIEKO He sakoFveno. Msl MOBHAKOMANHCH C PAEKTPOHEHIM
HONYNPOBOAHAKOM, B KOTOPHI! BBEjICHA JOHOPHAH NPAMECH.
poctoe ayscTBO CupaBeNIEBOCTE W HACTOATENBEAS NPAK-

THYECKan HeoGXONEMOCTE TpeGyeT OSHAKOMAERHH W C npy-
IOl cuTyanneii, a mmenno: B NOJAYIPOBONHAK BBEJIEHA NpHA-
MECH, KoTopan me otfaer (Kak jomopHax), a nerxo oTOupaer

MIEKTPOHEl y COCEHOX ATOMOB.
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Axnentopuan npamecs®). Ha puc. 6 noxasana xpucran-
nugecKas pemeTKa KpeMHMHA, B KoTopoili ogmE ma3 ysion
sapaT npuMecEHM atomoM Gopa. Bop (B) Tpexsanenten —
Ha BHEHmEHEeH 3nexTpoBHOM 0fonouYKe Yy HEro HAXOMATCA Tpn
snexTpona. Yraln o0pasoBaTh NONBONEHHYI0 CBABL € CO-
CEJHNMH ATOMAMH KpEMHHH, ONHOTO 2JJEKTPOHA eMy e
XBaTaeT.

CpapnnTe pPHCYHOK DJCKTPOHHEIX CBssell BOKpYr arToMa
B ma puc, 6 ¢ Konarypai@eil 2NeKTPORHKIX CBASEH BORPYT
atoma 19 ma puc. 3. He npasja
g, OYeHb CXO}iEe CHATyanus!
U atomy kpemuna 19 sa pme. 3,
u atomy B ma pme. 6 ne =xmara-
er ogmoro anextpona. Ho nme-
ercda @ raybGokoe pasnatme.
Bens Bce ATOME KpemMEAH CO-
BEPMEHHO OJIHHAKOBH W IyCTasn
cBf3b — JIFPKa, KOTOpasd B J1aH-
HEIll MOMEHT OPEHAAJIEIKAT aTo-
my 19, B caegynoummii MOMeHT
MO)KeT oKasaTecA y atoma I4,
satem y atoma 9 m 7. 1. lna Toro
q7r00Ll AHPKA Nepesmenianack no
Pme, 6. Atom axgentopa KpuCTanly, BAKaKoll 8HEpram

(Gop) B pemerxe Kpevunn  me TpeOyercsn. Artom Gopa —
9yiiaKk B ‘peHIeTHe HKpPEMHHA.
W uroful 2JEKTPOH OT COCeqpero aToMa KPeMHHOA Mepere
k Gopy, HeoOXonmMo 3aTpaTaTs sHepraio A&. 91a smepras —
JHeprus aKTMBalum — Hepenuka (nas atoma B B Si oma
coctapaser scero 0,045 pB), Ho BCce-Takm me paBHA HYIIO,
Kak B caydae fuipm Ha pmc. 3. Iloka oror, nycts mebonb-
moil (ImepreTHICCKMii Gaprepy He mepeiiieH, H#HPKa B
Kpncraine He ofpasyercs.

Npepnonoscam, onEako, 9TO TennoBne  Kojgebamns
PenreTEn WAA KBAHT CBeTa coo0muin Heo0XoaaMyo JHEPraly
¥ 2NeKTPOH C COCeHeTo aToma mepemes k Gopy. Bor Teneps
cutyannsa abconoOTHO HAYEM HE OTANYAETCA OT TOH, KOTOpasn
noxasana Ba puc. 3. [lycras cease ofpasopanack y aToMa
KpemMHu#, 0 BOSHUKIA nepka — cpobofEE HOCHTENb
NONOHMTENBHOTO 3apAfa, cnocoOHEIl nmepenoCnTh dAEKTPH-
gecRufl TOK. AXnenTopEas OpPHAMECH CO3[aeT B KPHACTAIIC
noiynpoBogEAKa cBobonpile BOCHTENn TOKA — [AHPKH,

#) JlaTnECRWH ENaTOJl acceplare o03HAYAET DPHANMATE.
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Feau TéMnepaTypa KpuHCTalja oOTIMYHA OT HY#As, TO
BHOBECHAS KOHIEHTPAIMS HPUMECHHX JIHPOK p, Onpe-
JAeJuTCH W3 BHPAMEHAH, AHANOTHIHOTO dopmyne (6):

Poa= (B-No)"?e 2737, (10)

Beamunua B apecw Ta ke, 9to B dopmyne (6), N, — rom-
HenTpanus BBElOHHEX B KpPHCTAXN AKOEnTOpoB.

CuTyan@an ¢ JOROPHOH W AKIEOTOPHOH NPAMECHI) O9€HbH
noxoa. IMockonsky penmunua A& ropasjo MeHbuIe, HeM
spepruag  ofpasoBanmms  JEKTpomHO-JEpoYHol mapu &,
(kctatu, oOpaTuTe BEOMaHME, 970 SHEPrHN AKTUBALMH
JNOROpHO#  NpUMECH — MBINBAKA M aknenTopnoi — Gopa
ouens GAuM3KH), T0 OPH OTHOCATENHHO HESKMX TEMOEPaTypax
sxcoonenTa B (Qopmyne {105 6ymer ropaspo Gosbme, wem
axcnonenTa B gopmyne (6). 910 3magnT, IT0 KOHLEHTpaNuH
NPUMECHEIX JHPOK p, Oyner smauntensno Gonbme, wem
xoEnentpauns cobersesnnx. Ilpm Gonee BECOKMX Temme-
patypax, korja kT ~ A&, macTynaT ABACEme DPUMECHOTO
wetomenus. Haromery, npm eme Gosiee BHICOKEX Temmepa-
Typax colCTBeHHAS KOHIEHTpalls, ompenensemas (Qopmy-
soit (6), OpeBHCHT OPHMCCHYIO.

Ilospnenne [upKE B OPAMECHOM NONYDPOBOLHEUKE He
COOPOBOIKIAETCH NOABJICHHEM DJIEKTPOHA [POBOJMMOCTH, —
aro Acao Bupmo ms puc. 6. Haobopor, B griposnom noaynpo-
BOJHIKE (UM OPOBOJAHNAKE p-THIA) YBeNWdUenne KOHIEnTpa-
1M JEHPOK CONPOBOMKAZETCH YMEHBIICHHEM KOHNEHTDAIHN
BICKTPoEOB. HonmYecTBeHHOE COOTHOUICHNE MEIY KOH-
LERTPanMAMA OCHOBHEX U HEOCHOBHLIX HOCHTeJXell onpe-
nennercs dopmynoir (9) m opmBEAKOBO ChpaBejANBO W AR
n-, B ifA p-TADa moaynposogemka. Fo, pasymeercs,
B IIONYNPOBONHOKE p-TANA OCHOBHEIMA HOCHTENAME OyayT
AHPEH, 8 HEOCHOBHHIMH — JJEKTPOHEL.

Hocoymaiite Teneps 1y e mMenoamo
B vcnoanenun darora

] Muoro ner masaj, B noGpee cTapse Bpemena,
Korfia MaraaToonsl GELIE PEKOCTHIO, B B eme
3| Gonee jiobpeie m Gonee crapHe Bpemena, koria
2 BHX BOOOmE e CyIlecTBOBANO, HOBHE NeCHy
PasyumBaJmCh ¢ MOMOMEI0 pPajiMo TAK: CHa-

“& gaja neCHf MCHOJHANACH DEBOOM QAU NeBHueit
B Conpobojienmn  Xopa u opkectpa. [lotom ovens Mepnenno,
C HOBTOPCHUAMYU, IMKTOBANHCH CII0BA, SaTtem IMETOpP roBOpHI:

2 M. E. Jlesnuureitn, T. C. Comun 33




«A vemeps nocaymaiite Ty e NecHI0 B ACNOIHEHNN CONMCTAN.
Comiier nejl. 3aTeMm — B HACHOOJHEHWH XOpa. Hotom —
CKpHOKA. 3aTeM MOKHO (A0 yCAHMATH Ty K€ MEAOu0
B mcnonHeEna (oprempAR0, KaapHEeTa, a MHOIAA Jajie m
¢darora. JTO HENANOCH MIA TOro, 9robn MomEO OBITO Jydme
DONHTHE N SaNOMHOTE MEJIOHHIO.

W mml ceiiuac BaiiMeMcA ogeHb noxoikEM geltom. Msmomum
Koe-4T0 18 TOoro, 970 HaM Yy/ke HM3BecTHO, HAa [IPYroM H3LKe,
ASKIKG oMepeemuNeckus pAarpamy, fIBHK SHEPreTHYOCKHX
JAMATpAMM NIMPOKO WCHONB3YETCs NP ARANHE3E NOJynpo-
popEEkOBHX nprGopor. Ou nossonser B AcHOI B ypolHOMN
dropMe OMACATH OYEHB CJIOIKHEIE CHTYalMH ¥ WHOTAA NPOCTO
HE3aMEHIIM.

Ho npmBHEKaTh K 2TOMY HOBOMY SSHKY, Kak u K mobomy
Apyromy, cJjaexyer nocrenesno. B sTom naparpade mm
N3JIOFHAM HA ASHIKE JHEPIeTHYECKHX [IHArpaMM Camble Ipo-
cree nomsaTad. Tem ©He wmepmee coseryem ORTH BHOMA-
TeNBHEMHA: KOT[Jda HACTPYMEHT DHEPreTHYeCKHX [HarpamMm
HAYHET ACOONB3OBATHCH JJs MCOOJHEHAA CIOMKHHEX ¢MEJo-
Aui», OPpUBHKEYTE K Hemy Oypger ropaspgo 7TpynHee.

Mu sEaeM, 9T0 Ads Toro 9Tobm B cofeTBenHOM momy-
NPOBOJHAKE BOSHOKIN 9SJEKTPOE # JAHpPKa, ueobxommmo
saTpaToTe ouHeprnio &,. WsobpasmM DHponecc BOSHAKHO-
BeHINA MEKTPOBHO-IH POTHOM napH CXeMaTH9eCKn
(pmc. 7, @). Bynem cunTare, 970 NOKa BAEKTPOH HaXOLWTCH
ua opbuTe, CBASHBaOMWedl Memxy coboll aTOMBl KpeMERS
(pme. 2), o mmeer sHepruio &, *).

Yro6el co3paTh 92JeKTPOH OPOBONEMOCTA W  JIKPKY
(oGpasoBaTh BIEKTPOHHO-IHPOYEYI0 HNapy), Heo6XomAMO
3aTPaTATh DHEPIHI0 MM, APYTAMH CJOBAMH, HPEOJIOJETH
srepretuvecknil Gaprep smicoroit &g. Juepruns &y momer
ORITH TOJyHeHa OT TemNoBEIX KoONeGaHNH pemeTHH Wim oT
JIOCTATOYHO DHEPragYHOro kpamTa csera (doroma). Eean
pHepreTaveckoid Gapbep npeofoneH, BJIOKTPOH ronajaer
na yposenb &, **). DBosuukaer 2n€KTPOH NPOBOAIMOCTH
(vepran Touxka Ha pHC. 1, @) m gEpRa (Ceamds KpyiKOK co
BHAKOM {—}9)a =

JHepreTHYECKas JHArpaMMa [enaer OY€Hb HATAALHLM
nonaTHe 06 9HeprermiyeckoM Gapehepe — NOPIMEA 3HEPrAm,
HeoOXO0EMOH [inf NpOTeKaHHA Kakoro-nu@Go mnponecca,

*) Hupexe «w» — or narnuckoro cuosa valentia (cmpa). Om mano-
MIEAET, 9T0 PeYh WAET O BANGHTHHIX S/IEKTPOHAX.

*%) Hupexc » — or aprampiickoro cnoea conductivily (mposopn-
MOUTB) s

34



Tar ke MpocTo NpefcTaBuTh cefe ¢ MOMOHBI dHEpre-
THGCCKOH JMArpaMMsl nponecc pexoMOHARANmAm dneKTpoOuA
¥ OHpKA B COGCTBEHHOM HOAYOPOBOHUKE. OTOT HPOLEce
pokasaE wa pHC. 7, @ mWTpuxopolt cTpenkoi. IIpm pewom-
Gupawuv BupeaneTca Ta ixe smeprua &g, KOTOpam HEKoI[a

L T
|
]
& 1
&, {
@
R
i
I
e """,fd‘g; =i

L0 ® ; ©

Pne. 7. SuepreTmmeckne JMarpaMMsl, NOfACESOHNe nponece obpaso-
BANNS SJIEKTPOHOB N [ONPOK B MOJYNpPOBOAEEKE: a — o0pa3sopamne
BACKTPOHRO-AMPOTHON maph B cobcereeEnon noayupopopamke. Tombko
OUCHE HEMHOIIM BJICKTPOHAM MO/, BJINSIHUEM TEIIOBOTO ABIIRCHIA yiaeT-
Cfl pasopBaTh MOINUHE IEONH BAECKTPHYECKOro MOJiA, Y/lepHuBawinero
BANCHTHEIE BJEKTpOHL Ha MemkaTomEux opburax (Ea ypopHe 9¢.).
910 CHACTANBUL TONAAIOT B 9YHCIO0 SNEKTPOHOB npopogmMocrm. Mx
KOHOEHTPAIRSA TponopunoHanbEa  CXp (—?'g!kr); 6 — olOpaszosaHue
[AHPOK B NOTYHPONOJENKE, COAEPIKAINEM aTOMK aKhemropa; & — ofpa-
S0BAHIC SJEKTPOHOE B HOJYNPOBOAEWKE, COSePAIleM JIOHO PHYI0
P UMeCcH

Orna saTpagena HA COSJAANME IHTEKTPOHHO-IHIPOYHON DAapLl.
Mmorga  pexomOMEADMA  CONPOBOMKIAETCH  POIRCHUECM
(orona ¢ smeprmeit &,. Ho uacto snerTpom m fHpka pe-
Kombunupylor, He nopomnas doroma. Torma smeprus &,
HepefiacTCA pCIIeTRe KPHCTajiaa, HArpeBas ee.

Puwe. 7, 6 namoctpapyer pompenue gupKu B KpucTamie,
COlep;kamenN aKnenToOpHEe NEnTpsl. Y poBeHb duepram &,
COOTRETCTBYIOMMEA  aKuenTopioMy mentpy npu T = 0,
BycT, aaexTponop Ha Hem HeT. ([lomamTe? — «... Kak HN
Maga speprus aktupammm A#, Tpeyeman, 9To6m mepepecTu
SNEKTPOR o7 atoma Si K atomy B u ofpasoBate AHpPEY,
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npa abGconmoTHOM HyNne TEMOepaTypE eli BSATECA HEOTHY-
na...») Ilpn sapammoii temnepatype T, Takoif, 910 AT <<
< A8,, KOHUERATpamua SJEKTPOHOB Ha ypoBhe &, ompe-
peasierca  Gopmynoii (10).

Ho Bear dopmyna (10) Hanucana BoBce HE JUig KOHIen-
TPANANA JIEKTPOHOB, a I KoupnepTpamun anipok? IIpapmis-
0. Ho nupra-To B Kpmeranie p-tana @ o0pasyerTcs MOTOMY,
970 JIeKTPOR ¢ ypoBra &, BaXBATHBAETCA HAa AKNENTOPHLIL
ypoBens &,;. CRONBKO BIEKTPOHOB 3aXBAaY€HO HA AKNENTOp-
HE YPOBEHb, CTONBKO HOJBIMKHEIX AHPOK BOSHEKIO B
KpucTanie.

AToM akmemTopa, 3aXBATHBINHIl DJIEKTPOH, BapsiKaeTca
OTPUIATENBHO. Y[ePKABACTCH ATOMOM aKIenTopa 27107
CBABAHBEIA, HE CNOCOOHEI MePEeHOCHTH TOK 2JNEKTPOH 049€HDL
npouno. Hak scmo Bunmo m3 puc. 7, a, 9T00K 3aXBavdeHHBIH
HA AKNENTOPHWEA ypOBeHb 3SNEKTPOH CHeNaTh CBOOONHEIM
(upornecc ¢ocBoGosi[IeRne dAEKTPOHA) — OEpPeBoll €ro Ha
yposenb &, — moxasam Ha pEc. 7,6 mTpExoBoH CTpes-
Koii), neoﬁxonmra aneproa & =&, — &, = | &; — A&, |-
Ecim A8, << &, (venkait nentp), T0 SHEPras, HeoOXommMas
s ocaoﬁmunmms 3aXBAYCHHOr0 AKMENTOPOM BSIEKTPOHA,
NOYTH TAK jHe BeJWKa, Kaxk W omeprus &

Ilpn sesmuupe kI nopsapkxa, a tem ngnee Donbimeit,
wem smagenna AE,, Bce axkmenrtopmble HeHTpPR OyayT samsaTh
SNEeKTPOHAMM, a KOHUEeHTpanus gupox Oyder passa N, —
KOH(eHTPAIAN ATOMOB AKNENTOPa, BBEJEHHKIX B KPHCTAI!
(npamecHoe mCTOmEHwHeE).

Ha puc. 7, ¢ nokasama 3sHepreTAYeCKas Juarpamma
BIEKTPOHHOI0 MNOJYOPOBO[HHKE,  COJE[IKAMEr0o MEJIKYIo
posoprylo npavecs. [lpn I’ = (0 KoHmenTpamus A€KTPOHOR
OpOBOXAMOCTH HA ypoBHe &, paBHA BYA0. ¥ pOBEHD SHEDrun
&4, COOTBETCTBYIOIIHI JOHOPHOMY WeHTDPY, HOIHOCTHIO
samonmes siewrpomamm. Ilpm oToM atomm poHopa, yamep-
KUBAIONHE BAEKTPOHE, wmeidTpanern. [lpu me cammmkom
BHICOKOH TemnepaType I KOHNEHTPAOuA JJEKTPOHOB Ha
yposae &, onpepensierca opmynoii (7). ATomH poHOpos,
OT[aBIINE NOKTPOHE HA YPOBEHEL &, SapHIKEHBl MO0
TeARHO. I{OH]Z(GHTPHI{HH PTHX OOJOIKHUTeNbHO SaPHAIKEHARI X
AOHODHHIX TEHTPOB, €CTECTBEHHO, TaKiKe OnpeeNsAercs
dopuynoii (7). llpn kT == A&; wonmerTpamus cpobogHEIX
9JIEKTPOHOB HA YpoBHE &, M KOHMEHTPANEA HOJOKATEIRHO
sapsEHEHIX JOHOPHKX HEHTPoR paBEANTCA N4 (npaMecnoe
ACTOMERHE).

IHonouTenbuo BapsiKeHNLIH JOHOPHHI WEHTP MOKET
3aXBaTATH BAEKTPOH ¢ ypoeEA &,. ITpm atoM B xpmcramne
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-igmam!me'l’ aupka. Ho 9100 nepenectn anexTpon € yposus
&, ma JIOBOPHEIL ypoBenb &, m Takum ofpasom cosfaTh
p KpucTanne JHPKY (970T mpomecc nokasam ma puc. 7,6
TDUXOBOI CTpPeNKOi), HeoOXOoAuMO NpPeoponeTh IHEPTeTH-
W Gapwep BrcoTOll &g — A&g *).

~ OGpaTiM BHEMAaHHe Ha OHO Ba:xHOe O0CTOATENBLCTBO,
_ocoGeEHO HATIAIHO WANOCTPEPYEMOE  DHEPTeTHIeCKuMM
JEarpaMMan. Ecnn 271eKTPOHK He MOBOPTAITICH BOSNEH-
eTBHI0 KAaKHX-TH00 BHEIIHAX BO3SMYDICHMil, T0O OHEM HaX0-
Ha CAMOM HIDKHEM H3 BOSMO/RHBEIX PHEPreTHYECKHX
- JleiicTenTensno, B COGCTBEHHOM NOJYNPOBOJHAKE npH
— 0 u B OTCYICTBHE OCBEeHEHHH, KAK ME BHAEM, HET Hu
poEoB, Hn Aupok. Ha asuke sHepretmieckoii pnuarpam-
(puc. 7, @) 910 OSHaTaeT, YTO BCE BIEKTPOHE HAXONATCH
caMOM HIDKHEM N3 BOSMOJKHHIX DBHEPTETHYECKHX YPOB-
it &,

B noaynpoBojHOKe, CONepKameM AKNenTOPHAE NeHTpPE,
m T = (0 @ B 0TCYyTCTBHE OCBENIEHNHA BCE MEKTPOHEL TAKIKE
xonatca Ha yposme &,. Yposmu &, m & (puc. 7, 6)

B nonynpoBojiHUKe, cojepramem nouope (pue. 7, @),
7 = 0 snerTponH, KaKk ME 3HaEM, HAXONATCH HA yPOB-
#4. A mouemy me na ypospe &,?!
Jeno B 70M, 9TO 9AEKTPOHKE CTPEMATCH SaHATEH cambli
RKIiE 113 G03MONCHELT DHEPreTHIeCKAX YpoBHei. 3 kpueran-
0IyOpOBOAHKRKA, cofemkameM momope, npu T =0
, &, DONHOCTBI0 3anoaned 9saexkTponamu. Csobog-
¢t ma Hem mer. Jl SNeKTPOHE SapHMANT CaMBIH
i §3 BOSMOKHEIX ypoBHed — yposens &,;. Becoom-
eme pas, 9T0 970 OsHauaer (QH3uYecKn. Yposemsp &,
TCTBYET DHEPLUH BNEKTPOHOB, CBASHBAKIMEX MEMKIY
atomsl kpememd. [lpu T = 0 Bce aueKTPOHE Hax0-
 ga ¢csoux opbutax (pue. 2) m cBoGopmux Mect (ABpok),
mornm OBl TOMECTHTHCH  BIEKTPOHHEL € JOHOPHOTO
&g, ToOOnpocTy HeT.
Hommencanma. OplajieB pa  A3LKe JHEPreTHICCHUX
paMyM HecKoAbKuMEA (pasamm, pemmM 3Sajgady, OTBeT
KOTOpOIi MOieT GEITH NONY9eH HA BTOM ASHKe GyKBanEHO
HECKONBKO CORVH[I N K TOMY € B 09€Hb HATIANHOH u
ympaomeiics ¢opme. Mempy tem, utof6H DonyInTH

%) [epescpute aty Qpasy c ABLIKA BHEPreTHYecKoil puarpaMmel Ha
BAauK Quanuecknx npefctaBnennii. Ecnn 3ap8va DORaMETCH CJI0IKHON,
‘Depeuntaiite puiwe pyurr ¢JlUWpKD 0 BACKTPULIION ONYIPOLUAKNKEY,
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oTLET TPANMOHOHHEM LyTem, HeoOXOguMO mPOBECTH HOBOJIL-
no TOHKoe ¢uSuUECKOe pacCyikienue.

3anaga Qopmymmpyercs caemyromgnm ofpasom. Ilycts
B DONYOPOBONHHUK OJHOBPEMEHHO BBEJIEHO CTPOrO OJlAHA-
KOBO€ KOJIMYeCTBO MEJIKOil NOHOPHOH O aruenTopHoill mpm-
meceii. Hanpmmep, B Kpemmmit B €Tporo olEHAKOBHX KOB-
uenTpanuAax BBefier MumbaAk u Oop. YTo npomsoiimer?

Ectectsonnmii orBer: «B noaynpoBojimuke BoSHUKaer
Gonpmas KonnenTpanms cBo0omHEIX HocuTenei oboux
GHAKOB — BJIEKTPOHOB T JILIPOKY.

JT0T OTBET. CoBepIenHO Hempasuien. [lpaBmabmsni o1-
BT COCTOMT B TOM, 4WT0 B mnonynposopamke me Oyner mn
TnpuUMEeCHBIX dMeKTPOHOB, WH NpPUMECHHX AHPOK — OH Oyner
pectu cefs war coGCTBeHEHIE NOAYIPOBOJHEK.

Bsrisirem ma puc. 8, a. Bce 2ieKTpoOHE ¢ JOHOPHOTO
ypoBEx &; mepenuin Ha NE€PBOHAYAABHO CBOGONHEIE BRiK~
unii aknenTopesiii yposent &,. Temeps, wr06m cospgato
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Puc. 8. Kompercannn. a — llongas KOMIEBeauns: KODICHTpanis
JioHopoB ¥y paBHa KOBUEHTpALN axuemopos Ng. 6, 8 — YacTmumasn
rompencanua: Ng > Ng (6); Ng < Ng ()

B KpucTazane CBoOONHEE PAERTPOH, HYIKHO SaTPATHATH
spepru0 &y — A€,, nowtm Takylo ke Gombmyln, Kak u
omeprus &,, BeoOXOIMMAs [JA COSHaHUS BAEKTPOHHO-
nsipounoii naps B cobeTeennoM nodynposopsure. M pupxe
B KpHCTalile TNOABHTHCA TPYAHO: BCe CBOOOJHEIE MecTa na
AKNENTOPHOM ypoBHEe 3a6uTHl BAEKTPOEAMEH € JIOHOPHOI'O
yposasa &g, Jlna snextpomes ¢ yposna &, MecTa Ha aKmen-
TopHOM ypoBue Her. Urolm B Kpmcranne MOTia NOABETHCH
[BHIPKA, HYKHO HIH OpaMo 8a6pOCHTH DJEKTPOH C YPOBHS
&, ma yposenb &, (nns wero meobxommma omeprua &),
unu ocsobomuth MecTo Ha ypoBme &,, Jlns storo majo
nepefpocATs BEKTPOR ¢ ypoBHA &, Ha yposenb &, (meol-
xonuman snepran &, — A&, noumm TaK ke peauka, Kak
n &;). Opun marnap ma puc, 8, a nossonser MoEKTH, YTO
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‘IIPOBOJIEME, B KOTOPGLI MENKas NOHOPHA# W aKIenTop-
| mpUMECH BHEJICHH B paBHOll  KOHUERTpaium, Oynmer
cebn noutn kax cobersennslit. Pacemorpennoe ABnenne
HAABAHUE KOMneHcayuu. DBeienne aKpnenTOpPHOM
pCH KOMDEHCHPYET [eilcTBne nonopuod m Haoboport.
Kol (UIHUCCKOl KapTHEe COOTBETCTByeT DHEpre-
ai  pauarpamma pme. 8, a?  IlaBaifite paccyimpaTs.
IEHEHEE B KPUCTAJIN ATOMEL JIOHOPHOH OPUMECH JIeI'KO
JMITEAE DJEKTPOHK, KOTOPLE CTAHYT CBOOOMELIMK.
aKHENTOPHOI NPHMECH SaXBATAT BACKTPOHE Y CBOHX
aimuX cocejeii mo pemerke u o0pasyoT COOTBETCTBYIO-
Koam4ecTBo JupoK. [lpuMecHile BAEKTPORH # AHPKMA
7 xaortnieckm Onympgare 0o KpHCTaJNy H PaHO Hil
o0 BeTperstcs @ pexomGummpyior. B coorsercreum
JOBMEM pAacCMATPUBAEMOIl 3alaun KONAYECTBO BIEKTPO-
. KOTOPHE JErKo MOryT ¢TaTh CBOOONHEIMH, B TOYHOCTH
KONUYECTBY MHPOE  (DOCKONBKY KOHIEHTPAnuA
X JIOROPOB paBra KopHenTpaumm axpenTopon). [locae
KaK OpPUMCCHEIC 2JIEKTPOHHN ® [HPKA BCTPETATCH,
vOUEEPYIOT ¥ MCYe3nyT, B KPACTAlNNE He OCTAHETCHA
P 2TOMOB, KOTOPHE MOTYT JIeTKO 00pasoBaTh dJIEKTPOHE
auipry. B camom peme, ecam paccMaTpEBATE NpUMEp
IeM, B KOTOpHL BBECHs MEIBHAK @ 00p, TO y Kam-
ATOMa MEIIBAKA OCTAJOCH TEUEPHE TOABKO N0 SETHIPO
THEIX 2nexTpona. VI 9TH ocTapmmecs SNCKTPOHE aTOM
HE2 YIEP/RIBACT NOYTH TAK K€ OPOYHO, KAaK B ATOM
A CBOM YCTHIPE BANEHTHLIX dJeKTpona. To iKe MokHO
76 u 00 atome Gopa. [Ipmcoepnnns x cebe wermeprriit
por, oH ofpasosan ¢ CoceIEMME artomMamm Si moaTd
jeé OpOoYHLie CBABH, Kak W CBABH MEKAY aToMaMm
i. B pesyasrare, 9robm ofpasoBark 3eKTPOH
IMMOCTH WM IHPKY, HY;KHO Tenepb SaTPaTHTh BHEP-
HoYyTH papayl osHepraun olpasoBaEmA ANEKTPOHHO-
DMHOW mapsl B COGCTBEHHOM KpeMEMN.
\ uT0 DpomsoileT, ecliH KOHOCHATPAUMM JIOHODHOH M
prToproit npumeceii se pasen? Puc. 8, 6, ¢ nossoamior
eTHTE Ha 9TOT BOMPOC.
Puc. 8, 6 coorsetcTByeT cays€ail, Korja JOHOPHOM
ecn Gospine, WeM aKknenTopHoil, W [oHOPHAH DPHMECH
MREHCUPOBAHA WacmuiHo. AKNEnTOPHEN ypoBemb HOJ-
0 (BEIBENER mM3 CTposy (npmmecHsle AnpkE ofpaso-
fi He MOTYT). A Ha JIOHOPHOM ypoBie 83 ene g9cTasnch
eKTpops, Jix KomOeHTpanMs  PABUHAETCH, OYCBUJHO,
Va — N,. Donynposopmmk OGyaer BecTm cels Kak moRy-
BOAHUE P-TUN4, KOHIEHTPAuA [OHODOB B KOTOPOM
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paeagercs Ng — N,. Pnc. 8, ¢ uamoctpupyer cayuaii,
wkorna N, > Ny. Jlovopomii ypopeHb OONHOCTBIO ONyCTO-
NieH, a4 Ha AKUENTOPHOM YPOBHE emie 0CTajuch cBobomubie
mecta — auprn. Mx xommentpanma paBmsercs N, — Ng.
W nmonynpoBoppur Gyner Bectn cebs RaK NOJYOPOBOIHHHK
p-TANA € KOHOeHTpanmedl axnentopoB N, — Ng.
JHepreTHIecKue OUATPAMMEL MOMOTYT Ham pasoGpaTecs
B npobaemMax remepanun, pexoMOMHATHE M ABMIKEHNA CBO-
CopHHX HOCHTeNed, KoTopue OyayT pacCcMOTpeHsl B Cle-
aylomeii rnape. Ho nonmocrhio SHAYEHTe [mATPaMM Bh-
ABATCH BO BTOPOM 9ACTH KHNTH, KOrjla MH OyleM usydaTn
pHEpreTAYeckne Gapeeph, oOpasyoimmeci HAa TPaHHANAX
M@Ky DNONYOPOBOAHMKOM H© oOKpyikalomedt cpefoil mam
0a TpaHdOe MEKAY NDoJYNPOBOJHMKAME n- H p-THOA,

Moralite *)

NonynpoBogaukn — 8T0 MATEPHAJIEl, NPOBO-
AAMOCTE KOTOPHIX npu aGCONIOTHOM HYJIe TeMIepaTypH
pasHa HYII0, TAK KaK BalleHTHEIC 2JEKTPOHE CBASaHHM Ha
MEKATOMHEIX OpOHTAaX M HE CHOCOGHK NEPEeHOCHATH JIeKTPH-
yecknit ToK. OnHaKO SHEPras CBHSH BIEKTPOHOB HEBEIHKA,
Il OpPH OTHOCMTEJNBHO HEBHICOKMX TeMUIepaTypax B8a cu€er
TEIUIOBOIO [BIGKEEMA IeKTPOHHEE CBASH pPaspHBalOTCH.
Bosauxanot cpobGogure 8aeKTpon: (9AEKTPOHH IpPOBOAu-
mocTi) u Aepkr. HonnenTpanus saexTponoB npoBoamMocTn
H JHPOK BKCIOHEHIMANLHO BOSPACTaeT ¢ POCTOM TeMIEpa-
Typu. COOTBETCTBEHHO OKCIOHEHIMAIIBHO YBEIHYHBAETCH
¢ TeMOoepaTypoli NPOBOZEMOCTH MONYIOPOBOAHMKOB,
Hexoroprie npumecm (pmomopm) cmocofEE aerxo orma-
BAThH 9DJIEKTPOHK, a JpyrEe (aKmenToph) — 3aXBATHBATH
JEKTPOHE Y ATOMOB NOAynpoBoimuKa. Dpepenme Tarmx
upuMecei, Aae B HHYTORHOM KoJausecTtse, cnocofHO B
rpOMafgHOd CTeNeHH YBEJNYMBATE 9MCA0 CBODOOHEIX HocH-
Tenel W, clefOBATENBLHO, NPOBOANMOCTH HOJAYHPOBOJHHKA,

*) HpaeoyanTenvuce paamuiuiesne (fip.).
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I'nama 2

POJKAEHUE, JKM3Hb U CMEPTH 3JIEKTPOHA
M bIPKH

Ilprpopst BexOBeunas AABAIABHA

CoepuEsyia cMeprs u  OuTHe

B omuwr wnybox, mO MECHL OhMA
OeccrabHa

CoepwHET: [BA TAMHCTBAR €€,

H. 3afosoyxui

B npepupymeif raase ME HNO3HAKOMHINACH
7| ¢ Tem, Kak poskmaloTes (remepmpylTCs) BNEKT-
POEE U AEIPKA B cOOCTBEHHOM HONYNPOBOJHE-
/ we 1 B ONYIPOBONHIKe, COMEPIRAIIEM MEeJKHEe
v OPUMECHEe IeHTPEL. Her, opuako, HUKaKAX 0C-
HOBaumil OKUAThH, 970 mobas mpuMech, BBe-
fleanas B moayumposopumk, Gymer BecTH ce6s Kak MenKa#,
. ©. 9T0 HeDPrua axToBammm A# nio0oro IPEMECHOTO ATOMA
BO BCeX caydasx Oyher MHOrO MeHBINE, 9eM dHeprus &g
obpasosabus cofcTBeHHOH 9JEeKTPOHHO-ILIPOYHOH UapPH.
B oroiil riiaBe Mb B3y4YHM, KaK BIMAET HA IPOINECCH reHepa-
Hum o pexoMOuHanym HajuY@me B HONYHPOBOjJHEKE 24Yy00-
KUE UPEMECHHIX NEHTPOB, SHEPrusl AKTHBAWE KOTOPKIX
cpasumva ¢ BenuguHOM g. Takwe menTpn mrpaiT ovensb
PANKEYIO ponb B pafoTe MHOrEX HONYIPOBOAHEKOBHIX IPH-
Bopos.

Kpome Boupocos, cBsIsaHHHX C PolkienmeM (resepanmeii)
¥ cMepreio (pexomOumammeif) SJIeKTPOHOB W ABIPOK, Mu
PAcCMOTPEM B 9TOH raBe OCHOBHEIe BH[H IBINEHUS HOCH-
TeMNeif: TONNOBOP [BIGKEHHE, ABHKEHUE B 9JIEKTPUHIECKOM
none u puddysnio.

Posienne u emeprs

TnyGoxne weHTPH: KOMIEHCATOPhI, CTYHEHHh-

E#, yOmiimer, [lnsn Kaipgoro mEpoKO HCI0Ab3YeMOro moJy-
HPOBOfRMKA — KpemuufA, TrepMaEHmd, apceHdja rannus,
HEAEA, CYINECTBYeT [NHHELII CHHCOK NpPHMeCcei.

s kpemuns, nanpumep, 970T CIHCOK CONEPIKNT HECKONBKO
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pecarkop BpamMeBoBaumit, OB BrIWYaer yike 3HAKOMBIE
naM MEIOBAK B 60p, HO Kpome HEX — Qochop n amOMmEmit,
cepebpo B Melb, KagMuil 0 koGanbT, 301070, RENE30, KACIO-
pof, PryTh, INIATHEY, MONHONEH, HWKeNb, HajjJagmii, cepy,
ceneH, ponb{)paM; OAEK H MHOIHE [pyrHe alementir. Ham-
[l B3 9THX BIEMEHTOB XAPAKTepH3yercA B KadecTBe IIpH-
MeCH B KpeMHuH cBoeif sHeprueil axrmpanun A&, n 3Hage-
nns 9THX sHeprmii Jeskar B npepenax or 0,05 8B (menxme
poHopel ® akunentopu) no 0,8—0,9 8B. Tlocnemsue 3ua-
YEeHNs, XapakTepHEIe NI CaMblx 4Cay0OKEX» mpHMeceii,
y#ke Bronme cpaBHEME ¢ omeprmed &, B xpemumn (1,1 aB).

Hasanocey 61, weM «rayGme» mpumech (1. e. gem Gonvme
AE), TeM MeHBIIYIO pPoNb OHa HOJ3KHA urpath. JleicTBuTent-
no, u3 dopmyn (7) m (10) scHO, 910 ¢ yBenmuenmem A
o9enb OLeTpo, 9KCHOHEHIHANBHO, HajaeT Yucno CBoGOmHEIX
9JIEKTPONOE H JHPOK, CYIECTBYHIAX B KpACTANNEe Ipu
pafanioll KOWIEnTparmi Jjerupyiomei npumecn Ny mam
Ny ©Qopuynw (7) 1 (10) copaBepaasi s N0OHX sEavenui
A&. Opmaxo BHBOL 0 TOM, 9TO Ha (IayOoRuEe» NpHEMecH
MO;KHO ue o0pamarTh BHEMAaHHfA, NOCIENEeH u HeBepeH.
I'ayGoxne mpaMeck B NONYNPOBOAHEKAX HIPAlOT TPH Bak-
lefimpe pony — (KOMIEHCATOPOB», ¢CTYHOeHeK» o «yOmimy,
Paccmorpum 9TR ponuw ogEY 3a JPYToM.

Haunem ¢ camolt mpoeToli ¥ oTyacTH HaM yiKe 3HAKOMOI
[ONE KOMREHCAIM 0P o8,

Ilpencrapum cebe, 9T0 MBI XOTHM HOJYYATH HOJYIPOBOL-
ruk, nanpumep GaAs, ¢ 0ueHD BEHICOKHM YHeNLHBIM CONpO-
TusnenueM. Takan 3ajlava He Tak ¥k PeAKO BCTaeT mepen
CHOCIHANACTAMY, H3TOTABNMBAIIEME HOXYHPOBOANNKOBEIE
upnbopn. IlneHKE ANE OTACTUHE ¢ BBICOKHM VIIEJBLHEM CO-
UPOTHBJIEHHEM JaCTO HCIONb3YHTCH B KAYECTBE OCHOBHI, 1100-
A0%CKLL, BA KOTOPOH 3aTeM HAPAamMuBalOTCHA 09€HE TOHKHE CNOM
HTOTO K€ NONYHPOBOANHKa € PaSNUYHLIMHE JErnpyIOmEMI
OPHMECSIMH.

CaMoe BHICOKOE YHenbbioe CONpOTHBEHWe uMmeeT cober-
BOHHEIA HONYIPOBONHHK: B HeM MEHBIIE BCEro CBODOIHEBIX
vocureneit sapana. OpEakxo TOro, 9o Mb yiKe 3HaeM O mpu-
MeCAX B HOJYNPOBOAHHEKAX, BOOJHE JOCTATOYHO, 9TO0LI Olie-
HHTL TPYAHOCTHE HONYYennA COGCTBEHHEIX HONYNPOBOANI-
kop. Huurompan KOHIENTPAaLWsS MENKOM OPHMECH — H...
KOHIeHTPAalUA 8eKTPOHOB HAM AKIPOK BOSPACTAET B TEICHYI,
MMIUTHOHBl B J@rke MEAAWApAH pas. Bo Beex enydasx mo-
NBTKA COBEPITCHEO HB0ABATLCA OT MeNKHX HpHMeceii comps-
JKEHEl ¢ AUETENbLHBIME, JOPOTHME M CAOMHHME ONepanaaMy
no owncrke marepuanos. Ho onyramile pesynbraTh oum npa-
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. p HACTOAIIEE BPEMA TONLKO JUIs TePMANNS B KPEMHUA,
¢ GaAs, manpaMep, caMasi COBepIIeHHAs COBPEMEHHas
gOJIOTHs 00€CTIeYnBAeT YPOBEHL KOHLEHTPAIMH MeIKOM
mweca N ~ 10" em®. Dra penwumna B fecATh MEIIHAP-
 paa MeHBINe, 9eM KOHIEHTPALHS ATOMOB TaJUIHA U MBI~
B GaAs, OHAKO OHa Bee eme B MunHon pas Gonbime, gem

grpauus COGCTBEHHLX BIEKTPOHOB M AKPOK B BTOM
alle IpH KomHaTHONH Temmepatype (cm. Tabn. 1). Kaw

| ouens npocto. He 6ynem ocoberno TmaTensHO OIUMATD
opomamk. Ilyers B Hem copepskutes 10™° unm pasce
8 MeJKHX JOHOPOE. A KpOME TOTO, Mbl... JOIOJNNH-
10 BEEJIEM B HOAYIPOBOANMK HpuMech, A eme B Gonbiei
sprpanan. CramneM, B konnenTpanun 10 uxm 1017 ep3.
0NBKO 9Ta BTOpas npaMeck Gyner rayboKaM aKIenTopon.
Bosuaukner shdexT, ¢ KOTOPEM MEl ViK€ B3HAKOME,—
unencarms. TonbKO He MenKEME, a FaAyOOKHME HpEMeEcH-
nyGoKne aKUEenTOPH 3aXBATAT BCe DIEKTPOHLI, COBJAN-
MeNKHMHE JOHOpaM#, W Temeph OCBOOOAETEL BJIEKTPOIE

e e e e

A&

Gy % &y 7

9, Komnencanna rayGoxny npuyecusim ypopues, a — Iloaynpo-
IX COREPHBT TOJNBEO MKy UpHMEech ¢ ameprueii noHHaanuu
Tevmeparypa HOCTATOMHO BEJIMKA W BCE BAEKTPOHE © OPHMECHOrO
nepenuin na yposensb ¥ (cpenamnck ceobopmumm). B wpreras-
010 crOBOJIEWIX HOCHTENeH — YAENEHO® CONPOTHBIEHNE Malo.
Iipone MeAKOro JOHOpPA B KPHCTAILI BBEJEH JIEMEHT, ABIAIOMNICH

akyentopoM. Bee sIeKTPOELI ¢ MEIKOIO JIOHODA BaXBaveHhl
pKpil axyenTopEsil ypopeh. Yrobm cpenats SHEKTPOHH CHO-
uIME, pysma Gonbman speprun A%, > k7. CrofoHNX HOCHTENET
CTAJIE DpAKTUYEeCKD HeT — YAeNLHOE CONPOTHBIGHHE OYeHh Be-

JIHKO

T He TaK-TO IPOCTO. JHEPIHA aKTHBAIME BTHX BIEKTPO-
raybokux npumeceii Beauka (puc. 9).

0JKHO, KOHEIHO, OEITATHLCH KOMIEHCHPOBATH MENKYIO

JHYI0 TpHEMech MeNKoil aKnenTopHO#l (rakoil caydaii

asad HA puc, 8). Ho Tyr mysmna npejienbHas TIIATeN b=
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nocrs, Hymno, 9ro6u senuuuun Ny u N, pasaanuce gpyr
npyry ¢ 6oabmoir T09H0¢THI0. [lo6ETRCS 9TOr0 OYEHD TPYAHO.

To nn peno raybokas npamecs! Jlaske ecnm pBectn ee B
HECKONLKO pad Oonbime, 9eM COREPKHTCA B KPHCTANIE Mel-
KOl HpmMecH, KOTOPYI HYIKHO KOMIEHCHDOBATH, HHYEro
CTpamHOoro He npousoiiner. Bee Hocutenu, cosganusie menxoit
npuMectsio, SyayT ¢ rapanTrein saxsauensl, Caenats oTH HaeR-
TPOXE CBOGOAHEIME Telleph He TAK-T0 NpocTo. [{ns atoro mym-
na cpaaurTencuo Gonbman emepras A#, (puc. 9). A kax
HacdeT «HmHEXY akuenTopos? Benn onm cooco6HEN 3axBaThi-
BATh BNEKTPOHE Y aTOMOB NONYNPOBOAKEKA B 06pasoBLBATL
peipkl. Cooco6HEI, HO... Ha T0 OHE @ ray6Gokue — SHEPrus
akTHBaliE AMPKE AS y TakmX axuenTopos senuka (pme. 9),
H COOTBETCTBEHHO KOHIEHTPAIHSA JBPOK OKAMKETCH OYeHE He-
Gonpmoii.

B enyuae GaAs umenno tak n noerynawr. Bepyr me oco-
Oenno TmaTenbHo oYmmenukis GaAs m BBOIAT B Wero B 3ma-
9ATeNbHOM KOHIEHTPALME XPOM HAM Kucaopon. Ecan no see-
menns rayGokoir mpumecu GaAs Gma p-ruma, 10 BBOAAT
kmenopon; 8 GaAs onm smsasercs raybokaM pomopom. Ecan
nexonnuii GaAs Omn n-tuna, BsoxsT xpoM. B GaAs XpoMm
Asasercs raybokam aknentopom. B pesyasrate ymaeres mo-
ayaute Monokpuctannsl GaAs ¢ 09eHb BBHICOKHM yaeabHEIM
conporusnenmem — g0 107 Om-em. Tlopnomkn w3 Takoro
(HONYH3ONAPYIOMEro» apceNupa Tainnms IMAPOKO WCTOABL3Y-
I0TCA OPH HSTOTOBNEHWH TNOJYNPOBOJHEKOBEX upabopos
Ha ocHOBe GaAs.

Wrax, B meppoM B3 PacCMOTPEHHEIX CHyYaeB rny6oxne
OpEMEcH HrpaiT poab nonokuTensHoro reposa. Ho.., «mamm
HEJOCTATRY SBAAKOTCH HPONOKEHHeM HAEX JO0CTONHCTED.
dTa My#pas HOCNOBHIA NPUMEHHMA HE TONBKO K JIOMAM.
B uwactuocts, ee monesHo BCOOMHETH M UpH 06CYKmeBmu
croiters rayGokmx npumeceii. Ilpencrasum cebe Ipyroir,
TOJe O0YeHL paclpocTpaHeHHnid cnywaji, Mm xoram nony-
9NTh HE MONYW30JHPYIOMYK HOANOMKKY, a M0 BO3MOIKHOCTI
YNCTHE MaTepual, CKadeM, n-Trna. Mu BBOmEM u BROIEM
B KPHCTAJLI MENKYI0 JOHODHYIO NPAMECh, & HONYIPOBONHAK. ..
0CTaeTes BLICOKOOMEEIM. JIerko forazaToen, B 4eM sjecs fe-
70! B NOAYHPOBONHEKE HpHCYTCTBYeT rayGokmit akmentop.
H noxa mbl ero ne «nepexoMmencapyemy, T. €. He BBeieM Me-
Koii nprMecH Goabiie, ey EMeeTcss rAyGOKAX aKIenTopos,
NoBEIeHne YPOBHA JIETHPOBaHES BH K 9eMy He IPHBENeT.

Mespy Tem nonyupoBonunk coBcem re Geapasamuen K 06-
MmeMy KoAnYecTBY BBEJENNOH B Hero npmnmecw. Ecnm npume-
CEl BBECTH CAMLIKOM MHOTO, DOSHMKAIOT PASAMYHBIE CTPYH-
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HHEE HECOBEPITEHCTBA, MANAET CKOPOCTH ABHKEHHA DIEKT-
HOB H JAHIPOK B DJIEKTPHYECKOM ILOJE, BOSHUKAKT Apyrnae
swesiaTesbupe spnennd. IlosTomy, ecnm ME XoTHM HONY-
xTh SHECTHIE KPHCTANJLI € 3ajlaHHOl KOHNeHTpanueit alext-
HOB (MAM ABPOK), ME B TEPBYIO 0Yepenh JOIGKAE HAaYIATh-
. xorga 910 HeoOxomHMO, W30aABIATLCH OT TNYOOKHEX NpH-
coit. TeXHONOIM HPEKpPacHO CHPaBIAKTCH ¢ 9T0l 3agayei
Ge u Si — caMHIX «CTADHX» HONYOPOBOTHHKOBLIX MaTe-
nax. B pmocaepHne ropel Oolibhime YCIEXH HOCTHTHYTH B
gonorusa GaAs. A Bor B kKapbupe xKpemBma, Hanpumep,
MANBHEIN ypOBEHb comepmanus rAyGOKHEX npmHMecei,
0r0 yaaeTcHd HocTATHYTH, ~10 em™3.
TaK, B OepBOil POJNM, poim kKoMnewcamopoe, Tayboxue
3HE MelalT POkAeENI0 cBOOOTHLIX HocHTeneldl — dJeKT-
B @ OBIPOK.
Bo sropoit cBoeif ponu — B ponu cmynenek — rayGoxue
bl BHIIONHAKT NOPAMO TPOTHBONONOMKHYI §YHKIHAIO!
TAl0T POIKACHWIO NHPOK W BNEKTPOHOB.
Mg anaeM, 9T0 1Af T0ro, 9ToOk B cobeTBeHHOM LONYIPO-

BONHAKE BOSHHKIN JJIEKTPOH H JnDHKA, neobxommio 3aTpa-
sepruio &;. Ecam
proio &, HYKHO HONY-
rb OT TEUNOBEIX Koneba-
. pemerKH, a BeNHInHA
MEOro Gonpme, weM cpe-
TennoBag  SHEPru#H
T0 TaKOW Ipouece

manoBeposTeH. Hak
3HaeM, 0H NIpPOHOPIHO-
en exp (—&,/kT) (bop-
a (2)). Us pme. 10, a
p, 9TO ECAH B MONYUPO-
xe umeerca rayboxmit
pIil IEeHTP, TO anep-
HeoOXonuMyK 1A
arobsi  0CBOOONETE
TPOH, MO3KHO SATPATATE  p.; 40, CiyGoxue mpEMecE —
Cpasy, & B [iBa 9TaNa. CTYOERBKIY

AJa coo0muTH PHEPruio
IIpu a10M 821K TPOH NeE-
mer ¢ yposus &, na yposens riyGokoil npumecn. 3arem co-

, BTOPYIO HOPIHIO 9HEPIAH, TOMe, GCTECTBEHHO, pab-
&,/2. Jlerxo momaTs, 9To HpoNEce 00PadOBAHM BNGKT-
B § [HpPOK B 9TOM caydae Oyjer BATH ropasfo HHTEH-
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Curyauus ovenp cxoma ¢ msobpamennoit ma puc. 10, 6,
Ecnu Tpebyercs npeomoners Gaprep BricoToit B 2 M 6e3 ka-
Kux-aub0 OPOMEIKYTOUHMX CTYHIEHeK, TO Ha Takoil mojBur
CHOCOOHB UL HECKONBLKO JeCATKOB 9EI0BeK B3 HECKOABKHX
MEJTHAPNOB JKHTeNeH nameii mnanersl. Tor ke Gaprep, pas-
OuTHif Ha [IBe MeTPOBEIX CTYIEHLKH, cnocoben HpPEORO0NeTh,
TABEPNoe, KajKILI IeCcATHIA.

Samerny, 9ro mauGosnee afdexTuren Tawoil gByXcTymen-
9ATHIl NPONECe UMENHO OAA HPHMECH ¢ pHepruell akTHBAI@u
&gl2.

HeficTBHTeNBIO, TPERNONONKEM, HAUPEMEP, UTO B IOMY-
NPOBOAHUKOBOM MaTephane mMeeress rayGokuil akienropHii
yposerb, Ecam sHeprus akTusanum aKiuenTopa Membime, ey
&,/2, 10 pnexTpon Gymer cpaBHETENBHO NErKO 3aXBATHBATL-
C HA Hero ¢ ypopusa §,, HO BOT NEPEBECTH €ro Ha ypOBeNb
& (cnenats cnoGopuniM) Gymer Tpyamo (pue. 7, 6). onman
aHaNorad ¢ JecTHHICH: ecal HY;KHO 3a0paThesi HA BHCOTY 2 M
B e/lUHCTBEHHAsA CTYHEHbKa mMeer BricoTy 30 €M, TO Ha 3Ty-TO
CTynenbKy B306paTeCA nerko, a Bor ocrasmuecs 1 M 70 o
NPeofioNeTh HOYTH TAK K€ TPYNHO, KAK B HCXONHYK BHCOTY.
CaMuiit onTAMANBHE BapHANT — [Be ONEBAKOBLIE CTYHEeHb~
ku (pnc. 10, 6).

Wrax, seegenwe rayGokux nmpaMecell pesko ysenmumpaer
CKOPOCTE reHepalfid SNeKTPOHHO-AHPOYHLX map. Ho mos-
Bonbre! Hak e GHTH ¢ TeM, 970 MBI ke GHAEM 0 CBOMCTBAX
npunmeceit? Kax Grite ¢ dopmymnoir (9), ms koTopoir caenyer,
9TO UPOHSBEACHHE KOHUEHTPAIHIT 31€KTPOHOB W NEPOK 3a-
BHCHT JUIfl Ka)K[0r0 MONYIPOBOARUKA TONBKO OT TeMIepaTy-
PHl, a BOBCE HE OT TOTO, KaKhHe B HEro BBENEHH HPEMECH?
Kax Omrb ¢ supamennsva (7) u (10), u3 xoropux cnegyer,
uTo 9eM Gonple sHeprus akTHBAEn AE, TeM MEHBIYIO KOH-
LenTpanuio snekTpono® (unm nupok) Gypmer Takas mpEMecs
cosjlaBaTh N pn Tex ke sHaveHuAx N, u 7?7

Ocrosanwii nnsa GecnokoiicTBa TeM He MEOHEe HeT HUKAKHX.
Dopmyan (7), (9) u (10) cupapegauss gas KOGHIX ypoBHEl —
n rayboxux, ® Meikux. Bep oTm Bhipamerms onmchBaioT
alaveHnsl KOHIEHTPAlHA BJCKTPOHOB ¥ [ALPOK, KOTOpHIe yc-
TAHABIUBAKOTCA B Pe3ynbTaTeé OBYX KOHKYPHPYOIEX HpO-
IeccoB — reHepanEm i pekomGumanum.

Beencrne B monynposogmMK rayGormx IEHTPOB Pesko
YBeJUIHBACT CKOPOCTH TEHEPANHH DJEKTPOHOB W JEIPOK.
Ho... Tak e pesko ysenmumsaerca m CKOPOCTH pexomOnua-
InA Yepes vTH OpEMecHEie uenTpu. B peayanrate dopmynis
(7), (9) m (10) no-upekEEeMY MPABENBHO OHECHBAIOT paBHO-
BCCHEIC 8HAYEHHA BNEKTPOHOB M [AHPOK,
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B cBASH € TAKAM yTBEpKIEHUEM, €CTECTBEHHO, BOSHIKAIOT
ponrpoca. Ileperit — mogyemy rayGokae neHTphl yBe -
T CKOPOCTHh PeKOMOMHALINA DIIEKTPOHOR U mupok? Bro-
— ecqu BBeneHne TAYOOKMX HpHMeceH yBeAHIHBAaET
0pOCTH FeHeparui, U CKOPOCTh peKoMOuHALHA BACKTPOL-
POYHEIX AP, TaK 970 PaBHOBECHAS KOHIEHTPAIHs BIICK-
H OHPOK BCe PABHO OHpefeNsercd TOJALKO BHeprmell
@u A&, To Kakoe 3HAYENHe HMEeT, eCTH B KPHCTAJIe
HOKHE NMEHTPH HIWM HET?
JrBeT Ha OEepPBEill Boupoc DYAET DONYYEH HEMHOKKO Oallb-
'am, Tfle Mbl OymeM paccMaTpHBATh BHICTYLJeHHE® Lay-
IEeHTPOB B ponu ¢yGminp.
10 Kacaercda O0TBeTAa Ha BTOPOH BOIPOC, TO OH CBONUTCH
sryIomemy;: 9To0b MEeHTPL-CTYIEHBKA CMOTAE MPOABNTE
. HeoBXofHMLI ONpefeNeHHEe YCIOBHs.
0 CHX IOP MBl FOBOPHIE O CAMOIl OPOCTOM — pasHosec-
CHTYaUEH, KOF[Ja 9UCA0 COSHAaBAEMBIX TeIJIOBHIM JIBH-
M HOcHTelNell B TOYHOCTH PABHAJIOCH YHCNY HOCHTeNeil,
MEX 8a TO ke Bpems BeJefcTeue pexombunaruu. B ta-
YCNOoBUAX NPOABUTE ce0A OpHMECH-CTYNeHLKH He B CO-
aud. Bo cKonbKo pas yBemuduBaerces, Gnarojaps mx
VTCTBUIO, CKOPOCTH FeHepalil HOCATENell, BO CTOABKO e
pacTer W cKopocTh pexomOmmanmu. PapmoBecmas Kom-
pauma  Hocateneit onpepenserca dopmynamm (7), (9)

-

Yoobr clenaTh SBHOH AEATENBHOCTH LEHTPOB-CTYIEHEK,
0 HapymUThH PaBHOBECHE MEXNY NpOLeccaMu reHepa-
| @ pexoMOUBAIAHE, CO3JATb PEBKO HEPABHOGECHIO CHTYa=
. ¥nobnee Beero 910 CAeNaTh, COSHAB YCAOBHA, Korja
repepanun Oymer BATH Tak ke, KAK B pPaHBIIE B yc-
X papHOBecHsi, a nponecc perombumanmu Gyper mon-
o ycrpausen, Hak aroro moburncs?

ABLIBAETCH, He TaK yiK cnomuo. Hymxkno cospars B Ka-
60 06nacTH TONYOPOBONHEKA CHILHOE BAEKTPHYECKOE
Torfa ceofoubie HOCATENH, 2IEKTPOHL! B AbIpKH, Oy-
0%enp OHICTPO BEIHOCUTHCA H3 BT0H ofnacTm BIeKTpuYe-
moseM U X KOHNeHTpaiuus B aroif obnactu Gyper ovens
HLKoi, Pas Tak, €KOpOCTh PeKOMOHHAINHA, MPOHOPIHO-
fafd NpPOU3BENEHAN KOHIEHTPATAH 8AEKTPOHOB U [JHIPOK
dopmyay (3)), pesko ymenpmurca — pexoMOmEEpOBATH
BedgeMy. A npomecc renepanmn? Ha mero snextpumue-
mone pauser cnabo. JnexTpudeckoe moxe, emocobnoe
FHECKE DOJHOCTEI0 0YECTATE 06JacTh MOJNYIPOBOANNKA
epofonnEx HOCHTeneil, HA CKOPOCTh TeHePAalHH MOIKeT
1-[He DOBNHATE, -



ApexTpuYecKoe mone, Bhipocmmee cnoGopgHbIE WocuTenw,
nﬁymouunnae*r ODOABNIEHHE TOKA B I(€IH. H 1ox sToT Tem Honn-
e, uem Gonpme CBOGOAHEIX HOCHTENell reHepHpYeTcH B IO-
synposopunke. Cunia ToKa B HeOH OPAMO ODPONOPHMOHANBHA
CKOPOCTH TeHePAIHE B/eKTPOHHO-IBPOINLX Hap.

ITycre cHagalla y9acTOK CHJIBHOIO NOAA COSHAH B HOJY-
npoBogHuKe, B KoTopoM mer raybGokux menrtpom. Mamepnw
NpOTERAIMEI B TAKAX YCIOBHAX TOK. 3aTeM BBEEM B HOMY-
1pOBONUK riy00KHe MeHTPh H CHOBA H3MEPHM CHIY TOKA.
IponensBan Takme 9KCHEPHMEHTH, MOMKHO yOeQMTBCH, 9TO
Hanmune pamxke Heboapmolr (~10"—10" cm™%) wommenTpa-

NUE OpuMecelr ¢ oHeprmedt axrtuparmn A% =~ -:.!!L. yBenH

YnBaeT TOK B ThiCAYE # jgecATkn Thicad pas. C apyro#i cro-
pOnbl, IPEMECH, 955 3HEPIHA aKTHBATHA 3AMETHO OTIHIAeTCHA

OT BeluYyuHLI '%3- , BIGAKT Ha TOK Topasfgo cnabee. Menkwe

HOHOPEI ¥ aKNEOTOoPh OPAaKTHYECKH He BIAHANT Ha CKOPOCTDL
reHepanud seKTPOHHO-BIPOYHLIX Nap.

Urak, B pesxo HepPaBHOBECHOIl CHTyaluW, KOTAa mponecc
pexoMOuHAamAn BJIEKTPOHOB H HHPOK YCTpaHeH, rnyGokme
1eHTpE MONY9al0T BOBMOIKHOCTE GNECHYTH B pONu shepzemut-
YerKUT Ccmynexer, IOMOTAKIEX POKACHUI0 DIEKTPOHHO-HbI-
POYHEX Hap.

B xasnoM DONYyHOpPOBOXHEKOBOM OpmrbOpe — puopme mam
1paHsECTOpe — B OHpeJiefieHEoM peskume paGoTH cymecTByer
ofiacTh CHNBEOTO diekTpuYeckoro mona. M Tok, mporekaro-
muili gepes npuGop B TAKOM peRAME, OOPENelseTcs KOH-
nenTpanmeit raybokHX ypoBHell, BBeJEHHEX B NOAYUPO-
BOJAHHEK.

OGcyspenne HepaBHOBECHOW CHTYAallH, B KOTOPOM rny-
60Kue MEeHTPh BHICTYHAIOT B PONHA CTYNEHEK, MOKET MONCKA-
3aTh, KaK COBHAaTh YCIOBHA, B KOTODPHIX Te Ke riuybokue
IeHTPH OpPOABAT ceba B ponu y6uiiy.

Ocsernm 0Opasen, WBrOTOBAEHHELIT W3 HCCIENYeMOro mo-
AYUPOBONHHEKOBOTO MaTrepmaya, GBB'I‘OM_, 9HEPruA KBaHTOB
Koroporo &g = hv Oonpine, Yem sHePrus COBNAaHAA 3NEKTPOH-
HO-JILIPOYHON naps B marepmase &,. B obpasne Bosmmkmyr
u30ETOUHLe (D0 OTHOMEHHIO K PaBHOBECHKIM, TEMHOBHIM)
anexrponsi u Ampkn. Ilposommmocts ofpasya  yeenm-
qaTCAH.

Buxniouny ceer. fIcwo, ¥To Yepes HEKOTOpPOE BPeMs KO-
JleHTpanuA BAeKTPOHOB W ALPOK HOCTATTIET pPaBHOBECHOTO
(remuosoro) snavermsa, VabuTounsie aeKTPOHE I JIHPKY pe-
KOMOUTIHPYIOT, «BLIMDYTY,
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HurtepecEe BCOOMEOTB, WI0 NOpEANON  JedcTBRA
| casmmiz nepsmz noNynpopopENKORHX npmbopos Gma
OCHOBAH Ha HBMEHEHMH NPOBOZHMOCTH NOAYIPOBOA-
HUKA MOJi BJIBAHUEM OCBEIEHHA.
B 1873 r. nonponckuil nmsenep ¥ . Camr coobumn

0 HeoOWYEmOM HBJEHDH, BAMEYEHHOM €ro MNOMONHMEOM
) A. Meem. Hemepas conporuplienne meTOTOBIENHON
cenena naodsanum Teaerpagmoro kxalemn, Mei samermy, 970 810
POTUBIEHNE OYEHb CHIBHO YMEHBINAETCH, ECIAN HAa CeNien Nonagaer
Hemenenne conporuslienps OHJIO BaMeTHO JAHE IPH OCBENICHON
ana caabey ceerom JIiyEum *).
meuarenparil memenkmil nsobperatens Bepmep dom Camenc,
ROTOPOT0 HOCHT €[HHEONA TPOBOANMOCTH (CHMEHC), ABTOp [ECATKOR
neTen MHOTHE U8 KOTOPHX (HaupHMep, OHHAMOMAIINEA) ne
aHAUEHHA B CETOMH:, NEPEHM HALIEN DPARTHYECKOe IpOMERe-
paopennio Mea, ¥Vie B 1875 r. Ha 0CHOBE CENEHOBOTO CBETOYYB-
SHOF0 BJEMEHTa OH HWOIOTOBHJ Nepeuii B MOPe NOIYUPOEORHE-
npulop — ggomomemp.

pumim yerpoiictea goTomerpa overs mpoct, OTkaomenue cTpes-
ANBBANOMETDPE, BRINOYCHHOTO B NElh MOCTeJOBATENBHO © COMCHOBEM
[TOM B MCTOYHHKOM TOKa, Tem Oonplie, uem Apue cBeT, HONAJAK-
n omement. Taknym ofpasoy, doroMerp nosBonifAer ofLEKTHBHO
OTHOCUTENHHYO HPKOCTH PasiMIHEX HCTOUHNKOB ceera. lo
gan Beprepa (oE CHMEHCA 5TO MOMHO OHIO DeNaTh TONBKO

rJas.
Momer Gurb, M Jiyulle onenny sHavenne neobperenma doroMer
“@cIill BCHOMHEM o JIBYX OOcTOATENbeTBAX. BO-IEpBHX, 0 TOM, 9T0
mie  (HOTOOKCIOHOMETPE, MBroTABINBAIOINECH CETOJHA BO
MOPE B [ECATKAX MIUUIHOHAX DKBEMINIHPOB, NpPENCTABJIAIOT coboi,
yinecrpy, To1 e (oromerp Crmvemca. A BO-BTOpHIX, O TOM, 90
gue gprROCIEll PARNNYHLIX BBEBH W JpYyrux HEX 00%erTOon
apasger coboli OfHY B3 caMBIX BAJKHEIX M CAMBIX CTAPHIX Bajayg
meit mayka — acrpomomun. Qoromerp CumeHca uoBEOIMA
4 OT cpaBHERHA SIPKROCTeil BResp (HAa IMany K 06LeRTHBROIN doTo-
, n Gnarogaps emy GLiI cesiaB OfMNH H3 BAMKHEX IIATOB HA OYTA
15 ACTPOHOMINN M8 HAYKI uHCTO nafimopaTensHOl B HAYKY, re
MECTO BAHAMANT KOJHIECTBEHHHE HIMEPeHMH.
PeB TpE TOji8 HOCie COBIARNs (oromerpa, » 1878 1., sHAMERWTHI
gexnli msobperatens Anexcampep I'pexem Benn, cospatens
, coofImwI, 9TO0 €My Yy/AN0ch COEQMENTH B OJHOM ycTpolicTse
garenemeinnux nsobperenmn XIX meka — renedor u doro-
cospaTE TaKnM obpasom mopwii mpebop — gdomogdion, npenEasHa-
s ocymecTrieruA TepeioRnol cofasn Ges mpoROAOB.
pBEI B HCTOpNI CEAHC npoBoneunoll  TenedoHmOil  cBABH
uien mexkay bBennom B oero  momommnkoM  Teifnrepom  srerom
Teitarep naxopmwics ma rpame Ppapxmimckoit ko s Ba-
He, IJe PACTIONATANACH (Hepefawmad TenedOHUAA CTARIBAS.
ona Obuia cnepyiomuny obpasom, Conueuniti ceer Qoxycu-
© MOMONIBI0 A3 HA HeDOJEBINOe BCPKAJO, COSAUHCHHOE CBOSH
oii cropomnoli ¢ pymopoy. OTpamenmmil OT sepKaia Jyd BALpasB-
1 orHO mecaefiopaTeisekoil naboparopim Benna, maxopuemeiicn

Tax gepea 56 ne1 NOCHE OTKPHTHA CEJIEH COBEPIICHEO HEOMDIAH~
ABfan ceoe mefecHoe IMA, AAHHOE €My MBEACKUM XIMITHOM
spnennnycon. Otxpun B 4817 r. mopmil suement, Bepuemnmyc
ero B geers Jlyan (mo-rpedecky = Cesena),
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panpoTHE HA paccrosmnu 213 M. 3jiech PACHONAraNach (IPHeMHAS CTAH-
MHA», COREPRABIIAs cenenonstl Goroanement, coepurenntii ¢ Garapeei:
(oneventom Jlaunoan) u tenedorom. [opoiina k pymopy, Teimmep npo-
gamec: ¢Mucrep Bemn, eciig Bu cablmmre Mens!, NOAOHAMTE K OKHY R
pomammTe maanoli». Bulpanma pynopa uepepaiachk sepkaay, BATEH-
CHBHOCTH OTPAKEHEOro JIYHA ©TAJa HEMEHATHCA ¢B TAKTh CO CIOBAMI

Teiinrepa, cenemossil anement npeofpasoBas cseroBrie KomeGaums
B ajedTpmReckHe,.. Dexn mofomeN K PACKPHTOMY OKHY H pajjocTHO
saMaxall nOUIANOMH.

Cencainn, snspamman nsofperensem dorofioma, Ohua TPOMEOL,
no mepoareii, O6uummii Tenedon oKaBaJicA NPOINe, majeHmee, femenie
u magonro merrecaml Qorofon B8 mpaxTEdeckoi smenu. Haposaro, 8O
HE HABCETNA,

B pamn gem wpen dorodona BoBpOHEena Ha COBEPIMERHO HHOM TEX-
AUIECKOM YPOBHE I [OAYYIUIA BOIJIONIEHNE B CHCTEMAX BOJOKONHO-OLL-
riueckoit ceasn, Tax ke, xax A 8 forodone Bemna, carnan or nepepaic-
mel crannmn K MPReMHOH mepegaercsd ¢ HOMOILH Jyua ceera. Ho ceer
Tenephb OPOXOJNT HE DO BOBAYXY, IIé OR cpasmurensso Guicrpo sary-
XaerT, 4 1o ONTHYECKOMY BOJIOKHY, B KOTOPOM OH MO#ET HNepEeaaBaThCi
ge ocinafepan ma odent Gonbmme paccrosmmsa. Merommnuom ceera cay-
MAT EO JIyIH CONHLA; @ ODOMYNpOBCHHNKOBHE JNasepu. HmTemcnemocTs
cBETa MEHAeTeH © YACTOTON MIULINAD/K PAS B CEKYEAY ¢ NOMOIIBIO MONY-
UPOBOJIHMKOBRIX MONY/ATOPOB, A BIEKTPUIECKNe CHIHANH Ha Nepefa-
OMX B DpueMERX crapmuax ofpafaTepamoTrcs ¢ moMompo Guerpopmeii-
creylomux 9BM. Ceilac B NPOMBINIENRO PABBMTHX CTPAEAX HPOJO-
MenLl yiKe JecATKI THCAY KIIOMETPOB Kalesell BOJOKOHEO-ONTIYECKO
cosay, OOCHYUBAIIK B IOJ COTHH MBLIMOHOB TeneomHux pasro-

BOPOB.

A renepsr BoaBpaTEMCA K mpuMecaM-yOmitmam, M ocrta-
HOBHIHCH HAa TOM, 9TO COSJaHHLIE CBeTOM HHEHTO‘IHLIB HOCH~
TeNd TOKA HOCTe BEIKIIOYEHHS cBera BEMEpanT, [logemy!

[TonsiTHO mMOYEMY — paBHOBeCHE MEKly reHepamuei u pe-
roMOEHamumeil Tocne BRIKJAIOYeEn#A cBera OyheT Hapymero.
Ilponeces remepanmuu OymyT cospasate B epuumue o0wema
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[Ty BPeMenn oupeNesleHHoe Yncio Hocareneli. B pan-
1@ 9TO MNCIO B TOYHNOCTH PaRHO WICHY HocmTene, rob-
sa cuet peromGunannu. Ho cpasy nocre suxnogenns
B ofpasue cymecTsyioT nabLTOUHNE HOCHTE N: 3IEKT-
0 NHpoK Gonbmie, YeM B paBHOBECHOM COCTOAHEON,
ROPOCTH penouﬁ:mamm OponoprnuoHanbia YACAY BIEKT-
B B POk B efmaune obsema (dopmyna (3)). Hosromy
DOHEI ¥ OHPKHR GyayT rnﬁﬂy'rb GrICTpee, ueM coB3jaBaTh-
 KOHNEHTpanmA HocmTeneii OymeT ymembmaThes, HOKA
JOCTHTIHET PABHOBECHOrO SHaYeHO#, B KOTOPOM CHKOpPOCTHA
COB reHepanuy m peKoMONHAIMR CpaBHAIOTCH.
peMs  BOSBPAINEHNA KOHIEHTPANOE K pPaBHOBeCHOMY
BHII0 ONPBHENIACTCH 6PDeMEHeM UKL T NBDNTOTHRX HO-
i sapana. Yem cKopee KONIEHTpAnHA BO3BPALAETCH
HOBOMY 3HAYeHNI0, 4eM MeHBINe EpeMs JRE3HH, Tem
pee, chaefoBaTeNnbHO, WAET PeRoMGmEaInA.
iaMepsn BpeMa SKASHA T B 00pasnax ¢ pasnAvYNKMA OpO-
1, MOKHO M3YyuATh, KaK BANAKT HA CKOPOCTh PEKOM-
A0 Te WD WHHE NpHMeCHHE IeHTpPH.
Jiefile MeJKEX LIPOMeCHWX HeaTpos Gyler ysenpmud-
PABHOBECHYIO HKOHIEHTPAII0 Hocureneid ® obpaame,
IpAKTHYECKN HOKAK He NOBJIUAET Ha BpeMfA KA3HMH,
BOT BBefieAne rayGornx npnMeceif, BHEPrAA aRTHBAIAN
0 m: A& Gnmarka K &y/2, memenyenno u300IMYNT B HAX
. OTH mpEMecH, Jake B HEYTOMHON KOHLEHTDALEH,
yMEHBﬂ.lHTb BpeMs JKOBHE B COTHH B THcaAYH pas. Tax,
fe 30J10T4 OJN NJATHHH B KPeMHAA B KOHOEHTPanpn
en® (0,000001%) ycropmer rmbens HepasHoBec-
. HocHTenell B TRICATY pas: BPeMA JKA3HN HepaBHOBECHEIX
ieli B Kpemuom T yMeabmaercs ¢ ~10° mo 107 c.
IHAKO flaike HOJHOCTBI Ba3obimums yOmWAL, Xopomimit
aresb He CUNTAeT Aeso 3aKougenmniM, Heobxopgmmo
iTh Ha Bompoc «moueMy». Ilouemy corepmeno npec-
e IloweMy mmenno mpumecs ¢ Gonbmol smeprn-
BAlAN CHYMKAT AKTHBHEIMA [EHTpaMn  pexomOp-

nerasoM cefe DAeKTPOH W ANPKRY, Gayskpaommpe mo
pay. Hrobn seTpeTHThCH, PeKOMONHIpPOBATH B HCYE3-
BM HCOOXOIMMO ORA3aTHCH COBCEM DAJOM, B OKpecT-
- OlHOTO H TOro #e aroMa RPBCTB.JIJIH‘IEBROH pemeTxn.
i CHTyarfas, KOHEYHo, BOSMOKHA, HO OCYMIECTRIAETCSH
BIIBHO PeKo.

Teneps npespcraeom cefe, uTo B KpACTalile BmMeercsd
BCHENT HenTp ¢ Oonbmol 3sHeprueit akrusarmm AE.
B OKPeCTHOCTH 3TOTO IeHTpa NOABHTCH a:lem'ponl OH
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Gyner saxsaveds Ha npamecHu# nemtp. Ecam Gmr aro O
nentp menxmin (A& < kT), Tennoboe pBmkenne MOYTH He-
mepdenio prbpocnno Or SsaxpaueRBWH snertpon. Ilpm
Gonee rayboxoM menrpe (GOnsmupe spadenna A&) BoaMmoHa
nofonntaan caryanua. Ilpofes HekoTopoe BpeMsl Ha UpH-
MecHOM IeHTpe, JeKTpoH Bee-Takm Oyner sulpomen ¢ neHT-
pa sHeprueil TeNJI0OBOTO ABH/KEHAH B CTAHeT CBobOMHEIM Ope-
e, TeM BTOT TEeHTp ycheeT 3aXBaTATh AMPRY. B Tako# co-
TYAannd NpEMecHHE NeHTPH OPOHATO HASKBaTh YEHMpPamu
RPUAUNGHUR.

W, marownern, no-HacTonAmeMy rayboknii NenTp, yexmp pe-
somOunayuw, Oyper y[ep:XHBATH BAXBAYEHHHIN BIEKTPOH [0
TeX NOp, MOKa B €ro OKPecTHOCTH He nofAsETcA pnpka. Kan
TONBLKO PTO NPOH3OIIJI0, DIIEKTPOH M IKPKa peKoMOmHEPYIOT,
V6niina cpenan cBoe jiesio, ACTPeONE 8IeKTPORHO-[KPOYHYIO
napy, H... FoTOB CHOBA NPUHATHLCA 8a HETO.

Ecnn smexTpoHn I jnipKEn go/nkEE ra0EYTH 3 mpmbope
no BoaMomkmocT® GHicTpee — Takoe TpefopaEme WacToO BOB-
HAKAET TpH Cco3HaHmH OHCTPOAeHCTBYRIIEAX HOJYIPOBONAN-
KOBKX TpAOOpPOB,— B MaTepHan ClejyeT BBEOTH HPHMECH,
cospawmpe shdexTasHne NeRTpH pexomOmmammu. Muorna,
HADPOTHE, JIEKTPOHL 1 AKPKHA JOMKHE #¥uTh fonro. B aron
ciIy9ae moJNyOpoBONHOK MOfBEPraercd TIMATeNbHOR ouNCTHe
oT npoMecei.

Hyxe0 eme CKasaTh, 9TO WHOrJA fladie OpPH CaMOi Tma-
TeJILHOW OYACTHE MaTepualla oT mpuMeceil, COSAalIuX Tiy-
foxpe ypPOBHE, OT IHEeHTpoB pexoMOmpanpmm usbaBETECA e
ynaeresi. Jleno B ToM, uT0 3(hpexTHBREIME HERTPaMB peKuM-
fmEanmn WwacTo ABINIOTCH HE TONLKO ATOMK ONpefeleNHE X
npuMeceii, KO @ Pa3NMYHOro Pofia CTPYKTYPHHE HapPYIeH:s
KpocTanimieckoll pelleTKR NOJNYNPOBOJAHMKA.

Texnonorm xopolro sHalOT, HANPEMEP, YTO eCAN HArperh
fNoNyOPOBOJHAK JI0 BHCOKOH TeMnepaTypsl B GBICTPO ero ox-
NafNTh, TO BPEMA KH3HN HepaBHOBECHBIX HOCHTENedl T Mo-
JKeT YMEeHBIIATLCA B JECATHE M COTHNA pas. Jlae ecam Harpes
H oXJlaiyienne NPOBOAAANCH B YCAOBHAX, NCHIOYATOM X
sarpasHenne Martepmana. Jleno B ToM, 4To mpm GuicTpom ox
NaKEHAA B KPACTaJJIe BOSERKAKT BHYTPEHHAE HAIP/KeHn,
Tal KaK pasHhe YACTH KPHCTalllla OCTHEBAIOT C PasHoll CKo-
poereio. B pesynbrare B KpBCTaniamuecKodl peimmetke ofpa
ayioresl cTpykrypuhie jnedexrtn (mepmodegenmui), obnaparo-
ngge BceMn csoMcrpamm raybormx penrpos. Taxme medertn
MOT'YT HJIN 3aXBAaTHBATh BJIEKTPOHH ¥ COCEIHAX ATOMOE HDONY-
npoBONHAKA (TePMOAKNENTOPks), WaAHm choocobeTeoBaTH PosK-
nenmio cBOGOMHBIX 2IEKTPOHOB (TepMOIOEOPHI),
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CeoiicteaMn rny0oRnX IeHTPon ofrafjalor He TOJNBKO
pderrer. [lna Ea}{ioro  Xopomio M3yueHHOTO MOJY-
a cymecTsyer nenntii cnmcor fiefleKTon pPemeTHH,
omax cpoiicTBaMn raybokmX —pexomMGmHAHOHHEX
Wnorpa nentpom pexomGuEammnm Moser OHTH
pakancus. (Baxamcmell masmsaetcs mycroe mecro,
e aTOMa B KPUCTAJNIHIeCKOH pelieTKe Ha TOM MecTe,
nonarajnock Obl Omitk.) Ha nepswii marasy moxer
ThCA, 9TO OT UPANECEBAHOA OYCTOMY MECTY CBOMCTE
(mnm axnenTopa) monaxmBaer MOCTHKOH H TepHON
. B peiicTeuTeNbHOCTH, KOWEYHO. WOYCIO TamHCTBCH-
7yT Ber. OTCyTCcTBMe HAa CBOEM MECTE 4TOMa pPelleTKH
eT YCJOBNA CBASH MedIy BaJeHTHRIME 3JNIEKTPOHAMH CO-
4TOMOB M MOKer mJHM 0o0JerYaTh OTPHEB 2AEKTPOHA
oro m3 Gnmxaimpx K BaKaECHE aTtoMos, aam mofy-
b ATOM K 3aXBaTy 3JeKTPoHa Y cocefieii. B mepsom cayqae
ifl mrpaer pons noHopa. Bo mropom — amuenropa.
aKkmM ofpasdoM, A TOTO IT00K BPeM#A MU3HHA T DIIeKTpo-
ABpoK 0RO BeJWKO, CJAEAyeT N03a(0TATLCA HE TONBKO
, 4ToOR KpEcTa/y Gna TIaresbHO OYNMmMEH OT HpAMe-
HO B 0 TOM, 9To0H ero KpmcrajimuecKkas CTPYKTypa
JIOCTATOYHO COBEPIIeHHA.

sKuses uw pgemnenne

B npepmpymes paspene Mbl y3Hai®, Kak pok-
1§ Dorp(anT ANPKA H BAEKTPOHK HPOBOAAMOCTH.
C HAM NPEJICTONT NO3HAKOMATHCSA C TeM, KaK OHI JKHBYT.
A cBOGOHOTO BNEKTPONA | JIHPKH KH3HL — DTO JIBH-

#ifle BCEro — XAOTHYECKOEe Menosoe BEKeHHe, Ko~
CYIleCTBYeT BCEIZIa 0 DPONCXoinT TeM 60Jice DHEPrUYHO,
BRIile Tempepatypa kpucranna. Ecam k xpocranny
eH0 BIIEKTPHYECKOe NOJe, BOSHHOKAET BIEKTPHYECKHH
HanpaeiekHoe 60oab noas ABmCHNE CBOGOANEKIX HO-
sapaja. Haxomen, ecnim mo kakoi-nnGo npmunne
RHOM MeCTe Kpmcrajna Hocmreneil oxamercss Gonbmie,
n,apyrom posHEKaer dudifysuornoe nBOeENe HOCHTE-
i, Kak "acto rosopart, nnddysun. Nnddysma nrpaer
) poas B pafore NOJYNPOBOAHWKOBHIX npnOopos,
Boe [IVIKCHUE: Cpejlifif CHKOpoCTh, IIAPHEM 1A
LHOTO TeHHNea Ha OojHoce B B Bénpe ¢ Bonoi, Cso-
DIEKTPOHE I OHPKH 0J BINABACM TEIJIOBRIX KoJe-
. pemieTEn HAXOOATCA B COCTOMHHY OeCHOpsLOYHOrO
pCKoro pumkenns, Cpepnss owepros Tenjgosoro IBm-
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sxennn pasanercn [k T, [lpapapansas sennunAy 970it BHep-
ron KOHETHIeCKoil sHeprum wactonel mv*/2, moso maiitn
CPE/IHIOK CKOPOCTh Ur XAOTHYECKOI0 ABHIMKEHAs aJIEKTPOHA

(nnE AHpEA): . e
uT:(*""T)' : (11)

m

Ilpn T = 300 K, cuuran, gro Macca cBoGoHOr0 HOCHTEN s
aapfja pasmseTcd Macce cBoGOHOTO BJEKTpoHA My = 9,1 X
107" gr, nonyynM [aA CHopocTH vp sHausenme ~10° m/c.

Cpednas arepeus u cpedras cKopocmb TEWIOBOTO ABME-
HEA ABJIAKTCA OYeHb BayHBEIMH XapaKTepHCTHAKaMA CBOGDR'-
HELX HOCHTeJlel sapaja B moaynposoguake. Oauaro NOHATHO,
UTO M3-3a CAYUAMHOro, XaOTHYECKOTO XapaKTepa TeIJioBOro
ABUKEHAS B KajKALI AaHHBE MOMEHT B KOJIEKTHBE ¢BOOOJ-
HEIX HoOcHTeseiH (NeKTPOHOB MW AKPOK) Beerga NPHCYTCT-
BYIOT TAaKHC, PHEPTHfA U CKOPOCTH KOTOPHIX TOPasfo BHIIe,
veM CpefHHe 3HAYEHOSA JHEPIUH W CHOPOCTH.

[lycTs B 97eKTPOHHOM YOJYNPOBOAHAKE KOHIEHTpaNms
CBOOOIHEIX DJIeKTPOHOB paBHAETCH N, CKONBKO B KAamIOM
KyOm4ecKoM CAHTAMETDPE KPHCTANIa CONEPIKHTCHA (TOPATNX)
BNEKTPOROB, 9bf KHHETHYeCKAs SHEPruf 3HAUNTENBHO Npe-
Beimaer cpegmion? nm, HEEME CloBaMH, KAKOBA KOHIEHT-
panus BIEKTPOHOB C KOHeTHYeckoi oHeprmed A& > k77

9ra Kounenrpanasa (Bcoomunte o prIpascennn (1)!) mMomcer
OnTh mopcunTala Wo npnbamIKenHo QopMyie

T W s (12)

WUnnm, ecin OTCYNTLIBATE BHEPrO0 CBOOOARWX BJIEKTPOHOH
or yposua &,
1= nue‘w‘sr” it (12a)

Pacopefiesienize sieKTPOHOB 10 SHEPrum MoMer Omrs
oueHb HATJIAAHO TPEACTABICHO HA JHEPreTHYeCKON amarpan-
me (pme. 11). Ira puarpamma nMeeT He coBceM OOWYHEI BUJL.
Ipessae Bcero, ®e BHAHO ypoBEA &, KOTOpWi A0 COX 1op
Beerja OPACYTCTEOBAJ HA 9HEPreTHYCCKHAX AUATPAMMAX BMEC-
T€ C YPOBHEM &..

Jleno B TOM, 9TO [0 CHX Oop Mu Beerfa nsobpassann ua
2HEPreTHYCCKOX AMATPAMMAX OPOLECCH, SHEPrHA KOTOPLIX
oo mnopAarky senpumHn  pasuanack &, — &, = &g 1. e.
cOCTABNANA J[AA TOONYHOrO HONYHPOBOUNAKA BENMUNHY
~1 aB. B pamsoM ciyduae mac mETEpecyer paclpefesenve,
B KOTOPOM XapaKTepHHIM wmacmrTaGoM SHEPrum HABJIACTCH
ropasjo Mempmas Benuuuna nopagka kT (0,025 aB npu
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HO# TeMuepaType). M kak Gul paccMaTpmBaeM B MOK-
oL, 4TO OPONCXOANT C 3JEKTPOHAMA Ha yponHE &,.
B8TOM YpoBeHb &.,, OKa3kBaAETCHA ODalexo BHH3Y, BHe DOJH
A ¢MOKpOCKOI&Y,
MIEKTPOHK Ha YpoBHEe &, AMeIOT HYJIeBYI0 KUHeTHIECKYIO
rE0, YBeJWYEHNI0 KUHETHYECKOH DHEPIHE COOTRETCT-
 HpOfiBmieAe IEKTPOHA HA DHEPIeTHYECKOH juarpam-
gepx. Ma pme. 11 Bapno, 9ro, Kak n cnenyer ms Qopuy-
2), DorapnfAwman YacTh BICKTPOHOB MMeeT HHHEeTH-
0 sHeproi mopapka kT, Vmewres, opmako, m oucnb

- * Gowa mpabodumocmu

G

11, Pacupepenieane no 9HEPINH aJEKTPOHOB HPOBOJIIMOCTIE
Ii7 BACTONBHOIO TEHHHCA HA TPACYIUEMes mnofiroce. (Jmeprus
IO OCH OPANHAT OTHOMCHA B egnHunax k7T)

{HEIe BIEKTPOHH CO 3HAUMTeNbHO Golbliedl sHeprueii.
, TAKHX DICKTPOHOB MANo. !
puc. 11 BmgHo Takske, uwro CcTaBmeMy cBOGOHEIM
POHY MPOBOANMOCTHE AocTynHa obmmpmas obnacrs (30-
pueproit & > &,. 97y olusacTk SEEPrHii HASKBAIOT
nposoduaocmit.

pOpasiennas ma puc. 11 RapimEa ovens nanoMumaer
Be JEerkiX MAapaKOB A HACTOJNIBHOTO TEHHNCA Ha
yiemcn mHofjHoce. AMOINTYRA, ¢ KOTOpPOH Tpscercs
c, Tem Oonblile, Yem Brme Temoepatypa. Iopasnsoman
MAPHKOB-2JIEKTPOHOB  BCJEACTBAe TPACKA B3leTaer
coty, coorsercTeylomylo sueprum ~kT. o wms-sa
JeCKOro XapaKTepa CTOJKHOBCHRII APYr € ADPYroM u
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